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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 example, layers of photoresist, conductive materials, and dielectric materials
are deposited, patterned, developed, etched, planarized, and otherwise
manipulated to form features in and/or on a substrate. The features are arranged
to form integrated circuits, micro-fluidic systems, and other structures.



chem cal processing tools that have a plurality of

i ndi vi dual processing chanbers for cleaning, etching,

el ectrochem cal ly depositing materials, or perform ng
conbi nati ons of these processes. Figure 1

NNRHIBBE |y illustrates an integrated tooPCT/ESI0pAL7760

can performone or nore wet chem cal processes The
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 disek 424rolating akaiit severabRiYet Rﬂmtw 3

caI| rate e variou onents f the trans ort
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robot 44 usuaI Iy 7 nvol ve nanual r"Posl ti oni ng

raé%@/wetrméa% workpiece W
“4na variety of complex motions.

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

2



WD 2004/ 108353 PCT/ US2004/ 017760 chanber 30 and each
container 62. The encoder val ue corresponding to the
position of the robot at each of these conmponents is

recorded and inputted as a programvalue. In addition
W0 2WHEMPHg t he robot specific locations w t RCH/USHE4/017760
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[0008]

expanamegerﬁe@creﬁ% the awopipireessi e lanifigal r contacts htél@t taqatact the
t ogbrigpietl 415 h@y%eaftbl b@ Elefaﬁéd BP répracROs st ngd 1] maintain or

time to renove  and p ace th processi ng chanber s
f r eapeirrelecteshemizal mm\smm ch@ﬂb@rés theygareririsally Eﬁm\@d from the

r efgRY §6 ahd PEPIALRA WiftPhn &Qra BhdthBerTai Nt ai ned processing
One problem with repairing or maintaining existing wet chemical processing
chambers is that the tool must be taken offline for an extended period of time to
remove and replace thé processing chambers 30 from the tool 10. When the
processing chamber 30 is removed from the tool 10, a pre-maintained processing
chamber 30 is mounted to the platform 22 at the vacant station, and then the lift-
rotate unit 32 is recalibrated to operate with the new processing chamber.- The
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chanber 30 is nounted to the platform 22 at the vacant
station, and then the lift- rotate unit 32 is
recalibrated to operate with the new processing

chanmber: The -3 WD 2004/108353 PCTI US2004/ 017760
ML/ 1833 t hen re-taught to operate with tIﬂ@T/Né%QWOlWﬁO
p03|t|on of the lift-rotate unit 32. This is a
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repair the one processing chanber 30 until
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S t I
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ch gbers 30 do not neet specifications severely
'ng tts the throughput of the tool 10. For exanple,
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3@ r{@ﬁ%ﬁfsﬁéﬁﬁwr"phg%ﬁi%e cha[rbt eztgroggﬁ@}ﬁ&p?%e %Col 10. For

f r@ﬁérhpl@ fothettSOIf 10 |lsf fnlawépaﬁmdfmf maingemédd dntilf att least two or three
en.o I ne

bef t t
 brcBstito CRamBSE 3 PisoRsel Sheinotad. Bl the dopLaserates at only 2

1 hﬁacﬁdhf o GlaPHAI éﬁﬁacﬂjﬁifh&r Salfp%ﬁbéi cWhlu’né Béféret #0js ﬂaﬂkehsofﬂme for
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of line to reg_lacet e wet processing I} nber s and
anance- r dpist ingreaspatthe RParaling gpfieitC |ﬂ§eaﬁo%10 because the

r eﬂ#@@gﬂlﬁ(ﬁ‘ hbteonlyt §§fdr® Anilé %@!?Jol 10 iSRG &Srdptacefbe ek fbrocessmg

at onlé¢ fraction of its ful capacity Mor eover
I8r

t heharebergr30 and esjeqrit heambot f‘ﬁeb@] t@étﬂl"r@é'ﬁ'éﬁﬁtdﬁlalso teduced while
gieﬁ'%z 'rtddl 98 SiREOBEusa Cit Bherate8 Nt éﬁlzné |fVadﬁSﬁtoﬂ§ r\‘ull capacity.

per fornmance specifications. i s causes
g@%ﬁgﬂ@h@fﬁ%ur@ sipst réeqraase da elegtraghemical é&PP%’f*@‘ chambers
so '
Fr 30 st ROhSYeRBE eef b SN RAIDIRENE, SpSGRON, This causes
cathebpracesay'ng h@mbemsqutq faly@qteqﬁ spedifications sooner, which results in -

Qlﬂ% @86\%‘ s Rl ?Hl)qe ?}eﬁ%ﬁt@}; h‘?ﬂél%ﬂ;r? htgg ICb‘?fh}rﬁlh&.nassoc:at&d with -

I's signiticantl easi n
opealm;ratmg vibe dransparhl syq@emceami n@paluoglmamtamxng electrochemical
deposition chambers is significantly increasing the cost of operating wet chemical

processing tools.
SUMMARY

The present invention is directed toward an integrated tool that enables wet
chemical processing chambers, lift-rotate units and other hardware to be quickly
interchanged without having to recalibrate the transport system or other
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SUMVARY [0010] The present invention is directed

toward an integrated tool that enables wet chemn cal

processi ng chanbers, lift-rotate units and ot her

hardware to be quickly interchanged without having to

MEQ 20#/bI88%e t he transport system or ot her -4 PEEUS2004/017760

2004/ 108353 PCT[ U82004/ 017760 conponents of the tool.
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ma mem\temmdacﬁg ahe momhn'ieOfor negintenaseEc makesithroreasconomical to
f aFoPat Ao AabeE A7 Nt obinstadsl ellina 1B it & Tere) hgnbers to fal

I Npanbf Specfication. t Bevéral bypatiebithd MivenitPphieCgdrtionarly useful for
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f . f
e ALBGhAM Shehdl imkfGhol s PiadbERAY, o on

[0011Jri cr of e@nar@nmlmgn'e@é@n r'rniegr@tgi épqlrrfehtwetgchmmgalepm@essing of

W%@Jang id aucf?éﬁggéssh[?@deg Iéa:ﬁgﬁﬁtl@%kiﬁg D)t r?:glegucatl processing

noun and a transport m carr
nochamber carded by thé enommlnglmgiuie,dancbanm;mésyaem carried by the

o1 ek hodRC’ ThBchPRende SRAVEARPR S3MTFRY, of postioning
c opfeingante dnd attammmlalemehiat il ce)npoan!bodnmep]b ;Hle/\g?:ntinga module is
posi ti oni a

PO BtTcRRed: o PSR FelaBye Hdsions SheRER, the gtBTipel flements to

- t hevithinas egjentyaicdusseot requiretienitanbpbdrsystepato berecalibrated when
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nt T
e, BS g AR iagh o, fpar Xr MG g g he mounting
l NhRdURY, forlﬁi?ﬁﬁiplé sk émﬂldetgatd@ck lhevmgtaen'gloanfér padbll a rigid interior
or ot he es. of br

L BT erPORsea RIS St eadet endda o Ser yPse oh sy between

t hehd GitEF bR iftéritR|panalse Tli’éb&(é?%ah@lg ﬂidﬁslfactr@ é?f@mbﬂnfénor panel
structure that does not defle

c ha%f@stengd &Pqﬁnﬂflt@ reate ﬁaﬁtr#f:%\ar% thah dops g qtieﬂ@ct warp or otherwise.
p°§hédgén§s REhdRTSh i) maifaint iheNidMtive ShAIRIME SetebMehe positioning

elements on the deck.

The wet chemical processing chamber has a first interface member
engaged with one of the positioning elements and a first fastener engaged with
one of the attachment elements. Similarly, the transport system has a second
interface member engaged with dne of the positioning elements and a second
fastener engaged with one of the attachment elements. By engaging the interface
members of the brocessing chamber and the transport system with positioning
elements of the mounting module, the wet chemical processing chamber and the
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]0012] The wet chem cal processing chanber has a first
interface nenber engaged with one of the positioning

el enents and a first fastener engaged with one of the
attachnment elenents. Simlarly, the transport system
MAL2084/W08¥8nd i nterface menber engaged with BREUBF04/(HE760
positioning elenents and a second fastener engaged

Wi t : t .
ran A Sehf o6 FROFRY BB Hl Yol ERERMS n; e mounting
t r avsjole. t Morsovarn betcduspothiet mountigg medeleeist élmza‘nstdnally stable, the

an e R oS el ARl BESHER iR the wranspon

Sy systemarcanpbecicorsistehthe amathtalihed nafrer Iremaxtm@nen@nwtaha:hemncal

t] dule. - t h
TodticeSTag e JHEY RJoGekol Hicsentio AEPSs i BRsept gReble the
betraRsibrt Sistetto GHRSPOHENVORDREES sd/ﬁgmcthawesamg thﬁ‘lbers without

transport = system can be conS| st ent lc\ﬁ mai nt ai ned
rebﬁ\ﬂﬂ@ 9 r@ﬁ@lt\n@t@ thgtransport g 'mﬁmceﬁﬁma chamber is

anaihiled M@?Ia&@@f&ﬁﬁﬁﬁféﬁaﬁ&the tool enable the

transport systemto tra ort workpieces tolfromthe

[0013pr oces sTln@ prasenbisventign | uﬂhem@lweqi@d foyvard cnfrepsparksystem with a

”@é‘lﬁa‘? &&ﬁ\”gogggh? ¥%ﬂgﬁ‘mgr£;‘r§5§ﬂ_ BF 6}8%3'5&%&%& Ssystem to the

r ermve
pr ermlntmg mmlnta oBec¢ausethe lpsocagsingoehambhessvahe teansport system, and
tr

Qﬂi Fﬁﬂetr s?%‘c%h% g@r%\"atrttg%ﬁﬁd @h@ﬁ@@{:#tﬁ@slﬁé {Jl%"ét S;ﬂ[ec:s? locations in a
t heefenmuatflanm rtbelublaot dzac mderacehwitp thee pmesgngrmmbees or other

ot SR P Bfdnie s Tborith sR TSt a8 Witgt Gietaicaly teaching
I nthee rabet éiee fovation affeach rehambleat Inaone embbﬁmt\'/\fdrl’example the
¢ nPHR5 B85 Rp{ Heddh B Detaiclh i Mideins RPRALRr SHonSifh Boassate
iﬁbﬂlrﬁd)\madlj Elyeo trel&sthﬂontme ﬂbsirerd]?grrafert Ibeatiomsaaind inmittireatie encoder

exanp] e, th r obaqt
B60i10h ks BSTE aufints reSLit el Sevbed ebicdments of the
eaﬁlhtoﬁrtaaéd edlibedtionasSRIn wm @ligdlﬁélrﬁﬂoﬂ\biﬂ'n tHebeferbfcd fi@me and the
desired wafer ] ocations, I n encod :
v aPIREESYIR charpRers e i pesiod t'e%‘v{#@sa@ Finytesalh QBgEpmpodiments,
e”%@d‘!@ﬂhféd‘ﬁahbﬂéﬁon 8 t@ﬁ‘ﬁ& %Qp@@léﬂ iy ab a8 irb)ess QﬂﬁrWlﬁ hinutes, or
align the robaot with the reference frane and t

or B8 Iesa dham dive drisutes. - FpE PXBRIPIS QnecambAdmens of the automated

M Sdfbesion! dYsii8an BOSHGH fﬂ%nltoﬁot ’cc:t &?eréfét\ﬁ er%dprocesswhg chambers
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calibration systemis expected do this in
15and fwe eontaiiers within a@mxwéeiyf& 1@ rainuigsesAs syeh, the calibration

eXQM is YXpeSBR G BBe %whﬁr‘ﬁeafdrf ‘?ﬁ‘é?ﬁt%ﬂance and repair by several
hours.

The present invention is also directed toward interchangeable workpiece
handling devices and associated tools for processing microfeature workpieces.
The workpiece handling device can be a lift-rotate unit or just a 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



calibration systemcan position the robot to operate

Wi th ten processing chanbers and two containers

wi thin approximately 8-10 minutes. As such, the
calibration systemis expected to reduce dovvntl me for
WP HOEHEI8e and repair by several hours. 10F€ASI(RE017760
present | nventl on is also directed toward

é@r Ch g'angiﬂog) h%g&%% gggrcﬁangﬁag’} %{@f téar‘)%deasﬂy and quickly

mrépwc@a Q6 -redudeedovantifie wanammmng ®r depaiting @rnwbekpiece handling
l[ift-rotate unit or just ft un hat

V\oﬁ‘k\ﬂ‘i’%e Fughemneys, i \ﬁQF@r om Pd'H’efS‘F%ctégs‘f"Wﬁp@Pgﬂ?%ﬁ"'?% devices
ﬁs&&.@otbﬂ@aqbfa@éd]smﬁﬁétamﬂﬁs' tion, cleaning, or

er wet chem cal processes makl n

s WO ' R
[0015]200411083@33 P(DDOQHSQ@M,GMWWEJOWR%W& anigrgfratyrggworkpieces

de‘ﬁ E@?}s b%@{c@%@ﬁ@ﬂ%@ ngtahf?ﬁﬁt Qﬁi\ﬁé@é §?ﬁé&é’ataéi'ﬂahgnment plane, a

ace to reduce do mal nt ai"ni n

or cmmpimrrapegtutaqa mocmm:@amwemvedj@\ﬁhe@bamber aperture, and a

E ;{o{tgfh%[gggg\ga(pdlnﬁg a8 wae: g qﬁ%ﬁég@%ﬂ.’ Er s \é@%( mee&?ck of the mounting

i nsodlleatndthe firéDalignment sngacarband berantuppen sayface oftthe deck. The
f or ndlln crof eat.ur.e wor k
achp ing S5VRG Hbad P BoRERRe bbbt iiRnpd fg camy the
a‘lhi/vgmmte a@bwm%egmgtﬁwmearofalp@chamher, a dpive ugﬂ ®parptively coupled
c received in t ertur and a . .
o P eGP B s 20e e Wil iete aigcd e aiinear motion
t lhﬁx@eéﬂfdt af mbbﬁtm@pﬁﬁlbﬁmouﬁmdiuioetheawdrkblumf support. The mounting
al i gnnent surface, can be an upper surface,o
bR has @SBt SR SUTTERE FArmaNARYG Tt it st 7St alignment
SUgRPice. PaHe! WBRgHede® haﬁdlrmg HBﬁceVﬁfﬁmpféﬁ@datelétwe to' the device
rocessmgiy position of the chanber, drive

opeirporivenly at qiphaye the %"H@"\%BF Risnee- gsuB'ﬁof’?él‘t)o As a resul, the

trap rﬁ)ﬁatcﬁ I’ié?ﬁihﬁ@rd@?ic%‘:@arﬁb@%sﬂy Gemeved landl te@%%bd and need not
notio axi s, and a nounting portion coupled t

woinkgsTese ewituAsEss  th EOMBORRNTH oo $hR) rﬁﬂ@"@?ﬁ% lQC%QGoh%Pea’fh the
al i face renmovably mated with the first

al | p%é

surface. The workpi ece handling device is

[001613upportledothsr aemb@dlmnts;etheedrwé unjl i orquiplasl sjo athep picrofeature
‘ab\‘z?/}ﬂf?io é&?hs%bb % nthle %hga driVPEpdIfGH bof ttﬁ?s@pporty and moves

[0017]

ece 't ng device can be easi |
r ethev interface frmpl aacﬁest emhcpoa@eu taoa secendransk positiem A mounting

: h%l?r?azqelt gﬁﬁ% ﬁgﬂ@ﬁg‘,{é@\ﬁée LA bBRRRNRBhES i 3REHGAMBRNERKE that does
not intersect the translation axis between the first and second end positions.
Methods in accordance with other embodiments of the invention can reduce
the time required to replace the workpiece handling devices.- For example, in one
embodiment, a first workpiece handling device having a first workpiece support
and a first drive unit to translate the support along a first translation axis is
removed from a workpiece processing tool and replaced with a second workpiece
handling device. The second workpiece héndling device- includes a second
workpiece support and a second drive unit. The method further includes moving
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[0015] In other enbodinents, the drive unit is coupled
to the mcrofeature workpiece support at an interface
with a driven portion of the support, and noves the
interface froma first end position to a second end
BI04/ WR353 A nmounting surface of the handl i n§CHEH2084017760
can be positioned in an alignnment plane that does not

inters t ransl ati on is between. the fir
oSt DSekbRBEa %! 88 For PR 4 HBelided p8Ming device
W {dtheuithealibeitihg dh@%@é@xcﬂﬁvotmﬂecemmﬂlm@ devies dfleflugstacing the first
the time &@%mﬁ%t o] repl ace the workpi ece handling
deWrHpiece YI€€- in one enbodinment, a first

o1gOr Kpi &g %éﬂ%&jirﬂ AtoRfRiNcE Wthaéﬁoﬂﬁar%nﬁbdcﬁlheﬁwmﬁé fBntion includes
support and a first drive-unit to translate the

sugﬁmnne&tm goth qlwtg@altanarf@ncb@qmuab@a%on tp afi @trwé@lece handling
fr em@a %ﬁtﬁing %f 89 d"Ié @Bhnstist és%@}rﬁ)gﬁ%u‘ﬂéd\o@he tool and

secon vice. The se
woﬁk%ﬁcéoé mnectongaasembb'ecwmmd@stha first aveskpiersy lhpndiing device

e e e a8, Sfle i in, 3 Bl e, B Fighod further

m inchides tomreecting bptheelestrical anddluid commnuisicatiaotada second workpiece

sclARIRGERRR BrhnGE} st AEMk P coRbBhLr Ardchg and  thid

f i cavinectun rdspembly ¢m1p(ﬁd imgthdeselcomd wWobkpiéde hamrﬁhgcdévm relative to

" R GB8° SigPly e 3SRl Sefar; o FestiphconpdpRe e frst direction.
copwveurdingly| the électicaliaret fluld b&smnﬁmalﬁalt‘i dihks bet\mnith@ tddt and the
nnect oy ass

. at t f f
CoWBiRBiFCE o hemlingo Bevigs 1Bre, €aB m@swsﬂe\do@nﬁsg#’amcted when
Copepheihdl ohel ghdiing Flevied Whtizpthepand! i ng devi ce :

relatlve to the other along a single axis in a first

" Dol Ry BEsoHIETTE o TR Al on o A second

: morkplece handl i ng, device by noving at | east one of
[0019]t he fi rl%;gureohlseasohemahxetdpl plamnivaot diwed cheminat ptamessing tool in

serrbé% ?\}53 t8 the second wor kpi ece handl i ng
de@‘fc@é &P Y PO ghke ot her al ong the single axis in

[oo20]2 SecorRiguter 2&tis can dgupoetrit anévheillliétra‘_kihgob rpeetioroiof a wet chemical
RSBl ok B0 B crB s T B BPE"

[oz1jdevi ce FigureeaBi lsy aditsie praeolieond 6heé mwet otteitald pvdmessmg tool in
B%E%F%%@%q&h%L%%ﬁg lr\{\\fretn%ognOt her. BRI EF

[0022] Figure 3 is an isometric view of a mounting module for use in a wet

_ ' chemical processing tool in accordance with an embodiment of the invention.

[0023] Fighre 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 porﬁon of a deck of a mounting
module in greater detail. '



[0019] Figure 1 is, a schematic top plan view of a wet
chem cal processing tool in accordance with the prior
art. [0020] Figure 2A is an isonetric view
illustrating a portion of a wet chemi cal processing
Vo POOH 83 Bcor dance with one enbodi nent of t h&CT/US2004/017760
invention. [0021] Figure 2B is a top plan view of a

chemi cal féorocessi ng t ool ccordance Wi

\{

wet .
o WIS A e GRvededtions! [BmeRie Hei Sahomatoall Nustrating an

i's @l&itlfdcﬁemicav\déﬁosﬁloﬁfdh@tﬁﬂéﬂ forase! lﬁ ted et BiferhidaPproBéssing tool in
chem c rocessing tool in accor% ance wth an

errt?é’&?r Ree with apen ented the HYeONE gure 4 is a
[oo26§ " 0SS- SPi‘gTuhS’ 7‘% anr§§¥ §d%BAall |§<51'ﬁet4|c4néw ofh giﬁfrﬁte@e hit for operating

.mounting ™ nodule. for use In a wet chem cal processin

t odhe headelbwetrhemicaliprereasing hBbBPFdR@cePrdanee with an embodiment

'n\b?'iﬁé ﬂ(,\ent{og024] Figure 5 is a cross-sectional view

showing a portion of a deck of a nmounting nodule in ‘
[oo27gyr eat er FW@BIIS an sonetido viewld 3383diRrgunloagdhganoduid 6o use with the

0 t W
& OO S o oBrohBs Wl R Rk b et
foosgleposi t F[gpre: Balstaalto;f planuwewmf a4 st \Mbbﬁm&aérprméssmg tool having an
rocessi.n ccordanc
P FUTRRe ot asforn iy fRE ante irifh EEB3HNH ht e ivention.
{0029} ﬁ onet r Figure 4o lsfahrﬁlsloh"fe}tnd oicat ef amdnszUnmﬁ@tf aée Y an automated
the | t chem ga eSSI
o calRfneyatEh 15 ACShee T & BB ot ipvention.
joozo} 0027]  Figlire 6181s| &n FOMStAGBAGW ©f \d e&nsv‘r u'mnt attached to a mounting
[ oadi /unI oa ﬂul e for use é}% nount i ng
no&’ﬂﬂ’fg‘ LA %8964388%@ A embedingy HtveBF'OQ -he
[oo31j- nvent i pigurd PO%5A ﬂEWQihbﬂ d? d rﬁeﬂ‘aoﬂqer é’ut@ﬁma‘t’bﬁg ¢HlibAitinga robot of
cheni cal processing tool having a aut omat e

cal@ FHNEPPE sysipat tord refersped fiamece %"Pﬁia&ﬁe ¥ awhedigient of the
- theneRdention.  [0029] Figure 10 is an isonetric view ,
of a sensor unit for use in an automated calibration
0032y st em Figueasc 30 ande 138 afe 4o dlasodiewsnillugiratingespecific stages of a

| NYeAkdPRor dlBrthg A Eéﬁﬁ&élsys‘ierﬁr]n'a%‘&%nbé Witi£%h Ymisddiment of

sensor unit attac%ed to a nounti ng
acthe odentiorwi t h an enbodi ment of the invention. [0031]

[oossf; gure l}‘lé ﬁ%y%f\' Qigﬂ %%r@fto@bﬁ‘?ﬁ h\?ogwg Oflustratlng other stages for

ut omat | cal | gar
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. '

f0035) 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.



a transport systemto a reference frame in accordance
with an enbodi nent of the invention. [0032] Figures
13A and 13B are top plan views illustrating specific
stages of a nethod for calibrating a transport system
YO 204 HBeEnce with an enbodi ment of the i nvE@RTiUSH04/017760
[ 0033] Figures 14A and 14B are top plan views

illustr h S s f r
ooar' | 151 FRUBUDI o hAH St §F ineSéd SO thellyd R18buih 17A and
emblﬂl ment of the invention. [0034] Figure 15 is a
.0of another sta for ,calibrating.a_robot
ooyt P! e 8 e Srmae et ShoeTer Rt Shaw i FoirE 17 and
enppgli ment of the invention. [0035] Figures 16A and
an views |l | ust ot her st agfes of

16B are_to I atin a
[003%net hod QY eg& '?kﬂ“d?‘?‘ﬁ@tnﬁ vie¥he T{a % qpbeimeRt Olapsendyeffector for

| NuSCHY 6rt\’¥i'§ﬂan@ﬁ‘1 acBRRACERIth aAbthdr riboYRRdrt @R the invention.
[0036 Figures 17A and 17B are isonetric views

[0040Jj | | ust rFaﬁll"ﬁgz"al’-F apartially sehematie risqraetric\yigw; of ar warkpipse thandling
RS BNl EaRE oo R RSO Ie R o B mvemtiay,

[0041]F| gur e Figure22:istappantalynschesvatiss isometrisndewof dha workpiesarhandling
| o EIE SN P urd S Bend G LT OF rforh8l sy AL

rIC Vi ew O or S tll—'llgures
[0042117A andrigurgB23 1039 pariiglyr eclx@mnatic, aand\semebf ian \d@reangefment for

crSReShr 308t Y ey BRI, 158R i SsbBefln win an
of embedimentoftthemventio401 Figure 21 is 2 EZL“ ally

h t, i t
ooy or ariduresf 15 aratially St einefle, Sttt Vel B A ofifieine support
of héduecdnﬁgmti i accdrﬁéﬂdelwﬂn en embb’d:m@wtanf g ‘hveﬂntlon
tric |..ew e r a .
[0044]appar e Fidire 258 14 Al s Bemille, ot dfistafisn 'of% workpiece

| eIy Assdratues codfifided foi giftr @ 2vbrkpiee Pir tacedbiddnce with an

sche dvi ew of an arrangenent for supporting
fl“i"fpg‘i\'ﬁ'ﬁ%‘ﬁgbﬂ’?v@& O”-ommuni cation lines in accordance

[possWM t h arFigetrslisent ingtratibs df MeAidl FBatures of an embodiment of the
workpié‘ce handling apparatus shown in Figure 25.

DETAILED DESCRIPTION

[0046] As used herein, the terms "microfeature workpiece" or "workpiece" refer to
substrates on and/or in which microelectronic devices are formed. Typical
microdevices include microelectronic circuits or components, thin-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 pieces.

-10-



100437 Figure,-24 is a partially schematic, exploded

vi ew of a workpi ece support head configured in
accordance wi th an enbodi nent of the invention. 100441
Figure 25 is a partially schematic, isonetric

W W8P on of a workpi ece handl i ng appar aPGEUS2004/017760
configured to lift a workpiece in accordance with an

os7ieM0OdI @éUerélfe@BSdiHéK%”f)f ?ﬁegir @Q%Is’:fo@%& &fémxéalaﬂrogessmg of

illustration I nt er na ures an enbodi nen

t henicrofeatuse averkpigees iang) despdbast ins ﬂseh ®antexh of i depositing metals or
DE;’@E@%Q@SP{L% bR SktrSs Uﬁg QudiRpiBEE: THeCintddr4Ed tools in
I ece ofr WOr Kpl ece refer to

m crof'eat ur
substardarss with ﬂ're:lirwenﬁian,\hmM@helIﬂoanoaiS@mrImﬁdcindeivhing,srinsing or

m EsEDBER ot EEL i icel rBE 875 47 B eRHAtif gt mipcfsgtures i ancor

r eon sdmityndbeter substates et athadgigped eﬁwnth);ec&is C 1Seivetsl éibodiments

o ot Bl Revcotlange JR BeCitentiol) SiBotPLIPIR R Figires 2A-26 and the

defdllB\h/IngQ€xt ;b}@@nabSeetHo?@ghaummamﬂnagtdﬂrp%ehdularrﬁmﬁbdhhsnts of the
saje nanner as |ntegrated su str

c alfveRiane i heodRasRPpHIQNLIs divi m(qethg follqwﬂg gectiqnss 3;}) Embodiments

Vb [rtedtbtedIPOAIS YIRIAMUINGAG MEHRES )(B) 'E?ﬁl%ﬁ?ﬂéﬁfs‘ dfEDimensionally
pi eces | ari ous ceram c substrates

contihla ,M@urmng\é@godm% () Joobodimgntss of eNet Chemlcal Processing
PCEHLIRBARS (t@zﬁérq?rhp@ﬂﬂod?ﬁé!ﬁg%f W&RSI@H@W%&] g Apparatus and

|ntegrate or wet em cal processing o

m koast/daload Madiles) (el SystameargiMethode don Automated Robgt Calibration;
(@Woﬁﬂn@ﬂts tEQJdSE ctors! &5 {@2 REGifdAd E{rﬁgj i oo+t§ q‘?'Workp.ece'

tructures |ece |nte ra
acUanmmo@mraMSI wep¢rm gkilleshin thewast will urxdarstandsd!owver, that the

usedeht netrﬁ: %verétﬁlﬁﬁcﬂﬁl on%mla&i itehts y&‘e?haﬂf tﬁ’ée invention may be

chem’ca cesses T CRLon of i crof eatu

i npranmemirwutrmmt severalofdioe tetails shayn at Eigurss 2/-R6r t ypes
of workpi eces. Several enbodl rrents of tooI s in

acAor ddmn wun* dfdntegrated by g MiodulesFi gur es

2A- 26 |+
oosgy’ " ¢ aﬂ" % is d ) |E8Q%@glﬁ§%§él%§§ n&?orﬁoﬁ ?Pérﬁh‘l%rated tool 100 in
i nacnordamce Witk aiemqument of thie vinventionnt dnt #és embodiment, the
fo | j . t : :
S0l B 53R PR AR okl 885 erang mocut
Di m_m'ountddl tp thStfaﬁnhez 1M)uatpilurght%ﬂMetsqhe(1®al processing chambers
Enwlan p|8FanY$ -rota?e um Ql%%ss"r'ﬁ% tool 100 can also include a
transport system 190. The mounting module 120 carries the processing chambers
170, the lift-rotate units 180, and the transport system 190.
[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

-11-



Chanbers; (D) General Enbodi nents of Workpiece

Handl i ng Apparatus and Load/ Unl oad Mdul es; (E)

System and Met hods for Autonated Robot Calibration;

(F) Enbodi nents of End-Effectors; and (G Additional
MW/ P8IBs of Workpl ace Handl i ng Appar at us PCEYEH84H 7760
skilled in the art will understand, however, .that the

0. T IR RS g o v

defigorlcf trehiaeiity or dthegLstrsti@éwiBoutbeitgnsigtionted by toé frame 110.

I nt egr at,ed Tool.s Wt in u Figure. . .
005 1 o af1G THEHIRG AMORURY RO R pUOE s thék rintains the

i ntsmrv@t mtlﬁd?@ bétleeh Ithe aﬂétomlimﬁca pvobbsm ehdmaberset1o, the lift-

of thelnvenélon In this e qhg B i nte E’h

¢ oBtateouiisndBY,Ad e rAREPATE GYSIEMY | Aan s PBR ASRSSE Ph e, mounting

O H{oidLRO1 2P Uh S it 12 fhueh Uﬁ%r@dxgi@ ahfl maéraﬁaigniﬁééhtlyﬁg;eater structural

plurality of wet chem cal processing chanbers

antitegrity Geraparegl tathe framer bi0asethah fhesrelaliye ppsidions Bﬁf\ﬂﬁ?@ the wet
c agh{%ﬁg FHE:EEQFI Ebha HRASAPO! tiey Rt ‘F&’a@eg Units 180 TBHE ththé Gransport

carrl e proceSS|n chanbers
| | syswmtwpeimmttobamwov%frtwn@ h&ng hgwﬁqt o&%f@ﬁm@m module 120

[ORAgL ]n_rﬁﬁcl%!gé‘ma ?}'é%nlg%?o&e L AN bEY 18D WEPh émﬂi&ﬂm?”%ments at

Cross- ars er In a nanner nown
t hpremise. lopatmnsrfar ippgitiohing dbe rprmelng chainhes® 130 (anst the lift-rotate

ST 145 B R e SBELE Y M ot o

nothg B'aﬂsﬂibrﬁ systom 190 wabrize enbunidh diingstyt to sheaderle80. In other

PoEbPhlerS 38 o Tl 120 Wi M BRAGHAY e it
PCT50)2480 Gide &éﬁﬁ;ﬁﬁt systemel 9019 mdunterl e thegpibifalnmedd.s Thaaleck 130
st ands dlre on,the . floo

|
{nﬁ érr’] atg’gl P'Pgum? e stirediy Lﬂpé %ﬂ oSHatlg; 1% ¢38h Sher so that
SUS@Q!‘ idrig *élerﬁé‘rﬁs fonatile ddk. 1300ah0]positienimgueiemegtsnonl thee platform
re

is ari tabl e structure_that 1nta|

150 fpenas oy et Sash ' Sher nanechefimir MpRYecl pgeordingly

ChpfRies dlfbternnf wHidh wef eierhisalrotesshiitdcharmicersig0 and lift-rotate
transport system 190. Ong aspe% Qf the nount hl%g '
rmHU'Fse"ﬁQG’aPst Fmoyad prd eelRced, Mith, infrrehangsaplescomponents in a

E{ﬂtr]tﬁé%ﬁi hé’c&ét@l&l [sitioink Yisé %ﬂéceméﬁt%@mpbhemﬁ@@fétﬁée locations

franme so that- the relative positions
bePW@%ﬁﬁet cheni cal processing chanbers 170, the

[0051] dl ft-rofd di' 'Obsls]&%c@é]ﬁnéﬁlfabié fotsapstlitations sthafmawd) demanding
o not change over ot her aspect of the

rmammfit@tlmwh@hlrggwre frequent mam’cenance of the wet chemical processing
chambers 170, the lift-rotate units 180, or the transport system 190. A wet
chemical processing chamber 170 can be repaired or maintained by simply
detaching the chamber from the processing deck 130 and replacing the chamber

170 with an interchangeable chamber having mounting hardware configured to
ihterface with the positioning elements on the deck 130. Because the mounting
module 120 is dirﬁensionally stable and the mounting hardware of the replacement

processing chamber 170 interfaces with the deck 130, the chambers 170 can be
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is that it includes a dinensionally stable deck 130

Wi th positioning elenents at precise |ocations for
positioning the processing chanbers 130 and the
lift-rotate wunits 180 at known | ocations on the deck
180 200¢/4088%e enbodi ment (not shown), the trak€paB004/017760
system 190 can be nounted directly to the deck 130. In

git lﬁgerﬁ%f}a‘gggﬁ fgy"@?;@?cgt E@aw h%??@“%ﬁgﬁ?lﬁ%eﬁgﬁ gré?@?oﬁ‘ system

syﬂ(&m‘ﬂfﬁ@ is sexpeetadetb tsignificantly aedmemthes@iownhmedeaﬂoc:ated with

and th | at.f 15
" e DA o Sraiftetiig RS RarmbESCt 2 85 el L gqn maintain 2
Oigi Chrd@ngul Wamﬁam thatcrraveg‘,trmm péﬁom\amé specifications.

pl atfor do not nove r The
[°°5zlrmunt i s 3P plar M'PWI 1@@ i aB“%G&*é%H%Pﬂ“ system

[0053]

wh gigh a\hat acmmmﬁadohm@nse §t|t@dﬁéﬁf$o "o maahtmg module 120.
lift-rotate units 180 can bhe rem)ved and re

|
i RO TNOD FialGe 28 AL PBRIAGE Ihp WARSPOh Ry 1ag dncludes a track
acfay ShfhYoRSios! @iuré QE) I the BEER0D [|é39169]ﬁt@:ﬁ ) %e’iblatform 150 in

precise locations "on t deck 130. ol
10hei embrdiment showy in Figuses 8Atand aBpl Mese ﬁ@?@ffﬁﬂm the track 192

haye AeEROAh 3?)3 tﬁﬂﬁl&&lér‘ﬁ%ﬁt& %Stp}é@lé"tfbrﬁmef’&ﬂ foeaécﬁ F‘éﬂéﬁ g)bsmon the

nmal Nt enance em Ca rocessi ng ch
17mackt 12 teldtivertottlae ehambers 11’9@nddhethﬁs'otat@ns¢ﬁ)i&0 attached to the

Z(Efiibg gr&eﬁpﬂﬁa f gﬁﬂbgﬁge Brb%%giﬁﬁtnl%ﬁnét{;m&fes]lﬁgaﬁ?Qlong the

arr
c hlmrtket 9Z, raynantn aspemblgslﬂSrrgammt by me base unﬁpllgdc ang endesfiectors

70 th
0 bl b AP35, UL B 105 ot
poand !rmvssgaghlgnmitz%e\_mﬁog heexisldo kpdSilﬁbn Bm:gn‘deafi;bé@trja 196 at the
modlteds 12BN cassettes o the dpadiBag ot Bot 193 and
| spten o PE P ENGRy iR de s
ig%ﬁﬂl@ﬁecg&@ 1 2‘% éﬁvr\%)zgnggczl;lgljé gljscis\/gérl:\> %Zbgl Hﬂzc?noérmwagg atzbly seference
can

i nfape ﬁ,gﬁag@a by the 11%51%11 X gﬁlﬂg igure 2B, the tool
g eﬂgic Fgug érit;ughémmgm]yar@ rwrént?mtp?ge{slwg aflatlsed o the frame 110 to

X signifi u

eisiasa e TPLRING EAHIR 120 e et SHEmIFHI g BB, habers 170,
Chﬁﬁbﬁf fotatéOusis 4BaLt ahdiehd Q@nsﬁ@lﬁ thdfnﬁ 00 M ahdapinet. In other -

t hroughput in appli cations that hav

peembedimests. #pﬁeeaﬂel%é% engne pppeyysi ~°g fbe%f@ogawﬁ removed
Pl Afhy Fé@fbrgg \%emb del.z fBgidekbk 28036 bRiVideén bpern@BRr t
a loa

system oad nmodul e 198 attached to

thg, Moy bGmERELbF DA’ Asionally Stable Mounting Modules
Figure 3 is an isometric view of a mounting module 120 in accordance with

an embodiment of the invention for use in the tool 100. In this embodiment, the
deck 130 in'cludes a rigid 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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Referring to Figures 2A and 2B together, the transport

system 190 includes a track 192 and a robot 193

(Figure 2B). The track 192 is nounted to the platform

150 in the enbodi nent shown in Figures 2A and 2B.

MR WOHPBEBf i cal |y, the track 192 i nterfacesPEIUB2004/017760

positioning elenents on the platform 150 to accurately

p lyad | 7

DaCbpatep s, B Blendck P U I, Ay DRorc BRRAS St i 132 to

13eceiVé the whtehentical peocesaing shemberntild (nigure 249 t hat

noves I : : '
0054 105 car T TEecty PieB e incidcR piPety B IO E AR Reks 134 and

19ﬁtaobtrwnablemerm 13%draygadia aaprecisegmifelty agoss thenfirstpanel 131.

ot b TRl Y8 el pane 131 o

f}ﬁ@’@l@é %cb?@n@ﬁn@ﬂ/@ﬂa@@élé es pins rédevddiadhe hblead Thedielvels are also

198. The robpo 93 g effectors 196 c .
acEBfRling b | 3 it the WeShericeherashasing Dembers 170 (Figure
r 638 eRCBthef %ﬁiﬂ%dﬁﬁérﬂ@'hé itlyinghSlefertdt 134 cam tel lﬁns such as
120. Referring ure t he t ool q1]00 can fér

i relindrical mmsma|qong¢agplq§aﬁ%atsprfw ¥dra thedirst banel 131

frgiffout %antgopos%%'ee‘?ﬁ hble3 i b %aﬁ@ld’lme RO detih@30¥phas a first

chem cal processing chanbers 170, lift-rotate
urﬁettsoflegsm@nu tel@nemtén§%ri@ca§%t%n¢qqm Chﬁmae'b zi?ﬁerpéacle 133 to..

si d&h t[ﬁd?ﬂ[?ﬂ {F\@ 1gglwdhglaw%'&ﬁéﬁuc]a9%r&iésgﬂg Hanftfehd at precise

can be renoved region
anoﬁnanearpﬂwdnsw’ltmg rdedile 120. tihepdenki thO ean alseindlusist a second

VS oétz— Ssiip g@ %gm%ﬁegﬁ RO é%chﬁé%@kfach@"l@é ) Qf:curately position

-

IC View
rmndmdugl lifb-cotate mﬁts 180 atwmmammon dhe enoundingunedule 120.

of .t he i

erDisuater s omgfl, 55 e bby el HiGk i fhel 5 pan; 131 that
13%caivd bolts itgisdcurre dom dhamabeds 1782and thedift-rotateamits 180 to the deck
unﬁ&{)neath the first panel 131. The first panel 131

ca e an outer nenber and the second panel 132 can

- [oossjbe an i'lfﬁeedsﬁambmed‘nptadles(tl 3P car betavnfiered aloreg witle ﬂtfepo'sitioning

f | s 131 I .h
i bty 154 5nd 60 AtePIRENS amenRn T2 is Afak a ik pperure
Fitgat eam-refeie diffdrehtysigés @hdl‘élﬁpes -df3chAn I8 4/ IhO&%Sé’mbodlment
PCT/ USZOO 1017 6f0 receP gﬁl es 1 are d}’ gosed in fili
IndFigureoaop gxampley eéﬁﬁfp § EBn PR iav%e"teFPéY reciilinear

a?ee\mm BulgesOrsTS i the eérﬂar%eaﬁd LéAtactrepiows 228 along the sides
100541 The deck 130 can further include 3or| uralit

pdatween it camersnt e ylges 487 can e curve have squgred corners,
and the contact regions 138 can be linear or slightly curved. The receptacles 133

can further include an inner wall 139. The chamber receptacles 133 can
accordingly accommodate cylindrical chambers having a diameter that fits w_ithir_1
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 cah 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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attachnment elements 135 arranged in a precise pattern
across the. first panel 131. The positioning elenents
134 can be holes machined in the first panel 131 at
preci se | ocations and/or dowels or pins received in
WR204108%3 The dowel s are al so configured t&CT/US2004/017760
interface with the wet chem cal processing chanbers

&té#%&\u re?em%rﬁ {1&‘ f%%%‘ﬁ(erse Og,l\ tsihe Miversal arrangement of

ning e s, such as
cylpoa:tlommgl elpmestsori 3doand aattqnhnpnt télemepisoj18bt respectively. For

SPSALR, S ThRobhY SOeRIRE 43 gt b Biperys 125 can

ﬂ%e{‘i@aﬁll@ beildited med utiensalpatieom pmg?a;erte mescdmacttregxons 138 so
ocat e eac
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posngegm iyPesiioRAlesents Sllephmertgedient T@% {5 a result, a

acest ?ﬁﬁiu\‘acﬁ@r& E4rPProdubé 'a\@lribl'élbeék EdnfiQkaAion foninkAy amrent types
at precise locations on the nmountin m)dul e

at whdootent This aliews éomsmaaaﬁacwéerﬁrﬁ cdevies é%brrqatqrﬁ do configure
f ' 5h n‘glo?;?@%aré Q‘i‘% \fl“lﬁf @Hevﬁeﬁ%t%ﬁésooﬁ Fotessih Q:hambers without

and t-rotate its 180 to the deck
13®tavm055!13VEhe dsioatrst platforptaicdesk. 13Riscigrepected to significantly

£
ORI B B, SRRt SR T oo
joosspper t ur Anctheafeabra of theeieceptdcles 83 s thet Q@@L@tﬁd:ag |—p@§§§hrough the
O SRR potheh 1o SPALILIR ne SHGTed B0 fesd belo the deok

s“can” have a
r ediol IRwemng wE(gere/\EBhfob akzg’esle;LQEVerai mm@e r1r39a§hr@ngh the deck

conapare Heineby ne bde8T e e Pler RS GG Khembers 170. s

_ corsnﬁm ISﬂusd andl eldutrioad mesctan bg:rmteci ggﬁughrhh?epemngaﬂ 38a to easily
t rec tac es : :

ChoheRele oL pES SRS i SRRl f e ceck

' ﬁaﬂ 303%%; @homlt tMol&ﬁﬁm{fﬁfadﬁdretcCﬂst effe?tg@Iy mhtamatmmnber of common

aving a di aneter at fi e ac

e GRRnG EPHes withi HerHea) derienBnJnRR TG 40V dgibpr of different

o T ey

DS Soauifemialis Fer oxaBozin e fusomer M, gdoqd m’t@?ﬁﬁee?%ipchemica'

di fd%é&&ﬂén chBRbeR and hﬁé@ﬁfe%nﬁ@ncétﬁs‘ﬂ%sa dopvBhiidral systems would

nt wth a correspond |ng arrangenent of -14 WD

2omqqm@gtbgt3a plerk ngmq:;ﬂggrm esigned and manufactured to have fluid lines’
passing up through the deck to the wet cleaning capsules at the locations of the

cleaning capsules. The deck 130 shown in 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 139a
irrespective of where the wet cleaning capsules and electrochemical deposition
chambers are mdunted to the deck 130. As a result, tool manufacturers can mass
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interface el enents and fasteners to engage the

uni versal arrangenent of positioning elenents 134 and
attachment el enents 135, respectively. For exanple,
the positioning elenents 134 and attachnment el enents

PO2084H835general |y be | ocated in a universal PEEAUBEPH17760
prOXI mate to the contact regions 138 so that the

C gm@@b@ tAd GeBREd 30MHtYa tewdr tnitvicbsti and BEI PRSAIE &sdi€with custom:
d the nounting elenment need only to have

coFPRIGYERNRY i nterface el enents and fasteners that
[oosnelngage Aﬁtﬂh&oféaﬁdr@nofeih%”%%bﬁta%% 133'83' 1@‘tﬁét‘3th€96]:§emngsn139a allow

resul manuf act urer

pr @@I%ﬁ,setoaﬂ@N ﬁ@m@gn S d@@hﬂﬁ@ufpéﬁﬂbﬁn%&# venting ofi thedeeht In many
\Qﬁ@gaﬁ st %ﬂjl thAq udedlih WS a é%loéb "HE Qfetckgﬁp lﬂ'&h%rusted out

ors 0 configure and/or rec
t o&otherareaﬁeum thealeck 389. ofhip ns)tmmmge vaﬂmﬂtﬂ@tscan collect in

d
e
meain famdt wpomg above dipe datk N@Oovist ﬂcm/m dhoogh the mm:ks13mand into the
8l S oo £30.5 e 400 W5 BBSEE 830 B ot o
- bethaewpl.t Feiditiopally g enhéewd C|l391§|@uaﬂ dhé hec@madeb efl33vprevents

;2\7%(?05{1(‘3 5@5@%%{@6&“ 3 ?%%EB{ICH @Cfgoml%%gﬁlggp in the interstitial

degpaed obthed a&kmsogsﬁwé&ﬂ trwwrst PeheP Y8 € antdthd §e<sa‘ndtﬁyhe| 132.
chanbers 170. As such, fluid and el ectri cal

0ostlhe rout B MAURIBE Medie ) AlFS Mebides exierar) syde ‘plates 160 along

acrbaglwlﬁél%uf&rféd@és of tHeydk 10, ﬁﬂéﬁﬁ?%idia ;saateagzea AbmYlofgitudinal
configuration of the deck 130. This all ol

reiBehedgrspisthe slesk J80e and endplatep Tﬁa?«@nw% ﬁﬁéph%# to the ends. of
c Omckqg@ntﬁhﬁgrdﬁ@ﬁ%ﬁ ?f%tf&ﬁ‘nh 5048 Bithctld t8%8& ﬁﬁer@?@nde plates 161

then install ferent conbinati ons

di gndthenend: nlatﬁsei@'z aee dPdi r‘@etfbarwp@ﬂgl@ifﬁsm 5% w&des cpos'tlonmg
1 BRI oo A bl o ek AP HARS 2R ko) o the.

cl wanspog systeral 199, or the mreuintingimadue 42Q. Whe tlanspsguplatiorm 150
: t h n fhrﬂgf Ihe | S&%%hHeﬁ?HeK‘neﬁé'&Eﬁ%&éﬁggiﬂéﬂgegﬁﬁgg ffleive bolts

ave assing ug t
t hte sesure:ﬂhearachg 924p thd plstfaim ﬂﬁ@ | ocations of the

[0059}C| ean rﬁg@@pﬁ@ g |'§%§?’g‘gl yEew ‘gﬂﬁyggugbnor@ ebfl"e %ﬁ\bodlment of

and 3 al nRhul AUt 6
suihle iniasrtad mtruelﬂre:lef:ihe dewk 138¢ and Hidure &t |smdetamed1 giew dfea portlon

1 e BB EFEH A BB PR AL b AU bracing
cl $40)i sugh cappists; exterdirg) Rtéralle betwesal thdmmaidrlswe plates 160 and

. f 2 g?ﬁtrgﬁg,r?s& @ g%g‘%f %a -P'FF‘aE gt S'Sr? li ‘Hﬁ IS a@s ched to%he upper side of the
bracing 140, and the second panel 132 is attached to the lower side of the bracing
140. The deck 130 can further include a plurality of throughbolts 142 and nuts 144

that secure the first and second panels 131 and 132 to the bracing 140. As best
shown in Figure 5, the bracing 140 has a plurality of holes 145 through which the
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-15 WD 2004/ 108353 PCTI US2004/ 017760 produce the

decks 130 at a lower unit cost and still provide tools
with custom configurations. 100571 Anot her feature of
the receptacles 133 is that the. openings 139a all ow
P5W84/1083556| ow t hr ough the deck 130 for enhan&EHUS2004/017760

venting of the tool. In many appl ications, air is
[ th k 130 d
exaatats 102 sriesth e TLT 14 GBS WeHBadRARe balts 14 jcsenhance

| S tHeedrPiBBlich NaARER tﬁé%@tcoﬁgsan@ﬁisl ect in both the
areas above and bel ow t he k 130. The openings 13

[0060k| | ow tme eraeln angibracing of hecackai0 an be made qws@tarwess steel,
fl BiHeP g de l{g? g&ﬂ;ﬁe i idl€) Br (FARBr-rerfBRAN! E@rﬂbcsﬁes For

bel ow t el ow t he deck Is
dr ex#mplet the panelstand plates paniibei made|fiom tM@Omlﬂrﬁﬂ stginlgss steel,
13 n h a [0t

2 ey bl e SRR 57 sHiT, Q6F B8P AP i e fver
t haelmfntwdsaompashtes spadresiudsf a ichbanefider DB Keblar®ewvesh imea hardened

first papel 131 .and t cond ,pa 2, 8] . The . . '
ol hoih airofor UHE S daR 28R, 152 ol B pdtf dioid and
1660mbamge with ¢Het unlemlablsauﬁleﬁ lre::IWWebbhelhE:adpcdce&Séls Stainless
. eEe! 8o 5 o o SRSV T8 Hgnd B ot i
g alt h}%}?beﬂ tlhg bl&tr@??@ Sﬁﬂglo?é h?hdééll'ﬁtné?éblutﬁhe hgetN§PWSt chemical
attrorm | S attacpe e Lnteri or si
D 6BIoCRREPS hiD B SHIEREBae e RRnelS 21 RIRISS 157 i 160, 161, 162
pl ahd qem are0.12810108%5 nﬁ& le(ﬂ@Sﬂémles%' ﬁé@nbﬁd mefsyec.rcauy they

accur at el 03|t|on|ng ure
S Bfambe D50 e ighortainiegs e 8he Ganehenthiiaios. 9 rhywever can have

mgiﬁbﬁanl@'ﬁckn@%@ irt étﬁﬁﬁ@tﬁbbdlmeﬁg orm 150 can further

i nclude attachnment el enents, such as tapped hol es,
81} hat r cBRS PG (140 ean glseube stajpless gl Gberginforsed composite

p! ﬁfafé?[ u%r thtQﬁgﬂ §i ShH/Sr fnﬁdsca%t ﬁfa‘?ér?dsse?nt 6&!‘%bodnmen’c the

Vi ew | strati sui t abl e enbodi nent
i nbracingl cant bm@ﬁdpéz (bfnch tvddel steinlespsteghigists, god én@eussaeglﬂca"y 1.0

de l\eideV, fi i 0
LehE e 0P Olnch BBl A3, 458 B8 i ¥el Bppotiments e
br br(ammg 14D4¢an beiethoasy{combtaore QXDM|strgcmEasenade §rom metal (e.g.,
be t e p @ahe
ée 5 atsggelléﬁr% HH%JE t?érﬁ\ﬁp r?eﬁolilgl%rsa%’er élé‘{sﬁéﬂ&ﬁtﬁé? Mbterials.
[oosz]t he uppEre siodeting mbHele 120ds mgstMﬁed by @ssérablingcthrdections of the
anel c '
G5 2B PR TR bR MR e RS A4 B 104
t hﬁhel@duom f 14 deokl 130t STA4 £omponents of the deck 130 are generally
secured together by the throughbolts 142 without welds. 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 welds and/or fasteners. The platform 150 is then
securely attached to the end plates 162 and 164, and the interior side plates 161.
The order in which the mounting module 120 is assembled can have several
different embodiments and is not limited to the procedure explained above.
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that secure the first and second panels 131 and 132 to
the bracing 140. As best shown in Figure 5, the

braci ng 140 has a plurality of holes 145 through which
the t6 WD 2004/108353 PCT/ US2004/ 017760 throughbolts
WO2004188%F. The nuts 144 can be wel ded to th@CBEE2084/017760
142 to enhance t he connecti on between these

ool S0 C o s kg ool POITDIVIRE 3 RS, WeofiBhtly stabie
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i nsqfﬂ@em stRBGI i9aMaiiaBe thee selatife,inositions hetweenjthe positioning
- Weblenentd ps4 bR 1@%%&'@%%%&?%@&%@1@%%%&% PG, the lift-

but not affected by many of the el ectrol
sofalate owrtso il 8| andhithey trasbpert shstens d40i ar QAEIOUGW@MOC the mounting

D HoB5E0rR20, (fh e baGs, HBmB@RRoTmaaHe Pl2lE Bonfigured to

i neiaintain dke selative peositienscldtyean dhenpositiopiogieléroamts yi 3dhand 152 to

gﬁ\&iﬂgﬁaq) th hNCHY LERbE Emﬁh&h@n‘?sc‘ Stpétrﬁguqtl@ Q %4 Sonfigured to

owever, can have eren ess N
ot mmtainﬁbd|rdam$ poﬂntﬁcﬂﬁlﬂetﬂaen lihex positjoding eiemeratts si@4band 152 to

R 5PEc T 401 AP 2 AP 44 g ten e

rrallmfdrmlysﬂatl surface torivithinnapgroxitiadely .625 rgeh; @mdbia Mofe specific
W de st ai i sts, and nore
S p%'@P?ﬁi'EﬁnPVolaR?r OK'WE%W ggg'bgepe‘? 'h ‘nches tall

st ai nl
brdti ng e~ OTTE '
[0064]5t r uct Ll-'rlgmerﬁalsearf lsame’tmtmbsséseogonal vmvashd)wmg the andérface between

al
o B e! itrniopl 8t e finkae R0 AR B et 198 Bp@fnber 170 can
c oinslude &t procéssirapeesbl 17 iganda coltart 17@0sThe progessintpedssel 171 can
o1 0 8o, TEitn '8 APITrE GBASERl P, UG Mgl oERmDle with the
tThawetifﬂﬁaﬂQ nesd i ke wetehemival pdtess.elrgaany abblicatnsms; meeﬁrocessmg
oge

e thr hhqgl ts 14 t hout
b ofsseC T, Fampated BA NN SrEsinbeliar tadlisey ngtdgact with the
16dieatfdiyirt $aiGiae dednindesdiatioh, beotmidypdof @0l used in the chamber

170. The collar 172 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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[0066]

pl ates 162 and 164 using wel ds and/or fasteners. The
platform 150 is then securely attached to the end

pl ates 162 and 164, and the interior side plates 161.
The order in which the nmounting nodule 120 is
29108333 can have several different enbodi PEHUS20&0E7760
is not limted to the procedure explai ned above. -17

WO 200 3 ' .
ol o 1S QOHR ATbetaEn d KISl ¥ ntafit nerbegTF M birifiged in o
Sfphttéltmfoegé Ifaﬁgnét:awithahespollsmenml elemeetSp‘b'M onhdhe deck 130. The
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p‘?ﬁé 'iﬂtgﬁééégmeﬂb%ﬁe Wy céﬁ‘beal'ﬂcﬂeé g?ecwéﬁﬁnfaaﬁinwﬁn the collar 172 to

m cal ~processi ng chanbers the lift- rotate
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mal ntaln t
' eélatwa'to ihesdack dBS. H@e\mﬂar lmec@‘o&lmﬁbmchlge@ pleglitysof fasteners
gﬁr‘ﬁgfg% tto?lﬁeé% wﬂh Qpe da't@&‘ﬂneﬁt”ele fifs 135 in the deck 130.

mﬂrh@t fastenele1T5tan be eboﬂ!smr ntrmnshreede@membﬂaés that securely engage-

pgﬁ ai}‘fs\{‘.}gp%n ell%nn%gslpé% s%xi@'e]tﬁé ﬁgf?%g é?.Ltjé'tﬂe dﬁck &30 The coliar

131(72Q=.fdc©fdlrlig1y holds tise processifigvedsel 17 bat & fixddi peedige location on the
W thin approxi mately 0.025 inch, and in nore specific

erf®i nents to approxi mately 0.005-0.015 inch. C.

Enbodi mpat svef chébic4th processinger ch“amlmrsmmmm eetrothemical

4: Figure 6 is,an isqnetric, cr ecti gnal.
S HISROROR n ENPRPRISs SRNEGI: CHATRY Sy rdrfiing Capsules, etching
Io rdﬁ%ﬁﬁ)ﬂr@ %rﬂl@éﬁﬂaﬂl@%ﬁ%éﬁl&l dﬁ@d.@is%fb\@ stdtiomsc h'ﬂn#loelnamber 170
can include a process se and a,col
st RIS i g RAGERN SIS, dRPoRE ARG PP 4 head 176
p%lbﬂ@ rv#d?kﬁl@{:@ hbl@br & pYitisi a Workpib@d incepaissall £7 1WI The chamber
ca

chem s used in the wet chem cal

naW;ﬂ shown ipdtigue $ alsm bap AP &leALiiGH, sysieds @glfa‘ng a Prst electrode
vv| e t(ﬁ%ﬂ@ﬂreﬂ 1 Pté%?ﬂ% WorkpRlcsred 4 Qé&onipﬁéciﬁéde ﬂmﬁlsposed

I"'ectrol ytic solution, cleani n9 sol lét 7%
otihdhe vessel 37 1f |mmfm§ead|s¢wn@e&$§ @$ 178a an b establish an

electrical field to plate ions in an electrolytic solution onto the workpiece. 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 (@) 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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170. The collar 172 and the vessel 171 can be separate
conponents that are connected together. In such
cases, the collar 172 can be nmade from a
di mrensi onal ly, stable material, such as stainless
NQ@AN4/183Ber -rei nforced materials, steel al PEYAS2004&{760
solid materials, or other suitably rigid materials. In
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t hi el FSI 30 dhe 165 100! eéuuﬁ%tﬁ ﬁ?%ﬁoﬁg i %ﬂcﬁ&nf&ﬁl ﬁl%cessmg |

precisely machined in the mat e
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r emmulmoznsex drel U lPalem Applieatiool NcarOQABZ’z 4&&1 aﬂ @i whmh are herein

| ud Fof § o
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reci se
ThtBO/\mbludbedembmpomiwﬁabig cohamtBe: sTher collzard BBencludes a plurality

tgfﬁlg{g ggg Egnnegré%ﬁrﬁ 39@ a%lﬁtlﬂggg iy ga@;@?ﬁ to 3 éJ‘ﬁ'ﬁﬁ Qﬁé( positioning

Ot slements TCﬂbwbvbeNvate mmmmahnlptsfbrssmsn@ned aﬂt rtlmdesnfﬁnblocatlon for-

hanbe Ll d Fi
R A BT ek AL e ot 100 cn
Wi fuRther wele Iaem&rahtyl dfefastmelﬁom&arcanged\mmqocdm 182 to Ibe aligned

\é :\znila ﬁttégfé'%er;tr P c agglt%é An %qeoidgﬂ% m i?\S gﬁe %hfct"gtafe uhit 180

el ®Cthkafléunting module 120. The interface elements 184, positioning elements

[0069]

134, fasteners 185, and attachment elements 135 can have similar or identical
structures as described above with reference to Figure 6.

Figure 8 is an isometric view of the load/unload module 198 for holding
workpieces before and after being processed in the chambers 170. The
load/unload module 198 has a dimensionally stable structure 820 that can be
formed from stainless steel, other steel alloys, or other highly dimensionally stable
materials in a manner similar to the mounting module 120 described above.
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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

0 UOHYI3Bnt o t he workpiece. It will be appPEEUEIEH017760
that the el ectrochem cal processing chanber 170 can be

an R@éremgrtol Figaresmaahers tbgdthetoae Retcturs I8decdm ﬁmlude interface
electrb t}gteml?? gwtable- | ectrochem cal
G FORTSIS (Y o) Sreangedita GR.aligae NIPHONIoD, eleepts 834 (Figure

No
159 00 8 e 54 e il 4 e i e

039808 prenssly postiones ferconeratioyo ST mpertage members on the structure
20
zo%%P%i%@@%??s'gﬁﬁﬁ%%*ﬁ%M {85 81 PROBIGES 162 can be simfar o those
Wodeserihetoazne WitlT refspes/ 01Figa® 6hefhe fnadigdogub maodate 198 can
o AL / "

o ZESRIERE o LB aERiie) tetatB 46 tHE raR R LBHC100 without
or havingrto trgqedibrabé thehtrabspost System cl98aedchdimea thes Bhadsmidad module
' Pat ent Nos. 6, 350, 319;

aslgg?%ﬁgﬁggﬁ%{%tg‘l@o&g Zlnl ofsvvhi ch are al so '

[oo7oher ei n Theoinferiaes emembersefcfrr ghe estruttirbeB20 amd i thet Uorrespondlng
onbi nat |

o PREomAG slerants, Pt SBdnn srabieh. B ¢4 Bo e ame for Giterent types

ex afmiaﬁlun&idd rabdiles Ab@bﬁrmeqaéulbﬁloétﬂ nibdtO8 ch Réve different
(e el ectrochem cal eglosn ti on chanbers, cleanjn

ch! ations of FaPeiRand oIS Bissallowsy tool) mawfagtgmrg l@@d devnce%abncators

compinaell Aierel tyflbs beImiuVAL fodlics &iffermt tas figurat
mounted to theygeck 130 of .the tool rhlagg)h@rSwt nfigurations of

coRBFSeRES oo dPolfe WitbREH RaMINg rtac c3lrate the affﬁﬁpﬁﬂl Eystems to
a n chﬁ?ﬁﬂﬁ@dﬁ@ QiftréM IR of WSk S rob?@s (?%sgitéé:bnolség% n

ref erences |ncorporated a ove an

Pu EI i casysaémél@ﬁd Wé@ﬁ&d@@#ﬁ&ﬁﬁnaﬁt@d Ro%@péélﬂi'gﬁ’éﬁ_’e; _and
[oomar e her nq%er bg ’gglee@'eg?ntrlgyg}t@ﬁcgs sbowEdﬁdzdgqu,& ds directed
Of toward syefefisCand inidthédy! fdroastomatieas M?igiﬁtﬁ@ {hgoéﬁ']sport system

ure 7 is an isonetric cross-sectional view shown

an Wrinaireferancaframe of the tpelt 10e The ealibgation ftyétqmqw@lgy position
t hﬁ\ed&ﬁk uﬂ@QQS 'a‘i‘ldtthé%r@m&g Nog lhrbed{aflféd ‘z‘é?&"tc?r ﬂfgﬂlﬁ position

180 i ncl udes a di mensi onal stabl e co
coVithyrespest ihiheyands of the @raa 104 orcﬂnqthﬂream@étheefﬂs@resce frame.

17 fnQES1MRatRN dySteths’ @it S58 dbRrRfhe?id S08bnYit Podifiéh of the base 194

posi t1oning
with respect to the track 192 and an elevation origin position of the arm assembly

195. Several embodiments of calibration systems in accordance with this aspect |
of the invention are particularly efficacious when used with the mounting module
120 because this combination of features enables methods that automatically
calibrate/align the transport system 190 to operate with the processing chambers
170 without manually teaching the robot 193 the position of each chamber 170.
As such, several methods in accordance with this aspect of the invention are
expected to reduce the time to calibrate the transport system 190 to operate with
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el ements 134 when the lift-rotate unit 180 is
positioned at the desired |ocation for operating the
head 176 of the chanmber 170 (Figure 6). The

l[ift-rotate unit 180 can further include a plurality
O¥0 2084108388r s 185 arranged in the collar 182 PETHE2004/017760
aligned wth attachnent elenents 135 in the deck 130

f othe"B mbSQSgrtdhanibbfé 170t &ice thenidadhBfoadt modbke reanbiordy a few
nodul e 120 he interface el enents 184, positioning

el BYRLHeS Instead of sgegrabhaws.185  and attachment el enents

[00721-3° CanTlli@‘éﬁb‘éUW\érﬁrof%e'c%ﬁBﬁdh@ﬁ'sysféh’f gROWIR &9 re 9 includes a
descri bed above with reference to Fi ure 0.

Fi genser@nit 208 fshoyamsshematigally),apg a ¢an 'Plk%ro%%ﬂ[SBawn schematically).
MOGHL Qerdsti Unft r286% Qﬁ%@\ed"iﬁ e HS&@‘,‘;SCP&“ Aot Porifd @F the mounting

bei ng processed in the chanbers 170. The | oad/ unl oad
nothaldelel $20 bbea lmodumbnetlmnwrthyesmm te the referance fearoe of the tool

;Pﬁ@gf ﬁ'ngp)e 8’{"%@@ tf)g '?%fﬁéﬂc@lf ?ftﬁs lto% %oHasSs fitt reference

RS Ohal
mahes i atending alcr@aemerﬁtermmearof ttbettlwkmﬂana @cm ueference axis

pCantisdigh Rofbs T80 Eteaict ) 19 M eErencg ayig orthogonal to both

t Oﬂﬁ firer and $ueont refetance a3@6. Tha sensdrunii 200tiepbsitiened at a precise

po 05{@?1S@3@%&%@@3%@%%5%93@%%%&ﬁfj%%ﬁﬁ’tgqn@gl%lgmem on
of tﬁéﬂgeﬁswrudmgomw 8 pestioMen elémertost then Imashtingdubdule 120.

o Pl RS RS, 43, Bk 5 ggror uni 200 i

poﬁb&l’uéﬂéd‘& £klosatiottindAe titeeifemiania nhoidatiévnl ¥6lume of the
simlar to those described above wth reference to

Fi trierenee freme dedinad by thumoyping Bodyls @8 accordingl y |

o7sP€ POSI {h 0BGk cﬁi@? E'i@bﬁh Yoe' §|caﬁip\4%rt ‘Thb%nhbﬁé}sm &an be coupled
system 190 wt having to recalibrate

t 1 inthsosenssy snirR0Poand shey Tolatel B p @Pﬁ a&a/em?d% [of the robot
19§%hrfgs %texﬁﬁ'ﬁﬁﬁfj a%c\wélh &st SIS’éraﬂ&‘p 'fr%OZQﬂltrJIG? 21'(9t Sérf MeCthe same

structure corresp ond

posdmputer rthate opensitass. ﬂ%@h@mbﬂ’ﬁe 18|Qd pth%ntllét-rﬂ?tﬁe c'émtsbéSO and the
~th f

o R A 28 con b o

coaéngateacompsteoﬁhatammfaces Wmhloﬂ'lﬁl ¢amputersoin the tool 100. The

di F?’i‘f@%tj Zﬁb naug?sdgggééﬁ% gPéb? %eotn.ﬂ'g‘lgéél@lag software and/or

di hbemens, ¢lm1f contaiabi umruoﬁonscatssperfcem |amb,od.1ment§ of calibration
sl S0 B Bpdhfedph, L erhort vstem o
[007410 asset t Bigur 10-@s isometric view showing an embodiment of the sensor unit
200. In this embodiment, the sensbr unit 200 includes a plurality of sensors 204
(identified individually by reference numbers 204a-c). The sensors 204a-c can be
arranged along three orthogonal axes corresponding to the first-third reference
axes of the reference frame. This embodiment of the sensor unit 200 more
specifically includes a first sensor 204a parallel to a first reference axis that
coincides with the center line of the track 192 (Figure 9), a second sensor 204b
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E. Systens and Met hods for Automated Robot Calibration

[ 00711 Anot her aspect of the present invention, as
shown in Figure 9, is directed toward systens and

met hods for automatically calibrating the transport
WB2HBFI0 to a reference frame of the tool PCOYSA0FHET760
calibration systens quickly position the armunit 195

an diefi hlag enrbtatiohesdrizop, dkidba ithirdRssifsdr 264c 'defihig f elevatlon sensor.
[ Slt E vvlthres ect to the axis of the track
E% é¢) &ﬁnsbebfimwedlﬁelﬁeweﬁetetrmsswéers rm\eng spnng-loaded

c a|did®la%bhféﬂt méﬁit%ré 2963:d@h§ﬁédd|ﬁ8ﬁfdi5‘aﬂ3ﬁ f?eféﬁén% rﬁuh}(t%ré‘ 206a-c).

p03| tion of the base 1 respect
197 hgcispigcepient marabers 20§ipiogissi an @hct@pa&m@waimrrespondmg to the

asg&[@g{ oF Iln%gﬁdlsﬁgﬁéh@ht enmbodi nents of calibration

systens in accordance with this aspect of the
[0075] nvent | 'Bhﬁ éﬁ@SQj’arRQ%mﬂarbleymeﬁmhed doi @ frameh 207 Liba’ldham hh least one

]tcg oft es g{{}g aecthﬁile%g ﬁ?%ﬁ%%ag?é hi ﬁ’fi e"3b% 98 Rhstructed to

cabprdpegy @hglh ithgn sehsors r2dsgiond thsey mremréf@ﬁartce el ahé the element

ve20niBh B425FA3LBA. GLATRER ebA et it A2 Bkl o @ known

17mcatimonsﬂmrmcsmmbdmt1lzods in accordance with thi S

aspect the in h on x ec g to reduce th :
0075 a1 o HeTeph BT PR She Brinfer eLBURSR A Sgpdfarat than the
Wi &imbodifient\EhAMH ERERD 0. PESF b9/ tﬂé%@ﬁ@oﬂ ¥t 200 ) can, gave only

proces |ng chanmbers 170 and the | oad/ unl oad nodul
t 0@ IR §ERYy ORI PBDERCE faN$ORY  $B spRSOMR @lgcsdo not need to be

[ Oﬁﬂaﬂged'rélﬁngf ﬂh@dldﬁﬁboﬁél dx@8. CiHel é&r@hf 8hit %étc%'ﬁ‘ A89Wave other

in Figure I ncl udes a sensor unit 0 (shown
scW@ﬁgﬂf @gmc&yy thalgmgasyyst arggqlqgrdlglgcqrgepmvm indicate contact without

sciagfégfmg:g,l,?}}(y)smacg,lg,gnﬁensor unit 200 is attached to
the d or another portion of the nounting

077 dul e FgWestT is amdsametde Aisw et #ia Rmbegipeent af dhe isensor unit 200
r eérﬁhﬁﬁﬁ%éd@% Rbuhtd tB%’é deél{) quoleff‘qbggbqﬁigtembodlment,

the reference f rameo the t asa

r ether epesitioning/attachmenti nejementsg BO&ennEffalcenewwﬂ tdoeresponding
tr r I
o ?cé‘étftlom@é rtgar?féfgfegg @gerrﬁérﬁ_g. %Hctﬁﬁ ac?ggﬁ 13 tkggcgtfbg\xth%ofrérﬂg 207 at a
ornrﬁ@ge tedation wilht lespettdofthe momﬂdgsmdmm 126f eFtensansors 204 are

S5 110h08 grfngle b rA0n SHBIAB IR HBIRE R 00 o

a mwsmsascofudagltselmmeme lase urite! Beoishe robott 19308 shiovh ia Figure 11,

PRS0 B8 F5eBRlerohel e TP LA e Ryl Rt

s eamhalar Lopening06f e base unit 194 and chambers 170 are attached to the
mbunting 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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positioned at a known [ ocation in the

t hr ee-di nensi onal navi gati onal vol une of the

reference franme defined by the nounting nodul e 120.
[00731 The controller 210,can be a conputer. The
Nh20041B38 210 can be coupled to the sensor PORUS20040 7760
and the robot 193 to control the novenent of the robot

durd ng calibration as well_..as opgratijo
) t.ﬂg? | Rreceqes nl?]ovgé Iy, £ %{;ﬁe% c%ﬁépu'ﬁ]%creggﬁ'yt for several other
0 pﬁﬁbﬁcﬁmelhf@f @bmlﬂ’éﬁ%@ mbfiddstim ECd:organcramm mr?jnVéraioﬂ:S 0,
and t 0 unl oa ut in othe
oomtenboc Tt SMtraers deethid oD, higiced ‘b S ik, progedure 310 for

ﬁFUﬁlﬁ% a 'vh’#@e kOt EanpSier 200 c@H@@poﬁHﬁi@Dtﬁ ﬂ’féS rdtétldnfaﬁ position of
00 controller 210 includes

op@paamrq*ﬁéue denthe; fjesh axis efghe TR Re. Ham\mﬁr@bodlmem the
Cgﬁ%&gtﬂf @EH@ddr@ 34 bg)%\h@é’ssaﬁ MpBevdIes Bh@éﬁ’@ﬁ’ bARRtiMardd alignment

I n accor ance wth the i nvention.
[ oo amarm gds along the amm with @fisstreteroneads alpingdhefrack 192.

[0080]2%83' @&%rrﬂ% Slﬁggetﬁ@%.ﬂr t%%rgblgggp%ﬁohggtisr@ﬁo can lpclude manually

ofrowmgoﬂle ama. 196i thenligr iandainmdixis dudl ofythey arref tQEemtb the first
T,

a1 oo 3R o RS Bl BB Gerf Aengfans s 4ty close to

f i alignirtghthe dirmesxisr Avcte thefiest referanice axisf 1 doyodsifallyeye-balling” the
enbadi ment . .

< e i oo B G192 0a B vy a sfont ofse

i’i_ hetvebn rtﬁé eirmnatis éaﬂdStHéﬁﬂdst r@feremedads Wi lfj twill he apm’eesated that

i ne, the trac second, sen

ORISR Ao PPt Bl 14 el S Brstt R MRy 3hai? the arm
r oG8 With tHeeftsiaeferamst axié hu1rd sensor 204c defining an

00511 S acHIREAIODPA S8R ORI Ieo et AGETRgeRNS 11, the operator

di é&bﬁee@ahnm@shem %@ﬁmo d@nhputl @ bnsbder diaild ¥f e rotational
ref erence nunbers 206a-c dIS Iace ng

2 RPSHIARRT 466 B DB (B Laon g e AoPHeTBLRRRAILOR e el 100 or a
exé.c‘?@én Bfspldl ;yr!ﬁlﬁbn GnSP upriyestieer] 8850eiatdd WithaRe @ompdft operable

can be noun to a frame 207 that has at | east

posediuaneiihe saaireller 210 dbakuRe the methad 3WB. T hw'tfq? ggﬁeﬂona' input
2C\7alu§ |i9&§>?;di|H efh inftial BppRKIMAtoA 6ﬂtﬁetr€ﬁer§ﬁé§ﬁb§ti&péf the arm

along t reference axes, and the el enen
ca@xibd-Asonfigured to precisely locate the frane 207

[0082] 1e| at i &erbRing AW FIRFEU20TheP ety BBY Hidd thellRs L base input
procedure 320 that provides an initial input value of the axial position of the base
along the track. Referring to Figure 13A, the base input procedure includes
rotating the arm 195 (arrow R) and translating the base 194 along the track 192
(arrow T). Referring to Figure 13B, the arm 195 is rotated with respect to the track
192 and the base 194 is translated along the track 192 until a distal portion of the
arm 195 contacts the displacement member 206a of the first sensor 204a. The
displacement of the displacement member 206a causes the first sensor 204a to
send a signal to the controller 210. The angle of the arm is determined by the

24-



[00701 The sensor unit 200 can have ot her enbodi nents
that are different than the enbodi nent shown in

Figure 10. For exanple, the sensor unit 200 can have
only a single sensor, or any nunber of sensors. The
PENWOVHBRBso do not need to be arranged al oRGTAURI0E4H017760
ort hogonal axes. The sensor unit 200 can al so have

th f t hat
ai Seaten EFF Bing’ i SBuoRE ol ahe B9 Ay from thg am input
anyrotedurt 340 Matthe bﬁ@ﬂcE th@LUfehé.ﬂ»oslﬁoranf the cammt 195cn Flgure 13B.

! ke GentiollnS T Gk deen eAleyieredng BoSaan o s, Bage A7+ g the track

| N1 basTBRAhERINgle até]ﬁ'i pRShighanirdie/ thbtsepleoERO4a. The encoder
el ements 208 interface with corrg;‘_r)ondl

poalve don ey Besacidert tis nesition e AReod Rl defing gn initial axial
p O@férbﬁ&e %ﬁﬁ?&r@ﬁ@ b&& 164 a@lr}lq I%eeﬁr‘sﬁﬁxls horatthe rr‘efé’férﬁe frame.

respec e nmount i ng . he sensors 20
oossjar e poktietactiual @xisd maslh@n of the blaﬁé 19@@#%}9 the tregk 102 az;ew be slightly

t oqdii‘fQ{e%{ ftl‘?a eth\‘-‘!' {:é]c%lgﬁedr ﬁ&ﬂionlgg’cau gr e rfgg%gﬁn%f not have been

ase unl
Shalmedrao@ugadely viithy thebitst irefengride a>gs abﬂ)rledhatqucadm 310. The

S AL i) 350 B o008 o am i
at bettdreslighmehthwith rtharfirstigferenes exis2B1 drabdelerringuthe Mal axial
RIS SN St T ——
NOghdcBdured of the@anethdd 800 wari Autnmatiealhy deteemineothet elevatlon of an

L 53 PR S5 ARl onenc-

appf&dhaih efignimeNEWRR  res et 10\ Glie fitst refeféhcdRudd 64 AhOBIBD Beference
PCTI US2004/ 817760 of the procedures shown in Figure 12

aréx’f'recessary for several other enbodinents of '

foog4cal i- bf éﬁzéfe Ringab Fgisrel 12, AR6 Riclifoir 8O0VRirthdrhitclidbscat aotomated arm
100791 The calibratjion method 300 |fn%hpgdes an

i npiocedirgcadfl thats 1gfines thej alignmeni© AN AYst )ﬁg with the first

CORkEhtE E«zx@ Q4 CorHeeamBhRitdtlat® prétadund 380 @aalbe controlled by the
position o the armrelative to the first

X|
§ o canteibe210 bansd WO i IBHBbIFHSRE] NPHLVAIE f0n (i provided by
ﬁi‘éegw ﬁpgﬁ)rg B&W’b‘%@@ &Y hBRAtialVaid Snhaseflecor ﬂ’fé base provided

nment of an arm axis along the ar th
a by ke bae¢ dnpiricrogsdurea32thg Referringaiok Figgpe 1‘1@0‘{!\?1°°ntf°"er 210

{ﬁ{s:?% :@@%égsfé; ﬂ@#‘Fcftr&ﬁﬁ‘ateté?&@{h@ trURHO RS B b&s3TSY reaches a
first predetermined posmon x1. The controller 210 then causes the arm 195 to
rotate until it contacts and moves the second displacement member 206b of the
second sensor 204b (i.e., rotational sensor). - The movement of the dispiacement
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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rotating the arm 195 to align an armaxis A-A of the
arm 195 with the first reference axis 1-1. Al though

an operator can generally conme fairly close to

aligning the arm axis A-Ato the first reference axis
WOR0p10§I58 ual |y "eye-bal ling” the position BET/DRRE0ANFTC0

195 rel ative_to the track 192, there is typically a
s| PsRdepyaiug for the inifial otetienal pasition of faﬁ@rmrwovme@by the arm input

rebﬂ:@d&lﬂ@ 310, Swhlbﬁ |¥V' lhélcﬁﬁ'ea&péﬁcér@iaénaﬂ’ét@ sg&%déggﬁ{: Jhe angle

sors or ot her i ndicla
?tY"ﬁPF %%ﬁmgﬂxw anchtha fisst idfenenceexisilrbt ref erence

[ooas}ax' S 1-the dH98kted ik fr@éédﬁﬁg 350 BRI it e !y?ra%?l%@ga{ﬁe base 194

first reference axis opera
budloag thntracke 192 @nd 1@8formingna similah @recedarke with he @pPbsite end of

t 195, The butt

199" by . i e 0 S B e 20

di B egntimliet 210 causesdiheasy todr te&mr%tﬁét@fé:lcﬂ'lgetgf\gi'éck f9PReuntil the
contral | er

bl
¢ TR BB BR6 st PRl i rfers bt . and dhen the controllr

veﬂ‘lﬂecawsacmerahm@% @ rotatet drdl ltﬂaépﬁr@ééégiiﬂé’geégndt Bfplacement
tlon the arm axis A-A

f .
rR?P%'?’ 5063’8@ A P(%i’ '&UP%C‘ yalue; e ﬁ@ﬂﬂﬁ@b&r?do a&p@rdlngly notes the

retl d@waménas i t
ln t‘zgq iyt the, raRiona P RRMTG 2iin, 198 cdi<Apfiia Han angle

Rogclke euopder valyes &rﬁhg @ t1¥nat theepdsition 57 shown in
i rmgurenasmmhe PoSflot %5 Shoh jitf gﬂFe 148, AL Eohtidndr 31 Wtermines

R) and transl ating the base trac
(&Y W 9¥set paluer¢arregpoading duiithe egBnt ﬂ'latatrmr ann 995 ivas misaligned

r Q\Flfhttﬁg firdt ?Qef&ég%gqs 19 c{uﬁ Ao tHGn @ggﬁﬁ'}gpttl%%1 flg]e controller

is translate ong track
p@r Pithan eausesetheaanm 195 todntaée ascartiegdosthk afissemilue so that the

Taih2RAs AficddiPuli i spaRer. 200 The

’ fratais i1 ember  206a causes
[0086] t he fi Rgfer@mwtCDFlgzmaZt dhe saibtiationsmetiad 8@0 e further mclude an

B K208 B SR e FANBE Bl o

Za@ngstha dirst leaxisr btlat Refieaing mmiguremmeh@fcohiaaleamnféf@etuates the

‘ t he od r_ val ue of
Egtogrg)ﬂ}q P%%e ]oe?ﬁ g#& thlﬂg %ﬂ?’%?gé il itrpaaches an angle ay
camu thodrl teans?a’lmgdhe Uabemgaajmnutr@tmstbhgmﬁaﬁ igFieamh 108 %nspnaces :
bﬁ"f ﬁal thetrac?{9 %based on the angle a_ and
& USEAisPlareIaRnt membsr. 20pa fy.a predetermipesdistancs) e angle
f emow:hh‘n Figse 1tﬁﬁé|a?ht ertd@luér VA EoREspoRBing e Y reB8leYmined position
e an initial axjia
F tne arm dur}ng the automated base procedure 340. This encoder value is
accurate because the automated arm procedure 330 ellmlnates or at least
mxtlgates 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 apcordlngly 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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reference value for the base 194 along the first axis
1-1 of the reference frane. [0083] The actual axi al
position of the base 194 along the track 192 may be
slightly different than the cal cul ated position
DER HWEE3He arm 195 may not have been al i gn@ET/US2004/017760
accurately with the first reference axis 1-1.in the

[0087]pr ocedLRefean agdie toabigute di2althermethodr 880 ofant fusther include an

aut o e
peaiamatie o kiR PBRir op)inBP Sekl fiftek Wreftrhitd elpvation o the
dearm ahder tehel gffetion lwithxiesbectl toctam refermcet fiembasRBefetminggback to
f|r efere [ eoye addi t al ..

8118 OTRAIeE 2 SreshB L e, o Biididd, §fgtion procedure 350
deﬁﬁfdﬁlﬁ?tﬁdt?ﬁmﬂs{? 8b lﬂﬁu’t rpl‘fs above Mﬂﬁﬂ{ﬁh&@f 2(WI<T fie., the elevation
respect to the refere e ra u a
poNsPEn 141 endrolien 210 then tragsia %ﬁ&%evﬂ%ﬁr@ {facko192 and
t hl%tétéé He bthSIoBNSS 0 ithe %rn%@ne; Rﬁboélﬁcﬁrﬁ heRfRenéXkgrface on the
[0084] Referring to Figure t he met hod 300 further

i n@mdﬁﬂ sidef tﬁ@@dﬁa"t%cﬁ"@cm operdbediiFd senagr28de. Alter Hiesreference
t h rizlc! Qfﬂﬁﬁ@an‘i’if@m@ sﬂb@?nﬂ?b%adf%\%r%é fhu‘dhs"enEbF S84c, the controller

erence axis 1- arm procedure 330

ca211 Q)bwecmmecﬂmewﬂoynttl Helisplanestoe third czaroja@emem elgypent 206¢ by a
;gredgfeyngxledr ?%gatngg nmé+dn prg ?‘éé;:ﬂe gﬁuch& r ngﬁgﬁ%espondmg to the
| nnaferahcaaa!eaatlon'qjmlue a@h 165 fatnngtaueelewm@nmu ded by

ool 10 PSR o386 B0 T HetiI=D G il ot an
al autgmitedl endreffect@2prooedure t366 tbaBpoSlMsrmhleboth end effectors in
first predetermn osi.ti Xi . Th Lr
 SRBREORhSEBE T 45 3bls sl AP SRABFpBI8 poure 16,
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second sens 204 ot.a Sensor,
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si madlaté@trtemaseorwabﬂ\gemeaa&k 102aumtit the tsas@rialpoﬁmomd dica known
CeBaESchned Ty et pasercs SR BreRehRIL B KRS o
COéﬁd-@ﬂfécgdsr 2@6}? shiPg firstt gaegsg. bhta ﬁ’téﬂwb?&t\ﬁﬁt?derrgagés dse second
an _encoder val ue correspondin 0 r ot ati onal
podisplaeament elgment K065 pf%ﬁeco'gmlsa@%vaﬁceyeﬁo? gignal when the
po&c‘oh@ Qhébf e nRE/BmEN® 206b FatHES algrAdbtenbinen positioiahd records

he WO 2004/ 108353 PCTI US2004/ 017760

vauhaeermder waluenet ther ratational pREIIOR K| ?'Poﬁerenéﬁg‘esW%a with
S i B 100 SBRE P15 e contoler
continues the automated end-effector procedure 360g by translating 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 ‘W1
engages the second displacement element 206b. The controller 210 similarly
records an encoder value corresponding to the rotational position of the first end-
effector 196a relative to the first reference axis 1-1 when the second displacement

element 206b reaches a predetermined value. The controller 210 then determines
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[0089]

[0090]

[0091]

between the armaxis A-A and the first reference axis
1-1. 100851 The aut omated arm procedure 330 conti nues
by translating the base 194 along. the track 192 and
performng a simlar procedure with the opposite end

OVO 200H#0833m 195. Figure 14B shows this st agePET/US}@4/017760
aut omat ed arm procedure 330. The controller. 210
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Q?blféélﬂl hcﬂﬂ's %Fﬂmeg%@a%ﬁsi%wht hﬁétldnméh tiskeeraheffector. Some end-

auf omat’'ed base procedure 340

It
anEﬁthfﬁph@WQ\ﬁ?rru E‘aﬂ/o‘?ontsﬁéerﬁiﬂs@?d EB’ %OPFPE? I%'t with the

%1 nﬁﬁ;n?ra&isnﬁf iR ShBbfE:dd, Theakerhied éﬁﬁ—eﬁé&or procedure 360
ef gct uates the automated base procedyre 3

0 b
r caceuratglyt aligngr the1 ead-gifestprs irraspREWeEs oh fouh Jfe. She-effeftrs hold
”\ﬁ{kﬁéf é@élt?éé:?[l%? the hesirdPéntdnbid ik HoRt e F{b@hh‘le@ér of the

arm1 aces the first disp Iaceng
mewbikpiezesaThip eﬂwmeé@peemrmfm haldingawerkpieer ol ggigr wjth respect

S 15 is an engoder val ue corresponding
W%WH%FQ% hggkﬁ%ed position for the armduring the

aut omatie lcakizratioro systerre 3990ilusirated eific Figeire i3 (F8D| gave several
g‘f‘ ﬁ_‘ar%gf gﬁ%gHﬁ'ﬁaq@ Cngtt f?t'EFHéd 18lBt PprcBdiNes, Sdflerent types of

eas I'gates the error In
pombt:edmesxg ot hedlditiomall pSodeduedsi. gnemexample, tthe ¢entoller 210 can

f
re etr enc i m?a)é'ff Z'TBJT éfbg&%@ @5 'reﬂe@g{r fﬁé’@ﬂ%ﬁu@ Jﬁé&edure 320 by
oracmmg epiicatier me@qeﬁc sénstdnetdodetermm the initialtrotatienalalue for the

L peine 9] S Seso350lneFhrsds 4 Bibef Ehgbitfert Jg methoa 300

may perform just the automated arm procedure 330 and/or the automated end-
effector procedure 360 to accurately position-the arm 195 and/or the end-effector

196 along the first reference axis 1-1.

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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| oos71 Referring again to Figure 12, the nmethod 300

can further include an automated el evati on procedure
350 that determ nes a reference elevation of the arm
and/or end-effector with respect to the reference
waoaves/108888erri ng back to Figure 15, the conP€BHI$S84/017760
210 effectuates the automated el evati on procedure 350
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pomamt@n@a Qitfe%la‘k'ﬂ@wpo"? @éé&ﬂ'%?? ReFRi 1 Gogyentional tools.
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first end-effector 196a until a first si dgﬁé F ath
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el Sﬁﬁgﬁheg(%%ve T e%@?t’a@&d ol 60 wi mQﬁé\dﬂﬁeﬁsléna!Izaitable mounting
secon acenment el enent 206b . rea

pr audeluter i epdpbei athmat&ﬁ ccafibradiopssystan fehtsg gjpg,etherefore
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ttot Irst reference axis 1-1.
Reﬂewmnmgfcbrcroﬁilrwnnelnlemance-he controller continues the

[0093]? Eéoggt 'Eﬁﬁgéé%tec{aiﬁr%% sPétQﬁ'P gL %Is%GQe @be?été@%‘y%bé}ﬂng the robot

osi ti oned
pr ¢ge ther spevifit Ibcatoni afra mmm in the tpplr @,rae time dastead of each time

unthq rogoggra{}}ﬁocroﬁp%ée@%s 5?89{,] &d.SFo %rﬁﬁl& egé\léf”al %%onents added

e vvor p1 ece
t hi eaesl Gl mply noehave peditioning emmmts tmletetfiaﬁe M‘I%I the positioning

s ég[q%léenr{t%grglttﬁg witr rag Isr?(?l e 3?8 de]r @%{;é? I(g&gl 50?%[]9]5 "“@mponents
19641 hctlpeta k@Wmlobateaﬁ fefetive tte the mferenwframeoi thmr@nunﬂlng module
Se%% d ld-'i)rs ﬂ'lllg Caep lcatlon 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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el enent 206b reaches a predeterm ned val ue. The
controller 210 then determ nes -27 WO 2004/108353

PCT/ US2004/ 017760 an end-effector offset val ue
according to the encoder values of the first end

YO 20¢/41835896a recorded in the aut omated end- @CTAIE2084/017760
procedure 360 at the stages shown in Figures 16A and
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al ﬂ@nﬂﬂhtl wwrrm‘ﬁatléﬁlea asiyphifiefahe ctoarce I“éhe‘nfutl’ama:fgd semiconductor
ect or, procedur accur aligns the ,
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ho% |ece %UE the nmeasurenents are taken
mt rkpi eces. This

joogsiel i M nafigsresr 17AA-20 ﬁlmstraﬂeoérdborgmmtd(q:ﬂ the endedifectrt96rthat can be

cabsash R e sipbSedit Sugom TOLBF LBl 108 Jhead Bambagiments of the

“h a&@d—gﬁ?’tﬂbﬁh 36 darei ?.:11%1 Valeatge gk:cvhm tuosed Qﬂnthe ithme Iauttnnétedmallbratlon

D easorbist aBave becq BE Rk sotet < ihie s | The spg-effector

Cam96 BH6WHBH FigUuiés aVAI0NB Y tHree-peihi retigd-dfipaerdi-¢ffestdrasbut it can
E g) rocedure 320 by  addin ptl c

UF 6T JBRTE;SANREEPOINTS ) P T ST Fsgects of the
t t*lénd@ff%@f%% t%re %:ﬁﬁnaﬁtl to&}r?e Zéndé%ﬂfmr%msbhsedme .S] Patent No.
ot her enbodi nent s e nmet ho
© h.3AB BTt & mplicion NG, 390 Shatoind B/e3aohnalr which are
enﬂco@ ]ﬁaqgagg, rPfeRsReHereinb0 to accurately positi on the
arm 195 and/0r the end-effector 196 along the fi
[0098]r ef er erfdgurexi A jis gn isometric view illustrating one embodlment of the end-
effector 196. In this embodiment, the end-effector 196 has a body 410, a first
passive retainer 420a at a distal end 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 stop 424 projecting
upwardly from the support surface 422. The edge stop 424 can have a contact
surface 426 for pressing radially inwardly against a peripheral edge of a
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[0091] The robot calibration systemis particularly

val uabl e when used in conbination with the nounting
nodul e 120 because it is not necessary to teach the
robot the position of each chanber after calibrating
WR2004/H8%80ort system Because the chanbers PEOHUSHG/017760
the lift-rotate units 180 are nounted to the -28 WO

pr KSR npl e s e ERAF B 4 Pl e 429

€ nDun
gioping Cdm!dwardiyaftdm the Imtpborta&uriane f Bhe end-effector 196 can also
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17@3nta¢ﬂngtth$ Bedy 410, falliqaling caRta Reanaldne APdadecior 196 andor
rmﬁl'gl ?el%ﬁ’x'%%rk ally teaching the robot the

sp eC| oCatl on of each chanmber and cassette.
[0097]5 u ch, tIh@pemL‘olon, mQSOb@aW%El%laﬁPS 2B and @) pesipas ﬁ‘?é’%t“ﬁ 0 under

%uﬁ%rgbﬂggf%gﬁée% ﬂ'léd eﬁ@%ﬁ@{:tbﬁsl QBnu MRk YwérkpleB¥ contacts the

e severa ours at it now takes
t osurmmnlaédr@acb d22randidrdbe guidesusisees 142& The ctivm rejpiner assembly

2 S e AT R i i PR3, e oo

rmddk_l;ee qgir thei d@rlqnlm f(hatashowpeinafFiguge shKA)ngsTnﬁachis@‘fector 196

t t
S SOURA o, BT oS LA 850 Ao st passe
Mofedgiver 420a)€A dm«m:eafecém be trémoveanbfromQibe mdf&ﬁetctoe 196-by moving

e G g LA 5, 008 oo e

exfbii the ok, The integrated tool 100 with the
di mensi onal 1 ){?%t abl e, nountin

[00%8layt orat IgUReall B i@ FORRNG oﬂg tlr}goﬁgﬁaéfiglg thE active retainer

t hgEQInMIP 430PEROWITI 68 ﬁg@r’engAl Cmﬂthlﬁ@mdcﬂ!gento\tm active retainer
conventional tools that suff m ex

coapaamhly 8P Ingtes an stiateh 4 &nd ol A3 foyrigi o the actuator
cajgPr %b%t@félt Sé'ﬂ Bé% ﬁéﬁn&ﬂ: @chﬁélﬂld: &¥inderibbt ngves the yolk

t he robot eC| ic | ocation of
t hd36 @&ngoa]@mden@'ﬂ ndhe astive relainer asRRMOVHEY Bb ‘f‘"&\e" include a
t NEo GUTRAR Q@g éé gefe?rﬂlné%g poEi%n @Fﬂ@%}oﬁq 4363V15h@bensor unit 438 can

coRponent's a he tool 100 may not hav
pobe tdoupledocthe roontrellardoi ingd 'é?ﬁea‘é!@ewﬂi% YPIKeA'q:@o is; ip; & fHlly yetracted

position to receive a workpiece or in the fully extended position to securely hold a
workpiece on the end-effector 196. |
{0099} The rollers 450 are rotatably attached to each side of the yolk 436. The
embodiment of the end-effector shown in Figure 17B has two rollers 450 on each
side of the yoke 436, but other embodiments can have only a single roller on each
side of the yolk 436. The rollers 450 have grooves 452 for receiving the peripheral
edge of a workpiece and securely holding the workpiece on the end-effector 196.
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el ements on the nounting nodul e 120. The wafer

| ocati on of such conponents w1l not be a known

| ocation relative to the reference frame of the

nmounting nodule 120. For this application, the
MPUHEEES can be attached to the nounting REFYSW0HHF760
then the robot can be taught the specific |ocation of
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noves to an 1 ncorrect | ocatiaon.

e mtookpieemVswilfrotate: alopa therseliess 480 optha Yok 4§9 é?%‘fﬁsdﬂ dhe forward
t gﬁeg@oﬁcl?ﬂe %ﬁnﬁ&ﬁh@?@ﬁ&r@%ﬁé&c{) certEizhthe workpiece W

ause operator error in calibrating the robot
i selativerionthectody #10d | Motsoven gy baving dwotmbgrssdrthin a stepped or

SRR 4 o Ot D)0 e 120 se e

ates a si gni f1 cant
snwurmiecé w tmmtamt netahvé do tbediody Hd0caven whe;ban @ligament notch N

ERE'@HF%&‘['% Bpfedis c‘?ttﬁg '}@f?gggflé’g: Zur Eé 17A- 20

o113 | | ugt F&jm;z en‘de;yﬁﬁ?etmf vietveofeanbthérf evbodiment of the end-effector
- o6 S SR Endief s oo S SR tshplin ) Eldifed PPA-19, and
qtllkéeréfé\ﬂeﬁ@bhﬁhmbwe tiged toi ﬁlte tdmmpmentsairedzlgures 17A-20. The
CamIRrdIDRE! idhY SEaECior 98N T iTe 20t e & pEaY e with a pluraitty

Fi gusseni nﬁ@%@@ I'Ehe’iobbﬁlﬂgs pwmbaﬂMCgculw, rectilinear or any other
end- ef f ect or

pdivitable; qha@p*s]e'l; kéﬁ%g%ﬁng‘{éﬁpg é@ ﬁ\(ﬁrwglgﬂgo { ﬁ'neol?oci)ﬁgo reduce the

eqﬁeﬁéf&%gré\d%cﬁrﬂ% e is Qsdfblefornargef dreléffectors used with
described in U S. Patent No. 6,318,951 and U. S.

A&;QQFWHMQBKPIW 10/ 194, 939 and 10/ 620, 326, all of
o102/ €N &2 embodiments of the end-effectors 196 shown in Figures 17A-20 are

expected to provide more accurate handling of the workpieces W to increase the
accuracy with which the robot 193 can transfer workpieces within the tool 100. By
centering a workpiece W to the body 410, these embodiments of the end-effector
196 insure a consistent placement of the workpiece W relative to the other
portions of the robot 193. As a result, these embodiments of the end-effector 196
are expected to eliminate or at least mitigate one source of error in automatically
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i ncorporated by reference herein. [0096] Figure 17A is
an isonetric viewillustrating one enbodi nent of the
end- effector 196. In this enbodi ment, the

end-effector 196 has a body 410, a first passive
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peapmﬁieWal 11%@5%1#1% rast \@fr thgi &ab 10fbt %H@@Hﬂﬁ'w rﬂogaﬂ"e“m is
t
yIGLH% GLREELOAR ool egaie ah il panding spparats
pat‘!s?oG/@ the ¢oclidaek 13@@@ desctibadipi aseatet detal belovpy ed

[001045 romt hg, e%uﬁ{ﬁ%e/ Bérgén lﬁ@obé/amﬁi'tﬁé sahfdCas @id EBllar 182 described

et ai ner asse backward (arrow B) to di sen%
t haboval dths refé@ncé rionFiguee wor kJi gcmountupg)gmqlorp,ﬁl e includes a

ac&gw@w?@{yaf%:i@t Cdtuntthg Wuirabd SHAL bR Hdchitid td18nount flush
against the deck 130. Accordingly, the mounting surface 1171 and the deck 130
precisely orient the handling apparatus 1130 relative to the tool 100 in the vertical
direction. In a further aspect of this embodiment, the mounting portion 1170
includes second apparatus positioning elements 1172 positioned to precisely mate
with the corresponding first apparatus positioning elements 1155 at the deck 130.
The first apparatus positioning elements 1155 can be the same as the positioning
elements 134, and the second apparatus positioning elements 1172 can be the
same as the interface elements 184 described above with reference to Figure 7.
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assenbly 430 shown in Figure 17A. In this enbodi nent,

the active retainer assenbly 430 Includes an actuator

432 and a yol k 436 coupled to the actuator 432. The
actuator can be a pneumatic or hydraulic cylinder that
M2984/10B83yol Kk 436 al ong a guide 437. The aB€TA82004/017760
retai ner assenbly 430 can further include a . sensor

URIE Safhpled iff %[iszéﬁgﬁb‘aiheﬁt, RI9S ikt Gppafatiid Eosﬁﬁbﬂﬁng&&mems 1155
The sensgr uni can be coupled to the controller

t indlutit end/er whey pinseapd|the £360nd apRargiys, pesitioning glgragnts 1172
positto €. i i ins. In another
SR AP RubE st BRSISHEFf Bhuddy Ietenetielpins 1

e Renieidimentp thd 3&cond GpPhratue positioaing alsmeaise 1162 dpglldg and/or

hed id = '
L RS hSlp bo ond Ya FEARS s,
g%ﬂéﬁf ﬁneﬁfdinggtﬁﬁﬁg%orﬁﬁ?mﬁgﬁs pﬂ G]Qfﬁrbbapmatusmowmmg elements
| S V .Sl.
185 mahe ssame Spsaratin boRpHEd slepiciy 3172 B Bireny  lp any of

f AhedLERbYHIRENtd) Shd @birBhssmience bgtvarh thevfirsk ppparatusnubsitioning
securely holdin

L e ot oS e ST 72 b il
r %éiﬁfa?ne”dﬁﬁorﬁ%ﬁ@rv%rﬁﬂbb,‘e dehding asparat@s Nesaite tresndxdr As a result,

engagi ng the edge of a workpiece, O her odirent s
ofa WekRieae. BANAIDY APPERIUR ST b éﬁ"t“%’?‘ggg%%#he deck 130 and
agh it t Kraf#51130 atflotd auiring that
R L P e T e e
a thepepl appatatesvi 30 b¢ eecafibraied.ect or 196 and Figure 19

[001051.1\;r an éﬂé\%o%ﬁ&ﬁi?%evﬁ@miﬂ Afarsid - Pfdoealser inbRew fiuld dines 1133,

Kpi ese Figures turther illustrate the
pualectrieal dinesht1 3ol dnsk @ fisd qonnpeipk ageembly. 11#fjas configured to be

i ficall i i

noeleeshf eaineddy 105 seth ohetiet Bscoriiy ATO0N cadibd by the tool
of100hdnaopdeiicutaraspectofithis ephesinnentqthe fsst qonaestgr Agsanbly 1190a
450,. th kpi i o |
e & FofRhg (Pt BRI vefagd comeLBIPPIa (., for
r aArRinitting Tta Sighalextarayidefroiinf the hworigieee ihepdiings apparaibg 1130), a

relative to the bod e ' WM

N e
f qlié/mgﬁg anér@ﬁIsit ﬂGOEiahnmmEnmmm_ rsdft9da ¢hidden é‘ﬂmt vigg in Figure
accordin cent ers e, Wor kpi ec a

bokllyaad §roviside §fr %SPPWa‘?ﬂeﬁﬁ‘"{z\fg %lppgeséé%%nfd%braﬁ%uum to the
St\QORBRECE handiiey %Ppafatwgeaept Tie eecdndscormnestort agsembly 1190b
yol k 436, the rol

s e s v UREA 15 Wi gommect
noﬂ‘d?sb',\'and fiuid connectors 1194b. In yet a further aspect of this embodiment, the
first connector assembly 1190a is connected to and released from the second
connector 1190b with motion along a single connector motion axis 1195, as
indicated by arrows X and V. In one embodiment, a user can move the first
cbnnector assembly 1190a by grasping the connector housing 1191 and moving it
along the connector motion axis 1195. In another embodiment, for example, when

a substantial insertion force is required to mate the first connector assembly 1190a
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(Figure 19) is positioned at one of the rollers 450.
[00101] Figure 20 is an isonetric view of another

enbodi nent of the end-effector 196. This enbodi nent

is simlar to the enbodi mrent shown in Figures 17A-19,
WER2004/508383 r ef er ence nunbers refer to |i ke coPgBRA04017760
in Figures 17A-20. The enbodi nent of the end-effector

196 Fi 20 h b it [ '
snan i coves T 150 I, P sy 1150
grgﬁddé N§bpiife 86HEWO HQH that Uhé alBbe trrbadzbly ahacimseim thgssecond
reguc P t of the bot\k/,ertore uce

 onnedon Asaeblp10Bb HBc i 156 Ve 10aNPAo, egelbles, 1190a and
f t d th 300 k
[36%@5%@ ectors used w nm wor kpi eces.

e enbodi nents of the end-effectors 196 shown
o106i N Fi gl ese eémboditnent.conecsqs of fieid lings 4183 ARd efasirical fines 1134 are

g&ﬁ@ggé&r&nﬂ% ki itst g0 ﬁrts?c{% é’%%qggg% ‘r@(r?lg’%ﬂn gcf'grgﬁéﬁwdtfﬁ 135a to

WQhé( wozksiecensappant d he0.t dolseaal sayof fuidtises ig3g and/or electrical
. Witaq 4

USEITER BH TP 4P, R B Bl ot 1105
\M?ﬂgdﬁw%:ﬁrsv\bbmi&mrvaslsémbty;mgﬂdwmra hmrtdrwasmecthaﬂ&n 1129. Ina
robot 19 a re t, t e e

RSradeet B o ERC T AR 18 Bperay o an
B AAiaK 0 e e et b o
- al |

ro’H@P along the Haeglptianep¥sth-a ‘J‘é'il @c@'g %ﬁé&:@% bha%und the
Chﬁ‘l five Hé%hahlblfnt 112 ﬁi Qcéﬁﬂhﬁrﬁdét&&he amhohh ein one embodiment,

| oa oad nodul e 198. ece

f ghe bisklows { 15 ingludss o -axt R ShgoaaTimeRly InS38pws jnoludes

Pacfthé.ahé%blécﬁé%ﬁaﬁﬂ atéiftd itlthy IRweBl @fos mechamism c1129.  Further
~ilTustration of a workpiece handllnlspﬂ%gratus 1

LdﬂialbsOftth@ linean drive; meehanism 1138 afe b%wﬂ&\ﬂﬁfw ence {0
Q% to Figure 7. Like reference nunbers
acc

ingly refer to like conponents in Figures 7 .
[0010721- 26. Frgwe\%n&pnmeta%dlusﬁﬁ@*l%éhﬁha%d ingfppaLatus 1788 with the

qg{ﬂsgn%rﬁlgﬁtéhoqﬁe rb‘aek GRS 305y ($ lﬁCF n%lﬁetﬂ? réfﬁémid fcb@ purposes of

n accor ance wt odi nent of
i nilhgsitation. In onemepeat wé dhe embpmr@eréﬁb@wnn%ﬁtgw? R@ e tinear drive

a%g&g%li'sf{n ﬁn}gg g*cﬂx?[ Q‘Zﬁﬁwe%r ﬁ'llB'tcﬁ' 7 Qﬁ%o&%gﬁ’ed Wi%hlg a linear drive

ure The head
conplsirg) 1126a Thediheandrive mmar maaﬂs c@:mcb@ 3 lead seeaw 1124, which

\M}gz %épb(n?%q%?tsg‘%ﬁ%w&;%%@é’vsﬁ%péf 1R8§ 'dt ' ANintdMaice 1136. In other

embodiments, the linear drive mechanism 1129 includes other arrangements, for
. example, hydraulic or pneumatic actuators. In any of these embodiments, the
linear drive mechanism 1129 moves the workpiece support 1180 upwardly and
downwardly as indicated by arrow T along a linear motion axis 1128, and is guided
by a linear track 1125. In one aspect of these embodiments, the interface 1136
moves between a lowermost position L and an uppermost position U along the
linear axis 1128. The mounting surface 1171 is positioned generally normal to the
linear motion axis 1128 and is located below the lowermost position L so that it
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down. The head nount 1181 is carried by a workpi ece
support 1180 having a housing 1131 and being

configured to nove upwardly and downwardly (as

i ndicated by arrow T) to nove the head 1182 and the

WOP kI E8E3W t owar d and away from a processi RET/US2004/017760
chanber. Connect or asserrbl ies 1190a and 1190b provide

fluid d el t
ek BBt i Rhosk SHPAN 698 1288 BRER b )Gwerpost pgsiion L
o o Ty, seour 6.t he COPfel:guLZﬁ L]
[001033p par atl Gé“e Mdgr’@e@thg)e%/@gar%g% Iﬁ g@ GY\% gp’?ﬁg support
?éoef Aé’tgfr&ihglybﬂeoé%pa{r&% 44B0 Tﬁtﬁud&ué‘trd)taﬂ/ &Wd m@Bhamsm 1184.

O can € sane as the collar 182 descri bed
abkﬁn@p&mclﬁaw agnsckatibis embpdjimest, rotamhdriveomaehaysp dr Bt dipludes a

1 rgf&?—iv& 0911§g%w@58't¥ d 8t 18P WHILT & RUFRESUpled to the

recrse to mount flush against the
dehekacilﬁ@nunAddBﬂdl irylofhert embndammtaagthguﬁoﬁauedm@meghmsm 1184

tﬂ%ﬁﬂ?gﬁ; 9 i gr@hﬁ%h@ﬁt ooﬁ‘r ﬁl'g%gs pdig ol?%ﬁdéﬂpﬂgda{ﬁﬁﬂfléﬁﬁ\bﬁ in Figure

t he ver
di 22cthieaotary wriee flmtbhdrl8ﬁsrptadrts tof thehhead: mxowit 1481 cladkwise and

nount i n ortio cI d

o eRh el P OB 3B RBR ARy oy e .
W: bfpdi’ﬁtﬁllalrcltgsgesﬂooﬁ?menfb}gdgg%Mpﬂ% lae?d; nuansit ti18ni otates by about
el enent s at the e first a

pod8Q° Beiwegn discprerame PP@%'OE%n Ase desfEibeg iR %fgg%ﬁé}eya" below with
PORIréeABd @anﬁieeﬁ@ 'thé filiRtlinedNd 33 ehdsEleetridalamiearaBdsare arranged
positioning €lements 1172 can be the sanme as the

i ntocagcamenasiageihin kange £f modiep V%*BG”"&‘BB‘?/‘BQW th reference
[0010% 0 Fi g UFEISU ré-23 is3 %ﬁgﬁ? Qéﬁérﬁ% %ld%q 0N/ ofed pbAon of the

In one e I ment , first app ar at us
poepnarennSn‘@sa dersribed BboRe wnﬁu%r@n%@ Wes r%ﬂ fch£2. In one

ang?ﬂ £ of #iS BhpBRMGSHL gw%aﬂ.gé iih9R1 89 RloRE rlstléctﬂéaY fines 1134 are

apertures si Ze €03|t|oned to snugg
recm'leé bhethpl deum| 418 odessribed nghnayenwyith reﬁéer&@céq]dﬁgure 22.

‘F\?éoqéﬁagpgi%ﬁl{lcg ﬁh?@ 1;:%395&&‘&?9 %léZt%céqueHdlel 38N YUxtend from the

apparat us positioning
eI gemarally fixeBcandait Udd5a feigurer 28, to ithe rafaking drum 1187. As the drum

oltt1 Bapley sehferiPRoiAY Aol Bis Rhaliafbl inblion, SRR 6. he lines

p0$133 amd n{B4tendeounwirt7andilifeoffittef duent 187, rasdndicaed in Figure 23
B SRR R S e SR B BShURaR, fousing 1131 i
Se§|ﬁh’péd&6 Rohted! ihidosfihe the mgtia efttha uswiridirdg fines 1133 and 1134, so
pr a S?\e}'/l the drum 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 to
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
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mai nt ai ned from one wor kpi ece handling apparatus 1130

to the next. As a result, a workpiece handling
apparatus 1130 can be renoved fromthe deck 130 and

repl aced with anot her workpi ece handl i ng appar at us
MBOHRBEFut requiring that the new appar at BETU$B04/3E760
recal i brated. 1001051 The wor kpi ece handl i ng. appar at us

1130 al sqQ | udes -fl uid.,l] egh i I [

130 LRl LB o it P sl CAIAG nd ot
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11 g& 'il{l%d%g%a;?l%{ééﬁv& &8\% 1129 dNdHEpVRITBASRT HRARESTaM 77 10 shield

or transmtting electrical power to th
hathelmaotgr &if7aand otber gaoponeniziremihe) ee\ammrsr\'@thmtbﬁéoo‘ 100.
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uppl y Suri zed /or vacuumto
t hisandling kppmaratulsandBO ngesaqmpad aabm/el isothat Tihhe wskpigpe handling

CoMSEA FPAH o8 o MR 09,0, 0 PRI kOt

igh Vol tage connect or
1 19@bre 2nd Fbt exaimplenirea tparticulet @ébecti of thisterabsédimente the mountmg

nbodi t t
73 OR3P A0 o vl b
Seépih@t mféﬁﬁb?clﬂeﬁ V&&Bfﬁle Wbmbnelmtsupporahtdﬂg aAsdandgihgly, even if the
connect or notion axj.s i cate
ol P 4R 90 S B 0 o
ﬁguﬁgﬁgéﬁﬁl 19?89 Mduntind 95Qﬁfab§ gmsns r@sttbaedoamm deck 130. An

and novi n n e Cco taor rmt
ax pavaniags, of mlsem@maﬁm%mﬁéﬁ? hortioG BB Gyrareics 1130 i
 SURSE AREIV 3 ihpsss bb@é?ssft@rmpo‘ﬁehﬁqc»ﬂ théc’coblomebeslﬁdmad below the

first cohnector assenbly 1190a 4 VO 20041108353
POTeRlsA604/ CAtrche GoRRORESe 75’3&%@ YRR cIN5S: RWBRKH Yalves, and

11, 9QRiatdd Raldwats. 9@8%&9{ tAE TOMporertsMsiowi theldediesi38 can be
cap Ve screw 1196 that the user threadabl at&gﬁ e'sh g
t oserviced avthout rQ!'O@n\ﬁ@Q:tﬂlﬁ WREISAS! *}anﬁi@@@ﬁpa hel is reduces

1\8'g1legﬁs)rﬁé‘ &Lﬁfed%ﬁﬁgg diff Snd/b? %bl@él@corﬁéoﬁ&hs IeeédBslow the deck

I'n‘one e I ment, one set of fluid lines 1133
andi3@l ectrical lines 1134 are routed fromthe first

[0011§8nneCtRﬁotﬁ‘e°’xsf§HMré( of BBy 8N idrkSiecs HaRlig dppdrdtus 1130
described above is that it need not be calibrated after being attached to the tool
100. For example, in one embodiment, neither 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 1155 and 1172 precisely align the workpiece handling
apparatus 1130 with the tool 100. So long as components of the workpiece
handling apparatus 1130 are aligned relative to the positioning elements 1172
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t he wor kpi ece support 1180. A second set of fluid

lines 1133 and/or electrical Ilines 1134 (not visible

in Figure 21) are routed through a second conduit

1135b fromthe first connector assenbly 1190a to a
Wh84/108383ve nechani sm 1129. In a further a®E8UB2084/017760
this enbodi nent, the second conduit 1135b is generally

i gi | I8t
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engages Suppor
i nélectfieal il T coneations. Irmrﬁwtﬂuerreap%ct of tres emb@dtment the single
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gmcmy ant seakily Femandd ishdorepthedd than aarki exstingt waxkplece handling
11 I.n one aspect of these enbodinents, the
i n%qe\f%&'%esﬂse nmoves between a | owernost position L

[00114?1mOI an FigRer 29Sé @ rivtidlipnsdienlatiog iddneetrit iilhestnatioxicf a workpiece
128. The nounti qgéa rface 1171 is positi
t

geheTiing yoRBraTes ) pritakoge RORpas B vt 4, head mount

I S19gChesarafiiey bl odsyst refafd ineebidante Wwithanbttar entbodiment of
-35 WO 2004/ 108353 PCTI US2004/ 017760

oes, not
| n'thérl@@@ﬂoﬁ hén pna @gpeche thys egihodimanigo %ﬁ\?@é‘?\er{tﬂ gf the apparatus

7 JdedllyOBinkilar &4 chriiéspoRa W@!ﬁmém@desaﬁbéﬂ .above with
){\f‘i I n oneé'gnb'o |arrrent ¢ thedégpg‘gr atus 11

rote&erescet fie Nigwiesi g@-@4su@5rqxa‘mple the appara%us 32?58 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
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1180. Accordingly, the apparatus 1130 includes a

rotary drive nechanism 1184. |In a particul ar aspect

of this enbodi nent, rotary drive nmechani sm 1184

includes a rotary drive notor 1185 coupled to a drum
WIBX04/t9835B i s in turn coupled to the head nBORUS2A4ALT7760
In other enbodi nents, the rotary drive nechanism 1184

i ncl deS ot ngepe l A9BRMtbdddwaWith reference to
e MBI 1?2%\/\#" ﬁ fg-l gurgﬁe%éﬁ] g?ﬁéeter otary drive notor _
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1418084 MGk 98 LA BY 1> AT ISoRsW ab24 han otrasrabadtiments, the

above wth reference to Fi ure H1 f th
2Jineat iriveenechamissn 12259 ¢aNs haémmrn@ﬁ%nge?w ¥ u ndany or these
| 'e'}ﬁﬁo&lé'%ﬁts gf%glﬁégr F‘Ao‘ﬁ&@bf #l hdadRsurk 4241 a5 suffigientrtbgdsition the -

rum escri bed above with referenc;e

legunkpleﬁé W (ot shawngnyFiouee2s) o thel fesicedslpgaion af gerocessing

t
) B " sy, S it gt procesos
1 L&&lud;ﬁg Helvel etching tliemicrofeamrewodmmeéﬁ\/dn 8capsudle chppber
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greater detail below wth reference to Figure 24.
[00110] Referring now to Figure 24, an enbodi nent of
the head 1182 includes a disc-shaped platform 1188
carrying a notor 1177. The notor 1177 is connected
-36 WD 2004/ 108353 PCT/ US2004/ 017760
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. to a shaft 1176, and a support 1175 for rel easably
carrying the mcrofeature workpiece Wis carried by
the shaft 1176. In certain applications, the support
1175 has electrical contacts configured to engage the
m cr of eat ure workpi ece W Such electrical contacts
can apply an electrical potAHRdBal to the microfeature
wor kpi ece Wfor electrochemcally depositing a
mat erial onto the workpi ece. The head 1182 al so
includes a protective cover 1179 and cap 1178 over the
notor 1177 to shield the nmotor 1177 and ot her .
conporfenirdegiated tomd fenvet digmierl piccesaingrf migeifeatyos workpieces,
1001111 One feature of several enbodinents of the too
compribir@g:and t he wor kpi ece handling apparatus 1130
descri bed above is that the workpi ece handling
appar & figm&130 is connected to the tool 100 at the
deck 130 as best shown in Figure 21. F& exanple, in a
parti %Uﬁ'@ﬁnﬂﬁgméd@@ thicheBNBARL TRithe, tHRCmBRHARY "r‘lgcrdule having a
I ch s” bel ow

surface 1171 mates with the deck 130) 1

t _ o \Vj i ol i .
deck a /B POStion 8 ereidsnda phlMgitk i tiaBifeht BRnllrS, wherei

[ Wand/or portions of the head 1182 extend

them%@fgéﬁbﬁ%%'deck 130 during processing, the nounting

surface 1171 is posi,qsi ned at the deck 130. An L

advant age &% t higs g aﬁ@gnfé?ﬂe'i daypg: & iRk @fethe positioning

handl i ng apparatus 1130 is l|ess likely to inpede
elemenis aagla plraliyed Himeachimenteleownts.00 positi oned bel ow

the deck 130. Such conponents include plunbing |ines,

punps, val (®@s, anipidsesond atod! juatapeaed to Ase first panék |

t he components bel ow the deck 130 can be serviced

wi t hout refmvi ngrades beiniepnehe finstraHd seroneearasisisvASRIn the first
This reduces the time required to maintain and/or

panel, Itl@@%&é@e@@ﬁ&ﬂ@@cbﬁ@%aﬂfél*@rleoﬁs‘té]%dj%g%‘ethéﬁ% be dimensionally
[001121 Another feature of enbodi ments of the

stable, WRHKkpi ece handl i ng apparatus 1130 described above is
that it need not be calibrated after being attached to

t he t ool 0. ol [ nei t her
t he mounti ‘]-?8 pogﬁhgﬁi@?%%?p tr%’glfe otﬂgon@%gﬂ?ﬂé%d $&confpanels;
conne e n_the nountin ortion 117 dt
e ek Wl R hrbBgs ot ditachia 46 JBe 885t he mounting
dl chani cal deyice ositioneg to | ocat t he wor kpi ece
module fii Wet Chamicdl raressind ¢haees Baying@ first inteidace pigmhay engaged
. particular, the positioning elenments 1155 and 1172
with ong; gtitae| Rosilionjnd tflemesik sindca firsh drsleger angagaduwith 18 of the

with the tool 100. So long as conponents of the
attachrrmﬂkqje@@@ts, wherein a portion of the chamber is received in the chamber

receptacle;
a transport system carried by the mounting module for transporting
woarkpieces within the tool, the transport system having a second interface member

engaged with one of the positioning elements, wherein the transport system has a
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handl i ng apparatus 1130 are aligned relative to the
positioning elenents 1172 -37 WD 2004/ 108353

PCT/ US2004/ 017760 and/or the nmounting surface 1171
prior to installation on the tool 100 (e.g., during
manuf acture), these conponents need not be
recal i brated when the workpi ece handling device 1130
is installed. An advantage of this arrangenent is that
the workpi ece handling apparatus 1130 can be
fabricated so as to be fully calibrated and
accordingly the length of tinme during which the too

secondsfashepRAnaib@Nth dfotBer att&lHhOGt &8R! 41d on of a
repl acenent wor kpi ece handl i ng apparatus 1130) need

ot LT TR Y] LS AR PRe posions

handl i ng ice ( .
vetweg 008 T5Rhg kUl AR P8 (RCH IR IDRN Sans' Pl to be

21133 and 1134 between  the workpi ece handling
'eca“béﬁg’-%‘%{a‘a% T BPaaRd NGl RhABEe" IoroRRESE Sdih ATTher processing chamber,
renovably coupled at a single point For exanple, an
&rbodi Mightoohef cleémviowhereio dhefiratinang!, thesecahdpaheBand the joists
I ncl udes a single connector assenbly 1190a t hat

comprisegjainlessisded). el ectrical and fluid connections. In a
further aspect of this enbodinment, the single
Sonnedihertoabetalainy 11WAGRiT #ie fiest plihal; hied skBokd panel and the joists
correspondi ng connector assenbly 1190b of the tool.

compri$6@ Whdrhremtbiced rahm@l.a single axis. An advantage of
both features is that the workpi ece handli ng
appar Fhdstool b Glditn AC G ingYl .
easily renovﬁgqgﬂﬁ‘?e%ﬁ%@%ﬁgﬁﬁbﬁﬁgﬁgngﬁﬁ§ﬁp%bﬁﬂﬂnﬂ‘conwwmes,a
lat LEC [ ratuses. ,[00114] Figure 25 is
platforrHCRAPhS o SO . 1R BRGHRHE SmRaS: Pae BhG; et disposed
: Le ndl i,ng a ratus.1230 having.a workpi ece -
relativel B8 884 P5Bob RS HE5 nBA HbHRIn tiosscaand IiiptRss dnegber of the
workpidldl does not Botate,in accordance with another
P'eecr?o%%ﬁ‘?—Pé%ﬁ{ MEENapisE ($9RFATSHWID @ GHESSROREINg pesitionisg element of
th nbodi nent, other elenents of the apparatus 1130 are
epk“ggﬂbrally simlar to correspondi ng el enents descri bed
above wth reference to Figures 21-24. For exanple,
Rhe afpraitealss dado 4 ndieneiestheheharben esieptadis Sebhi @hitact area
1190a and 1190b that couple the fluid and electrica

supportingnibe chaetlyereand heulgs bnimohm&Hﬁb%%f@$§W$%QIuid and/or
and other portions of the tool 100 at a single

electricaldines cbnaxt@ed nt . The wor kpi ece handl i ng appar at us
1230 includes a
B. The tool of claim 4 wherein the chamber receptacle has contact areas and
bulges between the contact areas, and wherein the bulges define openings outside of
the chambers through which gases flow between an area above the deck and an area
below the deck.

7. The toal of claim 1 wherein the mounting module further comprises a
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nmounting portion 1270 having a flat nounting surface
1271 and positioning elenents 1272 that align the
apparatus 1230 relative to the deck of the apparatus
descri bed above. A bellows 1232 is positioned around
portions of a linear drive -38 WO 2004/108353
PCTI US2004/ 017760 mechani sm 1229, which is descri bed
in greater detail below with reference to Figure 26.
[001151 Figure 26 is a partially schematic, isonetric
illustration of an enbodi nent of the apparatus 1230
descri bed above with reference to Figure 25, with the
platforge farsasryingptire Earsrert systeguasdyehergifoved from t he
drive nmechani sm 1229 shown in Figure 26. The |inear
dri ve thedeskifgnharaomprietsiddisstaelt iof ey pasitioringmlements and a first
1227, a lead screw 1224 coupled to the notor 1227,

set of thedattadhmernsidedementy anthedirti panel283 of a head nount
1281 carried by the |lead screw 1224. In ot her

enbodith@ plforfh@ombtis€ah s‘éﬁbpé s@%f‘é@%ﬁﬁhiﬁ%@eﬁ@ﬂ@ﬁﬁé@a second

ot her arrangenents. In any of these odiments, t

set of A& j . the head nount 1281 is sufficient to
po&ﬂ%‘ﬁrﬁ[gtl%@rén\%\gdr kpi ece W (not shown in Figure 26) at

ar r and it cheRTkaP e Res ol RRRTCS et 2 P ok and tholudes
the m crofeature

R LI NI R e G T —

fore%oi ng, it wll be appreciated that specific
membelgnBENAePRAHId W CrrpependRd Resitioties elerienthel the first set of
herein for purposes of illustration, but that various

positioRipg; fEleraentsnsndaythee firnd éastenersutbeitay i engaged rwith t berresponding
spirit and scope of the invention. For exanple,
attachrgenteelamentdhotiiheditsbself oftatmehpentt elyrsérmissandd Tobot s
are described in the following U S. Application Nos.,
whi chther amdpsot spstenp@r camigd heted pldisrinchrd ageded 8)plurality of
10/ 080, 914; and (b) 10/080, 915; and 601484, 604.

secondAf nekihberdand @/BI@F%IW C(LJTA ?ﬁ/%}%dlfds%hﬁég, Sri& B a@?%lﬁ/ interface

t he appended clains. -3 I ntegrate

member®belWf eRGSTREF With%ﬁ%ﬂ%@fé@i%iﬂ&%&#@ﬁts of the second set of

wor kpi'eces,” conpr i
positioning elements and the second fasteners being engaged with corresponding

attachments elements of the secand set of attachment elements.

8. The tool of claim 7 wherein the wet chemical processing charhber
comprises an electrochemical deposition chamber having a vessel, a first electrode in
the vessel, a workpiece holder disposed relative to the vesse] to hold a workpiece in a
processing solution, and a second electrode carried by the workpiece holder to engage
a workpiece.

9. The tool of claim 7 wherein the wet chemical processing chamber
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a nounting nodule attached to the franme, the nounting
nmodul e having a deck a plurality of positioning

el enents, and a plurality of attachnment el enents,
wherein the deck conprises: (a) arigid first pane
having a plurality of the positioning elenents and a
plurality of the attachnent elenents, (b) arigid
second panel juxtaposed to the first panel, (c) braces
between the first and second panels, wherein the first
panel , the braces and the second panel are fastened

tog ether t.o be di nensi onall¥‘ stable, and (d
COmPT@ﬁﬁn%éﬂe@féB@ﬁ@@l\@rt g e THid delivery syatesad atjdlrects a cleaning
panels; a wet chem cal processing chanber attached to

fluid ontoea Wead’f@ied&e.t he mounting nodule, the wet chenical
processi ng chanber having a first interface nenber

eggagdihe tobt bf laien Ffwihdreirposi tioni ng el enents and a
first fastener engaged with one of the attachnent

el enemps wé%ﬁéﬁhébl%r@@ééén@@ chhmble |§E%eélebﬁoér?eqﬁic‘é@geposition

in the chanber receptacle; a transport systemcarrie

chamb%thhp@ﬂggya'mg @gk & fidh Mrﬂaeeggﬁgr:ﬁacv%&g{ ffiSve to the first

too transport S

sl A BSTFER TR ADVROT 1 PR A8 one

nd .f ast ene aged, with anot her atta .
in O"ee? i it epReh o AT Et W REER ket @ngbﬁ#falbqﬂie&'ectrode
mai nt a| n relative positions between positioning
dlsposeqi Ehihie athetehtherdiet Yarsel PaHe HEt Welkiiegs E@Id@r e need
to be recalibrated when the processing chanber is
r epl athedtosl furtaeiocompripes cesstary eleatrbehemital Hepositioh chamber
of claim1l wherein the first panel, the second panel
comprising & $ecqroi mgel,mdrsewstmieﬁeelscsldet disboséd rdlativé twthe second
of claim1l wherein the first panel, the second panel

vessel dodndldeaj wosimeces oy | recessind aolutRimf reeednaetsihcalc electrode
4. The tool of claim1l wherein the nounting nodul e

disposdd!ii BAE FORBrd<c@dnd Pesdal at ftRs BekaMd %rﬂpi@cerﬁélﬂéb’ d a second
the positioning el ements and being fixedly di spose

anodic electrode disposed in the other of the second vessel or the second workpiece

holder.

11.  The tool of claim 1 wherein the wet chemical processing chamber
comprises an electrochemical deposition chamber having a vessel, a first electrode in
the vessel, a workpiece holder disposed relative to the vessel to hold a workpiece in a
processing solution, and a second electrode carried by the workpiece holder to engage
a workpiece.

12.  The tool of claim 1 wherein the wet chemical processing chamber

comprises a cleaning chamber having a fluid delivery system that directs a cleaning
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relative to the processing deck, and wherein the
second interface nenber of the workpiece transport
mechani smis engaged with a correspondi ng positioning
el enent of the platform 5. The tool of claim4
wherei n the chanber receptacle has a contact area
supporting the chanber and a bul ge outside of the
chanbers through which fluid and/or electrical lines
can extend. 6. The tool of claim4 wherein the chanber

receptacl e has contact areas and bul ges between the
contact areas, and wherein the bul ges define openings

fluid oolat & wtekmiecet he chanbers through which gases fl ow
bet ween an area above the deck and an area bel ow the

dsck. The fbeeof Oaim afwkémirm 1 wherein the nounting
nmodul e further conprises a -41 0 platformfor

carrying v&étech%hﬁséu%&eééﬁﬁgs %ﬁbnﬁi&‘i‘ .sWaefrr@t Biebh8chisifltal deposition

further conprises a first Set of the positioning

chamb%k %Eﬁgﬁrg r?i? ﬂggt]; {é%scstel ﬁtﬁtQ{/?ﬁ(p%cggﬁno,gcggﬁ@gb%?&gg@gﬁ\?‘e to the first
U LN N N -

‘ fatl on is carried b t he deck and includes a

in oneppl,thy ifrst wessal (i thenf @sﬂfva@répr?&@be@@eanan% afiggtafnedic electrode
of first fasteners, and the first interface nenbers

disposeeirhhepigiegebtha finst eergad op thrifinsg wiespieco hpligraarhent s

of the first set of positioning elenents and the
fir st tHeadeeh&rthdareinslpdesgagedcond hweto chesyai dprogessing chamber
attachment el enents of the first set of attachment

comprisingna rdeaniag chiaheherr anding it flsidstieiven sgeter edhtogirddte a cleaning
platformand includes a plurality of second interface

fluid ont@ BlesKpia@. @ plurality of second fasteners, and the
second |nterface nmenber s bei ng engaged wi t h

£orr ePRONSLING dPé} | § A8 tﬁlg‘?ﬂﬁﬁﬁﬁh Congﬂfea e&:%guﬁee& to maintain

of p03|t|on|ng ements an teners
L
tnetood P RN AL S REIA % 038 G BPL=Bc LR Fteronce
f L. wher ei wet chem cal processing chanber
'°°a"'°”%or°rgk'?%g@'ﬁﬂ”@ﬁe%?‘?‘&@f?em cal deposition chanber having
%ve el a} 1e ctrode in
. he toa of calm wherein the mounting module is configured to maintain

the locations of the positioning elements to within approximately 0.005 to 0.015 inch of

predetermined reference locations for the positioning elements.

16.  An integrated tool for wet chemicalbprocessing of microfeature workpieces,
comprising:
a frame;
a mounting module attached to the frame, the mounting module

comprising a deck having a rigid top panel with a plurality of positioning elements, a
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the vessel, a workpiece hol der disposed relative to
the vessel to hold a workpiece in a processing
solution, and a second el ectrode carried by the
wor kpi ece hol der to engage a workpiece. 9. The too
of claim7 wherein the wet chem cal processing chanber
-42 0 conprises a cleaning chanber having a fluid
delivery systemthat directs a cleaning fluid onto a
wor kpi ece. 10. The tool of claim7 wherein: the wet
chem cal processing chanber is a first el ectrochem ca
.. deposition chanber conprising a first vessel,6 a first
rigid bagerppaeel islaroseditopheder rang ijacing hetween tge top panel and the
vessel to hold a workpiece in a processing solution, a
bottont pasel, eatrodhambeereeptacidirs thestog panel end toe botient pagel, wherein
vessel or the first workpiece holder, and a first
the toppadel; tee échcindaandlirepbsiteini paridiaretixed tofethee td ibesdimensionally
vessel or the first workpi ece holder; and the too
stablef urther conprises a second el ectrochem cal deposition
chanber conprising a second vessel, a second

wor Kpi£gat l%ﬁ%ar%‘éal jdgé sfth selidhi BdhedttBehe &fe¥hdthe wet chemical
hol d a r

vessel to piece in a processing solution, a

t ' legt ' i
procesSHE RipEh. BafinG £ ' [88Faer’ HEMEFC sh8adPd st 2ffeast one of the
... Secon anodi ¢ el ectrode disppsed,in,the other qf.the

positiofEp AiprdLSemise e’ SuTeHS R hetiber is) fepvediin Hiz, chamber

tool of claiml wherein the wet chem cal processing
receptaelgn®®d conprises an el ectrochenical deposition

chanmber having a vessel, a first electrode in the

vess el warkpisdedi ate aibs e mdttashsd do the maupdinggnedde.

vessel to hold a workpiece in a processing solution,

4RAd aThectnnd of| elaim ot vehaareine thebop Heanedrik péupseinhdster aver the

to engage a workpiece. 12. The toot of -claim1l
bottomwheated] and ttee detk Glrthsraimpriseses plurglity lufrbdadts clarapipgi thedop panel

a cl eaning chanber having a fluid delivery systemthat
to one didecsttifie Hrating thd @lamdifg Ahé betEmapHfeldo WRBIHRIres®: of the bracing.

18. The tool of claim 16 wherein the bracing comprises horizontal joists, the
top panel is attached to a top side of the joists, the bottom panel is superimposed under
the top panel and attached to an underside of the joists, and the deck further comprises
a plurality of bolts extending through the bracing to clamp the top panel and the bottom
panel to the joists.

19.  The tool of claim 18 wherein the top panel, the joists, and the bottom
panel are configured to maintain the location of the positioning elements across the top

panel to within 0.025 inch of predetermined reference locations for the positioning

elements.
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13. The tool of claiml wherein: the wet chem ca
processing chanber is a first electrochem ca
deposition chanmber conprising a first vessel, a first
wor kpi ece hol der di sposed relative to the first
vessel to hold a workpiece in a processing solution, a
first cathodic electrode disposed in one of the first
vessel or the first workpi ece holder, and a first
anodi c el ectrode disposed in the other of the first
vessel or the first workpi ece holder; and the too
further includes a second wet chen1ca| processi ng
cHhambethe tashpf ckiimgl tawbeeeinithg tehaanelr theaivisiy aadftheibettom panel
delivery systemthat directs a cleaning fluid onto a
are config krsidetoemaihiain The laaadionefof thapositiomingredementeacross the top panel
mounting nodule is configured to nmaintain the
to withlip 0aicoinsh of ptateteRsinkiaaidrencd RITBIbAS for the ?ﬂ@sﬁio@ir@élaments.
inch of predetermned reference |ocations for

pasi t i g1 8t & g’ﬁ"ﬁﬁ% rwhereir i ttoggian%fl cGhfridkd sﬂﬁﬁl@gé teel,

the nmounting no IS conlgur to nmalntaln

BT oIl ofaBE 1, VB FechRCbngl bbb fudber reinforce

com O/Eﬁger ence | ocations for the positioni ng el enent s.
P integrated tool for wet chem cal processi ng of
conprising: a frame

cr of eat re K C
unt iy ﬁ%%ate@r f&ﬂ et ahemika RPEREsing ﬁémﬁfefﬁaw workpieces,

nodul e conprising a deck having a rigid top panel
COMPIiRiNGh a plurality of positioning elenents, a -44 0
rigid bottom panel juxtaposed to the top panel bracing
bet wearframe, t op panel and the bottom panel, and a
chanber receptacle in the top panel and the bottom
panel a wharding rmbdukopmpanted, tbhehedraineg thed mbanting module
bottom panel are fixed together to be dinensionally

comprisingld éeclahaghg ehegit appep pehepRithe fitRlitosf PédidsiRg eléinents and
t he deck, the wet chem cal proceSS| ng ‘'station having

a plurafityl bf éﬂantm'héﬁtf él‘é%émﬁbgrng?@aﬁg P?é‘hélh Lgferlngﬁéé o"[]ﬁdé?rf the upper

the positioning elenents

panel, Bﬂ%'é’%eﬁet\/v%eﬁetﬁ‘é' &Sk Bnd h&NnggR&g aﬁﬁcae‘&hg&lb%r rad gptacle in the
upper and lower panels, wherein the upper panel, the braces and the lower panel are
fixed together to be dimensionally stable;

a wet chemical processing station attached to the deck, the wet chemical
processing station having a first interface member engaged with at least one of the
positioning elements and a first fastener engaged with an attachment element, wherein
a portion of the wet chemical processing station is received in the chamber receptacle;
and

a workpiece transport system attached to the mounting module, the
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a wor kpi ece transport system attached to the nounting
nmodul e. 17. The tool of claim 16 wherein the top panel
i s superinposed over the bottom panel, and the deck
further conprises a plurality of bolts clanping the
top panel to one side of the bracing the clanping the
bott om panel to another side of the bracing. 18. The
tool of claim 16 wherein the bracing conprises
hori zontal joists, the top panel is attached to a top
side of the joists, the bottom panel is superinposed
under the top panel and attached to an undersi de of
transpafle SYstePshayilg @hsegesr fiietiaes BeAharseggaged with one of the
__plurality of bolts extending through the bracing to
positianipgrglarnents @ndpasetormhthsterermgaged witinshother ettachment element.
joists. 19. The tool of claim 18 wherein the top
@@&hel , Thérogl of slaim 28ngthéledn thed upper e lcoaigises stainless steel.
configured to maintain the |ocation of the positioning
2:nerfise el @3 2ldime2d Uherdianak Uppanipahien cOmpABed BCAb& reinforced
predeterm ned reference | ocations for the positioning
compddigments. -45 0 20. The tool of claim18 wherein the
top panel, the joists and the bottom panel are
fi e | [ Jocations of the
:Jégrs']i t?lg{]el %81 éngn!ann?g’ ‘Q&%%ﬁ’s the top panel to within
0.010.n f .predetermned reference |ocations for )
Che. polf TlishinBHEE RFLS o e el (Sierat piGroslo chamber is
éaer_%io% t he to&,ﬁsnel .conmprises stainless steel, 22.
engageq @it y3 COPEsRITInG PASHiRBING; #lemsat ebihepaprsr Rasteh of thesdeck; and
fiber reinforce conposite. 23. An int etgrrat ed tool for
vet chegrimaintipgdaeddefyriber apmposesauriatiomwn kpvieges plurality of the
__conprising: a frame, a nounting nodule nmounted to the
positiopingnelemerds rswhbeing fixetlly elispossgr insthegtaol detdtive el thg deck, and
rigid upper panel with a plurality of positioning

whereial &rerdezoaddintarfptair@biniberobf ahtaclknegriéce! €AMPHH Mechanism s
rigid | onwer panel superinposed under the upper panel,

engagdd Al BETUGRIMGMEPSEIRSHing MemBWEST tRaNSAGormand a
chanber receptacle in the™ upper and |I'ower panels,

pher eTRe thS HRREM PRABlereihhe braces and the | ower
panel are fixed together to be dinensionally stable;
the braces comprise a plurality of joists, the upper panel is attached to one
side of the joists and has a first set of the positioning elements and a first set of the
attachment elements, and the lower panel is juxtaposed to the first panel and attached
to another side of the joists;
the mounting 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 includes a

plurality of first interface members and a plurality of first fasteners, and the first interface
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a wet chem cal processing station attached to the

deck, the wet chem cal processing station having a

first interface nmenber engaged with at | east one of

the positioning elements and a first fastener engaged

with an attachnment el enent, wherein a portion of the

wet chem cal processing station is received in the

chanber receptacle; and a workpiece transport system

attached to the nounting nodule, the -46 O transport

system having a second interface nenber engaged wth

one, of the 80 itioning elenents gnd .a second fastener
membelis BEg &NeA %ﬁd’t“ﬁ?srco RERTHEAt Pesiioring  eloments of tthe first set of

.. of claim23 wherein the upper panel conprises

positioging; mlewenty eand thes firgthdasteoersofbaingi engagashewidh ncomesponding

upper panel conprises a fiber reinforced conposite.
attachraént dleenanisbof die filshsat Eatidubinednt:eléments; et i nterface

menber of the wet chem cal processing chanber is

engagetk WahBpért G96fees RO RHHRY BPIhd IndRidih Shﬁmﬁd%’éulaepluraﬁty of

t he upper panel of the deck; and the nounting no

second iHtEASEe GRER| | ' i &
e 104 B0 oE ¥ TaBleHER, b odiimertace
i i : [ ecgnd
member® Felid eRbatEs sl Do s D Pes O F & Sbieh Bt A perand set of
e s i a correspondi n osi tioni ng, el enent .
positiorlia, SERREE idang Sk PRrnaR BRRenegaant el oot wesponding
ttach bra%ct%? co risg a plurality of joists, the upper panel
attachments Sle[pRRt Qfgngsecord get of attariimentslamgnts. has a fir st
set of the positioning elenments and a first set of the
%t acW\%ﬁPOEIan@'ﬁt@, 2anuherdn | thae vad asfetmics! jpuxteagstrse chamber
_to the first panel and attached to another side of
comprisgseal) Gilentemchemicalodendsitiprmodainbef bavingr a vessel| sefrshelectrode in
platformincluding a second set of positioning
the vesselemawoskpiamt holsec dispposet! refatiat ttathawrssel s & wbhgiece in a
wet chem cal processing station is carried by the deck
processayisolntibndasd @ sedomdagiettvodd chirledl by ML WoRGRe B RBRIE? to engage
and a plurality of first fasteners, and the first

a workpigteer f ace - 47

29. The tool of claim 27 wherein the wet chemical processing chamber
comprises a cleaning chamber having a fluid delivery system that directs a cleaning

fluid onto a workpiece.
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0 nenbers being engaged wth correspondi ng positioning
el ements of the first set of positioning el enents and
the first fasteners being engaged with correspondi ng
attachnment elenments of the first set of attachnent

el enents; and the transport systemis carried by the
pl at form and i ncl udes a plurality of second interface

menbeps ap‘grf gebprﬂ\ﬁn[{% (@ beeﬁlﬁfkﬁl n\; Sféﬁl'bﬁﬁ fd*eprocessing

second i n ng e

cor respondi 03|t|on| he second
O VBRI o e gfat ?ﬁa%feia@vo% 7 SELAuR e, )
bei ng engaged with corres ondln attachments el enents
cagsaties foBPOKINGWorkIeRRS & Tagatiephelatiye fo i raisrnce
of claim 27 wherein the wet chen1ca| processi ng
framani{ey ancautpmiated veorkpieee tharciogi systerdewitis it rakot having a
chanber having a vessel, a first electrode in the

b¥6S IRlit, aR APH l?bteﬂél@ly*‘&b@éd db tpestbe ahial ane drpehbeffector
vessel to hold a workpiece in a proceSS|ng sol ution,

rcﬁé‘t%bﬂ/ é&g&ag t%ﬁﬁgtdrﬂfj %rfaagd)'aegomoné?eo nyesuaréh%rthe

pl ece aim 27

Qe il il RoRERy G R TRl E%"ﬁffe yr 3 %if? to

dlrects acleanln fluid ont a wor Kpi
then refefense ﬁ@m%ﬁaw%w prayid ing 8n 5’5@. Gitafiqniy “aiignment
processing mcrofeature workpieces at known | ocations
value dndigative of alighmesh ok anrarme axiskyf theaarsete esfirsbaxis of the
hol di ng wor kpi eces at known | ocations relative to the
refefetice nfcamef arahprovidingaan dnitiainatiedpositiepi vabee iredichtivegof a
systemw th a robot having a base unit, an arm

IoE:Qflé‘r‘i 66?' theC BHBE S6hit @ldi tﬁé\sfﬁ*st“éb(ts, @p@‘aﬁtﬁlg the controller to

end-effector rotatably coupled to the arm an

e%lﬂté g écﬁ'ﬁﬁ@t@? roﬁteFé/t%%é&Hm fht taﬁté&hﬁ?ca?lg gns the arm

I"ece handl system a neth ng t

oF 2 S U AL 0 ST Hn PO vﬁ%a

al i gnnent of an armaxis of the armto a first axi
rofafional detarence senses aha@ [PeVi wcagornralative o thRi @erence

position value indicative of a |location of the base
framiet redosdiggtentirst displacement vahee indicajiveraf actinst aogledretween

the arm axis and the first 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 axis, and moving the arm
according to an arm offset value based upon the first and second
displacement values to align the arm axis with the first axis; (b) refines the
initial axial position value for the base by rotating the arm to a reference
angle relative to the first axis and contacting the arm with an axial sensor at

a known location relative to the reference frame to determine an actual
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execute a conputer operable nedi umthat
automatically-- (a) aligns the arm axis of the arm
with the first axis by contacting a first end of the
armwith a rotational reference sensor at a know
| ocation relative to the reference frane, recording a
first displacenent value indicative of a first angle
: r j he ISt '
Iéb%@\éﬁgi?thé B?sé‘g’l@rﬂ%ﬂ% f’ﬂ‘gga;ﬂ% ?ﬁa (§) al tsﬁgﬁcﬁ?{b;gﬁé%&gtcﬁthe
cor dj cond d nment valu dj catj ve
i ORI A RETECE0 AeliRt SHE S Biieadpadiel P i Spfretfector
and nmoving the arm according to an arm of fset val ue
totecrptatipngl referenaessenson, @@@511@9 adirshereeffepior gignlaeement
to align the armaxis with the first axis; (b) refines
value, coniacting assecindpside taf dime Mrk@ief}@ﬂoadw badlee end-effector
rotating the armto a reference angle relative to the

tcf l et dtnandrafersneet igepsbhe r@b@ﬁo\mg haareash@l ed@rstictor
a known | ocation rel ative to the reference frane

d&?g%%h%ﬁf‘ ?ﬁuén et S‘ﬁ%v:n%ﬁﬁc) Céfécﬁﬂ QEcérg?neiJQéean end-

rst axi |gns the en fector

the f|r cont act,i ng LI gt 0

efxﬁﬁ#ﬁb. affeet Jaull' B CBHA I Qe i, sBhia “onteffector
ational reference sensor, recording a first
C@frfeéﬁt"é & spl acenent val ue, contacti ng a second

SI de of the workpi ece | oaded on the end-effector to
the rotational reference sensor, recording a second

end- 81f ecliora tapk hlextnenda) a plualiaed siglipAg tareprocessing
end-ef fector according to an end- effector offset
miabfeatbeswdripiesest, [iie) &nratomated eodpiea taaillirer spstem with
di spl acement values. 31. In a tool having (a) a

aRbbéehavditlg &f basauhRNan faem RIoYeaBR dtlipléd &6 ®ie dhbé @init, and
wor kpi eces, (b) an aut omat ed wor Kpi ece handl i ng system

al‘é‘"ghglef% 1l t%atQE%éét%cﬁ‘ieB%%%é@rh ang é@)" ?‘J&Yr%ﬁgrl dperatively

unit, and an en fector

SUPLE Yia FORTEER Lol Sl atico,Br ERtirgBhy Bhe reoot

a nmet hod of callbra ing the rohot to a ref

tor pafrfetancenramsyiofc ?‘?‘% ?@npaﬁegaﬂpﬁ@w}gﬁ%rﬁ%m”@r to

to execute a corrputer operabl e nediumthat-- (a)
exgauberat ¢uapuier sipetlye anedinnsthagf- (ahautamatigally alighsran axis

axis of the reference frane by contacting the armwth
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 (b) automatically aligns the end-effector to
the first axis by contacting a first side of a workpiece loaded on the end-
effector with the rotational reference sensor, recording a first end-effector

displacement value, contacting a second side of the workpiece loaded on

the end-effector with the rotational reference sensor, recording a second
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a rotational reference sensor to obtain an arm of f set
value relative to the first axis and noving the arm
according to the armoffset value to position the arm
axis wth the first axis; and (b) automatically aligns
the end-effector to the first axis by contacting a
first side of a workpiece |oaded on the end- effector

te"f‘feHEﬁ dﬁlQél?Eéﬁ’i@ﬂ VERISTHRC /R 9‘[ eﬁ&%‘?ﬁe@{&ga&:ordmg to

rst en g ect or |Epl acement contacting a
d th
aﬁﬁ%"@ﬂ?ﬁ%’%@ﬁﬁ%ﬁf ISRk u gpa-effector

recording a second -50 O end-effector displacenent
disglagemestyae®i ng t he end-effector according to an
end-effector offset value based upon the first and
second end-effector displacenment values. 32. In a

t ool 3Ravi hya(tep! hawinge(@si v Winegsionally stakdemeewrfing module,
nodul e, (b) a plurality of stations for processing
(byi & phdradityusfestatiohp iferc procaissingomicrofeatats woskpietes at/ &nown
to the nounting nodule, (c) cassettes for hol ding
lo‘&ﬁf&ﬁ’é ereﬁ‘anét thNeME  heatihgnmaodliat i gp éébsle'ﬂ@s”%mthdl&mg

nodul e, (d) rotational Sensor at a known | ocation
VB 4 i3 RS B R, 0

m)untedt t he mountin rmr ot
reftidnah3aney T Roaed ISSHPr BetiRctt.Pea BN PR oY an
attached to the arm and (f) a controller operatively
aglenpted werkpireenbaRgiRg SYFETBI WY 3yEboh, having i dpssr unit
aligning a hand axis of the end-effector to a first
moehtadctoctbearogntiofg modefes aoraren fotatablyattacted teothethasg, and
nmodul e conprising: |oading a workpi ece on the

a®etdefffettdrobtatably attiubiedttortietdrm, cmit (foh Icentroiierexseratieely
a conmput er operable nediumthat automatically noves

cdipfied BHe %rlﬁ;ﬁ@é@ﬁénéllrfd Epdte, demethddsr #RYriRd @%fand axis

Wt hthe rotational reference sensor, records a first

g%t Ehbiegtlioltc M HE R eRESxis S‘P\ée?efé{éﬁn cORnd B the

a second si e vvor rece w

t|o reference sensor ords a
mQHH Q‘{‘B‘? Cﬁﬁé%lsﬁl%d‘éﬂ‘i"”gaff‘ lﬁf\é"r p'&&?é?ﬂTﬁ}?eﬁngﬁﬁGCtor and
end-effector offset value indicative of an offset
opgiglieg bbenwsentroliere ta apxecule saofompeterh @peraklet Bredipy that
the first reference axis of the reference
automatically moves the robot to contact a first side of the workpiece with the

rotational reference sensor, records a first end-effector displacement value,
moves the robot to contact a second side of the workpiece with the rotational
reference sensor, records a second end-effector displacement value,
determines an end-effector offset value indicative of an offset angle between
the hand axis of the end-effector and the first reference axis of the reference
frame, and moves the end-effector to align the hand axis with the first

reference axis according to the end-effector offset value.
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frame, and noves the end-effector to align the hand
axis with the first reference axis according to the
end-ef fector offset value. -51 0 33. A workpi ecée
handl i ng system for handling a mcrofeature workpiece
in an integrated processing tool having a plurality of
processing chanbers at known positions relative to a

ol artve (o TR REP.FERAEIY ek, KIOMNBRN, o2 prgfeature
W BeGR I A PrichBfPd BRCERErD. R ooz vl of BiBiefhing

r ot at abl%/ attached. to the arm and a coPt roller
chamPgres at keawnmositiops ielatverded (pietielramgAnd cassettes at
instructions that (a) automatically aligns an axis of
knbwenapositipng eeldtivestto atties referenee rsaimeerice heading bsystem
noving the armto contact a rotational reference
cS®psising: aewbiotihagingna draxe inftheetool aruarm abidtable dttached to
first axis, and repositioning the armaccording to

tH6ady, "Brief 4% @hd\eHdefort Btathbg attdthedr 13 RS dimMdnd 4 BBntroller

first axis, and (b) automatically aligns the
- ef f (JS j L 0Qg: -
ngfac por ot SPubh, defiabld Theftn? BnBRhaDIriiReay hat y(@
on the end-effector wwth the rotational .reference
aglmalicaly gigra s ¢ heertmaith fist SR8 il Sefiame frame
val ue, noving the end-effector to contact a second
by mpvirg thenarmite rphiecta rotgligaal isferenee spaser. reeardingmn Arm
the rotational reference sensor, recording a second
ofisat-\Hllie celativel ite phe fiestemdis, varidi egpawitibnirg dise Birmonacoprding to
end-effector according to an end-effector offset

thealane based vapen té Nglighl tisd andl Besavith tredfiet fe6¢,0and (b)
di spl acenent values. 34. An integrated tool for

a@ﬂbﬁ?ﬁ%ﬁiln%ﬁ?n@ t%g%ﬁ@-‘e%éto%kmee?i t 2By bV tRe end-

di mensi o y stable nmounti ng nodul e ing a
e nce . f ] . fi . ref 1.S; .

efFCIPL A Eoart &y of 2ok akbisi 1BBRE Sas Sneigrector with

nount i ng nodul es at known | ocatiops; a cassette. for
thﬁo[%??@‘%ﬁ%ﬁ?@%‘%ﬁ”%@ rgepeting & gﬁéﬁé‘ﬂ‘%?%“g?r ﬁ@p%gement

processed in at |east one of the processing _
value, moving the end-effector to contact a second side of the workpiece
loaded on the end-effector with the rotational reference sensor, recording a
second end-effector displacement value, and repositioning the end-effector
according to an end-effector offset value based upon the first and second

end-effector displacement values.

34. An integrated tool for processing a microfeature workpiece,
comprising: a dimensionally stable mounting module defining a reference
frame with a first reference axis; a plurality of processing stations mounted to

the mounting modules at known locations; a cassette for holding workpieces
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stations; an automated workpi ece handling system
having a track attached to the nounting nodul e and
aligned with the first teference axis of the
reference frame, a base unit noveably attached to the
track to translate along the track, an armrotatably
carried by the base, and an end-effector rotatably
rri ; ni r 0 ;
of RSB A8 5, BroxEisan 't 1084 Shel 8 b procsssing
frame of the unt i .nodul e; . and controller
StaRPS 7Y ALOBIFS HaTkRIS ¢ BaRHN Y S, BAkpg e fack attached
handl i ng system and the sensor unit, the controller
tchhe mporntiigmedile g Ahpaedewithuthectinst defaragee axis of the
instructions to (a) automatically position an arm axi s
redérenice rameata base amigimoveabiy iattached doithe track he translate
first reference axis, and (b) automatically position

aRnBahe Rxeie s atherobitdblf EAtibarbyatheabase] ghd dpoend-effector
rel[lative to the first axis. 35. An integrated tool

[ r (A= i i Qe
R GRS PR i -k IR REBt oy SeffRer & dinown
reference. frame. a.plurality of 0CeSS| L.on
ofBtine daatye: I e uRdTRECE TR Con e SRy thdHlifong o
cassette for hol di nlg wor kpi eces before and/ of after
coriraller qpesatiely gorples; to) thgsautgmated WWEP\@P@J&@“Hg system
stations; and an automated workpiece handling system
ancdthagsenssasenitinthe cantroliat bgvingea renmputey opesakieemegiim
armrotatably carried by the base unit, and an
centdinid ertraction®tais Eutomaticalydpdsitiohanarm axiberf ¢herarm at
the end-effector has a body, a first retaining

af| PN hoakticAnRIfie & tHd ¢irdtodYereABE s, 284d \(8) automatically

retaining assenbly at another end of the body, and
p&@lﬁér‘?'a”hé@r? e b e Sﬁé'le@ﬂee&raﬁsmlri iH“Q?sitioﬁ?fe%tiCé rtéghe

and second rollers and an actuator operatively couple
ftg the first and second rollers to nove the rollers
IhA¥Pd the first retaining el ement. 36. An integrated

tool for processing a mcrofeature workpiece,

conprising: a dinensionally stable nmountin dule .

def | #ong Anr Blagiaiesh (0] lerePTACERSIAGT A BICTOBPBITEnWErkpiece,

axis; a plurality of processing stations nounted to
carhprisingniai dignensionally stablensweuntingamosiwe defipilngsat fieference

for hol di ng workpi eces
frame; a plurality of processing stations mounted to the mounting modules at
known locations; a cassette for holding workpieces before and/of after being
processed in at least one of the processing stations; 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 end-effector
rotatably carried by the arm, wherein the end-effector has a body, a first
retaining element at one end of the body, and an active retaining assembly
at another end of the body, and wherein the active retaining assembly has
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bef ore and/ of after being processed in at |east one of
the processing stations; an automated workpi ece

* handling system having a base unit carried by the
nmounting nodule, an armrotatably carried by the base
unit, and an end-effector rotatably carried by the
arm wherein the end-effector has a body, a first

filgs,ga%idné'é&nﬁl e afd a?ﬁngftsﬁgroéapr%?ﬁ\g??gﬁgp@adtoa@\e first and

Ive retalning asse of the body,

B BIR" 10 rofE S oS5 BE YRR (g ‘SHlment

coupled to the first and second rollers to nove the
rollers toward the first retaining elenment; a sensor
unit having rotation sensor at a known | ocati on

rel aBBve Ao integratdd teoictorf pracesaingt aamiasoieaturg workpiece,
nodul e; and a controller operatively coupled to the

cavpfisaged wimémiesaliyhstatle mgountisige moahude tdefininge as@ference
unit, the controller having a conputer operable nmedium

fraRRL BN L HFst ASRSTEhES xRN S PIGralif) ofsroessdihg %&étwn@qlﬁb@ﬂmt@a to

an armaxis of the armat an origin position relative

g S84 SEBA8 fondd b AR oo
b8 o?étajmod}o{ ! g&néop}o%eesgeiaé Sh &18ast e S the processing
stations; an automated workpiece handling system having a base unit
carried by the mounting module, an arm rotatably carried by the base unit,
and an end-effector rotatably carried by the arm, wherein the end-effector
has a body, a first retaining element at one end of the body, and an active
retaining assembly at another end of the body, and wherein the active
retaining assembly has first and second rollers and an actuator operatively
coupled to the first and second rollers to move the rollers toward the first
retaining element; a sensor unit having rotation sensor at a known location
relative to the reference frame of the mounting module; and a controller
operatively coupled to the automated workpiece handling system and the
sensor unit, the controller having a computer operable medium containing
instructions to (a) automatically position an arm axis of the arm at an origin

position relative to the first reference axis, and (b) automatically position a

hand axis of the end-effector at an origin position relative to the first axis.
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