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processes. For purposes of the present application, a mcroelectronic

wor kpi ece is defined to include a workpiece forned froma_s % ﬁé #e upon
whi ch MYO&W& ¥t ronic circuits or conponents, data stor§§ /qgﬁ@ 2 s or

| ayers, and/or mcro-nmechanical elenents are fornmed. There are a nunber of
di fferent processing operations perforned on the m croel ectronic workpiece
to fabricate the mcroel ectronic conponent(s). Such operations include,
for exanple, material deposition, patterning, doping, chem cal mechani cal
polishing, electropolishing, and heat treatnment. Material deposition
processing invol ves depositing or otherwise formng thin |ayers of

material on the surface of the mcroel ectronic workpiece (hereinafter
described as, but not I|imted to, a sem conductor wafer). Patterning

provi des renoval of selected ggrtions of these added |ayers. Doping of the

sem conductor wafer, or si MBAGKGREUSE) OEtTRRINVWBYHSPNce, is the process

of adding inpurities known as "dopants" to the selected portions of the
waf er t o alTtherfabiieatiorl cfahicraeddctrohiar@aipenests ifosn af midieelsutonic svbekpierecsuchl .
Heat treatnment of the sem conductor wafer involves heating and/or cooling

the Wak er sdnficafdibRY SvATRE Sibsirfte PpOISaRS suBsHtd, otc. IRBIvedla sumBGRASA S@hber of
polishing involves the renoval of material through a conbined

gg??‘uééépg%ﬁggmr 1 oes.‘gé oﬁh%%sé]ege}l{g (L;:lp (1) n,( lt{ln'gro%@ctrf)}ﬁg \9%@1%@@ & det}ned to
pol'tshing 1 nvolves renmoval of

mat er iir?éluéer a? wor p\{\gcz: l%gtin?e%efrosmu rafs%gsetralfles 1'1}?(% wﬁilcﬁ(r:rtlig:rcc))% e(ca:trp;)r(l:iglcir&% cht>ri c%glsb'onents,
data storage elements or layers, and/or micro-mechanical elements are formed. There are a
number of different processing operations performed on the microelectronic workpiece to
fabricate the microelectronic component(s). Such operations include, for example, material
deposition, patterning, doping, chemical mechanical polishing, electropolishing, and heat
treatment.

Material deposition processing involves depositing or otherwise forming thin layers of
material on the surface of the microelectronic workpiece (hereinafter described as, but not
limited to, a semiconductor wafer). Patterning provides removal of selected portions of these
added layers. Doping of the semiconductor wafer, or similar microelectronic workpiece, is the
process of adding impurities known as "dopants" to the selected portions of the wafer to alter the
electrical characteristics of the substrate material. Heat treatment of the semiconductor wafer

involves heating and/or cooling the wafer to achieve specific process results. Chemical

mechanical polishing involves the removal of material through a combined chemical/mechanical
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Nuner ous processing devices, known as processing "tool s", have been

devel oped to inplenent the foregoing processing operatiQns. tool s

t ake on"& Y16&1%nt configurations depending on the type SFT%gﬁgﬁﬁg%e used
in the fabrication process and the process or processes executed by the
tool. One tool configuration, known as the LT-210CTM processing tool and
available from Semtool, Inc., of Kalispell, Mntana, includes a plurality
of mi croel ectronic workpiece processing stations that utilize a workpiece
hol der and a process bow or container for inplenenting wet processing
operations. Such wet processing operations include el ectroplating,

et ching, cleaning, electroless deposition,, electropolishing, etc.. In
connd¥osesh Whille islecapelishangninvolvgs, dist regipval ¢f PRCRTIR L Y POHiS R SREpce using
processing stations used in the LT-210CTM that are noteworthy. Such

el ectalentioehémizhl padmessi ng stati ons performthe foregoing el ectroplating,

el ectropol i shing, anodization, etc., of the mcroel ectronic workpiece. It
will be reqe@sionsproduting tdeeices, eleidvac e rproadssipg deeds| hgvs peteresdbpddotd h
herein is readily adapted to inplenent each of the foregoing

el ect; (GRL 1BeB6R: Lifg A PR IRNC erhgksd Rod9ake oS errat! QAfighratibes
LT-Zf%ﬁ%%ﬁggg?, tﬁg e%é%??gﬁlgﬁﬁﬁg stations include a morkpiecegholder and
a progess,.contal ner that are dis Xl Jat i ece
ol o PRt b e Bps s MarREFeC B3R B R R FoBe pl becs] BE probcE

wor kpi ece held by the workpi ece holder into contac i _an el ectropl ati ng
{1 Ui (PRS0 e ot o Opf dealeon  EyriORG I UTES SHEEL -4 Kr) WEF Borgaeaand
PCT/ US00/ 10120 container to forma processing chanber. Restricting the

el ect avajghbiei fogm sSdnuitoadnlncg efhKabgpstlopérdana, includes a plurality of microelectronic

workpiece processing stations that utilize a workpiece holder and a process bowl or container for
implementing wet processing operations. Such wet processing operations include electroplating,
etching, cleaning, electroless deposition, electropolishing, etc.. In connection with the present
invention, it is the electrochemical processing stations used in the LT-210C™ that are
noteworthy. Such electrochemical processing stations perform the foregoing electroplating,
electropolishing, anodization, etc., of the microelectronic workpiece. It will be recognized that
the electrochemical processing system set forth herein is readily adapted .to implement each of
the foregoing electrochemical processes.

In accordance with one configuration of the LT-210C™ tool, the electroplating stations
include a workpiece holder and a process container that are disposed proximate one another. The
workpiece holder and process container are operated to bring the microelectronic workpiece held

by the workpiece holder into contact with an electroplating fluid disposed in the process
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portions of the workpiece, however, is often problematic. Additionally,
ensuri ngygjoRgygs nass transfer conditions between the el egiipbadiheg
solution and the surface of the workpiece can be difficult. Absent such
mass transfer control, the el ectrochem cal processing of the workpiece
surface can often be non-uniform This can be particularly problematic in
connection with the electroplating of netals. Still further, control of
t he shape and magnitude of the electric field is increasingly inportant.
Conventional el ectrochem cal reactors have utilized various techniques to
bring the electroplating solution into contact with the surface of the
wor K RdoRGner fa%?orﬁf)@%{o@lzésﬁ% JFBRBEY. - REMHictin@REBk&ropd fe@loRR{oh B iRt dppgbprikelt | on
may be brought 1nto contact wwth the surface of the workpi ece using
partial..or full inmersio [0cess] i whi . r t] j on
resi d& 1°rfsn°tualh5r‘88r§g éelcﬁ’gﬂ%‘g%vte%il eorf{;’g 3 qaggs%’g%ﬁgh@é{’ £ gglerﬁlgf %R%pln%g
wor kpi ece is brought into contact with or belowthe s ace of, the

el ecttFansienconditions hetwsan the elestraplating %Qaﬂmoanéttﬁ%rsu ?Cé&t%s RerkRigse HResses
have becone inportant in the production of sem conductor integrated

ci r cudifficultn dhbsentesuchi rmassetrasfer montokiéhe elestroghsmicali rspesssing tof ghe avorkpiece
wor kpi eces. For exanple, electroplating is often used in the formation of
one odurfab®kén BEERbelmyaitfoon. Thie daardeppetieularihesdlaritl inl @pecdioareitivftten
used to electrically interconnect the various devices of the integrated
cir CUélEctrdé:J‘l‘e[tfngedf m&tAR. Shill ¥srnét Sonirel SBfe iShaw dddemagiiudb of MecdlsctA® Yield is
constituté mcroel ectronic devices such as read/ wite heads, etc. -4
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increasingly impottant.

Conventional electrochemical reactors have utilized various techniques to bring the
electroplating solution into contact with the surface of the workpiece in a controlled manner. For
example, the electroplating solution may be brought into contact with the surface of the
workpiece using partial or full immersion processing in which the electroplating solution resides
in a processing container and at least one surface of the workpiece is brought into contact with or
below the surface of the electroplating solution.

Electroplating and other electrochemical processes have become important in the
production of semiconductor integrated circuits and other microelectronic devices from
microelectronic workpieces. For example, electroplating is often used in the formation of one or
more metal layers on the workpiece. These metal layers are often used to electrically
interconnect the various devices of the integrated circuit. Further, the structures formed from the

metal layers may constitute microelectronic devices such as read/write heads, etc.
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El ectropl ated netals typically include copper, nickel, gold, platinum

sol der, nickel-iron, etc. Electroplating is generally eff initial
formati 9P W1¥8seed | ayer on the mcroelectronic workpi é’g:&s'fsﬂo}?%ébf or m of

a very thin |ayer of netal, whereby the surface of the mcroelectronic
wor kpi ece is rendered electrically conductive. This el ectro-conductivity
permts subsequent formation of a blanket or patterned |ayer of the
desired netal by electroplating. Subsequent processing, such as chem cal
mechani cal planarization, nay be used to renmove unwanted portions of the
patterned or netal blanket |ayer formed during electroplating, resulting

in the f i i ed. , resuting
metals at REr e Pl pk: AR iR odpe SR AT ol PRk SHEBP LB, 01

of the metal using an el ectrochen cal process. The el gctrochem cal process
’s et ERaaPlARE  Re el rel e da bC ! SoTTROR c8brd GREArAYSis Bt f
carried out using the sanme or simlar reactors as electroplating. Existing
el ectmigpelaciregicpverkpiese inythedarmaiodarerpthie daysr 60 metal awhergby thromstace ofvthst

el ectroplating solution to the el ectropl ating chanber through a single

i nl etmdreepesedicavorkhrechd ot rendaredelettrioallyoéoridhetiveh dithe electtre omdded dityrpatmics
such a processing container is illustrated in Figure 1A As illustrated,

the elB§gueR! frinBfod @8G! Blankdt RVEhtGARAT RYérYoRtheldesirBE IHHEES b cddcdobla@Rkat i ng
processing container 2 that is used to contain a flow of electroplating

o VSRR LU0 @ kit RGP AT Tt LU IPEONCE
(RUL uvr\lgv)va(r)lSt)e/dep:li)Afr’c?(i)gnspocf‘:l';(leU psagtgr&e%lozrometal blanket layer formed during electroplating, resulting
in the formation of the desired metallized structure.

Electropolishing of metals at the surface of a workpiece involves the removal of at least
some of the metal using an electrochemical process. The electrochemical process is effectively
the reverse of the electroplating reaction and is often carried out using the same or similar
reactors as electroplating.

Existing electroplating processing containers often provide a continuous flow of
electroplating solution to the electroplating chamber through a single inlet disposed at the bottom
portion of the chamber. One embodiment of such a processing container is illustrated in Figure
1A. As illustrated, the electroplating reactor, shown generally at 1, includes a electroplating

processing container 2 that is used to contain a flow of electroplating solution provided through a

fluid inlet 3 disposed at a lower portion of the container 2. In such a reactor, the electroplating
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solution conpletes an electrical circuit path between an anode 4 and a

surface fqo\@@{g%pi ece 5, which functions as a cat hode. T@?F@?ﬁ%@w%l ating

reaction take place at the surface of the mcroele rkpi ece
are dependent on species nass transport (e.g., copper ions, platinumions,
gold ions, etc.) to the mcroelectronic workpiece surface through a
diffusion layer (a.k.a., nmass transport |layer) that forns proxinate the

m croel ectroni c workpiece's surface. It is desirable to have a diffusion

| ayer that is both thin and uniformover the surface of the mcroelectronic
workpiece if a uniformelectroplated filmis to be deposited wthin a

| form el ectropl ated fil: ithina -
over PRSP Ry b s PRSI SR SR RSN S e

di ffusion layer in the processing container of Figure 1Ais facilitated,
for exbighfunctipys a5 ai¢athadéer 6 or the |ike that is di sposed between the
single inlet and the workpiece surface. The diffuser includes a plurality
of aperturBe Elechraplating neagiongdethat dakedipddsgr ste thehsusfagee i bt wiwoeledpnag i ng
fluid provided fromthe processing fluid inlet 3 as evenly as possible

acr osgorkpPRcs dfef @GRn@int bhepeeiekplagcearspor (£ 8QuePpaubss, pidtinain ionpy golén@nt s i n
diffusion layer control result fromthe use of a diffuser, such control is

it : . . \ . .
I m &?2{ tMJ‘rt\ﬁ&B&E&ﬁfe}ﬁ% &&{lgﬂégéégﬁrfgaﬁéthnﬁbgﬁﬁla'cﬁﬁﬂsx% ¢3%r 3a.Rh,, RS aAmEpbrt | OW

vel ocl normal to t roel ectroni ¢ workpiece are often

021 51 B s b R SRR P SRR O3 LAk hoR FR0RY L0
the d(iii]}gulsji%g rlayffer ithsat I;T;)%/(;Ctg tl?ilng.%g run}fgrr;[l rc])%\/er\,\'/c?lre Egrifgc%edf t1-166 m?cLlj'Iggch:t-rroLrJl-{cl:E w%r %Ii:'érce(iF UB
a uniform electroplated film is to be deposited within a reasonable amount of time.

Even distribution of the electroplating solution over the workpiece surface to control the
thickness and uniformity of the diffusion layer in the processing container of Figure 1A is
facilitated, for example, by a diffuser 6 or the like that is disposed between the single inlet and
the workpiece surface. The diffuser includes a plurality of apertures 7 that are provided to
disburse the stream of electroplating fluid provided from the processing fluid inlet 3 as evenly as
possible across the surface of the workpiece 5.

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 8 of increased flow
velocity normal to the surface of the microelectronic workpiece are often generated by the

diffuser 6. These localized areas generally correspond to the position of apertures 7 of the

diffuser 6. This effect is increased as the diffuser 6 is moved closer to the workpiece.
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WO 00/ 61498 PCT/ USOQO 10120 The present inventors have found that these

| ocal iz of increased flow velocity at the surfac r kpi ece
af f ect ?ﬂ%gd’é‘?el?%usi on |ayer conditions and can result in n%%ﬁ{iﬂ]topglrz\ﬁ?

deposition of the electroplated nmaterial over the surface of the workpiece.
D ffuser hole pattern configurations also affect the distribution of the
electric field since the diffuser is disposed between the anode and
wor kpi ece, and can result in non-uniformdeposition of the el ectroplated
material. In the reactor illustrated in Figure 1A, the electric field tends
to be concentrated at |ocalized areas 8 corresponding to the apertures in
t he diffuseg. These effecéf ia%%ge Iogaliz%g. greas .are qiﬁendeﬂt.pnt

di ffuser dil8¢ RFSENIRYTRIPIH KO WRILEE RS TOFUIZEY AFO3S OF MTETAECS I8 Vaipty @
pattern. Another problemoften encountered in electroplating . is disruption
of t hthediuffacs pbthel wgkpiece affeetche Hiffusiviy laperegondiions apdcow ﬁ@ﬁg ipmoprasifaE
during the electroplating process. For exanple, bubbles can be created in
t he pHepsition ¢tle pleopopigied ysdtatal @iver the spriacesfsthe gvoekpieqereiffuser hole pattern

El ectroplating is thus inhibited at those sites on the surface of the

wor kp'l:@x?f\fﬁ}&&tidﬂ@i&éb hitect ElbiEbuidDoRlEe e[REicCHOIIVaRBNthe 8iffiRé isClikposel a
concern en an inert anode is utilized since inert anodes tend to

gener 8L AR T ik 8 WorRoib S Hhd o8 1o i# AGALGORRAEARND diahe bREGRLRES At

t he s surtace. unabl'e "‘anodes are often used to reduce tHe _

pat h G oy ey isaop SR IR G SbdBE TeeutfugRe (oo i B FopchelRisd €y

filmsurface that nmust be maintained. They al so erode into the plating

sol ut lapalized7areas 8 corresponding to the apertures in the diffuser. These effects in the localized
areas 8 are dependent on diffuser distance from the workpiece and the diffuser hole size and
pattern.

Another problem often encountered in electroplating is disruption of the diffusion layer
due to the entrapment and evolvement of gasses during the electroplating process. For example,
bubbles can be created in the plumbing and pumping system of the processing equipment.
Electroplating is thus inhibited at those sites on the surface of the workpiece to which the
bubbles migrate. Gas evolvement is particularly a concern when an inert anode is utilized since
inert anodes tend to generate gas bubbles as a result of the anodic reactions that take place at the
anode's surface.

Consumable anodes are often used to reduce the evolvement of gas bubbles in the

electroplating solution and to maintain bath stability. However, consumable anodes frequently

have a passivated film surface that must be maintained. They also erode into the plating solution

SUBSTITUTE SHEET (RULE26)



SUBSTI TUTE SHEET (R1JLE26) WO 00/ 61498 PCT/ USOQ 10120 changi ng the

di nensi onal tolerances. Utimately, they nust be replaced there

i ncr easYYRPU6HE8 anpunt of mmintenance required to keep tﬁnggﬂW"ﬁa%ratlonal
when conpared to tools using inert anodes. Another chall enge associ ated
with the plating of uniformfilns is the changing resistance of the plated
film The initial seed |ayer can have a high resistance and this resistance
decreases as the filmbecones thicker. The changi ng resistance nmakes it
difficult for a given set of chanber hardware to yield optimal uniformty
on a variety of seed |ayers and deposited film thicknesses. In view of the
foregoi ng, the present inventors have devel oped

a syst for . )
el ect FhanBmg ha digensionab delergees Mlivmashe dheyomiuet %Féﬁ%ﬁ ghﬁfﬁ%}t INCEGRSIGANE | v
adapt to a wide range of electrochem cal processing requirenents (e.g.
seed hmayent dfmaikesasescqurddo kagethettypemperatiohacovhanpdompaned toetpelsivging, inert
el ectrolyte bath properties, etc.). The system can adapt to such
el ect pisdagm cal processing requi renments while concurrently providing a
controll ed, substantially wuniformdiffusion |ayer at the surface of the

wor kpi ece m?h}egéﬁélﬁeh e h&opiﬁf?:wvg'&pﬂle%lﬁﬂ{g &}%?@%wmsw@étcmgl kagjstiot or m

processing o | ece surrace orm deposition o

E'C%C Ugggyslxg 6%&1“ a 1211t1a1 see§ aBy%-rnc;lrn ave aFEE;lr ré51 lté'fn%% %d Yg')s (r)eos'{s?an%g%ecreases

as the film becomes thicker. The changing resistance makes it difficult for a given set of
chamber hardware to yield optimal uniformity on a variety of seed layers and deposited film
thicknesses.

In view of the foregoing, the present inventors have developed a system for
electrochemically processing a microelectronic workpiece that can readily adapt to a wide range
of electrochemical processing requirements (e.g., seed layer thicknesses, seed layer types,
electroplating materials, electrolyte bath properties, etc.). The system can adapt to such
electrochemical processing requirements while concurrently providing a controlled, substantially
uniform diffusion layer at the surface of the workpiece that assists in providing a corresponding
substantially uniform processing of the workpiece surface (e.g., uniform deposition of the

electroplated material).
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BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 Ais schematic bl ock di agram of
an el e LNng reactor assenbly that incorporates a di e 0

distri (t;‘&{)gﬁ))g]a‘% ow of processing fluid across a surface o?kiﬁ%ﬁqj{%%%ce and
al so assists in shaping the electric field. Figure 113 is a cross-sectional
vi ew of one enbodi nent of an electroplating reactor assenbly that may

i ncorporate the present invention. Figure 2 is a schematic diagram of one
enbodi ment- of a reactor chanber that may be used in the reactor assenbly
of Figure 1B and includes an illustration of the velocity flow profiles
associated wth the flow of processing fluid through the reactor chanber.
Figures 3-5 illustrate a (N i et e processing
chanber assenbly that h@ﬂggﬁggwbﬁﬁ&y%w el ectrochem cal
processing_of a sem conductor wafer and that has been inplenmented to

achi eve t hBigued déi ti§ schematyn dodkegdliageams ofr @h ¢lactropating Peacmirgagsewbly shed 7
illustrate a conpl ete processing chanber assenbly that has been

const mgotpethtésna difficed &ndstritiutdha dlovupf percessippflineatrossfa suréacprofsewbrkpiece

invention. Figures 8 and 9 are a cross-sectional views of illustrative
vel ochid/alkd 2WiseOntsAbpifg Be didifric REl@cessi ng chanber enbodi nent of Figures 6
and 7. Figures 10 and 11 are graphs illustrating the manner in which the

anode confeukenol: bl AR AT, GURTRRST B8 TR ONRRrO R L
assembly that may incorporate the present invention.

Figure 2 is a schematic diagram of one embodiment of a reactor chamber that may be
used in the reactor assembly of Figure 1B and includes an illustration of the velocity flow
profiles associated with the flow of processing fluid through the reactor chamber.

Figures 3-5 illustrate a specific construction of a complete processing chamber assembly
that has been specifically adapted for electrochemical processing of a semiconductor wafer and
that has been implemented to achieve the velocity flow profiles set forth in Figure 2.

Figures 6 and 7 illustrate a complete processing chamber assembly that has been
constructed in accordance with a further embodiment of the present invention.

Figures 8 and 9 are a cross-sectional views of illustrative velocity flow contours of the
processing chamber embodiment of Figures 6 and 7.

Figures 10 and 11 are graphs illustrating the manner in which the anode configuration of

the processing chamber may be employed to achieve uniform plating.
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Figures 12 and 13 illustrate a nodified version of the processing chanber
of Figures 6 and 7. Figures 14 and 15 illustrate two enbodi nents of
processM %8s that nmay incorporate one or nore pr oceé’ﬁTﬂésog/tl%hz?ons
constructed in accordance with the teachings of the present invention. -10
SUBSTI TUTE SHEET (RU) WD 00/ 61498 PCT/ US00/ 10120 SUMVARY OF THE | NVENTI ONS
A reactor for electrochemcally processing at | east one surface of a

m croel ectronic workpiece is set forth. The reactor conprises a reactor
head i ncl udi ng a workpi ece support that has one or nore electrical
contacts positioned to nake electrical contact with the mcroelectronic
wor kpi ece. The reactaor, al so includes a procesging cont ai ner havipg. a
plurality diigwssieadd Bnpiystatep mpditisd agrsion af diedupegssingchgmbes ﬂ@lgigar%fé ui d
fl ow chanber at a level within the principal fluid flow chanber bel ow a
surfacamddt a bath of processing fluid normally contained therein during

el ectrochem cal processing. A plurality of anodes are disposed at different
el evati ons Figuret e dndi I5Cillsirate |tWwobribodineta b focessifg tdods fHat@eayt inedipatate
different distances froma mcroel ectronic workpiece under process w thout
an i nt GLNBALALE pflcEisHRe StaiSiMEE T rhbRd R WelbrdhYeeOvitANAE €8acBltEs e present

m cr oel ectroni ¢ wor kprece under process. One or nore of the plurality of
anodes_nmy. he in close proximty to the workpi ece under process. Stil
furthéfy“B1%8 or nore of the plurality of anodes may be a virtual anode.
The present invention also relates to nulti-Ilevel anode

-10-
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configurations within a principal fluid flow chanber and net hods of using

t he Sagﬁ? W%]%XSUBSTI TUTE SHEET (RUB, WO 00/ 61498 PCT/ USGh¢¢@dqfh012eETAI LED
DESCRI THE | NVENTI ON BASI C REACTOR COVPONENTS Wth reference to

FIGURE 1B, there is shown a reactor assenbly 20 for electroplating a

m croel ectroni ¢ wor kpi ece 25, such as a sem conductor wafer. Generally
stated, the reactor assenbly 20 is conprised of a reactor head 30 and a
correspondi ng reactor base, shown generally at 37 and described in
substantial detail below, in which the electroplating solution is disposed.
The reactor of Figure | B can also be used to inplenent electrochem ca
processi ng operations other than electroplating (e.g., electropolishing,
anodi zation, etc.). The reactor head 30 of the electroplating reactor

assenbly may conprised of a I nd a rotor assenbly
75. Rotor assenbly 75 is coﬁ§$8@4ggﬁ{%F92@%ﬁ€2t§ﬂ§8§§rry an associ ated

m croel ectroni c workpi ece 25, position the mcroelectroni ¢ workpiece in a
process- shdeadenforopicetmechemisallyi Pieressimecinleatnene §rfacgaeh gr MisARGlecpNIC, g
to rotate or spin the workpiece while joining its electrically-conductive
sur f awérkpfect hesepfath. nghe reactor tomprisdsen reactot beadassludingyr workpierp suppsripthat
assenbly 75 includes one or nore cathode contacts that provide

el ect jRRna ok Rtbro OMBrical Gntdis Sositionse tomakdelediricalaphet withithe mimrégeamaic | n
the illustrated enbodi nent, a cathode contact assenbly is shown generally

Roueot P, SHEELHEE MR St a1 P st
cont agr'{guY\e,{]r yndigphoeé‘ed 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 electrochemical processing. A plurality of anodes are disposed at different elevations in
the principal fluid flow chamber so as to place them at different distances from a microelectronic
workpiece under process without an intermediate diffuser between the plurality of anodes and
the microelectronic workpiece under process. One or more of the plurality of anodes may be in
close proximity to the workpiece under process. Still further, one or more of the plurality of

anodes may be a virtual anode. The present invention also relates to multi-level anode

configurations within a principal fluid flow chamber and methods of using the same.
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-12 SUBSTI TUTE SHEET (RULE26) WO 00/ 61498 PCT/ USO0/ 10120 substrate is
conduct | \ve en an alternative electrically conductiv | rovi ded
AL Ao | i ece dsaron b

bet ween k side of the mcroel ectronic workpiece nt side
thereof. The reactor head 30 is typically nounted on a lift/rotate
apparatus which is configured to rotate the reactor head 30 from an
upwar dl y-facing disposition in which it receives the mcroelectronic

wor kpi ece to be plated, to a dowwardly facing disposition in which the
surface of the mcroel ectronic workpiece to be plated is positioned so
that it may be brought into contact wth the electroplating solution in

react or base 37, either arm which
preferably includes an Qﬁﬁﬁ?@%@%@%%?’ﬁ%%@@%ﬁ%for pl aci ng the
m croel ectroni c workpiece 25 in position on the rotor assenbly 75, and for
removing the plated mcroelectronic workpiece fromwthin the rotor
assenbly. The contact assenbly 85 nay be operated between an open state

t hat al | owBARK REAHE R CGOMRONEMYXpi ece to be placed on the rotor
assenbly 75, and a closed state that secures the m croel ectronic workpiece

to the rotowithasefimbt Yo BIGURE! ) $hdrB e &l0R6T & kaadok )iss‘éﬁib@kug(ﬁ foree] &dopRifiaptas of
the contact assenmbly 85 into electrical engagenent with the surface of the

m cr O%i%?&e é%ﬁ‘oﬁxc"‘@ nﬂ{fﬁe%geﬁt %Eh 4 Qeﬂﬁoﬂéngctt&dwa 5& @ehérfaﬁ}? sEa‘?&cPQH 2€gkidhat

ot her reac confi ura ions ma e use | nven lve

aspects of, b di ¢l os %ﬁ%@ﬂ@%&?csrt'ggpag&sg%ae%r el g, T el Yooty
at 37 and described in substantial detail below, in which the electroplating solution is disposed.
The reactor of Figure 1B can also be used to implement electrochemical processing operations
other than electroplating (e.g., electropolishing, anodization, etc.).

The reactor head 30 of the electroplating reactor assembly may comprised of a stationary
assembly 70 and a rotor assembly 75. Rotor assembly 75 is configured to receive and carry an
associated microelectronic workpiece 25, position the microelectronic workpiece in a process-
side down orientation within a container of reactor base 37, and to rotate or spin the workpiece
while joining its electrically-conductive surface in the plating circuit of the reactor assembly 20.
The rotor assembly 75 includes one or more cathode contacts that provide electroplating power
to the surface of the microelectronic workpiece. In the illustrated embodiment, a cathode contact
assembly is shown generally at 85 and is described in further detail below. It will be recognized,

however, that backside contact may be implemented in lieu of front side contact when the
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WO 00/ 61498 PCT/ USOQ 10120 ELECTROCHEM CAL PROCESSI NG CONTAI NER FI GURE 2
illustr basi ¢ construction of processing base 37
corresd@hﬁﬁﬁ&ggconputer simulation of the flow velocity EgﬂﬂS@W“ﬂéﬂtern
resulting fromthe processing container construction. As illustrated, the
processi ng base 37 generally conprises a main fluid flow chanber 505, an
ant echanber 510, a fluid inlet 515, a plenum 520, a flow diffuser 525
separating the plenum 520 fromthe antechanber 510, and a nozzl e/ sl ot
assenbly 530 separating the plenum 520 fromthe nmain chanber 505. These
conponents cooperate to provide a flow of electrochem cal processing fluid
(here, .of the electropla%%ng s?lutLon) at.tﬁe m croel ectronic . W?%k i ece 25
that Fibstrateds 5RRAustiva T Yhendnalietnativg slsstisatly cRBtUrENe PathpisRsAYided getvyegn
illustrated enbodinent, the inpinging flowis centered about central axis
537 athd bodssids oftheaninmgidcyronignydrbpincecandpbeaéant side theteofo t he surface of the
m croel ectroni c workpiece 25. This results in a substantially uniform nmass
flux to thghetecehest 3O @pisalikpioanrd urd dfteothieaipparatustwitich isswvalffiigered to
substantially uniform processing thereof. Notably, as will be clear from

the desgei @k fé@a%f'}fe% idifonsies %ﬁ@hﬁl&{r—k&%gcﬁ?é'p%ﬁfti%iiﬁt Whids it a&d3ivRYedle

w thout the use of a diffuser disposed between the anode(s) and surface of

(o o. MEPERTFIRT H0cGy Al e ified. BhooInb et Eafe AL FoupitnRhoriRse

I or 0 BETSEHOR e ERBero IOFIB6 POVA T SaEE drinrpe BEMEREIM SO ocal

electrical field/current density paraneters used in the el ectroplating

pr ocessth thhietecaplstingsolationl syreaetopbase 37 either planar or at a given angle. A robotic
arm, which preferably includes an end effector, is typically employed for placing the
microelectronic workpiece 25 in position on the rotor assembly 75, and for removing the plated
microelectronic workpiece from within the rotor assembly. The contact assembly 85 may be
operated between an open state that allows the microelectronic workpiece to be placed on the
rotor assembly 75, and a closed state that secures the microelectronic workpiece to the rotor
assembly and 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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SUBSTI TUTE SHEET WLE26) WO 00/ 61498 PCT/ USOQ' 10120 control over the

el ectrig@ooRidogneters allows the reactor to be readily aggphgdoiq2eeet a
wi de range of electroplating requirenents (e.g., seed |ayer thickness,

seed | ayer type, electroplated nmaterial, electrolyte bat h properties,
etc.) without a correspondi ng change in the reactor hardware. Rather,
adapt ati ons can be inplenented by altering the electrical paraneters used
in the electroplating process through, for exanple, software control of
the power provided to the anodes. The reactor design thus effectively
de-couples the fluid flow fromadjustnents to the electric field. An

advant age GLBOTROGHEMIZAL PROCESSINGEOOKININER h nearly ideal flow for
el ectropl ati ng and ot her el ectrochem cal processes (i.e., a design which

provides ag §GQW@HL€4UI&%S tHe 'bfiﬁ% %gétlfufcﬂélil g? lpk&‘)é?sﬁn??ﬁs‘ésﬁ a Jggs?gggin\%hen

m croel ectronic plece) may e5|gne at w not

el ectroplatin ect rochemn rocess,a i ons re

i oni FroRAEr SEyisiolibe e A GTT PRk sRESS FRERE htyf e P btteinstn pe
nore greatly appreciated through a conparison wth the prior art reactor
desi gRongtuGHeR. oty iilystatedy the processing ha%e yegeperally remprises) demaipy BuidpHoypy ed
closer to the surface of the workpiece if the distance between the anode
and t kbamberkp0scan astechateeri $1Q, ;a fwid eolet &dS, kopleman, 52hva fipw ifficief fS2Ser
closer to the workpiece significantly alters the flow characteristics of

t he elsegdratigl thé El’tﬂufn' 3000fréch thd1@nts¢Hahee 5 0f, anbQ neRFIkRIR @8sent¥dy 830 separating
particul arly, e close proximty between ‘the diffuser and the surface of

the V‘QﬁJf 'eﬁ&rﬁ 5'26tffd§1?'1‘1§{§1a¥)| }féﬁ{b%f@@ﬁ“?h&%ﬁ (F)l%ﬁé‘rﬁ? choberiiE (S BRAd AR oft NE

nor mal nponents ow vel ocity at

electrochemical processing fluid (here, of the electroplating solution) at the microelectronic
workpiece 25 that has 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.

Notably, as will be clear from the description below, this desirable flow characteristic is
achieved without the use of a diffuser disposed between the anode(s) and surface of the
microelectronic workpiece that is to be electrochemically processed (e.g., electroplated). As
such, the anodes used in the electroplating reactor can be placed in close proximity to the surface
of the microelectronic workpiece to thereby provide substantial control over local electrical

field/current density parameters used in the electroplating process. This substantial degree of
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-15 SUBSTI TUTE SHEET (RU. E26) WO 00/ 61498 PCT/ USOQ 10120 areas 8. As such,
t he ano t be noved so that it is in close proximty to t urface
of the Q§%@ﬁﬂ %ectronic wor kpi ece that is to be electropﬂﬁpgﬁﬁmﬁﬁﬁgut

i ntroduci ng substantial diffusion |[|ayer control problens and undesirable

| ocalized increases in the electrical field corresponding to the pattern
of apertures in the diffuser. Since the anode cannot be noved in close
proximty to the surface of the mcroel ectronic workpi ece, the advantages
associated with increased control of the electrical characteristics of the
el ectrochem cal process cannot be realized. Still further, novenent of the
di ffuser io a positiqn . in close ?roxigit¥ wth the nhgrgele tronic .

wor kpfasgrel oxer Werslganica! perspelers LllaWs) the afactay tarbeyieadiliapdapierinsmgek # dde by
the hole pattern of the diffuser. Gven the close proximty of these

vi rt usngeuebgtestroplatihe requireowhescleronesdviey dpthiskaessu péeglclayen type, eleetrapdated
anodes have a highly localized effect. This highly localized effect cannot
gener mlateyial) eelectfulite obhthdpriptitieanytcde githeunfa aecespandingi shangd Hat thanseastoch
control is solely effected by varying the power to the single, real anode.

A SUDRiaRhieal Rathe) Eéléﬁta(ﬂo%lk R6h bORnBleffnteld! HY digerinBURe HlebtrichipdrarhOersaibd &y e

with such a plurafity of [oosely controlléd virtual anodes. Wth reference

e R R S e e e

directed therefromat a relatively high velocity through antechanber 510.
I'n t h&"9def-ust rat ed embodi ment, antechanber 510 includes an accel eration
channel 540 through which the electroplating solution flows radially from
the fluid iThteeackarsdesignathas feffgriavely dercouplies thes figidoflownfremhadiistmenss 3o the ui d
fl ow regi on 545
electric field. An advantage of this approach is that a chamber with nearly ideal flow for
electroplating and other electrochemical processes (i.e., a design which provides a substantially
uniform diffusion layer across the microelectronic workpiece) may be designed that will not be
degraded when electroplating or other electrochemical process applications require significant
changes to the electric field.

The foregoing advantages can be more greatly appreciated through a comparison with the
prior art reactor design illustrated in Figure 1A. In that design, the diffuser must be moved
closer to the surface of the workpiece if the distance between the anode and the workpiece
surface is to be reduced. However, moving the diffuser closer to the workpiece significantly
alters the flow characteristics of the electroplating fluid at the surface of the workpiece. More

particularly, the close proximity between the diffuser and the surface of the workpiece introduces

a corresponding increase in the magnitude of the normal components of the flow velocity at local
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has a generally inverted U shaped cross-section that is substantially wi der
at its gagt@% 8egi on -16 S 1BSTr TUTE SHEET (RLU. M WO 00/.6 586

PCT/ US proxi mate flow diffuser 525 than at its iPrﬁer‘? P/é&]izgn
proximate channel 540. This variation in the cross-section assists in
removi ng any gas bubbles fromthe el ectroplating solution before the

el ectroplating solution is allowed to enter the main chanber 505. Gas

bubbl es that would otherwi se enter the main chanber 505 are allowed to

exit the processing base 37 through a gas outlet (not illustrated in
FIGURE 2, but illustrated in the enbodi mrent shown in FI GURES 3-5) disposed

at an u r portion of the antechanher Q, . El i | Mtd AL hin
ant ecfvgﬁﬁ&r A5y e Frodrdfnf) HEipRran P4 Tt SEa ARuRhl O SRR o |
the electroplating solution is first directed to.flow froma relat.ipvel

hi gh- mp¢resleetrenie eyfirkpicgsthapis tonbe alﬁseemfﬁﬂe‘?”%% R “ﬁ@gc%t&?té?li %ﬁ%yox

| ower - pressure plenum 520 through flow diffuser 525. Nozz| e assenmbly 530

i ncl uttgrer eorptollpedtilénys axid wolesikaide ealidedtiners@ss hie clegiicabifield serasnendwedpi ght
angle with respect to horizontal. Electroplating solution exits plenum 520

t hr oughy pAREL 66 aR3Rurdd fhhé diffidey ebiact the @oEPoment $einmvetidn whrse ipeadimétydo
radial directions. Main chanber 505 is defined at its upper region by a

cont O%eeﬂ?ﬁicg SY\ﬁJelm{%%%lé%ﬁg?? lﬁmgk@l@&é? thsidanabds R6Riatdd&ithaRéreasee dostrslefal |

560 assists In preventing ow separation as the electroplating

solution exits, npzzl es 535 ar t,i | ar | h .

o 4 st FEGAER o A 40 MBI D03 ) ek
t 0, i i i i

T F o veyncat of s AGRIE (0% Gosiiot 1t GieRe PEUrBUR itk g mitrodectont WEfilpided®

effectively generates a plurality of virtual anodes defined by the hole pattern of the diffuser.
Given the close proximity of these virtual anodes to the microelectronic workpiece surface, the
virtual anodes have a highly localized effect. This highly localized effect cannot generally be
controlled with any degree of accuracy given that any such control is solely effected by varying
the power to the single, real anode. A substantially uniform electroplated film is thus difficult to
achieve with such a plurality of loosely controlled virtual anodes.

With reference again to Figure 2, electroplating solution is provided through inlet 515
disposed at the bottom of the base 37. The fluid from the 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 electroplating solution 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
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can general ly have any shape, including a continuation of the shape of

cont our ' Il 560. -17 SUBSTI TUTE SHEET (RUM WO O

PCT/ Usog)?)l@}fg%\éaAttorney Docket No. SEMA492P0834PC @rpo?&?@%’é‘féé? No.
PO0- 0006PCT I n the specific enbodi nent disclosed here, sidewall 565 is
slanted and, as will be explained in further detail below, is used to
support one or nore anodes. Electroplating solution exits from mai n chanber
505 through a generally annular outlet 572. Fluid exiting outlet 572 may
be provided to a further exterior chanmber for disposal or may be
repl eni shed for re-circulation through the electroplating solution supply

system Th rocessin e 37 . i.s, also provided with r. nor.e.anodes. In
The Ponisan S ERa i ot s RleRseil Pkiteae sinoe L S o Bis SRFUS R ower
portion of the main chanber 505. |If the peripheral edges of the surface of
t he n§ressowcten Bemste InGPRPYIEE @nz&aéxltt&bmrgm atB1= ylastrpplating splutien thefere ghe
contoured sidewall 560, then the peripheral edges are electrically shielded
f r om elpetraptatingl scdmbate is580owett to ediec aéble mhah ichgmberd 503.ak@aspbuatsdes that hvesdd
regions. As such, a plurality of annular anodes 585 are disposed in a

gener ghbdviSORRENhe | iai TRAMABeroSD5Sara Rl16ded télexidkie RB8esting HAEOYT @igroagh h@as of
el ectroplating current to the peripheral regions. Anodes 580 and 585 of the

illus i t hS : i r j : _
Sur S5 By TR IR FIRIURIELS B sted ] 1€ itoaftheif 3RGER i FIGORESCS.5)
More .particularly, the anodes 580 and. 585 are concentrically disposed in
N1 T eftBRtse 3 b ek pordion BB Shtethambar s 10 ety SIeposed

Electroplating solution within antechamber 510 is ultimately supplied to main chamber

505. To this end, the electroplating solution 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. Electroplating solution exits plenum 520
through nozzles 535 with fluid velocity components in the vertical and radial directions.

Main 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 electroplating solution 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, sidewall 565

can generally have any shape, including a continuation of the shape of contoured sidewall 560.
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Such a concentric arrangenent conbined with the vertical differences allow
the anodes 580 and 585 to be effectively placed close t face of
the m c& eqog&%)glsoni c workpi ece 25 without generating a C%F&Z@Sﬂ@x‘g’ﬁﬁg
adverse inpact on the flow pattern as tailored by nozzles 535. -18

SUBSTI TUTE SHEET (RU) WD 00/ 61498 PCT/ USOQ' 10120 The effect and degree of

control thalyakan9det RRSSERIdubepdaptr opl ating of  m croel ectronic
wor kpi ece %%r%%a@qp&lﬂgﬁq&m @%P%f]-f ective di stance between that anode and

the surface he m croel ectronic workpiece that is being el ectropl at ed.
More particularly, all other things being equal, an anode that is
effectively spaced a.given distance fromthe surface of mcroelectronic
wor kpieehe snscifjc mbodimentdisgipsed; heah sidawallgS igrslantesk ands @s il rhsesxpdaingshing
wor kpi ece surface than an anode that is effectively spaced fromthe surface
of m durthelr detatldeloyv, isvasekpo euppoRtorsyorandressedesanount . Anodes that are
effectively spaced at a conparatively |large distance fromthe surface of

m cr oel ect BibtepBRihl Fokten 2xith e have chaeﬁserlsmgahfozxgﬂ LdHetMly blar ouher
el ectropl ati ng process than do those that are spaced at a small er distance.

It i _Ssyb.emereﬁmng%he@wzem %b@fpicﬁ%éd"t%l Y urfeALE ﬁé}echa&ggleﬁnid% %%%‘?m y
proximty to the Surface of croelectronic \/\/orf(plece smcé)t IS aallows
nore versati.l.e ocal.i zed. contraol .of the el.ectroplatin rocess. Advant age
can beetr%‘?i}%rﬁs}qu tJ?Heémlrc %?1852 8“@%%@& CtrPBEIgBW%]\l}ﬁoﬁF‘éoé’?yegysLﬁW'f ornity of the
resul ting él%lsect ropl ated film Such control is exercised, for exanple

( ) , by
pl aci ng t he 18| RIEESssipe RaseH 3 pisvieso Pisvateddwih caget dempredanadgsial In dhe ddustigirder
the control of a programmable controller or the like. Adjustnents to the

el ect reoplodimery, ppmvenipal anoddd80 isalispaskal inuth¢ oter tportsmf dfithe magrocitandier baS.elf on
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
principal anode 580 and reduced plating will take place in those regions. As such, 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.

Anodes 580 and 585 of the illustrated embodiment are disposed at different distances
from the surface of the microelectronic workpiece 25 that is being electroplated. More
particularly, the anodes 580 and 585 are concentrically disposed in different horizontal planes.
Such a concentric arrangement combined with the vertical differences allow the anodes 580 and
585 to be effectively placed close to the surface of the microelectronic workpiece 25 without

generating a corresponding adverse impact on the flow pattern as tailored by nozzles 535.
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manual or automated inputs. In the illustrated enbodi nent, anode 580 is

ef fecti W@ oye1s8en” by microelectronic workpiece 25 as beicha;de@sdibé oned an
approxi mate distance Al fromthe surface of mcroelectronic workpiece 25.
This is due to the fact that the rel ati onship between the anode 580 -19
SUBSTI TUTE SHEET (RULE26) WO 00/ 61498 PCT/ USOQ 10120 and si dewal | 560
creates a virtual anode having an effective area defined by the innernost
di mrensi ons of sidewall 560. In contrast, anodes 585 are approximtely at
effective distances A2, A3, and A4 proceeding fromthe innernost anode to
t he outernost anode, with the outernpst anode being closest to the

m or oel ectf0n! Grapr k1 e or Aldue P @nasies SR e Ao ALARGIAECLEM Y

(i.e., abou nm or Fess, t he outernost anode bel ng from

the mcrqelectronic.workpiece hy aboyt to the surfagce of th

i o oBHERFSHIS WOMIRtECS > Geparbe. Sioths TG TEA WsePEppeibes 18 ARSeAIddle ses
are in close proximty to the surface of the mcroelectronic workpiece 25,
t hey wufacpef thsadicreslentonjcaworkpiese thay és being glepreniatednMask penisularlyeall pHgr al
filmgrowth at peripheral portions of the mcroel ectronic workpiece. Such

| ocal thirgd beimhiequdl, bis apadd iticatliareffgciledy spded apivehealipaidephemathe parfhcons of
the m croel ectronic workpiece since it is those portions that are nore

l'i kel yhidrBelbadcshi@ Wirkpietd 26 0wl hitvdaadingiakt OADS tlax?&t areadofe tHeOndid¥Beleétpsific t hat
el ectrical contact is made with the seed | ayer of the m croel ectronic

Y50 PGy 05 B S B POSES) BR8P B ORI 1
cent rgvlorlg)?erctei205n§y taqgsrs%‘? L)n'ount. Anodes that are effectively spaced at a comparatively large
distance from the surface of microelectronic workpiece 25 thus have less localized control over
the electroplating process than do those that are spaced at a smaller distance. It is therefore
desirable to effectively locate the anodes in close proximity to the surface of microelectronic
workpiece 25 since this allows more versatile, localized control of the electroplating process.
Advantage can be taken of this increased control to achieve greater uniformity of the resulting
electroplated film. Such control is exercised, for example, by placing the electroplating power
provided to the individual anodes under the control of a programmable controller or the like.
Adjustments to the electroplating power can thus be made subject to software control based on
manual or automated inputs.
In the illustrated embodiment, anode 580 is effectively "seen" by microelectronic

workpiece 25 as being positioned an approximate distance Al from the surface of

microelectronic workpiece 25. This is due to the fact that the relationship between the anode 580
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The el ectroplating power provided to the foregoi ng anode arrangenent can be

readi | Wwo%eRideg! | ed to accommodate a wi de range of plati pgrrgasidgigent s
wi t hout the need for a correspondi ng hardware nodification. Sone reasons

for adjusting the electroplating power include changes to the follow ng:
seed | ayer thickness; -20 SUBSTI TUTE SHEET (RULE 6) WO 00/61498

PCT/ USOQO' 10120 open area of plating surface (pattern wafers, edge
exclusion); final plated thickness; plated filmtype (copper, platinum
seed | ayer enhancenent); bat h conductivity, netal concentration; and
plating rate. The foregoi ng anode arrangenent is particularly well-suited

s werfe S8ewE SPCORREY A feol PAORIRIGE: R SRRy aaciRy 3l MR, PRGOS

as we atrng ghl'y resrs mater | ectronic
wor kpi eces. Cener.al | tated, the nmore sistive.the see% | ayey. or erial
that fligengigng gl 8@%‘6%1#@%?{’&‘}%“%% GRS %%fﬁiapard’élfa?tekyr?ée B PErEsERee; Ag:
central anode 580 (or central anodes) should be increased to yield a
uni f oAR and id fieceedifg fom barinkrrmesidanose o dh¢ puiconeE anpénh With the awe@ethpl e
and the set of corresponding graphs set forth in Figures 10 and 11. Figure
10 i Safodgrisdity @foséstun tHt miiefoelettromiopudrkpiess 2l Alli ofither afoldec SBhgrd fre closange
in growth of an electroplated filmversus the radial position across the
sur f agRx@hitf @ECTHBLESE MO or less, with the outermost anode being spaced from the
microelectronic workpiece by about 10 mm) to the surface of the microelectronic workpiece 25
that is being electroplated. Since anodes 585 are in close proximity to the surface of the
microelectronic workpiece 25, they can be used to provide effective, localized control over the
radial film growth at peripheral portions of the microelectronic workpiece. Such localized
control is particularly desirable at the peripheral portions of the microelectronic workpiece since
it is those portions that are more likely to have a high uniformity gradient (most often due to the
fact that electrical contact is made with the seed layer of the microelectronic workpiece at the
outermost peripheral regions resulting in higher plating rates at the periphery of the
microelectronic workpiece compared to the central portions thereof).
The electroplating power provided to the foregoing anode arrangement can be readily
controlled to accommodate a wide range of plating requirements without the need for a
corresponding hardware modification. Some reasons for adjusting the electroplating power

include changes to the following:

e seed layer thickness;
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wor kpi ece. The graph illustrates the changing growth that occurs when the

current Lven one of the four anodes 580, 585 is c I.t hout a
corresp%n@?ﬁbgghange in the current to the remaining angggggg?/wlgﬁi S

illustration, Anode 1 corresponds to anode 580 and the remai ning Anodes 2
t hrough 4 correspond to anodes 585 proceeding fromthe interior nost anode
to the outernost anode. The peak plating for each anode occurs at a
different radial position. Further, as can be seen fromthis graph, anode
580, being effectively at the | argest distance fromthe -21 SUBSTI TUTE
SHEET (Rt JLE26) WO 00/ 61498 PCT/ USOQ 10120 surface of the workpiece, has
an effect over a substantial I j o) iece and thus has
a broad affeCt o&?&aretahogpiaﬁlr g’égfg%{%l@g %ﬁ%ﬁ?@sm{ﬁ‘ﬁégg‘é‘?@%ﬁn contrast, the
remai ni ng anodes have iu stantially nore | ocalized effects at the radi al
posi tions cofr d&idRksHEhicsNeste peaks of the graph of Figure 10. The
differential radial effectiveness of the anodes 580, 585 can be utilized to
provi de an ef fated fiinytypmichppen plreaum.cskdlager dihansemandss t he surface of
the m croel ectronic workpiece. To this end, each of the anodes 580, 585
may be provi dedpbath tbnduclivisg @netalrdonedntiation; amdy di ffer from the current
provided to the renmai ni ng anodes. These plating current differences can be
provided to,C ake for the increased plating that generally occurs at
the radial position of the workpiece surface proxinmte the contacts of the

cetfoce comeriuMRT IR, FRCORLS ARl TR P e digsi o =
Lo Cknesks ie%fes flet]vei}n e{lie %1} rr%é)ilst?;[/ees(:claezi ile|1 ré]rsaefs \gelI gsnf%gi Partlmofhi thrllerers(las%llivg1 lma“?eorlsailst ci>r(1) non
t he WOIKp g ighly y plating highly

microelectronic workpieces. Generally stated, the more resistive the seed layer or material that is

to be deposited, the more the magnitude of the current at the central anode 580 (or central

anodes) should be increased to yield a uniform film. This effect can be understood in connection

with an example and the set of corresponding graphs set forth in Figures 10 and 11.

Figure 10 is a graph of four different computer simulations reflecting the change in
growth of an electroplated film versus the radial position across the surface of a microelectronic
workpiece. The graph illustrates the changing growth that occurs when the current to a given
one of the four anodes 580, 585 is changed without a corresponding change in the current to the
remaining anodes. In this illustration, Anode 1 corresponds to anode 580 and the remaining
Anodes 2 through 4 correspond to anodes 585 proceeding from the interior most anode to the

outermost anode. The peak plating for each anode occurs at a different radial position. Further,

as can be seen from this graph, anode 580, being effectively at the largest distance from the
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m croel ectroni ¢ workpi ece over tine is shown in Figure 11. In this

si mul aty, i lt? seed |l ayer was assuned to be unifo
: 0/614 ( . rmat ﬁ
illust ra?e(f, ﬁere is a substantial difference in the thIP% /Hgéssozm%)over t he

radi al position on the m croel ectronic workpiece during the initial portion
of the electroplating process. This is generally characteristic of

wor kpi eces having seed | ayers that are highly resistive, such as those
that are fornmed froma highly resistive material or that are very thin.
However, as can be seen from Figure 11, the differential plating that
results fromthe differential current provided to the anodes 580, 585

forns substantially wunifor | ated fil . B

00 il Setpistobind B Bt “onalatfacig PR RIS SEBIT RN
recogni zed that the particular currents that_are to _.be provided to, anodes
580, hegp baadeafafygtmﬁl@rﬁm’@%a@apééh%‘wgripﬁe?um FRptrafthe s mauRe Ley Peve
limted to, the desired thickness and material of the electroplated film
the tshbsthmiatly mort lvetlézedadffectt att the iadial ipabitigne gotrespendingHe e peakc ek the

bet ween anodes 580, 585 and the surface of the mcroelectronic workpiece,

eleciéﬁgwggpi hoproperties, etc. Anodes 580, 585 may be consumabl e, but
are preferab inert and forned fromplatinized titaniumor sone other

. y ;
| nert cONGE! sRriRhAIAR oERNRHES of e BRIRY SBD.ONS, cantR! dilA0 Ue prohiidd O
evol ve gases at can irnpair the uniformty of the plated film To reduce

this ' -
L B i S
= Ve dndogtdh BEBASES Rro 1B L ROERSTE wih 3B BB TRATE BerCel y
the current provided to the remaining anodes. These plating current differences can be provided
to compensaté for the increased plating that generally occurs at the radial position of the
workpiece surface proximate the contacts of the cathode contact assembly 85 (Figure 1B).
The computer simulated effect of a predetermined set of plating current differences on
the normalized thickness of the electroplated film as a function of the radial position on the
microelectronic workpiece over time is shown in Figure 11. In this simulation, the seed layer
was assumed to be uniform at t0. As illustrated, there is a substantial difference in the thickness
over the radial position on the microelectronic workpiece during the initial portion of the
electroplating process. This is generally characteristic of workpieces having seed layers that are
highly resistive, such as those that are formed from a highly resistive material or that are very
thin. However, as can be seen from Figure 11, the differential plating that results from the

differential current provided to the anodes 580, 585 forms a substantially uniform plated film by
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| ower pressure channel 540 (see Figure 2). This results in a Venturi effect

that c e el ectropl ating solution proximte the suyrf f anode
580 to%@@f@%ﬁ away and, further, provides a suction f&&ﬁ%ﬁ“am
recirculation flow) that affects the uniformty of the inpinging flow at
the central portion of the surface of the mcroel ectroni c workpi ece. The
Venturi flow path 590 may be shielded to prevent any | arge bubbl es
originating from outside the chanber fromrising through regi on 590.

| nst ead, such bubbles enter the bubble- trapping region of the antechanber
510. -23 SUBSTI TUTE SHEET (RULE26) WD 00/ 61498 PCT/ US00/ 10120 Simlarly,
el ectropl ating solution sweeps across the surfaces of anodes 585 in a

r adi athe §nd et theslectiortatias Prefess: o tvib e sepgnized dhab fhe REECHALBINERISHBRLATRY at
their surfaces. Further, the radial conponents of the fluid flow at the
sur f aleepwividet go rnodased &6 t5S8H niepeisruponevmensss ctorninchwdirgibwy nghsedgetabiles
therefrom There are nunerous further processing advantages with respect to

t he ifimitsd tatidddsirodhiéiie gl hhverislesaboeletfapiined filrAsthe lthivkidsabmtimatefial f | ow
t hrough the nozzles 535 is directed away fromthe mcroelectronic

wor kp&%‘ﬁfe ?rﬁfiglaggeda )t;r,(a)‘?letsﬁlgﬂgfe%shgét%e@ﬁ €ind8ed 886, 885 Tddd the &R0t Fhe

di sturb the unitorm fusion layer. Although the diffusion |ayer
may not b erfectly. unifor it will be substantially uniform and any
non- u’ﬁ‘i‘"l’%%ﬁqfoﬁlwwik%bege’reé?cgrto%%k?/thé’lr%&éefs’ % a result. Further, the effect
of any mnor non-uniformty may be substantially.r educeg by . r ot atigl% Cthe
mi cr oel ect ABATES SR8y R Bk ba Gprsugables Butsast REpferably jpgrhand sh{rgeplpipiztds t o

the flow at the _
titanium or some other inert conductive material. However, as noted above, inert anodes tend to

evolve gases that can impair the uniformity of the plated film. To reduce this problem, as well as
to reduce the likelihood of the entry of bubbles into the main processing chamber 505,
processing base 37 includes several unique features. With respect to anode 580, a small fluid
flow path forms a Venturi outlet 590 between the underside of anode 580 and the relatively
lower pressure channel 540 (see Figure 2). This results in a Venturi effect that causes the
electroplating solution proximate the surfaces of anode 580 to be drawn away and, further,
provides a suction flow (or recirculation flow) that affects the uniformity of the impinging flow
at the central portion of the surface of the microelectronic workpiece.

The Venturi flow path 590 may be shielded to prevent any large bubbles originating from
outside the chamber from rising through region 590. Instead, such bubbles enter the bubble-

trapping region of the antechamber 510.
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bottom of the main chanber 505 that is produced by the Venturi outlet,

whi ch iwhlgdgiwegs the flow at the centerline thereof. ThecerRb@idikge fl ow
velocity is otherwise difficult to inplenment and control. However, the
strength of the Venturi flow provides a non-intrusive design variable that
may be used to affect this aspect of the flow As is also evident fromthe
foregoing reactor design, the nowthat is normal to the mcroelectronic
wor kpi ece has a slightly greater nmagnitude near the center of the

m croel ectronic workpiece and creates a dome-shaped neni scus whenever the
m croel ectronic workpiece is not present (i.e., before the mcroelectronic

wor kpi ece gxﬁBE%rg%r?@%g%é RSufibY sBkeps o LOME -3HARR Do ain%ﬂe@fr%%}ﬁé HYREaPHEET

WO 00/ 6149 meni scus ‘assists In mnimzing bu

entrapnent as the.m.croe roni c_ wor kpi r_other . workpiece.is | red
it o s Jowed REISHRR P i Rt i B Es T airaet meCa RS et 3
further advantage of the foregoing reactor _design is that it assists in

pr everadiah gompapente of tthadluid Agw *He‘i%i? swefpe of theemigraslaronia WOrkRigGEnaSSIShdhi ng
the m croel ectronic workpiece. To this end, the flow pattern is such that
t he seobedpirggdsibabbles tietoafromar d j ust before entering the main chanber. As
such, bubbles remain in the antechanber and escape through holes at the top

thereof . FynéRedre dubRroldViuites bRRERthe adwvahtaped Withseepdet JiRtke Bluanated flow
appertai ning description) to the antechanber prevents bubbles from

ent ef {liGudi e TBANCOAMBEE. AR fhe IROW Wiroubh B ndiBlel. 535k iR Baay

illus specific construction of a conplete processing chanber

from the microelectronic workpiece surface and, as such, there are no jets of fluid created to
disturb the uniformity of the diffusion layer. Although the diffusion layer may not be perfectly
uniform, it will be substantially uniform, and any non-uniformity will be relatively gradual as a
result. Further, the effect of any minor non-uniformity may be substantially reduced by rotating
the microelectronic workpiece during processing. A further advantage relates to the flow at the
bottom of the main chamber 505 that is produced by the Venturi outlet, which influences the
flow at the centerline thereof. The centerline flow velocity is otherwise difficult to implement
and control. However, the strength of the Venturi flow provides a non-intrusive design variable
that may be used to affect this aspect of the flow.

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 and 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
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assenbly 610 that has been specifically adapted for el ectrochem cal
processi ng of a sem conductor m croel ectroni c workpi ece.

Nor e
parti cuMgr%61488ne || ustrated enbodi ment is specifical | YUY or

depositing a uniform|ayer of material on the surface of the workpiece
using electroplating. As illustrated, the processing base 37 shown in
FIGURE 113 is conprised of processing chanber assenbly 610 along with a
correspondi ng exterior cup 605. Processing chanber assenbly 610 is

di sposed within exterior cup 605 to allow exterior cup 605 to receive spent
processing fluid that overflows fromthe processi ng chanber assenbly 610. A
flange 615 -25 SUBSTI TUTE SHEET (RUM WO 00/ 61498 PCT/ USOQ' 10120 ext ends
about ntehiscus sssifty yn @upintigingskubbles prtrAPIANE g the migseslesiranic i werkpiegenor githerhe
corresponding tool. Wth particular reference to FIGURES 4 and 5, the

f | angevodifpitdeds Bvteed oito thepré@Ssing solfiiboméeird, theesigapplatingsvheion).se accept
rotor assenbly 75 of reactor head 30 (shown in Figure 1B) and all ow

contact bet\we@n fhfger MR L6H ﬂ@nfoee%@mgmae@e dgﬁﬁﬂli@tﬂahet BRECHShragenting
solution, such as electroplating solution, in the main fluid flow chanber

o VPR BEh AR RUP P 30Rhe Cbor SRR B RChigihe M Rer A BRpRES,
|t or orOGE, D DR PACEDIT it £ PRGAGHIAG (a8 RrMeRG DPRE ENAURY g
fl ow chanbers 640 that serve as an outlet for the processing sol utjon.
Pr ocessiimghdrhbsrd Asvanch) kywibleg remeis;in thespriechamber and eseape Bpough holes at the top
thereof. 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

processing fluid that overflows from the processing chamber assembly 610. A flange 615
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processing cup 35 drains through the helical flow chanbers 640 and exits an
outlet (not illustrated) where it is either disposed of or replenished and
re-ci r cAPHEY8 Thi s configuration is particularly suitaﬁpgnﬁﬂ&"§§%tens
that include fluid re-circulation since it assists in reducing the mxing
of gases with the processing solution thereby further reducing the

| i keli hood that gas bubbles will interfere wwth the uniformty of the
diffusion | ayer at the workpiece surface. In the illustrated enbodi nent,

ant echanber 510 is defined by the walls of a plurality of separate
conponents. Mre particularly, antechanber 510 is defined by the interior

walls of drain cup ne r 7,. an _anode support. menber. 697, the interior
and eS¥ends orbay the @FS@&% dgﬁ)ckfahbs@f:urﬁﬁ’ﬁﬁbr 0 fora fgampls- e%? e{}?‘BF |tF‘§ of
flow diffuser 525. -26 SUBSTI TUTE SHEET XLE26) WD 00/ 61498 PCT/ USOQ 10120
FI GUREsre3poraimg wol.| | ustrate the manner in which the foregoing conponents
are brought together to formthe reactor. To this end, the m d-chanber

menber 690With partipgiaedefereher tO FIGUREShé andai, nthe flanpeniiehe 62fEriandup 966 udes a
plurality of |eg supports 692 that sit upon a bottomwall thereof. The

anoder3HeRes End¥BIBLLHERist aé‘demraa@se@wwl75\wkéactdma@mm@amanmégmeegy hat
is disposed about the interior of drain cup nenber 627. The anode support

menber, § %{ov? %;(?)rgvacé :b]@ e%gefﬁes%?t}%ﬁ%%éﬁc?g’u?@ erre 281hd tl’éﬁoﬁ'gi%gﬁﬁ%gﬂﬁgﬁ,ssﬁﬂ aklPper

porti%ﬁ rruser chann at sits upon and
el UeesepEIR P B p Gegn TPELDY SEEbor P81 1 RERG Bl HSUITE Be LR copt
the | ower portion of nozzle assenbly 530. Likew se, an annul ar channel 725
i s di spuseylindrical 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

drain cup member 627, an anode support member 697, the interior and exterior walls of a mid-

chamber member 690, and the exterior walls of flow diffuser 525.
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radially exterior of the annular receptacle 715 to engage a | ower portion

of fl O\Awgi'(;okll@%r 525. In the illustrated enbodi nent, the pfdaweghdiheser 525
is formed as a single piece and includes a plurality of vertically

oriented slots 670. Simlarly, the nozzle assenbly 530 is fornmed as a
single piece and includes a plurality of horizontally oriented slots that
constitute the nozzles 535. The anode support nenber 697 includes a
plurality of annular grooves that are dinensioned to accept correspondi ng
annul ar anode assenblies 785. Each anode assenbly 785 includes an anode
585 (preferably formed fromplatinized titaniumor another inert netal) and
a conduit_730 extendiqg_&%on12hcentraL e&&ti%n of the anode 585 through
whi ch a meFEPURBRdBcang:4 illvsyatp shemapied dy Whicheihg (prepeing compeRTit freiiei&iode
585 of each assenbly 785 to an external -27 SUBST[ UTE SHEET (RI JLE26) WO
00/ 61tgstheOl fuBBahe 0der. suthivernst, the mdd-chamberpoember OO dispoFeriointesios i9dwn
to extend entirely through the processing chanber assenbly 610 and is
secur ¢ dMinichp nixpiicp 627 hed fofudey a plursltp ef tdgwapportd 6920that33t udon atHuitem walhner
anode assenblies 785 effectively urge the anode support nenber 697 downward

to  chapRfl el ARe dubhots MeniZer 697 0A&MEeAES 80RE Yvati3at Bhghpedaheke TRAtEr
690, and drain cup nenber 627 agai nst the bottom portion 737 of the

exteri,or cyp..60Q Thi.s. al . f e i

o ocedBPagcraE e Bidich o in Bl fREher 3327 TRAY o (EhPRTRERDCE 7 BES
may be used toQ secur he chanber _el enents toget her as_well..as ta_conduct
the  msbues arepagnaicios thal S JRER o chEREea ABAgBer Potion of flow diffier' 357 SR 4

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 titanjum or another inert metal) and a
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
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The illustrated enbodi nent al so includes a weir nenber 739 that detachably

snaps %00%2‘&%\/“ se easily secures to the upper exteri Orﬁ&?’#ﬁ“%‘?% anode

support e 697. As shown, weir nmenber 739 includes hat
forms a weir over which the processing solution flows into the helical

fl ow chanber 640. Weir nmenber 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 585. Since the weir
menber 739 may be easily renoved and repl aced, the processing chanber
assenbly 610 may be readily reconfigured and adapted to provide different
electric field shapes. Su @gﬂif ering electrical fi.eld shapes, are )

par t iSeWIcarafyeletrieal Pqwer. ¢ i A i fo wrieash enHEsly duoreh tha Bfocgssing
configured to process nore than one size or shape of a workpiece. )

Addi tahamker ssemblyst ) angvis se¢ired aathedrotiom thereod by iagigpregtive fitiingo o dbx tis
wor kpi eces that are of the sane size, but have different plating area

r equi &Rt éhode 28seTAIBRS | 7TBYTHISHEHY (rRIIt? GhodACppLHA IMa8bECTISOON VAL 2® The
anode support nenber 697, with the anodes 585 in place, forns the contoured

si devigld, 300 ARRddithRR 555, Sodaualkienlp $302tidthhthbiShEab&dedd) MUQMR dup As

not ed above, the lower region of anode support nenber 697 is contoured to

define the er_.interior I a . Vel des
one of¢ ?feggggg%}ﬁ%‘ sboét@\é@f’ h%@kazﬁné?g%og%gﬁo%%‘gpr gp ﬁ'r %‘g‘ eaglg%lflog\%g%s
bubbles to exit fromthe _antechanber 510 to the exterior..environnent. Wth
par t i SRl a8d disgseeantly of C%s‘,smgm@@%%gb(}- Hewere. Be%“ﬁ*éedres&}g%e Bkt
fluid guide, shown generally at 810, that is secured to the floor of

m d- cotherbmeansempyp rbe6@@d By seeire dhe ghamber 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
a workpiece. Additionally, this allows the reactor to be configured to accommodate workpieces

that are of the same size, but have different plating area requirements.
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fasteners 815. Inlet fluid guide 810 includes a plurality of open channels
817 th fluid received at fluid inlet 515 to an area

nid-ch:h%ﬂﬁ Bber 690. Channels 817 of the illustrated éﬂgggﬁﬁﬁﬁb 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 connection rod 581 that proceeds to the exterior of the

processi ng chanber assenbly 610 through central apertures fornmed in nozzle
assenbly 530 m d- chanber nenber 690 and inlet fluid guide 810. The snal

Vent uri pat |ons 9 re formed in FI GURE 5
by verti ca H@I%‘ RS Mgy ergﬁgcé‘ég‘ qleh?mﬁgg?dprﬁ%‘i?p f?r’é‘hsog}e BYBOWRE t he
bottom wal | of nozzle nmenber 530. As illustrated, the fluid inlet guide
810 avidewalp86q andcslanted sidpwall;pomthat ip iHuwrated mdiICERELD Axmoted abawk,ahd pwseyond
the -29 SUBSTI TUTE SHEET (RU . E2fi) WD 00/61498 PCT/ USOQ' 10120 shi el ded
ver t i egionclofinrmeds fBos omeinber #8Y Bubdhitesreéntoedefivg: tiie uppbetintprioc eedl of
through the upward channels 821 rather than through the vertical channels

823. hitdUREDBeP-0i hhd Préfeladlyd idcdiidebesnce B adbepss 8hilad da¥PhRy ege I §i35dsed

chanber. The enbodi rrent illustrated in these figures retains the

PP U S ARSI R PR,
\é\ﬁ:lecg 0? nod 8 1flagrex'tehezgrlfcg|tt%) gﬁpk@d&dg Sflluxg lgt 51S§J deg t Iarcl) l?n et Hl(l:lldug%?de but
shown generally at 810, that is secured to the floor of 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 690 and inlet fluid guide 810. The small 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 690 and the bottom wall of nozzle member 530. As illustrated, the

fluid inlet guide 810 and, specifically, the upwardly angled walls 819 extend radially beyond the
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instances in which the el ectrochem cal electroplating solution nust pass

over anvé)fado%ﬁ%?r ode, such as an anode, at a high flow rat g)qt,r?%ﬁ?@ﬁ%l mal | y

ef fecti 8t ances in which one or nore gases evolvin

el ectrochem cal reactions at the anode surface nust be renpoved in order to
i nsure uniform el ectrochem cal processing; and instances in which
consunmabl e el ectrodes are used. Wth reference to Figures 6 and 7, the
reactor includes an el ectrochem cal electroplating solution flow path into
the innernost portion of the processing chanber that is very simlar to the
flow path of the enbodinment illustrated in Figure 2 and as inplenented in

the enbodi nent, of  the reactqr cha r shown in Figures 3A through 5. As
such, 5@%} eitical shaBeTh s it pay g‘?ﬁﬁ?ﬁcﬁ‘}t‘?}% ¢ anlfgprosssrtheane] dienvard
here for the sake of sinplicity. Rather, only those portions of -30
SUBST¢hepmels SREETh¢thdn tz@)ghwie oortiealadgnieiT82JS00' 10120 t he reactor that

significantly differ fromthe foregoing enbodi nent are identified and

descri bed FIGURRS éosillgsirite cafirthdt ehibodinmen dfeineefrotde rentopdhambes &kest s,
however, in connection with the anode el ectrodes and the appertaining

str UCEMB@ﬁn%:ﬂfj ifthdtiated Liﬁ’“f_h@@ urd!DE&aiRE th Cé&vgﬁﬂa%ozu% hBlectiB 2GR aR@SEGky 37

i ncl udes a urality of ring-shaped anodes 1015, , 1025 and 1030 t hat

o SRRETRLAHF SSRGS Yol S55Le v EORPEA B
1015, si%i%%ighs }19 %v ic%ngno]agi?ecg'gge ?so\lla%rotni ig 6élle!si%/able. Such situations include, but are not
limited to, the following:
¢ instances in which the electrochemical electroplating solution must pass over an
electrode, such as an anode, at a high flow rate to be optimally effective;
® instances in v&hich one or more gases evolving from the electrochemical reactions at
the anode surface must be removed in order to insure uniform electrochemical
processing; and
e instances in which consumable electrodes are used.
With reference to Figures 6 and 7, the reactor includes an electrochemical electroplating
solution flow path into the innermost portion of the processing chamber that is very similar to the
flow path of the embodiment illustrated in Figure 2 and as implemented in the embodiment of

the reactor chamber shown in Figures 3A through 5. As such, components that have similar

functions are not further identified here for the sake of simplicity. Rather, only those portions of
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oriented surface area that is greater than the surface area of the

corresp%ddé)gg”gnodes shown in the foregoing enbodi mntsgﬁmp/ﬁgﬁp anodes

are enplo t he di scl osed enbodi nent, but a |arger nunber
of anodes may be used dependi ng upon the el ectrochem cal processing
paranmeters and results that are desired. Each anode 1015, 1020, 1025 and
1030 is supported in the respective anode chanber housing 1017, 1022, 1027
and 1032 by at |east one correspondi ng support/conductive nmenber 1050 t hat
extends through the bottom of the processing base 37 and term nates at an
el ectrical connector 1055 for connection to an electrical power source. In
accordance with the disclosed enbodinent, fluid flowto and through the

t hr edhoteagior they signiffrantie diffs fromghe fegoing empodiment ag2idewtiffdcaniddisdceribedm an
inlet 1060 that is separate from inlet 515, which supplies the fluid flow
t hr obglovan i nnernost chanber housing 1017. As shown, fluid inlet 1060
provi des el ectroplating solution to a mani fold 1065 having a plurality of

slots 10740 s@nm%?glshﬁcﬁ&nsb&%E&{ R e dimerntl Uk istsl RoQe@drS idd @oridel‘:'ﬂléjn with
comuni cation with a plenum 1075 -31 SUBSTI TUTE SHEET (Rt11E2

00/ 6 | h
whi oR1Y A ePdsy in'dz‘ge S 4R B B Bl Bard” MR i lecgﬁa%x i
hanb 2 27 and.1032. Fl uid t th hanb
housiTRE Mﬂie‘ﬁ dzef@zx%uan?v“%@agp 155 S0 1051 DR, | GAR S 01E MR 5 f ace
and, preferabl both vertical surfaces of the respectlve anode 1015,

1020, coneentricaty cﬂl@@@ed Fithhespaeide ophanpiber inoesiteatjvel auode chamber hayginganfl11.032

i ncl udes an upper outlet region that opens to a respective cup 1085. Cups
1085,10a8, 102ahd at08d, As ahodwapeshdariodet 10851 €021,0Y025 and 1030 has a vertically

oriented surface area that is greater than the surface area of the corresponding anodes shown in
the foregoing embodiments. Four such anodes are employed in the disclosed embodiment, but a
larger or smaller number of anodes may be used depending upon the electrochemical processing
parameters and results that are desired. Each anode 1015, 1020, 1025 and 1030 is supported in
the respective anode chamber housing 1017, 1022, 1027 and 1032 by at least one corresponding
support/conductive member 1050 that extends through the bottom of the processing base 37 and
terminates at an electrical connector 1055 for connection to an electrical power source.

In accordance with the disclosed embodiment, fluid flow to and through the three outer
most chamber housings 1022, 1027 and 1032 is provided from an inlet 1060 that is separate from
inlet 515, which supplies the fluid flow through an innermost chamber housing 1017. As shown,
fluid inlet 1060 provides electroplating solution to a manifold 1065 having a plurality of slots

1070 disposed in its exterior wall. Slots 1070 are in fluid communication with a plenum 1075
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chanmber so that they are concentric with one another. Each cup includes an
upper r that termnates at a predeterm ned heigh ] ect to

t he ot hbe‘}ra(filu?‘ﬁ&s with the rimof each cup termnating at %ﬂﬁ@%&%ﬁhat is
vertically below the i medi ately adj acent outer concentric cup. Each of
the three innernost cups further includes a substantially vertical exterior
wal | 1095 and a slanted interior wall 1200. This wall construction creates
a flowregion 1205 in the interstitial region between concentrically

di sposed cups (excepting the innernost cup that has a contoured interior
wal | that defines the fluid flow region 1205 and than the outer nost flow
region 1205 associated with the outer mﬁt &n(éfe% that increases in area
as t Hbatfipglndesra pgality b PRENIRRRL UG Orthrough el ibe srec rﬁB"“Hi’%F@BP%%F‘rSB?ﬁtB’e y

wor kpi ece under process. The increase in area effectively reduces the

f | ui centdropvhes ¢hroe i anpdalcbamberhboustngsi tQA2, f10377 danid] 03D atHuidnenteringéhes enedd ty
being greater at a |ower portion of the flow region 1205 when conpared to
t he vlafbet Yo@dingshe0 F7, uiod2f 1027 ahd t1082 Appebvaoit least afe vdrdcqlagurfaceiland, f 1 ow
region. The interstitial region between the rins of concentrically adjacent

cups rééfef%tl}i',\ﬁ%hyverﬁ%q gﬁ%;rbirﬁ{g'f-e Wk ot 101 9098)/1025984 P63, USCQ 10120

defi € sl ze an ape of each of a plurality of virtual anodes, each
virtual angde bei.n r.espect.i v ciabe N9 rr di e

i Sposed | FBOHEREET DO A0 L Dame 2 Trodarng RS o HBH AR R
each virtual anode that is seen by the mcr o?l ectr.oni c ,wor kﬁi.ectg1 under

pr ocel®at prengeife? APIPFCHEIEHE ANt st }85s s dllustrgtedn ase dispose dncBF rT&&H8hdi ng

actual anode. As such, consunabl e anodes that vary in size and shape over
ti me cmnibeeyo thattheg ek cawentdc with one another. Each cup includes an upper rim 1090 that

terminates at a predetermined height with respect to the other rims, with the rim of each cup
terminating at a height that is vertically below the immediately adjacent outer concentric cup.
Each of the three innermost cups further includes a substantially vertical exterior wall 1095 and a
slanted interior wall 1200. This wall construction creates a flow region 1205 in the interstitial
region between concentrically disposed cups (excepting the innermost cup that has a contoured
interior wall that defines the fluid flow region 1205 and than the outer most flow region 1205
associated with the outer most anode) that increases in area as the fluid flows upward toward the
surface of the microelectronic workpiece under process. The increase in area effectively reduces
the fluid flow velocity along the vertical fluid flow path, with the velocity being greater at a
lower portion of the flow region 1205 when compared to the velocity of the fluid flow at the
upper portion of the particular flow region.

The interstitial region between the rims of concentrically adjacent cups effectively
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enpl oyed for anodes 1015, 1020, 1025 and 1030 wi thout a corresponding
change verall anode configuration is seen by th i.Cr tronic
morkplé%§ bﬂﬁ@ process. Further, given the deceleratioﬁcg&ﬁggﬁgg ed by
the fluid flow as it proceeds vertically through flow regions 1205, a high
fluid flow velocity may be introduced across the vertical surfaces of the
anodes 1015, 1020, 1025 and 1030 in the anode chanber housi ngs 1022, 1027
and 1032 while concurrently producing a very uniformfluid flow pattern
radi ally across the surface of the mcroelectronic workpiece under

process. Such a high fluid flow velocity across the vertical surfaces of

the anodes 1015, 1020, 1025 and 1030, as noted above, is desirabl e when
usi nglefines tiersize ped shaneneieach ofer eburalsiy| of vingak anasdes.oeash wrual apede being

el ectroplating fluids available fromAtotech. Further, such high fluid

f | owrespectively essonmyedbwith sedorraspasding tanbde desposcdnip ’Etsampedtivtemogashaﬂnbéxbl es
that format the surface of the anodes, particularly inert anodes. To this

end, masiig Of THeze aaﬂm@p@@mﬁwlrhﬁvahm&h&qazeenmaae mirdéledfehid W2k piBoe be

prOV|ded mnth one or nore gas outlets (not illustrated) at the upper

ti f; f
Ebod ek P18EER i Eehet 1) pHRGEA R ne e o b, U ok Bphiipk U CHERR' 10,
V\0006148PCT/ f d f di el ect t
Sccurbivait FITODIGReE e i 8 U PRPE oI e 8 1ot e cloet e
reactor base 37 together. Although securenent 1210 may be fornmed froma

condFannlo¥ednier anedes 1945+ HR0, 1925end ¥Qﬁrﬁ>cw1tbwta@scoawsm change imheravsell

anode seen by the mcroelectronic workpi ece under process is preferably a
vi r t tmbde nonfegucasionds jseandbynthetmictdedectronic workpiece under process. Further, given the

deceleration experienced by the fluid flow as it proceeds vertically through flow regions 1205, a
high fluid flow velocity may be introduced across the vertical surfaces of the anodes 1015, 1020,
1025 and 1030 in the anode chamber housings 1022, 1027 and 1032 while concurrently
producing a very uniform fluid flow pattern radially across the surface of the microelectronic
workpiece under process. Such a high fluid flow velocity across the vertical surfaces of the
anodes 1015, 1020, 1025 and 1030, as noted above, is desirable when using certain
electrochemical electroplating solutions, such as electroplating fluids available from Atotech.
Further, such high fluid flow velocities may be used to assist in removing some of the gas
bubbles that form at the surface of the anodes, particularly inert anodes. To this end, each of the
anode chamber housings 1017, 1022, 1027 and 1032 may be provided with one or more gas
outlets (not illustrated) at the upper portion thereof to vent such gases.

Of further note, unlike the foregoing embodiment, element 1210 is a securement that is

-33-

SUBSTITUTE SHEET (RULE26)



interior nost anode 1015. Figures 8 and 9 illustrate conputer sinulations

of fl Ui\q'ofoloﬂﬂggel ocity contours of a reactor construct e%lc'é%sg%@ééiance

wi th the enbodinent shown in Figures 10 through 12. In t ment ,

all of the anodes of the reactor base may be isolated froma flow of fluid
through the anode chanber housings. To this end, Figure 8 illustrates the
fluid flow velocity contours that occur when a flow of electroplating
solution is provided through each of the anode chanber housings, while
Figure 9 illustrates the fluid flow velocity contours that occur when there
is no flow of electroplating solution provided through the anode chanber
housings st the anodes.. .This,latter condition can be acconplished jn the
reactfétgn%cf%t?y’ fau(flﬁ]lentélcorflfitepﬁle ? P%\/@e?%m?‘iltoa;]for gn‘fse?h% @%Br‘?dgﬁ'fﬂ% R
inlet (descrjbed below and _nmay |ikew se be acconplished in the reactor of
Fi gur%%lceﬂ%ﬁ]@n?l%yreﬁﬂ%b?ﬁ@ Yir togetben | fthoyghosgeunsmsny b2l thmay bedeomedsiiem &
condition nmay be desirable in those instances in which a flow of

el ecteanghetivienmatepialitsp ghatagrmsy fuhaionuas acenofle.t the inacrouss ansdd seamdby dhe
significantly reduce the organic additive concentration of the solution.

Fi gurmicteeledttonsd matlgsiec uader airbcdds Af préverabBaat drugmbescnBitesphraiMi itd tht gur e
7. For the sake of sinplicity, only the elenents pertinent to the

f ol | oiwtedr HozEMIAEq014r e provided with -34 SUBSTI TUTE SHEET (RUB) WO
00/ 61498 PCT/ US00/ 10120 reference nunerals. This further enbodi nent

STBL0YS o3 | B B! B4 BB B 421

I nl et reactor constructed in accordance with the embodiment shown in Figures 10 through 12. In this
embodiment, all of the anodes of the reactor base may be isolated from a flow of fluid through
the anode chamber housings. To this end, Figure 8 illustrates the fluid flow velocity contours
that occur when a flow of electroplating solution is provided through each of the anode chamber
housings, while Figure 9 illustrates the fluid flow velocity contours that occur when there is no
flow of electroplating solution provided through the anode chamber housings past the anodes.
This latter condition can be accomplished in the reactor of by turning off the flow the flow from
the second fluid flow inlet (described below) and may likewise be accomplished in the reactor of
Figures 6 and 7 by turning of the fluid flow through inlet 1060. Such a condition may be
desirable in those instances in which a flow of electroplating solution across the surface of the
anodes is found to significantly reduce the organic additive concentration of the solution.

Figure 12 illustrates a variation of the reactor embodiment shown in Figure 7. For the

sake of simplicity, only the elements pertinent to the following discussion are provided with
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menber 2010 that serves as an inlet for the supply and distribution of the
proces d to the anode chanber housings 1017, 10 nd 1032.
Wth ré*gggﬁggito Figures 12 and 13, the inlet menber 20%%“F%@%@é§g a

hol | ow stem 2015 that may be used to provide a flow of electroplating
fluid. The holl ow stem 2015 term nates at a stepped hub 2020. Stepped hub
2020 includes a plurality of steps 2025 that each include a groove

di mensioned to receive and support a corresponding wall of the anode
chanmber housings. Processing fluid is directed into the anode chanber

housi ngs through a plurality of channels 2030 that proceed froma manifold
ar ea IE 0 the r%i ective anode chanber housing. This latter inlet

arrar§ ‘s in further electrically isolating anodes 1015, 1020,
1025 and 1030 fromone another. Such electrical isolation occurs due to the
i ncreased A&is Buthar embediment eaplaysrd diferant stuptarch fosqrqding Rad fiode therhe
increased resistance is a direct result of the increased |ength of the

fl ui darfoldesM Qi 1820, HARS erd 303 beMuee partineladpotie furtiemembotioumsit agploy¥lae inkehner
in which the electroplating power is supplied to the mcroel ectronic

wor kpm%sexazomhﬁamwe@ e hA linlede tHehribeBf ardf digtfibatidr6ef 1Y pictebsidd fldidauahd ty
of the deposited netal Sonme of the nore desirable characteristics of a

cont p | ectropl ati ng power include, for
exanp! & Q%%%g X‘I"uﬁﬁ% 16’17 g%gg%f%@ﬂg%HEET (RULE26) V\D 00/ 61498
PCT/USCIYI uni f di st t ] Iectro about
ot phory Satrestihce 96 B {2 i i it B 1RO ATO AP Rteim 205 o
the deposited fil

thgt may be used tr(T)] provide a flow of electroplating fluid. The hollow stem 2015 terminates at a

stepped hub 2020. Stepped hub 2020 includes a plurality of steps 2025 that each include a
groove dimensioned to receive and support a corresponding wall of the anode chamber housings.
Processing fluid is directed into the anode chamber housings through a plurality of channels
2030 that proceed from a manifold area into the respective anode chamber housing.

This latter inlet arrangement assists in further electrically isolating anodes 1015, 1020,
1025 and 1030 from one another. Such electrical isolation occurs due to the increased resistance
of the electrical flow path between the anodes. The increased resistance is a direct result of the
increased length of the fluid flow paths that exist between the anode chamber housings.

The manner in which the electroplating power is supplied to the microelectronic
workpiece at the peripheral edge thereof effects the overall film quality of the deposited metal.
Some of the more desirable characteristics of a contact assembly used to provide such

electroplating power include, for example, the following:
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consi stent contact characteristics to insure wafer-to-wafer uniformty;

m ni nalvtybra{)/gﬁ%on of the contact assenbly on the m croel §§{T[U§ﬁd/f0§¥]@r kpi ece
I )

peri phe ximze the avail able area for device prod

m ni mal pI ating on the barrier |ayer about the m croel ectronic workpiece
periphery to inhibit peeling and/or flaking. To neet one or nore of the
foregoing characteristics, reactor assenbly 20 preferably enploys a
contact assenbly 85 that provides either a continuous electrical contact or
a high nunber of discrete electrical contacts with the mcroel ectronic
wor kpi ece 25. By providing a nore continuous contact with the outer
peripheral edges of the mcroelectronic workpiece 25 in this case around
the outer ci rcubfiéeBhcdisbution efemlesnalatingr pWé’F"erabO&t O e PERAPIESY n?%u‘F"?ent
is supplied to the mcroel ectronic workpiece 25 that pronotes nore uniform
current densiti escrodketromomerkpkcede magimize the wefusinity @f thendepnsieddiinfor mi ty
in the depth of the deposited material. Contact assenbly 85, in accordance

with a pref erd edomigpam icomatt,chhracleHeis 16 didudcvafersrares uhifaimipy;ovi de mi ni mal
i ntrusi on about the mcroel ectroni c workpi ece periphery while concurrently

provi ding congi %@%1%{}&5}8& ob B {ddBact RN Bon t}@%e&felewr&mct»b@rk@%ei

layer is enhanced by using a contact menmber Structure that provides a

W ping action a st the seed s th croel ectronic.workpiece is
brought into ends q?ﬁ%k W’f‘ﬁ“?eh%‘e@}é 3 agfear %E"é%ﬂ’e prodyeti@patid | TUTE SHEET (B

WO 00/ 61498 PCT/ USOO’ 10120 This_ w ping action assists in renovin n
oxi des at the® s@@ﬂlmaéyﬁllatlgglr‘?fbébet‘q’?é?%‘b)}aﬁﬁh%l?ﬂi’it niet pécroelectronic Workplece

periphery to inhibit peeling and/or flaking.

To meet one or more of the foregoing characteristics, reactor assembly 20 preferably
employs a contact assembly 85 that provides either a continuous electrical contact or a high
number of discrete electrical contacts with the microelectronic workpiece 25. By providing a
more continuous contact with the outer peripheral edges of the microelectronic workpiece 25, in
this case around the outer circumference of the semiconductor wafer, a more uniform current is
supplied to the microelectronic workpiece 25 that promotes more uniform current densities. The
more uniform current densities enhance uniformity in the depth of the deposited material.

Contact assembly 85, in accordance with a preferred embodiment, includes contact
members that provide minimal intrusion about the microelectronic workpiece periphery while
concurrently providing consistent contact with the seed layer. Contact with the seed layer is
enhanced by using a contact member structure that provides a wiping action against the seed

layer as the microelectronic workpiece is brought into engagement with the contact assembly.
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el ectrical contact between the contact structure and the seed layer. As a

result, ty of the <current densities about the ni c
wor kpi ece perl%gnery are increased and the resulting fil é@sﬁg’ﬁé{zumform

Further, such consistency in the electrical contact facilitates greater
consistency in the electroplating process fromwafer-to-wafer thereby

i ncreasing wafer-to-wafer wuniformty. Contact assenbly 85, as wll be set
forth in further detail below, also preferably includes one or nore
structures that provide a barrier, individually or in cooperation with

ot her structures, that separates the contact/contacts t he peripheral edge
porti sand backsi de of the .m croel.ectranic e 25 fromthe plating
Dol ut 1575 SPRRERTBAENFS It NI G Ueo s R oG Al BECE RO PGB o
and, further, assists in preventing any exposed portlons of the barrier

| ayer elestical ppntacy etvesen thecontast saneurerandi the sgsddpyasc & szsresulbmnifermyy of fiss ed
to the electroplating environment. As a result, plating of the barrier

| ayer camenttdeasitippebdwithe ngjcxpeteeﬂn@riialwcfrkquiececpﬂt;ﬂﬁima’eiiﬁﬂeﬁhﬂ:@l dnd thé adsuittngof
any | oosely adhered el ectroplated material is substantially |imted.

Exerrplmxhylsc:@meaﬁhlf@@rsennlruﬁs Siéht @kRiehey 1h'5tﬁe iefectrit@l RbRGEN Fachiales Prédis
illustrated in U S.S. N 09/113 723, whi l'e Jul 10, 1998, entltled ' LATI NG

APPAR%I}IL%th Hn Péa‘gie%@oplggg\%@gges\é\y f;ﬂ%% E‘Ea%xp tHliﬁéAfl?r @%@'\{Fm e vx)ﬁ/ﬁer%' afer

her eby "1 ncorpora e of nore o ng react or
assenbl ies may be readlly integrated in a -37 SUBSTI TUTE SHEET (RULE26) WO
00/ 61 ¥85OBRY-Usoa 10120

Contact assembly 85, as will be set forth in further detail below, also preferably includes
one or more structures that provide a barrier, individually or in cooperation with other structures,
that separates the contact/contacts, the peripheral edge portions and backside of the
microelectronic workpiece 25 from the plating solution. This prevents the plating of metal onto
the individual contacts and, further, assists in preventing any exposed portions of the barrier
layer near the edge of the microelectronic workpiece 25 from being exposed to the electroplating
environment. As a result, plating of the barrier layer and the appertaining potential for
contamination due to flaking of any loosely adhered electroplated material is substantially
limited. Exemplary contact assemblies suitable for use in the present system are illustrated in
U.S.S.N. 09/113,723,while July 10, 1998, entitled "PLATING APPARATUS WITH PLATING
CONTACT WITH PERIPHERAL SEAL MEMBER", which is hereby incorporated by
reference.

One or more of the foregoing reactor assemblies may be readily integrated in a
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processing tool that is capable of executing a plurality of processes on a

wor Kpi ea@ oosiis0 as a sem conductor m croel ectroni c wor Kpicg@gsoos¥8o such
processing tool is the LT-210TM el ectropl ating apparatus avail able from

Semtool, Inc., of Kalispell, Montana. Figs. 14 and 15 illustrate such
integration. The systemof Fig. 14 includes a plurality of processing
stations 1610. Preferably, these processing stations include one or nore
rinsing/drying stations and one or nore electroplating stations (including
one or nore electroplating reactors such as the one above), although
further inmersion-chem cal processing stations constructed in accordance
W th f th rese NV L.an: . t

pr ef 57 e o el RCpablP bRy p iRy oF fFARRURR o NOARUG TEIPCE,

i ncludes at, | east .one thermal reactor _that s adapted for rapjd Tl
pr oc e¥&pndugtpp) microglgelrofic kﬁ‘loélﬁ’é%cear@n?rﬁuﬁbf S Bet {f&gjenlst ° plrtgz si ng
stations 1610 and the RTP station 1615 using _one or nore robotic transfer
mec haeleeimplatdroanpatatusas vilgbls pfoere Semirool lnea! kadisaeth dYlontapn digs- clénandal >
track 1625. One or nore of the stations 1610 nay al so i ncorporate

st r ucilluseste stk inasgeatdilapt ed for executing an in-situ rinse. Preferably, all
of the processing stations as well as the robotic transfer nmechanisns are
di sposed i Thasyadh BEFid N2indgdeR aQVirdRE ofipidtebdihd Sh@shs 1@10. Rteferaplysitebe/e
pressure to thereby limt airborne contam nants that may reduce the

ef fecg] S f .t ! I QR ' r ' '

11 s PloSFRERSpins kfudk Gle o GG APARERARGR, BORERSF mt o Sopiding,

statl (s)tgtior_ls:g(?nc I}J 1%'- !)r-l-euc;rrEmgrl_elEe e-I;tr(oyl?lléJllﬁgg Erséa)ctors 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 1615, 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
air at a positive pressure to thereby limit airborne contaminants that may reduce the effectiveness
of the microelectronic workpiece processing.

Fig. 15 illustrates a further embodiment of a processing tool in which an RTP station
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WO 00/ 61498 PCT/ USOO 10120 1635, located in portion 1630, that includes at
| east | reactor, may be integrated in a tool i ke the
B abigFR, Phast

enbodi nent 0 14, in this enbodinment, at |east one actor is
serviced by a dedicated robotic nechani sm 1640. The dedi cated robotic
mechani sm 1640 accepts workpi eces that are transferred to it by the
robotic transfer nmechanisns 1620. Transfer may take place through an

i nternedi ate stagi ng door/area 1645. As such, it becones possible to

hygi enically separate the RTP portion 1630 of the processing tool from

ot her portions of the tool. Additionally, using such a construction, the

<. aobaeriote e npyr Add cafk L uPRls BB e F RRp o AR B b dRting |

‘other types of processing staLions_na% be |l ocated in portion 1630 in,

addi tpersetoUshks fisr amePUMORTeS Fige b.ii6 s €3wod R 3 eashans Heeatl BALORiy be
made to the foregoing systemw thout departing from the basic teachings

t her esefvicedl bhaudédicdied polasenmechangnt i16A0.hathd dedicated cobdtea machamigrst KO al
detail with reference to one or nore specific enbodi ments, those of skil

i Nt hecepid wotdpieces @@ Atz @anstdialdd t6 hHabg s Byt daidetembdiahRhR® MR20N Othnsfer
departing fromthe scope and spirit of the invention as set forth herein.

or 0cau0, Rl Hhie S e R T dore ey At el Merie @

pr oce: el ectrocheéntcally processing a m croelectronic
wor kmy%?e%ically separate the RTP portion 1630 of the processing too! 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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conprising: a principal fluid flow chanber; a plurality of concentric

anodes {j s at different elevations in the principal %ﬁ id f
chanberagﬂﬁgéﬁgo pl ace the concentric anodes at different ﬁgﬁgHgg@/fron1a
m croel ectronic workpiece under process. 2. A processing container as
claimed in claim1 wherein one or nore of the plurality of concentric
anodes is disposed in close proximty to the m croel ectronic workpi ece
under process. 3. A processing container as clained in claiml wherein the
plurality of concentric anodes are arranged at increasing distances from
the m croel ectronic workpi ece froman outernost one of the plurality of
concentrigﬁﬁg%%giﬁ;o an i nnernost one of the plurality of concentric
anodes. - TUTE SHEET (Ri , E2fij WD 00/61498 PCT/ USOQ 10120 4. A
processing container as clainmed in claim21 wherein one or nore of the
plurality of concentric anodes is a virtual anode. 5. A processing
container as clained in claim4 wherein the virtual anode conprises: an
anodd. chanberrodessisg rgnfainer rfor aleptrodeascaily procegdingnh ahicedulectropico 6@ 8@
fluid outlet, the processing fluid outlet being disposed in close

proxi mty comptiggn croel ectronic workpi ece under process;

a principal fluid flow chamber;
a plurality of concentric anodes disposed at different elevations in the principal fluid flow

chamber so as to place the concentric anodes at different distances from a microelectronic

workpiece under process.

2. A processing container as claimed in claim 1 wherein one or more of the plurality of
concentric anodes is disposed in close proximity to the microelectronic workpiece under

process.
3. A processing container as claimed in claim 1 wherein the plurality of concentric anodes
are arranged at increasing distances from the microelectronic workpiece from an

outermost one of the plurality of concentric anodes to an innermost one of the plurality of

concentric anodes.
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at | east one conductive anode el ement disposed in the anode chanber

housi n rocessing container as clained in claim4 I e at

| east gﬁgﬁ@gﬁtuctive anode elenment is formed from an iné&ﬁﬁﬁﬁhgﬁ¢gl. 7. A
processing container as clainmed in claim3 wherein one or nore of the
plurality of concentric anodes is a virtual anode. 8. A processing
container as clained in claim?7 wherein the virtual anode conprises: an
anode chanber housing having a processing fluid inlet and a processing
fluid outlet, the processing fluid outlet being disposed in close
proximty to the mcroelectronic workpiece under process; -41 SUBSTI TUTE
SHEET , (RULM WD 00/ 61498 .PCT/ USQQ 10120 . at. | east one conductive anode
el enefit di SpBOSESING FPAIRH FeClotatb it clatmdi Wg?regl. on¢ BF GAEE OF Ale Egﬁi‘l&ﬁfgr as

claimed in claim8 wherein the at | east one conductive anode elenment is
forned fropenesnirisanpdesds avirgyal angde. A processing container as clainmed in
claim1 and further conprising a plurality of nozzles disposed to provide
a flow of the electrochem cal processing fluid to the principal fluid flow
chanber, the plurality of nozzles being arranged and directed to provide

vertisal apdproashsitly cohtdifér b AMntIMRRNERL-Swhéiin RO TRIUALak R BRRIREEL 2
substantially wunitormnormal flow conponent radially across the at |east

one syrf i ; i t.aj al [
o, o488 e M 68 Rlorolh BEQCRER SOl L ke e
processing fluid outlet being disposed in close proximity to the microelectronic

workpiece under process;

at least one conductive anode element disposed in the anode chamber housing.

6. A processing container as claimed in claim 4 wherein the at least one conductive anode

element is formed from an inert material.

7. A processing container as claimed in claim 3 wherein one or more of the plurality of

concentric anodes is a virtual anode.
8. A processing container as claimed in claim 7 wherein the virtual anode comprises:
an anode chamber housing having a processing fluid inlet and a processing fluid outlet, the

processing fluid outlet being disposed in close proximity to the microelectronic

workpiece under process;
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defined at an upper portion thereof by an angled wall, the angled wall
supporty or nore of the plurality of concentric angdes A
process?ﬁgmggﬁ?ainer as clainmed in claim3 wherein the pﬂFﬂXV%@ﬁ&?Puid flow
chanber is defined at an upper portion thereof by an angled wall, the
angl ed wal |l supporting one or nore of the plurality of concentric anodes.
-42 SUBSTI TUTE SHEET M_E26) WD 00/ 61498 PCT/ US00/ 10120 13. A processing
container as clainmed in claim3 wherein the principal fluid fl ow 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 |ower portion of the principal fluid flow
chanbreast ane gonduetiteqinoge eleaieatdisprsae in thglangdgpehaerbes haysing. | east one
surface of a mcroelectronic workpiece, the reactor conprising: a reactor
head i ncl udi ng a workpi ece support; one or nore electrical contacts

di sposed on the workpi ece support and positioned thereon to nake

el ect9i cal AcsBEaSing Wohtaideh Qs Rlath&® iL 6lalR B! WhMeMKiE AF BasPor AnBE&IV_%node
container including a plurality of nozzles angularly disposed in a sidewall

of a pring i€ ek f 3 a level within the principal fluid
flom/chanbg%g%gV%a a dsur gge o‘ﬁéfﬂgrh of processing fluid normally
contai ned therein during electrochem cal processing;

10. A processing container as claimed in claim 1 and further comprising a plurality of
nozzles disposed to provide a flow of the electrochemical 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;
11. A processing container as claimed in claim 1 wherein the principal fluid flow chamber is
defined at an upper portion thereof by an angled wall, the angled wall supporting one or
more of the plurality of concentric anodes.
12. A processing container as claimed in claim 3 wherein the principal fluid flow chamber is

defined at an upper portion thereof by an angled wall, the angled wall supporting one or

more of the plurality of concentric anodes.
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a plurality of anodes di sposed at different elevations in the principal
fluid flow chanber so as to place the concentric anodes %&rgﬁhjfagnt

di st anc¥9 ¥6#8a ni croel ectronic wor kpi ece under proces§ 2%
internedi ate di ffuser between the plurality of anodes and the

m croel ectroni c workpi ece under process. -43 SUBSTI TUTE SHEET (RU . E26) WO
00/ 61498 PCT/ USOQO 10120 15. A reactor as clained in claim1l4 wherein the
plurality of nozzles are arranged and directed to provide vertical and
radial fluid fl ow conponents that conbine to generate a substantially

uni form normal flow conponent radially across the at | east one surface of
the workpiece; 16. A reactor as clained in claiml1l4 wherei,n. Ope or re of
e piur ol A yoesH AR SABSIES o7 AATEIbaLCIBD WhTE e FrEcB) RBIERE™ Fhalper
process. 17. A reactor as clainmed in claim214 wherein one or nore of the
plural ity fuftherreseprises an indetolisposedsata lowet prrtion theirof thag Is gonfigureddp prayide
claimed in claim 17 wherein the virtual anode conprises: an anode chanber
housi ng hayvegtua dffeeceasiaogitdtesiediréuibtain efipocesging Cesbflong if kudowerqartien of t he
processing fluid outlet being disposed in close proximty to the

m cr oel ectﬂhg?iﬁcipgpﬂllﬁgifﬁ,%mﬁ process; at |east one conductive anode
el enrent di sposed 1 n the anode chanber housing. -44

14. A reactor for electrochemically processing at least one surface of a microelectronic
workpiece, the reactor comprising:

a reactor head including a workpiece support;

one or more electrical contacts disposed on the workpiece support and positioned thereon to
make electrical contact with the microelectronic workpiece;

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 electrochemical
processing;

a plurality of anodes disposed at different elevations in the principal fluid flow chamber so as to
place the concentric anodes at different distances from a microelectronic workpiece under
process without an intermediate diffuser between the plurality of anodes and the

microelectronic workpiece under process.
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SUBSTI TUTE SHEET (RI 11E26) WD 00/ 61498 PCT/ USOCQ 10120 19. A reactor as

cl ai med,| | ai. m 18 wherein the at | east one conductive a |l enent is
forrredd‘wlf)(r})ﬁﬁS 8inert material. 20. A reactor as clai med iP?rL%zlfSéIﬁ’r‘r?l wher ei n
the processing container is defined at an upper portion thereof by an
angled wall, at |east one of the plurality of anodes being supported by
the angled wall. 21. A reactor as clained in claim14 and further
conprising a rotor connected to rotate the workpiece support and an

associ ated microel ectroni c workpiece at |east during processing of the

m croel ectroni c workpi ece. 22. Areactor as clainmed in claim14 and further

conprising a plurality of nozzles angularly disposed in one or nore
sidewalls of the principal fluid flow chanber at a |l evel within the

pringi.pal fluid flow chapber. bel syrface of .a bath of processing fluid
Bont dPned A (FSHS; §5 Harms mﬁms%vﬁva*ﬁf%&éggimwh@399 ROFlEn g figmeed and
electroplating a material on a mcroelectronic workpi ece conprising the

st eps of : dirgeteddupravideayertieasd and sarbalsiliifl £lrev edmporents thaibedneking tnienemse lapi ece
into an electroplating bath; -45 SUBSTI TUTE SHEET ( RULE26) WD 00/ 61498
PCT/ USOQO' k0Gtstshtiafy amifdim roamall flsvalcompoaéntandidig atrosd the allest bapkatfacegpbat h,
the plurality of anodes bei ng spaced at

the workpiece;

16. A reactor as claimed in claim 14 wherein one or more of the plurality of anodes is in

close proximity to the workpiece under process.

17. A reactor as claimed in claim 14 wherein one or more of the plurality of concentric

anodes is a virtual anode.

18. A reactor as claimed in claim 17 wherein the virtual anode comprises:

an anode chamber housing having a processing fluid inlet and a processing fluid outlet, the
processing fluid outlet being disposed in close proximity to the microelectronic
workpiece under process;

at least one conductive anode element disposed in the anode chamber housing.
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different distances fromthe at | east one surface of the mcroelectronic

wor kpi "W@oélﬁﬂ% is to be electroplated; inducing an el ecpetgRbo o €Nt
bet ween eac the plurality of anodes and the at |east one surface of

the m croel ectronic workpiece. 24. A nethod as claimed in claim23 wherein
each of the plurality of anodes is provided wwth a fixed electrical
current over a substantial portion of the electroplating process. 25. A
met hod as clainmed in claim23 and further conprising the step of providing
a substantially uniformnormal flow of electroplating solution to the at

| east one surface of the mcroel ectronic workpiece. 26. A nethod as

clai ff@dt : gsr féa@{om g%laﬁ&gd fiy rchi‘x?ﬂg: {eiixf 'tHEgattIQ@st %B@Qoﬁ&uo@fv@‘ﬂngﬂ@gleﬁ]ent is

subst an y uni Torm nor ma ectrop atlng solution to the at

| east one oelectronlc wor kpi ece wi thout an internedi ate
di f f user %gi Bﬁf ?F%n al. plurality of anodes and the at |east one
surface of the mcroel ectronic workpiece. -46 SUBSTI TUTE SHEET (RI JLE2B)

20. A reactor as claimed in claim 14 wherein the processing container is defined at an upper
portion thereof by an angled wall, at least one of the plurality of anodes being supported

by the angled wall.

21. A reactor as claimed in claim 14 and further comprising a rotor connected to rotate the
workpiece support and an associated microelectronic workpiece at least during

processing of the microelectronic workpiece.

22. A reactor as claimed in claim 14 and further comprising 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.

23. A method for electroplating a material on a microelectronic workpiece comprising the

steps of:

introducing at least one surface of the microelectronic workpiece into an electroplating bath;
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providing a plurality of anodes in the electroplating bath, the plurality of anodes being spaced at
different distances from the at least one surface of the microelectronic workpiece that is
to be electroplated;

inducing an electrical current between each of the plurality of anodes and the at least one surface

of the microelectronic workpiece.

24, A method as claimed in claim 23 wherein each of the plurality of anodes is provided with

a fixed electrical current over a substantial portion of the electroplating process.

25. A method as claimed in claim 23 and further comprising the step of providing a
substantially uniform normal flow of electroplating solution to the at least one surface of

the microelectronic workpiece.
26. A method as claimed in claim 23 and further comprising the step of providing a
substantially uniform normal flow of electroplating solution to the at least one surface of

the microelectronic workpiece without an intermediate diffuser disposed between the

plurality of anodes and the at least one surface of the microelectronic workpiece.
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