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{6017] Fig. 1 shows a representative prior art end effector for supporting a wafer
during water transfer.

0018 Fig. 2 shows, in accordance with an embodiment of the present mvention,
schematic representation of a plasma processing system illustrating a top view of at least a
portion of an optical wafer-centering system for enabling the creation or simudation of a

correctly centered wafer‘end effector assembly for DA beam calibration purposes.



[0017] Fig. 1 shows a representative prior art end
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description, numerous specific details are set forth
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instructions for carrying out enbodi nents of the

SO ADY GAETYEBCHT |eq®éd*a?i’@t‘§sﬁfdh%@‘ ethe tedwplieare stegdabibe
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magnetic, optical, or other torm\ of utmmpute; readable mediom for storing compater readable
code. Further, the invention may also cover apparatuses for practicing embodiments of the
mventton. Such apparatus may mclude circuits, dedicated andfor programmable, to carry oot
tasks pertaming to embodiments of the invention. Examples of such apparatus mclude a
general-purpose computer and/or a dedicated computing device when appropriately
programmed and may include a combination of a computer/cotnputing device and
dedicated/programmable circuits adapted for the various tasks pertaming to embodiments of

the invention.



optical, or other forns of conputer readable nedi um
for storing conputer readable code. Further, the
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An optigalietihoeitering mphed staupioxsd te detgtming the @peuse ghyorrection

requirgh bl gk%% dﬁgan?ﬁ% %B_Jffw.[p)émd%rmg ﬁ% i %8?&&%&1&%5 wgd'r&t ' ﬂgmem. By

compéietivafoe Ehnﬂﬁmxﬁf&t agl efgquirierfentlishoknt xlmawzasbutm“at momxmnt the
wafer relative to the end effectaor) of the DA beam
effect 0 picprragt]yfgnisshbiey of an srdrlfsivds t'féwgd fhenglhyBnlaiomn
160 vere € e 2
) 261'2 o gnlc% g‘wv\crg he 'P%lﬁk ﬁ{g‘? é% {q f\%fgsl{grri‘fﬁdlﬁﬁt &Q%Sxﬁicﬁ?m for the
ncor :mfe,eri{ﬂem)en lafag ahptrhod (iugn @mt.i&yxemlmmhckeethnmmémmga the
aforerSBHL GRS BT RN PG FER . it eatiet DA head aibRciog assembly
may E@'rﬁ&@ﬂ@%uumcwmgﬂﬁﬂd Maih He deiRed REGEARADA RGN pattern
ef fector/wafer alignment using robot arm movenent, the
Advadp g@@gh ofmbpdigerie of thy memtion schitaf BN lpamanlibiton w ithout the

need (?f d I’ﬁ% lttdlsfrlﬁlcg’ ég\("rergﬂ\’g% rsgmggitm% %?\gm bélr}é‘lr:}oﬁ ﬁ}b {1 %191':11} daes
assoc @RARENSHE SribOsict U"‘ﬁhchﬁ\ﬁ&fiﬁﬁﬁlmzeﬂj}gl bk ect or/ waf er
al i gnnent (using conpensati on data acquired through

[0027{ he  af &t erevitnoRemboPtnant OVEe ervepidgt ar CRECHBIRSFEntering
tnchm%;@&s&%?; ?}o‘%q d%vﬁ%A%gg%tRﬁ}a&f' 9{.&"3‘%?'.{?{}9 Wi 11‘5'{5( g bﬁlu waler
emplayef &rdhs mmmi@@mmatrbmm oAty et a@&wsx}mm@ ndmm Mant gat the

of the_invention achieve DA be cal i bratjon w thou}
caltbraiin WalBHMEY TePrRehTERI WAHET 9543 &ra[gluel»elhét 13 substantialty smlar to the
waterVade@rin SrILAG nﬂn@ bﬁ(l&)'il QhrsUbherih EroUJsQ p%cﬁﬁgx\’@ﬂ& BRESnables
associated wth the prior art AZBeam cal i bration
the robproacher tf 6822 thd wwbotnmory mleiséﬂbmdummunémstfm:: ey offset
ny.ent tica terl ng, technique is
verwegfeapliftiT aPliernbotioe FE SRS Bftetne. cal br ati on
foozgpaf er (i ofs or hbi@ cVﬁfoﬁfme@NQX@%\fﬁ RfiorDA REAM<till image is taken of
calibration) relative to the end effector-defi ned"
at leas @pogion Nohecal ﬁ’a’ctﬂmh‘éﬂf@lafmdw rplorpadkpep! Braynd efpesierpen the
ca’iibr%g%t\}g% erls {ﬁslpgv\%{s(‘gt%th? 1%] m‘fé l?%t I"the Sﬁ#%ﬁ an{, lbajlr&s]y;di d wit] { Qe ore

more Vab@rndenterhnagngros @S:&emi;&dme@ dhad ﬁu{eh &bnﬁhabtk eanddeaaken,
r.obot control ler to nove the robot armpbpy a requisite
the &ngmg’rghtpr—g Blingd aguters By ongry 1yie s@pogisnser thgywventon, the end

effect ‘Iaxl '12 \@?&io\@nl\(\@f\ﬁ theGHI ﬁﬂt(&ﬂ%ﬂg‘él&gﬁu %1?& ﬂ&tﬁ ?‘ﬁ“k}q Lan Ci?cn&e{ urcla‘}

00 one Of nore nvent i on,
The strdasineas podifidned magee sl ¢ffdcem sofh that a still tmage may be taken Of the
scribe line even 1f a waler is disposed on the end effector. The scribe line on the end effector
is configured, m an embodiment, to be an arc of a circle, the center of which coincides 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.



at least a portion of the calibration wafer and at
| east a portion of the end effector when the
w@ 2000089 on wafer is disposed on the end ef f eR€DUS20081687684
end effector is provi ded with one ore nore visual
, ndi cat rs hat e a processi.ng. unit to determ ne,
(0029 { o1 ¢ 1B 3¢ quw\lﬁﬁge’%a’wsﬁw e ! berses Srdbriedetally
urguifﬁetﬁkﬁ:& Ofitﬂi QRAfer Lrif-E 6 “Jﬁ‘?c% f@%&&im@ hl%f H‘x‘l@ﬁtﬂl&nﬂm center
he end effector is provid a sctibe line (or
of theawexr e’iﬁelméhtb@i%mﬂﬁl thirand etﬁéﬁrcm am? ca“rremefx m’ticmd@!a@y% mThe

“[Cl“nflth\ 5« (él‘ d[dn( ﬂdﬁhﬁb EYLM@qggl &ékélﬂbl 8‘?”’?‘?12&5,@ %é’»’ ?k ﬁéﬁii_bsmg umt
to mofV&cikhi @aivef8h thsScits poaRd Q8. he 1goened E@ﬁ&@imenir mewever, the
scribe I'ine on the end effector is configured, in an
Outer E«?mw@pn@‘ﬁ{le wafer preclhpongkianestsugh g dpgred v mzﬁgmé@ﬁmér Ogge the water
Letuet\éﬂdqpe R %?éﬁﬂﬁ%e%ﬁdﬁf & etdgﬁugglg? ﬁgfﬂ% e]&?!;ewdﬂa‘lfv uﬂﬁdthg %ﬁgﬁ éf e, the

"del tdthMﬁLﬁﬁhht&hﬁ\&@&ﬁhﬂ&& dré pempsed part of, the end
ef fectoy-defined center may be determ ned. [0029 The |

[00300af er  SicHPREY PRRAREE (BHE 35T ot &R dURIver SXERIFES Padfnd
Lmatﬁislnixt}ﬁ;&ﬁq{%r ahl Yin§ 'tuﬁﬂ#ﬁ@{ 1%5&{‘]%0?1&5&? mf&%a correction is

er Ip ena roc eSSI ng unit to eterm ne
a(.mnt}i‘hlehﬂéim soviol iil!dﬁ@ui\/ﬂfeem a)@e‘o wiafer tde holdsey anittole. tlhe verid is then

ff one.o i ndi cat
placedp B 1Rdi0ERG St bR 6B e et o g disance
“delta® a&; bRFQk EeRLNefek }‘ck@ld%lt&\’\f‘fﬁtﬁ'%l &E&ﬁ@%& ek M@!hbdt ThEBAE
ef |C|ently ascertain the center of he wafer. In a
eh‘ectprr @fepickeup o faennin fvonpiest anrxiwes oluteé’freupérphm@ﬁ w;wnonuw

the w afhr (P%gyt }1{} (,%hi 81f 1ts Cﬁ)gr ‘g’\gx:agtéim”@% rﬂr‘é‘““ de ?)h 8&12%;&1%1 x*{é‘g{x 6}&* unti

the wERN:Ehwal 8 h@ieé &’Iﬂi@t&@@h&@%dxhﬁ» ph aresgiciRciani t, the
offsetﬂ:’g ., .the "delta") between these two centers

[00314re co aﬁ@@nd rvbBEpe Eeraiest § ratpent pgctehasaligineenyts © move

he 1 u G f.e d. 01—

the m{rjn&g‘% v gm\lf#% rﬁ‘?ﬁp{h}@ ﬁ‘:‘%'\ Oh QL% gﬁ%ﬁ% ?%9@ \gcﬁ_ysnlﬁéf.alﬁlgig el% 8L error

corretidnvectti based Phyisiaclelermorcd égtthooptical wskonplteshegrobyss. This
novi ng t he en ffector .and wafer. tao a hol 9 .

MOV cglfré&tﬁugﬁidtevht@ gé‘r m.,ldgxst q}?e iy argqid}gé@ug rt,hﬂti Hg,. Ve L’H‘i ﬁ@ waler would

have %, ﬁétk@ Ra @0 cﬁhﬁ‘(}n&ﬁ‘@af& BOLy AP Y&kl %(lden%fgffﬁ*@ttow After

di st ance elta"” to correct” for the of fset found
such amvyn.t than, Opt drelaltfowaf enic ercaribnguamdt hoded Theugndle DA beams

ctor t. n pic waf er . agai r optical
(prefe bty Gt Sraiglh F R TIE BRSeT B4 BP0s XY B9y ¢ he
mzzyvaf er Q’ﬂ; &ﬁxr@{‘&cﬁf{ﬁﬁﬁﬁ&% dFIhPBREEQTRB Ay ﬂ_ﬂ@en@f eR®R00d with
xper ormed iteratively until the wafer is found
fe’f&ffft?@? fﬁah% ST @Fﬁé@#‘?@a&ﬂ@‘f@ét'@lﬂhy on the end effector.
(0033 ??22‘% g-g:ghﬁ %ﬁlg%l g%\ RINuS ﬂ{‘%&;{o ng ‘érg{»igr%n imﬁt e S}V\%}‘véiﬁti()n._a

schengbit egirbscalayionoy e slaking pandseif getear "ﬁh@uWﬁf{@L ¢ 2a 8PS eiFhl of at least
by the error correction vector based on data
a pon ttii}éé*tfé AROREEA! W*QW@“@&PF SuteApanabling deic f@“ﬁ‘? gragylation of a

cor reJll'\]"L%ntrIR\(ﬁ?ﬁu e JE‘H:'L 2k GSeenit® fPD %R‘? @fgﬁ éﬁiLJ{}ﬁ}éMﬁttse{ . Ag zeen in

tion at t ecallbratlon
Fig. :bclmmned lhafrdr téreeroal svbreat inolndvadramdadtentoc 862 batihythereon a

cen d ffec Afte[ such. correction,
“L“hﬁt‘ﬂé g g? i &dt br‘)‘%gf'éﬁ ’&éé‘eﬁb‘i‘@}’ hﬁS/F‘beC’nﬁ\f‘é?d“‘t ﬁ%ﬁ@‘ﬁ‘“"

pomeﬁ%@a@ﬁwﬁ?ﬁk@enm of which coincides with the end effector-defined center.

[0034] Fig. 2 also shows a wafer 206, representing the calibrating wafer 1o be

Pec

employed to create the reference DA beam pattern. The optical wafer-centering system is



(preferably in a straight Iine) to acquire the desired
reference DA beans. [0032] The features and advant ages
w@Roovlgsidnvent i on nay be better understood w tPCT/US2008/087684
reference to the figures and discussions that follow.

3], Fi shows, in, acgordance I,ment
conhcdsfte(f éiebe:rrxg%xgntxaq\h%ﬁgtﬁxg}]me xogcﬁgmtpxcu tgff)p@ ﬁ{ugfi}e(fﬁxd
etfectBf-d il @érrl@l BRI8SS b&%&)’%ﬁm 48 nﬁ d LH%L AL Be BQPeffector o

vi ew of | east a portion of an optical
to :ammhﬁ@ﬁ C@e&ﬂtlercmgieﬁyw@mrf e cod aﬁedtm‘w e kmeamhbmt@n pulpﬂfse<
{)Uaﬁi aJn1 1 152 Fw 1; vya{fet {R ¢t gg 2, @
ssenbly" '8F" bR é‘éﬁh‘éa‘i‘- B PR ‘pth‘r\bbbéé‘%’ Aé‘s-’e B
cameftidpodad dbbee Rt éfakoriail ahd G NEha$ Kk aMdhftGl witlefmadl of end
end effector 202 hawgrg thereon a scribe mark 204. The

effectgcZpénchulin Fode niank £ s ahprEer R0 FNgte that 4 porden afend effector
N r i 340 f L,

202 n{lﬁ %e%ﬁﬁ%gﬁ r{}:glge %Hg\{ dﬁ’ :? fﬁh% stifd dﬁm zfQ lé,‘%%z\éaﬁﬂﬁme? ﬁ%zggadotﬁ?m a camera

and/of ROSdarfpegien? lakgecihovas anmﬁﬁt HA0Smd wﬁb&a&hbmg}atm@»} be
cal.ibrating wafer to be enployed to create the

capturegfip el BASHheam pattern. The optical wafer-centering

00363y St emy @ | 390 W LCARIS) may be

0036 the d,ﬁ& @%9&%&1@%{1‘1&? 2-&‘?fhﬁg§% e?ﬁgﬁg&% ﬁgogg é}‘flﬂmc‘:ﬁ } may be

able tefdcenttort defcimedhaenfemed by dradercutzo ppaplfeoy nf wefcuado as well as
cent the end.effector or to _.

to detEFyT e LuPb ok Pa ATy CiiuieBr st BE Cohet ol9 Gnatier 200)

LikevBd 86Jc0&sifciniOANeaMEAbIDNRNIGEN iPERASES e EAO3R]y be able to
During optical wafer centering, an i rr&%e acgw si t’i on ‘

recongieigl g 28l qfeviych scaibe dinef8d & ?s}pmts@dha M te feieanig ghaorenter of

ake, a i mge of
o B SHLIELT sa08h B ERLS Sl 0R LD o
roo37yaf er 206.2 Ned ehdvhaln e&d&%&b@&@& Eﬂdie@fefsﬁﬁk@ﬁhéz&ﬁi PR tor-
e hi dden under wafer 206 if the still image is taken

defingdrcsmienved Redderiom by baskramanimed prosassingriangdwedeita 216 (e,
It t seneratec

the ca Lru'i ‘?‘%‘P‘%?‘I‘{%SEB i&}b‘g Tc‘fé%a %?)Scrt ggﬂltu}] u?ﬁ it&?%ffq er gig ._zs {hélé 5"6‘1 rated.

This d%h:p‘) Lot assicnging e Q2dcdrofacex amploged bpdicudieat drm th oghve the
nmodul e, 208) may be able to construc‘[ t he Cl | e th?

Cdi!bfiﬂéﬂi’*'\b?fﬁb Oﬁbly! {St(ﬁ!gtgﬁ {\?’\E« I()gr{%aéi} 1bH§Py u.d 33 (v%aF‘.é 12? 36[\ aé() the end

effect¥Blid RS0k Riof L8 L‘%@rt[h@t&ﬁéﬁ@( Qfm tka, m‘@ﬂ x'i 81!2 18 He Wb &hipied,
represents the center 210 of wa 06) . kew se,

[0038pr oces i n@ambtdb&ﬁm thio comocairp Immadmh«l Medbqtm motgc am

dspol TR BT s b TR BOSH HObo SR G BF S
cor rc&l@t&ﬁm&l%nt 18 e PiRorQtollfBhpat I BY G e;rhh S ﬂﬁ%é%ikeuidsmah
répresented in Fig. 2 by dashed circle 212, [0037

patteryy @x‘ thg DAt bennshavefogacelRd eppamiiem x@@hb@gbtgm As discussed, this
referefid a gxt’n Oﬁgﬁ &}hﬁ du etfif(ﬁ%tlg r \& S EOCL%Q‘Ip%)t& E»QE} ?ﬁurﬁuroductmn

OCGSSI

DA belah bz&te&l@ e(“h@D Al b‘tﬁnﬁﬁiﬂ@t& @xtx@éﬂwﬁhﬁaﬁ%cﬁﬂﬁ@n fwﬁtﬁﬂi{) wafetimine the
center 210 to end effector center 214) is then )
amoue it agm cwwwww@fe& thappladion wider hemg gredistipin
GOQQEaCt or A‘?{IRL&YL,Q J\%Ld"«?ﬁh 3h04Q: m\/ﬁm{ Iﬂ?{m t.bl._ (ha 1bmnon
bration wa ts current posi n (wh
wateritme dnldegt :lwnmiemﬂlekhﬁg ﬁgl Bhtwieteol lﬁ}lh&ﬁfEﬂ dfﬁ. TS dgpomtnd on ﬁk
holding station or holding jig, the robot arm may move the end effector by the positional
correction vector {ohiained during the optical wafer-centering process) to reposition the end

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

repositioning the wafer on the end effector may be performed steratively until the wafer is



effector) to the position that the correctly centered
cali bration wafer would have occupied. [0038] In other

wowrrdeselance this correction is made by the roPGL/US20A8/087684
the waf er di sposed on the end effector wll appear to

L@l\t&té& Hfl é}%ﬁg%%ﬁ&f:hg ﬁé%g&li,éqlge Cﬁ\giX Tt?::,‘g tt}a %%i\g%f@tzigﬁ g'%g)lree{?te X LO!TELH‘?
LCI}ttfl’ﬁgg‘o%ﬁgI()nlgihé B& Qﬁ%ﬁ%’i AnfsB@kS oAt [toedb%n e rlﬁ}ﬁ n@@‘{ﬁ’@ﬁﬁ% pattern
a reference DA beam pattern nay be obtai ned
in thediwesdedssadbagioref erence DA beam pattern may be used
D-Umgg;lmng é‘? %rgglﬁgccc?zmém ﬂ} hOé)tl "b‘ghl?ﬁa%\g“? {’“’:Sgsﬁﬁ:jgg\jﬁﬁt e rﬁu’mi d -
situ (0F. OGHNGL & @AnMRRREDr fefs SehREbMeRehkN@n ANRUDE sOHf idhaRavhiar M
correction required for that production wafer duri ng
wafergpd thecanidadiecpo emalispasedeinpide theagsesaisg m@@&g s bgthe same or in an
alter n?t%relx bﬁa m dm'? Ghd ?k?)%%ﬁxr g?rnnéﬁx? g‘fa\(a%eé lﬂﬁdeq 1(?1(!?{)1 R Q@@Eiﬁﬁtmii}e

approg@hadrhator @;ﬁ;amﬂ:ﬁ esndisorde Bﬂﬁmtzﬁdn@mhkdi&k hodegdengrys ragituomptical
or hal di ng , the robot_arm may nove the end
water SERigHRg gy *flh%éuﬁ%%b%% RAIFDTEHIY R ARBEROpR P WE SBRE b pd or
! t ' { b tion conditions,
thb;?t‘é{dotgﬁclpgﬁmlﬁﬁtgi igxg: 1135@%%031}3@515&'{1 g{‘g%\z/ig 19(%‘*??&[51%‘;*0{1&{1011 ~onditions,
ﬂmeh;ata gt tapreringfrelatedBnerprrebess!ibftivwag had prranal yzi ng

ifor offsets,  and repositianin hevva ront epd ...
10041477 ot Gl Sl Srtnis oot b GeFp0 G ngiHgesiaf egtibration
waferlaB8 QR QG LRy 8@ 0ek 8hf QR Qtrczf,%tﬂsr%@cﬁﬁ@ FAhY desTRE correction
resultant calibration fixture (i.e.”, a correctly
may thanamnad Imf:@fru%rmtth%ere‘rﬁf@fcﬁ:emf@rt)mr%lgtxméﬁt eﬁ‘ﬁﬁl élwe@necrmn

I8 ma{Lp ghct u.ztggt' ﬂ’lét}}}ﬁt g udrn,r gb zfdi)é Iaﬁo%ﬁ‘ a tﬁﬁigg -fhr%eﬁﬁ)g efft? htgr A& Sduced

into AL b@a&kut%ﬁﬁm&&ﬂhﬁm«:ﬂgl} sisihAMABRY (DFroperd @E aBgheinlefedce DA
(e.g., using a canmera and/or |ens arrangenent that can
beam BN a stil | i mge while the wafer and the end
{{}{}Mff fect of e xﬁﬁgﬁﬁ"%{ tpec' )%ﬁa @»q{ IORES S &g?zggtg“}n‘?} be
n the same or an al Bt odi e
perfoiprodeassdagf th@ﬂmk a.m@z phdde dOundtee SO nda;_tm 19 nget had anai\rzi d and
substanti al ly, app >i|maethe ?Ilu i an ndt|
any ilmtfﬂ&uwliﬁatﬁﬂ %gﬁ[ f‘éﬁq WéB@%é’“é‘ 0Ly t%atg ntiﬂt 1::; ]nd{mn wafer
and tﬁé@ﬁ@ LACEDE BLARARA(RS e &lekdn PAoBER @g&ﬁkﬁl@(@ﬁ MDA beams 1o
advant ageously allows centering and/or calibration to
produbethgelkefionind teamgandit i ons substantially simlar to
he producgion conditions, thereby reduci ) o
(00434 o or F Hg- T BIOATGl ASFYUPRCERRER B SBhIF S G dHe prgpegy rention. a
itustr @ FON Sy chfDGihe RperdrReaghE bl silBSRc i ch@k@NvABr Sldide to the
t he assenbly that includes the calibration wafer and
end effepsoredidingd ﬁ@@@:@pzmganrm@le\@jatﬁnrmtqrn@ tppheepsgh pepler to facilisate
LI ecll-on & o
DA b%gxg gjhhﬁltm Jou ]?‘he éﬁ h%g*f% m‘? il %ﬁr Sﬁ,chﬁﬁitgﬁg;ztm one Or More

of theAblrpbnded GAISERDEItD Fefbend®dehe HRenASSEND] ¥ thadp 302, a wafer is
i ncludes the calibration wafer and the end effector is
placed o fhsiid sfestat Sichplat BBl dRdgsh o @“%@‘éﬁ‘ﬁ‘ epvgLigHicators on

the enli By R& %8‘ %'Qnﬁraqgal&glez Bh‘?\‘oggﬁl %«daf‘_ &LRHERAR, DA beam

pat tern. 42] I'n ano Rer embodi ment, the o pti cal
[0044phaf er - GestbpBihg stidomape isaalmmyoihie end effe ctor, thc one ore more visual
indicators on the end effector, and the wafer in the manner discossed 1 connection with Fig.
? .

[0045] f step 306, image processing is vadertaken to determine the one or more

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

&



performed outside of the processing nodule. Once the
still image is taken and anal yzed and any necessary
we@oarpestipon is made, the calibration assenbly PBECEUS2008/087684
includes the calibration wafer and the end effector IS
ur«:lelﬂgaté ﬁ%%glcg(gh%t {eg}u:lﬁl}gaﬁélggie E ti}gg’g{}q 31'?3 %g\%ggg&n%gi tci)ﬁer siill image is
analy :[L%@&?’lmﬁ'd& 13 REMBprob s AGGA IR CEmWatRIRR k%‘%f?n@@' erﬁl}‘wurc
present |nvent|on "a illustrative flow chart of
such thﬁehg t1g!p§xefqgﬁncm thatlighgne co;gjitmni 19 wgrtarec@mfemg dt!m@ﬁé} of-view,
. Jselative to the .end eff 2CLOr - ef'ng center. u .
ele., czBﬁp?;%glé\f %Wa(% Jerminife g} €50 a? e é\ml] q'i}ks(wi ﬁu, BOLINC Psue oIl £ cm;um the
visuaffia@ichtbisah@ pi\ibe adh ealidtbiahd R cnd B edBl Lotk RY tewater center.
performed by, for exanple, utilizing one or nore of
One ip jé woobsAdnt 2ricddn Seauthailerazeiag drs heeongok Hdhesg armmsters
and L&MIF Azﬁ Oarq2\‘§ fﬁl!:%» tﬁhggmeiqg %eiﬁex\?gﬁﬁm e?a aﬁ‘%%qm%& lﬁ!@ﬁ i§ ngmw the

contrd¥Divaly isaigl antifd mﬁmpmmw@@rmh&xmﬁh@af doeotaa, and one or

nore visual jndicator of the wafer can be taken,
[0046§ 0044] It #p epREERL Stap SPF Pivohiea gengratingdinrabty phlateprints
atong SbAGRERE piklE frallP bl M I QL CALALS0 P0ARE the desire
qunée&@:g#E g?%r Hgﬂ%’@ﬂ’ @P ﬁké?ﬁﬂﬁgihahhei ﬁgéﬁgsé t?%ﬁtwnﬁ
circlec Oneclentdge mnwcthnd:kghn 1@:&5['@64:51]» elfntigt ephBQ&:s arary g&«kmm n o

those gitr 'ggag]snst%zg gﬁt gzpr %.Iltdakng{] téngegﬁ:iﬁ%?gﬁ éshlgsz gﬂrglfelh %gnex ric off-the-
shelf f }@éb@ﬁae rﬁ%!t%@@“@@(&h@?dé foRBtarAnie r}t&@k@»&@é mrmu&;bgw %kﬁ are for
i S formed by the outer periphery of the wafer.

use w ﬁh (é‘n‘ﬁ%ﬁ Pastes ConbrellenG Y tHINanyeildbde Gnal lyosticd Gprporation of
=(}0dCP§ ,i?:s To assi st a processing unit, the canera
EYALS TG IeHs may be configured such that the |ight

goo_;?g requensyep & NE the gt dMGreARBhéd diertihScapehddifien thdi@incle
ocus, the field-of-view, etg. are optimal for

recreaut ot thi B mb%mzmbﬁ@ma%q exawchwrapsuéwnﬂh atopfeow eldigispighe tine).
{{}{}4832{ ta U & Q Y @d p‘%lg]\{la‘?ﬂ l\x+ \d:%cigttt aﬁu_%i %‘in % %}/ hgelmrf.atcd by

ern1ne e en ec or center and
the pmafbsnu aei m@m th®wefirmniant mdaulod (¢ gadicl opiappripiairab &tk rvaiter).

he fo egoi n tha the control of these par anet e d
(0049 o ¢ FOHED 5 i Bepifengebrgecr H}a@%@@ewwéa& e sistlapes

dxmrﬂﬁ}l fﬂﬁn URESLLAKER ha HEREOYSL PR 18N dhaRted ok F@ax‘hyﬂ@gﬁ an
[or render i|nmge processing nore accurate.

mxbmﬂxmcan tmadumuﬁ,tte% ep: Sogoinlolvesisgen elnaam\rmgu&ﬁ repremmnw

the mtoﬁgﬁgrls {Fg qf da("i a pgﬁ’&é f?f di%lﬂ]%h% ’ggpi{ylré’)g%}’ikfg’g H‘BOF?SF 0 ascertam their
centerk @il BAUE f‘ér@ﬁ:e%@ﬁh{ﬁ GhCli Bl Bont@YC Mt ARESHRT RIRSSIboyed in
techni ques and curve fitting technlques are wel | - known

order ttbdqtﬁ@@,@e dRripopigand! gorpaioarecion respbied tof mey futhe APRPI @HR thallow
the w@ 1§ Ini %%ﬁtyf& For E@g\éﬂég(( %ﬁ{;‘ﬁg é K quéitr I?g,?( e aeop{.ﬁx to the DA

beam«@yie AREewa ITHIrGatet @Bnig eltwal @sfaf roufie end &ﬁﬁeg@{ 3 002
ies Controller CV-H3N, available from Keyenc
Eﬁﬂ"%o r por & $18h3 1. Wb SHEN FectoriiaReidRdyo traol CoposT épallow the

robot ?31910 \ttE fo i%‘rl]ﬁl)ﬂ%flfkeCC,&Q;I;L,I}Q%EdI}n QShSOR &l difac ARG -:r{erﬂlﬂ%@xgﬂmmt 18

compensated for, t}u, ahbr.,mon fixture that includes the calibrating wafer and the end
effector 1s moved through the DA beams, preferably 1o a straight-line manner, to obtain the
aforementioned reference DA beam pattern,

[0051] As can be appreciated from the foregoing, embodiments of the mvention

facilitate the acquisition of a reference DA beam pattern in a manper that is free of the

i



recreated by the processing unit fromthe end effector
visual indicator (e.g., the scribe line). [0048] In
wee@p/Hoxidy the center of the wafer is ascert ai PEHUS20081087684
the circle recreated by the processi ng unit fromthe
waf er vi sual at or 9. f outer S % of
d!?ﬂd\fiﬁ?&i%ﬁéw’ﬂteﬁ@ﬂ 1gte PHO!St éb\ glttzgpca Heugg zfpfp qaé cbuplisringss, the
elinis a'ﬂ@n bMheGREE BT Sse b t@mtdlm% Saliartated g t&ﬁmn&«% SRy
waf er center to end effecCtor center) is
t,entergé m\@ﬁas;teédmmmthe ;@‘amdluetron of 1@@@1&1@0&;%;31{& ;mprtée ij;rn@ armcessing
0 recl%)nst ru

mod uf eB]F b‘-@’é rﬁﬁ%ﬁ%}“{e tﬁg p?v?gbd i f{'érs' d 8tt(d‘l~1‘ ‘f?tthtiukﬂ, gotgg 1 dgrﬁmeﬁ and

calibri@hefelAftpdige cahtbiatiban wafer) in order to ascertain
their centers (and the difference between the wafer

[003 ibent er &) ‘S(Mgéﬁb(ﬁ [YHWRTE then enpl oyed in order to
{0053 ﬂsf/ 2 r mlxp fhe'nl 6)b§tte9~§r§¢ént %ﬂghngl\%{;rtoﬁ th Et {r a &F«ﬂ LHI ;s%ja s Qfien
erapidvad.obd rﬁa:tvhfy peensanethe wdfis naspeatssddost zh_ez @Iaﬁxteﬁ;ftteestsmr systerm,

to appear to the DA beans as if that wafer is

whiclygpicaby walteent BREd apt PrOFBEREAROqUrs Hide SHeptiata gt graten) is
Q pes [ ded to

dispm[LQQﬁ 1] h'u@& g:%ﬁt%rtg!fr? ug}m %m%{zfcctfur%g%tﬁ 1a p?téogf%%\r(%l Cer Lo

{Oﬂwnﬂber f or m t\slatez monmensatiim m ardnge of the ;maeﬁ)héait:uhé waferis

t i ted f h | ibrati :
o TR s SRR B0 B oS8, B
struct@Rde tﬁhﬁ&féﬁﬂfﬁn‘tﬁuﬂﬁ\f&dsLS}HM%HQ B D8te p@urhﬁ@@u REaker alb ¥nd
in a strai ine manner, to obtaint

effectaf o ahemby] cgrr@aeot @f er@@t 2npAF lr;ee\rinsbm % erqwsmeeaq PEA :m end
et‘t‘ectgzﬁg tpﬁt ﬁ{)}?} 6’6‘“% &}th trgfgﬁ {ahrém%g 23 gaﬁ}‘)‘b t}rdlgu .3&011 plposes, a

pmtmﬁ@ff ﬁﬁ&lﬁtﬁ%n@Atbﬁ&%i@@tlﬁﬁﬂﬂ in a manner that is free of
hedlsadvantages associated with the prior art

[0055rechanfeasrally xpaakecappiac e feruppersRprace therobot arm first

Moy Lg ht,rg% Q@ ils tgpl {g i {;(}\h(ﬁ ﬂ%%\dltfql ﬁg \@ﬁme@?&gm ‘w\é{‘{u or statton, Once
construc of si nul a a correctly centered

the wataf rerpeezlttbmmat ms ehdh efteaad, ﬁeuobmtamnmﬂuﬁ@ ﬂ'ﬂmnltmartm wafer into the

har dwar e H % pl.asma .processi ng nDduI , thereby
plasma QEREF TGOt HE HHB “ b £ HETRCTIRY BrodiBle. ride eRdY aER dhen

positi&ls BELQA o HRAAIRI %‘Ildt\ Rl bﬁrr"t‘ilié é}ﬁmi @J}@Bﬁtg Pﬁ?@ el xeﬁt‘u on the

contam nation. [0052] [ START
ahmI\tthepipsmn:psmngzgof sem conductor substrat es (e g.,

. \waf er s) asm is ftene n pla ,
10056} ooeett AR PR By Eop g S se TUSTR epthagiaring
contr rﬂﬁ@%@fﬁﬁ|r£}$}:d§ﬁé§:tr%[ﬁm¥\m\ﬁh}t mp r\q@t;h«uur«new deSied on the chuck
plurality of processi ng nodul es. The substrate (e.g
duringyalpemy pwe@its-p d&thsr cof cHeehuisipertrehoentergt sbdiss rtfntjle Thick and
the wﬁgg% pgrfg ][ ! t{l‘gte%cﬂs‘ﬁn %@ ﬁ?sﬁh 2@1 Lrt%gghg;uth gu gi],]‘fe R perfectly

cemez\e«at €lhtiveSthd ymaaat rtey; tpt atedann pi@fbe&ﬁéju@f& ea t;icertlﬁmd
ransferred onto the chuck. The end effector is
{003 *o},t r uct BFET tERBOHORTOUGATEERPEHE b BI9PartP HOY rt%e center of

the LhW@lz ?{4’ e:ﬂr”; tg gI(%r lankofi ant%f(,%Lru Hleenﬁn rrglfnf %Celr g&’o%}\gmlélm the

I Sposea on a ro arm
purpes&e:p%r xestenpiatmmmt pRiordagty, &rdiny given plasma processing module, the

robot controller needs to be tanght the position of the chuck and the chuck center. In other
words, the robot controller needs to gscertain in its own coordinate system the exact location

of the chuck and the chuck center since each chuck may be positioned shightly differently



effector A102 for supporting a wafer A104 during wafer
transfer. For illustration purposes, a portion of a

WO 2o08@nm AL06 i s al so shown. [0055] Gener al | BCT/US2008/087684
speaki ng, during a wafer transfer sequence, the robot

i arm f.irst ngxg 2_ end fquﬁor_toh i ck U@ﬁ’he mafer
each pipsHiRR Wpddte Qedp ﬁbe‘é‘% RrPE R BYNES U PSRN R g or
asseniMBf Slerdkeposi tioned on the end effector, the robot arm
woul d then nove the wafer into the plasna process
[0058hodul e Telwowghsate igode dnd eﬁh@fﬁpﬂ@c@s&:sﬁg‘rm@km e then! strategy

dorind TR Bdb T ROk R0t R TRt aBebSE RBCPER T dofipea by
the en@hgekiof Qferdh agERePIHALERSTNY ¢ Ak OOP&IntdN oo fidend OffeNSUdGined
that the wafer is processed properly (thereby ensurln%
centerc gricfuslly alitus varthe epaiat efithe ciyrcéc dggicrenpiishend effgetor calibration,
itis m‘«!@sqd(\ Hﬁ?@é Uf)?t&?ﬁ b ‘%P\‘g% %dcgg?m aﬂga&f‘éi%bd gtﬁ iglgcig%cgﬁn%xmem

pwnmel ﬁtﬁhiv pr;-tncmt hig: «thmeknasiht bad Waédﬁir desteper the chdok center is
centered relative to the end effectar, then the wafer

accomphishest ysangye PREEstry IR eEab X gt whichdity ek ofhe shack or

attac h'(;__h{% the ER\ILL@%&JI@E}‘?&] &hey M{C‘@ﬁdrﬁ)&d 'ﬁhﬁn‘@ h&&ﬁ}(km[ LAV (essentiatly
e robot controller™s perspective, it

a centenpoptoantiot dokhownd décccanhtariciofiidirahe hutt kS {ltabmen abk eght up

aazain%tt Elg ]tﬂgggirmfedﬂl tﬁ%&i%{ﬂ%}%ﬁégm e{,@ &e gqgggisg%{%e%d 1e¥mx @ to the
chag ;Acaw tHen@h Yoftofof na@m@hyﬁ& @é@%ﬁﬁ] -PHARE SRING (IO E¥ecior

the robot controller needs to be taught the 903|t|on
centergionli de cheteted andha ﬂeuk hme 'élénmcésntmmm, e ﬁ@ﬁi ellprdsagatiyethe key

e B T o PP RET b Bl 7 SLAThBiledpt it ooty ke

iﬁaimt: la@ tipbtekng@Nbabr &kRGEa taaqhe Rukkp@y be positioned
lightly differently ineach processing nodul e due to,

ONﬂ or  exavisr & apriniiah goanaredrhemnd e Eeturpngsdhekor feature, the

operal%? ?\gg?ggrx?igﬁltg( ﬂwrrhggasnali %IQE])(?}%}'] wil® }%q U?&.Q%R& fotgt[rggtt rﬁbﬂﬁqg&_ robot

contredupiterg caakdcbrdatn twe mhsmabmasi mrdagam Imnm hbé p@mm;t @E the rohot

posi.tion where thq center d hned by the end effector
arm I'Pﬁé?‘lé?‘*ﬁ-*ﬁé? aFtRTl 6 SR OT Ik Gl fact or cent er” or

"DU{)G@\F e e 'ﬁﬁn BERGhLLadgkd R)%Qt H8NGHETes the &8 é’i‘?ﬁlaltc% té‘ Itﬂdl‘%%l dinates

he center of the chuck. To acconplish
as*miefeﬁiefaﬂmhz sodiccr@hidmligntuehspasetes darhy wiiatis d'mcrcd with respect

t or he abl ascertain the actual
o thegRf SRFGPY BRIER G G S GLICET B ACIGH P iy pe chuck
centeld BOuIALhGRTRN: aRE 1d ReccanshBflORE &f 1eRRLE! whéh &b %@é}uc{smce@ by
center is acconplished using a fabricated nechani cal

the roppdargpran b cleekfipt wagnpiessédge of the chuck or
,_D-Uéiﬁet aChle{Sm Its_(\)ht B{a %‘8%%%85 {ﬁgﬂ}s‘_{b]}eﬂt‘hr}ﬁ eéllx?t dri i Elf“n%\fe rﬁr gentering the

chani ¢a at ur esse

end eff@nb1akiafige @Y Bk Ehsdkabr &Qﬁuzﬁhﬁ ensbsed fraed of A, thdre Gl many types
allows the end effector, to rest right ug agai nst the
of d“l%éy‘W%&"Pu?"é‘ﬂéﬁ“{t%’é%d‘are%\lbﬁﬁa‘tr&i Jﬁem&@ UR&Ie egrﬂh B thpgechanical

fixtuwre #nyz# ?3\ th PelHR gglﬁﬁatfﬁl ah QHﬁ,QLk:{'r @lﬁfLSE}Hgﬂh fixEDN lﬁ}hn%c

or rests aalns eature of the
tabricfifed tiud stpckdnie ahd, gtk exgth:rh} sical mc;hama al fixture, which may have one or
more hard metal edges or surfaces, on the chuck may potentially damage the chuck.
Additionally, if this calibration is done in the field after some plasma cveles 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



center would be centered on the chuck. Typically,
positioning the end effector against the key feature

WO 20000800l | shed by an operator pulling or pusPCTES1008087684
end effector against the key feature so that the end

effector rests, against th eat . [ 0059] After
Lahb;iatﬁgx f&ﬁé}@a&? e h'é %ﬂB ¥ §3USH ﬁ)@@%ﬁé{ }&%CL{%%?% i SR h‘ﬁéﬁlﬁé‘im flake
off infollBe KRN edsBRIWESbeL h%&m&@&%ew%p?w Qs RlRN Stk hﬁu{ 9@% fes

arm pOSItI on with the robot contro system SO
wmtmu:sbQarnchrtw@huwsmeﬁiufs‘éms visleorahle.i n t he robot
100625 m 1 nASUERRIVORE Fp B B R ALR BT H Ploplalit B8, e
prior & LADIRRN. tedHARR]mdAMHd: RFRHRAUGIHIRR: thO@nHARAL 1Ak Bist during

nmoves the end effector to the coordinates associ ated
produgiieny TiHs & hepsuse doring pipdkctn, gempemenpodith gacespingpsiule may be
i aaec}’@&?&g écttuu?l {‘(L%I »dmw %hm ? :?étaneglgwnttoess:{ﬁ%% tggﬁ ;gyte%xe

differadtiagbawekt thetviaeush umhx erhesndubu hohh&au m&bﬁrmﬁm&; tie
be centered relative.to the chuck when the wafer is

calibr ﬁ)‘l’ (ﬁb‘é)é‘dBymi’ Ae rrlssklaky ﬁi,lighulttq,]%m FERRI Uy FOTgBi Q. accarate
i essh JoQQ6] However, there are di sadvantages
dﬁn&iﬁﬁ §h &g¥108 g%t technlque for centering the end
{00@”¢f f ect dimh@ irabd, vietht potifeniohutbefeod efadtpbatabe onl effector/chuck

e B O e L LA B i R B e

end c@u‘i’ﬁr 1o k&t UP Budife 1RBERARLGA] offthX bMEIRNARPT QRGN t‘h@re may be a shifi
perform cal i brati on, many di fferent nechani cal

mn the ppbat grro poptiar when f!‘aakmemmrediemg tigetr@bme:ﬁm Wvg@nd register this end

Lﬁut%rzihué!} ﬁ%}“é‘* Ri’??ﬁﬁ% ¥ étl 1‘%@%@0&3? ¢ (rnrrg f‘rf a®é§¥}4’}z AP Q‘X%I rl% E(mm*
reasolf@ihcRAIGENOE akdnypid anage thhiehehbokmodditiderabilaysedl When the
this calibration is done in the field after sone
robot piragies Byl eseavespEbmexEcit gy be Tmercgpdtiedsihpgobot
(}pul i@ggegggpﬂ}g\ Tf.‘w UL)EI%QL%EG?LS r!ég‘x\.‘,a(. ]I%R?d%%[l gi.’h?ﬂ:i]etl h ﬁ\ U ggﬁbmuon
procefal browe mgtmmmumhle tviadim placanentdreingpratbiwntmagbcanr, leading to
iallbratlonflxture onthe chuck ma)( $use ,
dcuu&é%ég,l B‘iallnf.fﬁéffﬁelg I]&nﬁ,&tﬁﬂﬁ%g}{ ftl'lhfél B!ﬁdélk ft')fo{’ 1i§| '§1{@ﬂ@fipf0dﬂ€t$.
064l Nto t %b@ﬁ%ﬁﬁﬂ?ﬂﬁc GRAMDAY reldf NGk G IRURSAA Liﬁ[? Hratus for
processi ng cycles, such particles constitute particle
performong and eidtdieralinhiion wikoundes) 1 abthenich0062]e or to suffer
Addi ti onaII use the ¢ brati n i.s perfo d at
disad{Gfaged Pt inctt sOBGRY Bitot iEerif bt e o R A
ammh&@t@m@l% PB&EM*]":D@M atdRGtchNBhod W bRiadiRcloR8eaoNshthé ONF
that exist during production. This is because during

etf&tpzr@ﬁu@ﬂ icoRfer @@rrﬁmr@nteg definadiretgympeaddsi thy elﬁﬁb@ﬁdﬁ@fn&%ﬁbe‘ﬂa\« or

R N B A

with tHackiefcemet. 1 om ﬂaeztmza@ chetdpaabiil @fdcialchDSPiRheenBitiRCRior art
the calibratjon conditions do not faithful Ig dupl j cate

emplayp @ IpcsaetliloRueonch ipvives asay dapdvewmsehin Wﬁs%@ﬂrher

EOOtﬂEOt behpgﬁisil}lk}#l&k_ e&xﬁu@)ﬁgﬂxug?&tthehﬁ@ﬁr‘?\nh lLh HL e, optical technique is

ositionin he en ector at t
emplcgkd &Cﬂfﬂfmﬂhmdllé actual end effectorichuck alignment position. This determuination

process generates data that enables the robot controller to move the robot arm by a requisite
amouat during production to account for end eftector/chuck nus-alignment.
[0066] In one or more embodiments of the invention, the in~situ optical end effector

calibration technique involves taking a still mnage of the end effector and the chuck when the



al i gnment position is performed manually (e.g.,

i nvol ving the operator pulling or pushing the end
W@RG0ensan t o rest up agai nst the key feature oPCT/H82008/087684

mechani cal fixture), there may be a shift in the robot

en t per at ease obot ar
end ﬁﬁ%‘%‘é“‘éﬁ’gﬁ 3@@}92%!&1 TF‘H% ‘gie%‘ﬁHC’gfef‘%EJt‘SW’%‘ﬁ‘&‘éE aﬁ%‘?‘ﬁ?fﬁéh‘i ml‘e
pﬂsm@@ﬁktdﬂ REAhNodDBick AT GBI Qb thed e 0§&'Ja¥1tr@1ﬁ¥ helieves the
occur for many reasons, including for exanp e e fact
end efn‘mr it Heorasbolty sastaoedw aheméeteﬁelregq xze!dt W@ndﬁtfé»tpm@m ided

with ewé Fg}ébf xBf}\/Ya X‘Elbﬁi”ﬁghﬁ SBd Itg gg eq,rg%té?mg ﬂz!:t E@ (g(ﬁﬁf!?“l%l ncn,gam the still
image @B the bild bIGEGUWAGY bihbhereahhdl abdiany BROGRSS: mdnE visual
the calibration guocess is inaccurate, inaccurate
indicajegf é‘?ﬂcb patessntrady Firageondsalitenchiey pedRliacy) thenehinge
£ . ase in the rejection
pmceas?n JﬁQ{ &’m}é e‘%k? é%fléjr ﬁ”}hé Jiﬁ%g_ri cated products.
E_QU{)YI] 0064] {Eﬂb c}ﬁﬂ e r{RcOf cdibe dndendhiuok ceebadre dbtormined b the
met hods and _apparatus, for perform ng end effector
processly W theoH B ‘ﬁ@ (e withg DAIYRSR MEERT B CHIISER L @ngpigdy The
posizi&ﬁ&%r i 1\(;@9&@%%@&3&9%11@%&% ﬁ*\ tﬂ'i%?th@&xkﬁ&;i 35‘1 end
effector calibration approac orementioned, to
etfectperthok alignde fpbedtoro dakitbrbtideticcohehehdlighfbent jpsition is then
center. or the end effector.-defi ed center .e.,. the
compge Shishr P AFag: e e g EHBS RaT B ridbio el e robor
mnmﬂﬁhfp&nﬁ@)‘lsﬁ@*m nﬁ@@ﬁf’@[}t‘ AhcRenida MBSl geonetric
center of the end effector) needs"to be aligned with
[0068] he chirckncermere enboddestes. fhiene-sthephetl dethniging employs an image

agqmsl)[é(csh ! or/ frl,lf'l::'ixkata%m 9&:&2 y ﬁ“‘““ﬁ%%ﬁ\r/ég(r}%%’ﬁ yﬂ“dg@é‘ﬂvglﬁ*f( oé %hi end

effectaSadl iﬁ@ Uﬁl&ﬁdﬂﬂ%ﬁhé eid efQAA%hd kife OREKk Bf PIRYeE in the plasma
enbodi ments of the invention, an in-situ optical

procegsarhiigier frgles ppidygien toddwnar b e e daciugae tempd effector
calibrf {tng;ﬂx&rals qpé‘ ?h%l%li g [IQR{U ¢ %ﬁfb&l *‘a va Fk&§u{j§rgﬁz Q’l‘ Q&h‘:@ Dondition
ess genef af es eRab
b&lb\i&hﬂﬂﬁ‘? ahliler id the FBUBIGE h&&dﬂtﬁbﬁhat&ﬂm{tbdmrmﬁr;ﬁq@lmbﬁ eThsoamdra
and/ (}Sﬁ%gi nq%g, rho 1“,(3 !If»gl@télgﬂ Scﬁg:gg%}c&&rrﬁlgm ;%ggqtr%réé{ B’u fglf(iside the
plasmly %?r}tc(%@n&ia%cr bitGhak Bpddd Yo QB lCAl neRdh & dﬁﬁ{)ﬁfl‘mly designed
calibration technique i nvol v es taklng a still image of
\unmmheramdueﬁMEmtmraah&nmhénﬁhﬁokmmhhm&%hﬁemdLeﬁm3€mor
~and. th ck.are in their theo ti.ca
'*f“Ie*B?’?‘%’EF%? ﬂd‘&‘%cﬁi’ *LO(’ jring cad g‘ﬁ‘&% 8%%( CoRAitAR Efgre
subst@kihRe Id@ﬁt:&ﬁ G %@nd&ﬁbrﬂé%@r@:ﬁe& kErighpORuRSN A1 AR ors that
controll er believes the end effector is theoretically
arise dugrip eresewaidifferpuip ey be éula%@u@Hu ckipinawde end ef fector
—-D'U{)leaglr OY# ﬁ& (pr\r%c}é‘leg Sa,gxlﬁ%dgﬁs_ nqpnl;x‘eth 1:\;‘1@('#%{ ﬁgl «?nﬁgt%ﬁ H;])E SpEmT ;|d£ 2d
with 4 JrRge lihakehe {dide ¢ind zﬁfefqeme& taﬁi afc anddfeent arch t[fh&iu&hnl Gksita
simlarly has one or pore vigsual indicators (such

optica h@l\gétﬁ@r apky ippgedupnbe Bhen phige seriergee Hike I%L‘ié’éﬂrﬁiffﬂfé‘r Ny end
¥ I A& L,

el ERRFARRAITPERRGRTIR S Mo L FEHRLE, B8 Ll oA
coincidhewah lﬁ&k@d&ﬁkemranhmdbicerﬁm Bedsdaytating: (e acessl thgeenter of the

ci.rcleg)g Iﬁﬁxéﬁhstpg é‘*?%’gﬁrﬁ‘ht“é‘d‘* a*Hé!tur}elhc ggd E,ffu ‘)lmtgt J i%\g C&glbret%gv {)c

determined. However, in other embodiments, it 1s contemplated that any alternative

reference mark that can be employed to derive the end effector-defined center may also be

employed.



position vector that is required to nove the end
effector fromthe theoretical end effector/chuck
w@bkiogis@am position to the actual end effect orPChusi008/087684
al ignment position is then conputed. This position
, ector is, then pravided to the bot controller to. B
E{)ﬂ?{%nabl e kf‘ﬁlée“f‘%yb‘btd“@%f‘} STl té}lu,fllotai g%xgﬁs' hE AN Acgigition apparatus
mme% Iuﬁ%&[m ISt nSd A dHARERRAL mu{ £068 mm i@t OF Wl1BF fhe chuck
nmbodi ment's, the in-situ optical technique enploys an
perxpﬁemag@ igesq mc&cﬁmr@ nf dewi de cfes lghat can bamsedatogiednorthe center of the
hat the optical | , _ o
chucky ok i FPAEC AL PB i re IR R bR mits vide
for th€ BMEK 8RB0 W HARGRHcdsBint R8It B ALBRPHQCRSSE DY IRNROBIE Iy an
under production conditions, In other words, during
embogiment ief @ftrareriphery a1t iy durl HsPf cresiestshich priosmd visual
ocessi ng chanber may be placed under a vacuum
indicadldy
condition substantially simlar to the vacuum
[0071¢ondi t Berstdratuiex ietcsrcButitnig d@Exabiahy ﬂm chilleviemnardcator (e.g.,
and/ or [ ens. may be pl aced inside the p]lasm_ processi ng
the Lhélh]hhibié{elglid}gﬂﬁpkéﬁr ap %Fl}zb%t@p@e{h% Rebtp (g§headmtb@éfgslfarf&tumlmd m
an enBPERRGE Qé‘ﬁcﬁ@%}ﬂ%p&ﬁ&gh 8&:&@&%& Qeder ¢ aﬁdﬁfz?k‘ﬁﬂk@@mm are
appropriate esl w ndow or aperture) to an area
dcmmiﬁmﬁ hie duitret:¢ etdbbm") ang tYehietahuek anh a:tm@tdmittanm tohet control
renmentioned visual indicato erform.n
systeri 4 f BPSBR R CCORER I oe e e eSSt aHiaIeny
roo72 dent i a8l i@ bhe CARGL QNS 1RXPOEk BIGRS, &%n’t@gxmderstmd with
production, calibration errors that ari'se due t
referepeactioshe Huuis ﬂt@%@mﬂ%@pnmt fodowubst antial 'y eli m nat ed.
Eﬁo?%ﬁ 22621]5; ]Af E’tom i éx%mgan -x-ox{fe m}tﬁﬁnbedyg%nettgéq ’-Lr{ébmq. vention, 8

schenBGE kRedehREoh 8f PRREHL QRRE:@Y: HbRneRd2Efee40I: SUERiew of at
that during in-situ optical calibration, a still image

least prtipRe ot Hk@rsigfoping e@é effeor ridrapReysemi A0 z‘ph@i&wm x the

end f.ﬁ&%ﬁﬂ%tﬁ £§C ﬁidsﬂ% GRPL g\%ﬁ?%%m Aoy %E‘P SLeTHILTN t‘gumu
(BF ¢t BCOVFR er 8t Whi ch col nel

prod uWi(ﬁthm&!CﬁBI\ﬁhlﬂf\f ﬁ&txm thedebd nBaneemtnéral flswraas&emeamm Fnzg A2, the

thea and the center of the cjrcle of .G
in-sitg e ‘*B ‘1‘ “Rgf"é’l“ (:“ﬁ‘@“‘é‘“b*éﬁ“‘“b‘?‘ qH‘é3"élh‘*ti‘“é?‘?fl\"géf“épfrl}éfﬂr'ﬁ‘é?ﬂm“
therecr@\c8ihe BRYK REOAETRL LR GharIOWRY B 1hd @\dﬁiﬂ?@ftf Fig. A2 is an gre
embodi nents, it is contenplated that any alternative
n,pmcani Y BpUg onef K cirtlat the amtiyerfenptloyadeito Wieh ihcectivedangd by the
end < e B TR S S AR B n s
associa G 1GEYirSle kR RRRAS atinsof GRRIRIANHQ | ens) s
ositioned such that the i mage al so takes in part or
[00744] | of f‘t«hé\—cﬂimﬁmpéﬁlcéiki@r PG, ropresparing i chatlopathisfa grpcessing
nmdufh ”lthrélﬁn-éﬂg 8&3& a.li] Qlu Qfg&éng}ggg%eﬁf HE ?Lﬁﬁlx%gtn & d!b éc%opxs ;extueg?u ‘%‘ﬁ‘g e,

using @h ii{rﬁ)&ﬁe{’i}MiCﬁLlﬁbthbﬂ dhe at0ESo MRy ek pndwieded ctforof-Befined center in
chuck to allow the processing unit to ascertain the
order &b@ﬁ%w%@eﬁ?ﬁ@%m EREEQHINFRCIEFES ARIORDL AHOngt Bistern A222.

Dmmg%tll;kﬁl?ﬁ&y Pl zm EGHEM (1‘0?1%“47(‘;9@5{ ' tll({tnﬁgmsiﬂcfhs&i above end

ed Vi sual*©
nffuto; JC’GZ and chuck %”U()_) may take at least a still image of at least a portion of end

effector A202, inchuding 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 ifthe timage is taken

from overhead from a camera andfor lens arrangement.



[0071] By ascertaining the circle that is described by

the chuck visual indicator (e.g. , the chuck circul ar
w@eonesEry i n an enbodi nent), the center of thRCTYHS2IKS/087684

may be determned in an enbodi nent. As nmentioned, once

, he en effe tor center and t huck cente
Eﬁﬂ’f’ iiet er m etFiNelese TpPeRsH @R Lat ¢ ’uﬁ@ﬁ Caewﬁa&? %‘ruéfé% By frgigapodule

21080y BE Ak e fhoh Rk Rt QRO (RQN f(‘QIII"lLt?’ ¥9 Qlﬁm:é‘ﬁ}d@ pe ‘nphery {Jf chuck
correcting factor to conpensate for end effector/chuck
AZ06 b seellak datwening tipmm} of Hat tlecét (wleish sapeesahy dlrt cegiss obEbuck
" | X erst dvvltrgref eng
A202} B B TR n oo (P ErE G T pBrfi Moo mey
be ablEit@recArstRROMS cirt R AGEAIORNGE /R (amaseiﬁ‘@@@lnwat wefi at be
present invention, a schematic representation of a
detenmnaé!mem% ob8wi pigtley Shis mirple 2oreprasered at FingAa by epsher il
\"170f at least a portion of an in-situ optical end
effector calibration system A200 for calibrating the
[C076end ef Fag tharaliosishtsun (ced gifectoncdatca SYME 4 prepasasgingghe cud effector-
m A220 under, sem conduct or devi ce productigQn
ddmﬁé%.hmq B3R s deigrmnedh by ihelremaniipnss pémﬁﬁés%wf.lt%ﬁﬁ% A chuck
centerl A%‘FME%E&OAﬁ?ﬁ* %;tncgknﬁ'ng theA%nick g?dhﬂﬁﬁl%% Al RlreRN ector
effector ca ion system A200 includes an en
A218 én‘oﬁleeltcbsfﬁoﬁﬂﬁl‘LmavAﬁgi tchdwebneraerst? e theardend@@4. Stie end
et 8 T 2 b AR B B0 bt P B0
chag k‘@"i't& 0eiBGh Q%% tWL Qﬁuﬁlhﬁd QERLBF/ tﬂ@ﬁ laNesn v ptogx@iﬁﬁ Nde p(mtmml
fector A202 he determination of the center of
differ @ICF‘G Petonng ! ¥ h@r@cvpfﬁ nﬁer@r‘@ﬁn@u@ht sa@egifd tagkgri xateea eimmt center

A214 mﬁ} L%f.tblgx7 Zﬁtm {\/g ,&gh‘é\f ity ef Lg\%l% ig’ﬁhg‘ Agé\élh ud\ u:ntcr 4&'}1{3

the ad@p Eﬁﬁ@lﬁd(ﬁ@hh&l@di@fm&ht WachicRed Py pRESEN NGB Rce Theor
in-situ optical end effector calibration technique is

AZ1R soHRirgtaanre syaerid He thegshplgoanol sysem ﬁ”%p!mab@ to move the
mbut stance ecyon p \; 3 ‘»,1 wal uug vector AZ18 from end
H'El@ﬁ’ b5 S‘ 8%?'?1,1 foh o Elélﬂ CP&J 5 A e, &g tor
f'ector- Fhed cén t0 generate £
d‘fmnma&s&(& 4@01‘1:‘1& ptmmmzmemtwbxf«ﬁm tigy mzb@inng rfon ontd ol
system A22 During calibration, an inmage acquisition
‘**”‘**Uﬂfé‘x)?"é BRY G ”‘(”é‘*‘lj a canera di sposed above end
007 7?f fect gty A202,a8Q din%'&‘.*{ﬁhm@gQ\@h Bl ReRlor lﬂﬁaﬁksa@t invention, an
ill image of at |east a portion of end effector
tHustr Mﬂ?ﬂow nirutiir vy sexthptiosd ckd AdDApr Ghdrafon agethah stheanethod

B Pl T DB ot D BN PSS i

refereh8@@8h¢ Sxdnakenr FiLoRY ovaiheaths BN SRORF & ARy theRSbot arm
arrangenent . [00751 Neverthel ess, a processing unit

to the p@azmt(ﬂabqndeg&mmx shugkndiznet. i ﬁ ﬂyggq«s@mﬁ@@m r@bg&@m}mhgytem
deem, blﬁ'ixa%erec%%} qu ggﬁr}?&{] el cnéih?h zr ci xogg 'ihel ﬁm »llgr fé‘;&t}pXB(){ a stil

imaged€taenbn fheteha effettbe ﬁh@fmtzm atd;m«:sraﬂne:hé Mﬂ slfecs@piRbRBtBuck in
the center of chuck A202). L| kew se, processing unit
the mayppn dispuspebivapppeiop Aeiid8d fn | ogi c nodul e A210) may

007‘%?’6 abl ¢, Elg& ; 1A86R! r\ﬁﬁg[é‘ g&}t&%ﬁ tgé hﬁ!&ﬁaﬁin }"ﬂlé,ﬁglré Glel\RGual mﬁhmtm

ne/arc  A204 i's a~ et erm ne
on thtﬁmdtt.ék(? of (4. ;tlathec:u{{rreshxemioﬁeﬁ scitherohil) isd aresent d cicde that is
formed b% the nm?:ypg;% 1brexd0{%llkrc '!u%k To assist the processing wait, the camera andfor
lens may be configured such that the hight frequency, the lighting condition, the aperture, the
focus, andfor the field-ofiview, etc., is optimal for the processing enit to acquire the visual

tnclicators that provide the data to determine the end effector center and the chuck center.

6



A212. [0076] Fig. A2 also shows an end effector center
A2 14, representing the end effectordefined center
WO20208d0det er m ned by the af orenenti oned procRGEUSZ08/087684
unit A224. A chuck center A216 is al so shown,
, epresentin e center ck A206.. The dlffe
[0079] 601 or TRGA BHOBHE BT DS Y e He BT AR P o GRS Points
(ynv%@ﬁ?ﬁﬁnﬁg&@d if fd ¥Rl %‘@P@f‘f@r%m@hﬁ@@ HRG t@frf 8&hQN%he desired
center represénts the theoretical “end
circleef Swhtionge hﬁs‘i}@k‘%a‘l"l tmimtes pm;lsm oRtmgdedinipies erctvesil-lade to
ts_ the ackue nd _effector/chuck a ent
those SEBFEFOR St SpBEhHT AT e S LM R of i §ERbrc oft-ne-
shelf HOPEEHE NS phbBlRieSOlLECE R ethdble S NERASIcdiOmahi@ibn R&ware for
end effector center A2 14 with chuck center A2 16.

use with&1Y -8PRP Bvfes StoorroAgiQV i3 N svaidde fibrhs eknekC ewatasion AP
t tual end effector/chuck alignnment is
‘K@%ﬁﬁléggdéﬁBy providing this difference vector A218 to
(0080 he r olbotes a3t 0 ahe syberad2RZined banigrabedceamintd Gbm the circle
system A222 is able to nove the robot, hy a distance

K”“‘é‘r%b‘d‘lhiﬂ FEEEBR BT e dhped Hese k%wb&ﬁgaww 581 B8 e@‘?‘m fine}.

fn ste %‘%g@rth@g&&.i JroR qﬂl@k?&f ts@&&ﬂﬁﬁ{%%%c AL AU the
producti on hereby e Tective y correcting for the en

proc.cﬁitfmtmmfbm hluc#hurk sisahl 1gdﬁnmm {e.§.00¢ %]ﬁet:pg’xp W8y sihbmshuqi\m In

e with an the present . .
step 10 ot QUETeth "B PUSOHART S0t THo AL  GF CPHRd Sehtes i u
deterrRRbY CB s1§NA 3 6f fueie Eiﬁ’fer&ﬁk or@t ib%‘m@&h@%e A8t FBEDO Sy sier 1o
may be performed by, for example, util I zi ng one or
enablyyheaolyft cph@alcswpmﬁ@ mos e dhasobekath durtng nredustien decropenhae for
L ..exanpl e 2. I step A302, the end effector is
th““ﬁ%?@gm%gﬂ#ﬁgn et Pwﬁﬁkwto the theoretical end
foogief fect W\/cﬁﬂ b6 KpkdigREIBRE the fBregoihRLerPasiihE@R of the i @Rabn
control system deems have theoretically centered the
auhfewde%ﬁ#eem @fﬁh’wﬁawwenmef Wet siiubtantiahy dtce gt falisadgantages
k t iF
dsmusi tg ;ﬂt lrgr@%gﬁ! ?rﬁé@eﬁgl %E‘?ﬁb tr. ﬁﬁim éfnt gﬁ{dhh E@ pgilitt%trlx:lﬁ g the
;ahhrmt&nners:tdl e us&ﬁdmixsrﬂ VA0 @E&mdudm WI fahhikllg rephld ug@@&é’s&]i tistgun
step ge pro%e55|ng S unqertaken to acqujre
more t\(f-?éu Q}(i! %i qTa?f(.Wd]I %(étbbr !(Ij.ﬁ\. ng i%(htar !gﬂf p(é{otj.%trﬁ\(lg}pé‘ S!Dfl h vacuuni
.umhﬁélﬁrﬁﬂﬂa%ﬂl'ﬁ@ggotﬁ%b%@m‘:‘iﬁﬁ&ﬁ 8 & tndBIBEMERGE N80t employed,
circle that 1s forned e outer periphery of the
the costusedeiatdbw absmm:fiehEtn@rmd dsgiinga timi¢ invemencankierent mechanical

et e 5 TP S BEE S eI e, HMhpgrrore, e
use a hQEUSHta@NHOFh kRl Ja'ixﬁfra@libﬁft&%hﬁ% cﬁ&ﬂ}mtm'tﬁc QREIbIB of 8diibration-
t he prOCGSSqu unit to ai%hir%ﬂ$ he visual indicators
agl

related pluckplapiize and prdibesitoa-relgs pentaiwaei nefifrpit ppssible to

parfor‘ﬁ? RLeL Iél%gg?l § Cmtrléjq%lén guf 3 1%%9{* %}L& le Pfa{]gr%g?ﬁgmqﬁg% tthout

mmp@hzﬁh&nahdmgfm;awasww pi xel s in the image and
curve fitting to re-create the desired

Eﬁm{ElrcIe§”§%béﬁ“?hdbg?ﬂpbce33|ng techni ques and curve
{00?35 R ng\ }F;%%HPHH\H ?m)"ﬁn % anéﬁ&.@@)@@& &&198@?&\ uﬁ hIIL?‘QIL,{in

he a I'n other can be acconplis
m&buﬂmm&twg E}m&T are abfhadhephelvkations, and equiv aimtb which fall w 1thm the scope

of this ipvention. Although varions examples are provided herein, 1t 15 intended that these
examples be illustrative and not hmiting with respect to the mvention,
[0084] Also, the title and summary are provided herem for conventence and should

not be used to construe the scope of the clamms heretn. Further, the abstract is wiitten in a



processi ng unit packages (such as for exanple the

Keyence comruni cation software for use with CV-3002
w@ervessi@ont rol | er CV- H3N, avail abl e from KeyePCBUS2008/087684

Cor poration of Wodcliff Lake, NJ). [0080] In step A3

... 10, the d effector- flned center.is as
highly 3 8‘? g TR 3 BEW é’&l fo h8“b°11‘8%‘§% &t 73“‘& g‘i“i“?‘? pYrhe
emp! d@@@ meaqm%ﬁé &C‘ixﬁﬁ n\fe &%@An anmgh;a@t QE:L(@% Sxpuarsagmstﬁ{ ERBns. If the

I"ine). In step A3 12, the center of the chuck is
term ‘3¢1C o tmplosed h&f@m mﬁé t@m @It@tem@drte éﬁ‘eﬁlf‘bﬁgﬂmm@nh understood

IT(:J.ﬁlLfThié!Cgld{l&edlﬂg}gefplilghiel rZ?YD f,)ﬂ% H)é II&(_H’?U g“t{lj} unf rl?’lt,é)% éb 2%%4)(1&?‘“&? Be noted

that tt@kd AreheRealveati &f whiormithenehdng ifastObd LRt RhakRstNE the
chuck center is determined. In Step A316, this

preseqjiipyestiencl ivdetdoreiinepdesuddtr fodoping aBrdedcdrims bk interpreted
as :mﬁ%égr el %thﬂé\gh&st S &{u?fi%s a?ﬂ @{?na%}(& 'ﬂi#@um\{ﬁe LD spirit
arm or ‘the end
and bg@bteetmrmwmmmmal i gnnent . [0081] As can be
appreci ated fromthe foregoi ng, enbodi nents of the
i nvention achieve end effector calibration in a manner
that is substantially free of the di sadvantages
associated with the prior art nechanical fixture
cali bration 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
exanple, simlar vacuum conditions and sim |l ar robot
servo paraneters. Since a nechanical fixture is not
enpl oyed, the cost associated with manufacturing and
keeping a large inventory of different nechanica
calibration fixtures for different plasma processing
nodules is elimnated. Furthernore, the use a
non-contact, non-physical calibration technique
elimnates the possibility of calibrationrelated chuck
damage and calibration-related particle contam nation,
making it possible to performthe calibration nore
frequently and/or in the mddle of a production run
wi t hout risking chanber and/or fabricated device
[0082] DI SCUSSION A [END] [0083] Wiile this invention
has been described in terns of several preferred
enbodi nents, there are alterations, pernutations, and
equi val ents, which fall wthin the scope of this
i nvention. Although various exanples are provided
herein, it is intended that these exanpl es be
illustrative and not limting with respect to the
i nvention. [0084] Also, the title and sunmary are
provi ded herein for conveni ence and shoul d not be used
to construe the scope of the clains herein. Further,
the abstract is witten in ahighly abbreviated form
and is provided herein for conveni ence and thus shoul d
not be enployed to construe or limt the overal
i nvention, which is expressed in the clains. If the

I8



term"set" is enployed herein, such termis intended
to have its commonly understood nat hemati cal neani ng
W@ 200008a09 zer o, one, or nore than one nmenber. PCT/ER0$/B7684
al so be noted that there are nmany alternative ways of
i mpl ementing the nmet hods and apparatuses of the
present invention. It is therefore intended that the
fol l owi ng appended cl ai mg-fhepyigt erpreted as including
all such alterations, pernutations, and equivalents as
Vh‘%tﬁ%ﬁiﬁmwdtml n the true spirit and scope of the pr esent

. \ven S, LA,
i, p & \:inbtﬁhm? Ij'](él HIR© xwﬁ\é\gﬁ% éb 1 r&zhrgemngﬂg ﬁ?f“@ "F‘Fﬁ‘r""g? th"‘ Piﬁsma
procedin} ASAE, PHAGRSIKII@ngH&LRM said method conpri sing:
acquiring a positional difference, said positional
d e Bosigonss duterage. ﬁid@hawnébdlrfé@m ﬁﬁgwﬁged using an
£ g) | r grrpr i Si ng.
th.n_.aggfﬁ % Epptﬁéach q(&ﬁ’&;a% 1&1&@%&}% gcﬁ%ﬁﬁ)_ 08 taking a

still pﬁag@m& sadiafsahenidmdsdiccoand ef f ect or |
processing said still inmage to ascertajn said center
of s i bR AT S 9 Qe B T T cent or

def | negmlgy;g .3@; 4806 ,g}‘%z@ ¢4 e Lnﬁﬁt%ﬁ e RPGF \53@ \thﬂ aud an end

posi ti onal I'TTerenc etween said center o
etfectnafidined ranisadddined dvefifient effedef.i ned center defl ned by

said end effector, centeri.ng a wafer with respec
n enddgeTEett P Eapar B AGe Fuheal e pOSHar SHgafer and
said cﬂdiHt&ft&ﬂ&g‘l@&wﬁ@ﬂkﬁﬁk@b‘l‘@ﬁ:@&n@@ﬁeé@x’ d end effector
robot novement conpensation; noving said wafer

aﬁﬂltelama eﬁhﬂ @fiiﬁle‘éﬁ«@ﬁt Phrcud hﬁmmb@amnmsﬁmadpemd\p@ﬁhnom
a refer
dm‘uﬁ&e éaéfci\ LB 5{“{* it bd)?% SR &#}S.‘%‘atg‘ Bt gﬁb h%"q ont gpogt)gug%u 1on;
Ofncs @l ghalPy b@amﬁ sa@bll drRak-vandzibkebdaast a@i’d"rmted with a plasma
occurri ng as said wafer and said end effector nove
procegsiiiongtisaind DA beans. 2. The nethod of claim1

f H[\tdh}%v col g}ﬂ %g 'ﬁgégﬁ:@ghg{ﬂql;‘%.&z«r_h%&a dvﬂl@ ndq%qix gg?'{'r@ 1 of said

on sai & en I ena a“processi ng

DA beletsepait beakfaathnsdiepastinldechmmg es szad chadidind sad end effector move
e}ffe(géor defined center, said first visual indicator

throug € ‘13}%’@ a reference mark enpl oyed to derive said

2, e"l@e afchiectarifel Redecomt dﬁfbm %ﬁu&ﬂﬁ:%r@@ﬁﬂ%{ 1?1@}'&'{9 oh said

further conprising providing a first visual | cat or
end eidertgdvdewdiien aﬁ:)muem&btlnn n@ (RiqmoREsEi Bgdumiumh o mzd end
rmne from sai d center

eﬁ‘ect%%%}ned SEMEL. ﬁexpirtrst\}legzag ndi CHB)IA geg%r%xrentéz%zp 61)1;% amted'nalﬁ emploved to
derivAREB @I McthRlefbéLt@rdhat is described by said first

3. The method of claim 1 further comprising providing a first visual indicator on said
water for enabling a processing unit to deternuge from said still image said center of said
water, said first visual indicator employed to ascertain the circle that 1s described by said first
visual indicator, thereby enabling said center of said wafer to be determined,

4. The method of claim 1 further comprising employing an image acquisition device to
take said still fmage of said water and said end effector such that said DA beams are
calibrated i production conditions.

5. The method of claim 4 wherein at least a portion of sad tmage acquisition device is

implemented mside a plasma processing chamber,

&



vi sual indicator, thereby enabling said center of said
wafer to be determned. 4. The nmethod of claiml
WO eoovlgaioconpri si ng enpl oyi ng an i mage acqui si PCDEOS2008/087684

device to take said still inage of said wafer and said

: eﬁg effect%r such. that said.DA beans are ﬁallbr ted

. A ERSE I8P R 1 SUEHST CBIPTRig A5aURY So Sl apAebrough an

opnm\l\'h&rc@ Mader llnﬁ'?%ltd il QMQLQB iftu®aldh bITRAE 2 ROAHINLh ORage of a

device is inplenmented inside a plasm processin
first vesalibdica®r Drmed et ﬁtﬁsﬁt@ﬁnd kilienst 3 poufarhaang em ish hg‘»t visual

md;w?(ﬁg# br})zéi Y )‘;[t b.. g%t st {S—tlfl glﬁﬁtabof ﬂg‘rﬁb‘f id‘gé % &[ﬁes {3811 ggﬁtfemmc

mark 8mPRibd 8Ndcfve alidiefagae@br-deffretisbnitt SitBlaid Mat cakQinddator of
sald end effector and at |east a portion of an inmage

said vgfergniloxpd 10 paigpin theipiede grat srdeseitgd Warseid, firglaiigial mdscﬂmr of
said “,ﬁ%ual i ndi cator of said end effector representing a
erence mark enpl oyed to derive said end
7. eff setar fod phiftvedng O @byvrande sdicdmbht Staw belihahtion in a plasma
i ndi cat or of said wafer. enpl oyed to ascertain the
im“’ceféf‘i”?mﬁ“é“f‘hé%“i |"%“T‘d8é'€il‘|?ti§6“by said first visual
%sb&ﬁlkgﬁtr u, A cﬂo\é@lf &htrolfer o g%ﬁﬂlﬂ@f@ é?for&etﬁ&i(f'&dl%tDA
nam c gnnent beam cal i bration in a pl a
pr oces sa,mgns;ystxem v«sw rdsm'zy&taeammd ffedter Img«:mmm]@hmg fora

|l er, said rqgbot. co Il er configured to
positGial s ine DPRGe HG BT LT RGTECBIP ToF o N RISE
&mﬂp&%3§@1end ef fector by conpensatlng for a positiona
di fference between said wafer and said end effector i
W| t h r obotngrsubweler acbipberskaifastor troveing Asicmswasasrated with s
d“n d ; 1}gneffector t hrough DA beans associated with
3”‘?5%%&*%? ééSS|ng nodul e; an image acqui sition

dey ie&ye RJLditloNRGEIcGA islabt QfleNhC @ s@fdnguliRd 1d ke one ore
take one ore nore still images of at | east one of said
more e Bpagghal dpast evgolepidersisy andayihersld®siong unit for

pﬁﬁg%@hﬂ% @it fofgéﬂihaﬂ{;ﬁ’&?tsﬁwg@&s oA e Dl RloTe S i! bl Thages to

Sscertain said end ect or I ned cen
ascertaimdasiaind effeobede bfedsaner wad eiid cand detidrwtae .,\ﬁmifdcrmme said

itional difference bet sai d cent f sald en
pﬂsm@ﬁ @ij” FUCH BEPVREH SPETERPRE %m Qfa dptEesiir é‘fﬁmc? ‘*Wéf"é center

of saiGFR! Ohe @xh@dfﬂ%bﬁ fopRalirdichies %%ﬁl s ARG 1{1 %ﬁ’u WS imaging

an in-situ optical 1nmaging approach; and a | ogic
approaddabd, sai d Ioglc nDduIe conflgured for obtai ning a

L g A e

patterR b a&mﬂo mk%m@mxﬁm REEHIJTIHE 3% beahdl »H\ﬁfb@é&aﬁﬂﬂ*nmm
said end effector nmoves through said DA beans. The

paters pagusing s silhivaiey anheviéind effgotbreney cetliireugivraid BA iiemm
g. PHRY! 9&&1""'& Eiq;n§’7 Wedin b(.l\ al’l% effector 1s provided with a first visual

indicator, thereby enabling said processing unit to determine from said one or more still
mnages said end effector-defined center, said first visual indicator representing a reference

mark employed to derive said end effector-defived center.

9, The system of clatm 7 wherein said wafer s provided with a fivst visual indicator,
thereby enabling said processing ungt to determine from said one or more still mmages said

center of sawd water, satd first visual indicator etoployed to ascertain the ctrele that s
described by said first visual mdicator, thereby enabling said center of said wafer to be

determined.
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i ndi cator, thereby enabling said processing unit to
determne fromsaid one or nore still imges said end
w@Rdoensane defi ned center, said first visual i nBCTHS2908/087684
representing a reference mark enployed to derive said
V\Hg effect r def, |qed .cent er The, S}/stem of cl.aim?7.
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an im&RIUTRI el visiail hod@t@Torb@dad dat@bMuad 1dd: a JhBos ¥shihage of a
of claim7 wherein at |east a portion of said inmage
fist virsglindiceiopnt wed valeri seid il W nsticatarsif geidagngleisetar representing

a refefth {%ﬁﬁl #lﬂ;ciﬁ{]&m_}{en% saif e g B (%‘Sciéffo]l?d %?{é@@t{ir%ﬁ fird\§sual

PR sali
indicaittﬁmﬁ esidivsafacaupioad b hs@m@hx wocoptileals dsodss tyhatd first visual
pernits said one ore nore still image to include both

indicaggr of st #Heporti on of an image of a first visual

~ d f & by &F E
12. o]'?\ ;giﬁﬁfl;ncp ro@fss 59?{@1‘?&%}1‘3%' gﬁgﬁﬂ{ @gd(ﬁﬁjﬁd hRaghic ﬂuegm #d 191"

ge o I rst icator of sald wafrer
caiibrstandafhdlpﬁibnmmsmmbbiﬂxmwsm,'( wmpxﬁmgm d end effector

representi a reference o derive said
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i ndi catQfe@iy §@h%‘0ﬁﬁﬁ£g}%@ﬁb%%ﬂd LHASCRY &%&Mﬁw for g
circle that 1s describ by said first visual

positipipd ddBrgrce detvesh gaarader ':njiz'nd,aen@egtgntgx pth ¢ el inpryement
om I}/%tlem for performng DA (Dynamc Alignnent) beam
CONPERF I BFat i on, said pl asma processing system conpri si ng:

ar Oboimﬁﬂﬂzt Ja@l Wefer axfPdagli £:QDGTecGO MO0 BIA 6RTIagticeted with a
for at |east centering a wafer with respect to an end
Piwﬂéﬁ%@?%‘?&@? ¢lépensating for a positional difference

b?nt\ &0 ﬁ'lﬁ'—i Qnt f‘-ff.rm a‘QQ{ tﬁ%hg 0 {i’mig fﬁg(i qufliywtuht(} i% 81';1 said
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sation, novin
p(‘rStt?ﬁf'ﬂd[ﬁiﬂ)fﬂbﬁhr ough DA bearrs associ at ed vvlth a pl asrra

CeSSI g m)d e, pt| cal g.system said
‘éﬁ’% a13 ke eaqy %yse@‘m &wfewﬁ wgk‘&ew Fedeigngeg A beam

pam:xf’?%' W EdopRal 2 Sdakeha0ERe r@ttlt?&l G ARSI 18am S b QL &hd-make
nodul e configured for obtaining a referénce DA beam

patter p attwering bysandkwoted mn@ sad brdelftecandromak ¢hrpagit sndDAf besaisd

S48 ST ai dA ARGt PEORbI o BER T SR SATaIEA
nel u&e@g@q 13. The systemof claim 12 wherein said in-situ

optical imaging systemconfigured to include at |east
an optical imaging 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 asceriain said center of said
wafer and said end effector-defined center; and

a logic moduole, said logic module configured to determine said positional difference
between satd end effector-defined conter and said center of said water,
14, The system of claim 13 wherein said end effector is provided with a first visual
mdicator, thereby enabling said processing wut to determine from said one or more still
images said end effector-defined center, said first viseal indicator representing a reference

mark emploved to derive said end effector-defined center.



an optical imaging system said optical inmaging system
configured to acquire one ore nore still images of

wa@ 200d/09@der and said end effector; a processi nRCT/OB1008/087684
said processing unit configured to ascertain said

5 Czﬂ% g;ﬁ{g“gﬁga]gn‘lggw lﬁiﬁfglggﬁlé?llvg é%ggil @g‘;g{%ﬁ%r@[ﬂ%gge ne, %Eﬂd su:be
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17.  sChe bestdii 0€clagail d wderdbeid fing v mmtfm@mmed;st.m cb;&x@ﬁn@imy of said
_\‘of a circle such that the center of said circle
watercoj neides with said end effector-defined center. 16.
18, Th‘ﬁh §V§<}E‘Iﬁ T Ofirs h 8 Refetn mgis‘?hﬁoﬁﬁln%t‘g@iﬁ tilB'F! ;IREQEY& g@&%ﬂ is
irst visual 1ndicator ereb abl i ng”sa
implepreoed Ssidugr piaita twmmhsttgm!mmémf rom sai d one or nore

. still inmmges, sai enter .of sai S
19, by FRar et S by pef BCelruingt et higoush a
optical §€&L§§@lfd R8N0 ¥i8 BhE of bRt sl ;%@1 td ﬁ@hﬁ@ﬁ@t‘?’u&t ther: P&%tmm of an
enabl i ng said center of said wafer to be deterni ned
tmml@f a finevisyd teheastr ofsaidmnd @ifvm@!r Widrtdeaiich portisn Dt/atsmaa"e of a

first v ésuglt 18%%@@ &f’ Lém? W ié‘rmldo @rs gf& ¥Y§§i attox uf 66}"@;‘12 ﬁﬁb‘{?m‘ % 31& bmtmu

a refeQREd SRtk HIRGIADSKSL SR Snd dRéCERIRY] caghddaall RSTMBsaal
processin chanber 19. The systen1of claim13 wherein

u‘sduaé«a.qﬁ sgilevader avetiavaskip japcermghe Piscla st ir dacalddghiddist visual
UuhuﬁBHﬁQ%b\aﬁ&ess that permts said one or nore stil
to 1nclude both at |l east a portion of an inmge
of a flrst visual indicator of said end effector and
at |l east a portion of an image of a first visual
i ndicator of said wafer, said first visual indicator
of said end effector representing a reference nmark
enpl oyed to derive said end effector-defined center
and said first visual indicator of said wafer enployed
to ascertain the circle that is described by said
first visual indicator of said wafer.
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