VET CHEM CAL PROCESSI NG CHAMBERS FOR PROCESSI NG

M CROFEATURE WORKPI ECES CROSS- REFERENCE TO RELATED

APPLI CATI ONS [ 0001] The present invention clains the
benefit of U S. Application Nos. 60/476,333 filed June
6, 2003; 60/476,881 filed June.6, 2003; 60/476,786 filed
June 6, 2003; and 601476,776 filed June 6, 2003, all of
whi ch are incorporated herein in their entirety,

i ncl udi ng appendi ces, by reference. TECHN CAL FI ELD
[0002] The present invention is directed toward apparatus
and nethods for processing m crofeature workpi eces
having a plurality of mcrodevices integrated in and/or
on the WorWpBTCKREMIOAL PROCESSING CHAMBERS! FOR FROCESSING
features. Particular _as ects of the resent invention
are directed toward a dEGERg chanber
having a fixed unit and a detachable uni t that can be
renmoved qui ckly for servicing conmponents within the
chanber. Additional aspects of the inventions are

di r e QROSS-REFRREMNCEI O REVATED ARPLIBATIONS on chanber

having a fixed unit and a detachabl e el ectrode unit.
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mani pul ated to formfeatures in and/or on a substrate.

The features are arranged to formintegrated circuits,
mi cr 66PHINIGAL FELPers, “and other structures. [0004] Wt

chem cal ocesses are commonly used to form features on
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[29195- 824 OOOO/ SLO4149 273] chem cal

pr oc'és@?q'ﬂ‘gf o dhe W‘ﬂt’e%vg hg rpucmemctey C@ﬂ inglgde i syibenicron features.-
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electro em ca deo

| ng materials,
processing chamber havnng a fixed unit and a detachable umt that can be
removed quickly for servicing components within the chamber. Additional aspects
of the inventions are directed toward an electrochemical deposition chamber

having a fixed unit and a detachable electrode unit.

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.

[0004] Wet chemical processes are commonily used to form features on

microfeature workpieces. Wet chemical processes are generally performed in wet
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conmbi nations of these processes. Figure 1 schematically
illustrates an integrated tool 10 that can perform one
or nore wet chem cal processes. The tool 10 includes a
housi ng or cabinet 20 having a platform 22, a plurality
of wet chem cal processing chanbers 30 in the cabinet

20, and a transport system 40. The tool 10 also includes
lift-rotate units 32 coupled to correspondi ng processing
chanbers 36 for |oadi ng/unl oadi ng the workpi eces W The

proceg rs n be ri [dry. chanbers, . _
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repairi nﬁ tr)wt % exi sting wet chem cal processing
chaniRaosition ehRmbere eoBxaMpIS: COBSUBRRIA SeFrodas fggragn over time
ext Qfé&ds@efHeO‘ileé’cf.troh' BRtwedn rtﬁé" QeGirddi’ %ﬁcﬁﬁé’déiéctﬂfhgg solution

service other components iIn the processing chanb
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& PréafBed HUBRYG variations in the electrical field. As a result, consumable
electrddes must be replaced periodically to maintain the desired deposition
parameters across the workpiece. The electrical contacts that contact the
workpiece also may need to be cleaned or replaced periodically. To maintain or
repair electrochemical deposition chambers, they can be removed from the tool 10
and replaced with an extra chamber, or they can be serviced in-situ within the tool.

f0006) = 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
replace the electrodes or service other components in the processing chambers
30. When the processing chamber 30 is removed from the tool, a pre-maintained
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[ 29195- 8244 W DO000/ SLO41490. 273J -2- 613104 processing
chanber 30 is nounted to the platform 22 at the vacant
station. Wien the processing chanber 30 is serviced
in-situ on the platform the lift/rotate unit 32 is
general ly noved out of the way and the operator. reaches
into the processing chanber 30 from above to repair or
repl ace the conponents within the chanber 30. For
exanpl e, to replace consumabl e el ectrodes, the worn
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processi ng chanber 30 of the tool 10 does not neet
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o ofrelaass 174 BARTTHE Yo b ARG or Malotitiing psocrasRacdiargbers. As »
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e [ ApuUt ..Q e 100 . I exa e, | e 100
10 1 BB P16 i ePiveh R, perinug opsraties ihebtast 10 without
thr estopping Rerpiain the 676 fRRESSIAY cREMAbEMS0 BAtITASE grb&&¥siny chambers

then, t he too] . operates at onl_¥ a
do not meet the performance specifications. The ioss of throughput of a single

processing chamber 30, therefore, is not as severe as the loss of throughput
caused by taking the tool 10 offline to repair or maintain a single one of the
processing chambers 30.

[0008] The practice of operating the tool 10 untit at least two processing chambers
30 do not meet specifications severely impacts the throughput of the tool 10. For
example, if the tool 10 is not repaired or maintained until at least two or three
processing chambers 30 are out of specification, then the tool operates at only a
fraction of its full capacity for a period of time before it is taken offline for
maintenance. This increases the operating costs of the tool 10 because the
throughput not only suffers while the tool 10 is offline to replace the wet
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fraction of its full capacity for a period of tine before
it is taken offline for maintenance. This increases the
operating costs of the tool 10 because the throughput

not only suffers while the tool 10 is offline to repl ace
the wet [29195-8244W0000/SL0O41490. 273] -3- 613104
processi ng chanbers 30 and recali brate the robot 44, but
the throughput is also reduced while the tool is online
because it operates at only a fraction of its ful

chcurotasel 8¥Rlecs 30 LBIRHIE 4831 42 BECRE widrmyt s aio
neet redudedhwiifes theptol &y opimebegR Bl it Opérlatitsat only & MRRUST DS its full

t he proce sgﬁg chanbers O.to fall out of specifications
soond@Pa repyer, g the %WSt%%%éjQ?EﬁﬁﬁetW@ glgeiroghgmical deposition

f r equpBhbers ﬁb%ﬁ@&@ns:étaﬁﬂﬁ?ﬁ%' MiBich "ﬁ@%@? eposE%] specifications.

repairing and/ mai nt al ni ng ctroc
chanéiscausas tn Rocessing shamberst30mdal oul ofspecications sooner, which

cha I r co
chariii b, Shald a9 o i Yy b Thetfrp iy covnim
The pﬁé@ﬂﬂtﬁd iwitheapaiding iand firmesintathingelecilocheimicdiataposition chambers

hat 91 gifler GRESSE Wit heial ohoctsBind St it AEasaRly ncreasing
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exi sting wet chemi cal processing chanbers. In several

enbodi nents of the inventive wet chem cal processing

chanS&MARIYocessi ng conponents that require periodic
mai nt enance or repair are housed or otherw se carried by
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ot acHAps, i “Giikfilersst BetiRpbleo i drets reciipenfhe downime for
qui Ccrepairingeer nmahingspme\,bssmgrmmmehﬂ@emdmeaeﬁmhbersueémpared to

from t he charrb and installin repl acenent det achabl
uni t® RfRFessing ﬁmbsra y 'ﬁc%%@ﬁ"b?@bﬂﬂmﬁlm of the

haVinOQnﬂv% m\&ehﬂ&ﬂﬂréées‘s %;Qih%n’iﬂéké ?r&&es@ﬁﬁ% Jh%nr?ﬂﬁt require

asserrbly of the chanbers. he det achabl e it can a
be cmdwmmtemcgmwg@afr Bie houpedci-otherwissccarried byhe detachable
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c onpgaused swithin @hdetachable sunite dSuchl prcbnpsslogammg)rmm can be quickly

COMABRRES bl Y5} ASHBRhG bR chdlRl ufif RoRfine TRk dr and installing a

replacement detachable unit. The detachable unit is generally accessible without
‘having to move the lift-rotate units or detach the head assembly of the chambers.
The detachable unit can also be coupled to the chamber by a quick-release
mechanism that is easily accessible. As such, the downtime for repaih'ng or
maintaining electrodes or other processing components in chambers is reduced
by locating such components in detachable units that can be removed and
replaced in only a few minutes compared to several hours for performing the
~ same work on existing wet chemical processing chambers.
[0010] in one embodiment, a wet chemical processing chamber in accordance
with the invention comprises a fixed unit, a detachable unit releasably coupled to
the fixed unit, a seal contacting the fixed unit and the detachable unit, and a
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replaced in only a few m nutes conpared to several hours
for performng the sanme work on existing wet chem ca
processi ng chanbers. [0010] In one enbodi ment, a wet
chem cal processing chanber in accordance wth the

i nvention conprises a fixed unit, a detachable unit

rel easably coupled to the fixed unit, a seal contacting
the fixed unit and the detachable unit, and a
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[0012} The present invention is also directed toward electrochemical deposition
chambers with at least one electrode in a quick-release detachable unit that
reduces the downtime for replacing wom electrodes. In several embodiments of
the inventive electrochemical deposition chambers, one or more consumable
electrodes are housed within a detachable unit that can be quickly removed and
replaced with ancther detachable unit. Wom electrodes can accordingly be
quickly replaced wifh new electrodes by simply removing the detachable unit with
the wom electrodes and installing a replacement detachable unit with new
electrodes. The detachable unit is generally a lower portion of the chamber that is
accessible without having to move the lift-rotate unit or otherwise open the
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reduces the downtine for replacing wom el ectrodes. In
several enbodinments of the inventive el ectrochem ca
deposi ti on chanbers, one or nore consunable el ectrodes
are housed within a detachable unit that can be quickly
renmoved and replaced with another detachable unit, Wrn
el ectrodes can accordingly be quickly replaced wth new
el ectrodes by sinply renoving the detachable unit with
the wom el ectrodes and installing a replacenent
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BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Figure 1 is a schematic top plan view of a wet chemical processing too! in

accordance with the prior art.

{0015] Figure 2is a schematic view illustrating a wet chemical processing chamber
in accordance with one émbodiment of the invention.

[0018] Figure 3 is a schematic view illustrating the operation of a wet chemical
processing chamber in accordance with an embodiment of the invention.

[0017] Figure 4A is cross-sectional view schematically illustrating a wet chemical
processing chamber in a detached configuration in accordance with an
embodiment of the invention.
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BRI EF DESCRI PTI ON OF THE DRAW NGS [0014] Figure 1 is a
schematic top plan view of a wet chem cal processing tool
in accordance with the prior art. [0015] Figure 2 is a
schematic viewillustrating a wet chem cal processing
chanber in accordance with one enbodi nent of the
invention. [0016] Figure 3 is a schematic view
illustrating the operation of a wet chem cal processing
chanber in accordance wth an enbodi ment of the

invention ure 4 Cr.os nal view | .
oRB et | CEIOH{F F i & oriisreng o STevERdier Bicaff st a wet chemical
chanpgiceksing dmrﬁsérech cmnfammledorcohﬂgmﬂm danaecotifaficeiwith an
enbodi nent of the invention.
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chem c processi ng .c in an assenb
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sche%b%@aqr{.@g&%ﬂ& F"ﬁ’g"{éﬁn el ectrochem cal deposition :
[oudwarrber |F1:garalle6aoheda c oruiss-gectdriabn view ascherdamuaﬂy villustrating an

t he.i nv ntlon 00201 Fi qure S_a.
o1 05 BeEEBATAEH JAARRNCR FERRIDRL ) 79 SFPTBEA 4P Tgaor in accordance
el eciyith @hamhisedimeRPErRthé im@ntibranber in an assenbl ed

configuration in accordance with an enbodinent of th
10934l ent i onf19¥ER0S 18 @ Erofsrsechional View: jilystratingan gﬁagpogheéwcal deposition

i1l ughdrabémd a%Bor%'aﬁéé WAk ARSI dirfBRASTithe fivensidiamber i n

accordance with an enbodi nent of the invention, [0022]
02hur e 8 Figuee & jsoa srosgwertional vigmelllustrating the elestoehamical deposition

el ecéﬁﬁﬁ{iﬁﬂrfgﬁéurggg@é%éﬁp%g%% sédhioff! gure 7 along a

di fferen lgure 9 is a
joempss- sedtigemedd isvd eassseckonehviewdllustrating alveses! farran electrochemical

anot feOeE it FE RS e R e bGP GEn g fpntion.
[oa4pot t om Figometi0iis &ibmitoni isomethie ctiew cofean calectamberiital adeposition
cha i n.accordance nt.of the

i nve qrgt‘her Ll apey %‘Ef‘?’? %ﬁ"b%?tgoﬁh%@é’??%%l vi ew

jod2k} ust r atFig@rear iglaestbspséstivhapliew dluetratingan electrochemical deposition
chamber in accordance with another embodiment of the invention.

[0026) Figure 12A is a top isometric view of a carriage for loading/unloading a
detachable unit from a wet chemical processing chamber in accordance with an
embodiment of the invention. | '

[0027] Figure 12B is a bottom isometric view of a carriage for loading/unloading a
detachable unit of a wet chemical processing chamber in accordance with an
embodiment of the invention. |

[0028) Figure 13 is a top plan view of a wet chemical processing tool including a
wet chemical processing chamber in accordance with another aspect of the
invention.

[0029] Figure 14 is an isometric view of a mounting moduie for holding a wet
chemical processing chamber in a wet chemical processing tool in accordance
with an embodiment of the invention.
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chanber in accordance with anot her enbodi nent of the
invention. [0026] Figure 12A is a top isonetric view of a
carriage for |oading/unloading a detachable unit froma
wet chem cal processing chanber in accordance with an
enbodi nent of the invention. [00271 Figure 12B is a
bottomisonetric view of a carriage for |oadi ng/unloadi ng
a detachable unit of a wet chem cal processing chanber
i n accordance mﬁth an enbodi nent of ‘the invention.

an view of a wet chenica

0028) Figure 1153 a top ’gp
[0830h cessi Adovrsol® i8R FiagP1?gc najxiew. iakan @éﬂ'ngplf"tﬁ:b%'éﬁrﬁﬁ Figure 14 of a
. Chanigundiny ﬁﬂ%gredf%‘i‘%ﬁ brh #BPEhEMIcas Eeﬁfcbsﬁﬁ%tﬁ’lﬁmbfer in accordance

i nvention.” [ 0029) ure“14 is an 1sohetric View o
. rmunW!tmgnﬁmhﬂd@ﬂﬂerfgbﬁmVﬁgﬂ@ wet chenical processing

nber h ] d e e
- {O%th o el:ﬁ%%gi menl% %;Er{iﬁ%s?c&@glﬁfﬁw sh8Ring 8 B&HBhI¥ S deck of a
[ 29 1I9BUBEMYIMDA0RIN Seatarddal 73) - 7- 6/ 3/ 04 [ 00301 Fi gure

s a oss- ctional view taken.along |ine 5- 5,.0f

oy o TR AR sttial ROt SRR achgmatiall istrating a wet
chenghemhicglr roesssing chmbBe tarriedagE ar ﬁl@ﬂﬁﬁ%’tg Wddle2bf a wet chemical

enbodi nent of - the 1 nventi on, %xOBl 16 is a
cr oSOERRSINGIRY INAGERF Wi ﬁ%‘PPﬂ'GPP"ﬁP thedaygntion. 5

nmounti ng nodul e in greater detall [0032] Figure 17 is a .

cros -sectl onal sopetric view schematically illustrating
ETah&h E’EIS 5’3@% ng chamber carried by a nounting

rmdul e of, a we chem cal rooces tool jn acc
OUR b o AR BT e Frmo PO T kP oBs! SESRtRPipEErefer to
[ 003gibsthatedsat ddicH i whigh rhféfdﬁéwd@scér‘éf RAnBEE ik ﬁlﬁ.‘?odewces

or "workpiece" refer to substrates on and/or in which
i cr'aﬁlew daicroglectionigyeiicuitsy o eampenentsddiindis rem@nw@eads data

A8 SO LA eGRBEOSRD i Bl Mgrgmachines o
devﬁB@EDm%ﬁh:ﬂmﬁﬂhedeVpﬂe@daF@t includedr withiohthig defnition because they are
i B s e
sanecamahe ezenisonductiye giiamksc(e.g.uidoped T&lmimferatmrsgalhum arsenide

wafers), nonconductive pieces (e.g., various ceramic substrates) or conductive
pieces. |

[0034} Several embodiments of wet chemical processing chambers for processing

microfeature workpieces are described in -the context of electrochemical
de'position chambers for electrolytically or électrolessly depositing metals or
electrophoretic resist in or on structures of a workpiece. The wet chemical
processing chambers in accordance with the invention, however, can also be used
for etching, rinsing, or other types of wet chemical processés in the fabrication of
microfeatures in and/or on semiconductor substrates or other types of workpieces.
Several embodiments of wet chemical processing chambers and integrated tools
in accordance with the invention are set forth in Figures 2-17 and the
corresponding text to provide a thorough understanding of particular embodiments

of the invention. A person skilled in the art, however, will understand that the
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can be sem conductive pieces (e.g., doped silicon wafers
or gallium arsenide wafers), nonconductive "pieces
(e.g., various ceram c substrates) or conductive pieces.
[ 0034] Several enbodi nents of wet chem cal processing -
chanbers for processing mcrofeature workpieces are
described in - the context of electrochem cal deposition
chambers for electrolytically or el ectrol essly depositing
nmetals or electrophoretlc resist in or on structures of

acColMERERN Mayh R R DB SOPAIRE B hals IeBoB e g practiced

for Qlithblifgbverdl of tHeddetails GHthe erfboBRTerlts sHeWn FBIBLRR 2.17.
processes in the fabrication of nicrofeatures i'n and/or

on sem co ductor sub trat wor kpi eces. -
Several kBB 2nts = chanbers

‘ A i Brocess ‘. 13 .
[annSg i nt eg%%b%d?#% L%@F'@'ygﬁﬁfag?ﬁ?gw t‘t?aj i nvent i or}gp@ber 100
' set f t _
to pirﬁt'%@b%str?ﬁk'tﬂ@%wl&%bl%béﬂéhﬂﬁf Mmﬂ%érit@l& fdduce the downtime

enbodi nent s he i nventi on erson skilled in the
ar t , foroneintainingiprocessing chamkershathe peocessing champep100 includes a

OOOWe?"cQ?‘r}\Ac%E %gsﬂ 108 arE‘ll /hg d! TO4C T he Ve BB 1@@ §camed by a deck

addi t1ona ment s the i nvention
practigéefla tooltthatnarsneoladalsemrat hﬂaedamewn@t:hambers (not shown) and

mb
ChonpcAirpiBe A30pAT sferdis (0t Souy, B abHTEUBRS hndling Ybrkpieces.
scheifheivesdd 102 I&n@uahesprmesshgdh@amﬁbewabmnpa@nts for dlrectmg
o ety B 5Bk o8 o Sk 51 Hleshl i rr
pr oc pfstesdng fhawbﬁ{p%ce'l'h Erhé reEs 0N s cagied chy éQﬂt—tdmbuﬂﬁtS 108 that

~a wet chemcal' vessel 102 and a ad 104, The_ve
02" Moveniia band 0 icrigadiunlond T warkpise F7KLip ROSINON 166 WeEkpiece at

S ev eé rocdsERG sith QQQWH‘}QH@WJQ&V‘RE( rWheﬁ e \Brocassing 8hamber 100 is

kpiece transport system (not shown) for automatically
handan nglqupwpﬁ@@els deppsitiony stalien  for2eleglmniating (materials. onto a

pr OC%ﬁégfeHg;gf e C!, SQ% i g{;ﬂ&au ORROBeflid Adw 's.tre?r?ta'nﬂgat Ieast one

the pro se I nparting properties

t he elecireds |ang the bead 1164 typically éncludes aaw: d@dermgmg a contact

ey BN o ekbibal s Babhodid Bikend B hcucive

t he lageken theewmkpleae pMm&ermo&ssmgmﬂmmhnﬂ i$ heleapigethamber

102. orwiﬁer %8855 trﬂ% v%gge 17 mgudes a plurality of fluid dispensers for
flowing a fluid across the workpiece and the head 104 typically includes a
workpiece holder. Suitable electrochemical deposition chambers are discloséd in
(a) U.S. Patent Nos. 6,569,297, and 6,660,137, and (b) U.S. Publication Nos.
2003/0068837; 2003/0079989; 2003/0057093; 2003/0070918; 2002/0032499,
2002/0139678;  2002/0125141;  2001/0032788;  2003/0127337, and
2004/0013808, alt of which are herein incorporated by reference in their entirety.
Additionally, suitable workpiebe holders are disclosed in U.S. Patent No.
6,309,524 and U.S. Application Nos. 6,627,925, and 2002/0000372, all of which
are also herein incorporated by reference.

e
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an el ectrochem cal deposition station for electroplating
-materials. onto a workpiece, the vessel 102 typically
has a fluid flow system and at | east one electrode, and
the head 104 typically includes a workpiece hol der havi ng
a contact assenbly with a plurality of electrical
contacts configured to engage a conductive |ayer on the
wor kpi-ece. When the processi ng chanber 100 is a cleaning
chanber or other type of capsule, the vessel 102

B 195, 0B AR, b A8 o 4 P v o
1j ncl ud:aa&hﬁblewmwm?éewgl ¥ tte f('l):&dl drﬁlﬁﬂ 0. eTiee fixeC Gt TREan include a
oo ehaso 158 5 iahlow Syeam G4 (Saaun epeRRtSaIb) AT ATIouAting fiture

Nos. 448 QEWatlc%ﬂgﬁ/ PR APaSsis aQQ%éPPEgggﬁelectnc housing that is
2003/ 0070918; 2002/0032499 2002/ 0139678; 200210125

2001 chemizallg corpetible wits e peasassing dlaid)0 The ahassis| 1 1@5 for example,
- whi ¢ Eaﬁ)fl)s ahﬁgﬁ h?.né%ﬁ@ﬂé%&ﬂh@sdﬁ%@rﬁ%ﬁal e Rist fiow system 114

entiret | e Workprece holders
di scrasds configuted Ratprovidéidhe diysBed, mdftmnhle Lpré‘cessmg sute 109. In

I 9 and 00037
oh kRSB ghosfibn chamRRs. 162 il JoRCitefem 344 <3h be configured
.1291&5p&9ﬁévﬁ)ﬂ6®%ﬁ_ﬂéblé%baféﬁﬁauy9umﬁw ¥ilodiy(a & difdution normal to
vVess includes, a fixed unit 110 d to the dec
150 Hievarkpings Bmugnaut thp brastbsing 1o IDt, Tha sneuiag fifs 116 can
110. pd Mangés e altl'lh'gt préj&tuﬁ@%utvfh“fhlvcfﬁ)rﬁ thé '&ﬁ§§§|§ 1 123@ eAgage the top
first flow s own schematically)

t )
nou nwrfﬁyercvf%gg ﬂgcmk 196 %ﬁdﬂﬁu@mgefﬁ@tfﬂcﬂlsl GAn berﬁenfémg% losprecisely
112 EQ%ebﬁweaf :E%Toe hﬁﬁ t 1;)1'0‘3 rdlie R0 'TEE Abck § RS%% @kﬁlﬁtr{e? 1|5 more detail

conpatible wt rocessin rd. T assl s
for kstawpl §he fxad baital ) gan durtber jnojusley seprasessing esomponent 118

suit ol

conf la@g('}% PS%?%?/HYZE? {r{!f!éé degrér’le! écq % i glvaS{B r‘}&%ﬁé pr (_:)%’gg\gnnﬁgthrough
sit ethedﬁed unit 1d De ¢or exameple; the propessing ommphlaen:tér!ﬁ cantbe an electric
fir Qvide.a

stem 1 onf, qu r
1 oufeit sy SSHRat fhaf 3apss FRTPREHE T hEMY Pbessifl site 109,
- di r efifter,0om nﬁmnlmhilog ndzia!e_l_h wahtﬂihéﬂqrﬁel‘mt tmw@@iﬁé)ehba. 'It;he processing
Focessi n | e nounti n | Xture C e .
11 ariGuSPagenk. 118 535 BSBCbS Yo SOMRINANSNT b3t RssOf Structures.
112 g@tabrdafdrictlies t RP ﬂ@urﬁa@esy%iem@mﬂe%&ﬁﬁngThﬁures 116 and
nmounting fixture 116 can be conflfg(ured to Erem sel

| ocaRracessing jcegpangnts 1118 fen dke ixedoy unite 1 gcﬂre.l.(%scégsed in U.S.
expl gigHeskidr NG R/883, #1 and 09/804,697 incorporated by reference above.

[0037] The detachable unit 120 of the vessel 102 includes a container 122, a
second flow system 124 (shown schématical!y) configured 1o direct the processing
fluid to andior from the first flow system 114 of the fixed unit 110, and a
processing component 126 (shown schemaﬁcaily) that imparts a property to the
processing fluid. The second flow system 124 can include iniets and outlets to
deliver processing fluid to the first flow system 114 and o receive processing from
the first flow system 114. The first and second flow systems operate together to
provide a desired flow of processing fiuid at the processing site. The first and
second flow systems 114 and 124 can also be configured to provide a forward
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bel ow. The fixed unit 110 can further include a
processi ng conponent 118 (shown schematically) to inpart
a property to the processing fluid flow ng through the
fixed unit 110. For exanple, the processing conponent 118
can bean electric field shaping el enent that shapes the
electric field in the processing site 109, a filter, a
nmenbrane, a nozzle, or another type of. fluid dispenser.
The processing conponent 118 can al so be any conbi nation

i v stiom IAtEpeolhe RIPHSRSHS ROTASHENG 144N 18 R flow system, the

proc a’§ , ’
- sc?g?ed |Ingcf{jitpﬂé%§28 tfllé?gcf@gﬁhgb%ofnpbﬁ@nﬁ;?ﬁllg fhéHéta’ah@bte unit 120

09/ 8b&fgg the nwwnaﬂeu’ Iepches @ﬁem@@e%mte 1@ 3The first and second
det aphgid Iﬁtfggﬁ, tan'4iSo Ve, %J?@Pl‘fr%ﬁst@ provi 153&%&%%@%0@ past the processing

“cont al ne secon ow syst
sche nampoaemtw.?ﬁ: oht & gevarde tllowdeandiguratine, meopressssn@ fldid padses the

t ; fi f Lt i _

uni ¢ BREsinlBhe ek 2, RHSH IR, BlERESE dRid i passRA through the
schepridessihgsjitetiDBL i nparts a property to the processing 7
w&qﬁfl ci's t EnS BEPFRRSING,POBLRLSIGEG 1 GISPRStEh D e dpaaiae unit 120.
syst ¥he lgbc@diing eofrpoRbME msomsaenﬂ fiiteR MnehitRakd,’ 6t efdcidde. In
system 114. The first and second fl ow systerrs oper at e

t ogeBfdition, othemrewwgac%ew% 6 anoke gpsdeat ssembly having a

at t c e. i frSta @
ayst Eﬁgﬁlf{fiﬁﬁﬁé&@%ﬁe‘ga r?rry?tgeé ista Bﬁceﬁgigollgmg tg’elltlon or another

e conf u
f or weenfigupgivosuitahle fme@@tmmmm@%wntoﬁbe werigiece. Inowli other
][IG' a&h%%gﬁw%rﬁ.lf‘eth%r foResdi Qc%ﬂﬁ%ﬁﬁﬂtlzé?c%m {:ﬁ é‘cBﬂbei@JtBn of filters,
oW SYS rocess ul aSses processi
conpmesttrands? 6eleatroties, ddtedadhublnartﬁmns hetWeehefeIBcérodhs that define

Pl PeoRdi Eletital SBriaReldis ML REIS it Budll: o PSies, paddie
o P, ?i?ﬁf?‘?’?pﬂv“q"ﬂﬁt“sﬁ?gf e o102 DI Mopieces.  The
tro: fofefung ‘Gisonand 128 s il cobsuPaBiEs Eompgnent (e.g., a

pr OC&ﬁ%uﬁﬁbfé \elsttidde), Pa Sedfpdrivn® UBst b&séctsobaﬁm@t@gnéuéreor other
109. 10038%J The processi n% conmponent 126 is disposed in
t he Wdesirablg) eonplityentsan t ?rﬁoﬁ?mﬂ’ﬁ’g L G fyg’ace of the

can R&riiekk (b g f HEROBf ﬁ%ﬁbré’i’ieszl &Cétﬁeldt‘fo poherdé fhidt fali or need
t he processi ng conponent 126 be an ect rode assenbl 3/
havitagbe cleaned. The processing component 126 in the detachable unit 120 is
accordingly subject to regular maintenance or replacement to maintain the
performance of the processing chamber 100 within predetermined specifications.
Such processing components can accordingly be quickly replaced with new or
refurbished components by simply replacing one detachable unit 120'with a
replacement detachable unit without having to move the head 104, the lift-rotate
unit 108, or the fixed unit 110.

[0039) The vessel 102 also includes a seal 130 to prevent leaking between the
fixed unit 110 and the detachable unit 120. The seal is typically positioned
between the fixed unit 110 and the detachabie unit 120. The seal 130 can inciude
at least one orifice to allow the processing fluid to flow between the first flow

[29195-8244WO0000/SL04 1490.273) 1. 6/3/04



plurality of electrodes arranged in. a concentric
configuration or another configuration suitable for

el ectroplating materials onto the workpiece. In stil

ot her enbodi nent's, .t he processi ng conponent 126 can be a
conbi nati on of filters menbr anes, el ectrodes,

dielectric partitions betmeen eIeCtrodes t hat define

i ndividual electrode conpartnents, spray bars with a
plurality of nozzles, paddle platers, or other

conpon nts ed--to ces crofeature eces
 oP SRR 1A st eSSt 11006Rd: e SSeali AR stem 134 in the
corrpae%hasle Gnit 120. CRNA4MDEMAbSdIRERID AR seail q@,ﬁp@nﬁrgasket with a
that collects particulate matter or other undesirab

cons Pette@rforifises talipvw Seiddp fiow between dhe fitit @pd aels@nd flow systems
f
surf 34s fig 198 T‘{‘@réﬁﬁﬁ% &Bg?sal fid Npﬁégg\éq ?gﬁglgsg[bggmedpber that

or other corrponent S at nm
,The preveatss ﬂnqqdcfmmolmktnglbetweert e dariaus dldve ananbels20f the flow

ol SEERES, "k 36RL I3R e L TR R frilectric. material that
pr oce]tte:a:f:d:tgu)g %rﬂm diffefentifiuid flows ag ehsy fiow @Sétv(\;?;n the first and second
D oINSl 1 4, P00 1 oS hiatid Rogtenmla do e Sl 13pynguge VITON®

CONMPER8ad el Vo3P | lose8PEEr sHiBor "GlasBhiths) a?é 2méPd truil>89r and other
with a replacenent detachable unit wt hou aving t

noveMatgfiglead 104, the lift-rotate wunit 108, or the
[oédoi(ed uni fhel J&ssel W?l%o?ﬁ@ud{s’séﬁ btt&&ﬁn@rh%f%séﬁly ?Tgachmg the
eal unit 1

130 to prevent [eaki et ween the I Xxe
and delachiahle it 1920 tathe fixexDunitrhtd.sEhe aftechipentoagsembly 140 can be a

IOOSI &ﬂig%?éiﬁﬁh\“ﬁegg%%sf é)&ﬁgmpnégfé alélpraffiggsf arflpd 5, ?f"?uf’des the

e seal can 1 ncfu one
. t o adetamhathe upitd@8de iandeditedi afientationovithoreispeetrtotthe fiked sihit 110 and

114 $OECPFIE Hedee De, AP BOTT00 At 123 6 abs her il 290; Lt Fyachment
in lthsssenﬁﬂy aﬂmaghﬁetthmi/t\:db??]g’lﬁedltﬁt fmw modlmggs:ttughgr which the
T o detaghabie i aTak s, Seeured, o AP fied it A0 1arh A SSpBpOsion in
114 @Arh mélde%ﬁaasajnnh&@ cdin E@féﬁ%ve'd&rdrﬁ I@héﬂ*éd/uﬁt 110. In several

conpr essi bl e nenber prevents |43U| d from | eaki ng
bet m@ahoefﬁ@%rasdbe aﬂa&mn@naﬁﬁeqrgbw H@ov%toomssmt%nd position

The f&etﬁ}a fitst it nakrféaﬁscrre@@lg a;sg.er by ﬁ#(fuﬁﬁéé tre aeséﬂdb?é unit 120

t hat ectrlca 'y 1sola 1d flows as
f | oviowardthe-fixedaunit 119 TEhig matiopreempresses the seal 130 and pos;tlons the

detachable unit 120 at a desired location with respect to the fixed unit 110. The
attachment assembly 140 can be a clamp ring, a plurality of latches, a plurality of
bolts, or other types of fasteners. '

{0041} Figure 3 schematically illustrates the operation of the wet chemical
precessing chamber 100 for repairing or maintaining processing components in
the detachable unit. Like reference numbers refer to like components in Figures 2
and 3. A first detachable unit 120a is removed from the fixed unit 110 after the
flow system 124a and/or the processing component 126a in the first detachable
unit 120a no longer meet specifications. The seal 130 may also be removed, but
this is optional. A second detachable unit 120b is then installed by aligning it with
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flow systens 114 and 124. Suitable materials for the sea
130 include VITON(r) closed cell foans, closed cel
silicon, elastoners, polyners, rubber and ot her
~materials. [0040] The vessel 102 al so includes an
attachnment assenbly 140 for attaching the detachable
unit 120 to the fixed unit 110. The attachnent assenbly
140 can be a quick-release unit, such as a clanp or a
plurality of clanps, that guides the detachable unit 120
to a desired orientation with respect to the fixed unit
110 haifixecbonit 41 ard esgagiag dee attaghmentassembly 146 withe the second

f 1Q.. t 0 -
Long Hatiphbeb i, 7382 106 "Bk ASREHNY JHACLA cBF, pctuce @ fow
det asyabine 124b tarik? Q:mcessagﬁcmﬁpbgenth e‘thGbx teat uamet néwOoridve been
a secC oS, t1| I he et e unit can ., .
e Estahihed! 5o Pk the Pocadsing g hBeT, 00 o et e “Secifications
enbogiqifet Jor procéSinginicicleariré wasigsaddsy 140 moves from '

the second position to the fIrSt&ROSItIOH

10042] ac hrenPngelvaplage pf e progessing chambse Had r"ystmesi in figures 2 and
t OWangg d;srﬁ&s*némé in ﬁéﬁd of hegaif Bl 'nfﬁ?ntﬁﬁéﬁtreeéﬁﬁetdtﬁckly replaced

positions t det achab unit 120
desi with n@aaor agafurbished exppapanents twithout »ahytting; downo therprocessing

2t aphamBle 356 (F;Sr % #,}ﬁ%aﬁ??,eﬁ{ﬁg f HRdIP grL§HetP§hé%|H it 120 can be

of |at
f ast qmekly remoed)‘roﬁl glerfe(eﬂ muhémtartﬂaﬂhbp a atelpla;:em%detachable unit

¢ epartd i B haBeTin Gty yfater & S BT BIARE TR ortiart) roduces

det aﬂfea:hﬁvmtm for fepkiding déﬂtf@ﬂes on ot rFocessing ¢omporiedts compared

t F 3., Afirst habl e TR
D Oia SovERliona) syl fat RV thé,cpmpateis 16 BE apsirad lpipitu on the

SyStﬁﬁIéﬁl@ﬁuﬁé%@énﬁrﬁ%hﬁﬁﬁéﬁﬁﬁb@%rﬁmﬂﬁﬁ&hel%ﬂ in the
first detachable wunit 120a no | onger

[0043kci f i caAnDRer adyrntagepf Q@opwaysws; &ha@b% 40 dsythat the processing
thi S%(?rﬁ pSYRirite '1%‘ in &é@ﬁgﬁ%ﬁ?@hﬁﬁ@ 2Db @aH BelrepldBéd front Bedtation that

~installed by ning it wt
[ 291@9@2&4%@@33&:3@9&&#@0@%]106 1As g reaully there isinpcpeed to move

el o BT SHALD, henaid 364G e RSB k081 Bpace wor
uni t pro2édsing rcommpinedts. a Thisfurtbgs reduckstheadawplime cfosi mgintaining

C O RRE S 5o i B InR ol B o R 158 ot neeo
spectof be agpositioned with respect to the fixed unit 110. Moreover, a workpiece
transport system that delivers the workpieces to the head 104 and retrieves the
workpieces from the head 104 does not need to be recalibrated to the processing
chamber 100 because the position between the head 104 and such a workpiece
transport system is not changed. The significant reduction in downtime for
replacing processing components provided by the processing chamber 100 is
expected to significantly increase the productivity of the wet chemical processing

. tool compared to existing tools.

[0044] Figure 4A is a cross-sectional view illustrating an embodiment of the vessel
102 in accordance with the invention. In this embodiment, the fixed unit 110 can
further include a plurality of hangers 180 arranged at a common radius with
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required for processing mcrofeature workpi eces. (0042]
One advant age of the processing chanber 100 illustrated
in Figures 2 and 3 is that conmponents in need of repair
or mai ntenance can be quickly replaced wth new or
refurbi shed conponents w thout shutting down the
processing chanber 100 for a significant period of tine.
One detachable unit 120 can be quickly renoved fromthe
fixed unit 110, and then a repl acenent detachable unit

120 Gagpdt to BSdetterathed oF hBlfiked UK 1R) oPin dndth¥t PatBthESThe hangers

. Thi s si gnlflcantly reduces the downtinme for repairing

el ectt88dean mt@erﬁmutﬂe&é&&tﬁwo&dﬁﬁm@aﬁmwmemw t Eor example,
fgg\éqﬁée ﬁ@@hmﬁﬁ?%@@p%@aﬂd E?H'Hee t&fﬁ Igﬁf%t ra'd%llp outwardly to

c hanteentact tHeehargeny ¢ 80 fandmesthan tmmmmea}azm@nrmmn position. The
adva f [Locessi ng hanb 0

oo dtad St L1 FurRieR FERd "% BepRRS [mide suBets' Tha & beseing ring 184
can labovetHeberbiéd @sluﬁfﬁééﬂstm dritea seaISsmeVbBS The guide surface
acces i.bl e under t k 106. As aresult, there is no

need 183 GABRe ap ?PH%'P" § 98 QR SEHRS °f1§f@uat9rf@9'i%%ms nslined, upwardly
t he Mttﬁ’\tmér’ébﬁhﬁ réﬂlbé 1—'93 bbgnﬁéfﬁhg’qa\&ﬁﬁ‘bepé ﬂfé@a‘]sﬁnﬂ%avmg a bearing

nponents Thi's further redidces the downti ne
mai nSHIface iclipgd upwaidhywith decieasing rBdissusthe h@arirmr@ngmm can also

nd Iypf
o el R o g OnaP Kkt e RRCHH A of e
transb@sms $¥3tem that delivers the workpieces to the head

S8 noca The REMERBI P EYTRERGS LD REfl AAuer Sinace 102

100 badanamppehsunface 194 nTbetomrsutfhee neadnzu&ne apﬁersswface 194 can

ST onPP  Bined, BRRBRNG 1T ittenddonln FH 4ppelysutace 194, more

pr oc spedifitgllg osarolpe Hchingd v ar! Gdglbytotrhﬂeﬁlvlﬂf)ﬁﬁsgmﬂb SldSRET83 of the
I NCrease-

é?gdﬁm it 3%de dé@gwe&éfﬁ?@y Pe'aé%hefgnclyema seal surface 195

conpasiifiguied B¢ rethinNBielseal 930 SRt Athdringly $9¢ ahd @Bb and a bottom
cross-sectional view illustrating an embodi ment of the _

vess@yrfacedt97. n accordance with the invention. In this

IOtgFEOd' MeNfhe EQCﬁthéﬁ’(d n'ibh?]!QOC uchfcfehSrf st Gl 992 %on{' qured to

rality of angers ange a common radi us
f 29 19 Ahedase0s Sacel 192) ofzﬂ&zdetaehame 3mit41 20cand atsecond rim 174

%ﬁgt ffahfé% t8fenth8eftf.\é(Sgaer§i éurf]az‘.g o?ihé Ee?rﬂ%tﬁhegr t?f‘t"'ﬁ { Bttachment
assembly 140 can lnclude a latch (not shown) or lever that moves the ring radially
inwardly and locks the ring into a fixed position.

[0047] Figure 4B illustrates the vessel 102 after the detachable unit 120 has been
attached to the fixed unit 110. In operation, the attachment assembly 140 moves
radially inwardly so that the first rim 172 engages the lower surface 192 of the
detachable unit 120 and the second rim 174 engages the bearing surface of the
-bearing ring 184. The radially inward motion of the first rim 172 along the lower
surface 192 lifts the detachable unit 120 upwardly toward the fixed unit 110. As
the detachable unit 120 moves upwardly, the upper surface 194 engages the
guide surface 183 to position the detachable unit 120 at a desired position with
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180 can include shoulders 182 to hold the attachnent
assenbly. For exanple, the attachnent assenbly 140 can
be a ring that springs radially outwardly to contact the
hangers 180 and rest on the shoul ders 182 in an open
position. The fixed unit 110 further includes a bevel ed
gui de surface 183, a bearing ring 18.4 above the bevel ed
gui de surface 183, and a seal surface 185. The guide
surface 183 can be an annul ar surface or a series of

dl '
o deSPeRf 8T Prad Gl 0, SERE SHedn B 274,07 168 SkAdment assembly
begr 140 moeves muynmwamgdaigzg\@gﬂ ||nall:|IM%d bugaﬁrga ggﬁife[lgergno g 1 nng 184 to
raal u ren S
at e CIATR H}%%ﬁa?aﬁgqﬁw?%wh%ﬁ%ﬁae‘?c%&% aRd 198t o jexer fnot shown)
t he . opltAé attacHrment éé%@lﬂ'%ér ﬂ'lfcé’t?b@‘?ﬁ@\@dgﬁ 5? c;;?egl Oﬁ&ﬂlon to a closed

include a rim 190 ower surfa
uppePositien dednduce aTheon stess srutheae@aqugemnassam!m dgér for securely

S ! BRI RagRBid Bl 150 HBYREG Lk J1pD | o7 oSt g

radi us er surtace 194, "nore ifically, can be
inclined at an angb e_to rrate vvlth the gU| de surface 183

of tBe fGeneral ) _
further include a seal surface 195 conflgured to retain _
0948 seal E!ggre §i peheraatioaly kustrates anarosssectiom of anb etectrochemical

Isﬁ(r:lf 8 skﬂﬁ cha 0%§hcon¢£mg%§f lec??‘éﬁg%rﬁary hg@c[q%\ig§ and other

sur f mmmtaf tot Inedldmt dlodh addventione t fod 20aimbainiag spmnaslsmg ngchambers.

L2 HEO o Ao g o sior o

I ncl wet cheinidat ichemblers H@Wnﬁieﬂmbbdeith treftiremoy €5 Figlfes i8B. Like

radi al.l nvvardl and ks the r nto a
pos: ? %ﬁ I r%l @q@y f‘?ﬁstpr g’f%éﬂ?@"@%@s'@l 9'99295 2-5. For
af t eexatrme dﬂb@ﬂb@éﬁsmgﬁhmﬂﬁqmﬁn&nm thatwetdherhide vél%él 102 and
fixe tg L‘_}rgg éﬁ erat| on the attachnment assenbly 14
move di1 (§h'?‘ﬁ'\?\/§ hgmatica! lYhat the first rim 172

[0039]9 ages tAehik @odkHEMAER Jrddesding Bﬁgp&%rﬁ%%@f%é‘@hémﬂ%ﬁi 00a is

and the second rim 174 eng afqes t he aring surface
beardglectriegfiald shaping elameat py fi eMapmaamqmimfsmm schematically)

M1 M h4PsHRRGhe P%c{r%"?%rld lnslﬁéfp?G éﬁ@m ¢ f@&ﬂ%ﬁeﬁ %ﬁgﬁ% Element

unit 120 upwardly toward t
det sasnal 8 ahath digle@tricoinsert thatmodtrols the eumeptdenssityfia tee pextessing

engaﬁqugherhe field shaping element can also be a dynamic member that moves o
alter or otherwise control the electrical field at the processing site 109 during a
plating cycle. The processing oomponent'ﬂa in this embodiment can also be a

filter, membrane, or any combination of these types of structures.

[0050) In the embodiment of the chamber 100a shown in Figure 5, the processing
cbmponent 126 in the detachable unit 120 includes one or more electrodes
(shown schematically) and optional processing components 150 (shown
schematically). The optional processing component 150 can be a filter and/or a
membrane. Several embodiments of electrodes, filters, and membranes are
described below. In a forward flow system, at least a portion of the processing
fluid passes the electrode in the detachable unit 120 before the processing fluid
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gui de surface 183 to position the detachable unit 120 at

a desired position with 129195-8244W00001SL041490. 2731

-14- 613104 respect to the fixed unit 110. The second rim

174 of the attachment assenbly 140 noves radially '
inwardly along the inclined surface of the bearing ring

184 to clanp the seal 130 between the seal surfaces 185

and 195. A lever (not shown) on the attachnent assenbly

140 can be noved from an open position to a cl osed : _
positi to,i nduce a. ha ress in the att nent

P seraRbhespertpecesing S 1080 ThE st and ssbhd BN SYstems can ako be
120 tcbnﬂﬁﬁreﬁitéqﬁowﬂéta felBrseBloviGin®hieh dEmdut ianportien ©f the processing
El ectroc;: em cal Deposition Vessels 10048] Figqure 5

scherfiiq Passes the glesteades atler: thes pragessing Hfiuid passed through the
el ectyrgediam 1gteposi ti on chanber 100a that enabl es

qui ck repl-aCenment of el ectrodes and other conponents to

[@0Huce t h&igwan®i Mustrates nilientverselnd0dr ofc dbei ehprabemiifPs. after the
Sever C t 1-C 05,11 i ) .
T00a StactRBEC DTt 20 Bedit phAGRAT He HEROGL 17, IRWPrhtion, the
descrdetaxthablet tinit 426 rie toaneaied ity dine §ixéd 4Bit 11i0kas destribeshabove with

~ nunbers _accqrdin ef to like.conpanents in Figures
-5 hiBréticatotnd Ehamher o.Ml WEEREBE: 1005 el udes

[{bbcﬁ vve; Ch)lh{ﬂazﬁrbfzta@‘é“tﬁmg |t?dﬂ?ﬁ§§ﬂﬂ%hﬁpbéﬁf00ﬂﬂut A strtedvin Figures 5 and
sche ica : n is e i ment, e processing ..
conpe &hthats wom thﬁ“é_ nfh %(%.“‘i?‘g’ ’%Fﬁa‘%ﬁde&’ﬁhi 8ew er ore%rb'shed,
shapigng:tResevithodt shifing ddwaP th pratddbing (dhamer 100 for a significant
schematically) that shapes the electric field in the .
pr oc #65PH P dime:  Aodetachable jumity1 20, with wprs) elegtrades 130 san bg quickly
stati ' lshS fi r : :
densi o1& FETIE 88 Bk 1100and Ml Plepidcaheri de@ehabie unit 120 with
el emsew elantrodeso 180 candbednstalledt itbenlyt danatiasvefsatfew minudes. This

or o ' I ' fiel e N
or ocSunibisify FAlEES' whohiie for fsaldnd) GpBirodgtEor other processing
pr oc essppgents cpopaned thldnventidnat systbmdithatrequisnthel coantonents to be
filter, .menbrane, or .any. conbi nation.of these.types of
st r ulGHAITED R &, the 180) or BaHice Bie. fots chaibel fo R JBmpiyed from the
showmygin Figure 5, the processing conponent 126 in the '
det achabl it 120 .includes one or re.el ectrodes - .
OFShoun ScRBARE! BAVATIFS, ) Ui PIRFRARNG KBEELEr {508 Hhehiia glectrodes
150 pRdeMItherCPREBESIAG doiponEhfs 950 IIQNAE dHtASRbY dits 120 can be
conponent 150 can be a filter and/or_a _
replaced from a location that is easily accessibie under the de_ck 106. As a result,
there is no need to move either the fixed unit 110, the head 104, or the lift-rotate
unit 108 to replace wom processing components. This further reduces the
downtime for maintaining processing components because the head 104 and lift-

rotate unit 108 do not need to be repositioned with respect to the fixed unit 110.

C. Embodiments of Multiple Electrode Electrochemical Deposition Vessels

{0054] Figures 7-9 illustrate aspects of embodiments of vessels having multiple
electrodes for electrochemical deposition of materials. Many aspects of these
embodiments are described in the context of having four independently operable
electrodes in the detachable unit. Each electrode can be controlled independent
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menbr ane. Several enbodi ments of electrodes, filters, and
menbranes are described below. In a forward flow system

at | east a portion of the processing fluid passes the

el ectrode in the detachable unit 120 before the

processing fluid 129195-8244W0000/ SL041490. 273] - 15-

613104 reaches the processing site 109. The first and

second fl ow systens can also be configured to prOV|de a
reverse flowin which at |east a portion of the :

pr OC%?'Sthé‘gotP%J g de‘éﬁrﬂé‘éss Stich 'e%‘&ﬁrélgﬁr&fet %Enteg@‘r}erate a? individua

processi ng assed rou h proc
109. chigeatl iefsityuthet @anldemam abestahher\msetharmZdyriamlbaliy during a

cha 100 r.the deta habl e un|

o BRind B eyl o e 10 SHeteti e k{3 376 Bet fortn in U.s.
det aPatdnt applicatiohdos. ﬁgmw mlﬂﬂﬁ 391@ aht> 097866463, 1elllQafélrﬁhlch are
deSCF‘I bed above with reference to e chanber 100 s

i n FPERT: NAsTPeratesohy Gf@r%anﬁg@@oﬁuw ﬁewﬁrlgﬁ:@ggreﬁ@ted that other
champibodfRents lof Wl it blchrbSé' Irv§§$e'“is @Bﬁ’ ha@e'a’?zytéb?ﬁblﬁ‘étf&n of two

el ectrodes can be quic %r/#l | aced new or
r ef uPhingreglectipges wﬁvéba efienention dg mtrllgm@dvtn hawmiag four electrodes.

oECess! nagahavter, J00. LakidhaP VRN 1. SFllng 255588 Ao by a fixed

et acha e uni wom el ectr.o
qui chkbiy 402 eopfiroted tobe fikedly iattachachtor a diéck (ret showeharad a2 detachable

o' BEFARE relBR b ATl fo 16 Budh bfte 4B2.) SRYSEY BEEEHs A lhe vessel
s: g 2??0()) d“”‘ms'”f Iagt&ﬂ gbﬁse} gtc 2? cloniberme0dan Er?tdemas nike ?‘eferen;e numbers
conviaig I dikeameonshindn  Fiolths: S harte daiadibl i, d04 can be

I epajelfsably Stdched o tefitaPlniP#02 Qﬂwgrtﬁe tdﬁ@cﬁmbhf éssembly 140 and
chanber to be renoved fromthe_ tool %QOS Anot h
adv a'f'ﬁ"'é&fés 6ﬁ0t4$ed?ﬁ%'9§§ sﬁl%"(}fec hﬂ?ﬁbgptafb leunit, 494 Fﬁ@ aCCOfd'"Q'Y be

el ecidnflRy from ‘EHé’f)%éH ot 4@2 ws %ﬁbﬂ g,eﬁem%@ ﬂﬁﬁtés deribBd bBBve with

det achabl e unit can froma location
t hat reﬁae@d@tmq/e@b@@mrm a.hqwma lg%@stfe%ﬂd 606. As a

{odﬁlsu' the ﬁﬂgﬁfedoinﬁ‘hoﬁeﬁﬂlu'd%? ”&P\éﬁ &iid 186 l’j%&)g% ‘é?étbr.n 414 to

t-r 0 ate
r epl diteet thenfiqw otprosessing fluig dhrengls Ihérchassfsﬂﬂh erhe favisysiem 414 is

L e QrBCHaTR S boBBiot A AL RGO S BEAEH Boovp, e ow
to beysterndsd canbech ségarateaspeminent attéchetits ¢t ohagsisl41D, or the flow
system 414 can be a combination of (a) fluid passageways formed in the chassis
410 and (b) separate components attached to the chassis 410. In this
embodiment, the flow system 414 includes an inlet 415 that receives a flow of
processing fluid from the detachable unit 404, a first flow guide 416 having a
plurality of slots 417, and an antechamber 418. The slots 417 in the first flow
guide 416 distribute the flow radially to the antechamber 418.

[0057] " The flow system 414 further includes a second flow guide 420 that receives
the flow from the antechamber 418. The second flow guide 420 can include a
sidewall 421 having a plurality of openings 422 and a flow projector 424 having a
plurality of apertures 425. The openings 422 can be horizontal slots arranged
radially around the sidewall 421 to provide a pldrality of flow components
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C. Enbodi nments of Multiple Electrode El ectrochem ca
Deposition Vessels [0054] Figures 7-9 illustrate aspects
of enbodi nents of vessels having multiple el ectrodes for
el ectrochem cal deposition of materials. Many aspects of
these enbodiments are described in the context of having
four independently operable electrodes in the detachable
unit. Each el ectrode can be controll ed i ndependent

[ 29195- 8244W)000Q SLO41490. 273J -16- 613104 of the other

o oHF P UL ISP i AL R IOAC, Ty Bporyres 25 1

- can tHeaige fpdr)jeﬂo’i canl by allpllﬁi'aﬂlglr of elphgétbd $laty or ethdsogenbigs that are
TG IO T e RO

0918ﬁ&v“&?rmﬁ*ént§?rdhﬁ"tﬁ@ é’ﬁ@unq@eﬂﬁﬂ Nand) GEAIRSUtStRE #ow through the
reference. Additionally, preci at ed t hat

- ot heaperaifg%&zﬁe Hevalt ée améemateﬂ |ﬂpﬂtéh% PE@B'F'G%! é22 @slgéhg apariures 425
- havecany, GQ'EM@F bfRfer éﬁ{t &Wﬁ :%ho f%?'ef‘é‘éur 2 ectrod alsditurd8425 can

the Irnvention not VI n es.
- [ 005piojerit due Bow radially mdlysmtmub baingvcmted bpwsrditarrthe apertures

i xety oot pARDI Jpuarifcas & Bl el han dhE Shals e i Figure 7.
uni t TH® Aapeetirsssedr xacmmmgtyabhm an mblma‘ub??n'drgl:\g:fgdﬂm%%“, and in

o HVer AHEETe AROIRANS: G- aReTEEs, AR Pe haBtad iaely &t an angle

ref eéfé&ﬁ)rb,t,h@té;pgpgsents in Figures 5-9. The detachabl e
unit 4 can rel easably attached to the fixed unit

00882 usi ngl enBxagt vnit AR fanAse mgludera felgshaning lised 4rffos shaping
~ des oehbb@éctﬁeéa\ff%id( j;snai afreefiRPlR oW lof PPdcctaimgdmae i 'tﬁw gYocessmg

be renoved from' fixed unit 402 in a short period

ti mesites Hes feldrbapandnserhA4f is pes padiculeh embedimenia tee processing
shovigyhBorfdng4185n %é‘?g {2 unﬁWl‘l?S}@?ﬁeﬁ i 20, th ihi%ogmbodtment the

inclu e a chass oW system
di r figld Ehepmgowemf 44} bee sl nsg paftition %ﬁaomﬁ‘hatﬂﬁsi i aAiSias a second

:1 ﬁg REH@?{ M%YQ/\/%G g%ﬁ%ﬁ"ﬁ scrrgegrtt) éﬂ n@ﬁ’?&&%ﬂﬁ Phhird rim

Syst&48c4 Tthecfinst i M%Mmka ﬂmhppnmmg 4444.aThedirstain 443a and the

chassi s 410 Iow stem 414 can e a_conpi nat.i.on _
o1 2 SaBnd amein ol 58 arid Grsimg A4ans 30 e BeSSRliR 2438 ana the
(b) .thpe PRt 343c GSTTROA tHiddSoFsrings 544, t Thé hﬁedl DAB 402 cahGurthér include
this enbodinent, the flow s t%m414 i ncludes an. inle

415 & pair 445 haying a im gi¢§ pver which the processing fluid can ow into a
“recovery channel 447. The third rim 443c and the weir 445 define a fourth

opening 444d. The field shaping unit 440 and the weir 445 are attached tfo the
fixed unit 402 by a plurality of bolts or screws 448, and a number of seals 449 are
positioned between the fixed unit 402 and both the field shaping unit 440 and the
weir 445, |

[0059] Figure 8 is a cross-sectional view of the vessel 400 shown in Figure 7 taken
along a different section that shows the interaction between the fixed unit 402 and
the detachable unit 404 in greater detail. Referring to Figurés 7 and 8 togethef,
the detachable unit 404 includes a container 510 that houses an electrode
assembly and a second flow system. The electrode assembly is one particular
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processing fluid fromthe detachable unit 404, a first
flow guide 416 having a plurality of slots 417, and an
ant echanber 418. The slots 417 in the first flow guide
416 distribute the flowradially to the antechanber 418.
10057] The flow system 414 further includes a second flow
gui de 420 that receives the flow fromthe antechanber
418. The second fl ow guide 420 can include a sidewall
421 having a plurality of openings 422 and a flow

o ) BB 1 BBerBh bR tnP 1A BBELIERAZS, B e socon

ar oufiowt Qﬁtandwé\/ghb24ﬁnﬁcggg Bnmb%cgm:gto mfugml isegonaf ﬂdmwystem 124
91

o o) BEtaTEIaava) 116 FRARRS ST R0 FHBaFARl,Afipg ARk & the chassis

424. 4T@easaﬁééérlﬂeﬁsaﬂ@@ i Nn thie thﬁ&rﬁémL aRé Wontimerd81@ includes a

pluralit d slots or other openings that are

i ncl phéaj)(nngapgs ahwaliseam Zthay defing acpiyralityf qompgrtments 513. The
ro g{ewl I

|tO heJ gpeﬁcnélﬁsﬁgl ngﬁr edpfglgta ?Sﬂ]gn{’ langésfﬁppaﬁﬁﬁé&méh&rsw but in

aper olhee smbdiments the ¢cortainappteaninstuderany rtum%asmﬁ n‘pn@grtments to

422
£2. kel 8 BB o Tl B 8 AR dotine a pr
proj eigél séd:mdfﬂors]msyaemahrbugh mlmfd4 ; . pmcessimg)ﬂm? lcan figwc ant ed t
,aOF the ertur,es n cante a.
88807 ot ;15 speone v SRS of 6. FiSRePebiS Ay os MURIGER tan et 515
?per ihgt ggowm tnécfmﬂiortgéynibaws ap thenfixdcnaniit 402 and g:nrtgptlet 516 that
rom ver ecliTlC nts th
aper fOGRYES é%?'Hlép B o M@@Pyﬂwng‘ﬂgiﬂ  Iag specific embodiment
appr %vmamhgué @5}19 ROWa§ste 814 incer ﬂ*eutunﬁomchaﬂh@& inBludes a first

include a field shap |ng insert 440 for sh
e

ol cothanndl 5PPe) bahwpon e AeRhaTIREr 415 AR.G JFh FURBRdMAGt 513, @
flui é’ec%hatd?.ann@mmémﬁ%ﬁ J&eermias?ﬁ.hﬁla«m%almseédaﬁeédmpanmem

440 1s one par e processin _
conp@tizne thisl ichanhel 520edbeatweeni the diidr opedingb and a third

SR, e BB Bt e aopenic st
par tarid afoulthiomparmentsd@ond rim 443b, and a third

o8 ik et i B o AP ce bt Slo bk oo

secaiit 402radd e defdchabie uitciDdd Ippthis embddidlent, ahd inteeface element

operiiy sy eeal hrang 2 gl Sfbemhas A2 Rt duldgommunication
between the channels 520a-d and the corresponding compartments 513. The
seal is a dielectric material that electrically isolates the electric fields within the
compartments 513 and the corresponding channels 520a-d. '

{0062] The vessel 400 can further include a plurality of electrodes disposed in the
detachable unit 404. In the embodiment shown in Figures 7 and 8, the vessel 400
includes a first electrode 551 in the first compartment 513, a second electrode 552
in the second compartment 513, a third electrode 553 in the third compartment
513, and a fourth électrode 554 in the fourth compartment 513. The electrodes
551-554 can be annuiar or circular conductive elements arranged concentrically

with one another. The electrodes, however, can be arcuate segments or have
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a Weir 445 having a rim 446 over which the processing
fluid can flowinto a recovery channel 447. The third
rima443c and the weir 445 define a fourth opening 444d.
The field shaping unit 440 and the weir 445 are attached
to the fixed unit 402 by a plurality of bolts or screws
448, and a nunber of seals 449 are positioned between
the fixed unit 402 and both the field shaping unit 440
and the weir 445. [0059) Figure 8 is a cross-sectiona

00 sh K
i £t ather SanE a ersroctige 1 i Rnitogkntd Sheh SlseiSyd s coupled
i xedoUdh teldd@icatbnnb&er GBDAHRE RxtondRi th tﬁe %ﬁﬁtr@r 510 of the
detail. Referring to Figures 7 and 8 toget

det adﬁ%ﬁf@b!ﬁwt"ﬂ 64 to I‘F@Pmﬁége Slechedes tea M’!ﬂftw% O.IEQ%@'eCtrOdes
an “elgaleffean %ﬁﬁrﬁi‘b\)ﬁdé‘%dc&s?ﬁﬁ u‘?re?at %g@ﬁ%@;& plHifg cycle, or the

el ectrode asse y 1S one particular
W00 Dot thrdegh 2R or mige of the elegtrodes: Hb-864man bef changed during a

Pl ow ALEERERCEEHEBha X6 nd PAfToLRF HafifBre M e TEBRER oreover,

fl owmht@mtﬂa’dé catelsavel & adigab ouerent that i different tharl the surrent of the
al so rel e:in%fgw)é attachable to the chassis 410 as
“desc™ ﬂﬂﬁé' In this enbodinent, the container 510

doél?' udes Refé?hHQ%'H%ﬁr@B the fiskr ﬁn:ﬂﬂomﬁihlesd&é&rdbk@hmt 404, and the
define a plurall

artnents 513. The speci f

t
embo&fafiedes hadtr 5¥>ﬂOPP§@F9es‘°99t£‘ﬁﬂ 9 pEavide, q %ﬂiﬁﬁ’r tﬂ%t@oﬂe of
513, pMHeskifg fRiid'8hd @EMtal B &mecﬁ?ﬁéﬁsﬁ'@ 31@1@0@ afh this particular

i ncl ude any nurrber of conpartnents to house

el ecendhpgimentdite cRIQWS,‘BlngT ﬂiéldcﬁ'r\f-p@r threwgh fb@.fﬂ"’@% 53psand 415 and
def i @‘5 séed’ fPfth@f I oW P#g%"%‘i%/ St62 hidk tEH Bi?urcates with a

pr ocessi ng can. The second tlow s
-of t pertidet ot rthel fuid rfawing 4up rtbiowgh sthen seeonet MBS guideat420 via the

Ona afiEBnbEet ¥ 4R bRk bl B0 AAF gL et he st

conpetectrode $591va ‘the chamenel (520af | The upwdidhéoid fiowhtwoughn the second

Fi gure 5 h tem 4 n e fi un

Fur e Te e o 538se Fithina o Plkstoriit g e, St opening 444a.

ant etrharnbarelééﬁadam‘maaédor&hglywﬁdémueﬁr&al ﬁetdsafe@ﬂ@bly exposed

.chanpel 520b hetween t h%gl rst é&%a secqnd

conpigt thegifpcessing site {109 eﬁ'!ﬁ? by fheyrim 443a

OpenpNthe4E parfitiont 44ba (FiguRR 2T THED eﬁﬁﬂ. macbceoﬁﬂw Bhapes th

channel 520d pﬁﬁ tween t tgegf ou?@ﬁ openlbng y P ©
field of the first electrode 551 according to the conf guratlon of the rim 443a. A
portion of the flow passes upwardly over the rim 443a, goes through the
processing site 109, and then flows over the rim 446 of the weir 445. Another
portion of the processing fluid flows downwardly through each of the channels
520b-d to the electrodes 552-554. The portion of the flow passing through the
second channel 520b passes over the second electrode 552 such that the
opening' 444b defined by the first rim 443a and the second rim 443b shapes the
electrical field of the second electrode 552. Similarly, the flow through the third
channel 520c¢ passes over the third electrode 553 and the flow through the fourth
channel 520d passes over the fourth electrode 554. The opening 444c

accordingly shapes the electrical field from the third electrode 553, and the
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and a fourth conpartnment 513. [0061] The vessel 400 al so
i ncludes an interface el enent 530 between the fixed wunit
402 and the detachable unit 404. In this enbodinent, the
interface element 530 is a seal having a plurality of
openi ngs 532 to allow fluid communi cation between the
channel s 520a-d and the correspondi ng conpartnents 513.
The seal is a dielectric material that electrically

i solates the electric fields within the conpartments 513

50 T MEEPO A IR 1o d AI8T oI5 o

di spdbeni passasithroutbt the tampartmerts 503 andrexits ahe vbesti @00tthrough the
shown_ i.n ggures 7 and 8, the vessel 400 includes a
fi rst°"@|eE ode 551 in the first conpartnent 513, a

[eoegond el gty 96w Srofle isna traeerssenvvﬂwwmai ttlra@ralec&rbaesa.am 554 are
third electrode 553 in the third conpartnment 513, and
f our tdowistteamdJpm ke, processiag 1’389 rOR sothhPubbies %p@rtlculeée matter in

- el ect |
el ect@ ??%efgﬁée@%gn@éé}ﬁt A %};m’é @fec%?]és‘ 564584 %V%d Yfvay. from

el ement one anot
el ectth@mcemwe 10%n bhe amwmtr@asegmﬁgwauon higvexpected to be

2 AR P SRR, oot SRR S 0 St 1

and IS enbodi nent, eac
couplgederatmgalmbblescand patticolaten atier tidOcarhedusexdefieds on the plated '
t he, cont,ai.ner 510 of the detachable unit 404 to

coupl gﬂ?ﬁ%o ?5’8{'?‘36%"(,93 to a power supply. The el ectrodes

[0obs} - 554 caihe easdel 400V depettaprssigrificariyredicd ihécdiﬂ\hﬁbﬁe éssomated
pl atin cIe or..the current through one or

b1 o debiocDs raUIPIE Sledbden sHEPRTIL 1D RIS SieRachemisal Papositon
accoHaMBets? Réfénﬁ}fg' id th?é BPQH %mé‘v‘é%c%déé‘SSWF&a?rCSe replaced

Moreover, each el ectrode can have a unique current that
i's dwtf‘é?%ﬁqufﬁﬁeﬁ R¥ LMl eReniig %hﬁeaﬂ@ﬁhﬁ'@?ntea%embbﬁé@ removing

006 t f {,;xpd
L205 e Bekecb i R0k Tne i WAAS40R, hodEping ¥ sopacoment
t ogedatachable mndw'weew elestrodes undeu the Gred uniy#02pa thm alesing the
flui t bt .

[ B SHGRLNS) 1f n Web BRSSO I0f el oxomay
ent epkthetixedgimitt 402, anlmtéﬂﬁommtmdmdeammmn tiveciepglopening

R W EC M RVATI YRS ke

secomhisfriotibdlyGilloas f4slér atcass tethe electrodes 551-554, but it also saves time
compared to conventional chambers because the field shaping insert 440 does
not need to be removed and then reinstalied. The electrodes 551-554, in fact, do
not need to be disassembled from the vessel while the chamber is off-line
because the replacement detachable unit can be ready to install as soon as the
detachable unit with the worn electrodes is removed. The electrochemical
déposition chambers with embodiments of the vessels 102 or 400 can accordingly
be brought back online in significantly less time than conventional chambers.

[0066] Figure 8 is a cross-sectional view of another embodiment of a vessel 400.
This embodiment is similar to the embodiment shown in Figures 7 and 8, and thus
like reference numbers refer to. like components in these figures. The
embodiment of the vesset 400 shown in Figure 9 includes an interface element
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ant echanber 418 and anot her portion of the fluid flow ng
down across the first electrode 551 via the channe
520a. The. upward fluid flow through the second flow .
gui de 420 passes through the flow projector 424 and the
first opening 444a. The first el ectrode 551 accordingly
provides an electrical field effectively exposed to the
processing site 109 through the first opening 444a
defined by the rim443a of the first partition 442a

(Fi 9818hating d RjaskreEe2e @nd44 finec690.Ji THe bamm &5\? be positioned

field of thée first el ectrode 551 accordi

conf Pgwesnitae fised uRi 402 ang4hg detachgblet yni Qﬁ arndethemaer 630 can be
passaﬁ SR thY o%@éhabibelutﬁuk&bﬁéﬁéﬁor %éeﬁxéc{‘ga‘?i’t’ﬂﬁz ﬁg liner 630 can

proces ing site OWs over
the heia meﬁtbran&)tdlreﬁlterptl'ratl entraﬂs bobblips oouesparlmyda‘té umatter in the
520b,

fl dl f th
the BorHRHNRLE A BLAROERIIAEH fRim SSRGS e prrceased S 100, In
t Ih.r ott@f%etsbeof & filtem ﬂ:er:] btecn{eelsmémm NORS mggg Itrf:él 2@%’5%30) Between the
el eClLrode S a n e

£ 1 <hret VAt 356 the lachalie Hnf A 41 ag-crRanseswith the fow for efther a
el eCferQrG' fidw ay&em‘ of Beresa@@ fﬂ@weéy%@érﬁoolﬁ the Zase'of'd ﬁ{e'ra/brane. the

the flow through the third chanrel 520c passes. over
t hi rlines| &% palebfssmpaﬁae@ble to| Bid tfiave Ryt allew m;rtquass “rom the

Chana@&%é‘sdqaééfﬁur&)ﬁ thh%nﬁ%ﬁtﬂu SfrieR( 202 to BRSide ions for

openi ng accor di shape's electrlca
f r onplating omortueesugtaceaﬂethewmrkme@e t A&e liner 630 can have a plurality of

<harecrBR SRR oA G B bpaienfs P dpEREHgaRaH 5200
554. Thehgadkieb 620 chr beaitached tdthedigler 680 soahp interizoe slembhit 610 can

d b 400 t hy ough th let 516. [0064
Thi <58 PRI BF R0V 25 9 Bl uni ch (he

[oostject r odaheSErhbodifhemt @f tﬁl@\wsseﬂ DO $Hown irh Engare) geﬁsexp@cted to be
t hat .bub bIe ter in

te 109 so rticulate
© b LRSIk APiicRiRgs athee bhDDIES B Bericate risiter gmiale defects. 1

car ryif hedapprecidtedthat the Iﬁfe‘?%@%h%ﬁlcﬁfuhﬁeﬂﬂﬁpatﬂ' bevbles or part:cuiate
downstream configuration is_expected particul arly

us efriptterdrong spachingthe RIPeessingisite b%%aiiae Vleﬁé%l 490eshows) @cﬂgure 9
L2, S D R0 U BB B 1 th e
[ 008&t anek anethee|pracessing Buigdstusedt in ﬂ\egdetaphalvlel ynit: edcsich an
the e%%ﬁrhgﬁt, fes@sthatdife liner 630 can be a membrane that allows ions to flow
from the compartments 513 to the channels 520a-520d, but does not allow the
processing fluids to flow between the compartments 513 and the channels 520a-
5200. | o
[0068] Figure 10 is a bottom isometric view illustrating various aspects of the
vessel 400 in accordance with additional embodiments of the invention. The
vessel 400 can further includes a first fitting 701 to coupie the inlet 515 with a
supply of processing fluid and a second fitting 702 to connect the outlet 516 with a
hoiding tank of processing fluid. In cne particular embodiment, the fitting 701 is a
female fitting and the inlet 515 is a male fitting, and the fitting 702 is a male fitting
and the outlet 516 is a female fitting. By having a female fitting 701 coupled to the
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Wi th repIaC|ng mul tiple el ectrodes conpared to existing
el ectrochem cal deposition chanbers. Referring to Figure
- 8, all of the electrodes 551-554 can be replaced wth
new el ectrodes by sinply opening the attachnment assenbly
140, renoving the detachable unit 404 fromthe fixed
unit 402, positioning a replacenent detachable unit wth
new el ectrodes under-the fixed unit 402, and then cl osing
the attachnent assenbly 140. Because the detachable unit

40 By SAGENRP R SHORLAR ron IR R ol 5 g Mpsapaing i
IOL f: %I?Vpieyn%agum% BQ%oh@ect@ditthhbhﬂleEBﬁE anome;pﬁﬁésﬁﬁgfﬂaiﬂ exit line

nb Thi f
acceea ey ﬂ?é@"@ﬁﬁaep&gé e S’S'i'egghé] OB-U ‘F‘{"fg m“@a%@ﬁﬂ% ensures
¢ O”%?ﬁletdét%ﬁ%ﬁm isGRAAIRSY ﬁroPa.qy: ause the field

shaping 1 nsert 440 does not need to be rennved and t he

[0068) nst al |Iﬁguremeal§m é&str@@ééhsgﬁasmenﬁ Fssembly 148 in fusther detail. In
nee 0 l; t
o S PR RAE IR MBS TG inchlidtp i FRGYU and o

' be rIehxhyTﬁOdhatmows the<clarop mngbeMﬁen alfirshphaitive having afirstdiameter

1 AP B o555 oS i Fhn T HeROPIE T gt Ao

or 4@ igteh 7a0aaovEsIhe)clarhp ringdrghtthd ficst positiondoithe second position,

i bt ob e b S G gt ot 404t

ean%rr&g@ uBft 492vessel 400. This enbodinent is simlar
to the enbodi ment shown in Fig

: 7
RPke 1 of GraTEd hiisbatas aatasr STEbOTMPET Gl ¥R ah AT dange vith the

fig h tIRRLof Higurb & 148 Sthil20 thbsw\Beddiibed above with
Fi gﬁbgégoﬁngﬁevgg%%ﬂgﬁtoerflage el ement [28195-8244W

ooooesmmquresrw 0. Jfihe wasseb20% shownin Filguse 41 de@ fyed unit 810,

on kol S SRR 3P 38 D Lo oy o 0

and aritean inierfacé3@lement B40 betwarrsibe fixediund & aeth i féetaﬁhable unit
o P o el ptPasa Vi b d oo tnd  wftef 00 i ha

Mat tiae veBsdl B8O e avhiplaries itéfaceelement Bd0tdnehthervessel 400 has a

mgratlngtothe ing site 109. In the case of a
fil tRigneripte ﬁF%E'@gﬁ'\iggﬁ uid flows through the liner 630

between the fixed unit 402.and the detachable unit 404
i n aocor ¢antseiimehis dffCarfiagey FarminstalineRemoving Retaghablewnit

systemor a reverse flow system In the case of a
Iudrﬁrrbr ane Tht-':hawambers described above can further include camages under the

chambers to install and remove the detachable units. Several embodiments of
carriages are described below in the context of the detachable unit 404 shown in
Figures 7-10, but it will be appreciated that the carriages can work with any

detachable units of the invention.
[0072) Figure 12A is a top isometric view of a carriage 900 for mstallmg and.

removing the detachable unit 404 (Figure 7). The carriage 900 can include a
bracket 910 that mounts to the underside of the deck 106 (Figure 2) of the tool.
The carriage 900 can further include guide rails 912 and an end stop 914. The
guide rails 912 receive the slide channels 196a and 196b (Figures 4A-B, 5, 6, 8

{29195-8244WO00000/5L.041490.273] -23- 6/3/04



i ner 630 can be inperneable to fluid flow but allow ions
to pass fromthe electrodes 551-554 through the
correspondi ng channel s 520a-d to provide ions for
plating onto the surface of the workpiece. The |iner 630
can have a plurality of discrete sections positioned in
the conpartnents 513 and/or the channels 520a-d. The
- gasket 620 can be attached to the liner 630 so the
.interface element 610 can be installed or renoved as a

:Lg\%ﬁl ﬁﬂg%gﬂtﬁgteéﬂ &ggxp 4 C%\‘?e%?eq‘gg ?gtc?ﬂ?@gd?o ofﬂ*?esgétaé%ble unit

appl40datinaperatioa; en kumbétes shides mardetmﬂaleeunmuoéralmgeﬁteaalls 912

def ec € ted.t e liner 630
shoM"gFmﬁnf{%t@waH?p‘Q"re Ié@ e gpd ﬁ&ﬁ?ﬁ:l at Ie matter from
1oovsiachl Ng Figife HQBQ§$b61ﬁJrﬁ'l§tﬁnéﬁi8 wéW flugeamHey aé&iﬂoﬁél%beb!% of the

Figure 9 Tmy also be useful in applications where o

pr o&agiagey° quf'a"q safizgg 900 caa fﬂftg%rd'"cmiet a’érﬂft‘ém‘é'f ﬁ%@ having a
ro I S [

o YERBloend, 4'hiof 924 Bhd |Refe SpO ThAYR nBuY tho 'SR 24. The

mentactuaton 820 canl fusther dngude & Irody 935 cannented dapthet lifiars 926 and

S bl B0 B0 ) PSR s v o

and %Bavmmjomt 9200 raigeand loiveg theclifieds 926a Tinstatha detachable

{ trati t
Voot tecAetitar 6ot 3 Fitivello 4 st PRrBRE S sholln fifipure,128. and 2
; he dtetwhf ableoﬂn|t7 Téiﬁ}senedsd?ngl?ﬁecai!sl bz, tSTInge adtnf]zitudezo ds then lifted
irst fittin o couple the in Wi
bt SPUEE (AW It SSRFORd Retshion. WhiEh coss e ifers HrBo aise the
t he gatdhabledddfit 404 o the fRddLm® 4b2n lﬂsoﬁepétﬂﬁé’téﬁ '929 rf:i#:sjupwardly,

I'n one particul ar enbodi nent, t efltt‘lamg IS
. f emihe handlei 922 passesroughe gap 930dn 2 @nfﬂaneﬁri?g“ qfithe bracket

t he dyjpt t'ﬁf@ tagtg%tdr%gﬁ ﬁ%é?d it ttltnéf' %Sc?rﬂf‘poélf?@n %Vt%ﬁfngﬁiﬂg Hehdle 922

a fenal avi ng
to texially 2hgihe shame%eoftlatdhgﬂewe%j sunrzor&lm_edmnﬂm %22

[OO'E 5 and ?’hg‘?{a 'e@dg%pﬁ&-%:ﬁ%%& the ﬁrotcggs Stiebfic @1@?9 488 chable

ocessi ng T ne can on e con
t he unitlvdth ﬁid}hem dFrrst,ethermamage BQOfdnlumsdhat theei dﬂiactmhie unit 404 is

22 L@FBEWBO”Pgr%oﬁ%@ ?xeteg %n %d et Sgclo%d gamgag e%%[: tﬂgt the inlet
515 and the outlet 516 are aligned with the supply line and exit line. Third, the
carriage makes it easy to instail and remove the detachable unit 404 because the
operator does not need to hold the detachable unit 404 against the fixed unit 402

“while simultaneously operating the attachment assembly 140. Therefore, the
carriage is expected to further reduce the time the replace one detachable unit

with another.

E.  Embodiments of Integrated Tools

[0075) Figure 13 is a top plan view showing a portion of an integrated tool 1300 in
accordance with an embodiment of the invention. In this embodiment, the
integrated tool 1300 includes a frame 1310, a dimensionally stable mounting
module 1320 mounted to the frame 1310, a plurality of wet chemical processing
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that the detachable unit 404 is installed properly,
[00691 Figure 10 also illustrates the attachnent assenbly
140 in further .detail. In this enbodi nent, the
attachnment assenbly 140 includes a clanp ring 708 and a

| atch 710 that noves the clanp ring between a first
position having a first dianeter and a second position
having a second diameter less than the first dianmeter. As
the latch 710 noves the clanp ring fromthe first

t he .di f
C anfaTeys 794030 SaauBRLL et LA, aipe tofl f2ogygen aiso
to  ibrRaki ¥ eanspott .4, eml 4830] F_ITt'@Uhﬁ)ul\lmw nlnuameat*ieso carries the

anot her enbodi ment of a vessel in accordance w

i nveprocessingsehamberst 63404 the Idrofatg nits 11589, @ng ﬁi‘ﬂ tgangagrt system
thos ggﬁé bt cﬁé’tﬂ)éﬁl gf Bs%ﬁ&%ﬁﬁﬁnbe?s% K1) téril(l)‘%OOT&lﬁ include

vesse shown 1 n has a fixed unit
det avéssblschavingtfixedunite laedsd@mc;naalet unitsaasl descbedh abevecwith reference

unit anp 830, and an interface el enent 840
bet V\Pﬁgwﬁéz_?‘@éd unit 810 and the detachable unit 820.
jo0FeE pri neFhe fakheer310csf thbdooiet300t has agplunalitysfopastsi 18he and cross-

Yﬁf :gqlrgégiqgﬁé thatvg@!éetg e Sellg%g%gﬂﬁéo%qﬁgfn%g?ﬂ%ngpe mounting

i Nt embagie $20E8t ab Mast Dparfiaino diolead switthin Over if@ges FX10.  In one
I nstal |1 ng/ Renpbvi ng Det achapl eaggbt [ 00 ‘?‘]a The ch rrber

des cembediment iBecERURING MA0UedPalds ATt S CTORRERR 1312 of the
Chanaaing 330! B k! méitingCiBNde BR004RIPRERS ettty bﬁ the floor of the

Sev embodr ments of Carriages are described bel ow in
t he fasilityoortothsr stivctuges incathen embedimentis shown in  Figures

0%}10 DUty m‘%h Q&;ﬁ#@'{‘?ﬁ?@tﬁego@@@t stabe ﬁﬁfdtur@glﬁ[%t Fifintains the

k with any units t’he I nvention
Fi guretativ@ Apdsitions thepweero thet wiet chemigab pragessing ichgenbeod 133 the lift-

1 g 8 g S8 b S 102 e 4 v

. rm u n:tnSdtlle 1320 isithebt ritsis dreuabf mbtecrigid @ind 1668 g Sigpificantdy) greatetr ts¢ructural

512 i3 G440 e I 9819 g e ve
S| 1 dgetclgREm glgdcﬂaﬁber(anam & thed AiftBotate tﬁ'ut381380 and the

(29195- 8244WDO 00/51L041490.27 23- 6/ O and 8) 3nd i
t he eanspertystem 139049 ot shargfaver 1Hag- of the mounting

det 35880k 320!is that it includes a dimensionally stable deck 1330 with positioning
elements at precise locations for positioning the processing chambers 1370 and
the lift-rotate units 1380 at known locations on the deck 1330. In one embodiment
{not shown), the transport system 1390 can be mounted directly to the deck 1330.
In other embodiments, the mounting module 1320 also has a dimensionally stable
platform 1350 and the transport system 1390 is mounted to the platform 1350.
The deck 1330 and the platform 1350 are fixedly positioned relative to each other
so that positioning elements on the deck 1330 and positioning elements on the
platform 1350 do not move relative to each other. The mounting module 1320

| accordingly provides a system in which wet chemical processing chambers 1370
and lift-rotate units 1380 can be removed and repiaced with interchangeable
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404. In operation, an operator slides the detachable unit
404 along the rails 912 wuntil the detachable unit
‘engages the end stop 914. (00731 Figure 12B is a bottom
i'sonetric viewillustrating additional aspects of the
carriage 900. The carriage 900 can further include an |
actuator 920 having a  handle 922, a shaft 924, and
lifters 926 that are noved by the shaft 924. The

~actuator 920 can further include a rod 928 connected to
the lifters 926 and p03|t|oned in a oi,nt

929.
1 ot HARRPNSNTS IRG MARReIENaLACSUERLEYI RPSH gra e qﬁﬂﬁw? cggponents at
Wi t rbrg?g?roda%ﬁgoﬁﬁ%bﬁg&krﬁg@e and lower the lifters 926.

To ins det ac unit, the actuator 920 is noved
(0078 a fir Stheptosi 130fhisaparticulanty suitable fareapplicationsdhat have demandlng

det ac I

ot RSN b AN B M ol processing
secaiianibess 11370, thehlifciotateusddts 1380, drfthe teanspearttsystes 9890, A wet
the detachable unit 404 tq e fixed unit 402, . :
act (SR JoropExsiit: ehpher 7D e B stred oo mpliabed by simoly
t hr ayg8ctingtie chathbier frRnb el ;ﬂﬁbéésiﬁ%@ec%%m‘ aﬁdleledn?Q(tﬁe chamber
910. The actuator 920 is held in e secon

o1 1 3T Wi BRGTeranpsabla, SHAMRST Aiaing FRENEIL RIS Gaifigured to
t hat; fe'i’l%c%ggl'ﬂgt ?J%lztaéHﬂ ‘Elélﬁeﬁﬁ%m@l@:cﬂébkmo (@%&efﬁ@ mounting

carri age her en ances process of repl aci ng

one rneduiehéb?-@e lsudimewlt‘bﬂﬂ“dn&ﬂb@ and (the, mavatipgr ha@g@re of the
900 | r

o dﬁ@%ﬁéﬁ?gﬁ{ ibes Gégﬁwd%hgg@ab ik éﬁteﬁﬁgedcgnrntrr?ggg gé]‘iswur1§go the
t hatcHanebers| 3470 Gab hedlntdtehangeldeDnSE'@ steck al 33fh ewithmiut Hhaving to

t he and r

e ek PRt e o, T erhEiqo38 RGP Koo e
“bec ajmntimicasstieiated wlthdepsmngmr meaiokatningh ptogessing chambers 1370 so
~detach t 404 d, . i | .

o seeciel oo reing he SeuabiTR Sl W ove svnoon

ThergdrrMantd 8pedifiédtionse Thiseagpect ef the tdolr 1308 is paticelarly useful -

the tine the replace ane detalﬁ@;ﬂe uni t Wlth@'réo her

£ Estiheded bk 1104EigHEs 2umysldresrannysgto g amber,
l°°i§8 OP' an Tﬁqungg&%paeﬁn P5YC letieves mme&wmh%dlob@mmoad module

in accordance W th an enmbodi nrent of the inventio
I n t1398 attacbed tocthe mownting medyje 4820. (Thetranspert |SM§tPUU13%9%'"°'UdeS

[ arpydid Pao %ﬁgﬁn@%%h& f’éaﬁﬁlﬁﬁ 'éﬁaﬁﬁeeﬂ;r for 180BUITREYARR 1302 is
pr oanesntad o the platform 1350. More specn" cally. the track 1392 interfaces with
positioning elements on the platform 1350 to accurately position the track 1392
relative to the chambers 1370 and the lift-rotate units 1380 attached fo the deck
1330. The robot 1394 and end-effectors 1396 can accordingly move in a fixed,
dimensionally stable reference frame established by the mounting module 1320.
The tool 1300 can further include a plurality of panels 1399 attached to the frame
1310 to enclose the mounting module 1320, the wet chemical processing
chambers 1370, the lift-rotate units 1380, and the transport system 1390 in a
cabinet. In other embodiments, the panels 1399 on one or both sides of the tool
1300 can be removed in the region above the processing deck 1330 to provide an

open tool.
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[ 29195- 8244W0000/ 5L041490. 2731 -24- 613104 chanbers
1370, and a plurality of lift-rotate units 1380, The too
1300 can also include a transport system 1390. The
nmounti ng nodul e 1320 carries the processing chanbers
1370, the lift-rotate units 1380, and the transport
system 1390. The wet chem cal processing chanbers 1370
in the tool 1300 can include vessels having fixed units
and detachabl e units as descrlbed above with reference
to Figure
has a’pl uFsa

it g Pl ?% ”‘i”@adg?@eﬁ?"ﬂéé 4* %ﬁﬁ'bﬁné Ff%ﬁééaﬁ ™ ogordance

t1 ggoﬁr{tgmg\ ?r?iﬂiﬁdmigm o?tg: Sl_ﬁvér?lgnmgse intthe ool ??gog ||Ttb|uia lembodiment,

i o ek ioBl it & b retzherel a3 ke TR GRoPR panel 1332

f | ookupérirhbSsed Briderhéath Ghe dfrétaart 1831 UrRfe firdt aRer 1 1331 can be an
enmbodi nents. 100771 The mounti niclg:a nodul e 1320 iS a ri

st abputesperaber @nd ther sacand angk T33can bean m&ermmmgersruxtaposed

bet wgs rotg“?e unpfﬂé?mgg]g' Sdgid SR P51 éﬁ&%s!zf&n also have

lift- e transport system1
One diffesent confi gwretlmﬂmnrtge cmﬁguretloxemmgwet tA.qlural;ty ‘of chamber

e RRpTacis S ik DRefhet el hSC R Yo biigs 15 an 135210

t he redeiid the weishemioas ploeessing chambemetsmr(ﬁgmal'l 3).
the |ift ni t 1380

b 137
oBRECCT T g AR Ta30 rad Suaidnoiuge Al BliS At hdshiohiit el 1334
An Olt Bg& aﬁﬁﬂ?ﬁénﬁieﬁ\bﬂtlslmttarﬁ\gegﬁﬁlElptedué’é ﬁattémtétmbss the first panel
i ncl udes a_di nensi ona sta ec
posi 183 ide apdlinmng e&m 3@3@ kR %8%57‘ rp@phmed in the first panel
: p03| 4391 Prddise %ﬁﬁ&fsséﬁw WH%TB@E&@? diméRsienlto I‘étfé:ve dowels or plns

l[ift-rotate units 1380 at known | ocations on the_d c(‘
1330that rinterface wilbdtheemet chandicalsproapssing RRamperss hafq (Figure 13).

syst Sfﬂéggﬂbﬁéuméﬁ?s ”ﬁm‘@f‘fgo@ni%hf Clelamdrits ¢ W@Sﬂeééﬁ ]§e3(bms | Buch as

ot her enbodi ne nting nodule 1320 al so has a
di neogindrieall gmsnabbmcalpmas.ftbahpmm upwardly drom Hhes fiest panel 1331 to

T a0bRaceves By HRABb Sy QoS i e e i brocebsha taidnbers 1370.

1330 posi't oned
r el aThyeddok €3300 hat heerfirsts sett bhpopmemmg ozrlemgntsl d384tlgcated at each

2 SR S L BT SRl 4 hemica

nmodupgcéseig chambers at precise locatlons on the mounting module 1320. The
deck 1330 can also include a-'second set of posmonmg elements 1334 near each
receptacle 1333. .to accurately position individual lift-rotate units 1380 at precise
locations on the mounting module 1320. The attachment elements 1335 can be
threaded holes in the first panel 1331 that receive bolts to secure the chambers
1370 and the lift-rotate units 1380 to the deck 1330.

[o082] The mounting module 1320 aiso includes exterior side -plates 1360 along
longitudinal outer edges of the deck 1330, interior side plates 1361 along
longitudinal inner edges of the deck 1330, and endplates 1362 and 1364 attached
to the ends of the deck 1330. The transport platform 1350 is attached to the
interior side plates 1361 and the end plates 1362 and 1364. The transport
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accordingly provides a systemin which wet chem ca
processi ng chanbers 1370 and lift-rotate units 1380 can -
be renoved and replaced with interchangeabl e

(29195. 8244W0000/ SL041490 .273] -25- 613104 conponents

in a manner that accurately positions the repl acenent
conponents at precise |locations on the deck 1330. [0078)
The tool 1300 is particularly suitable for applications .
that have demandi ng specifications which require B

fre ' & ' ' T
B350 Y205, Gl Y 5l B AERIRIAY posioning o
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resin. The material for the panels 1331 and 1332 should be highly rigid and
compatible with the chemicals used in the wet chemical processes. Stainless

steel is well-suited for many applications because it is strong but not affected by

L

many of the electrolytic solutions or cleaning solutions used in wet chemical
processes. In one embodiment, the panels and plates 1331, 1332, 1360, 1361,
1362 and 1364 are 0.125 to 0.375 inch thick stainless steel, and more specifically
they can be 0.250 inch thick stainless steel. The panels and plates, however, can
have different thickness in other embodiments. '

[0085] The bracing 1340 can aiso be stainless steel, fiber-reinforced composite
materials, other metal alloys, and/or solid cast materials. in one embodiment, the
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1310 to enclose the nounting nodul e 1320, the wet

chem cal processing chanbers 1370, the lift-rotate units

1380, and the transport system 1390 in a cabinet. In
“other enbodi nents, the panels 1399 on one or both sides

of the tool 1300 can be renoved in the region above the

processi ng deck 1330 to provide an open tool.
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Enbodi nents of Dinensionally Stable Munting Mdul es
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inthe first panel 1331 at precise |ocations and with
prec?'gﬁplﬁt%i‘] bns to receive dowels or pins that

er f acerpyd Hbufntiﬁ WRGALAE erB203proRiies &5 heady-aufyidimensirally stable
gure 13). ? her enbodi ments, the posi
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1331 e received by mating strilictures in the we

chenwithib qoramgeébatr@eﬂmeqwrelmranmé gystam 1350 fﬂ&’@ rgcalibrated
firs e f 2P t tgd

charfa5 VTR, gt B lceHHl brécSRe Enibr 137617 irdjotalntt 1380 i
i ndi modnted teethec deck ci830. piTbecmounting modide 1320 isr generally a rigid

;Fggtth%g?rsggaé unttb,g%ogﬁd% @Fﬁ%ﬁ Itp]%_ r?'gl tl@ee%sﬁtﬁggﬁ%en the

near p@sitidhin @l@mtmimaaﬁnm wheniitize wiy cinersical processing chambers

' ndl ‘Y 3|7d0u ?llm hfit-];otétreoLtmallttse1 3% | Faf?d %h?ést?ar?sf ﬂrs?ycs'tem 1390 are mounted to the
mounting module 1320. In several embodiments, the mounting module 1320 is
configured to maintain the relative positions between the positioning elements
1334 and 1354 to within 0.025 inch of predetermined reference positions. In other
embodiments, the mounting module is configured to maintain.the relative positions
.between the positioning elements 1334 and 1354 to within approximately 0.005 to
0.015 inch of predetermined reference positions. As such, the deck 1330 often
maintains a uniformly flat surface to within approximately 0.025 inch, and in more

specific embodiments to approximately 0.005-0.015 inch.
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| ocati ons on the nmounting nodul e 1320. The attachnent
el ements 1335 can be threaded holes in the first pane
1331 that .receive bolts to secure the chanbers 1370 and
the lift-rotate units 1380 to the deck 1330. [00821 The
nmounti'ng nodul e 1320 al so includes exterior side plates
1360 along |ongitudinal outer edges of the deck 1330,
interior side plates 1361 along |ongitudinal inner edges
of the deck 1330, and endplates 1362 and 1364 attached
~to the eng imble 85t R3Rical Bhdek SRS RY gt form 1350
is arta C - . 361 and t he end
13
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o 2 gt TS EF hoo i o iiny PRI T i ool
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pl ates, 1361. The first panel 1331 is attached to the
upper eFaergk of the braci ng 1340, and the second panel 1332

[odsg} attachee hﬁbdnhﬁ foaurer 136 dshown tlheFigum:Mﬁg ichdies Bhplurality of

deck 1330 furt I ud |
¢ hr JOSHAGP Faerabers hfm Aegorin e Prtietia. e Shenes it e gagitioning
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shown in Figure 16, the bracing 134 as - a plurali

hol eiaterl‘aag mwfwgﬁmuafﬁ alseccorfiguiegrinsnate %ﬁh@’%ﬁ?@f’iéf to precisely
The yd ﬁgﬁllﬁﬁﬂg\g ot %d?% t 8nd Rud thé Schbddbert fBTU‘ hang edesired

t he connec ese conponents. [00S4)
panedperaling lncatiom @nothet tiecki 43%0 1830tk awithy diftriatpte N"HM 380 and the

st ai nI h I
o Py 1938 ST Roni 1354 4 b o et of recily
t he machdhed dotespinathes decln 1830 nardk dbwels Naeivedi in #@ holes, and the

o2 sl HeTbun (S B pO4R bl Trdchiea ' il hcure
116 to mate with the dowels. The dowels can be pins with cylindrical, spherical,
conical or other suitable shapes to align and position the mounting fixture 116 at a
precise location relative to the deck 1330. The mounting fixture 116 can further
include a plurality of fasteners 1375 arranged to be aligned with the attachment
elements 1335 in the deck 1330. The fasteners 1375 can be bolts or other
threaded members that securely engage the attachment elements 1335 to secure
the mounting fixture 116 to the deck 1330. The mounting fixture 116 accordingly
holds the processing vessel 102/400 at a fixed, precise location on the deck.

{0080] me the foregoing, it will be appreciated that specific embodiments of the
invention have been described herein for purposes of illustration, but that various
modifications may be made without deviating from the spirit and scope of the
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rei nforced conposites can include a carbon-fiber or

Kevl arO mesh in a hardened resin. The material for the’
panel s 1331 and 1332 should be highly rigid and
conpatible with the chem cals used in the wet chem ca
processes. Stainless steel is well-suited for many
applications because it is strong but not affected by
many of the electrolytic solutions or cleaning solutions,
used in wet chemical processes. In one enbodi nent, the
paneljfvettion P! AéadrdiAg L thel iwentioh3 f0notl ibited ckobt 89 By #R6appended
are 0.125 to 0.375 1nch thick stainless steel, and nore
speci@?iB8 |y they can be 0.250 inch thick stainless
steel . The panels and pl ates, however, can have

di fferent thickness in other enbodi nents. (0085) The
bracing 1340 can al so be stainless steel, :
fiber-reinforced conposite materials, other netal

al l oys, and/or solid cast materials. In one enbodi nent,

t he (29195-8244W0000! SL041490. 273) -28- 613104 bracing
can be 0.5 to 2.0 inch wide stainless steel joists, and
nore specifically 1.0 inch wide by 2.0 inches tal
stainless steel joists. In other enbodiments-the bracing
1340 can be a honey-conb core, a |ight-weight foaned.
nmetal or other type of foam polyners, fiber glass or
other materials. (00861 The nmounti ng nodul e 1320 is
constructed by assenbling the sections of the deck 1330,
and then wel ding or otherwi se adhering the end pl ates
1362 and 1364 to the sections of the deck 1330. The
conmponents of the deck 1330 are generally secured

toget her by the throughbolts 1342 w thout welds. The
outer side plates 1360 and the interior side plates 1361
are attached to the deck 1330 and the end plates 1362
and 1364 using welds and/or fasteners. The platform 1350
is then securely attached to the end plates 1362 and .
1364, and the interior side plates 1361. (00871 The
~nmounting nodul e 1320 provi des a heavy-duty, dinensionally
" stable structure that maintains the relative positions

- between the positioning elenents 1334 on the deck 1330
~and the positioning elements 1354 on the platform 1350

W thin a range that does not require the transport system
1390 to be recalibrated each tinme a replacenent |
processi ng chanber 1370 or lift-rotate unit 1380 is
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mounted to the deck 1330. The nounting nodule 1320 is
generally a rigid structure that is sufficiently strong
to maintain the relative positions between the
positioning elenments 1334 and 1354 when the wet chem ca
processi ng chanbers 1370, the lift-rotate units 1380,
and the transport system 1390 are nounted to the

nmounti ng nodul e 1320. I n several enbodi nents, ‘the
nmounti ng nodule 1320 is configured to maintain the

rel ati ve positions between the GQigfdMS oni ng el enents 1334
and. 1354 to within 0.025 inch of predeterm ned reference
positions. In other enbodinents, the nounting nodule is
configured to maintain. the relative positions between
the positioning elenments 1334 and 1354 to within

[c@Ppr oxi mael y A.chambe forQvétldhelmiéd) ppbcadshigedmibrofedture workpieces,
reference positions. As such, the deck 1330 often

mai ntCAMPESAGuni form y flat surface to within

appr oxi ma | ' r i s .
enbodi men%?x ?%Q'Qgérg'@g%ﬁ’érﬁaﬁbgﬂgﬁoﬁﬁ'@efeﬁc{? cﬁl%ect a processing fiuid
29195- 8244W04hedighChé 8ed 2 and 20moGitind fixt(ire forifieedigattashing the

of Wet Chenical Processing Chanbers [00881 Figure 17 is
an i sometric ¢ @Q%@ﬁ%&&l"“w ,ers‘{’ﬁﬁ/\} the interface :

bet ween azvgdia | Gt 8Sde8nd TP &Y stédy Corfisliréd 8o direct th
deck 1330. The chanber 1370 can I ncl udept he procesétfmng l ©

vessel s 102 orpracessing vid de @ndian dwe the first flow system iof ghe fixed unit

fixture 116. - g fi ess

1021400 can b%%se?r;%%&é%mn;eﬁf h@?ga%gﬁc nf?ej:irg%erty to the
together. In swobessigesiuid hidr proceksing &i durfaee 1d6 @amieffeature
made from a dinensjonally stable materia such._ as. :

] Lal, ,
stainl ess st ee¥OrkpiggR Nayipg spbmicten migrefaatyres; andye
alloys, c i - j ' W
mat o a1 <2 pAGimEnt SYefich ReiBacdly Epding ind diatidble Lk § the fxed
is integral wirithwhbeeiv usattacho®n 8gstemihas arfirst positianan which the

b g Sens! Y BBl Pl P a4 bS5 oston
plurality of itigtethecdmactritiensit dav¥e detathed dronitie fixed unit.

pattern to be aligned with the positioning. elenents
1334 on the deck 1330. The positioning el enents 1334 and

A e 1 ntesfaceryerehiter of il £ fakRer E&%@h%pmeéjhéé’d gﬁéiﬁoned over
W th one another to precisely 'position e untin
fi xt theefixetiaynitamtietein the head hampeases) 8 Morkpiece hder ceofigured to hold

the workpiece at a processing site.

[c3] 3. The chamber of claim 1 wherein:
the processing component comprises an electrode in the detachable unit;
and
the chamber further comprises a head having a workpiece holder including
electrical contacts configured to hold a workpiece at the processing
site and engage a conductive fayer on the workpiece.
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operating location on the deck 1330 to work with
[ift-rotate unit 1380 and the transport system 1390. The
positioning elenments 1334 can be a set of precisely
machi ned holes in the deck 1330 and dowel s received in
the holes, and the interface nenbers 1374 can be hol es

- precisely machined in the nounting fixture 116 to mate
with the dowels. The dowel s can be pins with cylindrical,

heri cal cogjca abl.e shapes to align and
pgsn t: on the nih }’ﬂ@BF’ ?ﬁ?’g‘ ygergin aS p?eil se | olcgtl on
rel ative tige td?@cé%%lhlg sePPonditecomprisdsnan’ betibde ]ajsgeﬁﬁgl having a

further include ' lurality of fasteners 1375 arranded
to be aligned mwailtx 3] lrtﬁilepaedﬁn;lytmeealdme@rmsasaparataé from each

deck 1330. The S ; 75 b ohts her

t hr eaded rnerr‘oecr}tshfefl é\frhgée‘gﬁ‘ﬁgl 'V@ﬁgag§n$h{gga9% ngSsembly being
el ements 1335 positierad in the betaghablé uR; éﬁcKthe 116 to the

deck 1330, The mounting fixture 116 accordln hol ds

the proced® eramearSetharcompripesa head having grieikpiece holder including
| ocation on thg ﬁlﬁ%ﬁl corfté r;ﬂs eﬁrgﬁrgﬁ%fl?éﬁ%w&gkeméée\éﬁlal processing

be appreci ated that speci I'ments o
i nventi on havesitecand engage deohdueties layéoon the workpiece!
illustration, but that various nodifications nmay be nade
W t hout deviating fromthe spirit and scope of the
(4129195~ 6284\ ODKY) 1¢HaritdetO Of 2didin - BOwhéretd Othe pt8E8dsHY component
Accordingly, the. invention is not limted except as by
t he &BB@H&%“W&M@%@Q&@UEQEM WOODDQ' SLO41490. 2731
-31- 6/3/04.CLAIMS 101 1. A chanber for wet chem cal
processing of microfeature wor kpi eces, conprising: a
- [e@i xed uni 6. havihey Ghanbest of | c]wnsyttwhemﬂmfthgurpwbdsslng component
roceSS|n fluid ed unit an
 rounEPmrfs; e e ihane onidred o pniict SIS R guRRt Serss the
a Supjemibran@nber of a tool; a detachable unit having a _
second flow system configured to direct the processing
fluid to and/or fromthe first flow systemof the fixed

nit andya prgg t
S the” o oceaqeng ey of PaR Aninerdd e BREEN e AgREl tomprses
m cr afctaspirieg configured to move radlaﬂy inwardly from a first position to a second

position to clamp the detachable unit to the fixed unit.

[c8} 8. The chamber of claim 1, further comprising a seal between a first
seal surface of the fixed unit and a second seal surface of the detachabie unit.

[c9) 9. The chamber of claim 1 wherein: _
the fixed unit further comprises a beveled guide surface inclined upWardly
with increasing radius, a beveled bearing ring having a bearing
surface inclined upwardly with decreasing radius, and a first seal

surface;
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wor kpi ece havi ng subm cron m croteatures; and an

attachnment systemrel easably coupling the detachable unit

to the fixed wunit, wherein the attachment system has a

first position in which the detachable unit is secured

to the fixed unit and a second position in which the

det achabl e unit can be detached fromthe fixed unit. |ICA

2. The chanber of claim 1, further conprising a head 7
positioned over the fixed unit, wherein the head

conpr i ses aadetechaiile voit Hotthierr caroprisegLa ath havinglallowenesurface inclined

ohaim i wher o) HEWRE B hedeosion Einymn PHEs S RCE dndlped upwardy
el ectrode in t{fthdRiréssiaplaiiug)ahd a sveend BearcdiafEeer and -

further conprises a head having a workpi ece hol der

i ncl udi ng @ ssabbetween the st and seeens sepl sudagas. hol d a

wor kpi eoe at the processing site and engage a conductive

| ayer on the workpi ece. WL95- 8244WODOCUSLO41490. 2731 - 32-

43/ 04 [ cdD. 4. Théehambeibef claifm tha'emlirt vvhel(rjei n: tqurgl

processi ng conponent conprises an_ el ectrode assenbly )
having a g’ﬁﬂ BIOgEFTINg SPMPRARTIFRIBRTSES HhEelesipde dn dig Hetachable unit;
separated fronmygach other by dielectric dividers, and

the el ectrode assenbly being positioned in the

det achabl theushambandunther comptises (a)r ahbead dvgyinigs as warkpieae holder

havi ng a wor kpi . hol der. i ncl udi ng tri 0 S.

- configured to hg@gmg-R%P{gﬁﬁggg}i'tgf@ac%ﬁb@&iit%?m@i.{&?oi{wece at a
engage a condugiocyssingisite and ehgagaos kipindaetive fhver on theeworkpiece,
chanber of claim 1l wherein the processing conponent
conprises a fi#Rdbib)iasashbetwaenshaptian ohthe ﬁ’feg'i”'b?"dfﬂ'@ detachable
chanber of cl ajdp 1 wherein the processing conponent o
conprises a nenbrane configured to conduct electrical

current across the :

[c14] 11.  The chamber of claim 1 wherein:
the processing component comprises an electrode in.the detachable unit
and a filter between the electrode and a processing site; and
the chamber further comprises (a) a head having a workpiece holder
including electrical contacts configured to hold a workpiece at a
processing site and engage a conductive iayer on the workpiece,
and (b) a seal between a portion of the fixed unit and the detachable

unit.

[c12} 12. The chamber bf claim 1 wherein: _
the processing oomponeﬁt comprises an electrode in the detachable unit
and a membrane between the electrode and a processing site,
wherein the membrane is configured to conduct electrical current;
and ' ‘
the chamber further comprises (a) a head having a workpiece holder
including electrical contacts configured to .hoid a workpiece at a
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menbrane. [c71 7. The chanber of claim| wherein the

attachnment assenbly conprises a clanp ring configured to

nove radially inwardly froma first position to a second
position to clanp the detachable unit to the fixed unit.
[C81 8. The chanmber of claim 1, further conprising a sea
between a first seal surface of the fixed unit and-a

second seal surface of the detachable unit, leg] 9. The

chanber of claim1 wherein: the fixed unit further

conprises a bemebechumusde ahdr érgagel acddndedtiveplayedion thai warkpiece,

i ncreasi ng radi us Ied bear i avyi

beari ng surfa%‘lg‘bdaf’r ewﬁgrquﬁapphﬂ%d@adéﬁ&q{bdthedetachable
radi us, and a fd# st seal surface;

[ 29195. 8244V@%‘BQ SL041490. 273) -33- 6/3104 a det achabl e

unit further conprises a rimhaving a | ower surface

[cigqul]ﬂc iaggdi ﬁ€1p:,\,ané %h%ﬁ%% Eq,'-i nét\r/ﬁ‘?%ﬁ{i%q @?@é% ?&ﬁbggéture workpleces.

secodmpfigihgsur f ace; and a seal between the f| rst and
second seal "surfaces. [CIO _10. The chanber, of cla

wher ei n: 8ffikeg ot beving@ s systemAanioyred tﬁrﬁ’"@FE%PFQﬁ?ésmg fluid
in the det ach ;
conpri ses. (&) usaneifad i 31 RO BUIBt ey, gtacing te
el ectrical c onfedtunitcto f supporcutfacéof d teolwor kpi ece at a

' d d
bor kpi eced deipapls ust Edrsebut SaAed o e PR wit e Berappabie unt

unit and the dgj é‘@é@ondlﬁbvb sydtélﬁlbnﬁéureah@dtrbartherprﬁessmg fluid
claim| wherein: processi n nponent c?rrprl ses an

el ectrode in. ttbeal'déqfaftqﬁﬁﬂﬁefl'ﬁh qQw Sﬁ'i‘i@("apffth? ied Wit ween
the el ect %%ggl t?é?@e @é;ﬁﬁeeﬁglgﬂﬂaﬁd e de?é‘éiwa{ﬁf@uﬁl{‘ (/ent processing

further 1'Ses d "havi ng a workpi ece hol d
fluid from leaking between the fixed unit and the detachable unit, the

seal having an orifice through which processing fluid can flow
between the first and second flow systems; and

a processing component disposed in the fixed unit and/or the detachable
unit, wherein the processing component irhpans a property to the
processing fluid for processing a surface on a microfeature

workpiece having submicron microfeatures.

fc14) 14.  The chamber of claim 13, further comprising a head positioned over
the fixed unit, wherein the head comprises a workpiece holder configured to hoid

the workpiece at the processing site.
[c15] "~ 15.  The chamber of claim 13 wherein:

the processing component comprises an electrode in the detachable unit;

and
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including electrical contacts configured to hold.a

wor kpi ece at a processing site and engage a conductive

| ayer on the workpiece, and (b) a seal between a portion
of the fixed unit and the detachable wunit. (cl12) 12. The
chanber of claim1 wherein: the processing conponent

“conprises an electrode in the detachable unit and a

menbr ane between the el ectrode and a processing site,
wherein the menbrane is configured to conduct el ectrical
current; thercghamber furthes somprises arheadnyaving:a waskpiece belder inciuding

havi ng a wor kpj | der, | udi . ctrigal contacts .
configured to ‘ﬂ%ﬁg"ﬂ%&g% é@ﬁg&?@%%ﬁ a woﬁ(plece at fhe processing
129195- 8244%%@@@@?&@9% cohdlictviiayér Gi Bé vsrkgiess. ng

ondu

site and engage a c ctive |layer on the workpiece, and
(b) a seal between a portion of the fixed unit and the

_ [c% t achabl gg unfﬁecr{a?ﬂ@ro}élailﬁ‘@%g@‘for wet chemi cal

processi ng of mcrofeat ure wor , conprising: a
fixed unithehproicessing fdomponehb wompsisesn aro dearode dagsembly having a

~direct ipg fluid through the fjxed unit and
mount | ng |1 xt AR dgRegenl el eleEiods aepdiaied rm each

a support surfaecs of dicleflc dividisaEhablife Wibdtrddd! @R86MbY being
coupled to the fixed unit, the detachable unit having a :

second flow s\postipnedirf thgwetathableginit @ndt he processing

fluid -t s fil e A ' X .
init: o SodpbeL iRer Somplit o et R(HO LRSS incluaing
unit to preverdegiicatesntaoty cdnfigud fodrold @alorkpideetatabe processing
.the fixed unit _and.,the detachable ynit, tne seal having

an orifice thSB8§RdHRORYE BOR g@wﬁéaw @ndhe WerkRigss-

between the first and second fl ow systens; and a

processi ng conponent disposed in the fixed unit and/or

cifhe det acWabl dheughambenafeciairohd3 pwbersssithg progessiogt component

| "paéérﬁm%egraoﬁ?errw thte%e%b%ab!e unit.

[c18] 18. The chamber of claim 13 wherein the processing component

comprises a membrane in the detachable unit, and the membrane being
configured to conduct electrical current across the membrane. -

[c19) 19. The chamber of claim 13, further cbmprising an at{aéhment

assembly having a clamp ring configured to move radially inwardly from a first
position to a second position to clamp the detachable unit to the fixed unit.

fc20} , 20. The chamber of claim 13 wherein:

the processing component comprises an electrode in the detacﬁable unit
and a filter between the electrode and the processing site; and

the chamber further comprises a head having a workpiece hoider including
electrical contacts configured to hold a workpiece at the processing

site and engage a conductive layer on the workpiece.
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processing fluid for processing a surface on a

m crof eature workpi ece havi ng subm cron m crof eat ures.
'1c141 14. The chanber of claim 13, further conprising a
head positioned over the fixed unit, wherein the head
conpri ses a workpi ece holder configured to hold the

wor kpi ece at the processing site. lclsf 15. The chanber -
of claim 13 wherein: the processing conponent conpri ses

an electrde ip the detachahle unjit; . and [29195-8
lciﬂvm_OOOl%Loéllﬁﬁ‘B.c%'_@ et%?a'@lﬁwhem chanber further =
conpri sesyg B%@s&lﬁﬁ'cﬁﬁ}pﬁnw Ebthpiseshan eRictroBé il dhe Wetachable unit
el ectrical contacts configured to hold.a workpiece at the

processing siard antheshyare betwesnuthe elestrpdy @ndothe; peocessing site,

wor kpi ece. 1061, 16. e Of ' | Br .
processi ng con‘ﬂgé%m ﬁ%o@%?@%ﬁé gﬁcgﬁ@f%éé egsﬁg[e@oprfcmagl current;
having a plurghdty of independently operable electrodes
separated fromeach other by dielectric dividers,

d . .
t he el ect fhﬁj@aggg@'rfgngemnp@seﬁgsmqqdop@@pg A quqtp;ece %glder nncludjng
det achabl e uni éieﬁ%oﬁgﬁgmr%% i Eﬁlﬁ émﬁié&saﬁth@eﬁﬁcessing

havi ng a wor kpl ece ro ectric contact's
configured to sitd ahchengager emwuative lageporothesaonkpiecei te
and engage a conductive |ayer on the workpiece. [cl7] 17.
The chanber of claim 13 wherein the processing conponent

BRI i sesaa i Af eihtdghatbietodetfac Waltl ehefiical phocks8ihgl8f midmofeature
chanber of claim 13 wherein the processi ng conponent

conpMoskpiecesaBABPEMBYI n t he detachable unit, and the

T e £ AR el k" WG, 7' EYSERY Eonts an

further conpristtachment elermentstent  assenbly having a clanmp

oo kAl e et Y 8 oy mocute, e

aﬁq'e: eit g: the fiyed chBirfical f préedssifg Jﬁbentsé?a&b&brigﬁgclaaimeasunit, a
detachable unit, an attachment system and a processing site,
wherein (a) the fixed. unit has & first flow system configured to direct
a processing fluid through the ﬁxéd_ unit and a mounting fixture
having a first interface member engaged with one of the positioning
elements and a first fastener engaged with one of the attachment
elements, (b) the detachable unit has a seéond flow system
configured tb direct the processing fluid to and/or from the first flow
system of the fixed unit and a processing component that imparts a
property to the processing fluid for processing a surface on a
microfeature workpiece having submicron microfeatures, (c) the
attachment system releasably couples the detachable unit to the
fixed unit, and (d) the processing site is conﬁgured o receive the
microfeature workplece, the processing site being disposed in one of
the fixed unit or the detachable unit to contact the workpiece with a
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t he processing conponent conprises an electrode in the

detachable unit and a filter between the el ectrode and

the processing site; and the chanber further conprises a

head having a workpi ece holder including electrica

contacts configured to hold a workpl ace at the processing

site and engage a conductive |ayer on the workpiece. _

{29195- 8244W0000/ SL041490. 273] -36- 613/04 ic211 21. The

chanber of claim 13 wherein: the processing conmponent

conpri ses an elpatiionodiethenprobessited fuidaidvingithet property dmparted by the
- menbrane between the, el ectrode and the processing site,

wher ein the nemFPeEFENISOMPOREIUred t o conduct el ectrical
current, é"ﬁ%n%ﬁ&t %?ﬁtgﬁﬁgalfrféﬂttgf’th&?ﬁ%r‘ﬁﬁgsmﬁdmgaﬂr ReafisPBrting the

a wor kpl ace holder I ng ectrical Contacts
configured to harispiecawithipithtoolitandhe processing site

and engage .a conductive. |l ayer, on, t he workp] ace. .[.c22 29

A it ooy St ROmE ol st BHuE e N BBt (fingpih Yetatv positions
m crof eat ure . \WatwddrepesitioriivyTBlenseritd sush Rat thenearnsper! $ystem does

- having a plurality of positioning elenments and . N
~attachnent el emghtrgeds toehe drealibiatedpwheas then presasstg: chamber is
carried by the R ; i cal :

pr ocessi ng ch'anrgaégg%doﬂ%? g@&ﬁéﬁﬂ:ﬁ%@%ﬁﬁ&g‘ det achabl e

unit, an attachnent system and a processing site, .

wherein ( the fixed. unit_h a first flow syste .

@t [ gur el oGS of S FZ0ERR R e el TERLIE firther comprises
fi xed; HBER havig 8 rigRiits! pihel,| afigll Secomy Eﬁﬂel%uﬁbﬁrﬁbpsed under the first
i nterface nenber éngaged with one of the positionin

el enepangl doigtscbatween thefirsbang sesapdgeanehiand kolls tbrcuggethe first panel,
atta > I : he detachable unit has a ‘
seco&gg‘i@%ﬁa@?gﬁgﬁ%&@éﬁ"g&red to direct the processing
fluid to and/or fromthe first flow systemof the fixed
unit and processi co ent th i nparts a. property .
@8 t ho or 2osoiiAE P00 GRB L2 erebaha gheLTEnRaedlls Aiercomprises
a deck having a rigid first panel, a rigid second panel juxtaposed to the first panel,
and bracing between the first and second panels.

[c25) . 25, | The tool of claim 24, further comprising a head positioned over the
fixed unit, wherein the head comprises a workpiece holder configured to hold the -

workpiece at the processing site.

[c26) 26. The tool of claim 24 wherein:
the processing component comprises an electrode in the detachable unit;
and
the chamber further comprises a head having a workpiece holder including
electrical contacts configured fo hold a workpiece at the processing
site and engage a conductive layer on the workpiece.
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m cr of eat ure wor kpi ece havi ng subm cron mrcof eatures,

(c) the attachnent systemrel easably couples the

detachable unit to the fixed unit, and (d) the

processing site is configured to receive the

m cr of eat ure wor kpl ace, the processing site being

di sposed in one of the fixed unit or the detachable unit

to contact the workplace with a

t 29195. 8244W00001SL.041490. 273é - 37- 613104 por t i on

[®Ae pr ocedd: ng The deef ‘Pfa"?}"f"ﬂbz‘i‘-h “BPBE%’F‘PV“PG}?&\W%@W?%@ first seal

DI 0C534eid of HEPKEAIrit dhl 4 SRR doaPUSHHERD RS bEGCRLIE A

nnuntlng nodul e Tor transporting t piece wt
the tool; and wherein the nounting nodule is configured

to maintai re t|v bet ween posi ti oni ng

IZflenent s lil'ﬁglto l‘?gcé @gﬁ%ﬁ’ 'Byst em does not need to

be recal i @Iﬁé‘bﬁﬁe‘é&lﬁg doffboRERE 8STHpksCaRBRRArobE in &wuamabie unit;
wi t h anot her procesSing chanber. (c231 23. The tool of

cl ai m 22 where8ddt he nmounting nodul e further conprises

deck havi g a
superi npoi%d%hé‘a@ tfﬁhﬁéﬁt P@@Bﬁ%easng?f a L\?g W %hPlece holder
first and secomdiudingeblectiiedi bonthetst dunfiggredt fmehéidra;t\.vorkplece at the

panel, the joists and the second panel. 1¢241 24.
‘tool of claim ew%&mmﬂ%m@ ﬁﬁgﬁﬂé)ﬁgcmp‘@ fayer 18y the workpiece,

conprises a d t
Sﬁé‘ b@tw%éw ?Pr Hioh! ofWﬁ*eda%f %:SH the detachable

second panel JUXt ose tot pane raci ng
between the fiusit. and second panels. (c251 25. The too
of claim24, further conprising a head positioned over
the fixed unit, wherein the head conprises a workpiece

kgl der copb; guTRe!tdob ohelbiin RAsvhereinkpi ece at the
processing site. [c26i 26. The togl of claim 24

the proce¥9 AEPCESHS ﬁempoes%wg%se&nafye&qirpea dnit Wﬂe tdﬁéachable unit
det achabl e unifny ﬁgilng% %&ﬁveﬁﬁﬂ@@lbcﬂ%ﬁdé 1R tHePTBELSRTY Site; and

head havi ng a wor der 1nc
the chamber further comprises (a) a head having a workpiece holder
including electrical contacts cohﬁgured to hold a workpiece at the
processing site and ehgage a conductive layer on the workpiece,
and (b) a seal between a portion of the fixed unit and the déta_chable

unit.

{30 30. The tool of claim 24 wherein:

the processing component comprises an electrode in the detachable unit
and a membrane between the electrode and the 'processing site,
wherein the membrane is configured to conduct electrical current;
and | _

the chamber further comprises (a) a head having a workpiece hoider
including electrical contacts configured to hold a workpiece at the
processing site and engage a conductive layer on the workpiece,
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el ectrical contacts configured to hold a workpi ece at the
processing site and engage a conductive |ayer on the
wor kpi ece. [29195-8244W0000CI SL041490. 273] -38- 6f3/04
[C271 27. The tool of claim24, further conprising a sea
between a first seal surface of the fixed unit and a
second seal surface of the detachable unit. [c28] 28. The
tool of claim24 wherein: .the processing conponent
conprises an electrode in the detachable unit; and the
chanber f urt heanddbpa seddetwgena ipodipnefithe @xed vok _pd deedetachable
‘hol der including electrical contacts configured to hold
a wor kpi ece at”Fﬂe processing site and engage a
conductive | ayer on the workpiece, and (b) a sea

between a portion of the fixed unit and t he det achabl e

Tepli t . [c291-29 Anrinlegrgtad dgol clon; web ghamigadi proceseing of mlcrofeature
proc %Frl% onpri ses an electrode in the

det agﬁ Egcgg:@ fgg filter between the el ectrode and

t he pr ocessmognting mpdaladhalvimg ac;biardﬁt;roﬁpmsttbamgoejupehtses

~(a) a head havi i ece i.ngl.udl.ng e

O bctri cald PEhERETEAL B BEING Gham DR FAMSS kit IS mountipa mpsiule, the
processing si t@ve?”&aéiﬁi@éi@i%r@ce%@ﬁ@”%h#@e} aatﬁﬁpm%h@ fxed unit, a
wor kpi.ece, and (b seal betweén a portion of fixed

unit and the dee ablasxmtunleasa!plwgyplsc to the fixesh unisra seal between

Glectrode in ¢ HE PAREuRaRE e e SRk, S0 IOGRB g omponent
the el ectrode disposéd irpttte:e!emch@leldrﬂt, whaneinethe fixee unit includes a
- menbrane i s confqugure "to condu t ele trical current

and t he chambeMAURHEG BXUERIAWING A 4t ijte a‘l‘?e'é’&"?’l’f\'/'eﬂga%éd with one of
wor kpi ece hol dgfe péé?tfdn‘d‘irq( &8mBhR%rd & st faéiiehgaged with one of the

configured to hold a workpiece at the processing site
and engage a cpaositiening elemepds; on t he wor kpi ece,

a transport system carried by the mounting module for transporting the
workpiece within the tool, the transport system having a second
interface member engaged with o'ne of the positioning elements and
a second fastener engaged with one of the attachment elements;
and _

wherein the mounting module is configured to maintain relative positions
between positioning elements such that the transport system does
not need to be recalibrated when the processing chamber is

replaced with another processing chamber.

fc32] ‘ 32. The tool of claim 31 wherein the mounting module further comprises
a deck having a rigid first panel, a rigid second panel superimposed under the first
panel, joists between the first and second panel, and bolts through the first panel,

the joists and the second panel.
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[ 29195- 8244W00041SL 41490, 2731 -39- 613104 and (b) a

seal between a portion of the fixed unit and the

detachable wunit. [c31] 31. An integrated toot for wet

chem cal processing of mcrofeature workpieces,

conprising: ‘a nounting nodul e having a plurality of

positioning el ements; a wet chemnical processing chanber

carried by the nmounting nodule, the wet chemcal =
processi ng chanber conprising a fixed unit, a. detachable
f3gli t rel eddabl yhe tenliof glaim Xhwhereindhe mounting raedyle fathgs cemprises

e 5 0 A Bt o,

f i xedsrdnbracing detiwkssh the figtwnidisegohd panele. having -a first
i nterface nmenber engaged with one of the positioning
elements and a first fastener engaged wth one of the

sitioni el ; : - 'H itidmed :
B85t ng. el ST Ro0 o HAIEST RierbMTIPh Head [RfIdHed over the
-t he tfixeld unitheheredm theoheads gaemprisesaa wogkpieceehaider configereédateehold the
nmenber eniggé]ed wi th one of. the positioning elenents and '
a se PiPGe ALhEPracRSSINGP % t h one of the attachnent

el ements; and wherein the nounting nodul e is configured

to maintain relative positions between positioning
[@$lenent s Sbch Fhasoq!ngcbmﬁép*dﬁelayst em does not need to

be recalibra LA Chi ¥enkS i 4
w th anot RS PRTSEAEE ckboReRtEambiths T gl iy 4P uBERRablo unit
claim 31 whereandthe nounting nodul e further conprises a

deck having a rigid fjrst panel, rigid secon anel . "
superi npoé'@jcrdﬁfﬂg?rdfpﬁbe‘? ?9’8'?"3 a?rﬁ?a,& ﬁ%‘f'gg awy R@gﬁ ?lph:lgr including
first and secoggcprartontaéts cbAfidured 6 Pbltha Wiskpieés bt the processing
panel, the joirsts and the second panel. 129195-8244

WO00OO SL041495}tea%] engape 3 condustiva yepan thenworkpisceof
claim 31 wherein the nmounting nodul e further conprises

" [c36) 36. An electrochemical deposition chamber for depositing material onto
' micrbfeature workpieces having submicron feéiures. comprising: '
a head assembly having a workpiece hoider ¢ohﬁgured' to: position a
_ microfeature workpiece at a processing site;
a.ﬁxed unit having a first flow system to provide a processing fluid to the
processing site,
a detachable unit having a second flow system in fluid communication with
the first flow system of the fixed unit; _ _
a seal to prevent leaking of the processing fluid between t.he fixed unit and

the detachable unit; o
an attachment assembly releasably coupling the detachable unit to the

fixed unit; and
at least a first electrode in the detachabie unit and at least a first electrical
connector coupled to the first electrode.
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a deck having a rigid first panel, a rigid. second pane

j uxtaposed to the first panel, . and bracing between the
first and second panels. [c34] 34.. The tool of claim31
further conprising a head positioned over the fixed

uni t, wherein the head conprises a workpiece hol der
configured to hold the workpiece at the processing site.

ic351 35. The tool of cl ai m 31 wherein: the processing
in the detachable unjt

t trod
8hd the cAAbo ﬁes Eﬁerﬁger e (ﬁiﬁ{“’?§gsf'ﬁthﬁé§8"}ﬁ’5'§inﬁga gecond electrode in
wor Kigh e ¢gt dé?:ﬂhener rgvsha*dd E&lece#ceamdbﬁ%bwééﬂ tHd first electrode and the

configure a workpiece at the processing sSit
and eergenrbelectbadeduct i ve | ayer on the workpi ece. ic36l 36
An el ectrocheni cal deposition chanber. for depositing
material onto nmicrofeature workpieces having subm cron

[cdgpat ur es, 3gONPThe thambér HSE@SinR 86 Sflithr Bam Pﬁglng a\kdrih 86 fi fst flow
‘hol der onf| ured to position a mcrofeature workpiece

‘at aspste ergthguseeenchﬂewneiemmt having a first flow
systemto provide a processing fluid to the processing
site; a detachable unit having a second flow systemin

[c:f;sh ui d cong@ni CRig ciiambértof ddim :fe Iflf(ﬂhdﬂcozmm%m@mﬁmmbﬁe in the first
i xed unit revent |eaking of the essi ng
flui g"‘f!eﬁﬁ@@h*‘ﬂ&/@"i %%%*H.flewaﬂ@tem %'@!’h%‘g\eﬂ'cth?ﬂ% is"eanfigured
_ attaﬁ‘&’ﬁ%cﬁé@@ﬁ@%ﬂcdﬁn?%abl y coupling the detachable

o0 the I Xe

unit t unit; and at least a first el ectrode
in the detachable unit and at Ieast a first electrical

oB00155. ahwoceto ARerE ot A" B WEEBin e, stachmentr pssembly

C harrb@mpﬁées:é alamp3fng atifighrsd anpre mdiwy anwardiyfeom a first position to
el ectrode in _the detachable unit and a dielectric

di vi 8&ecord pedtion oslamp dhe detaghable unit fnjtherfixed unit.

{c41] © 41.  The chamber of claim 36 whereih:

the fixed unit further comprises a beveled guide surface incli'ned upwardly
with increasing radius, a beveled bearing ring having a bearing
surface inclined upwardly with decreasing radius, and a first seal
surface contacting one side of the seal; and

the detachable unit further comprises a rim having a lower surface inclined
upwardly with increasing radius, an upper surface inclined upwardly
with increasing radius, and a second seal surface contacting another

side of the seal.

[c42] 42. The chamber of claim 36 wherein the fixed unit further comprises a
field shaping module that shapes an electrical fieid in the processing fluid induced

by the electrode.

{29195-8244W0O0000/5E041490.273] -42- 6/3/C4



second el ectrode. [c381 38. The chanber of claim 36,
further conprising a filter in the first flow system
and/or the second flow system [c39] 39. The chanber- of
claim 36, further conprising a nenbrane in the first

fl ow system and/or the second fl ow system wherein the
menbrane is configured to conduct electrical current.
[c4Q 40. The chanber of claim 36, wherein the attachrrent

assenbl 0 C nfigured.to nove

34 di al Iz f"ﬁwamr)ﬁi—h ﬁ? H?’O‘ qiq'g'tg%é'ér%?‘?f(’}%"f%' NF second

‘posi tion taosé‘doﬂmbléa%déeéﬁéﬁ&é@ﬂ Sontientricafly Wih thexmet Blkictrode in the
[c41] 41. The chanber of claim 36 wherein: the fixed unit

further conpri detechatbeueit@ndgui de surface inclined

naving 3 ek MG RPLNR i3 Miee By Y tiF Bkl hablrfimoduie s

decreasi ng r adisraposiidofoa fdigleétrie enaterialuandibas @ﬂi’s&@beﬁmg facing a
.one side of the seal; and the detachable unit furth

conprises a ri firshasatiop of the Repcessingfite thrRughwiich d%l"«ﬂl—'?"ced by
Wi th increasingeradi Haetrdik HéJPEésé Hhd %Cfedo?tﬁltgfb%%aﬁ facing a second
adi (s ond se .

upwardly wi th i'ncreasing r , and a sec 7
surface cont acseatignafidhérprocessidg site thromghewhich [iev{nfild@nced by the

The chanber of _cl ai ahereln the fixed unit further
conpri ses a f?%¥ﬂdgh§§P CABREFE t hat shapes an
electrical field in the processing fluid induced by the
el ectrode. (29195-8244W00001SL041490.273] -42- 613/04

[%431 43. 44he Thraebamber of |ckaim 48, furthqrr@mww ias Bagpndy electrical
seco
ol cclonedish bfed i HeORbeciaAERdde Bking iyt BN Bkt electrodes
nodulaee operable ihdepemdentiy fromtezchiathérhe fiel d shapi ng
nodul e is conposed of a dielectric material and has a
‘first opening facing a first section of -the processing

[wfs?te throygh WRCEhdrit dfefd;rueamcﬁmﬂanohpﬁs.hgf st
ectrode can pass and a second openin Irodg ond
a second electrode concentric wrth the fi rst electrode in the detachable unit
and a dielectric divider between the first and second electrodes;
a field shaping module in the fixed unit, the field shaping module being
composed of a dielectric material configured to shape electrical
fields in the processing fluid generated by the first and second .
electrodes; and

a filter in the fixed unit and/or the detachable unit.

[c46]) _ 46. The chamber of claim 386, further comprising: |
a second electrode concentric with the first electrode in the detachable unit
and a dielectric divider between the first and second electrodes;
a field shaping module in the fixed unit, the field shaping module being
composed of a dielectric material configured to shape electrical
fields in the processing flukd generated by the first and second

electrodes; and
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section of the processing site through which ions

i nfl uenced by the second el ectrode can pass. [c44) 44.

The chanber of claim43, further conprising a second

el ectrical connector coupled to the second el ectrode,

and the first and second el ectrodes are operable

i ndependently from each other. [c45) 45. The chanber of

claim 36, further conprising: a second el ectrode

concentric with the first electrode in the detachabl e

unit and mm&mﬂ:renerihcthdi foiedeunib endéoz rthe hdetéchalde amit that conducts
second electrod a,field shaping nodule in the fixed

unit, the fleI8 éﬁ#ﬁ dul e being conposed of a

dielectric material configured to shape electrica

fields in the ocessing fluid generated by the first and
[48cond elddetr Efb@gzhamh@r #f tlaimed wherair the séefactla#ple upitdis rositioned

e GHARIPLfuckibdn gty i, 1, charber of claim s

rrstng. a second él ectroode concentric with
the first electrode in the detachable unit and a

di el ectric divj bet ween the first and second .
[dflect r ode§8 a #ﬁ@l ghamber Qf leign 36 |“thrﬂ8 ﬁ'l'%(é'@t@ﬁhap?e Ut further

fieldng Q&E iblé Ay | i '
mater?aP con [ guregﬁy aioe el ect rlg% eﬁ!?ﬂtﬂ?}é ?)ﬁ%c_essmg fluid
pr oce=miflow.f | ui d generat ed by the first and second

el ectrodes; and 129195-8244W00001SL041490. 2731 -43-
6/3/04 a nenbrane in the fixed unit and/or the detachabl e

[c4g}i t that 4gonduateiectticheiidat depesitisrechamberdor dépositihg material onto
chanber of claim36 wherein the detachable unit _is
posi tm'éﬁ&?tu@(‘t”@ﬂ‘ﬁtﬁcﬁ hﬁWB@lsH'é’a‘Mo'i fRalyres PMPNISING: dc g1

48. The c a e i1 -
5, The chagias skl Fatbe HUSNLELBL ALl potion
through whi ch miofeature seirikgjecs at & progessing site nd lelactricalrcontacts

?nla? gﬁ Ir glchg_git gaiarraglr(le 2 t'otdrgﬁdg Q%ngl%fal cf:uonr'enq %3 ?ayer oA the workpiece;
a vessel having a fixed unit including a mounting fixture to attach the fixed
unit to a deck of a tool, an externally accessible detachable unit
releasably attachable to the fixed unit below the mounting fixture to
be .positioned below the deck of the tool, an interface element
between the fixed unit and the detachable unit to control processing
fluid between the fixed unit and the detachable unit, and an
attachment assembly releasably coupling the detachable unit to the
fixed unit; and '

an electrode in the detachable unit.

[c50] 50. The chamber of claim 48, further comprising a second electrode in
the detachable unit and a dielectric divider between the first electrode and the

second electrode.

[c51] 51. The chamber of claim 49, further comprising a filter in the vessel.
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m cr of eat ure wor kpl aces havi ng subm cron features,
conprising: a head assenbly having a workpl ace holder
configured to position a nicrofeature workplace at a
processing site and electrical contacts arranged to
provi de el ectrical current to a |layer on-the workpiece; a
vessel having a fixed uniit including a nounting fixture
to attach the fixed wunit to a deck of a tool, an '
ernal | ygmcc y
ﬁgﬁ! achabl es?o teph}i# 1? bine}g@‘tugf? %e%g\}m‘tu ge{m‘éhﬁ?ﬁﬁlg f?xnta%mbrane in the
to bwesssbeonfigurestiomsnductelectdeal icuoent he tool , an ,
interface el ement between the fixed unit and the
detachabl e unit to control processing fluid between the :
ftdaxed uni t5@nd THee chainbehadl &laifmi 49, aRHein thbt %ﬁﬁﬂﬁﬁbnt assembly
assembl y rel easably coupling the detachabl e unit to the
f i xedCQMPHseshelamp ingeanfigueed ta raone radially inwardlyfrom a first position to

Sccond “Cre BodiWiars 1y dufifitie Lt Ifie BB, 22, 7 o

di vi der between the first el ectrode and the second

Bt et Rt 0 1

129195- 82%@&@996@%%&9%%7&&5%9@&%&&5%9 fiked EHE and the

chanber of claim49, further ‘conpriSing a nenprane in
vessel confi guﬂ@tﬂd‘@b'@dm@iueﬂd el ectrical current. [c53]

acsorry T PSR i TRt i con o

~radially innardly froma first position to a second
position t cl ?Eﬁ%he det achabl t to the fixed unit.
%t

iSels4] 54. 55 Amber of el i, tigheR RAraPRRINg: he
interface aehmyétemmé §€§seﬁc&ﬁiﬂ&?éd RedineaR fmﬁof bro@Bssing fluid to
unit and the detachable unit; an external

accessi bl e fl ubg atleast stgps@anttaugnomldn apﬁbeEGGB ﬁgth‘el progessing site;
can fl ow. 1055%(2 The chanber of claim49, further
conpri si ng: MAw systemin the vessel configured to
- direct a fd fiwld shapingansduladn fthelivessed that shapes an electrical field in the

processing fluid induced by the electrode.

{c58] 56. The chamber of claim 49, further comprising:

a second electrode arranged concentrically with the first electrode in the
detachable unit; and

a field shaping module in the vessel, the field shaping module being
composed of a dielectric material, and the field shaping module
having a first opening facing a first section of a workpiece processing
site through which ions influenced by the first electrode can pass
and a second opening facing a second section of the workpiece
processing site through which ions influenced by the second

electrode can pass.
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be at |east substantially normal to a workpi ece at the
processing-site; and a field shaping nodule in the

vessel that shapes an electrical field in the processing:
fluid induced by the el ectrode. ic5s] 56. The chanber of
claim 49, further conprising: a second el ectrode arranged
concentrically with the first electrode.in the

det achabl e unit and a field shaping nodul e in the .

I, t h dof a
[\ﬁ(q%élsgct ri gjﬂeaﬁ% ?‘g??ﬂ%fﬁg |4§1 @ﬁgﬁ'gﬁ? nﬁ‘?ﬂs’iﬁl eo hgw ng
a first Opaegéé!ﬂidf t‘:tﬂﬂieacdfnbé ic WRIthe felé’ctl‘bgbiiﬁ‘tﬁ(ﬁﬁetachable unit

processing site t rough which ions 1nfluence
first electr odelndamd:plesklc Mrd)el\ewnmedpemmsémd@edrodes

aht on i ondd Y ShARBE AR R fre, Ye6sed Md ekl sFannpotBdule being
[29195- 8244%0%9@?1&%&@&@1@1” iefds3n WHe Bﬂe&?mg fibri generated

chanber of clai urt her nprising: a second .
el ect r ode conc@bfttWEWB%SPWG‘GP‘?@W@ISEMrode in the

det achabl g mtsa,s@ﬁg hQ ﬁ%g&tﬁé\&ad%Waﬁetﬁapaﬁ'm% ﬁJW of pi’ocessmg

first and secon nodul e

t he vessel, thduid edcbesiaapleag ammamldﬂylmrg'matomf agWDEKbIGGB at the
shape el ectr| cal fields,i n:%{we processing fluid generated

by the first aREPCESERdSite: rodes; a flow systemin the

vessel  hayiBgintnsabbsd Fuid tomfiunicatibh Withathe RROSRSH .
fluid to be at |east substantially normal to a workpi ece

at the processing site; and filter in the vessel in

[%hw d comggnl C%h#%ﬂa%P%&&nPﬁQ&ﬁé?duﬁlg fluid tcs$l 58.

e chanber a second el ectrode
concent ri @ secohd tehartiode sonedrddd with ¢he first klectretdadithia detachable unit

Cetona et ect  ofb8 s Gl e RSl o lrodes:
‘the fiel dzshami 88apgimg thsdUleiiRSthe vessel, the field shaping module being
configured to shape electrical fields in a processing fluid within the
vessel generated by the first and seoond electrodes; |
a flow system in the vessel hawng a wall that directs the processmg ﬂund to
~ be at least substantially normal to a workpiece at the processing site;
and _
a membrane in the vessel that conducts an electrical current in the

processing fluid.

[c59] 59. An integrated tool for wet chemical processing of microfeature
~ workpieces, comprising:
a mounting moduie having a plurality of positioning elements and
attachment élements;
‘an electrochemical deposition chamber comprising a head assembiy
having a workpiece holder configured to position a microfeature
workpiece at a processing site, a fixed unit having a first flow system
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configured to shape electrical fields in a processing
fluid within. the vessel generated by the first .and
second el ectrodes; a flow systemin the vessel .having a
wal | that directs the processing fluid to be at |east
substantially normal to a workpi ece at the processing
site; and a nenbrane in the vessel that conducts an

el ectrical current in the processing fluid. 10591 59. An-
integrated tool for wet chem cal processing of

m crof eature tgopropidecz processipgiflsichy the provessimy sitwdntdea mounting

having a plurali.t f positionin I ts .and '
attachment el eh’_@H{es&raf&ealﬁ’@&an@aéﬁ? 3&53%&9@ Sypport member of a
chamber CO”p“Eioﬂgaadgi%%ﬁaﬂésﬁﬁi’"ﬁ{aviﬁg% NEANWOTIKW! §¢ftem in fluid

[
hol der configured to position.a mcrofeature workpiece
at a processi ngomimuajcation withdthe first flosw sysiem ofi thetfixedawit, a seal to

o ovi te. o pr ocBEAPISANH BAE Heessucid Bryert 8 iyt and e

mounting fixtgétachdtile funite dny akddhmeétit ngssefbly irsiedsably tcdupling the
a support nenber of a tool, a detachable unit havin

second fl ow sydetaghahie unilite the: Bxad b Andost Igasta firkd e?ﬁq?@ﬂe in the

fl ow system of ' 2unit, a seal to prevent | eaking
~of the process?éntgaﬁﬂd%(gg%’etv\een the fixed unit and the

det achabl e wmspprtasystérh acdmiexh byatheemblpting enashdea bbry transporting the

coupling the detachable unit to the fixed unit, and.at
Comot| 2t ot WPHPECBQMEIR s clodl e rARert fystemahaving a second

transport systigereRe rhéfb&yerdiR eIl sridoMpePdiitioRing elements and
transporting the workpiece wthin the tool, the

transport syst@menond fasteneseengaged;with onacef theneftachment elements;

engaged with o of the positioning elenments and a o

second fastener ‘engaged with one of the attachnent _

el ement s; wherkin Wee riuntitd encdulents oonfigutied do irsaintair rejativexl positions

t i nt ai | ati it] ' :

O marntain rebea%w}at\a/r(te p%gi ,"Ionfngng‘ements such that the transport system does
not need to be recalibrated when the processing chamber is

replaced with another processing chamber.

[c60] 60. The tool of claim 59 wherein the mounting module further comprises
a deck having a rigid first panel, a rigid second panel superimposed under the first
panel, joists between the first and second panel, and bolts through the first panel,
the joists and the second panel. |

[c61] 61. The tool of claim 59 wherein the mounting module further comprises
a deck having a rigid first panel, a rigid second panel juxtaposed to the first panel,
and bracing between the first and second panels.

fe62] 62. The tool of claim 58, further comprising a second electrode in the
detachable unit and a dieilectric divider between the first electrode and the second
electrode.
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bet ween positioning elenents such that the transport
system does not need to be recalibrated when the
processi ng chanber is replaced with another processing
chanber. [c601 60. The tool of claimb59 wherein the
nmounti ng nodul e further conprises a deck having a rigid
first panel, a rigid second panel superinposed under the
first panel, joists between the flrst and second pane

~ and boltsthrouhtheflrst panel joists and
[cg¥cond pafid! . '[h%tqol gficlaipy §9tf§6he'tﬁ°rﬂﬂrl§"7ﬁ g §itggin he ﬂ””lt ﬂgw system

nmount i nprises a deck having a rigid
fir stang'%ﬁ gﬁéjg&%nd%quges}:égﬁd panel

a rgi j uxtaposed to the first
panel , and bracing between the flrst and second panel s.

1c621 62. The tool cla 5 th
fcg‘gcond el B¢ ?oﬂggﬁ Pf]@'a"ﬂgg Fréomﬁlr"?"g r| %mr}%"eelﬂﬁh&f rst flow

di
S alF R SR A R AT b i o

[ c63tofduct elevtricaboltrrerit. cl ai m 59, further conprising a
filter in the first flow system and/or the second flow
system [c641 64. The tool of claim59, further

[EHNPr i singsa MERDIGYNef chairh 59, Whersin theosttactisérarassambly comprises a
the second fl ow system wherei n the nenbrane j.s ‘

conf ickameing contigitad de repve: fadially invardiefrem ?&%‘1909@5’" ton@ second
t ool BLiGh & Blanit th/dBtdtindblel b e kB inigsserb! y
conplsesa cranp ring

confrgured to nove radially
inwardly froma first position to a second position to

cl anp t he_det achapl It e.fixed unit. |C661 66.
fcf8he t ool @g ?ﬁ‘%{)@g tl\‘ﬂ %ﬁ H’Fﬁeé Mfixed unit further
conpri sesi fpRGelRCLSNEE CofmpFitas a bevelednsside! suﬁa@& jnclimed bpwardly

i ncreasing radi us, a bevel ed bearing r|ng havi g
bearing surf awith iinereasieg "@gwr(ﬁ PGWF 9% Q@W‘Sa@ @having a bearing

he seal - and 1HESRPEHes, PUWORAEWAR Uriadiy pafus, S ¥ frst seal
having a | owerswiacéa:oetachng onedide of the seal and

the detachable unit further comprises a rim having a lower surface inclined

upwardly with increasing radius, an upper surface inclined upwardly

with increasing radius, and a second seal surface' contacting another

sid_e of the seal.

[e67] 67. The tool of claim 59 wherein the fixed unit further comprises a field

shaping module that shapes an electrical fieid in the processing fluid induced by

the electrode.

[c68} ' 68. The tool of claim 59 further comprising:
a second electrode arranged concentrically with the first electrode in the
detachabie unit; and
a field shaping module in the fixed unit, wherein the field shaping module is

composed of a dielectric material and has a first opening facing a
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upwardly with increasing radius, an upper surface

inclined upwardly w th increasing radius, and a second
seal surface contacting another side of the.seal. 1¢c671
67. The tool of claim59 wherein the fixed unit further
conprises a field shaping nodule that shapes an _ :
electrical field in the processing fluid induced by  the
el ectrode. 1¢c681 68. The tool of claim59 further

conprising: a second el ectrode arranged. concent.r cal | |

with the firstfirst seatiogpd the, wqr@ssvaetsieﬂamusﬁuﬁw '?'°Ji§d'¥‘§”e"°ed by
field shaping Cell ' Y T, sSMBRE Ypenireracing 4 d
shapi ng nodul emlggﬁ& tﬁ%ﬁ%‘g;s%gc%* ?Sg&leg(F ec? ric rrarjt%gr i"al aﬁd secon
has a first opsautiog of doe peocessing site through which ions influenced by the

] 29195- 8244WD00X0 8%480. 2731 -48- D4 first section of
t he processi ngS&ep A8 152REEF. i ons i nfl uenced by
the first electrode can pass and a second opening facing

a second section of the processing site through which ,
[6®ns i nf | 68ncebhriool hEclaige 68 fierthsar sompsigingansegengelegttieal connector

69. The | .of clai,m 68 fur | 5l

P EoseR % ] b BG4 e EPAAELOG GEGRIS aro operabe
and tifependéiitlyoffisin eaewbthee) ect rodes are operable .

i ndependently from each other. 1c701 70. The tool of

claim49 further conprising: a second el ectrode

fRCENt | GoW [nd i1 bf &iin £ RifireP d8mphsihge det achabl e

and a dielectric divider between the first and .
second el asecontbslecodé eontentricpwithythedfirat elecirodenin thededachable unit

‘unit, the field shaping.mdul e bej .
ULt ! S LA BB AR EA i cecroces:
fields i natfifd RREFIRGShOGUIE initHe fixedaur; ¢k figld bhaging shodule being
and second electrodes; and a filter i_;\ theffi x(gg ur}g al
“and/or the deteXmpased ghia disleciio matenal,GoRlgyreq,£o FaPf electrica
49 further conpuisiNGhe processing fluid generated by the first and second
electrodes; and o '
a filter in the fixed unit and/or the detachable unit.

{c71) 71.  The toot of claim 49 further comprising:

a second electrode concentric with the first electrode in the detachable unit
and a dielectric divider between the first and second electrodes;

a field shaping module in the ﬂied unit, the field shaping module being
composed of a dielectric material configured to shape electrical
fields in the processing fluid generated by the first and second
electrodes; and | '

a membrane in the fixed unit and/or the detachable unit that conducts

electrical current.
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a second el ectrode concentric with the first electrode in
the detachable unit and a dielectric divider between the
first and second el ectrodes; a field shaping nodule in
the fixed unit, the field shaping nodul e being conposed
of a dielectric material configured to shape electrica
fields in the processing fluid generated by the first and
second electrodes; and a nenbrane in the fixed unit

and/ or the detachable unjt that.conducts electrica

(@8 rent . ¥29195ngHieafpisgoina 195 198l cherical AFOCeSENG pf m'cmfeatu"e
(0721\\!3!%?9695 hﬁﬁi%ﬁ‘\%ed tool for wet chem cal processyng -

m crof eat Ure pi eces, conprising: a nounting
modul e -hawa myountisgu medduley baivupg)sat pluraling ofl eostibsingnelements and '
attachnent el e nt.s n,el ectrochem cal deposition _
chanber conpri 8 %'ﬁ@ﬁ“ﬁ%‘éen‘oly and a vessel, the

head asserghl gfedtchBshical &Qﬁmicﬁﬁ&\dh%éi%nﬁﬂﬁfnb%ﬁ@éh bé‘sembly and a
pOSI tion 'a mcrofeature wor kpl ece at a processin

and el ectr.i cal vessehtthe headrassembly haying a\wcu&plec%goldec gpnfigured to

current to a |

having a fi xedsﬁﬁ{' Erﬁ‘?ﬁ’d? é;&h%‘ﬁ%“ ng% é'%g? 'ﬁ?@e and electrical
attach the fi xe@htaastartmgedd&::lpr@fda elevtrical aurrext @6 nalldyer on the
accessi bl e detachabl e unit rel easabl %gattachabl e to the

fixed unit beWsUspigre. ABGDE Ygssalhaving 3 Hred UPBINENYRGH mounting
bel ow t he. deckgfne P atth0 ino AlkelNirf (G &CABLETFH 18! ¥R CBemally

the fixed unit et ac unit to control
processing fl ua@bdseblﬁedalachablﬁi m‘citireleasabdmattamable to the fixed unit

det achabl e uni electrode i,n t
an attachnent Bﬁgg’e I rpowétfng é’%ﬁ"y %‘g %ﬁ?ﬁgﬁ% Z)ev ‘he %eck of the
det achabl e uni fool, &ntifterfatk et betwéerd mﬁmrﬁmtsamt @ detachable

carried by the rmuntln nmodul e for transporting
wor kpi €6’ { HAAR IR CEaGSR ProvRBSITEn fuio0 PEIRSFSR BT (Maering and. the

second interfag Scﬁ%@%d'nf?ngﬁgsﬂc%aé‘ iRNthedetdhable unit, and an
positioning el enents
attachment assembly releasably coupling the detachable unit to the
fixed unit; | | |
a transport system carried by the mounting module for transportmg the
workpiece within the tool, the transport system havmg a second
interface member engaged with one of the positioning elements and
a second fastener engaged with one of the attachment elements;
and _
wherein the mounting module is configured to rnai'ntain relative positions
between positioning elements such that the transport system does
not need to be recalibrated when the processing chamber is

replaced with another processing chamber,

{c73} - 73.  The tool of claim 72 wherein the mounting module further comprises
a deck having a rigid first panel, a rigid second panel superimposed under the first
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a second fastener engaged with one of the attachnent

el emrents; and wherein the nounting nodule is configured
to maintain relative positions between positioning

el enents such that the transport system does not need to
be recal i brated when the processing chanber is replaced
W t h anot her processing chanber. (c731 73. The tool of
claim 72 wherein the nounting nodul e further conprises a

deck f, 305 frdhoh e bt S Sheond pand, SRS InRAER the frst panel,
[ 2919Re §Adtd UAAARS SS4cHlskHe1. 273) - 50- 613104 panel, joists

between the first and second panel, and bolts through t he
first panel, the joists and the second panel . [c741 74.

B 001 P\ R PRI 8 AR g e omprses

S ecorgldgektedving i rigidcfrethdnel, taepid Iseeéncppmﬁél juxt@pobedrio the ﬁrst panel,
between the first and second panels. [c76] 75. -The tool

of cIW@'??"QPGP’YQ?@J“E@F%PPQ|sﬁ§°’3§ R¥®%d el ectrode in the
_ detachable unit and a dielectric divider between the
first electrode and the second electrode. (c76) 76. The
[vmol of clFai m The téo]rdﬂniaamn&pﬁurtbengompﬁsahgea secorichelectrode in the

71 77. Th f. cl 72 :
Yo Belachible ynlt andd St Qvighe Buet sne Hi Méfstroge and the second
condgfdctreobectrical current. [c781 78. The tool of claim

72, wherein the attachnment assenbly conprises a clanp
ring configured to nove radially inwardly froma first -

GBS 27, 18 7 SO G A ot G L el

wherein: the interface el enent conprises a gasket between
le unit; .the fix

he fixed
G h'eﬁecgﬁ{;'r | T fop Of @"affé 1PRhsSHmbrising B npREGRNG in the vesse

upwecghfigurdd tdicdritice@igtiibalicafie, a bevel ed bearing ring
having a bearing surface inclined upwardly with

decreasing radius, and a first sea|
[c78) 78.  The tool _of claim 72, wherein the attachment assembly comprises a

clamp ring configured to move radially ihwardly from a first position to a second

| position to clamp the detachabie unit to the fixed unit.

[c79} 79. The tool of claim 72 wherein:

the interface element comprises a gasket between the fixed unit and the
~detachable unit;

‘the fixed unit further comprises a beveled guide surface inclined upwardly
with increasing radius, a beveled bearing ring having a bearing
surface inclined upwardly with decreasing radius, and a first seal
surface contacting one side of the gasket; and

the detachable unit further comprises a rim having a lower surface inciined

upwardly with increasing radius, an upper surface inclined upwardly
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surface contacting one side of the gasket; and the
~detachable unit further conprises a rimhaving a | oner
-surface inclined upwardly with increasing radius, an
upper surface inclined upwardly 129195-8244
WIO0DDf SLO41490. 2733 -51- 613104 with increasing radius,
and a second seal surface contacting another side of- the
gasket. [C801 80. The tool of claim72, further . .
conpri sing: a fy LR e Ngn : [ : N
direct a flow O\?I%ﬁpﬁ%ﬁ@ﬂr’gﬂwﬁ%&‘nﬁ g%ﬁ@@&g .Ilsg'gié?g QBRtactmg another
substantial |y reideref thegasketor kpi ece at the processing
site; and a field shaping nodule in the vessel that
shapes ‘an electrical field in the processing fluid

[ceopluced bys0.he THeatobl ¢fcttaiml 72; furter chRfprispy of claim 72,
further conprising: a second el ectrode arranged _ '
concent ri chl'Py syptem inHbevessal configured de diracttanfiow of processing fluid to

det achabl e uni t;, gn i : i 0 dule in t .
‘vessel, the fi g]ie sl%asgf’&gﬁlﬁgtﬁtpmgwgoa @8&3&9&&3‘?9 grocessing site;
dielectric matandal, and the field shaping nodule having

a first opeping.facin irst section of a workpiece -
processi ndf He'ﬂt%'alpﬁ}%%@u{ﬁhmcﬁ?eiv(ﬂsgeli thet gbapasjan eleatical field in the
first el ectrodergca3sipgImid NBbccd BPHREleQRiyY, N9 facing a

second section of the moprlece processing site through
whi ch ions influenced by the second electrode can pass.

821 82. ghhe l, . gf . m.7 further. conprising: a
[Js?@cond el ggtrogggé%ﬁgé%@hmefﬁ%mw?@g' el'ectrode in
the det achabbésondnélectrede] arrafged eehdaritrictillyi vty HREFRE¥edtRRe in the

- first -and second el ectrodes; a field shaping nodule in .
the vessel, thEe@rRaRledRRIANY nodul e being configured to

o et FRLTAEEUIRY dhodfle! 108 GERSE! B B Gnding'bile vong
composed of a dielectric material, and the field shaping module
having a first opening facing a first section of a wbrkpieoe processing
site through which ions influenced by the first electrode can pass
and a second opening facing a second section of the Woikpiece
processing site through which ions influenced by the second

electrode can pass.

[c82] 82.  The tool of claim 72, further comprising:

a second electrode concentric with the first electrode in the detachable unit
and a dielectric divider between the first and secbnd electrodeé;

a field shaping module in the vessel, the field shaping module being
configured to shape electrical fields in the processing fluid generated
by the first and second electrodes; |

a fiow system in the vessel having a wall that directs a flow of prbcessing
fluid to be at least substantially. normal to a workpiece at the

processing site; and
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a flow systemin the vessel having a wall that directs a
flow of processing fluid to be at |east substantially
normal to a workpiece at the processing site; and
12919508244 W00001SL041490. 273] -52 613104 filter in the
vessel in fluid comunication with the processing fluid.
[C83] 83. The tool of claim72, further conprising: a
second el ectrode concentric with the first electrode in
the detachable unit  and a dielectric divider.between the
first andfiterdoite vesset indlwidscoramupisatiors with the)piasassiag fidid.
“the vessel, the field shaping nodul e being configured to
shape electrical fields in a processing fluid within the

[cﬁssel geggr at Eﬁ?]hwl bﬁﬁafnil Ph'z,tf_uﬂhef mprlrsuwghel ect rodes; ah

ow systemin the vessel having a wall that directs "
processi ng Secong W%%’PFQ%@“@%‘%@W*P&V‘P ‘ Hb&ﬁaﬂet‘?‘g"able unit
a verkpl ace alofd\g dIAGRE ividdr Bbduen 1RE first ol BBEGP pleBtrodes;
the vessel that conducts an electrical current in the o
processi ng fieldi shapirgB#jodiie i thet vesdel dhe field shaping module being

el ectrochem cal | y. de i t,ing nateri nto_a workpl a -
in an el ect rocfUH E'ﬁodoﬁ’eﬂ?ﬁq%t &g?f”‘c‘fﬂjlf%%r 'nc%rpﬁ??éﬁsﬁ'@ g"ﬁd w;thl_q the
head assenbly iasenGeribratélbythe st BAd detortneledtrodiasel
having a fixed unit"with . a processing |ocation,

. a first .
det achabl & fiom systesn inatheoiepselthayings wall that directsthe pregessing fluid to
and a first el ' e h@% i 'rééé%'
met hod conpri s?er%{ lgggp%@ f?ﬁ“ﬂguéﬁ#@{%%e%g‘t%o a ‘Teel érﬁgp ‘ processing site;
wor kpl ace havi#mgd subm cron features by positioning the

first workpiece at the processi | ocation of the fixed .
unit to c@nf"geiebr%“?)r'ﬂc@s?’?@efltﬁ FOP(%JCE(%@Q,&%@PC%nﬂJWem in the
establ i shing afyocedshid fiigal fiel d between the first '

wor kpl ace and the first electrode; replacing the first
el ectrode by releasing the first detachable unit fromthe

oY, ot AR G EAREORRaRy b RN ERE Uorpioo
Wi t hiraas tebibcRemidal deposition chamber comprising a head assembly having a
workpiece holder and a vessel having a fixed unit with a processing location, a
first detachable unit releasably attached to the fixed unit, and a ﬁrst'eleptrode in
the first detachable Unit, the method comprising:
depositing a layer onto a first workpiece having submicron features by
positioning the first workpiece at the procéssing location of the fixed
- unit to contact a processing fluid in the vessel and establishing an
electrical field between the first workpiece and the first electrode;
replacing the first electrode by releasing the first detachable unit from the
fixed unit, removing the detachable unit from undemeath the fixed
unit; positioning a second detachable unit with a second etectrode
undemeath the fixed unit, and releasably attaching the second
detachable unit to the fixed unit; and
depositing a layer onto a second workpiece hav?ng submicron features by

positioning the second workpiece at the processing location of the
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underneath the fixed unit, and rel easably attaching the
second detachable.unit to the fixed unit; and depositing
a layer onto a second workpi ece havi ng subm cron features
by positioning the second workplace at the processing

| ocation of the [29195-3244WX0000/ SLO41490. 2731 -53-
613104 fixed unit to contact a processing fluid in the
vessel and establishing an electrical field between the

second wor kpi e the second el ectyode. ) -

of servicing H‘ QILE@ttP&EH @ progassing rf %rthg%ggg?lt”éw g'é’&abllshmg
mat eri al - ont 0 & WRICkRAF fifldhBetivedn SHE NEeebAd W@’Hfﬂéﬁ@%ﬂdt the second
met hod conprising:. providing an el ectrochenica o

deposi tion chae‘retﬂrod@onprl sing a head -assenbly having a
wor kpi ece hol der and a vessel having a fixed unit wth a.
processing location, a first detachable unit releasably

tached g§,0 tAqndthyebfustriicingrah @idcioehemicak thamibei fort tepositing
-first detachable unit; renmoving the first tac abl e unit

f r onmaterial optoR werkpiese havinaosHhsicionJesiyees. | QOTgR{iging:
Lo e piokEiha ! eIl "fdposfti6R! cRAMBE! dei"ﬂar%fng a head

the fixed and easab att'aching a second
det achabl e umassbamim;a\mgsamkpumeemwmd@vessqwavmgra fixed unit
of the fixed unjt.

129195. 824400MtiHa gr_(@gﬁlgg I%?n._%ﬂrst detachable unit releasably attached
to the fixed unit, and a first electrode in the first detachable unit;

. removing the first detachable unit from the fixed unit by disconne_cting the
detachable unit from the fixed unit at an external location outside of
the fixed unit; and | '

releasably attaching a second detachable unit having a second electrode to

a portion of the fixed unit.
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