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priority %@ﬁrg foll owi ng US Provisional Applications: ‘E}p’@é"gﬁ '6

60/ 129, 055, entitled "WORKPI ECE PROCESSOR HAVI NG | MPROVED PROCESSI NG
CHAMBER', filed April 13, 1999 (Attorney Docket No. SEM449ﬂ

U . S.S. N 60/143,769, entitled "WORKPI ECE PROCESSOR HAVI NG | mwmmm mm
PROCESSI NG CHAMBER', filed July 12, 1999 (Attorney Dock

SEMA492P0831US); U. S.S.N. 60/ 182, 160 entitled "WORKPI ECE PROCE§§83 HAVI NG

| MPROVED PROCESSI NG CHAMBER', fi I ed February 14, 2000 (Attorney Docket No.
SEMA492P0832US) . STATEMENT REGARDI NG FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT Not Applicabl e BACKGROUND OF THE | NVENTI ON The fabrication of

m croel ectroni c conponents erl_m mcr oeI ectroni ¢ workpi ece, such as a

sem conduct or wafer substrate, 5@5 NIH@N etc., involves a
substanti al nunber of -1 *159159* V\D OOI 61837 PCTI US00110210 processes.

For purposes of the present agﬁ)@l cation, a mcroel ectronic workpiece is
defined to incl ude a wor kpl‘@@ &%BRQC@SS@RSHAHWGW upon whi ch

m cr oel ectroni t | ayers,
and/ or m cro- rrlg% ani caI emen SRQ?QI orne . h@:@?@éﬁ SF&%X

di fferent processing oper ations perfornmed on the workpiece to

CROSS-REFERENCE TO RELATED APPLICATIONS

The present application claims priority from the following US Provisional Applications:
U.S.S.N. 60/129,055, entitled “WORKPIECE PROCESSOR HAVING IMPROVED
PROCESSING CHAMBER?”, filed April 13, 1999 (Attorney Docket No. SEM4492P0830US;
U.S.S.N. 60/143,769, entitled “WORKPIECE PROCESSOR HAVING IMPROVED
PROCESSING CHAMBER?”, filed July 12, 1999 (Attorney Docket No. SEM4492P0831US);
US.SN. 60/182,160 entitled “WORKPIECE PROCESSOR HAVING IMPROVED
PROCESSING CHAMBER”, filed February 14, 2000 (Attorney Docket No.
SEM4492P0832US).

STATEMENT REGARDING FEDERALLY SPONSORED
RESEARCH OR DEVELOPMENT

Not Applicable
BACKGROUND OF THE INVENTION

The fabrication of microelectronic components from a microelectronic workpiece, such

as a semiconductor wafer substrate, polymer substrate, etc., involves a substantial number of
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fabricate the mcroel ectroni c conponent(s). Such operations include, for
exanpl e, material deposition, patterning, doping, chem cal nechanical
pol i shing, electropolishing, and heat treatnment. Material deposition
processi ngVPA¥88Yes depositing thin layers of material tBCVHYMM ace of

t he workpi ece. Patterning provides renoval of selected portions of these
added | ayers. Doping of the m croel ectronic workpiece is the process of
adding inpurities known as "dopants" to the selected portions of the

m croel ectronic workpiece to alter the electrical characteristics of the
substrate material. Heat treatnent of the mcroel ectronic workpiece

i nvol ves heating and/or cooling the m croel ectronic workpi ece to achi eve
specific process results. Chem cal mechani cal polishing involves the
renoval of material through a conbined chem cal /nmechani cal process while

el ectropolishing involves the renoval of material froma workpi ece surface
usi ng Proesssasodites pumabesradbe present applivation, ¢ picoslestonig winkpiereds definedrioas
processing "tools", have been devel oped to inplenment the foregoing

pr ocesbiclude @ porkpieco frsmed fremear substtate upak avhinh miicfoklecteortic cioauits guroatpooents,
depending on the type of workpiece used in the fabrication process and the
pr oc esdatostopgodeanatsodayets) andlotiyictdamedhanical elanentsapd foemed.i gur at i on, known as
t he Equi nox(R) wet processing tool and -2 WO 001 61837 PCT/ US00/ 10210

avai | abl e fThere Zerd ianber of ’ifferemfprédessings PekdtiondVpeferind dnnbt wibgicpiedaoor nor e
wor kpi ece processing stations that utilize a workpiece holder and a process
bow  ofabfid @ieNicrédldctronib! RIPOAENEE). WShch bféRfons NAcIARL fal bimfple, SHabriaret
processi ng operations include electroplating, etching, cleaning,

el ect r ghsifofl epaRidihd NdophleS CneRARAl |ridthitfcal eﬂo?ishjh?, @ﬁ@@&rp@ﬁaﬁﬁg, Wirddh heRe
configuration of the foregoing Equi nox(R) tool, The workpiece hol der and
the pr Wy j iti ' S () dMnp=Veye) tion to
bri ng. {Ranelt; MERRNPIGRHISY BridtSRRSRIGIRG O 807 JARK FnaRR LiE

cont ac ' i A FRYaTels i r i '

t her eb%“rygr gn?tﬁ%&g&g%géeﬁs%e%ﬁﬂcﬁgﬂger . E‘g‘% P ??e?:‘{a%rdlg) °ﬁﬁ’§§ gt%{gsgggfﬂéndghﬁ%i dto
the apy opri ti . rkKpl ece ver. s often problepatic.
i £ GIATIR PR le ol d el B B R of AR Frpughs Buibah eppma®
processi fluid and t surface, of. the workpi.ece can be difficult. Absent
Blioh niesBsrieg neffing of o herdpfeSntiic o Shnie 5ol e il Llarelsrifids of c o
often he non-uni form _Convention war kpi ece, processors have utilized

vari ou@etsgwﬁmedﬁaé@#'o%% EGTRARE Ofbe PUCCHRETORicL I er P Rt eoimEIR S Repting A/ e
surface of the workpiece in a controlled manner. For exanple, the,

o oces PGS HIERIIFIEFTORC BPHBIFRE 19 S0 Ve BIEREPraRetToRile Saphisslumespaind

wor kpi ece _using a controlled spray. In other types of processes, such as in
par t i apolighing ipyolyss ke s¢mevap op satesiah firoughea porabibeds phemicalimeghanios] mosessn a
bath and at |east one surface of the workpiece is brought into contact with
or bel while reéectropdlishing onvalves theoreawyalngf imhatéria]l frinect wopkpiecengrfacd asing ol ess

pl ati ng, etching, cleaning, anodization, etc. are exanples of such partial
or ful kle¢tmehemicalmeacgons. WO 001 61837 processi ng. PCT/ US00/ 10210 Exi sting
processi ng containers often provide a continuous flow of processing

sol uti on t oNuherops proeessing gdevitasyiiewwh hasoprgdessinge "olshohiave i beke dsvelopgpased at
the bottom portion of the chanber. Even distribution of the processing

sol ut i anplevett thd foreguingdproceassing loparagorisp Tiesd kddlls take ohhiifflretsonfigidatioasf or mi ty
of the diffusion layer conditions is facilitated, for exanple, by a

di f f us@épeding be thel tigge dadrkpiscetissP RS fADEEIMRA Prddess MAhOProldds 6r protedles and
the workpi ece surface. A general illustration of such a systemis shown in

Fi gur e etechited b hettbdll WiRkltodl coRfig RS, BhonUk e Edﬁiﬂxgl@ﬂ%ttp‘ﬂcgéir?g tbdighaare
provided to disburse the streamof fluid provided fromthe processing fluid
inlet 3 as evenly as possible across the surface of the workpiece 4.

Al t hough substantial inprovenents in diffusion [ayer control result from
the use of a diffuser, such control jis |limted. Wth reference to Figure

| A, localized areas 5 of increased f?OM/velocity normal to the surface of

the m croel ectronic workpiece are often still present notw thstanding the
diffuser 1. These localized areas generally correspond to the apertures 2
of the diffuser I . This effect is increased as the diffuser 1 is placed

closer to the microel ectronic workpiece 4 since the distance over which the
fluid is allowed to disburse as it travels fromthe diffuser to the

wor kpi ece is decreased. This reduced diffusion length results in a nore
concentrated stream of processing fluid at the |ocalized areas 5.



The present inventors have found that these |ocalized areas of increased
flow-vel ocity at the surface of the workpiece affect the diffusion |ayer
conditions and can result in non-uniform-4 WD 00l 61837 PCT/IIS 0/ 10210
processi ngVBIY6¥¥ surface of the workpi ece. The diffusi ohRCFAY¥A% nds to be
thinner at the Localized areas 5 when conpared to other areas of the

wor kpi ece surface. The surface reactions occur at a higher rate in the

| ocal i zed areas in which the diffusion |ayer thickness is reduced thereby
resulting in radially, non-uniform processing of the workpiece. D ffuser
hol e pattern configurations also affect the distribution of the electric
field in electrochem cal processes, such as electroplating, which can
simlarly result in non-uniform processing of the workpi ece surface (e.qg.,
non- uni form deposition of the electroplated material). Another problem
often encountered in imersion processing of the workpiece is disruption of
t he di fvaijablefromaSemitogly dnct.of KialisnsH¢ Maptapas inchides onsiviranore workpiece processingof t he
wor kpi ece. Bubbl es can be created in the plunbing and punpi ng system of the
pr oces statians dbptiutiiena workpicsathekder prd p prasessshowg or icamthiser foh émplemiatingmvelr at e t o
sites on the surface of the workpi ece under process. Processing is

i nhi bi pmdessing oheratéonsi $ueh whi @rocessingenparapibns intladé Electehiphatingt dtehing) tlehding,
diffusion layer. As microelectronic circuit and devi ce manufacturers

decr easlectidiéss depoeitioh, eldeaopodishiogerd.s and circuits that they manufacture, the
need for tighter control over the diffusion |ayer conditions between the
processi ng modcubrdate avith éritcconfiplcRtiic 6f thdfbREEInD FRIBLRYI6SR, theivdrksibce TO
this end, the present inventors have devel oped an i nproved processing

chanbe poliétaind AkQre® sy dontairde hie@dpaed! ANEMal Ohe Hidihe hhd Kinorftd dm% the
y

di sturbances that exist in the workpiece processing tools current

enpl oy Gderb&edidficorkpigbeRdld (Bgitﬁe fordipipica tHoder lifte Wohtadt: with b RoEsind AuidnPr oved
-5 WO 00/ 61 837 PCT/ US00/ 10210 processi ng chanber set forth belowis

el oct  apered 48 W pblsRl Wobciafs BRREY bEE W inheRalibe EOBIpeL” ARBRMAL AT, Lce
D2 AR 4 5 BB o o DR Rl 2 Tyl e
Additionally, ensuring proper mass transfer conditions between the processing fluid and the
surface of the workpiece can be difficult. Absent such mass transfer control, the processing of
the workpiece surface can often be non-uniform.
Conventional workpiece processors have utilized various techniques to bring the
processing fluid into contact with the surface of the workpiece in a controlled manner. For
example, the processing fluid may be brought into contact with the surface of the workpiece
using a controlled spray. In other types of processes, such as in partial or full immersion
processing, the processing fluid resides in a bath and at least one surface of the workpiece is

brought into contact with or below the surface of the processing fluid. Electroplating, electroless

plating, etching, cleaning, anodization, etc. are examples of such partial or full immersion



BRI EF DESCRI PTI ON OF THE DRAW NGS PCT/ US00110210 Figure 1 Ais schematic
bl ock di agram of an i nmersi on processing reactor assenbly that incorporates
a diffuser to distribute a flow of processing fluid across_a surfia})ce of a
wor kpi ece. ¥R BUABTL B is a cross-sectional view of one eSO N a
reactor assenbly that may incorporate the present invention. Figure 2 is a
schemati c di agram of one enbodi nent of a reactor chanber that nmay be used
in the reactor assenbly of Figure 1 B and includes an illustration of the
velocity flow profiles associated with the flow of processing fluid through
the reactor chanber. Figures 3-5 illustrate a specific construction of a
conpl ete processing chanber assenbly that has been specifically adapted for
el ectrochem cal processing of a sem conductor wafer and that has been
i mpl enented to achieve the velocity flow profiles set forth in Figure 2.
Figures 6 and ? illustrate two enbodi ments of processing tools that may
i ncor popmtessiope or nore processing stations constructed in accordance with
t he teachings of the present invention. -? WO 00/ 61837 SUMVARY OF THE
| NVENTI ON P(BRikiing/pté2dsing containers often provide a continuous flow of processing solution to
the processing chamber through one or more inlets disposed at the bottom portion of the
chamber. Even distribution of the processing solution over the workpiece surface to control the
thickness and uniformity of the diffusion layer conditions is facilitated, for example, by a
diffuser or the like that is disposed between the one or more inlets and the workpiece surface. A
general illustration of such a system is shown in Figure 1A. The diffuser 1 includes a plurality of
apertures 2 that are provided to disburse the stream of fluid provided from the processing fluid
inlet 3 as evenly as possible across the surface of the workpiece 4.

Although substantial improvements in diffusion layer control result from the use of a
diffuser, such control is limited. With reference to Figure 1A, localized areas 5 of increased flow
velocity normal to the surface of the microelectronic workpiece are often still present
notwithstanding the diffuser 1. These localized areas generally correspond to the apertures 2 of
the diffuser 1. This effect is increased as the diffuser 1 is placed closer to the microelectronic
workpiece 4 since the distance over which the fluid is allowed to disburse as it travels from the
diffuser to the workpiece is decreased. This reduced diffusion length results in a more
concentrated stream of processing fluid at the localized areas 5.

The present inventors have found that these localized areas of increased flow velocity at

the surface of the workpiece affect the diffusion layer conditions and can result in non-uniform



A processing container for providing a flow of a processing fluid during

i mrer'si on processing of at |east one surface of a mcroel ectronic workpi ece
is set forgh. processi ng contai ner conprises a princj .4 flow
chanber pfﬁgﬂﬂﬁﬂg a flow of processing fluid to at Ieastbgﬁgs@%rlgce of the
wor kpi ece and a plurality of nozzles disposed to provide a flow of
processing fluid to the principal fluid flow chanber. The plurality of
nozzl es are arranged and directed to provide vertical and radial fluid flow
conponents that conmbine to generate a substantially uniformnormal flow
conponent radially across the surface of the workpiece. An exenpl ary

appar atus using such a processing container is also set forth that is
particularly adapted to carry out an el ectrochem cal process, such as an

el ectropl ating process. In accordance with a still further aspect of the

present disclosure, reactor for i rsi.Qn .processi ng of a _mcroel ectronic
Wor Kpi BOESSHEE SEhg Yrfige OF 15 PREPIFGEs LheHiuud | [RYeTCITSiores TR A e
processing fluid inlet through which a processing fluid flows into the

pr oces Oelized arsasP WOFN coppargy 19 othet aregs e%'ﬁﬁ Aorlgniecs surfacgq I he gurfase sgactions,
formng a weir over which processing fluid flows to exit from processing
cont ai PReBr atag highersrateoinethe docalized areas\in syhiglothe diffusions layercthicknese iy tsdueed t he
processing container to receive processing fluid exiting fromthe

pr ocesthereg§y desultingriarradioldy, nopamnifer pragessingaofcthba fvagkpiesi Hiffuses hele pattern
removi ng spent processing fluid fromthe site of the reactor while

concur cenfighsationschlsi affgct the Bistributien ofithe elpctriedieldimmaledtrogheated procesats, siohht
otherwise entrain air in the fluid streamor otherw se generate an unwanted
degr eeavéleatmplating, wirthvme simiteelyaesultan dongniform/fRo43kifg 8B the tieki¢éce cafadeng
fluid. PCT/US00/10210 -9 WD 00l 61837 PCT/ US00/ 10210 DETAI LED DESCRI PTI ON
OF THE(d.gNMiohn{?din BpOkitiolRbGd electtdpMédNnblésal)Vt h reference to FIGURE 1 B,

there is shown a reactor assenbly 20 for imersion processing a

ni croel ect r RRbtRerVBrokRIne Gfter? Tncsiihedied $n amfixfém&p?m&ssﬁ{g vafRd -wddhigdeals! ¥
stated, the reactor assenbly 20 is conprised of a reactor head 30 and a

corres Qfgﬁ,ﬂli&goﬂhé’l&i?ﬁ%ﬁ‘ thy SRR to RRQNRafSRE b AbUbY]es bt aﬁ? sitfide OORE Wolkptbct.n

e e ot L e T
??ﬁgtagu@%r %@Tectlﬁg_elec?roéﬁ%ﬁ%&&? 6#§§%£SIHQ ?ngenlcgﬁﬁggfé{ réggigror
cont 1 ouat M RRRfeslae ppber ek BAPRARRS v BFGHThe slFh of E PR b
Compr 1 BRer PRceping b aiyos BOhe s A%, b a5 s Slfieg St oielfp °°

assenbb% 75 is configured to receive and carry an associ at ed

m cr oef®E% r oni ¢ wor kpi cce 25, position the workpiece in a process-side down
orientation within a progcessing. container in processing base 37, and to
rotate or sff H“‘Erﬂ%‘e‘i}ﬁ?gﬁﬁué%?n g duanufactuzers decrsase Ris15Ea ChR§COmPPRFEtS at ed
here is adapted for electroplating, the rotor assenbly 75 also includes a
cat hod@%6@&&@35@%WV3W°1$%PC%rf%?&i’é% cantel PY@@%@IB&HW‘})@W@P@“‘QWe
surface of the mcroelectronic morkELece. It will be recognized, however,

t hat bbeteeerithe preressing solution and the workpiece surface becomes more critical. To this end,

O

the present inventors have developed an improved processing chamber that addresses the
diffusion layer non-uniformities and disturbances that exist in the workpiece processing toois

currently employed in the microelectronic fabrication industry. Although the improved



WO 001 6183? PCT/ US00/ 10210 contact and/or support of the workpiece on the
reactor head 30 may be inplemented in lieu of front side contact!| support
illustrated here. The reactor head 30 is typically nounted_ o gw+ift/rotate
appar atus WRWHZ configured to rotate the reactor head P§6’"2?° Bn
upwar dl y-facing disposition in which it receives the mcroel ectronic

wor kpi ece to be plated, to a downwardly facing disposition in which the
surface of the mcroel ectronic workpiece to be plated is positioned so that
it may be brought into contact with the processing fluid that is held

wi thin a processing container of the processing base 37. A robotic arm

whi ch preferably includes an end effector, is typically enployed for

pl aci ng the m croel ectroni c workpiece 25 in position on the rotor assenbly
75, and for renoving the plated mcroel ectronic workpiece fromw thin the
rotor assenbly. During_| oading of the m croel ectronic workpiece, assenbly
85 may Becesyeg %ttaét!’eb*e? {ostb below 15 disprssad-in onngetionavittomepeeific embedimentatbatisni ¢
wor kpi ece to be placed on the rotor assenbly 75, and a closed state that
secur esadapted frelesapplatings ii willhgrrrgsenized thet thh émprovest chambeniphy bé usedsnbriequent
processing. In the context of an electroplating reactor, such operation

al so br worlpietd prog¢ssing rtpel cin| whiclp prhgessi unifoomity acresst the shirfadecofc mvekpiecadsenbl y
85 into electrical engagenent with the surface of the m croel ectronic

wor kpi edssirédnat is to be plated. It will be recognized that other reactor
assenbly configurations may be used with the inventive aspects of the

di scl osed reactor chanber, the foregoing being nerely illustrative. -11

WO 00/ 61837 PCT/ US00110210 PROCESSI NG CONTAI NER FIGURE 2 illustrates the
basi ¢ construction of processing base 37 and the corresponding fl ow

vel ocity contour pattern resulting fromthe processing contai ner
construction. As illustrated, the processing base 37 generally conprises a
main fluid fl ow chanber 505, an antechanber 510, a fluid inlet 515, a

pl enum 520, a flow diffuser 525 separating the plenum 520 fromthe

ant echanber 510, and a nozzl e/slot assenbly 530 separating the plenum 520
fromthe main fluid flow chanber 505. These conponents cooperate to provide
a flow (here, of the electroplating solution) at the mcroel ectronic

wor kpi ece 25 with a substantially radially independent normal conponent. In
the illustrated enbodinment, the inpinging flowis centered about central
axi s 53? and possesses a nearly uniform conponent norraal to the surface of
the m croel ectronic workpi ece 25. This results in a substantially uniform
mass flux to the mcroel ectronic workpiece surface that, in turn, enables
substantially uniform processing thereof. Processing fluid is provided
through fluid inlet 515 di sposed at the bottom of the contai ner 35. The
fluid fromthe fluid inlet 515 is directed therefromat a relatively high
vel ocity through antechanber 510. In the illustrated enbodi nent,

ant echanber 510 includes an accel eration channel 540 through which the
processing fluid flows radially fromthe fluid inlet 515 toward fluid flow
regi on 545 of antechanber 510. Fluid flow region S45 has a generally
inverted U shaped cross-section that is substantially wider at its outlet
region proximte flow diffuser 525 than at its inlet region proximte

accel erati on channel 540. This variation in the -12 WO 00/ 61837

PCT/ US00110210 cross-section assists in renoving any gas bubbles fromthe
processing fluid before the processing fluid is allowed to enter the main
fluid fl ow chanber 505. Gas bubbl es that would otherwi se enter the main
fluid fl ow chanber 505 are allowed to exit the processing base 37 through a
gas outlet (not illustrated in FIGURE 2, but illustrated in the enbodi nent
shown in FI GURES 3-5) disposed at an upper portion of the antechanber 510.
Processing fluid within antechanber 510 is ultimately supplied to main
fluid flow

-6-



chanber 505. To this end, the processing fluid is first directed to fl ow
froma relatively highpresswe region 550 of the antechanber 510 to the
conparat i | r-presswe plenum 520 through flow diff Nozzl e
assenbly é%b%ﬁﬁﬁludes a plurality of nozzles or slots 5§§ﬁ?ﬁ2?%§FE di sposed
at a slight angle with respect to horizontal. Processing fluid exits plenum
520 t hrough nozzles 535 with fluid velocity conponents in the vertical and
radial directions. Main fluid flow chanmber 505 is defined at its upper
region by a contowed sidewall 560 and a slanted sidewall 565. The cont owed
sidewal | 560 assists in preventing fluid fl ow separation as the processing
fluid exits nozzles 53 5 (particularly the uppernost nozzle(s)) and twns
upward toward the surface of m croel ectronic workpi ece 25. Beyond
breakpoint S70, fluid flow separation will not substantially affect the
uniformty of the normal slanted sidewall 565 can generally
have any shape, includinaﬁgﬁﬁbﬁgﬁﬂﬁﬁﬁggﬁngﬁﬁpﬁgk%“gﬁgsof cont owed si dewal
560. In the specific enbodinent disclosed here, sidewall 565 is sl anted
and, in thdégire 14 is sohpmetiy; Hpgkadiagram|ofjan anmersion nipssssiRgicaepsassembly thakg

el ectrochem cal processing, is used to support one or nore

anodesinedrperates adiffuges ﬁm@wgms.a flomond pracessipefiluid erressiatsurfaqewifa werkpidceui d 1 ow
chanber 505 through a generally annular outlet 572. Fluid exiting annul ar
out | et 572 Figuye bB iprewissteettipnal vicw of-orecembmdinerit of agbaztdvassefnbly thasmegal or
may be replenished for re-circulation through the processing fluid supply
Syst enncdrporhta dsecpresesttiaventan.i n whi ch t he processi ng base 37 forns part of an
el ectroplating reactor, the processing base 3? is provided with one or nore
anodes. | n Figge 2lik astchenatid deagboniofend emBodimeitr ofla @aacecafiBer hadingpdsed i n
the I ower portion of the main fluid flow chanber 505. If the peripheral

edges \@kd lil @heS Habtaf BsserhbllyN6f ﬂgmpﬂa afd ihides wRlilwinaGén 3B tRxvaady’ fisival | y
beyond the extent of contoured sidewall 560, thcn the peripheral edges are

el ect rjphlel ¥ssSdiatd GHEH tHe W &?i?&dé?ﬁhfgﬁl&ﬁd&;&%ﬂ_ﬂ?éﬁa&&@ﬂ&ﬁ&rm ating will take

pl ace i n those regions. However, ating is desired in the peripheral

regions, OrFr? gEs ﬂ?ril‘ihsfr%tafkgécil E’cqllﬁﬁuéﬁ%){ 0P8 c&i{%‘g{%ﬁ@ceﬁiﬁ%&ﬂ%@r dsSémbly

peri pher al Ions. Here, plurality of annu anodes 585 are disposed in

a gene I ﬂﬁﬁﬁ i I i | ow of
el ect r%‘?ﬁ %%lbgh%p%gghéin@ a{ﬁgﬁ? ﬁgo:%gbrc?% er a‘%l ?l:ag?%@é .Ofi(r%érg'fc o n%}‘:"‘\g}gﬁgﬂ odi nent
woul d jncl ude a _sjngle.anode o | t.i ple anades w th. shi,el ding fromthe
cont ouﬁ‘@@“ﬁgﬁnﬂk“’?’ﬂt«gd gooadzgxeg? ﬁﬁek?gﬂoﬁﬁk}ggr‘%%wé’g‘gersgﬁtwgmrﬁ 82 e. The anodes
580, 585 . be provided with electroplatin ower in a variety of manners.
For " exanpl & mred ag dBSit ke Fftdn @l P ogesBRe ok it oetniad ohy b
mul tiplexed to the anoges 580, 585, Alteénativ Iy, all _ of the anodes 580,
585 naff BIOTE BRFEIINg] stplonseanstructed, in agoprdange with eptspehings7 o PSS 10210

| evel of e|lectroplating power fromthe sane power source. Still further,
each omvel®ngnodes 580, 585 may be connected to receive different |evels of
el ectropl ating power to conpensate for the variations in the resistance of
the plated film An advantage of the close proximty of the anodes 585 to
the mcroelectronic workpiece 25 is that it provides a high degree of
control of the radial filmgrowh resulting fromeach anode. Gasses may
undesirably be entrained in the processing fluid as the is circul ated

t hrough the processing system These gasses may form bubbl es that
ultimately fnmd their way to the diffusion |ayer and thereby inpair the
uniformty of the processing that takes place at the surface of the
wor kpi ece. To reduce this problem as well as to reduce the |ikelihood of
the entry of bubbles into the main fluid flow chanber 505, processing base
37 includes several unique features. Wth respect to central anode 580, a
Venturi flow path 590 is provided between the underside of central anode
580 and the relatively | ower pressure region of acceleration channel 540.
In addition to desirably influencing the flow effects along central axis
537, this path results in a Venturi ‘éffect that causes the processing fluid
proxi mate the surfaces disposed at the | ower portion of the chanber, such
as at the surface of central anode 5 80, to be drawn into acceleration
channel 540 and nmay assi st in sweeping gas bubbles away fromthe surface of
the anode. More significantly, this Venturi effect provides a suction flow
that affects the uniformty of the inpinging flow at the central portion of
the surface of the m croel ectronic workpi ece along central axis 537.
Simlarly, processing fluid sweeps across the surfaces at the upper portion
of -15




WO 00161 837 PCTNSOO 10210 t he chanber, such as the surfaces of anodes 585,
in aradial direction toward annul ar outlet 572 to renove gas bubbles
present at such surfaces. Further, the radial conmponents_of the fluid flow
at the surVOW6Y¥P7 t he i croel ectronic workpi ece assists PhTVUNEHNg gas
bubbl es therefrom There are nunerous processing advantages with respect to
the illustrated fl ow through the reactor chanber. As illustrated, the flow
t hrough the nozzles/slots 53 5 is directed away fromthe m croel ectronic
wor kpi ece surface and, as such, there are no substantial |ocalized nornal
of flow conponents of fluid crested that disturb the substantial uniformty
of the diffusion |layer. Although the diffusion |ayer may not be perfectly
uniform any non-uniformty will be relatively gradual as a result.

Further, in those instances in which the mcroelectronic workpiece is
rotated, such remaining non-uniformties in the dii~usion |ayer can often
be tol erated whil e consi st entSUMMAREOFAHHINCENTION) goals. As is al so
evident fromthe foregoing reactor design, the flowthat is normal to the
m cr oel ect r dnpocessing rovtemeh &y prowilling et Klgwgefea parcessingniluid dinring dmmerseonc ent er
of the mcroel ectronic workpiece. This creates a done-shaped neni scus
whenev @tocessingnofcat dedse oier nmface vha Infiteelectranic Workpiees gndet Fortte . The lpedoassingt he

m croel ectronic workpiece is lowered into the fluid). The dome-shaped

MEeNi SCentainéd cdnSprises Apfihdipaliffuf Howhembér rovdmpta few bb protekin@ed e td ani C

wor kpiece is |lowered into the processing solution. The flow at the bottom
of the 1684 bnd butfade of @ woRPlEs akD2 pl Fé%z&lé?ﬂis?&@d & pravide 4 lRW ot H

i nfluences the fluid flow at the centerline thereof. The centerline flow
vel 0Ci tfodeskirigfid 1B YR AIiPET I EAADO i 5628ls 3 ! ement
and coh%l?dg%.mgHowever,%eﬁstrength%c?%qtg%ea\i}g tur ngﬁr‘“’cﬁ%@hg"m
non- i ntg4ysi b i e 3 f 1 hi t, of the
' ow ARk o GERHRL WL llafin AT Mo RS B il gB0EE 0 ) [
assi st g i i i hei r to th h 2r inlet from
reachi ﬁaﬁ%ﬁg&gﬁgﬁg‘g r%%?o?%%%ﬁ%crggaﬁ%g?ﬁsgﬁ%%ﬁ&ﬁ %fgth? |‘%V?VP PE%F t er'l‘rIl nis
such that the solutjon.tr | s_downward just .before enteyi the main
chambe P emglad, ibatdhls inel SR 0 pioBING Conlatiy i ls8 Pt ot el o etfoniBlgn

hol es at, the top therepf. Further., bubbles are prevented fromentering the
mai n cR9FHS totcﬁ%ﬁlgﬁnfﬁgﬂgygmﬁpr?qeghsbcgtqqa{xﬁlteg;r Ung PraGess- of t he shiel d
that covers_the Venturi fl, ath (see, description of the enbqdi nent of the
reactor 111 UTEaERFeiha ) o5 aspect afithq presept displgsurey geagiRRETdmEICE At g
inlet path (see FIGURE 5 and appertaining description) to the antechanber
pr eventPEOSERIE of @ MIFOREEIANET WRRKPiepRols fetifhrti: hahipelndessmsRrgring RONENST bavingsf | ow
path. FIGURES 3-5 illustrate a specif c construction of a conplete

pr oces <4 piecessing ibud inlet durapgh wigichna progessingJluisbRowssipoche proedspipg semginesdTeor

el ectrochem cal processing of a sem conductor mcroel ectroni c workpiece.

Mbr e paradessingsgontainer plso has ansyppern Wl fermng avsirt oves which prdcessingl fluidiflows tod f or
depositing a uniformlayer of material on the surface of the workpiece

usi ng ehxisdtonp ptogessing.comgingt. | 4t iqastt e, hefiba fiovo clestien s disppsed3@xterinpun then
FIGURE 1 B is conprised of processing chanber assenbly 610 along with a

COr r es [poouaising entaier ¢y receipe fddessiAg dhud sxitige Gbmanthe proeesingitontaiméNoves tii sposed
within exterior cup 605 to allow exterior cup 605 to receive spent -17 WO
00/ 61 83veiPSheHSOntigédflon assists in removing spent processing fluid from the site of the reactor

while concurrently reducing turbulence during the removal process that might otherwise entrain

air in the fluid stream or otherwise generate an unwanted degree of contact between the air and



processing fluid that overflows fromthe processi ng chanber assenbly 610. A
fl ange 615 ‘extends about the assenbly 610 for securenent with, for exanple,
the frame @bgokstorresponding tool. Wth particul ar ref geppssrosioFl GURES 4
and 5, the flange of the exterior cup 605 is fornmed to engage or otherw se
accept rotor assenbly 75 of reactor head 30 (shown in Figure 1 B) and all ow
contact between the mcroel ectroni c workpi ece 25 and the processing
solution, such as electroplating solution, in the main fluid fl ow chanber
505. The exterior cup 605 also includes a main cylindrical housing 625 into
which a drain cup nmenber 627 is disposed. The drain cup nmenber 627 incl udes
an outer surface having channels 629 that, together with the interior wall
of main cylindrical housing 625, formone or nore helical flow chanbers 640
that serve as an outlet for the processing solution. Processing fluid

overf | ek . .menber 739 at the top of processing cup 35 drains
throug%gﬁgké%#gﬁ%.'flom/chanbers 640 and exits an outlet (not illustrated)
where it is either disposed of or replenished and re-circulated. This
configuration is particularly suitable for systens that include fluid
re-circulation since it assists in reducing the mxing of gases wth the
processi ng solution thereby further reducing the |ikelihood that gas
bubbles will interfere with the uniformty of the diffusion |ayer at the
wor kpi ece surface. In the illustrated enbodi nent, antechanber 510 is
defined by the walls of a plurality of separate conponents. Mre

particul arly, antechanber 510 is defined by the interior walls of -18 WO
00/ 61837 PCT/ USOCO |1 0210 drain cup nenber 627, an anode support nenber 697,
the interior and exterior walls of a m dchanber nenber 690, and the
exterior walls of flow diffuser 525. FIGURES 3B and 4 illustrate the manner
in which the foregoi ng conponents are brought together to formthe reactor.
To this end, the m d-chanber nmenber 690 is disposed interior of the drain
cup nmenber 627 and includes a plurality of |leg supports 692 that sit upon a
bottomwal | thereof. The anode support nenber 697 includes an outer wall
that engages a flange that is disposed about the interior of drain cup
menber 627. The anode support menber 697 al so i ncludes a channel 705 that
sits upon and engages an upper portion of flow diffuser 525, and a further
channel 710 that sits upon and engages an upper rim of nozzle assenbly 530.
M dchanber nenber 690 al so includes a centrally di sposed receptacle 715
that is dinensioned to accept the | ower portion of nozzle assenbly 530.

Li kew se, an annul ar channel 725 is disposed radially exterior of the
annul ar receptacle 715 to engage a | ower portion of flow diffuser 525. In
the illustrated enbodinent, the flow diffuser 525 is forned as a single

pi ece and includes a plurality of vertically oriented slots 670. Simlarly,
the nozzl e assenbly 530 is forned as a single piece and includes a
plurality of horizontally oriented slots that constitute the nozzles 535.
The anode support nmenber 697 includes a plurality of annul ar grooves that
are di nmensioned to accept correspondi ng annul ar anode assenblies 785. Each
anode assenbly 785 includes an anode 585 (preferably forned from platini zed
titaniumor in other inert nmetal) and a -19 WO 001 61837 PCT/ US00/ 10210
conduit 730 extending froma central portion of the anode 585 through which
a nmetal conductor may be disposed to electrically connect the anode S85 of
each assenbly 785 to an external source of electrical power. Conduit 730 is
shown to extend entirely through the processi ng chanber assenbly 610 and is
secured at the bottomthereof by a respective fitting 733. In this manner,
anode assenblies 785 effectively urge the anode support nenber 697 downward
to clanp the flow diffuser 525, nozzle assenbly 530, m d-chanber nenber

690, and drain cup nenber 627 against the bottom portion 737 of the
exterior cup 605. This allows for easy assenbly and di sassenbly of the
processi ng chanber 610. However, it |1 be recognized that other means may
be used to secure the chanber elenents together as well as to conduct the
necessary el ectrical power to the anodes. The illustrated enbodi nent al so

i ncludes a weir nenber 739 that detachably snaps or otherw se easily
secures to the upper exterior portion of anode support menber 697. As
shown, weir nmenber 739 includes a rim742 that fornms a weir over which the
processing solution flows into the helical flow chanber 640. Weir nenber
739 also includes a transversely extending flange 744 that extends radially
inward and forns an electric field shield over all or portions of one or
nore of the anodes S85. Since the weir nenber 739 nmay be easily renpoved and
replaced t he proceSS|ng chanber assenbly 610 may be readlly reconflgured



WO 001 61837 PCTI USOQ' 10210 a wor kpi ece. Additionally, this allows the
reactor to be configured to accommodate workpi eces that are of the sanme’
size, but have different plating area requirenents. The anode support
mermber 697WOME¥3% he anodes 585 in place, forms the cont%%%?“’i?zg'gwall 560
and slanted sidewall 565 that is illustrated in FIGURE 2. As noted above,
the I ower region of anode support nenber 697 is contoured to define the
upper interior wall of antechanber 510 and preferably includes one or nore
gas outlets 665 that are disposed therethrough to allow gas bubbles to exit
fromthe antechanber 510 to the exterior environment. Wth particul ar
reference to FIGURE 5, fluid inlet 515 is defined by an inlet fluid guide,
shown generally at 810, that is securcd to m d-chanber nmenber 690 by one or
nore fasteners 815. Inlet fluid guide 810 includes a plurality of open
channel s 817 that guide fluid received at fluid inlet 515 to an area

beneat h mi d- chanber nef¥dAIEED DESCRIREION OF THE INVENTIONS ! r at ed enmbodi nent
are defined by upwardly angled walls 819. Processing fluid exiting channels
817 flows therefromto one or nore further channels 821 that are |ikew se
defined by walls that angle upward. Central anode 580 includes an

el ectrical BASHeBREAGTORAOBPONENIS proceeds to the exterior of the
processi ng chanber assenbly 610 through central apertures formed in nozzle
assenbl y 53Withnettretioend FIGUREDIB, th@0dnchowil £ treactor iagseiblyd20 &rGimmididorMent ur i
flow path regions shown at 590 in FIGURE 2 are forned in FI GURE 5 by

verti CpkocedimipgnahitrodRdtrériciivoikbRECRS] shil BUNRmMIdoRd Rt feFeGRRial B tatal) thet he
bottomwall of nozzle nenber 530. As illustrated, the fluid inlet -21 WO

00! 6183¢acids hhsemBROPWis contptisett o84 Qeartith heP 86 iahd Goréspondifig provassiHoybaaegl ed

wal | s 819 extend radially beyond the shielded vertical channels 823 so that

any bulbls gg?reltaﬁ{' 19y ddaCdesdHbRl iPéBGaRl Hith Habwzri%gwn%ime GrdcbRHeuia 821

rat her than through the vertical channels 823. or egOIl ng re€actor

assenblyye,gRy rE{c?di"aks‘éFibgi &Qﬁ@%ﬁ&ﬁb&yﬁﬂ@&%ﬁeﬂ%ﬁib’&ﬁﬂeﬁl{) s phitihiatly o&ipRAC! € Of
executlnB a plurality o rocesses on-a workpiece, such as a sem conduct or
m cr oelectroni c i . h_pr ssinge.tool..is the LT-210

el ect rg%rl ¢ elctﬁné ee{%%é‘lrﬁ%ﬁgﬁ VAl %g%l%g s?“?‘(%%?@gr%ﬁ't 5ot o lhl%e_v:ror R ETIAS g Iqe,

Mont ana. Fi.gs. .6 and 7 illustrate such.inteqgrafj .systemof Fig. 6
el uadisogtifit pow Py e s L fefeSt fonelnton SRR 1 S bR i ober

pr ocessi .Sstations, i ncl ude one or mnore rinsing/drying stations and one or
nor e el“@énlg???ﬁlnﬁ’ﬁﬁﬁi@?cﬁﬁeﬁﬁ%w‘fﬁncl udi ng one or nore electroplating reactors
such as the_pne above | t hough further imyersion-chenjcal processing
stations co TF?@P@&“?‘% 330@2&’8%5@&’%\?5?%‘?11’1@00\“@ s sampisert of gveEsHoneR nay

al so be e qued. The system al so preferably includes a thermal processing
st at i orfssemiyh?0andz rotpg assemplyaf>. Relorasembly 7154n Soncigneein SRl SRASRHGR ¢ hat
is adapted for rapid thermal processing (RTP). The workpieces are

t r ansf @ssoeigted emnigeasteciroric pverkpises 28, pesitiomtke Y@Lkpicesdint Reprrgess-sideitdoym 1615
using one or nore robotic transfer nmechani sns 1620 that are di sposed for

| i near omentatinsnwithinos (processing eeitaingr siokprog2ging base 37, amsk to odtate lng spimathieons
1610 may al so incorporate structures that are adapted for executing an

i n-si t iwarkpisee. Bévausectha Ispgcificaéhbaslimert dllystrated dwrenig adopted tmsleagoplating, & t he
robotic transfer nmechanisns are disposed in a cabinet that is provided with
filter adtor &Rembly 75 also includes a cathode contact assembly 85 that provides electroplating power

to the surface of the microelectronic workpiece. It will be recognized, however, that backside
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WO 00/ 61837 PCTI US00110210 air at a positive pressure to thereby Iimt

ai rborne contam nants that may reduce the effectiveness of the

m croel ect«,g?j,,glsgxpr kpi ece processing. Fig. 7 illustratespariisgoiibao

enbodi ment of a processing tool in which an RTP station 1635, located in
portion 1630, that includes at |east one thermal reactor, nmay be integrated
in a tool set. Unlike the enbodinent of Fig. 6, in this enbodi nent, at

| east one thermal reactor is serviced by a dedicated robotic nmechani sm
1640. The dedi cated robotic mechani sm 1640 accepts workpi eces that are
transferred to it by the robotic transfer nmechani sns 1620. Transfer may
take place through an internedi ate staging door/area 1645. As such, it
beconmes possible to hygienically separate the RTP portion 1630 of the
processing tool fromother portions of the tool. Additionally, using such a
constr ] ' : [ | Ll 4] a
cepar at b dngbl Fipbb 47 e HEpBANGR: dohcRyBeh S B R b BBSFEE B} B 67,7

be recqgnj zed t f processing stations may be | ocated in
%1%3{3% coHag%sélﬁM}g il:l]lu%tyatl?eeé\l%epe.

portio i 0 or I1Tnstead of RTP station 1635. Nunerous

nmodi ficatio may be e to the foregoin stem wi t hout, depaflting from
The basic « SERRIGRERN ap sy ierPrROMUFT T b IR FURE AP HLRRICL  (PaCewELl
described in substapti ah detail with reference tQ one or npre specific
enbodi FeAEsthe (Rt Beads RO ffom pn; wpwardly-faging dispesition o Whieh il Feeaiyes théay be
made thereto mﬁthout,departin% fromthe scope and spirit of the invention
as set migrpelpctrpaicaygrkpiegezto benatesly fosa daymwardlgifaging diprovitiosgowhish tig surfage

m croel ectroni c workpi ece i nmersion processing container conprising: a
pri nci phthefmigtogleetranie worknises tofheplatedt is gositioried\so dfat j§ muay s drought intoi edntaot at

| east one surface of the workpiece; a plurality of nozzles disposed to
provi devith the pracessing fluisetbatiinbeld mathin & procdssing comaingralf thid prockssihgbase Baner , t he
plurality of nozzles being arranged and directed to provide vertical, and
radi al rébotic cinh) ehich qrgferablyt incltdeat ancadiéffeetor,ois ggpiedligt etnpdoyed st plating lthey

uni form normal flew conponent radially across the at | east one surface of

t he womkproeleétronit. wérkpiecs 2ingmisitiofiiofi thddrokd?iagsembi T5; @A fo? Gerh fhle Plated
container as clainmed in claiml wherein the plurality of nozzles are

di sposgglcoeleétivnic tWitksishs tieom | ithii & frofof AQEMBY. T | Wik BRENof he
slightly greater at a radial central portion thereby formng a neni scus

that asgidbRctdhidEkpiEd, ragseaabp S b P B BHErated baaeexy@{ &ﬂh%ﬁee tht oWy 1 nto
engagenment with the surface of the processing fluid i'n the processing
cont al N&kroelectronic workpiece to be placed on the rotor assembly 75, and a closed state that secures
the microelectronic workpiece to the rotor assembly for subsequent processing. In the context of
an electroplating reactor, such operation also brings the electrically conductive components of
the contact assembly 85 into electrical engagement with the surface of the microelectronic
workpiece that is to be plated.

It will be recognized that other reactor assembly configurations may be used with the

inventive aspects of the disclosed reactor chamber, the foregoing being merely illustrative.
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3. A mcroel ectronic workpiece i mrersion processing container as clained in
claiml and further conprising an antechanber di sposed in a flow path of
the processing fluid prior to -24 WD 001 61837 PCTI US00/ 10210 t he
plurality WO es, the antechanber being di mensi oned PE7ESAYR0 | n t he
renoval of gaseous conponents entrained in the processing fluid. 4. A

m cr oel ectroni ¢ wor kpi ece i nmersion processing container as clainmed in
claim3 and further conprising a plenum di sposed in the fluid flow path

bet ween the antechanber and the plurality of nozzles. 5. A mcroelectronic
wor kpi ece i mrersion processing container as clainmed in claim3 wherein the
ant echanber conprises an inlet portion and an outlet portion, the inlet
portion having a snmaller cross-section conpared to the outlet portion. 6. A
m croel ectroni c workpi ece i mrersion processing container as clained in

claiml1 wherein at |east sone of the plurality of nozzles are in the form
of general | PROSEBSEMNGLIONTAMNER 7. A m croel ectroni c workpi ece i mrersi on
processing container as claimed in claim1 wherein the principal fluid flow

chanber is FEGUREQ ibystmtes therbasio censtriictnaf | gocesting rae 87 amdthe obrréshendigur al i ty
of nozzl es being disposed through the one or nore sidewalls.
flow velocity contour pattern resulting from the processing container construction. As
illustrated, the processing base 37 generally comprises a main fluid flow chamber 505, an
antechamber 510, a fluid inlet 515, a plenum 520, a flow diffuser 525 separating the plenum 520
from the antechamber 510, and a nozzle/slot assembly 530 separating the plenum 520 from the
main fluid flow chamber 505. These components cooperate to provide a flow (here, of the
electroplating solution) at the microelectronic workpiece 25 with a substantially radially
independent normal component. In the illustrated embodiment, the impinging flow is centered
about central axis 537 and possesses a nearly uniform component normal to the surface of the
microelectronic workpiece 25. This results in a substantially uniform mass flux to the
microelectronic workpiece surface that, in turn, enables substantially uniform processing thereof.
Processing fluid is provided through fluid inlet 515 disposed at the bottom of the
container 35. The fluid from the fluid inlet 515 is directed therefrom at a relatively high velocity
through antechamber 510. In the illustrated embodiment, antechamber 510 includes an
acceleration channel 540 through which the processing fluid flows radially from the fluid inlet
515 toward fluid flow region 545 of antechamber 510. Fluid flow region 545 has a generally

inverted U-shaped cross-section that is substantially wider at its outlet region proximate flow

diffuser 525 than at its inlet region proximate acceleration channel 540. This variation in the
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-25 WD 001 61837 PCT/ US0O0/ 10210 8. A m croel ectroni c workpi ece i mmersion
processi ng container as clained in claim7 wherein the principal fluid flow
chanmber copprises one or nore contoured sidewalls at an HP@F ﬁg{lpi on
t hereof to"PME¥T f1uid fl ow separation as the processi g o | ows
toward an upper portion of the principal fluid flow chanber to contact the
surface of the mcroel ectronic workpiece. 9. A mcroel ectroni c workpi ece

i mer si on processing container as clainmed in claim1 wherein the principal
fluid flow chanber is defined at an upper portion thereof by an angl ed

wal | . 10. A mcroel ectronic workpi ece i nmersion processing container as
claimed in claiml wherein the principal fluid flow chanber further
conprises an inlet disposed at a | ower portion thereof that is configured
to provide a Venturi effect that facilitates recircul ation of processing
fluid flowin a |lower portion of the principal fluid flow chanber. -26 WO
001 618IPSTREFHIRAIES!S ADIEMOYIE apy pasthubbles fram thepragessing ipid befose tha gragessingast one
surface of a mcroelectronic workpiece, the reactor conprising: a reactor
head i AuidugiaHewved wokesitee Baisy fiid flow chamber 505. Gas bubbles that would otherwise

enter the main fluid flow chamber 505 are allowed to exit the processing base 37 through a gas
outlet (not illustrated in FIGURE 2, but illustrated in the embodiment shown in FIGURES 3-5)
disposed at an upper portion of the antechamber 510,

Processing fluid within antechamber 510 is ultimately supplied to main fluid flow
chamber 505. To this end, the processing fluid is first directed to flow from a relatively high-
pressure region 550 of the antechamber 510 to the comparatively lower-pressure plenum 520
through flow diffuser 525. Nozzle assembly 530 includes a plurality of nozzles or slots 535 that
are disposed at a slight angle with respect to horizontal. Processing fluid exits plenum 520
through nozzles 535 with fluid velocity components in the vertical and radial directions.

Main fluid flow chamber 505 is defined at its upper region by a contoured sidewall 560
and a slanted sidewall 565. The contoured sidewall 560 assists in preventing fluid flow
separation as the processing fluid exits nozzles 535 (particularly the uppermost nozzle(s)) and
turns upward toward the surface of microelectronic workpiece 25. Beyond breakpoint 570, fluid
flow separation will not substantially affect the uniformity of the normal flow. As such, slanted
sidewall 565 can generally have any shape, including a continuation of the shape of contoured

sidewall 560. In the specific embodiment disclosed here, sidewall 565 is slanted and, in those
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a processing container including a plurality of nozzles angularly disposed
in a sidewall of a principal fluid fl ow chanber at a level within'the
principal fluid flow chanber bel ow a surface of a bath of ro%’ﬁ‘i’i‘tng fluid
normal |y cBROYY¥¥ t herein during i mmersion processing. 167U¥ tor as
claimed in claimO and further conprising an el ectrode disposed at a | ower
portion of the processing container to provide electrical contact between
an electrical power supply and the processing fluid. 13. A reactor as
clainmed in claim12 wherein the processing container is defined at an upper
portion thereof by an angled wall, the processing container further
conprising at |east one further electrode in fixed positional alignnent
with the angled wall to provide electrical contact between an el ectrical
power supply and the processing fluid. -27 WO 00/ 6183? pcT/ USOOnozl o 14.
A reactor as clained in claiml and further conprising a notor connected to
rotate @ﬁhﬁ%ﬂkﬁpwgn%uﬁbﬁ@hma arPTRESENNG aisedised clooSUBRATH OFTieC ORDFIOP ece at
| east duri n%gpr ocessing of the at |east one surface of the mcroelectronic
wor kpi eanedesfeiectrisakeonductars.f or i nmer si on processing of a mcroel ectronic
wor kpi ece, the reactor conprising:
Processing fluid exits from main fluid flow chamber 505 through a generally annular
outlet 572. Fluid exiting annular outlet 572 may be provided to a further exterior chamber for
disposal or may be replenished for re-circulation through the processing fluid supply system.
In those instances in which the processing base 37 forms part of an electroplating reactor,
the processing base 37 is provided with one or more anodes. In the illustrated embodiment, a
central anode 580 is disposed in the lower portion of the main fluid flow chamber 505. If the
peripheral edges of the surface of the microelectronic workpiece 25 extend radially beyond the
extent of contoured sidewall 560, then the peripheral edges are electrically shielded from central
anode 580 and reduced plating will take place in those regions. However, if plating is desired in
the peripheral regions, one or more further anodes may be employed proximate the peripheral
regions. Here, a plurality of annular anodes 585 are disposed in a generally concentric manner
on slanted sidewall 565 to provide a flow of electroplating current to the peripheral regions. An
alternative embodiment would include a single anode or multiple anodes with no shielding from
the contoured walls to the edge of the microelectronic workpiece.
The anodes 580, 585 may be provided with electroplating power in a variety of manners.

For example, the same or different levels of electroplating power may be multiplexed to the

anodes 580, 585. Alternatively, all of the anodes 580, 585 may be connected to receive the same
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a processing container having a processing fluid inlet through which a
processing fluid flows into the processing container, the processing

cont ai ner \LHBM]@% havi ng an upper rimformng a weir oveﬁcym'ﬂﬁ}]o,q;; ocessi ng
fluid flows {0 exit from processing container; at |east one helical flow

chanber di sposed exterior to the processing container to receive processing
fluid exiting fromthe processing container over the weir. 16. A reactor as
claimed in claim15 wherein the helical flow chanber is disposed about and
circunvents exterior sidewalls of the processing container. 17. A reactor
as claimed in claim 16 wherein the processing container conprises one or
nore projections circumventing exterior sidewalls thereof that at | east
partially define the helical flow chanber. -28 WO 00161837 PCTI US00/ 10210
18. A reactor as clainmed in claim17 wherein the reactor further conprises

of 1 heleBt P E B R Ao WEL Sy 5 1 TRVEF S G0 IGHbehoaeh BF Bp Geedeo ot o
define_the helical flow chanmher therebetween. 19. An apparatus for
pr oces 8By berenaserd i FeseYE difisrerblexels of slsptrapiating podeniousompensatesfor tsr kpi ece
T OO arthons in the resitance OF he plated film, An advantage of the close proximity of the anodes

585 to the microelectronic workpiece 25 is that it provides a high degree of control of the radial

film growth resulting from each anode.

Gasses may undesirably be entrained in the processing fluid as the is circulated through

the processing system. These gasses may form bubbles that ultimately find their way to the

diffusion layer and thereby impair the uniformity of the processing that takes place at the surface

of the workpiece. To reduce this problem, as well as to reduce the likelihood of the entry of

bubbles into the main fluid flow chamber 505, processing base 37 includes several unique

features. With respect to central anode 580, a Venturi flow path 590 is provided between the

underside of central anode 580 and the relatively lower pressure region of acceleration channel

540. In addition to desirably influencing the flow effects along central axis 537, this path results

in a Venturi effect that causes the processing fluid proximate the surfaces disposed at the lower

portion of the chamber, such as at the surface of central anode 580, to be drawn into acceleration

channel 540 and may assist in sweeping gas bubbles away from the surface of the anode. More

significantly, this Venturi effect provides a suction flow that affects the uniformity of the

impinging flow at the central portion of the surface of the microelectronic workpiece along

central axis 537. Similarly, processing fluid sweeps across the surfaces at the upper portion of
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at | east one of the plurality of workpiece processing stations including a
react or having a processing container conprising a principal fluid flow
chanber; a plurality of nozzles angularly disposed in one _or nmore sidewalls
of the priWO98I83t | uid fl ow chanber at a level within thBCEPFNAR% £ uid
fl ow chanber bel ow a surface of a bath of processing fluid normally

contai ned therein during inmersion processing. 20. An apparatus as cl ai ned
in claim19 wherein the plurality of nozzles are disposed with respect to
one another to provide vertical and radial fluid flow conponents that
conmbine -29 WD 001 61837 PCT/ US00/ 10210 to generate a substantially

uni form normal flow conponent radially across the at |east one surface of

t he workpi ece. 21. An apparatus as clained in claim19 wherein the
plurality of nozzles are arranged so that the substantially uniformnorm
fl ow conponent is Sl#ﬁg;%é greater at a radial central portion as

r ef er ertbeehamber, gech gs gestof apedey SPdHrinanedial dinsetionctowandipanulaseitiet £72 n
preventing air entrapment as the workpiece is brought into engagenent with
t he surté aemovgfgas bebblas peasentiahgpch sutferes.Further, thesediglsiomgonsntst ofithefluid flow An
apparatus as clained in claim19 wherein the processing container further
conpr i sethegunfasn o€ the micreelbeirobisrwarkpiegeaasisto in swrepipg gasdiubblys thérefromz| es. 23. An
apparatus as clainmed in claim?22 wherein the processing container further
conpri ses a There are numerous processing advantages with respect to the illustrated flow through the

reactor chamber. As illustrated, the flow through the nozzles/slots 535 is directed away from the

microelectronic workpiece surface and, as such, there are no substantial localized normal of flow

components of fluid created that disturb the substantial uniformity of the diffusion layer.

Although the diffusion layer may not be perfectly uniform, any non-uniformity will be relatively

gradual as a result. Further, in those instances in which the microelectronic workpiece is rotated,

such remaining non-uniformities in the diffusion layer can often be tolerated while consistently

achieving processing goals.

As is also evident from the foregoing reactor design, the flow that is normal to the
microelectronic workpiece has a slightly greater magnitude near the center of the microelectronic
workpiece. This creates a dome-shaped meniscus whenever the microelectronic workpiece is not
present (i.e., before the microelectronic workpiece is lowered into the fluid). The dome-shaped
meniscus assists in minimizing bubble entrapment as the microelectronic workpiece is lowered
into the processing solution.

The flow at the bottom of the main fluid flow chamber 505 resulting from the Venturi

flow path influences the fluid flow at the centerline thereof. The centerline flow velocity is
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pl enum di sposed between the vcnted antechanber and the plurality of
24. An apparatus as clainmed in claim?22 wherein the vented
ant echanbe&,o%&gggy ses an inlet portion and an outlet porj

nozzl-es.

oohibfe | NI et

portion having a smaller cross-section conpared to the outf’{e}t portion. -30
WO 00/ 61837 PCTlUSOO/ 10210 25. An apparatus as clainmed in claim21 wherein

at

the one or nore sidewalls of the principal fluid fl ow chanber. 26.
apparatus as clainmed in claim19 wherein the principal

| east sone of the plurality of nozzles are generally horizontal

slots in
An

fluid fl ow chanber

further conprises a Venturi effect inlet. 27. An apparatus as clained in
claim25 wherein the Venturi effect inlet generates a Venturi effect that
facilitates recirculation of processing fluid flowin a | ower portion of
the principal fluid flow chanber. 28. A processing container for providing
a flow fa acessing.,fluid duri ner si,on east one
Sur f ac@hsTise TRl g@e‘%m‘ @%ﬂf{ﬁ?e‘i o Bl 8 s Yot feproides
conprisin

rincip id f I
ano -mtrusi%e desﬁg alf)le LTfhat may e use af?eci this aspect of the flow.

A still further advantage of the foregoing reactor design is that it assists in preventing

bubbles that find their way to the chamber inlet from reaching the microelectronic workpiece.

To this end, the flow pattern is such that the solution travels downward just before entering the

main chamber. As such, bubbles remain in the antechamber and escape through holes at the top

thereof. Further, bubbles are prevented from entering the main chamber through the Venturi

flow path through the use of the shield that covers the Venturi flow path (see description of the

embodiment of the reactor illustrated in FIGURES 3-5). Still further, the upward sloping inlet

path (see FIGURE 5 and appertaining description) to the antechamber prevents bubbles from

entering the main chamber through the Venturi flow path.

FIGURES 3-5 illustrate a specific construction of a complete processing chamber

assembly 610 that has been specifically adapted for electrochemical processing of a

semiconductor microelectronic workpiece. More particularly, the illustrated embodiment is

specifically adapted for depositing a uniform layer of material on the surface of the workpiece

using electroplating.

As illustrated, the processing base 37 shown in FIGURE 1B is comprised of processing

chamber assembly 610 along with a corresponding exterior cup 605. Processing chamber

assembly 610 is disposed within exterior cup 605 to allow exterior cup 605 to receive spent
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a plurality of nozzles angularly disposed in one or nore sidewalls of the
principal fluid flow chanber at a level within the principal fluid flow
chanber bel ow a surface of a bath of processing fluid contai eg tperein
during i mO9%8H3hr ocessing. -31 WD 001 61837 PCT/ US00/ Iﬁ’é‘Yg‘” @10 A

m croel ectroni c workpi ece processing container as clainmed in claim 28
wherein the plurality of nozzles are disposed in the one or nore sidewalls
of the principal fluid flow chanber so as to forma the substantially

uni form normal flow conponent radially across the surface of the workpiece
i n which the substantially uniformnormal flow conponent is slightly
greater at a radial central portion thereby formng a neniscus that assists
in preventing air entrapnent as the workpiece is brought into engagenent
with the surface of the processing fluid in the processing container. 30. A
m cr oel ectroni ¢ wor kpi ece processing container as clained in claim26 and

f ur t heProgessipg i flid, ghat overdows HEgmn dhe pr9sessiag rahambernassembly £10+ yAflange 2 es, t he
ant echanber being di nensioned to assist in the renoval of gaseous
conponextensds eghouhthe crssembly 6181 freseshrement ovith, fo1. examplec rthe | fomer ofii the
wor kpi ece processing container as clainmed in claim30 and further
conpr i serregpandjpigdealm di sposed bet ween the ant echanber and the plurality of
nozzles. -32 WO 00/ 61837 PCTI US00/ 10210
With particular reference to FIGURES 4 and 5, the flange of the exterior cup 605 is
formed to engage or otherwise accept rotor assembly 75 of reactor head 30 (shown in Figure 1B)
and allow contact between the microelectronic workpiece 25 and the processing solution, such as
electroplating solution, in the main fluid flow chamber 505. The exterior cup 605 also includes a
main cylindrical housing 625 into which a drain cup member 627 is disposed. The drain cup
member 627 includes an outer surface having channels 629 that, together with the interior wall of
main cylindrical housing 625, form one or more helical flow chambers 640 that serve as an outlet
for the processing solution. Processing fluid overflowing a weir member 739 at the top of
processing cup 35 drains through the helical flow chambers 640 and exits an outlet (not
illustrated) where it is either disposed of or replenished and re-circulated. This configuration is
particularly suitable for systems that include fluid re-circulation since it assists in reducing the
mixing of gases with the processing solution thereby further reducing the likelihood that gas
bubbles will interfere with the uniformity of the diffusion layer at the workpiece surface.
In the illustrated embodiment, antechamber 510 is defined by the walls of a plurality of

separate components. More particularly, antechamber 510 is defined by the interior walls of
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32. A mcroel ectronic workpiece processing container as clainmed in claim 31
wher i n the antechanber conprises an inlet and an outlet, the inlet having
a smal |l er wrossgsection conpared to the outlet. 33. A nigepps@fbeni ¢

wor kpi ece processing container as clainmed in claim28 wherein at |east sone
of the plurality of nozzles are generally horizontal slots disposed through
the one or nore sidewalls of the principal fluid flow chanber. 34. A
processing container as claimed in claim28 wherein the principal fluid

fl ow chanber conprises one or nore contoured sidewalls at an upper portion
thereof to inhibit fluid flow separation as the processing fluid fl ows
toward an upper portion of the principal fluid flow chanber to contact the
surface of the mcroel ectronic workpiece. 35. A processing container as
claimed in claim28 wherein the principal fluid fl ow chanber is defined at

an . porti eqf n | e -.33. 0016183 .

ot DR et 827, 38 anbdc SBp 3P HeRBer By, e idiérion a0 eerio? Walls of amid o
clained in clai wher.ei n, t.he i ngj pal..flui,d fl ow chanmber further

conpri g‘??%&rmpﬁﬁgo’@fﬁg&exfeﬁ‘ﬂﬁ%ﬁ é}%g’eqﬂﬁ_é&“ égq'ower portion thereof. 37. A
\T/ng g?lnef L;ﬁ@m%k&defﬁlu&ra?ccgg %aggercirclmw aclhr‘ll?er fo?ggo(i:nlgacloggneln?s a(;cla gxlog]glﬁfs

together to form the reactor. To this end, the mid-chamber member 690 is disposed interior of

the drain cup member 627 and includes a plurality of leg supports 692 that sit upon a bottom wall
thereof. The anode support member 697 includes an outer wall that engages a flange that is
disposed about the interior of drain cup member 627. The anode support member 697 also
includes a channel 705 that sits upon and engages an upper portion of flow diffuser 525, and a
further channel 710 that sits upon and engages an upper rim of nozzle assembly 530. Mid-
chamber member 690 also includes a centrally disposed receptacle 715 that is dimensioned to
accept the lower portion of nozzle assembly 530. Likewise, an annular channel 725 is disposed
radially exterior of the annular receptacle 715 to engage a lower portion of flow diffuser 525.

In the illustrated embodiment, the flow diffuser 525 is formed as a single piece and
includes a plurality of vertically oriented slots 670. Similarly, the nozzle assembly 530 is formed
as a single piece and includes a plurality of horizontally oriented slots that constitute the nozzles
535.

The anode support member 697 includes a plurality of annular grooves that are
dimensioned to accept corresponding annular anode assemblies 785. Each anode assembly 785

includes an anode 585 (preferably formed from platinized titanium or in other inert metal) and a
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Venturi effect inlet is configured to provide a Venturi effect that )
facilitates recirculation of processing fluid flowin a Lower portion of
the principal fluid flow chanber. -34 . A .A A@.A AN . A ASN. Af ~ 2
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conduit 730 extending from a central portion of the anode 585 through which a metal conductor
may be disposed to electrically connect the anode 585 of each assembly 785 to an external
source of clectrical power. Conduit 730 is shown to extend entirely through the processing
chamber assembly 610 and is secured at the bottom thereof by a respective fitting 733. In this
manner, anode assemblies 785 effectively urge the anode support member 697 downward to
clamp the flow diffuser 525, nozzle assembly 530, mid-chamber member 690, and drain cup
member 627 against the bottom portion 737 of the exterior cup 605. This allows for easy
assembly and disassembly of the processing chamber 610. However, it will be recognized that
other means may be used to secure the chamber elements together as well as to conduct the
necessary electrical power to the anodes.

The illustrated embodiment also includes a weir member 739 that detachably snaps or
otherwise easily secures to the upper exterior portion of anode support member 697. As shown,
weir member 739 includes a rim 742 that forms a weir over which the processing solution flows
into the helical flow chamber 640. Weir member 739 also includes a transversely extending
flange 744 that extends radially inward and forms an electric field shield over all or portions of
one or more of the anodes 585. Since the weir member 739 may be easily removed and replaced,
the processing chamber assembly 610 may be readily reconfigured and adapted to provide
different electric field shapes. Such differing electrical field shapes are particularly useful in

those instances in which the reactor must be configured to process more than one size or shape of
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therethrough to allow gas bubbles to exit from the antechamber 510 to the exterior environment.

With particular reference to FIGURE 5, fluid inlet 515 is defined by an inlet fluid guide,
shown generally at 810, that is secured to mid-chamber member 690 by one or more fasteners
815. Inlet fluid guide 810 includes a plurality of open channels 817 that guide fluid received at
fluid inlet 515 to an area beneath mid-chamber member 690. Channels 817 of the illustrated
embodiment are defined by upwardly angled walls 819. Processing fluid exiting channels 817
flows therefrom to one or more further channels 821 that are likewise defined by walls that angle
upward.

Central anode 580 includes an electrical connection rod 581 that proceeds to the exterior
of the processing chamber assembly 610 through central apertures formed in nozzle assembly
530, mid-chamber member 690and inlet fluid guide 810. The Venturi flow path regions shown
at 590 in FIGURE 2 are formed in FIGURE 5 by vertical channels 823 that proceed through

drain cup member 627 and the bottom wall of nozzle member 530. As illustrated, the fluid inlet
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guide 810 and, specifically, the upwardly angled walls 819 extend radially beyond the shielded
vertical channels 823 so that any bubbles entering the inlet proceed through the upward channels
821 rather than through the vertical channels 823.

The foregoing reactor assembly may be readily integrated in a processing tool that is
capable of executing a plurality of processes on a workpiece, such as a semiconductor
microelectronic workpiece. One such processing tool is the LT-210™ electroplating apparatus
available from Semitool, Inc., of Kalispell, Montana. Figs. 6 and 7 illustrate such integration.
The system of Fig. 6 includes a plurality of processing stations 1610. Preferably, these
processing stations include one or more rinsing/drying stations and one or more electroplating
stations (including one or more electroplating reactors such as the one above), although further
immersion-chemical processing stations constructed in accordance with the of the present
invention may also be employed. The system also preferably includes a thermal processing
station, such as at 16135, that includes at least one thermal reactor that is adapted for rapid
thermal processing (RTP).

The workpieces are transferred between the processing stations 1610 and the RTP
station 1615 using one or more robotic transfer mechanisms 1620 that are disposed for linear
movement along a central track 1625. One or more of the stations 1610 may also incorporate
structures that are adapted for executing an in-situ rinse. Preferably, all of the processing stations

as well as the robotic transfer mechanisms are disposed in a cabinet that is provided with filtered
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air at a positive pressure to thereby limit airborne contaminants that may reduce the effectiveness
of the microelectronic workpiece processing.

Fig. 7 illustrates a further embodiment of a processing tool in which an RTP station 1635,
located in portion 1630, that includes at least one thermal reactor, may be integrated in a tool set.
Unlike the embodiment of Fig. 6, in this embodiment, at least one thermal reactor is serviced by
a dedicated robotic mechanism 1640. The dedicated robotic mechanism 1640 accepts
workpieces that are transferred to it by the robotic transfer mechanisms 1620. Transfer may take
place through an intermediate staging door/area 1645. As such, it becomes possible to
hygienically separate the RTP portion 1630 of the processing tool from other portions of the tool.
Additionally, using such a construction, the illustrated annealing station may be implemented as
a separate module that is attached to upgrade an existing tool set. It will be recognized that other

types of processing stations may be located in portion 1630 in addition to or instead of RTP

station 1635.

Numerous modifications may be made to the foregoing system without departing from
the basic teachings thereof. Although the present invention has been described in substantial
detail with reference to one or more specific embodiments, those of skill in the art will recognize
that changes may be made thereto without departing from the scope and spirit of the invention as

set forth herein.
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WE CLAIM:

1. A microelectronic workpiece immersion processing container comprising:

a principal fluid flow chamber providing a flow of processing fluid to at least one surface of the
workpiece;

a plurality of nozzles disposed to provide a flow of processing fluid to the principal fluid flow
chamber, the plurality of nozzles being arranged and directed to provide vertical, and
radial fluid flow components that combine to generate a substantially uniform normal

flow component radially across the at least one surface of the workpiece.

2. A microelectronic workpiece processing immersion container as claimed in claim 1
wherein the plurality of nozzles are disposed so that the substantially uniform normal
flow component is slightly greater at a radial central portion thereby forming a meniscus
that assists in preventing air entrapment as the workpiece is brought into engagement

with the surface of the processing fluid in the processing container.

3. A microelectronic workpiece immersion processing container as claimed in claim 1 and

further comprising an antechamber disposed in a flow path of the processing fluid prior to
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the plurality of nozzles, the antechamber being dimensioned to assist in the removal of

gaseous components entrained in the processing fluid.

A microelectronic workpiece immersion processing container as claimed in claim 3 and

further comprising a plenum disposed in the fluid flow path between the antechamber and

the plurality of nozzles.

A microelectronic workpiece immersion processing container as claimed in claim 3
wherein the antechamber comprises an inlet portion and an outlet portion, the inlet

portion having a smaller cross-section compared to the outlet portion.

A microelectronic workpiece immersion processing container as claimed in claim 1
wherein at least some of the plurality of nozzles are in the form of generally horizontal

slots.

A microelectronic workpiece immersion processing container as claimed in claim 1
wherein the principal fluid flow chamber is defined by one or more sidewalls, at least

some of the plurality of nozzles being disposed through the one or more sidewalls.
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8. A microelectronic workpiece immersion processing container as claimed in claim 7
wherein the principal fluid flow chamber comprises one or more contoured sidewalls at
an upper portion thereof to inhibit fluid flow separation as the processing fluid flows
toward an upper portion of the principal fluid flow chamber to contact the surface of the

microelectronic workpiece.

9. A microelectronic workpiece immersion processing container as claimed in claim 1

wherein the principal fluid flow chamber is defined at an upper portion thereof by an

angled wall.

10. A microclectronic workpiece immersion processing container as claimed in claim 1
wherein the principal fluid flow chamber further comprises an inlet disposed at a lower
portion thereof that is configured to provide a Venturi effect that facilitates recirculation

of processing fluid flow in a lower portion of the principal fluid flow chamber.
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11. A reactor for immersion processing at least one surface of a microelectronic workpiece,

the reactor comprising:

a reactor head including a workpiece support;

a processing container including a plurality of nozzles angularly disposed in a sidewall of a
principal fluid flow chamber at a level within the principal fluid flow chamber below a
surface of a bath of processing fluid normally contained therein during immersion

processing.

12. A reactor as claimed in claim 0 and further comprising an electrode disposed at a lower
portion of the processing container to provide electrical contact between an electrical

power supply and the processing fluid.

13, A reactor as claimed in claim 12 wherein the processing container is defined at an upper
portion thereof by an angled wall, the processing container further comprising at least one
further electrode in fixed positional alignment with the angled wall to provide electrical

contact between an electrical power supply and the processing fluid.
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14. A reactor as claimed in claim 1 and further comprising a motor connected to rotate the
workpiece support and an associated microelectronic workpiece at least during

processing of the at least one surface of the microelectronic workpiece.

15. A reactor for immersion processing of a microelectronic workpiece, the reactor
comprising:

a processing container having a processing fluid inlet through which a processing fluid flows into
the processing container, the processing container further having an upper rim forming a
weir over which processing fluid flows to exit from processing container;

at least one helical flow chamber disposed exterior to the processing container to receive

processing fluid exiting from the processing container over the weir.

16. A reactor as claimed in claim 15 wherein the helical flow chamber is disposed about and

circumvents exterior sidewalls of the processing container.
17. A reactor as claimed in claim 16 wherein the processing container comprises one or more

projections circumventing exterior sidewalls thereof that at least partially define the

helical flow chamber.
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18. A reactor as claimed in claim 17 wherein the reactor further comprises an outer container
exterior to the processing container, interior sidewalls of the outer container cooperating

with the one or more projections to define the helical flow chamber therebetween.

19, An apparatus for processing a microelectronic workpiece comprising:
a plurality of workpiece processing stations;
a microelectronic workpiece robotic transfer;
at least one of the plurality of workpiece processing stations including a reactor having a
processing container comprising
a principal fluid flow chamber;
a plurality of nozzles angularly disposed in one or more sidewalls of the principal
fluid flow chamber at a level within the principal fluid flow chamber
below a surface of a bath of processing fluid normally contained therein

during immersion processing.

20.  An apparatus as claimed in claim 19 wherein the plurality of nozzles are disposed with

respect to one another to provide vertical and radial fluid flow components that combine
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to generate a substantially uniform normal flow component radially across the at least

one surface of the workpiece.

21.  An apparatus as claimed in claim 19 wherein the plurality of nozzles are arranged so that
the substantially uniform normal flow component is slightly greater at a radial central
portion as referenced to the workpiece thereby forming a meniscus that assists in
preventing air entrapment as the workpiece is brought into engagement with the surface

of the processing fluid in the processing container.

22.  Anapparatus as claimed in claim 19 wherein the processing container further comprises a

vented antechamber upstream of the plurality of nozzles.

23.  An apparatus as claimed in claim 22 wherein the processing container further comprises a

plenum disposed between the vented antechamber and the plurality of nozzles.
24.  An apparatus as claimed in claim 22 wherein the vented antechamber comprises an inlet

portion and an outlet portion, the inlet portion having a smaller cross-section compared to

the outlet portion.
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25.  An apparatus as claimed in claim 21 wherein at least some of the plurality of nozzles are

generally horizontal slots in the one or more sidewalls of the principal fluid flow

chamber.

26.  An apparatus as claimed in claim 19 wherein the principal fluid flow chamber further

comprises a Venturi effect inlet.

27. An apparatus as claimed in claim 25 wherein the Venturi effect inlet generates a Venturi
effect that facilitates recirculation of processing fluid flow in a lower portion of the

principal fluid flow chamber.

28. A processing container for providing a flow of a processing fluid during immersion
processing of at least one surface of a microelectronic workpiece, the processing
container comprising:

a principal fluid flow chamber;

a plurality of nozzles angularly disposed in one or more sidewalls of the principal fluid flow
chamber at a level within the principal fluid flow chamber below a surface of a bath of

processing fluid contained therein during immersion processing.
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29. A microelectronic workpiece processing container as claimed in claim 28 wherein the
plurality of nozzles are disposed in the one or more sidewalls of the principal fluid flow
chamber so as to form a the substantially uniform normal flow component radially across
the surface of the workpiece in which the substantially uniform normal flow component
is slightly greater at a radial central portion thereby forming a meniscus that assists in
preventing air entrapment as the workpiece is brought into engagement with the surface

of the processing fluid in the processing container.

30. A microelectronic workpiece processing container as claimed in claim 26 and further
comprising an antechamber upstream of the plurality of nozzles, the antechamber being
dimensioned to assist in the removal of gaseous components entrained in the processing

fluid.

31. A microelectronic workpiece processing container as claimed in claim 30 and further

comprising a plenum disposed between the antechamber and the plurality of nozzles.
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antechamber comprises an inlet and an outlet, the inlet having a smaller cross-section

compared to the outlet.

33. A microelectronic workpiece processing container as claimed in claim 28 wherein at least
some of the plurality of nozzles are generally horizontal slots disposed through the one or

more sidewalls of the principal fluid flow chamber.

34. A processing container as claimed in claim 28 wherein the principal fluid flow chamber
comprises one or more contoured sidewalls at an upper portion thereof to inhibit fluid
flow separation as the processing fluid flows toward an upper portion of the principal

fluid flow chamber to contact the surface of the microelectronic workpiece.

35. A processing container as claimed in claim 28 wherein the principal fluid flow chamber

is defined at an upper portion thereof by an angled wall.
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36.

37.

WO 00/61837 PCT/US00/10210

A microelectronic workpiece processing container as claimed in claim 28 wherein the
principal fluid flow chamber further comprises a Venturi effect inlet disposed at a lower

portion thereof.

A microelectronic workpiece processing container as claimed in claim 36 wherein the

Venturi effect inlet is configured to provide a Venturi effect that facilitates recirculation

of processing fluid flow in a lower portion of the principal fluid flow chamber.
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