1 SYSTEM AND METHOD FOR FORM NG PATTERNED COPPER LI NES THROUGH ELECTROLESS
COPPER PLATING By Inventors: Alan Lee, Yunsang Kim Andrew Bailey I11,
Yezdi Dordi and WIllian Thie BACKGROUND [1] The present invention relates
generally to Sem conductor manufacturing processes, and nore particularly,
to systens and nethods for formng patterned copper |ines through

el ectrol ess copper plating. [2] Formation of copper lines for use in an

i nterconnect process is typically-done by a dual damascene process, in

whi ch trenches are formed_in a diel eciic rrateriﬁl, barrier tal and
copper ar e%éﬁmm ETHODWEFQRHIHORMENG PATTERNED LoORBERr den

Is formed. The ' fd ' ' renches is
typically reanIégN%SP? %%@%E%%%§$mﬁgﬁ‘%?§ggess
Trenches on different |evels are connected by copper-filled via holes, as
known and understood by those skilled in the art. [3] The integration of a
dual danascene technol ogy becomes mBYBVERE®| cult as the inter- netal
dielectric mgrates to increasingly |ower dielectric constant val ues,

beconi ng more Ades Led, dungoe K, Awdiew Baileyddmyesdi Blordi wid Willine Thieandar d
process techniques used to etch, clean and planarize the materials.
Further, increasing porosity of tHBACRGROUNEIerials is limted by the

i ntegration issues encountered. It Is desirable to elimnate the dielectric
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lines, but until now there has not been a viable integration schene that

can achi eapd mane parficudarly. thi sybstenss ardgnethars fanfefreing pgtterneideepnes linssshrongiper
pl ati ng. Uses Sssc%bgéfig?f{ﬁﬂgf copper ions in an alkaline solution with a
: u r

reduci ng agen S te, such as a sem conductor wafer, is placed

within t alkal i.n lution. .ln the presence of a . |.yti.c surface on
t he subst[rE te,P% %‘“’cé’%g‘é" ef@nﬁgforélﬁ%mrmel Jgrgﬁmoc%I{rﬁcgssrlg%%ﬂﬁﬁd%lﬁ}ﬁta to forma
| ayer or dual donkcenopiesssan vihivh teneHenae fadmeliea dislebsic nadtedial, bodricAmerl dehyde

(e.g., fornualdehyde) solution is a conmon_reducing agent uysed i he
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copper | Qiyefblrden in the field regions adjacent to the trenches is typically removed using a

chemical-mechanical planarization process. Trenches on different levels are connected by

copper-filled via holes, as known and understood by those skilied in the art.

[3] The integration of a dual damascene technology becomes more difficult as the inter-
metal dielectric migrates to increasingly lower dielectric constant values, becoming more
brittle, porous and less compatible with the standard process techniques used to etch, clean
and planarize the materials. Further, increasing porosity of the low-K materials is limited by
the integration issues encountered. It is desirable to eliminate the dielectric material
altogether and use an air gap as a dielectric between copper lines, but until now there has not

been a viable integration scheme that can achieve an air gap dielectric.

[4]  Typically, electroless cbpper plating uses a solution of copper ions in an alkaline
solution with a reducing agent. A substrate, such as a semiconductor wafer, is placed within
the alkaline solution. In the presence of a catalytic surface on the substrate, the copper ions
are reduced by the reducing agent to form a layer or film of copper on the surface of the
substrate.

[5] An aldehyde (e.g., formaldehyde) solution is a common reducing agent vsed in the
electroless plating solutions. The formaldehyde substantially reduces the copper ion to
elemental copper. Unfortunately this reduction process produces hydrogen that can be




el enmental copper. Unfortunately this reduction process produces hydrogen
that can be 2 incorporated into the matrix of the copper, causing voids
and reducing the quality of the deposited copper |ayer. [6] Another
limtation of the typical alkaline solution electroless copper plating
process includes a relatively S|OM/%FOMKh rate of the resulting copper
oxi de layer. By way of exanple, the4typical alkaline solution electroless
copper plating has a maxinumgrowh rate of about 100-500 angstrons per
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growt h r demsitsl ceppdrilayet.ed, the typical al kaline solution el ectrol ess copper
pl ati ng process requires batch wafer processing to achieve significant
waf er vol6lne Ahstherdimpitition bbthe vpical alkdine boluiidnariecholzssaspperplaiap plreedi f f i cul t

to accurately and repeatably produce t desired, ocess results
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nature of the al kaline solution. It is desirable to form specific copper

st r uct ur eatost ¥0;509anedvomsrer ot Thisdioaied gryth stte sauiese3PoriNe anket  of
copper  ( untsmﬁﬂetofgg&@hﬁa{dmm(ég[- &atgaxpib%ﬁ@{do%ﬁ%n% esd)l REARSES) . A
| i t hographi ¢ process applied to a hot oresi st | ayer cou ?orm

pr e- pat t graveliratesia s timited, Thetypipgiaialinceioksion plecteaéss copper plating protesss - copper

plati ng process requires that the stru r g l.cal
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react i ve bk waRnprovébing clitbe diffleak ayvctwhtely afld rapgstably produsatheddsired| y
destroyed by the al kal | ne natur f the alkaline solution. As a result, a
protecti P@Cﬁwmt%%ugp%“tﬁﬁhqa@g€?W ™with the al kaline sol ution nust

first be forned over the photaoresist pattern. qu protective | ayer protects

the phot éflesi ¥et anpiet iepitationGifhedrrige gelutioneleciioless ROpPP A8l ut i on
during t :Bfocgés %E%&lﬁﬁe dﬁﬁﬂ@@ th@h1R4iinB SolufidrO AES Yesifable té\kdrBr Paifi/@pper t he

photoresist may be used to transfer a pattern into an underlying |ayer of
mat er i al strichitres (s.2c paansdxoppesilings) erdbnod b kpifrmeblanket efrcoppesde-ghwhsnst ry. The
photoresist.is _then r A p ' rmed in a
posi ti ve°?%58“%?“ ??Peélgle@g%ll ?gﬂ&g‘%ﬁj%%rgssgsgt_gﬁfct?%%?c Fﬁgégtsﬁ?@ﬁfén@taance,r t he
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copper plating process requires that the structures be formed in a typical photoresist

patterning process. Unfortunately, the photoresist is highly reactive with and would be
substantiaily damaged or even entirely destroyed by the alkaline nature of the alkaline
solution. As aresult, a protective layer that is not reactive with the alkaline solution must
first be formed over the photoresist pattern. The protective layer protects the photoresist
pattern from damage by the typical alkaline solution during the electroless copper plating

Process.

[8]  Alternatively, the photoresist may be used to transfer a pattern into an underlying
layer of material that is compatible with the alkaline electroless chemistry. The photoresist is
then removed and the copper lines could be formed in a positive image of the desired copper
structures. In this instance, the patterning layer is either a low K material which becomes an
integral part of the interconnect layer, or can be removed as a sacrificial material. In either
case, removal of this material is more difficult than removal of the previously formed

photoresist pattern.




integral part of the interconnect |ayer, or can be renoved as a sacrificial
material. In either case, renoval of this material is nore difficult than
renoval of the previously forned photoresist pattern. 3 [9] In view of
the foregoing, there is a need for a sinplified systemand nethod for

form ng patterned copper lines through el ectrol ess copper plating that also
achieves a growmh greater than 500 dngstrons per minute and allow an air
gap dielectric isolation between the copper |ines. SUMWARY [10] Broadly
speaki ngpqit he EmPRRISy system and
met hod f[)glj fop%ﬁgfﬁéﬁdér@ﬂ% &greléhh%dnes t ht ough gewnel(%%l%ieﬁigggofopper

pl ati ng. fdm:@mnbudeda@ppaﬂmeﬂmmtghdlebﬂmit:sstctmpepplemiﬁlah alspeachicves a(gq;wtbe
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enmbodi rree@lfpepﬁneghe present invention are described below [11] One
enbodi nent provides a nethod for form ng copper on a substrate including
inputting a copper source sol ution $meARY" Xer, inputting a reducing
solution into the mxer, mixing copper_source sol ution and the reduci ng

sol uti on[*03 fBroasly spﬂakxngﬁge Brokant mnntwa\ﬁﬂﬁgwae nesds b prgvidimeersyiteraatdbout 6. 5
and appl ﬂg 3 . t ncl udi ng
a catal y%ﬂ %Ptefé}gr e| n gp%ﬁﬂf?ﬁ%ést Uegiéfrﬁgésgg?éﬁg%%&?% Igﬁggsm}%st rate

i ncl udes apﬁreulmdngatubqapxesennmveﬂmmmbdmpimemﬁm nurheirgis Wiye, iptladibpes sol ut i on
can be created substantiall S|rrutan Wi th.appl ying t.he ating

sol ut i onPIOGCE+HER BPFFEES: é‘tS?éSt TRt f“’ﬁga%z ?gﬁaggﬁg‘ﬂh %?«gg%f g ¢ bet ween
about 7. gmh@diﬂeﬁb%eﬁrc&nt%twn&&ddHScrﬂﬁHbélb@ﬂ can be di scarded after
form ng copper on the catalytic layer. [13] The substrate can include a

pat t er negigphopas &ﬁb&ﬁm&rﬁ%ﬂﬁfw@@dm@ﬂﬁﬂ%ﬁoﬁﬁiﬂg aﬂip&ﬂmgbbs@mlemmgst | ayer
exposes a fast portion the catalytic layer and wherein apﬁj&yl_ng t he

pl ating HOMHDESKORRST tavecesalybion Hfea BRIFLIPRINIES PTG IEoR i t6AEHe first
portion gfih 90 %c)é%ﬂﬁh&r?&%%c &L RREn kPR h PBitin ?%Mgﬁh I{:ﬁ[ﬁg\é' ng the

platlng solu strate, r|n5|ng the substrate and drying the
substr at gH of greater than about 6.5 and applying the plating solution to a substrate, the substrate

including a catalytic layer wherein applying the plating solution to the substrate includes

forming copper on the catalytic layer.

[12] The plating solution can be created substantially simultaneously with applying the
plating solution to the substrate. The plating solution can have a pH of between about 7.2
and about 7.8. The plating solution can be discarded after forming copper on the catalytic

layer.

[13] The substrate can include a patterned photoresist layer and wherein the patterned
photoresist layer exposes a first portion of the catalytic layer and wherein applying the
plating solution to the substrate can include forming copper on the first portion of the
catalytic layer. The method can also include removing the plating solution from the
substrate, rinsing the substrate and drying the substrate.

[14] The method can also include removing the patterned photoresist. Removing the
patterned photoresist exposes a second portion of the catalytic layer. The second portion of

the catalytic layer can also be removed.

[15] The plating solution is compatible with an unprotected photoresist. The copper
formed on the catalytic layer can be substantially elemental copper. The copper formed on
the catalytic layer can be substantially free of hydrogen iuclusions_.




[ 14] The nethod can al so include renobving the patterned photoresist.
Renovi ng the patterned photoresist exposes a second portion of the
catalytic layer. The second portion of the catalytic |layer can al so be
removed. [15] The plating solution is conpatible with an unprotected

phot oresi st. The copper fornmed on the catalytic |ayer can be substantially
el emental copper. The copper formed dn the catalytic |ayer can be
substantially free of hydrogen inclusions. 4 [161 The copper forned on the

catal yti%dgaiy)?gﬁo}séxg% éﬁﬁ%&a@%@l er aratsﬁgagfg%&%&&%ﬁa%trom per

m nut e. ol"'ution can pplied to t strate through a
dynam ¢ ahgstromcbenmiviuse LEheplatinghaintioncan e apphied i the bubtgtritd threwghsodymaini f or ned

bet ween r.oxi m t head.and .a surf.ace of. the subsirate. The .copper source
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reducing ion. [17] The catalytic |ayer can inc¢lude nore_than one |ayer. The
cat al yt | EOUREERICEah COPRIXIpRAZSL, baHtaé}w%%semraémailgMedﬁn-c&q TARFIREBARC) | ayer .

[ 18] Anog&qgoxpmq,gglﬂ@@tre@fc&¥ii6}§s a nethod for formng a patterned copper
structure on a substrate. The method includes receiving a substrate that

| ncl udes 27 ARl i fic (8P Ead {6 IR ol RERRAD 150K The RARAL 9L AR HAILS! St

| ayer formeéd on the catalytic [ayer. The pafterned photoresist |ayer
exposes &ottom guti-peflectiomroatingt(BaREAdayeyt i ¢ | ayer and 't he patterned

photoresi st |ayer covers a second portion of the catalytic |ayer. A copper
sour ce s@l8]t i dnother drrhwdimdnhprovides aungibod fom formingedpattiemgd sepipet stowtureson nput

into the m xer..The coppel ,source solutiaon.and the r cin olution are
ed t o sRastiae T el BE R g S pitsted® R BehaS e A Fotetd L0
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copper on the first portion of the catalytic layer. [19] Yet another
ermbodi meRRotFiesis laes exposrsalsioting of theptalitin dver %ﬂ&@ﬂ;ﬁa@s@ﬁﬁi BhgipTsREs s

chanber , 188 QvERIRBRIE SoRibR SHHUE CaRECRTS. ANRPREkourde ddl@RBfimpehalher
coupled to each of the |ow pressuife process chanber and the at nospheric

pr essur e npxa@ad s ragheing solutiqntisinpuidniofths mixeh afiseoppes sowier Jedptndadiheol | ed
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transferring pressure-process er fo the
about 7.8. The plating solution is applied to a substrate including forming copper on the first

portion of the catalytic layer.

[19] Yet another embodiment provides a process tool including a low pressure process
chamber, an atmospheric pressure process chamber, a transfer chamber coupled to each of
the low pressure process chamber and the atmospheric pressure process chamber, the transfer
chamber including a controlled environment. The transfer chamber providing a controlled
environment for transferring a substrate from the low pressure process chamber to the
atmospheric pressure process chamber. A controller is also coupled to the low pressure
process chamber, the atmospheric pressure process chamber and the transfer chamber. The
controller including logic to control each of the low pressure process chamber, the

atmospheric pressure process chamber and the transfer chamber.

[20] The low pressure process chamber can include more than one low pressure process
chambers that can include a plasma etch/removal chamber and the atmospheric pressure
processing chamber can include a copper plating chamber. The copper plating chamber can
include a mixer. The plasma chamber can be a downstream plasma chamber. At least one of

the eich/removal chambers can be a wet process chamber.




at nospheric pressure process chanber. A controller is also coupled to the

| ow pressure process chanber, the atnospheric pressure process chanber and
the transfer chanmber. The controller including logic to control each of
the | ow pressure process chanber, the atnospheric pressure process chanber
and the transfer chanmber. [20] The Ig*lpressure process chanber can incl ude
nore than one | ow pressure process anbers that can include a plasm
etch/renoval chanber and the atnobspheric pressure processing chanber can

i ncl ude qmouomaétrmsmricnanmmnﬂrasanﬁgpme@pghom@tfrmoﬁrm mean include a
m xer. The lﬁileasmat chanber can_be a downstream pl asnma chanber. At |east one

of the e AdRpRaInchARgIREcoroadpga atigered sphsiratsdnte thorspper PBLINE21] The

transfer .phasdbaboik lﬂfﬂﬁﬁ] ] dn : ; .System can
i ncl ude g I eci pegli %I I nﬁbggﬁg% o%%?%gye%%%%ﬁgg%lu@g@?%?e into the
copper plreduring solgtieminta the nixgirdogiefor miging theregprer sopeeevolion audktheol uti on into

the m xer, 1 l.0gi : i i xr i olution. into - m.xer, logic
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applying the .p]ati solution to g patterned substrate, the patterne
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sol uti on oheneldamlyiidisjer.at e i ncl udes form ng copper on the catalytic |ayer.
[ 22] The patterned substrate can include a patterned photoresist |ayer

for med O'MZT]heTh&ﬁétﬁlﬂéH isebstrAt¥ 84n MIGHS] ;ga_u%ﬁecl{ ggaetéﬁgﬂg%gfb%ga &ﬂ%t layer

exposes a first portion of the catalyti ereint patterned
- phot or esicatelytialpger whetain the pattasrasphojoresist loyer ekpastrea fimt portjon of the eayadytic The

pl asma c r . I | h [+ .23 her .aspects and
advant ages o dtvﬁ%%@g 3 ?e%}r‘\%\féh Pﬁ@é@ﬁ%%&a@%ﬁ&dﬁ%ﬁ%%ge ‘i‘agﬁbﬁlgw ng

det ai | edlayes Chiepldsma chdralbee nad be acdominstrsain Wi chimbdte acconpanyi ng dr awi ngs,
illustrating by way of exanple the principles of the invention. BRIEF
DESCRI PT[23) OBtheHispEitsaidNGSartabés of Thenpemiog Will bideatappietifio e readi |y

understo by the .fqllow ng detailed description in conjunction with the
accorrpam%?qlr?&%?ﬁ%ﬁﬂﬁgg‘?sc{@%‘] ’ _@}Péowu?%waw Macerﬂpwag FEARIRGSa t
i 11 ust r aliRStrdthe HYRIH O cRRSIShE BRSNS Srokd M ekntibn.

BRIEF DESCRIPTION OF THE DRAWINGS

[24] The present invention will be readily understood by the following detailed description

in conjunction with the accompanying drawings.

[25] Figure 1 is a flowchart diagram that illustrates the method operations performed in
forming copper structures in a non-alkaline electroless copper plating, in accordance with

one embodiment of the present invention.

[26] Figures 2A through 2F illustrate copper structures formed on a substrate, in

accordance with one embodiment of the present invention.

[27] Figure 3 is a flowchart diagram that illustrates the method operations performed in a
high rate non-alkaline electroless copper plating process, in accordance with one

embodiment of the present invention.

[28] TFigure 4A is a simplified schematic diagram of a plating processing tool, in

accordance with one embodiment of the present invention.




form ng copper structures in a non-al kaline electrol ess copper plating, in
accordance with one enbodi nent of the present invention. [26] Figures 2A

through 2F illustrate copper structures forned on a substrate, in
accordance with one enbodi nent of the present invention. [27] Figure 3 is a
flowchart diagramthat illustrates the nethod operations perforned in a

hi gh rate non-al kal i ne el ectrol ess cdpper plating process, in accordance
wi th one enbodinment of the present invention. [28] Figure 4Ais a

sinmplifi SC ool Jis ' i cor dance
W th oneetgg o%&ﬁﬁhﬁéﬁrﬁémeg@%l%?ﬁﬁ%§§£E@gﬁytsg%lﬁ?eg Pof§%?% ustrates
a pr ef er dhdtenagivb ochidweted byt perimixelmail.dn peoordaste witteonprenbedmiengof thhiat may be

conduct ed bé 4 ‘prgxi mty head, in accordance with one enbodi nent of the
present ERVENCTGAYOT30] "Figure 5 is a sinplified schematic diagramof a

nmodul ar cessing, fool, i ccor.dance w_th aone enbodi nent .of the present
inventioﬁéﬁw 1698 ﬁraé"%{’llf%déa? ?ﬁiﬁgrgﬂoggﬁrﬁgfwma?sg@g Of an exenpl ary
dovvnstre@me@b@amithaif@éﬂa&rdiméuﬂoﬁmsgfedaﬁﬁﬁemdnh one enbodi nent of the
present invention. DETAI LED DESCRI PTI ON [ 32] Several exenplary enbodi nents
for systqsy apthufeds i@%@ﬁnﬁlﬂfedfsafeﬁiaﬂgdiﬁﬁﬁﬁ:%fBﬁ_ﬂxen%@ﬂ?%wﬁdtﬂ&ﬁtﬁ pldgaugh

el ectrol ess copper plating will now be described. It will bé apparent to

t hose skichimaler;ip agqgedanes withere amphodispant efifhe pigseapinventiormy be practi ced

wi t hout sone or all of the specific details set forth herein. [33] The
present invention provides a systemand a nethod for an inproved

el ectrol ess copper plating pmm%@m&ﬁ antially not reactive to
photoresi st and that can allo ate than about 500
angstrons_per mnute. Such a higher growth rate allows effective

t hr oughpd#Z2l oSeveral expmprlarkgmbpdipicats xrsyrigmand metbads fordomyipg paflersdt ch waf er
process ﬁ%ﬁ&ﬁ@%&ﬁﬁ%&%&@%@r@%ﬂnE»b% daéa?%éar. %ﬁieiltbﬁ: aggﬁéﬁt't@n can be

used in a batch (e.d-, tipl ) process. 4] T rate,
el ect r ol dlaase piiled indheparobaighe prasent inwéntign may bp practiced svithgeizemgodzll of the
specific details set forth herein.

[33] The present invention provides a system and a method for an improved electroless
copper piating process that is substantially not reactive to photoresist and that can allow a
higher growth rate than about 500 angstroms per minute. Such a higher growth rate allows
effective throughput for a single wafer process rather than the typical batch wafer process
although it should be understood that the present invention can be used in a batch (e.g.,

multiple wafer) process.

[34] The high rate, electroless plating process can include copper ions suspended in a
substantially neutral or even an acidic solution. The neutral or acidic solution does not react
with the photoresist. Therefore, photoresist patterning can be used to directly define the
desired copper structures without the need of additional the process steps of adding a
protective layer to the photoresist and/or forming a pattern with a material that js not reactive

with to the prior art alkaline, electroless plating solution.

[35] The high rate, electroless plating process can form a copper layer up to about 2500
angstroms per minute. The high rate, electroless plating process can therefore form a thicker
copper layer much faster than the typical alkaline solution electroless copper plating process.
As a result, the high rate, electroless plating process can be used to form thicker copper
structures that the typical alkaline solution electroless copper plating process cannot.




substantially neutral or even an acidic solution. The neutral or acidic

sol ution does not react wth the photoresist. Therefore, photoresist
patterning can be used to directly define the desired copper structures

wi t hout the need of additional the process steps of adding a protective

| ayer to the photoresist and/or formng a pattern with a material that is
not reactive wth to the prior art afkaline, electroless plating solution.
[35] The high rate, electroless plating process can forma copper |ayer up
to about 0 t ' I ; : S lat i ng
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copper oxide to ail_ e{n_snt al copper with mnimal production of hydrogen. [37]
Since t hé’oﬂ?’eﬁ‘ﬂo?_ FgF%?%EW&PW%P%@%&%&@&%M&BMC@ AROVBEI®Y esi st
patterni 'lGnéePreqﬁiIécF Hpkdifitlyad ﬁ}Ste&ﬁlé' léﬁgis;h?fj&&@ fo profebCthé pctoresity€r @l process

steps required to form conventional 1'n-I| copper lines using the dual
danmascen elh tictele BIOEdsh tremb s/ the prtterning mpgriglds alpee]iminatdd. Ipiscrt psal |y, no
protectiv TSTpalclelols t ' . F an etch
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al | ow a medlict pedustivihanuesind drvrgasd thremphpt.ocess t o decrease process operations
and thereby reduce production tinme and increase throughput. [38] The
copper st[B8ict The sopper sekitulbas fodred by gie High @te, bakldsoplatsg prbedss o ifelodess can

i ncl ude wire-hon s,,and ball grid arra as, may be used to form
el ectri cd’i”reélb‘ﬁ]ﬁé’@&ﬂ%ag’ &" ﬁu'ayFﬁ?%@?g?%ﬁ?dég%%iekcﬁ”ﬁﬂtﬁﬁneﬁ%%&@%g of the
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copper structures may also enable fornation and use of an air gap between
netal | i &% fiee-standing eonppestyyriares arayjalso enable farnation and sseraftaapirgap beiwegn space.
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- The pre-patterned features can be formed by a lithographic process in photoresist, thereby

o

avoiding an etch patterning step.

[39] Figure 1 is a flowchart diagram that illustrates the method operations 100 performed
in forming copper structures in a non-alkaline electroless copper plating, in accordance with
one embodiment of the present invention. Figures 2A through 2F illustrate copper struciures
208 formed on a substrate (e.g., a wafer) 200, in accordance with one embodiment of the
present invention. In an operation 103, the substrate 200 is received. The substrate 200 is
previously prepared to be ready to form copper interconnect structures. This previous

preparation can be performed by any suitable methods.

[40] Referring now to Figures 1 and 2A, in an operation 110, a catalytic layer 202 is
formed on the substrate 200. The catalytic layer 202 can be any suitable materials or
combinations of materials and layers of materials. By way of example, the catalytic layer
202 can be formed from tantalum, ruthenium, nickel, nickel molybdenum, titanium, titanium
nitride or other suitable catalytic materials. The catalytic layer 202 can be as thin as possible




avoi ding an etch patterning step. [39] Figure 1 is a flowhart diagramthat
Illustrates the nethod operations 100 perfornmed in form ng copper
structures in a non-al kaline electrol ess copper plating, in accordance with
one enbodi nent of the present invention. Figures 2A through 2F illustrate
copper structures 208 fornmed on a substrate (e.g., a wafer) 200, in
accordance with one enbodi ment of th& present invention. In an operation
105, the substrate 200 is received. The substrate 200 is previously

prepared revi ous
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antireflective coating (e.g., BARC) |ayer 204. The BARC | ayer 204 can be
for exanffRPSUESIP- 600 angstroms thi ck. The BARC | ayer 204 is well known in
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206 also includes patterning the optzonal BARC layer 204 if the BARC layer is mcluded

[43] Referring now to Figures 1 and 2B, in an operation 125, the undesired portions of the
photoresist layer 206 are removed leaving only desired portions of the photoresist layer
206A. Exposed portions 204A of the optional BARC layer 204 are removed by a plasma
etch process. By way of example, the BARC can be removed using a Lam Research
Corporation 2300 Exelan® plasma etcher with a settings of about 20 degrees C, 40-100
mTorr, 200-700W @ 27MHz, 500-100W @ 2MHz, 100-500 sccm Argon, 0-100 sccm CFy,
0-30 sccm oxygen, 0-150 sccm nitrogen, 0-150 scecm hydrogen and 0-10 sccm C4Fs for
between about 20 and about 90 seconds. Various combinations and permutations of the
gases and settings listed above may be used, depending on the material requirements. It
should be understood that one skilled in the art could also remove the BARC using an
inductively coupled plasma source {(e.g., as available from Lam Research’s Versys™ plasma

process chamber).

[44] Referring now to Figures 1 and 2C, in an operation 130, any oxides or other residues
on the exposed portions 202A of the catalytic layer 202 are removed, if necessary. One

approach to removing any oxides or other residues on the exposed portions 202A of the




al so includes patterning the optional BARC | ayer 204 if the BARC layer is
I ncl uded. [43] Referring nowto Figures 1 and 2B, in an operation 125, the
undesired portions of the photoresist |ayer 206 are renoved | eaving only
desired portions of the photoresist |ayer 206A. Exposed portions 204A of
the optional BARC | ayer 204 are renoved by a plasma etch process. By way
of exanple, the BARC can be renpved uing a Lam Research Corporation 2300
Exel an(r) plasma etcher with a settings of about 20 degrees C, 40-100
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[45] Referring now to Figures 1 and 2D, in an operation 135, a non-alkaline electroless

copper plating process is applied to the substrate 200 to form copper structures 208. The
non-alkaline electroless copper plating process is described in more detail in Figure 3 below.
The non-alkaline electroless copper plating process can generate between 500 to 2000
angstroms of elemnental copper per minute. The non-alkaline electroless copper plating
process can be applied to the substrate 200 in a vertical or horizontal immersion type of
application. Alternatively, the non-alkaline electroless copper plating process can be applied

to the substrate 200 through a dynamic liquid meniscus described in more detail below,

[46] Referring now to Figures 1 and 2E, in an operation 140, the remaining portions 206A
of the photoresist layer are removed to expose portions of the catalytic layer 202B. If the
optional BARC layer 204 was included then the remaining portions 204B of the optional
BARC layer are also removed when the remaining portions 206A of the photoresist layer are
removed or subsequently thereafter. The photoresist and the BARC layer can be removed
with a plasma process. Optionaily, a wet chemical photoresist removal step can be
performed using aqueous, semi-aqueous or non-aqueous solvents. An exemplary recipe for

removing the remaining photoresist 200A and the remaining portions 204B of the optional




el emental netallic states. In an operation 132, the substrate is
transferred in a controlled environnent (i.e. in-situ to maintain |ow
oxygen and | ow noi sture levels) to the electroless plating process
chanmber. This ensures that the reduced surface fornmed in operation 130 is
preserved as a catalytic layer. [45] Referring nowto Figures 1 and 2D, in
an operation 135, a non-al kaline el ed®rol ess copper plating process is
applied to the substrate 200 to form copper structures 208. The
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the optional ' 1Q BARC |l ayer includes a ten'gerature of less than about 30
degr ees GSCORAS) \REIORT eorpfyinatinns fnd peFREstions gt e gises adseBingg livied 2boye 2@¥m of

ar gon ange 3 gég,@ﬁm&g orPthY SRR fuirbrtt. $000nd I4OMYSQUNER ROWRieddh about

27MHz is appli for  about 3m n. "Next, at a tenperature of greater than
about 30 theegiaoukl also remevedbe BAR Cofsingiso dndusivEly coupled plasmp souste (gigods 50 seem

ar gon a%gﬁ%?gg%%ggmﬂ%9893’3%1%3@339?%?%@%&30power at about 27 MHz plus

about 50 power ~a seconds. The additional bias
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renoved s daglyéic layer RReuoretlovéd IRxnticvingahe exPposed pogionn 0B of the catalytic

layer 202 substantially prevents the exposed portions of the catalytic layer from electrically

connecting the remaining free standing copper structures 208. An exemplary recipe for
removing the exposed portions 202B of the catalytic layer 202 using a Lam 2300 Versys
plasma efcher includes a temperature of about 20 to about 50 degrees C with about 500W
source power and about 20-100 W bias power, with a pressure of about 50mT and flow rates
of about 30 sccm of CF, and 75 sccm of argoen for a duration of about Iminute. Other
halogen-containing gases such as C4Fg, or mixtures of halogen-containing gases such as CF,
+ HBr, can be used in addition to or instead of the CF,. The free standing copper structures
208 include the remaining portions 202C of the catalytic layer. Air gaps 210 are formed
between the free standing copper structures 208, The air gaps 210 can allow an air dielectric
to be used in subsequent structures formed on the free standing copper structures 208. The
air gaps 210 can be between less than about 10 nm or larger in width. The free standing
copper structures 208 can be any width desired. By way of example, the free standing copper
structures 208 can be between less than about 10 nm and more than about 100 nm. The free




pl asma etcher with a settings of about 20 degrees C, 40-100 mTorr, 200-700W
@27MHz, 500-100W @ 2VMHz, 100-500 seem Argon, 0-100 seem CF4, 0-30 seem
oxygen, 0-150 seem nitrogen, 0-150 seem hydrogen and 0-10 seem C4Fs for
bet ween about 20 and about 90 seconds. Various conbi nations and
pernutations of the gases and settings |isted above may be used, depending
on the material requirements. It shodld be understood that one skl lled in
the art could al so renove the BARC using an inductively coupl ed pI asma
source ( At Bt I aper) .
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plating processing tool 400, in accordance with one embodiment of the present invention.

The plating processing tool 400 includes a first source 410 and a second source 412. The
first source 410 includes quantity of a first source material 410A. The second source 412
includes a quantity of a second source material 412A. The first source 410 and the second
source 412 are eoupled to a mixer 416. The mixer 416 is coupled to the plating chamber
402. The plating processing tool 400 can also include a rinsing solution source 440 that is
coupled to the plating chamber 402. The rinsing solution source 440 can provide a quantity

of rinsing solution 440A. '

[51] The plating processing tool 400 can also include a controller 430. The controller 430
is coupled to the plating chamber and the mixer 416. The controller 430 controls the
operations (e.g., mixing, filling, rinsing, etc.) in the plating processing tool 400 according to

a recipe 432 included in the controller.

[52] Referring now to Figures 3 and 4A, in an operation 305, the substrate 200 is placed in
the plating chamber 402 for the plating operation.




208). As a result, a short photoresist renoval operation including applying
500W bi as, can be added to further renove the photoresist 206A and any
resi dues thereof, between the copper structures 208. Applying the 500W
bias will also renove the ruthenium if the rutheniumlayer was al so
applied to protect the catalytic layer. [49] Each of the operations 105-145
i nvol ve | ow tenperature of |ess thanldbout 300 degrees C to substantially
limt mgration of copper that may occur at higher tenperatures. The BARC
removal o] t r erature
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plating chamber 402 where thé plating solution is applied to the substrate 200. The mixer

416 mixes the first source material 410A and the second source material 412A as needed in
the plating chamber 402, The plating solution 416A has a pH of greater than about 6.5 and
in at least one embodiment has a pH of within a range of about 7.2 to about 7.8. The plating
solution 416A forms a layer of elemental copper substantially without any voids caused by

hydrogen inclusions.

[55] Inan operation 325, the substrate 200 is removed from the plating solution 416A.
Removing the substrate 200 from the plating solution 416A can include removing the
substrate 200 from the plating chamber 402 and/or removing the plating solution 416A from
the plating chamber 402.

[$6] In an operation 330, the substrate 200 is rinsed in 2 rinsing solution. By way of
example, in operation 325, the plating solution 426A can be removed from the plating
chamber 402 and the rinsing solution 440A can be input to the plating chamber to rinse
substantially any remaining plating solution 416A off of the substrate 200.




412A includes a oxidizing copper source (e.g., Cu2), a conplexing agent
(e.g., ethylene diamne, di-ethylene triamne), a pH adjuster agent (e.g.,
HNO3, H2SO4, HO, etc.) and a halide ion (e.g., Br-, d-, etc.).

Addi tional details and exanples regarding copper plating solutions are
described in nore detail in co-owned U S. Patent Application 11/382,906
entitled Plating Solution for Electréfess Deposition of Copper by vaskells
et al., which was filed on May 11, 2006, and co-owned U.S. Patent
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substrat proaés@ed itahwdldbe mpaécnangl thalthasubsiraéh];ﬁéceeﬁnay m::idddﬁpiﬁsﬁawml ng the
substrate 200, f t he ti chanber 4 a pl ati ng

sol ut i onS9PEERH aflf;y(gﬂ% é’P?I %tﬂgb LoD, ?3%9 ort]?‘?é}‘bsFﬁte b g@?lﬁ%‘%‘ﬁe 330, the
subst r at eB 2QRtchiSs £ kubs@sle iRy prbda§d, f&h&tfhman&vprw&xse@ha yexampl e, in
operation 325, the platin sol ution 426A can be renpved fromthe plating

chamber 2RpBed nfhe pbsiatn sirfage Hot oilarmannen A spvgsdnlpAfiZimaydpenidizest tat | ng
ChaToet Ay SR Yt l  EFAASSE SRl SR o1
dri ed. Bsouninlef 46éxeayteartilizétbto spily tiziemized water (DIW) or other processing

chemistry toward the top surface 4582 of the substrate 200. In addition, a source outlet 464

may be utilized to apply vacuum fo a region in close proximity to the wafer surface to

remove fluid or vapor that may located on or near the top surface 458a. It should be

appreciated that any suitable combination of source inlets and source outlets may be utilized

as long as at least one combination exists where at least one of the source inlet 462 is

adjacent to at least one of the source outlet 464 which is in turn adjacent to at least one of the

source inlet 466. The IPA may be in any suitable form such as, for example, IPA vapor

where IPA in vapor form is inputted through use of a N; carrier gas. Moreover, although

DIW is utilized herein, any other suitable fluid may be utilized that may enable or enhance

the wafer processing such as, for example, water purified in other ways, cleaning fluids, and

other processing fluids and chemistries. In one embodiment, an IPA vapor inflow 460 is

provided through the source inlet 462, a vacuum 472 may be applied through the source

outlet 464 and DIW inflow 474 may be provided through the source inlet 466.

Consequently, if a fluid film resides on the substrate 200, a first fluid pressure may be

applied to the substrate surface by the IPA inflow 460, a second fluid pressure may be

applied to the substrate surface by the DIW inflow 474, and a third fluid pressure may be




200 can be renmoved fromthe plating chanber 402 and placed in a second
chanber (e.g., a spin, rinse and dry chanber) for rinsing and drying.

Al ternatively, the plating chanber 402 can include the nechani sns required
to rinse and dry the substrate 200. [58] By way of exanple, the plating
chanmber 402. can include a proximty head 450 capable of rinsing and
drying the substrate 200. The proxi mi4y head 450 can al so apply the

plating solution to the substrate. [59] Figure 4B illustrates a one

enbodi e | r r ' ted by a
ot oxi i ¢ y PR B JuEHEEn R AR L B RACRRLIRS i hvia B D BRI

I nvent i osutfddet hough Fi gure 4B shows a top surface 458a of a substrate 200
being processed, it should be appreciated that the substrate process nay
be accomjbi]s h@Herefors ithaie@nibodiideyt, ahihe DAWnflaw 4740 and the Yo viponinlowfi@oe 458b

of the substr, 2 ile Figure. Billustrates a subs yi ng
process, * 4w P’i%‘&fﬁ‘r‘%%“ypf?‘&g% é”ﬂFﬁ;ﬁ“%%cgéSlB 1?“'&5%1%3&
subst r at gnfid# ﬁmp%ltms g thE DAW iHBEW 874 théx 1§§sphe@tdwm@me%?ermacee utilized
to apply isopropyl alcohol A vaﬁfr toward a top surface 458a of the

subst r at enguygtersd IP&* vapor igfow ééo i "HhedtP Azfeanwn%@w%’fﬁ i(gleqiknosnas g y
Tl |
ebaof o TR ARI il 734 w b RRTDIY BBR Ao RBEIAA fe VuOUBLA iBes B SUrface

utili zed theoremppdl pf ma@IWmﬂode elgng)mth anycother dlupd o whet spriace dftilee vvaf er

surface t e e 1.d _or 0 an nea op

sur f ace ﬁg@ e%&s é Bere f’%@’g aﬁ? %@Tﬁ%ﬁ'éctes %‘ngﬁfe 05%1“5103 8%? E’E?’f on of
source i Ith GferatRANhS DIWGE apfilied fivardithy sttBtratt sirface ond dfoktGighedRitelt | €ast one
conmbi nation exists where at | east one _of the source jn]et 462 is adjacent

to at | ed@rovsAaloge With&uiday hesuharieurireabuiie dprupe applisd nhe suacaticr o at
| east OnQ@fﬁéBIW%Hfs%gpﬁéalt%aﬁ%suﬂﬁ%tel sBfadtBNd B a':ﬂoxﬁéﬁf rSxidel glthe form

such as, for exanple vapor ~ where | PA in vapor formis inputted
t hrough wegiondfetween2 mmmztﬁhe@asd thgtsnlestrete surfage alppg atith apy fpidonihe | j zed

herei n, %ﬁ%ﬁé@&&acé?Ar&%@'&eﬁscﬁ%@ﬁ'@%&ﬁ? Birideb Sﬁﬂehﬁ%@‘%ge%@% e or enhance

t he vvafer processi n wat er puri I'n ot her ways,
cl eani ng EMMteﬂfacbs 4@8 Hﬂﬁerq:fomclhs siengcﬁslﬂﬁﬁsamstamm oftfrmdabmng n one

enbodi nment n 1 PA va Qw 460 i r d thr ou e inlet
262 = Auliiioasd g e betieremmv ety R G ne ke wtf sRG D
i nfl ow 4734 gEBbhRtdayded ase héw R Ushe i@ r&@bWat 6f ﬂa@bﬂ’W fﬂ&ﬁ the substrate

surface prevents the formation of fluid droplets on the region of the substrate surface being

processed thereby reducing the possibility of contamination drying on the substrate 200. The
pressure (which is caused by the flow rate of the IPA vapor) of the downward injection of

IPA vapor also helps contain the meniscus 476.

[61] The flow rate of the N; carrier gas for the IPA vapor assists in causing a shift or a
push of water flow out of the region between the proximity head and the substrate surface
and into the source outlets 304 through which the fluids may be output from the proximity
head. Therefore, as the IPA vapor and the DIW is pulled into the source outlets 464, the
boundary making up the IPA/DIW interface 478 is not a continuous boundary because gas
(e.g., air) is being pulled into the source outlets 464 along with the fluids. In one
embodiment, as the vacuum from the source outlet 464 pulls the DIW, IPA vapor, and the
fluid on the substrate surface, the flow into the source outlet 464 is discontinuous. This flow
discontinuity is analogous to fluid and gas being pulled up through a straw when a vacuum is
exerted on combination of fluid and gas. Consequently, as the proximity head 450 moves,

the meniscus 476 moves along with the proximity head, and the region previously occupied




Consequently, if a fluid filmresides on the substrate 200, a first fluid
pressure may be applied to the substrate surface by the I PA inflow 460, a
second fluid pressure may be applied to the substrate surface by the DIW
inflow 474, and a third fluid pressure may be 14 applied by the vacuum 472
to renove the DIW | PA vapor and the fluid filmon the substrate surface.
[60] Therefore, in one enbodiment, ast*he DIWinflow 474 and the | PA vapor
inflow 460 is applied toward a wafer surface, any fluid on the wafer

surface i ? 1hB hiRhiEtusds Bhch PrdcBRedhadY drleRdhOW e fhovelent Bt e 1P ABapol AstwP! W

inflow 474 that is applied toward the wafer surface encountérs the |PA
vapor i nfinéfaast/8. Triboplpalsp be prdessioddthatttesnny suitable(rainber éfsowme adetafhc2, | PA/ DI W

i nterface ey M Rw% ' he vacuum 472

assi sts i%oﬁﬁgﬂ%tgémn%%/%ﬁ 50 ﬁ%&%}ﬁ%lﬁ%ﬁ%w ﬁ%iﬁ E?“S#gé % t@%c%ﬁ‘&mﬁt{%?gf |l uid
from t he heappracausohdtirencrischstizednd sRAR. dediled. LiPAotapanbddiMéithelifwge 478
reduces the surfa of tengion of the DIW |n operation, the DIWis
applied t @%Fa Staﬂgﬁ?l}'ﬁg‘fuphﬁ%w W%%@cgﬁ@t%ﬁ%@@qﬁ gty vaqiEmoved al ong
wi th 1 ui shtlenis chetinaois bd & gas Sldivk afte tHWadingn yalet/um appl i ed by the source
outlet 464. The DIWthat 1s applied toward the substrate surface and for a

monent 1 efgRpledt induldR appreditedal} A WaROAGw PiOHaibd Mkt andpihepsubst rat e
a

surface along with any fluid on the substrate surface forns a neniscus 476
wher et heDHBradvacuym asiengrrs thesaemiscuy 676028 be meintaimed b wid srlmdiraeeshel 78.

Ther ef or flozeral] ' gﬁh@ I el LU Fn appl i ed

t owar d tﬁftiaw&s%?ef ace %ﬁg%gélz%gd S'rég?rfot@% at %slﬁ%gg ga%ﬁ%e%{efyh?%ugﬁggﬁlr@ati me wth
any f| ui dningte to hsous 808¢ mhpe nsuvteaThe flFheatnetitht PITWrtredgtathe s¢tefteaburod t he
DIWfrom. trate rf.ace prev s the formatjon of fluid droplets on
the regi o]}rllfé%ﬁ%ﬁ %%u %euag)gfltr@p éﬂlé’ﬁ?lﬁlﬁﬁlg ﬁgﬁthﬂ d Pa%éﬁg‘?éiotg?tﬁ‘ger oy ratefuci ng the
possi bi | iflyidsahaycwny dopeitiiig Githel kiyé BOhO Prokihg t PSR eAfHadimbREa 1aBfePSSUN €
(which is caused by the flow rate of the | PA ve_lp(_)rz1 of the downward

i nj ect i orPS8¢ Mmay pavepgager ste of g Jew thamsmafien meximity headss Thiy ayPeaF The fl ow
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a push of water flow out of the region between the proximty head and the

subst r at éng geuregceutleis ¥4 meraflevh ordagardeadout | et s 304 t hrough which the fl uids
may be output fromthe proximty head. Therefore, as the |IPA vapor and the
DIWis pufdledThaflowirkte ofthe RYe vaper thaough464t oftthesource inlets 462 can be between

about 1 standard cubic feet per hour (SCFH) to about 100 SCFH. The IPA flow rate is
between about 5 and 50 SCFH. The flow rate for the vacuum through a set of the source
outlets 464 is between about 10 standard cubic feet per hour (SCFH) to about 1250 SCFH.
In a preferable embodiment, the flow rate for a vacuum though the set of the source outlets
464 is about 350 SCFH. In an exemplary embodiment, a flow meter may be utilized to

measure the flow rate of the IPA vapor, DIW, and the vacuom.

[64] Figure 5 is a simplified schematic diagram of a modular processing tool 500, in
accordance with one embodiment of the present invention. The modular processing station
500 includes multiple processing modules 512-520, a common transfer chamber 510 and an
input/output module 502. The multiple processing modules 512-520 can include one or
more low pressure process chambers and atmospheric process chambers. The one or more
low pressure process chambers have an operating pressure within a range of pressures of less
than atmospheric pressure to a vacuum of less than about 10 mTorr. The low pressure
process chamber can include more than one low pressure process chambers including a

plasma chamber, a copper plating chamber including a mixer, a deposition charnber. The




boundary making up the IPAADIWinterface 478 is not a continuous boundary
because gas (e.g., air) is being pulled into the source outlets 464 al ong
with the fluids. In one enbodinent, as the vacuum fromthe source outl et

464 pulls the DIW |PA vapor, and the fluid on the substrate surface, the
flowinto the source outlet 464 is discontinuous. This now discontinuity

i s anal ogous to fluid and gas being iSul | ed up through a straw when a vacuum
is exerted on conbination of fluid and gas. Consequently, as the proximty
head 450,11 etd wshead, and
t he regi on ﬁevr%gﬁ% y%ﬁﬂﬁ%ﬁ&%@d&ﬂﬁﬁl@k%ﬂéﬂéﬁf hggeﬁg%b%%bgessed and
dri ed duEhe moduar pravessingrstatiof S56hasd ﬁﬂud@monvr@lev\ﬁm trebeapgorirdl #® |t shoul d

al so be under stood ,t ny_ suit abl ets 462,

sour ce o‘EReF gsﬁlé’ﬁ‘:ha%gﬁe‘s%{ﬂﬁggpg ﬁeﬁstl%glﬁ e@%@%ﬁo%{r iIZ %?ﬁéel%%endl ng on the
conf i gur giaiber 310 andl iR 1agwaﬁt@t1mocaﬂmlsuzh erhaemtmﬂassmmmhuﬂesmpmctes ired. In
anot her enbodi nent, the qui d flow }Epgtes and the vac ngtm 'Iélﬁ rates are

such t haltemﬁ)ﬁ%sﬁzdlﬁméF“qh}dﬁ@?ed’aFPWaFﬁ%erf T APFEHPRAR £7 ®nuous,
no gas f {;@iﬁtﬁmhg}n‘adﬁlbses 142620V Othin®h tradsfe khadibes 5 o0 i th@m%ﬁ@étﬂﬁit&icﬁdleany

sui tabl e ate may be utilized for the IPA vapor | W and vacuum as
| ong as $e neni scus 476 can be nmintained. In one enbodinent, the flow

rate of the DIWthrough a set of the source inlets 466 is bet ween about 25
m per {6Shut@oew m@qtthemu@mm@emm@ﬁes 512920 {cpp SRDPEXt 81Ch PPYAROND)| \W

t hr ough the of ,fthe so %ﬁ‘l?ﬂu nut e.

It shoul g?ﬁpggrg/c{qg%og %ﬁ?a@*nﬁtoa/er?tg%g Q? Pui Iﬁé@&\t}girefﬁ) tﬂfrapndr ng on
the sizep 1@ﬁngdl?ra#ﬁlbm<ﬂ\fay dfeﬁﬁnplb rch[nrtbsréﬂr&ombwplas?alcﬁaa@ber cltmaﬂodrit?@y have a
greater rate o uj ow_th er pro a occur
because $4h§&CopRcERIaHPE Shammb ’|P UBﬁBmQ‘%ﬁG‘ ‘?r%f]i%) %ﬁ@% 'h%]{ﬁ rx%e inlets
462 and 480renR8l cﬁ%ﬁ&%ﬂ@bﬁdnﬁieﬁSﬂﬁfﬁn'ﬁ@Eﬁeﬂdsﬂiﬂnﬁﬂd&nﬁe@é@&ble}feﬁ&poilﬁ@d The
flow rate of the I'PA vapor through a set of the source inlets 462 can be

bet ween bastierUeyets arBARG laglere apragalyticdayepeas dewsgibed aROFEy) t o about 100 SCFH. The
|PA flowrate is between about 5 and 50 SCFH. The fl ow rate for the vacuum
t hr ough ﬁﬁietTl@fcomnsmmfeleCha@lb@ﬂiéﬂS‘ramﬂbW epei9s MgECHIDaERER 20960 8¢ andar d cubi ¢
f eet per £ Shidletafiadignent , the
flowrat® iiollr eél%\?(g%du‘;rﬁ?gﬂ%%hf%‘%gpogétéﬁgtmotdhlegs g%id?ce out Ieets 464 is about
350 SCFH:onkblledenvicommdnm (a/g. cotvantygmnd law whisvwapet evelsef thecransfer i zed to

chamber 510. By way of example the transfer chamber 510 can be maintained at a desired

pressure (e.g., above or below atmosphetic, vacuumy}, a desired temperature, a selected gas
(e.g., argon, nitrogen, helium, etc. while maintaining an oxygen concentration of less than

about 2ppm).

[671 The plasma chamber 520 can be a conventional plasma chamber or a downstream
plasma chamber. Figure 6 is a simplified schematic diagram of an exemplary downstream
plasma chamber 600, in accordance with one embodiment of the present invention. The
downstream plasma chamber 600 includes a processing chamber 602. The processing
chamber 602 includes a support 630 for supporting a substrate 200 being processed in the
processing chamber 602. The processing chamber 602 also includes a plasma chamber 604
where a plasma 604A is generated. A gas source 606 coupled to the plasma chamber 604
and provides a gas used for generating the plasma 604A. The plasma 604A produces
radicals 620 that are transported from the plasma chamber through a conduit 612 and into the
processing chamber 602. The processing chamber 602 can also include a distributing device
(e-g., showerhead) 614 that substantially evenly distributes the radicals 620 across the




nmeasure the flowrate of the I PA vapor, DIW and the vacuum [64] Figure 5
Is a sinplified schematic di agram of a nodul ar processing tool 500, in
accordance with one enbodi ment of the present invention. The-nodul ar
processing station 500 includes nmultiple processing nodules 512-520, a
common transfer chanber 510 and an input/output nodul e 502. The nultiple
processi ng nodul es 512-520 can i ncl udd one or nore | ow pressure process
chanbers and at nospheric process chanbers. The one or nore |ow pressure

process ciubstugs 2000 e daRndiesih plasig chnes B0Egehkalth hedadiedldg0kitfuessur es of
| ess than at_rmélpherl C pressure to a vacuum of |ess than about 10 nforr.

The | ow pF8eEng de sphsate 280 totheastatively high slactrigal pefantials padhtemperatuses o thessur e
process %@M@Aﬂ ncluding a plasm chanber, a copper plating chanber
including a mxer, a deposition chanber. The 16 atnospheric pressure

pr ocessi NGsT hake e GB5Ve &R .S, . The
nodul ar g?ogessi ng cst ateie(%]{?#oggé “ﬁ@ﬁ%?ﬁéﬁ%@%%%ﬁf%ﬁ%r gg%%@ﬁ%?la an
control temploybysions ¢ammitarimplambnted opsnationsiinvolying datasteskinegmpudtl es 512- 520,

t he comm [ fer chanber .510 and the input/ .oyt put dul e 502.. The
cont rol | St TAsé pnda DL s iiopt DPyieal st of BBV erl perbitiesnc
vari ous [sualitiesugh hevnetdisaridy) eHesd duaRstidsNal@akd¥osth of HlectAH bi Rlghetip’ OCESSI NG
nodul es 512-520, ihe comon tranfs er chapber 510 and the i nput/output

modul e signalscaeablegibeigg siorrdetrapsterd, combinedcemparsd.ead plgTisiul es 512- 520
can SupPGhinifH A GRAAL HimipuRkEA icRBhdd 15l BRUENIBI RS QB as Pl aSTR
operations and the non-al kal i'ne el ectrol ess copper plating operations. By
way of exupgycig, ideniifyog. dstegniging, dreompplizgsma chanber, chanber 520 can be a
copper plating chanber (e.g., plating processing tool 400), chanber 512 can
be an etl6V r ¢vnywatheohenatiens dessdbehhentie thabfodm par obthe nvdetposire nsfulc hanber

sui tabl e . Ltin ler. layers or, BARC | ayers o cat.alytic |ayers
as descr i'%ag;(f}m g%ﬁ%gé.l&n[sﬁg?e &lﬁéer{uggﬁlﬁ%ﬁd%?séﬁgfdgfm%% Par%tﬁ)%ocfgwf one or
nor e subshesabpsatROe. Tie dpparatus ang be speetily bimtradiel tithe @équad PuPbseb e it
processi ggg ﬁdul es 512-520 while remai' ning in the controlled environnent
(e.g., | RPIAFERARIPSGFWRRULS Seleqityely) actvated)or Spniigyerdiby AFOP@HteT chanber 510.

By way oOfpréuranoedlifthelcbRBSEE T SRABNSY vRIRs EaRrR SuipBld thahlRe ny p@ desired
pressure (e.g., above or bel ow atnospheric, vacuun), a desired tenperature,
a sel ect @gedgKith computer programs written in accordance with the teachings herein, or it may be

more convenient to construct a more specialized apparatus to perform the required

operations.

[70] The invention can also be embodied as computer readable code on a computer
readable medium. The computer readable medium is any data storage device that can store
data which can thereafter be read by a computer system. Examples of thé computer readable
medium include hard drives, network attached storage (NAS), read-only memory, random-
access memory, CD-ROMs, CD-Rs, CD-RWs, magnetic tapes, and other optical and non-
optical data storage devices. The computer readable medium can also be distributed over 2
network coupled computer systemis so that the computer readable code is stored and executed
in a distributed fashion. ’

[71] It will be further appreciated that the instructions represented by the operations in the
above figures are not required to be performed in the order illustrated, and that all the
processing represented by the operations may not be necessary to practice the invention.
Further, the processes described in any of the above figures can also be implemented in
software stored in any one of or combinations of the RAM, the ROM, or the hard disk drive.




(e.g., argon, nitrogen, helium etc. while maintaining an oxygen
concentration of |ess than about 2ppn). [67] The plasma chanber 520 can be
a conventional plasma chanber or a downstream plasna chanber. Figure 6 is
a sinplified schematic di agram of an exenpl ary downstream plasma chanber
600, in accordance with one enbodi nent of the present invention. The
downst ream pl asma chanber 600 includ a processi ng chanber 602. The
processi ng chanmber 602 includes a support 630 for supporting a substrate

200 bei ng7pF o@atisesh the fdbeindinRGHE6S hRbes IR d%9 Som T&%ﬂ%ﬁﬁﬁ—g Lfge chamber
602 al so inclgﬂgg a plasma chanber 604 where a plag%a 604A | a%%ﬂ%rated. A

gas sour cLE8YH ftaading.dt Willbepnarer that sorisiy chenges andmogdificstionemapbgas used

for genergpidibg &iRgn B Qﬁﬁg radi.cal s 620 t hat
are trangﬁorted f(gnfﬁﬁgﬁggas p%ﬁ%%@?%§?%¥%%g@g§{g%%%%?te@%?&gﬁﬁminto t he
processi rfée s spesidegaias ifistrativecind sefi ragjrictivedne thain Pentian isalos @ berbhitsdeo a

di stri buty i . g....showerhead)..614 that substantially evenly
distribufggg?ﬂgﬁ?ggﬁg% gg@fﬁ“&?ﬁ%§gﬁgﬁéﬂ{%ém§ﬂ§§ﬁ? ?%Fﬁ@@”‘fﬁ? downst r eam
pl asma chppdnded Gaithsgener at es the radi cal s 620 without exposing the
substrate 200 to the relatively high electrical potentials and tenperatures
of the plasma 604A.. [68] Wth the above enbodinents in mnd, it should be
understood that the invention may enploy various conputer-inplenented
operations involving data stored in conputer systens. These operations are
t hose requiring physical manipulation of physical quantities. Usually,

t hough not necessarily, these quantities take the formof electrical or
magneti c signals capable of being stored, transferred, conbined, conpared,
and ot herwi se manipul ated. Further, the manipul ations perfornmed are often
referred to in terns, such as producing, identifying, determning, or
conparing. [69] Any of the operations described herein that form part of
the invention are useful nachine operations. The invention also relates to
a device or an apparatus for perform ng these operations. The apparatus
may be specially constructed for the required purposes, or it may be a
gener al - pur pose conputer selectively activated or configured by a conputer
program stored in the conputer. In particular, various general -purpose
machi nes may be :




used with conputer prograns witten in accordance wth the teachings
herein, or it may be nore convenient to construct a nore specialized
apparatus to performthe required operations. [70] The invention can al so
be enbodi ed as conputer readable code on a conputer readable nedium The
conput er readable nmediumis any data storage device that can store data
whi ch can thereafter be read by a coduter system Exanples of the conputer
readabl e medi uminclude hard drives, network attached storage (NAS)
read-only nmenory, random access e Ny ROMs, CD-Rs, CD-RWs, magnetic
tapes, and other optical and non- op data storage devices. The

conput er 1r ead abhethS®fbr EFmGRtoppey &n RQubkigielcoPptigge-over a network coupled

conputer systens so that the conputer readable code is stored and executed
in a distri bufytmgaieppRer squper]sojutiopinte a pixefiur t her appreci ated that the

instructions popLH %@&ﬁ%h@ﬁ°%$§hlﬂﬁ%?h?ﬁﬁs in the above figures are not

required to be perforne e or ustrated, and that -all the
processi ng r eprssgtheedpisy saunee sopion tndthe redaging slutinn to faressplaling o practi ce

the inventjon.., Further, the processes described in any of the above
figures 33%831?1%&0"%&3%#%%2?&@@q%ﬂuti%ﬁflaare stored in any one of or

conbi nati ons ajpplyiigthBpMting BetutR@ND agubsthae, thakwbsiats knctidinges calBytic[liéd Al t hough
t he foregqing i nyention has ?een described in so detail for purposes of
clarity of c{ﬁ%ﬂ?l)ﬂ%ﬁ{h?ﬁ’@?ﬂﬁowomm SasHae danluden BPS OB nges and
nndificaggggﬁcg@%;be practiced within the scope of the appended cl ai ns.

Accordingly, thé present enbodinents are to be considered as illustrative
and not restrictive, and the invention is not to be limted to the details

gi ven herein, . () L LA . i vial ents of the
appended 2(':I ai %Bgﬁi‘ggaﬁb% s ’ghe%ﬂjrrae&% h%gg% goor g?%&%@d;%é’g%?ﬁ%l a substrate
conpri si sipultaheyosly twithgpplying theeplatispindos wl thd substrdteit 0 a m xer; inputting a
reducing solution into the m xer; mxing the copper source solution and the
reducing solution to forma plating :

3. ‘The method of claim 1, wherein the plating solution has a pH of between about 7.2
and about 7.8.

4, The method of claim 1, further comprising, discarding the plating solution after

forming copper on the catalytic layer.

5. The method of claim 1, wherein the substrate includes a patterned photoresist layer
and wherein the patterned photoresist layer exposes a first portion of the catalytic layer and
wherein applying the plating solution to the substrate includes forming copper on the first
portion of the catalytic layer. -

6. The method of claim 5, further comprising:
removing the plating solution from the substrate;
rinsing the substrate; and

drying the substrate.

7. The method of claim 6, further comprising:
removing the patterned photoresist, wherein removing the patterned photoresist

exposes a second portion of the catalytic layer; and




solution having a pH of greater than about 6.5; and applying the plating
solution to a substrate, the substrate including a catalytic |ayer wherein
applying the plating solution to the substrate includes form ng copper on
the catalytic layer. 2. The nethod of claim1l1, wherein the plating
solution is created substantially sinultaneously with applying the plating
solution to the substrate. 3. The netthod of claim1, wherein the plating
solution has a pH of between about 7.2 and about 7.8. 4. The nethod of
claim1, furtﬁg{wﬁ%qugeg‘gda%r@n%gg{e@iaﬁg,ﬁg[[fyeﬂgl ating solution after formng
copper on the catalytic layer. 5. The method of claim11l, wherein the
substrate includes a patterned photoresist |ayer and wherein the patterned
phot or esi,st | aye j i . 1 he i ayer and

Mher el - Sopl y PHEeREPORaEn’y, bhih BOLh Y koltioh Mol Wi b3V T ST ng
copper onngrbiecttd plsdtoregigtr t i on of the catalytic layer. 6. The nmethod of claim
5, further conprising: renoving the plating solution fromthe substrate;
rinsing the substrate; and drying the substrate. 7. The nmethod of claim®6,
further gonprigd Method SMERMING whilBinRE EPpaTEmAUnARESiBftic Ifeeisei N renovi ng

t he patterned photoresist exposes a second portjon of the catalytic |ayer;
and 20 FésEviislly slomentad eonper, pheEindhe esppenfarmedon the sagalytinlayeriss.  The net hod

of clai Qhﬁgﬁjﬁ%oﬁﬁﬁ%ﬂgﬂgfﬁgl ution is conpatible with an unprotected

phot or esi st . claim 1, wherein the copper forned on the
catalytic layer is substantially elenental copper, wherein the copper

formed on,th at ic.l.ayer.is. substantiall re dr qgen
el usi ofg TR sRusd oo nirPin B PbGble R b e SR e N B At ¢ e
cat al yti g rdt@yBfredtér thaa dbo6t 580 angstrom per minute.

11,  The method of claim 1, wherein the copper source solution includes:
an oxidizing copper source;
a complexing agent;
a pH adjuster agent; and
a halide ion.

12.  Method for forming a patterned copper structure on a substrate comprising:
receiving a substrate including:
a catalytic layer formed thereon; and
a patterned photoresist layer formed on the catalytic layer wherein the
patterned photoresist layer exposes a first portion of the catalytic layer and wherein
the patterned photoresist layer covers a second portion of the catalytic layer;
inputting a copper source solution into a mixer;
inputting a reducing solution into the mixer
mixing the copper source solution and the reducing solution to form a plating
solution having a pH of between about 7.2 and about 7.8; and
applying the plating solution to a substrate wherein applying the plating solution to
the substrate includes forming copper on the first portion of the catalytic layer.

13. A process tool comprising:




a rate of greater than about 500 angstrom per mnute. 11. The method of
claim1, wherein the copper source solution includes: an oxidizing copper
source; a conplexing agent; a pH adjuster agent; and a halide ion. 12.

Met hod for form ng a patterned copper structure on a substrate conpri sing:
receiving a substrate including: a C%{ alytic layer forned thereon; and a
patterned photoresist |ayer forned ofA*the catalytic |ayer wherein the
patterned photoresist |ayer exposes a first portion of the catalytic |ayer
and wherein §Rfy pRisufS RecsPiRlBESSi st | ayer covers a second portion of the
catalytic layer; inputting a copper source solution into a m xer,;

i nputting a r@uwop@w%p@sswrp@ﬁswhaﬁ@% Xer m xing the copper source

sol ution and i i t Bjré‘f). LWgpbaving a pH
of between ab%&?“?&%t%ﬁ&é’ﬁ%‘%&@%hdgﬁﬁéqg‘g]ﬁfeﬁu ng Iltoﬁ%sgl%glltl#%g solution to a
subst r at etmdsphesicpresppt prooeps chanhelr,dhd trapsfsvthambenintloding heontrdbledr at e i ncl udes

formng copper on_.the first portion o catalytic l.ayer..13. A process
ool comprTeTgth 3k Mgttt GamBaiake fing) bolBueiRinipbo ¥ Ehslilea’ ©
pr essur e siisaate Sonmciha Mive presstrd prodesd chembirao v atmaphdrésaue pedeel the | ow

pressure process chanber and the atnospheric pressure process chamber, the
transf er B¥ERFEARd| nc| uding a controlled environnment, the transfer chanber

providing a copidu@ubauBiRY td BB RN brefse prdcafichehbd Nle Stmaipisi padsqud r om t he
| ow pressure process chanber to the atnospheric pressure proCess chanber;

and a comracedsichambasand the tansfervbambar the eansigler ipfladinglogictia aendiol eachof
at nospher, r [ g f ,
contr g |1 éhrccl?‘ﬁ & ?%%#%1 E"’F%a ?@a‘?a?bzer,c ontr g{Ph%&%ﬁre%@ég& BB o trablir

chamber. .

14.  The process tool of claim 13, wherein the low pressure process chamber includes
more than one low pressure process chambers including one or more plasma etch/removal

chambers and the atmospheric pressure process chamber includes a copper plating chamber.

15.  The process tool of claim 14, wherein the copper plating chamber includes a mixer.

16.  The process tool of claim 14, wherein the plasma chamber is a downstream plasma

chamber,

17.  The process tool of claim 14, wherein the etch/removal chamber is a wet process

chamber.

18.  The process tool of claim 13, wherein the transfer chamber includes an input/output

module;

19.  The process tool of claim 13,wherein the control system includes a recipe including:
logic for loading a patterned substrate into the copper plating chamber;
logic for inputting a copper source solution into the mixer;

logic for inputting a reducing solution into the mixer;




the | ow pressure process chanber, the atnospheric pressure process chanber
and the transfer chanber. 14. The process tool of claim 13, wherein the

| ow pressure process chanber includes nore than one | ow pressure process
chanbers including one or nore plasma etch/renoval chanbers and the

at nospheri c pressure process chanber%#ncl udes a copper plating chanber.

15. The process tool of claim 14, whérein the copper plating chanber
includes a mxer. 16. The process tool of claim 14, wherein the plasm
chanber is a downslopiedsn fixafthe cophartbaie solution e Y reR s soRfibn & fogthai m 14,
wherein the etch/renpval chanber_iIs a t process chanber. 18. The process
tool of clai ﬁm@@%@t@“ﬁafiﬁéaﬁ’mﬁeé@\p@ﬂ%ﬁwGish@}dudes an i nput/ out put

modul e; 19. The prgegss L gBoikdon WBptethell BehsRBL th@bareyRb €M

i ncl udes a recipe i%cl udaitpﬁféngqf%%i cg]fﬂggr _?I(l)adi_ng aepat tser n’th i?ﬁ%strate into
t he copper pl subsirie nahudingra;catabyifc dayeowhereip applying the ptasing eeluienitodks sol uti on
into the m xe[; i of 1. i 2] solution into the m xer; 22
l ogic for m x%ur?aﬁtﬁgw%g%sp{éfﬁggﬁ‘tr’ﬁ@eepgﬂo 5?’%%%%%8% he reducing solution to
forma plating solution having a pH of greater than about 6.5; and |ogic

for applying e platin lLution to a patterned substrate, the patterned
substr at bi nc{[ﬁ%?rﬁ‘ges%lm@g?f;??’?’il& WBV%‘P%WR?' %‘?“FfP BiFase Wﬁfugﬁ“ealﬁﬁ“ﬁf“ie g solution
to the ?H&Sﬁeéi@ttlﬁyek fiizinbdl 68 th QhMlyN 8 1§ QAR i he phferfed Holréstst Igwer . 20. The
process tool of claim 19, wherein the patterned substrate includes a

pat t er ne@xposeict fiptapertion qf seqatalicAesgr 1 wheeeie te prierned pheotasesishbaeei n t he
patter negmgpsoié%&aip%}ﬁdna%%e $6er. 2 first portion of the catalytic |ayer

ca . ?
and whereln the pat'terned photdresi'st | ayer covers a second portion of the
catal ytic |ayer.




