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in and/or on a substrate. The features are arranged to
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ot her structures. Wet chenical processes are conmonly
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agitafpiscal | y i ncludes a vessel in which wet processing
fluids are received, and a workpi ece support (e.g., a
Ll eunit) that holds the workpiece in the
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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.

Wet chemical processes are commonly used to form features on microfeature
workpieces. Wet chemical processes are generally performed in wet chemical
processing tools that have a plurality of individual processing chambers for
cleaning, etching, electrochemically depositing materials, or performing
combinations of these processes. Each chamber typically includes a vessel in

which wet processing fluids are received, and a workpiece support (e.g., a lift-rotate
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chambers do not meet the performance specifications. The loss of throughput of a
single processing chamber, therefore, is not as severe as the loss of throughput
caused by taking the tool offline to repair or maintain a single one of the processing
chambers.

The practice of operating the tool until at least two processing chambers do
not meet specifications severely impacts the throughput of the tool. For example, if
the tool is not repaired or maintained until at least two or three processing chambers
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 because the throughput not only suffers while the tool is
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operating costs of the tool because the throughput not
only suffers while the tool isoffline to replace the
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high speed, agitated flow at the surface of the workpiece. In one particular
arrangement, the workpiece is spaced apart from an anode by a first distance along
a first axis (generally normal to the surface of the workpiece) during processing. A
paddle having a height of about 25% of the first distance along the first axis
oscillates between the workpiece in the anode along a second axis transverse to the
first axis. In other arrangements, the paddle rotates relative to the workpiece. In
still further arrangements, fluid jets are directed at the workpiece to agitate the flow

at the workpiece surface.



first axis. In other arrangenents, the paddle rotates
relative to the workpiece. In still further
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replacement, it has been difficult to do so without interfering with and/or damaging

the magnet.
SUMMARY

The present invention is a tool that includes a processing chamber having an
agitator, a workpiece transport for moving workpieces to and from the processing

chamber, and a registration system for locating the processing chamber and the
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SUMVARY The present invention is a tool that includes
a processing chanber having an agitator, a workpiece
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removed.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic top plan view of a wet chemical processing tool in
accordance with an embodiment of the invention.
Figure 2A is an isometric view illustrating a portion of a wet chemical

processing tool in accordance with an embodiment of the invention.
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BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1 is a
schematic top plan view of a wet chem cal processing

w0 owk/11m9ccor dance wi th an enbodi ment of the PCT/US2004/017670
invention. Figure 2Ais an isonetric viewillustrating

a [mEglieo2Bofs a taptplaheidwe af apwet ehsmigal tprotessing tool arranged in
accordance with an enbodi nent of the invention.Figure

accpplanceawitd gnperahodimant of the iRenti®Rni cal processi ng
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accordance with an enbodi nent of the invention. Figure

4 iFRigureds iss emassesedtionabwieny &g iline 4440bfigurguBeof3a mounting
f nountin ule for e.in t. chem cal . L
moghlgFeElERdN Aget irriicchratinei i Sol BT Rt g embodiment
to tﬁ%%\}éh\ﬁ%ﬂt.i on. Figure 5 is a cross-sectional view
show ng a portion of a deck of a nmounting nodule in
gr eféigare Bdsa trosBispationslview sihoydng isaporgionodfeandieck of a mounting

isonmetric ilJustration of a processing station having
moélélﬁt'[]rgé%a@éﬁ)ﬁ%%jtred in accordance with an enbodi ment

of Ifigﬁré BENs! Qn?arﬁbﬂ)zrfc}?@ﬁ]dtﬁ, "’]sérﬂ@tricsgm}%ttfdti%nvbﬁ"é rocessing
the processing station shown in Figure 6A. Figures 6

statiandl Ifdviag efeatiresatonfiglredsin @iccordanme avitheart emiedimegt of the

. agitators and el ectrodes configured in accordance with

an@%ﬁlﬁdi ments of the invention. Figure 6E is a partially

sc ' S hd G i act yat: i Ei
SCIPPES 8p 7 5h WL C LR 98 BlocBSSREIAGH shoyn i Figure
gAoOf the invention. Figure 7 is a partially cutaway,

isonmetric illustration of a reactor having el ectrodes

andFiguraggfet apd S0 aom sghemptie iiNustradions efga tragstor having agitators

ancf BRERB ok oG SR obldhe Bl BEpoBERAEERR tninchfon.
Cr gSiguReEiio BaparibBy\seHerhdtfe, ishéRic iRlratidmofarbtt@ated agitator

. Figure 9 is a schematic illustration of an electric
corfigated tvaccastantewithtarcembodimand of the inventitsr enti al | y

varﬁ/igbpee 7efi£ % tpa?tfialiailn cﬁla(\elvcatyr, Ol(sjlc()emie?ricaclI?uosrtrda 1O O\Mat r|1ea§11cr;}or having
electrodes and a magnet positioned relative to an agitator chamber in accordance
with another embodiment of the invention.

Figure 8 is a partially schematic, cross-sectional view of the reacto‘r shown in
Figure 7. |

Figure 9 is a schematic illustration of an electric field control element
configured to circumferentially vary the effect of an electrode in accordance with an
embodiment of the invention.

Figure 10 is a partially schematic illustration of another embodiment of an
electric field control element.

Figure 11 is a partially schematic, isometric illustration of an electric field
control element that also functions as a gasket in accordance with an embodiment of
the invention.

Figures 12A-12G illustrate agitators having shapes and configurations in
accordance with further embodiments of the invention.
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enbodi nent of the invention. Figure 10 is a partially

schematic illustration of another embodinent of an
web@atitiees fi el d control element. Figure 11 i s BCT/US2004/017670
partially schematic, isometric illustration of an
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DETAI LED DESCRI PTI ON As used herein, the terns
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Micromachines or micromechanical devices are included within this definition
because they are manufactured using much of the same technology that is used in
the fabrication of integrated circuits. The substrates can be semiconductive pieces
(e.g., doped silicon wafers or gallium arsenide wafers), nonconductive pieces (e.g.,
various ceramic substrates), or conductive pieces. In some cases, the workpieces
are generally round and in other cases, the workpieces have other shapes,
including rectilinear shapes.

Several embodiments of integrated tools for wet chemical processing of
microfeature workpieces are described in the context of depositing metals or
electrophoretic resist in or on structures of a workpiece. The integrated tools in

accordance with the invention, however, can also be used in etching, rinsing or



the fabrication of integrated circuits. The substrates
can be sem conductive pieces (e.g., doped silicon

wowdoensees gal | i um arseni de wafers), nonconducPCTES2004/017670
pi eces (e.g., various ceram c substrates), or
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toogngrﬁg %hpﬁﬁ%gg gﬂ‘éc{ﬁ%d%pcé % %t Iﬁg?m?%%&é ?é’& ‘g@’i% in Figures 1-19F

andleffd 'W@V\/‘Hﬁqtf@(tcwt ?Pﬁwdﬁ dem@ndugng umteatt%nding of particular
el ectrophoretic resist in or on structures of

emhod:krpﬂrée of ttmimvientiegr dhedlasetption is dividadiiaie éhaqulhwm@sectlons

AR5 8 e T A S RROHSSHS BShECS 0B Emppgimonts of

Din&Nibsaly Sadb IWLOQIn%?aMHdﬁks' 1(s; nE/n%odPr'ﬁents of Reactors Having

sem conduct or substrafes or other types of workpieces.
Muﬁsw@rEaecteo@armlaed Ericlosed Agi#atbrghdMpEmbodimentsooti Reastors Having
W t n ar et forth in Fi es
Elechic FRRoRORGOL SIPTEat 0y F HEET RBHSG Y AHcaR SE BTy o1 (E)
Em Bdﬁﬁéﬁtbcdflﬁqna?@%% Eﬁ)erhirﬁﬁ?r‘sméﬁat FZ'EmB_&ﬁments of Reactors
escriptio VI |ntot | owi'ng sections
HavtiAp E@i@drmndd?@cflpﬂmegn Batdlited o RedocétiietirigField Shielding.
Modul es; nbodi ment s of . Di nensi onal

|y Stab]
A nmafam.slkglenbuutr@s art(w:yll ERERsS! %t@vvﬁveﬁeﬁétdf@ in§9nt.ifg1 may have

s TSR 3 GRS ) B oy sovea o

theﬁkambstﬁe%rﬁbb@mﬁrﬁs ehbwalin Figlfesy -#9F El ectric Fi el d;
(E) Enbodi ments of Agitators for Agitator Chanbers;

and.(F) Enbodl ments of Reactors Having Agitators and

hodinenis of ilniearated JiQoks: itk f"'-;‘,-,l,'-f"' QG |C Fiel d
Sh I
£ 24 ARG A5 4 BB 968 0400 ot can oo ne

or A twetrebensiohlopioresses. Jihe tobhtt 00Hecludesra housnmgyorbeabmet 102
aEractl ced wi thout several of the det a| s of th
thag gpelosas @ dedhtith @ Rluraliy ot yvet chegyical ms%%atséatws 101, and a

ol 68 ) oo Gl B el B i, g1 mtuces

a vB3selPENAbET, ¥ eelttolaNn e amella MeKniese sppoor e Bxahite, a lift-rotate
t ool 100 includes a housi ng or cabinet 102 that

unigntl ofosdransfseing reisrofaature warkpipces Widatoanshpyhef the reactor 110.

! S5555% 07 ) 340 Liosdf, AUIIRC GedRRSRRREL cening

‘caﬁﬁﬁééldél%c&o&ﬁénﬁﬁzlal depERRIN cﬁémb@?é?t@rf oli& asbsAof wet chemical
wor kpi ece support (for exanple, a lift-rotate unit)

protessihgrveassetsf dinei ingnspart sy&tanuﬂ65wncm|deec@§1naar htack 104 and a

d f th
robo? 10%u%h 3 movgs Ira gﬁgt; OtFme track 104 to transport individual workpieces W

within the tool 100. The integrated tool 100 further includes a workpiece
load/unload unit 108 having a plurality of containers 107 for holding the workpieces
W. In operation, the robot 103 transports workpieces W to/from the containers 107
and the processing stations 101 according to a predetermined workflow schedule
within the tool 100.

Figure 2A is an isometric view showing a portion of an integrated tool 100 in

accordance with an embodiment of the invention. The integrated tool 100 includes
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The stations 101 can include rinse/dry chanbers,

cl eani ng capsul es, etching capsul es, el ectrochem cal
wale@asitekon chanbers, or other types of wet cheoT/Ts1004/017670

processi ng vessels. The transport system 105 i ncl udes

a fanhé N&2, 4 dirnénsiOdalinstable ohountiHgBmodate rm@emo&htetg to the frame
the track 104 to transport individual workpieces

162 ahplyralify ebovet1doemipab RrRcesHAg cehambers1ddOr lﬁrt%@r plurality of

wol B EpRal8C SRor nhe HgkRife Pl o, 288 e, grocessing

chabérd PIeaad tiwokkife d@mf&w 13 aersswen B8 the tiapispe’sy¥em 105,
to/fromthe containers 107 and the processi ng stations

101The Jeandentf2 dias prijueality mf reestewtd leow sisscare 161 that are

welgﬁg!}pgﬁﬁ@eﬁ%%?mgﬁg%fk i urﬁf@&r%{k of ﬁbl[)qsi%i@% oyﬁer panels and doors
(nof SHAAAM SFigLi 20 &iebedhaRilly Bftaéiie BV Frdfhe o2 to form an

I ntegrate i nCl udesa frame 2,
enciosexh sabimet | Y02 {EigLe r‘rt)xunTheugncnmtm@ rrlcﬁimlervhﬁﬁ &l at deast partially
the fr rocessin

o AT A 1t B SR BB RS e 15
carééérﬁg{r@ %Qé g 104 ﬂi elf8mea 42 %ttﬁél@ggﬁgﬁémme 160 can

t he wor kpi ece supports
altexpativaly tstamus gioedtlysyrs thenflddrsof thd éadilityroe dtiber stasctares.

plurality of posts 163 and cross-bars 161 that are
wel HeQl mogRting megulg Hebhdera iididn SF&P'?h%méﬁtWe Ahat maintains the

rel#ﬁ'\)é aﬂds;tk}r%;rbce&f\s\glgére] Pa I\ﬁe q‘ﬂrﬂgéls (érpgésﬁngv‘@hﬁ@ge{s 110, the
worﬂ@iéﬁe’dﬁu O3l &@bﬂh@&taﬂéﬁ%r&@s&ﬂ@hﬂd@ Onéhsspasetibt iHegmounting
nodul e is at least partially housed within the

modu@nréGQeQ thatnltonén@t’oamrwmld arisehas #hsignifioapiiv| areatsy structural

ey Bt i 259308 el el 08 comica

pro@ééﬁﬁ?'dhé?ﬁbér@e‘l fd,ape Wrkphgee agpporty 198, ehbethe transport system
" structures. The rmuntlng nodul e 160 is a rigid, stab

105 do uet whanga avenrtime. afngthen@spectaofi the rposniumgmpdule 160 is that it
bet ween ,t he wet che al o] Si n ers 1 t he .
inchbR oS el foSEbE ddy 5§% EOS505  eierf et precise
Iocm %Slﬁgnlf}&an 3 és‘é% gm ¢15e936'3?105ar¥d1ﬂ‘¥e Workpiece supports

nmore ri gl as a Icantly greater
113 @t Uatowrallogativegr on yhé rdm:kt he4 f rhmenéG@nbodlrmmt {roé shown), the

SRR BICR IS SHBMBBRSIEEHY 40 o6k 164, 1B FRgrGement shown
in ﬁié@f&?&rtﬁneﬁﬁ u(%{?ll%ﬁlg% 160 SRS AifbnblcfiBily SRId Blatiorm 165
andathé trensparnisy dtyms1Gfisendented 6 4haipldtfaras165.0Mhegleck 164 and the
pIat?claremnre‘llnésS grte |%;(ggllysgosmoned relative to each other so that positioning
elements on the deck 164 and positioning elements on the platform 165 do not
move relative to each other. The mounting module 160 accordingly provides a
system in which wet chemical processing chambers 110 and workpiece supports
113 can be removed and replaced with interchangeable components in a manner
that accurately positions the replacement components at precise locations on the
deck 164.

The tool 100 is particularly suitable for applications that have demanding
specifications which require frequent maintenance of the wet chemical processing

-0-



| ocations for positioning the processing chanbers 110
and t he workpi ece supports 113 at known | ocati ons on
wo b@4desks 164. |1 n one enbodi nent (not shown), PEEUS2004/017670
transport system 105 is nounted directly to the deck
chahfifers| M @Ntar pRAAKEES suphomni13) &F dhe araidportheystem 105. A wet
mounting nodul e 160 al so has a dinensjionally stable )
cheptiaalf grecassngneharer ridfs s8Nt bey separadson dnaiptained by simply

detgfhing 1B AARES, PG F Priteri fe B act G Pblegig ¥ cnamber
110;%#{ iaﬂ”iﬂ@r&iﬁﬁﬁslabl% eRainbBer FRfAnd Gho@mthgd ¢irdivars @enfigured to

Ierren;s on the atform 165 do not nove relative to
interfacke withdhe gositioningteélementsd onethecdeele d6ddi Rgicause the mounting

BT Bt R B SRS A58 o pcomen
prot Qsif@%t n M § &) iht@ff}%b%@@ﬂﬁ?ﬁ'@ %IeERrﬁmf,‘lqﬁéscHdﬂn@ers 110 can be

mganne t accurate ositions the replacenent
interoingrtgezhon tie deelci16d Wwithauti bagingnto recalibcate 1. trahgport system

108 nQbisHe PEPREIRR: S BN 1RSHE dne CRMTERS BsHaigied with repairing

r ; i : c ] . .
o (e T ARASN, Shafre A1pEas it toq 100 co et
high RigrougapaP T apsiicatiens 1. hatewittingdreperfdrmance epecifigations. o
chanber 110 can be repaired or maintajned by si

ot HigHTngEy sca forplsi VPvoR 1N9tD] dDOSURGng: ina Balspert system

104 8B 66 "BatLRREIRE 1d st B ok HBLIARRRAE re0. Refering
to ngti J 2R 2B thhstheesthbi tratkn Dl d b tHeepktiokn 165 and in

: Because the nounting nodule 160 is dinensionally o
par§icalar eivdedacese withu positigningr alementston Heerpiptfagentdf so that it is

rocessing chanber. 110 i nterf it h t . 164
ec S5 o505 10 85 B8E 41 i B8 Pl ppors 11
attd&(gkﬂota tH el 1T epsd irbbctt €08 NAvHidRNSNOAEs Bt eMactors 106 for
105. This is expected to significantly reduce the
gradpimgt thee vecrkpisicat ¥ oan raccepdinglyngave the warkpiesg Y\hdn a fixed,
dim%%ﬁr%?lhngtqﬁfgﬁmégqé@%%ﬁﬁﬁg f%?%taiﬁrheegggggtfqéo?quﬁ{t‘iﬁgv@odule 160.
oA PSS 2B RS0 800 SRR e ol 165
attdchaaisieotHe frpateeit2 @5 ematbsehihel madinting aaddwlei 16Q,0Bie wet chemical

attached to the pounting npdule 160. Referring t
procegsingschambers 1.1 hgewREPIeGensUpPeItk 1164 3nd s fremsport system

104 PRl B4 ARRCRIUe R 185 oL A of gt br e ool
10@CaH' 8¢ ekshovedi ihi thaetkgich abbve the proeesdingiuzck 184 tapovide an

t he wor kpi ece supports 113
open tool. ,

Embodiments of Dimensionally Stable Mounting Modules

Figure 3 is an isometric view of a mounting module 160 configured in
accordance with an embodiment of the invention for use in the tool 100 (Figures 1-
2B). The deck 164 includes a rigid first panel 166a and a rigid second panel 166b
superimposed underneath the first panel 166a. The first panel 166a is an outer
member and the second panel 166b is an interior member juxtaposed to the outer

member. Alternatively, the first and second panels 166a and 166b can have
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attached to the deck 164. The robot 103 (which

i ncl udes end-effectors 106 for grasping the workpiece
waroogamesgcor di ngly nove the workpi ece Win a PCRES2004/017670

di mensional |y stable reference frane established by

dlffér*é‘?lt rfarfigLRdioredia® O on&edreswn iy Rigurel gur A 3!31ralutyeof chamber
tool 100 can further include a Iurallr;% panel s 16

receplestase d67 carehdispoand inehet trsérmndosece nﬁmﬂﬁ iih§a and 166b to

h
o k3 RoehiSa b UL AR PO PR Lo
105THd debR mrPiiNherl Prluddist &rplatdlinelof pdsiforiagadieméhts 168 and

on one or both sides of the tool 100 can be renmoved in
attachenard gilemeatso{@9 Bmangedd@ﬁspﬁﬁg:lsﬁepatte_m@ftr@%ﬁbﬁ' fieRt Ranel 166a.

TheBORIORd SIRTBaISrT g adlycp SRS rEashipe dhyetfict panel 166a at
preHBnEr]éb r{?%ﬁbf%%é@rbfr'p@ﬁ Bt iV PrCPedases. \’Y'Hehdcﬂﬂels are also
érbodi nent ' o

e Invention for use in the tool
corffiguged tsinterfad®) withithe destichbércalmrboessing ohnaglhtrs |1rI§t(F|gure 2A).

FormramRIEate BANeS Fat beREeNEadR CONRSPORAING Pales O aagr interface
mebﬁte?sno?%éfng nggcgérgg?rﬁg(@ﬂgmbg $96°ng ARBPlL rﬂtft%rrﬂeﬁté’“ihe positioning

erior fa ose to the outer

eleMehes N8I ielude hﬁs fsumt asruylinddcaldpipsnet cohfifh pamsj that project
166b can havedifferent confi %uratl ons than. the on
y

upwareiynfrom thedustepanel 186g1withaut being pesitianey in Bel@ﬁt'aéﬁ\%;f.'rst panel

1 66}}]6 ggg% 3 %ﬁj’ba% ége{ Han\% ?ﬁ%rlqgnf 88$ ﬁgﬁ% eé;\%ﬁ'lne%tsl $88a located at

ea&héﬂ?ﬁib%r ]ré@eyﬁtﬁb@mg?z’eﬁ) acdliretdle gositfch fthlétlhdi\ndual wet chemical
I ncludes a plurality of positioning elenments 168 and

proaessing raiambsire et mrecise doeaticnsgen they mousting B@dpla 169.n The deck

cr the f t 6 T
164 680, lePag e & S iTRE d0PROM RS tibE i RtheriE FBBh near each
BEEIETE) RS Moty AR 10 e 1)
at p:etdrset hecatiens cor rthe ahopnting: ssodige ctélhbetise first @up@mrt goositioning
For exa ovvel S Ca{] be rgce i ved

ébm%si@)@%l 305 hopukioned ofRg, CPRTGHRAL dSmaiEE: SV pegesponding
poﬁﬁ&ﬂﬁé%l&ﬂeﬁ@%ﬂﬁ@w&%&e Lﬁﬁ s 151‘330‘11'1 Ea%hrﬁéiﬁ elements 169
POSI i'nc

oni'ng €l enents e pins,

cartd fifleadaet moles iar theoﬂrsiad)armln&;%a Hiaat pea:r;metbolts to secure the
uvvardl%éfromtheflrst panel 6a wi t hoyt 8
chasalaens; Gieand ienwpepieee ﬁwqrtsf% e daede 169 The deck

TR Hig R
longRGdinat eliter RAgES icPthd beck Me4 vintkridr sieé pldtesi1#ab along longitudinal -
inner edges of the deck 164, and endplates 170c attached to the ends of the deck
164. The transport platform 165 is attached to the interior side plates 170b and the
end plates 170c. The transport platform 165 includes track positioning elements
168c for accurately positioning the track 104 (Figures 2A and 2B) of the transport
system 105 (Figures 2A and 2B) on the mounting module 160. For example, the
track positioning elements 168c can include pins or holes that mate with
corresponding holes, pins or other interface members of the track 104. The
transport platform 165 can further include attachment elements 169, such as tapped
holes. that receive bolts to secure the track 104 to the platform 165.
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processi ng chanbers at precise |ocations on the

mounti ng nodul e 160. The deck 164 can al so include a
w@ea40i0608 r st support positioning el enents 168PCTIE82004/017670

each receptacle 167 to accurately position individua

WOrBLRS S i6 BPiesé-Sediléhd NiguiltustAtingt o evitsile embodiment of the
| ocations on the nounting nodul e_160. The first

intesn@lpeiructyesef thefask 84 ebet Riguesd iaacdgiaded viavegf aprtion of the

onf | red to-nate W 1di ' .
e IRA SO, RN A T S8 38 M e BRCHETY 78 st o it
extEh@RE MierdiRPo&ReRant st ide bRites N 708 i thetinfetivelside plates

166a"t hat receive bolts to secure the chanbers 110 and

170theThe fikgtipere! 466p ds attached totheheprricde 6 therheacing 171, and the
soch g Pad R ebefedep oh TS LR B FE Rho Bl B b8 took 1o

cr G5 il i f 195, 0h808, 172l Pt e o

and becamtipanélst TeSadand 1664.toThe bracingpiott.  Alsdidshrainosdsin Figure 5,

thechiadiict 64 neroa. PlorIRY (0t 1ses (1 b BirPusineash: e tabidphoolts 172
c > TV . .

et TRERI 974 PanChe VRIAS: s ke 2PIg sk e comection

betivedRnesd coyporents05 (Figures 2A and 2B) on the
nmounti ng nodul e 160. For exanple, the track

|
posThe GaNAlS aneheasing 1Wdbeark fed ¢ae be madp fiam stainless steel,

t hat i 1 I ' . D
otnbh Tl T B Ho i S FPatRRCs 8 B Bpimph Sy PEmBbBfies. For example,
thePbadl9 i 5iatesadari Bethade iffuhh INIRoaict 50 Btainless| steeinHastelloy 625
169, such as tapped holes that receive bolts to secure

steehallaysaok a1salid castrepqxydiltest with asicai glhe fikef-gsigforced composites

oSl A D FE R B, Tt o
the%&él ggss and $66b Qﬁélﬂﬂ'@'hl‘g}gﬁgi%ﬁ andebinpatiblef witthehe chemicals

shown I n Figure 4. eck 164 1ncl udes

usetki)d dcithe W&t chesnichl gso¢essess, Sfeirdess rajeelaisevegll-guited for many

et th terj i d t 7 d the i ' .

P Caops R BRof, ISTRoNDy BHt PaheRTaBRd T HRRkced'q cplectrolyti

Solbﬁ&'l#p r%léérqiﬁgo‘csot ok’ 4eRT id "Yet BREMId F?&c%%@es. In one
pane 66D I's dttached to the lower side of the

emboditnard, thélpandld endquiates6vb6zan ahdrt70a-c iane Duld B 0.375 inch thick
plurality of throughbglts 172 and nuts

stairess piesi, and MAB STRECHIGRY e E2NRRY Q%%‘g?@%hﬂﬁeﬁ stainfess steel.
g 888 3t plRercRhyslginchd BeRl fbretferfissse i otvor
embbaprgiteol ts 172 extend. The nuts 173 can be welded to

the bolts 172 to enhance the connection between these _

conpoedpresing 171 can also be stainless steel, fiber-reinforced composite
materials, other metal alloys, and/or solid cast materials. In one embodiment, the
bracing can be 0.5 to 2.0 inch wide stainless steel joists, and more specifically 1.0
inch wide by 2.0 inches tall stainless steel joists. In other embodiments the bracing
171 can be a honey-comb core or other structures made from metal (e.g., stainless
steel, aluminum, titanium, etc.), polymers, fiber glass or other materials.

The mounting module 160 is constructed by assembling the sections of the

deck 164, and then welding or otherwise adhering the end plates 170c to the
sections of the deck 164. The components of the deck 164 are generally secured
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The panel s and bracing of the deck 164 can be made
fromstainless steel, other netal alloys, solid cast

woredoe11@bs, or fiber-reinforced conposites. FOPCT/US2004/017670
exanpl e, the panels and plates can be nade from

togéﬂhte‘r By theIArdtighbblte 7 2shitmiut wedds. eﬂ'h@)OLﬁéﬁs@bqﬂétes 170a and the
|l oys, or a solid cast cgtg)%lgfllled W th m ca.

mtefrious@rder platesi ¢ ato Aacha rAggicl Gfiend theyepd @Jatﬁﬁérmc using

weifl Aidof fafienEes oo, Pt 168 o5 el oA frll bibuie to the end

plaf@3dt EOEIPahd he imMfekiBr S 9@@% CiFob. UTRE drdlel he wiith the mountlng
chem cal processes. Stainless steel is well-suited fo

modmley1sppls cssembiedh@zaube varied and dagn@ulimiled to the procedure
q% by many of the electrolytic solutions or
exp, 'B% 3V€ol utions used in wet chenical processes. In
SiPRA e3P Fodfhd b @le 1960 Srodidds a heavy-dut
1783 c ar g”gﬁﬁ%drt@o 0.375 I nch S?hl kst ainl es?s stseael eavy-auy,
dimendionallg stpbts fstrcuaturg thbéynalatalbs the2fdativec poshionk between the

PoSHTnG SleTapaIe 1684 BIoTLISSck 6 RBR tBingH IAViG elSThnts 168C on
the?ﬂ ForiD 185 Lyiftfn ar%ﬁﬁ,p*?ﬁaﬁ&c?éé“ﬁ@ﬁ% r%%e transport system 105 to be

er relnforce te materi al's,

recélibreyesd eaditltine & pépldcement prmmessmbs:hahlrbemﬂ 0 or workpiece support
enbodi nent, the braci ng can be 0.5 to 2.0 inch w de

11%&isamausted dedbe qasks184. aoe mapntdlsemaduie 16 is. generally a rigid

s, B3 SRRy WSS e Tkt i pween e

posﬁ%rﬁn?relé}héﬁtfs fESdJEtaWde’EBSWﬁeﬁ rtl@@wmtoﬁbn(l@alqﬂocessmg chambers
stainfess steel, alum num titanium etc.), poly

11G, itbe Mcgka@@ecaup@priéﬂ e8| taestransmrh@)(ﬁiemn 5@&1 m@unted to the

mogtne TeBaE,aBFHen oA BBIschERG: 68 RLRRY Fifule 160 is
corffi gﬁréﬂl & ﬁr%lriltgﬂﬁtheHTﬁeiﬁ‘éhldPﬁ%éth/ebhQhé %@sltib‘ﬁfhg didfhents 168a-

nponents of the d 64 are general
b apdc1B@al toyathier0.025 tiheh. t Hin migerbemkmoﬂmenm, ttheunowillm module is

he outer side plat 170a.and ;the interior
congiokred tormeintaindhg e wgwe&'qrﬁeb%\e@ﬁni%a PRRifninG elegents 168a-
oo 3688 A SpERONSE, O00500 0 OF 115 s B gt aten
mam@nk@unﬁbmlydtat&mﬁ@cpl tat withib7pproXimeatetyd ©r025ninehj e@nd in more
the nounting nodule 160 is assenbl ed can be varied and

spacg‘l%@mbpquréa te gprprRxiIpaished ¥0o-@RAPdN¢ed above.

Returning to Figure 3, the nounting nodul e 160

Em@éa\‘ﬁ;' S48 of Rj?e“aa%\’gl&iﬁ %\Xﬂlgc Mgﬂ@!é@@@"&d@?@@ Eﬁcﬁséﬁ%g‘j{a?ors

Figure 6A is an isometric illustration of a processing station 101 having

features in accordance with an embodiment of the invention. The station 101
includes a vessel 112 configured to carry an electrochemical processing fluid, a
workpiece support 113 positioned to releasably carry a microfeature workpiece W in
contact with the processing fluid, and an agitator 140 or other flow control device
positioned to agitate the processing fluid proximate to a surface of the microfeature
workpiece W. The agitator 140 can include one or more agitator elements 141 (e.g.,
paddles or paddle elements). In a particular aspect of this embodiment, the

workpiece support 113 includes a head 185 carried by a head support 186 which
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positioning el ements 168a-b on the deck 164 and the
positioning elenents 168c on the platform 165 within a

WO angaldebat does not require the transport sysPenuUSB4/017670
to be recalibrated each tine a replacenent processing

movéapvardiOantd dewhwarie relgtiver to 18 vessebynpediong &heack 187.
deck 164. The nounting nodule 160 is generally a rigid i
Cordyitsc18? previde feisfldigrand plesincal sopvngnication batvwesn theeworkpiece

oS 4SR0S HHCRL 0 RER 1) 1, 8L Wnecor 100a

(atteBREdP &6 $hel drkpiBEe WOpPlBItecs) Sl se8odd TonABEtol N8Ib (attached to
transport system 105 are nounted to the nounti ng

thertodli1@)160. I n several enbodiments, the mounting
|l e, 160 ] fi d t ' [ | ati
os| 15 6e% 85, S8te s Befiest Foricy e et (bt s unioad the
mick&Batre WhikpidtePVP2and i facel BoWh NSYsitsrP ok BRBESssiid)e When the

nmounti ng nodule is configured to naintain the relative
wonkpgEce Yhds ot theefacehdowospasition,ntheeheadnt85 teB8aendsdio bring the
68c to wi thin approxjmtely 0.005 to 0.015 i
workgiace \WhEta SoRtEEE MGG broRasste iR e NERRPY T 14, of he head 185
) N . ™~ : .
car? 555 oS ApRAPH SHUUESR Byl e ey

facingcsurfdoeboidtheavdrkpiee Ré¥acdhare spect of bhiktanpibadiment, the head 185
El'ectrodes and Encl osed Agitators Figure 6A is an

SpINg B?ﬁswpﬂ@'ﬁw Mgtt?aﬁ ﬁ%’ﬁcﬁdg%“?ﬂté_ﬁ%ﬁrw& t@t%@?%ﬁ”’i@)ie-gw when the

propRs 119, SEATHLE ol € CGRAAAGE, o1 e SREIEE B inluging during

depitidroof athgnetieally fesbdrelvecinasius). cil offercarabodighents, the head
fluid, a workpiece support 113 positioned to _ o
185 spissths warkpiege MhidiFing eriogessingr (6:9-e cIring mateiialagpplication,

e PHORSTAERRE P BRSS9 85 dps rot s
e.gP" WRES SsPIANigU befd?e OXuffgeof %f@rSHfd‘c@@@in?f ist M@t beneficial to the

‘ m cr of eat ur e wor kpi ece The agitator 140 can include
pertormesr pragessagin @nyr ok therenembbtiimestsy.the pagkil d850ascends after

addl e el epent.s). In a particular as of Lhis . .
proBateg rekt teniaverts ko HakBCuh ol i iPibe Sropessing station
104185 carried by a head support 186 whichnoves upwardly

and downwardly relative to the vessel 112 along a

t r doka paiticuamaspect of @ embodidesritashowruindFgude 6A, the processing
Staffas 41 eNSEsca (GRS B ORI RB G EPRGLTEdRst Jog deposed around
oL EoIe 32561 Bl RLELERE bt | ASpUB U eyl andor an
eletthembgoét déiliondd it bat Meleculkisatfanatesiahepplied tathe workpiece W
_ position (to | oad and unl oad the )
in a particular direction. For example, such an arrangement is used to apply
permalloy and/or other magnetically directional materials to the workpiece W. In
other embodiments, the magnet 195 is eliminated.

Figure 6B is a top isometric view of an embodiment of the processing station
101 described above with reference to Figure 6A, with the workpiece support 113
removed for purposes of illustration. As shown in Figure 6B, the agitator elements
141 are positioned in a chamber 130 (e.g., an agitator chamber or flow control
chamber) just beneath the microfeature workpiece W (which is shown in phantom
lines in Figure 6B). Accordingly, the microfeature workpiece W forms a portion of a
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m crof eat ure workpi ece W and a face down position
(for processing). Wien the workpiece Wis in the face
waleowa/1pwss t i on, the head 185 descends to bri ngP€hES2004/017670
wor kpi ece Winto contact with the processing fluid in
topt higfacesfoethel agitatbhehbeder 188. dara pasiculayiaspelet of this embodiment,
wor kpi ece Wabout an axis generally normal to t

h
progasANGNTIY i BUPAYCedintades Seitales CHBMBST dS0 Ielerall (aRTepresented

Y R S p—

thePhBAGHSEO YV (tBréligh \WBBECHdE pBROCESDR (45 IRfiSatedVisy taoroweB). The
orientation of the workpiece W including duri

n
progepsispt flid tifenrirgvets esound the mgitatare chamer a1?scjg .as) indicated by

an i RS ERtE e 5o o Rl S o8P g AR Sorcuition
(as' PORERGd %Ydér%wrﬂ)ﬁsw&brdih@ly,sm bhefemhbbaimertbad ARk orts 139
the head 185 does’ not spin, e.g., when spinning

defires arfkiid glariengt the siexienurp reighisofitheimooessing flefd @ tie vessel. At
sk R Eh S8 S5a et So a5 R R T ety
o 4 AHER A L A {4 SRS B By pene
WHlegthree pfokestimg fiuidc peyesghrdugh the agitator rotamdser 430, the agitator
a2 oS54 HegRat BNt SISk an ot
ol e UG AAITASThBAR S0HF L, ke e mass

trafsfet prodeds atittiestiiface ofthe warpidee Wsuch an arrangenent
is used to apply pernall oy and/or other magnetically

di r Bigure B8 isnatsahematic; Yusthation ok gi reastan 110, copfigyred to process

i BRI o EP90Shda% ok B ppl pRYE iRnon. The
red@f&csﬂs@iiﬁ@luabgtéﬁﬂnﬁ&lvémribpcai@d&\éa withth 1=2ef euRRcEessel 111.

to Figure 6A, with the workpiece support 113 renoved _
Prdosssingr fiuid de. oof an lalecttalre) ihsupplieshowine imner yesseletl 2 at an inlet

118 35cMouE LR 5 Yl 350 0 el 315 T8 orocassing
nEATRII il PROSREIYLDELT RGNS Y21 KgpsEmotd i e e
vesset drdiangl §n dditator chanflesrt 180 isnposiioree dowhstreamaof the electrode

o b ok 8 r S AR S B g v
fr P : . _ | .
hawé@éﬂ;&?b};'%’%@%ﬂ‘ﬁf& :g%lbg ddé&)?lgér%'rth% %cmgrjgﬁgfsée{)%&g’gnd forth relative

to &roentias ositienats, adindidatett &y A36waRd FrrechambeprtB0 also has an

beneat h
aperture 131 defining a process location P. A microfeature workpiece W is

supported at the process location P by a workpiece support 113, so that a
downwardly facing process surface 109 of the workpiece W is in contact with the
processing fluid. The workpiece support 113 can rotate or not rotate, depending on
the nature of the process carried out on the workpiece W. The workpiece support
113 also includes a workpiece contact 115 (e.g., a ring contact) that supplies
electrical current to the front surface or back surface of the workpiece W. A seal
114 extends around the workpiece contact 115 to protect it from exposure to the
processing fluid. In another arrangement, the seal 114 can be eliminated.
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t he wor kpi ece Wthrough collection ports 139a (as
i ndi cated by arrows B). The processing fluid then

wo canalear ound the agitator chanmber 130 as i nECT/ESRA4/017670
by arrows C and is collected in a series of drain

Pormgride dRect@lyt cea%y@ém@ﬁ theoloikplets eontéeis 115 dindathedworkpiece
by arrow D). Accor d?dK in one enbodi nent, the drain
g

W tmqtugnlasta dethode, zam olestiedat 12 haunatiansuas nan gitode.  The

profesng st oS Fadt (¢ siecienie! 239 rigHsh 4B Bhudls shember 130
to SUBPWTE&% fd“ethéngkéc%% ‘Hurﬁa'&é qggtiﬁothémﬁ@ib@”edéwv During

rsed in processing fluid beneath the fluid
eleq:tr@astehm\yhuthe Whapmaecestuﬁ@tlons“as oy 880de rand the helectrode 121

ungdans FReeRa0e todatiae TR doe Ao fitasia g9 In other
em 8&%&@9 tﬁ@rrﬁg%sa raAsfef p%?&@s"salhb debrkﬁﬁér 313) d)sﬂﬂoﬁfptrbcesses (e.g.,

as 1 ndi'cat arrow to enhance the ss transfer

eleaf@eesweﬁoﬁﬁm)sur father ohatehial vmnhvaéqmoWssBsgurl@ a@gy of these
is a schematic-illustration of a cto

arrgRgametscine Rropeeieg duid Bews darotich Hﬁéos&h%nﬂoef 130 while the
AP, ) R s 6 505 W o v s

 trandféhy fbo@@stkmg plasselt thé robess easfhcy 100U Théesimpesasizes and
elec roly is supplied to the inner vessel 112 at an
confuguéatlormeofa agltﬁtgr elsmaertsyl bl dhe Anaaner inwhich they reciprocate,

ancf gtaercg\ﬁ?ﬁl%@lv Hrﬁe Oél’pﬁ,]?o fgggt%in&%n&#r dﬁ’fg@riert Bfhance the mass

tralﬁ’é?é ngid?:@@ﬁ dridl fdRick NReimpass et theladgitdier elenaits at4dron the electric
er 130 is positioned downstream of the el ectrode

fiold :m the Teactagild at drurtermasnecis of theseutesturgs argi degcsibed later with

e device) having agitator elenents
ref%@mC%_gQ 'gurﬁﬁgaf%'ls) that reciprocate back and forth
rel @%UE&GDOISE‘G “s‘%ﬁéﬁw@'tlcﬂﬁééﬁét% éBthe ?éadt&dﬂ?@tr@nr@/ an electrode

arro The chanber 130 al so has an aperture 13
suppeir 120 canfiguced &3 aocoadarme with fandtben eadodinaent of the invention.

SERGHE b P | TS b s
cor 8”24 58 el oL et Y2 AT Bbatin pursy

of @n‘tﬂuléobiﬁc&odesrﬂ@ﬂ aed positiodeg émdhe @leniradeccorapartmeots 122. The
the process carried out on the workpiece W

. Th
commntrpeet:waﬂﬁﬂaéraref%ngqi &om AdialesyIMakTighi %'Efithe gaps between
C t 1 u i . .
reGhRl bed 3, s Someuftdd FRILSFAd 4ol §'0qhpRste vitua anoae
locEti6rh Gasberideth Wes kpitae chambese@0. 1Adused Berkinatheutetims "virtual
the wor kpi ece contact 115 to protect it from exposure
anade tagation" and "virtual electrode location" refer to a plane spaced apart from
the physical anodes or electrodes through which all the current flux for one or more
of the electrodes or anodes passes. The polarity of the electrical potential applied
to each of the electrodes 121, and/or the current flowing through each of the
electrodes 121, may be selected to control a manner in which material is added to or
removed from the workpiece W at the process location P. Alternatively, the
electrodes 121 may be eliminated when the reactor 110 is used to perform

processes (such as electroless deposition processes) that still benefit from
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processing fluid. In another arrangenent, the seal 114
can be elimnated. During electrolytic deposition, the

wowrkpieee contact 115 and the workpi ece W f une€T/082084017670
a cathode, and the el ectrode 121 functions as an

entEiRe8 mASLirahses £Hebl 4tltheprotessssrdsde 109, mloviiedodle the agitator
121 and through the paddl e chanber 130 to supply i ons

14Cto the process surface 109 of the workpiece W Duri ng

hi h N : )
S BEe el AR S ARE RFRES 7 B8fpr et
14275239fr1'galanféd?@térhM@rdahﬁ@ﬁréﬁ”ﬁ aeeordPce! Witk tdreembodiment of the
mbodi'ments, the mass transfer process includes other

mvdeipmm fThenagitatoe =k inchides, aml@fﬁlliwbéggltawo@lemamg 141 (six are
ot her terla renoval, processes a of these
shoyfn awg?ﬂem% hEePo Tt SRy Bhor iR qufaces 147,

Ac@Hl rth%h br Js%?fa’é@é'ﬁﬁ \%rrﬁ&?ece ARERI M éleHéﬂts 141 are

recl écate Jacent to t to enhance t he
spermsisana'rafrsfreeam ottess Erw(agngatpr aé@ fatthehinciudeses support 144 that
surface 109. The shapes, si z| ﬂgﬁconf uratiqns of

is driyendy @ apeier dherdefreve ife ag ?FQ" ri@ra eqlh FeHPEqR&) manner, as
md(c%‘fér%[)?‘%gcgm nei'ﬂ%hﬁo PANRAN IS Ble "stlﬁer |l \leth a coupler

urt ance the 'mass trans proces

1450l gr, e ezl strew)padiellolvst 46 agpbsitioned laeoemd sheléibupler 145 and
t he eI ectric field in the reactor 110. Further aspect

protacts e eovpler JddSramexpesure tothe a&ogﬁswngﬁlw%ﬂ@«seﬂ%d above. A

corEL Bkt 1 P B, 0 R TEOT: Epgton i resrcos

extEMP RINsverRe ©PIHe a4itater elerAgnter AN Re redttitt andbh@fevent fluid from
enbodi nent of the rnvention. The el ectrode support 120

esdapingidirectly piutirafi the yagitatefe albambey 18An(HigureeRk c Asodiscussed later

(o G B B es FICha 120 h). 4 et Eemetffe 421 4% shaped to
ag ﬁt@ tﬁé’ réééﬁ%ﬁ’i’q FDid: RewBIcBCthe) FecRRYIRAE | WRRbS drédtind e significant

ment |'s 123 are formed froma dielectric
|mpaa:ten|tlada Jocaheladirc fjelds bet ween the top edges of the

I ]
ot isu: padRY: fHermaus SaRbRYL NEslehon S AdSsetor 710
corﬂ'@%?’?@‘?ﬁ %‘cPordé?‘ﬁ: t\53\7rd'ir5ano‘ﬂ‘1érI Hﬁ‘lbgaﬁﬁ’(?rg %fo IrRBntidRd The reactor

ual ectro ocat i on' ane space

71@jrltidds artowee pehyen €49aaandgppeopoediaT 7 étieemdvbrtbmglbwer portion
which all the current flux for one or nore

7198, e @ﬂb@gaatoan@&ab?ra@@sab%%mﬁe(yp ahonrgfep. The lower
porﬁéﬁcﬂéiﬂo&%g%%ﬂ e%ct@cﬂ{@ fsﬁgb)m&ng t ch?fﬁd“gvg\ﬁéhe?ﬁ Irtﬂﬁ??houses a

he curr rough e
plugdigy tof efeRildr2dlectrobiys 72 1s @henireth Figuwrert rad electradesr721a-721d).

in which material is added to or
The lower portion 719a is coupled to the upper portion 719b with a clamp 726. A
perforated gasket 727 positioned between the lower portion 719a and the upper
portion 719b allows fluid and electrical communication between these two portions.
The agitator chamber 730 can include a base 733, and a top 734 having an
aperture 731 at the process location P. The agitator chamber 730 houses an
agitator 740 having multiple agitator elements 741 that reciprocate back and forth
beneath the workpiece W (shown in phantom lines in Figure 7) at the process
location P. A magnet 795 is positioned adjacent to the process location P to control
the orientation of magnetically directional materials deposited on the workpiece W
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renmoved fromthe workpiece Wat the process |ocation

P. Alternatively, the electrodes 121 may be elim nated
woben/11¢ses r eact or 110 i s used to perform proceBCEES2004/017670

(such as el ectrol ess deposition processes) that still

by B®pFddeskimyraniRnNAeduppersrihg Epmﬁicm 7686\ positioned tdbeve the process
process surface 109, provided by the eg% tator 140.

locatioquPecelieats exhgust Dases dslﬂﬂgr?A?PféOCh gat prqcessing, and collects

indd S B R A AR B 00 s 700 i

on<ERBBLITRENt, e hB2z16 MO8 roptts ffbe thglwat@ﬂthééubpe’ncrlngctﬁmlon 796.
a pl urallty of agitator elements 141 (six are shown in

In athgiuersbeylimenishtheanezrie ounwERIEs y Beaerflyishighithop recessed from the

wall; TR EGhBEHeRs SGRrGPBPNS. dhaeahs B Hor2lds, 288 arp fqsitioned to
d.réétoé“séﬁ%féh Oéfhﬁﬁrd (@@ ag Flﬁéé)'flu?dbotcfw}érﬂhﬂfe wastkpidee W when the

support 144 t s driven by a notor 143 to nove the
workpidcat BY ig4caised eat:lavaethe preasspr weationdRr@nd, aptionally, while the

WO cawlm?/%a[ Lxgcggg’gfgr %%nggl%s S7a§2f) et%b\e/@g: 2 tr|]n “gitu rinse
caﬂ%‘ﬂlll Yo aﬂﬁklysnﬁg? g?b 145?’? fleidnﬁoﬁhﬂ'neCWBPkpﬁécéW éfféil a selected

pr o cts t cou om exposure to the
progessing simwhés elabséels CFhib eeddesvinadvertenttprotessing &fter the elapsed
directs the notion_of the agitator 140. El ongated flo

fimpe $tHeta BIdht cRe@id ft SRR FalY Agtlyer b gfeMABT 18| SRRttt S with the

woéﬁ%fectgc\(\éﬁite{\)eg# @gﬂ\%y ?ﬁ?r’f :f)'&tsk gt%ﬂegs {@ m@%ﬂ%i’ k& ggwsmg.
As picgedsipgd fludd esntefs Ghe Yeddior € 10 ethesudio é‘m gimiets 716.  Fluid
12A-13), the agitator elenents 141 are shaped to

proagedlagethfwrpthﬁ:zfﬂ@h atf fillsitee iowempemiophélPa and the upper portion

715% e é)éjnateﬁ eé\gpé %ﬁ’t% og'l cj%ﬁvﬁ%ﬁosiﬁ Ldh Césﬂérp{é%ﬁooﬂfbn 733a of

the%‘éé%“m?a GandFtHraugly ghbb WS tHabasin788. Somesef fiie 13r153:essmg fluid exits
configured in accordance with another enbodi ment_ of

thet remxctarvét@ itbroughhirst eanst secanid fipwe Coltrasors, I79vey 717b. Additional

prof@seing uid 8ater e BRR R RhbiyB: AR AU Gl Soishifcs port 7162
an&‘ﬂﬂ@ée&%e thidy ﬁ%bgaﬁ_hi% Lovies Wall 1730y, 7Ib9é¥ahﬁ“§@r§s§‘rthe agitator

I"'ectr sup ort Or pack 720 which in turn houses a
charhberaf 30 Yo afgaminua secene etallotiz2p. 741 I¢asheame of thegmoeeSSing fluid

as el ectrodes 721a-7 .. Th t 719a. .
withgu e aagar chamber Tl risen 0Bt Jps Pacare [BCi Paand exits
thr&g}{a §%5tgaﬁj<7et 727 positioned between the | ower

a

and the upper portion 719b allows fluid
andTied esadtbe N 0ds mpuntscto amridie idsek Y 8dhiese mammer generally similar

to th %{ E:lleggr?bed above with reference to Figures 2A-5. Accordingly, the deck 764
includes a first panel 766a supported relative to a second panel 766b by fasteners
and bracing (not shown in Figure 7). Chamber positioning elements 768a (e.g.,
dowel pins) project upwardly from the first panel 766a and are received in precisely
positioned holes in a base plate 777 of the reactor 710. The base plate 777 is
attached to the deck 764 with fasteners (not shown in Figure 7), e.g., nuts and bolts.
The base plate 777 is also aligned and fastened to the rest of the reactor 710 with
additional dowels and fasteners. Accordingly, the reactor 710 (and any replacement
reactor 710) is precisely located relative to the deck 764, the corresponding
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The agitator chanmber 730 can include a base 733, and a
top 734 having an aperture 731 at the process |ocation
w@200The069y)i t at or chanber 730 houses an agit at oPCTWE2004/017670
having nultiple agitator elenents 741 that reciprocate

woﬂREF‘é@:ea@d pp&Ht LM DEFRAIE WanthHeplc@ﬁesNMrﬁ@h?V\nahsport system 105

“phantomlines in Figure 7) at the process |ocation P.
(Flg\lrﬁa‘@net 795 is positioned adjacent to the process

ai rdbe aniare RLiBR ATl Y BV EN PRuPh R REFRypher portion
719 BvMER AR B8 ANE! dlbBirod® supp6it 730)Js RUbled td ¥hd decoupled from
positioned above the process |ocation P collects

thee)(,l'plp)lest podies A19H nyelnoaringclteeri ekectrodec ssupipest &2 along an

insdelieiematPngxsn. G5 WoIETerh i BE0woh: ~ ArcBidngty." e electrode
sup?ﬁ?t"??ﬁeﬁ‘éed g pdgérétzszh?roﬁglg tHé%Séﬁ Tt ot hﬁe%bbné‘F 795 during

e upper ring 1on 7 I'n ot her enbodi nent s,
msitadatddm amd nemmlaes ArP&dwardage of thinifedtuce is MSﬂseceléatmde support
of these arran the no

7291@&‘1/@3 ”7‘9891813%0‘5%%&310%@’5“% eg& ude @y mﬂgﬁc?uhrﬁsmns've
ma{v\egr% such 5% ?&r&lﬂégﬂ)étl& Wéﬂ?la (1) BRNER Fﬁ%ﬂ@ﬁé ‘B'éecﬂsWF\etoward the

| ece iS rail abo process | otation

ma% net, 798)Hum17@id31allamjri md/berema)\bqll dts Watpiensan make installation of
ccordi ngly, the nozzl ¢( sz{ I798 provide an in-situ
;|

ther eh&g&odgpampqrt v 20; gulsipplaly simgler-pr bele S3@Rplel thg feature can

g N T N R

remid\@) ef Prlits ghbm?45\/\hﬂﬁ§1 fSAtars ca¢ elo fdduebeankdikkliNood for damage
active fluids remain in contact with the workpi ece W

to dither dve rlegtnodezaupperty7 2her othes portianscidbe rﬁga@fpfn? 18r( mludmg the

ters

malfe 788 nbuc 8PS 45 SRR S0 a5l it e atvectve
forddy @étwé%ﬁ tﬁé'n%égrﬁé}ezé% tHRPEIEERBA $8BpEH ¢ 20hs él@@c%des 721.

portion 7 19b, and can enter the agitator chanber 73
thrlélgghe 8 rseammlssfsepbomalosldéfﬂavaﬁort h@vbaxﬁearvemb@ment of the

roapiG (b EHStEBtaD FIonth s AORGH THER 7and TEolR] and upper
po@ibﬁ%"ﬁg% SHGY Shelddd %ulﬁél@bﬁoﬁgghh%xg%alpg BOBS Ulg are shown in

ers the agitato dlrectly roman

Figard rarsecpapartmbht aalts B28aB38d)tthab wiNidea lgb'@pvohmm within these
first wall 732a, | aterally across the agitator_ch

porfigos irfoa g@r,se$npruﬂl@@@aﬁallt\xwf|anﬂyi?d CORPATREH Ss%%?e&ewe are shown

n g 80380l 0 R S HEhsi8one of e

ele@fr@dé‘s ont STK@7gapsTb§twabd}acéﬂqﬂcompaﬁmdrﬁd/vélts 823 (e g., at the
igid deck 764 1n a manner generally simlar

tops of the compartment walls 823) provide 1yor "virtual electrodes" at these

locations. The permeable base portion 733a can also provide a virtual electrode

location.

The electrodes 721a-721d are coupled to a power supply 828 and a
controller 829. The power supply 828 and the 6ontroller 829 together control the
electrical potential and current applied to each of the electrodes 721a-721d, and the
workpiece W. Accordingly, an operator can control the rate at which material is
applied to and/or removed from the workpiece W in a spatially and/or temporally
varvina manner. In particular, the operator can select the outermost electrode 721d
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to that described above with reference to Figures
2A-5. Accordingly, the deck 764 includes a first panel
waeda/1sispported rel ative to a second panel 766PCTHYS2004/017670
fasteners and bracing (not shown in Figure 7). Chanber
to BP&tdté 08 g QlrpsmNithef’ 68Actsrdingly,ddurthg pa ndepgsitiprecprocess, the
upwardly fromthe first panel 766a and are received in
outermeaestselegtrpdei 72 théttractscions rthat meidd pthervise ogfatirgeted to the

oGl T 25 BE5eAA e Al BHBETES, 8 By for e

wor?EFe%eaW‘ tBObﬁeé nére Pé’pfﬁ&lypbfi'i@ r?gr?phé?yghéﬁ ﬁﬂ itaneshtendvhen the

stened to rest of the reactor 710 wit
workgiticei conlactiold {Figutef@)stoontacts thecperpheyyyof tthe workpiece W.

AtGSPaRYw P oLREEIOT e EPBE I aniLtK SRRUAN, ifeirol the current
dis@@h[i&ﬁ RRRGLO O LRk 5EEe W%%rfod%é d Gesies tlgrgckﬁ%qgse tditribution of

rrespondi ng transport system 105 (Figure 1).
aprfliﬁdtrlna’@ri@i (¢.be flat, redygetinick, osledga thin).Fi gure 7 is that
the |l ower portion 719a (which houses the electro
suppBe tadwgojag%of:mﬁpfcgaéwga@mam%@h @dthfa} i mﬂﬁp'e electrodes
e i 71eb i r :
prol RSl R BB Bk o Br o e PRBSf i wicr

maftiriaPVe Spplst s of rathoved freneineciokgiecaldhoAnoff) adenttage is that
not pass through the open center of the nagnet 795

thed @peigfor nsanl leeerwnt dau difiesrnges Aetwaoancagecativaly sprocessed

ok bbb RSy SN e uffR MR oldific potenta
| ap%@ﬂﬁ@@dﬁeelaaitrsdé,%th@tﬁan y8ickfy b@lmnﬁt;iaramtt@r@i oflthe reactor

| be less likely to be drawn toward the magnet 795
71@uring installation and/or renoval. This feature can

T e AR VIR Sl e s cosrav
to ﬁl'g'i patRciha) 1884t 'betResh ahé 2R fle bt clBBbBEEIE1d Bn the one

ndle rnstallation and/or renoval of the nmagnet 745.
harkhighdf &9d lineemrost agleotroddsicE21RE21¢ larl itheoatheor Adanergingly, the

ookl bl % T R B O 128 55 SBbe T ow
col%%{B?’gﬂ ﬁnT?S%Hétt retirPMAGR | olIEEBR Y 1‘73%%0 fidWrom the innermost
attractive torces between the nmagnet and the

thred eldctrode conmpentrhetdB2%a-822¢; tanuibe s&zbnd retuynrikowB colbector 7170
a cross-sectional side elevation view of an enb %i nt L
collgets precessipgdiuid rom m@ut@m@ﬁaﬁ{?ﬂm%@neﬁg}mﬁ 2800 maintain

cioPlichl i 19 e v AL o RIEID P10, Grding H8processing
ﬂuigmdﬂmmuﬁmﬁaraqnbaéléwmewizh,strﬁs?aaa&gadbem lvah also reduce the

ivide the volume within these
likelihood for particulates (e.g., flakes from consumable electrodes) to enter the

agitator chamber 730. By positioning the outermost electrode 721d remotely from
the process location P, it can be easily removed and installed without disturbing
structures adjacent to the process location P. This is unlike some existing
arrangements having current thieves positioned directly adjacent to the process
location.

One feature of an embodiment of the reactor 710 described above with
reference to Figures 7 and 8 is that the electrodes 721 are positioned remotely from
the process location P. An advantage of this feature is that the desired distribution

-20-



portions into a corresponding plurality of annul ar
conpartnents 822 (four are shown in Figure 8 as
wa@orpattepent s 822a- 822d), each of whi ch housespoOneswn4/017670
the el ectrodes 721 . The gaps between adj acent
of caopenadensityt atwhkl Fro8ass $erface 169 of e woppiete Mean be maintained
Iorrpartmsnt wal | s 823 ovi de for _"virtual

v NdseT e Slecitodarelel HBATP GREPSTHEO EFAERIR cvigR dne electrodes
7218 o3ihebR ofcHB4BE Sl hagl chapeld AlRFRERAg processes, the

increaysd disiante b8&keamtheaeleoinbded 721 aBidtheTirecpsswacation P reduces

supply 828 and the contrall 829 t th trol th
the effect pf & shapernaagE:AH o CHERD SBPFRLAL the SspSsy Surface 109

the electro 7 =/ t.he. ' .
wheaspefiagt §11F e SR8 T et AR B5E ding praces focation
P. TRis8sdvainta§e applie£ds wellaodlectrodamiret openatetdsecurrent thieves and

wor kpi ece in a spatially and/or tenporally varvina

changersbapelby gaining: tataer, thandosiner cansiuctiye naalediat Ageordingly, such

o b LGB 8o Ch] A B e UeEhen oo o

proQeisC[dRiibneP eC AhBfRer advehtadd neahat sRagowindf efieetsdintroduced by
ot he t

rwse be attracted to e workpiece W This can
feataremimtaetfldvh gatierhetween dheeelectredes 7 1hand ethgewetkmiege W (for

exalTi, B QAL EA(LFmRB ST i Sl iribresit SEAGA0 Bekveen the
e""‘%ﬁ%ﬁ@%%@ﬁ% ?ﬁéc%s%h@cé}ﬁfﬁ phery of the workpi ece W

. e operator can tenporally and/or
spahi effley amahgementss ther etettratiest 7TRuhave atheoslocatiens and/or
wor kpi ece Wto produce a desired thickness
configeationst i bAr eKamPIR i I8 PN AFENGEMESt the ¢hamber,fgge 733 houses

t hi ed M) - .
oneh Shgn AL PBCIHRS 728 ARBIAPUBRLEiBel Ba60738nay incluce
a plieligPef AdPicekirld) arirul&ragutonsnslearodes (farmed; doe exadple, from
manner with which material is applied to or renpv »
fltl‘f)ﬁ%)le electrical

sintereshmetal)vior wipvistee far (ahspakially aadkat tegwarally k8

. erator _can _accou f iffe :

rel Q0B BPrGaR 558181 £ Bh b SFEB5Ey M8 apitor chamber 720

APREGES, he agitdieF RIS 7aurtherisehrd may Peecduipled to an electrical
potential applied to each el ectrode, rather than

potetyali ¢l fupctidin uesi etpchadesetiar padiculaie waert farmegdp from a non-
congyele el TR SGELAP B bel BRI B, T Rrgpce more
or f&pakh fBgF }’%@&ré(‘]@s, OHh §OFTRE éle%%ﬂégemé%klné PBsitibBed more

one hand an e I nnernost el ectrodes 721a- c on the
remwitdlgr frofc cbedipngtess tdoation P, and may maintain fluid and electrical

communication with the prdcess location P via conduits.

Embodiments of Reactors Having Electric Field Control Elements to
Circumferentially Vary an Electric Field

Figure 9 is a partially schematic illustration looking downwardly on a reactor
910 having an agitator 940 positioned in an agitator chamber 930 in accordance
with an embodiment of the invention. The agitator chamber 930 and the agitator
940 are arranged generally similarly to the agitator chambers and the agitators

described above with reference to Figures 6-8. Accordingly, the agitator 940
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reactor 710 includes a first return flow coll ector
717a and a second return flow collector 717b. The

wo peogtiieeeg urn fl ow coll ector 717a coll ects fl olCT/USIM4/017670
the innernost three el ectrode conpartnents 822a-822c,

incﬁt.mréstél(pllﬁ@ﬁydf Bgitdfon dlémenzodd eelerigatdd paralldleet an agitator axis
gg(groces& ng fluid fromthe outernost el ectrode

@nganovable Siative to Aavatkpigceey\e (shawalin ibhentamdimesoin Figure 9)
t he out.ernost el ectr 721 d. By draining the
aIOBQ@@_e%yF%]Br mOEIIIOH %ﬁﬁ%rdl y toward the el ectrodes 721
tThe MdrigHtea BRiiat6raBlecifls 029 Useh bBreritialig! dffeR@dhé Qniformity of
particul ates (e.qg., flakes from consunabl e el ectrodes)

theteJeetricdicld beoxigiateto the piseiar wad@ie® Vi i3 atditswimfgrartially varying
out er ppst el (?CttbOde 7t21 3Or.ermtel from%he.{)cro%ess . .
mangeq neFPEINGYY, the Teaeol 4 |'9°'P9ﬁ8§%%‘“5% qrificyngeentially varying
theWsEBQUbS ‘E'héttHL ir@ cStbéttsde (RSt HIBIE SRt Fiduré ") B QRB88int for this
| ocation P. This Ts unlike sone existing arrdngenents
poteatialrgroumfesritial hasaten posurrérdraistridutiest | y adj acent to

the_process | ocation. One feature of .a nmbodi nent_ of
t heTh@ ggitator ehgmhes S30RPWLBFdola B Imﬁwgﬁﬁ%@seo%?’ formed by a

pernicdtiépade %%gti(ﬁ? 9?95 %ﬁﬁ ﬁy}t"tﬁ]g éfliao‘éﬁ're%g%ﬁoo?a IR  that separate the

positioned renote rom ces I on

eleativde ichambers thelewf @athirdewal 328at ahdex @t @d outer wall 923d are
_distributionof_current density at the process surface
visip® infiguie Yor kPe dbied walk¥23e isnepatad Apartdian thadermeable base

porfpfaR1AZa 15t S . 5280 Sane e CURERY 1, 9248 5, 4P8oed apart from

theCcthadggals BaBe wusidigubifétdntiallpvapesg Fsurtt Reall §5p ©2%ed Both gaps
di stance between the ‘el ectrodes 721 and the process

925mead iS%28dranceshadas farouspeses obillustistiemagdecshadgsd openings also

t he [ren ensi,ty at.th ocess. surface 10 when
reptgiast i Hueh SAReS doditioh o EREERBHERY §CeipPBRest. R one aspect
of thlsOSBbb&inidi®. pProcess location P. This advantage

applies as well to electrodes that operate as current

t hi Bheefountiwah gaged2dhbas harrgwi portigns &EBamproxiamatée ¢ itmegy 3:00 and
~konductive material . Accordingly, such ctrodes, nee .
o:0fi oSN Safieh TasFlghee & Foduniel podiess Sk pisuas i dhe 12:00
and P07 BoBNBRESHMRP L FRLAE o AFDt i@ttt Syfof s isprtis
betpath thetrvareow troetiohse000adewl fH2lwiedpbhionscddIb ace eaggerated in

. (for exanple, the gasket 727) can be reduced due to,
Fighra 9 rlara Radirulanexagrise th Barreweraitions f5ifisshava aqpigith of about

O.1énﬁcr?és°%§§jstp|§‘l)\?/ﬁ%/§8rgt%ng :ﬁgggﬁ@e Qr\ﬁiaﬂg?gfr%?ab&]teo.w inches to

elec;ro _ ations and
aba . 22 inckidso nFhe nairroax poRiodis 999=0a8d ainé ande pontions BEOb create a

chanber base 733 houses
circumferentially varying distribution of the thief current (provided by a current thief
located below the fourth wall gap 925d) that is stronger at the 12:00 and 6:00
positions than at the 3:00 and 9:00 positions. In particular, the thief current can
have different values at different circumferential locations that are approximately the
same radial distance from the center of the process location P and/or the workpiece
W.  Alternatively, a circumferentially varying fourth wall gap 925d or a
circumferentially varying third wall gap 925c¢ or other gap can be used to deliberately
create a three dimensional effect, for example on a workpiece W that has
circumferentially varying plating or deplating requirements. One example of such a
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one or nore of the electrodes 721 . Accordingly, the
chanber base 733 may include a plurality of

w@oemeanieps c, annul ar, porous el ectrodes (for mepCT/U82004/017670
exanple, fromsintered netal) to provide for (a)

wokpddaalV ¥ndlndéda pattaraealwafer ating ér&l neérfé@t (6. galaccessmle for
fields at the process |ocation P, and a flow path

plating)bthat evagigst iat arcmmfﬁeantrasmarmarerima ryembadlments, the gap

wicl gt tifr, e Rsta? o ghE URBeieE D EE ¥ Bet PIBLEY 10 BoBbunt for the
corftﬂ!dWﬁ)rbﬁfhe diaefolyds Fethefredblor 9A@NCONsunabl e material .
In sti ot her arrangenents, the reactor 710 nay

i ncFigdee ér dusirateswan arrengemant isl wiich dhesregionl betweére the third

walgﬁgg’:t ' Odqe g’&ean?(%/%ﬂq p%?lsg#%oﬁéggr@ngﬁy%h&hgp hores 1025 rather

thafl £g8p! CPhe & B%ﬁ@oﬁﬁéﬁ&%li@ 6ﬂ1trfehﬁolgéoﬂﬁf§véﬁé§'ir‘l Qcifcumferential

via~conduits i ments of Reactors Having Electric
mahRnet so Guatta olirré&htetmeftpo sitmnédrbmiowehe miviled ﬂ®25/$ma§s aastronger effect

El ectric Field Fi 91is i all schemat i
proximafet ioathe 1 24 %ﬁ{;g i eﬁ tbﬁnap%ége@@r fa fge 3:00 and 9:00
pogjﬁ%ﬁ;g an agitator 940 positi oned in an agitator
amber 930 in accordance with an enbodi mrent of the

| nvEiguren 1 idaepartialiptot-awbpnibemediviencoftanportiprt ot @reactor 1110
940 are arranged generally simlarly to the agitator
having apealectaigdi %goa@pk@eme@t dd82thatda neb et i the agitator chamber.

Thé foRAE 140 TnShkb 3 BoPer AGTBhal TPkl tp@e65 Th8 upper portion

7190 sh@ah a8l FReural . eThé@l@an@get@é@ﬁtr@@lémaﬂm a0d ispvsfibAed at the

relative to a workpi ece W (shown in phantomlines in
Iower godeofdhe alppeg pertiany i 1 18k anddtesoepanings 9989 armnged to provide a

o Rl AP e AL T8 b 3 200 o
6:001 p6&sitiehs WREK Pché? eard b tRe 03:00 UShE rend ';%élﬁr’of{sﬂr YARErnatively, the

manner. Accordingly, the reactor 910 includes features
reldtive rmumbenﬁfeopemnnglslM&Ba(nystagd tdfieoredh faslditiarf ta Hee size of openings

145) B B3 Bl (et 2ne and 08 peient 36%9 g aepprally similar

t t
to tI‘SIEtO %éérﬁﬁg gﬂl)f?\gé g}ﬂlHnr‘C gé@go Jer% 9‘% Egﬁj'egjﬂ?ﬂon 1119b also
incloeesrawardlyasdepdingi m&m&mt yaintein mrp@ exrcadrﬁatenhélly varying
wal I's 923 that separate the el ectrode chanbers

elegiaicah charaRipistssobavsis £Vt B EIPCHIC SEIcoondl eoBanhnd92, in a
dlré’dtl%hb}s?ehalr@]gHﬁvgrcﬁr%atg Eﬁbgméegs lcgtlgrg?ga' ?hapr%%ﬁfbr 1110 may

se portion
mcmb| twahge Qéﬁihallﬁr@idémwmﬂﬁds e8e, &ZBmer%lﬁﬁbél%dof vanes 1188,

apart from
depending, for example, on the degree to which the open area varies in the
circumferential direction.

The electric field control element 1192 also functions as a gasket between
the upper portion 1119b and a lower portion 1119a of the reactor 1110, and can
replace the gasket 727 described above with reference to Figure 7 to achieve the
desired circumferential electric field variation. Alternatively, the electric field control
element 1192 may be provided in addition to the gasket 727, for example, at a
position below the gasket 727 shown in Figure 7. In either case, an operator can
select and install an electric field control element 1192 having open areas
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the third wall 923c by a circunferentially varying
fourth wall gap 925d. Both gaps 925c and 925d are
W@ badatedor purposes of illustration. The shadedr/us2004/017670
openi ngs al so represent the virtual anode | ocations
COI’]{I%UFGU%F QUEBSEITIS Iwdrksieed ¢ot batbasof warkpircess peithouf disturbing the
[

s enbodi t. The f th |
upppg|oorttsmns1o b"eﬁi”ggfommgﬁtog T 0r v 290 Rag co 18 2pLicetant is that it
sho
redyges %egd))ﬁ@% %ons o‘é\kﬂqlﬁ:ﬁgﬁ%gbe%g%g ﬂﬁ%‘? shifor talor

the BIEAYGE ﬁélopéhéﬁebte&tshas opthe tete&:t@h 110 td aqartiailae et tfeworkpiece
narrow portions 999a and the wi de portions 999b are

W. exaggerated in Figure 9. In a particular exanple, the
narrow portions 999a have a wi dth of about 0.16

A Df pb have a width of

A 1 O+ TETeS . 0. 22 inches. The
nafFlQMv‘eIQOHQAOﬂzG%Q&tra@l dditatov @ement& drzmagmmg eeaspectively,
a circunferentially varying distributjon of the

having SBAPEY 6y P To3HLEeS iR eRpdaCar With dutlaer SETHSHITRRS of the

lnvea{ﬂl@nt@ha(g@a%%@g? fg?é??ﬁ%rt nﬁgal eﬁloﬁ Fmgr%gﬁorég L%Beaslghg%actors 110,

710P@Hd 11978 deBeidéd idndval , Eben tdfi ghe cagitatot eienmehaa/e(referred to
ifferent values at different circunferentia

collbotnmly assagitahor elemea@ﬂam hﬁa%pppoﬁegmtt?rawmces 1247 (shown

as ggl tgF %ﬁﬁfga%,n %g?g gllb% thia ér?eﬁg? 6%(?%? an°5&5tb %hdle relative to a
line éit&h‘érﬁbgrr%?ﬁiaﬂc% WheVidrorks8 lcfdé%hfP Wdfhls Wl&%&ﬁe@glmtor elements

circu rentially varying third wa 925c or ot her
124dapitls addenwardly tapejed |s!b1apattbayreaueas gh% likelikaod for shadowing or

othpegSe: RevRTEBeTSNC S, 46 REHICc SPafh it hp "Blectrode or
ele{:’c%](?’éér ?ﬁgF%U{cfQﬂgAzmlrﬁaﬁ’iﬁalﬁlﬁ"l%rihé‘@rrdéﬁjrépthé@rlty of the paddles.

d wafer havifig an open area (e.g.
Thereverssi peginfiun widét bh gpch ragitatar element is generally kept as small as

circunferential manner. In further e t,
POS@éiﬂevﬁOdhﬁthﬁf OcHEs REPHITG: 11an SXTBPIS HaS abiiatet Slprpent 1241a

can
(Figlirg, rﬁ 81 Aer REHIR- %Pdpg‘dflgpggr%ge%h |donrRLratih with flat
ag@ior%ﬁﬁﬁ@&'ﬁ&ﬂ?bn ‘Mﬂe‘-‘éq itdter clephent t24iedRigune 12B)rbas concave
wal 923c and the four wal |l 923d is occu )i ed

b |
agltatulr aurfaye@ﬂzﬂﬂbes Ti@zggrtahﬁeﬁlemah 124 &p(FigHe éé&’&%ﬁ convex

o 5L rodt, i 188 ARG S i, o 120 s
agiPRst SLABEES *49'4?8’ 65&1&@&&) iftAbahgenetaby teaggulackhepe. In other

proximate to the 12: 00 and 6: 00 positions then
embodineris etheoagitetos et@mants 1240 hpweiathehshapes that aiso agitate the

flow at the process location P and reduce or eliminate the extent to which they

shadow the electrical field created by the nearby electrode or electrodes 121.

The agitation provided by the agitator elements 1241 may also be
supplemented by fluid jets. For example, the agitator element 1241e (Figure 12E)
has canted agitator surfaces 1247e that house jet apertures 1248. The jet apertures
1248 can be directed generally normal to the process location P (as shown in Figure
12E); alternatively, the jet apertures 1248 can be directed at other angles relative to
the process location P. The processing fluid is provided to the jet apertures 1248
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Figure 11 is a partially cut-away, isonetric view of a

portion of a reactor 1110 having an electric field
waeomunoledel enent 1192 that is not part of the BQI/US1004/017670

chanber. The reactor 1110 includes an upper portion

via hhﬁ%hlfbldai 24 mtenes td kite apiteior plerhenn1Z4Bh Jbtwwf processing fluid
Figure 7. The electric field control elenent 1192 is

exitings the igteapesturend 248viecraase the agitatignpal theopraasss 1eaatipn P and
oo s FRRE PR AP AR e o o v

woﬁkb%dear\gﬁf ate 6 ne 12: 00 and 6: 00 positions than they
are at the OO and 9: 00 positions. AlternatlveIrP/ t he
jorg

r el Riglres mzuﬁmd B2G dlfusiiate egitatog edemgnﬁd@a\dmg@e tions or other

op AL A U5 BRI gt b Bt o
onéén@b' tBrthb(bth&aés des ‘ébitQi%ﬁ' AEAEBtsWhble refkbavens 6thé ®rocessing fluid.
Fi gure 10. upper “portion 1119b al so i ncl udes

Foruexaamnpliey refmrrmngirﬂraj toﬁgerelwa ﬂieaagntaionehamemth&ﬂf has opposing

agiARISSITaRPS, heA 4 Bt W Fua TG Gheai DR thaAd epr element
12@.fdd|§ﬁc%bhof?1ee6b§§ g ?%g;i@f@* fadds t1'?ﬁ7pﬁ§ S gdi’seé it@Mllow the

e reactor I'nclude t ve vertic
proeasangllfmgd \tams]ih&a;gmtheoagmmnmmaem 024 Viaftemn dui@&;de surface
dependi ng, for ex on the degree to which the

124f56 (20 eiierar Tt SBior elamert T2 dhay b6 JaRearam & mereus meta
(ei gas fdrec;tHeFﬂﬁér%lseg&gf?%tl ige ia@%nﬁé‘z}%tbﬁgﬁ AFigure 12G

betmee € upper por

illugtedtes & égi@t@r @flerhbat n24aty bavinglagitatod sofacespl2aze Wllﬂe through-
gasket 727 described above with reference to Figure 7

holes) %Qgeaeranl@ddlésaqe@udan%Mﬁ%aaﬁthem er@b@dtrmertt i the invention.

ook b ot 14308 RS GEEUF o6 £ SiBby ctement

12471%78I6n@r acPGBPAGs BI512 R i drieP BghaioP UrfReI R3S tddRe opposing
shown in Figure 7. In either case an operator can

aglwresnrfanm'lﬂﬁg all an electric field control el ement

119 fi d f
wor@pF degtits: B dndl gt Satheds feSahar dboyes iprafgrence to
Flgggé%aﬁ‘ﬁpeén@%@ ANihet kA8 Riled bR gores Halve 1thélefidtt of increasing the

ntage of this arrangenent i's that it reduces
transpaeem@qof thedagijatoheleoptatotha olesinio/field mrtbera}i;ad:emt processmg

1110 and/or tailaor the electric field characterlstl
ﬂu'@f Arvrdvaniags of i&i@rmgsrq@@h%@@ t e PoRS of Nolesiriuca the extent

o YR e e B BERER o tne it

field® 4draxihzzteégto rteepaoripietsy W, and/or the extent to which the agitator

elements shadow the adjacent workpiece W. Nonetheless, the agitator elements

still enhance the mass transfer characteristics at the surface of the workpiece W by
agitating the flow there. For example, the holes or pores in the agitator elements
are sized so that the viscous effects of the flow through the agitator elements are
strong, and the corresponding restriction by the agitator elements to the flow
passing through is relatively high. Accordingly, the porosity of the agitator elements
can be selected to provide the desired level of electric field transparency while

maintaining the desired level of fluid agitation.
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havi ng shapes and other features in accordance with

further enbodi nents of the invention, and being
wa@oiosablees f or installation in reactors such aspP€T®EsS2004/017670

reactors 110, 710 and 1110 descri bed above. Each of

t heriggid dBoks &l sameiallp schefetic eludtrationl b eni mgitatonsi 340 having a

agitator el enments 1241) has opposi ng agitator

thregzdimengionsl asangemanbpf §9Fat96@éermgﬂfﬁa?liémb\cw\?/ﬁ;igaéggre 13 as
rrs, BELARF HiBheh, 5418 0P bt BLBbINBr el Sge o). The sttt

eleeftd d831bhe 3Agbt atd rarfirgjeeints fdmd la Wirtd) Wltﬁoémrdﬂ’fhe agitator
t apered shape that reduces the |ikeli ood f

elemeatiohBla, ot34itherionted ai@Ncaase ROl relative t@thm@otlon direction R

(asSSTBASEE AT Joniel PR EA B cLBRSI ARG, e or
arrérﬁjé?ﬂéhtt df a{;néﬂ&? é}é@h@hﬁssmth%aﬂvmbﬁée{sel% %ffhﬂbrﬁ“df’eé’t%d by the
each agitator elenment is generally kept as small as

agltabtsrsmmbamcfeatelfemoredatfernsamm\mﬁ@ld For exanple, the

atﬁ?@%g%ﬁ&fﬁﬂt@rp&égel@éé %eisiéﬁg WE%?%\?qr ner.al c{ poppfiguration
the?%lgaaégéae;%ﬁtﬁcﬁével%ég reCiifodsth LAkKR tﬁ'eeesrﬁndre?@ﬂ#%hclose-ﬂttmg

as cdncave agitator surfaces
agitatort eiamber. eTiman toAlddd véltimguofehé 2gitatmschanmyencan further enhance
agitator surfaces 1247c, .and the agitator el ene

the TRaS] trepsien effectpt tha senfage ghteawarkriess é(MesFliBEfodeta”S of the

aglf%?ﬁr’ E:Hé:}ﬂnggr él‘r?% frt]lii’és it r%?r}‘?(lv?'nllct%trﬁe; } @fe{é%q\eeare iftegrated with
the@d’l@torsd?@nﬁﬁertérétdﬁcﬂbed@lekﬂﬂ Wlthhefe‘rém“e & Fidueeprdctan
| ocation P and reduce or elimnate the extent to which

they shadowthe el ectr| cal field creat ed by the near %/

) f sterstHavinag :: d B s fo Reduce

080 pplerret ed

O e s Gy 1 B G BB e v

haviy'sh b§tateperd4or @@Péeé@ in Eneldsely emsfiriad leté%ﬂ?chéﬂﬁber 1430 in
be directed general normal to the process location P

accpsdargeowith iam @hgod@eﬂt@f th%urtV@nﬁam éIeychamber 430 includes a top

ertures 124 rect t.her ,an
14 LR e En TSt dederBaaire opRbivhs VB 4B8 grgess tocation P
Oppdsih ané?\wQ%dmgz t(é}?o\d/ﬁfasaé)%ff Wal S 452484ha@ right wall 1432D)
mani T o 1249 internal to the agitator elenent 12 % le.
extdrd slovinwardlyeawaydrdm uhel texitdBddot ddgset 1452 thalr leses toward the
1248 i nqre%se the agitation at the process |ocation P
progass KeRHARE t he mass transfer process taking place at
TR BB HATSRAR £lpL St Bl P 240 osidoneo
bettvaen nige pesdawsdbcation Prarmt therchamber base 1433. The agitator 1430 has

a height H1 between the process location P and the chamber base 1433, and the

agitator elements 1441 have a height H2. The tops of the agitator elements 1441
are spaced apart from the process location P by a gap distance D1, and the bottoms
of the agitator elements 1441 are spaced apart from the chamber base 1433 by a
gap distance D2. In order to increase the level of agitation in the agitator chamber
1430 and in particular at the process location P, the agitator height H2 is a
substantial fraction of the chamber height H1, and the gap distances D1 and D2 are
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openi ngs that allow the processing fluid to flow

through the agitator elenents fromone side to the
worhen1ws t he agitator el ements nove rel ative POT/UBE04/017670

processing fluid. For exanple, referring first to

reldtivelyr smakFin bharédlilaeémplestientgilatdd heighs Hmptmlle?@t 30% of the
agi tator surfaces 1247f, each with pores 1250CF.

chamberrml@lﬁt e Imfprther paricuWaceamplest thecagitatar hﬁ@ht Fi2 is equal to

o GBRCTHRSE0% 50485 R3] i RRdTbeL PRI ELE TR BrRior et i

car@lﬂé B@trﬁl'lhrﬁét%@BF lek34dfy. fifemapaet 90dRillfeters o 484Ut 13 millimeters.
e her. The agitator element 1241f may be formed

thndheachmhmehm@htdm (e agoyt 15 milimatprsothe@gétator height H2 can be

ab%géirﬁhﬁp?t}?égwgﬁ rgéso § %?ﬁén tgrd 3524\?1”931% from about 1
mlllﬂﬂéfe"f‘td?r le8Ythagssu é]@ﬁlﬂuﬂétbﬁ t Iy Wrﬁ‘%r‘?ﬁerlﬁé%ular %xample the

ranged 1 n accordance wth another enbodi nent of
chamWﬁmglnt HEas h5 onillinetet s, the gpitator deight Hyiseabautdd .6 millimeters,

entirely thr h th t at | t 124
D1 fppbodiPd m&%% ters .eﬁﬁﬁﬂzé?a busd GRTRGetF G Dthay 3 apgements have
dlﬁ%%i]t agl at or e eetrrgltrﬁ% scr | a@?éﬁ&eg%réﬁ@é@éﬁg%@e amount of

flow adiiatighewithid tten dgitatori shamioér t1A80Nis! generrallgocersellataacb with the -
the effect of increasing the transpare

heidith H2: of 1he GEAIE QIBMERS dRE4 TN 19 hq peight H1 of the agieto

endog2anRIE haRr! s, BBt BI AR CheldhiSggrerally causing
mc@ﬁs@ﬁta iativhi ihotHs vagiebRisWeiny egaal.s add a
hree- di nensi onal conmponent to the electric fields

pr oimer@dwahty efhagitaiek plamentsy 4dd amere upBouRlyeand mpre completely

acilides ghecio HBheeC POLELT B 1m0 GRLAERREred win @ single

aglféwraél‘é?nérﬁel 4785 %o Ehﬁﬁﬁé@fhecrlﬁ%@%taﬁ%f&tpréée@é at {2 process surface

surface of the workpiece Wby agitating the flow
109 béthe whthpieomlhl dhet harrowloisarencesbetvaan thecedges af the agitator

elofeg? cHeduBhct @S iy voakBPosl Bhahpls ATl o} B Endig®{ hase 1433
bel?ﬂf \/\ﬁ@?% REnfifed fﬂ'ﬁé Bit&6r 'eP%nﬂﬁrt‘ﬁB@r a?éc?méésé the level of
e passmgt roug |s relatively high.

agitstionr éi tied yroddss swfars 1§9.0f Int partiaglar athoer mevemeentsofctie multiple
be selected to provide the desired Iﬁvel of electric

agitater alements J4ddwihinghe smad valuingi fghe o @y ehirmer, 1430 forces
the. glf)r lg%# ggafgﬁr{a wo?@h?éll%?ﬁ 7d 1@63R8ﬁvééna tHey 2B BRIt Rents 1441

avi n

and Fttﬁ@@\rd#kﬁéeélwn@boaéy ancahemhanfbagmaw MS@I(beE:W)s The confined
1341 (shown in ure 13 as first agitator el enent
volmawlgf fzh\eda@léai@mh@@beaﬂ 420 alsnkaers 1 agitaterhdow PFOXImate to the

proc%ss su%ace 108.

An advantage of the foregoing arrangement is that the mass transfer process
at the process surface 109 of the workpiece W is enhanced. For example, the
overall rate at which material is removed from or applied to the workpiece W is
increased. In another example, the composition of alloys deposited on the process
surface 109 is more accurately controlled and/or maintained at target levels. In yet
another example, the foregoing arrangement increases the uniformity with which
material is deposited on features having different dimensions (e.g., recesses having
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el ements 1341a, 1341 b are arranged to forma grid,

with each of the agitator elenents 134l1la, 1341 b
worieni@es at an acute angle relative to the noPCDNS2004/017670

direction R (as opposed to being nornal to the notion

diffelignt cdépins Rind/é¢ aiffsteng lagpetth eatips) d aadfangigmieant dinfensions.  The
agitator elenments 1341 can increase the agitation

foregaing eeswis earba@ttriputnd to3mesiused dffdsion layemthickngss @ng/or other

mas cfehifer: sbbPnesnRatE e, RRTIE, PhiodbbE AgRoR of the

pm@é@gm@lﬂg@ave they reciprocate within the confines of
a close-fitting agitator chanber. The confined vol une
of The pregassing fleideniers ttmsragltat@memarahﬁ@ﬁéaomeommgg both of two
effects at, A

flow: RIRL - Prsdiss g Bty iSwREia flt i bt Sahg Mditonamber 1420
frorh" P h t ch%%lhg rygf el eﬁﬁf&e%s%e b eP=rked \ﬁhr‘o'ﬂlghheelectrode

agi tator chanber descri bed below with reference
confipartmests14429F of Erb czlecteodes syfppReiaciid@Os |eeated gbelow the ag|tator

hepfs 80 ding SROGHII, Tabh HaRsPov ERELY SHiNGTl, through gaps
betWEbﬁQfdﬁleéé’rtrﬁéMSHé%ﬁ aﬁdst?l@eémﬁq%er‘ bhades {488 | ef'?neo(f:hamber base
of a reactor 1

ortion havi ng an agit
14384#@Iwespammeabm basEs postionod33ee thraggh ammch cziha\edmirsome of the
1430 in accordance with an enbodj ment of th

propesaing ifwd PREseE WRMREdlY datsothe,apitries Caamﬁrﬂ:ﬂé@ hZOrer@ermeable
vasSl gBREH 148ah T e 5o Bl BRI oL et b, gumnum

ceramic vigh t 1@/a|rrhcrbﬁ32iﬁ)r@nd énihigghndalappidhdmblelgx66%d open area.
downwardly away fromthe top 1434 to a base 1433 that

Altgragtively otlg aerrneatpieoba;s@spoﬁ@@t 1433 maph inchigdle &t epries gb through-

holﬁnér ?J%ﬁﬁé%cﬁﬁj r|§1l | t%/arq\g;gl t@éron’i%%ﬁ %%ﬁgs oiﬁé}& 151933 may include

a p@ﬁ@f’é’cé&l pastc 5Adst. Vigh %iyt@ﬁ ﬂfesé"&@aﬁ@éménﬁeltlg@tprb@essmg fluid

between the process location P and the chanber base
- canlEass thaadgh e agrmeabie beiserpattien 1488arta\supphhtieghgitater chamber

143k ith WoeRreg TG o kP Ins pEMBRERerase Bhfidf $68Hads hignly flow
rest’ﬂ%ﬂvéﬁ‘i‘hé ?&%é&ﬁgﬁhﬁ(ﬁ deh® s Igaéé?!ﬁra%ecﬁﬁnbérn%é'éﬂleab&e portion

spaced e chanber base 1433 by a
143$astcarprev®é alfluidratel etewtricat resmunivatioaviaik dvbtween the process

agitation in the i tator chamber 1430 :and jn
locatign ke @ns aaﬂukaﬁeg\% 1ﬂ8&n€?w¢mttﬁs %&Ptrafi%rsupport 1420,
i a a n e r :
wﬂlﬂ@l gmyw[rﬁg tgiﬁ gtﬁtgeagb Jﬁé?élﬁcgbtsds% f%gt}é{h D&%?érb& a high rate.
Altexhetigdlat(foredxanspie| If.thé rpermpeable babarpoetiommldd3atthaps bubbles that

intea éréa\tlv% Ph%i guhgifotr% ifl“:’lid‘rjltflolwe‘rjlasgdlogr0 O/é)lgcf:triggle current distribution), the
permeable base portion 1433a can be removed, and (a) replaced with a solid base
portion, or (b) the volume it would normally occupy can be left open.

Processing fluid following a second flow path enters the agitator chamber
1430 via a flow entrance 1435a. The processing fluid flows laterally through the
agitator chamber 1430 and exits at a flow exit 1435b. The relative volumes of
processing fluid proceeding along the first and second flow paths can be controlled

by design to (a) maintain electrical communication with the electrodes 1421 and (b)
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chanber height H 1. In further particular exanples,

the agitator height H2 is equal to at |east 70% 80%
wOoMotoeeor e of the chanmber height H 1. The che@bh®82004/017670

height H1 can be 30 millineters or less, e.g., from

repfé?ﬁéﬁ th@%mdéssmtfﬂné V\hmmﬂwtagllétomchlamm duUs0 ahive workpiece W
chanber height H1 is about 15 mllinmeters, the

is pa‘gﬁ:&%ﬁdr hei ght H2 can be about 10 mllineters, with

BH& ijf_’ lﬁ,qsq[aggg ?lﬂ'},ﬁé;’d%é@%”% gﬁq Peré t@%‘?@ %l#'éc&?ed above under

Seétldfn'sr@rari@Dt | THE gttt EHmbdrTE3 @ h@@bﬁpehﬂegblb bise ]Sortlon 733a
[linmeters, the agltator hei ght H2 is about 11.

W|thmanl upwae:ﬂg cantad iconigablawer. aurface i1686er Aceergimglyi & bubbles are

oredant i The ororasairgy vt HeneBi ?tﬁé’j?ﬁ;n ¥ 5332Yfe\ill 658 to migrate
radf|yHAEF] %ﬁ%ﬁg{‘ﬁleq%%uﬁécé hevsamitil ﬁié)ﬁ’é‘nt\ék trhe aﬂﬁét@r chamber

agrtator c I's generally correlated wt
7301$h|rghgh Higa saf gabe %ﬁ& mt the bheevi®@® DAk the Hubbles: sre within the

oIS LA Eid B0 Che calL st eIPape 1850 WAL e e
bu&ﬁé’éEmﬁquﬁﬁeé’iﬁtega@W%?B'Wﬁbreaﬂh'e O%r%efen’{é\fécﬁbl IA@Sa k?Sélﬁlg bubbles

ual | 'ur a agi t at or enents 144

withini fher pi'ocmmg‘rﬂum mnm%tasyllleegyttat rderfére Mthvaha apphcatlon or
the agltator chanmber 1430 (as corrpareg i}]a Si n
remgyial Rfasiess|taliagtplace at erRroeRtapidiEagHh A0s & WRRGH %?e W.

el T pleee, P TEEE" o2 ARE SigtiPtefip W BRI ™ BRdfncter of 150

meteaé 080@ ! hiMfnéerd 4f bthadvélaks) e s &srne@ W wbrkpiece support
m (b) t he ¢chanber base 1\4{33 b{el oww\r/)\nthl ﬁglthe hpfoce supp

15%33hav1n9§ sippartseali 1adddhat edands ataw the periphely @4 dhe workpiece

W Mipef e, WorReend mubBaf 151TIBVAGT T, HrieBs, B ot process

8t ftﬁe%ﬂl Widdal A5 heapndddl agalindtea ehaiber aekl #6537 located at
loc L&ﬂggr 143%é?orces t he processﬁgr?lé flui dathrcr)ugh t he ocated @

thentmprk mr@aagltmmmhem&(ﬁm Altemnataiebndghessuppett saal 154 can be
SpaRed Rt MR TR g Sedlelba Boaisw Rl aBHor g8 iies to pass
cul 98 AARIIEHATNBS, FSORISHCTBAS e TR o sy or ot

Theé Sprdbd:@smglélurdaemtnhgathefm:tatmroctwnbat 780ethpougte tise exit gap 1535b

surface 109 of the work w d. For
risesc ahpve, thenlevel &f dhe ¢ el Sel iﬁgﬂge%%?%ﬁxrf@b% veaetor 710.

noldIFGE. BULERA0REAS 07 U 895 Yo 47 SH0 o Bpror s
likeW td Pt ERGfSISdeposits, which can lnterfere W|th |ts operation. The chamber
seal 1537 remains wetted when the workpiece support 1513 is moved upwardly from
the process location P (as shown in Figure 15) and, optionally, when the workpiece
support 1513 carries the workpiece W at the process location P.

Because the workpiece W is typically not rotated when magnetically
directional materials are applied to it (e.g., in conjunction with use of the magnet
795), the linearly reciprocating motion of the plurality of agitator elements 741 is a
particularly significant method by which to reduce the diffusion layer thickness by an
amount that would otherwise require very high workpiece spin rates to match. For
example, a paddle device having six agitator elements 741 moving at .2
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surface 109 is nore accurately controlled and/or
mai ntai ned at target |levels. In yet another exanple,

W0 b@4fioreegyoi ng arrangenent increases the uni f oOPOT/U$2004/017670
with which material is deposited on features having

mefdiré/cee6nd cah HRAfvean (ren Wiffudies &aee shicRMesY df fdserthath 18 microns
depths and/or different aspect rati osg and/ or simlar

in alpemmalignathTHe/itheuk s a@ltat@s glersergan h@ewatmie%v\éwoubi have to

o RS AL AR BLS bt € B B v o

§19>|é #hen iR RBYRETREIPTes HRemaigcessi ng
fea ['ui d en?jee(rygsm\g aglgt atorpcﬁaﬂm§v%430 by one or both

of Aswthd lineanhaelongated egitatonglérnents 741 destriloedh above reciprocate
at h nters agi t at or chanber, 1430 from bel
trarfRuieposly rErRe e O EoMTBoRRe: W HikyL T elnto create three-

p
o TR ek, S W oo
thepinveatish ndedcribed balkse witharefesdioe tutRiguddsy 16mtﬁjgalddress these
gaps _between caonpartpment walls é{42§@and t he cha

eff%%e Fon gxampiee FiBWien A bad pailey mﬁ&V'QWHQP%SHFHVa"dW ata

woRBRESPRY RS BEUTh D ¥ 0 gl cramoer

16301al¥‘@,rre11‘6®13 Efparﬂah ahémabQS@opwsbcmnél%’law of a portion of the
i ncl udes a porous nedium for exanple, porous alum num

WorKpieos; W\/\ﬁﬂ!ch the agitaten 1@69e8'@9‘@ﬂ| WgEigihe ABAr esiionedy above a

onsOBE0: 3558 oA Tt A RE RGBSR dong nes 15

163)%# Frg%tréom@A Foxs efsdiRised b@l@v\peﬂhéeagltatdaaqsmmhbnu@@s agitator
3a may include a perforated plastic sheet. Wth any

elementmé@am diffegenteshapes he gncoust famthe feregoinn thygesdimensional
through t he perneabl e base portion 1433a to supply the
ea?gﬁtator chanber 1430 with processing fluid; or (if

t hel?@%"rﬂﬁ@ﬁksﬁ t8FSQuIRCTEA %eléq?t%i‘or‘ $640 HHIYddS QVblurallty of agitator

restrict the processing f can sinply saturate
elemeatyp d 6t alshewhase fpar innen apitaar elementy i1t 1a posiiiened between

and el ectrical conmu t i nk, bet t
twoy Qg S9HIAORAIPTINEI 104 Do 6aBSaR) EIRRLEE 1B 1 de slongated

gergéerrsﬁpze ggfiagleggggﬁ %gltéﬂ)% %Icir%itgﬂgétxé h ﬁ%,%dagﬁﬂﬁa¥$ﬁack and forth

rtion

aloAY tzer agitatee motichoaxie X8| & airhahmer gmeraﬂy)lsanbaxsm that described
portion 1433a traps bubbles that interfere wth t
abqyigi f bagnwarkpigee| vwséi?dvl%@ by) 2 warkrigee syPPer 1613 Wh'Ch includes a

sup?Jo?rté %/ée% UltES'zj1 %:P)?erWﬁQﬁ o eth %}rﬁﬁﬁtﬂ? agfgrgah%& g}gé??@@wgr%lly facing

proéésd Burfiee 109 Wrethist warkpisten Qv el oaloas Wlgcieieal lkenizet tassembly
161O .en

Because the support seal 1614 projects downwardly away from the process
surface 109 of the workpiece W (i.e., outwardly from the plane of Figure 16A), the
agitator elements 1641 are spaced more closely to the support seal 1614 than to the
process surface 109. When the agitator elements 1641 move back and forth,
passing directly beneath the support seal 1614, they can form vortices 1692 and/or
high speed jets as flow accelerates through the relatively narrow gap between the
agitator elements 1641 and the support seal 1614. For example, the vortices 1692
can form as the agitator elements 1641 pass beneath and beyond the support seal
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Processing fluid following a second flow path enters

the agitator chanber 1430 via a flow entrance 1435a.
wab@4preeessing fluid flows laterally through PEEUS2004/017670

agi tator chanber 1430 and exits at a flow exit 1435b.

161Zh%rfmeat/bmev,0iw@%aﬂf fRAPSRS tie fdgitatbrpelepests ntH41 become
along the first and second flow paths can be

aligned it ﬂﬁeosumpodwayﬁeﬂé e(r@)thﬁmpmsamac&qy@r the grocess surface 109

o SSTRUGR 65 A7 i B S5 Py At on o
maé‘shﬁ‘a??ffér 3% ??oéé%@ ApFdeRi FOBWAEKS e @Qﬁﬁéﬂdaeaﬁ:ﬂgtmqs generally

15 i1 Tustrates further details of the reactor 710
paralésd cioi thed aghiatoe rootien mﬂﬁ@ﬁs(ecg amfogmatactoatfia 4240 and 6:00

pos&&%%? %@Jrgg:ﬁ gur@oﬁgégeb %gﬁ@?rﬁét%e' %gg%t%%? al eﬁect% where the
supﬁfiui | @Y lﬁ't{%ngvgnj%'e% %ea@gagéreﬁfotlbﬂ ke 1859 % Fﬂ)leate to

_ eneat ase wll tend to
the 3200 a&indy9:00t pesitidrys af ngur’eh‘esApvvécs disctisses lrﬁsseatet detail below

e Bt T8 Rt B A TR ot
t
oufidt B A0S S e ARLLE cAlrRan et dhent iz

tha9apel mplgh adieiter thevientse 16d4maveignéd withethe unnérutxkglelss of the
within the processing fluid will be less |ikely

workpiesef\&randihenpropessisisatieatt)da copntesaphhis %fif%(itess

o Bl LS8 et %fej@ﬁ@%%?& &8sl 163, nd the left-most
innéf/n?_/ lﬁ?}fét@)@ SefcABI6AA a0shh? A Figuretsas, TBRDinner agltator element

Imeters or other values) is supported b
164ar lspsEanedsapand ftor $he wmkpnegea\/vs bmaagapsd; éns_:slm tafgt from the

e e B P Wl AT SRR E cBceta vere

to rjeEg)rBEé’cég&%H n_gél‘tfbr‘?ﬁ‘ Héndele tﬁé’@ﬂ?bbrt%l 15444ac e 9@1 position,

nst er seal 1537 located at the top of the
sugmgcamtpnrtuoham‘bme inger agitatorredemeat 5164ﬂ agvcmhqb;b@rspmﬂ apart from

tho AUPGRTI 387 6 AcoR CHRCIStIRL L YNILS TanTGantY,amalief than the
gafdis "DfhADG CJ U i€ c2hl sb%rﬁ\égé‘%% lﬁbre16A) to
{ s

5 or fota e processing fluid exiting t

forrigah@saeh %&mrcamﬁotél ipoeatly ehiearsos theganass S@bisfer d’macteristics
above the | evel of the chanber seal 1537 pefor

at the pregpssnsurfaeet’éld idheawesiesry Y, 21 bisc RaRtien tha at other
poq]y537 @bl t@%q%db%r {5(qodééfsiﬁb'ﬁﬁ)anﬂlv\%rﬁawélge(/%%ekec%?l form across

Crys eposi nterfere
the Véritite 'pfrécé%f%eélﬂ’fadém 09 hsut Saardee strosgér 45thié 9:008and 3:00) positions

wetted when the morkplece support 1513 is noved
thantdinell 2:G0 @mnd 6:00) positions.

To counteract the foregoing effect, the outer agitator element 1641b has a
different (e.g., smaller) size than the inner agitator element 1641a so as to be
spaced apart from the support seal 1614 by a gap distance D4, which is
approximately equal to the gap distance D1 between the inner agitator element
1641a and the workpiece W. Accordingly, the enhanced mass transfer effect at the
periphery of the workpiece W (and in particular, at the periphery proximate to the
3:00 and 9:00 positions shown in Figure 16A) can be at least approximately the
same as the enhanced mass transfer effects over the resf of the workpiece W.
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t he process |ocation P (as shown in Figure 15) and,
optionally, when the workpi ece support 1513 carries

W0 b@4morekpi ece Wat the process |ocation P. BePelr&Es200451@17670
wor kpi ece Wis typically not rotated when magnetically
di rrigureonlis medress-sbstiana ilbumtidtion ofan agitatog.1,740mpositioned in an
conjunction wth use of the magnet 795), the |linear|l

agihaiéczn phawmker rig 3Roin @ﬁc@fiaﬂﬁ% vptruathsy embagineentop! the invention.
TSRS AL LGB RS 97 | AR B hbe witin e

agitfBucharhbat 1780 il adhBehey thet aUigdeicesdispurities between the mass
wor kpi ece spin rates to match. For exanple, a paddle

trangéen charaelenajicsi & g patiphery| angihe interlofof g workpiece W. In

o 7B S8 AR BB b A LB oo 175
thaﬁ\gsggtﬁotteﬂeﬂai bfdron SlppErnteal iiie4WrokirhaeetdMN®W:00 ‘and 9:00

e spun at 500 rpmto achieve such a | ow _
positidrfsusAcoortimgly, thaiagitates /emaintsh 714 arstlese dikelylte foune nortices (or

R 4RO 3, et TETGHASEAGH BertETS vorvics
W;?r*&?ﬁﬁatb%'t@&%ména%%@%ﬂ%hy beneath a circul ar

wor kpi ece may tend to create threedi mensional
ef fRigtie 18 ig be isdmetrici ikusirationaafeart agitatoh elemvemtpl8ddecanfigured in
Enmbodi nents of the inventi or} escri bed bel ow wi

[ ¢ th
accpefanicenwithianathef ek odEnent T 4Aa, IB¥eNtoN s d her agitater efespent 1841

e d6A | o] . . N
T
bet@bemeharerds.t More déridraipusedagitatan edgnéat 484¢haambhave different

1630. _;i@%ure 16B is a partially schematic, i i
crogs-sestiealtshapgs andior sizes ab slifferent positivas\@lprgiasc elopgation axis

1oL 5 L BBl BAy Bt s, ASfA 05 bea sbove
with a&RAereR IS FHUR HBAhRpOhaVaes shafe Jderally Sitildreto that of the
16A. As discussed below, the agitator 1640 1 ncl udes

agitatpn eleorend 1184d rshowmin Riguoe fBefemexammplpeto redunscihgnlikelinood for
for the foregoing three-djnensional, effects. Referri
creqiing fispgrateliC N asRY Tres eIl 1 YAoK AR dadng 12:0and 6:00
posiidH=didwn ff FRRIKé abar el ements 1641 (shown as four
inner agitator elenents 164la positioned between two

outAmy aji that agitatbesrelessrikdadt Bboyve Whie refgreatertoeFiguees £-18 can

1641 are el ongated generall arallel to an agqgitator
recBraala foh MG nEsdapoaintls beltairoe fia Sarblznd (i frrangement
sneAPRERPIAE1SR1, X b 130 188 oo B BriSgero tmes from e
centvail bpsitioa 80, |andatheneshifty lateratiy kqa et thseippnirél gésifon 180 for the

whi ch includes a | ) i L )
next reciprocation (or series of reciprocations) is different than for the preceding
reciprocation. In a particular embodiment shown in Figures 19A-19F, the central
position 180 shifts to five points before returning to its original location. At each
point, the agitator 140 reciprocates within an envelope 181 before shifting to the
next point. In other particular examples, the central position 181 shifts to from two to
twelve or more points. When the central position 181 shifts to twelve points, at each
point, the agitator 140 reciprocates within an envelope 181 that extends from about
15-75 millimeters (and still more particularly, about 30 millimeters) beyond the
outermost agitator elements 141, and the central position 180 shifts by about 15
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support seal 1614 extendi ng bel ow and around a

peri phery of the downwardly facing process surface 109
woRostheoewor kpi ece Wto seal an el ectrical contBCI/US2004/017670

assenbly 1615. Because the support seal 1614 projects

milkneters frdiny oa‘eapomt torthenaegi: olresthes Larfmgerﬂé}ﬂsofha bentral position
wor kpi ece W (i .y outwartdt@)%qfromthe ane of Fgure

18QL€|'MftS te ﬁéh%rgwab%ns of RoiRiA RSTare et pgsieLitsarigipaklocation.
ﬁh}ﬁdlgr@é Imﬁfjgpﬁﬁf vﬁﬁ?ﬂ tﬂlglél itd18P 149 %pﬂc%?&%?ec&uces the

ace € agli tator e enents

Ilkeﬁhdoﬁ got fbrrrnﬁg%haﬁod/srcﬁcmthyér blﬁdesirablbhpatﬁemswrt tiee@lorkpiece W.
1614, they can formvortices 1692 and/ or hi gh speed

Thip @ffech sesultswiraecal aaat bxo fapteisghFirek shiftingit @|qentr@|l pegition 180

redilh YIS el SRSl BT Tnel B85 slilBr ¥ TS agitator

elefptaqist at S@c@h&@ﬁﬁtﬁm%@ﬂ’é dRAFal b@@ﬁi@hhwmbd?ﬁ)éﬁiﬂdtﬁd‘ﬁattern of
support seal 1614, or the vortices 1692 can form wh

vortites thyittayrsheideirem: sadis &gitate etement dﬂédaswutt mnowa& Thls in turn
1614 k_over roce

|
aisGPARR tne; B8rtis S (s e PPN SR RurRRY SaSiko brfiaul 1865 Whe process
surggi‘)é ned drane @/Oﬁk&ﬁé‘é&f hganthbRAEoP BIdrASNtT8SS dafrﬁﬁé&&érate and

process surface 109 where the support seal
‘deoed;erglm qua:lkllw (foarexiahwle t at Bheutad matems/senomiﬁ) taxﬁusthaassaaduce the

ikefiFof gk ShAGAY NGy CAMRIIR S, e aPees FdnB Y Ao BIEBRTES 141 wil
als&‘hﬁl’y lferfcgethéuﬁﬂﬁéknslg ﬁ%%és§ tlfé’rnéxgrﬁngreé |Hcrregﬁlngsth8 speed of

t ator notion axi pr oxi

theaalgite&oﬂ@lmenw 4% fOémFDQJhmtéI&Péecoml tb ScOsaetbrs per second is
greater detail belowwith reference to Figure 16B, the

| expsglad toggrvge dhe ifpion layeshickness by Gartar ohaeaitct
SRl B ALRELY BERMAE08 T 98 S8RTe PERAGB b spacing

bet@beARtjscak Htatd élgnratevith, hhe tbredlces elgé enigimimtdilke length
wor kpi ece Wand the process | ocati on P) to counteract

over hRickhfeasty agwtat@u demert A1 UecipsecaiesheF pepxamplesrincreasing the

bl il BNt e P BB 140 B Eeougppe spacing

bet@@éh%htﬁirﬁ@fﬁélté{%é?emént?spﬁﬂegné%ﬂhcé t9EMhiAMMUmM stroke length
wor kpi ece by a gap distance D 1 and fromthe chanber

for el agsatobyelanrw Hist ahaeh Gitatér elemenindd1ageeerdingly moves

adiGRATRL? Aniine POLL Pt Ieckpkcs Bl FaR abiscapaing asross the entire
dlaq%%}' df the IFP@F iddeOPE 9 atf‘LﬁtHeF:ﬂ%rrrrt]K?ﬂgF gﬁd%rglgfét, qgggfummum stroke

a Wwou e spaced apart

lendibl forbgaeh geaddie stéhde &fualwo oh greatergtihdn dhet digtance between
ne|§rr1rg<|)r|m%r aéllggtgr el?ements 141. For any of these arrangements, the increased
number of agitator elements 141 increases the frequency with which any one portion
of the workpiece W has an agitator element 141 pass by it, without requiring the
agitator elements 141 to travel at extremely high speeds. Reducing the stroke
length of the agitator elements 141 (and therefore, the paddle device 140) also
reduces the mechanical complexity of the drive system that moves the agitator
elements 141.

From the foregoing, it will be appreciated that specific embodiments of the
invention have been described herein for purposes of illustration, but that various
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gap distance D 1. As discussed above, this can cause
vortices 1692 (Figure 16A) to form and such vortices
WE@ 204100688 gr eat | y enhance the nmass transfer PCT/US2004/017670
characteristics at the process surface 109 of the
moﬂﬁ’nbl&ﬂbﬁ@ endy de hidde RATCUL Ode by Storet ther spRii &hdrseope of the
.g., the 12:00 or 6:00 positions). Alternatively
mventncm cEor @(anmdﬁ nfeatures Oftthe agitators anctbagiiatos mhamb@rs described

ut c tron e 9:00 n
abaiiainy gt e RS Bt g Eeasgriie g applicgble to other
rea%ﬁ#@t E?ﬁél%llr!?h%lédifcﬂéé’é, NSroBe$SAg » rddiforaut e affidtRérolexample, the
e b has a different (e.g., snmaller) size
wotkipiacet ¢ recipeocaigs tretabweeﬂoe’t’f'@‘lagltﬁwla lnostils a furtheer example, the

aced art. fromthe support seal 1614 b
ofhRisen L 8, el P NS ok MRS/ Sebn iEelgaln particular
. |.
SRR by S e ST EPBT b o
tratsfanpfozesef Nevertabladse apmaspbennxa an‘pelchef ther WpilgdecaVWV and/or the

and_in particular, at the p ery oxi mat e t he
aglgatelblsaﬁ%i'\@t%f%&@Y'ﬂSﬁQesfM&?gi'tﬁ“W cqrsﬁewﬁm%én%ﬁs transfer

enﬁﬁ?c%éqéf?ﬁpét%é TRR% 5fhf1ﬁs\ﬁgﬁgfé% f\V\fhW&B@Rﬁ@glgggr?émvention is not

er efréects over ere

IlmMédeﬁcérﬁ ds/by meaappm@gtms)nal illustration of an
agi tator 1740 positioned in an agitator chanber 1730
i n accordance with another enbodi ment of the
i nvention. The agitator 1740 includes agitator
el ements 1741 configured to nove within the agitator
chanber 1730 in a manner that al so reduces disparities
bet ween the mass transfer characteristics at the
peri phery and the interior of the workpiece W In
particular, the agitator elenents 1741 nove back and
forth within an envel ope 1781 that does not extend
over a support seal 1714 proximate to the 3:00 and
9: 00 positions. Accordingly, the agitator elenents
1741 are less likely to formvortices (or disparately
strong vortices) or other flow field disparities
adj acent to the workpiece Wproximate to the 3:00 and
6: 00 positions. Figure 18 i's an isonetric illustration
of an agitator elenent 1841 configured in accordance
wi t h anot her enbodi nent of the invention. The agitator
el ement 1841 has a height H3 proximate to its ends,
and a height H4 greater than H3 at a position between
the ends. More generally, the agitator elenent 1841
can have different cross-sectional shapes and/or sizes
at different positions along an el ongation axis 1890.
In a particular exanple, the inner agitator elenents
1641a descri bed above
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with reference to Figure 16A may have a shape

generally simlar to that of the agitator el enment 1841
W@ bamniiens Fi gure 18, for exanple, to reduce theRCT/US2004/017670

i kelihood for creating disparately enhanced mass

transfer effects proxinmateCLalfMBe 12: 00 and 6: 00

positions shown in Figure 16A. Any of the agitators

descri bed above with reference to Figures 6-1 8 can

reci procate in a changing, repeatable pattern. For
I/Wexgh@ipr:e, in one arrangenent shown in Figures 19A- 19F,

the agitator 140 reciprocates one or nore tinmes from

the central position 180, and then shifts laterally so

t hat, t hea cesd|r dbr PR&i téamitd) pcekbimgnext microfeature workpiece

reci procation (or series of reciprocations) is
comprigieg.ent than for the preceding reciprocation. In a

particul ar. embodi nent shown in Figures 19A-19F, the

cerft P%ﬂce§8§‘igt‘°_r%‘?°{t80 shifts to five points before

r etaInfdtNehdrRichl prevdssintpreddtoricanied Ay BRCPratisting sbpport, the
agitator 140 reciprocates within an envelope 18 1 _
bef or e gleattarrigcltdingha pnesassprssel configunedrtopgceiveud arocessing
exanpl es, .the central position 18 1 i f tq fr t WO

Co el Juity Saupdoien B ahriauect i A Teadrdly fmerse a
181 shif I i : ' : d
agit at orWQ%g%éggﬁpﬁ/ %rc(:)gte ggs‘h%ﬂttﬁ(? ﬁﬁg gﬁ%’éeéqugggﬁﬁ}g(l)f ;[hhea}/essel, an
ext ends 4 poooesising fluid-agftater locatdewihifahe \esiskl atrast proximate
particul arly, about 30 mlljneters) beyond the .

out er nodP thigi PEACESS dPEAHAN: §h?4ﬁr°99%ﬂ89tfﬁ-€8&9ﬂalt%ﬂ having at least
positio ' ‘ khal A r

DO bkl lo{dc e et Stad P bl B8 d 6 or and the

posi t i onyd&ietal upporidbeihd enovabiesiativd tptiieprockss tocation so as
returning to its original [ocation. Shifting the point .
about wHPcagitate pigressing fluishat kashmseximaie e dhe gyoeass location,

likelih f r [ Lr

pat t er ngtﬂ%r{ eg{"ﬁté’fr @%ﬂ%ﬁa@@a@\‘?ﬁ% %St%&eeé‘? épr%ggélb't@{p?%dﬁo at least
at | eastofanef thacddiator drid fHe weiipiddenguppiet; et r al

position 180 reduces electric field shadow ng created

by a werkigse deeinsporteartied kyf theneraggpeingovURAOE@NE Heing movable
the par tialaigrto AR oade’ e e MEHEIFR: BTy e'rbbotor

agitator elenent 141 as it noves. This in turn
distributes the vortices (or other flow structures)
mor2 uni Tioe tdof obelaimtiheherein dss praoesaing sugpoot inchides:

wor kpi ece, W The agitator el enment 140 can gccel erate
P LN BBDETe TR0 BrriralhabpasiiaR ngysgiepts and attachment
neters/s ) further reduce the |ikelihood for
shadow n%.gﬂ%g]ﬁ%rao ing the speed of the agitator
el eprerein helwoikpiecd supporf isusarred biyehdinidurtingrmbdyler
t hi ckness. For exanple, incr e_asi_ntg t he sge%d of .
wherein the process vessel has a first interface member engaged with one of
the positioning elements and a first fastener engaged with one of the
attachment elements; |
wherein the workpiece transport has a second interface member engaged
with one of the positioning elements and a second fastener engaged

with one of the attachment elements; and

-35-



the agitator elenents 141 from 0.2 neters/second to

2.0 neters per second is expected to reduce the
waldousions | ayer thi ckness by a factor of abouPCBUSZN€017670

nunber of agitator elements 141 may be selected to

r eQiittel s RAGIMEhY HHIRES 8dEETTRIUIreddbt Aizftal! esfative positions
141 , and to reduce the m ni num stroke | ength over

whi ch edwtwagh tpatsitioning eégrnents suchcingt deamarkpipee transport does
T oAl R raBS R g B8 Bk, TR eplaced with

spaci ng %ﬁﬁﬁﬁ\@r?\'o%'égvg ding agitator elenments 141 and
reduce the m nimum str%‘ke | ength for each agitator
el ement 141 . Each agitator elenment 141 accordingly

noves adjacent to only_a porti of the workpiece W
r atther t-h?ﬁ‘l ta@laghclaimadr ¥ %reﬂmgﬂﬁnmpl"@ﬁ?@ dﬂ%&é‘? Brludes @ deck
j.ece W In a further particular exanple, the
CO%%m stroke length for each paddle 141 is equal to

or Figiat euter heembére whertimnaiclebst serme ofdhglpusitioning elements and
agitator elenents 141 . For any of these arrangenents

the i ncraideest seumsef theratiaghmart elemenisAre arythe outer member;

i ncreases, th i ' ortion of

tné (BRODI S e B Randebd I BulXneiifeh D0 D,

| t,prabihBoBEWeRAH tHd Rt thenthdrabnd tekeimesricr ddntes, wherein the
travel at extrenely high speeds. Reducing the stroke .

| engt h aiutehenembesnt the bragieat endathe intgriohdnembee are fastened
t he paddle devi ce, 140) al so reduces the nechani cal

conpl exi PYEELE 1 #HE dri ve system that noves the agitator

el qiRdteth eacldrafattBenéPtEHR Aok it W ll be
appreci ated that specific enbodi nents of the invention

have been descri bed herein for purposes of
illustration,

bu hat _vari ousnpdi fi cati ons be
e i tHIRLON0! £1aTg 2 WERTAMANEMPLTRG (MeddBe Mjudes a deck
Corﬁag}gsiﬁ vention. For exanple, features of the agitators ‘
n a@itator chanbers descri bed above in the context

of #light fimstyddne! pweress iah jeast asuinte ©f dne paisitioning elements and at

applicable to other reactors, including electroless
pr ocessilagst euee 6f the altachiensledraae on ﬁ'@ {Aﬁ RENeke

Wreci j i . Instill a

furd ﬁé&%{%ﬁ%&ﬁl ﬂje’&%g?ie% ttggge\é}‘\?%tr%é rﬁlfe agitator need
NothrBBYE Betlvakh Vidiet firstaaitl @kbbemnd panaisyr whergiarthef fitst danel, the
jets issuing fromthe agitator can provide fl uj

d
agi t at i dyrachat amehaiheesseapadneranelr aref dasiansgestogether to be
Nevert hel.ess, . t, SO aspect of the workpiece W

I
and/ or tqi@eéﬁfq%tﬂléﬂl%?? T vated to provi de the fluid

agi\Réret tHENFb e IS HRaBHEA & tReSgedK. ansf er enhancenent
at the surtace of the workpiece W Accordingly, the

i nvention i s not
5. The tool of claim 2 wherein the mounting module includes a deck
comprising:
a plurality of braces;
a rigid first panel attached to one side of the braces and having at least some
of (a) the positioning elements and (b) the attachment elements;
a rigid second panel juxtaposed to the first panel and attached to another

side of the braces; and
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limted except as by the appended cl ai ns. CLAINS |/ W

claim 1. A tool for wet chem cal processing a
wor@aoi®at ur e wor kpi ece conpri sing: a processi PQI/Us2004/017670

support; a wet chem cal processing reactor carried by

t heyisreres@i reaciiiP attachédto firsaptnel dfithbuitickg a
process vessel configured to receive a processing

fluid, a workpiece support configured to at | east

Da1d 2 ot B U B RERIE R S
fly ﬁr&%’b&iﬂ UedkSSHhSsinG i Wppdrpares selowasr parsttunder the upper

proxinmate t0 the process |ocation, the processing
flui d agianal andnbreiceg aitachedsvetwsendheridenesdandyiaweropanels, the
surface with at | east one of the a

wor kit cbRed inec b s95b paeaE) Ve B ¥linlTo elements and

process (bzfﬁ’é bﬂﬁcﬁrﬂeﬁﬁefe%e?%,t Wherdi a6 sisdtNAteriadbtnéinber of the
| east” proxinmate to the process |ocation, the reactor

furlt her reactonds nengagest vitht arcaspespanding positiopingd etemnent of the
at | east one of the agitator an he rkpi ece

suppor t ;URREH p@ﬂ%Pf(WeeQré’cﬁ%iﬂSﬁng %’é‘y\?i ed by the

pro r i \/ . . i . .
KPR AT 8 DRI HR IR RS B henfed Bepo ol

. The t afibpe¥ed: It fooMrekative tbhthemprocessingglesitpppadtwherein the
i ncludes: a nmounting nodul e having a pluralit

\%si ti orﬁaﬁ@ndliem rafebar OhHWREKRS %ﬁrﬁﬁf‘%r?gfé%engaged with a
erein t i . i i
mount | ngeengEga Al engntduheiflatir 00

first interface member engaged with one of the
positioning elenents and a first fastener engaged with
one7.of tTHee taal af ichaim 2 aheneinttbe mgwtingmorslegprpriseea deck for

cor 8 RS el & R Jot e OB osB AR A aciustabl
oo AR R AR Hoctkemestoms, and whoren:
mai thieadeckr ebraprises popiuralily ©f traoss; ra pigid firgirpang! attached to one
el ement SsigclaJ Cor%t 2 tratcng a\ArPc{ hg\i/iﬁaea tfirrsafnssé{o&t th%osgsitioning elements
and a first set of the attachment elements, and a rigid second panel
juxtaposed to the first panel and attached to another side of the
braces; '
the platform comprises a second set of positioning elements and a second
set of attachment elements;
the reactor is carried by the deck and includes a plurality of first interface
members and a plurality of first fasteners, with the first interface
members being engaged with corresponding positioning elements of
the first set of positioning elements and the first fasteners being
engaged with corresponding attachment elements of the first set of
attachment elements; and wherein
the workpiece transport is carried by the platform and includes a plurality of

second interface members and a plurality of second fasteners, with the
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not need to be recalibrated when the process vessel is
replaced with another process vessel. 3. The tool of

WwWe b@ium@svher ei n t he nmounti ng nodul e i ncl udes BCTHE84004/017670
conprising: arigid outer nmenber, wherein at | east
sone of sdweorpbsintérdade g meEnevarat beingl @hgbgedt wmﬂecofresponding
the attachnment elenments are on the outer nenber;
rigid i nPesiieningsiementeut thssssondset ﬁfsp@ﬁnﬂ@nln@e%ments and the

braci ng t

b e B abBefl i HiSiod Yl Mg  pacnmens
i nteri or clRiENRS OpftRe S&sdrrensst dfmt:hm@nt érghafterein the
reactor is attached to the deck. 4 . The tool of claim

2 mherein t he nnunting nodul e includes a deck

LIeSI E@?ttngOﬁ§q% %&\f@rg mc&%ﬁlﬁggtg}pﬁ@e? t|§ f’]cng’?lgured to

mamtém%@% (IsHBHY l§et§\fe%nQHetdb%ltfdrfr$g§ er@mts t@W"t'h@H d.025 inch.
second panel juxtaposed to the fir panel ; braces

between the first and second panel s, vvherel n the f| rst ‘

anel, the brace nd t I f .

PanEl o Moo R ST (S SSRoSar B SRS Rl e homtioured t
magﬁaﬁr%fatlv% rmun?| i e’nhtgnedpﬁfslﬂlorﬁn Ef@né@@'tﬁ%trﬁh AProximately

ereint I'e 1nc esa

0.0C)GITDIO.@1€B1Q‘Icha plurality of braces; arigid first panel
attached to one side of the braces and havi ng at | east
some of (a) the positioning elenments and (b) the

attﬁhﬁbéﬁéﬁﬁgég‘nﬁﬁ%ﬂ second panel juxtaposed

ched to another side of the

br aipesresdishnges irst ehstioeheinital | GepisitRphelamdef idodiprising a first
panel of the deck. 6 . The tool of claim2 wherein the

mount i ngveﬁs@msfnran mm&ple@@mplpp@asdlsmpq@dd@%t@lm@ thechirst vessel to
ﬁggg:' i A% &Rplec a‘lrrJ]ea processmg s%?r%l%ln el caqﬁodlc electrode
disposed in one of the first vessel and the first workpiece support, and
a first anodic electrode disposed in the cher of the first vessel and the
first workpiece support; and wherein
the tool further comprises a second electrochemical deposition chamber
comprising a second vessel, a second workpiece support disposed
relative to the second vessel to hold a workpiece in a processing
solution, a second cathodic electrode disposed in one of the sécond
vessel or the second workpiece support, and a second anodic
electrode disposed in the other of the second vessel or the second
workpiece support; further wherein
the workpiece transport is movable to communicate with both the first
electrochemical deposition chamber and the second electrical

deposition chamber.
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panel and braces attached between the upper and | ower
panel s, the upper panel having at |east sone of (a)

wo b@4posdt i oni ng el ements and (b) the attachmeP€T/Us2004/017670
el enents, wherein the first interface nenber of the

reatt.or The ﬁftﬂaﬂedaim 1 vhereinr r espondi ng posi ti oni ng
el ement of the up {J panel of the processing deck; B and
a phetreaetarisa firgt wet |caa§tcaéaﬁecetﬁsmwehw§ﬁf |cemnﬁ§mg a cathodic

e ol Al i d 0l oo suvon

second | gh@ahogfodiBRISEtréde tjhs@owa knitRe cothen s ﬂl@é tvelsSel and the
engaged with a correspondi ng positioning el enent of

the pI at Workpiece suppast; tansl Wigredl ai m 2 wherein the

"o ofdol Mty GREFES 8, bR VAL (Bl d'sR8ssing chamber

transporéomgmn@da Usbakihg érmhbaghaling adfiyiat th\Yery system that
attaching the nbunting nodule to the tranme, and

wher ei n: diréuts aecdeamogﬁmld;estma plonkpiece; yfudhebmdneeeln a
i attached t ne side of ,the, bra

d f { | .
AP RaYPHIeLs RRoeBeR S drovaHle Beeam BN RG!e VEHE RECT dng first and
a first selordwblhdthicarbBeBtsitbXRftiters.and a rigid

second pan ] uxtapose irst panel and
attached to another side of the braces; the platform

IT:E%I ses a second set of posjtioni n% el enent s - an
sec A

o sEhe dPoh Ol ARt 1SRN e WREeSdeaaion &t the vessel is
oo e bl SR Ao P gl o ot v

prodesd |dd2ioni drsd wrfetemftﬁeasymtmefuahaecmmﬁeeeeedommlter operatively
correspondi ng positioning elenments of the first set of

coypded tto cati legst peaesl theaagitelos and the weskrigee ssupparl the controller

ool EufEd fo SRRIE RRRA O f 169 S B B, oo suppor
rel ARk ﬁféeoﬂf'e@'é?r&% thé Yehardliyathday gdie byl aldistaAt@nAat is less than

includes a plurality of second interfaCe menbers and a
thephaxiedune yidth. second fasteners, with thesecond

i nterface nmenbers being engaged wi th correspondi ng
posi tioning el ements of t he second set of positioning

el ef@nt STRAGON Cors AR 1 IHERBRY ThdCh@tatBIRGRMeY & plurality of
correspon ing attachnments

elongated agitator elements and wherein the system further comprises a controller

operatively coupled to the agitator to move each of the agitator elements with a

spacing between adjacent agitator elements remaining constant as the agitator

moves.

14.  The tool of claim 1, further comprising a controller operatively coupled
to the at least one of the agitator and the workpiece support, the controller being
configured to move the at least one of the agitator and the workpiece support
relative to the other in a reciprocal manner along a generally linear axis, with a
stroke of the relative motion changing between at least two successive

reciprocations.
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el ements of the second set of attachnent el enents. 8.

The tool of claim2 wherein the nounting nodule is
waeomiilgeeed to nmaintain relative positions bet MEENS100€017670

positioning elenments to within 0.025 inch. 9. The tool

of 4.ai NTiRe W& & dlainhe WheKin nbe Tedetoe indludes faroagiestor chamber
to maintain relative positions between the positioning

volemertbat extemdsifon Ianﬁr@pgrséancrﬁag@ngraﬂymm to.apRnerehthe process

oot 95 bEBr oS TR HEA SELE i vgome, o

whér‘elr 5§ the! 8% f&st ohef & é? %étoﬂ‘@ﬁﬂfﬁd;@ @xfelhﬂﬁ%ﬁ adsécﬁﬂﬁﬁélstance generally
relative to the fiTst vessel d a workpiece in a

nomalte ke ryosadsutdcation athei smormbdismae leiagt atoleast 30% of the first
. disposed in one of the first vessel and the first
Rpi ece support, and a first anodic el ectrode
di sposed in the other of the first vessel and the
first workpi ece support; and wherein the tool further
conpd.i seFha tosicofnelaieh aétwlwbemrwbgmaMDﬂlahmerdhdnbes a plurality

nmprisin a second vessel secon pl ece Sl[l(g)é)?
of sirlepal e sHPBCING SRUMYEEIN PWAEA 16 Piocess (ocation, at least
ond R SPeC G A BTG TRGREEP = fiyBlenfar S depél PRifate to the

proe8§o Nstatonk Bt ReRt BHERIthe shizivall SErtions! fantiosti mcludlng a fluid exit at
el ectrode disposed in the other of the second vess

least proximete dodhevprepess: docatippomith ha ﬁléathhm%t@mdq@etween the
rkpi ece ort IS nmovable to communicate with
flui (ﬁrwpqﬁ'ﬁg q;qc{@lesf& 1d&Hocher cal deposition chamber and
the second el ectrical deposition chanber.11. The too
of claiml1l wherein: the reactor is a first wet
chet cal Thpe toelficajmctawbereio ¢he secomd) distangeisdatdeast 70% of the
. el ectrode disposed in one of the vessel and the
f"ﬂMﬂﬂ@ﬁ%%e support, and an anodi c el ectrode disposed in
the other of the vessel and the workpi ece support; and
wherein the tool further includes a second wet

chemgcal The tosfichgnchéwbereindnesesomd distanesis atgeast 90% of the

chanmber having a fluid delivery systemthat
first distance.

19, The tool of claim 15 wherein a gap between the process location and
an upper extremity of the at least one agitator surface is about five millimeters or

less.

20. The tool of claim 15 wherein the chamber volume is bounded by a

base portion.

21. The tool of claim 20 wherein the agitator is movable relative to the

base portion.

22. The too! of claim 20 wherein the agitator is movable relative to the

base portion and wherein a first gap between the process location and an upper
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directs a cleaning fluid onto a workpiece; further

wherei n the workpi ece transport is novable to
w@eeomnniegsate with both the first and second wePCT/US2004/017670

chem cal processing chanbers. 12. The tool of claim1
extrHFREDN thd @t ReRRasR hgieatbr enrfate idaboessiek milimeters or less, and

posi‘tioned to receive a mcrofeature workpiece havi ngi
whereim i 380N gamh betweerthe base andor dewen extiemitii«afdha at least one

fhe system further copprises ntrol |l er operatively
ag'%@fp?%iacteo'seﬂ%ql‘ggﬁ "BE'B’%W%‘F@G%% tator and the

wor kpi ece support, the controller being configured to

nove at | east one of the agitator and the workpiece

sudirt Tree tadlwé claimtdewberedn ablemsy parofdeabdaselpprtion is porous.

i near path by a distance that is |less than the

maxi mum w dt h. 13. The tool of claim1l wherein the

agi3pt orTﬁé‘ngldes cl%irﬂ'%é @\'/Hérééinofr}(fEﬂﬁ%te?‘i/o‘ﬁ%éaits%ounded by a

el enents and wherein the systemturther conprises a

plueity b lsldewanbpsdiohs exierming ldedriwartilyeawgy frahothe process location
each of the agitator elenents wth a spacing between

to the baemaaien.agid véesaihthe Féﬁ%iﬁﬂrﬂ_@n dBplsdgnta Sigst; siarface facing
BB B Ty B0 43860l il BoddbhBbie rom he frs

surfeR@starth vHareinh theagbtaid@rsurfadet ReinaingRi teChawl P digher elevation
the controller being configured to nove the at | east

towena afoerimetagiof dherpraness hecationk fiasc towaishar eenter &fithe process
to the other in a reciprocal manner along a generally

locgiifear axis, with a stroke of the relative notion

changi ng between at | east two successive

reci procations.15. The tool of claim1l wherein the

rea@$.or Theltoolesf ckainagiwhearemn tHeaagitator oaludes adulurality of agitator

elé&%%fﬂﬁ [ étggr?‘:siltgéggg@%%Qﬁéi%%{gpﬂq%gﬁyetm%v%ble relative to
' ' [ A G nber vol umne,
thejﬁé&%ﬂog:aﬁoﬁI,?gﬁgfgggggﬁlgﬁg%%g?@at%r&g%rf ace\é egt ends

for a second distance generally normal to the process
| ocation, the second distance being at |east 30% 0

: f "
t he2$i r sThaiteelapicelaim 4. wiraeein $oe reacter inclides fBagNat positioned
t he_ao0j t at or rj:nclud I [ S [
proiieBos T oo sl e, Bt R ddndich T rhicrofeature
wolk@fiddd Aithe®robesslocatién.of the sidewal | portions
\ including a fluid entrance at | east proximte to the

27. The tool of claim 26 wherein the magnet includes a permanent

magnet.

28.  The tool of claim 1 wherein the reactor includes:

a magnet positioned at least proximate to the process location, the magnet
being positioned to impose a magnetic field at the process location to
orient material deposited on a microfeature workpiece; and

an electrode support positioned to carry at least one electrode in fluid
communication with the process location, the electrode support being

movable relative to the vessel between a process position and a
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process |l ocation, at |east one of the sidewall
portions further including a fluid exit at | east
w@e@xiinmbe to the process location, with the apCT/a82904/017670
positi oned between the fluid entrance and the fluid
exit. 17 i ' i i
di st ancereini-&;f‘aetOt Pg%gteﬁ %géo/rﬁo? rflﬁtéd@ﬁagk ﬂg%tgb ﬁ@&pqass.s through the
The t ool prakcess tooatibh. wherei n t he second di stance is at
| east 90% of the first distance. 19. The tool of claim
15 wherein a gap between the process | ocation and an
up ex e ' f
S Bout |72 RSo Hallt, el the M ifthRlesth cBftBtor clement

hawh@ianfirsh sunfeicei and hesedomabsurfacel faving sppositesl é@nipyheafirst surface,
base portion. 2 1. The tool of claim?20 wherein the
thefijst andsecendsyEaces beingiqanied guiwrrdlysard gemnwandly Zavay from an

The &. ; . o it .
2y BPsliBfecsfrd MERaRTat b AR BbRrat st BERE

bet ween the process |ocation and an upperextremty of

the at |east one agitator surface is about five

m 130.ret Ene topl bésdaima 28 wherein ithe sgitaind ejepepktihasea generally
. the base and a | ower extremt f the at least o
aianricshpe] o seEion il MsrEeften Hhadlens ginpall normal to the
progéss [0e@tibao! of claim 20 wherein at |east part of the

base portion is porous. 24. The tool of claim20

wherei n the chanber volune is bounded by a plurality

f sjd [ [ [ d I
CheShr ocBas POk &l [ 25 HBetala dRBoROFOR! SIAGLTNGRS & generally
s P B SEbAR SHE e e SLoiBy 65 el nomal 1
thefprocexss loeptient e fromthe first surface, and wherein

the second surface is inclined to have a hi gher
el evation toward a perineter of the process |ocation

: ggifb.t owgrd tﬁqoﬁ%%i%i@??gi ﬂ/ﬁeﬂ-:riﬁ C%tf’ ﬁerdsl? ﬁc@’féu %g'sthésﬁrsfr N$d second

of clai e agit

surllcesas clvedf agitator el enents having spaced apart
surfaces and being reciprocally novable relative to

the process |ocation along a generally Iinear notion
X133 The tool of claim 1 wherein the agitator is at least partially transmissive

to the processing fluid to allow the processing fluid to pass through the agitator.

34. The tool of claim 33 wherein the agitator includes a generally porous

material.

35. The tool of claim 33 wherein the agitator includes a plurality of highly

flow-restrictive apertures extending from the first surface to the second surface.

36. The tool of claim 1 wherein the agitator includes an electrically

conductive material.
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26. The tool of claim1 wherein the reactor includes a
magnet positioned proximte to the process |location to
wo@redioentoepmt eri al deposited on a mcrof eature WCRPE®O€017670

at the process location. 27. The tool of claim26

whegei n The f&ﬂan@ft cldf ud%@ewnﬁ@r@@tataﬁ\qmﬁme88an electrically
The tool of claim1l wherein the reactor includes:

inshtafivetmatesiat.i oned at | east proximate to the process
| ocation, the magnet being positioned to inpose a
magnetic field at the process |ocation to orient

mat g&1 al THERASH &edafh 1BwAL dﬁftﬁé\fagﬁgtdmr]&mu@eeat |85 Gk agitator

el ectrode support positione | east one
elealaent telongated élbngdarmmmramiawrmmw thle apikator elerment has different

| ocation, the el ectrode support peing.novable relatjve
cropg-SostioNds SEAPSBL FATeR! ﬁr@%eg%ctm@?t%eﬁ,aea batndtedent cross-

sl g 0 ssSo B (RMIR AP vRER 00 BF°0 s

vvherel n the agitator includes an agitator el enent

having a first surface and a second surface facing
oppd8i t eThe oleol Hf £laingt 1swheeaia, thenagitpiast ingldese @offist agitator

elefll 20 ped R SR e ATt o R BIRGH of ¢ oond agiator

eleﬁ@%elﬁysybé@cpéﬁéﬁ?r@rﬁ aenfits? Rgitdfor eTékﬁethQhe qfrst(‘ég?ltd’dbr element
wherein the agitator el ement has a generally

ha\dngrﬁ)rﬁldstssfm amdo@zem then secend i agitatere etargentyhaving a second
| ane .gener al | 0 the pr.aces ocation. 3 1.
Bzt ey ShasebeinoRURSEH 185 the Shoatcsnare, or the

flrsﬁsﬁérk?élﬁé Hgfégéhtat'ﬁ% lthe sEEESE 5ZRCHE BB, Shape when

I ntersectle a plane generally normal to the process
Iocation 32. The tool of claim29 wherein at Ieast

Theddool T6e fté$l§$frf35i9m§§fvg*?%efrﬁ SoRaBS ISFAIGR has gBrinner region
poé?ﬁﬁ'iﬁéd‘“' t'ﬁy b%r ﬁ/ \b??%&g'i?etopra‘?\c ‘?ﬁﬁér”geﬁfow &t fhe microfeature
a eSS|

ow the pr ass throu
worR@idcd, adnd 3. oUtee rbgrmln péSIﬁbmdnt63aeA/geherallyt Fﬁbmmate to an outer
agitator includes a generally porous material. ]
region of the microfeature workpiece, and wherein the second agitator element is
positioned inwardly from the first agitator element, the first agitator element being

smaller than the second agitator element.

41.  The tool of claim 39 wherein the first shape is geometrically similar to

the second shape and wherein the first size is different than the second size.

42. The tool of claim 39 wherein the workpiece support includes a
generally circular seal positioned to extend around a peripheral region of the
microfeature workpiece, and wherein the first agitator element is elongated along an
elongation axis and is positioned pass over the seal with the elongation axis
generally tangent to a portion of the seal, and wherein the second agitator element
is positioned inwardly from the first agitator element, still further wherein the first

agitator element is smaller than the second agitator element.
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35. The tool of claim 33 wherein the agitator includes
a plurality of highly flowrestrictive apertures

wezaoendiongy fromthe first surface to the seconBCT/US2004/017670
surface. 36. The tool of claim1 wherein the agitator
| nchydesTR 1eblesFidiainnh | wharentie agi@atamrm@és 8 plurkiey of agitator
tool of claim1l wherein the agitator includes an

eleniemts and atHeyeimatueast & Erstwinerofdhe sgltatorralements isfelongated along

o 6 B e R A A A8 Ml v
seédﬁﬂ 264 hgﬁ%farﬁilé'fs%e has fid ferent cross-sectional
shapes, difterent cross-sectional sizes, or both

di fferent crosssectional shapes and sizes at two
poi nts along the axis. of claim 1l wher

9. Th | [ .
t het4gi t-gflt"% rtooh@f uglaim aigf Whgffe?%;ﬁ%ga@sﬁa@r e%Mdeén@ glrsq agitator
oGP AT s Hls L fop B Gpoeed on

a skbend iaxikt gevtrrafy orthegenainto, thiehfrst axist andivitairein &l asthvne of the
having a first shape and size and the second agitator
agitatenend thaaweHgPiece surprIt nmpuyabledelative, tohe ptherealpng & generally

. shape..hei di f . n h t e rth ;
ineB BB B rcl e rat. po Rt AGHS RADE A% Guriedfirst axis, the
gen@bm{ liABar MttichosathBeify IhENnEY g rsRicBnt RURS @PGES relative to the
| ocation has an inner region positioned to be
seqpideds.| y proximate to an inner region of the
m cr of eat ure wor kpi ece, and an outer region positioned
to be generally proximate to an outer region of the
m CAHf eaf s Gl KRIRCEwWhBREIn WHE bR dedsNBcatfsiPMEIudes a portion of a
agitator elenent 1s positioned inwardly fromthe first
germyatintplanat gmecass pland,i asd wigernein dhe efeackon flréharg comprises an
simal l er than the second agitator el nt, 4 1. The
elofiape SHPBPHIRASMPERCICLFATY FReieiag SlfiRds emote om the process
Maﬁﬁonetrically simlar to the second shape and wherein
e first size is different than the second size. 42.
The tool of claim39 wherein the workpi ece support
i ncludes_a generally circular seal positioned to

extdd Tl Rolc0f R ovasrein ie Feastior insludas: an @lealrade support

corRGHEATE P A5 508 548 1, 1ORL B PrFA i proces

locBE&s over the seal with the elongation axis generally
tangent to a portion of the seal, and wherein the
second agitator elenent is positioned inwardly from

%Ihf@jl ' S'I'héa1 %&aé élaf% %rée\%éreslﬁlthg glgéttrgc?er sﬂg%ﬁlﬁast geplurality of
electrode chambers at least partially separated from each other by dielectric
barriers, with gaps between the dielectric barriers forming a corresponding plurality

of virtual electrode locations spaced apart from the process location.

48. The tool of claim 47, further comprising a plurality of electrodes

disposed in the corresponding plurality of electrode chambers.

49. The tool of claim 47, further comprising an electrode thief spaced apart

from the process plane, the electrode thief being positioned in fluid communication
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agitator elenment is smaller than the second agitator

el ement.43. The tool of claim1l wherein the agitator
wop@kadwes a plurality of agitator el enments andP@iTEsm04017670

at least a first one of the agitator elenents is
w1tl$|tﬁ696Fc%¥s§| Ri&@tlénfﬂor $écele Soﬁ@@r@h {I'%a%‘ro@es%ﬂfgml@udmﬁat would

of the agitator elenents Is el ongated al ong a second
otharviseraitachdodhé etictafeatuee Workytieesi s. 44. The tool of

claim1l wherein the agitator includes a first agitator

el enent el ongated al ong a first axis and a second

agi £@t or SPEOEE &Yy o

genﬁegal I}-ﬁ%rettgﬁggg?g te\ﬁ%é]rlfe??g?éaezlgs %ﬁvﬁgpelsnp %stmoned to
carheashievirg erbctrbeea@lnbmfvomahd prbee&wplbapeece support is

novabl e relative to the other along a generally linear

nmotion path inclined at a first acute angle rel ative

to e f

pei 711 nihS el t el SERE Eortitib BB e BREl B A8 Fogs,

second axis. 45. The tool of claim 1 wher ei n the

process |location includes a portion of a generally
pl addr plbeded qficiaie SQAdrtheeeNArising: react or furt her

es.an trode support positioned to carry a
thlnﬁ\? ﬁbe"éﬁ‘%sﬁcﬁag renmote fromthe process plane. 46.
Theg icBftactlel&dttd® dariBaY thel WSrkphad Qﬁppdﬁ? bHE§sRidned to make
el ectrode support configured to carry at |east one
el ect r odelectridal lmbdtam)rmtlmacmmrofeawwwoﬁcplm@wm the workpiece

| ocation. 47. The. t im46 wherein the

ol et oSS ERTIoRA80 AEeAHTE OHRPIERE! r ode

Chaé‘@‘é?& e bﬁg&é spééédl é&nér)f ﬁ%‘ﬁﬁ’ﬁﬁégﬁdée%& %Eﬂ%ﬁh aRgher

by dielectric barrlers gaps between e

di ebeeton mdrar powes suppliiesgceupied r ampngdthey qontachl dalteytrode the
of virtual electrode | ocations spaced apart fromt

process hiRdRY Srectingle anthedl legst eng.%p@t? tOfRIPY'F!GrCU"ent to the
conpri Si I e

COTPLL SR BsPEriode S pcbaEhI NG IRTe oldhEiCprovided o
tool of gleathieving efed:trbbéfand(lﬁﬁfdofhltétﬂ ehectedect r ode

thief spaced apart fromthe process plane, the

electrode thief being positioned in fluid

Frontt he BF SR T PEAEFRR R M RBEE MRyt agittor

elehfénw awith Ghe fRptatsrecleRidhbd ®ethg Rfbvable bta@ralar@f fd?iharéﬁatlve to the
7 wherein the el ectrode support is positioned

procass yloeatidn along seigeoeradiyelimearometionopathh eand msm the reactor
furt%le?ggr'nprises an at least partially enclosed agitator Qhamber positioned between

the electrode support and the process location, the agitator chamber housing the

plurality of agitator elements.

54.. The tool of claim 1 wherein the workpiece support is positioned to
rotate a microfeature workpiece at the process location about an axis generally
normal to a plane of the process location while the agitator moves relative to the

process location.
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5 1. The tool of claim50, further conprising the

thieving electrode. 52. The tool of claimb50, further
waeompni®dsg: the thieving el ectrode; a contactPCT/US2004/017670

el ectrode carried by the workpiece support and

poskLi ONPHe Qo MBFHSaift] 139Mérélﬁ| the %rﬂﬁiﬁac@ﬂ duppdrt is movable while the

m cr of eat ure wor kpi ece when t he workpi ece support
agitator mayes helative to tlaprocesedodaiiotice; at | east one anode

spaced apart fromthe process |ocation; and one or

nore power supplies coupled anong the contact

ele rod t r e

ol 1 o e B R R R e St eiRary while

thewgptatemnnoaés gelative to tHeaprogese tddatibn. provi ded to the

thieving el ectrode and the contact electrode. 53. The

tool of claim46 wherein the agitator includes a

pl ugal it f t t .t ator

el eém’:nt S¥B§|t%&%r}co@é{ %%?gﬁ ffigr tBEHHﬁf 've to the

pr ogR stedteit wn:spcﬁt eofiguredne roalrﬁyxatl leastasnaretdcodpatte electrode
and wherein the reactor further conprises an at | east

parti al | SuRPIt bewg iagluidcommimicalian Wik the prrcgssdesation, and

20, PRI R SRBlRL g eht BoBhREBAT o8 "4 b piF petween the

el ement sg|g2ftode TéiHgopObNATthe! sroBeds Wb&dtRIN) thBeslectric field control
wor kpi ece support is positioned to rotate a

m cr of eaemnxmatrm coafiguredie q@ntroéeé glectsicabeursgrdudensity in the

an axi s general to a e..of r oGess

ocat | onPumer sno g Atihe aofeth BRLBh th iR B8 & Value at a fist
Process LipGhiePOnthal- s.@eoﬁ qeé Vﬁfoc@sé" [BchtibAeBRENat 88cond value
wor kpi ece support is novab e the agitator noves

rel ati vednﬁeremtethanotrmﬁrswmmaeca’t a s@conbeciraohfenéntial site of the
claim1l wherein the workpiece support is stationary

whi | e t heros§se d0iORbves rel ative to the process

| ocation. 57. The tool of claim1 wherein the reactor

i ncludes: an el ectrode support configured to carry at

| ea58. onFhelteoitsfatdeim baviedreitt thedslestviefisltl doatrobelement includes
fluid conmunication with the process |ocation; and an
a sigtdhavinga firgdiragemvitio B f@ﬁfe\fﬁf&th‘ aﬁ@ﬁ WQSHEH"%'%@""H g perpnd width

AL R L e S

59. The tool of claim 57 wherein the electric field control element includes
a plurality of apertures, with apertures in a first region of the electric field control
element providing a first open area and apertures in a second region of the electric

field control element providing a second open area greater than the first open area.

60. The tool of claim 57 wherein the vessel includes vanes aligned along

axes extending between the electric field control element and the process location.

61. The tool of claim 57 wherein the vessel includes a first portion and a

second portion sealably coupled to the first portion, and wherein the electric field
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el enment being configured to control an electrical
current density in the processing fluid at the process
wo omatii@m t o have a first value at a first PCT/US2004/017670
circunferential site of the process |ocation and a
cortPsIdIEment ilgids & 'igket Mab?epcﬁsltf iGried/BétReert the first and second
second circunferential site of the process |ocation.
posi®nsThe tool of claim57 wherein the electric field
control elenent includes a slot having a first region
with a first wwdth and a second region with a second
w dgh 91 ¢ efod) rﬁncFé‘rﬁ i WhlerdthdiHe  pPSeestify tfﬂ% FhEIudes a first
claim 57 wherein the electric field control™ el enen
proaessumge‘mm; grhdiwhkreig tioé rearsiot further comhiis@pes nozze aoupmable to a
first ion of the eI ic field control Iene

SOWCBVAR RECANY raEeRel Tatoh BNd PSSR pRaYe e Regessiulocation to
dirE&95 Orm L oeeg! §8&5rﬁc? :grer s%hrngrf‘ltt.lad)lt?\ﬁ nfnl&’o?é(étmé‘gvorkplece

a second open area open area
carpied b'ShmetW@ﬂkp@ce@memrtW wherein the vessel i ncl udes

vanes aligned al ong axes extendi ng between the

electric field control el enent and the process

locaki onypg fld L poreﬁm e ﬁ@ezém Wevwgrg(ﬁ&et %%é%ﬁ fé movable

i ncl'ddes "'a fir ion a second i on

betu@idpl adirkOpbieohitbsdarppat mﬂfﬁofeétlﬂe\fWGﬂ@hébé Ire cehert With the first
fieldcontrol element includes a gasket seal abl

prq@@gslmoﬂle@ B the dioeess floeaiionarands & saePbhasiinn agpve the first
t,0ol wherein the gr cessi.n

pos fign JBokleer e s EEdis WoHarS, AP ARelIF Fligam of second

prdc%§§h@rfllflé|‘61r€§tred0c§7‘1?fe' §&&l@ nozzle coupleable to a
sourcé of a second processing fluid and positioned

above the process location to direct a streamof the

‘sec nd processing fluid tqoward m cr of eat ure
A ooSush BT PToReSI8S kerdol COTRSEMS: €3, The

t 005 lga%c%,savégs@?c%tﬁba tb REcAE ‘é%r%%%séHBHRh& fne process vessel

nova t ween osition to car
m cr of eahawagmmdopess&:oauonpnt act with the f| rst
processing fluid at the process |ocation, and a second

pos?tVYQihP'&E@\ﬁé'PPﬁ@ qqnﬂgyr%gq a leqst BaﬁlaHMémmﬁ-’fse a workpiece in a
m cr of ea of
Thcnon SpHBsAPRIRIFePuIoacEat ol M et yermel,
vet a pheceseg AURCAGIEtO0 Idoatsd aithirc EvesTe git |Gagiresiatate to the
vessel conflgured to receive a processing fluid, the
process R@$ess location, the agitator having a plurality of agltator surfaces, at
least one of the agitator and the workpiece support being movable
relative to the process location so as to agitate processing fluid at
least proximate to the process location;
an actuator operatively coupled to the at least one of the agitator and the
workpiece support; and
an electrode support positioned in the process vessel and configured to carry

at least one electrode in fluid communication with the process location.

65.  The reactor of claim 64 wherein the electrode support is positioned to

carry a thieving electrode remote from the process plane.
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having a process | ocation; a workpi ece support
configured to at |east partially i nmmerse a workpi ece

w0 pooa/1prsggeessi ng fluid at the process | ocati onPOf/US1964/017670
vessel ; a processing fluid agitator | ocated within the

vesggl atné eastioPbPYEIMES fmﬁéhe:omp?rs%@m@mm@egd%de.

agitator having a plurality of agitator surfaces,
| east one of the agitator and the workpi ece support

bei noyabl e rel ajive h rocess.location so as
to §g| taf@eﬁ?%‘ét@'égf ﬂ@"*ﬁ#??i b’rﬁ'ié?lcé)géqnsﬂﬂ%xi mate to the
Pr OgRSH; ,@&? i2R~qaN actuator operatively coupled to
t he at féeas Ea'oér%[e}nccil?’ the agitator and the workpi ece

suppaohiacheiecirodd eartieddy thepworkpiguessuppmorednd pasitoned to make
process vessel and confjgured t carr%pagpl east on

el ect r od@leCKicRl Goatash withAcB¥eBrealien JISREy the workpiece
| ocationg, Boy ggﬁie@?ﬁé%ﬁro‘f&a@h@?@r%e&@er ein the

el ectrode'support Ts positlone arry a thieving

el egt leageoie€aRbEe %Eamd bpanfagesise plarssdbeatibne and
reactor of claim®65, further conprising the thievin

el e@f¢ ojfe M@R. PIWer ramplies ePurRledi anesg the teetact elgectrode, the

cl oot r oclbredbd Bl i (e o 2 Eond b provice current to the

posi ti ongdidaet BRkearfdRe bf laCpbtepEal gedatdt tharfpotentials provided to
m cr of eat ure wor kpi ece when the workpi ece support

carri es thedhigvingelestrade ansktheicontactelectends. one anode
spaced apart fromthe process |ocation; and one or
nore power supplies coupl ed anong the contact

el eggr odene thecid GVERIN BLWHIER hatctinbRRRS &NSlurality of
8 I'L at east

anode to provide current to the one anode at
agitatpoelmerds, githdheragithtor glements bemgpmovabledbaak ama forth relative

hi evi ng el ectrode and the contact e]ectropde. 68. The
to thERTPEFSR 0BG A REPBTAHY( ISR It @i igrain the system
ity of i i ' -
BBl ot 4 r A ERL B o b 30 B betveer
thepslectrade | suppbrtoandltiee pracessnkcatioy, thenegitatoptdhambsrt ousing the
and wherein the systemfurther conprises an at | east
pluprlity chpoijaten elesaedfSagi t at or chanber positioned between
the el ectrode support and the process |ocation, the
agi tator chanber housing the

69. The reactor of claim 64 wherein the processing fluid includes a first
processing fluid, and wherein the system further comprises a nozzle coupleable to a
source of a second processing fluid and positioned above the process location to
direct a stream of the second processing fluid toward a microfeature workpiece

carried by the workpiece support.

70. The reactor of claim 64 wherein the workpiece support is movable
between a first position to carry a microfeature workpiece in contact with the first
processing fluid at the process location, and a second position above the first
position to place the microfeature workpiece in a path of the stream of second

processing fluid directed by the nozzle.
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plurality of agitator elenents. 69. The reactor of
claim64 wherein the processing fluid includes a first
wee@easwdhg fluid, and wherein the system furt P€r/US2004/017670
conprises a nozzle coupleable to a source of a second
progessi THefrbHb@r BNEIaRATA WRERSh #RO¥RClrB8e RUPBBRas a plurality of
| ocation to direct a stream of the second processing
electrodd dhambersaatnieasbpatially separatedefremceach ethdryby tharriers, gaps

e RS SR R hind & eSS B S Ty 4 8 838 tocations
| & ' t kpi i t act
sp%&?ﬁf@% g%rﬁebggggggﬁg eat ure workpi ece in contac

Irst p ing fluid at the process
| ocation, and a second position above the first

position_to place the mcrofeature workpiece in a path
of (e sthedmastorseiceldimpt b bEleeh FOMRIISINGia sluratityngf electrodes

aspP e el T O EhE P gl
chanbers at |east partially separated from each ot her

by barriers, gaps between the barriers formng a _
cor féspohbergagioncdidaim &, furihenfonepreding emeclestrade dhisf spaced

a r om th r S 4 The r £.0[ . :
angf “fifth ARG" broddhR: ik ST SeRlB88 .m0 o pBSHBhea in fuia
corfliR@idaRidaswih IRESHEcess 1dtatieATtbaTReNE thsPiraraihet Broebssing fluid

el ectrode chanbers. 73. The reactor of claim?7 1,
that woukdotheswise atiaal tarthelreictafeatsire miaskpiepaced apart

fromthe process plane, the electrode thief being

positioned in fluid conmunication with the process

| ocali ONTHE feBERIrVer LRI éALOmrtth'éﬁ IrRGsiag W rhaghdl positioned at

he 4
that would otherw se attach to the mcrofeature
leasb pkpimeate td4he Tinecessalocationf thel aiagnét being pbeitioned to impose a

corrpri,s'kgg ?‘ rrag)get Posi,ti oned. at | east proxi. nat e to .

magRe '(IEJF'% ttheqgpr %@],oqaﬁgnﬁa@,q@pt g@tﬁ@al qsitsgRn agnicrofeature
. . . _ L '

wol5E STSAREPI I Sdtiog BpRERSS el 86 (GRS fo o vessel

betdeéné @recasst pesitidre ahtioal eerboped posltonnaleag | nictiont path that does
to the vessel between a process position and a renoved

noteasstthestah thegeracadt P@nepat h t hat does not pass
t hrough the process plane. 75. The reactor of claim74
wherei n the magnet includes a permanent magnet. 76.

The7seacThe rebctradMtiefin F4MHEREIrC 8@ mhadis mkludes a permanent
el etctrl c field control
magnet.

76. The reactor of claim 64, further comprising an electric field control
element positioned along a flow path between the electrode support and the process
location, the electric field control element being configured to control an electrical
current density in the processing fluid at the process location to have a first value at
a first circumferential site of the process location and a second value different than
the first value at a second circumferential site of the process location, the first and
second circumferential sites being approximately the same distance from the center

of the process location.
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el ement positioned along a flow path between the

el ectrode support and the process |ocation, the
w@bmatiriegs fi el d control el ement bei ng confi gur BAI/US2004/017670

control an electrical current density in the

pr ogessi1We fredbbrabs b%pVBCﬁ/ﬁéréiﬁCtﬁb: ercide W?&chhogntrol element

first value at a first circunferential site o
inclodes ez sldt deaing @ firstl regivacwitid av firshaviditt Badeatsechad region with a

first yalue at, a secqnd cifrcunferential site of the
Seﬁ?lngé’é'gﬁ‘ pEelgn than tgﬁg'rgi"}"g[h-and second circunferenti al

sites being approximately the sane di stance fromthe

center of the process location.77. The reactor of

cl afgn 76Thdaeactort bfe chlimc76i whereh dtheoeleotrlic dietdrepuntrol element

includes a slot having a first region wth a fir

| \ | st .
inclydgs A Bivialify <€ anatures With areriuges Bt 8 iisthegian gf dae &lectric field
i A dt B r T .

corfigenEet it st Bl e Erais b Bl regon of e
eleirier feldt sordfol aflemert @Bovidinighaagsohdr esen rareafgreater than the first

region of the electric field control el enent providing
Op&n &iledst open area and apertures in a second region of

the electric field control elenent providing a second

open area greater than the first open area. 79. The

reagd or Phe GEALIr F MBRA €10 wHePemedReessHl | inBRRIcYETes aligned

al i gned al ong axes extendi ng between the electric
alohg edxescextendingebetveaen thed etentrip fiebd sontrot gléroent god the process

The reactor of claim76 wherein the vessel includes a
loc#fionst portion and a second portion seal ably coupled to

the first portion, and wherein the electric field

control elenment includes a gasket seal ably positioned

bet8&en Tine réactet ofaldimm dGowdemmon theowessed includés a first portion and

reactor of claim64 wherein the workpiece, s

a spepRd RErton 8°31abky eoymied i & fissit M%wﬁgggﬁtthé “electric field
cor{kﬁé%i«% ng?tfwiglc%\ééféﬁglket%ag@?i dosfidhgn. @étwfglef\'otmregﬁgtt and second

ce suppor S positione
poréioficr of eat ure workpi ece at the process |ocation about
an axis generally normal to a plane of the process

| ocation while the agitator noves relative to the

hedfor ke el RS BEREHE R w BBt Potatable to

rotdfBMAE nhittiéatufe Workdlec@FEIBReS td BeAldseal

82. The reactor of claim 64 wherein the workpiece support is positioned to
rotate a microfeature workpiece at the process location about an axis generally
normal to a plane of the process location while the agitator moves relative to the

process location.

83. The reactor of claim 64 wherein the workpiece support is movable

while the agitator moves relative to the process location.

84. The reactor of claim 64 wherein the workpiece support is stationary

while the agitator moves relative to the process location.
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84. The reactor of claim64 wherein the workpiece
support is stationary while the agitator noves

WO edoattioses t o t he process | ocation.85. A systenP€DUS2004/017670
processi ng m crof eature workpi eces, conprising: a
vesgsl CRY\GMHM St drocessiny nicREABRS Woskdiesdd! coiptising:
vessel having a process |0cation positioned to receive
a naocesselacanfguned tpicamy; a proeadspigfleids tppeessel having a process
positi oned ﬁt Iea,?,t Br xi mat.e to the vgjisel, the
Wor kpi ecOC8liPRBPBIBBPHO 5ESHIYe GBI Pigalis Workpiece:
m cL0 ki : r S >at.| ofind h
vesBolorpioss "SRLE Shoonolf & MRS pIORRI ol thé essel, the
mul ti pl ewstikptect spapdrt deingpositioned 4o earyos inicwieatusd workpiece
| east proximate to the _Sr ocess | oc?ti on, wherein at
| east ond! {6F RrReesHIocatiar Of tgyesse! SHENG RECGRESIRG @ s

mvgﬁ!agggﬁ)gﬂ%{rﬂﬁm%@lpgggg HAAG itdthY sl ey @éﬁiBned at least

relati er r'Kpl ece suppo

carries groxiriatef eat thee procésd doeatidi. wheeeiny 3t elagt one of the
claim 85 wherein the vessel includes an aqi t at or

chanber werkpece suppPk eaddberagitatort isrrepvapiethaskeand forth along a

[ l,. .of I L :
and viher Se NG gk Bel FOG0dk o, B BHRESRRlS &EMePece suppor
chanber y&rigd® midtdfedigicalbribiteeagi tator surfaces
extend for a second di stance generally normal to the

process | ocation, the second di stance being at | east

30%0f t first distagnce._ 87. The stem of cl aim 86 .

whePSi n THE SRR 5F QALY WARPTudboa B afPlifess an agitator
charhBeMebin ROk %Q%rﬁ%tflﬁﬂ‘é' fist 9%%]1@; géﬁe@gg&gr@%mé Belane of the

process | ocation, at |east one o e Si
pragess i looatiomcand i whereirf Ithé dagitetoriis eispodedadt the oagitedore chamber
to the process | ocation, at |east oaj of th%é%isg.ey(vall
volggie; iandswharain dbe jagitatryi ﬁﬂ%%PelSI extang Ipk ageq istance generally
ace the 6 :
noff" T B b ANBRERR, LG il bobbeaRRkosas of o fs
disefide. 88. The system of claim 86 wherein the second

di stance is at least 70% of the first distance. 89.
The system of claim 86 wherein the second di stance is

at ast %.0f . the:fj L ' Q. - y .

cl a%in SGT%e%gﬁt%%aggé%é@tt%eg%%?%g ﬁ?%ca@%tﬁogégﬁgy includes a
pluﬁélii}/%‘ﬁ siRedl| paitiopsidxterfdingldoweavdrdRng@wag frodt tHe process location,

surface is about five mllrneters or )
at least one of the sidewall portions including a fluid entrance at least proximate to
the process location, at least one of the sidewall portions further including a fluid
exit at least proximate to the process location, with the agitator positioned between

the fluid entrance and the fluid exit.

88. The system of claim 86 wherein the second distance is at least 70% of

the first distance.

89. The system of claim 86 wherein the second distance is at least 90% of

the first distance.
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less. 9 1. The system of claim 86 wherein the chanber
volunme i s bounded by a base portion. 92. The system of
web@um@9gd wherein the agitator is novabl e rel BET/VUS2000017670
the base portion. 93. The systemof claim9 1 wherein
theo@gi t phsyseniey M 86 hdHdrem hogdg Belisch B brdtess location
and wherein a first gap between the process |ocation
anchad upparppdrenaiyt pbat {gasdfonenagitajpr sudacs is hoat five millimeters or
about five mllineters or |less, and wherein a second
les$ap between the base and a | ower extremity of the
agitator surfaces is about five mllineters or |ess.
94. The systemof claim9 1 wherein at |east part of
t hedhaseTposystem of claim @& whekein The chgstbemvolumé @ boAnded by a
1 wherein the chanber volune is bounded by a plurality
bassrPQti@Bwal | portions extendi ng downwardly away from
the process location to the base portion, and wherein
t he base portion includes a first surface facing
tovgz.d tTige ByStens sf treAtI1OWharsinahs egitatbris mh@eble relative to the
facing opposite fromthe first surface, and wherein
basgeneoréi®dond surface is inclined to have a higher
el evation toward a perineter of the process |ocation
than toward a center of the process |location. 96. The

sysdem ofnelspstehBor vifhanwhBreiMARE RigR&RrSY Wébl% $elative to the

positioned to rotate the m crofeature workpi ece about
basenpastion gedevirein aofinstigapobatwesnethsf pratesailoeatiarnandean upper

wor kpi ece. 97... The system of, cl.al. m 85, wherein the .
xR o8 % ritatRlesdTais i roGHCIVR RIS 51458 gnd wherein a
» )
so SRR b ELALS Bl S35l U b QAT TSR 1 tou
fivef midhmetersfarieds. surf ace, the first and second surfaces

bei ng canted outwardly and downwardly away from an
axi s positioned between the surfaces and nornmal to the

pr SsS ' ; S ' 7 j Lo

7152 1RSI A alorENARRIN ) o8 FuTotPR Bbde portin i
pordughond shaped cross-section when intersected by a

pl ane generally normal to the process |ocation.

95. The system of claim 91 wherein the chamber volume is bounded by a
plurality of sidewall portions extending downwardly away from the process location
to the base portion, and wherein the base portion includes a first surface facing
toward the process location and a second surface facing opposite from the first
surface, and wherein the second surface is inclined to have a higher elevation
toward a perimeter of the process location than toward a center of the process

location.
96. The system of claim 85 wherein the workpiece support is positioned to

rotate the microfeature workpiece about an axis generally normal to a face of the

microfeature workpiece.
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99. The system of claim97 wherein the at |east one
agitator elenent has a generally triangul ar

wee@sai®est i onal shape when intersected by a pPEmnes2004/017670
generally normal to the process |ocation. 100. The
sysggm ofhgl ﬁ}é?él%7of"@%ilﬂ' 85 abhdres theitator MIdddsSh plurality of
and second surfaces is curved. 10 1. The system of

elorigatad agitaloe redementseapd onfearsin at tadsh rones agitator iaderaent bas a first

receive a m craqf eature_workpi ece, havi ng a_nmgxi nym .
SUFTRGR ANG: 2 (SREOPA CRELESe| (CIG BRPATIEE HRBh &1 s Wiate dhe first and
! h : _
selit IHRERTTOL0RE AnGar bty J0F SiSICAP s i an
positipped betwéden thensurfddesr arivenorgnal do tivg prembssdocatian. at

| east one of the agitator and the workpi ece support
relative to the other along the generally |inear path

by 8gdi STRAGETMRbf birh h&2th IHEaBELHR WhALSr element has a
S’emo c%al %%g\g urt he th a

1027 " The sys rconpri si
gefénally cdibgiore ehapéd adryss-eueticrt witerl @etetseeted @y thplane generally
agi tator and the workpiece support, the controller
nomealig the precrasdacaiidmove the at | east one of the
agitator and the workpi ece support relative to the
other in a reciprocal manner along the generally
l'inggr axhé sy$ldm ofclirh @vewRéreinithe &l IBhSVEnEBYItafdr element has a
changi ng between at | east two successive
generailprtdangilenrogssedtianal yahiape whep | intars@dedhey & planeegenerally
agitator includes a plurality of elongated agitator
norgﬁ@ﬁg&@@s pé‘?ﬁ?%ﬂ@?@i‘cﬂet he system further conprises a

controller operatively coupled to the agitator to nove

each of the agitator elenments with a spacing between

adj do@nt Theisyatem dofl daiemtdy whemsimiatdeastnsnaf ths firsteand second

agitator noves. 104. The system of claim 85 wherein
SURfRGESA§IQURYRR i ncl udes a plurality of agitator el enents

and wherein at least a first one of the agitator

elements is elongated along a first axis and at | east

a seopndThaessyeterh if cigiht 85 avharbre e prdcesel losgtidreds positioned to
al ong a second axis non-parallel to the first axis.

recEO® aThisrefeaturam werkpiesenh@dngusemaxinumenvisithy @ the ypregess location

I tat.or, el enen Lhcl udes. a fi i tator,. el n
an B4 R0 SR o R e QB SRR bl 0 t st
oné!tRBtagit=Rn0ahathal WBkpledee SAPSordXiHe BERESHIRr b!eintg configured to
orthogonal to the first axis, and wherein at |east one
moye athleaaiyonet afr thendgitater wmdkihieewerkpigeso suppart relaiveeto the other

alo%%ltﬁé Ig\c/e(r%etre(ﬂly linear path by a distance that is less than the maximum width.

102. The system of claim 85, further comprising a controller operatively
coupled at least one of the agitator and the workpiece support, the controller being
configured to move the at least one of the agitator and the workpiece support
relative to the other in a reciprocal manner along the generally linear axis, with a
stroke of the relative motion changing between at least two successive

reciprocations.
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the other along a generally linear notion path

inclined at a first acute angle relative to the first
w@ziog/11debe general ly |inear notion path bei ng PETUSWEH017670

at a second acute angle relative to the second axis.

1064pF eTRY RRMT ot LRIIM 85 Wistef! thd BRitatrt McRides a plurality of

includes a first agitator element having a first shape
eloagdtesi agitatod eternenisnehdgihieatiorthel system fldiién gompsises rdcontroller

shape and size, with the first shape hejng djfferent ,
opsraeyneuwledia Drapelaler 1o ovs Rath - ibeoasitgior slements with a
i: h i r .
soflid b HAeb A0S St ehlng Bhadiiegs e st
moaBes.i nner region positioned to be generally proxinmate

to an inner region of the mcrofeature workpi ece, and
an outer region positioned to be generally proxi mate

uncltin e SRR GAAes EdRaTin SolBiar Efips™a Pruraity of

agitateprdlémehisomnbh@hersint apdedat arfit aeNlof thee abitar elements is
agitator elenent being smaller than the second

eloagpatest alongl @ Missit axis ANATAL least reaeeindcpae raftbe agitater glements is

he fj h [ icall i milar. h d
oS 5o R B PR SBULY 94 B ot "0 o
second si ze. 109. The system of claim 106 wherein the

wor kpi ece support includes a generally circul ar seal
posi®%.ontlet systemeat] claiouBd whpezinpiher plurakityi ofi agfitatdreelements

inclidBhea {3 A1y 8 BT JABCARIING 4 fioh S8 &gy Seeond agtator
ele%ttélﬁﬁ'@é‘eeaaﬁﬁngvéa sebH5d S&RAY ﬂt‘éﬁ%l’éllg r&tfﬂg@ﬁ%@% QRe FF&tSaxis, and
generall'y tangent to a portioh of the seal, and

whelein et ledshensexfdhd sgyitatartard tleewerkpidce quppidri smadvable relative to
innardly fromthe first agitator elenent, stil

I
ther ethehalongha genarallvelingarJpoten pathoncinediahe first apde angle relative
o 1R BEiS 150 R0 o BB ot ind Bt BT econd acut

angleaBRitive b iee becomgarisocessing fluid to allow the
processing fluid to pass through the agitator. 111.

The system of claim 110 wherein the agitator includes

ag r Qf ous eriggl. . 112 .The s em of ;: cl ai .
110 er 1% SRS HeEh Branbid DRI Rty & st agietor
eleﬁiéiﬂ'léla\fihg?\’é KPSt §hadd \LhdeBRE! HhE Sa ¥EERd i ayitdtbo@dmént having a
first surface to the second
second shape and size, with the first shape being different than the second shape,

or the first size being different than the second size, or both.

107. The system of claim 106 wherein the process location has an inner
region positioned to be generally proximate to an inner region of the microfeature
workpiece, and an outer region positioned to be generally proximate to an outer
region of the microfeature workpiece, and wherein the second agitator element is
positioned inwardly from the first agitator element, the first agitator element being

smaller than the second agitator element.
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surface. 113. The system of claim85 wherein the
agitator includes an electrically conductive materi al .
wQ 2eb4/1T08e8 syst em of cl ai m 85 wherein the agit apOF/US2004/017670
includes an electrically insulative material. 115. The
sysi@sn ofhé! gjste@Sofveriinl NoBh@hesdihathey firdiCkHASS 8t geometrically
| east one agitator el enent elongated al ong an axis,
similad totikee sesond shagetandwhereindhe fliskgizefierdifierent than the second
._cross-sectional shapes, different cross-sectional
SIZ&€j zes, both different crosssectional shapes and sizes
at two points along the axis. 116. A nethod of
operating an integrated tool for wet chem cal
pr ot@asi fige cdystemraff datnar E6vhiepeiacte avkpiecs wopportoimcludes a
features, conprjsing: processing, a mcrofeature .
gewahbi@wlarn skal,ostionkeic 0 e;aﬁf%@%ﬁw@d chdiirhesgl region of the
mi GG TN Picer BRI et A efBrier? 1€ Bidated along an
elopyaties saxg dridiiisl dnsittandd@ast desrstheorseabdfwitthehe elongation axis
wor kpi ece and an agitator positioned proximate to the
gergralyitargentdp & podiongiithe sraheand whereipithaseconrd\agitator element

= SLERE) iPBRARkM Bie 105 Bfel A, SERLBRr wngpoi the frst
agitdtof BRnidlis sraerihze thesavehdymtatsralemepgessi ng

chanber fromthe tool; replacing the wet cheni cal
processi ng chanber with a replacenent wet chem cal

processi chanber py moungd ng the replacenent t :

ChenfEal T cRalar g b dio diharhb 138 AGET s 1, gast partilly
traf$tfissivento tABGrbesshingfiarriohalowtHe SoRaksing iU kPp8SS§ through the

in the replacenent wet chem cal processing using an
agitatbomat ed wor kpi ece transport system w t hout

calibrating the automated workpi ece transport

nmechani sm after replacing the wet chem cal processing

a0 TS e LA, B0 BT R, 0er" KR Booerray

poriooisInatesiatli sengagi ng the wet chem cal processing
chanber from positioning elenments and attachnent
el ements of the tool, and wherein replacing the wet

Cheﬂ'fa' TRE os%?e%'bq &Qiﬁ{‘tl% M\égiﬁtﬁggﬁﬁ?&eﬂ:ldﬂs a plurality of

highly flow-restrictive apertures extending from the first surface to the second

surface.

113. The system of claim 85 wherein the agitator includes an electrically

conductive material.

114. The system of claim 85 wherein the agitator includes an electrically

insulative material.

115. The system of claim 85 wherein the agitator includes at least one

agitator element elongated along an axis, and wherein the agitator element has
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chem cal processing chanber includes engaging the
repl acenent wet chem cal processing chanber with the
w@omiiiwes ng el enents and attachnment el enents. PAWBS2004€17670
met hod of claim 116 wherein the process |ocation
diffePéntusiess-8eBidridl @hapbs adiffefit ardys-sbctivial BIz@8eBsth different cross-
pl ane, and wherein processing the mcrofeature
seclipniapsaares Ao siras gl twoi payntstalong Sreaxat ure wor kpi ece
in fluid comunication with at | east one electrode to
el ectrolytically deposit a nmagneticallysensitive
mat e46.al ARt 81 6pSIRAL U IMBGIR @ §60IBI Mot idMemical processing
m crof eat ure workpi ece 1S subjeCted to a magnetic
of micsbi@atiret Werkpienssdwrvim@sebraicdonfeaterash eompcisofgeat ur e

oncPBIESENOcR MBIRISHINES AFKDRGS 1B oyt FPTi Procsssing chamber

conpri sep,, MRy L ; ;
fluid co%ni cac%tlﬁl]%né \}B? ?ﬁéﬁéﬁ@gpgg@gqbﬁﬁyﬂgﬁ H{%{Q’ orkpiece at a
passi ng piorest lbeatidn ane agiitating dide processgty flbiel by oumdisg at least
pl ane. 119. The nethod of claim 116 wherein processing

the ni cr 8Rea®iuthe Wirkpieseeans an qgitalre pppitioped caraximate to the
deposi ti . Lal ] f i :

di rect | nenfpif fibdve Bieiingl 8 BRbr bl Bl B3 Se agtator

tovar d t berface; rtheeadtutifeniieakpioeessingcrrmissreéing doated at a first
plurality of electrodes positioned in a plurality of

el ect r odeogifigRtie e ol east partially separated from

© et i we EhBRi rd@ashy rartbhBihe gl "
pl Ufe@ilééiﬁgoifheVWétU@*nerﬁi_céﬂp’r?%%éi%&ﬁa@ﬁtﬁersﬁ/ﬂﬁed Aiadement wet

fromthe process |ocation. e method of claim
116 wher ehemidad piccessiagt chamier kby ewuntisgathexieplanement wet

Fect pr oc SRR PraceRSintEHErhen fadhaoqi S HR position; and
mrl'&@bﬁfgela"f%%éﬂqﬁli&%ééhﬁ \Afcﬁhﬁib\tl:méfiﬁt thd W@p%fcaﬁfelnﬁl\ﬁ?tg chemical

a gene y linear notion pat each of at |eas

t wo t enppradelsgingdjusiognan sautoknased fwdrkpieset iramspwt systegn  without
di st I t th i idth. 121 . Th

ﬁet Lgdagggljgrg |ﬁg Jﬂﬁgen’ap@qﬁéﬁwﬁggpigggn&ansport rﬁechanism after

reci procaid ' eat ure

wor Kpi ecgédéﬁ%n??]%é g‘%??&?@fca?é{%%fgﬂq:%gpﬁ@ ot her al ong

a generally linear axis; and changing a reciprocal

notion of the at | east one of the mcrofeature _
wor kpf-ecEhanmathed agf tlein 46t Mherein rremevingndhet weite chemical

pro%%g%ingéh%ﬁﬁﬁérggogﬁ é@%%&#oﬁﬁ%ﬂ@e{% aisgﬂgs&}ﬁsltﬂg %&iéhfeﬁ{iSQtprocessing
chamber from positioning elements and attachment elements of the tool, and
wherein replacing the wet chemical processing chamber with a replacement wet
chemical processing chamber includes engaging the replacement wet chemical

processing chamber with the positioning elements and attachment elements.

118. The method of claim 116 wherein the process location includes a
portion of a generally planar process plane, and wherein processing the
microfeature workpiece includes placing the microfeature workpiece in fluid

communication with at least one electrode to electrolytically deposit a magnetically
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subsequent stroke. 122. A nethod for processing a

m cr of eat ure wor kpi ece, conprising: positioning a
wor@aoiat ure wor kpi ece in contact with a procRGEUSZP04/017670

fluid at a process plane of a process vessel;

sefifGe At edalldietHE Hi@bRBtuHeaVIRPIGRERHASIthd MfcrBfef@@Sworkpiece is
pl ane by directing at |east a portion of the

sulpjecteds & ey niidgrietic fiekr dt tthe priocess grane earve nkiilee dlee troicrofeature
| ectrolytically deposjt a. netically sensjtive .

woflsiiars & Mdlid memnanigation B 8 At \F4xt S B IREPHE. and wherein the
el No r o€ IS jectgd a j i

e e o TNt B IS el Mptode from fluid

conmurication withi thef pracess qianm ivdtioub passing tie b destst ame electrode

el ectrode spac?d apart fromthe mcrofeature
thregh hepeocess Pla®rovi ng the at | east one el ectrode

fromfluid communication with the process pl ane
wi t hout passing the at | east one el ectrode through the

prog¢¢ss Phenenethdd. ofhelamet ho8 aheedini Pradessiigr e microfeature
renmoving the at | east one el ectrode includes renpving

wortpiese cinegiesh @lestrajyticallyy degositipg upaimatprigt on the microfeature

wofleBEte 307 Sieckfto. A1 TBREP L, R, P50 e Bog, fuid toverd the
micrefadti® drkpless tarnisdgcenyas kPigheelisupp dléctiddds pdkitioned in a

proximate to a vessel, the workpi ece support being
plucality i ofuetagtnodec ghaybersiat rleastapartiallyweemraatec fegmaeach other by

B N I R——
PLEBIEF B oo o S8 S fogsion

adj acent to the mcrofeature workpi ece, the agitator
including at |east one agjtator el enment, the )
chai 361 ofneumelitee of 4 KIS MiiesEingie BlicralGaiHis, wogkpiece has a
. ; . oo
Sy e e e

of thleanindfeaturetwarkpieee\aridipe aditatdrereddtivectastheather along a generally
agitator element relative to the process |ocation, and
lingarsmodire Rthe dithe egeht Peahieastdwo HBPAGY RdACRNAEERkes of the

moltiBh AoV ¥fng & diBRrREISES thadndh Bt hSimuNdidth.

121. The method of claim 116, further comprising:
reciprocating at least one of the microfeature workpiece and the agitator
relative to the other along a generally linear axis; and
changing a reciprocal motion of the at least one of the microfeature
~ workpiece and the agitator so that at least one stroke of the reciprocal
motion covers an envelope different than an envelope covered by a

subsequent stroke.
122. A method for processing a microfeature workpiece, comprising:
positioning a microfeature workpiece in contact with a processing fluid at a

process plane of a process vessel;
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nounting the agitator at |east proximte to the

process location, with at |east one of the agitator
w4t es9swor kpi ece support bei ng novabl e rel at PABEUSZH04/017670

the other along a generally linear axis.125. The

it P&ﬁ:e@fs. '@feﬂ?nk%feétufet %ka?étf@ht $hé‘%r§@éé%0bla"r\@ by Qlirecting at

ator to 1 nclude six agl tator el enents, each havi ng
two oppolsasél § padiany, ofd(ﬂvmmoaeyswgnﬂew atgiMaadothe microfeature
d.of claim.a124 ur

f t h
conpr | o1 WGTEReeR {6 BTy il RA R hagHticEY sqnsifie material
one agi t ghOofhet &%?éathﬁ%rﬂﬁi@@é%hﬂe rtﬁéUn'nérBP@%tu?“Qvorkplece is

to have a length less maxi mum di anet er

m cr of easubjecisor kpiseapagratid &didyt tthe prodesseplane and while the

support. microfeature workpiece is in fluid communication with at least one

electrode spaced apart from the microfeature workpiece; and

removing the at least one electrode from fluid communication with the
process plane without passing the at least one electrode through the

process plane.

123. The method of claim 122 wherein removing the at least one electrode

includes removing an electrode housing carrying a plurality of electrodes.

124. A method for manufacturing a processing apparatus for microfeature
workpieces, comprising: '

positioning a workpiece support at least proximate to a vessel, the workpiece
support being configured to carry a microfeature workpiece at a
process location of the vessel, the vessel being configured to receive a
processing fluid;

selecting a characteristic of an agitator to have a selected effect on a
diffusion layer of the processing fluid adjacent to the microfeature
workpiece, the agitator including at least one agitator element, the
characteristic including at least one of a number of agitator elements of
the agitator, a spacing between the process location and the at least
one agitator element, a stroke envelope of the at least one agitator
element relative to the process location, and a stroke schedule of the
at least one agitator element relative to the process location; and

mounting the agitator at least proximate to the process location, with at least
one of the agitator and the workpiece support being movable relative

to the other along a generally linear axis.
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125. The method of claim 124, further comprising selecting the agitator to
include six agitator elements, each having two oppositely facing, downwardly canted

agitator surfaces.

126. The method of claim 124, further comprising selecting a stroke
envelope of the at least one agitator element to be generally rectilinear and to have
a length less than a maximum diameter of a microfeature workpiece carried by the

workpiece support.
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