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BACKGROUND

[0003] Microdevices are manufactured by depositing and working several layers of
materials on a single substrate to produce a large number of individual devices.
For examble, layers of photoresist, conductive materials, and dielectric materials
are deposited, patterned, developed, etched, planarized, and otherwise
manipuiated fo form features in and/or on a substrate. The features are arranged
to form integrated circuits, micro-fluidic systems, and other structures.




for cleaning, etching, electrochemcally depositing
materials, or perform ng conbinations of these
processes. Figure 1 schematically illustrates an
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R M0EEIB353r ocesses. The tool 10 includes a hOU®BGH/@I760
cabi net 20 having a platform 22, a pl urallty of wet

chem c roces chanbers 30 in bi.ne 0,
o00tignd = (WghoBToR SheEras o e PBBIoTO UsERodS  foch,deatures on
i ﬁiicréi@hﬁﬁ'@w@ﬂ(pﬁeﬁce& Vestibleamica pr@@@ﬁesoar@marang perfon'ned in wet
chanmber 30 for, |oading/unl oadf 5% ‘gwgo c}é@ﬁ/eces
Th@%?'@%'&@???&‘@h"&ﬁ‘@él”g t ayeca RiUREtY pf el PEI&RRG ghambers
cl %@nu@gmﬁap%férﬁﬁg %Iééhb&@erﬁi@ﬂﬁﬂo%‘bosxﬁh@cﬁk%ﬂéﬁn 6@' performing

dep03|t|on ers or other t YpeEs of hem ca
pr mb,l@ﬁhfgwsv@‘ée%sesprowe& A L) dr%c@mleﬂwwlstmmawtegrated

a {dogqg thiaf 38K ;fe%ro%doﬁe PoRs egfaef kA mreavgfn%lfgéw tﬂ?e tool 10

2 to transport |n|V| I ec
t hiacludes altmusrnneon aabingt 20 daving @oplat[@m g2+ dpluralify Dfmyeg chemical

I f
2 BREERLAEEnaRlr298 i Hel R ol 5 8 RS bisterdlen, The tool 10
thalso dhditidest [lﬁﬂailahqamlnﬁs b chypled do eaadil brctmsslhg chamber 30 for
j a essgi N : :
o PoRRBRoaha] I WeReCHCRE " WABHEThe Gramprm 30 can be
t o:iﬂmseld)'y [cﬁa%]ersAubkeaahgd depsules,n getliingo chpsubes; s dect@ohemical
ortg E}IE‘E'%? tE' per f armance of "[s,em conduct or s. Th
pr TRESLORGC egs’ S&s" RHWP 93 n° #f’ﬁbF‘ée'E‘ca ROCPYoe vessp's. 1he
Wﬁanspbctlsyaf foi 40 tnchuniss erllmaﬂtrmdnb 2 aed avolsdt pidethaismetes along the
[ cess chanbers, 30 .a .
coftach 42 1 TRbserf HSRELEE veRtiEos N wEhiAdfe 98 a0 e integrated
arrmmm h@tmr m&ﬁtéﬁ ﬁgv&h;&iﬁﬁ@ iigréijb mﬂﬂBt ; 30 h@m@a:pajramy of lﬁé’ntainers
al on e ra ro in ut severa
OFpE&ﬂWQ W‘gh@eF%ﬂ 3? IW‘PHgg} B%pﬁraé@@ow Watkpieces
a Mﬁ'fdrﬁtmeof:orﬁélﬁ’@}seﬁ2nﬁﬁdi aRe - pro8éiig Qh@rrfb@ﬁﬂ l3anaecditling to a
aut omat ed handl r kpi es is to properly
caPreE?mmepl’Y\éor WG@“E'@%&’Q}] hts of the transport
[ooos;SY St €M AfoiatedD \Handfisg! &t 8hotkpietdd o e meﬁéﬁS%sBGct in the
chanbers 30 and the containers 62. The transp

syRerirmance of semicppdugtepegessingionlssg\s shawn 6b5t9une11 the robot
thgy ?tﬁl?s‘f'afcbﬁra 'tFahQi@? a?aﬁa;ftctéﬁlo‘ﬁhﬁﬂﬁ@fe%e§ Gt agpel dlfferent %rocessmg

cont ai ners . nventlon rocesses for teach I Ng

r offmbeys l;@uamd ywe reppfarers fiznu dineyrobet e maveR) then elorkpleces W -
B8l s PR 90 BorRRAS ol ARl dong o
c otnacki 4 rotating ah@taew@épivobmj@tswmd sigioptuiwagingdhe merkpiece W
Pogidy qé?%tygé]fcfroh‘f?]é’? ol each of t hese conponents is

recor &8s a
[00086] 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 franspor 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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programvalue. In addition to teaching the robot
specific locations within the tool, the arns and
end-effectors of the robot nust be aligned with the
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This is a tinme-consum ng process that increases the
downtinme for repairing or maintaining processing
chanbers for the reasons expl ai ned above. As a result,
when only one processi ng chanber 30 of the tool 10
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SUMMARY

[0010] 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
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conmponents of the tool. This is expected to reduce the
down tine associated wth repairing or nmaintaining
processi ng chanbers and/or lift-rotate units so that
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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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WD 2004/ 108353 PCT/ US2004/ 017760 transport system are
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roc em eposition eani ng
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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 liff-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

6




-6 WD 200411083 53 PCT1US20041017760 the workpi ece
handl i ng devi ces i nterchangeable, they can be easily
and quickly replaced, to reduce downtinme for

mai ntai ning or repairing the workpi ece handling
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nDhl?@lE}le afd ke fi fr@?dhg_?hnm eumga 0t bé an up?eﬁhwadeooftthegeck The

WOor | ece SuU or n SuU or ec

| wgﬁw%qe GRS Sevihdodnier ufkPiRe Rubpd RoptpRed ts' cany the
%r&@é‘é%mg'rﬁt%ltmfdf hee ciearhisarelh idrige dav i bp@ratlﬁeiy coupled

35%%%@% ézgslc%‘tﬁu'%qeqﬂt i g workHRoRatep & geerally Mear motion
re%&!ﬂst gn& '&emo‘&ﬁfr@bﬁﬁﬁnf@ﬂ@lddnﬁ) ﬂh%Wv@ﬁkpfé%@ élﬁpp@ﬁSI The mounting

renpve | aced, and need not terfere.with

ac sugRort basca ﬁgmﬁ@wemﬁﬁe‘a%fﬁﬂ%\@ mgtest Wi Benist gignment
th%urf?éé INFRN Wobkddse hEQ@Ii'r@l dbﬁc@tlgeéu edi /gRANE . tot B device

drive unit I S coupe to - the mcrofeature
\Aoﬁkwwb@nlyquwmbcma the aligneenhelangi €. athgr dgady:  As a result, the

poyo' Ig:ﬁe llilﬁin URRAYS carfBe éﬁ%‘ﬂ?%embbé‘d 'a%Her"eE%édf Efneed not

tion -to a second end position.
nointeiferg wﬁnra@aegs ofc chmppaenisi aly thre\anparatys lB@ated beneath the
po JL. an alignnent plane that does not
|nt%h¢ &ftqﬂ%e “transl ati on axis between the first and
[moiesecond End)tlmsembodmenis)oml drige halt i$ ncauplask danibe microfeature

S SR TR 6, AR 308 8P, a0 e

o rep G228 the wor pl ece
dethe érterfadeofromx arfissle end rposiiien- fenacaﬁcn'edmtemap%m@'t A mounting

L B Y BB S B Ao 5 GPREF P tatcoos
Sumpt)ihteramlﬂga parislatioh axisbetivaen the first and secandrepdeupsitions.

oo o & BB 8 BB SR P b ool AL A el an rcuoo

VWO RrHPtine fediard tonepldey ilewoikpitcs dasiding devicss. 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 héndling device- includes a second

workpiece support and a second drive unit. The method further includes moving
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wor kpi ece support and a second drive unit. The nethod
further includes noving -7 WO 2004/ 108353

PCT/ US2004/ 017760 m cr of eat ure wor kpi eces to and from

t he second wor kpi ece handling device w thout

o%0 1U04/38833g t he second wor kpi ece handl i ng deyCTES204087760
replacing the first ~workpiece handling device. 100181

A nethod in accordance wi anot her enhodi

i n(UFP e@FP’?n\”!Pr ieges jps @ ‘m ‘h@ BHOR eWB ﬁ"@a}' %Fﬁ'&g device

f I Wiio@orambitiRg tthe BebShPwbikpfdce WiriRhE @evidanfter Féplacing the first
- device by noving at | east one of a first connector

as ¥eRfisceciandiig device.he tool and a second connect or
{Oomlasserrbl Xrn‘ﬁf{H&ll ﬁﬂaéd&r&%ﬁ fWIthénotW&réﬁm&ﬁrﬁeﬁﬁ]adg%é I?ﬂentlon includes

Vi ce ative to t ot her al on a Sin axls In
f i dwomecéeg beth eleplgcatanddiid mmmnlcatlmtq@ dest workpiece handlmg

CoRBaEL g{) %%‘aﬁéﬁ&%bg@% rglgsr:i %82'5,‘% A e%s}%@mogﬁ aétdocﬂ thétool and

a secon han
| eassecond cdnrteb@rfasssmbi}omemie@rthtbseﬁmt wcmkmetze handithg device

E%ﬁf\} O @%cht é‘oggl ¥ e% le %% otstﬁ'gf) Bﬁj {)‘Flié: fhethod fuﬂher

SI mg:llm!eamanectmg l:mﬁn:eladtndalra&ndtﬂ%cmppmsmhom toea becomd workpiece
di recﬂl aon cordin

c o bRTINGaVisE 1 ToRug f tnssh Snds e B S ioaBiie a8chbly and a third
wockphenter dsseaiblyngoufited tether secend workpless hamdtinyeitvicadrelative to
g o AR R S A C@de‘” &5 4% hfde direction.
Flh @M:f:@'dml;)ly #e ale&ﬁm?a’cd fuid @bﬁmtﬁl’%aﬂbﬂwmé tbammh the tool and the
C enlca pro sSSin 00 CCqQr aance

o PTRpO PG e Aiice; 8 Pasd b rontegicel, and recahnedted when

|| lrdtSiading bﬁ@hanmmgtde%e%thaamerchem cal processing
tooI i n accordance with one enbodi nent of the

op plan view of a
)ﬁﬁ%ﬁ@g‘%@@ @g%ﬁtégﬁhﬁwg accordance with an
. enbodi nent of the invention. [00221 Figure 3 is an
[oo1e] sonet rFlguxs t\ig* afschennt:momganwmw ef &avetusheniical provessing tool in

chem c e i n.accordance with an
enﬁB‘&‘?ﬁ%’h‘? ﬁ’ﬁ]‘? rﬁ’l’ix‘? ntion. [0023] Figure 4 is a

[0020F I OSS- SEigLiten RAl isvanwsainettig Vieweilldstratiot &i pgp:ﬁcm of of wast chemical
nmounti n nodul e, for use |n a t.che rogessi ng
* oBroqeRing B s Atssrnct i chsrpBRedIERAE B e entn.

oz21] nvent i Bigurd G244 fltgprplaﬁ V|§w af - @ﬁét sleerhicaln processing tool in
showi ng a oytlon% %¥ qpuntlng nmodule in
gr 85! ang& With an embodiment o the lnven on

fo022) Figure 3 is an isometric view of a mounting module for use in a wet

| chemical processing too! in accordance with an embodiment of the invention.

[0023} Figﬁre 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.

[0024] Figure 5 is a cross-sectional view showing a portion of a deck of a mounting

module in greater detail.



-8 WD 2004110833 PCT1US20041017760 [0025] Figure 6 is

a cross-sectional isonetric view schematically
illustrating an el ectrochem cal deposition chanber

for use in the wet chem cal processing tool in
yoeuodagse with an enbodi nent of the inventi PET/US0QAG8]760
Figure 7 is a cross-sectional isonetric viewof a lift
rotate }:mlt for operatin t he head of wet chem cal

[0028h ocessii9Ye Ralfnd ragosssedienrldisAPetris YiRwaschemnligalie lustrating an

of didi®robReifiRh dﬁbos[ti@g%man'ﬁbﬁfbfr%sg it theARet &m&él'ﬁﬁocessmg too! in
view of a |oading/unloading nodule for use wt t he

o ASEPTHGNFRWIN an iembediroentah &t iNYaioBn enbodi ment  of
[00263\2? ' nVFEﬁJP Pis [aQ:Qgs%lsé:dttQHél‘?scﬁnétﬁc QicwPBE Q'Ilﬂ“?ot\é{ee@‘npifor Bperating

em-cal processing tool having an
caltln@haad oinvefyobeaigal pravessing ahambwsmm ageordamsovitean enbodiment
th%f'tl{évlﬁ{?édti‘a:ﬂ 10029] Figure 10 is an isonetric view
of "a"sensor uhit for use in an automated calibration
[0027syst em Figuex 8 is dimisomeid Yiewrof er‘mmﬂmgfanlbadmgtmmiule for use with the

i ny 30] re 1 tri,c vie
s SR modlis i larktrhea i f by oG e fventcR. °
[oogaflg 8 gr daﬁlgareNQt ib aﬁtb;epbng\:nmrdf afvet hfbeﬂnivalélptﬁcg@?mg tool having ‘an
' s.a flow chart of a r . .

L UEe PRt bRt iy Soorse Wi S baRgsaE  the invention.
[0029§y8t em Figufe nefzgra@msenfeltMewnofa@ @@hd@n@mt Yort flsedh an automated
gt?ment of the | ent i og‘ é ﬁz& Fi s 13A and

, 13|§5l rét"?'bﬁysﬁ?'ﬁr‘f‘ 9? ange Wikt arhgmpgd! P @'%‘fe&@@% of
joosof  Met hF@uf’éJT‘HC:@'éarb"éﬂnhé‘lﬁc erew @ﬂ%pgéﬁsoﬁyﬁﬁteéﬁédhed to a mounting
accordance with an enb t he i nvention.

[ 0GR ﬁ"@ﬁ%@@ﬂ?\%ﬁﬁ@“ﬂ@%ﬁ“@e'@t&ﬁ thy eqicis

joatf ! I ustr ﬁfg’uf@‘f@tshﬁﬂoﬁtc@;ﬂﬂ%ffa%ethﬁékéﬁ&@bhﬁﬁcaﬂlyrdémhtlﬁ a robot of
a transport systemin accordance with anot her

entfdmNEEatt sygiem toea r9igrenes Hamelin @gagrdaner with 5 ergbediment of the
~ topywehAsh.vi ew of another stage for calibrating a robot,
of 'a transport systemin accordance wi th an
10032k rhodi nEigurast 13handn{h Ere dop PEOSWEWEI itjateding esreslfig stages of a

166, & ?&&dﬂ‘:%ng'ae%néaddrrﬁgﬁisiéfﬁ'IH%G%M‘%CQW‘E& %fnbﬁdtment of

met hod or ting of a transport syst
i ntkeipyentioice with an  enbodi nent of the invention.

tooaa[ 00361 Ef BsCS44 7 An nﬁfa}ecg%o § Gﬂlﬁﬁ'@é\ﬂ!& GiYdt®YRg other stages for

|l ustrat I'ng an en
calibrating a robot of a transport system in accordance with another embodiment

of the invention.

[0034] 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. '

[0035] 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.

[0036] 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.
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with a transport systemin accordance with an

enbodi nent of the invention. -9 WO 2004/ 108353

PCT/ US2004/ 017760 [00371 Figure 18 is a top plan view
of the end-effector shown in Figures 17A and 17B.
MOD3BY1EEgure 19 is an isonetric view of thePCI/US2004/017760
end-effector shown in Figures 17A and 17B. [0039]

005kt 5 Ak LBy o B Vet o PP e nORpdncsiitRs 174 and

acgpgdance with another enbodi nent of the invention.

[ 0040] ure 21 i,s a parti al tic, 1sope

E00331vu ew of'f%l?ﬁdﬁd&a@d%om%ﬁﬂalweﬁ‘@o#%% g&%a gtoe&'mwrgm%aweﬁ 17A and
acgggdance with an enbodi nent of the invention. [0041]
Figure 22 is a partially schematic, isonetric view o

(0038t he worfigiredd iﬁ@\ﬁldﬁcprﬁgtncalm@faan%h%'mmdlmem ty‘wweermeﬁector for

showi g ﬁ’@ﬁs%b}‘t%yg ﬁ‘ité%rcﬂﬂ*janf‘ﬁ tH ra%t F Q0AHinter b fﬁegﬁventlon

IS - a partla enatlc IGMIO an arrangenen
[0040jf or sdﬁgwet%@ & mmrttallmah@meﬁq rig@raetric ofewi of eéawpiispiece handling

y Q réﬂs%ﬁ%&%?ﬁﬁa@&g‘%nﬁg Xvnﬁirghogrhﬁ@cﬂﬁleﬂf ?f;tng invention.

i nventron IS a partia
joo413s c he mat igyree2gpis cal patrtialye seheimadicisofuptrisodew wp ar workpissd handling

oAb Snbgp s FRURER Sndlah sBiEBF PR TR ety
[oos2i sonet rifigurel 23sts ad | partially schemidis, eendvidandf iamg arrangement for
o PapeRine OB A oo neomRuBREEn THBeo e Ropogape wih an

ZGembo@mentbﬂmbrmerﬁnnof internal. features of an

oo i TG4 1558 A BB X0 PGP VA 4 SuikaEte support

hengadcorifig@rddan mcorﬂmwmnbu rembudrrhéht@t the lﬂVentton

[0044}m\/\2: ge: gtgrpogg Bg g%fﬂo lyj(gg IE,ESS%MQ?%/'. gILHs ration o? a workpiece

m ﬁéﬁtﬂhﬂyl ﬁﬁﬁar’eﬂ.ﬁ‘s' WRATgIred OR) aifit RORArkSibES Uint SicBbrdance with an
nponent s hin-fil mrecording heads, data storage

I‘@W\E’H‘i‘@enﬁrpfc:mﬁf"l“{ﬂn@% devi ces, and ot her products.

poasM CT ONBGkIBESE 9 o MiSRERIBRAT Rl SeEERSs of @ni Gabsdle@nt of the
within.this definition because they are manufactured

i nwaikpiecehangineapRaialiie sBewn it BigHER €Y circuits. The
substrates can be sem conductive pieces (e.g., doped

si bespnpmbestapeTionr! | i um arseni de wafers),
nonconducti ve pieces (e.g., various ceramc

[ocms]SUbSt ' af&seﬁgéd herein, the terms "microfeature workpiece" or "workpiece” refer {o
substrates on andfor in which microelectronic devices are formed. Typical
microdevices include microelectronic circuits or components, thin-film 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 pleces.



or conductive pieces. -1(c).. W 20041108353

PCT/ US2004/ 017760 [ 00471 Several enbodi nents of
integrated tools for wet chem cal processing of

m crof eat ure wor kpi eces are described in the context

OYO 28HH8381 ng netals or el ectrophoretic resPET/UBM044117760
on structures of a workpiece. The integrated tools in

[oo47ﬁlC cor da@é\%rﬁf' é]ﬂb&&ﬁlehﬂ:vﬁln Hté’dqrgtteﬁgfr@}%lé%oéS\ﬁ%ipclﬁékrrﬁiealb&ocessing of

n et g, rinsing
chmnroﬁattp‘e oxarkpieses mre I‘CbSClﬁitﬂCi imthe rcoofexhiof rdspesiting anetals or

' ne%'&%&{oret%]re%%g]\;éfﬁa%cstt&r ﬁ 5%&?p|§é oI d hie:]in{éépa%gd tools in

pieces enbo
acaccatdarwe with thd menﬂm-enmeaamnsﬁ‘so herudedi in étclgng,esnsing or

P B ey hamiee! et IR e Rion(et g ®Reatures in andior

| nwﬁ ’Reimdbndibier d@mwaltéﬁ brosthéstypéy bﬂﬁdrldtpnic@st I2veral embodiments
secti ons od|{ nent s | nt

f ol t '
Tobt POl P ASHRATER Wb Ms BYSTICR) Srecsmdarthah FBiBes 2A-26 and the
Di {Bhoaire ki idrovﬁb@&ﬁ:r&@ﬂ“&hd&stﬁ(ﬁ@’iﬁb%‘f paﬁfé\:lar embodlmen’cs of the

Enbodi nents of Wet Chem cal Processing

o RUPHIOrE AR RHPLoS ANiechinke er RIkMNG Goispar by Embodiments
ands |egdiddnroad W‘?x’i“ﬂ)kﬁﬁmné @Io&“éé ggg@?ﬂbm%@%soff Bfmensionally

Aut omat'ed Robot ['i brati on; odl nrent s of

Enétable eounting dﬂ@rﬂt(l@, @h.&mmlmemmm. Wit Shemical Processing
V\bb'ﬁahﬁ;% N@Lh I@E‘R@dﬁhéﬁts ﬁf W&-E&%cékllléﬁcﬁiﬂg'ﬂﬂgé}ﬁtus and

rstan owever I nventi
hah@até{bl'olqaddwaqiulea; (Ep8ystem and Methqdatfort AetomaterhRpbot Ca!lbratlon

Fﬁ%ﬂ?@%ﬁ%{ (ngr% E@b&g?ﬁ%&; S 0‘1%1 16@% d'ln é%?%‘orkplece'

W Handinghppayaiusd A persanekiiad A therast @il ursiesa*hamct chmteveu; that the
Vi ﬁ'rWegtrﬂ%W rﬂ% al'ha%r Eﬂcﬁgo%ﬁ &ﬂpb&]b%%sat Sl'd tIIIE&o Q&enﬂon may be

accordance nventlon
t hpracticdzbeitheuitseverabof the tetpilaskavn GoFiguESRA-RE| u d es a
frame 110 a d| rren3| onal I y st abl e rmuntl ng rmdul e 120

rocess , r ,
[00431o Tro o#t: g?e RIE %.8&@@ vi %% @girl{.t)r}’ Pén ntegrated tool 100 in
t r accgrdances yitheam 1@ﬂbodnhnenmﬁ rthe nigventibnl e Inztbua @mboelsment the

%t@i&%ﬁ%ﬁbln@rogﬁégg gr)% 1 161%0&%&%125?“3@%{%@ %@tlng module

11(1)20)1 aoustqr tor thlel framef 1ﬁpat;ﬂumm& cfrwketochesssd) precebiidg chambers

o 67 7, 20 B oF g BRI Hous P e 51 30, iso imoiuc =

Fi Uans;)oibﬁéyswmw&n@hamopnﬂng awiolald 120 tdrdes theproddd3ingachambers

A eSSBS B © 1201

[0049] 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

RER




partially housed within the frame 110 and carried by
the cross-bars 112 of the -11= WO 2004/ 108353

PCT/ US2004/ 017760 franme 110. In other enbodi nents the
nmounti ng nodul e 120 stands directly on the floor of
R2004UBIBty or other structure wi thout bei nBCT/US2004/017760
supported by the frams 110. [0050] The rmuntl ‘ng nodul e

1, oA A el iy on o

C hflodrast shel feRility cbk&)ltg%ﬁ §tructm1é wﬁtﬁomﬂbéf‘ 15y diitportad dytieframe 110.
transport system aspect the noupt | L
o0s0hp it b i QUG pquIs S oRLTE D SthS STRigAre et maintains the

SI %léatf\ﬂecﬁcﬁﬁlﬂldd'lsgb@t%%h tﬁé st sHembicall @be@égntg/cﬁémsé\rseﬂm the lift-
the frame | 10 so that the rel ative 503|t

bef@itéf@numlh?em%t ang ﬁmnﬂ@aﬁpw Syeies) A§0ch ﬁBé'}S@BEWGf theh aounting
| | frodlRt ﬁﬁ(? isuiat & id flich E?ﬁ(gretrﬁﬂ‘d bhaheB Y & Pniﬁ&ﬁtﬁ%ﬁr&@@r structural

do not change overtine. Another aspect o

moéiegrity ggmpa@dt tadhe frtamenHlQﬁ;e&Iaétftﬁ e paaitipys beiwleé the wet
lde‘E:K miegl Jé@s&ﬂé c{Haﬂ{HeP@ 1?2?@“&4&5’(9 Hﬁfiﬂﬁg, and fhe transport
ocC ers 1

a |ons or po |on|ng. € processi ng cha _
andystém 190fde noitciiaage ovéniima.g8nathek aspast pbihatmeuntingnmodule 120

T8 056, k) 0 RSl 1 D g o

de pkecis2Olochtiorst foe posiiahiogditne pracessing chamiters g 30eund| the lift-rotate

 Cndnfl e BB Roduf WERRHSRRLY BtAaE: Bk MhodiBrfibt snown
15€he irrbasm:&b ksydidfh 18Mmdanhhse phatred m:rasuy &y ¢hd mendmgao In other
posi

PO RS ShE S s, P e o B e B SOt
t hgsp b&ﬂftﬁé thandipéH eystérat] 0Oy enourited tosthet glatéanh180.h&he deck 130

The [ nod 120, accor di n Vi des a sy
ol ER AEtoRReteE A1 PREES sRloRtd Bale 160 oBRE Shel'so that
| i bbsft‘ @mﬁg lernsnts onlfe deuk 180 ardMoeitionind él@mbﬁt@e@l'n the platform

2“0559 4001} U AIEE ErEATLINE o TOR MEURRBERNS 120 eccordinly

I Bfdvickes! P SRdteMNG wiith Wbﬁclﬁ?&?ﬁkallﬁﬁce%&ﬁarﬂ'l’ﬁ&s t190[and lift-rotate
articularly suitable for a |cat|onsth ‘

ha#@'t%léﬁgrﬁﬁ"n'@e r%"ﬂ@‘éﬁ"q‘ ARG TPRIASCAM h'“F%@ﬂﬁ"\géa 'F’eQﬂJ"éQﬂnentS in a

- MARNRBAHAE ablurkiafy YEitdRITHE Fliadtnfift EBIPBnerit AFBRIRe locati
17';1% he Ilfat -L:otglt%&thlts 1gegiaor t he itnrrﬂ,arr]fé’portfrb € locations

syﬁﬂé'i'ﬁ(i%”w -wet chenical processing chamber 170 can
10051P€ T ePaThe ol 10t YiARsh rYbé’mf%'bf&)i’df aﬁbﬂ&é’cﬁiﬁb RHal ﬁ‘@ve demanding

chanber fromthe processi 30 'and repl acin

chapgaificationd wmhrreawra ﬁﬁ@lﬂ%‘ﬁ m@@@ﬂﬁ@fi@: ﬁfaﬂ?ﬁéwetwﬁﬁn?@! PTOCESSIHQ

MO UL L DGhsh 376 VWiHeC i ASthie I iR 186, o Q%&&E ot éy@hén'?elgo A wet

positioning €lenents on the 13 use t

nmo aherhicgl processmg chamber 170 can be repalred 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 dimensionally stable and the mounting hardware of the replacement

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

-12-



nodul e 120 is dinensionally stable and the nounting
hardware of the replacenent processing chanber 170
interfaces with the deck 130, the chanbers 170 can be
WO 2004/ 108353 PCTI US2004/ 017760 i nterchanged on the

QR RO0I/BB3W t hout having to recalibrate the tPanspmN4017760
system 190. This is expected to si gn|f| cantly reduce

or et en it R Wit tpORELou B Rra e BBt system

a 140.ghTHiSrigughiedted fo aypificantly cedudehdiie hiawatisbr dswgentted with
perfornmance s

P ERSUPBAT SRl bRiine ooty pHataRTa  H Fef Reuefizn Maintain a
S yﬁ@ﬁ MrodGbut Waﬁalicﬁﬁ’cﬂ‘(sttﬁétcrﬁiﬁ}e FeHgeht é&*?orﬁiah@@ B@ébxﬁdé\tlons

t he nounti ng2 nodul e Referrin

0052128t ogdtiGide 2B isea tqpaqlgrwfew afyhg tagl %9@ ﬂl%@fgmie&fwa@& system
19%9@nghga ar %Bﬁu idday QQQ B&ttacﬂéﬁ fd Qﬁé‘ rﬁ&ﬁ’nﬂnﬁomodu!e 120.

nmounted to the atform 150 in the enbodi nent s

| nReieg'mgetg FZQW&ﬁ Axmd E%tose&lﬁéém tragspart system(1pQ dncludes a track
£ﬁd? G Solbit fqar@&é 281,19 rSH?'i‘éf gﬁt@d R mef fform 150 in

accur at SItl rac
t hﬁwewrahd:rbmnusbo\wmm mea EA artst gBe Mnret spa_tma"y, the track 192

at ﬂ'&%%% % ﬂ%ﬁgﬂﬁ%ﬁel&tﬁgnts };;Egp% %P%fog#gﬁoﬁtgrbc{c{r?%iﬂg Position the

baSe un
1 ORackatbZarehativede hé phardibers A70iand the Ilﬂhetamsmtaﬂﬁﬁ attached to the

ﬁ?%‘s@dnbﬁg? ngI ’?%gén Ip%aéga b.%%?%?§§4 &%s%e%ﬂ?along the

nmr@ek W ran am elsssrably o9 5evartied by p:knes bbs® nmtt H&4, and end-effectors

o tEael] SaTea 85 10h (T SORMBH, o7 0 i Sk BT 105 rotates

endncﬁfrﬁﬁ\fésoalhn@%n Celgvation aaxds g | positivre the end-efffiesters 196 at the

SRARBRAE 7 2rBberRec1oo e g el fa8. SR it 198 and

t 0@l|1d eﬁ&ﬁoﬁ?@@‘ (l;tirf1 b@?ord!ﬁgly mean ] ﬁ)-redl. dmyensfonal!meﬂable reference
at tac tothe fra t cl 1 unt
Tisherd bydte g mogh . 1285 KeErin R Fol 6B the too
t hqeod: Ictah -fiAk@! Pokiabt S phBAlity @ﬂq‘bahb% wmmcﬂdd ﬂytﬁeeframe 110 to
190 in a _cabinet. In other qd‘[ﬁents thesg
Losnapsaiie BoURIG Mackles 120, thevetsiemiol RIaFeSBY “Uambers 170,
I efRVfitrothte LG H80) BRd Q@@V@n&;ﬁ@’t Wsmgmdgcdebm%@ In other -

to provide an open t ool .

Enbod
Di eEhedigieats. %%pamﬁl% 189 0R pnﬁ g %famﬁ'%%s ?fdb% ol #pQ gpr bg removed
| SindRe ST bbbie fﬁ'eeﬁi‘bcé%fs:m@ dEBK AR e todl.

accordance wth an enbodi nent of tﬁe |nvent| on for

USB in Erhﬁo&ﬁ@ntal%ln‘leﬂsbhélﬁl SHBRAIOBINg MB@JIBQGCK 130

includes a rigid fifrst, panel 131 and a ri ond
00s3panel 1f3gure 3 ?s an |sometr|cpwew of a mounting modu.ﬁe q28 in accordance with

an embodiment of the invention for use in the tool 100. In this embodiment, the
deck 130 in'cludes a rgid first 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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superi nposed underneath the first panel 131. The first
panel 131 can be an outer nenber and the second panel
132 can be an interior nmenber juxtaposed to the outer
menber. The first and second panels 131 and 132 can
AY@Yorases3di fferent configurations than t hePCT/US2004/017760
enbodi nrent shown in Figure 3. A plurality of chanber

aronedaclos A RispbeL i B 3 G sRaRBrbag Tt faha 122 o

132ctive thewet clentibal predessing chambersr 't?@e(fgung 2B8hanber s

170 (F 1 Th k 1 f

oot o1 Lacie ek a0, cey Rifhes IS Sitaity fibeltdnlpgHiements 134 and
at éteaﬂhn’fémt A eRinftnt 35 é&énl%a'ld sarr-.g@@cisa pattprre&a:m% F@tﬂra{wanel 131,
aCl oSss e | ont.n e nts
TS5 St liening | bR 134cte o Hies FHchingd B the Jrepanel 131 at

Pr gieiRe Ibetishs an@/oaa@lmé ofl V8 Irscefedih l‘ﬂﬁe h@l@gl YR8 dotels are also
the holes. The dowels are also configured t

| neQsHiouresl 19 nferiace wikh thenwet emmﬁabe@ggwgg @hawssrrssﬂo (Figure
179 FirDBirer e%@odm'méht@tthérpo%ﬁ’@ﬁﬁibrﬁé%ﬁntstJ(Iﬁ!- can be pins, such as

positioning el ements 134 can pi ns, such
cycyhndnq:aiamnzpuonsm@icat@IﬂSeéhatpprﬁsect fupsargly d{%@tthe first panel 131

UP\W&U% ﬁ&#}ﬁneﬁ'lﬁ %Ble@‘emﬁe fid a%ltﬁqUtT HQ& 13 has a first

p03|t|one in the rst ane 131.
13¢ethef pasitibning elementsf 1%ématem|aigeaﬂheﬁbambeuseﬁeptacle 133 fo .

| O&@c{ul Onf}: Gafdh H25 ﬁ{du%?%PEﬁ&Jnfcaﬂﬁg}cggsélggfé@éﬁﬁb% ¥t precise

posSi I ndr vi
chbnbhnm @ tlpr reoirgting module i18As The deok 13dusan algo inslieca second

1260 F el A805008 1P Redy Sh4RBBEEOTS Sy st

acmdwa:tual yft-pm‘atet umts 180 i prehisd Idcafiensr on dbhve mmintisg haddule 120,

regise I | Qn nt i The.
178 SRRErRRCAbPER. BB b oA B R L0 e pfbfron
f | regbivpdivits td%écﬂrbahe chamoberse! Modnds thedifsetate emttshéBO to the deck

ch ers 170 and the lift-rotate units 180 to the deck
130°Y"[ 0055] The chanber receptacl es 133 can be

[0055]0 onfig Urlféictﬁdrﬁlﬁw rébdptadiée 130 san berdonfigured et withl 8 pos;tlonlng

ApReters 194 2pd i sfeana eppRalec s & pividh,f R aperture

Ofth’éh@ﬁh%ﬁewé ru.ﬁérenteab@alaﬁamhap@quzhmﬂargurm tBe drbodiment
exa e rec ptacle gene

0 e BIBOIEL SR CRATRISY 0, GEOPEIes AT By pngrall gectiinear

Coéﬂa’?}ﬁt wite 4 188imtengorhbR éh&@éntablefem% 1$Ealong the sides
corners. The bul ges 137 can be curved or uar ed

cobeteiesn thefamere JbRrkIiges: $3f AR beaginierh opbaye gugreg comers,

sl é@*ﬂe)’cd%ﬁédf‘?@gloﬂ_é"'%ﬁ 8&?9& ﬂﬁéﬁ'sor@ hthE@itvéd!r Thé feceptacles 133

i nclude an I nner wal . The chanber’ receptacles 133

cagan further include an lnner wall 139. The chamber 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
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accordi ngly acconmodate cylindrical chanbers having a
dianeter that fits within the contact regi ons and/ or
rectilinear chanbers having a |length and wi dth that

fits wthin the contact regions. The positioning
SY@04(10835334 and the attachnent el enents 13BCTHSR004/017760
further have a un| versal arrangenent such that

% SEAE ERe b SHERR, G IBA I pramont o

20%MG&EQSelafﬁ'éhtdSZBMéﬂd?mnmhbrélemen’rel ddentraspmetively.  For

Lié&%ﬁ‘wﬁ[ﬁs % PEREeS 198 A 1 oo ARETERL fbmegts 135 can

?{:Bﬁéﬂélly ek Yocdt&d in aﬁm&iV@’sal pdtiem pintate ho thge tﬂjm mégions 138 so

| ot 8t PRATEORR 1 Bess SPRLD O I 3k BBIAF S I3 and the mounting

co relziefl*ﬁc.fzntrr%dodi‘ﬁiw1 %&aﬁ@ co?rb%ork!h@ phafsee réerﬁéﬂts@ﬁﬂfasteners that
only to fit wthin the receptacles 133

ToEPaRy the: pOSIAT SREWII 4 204 AHaGUed SBBBIR13R AS a result a
| N4 &8 R ?&t@r@? B Eﬁ‘.ﬂ@c@ ashReaecK &ipfiguRmen gt r’h&? different types

position el enents and attachnent el enents
a oédools, TBhistadows neelumasviaeierers andirodriice Rbsicaire 3 configure

de%dfq‘?%b&ﬂ{ e% QQOc‘;:]ia{lttHTﬁ{éVdgélfeﬁqggféH of YRR&ssiRG chaMbers without

|"'ows acturers an devi ce
f aliraivingt tor Bavéoacinsidatast platiara/asrdackc oFiRiE e raxpacteddp significantly

ith i na. '
PSRRI PSR SR bt
jposeexpect ednbthes feptireiof et lepeptades d 83 itthatesnduis can pass through the
t g i »
o LA Bl BeAR 18 Bl aPéye e, St SEn@ 18 BRH Blfgw the deck
i s 130atRafemidyitd Figuen2Pafes examplagseviera opboinged 388 through the deck
bet t bove t d I )
¢ ne HAte ndh BRFR BBy 157 R 0P Sl Wais s A thplBeR 70, s
_ se\eebnj ﬂum and mj;a:trh% inéshcarubé rmdted drolgh #80opendngs 139a to easily
defi ned and the outer.

| f {1 _
charganadlinls SREenEGRes of Pitpam asblet FntR orirebof gf the deok
" be 1730U1'|§@h éltbmﬁghl mbmfaaamr@gfcdsﬁ @Hodtivelyaniake/ a number of common
acconmpgdat e erent t . C ers ng.a Si.n
comPgUnaTtHIEs Wi RRIERr deds. SR RS il Bt DuIBE? of differen
Marpshfitdtiofs S of O dffefdnt efchafiberse! afccm?dm? atmuabesusifmers specific
conmmon nount | ng nmodul es with identi

C haRaHrRsTaT Fan s ATABeR (BF CUMPRST SRS & 51 MIgogh Segtrochemica

di ffepbSiNbn CMFRES aR8 C\Qétd bléﬁnhg @ap‘sﬁ&fspf&hv@ntmab Isﬁrstéms would
reqU|renent For exanp e cust oner want

w. tl‘ﬁqlﬂifﬁ thaé ﬁ&ﬁckmﬁcé"'&ﬁlly gefignad arsh manAshired 40 J‘%tﬂwd lines’

35"33 R‘f@‘ﬂi‘ié %@hle&ﬁﬁg%sw@ﬁ'aﬂ the locations of the
urre t deck eci fical e/lg esi

and
rmmmgmwute@ ﬁlamedqqku 39 showasin Figures 2B and 3 alleviates having to
design and manufacture such customized decks for each application beqause the

fluid lines and electrical lines can be routed through the openings 13%a
irespective of where the wet cleaning capsules and elecirochemical deposition
chambers are mounted to the deck 130. As a result, tool manufacturers can mass
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passi ng up through the deck to the wet cleaning

capsules at the |ocations of the cleaning capsules.

The deck 130 shown in Figures 2B and 3 all eviates

having to design and manufacture such custom zed

e p84/f08353each applicati on because the fl ui BCT/USEMS4017760
and electrical lines can be routed through the

g Qé tﬂég;%cré MBESREL ldws G it wb&r shd BRI pﬁ:‘v ng%l RO Wth custom-

es an ectrochem cal ep05|t| on rs are
rmGﬂtlfm“'QT@nﬁhe deck 130. As a result, tool

o201 SEANERE 168 e, AeBRROHI R g gpios 1908 o

unuasemtn ﬂmdhmu;ghIth@mkdkSOtfoolemhamdd v:emihgmf the tool. in many

" efRAlPh, s ineqioas W RIS sl AN Fe Sock 3R apa exnausted out

gaﬁem the drbasvuhtieroihg fddckel 3 CRhid 3 td mmeveharpersl that can collect in

Spﬁﬁﬂe %Eea} heqq\{ool Fé)gp%nﬁ‘\%dchggb t@'ﬁﬂ%ﬁg}gg'ﬁ% allow the clean

ex ARUsridEdasiis abole thé RIRcRMEBStoUEIR thioDgh dRE KekR 0130Ta.+1ds into the
istor coIIe t in both t

o CHSPATORE BRaV s dark Al dbR SREION K RSP 6eh drn out from

al kxyviddne chﬁmjhauyu fheaﬁﬁewwawrﬁga%\aﬁd ttHS r@&é&aé;'éé) 188 prevents
flowthrough t he deck 130 and into the rrgartmen

beMBRPEHB theair endiquids drom rth%&hewb?'fﬁefrar@c glifgh ih the interstitial
dr %Mcé%LBf th e&’:k ’fét?bétﬁreén ROt hARMBY andi Bfe S4H2RH ﬁ‘éﬁhl' 132.

139 around the receptacles 133 prevents vapors I
_[oosepj r or Theyunerntingompdule thaiser @cmﬂ@m%ﬂwcﬁuﬂe}gﬂatﬁs 160 along

B b EEh P B o o
moinver sgoematithe dexs 180 end wotiple tﬁa and 364 sitaehasl iattbe ends. of
1662400930, O tF#Q?Bq g&a@f&f:ﬁrw@qggﬁa?{ 8&8%19%?&3@%?%9 plates 161

interior side ["'ongl i nal
edgod the endh @laﬂm: k62 30 18Ad TéWdtpﬂlr@eEt plaforantbOLBgludes positioning

ot R 18 a0 SR8 el eRyII£ 28080 20 o he.

16 franspoit symerpanObmttm m‘wﬁt}agmaindﬁm 12@3 'Ifl‘reatnamnpoﬂ platform 150
b 6 Rt} MRl otbeRing e lsiofile. Mo 3ttt g8 andf rgoeive bols
ZBjo sécurchme tte:]cixnl:arﬁgﬁghe(s)?lfﬁgingtlfsgl on the ggﬁh% i ng

! her .
005 1 e P s OB SREIPE) o ARt R l5 Smbodiment of
t hﬁ‘te inEgral\atrubtulrd of tHeO:iaﬁxCIBOG ahd éﬁgura@kis Eo@sthited hew of a portion

gﬁfh%{%ﬁﬁggwmol@@f lfi@ ﬁ']ﬁ 8}@93 rﬁ.etﬁ{asecf( 18ﬁ dncludes bracing

l ntmm Nélchsdg myr@d@fdmgwm&en* béﬁ&benaths Eﬁdt@‘idfreslcﬁa biated 160 and
of the dec

defdl :'gt%iuo?”gsﬁé" oftes 10b e The et Dangld 34 5 Riachgd in ihe, waper side of the
br Bchﬂ@ 140, and the second panel 132 is attached io 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
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140, such as 'joists, extending laterally between the
exterior side plates 160 and the interior side plates
161. The first panel 131 is attached to the upper side
of the bracing 140, and the second panel 132 is

AXQ HOHEE3Bo the | ower side of the bracing 1BOI/UTeH017760
deck 130 can further include a plurality of

t hroughbolts 142 and nuts 144 that secure the first
andre SdRedends Thertita 344 £an bawekieddp e halts 14%to enhance

be cing 140 has a
pl ﬁ{rea?ciﬁ??&g?ﬁ E%@eQHrtﬁe tco‘.rf)&gﬁm\%hl ch the -16 WO
B

t00602g04/ 10888 papels/anddwading of theodadkr H@gganobe made framx stainfess steel,
T
St t et dal ?{;; o QSdeN%Egtﬁ thathidid e oP G ?B%Pr&rﬁ’tg%:%g] gé}ﬂggs‘it%s. For

the Connection’ Between These corponen
passérsplen dhd maoelsgerat plates dar lbelmede dronb dNitnerde EfOr stainless steel,

ot Bl 555l b E Bl ek 0P AT i hica. The e
ex zmuloec;ed tenpasites saammbhpieaa esrboaHibze onidelal® @nﬂesh in a hardened

Nitronic Ostalnl gss st eel stell 25 eel, - '

o ST CTpe el e G, 2T el 102, o B higbly rigid and

fi bempa}ilﬂg i€ ﬂﬁich@ﬁn(alsl ll‘lmi ihathel wet Uﬁgnﬁa!dprocesses Stainless

car pop: fi evl ar i.n a hardene

Theteeh o lpufis 7 ATy GRtETe BheduasH IS R biendt affected by
. hi gltlny 6ff el eisttolyio reeiitiohs eornblbinih Ssoiiipfb C@Hea S @@t chemical

in the wet fhem cal processes St ai nl ess stee

we PIocessSd I gpe AEhpaimeiti e Panels Bag Rlates 81, 1;3?'s.t169ng61 162

bubindaie4adrber {251 tdB.3788RN Hick SBINfdsRiEd! ¥hd fore specifically they
sol utjons_ or. cleaning, solutions used in wet chenical

pr 682868250 inch HickHBiplasreine)- The PpaslePad Rittes ihaweyer, can have
13 diffefett thidkhdds |ﬂ§t1aeré|§|30dlﬁ{é‘?ltsl64 are 0.125 to 0.375

inch thick stainless steel, and nore specifically they

osian be Bhema@mﬁﬂfphwk alspabe|skajBless aigel, fipps-rpinfired composite
anﬂwa‘?ér?él@%thé}%@t‘é?éllo d)@ﬁ’@ohdddafsf ﬁ\rai’é}%&st hlh‘%ﬂéeérﬁb%(ﬂment the

ot her enbodi nent s. 0613 The braci n can al
st hiagingseanskbe 15 tof3. %d‘rﬂhr‘lﬂdﬁﬁtﬂﬂd%%ﬁ %tgﬁlp@etm end more specifically 1.0

mifn%ﬁ!\ﬂidﬁ. bftéq@rlnéﬂaegaﬂa 1| AehifMeSs %&9/ j%rstssmlh dotﬁ@ts%mbadlénents the

mat erl_a S n one enbo ment, raci ng can
t obzcing Hhcan e astmew(:em creof ojher structumdnm from metal (e.g.,

S p?rféir{lés%aste F%mdn’? qma%rﬂ?%t?ﬁéﬁo!gmngﬁcﬁggr r‘(r:{‘ L sltchr eothr:zr materials.

ess s St's odi ne
[0082jbr aci ngThmmO@ahnngodunedl’w;ns consirdedby assamiding the sections of the -

st I e

L BHAE S S IR ol s s L SREpBIS Y92 anc 164 1o

ot tlrersermbasmiltbe deGRBIAD. Thke rmmpnnagtsmn‘dﬂhbedel:km 30 are generally

constru enplin th

SRS R, 7 B b lS 197 S alas, " Tig “ERRF sice plates

plhzaﬁ@asnaaae anlérldlﬁéidé q:,l%tbﬁsssemel attmhecﬂ tb hiee deck 1880and the end

T ela?esn%) ear;1td8181 utsnl% wgi%s &g Icué1 %aest eer;_Se ' a'll'hel 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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secured together by the throughbolts 142 w t hout

wel ds. The outer side plates 160 and the interior

side plates 161 are attached to the deck 130 and the
end plates 162 and 164 using wel ds and/or fasteners.
W2004/88838r m 150 is then securely attached proT/USmeemT6o
pl ates 162 and 164, and the interl or SI de plates 161.

w05 e oot tp BMARG dnédlfe 20" bigbrelrs hidupaln: Nimeusionally stable
i Sstﬁmturbiltght ﬁ%wg%?? [tgez g%lzmﬁ gggg@ﬁbeﬂm taqu;tuonm@ elements
4 81 T IShk ORI The RESignae BPMEITS 92 P e Motrph Fwithin a

St féi@b%aﬁ ddeatnotrédilidi tAs trbh@pdr?éﬁs‘témel QB%'He' r@Bﬁhbrated each time
bet ween the positioning elenents 134 on th ck 130

and replaceypent pr@ﬁew%pléambﬁrsﬁpsgr Hitrotate Hnléﬂ%r‘?nf’flcﬁmted to the
Wi hbdh 180 f%%enbhﬁﬁnqimd@tmbe%%bﬁeﬂahﬁ 4 fr@'i’tf%@rﬁkture that is

system 190 to be recalibrated each tine acene
pr ddfidenthy straabier meidaigr thei relative: poegitions tbei\seen ghe posmonlng

 TOUBRER Pt B 82Slh Yl WERSHERHGH BRI Bt 0. e
st radate mmtsnrﬁBGht andh tén dranepert isystepodP0i arasmbuntaden thikemounting
g{%hhf%%& In :l%e%?é]t %ﬁ%&ﬂgl@g%%‘mptlﬂﬁdd’l\gﬁgo is_configured to

cal processing c BT S
u nirtaintdit Ghe aeldtivéh positianssipziweers yiss pnsnﬁ@:ﬁ]ngre@nmﬂmﬂéd and 152 to

e BRIl o BN bty Y SR, Sgured o

r ehlritaia the selative poditdnscisstwtbe tlm@gns:ho:mng galeehem‘re ré4 and 152 to

ot aenram el hbth h Ao b & wicBo R ik 430 0gen maintains a

mainifaxmty ﬂhﬁsfuﬁacai tor evithiasapproimalisty \(ee26 E]dfoh and in more specific
posi ti oni ng el enent.s Wit hin
ﬁwifsz?'ﬁmngwqp%%mﬁﬁe?mo §Q§0]%HH3AS such. the deck
138 of t | £ od urface to
h #

i N HPProX L T hore specific
jposajenbodi nigigtne 6 ] aplpomntmmﬁsyse&nﬁﬂﬁmmsmmng thelinterface between

Enbodi nents of Wet .Ch al oce n
o8 Shahfal brogS s Arair 47D e Bk 130T ThS chapigy 170 can
shimesiuag & ﬁrOcﬁgﬁinngj fr@fsiobﬁt %ﬁﬁﬁ cogarvwmzl ggﬂ”l?}_l’ﬁﬁéss;]ng vessel 171 can
processin anmber and t ec cha

1788 dRAmed Ji9T e BoIBPgReJeatArel, BE iher Fistepl comgatiple, with the
17.8herﬁfﬁ§lsﬂfs@tﬂa$ﬂie:léiet\m§tﬁﬁial plfbétéséi .alh mbﬁy fap;blnfaﬂorfsf e @focessmg
pol ymeric material or_other materi
P Medosehaf1 s compasen oh S Hah ABSBBAYESY TGRSOt rRact with the
m@hécﬁ‘ﬂ?ﬂld §é!ht1&ﬂ%leérﬁl‘f§; ﬁllﬁlitfhs%'r Réher ;'tgﬁé oF fididluded in the chamber

co osed density pol ymer does not react
t H&e collar 17 and the vessel 171 can be separate components that are

connected together. In such cases, the collar 172 can be made from a
dimensionally stable material, such as stainless steel, fiber-reinforced matérials_,
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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el ectrolytic solution, cleaning solution, or other

type of fluid used in the chanber 170. The collar 172
and the vessel 171 can be separate conmponents that are
connected together. In such cases, the collar 172 can
B0 madessssom a  di nensional |y, stabl e mat eri MT/US06H017760
as stainless steel, fiber-reinforced materials, stee

s 2t 75 17?4 oo i

i nzp@fako Wotdlighbe witksie! positibningdelementsd134 omthe deck 130. The

BTSRRI A FDHIPL BIFAEE TOBBST T ote0rieq cobgured to

| NE41aAGEh Bn®aHb6Mbt fd’pr@f:lsél? Jﬁ)’sft@ﬁ&h@%ﬁﬂ@rﬁzlﬁﬁd anusathgechamber
in a Fatternto be si tionj.n

¢ 'Q@eﬁ 3 destecpparAinieeRions therisck J3BRE PO Wi the fiftrotate un
j é'%%r%ﬂgrttsgﬁehﬁw fpRe pHﬁfﬁ’fﬂﬁ? elbfients ¢34i|c§ﬁ> be a set of
gu

conf| one another to precisely

de"BGlB@M reaghingsl neles in7the dask ﬁ%@*q Aewels fperiyed i7ibe hgles, and
tﬂ%siﬁt%ﬁgfé)ﬁfern%ér@ 974 Q:%ﬁtdé’ﬂo@@ g RachiRld G tw@&éﬂlar 172 1o

rotate unit e transpor
synamumgme doweclpodhe .domelsgcan mﬁlsswutsayi@dm%esmlegl@al conical

32%@@5%@ %"e%?a,?’% Qﬁ %“ﬂg Ifigé ’Pjogirt]ign %?% gGikar ]139 £ “adprecsse location

I nterf
rrenmtmwe tdima deoh 136. Hidlessollpr 22 san furiac hnc}wée 8 Plutaﬂibf of fasteners

Vel g Wil By TR s B 10,
s uT heatdstersha pES chw baltioljs camthgydbicaded ndmbears thakrsecdizly engage
cone AachisBas8REhers b ReRhiniRe G i e itk 138:° he collr

f asteasiosdingly horistha gedessindpeesdd grtet aWiked, phecise location on the
atéqa‘_%zmsnt el ements 135 in the deck 130. The
ers 175 can be bolts or other threaded nenbers

poes]t hat SEMhy elat emgmesl pt‘dwsahgacﬂim&lbérsehmremars b]e35.letctrochem|cal
secure thef%ol lar 172 to th deck 30. The .col |

acdROgitiAg) FIRBPES t AEINPINGEELSi AEPTIRYSe) Y99 Gy cpsuies!  etching

f i 4ffinbd?s o6 Sthed Qﬁt@bleqnemhelrﬁeal piecéesmgcmﬁﬁinsmmwamber 170
chem cal progcessi ng chanbe

s 17
o] Bestregeh B G © B ACIRaSHSE R BEGB ATy hamek bavigg @ head 176
hﬁﬁ?%ﬁﬁ@rkﬁi’e@é"ﬁb%r ERpSsicP a vRIrRBIEES in hRarEReE!s1710T The chamber
ot her suitable wet chem cal processin ns ]h
chhfhshowryim Figune B alea hag an elesty éyge&mnclu ing a first electrode
el ?fée{ ?k NhPdo GRRRS tid @JBrls‘bﬁEt'éb@{d Qé\ébcﬂﬁi @Ieb@@db 17833 dlsposed

W th I ece holder to position a workpi ece

veIQSIbB vessel 11?He e fitsé and 1sE508¢ Glastodes 6@@ &ng H@Qoestabhsh an
glaélg?tﬁg%g%‘ﬂ {d fidte iSYSInSAR dibétrbiphd Slltitsh éntbithé vorkpisce. It will be

appreciated that the electrochemical processing chamber 170 can be an
electroless chamber that does not include the electrical system 177. Suitable |
electrochemical deposition chambers are disclosed in (a) U.S. 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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178a configured to contact the workpiece and a second

el ectrode 178b disposed in the vessel 171. The first
and second el ectrodes 178a and 178b establish an
electrical field to plate ions in an electrolytic
SWOReMBs3ENt 0 t he workpiece. It will be appretivatwdor776o
that the el ectrochem cal processing chanber 170 can be

| ha
o1 et BapPefeu Ry 1o onef 4L SRIBEL Xl Siphpdiments, the wet
deph@micaloprocb@mge chambersdizscbe sapsiles oaptidrypdave shambers for

297, d. 6, 660, 137 S.
oo BRI AT R i Bo d isacdiown ih B8O BRRbY boso5.350,319: 6,423,642,

20934 @)H1H)9%s, éﬂpeﬁh@&ﬂo&'@alsaq(i&éﬁoﬁaéi%arated by reference in their
200210139678 2002/ 0125141; 2001/0032788;

20600612 7337° and 200410013808, all of which are -19
00s7V\0 20041 D831 980 %ﬁﬁﬁéﬁ?{@%%@%@%ﬂ'@h@h@ of %@ ERE&MRLEProcessing.

reference in their entirety. In other enbodinents,

t hehawaberscH8ri ratiexpmples Slich §he eharaTs canberd acegramoadype (e.9.,
°f §6ehés Bﬁsdgﬁo{ﬁ@m&ﬁéabéﬁsr cnéé,ﬁﬁggldmmfr@r Stchfy® Rhambers,
6 ams) & Yariouseorgbinationsaef different typgaiof shameer san be mounted o

Qe%gﬁ{ BP h%tlggl . r%[l tﬁé‘%@n’!bfhattlaﬁé bf w%f‘t:;h%ﬁ"n oél processing

can ude varil ous conbi
of clmmbenseﬁveaancprwhp@cagtransmanbwtsmﬁmiaoF@ne dlsclosed in the

ex?éj’@ e%cg$ hgcﬂfg%{??e% CRAL A 198 h bﬁ&at o ?061%@%&856 and

em ca depos
chapob #0402 186 hnd §). 8. Heatewrir Application No. QQ/BKE&H&;@A;I of which are herein

conbi nati.o |fferent types of chanbers can be
muﬁpéo&ratpg%yt%fg %@k 130 of the tooI 100. Suitable

Cco
an : ST i
[00681 he r eFlgup_mE%an m;:mmepim atcse—mbtlmal atmv shc&nng an embodiment of a

B e Rt 0 B8 0 dn 98 S inedfotate unit
ar d 80 dnchides a dicmnsionaliestable coflaet&hcEhe Eﬁoll&nﬂﬁ@dndad@sa plurality
21 ghinsrAaRtRorts 1 Phaelof e Bt (ORF y6iicst 8RB ke gositoning

an eloniads nehtwheh the liftirdtate onint 80 mpdsnttﬁ@d&ttttm: desiradlocation for -
the deck 130 di

| 86PPRtNG e NG ARAmpSE ] 10 (idls ) e oIk 180 can
i %drﬂ’fer Ithudens bluekstity ?f fabiehets 186 awéngedga nﬁ?ﬁﬂlaﬁmao$e aligned

rran 0 ned w o

oSt AP RGen P eieies! S R RSk fad fitoyising the Jrptate unit 180
18§ ke midRAtind AtRdIe20.hahdaniciade leshadnton 810 hositioning elements

he h 176 of the ch 70 (Fi
$ﬁ§%ﬁ‘f #ag?e{nfg[gﬂ gg,ﬁgpq ag@&reémeelgmgrqge{ 351 cgn ve Slmllal') or identical

structures as described above with reference to Figure 6.

[0069) Figure 8 is an isometric view of the load/unioad 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 highiy dimensionally stable
materials in a manner similar fo the mounting module 120 described above.

-20-



further include a plurality of fasteners 185 arranged
inthe collar 182 to be aligned wth attachnent

el enents 135 in the deck 130 for nounting the
l[ift-rotate unit 180 to the nounting nodule 120. The
W 204883l enent s 184, positioning el ement sSPCLBH004/017760
fasteners 185, and attachnment elenents 135 can have

Si IRéfairingrtol Figiiles @ hnd B Ft%ﬁéth’ére%@&rdéﬁfé 'SQQdca‘?rbﬁ%ﬁjde interface
vvlthreferenceto Fi gure gure IS

i sdRembers OP%%OW)@T'@“QB@G‘P el Bigaeduibl rositivs elements 834 (Figure
hol
olxioAGhe WRE bRES @%opﬁ%%s?lg@g o (flﬁé 1?@%@(]25%8%&@%%% module

in the chanbers oad nodu
d| oI5 Prenerly postioned &arrapsration. SHie intritaceamembersfar thedstructure

g‘gbsatngl thb é?l%cr?]ﬂé I § E?enfgrg?eésikg?“eer | a(’ gl)él?enﬂ?fg ﬁ%l-th Hg rﬁimilar to those

SI rﬁesmbatbabdve wﬁum@ﬁerglmdoulﬁgumm derec ldddathladzdordule 198 can
) 4 41017760 . Referrin
TR TR AA Ao 10 i
i |r1¢launig to Flell;]ﬂfibmt@ thererahspcst éysténé ggozugpharm@ﬂ%@aHMn%%d module
al i 0Si ti 0 enent s i gure on the
enggg?%?esé%gg%ﬁ‘ettﬂgpﬂntl ng nodul e 1%0 when t he |

[0o7o] oad/ unﬂ'badmtm'dué emefr®HBrs Sorprtﬁ’@eéthm{?ﬁssﬂ? 0&?&? tﬁé’rcorrespondmg

rat.ian ers, on the structure

o §oSHiRNR slafestE Bt S die PO a1 Ghoamee dirSpnarer diisrent types

canf hﬁdﬁjﬂmdd&ho@lﬂeé has&syucHEmRNbRFNIBEP Wi dMd 198 can have different
refer nce to The | oad/ unl oad nodul e 198

.0 EOR8 @tf%?‘skﬁ’é %%%ﬁﬂﬁﬁbff@af Alvriapldngnyiastyrary and dlevire fabricators
t r enFREI difdrehefpad oF Wddnaibad H\@MUI@Q I'Ian"gedﬁﬁél‘ehf @tsdfﬁguratlons of

t he transport system 190 each tine [ unl oa
AR oI clofle, AvheHt {REWG ’tPoéath@f@ ﬂ[l@otrmsnuﬁe systems to

I%@é&rﬁ&@dﬂé'ﬂ%’r&ﬂ S vidrk e bwg?es%?c%zéé‘@est ﬂ%oups

correspondi ng posi |on|ng el enents 83

endpl at 8ystés aad Méihéd"s(?foﬁ N]%nfré?!éd Robbet aratioPes  of
| oad/ un nodul es oad/unfoad nodul e
0071 98 ca PPjg%r HPecLpLie PreseRt '@Yﬁ’rﬁ'PPoﬂ% sgewp 4R £igure 9, is directed

Thtcﬁvaﬁthl Ferisoghd
\1/#, Stall aifferent H{’@%Z%H%%tg'fﬂﬁ‘ga"gﬁdagg%t'ﬁ%%?q%ﬁbéﬂ system

airefeianen fragisnel Hartael WRs dre calibeationtsystama quickly position
t OﬂiesarWl LhPYb5 i thE drd-SfdcidtE A1oB ih rhedééll%f?is R8Fd" or origin position

systens to accommodate different

S IrBSRACh iR thesaxia of dhe dack 92@0%1&?@ ajes obthe refatence frame.

Vet RO Eslitrfon Ss R

aspect :) f tohe pres e(ﬁ&;th %z:f%gg%%e%we%?éhﬁ%mhﬂpﬁim gur eﬁ%ﬁase 194

i sWBl'P Fespegtito th@\iﬁﬂhl 199 andran elavatiost drigits position of the arm assembly

au '
2 ATESb bl YnSalih B b o SRR I SYSKBIEp R 2 aspecs

sy@ftfbﬁﬂnv;ﬁmok laye pediculady efficacious when used with the mounting moduie
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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the armunit 195 and the end-effectors 196 in a
desired "zero" or origin position wth respect to the
axis of the track 192 or another axis of the reference
frame. The calibration systens can al so determ ne an
X0 20400833 N position of the base 194 w th PessmD4y/$10760
the track 192 and an elevation origin position of the
ar el kg &%ﬁwbeﬁev@b%n&@ﬁ@%m&@f‘ndﬂ%lé hQQttbocﬁhly a few
syste I n accordance with this aspect of
i nvRinytes instgas qfélever@hhwrw ef fi caci ous when used with .

[007:4 he mougtlng, %f]@ bFHDA %g’teﬁ] %ﬁﬂ?h MRIFiGEe% includes a

eat ures enabl es at aut f&
c a|sebscamwta'aaogahqms¢heam;@auy) agist eonirofier 2 (@bewatsehematlca"y)

4 el 5B GHEREFHBLREEE iy 0P8 b MnGPBU o o mouncig

17Gnodubs 120G a ket licatien hditisresped de dinel aefereneat frarhdniof the tool

2585 g Bk SPGB S B

WI taltis exdéndify 26y L0E&HSr Hggldﬁﬁﬁéqﬁddkl’?’.ﬁo% tsimegnd reference axis
proc ssin ers.170 and the oad nmodule 198
GO 1R et Rietroe e atfdcn PR BAHtR AP Snfogonal o both

[ OQﬂ@ﬁrsTQﬁd sstmpdiraRdncelfaxee TﬁébbbﬁcﬂtUnﬁQOB% b@mm/m a precise
Figure 9 includes a sensor. unit 200

pp o1 the ynouing masile 479 By infegsop 4 % Bositioning element on
SCHﬁéT%h%H Lid 200 Waith %eﬁéélforﬂﬁlg teletRbhti &n AMd &ﬁd&\ﬁﬂm@%odule 120.

the deck 130 or another portion of the npuntin
nodMhen the pesitioniigo Blemerts: Ath ItpIcANPdedcthe @epﬁ%r unit 200 is

r efp%%ﬁBﬁ@d bf 8¥Bovh 1dcBfon fPthe tﬂi%@d:ﬂnﬁnﬁﬂﬁal @ﬁb@éﬂ@iﬁéﬁmlume of the

the reference frane of the tool 100 has a first

r effefeeance framg defined dydhe graungng medelent2®: | i ne of the
[0073’ rack 19ﬁe cBni6ife? Q%rc% Aaeﬁ %%H&vﬁ{e? Tl GBI 24(Pcad Be coupled

irst erence axils, reference axis
or tit dl sansarcunio2d) apeg ahe irelaat 4tos eoniol the magvemaBt of the robot

ax & n%h:%llﬁl%ﬂ RrasUitb a%ogﬁD%hFﬁS"g?)é)’&Sﬁtr&fer B0 54 3@ the same

| ocati dn on t e nounting I nterconnect i ng

a pogiputarnihaly oebzatemtthe)mhamt@r%e1r?£lorth@rﬂfh-rotaje Wiitsh 180, and the
%édh?ﬁ]#)é'cg ritldoleE 1és Oﬁl{ttlheotﬂa“&ﬁ'lb&ﬂm%ﬂ%u{h‘é é&'@m}leww can be a

the positionirng el efents are erconnec

serseparatmlcbnmﬂferlthat pmafaqeenwid'l atthex mmﬂenmmtheotoql rf00. The

eI HTHOEARR PR Sl A, B e aner

[ OaRjwaree thanicostainsr iBbQictians He perfwnpnabadimbets of calibration

contrpoller 210 ca u to the sensor unit 200
an&“%tﬁ%dsr'&?a?mféﬁcw%a@?ﬁﬂ% qfor?e movenent of ‘the robot
[ooz4flur i ng ERjurdnatis an issmeic|vievs shpwingtaroembdtienent of the sensor unit

corﬁtor ol imﬁls em%o%amerﬁethe senséz%r anit 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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conputer that operates .the chanbers 170, the
lift-rotate units 180, and the | oad/unload nodul e

198, but in other enbodinents the controller 210 can

be a separate conputer that interfaces with other
FOPPI/EB3S3I N t he tool 100. The controller 2ROI/US2004/617760
i ncl udes a conputer operable nmedium such as software

andieflhing faﬂfcﬁaWneseﬁsBﬁtarﬂoé‘HﬂM@edsB? bHLE Hbﬁﬂﬁg 48 elevation sensor.
perform enbodi ments of calibration

ac dbeqEaNsars, 294 cenecbe finedit dlémacqmmxansdggere havings spring-loaded
i's ddefnent
i etl, 20 (PR AR By, FetEreREE Sffpbers 2062
i ndihgdligplacemant sanohers 206 emedice Aodecticalesigriall codesponding to the
i ”@xl@n@'ﬂﬁtﬂeé rplebfEepnce nunbers 204a-c). The sensors
204a e grranged al ong three orthogonal axes

[0075t or r espohelisegsers 20decdn betmoimted to ef Famec207 teashayl at least one

LS I A e A S AT T

20 peopesly alige lthe seascirsmm él@ﬁ@tm?ﬁe@mfarﬁh@taxes and the element
e of Lhe tra

co [ with.the ,center

OO R i o b e L P DEsgl. BB BCA S9g8esato  known

PClioaiad) 04 IElmstftirdehboinleg 2e, rot ation sensor and a

third s nsor 204c, g{) g an el evation sensor. :
10976k ensor s %ﬁe'lsgﬁuﬂ'é ﬁ ﬁ@%?‘ WQW&@MQWW%W@HH@E‘F'@SWN than the

haembedsmgrit @ﬂoﬂv@WE@ur&mpFQﬁéﬁ@ﬁﬁle r{ﬁﬂ’%ﬁh§or2t9ﬁ"t 200  ca have only
(identified individually Q%@re erence nunbers rs

Th8 L FERMeR a%ﬁ%@%f NSPBdutie aﬁn%qr%@{aou @anot need to be

S' @fahgaPalbAg BeredidMholendlkes £ Xt Yendbr LhiD e
Iac?msntg 00751 The sensors 204 can 'be%ngan {£lsp have other

P& ?G'?St?fﬁéha‘hﬁ@aa‘ﬂrel @mar&i@la%@ﬁtuwnnﬁga@mnmct without

atk@&ﬁﬂﬁ@bnfhg BEméfRB. The frame 207 is constructed
properly ign the sensors 204 along the three

l°°771r ef er e dew&x*e*s is aﬂ dsarpeirie \vigwe af thepembedimant of ding isgusarcunit 200
t OISV inSEbre! ﬁﬁﬁbﬁnfeﬁetoftlﬁrt%‘g@?lg‘fglozgﬁh?Bﬂééjel]ob Ll thlg% diment,

| ocati on oh the nounting The "sens
un’Fhle 2positiefinglaiachomantr elapeaisneR08 tinterfage e Wit f eeesponding

! nBosidifng/ AERAMGE Hlerffn fio He0k 018 pdsiion HBTPAe 207 at o

angfeﬁlﬁﬁﬂ@qfaflgﬂ vyﬂmmpect toithe mmxbng nadiduin dao ndthermréothm are

Bﬁwﬁ%&&%ﬂ &ll'?]%fénl% thd r§@?9 b {IH%QP g @ﬁ&i% &lgﬁ}ens ot 193. For

an al'so have her
mepireesesaeiciarily, atils healtaseauntit t9r4 u)frtde catbat 1€3ris ahdwn in Figure 11,

Wi iWad spl.acenment... [0Q77]
VLBl i %3 A e S SRR 8 e e oo
umqnmmpenmg of the base unit 194 and chambers 170 are attached to the
mounting module 120.

[0078} 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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shown in Figure 10 nmounted to the deck 130 of the tool

100. In this enbodi nent, the positioning/attachnent

el enents 208 interface with corresponding

positioni ng/ attachnent el enments on the deck 130 to
pax24/om3sthe frane 207 at a precise, | ocati PCT/US26/017760
respect to the nounting nodul e 120. The sensors 204

are 03|t|o ed proximte to th on of the_track

o5 Ry PrRERtPs hRaN B HOUSST2 B MheReAlaTasr SSveral other

cl ehbbdimenty of cbfﬁaﬁé&’ﬁﬁueﬂﬁdb il 8écopdaridaavitrPipetin?Bion s

shown in Figure , but it will be appreciated that

[0078]t he ar rﬁ"@s%mﬁ‘}f’m@@a’qﬁd r0e INGRES nan M R Prapervre 310 for
Opi‘ﬁBhfﬁﬁ%%f vélﬁ'@ tHARE cb'rﬁlﬁl!enlg‘ﬂo %Bﬁegﬂ’tﬁ‘ﬂmrif & _thé0ro®tBnal position of

attached to the nmounting no 078] Figure 12
i sthg armorelativarte the fics epdst @frtbe seferaneadrason fipone embodiment, the

ol EPL =008 1D ARG dn 68 e Bt HF cPRtiRk Mgnment

i nofaft amomaxiJ hlongadhé brmawitb a fmmmemoamdmg ithe FagutaR.

0080 ppr cci U ETORBLaHEP 1Py 4 ] B BEELA R asb ol gy manuaty

POOAIBR0 0 8T 785 tf alidre aor sme duxise -A hafwiei arnfri ‘@5r with 2he first
are necessar for d@&ﬂoer al other

CoTBEES ot noddteROR art PRSI T HeTREIT o fay close to
[ O8gMingTthe ztal dxiy AA thetitsh esfe@DOe aris| 140 &y visuaby feye-balling™ the

coRtTs B o9 edbmulenie trRnis, e Ta ipoel @ sioht ofset

posetWe@n tﬁé arfrhaxigrand ﬂieafmst/eefbtbrkb%)fs r 9t wilkibe &fprédisted that
refer frame. I n on é’ﬁ i ment

o DB, SNSRI 0T 188 4% MR o alsgebeb s HBHY alion the arm
esﬂgmtﬁ%@l"gg@r@@ﬁce stisan. armaxis along the armw th

a first reference axis along. the 1Lrack 192. ecjaf?go'%

ostIRef er r i WEPTt AiORINgLNE argn 19 H’ié'tham ingh fRTelRNGE e operator
Caﬁcthéﬁé%@%utt&@%a{rﬂewool abettb ﬂﬁplﬁthﬂ?neaérﬁﬁoli% vaRiedbi 8¢ rotational
an armaxis A-A of the arm 195 with the fjrst

r ePRYligILef the pan 1129, T)szr-‘ttweg 2B Reshepaemel lalgﬁpng%memlﬁ 00 ora
Coweéﬁldis@ég%ﬁ%ﬁ drPa dﬁlfla@yrﬁc?&rt E%o%féi%diiﬁhtﬁ tﬁ‘e %h?ufeh Bperable

first ref nce axis vi sual |l y e- bal
pomedltmobmetqwtraﬂeh%%h@fema@ Fhﬁémﬁﬂ"oﬂ rH&mﬂ rotatlonal input

t hehiGe i$ aﬁ%&?ﬂ@?fy'ﬁh ?n I 'agﬁhx%étﬁ)ﬁt of th@tr\éﬁ?@négﬁoﬁdﬁ of the arm

axis and't ce axls. It w
appxléér&t ed that optical sensors or other types of

i ndi ci 49 iy
[0082]195 W ?ﬁ&ft@ aﬁ@s’? en?eltﬂz;\axfﬂseﬁliddysg? 8%‘)1?1'&%9 B & base input
al prgxcedlgetaﬁé) tbahpmsﬁewanhnmalenpmtr\aiue ef tecarial rmitlgn of the base

tlo%]PHé htﬁeﬂge Ztn éﬁoef Y] ﬁé/ l‘lﬁt ﬁé%l% 1 Aét ?I%tn 5?9 &ﬁitt &%edmg 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 hase 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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position of the arm 195. The button can be an external
button on the tool 100 or a screen display button on
a di splay screen associated with the conputer operable
medi um of the controller 210 that runs the method 300.
Wie200#i08ssal rotational input value is accor#CTys2e040m7760
initi aI apprOX| mati on of the reference position of the

arm 00821 Referr.n ant Fi qure 1 .

F oG 312 Gislg 368 rolopm RSt 256 (o1 Be "l Bouh fre, am input

329@0@@&@@?92@!@&% %ﬁcd)dértthﬂe dfmlﬁélboﬂﬁdm@f & arfel %ﬁh &hgure 13B.
osition Q

B dbe gontmller ?—MS cBadeen P@Jm'gf&rfbe @83&"@5 iof E}%‘g%%' 184 alang the track
ro4gp inaged B tAEBNbR> a(éﬁd e ané‘l”ﬁ’olh rtﬁésdeﬁgbﬁgorlé‘e The encoder

base 194 along the track 192 “(arrow ). Referring t
Fi yalue fogihe bRse 94 abthis pasiicat ean wredrdinglypdefing gnt lﬁélal axial

trag egéggalﬁg ﬂ?rttﬁ‘@ gaeé @?48 p%hé f.@pék.ﬁﬁ oflofthe rr‘%ek!?l%e frame.
trac I Sta lon O arml

[os3cont act Bhe ansualiasl aoah@mof ﬂaerhaee 194 elpngrthe lreck 1192 may be slightly

h | :
o NBers didh il Calc R SO bedlush g (P 196 HELhot have been
si gligredt accuratelyowithy dhe dirst Zgferendecaxiadl-¢ infthe pocadure $10. The
det er.;mi n b 3 4 7 ,
oA SRSy 7f e et o0 g TR BT EHEA SRR G arm i
ar beftér(mﬁghh'fenﬂwlthlﬂlplﬂrst rferenck aris 310 amiddéeteenieedhe erctual axial
e, of th itio ofth rm.A95 in_Eigure_13B,

Thisceud i e S5’ BlonS: ien Tl ERfFSEGE ! Ao ptbRier, s additional
t herdeederes bf the Oﬁgthbb €300r aark au&m?atbalae demnntrieemngbmtmn of an

AP Feof i seachiodha FSpiRee HACTR oG adcaiy posiion an end-

ac eféstonial Migaaient ditArebpadt italthe first Irefefeicer ey or wnbther reference
for the base 194 along the.-first axis 1-1 of the

ref¥ence frame. 10083] The actual axial position of

[00:34]t he -basgefbfithgloarigurent?, tth@%tﬁ&?SMYurﬂ%r%dhﬂﬁQ ah automated arm
different than the cal cul ated positjon because

Lo8raRRgeoE doet HEFS B BT col M FFhRth Aflowin the fist

f ' Féf&reh@é %&%nf‘# aﬂ'iesaétoha'tétl bhe p%éé@@?&l 880 23R -be@htrolled by the
di tional (B)r ocedures of the nethod can

| aup@nm:tﬂﬁr:ai baggsh ppomn her iRkiabioigtianal l@etli ‘é@fum‘qr&h@r@ﬁp provided by
W El{é% L Eﬂocé@ﬁr%rﬂn'@ﬁ}oaﬁl'eﬁmﬂiaﬂa)@élQn;ﬂ.ﬁtvﬁﬁ.!@ fﬁ?tﬁeﬁﬁase provided

actua ' ocatio base along the fir
rebErtbﬁdi@SaﬂnBUt mocedwrer 32G ddRefewingl io bigietith e@eo@ntroller 210

theay a'%%"tﬂ@ b?Qeg 1 93?2%3'5 éi&‘i’é {h t ﬁ&k:l;gi'@ il ﬂﬁzeoase 194 reaches a

el evation o _ or wt ect to
r efiest @redetérmimesd aneitlrammﬁaﬁhecmntgnllpb& itleen ﬁﬁu%ﬁdﬂ'le arm 195 to

©f &6telnth } AnldUTERG el theSREGAd bRpldeEmaht flember 206b of the

erence axis or anot
second sensor 204b (i.e., rotational sensor). The movement of the dlsplacernent

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 étops 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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axis. [0084] Referring to Figure 12, the nethod 300

further includes an automated arm procedure 330 that
refines the alignment of the armaxis A-Awth the

first reference axis 1-1. The automated arm procedure
3302004108358 controll ed by the controller 210PEEEE04/017760
upon the initi-al rotational input value for the arm

pr gUsQsieq vakie fenthe initinl irpfptiongd positicuoktha ]Eﬂ)mamdwtidada by the arm input
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F'Yu ﬂfE‘BdU P the Fuiaimated base preerduie #49. This encoder value is.
accurate because the automated arm procedure 330 eliminates or at least
mlt:gates the error in positioning the arm 195 in allgnment with the first reference
axis 1-1 in the arm input procedure 310. The controller 210 accordzngly 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.
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an arm of fset val ue corresponding to the extent that
the arm 195 was msaligned wth the first reference
axis 1-1 during the arminput procedure 310. The
controller 210 then causes the arm 195 to rotate
AEQRI0dIG8e53t 0 t he of fset value so that the aPaT/aE%1084/0A7760
-Ais aligned with the first axis 1-1. [00861
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( Oa@iémakeaf eﬁd-eﬂgctalgﬁnonedhﬂe I%G@lthat ﬂc?sitldrise)nmtbmmthm effectors in

can, further, inclu d el evatio roce ur
S efiaan PR D 8 b of B teieieBos Al SrtpE5 T Figure 16a,
anﬂfeoéon@r@ﬂerei'f Cﬁfiﬂﬁés W Brnti @95 eatil it eedches ks eneidee value at which
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sensor 204c el evat | on nsor
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to position a reference surface on under Si gqu?
t hdisplapement glamant | 306y e Theneontralieg %‘Qn&?@“’?@@: sigiyal yhen the
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over the third sensor 204c, the control | ower s

t httleaermoﬂgs vahia pf e mistiongt eositing thiihﬁ-df rai §p¢~§@‘éﬁteht1963 with
Qét 208 Fﬁét FefeRired o468 AL 'Peq?efghﬁg lg%Péi‘IGI?CﬁfedéontroHer

coder val ue correspondl ng er ence
eI etmil.nuesl the aumaéﬂdwen@sﬁatntghgroaﬁd@nee&%ﬂ bb trapsdpting the base 194

until it is positioned ata predetermined location x4 along the first reference axis 1-1
and rotating 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 réaches a predetermined value. The controller 210 then determines
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i oossl Referring again to Figure 12, the nmethod 300

can further include an autonated end-effector

procedure 360 that positions one or both end-effectors
in alignment with respect to an axis of the reference
fWap®s/1®Red3erring to Figure 16A, the contr ol Pervfb04s017760
rotates the arm 195 until it reaches the encoder val ue
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a{tot){ﬁ%teg e‘icf{%gm]ﬁ%’fector procedure 360 at the stages
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[0091] The robot calibration system is particularly valuab!e 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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according to the actual position of the workpieces. In
production, an end-effector typically holds

wor kpi eces at a consistent |ocation on the

end-effector. Sone end- effectors, however, may

comzios 1083831 y hol d wor kpi eces out of al i gnnmenecwusdodderso
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will not be a known location relative o 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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can be calibrated to operate with all of the chanbers
and cassettes in nerely a few mnutes instead of the
several hours that it now takes to manually teach

robots the specific |location of each chanber and
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ecause the nmodu 1 nmensi.ona
oF SEHtem deReEbd AROVE EIESLECH SENKE e o RiotR, 1T, gnd-effector

spqgé fsh@wh‘lﬁﬂ-‘ll%lﬁﬁs atA20 8B fHresaoke «d e-lgﬁptéiidl-eﬁ’fecm?s but it can
-29 WD 2004/ 108353 PCT/ US2004/ 017760 00941 %not

adbave iy Qe eqniact ekt imees apibadieenisy | I5Vata Figpects of the
Sy%ﬁ&-@ﬁb&o?&‘@% ér@eslrﬁipé?otb thé &W@ﬁ&ﬁ&b)ﬂd@s@ﬁbéd ﬁ'ﬂEJCB Patent No.

he reference frane operatl

ch§rﬁ3§r9§1lw Ut%é“ﬂﬂ"ﬁf@thndﬂ%q e'IO{, 4[%91@819 1@[ﬁ@0@ﬁ§ ®all of which are
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posst hanber Fighre d7TAds arvisemedin view Husteaing; ena gEbodimeyiiof the end-

cal ffgm%teF '19@ r r%rtﬂfs elﬁﬁ&lﬁw%ﬁyltﬁe'erhd%fgkﬁggk@g@%s a I?orﬁiy 410, a first
chppmwb cnetab\emé@@avﬁtf@rd@tahgﬁd of the body 410, and an active retainer
assembly 430 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 sitop 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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the robot noves the wafers to an incorrect |ocation.
Several enbodi ments of the autonmated calibration
system and the nounting nodul e are expected to reduce
such issues because operator error in calibrating the
Vob24/1083531 i m nated. It wll be appreciat edrehus20enmaten
accurate calibration of the. robot to the other
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so‘ﬂf 1ege- fT%ﬁJ{r taqqsaweffﬁ‘ia"?érﬂrﬁb%ﬁal}%ﬁsg’ h&fea%r?{ﬁca egfés’l}rface 428
anglogih QQ:lovﬂWr@ngf&n Ctﬁelmubﬂcﬂmw 00Tlse ehd-effector 196 can also
Enbodi nent s of End- Ef f ect orséé 00951 FEi.gures 17@
| IGREIP apacB @R ribike SPRENen EtaRaT: APOR o NSAodNg Htive retainer

CaBsABnhiy' 886! a’t"!htel”brbflﬁxal éﬁd‘ épm@tbo‘aysatwm THOserbnd Bad tidiad passive
100. These enbodi ments of the end-effector, 19

quietainers| 4200@ capnde sisdar m the tinsk Passivrietatper 4285.° The support
Ca&*rﬂc@%'ﬂ@ aréysyaﬁéﬁ dest Wﬂoﬁ?%gawwhﬁfoa I%Qeﬁtflﬁﬁ workplece from

er the workpleces. The end-effector shown
Fi gontaciing7the Rody 41Qifar ml’@;atpmq&nta@ag@ncgmfﬁhe end-effector 196 and/or

enﬁﬁegefcﬁ%lhgrﬁthe%ng%g cgan have four or nore contact

£ nments. Several aspects of the
[oognend ef f laaiperatioh9Heankotsiosi (Fipureso2B had O gositionsctihebody 410 under

d

Aop 1RRPIeG aaph i 1B eadganr 158,93t 198 Waecy contacts the
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[0098] 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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retainers 420b-c can be simlar to the first. passive
retai ner 420a. The support surfaces 422 are spaced
apart fromthe body 410 to prevent the workpiece from
contacting the body 410 for mtigating contam nation

o¥0 2004€10835d- ef f ect or .196 and/ or the backsi depof/UusZoe017760
wor kpi ece. [00971 In operation, the robot 193 (Fi gures
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Fi gure The end-effe r 196 ceor
m@ﬁﬁ’tﬂt'@b‘éeWé}f\R%ﬁ"@’ﬁﬁe‘FtBT 148 WithrowaRiachdVs iese FidtreS further
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rggt IQ ﬂf.ﬁ g[nehgglt B fRsts 488 a\éﬁ%r#]mgﬁ?\%n?ér@% @orkpiece W

al ner asse
f welbthes to mé body 410.sdvismoveniky Hagng @N@eonarm%@ inha stepped or

p03| ion of the.y i t..4 b
ShplesArahadrEene i Saf dyod 7, AETREK 49 tne Yliefe AspDause the
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' fuII osition to
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si de t he 436

en@aef?‘f @p?é@am I; Sﬁmlﬁ: gertﬁe ?17'% ent’t%ﬁ ‘&'Eﬁ'l reESHAJQ, and
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§ RbaRIBENTRRInG GrASTSCRs O £ 29 des 2565104 it a pluraiy

recﬁebﬂérn%# B0. pefhepbﬁéﬁlh s&i‘ﬁﬁc@ﬁ b eiesulgr] eectilinear or any other

T e

45193&%‘3@ tﬂbﬂéﬂdyeﬁé%fdrn@@c tﬂhiéelsf gdctilineF farh® rendrgffegtorg used with
e a workpiece. Other enbodi nents of the

eniiﬂ%’ﬁmemf@le@% have different types of
[00102} The embodiments of the end-effectors 196 shown in Figures 17A-20 are

expected to provide more accurate handling of the workpieces W fo increase the
accuracy with which the robot 193 can transfer workpieces within the ool 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-effecior 196
are expected to eliminate or at least mitigate one source of error in automatically
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active retainers nounted to the yolk 436 in addition
toor inlieu of the rollers 450. [00looi Figure 18 is
a top plan view of the end-effector 196 and Figure 19
is an isometric view of the end-effector 196 with a

WO RO9#/e883W These Figures further il ustrateTubmo4/017760
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I eces. he enbodi nents of t
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@ges Ydeﬁ? and® "réle?ﬁﬂ&f 8b&ir8 A Miofepiede hﬁﬁdhng apparatus

crease accuracy W th whi
r oUdBO 103131eda®l deckin 30 .cas desickibed neareaker ﬁeﬁalltbﬁ@w ooI 1oo

¢ entrﬁ% n’ilﬁ.{[nfﬁ?ﬁ'bhwne 064P bk rIﬁe %Fhé 44 the cBIRTC182 described

0010 rrbodl end- ef f ect or I nsure a
combbee exith pefroancento cEﬁguraei’worTlhg. a@@nwg aresiiory ¢l 7@ includes a

BB Y 90y R AR oy i o ot o

ex mgainstithieadezki ‘Im)n asazonlingly, the asountingisysfaee dié1 sodrtbe deck 130

O radishiy bhier S FRAAIRG dpbaratts YR AIAREABHE 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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calibrating the robot 193 to accurately transfer
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PO LBH EngpE BRI oM 55 tamconneine 1987, AT, Bitibe connector
PO dd1P BhAFuidonRBabE 18%4b. anget dfurthee aspkob phihisenbodiment, the
p03|t|on|n el enents 1172 can

st pabeedbreaaev, 419a 45 PBBRFaD &9 € FipaReR dfam dpe second
t o Bl M 17190b" ®ith 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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WO 2004/ 108353 PCTI US20041017760 For exanple, in one

enbodi nent, the first apparatus positioning el enents

1155 include and/or carry pins and the second

apparatus positioning elenents 1172 include apertures
Yrmd4/easb3posi ti oned to snuggly recei ve the pemES2004m17760
anot her enbodi ment, the second apparatus positioning

el ements 1172 include and/or 8 s and the fir
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1191 carry oW VO Sge conn ctor,k1192a
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: ., for transmtting electrjcal po X
hadelualimgf epinear deve meghanismal 139,476 d@éﬁ%% %?ﬁgwﬂ'ﬁh'??em"ce to"
(hEgdphodromview in Figure 21 and provided, e.g., to
supply pressurized air and/ or vacuum .
aoron he wlgweezzeismnmmﬁt@cdb@gammef tmeé'@)’d""ﬁr@%é%taﬁg13° with the

"1 @faﬁmeytie}lé%bl 1323%«%& g6 28 5OABHA T parposes of

connec vol t age connecto
119|9u;ratmmd Ihlaniecaspenheighe rembpﬂgnwt ahﬁwyéﬂ Figurg Q?hme linear drive
ect _aof t
E‘bq;r‘,h? STl@&% iGhesy %Ergar éﬁ'lb@ macit]é()f TW%HE@Wﬂhmalmear drive

i'S con ease fromthe
Sehomsing ¢ 6261 e Tl linekat Ydibe wiator 13T is ﬁo@wlgd]@) alegd-prew 1124 which

ecéq%rly gﬁéa%ﬁb@%l \ﬁ%l‘!}t@i%éa u OlltnquGaé’t% Melﬁc@om@( In other

can nove the fir

COﬁﬁmﬂmﬁerﬁastbatﬁhgarldm&ambyh@haﬂpﬂﬁg :ndudeﬁoﬁhhéf:aﬁﬂngements for
housi n

e Sa et AT PSR TR0, | ioRL SR opbtbibns, e
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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a substantial insertion force is required to mate the

first connector -assenbly 1190a -34 WO 2004/ 108353

PCT/ US2004/ 017760 with the second connector assenbly

1190b, the first connector assenbly 1190a includes a

ceprioyesssdrew 1196 that the user threadably att/asioesni776o

to the second connector assenbly 1190b to draM/the

two connector assenblies.1190a 11 90b t her "
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gec}%%'h@%l gufﬁ[lh-pﬁﬁl Bl MMdsh 138! Mieaearita finksauBe a?@arranged

is an isonetric illustration of the
hatmacrm)gmquﬁm@ng@mnwt@n witheut Bipdisgng 1131 and the

[oowgfl | owsg; é@m%zzd %hé’ r‘daﬂ sbﬂéi’ﬁ&tlcz%}deréﬂPeYtﬁa‘ﬁaf Oibwpéfraoﬁéﬁién of the

illu ation. eas ect of the enbodi ment
shemparawsm*@@r@espzmed haéaowe nr@th refierepee t@re%gmﬁis% and@2. in one

' n%lsé&?@f Bhid le Blrﬁéﬁtv?uf'@jiﬂ’anésqh@%ﬁtthg'@&tméa‘i Mhés 3134 are

line rive us n I'i near drive notor
112§rrled by uiee druro awéadembedv ahove, wilhi ¢gference to Figure 22.

g&g:?%g@gwlﬁ‘%gﬂﬁf ﬁn%:?ﬁg#@ Eh@ Qe&H?Q%%ﬁ ]111|§|Q ncggré?cfbnd from the
dr igereralhy fosed condbit 29 36a ¢Flgdms21:)tth dhe mtamémﬂ $87.1 88 the drum
eﬁgg‘gji 2% drat %Io?kwﬁ@emtt s ?&%H&Ré?ﬂﬂoudm aﬁl[i.ly‘g@fﬁ‘ the lines

I'near drive mnmec
novi¢s3 ahe 1\1®¢ tqmdetoemmmbamd lifiL 688 Cheughwar 4187, sasdndicated in Figure 23

d d i ndi _
owmr {ghﬁsfflzgnlagﬁ%ﬁ ggl%aﬁ:&ercg\c’)\'f ﬁ@é&%ﬁﬁ@%ﬂt,ﬁﬁgwusmg 1131 is
11%Eapdd1toQﬂﬁtr@l$Qﬂ0ctonﬁﬁe tieemetiambicttie manirsling fres 1133 and 1134, so

I nttf?artfw en t}11e d6rum 1187 rotates clockwise, the 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 fo
the head 1182, which is described in greater detail below with reference to Figure
24,

[00110] 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

-36-



noves between a | owernost position L and an upper nost
position U along the linear axis 1128. The nounting
surface 1171 is positioned generally normal to the
linear notion axis 1128 and is | ocated bel ow the

Vo041 18853posi tion L so that it -35 WO 2004120B8SB04/017760
PCT/ US2004/ 017760 does not intersect the linear notion
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r e desartbedrabovids thal it neei7not he gaitb@ateérﬂﬁ@mbﬁm @ﬁacm@ to the tool

L1065, Fo? exgmglelﬁ%ngaé?n&ﬁﬂrﬁeﬁtt WEfther the mounting portions 1170, nor

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 partiéular, the
positioning elements 1156 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 pdsitioning elements 1172
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arrangenents. In any of these enbodi nents, the |ines
1133 and 1134 attach to the head 1182, which is
described in greater detail below with reference to
Figure 24. (Goollol Referring now to Figure 24, an
SYhud4/m8ss of the head 1182 includes a di sc- BONPE04/017760
pl atform 1188 carrying a notor 1177. The notor 1177 is
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M \GERpieas WaRdimMey mamaswh?,@mah beelabrtated ab azomtirefidly calibrated

bRk fop lenabt Of UER DR Wy s el 15, gomoperdional (e.9,

Lﬁ’fdg%s@ﬂﬁﬂ%ntcﬁ% r‘é%rééﬁh\%ﬁ?wor ?%cbmdﬂﬂgg@ppaﬁbﬁj@ 1130 need not
i nc

es a protective cover 9 and cap 1178 ov?r t
mob®increased mﬂr@lm it regaliprate ‘il?'BtW Riggerhapdlingdexice 1

1004 13‘i° pon Wérr@%ﬁ'@ &f ghv bﬁ"FBBHﬁ{Hnt Véﬂftthé r\erRBleEQ ‘Hanliﬁn@g af)paratus

00111 feature sever al nmbodi nents of

1001 3ndescribechebryst isdbat the fdidi ang %lﬁ@iaﬁ%lthugs 1139 and 1132 between
deg; %Mﬁ#@ﬂ %@%ﬁdli’ga Ca%vﬁﬁ?atﬁg1ﬂ P4 fh%cr%s{@rlﬁé [%te) 10?1 are removably

appara nected to t )
demupjss:oatamsm@stpowoxﬁqur exampiegan émbodingeit Oéié!ﬂwp@})leicﬁ handling

Su%?pgggﬁ# 13;306}“@%%8 stuté@é %oﬁﬁ@c?ﬁ ) I%HS?@QLI i ;{:}Swdes both

t helebimﬂramisﬂund cavelctipns. nin a fuitheh espent of this embedimant,tthe single

worREPEEE. Srenr e P b rictbf e =, P4FBsbndill connector
bebmmmm tie0bkofltR8 toalridBgvithhmotiers slong,a sihglermdmt Angdvantage of
b%tﬁ%e@térlq%]isltﬁ?lg@%:\&é[ @gﬁ%ﬁ?nﬁalﬁﬁt %Jgtﬁ%tééol'lsﬁqs accordingly more

haqﬁbklyl@ndp%‘tﬁtmmoﬂé@@mdsreplmed thak alry emstmgpwkplece handling
access to conponents of the tool 100 positioned bel ow
t h@PPHRURE:30. Such conponents include pl unbing Iines,

j0o11QUNPS, Mglhréess igngl paﬁ%l?c&tcﬁlbﬁﬁtlb,aisﬁmﬂc ilstratioresfild workpiece
t he conponents bel

wi haRAING rARPETATHE) 1@?1@, Wfrlgpﬁ é%‘?é’ %‘gﬁ%ﬁuﬁaoﬁp%gpa‘y@fd a,igad mount

ThHQBT SELGaSsIath b But 48 R Ustiatesitl dcoomahod aith andtep embodiment of
L eoirig W v 280602 h St g s o h apparats

V‘DFIII‘L'F:U SFE GRHRFAIlIYSinFIRP oA bbiFesbbAlding elements described above with
reference to Figﬁres 21-24. For example, the apparatus 1230 includes the
connector assemblies 1190a and 1190b that couple the 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

-:-?8_




descri bed above is that it need not be calibrated

after being attached to the tool 100. For exanple, in
one enbodi nent, neither the nmounting portions 1170,

nor any structure connected between the nounting

po 2000198385370 and the drive mechanism 1129, poDtUspdeg17760
an adj ustabl e nechani cal device positioned to |ocate

T R b o ] SO B o o

1¥5gured. 1172 precisely align the wor kpi ece handl i ng

1 he {
[00“51:orrponteFrLil\QSL§eé% ¥ ﬁé’a\l;/%iﬂtllk %F%%ggu% 23%5’? e?'ﬁ%*"ﬁ%%&@t"é:” Z%E)::':ﬁrt of
béd abtree Witks rdfersni €igene A sw ellows
e Bpbanats 1Rl gescbeg SsYzﬁdp?/ i e?émg%/ or i g 20 o
molAE Hepwe N Adeirg 125 TP i fapis 1220 shown in

tgf url-zQ%B g?heghnealﬁi dfive tﬁqegﬁanhﬁiyﬁamer@aludéd@margimpg meotbs 1227, a
nee no e recalibrate en an
d éea@ screv3tRa4scqupiadap|tRy mojer 13%561?&\'% E'Pr Brdgd raven orfich 1283 of

gegw nt 1%31‘1 halridd sy DIk istEsy hapdll iim atirp RiRidiaents, the
can be fabricated so as to be full callbrﬁted

arim&accbwal mgthanisie 1229g€an bave ioeerqairangemiten 'ppany of these
t o&%qb{) maRis, ‘Er%elfr%%i' fidRbn 6?&% head HHéurt 9280 % sficiéntas peémon the -

repracenent workpi ece |'1 ng apparatus 1130) need

noworkpiecerdr iret stiownrinl figure 2@cal ther %@@H@G@MB‘? adgocessing
hﬁ%%ﬁé g Se}él# C{fh Ja?‘:%g &18911 qss]uség ?aﬁlﬁﬁéﬁ %\Eplﬂfatléﬁ‘ processes

plece ha par at us
demeiudivghevbbetehing thehmlcr@ihetum w::dmme liR acapede Chﬁliﬁié?éf

[00116:5}1%2; gr}-ﬂ'g *i’%djg%ﬁ@ﬁ@h i VEr"Qs V%p'?ﬁﬁ@? tﬁ?”éf%glﬂg embodiments of the

r em&ﬁﬁryhamménedbmhbed bereip ﬁ:rpmrmsespczﬁnll@i(am dut Hhat various

t of t wor r S
o la ey e AOAEP Y A B SR Gt Sark 3ope of the
Pr piveatesh. bRdriexaiplsg tseveral erahuhnﬁeutmbfdmﬁp@t pysiems jand gobots are

| Lgagﬁ%&ggasﬁgﬁgnﬁ@t@ggggﬁo ;gﬁo ggp tﬂggﬁeﬁh{éﬂl &re also incorporated

C Oﬁél‘éﬁ'pole | Rferefdy) eQé)OrOIOEE(SQ‘B-’nb Ia}nd 1{9019/@80,91e ©od| 50/484,604.
100 th t I
el e Bionds eiesBabos e HyBRAAR .

apparatus. 1130 is accordingly nore quickly and
easily renoved and repl aced than are existing

wor kpi ece handling apparatuses. 100114] Figure 25 is
a partially schematic, isonmetric illustration of a
wor kpi ece handl i ng apparatus 1230 havi ng a wor kpi ece
support 1280 with a head nount 1281 that transl ates
but does not rotate in accordance wth another

enbodi nent of
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[c1]

{c2]

{c3]

the invention. In one aspect of this enbodi nent, other

el ements of the apparatus 1130 are generally simlar

to correspondi ng el enents descri bed above with

reference to Figures 21-24. For exanple, the apparatus
Waoownskaides the connector assenblies 1190BCHEHNRR604/017760
1190b that couple the fluid and electrical |ines

between the workpi ece handl igoyRfpar at us 1230 and

ot her portions of the tool 100 at a single connection

poi nt. The workpi ece handling apparatus 1230 i ncl udes

a unting portion 1270 having a flat nounting
suVWBHAMH 71 and positioning el ements 1272 that align

t he apparatus 1230 relative to the deck of the

apparatus described above. A bellows 1232 is, .

posi ti ched #ointaorgtad; fashsfopfwat (chamigal dregassingg ofyanicrofeature
20, 004/ 017760 nechani sm 1229, which is '
de@éﬁ@%@gé’%dvﬁ%a er detail belowwith reference to

Fi gur e 28wupthtpmsdulpihgving axguiiadity-of peeitipaing glesradsiat i c,

i sonmetr] ¢ il ] j t ;

appar attrel g3t bicRRadha BaMBRR BafBl oy he iiting moduie, the
Fi gure 25, wdthchemicaderdamasinglciainisndwavirigna irgiuinterfabe member

26, The 11 neapegsd it FadRERERRIO O RERENE, o | nder -

drive notipgnspdR7system| earded cbpwthi? Mbunting| mddile fdre transporting

not or 1227, and.a thread riyv ortion 128 f .
head mount % P"&%ﬁsrwﬁ'a"ﬁseﬁf?@ ﬁﬁ%gr 8?%'5\/%%?%‘. ?'PW"S a second
ot her enbodijmerace meimder bngezd with oree ofthb positionitg 2Rments; and
can have, ot he arraﬂ&@rrents In a% of, these

r M W

. hese. . . -
enbodi n\glp,sgrgl,n MP} Revle s gpnit @dh@a@amtm'ﬁﬁ- positions
is suffici erHéhhéérDE@éiﬁdrmg tlhenemesliph ¢ Mé traspeeystem does

in Figure 26) ,at the desired.,-location of a processin .
station. Sud’??t ahpesy F%ﬂ{fe_rf@ﬁ? 'qr_ teas@’ eR o&epgpfqegﬁlpgrchgnber 'S
appl i cat i on rgpla6&PWRP anothBCpradesindEivehbert chi ng 't he

m crof eature workpi ece Win a capsul e chanber. [0D1161
Fromthe foregoing, it will be appreciated that

speci fig enbegdiiaBreiath 11WSerelmMhe Hholing AYRIURERIther comprises a
descri bed herein for purposes of illustration, but

t heluralify icuatiaghment | elemeniss andy whereiR d@ewwehsliemical processing
d e(‘fl‘lé'ﬁnbén}g"a{esré)ﬁ’sf E@teﬁ@l‘e%géﬂ GifitaREothe BRSchrhdt @M héits and the

For exa , Severa I ments of transport systens
anttanspoot systemn hgeser senond fasterert engagsidn gvith, gnother attachment
Apglleh_%%i on Nos., which are also incorporated herein

by reterence: (a) 101080, 914; and (b) 10/080,915; and
601484, 604. Accordingly, the invention is not limted

except §s byl'hteht%olac%p C aq%eﬁl vme?éiﬁsche 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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WD 2004/ 108353 CLAIMS |/ We claim PCT/ US2004/ 017760

lc~1 1. An integrated tool for wet chem cal processing
of mcrofeature workpieces, conprising: a nounting
nodul e having a plurality of positioning elenents; a

WD 20041@8333al processi ng chanber carried by tPer/Uus2004/017760
mounti ng nodul e, the wet chem' cal processing chanber

havi ng f|r i nterfa er aged with gne.o ]
the posPEpBh PRy frenfiSt S50 Epbond BARCIS, wbth, BT Al panel, the
by the rmuntbragesmmd ahéosetdrAingRmkel | 1w fustekell ewgsther to be
wthin the tgol, the tr risport system havi ng a second

i nterface néﬁ‘??@F‘ H%Jlé(g%%) %% one of the positioning

el ement ﬁhe@ﬁdth\éh@ét%h@mtdaefﬁsegﬁmgﬂawmﬁﬂ@aﬁ&hed to the deck.
configured to maintain relative posi tions between
positioning el ements such that the transport system

does ngt neﬁﬁafo i@?cléi?r? |vm€r§ e Wtktih ‘?ncﬁfu @ﬁ@%ﬁ%sadeck
chanber is replaced Wlt anot er processing c r.

i cinch@lingrhe t ool of claim | wherein the nmounting

nodul e ises a plurality of attachnent

el errentswugﬂgyvﬁélrggn the wet chem cal processing

chanber a higisl first parai attachesinio ronersidey ettthai joiktscanel htefvirtghe p!urality of

TS APl e ARED b AR s

el ement a rigids$ecdnd Tiemel juatapobed tatie @rstpeneiamdtatched to another

nount i ng nodu npr.i,ses deck including: a rigid
first panel, m%gﬁg?pstg ?ﬂ‘ﬁr ality of the positioning

el ement whereth the wetustEnital pwocdsamgatiantdurdas bitedeaetot fist panel of
are on the f} anel ; a rigid second panel

j uxt aposed tth ?jﬁﬁlpfl rst panel; -40 WD 200411083 53

PCT/ US2004/ 017760 braces between the first and second

panel s, _wherein the first panel, the braces and t

he
~ 51 second Panel Lhedpg! efdaigyip whp%réil}?ef rst pansd the second panei and the

e8]

ic7]

joists comprise stainless steel.

6. The tool of claim 4 wherein the first panel, the second panel and the

joists comprise a fiber reinforced material.

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 processing deck, and wherein the

A



e8]

[c9]

di mensi onal | y stable; and wherein the wet chem ca
processi ng chanber is attached to the deck. [c] 4. The
tool of claim2 wherein the nounting nodul e conprises

a deck including: a plurality of joists; arigid

WO yw4/pedel attached to one side of the joi SPET/EEG04/017760
having a plurality of (a) the positioning elenents

and (b) the attachnent eIenEnts a rigid second gane

j uxt aposed tS§COR inteifane MEMBEr ghtheawp FspRBiAethanism is
side of the cQfbf the platf
processi ng c%wr%’n%éé%‘tgagoﬁgggﬂ%ﬁﬁl@n%gﬁel of ehpa qrm
deck. [c51 5. The tool of claim4 wherein the first

I h
2o 0TI SR bk AR s charbor

theeo‘eptm:lespaaml lndlbnduale@baMbpanehavana chlaiaci] @irea ssupporting the

C TR g S il SR Bporb i, el i s

coplectrizablinesaaprextedslsi ng deck conpri sing an upper -
panel having a plurality of (a) the positioning
el ements and (b) the attachnent el ements, braces .

att achegl t 0 THE itV REclRMNE | wheétBih thel QUEN fmfeelcompﬂ@és chamber
the up anel and attached to the braces

{ heeaeplacies, Raving £0Btagh AGAS agd Rq'ﬁe%}@%m@%anﬁ'@aﬁomact areas, and

Pr QR@fsih Bt sﬁlgé@aémeso@rn@fg@%t%é Bf the &ﬁhﬁl:fé?@ﬂﬂduglgwhlch gases
positioning e nt of the upper panel

of
pr Sewdsiweenar rRreaahgva s deaka ﬂfh%"eﬁé’e!?%m?r%qkt y of
the positioning elenents and being fixedly disposed
in the tool relative to the processing deck, and

[e10] Wher el n1@.he Thesipol\of claion? voegsis themaustion Anaiuty omprises a deck

by Mot SRS oRfcokbifg VREKRESGRa LY AR for camying the

rrespon position
eI G‘EIBS[DOI’b$ySI¢TB qrictlwherem [c8] 8. The t ool of claim 7

wher el nthtehgec‘?(e&ﬁgrﬁ E*é%lu?é?@%f jofsts, CQﬁHﬁeﬁrst pane! attached to one

side of the joists and having a first set of the positioning elements
and a first set of the attachment elements, and a rigid second panel
juxtaposed to the first panel and attached to another side of the
joists;

the platform comprises a second set of positioning elements and a second
éet of attachment eléments;

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
elemehts 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

42-



[c11]

[e12]

[e13}

receptacl es, and individual chanbers have a contact

area supporting the chanbers and a bul ge outside of

t he chanbers through which fluid and/or electrica
lines can extend. 1c91 9. The tool of claim7 wherein
We20d€0i83BuUr t her conpri ses chanber recept acPerusmu/nyso
contact areas and bul ges between the contact areas

and wherein the bul ges,define. o s _outside o
Chaiber s ¢ his6RCN DIPTFHSCEOmPBE, BRBD/RIAFOR Wi golrSponding

above the d%ﬁ&tlé\ﬂﬁg%férﬁérﬂé PO BeddMA SR pobﬁiﬂ:ﬁuﬁglé!ements and

The tool of claim?2 wherein the nountin
conpri ses athfeescond fstenars Peing angagaewit ﬁ@ﬂ?%%ﬂ”d'“g attachments

processing ¢ éoﬁﬁg s@c@r’uﬁéét%‘f%ﬁé&{m&ﬁre[éfhé}ﬁsthe
transport system and wherein: the deck conprises a
plurality of joists, arigid first panel attached to

one [

posi ¢ o ng TePafen iR, 18 urdfth the et cherpicBPhroResdif chamber
at ¢erppest aﬁl elzetrbchencical depogilm stamber pemdtlg a vessel, a first
j uxt apo

si glecke qe %ethe vtgggeql,;a %?)t %aﬁ%eliuqd nrdrglatq;%ﬁ nglg’g\segtose%t\réggel o hold

seh wérkp@&etm@lp?@ceebngesmmmncbr@ asesarodd aedtrafe carried by the
attachnent el enents; the wet chem cal processing

st WeTkpipcedholder 19 890498 3 WaTKRIRSE: and i ncl udes a

plurality of -first |nterface menber s and a pI urality
of first fasteners, e first interf

bei ng elRyagddetre hOfc‘é?'Ffb%% (‘M!ﬁf?fg the gt tqhglﬁlfq@b pgchﬁgﬁg Shamber
of C(Bl“ﬁl%léésr St ciégﬁlggfcl'%ﬂ*?dér' I%U:@ £hareabieAn Gybleer that directs a

first fasteners engaged Wi th correspondi ng
atﬁl&ahngﬁm!d@t@ﬁw@@?ethe first set of attachnent

el ements; and the transport systemis carried by the
pl atform and includes a plurality of second interface
menber st&nd Thegborddiclaim 18fwhaseiohd f ast eners, and -42

VO 200 {“BQ'???‘ EPQ?TJI g?@&%ﬁ@@%%ﬁ%ér@ gsfﬁgtoélgcﬁégh%hﬂ@éi Rleposition

menbers correspon osItioning
el enents of mhmbeeccmﬂnsag adirsbwsel rﬁra’rgwmkpmatf@lcmﬁ@hsrmsed

e Second  8ghan S B FyFRMOB Ml B GBAERPRCE frocessin
el ements. solution, a first cathodic electrode disposed in one of the first vessel
or the first workpiece holder, and a first anodic 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 fo 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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[c14]

~ai 11 11. The tool of claim 10 wherein the wet

chem cal processing chanber conprises an

el ectrochem cal deposition chanber having a vessel, a
first electrode in the vessel, a workpiece hol der
WwWeposedssel ati ve to the vessel to hold a weekrpi®»eRn17760
in a processing solution, and a second el ectrode

carried,Qy t r kpi . .

or kot edd? 151l 10 0F "2 3BieRGh o yERRERL pvaposhg chamber
wetconiprises adn pelecteshemipat hdaposition commbere havingl eaness@l, a first
chapber haviing a fluid delivery systemjthat. directs a ..

ol Shiiogeat Hihveseh Savuibiehs Bolir fSa65Ed sy 46 it Fee to how
cl ai wokihisdee lrelanprotbssinge isolulien] 8d P EOSHRIS bRGtreddHakTed by the
is a &l.rst | ectrochem cal . deposition chanber

coMSF IRIRGR halder to anggae advorkpiess. r st wor kpi ece hol der

di sposed relative to the first vessel to hold a

wor kpi ece in_a processing solution, a first cathodic

[c151e] ect r od@- di i of §laimeZ gthergia the wet cheminsl pregessing chamber
£ ! | =t : _
oy CopHGEKD] Rl HRtmu o 4 S Rl AR airocis o

f i ckmaning fyid enle awerpleceand the tool further conprises
a second el ectrochem cal deposition chanber
conprising a second vessel, a second workpi ece hol der

[c161di sposed®6. r eTl fookoftamitizwhersimd vessel to hold a

[c17]

[c18]

wor kpi ege. in rocessing. solution, a.second cathodie¢ ..
el ectr oﬁ'be W?E%&e&'é'g&i }?{08‘?1%"1% &f"’}{‘éb%ré% gn@'s{sgl(éggg&qwlc%ﬁgeposﬁlon
Slecond \é\Dr lépd:l&m&bdn@dwisingrwl;i]m Bﬁs@f hé mvﬁbﬂ(giece holcller disposed
el ectrode di spgsed in the, other t he secqnd vesse _
or the secon@Pa?\XBﬁQth&gmﬁo‘feﬁé‘?l. G Egij\B YeOPiaGFs 4z @ processing
\I;’hCT / Us2 OtOﬁ/ Oéo'm‘tﬁﬁhbﬁ#ﬂ] clail'fbdid' Biectreid digﬁ%fd&h Bné of the first vessel
erein the we m cal, processing chanber, conprises _
an el ectroc h@#%%fﬁﬁ@ﬂfﬂ?‘% B?{S%rhﬁ 8rirsiANoHls %Jeg%gcga-eqhg,posed In
a first el elbloffs of thel fitst WRBSIR thefidPRKIRbREE HiRledednd
to the vessel "to hold .a workpiece

di sposed relatjv . >
ina pr g@ei%q?n@rtg%rl dnGlisies 2ngecpnde Wish Fhermical r Brgsessing chamber

carried by tagnorsRigkal AEmintP LERRLSChRARGSIAI delivery system that
wor kpi ece. cgiclp61 5. The rg‘:gol of claim 2 vvhereiln Wﬁgsem a

wet cheni cal digickcaelsanipg dxidAnte a waskRieésses a cl eani ng
chanber having a fluid delivery systemthat directs a

cleanin? fluid onto a workpi ece.
7. The tool of claim 2 wherein the mounting module is configured o -

maintain the locations of the positioning elements to within 0.025 inch of
predetermined reference locations for the positioning elements.

48.  The tool of claim 2 wherein the mounting module is configured to

maintain the locations of the bosiﬁoning elements to within approximately 0.005 to
0.015 inch of predetermined reference locations for the positioning elements.
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[c19]

[c161 16. The tool of claim2 wherein: the wet

chem cal processing chanber is a first el ectrochem cal
deposition chanmber conprising a first vessel, a first

wor kpi ece hol der di sposed relative to the first

wa aed/108853hol d a wor kpi ece in a processing BOI/US20G#D17760

a first cathodic el ectrode disposed in one of the

first vessel Ik St [ - nol :

fiver oBSaran Miebfferl o I PIRERI! fiBLosst! of microfeature
f i wetkpleresetomprididee first workpi ece hol der; and the

tool further .includes a second chem cal..p [ .
chanber ® ngisg SafiiScnBiiRng 45l HEURG & Do aeF R Rr win o
del ikv_er y sy?j|@$1litw11ﬂtpo$ﬁibniagtiaemenﬂsfamgitgi%ﬂdrdnanbﬁr Axtaposed
wor kpi ece. [.c : e, tool of cJaim rein, the ~
mount i ng mod®@ I]taeioé'z‘?fdﬂ?'inaﬁ\:’ & %rac\‘?ﬂil?ﬁt‘%{?‘?f' ?rr%outer member and
| ocat i ons ofthé liRedstshémbsr, Mhedin MRnbstef Memiish thebr@dhg and the
inch of predetermn ned reference | ocat i

det, ops faqr the
posi ti oni ng IBleBABHERDE[ g@st]xedj@gethweto&)@é‘ﬂmgpﬁgp%@rﬁt@le;

- wher ei ng g JRBHdE! ESQ&SQQH StatpnCAHChEY S thd BeckBhE bt themical

[c20}

‘st 8BPEST

[c21]

[c22]

[c23]

the locations of the posifioning elenments to within .
appr oxi nat el BFotessIy statiorphaving iantist hierffceaempai fagaged with at

reference | i : hbh8Rishang! ements. -44
) 20041108%&_%%@%%6&%[0%%%{]@%%8?%9%] e An

i nt egr aé awrkpiege Fansped systhanaitashed tothedapyriingfmodule.

m crof eature workpi eces, conprising: a nounting

nodul e conprising a deck having a rigid outer nenber
with a 2@l urfie oyl afclpmsia wbeaieingthel o member is isgperimposed over

interior. ' 0 , .
50 e, HEO 0365l Moo  TRFRRG; o cimpin
e e outenhemehen td loae cidecof ivertivacing tiee clampéigntheainteriph exember to
i nterjor %Eﬁg{? r are fixed together to be dinensionally

AY'Eg: processing station attached to
t he deck, the wet chemical processing station having

a first _interface er . enqaged Wwth at |east gne of, ...
The pos?li onliiog) Sy 16 MEa s hicBosorihes JofizShtal joists,
SY HieehutRF hit@htRs chiptibss Awigd topdpaiies uttgcheliad Giltoplsidd BEthe joists,

tool of claim19 wherein the outer nmenber is
su it ingsiss sreraRar comprises At katiodh PaRstiskiperimprsachindsL die top panel
f UhA eftiR88 th S5 uAddtsideabl e Rist®ohhd tid ¥Rk Farther comprises a

plurality of bolts extending through the bracing to clamp the top panel and the
bottomn panel {0 the joists.

22.  The tool of claim 21 wherein the {op panel, the joists, and the bottom
panel are configured to maintain the location of the positioning elements across
the top panel to within 0.026 inch of predetermined reference locations for the

positioning elements.

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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[c24]

[c25]

[626]

[c27]

[c28]

conprises a

t he outer nenber to one side of the bracing the

clanmping the interior nenber to another side of the
bracing. [c21] 21. The tool of claim 19 wherein the

braci ng conprises horizontal joists, the outer nenber
snmed/pes3a rigid top panel attached to a t opcEUske04@7760

the joists, the interior nmenber conprises a bottom

pa ' I t

P o T () BEte) TB 37 BTART b R ReuEn o 20fraiconbatbns for the
coppsitigning elemsints.al ity of bolts extending through the
bracing to clanp the top panel and the bottom panel

to the joists. [c221 22. The tool of claim21 wherein

t he t op2fpanelhe fbbleofjcEimt], wizardintthe tdpopareicoparieds staipless steel.
configured to maintain the |ocation of the positioning

el ements across the top panel to within 0.025 inch of

pr edet epsri nethe @t M eRirh OZAWIRSInT thHe tdie pamebidonypiiseg a fiber
el ements. [c231 23. The tool of claim21 wherein the

t ofPIPIRFRE COMRPSitPoi st s and the bottom panel are

configured to maintain the |ocations of the

positioning el enents across -45 WO

2004/ 108353F0TIivsgrterd Gool7é wet aheprigalneiocessing tafi microfeature

0. %]g term ned reference | ocations for
thgé%g(gsll ti bg‘%ﬁ‘gﬁ elements. (c24]24.The tool of claim?21

wher ei natrheurtiop meogide commpisinged deckihaviegsa sigiseupper panel with a

1¢25125. The 4".9'%@/05" cﬂc%'itmnﬁﬂ; %&tgeﬁﬁqcégg%%ﬁ%%of attachment

rei'nforce  conposl
i nt egr at ed tedghefitsy awigid bneripankl precisyeised upfier the upper panel,

m crof eat ureg | : sk g Rale . : _
Conpr 1 st ng. AnEEsE 6o R Lpgotha Bt S fIBIH the uoper
plurality ofpgmekitheoiangs elngnthet owerdpangblare afixedy taglether to be
att achnent I emants1 nigid | oner panel. ,

superi npose "?}ﬁa%P“?P{e“??R!%er panel, and braces )
bet weena twet chpmioal pratessing rstatimnedttached do dhan detle’ thepest chemical
panel , the braces. an

he | awer_ papel are fixed .
Poget her 't o Mracsaingortaighapis & B3 Rredich meliEr epgroed i at
processi ng deadticne it thechexitidning bienbetk and lzefinse fastener engaged
chem cal pro essiﬁaq St a&i %E?hr@yi ng a first interface
menber engad¥®t 37 # chymentglementy andht ¢ he positi oni ng
el ement § wbfkprchi frahsgoRts lsgstem eftaaladl to the mounting module, the
fransport system having a second interface member engaged with
one of the positioning elements and a second fastener engaged with

another attachment element.

27.  The tool of claim 26 wherein the upper panel comprises stainless

steel.

28. The tool of claim 26 wherein the upper panel comprises a fiber

reinforced composite.

-46-



with an attachnment el enent; and a workpiece transport
system attached to the nounting nodule, the transport
system havi ng a second interface nmenber engaged with
one of the positioning elenments and a second fastener
SYYZYEWBIBt h  anot her attachnment el enent. [ cRET/UZP04/017760
The tool of claim 26 wherein the upper panel conprises

stainle eel ., [.c e.tool of claim26

291 pher ei 'hesﬂ}?‘é@?l ‘%éﬁi‘%’ %gﬁﬁtbe}%ﬁés a fiber reinforced
conposi the. firs# it D BrnMiNG 3613 tHRCWet S2Re¢H) 1p7d6esding? @hamber Is
29. The tool of c ai,ﬂinZG wher ei a.' the .first |ntert %F?he
nmember of t HEOREBEI Wit SPTHIREURYS H%S’ %’Fﬂ)e‘%bff’%“ upper

engaged wit tba@epgrthgagga@nag p05| tioning el ement. of
the upper panel of the deck; and the unt

furt herthedﬁwntwasmadtﬂ? Jerher SORRrseR APl QI%“?‘H@B prﬁjlf"ﬁgty of the

posi tioni ng g s%ﬁmlgselémsnte@na%ef \%f@aéhw dlssaeass thentobh%Iattve to
tool relative to erein the second

interface ndhedeclhmndiwhaieinthe seendintgHaspmemhst REieskgrkpiece

i s engaged n

of the bl at Terper AARARIRAN S BoBRR WAL SroghdHERiY positoning

wher ei n: t heslnentes theplsifPe® a plurality of joists,

t he upper panel is attached to one side of the joists

and has a first set of the positioning elenents and a
c3o]first sao. ofT}tdﬂlBohmftcﬂaimm\Nh@‘em‘.rents and the | ower

panel i [ uxt aposed t o C
to anot rﬁrgp%se YrPF pfu(gﬁ f%{%??ﬁ%hﬁ?&ﬁ%ﬁ%% hed to one
further conmide efstha j&mb’ata‘mlrhasl anfiistisiétrnd tiee p-hmmgseleﬁmhts and a

glo::n; |n ?;n ng h’ﬁl enep a"’f%aﬁ %gg{g sﬁ?%é @%aﬁkgﬁ@%&er panel is

carried by t jhﬁaﬁeséﬁ amhe ficdt ydmel and pattachbd tty arfotlidrr side of the
interface merrbfrs and a plurality of first fasteners,
and the firsP®terface menbers being engaged with

_corr espthBanting module further comprises a platform including a second set of
positioning elements and a second set of attachment elements;

the wet chemical processing station is carried by the deck and in_cludes' 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_p]atform 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]

positioning elenments of the first set of positioning

el emrents and the first fasteners being engaged wth
correspondi ng attachnment elenents of the first set of
attachnent el ements; and the transport systemis

&%¥0 p00EEI8EA3 t he pl atform and includes a pl uraPCT/ysSWH4/017760
second interface nenbers and a plurality of second

fasten ond | face nenmbers bei engaqged

i th C My es BB doalcpt e 1 PR ST HenPaeEe! Hecam g ghamber
Seéon%nsegsaﬁl @:Bbﬁ@cr%hﬁéanaépm%n chambee aRlifn s a/eessl, a first
bei ng eng aglmijth correspondi ng attachnents ele

of elesendedp #ir| vessel.qr watkpigeRhaider disarspd &elativertofpe 5 Vessdl to hold
2 ] 0
8y Y ARG 4100 o)y S ooptenes by o
conprkpisee haldeeiceengageteewpiaiecdeposi ti on chanber haV| ng

a vessel, a first electrode in the vessel, a

morkpiece hol der di sposed relative to the vessel to
hol d @2wor Rhedoad ofrclaimp3® wderdim ghes wiel chemicabprbcessing chamber

B B S R B e

[c33]

Jc343

whelegning filiid ones a loeipiessd. processi ng chanber conpri ses
a cleaning chanber having a fluid delivery systemt hat
directs a cleaning fluid onto a workpiece. [c33] 33.

A et hogg, of AQﬁ@ﬂ"@H'd‘ﬁ@péfatthbﬁ&ﬁté@%@bdt@@l fof Qlet WRdmical processing
chem cal processing m cr of eat ur e, wor kpi eces havi ng

s u@frm@rqﬁeﬁm@awm@ce% Bﬁ’ﬂ'ﬂg siibgicral} fsgles, gMprising:

m cr of ﬁﬁb%& ingd Hﬁ&r@l@ﬁtdr@m@rﬂfﬁéce@ﬁ%@éﬁlheﬁfﬁ E&ﬁie@gng chamber
chanber y contacting a processing.f

ni cr of eat ur @Y\Fa‘@ﬂtﬂﬂ’@&é pr@%smﬁélwctwmﬂaeamwﬁ?f@egg% Wiogkpiece, the
chamber bei gy bﬁéﬁfc%ﬁpn%ke?s;ﬁq Eﬁém@ér@eﬁg’slo&ﬁted'é-’!%ﬂirblo;ﬁ'ocessmg

in the tool; renovin chem cal processing
chamber froﬂﬁqahén!rbtb‘leff’?iepl acing the wet chenical

pr 0068%%&9% rHICQI @@éﬁ&@r@@w@ﬁmmam?l

processin |ng t e repl acenment we
chem careplpc:mgeﬂ;eu \mgt @tm:@@lr PrOGE$9iRY tcbaimbat withea freplggement wet

o kpi ece i el Mool RGHAS BPNGENY Hehemhedhent et
chemical processing chamber to the tool at the first processing
location; and

loading another microfeature workpiece in the replacement wet chemical
processing using an automated workpiece transport system without
calibrating the automated wori_&piece transport mechanism after

replacing the wet chemical processing station.

34. A method of operating a wet chemical processing tool having a
mounting module with a rigid deck including positibning 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 fransport
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- processing chamber.

processi ng using an automat ed wor kpi ece transport
systemw thout calibrating the automated workpi ece
transport nmechanismafter replacing the wet chenical
processing station. [c341 34. A nethod of operating a
wed 200HH8358al processing tool having a nount PCTUSPOEKM TGO
with a rigid deck including positioning elenents and

or SR ERecheRvge o el ydbeotling B BBl workpioces

WI Iﬁévqup emaﬁl@miﬂfmmﬁeabﬁnoﬂﬂ itveg wet ehrermical andcdsaimpectemsbers, the
g wi th corresponding attachment elenents, and a
COMFER8port - 48 WO 2004/ 10833

PCT/ USZERb{iRd 6ABIINS mﬂbﬁérhi@mhﬁdcéssmdﬂ&amw% ifidgh the mounting
modul e for transporting m crof e%#:re vvor

havi ng subnimadyle fté’aldlﬁeé‘gaﬂ'ﬁgf\“ %CHe MY ed‘ﬁeﬁ?r@aporrespondmg

processi ng Bsﬁﬂ@rﬁﬁé e!élhéntsr@{cf‘ﬁgta@:ﬁﬁﬁrfa%téﬂﬁrs "h%ﬁp\ébﬂgspondmg
one of the wet chem cal processin nbers fromthe

mount i ng mﬂm@nwwr@eﬂgé@va}@t%p&q@awwﬁmrs from
corres SATEA thpociad g t

f ast eng{r? é\.ﬂ#ﬂﬂg Fdrcg@‘éﬂ{ ‘glgtrge att c?menltn%:(?@ﬁr-lgjﬁpsavmg interface
vacate a pr mme!&ﬁragoe atvasatednporessing statiep| kyc engaaing interface
wet chem ca

merbers to (KA REE ST UPrsPRREREH: het biicht ok &g chamber wit
interface rmnbmcmdufg tpmeltlpelpgae@imms wet thﬁemmd processmg
pr ocessi ng %Paﬁi correspondi ng positioning

el enents at g \/"?ﬂ: ted processing station; and

oper at |cr|:@ratlmg meatrampmt sysi¢ranot baﬁoadnmmfeaiumf watkpiece in the

k
o kpLeCe, | Bt 70 ARl e S0 SRR SRR Catrting

after nmount rtmtrtahsporewsietarm‘tur mmlntmge!hecmblacement wet chemical
In a tool having (a) a

plurality ofTEESPINGS alfnbpr processi ng micr of eat ur e
wor kpi eces at known | ocati ons reI ative to a reference

frame, and an aut ndl i n
551 wi £ 8 Fobofh ﬁ&w'rrg'ﬂvg\ggéi@ PRy ty SBsEne e PCFHED | migireature
. ColBH@RcES at RfovitRRRatibHS! relaBsltca r@@fbrﬁéfﬂ%@ﬁ@ fand (b) an automated

rotatably coupled to the arm a  nethod of calibrati g
t hworkpigse handiing sygtedh ¥iea rPlpken@RQ @ ARG UNIt an arm Yotatably

coupled to the base unit, and an end-effector rotatably coupled to the arm, a
method of calibrating the robot to the reference frame comprising:

operating a controller to execute a computer operable medium that

automatically aligns an arm axis of the arm with a first reference axis

of the too! by contacting a first end of the arm with a rotational

reference sensor at a known location relative o 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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[c36]

[c37]

[c38]

operating a controller to execute a conputer operable
medium that automatically aligns an armaxis of the
armwith a first reference axis of the tool by
contacting a first end of the armw th a rotational

Ve B0EH8¥3sensor at a known | ocation rel ati VRCT/GS204u017760
first reference axis, recording a first displacenent

val ue indic tlve of i rst n the a

o o3 e el ARe A Gort B Bl spiacement
second poi niyaRfestd aligH HeVdrin b4 With Hedlri0Rfire 5@,

recording a second displacenent val ue indicative of a.
second angl e between the armaxis and the first

f ’ . _
rzgoi; i%@5gﬁﬁ%m%@%80@7&ﬁ%%%%gﬁé£n s _dr‘ggel‘éﬁ]‘ﬁ\@e controller
baswgh thadrihe reoniputen opexablee wdiuiasinraatinalivtrefines apsinitial axial
t 85‘3%&@{81\-'&@%@&% %ggé oY r&{%ﬂﬁ%ﬂ%éﬁftor éefrgre?{)&%@g Suative fo the

0 pﬁnsateifergntm axis and roohtaetmg techmwitlt an beiatsensot et a known location

po e io P PG SE delby st Al et et e along

r efley frsiceferagiecaxisl atlve to the first reference axis
and contacting the armw th an axial sensor at a known
| ocation relative to the reference frane to determ ne

an act ugg. | oGt methodf oft H&iInP2s, efuﬂhém)mpﬁmg bpéﬂ;atmg the controller
reference axis. tc371 37, Thgpmat 0

f uPYHEIaE BifoForapyigr speiekle Mg Hba@smaile@uye%ngnmﬁ enggffector to

t h&aeomgms'e%n&%aéby QoRRBInG S Akt emetdf%ahbakg@cbmeﬁf& the end-
end-effector to first reference axis

cofifecten g aheg | Wt’%‘ﬁﬁerefﬂ"e%w&?'écEeq%%iﬂédaoﬁ"%thénd'effecmr
engtsP%EEﬁ%ﬁNalﬁé’ éoh%ct;e¢ R4 atdepBiad s.asfoﬁfm&kﬁfm%aded on the end-

reco first end- fector spl acenent val ue,
cofiffeden iy the' gvé@tmaﬂ getesense ﬁﬁ@%mﬁr@@e Rogerando fnd-effector

t h@ts?%@em@ﬁf %Ih@r n@@ﬁn? %é‘tén‘ar@*ecfcﬁfé‘éc%ﬁﬁﬁg 36 rbﬁp(end-effector

reco secon ector displacenent” val ue,
aanf$ﬁiwah@ hased gpan 14 st and sroopd endgiiestos displacement values.
end-effector offset val ue based upon the first and

second end-effector displacenment values. [c38] 38. In

a tool 3favi rig a(tapl Bavingi(elai plyrality of stetions dorf processing microfeature

processin ol o e [ . .
o B, G GB35 Rlnd e, BB ravig o
unbéhse amit, anmmmewézib}y coupfedio the basheeunmamdmn end-effettamotatably
end-effectof rotatably . atta dtoth ar ( .
cofitsgietclo s At 989 YorDapnEart Semivgh; kil %o e wibripiece
haRghdiing sysiehe m mathodtdi edlitrbiirmpihelrobot tog tefierencdfremb@f the tool
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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[c39)

conprising: operating the controller to execute a
conputer operable nediumthat (a) automatically

aligns an axis of the armwith a first axis of the
reference franme by contacting the armwith a

YR 20#/01¥333 r ef erence sensor to obtain an ar RCOUB2@4/017760
value relative to the first axis and noving the arm

S0 GRS AR S T 40 g o

PCT/ US2004/ 8itié76i0a (vimrkpiece hededatn yhenehdreffectoe with the rotational

Side of “a wiTRBIEE ePda befbhie B ER RhaFLAP, RispldcRent value,
t he rot ati osehtactiref # secunel sidmeiothe woekpiect logded b tisd end-effector

end- ef f ect or .di.spl acenent val ue, ont act a_sec

S e of f ho Wi RS ST LefbRnGs SensTolobinER SPoT otk efiector
the rotati ogg lafc@ﬁ@heml@esgnaqmwhgqné cbrmigefeemcmwrdmg to an
end- ef f ect or d| spl atr:épent val

end- ef f ect oPNEEEEFAF (Rifseh Valte Eﬂ%ecgf”lpgﬂt g@% sid second end-

val ue based gHB&Br diBSlabemeht vaséssecond end- effector
di spl acenent values. 1¢c39] 39. In a tool having-(a) a

di mensi onal l y stable nounting nodule, (b) a plurality

of st atdgons r [ i : r r

enown 1 5eat ool BRARE (P ENFRRSGRIY, el MBNREGSpBlue. () 2
c apluelityeof statiohs(fo prpcessing insicwieaturek wortipieces catt known locations
re t n

Se#}ezéotirvg tge krﬂg%mﬁl @ég egﬁéjtt‘:la S tfe@fo? hroﬁ%@ %ﬁﬁ{leces at known
noldohtigns( m)atara ’@utl*@rmtoadtw@mkcpﬂute;e(d)ancdtamal g;;ags@'rmt a known

ol i VR B b, TOV S pgce

b asyster mithaa rebod -hetihg et baser anitinab ht,edatbttbe hedmniing mddule, an arm

B et Brbbhed 1o BLRbL fhd 3R UBldneRlor 1SRUF b6 the am,
haaat qRizs cofitrdllee aprtiativiiye coupled doatifel mrkpiexfee handling system a
oIS B VoL e i oo GG L A1 ifpnge axis of a

angbfepat@frame of tie wonhtingl redule @ompasmge a conputer
oper abl.e di um t hat Htoma aII ves the robot to

cont act'02Ipg AXOrKRIgEE o vvith t he

rot at i QipRratin@f GiecREArSIRRSOr exécﬁ.lt@réj&:om[:fmérsbperable medium that

igﬁt :EI egt gr@ggﬂ]éps E:p@ér%g?gs: H‘éarogot to con?act aq'erst s:cPe of t‘we 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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[e40]

fea1]

fe42]

wor kpi ece with the rotational reference sensor,

records a second end-effector displacenent val ue,
determ nes an end-effector offset value indicative of
an of fset angl e between the hand axis of the end-

aYe 2WHH83¥Nd the first reference axis of thePEEUBNHSHIETE0
frane, and rmves the end-effector to align the hand

ax LI s e:‘M‘#é éé%e bgrlﬁcﬁﬁés %Etfn%r%@g%g gﬁ%’o?é%tﬁr@%orkplece

P |a‘d%@é§4ét@a7§’t6@ewﬂg Adiot rzawng applawtyhaharqqagsmgsl’r@mbers at
for h

i M@US%EQBPJE@% %ta't éﬁ% EE‘I‘ % Xl ur s at 1J(nown positions

PraafesSiotte ¢ERMIRE Franie, tﬁ@l@awdllpgsy?,temrmmmismm ve to a
reference frane and cas ethog at kno¥vn

rel at i adobef hayingrabasedp dhe 1905 A8 arpyHe aﬁ%tﬂ i %'ng{%%ase and

conpri si ng: gR oh@RFbcioPMGtAEDIR alﬁaai@edmthélerrhmﬂd an arm
rotatably attached to the base erglﬂ end-effecto

r ot at aawpnﬁpuqmg@aﬂqm@tﬁm SRCPBRINIY ﬂgwq{@ns that

a conput er g.;,wtgﬁ?ﬂbak fhrdMaR ORI oFi the hgtwittetd R axis of the
that autonm yall ns an axis of the.armw

first axis tefenenee frﬁ@ﬁeb&éﬁ'@@'"ﬂr*ﬁ@r@"ﬁﬁo ﬁgoﬁaﬁbamtgh%reference
to contact Q s%ﬁ'aFéCBf@r}gaéﬁfa‘?he@f?s%t vaR@SRIativé 86 W&l iR axis, and

an armoffse val ue tive to the first axis, and :
reposi ti oni repostieniagrtheeeoracagling tq the Wﬁﬁ%‘@ﬂue to align the

value to align g with the first axis.
1c4l] 41. Tﬁ&"f?& S’Vétrﬂathglr?glia%rsn 40 wherein the conputer
oper abl e nmedi um contains further | nstructions that

aut omat i cal ﬁ al | & th:g?i(ﬁ;gpe‘;’ﬂ §Pkn %OFI‘IBS‘EG?IC&)EHHE medium

axi s b)anDv o contact " a
Si chpitaihs Burthidr Kmt&mﬁom@m@ummath:aliy alighsethiceendbeffeaiwn to the first

Cripy B0 thereBIERRE R SO FETHELT #nldcioaded onhe

enghRbfteRedrowith Ghe Orﬁtaﬂlehalaré@enmi seheer, sécordingea first end-effector
wor kpi ece | oaded on fhe_en

d- ef
r iERIAGRTBENE, ‘é‘?'lé?’em?é"nge“‘?o?"g %3@8\: & r?&tn!’:? igc%%?nd side of 4he
e r\gor%]ielﬁét Rladed Seh alﬁié”@ﬁﬁ-eﬁéd:tdﬁ ,\a\g&n dhe elrmctaiioh?? méfegeriche sensor,
end- effector according to.an en ect or jof f se
reqerches 8 ST SPHEETRRS U1 SHRE 4SBT YAToce A S PRB NG the end-
di éﬁ&c?&%ﬂfd:ﬂgﬂdiﬁ encﬂ-@ﬂ‘@étoﬂ@ﬁse‘ﬁﬂlahﬂt tegedtupdn tieofirst and second

processi ng m cr of eat ure wor kpi ece, conpri si ng:
end-effector dlsplacement values.

42, An integrated tool for processing a microfeature waorkpiece,
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]

a di nensionally stable nounting nodul e defining a

reference frame with a first reference axis; a

plurality of processing stations nounted to the

nmounti ng nodul es at known | ocations; an autonated

WoR Mg#eBe3handl i ng system having a track att BCHE8R004017760
the nounting nodule and aligned with the first

reference apdsreRte e, 2 b‘é&%@ﬂhﬂ&%ﬁ@? attached to the track to
PCT/ US2004/ 017760 reference 'franme, a base unit

moveabl y at transiete aleng the tracke RN @gm rofaiakly sewted) Ryihe; base, and
track, an aéﬁfbﬁ@bﬁé@ﬁ# bbtéiélﬁl?bﬁ%e@by&ﬁ& ahase, and an

end-ef fectof rotata y carried he arm a sensor

uni t havsengor enit hayings eiation aenswr I@’G(ﬁ/\/ﬂm@w&d@fﬁﬂilﬁn relative to the
relatlveto nting

nodul e; and" con r%ﬁe ﬁ%pﬁequ'tqﬁlﬁ &Jﬂsu ed to the

aut omatae domoollepi tmasatrvah'd coupled sips tma@ltcdnafhé werpiece handling

modi i cont S TGP, aeHRoR STREHEC Eon Bt Haha, o computer

posi ti ons afpétbleaxnadivh tiwtaining anstmtloms ghat de¥i automatically

relative to the first reference aX| S
aut omat i cal P?S%Qiksi an g aélshqﬁﬁ atsn @'nll@n i)g%mon relative to the

end- ef f ect ofirsttefé@nes Bgb narRbb) hummmehw positidng & iend axis of the
first axis. ic4d

The, t ool .of c erei.n the
mount i ng no84F %??}P’E an g pegtien rela H@E%BW%FW’%
plurality of positioning elenents at predeterm ned
reference |ocations and attachnent el enents

4 :
44. Thd3t ooiThefodd OAFHM $2Whereiniihe mourtng W&%'iﬁﬁ%gaéf comprises

T 'ag'décfa%é?fmd@“‘ﬁgfaht%? éié'sﬁﬁoﬁtn@' Hieflehtsy a@fpréd&ermmed reference

fcd4]

48]

positionin nts an lurality of the
atb@ﬂimm gitteplment eleraenia. the outer menber; a rigid
interior nenber juxtaposed to the quter merrber;

braci ng between the outer nmenber and the interior
menber 44wheiToe todl béclaiputdwhereinhe dedkcomaiepsy, and

it Ete ebpf%eré%g 8’5%?@ %‘? glgégezﬁ %gﬁgrah}& @@EBSI&&In@@Iements and a
wor kpi ece, phuatiby oﬁhe @itachment elements are on the outer member;
a rigid interior member juxtaposed to the outer member;
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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fc48]

a di nensionally stable nounting nodul e defining a
reference frane; a plurality of processing stations
nounted to the nmounting nodul es at known | ocati ons;

and an aut omat ed wor kpi ece handl i ng system having a

PR 200¢/Hi8353carri ed by the nmounting nodul e, aRCEHESR0C4/017760
rotatably carried by the base unlt and an -53 WD

2004/ 108353_P U 20 |

carried by % ng]Jg ‘*ﬁ? %}#é% glfié %fl‘h héfguﬁttlzs?é’ shd-effector
body, a firisds & ®bay,nd firgt mtaamagtelahentmt omecendf oftthe body, and an
body, and an, actjye retai ass |y at t her \
of the bodyacué{ﬁdem%?ﬁser?r\?‘l%%é r r%‘fjaqfr;cﬁﬁg’ogﬁ afid $herein

assenbly hagefadtigé r@!@%lﬁgéfaeﬁ@lnblvl !hﬁ firstizaid asecond troldrerand an
operatively coupled tq d r ol

nove the r@f F@P% OP@FRRY 'éplf'é rt%:i}' EESE ﬁSC%W‘JeFFE%fS o move

[c46] 46. Hﬁelr&ﬁ&gwaedm@mist fe@émlhg%ﬂ?eﬁﬁéntng a
m crof eature workpi ece, conprising: a dinmensionally

stabl e nmounting nodul e defining a reference frame with
a Tirgh repqr GRCE a4 Sool 18t u%r%t:éél faphﬁ&@ﬁa%'td}g workpiece,

stations nounted to the nounti es at known
| eoatprising; an aut omat ed wor kpl ace handl i ng system

havi ng Faq"g'@ﬁgoﬁglryr tE8e &ﬁ'ﬁ’% b:ﬁagcf(;uke %ﬁﬁ’ihg%gre@rg%§fra% with a

armro
end- ef f ect ofirstmferem:ﬂgxls;arrl ed by the arm wherein the

d-ef f h , e
on- et iRl S oSl o0 o RE 1A SR s =
at anot her kmngvofoctfitmsbody, and wherein the active

RS SER erge Bl B R R 215 B by e
rollers to mavating hedulel bnmmtmtﬁabiytchmeﬂi bysthe base unit, and an
(o0 CLETE R ISRE caiiad D E N b pe g o
frame of thﬁammyn@fmdetbmngaetémncemmeaéuhceof the body, and an
e e S B SHEBL Bty gpd wheri
havi ng a cogfUbétive retaining assembly has first and second rollers and an
actuator operatively coupled to the first and second rollers fo move
the rollers toward the first retaining element;
a sensbr 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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[e47]

[c48]

[c49].

[c50]

oper abl e medi um containing instructions to (a)
automatically position an armaxis of the armat an
origin position relative to the first reference axis,
and (b) automatically position a hand axis of the end-
AYQ 2BWHHB3Ft an origin position relative to tRETARN8Y017760
axis. -54 WD 2004/ 108353 PCT/ US2004/ 017760 47. An

appar ag#s fQf 4 ?ﬂg' RS HEn@ili] SfrefeBtun® WoRpRERS, comprising:

conprising: a C eat ure wor kpi ece support .
conf i gar mitrofeatse rworkpiece r s4RPafty p@nﬁss#rﬁfgi tec 6adyir 2 npjicrofeature

processi ng W‘%’?@ﬁgé CJJR.E? abdbEssY, MRk %g:rﬂﬁh?ﬁéétworhﬁ&é‘ Support

a driven por ;- a drrve unit Coupled to
m cr of eat urhaving kdihenepastiprport at an interface wth

the driven pocrtion ta t ] ;
e, O Y0 el S REE SRHER t an e
t ransl at i onwittxithe adriviehe pbrtioar foadranslatey dbe f mipnofaature svorkpiece

end position to a second end,.positi . apar .
romthe f13epon aosd ceonanlihe’ RBnRRRGG st B che intertace
coupled to MB@esm"rﬁfrpéefﬁé‘Mém posikipn ¢cea ?amnmr nd tgusition spaced
nounting portio Vi a untin urface positioned

to mate wi tWa%ﬁ%%%E’gBﬁﬁ%s‘%gﬂae of a

m cr of gajne(;RtnP bERIbACELUPIET &5 Shé nibRfdaturet drkpieuy sogport, the
surface being positioned in an ali ﬁg&p@_} EI anE. th&ip ith
does not i nfiEREEst Perien HAYRG ENPYR a5 RAstigned & mate wit
first and s%eaﬁgspo%aﬁyg%ﬁabé ens mitrefsaturé Svorilpléce processing tool,
apparatus of claim47 wherein the firs nd

| | I ] é.e posi tion
is the. extheemeuping suiGaceobeing Posiioppd dB an Alignmpgntgplane that

di rection ahandndifieldctd Meirhilatin Si@beiwdehrtheqieidhd second
end position 1s the extrene position of the interface

in a secondendipesiianson al ong the translation axis, the
second direction being opposite to the first

direction. [c49]. 49. The apparatus of claim 47 o

wher ei A8t heToe iappatatis of ngaind 43 whereins they dirsteend; rosition is the .

d,wh in.th UL ' .
"B S BRGERLE SRR 3RSt was ana
mht megggd ;sl:rﬂpgmstmdrg :JSL itheae;ctreme_ ;msaimr_f ohthg dnterface .lnTa second
SRl 2iog T rpndlah pfls e S Mechion bERDondsid Rthe first

Caireténr

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 fo 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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[e51]

[c52]

[c53]

[e54]

fc55]

[e56]

assenbly that houses both electrical and fluid

communi cation lines and is coupleable to a

correspondi ng second connector assenbly of the

m crof eature -55 WO 2004/ 108353 PCT/ US2004/ 017760

WP KB+ B3 pr ocessi ng tool by rel ative noti onPGT/USA004/017760

| east one of the connector assenblies relative to the

0 .2l 0 ' [ 1y S
O},Jbg*pé@% gg,cgﬁéb@q ﬁ% rﬁi]ag\{% toa of &t | %t %ﬂ@%iﬂﬁw% connector
s apsEmblidsgelativé totheathéraloryy a ylngheaxm cr of eat ur e

wor kpi ece in contact with a processing liquid. [c52]

52. The apparatus of claim47 wherein the drive unit

i ncl udss. anTias tapphfitus aduBlbipgl 470 wherdin emdemutreméaﬂeeworkplece
[c53] 53. Th wp aratus of claim Z%wher n nejth

t FEPRFLIAIE | sfigiier th caRyr thea fyeretea P UMRRRES Rl gantact with @
b%‘r&%@@mb'ﬁ&unﬁoum' ng portion and the drive unit

includes™ an adj ustabl e nechani cal device positioned

to |l ocate the mcrofeature workpi ece support relative

to thegsorr

appar at gs 'ﬁ?&%}%{lﬁ%s?j; E:fa?ﬁ rg't? vrél}e{r%iﬁ‘in%? ?Q‘l’engm?mdmes an actuator
mooupied 4o arthreadend legdegewpr ocessi ng tool . [c551 55. The
apparatus of claim47, further conprising the

m crof eature workpi ece processing tool, and wherein

t he m &80f etteiapparatuspfartamptbebesimpeitheo dhe 'mwhtimgapor@ion nor

35353 S, A 055 B b v ut s

C rmimgnstbawm@mnwao desisé Ip@sitiosed toolvchiecthbadicrdfeature workplece
recei Igai c{%g eat ure vvgr %ce carried by the

miSUPBPE Llafive 1. he BRERPONGIIgSHACe- he i crof eat ur e

wor kpi ece processing tool further including a

transport device positi oned t the m crofeature
wor kpi S8e t BRPREFRIF (HoCial cf of BEDEF ORI KNGedl Microfeature

S Y |Eceb:%'é§§sl|5g§5tooThe apparatus of claim47, further
conpr|3|ng a flexible bellows disposed around t he

generally linear translation axis. -56 WO 2004/ 108353
[c57] BT/ Uﬁ?&%p%#a%@éoof claim 47, further comprising the microfeature

workpiece processing tool, and wherein the microfeature workpiece processing

fool includes a processing chamber positioned proximate to the microfeature
workpiece support, the processing chamber having a processing position iocated
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]

feo9]

[c60]

57. An apparatus for handling m crofeature workpl aces,
conprising: a mcrofeature workpi ece support

configured to carry a microfeature workpiece during
processing; a drive unit coupled to the mcrofeature

WP K084/8883support to nove the m crof eat ure PCT/US2004/017760
wor kpi ece-support along an axis froma first position

to a gpcong Bgﬁé&&%ﬂp@@% Ahéoledtirg ‘Wdrﬂﬂ?%e:sg ebmprising:

position; and single. t~ connect or asse )
car ryi agmigroleatse ‘wnekpisicec supraat ' configiad nicc £8rmynal nHerofeature

and at | ea%o&ﬁ%cgldﬂhﬂ%gmygi.‘%ati on line, the first

connector asse y bel coupl®abl e to a correspondi ng
secondacdriveegtiv coaglee rth| the ahictdieatttiec woflegdaagr support to move the

east one omcpasen qebfioe SobHHEaT KR b i position to
axi s. |0581a 88conbositiupaspated apdrt frbei the Hivst pbsitioinemd
conprisin ﬁhe_s?cond cponnector, . assenbly.

| ¢59] 59. .
The apfar® st cPAMRCERr RREFEPIY CRTYIY Iatea%f’SJon%"e electrical
fluid colmmh' ﬁl@gic@tbi? line andcatuidast avie flgidstorameanication line, the
pressure |ipe and at, | east e ,vacuum |ipe. 1c60l 60. .
The appar at {8t FONBEEPh @P?“'?’B’r {9 c"(?HBhaEEnéo a; fyresponding
second connggdapl assiRebloy: a88smblyt hdfeafed merdiediure workpiece
carried by one of the connector assenplijes

and
confi gured Prceesing tea] duprelative Jaetnyoht leget 9peof the connector
connect or gﬁ,ﬁgkga}@@d&%@g%.rot ational notion of
menber

the threade InT a first direction draws the
connector assenblies toward each other along the

si ngl e z@Xi Sy & j ; [ i t
thr eadgg' n%.rr{%%gp%ﬁgseé%@%%%if?g@%ﬁ %Hrgﬁ%ppog:lirhte egét%ﬁgd connector
f iassembly ecti on noves the connector assenblies away
fromeach other along the single axis. -57 WO

20041108353 PCT/ US2004/ 017760 1c611 61. The apparat us

of cl aiss 57Thé uappamatusorgir iclkimg 57 hevhereinofieat alr deast one  fluid

KR A T e T T e

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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[c61

[c62]

wor kpi ece processing tool, and wherein the

m cr of eat ure wor kpi ece processing tool includes a
processi ng chanber positioned proxinate to the

m crof eature workpi ece support, the processing

YAPASER08PRAVi ng a processi ng position | ocat edPCT/ES2004/017760
receive a mcrofeature workpi ece carried by the-

m cr of gt ur §puof r&ﬁ? oft ﬁﬁrﬁl f er‘cgfnﬁfr%ﬁfguﬂ% microfeature
wor kpi ecé proce ng tool further including a

t neorkpiece pratnyssnngtqm.siti oned to nove the mcrofeature '
wor kpi ece to and fromthe m crofeature workpiece

support. [c63] 63. The apparatus of claim57 wherein

the drigge ummhb apdraidesofaclhimss7 diurher comrpristgu thee dnictofeature

the m crofeature workpi ece, su rt to transla .
mi WPTSPIeSE mrecemtﬂogc%‘iwﬂseﬁ e mfg‘mi Gl ewéﬁp{?gs processing
| | B8R IndIcRERS b aprobEssiyg Shamber \fsbeitlehéu teximaten & aheiamicrofeature
further conprises a second grlve |1 cou | e

i WPHSPIESE FUBPORONR FTRRsssiog or $vipocd Blacesing posiion located

: t‘g fé&j\i& £ MBIAGES woredd bRy 1y B &hlbfﬁfeataw workpiece
[ cb4 .

[c63]

[c64]

a arat us for proceSS| ng m cr of e a
wostKiporc &g micnisRise prkpiesr pracessing ferl lurhgs iRgluding a transport

T i slicd! é@éﬁ%’éﬁ YT 5RGE fﬁe AicAlfEAORE NLobRBE  td end from the

allgnnen pl'ane having a anber aperture; a
prmumﬁ@ahge@hﬁﬁwﬁﬁSﬂ@ééﬁved in the chanmber aperture,

t he processing chanber being configured to receive at

| east one processing liquid; and a workpiece handlln? .
devi ce §8.oxiTietappactuhef gaiorsd sinetpic Hendrere witdncludes a first drive

I
o5t e o By PLBRANS MIRES SBBYFR0onBRE) loohRreatur
po@bikpisteobuppret ajongce sgenegaliyh findear transiﬁidnoaxls and wherem the
2004/ 10835 CTI1 US20041017760 ' LUni '
coBpPANEoHRET SPERPEn ety e it Bhipiar i b fidtofeature
tr aBfpidce sdpord tor rofera this m:mféqnnreamrkmpp@rstxpmmagoutaa rotation
generally linear notion axis relative to the

prB?E'§SS| ng chanber; and a nounti'ng portion coupled to
the m crofeature workpi ece support

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 procéssing 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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[c65]

[c68]

[c67]

[c68}

[669]

and having a second alignnent surface renovably mated
wth the first alignnent- surface, with the workpiece
handl i ng device being supported relative to the

devi ce support only at or above the alignnment plane.
MW@ E4/88353The apparatus of claim 64 wherein POBUS2004/017760
wor kpi ece handl i ng device includes a single connector

carrying housing electrical .and fluid c o) ' .
Thes and b8 Hivs Gt hsPlve) upigh fo BHCHRGEREAE workpioce
connect or assentduppoft 6 hanslatecthefmistaieatursontmpiece support along
processing tool. [c661l 66, The aggarat_us %f cl

. tai m 64 .
wherein the driva generally, lingajo@CHOR; aX§ TRAtve tO the processing
uni t,.and wher ei ¢ghdmseragippr at us further conprises a

second drive unit operatively couFII ed, t?- t he .
mi cr of eat ur @ MBYRNCeRTIRY FeuPtedig theiaiciofeaiure workpiece support

m crof eature &ty 8$BEAHd alRfpfént SurfficehRivaBliated with
[c671 67. The %ﬁat us  of cl ai%@gh wherein the 4

processi ng chanbiée firg aligomeniguriage: with theaverkpigee hagdling device

one of an el ect rt?ém%?nr%l‘bﬁbrtc@cf 3ﬁl%ﬁ§é Ng hbdldfee %‘i}p{;ort only at or

el ectrol ess process I qul an etchant and a'rinse
liquid. [c681 68aboMedhaplignreeniplaite.cl ai m 64 wherein

t he chanber extends below the alignnent plane. 1c691

69. The apparatus of claim64 wherein the alignnent

pl ane i65.a fThesppasdtuy ofretimBdanbensi tivdh aodipiedehbandling device
drive unit .translates the .m ¢rofeatuyre wqrkpjec _—
S UBFBAES Bt R FoReFPL FalyRS Msbeid sleciriee! el T pogmpgunication
Pagidsi afd apsinghesupleableheo -  9coMasponding O&db@ctor assembly of the
PCT/ U§2004/ 017760 second, al.i gnment surface is

pOBITHEAYER VAMKRIECE PEXPSEINIdAMent pl ane that does not
intersect the translation axis between the first and

second positions. 1c701 70. An ar at us

a _for. . i
procesdibng mhe@ppamiys d RimEs weesn g drive 4nji gicludes a first drive

deyiit @nd WRAEH thE appakfls BRhEYEdHEpRseRlPESEMINGive unit operatively
chanmber, the device support nmeans having a first .
al ¢ayphshtto s ther dnigrofeatuie WqrlpiRest SURPPHNE fofgle the microfeature

al‘;vgm;%g{?sg BAIEabGt i BtAioR Bgber aperture; chamber

nmeans ocessi ng a m crofeature workpi ece, the
chanber neans being received in the chanber aperture;

and wordepi eqe nanol LG BPanGm! E&*twliié]%{puﬂ?es Processing chamber is
m crof eat ure Workpr ece Support means for carrying-the
mi cordifjessdutoe receive at least one of an electrochemical processing liquid, an

electroless processing liquid, an etchant and a rinse liquid.

68. The apparatus of claim 64 wherein the chamber extends below the

alignment plane.
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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wor kpi ece at a processing position of the processing
chanber; drive neans for translating the, support

nmeans al ong a generally Ilinear notion axis; and
nmounti ng neans for supporting the workplace handling
WEQHH4/108833at i ve to the devi ce support means, PCRES2004/017760
mounti ng neans having a second alignnent surface

v PR ARl el Py £ 8ol e et does not
r eirdgrsed thoirahdatitevaxiebstwepniite finst sndhseand positloast he
alignment plane. [c71] 71. A nethod for servicing a

m cr of eat ure wor kpi ece processing tool, conprising:

[c70] I €NOVi NED.a fAH S3pandtils Rorgaecdbamdl mibebfetuiccRofkpRi¥es comprising:
wor kpi ece processing tool, . the first workpiece .
handl i néEVéeéy iSERPGTH NeRIISH §ora CRITYIRG FriRIPeRssiiia  chamber, the device

wor kpi ece S%Bsélg_.ﬂe&@_h&bih Ua Girstv BlighthdntORRTaRE ¥ELK alignment
coupled to the irst mcrofeature workpiece support
to transl at dlaneethea alignmeant plenedevire a hamgareperidwppor t

al ong mﬁ&ﬁg i L& r Welg J S

r epl ac?%g t é-al#"lg%‘r%% f%?toﬁi% g%:@é hatarqgﬁliﬁlrf}éac}tlg%viv@é{p\?weﬁeh tlae chamber
secEnd wor kphm.ns beingtceivgd dethecthambies apedaedand

wor kpi L.RG ' j kR9_a -60 WO _

2004/ 18@@%@%@:‘?}5 E@E@gﬁ% %{nginggg(%%d m cr of eature

wor kpi ece s upipmri¢ataredwarkpiece rsuppert vesansifot carrying the microfeature
operati vely COUpl\A%?IEptié)c%e: Q%t Slsa:f;g%?%%ﬁ@gécgsgﬁolﬁr of the processing

wor kpi ece support
m cr of eat ure wor khamber;support along a generally

et S eC O AR 4D PR g sono o cenery

wor kpi ece handl lingardeoticreads;taed repl acing the first

wor kpi ece handl i.na devi cef and Wirtt hout cal i brati c{l}he
second wor kPHRINE; AIRNR gog SHRPLTNG, Hhe V?’%%P’&E?ngg} Bg means
first workpi ece heaglld totidedediee suppadt meand) thetioshting means

for servicing a B‘ic_r of eat ur process

e .
t ool conpri si ng@ving a secong a ignmgﬁtescu?face removétﬂ? mated with the
first alignment surface, with the workpiece handiing 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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€72}

[e73]

[c74]

di sconnecting both electrical and fluid comuni cation
to a first workpiece handling device of the

processi ng tool by noving at | east one of a first
connector assenbly coupled to the tool and a second
FUNHBE108853 assenbly coupled to the first wor RET/E8MW04/017760
handl ing device relative to the other along a single

ol eatrical f%%ﬁ%df’r‘nfcﬁo%%ﬁ?& RGBT YPGBl second drive unit
}Nﬁ; k f|o: cra g;a cﬁ el cﬁi_g}é&;déb thy seommmlcgofeb’ems workpieasf support to
assenbl y cdifil %ﬂ Epe( HECERE o me@Bﬁk% gqaﬁe%%g Fslﬁhéért along @

device rel %édé?altﬂmbbﬁgé&dnertraabraﬂgn bkie; andhgl e axis in
a second direction posite fro the f rst directi

1c73] Movingn Eigalriw e MaEKRIPGRS? 30 418, RGRRT | grkpiece

both el ectrj hngrﬂé\uc@ st epRBINGI tﬁétﬁrﬁnwbﬂ@iédéeﬁandimg device
rotating at nber coupl ed between the

and second @%M@B@@fr ealibating) the pecant Wostiers B?“Q‘J!"‘Sl ciﬁwce after
72 wherein @Bﬁ%@qﬂm@r&mﬁr&%& K&HORHG de ke on - i ncl udes

di sconnectin ast one a pressSure line and a
vacuum |l i-ne. -61

72. A method for servicing a microfeature workpiece processing tool,
comprising: :
disconnecting both electrical and fluid communication to a first workpiece
handling device of the processing tool by moving at least one of a
first connector assembly coupled to the fool and a second connecior
assembly coupled to the first workpiece handling device relative fo
the other along a single axis in a first direction; and

- connecting both electrical and fluid communication to a second workpiece
| handiing device by moving at least one of the first connector
assembly and a third connector assembly coupled to the second
workpiece handling device relative to the other along the smgle axis

in a second direction opposite from the first direction.

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.

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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