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BACKGROUND

Microdevices are manufactured by depositing and working several layers of
materials on a single substrate to produce a large number of individual devices.
For example, layers of photoresist, conductive materials, and dielectric materials
are deposited, patterned, developed, etched, planarized, and otherwise
manipulated to form features in and/or on a substrate. The features are arranged

to form integrated circuits, micro-fluidic systems, and other structures.
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tool 10 that can perform one or nore wet chem cal
processes. The tool 10 includes a housing or cabinet

WQQoohavd3nyy a platform 22, a plurality of wet cPEMUSZNN4/017760

processi ng chanbers 30 in the cabinet 20, and a
transport system 40. The tool 10 also includes
i ft - Watatcbemnigals ppocassepl eie t eommanlyr Beed sfhgform features on

SR E b RpiasenPLEREY bRsesiEs 5 BONSEAR pftiormed in wet

Ehalial BreceRsingeolsethal ihage capiidlity of dhdividuak priteesing chambers
deposition chanbers, or other types of wet chemc

frociasiing) g uas.s elaatocherisaIlbiePoRtm RIS ggs performing
??ngﬂ'u%fén% ro?‘fllfesAéZB%@sé’eé O\?&{%é |41 Scim Ry '@Rl/é\?\n&?%% %ﬁ integrated

0 transport I ndi Wor kpi ece
tdvt 1 dhatlBan Thefornt egeadednoreonket hemicalhprocessesidehe tool 10

ke ol SN A0 B Ko BBRAL bl et chemica
t i t
@Fb%egem csh%@égggﬁpﬁ&ﬁé c%fn'éPQGFﬁﬁcli]g r;gaeﬁ;s?am dydfem 4 .n'lg'ghe tool 10

ontal ner e processing c 30 "accor di
tisoainciudese tifvraiate dunitsr BR| coupléed hioneatle procesgiog chamber 30 for

loRsbnaaioadige e HOPRISCE ot or B B sDeY COAMbETS, 30 can be
G Eﬁaﬁ@l@l's?- c‘Péarﬁﬁlg)%agé\gEé,guét%hﬁvg t Efpupent elédrochemical

must dccurately transfer an osi tion workpi eces at
deprosition ehambers ooe othergtyperofbwet chemigal prasessing vessels. The

IR e ——
ackap ROtrahgitst intividualabridlecgsonawithin tHeotdol sk eThk integrated

E)IVOt points, and raising/lowering the workpiece W in ,
al 40ifettheninchisies| aworpieehstoragsBai Seravinea m@rehtycﬁf containers

§Etf8g?1‘gfdgné‘%bi&%e9fwwm<B’g@&ﬁ@[ g?é ?RBBPHQrtJré( sports workpieces

al arrous’ conponen e transpno
sy/ForMidd tantaihees B2 warat ¢hg processingt bkampers eXksiangording to a

chapbers, 30 and_the containe 62. The transport
plrgelermipe yvor@%@ww%!fb % O[EQ'achi ng" the robot 44

the Sﬂﬁ%ﬁé@gpo&\ﬁdliﬁgs_&f wdtRpiebas ey sad0impsrtant aspect in the
contalners 62. Conventional processes for teaching the
petfotmarcasstiaginicanduotor rooessing taolpodis: slowmdn Figure 1, the robot

rgbot 44 at desired | ocati ' .espe . .

43 Rt aei et aietey B8 Rostlr Wl iERER L <18 ofiffiint processing
BASMbER B3B! A/ thd. cImairRms Bier TRl wehatod4 anpeesiithg workpieces W -
the position of the robot at each of these conponen

pmangcihedpipcarsing ankersai0 anddhegraniaingrs 62 mOVI'ES along the
R 4Pt SPBL S LR S ERAQRAH e workpico
oA vkristyssf doenplex avstidnei t h the reference frane

One challenge of automated handling of workpieces is to properly calibrate
the various components of the transport system 40 to move accurately to/from the
processing chambers 30 and the containers 62. The transport system 40 is
calibrated by "teaching" the robot 44 the specific positions of the chambers 30 and
containers 62. Conventional processes for teaching the robot 44 usually involve
manually positioning the robot 44 at a desired location with respect to each
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in which the program val ues for the processing
chanbers 30 and the containers 62 were recorded.

Ww@\Raohaos3ss manual |y al i gning the conponents of POEUSOO017760

to the reference frame and naenually teaching the
robot the location of each processing chapber 30 and
cbamene’io endj eachn catainred2.pr boe £ncoder yalug ggrreppending to the

I
%@‘?}ﬁ%{gthgﬁé%h%? é%?h to{f) t%éseef‘l:(?r?]PS?éélﬁt%ﬁE r)égbf&é'a and |r‘1sputted as a
lpi’ogr@hﬁealaépflﬁﬁd@i&tdﬂ (0] t@a&hlmguhe rbboa‘spegmfld: Im:atlons within the tool,
onponents of a dual end- effector robot

tha aras @tk endrafasiars o iMearabol ﬁ@i%té}ﬁo@"gf}?@' YVEQ dbe dﬁ@rence frame

15, 6 BRGER e X5 B0 cBing HBERIB130 A8 g cotaners

e2rwerdbmcardet. i Althcughf mamually &lignihg the canmnmm&t pf the robot to the

SR 8 Pl 850 5 S GRSt 203 procossing

CR&Rier é d?@ﬁt%ﬁrf‘é? 6%}s éﬁ%{&%ﬁﬂed%r%é% *fékgsétﬁﬁ%%d fhe transport

repal rrng or nal nt al ni ng t he processi ng
lsysiene 40r mmelsoomdtreml@ydsne consurhigband subject @)(Qngiaéor error. For

CoRTorlt BAERG OHE AL N Pauds I iR ine pATRRYERS oFa dual en-

%‘Pﬂe@idr%boﬂﬁfﬂ@?ﬁéﬁaﬁc@ﬁrﬁh@%ﬁ@@@%a&hméP@’tﬁtﬂ Bk locations of ten
consunabl e el ectrodes accordingly changes causin

g
\Ghanﬁlersmi'ldl twa lcentslinersy | Mareever] dhe mgiality e& giach inputted value is

ec e .
AT B Sy Ba, ERG o PR dlon the robot
ﬁﬂi‘@nwﬂfmlﬁcﬁ thd BrRambess B0 orlcontziierste2. t hat cont act
the workpiece also may need to be, c|ean

. | d .
per i od*ﬂf&'I“PryChaﬂén%Mt%Qﬁafﬁ?g integyafed Meég‘gﬁg{!‘l"ﬁr!%@gégsmg tools is
?ﬁé&ﬁbé %Hgﬁ?an it qug@?g\e\?wr é!§§| 'éﬁ/ar‘hﬁ@?éved Ifh ' 88ctrochemical

tra C
déb@@itloﬁﬂehmnbédserfow@&am;dpalconagmblmmlentmdasngegrade over time

BitspRG SihepdoRlicEh AP (e SHRITGRELnad 1B i JRBHVC  solution

Hé&%rﬁﬁbseé etﬁBV&eétPé’désep"ﬁﬁée shBfe RSfossstiniblé halEdeses3 Bccordingly
fromthe tool When the processing chanber 30 is

robanges ¢ausing rvanabons lio, the (alectigalnfigldnedABr aceesilithponsumable

char{b Q#?Sso IS e relpf?gc qofqeﬁ%Fthaﬂ f{Z{ %,ﬂgéﬁ {ee dLRfrBA" deposition

rp%ﬁé\rhbférﬁt a6rok8 @i@ewﬁirk isiceh tTige r@ecmbapmltatgs that contact the
chanber. The 3 WO 2004/108353 PCT/U82004/0177

Mewkpiess also maynneed te bgréleaned g6 raplacas ieriogicaliyy, To maintain or
Qgéeﬁ' eg&tfgchéprﬁ di Je?orsﬂ@xhé‘rﬂbérss%hey }Eéﬁ%bléalﬂl removed from the

pr oces I NCreases
ﬁeamOan@reﬁlacemwhhamemga plnambesl ng chanbers for the

r eason(%née )SPolb?ér%%jlthaPeopamnéAgr malntamlng existing wet chemical processing
chambers is that the tool must be taken offline for an extended period of time to
remove and replace thé processing chambers 30 from the tool 10. When the
processing chamber 30 is removed from the tool 10, a pre-maintained processing
chamber 30 is mounted to the platform 22 at the vacant station, and then the lift-

rotate unit 32 is recalibrated to operate with the new processing chamber.- The

-3-



when only one processi ng chanber 30 of the tool 10
does not neet specifications, it is often nore

we@bdouaossns to continue operating the tool 10 we€TO81004/017760
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stopping to repair the one processi ng chanmber 30

until nore processing chanbers do not neet the

pebdtotrisribenspdauglitdatoperste Wit tlhe)sewqioaltiamqtgﬂnmhft-mtate unit 32.
singl e ocessi n 0, theref i S.0

Tt e uRerensyuia PTORF S RUnciERseR B, AU g fofrgairing or

hﬁélhtaﬂﬂn firbb &g chaRers $6r ﬂ%‘ FizdbAs @xpldidd a@b@e ofAs a result,
e proc ssi ng chanbers 30. 009] The practice of

awmraomlygmterwocwmgohamher 3Qt0fltba§Q0|t1 QﬁsO@@ts@Bﬁgspemﬁcatlons

S oo b 5 AR MR AER i to repar

ithe bh@ [Sr%éséiﬁ)% ichaftbler 130Pavtil Aoy pmeaéua% rvhémbﬁrsldcﬁhot meet the
| east two or three processing chanbers 30 are out of

PesiOrmMaDee | s;pemﬁqaélﬁn%e Thﬁ)l'o%‘be@faﬂé@uﬁ'ﬂplﬂnpf/ @ single processing
g@@ﬁ}bee?'gooii%ér%ﬁ%é uiU | e %Ye ab ‘i’nlgelz ﬁ)tsgﬁg'r’g@g’uﬁ%uﬁhf BBused by taking

ithé teBISES offlige @@%pélr g nagintain &f single duelof e Iproeessing chambers
the throughput not only suffers while the tool 10 is

%l ine to replace the wet processing chanmbers 30 and

retea t t

e ducélg':et \Aﬁ%lc{l@é’%oﬂératlﬁﬂltgégﬁ ! Lqe 8 Eu%éaeétlst\{va o;ﬁ'gcessmg chambers
&80 @:mlny)t endet apecifioatidns sevdraly mqamt&theythrom@mﬁ\cﬁrthe dsol 10. For

e BrneraRbA LS 155 ThpelroH I MEADRY Rid; 2t igagt two or three

?r@&l@ésu@ EE%EEI%SO Hré %Jt'cﬁfﬂde%ﬂféatla_ﬁ” thef atlvlé &8ol bpérates at only a
roces .chambers 30 to fal speci fications

drastion, Of/\MtSCfullr eapacity for aspeﬂod n@f amﬁn befrret #ois ajren offline for

.Eéz‘aelﬂtjﬁ,e o Ic gt gsr ?r{ci%%%%sr ?ﬁ% 3}3{\@3% lgi &%gtsso 8# %5 dtoW\ t1|b because the

rtﬁﬂﬁighp[]ﬂﬁ@ﬁbmy sufiergviiletie tooh ¢ml§6iﬂ|neit©n@plédedhe wet processing
anmbers is significantly increasing the c

ab\énaaharﬁgwmmd cetearh dhe rﬁb@t:éésbm;thecmr%ug@mﬁﬂso reduced while
.[tR%lt%kl foe n%s B?{%a gb“ﬁ”ﬁp%?atl% gi oﬁy ed i%Bh o its full capacity.
integrate oI {oenabres m cal processing

Mersowes as thétfeatatesizes ecseasy] tioe biectroahemiad depobmon chambers

i ckl i nter han ed wi fhqut having to recalj brate :
?493 gﬁgg%lﬁte ydp %r@,uc [}Hglper pe g,simi!@tlons This causes

gﬂéé’%% %ﬁ@eré:% RINt Sutodf §§&|ﬁ<§é‘ﬁbnsgﬂio‘he'rswhlch results in
expected tO re

uce th ovvn tine associated wt
rebyitting dowo rtherdoolt more frgqpent&,ses Jhereforearthe ndowmmm@ rassocnated with

JITHCLE RO M T T —

deposition chambers is significantly lncreasmg the cost of operatlng wet chemical

processing tools.
SUMMARY

The present invention is directed toward an integrated tool that enables wet
chemical processing chambers, lift-rotate units and other hardware to be quickly
interchanged without having to recalibrate the transport system or other

e



Mor eover, reducing the downtinme for maintenance nakes
it nore economcal to repair each chanber as needed

wo pataesssof waiting for two or nore chanbers tBCT/EBE1004/017760
out of specifications. Several' aspects of the

invention are particularly useful for pplications
chEporgts efthergelnt This iy exprgied to &ﬁmeetﬁ@rﬁoyv e associated with

Eéﬁﬂ{lﬁé%?%ﬁin%nﬁg grtb%%?lf\é cHdrﬁﬁéﬁé & C/bfsﬂﬂ'rhféat%o%ts so that the

ance nore ng t
td)cstEcalssmmamednlmd tfof raeqa@arl percentege f ngveulaxl:)te operating time.

conmponents . wil |l |fjca hance th ou hput
Morpﬁ}éer ﬁ'@@l@@lﬁg étae nt lnr@gquﬁua@rlgn%ma}@ﬁtl rgneconomlcal to
r&Bﬁg 8L ensmBkr EQ hel8bd ‘Pﬁ“é? §of w%itflfrfg%?hﬁ@ onm ore chambers to fall

'mcro eature wor kpi eces |nc udes a tlngrm ,
wet of lspetifieatignsoc Several aspeatsbef theainvieatiomare rpeartlcularly useful for

FBReAtids ot chate Shrgatn ParnsPRcs napfkeTgnty biSause  the
?ré‘é@sir@’ chanibRes tér@”hl&ﬂ t%' ?é?.gﬁes n@élﬁtei‘fahééhﬁ%'ﬁé frequently, .and

[ enents. In one enbodi ment mounting nodul e is
cediiding thel dpwnnimhat@wc@eéwl%frp@wntlyoﬁ@mgmme guch gomponents

vl et BrBREc b Byaltiinlisr e PRTRIeAoeLa “onen

0o11] the POy EmieHifRAdT ah Sintetphiele todl Ofor 'WeRichefiical processing of
mai nt enance. The nmounting nodule, for exanple, can

imisraferiuze weskpiness Mgludes ainrowting megnla, a wet chernical processing

RALH e?rcarogcgﬁp t{\é‘pes @Lﬁ'?ggrﬁo%lﬁ@e belrrar%%)ﬁf s%sel?f'ﬁ carried by the

jOIS s ofr raC|ng

ansuntimige maodul@andlhe. niduntimgt emodlﬂeeinchxibe ar pluralgyaoﬂ positioning
ether to create

slamenisrand pikoToeat AEMaIEE| Do one,@HBoB et e mounting module is
‘E:Bﬁﬁg@re'dt ﬁ%%gﬁ{éﬁh %létﬂle"PbQﬁIBhQ lSé’tﬁmbﬁ' fﬁé \b%smorr]nng elements to

posi U1 ons et ween the pos t1onil ng el enents on
ahdthin a[r@ﬁge]tha’h@oeaenotraquueaﬂhewm s@temnawm récalibsated when

0k HrobSRsig Shamber oS a7 RE, ot 8 fhiehica: WThe mounting

PREARE, foh @xakriphs aRThcRiderg Besk hauiigl AFigid, olitee panel, a rigid interior
transport system has a second interface nember

Pagebretapaseddadhefoutereppoel endrpists er ethentypesmef fracing between

zﬁé%@gq ér?cgwégﬁcg a:%}%%]fﬂ'gﬂl é}@e?ﬁgggf tﬁ@?r)bé’élﬁé%{}ﬂeﬁte interior panel

RIre fastened tc@mlﬁ@ﬁb (ﬁédtet A etructans frattdogpaict rnjeﬂet:l",l warp or otherwise
positioning elenents of th letl ng npdul V\g
changedis ginornsian g reaiRiaje the@ative Postioes B ?% g Positioning

egé\?ﬁ%cg}f{q%qg&o transport system are precisely

nown | ocations on the nounting nodule.

0012] Nbr eoVidwe, vetc ehsmical hpramssmgnghauﬂnelrehas a first interface member
di nensi onﬁ1l atR P
engaged with ohe of e positioning elements and a first fastener engaged with
one of the attachment elements. Similarly, the transport system has a second
interface member engaged with one of the positioning elements and a second
fastener engaged with one of the attachment elements. By engaging the interface
members of the processing chamber and the transport system with positioning

elements of the mounting module, the wet chemical processing chamber and the
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rel ative position between the wet chem cal processing
chanber and the transport system can be consistently

woradoatiessned after replacing one wet chem cal PCT/US2004/017760

[0013]

[0014]

processi ng chanber with another. These two aspects of
the tool enable the transport systemto transport )
WanisppEc systen) farenprasissly deestedngt dinavierlacatiansogn the mounting

I8! froEditke, BEBhGsd Mo ShANRARS, i L RAERsTohERy Ltable, the

Felative pasition hétRédh thbavetr siepnical proeassing chanibert &Rl the transport
directed toward a transport systemwi th a calibration

Systesn £aR  §8i erNgistantiynimaintainethoeftes replacingnaper wet chemical

| j%éé%%?ﬂﬁsd) cbﬁgnt{e'm}di'm ié}ﬁath&du'ﬁesgeg%‘ﬁsybgﬁg? YRESELI Enable the

ransport system an

Staisportssystem 3 tranbport Workpiece® wﬁrbngthmpimbessihg chambers without

preci se Ioca‘tions in a reference frfs}kn?_, t he robot, can .

inaving i decplibratenthe, raPsRANt tySEPMmneRE's UBe & RErcessing chamber is
' i~QRi Q,lpég wth the reference

?%g{rgey@gmsﬂrﬂgrgﬂdsc%gg??ﬁggﬂﬁé teaching the robot the

| ocat ithe pfeseat nvehtiobds fultherodieectat) ddwarthi, tréansport system with a

SEOBTatn Fvsiam G bvickEs AhGRing: g robpt & & Hahspgrt system to the
RYURthd Hﬁ)dﬁ@oBebQuéé‘ﬁq/aﬁﬁéde%giﬁga&%mbéfé?%@ 'ﬁ%n%PtSrtisg/stem, and

inputting the encoder ues for each position. ] .
@Xyeethed stations sare eattdcheditodthesmounting medule st parecisd locations in a

TEespadk E4hE B IRh franTplefhebofith BR prbp g thambers or other
Reaticrd 19 aligfigg tHerob? wiihntheasferenc® fiagte aithodi spatifically teaching

~the automated calibration systemis expected to do

tthe gopat the doaatign afseagh ghambesy Inega@ grakadimeant, foryexample, the

) Lo : _ onmL

T s G oBHP T8 AL FRPGLAREIoclich ' SACOBIH or casset

Wyt maviy (the aebst tw tid addsies wafel fosationstarichévputting the encoder
i pr ox As ,such,

hi [ ely 8-10 mi . h .
Salvas: 4oF GHrchs peseAt < xisebrBacied Matseveishmhgdimgnts of the
RIS ERiRAgoT §¥b§ég" @gl %@Hﬂh@ robBPWitﬁath[qufél']ana_@ frame and the

present 1nvention I'rTected towar _
iproeessing ghambersaior & piegiod ofHesslthary4d eninutas. alindother embodiments,

socjated toals .for processing. m,Grofeature .
Te ehidhaed bt oRidnaS BxRErRHIO R i iegs ghen, 16 minutes, or
ldvieh- Ie86 athan Uiviet miiutes st Far leixhinplli bné erhbodithepRIdfstha automated
wor kpi ece, such as a wafer, at a processing station to

wedtierajion syistarn cepasition thesisbet {0 enerate ¥l te, preeessing chambers

S e o TS eB) T biflas s ADsyen e cairation
dyeter ds igXpectdiatty eshios, doWwelimeaforomatttenanceaadd repair by several
Hours: ¥ |

The present invention is also directed toward interchangeable workpiece
handling devices and associated tools for processing microfeature workpieces.
The workpiece handling device can be a lift-rotate unit or just a lift-unit that
supports a workpiece, such as a wafer, at a processing station to undergo

electrochemical deposition, cleaning, or other wet chemical processes. By making
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[0015]

[0016]

[0017]

repl aced to reduce downtine for maintaining or
repairing the workpi ece handling devices.

wa-eoothes3abre, in sonme enbodi nents, the workpi eRBET/US2004/017760

handl i ng devices need not be calibrated after
installation. [0015] In one enbodi nent, an apgar at us _
frey wbdmidecnm@andhng)ﬁeatcasenmmmke thmtl e zasily and qwckly

PR o I g TR o rncin
GQQE% J Fl‘i‘ﬁﬁ‘éﬁ‘ﬁ&e' %t%é%ﬂﬁ&lm@@ﬂméewoﬂm’e@e handling devices

'ece handling device. The device support can be
nbed det ke calibtatedvafier instpllationul e, and the first

I f h f . \
The” " Todoe’ BIBSRRGRT AT aBbatE0S Tof Hiak@hfo dhidfealli  workpieces
fHORRYS a BEvick s Pﬁérttr%\mﬁ:{]é erétfmlgnwwﬂt Bufface at ad alignment plane, a
processi ng position of e chanb drive unit

obanrr@er apefiuiss @pregessing phamb@mgq:@&d gug]@omamger aperture, and a
I
e Sablin bt 808 BHERF Sl bp @ ek of i mouriing

Wesdu, ekl thepist blignmentsurfddencan be@pmouppérasuraceanfthd deck. The
al i nmant surface renpvably mated with the firs

rkpiRea hangling SeVIceTREUKSeE NETPIRSRATIRRP RS tigned to cary the
@ﬂé{:ﬁ At Lelrtdating gP§IHSn %?wgé,@het\rﬁlg&g ;%Etfl(r)l\f@lg it gbel‘értively coupled

€ aI gnment
te the workphece samim’: tcrahslatd thegvorlipiece alang begaresallyylinear motion

oo 20k & e pedtost SonBRE Jonie HoPSEGE SGPlbY The mounting
%Uﬁeoﬁ'Ha@%@éorm %ﬁ?ﬁméﬂpéﬁadé‘r&hb\%blﬁm%wm the fifze alignment

e unit’ I's coupfed to - the mcrofeature
sarfape ecé'heupmkpleae handlingedevice i supportrd velgtive to the device

B30l gt . R, B TERY B T ARS A9 rsur, o

WRIHRBiEDS hMlﬁQC@e\ﬂée tcaf lB@réﬂsilthg‘edwedeamrreblaced and need not
positioned in an alignnent plane that does

intedferse ovith recaesante amepensits gk thR eAPRFEtYS cie?atﬁﬁdbeneath the
ﬁ‘ﬁﬁﬁﬂ\%pﬁ@%ngf’sl tions. [0017] Methods in accordance

ibodi ments of the invention can reduce )
t he tileothesiuembddimentepltheedtive woit kisi eoepledndblth@ microfeature
devi ces. For exa:%l i.n on

Wkpieee SURRAR At HieHRee ﬁb.%gﬁﬁew PP&[O%‘?{H& Slpport, and moves
Sth‘é’Wifetrfacf%”i‘iioﬁ’l b fist &hd ESSIHBhttOt 8 $écmdl ahd@ pdition. A mounting

upport ong a first translation axis is renoved
fsudm:e oi/dlhck hiaading ma@esq:argbe qesitionedrispam alignmenhplane that does

ece andlln
o ROEB B, oAk B e e BB 8800 s positons
SUpporMetﬁBEis‘ih 8666vadn8E With othbt embodimehtsast theinvestion can reduce
i ncludes noving -7 WO 2004/108353 PCT/ US2004/ 017760
the time required to replace the workpiece handling devices.- For example, in one
embodiment, a first workpiece handling device having a first workpiece support
and a first drive unit to translate the support along a first translation axis is
removed from a workpiece processing tool and replaced with a second workpiece
handling device. The second workpiece handling device includes a second

workpiece support and a second drive unit. The method further includes moving
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m cr of eat ure wor kpi eces to and fromthe second
wor kpi ece handling device wthout calibrating the

W@ e@anaB3sbr kpi ece handl i ng devi ce after repl acPemyusive4/017760

[0018]

[0019]
[oozoj
[0021]
[0022)

[0023]

[0024]

first workpiece handling device. [0018] A nethod in
accordance W th another enbodi ment of the invention _
mmctaﬂ@aigre dN@r&(pmeet tong@nsofiene|tbet seeend averkpiegedhandling device

HROUE caftrefta iR oo gtRbEPL TMAIRB 1V o hSiiaditg the first

Qﬂn@@ehgnﬂhﬁg tegiceand a second connector assenbly
coupled to the first workpiece handlga& devi ce

r el at Av@ethnd ineaeacidanca wﬁ anothergrebadiment of the invention includes
gjé#%%é%g@gr B_% é@%ﬁﬁ%gl LH& hﬂ‘arcorhrqﬁh %n;‘tg%l;ﬁ@ \é\)égl&plece handling

conmunt cat1 on

\tewvice! Beovingnat! lbagt, or@@ﬁ a:ﬁrsbyonmatoga%erhb@&iomtw tofthe tool and
the first connector assenbly and a third connector
& SBRYNY/ q@@uﬁp@ﬂ aesarnaly seuien weris e weRHiesR, handling device

ggl\sélgg% r’gé qbé‘tdtﬂ alk gtp% ;%Slriﬁ’éle%{)%égllr?%gflf;stﬂgilllﬁcﬂ@h? Prd $néthod further

rec r st rection.
Aoclodes ughnectlhbet)cﬁh etdatiica land flllid comdhurication twed second workpiece

AP leg Sevoe by movindse RS oLl ek ShReeBresHRRDly and a third

%’E@ C%?ﬂo_ﬁ‘_%&%@%b&?ﬁ@ubl@l M Cst%cbﬁhéi Wv&figfuér%gr riarlﬁﬁihé':devnce relative to

dbh etipen alongthpl singlei @xis i sasean diraction qmposé@stlne@ irst direction.

8 BSLBABTES) Al g p e o ar

\Wdrk@aeal ﬁahdnr%owﬁ@e Narel @Asily Ndide6NNEEBEE antlt Fectiiected when
nbodi nent of the invention. LOOZl] Figure 2B is a top

pealﬁcmma)hamlmd@hwamans hefessing tool in
accordance with an enbodi nent of the invention. [0022]

@F@lﬁﬁoésbﬁli%*‘rlgﬁp@?tm@ DRAWIRGS? mounting rodul e for
use In a we :C

em cal processing tool in accordance
with an enbodi nent of the invention. [0023}1 Figure 4 )
i s a diigue-té& ai suheimaticetapaplamyidw 08 2awet chefiigalpso@@ssing tool in

of a unt i modul e, for use in a wet chemn cal
WSBE&E\%&”%@G ?rhora%T:ordance with an enbodi nent of

the i ygirel oA id %ﬂzi%bnfétﬂé”\ﬁe\ﬁ ll§stPating <6 poRlidr @ad wet chemical
Vi ew show rég a portion of a deck of a nounting nodule

infoegssing:iooliin accordageanwithame; erobedimentf U goentian.760
[0025] tiéi'g%l P;% ﬁﬂ s {p?%rg S\ﬁt bP! whf Wik \Hr&%ssmg tool in

sche
accordance with an embodlment of the invention.

Figure 3 is an isometric view of a mounting module for use in a wet
chemical processing tool in accordance with an embodiment of the invention.

Figure 4 is a cross-sectional view along line 4-4 of Figure 3 of a mounting
module for use in a wet chemical processing tool in accordance with an
embodiment of the invention.

Figure 5 is a cross-sectional view showing a portion of a deck of a mounting

module in greater detail.



el ectrochem cal deposition chanber for use in the wet
chem cal processing tool in accordance with an

weriadissent of the invention. [0026] Figure 7 PGI/ES2004/017760

[0025]

[0026]

[0027]

[0028]

[0029]

[0030]

[0031]

[0032]

[0033]

[0034]

[0035]

[0036]

cross-sectional isonmetric viewof a lift-rotate unit
for operating the head of wet chem cal processing
chanbd?lgunenGalscarcmaseemtimmalaaomﬁmvmwchemathelly illustrating an

B P s esEeTanbet R dBellF AHE et EnigtihigCessing tool in
rEReakdarice wige ah Eamssdintehb oftheSifbastiorent of the
invention. [0028] Figure 9 is a top plan view of a wet

chemni ddgurer dﬁ;ggrﬂgs-sg@monﬁmqmetaﬁ viewitod ralifetotate unit for operating

e R0 g Rehih o Bty BRGRS 1 ARCERIRH Wi g Fmbociment

ijtneﬂﬁ/@ﬁqbnum t for use in an autonmated caI | bration
system.in accordance wth an enbodi nent of
i nventfigire § soaujsamefiicyiew of a laadlng&madlag m@ﬁwlgfforeuse with the

Higdntin Fh'oHuFét haaﬁ!&%?dn%rﬂ: ?Htéfrﬁi?ch diffRE P Hé"mve%c&l]

accor an e e |nven I on

Fi gur eFigire 9 is 4 ft@xwgl:iimMevwfof aa wet lebenfioal processing tool having an
automatical |y calibrating a robot of a tra

5@59@@*@%‘3@'b{@§‘@} sYreny inagcorgange Withian @'é“bs?% Oer&‘ftlf’f the invention.
enbodifEite ‘?6 |Ish£1 |écﬂH§t!?|E' WBw &pQ%ns@rg}f‘P@ﬁ)r% ‘ﬁ{‘%n automated

13B are™top iews 1llustrating spe ICc sta
acallbtatimoosystem éra Iacbmmianng witht araesodimentofahei nmventlon
accor dance t he i nvent

ﬁvit.h an .enbogi ment o} E itggn.h dt H

[ 0033]F 1150 &siS130 IRfHCYIR VG Of G SENSH Yl @itached to a mounting
b4k Nif acBSrdahbs witH 89 @mboimeRPof tAeahidition, r obot  of

a transport systemin accordance with anot her

embodifrigwie 12is aiflew eharmof srmethod3Jar apiqjuatically qalibeating a robot of

o e Kb lo, S RBenBho LB, i HoebRig i b ot 9%398*“6?" of the

dmasrdioment of the invention. [0035] Figures 16A and

16B are top plan views illustrating other stages of
net hod igwiescisnm@ngd 188 are dpplasy views dishsting ssmcﬂ"m stages of a

[@8@@?%?3%?@?%9@ 2{%‘3‘;’% %{Sg@'ﬁglg% @ga(}% &glth' 8R-embodiment of

ithe irstendibnng an end-effector for use wth a transport
enmbodi nent

syste |n ac rdan th a he.

hventiges. §900Ap80 4 B0a S doBCH RSV lpHERng ather stages for
_Fda%fa%nﬁga rSbét &fOR tidindPoM! 4teth i BRcERIERES Wik AnoBit?dmbodiment
in Figures 17A and

of the invention.

Figure 15 is a top plan view of another stage for calibrating a robot of a
transport system in accordance with an embodiment of the invention.

Figures 16A and 16B are top plan views illustrating other stages of a
method for calibrating a robot of a transport system in accordance with an
embodiment of the invention.

Figures 17A and 17B are isometric views illustrating an end-effector for use

with a transport system in accordance with an embodiment of the invention.



17B. [0038] Figure 19 is an isonetric view of the
end-effector shown in Figures 17A and 17B. [0039]
wWo-2@unes3zd i s an i sonetric view of another enbPdi/Be2004/017760
of an end-effector for wuse in a transport systemin
accordance w th anot her enbodi ment of the invention. ‘
[0037] [ 0040FigaredBdsal taps planpdewi efl the endrefiegtpe showpriatfrigeres 17A and
izsw of a wprkpi ece handling apparatus configured in
ordance with an enbodi nent of the invention. [0041]
[ozg] Fi gur Biglite 19 i8 apdsbinetric/viewhsfiiaé end-dffse@t sHowryireRigafes 17A and
t he workpi ece handling apparatus shown in Figure 21
3ABwi ng details of internal features. [0042] Figure 23
is a I C.
[0039] ¢ o P%&é ?k) % a?'n Sﬁgtcﬂéc‘r:lv el ec%rﬁffé%{ er@g%arilrjnﬁ]@r@gﬁ%ﬁénd-eﬁector for
Lsa@sa rtnanapcnrs@sm imatdordancewithainotindr erhbodienent of the invention.

i nventjon. [0043] Fiqure,-24 |s . a tiall che

[0040]  expl oGEMIGi2dwiSo Fk?‘ Mﬁ@h@d@a%ﬁ&?‘?{"%l@&&y eéﬁfwgﬁfp@&e handling
B SRR 2B Ao i Shobd it Senton.

o411 1 |1 usFigare @2 isfa partially schematibaisdinetric siepaobthesworkpiece handling
confi uredtol ft a rk cor da eW|th an
GBI HHOWR i Figure A RNAMTS Fikls(ot igaie) Toubres ar

ooazg 11 USMé °Q3°f| g?éﬂ%h y T 8aiaHthafic Ofenavleﬁﬂ’ﬂ@fd'dfprﬁrréﬁgement for

t he [ ece parat us shown in Figure 2
mmmmﬁg) ﬂmscmrmle{hampoam@nmun@eﬂomehmm int ra@co@amse with an

mcroe wor kpi or "workpiece” refer to
|"H?€%°L¥otﬁeé'ﬁ tﬁp%r n which mcroel ectroni ¢ devi ces
[0043] ar e f pigipeh24T i iCBArtially Sthematiccexplodeddiew of a workpiece support
m croelectronic circuits or conmponents, thin-film

heaed canfiguredda @scortangevil ag @@Qﬂmﬁﬂéof thedpyentiand

devi c h n ;

o ey oRBEre 3 A SehemelRIRE Msfiton of @ workpice
aahdliig Ia;rparbmsamﬁghﬁad aoe Ilftarwf\amdqple&m iin @moccordahee with an
sane [ranner |nte rated circuits. The substrates

egpasime i@t ﬁd%ﬁr? -pi eces (e.g., doped silicon
po4s] Vel er g #fre 23 hid 'éﬁl@%ﬁﬁﬁbﬁ%f"?ﬁfé?ﬁél) fedh@ee08duAt éMBodiment of the

pi eces (e.g., various ceramc substrates), or
swnkpiece handlirerepparalits stove0 0MFigos328.
PCT/ US2004/ 017760 [ 0047] Several enbodi nents of

gl BESESeR BTG et chenmical processing of

[0046] As used herein, the terms "microfeature workpiece" or "workpiece" refer to
substrates on and/or in which microelectronic devices are formed. Typical
microdevices include microelectronic circuits or components, thin-fiilm recording
heads, data storage elements, microfluidic devices, and other products.
Micromachines or micromechanical devices are included within this definition
because they are manufactured in much the same manner as integrated circuits.
The substrates can be semiconductive pieces (e.g., doped silicon wafers or
gallium arsenide wafers), nonconductive pieces (e.g., various ceramic substrates),

or conductive pieces.
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[0047]

[0048]

[0049]

m crof eat ure wor kpi eces are described in the context
of depositing netals or electrophoretic resist in or

worogi108363 ur es of a wor kpi ece. The integrated PODUS20041017760

accordance with the |nventi on, however, can al so be

cheni SAVH GBGedeT R AT R p——
hpc.%?é’étefe VRSP %g%}éueé%nbﬁépm rtﬁéeéorﬂéprh%repbmﬁg metals or

wor kpl eces.” Several enbodinents of tools in
atsntiophotationesist tinerion stiuctoresot asworhmqeh i ﬂnenngﬁgrated tools in

A- 26, _and t. foll omng, text provid t hor
Ghedrengnat iy e THeRtPBL PaFELRb s A S8 A3pAR etehing, rinsing or
'oﬂYé?rtSlpé’Q of We€ cRETda) Rkbdé‘ésé§ iflthe FisticafidR of Reicrofeatures in and/or
| om ng sections: nbodi-ments of |ntegrated

mcﬁ@nwndumu aubﬁgatwmoé@er typps ofmsslspinees.s Several embodiments

Ehﬁ%@%ﬁﬁrﬂaég%qa'%%ﬁ AR By B s forkln Figures 2426 and the

ESIWiAY iR Sh@‘bu@hrmsfst@nbmgibf partibnlrrevhbtsdiments of the
and Load/ nl oad Modul es; stem and Met hods f or

 Raeotianed roerorictinily hdsd | mtq e tlgwinceeations; (A) Embodiments

@Eqwggfé%éaoté\(ﬂaﬁ&ﬁg(%par us. p’g@on SKi lrﬁeﬁfs of P Imensionally

Stablei Mountiter SMedulesha@v&mbodiatentseof i WeenChemicaly Processing

Seharssrsh (0. Genaia ErboOTaeyE: o WPHnieds e, Abparatus and
wtaﬁh%t\)lbﬁ&l\ﬁ@mﬂg d’uég SR RNVt S fr eit8iffed RbSt Calibration;

unti ng s 10048] Figure 2Ais an Isonetric .
F pizmitonlivnegtscoffond-Effectsirs,aand (G ddditiemat Bolboriments of Workpiece

dance with an enbodi nt.of the i. veti n..,ln
Frarelinaagmarahe. K reer Rt g5 Wi K50 R dbuever, that the
fimaAtiohlPhayd HHVEE 2RidRIBAGI YerAbodinert®d U dri ﬂmtﬁﬂ@hﬁverﬂ% may be
mounted to the frame 110, a Iuralltélof wet chem cal

practiossl withaut severat of thieodetailel shown in Kigures 2A-26
l[ift-rotate unlts 180 Thetool 100 can al so |ncludea
g 7 ‘ i g Modulesrri es

155 AR N W4 B L ke ot o

hb@ohﬁﬁc@ Riithr ahi enbobiiment of lthe ivéntionss-hathds ltdbodiment, the
wel ded %et her in a manner known in the ‘A

mt@geatewo 1QLneldggeeframent! Qjcﬁ)fignfemﬁi?na@rﬁah & mounting module
IoghU t

ﬁggmth%{é&}gC og'g%ﬁg Hd é‘d@%ﬂﬁgﬁl Weﬁ'g&ﬁ%%r&%@séu‘b chambers
7@, idridust ptnlralctyeofbhft#rmtata units at80.eathe tpal t1i08I tgn also include a
housed W|t tg rarrelOan arrjihed b {he .
él;aéf@gogas,y§ Q f memourj NG\H ééézggr s the processing chambers

REYH. Hﬁzﬁ*@%tgy dits 180, 3R t%Qrads'bo‘Plt Sipterpmogdi nent s the

mounti ng nodul e 120 st ands directly ‘on the
The frame 110 has a plurality of posts 111 and cross-bars 112 welded

together in-a manner known in the art. A plurality of outer panels and doors (not
shown in Figure 2A) are generally attached to the frame 110 to form an enclosed
cabinet. The mounting module 120 in the illustrated embodiment is at least
partially housed within the frame 110 and carried by the cross-bars 112 of the
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floor of the facility or other structure w thout being
supported by the frane 110. [0050] The nounting nodul e

wa2@4i168383 ri gi d, stable structure that nai ntai PET/URE04/017760

[0050]

rel ative positions between the wet chem cal proceSS| ng
chanmbers 170, the |lift- rotate units 180, an
fiemes 9+ I pthasmmbbodiments &@d@@tmﬁmg mﬂ;i%(lﬁ@uwds directly on the

EBghofine ety 4rahet by B FlindR Seing 3uBp3dd Btné rame 110.

t o t ha@hkr msantihg m@dbl&aﬂZﬁ) he a eigad i stablmstmctmre that maintains the
bet ween the wet chem cal processi 8 chanpers 170,

relative ogitongnbetweesotheawet ¢ eicaln meﬁsmgygfa%nb?@oﬁo the lift-
‘?&a%tun‘l‘tg u’I P{qztBE't??nstp@?ngﬁbn?sl@@Ct C%e H3Pect of the mounting

ng no t I ncludes
dmcmlrleﬂmalblthaisttablrmdﬁmréfﬂ@ldvlanH l'mssatSIgmflmEg'ltly greater structural

6 SaraP et oans Teses A0 S trd relgfut BoSans Betyeen the wet
?:Eeh‘l?@%”%'?%‘é@%lhﬁ Néh&bérae AGCthel fifl-rotdie AiitsC 18O ‘aHB nﬂhe transport

e transport 'system 190 can be nount
diysteot 190tdo ndtechimgle V@D timen Anather a@pbdcbfrtbﬁtmoumth‘@ module 120

TS AL G5l B EES LGB s omens o
f?eélQ@ I@éa’ﬂd‘r@r 18 Bditiohl®y RS brdcedsirehameerd 380y the lift-rotate

50 are fixedly positioned rel atlve to each other so
tumts 186bst knowhrigcationseen hedeckd 3ecln @Be afmlpdiment (not shown),

d .

88 ariporo ST BT A oR.Foh Wi nRifHiod ek ot ekt In other

@ﬁmdr‘rﬁﬁnky tﬂ@;rgauntﬁ%gaoau? lemf) Italsd\?atsha dmer{slmall«yaétable platform
rocessi ng cnampers an | r at e

E@Or@mﬁ;mtranap%ﬁvaf@amﬁpﬂ% mannea ﬁﬁ%&%@m 156, e deck 130

:‘agig)‘?ﬁg nél%{fbﬂnawﬁag rflxbﬁgt g%:éﬁiérn%ﬁelréﬂaﬁ\?é'tb' ‘é%%nt Bfher so that

ace onen se | ocatlons
gsitioh®tiy e[é)ﬂéﬂﬂs dindhe aleick 118D asdpposilioningrdlgments abltbe platform

o Pk oS e e AE 8 RGP SRR ccoringy

~ 3:&8% 888y stERPImBRRIRh Wét, cHeWﬁcbl bioc"e@‘sﬂb%ﬁarﬂhbé?rslﬁ@ and lift-rotate

[0051]

e transport system 190. chem cal
pmitse 580 mgncharramovedoamhnemiece@wth éntetphangeablg se@ponents in a

dﬁ%&ﬂ%@b‘cﬁgﬂgﬁﬁ% BBO6R I FtTae e tPHfpBRARE 2 bhékise locations

I dH e dEukoesth! e chanber havi ng nounti ng hardware
confi ured to interface with the Sosmlomn

on t helheteol 1HY) isspagicylarynruiiahim Phgppligaiion tﬁlég[ﬁggésdemanding
?”j@?ﬁﬁ@éﬁgﬁ% Which i ﬁf?éj% Mt A erkﬂrtﬁlé’%& HenhiB&l processing

proce anber Interfaces wth
tdhainttserks 120, théﬁelfte’otatbemmtslﬂeOca)T the trab8poWd system 190. A wet

Zc%%#léglgﬁgce%%ygu% 001)/ Olﬁ(? can be repaired or maintained by simply
detaching the chamber from the processing deck 130 and replacing the chamber
170 with an interchangeable chamber having mounting hardware configured to
interface with the positioning elements on the deck 130. Because the mounting
module 120 is dirhensionally stable and the mounting hardware of the replacement

processing chamber 170 interfaces with the deck 130, the chambers 170 can be
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10052]

[0053]

I nterchanged on the deck 130 wi thout having to
recalibrate the transport system 190. This is

wez@aaosdd t o significantly reduce the downti mePCT/US2004/017760

associated with repairing or maintaini ng proceSS| ng
chanbers 170 so that the tool can maint aj

interchafigast on ﬁhamq%ﬁq yithouhpavipg\ie reca 'W@&]Fhe %ansport system
Eﬁlf oﬁ' n?se fe§<¥>§§{et ?cft @r&ﬁcqr{t@pf@&uéﬂ GHE SdRFhtime aaés‘&::ated with

rating the transport
@ﬁétrﬁf@ orlﬁﬁlrftamuﬁg brlwé/ssmgamamtmrslﬁm% thaatttheltedl ¢an maintain a
unt i ng, nodu] e 120, fer o Figures 2A a
mo
bigh toiguhent imarp catieisp et Ny slingesd befeiaace Shectiations.
192 alfﬁguf’eoéﬁqgt fogﬁ?lorm ?r@tooT*’I@OfTL@ngatﬂﬂ%Zthé%ransport system

nount e he p the e
190 Fargliree do2dfuatohd? Bnodwie e1%eﬂitafolwdl ltty , thehenaundiog mewiule 120.

bR LR o Lo o L BBl B To s vk
ﬁ@faﬁﬁ%{%o? 1§§QF§lﬁetﬂ%o|Tﬁettrééﬂ 302 i MiduntdB o the platform 150 in

attached to the The robot 193 can i ncl ud
tbmsembodhn&r&Mshmm indrigureli 2/ andy 2Bl oMpre epecificalik the track 192

195
b BT EBBELIN o RofSpAIFY e 48036 allid bostion e
RaSET0L Yelbiive td ise @hm&ﬁ@m yndtheniptitste uritadi Stoaitached to the
along an elevation axis to position _the end-effectors

deeck £30.t Hbe rohahh?d §anmlugﬁja baseamnite194 that moves linearly along the
LR L B AT S0, 55,8 10, g ensaecirs

dOGRORItABIQ datried DY ther @rheraeaembly naﬁe TElse @ivin ass=inlily 195 rotates
the nounting nodule 120 Referrl ng .Lo

Figure
41 MoYG® HANGY bt HEVATGTL Ao 13 ARG the 5 d&?’ﬁ@ﬁoés 196 at the
$amBb s’i‘%@%}r{g%%ét%ngﬁem Caf&\o‘/@nloﬁﬂ%eéﬁletm TTHB{oBBt 193 and

rocessi ng chanbers ,
the-dffiettors a9t @aru acd:cs’d[t@d)j mne in leefixed rdimensionglly stable reference

%’881%%5%9@5%&1 Egttnclegpg lngf mpﬁtépe( ggﬁn Eréqg goa&?du?e 2B, the tool

HOOR4R furttbrt iﬂ@ldd%ga%lu@ngwef pageRy ﬂggsémétﬂwedetd(thb?ﬂame 110 to
to provide an en tool Enbodi nent s of

Bnolossitbe ahbvnmngmn@dm@ UkR0i ige Mlushemicab pageessingr ehambers 170,
|
b B0 s 180 4o e FRHPOC SREet Fa0 3 2 abinet. In other

BRfHIdImERS, tRPpadl8.199ror dﬁn@oEbbtlrdsldesbf thehtool d80Icahdie removed
includes a rigid first pane ﬁ ﬁ %g'? secon
ieihel region ammweggﬁsl%ésﬁlﬁ OO PrRvifie

131. The fl.rst panel 131 can be an outer rrerrber and
Boe s& ; mengionall

JIO gﬁteflg?g}%% % déqgg?ng%{hﬁgfésws g\r/rgogf?@?éeHo?fulé“iéoqﬁ%%grdance with

aAdrmbodiptertnsf thbainvél’itﬁ)nemwenamesﬂmomwn IFi thisr emBodiment, the

A pl I f ch
de(lgku%é?oI |tn¥:lu%esc aa r|g|d fnrst panel 131 and a rigid second panel 132

superimposed underneath the first panel 131. The first panel 131 can be an outer
member and the second panel 132 can be an interior member juxtaposed to the
outer member. The first and second panels 131 and 132 can also have different
configurations than the embodiment shown in Figure 3. A plurality of chamber
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[0054]

© [0055]

WD 2004/ 108353 PCT/ US2004/ 017760 receptacles 133 are
di sposed in the first and second panels 131 and 132 to

WO e@ai108353 he wet chem cal processing chanbers BGDUS2004/017760

(Figure 2A). [0054] The deck 130 can further include a
Bl B8 BT el B 1
{gal c\w}lmcau é}scgahq bﬁﬁh&@rsehﬁﬁf@’ibﬁrelﬁﬁc can be

es mac

panel 131 at precise
| ocat Tbesdeeh dBorcamdugher lmlclqnier& plusalify wé positioning ¢lemests 134 and

SRt Seeius 38 ar RN P P o i Kb panel 131,
PhESSosHBHRY 'Efé}héntst 194 R@P bk HHIBY rehEHIREd Sn 1Ré fren phAel 131 at

pi ns, such as l'indrical pins or conical pins, that
preqm:locamm an Of dowelsher ping secqivekin theiholes.t Fﬁbatdowels are also

51108 e MR ShSudF oA SROn BRI L3O (i

bAgatighthér @ﬁ%dﬁﬁéﬁf@ethé %eiﬁbﬁﬁigeelb&?ertts) 134ccat deepins, such as

position the indivi dual wet chemi cal processi ng[
cylinsbvisak pins or easinical ma%,athaéngromttwwﬁlbmfrq% ke diirst panel 131

A8 PSR g 597080 s s

éétCldjfa;ﬁ(%mbrﬂﬁgl élements nd4dvilcbaiéd | atf taaclmtdtamblen u'ecemﬁcle 133 to
preci se | ocations, qn the bantl ng nodul e 12

aP@lH@Fﬁ%rROS&O&rH]ﬂ ndjviduglaye dUacesHiag G rratrfgs at precise
&c%ﬁ% ?;ﬁ'ﬁ‘iﬂ% moéﬁﬂqﬁehﬁd%llé 456 %@8&&@199 c%\‘hcéléé |ﬁé|€d?( a second

t-rotate units
$80of posHibhingheleotenmth dB4r resrpe et escemacleawaotp accurately position

SRR SRR e R, o, o 120

?p%fﬁ &mémaéleﬁ@hté 4881 ot BbfthesRidd ﬁblé@smaﬂh@ ﬁfeapaam 131 that
anmbers. I n the enbodi nent shown in Fi

fo
eemme bolts ie seeurepthacshambers 14l and the hﬁrrata% Unlts 180 to the deck
gﬁtl linear shape with ,bulges 137 in the corners and
3 tact regions 138 al ong the sides between the

cor nempe cHifntbe igeepthslesctdn bandwumflgmredh akmgswlthrtbel posmonmg
corners, _and the contact re i ons %gg an be line
§lqrgﬁmnsy1%|a@got eTgttachse m@gtsi to provide ﬁetlmlversal aperture

k! wale ré rkﬁffe%k 'snz"e%g an-dr hshSleanBe %h?ﬁié)%géﬁgcﬂne&el 3fbodiment

can accor |ng y accommodate cylindrica ers 3
BRwwnanaFidueeT8; éor éxeanplej the weddptacles mnchm\teaetgenerally rectilinear

RO kit 157 o AR B Pl 98 e sids
?géhéér? @%oﬁ&@ Ntise bafhedN43? hanabé auPrRNbr helvengfiated corners,

can furt have a universal arrangenent such that
anﬂftlaemntaqt wegions 138earblee dneanonalightly ewived.i e receptacles 133

cannFurEher |ncluadec%1'rnIr sl eorng\/'ar]g@@.r anﬂ?ém(man%er receptacles 133 can

accordingly accommodate cylindrical chambers having a diameter that fits within
the contact regions and/or rectilinear chambers having a length and width that fits
within the contact regions. The positioning elements 134 and the attachment
elements 135 can further have a universal arrangement such that different types of

chambers can have a mounting element with a corresponding arrangement of

-14-



-14 WO 2004/ 108353 PCT/ US2004/ 017760 interface
el ements and fasteners to engage the universal

wa@eeoanggsaent of positioning elenments 134 and PCT/US2004/017760

[0056]

attachnment el ements 135, respectively. For exanpl e,
t.he osi tjoni ng el errents 134 and attatgrrent e
I

agn. clsgenta) AP nEstgRaRels | SSRGS DBr SaiVesSA driangement  of
3{9%@0 1é}§m%h‘r’s CRL afy rﬁ&'{:ﬁﬁ%n%?’@leﬁ%nté hegs t rr‘éspec’uvely For

need only to wthin the receptacles
b&%nﬂﬂd tthe positibhing ekdreemtst 1Béeandn|a§tacbrnleat/eelements 135 can

o o AR R e
¢hath &a?’r?’éersﬁ?o?e eed @rﬁy kd fit WithihQRE ré@ébté@léh W33 arfcthe mounting

produce a single configuration for many different
telpment oket aarily to Tiavg corresponding interfegeselainents andifasteners that

505 SRS T 99 Sy BOHGH AR A oot o
“!Ebm%ufd&ﬁ)’rbf‘ﬁaﬁ? &ﬁ}b% A s Qéél@éo d@ﬁéﬁ’dﬁrﬂf@fméﬁy ifferent types

IS IS expected to significantly e, the cost of
mfntmbhact drhisgllaws f@pbmnufgcwmrswm{peéﬁvwﬁo@@wams to configure

i B RSB B IR oo v

\N\?motﬁéﬂeaé@@cﬁémw plagome Or dekk. arthis Irse eatpeatekietm\mgnlflcantly
eck 130. Referring to Figure 2B, for nE_)
g@dgp@fth%@ﬁ.qu@arlts‘egwng@ngrpm@tmw t chegical @rocessing tools.

def i |

et nﬁg&}f%%&?ﬂé éﬁﬁ% }ét??pﬁggeé H§3C?$‘H?dt dﬁﬁhhﬁs ®hnp28s through the

chanb ectrical |lines can
Hsulgesitisd bétnveeghththareapairovegthel86ck l30eand the area below the deck

""°°°mé‘é?emﬁo iatirg BB, (RaXarialg, SavRTel SpeingS1agh thiSLGh the deck
WB?&HHﬁﬁé&b Qhé‘bgﬂq&f i SEtdndeihg SREEwall8 WitRe dMambers 170. As
common nount i es wth identical decks, and

t$umn, ifloit and em;rmurhnes asih g rowedrthrouginthienaperings JB9a to easily

di ff%@%ﬂ% SR aCCOf & intets sty b iSie TonRBHdiiof of the deck

Wl3(f‘ Tﬁfsfblmctbbpﬁﬁﬁmalmrersiﬁp@é?stteﬁ@ntmélynﬂ@k@aémminlvmtof common
cl eani ng capsul es, conventional systenms would require

tmatntingi eeadules yithcidentigal Jeckss iagketheaninstaliany of different
t%ogﬂ%?tl&}né“ ! 'dﬁ?e?enpaﬁﬁérﬂgetéﬁeéﬁédﬂi% LR g cJﬁjs‘t@mer's specific

eani ng capsul és a cat fons o
Clegaltengnt.aponkgampld)dn tee kudithes iveants iantoe g/uthdmtlz lectrochemical

i Sk U e RGBT e o

Wuﬂe thﬂ?ésdaébg 5 §§één‘" iCaly 4édigted @ﬂdhﬁah@fébﬁﬂ'eﬂftbqw}é fluid lines'

he' “openi ng rresp ctlve of where the wet
Cpmggpdhmlgrethea«hebletceﬁ'ta vehelganing @ep@slemaiﬁhe locations of the

t %gﬁlﬁéfﬁﬂ%&g{eg) :ﬂ%e ggﬁfg&é@ sh%%nklnllg%wéss 2B &% 4l diteviates having to

design and manufacture such customized decks for each application because the
fluid lines and electrical lines can be routed through the openings 139a
irespective of where the wet cleaning capsules and electrochemical deposition

chambers are mounted to the deck 130. As a result, tool manufacturers can mass

-15-



-15 WO 2004/ 108353 PCT/ US2004/ 017760 produce the
decks 130 at a lower unit cost and still provide tools

Wowao/168383 om confi gurations. [0057] Another fREI/USEO0617760

[0057]

[0058]

[0059]

the receptacles 133 is that the. openings 139a all ow

Vi, st oBPkS ol e joRel i B, o GBIERR ool with custom.

icohfig@ratieflsi N the area above the deck 130 and
exhausted out fromthe areas under the deck 130. This

is toWWefGﬁéW@r of theitreceptastes| 833 is fthabdhe. apenings 139a allow

YRS, O ORI Yod 180 3Pc ¥lapdOf nERERL 1256 881 10 many

idpplicationsy air it Hetrég@ededl B0thangreanalsovehthe deckaB80 et exhausted out
bel ow t he deck 130. The air bel ow t he deck is then

dmﬁ %@feas et Hie deelt 13@ddihis d$1£¢ |r9mov1aé/ap@rfeithateﬁan collect in

Fth Ul AOVESRPLAB e HERIPYSPY O opuARBE S 368 dilf the clean

?ﬂeandt\mp@lts tasl,)?h/e %npa@ask dBOtﬂgeﬂdelhrdL@g\ Uﬁ \ggeh ‘ErSr?a and into the
irst pane n e sec n . ) e

SoTar RGP (BDeoRatit niP6 AU DERWP 516ck | dhen Araan out from
%ﬁ? g?{algrﬁgd'c}mllgugiséql%nlé?:flﬁﬂ 1208Rd fHe rQ@éiﬁaéléQ 133 prevents

' ongi tudi nal 1 nner
adpors if tlne]ealrdec Kiquigis, framuthm@pambess e spodledidag in the interstitial

3papes Phineldedic1 50 bt 1y inbSfel ai and et Siifdianel 132.

161  aHé Wivsurking RloAuRs 132@2a@6dmbﬁfaesTeﬁtefnbarss@@rmates 160 along
pl at form 150 i nCl udes positionin el ements 152 f

dengitughinal putersedgesrefiihe desk 138 iniedor side gplates 184 aiﬂag longitudinal

T o REAGHE1 3040 BB B4 o tho ncs o

ithe ldedk 130t %@Mﬁsﬁdrﬁpﬁﬁbﬂn 15008 attachee Wmdﬂmle&ﬁ)r side plates 161
that receive ts to securethetrac@ggl)%t

p?lné’t #h@remdwt?te% d@%sﬂndF1@4:rr é he franspart B %ciﬁ%mudes positioning

]
r h aﬁ P@% rﬁ?ﬁ: %%@Jé‘é’f((}fy ?ﬂéﬁlgﬁms tﬁngb(%’dkr‘]rgﬁlﬁ_ (P uréégQA and 2B) of the
dﬁam;pbftdsysteaw 90 anpivet moanting rdduldet20. sﬁ'cbrantramsport platform 150

sedbiner ndhde iadTRoN SeMents, Kusirs tARRRCLGpF, (5t receive bolts

hglseBaR thardoK £I2 ﬂfthé'ﬂﬁtf@*n@ﬂgg 160 and the interior
side plates 161. The first ‘oanel 131 is attached to

t he uppgures#de aptrassesedionsi vigwl Hlostrating omne switahiel embodiment of

16 e iR 3R bk D, R ialle'S 15 I T8t 2 portion

dftiae deblelshewh4r Rigurendit th 4 entboalimegt he dbble 1BOrlﬁtIudes bracing
and second panels 131 and 132 to the bracing

& sushamlaists Feending, laterally betwern e ePF@' '0,5 “Side plates 160 and
Rh&GRblibYsiak Piabss 6343 irdt BAndM $Nistdifached to the upper side of the

bracing 140, and the second panel 132 is attached to the lower side of the bracing
140. The deck 130 can further include a plurality of throughbolts 142 and nuts 144
that secure the first and second panels 131 and 132 to the bracing 140. As best
shown in Figure 5, the bracing 140 has a plurality of holes 145 through which the

-16-



-16 WD 2004/ 108353 PCT/ US2004/ 017760 throughbolts 142
extend. The nuts 144 can be welded to the bolts 142 to

we@ndvanessss t he connecti on between these conmponePCBHUS2004/017760

[0060]

[0061]

[0062]

[ 0060] The panels and bracing of the deck 130 can be

made from stainless steel, other netal alloys, solid

thrmughhoks 142 extend. f The nuisel 44 oar bd veslded 0 thesbolEn142 to enhance
anel s and ates can be made from

| th |
Eﬁ?ggﬂﬁédwegg%eﬁﬂégﬁs%F&@Pf)"epﬁst el l oy 625 steel
?' | 0y3Fhe°Faﬁel§ %{Hg%r‘é@ﬁg SRAsYdddk! 1\’5@'0&\% 'g'éarﬁbeé-fro-'?ﬂ%tainless steel,

i ber- reinforced conpdsites can inclu

ciherométabelloys, Kolid aggst ) matarials,non fikerdeinfarced eeomposites. For

Th i al f h |'s 131 and 132 | d ,
FARIer s aenfly a0 AR fan B Aitecremonttai Hy stpinless steol,
IHadtOIYVBR5CERE) GRbyd 6E@S8ERd dastiddorySfilledt 9fth hfica. The fiber-

wel | -suited for many applications becalse it is strong
seinforeed Loneasiies wan lnaﬁlyleca carhorefiken erokgvlag® mesh in a hardened

3Pelesct HhalHRE Rundstibatibls 38 172 "Bk BBy rigid and
Bompatible wifi0thel Chemidals wed Hotheamet GhbaficalopfbodéBes. Stainless
inch thick stainless steel, and nore specifically t

h
stgelde welbsitachiar many rpplicatiansskecause it 'Sl'ﬁ@'ﬂ&rh%'ff @o%ffected by
Latms , . o . _
3P 5 oRRUPYAE aiHfori &7, oBahiy Shytibtls UL et chemical
sprad:es_lwrs Bt eaé,erﬁbdnﬁmenleimtaopaxmls/campplalte_tsgmt t132, 160, 161, 162
TRETbTiate CAEe TN, itk oBIESs sfbhysod frdre spegifoally they
'@n%hd01oE inkh %gcs%_st%ﬁmbgé§te%i.e¢he{gan%issan@pr§t§@,rrﬁ;wever, can have
y 1. h de by 2 [ a

speci ficall I nch w de . nches

sifferentthickitesslin pthestembadimentssr enbodi nent s t he-

br aci 140 can a_honey-conh core o ther . .
ot ruct Qe Oane. PRy frHeREp b, Bainiess; Sfe-cleergpiniproed composite
FhatetigleTothdrt MBtal Aoy, Gnd/oPEdlid®dst matehials. dhasfe @mbodiment, the
other materials. !8062] The mounting nodule 120 is

boaeing wendee Byd ripeh wide stainless staal jdstst aad naerexspecifically 1.0

h . . ) _
$36h 4086 9 10 LA o Sy REE 581 PR 19 e Bihosiments e
Bracing Mddneam be ef horey-derals o arrathgresteuctlileg made diroed metal (e.g.,

toget her by the throughbolts 142 w thout wel ds. Th .
Salalessisieel pplyminumg BENAKR. etse. PAlyEiers, fikgrglass %'t%*i"er materials.

161 ar : ; :
T07 anqBgenue mauieadiglohspudld b sl fiepSections of the
Heeki 130, laawd theaomelding ot othehwiset adheringethe gichpkdes 482 and 164 to
nd 164, an he,interior_side plateg 1 h er

e shetang i he.iedohodtie ostpdtistis Sthp Ik, 15fictre generally
sR¥aFed toddithéebfhe SARRGHBBIS S 2Nithsundelds. MThedoliter side plates
the procedure expl ai ned above.

160 and the interior side plates 161 are attached to the deck 130 and the end
plates 162 and 164 using welds and/or fasteners. The platform 150 is then
securely attached to the end plates 162 and 164, and the interior side plates 161.
The order in which the mounting module 120 is assembled can have several

different embodiments and is not limited to the procedure explained above.
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-17 WO 2004/ 108353 PCT/ US2004/ 017760 [ 0063] The
mounti ng nodul e 120 provi des a heavy-duty,

walRomneddehal | y stable structure that maintai NnBCT/H82004/017760

[0063]

relati ve positions between the positioning el enents
134 on the deck 130 and the positionjing elenments 152
on t héhg| moupting 1moduler A2G RIOVidesge heaYy-delys digensionally stable

SR A PRCER, LR S800A0 BB S i hing clemens
i 84 onrthé aleek B0t aridBthel positimnitige dlensenth d 52dmc theldatforhhd 50 within a

mount i ng nodul e 120 i ener al | rigid. structure .

fange ﬁh@%’ dogs Mo reairet gﬁr@ﬁﬁg)qrbgﬁﬁm 10413 he realiratpg each time
BShlgcefel PrEssaiha rafber 70 B itoRitE it 184 1 Moynted to the
Hetk -130t aTheuniauntitgOmoduk: tiR6 is aenerally sy siginst@@ture that is

g&%s&%ﬁghg’g‘,’rt‘gh}@h?@ﬂnﬁ ?ﬁq'gtﬂﬁoaé]gﬂ%%plﬁ@or&”m e%gligtlhpo positioning
GRS 1 34" 8nd A5t WhEn RS Wek ABGAIBBeddilg chambers 170, the lift-

positioning elenents 134 and 152 to wthin y
rotate units ot8&r arditbdi tramaport systenp R0 age rmoowntedi to the mounting

(R3B! o ey B HBhPAMERS e pS i M 196 1 eBhroured o
ARAARN R peiitids PRSItibAs Bebdden fikd ﬁogﬁiw eldmientder@dd and 152 to

130 often maintains a wunifornmy ace to

within A.Qg8pinshi niit ether erobadimestts, thedmorntiee enedideiis iconfigured to

Eﬁ@%ﬁrﬁ@rﬂ% zeléﬁv%‘@%@éh%ﬁntgg\wgﬁ é@%}é’%ﬁg’% | %Eg?esrﬁ's 134 and 152 to

WGt approkirgatety 6.005 ta0.0 Hhimeht iAs sucts the etk dBalofténemvaintains a
showi ng the interface hetween

] cal ) e
SNBoRY: T ewWaRSR to A RPPTRGTIHIEN 9985 RE. @Rsnigemore specific

%@@ﬁs"ﬁ%ﬂﬁ O O e T ormed from &
' y

[0064]

S
eg%; 8 Wk CHNREalBrloRbbSthg CHdAbeR! € Wi th

the cirentco USed 11T tie wet crienr car process. In
many &jpguiredisi amisomedtec prassezesitingal viewssiiowing the interface between

d of hi gh d ' t hat .d t t
SR chmicel Sroteiripd chatinen BN e destt P4, 3b chBRgier 170 can
Hdgde ﬁgcé;%séﬁg% ‘F]}égséﬁ?@i ariy 4 RenahendeThelpiBceddify vessel 171 can

col [ ar e vessel 171 can be separate ] )
benfomad Sramaa pelymesisnmaiedal obgethesr maferial yegmpatible with the

h | f I ‘ .
PRt NEef 1 Y8 whf EhafiRaf PrERSE, I MR eopiications. the processing
k8621, 171 e lcohfposkarsfesl high elensity polygheethat! dasssnotcestict with the
solid materials, or other suitably rigid ppterials, 4n
@!ecémlytww%rﬁlgamﬂaesowlqnaprpﬁget g%qqpﬂﬁwm U i the chamber

gl?ﬁ. VPRa e&oll%f égﬁggﬁé ?@%F_EQOW P caftl 98 -pRPatkYcdRpIRBHts that are

ot her su
connected together. In such cases, the collar 172 can be made from a

dimensionally stable material, such as stainless steel, fiber-reinforced materials,
steel alloys, cast solid materials, or other suitably rigid materials. In other
embodiments, the collar 172 is integral with the vessel 171 and formed from a

high-density polymer or other suitable material.
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[0065]

[0066]

-18 WO 2004/ 108353 PCT/ US2004/ 017760 [0065] The
collar 172 includes a '"plurality of interface nenbers

wa7eb4a0838nged in a pattern to be aligned w th PEEUS2004/017760

positioning elenments 134 on the deck 130. The
positionin elenents 134 nd thefHn rface menb

are al ke collati 1 R instudes a pirality;q cg [gEmbers gr]i arranged ina
@%ﬁ%}gs‘tﬁl Qfel%ah&'ti e B ?th@hl 1@[%mé}ﬂ§‘ 13ausntthé deck 130. The

a desi ope at| ng |l ocation on the
stasifioriag clemuntsk134 thdtthe intdrfaceomembersit74 agoaladconfigured to

rf'@gt% b&%g&;gg e?}’gﬁgg%cg%w%g Ofﬁ'gtgl 3 l@éﬁ?ﬁngﬂﬁ%@%iﬁé chamber
ilﬁ?er%gce icl ér‘éﬁ YeetibA drf‘fhehdédksﬁ(ﬁﬁﬁwoﬂhﬁlth the lift-rotate unit

ers 4 can be hol es precisely machi ned
180 thd theltiamspaiSystem f80e The positieningveiprmentsd34 sqe| ke a set of

‘Dienisehs faching Goigbde 16 Rk TR sE@lets FRERE in e potes. and

q;%zln q’teofn%%lfé?sh‘ﬂaéérpbe hslbgtprecisély rmaehided Hn 1'6@ collar 172 to
collar 172 can further include a plurality

abe withrthe dovielar riaegdewels ¢an be iR With; CtMHndmalospheﬂcal conical
{t t t 1
8 aQﬁl@ﬁeﬁ”i} 9%53 e %@q gn%:b%sﬁ ﬁkthgeﬁébélgagZQ at a precise location

Fé?éi’ivest%c’dhéQiébke’fmﬁg'Ehe icbikarat 72camfuthel inoledesa plBEality of fasteners
secure the collar 172 to the deck 130. The co

4¢% @rtanggyton be dalioned \ﬁlﬁ%é@%@ﬂ?@hm@em?@tsalﬁ &gri“ thédeck 130.
ihgﬁ?%tgﬁégs 1§§ cafi G bﬂ% ; 8F ombi}laij@é"déd m@Htrs that $&lurely engage

cessing C ers
Blecsttachhent slementie P35 itd securehtheteliar 1§a|tq the Wesk ddP. The collar
chanbers, cl eanj capsul es
iR acoawinGsPEIR e GRBRSING ETAL 7l S PR Ao psation on the
apéwber 170 illustrated in Figure 6 is an

ect rochem cal deposition chanber having a head 176 .
Wi th Zi'hwqum ek:emlmal deocessipgs chamhers m;ﬁ%beb& relegfgochemical

vesse|. 171 he chanber. F|
Hﬁeo%f oR| Qb?mb@g‘f SPaY QH?T‘;@V %%ﬂ@ ohs | rs$ Tapbules, etching
%ﬁﬁ)@?&g r dtif8RsGitlé W%Mcéb@b@eksmg estatiorispi The chamber 170
a second el ectrode 178b di sposed &@e ve
ilrmstratademfﬁlggme &irian SlasHOCReRIEH) GEpasiion £ 3!?8{'“9 a head 176
bg{f :y\'@ E;Plgge gﬁloeeﬁ r{ft@lt di ? '?/\(g q%bﬁgggé%sémﬂﬂ The chamber
WDfsﬁ?@mﬁt ipdFighes 6 talsd kdsah rdecbtaualaﬂstqmd&éslscimgmg a flrst electrode

4R ot o e AR oS T cioses
P4 SRSz RS bhggesng et 118s e 0 estabien a
elBctritb fieRLitn plam ioms iniemn eleodalytioseBaion ortgdhe werispige. It will be
%gg%qgggégg@at %ﬁé’%%c?r% i 0%40%%%%%9 chamber 170 can be an
electroless chamber that does not include the electrical system 177. Suitable
electrochemical deposition chambers are disclosed in (a) U.ST Patent Nos.
6,569,297, and 6,660,137, and (b) U.S. Publication Nos. 2003/0068837,
2003/0079989; 2003/0057093; 2003/0070918; 2002/0032499; 2002/0139678;

2002/0125141; 2001/0032788; 2003/0127337; and 2004/0013808, all of which are
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[0067]

[0068]

[0069]

2002/ 0125141; 2001/0032788; 2003/0127337; and
2004/ 0013808, all of which are -19 WO 2004/ 108353

wWEDAWER8D4/ 017760 herein incorporated by ref RCBEOSE04/017760

their entirety. In other enbodi nents, the wet
chem cal processing chan‘oerﬁ.| ¢can pe ca'osul es or, o

bgigis InporiearatAsk Py reforencs BuiaeRkel sIn Qlich eggb_qohﬁﬁergts, the wet
éﬁ%ah@g&ée%ﬂngg ?ﬁg@lbgﬁbéanfb g%pﬁégs o dtier Bbs (t)iggﬁambers for

are a rern 1 ncorpora )
bigankienafers, sucht aethoseeshowety U.S0PaRINt es.t@350,809; 6,423,642;

B8 A56, SBrabBBicH 270 Sy heds Bl oIPAREd PO fference in their
gﬁ@,@g}ers can be of a conmmon type (e.qg.,

el'ectrocheni cal deposition chanbers, cleaning _ '
chanb®hs toelt 100 ogn dmclude various compjnationgafi weitschemical processing.

FEambeR 180 FRE et of tBrbafigro 250 Bl Akstimon type (eg.
EREOBRLINRRS @dpiitiort Eingtsdrs Prasating Neharibarsheshihgd chambers,

and wor kpi ece transport systens 190 are discl osed in
ete), arefagioss ccnbinatiens phditeranbotypearmf ehambers can be mounted to

AR BRI LT8G, e BN APl processin
SHTRRIS 10, AT ksl erspi st g e 1 e
CF)efgmrt,ce% insosppratasheabave @ﬂés&%ec&qt&iﬁaﬂom@#s@?‘?ﬁd/ﬂa‘m% and
SRRTREBEISE g 8, PAhl ARRIiEr 0o ATl Bt e horl
ir¥drporatediop referbroensi onal |y stable col lar 1182. The

collar 182 includes a plurality of interface nmenbers

b4 apnanstithents of IGfiIRastate Uaitdandlliogdddnload Maddes
positioning ,elenents 134 when { he,l 'Lft-hotate uni tb di t of
180 i SIGBBI% isoRdISUPCYIRLTABTSRENPNA VIRY SROWYIY an embodiment of a

fliﬁgbfaftéf tﬂﬂit%@ AeRMed 46 tRE dlR 1]90?'1'Hths_]e7rﬁb6dﬁh€éﬁt?th@) lift-rotate unit

-rotate unit 180 can further . .include a i
dBOriatiudgs afdifessionally statde sollant@d Thetaedae dBR4ncludes a plurality

to. i d i ttach t 1 ' e -

B Sihe FSett 1 BHEARBTTE s AR b e Syl Wi tpp postioring
SRHEMRY IPAHER thE Gift-rbftei UHiE1 8@ @epesitiomed at It desired location for
positioning elenents 134, fasteners 1

aoetatingsihe heashbiA of teconambaalED GrVIEsS). of e Hriplajeunit 180 can
gﬁﬁ%’%&éélﬁaﬁlaaziaﬁgﬁ@ P faL 1SRG oM éﬁa'\wée@v frg?l‘éf%cg%r RigdUicthe aligned

I'S an 1sonetric

Madattadhpaehtraldimentsl 985 frothérdeck 180 fapniopnting sheédiftenotate unit 180
and after being processe nbe

k in tPfe chz? r ;}é%) ThF .
te dbe mewimg,poguie 188. nhke Anigifaeq & %tﬁgpfsy aBPglioning elements
SBUYGs4EReR2 P85 Nahd GHacRfent elements 135 can have similar or identical

structures as described above with reference to Figure 6.

Figure 8 is an isometric view of the load/unload module 198 for holding
workpieces before and after being processed in the chambers 170. The
load/unload module 198 has a dimensionally stable structure 820 that can be
formed from stainless steel, other steel alloys, or other highly dimensionally stable

materials in a manner similar to the mounting module 120 described above.
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formed from stainless steel, other steel alloys, or
ot her highly dinensionally stable materials in a

worewaans3ss m | ar to the nmounting nodul e 120 desPCT/D8D04/017760

[0070]

[0071]

above. -20 WD 2004/108353 PCT/ US2004/ 017760
: t@ Fi 3 t .

ALY 5 a8 0Pg 0o B Yt A Wi imortecs
anembges! (ot show)i grathed thbeetighedwith positibA déments 834 (Figure
(Figure 3) on the end plate 162 of the nopuntin

éﬁh @el%z At 168 f tls Mauitioadneila 120 when tie load/unioad module

! ¢ . : .
SRS pRA7 pbRPALGF oBBESEH, °the ek ST on the srucure

d2thand theBBdsitionihd elemednis! 8840l Gt end phatesion tay bé@imilar to those
t os}e_laﬁae cri bed above with I‘-;[efer nc [
I

tci Figure 6. The A
VaoHth derRsEnca o Figiig B ndny 18edfieload mestile 198 can
afeBrahglod BbétibNEd ‘a%cpﬁ?lgrr@fﬁi%rtb tﬁé%?ﬁgtpbzgg}/sécﬁ]m 190 without

wi thout™ "having to reca te the transpor
Teyirgtohredalibraté éhé drasportoystern di®i0eeadtd Hmiesthat loadhatdoad module

t he.topl (100. [0 The interface nenbers on the
sﬁ%ﬁﬁffﬁgﬁg%g}) &}?d{[opﬂiB orrespondi ng positioning
el emerfife GRterfabet AerfBeiR! he tHO Zsthaiuke d2te aﬁﬁiﬁhé?fﬁ%rresponding

different types of |oad/unload nodul es. As such,
IResdianind alenais Ba4 wBtheaandplate 162 tandset the same for different types

' ' ' I t,00l .
SRR RBY 3257 5287 Jop 1flo=8 ol 198 con have aiferent
diohfiguetions b eassettdso afihigrHlioad toobmanafaviyiehd and device fabricators
di fferent configurations of cassettes into tools

WP Rdal dftrreRighpes oflipadiinioachmodplasshaying sljderent coafigurations of
eee8mRdahe e;\ﬁiﬂkdtymin‘;ﬁ; téﬁ%%pgﬁoggg% gt:t‘énsport systems to

cassettes or Ps. Syste
Accommedht®differedaypbs af wonkfirdpiigre#s) chssutteaspretOURS.

the present invention, as shown in Figure 9, is

&.r ectQdterhevnd Methotis for Audnated Rbot Qalidvdtiprpt | cal |y
rence

calibrating the transport,system, 190 to a ref L
f r o ATOWIGAREGH 01 60° PreseTtdnyention o SHRvR e FighTeid.yis directed
!@%\ﬁgﬁddgystehﬁeaﬁﬂ Thétholds e élﬁgnfa%alﬁn@‘a%wrfa?ﬁb%%p%%r?sport system

esired "zero" or origin position res
t180ttaea eaferenee frame of dok ta2106:  Ene chlibratien systersigquickly position

f ren me., ,rhe calj brati systens cgan al,so . . .
YA STV 1B, i b 8 8 B3 orian positon
wiithhrespepets tHed akiBeoft thactadi®d9anst ambtAbeviis' eNtHY f&fbfénce frame.
3_03|t| on of the arm assenbl 195. Several enbodi nents

hecalibration systens camalshdalesmingan axial originpesitierpetthe base 194
st LAV, ' r igu y '
st fS3pbR B A A 26l LU DL B amn assomby
d96bi Severahembotiieénts &f calibldtion syrtdraddntdoebrdance with this aspect
ag omat i cgl ly cal i,bra&;%%li n the transport SKSt em
pbife §Vsplion e aariculany Sfisabitsisiwhen peerwith the mounting module

120 because this combination of features enables methods that automatically

calibrate/align the transport system 190 to operate with the processing chambers
170 without manually teaching the robot 193 the position of each chamber 170.
As such, several methods in accordance with this aspect of the invention are

expected to reduce the time to calibrate the transport system 190 to operate with
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170 wi thout manually teaching the robot 193 the
position of each chanber 170. As such, several

woreiohoosss3 n accordance with this aspect of thePCT/US2004/017760

[0072] .

[0073]

[0074]

invention are expected to reduce the tine to

654 PR SRR BUEL, ES P odRr0lRe 08 o ony a few

ehiaoteerinstéad ofsevérathbwad/ unl oad nodule 198 to only-a |

few mnutes instead of seyveral hOU{ﬁ. 00721{| Ene .
enbodilfenembpdimantcefi ther salJATIQY s r%r%ﬁ)\wn igHiped gncludes a
SRR 00 CSRARTsolihoREly| P RERRA0 Rkt 3ematicaly),

Tihiet set@0r uait 2004s bttdched tdtheddadk 13Mopanathet pertion of the mounting

portion of fhe nmountin nmogdul e 120 .at,. a kpown
Pl et A Wreib lacatign, W repesl 18 B TSfRrlpe frame of the tool
488! In hBo@iRfert MpRNYiEihce iné of ﬂfeet%mboana% ®first reference
the too 1%0 ﬁas afirst reference axis extendin
alxisngxtending atorig meceiiter Hinet ofidke 1teack 492e@oseicond reference axis
ref erence is. .orthogonal.to the,fiyr r rence.,
SHnSuSHActoghe R qelpare s Jere: tiel3iRERS e itgogonal to both
15tl‘?k§ fifdt bl sieend ?é@?&deeéﬁé§ T Re 88ASor UHIE2C®ESETsitividd at a precise
IS positioned at a precise |ocation on the

dmmlan@w thedmognting nagdulet@0cky intercongeetingh3irasiianitg element on
Sh6 o it 250 37 ¥, HRhefP s B g module 120,

WEeh | @id T@sitioding telermeats rdrer dvoreahected] hheseeasor unit 200 is
unit 200 is p03|t|oned at a kno | ocati on i.n

estiengd it askrawn lacaling 4n ite tregimeasigna H%Vlga{iona' volume of the
f nmodul e 120.
Bl R nGR dy G bRy FRUle 10T The
cont r diHeecoridllec 2n Obceambepi eolmputert hehes cotoellari2t0 ean be coupled
and, t he robot to.c t venent. . of the rohot
Rt pensor b 7n a8g e robst B FLEPBR R miovBnicht b the robot

‘?ﬂﬁhgol:élﬁfra%@ ds2eflead %e’?@!‘% CHE@LHoﬁtroﬂélanp@ér@tlﬁ the same
hambers 170, the [ift-rotate units 180, and t

Iooambujet dbat operates 1tbe, chambers okﬂ%rth@nbf&d@mtwtsr}éevo and the

b RloaBlrpitle” 305 ot i, R ShBasiibity The ‘froler 210 can be 2

f‘s@bbf:ﬂb' esmpdierithat lVrﬂ@ﬁa@e@GMiﬂ'utothierOpenn@htasmadthmtool 100. The
such as software and/or hardware, élecont ai ns

iqestrolier Qéﬂsmplédﬁéra @pm%beﬁpﬁ@hg rgediyg).; $Hch agrsoftware and/or
E%trur e eﬁ%Bﬁ%ﬂ%cq Wb &idriae tb”é@ﬁ%n‘?gﬁn{g%%glﬂbnts of calibration

- ontals BT e ew oh
crﬁembdsfneasmrdance withGBe inverttioins errbodl ment, the

sensor uni t 200 i ncl udes al it ensors, 2

(i dentfiigyed19 FRiADi 'aca@ﬁffgﬁ MVP’Y éﬁ%‘?’g\%@ ”M g%&? sensor unit
D). SRNHK Sndddfnent e Rensor unit 200 includes a plurality of sensors 204
(identified individually by reference numbers 204a-c). The sensors 204a-c can be

arranged along three orthogonal axes corresponding to the first-third reference
axes of the reference frame. This embodiment of the sensor unit 200 more
specifically includes a first sensor 204a parallel to a first reference axis that
coincides with the center line of the track 192 (Figure 9), a second sensor 204b
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arranged al ong three orthogonal axes corresponding to
the first-third reference axes of the reference

wo e 0833hi s enbodi nent of the sensor unit 200P@DUR2004/017760

[0075]

[0076]

[0077]

[0078]

specifically includes a first sensor 204a parallel to

l‘eldleffni'('reﬂrnglt,f a{rﬁfea?iﬁﬁg%%s%,zé?i%a{wrg %&%&%@ig%&é@ﬁ%&% g%q?tfpn Sensor.
T ‘ééhﬁﬁﬁ@(l@8:&53bé’cﬁﬁebi52ﬁﬁﬂééérﬁéﬁl0traﬁ§dudér§%é&/lng spring-loaded
ird sensor 204c defining a

tion sensor, and a.th
cferageTDanBRaIers 2pRuidentified Jnauigual, buereferﬁage humbers 206a-c).
e spatationt ASELICAD DXL GPERMIGH L pyergonaino to e

reacterrterﬁdmeamhbplaseﬁ%a c). The displacenent nenbers
206 produce an fotrlcal Si naI correspondln

h
ext ent! N6t SENSALS2Qft EBN e MRoKnted do7a frame ?égngb; ghé&)deﬂt least one
GRR;tIRINTP YRHRS ét@a&]rﬁélztgﬁle%g t?@émsn i %ggarjnéaﬁé? 98 onstructed to

positioni ng and/or att ment he T rane
map&rgy ehgrsthejseesionsom&tnadmﬁg the tiregmrefarensemxess ad@4he element

208" 05 Pt B el Bonbline, Worte lTriciabve to a known

&dation\th the MouktirythoduRE #0on on the mounting rmodul e
120. 10076] The sensor unit 200 can have ot her

enbodiTMersensennit 200 et havecother emboadiroentsithatiareedifferent than the |

%fﬂﬁ)rﬁﬂi tnBnf LIRS ér?‘giq%ag "1t XI‘El xargf)lré:ﬂwfegsor ity tZ&S) ¢an have only

Can have only sen

sesinglesserEoe, Gleaﬁybrn@nﬂie?cbf%ris@t's nFAg dehsbes aliol 30 $RE need to be
al ongﬁt hree orthogonal axes. The sensor unit 200 can

areh9rd\along Huee Qrhpaonal axens dhe sengornis20@ cangalsarhave other
IP'%@I o2 St rs Ocﬁai ﬁﬁ}? a,@%ﬂ‘achliﬂﬁbwﬂ%t or ril%l??fe 88ntact without

enment ure I 'SOmMme
mdamtmfgari}edlepiamémmrht of the sensor unit 200 shown

i ¢ nfBERsbafER Somelis §Eu of i egptRdimenehdne Sensor unit 200
%h@\Wﬁﬂﬁ $.g?lﬂa 1mhﬁfJn@é@tdWH&déa{ i @@BPECE 1 109, In this embodiment,

posi tioning/attachment el enents on t
Eh%l tpasitianiig/attachment? glemenisr e@08e intedacen \mth h corresponding

(3Rl b BB A e BERRRE 0 me 207 ot

bceolsﬁ chdion with heéd&t toed nidlintin Porhodméf PPO.LSTHY sensors 204 are
clarity, only the base unit 194 of the robot 193 is

pABIANGS, ppcp@,mage tor the rggion ef (el tragietodptartageavithl the, arlvbot 193. For
BUBREDAEHIE! o0 o kBb 365 1560t el Bk 10936 UM W rigure 1,

but dcwild beocappreciated thah therzam asd&dbly 195 is received in the large
annular opening of the base unit 194 and chambers 170 are attached to the

mbunting module 120.

Figure 12 is a flow chart illustrating a method 300 for calibrating the
transport system 190 to the mounting module 120 in accordance with an
embodiment of the invention. The calibration method 300 shown in Figure 12
includes several different procedures. It will be appreciated, however, that not all
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[0078] Figure 12 is a flow chart illustrating a nmethod

300 for calibrating- the transport system 190 to the
wOowaissgd nodul e 120 in accordance with an enbOOUR®N4/017760

of the invention. The calibration nethod 300 shown in

Figure 12 includes several different procedures. It

of [theppraggsiuses ashawnhdheligure t Adt andt nesgssary3fafpseveral other

6ibaabicns s cired delbds Eatlabidiop MARRAY i RrRi0R!
joorg) enbodThentslibeaticralrhéthadi 600nkicheids an annommcmomeﬂlhlre 310 for
the invention. [t0079 The cal i brati on nethod

inpettingea Vahietonthe santrpliefc2HY cerrgspondipg pritb@t ﬁqta{@rel position of
W 48 Elb& tSQFe bt f)[ls %ﬁ%&?éfre #éﬂ% t L)H@ embodiment, the

Fot at I oRal poSi armrealve
avm $nmit prb@edmééi‘l@rmvfdearm inpat valae emisedlcrream estilmated alignment

B BB ATBIDISAIOR0 1 Pgm s o T+ TaTerancs AREIanG i Fask 1o2.
[ooggy arm V"F%%rf]e 't6 Lfr%f ANRE aTgi ﬁpﬁ’t Britetlife BH é%nlﬁglude manually

[ 0080 r|n gure the arm 1 nput
mtatnaagi tthe &1 t%nto raiigudan rmmaaxls,/ A-Aovhitthagamhel 20 with the first

Falpeincesr 8y brice ARSI 21 ApRRiRIgReR BuRALY diome By close to

ﬁfh}}ﬁh@&hé’ affAEid ALA tcytﬁ:é m%eréf@ren@blem N9 b Qiswaly 2yeballing” the
to the first reference axis 1-1 by visually

pesidob aifithagrm #e5 rplativeitertheftragke192.nihess is dypicalyeatsdight offset

bAFuin 0, 598, ldohe i HRLFAHING®, Bis?Lly AL 86! cpprpciated et
bp’mbalke‘en@@w Gcothiee yddwbf inditia cah asmberusedr tooinitizlly align the arm
| t1éges of indicia can also be used to initially align

wdihvthe figst rgfergnepaxisi 14t reference axis 1-1. [0081]
[0081] Af_teri@tlf‘_ gz{‘HHﬁngt era Frﬂ1 1P Witk the ﬂ%tfﬁefé'énﬁéfés{lfr‘\cf othe operator

axi s actuates a- button ont
A0fates ianputtort hm mu:dmteirm(hltuenpm the= encoder onahie of the rotational

BGskion s AEnrioB: Hisbiton cat Beuahedietn BHti o1 ol 100 or a
§cr‘é‘e‘ﬁpdh§f¥l ?(b’uﬁ%ﬂ &?%%Xbﬁbg%c éd“a&é@clét%@lﬂmtl@"th@l%@h?g%@r operable

di um of the controll 0 that runs the nethod . _
mmiuum. afithe cootraH¢r021‘50 thaiguns theameshod 388¢ orhe ingfia) refational input

(B 8o 2R e G, PRI o988t tro ar

biaig/mﬂhod 300 aI so includes a base i nput procedure

320 that provides an_ initial input value of the ax
[0082] posi t REfEMENgtagaindedigureong, thee methed 30R:alspr inﬁbldﬁé 2 base input

Etcﬁ:gé{d%rel%?ﬂ tEQFPrfB%Sgeé Qﬁr‘ﬂg'evé’l ﬁﬁgﬂ%ﬁ ﬁegﬁg J 5l Al pgsition of the base

bRk ﬂﬁaﬂftmckng Rdﬁerrinlgattk Fi@#e 13A, the base mput procedure includes
rotating the arm 195 (arrow R) and translating the base 194 along the track 192
(arrow T). Referring to Figure 13B, the arm 195 is rotated with respect to the track
192 and the base 194 is translated along the track 192 until a distal portion of the
arm 195 contacts the displacement member 206a of the first sensor 204a. The
displacement of the displacement member 206a causes the first sensor 204a to
send a signal to the controller 210. The angle of the arm is determined by the
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(arrow T). Referring to Figure 13B, the arm 195 is
rotated with respect to the track 192 and the base

wa 20041688363 ansl at ed al ong the track 192 until aPdi/E82004/017760

[0083]

[0084]

portion of the arm 195 contacts the di spl acement
menber 206a of the first sensor 204a.

doripolies edtthtusitg tthe retaijsingt dnpytt Vﬂﬁﬁb@fr ﬂﬁ)@dﬂb&rméhe arm input

h
bR 315505 A ARbP BB e 204080 oy Bim 195 yFiour 138
tThe condblisi2 PPe4an lﬁgﬁ%élda@féltﬁé%éitﬁhﬁf&ﬂe et 194 blimg the track
210 using the rotational | nput the ar

fro
fiAd based apdbe gndle «and ti?fos"élﬂ%i {'W@ 86@sor 404 g}he encoder
0 r F r T - .
VAREPEF, B 8o A0 o 0 BootPar ot cdiog THeige g, el ava
befereric@dalofiy the baseadd aldag theafirst aris 1-ofdng refecermedrame.
nal fromthe sens r e.enc

for 1 RBOHsa 25iel POSTANotfoe Pese] SaISRE B toek 192 may be slighly
%gﬁf!rgﬁt fHént ﬁie #;é\t:ul%’fé@'posft%ﬁeb eVfHel8rrh 0198 'i‘ﬁa)bﬂéﬁ have been

al on irst axis 1-1 o he reference frane.
0g8ad a'ﬁbermlyuaith atheﬂrsbosﬁerem exist hd hathe poaceduseg310. The

adntnal epesdurey on hecaatiod Aa0 g pERmally Fatian the amm in

} l?)%ﬁar aﬁ%hrﬁ@ﬁﬁmﬁtﬁcﬂfeaﬁl@t Yefddréfcd BRisf 11shnd efemhige el actual axial

rocedure 310. The additional procedures
dnicatlbe métmed tese @émnm@@nﬁrrstcaefeyemuam%n tMeregver, additional

gﬁ%cec@lr é ﬁbé %ﬁgﬁ‘lg)& ggf) hcir\h SF{drﬁﬁ Hics gcgétgﬂﬁﬁwﬁaﬁ)e efsvition of an

@n@l%fédtﬁ With Edspeet & teceférehse fm@andraut@ddtld:allyrmsmon an end-
procedures of the pethod 300 can aut ?mat i C

iosionin@lignment & 1ahpes Lo BF TEHTBNES A Ok another reference

r ect to the reference frane and automatically ,
position an end- effector in alignnent with respect to
the fiReférringfterigoee 42| theomedimad B0 fugher incluslesaan sutomated arm

008 Fi 12, t hod 300 .fuyt . )
chasies s dirbataes dhen alkiieth b theGarRats dhhdkith the first
ter’eré'rlldéJQﬁE . 1°fTIﬁé‘%u%rﬂhi@é! §rn?~‘p?oéédd"ret330 thh Ye controlled by the

reference axis 1-1. The automated arm procedure 330
cantrolercdtl based apbn thadnitisbietatisinakinrit ovabies Ey the @im provnded by

58 BBl B 370 ALERHE DAL Aol GaElog tho base proviced
iny tHeabasiiaput prodeduse B20F OR&fbringAse Rigure tAl thay controller 210
t he base input procedure 320. Referr

oausedthe base 19410 tr%&lﬁ@@'@%tf@afé%ckl@& wtlf V%é@%& éé“ reaches a
FoLELRE RS PRI | TR Rl A BRAT Py, ro am 105 1
trbteite catisit contectarandlfoves the aegbad displacémenb membar 206b of the
%g%ogg Vs%?\sct)rhSO"fb ?ond rgtlaf‘gka Cs?erﬁ%rc])tr). mf‘ eer{m\?eqrqgnp of {he dlsplacement
element 206b sends a signal to the controller 210. When the signal from the
displacement member 206b reaches a predetermined value .corresponding to a
desired displacement, the controller 210 stops rotating the arm 195 and records an
encoder value corresponding to the rotational position of the arm 195. The
encoder value for the position of the arm 195 in Figure 14A is compared with the
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second sensor 204b (i.e., rotational sensor). The

nmovenent of the displacenent elenent 206b sends a
wG@2@nahsssd the controller 210. Wen the si gnal péT/OR20041€17760

di spl acenment nmenber 206b reaches a predeterm ned val ue

eocoéerpcaiwe fay the initialdetatiorel gosifibaof tenNarm thévided by the arm input

contr 10, stops, rotati ng the arm 195 and record
ﬁoceéﬁ' 3%1 VIGE isoindicgliva ovfhgnt angle &b r 6PEEBRORRAING to the angle

PesiédrPtheCdrnt BRisH-A Pthe fi ﬂEt re?@fé?i%g Rx}’sa Ye for the

position of the arm I'sS conpared with
[0085] the Tﬁs autoate m&smc@amdmomuﬁaa@% a1y the base 194

| f th
SRt wegrage | ﬂ%%?ﬁ@%'ﬁbﬁg@@!ﬁ?@t@é&%ﬂ% fihe opposite end of
thﬁiaﬁﬁﬁl%e Pigurd! 1aBgé'ﬁ)_\ﬁé gﬁg %tffg%owﬁfg?&gté&étgg aznpél%gedure 330.

bet ween the arm axi s er enc
The convolien Z‘m@auae@mm dasart8dptootransiate élﬁﬁgdhéttrddkew2 until the

' 194 | h k 192
s LGS’ 4 38pnis pRGRsiminerdelience Reinidaoand handne controller
20 dehsesriielm fO3)46 GoldAB SRV dbPles F %%&{be displacement

aut omat ed arm procedure 330. The contro

Hbﬁﬁ%‘é%f 306b a3 predeterminadavaluet dhel amyolleezu 0 ack:ommgly notes the

i‘f*éedreer:]\}cégjepgf‘ﬁ% chgﬁzgl'gaé q%ﬁgtﬁ)?fcﬂqhgr edei% gropreeﬂgndlng to an angle

,&;auﬁmed hupoar thel@hcddernelaés forthiel arhd 198 dtahassodifth g, shown in
econq4g}?é%c§cenent menber 206b by a predeterm ne
'é’l“t'fe RRQAIYQLT S2800WR b FigURg ¢ B the sontieller 210 determines

SN GRRhesfiacthvaR, Eor‘r@é:}x;r%ug% ‘t? R egl%ﬁgtﬁeﬂ[}hg eghbqﬁsrwas misaligned

195 correspon ing t ase
witl darefirst aﬁzfawldeoaxm Hel dunng%e atmhmmtrmscédm@ 310. The controller

F M Bl al 16 o rOlaub Sapershi fodhc aifoat Melue so that the

axfnﬁaﬁifsAANM%IlgﬁédQﬁﬁptﬂ@'fﬁgté)@st‘lhﬁ extent that the arm
195 was_m salrgned wth the first reference axis 1-1

[0088]  dur i ngefeRingionhigiget 12 theedaliratbaro méethed 300 cah Ifarther include an

SHPIERED 6588 BESedie 3157 Bl s el 5 gl oiah 1 the base
albag fthe ﬁtstaml$1-1+ 1 RelfO9BG] toREihary ﬂﬁ,gtrfeoc&'\t%lfe? 249 effdtfuates the

[ CLéon met hod 300 can further ‘1 nclude an
6@&? A3 BEOCsHYER 4P dyJatatingrthe @rmil Hyuntilgt resichealan angle ay

a?‘?ﬁ fMen t%glatﬁ‘? ’E}é’ée 408 fgﬂﬁﬁ'h fs?aﬂ%o&{]cmlolf L AP 195 displaces

1-1. Referrin ur e cont

toeffiest dlapleseltrbet na&mbe‘aﬂéﬂa liBsa medstermired3didtdnce. The angle ay
til it reaches an angle a

5}’%&‘%} r]:g the rm 195 u(g

Prraade l?ga'ﬂ fAcHALvalya Cer{?ﬁpomdiaga@@t@ledstﬂrwraﬁd position
fof tﬁ@%rmfﬂmr tie elteivRted e SB4GC Cifa!

menber 206a1rg§5/ predeterm ngg %'b%%%lgegh% *i"ﬁi‘% ?ncoder value is
aggdlate beqauser &QSamtenmie@namMeproaadum Q&30 @lmimheegor at least
rhifigBteR 8 Y Th rb%%ltP%slr'lgt; tfie' arm 195 in alignment with the first reference
axis 1-1 in the arm input procedure 310. The controller 210 accordingly records
an axial origin encoder value of the base 194 at x, to refine the axial reference

location of the base 194 along the track 192.



[0087]

[0088]

for the armduring the automated base procedure 340.
Thi s encoder value is accurate because the automated

waremmposssedure 330 elimnates or at |east m tPOUHUBZ04/017760

the error in positioning the arm 195 in alignnent with

the f Réfetmﬁq 5400 & 121thé Behod BOONRHA further include an
procedure 3 The control ler 210 accordingly records

automated etevajion procedarie 350 deatodetermingssa refprenge sipvagion of the

SR AU Sod SR S 5858Rst 3858p rafkBhcd MarRes R&RHing back to
F’gT/réJ%OQfH edriféfr 2108 actBated thenaurasated taleVatibn procedure 350

, the method 300 can further include an autonated
by esiaingdhe Aot 48ise thsbit inabovrile thlﬁ%%erssqre'dﬂémceﬁh@e the elevation

of Okg
SYRL' The Souylor PLTMIHrRhs AR M S o pldhg £R7gALK 102 and
fdigtesthbr ainh @95288yapidf thet aaglesat tee pasitioned eelfeeérmasurﬁace on the
procedure 350 by raisi ngl t he ﬁrm 135 SO t
Undeicsitn of the pameigiared everithg thir ﬁ@newe%@iq ofifter the reference

I
SRS i S BT B A bR RO Siptdepit e convoter
ey towersithe argl €9Runtildt displacesrihe thied dlspiaoenmnﬁedmnethOSC by a

t he nder ,side of the arm 195 direct] er the thi
BEHsATDAY e BRG e h Sl B cattesabitiha to the

Fe?érén%esél@\‘fétld?%ﬁﬁg aPhe{og Ql%nbh’dr{ QIe%ﬁﬂ?rPéx@MC the

contr ol | owers the arm 1 until it displaces
t he tRleferrldgspgametnerﬁlgmeeﬁentthgometlmgd a300 can further include an

det t I
N
ARGnALANGItR ReSpet 4 laﬁra>@e<bsthe[ RIS cBdfane) rmafegmgrtot Rigure 16A,
Figure 12, the method 300 can further include a

the: eeniraller 210 wiates the asmoteeuptl teeachas tfﬁo%nqq%lﬂﬁé/alue at which
ﬂ%e ﬁﬁ aeﬁcl?sté /8 Eﬂg E;f':g LR e i rﬁ'rb@%ﬁ% alid 1. eff'@i%;%c%néroller also

he re erence rane rring to

ﬂréﬁslatéshmedmﬁer 194 abn@ltﬁe teicktiO2 ahtd the baso s posﬁibned at a known
reaches the e ?er \ he ar

t_whj ch A A .
lQG28oh gacalon (S IS TPISrehcs aKisr bric. THE ConYOHST iiad Fotates the first
‘éﬂHt Lfgcg'r@éé%ntutw%aﬁl%lt afigs 9,nef bafmst Wé‘feﬁ'Wﬁ‘%ﬂdé@es the second

unti | ase I s p03|t|one at a known
U[sphataementSeblnmrg 206b.f i The cwitmllenc21Geseives. aTsignal when the

troll th t at f {
S TC Black e b BBER DS 4oL O 5o rocoros
#RC @Adod & %ah@cefrwm rotRional pdskion &hehe dinstr ehdl@ffe2id? 196a with
recei ves a signal when the second di spl acenent

mmhttoztbebﬂwséaef%en@ @x@détbr nRetedripg 4t FigHredgB, the controller

BRI e Fu ERRE enlftidont iRk B0 IrafigBliy e base 194

Uhtilst |sr;ﬁfs$ticmi§d?ataa<pﬁedbtérmlﬁe(ﬂ fogation )Q@l(ﬁnggtl’reefu’sﬁ Efetdnee axis 1-1
controlle

and rotatlng the first end-effector 196a until a second side S, of the workpiece W
engages the second displacement element 206b. The controller 210 similarly
records an encoder value corresponding to the rotational position of the first end-
effector 196a relative to the first reference axis 1-1 when the second displacement

element 206b reaches a predetermined value. The controller 210 then determines
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[008¢}

[0090]

[0091]

conti nues the autonmated end-effector procedure 360 by
translating the base 194 wuntil it is positioned at a

Wee@daosssii ned | ocation x4 along the first refRCEISM04/017760
axis 1-1 and rotating the first end-effector 196a

S A9, e, P A ot s
SAkter 108ardcordéc rothdsawtomated dad-effeicter procediypaififl algthe stages

é&a&hﬁbi;gu?ééoggl alib 168 othe epbirdiered kS dhar jpidfe Bl st enc-
36\"1 g&ﬁﬁ‘f@% th%'&@@ﬁe&@ﬁ@ﬁé&ﬂﬁé&?@t@ahgn the first workpiece .
predet erm ned val-ue

he controller 210
Wetwitmithe sirst PafeidBc208Xis 11583613 apathapSeieenca wwdo carthe reference

{@inac i conuSlia 0 Ea g b abipaRol A ikl procedure

?%6 dsF deéﬁdieffeétopr19650tbrﬁ|g?n6@lea§eddm eh@efrctor 196b with
own I n gures 16A and 16B. The controller 210 can

mbe‘msirmfereacelamsﬂ-ﬂst end- effector 196a according to

the epd-effe ff { i o first. ,
wor kgﬂe% £&m %&I ﬁﬁefq\(&éﬁg écf 8%%@%& gFOfEQEre 360 described
SN ¢ é)&fe%féﬂ“i@ @élrﬁgmﬁ/ Absurakf deenase if raligas fhiee end-effectors
controller 210 can also repeat the automate

ambrémgetettbe agted)ansition alebier werkpiRoese clpnproduction, an end-effector

g ER< pleiitebran L pathisief RESR6H off ip Bighiilior. Some end-

é‘ﬁ'&ﬁdts"fﬂfﬁwelfert heayacomsisteatly drodd gﬁdnkpte«xes mutc@‘dah@m@ut with the
descri bed above is e ected.to
sl o [ eiu HERoror Tag @ tomatkit brir Py pragedure 360
e? P I RéW CfHeoendaffectors hold
Q#e# ?l@h%%ﬁyp%&hﬁé&ﬁﬁ% i'n%%%éctl\}en d7" REW ndaffectors ho

I cal ds workpi eces at a
Worlcplatemﬁ)ek;eusmtha methEemeMSeafeadamn fRymethen erimeter of the

BOrNRURCES | TR ate efrees naim hmn vaRredi® (SR with respect

&esd{fetroétorsThe aut omat ed; end- ef f ect or procedure 360
accurately aligns the end- effectors |rrespect|v

how t e epalibsafior tsysteroB@0 igsikatedc 4y figkraude toﬁB have several

surenen h [
e ERbGRIGL R O AOE, TehEF | PROGiphe. deront oo o
Wdéﬂh%‘@soﬂféddﬁmrpme@umspeﬁmr exangie, the controller 210 can

end- ef fect ors. 0090] , The c lib n system 300
autamateathed arm PngPéOQ@%ﬁ é@\\ﬁe?}gse tPHE Araggdure 320 by

?%2@ %ﬁ?f&tai; of &4 Heﬂﬁlééﬁ‘éofsetgfﬂet%h%fé’tﬁéfﬁwtléﬁ'rbfaﬁbﬁﬁlt value for the

roce res or ad t1 onal r ocedur es
armrmldethennuaabamalr\mlmeforzne base. lammmboﬂ@%ﬁm the method 300

BRAY BTG Juik e tgrated dem Breeeroly BLAagPL ife dgtomated end-
bftEctoP & dure 380! 8nadcuratelpbsifioh ke arm 195 and/or the end-effector
196 along the first reference axis 1-1.

The robot calibration system is particularly valuable when used in
combination with the mounting module 120 because it is not necessary to teach
the robot the position of each chamber after calibrating the transport system.
Because the chambers 170 and the lift-rotate units 180 are mounted to the
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armand the initial axial value for the base. In other
enbodi nents, the nethod 300 may performjust the
w@oioared3ssl ar m procedure 330 and/ or the aut onmaPE€US2VA4/017760
ef fector procedure 360 to accurately position the arm
195 and/or the end-effector 196 along the firs
muetmgcmodmles 1201 at [mem? lpgatiors @ndc e tma'emfdﬂg module 120 is

yst em ' Ei‘slbffgﬂf’ H[q?'] fy’r%?]ﬂé( ﬁg?&%ﬁ@ﬁﬂloﬁgﬁo@%ﬂ%’fgre with respect to

fHét clﬁ‘é’rﬁﬁéﬁ‘ébe kRowe aelativé he theheferthee framig obme)fncmmtlhg module
chanber after calibrati nq the transpart s

B2Qadiditionallyhwheethe 10t1RB isnigstalled ans S&?"%ﬂt‘@'ﬁ%@‘e sensor

808 B4 s SorkBer 278 RGAENEifgRne end-eftegors 19620 in the

I'é?féﬁéd&nﬁ’amed the FOBALIGS can Mbpeﬂa@ with the various chambers 170,
di nrensi onal é@St abl e,

sdeiatg HORS GBQ; A0 theéoaaﬁm'l Gfimoqule. 198 withoyt mppualy teaching the
f%@d‘fﬁﬁé%lp%ﬁlch&? dhvgwdéd'ﬂbépﬁn h8EEHE € AL TR, @ﬁe robot 193

ngrm tion Iy when the robot
t88 bes calitntatdd &:dopedate avitrbathtof dhe hagnhdre angheassetigsi in merely a

épvgrégg@énggé%g% %geye%%\ﬁgourﬁgﬁ@f r@ﬁtg\zll %Fgﬁécgn‘laﬁi\élglly teach robots
il%gﬁec%ﬁ? |dc@Roh ¢ BalR BhaAdeMaht da|%§et{é1r i ous chanbers

t-rotate units 180, and the | oad/unl oad
pooz] modul EhEOGulbrbtedt catibtaéibhy systeohiang tdimensisiglly ¢ sfable mounting

alidile | REoVOBoS Tl aRPRA S | FIGy PacaNe: 1" gyntime  for

Fhaintinihg %r?@ﬂﬁ’@ Psroaﬁt% i§ aRfiRfidaatlyilesgesrapyreal tofcmmventlona| tools.
m nut es T nst ead the several hours that it nowt

tMoneamer| tWE td@a&'ﬁmﬁalf@lt dhe ttgel SHLi$ | H”h%'bd?i’%??%ffor repamng or
ggﬁlg&%&a @'gagﬁb%gs?%tgndlbp%g] HT '?Sta?é‘ QQO for the reasons

and” di mensi ona nDun I ng
Expidiged ebmvel e THegintdgrateait toobef)at\mtlgtl'saadun@'nslmaﬂaﬁable mounting

eshilo; Baherg e iBpTaiad cifDEoB SRR ) egpet 199, therefore,

:}4? \ﬂ8¥§ afsn{;Hi‘ﬁcgﬂ%\)a'ﬁ?agiéjbvé%ﬁ\lé%oﬁ&qw% that ‘sth\ﬁ?ér from extensive

uce repairing o repl acing the chanbers 170
aowrimé Far rbufine natisiesaned.t s 180 for the reasons

[00e3] 3?%?%5&?@ SigE ’h&?ﬁ%rat 5 A be GBeydied by {Baching the robot

AY3OiHR! S5 loREfdN @f‘asdb‘iﬁ@dﬁé‘rﬂﬁn the taod ovie A8, mstead of each time
therefore, provides a significant a

dvant a
dbevebot orthe casopanaias realpeas. FobAYERPiSeVEral components added

th itionin
SR 55, oS PRRLRRRS Bt 30 7RRacE M the posiionin
tdiemenlzPbn the nblistirgpawidule 120c a'ﬂne) waiér wcatiom of euchi gomponents
the tool one tine instead of each

will not be a known location relative to the reference frame of the mounting module
120. For this application, the components can be attached to the mounting
module and then the robot can be taught the specific location of the component.
The robot only needs to be taught the specific location once because the mounting
module 120 is dimensionally stable. Thus, the robot does not need to relearn the

specific location after maintenance or installation.
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the robot or the conponent is replaced. For exanple,
several conponents added to the tool 100 may not have

w@omuildssns ng el ements to interface with the poBRCT/USIV4IGL7760

{0094]

[0095]

[0096]

el ements on the nounting nodul e 120. The wafer
| ocati on of such conponents wll not be a known .
| ocat Anatheslasivantagemfiseverat fegmbodimentseithercalineation system is that

[ dul 120.. F i e j : :
oLl 856t partiat Bl tRERIGERED fmd. B8 areratino with the
ERSRLERE 170D &He GRltokee Wits M 80, hend pies ilbad/uhloadt modutd 198. One
the conponent. The robot only needs to be tau

shallsingecoll meaualinteasbinglbe=ebet theespesilit laegtio 3 fﬂaf@nechamber or
120 i ' i . | & . ..
Ré‘g&'q%g%cﬂfe@ihﬁ%akdg{ %E@%ﬁqu{l@gggﬁaﬁlgﬁ %@g:cﬁoﬁéuﬁoﬁ significant

BpErHtiagastesrsdh produetionat Tieis.can2es\Uib i3 @bpaB85Broken wafers when
PCT/ US2004/ 017760 ][0094] Anot her, advant agg of severdal
ehotenevesothe; waters 9 Bndnreredtjeealian. s SeMakal emediments of the

b3 OB T S AT iy g 5 1o o
buch igsaesthecansé opbdior emdr inheallbvatirigitheosbotizielireiredsd. It will be
BN T YRR T TN ——
:tﬁb a}oBPﬁ'foio' Sliffdtes! 4 GniddntdsBUIRN oFT fr@étPatio) félﬁ;%éﬂrﬁiconductor

n significant operating errors In production. T
Ezbricatars|and othehoperatorsiof integeateddd@ss when the robot
nmoves the wafers to an incorrect |ocation. Several
€nrbod Emiddimeits bEEnduiffectdred cal i brati on syst em and

t he untin [, re expected to u

i ssue 'Q}g@ﬁuls‘:gf'ggé'ﬁ%??ﬁ?e SF'Eb&d'rinﬁntsan ﬁ-%aéﬁq{&%?ﬁ@rﬂgg&hat can be
uSe8ith B8 §@nspbrt Wyster® @ 90aePIRC tdl B0t hThesé! @nbodiments of the
accurate calibration of the robot to the other

eﬂdrﬁﬁe@f?rs f18!‘3 anehauite oalusble venemilsedewith T&ﬁegamr%%tﬁti calibration
SSe5T FBsolhely hbBYe Woafibe 3K, BRI hBLwopPREceE2! Phé end-effector

BoBostiovan s Fiduresd7BEP@ s arihré®Pohit ddgpugrs ehdlefidtors, but it can

illustrate enbodi nents of the end-effector 196 thalt
bawefeur 0§ &a0TE eentaslePeipisHiB Bther Sk -of>avELal agpects of the

108: e ag%%r@ﬁﬁlérgg J&?%qﬁ@ﬁé&f}&e%%rilﬁ&ﬁirﬁlﬁs. Patent No.

quite valu en use e aut onat ed

6016951 iamnl US; sAppticeltist Noise d 041954,/83% @od k620,326, all of which are
center tth(s vvor%(pi eceﬁ. The end-effector 196 shown in
pePatas BY seierence befellk_ poi nt edge- gri p 4

end- eflﬁi@.ﬁ{eo‘i?A i8Udn idorhiétiic aweilllswatiny omer embedimeéiit of the end-
poi nts Tn other enbodi nrents. Several aspects of the i
effectsirf t38.0rle thizcembedishent, dhe end-eiéecang 186 thag grlkody 410, a first

described .in U.S_  Patept, No , . : :

Rﬁﬁ?'ivgaﬁq%'ﬂef\gg.ﬁalaff9§'%5’é9erhq1%f %83?6‘%&3@%6 51 gp active retainer
WasembRf 830 having rollers 450 near a proximal end of the body 410. The body
410 can be solid member, or it can have holes or slots to mitigate backside

contamination. The first passive retainer 420a can have a support surface 422 for
supporting an edge portion of a workpiece and an edge stop 424 projecting
upwardly from the support surface 422. The edge stop 424 can have a contact
surface 426 for pressing radially inwardly against a peripheral edge of a
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i ncorporated by reference herein. [0096] Figure 17A is

an isonetric viewillustrating one enbodi nent of the
wepra/1ef36ect or 196. In this enbodi ment, the  PCT/US2004/017760

end-effector 196 has a body 410, a first passive

retai ner 420a at a distal end_of the body 410,. an n

wotkpiece: eT he fisst passiventatgingA20a FPRAIFQ NeXp SNy 8§ ined, furface 428

égﬁ[ngf(h@bgﬁ?&gfﬁ?@hﬁebgﬂ%%@%%ﬁgﬁé. bafe eAd-Lifedtorb6 can also

can oles or slots to _ _
iMicludgatsecbad kand ethirdo paasive atetainersT 20h-c shegradbe vactive retainer

K N v T
%@fﬁeﬁ%gmgggi E5h 0w ilﬁf% he firsP PakBiestermnet 4208 aTJIge support

e stop can have a contact surface 426,
sorfage=422 mye rspdced lapartiramdihe body 430 ta gsevergHeeavorkpiece from

d f - 3 004/.108353 PCT/.US2004., 017
ceiastias fhe hedy #10 S BLGER0G SppiaIninaHon Sp R s iegior 196 and/or
Saé\&idé‘&“h@eyorﬁbfefc%e 428 sl oping downwardly from
the support surface.

The end-effector 196 can al so
(0097] i ncl utreoperating, thedrobht 193 fhigsress2B angi Nepasitionsiithe hady410 under

t he active retai.ner sse [ PRIL~EN

B WORP Bt P10 4 € STBRASGHr 1y yhilE 8 WrRBrecE Contacts the
‘sﬁ?ﬁbfﬂ QUFada AR2carior PR glide sarfaces Y6, f The activmsstainer assembly
retai ner 420a. The support surfaces 422 are

dparthenrmaves ionsay (amow: b) [ enenage the %@ﬂ%p‘iéﬁ gﬂﬁﬁm peripheral
SA0ERE! . LPRIBEY (BB SIRhydL ' FRIrBD 7Y S qrReeffector 196

wetsiiegle . hdl@9 % lworkpizger betvesen tthe rotierst 4593ali ther Best passive
2B and 9) positions the body 410 under, a workpi ec .
seiainegi 4208 | havarkelees gt 2 TarmBvehirom E%eaﬁ'ﬁi%f:g’é J96 by moving

‘fl‘?é]%@ﬁ\'}e?‘ réigg\.er %ﬁ@@ﬁ’l’b‘y &30 hacRwArRE (Rl @) tb %&?a@@ the rollers 450

surfraces e act’ive retal ner assenbly 430 then
frone $hd wovkiece.arrow F) to engage the rollers 450 with

t he peri pher . edge of the wmorkbpi ' . .

one 6, PERGR TP "SR s Ghe bR SR Hd T Yt oty retaner
BREKRILAF A30e5MEWRA ihhEigueé | B1/. 4FD thisdembedimert; the active retainer
passive retainer 420a. A workpiece can be reno

fassemtih 43Adnaluries s ac@lon434antng yqllhé3§09c?q;\é§c? to the actuator
6 SFe RAHB oo b0 MBS SChIAE syindibagfifes the yolk
i436a8I0hgCAgUIdec 487 eWThe butive attairerdessanbly ¢30t tan further include a
SSOE B dBRen detarunadhd vesHes 2 g Yol sl e dasor nit 438 can
ia@cﬂéfhg{li@?d ap fe! dHiilef 3 ikdidate WAkK tAGydlieuReid ihoa N retracted
position to receive a workpiece or in the fully extended position to securely hold a
workpiece on the end-effector 196.

[0099] The rollers 450 are rotatably attached to each side of the yolk 436. The
embodiment of the end-effector shown in Figure 17B has two rollers 450 on each
side of the yoke 436, but other embodiments can have only a single roller on each
side of the yolk 436. The rollers 450 have grooves 452 for receiving the peripheral
edge of a workpiece and securely holding the workpiece on the end-effector 196.
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[00100]

432. The actuator can be a pneumatic or hydraulic
cylinder that noves the yolk 436 along a guide 437.
wab@4aes3sye retai ner assenbly 430 can further PETUSZIE4/617760

sensor unit 438 to determne the position of the yolk
The sensor unit

. 3
Therolers 650 tscPringly: dSUI Aetie TpHA eS| dbing o grge of a
\A{pﬂfp{lé‘&é ecbth%?gérﬁbé’d]mte?nté %‘F%éeeﬁd-}éﬁég@r QM Bave rdlﬁé}%nt types of

ext e position to secure a _wor E’Iﬁa
aotive i‘etalaeds molLatdadio theaolk 486 ¢ attdidionde |0¢§ﬂrgllq;59f rollers 450.

2?&,2& $sagﬁt§%e${§ng\ﬁ$\&0$ e af ﬁg@f%ﬁ%ﬁ%l @uérl §¢‘E7 égﬁre 19 is an
léo?ﬁeﬁle'\) n%g gﬁ 0 eR8- e?@%fbr ‘ﬁQ@'Wntﬁfa Wogkpiete W3 Ghhdset Figures further

I ment's can have only a single roller on
|Ilmstr’ate thial purgosehef el tolless 450ha mere detailssMaraapecifically, as the

a\%{z’é’ \égtggé?%gfagélg&ﬁ@? ﬁ%sd{%ﬁggﬁ@r@ f& .t% ?gﬂg tﬁk{ Rénpheral edge
of"tHe albkplcRe WOt the HtodR<2QAG2/ 0GRS Pollers 450 the workpiece W is

PCT/ US2004/ 017760 The rollers, 450 accordln Y %efi n(_?
ceotdred awitds slarsped betwepnyithe firstdoasie [t algi\ r'420a and the rollers

4}@\,2 er? géqr&{éer@g@@%r%@c% A skBfe8i&iVeS Ctﬁecl%by 410, the

active retal ners nounted

watRpicebkvAgif rotaiteatbrg ‘mle foliers 4501 akithe yofk 436 mm.{elssnsthe forward
450 [00100] Figure 1

e FocTty riosry tos rlers 4eb o iSelyderierS fng porkpiece W
Iaélblregtge ?%éef%@r ﬂiﬁﬁeéﬂlém Wavikg! e roflerd BeEIn a stepped or

iflustrate’the purEose of the rollers
arigled narrm*f@mmrtaolh eddbr sidepefithecyolk 436G stheneolless 145 cause the

r%@%ﬁf&g\eﬁi}s r{b%é@igt%&npq ﬁ'ée &g{jx 1@ é\?%ﬁ \?J\ﬁ{e ?,]aelji %}@Rr\tpggt notch N

4 @r@m@h@fﬁghbﬁé@aﬂéﬁe of fite vmmnsoe Wis centered

[00101]

[00102]

anped between the first passive. retai P(ﬁ{
420a FBigure 26 IBCHI’I isomnetris iewsnf anqihpr emhodimggt of the end-effector

185 CBhECEbGUTHR ool lef 1o Yo bhHopREARp Eltfrps 17419, and
V7] lﬁreﬁe?éne@vmﬁmberst hefefrotovalil  cdinmpsarteintsy iR. Figwes 17A-20. The
orbRIrae althp @Gk FRCI 19RdT BIgH S/ MR G o1 DB uith a pluralty
Qfﬁgﬁgm:ge\é’o?é@l I ehs dnth dﬁé’s 0} %Eﬁeﬁe Q!'rcu%?Q'r@@hhnear or any other

on each of the yolk 436, the rolle
é@thbl@lmepéheThmpbpmgseSM reduce alaewedghitofvfbet l@Od&héo reduce the

bo%g? hé‘@@}i é@ ecgﬂgqgg! {%B{ére&t pgcf, gFﬁgNaré%ﬁ@l?ﬁ&%rs used with
SO W8 o106, This embodiment | s sim | ar

to t h&henérabiodiprents lefithei end=effeetoss 198. apwny gy F'QW@@ 17A-20 are
%;Tg\gég 3@8\5[’88%3101[96;8&@96 hhk&ifP BPHERbikdidedd WS crease the
accuracy with which the robot 193 can transfer workpieces within the tool 100. By
centering a workpiece W to the body 410, these embodiments of the end-effector
196 insure a consistent placement of the workpiece W relative to the other
portions of the robot 193. As a result, these embodiments of the end-effector 196

are expected to eliminate or at least mitigate one source of error in automatically
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enbodi nent of the end-effector 196 in Figure 20 has a
body 410a with a plurality of openings 500. The

WwWop@ailes3s3 500 can be circular, rectilinear or BOUS100€017760

[00103]

sui t abl e shape. The openings 500 reduce the wei ght of

t body .t h ' ti f

Galoraitg 1 SFERER Ko Broirfy Bngler JGHpRReS 2BhTing chambers
PO T MREHERIAREERB0, bﬂalﬁé]oaw@nlaabmmngsof t he
end-effectors 196 shown in Figures 17A-20 are

éxpecw&k@%cs ‘i—Fé\Hdﬁﬁg it f8F CLE 3 Eh m@@ésglm Ybssdie
ease e accuracy

r obot Figmige @4ris ter pardally solempliedeastialiy %MO@% '%%B?tﬂfdﬁﬁtrat'on of

SR, Lo o BT 1 [3Qopct g A 1 DralTERE 180 desoribed

§BHve QitRNTEfdtbRss ERigued 7t hﬁkmfemrmemdfﬁbeﬂsamaomdmgly refer to like
the other portions of the rob

compenentsbi Fﬁlﬁut@ bandh1-2Rg.- E'W &QTBP'eﬁ%‘anéﬂfBg apparatus 1130 is

SERRAIER AL gy 5% O e 120 ccorance

ReER/ éﬁS?é}ﬁBb@iiﬂe?ﬁbe thal |riveat|omlg Ireneoaspect 38 this embodiment, the

accurately tran vvork S .ano e.chanber s

BpDATas 11145, AUGHR P MRt e 18alEH Gateo gy Miorofeature

é(% léplgc e YOI WeeﬁEaMW@b' lggcddﬁilécfté QI héde miuint 1181 that rotates the
essi ng Vesse 03]

Figure 21 is a partial | {W
sneladmaltSZCexs frati¢ated I(lyy exrpMoBédO ipositienrthe wcpnknaceaw e up or face

Fipmn r%ghgquﬁﬁ{o%gghgggl& gt%}gg\]/\ég%p%c re'Irt1 2@80 having a

hBuFlngUﬁ%? ahd Kseihgf %ﬁ@ﬁe@m@%@veﬁlmﬁdmlay\dr ebemwardly (as
onponents in Figures 7 and 21-26

indieateddey Berow Thip arpsp@rﬁmbeqwd 82sang dhe |V§UPB'@°?0WbB°Ward and

R TR TRt InbRbeiouBdrheoBdbtSomBted 1190a and 1190b

PREVIaS PRGIH @hdt Blestriuab odomeminicdtiva beppeemtine W@8Bpiece handling

. includ bl e head 11
' porTAtoR: 114D 46y k59 deet W ke (Pad0d104 FROWRing gprin 1170 s

[00104]

%ﬁgﬂgg teggfb?%re]c?s@y Ehﬂ)refégs%inyséaﬁe th@a\ﬁoﬂ(b%eaﬁandlmg apparatus

y arrow to position the workpiece W
1460 tonhe tod| aieek 166v\as dekeritbachin greatar detd@iibelovcarri ed

BZ. ﬁg%% ?gg \}é]lﬁo hag»p&%gn%aragwdﬁﬁ% 784! described

IJRveaiifl ?é‘fe?éﬂdéWtJ)F'QGrémWe e Iedehtihg8 portich t1E70 includes a

wor kpi ece Wtoward and™ away from a processin

cloavriveardlyCtaning tropunting surfese 1180 presigely1 %'Qﬁdow dgount flush
i 298 B i, R 8 i H8ed 1971 nd o deok 130
tﬁ?@bise@Qﬂierﬁtlﬁ@h@hdlmg apparatus 1130 relative to the tool 100 in the vertical
direction. In a further aspect of this embodiment, the mounting portion 1170
includes second apparatus positioning elements 1172 positioned to precisely mate
with the corresponding first apparatus positioning elements 1155 at the deck 130.
The first apparatus positioning elements 1155 can be the same as the positioning
elements 134, and the second apparatus positioning elements 1172 can be the

same as the interface elements 184 described above with reference to Figure 7.
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configured to precisely and rel easably secure the
wor kpi ece handling apparatus 1130 to the tool deck

wa3@41es353lescri bed in greater detail bel ow. [ ORADUH2004€17760

[00105]

nmounting portion 1170 can be the sane as the collar
182 descyri bed  above w t. ef i QU
Frﬁfu%’@rﬂalrepéq WSneTﬁ?gmi‘?{ﬂt % engg%Z)g&%\wgr%ﬁ?rﬁgg -r%&nents 1155

i i ind BhdoERe iseediyd npphiratad positioning elements 1172
'ﬁf"ggtﬁ é}gjégfjﬁéﬁg;ﬁ{é deck 130. Accg‘pgi n Fjthe nmount i

7 l Y, | n
inciublecaperires siced AR dRasitionsy t%ﬁ@@@@%ﬂﬁ%k\/ﬁeﬁh@ PRg. M another

SRBOUERHHRE ot A0S kbl BBl 3777 fguce andor
fingedtid tHehfrshapipdrats positioning ElstBenisnt] dhlreludecapertures. In

apparatus positioning elenents_117 ositioned tq. .
pthet iesshodimants, the eantigiyrabions Qéé’&ﬁﬁﬁ @Ppﬁr%tpsa?&ﬁmft% elements

$55 phf (nd S F Bt rohiy Bodlioning sAgREnE 172 dReghisferk, In any o
tHesensiabbdiafints thel corssspontignce detwesr the dissidapparatus positioning
apparatus positioning elenents 1172 .can be th ' . .
clomaras 11165 an e PRSI SPRBA L LETHBRROSHBUB IR 172 1o procisely
; ' to the next. A It,
AR N s SN SORALRSHED 1 e ey, pe 2 r
&i wetkpiageahandimgpepparatus g 36| earebesremasd freg dae deck 130 and
and/ or carr ns and .t he, se ik Lani .
et snprdoSthenunteds SEROTRE ARERESFr e WibBl iliring that
{rge ﬁéW%gJR‘érét@ﬁHSG belYechiitvated.n anot her  enbodi ment
the second apparatus positioning elements 1 7é | n@lﬁﬁgjlﬂe 1133
and/ ofrhecworkpiesien sapdtng rapparatys ab%%r%\%%néa BPi gres ’
el ement s. 1155,4 ncl ude t ;
S I Tt SRS i) sy 110m, congured to be
RAShéaIIpicdBnetededt s setdnbd candetioe assembdly 4pPAP aanked by the tool
positioning elenments 1172 are iffﬁren

| f.
fl _ﬂ@s én@ q;q{@h@%qeqt Rgt §,e B élée ﬁﬁt\ﬁggﬁg&ﬁg assembly 1190a
irtcilicg]e a%oq{o%@s R9aht blglg'xilﬁ“l%g acleieiitagkl eonasetol he192a (e.g., for

appara posi t el ements 1172 is
pansimittihy datmisigrais)tal ahdonoribevwepienschangiing apparatus 1130), a

apparatus 1130 toQ th ext. As.a I PR | [ e
ﬁ'&ml‘{qlfégﬁpﬁ%?%%%r 11% aczg?rgb?ef‘?reﬁgh}'?'rngmer%y&g%cé&er fo the

w | Bhdanmd kenneebledi €84a (iddén fipm view in Figure
i\%&gra Sgbﬁ%é%é:\?mﬂj%wétgrdrequi rirr}g t hat th(temnew

@ pamch provided3 .9 te §ugpiymrgswlze[dogimg}rgﬂg}aw?rewuum to the
Siecd, ARAE AR 1130 TN SEpohd hrcctpgssomy 11005
B B o s o o s
11696b, 206 flukkeonpeeiars 1BADadR YLt 33KTIReh SSHERD GL IS fTBodiment, the
U& LORSSctSPREGSHhRY PRSI Yohh8fRd to and released from the second
connector 1190b with motion along a single connector motion axis 1195, as
indicated by arrows X and V. In one embodiment, a user can move the first
cbnnector assembly 1190a by grasping the connector housing 1191 and moving it
along the connector motion axis 1195. In another embodiment, for example, when
a substantial insertion force is required to mate the first connector assembly 1190a
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i ncl udes a housing 1191 carrying a | ow vol tage
connector 1192a (e.g., for transmtting data signals

W 000aneB3fy om t he wor kpi ece handl i ng appar at us BABO$2004017760

[00106]

[00107]

hi gh vol tage connector 1193a (e.g., for transmtting
el ectrical power to the handling apparatus 1130) a@%
Withuitie tsenomttooneedtmgzassembﬂdéfh9@b,o’ihevf"§§vcpﬂn¢$t9[| @ssepbly 1190a

@‘g@ rgo,%}:gsg\(pagﬁﬁw t138?h@’%P\X%‘F %‘%z Hrréha%igg\yaéftacﬁ’ég 8§ the second

cﬁ:;ru§8§éfﬁ9§/ 170> 36c@ad G neot omnm:t@ﬂ‘absembﬁé&) 1190a and
I nc udes a corfespondi ng | ow vol tage connector 1192b,

W 90gtogetharage connector 1193b, and fluid connectors

1194b, ' y é[{f{b{?g rfgléét E?_ﬁ‘a );%i%ggﬁldol [nds™ ‘P&B‘eé'ﬁd’g[éMaé lihB§ 1134 are

fi rst a is connected

fo%h@di%% e Wrdthonreewithssepblg citi@0althéfighnat firstroonduit 1135a to
al ong a single connector notio

ihedwosltpiece puppeib il 8R. afd sgcon sgﬁg?élhtgggp%ﬁlﬂ%aaﬁg/gf electrical

RO ARAE (BREVISIHiS i, FAITRSST) bre RRRe ol 47 Bkond conduit 1135

frbANthe! firet @cnm@cﬁbpasmhbtym ‘E@Oastdagh's\ear drise cme@mamsm 1129. In a
enbodi nent, for exa

Fibthes ASpertal e bODRAT: TRSRNS CtbIdIasP 1§ SEnRA rigid and
et cordui fé\ﬁ 35 asiég{t’g?q o BELh PGS Pdaticilofhewark@iece support

second conn 1190b, the first connector
4$8erdibryg e Gransiatioh uakis Ta dapeliows JdBaws1alse dlr’msqdqaround the

ser threada att es to th ec

[SSar e BB 3588, e B oBRRCDiE PRABBCCl Bog ombodiment
HOBancs %I 121@ w%ﬂﬁbéscgéﬂch@f and 0a0R} ehibogivaents) tiae belidws includes
one set of fluid lines 1133 and el ectrical |ines 1%?124 Eurther

atter flexibledrasiliemt tmaterialss of dhankiraas dAe dRgFHAMEMg
Qu first .
SRR e R A s lER i rfrence o
@,@_ﬁb(rjzgcal I anes 1134d(not dV| sible in ]IC:I gureh21])c are
routed through a secon onutl omthe first .
Conne FigiTe 29 AN SomeHsa Ibsalen AL aTdiBS ARBRLLE 130 with the
i\é@%iﬁgl {cho% 2 c?‘{lﬁéqgélg P82 §h6v0h$n F@@é"zﬁ??émow@for purposes of

I'S gen y rigid and the first
GRitiation 1 13 Dhel asgdceof Hie.eemboaimnenhsiwl@ imbigusa 2% the dnear drive
wor Kpi ece

meianisie 1 %%ggnqzlgd%ﬁ gjl%&%lgagg% Eﬁ%ﬁ k)ﬁ&l'tl8ﬁe3)\$\ht?nn a linear drive
Holutfng PRIRMTRNIAGAY Wk&:dulpﬁamwa tsad $creant124, which
oai e be ovvs

ment t 1132 includes Tefl on(r#:e? ﬁj
ithreaidably. engagssi thenworkpieee seppatist 18 ph@ssintesf 1136. In other

SRS 20 5y b B [R5t aapoomers, for

- @R s Aydrbafic Treprinanaiib edtuzomy W teamyr ef thasec embediments, the

linear drive mechanism 1129 moves the workpiece support 1180 upwardly and
downwardly as indicated by arrow T along a linear motion axis 1128, and is guided
by a linear track 1125. In one aspect of these embodiments, the interface 1136
moves between a lowermost position L and an uppermost position U along the
linear axis 1128. The mounting surface 1171 is positioned generally normal to the
linear motion axis 1128 and is located below the lowermost position L so that it
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Figure 22. [00107] Figure 22 is an isonetric
illustration of the handling apparatus 1130 with the

whowsiteg3s1131 and the bellows 1132 (shown in FPQUUS2084)17760

[00108]

[00109]

[00110]

renmoved for purposes of illustration. In one aspect
of the enbodi nent shown in Figure 22, the linear driv
deehant Bnersecottientineatemotion isxisal 126 bebvaen dhe 1qvgqrmost posutlon L

osi,tioned within.a linear drive housing 1126. The
giﬁ}ﬁuww% SR 7 i's coupled to a Iead screw

1124, innhe Bmblokairaada phe agﬁsm 1186 alwy katatesethe umrkpiece support
1180 at an interface 113 I n other enbodi nents,

nnmapi\cgﬁrdrr&lmmaap@aﬁaiqszm;%%mm at/Riary drive mechamsm 1184.

E{; gﬁﬁq@'ﬁé} tﬁsgﬁegﬁgf Hﬁg( ?ng’lrgg rgt‘én@ ?l’l\?é el rh °| 184 includes a

eithMedifRe hmo;srmss%upmfeo tarmuvmnhBVamclauppnrturm:eOpled to the
upwardly and downwardly as i ndi cat% arrow T al

“hoad rmavnind{Ben 4% @hen Embediments. giieq Efansydriyey mecharism 1184

fr@@ésl&lﬁgrl ?b‘%nﬁgﬁeﬁ’ﬁé’e% dife 5% R HPEhBdiment Qﬁ‘own in Figure

ace noves between wer nbst position
andtran rcbta@ednmstmpml 118’ﬁ1rdﬂawsotmgthehhead|meant a18% clockwnse and

GewaiPER Pg SR APUE 6 TolRoTR| FBPn FBI EEd, A naicaied py arrow R. In

LS #B4trotdtes by about
SokE0BEAPSEOY 1R FPRAIRAS OStaa nount 6N cttes by abot

nB0eheteten lils éxtrerae pasiiians. afiss dés@ibaskinvgseatehaletail below with

[OIBP P IGHE a0t HaRdno i S3e BiRsL R dhedgg+ are amanged
E&Eé&cﬁﬁniohgté/\fgﬁl ncrﬁj‘e%ﬁ%@ﬁ&'i WithédBSindigeor di ngly, the

appar at us rotary drive mechanism 1184.
In a pigure @3 isra mp@jly sthenmatic, sidsoalavetionalrdewrgf a portion of the

d | t
fre'gér%e{s‘%aq@ﬁq? b, AP I etfeficBl 6 Flouités ) A 22. 1n one
Pé&eof ﬂhesaenfm@mheﬂtl&ﬁe fluid Ghéen 188hae tnletacttidet lines 1134 are
ry drive nechani sm 1184 i ncl udes other

t@grr‘?l dnerthe. drumorld 84s sieseribed apb@yeh oithe FRTEEESRN P n Figure 22.
gFﬁ%ﬁ,ﬁmﬂfgﬁd rhﬂEQWI 38" At é@él@ﬁtrﬂ:ﬁ? fné94asg %ah%%t@ﬁd from the

ockwi se an countercl ockw se abou
eh@tams’lfb(@dlcdmluucrm%a GFiguraa21)de thedotzdingdirom am BbwAs the drum

Hé§a lp@%ﬁga%%grlc@{cﬁ@%e%ogggﬁé] o |@nagﬁﬁtgw iaf(lg €1186, the lines
PR fﬁﬁi ?rl% urfWind &R iP6H the delirRat1®7, @stidditated in Figure 23

bel"ow w erence to Figure 23, the fluid |ines
biashantomdinest rincalpartiwar aspeet of thiserabediment.dthe housing 1131 is

E9aHTS 8 s RS B BRSO eh IR Hiehtr 53 an 1134, 0
ThAVRhERTRE drifM P87 Foeesd tlRiekafse! ige lines 1133 and 1134 re-seat on
the drum 1187. In other embodiments, the lines 1133 and 1134 can have other
arrangements. In any of these embodiments, the lines 1133 and 1134 attach to
the head 1182, which is described in greater detail below with reference to Figure
24,

Referring now to Figure 24, an embodiment of the head 1182 includes a
disc-shaped platform 1188 carrying a motor 1177. The motor 1177 is connected
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apparatus 1130 descri bed above with reference to
Figures 21 and 22. In one aspect of this enbodi nent,

wWo be4f10835% | i nes 1133 and the el ectrical | i nespdl/B820a4/€¢17760

[00111]

[00112]

carried by the drum 1187 descri bed above with
reference to Figure 22. Accordi ngl y, the fluid |Lines
tb1a3shaftl 1116, eindcar support i1dS foraeleasabhy Carrying é'?ﬁ tRigrofeature

\gg&gg Al %@é?r%ésy %E?#&%E?@J&Fﬁ Q%ana&%pgtkggéﬁke the support 1175

ﬁé’é‘ BFe%ErfdaP@bM\ﬂaéﬁs é&ﬁ?urédﬂ@o engage mmmlmfealurawoskplece W. Such
6, the lines 113 nd 1134 tend {o . unw nd { i ft
euef:trtcabcqmtaﬁtsmm apaly am@lecliea) n%efpiﬁz dp éhg:{m%é}ea ure workpiece

Oyl head 1182
@Eﬁ)& cﬁ%ﬁHgAl&o rhdig {ﬁéteﬁépﬁr‘& ﬁ&t\%&‘g Ir(?tcreo Thendea
QI@Bflhﬂ@déQQ protdctive @vaBh$1Zm\andeapg117f81eserltt®anatm 1177 to shield

1134, so that when the dru 187 rotates cl

famptardd 77 23wl aiher sogPonEt BT ane STHLORMERT WEAR (e jool 100.
ot her ~pabadi, RNLE se\t/é\%l 'én%‘édlﬂ%%?s %FQhélt%l 990 ARy Ql?]e workpiece

ot her ~ arrangenents. t hese embodi nents,:
han@lmgllaaa?pmmsuaaoatdaascnbeda abdwe Heathat1dke werkpiege handling

ggégr:ag&egal 0 'g&%%t@%ﬁg‘? a '1%80 % owot 8{ E’]egﬁﬁgkel}‘beg%%est shown in
?’Hg{?g'ﬂe nFciP%xérh EAL ééﬁ%u!aﬂ@s?é@lsoﬂthlsﬂ effbaifivaeat] the mounting

orm 1 r ing a notor 1 he motor 1177 is
sorfae@fl ¢a1 (wta&h\mammwrtn@B@ﬂgcb@ﬁpw&bemomwemoat travel point

BRI e 1 R A0 AR, SR g ven i o

%?@pue&é‘ V¢ @ihb@rpctiehs efthe head t1hezsempnd tbeldw %he kask 130 during
electrical contacts configured to enga

procassing, ihe WSIUNENgc suKfacas it 1 35 asieng 'S @nihgcdeck 130.  An

@@yﬁﬁé@geofat&ﬁgﬁgﬁéérﬁ?r o%ﬁfl‘%@t’ch 'wdrﬁpfe'&@ Hﬁrﬁlﬂb%ﬂéﬁ&tus 1130 is

or “etrec em ca eposi ti ng
MBHsCliked) t@ irhpedd @coosK o eompoﬁbetsheiamelm 1C&l g@smoned below the

i ncludes a protective cqver 1179 and oL 1178 t

weckr 139.77 l'gsfﬁ(gmepnqrﬁ f’i‘ g‘gglgfaﬁer&yr%s b/glves and

%g%ﬁfe’a(ﬁ rfd;v\%?;ét h&s eaPYéstthfﬁé‘tcoW\ﬂdHerhté lrRldw athe Jd&k 130 can be
e feat 0

ure several enbodi nents of the t
tefviead witheutwerkpviagethehaadipiens bapding apparetes 130 ThIS reduces

:esiliéﬂb%ﬂqui‘r 05, bRt PPt SERERARE: Ribaton below the deck

&gk 130 as best shown in Figure 21. For exanple, in
a particular aspect of this enbodi nent, .the

t
sur f adwnotherifegivie i erabedim@nisof the W@W'ﬁ%?apal?@?&@raws 1130

drScrifeT aPBEe 1 HHCH BBt B coifoldt) SROEERING!dtacticd o the tool

WQIOK PFBE exihple)/inroreoetribadiment, maheeame pigmting: perdions 1170, nor
bel ow t he deck 130 duri n%

any structure connected between the mounting portion 1170 and the drive
mechanism 1129, includes an adjustable mechanical device positioned to locate
the workpiece support 1180 relative to the rest of the tool 100. In particular, the
positioning elements 1155 and 1172 precisely align the workpiece handling
apparatus 1130 with the tool 100. So long as components of the workpiece

handling apparatus 1130 are aligned relative to the pbsitioning elements 1172
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processing, the nounting surface 1171 is positioned at
the deck 130. An advantage of this arrangenent is

w0 bai/108383 wor kpi ece handl i ng apparatus 1130 i SPCT/8SH04/017760

[00113]

[00114]

likely to inpede access to conponents of the tool 100

t d bel th .
bt e SounBng ot hee 173 ot Yo NG LAFTRR BELG 0 (. curing
%E}g%ﬁﬁgé%eger%ééneﬁtﬁ ehRIRBN BBt fedagbiaited ehdle ke workpiece

service out renoving the workpiece
hamdlingndevigp dri80us ingalledhiAn eéuam@ge ofrthis arrangement is that the

wgﬁ{a;éq%ndlgél%g”aagl gé@q‘ygu[asggﬁ(;]c ﬁ)&a@(ﬁg?gf %tsstpl 5& ﬂ}lﬁldcallbrated
%@bgﬁfgﬁg?%‘?ﬁe tl&?gt%f“tﬁh@%nh%ﬂﬂhi’cﬁ@th@ﬂ@@r Rt Hon-bpefational (e.g.,

SCri ove I1s that it need not be calibrated
dlﬂmmg mmuagoatcrfaa:rm:uaqememtewerds@leceﬂwdIlngram@aaﬁwscﬂ 13Q) need not
nent

ReincraRsre ety of 2eddlbratbifia RSB reRaling Byt “ao.
3P
porti ARothkf Feafifet breadrénBodifRstit adfi the Wﬂ:leceldlamﬂmg apparatus

an adj ust abl e nechani cal device positionped t éo t
1 130 weswijhastabavs jsothat thestiuidanst elgetrical tings 1233 258 1134 between
gool éﬁpge%%?@bécé@ﬁétuglt 111%0 %’&g td Ft%é:?)g étgé EdH? gb@ are removably -

@6@@&@%% s’iﬂg@ paihin Edsree)tam;blelﬁﬂ entloodioegt af the workplece handling
nponents of the work dI|n

apeanﬂms@,ﬁéaorledgae@@ ol 6opBeRPr SReRgEh) el 4hgh prpvides both
ctr Pk uﬂ@é@ﬁqﬁggﬂsuﬁﬁ%oﬂfr@rb?%@%c?@%% eﬁn'b@dlment the single

I'ng surrace rior toinstallation on
t:onhedﬁo a(srseg]bly dm%@ Camrbﬁf aaitan’r@)d t@ has@OU@&p@méng sconnector

gggéj@ h{)ﬁ% I o FEI @@ wi ﬁ 8 s?ﬁ@ﬁ %@dk\h%vantage of
?%ggf%%@tls'tﬁai ’fh'"E wbh&:ned@ hléﬁdlﬁfgﬂ aPpaﬂHtu@g 1aprjarati:uaimgly more

can be fabricated so as to be tully cal.ibrat
qnwka/c and cgasilyyreneyvede agd reptacednaguaieh @Xwﬁne hWPﬁ@'ece handling
tool i.s non-operational (e.g. during installation of
é‘pp@fﬂtlé%%nt wor kpi ece handl i ng apparatus 1130) need

not IpgyiraceBased p@mell dohenmtia iiboraetric Hestratiani gfca workpiece
handl i ng devi ce 1130. OOll%Anot her fea glzg of ﬁl head t
éwbdmgr@@patﬁtush@%hﬁwnsc% KBl&cRgS ‘é‘b%{{ 0 with s head moun
q%%g rth&??q@%\ég Hut doB8thol Rstald i 'éjcc%?@arﬁi@\‘r‘dth iapthdrigifSodiment of

etween the workpiece handling
alpe #mahtion.1 13 @nenakpdot of ﬁns euibadmenba)the_oelem@ts of the apparatus

gﬁ‘g‘é\ég%?ﬁeﬁg&gﬁﬂgﬂ& %%}?8‘\4' g, 9'3&&5‘? ?@Cﬁ?ggnabwe with
|Or0véjr3feS t@o‘?‘ﬁn%se DOPACCFof @@ﬁlﬂbl )thé 180parabe 1230 Includes the

el ectrical and fluid connections.
foonhetor aspeblies 11908 anthddPakthat epuplsithg fluid and electrical lines

between the workpiece handling apparatus 1230 and other portions of the tool 100
at a single connection point. The workpiece handling apparatus 1230 includes a
mounting portion 1270 having a flat mounting surface 1271 and positioning
elements 1272 that align the apparatus 1230 relative to the deck of the apparatus

described above. A bellows 1232 is positioned around portions of a linear drive
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connector assenbly 1190a can be attached to a
correspondi ng connector assenbly 1190b of the tool

wa@4mM0g383 not i on al ong a single axis. An advanP@mesSmn4/017760

[00115]

[00116]

both features is that the workpi ece handling

%ggﬁér@%&éﬂgéégev ; ?é@%rggllé@é‘cl mﬁégtgr g@gtéiﬂﬁ%&ﬁ%ith reference to

%Dl‘é’ﬁéce handl i ng apparatuses. [00114] Figure 25 is
a“partially schematic, isometric illustratio

f :
wor kpFigoes 264 dl partialypgriemalic, ispmema\ili%reéoaéﬁ ra&a%fé‘god'ment of
t 128 fth a.h [
Bt R o el i i Fl 2574 the bellows

?i;%?%ﬁé@dﬁ i FFiguree2s nveatviednfroi tien elriwe peechahistrhi1229 shown in
enbodi nent , ot%er el ements of the _ap‘%grat us 1130 are

Biguee 261 yThs ineasdrive reshatpBBd9gneiugre @ ineat drvejogior 1227, a
bove wi t refere ' .

T

33008 Aiinl 1968h ddraed byupkdett esciéwi1®24ndIrebferrérobediments, the

lines between the workpi ece hand|ing apparatus 123
ﬁgmarodﬁ\_éqe rpgqat_narfmg 4229 prg@nt | gye f%er %fra%gmgéﬁ% I2n %ny of these
C%@%}%ﬁh%ﬁ@ Hear RGiMPEHRE G2 dRBdhi 128 ARPAREIBAL to position the -
b | udes { | at

a nounting portion 1270 having a f o
Worikiiets Wufrictahoha7 Ih &iglireo26)t abtheglesised depation o7 A processing

R 80 o BSRS89, T, i Mg socoses,

98’@2‘3'9@3’%@3%@@7‘% tRe@hibRISatdfe Worlsi6es Wi ¥ eaps@8 dhamber. -
52004/ 017760 nechani sm 1229, whic
i s defcoinbtbe foregpingtibwildee appreciated et ﬁpp@flg@ﬁ@lmnts of the

inRUBp Mever ot Aesqrir L ferkih IdtyRuBakos Bt jiushRlEFutthat various
%{i&ﬂﬁé’ét%sléwﬁ?hﬂéﬁﬁédibﬁﬂhmmmmg frefre tlem cspiritoand scope of the
gure 25,

the bellows 1232 shown in Figyre 25 ..
instaplion. oo mEMPIG SeverahermaRMIgIAnS S0 SRERAT bYstefsgfjdrobots are
26. The. l.inear - dri hani st 2290a0] et soronrated
(gireis%b%tlgpt%%z@?ﬂmgﬁg {[ggdngﬁfg\‘?v@%gﬁbgbu\gﬁgg ?rg' taﬁmcorpora e
mekein 1R2Tref@rce: t(a) 40/080 Git4;v emdpdib) 10A802BEH;ofandy 60/484,604.

head nount 1281 carr] ed Jfhe lead scr .
hasercTeaotheBHpton Kot ilssrensep € Ryl pesndsdgiams.
can have ot her arrangenents. In any of these

enbodi nents, the linear notion of the head nount 1281
is sufficient to position the workpiece W(not shown
in Figure 26) at the desired |ocation of a processing
station. Such an arrangenent is used for particular
appl i cation processes, including bevel etching the

m cr of eat ure workpi ece Win a capsul e chanber.
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[00116] Fromthe foregoing, it will be appreciated
that specific enbodi nents of the invention have been
wale®anodsssl herein for purposes of illustrati onPCHuUs2004/017760
that various nodifications my be made w t hout
deviating fromthe spirit an&/ﬁwe of the invention.
For exanpl e, several enbodi ments of transport systens
and, robots are described in the following U S
Application Nos., which are also incorporated herein
PWe elammence: (a) 10/080,914; and (b) 10/080,915; and
60/ 484, 604. Accordingly, the inventionis not limted
except as by the appended clains. -39 WO 2004/ 108353
e CT/ Up2004) 1?!'&9&&&*'%%%“ Chihiiall PHce@.sin@“ of microfeature
i ntegrated 100 or wet chem cal processing of
WoEKpié s, omprisiitgspi eces, conprising: a nmounting
nodul e having a plurality of itioning.elements; a
wet cﬁmwnwge@ﬂwﬁmﬁ@ﬁ& rﬁqsglfi)gmg 9%51%%,
nount | hsmbeal i od
havi n%@%?ﬁ%ﬁ%?@?ﬁbngmerEagﬁ&\égggmht@ﬁ_"gge 0 modle, the
t he positi et ohealicateprosessingrchamloen havieg emfistr inteyéace member

by the nountin le far, transportj Kkpi eces

Wi t hin theef‘%g?g?vﬂﬁ @Paﬁgﬂﬁﬂosﬁ&&%&%%\pﬁ% a second

i nt er hagRNIBHRELySBARELFried t by o FholifthgoaRbdilenidry transporting
el enents; and wherein the nounting nodule is )

conf i gur edwoskpieser aithin éheiitpok thesiransnest sysemedaving a second

positionin t : .
Goos.  not " MUEHECS MEIntRl Ehl Vi ohl 3P BREBGSiB TG Bloments; and
chamb@mhersin thephaaatingvinddus osheonfigucedk $s imaintdiamblative positions
[c2] 2. The tool of ¢clajml wherein th unii ng@ q
modul e f ur bEBYERIb RBpitieRIDdCleRgIHE S @P%Q [@RRALt system does
. el ements, r}f\éﬂﬁf KNpkh m Cc IJ3di hamber is
chanber haggg [ rst%f ggt g%ﬁrber?}%gggg%vﬂ Itqﬁgoﬁl?e(ﬁgf%gltn eC @

at t achment replacehwithandthdreprocessispohambgst em has a

- second fastener engaged wi th another attachnent
element. [c3] 3. The tool of claim2 wherein the

21 ountbng W‘é{}ﬁoF&@éihﬁ?%lﬂer@ﬁﬁhe mBGhEIEH Rbdufe furBiedt comprises a
first panel, erein -a plurality of the positioning .
eluzaiityt of aatthchment elements, and wherein the wet chemical processing
chamber has a first fastener engaged with one of the attachment elements and the
transport system has a second fastener engaged with another attachment

element.

[c3] 3. The tool of claim 2 wherein the mounting module comprises a deck
including:
a rigid first panel, wherein a plurality of the positioning elements and a
plurality of the attachment elements are on the first panel;

a rigid second panel juxtaposed to the first panel;
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plurality of the attachnent el enents are on the first

panel ; a rigid second panel juxtaposed to the first
w@aa/108353 40 WO 2004/ 108353 PCT/ US2004/ 017760 POT/EEIE4/017760

between the first and second panels, wherein the fi rst

panel , the braces and the second panel are fastene
t oget MEACaS beveen e Srgrand y%e@@%m@nebﬁqdfvnmrrbme ﬂ‘lrfé panel, the

wet chem C@ﬁa&iﬁq’cgﬁé'ﬂ%of %ir ' ”a?éh?éj%éﬁ’ed hfoqether to be

deck. [c4] t oo clal m ere n e nount
nmodul e conmlmeasmaatliﬁsﬂabld modudi ng: a plurali ty of
joists; a ri first nel attached to one, si of
e} Siereinifie WehAneg G fTOF 1SRG CORMbBEP SHAehed 10 the deck

positioning elements and (b) the attachnment el enents;
a rigid second panel juxtaposed to the first panel and
[c4) attacHed tdhentwiohef claimde whler¢ihehianetistinganbdutes cemprises a deck
the é\ﬁt.chem cal processing chanber is attached to
M¢9€INBanel of the deck. [c5] 5. The tool of claim4

wher eigy t§ bf thaneI the second panel and the
j oi st sep%grr]réglr)fseﬁssf ainless steel. [c6] 6. The tool of

cl ai madrigiddirel pandiatfached tpanel side lof the oistd qm@ri@vira@a plurality of
the j Oi st rise a fi r.ei nf.o

"° he"t Jaf B Pesithring eirie S aerS s Al dipip Behts:
f ur t hey n@@r%doﬁﬁsparfrel F}u;&§9§§éd1% 4e< first QYENel SnBGatidthed to another
upper panel havi ng g%ura ity of (a) the positioning

el ement s aﬁ@de(gﬁthﬁh@ls ©adhment el ements, braces

?L ; aal&ggei;g% @%ewggggé@&%g?ko%eastgg-@ﬁhé’rﬁﬁér gsagﬁ%k%er efor first panel of

the first it detikce menber of the wet chem cal
processi ng chanber is engaged with a correspondi ng
posi tioning el ement of the upper panel of the

S5 Processing 4Rcloy) gidia gﬂgﬁ%@g s?%agleP'tHé %lebbé(d gEnel and the

the pdsitioning e ene
ljsistsheprhpride staiméss/stebb t he proceSS| ng deck and

wherein the -41
[c6] 6. The tool of claim 4 wherein the first panel, the second panel and the

joists comprise a fiber reinforced material.

[c7] 7.  The tool of claim 2 wherein the mounting module further comprises:

a processing deck comprising an upper panel having a plurality of (a) the
positioning elements and (b) the attachment elements, braces
attached to the upper panel, and a lower panel under the upper
panel and attached to the braces, wherein the first interface member
of the wet chemical processing chamber is engaged with a
corresponding positioning element of the upper panel of the
processing deck; and

a platform having a plurality of the positioning elements and being fixedly
disposed in the tool relative to the processihg deck, and wherein the
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[c8]

e}

[e10]

WD 2004/ 108353 PCT/ US2004/ 017760 second interface
nmenber of the workpiece transport nechanismis

wepgagessswi t h a correspondi ng positioni ng el enket/Usf004/017760

the platform [c8] 8. The tool of claim7 wherein the
deck further conprises chanber receptacles, and
i ndi vi dual sebamd dnterface enembenvhithe mlepnquﬁrﬁnslpﬁg meehanism is

hamb d i de of ghanb
uroh 1 ur ghaAargming Eotesianiing AeuioRRBESobft Oft#g piatiom.

9. The tool of claim7 wherein the deck further
conpri ses chanber receptacles having contact areas
and b@él geska\etMroftd:lalnmﬂnwhﬁrelarﬁfusdeahcfurthﬁérc@nmrlsﬁé chamber

bu!egﬁgaggé'sann%k BV S EETS, davbind, SR Bk ariborting  the
2hafibRes PSP tlﬁﬁg@'edlhsmbcéf)]théoehé'rhﬁeﬁso%ro@ubhfMmldh Fluid and/or

erei n the nount nmodul e conprises a d
etaatyéal dines canesxt mi cal processing chanber and a
platformfor carrying the transport system and
wherein: the deck conprises a plurality of joists,.

rigiddirstraps)l ot élamhleid Wﬁér@rﬂﬁthéld@%koﬁ.lrthbﬁ dommses chamber
and having a first set of the positioning elenents

aa@eiztaclesslna\em eshtadicarges aanteniges dedyean thedoentact areas, and

e fEaR Bitne bURARES RERube of B thobeREbyd linich gases

Fonphétienaart 8eisbaet thefdeersind anaren bélenethesdenkd a
second set of attachnent elenents; the wet chem ca
processing station is carried by the deck and includes

ral ity o
AL helos Pt S, R e copges o e
HenbaEng ¢he gvetngrasidalvprobessing ehpmitirrand pgdatforom n‘org:arrying the
el ements of the "LCL F‘St set of positioning el enents and
traaspert systamsanchw, §"%| ng engaged with correspondi ng

att achpe @eck?ﬁﬁﬁr‘@t s 8 |l§lléﬁtyf of {iﬁst§eé Jid ‘?Frétaﬁﬁlrﬁ@rﬁttached to one

el enent's port emis carried
pl at f or m arside o€ Ithel ¢oists @mdnhah/lrgya dirst selcohthd ﬁD@ltlQakE\G elements

e kel Bk o) 5585 B8 and & pgg Focond pane
nmenbers beijigapogayed thbtﬂstDQfafnéSmeddaﬂQched to another side of the
joists;
the platform comprises a second set of positioning elements and a second
set of attachment elements;
the wet chemical processing station is carried by the deck and includes a
plurality of first interface members and a plurality of first fasteners,
and the first interface members being engaged with corresponding
positioning elements of the first set of positioning elements and the
first fasteners being engaged with corresponding attachment
elements of the first set of attachment elements; and
the transport system is carried by the platform and includes a plurality of
second interface members and a plurality of second fasteners, and
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[c11]

[c12]

[c13]

posi tioning elenments of the second set of positioning
el ements and the second fasteners being engaged with

wa@ormasgendi ng attachnents el enents of the sePONUSHE1/017760

of attachment elenents. [cl1ll] 11. The tool of claim10

wherein the wet chem cal processing chamber con:géi ses )
an el ect r othieeseaaid idpdace inoembe Nth £00AgEA Wit Sorresponding

a first electrade iin e i : e

ot ShESHO905 AOpHH, HETR beech ReL D! BESUBAHE Gements and
in a procegw sitonalfaéteners baiflgargageddvith emrtespimding attachments
carried by the workpiece holder to e

ngage a
wor kpi ece. efepets opthersreangoset of a@?ﬁh’ﬁ‘%ﬂgel\ﬁﬂ@@?n t he
wet chem cal processing chanber conprises a cleaning
chanber having a fluid delivery systemthat directs a

cl eaniyng f irHbdoeNdPclainiaiokwhersin the 1Wadt dizmichleptomeksiofy chamber
claim 10 wherein: the wet chenical processing chanber ,
cemprises san eplestroshemivet afeprsiian t¢hﬁmb%rhim\! a vessel, a first

C ri,si.n LLSt | i : i

GREDoeB N hEvhptdee HTRlece helgertisBBe IR 1 vessel to hold
WOMGEREEE i 2 pPoCsEshey Bolutio), wWricbm, secdnd sleatendendatried by the
el ectrode di sposed in.one of the first vessel or the
morkpieg® hrisies de eRGAGRA WIKRI®SSS i r st anodi ¢ el ect r ode

di sposed in- the other of the first vessel or the

first workpiece holder; and the tool further conprises

a secqpd elTeetivokbkolaim!10eheseinithe wetacimmical processing chamber

conprising a second vessel, a secqnd r.kpi ece holder., ..

aoelpssen 3 rdeaRngechampRE Hayisha JULL VB, St et directs a
| i gekNg solution, a second cathodic

gﬁ%ﬁ@ﬁgﬁgdéﬁggggggﬁﬁn one of the second vessel or the

second wor kpi ece hol der, and a second anodic

el ectrqde djsposed iin th t her of the second vessel
or thé3secgjrh‘&t°%ﬁgfk%?'5bé8|¥@1‘?dﬁﬂns - 43 WD 2004/ 108353

PCT/ UgRO Wbt CheffiCall srbdbssifig chagnBierol #firstlelétréchemical deposition
wherein the wet chem cal processing chanber conpris

. S .

an el ect r ochambeslcompising pditstyrgfsbra fEstiwrkpiege qier disposed
a first elect.rode i I r KR Al der i
di sposed ré?lgi'}’%eotml:tﬁgﬁvg@g%@ Eooﬁ?‘(f#dé( Rg&'&glr{b%l gdéea processing
in a processjulngsalfirsi eathoditdelecised@dispeisedtin ae of the first vessel
carried by the workpiece holder t ep%?%e 8 . .
wor kpi ece. or the first workpiece holder, and a i nodic electrode disposed in

the other of the first vessel or the first workpiece holder; and

the tool further comprises a second electrochemical deposition chamber

comprising a second vessel, a second workpiece holder disposed

relative to the second vessel to hold a workpiece in a processing

solution, a second cathodic electrode disposed in one of the second

vessel or the second workpiece holder, and a second anodic

electrode disposed in the other of the second vessel or the second

workpiece holder.
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[c15] 15. The tool of claim2 wherein the wet chem cal
processi ng chanber conprises a cl eani ng chanber

whanwiengs3ss f | ui d delivery systemthat directs aPCT/US2004/017760
cleaning fluid onto a workpiece. [cl16] 16. The tooI of
claim e wet ,chem cal

s a tidet HE ?éqlff{}wém% WHGISGS thE et hermil Processing chamber
Qf?)ﬁﬁ’él*s%‘sn%na diédtRdchéasies 'de%ogitlbﬁt cM\anber eﬁgY ﬂﬁ' dehessel, a first

disposed relative tot first vessel
wiedtpodecin the esseb @ewerhmeces bolder drspoaecﬂ irelstive 40 tioelivessel to hold
elect ode di sgosed in_one o{ the first aggr or the.
r"%‘i’ RISFR pe8PRGPERINY SQIHtON Apd a8 Je5ANT SPEPigied by the
F@é Hdldeﬁtb%n@bgéra Workpiécd.i rst vessel or the
flrs wor kpi ece h and the tool further includes
a second met chen1ca| processi ng chanber conprising a
cl eani havi n fluid deliver S¥% stem t hat .
151 i rect a c! Eﬁ%go ‘?I%ﬂ?"b%oWk‘SreA“\(}ﬁ?%‘? eé%e EPJrO@;ssmg chamber
. Ootnprils af clebding dhuhdeei Ravihg M'dﬂlvéﬁdtﬂy%térﬁ that directs a
configured to maintain the [ocations of
Raning Auigdontp enwearkpiacs. wi t hi n 0. 025 |nch of
predeterm ned reference | ocations for the positioning
el ements. [c18] 18. The tool of claim2 wherein the

[c16] Mount 1@ noEhY @ol 6f claimh RaMh&@id:0 maintain the
| ocati ons of the positioning elements to within

appr oXhagved ghemigabprogessingichambier isfa firgdieelregherdical deposition

W0 2004/ 108380 HCTPOUIRAT G 995ke s g VefRBlete Relder disposed

i nt egr at ed relative flor thetfirsheessell tqoﬂmsaﬂmkpfece in a processing
m crof eature . workpj eces F?g{ﬁn&r sing:.. a nount

modul e cowﬁ«oﬂ%mga rgbegth scfaoqie gisposad dn aRer@fehe first vessel
with a pl lHr%é FiYst AorRpiRic 'HHPdé}gﬁﬁhed‘ﬁr@i %noﬁ%:gélgbl‘g%%e disposed in

interior menber | uxtaposed to the outer ne
braci ng bettheothario the fieat veeaédmrtlaelﬂrstMmkplet:erhodﬂer and

nb t nb [ d t
erorthe BBk ned G F550% WS BASHIGE BRiiRg chamber
stable; a wompHay éaéleﬁhih@eél‘férﬁﬁeﬁhéhhgna Fuich eBfveryOsystem that
the deck, the wet chem cal = processing Station having

a first |ntd¢rep§c@0l¢@nmﬂl@ﬁg>a@@awwrknle@e | east one of
the positioning elenents; and a workpi ece transport
system attached to the mount | ng nodul e.

[c17] 17.  The tool of claim 2 wherein the mounting module is configured to
maintain the locations of the positioning elements to within 0.025 inch of

predetermined reference locations for the positioning elements.
[c18] 18.  The tool of claim 2 wherein the mounting module is configured to

maintain the locations of the positioning elements to within approximately 0.005 to
0.015 inch of predetermined reference locations for the positioning elements.

-44-



[c20] 20. The tool of claim 19 wherein the outer
menber i s superinposed over the interior nenber, and

W0 b@4dessk3 f urt her conprises a plurality of bol PET/US2004/017760
clanping the outer menber to one side of the bracing

oo e U 0SS LS o3 SOFTHEL B PREFsSAE f microrature
W?ﬁn%&éééé %Wd:ses hori zontal joists, the outer
nenbe

r co’nprisesarigidt(_)p panel attached to a top )
si de af mphatipginsadile comprising:aidacknmaving acigig rouies member with a

bott om panel superj npased under the t : :
att ached t@l%[_ﬁH&rﬂer? '%%"'Eﬁ_ wHaey r&@&dﬁﬁ%ﬂ%éﬁgggﬁr juxtaposed
further copprheRutdr meimbier iand Bachly) betwderett dater member and
through the bracing to cl arr?I the top Panel and t he

w

bot t om pandhe irdetioremeabarswheegin the puterfaember, e bracing and the

claim 21 wherein t I | -Ol .
pottom pandpria) wedy e R foodlBriche e ithalsaple

of the Weschemidadpred statiohositachicdetot e gecie! theowet chemical
within 0.025 inch of predeterm ned reference | gcati ons

for the p@go@qe&@mmgtaéipemi@ a[ﬁ@é]irytgsacerﬁ%em §I eggaged with at
claim?21 W&%&'dﬁédﬁhé ?gaﬁgﬁﬂge,gm@n&o!ﬁhs and t he

bottom panél "are con o nal ntdin the |ocations
of the woripiecenirangspeiresystes attached to tHdmMaDNBiog4maddas3
PCT/ US2004/ 017760 the top panel to within 0.010 inch
of predeterm ned reference | ocations for the

200 POSI tiggni ngl'l"@ {foBFot a?inﬁ 434 herdin ’tT\'éeodt?Pllne?ﬁbétJ i8isipélimposed over

wherein the top panel conprises stainless steel.

tie@ Sitedbr mMiémebén @inddthedetkniuzthenvonwgirises e ptusplityasifebolts clamping
conprises a.fiher reinfqrce conposjte c26},. 26, . An

i Gy DEmBssIo e SEE A B tEaPRg e SRIDRRELNE ntéibr member to
rg’ng,ﬂ?gresqaéjbpthe%{gp,b_eces, conprising: a nounting

nodul e conprising a“deck having a rigid upper panel

with a plurality of positioning elenments and a

I |t t t | i.Qi -
o0 Bt Ao neiohES BBlh A6 bR e Brddfl Sk iResRHbntal i,
RS WREST MBmbaPROMpHREs|PGId RRNGAITs attaehed fo thibpusiderof the joists,
panel , the braces and the | ower panel are fixed

thgéntrter menpker eampiigisoa AOtPNL PapeksuReriiRosadkHndel the top panel
%b@cmggg#ﬁ]@d 3534 UMaBIidS MUHEC didlE, 3RbKthe! BEcKGhirther comprises a

plurality of bolts extending through the bracing to clamp the top panel and the

bottom panel to the joists.

[c22] 22. The tool of claim 21 wherein the top panel, the joists, and the bottom
panel are configured to maintain the location of the positioning elements across
the top panel to within 0.025 inch of predetermined reference locations for the

positioning elements.

[c23] 23. The tool of claim 21 wherein the top panel, the joists and the bottom

panel are configured to maintain the locations of the positioning elements across
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processing station having a first interface nenber
engaged with at |east one of the positioning elenents

war@4a04353 st fastener engaged w th an attachnmer/US2004/017760
el enent; and a workpi ece transport systemattached to

38 BRI D 0100 3Bk SRR A0 Rt for e

positiohiny ¢lgmehesrent s and a second fast ener engaged
with another attachnent elenent. [c27] 27. The tool
of claim 26 wherein the upper panel conprises

c2qp  Stalnbgss ﬁ\tqubr oﬁcﬁ%ﬁ% Zigvrppeﬁa@e@@gb? I‘ﬁ%grﬁl @6rﬁ})ﬁ$ s stainless steel.

wherein't he up
conposite. - 46 V\D 2004/ 108353 PCT/ US2004/ 017760 [c29]

29. The tool of claim?26 wherein: the first mferfac
[25] menberbof tihe iRQl eh&k@igni2 sl 1Be cioRnpane| Lomprises a fiber

correspondi ng positioning el enent of
ﬁg?‘%’ggéwdbsﬁ% of the deck; and the nounting nodul e

further conprises a pl atform having a plurality of the

positi oni ng el enents and being fi xedl ﬁ\é di sposedq in
[26] tool & atiAe integrated nalkforapet vﬁ@*a Al tacessIg ¢° mlcrofeature

N f the workpi ece transport mechani sm
VBREEES FRRIng

a correspondi ng positioning el enent
of thea p1ceunl|ng rmoﬁulaoq:omﬁnsmigeatdwk knaivnmg & niglbupper panel with a
wherein: th ace [,Oi

: | f 1s,
the upper - al: O poannREG: SSRENE AR & RIS o atiachment

and has a fdgpbnfih ﬁéldtlﬁﬁ/ep‘b‘éhbl Qﬁb&ﬂnﬁb@é@@lhaeﬁ'ﬂ% @pper panel,
first set of the attachnent el ements, and

panel is jamlkrposedetweenths upper padémwahaaaelsam@dem the upper

to another sid f the joists: '

further comnPEelex bifand Ghh e, iolip g aael s el foggther to be
posi ti oni ngipkASBALRY Stabley second set of attachmsnt

el enents; the wet chem cal FFOCGSSI ng station i

car ri édwey chamieal qoeessing statipssaiachad,toathe 9‘96|F therwet chemical
interface mRADAHGhtBnPhAVIAY 'd Hrlinfetadt hafiePEndaged with at

least one of the positioning elements and a first fastener engaged
with an attachment element; and

a workpiece transport system attached to the mounting module, the
transport system having a second interface member engaged with
one of the positioning elements and a second fastener engaged with

another attachment element.

[c27] 27. The tool of claim 26 wherein the upper panel comprises stainless

steel.

[c28] 28. The tool of claim 26 wherein the upper panel comprises a fiber

reinforced composite.
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and the first interface nmenbers being engaged with

corresponding positioning elenents of the first set
w@Roopasd3ss oni ng el ements and the first fastenkrCEHUREOH7760

engaged with corresponding attachnment elenments of the

first set of attachnment el enents; and the transport
291 systeRPis dherpelpfiigjairmec whereisi m and i ncl udes a

pl ura f f e j t i
o s odlsh firf A Inbier ChAIWER LR Brbpbdthg {ohamber is
bei ng engagadayéd hwitler a esrresgondingp pekitionitign glerhenteof sthe  upper
of the second set  of pﬂ_Sltl oning elenments and the
second fasPaRetef theidasKeaBdged with correspondi ng

tt
a1 Lo b MounRbaiBiis PhnkhSonpeed sopferimadard dlrality of the
31. The t oq»bsd)tbnMgaelm’rmltsr\bad being iweed)\)edlsolmeed ararthe tool relative to
fepos: ¢ on 1 ARBeraNeEUIRs S T Sekend Blaries meiibi of fhesworkpiece
in the VeS?@nsgéﬂ%bbﬁéﬁi@ﬁm RokAgagéld s#as edcoebadonting Positioning

t he vessel a workpiece in a processing
sol uti on, ®ementefdbadplaiferol.r ode carried by the
wor kpi ece hol der to engage a workpi ece. [c32] 32. The
tool of claim 30" wherein the wet chem cal processing

3] chanbe&yp  Comy todPsf dakh 28WePamber having a fluid
delivery systemthat directs a cleaning fluid onto a

wor kpitee @rac;esscz;mgese A pigtahladobjplai@ethgtun@r@anel is attached to one

integrated {0 ¥&% Jg}gggsaﬁgﬁzh%rs LOCGERk '}Sb tfgnmg elements and a

mcrofeatursé g su AT cron ofe

conpri si ng:fir§tr @eesel rbeaatthchméntitelements, kandcdahe rloaer panel is
wet chem cal processing chanber by con

processi ng Jextapesed e theefingt Pagebangr att ﬁg?@é) t&c@oui"ﬁres'de of the
wet chem cgé)| .ocessi ng chanber being |located at a

first processi hg | ocation in the tool; renoving the

wet Chbmm@jntmauedeierfgrthbandmprl‘sesamplaﬁomtn(ﬂcludmg a second set of

replacing the _wet ch r,0Cess

el aceneniPARKETING, BIERESITS AR LSRN B ARBLEC) et efbments;
mount itng \k&e%ﬂe‘?ﬁkéPﬁf&%%sM@tstaﬁ&@@ eatricel By ehé lde@k and includes a
chanber to the tool at the first processing |oca

and | oadi nglanadityhef firdt dnteriage unemerk gindce nlwai'WeOf f'TSt fasteners,
replacement, Wel £ R&T SR face members being engaged with corresponding

positioning elements of the first set of positioning elements and the
first fasteners being engaged with corresponding attachment
elements of the first set of attachment elements; and

the transport system is carried by the'platform and includes a plurality of
'second interface members and a plurality of second fasteners, the
second interface members being engaged with corresponding
positioning elements of the second set of positioning elements and

the second fasteners being engaged with corresponding attachments

elements of the second set of attachment elements.
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[c31]

[c32]

[c33]

[c34]

processi ng using an automat ed wor kpi ece transport
systemw thout calibrating the automated workpi ece

wo e@aaps3ss nmechani sm after replacing the wet eOEDBIA4/017760

processing station. [c34] 34. A nethod of operating a
wet chem cal processing tool having a nounting nodul e
wi th 3l.ri gThe teaiofi cleinudPnyherein the weh ghemigaiprecassing chamber

at t achnment lements,. ap ' f 1 .C .
GbRE p HaFRaeigd Mooy carts BRFIGCE, vosgel. a fis
¥ebiiod@ T BRPAHEN G MRTkieos nolier|dispoves relutivieatet theeressel to hold
engaged with correspondi ng attachnment el enents, a

, .and a
aovakpiese iy anpparassingagolationo@nd18sseepnd electrode carried by the

TR G OB, o ™

havi ng subm cron features to/fromthe wet chem cal

processi ng_chanbers, the nethod conprising: renovi n_%
one 0821 heThetoelhefn¢laim 30 wheeain dhe vyt icak pracefeing chamber

EEPLAA T PSSR0 a0 TR, (RRGToIEER hArdirects 2
tlaahipgdiuid bhtom ewrkgiependi ng  attachnent el ements to A

vacate a processing station; nmounting a repl acenent

wet chem cal processing chanber having interface

memnmbe t Ot C d i i ; ;
et orF oo ATERSRES PR 81 7BGrR o RoheE BRI processing
pf micesfangecharkbicesitdvingsubraicpam féatgreso sompaaingy

el enents at, the vacat d£ro eSSi n.% st tLon;qaind . hamb
oper aPTCRESEING 3 MUSTOIRATMTEL\QEDi e, M & it Shefmisal Plogassing chamber

wor kpi ece Pg cbh?actih@l%l aﬁﬁ;@%htgvmﬁd WigtheahidPbfeeffs iiidtkpiece, the

chanmber wi thout cal "bratin he transport system

af t er mounwiehghemical gpoeessinghchambet heimgdarated at a first processing

processi ng, chanber 35] 35. In a tool having (a) a
plurality Lﬂcagf’ﬁt"? H'H‘lsgqogr processi ng m crofeature

wor Kpt&agving tth& RavehkbaficdlippdsedsitgitharabepfrenT kool ce
frame, and (b) an automated workpi ece handling s

A Y stem
wi th eplagiog thevwet chepiedl Riocessing Ghamben Witahd bplacement wet
coupled to -has LLio @ 2 t wet
rotatably 8%%'&“%3 ;?rgﬁ? %%ngrﬂ]‘?argﬁeﬁe hg'f‘dg ‘gﬁf’@;f‘ﬁ‘%r?{’ laﬁgme" W
t he robot thetieairpioeessing thamber dopthiesionl: abplee Hirshgrocessing
a controller to exegute a conputer operabl e nmedium
t hat location; an
loading another microfeature workpiece in the replacement wet chemical
processing using an automated workpiece transport system without
calibrating the automated workpiece transport mechanism after

replacing the wet chemical processing station.

34. A method of operating avwet chemical processing tool having a
mounting module with a rigid deck including positiéning elements and attachment
elements, a plurality of wet chemical processing chambers having interface
members engaged with corresponding positioning elements and fasteners
engaged with corresponding attachment elements, and a workpiece transport
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automatically aligns an armaxis of the armwth a
first reference axis of the tool by contacting a

wo 2eogt1083831 of the armwi th a rotational referPe/Es2004/017760
sensor at a known | ocation relative to the first

reference axis, recording a first displacenent_ val ue .

syﬁje@aqttqp@egftoghei mglgntmgg%@d u[g:et{o\ﬁér@,qtsp Hing, ngQTG@?LgﬁOWOI’kaeCGS
i refe a C i

é&pé eéu}?néﬁﬁq fegiafos ié{/g?rinoﬁg Wgé ncg%rn’%c?g?g%ﬁiﬁg@aeﬁambers, the

srtieoticotnprisingement val ue indicative of a second angle

gﬁhwﬁg}pa@ﬁg @%Qf?ﬁﬁ'gg% ”&%i%af é{r&sctﬂﬁrigfg?pﬁ%?@gq{%}osm the mounting

PCT/ USZOOA'Q%Z@OD Odiﬁén%éldgiggf fnfétace?! Menbss dfrdRP torresponding

the first second di s ment values to align the i
arm axi s wpositiohiagf elesentefande detaching fagtesers d®m Tasresponding

t hod of im35, furth i_Si ' th
cont 1ol | er SaghmERtSlEMa tVitier Raer S Sttlfom
auto 'uﬁﬂhg%\ repladdtdsetvétiHendibalgrosbssing vhahiberhalviig) interface

for the base by rotating the armto a reference angle
rel ative tmenhersfior the vecalednprocassisgastatien Maenpaging interface

20 1 g 50 B tBRUR G B rpmoer v

| ocati on ofofrBspdafiRg abesigonine elemehtsr edtertkaceacated. processing
[c37] 37. The nethod of claim35, further conprising
oper ating st@diosoabdol | er such that the conputer

oper a edi i ' t - . :
oEe" SRoSFE, U2, PAbGEB SO, 8 608 o oA Sfdiece in e
si de of a veplleéraent Maddetbroicalt beoassdingethaotber withauiecalibrating

rotational reference sepsor,. recordj.n first .
end- ef f oot 16 UANSEYRCYRENT i JBOURTRY 20l gigement et chemical

side of th rd&%fs% | rhe&ded on the end- effector to
the rotational reference sensor, recording a second

end-effector displacenent value, and noving the

B LTI P T—
03?}2{ SEIBNkNAh Wsatiohs 38kitivé to hiteferbré fiadvd, Rihd((®) ad automated

p Ity of stations for processing mcrofeature
workpieee d@ndliby systemt witht 2 Johet kevEge ahRASE | Wt s @sm rotatably

wi th ohot [ a e [

YR B B, 08 S Ectlpesh. RUAILERY $30ba to the am. 2

hedtAba bk kalirhting kiesl rdbt td thereferencd fiamhe moowprising: | er

operatively coupled to the workpi ece handli na%rs%ﬁzﬁ% .

a net keeraiingcA i gndioliRg tonExpewst & FOMPYERE QPRI dium  that

of the tool, +&RAREAIS digns an arm axis of the arm with a first reference axis
of the tool by contacting a first end of the arm with a rotational
reference sensor at a known location relative to the first reference
axis, recording a first displacement value indicative of a first angle
between the arm axis and the first reference axis, contacting a
second point of the arm with the rotational sensor, recording a
second displacement value indicative of a second angle between the

arm axis and the first reference axis, and moving the arm according
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operating the controller to execute a conputer

operable nediumthat (a) automatically aligns an axis
wotooshessss mwith a first axis of the referencePCT/Us2084/017760

by contacting the armwith a rotational reference

sensor to obtain an armoffset value relative to the

first axistmad amvoifgstivalie basaddpen thefirst @ndreecenehdisplacement

of fset val ue to iti,on_the [ SeW ' I:L St

axi o and VayeRdPRIEh Hos PR MERE p er Bk

autorratlcally aligns the end-effector to the first

axis by contacting a first side of a workpiece | oaded
[c36] on th8BendThefmethnd af claimhb,rfutther epmIprisingr eperatiag the controller

S dhat 55 g orekalipCheRin ST Ghetily JEBAEE an imtal axal

besfed valud fis tﬁé%a%feft%ﬂfdlétmg\/tﬁdﬁairﬁ% rotetbiepital angle relative to the
reference sensor, recor a second end-effector
ll@o‘%ﬁ

first petesentenaxis Andecordaeli M with @pcaxéalrsenser at a known location

7418 I tnd RerRRandil faffe i erilis? &h Aty ToRaRHH of B base along

Wee firs refeesittle 38s. | N a tool having (a) a di nensi onal | y
stabl e mounting nodule, (b) a plurality of stations
for processing mcrofeature workpieces at known

canp | ocatisgns il telitlxc?dnb? cidi® @g@ghg? Eﬁ'g)ws?nq Bgé{aﬁnﬁ the controller

casseftes for WOr Kpi €
@.abhttha‘ﬁtlkocdrhpumm]isralgiermddium a(ltdjmatlcraﬂyaallgmsahe end-effector to

sensor at a known location rel ati oth
ARRIfirst ref@&n%aaﬁtwr@rgacm@Sr%@ﬁ%afqaww p'egﬁ igd on the end-
Wbl 19PH hﬂiféﬂ%eﬂ béRfertd t%éﬁé'éFt chRiih ea flrst end-effector

nounti ng nodul e, an arm rotat at t ached he
kuimﬂacemelntaralwobm‘ﬂéﬁmg)a seoond aidewfaheamrkpnace loaded on the end-

Retaroks thehatefiohal Srefincd” ShBbr debpraB Al said ‘end-effector
RidlacerhéntolaflBe I nfiViRS the dridl- élffé(ttbﬁtadc@f(ﬁhgrl@ean end-effector
axis of a reference frame of the nount i ng

offspt valua dased awonghe firgirasi %@né‘rﬁﬂd'r@ff@ﬁ@f @Jfapé%q%ment values.

and operating the controller to execute a conputer
operabl e nmediumthat automatically noves the robot to

[c3g) Contags. a fihrstoos helgingf(a) Bepluelitypbiestations for proeessing microfeature
rotational reference sensor, records a first

avarkeieces.: 61 anpyinraciedewerkpigcechanglings system with airgbot having a
%@%t i hgpsa‘?ﬁfl%gvéégﬁ CQ)];JE [dofto 8 H%gbetﬁﬁt ‘é!'nHer{ 8fid-effector rotatably

erence’sen records a $eco
attached to the arm, and (c)a controller operatively coupled to the workpiece

handling system, a method of calibrating the robot to a reference frame of the tool
comprising:
| operating the controller to execute a computer operable medium that -

(a) automatically aligns an axis of the arm with a first axis of the reference
frame by contacting the arm with a rotational reference sensor to
obtain an arm offset value relative to the first axis and moving the
arm according to the arm offset value to position the arm axis with

the first axis; and
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end-ef fector di spl acenent val ue, determ nes an
end-effector offset value indicative of an of fset

wargkaodses ween t he hand axis of the end- effecPCr/us2ud4/017760
the first reference axis of the reference franme, and

1Y St0) aiasicaly aliogs 8 shgrebad ol Bedidt e B GyrtdSiing a firs
of f set valyge df%.v\/@kﬁfé%{j Illﬁaééi’ol?@ﬂ'é lé?@é’rfé&%ﬁ Wi the rotational

[ coo] 40. A workpiece handling systemfor handlin

a
ni cr of eat ureferenck Hemser,i necardimteeﬂtsé@@-@ffm@rssiSﬁgacement value,

known posi ceaaEinGs septad i R ARefCR TS Bh tre end-effector

cassettes gifth e WaBosaltrefdiencs ebason eedardingea second end-effector
reference franme, the handling system conprisin

©a .
robot havi digpkacemsnt i value,eah@dnovigg menﬁnéteéﬁesgqryaccordmg to an

o ached | §nd ReRBR o o, FR%FLIAH, e fGE' A Yecond enc-

conput er ogRscbt GispRierBritvalu@isni ng i nstructions that
automatically aligns an axis of the armwith a first

axis of the reference frame by noving the armto

om0 28b. 2 E4LPRENRT ' FEN o ISR, s o, )

pRIPAIRY tafostations Her proecasiny diicoféatutdavarkpieot$ satt known locations
value to align the arm axj ? Wi th th?(g-fiarst axi s.
[

[elative i therpeounting: masiuley| (&) fAE8CHGR olding E’@M?%‘?S at known
. i i f i o

GBI TS ) pi MU MGG |4 UEoRap sl ot @ knowr

fcatiohyremativenty thee nehtiedf motule, t(e) aonautomaded i werkpiece handling

i S RS P b,
%lgfa%?); SthMed Y BASETRAHd HiRlamR-eff@dton ebtafadly attached to the arm,
end- e

ector to contact a second side of the _
and k() aceontezlies doperatively ceeupied ctex dhe vwernkpiage handling system, a

rotational. refer S ' can :
R PR b LGRS e, RO SELRE 0.8 1 Lterog i of
psTarerfisf fRsrhe lof 86 Alolintigg Ifodule eoehmisiest or  of f set

val ue based upon the first and _second , end-effector

di spl leasinge Warkpiese onctheientseffegion @ndyr at ed tool for

o oceBPRRArR, B ERRILL fo!SIECS, cof IR Sbe mecum that

ref erence tutomatidallip movds thetrobef to eontachaifisst side of the workpiece
with the rotational reference sensor, records a first end-effector
displacement value, moves the robot to contact a second side of the
workpiece with the rotational reference sensor, records a second
end-effector displacement value, determines an end-effector offset
value indicative of an offset angle between the hand axis of the end-
effector and the first reference axis of the reference frame, and
moves the end-effector to align the hand axis with the first reference

axis according to the end-effector offset value.
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[c40]

[c41]

[c42]

a plurality of processing stations nounted to the
mounti ng nodul es at known | ocations; an autonated

wowrkpossse handl i ng system having a track att ap¢puS1004/017760

the nounting nodule and aligned with the first
reference axis of the -52 2004/ 108353 . .
PCT/ 482004 powkmsece hending, eysteiy ,hag%g%%@ migrpfeature workpiece

TRt 355560 50, HEARY PRy oh ayosbio Gnoers a

KRABANEhbGEONS rélativé ablay refararicedirayet and aassettess ghkppwn positions
unit having rotation s

) ensor gakr{ovvnloca%.'n
relative to the wieteace fanas.dhe SapAipg YTt e Retrdng
gﬁ?gkgﬁoggFas?iﬁg%Bé%g\qgeQB&E ahiarRl PotRaul! fthchedttb éhe base, and

t iece ndl'ing system and'the sensor
uni t, the zrpand-effeetor hatatably attachaslitocthe aspeeapl e

ggg: {Jam@&ﬁpch%ir B',a& | ngct)%l?)ﬁ{qig?g%%(éﬁlgﬁnécﬂhm%ﬁ%ﬁ%ﬂéﬁﬁrgﬁtions that

relative t ichilV Slighsfa g€ cixite aamdwith) a first axis of the
aut onat | ca%ti)/'m%gg)lélp{ Zd?]lg a hand axis of the

end- ef f ectreferahcafraoe hy mensg the arndpganiact:d retgtional reference

first axis. [c43] 43, The | _of ' : b g ;
nount i ng rﬁﬁi{ﬁoé fd{ag a0, i%fg‘c's?t v&“ﬂégﬂ%ﬁgf‘@a fi&t%ands, and
plurality @Po@%hhigombrmnelaen@mmg 6 tipe edet effsatnaiue to align the
reference ocations and attachnment el enents. [c44]

44. The t ocaim ekisovil) thefash@€fei n t he deck conprises: a

rigid outer nmenber, wherein a plurality of the

positioning elenents and a plurality of the

at t acfTent Tigb YRR 6f elaim 40iewberiedn thendmmputar ropgirable medium
interior nmenber juxtaposed to the ouli.er

nmber; )
tordains futbendnsiructiens dhak aylemstically, @ |gﬂ§qﬁﬁte§ﬁ-%f;fector to the first
ﬁ@?hg%@{tﬁéegg@t@fecw@;csﬁﬁﬁﬂrsf Qi@eklff%cwagcgléﬁfloaded on.the

er are together [c45] 45.
Aid-cfibeloF alitsl the olotdtionap refeeesca geasaf, clespedingra first end-effector

wor kpi ece, conprising:, a di si,ongl | lL.e ; "

diplecemeniowive MRind B FIEFIREREdor Forftt 5 second side of the

%H{ alid Yolbed' 85 i NhdSéddton Swikfo Uihiee dotatiohdle reference  sensor,
ur?tl ng nodul es at known | ocations; and L

recording a second end-effector displacement ‘value, and repositioning the end-

effector éccording io an end-effector offset value based upon the first and second

end-effector displacement values.

42. An integrated tool for processing a microfeature workpiece,
comprising:
a dimensionally stable mounting module defining a reference frame with a

first reference axis;
a plurality of processing stations mounted to the mounting modules at

known locations;
an automated workpiece handling system having a track attached to the
mounting module and aligned with the first reference axis of the
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[c43]

fc44]

[c45]

an aut omat ed wor kpi ece handl i ng system havi ng a base
unit carried by the nounting nodule, an armrotatably

w@arriltes3shy the base unit, and an -53 WO 2004PA08SH84/017760

PCT/ US2004/ 017760 end-effector rotatably carried by

th [ i
otarn ng gk Bingnd BasE S mdRach Mined © iR track to
active retipinsldite Aongitis jraek, a:mmrmerotahablyoéambd yothg base, and

and wherein the active retainin nb has first
and seconda"rémqi'@ff@Cté?ﬁéOtﬁF?ebt')éE?" %‘ﬁeﬁ" i vel y

COUpIae%ebgoF nﬁ'%ée"?’ﬁq zi‘%tl%ﬁ‘:%droétl Médwih TBR4RIont f&gtlve to the

roller owar rst retaining elenment. [c46]

An i ntegr ab&#ehwfraﬁwofﬂhemmtm modile; ahdat ur e
wor kpi ece, bIe

nmountd r@n&@é’gr f S{ Yﬁq)ﬁgg%{ldriléﬁnm ﬁlgal |l¥[8 %i t\p{or&plece handling

first refeg m}%f&ﬁ a%é Si eas@n%ﬁ'uﬂlﬁ fHe RIP&BAE Mhving a computer
stations nted to t e nmounting nodul es at known

| ocat i ons;operablet onedivh vmntpmmge inatnactiong dhat @ automatically

havi ng a base unit carrie ti

ar m r ot at PRSI 77 &MygXie r?zxg%\%z"h%??n 05@81 gﬁg’ﬁlbﬁ reffive to the
end- ef f ectipkt fé?é@n@é'a‘msc anhdi (BY abiorh&itcally Positlopsel handiaxis of the
end-effector has a ody a first retainj n% el enent at

one end ofendreffecioy at ane@rigin pesition eelaiieioingdirak®dsm| v
at another end of the body, and wherein the active
retaining assenbly has first and second rollers and an

act uad®r OpRs dbdl\Elkitddvd@réia theenduntilg modukefurinér comprises
rollers to nove the rollers toward the first

a ededknhayingl enelrality afepesitioning: elemeny aloprrdeigrmined reference
nsor relative to the reference
IPF%&%" %Sq%ggﬁtg |%%mréo Ul e; and a controller

operatively coupl ed to the autonmated workpi ece

handl i ng stem and .the sensqr .unit, the controller
havi e cBRpiRGO! ClaBrLVBErRIR T EEH CamAT RES:

' nst ré'?fg'tcggﬁtetr%éﬁlbe?%ﬁ’é@ d& Ihﬁéllﬂpéf fHeoﬁbSI%hlﬁQ Blements and a

arl ori ositi'on relative to the
f | r st ref pluealite oﬁth&sattalJMneérit)elameotmanem the puger mesnber;

?elhgtn g \V'g)'((li @1 é)rﬁgtrgge Qggoes%tdoto tﬁ& o%?er%'e%b%r,pos' tion

bracing between the outer member and the interior member, wherein the
outer member, the bracing, and the interior member are fastened

together

45. An integrated tool for processing a microfeature workpiece,
comprising:
a dimensionally stable mounting module defining a reference frame;
a plurality of processing stations mounted to the mounting modules at
known locations; and
an automated workpiece handling system having a base unit carried by the
mounting module, an arm rotatably carried by the base unit, and an
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[c46]

-54 WO 2004/ 108353 PCT/ US2004/ 017760 [c47] 47. An
apparatus for handling m crofeature workpieces,

w@eopnissng: a mcrof eature workpi ece support PCT/US2004/017760

configured to carry a mcrofeature workpiece during

processing, the mcrofeature wo i.ece support . Vi n

a dri }/ent podrefiastoaratatiab Gﬁfrledrcggr}ﬁﬁgar% ‘Eﬁ rein qafﬁzr%-effector

m Cr or ea | f the d , d
:ﬂ{a‘gﬁ‘ﬂ)gﬂ %g%ﬁ&%ﬂg? emaht hDbfé ledlio y, and an

the drive ransl ate the mcrofeature )
wor kpi ece activgretdiniag asgembiye mé ramotiyer émdaf the body, and wherein

end poci 1 1A AV BLIDAG SHPTRY PR rSpand Ao pibrs and an

fromthe fj biyi &lipléd@do 3h&TIet 4y sBesid edllers to move
coupl ed todcﬁéétofnﬁ ?%@g{)’uﬁh%rkgi ece support, the

mount i ng pthetrokers ewandthe firslnetainigselemess positi oned
to mate with a correspondi ng surface of a
m cr of eat ure wor kpi ece processing tool, the nounting

sur f age b?Arﬁ'girﬂeéiitattc%cﬁn%li RordNpRIckgsiAgNta PirAdtefddiate workpiece,

does not interse e transl ati on axi's between the
domprtisiagrd second end positions. [c48] 48. The

apparatys of. claim47 wherein the fi . Pt .

0P e dirsseviafel, Bble BRBEnGbOelLd T H Riehb g frame vith 2
direction gppdeldheetax@nsl ation axis and the second

end position Is the extrene position of the interface

in a aquorality of rrocessing ationseneuniad| tr ths auRting jrodules at

second directio ' opposite to the first

di rection. kT%V%F),C%%HgThe apparatus of claim47

wher eji atifsmatedweotkpidcei eridlidgsyatdém teatvingy a baseuwriit carried by the

and wherein the apparatus furth?r E’? ri.sgshy second it and

drive uni t Mepatiag iMeguje, b apMePiatgbbheaTrpd Ry g b7 unit, and an

wor kpi ece QH@J%%%to'i'%féiélﬁ‘lS/ecérHSd By el %\?{hﬁig@oe]re?othe_rﬁnd-eﬁector
e

wor kpi ece Support about a“rotation axis.

appar at us hés &l body, 47first tetaining elementsatraneaend of the body, and an

connector assembly.that houses, both el ectri gal :

f1 uid comﬁﬁ‘i“ﬁ%%{@%"ng ﬁ%%ergﬁé’ gl an %‘l?gleZ@b&e&}%obg » and wherein
corr espond; frig SEsembi $riEbfist aindt Becond rollers and an
m cr of eat upgig a?g\g@@%azOOM 10835bgy$PCT/ US2004/ 017760

wor kpi ece priictarsoparaticaly coyplesl i thexfifs@ngnsenong rollers to move
least one %e |t'ol Srs OWAFS Eﬁé first retaining element;

a sensor unit having rotation sensor at a known location relative to the
reference frame of the mounting module; and

a controller operatively coupled to the automated workpiece handling
system and the sensor unit, the controller having a computer
operable medium containing instructions to (a) automatically position
an arm axis of the arm at an origin position relative to the first
reference axis, and (b) automatically position a hand axis of the end-

effector at an origin position relative to the first axis.
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[c47]

[c48]

[c49] .

[c50]

assenblies relative to the other along a single axis.
[c51] 51. The apparatus of claim47 wherein the

wOo@nobs3as ure wor kpi ece  support is confi gur edP€DUSZNN4/§17760

the mcrofeature workpiece in contact with a

her 81 ¢ A dheretarpt e nggBEToRBRRE idRpRoct Bhfipfding:

to a t'ﬁﬁl@ﬂﬁ@&u}@ﬂﬁéﬂ(p@’ée [sm%brﬁ&onﬁ@ﬁedpm@reaw af microfeature

cIa|m47 wher el n neither the pounting portion, nor
any st r ucworkpiece riigingd presessing. tthe %Uﬁf@ﬁﬁrepéﬂqu%'ﬁce support

and the drive unit. an adj ust abl e nmechani cal

devi ce poi‘?f'ﬁ Qr?eﬂ"‘t’%{]%'l@?‘e the m crof eature workpi ece

SUppPQr drivecLifit icoBpled tthes Aticrefaztind wgrlqnlecﬁmsapp@m:at]an interface
54. The appar at us of claim47, furt

mi crof eat with ther Vet egstier elos trap Elﬁ%l ﬁ‘onprﬂogégtur?hworkplece
appar at us ﬁﬁbp&}o%lghé? ééﬁérg hﬁggprtiﬂs@ldrh as. the interface

m cr of eat ece proc ssin and ere| n

the m cr ofieqiay &owplakﬁrsecmdoposlaealtoga sewoindi end ypisition spaced
proceSS| ng charrber g'S| tioned quOXI nate to the
m cr of eat @part § \'i@ﬁ‘ ? ﬂﬁ‘g processi ng

chamber, Ooyin 9 @%%86%8%&%tm%@a@é%ornpiece support, the

receive & m eat ure rkpiece carried by t
m cr of eat uneummgkpomoe hasimgp armpunting sidace pesilioped to mate with

wor kpi ece roceSS| tool. further. i

t ransport 6%&‘?%%”\5’3@9 FW&%%O{%"'HBR? e%tﬂgé WPrkhipes, pracgssing tool,
wor kpi ece th@ rﬂBQnT rﬁ@@hﬁ’é@e eiRg Powrioner! W@npaﬁ@ﬂnent plane that
support. [C56] aratus of claim47, furth

conpri si nglc@sf mwlhmree@eﬂhlediwﬁl@ﬁ@p@é'éoniW@Gﬁth?rfgs" and second
general ly I%gearﬁéransl ation axis. -56 WD 2004/ 108353

PCT/ US2004 N$:c57] 57. An apparatus for handling

m cr of eat ure wor kpi eces, conprising: a mcrof eat ure

wor kpi ece support configured to carry a

Wor kpifbce Thi |AppapRUBCebioRm 47 dWnerinnhe Bt pad Resition is the

e ncr t G
et SRR 4 o cB 7 YRR deckBn ERYS,y A ransiation axis and
thier écdie iehtiopodition asstheoextr@nel positiors pefcthe interface rivna second
the first position; and a % g rf&%st conBegtor

ditectiop| q]o%mg,trﬁgslgilom jrectign being opposite to the first

@é’gﬁéwcatlon line and at | east one fluid
omTunlcatlon line, the

49. The apparatus of claim 47 wherein the drive unit includes a first drive

unit and wherein the apparatus further comprises a second drive unit operatively
coupled to the microfeature workpiece support to rotate the microfeature

workpiece support about a rotation axis.

50. The apparatus of claim 47, further comprising a first connector
assembly that houses both electrical and fluid communication lines and is

coupleable to a corresponding second connector assembly of the microfeature
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[c51]

[c52]

[c53]

[c54]

[c55]

[c56]

first connector assenbly being coupleable to a

correspondi ng second connector assenbly of the
wOo@nobs3as ure wor kpi ece  processing tool by rePE/Usm04/017760

notion of at |east one of the connector assenblies

vTRDIRa6 (NEPSRIrPal AY TalNGo M Bh AL deBr ofecnfIe) connector
. A 1 * 1 h
FoER0biER eI BRR APt Sl Tel Cues. ot | east

one pressure line and at | east one vacuum line. [c60]

60. The apparatus .of claimy57, further conprising,; .
t he sdeon r@oﬁ?@@ﬁ‘wsaggé’rlﬂiw 47;»61653'1% %d@bcr?rg%ﬂ‘gp workpiece

ke f c JRRpi in contact with a
EBRPIH: TRl 10 R Rfe oS WoRpie0e i ©°
processingliquidssenbl y, and wherein rotational notion of

the threaded nmenber in a first direction draws the

connector assenblies toward each other along the

Singlg axifhe rahRy 6 QaiPlatirtain thetdrive Wit inBRides an actuator
t hreaded nenber 1n a

second direction opposite the
douptad tbi a1 Hreaded lreadssree connect or assenbl i es away
fromeach other along the single axis. -57 WO

2004/ 108353 PCT/ US2004/ 017760 [c61] 61. The apparatus

of clgd m Sihe EPpardtlis 6P BRI M@hEREn RefheF 87 fokinting #yortion, nor
wor kpl ece processing tool. [c62] 62. The apparatus o

anyastrudidgre ¢onmdnted behweers theymoniating osiameand dhe drive unit includes

Wor Kpi progessi t 00l ' . .
3 BB ST LD, ol dl Fatd Mg msggiegre workpioos
fUpperseldivetb b ebrrespondingedriatexi mate to the

m crof eature workpi ece support, the processing

chanber having a processing position |ocated to

recei apmcrofe e i e j.e ; ;
m cr o$‘gat uﬁée \/\%ﬁ%ﬁ%@'{% O\PK;{SJI%E% r@,e’ flﬂ’t[eﬁér';i g(r)lg]*gg?@r éhe microfeature
WO RCGSroBESSIRG Salg tool further including a

transport device positioned to nove the mcrofeature
wor kpi ece to and fromthe m crofeature workpiece

SUPPBS Pl ohralhe HROBIRLYP Myt b A BaMePAsl mcrofeatre

Whbekpiesy pfevissing sl kphdoghereiipdine ricrdfeatusé averkplese processing
m crof eature ) - . .
tool includes a processing chamber positioned proximate to the microfeature

workpiece support, the processing chamber having a processing position located
to receive a microfeature workpiece carried by the microfeature workpiece
support, the microfeature workpiece processing tool further including a transport
device positioned to move the microfeature workpiece to and from the

microfeature workpiece support.

56. The apparatus of claim 47, further comprising a flexible bellows

disposed around the generally linear translation axis.
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[c57]

[c58]

[c59]

[c60]

wor kpi ece support along a generally linear translation
axis, and wherein the apparatus further conprises a

W@ ewana3ds i ve unit coupled to the m crof eat ur ePCT/US2004/017760

wor kpi ece support to rotate the mcrofeature workpiece

suppaLt ahout a rotation axis. 6 4 app
for %&oce ﬁ%@?{@ﬁ}%ﬁé%‘?ﬂp@"m%&f?ﬁ'}é@e%@m% %él?\tpgl%mg.
devi G rfigRTRAturE aWoREbidcd | §iispodt | dbmfighieds Ubf @afryala anicrofeature
alignment plane, the alignnment plane having a chanber

apert ur e; worgpiecesiiirnng WREeHNI:r ecei ved i n the chanber

aperture, the, processin i i

receiE\/g”X? Lfrg’(agpuglﬁg gr g‘l*’ei@?ﬁ%%ﬁ”ﬁ%i“@%%ﬁ% %ﬂfrﬁﬁt 10 move the
wor kpi ece rhgpsfbhfi@e dRdrkpiech 'stpportaioh® anhaxip frone asfirstposition to
chanmber and including a mcrofe turwrkpi ece

support pdssesanskosition apaged arart fopt thedtiist pesition; and

ehandbr STol QP BETa S8R Ie B RS 9B RESE oY electrical
unit oper ajgv@upication! it &nd tdtedleast oné datid reormmukigiatior line, the
support to translate the m Hofeature

. l\gﬁr k@i e(ie di
support alftily ConNgEiEr AFPSMPI NFINGoEPURICANESs 10 eRaCPUESPONCING
to the pr %ngcoﬂm&eféswﬁeg NBUNIHA] nhieFdfestdre  workpiece

coupled to e mcrofeature workpi ece support and
havi ng a smooessing itgolnbytrekativé avetiore o \eddegstnane ®f the ronnector

the first ali nt surface. with the workpiece
handl i ng o%?ﬁeg&’q'%ﬁeqlwég e X rel ative to the

devi ce support only at or above the alignnment plane.

[c651 65. The apparatus of claim64 wherein the

wor kpb&ce Tamdbpatatde of claimi 51| fudber gomipriging ibensarengrconnector
carrying housing electrical and fluid comunication

@?%%ﬁﬂ&nd bei ng coupl eabl e to a corresponding

connector assenbly of the mcrofeature workpiece

processing tool. [c66] 66. The apparatus of claim 64 .
wher €591 t hEhelr eppataius Phcrlailes 54 fwhereinir thee at least one fluid

g%M?%%Psgﬁ{ﬁii@mg%% %ﬂ%@éﬁ%é dréES I8 i IRE '4i98aék one vacuum

line.

60. The apparatus of claim 57, further comprising:

the second connector assembly; and

a threaded member carried by one of the connector assemblies and
configured to be threadably received by the other connector
assembly, and wherein rotational motion of the threaded member in
a first direction draws the connector assemblies toward each other
along the single axis, and wherein rotational motion of the threaded
member in a second direction opposite the first direction moves the

connector assemblies away from each other along the single axis.
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coupled to the m crofeature workpi ece support to
rotate the mcrofeature workpiece support about a

WO 2a0at108383 axi s. [c67] 67. The apparatus of cl aP@T/682004/017760
wherei n the processing chanber is configured to

SR kS SR e St SRR, SahoBEPEC B eroreatre
@Q&\Rgec{é &%ﬁ?ﬁélﬂglﬂol [c68] 68. The apparatus of claim :
e

erern hanber extends bel ow the alignnent
pl ane. [c69] 69. The apparatus of claim64 wherein the

52 et cBf t hEhar ARRATANIS, Of rAH o5 b TS FOPBIELG e microfeature
\)OBHngﬁé eﬁaoééé%ﬁ'@ {o&,eég@%hé\'eﬁﬁ /e rﬁi&%f@@%&lmkpmteaprocessing

sec posi tion and wherein the -59 ) _
00440885 3a RTTLESHY HHENTS0 positionad prloximatento the microfeature

HouP R SipheL. bedopRistag shEMAT ST E ibeEeds plpdffon located
{d reteiRRd oS fRierfeatafd tWorRpiedeC €alridd - by\rthap paicfestuferworkpiece
processing m crof eature workpi eces, conprising: . .

seppart; thepmiorofeatiurasworkpiasgr pracegsiagpiost aythergncluding a transport

hanber, the deyic u re . Vi i

PV nBRetenpRade fodn R uFApEAE, WBHfpcs '8 and from the
AlicrafeBtife Woipfedwstiptwra chanber aperture; chanber

nmeans for processing a mcrofeature workpiece, the

chanber neans being received in the chanber aperture;

[c63] and \gggkpi ﬁ'@%v%ﬂ%g%ﬂgg%f TRARSsE uﬁ\'éréiﬂct#né“élﬁ%e unit_includcra]s a first drive

M cr at ur ¢e support neans for carrying the

ThE ' @upRddl te thevprilsiofeatareavarkpieoe esppogd: foosanslete tife microfeature
the processin chanber; drive nean;raan( translatin

w«v@kpigg@p‘amPOf%bmga@oﬂ@nSrajwnEP%?ﬂ slatign, aXis; jang” wherein the
%éhgfa}tag%ﬁ%mdo 2ang fQorHRRREL LAY ddipIeHPrtl PiheC enicrofeature

ng neans relative to the device support means, )
Woekpieva tsuppontenstateahienyicoteateredwarkpiges: AuUpPRe fhedt a rotation
renovably mated with the first alignnent surface,
@<tSh t he wor kpi ece handling device being supported
relative to the device support only at or above the
al i gnment pl ane. ) . .
[c64] 64. An apparatus for processing microfeature workpieces, comprising:

a device support having a first alignment surface at an alignment plane, the
alignment plane having a chamber aperture;

a processing chamber received in the chamber aperture, the processing
chamber being configured to receive at least one processing liquid;
and

a workpiece handling device proximate to the processing chamber and
including —

a microfeature workpiece support positioned to carry the
microfeature workpiece at a processing position of the

processing chamber;
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[c71] 71. A nethod for servicing a mcrofeature
wor kpi ece processing tool, conprising: renoving a

WO 200gt108863 kpi ece handl i ng device from a wor kpi BCEUS2004/017760
processing tool, the first workpiece handling device
including a first mcrofeature workpiece su

1 ¢ ort and .
a first drawdriveniunitogpesativel ycauplgd &9 i“bet'iﬁ@%{ﬁaﬂéf? workpiece
m crof eature wo I ec, t AN,
m crof eature v%@ﬁﬁe@eﬁ%%%rtpbgﬁg{@%{ﬁéﬁ%élgﬁe)f?b s?}pport along
linear first trangdrdralyn Imeas; motiphaakisgrelbtive i tosthe processing
wor kpi ece handling device with a second workpi ece
handl i ng devi cecham@ers@PeEnd wor kpi ece handl i ng devi ce

i ncluding a 6% USrdtafddre’ @R rkpiece support
second mc o'?%lg?bnﬁgpég%p%@?@ééutggﬂet and a second P pp-
drive unit opesird hadhy acseqnedalignmént sufasademovably mated with
m cr of eat ure wor kpi ece. su rt to tr | at e, t.he . .
second ni cr of eaﬁhﬁrfESV\%H{}S'iﬁ)%ges _ Eowtﬁgﬁ%wrgplece.handllng device
general ly |ineap iﬁgcgu'b’pdrf&mér@&iventoames:dm ERpPBE only at or
m cr of eature vvorip eces to and fromthe second

wor kpi ece  handabowg thevaligamgntelanapl aci ng the first

wor kpi ece handling device and wi thout calibrating the

second wor kpi ece handling device after replacing the

[c65] || [Stgaorkp Caz)d&"i‘é‘l@bimclﬁﬁﬁi@ﬁwt{e?éiﬁlth§2w01‘kpi@démdndling device

for servicing m crof eat ure wor kpi ece processi n% o
inchides & caimgle stamectiirsearmyirg thawgingo eleckncst tandc Buidagemmunication

luid c ni cation ,t.0 first rkniec | i

SRS G808, o 4, g RBOIE Sorhpek Bhamoly of the
Rlicrafedtiifesivok@tecirotegsingiddly coupl ed to the tool and
a second connector assenbly coupled to the first

wor kpi ece handling device relative to the other along

0 Dot BT aoBababb B PR TRl a o rve

VAR ke aderdinnHE iappatistus darther comprisesit dezant drive oiit operatively
the first connector assenb@/i and a thir co%echor icrofeat
geuplad| jo cthepinsisrafeatuie Werkiace wsRpE I HRIRIPI My microteature
i ' .along the single axis in

%ﬁ@%%%ggﬁé%%?.béﬁt%E‘%S@‘?'F?S‘Pr omthe first direction.
[c73] 73. The method of claim72 wherein disconnecting

[c67] both (§I7‘e ot [Flhgagpggr%tus of claim 64 wherein the processing chamber is
configured to receive at least one of an electrochemical processing liquid, an

electroless processing liquid, an etchant and a rinse liquid.

[c68] 68. The apparatus of claim 64 wherein the chamber extends below the

alignment plane.
[c69] 69. The apparatus of claim 64 wherein the alignment plane is a first

alignment plane and wherein the drive unit translates the microfeature workpiece

support between a first end position and a second end position and wherein the
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fluid conmuni cation includes rotating a threaded
menber coupl ed between the first and second
wW@omnaes3ss s. [c74] 74. The method of claim 72 pEUS2004/017760
di sconnecting fluid communication includes
di sconnecting at | east one of a pressure.line

, da,
saeenthalignmaent syrface is positioned in & secon al|gnmen’ta[r)]lant‘:i:l that does not

intersect the translation axis between the first and second positions.

[c70] 70.  An apparatus for processing microfeature workpieces, comprising:
device support means for carrying a processi‘ng chamber, the device
support means having a first alignment surface at an alignment
plane, the alignment plane having a chamber aperture;
chamber means for processing a microfeature workpiece, the chamber
means being received in the chamber aperture; and
workpiece handling means that includes —
microfeature workpiece support means for carrying the microfeature
workpiece at a processing position of the processing
chamber;
drive means for translating the support means along a generally
linear motion axis; and
mounting means for supporting the workpiece handling means
relative to the device support means, the mounting means
having a second alignment surface removably mated with the
first alignment surface, with the workpiece handling device
being supported relative to the device support only at or

above the alignment plane.

[c71] 71. A method for servicing a microfeature workpiece processing tool,
comprising:
removing a first workpiece handling device from a workpiece processing
tool, the first workpiece handling device including a first microfeature
workpiece support and a first drive unit operatively coupled to the
first microfeature workpiece support to translate the first microfeature
workpiece support along a generally linear first translation axis;
replacing the first workpiece handling device with a second workpiece
handling device, the second workpiece handling device including a
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second microfeature workpiece support and a second drive unit
operatively coupled to the second microfeature workpiece support to
translate the second microfeature workpiece support along a
generally linear second translation axis; and |

moving microfeature workpieces to and from the second workpiece
handling device after replacing the first workpiece handling device
and without calibrating the second workpiece handling device after

replacing the first workpiece handling device.

[c72] 72. A method for servicing a microfeature workpiece processing tool,
comprising:

disconnecting both electrical and fiuid communication to a first workpiece
handling device of the processing tool by moving at least one of a
first connector assembly coupled to the tool and a second connector
assembly coupled to the first workpiece handling device relative to

the other along a single axis in a first direction; and
- connecting both electrical and fiuid communication to a second workpiece
handling device by moving at least one of the first connecior
assembly and a third connector assembly coupled to the second
workpiece handling device relative to the other along the single axis

in a second direction opposite from the first direction.
[c73] 73. The method of claim 72 wherein disconnecting both electrical and
fluid communication includes rotating a threaded member coupled between the

first and second connectors.

[c74] 74. The method of claim 72 wherein disconnecting fluid communication

includes disconnecting at least one of a pressure line and a vacuum line.
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