SYSTEM FOR PROCESSI NG A WORKPI ECE DESCRI PTI ON
TECHNI CAL FI ELD [0001] The invention relates to
WG wosaes9pr epar ati on, cl eaning, rinsing and drRenygsSmh4/034895
wor kpi eces, such as sem conductor wafers, flat panel
di splays, rigid disk or optical nedia, thin filmheads
or other workpieces forned froma substrate on which
m croel ectronic circuits, data storage el enents or

| ayers, or BYSTEMFORPROUESSIRCAWOREPIBEE f or med.
These and simlar articles are collectively referred

to herein as a "wafer"” ) iece." Specifically,

the present invention r[gllgséjtﬁg@%@a wor kpi ece processor

and system for treating sem conductor workpieces.
TEBRCKGROWMELIDF THE | NVENTI ON [ 0002] The sem conduct or

manuf acturing industry is constantly seeking to
(0G0 r oVbe inventppngeletssosurizng pmeﬂatlmeslemsw ringingramidraog of e

L BEL AL e UG SRR SUED, S i
thin Iﬁ}ne beady ersotldr mkwecei fonhels@om msuthstrad opwbeh sIseselagitbnic

01rcu1 s dapae r%%:cellelﬂge%ts of Tyt easrlrrﬂ ! heh%?‘ Elgmg{ts 1t‘na e formed.
process Wal & t For m esife
Thesetaeg mailledarmlescme tdlectivey refesedp Hetvin asi adttwehfeoT onfSadkpdece.”

ed circuits I fer by, for exanple .
SoerO B ah e Bl A s 5 NopahepBpesiRIANg gstom for reating
serpiconiRset wotkpieeduci ng t he nunber of steps required to
create the desired integrated circuits; inproving the

A processes used lo oreate
0 !
R L R T —

protesstednd amdhiaesziBedfo rhd'iﬁfapﬁfdmict(ﬁﬂecmﬁd tifoult@dnd components, such
ont anj nat i nlntcEe rranfact —@@ emni. conduct or
uced.

o g mapalapdre o S SRIEA Ty b PTG sty s RBISE e pf gy Of these

1mﬁﬁ0$ﬂ Pt6&esstk nd¥hchsidh {ncRidetecrtadingfthe ati@mnpetr thh&le@ulred to process

pecifications. [0004] Further, in the SI ng of
a ‘Wé?ré? form;the 4e§1rfas’r1f1@ﬁraf?éeggg'aflycreﬁl@dbi 8@5 8 larmtgwtsd

cu&llg%‘ér W fel By forak fiplé, Qe&ezfsldé'c@nthlﬂldatl&'mtdhe WﬂElCHun(ﬂF processing;
aseous form_ Such fluids are used to, for exa

9B CreremRes isteghenuiEsd © ereals hedsareddntepated Flr%\leté» imgaying the

untf&%mm Efﬁ%{éﬁé)a&ﬁnoo@?s§§ﬁs\é@¥cﬁcréd?@th¥\@és?réd wg&a&ﬁolrcults and
deposit filnms ‘on the wafer surface, renove filns or

rectmglzuthﬁgoﬁapémarwf@ufre -omthe wafer surface, etc.
[O&EEt r 04; th@gmn Wahdi& 19(3199? SRaRGs biHEIgSa AL s dafibhs! e

er sur aces re ng t e pot enti al or CFOSS
nugbert andisiza of e p@rmntelde)amcgl@@@gntnglmnm il ghe manfacture of

ser%fcgr?&]tc{o\( ﬁi’é nggnL @%‘n @/rebsefdgqg‘du@%i. %G ﬁqagﬂlﬁgsqﬁi 1(0”( ﬂfﬁicient for

process c er surfa re often Inportant to
ﬁu'sumaes:@ specifitstions: ocessi ng operati ons.

[0004] Further, in the processing of wafers, it is often necessary to subject one or more
sides of the wafer to a fluid in liquid, vapor or gaseous form. Such fluids are used to, for
example, etch the wafer surface, clean the wafer surface, dry the wafer surface, passivate the
wafer surface, deposit films on the wafer surface, remove films or masking materials from the

wafer surface, etc. Controlling how the processing fluids are applied to the wafer surfaces,



SUMVARY OF THE | NVENTI ON [ 0005] A new wafer processing
system has been invented that provides significant

WO p@so¥vEaent s i n manufacturing m croel ect roni CPENTUS2004/034895
simlar devices. The nem15ysten1reduces particle
contam nation. As a result“there are fewer defects in
the end products. This reduces the total anount of raw

mat er,i al s,..pr.ocess fl ui.d ti.pe, | abor and effort
redF b e B e nesrAP S tion b BF pi Pt R A B duvely
cleAdeOordind@k yroct S dluitd \ftonbgredesfehambasuifares 318 tofteh dipokthitt to the

resent invention significantly increases
Smﬁﬁﬁﬁ?@ﬁ?ﬂ??ﬁﬁgﬁwﬂ?ﬂgﬁ'[0006] A uni que wor kpi ece

processor design has been invented that significantly
SUMMURYSOE THEINVBMTAONNat i on of process fluids. The

uni que design also greatly increases the ability to
[0008 au 2\t nevayarer rocebdimpesystamchagibezh invenited easprovidestipnificann

. _the process chanber durjn rocessing of a

imErRHsrbeg R BEB Gt MRS I R SSE Bt o Thg Py fgtem

redREes peficlel cOnteRinatiéh. UAJ d ledidithéte ﬁl@f«l"ﬁ/ér\defﬁyts i tAP b’ products. This
magnet 1 c rotor engagenent nechgnismt reduces .

fed\‘;‘%\egit‘éﬁo‘f’ﬁal oy OReFP% PEE?"GE’ ppgestfiwdg é‘H?e]g{"H “g sf&‘?réiefl‘BFFS to

mahi¥adfBRWAiGEIEH A de@ieh) i ABdERinly) the ABR WATR GRZERInglsPstem of the
another, As a result of these design inprovenents, the

pregent Beertiopsigpficanthypgersesmemy fAciring ¥Eldonsi stent from
[000BE WO KRERGFrRNiQE HRkBdsorl @sigh BadWe¥h invaiéh thhtgsggniﬁcantly reduces
nanufathfln? qual ity standards and increase .
crosf ¢angamipation o1 pregess Emde v Ehe. unjque desjen alsogeatly isergpasdlirability to
extidd§ \%ﬁﬁfr%rr iR GRS FaltDro¥ il 1A ont 1€ pRICES SRAmUeR Y&Eg PéLessing
provides a plurality of workpiece stations for .
of pbemirenguctet wafen Furthdrethe progessqr o8 Giewzaset dgoveatiqposiliggsiagelatively
R A
caissd hpvarabibdres ibernderuringdechoigkes feae onat prodessos tosandthem s result
h r kpi [ n ' . .
of 38 AR RSHEFeridi g Becl & e phRp AR bre oBsis i Bbm one
wopkpiere paesshiatv ithegestnanddpgr mantfaturmg duality stevelards ahdmcreased
20 ageablqgto form a workpi ece process chanber. A
© ﬁﬁ%ﬁ T8 2F87'Ed bet ween repul sing magnets is utilized
[0G00] mailnbad ¢mtwxdinieng thddedfevgroretdirey systtmro$ the prdsery invention provides
raton,of the. processor.. This. uniqgue praces "
= polfalig o WerkBiegs s PG BT P By ESa0 e TR ViU CBsfing andor
reth@ifil ah@ maskie Biterfadd fréth B Wodkpidco syrfdce. Th syktem includes a
contag}nation and al so reduces .t he chances of  procgss
rolpatyiyeh is aksahly Rshtasn threvririecs SRYigHs apf SroxehyMaRpisrerom one
stalibh o hn6er. IA38Hst orleBf e MwRKBitpecd btafidHsinthRle®s whikBiece processor
m croel ectronic end products. I n one enhodi nent, the
hayippan vpR6t toriead aregiretateraneapeahls o hverkptsrt RIeteHEtaLer A
mdll&id BME bethREPlepullifg ARRHREE uRIBO & MEBAhin doh@li®éRVeer M dbtors
I's magnetically driven into contact with the upper
duripg eperation of the Reacesspib Jdtisripinue prosess chasBer deseRdedusesayibrpions,
wiRE € ?Q&ntf@&n\(ﬁg Be § R&joH PREibuRR G pRUGNatd QnSinfinatiod M hiso
The wafer processing systemof the present invention
redvges the shangrs efiprdesss nidsllealong prtp dresurfageof progegsadivasergvhich can

re%uFlgx\lN M&P&r%lﬁlrp 183i1t3 r?r?c%eléij:ﬁmlig Qn@ﬁr%{%%:q ilﬁ] Ene éﬁ%ohﬂen@ e upper

rotor is magnetically driven into contact with the lower rotor. In another embodiment, the



managenent reduces particle contam nati on and
i ncreases overall processing efficiency. As a result,
wo e®s/0835ae, materials and energy i s consumed. PCT/US2004/034895
Particularly, the processog of the present invention
has air flow passageways in the process head, which
draws anbient air fromthe m ni-environnment

.ndi ng . r e
lovgel&l { 5t?1ﬁ1rs g%lé%tl:cagr cﬁ%z?? fivo gofnt hOltt}?trh% Elg% 1 603(% Iﬂﬁ?gmbodn ment
prederably aface lseah rsqir@idedrhtrwen thetuh]ser lbad bwanl_@tctrh e upper rim
[0@%!;12 gl'rhgJ $afer E)reolcés%\rlxg g g telengﬁf‘m & rgér’:e:nln %gé’l o ioh B?]St arl]se() ﬂ%cra q%fgﬁ,?d to
inopdasd :heﬂdnaﬂ&ou@ctm Wﬁkfnbéecmtad&yébr ﬂﬁruigdﬁoceéﬁh@ mmﬂ aaf flow

s .bl ee

m%&ef“e“{rgﬁ?CS%P%"‘?JF‘?J%‘E’E}P*‘é‘OB%P‘f ‘d‘cﬁﬁses %?%WS?GSS‘%éEF‘FnCY Asa
resB [1bds A2 mh@riglo AnbekRs i @nainedn Paltid6laidg Shet pr@c&@ﬂr bﬂh@wesent

. the tor in the ocess head., The a an

i ST S a1 e AR R B G R gt s from the

miRRES REEHEY SurtdindiRg te pestessr, eddle ?foc&d@ BeAN M4 Gt through the
chanpels in the base. Additional a central openi ng

boftom o e prosesess Hiehy: %Hlahﬁﬁ’é‘?elsrf@f"%‘?d in thepase A Heegprer fin of
thd Badé R1i8RZ#s8urk Build\§) 1A AFSridebChaBiidre 'Eijﬁnglg;\]@{[ hYopenings in the
1S

t hrough an opening in_ the |ower rotor an connected
uppgs rign Shihe Rase regeiven vlewky'r flpids. pEhegnnwlpr chpmnelsthlged fthe Blophly
ﬂu‘ﬁﬁ ofth gﬁ ExHAL A HER IOMevEldprddcurd Bﬁf(ﬁfﬂ Mored¥2r, an b A4itatoPls

these design inprovenents, air flowin the process
comrtratieth & an annglpspasitipnechbrleye B mOémdn the peocessihpast hhe aspirator sucks

r:
an{? g%gg.]‘%%ilunﬂﬂ éﬁag 9}1% @&B@ ?‘},":{{{ g Ee{égdr%ewa%rng E}@?%c@éﬁ%@ad or the
ansulartchanmels in the bpsee @eidttlonailyem cqnt:rnl dpewing thethe profdsp b@adraod wppper
rol!ap\{ih@gﬁl%cgg H[n%lnlogz\{e Hlfth%dscgalﬁﬁﬂ Extgﬁcg%ngxla tﬂroﬁﬁgﬁﬂﬁ)emng in
étor having one or nore openi ngs recei ving the
theallowgrrmmm tancbus nennected tmratmarkvamempntsemeto pbc dowasiinglycht@rier
w V\icplece proc sosPr %Ué’lrl]lr OtPé)l‘étlon I}\s are (L)l ot Vc\% F e 69121’1 Ii(rgpﬁrgvc’eér?eggs, air flow in
theklﬁems ehambbﬂqp pretty etimiced,edd wiotehinifotrh eropessing 8sd ingreased
ftx:han‘oer . Tﬁu S dl nproves the manufacturing yield or
PP AR AG"BY% he system by reducing defects in the
[00’0912 r ogh efdthed I’em‘bocﬁfneﬂﬂ; the hew prbcgssing Ygsten oﬂﬁdpﬂ@;ent invention
re S|n t he. nunper,. of . devi ce chi prodyced per
m 8P 1rs[t (ird']a“ﬂﬁ 8P q,llt% g&tpgmtpgj&,t%ﬁ @ sgong) Fator aving one or
m&Hb ir[B8 fdr r€deivinp@h Qignfyfitphd th SornhiaWorkpiedePedddelfy chamber with
pi ece processor_ havi ng}lra subst ant ially annul ar

the,{Fii0HG LB AT CEREB RS USSP RSy gRa 41 e jpyer rotor and also

keBRR! WérRbiSde defteled Yithin'thd pro@is@hg chbi®er, I ThisAmpRIVEd hehRfufaduring
positioned to deliver a processing fluid to a central

yigld gf ficigney o1 thesigserady TP‘H‘CtnBé‘efﬁFté é‘b‘é‘% PO erspie or other end
prOdc8EariddS ihdrdSink SheRRRbEd B S @ﬁpsq)%du\{&f pePSafdr PUr g€

gas Into"the annul ar opening toward the workpi ece.
[0GH s prAyvitiepe seppeste Taspie of ane esterdimeant ofchy nasy sysigmg thybig includes a
wérEﬁlgnqg é)%kgssg{ RV, ﬁjﬂﬂsﬁd&?@%é@&é&g%ﬁ% aﬂgxﬂg ?1251:1’;03%)gnphery ofa
fluad appdicasont myherﬁ;m;vfed Thedvid dppligntardepssitiogedtealetiver a processing

e t r [

ﬂu%)p a c%é%ag r%%? e@%ﬁgé#eﬂaﬂl@ B Cf)%esqplg%heﬁ%? ﬁtp%&te ga@l'ﬁ% is
posmoned for delivering a purge gas into the annular opening toward the workpiece. This



[0011] In another separate feature of the invention, a
new systemincludes a fluid applicator in the second

wo ot06/04¥505 del i vering a processing fluid to anPerys2004/034895
a workpi ece located in the,processing chamber. One or
nore drain openings are preferably | ocated in the
first rotor for renoving the proceSS|ng fluid fromthe

oL B3 Rl SO B8 yor) of sl 4R inlol iR U AU R P, e
pracessing ehantiva dAsre resylt, prebispigdlupls ateanérs efﬁnmatlyaténmbai/ﬁom e
fluid | icator fo di rect ocessin
propfsing sEAbst“Cirequs i, Mt s BRrERREER, Al arkhifee oBects
arefreduiceld. deI ivery path extends fromthe fluid appl i cator
ates at the edge.of the wor ece r .

F3f + 5 Fiolt KRadle st RIS mtntpon POLRSm ol 2
apitfcatohid thédekqidacer foThﬁﬁ%nﬁi@ﬁpr@&%s@g flvid dearf @ige bf@fv@x\k@ﬂce

edge processing of t wor kpi ece, as wel | or )
IOCPWS Pb@%amﬁ%sws %ﬁla@lhﬁé nfg%crr N W@erﬁvgfcaé%grﬁ%&bkyﬂa%@rm the
firdhedt6r O} fRBbYing BRGRocRSMrg! ki Bfr6tR BRIréde M gURahbe. w&f Bheig e

is substantially reduced or elimnate [ 0012
adyapiaeenuely deliverrd acrpyeihe poner sufage pighie %’9@‘?’@&? tlna?pe Plﬁquua@g a
shigld pWPB lochRl %ovE RRtAviEafpReAdaadifcifg e frobQVRS ﬂﬁi‘att@fhe edge
to forma workpi ece groce53|n chanber. The ug
of thg torkpings. %%mr@ta pmhpdiment) 2fluid delitenipatimentends Gem the fluid
apﬁﬁ%gﬁhdg&ﬁl\{ﬁa@&%t ﬁ@ e%er of fileOWbr g@é& b HeAWGHh ttllﬂaeprocessmg fluid
processi ng ch tends to avoid aV|n
direslytte thie gdget of plmwrkple@ a@pneaietlgnsmmmﬂzp‘imwed Wgea:rocessmg of
theI \V&}Eﬂg&s stvaﬁl Y gﬁ)g&g %&ﬂ'ﬁ’clé/ feﬁlog qrrorr?tfhg gfb'cgs@ﬁ cﬁ)afml;ep €
system y reduci Cts In the mcrbelectFonic or
Acourtipglyesitge particia deppsitipd 01 Bie wankyti¢reris sibgiantiatlprellecedior e of
eﬁ&ﬂgednventlon is a fluid applicator or nozzle noveable
hln the central air inlet opening for distributing
[001213 r o€sdéange of the thvemiodiis 4 mvesystepahat imwhslendn ltplper rotor that is
en$ag Ci Vélghgl iOWC}‘ II‘%?O(EQ ogr?lfe]%{éorr] lgclgl%echSrSla @ar{ﬂl)']e({‘| ’agﬁ %pper I'O%)I‘ has
a cemfall i€ inle bpamg‘. i Thits rbtor designl pemtldes @n pmt ﬁowsaﬁthnmoﬁghmd processing

id.d foth t
oAl v s © vt B2t Gl rhR P ol s
impraves thdMaiBickiping GReld &iufifici€tia@ bi thy systant) bl &ﬁihbihg B¢fedtSin the
defects are reduced. The nozzl e

re consi stent
m‘FTQeIB‘?t{—?F‘ErOéBH\? ‘?ﬂ‘}\Pé%f‘(g‘Fté away fromthe upper rotor

[00B[TherArdthet SBirateFeatitd BLthe VERIon iPANEA apfitatdCor kA€ thot@ble
facilitate | oading, of a workpiece into the processin

9
withipfp emniral 2 alet oBAE ﬁ%‘rd‘%%tﬂ‘é‘i“&ﬁ grocessing fluidde diffegent portions of

thd WHRPEEAR HeDrébe SRR Ber d nalid @SS 8 nY 1dadnk o tehbiA e

drai n paths. Each drain path is separately alignable
prefprelly inelidpy pecdlsationgection Arepllesiingnioprssing Buidridien fluid delivery to
AR (MscBﬁ’mﬁEd gf’h@ R dheH ol BloBesBiat huxW' fhot &Iﬂﬁnng onto the

processi ng chamb PRs"a Tesu t, used liquid process
warkpeee c Eonseayenis I@@pﬁ*ﬁ@ﬂéﬁ is masprennigtente @ndl defectsgre 1guped. The
no?ilé g% efér?lﬁ %@%bi%ra“& FofichE é;efJ{ot(g SALo thifie f:lort)tor

| qU| process hem cal’s 1s avol ed Processi ng

mambet ey bé wised fodfaslitateripdding of mavoirkepssse @ndes thie processing chamber.

[0014] Another separate feature of the invention is a moveable drain assembly having

multiple drain paths. Each drain path is separately alignable with the processing chamber by



[0015] Ot her features and advantages of the invention

w || appear hereinafter. The features of the invention
walewsnidsexl above can be used separately or togetTE820040034895

in various conbinations of sone or nore of them wth

no single feature essential to the invention. The

i nvention resides as well in sub-conbinations of the

m(fﬁl?gtntﬂé &%mdagéﬁ{b'lybtgqh Tyﬁn@EQ ﬁ@%ﬂ?@%@ ro(é@sgmg%hzﬂ%beg Asa

|nasys tic aut nHtIO
resplrused bqtud brocesp chrrdend carhersparately BRIGERd, EoEmmdPéﬁid@uh@Eecycled

0 . r t Vi, e
or\-%! gﬁ | ece@gézlegé ?Jﬁ] hy%:? éﬂ#lg EOCES Cﬁ&?? i ié%vo'd?a/vs@?ﬁessmg 18
tharcibeﬂess@mnplpﬂmdﬂ]assiéb{ﬂy 21is a t op pl an vi ew of t he
kpi ece Rroces wn in. FIG | Wt
o bGP TR PR RIS Rob Pt farPparmetinaleo e,
fedRlr&s of3hé mventipe daspnlortdl abevewaﬁbe Osfed Separatdt P o1et0 ge thet QsF &5 Gddious
d n to one e t ese ventlon
coftrgtgts B edoy TiGe SR Oty Dre's weurepia cep Focuts: The
m@hﬁﬁﬂh&ﬁldé‘sfh@well limsubldombihatigrid G2 (e fédnfres desirfbed The process chamber
0SS- sect i onal view.of the workpi ece processor shown
ca‘i‘ e psegsaloge, PéR‘eﬁwsyétF‘Bﬁ’@&o‘agﬂ’é&“PW omang Vaflﬁ‘ﬁ?i‘]ef Pioesss 6
chifibers.Cr 0Ss-secti onal view of the workpi ece processor

shown in FIG 4 taken al ong dashed |ine B-B. [0022]
FIG 7 is a cross-sectional view of the workpiece
BRIEE QESCRP TR  THEAPA W, 4N9§ken al ong dashed line CC.
?23] IG7A|s an enlarg artial view of the area
[0 r bEEGFEBPOE iGH AT B3 ORI PIOBSSTIng Pusippniccprdas tgthe
pr¢ssntan@ﬁﬁ&pect|ve view of a process head assenbly
according.to the present invention. [0025] FIG 9 is

091Fp vifd b a'PRPIBR BERHS theevikpiccs @ASPNERBYRT shovm iwF1G 1
withX&fbndnksPemdbdi fr @ms‘aseafsmﬁ@ﬁhbxpnal view of the

rocess head assenbly shown in FIG 9 taken al ong
(09183 he F165i his amerpeatioe YiEwmf Workpiege processeacsarding fosteof  a

enfbRUIRM R proRnBhvatft 0cess head assenbl y according to
the present invention. [0028] FIG 12 is a perspective

[0049% w dfIGa4 ts@gopwview iod theavorkpigsg peocess shamhey showaon HIGrg- t o
[0?@2 pgggeg gssa'e %Fgédgﬁ%‘a\}\ﬁ elqgc%%le \%r%eéespr@cegsgpsh\()bvﬁ% HG 4 taken
along dashed line A-A.

[0021] FIG. 6 is a cross-sectional view of the workpiece processor shown in FIG. 4 taken
along dashed line B-B.

[0022] FIG. 7 is a cross-sectional view of the workpiece processor shown in FIG. 4 taken
along dashed line C-C.

[0023] FIG 7A is an enlarged partial view of the area of the processor designated A in
FIG 7.

[0024]  FIG. 8 is a perspective view of a process head assembly according to the present
invention.

[0025] FIG. 9 is a top view of the process head assembly shown in FIG. 8

[0026] FIG. 10 is a cross-sectional view of the process head assembly shown in FIG. 9

taken along dashed line A-A.



[0030] FIG 14 is a cross-sectional view of the base
assenbly shown in FIG 13 taken al ong dashed |line A-A

WO O®34033563 G 15 is a cross-sectional view of tPer/bs®e4/034895
assenbly shown in FIG 13 gaken al ong dashed |ine B-B.
[0032] FIG 16 is a cross-sectional view of the base
assenbly shown in FIG taken al ong dashed line CC.

[0({20D33]FIGJ G is 4 Péispedtive iOP oPLBHIRGIrIch ofa BYoceds hafl PRy
ordi ng tQ one enbodi nent of the present

c
accoﬁ %&O%g FPIeB0BY et G 17B is a cross-sectional view

[0028] t hEFIGPRES a pebpektive vidks bf@&,? HortiBn 5 é%asélZs%mlﬁlg 933l ding to the
F%? 17C is a bottom perspective view of pper
PrESgt GiveRti9yst rated in FIGS. 17A and 17B. [0036] FIG

[0028PA | FIG 113GPa RPNVIRESHth/Sasy bs@% sl?o&noi\‘}@ﬁ rat or
mogggordl ng to one enbodi nent of the present invention.

37FIG 18 is peross-sgetignaligevs ettt basassembly shéwn meFIGolRetaken
aloh@ls¥hed fideustar ated in FIG 8A. [0038] FIG Cis a
bott om perspective view of the |ower rotor illustrated
[0034] F| &S—E') 13ritia args-septgmalglievrpLthe baasssmblytshpvprRIGers: ke
aloH%@th&i‘luﬁrB -gpper rotor according to another enmbodi nment
resent invention. [0040] FIG 19B is a
[0082oss F L(gdﬁllbha‘psqueetwndfvw\hef thphease assembly shownimtRI@t Baaken

alofid & éﬁdh{e@él] FIG 19Cis a bottom perspective view
o% Sh i per rotor illustrated in FIGS. 19A and 19B.

[00P5042FI¢|1@A IQONPSPCQPQCO}DE pew spactipeerowr atoafingtolopwer
emﬁ&ﬁrﬁént%‘f’&%’r%gﬁ not her enbodi ment of the present

nventi on 20Bi s a cross-sectional view of

[0084e | Il 7Bo¢ mrossleeumalamdoﬂ the fpper r&@musﬁﬁl@dlﬂﬂmél GA.
ro

ective view . of the |ower
[00g$pusF rat 2{5 5 a ersfﬁff&lvg H’ﬁwégg‘e[‘fﬁ’@ﬁ@]’m?l”@smﬁedl 18 FIGS. 17A
andt I9jB. perspect|ve view of a head ring of a process head
se cordin to.the sent invention. [0046]
10032 "Blq 188 58) Qo B0isbediivtiad o6 BbeeronrpEr oy gmbodiment
Ofthéi)llﬂ&tnfﬁﬁ’ﬁﬂlohn FIG IA [0047] FIG 21Cis an enlarged

rt w of the area of the head ring designated A
008 ) o \i%ﬁli pRsAssyseqtionsl view pigheloper sopns dustated mFIGalBA.

[0038]eW PIG. QBE i bdrldf (REPERTS Ple® of HRWBWArFotht Bustiated in FIGS. 18A
and 18B.

[0039] FIG. 19A is a top perspective view of an upper rotor according to another
embodiment of the present invention.

[0040] FIG. 19B is a cross-sectional view of the upper rotor illustrated in FIG. 19A.
[0041] FIG. 19C is a bottom perspective view of the upper rotor illustrated in FIGS. 19A
and 19B.

[0042] FIG. 20A is a top perspective view of a lower rotor according to another
embodiment of the present invention.

[0043] FIG. 20B is a cross-sectional view of the lower rotor illustrated in FIG. 20A.
[0044] FIG. 20C is a bottom perspective view of the lower rotor illustrated in FIGS. 20A.
and 20B.



according to one enbodi nent of the present invention.
[0049] FIG 23 is a section view of the processor of
Wo-b@B5/028893 [ 0050] FIG 24 is an enl arged parti aPCHES1000084895
view of the processor of FHG 22. [0051] FIG 25 is an
expl oded perspective view of the processor of FIG 22.
[0052 FIG 26 is a section view taken along line a-a

ook, 3 3 G0 G BB B G,
acoordelwtpﬁlcmnesahtom‘@ntidme a-a of FIG 25, and showi ng only
[00&{;‘1(93 UBRE 21 BY hro S QL 087 S&tﬁé hdd ‘ﬁ tilFul%Erl{iét&gi_nblllgg D

S a sectlion view
[0035] an8IG RdGiingn odrgedtpagialipipe of theiawa ,of the heguiningaiesigmited A in
FIdi | stration. [0056] FIG 30 is top perspective view
f2 he I ower rotor of the processor of FIG 22. [0057]
[00A8]G. FHG.I2ati¢ omrmbm{e&nmmgvmWMonﬁ oftthepro@ssirs shotvalin BIG. 2

Fl 005 a sectl on view of the | ower
accr"ff’f‘lzgrm(?f‘eg—'ll %ﬂ‘tgﬁg‘e prefed'gg’g]’n ¥P'G 33 is an enl arged
[Oorlartl aIG.Szeﬁiamatlmhﬁdwefthbbﬁméu@@eiff FI®t2r engaged with

wer t in the essor .o G 22, a Wi ng
[0"38 EB?@gés %?%%Fé*rﬂg T3t §eetiqrofst P ‘&i‘i’ pyocegor; "EQEF?T%

[00s] ar grEl 2334 id é)(lploﬂ@cﬁﬁdrﬂﬁctwle&w“oéftﬁé’;ﬁoébﬁw bf FId1. 0.
ged with the | ower rotor of the processor of FIG

l00§%1gaaﬁH3 HRdnp ?FQ“%‘“%&&‘F“ dloradmneacaotdilgpdrt pin. [0061]

[00SB1G. $fG 129 ifa §RE ﬂE‘dekSﬂValeﬁg ilk®-headcods.t he processor
shown in FIG 22, with the up lg] rotor renoved for

[0056k o FEC.- 3B is # peglen wew dken ploussine am of F1ga23, andishowinz-antyete

upﬁeﬁ:&wrofbrwxfla&eqifuma&atmrge gas manifold in the head
hown in . [0063] FIG 37 is a partial section

[005Flew HIG.21 it sestiemtipy dakemilong knerhb pf Id6e 28 and shavinggnky the

ting a processing fluid to the
UP&H&&%O%@{RER °g?lé“g{é£tﬁ’ﬁ‘ t he processing chanmber. [0064]

[0(1565 §S3|3§ 1atOp@p18p®hvcsgcw obthe lavenraér of therpgesswoef FIG. 22.

[0639‘” ng1@ A Jﬂ) g'le}Lcﬁlrs;()g{:t%('le Q%Woff loxg%]rbt\é? f118;. So.

cessing y to a workpi ece
[0(15&] t h@I(ﬁ;rﬁaes sacngn b b the lc[\m&‘ii§>r d¥IFE?rS 3@and3la section

[Oq\ébﬁg %&% t t{ér’l g’ne en arﬁﬁ%&aﬁla{ %}t \Iflf\é? &P the 88])86% (r)ortorhe%\lwégeg cv:vtath lower
rotwr, eWhefarotdmorlolﬁ EICH @2 pdnd tsh@vingp e/brlapmtmh@hrempm n Fl G

0 iy Yhicen srsEee el SRR UHE oL B SorrEflr R g te
1ov;zuf @Lﬁ&ftif thePredebdod of FIG. 22, laddishoumgamthpparsydrkpiete shifHdePin.
[0061] ﬁG ! 3SS 1? a geec%glll %Qw\é'f t%\évhggd (}fhhe roc%&%? gh%rwnonfl F{:Clr%, vefit}i the
upper rotor removed for purpose of illustration.

[0062] FIG. 36 is an enlarged section view of the purge gas manifold in the head shown
in FIG. 35.

[0063] FIG. 37 is a partial section view of an alternative embodiment processor having a
shield plate for directing a processing fluid to the edge of a workpiece in the processing
chamber.

[0064] FIG. 38 is a partial section view of a processor having a fluid delivery path for

delivering a processing fluid directly to the edge of a workpiece in the processing chamber.



[0069] FIG 43 is a section view of the processor of

FIG with a noveable fluid delivery tube directed into
wo bmspsdeessi ng chanmber. [0070] FIG 44 is a PCT/US2004/034895

per spective view of the prgcessor of FIG 4 1 shown in

a processing position. [0071] FIG 45 is a section

view of the processor of FIG 44. [0072] FIG 46 is a

] P ew.of th of FIG 44.with
00§80 e aBE PriLH et i el Prsbar o 7 BRPAt rgesrr i o 0w rotor
airfl@cessi ng chanber. [0073] FIG 47 is a

ross-secti.onal view of lui.d delivery lLineg havi
(0B60; § FRE 0 Psmpereaor St of the il rolor3hpanio g, B
[0067EW B1G.a1119Z pdrepebtivel viighubfth fFodepdoy stowinlie FIh @vce@diag to one
luid cqllection area.. TA| LED. DESCRI PTI ON
em ’E‘F‘Pt;?? s resgt inverionia a leadglopd pesitiop. 3 [0075] As
[008BWN FIG. 4B1i§35sechomviewd oPthe pRSEs NI FUSIam 10 has an
encl osure 15, a.control/display 17. an

: y d an :
0068k ut F8erdddt 2 sctien waw phthg Repcessen A Fi 41 vitra mevsable Suidy
delfVeRf O \Biredtd i HE PrRERMg 2flariee r emoved from carriers

21 "at the input/output station and grocessed Wit hin

(0078 s VLG ¢vhis opersrsotie] vierhef the preesssar RHFKY 41 shaWiB aparsessing

postigdport structure for a plurality of processing
stations 14 within the enclosure 15. At |east one

(003l bce 6.3 ise sactiomviey of the pragessorpfilp 144 ece processor

[O@EF ARG He4él Qofiétéﬁté&gﬁ& BEnEPEShRDE Pl RY Qsﬁt‘i’l_sa%{?&vg}tﬁe fluid

€ processor o resent Tnvention is designed to
delvgryutubd direstddiimo theprasessingichgmizyst em 10, for exanple, as
Lscl i. di . . ' ' ) ' .
085 & 2R 4 0 BISAHe5 et iR bEThui BRI AMHnE b il cBfion
are@ct ober 22, 2003 and 10/ 690, 864, filed Cctober 21,
3. ese U S, tent applicati ' .
o3PS, S35 e PEPRAEEM e By geABeg B

colpdctioradred.y of processors or it may include other
processi ng nodules, in addition to one ornore

ch as could be configured to perform
D@@ﬁﬁﬁWﬁTmu ons including but not limted to
el egtrochemn r ' et ching, rinsing, and/or
dry?)ﬁsgc.n%F%Wi lRfﬁeée%gz?gfr%'rl]%Fl G 2 is shown having

pr t 3k ON J ' h < Qf

OS] LIRSS BSOS oD S 654 GrboiTRE s

cogrudidoplay ¢7,5d al mputfougmie stationgl 9sind & ipblmligufdpquessing stations 14.
ef er ghl incl es a ral, y .

R a2t el o Bef L Ao BEfb o 9 and proceses

withirothe sygtengl st at i ons 14. One or nore robots 26 havi ng

03 GO PRrg St LRERITs BRSSP S rocesing
stafibCIRAISGitHPthe enclosure 15. At least one processing station 14 includes a workpiece
processor 16 and an actuator 13 for opening and closing processor 16. The processor 16 of
the present invention is designed to be utilized in a processing system 10, for example, as
disclosed in pending U.S Patent Application Serial Nos. 60/476,786, filed June 6, 2003,
10/691,688, filed October 22, 2003 and 10/690,864, filed October 21, 2003. These U.S.
patent applications are incorporated herein by reference. System 10 may include only a

plurality of processors 16 or it may include other processing modules, in addition to one or



stations 14, and to |oad and unl oad workpieces 24 into

and out of the process stations 14. In a preferred
wepdediisent, the robot 26 noves |inearly al ongPEr/UsB0K034895

23 in the space 18. A procgss fluid source and

associ ated fluid supply conduits may be provided

W thin enclosure belowthe platformin fluid
mogggzy%&gg%% stcl;ulggaggi Sgbr%& & RERAR et ﬁgfamm Dingluding
buifiat hmiRed @reéwtrech“émldﬁl @8cesgng ttcpﬁh@ /id]sing) 488/or Gryirg.
[Odp7l7 ngtr’]lzh%ts es\t/eZn}] an‘%%%‘{% s%w asv§no e a}grggesg ét{&%g&e 24 bu? any desired
numberad peochs g sﬁﬁmmtélryayﬂﬁ mnlldied ihtas encmsaleriﬁl ThdProcekkiag

saf{ g8 PGP ton oy s e et oo Lt o 49
beaeen the fFedcedsingStatidinel 4bm oBBBRITbbI!s %Jhavﬁlg(bﬁéfbf m&REndEfféctors

mount i. ase. 40, r rotor 36 mount .
s e B reloows 19 S5 8echR “BEkeioEH o ard R MpyPipgrocessing

staﬁﬂxg;alﬁl@arw th llbaarlﬁrg’cll %&gﬁ%ﬂgplédegm tdﬁeadaaﬁeofaséﬁabés?sta%ns 14. In

e hea sse y and t se asse orma

a pig %@f@%@ﬁmbf ?moeiesam @?wﬁ "Jgﬁgsutgaﬁm bivett

prdc@iscﬂuiid ﬁﬁlfte @9&5 hstsb(ﬁ’ﬁ&ﬂﬂula SppBI condlidinkle b‘égﬁﬁﬂldceﬂ eathinyent@sure
rocess fluid_ applicator 32 extends

15&5\%@ gzlaqfvrem gf;n élérﬁitqomm%m%wﬂb? woTkgierfRIgeess d ffthgwn in

FI@&)@Q@IO@M;%%S] wat ey through a sleeve 96 into the
head assenb inlet 140 and process fluid inlets
92, DQSFHQFI@ é@l&efWQTwFﬁﬁﬁ%lhe sl eeve 96. The air

140 and the process fluid applicator 32 run

t
1003 eGP -1 hilgH: 2 WPRKPiEPe RIBRSRTON 48 aqcAidido dieguesen invention.
THE§RResdSr 16 doth ghﬁ‘@q Prédas B A&hBIN 8 MR Sasé A5QAbIF40. The head

Process fl ui l'i nes (not” shown) are connected
asgegibys ify mrefpé/ogwemsr hrgd Bdraheahring 33 prupneprrsdr g flyid
apﬁ‘lﬁbq{dr §ALR a Rétof 98. ﬂfél Hayeec{sbeﬂg)l)pf(fjﬁ @Sipride bES mbiithg HAR 40, a

Kpi ece process chanber. The notor 38 is positioned

lowcrr rothe3fh@dd1 Ry meunti43. dbe ptaddssembly?8 cappemoyaskvsrticaglyy to
[
B RS YRl e OB BRS04 e
asgentbly 30otrh iz process chaseleer 2D within vehithahewppdr 3fcanddewsr 3pgotors are
poﬁi‘tiﬁ%‘&hed to the head assenbly 28 and noves the process
ead assenbly 28 from an open position, where a

[00%9] k pi Boeingspecifiedlly tb TS G- 11nt proacsd flnidmppliwitor 32 axtetws upwardly

ocess, chanb 7 cl osed pOSiti
PR G e Yt TRIgas Rl Rl Rl RS Aheve o
int®Xkd ledadh Mermiiye Afltlinley lﬁmzind\;p,rocbtsdhiithmtétsms%rkrhpos?ﬁbdedlsnthm

lLural jt of a ts and t hat

i Phu Fue i Rl A g R o 8 Ry ey v
ceﬁtfrzﬁ %ﬁéﬁings iy 8 piceess hE4dMB0The Tl rhfgSSG aéd grenibper rd0r 3ViRGCess

tor S . an en ement. . ring 110 with three.ta

PR B BB 1 aPerist A LY FohobsBRicp pg he process

i@ %ﬂhbzﬁm 8t ddliNEringPré @B Mfidstifte the workpiece process chamber. The
motor 38 is positioned in the head 29 and is coupled to the upper rotor 34. During operation,
the motor 38 spins the upper rotor 34. The head ring 33 mounts the upper rotor 34 and the
motor 38 within the head 29. An automated actuator 13 is attached to the head assembly 28

and moves the process head assembly 28 from an open position, where a workpiece may be



base 40 to attach the lower rotor 36 to the base 40.
The tabs 114 of the engagenent ring O cooperate with
wo bseksbs of the nounting nenber 144 to creat BCHUS2004/034895
bayonet connection. Positi.gned within the base 40 is
at least a first annular magnet 42. The | ower rotor 36
al so includes at |east one second magnet 44. It should

loag%d 1H{ec])?a%cri %e%r?ogl%% frgg%e Qfgcsetsse C d gs\l;eiiulsbly 6?%? 12@%0 ac ?51::1 Htl{)gl where
theoforlqneceasnn bt procesagin etsavitthy egllanedarord $idly. belbhe t}fel hesd asééinbly

d_ 44 d t.t t
28 B A 5 1 T P PR 0t (SRR g B PR B
mahageﬁlemgltl&tpr&erﬁmﬁdedn@f polarity, the first 42 and

cong. 44 ma one. anot her, causi.ng. t he
1003 q@%bass a% fﬂéfée “15;5%3& af%ﬁeaaﬁ%n%%gg hl@w'gree tabs
1 14%1@1@%@&@@@1 a e ntdn.ﬂuxligexae&n@erﬂdw?@saloas&mm BRASmMA? the
and 30 are separated, the eolg‘)getl c . force of th

basggQ hsttach the loer spteriado thedasesilie /The dabs 1 14f tawagw ring 110
coc?@?a&: With G2 UsisE tHeoubARSmANSYE: 110® SHSADRRBERY chrindEidd. t O

engage the nmounting nmenber 144 of the base,
Pogitigped m@m thf? bage this agleast P@GS‘ B 8128058 AR cRheil e rptonisiglso

inc)YABNat1dASt d3E @&oﬁ@ﬁ’la@ﬁ%@ as SRR He%d&&@od %apﬁst@mgﬂg single
the actuator |owers the head assenmbly 28 unti |

annylps sragpeds wrthabpse dhanddewertrpler Bopplnratip af mozgnnulys mgnets may
alsh Hé Jéﬁr gﬁé’ﬁl%{i‘d a[n&@:tfoh@ 4@&5%%?&% %d?ace SoHa%%{hef ﬂ'qu{avg’f'hke
pus own on ower rotor agalns
polaeq:yu IBs/! uitizihg megnety leaing d lilsy mapreticdigidenr poladty, the ﬁm #2 antdrecond
R e L U
40 bp b wegneticHerce. aWhenlithe headraed basg aspemmblis 2r8|ang 30 4@ semachtedhthe
R 30 AR REnekt, 1 p B QBN ow Bl B L VG 0K 06 A
thertatizg 13 8f aua dngmgsreem @ing h1G héirml)sangagenl_s;e BOowng mem"éhlGS4of ;he

the . lo e to,.spin with the upper
basrﬁo{hg?' pmi”ﬁglgmg pq?islﬁdgﬁy?ngf%o@n%cpggt ed by the nagnets
[0082] 44 Wikinthelhdad atid tas€ sssénatilies e ttovBedhghded, thp patiataid lowers the

lower rotors. yntil the ead as
gAY SR P o neas R Touthatpr 46 e il fore
frofrl 6Sact@ator 13[¥lle dgpel EotortIAublRS Bowon M6 e Sotéd B 6N ugmst the
pl enum 80 which has sev raI four)_ drains

rewﬁ&norprap freatgd by the magag éHPtFI)ﬂ%a‘tePﬂlHP% ¥l o s a’ezts

shd&@l MFI84 A2 93 AC WRh @He h%ﬁi ri rkeﬁé 8h theBdsel the BorAct B@Ween the
th a fitting connector 8 rovi de separate paths

tabﬁ 3 |14 elohel ergegeneenb Fieg blOsnd ghej mwrle&msmbﬁu 164 gsrhapfeny apd dhe lower
roth3 ¢4 @(reQ v égﬁ{ itlethe BS&F rdtdtals 13y 1§n9¥\ﬂéadfrﬂﬁ 33 L BEE40 in the

di sposal r recircul ation. Accordingly, cross
posmmsah@wm 1BaS 874 mobdbsslowpr rotes free torppin; with/thejuppss rofssthe

re@%@%ﬂfg{cg cgehl 3 by glg @a\%&&ﬁmﬁnéﬂhﬁ cohfi& dﬂe%ﬁ tHeQpPdr and

I ch exten downwardly into
lommotbamnpl thahmiaﬁkembly ienged fa dradingfuolvedisg fhe tprcutsssmo
i nta annul_ar I;Z)I enum 80 and throu h the

[0({8@@83]Tugppg fo @b et/ PRyl 4 1> Fhecbase 49 1cludea apangy r 4 5&“‘@% which
hal §8efaPRY, (612} @hind82.NAI%e Baill 81 ¢ pdimatically actuated via a poppet

valve 84 and actuator 86. Each drain 82 is provided with a fitting connector 88 to provide

separate paths for conducting processing liquids of different types to appropriate systems (not



of pins extending upwardly fromits surface. First,

the lower rotor 36 includes a plurality of stand-off
w@rows/08393 When t he wor kpi ece 24 is | oaded i nt oPCTIES2004/034895

process chanber 37, the wofkpiece 24 initially sits on

t he stand-off pins 50. The | ower rotor 36 al so

|ncludes a plurality of alignment pins 52, which align

GRGE AQoldifly cbsPl Al

vvor kp| ecrgéezggﬁ%sws él Flnto t O&fgo%ésg chaﬁﬁwﬁgﬁﬁgcess

fluidsds minimizad nhs bﬂsmhoym ieRIGEn 8- 7f h&A—ﬁ@nd 30y, thedawertretor 36 has a
f f I
skﬁé&{s | i é}?tgn&%rdgé'gﬁ?gdﬁ'vﬁ b ahfliAm lélﬁecea‘gﬂ% Buil %g)qoc%gsf fluids to
ﬂom mevlanguiawwrxuntweaqdrtmwshe:hambéz 16. Finally, the
ot of 3 abl .
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lowerroRer 30 Mpudss 3k lepst ong. RAG Breierp o pligglity pd gegecseny ping 44. The
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mﬁfrga?ﬁi {r@ﬂe z?hgéiil@@&ﬁact @lnth%@?er ber YWPr kpi ece 24 to

I ght cl oc , within the desired
[0034dar aTRr@mg mﬁlﬁﬁgSﬁr BiteSand §9A-Chths uppas veipr 4 ingludes a plurality of
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configuration of the upper 34 and |lower 36 rotors is
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[0085] Referring specifically to FIG. 5, as the upper rotor 34 engages the lower rotor 36,

the beveled end of the engagement pins 54 are inserted into a corresponding one of the



descri bed above, the specific configuration may vary

dependi ng on the desired process to be carried out in
WO bespsderss chanber 16. For exanple, FIGS. 17P€12US2004/034895

18A- C show the upper 34 ang, | ower 36 rotors utilized

in a process for renoving polyner or a masking

material froma wafer surface. In this preferred
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process fluid applied to the backside of the wafer
wor@ps4Epsdund t he periphery or bevel edge of tker/vsfoes/034895

onto a portion of the top ;gide of the wafer. As a
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odﬁég%ﬂ%d'kg tS&Sup@Eﬁof& 8%64%6&:1(0@&@ @r&%ééid@@lu&isd‘to&’f@é proc&king
abou i nches, or to
cHeBbeIdsd] AR °’Eﬂ”@50‘é‘§§|" 9T %?Wtilr“ﬁ*ﬁ%éé‘e%@tl\ﬁélﬁﬂd i e tange
1 7;2_3|7 81‘9 ? grefe?l%d 3Rodifent! RYEanpR IGS128329, #ey/Paddd@psERdrizontally

oriented weep holes are provided (each having a diameter of about 0.018 to 0.024 inches or

0.4572 mm to 0.6096 mm) for draining processing fluid trapped between the flange 178 and

the lower rotor 158, above the seal 170.



[0104] As shown in FIGS. 22 and 23, a notor 4 in the
head 3 preferably includes a notor plate 164 attached
wo eooshessepper rotor 156. A skirt 176 projects PCT/US2004/034895
downwardly fromthe notor gl ate 164 and isolates the
processing chanber fromthe upper and |ower frame
rings 166, 168. The notor 154 rotates the notor plate
tQr. Vi
0188, P Sy it oo PoRGHork s p hEBpadtsd By s o
mOtdn platepifé rattachedto thé&@ppesromd aged skirtt lﬁ6 pmectsaiwmwaldl)oﬁrom the
t tars 156 tat e et her
mof Plage HR ahRolafh Mo ng b ot B AR e e
166)06& | Tig rid&tbr Hﬂdotdteeshe mﬁitorrpttﬂteal(ﬂ aidtih tltrh,eih&,lmpef rofodll 66, via an

axig T4 pobsp e aripncife bneRuE Riptiegir £, TR s bbpfizpt Disss
engapell witethe pyvedt r@ordl 58 Othe twd otody 155615&8 rothiGogdii@nt Tl first fluid

ertical. s xi s 175. J0105] Turn to FIGS, 25-29
spRf ot s SPBOAE onas ey BHBEE ASHARIARY ) e Sethetaroor
15@ 1 THeag el 189 is¥ubgitil bh bedrings 24200 alkde h)taaioh gﬂﬂie Bile R4 tROfotor
refe bly incl gg@g a tapered | eading
pla h6é RS YRPHSANS (V& FUOTS &> éP%b‘WM@Efﬁéé@%ﬁmf Lt
[0108F t i ahiningatb FUBHS! 23-20etht BHRE Yotét 156 MR IABPLHIuFaltyDT ddwRwardly

and are positioned so that each alignnent pin 200

ProjesHpgRiEEmEN I Rge. Brchaligrmuys pocd0 pratrahly inelideioh Rpsredleading

end THR aR@shdnt PRS00 4te Fﬁf’erﬂﬂ}oﬁgﬁ&i aﬁ@ea&hﬁfﬂ%ﬂ& arobftfa penphery of
al i gnnent pins are ocated with ti g di mensi onal

thetupp@ratet B a@ﬁ agg popifiened se et eash plignmgnt pin 2R caggicts thegdge of a
wog RO 60 Qﬁenqﬁé @oﬂ(?i%ce @pdsRRitd in tﬁé";ﬁ'oézlsél dBRbe TS
O center | ece 360 I'n the processing chanbe
ahsmlemhmns ah éocmd Rith éleh;t d1m®18109ala@1@mn<a:§ en ¢ cedpeensentiig with the
| [ t 4
splf k115 RPLTe . et e R b B o0 B oo in
thetm@:esmnwhamblqsg thaf tht: merkpisse 1 64 s acnuratd B corterdric woly thgepin axis
175‘[92 i ncl udes pin receiving surfaces, such as a groove
or slot 194, or in the formof individual holes, for
[0106F ei Viurming to& 1G5 3Or3dda pandfi spgceé aph@oﬂderallfngawpmnqnemat the

o PP P47 S W OB S IR e
a ghddl0 i siktaoh, & hothk dam of inlividuaehdlesvor re’oeivi’lfg tHb@pered leading end

RECEIRRY QTS LR T RN —

leamglé@deﬁﬁealfg%ﬁﬂqnﬁmo spaci ng the workpi ece 160 from
interior face or surface 195 o e lower rotor . .
(0405, | e RIFE e e ourao Loy Pt vesapy prejecting
lowdr Worigfecd shpediphah 96‘ fo? ahpoMing lt}i%two}ﬁﬁe&Q%%ﬁ%ﬂfot E{RBing tHer
rece| Vi n%ean end effector or other workpi ece | gadi n

e 6 o 41 e st 1 nGhestontders

192\/9{ f6a8y 15Red Bt bBVidt B aliRPRR1oh@hO810tlIBE betWeot/Bibm, f
théelf)geil ot i ebetweenbthle shgu gﬁrs(,) 19 0and thgn set .

recefyéng aprere pector pe otheinv gkpipee IPWde&Qﬁrpéﬁqor%ﬂﬁ% apgpd effector

su@%ﬁ\{}lﬁtah’?or ng%Q%g Hay %glgra ﬂr}]xg 1owr ;ﬁ(ﬁé@g?ﬁ%&‘ﬂ%é él&r198 ﬁc?tween the

shoulders 192, and then set the workpiece 160 onto the lower support pms 196 when the
processor 150 is in the open position. As shown in FIGS. 22, 30 and 32, the pins 196 on the
shoulders 192 support the workpiece or wafer 160 in a plane P (shown in dotted line in FIG.



shoul ders 192 support the workpiece or wafer 160 in a
pl ane P (shown in dotted line in FIG 19 32) above the
wappsen4sos f ace 197 of the | ower rotor. The | owBET/US2004/034895
surface of the workpiece ﬁg wafer 160 is therefore
spaced vertically apart fromthe surface 197 by e.g.,
from2-10 or 4-6 mm This allows the end effector of
t he bot to ve i n_under the pi ec
32)gPS et SR s B0 P o s idieg opfhe WoRpiccd or

waféo monaﬂterefcas sgabedwertically-hfart fodn the RerfpageT bige. Qeﬁmem otdr@-6

mnj. Q'}[[}-ﬁ%a]‘og's El F&gcggrao?%zrgbé ? o g(_%/e 1% %n)x@rf tw}? cg\?é%tqading or

unlbmgah@@eﬂc@ﬁee i_n&> tﬁé pﬁaeéts&r I amtrm aﬂﬁlﬂﬁ:ﬁﬁxﬁ FPGSi4} ihe @I)acmg
al so shown in the surface 201 of the up

bequftndbe lyer igtegipy sglﬁtafeyZOd 65 G 4P) f theipRFTqtos &dttcaﬂeszd@wa“y L

2, :wnmmwﬂén B0 pRB&L& i9Elostd 8r RthprBeedegtsiRs). ALAQBhown in FIG.
Referrin Ipi 34, the upper rotor 156 preferably

28, jthecufaess? %él GM\MPEHWO%THEP ééleahttg copgRtly %mﬁﬁ%@e 20 pﬂwmg at

an RigltSof31or406 adpededi Ng t he wor kpl ece 160 agai nst the
| ower support f)l ns 196. The ger su port pins 210 are

[0188lef eRatgtTylgps@E G- 38 rtbeiurnsT wEMtla prefeﬁ@ Yippladessigrnyadlyof
proLTnﬁnQ’@)'bgtp\b&ﬁ eée%qg{}?otrt ﬂflﬁ’soﬁb'fmlcﬂﬁ tlhg%t fece P60 ag at’i_’istcme Bwer
y

ally 1 nwar romthe out er peri met er or edge
suppbrt pine 1 o r Kisivepe sugort pRys 236 sietpireferably posivons tegontaithonpper

' : t a t ' f
L L
thelooapatnetertos edjre oﬁfhetvhekmwe 6d.yBy pcu;ltwnfnlgahe ypgetsugpori pigs 210

at lgasFA? rnr?nr oSr'nSa!mn geﬁ@gtey\oq!’ t# uvigﬁ?rﬁﬁlg%egl(%o,(tgé 5&7’%1?’ %fgngg ?ins 210 are

resi
lochbdibutnge oftt]mpnmay floiisfloivwt pdt during pﬂgrpreq,qsqmg of thd wsrkplece 160,

0Slti oser tqg . th eri.meter
os BERGTE BRGS0 T2 o 8 s nBiBGTE by foren AUl Bl fom
uped 3upPdrt pins pokitidned blosed fo thé patiimdter of tHeSvorkifecd /anditieefodead the
.Or (aﬂfxl azllttof th tor 4 connects directly to the
PIIREE, dte)ﬂ’ érelaé’ﬁ‘ the upper rotor assembly, via a
[01gb]af t IpAditRdn laé3ho WP TGB! emihu theﬁﬁa]ltﬁ dsrglzc& 13\% oaﬁlmo?qr 154
irect connection petween the shaft i.C ne
conTREs SR LS MO A S ST DBE ORI § SRR 17
CoNiRe¥dAtIL.GS thekdlis & MYré disdct édﬁn&ﬁbﬁ bmeaﬁﬁé Qﬁ& 1845 mmch deﬁnes the
concentricity is inproved (to ahout

spig @uipgid thimans0p H@%W%%é@ askgiess {1 ‘z%lg?ft Waﬂi% §eseﬁﬂs spin

corQ:t:lttﬁ&t)f i€ %ﬁ&i’ﬁ@&l (R abbiie: 6. 9WRK). TP6REr debiBRs ikt HRY hdtkpRie R
di mensi onal tolerances can result in si gnl ficant

posiéaned by pigh pyothe feptures @ thedowsetojgsche aqsumalation ebdimengipgal
toléljz?r?ce éni?%uﬁ%? méﬁéalt%ccéﬁﬂﬁ%gg 1 1 i foet@éen tﬁ@ﬁ)lﬂJWmd the

rotor as a ner or cha plate” 7 preferably made
wogifpiege.cor r osi on resistant material, such as Teflon(r)

O S B e SgEAGRET s s g e
preforahdp mam sf a qorrpien tesia@ntiBBerial, euthnglT@ﬂbl@ (fiooting resiog)c fThe
chitibe? pla{e 1S e?t‘?achesdttg ﬁte mo-w alttf? Y& 112 tor p?a?e ?&QAWE oth@r components
in the head 153 are typically metal, such as stainless steel. The lower rotor, as shown in
FIGS. 30-32, will also typically be made of a corrosion resistant material or plastic, such as

Teflon®. This allows the processor 150 to better resist corrosion caused by highly reactive



FIGS. 30-32, will also typically be made of a

corrosion resistant material or plastic, such as
waedososm9). This allows the processor 0 to betPE&r/US2004/034895

resi st corrosion caused byghi ghly reactive20 gases or

l'iquids, such as acids, used in processing. The pins

200 are secured into the notor plate 164 and pass

gasEqungﬁs, s0€h %Q@ﬂp %rsedglh g}o%eégxg Tﬂ%@hg 300 e ?e'chlg& 1xR<'_> {he motor

are evenly space art per rot
plat@l 116141 aubpassibraugh thelchabap phsr; Iy Tmcalb@eght pmzqq are evenly

srel S B0 bR £, R mp e s b PGB, [ 11

[01aup| i Raﬁerrmg]:@l?ICi&lmﬂpworﬁn therbeadi 1rsg th@ﬁwelaﬁé btoe tlousing

aIt ou {
153, e ARy o7 b bt Rtk e s Bnd ot
rotdt®(afthough It}im' cpalift upremb\aEHy]mThHshﬁhatf&)e, ISquafnbh Bl cahgected 8 or

ate 1 he fl the skirt
forigh it afh o Sl Bt e p: Woud B Feshficlinabe G Sipdersa, e
sk1ﬂ@l7@iind4:h¢ Brfletr plateald 7040 ro{gg]t&%}hel' whet the motdae SADBSﬁ'nécﬁ&

e wer n raln ., valve cam
0137 oo oo 3 o S v T g 0% e 29k e
actﬁt@fz@n aliy aﬁphzsze& dr ﬁioiﬂlélpﬂ, ard aféfeﬂlsblyl fikedriRpRES andT @Enot rotate.

ower rotor. 158 inclu t he se

170, 172,
Thg BiverrokP g IFROmBRGEHIdr O era o BT AR oS A
corfipdatnts $dwddn FIGE. 3082 Wotakt Wwilkethk R roté! When tiRWet Ror is
| ower rotor, i s engag ed with and driven by the upper

engagedowith g Brizpn byihA BPRST FUOTFI GS. 35 and 36, an annul ar

[019DEN ‘TGrn?r?ng FP‘GS’ RO VhJIEE! 2R htune oﬁ&%g‘”@@ iif ﬁbﬁdé&fr&ﬂnﬂghe
the first id applicator 157, as well as around

maqui@u faming th%rrsyﬂlpéwphsmr 1530 wrll as groupda tigyid deliveny mth 161
leagiﬂg d tﬁ@h&[ éh?rZ 1R o 579 %rge & Iglllc"flsas @.@%&S, 'is%u%i%@ lﬁ'_(lgﬁlgan inlet

m an |n BT nto the nnul ar openi ng ~The
22 it thepnnglse npqmgmgzzg &ha amuler épeome 2R exterids fromrthginiay ito the

proE?és% A, Cﬁ?ﬁ%ﬁénrﬁpﬂ% gl Gt th P?oc@éd{ng%gﬂggeé ;k'ﬁttﬁ)e dnfilar

proc Ssi ng e~ annu openrn

opanxtg 2Apdxyremally fuoiformodeliverg 0§ the putgh gasputodle: aeessing chatuher is
[ocessi. nb i hi.ev rovi ding nore uni form

adP gﬁgyg en%lg?%%%é%ﬁ%ﬁ?S?S%Tﬁgm&¥th reference to

[OIIHBS %ﬂﬁre&rﬂﬂlce?ﬁ F36S. 1-2 anb22-3@ inpesel, a ralsssgette, can@r o1 e@ntainer

r co ner. 2 ved .on t he 1n ut /

21 S o et Rl SatE1 4811 SFipirtPh e e8 B o5 POUBL:
FOBBSRY¥nnainei, aierveﬁtamb:hﬁ)ocmmrﬁwee,rvndmbbtld R tuaiDiviell systerd 10. A

ro ic actuators .int ten110 robo 6 .t hen )
robpp Pl P A A BB 10 TEORLRG M e AL ey T FOrpEG KGO into
a p?d&@skswpﬂﬁpér?g;gts ﬁﬁ?vdrﬁ;&:ea 60 bM6 ﬂ&ﬂ@\ﬁeré’sﬁﬁbortmglgebs the M@ver

wor kpi ece ont 0 r.s or ins 0
rotprobéér Tp plass the seerkpigge ;5?% Wﬁﬁéo‘v% pmoggélsﬂéé %ngtzgénoves
an bV\&iTeco PR QF Emﬁ’l’af‘&vk@ @upp‘bﬁﬁg fIRDAS kA bceBY Qﬁroaﬁ f@ed

ef fector 31, or simlar device supporting

loagimefuploadiag 3180l 98im e dRyrer eater 158armdrigainthe a@rlwgecg 16¢ onfo the

lowd? sﬁd})%n 2188 56." Pletbbok 28 thef RHthiRWS it ehll effmr&rplf@)mha BRcessor
onto the [ower support pins 196. The robot 26 then

15Qui Wﬂ‘l‘d? tgprachssoehid cevld aligragtively be pevided s pptardeaensrmanually
loaded system (without the input/output station 19, the robots 26, or the enclosure 15), the

automated system shown in FIGS. 1 and 2 is preferred.



50. Wile the processor 0 could alternatively be
provi ded as a stand al one manual |y | oaded system
w@ poskeiv3 t he i nputf output station 19, the roPOL/BESR64/034895
or the enclosure 15), the qutomated system shown in
FIGS. 1 and 2 is preferred. 21 [0115] The upper and
| ower rotors 156, 158 are then brought together |nto

[Oﬁgggg 1 rl‘lta%evrmattlcb 1 \evgrc rrc])(t_)o;r)% acg 1%0 atr?,| roB gfg)ﬁr n ?ﬁtegq%nt
withGaach tsthert prefetudhyelry lowérirg thdlead $53 dxwer mtzb axbow:t widvhe blast hes.
AsRFGini S apre o B PRES Bk WP S R e pered
leadtng ehdmﬁmmzhlxgpmmt PpYs 200 os tho tupAd dotoml 55 hﬁbvle ame thertgiefsd openings

58,10 center e er r or 156 o mer ro
or 18514t 4oy Pt 1B Pt i ieghiah bt s PAFE T Iohend to
forWthk ptogéesting GRambeh €63 sreeid tﬁsslg@rkpn‘eoet hse H‘a@ﬁm&cbd@@tsﬁth@ﬁpered

poffon R Eaeial L B 2H0 P HLIeBHS i i Rpebekptgs 160 1 coner

thdMvbriRpiBed 150 vTHAC @S Piobghsiah ohater. ASa r’ésdlﬁ &ulvtorkﬁl&e 160 is
wor kpi ece 160 is, positioned concentrj cal | y with the

pove?tqd&atcegtﬁlFﬂIYa%ﬂsth& Y5titH SRR @xip | (reidhs RrgecHampwmberyfihis
help§ kdPsrotiBe PiRYMARA bificleRt ﬂ%&ﬁk%gef)zfrh&il@rm edRé POE&Sin g>f the
particul arly edge processing, of the workpiece
wqrkpiaes)16Qhen t he upper rotor 156 is lowered into
[0FIRP IR th¥iber fit 150 Wabwéred Rifo Jn?§gen¥ehﬁavMPﬂ&€ fowt RRGY 1158,
pins 210 on the up ger rotor 156 osel y approach or
theunpespParhping bidan tagwrpaeietasfl 54 ¢leseljorrkisiaelicer cos@ctithe upper
4
B e or G 1B B e gttt Ihldifine procesing
cherobrzt Wéter the entorastelbaoughtsto@tizer camiagatosss2d4 s e hwel 63 ovarie
u I ti@N
o Gt GBI (S Vs S S ARG 78" Pl ring
sectias toieh mowtmdatlyj bytwaridly andtinto groogesel$2 iigthe |ﬂangehl€ 8 fOIf tha gpper
7 up (o] PRy K] e ' ' i,n
roly ST oo R et Pl RBPE 210,00 o BEREE et oy
reﬁe&fheer eredowerhetot HREs thuoteoured w3hée sppehtogord 86 tor flocn b comhbieed
upper rotor.1 m onbi ned rotor unit or
rolgl Bih g asseqibly fggﬁ%;@?g- %a‘é‘ﬁ@sm) . [0117] Once the
[0PIr}gC eSSk tHdflodeSsor N5(L i én 1he OlBsd od propéssing psditigh, ppricéssiap fluid

a pr.ocessing . fluid i Vi,a Qne or th.of the
is e LE G ne i i E%CP'&@@‘B? ap %%tOfoégQ’ég g upper
andfoP B¥wed 5\fa0ds df‘ﬂWorE;\iécfe&G@ ST rotdd emwogsklp mmeu By6Be mbhe 154.

rotor ynit 185 is rotat the not or

Congiifpeal forefagreatoraconiuett e o B Brads TR OB protfpee 160,

Pr@é‘e‘éﬁ?ﬂﬁlb oty cafie ﬁhe Q&forﬁp'i@e WRHaERY 18 G Rird@n rddiNF%EH @ from the
flui noves. across the workpi ece surfaces in a

ceater eicthe werkpiges HiOtg ﬂw@%& 08 thF MoRkRisse 16@nt er of the
[ Oik Pi RCtRe %ﬁ'gnétét of iR p?&gﬁﬁlg‘}harﬁlgk? 180 1KRI (R6&Rs u1d r6n<5)ves out

18] At perimeter of the processing cha
of tkeeptogesvingeehgmber thioughithardinsougets 189 andia Othebwe@‘shofl@ 181 or drain

pavﬁggﬂhﬁ ruP%J}r %g%hl oﬁgfsal' 58, ﬁgt akles tltl:%gntﬁﬂgél%rcgt RS used fluid

rain
collects in a drain area 208 and may be delivered to a recycling system for reuse, or to a

disposal area for proper disposal, by opening a valve 206.



paths in the upper and/or |ower rotors 156, 158, due

to the centrifugal force. The used fluid collects in a
walc@sn4dpsea 208 and rmay be delivered to a recyedT/I§2004/034895

system for reuse, or to aisposal area for proper

di sposal , by opening a valve 206.22 [0119] When the

step of processing with the first processing fluid is

: 3 f
OGIP, SR rRoonRig IR Sy AR fd R GBS, o puge
gas, srehweNapas, sndérablp delpremd égs thegrdckssing charobartl b to help remove
Th f I l. f
an% %%ggﬁ{lg d)rocesem %uflil.‘g(? {rglgglée c%a oee}t ﬁég Eurﬁ g % 1§ %fera%l Jegﬁﬁed
froa:rtbe.lpldgét fes ifletr220 irftd mednla@qllopemm@mbﬂiﬁndﬂfeeﬁrmihxyha@a&tor
nues thr h th I [ 220.into th
15 Dot Enaes ot B ERRGY 22 RE Bt Pisge g chapber
165 eAécontigly, ithet purdepas prdeliesai ing thdyradesding chatnber ih Gerfordf of an
an annular rj.ng.of. gas,. which facilitat f
anfieBBRS B WP e S S St ety
proe€3iB@hamtAs. As & &Sult, hrocpdsing Emtds Atk thord effsctiaél@ andéfficiently
effg tiVﬁ%g and effl iently renoved fromthe

remvad HOw theProfrsHierhamber 20] " once the first processing

[012bMi d One the st pebcéssRBTuldgs RV EBHbM SheGheu¥REg chitnBar] sitlinlar
processing and purging steps may be perfaorned for on

progessing apd pyging sshunayberesieansdfor moa gwreA%dF}tﬁgzrl REPCETIg, Huids.
A s g%te@b;krufewm@ alR{of2bd @) fildewaldr a8y WRIcBormdiBYiech

per rimed after each processing step, or may be
Prosessmg sispcPratay de patformed afiyrall of the PEoseTTeSicapare spmpleted. A

drﬁlwépef)@rﬁmnéd Wil isBrop}1GRonAIGIPA R ARA oVhrfofhek a@mgqmd may be

al coho I PA) vapor or another "drying fluid, my
rﬁemépﬁ@rdh@ﬁrtaéprom@nz prEsingsts@essi ng or rinsing st ep

[01{29?2 1?11@&%0&&9 2533 ?19 dﬁ?ﬁﬁ&ﬁ géladcl@m 1@ s F{}B@ﬁgd FrohSthe base

or " separ om-'t ase 163 to allow access
163 t» dllow apeaskioi tbe:@ork@@ce 160. {hihis apprepospissi the warkpiche 160 may be

rerfiRet o i ArBles R ol ASTHE Kb AT SRR GBS 60 may be
plabai mtoahepkocasslog tHaenbpr mcths samegoledi A6 by byothdraotwane
th i pti Wth

ot BrsshRtorny R BRSO R El D35 f‘?@if Tur 'n.°ﬂg to FI GS
(012810 oduibhe bi o AT IS aGERFs FRBiGmes i aopspeept 0
thaanwp gk gseact‘@ d&g@pxe:dﬁhhglsﬁarmreﬁecel 160 tafbgmmne?_bom thesst s, a

| el i ver a i.S r directing.

emigpimeat, 4 ipg Aol RS PRUES BY dirfrdg Sinkrink Btidp 2y gee ofthe
wdrlﬁﬁ%échd@ @c% lhﬁﬁb@g@ﬁrloﬁ&mf@ﬁﬁ?iﬁse %@foﬁﬁédgﬁﬂ thelsélexﬁlh?&ﬁents processmg

enbodj nent s cessin uid ma e su ied v
fluidmeybe supplicd viasBF secam ulégpphsfftomy% %Vﬁ%ﬁﬁ%&@?@ i vy

detlgd.i very device. [0123] Referrlng to FIG 37, a Iomer

fluid delivery Eath 230 is, formed between a shi
(013%ht & Rebaming e TBe3 T, Aforer BRidraRErorstk hD FeuBHES Py @ shield

plate$32 ahEheSifeRbita Rt i 169¢ rbidr £58; Rk Shieldiplde 232 is co-axial with
the round workpiece 160 and has a diameter preferably about 2-12, 4-10, or 5-8 mm less than
the workpiece. Processing fluid is provided toward the center of the lower surface of the

shield plate and directed radially outwardly along the shield plate 232 via centrifugal force.



t he round workpi ece 160 and has a di aneter preferably

about 2-12, 4-10, or 5-8 mmless than the workpiece.
woewsossdng fluid is provided toward the cent epCDIIS100€034895

| oner surface of the shield plate and directed

radially outwardly along the shield plate 232 via

centrifugal force.23 The fluid flows off of the

Th% Flulcci L'Hﬂn(ws oFfrc]k {h%lmr%lfngf efen %?Qeg g{ﬁge}lglf} plla Gnd oanrt]cgj Ehe outer edges

eeoiter edge ares
of tha wprkpieee e@{g ei\soa‘ rebulie onlp thepid gef thb6@orkpier hﬁ@esmed:ssed

02RL P R RO TReY IRy Bbea do B it 24 tsafyices

frofnl thé d:campﬂlul@ aipcnbataﬁlgw((arotm feid sbirud)dirsalyrto @e edjzs 6fthd Y

to.th e of t 160. Thus, prqcessin
wopkbifeq by B Prorsesgies Ut Bt Seispaiedrrat Aoy af flg edee of
thetﬁﬂgﬁalglfetlﬁblfas wppdsed t@;‘eﬁteﬁﬁ@towaﬁi tﬁ@m&sls gfo the wgﬂdg&fcé PED and being
owar e cen r o the wor | ec el n
Ui QA e of 10 vOHGiEoE MR A ShEO K e Ui ARd4eUrarE pegh 240
ma? lilRle 23id (iEheerfr hidé Ql42d 8t ﬁlyyeﬁﬁ‘lpﬂak Bn@éﬁné@ﬁath@@ﬂ BOR iflthe

luid delivery line 242, or may sinply be one or nore
loWsaf%ier 198 bores in the | ower rotor 158. [0125] If

[01RSPC e%ﬁir@&ss@ﬁ 6f"iﬁ‘e To@¥ESurfadd. d‘f%ew&fcplédéq 6!’)‘@&@6‘ d%‘:ﬁi?edlﬁ’ﬁle
is also deS|red in the enbodi nrent shown in FIG

embedimentshoven WiFiG| 3, a galye era simijarslevicoway beflopaied lnéhesS@e@ﬂdluld
apﬁlh:&'t’ofj E%&%EQS/ dired ﬂ'ilfzi t§ ﬁle%ﬁd de%k/é’ry hﬁl@% ahli W tﬂ? E%?llgeé of the

UId elivery path 0, he center o
woplpidep il € dn PaOembadimery, tbfnﬂmd dﬁlmty patth40frhayi bg cduiected tosthe

seogg(i f]mﬁ%?p&%g gﬁ)bwr S%SHOJ O 4 Qﬁuﬁrecfégﬁg sB Itljréllt 91e ﬂ 1d c}e(l:i\e'e:ry

applica union, or a
pmb@40haynﬁﬁewhﬂuﬂdsdmhdﬂeﬂym@amhrE%Ommmysm@um@a Whl|e

[OIPBﬁ 22?1‘1: ﬁlﬁ %{n%!)&“ng t@ﬁﬂllst!rﬁ?dt f rFll(? u?t%lrlgéti % ﬁ&ﬁﬁl%%ﬁt} the uaper

rot@81 S6dandiarirdio bath 228t thelotveerotop h 68, allow the pideSssirgrfthidito escape

drain path 238.in the |lower rotgr 158 | l.ow.t h .
o e BieBge Pt Pt e bueh it el prfine htea aaiay
outthagdi eove ﬂnepmfrgﬁec@ as0 deritpipréasssiygdo aidin rﬁh&:hﬁg ﬂialpyocessmg fluid

d rect d outwar.dly above, t
S 8 st o o i it et R B dn ey or
ceﬁdau Slﬂfa@éd;toflﬂf&lrvﬂﬂ?“i%de he0.dAgsHOwWAGh BEG. 2364 i@ déivaty ttllb’EEI 86,
ssi.ng ul ot contact the [ Or ce|
tyRRBY S VEHor GHETOAT) BEReh B OPSine.tt Gl 1P i emangp 436
ThE it d86lerds \flﬁmfwitlklﬂh@ 1W&8 end MRhCRhditold 057, DVith\eAE @ibe 186 flush,
ext ends down t hrough the oEenln path 161 in the

drippipg isgednceds 2s copppared,jp) Bavingghe jige (13$q r&gqﬁse\ﬂn or profyding,sixeh slightly,

ﬁoﬂnﬂeg&nggglgﬁnlfold 167. Wth the tube 186 fl ush,
pping is reduced, as conpared to having the tube

[01!2813 r hscshewriindfIGSr Bt anddBrihe seal, b9 is posifionedin aarenye oRghannel
17'[@1%&1;1(9 go&t@ae of tm' Foller gﬁorsila@"\@ chiinfel (89 at 6 e@Eéjof*?tﬁe grbB% 171

seal | S pOSI | one groove or channél
helps mmdpot: leeprovant drppletsfof flhid frapwelingingttesr thg gper mt@rrdaﬁﬁ& r

se;;'a@%ogtn atnh ggogggﬁﬁgﬂa 1&2%[& &Rgv&@zga D8 'cagmgg,ofeﬁ HGEm e or

rev I Nngl ng e upper
contmnmatmztu rAspown in FIG. 32, the edges of the groove 171 may alternatively be

rounded or radiused.



separation, and subsequently falling onto the
wor kpi ece and causi ng potential damage or
wa@onsamsmat i on. As shown in FIG 32, the edgesPof/Usine4/034895
groove 171 may alternativeghy be rounded or radiused. 24
[0128] Referring still to FIGS. and 38, the processor
O uses inproved air and gas flow designs, which
[Olgﬁéamkétgg‘lnpétlﬁ %eﬁ@es“ ;Y}ﬁ%lﬁpﬂhg Sr%cgslé(yr 13§ usellm”nﬁr (/eec{j lilrcaeﬁ as
uire oceSS|ng i Tes andliner eases manut 5
ﬂO\eﬂmgnsenlus/h ¢mmutinaby sgepditp whXkpiergdrglingi ilyis r@lueamecphunyd air

b 5 L AR B 16 S LA oo

drycarréwhmhl nay bel ﬁﬁex’edh md@nﬁrhbaed) dlows ldewp thoeugh steropeniag U 67 due to the
nni n l.., Shown ow A in Fl

tow e AR s B Satoeior Yo MsPipPectament

Thit hig,shblvobBareait Weh BI(..36) inpirges sroGE fop sgefsceios thalvarkpi&ednd then

during.drying, then the air m.xes with the gas flaw ng
oy il HhiRfiostn) Gpehifn Sesdatting dviter P € g Ehrdscnth theas
flowing @ mahié arinlTa® bigAing220.dTR eﬁr zhﬂlgegstheﬁ flowOSR @irbisghthd @ain

earlier designs requjrin 0 secoggs for drying,

holgsh dn YBRASSULIP caighifrsiens e I G i7OaEl 4o dging, the procesbor
shoWallik PIGE: 85 hitl Stk a HdrigpRed boul 0e&indshe processor

conponents in the processing system may be nade of any
[0129]i t abhePREsSEr CUPPONSTAE f ‘he PrPesHian gysteny Lymaye ingde of any

suithble afakenar, §l9:ﬁta§ el (s?nﬁhé’iﬁ)ﬂu@ﬁneséoﬁtamlfgsl%ﬁﬁg) Q€ btaindBYsteel.
processing fluids typically used to process

AnyproRessiag 8yids %recﬁllmseé Enpregsstiverkpiecagafueh as sepispneictos afers,
may Be hd38 iPhe ﬁx%%ésklﬂ sys¥edd B0 Fe? exaﬁ:ﬂd'le, %%PA St ﬁ%%gw&léﬁe Qhueous

gaseous ozone, ueous or gaseou
or gasqoup JEor H&4., ammmw,apmgen ms IRA]S@OIA&I esmse Wi, H,SQ ec. may
I
be R (HRARE e B AR e e M Mgl o fRea RO RLBE 3L GRS:

solmschxe wsad IsuctsasHiF @rH NS itis preferahie torued EeflonRecomponmis so that
the rgt T Cé)rr&ga)len oagp g(?edgﬁl%%e%% ttlt@ﬁroée%ﬁn C%%?I{SITFC%) np% {i} e)? t rﬁ?i'st and

secbllideﬂtfld amﬂlcamd 1§Ed(59 drefclonlmedted pzp!ih; adthavessepdiate olthds far, <-:DI water

nected with gte out] et.s for |
clefiRPL At sty gL o of P BRSNS flisaBore- Gu or
motd @lilesimay be eed tCévmirbltaé Sow obliqddsaind gases (Bamgh therfrstend second
ﬂvalves ma])éb used to control the flow of |iquids and
uid2eReaory 0ok % he first and second fluid applicators

[0130)7, A38itiohdd m@am &iihonérs) shchsy 3h B c@ﬁﬁm eanIDBthsmbplg,s
an | PA vaporizer, a DI ter su eat | el enent s

heafing Glewerss.dlowmetsss. ﬂe&m\lﬁm 5} %ﬁ%ﬁ? $e75 . LB E BEGTAN ST, AL

may BRH 8OinsMiBed i@tk prod@Ysind SteMa 0] 2G4 et@for i eﬂ@ﬁng systems. All of
processi ng %gst em 10, as is common_ in existin

th eﬁgwﬁempwep of thepeocgssmesydere SABBRER pdepfhe eppitdl of a controller

uniPh&5f>p n§t¥§5f§'mrérﬁr$gtlﬁﬁmiﬁ'i§.jer the control of a
control er unit havin Tq}i_ﬂpd\%;o riate software
pr ogesariptiangVitibReferengn TORGH ¢hrdRef er ence To FIGS. 41- 46

[0131] FIG. 41 illustrates the workpiece processor 316 in an up, open or workpiece
load/unload position. While in the open position, a workpiece 324 may be loaded and
unloaded to and from the processor 316. The robot arm 320, includes an end effector 322 for

loading and unloading a workpiece 324 into and out of the processor 316. In a preferred



[0131] FIG 4 1 illustrates the workpi ece processor

316 in an up, open or workpiece |oad/unload position.
wO\B0se435m3 t he open position, a workpi ece 324 nBYT/82004/034895

| oaded and unl oaded to and,§romthe processor 316. The

robot arm 320, includes an end effector 322 for

| oadi ng and unl oadi ng a workpi ece 324 into and out of

. er t..the

crtbQiofhE SEIIZH ol 3205 BPoRi s dobotBae R e o wack
23|in theapdcy 18 arshoven iani6k2)2 JThe mbbhnaowp améu(thser&lmm fa>rnielivering
woaigflec\?sé rol arrllél%rv%nr E)?'aencogss)\plli%ges\s/\fnt t?cglrsn I?? hgregeéa?)?yotﬁle processors 316 (or
16[as destgnaied ¢n BICAR) srasmrdnged Hr fafteind bicynd dodurnmisas sissar ia FEG. 2, with

o AP ZE ol e S L ot
ang e&ondlcolahey, ﬁesﬁe@umﬁdﬂmevén dthendesits mgy 1130 lkqmse@ €Bor@Rdriyple, a

rocessors in.th rst. and se
singlig ey B psehip g ar ! g orbeg o AlFrerg sy
rote§ m@%@dmia@ with &bé@@\}eﬁoﬁe@ehﬁh JoRlyat bigher s6bdt da@ 1badadd amdad any

unl oad all processors 16 or 316. Alternatively, two
Pr?%ﬁ@f% PredlObe used, with crossover operation, so that
2j herTuriab @ FRR@2 |t§@;§¥o@e@§)r 914 RSl dAM uBpR ERESIV6 tHd iOr

[0132] Turi ng to FIG 42, the processor 316

eng%&@ﬁ%@sa ISWCUB}%? & totferm aprgeasing chambeitpd g dmibhe dlustated

exﬂb@&ﬁl{enf HeQhorBRiebe304 {Ol BRI WAFOARSHE MGt P AR Towd SurfdcBs.
he illustrated enbodi nent, the workpiece 324 is a

[01?&11 nd Therupperiyetor 3§ is pr&ferah)bp@wulamlth aiativelyd4rgg esgtral opening or
bokd3533Ihd Bére %@? gFefel}ﬁtl}pﬁas 3efneer B{a?fs%b%éy 3@")6%' . 4oVHo%‘greater

arelativel e centra openlng or ore
thabvhedla@ztemf@f W&bbgﬁ RAsFer camplet iéthe pragessprsis Q@Lfm)%i t0 process

20§Qm£ AimeRt 33/3% E;o d%%?e}@ thE B&? ?? pgéférgﬁg%&wggn 0 and 150mm

plece r exanp € ‘processor
in dnfetegumael pteﬁarzghipmwnﬁﬂely fRSrumamdiemetenaf er s, the

[0 43”“6 ne OOfmc}rclg Igaugl afic § ?’ cyhn&c%rp Sff{)(?rro%l Xctlpa%rwr% QF&%gﬁﬁﬁgne

i ane y appr oxi nat e
supportiplaads4efor rdiGdgahd 1®7|zﬁflng Ithemppa rptoe B2 telictweeaithic open position

e ST F R A B4 an s s B R R s B RIS s Cppor

[01:{5] or BhAoweairsLers ik prefhpabiny ﬁml ifh p@siticnl dnLaSiaEeaMGdud:HIhat the

t he cl osed ion ill
unppiGRior 161 9 P PR of SRR Lo 83 118 P ey
chbm¥&a® 51 NInp@Saltbin@live@mbIdRAREE th346w & Wetbr 3zisaﬁaytueelﬂd@ nﬁemgage a
rotor 326 is | owerable tq engage or co&&act the 1o

foteg upper 398 126, PR MOHTEIOpY 6 L3 ey HEmATRENS (§Wpid og another o

foghhgrpyg&tegsv&aﬁgg;ggl ment, the [ower rotor 328 may be
fted to engage a flxed upper rotor 326, or the two

lonﬁl or sTiEEoTkEIoes 334 js meferblysupnoged i the progrseng shsmber onz
plh@fi otfib%vep El%sﬁssmfa&’e&ﬁ% &&Q&@@Jomﬂhsmw K)le‘%@g BBfer sspport

preferably supported in the processin nber on a

pips 3X9edinithaupper fotopd26 gampiaby tead Hplimig Rl"é‘ﬁg nwgerumaf g yrorkpiece
oé’ bARR foBRr su(w@&s jﬁ} illared HPRET 45 uﬁ{%%c;rkplece 324 may alternatively

be secured, as described in U.S. Patent No. 6,423,642, the disclosure of which is incorporated

herein by reference.



pi ns 329 on the upper rotor 326 generally tend to
[imt upward novenent of the workpiece off of the
wo omsn4Bapports 327, as illustrated in FI G 43PCT82004/034895
wor kpi ece 324 may alter nafg’ovely be secured, as
described in U S. Patent . 6,423,642, the disclosure
of which is incorporated herein by reference. 26 [0137]

ferpi .t nnul
10137} e Reiratp FIG 42 frang AR E st SURIAR A% Bt 334, An
anriutee flaggeei3 mltlm:rupﬁé}eotexniérmt&ndmm aamnmdan,sllcaBSSinahe BduSing 355.
n the housi

A e finfR B s RRenetlon R P TR 348 e B e g, he

flaig2B43 tltemégrengiey BYJomngh uppenetor hisargbly 339 whicinspins a1t
359 whi
with By WS BEES> T e oF G raBS phs Fopesity D& TeSne

(Floutihe frestéPhned B6 T atfachud(to h niehll, @\y.,istugnlése Sﬂem-i)nglslsneﬁhlaﬁshpports

the bt BB T 318 f ettt e GepetoB B0 hieg Pigs 432 extend

up @trtﬁé ﬁe"raxwtet oPMRffovdr rdteif 3281T6r ehgagbiteftor MisBiion ido 6penBigslop
erimeter of the |ower rotor 328 for engagenent
reca?taqlwééf*m R uPRSt B P RS ot hve Bppred conier! SBYORHER the upper

rotSAPE thé RIWRE rotdt& thdy ke BrodgH? @ethbd Bk Pths 38N hiseHrardsinitSoryfe
align the upper rotor V\/It%] the |l ower rotor, as the)g

froythe loWSUIgHAT 19 thg appra FotorTrgthafoigs s togethes ap p aefaTHmit 335 during

proc@sqge fromthe lower rotor to the upper rotor, as the
rotors spin together as a rotor unit 335 durlng

[0138b c e dstiingplatp 3G B pttached teghgphonsiag 357 The tep endoféhe umertrprer
22000318 825,y MSSHNEN, o S, ARt B2t
platd 36g. J8Quppsr mmnwm%emd*ﬂetm lomgr p&hateéﬂ%%7 Tithe rigg plate 367
T;
had FEEY) b 3 S BRT s 0 1 AUEReaTB RGN 100 1he larc ™,
howgr:!SlSemgamte B&7 adtcatihadedtion 8Tl apd tie @pi33 magﬂ'dt eng B, éorm a
hOl\l)ﬁ?l% assem Og)%{ gﬂ ngcl’el Fnrolr\{g%rﬁgcgﬁf v1§ %bag{' gﬁpgs dg'e% %H Ofite.
Rathes @rehipper3didr asskmlﬂh 35ﬁ)meseswethﬁn tthe\ lsthts)onar)alwheg aasemlay 373 As

Shoi"gfglgﬁ#t doe Itl%?pté?crggstoa} ]ﬁ‘l]rl ﬁ? tcwgn gr ugtposl r? % trl ¢ 543 of the
upﬁﬁ Wﬁﬁﬁsbﬁnﬁﬂﬁ%%s@b\om ahruldr lifpor Bage 3M7tolf tl'tehﬁuﬂllig)}féss’ﬂh no

e open or u
otigpsaact biPBrerdEsirrBs S hatling kb SRR ) Rptsfoeking
pils89g EF18745)@ktehd@p oM She 1 T Into WetfangO343twWaeh tiRprba@sdor is in the
bet ween the rotor assenbly. 359 and the ho n1
OpefLUMpPrSitians 40 kegp the_ l@PﬁéRﬁOﬁﬁ aggHar s'gniﬂrtlweﬁ ﬂlﬁsgw‘ér%f’@ﬁd

[0139] f I Q9 shb@n i IHG3257 withttRe fro&sdok 3@ tddbwie RlokédEposition, the
processor is_in the open or E@ position, to keep the

upms BRIPT aseATRity B3P ig ﬂ@%ﬂnaror sspepda withipithehoupiag p e ﬁhsr@asrno
phwc"ﬁ anta%%éQEEMhé Fhpk? fStor %s%emwytslw aﬁtﬁan?rpeﬁ Gy 'hox!ns'ihgtj}g or

down or | osed position, per rofor assenb

hopging asmblh @739 rThsuensBing é@cwfithq masrmemraﬁ 337 Arl 356§51rWPS tée upper
rot{)pfsgﬁ%l%lz 3%5)% {occ%hta&%{hqs&'erqglto}“ﬁﬁa W‘itﬂ@utg a1 EMRL. The

asse any part of the si ng
magnet rings 357 and 369 may be replaced by individual magnets, electro-magnets or other

magnetic elements.



housi ng assenbly 373. The repelling force of the

magnet rings 357 and 369 drives the upper rotor
w@s®senidsys 359 down into contact with | ower rotPeT/BERBIN4/034895

wi t hout physical contact. Jthe magnet rings 357 and 369

may be replaced by individual magnets, el ectro-magnets

or other magnetic el ements.27 [0140] Since the upper

or en d ther

[0 fﬁL h ansfi%%g ltﬂesilgﬁgr TOtOr gflsdig el% nde gnt d eth?.lrf) rphenropplri%f iat 8 oélﬁ‘%ChS?lcal
conigption teoteen tl'&swpﬂhbtpr B5%r uap’ﬂﬂ r¢th@s&ﬂmbﬂ303ﬁ9damghe surrounding

R T TR R e

aulohﬁ&d:aﬁly \ahgﬂ‘ntﬁlf&nihahelbwbﬂbmf 322 &qhem/heyl aietbeyught togdtlicd UThd need
oget her. The.need for precise alli nt. of the I
fon ey AR F B rper BLoso e |ofes FuPaF BEtRyess astioesy i dfion,

as Gdel ik h@ﬁhysﬁSl dohRttbetvieehl thefRY S hdiing aBinBIy L3 7B @hidvbe E’otith@ rotor
fix housi ng asse y 373 and the.rotating roto
aSSSE“QE' P JUBROPTAES g “t?rH%"é‘&%‘af e“?rﬁ‘@gpﬂ?{"éﬁ‘f %31 parte_ﬁles is greatly
m@@@pratlng contam nant particles is greatly reduced.

A face seal or other sealing el ement 331 may

IO{fébd t%f%ﬁ%% of odher pealing clement S hkmay peysed fforms pussal PWS%the
upﬁg’@nd RRRr WRN336)8Y8 Fhéh thEPH8BlouiR ﬁ%‘éﬁi@lr FoFQUmeSéi)Fgﬂcatlons no

applications, no seal is needed. er and
segl ag nopded3 e upegans lewerrra@rWéo?ﬁSa@tferewé catﬁ@ﬁt e angifeyondy at
thé {18 8¢ alI'hg’seIhﬁ l%ﬁe@] be?fc?&te%}{ aR ftdrRF ?a{cg ot @R oRBoth '3? B k@ brs 326,

face of one or he rotors 6, 328, and is
32Branfl eermﬂegabllyd@ateé@rcaméwaetlmetemfrthmm of the rotors.

[0I4ﬁt42]wmetﬂe ;ol&ﬁ §ﬂ§t §f8sar§ gt@u le tﬁg ?%Tomﬁhl?&[w unit

forma combi néd rotor n|t evia a
33ﬁmt@tnb1@ 818 aguierci3 eupportediothabase 3411) Tlfﬂm@t¢rc3t36 is @8@iried in a

N HES T BT U 0400 0L B R PO v
to p baakégg plase 3¢ Ibelokh sgttphed © add supphitcthe lowveatdttarcsﬂédAs shaamdn

FI@EE%{, g}e mog?r roto %75{ C)ats grdla ?er w'ﬁ‘s h 1s a? ast 5'6 é:d 9? %0430 %’00%

as a
of B3, didmkter 60 the Sbrkfiéte OThid @m%vs(ﬁ)r irri}ﬁouéd ayminﬁc bajincidge)f the system,

B NI FOR X

plzft@BéﬂlB This IR1Igs WOrtduqeahigravibii bf dnk @attioles fromalie hbter awkidlygind up

tofjarit {he PERPIcH oA TSRS EEcion Chhe BT o e Jve Sola ems wmp

3V Hdh Bluts Ad ARIMsGHay SRH 1REH. Dhaidtoulldie3 I0esieal tabugdhliie upper
| ower rotor fornms a sunp 381 which collects and drains

rotohry showndy FIG-¢3i d. Drain outlets 330 extend through
[0“3?3 UPRREn thOt8runft S35 RANES, hiPisfdkdwn iftid-thd ﬁ&ée%%né’%lﬁ&bﬁ@l

or unit 335 rotates, air is drawn into
thippgeiie Spaminec ARtSSA2 Fethe ppies 0T 3R he Thideons %2 ig felqskyﬁlé{ layge and
th+ PhahdBer SURRE fare R 8Lte PR & mubh EmBd: Srod3dsectich 4r&d. Athii@aYes a low

arge, and the chanber outlets are restricted to a
presserh diffeentialrwithio the peasessingshambes, Thikjosv pressure diffagentiglgesults in

air flowing into the processing chamber at a low velocity. As a result, significantly fewer

contaminant particles are likely to be drawn into the processing chamber by the incoming
airflow, in comparison to existing designs. This reduces the chances of the workpiece

becoming contaminated.



pressure differential wthin the processing chanber.
This | ow pressure differential results in air flow ng

WO 2406/0433e3 pr ocessi ng chanber at a | ow vel oci t yPCBESH04/034895
result, significantly fewg contam nant particles are
likely to be drawn into the processing chanber by the
incomng airflow, in conparison to existing designs.

o SR 0 B

extamis unppdre hoszz%lZen &éﬁppnr rdtbid2d. Apphorzied42 enpipties @x bemds:

326 Th
pro§is§1n§ eclls I?oeasn ugH%r surtgce o?gh U\P(P %)elescr&%%g r t{ogzlggé%%lﬁ ﬁg?ched
to anLemfl aﬁmecheftwtelbenﬂmrbkqm@eeﬂxa& delivétyaubenp ane 314312 ZIhe upge? fiugi

at t d of lativel fl hl g
T L S St
raisteint ‘l/(ﬁfey, ak IwrdH aSfiot, theapper ClaRideticerplingi4arand €@ uppdrinofigde or

n ch nism 346, which cap raise and | ower,.
ouli S e Tt fgih aepanp B erpan Sl £ yppfanogaln 342 i
moREubld dbeveuﬁa@ 8ppeR Wéﬂdp&c@ﬁurﬁblé foplisBibutingbrécenpkad b différbdt

al ternatl ng novenent. Accordin t he upper_ nozzl e

I
porbigns qfdhe uppererkpigtssyEfagen Additigrsll q %\F KRPReE Berzle ¢ pay be difted

outdif st ok 32n8d Efv@&& awhyForh thé flodessindl dhh@b& o tRARd PP&r rBfor
t he upper workpiece surface. Additionally, the upper

32hway peragadintrihe peen or progpieserreceivingipasitiet- e 332 and

pi vBLRHp@naYith RefthbeTPFRREEP4RY chanber, so that the
upper rotor 326 may be raised into the open or

[01‘&9!; K p'A%‘?l‘FusFerG@ in"FIG%‘PQt?e' Jp erhuufh‘%‘i’-%ﬂy ik 944 Wibdupper ?:olzzc}\e 342

Ref erence To illTustrated in
mag fncludee ﬂypmlecftiou axta B850 éZﬂyaIP, fies callpating progresingofheid after fluid

delﬂ%gﬂoet‘he%}&}emgé ké{qul@cofn nllﬂeq ﬁpéx]ls(?iﬁ% L?gg:m%rtﬁgre% %}ﬁot&g{nal

or co ectln processi ng atter 1
fordaatqss'ﬂulsl ta dript fagm pheomegmomrge ottabebeto the woikpizoa after flod delivery

ha%etf(eilejn? gtk){)];%dé?flﬁ% %nlflga& {8%%3!1&‘3 r%om&n% én‘%r th%Ldeq%(c(ff %?lclﬁ -back and
gasmnrgqu eclni@iet havefbeer whedl e anmﬁeryphasorb;ﬁe(nly&hrppﬁhei ﬂuﬂirallekrvery
can d t r.K co amnat QR or 0

s i ot SR s g PR LR Rl R raf e ber K S,
cor&jﬁno&bﬁ &'Iitbfsudk(-:baelom’muegl&g Yo am[ettyhd tegiddall fluid sol éat it doas not drip

g] but g ual drops often still occur. Thus, the
intQ gie|PEESSHIS CAPRRET 345 may be enployed, in conjunction
[01fw|61 h dsmae Kluﬁ&ﬁl‘leoﬁblé Prgk 34 paelf@atﬂjb foreed T?t Hfirst B¢ shogdn 347

id so that it does not drip into the oceg

exte %war@ 1 8 a0 CORnSFHIne B § RCRdpReERaR BaBe ?iﬁgqﬂ the upper
fluf &Aie&rdnhy 34@&"&? r¥zAe f42rsﬁttha't PloCesSiRg s Bfbéted toward the

ext endi ng up é at an a@g}é copnecting into a
PrasessRBEhIBE| BiF %l& collectionareigiéd is preterBlyIpge pnquef fapontain

sevbed1 Mt ¥f ﬂhh&] ﬁ‘lagél‘é pHged RGEKel BEA 1§to3}4e200ﬁ@ctfoﬁ @fea 345. As
processing f I's directed toward the goces& ng

illyskrated 8y FIGTHR aﬁlpéﬁl‘?j3‘@dr1¢0é?ﬁf?tt§lﬁ agpliegtiomareq 3401 o EIPIBIY be
malnﬁfa%re@%?ﬁg%afa% 9@5@% it Aty & atlgéﬁgg% @E edd &8thk ﬁﬂi‘)@tt fluid

are purge suck ack 1nto the collection area
deBvBy tubg or line 344.

[0147] As illustrated in FIGS. 42 and 45, a lower nozzle 348 or other fluid delivery outlet
is preferably centrally positioned beneath the workpiece 324 for delivering one or more

processing fluids to a lower surface of the workpiece 324. A lower fluid delivery tube or line



illustrated in FIG 48, a nozzle 342 incorporating a
collection area 345 or Z-trap may be nmanufactured as a
WG epansdses conponent that may be attached to theCENS2004/034895
the upper fluid delivery tygbe or line 344. [0147] As
illustrated in FIGS. 42 and 45, a |ower nozzle 348 or
other fluid delivery outlet is preferably centrally

neat h 3 I|v
350'%9 §&atcirxe%rl8 %quvlyegr%lé)gzgé %?s r?’%f{uﬁglgl %umzrfs é‘&?g‘r &1 oz %éhé“ Irhe
10Wbi’1ﬁlldvdelkipr)dﬁﬁ 33Q #ay Be lsuppbcd Witluprdcedsihg fleid frotmuthe samie or from

aittglefTAid ety oit s SRR e bt O ke B8 S48 Sihgligd Thus, the

uppkt atiddowde |sinfesey of ther@orkpidcen2y vy teppgrlessed s1muttiheously, or

SSi. fluid fr he sane .or .fro dlff

soaaa B8 514 sobe G AR FAClE P& ORRSTIBK TG Thearreitg nd S may
be s:faéa%' riogz1&sL? @pp1REkors DT ey shtaiswortmmﬁ R fitcky Ingigyee sﬁrbtﬂé LR oof

the wor kpj ece 324 ma rocessed simyltaneously, or
OPEEgH é%iwpaiwaprowsmw gg%l 3BT {0 O TG B ARY forit or
conpitiegessi ng fluids. The nozzles 342 and 348 may be

ggray nozz| es or_applicators of any shape or pattern

01481 ¢ hEYe drap oplets? W saerd et 2ropndbie AFTHBCr of GrepgIIgton326,

as SBB\QE &58G! 4AUTIHE d?4in OAetLI30MABR ulddo LR YA rtl'feﬂir@&@smé dhamber
ny format or condition. [0148] The drain outlets 330

35 la‘f“ec@p‘lafe&?éi fosprawrendheoiorn urih 83 ppins durieg prosestipg: Thepslkegin outlets
3300 éi’lte%tlgé%ﬁcan%% S {he ‘M@ve’r Potdt! og‘on $6th HNPpE Ak Tovrd tr(lt@trs S Tg’égtg'am

allow flurd to exit fromthe processing chanb
outletsz3 30 eant 3lsof heupvidadrin ethaiferms, Mshese det erinopaas l@mm the

rotcg'g LAgglu%aQe:ﬁﬁtz %lt@é} 41 -E@ ean%ﬂﬁlﬁ‘r fuh Ia Erﬁbl?'%go & d;ogllhgﬂatd Y(ﬁl't)ﬁ the

ower rotor or on bo
rotdramit B3 ¥. ofherdsain Tsembly 70 ispueftrably veBitallyanovahe vige lifting

: e [
e ool O R ot A PR i
assaniriyBa0. Al naitor 333 semstl _WCB?@WI ¥Yo6posiiseiand boventhe amhtirh é74 and
the ot or. uq} 5. The drain assenbly 370 is preferably

95???3 veable via a lifting nechani sm or

[0189]evaThs dr3iﬁ%ssefﬁbbj Foenchides a Blizalitynefl dredhe pathsthatrappdeparately

g SR S R L ALY S PR 0B gt

sho®fdn BIGK. b endl4 R bt aag dedifed Yumsbdd of BI@ihé}ﬁihs g beirluded in the

ass 7Q incl des pl ural.i at hs t hat
crafy BB Y Yl ot R R igesodtt PSRRI
cheRliR66S5 & Wl GlIeIsEREd (DIWEEr, 8Hagibe rdddives fro@he pr8ekssimBdhamber

are shown in FIGS, 42 and 43, but ~any desired nupber

alopg scgprgiepathisHuchglimipates %ﬁﬁ%ﬂnanﬁthnrbéwwa the PLRSESHE v

che%'zgnesMﬂh klelbBwAéraiThe @ﬁtnlﬁtlﬁ 180,338 ¢hd $<9a §)J§@¥n drain tube 386
ferent pr ocessi ng chem stries, as wel dei oni zed

Wh(cblpjef%%ltllé pxtentlg putnef thesipreasgr oo h@lowlefc%@ iPh‘QS 840a Afre P84
[0130°N9 vARAMAlpBerBlol Membdti386 isGh ¥ dpait SiSworkpiece-receiving position,

Cross- contan1nat|on bet ween the processing chem stries
theaimain agsembply 3@ isarcferghie atitsdpiesh pestitonasijaceydo the hase 34844

illsQatdd &ﬁé§.’ﬁ1%@"ﬁls AMB&s £% (130ad1ng and unloading of a workpiece 324 into

and out of the processor 316, as shown in FIG. 41. When the upper rotor 326 is lowered into

the closed or processing position, the drain assembly 370 is raised by the elevator 372 to



whi ch preferably extends out of the processor 316 from

bel ow t he drain paths 380, 382, 384. [0150] When the
wWaQp@en4iset or nmenber 326 is in the open or PCT/US2004/034895

wor kpi ece-receiving positigh, the drain assenbly 370

is preferably at its |owest position, adjacent to the

base 340, as illustrated |n FI GS. 41-43. This aIIovvs

alifglg?n ?cﬁl?%&gin Qt% %g lo’fr%@ 2%4 w1th e ouElgtinﬁ'f_fleﬁezéié L9 amber as

illuduatedppHGSrM-eﬁ 326 is Iovver ed into the closed or

0BT PP 8 7 Smotsddll FfreBmaner s’ raskh iRails 30

viBEAtrifEHP fora geB&ﬂteﬂbe Potitioa ot)tlie lr&@bsun®3 The fluidhken flows along the

cessin nmher, as il.lust e n FI.GS.
arfi P TrabiR G ERR AT e Bocesrut Pranati PR i hs e
376 hahitieferrdoRésabi@uit lmomé votkpicdSprovdssor G eht ThefprokbsidgoMi@may
generated by rotation of the rotor unit. The fluid
th?”r@rfe‘fylcl‘iﬁ@r%/ﬂnbﬁ‘?gj‘ 199858y fI8-n path that is aligned with

[0132F DPI'W&R STerBibeGORIDOlin Qs h PO castit@, é‘aﬂﬁ&bﬂé&l&lﬂeﬂkplstxﬁkﬁ/ed
tube 376, which removes the fluid from the work pi ece

ongt e inputitutmy slatiom 9. Jf e exnstingy it sealed shehasiQU e FOSBY

coh@m¥éts! B &t iSRMovED v rélotiB Q&@ito@'irﬁ‘ﬁe sys@hPAl. Mietrbbot(s) 26
reference to FIG in use, pod, cassette, carrier

(rederreddn ppteframee number g2 wd I@n‘tld ﬂteﬁéem%@tWQﬂSRlﬁfﬁtz“é%l&?t fefsired to
as]294 3|2f1 h e Qat4@'aﬁﬁzﬁl-l4§ rés%gétﬁ'glfy) ﬁ&ﬁnh@&nﬁm': Q—ipan‘a place the

Y ‘cont ai ners, oor i's renoved, via robotic
wq&mm%ns aprocesser %ﬁs&t&@h@\mln Fiaedlr o”ﬁ@m(®y882163 16rienghg wpor
ef er
o RS LR A DTG A B U g DSV £REAEL . v
th@ prod@sarid6 dduldiglso bempeided aselsiand ploogmeivally inated systemZwithout
thé %%ut?ou@p%? ls_t%%% l\j?o{hlé %]b%‘t:s r602021l éﬂg&ggo%&g Fﬁﬁgtﬁ? %ut?rﬁ%e% %@tglrn shown in
FIo}gSeharpbsnsmrafmedand t he dr ai n assenbl y 70 is in the

Siti
Sﬁi’g esSYHng %%dk tgﬁ <§§l ars 8 @%wa%glece 32 osmontecg %rathg worl iece
suppottsaB2l yn kipdohect rﬁmﬁlmmmpﬂw ttitort 326 is thcmlbﬁvenetl doyn via the

stati 1 the ri 26 or the e osure 15), .th
st R ByeBth Sh i o{en b iehiog? A0 3hEa prplssipy Ggmber
35[1&1&&]1 tﬂélw&kmgcemack Théref1§6n ofithe gnetste maghdt PingC35732d 369
osi tioned on the work |ec u port 327 onfﬂtké
fopsgl VPR EplorzBmSSlop BT o i gsLoniog Srelat by
Fer V TRe JpBQn%ﬁl'éthéx@ bSsupétt FiRe3 Bn@maBesppet fotor h{éﬂxbhlom fclosely
rotor nmenber 328 to forma processing chanber

apRFQ3Ciner QoRBC B wpcEREfagf. therﬁ%rkw@ﬁM% %b??cw Of £ lﬁaﬂ'ﬁet s
wllkpfBORlact ] Ngs 357 and 369 forces the upper rotor
agai nst the lower rotor, with the face seal formng

(03541 a©neerfhe foigriupis BaT is imhe clopriqr REPCRSIBAPStiRR: t@lﬁﬁ% ?Stsembly
3R 8 ?‘als%a% e eié%gtoyﬁ)ﬁeé'o tﬁa?ﬁtqg JERISRES ardafl thd BRFLYit. A drain path

approach Yor Contact the upper surface of the workpiece
38R for ramavéng the fitst proeassingBuid veediip progese the waikipigcg3é4, is aligned

with the outlets 330. The spacing between the entrance to the drain paths 380, 382, 384 and
the outlets 330 is minimized, so that liquid exiting the outlets 330 moves into the drain paths,

rather than running down the sides of the lower rotor. Alternatively, annular ring seals may



[0154] Once the rotor unit 335 is in the closed or

processing position, the drain assenbly 370 is raised
whyooshessed evat or 372 so that it is positioned BEDURZHO4/034895

the rotor unit. A drain pajh 380, for renoving the

first processing fluid useJ’to process the workpiece

324, is aligned with the outlets 330. The spacing

beglg@vt@ ﬁlglp tnn)%le ﬁgﬁlﬁ %@&ethé QudeQ% 39 ‘irﬁ‘b the Fa?atnh t}"rjksgflthgiﬁ énp;;‘ﬁg or

. e’ out 'S mnimzed,
leaginigt i ng t he outIets 330 noves into the draln paths

[0 ﬁ herAf% HAL drdih'p gn n u?& g\gpopeﬁ$ alzgldnlgcg,% Iygécggs“%eﬂugi\gr u}%pgiteg Uia one

erna veI ar ‘rirng
or hethpf thewepdr laqdllod/ef flaidhsoppdy mbetsl 3845358 3@ onertdr bothhof thebrupper and

o 07t o2 B bR gt P iessn SRRlsg 8t Rgerafon

lowe& sstfmet; ofxte wo&pmrxenztt 'Rhefrchomfmttlh@ndlphﬁ t‘otz&é‘dtlbyl thevaotor 339 to

fluid s ubes, 344, 3
eefisiep SHERPHe S toss e stita & Bhyobed Sagyigsentifuga
fordel 1f>1v>eerss1h§1 fﬁulﬂﬁ@m3§&ﬁ%g aérbst;l3 tgte4tz@rkp1bee supfpes iddirdtion @4y
surfaces of the gce T tor u
oupyard F@fatnl%e ‘ieateét’fétgo R‘I’I‘F@e ot ta thegdeeso “ljé’t%gpd‘tcé 324 The upper
no8£8 BANWHSe thbwd/ badk a‘nh Yoreh REHiA G Hofee3 39 by tiRGRstofted lifighg and
wor kpi ece 324 via centrifu orce. Processing fluid
rofating lﬁe@aeﬁm\?éﬁ 10 BpoFrcRyeRll élsgzh"temr%cee"aﬂ%@ége mehworkplece
sufhhdeection radially outward fromthe center of the

wor kpi ece 324 to the edges of the workpiece 324. The
[013%ber Authe Fatoraumit rofalos, Bis 1545WR infribik PEXREFSING Fhambsy irpugh the bore

33b hr?thg QAbfer %thr a@%nibﬁ‘}% 50hLe Bbl?s?r% alséefﬂblm 3and o 35295 relatively

mechani'sm 346, to nore evenly distribute proceSS|ng
la@p,mnd therocqssingshambexd? k jsisebstangalht clesed, exeepS & theantietse 30, the

Jw%rthﬁdU%kLtP% gtgogéstea% cgagtbgt §§g51%%19 Bk Qelddfy, reﬁlfa GERSInD the

anber . i I n tthe upper” rotor
lllabwm@lfynt@t“i@nmm@ubat nepld swwaninate iz 3vorkpdecehe bore 332

11 SR 88 B 0 B 53L00 hemlgs oS
pracessnig @mmbtrhhmu@hthe hu;lepn'ﬁ@ed;mtmgte @;br_tmfugal farce.gThe processing
? at gyl Yo 0} e%nolg:a:tﬁ 30 a%d Wt tflr%?%nct'h GraldGibd :%é%e iR fluid

alnﬂﬁb %ar es that cou t'am nat e the
mmlﬁekcteilee:red to[aG&@Zhngﬂdystbineforpeusermttea dxsﬁosaheea:ﬂoapfomr dBpdsal.

used pro Si nnve out of Si
B BS SR g RSl 3oy g i RER B dhen assembly
3entrifugal force. The processing fluid then fl ows
drain p th 380 and oyt through the drain

o888 HEeL 58 er Poipersna b o6 i prieatiie Sty ERReh g Piree
gaS Ysut1e4n NOfas, [iEpte RrabBy spi’@e@frdxh&]mﬁﬁkleﬁl Ranl/of 3432f tofaxd the outlets
di sposal. The drain tube 386 c&g g é@ﬁ% extend
330go 9éermyeamreaaww?%8$%ﬂla PP g ding on
whilile? 8kecdhe Brotc&*@iné 1161 Rk DN HASESRENYtoMetubed rh:@t ﬁHerdiztm assembly
‘8{00e55| uid is conpleted, a purge gas, such

8 aised t@t%b@ s ghaRPES b bt ibe FRpPrials dempath di g 384
with the LRHAY $hot he outlets

[0159] For example, if a rinsing step performed with DI rinse water is to be performed
next, the elevator 372 raises the drain assembly 370 until drain path 384 is aligned with the

outlets in the processing chamber. DI rinse water is then sprayed onto the workpiece surfaces



330 to help renmove any remaining processing fluid from
t he chanber. Dependi ng on whet her a second processing
wo bas@43393 a DI rinse water is to be used next,PeTrES2004/034895
drain assenbly 370 is raisgd further by the |ift
mechani sm 372 to align the appropriate drain path 382
or 384 with the outlets 330. [0159] For exanple, if a
and EBFRS G0 AR Bl B Pl hsfndl i SpdPiebioe v
cerﬂlﬁﬁgﬁﬁfdnye 3ne IDlIninsé wateaflowptatongi3 8 ontietd I0gnte dhevdraih patha84.

g B e st 1o o8 ot PR 8L i b 36 Ml fgyarom e

woﬁkpﬂems procépeon806 K Ak edparasidriia peths 4re utddeoxethé Brst prbcessmg fluid and

ineter of the.workpiece 4 via c orce.
gy e i Pl g TR g 1 O Berose g s nd
crckilﬁ&)rﬂi’nﬂ%ﬂlogab& &Sécc‘ﬁfl'he DI ri nscﬁ wat gr t hen]c fl ows
ong t rai n pat to the tu or renpy
ml%P’om tSH%‘ FSERHT ‘ée R?F‘gE’é g ons 5 m°7£sad§l%‘83‘i é’f‘%?eﬁ}"&qcﬁ‘ das
nnﬁag §i6p ABLLSRBhed affeh@ach ipfodssp @€, nfag bE betfdimed dﬂér Iaﬂ

rinse water, these |iquids are not n1xedé¥gen th

pr%ﬁﬁswgﬁwés HE 6%%‘%‘??19"\@%%%‘?1’ pesfpmedr adsisraeRyhateehel (IBﬁ vapor
m B9tngGhikd nay t;eg%elm}me% dHlel Bk FRAIGRS S obeanasg &@g nRd

for oné or nore i onal processing fluid
Prﬂff‘?rf?éleﬂ’@"@ﬂ’@bt piepydrae pfB As aspigesd t@fach tyRsé ﬁrow%leéélmdwged

inchld&iy thODI HERY Wk%l?er p?ﬁlfso&ﬂﬁdcoﬂﬂcahﬁ{au@ﬁ i)et@Ee%‘%ﬁestﬁfffé}gnﬁ;r&E%mg
are conpl et ed. dryi ng steﬁ@ger ormed with isopropyl

cheghigtoag ks WPIPW)thQ/BbGnSCOYat%nM eddrying fluid may be
f or, |
(o7 dﬁ%g'gr géesglaéfﬁ%%géﬁ Mpl&é&)%ﬁﬁéxﬁ]gss%bl 39@13%&&@& the

a pre ! I nent one draln I'S assi gne
uppes r@amhemlgqn 820fs rgsedde sléovngccessm the welwlew A4, agishoyntunEigs. 41-

425?1**1% H@B%B tht;r Qg&plegem §'[l | etré\%\%tﬁl H]thp EFO@%?H%Fﬁ%ber

processing c as we
and amgler wathprepe sy be/plactddnto [ pBdckssdgmbapbarc es sing has

[0&2@ n Cl%npotoroa}ng Iglratlrp ?%Om%o%é;ﬁ%m%% pngce\ésngg stex% 10 n‘{‘ﬁ %%a%g gf any

upp r IS raise ||OM/aCCGS
suitable hgtertud,rski¢h BCTefI3RR (syﬁ&eﬁmﬁnmm-noxﬁmgmg refibs) atRtairlless steel.

t hi k 324 b d
Arrhsherie sttt ys 418 pifg< Reiser sl N epRplElasiyers
maytbe bcGR thel pRdc@ssidgayfemaes Bd)lfhgaxﬂblaqu&éous bPddséus dkxme, aqueous

r ot or In CO onhents i r SSI N
o S gD S o ok B SFERE A S e my
be Et@a‘dl ) Pérlfann(tﬁe/mriaaé procdssibi@stepae hcs:ﬁphaamhmhdresarmsamda for

staln

ess st eel rocessing, fluids ca used
sobvgnty,prg Mgeds sugh A% BF e&éép Ossit gsrpreferable iy %J&ﬁ%‘f@?%ﬁ%

coffpUndAR sHaRHhk RotbRmpbRGRSHE QhirSHe h&'ﬂaﬂa@ged@&hﬂ%@é'@in@g
agqueous orfgaseous ozone, ﬂueous or gaseous_HF or

chm_mea rRrefsraRly the YRRSERATZIg98 0 Iep,’aé%ﬁalséqwer ppz2lg H$@rsponagoted

wille Shdhav€ béparatEBt1BE fdﬁﬁ%a"te? dR&h ey 41, bR g MR BAPR of the liquid
processing steps. In appl i cationis where harsh acids or

presgho/camisala fistedishone. Queor meye Mivesr39pper she Ipwerjend of the tube 350
coﬂﬁaffﬁmlhﬁmhg aﬂ&sg%se-g%l)%(tﬁé 10REPRESRI3BE The lower nozzle 348 may

include e.g., four separate sub-nozzles, each dedicated to a single liquid or gas.
[0163] Additional system components, such as an IPA vaporizer, a DI water supply,

optional heating elements, optional flowmeters, optional flow regulators/temperature sensors,



conmponents so that the rotor conponents and drain are
not danmaged by the processing chem stries. Preferably

wo bsogmses nozzle or outlet 342 and | ower nozzPET/BARI04/034895
are connected with, and hayg separate outlets for D
water, clean dry air, nitrogen, and one of the liquid
process chenicals |isted above. One or nore val ves 390

e NSt e W, B SR, s

All Qﬁ/téfr varopy ¢@naéntnefithe pro(cetafd@ gysigm, 10fraayrbesmperrtiat @ntrol of a

A . each de gle liquid or gas.
(mﬁ%ﬁﬁg?ﬁigﬁﬁvpligfmgn% %ﬁb@%ﬂ%@ﬁ%ﬁ%’ such as an | PA
[01por | Whilg tha ptblceswhtadr procephead aspmbkyndianibeadssan@ly, rotors,

el enen tional
RS b h sk BBl B BB 1 195k APl By st have non-
romtd(shamyFlaﬂﬁQ thizeprésant innbatior lins b ipustraed siithgespya tcem;vafaSor

&5 HonBlt MUT R erritnizs® Bt D mbeenl RESnER i ik e of

appmbﬂlql | By waindflex rayle,the PERACIAYINADE is2PPHNicaBlE &n the processing of flat
ile t pr.ocess  hea

rogranm ng. [0164] e %k@ r S
pefel AP Iy &%P?:Lct@ﬂg%aé s, kot dgvices spqpining segioad gaptrolled
wel BRbn@it ) pFoceRiFRONeNt s are descri bed as having

di aneters, they can al so have nonround shapes.

Further, the present invention has been illustrated
with respect to a wafer or workpi ece. However, it wll
be recogni zed that the present invention has a w der
range of applicability. By way of exanple, the present
invention is applicable in the processing of flat

panel displays, mcroelectronic masks, and ot her
devices requiring effective and controll ed wet

chem cal processing.34 CLAIMS W claim . An apparatus
for processing a workpi ece, conprising: a process head
assenbly having a process head with an upper rotor; a
base assenbly having a base and a |ower rotor; the
base having a first magnet and the | ower rotor having
a second magnet, wherein the upper rotor is engageable
with the lower rotor via a magnetic force created by
the first and second magnets to form a workpi ece
process chanber. 2. The apparatus of claim 1 further
conprising an aspirator connected to an interna

cavity fornmed in the process head for relieving
gaseous fluids fromthe process head assenbly. 3. The
apparatus of claim1l further conprising a notor for
rotating at |east one of the upper and | ower rotors.




4. The apparatus of claim21 further conprising at
| east one vent aperture fornmed in the process head

w@s®enidsys 5. The apparatus of claim 1 furtherPCT/US2004/034895
conprising a plurality of yent apertures fornmed in the
process head assenbly. 6. The apparatus of claim,
wherein the process head assenbly includes a nozzle

C quSi ntroduci ng a process fluid into the apparatus. 7.
L'Ié'he apparatus of claim6, including a source of

Wé)&@ﬁ@ss fluid wherein the process fluidis a fluid
selected fromthe group consisting of nitrogen,
i sopropyl al cohol, water, ozonated water, sulfuric

1. aci 4n appadatef foupocessiag & workaiers, cbtyphi&i;@n per oxi de, and
ST_&% r%'ces§hea-léllgse%%qfa%ng%p (])CCCSC:Slh%!aq‘QVi’th XW Sipet rrc])t(;r;he | ower
rotor conprises a-pluralifty of a |gnmsn‘fp pins’ for
posa baseassamblylhevingp kiscanda lowearotor: y pl ane. 9. The
apparatus of cl.aim efein the |l ower rotor. has at .
oo Bk & 68y Bl G B s B e  RsPi PR pin

thelppeirotodis@hgdgasblawith tha ddwed Atodds £mapeeic irce dréeteddyrthe first
(gn ages thetb re when.the ugs%)e[} a\?nd | ower rotors are

an %?8 agngi§ o AYPESE BO°BE BN . wherein the

2. UPPEhe @pratue8EElaifrDl ffither dagiptisifg #n f3piddtad dohiteceld @ hminteht
cont ai ni.ng the rkpiece. .. The a ratus of clajm1

Ca‘f‘EX&P 1. BYrpracsts a‘gﬁ?éfegFV‘%gaée%‘F g‘g& gmf"i the B‘O%‘?%EW

asss@Ylyces connected to the process head assenbly. 35 12.
The_apparatus of claim 1l further conprising one or

3. nor dhipnpaglis of slainyl Bithen SPMPEHIRE & MOk K aRtpiENE 3t dpaptipge of the

upPR9fd RSEFY. 13. The apparatus of claim1 further
conprising at | east one exhaust port formed in the

4. pas &he apparatus of elpign} Bether comprping ahleast ensaentepeie &rmed i the

prRbdiiRhd ds¥ently €Xhaust ports formed in the base. 15. The
apparatus of” claim, wherein an annular plenumis .

5. f or belapperatys efclaim | furberfcemeriging & plarabitoefesst apergutes formed in the

pr&%s%ﬁx@?dé’s}ge%&ﬁ%t he base assenbly. 16. The apparatus of
claim1l turther conprising a process head assenbly

6.1 i f The afperatusof tlaign t.véhepsinibe procése hehdasssabh ipclpdds amogade for

: . Ly, he apparatus of claim 16,

mﬁ@%ﬁ? %B’{%E%Sg?igd?{éﬁgst%haé’égmggsenbl y lifter noves the

7. pr o@bs spphmad ofi slsimnb)|iychaliega fonwmof precdsa §eid agwesmrbthy progess fluid

. ap..qQpen iti.on. 18. The a rat us of hbm 17

i § PP 8RB Ro e Yokt a BERTRR Roribrfr il b gronatea

water, sulfuric acid, hydrofluoric acid, air, hydrogen peroxide, and ST-250.

8. The apparatus of claim 1, wherein the lower rotor comprises a plurality of alignment

pins for positioning the workpiece in an x-y plane.

9. The apparatus of claim 1, wherein the lower rotor has at least one pin extending from

a surface thereof and the upper rotor has at least one bore, wherein the pin engages the bore

when the upper and lower rotors are engaged.

10.  The apparatus of claim 1, wherein the upper and lower rotors include a plurality of

pins for containing the workpiece.

11.  The apparatus of claim 1 further comprising one or more process fluid supply sources

connected to the process head assembly.



process head assenbly toward the base assenbly so that

t he upper rotor becones engaged to the |ower rotor.
wab@samsas at us of claim, wherein the first naEREEUSI004/034895

the base repels the second3 magnet in the |ower rotor

and when the process head assenbly lifter noves the

process head assenbly toward the base assenbly, the

upp t
12.r ot ?ée {pggrg{ua Sfﬂ!uﬂ*bf ﬁlrﬁg}]‘fbg%%}qﬁﬁg Ex%cog nl}ntogég r%éolegg fl{u w\!ﬁ‘ﬁ)rurces
comﬂeetedlpmphtvbaandssbmwsr rotors 20 The apparatus of claim

erein th otQr co nnul ar. nenbe

135 ad et BE R bRy R b S e bR o e e

bageower rotor that mates with the upper rotor to forma

fI seal Th arat us .of ¢l aj. wh t

14y b Sirartn Al AR O uiif ApBlFis) el et ihed i
theklﬁse 22. The apparatus of claim, wher e| n an annul ar
15bas e!n Q{?grratpgg% et 1, g&ﬁ Engz?ne%?ugﬂ I ds \IN% ﬁli d !@nantmterface

ofﬁﬁ@bﬂc@s’sh@i@d&bﬂﬁ&ﬁﬁﬂ&ﬁéﬁa@éEﬁeMblSlh a dr ain port for med
in t he base t dralnn%he pracess fl ui gs from

1650 %@pemsrs laimpy furthercomprsipe 2 process head assemb Wﬁrtﬁﬁer

mdvaiFRhd Sroftds Reall Abs¥BbBGEIHRLAb tHe®hscidRRibRg and cl osing
the drain port. 25. The apparatus of claim1l, wherein

17¢ he Thy srpaetis pEelaint Iy therendhnprpreselicad assbly liffeppgoves the

précOidiesd Aswnﬂm Sw i) RGR B8R bARAsATMY bR opRAREItbRL OF ; 36 a
notor coupled to the upper rotor; and a vent for

18; nt Theienprialys af plaimht b whersinthe Rigrast kead pesembly lfisnmpegs the
prokbss hE as R)Wﬁi m% bisk a&dsmn%,so WABHE biPper r&Mee&ﬂlésxennged to

air et es Is fornme he head Tring.
thqalppralrratous of claim 24, wherein a cavity is for rred

bet

5 AFE bG8 [ SR, AR 40y Lt fecns

magectie ta leve refppmd whet the paovdssthiesd dsecambly hﬁfg neyeg tha pecess dead
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ruishvaddtngferentially about the periphery of the lower rotor that mates with the upper rotor
to form a fluid seal.

21.  The apparatus of claim 1, wherein at least one annular exhaust channel is formed in
the base.

22.  The apparatus of claim 1, wherein an annular plenum for collecting process fluids is
formed in the base.

23. The apparatus of claim 22, wherein the annular plenum communicates with a drain
port formed in the base to drain the process fluids from the process chamber.

24.  The apparatus of claim 23 further comprising a valve actuator for opening and closing
the drain port.

25. The apparatus of claim 1, wherein the process head further comprises:

a head ring connecting the process head and the upper rotor;



a notor for spinning the process chanber; and wherein

when the workpiece is positioned in the process
waebashesoand the notor is spinning the processPChusines/034895

and the workpiece, a low ajy pressure region is

created adj acent the center of the workpi ece which

draws air fromthe anmbi ent environnent into the

pro ch r.. 3 'stem for processing a

wor g’?%%&%%ﬁ%@ﬁ%@oéxﬁ (Sr ality of workpiece

st ativemdor imfrdduciag air @8 the woekpsdca prooess kbambeg an
263 AR EERaT P e aER ot R RO R oy hfhe head
ringower rotor; the upper rotor engageable with the | ower

r ot to form.a wo lLece process. ch er; first and
27 SRR L Qe ob WHGTeSh 4 GV oS AR ORRIeHR tF Haper Foor and the
hesdtiigact between the upper and | ower rotors when the

upp and | ower rotors are engaged; d a robot
28 o S, FPAEUBREHIT Ho NGRS B L F e e P B gRRertpicg and the
heXWDFikddis €6hetbI 0BTt @by t 0 anot her station. . The

system of claim further conprising a process head
2935 s A PRParatysob Flai § Gethes MARSPR the at | east one

st ahisfdkel Rdving A BrsbdsehRBWekicallyaibbveifle hatd @@ nBlytaAR in an ambient
magnetic force is created by repul sion between the

enyirgngpenioiHsidethe arparpitysad 3 seppndsapening Bayyaq BoRzlspositignedto spray

int3Che PQEEIHAMbAE upper rotor has an opening through
whi ch process fluids are applied to a surface of the

wor Rpiaserdor spinningike proepseshambercang m 30, wherein the

|l o . i . i .

e ey BRI M B o s
spiihimg $iesttregesothamberiand 8@, warkpagcei mlowhr pugsp@re ragsmas crasted adjacent
thd %&ﬁe& of b (&@ﬁ(?ﬁe% hiof Rk ‘éH'ﬁ%&etaé Qxﬁlﬁi‘eﬁt%ngiﬁ’&%{eppi%cﬁfﬁmcess

Cha n e 6]

er a ower rotor and a second surtace
chamkerwor kpi ece form a | ower process chanber. 36. The

systeem of claim30 further conprising neans for
0 e surngSy At YopBte ERHRARL 03 57 W et nod
f or aphodag sf workpiesumtdtiphs edth@okpxt bsé stgion hevisg apapparfatus
Ellgaci ng the workpiece into a base assenbly having a
COPRE¥"End a first rotor;

a process head assembly having an upper rotor;

a base assembly having a base and a lower rotor;

the upper rotor engageable with the lower rotor to form a workpiece process
chamber;

first and second magnets creating a force which maintains contact between the
upper and lower rotors when the upper and lower rotors are engaged; and

a robot moveable between the workpiece stations for moving a workpiece from one

station to another station.
31.  The system of claim 30 further comprising a process head assembly lifter associated
with the at least one station.
32.  The system of claim 30, wherein the magnetic force is created by repulsion between

the first and second magnets.



appl ying a magnetic force to repel the first rotor
fromthe base; engaging a second rotor to the first
WO 2106/043503 f orm a process chanber around t he WOPKRPUSINE4/034895
forcing the engaged rotors,agai nst the magnetic
repul sion force to create engagenent between the first
and second rotors; spinning the first and second
rotgrs. | yi : CessSi| [ . :
33 o e R RRL I WReiuhO R b Shehifl Whep ppicn
pros¢se fludf a@ppplicdnga surficocitbswbikpiece.t 0 t he wor kpi ece
conprises t steps . of ; | yin first .nprgcessi
3.7 ot S8 of Fipi S SyrpisingBefoub ety e cbeuhe figpen witth
pm@fpﬂﬁh@gmaﬁﬂ&ﬂomdmgﬁne$ﬁhéwgmﬁhuidfto a secon? suLface
0 e wor kpi ece - net hod of cl.aim 37 t her .
35.0 e G OF HAS 1% 3 e e PR AR it BB ot esee
forinh¥@ upp@ PasSssChanbhe and the lowkh fotdrRihd @Gecohd QirfatdwfIBe workpiece
wherein the first process fluid conprises a fluid
formey lQWerdyoses i RY: gr oup consisting of air, nitrogen,
36.1 SOPKeQRMtElof olaih 30 AAh& comPAQRRMEShs WEHcBhnectidthe fowePfotdt to
acid, sulfuric acid, hydrogen peroxi de, and ST-250.
thepgse. The net hod of claim 38, wherein the second process
37.f | UA G pr6ssing 4 Woillp &l Redp8ising iRMepHSE: gr oup
consisting of air, water, ozonated water, nitrogen,
i sopJpcing the Wedwisce g 3base pesepbly hayngia basg ppd g first wigry,
hy di g PRESKERrcead fepsi the R rofb? frofthépRar at us for
processing a workpi ece, conprising: a head assenbly
C ONgRENG @ SexORErEPT dntdie Arst ratatto fasm@PraBssehambe apssd sl v
Woﬁ%ﬂggising a base and a second rotor; neans for
engadi ng the first rotor to the second rotor to create
a ploodeste ehgaatsnotorpagdinsithgmagneticrsnplbion fares toseeatsfengdgement
' prs to rotate the process chanber
bd&%&ﬁ%ﬁgﬂgggg%gﬁﬂg&gﬁ’cIain142, wherei n the neans for
engspgnnmng thérfrsf andsecandraerst amdt he second rot or conpri ses
a g eﬁigl%qﬁghsh%gu; L GRikoAde The apparatus of claim
42, eret PotRe ans for engagi ng conpri ses el enents
38f or The methodef cdaimeddmehdrein flersep olff eplyrga prloeess flnidtto thacvorkpiece
second rotors. 45. The apparatus of claim42, wherein
COPPSHESSEPY YT engaging the first rotor with the second
I ot giplyiRPfitsb@Beessing fluid to a first surface of the workpiece; and

applying a second processing fluid to a second surface of the workpiece.
39.  The method of claim 37 further comprising the step of draining the process fluid from
the process chamber.
40.  The method of claim 38, wherein the first process fluid comprises a fluid selected
from the group consisting of air, nitrogen, isopropylalcohol, water, ozonated water,
hydrofluoric acid, sulfuric acid, hydrogen peroxide, and ST-250.
41.  The method of claim 38, wherein the second process fluid comprises a fluid selected
from the group consisting of air, water, ozonated water, nitrogen, isopropylalcohol,
hydrofluoric acid, sulfuric acid, hydrogen peroxide, and ST-250.
42.  Anapparatus for processing a workpiece, comprising:

a head assembly comprising a head and a first rotor;



a first magnet having a polarity positioned in the

head; and a second magnet having a polarity the sane
waxoshesspol arity of the first magnet, the secordr/usaymea34895

positioned in the first r %or. 46. The appar at us of

cl ai m 45, wherein the firsSt and second magnets are

ring-shaped. 47. The apparatus of claim42, wherein

t he .means_f.or engagi ng the first .rotor with the second
r ot P BT gt Rine dbaie Md g k®nd 1oty 2 pol ar ity

p 0Snhdano foe engaging e firstsetor @Ithe @carlaotot tonaauret prbéees sigmder;
dpolarity the sane as the polarity of the first nagnet,
the second magnet positioned in the second rotor. 48.

An aapgar @ipled todneof e €3S adse@ontiabiofs t6 e&tate CHITidddess chainbet.

firgt rotaor .ng.a | at.ch ring;_a second rotor having
4.5 st GF A5 Db TE e meTLPErEAE R MR Pt o fson
secdlardirﬁﬁ»ir &gmirtsesafinagfetiaﬂ:gulsieﬁw&.r otors together, the

atch ring is inserted into the slot, securing the
4.1 i Y51 APRAGES RS IATRE2 SRR e SRBRS fo5 A EinR BRSBTS for
credtidg AagRéticttbRe béthvedn BOHrsAERBENAASBES t O rotate the

first and second rotors. 49. The apparatus of claim

45. 48, Thrsapasatys firdaimid2 swhergin Bie megas for ¢rieaging the firgrotor with the

secétld BloFBshprRENS and the second rotor has a plurality of
correspondi ng holes for receiving the alignnent pins.

50.2 fiptemagnpihazing @ pelarity pesipued in tisdead; andvhen the fir st

and, SE5AMhhAHAViRg 8 hSlafty WeckAe LOHE LBRFity JriMe Mkt nHIIE Y

pi ns cont a_g_? an 1etgalgg gl?[glt he wor kpi &e30e,tycenteri ng the ©
secousTRggnecRostiensfide thetthie rétpr st and second rotors. 51. An
46.2P i ' : :
6- ¢ PRl Wplfa 6t RLAGS S Rtn e MR 500 St iRl ot i
47.f i r $he appewius of¢laimcéh whereinthe meank éorsagaging thofinst rotop with ithe

nber; neans for securing the first rotor

Sec@})dol{oﬁ)ggirg%r%%% rotor; and a notor for spinning the

pr ocfastsmagnattaging apalarifipesitipmariathedasf ael ai m 50,

wher ei n .t he ans far. bringin e first rotor int

cort St EntRERe s Bad s st S bl o RS e
sechral mggneGdsitibhel iadeacandsotaf cl ai m 50, wherein the

48. meaps agpgrratusé %gruprrécrggsigghaewgriqgigge, go%pq{sintg:o the second

a first rotor having a latch ring;

a second rotor having a slot adapted to receive the latch ring, wherein upon bringing
the first and second rotors together, the latch ring is inserted into the slot, securing the first
rotor to the second rotor; and

a motor coupled to one of the first and second rotors to rotate the first and second
rotors.

49.  The apparatus of claim 48, wherein the first rotor has a plurality of alignment pins and
the second rotor has a plurality of corresponding holes for receiving the alignment pins.

50.  The apparatus of claim 48, wherein when the first and second rotors are brought
together, the alignment pins contact an edge of the workpiece, centering the workpiece
between the first and second rotors.

51.  An apparatus for processing a workpiece, comprising:



rotor conprises an interlocking |atch nechanism 54.
The apparatus of claim53, wherein the interl ocking
WO 2d06k043F2x hani sm conpri ses a | atch ring connecP@muUsIm04/034895
the first rotor and a slotygfornmed in the second rotor.
55. An apparatus for processing a workpiece,
conprising: a first rotor; a second rotor; neans for
engagiNgiihe first rotor to the second rotor to forma
process chanber; a snorkel having a first opening in
an agepdnditbtosnvi ronnent out si de the apparatus and a
sec \V: : [ a
e St S Be B el S RN o R g Q05 b3 B a rocess
chambecess chanber; wherein when the workpiece is
positioned in the process chanber and fhe notor is
spi ARG CRE P g’fé@% TG Seeond 'R 2Ubr kpi ece, a | ow
ai ra fo®s fou kgEiniag the pracssschanlieed adj acent the center of
t he. . wor kpi ece ich draws air fr t.he apbi.ent .
520y TS PoATE T B0 0 S D BHTEmEihe A jugrd peact
with HiRCREmid RgoBcomprisEl A fpneticofofee Isi ng: a pl u; al iht y of
wor kpi ece processors, wth at |east one t he
>3-wor "é’B%‘a‘SF Bfgg@ sWE?IWBEIi‘es‘P??Q? g’é SFTTeg t?’F Seshfotor to the second
rotbr olnpelbdd @n ntdlodkiak laksh dchalidgnnent pins; a second
rotor including .one or nore receiving surfaces for .
541 ec BhaAPRYRh el drimgiinhereipithesinteripekingpteh meshepisgypqmprises a

latchSERREnkcRlc@ tStht BFA TG afld WRIoKRHBEEn Qe Irdter, Chanber
when t he al i{gnrrent pins are engaged with the second

55 ot P aPREFRIUSHOT RIPESESINGY WaPISCH EOMIBHNE he wor kpi ece
progassRks; for 1oading and unl oading the workpi ece
into and out of one or nore of the processors.40 57. A
sy st &gpidgetopr ocessi ng a wor kpi ece, conprising: a

g|f U{n%!rlstfé(r e&%ag HOHRERIR IOMHE SRBhFrotdthd forftlh pr&BRich@iber,

e Wor .I ece DFOC'eSSOFS CQI’Tpr $I ng. a .I rst rotor;
a seswrktl hatingra @sigepgeiap incanwirtbient ényirbiment ontside thetapparaipsand

= ot LSRR P8GR M S B S B WD APORRLTT o
a womkpr érepinoiog thegrocasstchamprocessi ng chanber ;

wherein when the workpiece is positioned in the process chamber and the motor is
spinning the process chamber and the workpiece, a low air pressure region is created adjacent
the center of the workpiece which draws air from the ambient environment into the process
chamber.
56. A system for processing a workpiece, comprising:

a plurality of workpiece processors, with at least one of the workpiece processors
comprising:

a first rotor including a plurality of alignment pins;

a second rotor including one or more receiving surfaces for receiving the
alignment pins, with the first and second rotors forming a workpiece processing chamber
when the alignment pins are engaged with the second rotor; and

a robot moveable between the workpiece processors for loading and unloading the

workpiece into and out of one or more of the processors.



a substantially annul ar opening around an outer
peri phery of the fluid applicator; a purge gas source
wo evosdedsvpy/eri ng a purge gas through the annul apCDpPs0D41034895
into the processing chanbgp; and a robot noveabl e
bet ween t he wor kpi ece processors for | oading and
unl oadi ng the workpi ece into and out of one or nore of

the,processaors. 58. A system far. processing a
ST or RETEELT By Tigs vorkelece B of vy kpi ece

pr ccplsmbtyf warkpliecaprocesast, vatheat teasttone ofwbe kpikpee processors

rocessors conprising: a first rotor; a second rotor
eable with the first rotor to forma workpi ece

pr ocessiafystabtatiber; a shield plate between the first

and second rqtors for directi the first ' )
Pl ot & i adfcenghecabls o tietatcfior g i Rofgtece biodessing

champégabl e between t he wor kpi ece processors for | oading
and unl oadi.ng the workpi ece into and _out of one or
more of thid tnpﬁieaé%fﬁfg% Wivere RGNS o apcﬁa%agggvlﬁa ofa
wollidé@1084168d inGRProtestiA@chambpl; ur al i ty of workpi ece
processors, with at ] east one of the workpiece )
pr ocess Grsbstatiplirmylar gpepinggroupd ppputer pesiphesn pf the flgid
appiegiegeabl e with the first rotor to forma workpiece
processi ng chanber;4 1 a process fluid supply line in .
t he secdriirgediap FourPTislixering amuege gasifhaqugh theragnylpr opening into

the%&gsq%cg%gé%dof t he process chanber, for supplying
a process fluid directly to an edge area of a

wor kpsbeicaovepble hetwegiohk plogkeisce progassaefor joadige prgunloading the

. r et ween t he
“”%&%%§§§§%§TQE§3$K°§9§%€§?¥§?&%§€§Essing a wor kpi ece,

58.conprsyssém for psocpdsingal warkpierfe, compikipingce processors, Wwith
o LI At O AR SERS REL o
compdisimg: i ncl udi ng a receiving neans for receiving the
al i gnme na? ﬁrrsrter%{z)%’
a second rotor engageable with the first rotor to form a workpiece processing
chamber;
a shield plate between the first and second rotors for directing the first
processing fluid to the edge of the workpiece; and
a robot moveable between the workpiece processors for loading and unloading the
workpiece into and out of one or more of the processors.
59. A system for processing a workpiece, comprising:
a plurality of workpiece processors, with at least one of the workpiece processors
including:
a first rotor;

a second rotor engageable with the first rotor to form a workpiece processing

chamber;



with the first and second rotors form ng a workpi ece
processi ng chanber when the alignnent neans i s engaged
wWOowaos/0¥3se3 r ecei vi ng nmeans; and a robot noveabl BChEsWe€084895
t he wor kpi ece processors fdr | oadi ng and unl oadi ng the
wor kpi ece into and out of one or nore of the
processors. 6 . An apparatus for processing a
wor kpi e@erocessrfinid sipply:ling irf the secomdototar hinang émgowlett ddjaoerg lto an
' c n t he
outg\lhé \{r}ag%fggeeé}o%s ch%m%gr pol?g F}{pg};ngg p$ g%gggﬁg ﬁlre t to a%%d&e area
of malkpleéeo lwhstpa wmkpgcet iSl (plapc(ho&she orhasterand62. Th e
appaarlr0 fus 9 e{)qw nth I reeén the through air flow
opening TN ?111 Tt T RP6T "N 4s a diameter which is

60.20- 18@9Atani foir bmcehsagatmkpm‘cetdampmngpl ece. 63. The
f 61 furth
B s R N S s A

cortiptiidgi r st rotor to provide a process fluid to a
surface 64. The apparatus of claim

63, wherél rﬁr?tﬂremﬁlﬁf)‘gga‘??Eﬁnﬂ“e‘&tﬁmafl%ator conpri ses a

nozzl e haviond raolGadih@ngd 2 RBiSAE et hiorecsi@hg 86 hiigiBnent means,
wit rog_gssn ng fluid when fluid delivery to the nozzle is

Hend sreandigtor iR mipg @ soskpics PRSESing Chanfiey whgbide plignment

meﬁrsupexfgagbwmh@ﬁ@amngﬁlzzzdseaddnt o the process chamber.
65. apparatus for processing a workpi ece,

co napﬁop%tl ThRyeable pgtyesn thoVerkPIRERRTPRFSHTS TRF adine andruniqading the

woﬂdBi%Bé e and oﬁﬁcﬁ%ﬂgo{x%x‘érofﬁ@%?&%bﬂse to the first rotor
forma workpi ece process chanber; neans for

61 Spl Mmpnpgrafusdorrrereesing owerkpiere; coeRtisgioveabl e dr ai n

asSERRA ok AK; h B Iy f drain paths, with

each drra?n pé @%ﬁgr a%gw g%%é%(:abl e wth the process

c h aamwndbyton@\gagﬂgble tiethd rﬁait Frterss Eriyl awerkpie®. pradees chamber; and

r conprising a fluid

app |%§1?%F&g§<m%m§%&gslsﬁyé$ﬁ'e through air flow opening

62.i n Theawpparatgs Oﬁczlaxmﬁltwhqnmomedkoag}mioﬂm gpefingiinl thie dirst rotor has
r 7 Th aratus of claim

ad%él {"W{g‘r"g it ﬁﬁtﬁg%’gmgteﬁ ca or oérJfCBrl ses a nozzle
63. havTMgapaaratoiz ofedtiman fmﬁrct cmxprfsmg a0 oppee ﬂhld@phnaun estsndigg into
the %g)m@eln t@gsﬂrorg xéle re@ﬁo a t €

é‘?rg PEROR I B IEhRtor BRRyde pproses dpidg ?F‘Hf&e abhe vdpiece
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68. A system for cessing a r.kpi.ec risi
havgit SR S Fa P Bk b it Sue RuigePBie ® difiordte
dis@ntibud sWak&lceﬁépr&E@ﬁ%Sﬁlﬂf &oes not drip from the upper nozzle into the

process chamber.

65.  An apparatus for processing a workpiece, comprising:
a first rotor having a through air flow opening;
a second rotor engageable to the first rotor to form a workpiece process chamber;
means for spinning the process chamber; and
a moveable drain assembly including a plurality of drain paths, with each drain path

separately alignable with the process chamber by moving the drain assembly.



conprising: an upper rotor having a through air flow
openi ng; a |lower rotor engageable to the upper rotor
WO 0005043598 WOr Kpi ece processi ng chanber; and apeDDB81004/034895
noveabl e between the workpghece processors for |oading
and unl oadi ng a workpi ece 1nto and out of one or nore
processors. 69. The system of claim68, wherein the at
|e . .
66. . ot GRS ot Him BTl P okl SRR dplietdiending into the
thrq@lgh: ma Iﬂpwwp@fmgdmahmﬁrpfamws to pebithe @protessiflaid o patrface of the
Wo%ﬁ aratel y alignable with the processing chanber by
Vi ng the drain assenbly. 70. The system of cl ai m 68,
67. V\héi’lmapparzites gftcldire ééiwlmmm tie fhxideappbcrakplcemmsps @ aezxkdraging a

a te ng int.o
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the fluid applicator conprising a nozzle having a
Progess ?@E’F’Fron section for collecting processing fluid
68. V\Arw]emsjstem ﬁ)rﬁ@bésylﬁgy“loﬂ(pifidlae, cﬁﬁpﬁilﬁg is di scongu nuedhso

t hat .exces essin ui es not romthe
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conpsingf 0cessi ng a wor kpi ece, conprising: a plurality of

wor kpi ece processors, with at | east one of the
wor kpi eé%“?ﬁe&%%‘%}’@gégﬁ‘b‘fﬁhsai“ﬁbw%H?’“G&per rotor; a

| over r QigereteRGBARh8le Y the uﬁﬂé@rdﬂ&ﬁ@forﬁlcétv%ﬂéﬁlébefp%c%sﬂlg
wor kpi ece processing chanber;43 a noveabl e drain

chagbeaa®l v i ncluding a plurality of separate drain
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processi ng chanber by noving the drain nechani sm
Wotknleaft intprang oy Qf@neomaqemrqﬁa&shrw th the processing
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71. A system for processing a workpiece, comprising:
a plurality of workpiece processors, with at least one of the workpiece processors

comprising:

an upper rotor;

a lower rotor engageable with the upper rotor to form a workpiece processing

chamber;



conprising: a first rotor; a second rotor; engagenent
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comprising:

a first rotor;
a second rotor;
engagement means for engaging the first rotor to the second rotor, without the
need for physical contact with the first rotor; and
loading means for loading a workpiece into and out of one or more of the processors.
74. A method of processing a workpiece, comprising the steps of:
placing the workpiece onto a first rotor;
engaging a second rotor to the first rotor via a non-contact force, to form a processing
chamber around the workpiece;
spinning the first and second rotors; and
applying a first processing fluid to a first side of the workpiece, with the first
processing fluid flowing radially outwardly over the first side of the workpiece via
centrifugal force.
75.  An apparatus for processing a workpiece, comprising:
an upper rotor;
a lower rotor engageable with the upper rotor to form a workpiece processing
chamber; and
a moveable drain assembly including a plurality of separate drain paths, with each
drain path separately alignable with the processing chamber by moving the drain assembly to

align a single drain path with the processing chamber.



