WD 2005/ 043593 PCT/ US2004/ 034895 SYSTEM FOR PROCESSI NG A WORKPI ECE

DESCRI PTI ON  TECHNI CAL FI ELD f00011 The invention relates to surface
preparation, cleaning, rinsing and drying of workpieces, such as

sem conductor wafers, flat panel displays, rigid disk or optical nedia,
thin film h&Q380s@4#3583 her wor kpi eces forned from a subst retrRUS2004MB34804

m croel ectronic circuits, data storage elenents or |ayers, or

m cro- mechani cal el enents nmay be formed. These and simlar articles are
collectively referred to herein as a "wafer” or "workpiece." Specifically,
the present invention relates to a workpi ece processor and system for
treating sem conduct or SYSTEM EORPREPEISERGMNY GRKIHECE NVENTI ON [ 0002[ The
sem conductor manufacturing industry is constantly seeking to inprove the
processes and machines used to mn%ggmm croelectronic circuits and
conponents, such as the manufacture of integrated circuits fromwafers. The

obj ecti ves Mﬁy ﬁ’f %Iguese i nproved processes and machi nes incl ude:
decr easi ng {E time required to process a wafer to formthe
desired int ted,circuits: increasing the yjeld of usable integrated
circuits pe[rﬁw\%/gf e(r]l-h%i}",v er#’(?? réé%?%fﬂﬁflggc?ﬁ%?"éagg’i"ﬁba%%ﬁaﬁ?%ﬁ‘@id@ﬁ“&)‘?f the waf er
during proceskieres, suchasstniictgdidie watkd) 84t parel SisRHS, HLO8IEK &bptich] medat e the
desired integrated . circuits: inpr.oving the  unifor 'E .and efficiency of
processes u@gé’%{‘ geag? %ra‘{% £ f"ﬁg‘pﬁg%if?‘g’dd gﬂ‘f‘éé?‘?fr@ﬂo‘&?’m& T\;‘t‘%‘?el"éﬁﬂmc reduci ng t he
costs of nummudiacdatseorade @RARAts ASlaydis oSt ocREHidaDElethsHE Y Be fageances particle
"adder" spegificat.iaons, .({Hhe nynber, and size of the pgrmtted particulate
cont am nat i OfF aﬂgflﬂ’glarr?&lu ‘?Sa?{:et‘i?ﬁ%wﬁ?ly regeéﬁ‘?’ﬁéoéﬁ%‘b*’tstﬁr “ﬂﬂgfe?rswf’g(p{?ﬁfnti nuousl| y
bei ng reducspecififally, shd presentEntnti@selateStonGlorigibct hrot@tr ahddystemUbiifeatingar ti cl e
speci ficat isoxrrlls. Ot004(£)[ Further, in the processing of wafers, it is often
necessary tSOKOMUERE YUKBCSS nore  sides of the wafer to a fluid in Iiquid,
vapor or gaseous form Such fluids are used to, for exanple, etch the wafer
surface, clReOKGROUNDI@F THBNNEERTIGNY the wafer surface, passivate the
waf er surface, deposit filns on the wafer surface, renove filns or masking
mat eri al s 0@ t hdhe vafiemdsatormenefactating. indostny is odrdsiantly feeking toémpro@cBSSi Ng
fluids are apRLECHat AR W8 6 mafit e ERroc kB et 3Rd Sorhonents, Sth - 024895

as the manufacture of integrated circuits from wafers. The objectives of many of these

improved processes and machines include: decreasing the amount of time required to process

a wafer to form the desired integrated circuits; increasing the yield of usable integrated

circuits per wafer by, for example, decreasing contamination of the wafer during processing;

reducing the number of steps required to create the desired integrated circuits; improving the

uniformity and efficiency of processes used to create the desired integrated circuits; and

reducing the costs of manufacture.

[0003) As the semiconductor industry advances particle “adder” specifications, the

number and size of the permitted particulate contamination in the manufacture of

semiconductor wafers is continuously being reduced. Existing machines are not sufficient for

future particle specifications.

[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,



reduci ng the potential for cross contam nation of the processing fluids, and
effectively <cleaning or rinsing process fluids from process chanber
surfaces are often inmportant to the success of the processing operations.
SUMVARY OF THE | NVENTI ON [ 0005] A new waf er processing system has been

i nvent ed tWat2opmayssgdes significant inprovenents in nmanpdaogidoddaases

m croel ectronic and siml ar devices. .,The new system reduces particle
contam nation. As a result there are fTewer defects in the end products. This
reduces the total anmount of raw materials, process fI ui ds, tinme, |abor and
effort required t ture m.cr.oel ectronic cordingly, the
new waf er R Spusimgd %R?&”g%?’ RSy FonfaUnatign o tﬁ%‘frocie 5??1“?’? Rant 'y

i ncr eases mnmgachmngrmocyssmudis fron@od26ds chanbet qmﬁcewfelqﬂbxeﬁxq)oﬁﬁrﬁﬁetﬁsor desi gn
has been i nvent g@t hat si %nlflcantly reduces cross contam nation of process
f1 ui ds. Th%’c‘ifﬁﬁog RIUST Y “BTa% yreat | y increases the ability to exhaust
vapor or funes and drain process fluids fromthe process chanber during

pr ocessi ngSUMMAR S ORTeETVENTIOMaf er . Further, the processor of the present
invention utilizes a relatively sinple, magnetic rotor engagenent nechani sm
t hat reducld805}ar i abew waigr prbcevsiiﬂysastérmhasaieéneiovemeddaulsredddfs;sigmﬁ‘rchrati ons in

manuf act ur ] m _on SS As a result of

t hese desi Bﬁ%v&é?@%xg%ﬁ?faimﬁ’%&cr&l? riom% a?&lm’fl d%w?e(%cesgfl% €™ or e

consi st ent reflucenpagtivée conemikptliaT Aspresok $8arard %wbrhtefemsxrt the emicbrédugly. TeinUf act uri ng
quality st [ fflCle re. achieve 0Q07] In one
enbodi rrentr%g\%ﬁgt%m?a lgmblfngcf:rg‘z%%bengl HER of dghe }i)fr?‘gorean{i éf‘ﬁ&éﬁ'{'ﬁegg provides a
plurality minufaotukqmemelesﬁcmﬁd demsesf drccqudiagly,nise, neetvedférpepcessing aystengof tigassi vat i ng,

depositin /.0 r ey, and ski terials froma workpiece
surf ace. resed‘ m‘femr‘ﬁ“ Sr‘%‘fdca'gg lﬁcreaﬁ%%af’?% ll‘;lfﬁeil‘garmveabI e between the

wor kpi ece [@t)aafill on@umqmb wmlqﬁaebheesmrdk@gxﬂmebéend}fvbmémmustgatﬁcmwtrﬂiuad@ot her. At
| east one of

0 L. ece proc havi ng
an upper rGvBFORHERL R SEep fet AR R oo e A GBrR B EELOR ocees
chanber . bAethngnc&ﬁirmersmed treinpereess fleids frem tig: pﬂ?sgnﬁhanbesmﬁnlglprotesdmgo mai nt ai n
cont act between. t eration of the ssor S uni que
process chafvr?\ﬁs%m’caneé’mﬁw?‘ rd&c’g}éer\}%]%?%c?fs%% the W’&tﬁnvﬁﬁts) “Egéeﬁ af'%ﬁ‘ﬁ/ayto be a
maj or contsnmblutmargnéta rp@ar énga:gthﬁﬁtendchnms&fﬂmaédum@,vaxﬁbﬂlt)a&)faﬁbratfoﬁdffem t he
chances of prqcess.fl ui.ds Kin e surface of cessed fers
i oh can coBRegay vatotdp BepdRSIRE P Bim ERePRerE @ BEDFOARE TEHY pr oduct s
I n one enberdhdd®ddsign titirovpfears, the €ffeots of@ammmtsmgaé lhyredbrls\s&ﬂt fréth Gnecont act with
the lower rotar. In anotmr errbgtg ge the WO 2005/043593 PCT/dU82004/ 034895

e next, and high manufacturing quality standards and increase

workplece processor to t

[
[®}

efficiencies are achieved.

{0007] In one embodiment, the wafer processing system of the present invention provides
a plurality of workpiece stations for plating, etching, cleaning, passivating, depositing and/or
removing films and masking materials from a workpiece surface. The system includes a
robot, which is moveable between the workpiece stations and moves the workpiece from one
station to another. At least one of the workpiece stations includes a workpiece processor
having an upper rotor and a lower rotor engageable to form a workpiece process chamber. A
magnetic force between repulsing magnets is utilized to maintain contact between the rotors
during operation of the processor. This unique process chamber design reduces vibrations,
which have been found to be a major contributor to particulate contamination, and also
reduces the chances of process fluids leaking onto the surface of processed wafers, which can
result in defects or failure of the microelectronic end products. In one embodiment, the upper

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



3 lower rotor is magnetically driven into contact with the upper rotor. In
ei ther enbodi nent preferably a face seal is provided between the upper and
| ower rotors. [0008] The wafer processing systemof the present invention
has al so been designed to increase air flow through the workpi ece processor

during proceesid@4sseetter air flow managenent reduces paitiGhR/034895
contam nation and increases overall processing efficiency. As a result,

|l ess tine, materials and energy is corfsumed. Parti cul arly, the processor of
the present invention has air flow passageways in the process head, which

draws anbi g m ni .- t surrounding the processor, into
the pr Ocessgﬁeerggt%r 18 m&gnettlfaﬁp' dnven 1Hto cP'ntac? gFﬂ-rSHP%ef r(ttwe?rb?lgrgreeé%l}g 1me|1turt her
annul ar chamcfeﬂalslyfadarcmdal lsrprdvlrtkdbetsreenahﬁjhpbhendl[bprefrofdrm of the base relieve

ressure bu u process cha ration,. openings in the
5pper rim offObﬁluepb%gév Y ocesgng f?iStSWLQEB‘e pfels‘??‘ifjlﬁ‘§e"%?ﬂg ai’%‘hli’Feé‘r e@%&ﬁr‘ﬂalgs bl eed

the "bl ow biptreast hitflols tiobifghtiie wmk;ﬁecbqitmsdssqﬁﬁﬁﬁng prekistgl BgugpaRAsWr € build up.
Mor eover, arplangr ermentslprjrca o i a to an annul us posi t| oned bel ow t he
nmotor in th& pPocess  heakf lcﬁfé’n g‘brlap%{‘t%‘ METrRYES OVeRH|Procs fGNGY- A5 & hat  may
corme from tiesltaless tilepivapass agenarysisiconstinel. [B‘aﬁﬁﬁl&ﬁy, te@3focessot dFehe pRedd| ar
channels in.t ddi tionall, a cen in the_ process head

|
and upper T ng?nbl%éﬁlcﬁ ﬂgwr?f’%ﬁ%ggysf ¥Hﬁeamﬁ?§§ o8 Wlﬁale‘ﬂ'lé prenh A B et ends

upwar dl y trnmugﬂwramn@pamongdmgwthe prioeesson o ttre(ptdaéssaéua il uOMRRgi@e to a
snor kel permts r to vvn drrecéaxéeé F o t.h wor kpi.ece processor
L ogRed il

during oper%r({“rré1 hﬁé’roziesrs%rs P e&famﬁluaé§ Sowrpahihe uPREF FMfofow in t he

process chatibease mle@r;ea;rsdrybrﬁrmh@me;éproaeadcrrmr)a lﬂﬂhﬁ@éﬂ&a@rb@ﬁféﬁdg@% @nd ]
odl nrent, the new

br ocessi ng BYELERFOFe BHe RETEC R PrbiE: OF SPHE el Beed Pe{OPBOB:  havi ng. a
plurality ofiuiéd dfgtﬁmia:tha@dt péit, rﬁﬁdmglpﬁﬁ(i@rbdlld@i (Morhcﬂ’éf B ai@ Pir&br is NOr € openi ngs
s .to forma workpi ece processr ng chanber with

for receivin nt
the first r ?Etegr%rnsa%P@E 05@8% d&ﬁlorré'éeagot?rneﬂﬁpr%rssrﬁdor B ARIAPTSHCKSn ¢ he
| ower r ot oranygadow! fluds tmﬁpﬁ cainefednk it 8i€ o6 BREREREY s\ thB bidcdsDReaBbPHES ST NY

chanber. This i nprov nyf.act uri n |eId or efficiency of the system
by reduci nga“t’i%lf"g%?%“efﬁ“ @’ﬁg éH‘EiB?‘@ ¥ra(9 MENips Hthe RIAgess }iff‘%%ﬂﬁ‘d‘ﬁ’%er and by

i ncreasi ng ok, gl IBREesO fluid Quizlein ElRibs wmrdhtisd@ﬂré upRErdWahiigh h@PdHg ifnot her
separate feature of ong enbodi pent of the new systemis that it 1ncludes a

wor kpi ece p 6 EBTI9For BRI RRngCted 15 & suprke Byrmiss ﬁhﬁ&’FéfﬂWBrS‘gFﬁﬂﬁgm%FhSund an outer

periphery ofompiedel pidcdssaindiiring 8fcddtioh.NAL sl of Hesd dRbigh impto@mkhisliafl 1@RRAT cator is
positioned to deliver a processing fluid to a central region of a workpiece

in the pro ctbe BIoRggS AR greﬁlypmqu)éedgggi mqre,gnifogm processing and increased

efficiencies are achieved.

[0009] In another embodiment, the new processing system of the present invention
includes a first rotor having a plurality of alignment pins, and a second rotor having one or
more openings for receiving the alignment pins to form a workpiece processing chamber with
the first rotor. This rotor design keeps the first rotor centered on the lower rotor, and also
keeps a workpiece centered within the processing chamber, This improves the manufacturing
yield or efficiency of the system, by reducing defects in the microelectronic or other end
products, and by increasing the number of device chips produced per wafer.

[0010]  Another separate feature of one embodiment of the new system is that it includes a
workpiece processor having a substantially annular opening around an outer periphery of a
fluid applicator in the first rotor. The fluid applicator is positioned to deliver a processing
fluid to a central region of a workpiece in the processing chamber. A purge gas line is

positioned for delivering a purge gas into the annular opening toward the workpiece. This



positioned for delivering a purge gas into the annular opening toward the
wor kpi ece. This WD 2005/ 043593 PCTI US2004/ 034895 4 provides for nore

uni formdelivery of purge gas into, and di spersion throughout, the
processi ng chanber. As a result, processing fluids are nore efficiently

removed fr@mbésmasses ocessi ng chanber. Consequently, manpd@edu6dodskos S Nore
consi stent, and workpi ece defects are reduced. [0011] In another separate

feature of the invention, a new systemincludes a fluid applicator in the
second rotor for delivering a processing fluid to an edge of a workpiece

| ocated in th r ocessi. anber.. One or drain openings are preferably
| ocat ed i rPr?‘H‘gesl? TimeZt u‘?@?’BﬁngSrry of BYBS/B3 e ﬁ@%%&*@gﬁ“ﬁ& Ftui%l fromthe
processi nggrﬁde&mgahamli%urgea @aﬂt p@cesaﬁlg/ﬂtﬂ&s%@iﬁb@efﬁciiﬂily Naloesl el @S the upper
surface of the.wo odinment, a shield plate is |ocated

i I op
above t he er"iﬁf‘séf’gafbﬂﬁﬁeéa ‘B}se‘f“S’i‘t ydi“? furge FW@’%@BE@%’l ang “Pfli?ieﬂe fefectshe edge

of the wordptedied. | n a separate enbodinment, a fluid delivery path extends
fromthe f| i cat or d term nates at the edge of the workpiece for
et Tver: ngOPHE b BReer e drat A PR, &P BRI ks £ HEdmor ki cce.
These desifppEcapi dithél@cdmdirotonfer auliestingd@eocsising 86iditdgh clke of NPorliflEkPI €ce, as
wel | as forcat{dmb ved particle renoval fromthe processing chanber.

Accor di ngl'g © BRFESSIRE hagRefo N PBROTS drafnRpepgsian EE%raP]é’ lecatsd inthe i al | y

reduced orfiglrbtoi ﬂaaiefadvmg {hQQiJo%éssQ@ﬁuﬁi%huﬁ@preéessﬁﬁgechhrﬂwe?ntn!lrgél ds% @ new system
t hat i ncl udes an ulg, rotor that is engageable with a [ower rotor to form
[

a wor kpi ec¥ dﬁ]g"eéqqéﬁ%é"rthe urRE” SUffse O he parkpisess In anearodisentapr i nl et

openi ng. Tsimem 188 RNocdRs hidive Be AdiddBslicaldr Ak dirdcliPhOabEsSitY AHIR hd&gigpr OCcessi ng
chanber which tends to avoid having contam nant particles contact the

wor kpi ece. OF i vorknisep B\Pe%Pat’ﬂ‘ée‘H%‘?H‘Pe&é?ﬂPidrﬁiﬁ'“&Wd? c¥tengds frome the dleid of t he

system byap Eﬁ»&lwﬁ hmerqﬁﬁa@éatasme Bdgl BEthe WotkpR& BEAeli NG t1Rpreefifi Ak product s.
[ 00131 Anot separate feature of the Invention is a fluid applicator or

nozzl e rmv‘B‘éSb‘lye‘O thicess of theeorkpiseer Thesqdesignspretidefpeimprrycd %gearogfsls%aﬁu ng a

processi Nghé wbrkfiedeQasdidiifa8 f& MthpPdlpa@i0R réfoval fifn mbmsﬁﬁgcua&bwe processi ng
chanmber. A fluid delivery line |eading into the nozzle preferably includes

a col | ect i dFosEEty: efge paFcle denogition eithe v erkrigssiinwybstantially seAvced o1 ui d del i very to
the nozzl eininaigsconti nued. This prevents excess processing fluid from

dri ppi ng ont o the workpiece. Consequently, manufacturing is nore

consi st ent[00Bhd durdeatuse ofithe neantienl a now systepighat inclydes qarupp@iretpl hatipveabl e awvay

fromthe L'J?\@?grealﬂé)&'m a (58808 for & fonh lvolkpRce PRBEsing @hfMiber. The upper rotor has
a central air inlet opening. This rotor design provides an air flow path through the processing
chamber which tends to avoid having contaminant particles contact the workpiece. This
improves the manufacturing yield or efficiency of the system, by reducing defects in the
microelectronic or other end products.
[0013] Another separate feature of the invention is a fluid applicator or nozzle moveable
within the central air inlet opening for distributing a processing fluid to different portions of
the workpiece in the processing chamber. A fluid delivery line leading into the nozzle
preferably includes a collection section for collecting processing fluid when fluid delivery to
the nozzle is discontinued. This prevents excess processing fluid from dripping onto the
workpiece. Consequently, manufacturing is more consistent, and defects are reduced. The
nozzle is preferably moveable away from the upper rotor member so that the upper rotor
member may be raised to facilitate loading of a workpiece into the 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



menber may be raised to facilitate | oading of a workpiece into the
processi ng chanber. [0014] Another separate feature of the inventionis a
noveabl e drain assenbly having nmultiple drain paths. Each drain path is
separately alignable with the processi ng chanber by WO 2005/ 043593

PCT/ US2004/\0g4@8k43sb3 moving the drain assenbly to align wrRidigsRsdsai N path
with the processing chanber. As a rengIt used liquid process chem cal can
be separately renoved, collected, and either recycled or processed for

di sposal. M xi ng of used | i quid process chemcals is avoi ded. Processing is

t herefore "ﬁ@‘%tﬂwljfﬁ)gss%%ylﬁgﬁ‘egg‘%% Pﬁra"[pa% ggﬁreﬁ%g&t&# %eand advant ages

of the inven Sinarter ASdventi on
descri bed aereuscdihqtb@pmmdclsmmhah bt yeparatelyagrdviad icolledted, and ¢lek fdycled

conbi nati on pocesgendeforélsposa] Wx‘%&%‘gdl\g&d|Pr<iCﬁSS§{lfgg&ﬂg feature_essentjal to the

i nvention. Avent i'on resl YP4tedo Rocssting e
features dethcreﬁotiadek,sca'rhﬁe)p:rrrddes&sdylanber can be used aI one, or in a system

with robot n, and i ous 0 roce rrbers BRI EF

DESCRI PTI @bﬁx Fé%f%tigeﬁPéﬂe v @Oawaéﬂpg Tepefisy 0 of a

wor kpi ece pfearmessﬁm@nsqnsmemsaﬁxad)mhvagpntbe ubdd@epapitedBrnbgethiay @ninivarous 100171 FI G
2 is atop nwewofthe i ec sin shown in FIG 1,
with conponcgorq{%énatrloenﬁﬁv%r%f ?morevﬁﬁlﬁglsg ’tgf“?f‘? ?J%ftrurﬁ FSS%“a Pgbel‘gfenﬁ?@ﬂ‘g is a

per spect I veinvineim efidds aneek i ab-eombinapasthedeatireiengibtd THerocebpeiveent of
the present i vené ICél’ll 100191 FI % % .S a tog vi.ew, of the wor kpi ece process
chamber shofff °F BCEAENS: §T MAGHSEH W FQ00kC quiomatian d yarqus OhEHRIPCES ew of t he

wor kpi ece pehameasor shown in FIG 4 taken along dashed |ine A-A 10021]
FIG 6 is a cross-sectional view of the workpiece processor shown in FIG 4

wor kpi £L°B€%@Z§%§%R%W¢%EF%%%§§ 7al inS dashed Iine G.C 8323? F G
LA ST A LAralh el 10 E o BARE SRR o0 A
accordi ng tpesehtangnégent

{0017} FIG. 2 is a top plan view of the workpiece processing system shown in FIG. 1,

with components removed for purpose of illustration.

[0018] FIG. 3 is a perspective view of a workpiece processor according to one

embodiment of the present invention.

{0019] FIG. 4 is a top view of the workpiece process chamber shown in FIG. 3.

[0020]  FIG. 5 is a cross-sectional view of the workpiece processor shown in FIG. 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.



invention. 10025] FIG 9 is a top view of the process head assenbly shown in
FIG 8 [0026] FIG 10 is a cross-sectional view of the process head assenbly
shown in FIG 9 taken along dashed |line A-A. WD 2005/ 043593

PCT/ US2004/ 034895 6 [00271 FIG Il is a perspective view of a bottom
portion ofyw@.050eR65 head assenbly according to the preesars2004034898 i on.
[00281 FIG 12 is a perspective viewgf a top portion of a base assenbly
according to the present invention. [00291 FIG 13 is a top view of the
base assenbly shown in FIG 12. [0030] FIG 14 is a cross-sectional view of

the base agssaybl WIghQusa pdispetie vib® of &R M%f@ﬁ&b&@' héad’aésﬁ;ﬁ&@- [00311 FIG

15 is a cross-sectjonal view of the base assenbly shown iIn 13 taken
al ong dasHEEPTYinGe the REeseniGuvsPHONE| G 16 i s a cross-sectional view of the base

assenbly sbeen | FIG! 1@ s 4 ferdpakRB v1eﬁf|o@5‘%pq;@§1|3§gf4Ba@@as@n@ly 1203 gt(!:tlhg‘ 17Ais a

top perspective view of an upper rotor according to one enbodi nent of the
present i IISALIYEII9N0034] FIG 17B is a cross-sectional view of the upper

rotor illyséxopt egiGm 3k Sop Lk ofthJeQQs%iaseEB showhGn IFEG.8 200t t om per spective view
of the upper.rotor illustrated in FIGS. 17A and 17B. 100361 FIG 1SAis a

top perspdfiie Vil@vi4dt 2 erossomiond! gterof e desearsagbly shormendibditakemt  of the

pr esent |my&1@ghsqullggp§71 FIG 18B is a cross-sectional view of the |ower
rotor illustrated in FIG 18A. 00381 FIG 18C is a bottom perspective view
of the | o831} ot &YG; 15)iga erpsstsedtionsd view@Ethe basa assambly sBBvn inFO393 t4kec. 19A is a
top perspegdnbWgsh¥d f¥ @B an upper rotor according to another enbodi ment of
the present rnvention. [0040] FIG 19B is a cross-sectional view of the
upper r ot dP0R2] | udiG dibdeia prassipational gigw of thg hast rssenbly shoy® in&1G, 1Batkenm

per spect i VigonyiseWePlindt €, Upper rotor illustrated in FIGS. 19A and 19B.

[0033] FIG. 17A is a top perspective view of an upper rotor according to one
embodiment of the present invention.

[0034] FIG. 17B is a cross-sectional view of the upper rotor illustrated in FIG. 17A.
[0035] FIG. 17C 1s a bottom perspective view of the upper rotor illustrated in FIGS. 17A
and 17B.

[0036] FIG. 18A is a top perspective view of a lower rotor according to one embodiment
of the present invention.

[0037] FIG. 18B is a cross-sectional view of the lower rotor illustrated in FIG. 18A.
[0038]  FIG. 18C is a bottom perspective view of the lower rotor illustrated 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.



[0042] FIG 20A is a top perspective view of a |lower rotor according to
anot her enbodi nent of the present invention. [0043] FIG 20Bis a
cross-sectional view of the lower rotor illustrated in FIG 20A. [00441
FIG 20Cis a bottom perspective view of the lower rotor illustrated in

FI GS. 20A vemdoo2@43s593W0 2005/ 043593 PCT/ US2004/ 034895 7 pcqRdBdosfoisms 21 A i s
a top perspective view of a head ri ng7of a process head assenbly according
to the present invention. [0046] FIG 21B is a cross-sectional view of the
head ring illustrated in FIG 21A. [0047] FIG 21 Cis an enlarged parti al

view of th a 0048] FIG 22
is a perspg%o'?lgﬁe gil(.th g\?\g)}ﬂﬁﬁgﬁrg{&g@g?&of ? It!%e pr 8585%r8°e§s }éeﬁ%e\ﬁ%erpé{y FIG 2
accor di ng terousing te fispekisere mvemfont he present invention. [0049] FIG 23 is a

oot o vetteBr PR DISRESRRL Bliofd ow Bfme AT REL 1Rt i oBR S8 195

parti al tion view o rocessor o 25 is an

expl oded pé@%blectFlﬁeZWmnaﬁlatghdapqmam'ewmmeetfea Bf e hé2@ ring f@QR2ARd KlilG. 26 is a
section vigystaken along line a-a of FIG 25. [0053] FIG 27 is a section
view taken along line b-b of FIG 25. [0054] FIG 28 is a section view taken
al ong |i ne [@048] of FII. @ is2Gperspentive fisamay gieorif ynd dihe prgpesorsisbvarin Fi@r pur pose of

illustrati a seg wewtaken along line b-b of FIG
25 and sho%coré"%ﬁ?me «ﬁlb%dm?e%téf?he&rese l?vg’?h pur pose of illustration. [0056]

FIG 30 is [Q(bﬁl peFE}oé&ﬁs amctwmewwodftlterpmcbsswmfFermr of the processor of FIG
30, [oose] WRM o523 i B IRR FRARRb L ofilk Bhe ¥ ol A 2l 05”30 and 5L
[0059] FI GI0®BY] i sFKh 28 aaregpdded pedspeativesdamt dfolie procewondf RIGe22upper 1ot or
ok ece AMSEhneRiC BRI wilsho|arl BB P b EI dPged partial secti on vi ew
of t he uppéOOSBbt oFI@ 37 apesictiontviewt thien aloogwkie bripdfdHIGoEs. t he processor of FIG
22, 20 STOHAP ROBES AR SOERIRRENY £l i AR RoTpbe, % S
removed f onppurgasfer plfrpmsle ofidlustatioro n

[0055]  FIG. 29 is a section view taken along line b-b of FIG. 25 and showing only the

upper rotor, for purpose of illustration.

[6056] FIG. 30 is top perspective view of the lower rotor of the processor of FIG. 22.

[0057]  FIG. 31 is bottom perspective view of the lower rotor of FIG. 30.

{0058] FIG. 32 is a section view of the lower rotor of FIGS 30 and 31.

[0059] FIG. 33 is an enlarged partial section view of the upper rotor engaged with lower

rotor, in the processor of FIG. 22, and showing a workpiece alignment pin.

[0060]  FIG. 34 is an enlarged partial section view of the upper rotor engaged with the

lower rotor of the processor of FIG. 22, and showing an upper workpiece support pin.

[0061] FIG. 35 is a section view of the head of the processor shown in FIG. 22, with 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.



[0062] FIG 36 is an enlarged section view of the purge gas manifold in the
head showmn in FIG 35. [0063] FIG 37 is a partial section view of an
alternative enbodi ment processor having a shield plate for directing a
processing fluid to the edge of a workpiece in the processing chanber.

[ 0064] FI GvO3B05i083583 parti al section view of a processorrdrans200/0348b3 Ui d
delivery path for delivering a proc%sa ng fluid directly to the edge of a
wor kpi ece in the processing chanmber. WD 2005/ 043593 PCT/ US2004/ 034895 8
[0065] FIG 39 is a section view of a base of an alternative processor

st do of TR 8110 8 fectdifiy of el ulema g e Mo RS Tde¥ oo e pece | ve
vi ew of aaéfridetessor shown in FIG 2 according to one enbodi rrent of the
present | io L ti.on section

vi ew of tﬂgﬁgi ocgs(ggro ?304 '9%%5{ %?ﬁg[ogglgg]mdgf)&hi g@gﬁgl]gtoa @é"@t]?gr?s \ﬁew of the
processor [8467F GFIG 11w 4 perspectivv eiatylofa procassbr shdeiiivBIG) 2 aedoedigitoend ed i nto t he

processin ecti ve view of the processor of
FIG 41 S%m%l&‘ﬁm@& ftkkgpezgxltmﬂn(t;onaﬁ l{)ad/unloDFB “EIG 45 is a section view of

the pr ocesi@QﬁB] of FFG. 32 lsdatlsectﬁdDO/?@q Oﬂme@trocéﬁondFtG @loss-section view of the

pr ocesspr Enbg%ééhﬁv%%%ft?c‘g %gheprocessorofFft?|4ll\(ve1{hy tUb ld@b{ cted inj[O the

proce55|n Cross-'secti f aflud
del i very Ideh'eeryhtabe mgctadfdtmdpmodsilmg:cthamher. area. [0074] FIG 48 is a

perspecti | ew .nozzl e or d _suppl tlLet having a flu
col | ect i o\r'isz(g\rélaa. F&fillfﬁ%r@éﬁr'&ﬁ g{i ogéc%golré{ﬁg;n“ﬁ\i}ioﬁ'nﬁé? &P‘éeﬁ%’ég To FIGS.
1-3 [0075]posigorshown in FIGS, 1-3, a processing system 10 has an enclosure
15, a L/d I 17...and an. ut / out tation 19 and a plurality of
processi ng ti Ig?@ 4‘}%”6 0rnkv|c')elwec l§e P (=Y f%%’é@ed fromcarriers 21 at the
i nput/ out ﬂQﬂ?Z]st affi@r619a aod-spation ess @fithe piotdssan of FIG. 44/ & itk AmbOeable fluid

delivery tube directed into the processing chamber.

[0073] FIG. 47 is a cross-sectional view of a fluid delivery line having a fluid collection

area.

[0074]  FIG. 48 is a perspective view of a nozzle or liquid supply outlet having a fluid

collection area.

DETAILED DESCRIPTION
Description With Reference To FIGS. 1-3

[0075]  As shown in FIGS. 1-3, a processing system 10 has an enclosure 15, a
control/display 17, and an input/output station 19 and a plurality of processing stations 14.
Workpieces 24 are removed from carriers 21 at the input/output station 19 and processed
within the system 10.

[0076] The processing system 10 includes a support structure for a plurality of processing
stations 14 within the 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



[ 0076] The processing system 10 i ncludes a support structure for a plurality
of processing stations 14 within the enclosure 15. At |east one processing
station 14 includes a workpiece processor 16 and an actuator 13 for opening
and cl osing processor 16. The processor 16 of the present invention is
desi gned t ay§eomiokdshzed in a processing system 10, for ,§%95
di sclosed in pending U S Patent Application Seri al 60/ 476 9 file
June 6, 2003, 10/691,688, filed Cctober 22, 2003 and 10/ 690, 864, fil ed
COct ober 21, 2003 These u. S. patent appl i cati ons are i ncor porated herein by
ref erence. System 10 PRy |hnc u { rocessors 16 or it
may i ncl ude ofﬁrer Sprocadsiyc |ng g“feﬂt Becﬁ OWBH cHens\gsiusiggs/ 043593
PCT/ USZ004/1@18;&8%nte@tomlncei.roqmemmsmesm@Ge,tchﬁtgpﬂihsa@ zﬁlaﬂd{ mlrytﬂg configured to

not limted to el ectrochem cal

performa ty 0 i,ncl.udi

processi ng, a(H@hl nTg1 S’FS fd’ rIlL?Gar%d? Wwaﬂg‘“’?’?g‘e“ PR R s huraydetoed n FI G 2
i s shown hanuinmber d:f@fbcmsmgetﬁﬁorsﬂatnaphﬁtndlédedbtuﬂte aﬁt}bstﬁe%l"ﬂ% prévéssgr  of

processi ng %atl ons ma ﬁ‘i ude int e & g; 5 The processing
station supz PR SYpPRt Eﬁﬂ%fﬂ 3} PHY eftﬂle‘?“%] yclg‘i‘?fetdalo’i’%}m igellyrosignted BRI nal | y
oriented pltWest the btbcedoidl vREshs 1 NEO R ERBSIoBEs 26 [lin Bfe drdnor& M- PecthRr € T obot s
26 havi ng 31 nmove within the encl osure 15 for

d-eff
del i vering ﬂd?%ﬁlwggrg’gheg%’ct"g“raﬁ% ?@W‘V‘éﬂ%‘ﬂ’éﬁcﬁ?%é%érﬁfl‘@‘ VaEiout PENESInR4. and to

| oad and urdipiass MOENGRL BEE SndAhidal Workpieeks QY int®indlollEo QR EI S stkigds 19N 14. In a
preferred enbfjfd {%gib the robat 26 noves linearly al onq atrack 23 in the
space 18. APHFS ofjlmﬁ’f‘tdt@é‘?.h"[:@ Hevgs Ureabealoneadrerk ¢t 1 e sppAey 8cAndui t s may

be provi derrWeﬁsmu’tl @ik asdidssocialkd MR sopply &tﬁdlﬂ{s&{aﬁ'fbé Prodfded Withih b'x'tc%sure

conmuni cat i on H g gg) d@' ece processar (shown in FIG and ot her
processi ng "Qt MIAGPIARMPALR ?‘BP?’B‘H“W‘H“W%W@HE‘@C&FEWF?S%M (Sh"Z’I‘ ir0078]

FIGS. 3-1 Iridl $)thﬂbtaérepr@ceysﬁ1fgkgmleﬁm4processor 16 according to the present

i nvention. Thegproces ses @ process head assenbly 28 and a base

assembly 30. Th CHERten &éﬂégﬁ%@c"ég KIS bHori sed of a process head 29, a head
ARCIENT E T RARTE PR N A A
mount 43. The plﬂﬁaﬂoralssaﬁmbhges RBroeanhéae asvoislgl 28 &xfdta tasd dssenib®y 30eMpap@dw t h and
separate fr 9 egﬂtbﬂg ngb assde(gg)é%% " t}% h}rﬁa(gnas enbl 2r8 agf at hl% base
assenbl y 30°% IHFYRRALE YR ARISEY " i & c?f”t A18pet 284 %nd | oner 36
rotors are apphcidr3paerh m6t603789]Tthxsa aR¢miaPBTislcomprskd oftaOmdunfaly baSe 4012 a process
fluid appli lgggrorgtor ?6 an)ét G[\)ow mOLPn\{\%g dh}é head assembly 28 can be moved vertically to

engage with and separate from the base assembly 30. The head assembly 28 and the base

assembly 30 form a process chamber 37 within which the upper 34 and lower 36 rotors are

positioned.

[0079] Tuming specifically to FIGS. 5-11, a process fluid applicator 32 extends upwardly

from a central portion of the head assembly 28 and extends downwardly through a sleeve 96

into the head assembly. Air inlet 140 and process fluid inlets 92, 94 are positioned within

the sleeve 96. The air inlet 140 and the process fluid applicator 32 run downwardly through

central openings in the process head 29, the head ring 33 and the upper rotor 34. Process

fluid supply lines (not shown) are connected to the upwardly extending portion of the process

fluid applicator 32 for delivering process fluids into 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



froma central portion of the head assenbly 28 and extends downwardly
through a sleeve 96 into the head assenbly. Air inlet 140 and process fluid
inlets 92, 94 are positioned within the sleeve 96. The air inlet 140 and
the process fluid applicator 32 run downwardly through central openings in
t he proceswomesh4293 the head ring 33 and the upper rotgdr/8koodzawsess fluid
supply lines (not shown) are connect?g to the upwardly extending portion of
the process fluid applicator 32 for delivering process fluids into the

wor kpi ece process chanber. The notor 38 is positioned in the head 29 and is

coupledt rot t he tor .38 spins the
upper roto %gml('#% r?‘}’é%lcﬁ Prﬁlgheé)éocﬁ%ﬁﬂ?"g&f %%YJBB(&% t8f‘8 sed Posiien ¥ notor 38
withint hethmaxdpla&.wmme arocanaEt ad witbamphined doleSulftieroh 6@ hegl dkheabiead

assenbl y an ves th rqcess head ass I 8.froman open position,
where a V\DZI’&kh[gls %gl@gpﬁ%'f%’é1@@3’3@%*@5‘3@5%’%@?%%@%0@@8@@ a“fb’evl oaded into
and rermvedarfagdmmtdfehwreseﬁsiﬁveﬁtﬁmnber 37 by robot 26 to a closed position
where the pi ocesse pl ained nore fully

bel ow, em%@id é@‘ggﬁsﬁla?em%ﬁ 3ﬁ eémfﬂrg? gqs,awngggexgﬁnp “?ﬂﬂ 18vathbrge s sageway's

t hat cont r i lawthchicOopetate wihd Qoted mauﬁtmfg InR¥ber AN dekBREd at@fe HoRom BF @s ent

i nventi on. E 18)801 Tpenﬁase ass% ower rotor_ 36 has an en a(ﬁgrrent ring
110 with tHre P afpch thejowerqtons é%@%gasaﬁ% W%‘?P%‘%Pfd’f‘%%a&?mﬁtrl"ﬁg nber 144
EOSI ti 8I‘ledcoa}Beerth@ltlmetsl@mo@glefrﬂb&ntm@a&ﬁlbérol421@o @éa’&@@lﬁhy&rﬁk@cdrﬁ%&ro;or h36 ][0 t he
ase 40. The.ta 4 of t ring 110 erate with the slots
of the no i'ﬁ&c &’Hb egﬁfﬁ“‘fﬁaggaég ARy etééﬁﬁ?@&p‘*r%wtor3ﬁa§9u oned

Wi t hi n t heinbigades adéhsi cﬁle&écoh&ﬁsgneﬁm ﬂtrsﬁéul@mhaﬁtoéﬁigﬁeﬁlstéa% of Wiy digner rotor 36
al so incl ud s at Ieasée one sec gnet 44. 1t shoul d be understood, that

i nst ead of?™ Frﬁﬁagg?tﬁb‘lt baé"rﬁﬂﬂ“ﬂ W’Fﬁ@’r‘fgﬁéaPW“’t“H’eOflﬁ‘a%ém&@ra‘ﬁ@eFSd%é!r rotor 36 a

plurality 0o bsQredamRetiRf 42nd 6Rbsd myagnaé &@adj&ek’t&@dne ammea‘a!na aavef&%kand second
44 magnets are adj acent to one anofher and pol arity

utilizi ng RPEGRetRY wéew&ala&"ersl*R@n%bkféﬁqgeetﬁf@ldcpra?law ta‘i’ ﬁ‘tsS/42 %“ﬁéecf“idr st 42 and

second 444TRGNEE fepélRRShnoRRE cfuamg hﬁnowe@wm% Eéﬂferck@wardsqﬁoq{méﬁasé o be
forced upvvards fromthe base magnetic force. Wen the head and base

assenbl i es?03y adpagnelts foree %‘fj‘dp%lﬁeé@i a“dtaq‘}%e asyeagHesi23@nd &} are sppratepdhragnet s 42,

44 pushes hiRehBRE of BE magxémevmpuérfepm RAGErofd? 36 aWS] fdn bdsb o ks 114 of t he
engagenment ring 110 to HMZ1 ‘gp%; he nmounti ng nmenber 144 of % base,
BFhpe? ¢

t hus provi @ BB tIRef the sngegem m%rtgi“%ﬁfhe NPE1E MEREST lf‘ﬁ%fth‘éad and base

assenbl i esyaa¢, qmggrob@,ngmmgg@dbgﬁget@gﬂdé@bgr 13 lowers the head assenbly 28
until the ug)éa rotor 34 contacts the | ower rotor 36. Upon further force
When the head and base assemblies are to be engaged, the actuator 13 lowers the

head assembly 28 until the upper rotor 34 contacts the lower rotor 36. Upon further force
from the actuator 13, the upper rotor 34 pushes down on the lower rotor 36 and against the
repulsion force created by the magnets 42, 44 until the head ring 33 seats on the base as
shown in FIG 7A at 33A. When the head ring 33 seats on the base, the contact between the
tabs 114 of the engagement ring 110 and the mounting member 144 is broken, and the lower
rotor 36 is free to spin with the upper rotor 34. With the head ring 33 and base 40 in the
positions shown in FIGS 5-7A, with the lower rotor free to spin with the upper rotor, the
repulsion force created by the magnets 42,44 maintains the contact between the upper and

lower rotors until the head assembly is raised for loading/unloading the processor.

[0082])  Turning to FIGS. 5-7 and 12-16, the base 40 includes an annular plenum 80 which
has several (e.g., four) drains 82. The drains 82 are pneumatically 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



fromthe actuator 13, the upper rotor 34 pushes down on the | ower rotor 36
and against the repulsion force created by the magnets 42, 44 until the
head ring 33 seats on the base as shown in FIG 7A at 33A. Wen the head
ring 33 seats on the base, the contact between the tabs 114 of the

engagenent wd h@sddQand the nounting nenber 144 is brok | ower
rotor 36 is fretaa to spin with the upp& rotor 34. Wth ?&gﬂﬁ%gi/ﬂg?%g 33 and

base 40 in the positions shown in Fl 5-7A, with the lower rotor free to
spin with the upper rotor, the repulsion force created by the magnets 42, 44

mai ntai ns t tact between the upper and. |ower rotors until the head
assenbly i sSﬂgvé?Sg%cf%fr%ﬁ’ cﬁ%ﬁ%ﬁ’ﬁéfcﬁﬁﬁug%g?‘nﬁccf’ éngbr LB LYPMINAHRS PIOTESF ni ng t 0

FI GS. I5(7 aﬂmtisifmmﬁniztdneﬂ_sbmsgg@& Tiiﬁﬁngwdqslaggaﬁmwmc, thé @?@mola,lqhms?h thgs _
several (e.g. r rains : rain re, pneunatica actuated via
a poppet ng e gﬁlc}gﬁxgeng?:9%‘%’}W3Fd])é’(§‘?° 3@3‘@% pi‘i"‘é\?‘r?gg’?j $“§°‘15?3’3§/P’<9&‘HS alf‘?srfoa fitting
connect or 8®w iotopnmlirghenus &p aidth@ugtathb 8rainog2.conduct i ng processing |i qui ds of
different t tQ,. raprij 2005/ 043593 PCTI 052004/ 034895
11 chown) 1UPBE, oPuRRRAR s3aGh S E0ERT A AL 16 e a7 0.

cont ani nat i dfping Extardogegsardfyl frindiss sufaddi First] theldwerAStoD BSincl6de W lukdkiny dfCS.  5- 7,
18A-C and 2%— Cff thg I r.rot q{rg 36 @agﬂ& skirt 48, which_ extends

downwar di y TRESTRHK P'ag}e%ﬁ‘g‘ﬁl‘i’ﬁf s adediva fedresess chader huthes to  fl ow

i nto annul avorkien aaninRla it @hnmh-orﬂm}sgsgimgg&%; 1;)(({:@5?%? glElgultiés al g; elro iringg to

FIGS. 5-7, 18A:C and 20A-C _the. | oner
ext endi ng L’%VQF&P@Z’IWB?W P‘t“ésél)”?‘fcé@ﬁg“ q8{l ceyter t}ieﬁ’@rlfpb‘iﬁé??f“df‘%’f‘yii%n? Yerudes a
plurality afe wakpind-20fif logicd mt&Be pMbaEcHaBeI0T KR AxRmeft pins s eadRd into the

process ch er 37,.th rkpj e 4 initially sits on the stand-off pins
50. The | owdt"f 6‘1’%&%&8{“\‘:\{%‘:‘7 ﬁg&og(ﬁ\gio“gr rqtr P dian thy sipd-aftipgARAL pins 52,
whi ch al i grpraestingeiit orkjitte 2WBokbieRg enisdfigred it theprsceds (HaB& 18N eRally, e Wor kpi ece

24 is | oaded into 3{he Ec{?omjss chanber 37. The alignnent pins 52 extend
farther anad™ R 16dRelusr pticast opgpng preferably apkusplity of eagsmentping S¢hdhest and- of f

pi ns 50 do,engdde@yPink _sgpﬁembquramgee@e%éeﬁcrt@ramﬁée_rwumngadidhmpérmotshe
process cha3mer i nal | the |ower rotor_ 36 includes at | east one, and

16, y ,
pref er abl y 4 # %1PAined Belqyp) a@%j‘hﬁ‘éﬁé’rﬁas‘ﬁf PrO-gng Seriqaneddipgngempissipens 54
preferably xhawan@oaeabamkmc@mdctwhmh@E&eotsmpl ing with the upper rotor 34
(as expl ai ned bel gw) .and_an_annul ar. gasket or O-ring 56 formed froma
conpr essi bl 8984t dumite 1 51GS ez &74:Crand k745 Cethe Brpeaiotor if insludese Rlispldy ofr ot or  34.

100841 Tur reung-offpirs!i EPandounterdubbbresuis] hiip Gperdtd®, MBPEK sHoMh Y FId4. s-.nCl udes a
plurality of stand-off pins 120 and countersunk bores 46. During operation,
and best ~ sHBWKOLKRICGE 2Agnot 5}_107&:11) 1s contained between the stand-off pins 120 of the upper rotor

34 and the stand-off pins 50 of the lower rotor 36. Workpiece process chamber 37 is formed
between the inner surface 148 of the upper rotor 34 and an inner surface 150 of the lower
rotor 36. The stand-off pins 50, 120 do not clamp the workpiece 24 between them, but
instead contain the workpiece within a desired clearance, allowing the workpiece 24 to
slightly “clock,” i.e., float within the desired clearance, during processing. This prevents the
workpiece 24 from being pinched and accidentally damaged and allows a greater surface area
of the workpiece 24 to be treated. In a preferred embodiment, there is a 0.02 inch clearance
between stand-off pins 50, 120, which permits the workpiece 24 to be “clocked” during
processing. This arrangement allows substantially the entire surface of the workpiece 24 to
be treated, even the surface area which would otherwise be covered by the stand-off pins 50,
120.

[0085) Referring specifically to FIG. S, 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



t he wor kpi ece 24 (not shown) is contained between the stand-off pins 120 of
the upper rotor 34 and the stand-off pins 50 of the | ower rotor 36.

Wor kpi ece process chanber 37 is formed between the inner surface 148 of the
upper rotor 34 and an inner surface 150 of the lower rotor 36. The

st and- of f WwDn80s&A@359120 do not cl anp the workpi ece 24 betowesrodsheasys but
instead contain the workpiece within,;a desired clearance, allow ng the

wor kpi ece 24 to slightly "clock,” i.e., float within the desired clearance,
during processing. This prevents the workpiece 24 from being pinched and

acci dent al biirfigHReas:s MthAldif v, 37 lﬁﬂre%pe%huér@@erﬁga%ﬁulapzoxﬁﬁﬁsﬁéﬁrkpi ece 24

to be treated. "In a preferred enbodi nent ereis a ear ance
bet ween st gaskit of ©-risg 1§ em@nces poitachbrtwdsn hepper sotartid anbthi fiwscota2 46 ewi be

ol ocked” gt iRl WAL AARAPIN, AboUS Substantially the

entire surface of iece treate even the surface area
whi ch woul ﬂ)O&i]her%éethbeem@i/mnédurwntoﬁéegpmnw@ﬁﬂoxmraérc&@s isad 20. 100851

Referrin Gl I . . e | owner
ot or 6. Ifel sERe o pOif confiyaih ) S BRRhaREL e SSETHBAEROREP | OV

cor r espondfamiedonbindlie proggss\airmieEd 36. 028 88@pRCIIASSP04 /208 4896 shaw thel ural ity of
bores 46 i I r r,

conpr essi E)ﬁ‘;ebgy\%adsn Eé‘fweg? 6 ézoﬁ;% lrlltzght2 ]ngﬁhbgﬁsggosr reg%ogl nég’ﬁwg;g{]vxeen Fihg upper rotor
34 and t hemlamiérfronm wafer36rfamadIn this pefeasd embddiment, n}mnotqunﬁgxeatlomwn t he process
chanber  LOsitorllo 8 Gend §RELM blofigt PR ES f PRMGIUSRIE 90,0 Lo, upPer 34

and | owner rotors=rs as ecific con Urati on may
vary depenuppagrotm 34 ecghemied @dprpvidaiosith rowhésel 60 meallpweadace&stﬂuldn td rhere process
chanber 16 fredrOLyi& rrgcesScham 34717A-C and 18A-C show the upper 34 and | ower
36 rotors uf Yide €s§ for renovi ng polynmer or a masking materi al
froma waf mOS’Huero:\eeveﬂ nnualmbsppfeef:émreemlogmbgmwgmmns té the rat@t or confi gurati ons

ﬁg\r/]vfe\?re?] t ?ﬁgn?lgurggor}l? Eigslg?begsgove (grl a%q“f nn]\t)/rlg%%s FoF Ox\é\ret;\}lplc?'a%e %@(?r\(](\:@rhfl%ﬁu I EI ncs;S 16 37?60
al | ow pr océs s pfocess d@mhmlyr’moam afs r‘laelks;deebxvel ettH’l’arq):hsnmeaﬁin @r@sm% (B%d [ 0087]
However, | efertr ht. variation t rotor
confi gurat ?% 5’25‘3?‘% ch( ?GVF e}f df’ﬁp feesgenper'bl?a(])(s:()el‘éuson%%% yéj>r<°ar'r% t he
rotor conf addyigprodde to fctoh o sgich vt smo Mol gtoktdemeraﬁrofhbhadiasksdie bevel etch”

o o0 ot et 15, B R 0 SR SR s 8 pil00 Pl
etch, or s Bdcksidd ane lbyvel erebeing supplied|withrtheackeroieal lsalytions the mpmde héthbaafesisde
being supplied with an inert gas or deionized water rinse, or an alternate processing solution.
After etching, the etched side and preferably both sides of the wafer are supplied with
deionized water rinse, spun to remove fluids, and dried with heated nitrogen. A detailed
explanation of semiconductor etching processes, including the “backside bevel etch” process
is disclosed in U.S. Patent No. 6,632,292, assigned to the assignee of the present invention,
and incorporated herein by reference.
[0088] In a preferred embodiment, the upper rotor 34 utilized for a “backside bevel etch”
process is disclosed in FIGS. 19A-C. The upper rotor 34 includes a process fluid passageway
108 that communicates with an annulus 146 formed in the inner surface 148 of the upper
rotor 34. Tuming to FIGS. 20A-C, the lower rotor 36 preferred for use in the “backside bevel
etch” process includes a sealing member 118 that runs circumferentially around the outer
perimeter of the lower rotor 36. Preferably, the sealing member 118 is formed from a
compressible material. When the upper 34 and lower 36 rotors are engaged, the sealing

member 118 deforms and creates a contact face seal between the rotors. The contact face



and/ or peripheral edge, i.e., the bevel edge, of the wafer. During this
process, while the backside and bevel are being supplied with the chem cal
solution, the top side of the wafer is being supplied with an inert gas or
dei oni zed water rinse, or an alternate processing solution. After etching,
t he et ched v tes/ausshspr ef erably both sides of the wafer arce/uvswopbised with

dei oni zed water rinse, spun to renovesfluids, and dried with heated
nitrogen. A detailed explanation of sem conductor etching processes,

i ncluding the "backsi de bevel etch" process is disclosed in U S. Patent No.

6, 632, 292, sasBingNeRdmpRidB8. a8siIORE with tﬂefeemwt%%@&ta] BAEN L ng%mde@{ad
|ncorporate h retn %’ reference. [0088] In a preférred odi nent, the
8

upper rot oP%% rl‘i‘t“l"lglo Progess ghambeic3s iTHe Mpgngq force ilgm magness 42 94 keepdiiescl osed i n

FI GS. 19A- GweF RfforBBRRT uppttiofor $erighieh Helas nBEQEAT? ihdetiufin way 108
t hat communi cat es V\nthpr'gn anFluI usggg%% oeFmé;1 in % |ennergolggré aceée 148 of the

upper  rot dquringthe Thacksids peyed eteh’ mmocesspthe @ldlf W@Cqsbﬂﬁﬁ appbiedto thobapksafeaf r ed f or
use in the elagdeSirde 2RENEhe pﬁ{pﬁé};/ oplge%:l%ﬁée df %lv}ﬁ@e@%n@ ]gx%gﬁlloh pgthgﬂt%g?%% 118 that

runs ci rcumc erentially around the outer ~perineter o ower or 36.
Pref er abl y of ta&28e g %ﬁs%‘r‘?ﬁé“r‘dm{@cqséﬂ‘ﬂ@)ﬁrf@fdeqlrl@rﬁh%ndeé@me@inahfmat erial .

When the URpRRF sudteeanslof BMESpeBiok 94 B fe %ﬁgmgﬁg@gphe& aqhéﬁgklhé;ﬁfmémnbef 118

deforns and creates a contact face seal betwee he rotor contact face
WO 2005/ 04353 apEis|venrtedonu thoagh 4w propess fluid|passageyay 108 in Sepbesreoterddl . That i s,

even with t[(hm]COmr@r%%ft@ﬂ%sS?@lc anb G&dfSwn ﬁmGP’f@‘ﬁkeOl{%Qd Lty 3236}114[119&@/&9%' ning. of

t he process chanber netic force from’magnets
| ower r ot ofinBE2ARd vAstsal cyligdrine %@@ﬁ@ﬁg@@? léﬁd“ﬂheﬂ?@d)mde@@&embb'eﬂi‘ andh pI ace

during pr OCBQS%%Es'eﬂbly 35)ahre cﬂ)g d BE ve g%fngxscapﬁﬁﬁ%elﬁ%& ce Pé40aﬁ:1§§ssthelg gg aci di c

process fluid applied to t é back5| 0 W aps -aroun
peri phery &ngBaveh thefgse 46and tiyp 16%eets Olblihcoma?fp'@r’oasedﬁtQﬁnsmrheropup Si de of the

waf er. As "%‘thén‘?r%mﬁewe%ﬁ'ﬁ:e?gﬁeqﬁﬁigrlg&?cﬁﬁﬁrJt«Lr&" dis forced into the annulus 146

formed in thée 1nner sur e upper rotor 34 by the inert gas
bei ng appl (@90} o TheimprgyediiriBov fnd precess\faidadrainagndspess ofdhd meav wafer t hr ough t he

process fl éircﬂesgﬁ"x %levmgseggg ";fﬂGEhﬁzpﬁmr Wrbgtdggué%ﬁ [0089] Turning to FIGS

21 A-C, an assovvnl ring includes a rim 162 and a
vertical cy0U9Hri Eudt, the hegd assernbly &8 hﬁ@@l&tﬁwﬂe ofNtie flow hessdgewalysadibrdiiwy 28 and

base asse - [ Sirface 164
aligns t hgq h}\é gglﬁoﬁg&%%%%ﬁlwgﬁﬁgY@égﬂgﬁ agsx{?bl?%l ]i é“t ?Hé&s g lﬁ%%ta? ﬁg rim of
t he base 40f thg prenesei clampenife As shdvrgn FEh 16, dncnme el 36 hﬁa)oappmd iiBthe hend 2P ower 36

rotors. S%Qtelc;cbﬁle R gyeﬂ'leaahﬁuhfls I%Ww%ggnegt%&) E)ea%sélr a p1ra or &oﬁshQ%ew lPeCt s of

t he new wa
sucks gaseous vapors or particles from the motor 38 out of the head 29. An aspirator tube

(not shown) exits the head 29 via a service conduit attached to support 130. The negative
pressure created by the aspirator 132 also acts to remove any gaseous vapors or fumes that
may come from other air passageways in the head assembly 28 or the base 40.

[0092] Second, tuming to FIGS. 5-7 and 21A-C, a plurality of vents holes 60 are formed
in the head ring 33. As specifically shown in FIGS. 21A-C, the vent holes 60 draw air from
the mini-environment within enclosure 15 through air channels 124 into an inner volume or
air gap 134 formed by the slanting outer surface of the upper rotor 34 and the head ring 33.
The inner air gap 134 communicates with a channel 137 that wraps around the periphery of
both the upper rotor 34 and the lower rotor 36, and continues down into the annular drain
cavity 80 formed in the recess of the base 40. Eventually, process fluid vapors are vented out

through the exhaust ports 82 formed in the annular drain cavity 80.



processing systemillustrated in FIGS. 1-21 will now be discussed. J00911
First, the head assenbly 28 has a nmultitude of air flow passageways which
draw anbient air fromthe fab environnent into the head assenbly 28 and out
t hrough the base 40 of the process chanber 16. As shown in FIG 6, an

annul us 13%0i2805Ma39s i oned in the head 29 just bel ow t hecTnos2004/03895 The
annulus 136 is connected to an air aspirator (not shown), which sucks
gaseous vapors or particles fromthe notor 38 out of the head 29. An
aspirator tube (not shown) exits the head 29 via a service conduit attached
to support ohgf].- THErd"GE 'céé?chaﬂfb@xsl%lbrfﬁleﬁéag&rt ﬁQerJ?an ¥sQf‘so%§s§) #oQbrieh 2 al so
acts to renove any gaseous vapors or may come rom ot air
passagewaySih¢rent pregsuppdagld ap expeti¢ngedly camyingeut opasationin ajceePjro@eond, t urni ng
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vent ed out FIG h‘i)oﬂ"gmlrtghewea FEu St whentheshe@Dasfenbire2$ i hvwehé apchenghges ther ai n cavity
1310, BRSO T 12T
build up e%p&he@mmw pleyums 36 mythcnigzad)nng ﬁplenmtsnhrrwenmgsaﬂoﬂl ths eppeprimc@ss chanber

16. Referrln 12-14 Iurall 0 71 are.formed in the
upper rim 7‘%‘/6 ?Dlotw%y grocelff)ﬂu u"" eraﬁ'é {?T'P% rPé%cte dﬁf(%afaexhaust
channel s 1Hl2d 6f6byrﬂadnegatmc prepsmge in tpommncmxﬁnetsasa Ag)un Auqopxmsqrat}t:he | i ke (not
shown) is caonne he e t .chapnel s 14 east . one, and

pref er abl y" T \o rese"?ed% gﬁsg?&]mes $2§ é?ceoé({] g??'g“nwa ged cssu ea‘f)u'lgsugtﬁ“rtg and a path
for EXhaUSDMC‘ﬁgS@ﬁmbG§§ m‘mmlmizeddumgjgmamhe channel s 142 (represented by the

dashed 1 nﬁlﬁ9a I~Fougt;h a1r1 mtrocg d@%&t?yol otl?e vslforlf%aercgsfomsc aﬂ?eﬁ‘g’ q] assenbl y 28

is | owered engage’s an annu 78U in the head
ring 33 covenimgd 1heheuppcbzrssembhy ZBandfthetbae aksembly 300 Turhing t@fl@Ssl d2-16/tenum 70 in

the head rj 33 1ts.th t 73,1
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are bled m;f\ﬁardjyfrbxhehenﬁgﬂta \mn@ﬁlqsmulpmctsmng ﬂﬁdmﬂahwthqohlamedﬁgasd& Agai n,
this pr Oce?s gqéhwagorbﬂq llqa%E%;ex?r ¥ocess ?lul?ﬁp;l)lfcgtgrs 62I nr1] the base assem Cc38r dingly,

unwanted p
includes a back-side vent aperture 64 In a preferred embodiment, process fluid applicator 62

includes a plurality of back-side vent apertures 64. The back-side vent apertures 64
communicate via air channel 66 with snorkel 68. The snorkel 68 is open to the mini-
environment inside the enclosure 15, allowing air to be delivered directly to the backside of
the workpiece. Turmning to the head assembly 28 and FIGS. 3-7, an air inlet 140 is formed in
a central portion of the assembly 28. One end of the air inlet 140 is open to the mini-
environment and one end opens into the workpiece process chamber through opening 106 in
the upper rotor 34. Accordingly, air is drawn from the mini-environment into the workpiece
process chamber to provide air directly to the top and backsides of the workpiece.

{0095] During operation, process fluids are applied to the top and backsides of the
workpiece. The process fluid applicators of the present invention will now be discussed in
more detail. Both the head assembly 28 and the base assembly 30 include process fluid
applicators. Referring to FIG. 13, the base assembly 30 has a process fluid applicator 62 in



process chanber 37 is mnimzed during operation. [0094] Fourth, air is
introduced directly into the workpi ece process chanber through openings in
t he head assenbly 28 and the base assenbly 30. Turning to FIGS. 12-16, the
base assenbly 30 includes a centrally positioned process fluid applicator 62
t hat extendso2wpsmeasgd y from the base 40. General ly, the gg1asR6e&Elgod | ui ds
may be a liquid, vapor or gas or ac yblnatlon of 1iquid/vapor/gas. The
process fluid applicator 62 in the base assenbly 30 includes a back-side
vent aperture 64. In a preferred enbodi ment, process fluid applicator 62

includes a (Rlyatdo tiye %pllpﬁwqhﬁﬁley %H&P&Z%H)r g&]ﬁlg BEE%[ hacknsi de vent

apertures 64 communicate via air anne Océsg Lf‘he snor kel 68
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as not to interfere with rotation of the upper rotor 34, which is coupled to motor 38.

{0097] Operation of the new wafer processing system illustrated in FIGS. 1-21 will now

be explained. With the process head assembly in an open position, robot 26 loads a

workpiece 24 into the process chamber 37 where it sits on stand-off pins 50 extending from

the lower rotor 36. Actuator 13 begins to lower the head assembly 28 until it engages base

assembly 30. Axial centering extension 122 of the head ring 33 contacts the chamber

assembly first, ensuring that head assembly 28 and the base assembly 30 are axially aligned.

The head assembly 28 continues to move downward, until the upper rotor 34 makes contact

with the lower rotor 36. Eventually, the force applied to the lower rotor 36 (from the actuator

13 via upper rotor 34) will overcome the magnetic repulsion force between the magnets 42 in

the base bowl 40 and the magnets 44 in the lower rotor 36, relieving engagement ring 110 (of

the lower rotor 36) from the slotted mounting member 144 (of the base 40). Engagement

pins 54 of the lower rotor 36 are inserted into the corresponding bores 46 in the upper rotor



al so includes a process fluid applicator 32. The applicator 32 has a nozzle
35 for directing streans of processing fluids through inlets 92, 94 and out
into the workpi ece process chanber through openings 100 in the head 29 and
106 in the upper rotor 34, respectively. The processing fluids provided

t hr ough nownlwosaB3med inlets 92, 94 may be the sane or it is0ewus4sof| ui ds.
Exanpl es of such processing fluids ipglude air nitrogen, isopropylal cohol,
dei oni zed water, hydrogen peroxide, ST-250 (a post-ash residue renover
solution), an etchant (e.g., hydrofluoric acid, sulfuric acid), or any
combi nati ofy thes8ef ' : : n jally
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[0099]  After processing is complete, the actuator 13 lifts the head assembly 28 away from

the base assembly 30 by actuating a motor. In the system 10 shown in FIG. 2, the robot 26

moves along the track 23 and uses end-effector 31 to remove the workpiece 24 from the open

process chamber 16. The robot 26 then travels along the linear track 23 for further

processing of the workpiece 24, or to perform a transport operation at the input/output station

19.

[0100] While the present invention has been described in terms of concurrently providing

different process fluids to the device and bottom sides of the workpiece, multiple sequential

processes of a single workpiece can also be performed using two or more processing fluids

sequentially provided through a single inlet. For example, a processing fluid, such as a

process acid, may be supplied by the lower process fluid applicator 62 to the lower process

chamber 104 for processing the lower surface of the workpiece 24, while an inert fluid, such

as nitrogen gas, may be provided to the upper process chamber 102. As such, the process



upper rotor 34 or the |lower rotor 36. Because the rotors 34, 36 are engaged,
the workpiece 24 is spun while process fluids are applied to the top and
backsi des of the workpiece 24. Liquids flow outwardly over the workpiece 24
via centrifugal force. This coats the workpiece 24 with a relatively thin

| i quid | ayevo 200be43593ght t ol erance between the upper andpdrawesososiséy s 34, 36
and the workpiece 24 helps to providelﬁ controlled and uniformliquid flow.
Gases, if used, can purge or confine vapors of the |iquids, or provide

chemi cal treatnment of the workpiece 24 as well. The spinning novenent of
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chamber 104frdnpthe putsideenyirpgmanh eAn enper rotou i f6aiu ehedifadt 152 isvnpdgpatdeeitiRdlownhi | € an
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FI GS. 22- 24hetwdgrp dangs 178 biithe vpperadtonidtané the dovizo ditere A8, to fontrhiefluidfi@r in
processi ng @%S&&%ﬁ?ﬁpr ding to the present invention. The system conprises a
1 W

processor a head 153 and a base 163. The base 163 is preferably
attached t ol0102hne Reddrimgwtill doESS. 20624, afivseor uppe flnakagplica®r 1 57 delipgpoa t ed on an
act uat or arpmoc]égs}ngvﬁhiicf: ttﬂroluig}]: gnsop%rﬂgg an}\{e\eurp%ertr&gr 156, preferably to a central region of '

the upper surface of the workpiece 160. A second or lower fluid applicator 159 in the lower

frame ring 168 delivers a processing fluid through an opening 190 in the lower rotor 158,

preferably to a central region of the lower surface of the workpiece 160 and/or to an edge

region of the workpiece 160, as described below. The first and second fluid applicators 157,

159 may include nozzles, orifices, brushes, pads or other equivalents for applying or

delivering processing fluid to the workpiece.

[0103] One or more drain outlets 180 are preferably located at or near the perimeter or

outer edge of the upper rotor 156 for removing processing fluids from the processing

chamber 165. Additionally, one or more horizontal weep holes 181 extend through the flange

178. In a preferred embodiment, for example FIGS. 28-29, three spaced apart horizontally

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.



entire head 153, to engage and separate the head 153 and the base 163. The
head 153 includes an upper franme ring 166 that is engageable with a | ower
frame ring 168 on the base. A cover 152 over the upper frane ring 166
isolates the interior conmponents of the head 153 fromthe outside

envi ronmerwo 2803/0ag39er rotor 156 in the head 153 i s engagaaieusmwsishs a | ower
rotor 158 in the base 163 to forma pyocessing chanber 165 around a

wor kpi ece 160. When the head 153 is noved into engagenent or contact with
t he base 163, the upper rotor 156 noves into engagenent with the | ower
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bel ow. Th i d flui Li 157 59. i ncl ud | es,
ori 11 ces. BRIRELISAREGE pbote AR e h P by oL S VD B PRI g
processi ng56. Thedixted 84 isessupymirtkoretearings 042063 Jallén evtadion bhthe€axle B4Nthotbloet s 180 are

o or 156 7t Rl gl B Bt WGP Rl R Feflon@ oibede®ng. canber - Les.
Addi t i onall0305] on&umingto FEGH 05-2, olretupberwatarl 5B drlckdeslalurality endgbvinhamugh t he
[ ange R R RSB B PSS e B 1 o
di anet er chd dleutigindit fiBs 209 a8 Hférablp ideatsd dileastadiallParomndtagefipeBaff nm) f or
O 10 S5O  e  BRRE S I R S B RS, BP0
As shown iworkplide5] 6@&hennht W@kpiece 160 Bipositivhed i thep@odessany chodbepr Bleer abl y i ncl udes
NI R RN EEE
from the upipakis anslorlthvxie f84AARa Fesilg) the all@fmentliiis 200 bentdrtHeOvorkpete 160 iat €s t he
oS 11 bned AT EEn P P BB ettty IMGPNGR S ot or 156
is engagadswith the [ower rotor 158, the two rotors 156, 158 rotate
together. [Em)%] fi r’[%%nirfgl tg %H}S 30-34, a pair of spaced apart shoulders 192 are positioned at the

outer edges of the lower rotor 158. The shoulder 192 includes pin receiving surfaces, such as

a groove or slot 194, or in the form of individual holes, for receiving the tapered leading end

of an alignment pin 200. The slot 194 is preferably tapered to correspond to the tapered

leading end of the alignment pin 200.

[0107] Each shoulder 192 on the lower rotor 158 preferably includes upwardly projecting

lower workpiece support pins 196 for supporting the workpiece 160 and for spacing the

workpiece 160 from the interior face or surface 195 of the lower rotor 158. The shoulders

192 are preferably spaced apart to provide a loading/unloading slot 198 between them, for

receiving an end effector or other workpiece loading device. Accordingly, an end effector

supporting a workpiece 160 may enter the lower rotor 158 through the slot 198 between the

shoulders 192, and then set the workpiece 160 onto the lower support pins 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.



applicator 157 is supported on the notor housing 155 and does not rotate
with the upper rotor 156. The axle 184 is supported on bearings 262 to
allow rotation of the axle 184, the notor plate 164, and the upper and

| ower rotors 156, 158 about a vertical spin axis 175. ]0105] Turning to

FI GS. 25-29yotudvs/owgsper rotor 156 includes a plurality ofpcdayavaiosisys
projecting alignnent pins 200. Each blgnnent pin 200 preferably includes a
tapered | eading end. The alignnment pi‘ns 200 are preferably | ocated at | east
partially around a periphery of the upper rotor 156 and are positioned so

t hat each s the kpi ece 160 when the
wor kpi ece %dgovm%ﬁe rsur %03 lgﬂ {tﬁ%]towrcf@@éeﬂﬁzo"@ﬁé%é?o t%ﬁorkﬁF‘iegj’hrrent pi ns
ar e | ocat edvafar 149 i§ thgﬂafordspaeﬂs/bmbﬂly ap@t fdnithe Q2061197 tgrlergclf@mppm@@rmgl c wth
the spin %¥| 17 QL t he nnent pins 200

center the wor kP AR PEG %}(echﬁ%tBtBerr(?@Oié%‘?‘ﬁvﬁ “&H“adﬁb'éf: ng‘ple R forf93ding8t kpi ece
160 is accunlaadeigyhmmrkmactermto thei prdtedstie Iﬁ@inﬂas@,)ﬁk showh TOFId. 94,0%] spddiighi g t o

FI GS. 30-3 pace ers 192 are positioned at the

out er edgeé(i't‘(ﬁ’i?enlqtril 01"8\/@19 st $ce§§%&l(§-[}§) PREFORYS MUk legiaBBICHIH 1 ecei vi ng
surfaces, @uikdr 4asm (Whegrtisoptecessor 8 kpted bD#h, ther’rodeEl; ﬁobhﬁofﬁ)o a6 sHoRdiivkidual hol es,
for recei VBP hth tggerfetg | eadi ng end,. of an gnnment pin _200. The sl ot 194
is prefera 3 etsé{ﬁ‘%cf PINE GPFEIQISD A 2rstishtly soric éfaeafed pestion 293 AR t he
alignment ph mghQF2-8dd dGEdegieach shoul der 192 on the | ower rotor 158

pr ef er abl y oj ectin wor kpi ece su rt pins 196

for supporll ﬂ@l Ud ngqlgg&ii 816 URRr Tt rlsg \Agatlié"f‘ﬂ‘édes%’i‘fk‘ﬁ?‘ﬁge 160 fromthe

interior f@fbﬁbc@ﬁg Lﬁ)pérfvaﬁﬁlébg&ﬁpf)rt bine210eEHoldinRl R wdrkBiece 86 agdtRtihRMer 192 are
preferably rJ‘g’aced Jﬁi‘eéli’ﬂfpr ovi de a | oadi ngl unl oadi ng sl ot 198 between

them for QEP PPULRIBT2 IBPred’fﬁgi’bW\B‘?sPé}:?i“ e comacdthayPrsevi ce.

Accor di ngl yurfaa@ofeﬁﬁjw@rfqﬁl%tlﬁo at ls¢mmrat le&¥92,3, MBI df Binfif AudibfBQinRMIeRIngr the | ower
rotor 158 throu%h the slot 198 between t t he shoul ders 192, and then set the

wor kpi ece 165 YCG”FF?éO‘i e&&%?ftlé%?ﬁb‘lﬁ?‘?cedPQISBH@’G‘“"W%H‘CPH@T SUPPRREBIESH0 150 is in

the open pasledsi PAm iAFromha\Wotet {bmﬁe@of tRPworBflecdngo, %upb&%uﬁoﬂ%ml%ﬁ) /0 the
shoul ders ioc?t upport t he. workpi ece or wafer 160 in a pl ane P (shown in

dotted lin Pitvigde afdensmanoting day ptTiiygs odee porsasos of thy watkpiesmide t he upper

surface 19%s @kcribB@bdiOWEThus Aot of rEfidual @mr(eguwp?&%la%g)tdﬂﬁﬁ%?;é&m £Gk or wafer
160 is therefore ;rﬁaced vertically apart fromthe surface e.g., from

2-10 or 4- GPPERPAPPEFRPIES RS|tighed closer t%H’GP@?Weé%PBWC&‘PY‘@Wée peshiherefor 1ﬁﬂ\?e in under
the wor kpi @gRaryfRid gahaste Bghiddd. unI oadi ng the wor kpi ece into the processor.

In contrast, as shown in FIG t he s
[0109] In addition, as shown in FIGS 24-2 the sha or axle 184 of the motor 154

connects directly to the motor plate 164 on the upper rotor assembly, via a shaft plate 173,
Consequently, as there is a more direct connection between the shaft 184, which defines the
spin axis, and the pins 200, which position the workpiece. In contrast to earlier designs, spin
concentricity is improved (to about & 0.5 mm). In other designs where the workpiece is
positioned by pins or other features on the lower rotor, the accumulation of dimensional
tolerances can result in significant eccentricity (e.g. + .9 mm) between the spin axis and the
workpiece.

[0110] As shown in FIG. 24, the upper rotor 156 has a liner or chamber plate 177
preferably made of a corrosion resistant material, such as Teflon® (fluorine resins). The
chamber plate is attached to the motor plate 164. The motor plate 164 and other 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



between the I ower interior surface 201 (FIG 28) of the upper rotor is nuch
| ess, typically 1, 2, 3 or 4 nm (when the processor is closed or in the
process position). As also shown in FIG 28, the surface 201 of the upper
rotor has a slightly conically tapered section 203, running at an angle of
2-8 or 4-6vdegseesss [0108] Referring to FIG 34, the uprarusxis0isdS6
preferably includes downwardly projgcting upper workpiece support pins 210
for holding the workpiece 160 against the |ower support pins 196. The upper
support pins 210 are preferably positioned to contact the upper surface of
the wor kpiggeeorhfidats Ahoa@aéasonédﬂ{ b& 700 ar B ly 1 nwardly
from the gout(()arﬁlplerl lrlneter 1or pr ?gﬁ%e '?Q"lésp. gc?ge S%G“égd B@dé)%géf?ﬂ i oning the
upper suppéta 16fjapdpass)through the ewlmﬁWnTWl@%W&mhmmSeQOOp@rqvnéy er of the

wor kpi ece sﬂa@&laptalt?@n H@Qﬁﬁer?&ﬂ&PﬂﬁB@'nﬂﬁe&%&sEﬁ?ma} £d outside of the
primary fluid flow path during edge proces e wor kpi ece 160, as
descri bed [Hdlbw. Rfrﬁqm@g tasiHE8522035, p@@]lﬂlﬂl&ﬂl@ﬁdﬂﬁéh*ﬁ(@Vg 152 Gmmzréiousmhgitl ng) that
may resul tsf.n the erinmeter of
the wor kpi Secrr 1APIELs SURBOE o ind SoREihd e S aBEL 1 fade Mo BER o0 [ 0209)
| n addi t i oetate fadthasigbwhey ican 1 @/ertzdll)aﬂhets}heﬂ e;t‘rmfetISG)(w}aeh ie cdiRdctaftobhe not or 154
connects ¢ t senbly, via a
shaft pl at$errn§%4 Xft%%"r]lgstgles}lg@t aﬁBia% 1? %é}? Ae}or%?atet mnﬁ'ﬁj% gtf)e t@an %?ﬁ‘e@‘? i on between
t he shaft skig476 mttmluuelblatné%? Blhe)tatstpga’nheawhs] thamdtot hﬁé 1ptum§:d2ﬁ10 whi ch

position rkpl concentricity
is i rrprovi@q%]\[ﬂg gﬁ%ﬁﬁﬁ}e bbglg%?h%erlg%{ %ﬁh%% é%ggpraﬁl?%\?ﬁve?\ig 2tﬁﬁe wor kpi ece is
posi t i onedcthatoni0ffluird applidatar of matlel &5 are prefdnably ﬁmdrm plmcteoan,d dbhet raeeunul at i on of
di mensi on A i tr| itvw (e.g. .9 nmm
bet ween tﬁlge !sonylgln[%g)gl §8€1§Clggﬁ%ﬁlg§£{ ﬁgbcgm% lwl[l%cffg']gtlkg hoﬁnﬁa ac}‘%l G 24, the
upper rot @ommﬁlﬁnthd@wa in FIﬁ§r3(b32 ohaeeh thplasveerofior, Avhep theflevaldtyr irade. of a
corrosion eIr]eas‘ledswf'ﬁ]n te%r sgr(%(l)} as Teflon(r) (fluorine resins). The
chanmber pl°at"E%q ¥ at fl ché c}’y SYRE "W8% or plate 164. The motor plate 164 and
ot her conmp@riadnt s TumingthBIGSe3thnd 38, aalamuﬂayppemmlglzyo mtaazidedmcdm the stainl ess
steel. The | t caIIy be
made of a ca(I)"rr05|mmg(r?heest}r§['§] é"dtapV\p “éé’HSé’r aso“fe“pafgﬂulldca haé’lficq??ﬁ af’%ﬁ on(r). This
al | ows t hdeaging cetbs finst fhbdapipticaetl & rPutgeas such@s No gdspis suppliskftbnbyn inleghl y

ti 200 /043 93 PCT 04/0 4895, h
Lo bl [0 e SERBCSHEITE 405 10 A ppening 22 ARREEA T s IR B it e

164 and paswedsig Ll?u;fmext By delivering s pyrg@gas intd the prbygssiag@tiaynben vidthe minokr 200 ar e
evenly opening 220, extremely uniform delivery of the purge gas into the processing chamber is
achieved, providing more uniform and consistent processing.

[0114] With reference to FIGS. 1-2 and 22-36, in use, a pod, cassette, carrier or container
21 is moved onto the input/output station 19. If the container is sealed, such as a FOUP or
FOSBY container, the container door is removed, via robotic actuators in the system 10. A
robot 26 then removes a workpiece 160 from the container 21, places the workpiece 160 into
a processor 150, and sets the workpiece 160 onto the lower support pins 196 of the lower
rotor 158. To place the workpiece 160 onto the lower support pins 196, the robot 26 moves
an end effector 31, or similar device supporting the workpiece 160, through the
loading/unloading slot 198 in the lower rotor 158, and lowers the workpiece 160 onto the
lower support pins 196. The robot 26 then withdraws the end effector 31 from the processor
150. While the processor 150 could alternatively be provided as a stand alone manually
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.



spaced apart on the upper rotor, although nore or |ess pins may be used.
[01111 Referring to FIGS. 22-25, on or in the head 153, the cover 152; notor
housi ng 155; notor 154, fluid applicator 157 and upper frame ring 166, are
fixed in place and do not rotate (although they can lift up vertically).
The shaft &vO 205/@43i84 (which is connected to or forns parwszi4/bdassnot or
shaft); shaft plate 173; notor plate 464 including the flange 178, the

skirt 176 and the liner plate 177, all rotate together when the notor 154 is
turned on. [01121 In or on the base 163, the lower frame ring 168; drain
208; val Ve | 8 Cap 4 zzl.e are
preferably éfl x}ed in uﬁgﬁ:ag'ﬂtl&yer ?Og%s }1{)6' F:irsga{%ﬁ{gl }Brg'%'g{ofg%ﬁ/\%w (0] em%gtS i ncl udi ng
the seal 17%ath ce@rmhq,'pzeferpldy bhlomenp thekead hep @Nmentoa‘vrtt@cwwthe(bmp@hents shown
in FIGS. 303 odefisathSuplet drck 156 ik RMRFeq [ s
engaged wit Q‘h a%& Cdr| velrllwlgy t% %l per eggg%l?{owa}(l)mﬁ&fk?'ﬁfr?%\% Tﬁ]g&?‘[égd 35 and
36, an annuddading epsisiof thg amenswpﬁ?@()pméﬁ umeomwlﬁﬁ@ovmmthmpbrefdmpmmag t he
first flui BPlols G0 o whPr L [ V. th 161

| eadi ng toq’tr ﬂ 1? i rst ¥0 Fémr%% %a‘ltg?& @E}&l@gr B Ohwlghéé&c‘#{br l%ﬁ&a%

suppl i ed f rfom tiapropdseng ch@mmerulﬁﬁ erovrtdghawerkpiege lébeﬁlengleﬁ@e othhetaaﬂndJI ar

openi ng 22Q,6xh 6RgS, Zlgggmeﬂtgb% %]OWp?etferﬁbn}; ntaB heRBACHNR IR TR corltt .
delivering'a purge g processing ¢ nul"ar~ openi ng
220, extren’m\yorlsmcdedﬁ@n»/dmhﬂhmqpescﬁlgtchﬂe\bpurﬁgselrgsal@, uhmvorkphee l@ﬂaﬂcesm ng chamber

I's achi ev%@m&@%@%n%krggcaﬂggvgtgﬂg vgr?l&ms ng § Pﬂs&f g'fe%%cesg{ %ﬁa%r?ﬂetn gl'hlJ 01141 Wth

ref erence cas se e, carrier
cont ai ner h2lps tospromideauhifomm @dteﬁ'slqnhmmeﬁm wtlcuilﬁrlatt‘:dgtmrclc@ssmlgfoftﬂhee cont a| ner is
seal ed, sug‘ho g P or FOSBY container, the container door is renopved,

Vi a robotlc a tuators in the system 10. A robot 26 then renoves a workpi ece
160 fromt H@llébntéﬁ’hverthezmperpbtacléé ig lhwergmiopngagemé8 Gvithtiedower rgpoid@ssor 150,

and sets t e R i 9 e | owner
rotor 158. hﬁe V%F O?t n]s%o pI ec%&ﬁ%’% f{col&‘téﬁea%%%@r god] }acpthgn%)eﬂs 196, the
robot 26 rrtsur-.face oﬁ.the @/ndcpe:f:é B&ﬂttmecﬁﬂ or cmnﬁma' the varkpide1i60 sntslamp}mmbuessgmgt he

wor kpi ece 1 I d|n oadi n n | ower rotor
158, and |l o m ‘ﬁg Qﬁ;‘e ’E%fseac’% fﬁ%%‘g{oﬁ%her N z(’)t\(/’\ré?ogmglbeobr f[;k‘:gns ¥196. The

robot 26 t hmmwanmgcam 17he pmodarﬂfrélenset mctuﬁmiofar larch tihg 1 T3 d&xek@hmng 150. Wiile
the pr 0Ces Sl \fe rfl(ﬂa] you él%ﬁrlf thg oy s‘ﬁSglquaﬁaf 3e ?’}Sa %}e up pe manual 'y

| oaded syst&H° (’ & Vi Npu i'of & r'ob or the
encl osur e Ibior. ﬂheopeaumomﬁegedbﬂygUeSnPazmm 6 423 GSucotpogated h2reusbypr eferred. WO
2005/043593 P ggéeuﬁ%o?%eg%%cgq% 1s%hus secured to the upper rotor 156 to form a combined

rotor unit or assembly 185 (FIGS. 26 and 27).

[0117] Once the processor 150 is in the closed or processing position, a processing fluid

is supplied via one or both of the first and second fluid applicators 157, 159 to the upper

and/or lower surfaces of the workpiece 160. The rotor unit 185 is rotated by the motor 154,

Centrifugal force creates a continuous flow of fluid across the surfaces of the workpiece 160.

Processing fluid moves across the workpiece surfaces in a direction radially outward from the

center of the workpiece 160 to the edges of the workpiece 160.

(0118) At the perimeter of the processing chamber 165, used processing fluid moves out

of the processing chamber through the drain outlets 180 and/or other weep holes 181 or drain

paths in the upper and/or lower rotors 156, 158, due to the centrifugal force. The used fluid

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.



(0115) The upper and lower rotors 156, 158 are then brought together into
engagenent w th each other, preferably by |owering the head 153 down into
contact with the base 163. As this occurs, the upper rotor 156 is | owered
down toward the | ower rotor 158. The tapered |eading ends of the alignnent
pi ns 200 OWMORpB/04iSpEr rotor 156 nove into the tapered J$EWSIH4/0348P5 s| ot 194
in the lower rotor 158 to center the2upper rotor 156 on the [ower rotor 158
and to formthe processi ng chanber 165 around the workpi ece 160. The inner
edge of the tapered portion of each alignment pin 200 preferably contacts
the edge qbimhe \Amelnpmeaw@ oiﬁnacdsﬁng:\eiﬂt e ﬁrst;hecemrglqmleﬁeoxﬁ;ﬁ&e&\htpmge t he
processing c i ece osi tioned

ar e r k
concentri c&b ISVE\%F &F} g45nis PrksTe %éﬂhvesrfﬂe‘ﬂmél}ﬁ Fgocfsfg‘g(f a"PtP?él '8 &e'B &MYE chanber .

This hel %yf&aﬁﬁ@@r@@sé&ﬁyﬁuﬂfﬂﬂn@ﬂﬂcl@aﬁﬁbblc'"ﬂhebur@é g essitfefblyRaliveteaul arly edge
processin of the work iece 160. 101161 t he Liﬁg% rotor 156 is
| ower ed i W@ﬁ@%@%ﬁ?éh‘fe%z? iniq fieanplResperipg dthet idpeplicaGbport pi ns

210 on t he suppeypukgtgas col@@ue@h@&l@hHle@ﬂﬂ'[a@@ﬁéﬂm@QZ@QE&tﬁ@ﬁro&é@ﬁnWﬂBer surface of
t he wor kpi ece 160 to secure or caonfine the workpiece 160 within the

processi ng 0> cfisaorlinely. MeRureeisaels Aetvefed inty tae HPY?&%’I‘% 'Bbeét“h'é‘f" forpofamict uat or s

204 in t hanhas@ing@Bgd¥DWEich fOWtes GRfofrh BBpEdiBof hedutd ghd MRugRAfhE el ease
sections of a latch ring 174. The latch ring sections then nove radially

out war dl y PAprassingchaghiego %%fei‘étzp‘i"??si‘?ﬁ’eﬂ‘?‘iséﬁd@“i?‘5“81"63(1‘{@‘36%%@1‘3’ rotor. This

operation rbrgoﬁg%ﬁ,ltp@gowgs"kééﬁmi?@tent No. 6,423,642, incorporated herein by
reference. The lower rotor 158 is thus secured to the uRﬂ“bZ rotor 156 to
T

forma corBl¥&d Onse B figshprocesping,Quid e vedBom theprocesme g Fimith1171 Once

the proc esﬁ&ress;ln%Qn& Surkig E@ss Iﬁdyq;é %éi-fd?ﬁ\ed)ﬂ'op&ﬁ%‘i 3k AA@Sibal PRcesdnPMA&ESSi NY
fluid 1is supplied via one or th of the first and second fluid applicators

157, 159 t4TipHes &PprEfFferaah(d’F’é‘gald%i%%edélﬂlr)f‘aﬁ?é‘éat%fm%yﬁl? PRESPTRISH alE €aB0.  The rot or

unit 185 Ipﬁoaegﬁr@tsﬁeg &ynatyfis@pémesd aiféﬂan of@%rynrcbg‘su,g@!epmé Shnpisi&RLES a
continuous flow of fluid across the surfaces of the wor kpi ece 160.

Pr ocessi nglringistep. renjesseditbisepremybalobe ki b vars oF ?@%@d‘b’ﬁg Q“’éh Pakei on radially

outward f{r}& Pt aftGaRd al Sbcdsdify WRhkiRE &&e 160 to the edges of the workpiece
160. [01181 At the perineter of the processing chanber 165, used processing

fluid nove@ @t Qe PWéeSE}F‘S)&féé’San?@mE]ﬁ‘ﬁ%é?d 1SR nsdifigh of semaratechfrem distbesst s 180
and/ or ot hgs (WaRR L20:eH tmorﬁﬁleéér]% Mn t}{?@&_#&? pés'ﬂlohhtﬁe N&Rﬁl‘éceal%dmg bt OWer rotors

156, 158, due to the centrif force he used fluid collects in a drain

area 208 anqmomdfrometh@eqop%n@@lamberay theaghef 26 gndsaygﬂl@mqrhre‘:ﬁ ab®ayRfr to a
di sposal 4%18(%&9 an)Qé%Emg&h%ngé%ly ’thetéymé)BGJﬂ'Z@,gor%y ¥RJteR rob86. WO 2005/ 043593

PCT/ U52004
Description With Reference To FIGS. 37 and 38

[0122] Turning to FIGS. 37 and 38, two alternative embodiments of the processor 150
that may be used for edge processing of a workpiece 160 are illustrated. In these
embodiments, a fluid delivery path is provided for directing processing fluid to an edge of the
workpiece 160 so that edge processing may be performed. In these embodiments, processing
fluid may be supplied via the second fluid applicator 159, or via a separate fluid delivery
device.

[0123] Referring to FIG. 37, a lower fluid delivery path 230 is formed between a shield
plate 232 and the interior face of the lower rotor 158. The shield plate 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.



22 [ 01191 When the step of processing with the first processing fluid is
conpleted, a purge gas, such as N2 gas, is preferably delivered into the
processi ng chanber 165 to help renove any remaining processing fluid from
t he chanber. The purge gas is preferably delivered fromthe purge gas inlet
222 into t N H3833 openi ng 220 around the first flui drapis2o#033ss 157. The
purge gas continues through the annulgr opening 220 into the processing
chanber 165. Accordingly, the purge gas is delivered into the processing
chanmber in the formof an annular ring of gas, which facilitates uniform

di sper si ongf ﬂmﬁowsfg@ftgéércmre?éﬁqmﬁgesbhﬁe smeﬁ@ﬁ%san@gn&wﬁm dd a result,
processing fluids are nore effectively and efficiently renove Fromthe

pr ocessi ngothanpipiccq 99263 2 eelb opkyéheredpasaf tisrvnelpiase A¢P S Ptcesseds renoved from
the procesgjing ChTReimboSintEh! iRl AFABSING nRRYeIRA 04 (GRS, ARY De
perforned for 'one or nore tional processin rinsing step,

pr ef er abl y frowithrpeeond duigripplisatog K19)(ox dthes Buidaeusse) dimetly Isethpetet of tred after each
processi ng st 0. ARy gr% 8 teps are
conpl et ed. “%\k%&?%/ﬁ:lg stse ce%ﬁ% orlﬁrrrgrger\%lwh%ﬁ%cggL h%aiam]%}ec\u@&ﬁﬁﬁ?&? E%ﬁvapor or
anot her dr yerypripliage ¢i60, pmppb@d tqeieiog rovdrdhe agnter df ghefvarkieqerl 6¢ @widiemg or
rinsing st dc{tQngthQa QG CHPLGRL s lifted
or separ atgg1 fromt hee bg e &ﬁaécg%tpgé\}nggg{ea?sﬁto thfggdm% @&98%'}?%1(1 In

this open puginciudaa ﬂtllldéelmryldpleééb o1 Bay mylylbeoner%nwmﬂfsmohorthe ther ocessi ng
chanber by fhe ;299 26, and another workpiece 160 may be placed into the
processi ng cvf'n nmber by the sane robot 26, or by another robot. Description
Wt h Ref er dh@8l Tolflprasssingpf thntpv@8sutfodexdt theMeorkpiaae) 1§0as Fs@Rsir@lzinghed 38, two
alternativ e f edge

o benea ng%oﬁgﬁgﬂ%g@%ﬁn ?fGlggea RLEFPSR 1arjd§\9%f rﬁ;{}?‘otetl%%%d%thﬁ%e%%nd ' edog

flui d del i wprigatpatsh to slepti@li dect ﬂlmtomerfbctdehgprppa&cwsandgo fHewerdertobthan edge of
the workpi t hese

embodi ment < b6 05 i Ay AR 0L R RS T 295 R SlBea b B '

appl i cat or sddo8d flad apphaatta 1S@ppa sty fuhion, dr deﬂmlardpw'ce stethitgle fi(iddedBdry Ref er ri ng
to FIG 37, I ween a shield
plate 232 BA 24@%}( rr?gager‘lhglreq Jaggééo(%d%ﬁ @%g&lcg%plslﬁer{la%ﬁ%ggpa he shield plate 232
i s co-axi all0ms} h Irtﬂ\@embndnnlenmhthspated:a FIGH 33l Radram hleaddd mrthepippdrer abl y
about 2-12 I fluid is
provi ded té?/\t/grrlg?g gaggaﬁ pa%BTB ﬁiﬁleﬁ({mrrOtorslufgﬂz;d(’:“g&%%%?ﬁmﬁé ﬁ%ﬁf%@%[:ate and

di rect ed r dabinatht yrocastivgpahdinperalaqmiggetghe siwhneNggapliaprefe@Bl dinectecmdialty f ugal

force. outwardly above the workpiece 160 during processing to aid in directing the processing fluid
out through the drain holes 236, so that the processing fluid does not contact the inner or
central surfaces of the workpiece 160. As shown in FIG. 38, a fluid delivery tube 186,
typically for DI water, extends down through the opening or path 161 in the manifold 167.
The tube 186 ends flush with the lower end of the manifold 167. With the tube 186 flush,
dripping is reduced, as compared to having the tube 186 recessed or protruding, even slightly,

from the manifold 167.

10127] As shown in FIGS. 37 and 38, the seal 170 is positioned in a groove or channel
171 around the outside of the lower rotor 158. A chamfer 169 at the edge of the groove 171
helps to reduce or prevent droplets of fluid from clinging too the upper rotor during
separation, and subsequently falling onto the workpiece and causing potential damage or
contamination. As shown in FIG. 32, the edges of the groove 171 may alternatively be

rounded or radiused.



WD 20051043593 PCT/ US2004/ 034895 23 The fluid flows off of the
circunferential edges of the shield plate, and onto the outer edges of the
wor kpi ece 160. As a result, only the edge of the workpiece 160 is processed.
[0124] In the enbodinent illustrated in FIG 38, a fluid delivery path 240
i's provi de¥O 20¥5@43%Phe second fluid applicator 159 (or RUTYS24WB¥S0uUr ce)
directly to the edge of the workpieme 160. Thus, processing fluid enters

t he processing chanber directly at the edge of the workpiece 160, as
opposed to entering toward the center of the workpiece 160 and being guided

toward theoeepe ®bfeirhg sHDIKNGS.GT amwﬂepw%sgbrdsoh@hen&&?ed aitifd gdsui d del i very
path 240 _may, i.ncl ude fIw"cxi delivery line 242 npl y be one or

nore pat h§]°8rde%%‘}se‘§h‘i’}h$?’ﬁ@‘°a ?d“rpd‘foélfplef?aéry‘“ﬁoﬁ'ﬂedl‘?es fft%’é‘\’é’sm ng of the

| ower sur hakesiag t1h19£an‘d@ﬁdﬁdhb£@rﬁnﬂi§@uﬂrﬁ eﬁtc%ﬂcﬁ&f’!}hrB@ﬂplltnthﬁ’g drg Hpetarent shown
in FIG 38, a v eo(rg devi ce may | ocated in the second fluid

appl i cat Otdryl%rdwﬁb’h E? It?f%q %}’d/d’F heated) v ‘HWP 8“?%@ the| oppringy ka7, dergthpat h 240,

and to t h%v@ﬁr@is@fe 26 drddeed aYRAKDE 86 fer L6fle pﬂo&s&?%a@ﬂé@?ﬂhﬂg Roverhdpe f1uid
delivery path 240 may be conpected to the second uid applicator 159 by a

rotary unighirothoyn EY Qe BB 4@ impipees ﬁafhettcr?ewlrfmoethaMorwﬁeyandﬁwh 240 nay

rotate Whiflo®s bit®aRBC ONElitfobsh) gasapﬂkd Wsed Mnné—é@q g B 1S aif Indlel ARARIMY gad 0126] I n
t he enbodi rrent s illustrated Fl GS. § drain holes 236 | n the upper

rotor 156 10%H8 f@“ﬁh%?%“ﬁﬁé?ﬂ?“‘?&ézq ﬁfh@n@ a‘l'do&%éﬂ‘e? HBewyout Beough fhedipin he processi ng

fluid to asgaps comalaaﬁteearnmeegﬁslr lrf;@@rg‘o@o sec&md@%rgﬁmgga&c fdEdoras N2 gas,
i's preferably directed radially above the morkplece 160 during

out war
processi nghe® BFHS A5 amdr%ehgwemwﬁrl@é‘wg?%cwm d out through the drain
hol es 236,10129) t hate 1&9&5&)&%@@ﬁéd@gnftﬂebb&&egfag%ysw1 aryts%qﬁadte Bfanynner or

central surfaces of the worKkpiece . shown in , a fluid delivery
t ube 186, Suifaplsimgaignial, sychas Fyflop@i(gmthetisfuonipecanptiing |wye) ghstainlesssiseni ng or path

161 in they ?%fl‘]cgs@ing g typlca_li}eusEthla%ro'lz&@ w%ﬂéﬂ%césl é&@lhas%ﬁﬁoﬁ&ﬁ@tol' e, end of the
mani fold 16 Wth'the tube 186 f ipping is reduced, as conpared to

havi ng t haaybpased gpthe E@e@sewsy&emdpofwwmwje agUESRS OF |ZRYGPYS| agone, quedist he
mani fol d 164aseckQ 42 Gk Hei SR, nftrolFdnGas, 184 v%g D’igmsetmer SER0,, elOmby pOSI tib\oned

in a groove or channel 171 around t e out si de 1 ower’ rotor
chanf er 1&9uged te pesford g vamous Reocespinpsteps] Imappliations wherethayh addsr pr event

dropl ets %Blvédt&'dr?usfe& %U&hca'sm*?dr @Qséﬁi’ﬁlst éfer‘JtHPf%rusé f’éfﬂh@%ﬁag&&ms $é@ar ation, and

subsequent 'y falling onto the wor ce and causi ng potential damage or
cont am natthegator gmpohenigrare ppt N@ge@b’ the precaselppehenistrichelrgfersblyethg first andy

al ternati \égéo){d Hl?ld applicators 157, 159 are connected with, and have separate outlets for, DI water,
clean dry air, nitrogen, and one or more of the liquid process chemicals listed above. One or
more valves may be used to control the flow of liquids and gases through the first and second
fluid applicators 157, 159.
{0130] Additional system components, such as an [PA vaporizer, a DI water supply,
heating elements, flowmeters, flow regulators/temperature sensors, valve mechanisms, etc.
may also be included in the processing system 10, as is common in existing systems. All of
the various components of the processing system 10 may be under the control of a controller
unit having appropriate software programming.

Description With Reference 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



rounded or radiused. WO 2005/ 043593 PCT/ US2004/ 034895 24 101281 Referring
still to FIGS. 37 and 38, the processor 150 uses inproved air and gas flow
designs, which dramatically speed up workpi ece drying. This reduces required
processing tinmes and increases manufacturing efficiency or throughput.
During dryiw@0ehe83 dry air (which nmay be filtered an®@CosSkwadB8ds 1 ows
down through the opening 167, due to $he |ow pressure zone created around
the center of the processor via the spinning novenment. This air, shown by
arrow Ain FIG 36, inpinges on the top surface of the workpiece and then

flows out vedbbodimehtf the Fibbf 288D iskBhottsd 3 SBodt SRL bR liHaH| 'agn fhgm the air
m xes wth the gas flowi ng fromthe annul ar opening 220. The al r and gas

then fl ows But the §pase bh(as H@waruam 2 ofihe goboy ove Hiship thesAclpsyrectar delivaringesi gns

requiring ey@ipiecBOoRE BB She VAol pYdcBGing bhonR i £ CESRAbLY . 35 and
36 dries a m‘r‘pw& ege i n_about %0 p)s{écolﬁé n01291 The gr%ggégsass%fp&@onents in

t he processiorg deigsetedhinFiG il pranarangsd én st @ﬁ%cow{ump as shavem BHIG, 2.80i6h as
Teflon(r) (gyahdekid r&l,d«asozd lH&ﬁ;ﬁg‘%‘ﬂ& amaadn{g wo%eegs)onwme%tp%c@és&m fLE-l - Any

processing fluids tg) pi cal used process wor kpi‘eces, such as
seni conductad segamdsgo mnsﬁﬁipe%é’ehsé‘GWFW toRheT ?ﬁﬁl@eseﬁmarlfgbsysqdeﬁpmamﬁw exanpl e,

aqueous  or ﬂx?g&‘-“r%b‘inﬁ?%‘@sed?cﬂl‘d?@éﬁ% unBid ﬂlap?&%éérs'ﬂgoﬁim"'%em% fwd nitrogen

gas, |PA vapor, rinse water, H2SO4, used to performthe
various pr d@h@smmgbests@bylthlcwswmﬂOp@rattqnoa@sf,hméweromtrcsrhloa@m danyol vents are
used, such gs. HE (4, H2eO4, it is preferable to use Teflon(r) conponents so
that the rotor conponents are not damaged by the processing chem stries.
Preferably, (0iR¢ fiTusng widG. Eethencbcésserido mplpﬁqseavmesromﬂ% thatds ar e connect ed

W th, and h&gfg ﬁﬁ ra%»?ergb{BJ £l fo% B'ce gﬁé@l{al be ég?a@ tﬁiJMu%.g:{ed nitrogen, and

one or nore process CRABW ove € or nore
val ves may debodiunedt, the dembBMtlher@h@wpfeﬁhawmqﬂampgnnﬂ gasewrfades.ough t he

first and s d . I t .
conponent s, f :%nh afsh “h‘%lr gﬁ\&\?gggsrp?éz%a&?zmb%pag% %%i]agi% ﬁ% Cre'h&pgdeﬁlgge{ enments,
f | ownet er s, bard T ﬂbgbﬂraﬁﬂrmﬂe@hlwémse@t disrectes diras is 28- 80%a3Qfé)°/pr@cNhﬁQ°é gEateet c. nay

al so be i ”C«{hﬂg@éjdikﬂeé%?aw ﬂg)%%ébihg Y é&ﬁlgffe,]i?ﬁe BidedsSor FOTHR o g%ice%%)i ng

systens. Al e various conponents e processi ng syst may be
under the cYftmroldiamktenwaiont thodimeter of tietbote39? isgredgaphl v pativeend 06 arfdt Mbmm

programi ng,, ﬁ%\%r o% r@fe%&kgéi%%%@i@s&% ik biffereft 1~ 46 101311 FIG 41

|IIustrates t ce processor I'n an up, open or workpiece
[0134) One or more pneumatic air cylinders 338 or other actuators are attached to the

support plate 334 for raising and lowering the upper rotor 326 between the open position
illustrated in FIGS. 41-43, and the closed position illustrated in FIGS. 44-46.

[0135]  The lower rotor 328 is preferably fixed in position on a base 340 such that the
upper rotor 326 is lowerable to engage or contact the lower rotor 328 to form the processing
chamber 351. In an alternative embodiment, the lower rotor 328 may be lifted to engage a
fixed upper rotor 326, or the two rotors 326, 328 may be moveable toward one another to
form the process chamber 351.

[0136] The workpiece 324 is preferably supported in the processing chamber on a
plurality of lower supports 327 extending upwardly from the lower rotor 328. Upper support
pins 329 on the upper rotor 326 generally tend to limit upward movement of the workpiece
off of the lower supports 327, as illustrated in FIG. 43. The workpiece 324 may alternatively
be secured, as described in U.S. Patent No. 6,423,642, the disclosure of which is incorporated

herein by reference.



| oad/ unl oad position. Wile in the open position, a workpiece 324 may be

| oaded and unloaded to and fromthe processor 316. The robot arm 320,

i ncludes an end effector 322 for |oading and unl oading a workpiece 324 into
and out of the processor 316. In a preferred WD 2005/ 043593

PCTI US2004m@3489@35935 enbodi nent, the robot arm 320 is sepphbeHBRE a robot
base that noves linearly along a trag% 23 in the space 18 (as shown in FIG
2). The robot noves within the encloSure for delivering workpieces to and
fromthe various processing stations 14. Preferably the processors 316 (or

16 as desi edgn Fl re arranged in_firs nd second col ums as
shown in F@i‘?ﬁ 2, livxe,? etrﬁngqf) iFr?%t aﬁ?&"’é‘ﬁ%é‘ﬁ‘&f"}g&g%{sé%aﬁ@g}bﬂﬁ € 3id Al oadi ng

wor kpi ecesanpulhnflangd 33 pndlcappairstor 326 ekwendk iint@in anAular sﬁﬁgsmﬁl tm{oumgs?ss
respective Howev ns al s use For _exanple, a

si ngl e rob%%{owr?ama%‘éEnggeﬁst's a“ﬁ%’ﬁ@ 'gWB H‘ﬁ%/g%e gﬁ e%‘FBB@éé%‘?rs”%h’br 316.

Al tﬁr nat i \éﬁdngc 343\md magieotisg myorbanwpped rotWaEd@mBllyGS§WMﬁﬁ s}ﬂpﬁs&tumn] so t hat
ei t her robg unl oad a sor 0132] Turing to
FIG 42, thaul &.Sg%us%r‘s?gd@ |“RB?‘6%$§%QH‘%EFE%B' a??ﬁ‘&?“ t‘}’iérﬁh?r@ engageabl e
to a Iower(FtomtmErres’sﬁShh@ 36 battatieed po DREBISE A OstafesIhes] rﬁi§363 hidhR ;Johi ustrat ed
enbodi nent ce 324.is aro a flat u and | owner
sur f aces. tf’f)ﬁ fx\gﬁhgﬁ'ﬁgob"éefr%%fs(ﬂisoé’%erﬁy]ﬁ@ :rfglf’? anfigF Bins thﬁtea rel atively
| ar ge centupait the perithelgt of the 1dv@s eotc¥ 328 fof bripakiiett o IkefibR ey efehigdds a di ameter

that is 20- 800/l 30- 70}4 or 40-60% g reaég than the di arreter of a workpi ece
324. For XURBFIES 33¢n thy upnst pits L PinssSe Baveitapgred gonicg! fpsde align theppernm di anet er

vafers, thetofvanee twedfotdrna thghe &&J%hﬂtsgemeefmmlsssmsd/m&ml wrnd 150mm in
di aneter, ntgon?g r ef erabl %‘gappr oximately 125mmin diameter, 101341 One or

nore pneu YT BTt h e FePeRISIOT G t}lﬁtr‘i’f%ﬁs spig fogeih e es 2 ey “&ttt%%ﬁé'ﬂgto t he
support plpabdessafg4 for raising and |owering the upper rotor 326 between the
open posi 43, and_t he closed position

i|lustrat te@?#h FI‘AE%%F’E{%E S:% : n‘@f@° ‘f‘ﬁéo‘islﬁ‘&éﬁ r B dep end of the upperodrapl v i xed

in positi 0326Qﬂe1@dsb§$}ﬂo@ﬂ%e&m§|@latmv AR eppethRRBkt tin@t38Y isheBched to tRv¥Rgabl e to
engage or (iont act the lower rotor 328 to formthe processing chanber 351.

In an al t M#H&ETN @%WHWWE““&%%@E}\?\E‘Fl"r“(?fﬁ‘lag“ﬂ%“grﬁﬁbgh? mgRiYe 34 engage a

fixed uppefas h 8drkal 22kon 391 whidh oldiesitf QafacRAfo th3 At BY. P8 pRYESN| e toward one
another to formthe process chanber 351. [01361 The workpi ece 324 is

pr ef er abl yhostiphindt @e Rlate {Heand coicabserting 32 hanh®e upner magnst tegltdt Hmpe | ower
supports 3gsifXdsednthy Or3unKeK fbves VERLAIY BR theQldRihtofs3B 8 buBdses ndfh@fE. support

Rather, the upper rotor assembly 359 rotates within the stationary housing assembly 373. As
shown in FIG. 42, with the processor 316 in the open or up position, the flange 343 of the
upper rotor assembly 359 rests on the annular lip or ledge 377 of the housing 355, with no
other contact between the rotor assembly 359 and the housing assembly 373. Anti-clocking
pins 358 (FIG. 45) extend up from the lip 377 into the flange 343 when the processor is in the
open or up position, to keep the upper rotor in angular alignment with the lower rotor.

[(0139] As shown in FIG. 45, with the processor 316 in the down or closed position, the
upper rotor assembly 359 is floating or suspended within the housing 355, i.e., there is no
physical contact between the upper rotor assembly 359 and any part of the housing 355 or
housing assembly 373. The repelling force of the magnet rings 357 and 369 drives the upper
rotor assembly 359 down into contact with lower rotor 328, without physical contact. The
magnet rings 357 and 369 may be replaced by individual magnets, electro-magnets or other

magnetic elements.



pins 329 on the upper rotor 326 generally tend to limt upward novenent of
the workpiece off of the | ower supports 327, as illustrated in FIG 43, The
wor kpi ece 324 may alternatively be secured, as described in U S. Patent No.
6, 423,642, the disclosure of which is incorporated herein by reference. WO
2005/ 043593vpaIUSs2M04/ 034895 26 101371 Referring to FipGrndk2oos@susgsnnul ar
housing 355 is attached to the plate 4. An annul ar flange 343 on the
upper rotor 326 extends into an annular slot 353 in the housing 355. A

| ower magnet ring 357 is attached on top of the flange 343. The upper rotor
whi h opi nd adr ;- ot e R AR 28 Rustedct SR BRI AR e BReDg ¥

pr ef er abl y cemnection biepysenr thpypRr totor 26 prompar yotor(adeoiblyi 338, ané stenssrounilingr 361
attached t Qug.mifets@lh astheSrousisd BsNi; ' wWhi supports the

fl ange 351. The .’Isowear_S r'eotog)sr1 %?5’;# ??%ﬁé?gi&ea}g?’;}%g%rgp%Pﬁa%n(r). Three pins
352 ext end auigpatigally plignitelf wish e layfer totas 32&when theyt ave be2ght foagethen Jagem@nt or
insertion igt nggp-w' St Fthe o ' ' tor...The pins 352
have t apered ég%cr)i cé tips to pg{rﬁgﬁlatlg h@qﬁ%ggort&qsr% gt;ope\?mg? ]ﬁie{'ﬁl@ aﬁi%t\}\?é’r rotor, as
t hey are bragthgtetis aopjwsipad contarhetwéendshedixed biusiog assemigyd 13 dndigpretatifgrotor t he | ower

rotor to the. BR&%so HR Q" ; ' roas a rotor unit 335
during pr ocsees s?%é %%:?é(r@%m%:}ﬁ%sog%ngfg le%%l}a?t}snggﬁt%ﬁlﬁaengp?rﬁd{; HEEKYsi ng 355.
The top endedyfed he upper rotor 326 extends up through the ring plate 367.

An upper ri ' t e rin l.ate 367. The upper
nmagnet ri gggg‘gg réggfegsgi%ﬁggﬁh%v%aﬁl%?rggﬁé@ 3? ?rﬁlagy lﬁ%‘?d t“?‘ﬁ(()armral 5ﬁ§%ﬁ“”§?‘é%a7 has a
coni cal seowparndipyesyaiors326)38 Mhersthanate bsugit togetherd Forasoinb eppdications, 334. The

pl ate 334, I 5 i I 3 d_coni.cal . section, 37 and t he
upper ragnet h?ﬁ%&gﬁﬁe '*pgérrﬁggl&ﬁgtogqmn%%a%gé’ﬁgﬁé}%ﬂf“w3ﬁoq%\9]%]¥ Wertically
via the acttheasedr3d1.388,se4)d8! vleebe Inatedrophmingerior fRat dfene orttoeh afpipastorsGRar

assenbly 3 r t it Dl tionar ousi ng assenbly 373. As shown
in FIG 42?"%3\%a%%tpﬁezer%“rl%gégslg%ir}g‘??%pﬁg?ﬁgryo()fg]éaﬁ()t8rrs' up position, the flange

343 of the [0UBper Wiendhe ratesedh|328 3 Brougls tagether, thiyefoanaubmabintd ptootnid edge 377
of the housj Mth n t her .cont ac wee e rotor .assenbly 359
S3'3990ta%§0§e v1¥TM%fn>9t0é$%9- S%BR_& ed g ag S€ .t340p el'th? ng&)g%@ IEF‘? me&

and the housing asse i-ClocKing  p 52 ext end up
fromthe | impot&hpusing B7atehéd tandaesePhB: 3 entht frempB 12C esmotor tosor BTS i ftnedopen or

rotor . 01381 PRENERBAT HRRE yRle R sFRE PoBeudP Hhs A down. or
cl osed posiRIGSA2-43hihe moppertor3ds bas aakaserd WiicB 5t lesst 50,60t 10N8P, 00 osWsBended
W thin the or}%%sdiia?r%te?’as the \i)vbr%pi’ecet. hf‘?urseallcimsrs 30 improved dynamic balancing of the system,

and less vibration. A barrier ring 378 forms a tortuous path with the bottom of the backing

plate 341. This helps to reduce migration of any particles from the motor outwardly and up

towards the workpiece. A conical depression at the center of the lower rotor forms a sump

381 which collects and drains away stray liquid. Drain outlets 330 extend through the upper

rotor, as shown in FIG. 42.

[0143]  When the rotor unit 335 rotates, air is drawn into the processing chamber 351

through the opening or bore 332 in the upper rotor 326. The bore 332 is relatively large, and

the chamber outlets are restricted to a much smaller cross section area. This creates a low

pressure differential within the processing chamber. This low pressure differential results 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.



physi cal contact between the upper rotor assenbly 359 and any part of the
housi ng 355 or housing assenbly 373. The repelling force of the nmagnet
rings 357 and 369 drives the upper rotor assenbly 359 down into contact
with lower rotor 328, w thout physical contact. The magnet rings 357 and
369 may bewPOepsad#Ed3 by i ndi vi dual magnets, el ectr o- nagrstBUSID04034395
magnetic el ements. WO 2005/ 043593 PCJ4 US2004/ 034895 27 10140] Since the
upper rotor 326 is suspended and there is no physical or mechani cal
connection between the upper rotor 326 or upper rotor assenbly 359, and the

sur roundi q@mgtr%t.msﬁateémwcﬁmulaean%yé'naﬁle%&!éormh&lspep h,?;,ﬁg deQfce Pl ate 334, the

upper rotor 6 can automaticall é%n I'tsel ower rotor 328,
when t hey f‘éfeédsdP'@é@thoret%ﬁé‘tﬁéPppeW@rﬁ drhe pepzle e suppliesang grmerat of t he upper

rotor to tﬂ?@ceis&‘@ﬁfwd&% & up%)@f shitRe 6f l‘ﬂE @oﬁ‘}f@ée@@@ ﬂ%pﬁgglgéiléa)-%& : ctijére is no

physi cal contact between fixed housi ng assenb é e rotating
rotor assBabsid @SQIﬁUPIWN@CmbEd@B%ﬂHQ de't“f?é’ et s hing 4. {Toe uppsnBuidt | ng

cont ani nandel;Ray ﬁr\ec3|4@ % a'tt§chg& ﬁ)aatrl'lé@on{e %d r{)tgﬂn ecﬁhrirxs%;ﬁ?s@ﬂllch Ol Ot her

seal i ng el enent may be used seal between upper and | ower
rotors 32@aissyg IWF‘é»rFS el gs pived, the @npghﬂmd dpljeery ine 348 ond themppeaperkieoat i ons, no

seal i s nefladan HibalPRR oAb md/ b a5 AR R B aREEL SEAR Hpgont act  one

anot her only at e seal 331 31 may on an interior
face of orfeovegbliabore be upnsewprspigresudars for dgadutingrdodessingrflafdeto diffeyent ocat ed

around t he,pghi mﬂa;?gww&riaﬁecre%@; &ugﬁlo%%ily M}bﬁﬂ;e} n&égghmy E?@@ff 4328 are

br ought toget her forma co rot’or rota e via a notor
339 supporaueef thinboze b’ﬁ@éd BWQIedﬂWRa'frmt'M pra@Ssingschambrrasiotlend the mpper ratwst or  housi ng

337 attach_,@g b ase 49 A notor rotor 375 is
joined to an{?gcgrag ogtklg&geﬂﬁ w%&%ﬁéepgcea‘é@g)%ﬂg%?to and supports the | ower
rotor 328. As ththanﬂFR@Sen@jmﬁlGSt4ﬁe18m)tor rotor 375 has a di aneter
which is at |least 50, 60, 70, 80, 90 or 100% of the dianeter of the

wor kpi ece. [0143 s islinsgatedin HIGﬁ7otheddeyﬂladrﬁdiVbralliaﬂb44mg ttefuppdr@ozdesid@m  and
| ess vi br %quntilu@ al?% A{fldoﬁ%r}t]loﬁ 5}% ?458 f" " For é:gl'l‘e“ihou%c%éa Enéfdm dt al}le; Hulg bot t om of

t he backi ng 8% 67 TBdUC icles from
t he not or dvhmmtodheypremstmmhammmmommzedmm wqmtleg;systeﬂls,dhmc rsalpotdmplﬂ essi on at

L cent errelLDSub QIR £21 6 bk Mg PP PR WRLGD, 50 g 0 e
shown i n Fagbeed 2topie0.1 ABip cafflead to Werkpioteaontaminati @35 othett d&feets, Smkrbaclsandr awn into
the pr Ocesgsag E'lggi%g? %&Pnei'\({ueg }l%a]\'fe been used in an attempt to completely empty the fluid delivery

tube, but residual drops often still occur. Thus, the collection area 345 may be employed, in

conjunction with suck-back or purging, to collect the residual fluid so that it does not drip

into the processing chamber.

[0146]  The fluid collection area 345 is preferably formed by a first tube section 347

extending upwardly at an angle, connecting into a second section 349 is included in the upper

fluid delivery line 344 or upper nozzle 342 so that processing fluid is directed toward the

processing chamber. The fluid collection area 345 is preferably large enough to contain

several drops of fluid that are purged or sucked back into the collection area 345. As

illustrated in FIG. 48, a nozzle 342 incorporating a collection area 345 or Z-trap may be

manufactured as a separate component that may be attached to the end of the upper fluid

delivery tube 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



t hrough the opening or bore 332 in the upper rotor 326. The bore 332 is
relatively large, and the chanber outlets are restricted to a nuch snaller
cross section area. This creates a low pressure differential within the
processi ng chanber. This |low pressure differential results in air flow ng

into the pragemsShgechanber at a low velocity. As a respliyssjo@pisbdscant |y
fewer contam nant particles are |Ik%éy to be drawn into the processing

chanber by the incom ng airflow, onparison to existing designs. This
reduces the chances of the workpiece beconm ng contam nated. WO 2005/ 043593

PCTI US2004/ 034895 ,28.[0144 illustr in FIGS. 44-46, an upper nozzle
342 or fl ué ‘éﬁBF?ﬁdﬁ‘QmE e&é“%)%f‘%h&?p? ’t“&qlf‘ﬁi 0818%”633%2]6@4? h&upper rotor
326f The ?mz/zll mu&e?werymaébmn@nﬁ sthmﬂ\ere@ﬁxﬁgSfEB iéd"lﬁorﬁhiélsﬁlrﬁ?] &rgroan upper 4 of
surface o i ece upper 4 attached to an end o
a rel ati vefi§fe ‘ie?lt\f,}fé‘t'p Tff"é’“&%g@?‘ “f-g‘g‘ B‘Frlf(;‘léf‘i‘?l“fel%lé“ c}r“% ps syeplisd. g Thupthe | pner
fluid del hwaﬁd|1dv%€sﬁﬁ€es|0$th@tvioﬂqaﬁ'b€d3140na@ ualptoeésbedadndltaﬁéduag oand rotating
mechani sm 346, %YB'I r ai s&lcw%g | ower , %@{%{\e ‘DI vot, the upper fluid
delivery | SequEngally, Wity ﬁ@“‘h‘b‘ﬂ@ Gt proggssin et“%ﬂ‘?zz °h347 394348 mAG forth

al ternati nge §pRi Qﬁm&orﬂ?ﬁ@d’t&b BitnY shab&16r pdigf for BRY Fag bdple Sutldlreabl e above

t he upper workpi ece surface for di strlbutln&F processing fluid to different

portions oPPWWéS’EﬂfﬁB?]YG\/BW?fFE&‘é QT AeF AOBPOTAQIHIF POBRISFS | a“D’I‘ﬁ‘éT’BWer nozzl e 342
may be |ift@ditioput of the bore 332 and pivoted away fromthe processi ng
chanber, so that the upper rotor 326 may be raised into the o&sn or

wor kpi ece- 388 vi Hy dsig pitlets3 30 B§§P,at°?dp@(PP’6ﬁr°Wdtthe PEMster plcthe uRpeTPYes32047- 48

[0145] As bd dnboh A€ U2l MhEbifein ditlets S3VRIBRPIRIA th i fbrkl Bk pMRENin EAGbEA4 of the
upper nozzl e 342 may.include a fluid collection area 345, or "Z-trap," for

col l ecting %‘r‘%%mf‘fﬁ’gl forcgivehen the gqtorruniy 3¢ spéns dpRngRiosessinghd hedraii @uldsthg chanber

I s di scont B3@Emativlyesh 8¢ intBe 18X & r61Bor oh B6th @hel uppet aRPIoRBL oRks, Thelrafxcess fl uid
to drip fromthe upper nozz|e or tube onto the workpiece after fluid

del i very ﬁ%t&ets@é%ﬁansaﬂseﬁﬁ@wwdmnsoﬂzsafméa‘&h%a oo pn ereaing BefvasH theat i on or

ot her defegh&s AlGkshRekn 1@1@@ 419@65arp%glhmala%aml gmsls B@s\r@on@@ﬁ&m&d in an
attenpt to conpl et el e flu delivery resi dual drops

often stil rot@@@mﬁﬁ ﬂﬁwralrt mentbéw 37@& wr@fﬁrablwé@rtlsﬂls “F?é[?ﬂblfev "e“rvlbf?‘@%/ed in

conj unct i of,eWahiimY kRGN, thene%ﬂbmﬁ ifc Qa6 B dturt By Jtﬁ@ie@i%he i d so that
it does not drip into the processing chanber. [0146] The fluid coIIectlon

area 345 i gssprlly a7t rofon  Tmb g jask srevsiT6ttepise drdlperihaamatugs,dié ardl n
upwar dl'y  ath qimhifiidnfbly $@NNecting into a second section 349 is incl uded in

t he upper
[0149]  The drain assembly 370 includes a plurality of drain paths that are separately

alignable with the outlets 330 in the processing chamber. Three drain paths 380, 382, 384 are
shown in FIGS. 42 and 43, but any desired number of drain paths may be included in the
drain assembly 370. Multiple drain paths are provided so that different processing
chemistries, as well as deionized (DI) water, may be removed from the processing chamber
along separate paths, which eliminates cross-contamination between the processing
chemistries and the DI water. The drain paths 380, 382, 384 lead to a system drain tube 386,
which preferably extends out of the processor 316 from below the drain paths 380, 382, 384.
[0150] When the upper rotor member 326 is in the open or workpiece-receiving position,
the drain assembly 370 is preferably at its lowest position, adjacent to the base 340, as
illustrated in FIGS. 41-43. This allows for loading 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



fluid delivery line 344 or upper nozzle 342 so that processing fluid is
directed toward the processing chanber. The fluid collection area 345 is
preferably | arge enough to contain several drops of fluid that are purged
or sucked back into the collection area 345. As illustrated in FIG 48, a
nozzl e 342WPReBOpBPAti ng a col l ection area 345 or Z-tr CIVEBR003M34895
manuf act ured as a separate conponent shhat may be attached to the end of the
upper fluid delivery tube or line 344. [0147] As illustrated in FIGS. 42
and 45, a lower nozzle 348 or other fluid delivery outlet is preferably

central |y agshd AMRABERRAS R, 402 WAL Ra8 10 oSBT AR A0e 01 TOT ©

processing, ds to a [ower sur ace o the workpi ec B fluid
del i very tiBgratsd in FIGS. 4462005/ 043593 PCT/ US2004/ 034895 29 350 is attached

to the | O‘Aﬁ'isﬂozzljr@ccgs% fiu@cf 1s§é1’r§b% %&xgthfeb}Hcgmhgcﬁapﬁeljt tﬂg czmztfegp 61 8. The

| ower fluid delver}{m?lne e su ssn id fromthe
sanme or fryarengifpgad tgeﬂdrajﬂtbyrretsmme(rst))r ynito Thefhiid l’nen ﬂewsmp)grtha‘ | ui d

o rey ! &3 et el B oRURRYA R e pISng LSRG, AR P LEESS, OF 11

wor kpi ece 324 nma cesseq Psi i , Wth the
same or wi i, dhlﬁl‘f L] tlpﬁrmmt&gnﬁg“forlmedsprom@r &tﬁzzﬂhegroeészxngﬂuidaﬁg may be

spr ay nozzgh%be%cygig@us%ggtggﬁlsﬁgsalqa% shape or pattern, or they may be sinple
outlets or rocess liquid or gas or vapor to the

wor kpi ece, [0i15‘2]annytbretﬁmnchto FIGo’hnilusa, apod, P@W]caﬁheommamerm]tlé wbdwd330 are

spaced apa i shown in FIG
42. The dr(;;arfmnmg P&@Jggg%h?e&ﬁhcs?&%k{}gs Slé%p crhggngg;ﬁe pro glggl ng chanber
351 vi a ceeontainerggthé ddop isgemented,via riebotic @ttaators i the §B8®mIPi Abe whot{shgb pr ocessi ng.
The drain hV. be | owe tor. or.on both
t he upper gﬁﬁdjr ﬁﬁtct);‘s/vaesrrgépc <gelr&su(%rb heb rel%allﬁn‘?ﬁnh it Irer?oveéévgrk@'ece 5‘1 gfgo Ef’fenﬁ%w ded in
ot her f or nss,224,324 iaBIGS. 22-40 arcird 1 &6, mmmvnlg)ﬂhmhmeennmhﬁ 21ram1pjac$ theAs
illustrated in F

annul ar asse 05|t|oned
around t he"°r® chrzgﬁn PTO§§OT3$‘£§ S&?‘&?W%@s@ pr@‘ﬁfs‘iré ?3) é’f’ vertically
noveabl e vépen goditioh} dnd ghe dixit hsaemtsy Vi nahe&cawtrqms;ﬁﬁas éﬂaemed HGahlorWBi?eZ i ncl udes
an armaturg 374 at t he 9 turns a
j ackscr ew Brofessorg s‘éougirf’gso bS\RE’V%F‘ﬁ%S aeﬂaﬁéf?]ﬁ?e m%”?‘%?yolﬂﬁéd f’f?%"‘()‘i’vég?’f’ tassenbl y
370. [0149heT Tipet/ouirpat Nativs 9 2,1hd 1pbBYIH dritieel ericlesuiredl S ther aatointayed 6fstetit shiown pat hs t hat
are separaﬁ% ?@ijgna Ie with the outlets 330 in the processing chanber.

I a

Three drai B8 " 384 are shown in FIGS. 42 and 43, but any
desi red nupigy ofTuthiing lS‘ack)&iHIGSHHWGbﬁe ivotkpigete 4 iigpdsifiened on the workpiece

supports 327 on the lower rotor 328. The upper rotor 326 is then lowered down via the
actuators 338 and engages with the lower rotor member 328 to form a processing chamber
351 around the workpiece 324. The repulsion of the magnets or magnet rings 357 and 369
forces the upper rotor against the lower rotor, with the face seal forming a seal at the
perimeter. The spacing members or support pins 329 on the upper rotor member 326 closely
approach or contact the upper surface of the workpiece 324 to secure or confine the
workpiece in place.

[0154]  Once the rotor unit 335 is in the closed or processing position, the drain assembly
370 is raised by the elevator 372 so that it is positioned around the rotor unit. A drain path
380, for removing the first processing fluid used to process the workpiece 324, 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



drain assenbly 370. Miultiple drain paths are provided so that different
processing chemstries, as well as deionized (D) water, nmay be renoved
fromthe processi ng chanber along separate paths, which elimnates
cross-contam nati on between the processing chemstries and the DI water.
The drai n p&ohes88693 382, 384 |ead to a system drain tulpeTa2004/0¥d89Ch
preferably extends out of the processg 316 from bel ow the drain paths 380,
382, 384. [0150] Wien the upper rotor nmenber 326 is in the open or

wor kpi ece-receiving position, the drain assenbly 370 is preferably at its

| owest positelusdd to Bélp BLONiqui Pirdrh he BAGEs B Ghto AR drald ﬂaﬂﬁ}&iﬁﬁ)ﬁ%d ging LGS, 41-43.
This allows for |oading and unl oadi ng of a workpiece 32 i nto 8and out of

t he processlﬁﬁk"@la as shown in FIG 41. \Wen the upper rotor 326 is | owered
into the qopsspd QfiePhe AARSIR09S bAAD alidnB® aPFRERinB FRRTPLYpIREQial fie ' 21 SED DY
the el evatar 372 £o W0 20051043507 B RSB s LR IRET é’%?%éq‘c?r?ge of the
drain path S8eth o8t upper amldaweifludl supply Bibes| 34¢.558 B0onie ot btk ofthoeesindg chanber ,
as il ustrigl&dioldlesiol Gtetshd2 498, WchubliveP i@ pRRaLIAY akia ¢l fle | ed fromthe
processi ng chan‘ger stohr oggsh t’he ‘out| et slv 338?{%?3'211 getrlllltd?(? @88@1‘* &g}r%\ée gener at ed
by rot at i onfowsr surkses ftthsr waskiiece 33h eTHelrefprohnithiegenéralywotated by dhetrimeor 339 i N pat h
that is_alignggle WeddlinhddS 1% OF A3 b&8ss GRANRRE i liigs 1 nto the
tube 376, %/hi ch rengves the fluid fromt es%ék\gérg%%c@g?%gﬁégédﬁ%@ 6. The
processi ng fpreg:i Brogpssing fyidis this drieanypetosdhoorkpipe sutfaces diasiposiah radiatipn.  10152]
Wh ref er egifurd o hffceder df il 3forafecl sk 10 BRBGEL bPine GRRGICES 1AL TRORLE ner 21 i

nmoved onto the input/output station 19 e contarner 1S’ se d, such as
a FOUP or Poepy342omanbginmeedback prd fadlowithis thedons\3821 by the motepibot liftngentiuat ors in

the syst em duTHEnkARRLEl A (ABIREIEH SAAR RIS JUSHQYIRGRS20 [0 F1 &

41) then renove a workpi ece ore I'n FI GS.
22-40 and 4Vfa®, respectively) fromthe container 21 and place the

wor kpi ece 2[‘6156'fI a QREoRY it I%Ela@s a3s tcj tHe 1Jo S ié 1];93 t}B{JlP%%?C% ¥e 316 is
in the up or open position, and t heWn asge%(ﬁ fl‘% 'S 1N Ahe gown
posi tion, a¥2dhbanprenrofr Esenjly 3hinddousitgasgomblyd3d.os B Bore 334 id redtisdy be
Stati on 10 *Bhert B pReASTe SRRYE ISt o QR B RE bl b B0 B Shomn.
in FIGS. leifinys2Zhrpughphegfreqessnt, charges 3a rdletivelyrigw belodityt tudie@Bingdtie- 46, t he
Fotor 526 e EHeh AR Ok b e e e act vt or's. 338
and engagesOW h tAtéhd psvimeter ofttherchembrn 851, 8828 progesking fivid npveces afithey chanber

processing chamber through the outlets 330, due to the centrifugal force. The processing

fluid then flows down the drain path 380 and out through the drain tube 386. The spent fluid

may be delivered to a recycling system for reuse, or to a disposal area for proper disposal.

The drain tube 386 can telescopically extend to move up and down with the drain assembly

370.

[0158] When the step of processing with the first processing fluid is completed, a purge

gas, such as N gas, is preferably sprayed from the nozzles 324 and/or 342 toward the outlets

330 to help remove any remaining processing fluid from the chamber. Depending on

whether a second processing fluid or a DI rinse water is to be used next, the drain assembly

370 is raised further by the lift mechanism 372 to align the appropriate drain path 382 or 384

with the outlets 330.

[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



351 around the workpiece 324. The repul sion of the magnets or nmagnet rings
357 and 369 forces the upper rotor against the lower rotor, with the face
seal formng a seal at the perineter. The spaci ng nenbers or support pins

329 on the / or nenber 326 closely approach or ct the upper
surface of t eg\f\%?ﬁ%%i ece 324 to secure or confine the %%%0%46084’195 pl ace.

101541 Once the rotor unit 335 is in3%2he closed or processing position, the
drain assenbly 370 is raised by the elevator 372 so that it is positioned

around the rotor unit. A drain path 380, for renoving the first processing
flui d usedndaoyepsewssthe werkpiseeaytfacsetodirexterigr perimgtaeef thapiarkpieded26winl et s 330.

The spaci t ral 1,382 4 and the
outlets S%nﬁﬁgﬁ?ﬁi ?@3 ) s%é?ﬁgrtﬁﬁq‘fstéﬁl}?u&qg%o{alﬂﬁgﬁtbﬁ%tgg%tqr%? gdtlﬁ%' noves into
t he drai n P#tiNginse waierikan flowaalongitha draip pathg4 irttethe tule 8860fr temevdl Gomrthe ot or .

Al ternativ, . kn L /034895 31
be used to‘gér)]r)é?lf}& %&ESQH %El gs ?@?&étd@%ﬁﬁaég ggggéﬁ?ﬁggﬁ&%&%@?ﬁangat hs,
wi t hout drthp Pl nuse gvater, [theadkliqueds afe0bEBikedihanrthdyleait the pravessiag bhad®er, ad pr oper | y

al i gned, a, pQ66SS falui d. upplied via one or both of the upper and
| ower fluid gupp ylhﬁggé&fgh&%‘érgo to one or both of the upper and | ower

nozzl es orl0befi| etSSmBat2tepBRE, l;e\mifclmedéiriommdmaq;litioméymicwging fluidsl Ao t he upper
and/or | i . 4 |t lS;0€enerally
rot at ed bgmf% né?%é%@?Gé%egfoﬁ)mggﬁégﬁrg&gm%%f’ i %B’% g?}%f)cw\% g4a fﬁ! d across the
sur f aces afrotebrang/mtapk e eorepl@ed! A dgyingetep pérfomged witlf isopeepyl #eahoe@A)ngpdrl ui d is

thus drive - . i r in direction radially outward
fromthe c(grr?ﬁ(gdraqufy 1@2@“%%’&%%@@"@33&%@% nél per%geseséng(? NpRE S I%rb? ece 324. The
up |toer _ ngzpﬁkfen@@nmﬁwebteom:gdpdﬂais Iashsegn@tl tbceadlllwhypmitolf phocestihgefllid lned,g_32t by bt Pe

not ori zed . - r nechani sm.. 0.hor.e evenly distribute
processi ng1 {;l%b%ﬂ% %Pﬁﬁsg w&%gem\?\ﬁrr S%f%‘éag magg? E%t%%ef‘ t e(fﬁ@%f"tﬂrsoc%ﬂlé’grot or unit
rot at es, aihemisgiesirawell asthoDl tirse pateg &ssoidgl. chanber through the bore 332 in

t he upper r lLy..35 d housj ng, ass |y, 373, . t he re 332 is
relativel yﬁ} ?élir g?ﬂscgﬁ;gc%ﬁgg tr?)arsggeélscgw %{e%’ﬁlée aelrgg%ﬂb]?' g%slﬁﬁi“fegﬁtaflgﬁfy cl osed,
except at upper rotot merhker 33Mis rdised to alow afdessts thelwotkpipae 3o agrhoer Bidigsgdlchanber at

) el R R DB B R Sl Sl L0
t he chamnbeand 3bdther woekpieps mayeegilavgd mtathaprowysig oharthbedf t he processi ng chanber
through t h[%l&']lt | elth% r(;el(:)groahd grléluen Jor%p;[)nhegts ?netplft: ;l;riozelélgr?'gl sy];tgrlﬁ(is 'ma}-gee m%coo%%r?ySi ng

suitable matenial, such as Teflon® (synthetic fluorine-containing resins) or stainless steel.

Any processing fluids typically used to process workpieces, such as semiconductor wafers,

may be used in the processing system 10. For example, aqueous or gaseous ozone, aqueous

or gaseous HF or HCL, ammonia, nitrogen gas, [PA vapor, DI rinse water, H,SOy, etc. may

be used to perform the various processing steps. In applications where harsh acids or

solvents are used, such as HF or H,SQ,, it is preferable to use Teflon® processing

components so that the rotor components and drain are not damaged by the processing

chemistries. Preferably the upper nozzle or outlet 342 and lower nozzle 348 are connected

with, and have separate outlets for DI water, clean dry air, nitrogen, and one of the liquid

process chemicals listed above. One or more valves 390 near the lower end of the tube 350

control flow of liquids and gases through the lower nozzle 348. 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,



fluid then flows down the drain path 380 and out through the drain tube 386.
The spent fluid nay be delivered to a recycling systemfor reuse, or to a
di sposal area for proper disposal. The drain tube 386 can tel escopically
extend to nove up and down with the drain assenbly 370. 101581 When the
step of prY®IVHEOqi th the first processing fluid i s cRERHIERANS pur ge
gas, such as N2 gas, is preferably smzayed fromthe nozzles 324 and/ or 342
toward the outlets 330 to help renove any renai ning processing fluid from
t he chanber. Dependi ng on whether a second processing fluid or a DI rinse
wat er i s t @albemeshedsnie i, miyhisode dricudasia eEtprotessihg Gystedn, bainsR@dgbyithiey. by t he
lift mechanism. 372.to align the appropriate ai n pat.h 382 or 384 wth the
outlets 33[‘}.ll °?8‘f5’§r1°“|§8?m% SPh, pldhe &Fce W&Sﬁ%‘f%g‘g g‘f”é?)dp"l?g?rft er“r?@HOI\ﬂ? th DI rinse
water is t@ofllgeaniiQ? ABGhg ppwbriaté PBEwale@yRtaimidg2 rai ses the drain assenbly

370 until drain path 384 is igned with th outlets in the processing
chanber. Dﬁm%i”ns e%f‘ prosesshgaq: Eﬁ?eé%ad %?ﬁ?"g’IX’ fRAmBST f}éfﬁﬂ?@?&)@ fFf aces WO

2005/ 043593 oRepTt44220 Othé A3 hOfents 32 dastelbdiy AgvimCdiftderd, iRy \6& HfiRGEncaUr f aces to
the exterior Berineter of the mnrkg[e e 324 via centrifugal force. The D

rinse wat efounf §ipees KHERRgHNS PeseRipyeRtQ hasbren HlugraiedavithisiPRCt i3 Wafd'gd.  The DI

rinse wat efvotpeRe.f HEWE et MY bé Revedizéad thatPlplesdfidnvieition hadewidetigngd®6 f or
renoval from_the. warkpi ece processor 316.  As sePa te drain pat are used
for the fi PRRICHIINReEY MRY Ot PATRCARLPCEHNSPIIHYR ighledn the prESEnE Pt ds ar o
not m xed WaRNdikpBY, Biktdeletth@idhARE S dlitkr BVRDRuiriAdEifecEVeQH8 caBliam nat i on
does not occur. [0160] Simlar steps nay be perforned for one or nore

addi ti onal Y5t 9w BgFeFINE ds. A rinsing step may be perforned after each
processing step, or nmay be performed after all processing steps are
conpleted. A drying step performed wth isopropyl alcohol (IPA) vapor or
another drying fluid may be perfornmed after the final processing or rinsing
step. In a preferred enbodi ment, one drain path is assigned to each type of
processing fluid used, including the DI rinse water. Thus,
cross-contam nati on between the different processing chemstries, as well
as the DI rinse water, is avoided. [01611 Once processi ng has been

conpl eted, the drain assenbly 370 is |lowered and the upper rotor nenber 326
is raised to allow access to the workpi ece 324, as shown in Figs. 41- 42. In
this open position, the workpi ece 324 may be renoved fromthe processing
chanber and anot her workpi ece may be placed into the processing chanber.



10162] The rotor and drain conponents in the processing system 10 nmay be
made of any suitable material, such as Teflon(r) (synthetic
fluorine-containing resins) or stainless steel. Any processing fluids
typically used to process workpi eces, such as sem conductor wafers, may be
used in the processing system 10. For exanple, agueous or gaseous ozone,
aqueous or gaseous HF or HCL, ammonia, nitrogen gas, |PA vapor, D rinse
wat er, H2SO4, etc. nmay be used to per?%rn1the vari ous processing steps. In
applications where harsh acids or solvents are used, such as HF or H2SO4,
it is preferable to use Teflon(r) processing conponents so that the rotor
conponents and drain are not damaged by the processing chem stries.
Preferably _the upper nozzle or outlet 342 and | ower nozzle 348 are connected
with, and ﬁgkﬁlégggﬁﬁagﬂgdglets for DI water, clean dry air, nitrogen, and
one of the liquid process chemcals |isted above. One or nore valves 390
near the | ower end of the tube 350 control flow of |iquids and gases

t hrough the | ower nozzle 348. The | ower nozzle 348 may include e.g., four
separ at e sdb- ndkzystem feaptocdssing atworkpeca, somptising:i qui d or gas. [01631

Addi tional system compponents,.such as an | PA vaporizer | water supply,
opti onal - heat | 1y P IaNORBIEca AR PSR A 6P BRGIST g HoNkplecS

regul at or shtRERSSRIdeNHrRfRpor s, WO 2005/ 043593 PCT/ US2004/ 034895 33 val ve
mechani snms, etc. may al so be included in the processing system as in

exi sting systers upper radér; tehlowearroton engagpabierwith die uppepraieretsfaig ayst em 10
may be under the control of.a . contraoll.er unit Epze havi Eﬂ%gjzgropri a

sof tware p‘P’%‘PQﬁﬁi WB?ei%’i%EPaW?FFea R OtpﬁnBX%%@e M?e'ﬂ) Cqva3t ffgsenbl Y,

chanber asiggadiblandruMicdding WORKpidUeRGRD FHitfoRtidithie pOEROSBL s are described as
havi ng di aneters, they can al so have non- round shapes. Further, the present

i nvention has Rghajmpveablgtdrainnpssernilypgaeiuding a Rlefedly ef seppiakyidsaia.
However, i i 1] i : i i i dler range
o appi | 2 P abiP R sAREed iR dchiaBRERln Y iRl ot B 09T
t he processbuiggahefdrain mehahisth $platigs ,a singteodtade tpathniveithritsk procassingt her
devi ces r%%riring effective and controlled wet chem cal processing. 34
WHAT |'S CLAIATS S 1. A system for processing a workpiece, conprising: a
plurality of workpiece processors, with at |east one of the workpiece
processors conpri sing:

2. The system of claim 1 wherein the lower rotor is at a fixed vertical

position, and the upper rotor and the drain assembly are moveable vertically,

relative to the lower rotor.

3. The system of claim 1 further comprising a nozzle extending into the

upper rotor for introducing a processing fluid to an upper surface of a workpiece.

4 The system of claim 1 further comprising a loading station, with the robot

moveable from the loading station to one or more of the workpiece processors.

5. The system of claim 1 wherein the workpiece processors are arranged in

a first row and a second row, with the robot moveable between the two rows.

6. A system for processing a workpiece, comprising: a plurality of workpiece
processors, with at least one of the workpiece processors comprising: an upper

rotor having a first magnetic element; a lower rotor having a second magnetic



an upper rotor; a |lower rotor engageable with the upper rotor to forma

wor kpi ece processing chanber; a robot noveabl e between the processors for

| oadi ng and unl oadi ng wor kpi eces into and out of the processors; and a
noveabl e drain assenbly including a plurality of separate drain paths, with
each drain path separately alignable with the processing chanber by noving
the drain nmechanismto align a single Q{ in path with the processing
chanber. 2. The systemof claim 1l wherei'n the lower rotor is at a fixed
vertical position, and the upper rotor and the drain assenbly are noveable

vertical |y eleh8h@Withehk UphBR rdteMBRgddq¥able to tRe IORE RYGTRANMRErdctigh BF thef ur t her

conprising a nozzle extending into tthe upper rotor for introducing a
pr ocessi ng rmagnalict elearenippto feum f aororspieae wrokgssing: .chambethandyatrebobf cl ai m

1 further conprisi a loading station, with the robpt noyveable.fromthe

| oadi ng st a{'f‘?‘éﬁ?b?eor}%ﬁ‘geﬁ? a‘ﬁ’ﬁr g'ogfp'???e %?%P@cgorpﬂ%ﬁg%o?@v ung‘?a% &yst em
of claim1whRpigd t hptavor kamEce GUtOCEdFOr oy € i angfffel N pockséss. row and
a second row, with the robot noveabl e between the two rows. 6. A systemfor

processi ng a workpi ece, conprising: a plurality of workpiece processors,

wth a leapt Offe Aokl ohOBIRIGRAfh MGE5AYR: SN, 2 1180 BodRRE inf 1"

having a first nmagn nent; a l'ower rotor havrn n'te ic 35

el enent, wid hdidmeeteppavhiciot s €0980%Babbe the t danrhateer of otthe Wverkpieicer acti on
of the magnetic elenments, to forma workpi ece processing chanber; and a
robot noveabl e between the workpi ece processors for |oading and unloading a

wor kpi ece idgqito f e ; canl tem; | ai m 6
with the upglp'er ?ggor %@i ﬁgrﬁa'ﬂrqﬁgﬁh%% glg\r/r\}lﬁt ﬁn gpg‘%}grfr@%ra%mlégéﬂpi S

20- 80% of téwerdlirgririterthefthitoughvapdaimg aethe @opeThretasy bt provide al @mpoessirfgur t her

conprising an, upper fluid applicator extending into the through opening in
t he upper rfg‘t'%r, t® provie a PPRBTessi r‘?é"f%f:?ui d tog an er s‘ﬁgﬁkﬁk‘?&eof t he

wor kpi ece. 9. The systemof claim6 further conprising an actuator for
noving the upper fluid anpI icator within the thro%g?h1 openi ng for
distributiriy a phesystermef ¢lpim 6 fushergeampiising apactuaterFoomoving theuRpeece, and

for noving ﬁlﬁ'& aBBf[?ced’tOI]c !NHH?\ ﬁl@pﬂhir&?gth%pening for distributing a processing fluid to
different portions of the workpiece, and for moving the upper fluid applicator

vertically and radially out of the processing chamber.

10. The system of claim 6 further comprising a lower fluid applicator
extending through the lower rotor for introducing a processing fluid to a lower

surface of a workpiece.

11.  The system of claim 6 further comprising a moveable drain assembly
including a plurality of drain paths, with each drain path separately alignable

with the processing chamber by vertically moving the drain assembly.

12. A system for processing a workpiece, comprising: a plurality of workpiece
processors, with at least one of the workpiece processors 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.



vertically and radially out of the processing chanber. 10. The system of
claim6 further conprising a |lower fluid applicator extending through the

| ower rotor for introducing a processing fluid to a | ower surface of a

wor kpi ece. 11. The systemof claim6 further conprising a noveable drain
assenbly including a plurality of drain paths, with each drain path
separately alignable wth the process'ég chanber by vertically noving the
drain assenbly. 12. A system for processing a workpiece, conprising: a
plurality of workpiece processors, with at |east one of the workpiece
processors conprising: a first rotor; a second rotor engagenent neans for
engaging the first rotor to the second rotor, w thout the need for physical
contact wi t8. t Iehef isystent affoclaimantl whesdinn theresngagément oadamsgy compmiskepi ece
into and out of one or nore of the rocessors. 36 13. The system qf claim
12 wher ei netemerﬁ%ﬁa@@reémngn@aage% jlsige oreRilAEHeR een éﬁ?iffs{at RBneti c
repul si on g?aﬁk;raction between the first and second rotors. }4iorsthe
system of claim 12 further conprising drain nmeans for separately draining
fluids fromthe processing chanber. 15. A nethod of processing a workpiece,
conprising,the steps ,of : placing the workpiece jnto a first rotor; engaging
2 second rdfor T oher pLeln; & itherComRisiag drdlo, mapador g PREHtY -

pr ocessi NgdewAAE |LidafesH thd P@c@@gihgicﬁgﬁ,beﬁpi nning the first and second
rotors; and applying a first processing fluid to a first side of the

wor kpi ece, with the first processing fluid flowng radially outwardly over
the first i de I A ri - . hod of
claim 15 fuPt hd? ﬂiegﬁr%cr?p!‘ﬁfﬁé@%ﬁﬁﬁs %%Tkﬁﬁg%eh%@ﬁﬁénéﬁﬁe&?ﬁerp&l& B'E‘;gg’gggigng f1uid
fromthe pwodgssiente befirberotor; @ngading st seboadnofmttb the diedtadtdrvima marveabl e
drain mechanismin comunication wth the processing chanber. 17. The

met hod of EPRARL PECaMiR fRTThathRecess o Ianear 5\*%%“’&9”@0%&‘9%@5 SpiRgMetthe for ce.

18. A syst gt RETSORT dhd EN?:H ' dsd luidold HEstsi
wor kpi ece ﬁfogrtg@gssg%res, é\ntbf% at V%H astfgﬁgsgé}gteieﬁﬁv%rwpi 8ceﬂ‘|ror ocotee%s/%f((;(bes3
conpri si ngwoskpiegepavith the first processing fiuid flowing radially outwardly over the first

side of the workpiece via centrifugal force.

16. The method of claim 15 further comprising the step of removing the first
processing fluid from the processing chamber via a first drain path located in a

moveable drain mechanism in communication with the processing chamber.

17. The method of claim 15 wherein the non-contact force comprises
magnetic force.

18. 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 to the upper rotor to form a workpiece
processing chamber; a moveable drain assembly alignable with the processing
chamber, the drain assembly separated from the processing chamber by a gap
in which a downward airflow is created when the drain assembly is lowered
and/or the upper rotor is raised; and a robot moveable between the workpiece
processors for loading and unloading a workpiece into and out of one or more

processors.



rotor; a |ower rotor engageable to the upper rotor to forma workpiece
processi ng chanber; a noveable drain assenbly alignable with the processing
chanber, the drain assenbly separated fromthe processing chanber by a gap
in which a dowmnward airflow is created when the drain assenbly is | owered
and/or the upper rotor is raised; and a robot noveabl e between the workpi ece
processors for |oading and unl oading a %prkpiece into and out of one or nore
processors. 37 19. The system of clai m’18 wherein the gap is 0.125 to 0.250
i nches wide. 20. A workpi ece processor, conprising: an upper rotor having a
through air flow opening; a |lower rotor engageable to the upper rotor to
forma workpi ece processing chanber; wherein the through air flow opening
in the upper9.r oThe shstem of claian®8 evhevdin dlie gap B00.825¢o@D.290encheswider of t he
wor kpi ece. 21. The processor of claim20 further conprising an upper fluid
applicator extending into the through opening in the upper rotor, to
provide a pZG?CGRSWB&Eiécc'eUbI‘%cEQS&PcHr!%Bﬂéin@.Uéﬁbe%e?frotroﬁ‘%a‘()@fgkﬂ!tﬁl‘b%?h ae- The
processor of claim 2l further conprising an actuator for moving the upper
fluid appl iftst opeminghariowae ratar engggesipéntanthe upser iter torfososa workieed ai m 21

wherein the upper fluid applicator gonpr,l a nhozzle havin ol l ection
section T orP BT PITBT oML dhe IMIPENALROM Qrenia i 8 HRpPr FPPRhe T per
nozzle is dj sgpthéteredvifieht hat EX88%S 6F ogrSSRENdteri dfdags wekpRicep from
t he upper nozzle into the processing chanber. 24. The processor of claim 20
further conprising a |ower fluid applicator extending through the | ower

rotor for ifitro i roGgessi fhud t kpi ece.
25. The pro%e‘ssgﬁgoé}gg‘?saq%% oaéh?%ﬁ)etdﬁé‘gﬁﬁ& |rar?8¥é§%8 lgtjfgéﬁoafﬁgd ﬁ“fé’é’ﬁ% s'rfor
engagi ng t hextergieg irtothé aheiughodpening ii2the dpperpotore &s provide al prooesiing ur t her
conprising a noveable drain assenbly i nc} uding a, plurglity of drain paths,
with each difn palh sepd? at el YPBET gnaiUE@CRi t h Ohe pr B&ssi nNYOCREBer by
vertically noving the drain assenbly. 38 27. A systemfor processing a
wor kpi ece, conprising: a plurality of workpiece ,

22. The processor of claim 21 further comprising an actuator for moving the

upper fluid applicator within the through opening.

23. The processor of claim 21 wherein the upper fluid applicator comprises a
nozzle having a collection section for collecting processing fluid when fluid
delivery to the upper nozzle is discontinued so that excess processing fluid does

not drip from the upper nozzle into the processing chamber.

24, The processor of claim 20 further comprising a lower fluid applicator
extending through the lower rotor for introducing a processing fluid to a lower

surface of a workpiece.

25. The processor of claim 20 further comprising one or more magnets for

engaging the upper and lower rotors.

26. The processor of claim 20 further comprising a moveable drain assembly
including a plurality of drain paths, with each drain path separately alignable

with the processing chamber by vertically moving the drain assembly.



processors, with at |east one of the workpiece processors conprising: an
upper rotor having a through air flow opening; a |ower rotor engageabie to
the upper rotor to forma workpiece processing chanber; an air supply line
in comunication with the processing chanber and having an inlet |ocated
vertically above the processing chanber for delivering clean air into the
processi ng chanber; and a robot nnveab#e bet ween the wor kpi ece processors
for | oadi ng and unl oadi ng a wor kpi ece $to and out of one or nore
processors. 28. A systemfor processing a workpiece, conprising a

plurality & V“N%&gt&ﬁ%r o%%§§|ﬁ8 e@e%o%ﬁﬁ?hg?ﬁ'?h%ht&@v&'& BLece

processors conpr a seco erren neans for

engagi ng tp@céssors, with at Idast bhe of $|wwod<pneneoprpcmsdn9nbntplmemgead Upper physi cal
cont act V\nththeflrs with the E{%Yegemsnt nmeans, i ncl udi ng el enents

for creati PR} hF%| aif JawopPenifig; 13y ot engagrable g the. UPRRE | oadi ng
means for }o?&d't!?gfcﬂ'rr\"oékWo‘ﬁ?&eééﬂﬂ'oe@éjsmé;“ bé&€aRr aFFDrs%Pny tll'ﬁ% in

processors. 29. A systemfor processing pi ece, conprising: a plurality
of wor kpi ecemmpinwaties owith thiet lpr@deslsmgsbhambeofartdqé}awmgkmnemﬁebnmor S
conpri sing

d th
et rof oreralbh gbou iRy PrESanO hABRE! (A YALNH Hr o) <AbaNe: Ak act wi

the first @E@ésm@%ﬁhn&beﬁ%afr%ot&%@ééﬁl@bﬁwﬁé\‘i HeNWofkpidcdsprotegadrdie
processi ng chanber; and | oading mneans for |oading a workpiece into and out

of one or feptaadyig ameUplped@gsa)wgrkplem intprandsgu tof PN for dNererproCessiEs-ei n t he
engagenent nmeans conprises elenents for creating nagnetic repul sion or
attraction on the first or second rotor. 31. A workpiece processor,

conpri sing2ga Raswtéraler pg:ce@shg&ewmmb eomptisiagbapturhityof wasrkpiete r st
rotor rotatable within the base hqusing; a second rotor adapted {o engage
and f or m aP19FesEssi Wih Haleasl ong h thﬁéNCfka@tSe REPERSSOES CORpFiSHg: %@ et on

the first - é?ﬁgﬁ p I d{@g 32. The
syst em of '(rzol?%r?m ?%h? urtﬁl%r C n%?ﬁ?ségggﬁer%%ngdrf or %El%ﬁﬁ%w%ﬁe i rst rot or,
wi th the fsecindrotaryr withkunthenmegrhfosiptgbicabodreatt with thhe Iflesthotm;j wih\ihe | e
spi nning. 33. The ?ystem of claim ?1 Wr}er the hase ma or the rotor
magnet, or€ngagement” means inc uding eleme or creating mag etlc ‘repulsion or

attraction force on a rotor; and loading means for loading a workpiece into and

out of one or more of the processors.

29. A system for processing a workpiece, comprising: a plurality of workpiece
processors, with at least one of the workpiece processors 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; drain
means for separately draining fluids from the processing chamber; and loading

means for loading a workpiece into and out of one or more of the processors.

30. The system of claim 29 wherein the engagement means comprises
elements for creating magnetic repulsion or attraction on the first or second

rotor.

31. A workpiece processor, comprising: a base housing; a base magnet on
the base housing; a first rotor rotatable within the base housing; a second rotor

adapted to engage and form a processing chamber with the first rotor; a rotor



both, conprise a magnet ring. 34. A workpiece processor, conprising: a

fi xed, non-rotating housing; at |east one housing magnet on the housing; a
first rotor rotatable within the housing; at |east one rotor magnet on the
first rotor; a second rotor engageable with the first rotor; and with first
rotor biased away fromthe housing via the rotor magnet repelling the
housi ng magnet. 35. The workpi ece processor of claim 34 further conprising
a drain assenbly vertically noveable r¥ ative the first rotor. 36. A

wor kpi ece processor, conprising: an upper rotor; a |lower rotor engageable

drain assenbrgnatnul fus At 3R owiRiES rBR7 BhaR TR e B IBE e P ebhatzcr
drain path separately alignable with the processing chanber by noving the

drain nmechanismto align a single drain path with the processi n% chanber .
37. The proXessbhe systamighdamidrforthet rempasies meaesy fersspinniags inkelist/erti cal
posi tion, t dp.al j v i ; i 0 the
Pover rot aooran i BrsERR intichd, AP (EARE. KBhEE iy nd Rt e
central threpirgting.opening for air flow having a dianmeter of 20-80% of the

di aneter of the workpiece. 40 39. A workpiece processor, conprising: a
first rotor; a second rotor; and engagenent neans for engaging the first

oLor o Lhsy SeERBLyERITTor MO IHERE d'RECk hdorhsl 8l rokRThagletbt h the

first rotor. 4 ocessor o el n the engage t neans
conpri ses ladtenents for eomprtiseng nagneti @ repul si omagnedt t racti on ringt ween
the first and second rotors. 41. The processor of claim39 further
conprising drain nmeans for separately draining fluids fromthe processing

chanber. 4 AAV\NéﬂRPie%é%rBé%,sc%mpﬁéi’r@rd ftet) noAltotHliRg ouRIrg! af akover
rotor engageable with the upper rotor to forma Pr ocessi ntg chanber; an
openi ng i n onenkousingemagaeben tagmdousingio? Kedt rotavrotgtabld witbin t8adousing; etl | y

above the YpRar, 1O Blrmaghiét dHAFE sttolsi o8 Wese!rdiSPG dihebBict ifin BREMSL 1 1
rotor; and with first rotor biased away from the housing via the rotor magnet

repelling the housing magnet.

35. The workpiece processor of claim 34 further comprising a drain assembly

vertically moveable relative the first rotor.

36. A workpiece processor, 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 mechanism to align a single drain path with the processing chamber.

37.  The processor of claim 36 wherein the lower rotor is at a fixed vertical
position, and the drain assembly is moveabie vertically, relative to the lower

rotor.

38. The system of claim 36 wherein the upper rotor has a central through
opening for air flow having a diameter of 20-80% of the diameter of the

workpiece.



43. The processor of claim42 further conprising a nozzle arranged to spray
a process liquid through the opening in the lower rotor and onto a | ower
surface of a workpiece in the processing chanber, a tube connecting to the
nozzle and to the second end of the snorkel, and a valve associated with
the snorkel or the tube. 44. A workpi ece processor, conprising: an upper
rotor; a lower rotor engageable with khe upper rotor; a sunp section on the
| ower rotor; and a nozzle extending up at least partially through the sunp
section. 45. The processor of claim44 wherein the sunp section conprises a
coni cal depression around the center of the |ower rotor.

39. A workpiece processor, comprising: a first rotor; a second rotor; and
engagement means for engaging the first rotor to the second rotor, without the

need for physical contact with the first rotor.

40. The processor of claim 39 wherein the engagement means comprises
elements for creating magnetic repulsion or attraction between the first and

second rotors.

41. The processor of claim 39 further comprising drain means for separately

draining fluids from the processing chamber.

42. A workpiece processor, comprising: an upper rotor; a lower rotor
engageable with the upper rotor to form a processing chamber; an opening in
the lower rotor; and a snorkel having a first end vertically above the upper rotor,

and having a second end leading to the opening in the lower rotor.

43. The processor of claim 42 further comprising a nozzle arranged to spray a
process liquid through the opening in the lower rotor and onto a lower surface of
a workpiece in the processing chamber, a tube connecting to the nozzle and to
the second end of the snorkel, and a valve associated with the snorkel or the

tube.

44. A workpiece processor, comprising: an upper rotor; a lower rotor
engageable with the upper rotor; a sump section on the lower rotor; and a

nozzle extending up at least partially through the sump section.

45. The processor of claim 44 wherein the sump section comprises a conical

depression around the center of the lower rotor.



