SYSTEMS AND METHODS FOR CALI BRATI NG END EFFECTOR ALI GNMENT I N A PLASMA
PROCESSI NG SYSTEM BACKGROUND OF THE | NVENTI ON [ 0001] In the processing of
sem conduwwOanossherr ates (e.g., wafers), plasna is ofterCemskapgmsissé n

pl asma processing, the wafers are processed using a plasma processing
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[0004] I order to ensure that the wafer 15 processed properly (thereby ensuring
controliable and repeatable process results), the wafer needs to be centered on the chuck
during plasma processing. I the end effector is perfectly centered relative to the chuck and
the wafer is perfectly centered relative to the end effector, then the wafer would be perfectly
centered relative the chuck when the robot arm places the wafer on the chuck.

FO005] From the robet controller's perspective, it is important to know the center of
the chuck to enable the robot controlier to center the end effector over the chuck for the
purpose of wafer placement. Accordingly, for any given plasma processmg 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 ascertain in its own coordmate system the exact location
of the chuck and the chuck center since each chuck may be positioned slightly differently in
each processing module due to, for example, machining and/or manufacturing andfor

assembly tolerances.



assenbly tol erances. [ 0006] To conpensate for the end effector/chuck
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center would cause the water to be centered relative to the chuck when the wafer is placed by

the robot arm on the chuck for wafer processing.

[0009] However, there are disadvantages with the prior art technique for centering the

end effector relative to the chuck for calibration purposes. First of all, there are many types

of chucks and processing modules in existence. Therefore, in order 1o use the mechanical

fixture approach to perform calibration, many different mechanical fixtures must be

fabricated and stocked.  Also, affixing a physical mechamical fixwure, 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 i the field after some plasma cycles have been

executed i the processing module {e.g., in response (0 a concemn that the end effector may

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

calibration fixture on the chuck may cause deposited particles on or near the chuck to flake

fi



not be centered relative to the chuck follow ng a production run), the
attachnment of a physical calibration fixture on the chuck nay cause
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| NVENTI ON [ ‘Ilhe invention relates, in an enbodi nent, a nethod for
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pl asma processi m 0 ng. ROS tronr ng epnd effector
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i ncl udi'ng providing the position erence to a ro Fer to
cont r ol dearchodioticldrod aniismakoinadlp ugéc ttohanmas fdilvenake G fﬁnﬁam{me@mhe end
effector transports a wafer [001 The mrary relates to only one of
t he many enbodi nents of the SL“MQ)A‘R\ {W F\Eﬁg

[0012] The invention relates, in an embodiment, a method for cahbrating alignment
of an end effector with respect to a chuck in a plasma processing system. The method
mcluding positioning the end effector over the chuck and taking a still image of the chuck
and the end effector. The method including processing the still image to ascertain the center
of the chuck and the end effector-defined center defined by the end effector. The method
including determuning a positionat difference between the end effector-detined center and the
center of the chuck. The method alse including providing the positional difference to a robot
controtier to control a robot mechanism to adjust the positional difference when the end
effector transports a water

[0013] The above summary relates to only one of the many embodiments of the
invention disclosed herein and is not intended to limit the scope of the invention, which 1s set
forth in the claims herem. These and other features of the present mvention will be described
in more detai! below m the detatled description of the invention and m conjanction with the

following figures.



i nvention disclosed herein and is not intended to limt the scope of the
invention, which is set forth in the clainms herein. These and ot her

f eat ur es WO 200v08p2@sent i nvention will be described i n morasd@sasissbel ow in
the detail ed description of the invention and in conjunction with the

foll owi ng figures. BRI EF PTl RAW NGS, [ 0014] The present
invention is illustrat eég’g&ﬁ S elijg_hpcll)_gz ant ﬁxgispbgfgway of limtation,
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transfer, [ Q] X *im " % . ‘b_n accordance with an enbodi ment of the
presentr‘"fiﬁvoeﬂm ght'e “%"'Eﬁjé ‘i"}t‘,“ epresentation of a plasnma processing system
il lustriabing a tapeVi @wwafa @freb@RfivedridOht efMe FEct@ol Ryppblitheapl-deal end
effector calibration systemfor calibrating the end effector insitu. [0017]
Fi g. 3@%@%‘&f¢lrﬁ"@}é®0rdance w th an enbodi nent of the present invention, an

illustr ero« for t. ration
et hodt OpETA LeD e i Etaelisch i pk it fBue LR lnfRioban:  on
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as illustrated in the acconpanying drawings. In the faoll ow ng description,
numer oRPTENER a5 ip-sgR PRTITA ead eftader @%Bmdﬁﬂv Ry der abbisting theend ofiseiebiigh
under Sti'ﬁﬂdl ng of the present invention. It will be apparent, however, to
one skilled in the art, that the present invention may be practi ced vvithout
sone or{gald} of tHegel fﬁ‘ﬁl\&(ﬁl ini secadbaicl veith ;hmunbm&mmms‘t‘mnpxe&,m walehtidenamwn
process, st eps and/ ctures have not . been described iin detail in order
oot iiebes B3 Py S e B bRy AL ot PE098] Var | ous

enbodi ments are descripedihes eipscigbevonimcEngingaeihads and techni ques.

It should be kept in mnd that the invention m ght also cover articles of
manuf adf4rd t hat ihmnwegmaemmpwﬂ growy @@@@bﬂl*@edmdﬁmm@m whiretre to a few
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for exarép&rq;.mge;m;ﬁ&nﬁlu%@m RGO aldl Bt FRPLioFREA QS hiGw sd@ratm@@hm or other forns
of conputer readabl e medi um for stori ng%conputer readabl e code. Further,
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in order to pot unnecessarily obscure the present mvention.

[0019] Various embodiments are described herein below, including methods and
techniques. It should be kept in nund that the invention might also cover articles of
manufacture that includes a computer readable medium on which computer-readable
mstructions tor carrying out embodiments of the inventive technique are stored. The
computer readable medium may include, for example, semiconductor, magnetic, opto-
magnetic, optical, or other fornss of computer readable medium for storing computer readable
code. Further, the invention may alse cover apparatuses for practicing embodiments of the
mvention. Such apparatus may include circuits, dedicated and/or programmable, to carry out
tasks pertaining to embodiments of the invention. Examples of such apparatus inclode a
general-purpose conputer and/or a dedicated computing device when appropriately
programmed and may inclede a combination of a computer/computing device and
dedicated/programmable cireuits adapted for the various tasks pertaining to erbodiments of

the mvention.



general - purpose conputer and/or a dedi cated conputing device when
appropriately programed and may include a conbination of a

conput er /worgpatasnz7devi ce and dedi cat ed/ progr ammabl e ci PCuiuSgo0saspsed f or
the various tasks pertaining to embodi nents of the invention.[0020]
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al i gnment™ posit to evactual 8nd efTector/ ehuck: a ig position is
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[0023] Once the end effector center and the chuck center are determuned by the

processing unit, the offset {.e., the "delta") between these two centers is computed. The
position vector that is required to move the end effector from the theoretical end
effector/chuck alignment position to the actual end effector/chuck alignment position is then
computed. This position vector is then provided to the robot controller to enable the robot
controlier to compensate for end effector/chuck mis-alignment.

[0024) In one or more embodiments, the m-situ optical technigque employs an image
acquisition device (e.g., a camera and/or a lens) that can obtain the optical image of the end
effector and the chuck while the end effector and the chuck are placed in the plasma
processing chamber under production conditions. In other words, duning the end effector
calibration process, the plasma processing chamber may be placed under g vacuum coundition
substantially similar to the vacoum condition that exists during production. The camera

anclior lens may be placed inside the plasma processing chamber or preferably outside the



acquisition device (e.g., a canera and/or a lens) that can obtain the
optical imge of the end effector and the chuck while the end effector and
t he chuckweneogisered i n the plasna processi ng chanber uRGEUSPEBHSTSSS ON
conditions. In other words, during the end effector calibration process,

t he plasma processing chanber may. be pl aced ynder a vacuum conditign
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t hat a(rhx‘/3 alter ngﬁi ve reference r’rg.rk that can beléegpl oéed to derive the end
ef f ect SRIEBIIe I RBRYE N MERFT SOBHRE N ISR IS 614 BEY HERHBe, duri ng

I N- St YeRRe @laiC i BLATd Qihlotdi80ldeBoeHRCANLBLLbARARAJLALMS{ GAPBEA and/ or
| ens) is positioned such that” the inmage al so takes in part or"all of the
chuck pewilptedry or visual indicators of or on the chuck that can be used to
deduce ~center. of the chuck.. in.the case wi,th the end.effector, one
or nor ébgf@um i T OETRYE: ’1%‘?6’&"@%? 8”»95"6‘28“1&6?“‘%%‘@61%@%%’f“t‘iis“sé‘l‘ﬂi’“o%pf“ri‘&“

pr ocesgtfiferdRhd/ol Ru@SE pbiAbikdidaeh GaNRIMA%e ke GBURkpard 7 B8R redgdLEEeNt , the
outer perjphery of the chuck itself constitutes such a desired visual

i ndi catiSFipIIER 7isuByindistierstadion ongha Heck thee e hnged tedefuse fieedtepyf $iBe chuck
vi sual jndicq (.0 s Ghugk . .circul er:i | Y.bn. an..er pent), the
center %‘p 9\} h"g'E gm}‘é%ab%na“fﬂt@gég{?éﬁ"ﬁ%’t%égﬁ‘f hﬁéﬁge‘ﬁ%glgiﬁ{%ﬁbnb ﬁg\' %ﬁ ?{gé%gld, once
t he endoeeftbebtidd iocdintvahe ardedsher wititic kseenivahe asecddtier chutkdn &the di fference
("delta") may be determ ned and provided to the robot contral systemas a
cor r ect§RPABEH P PHICE BrpRIEE AR shocknickerreigry Brbekerrsl ardgnnent .

tndicator.

[0027] By ascertaining the circle that is described by the chuck visual indicator (e.g.,
the chuck circular periphery in ap embodiment), the center of the chuck may be determined in
an embodiment. As mentioned, once the end effector cemter and the chuck center are
determined, the difference ("delta”) may be determined and provided to the robot control
systermn as a correcting factor to compensate for end effector/chuck nus-ghgnment.

[0028] The features and advantages of the invention may be better understood with
reference to the figores and discussions that follow.

{00291 Fig. 2 shows, In accordance with an embodiment of the present mvention, a
schematic representation of a plasma processing svstem 220 iHusirating a top view of at least
a portion of an in~situ optical end effector calibration svstem 200 for calibrating the end
effector m-situ {e.g., in plasma processing svsten 220 under semiconductor device
production conditions) and without the need of a mechanical fixture. As seen in Fig 2, the

in-situ optical end effector calibration system 200 includes an end effector 202 having



[0028] The features and advantages of the invention nmay be better
understood with reference to the figures and di scussions that follow

[ 0029] Fiwo 280986023, i n accordance with an enbodi ment ofPCrhiS2@8e8maE
invention, a schematic representation of a plasnma processing system 220
illustrating a top view of at least g portjon of an.in-situ optical end
ef f ect RTERT 7 b?i&tei%ﬁ*f@y%t It sttrererr oA it PHPRHE! BRdTdt f@ior in-situ

(e. 9., dHRh@&308 pBFtRﬁﬁﬁanJihglé m%t&me? ﬁ,pwu@ﬁgagrf%ﬁm %-@tﬂﬁh&%é?}.‘%er%ﬁk&?by the |

production conditions) d w thout the nee a nmechanical fixture.

seen i renfiefecdr 2¢helhandadrmunapniod die @ntr of & eictiornd disisbribng o seystiens 200

includes_an end. effector 202, hayingthereon .a,scripe mark 204. The scribe
mar k 20&?‘“’?%“"[]’}33% é@?a‘r"r%?“’eg_“bf“‘“‘ﬁ“b%"_ﬁ?ﬁ%‘éﬁ i sl ’é’BE‘e%nti ng a portion of a
circle,jothg cent grip of alwhiieivsGoinek des rvhibientihe teantier wilshi hedcdyinthe end
effector 202. The determ nation of the center of a circle and the scribing
of suchnediiar Ehagsaiicptied ewl efethecalibration tepbaiank thianfigheddrilelesnior. one
skill edl.:sp,@: z;[nr}ﬁsﬂ[xtmgi'itgaq’R%mad':gx%ﬂceglm?_kisi%e%H&‘}ﬁsan% i‘ﬁ{%&kﬁl@e@%'uc{eﬁﬁéf AL he
chuck w N 'a processing nodule. The In-situ optica snd & rector

cal i br afri@noc teshnk duendesssaanforgui@cvderdet e BOUE s sdmeh 3stem 232t u opti cal
met hod, the center of the chuck and t‘heren,d effector-defined center in
order tiOUgehibtadion e HBER IGRIYIALGEC 30r e drBme s RE RREBEEBEr m cont r ol
Syst em2f.2sor BYS LAGERL BEALL O Dice AMIchTAIG I S J QR HBYLEE of 2 (et @
canera %‘l%gﬁ%sed%alg‘b@g end‘?11 ef‘}f gcf%? ca%{%g’gng&g%ugihé%gs gﬁ%ﬂ;tligt gﬁg&iatf ﬁltg)ést a
still i¥agechiinatschbastiria2ipbntd ohatdéasendowbh e tiorck208, Narcthud: pgtiscof be
mark 204, apd of at |east portijon of .chuck 206. Note. that ¢ tion of
Chuck Z0Rcmad ey i BER" ndsPRa rhieder etofesnass s e s ReRlhRud r fom
over head, f.L.0M@rAaBLHAnaRE4Ar | ens arrangenent. [0031] Neverthel ess, a
processing unit 224 (forf exanple, included in logic nodule 210) nmay be able

to recdA8iiluct tHeesitheless, & parcesssrefwrimisd by exhepbi mebidad tpleeicphedyle of chuck

206 as well as determne the.center. of that .circle (wiich represents the
cont or P muibe 535 RpRubitf e s Rondus G a i RS R el RRPAR e Lo
i n | ogimenR ekt 2R miRYhdEnRR IR tH@ o186 PRBIE UgiredeR8 1hé £Gk® @hhiN ;i) scri be
line/arc 204 is a part of as well as to deternmi ne the center of that

ci rcl e Lilgpiige.dirpereng goig épt deentaple. anaidpd ip lagye aednled 18} way be 2hlp to [ 0032]

Flg. 2 1@%%}?*&&&3«\?01@1]@ Sp\gglg‘{l fsS%OIEmCﬁQE&[ is.za :ﬂ‘xi:%(({edg LEPERL) ?&cxtnt;ﬁ te ﬁﬂzd .
ef fectordefined center as determ ned by the aforenmenti oned processing
uni t 224nteActthuckrodentias c2di6 id spabaccdindin, 2 bepgabseatrdlagil he center of
chuck 2‘8@“‘ The difference vector 218 fromend effector center 214 to chuck
center 1998l s t hdiitgetler shoded angrdeeegntc @i Fedt olePiamive gt discldent s the
t heor etd.aba 89fkrehh 6 UBLAGRLE Ky Bld FHBRL AR b QQsi AR Hnit BUE KA RRLE! cld

216 is also shown, representing the center of chuck 206. The difference vector 218 from end

effector center 214 to chuck center 210 is then generated. Since end effector center 214

represents the theoretical end effector/chuck alignment position and chuck enter 216

represents the actual end effector/chuck alignment position, the positional difference vector

218 represents the correction that is needed 1o align the end effector center 214 with chuck

center 216. When end effector 214 iz aligned with chuck center 216, the actual end

effectorichuck alignment is achieved. By providing this difference vector 218 1o the robot

control system 222, the robot control system 222 15 able to move the robot by a distance and

direction provided by the positional difference vector 218 from end effector center 214

during production, thereby effectively correcting for the end effector/chuck mis-ahignment.

16033] Fig. 3 shows, in accordance with an embodiment of the present ivention, an

itlostrative flow chart for the In-sita optical end effector calibration method. The method

may be performed by, for example, utilizing one or more of the components discussed with



represents the actual end effector/chuck alignnment position, the positional
difference vector 218 represents the correction that is needed to align the
end ef f ecwonoeasser 214 with chuck center 216. When endPefriuseaosnszié i s
aligned with chuck center 216, the actual end effector/chuck alignnment is
achieved. By providing this difference vector 2 18 to the robot control
system 222, the robot control system 222 is able to nove the robot by a

di stance and direction provided by the positional difference vector 218
fromend effector center 214 during production, thereby effectively
correcting for the end effector/chuck ms-alignnent. [0033] Fig. 3 shows,
in accordance with an enbodi nent of the present invention, an illustrative
flow chart for the in-situ optical end effector calibration nmethod. The

met hod may be perforned by, for exanple, utilizing one or nore of the
conponents discussed wi th[0034] In step 306, inmage processing is undertaken
to acquPf®lt he vilsgslp IO0adiveae Growprinthie vafertdep srieuirg ghegyisual palicator on

af ore iLoped scrihe . 0 de 1€ e clrcle.that, is formed by
the. ourDr “BRTSREG 2R S AL AR R ol B IR o € O o o
and/ or thensl e e pafipiguy etkhs bkt Mat asthetht pghtsdiegue aeycantcheatd/ght i ng
condition, the aperture, the focus, and/or the field-of-view, etc., is

opt i mallefsgpay hecyhisridsuply hahthe lieht Begiipee bhbeiingsanditing barreans g

provi de,the,de L@ getenmne.t U A'=Tor o ox-T0 nd.kReLehuck center.
0035] T e G e S e oL B B PR RL RSN RS Gt o
poi nt s atiomgrsobatpragtie fig daiaeldsiermirihize ¢magé@candesper i@t pigeckuewerfitti ng

to re- ate the desired circles. Such . inmage processing techni ques and
curve TP0TIng. t edfih GUOCIERET P SRHBH PO ERBUEE S RN °f RUERAG ¢ 1
ot her fyi&ld%naRdinga DiIrAGE ARR SNGRHSHRY TRAIWIGRNR k& rOkd sblieshel T

processing unit packages (such as for exanple the Keyence communi cation
sof t wararctesr Sugieiize prevsSaRcBEissndsntediiieg weowiHeN aravailikabive i¢ r om

Keyence, Cor por at.i qn of. wggggh'wf éake “DU§. P%Q‘G%.Ln step 310 ‘igg end
e 1 oot opogeRTdan B8Pk PR Lulds o e RRbimelREA S e e T EB T BB Che
pr oces shalg pritidsifd @M fReaendsrhfhe ﬁtrcerxmvlﬁ&uaé Kieiglice ab@iuh@alon sdthars €6 be
line). In st%£?§12 the center of the chuck is ascertained fromthe circle
r ecr eatsd WY & He087 Sevext erralisr £ VFHAM avelablndwm Kexuar Gorretn®! (e. g., the
outer per.) F 1 0f § re chuck). In step 314, the difference vector fromthe
end ef?gg%%gﬁggﬁgé%ﬁ‘o the chuck center is determned. In step 316, this
di f f er gng&ejvect orinisgeppriovihdedd tHeduvedstobdtamonit aolerisinst éamt bieehakl e t he
robot control systemtao nove the robot arm during. production to conpensate
for thdceRyeery é&%‘?&’%’ﬁ-ﬁ% Knyhrgmyibe gf‘ﬁﬁ?réﬁ%ﬁm[ﬁ@@%jﬂdﬁéiifeéﬁgbéh%%ﬁgéﬁﬁ%}t ed from
the forgaphngs SIRAAETBNES Rk iRbAUBAE EOR the circle recreated by the processing

anit from the chuck visual indicator {e.g., the outer periphery of the chuck). In step 314, the

difference vector from the end effector center to the chuck center is determined. In step 316,

this difference vector is provided to the robot control system to enable the robot control

system to move the robot arm during production to compensate for the end effector/chuck

mis-alignment,

[0037] As can be appreciated from the foregoing, embodiments of the invention

achieve end effector calibration in a manner that is substantially free of the disadvantages

assoctated with the prior art mechanical fixture calibration approach. By performung the

calibration in-situ, the conditions during production is faithfully reproduced, resulting tna

more accurate caltbration process. These conditions mclude, for example, similar vacoum

conditions and stmilar robot servo pavameters. Since a mechanical fixtare 1s not emploved,

the cost assoclated with manufacturing and keeping a large mventory of different mechanical

calibration fixtures for different plasma processing modules is ehiminated. Furthermore, the



achieve end effector calibration in a manner that is substantially free of
t he di sadvant ages associated with the prior art nechanical fixture

cal i br at iwo 2app86@@ch. By performng the calibration in-®cras2adsesmsseandi tions
during production is faithfully reproduced, resulting in a nnre accurate

calibration process. ﬁiﬁégoggltlons i ncl ude,. for exaqﬁﬁg Iar vacuum
condi t i'6A& "ARTORRAY PATPRYY PPIIEFRLE ‘§‘““‘”§F‘h‘éé pgss Héﬁﬁé P2yt ur e
i's nOt1§ﬂRMQ%§Q¢&1;ﬁmCQﬁl&ﬁﬁﬁﬂﬁlﬁﬂ%gdﬁbE@Lq@ﬂMﬁ@&&Mﬁhﬂ@ﬂﬁﬂﬁé%ﬁ§9k@@ a large
inventory of differént nmechanical calibration fixtures fferent plasma
pr oces gienign mﬂdm@brat@n ehdrerifimguadly sBdior revhaoriddle toh e pselugtirorincpiitcact |

non- phys?cal

o DR car Rt Bl R AT R o bl BT gied Rl B2t af fereos of

cont am gaadrhOftefeial bRGolinaRes Sl fe hReROHTO O IRRI0BA! AnBlealiveRnIDE Bich
frequently and/or in the mddle of a production run w thout risking chanber

and/ or RHbfthenthe deehevifdles Whichéon. hiBbduehatipeneapsesnhpigssied hbedn s t er ms
of Se"%fu%[]d&f tﬁﬁﬁfx%q%%\ﬁm%@kag%ﬂmﬁméeh&d%% m%kt\%kﬁ“iég ﬁ’m H\%W“e[nﬁuhons and
equi val'ent's h |nv

var i ouq{exgnpl es Q&@Iﬁwﬁﬂ¢ﬁmﬂmmaﬁﬁwnwupﬁnuﬁdhﬁﬂﬁﬂﬂﬁdmhhﬁknhhﬂﬁbﬂﬁmﬁﬁp|eS be
illustrative and not limting with respect to the invention. [0038] Al so,
the ti th96PaReddn sRastpre dhescapo ot Geglanas BrRin divrbehiEmbened fandtehdwl d not be
used t I stract is
et AP Eat T R T T B B e N PSR e ence
and thumﬁﬂhﬁﬁhdtmmmub@tenpdmyeduhﬁnu@nsmruéndrnkupmxaﬂhmﬁmuﬁﬁa$lthventlon

which i s expressed,i he.cl ai,ns. erm "set ed herein,

Such ¢ P B R eabRad SRR e comtraird SUfe RS bomironit MUREEar meani ng
L0 COVEhyE&hRicaPRRaniRl rRERr 3H8MHRNE: MBRLBIL oddmShRsH di3hs0d BRo BOLEH4t hat
there are nmany alternative ways of inplenmenting the nethods and apparat uses
of the thxabannr tm«enalte@mmtmal\sot mepehortmy the sntdeds pdtpprireuscobf 8wi ng
appended cl ai ns ted a _ ions,

por it 41 PERC G e Uk FPER R BT LR o it s S eI Aerstedoe o
the presemiudiny eNbh@MiekALN PMhakalisnsChdl dRKval&s & HAWIBENE thelpirit
callbratlng alignment of an end effector wth respect to a chuck in a
pIasna*ﬁ*é@@ﬁ@ﬁﬁ@3gﬁgﬁ%ﬁ¥€§%mﬁ nmet hod conprising: positioning said end
effector over said chuck; taking a still image of said chuck and said end
ef fector; processing said still image to ascertain a center of said chuck
and an end effectordefined center defined by said end effector; determ ning
a positional difference between said end effector-defined center and said

&



center of said chuck; and providing said positional difference to a robot
controller to enable said robot controller to control a robot nmechanismto
adj ust saw0 2p@gissizonal di f f erence when sai d end effect oPCTASREBO815S6 a
wafer. 2. The nmethod of claim1 further conprising providing a first visual
i ndi cator on said end effector for efginl i,ng a processing unit to determ ne
fromsaid still inage said end ef f etdrMaefi ned center, said first visual

i ndi cat @, riepLesenti ng a reference mark enployed to derive said end
effector-defined center. 3. The nethod of claim2 wherein said first visual
i ndi catlor i sA aetiedi foecdlibnaingsdiicdmsairdfbe ehil negonivitymspebttoa bbudknnarc of a
circle guch that the cent er, of .said ci.rcle coincides with said end

ef f ect ébﬁ?é*f‘?‘ﬁ‘e“ab‘géﬁ}f%‘fm’ sptd RRINORCPRBASBE claim 1 further conprising

provi di ng a fosfiishing saiddndien@Eel 8¥er@RidsRuek;chuck for enabling a processing
unit to determine fromsaid still inmage said center of said chuck, said
first visualtakingictl dragagiseydeducloanbeed e ¢ffacks: circle that is described
by said first visual .iindieator reby bl-i. sal, d ter @f said chuck
to be deter H}l‘{'ﬁeﬁ%‘?“ggj?a#ﬁgﬂ %@%&8 a%%?‘gﬁ“af?/ﬁ%%%\}\ﬁ%%‘{r}gicrﬁl‘%sl‘a‘}ng%g ier%gte H%‘l”ié’ual

i ndi catdefinkd canerautiesd pesdipbat yitaforsai d chuck. 6. The nethod of claim1l
further conprising enplaying an i mage acquisition device to take said still
i mage of saitEMIERS éﬁﬁs‘g%ﬁﬂg ddfrgenseattsh seidend eHagtosariged sener pektrst and
sai d chugk. ar&;falicRrated in production conditions. 7. The method of claim
6 wherein at Teast a portion of said imge acquisition device is

i npl enent ed prosioke saidpleasioaaiph foessi g rohanbenrolld.to Fivdlowtdadoof claim 1

e SOTRELSL RTS8, 501, S, LR LA RURR L OB 2ol g

i mage Qffedol bihidpoMl 8W@ed ndi cator of said end effector and at |east a
portion of an image of a first visualindicator of said chuck, said first
vi sual 3 ndi cdteonetbed ehilaine hdorgfer eonprsingprogghng § Agst aisvelfadiesoeomami

enpl oyed tﬁg?dte[%‘ve, ﬁﬂl d end effect rtiggf)i ned.cent e -~tﬁind (%Qi{;d,if)i st visual

i ndi cat®OF OFShi SERUK ST OyLE 18 ' LATRIPEY HOPHE G GBS ARG MY descri bed
by sai dffetfostic Hh&Uahicr NAICREOFsQfl (EBdAiGhptelkontiBy aAeRREe Bhfieeh@byed to
calibration systemfor calibrating alignnment of an end effector with

r espectdefige aig Ko Rittaoadyiingd seipr ocessi ng system sai d system conpri si ng:

tag.k L rrg%g g‘f qﬂltsd‘téthg{? UP&XI'n?f K&-‘h@)aeiizg %a'z%&? uﬂﬁﬁﬂh&'cﬁth? f ads%t\'iba? ﬁné:, Q&E'«.gl%ee{j to
line configured to be an arc of a circle such that the center of said circle cotncides with said
end effector-defined center.
4, The method of claim 1 further comprising providing a first visual indictor on said
chuck for enabling a processing unit to determine from said still image said center of said
chuck, said first visual indicator emploved to ascertain the circle that is described by said first

visual indicator, thereby enabling said center of said chuck to be determined.

5. The method of claim 4 wherein said first visual indicator is an outer periphery of said
chuck.
6. ‘The method of claim 1 further comprising emploving an image acquisition device to

take said still image of said chuck and said end effector such that said end effector and said
chuck are calibrated 1o production conditions.

7. The method of claim 6 wheremn at least a portion of said image acquisition device is
implemented inside a plasma processing chamber,

8. The method of claim 1 further comprising acquiring said still fmage through an

optical access that permits said still image to mclude both at least a portion of an 1mage of a

first visual indicator of said end effector and at least 3 portion of an image of a first visual

i



nore still inmages of at |east one of said chuck and said end effector; a
processing unit for performng at |east: processing said one or nore still

i mge to wecermsiz7sai d end ef fector-defined center andPsaiu$2a8m08m56 of sai d
chuck; determining a positional difference between said end

ef f ect ar -defined r d said cepter of sai huck; and a robot

cont r ol EFAOLES \é‘“f‘g f“é‘ TSHYIFEH Tl U sad et“g §€‘“s§§383*%§1‘~t‘1‘6??é?“‘3€

di fferepge J@rm%aa@ b id Mffe@fomdwn@%&% i@y POS '\M:Q!flﬁlmﬁkbi herence.
10. The syst claim9 wherein said end effector is provided wth a

first wesudck papbardto aschigreby c@mhztmamgds@rxbecbb‘osm@ﬁmghum indicgovef er mi ne
fromsaid ne or nore still images said end effector-defined center, said
first vPEL: l|“nd| cator representing a reference mark enployed to derive

said end effe@éweﬁi&im&@dbﬁﬁ&t 8fstend for cAhR 8y S MR 6F & Mdlraoheraisn said
first visual indicator is a scribe line, said scribe |line configured to be

an arc 1efpest teiarcdek Pt naprocHisinaHERR, Bid Sytam epPpIiERgoi nci des with said
end effector.de ﬁerfLﬁu?q?tn &ew&zmsg pﬁv@ﬁr&m@?tﬁxdﬁg m&m clr 1%'1&]«: Al.d, . chuck

is provided WI sual sald processi ng

uni t tQmﬁietsafinﬁnﬁﬁ:bfdf@m@ﬁlcﬂe@ﬂ@u@th&ﬁhhﬁd&ﬁzﬂkhéEffﬁ@@ﬁ sai d cent er of said
chuck, said first visual indjcator enployed to ascertain the circle that is
descri bed by aregsing patt [ neriarmingdit &48'or | t hereby enabling sai d center of

sai d chuck to be ?x%tc&fam@ﬁﬁi m%:%mm héiYﬁ{yﬁ"Z‘tB s h@ ke SRS Hd ﬁ'in filzﬁ

visual indicator Ts an outer perip east one of sal
The systewr afd cliditatS oflkhadehnckat | east a portion of said i mge acqw si tion
device is inpl emaégt ed.i.nside .a st em of

T oy ool o ETGHAS b oo ST e e enaeh tEa0R TRE LA Ensdarns

opt i caILm@,gg,gscgngth@{gdgegxmbpsfllgal d one or nore still inmages to include both
at least a portion of an image of a first visual indicator of said end

ef fect or and mboi easvller. pod tdboncoftrodlar wmfgzeradftoaﬁ& soed positsunal difisgineafor  of
sai d chu said end effector representing a

ndi.
r ef er erf¢d ??%r'kmg)ﬂ{)‘fl E/té‘d‘di%‘yﬁ‘éﬁip’étl“g‘g‘s glﬁéh‘ﬂ“‘éffect or-derived center and said

first vigualtienghbeatarisa dyietlkaRr@lieyReor 6 R6GEES Qi atifier wdagl € that s
described by said first visual indicator of said chuck. 16. A plasma
pr oc es shwgatey shasphyt dreblies §a6¢ pickessta YnBriadpsrmaritgmnend ops oumoendlief f ect or

tmages said end effector-defined center, said first visual indicator representing a reference
mark employed to derive said end effector-defined center.

1. The system of clamm 10 wherein said first visual indicator 15 a scribe line, said seribe
ting configured to be an arc of a circle such that the ceater of said circle comcides with said
end effector-detined center.

12, 'The system of claim 9 wheremn said chuck is provided with a first visual indicator,
thereby enabling said processing anit to determine from said one or more still images said
center of said chuck, said first visual indicator emploved to ascertain the circle that is
described by said first visual indicator, thereby enabling said center of said chuck to be
determined.

13, The system of claim 12 wherein said first visual indicator is an outer periphery of at
least one of said chuck.

14, The system of clatm 9 wherein at least a portion of said image sequisition device is
implemented inside a plasma processing chamber,

15, The system of claim 9 wherein saitd one or more still images is acquired through an
optical access that permits said one or more still images to include both at least a portion of

an mage of a first visual mndicator of said end effector and at least a portion of an image of a



with respect to a chuck, wherein said end effector configured to be
noveabl e over said chuck, said plasma processing system conprising: an
opti cal iweagoewgyssizgt em said optical inmagi ng system conPCgarseass’sae€qui r e
one or nore still images of at |east one of said chuck and said end

effector; a processi sai.g .proces uni Ired to ascertain
sai d ceHPeYs® ﬁ@&ﬁ&“cﬁa@ﬂ iawé é%gé“%ﬁér“é?‘r“g%f“&i” Og%"ﬁ ClECSHY dFPIesEnPBYi ¢
modul e,, r%ﬁlrgum%g dﬁg%&k@t&@m\“.%ﬁj@&dk@k&% 6 QA cRreP IR M@fmk Qh {if erence
bet ween sai d ctor-defined center and said center of said chuck; and

a r obotindioaby @M erycksaipioyedbotscevninitiot ¢ienle dunfsidgemrddd by seiddigaiigiaposi ti onal
di fference tfo t’i@ Pg a robot armto adjust said positional difference.
17. The" 1@%?%%50‘?"" 1%F'm 16 wherein said end effector is provided with a

first vigsual A bReing RkessitdQeBY R palbinigs sAdRiCIRRBIAGo UM dndtePrcBi@t er m ne
fromsaid one or nore still images said end effector-defined center, said

first wisuespechtl selsk. vepriasertargiaceterianes! wheknaepbloyser st deekve

sai d en efin 18. The system of claim 16 wherein said
chuck i g“f};‘f“e&% éi“m K q?‘g% b“%\{/;f’%‘ual i ndi cator, thereby enabling said

processi ng umldpntﬂzdﬁg@gmﬁanf ICM};SwAdumfw&W%m‘ﬁT@atﬁ@uhﬂ th heges aiod center
of said chuck, said first visuyal indicator enployed to ascertain the circle
that i Sne8SEHimagessy askpy ope phsaid sk and ned et 6FectPher eby enabl i ng sai d

cent er of Sal Soclius uh, B SSLRGHLARA cotluurd SYSLEMAN ol At wher ei n

at least a tion sal d optic Ing systemis Inplenented inside a
pl asma qhndcmlsamgamha“fdaan duﬂﬁed dam&:syst em of claim 16 wherein said one or

nore still images is.ac |redt h_.an iical .access .t ermts said
o or - ror e Apirmodud SEHGET poth e REReaR feRt RES BRIV AUfTel rage. of
a fi rStka\'\&"‘f'(a;h!dli&@t%@:&hd@fﬁﬂéﬂng&’?Q&jd efid echQorand Rhcl @a§t a portion of an
i mage of a first visual indicator of said chuck; said first visual

i ndi cat or ofa whoicophdliet fadtahot mrsmélsemnmgwd w@ﬁ@mhp@smmrakdsémtww to
derive sa d end. e said first visual indicator of

i o CHOBR MBS LTS MLEE TR TRR fivAlEeThal | < Gescr bed by said first
vi sual imdi ceHeQfa0h ElGmCiUCHerein said end effector is provided with a first visual

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

I8 The system of clamm 16 wherein said chock s provided with a first viseal indicator,
thereby enabling said processing unit to deternune from said one or more still inages said
center of said chuck, said first visual indicator emaployed to ascertain the circle that is
described by said first visual indicator, thereby enabling said center of said chuck to be
determined.

19, The system of claim 16 wherein at least a portion of said optical imaging system is
tmplemented inside a plasma processing chamber.

200 The system of claim 16 whergin said one or more still images is acquired through an
optical access that permits said one or more still images to include both at least a portion of
an image of a first visoal indicator of sasd end effector and at least a portion of an ymage of a
first visual indicator of said chuck; said first visual indicator of said end effector representing
a reference mark employed to dertve said end etfector-defined center and said first visual
mdicator of said chuck emploved to ascertain the circle that is described by said first visual

indicator of said chuck.



