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The fabrication of sem conductor devices such as integrated circuits,
menory cells, and the like, involve a series of manufacturing operations
that are perforned to define features on sem conductor wafers (wafers??).
The wafers include integrated circuit devices in the formof tonulti-Ievel
structures defined on a silicon substrate. At a substrate |evel, transistor
devices with diffusion regions are forned. In subsequent |evels,
interconnect netallization lines are patterned and electrically connected
to the transistor devices to define a desired integrated circuit device.
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15 [0002] To build an integrated circuit, transistors are first created on the surface of the wafer.
The wiring and insulating structures are then added as multiple thin-film layers through a series
of manufacturing process steps. Typically, a first layer of dielectric (insulating) material is
deposited on top of the formed transistors. Subsequent layers of metal (e.g., copper, aluminum,
etc.) are formed on top of this base layer, etched to create the conductive lines that carry the

20 electricity, and then filled with dielectric material to create the necessary insulators between the
lines. The process used for producing copper lines is referred to as a dual Damascene process,
where trenches are formed in a planar conformal dielectric layer, vias are formed in the trenches
to open a contact to the underlying metal layer previously formed, and copper is deposited
everywhere. Copper is then planarized (overburden removed), leaving copper in the vias and

25 trenches only,

[0003] Although copper lines are typically comprised of a plasma vapor deposition (PVD) seed
layer (i.e., PVD Cu) followed by an electroplated layer (i.e., ECP Cu), electroless chemistries
arc under consideration for use as a PVD Cu replacement, and even as an ECP Cu replacement.
A process called electroless copper deposition can thus be used to build the copper conduction
30 lines. During electroless copper deposition, electrons are transferred from a reducing agent to

the copper ions resulting in the deposition of reduced copper onto the wafer surface. The
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[0065] In view of the forgoing, there is a necd for a chamber that enables the efficient use of

20 improved formulations of copper plating solutions for use in electroless copper deposition

processes, as well as other sensitive plating solutions.
SUMMARY

[0006] Broadly spcaking, the present invention fills these needs by providing a chamber for
enabling the use of the electroless plating solutions in a controlled environment. Tt should be

25 appreciated that the present invention can be implemented in numerous ways, including as a
method and a chemical solution. Several inventive embodiments of the present invention are
described below.
[0007] In one exemplary embodiment, an electroless plating chamber is provided. The
electroless plating chamber includes a chuck configured to support a substrate and a bowl

30 surrounding a base and a sidewall of the chuck. The base has an annular channel defined along
an inner diameter of the base. The chamber includes a drajn connected to the annular channel,
The drain is capable of removing fluid collected from the chuck. A proximity head capable of

cleaning and substantially drying the substrate is included in the chamber,



[ 00071 In one exenplary enbodi ment, an el ectrol ess plating chanber is
provi ded. The el ectrol ess plating chanber includes a chuck configured to
support a substrate and a bow 30 surrounding a base and a sidewall of the
chuck. The base has an annul ar channel defined along an inner dianeter of
t he base. The chanbcr includes a drain connected to the annul ar channel.
The drain is capable of renpoving fluid collected fromthe chuck. A

proxi mty head capabl e of cleaning and substantially drying the substrate
is included in the chanber. 3 [0008] In another aspect of the invention,
a method for performng an el ectroless plating operation in a single
chanber is qgﬁgi@ed. The neghod initiates with depositing a plating
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i nstances, Welnset 0 known process operations have not been described in
detail in order not to obscure the present invention. BRI EF DESCRI PTI ON OF
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[0011] ~ Flgur®¥ frecess operafipne bayp otbeenesppbeida detei} inrdeprat tangscare the wesentol ess
copper pl at invgnt®al uti on, in accordance wi th one enbodi nent of the present

i nventi on. [0012] Figure 2 is a high-level schematic di agram
illustrating a manuf act ur i BRIEF s NP ADNJICBHPDRAWESAN cl ectrol ess plating
chanmber to be used with the solutions described herein in 20 accordance

wi th one enbodi nent of the invention. [0013] Figure 3Ais a sinplified
schemat i c dit4¥#&he stremt mgendorcwidids reditt imdnabod/byete Diflowing @takl 6QLAHSN in

deposition i D 0 W th one enbpdi nent of the inpvention.
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enbodi neft gfuckrelenedt r ol ess deposition nodul e of Figure 3A. 95[ 0015]
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conduct ed

in accordance with one embodiment of the present invention.
[0012] Figure 2 is a high-level schematic diagram illustrating a manufacturing tool which
incorporates an clectroless plating chamber to be used with the solutions described herein in
20 accordance with one embodiment of the invention.
[0013] Figure 3A is a simplified schematic diagram showing a cross sectional view of an
electroless deposition module in accordance with one embodiment of the invention.
[0014] Figure 3B is a simplified schematic diagram showing an alternative embodiment of the
electroless deposition module of Figure 3A.
25 [0815] Figure 3C illustrates one embodiment of a wafer drying process that may be conducted

by a proximity head in accordance with one embodiment of the present invention,

DETAILED DESCRIPTION

[0016] An invention is described for providing improved formulations of electroless copper
plating solutions that can be maintained in an acidic pH to weakly alkaline environment for use
30 in electroless copper deposition processes and a chamber for performing the plating operation

therein. 1t should be appreciated that while specific plating solutions are described herein, the



by a proximty head in accordance with one enbodi nent of the present
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provi ding i nproved formnul ati ons of el ectrol ess copper plating solutions
that can be maintained in an acidic pHto weakly al kaline environment for
use 30in electrol ess copper deposition processes and a chanber for
performng the plating operation therein. It should be appreciated that
while specific plating solutions are described herein, the 4 chanber my
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20 that contain only one kind of positive ion (other than the hydrogen fon in acid salts). A
complex salt is any salt species that contains a complex ion that is made up of a metallic ion
attached to one or more electron-donating molecules. Typically a complex ion consists of a
metallic atom or ion to which is attached one or more clectron-donating molecules (e.g.,
Cu(IDethylenediamine2+, etc.). A protonized compound is one that has accepted a hydrogen

25 ion (i.e., HY) to form a compound with a net positive charge.

[0019] A copper plating solution for use in electroless copper deposition applications is
disclosed below. The components of the solution are a copper(lI) salt, a cobalt(Il) sait, a
chemical brightener component, and a polyamine-based complexing agent. In one exemplary
embodiment, the copper plating solution is prepared using de-oxygenated liquids. Use of de-

30 oxygenated liquids substantially climinates oxidation of the wafer surfaces and nullifies any
effect that the liquids may have on the redox potential of the final prepared copper plating
solution. Tn one embodiment, the copper plating solution further includes a halide component.

Examples of halide species that can be used include fluoride, chloride, bromide, and iodide,



25ion (i.e., H+) to forma conpound with a net positive charge. 10019] A
copper plating solution for use in electroless copper deposition
applications is disclosed below. The conponents of the solution are a
copper(H) salt, a cobalt(ll) salt, a chem cal brightener conponent, and a
pol yam ne- based conpl exi ng agent. In one exenplary enbodi nent, the copper
pl ati ng solution is prepared using de-oxygenated |iquids. Use of de-
30oxygenated |iquids substantially elimnates oxidation of the wafer
surfaces and nullifies any effect that the liquids my have on the rcdox
potential of the final prepared copper plating solution. In one enmbodinent,
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understood that the concentration of the copper(IT) salt component of the copper plating

solution can essentially be adjusted to any value up to the solubility limit of the copper(II) salt
as long as the resulting copper plating solution can effectuate electroless deposition of copper
25 ona wafer surface during an electroless copper deposition process.
[0023] In one embodiment, the cobalt(TT) salt is a simple cobalt salt. Examples of simple
cobalt(1l) salts include cobalt(II) sulfate, cobalt(IT) chloride, cobalt(Il) nitrate, cobalt(II)
tetrafluoroborate, cobalt(1l) acetate, and mixtures thereof, Tt should be understood that
essentially any simple salt of cobalt(II) can be used in the solution so long as the salt can be
30 effectively solubilized in the solution, be complexed to a polyamine-based complexing agent,
and reducc a cobalt(II) salt in an acidic cnvironment to result in the deposition of the reduced

copper onto the surface of the wafer,



250n a wafer surface during an el ectrol ess copper deposition process.

[ 0023] In one enbodinent, the cobalt(ll) salt is a sinple cobalt salt.
Exanpl es of sinple cobalt(ll) salts include cobalt(ll) sulfate, cobalt(ll)
chloride, cobalt(ll) nitrate, cobalt(l) tetrafluoroborate, cobalt(H)
acetate, and m xtures thereof It should be understood that essentially any
sinple salt of cobalt(ll) can be used in the solution so long as the salt
can be 30 effectively solubilized in the solution, be conplexed to a

pol yani ne-based conpl exi ng agent, and rgduce a cobalt(ll) salt in an acidic
environment to result in the deposition of the reduced copper onto the
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high potential disappears and the brightener drifts away, i.e., brighteners inhibit the normal

tendency of the copper plating solution to preferentially platc arcas of high potential which

would inevitably result in rough, dull plating. By continuously moving between surfaces with

25 the highest potential, brighteners (also referred to as levelers) prevent the formation of large

copper crystals, giving the highest possible packing density of small equiaxed crystals (i.e.,

nucleation enhancement}, which results in a smooth, glossy, high ductility copper deposition in

this embodiment. One exemplary brightener is bis-(3-sulfopropyl)-disulfide disodium salt

(SPS), however, any small molecular weight sulfur containing compounds that increase the

30  plating reaction by displacing an adsorbed carrier may function in the embodiments described
herein. In on¢ cmbodiment, the concentration of the chemical brightener component is
maintained at between about 0.000001 molarity (M) and the solubility limit for the brightener.

In another embodiment, the chemical brightener component has a concentration of between



25t he hi ghest potential, brighteners (also referred to as |evelers) prevent
the formation of |arge copper crystals, giving the highest possible packing
density of snmall equiaxed crystals (i.e., nucleation enhancenent), which
results in a snooth, glossy, high ductility copper deposition in this
enbodi ment. One exenplary brightener is bis-(3-sulfopropyl)-disulfide

di sodiumsalt (SPS), however, any snmall nol ecul ar wei ght sul fur containing
conpounds that increase the 30 plating reaction by displacing an adsorbed
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the application s oy mance_ of the sol ution
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0. 005 M anglE E)Hﬁhﬁ%ﬂgﬁ dlar%lﬁ%t egi é‘? DaE Spsef artoﬁ%tw BEETC REYEI™ S oncent r at i on

i n sol uti oncomplexing agent species disclosed above. In one exempIary embodiment, the concentration of
the complexing agent component of the copper plating solution is maintained at between about
0.005 M and 10.0 M, but must be greater than the total metal concentration in solution.
[0029] Typically, the complexing agent component of a copper plating solution causes the
30 solution to be highly alkaline and therefore somewhat unstable (due to too large a potential
difference between the copper(Il)-cobalt(1f) redox couple). In one exemplary embodiment, an
acid is added to the plating solution in sufficient quantities to make the solution acidic with a

pH < about 6.4. In another embodiment, a buffering agent is added to make the solution acidic



[ 0029] Typically, the conpl exi ng agent conponent of a copper plating

sol ution causes the 30solution to be highly al kaline and therefore sonmewhat
unstabl e (due to too large a potential difference between the copper(
l)-cobalt( rcdox couple). In one exenplary enbodi nent, an acid is added to
the plating solution in sufficient quantities to make the solution acidic
with a pH < about 6.4. In another enbodi nent, a buffering agent is added to
make the solution acidic 8 wth a pH < about 6.4 and to prevent changes
to the resulting pH of the solution aftgr adjustnment. In still another
enbodi nent, an acid and/or a buffering agent is added to nmaintain the pH of

the soluti on.at eg:gelﬁ 4ab‘gut 4.0 Eﬂg‘d 6. gl I n yet another enbodi nent, an
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aci di c copper plati n:? sol ution inproves the adhesion of eduCed copper
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observed w gh al kaline copper plating solutions due to the formation of
hydr oxyl -te[@%tﬂg{ e% groups.. inhibiting the nucleation reaction and causing
15r educéd n S FeogRR letine sojutipns dipvegraty Aocsationt! ndnigeds mear slkaling plating ace
roughnes_s. Sitlutiohs ¥ en tutieded inf zﬁil'eleaiﬂﬂésis @@b&r@@ﬁosﬁﬂdﬁ?Ebpﬁ&ti@ﬁ.rﬁlﬁcid?@éo ni ng Of
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an acidic c’tj)ppgrt’(glf‘)1 ‘RTRYE BHOREPHEAPITH FoRPEr igts et 1F Ysnoyited grihet he bat her
and mask mawefei satfgeeoihis befwed goblan vbased wanskaink epertiEngSRutohs &e &t andar d
positive reg| t Jesin material .that would normally dissolve in a
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resul ting deposition rates of &&Fper during the el ectrol ess copper

25deposi t | ‘_meﬂ‘e@%n materiad fapven wormgly disselve inedatiewiwipnl i cati on and the
sol uti ono exoodn) tsaddltion tBe advantages discussed above, copper deposited using the acidic copper

plating solutions exhibits lower pre-anneal resistance characteristics than with copper deposited
using alkaline copper plating solutions. It should be appreciated that the pH of the copper
plating solutions, as disclosed herein, can essentially be adjusted to any acidic (ic.,pH <7.0)
environment so long as the resulting deposition rates of copper during the electroless copper
25  deposition process is acceptable for the targeted application and the solution exhibits all the
operational advantages discussed above. In general, as the pH of the solution is lowered (i.c.,
made more acidic), the copper deposition rate decreases. However, varying the choice of
complexing agent (e.g., diamine-based, triamine-based, aromatic polyamine, etc.) plus the
concentration of the copper (II) and cobalt (I1) salts can help compensate for any reduction in
30 copper deposition rate resulting from an acidic pH environment.
[0032] In one embodiment, the copper plating solution is maintained at a tempcrature between
about 0°Celsius (°C) and 70°C during an electroless copper deposition process. In one

exemplary embodiment, the copper plating solution is maintained at a temperature of between



oper ati onal advantages di scussed above. In general, as the pH of the
solution is |l owered nade nore acidic), the copper deposition rate
decreases. However, varying the choice of conplexing agent (e.g.

di am ne- based, triam ne-based, aromatic polyanmine, etc.) plus the
concentration of the copper (Il) and cobalt (I1) salts can hel p conpensate
for any reduction in 30 copper deposition rate resulting froman acidic pH
environnment. [0032] In one enbodi ment, the copper plating solution is
mai nt ai ned at a tenperature between abo¥t 0Cel sius (C) and 70C during an

el ectrol ess copper deposition process. 1n one exenplary enbodi nent, the
copper plating solution is nmaintained at a tenperature of between 9 about
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solution prior to use in a copper plating operation utilizing the system described below.
[0034] In onc embodiment, the first and the second mixtures are stored in separate permancat
storage containers prior to integration. The permanent storage containers being designed to
25 provide transport and long-term storage of the first and second mixtures until they are ready to
be combined into the final copper plating solution. Any type of permanent storage container
may be used as long as the container is non-reactive with any of the components of the first and
the second mixtures. It should be appreciated that this pre-mixing strategy has the advantage of
formulating a more stable copper plating solution that will not plate out (that is, resulting in the
30 reduction of the copper) over time in storage.
|0035] This invention can be further understood in reference to Example T which describes a
sample formulation of copper plating solution, in accordance with one embodiment of the

present invention,



25provide transport and |long-termstorage of the first and second m xtures
until they are ready to be conbined into the final copper plating solution.
Any type of pernmanent storage container may be used as |long as the
container is non-reactive with any of the conponents of the first and the
second m xtures. It should be appreciated that this pre-m xing strategy has
t he advantage of fornulating a nore stable copper plating solution that

will not plate out (that is, resulting in the 30reduction of the copper)
over time in storage. 100351 This invquion can be further understood in
reference to Exanple | which describes sanpl e fornul ati on of copper

pl ati ng solution, in accordance with one enbodi nent of the present
invention. 10 Exanple 1 (Nitrate-bBsawledopper Plating Fornulation) [00361

In this enbodinent, a ni tr@ngatp@%ggcg%gmgﬁtglp%u@dfmﬁ yhe copper plating
sol ution is disclosed with a a co nitrate (Cu(N®B)2)
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of the &t hwbbnedpamone omdiztﬂ the copper nitrate, the nitric aci d and the
potassi um t{?%’ﬂ %gntinﬂltn with ERESIAY, ful Jn%temgéa%néﬂt Xgdhigel %écpfﬂrénuﬂ?i&#)ﬁ Ining

portion of | exi ng ‘agént conponent’ i s pre-m xe e cobalt
sal t conporfeprer platng salu@cs prapysrdaring e dregoiking fnulatinetrptegydhat grvelvespsd sol uti on

and second pkgsTHh%ath &Qﬁé&l%}@le(ﬁe[n%né @%ﬂh@%ﬁg nktRiOhA RirAPRIGOMgIRL € cont ai ner
for final mxi ng into the nal el ectrol ess copper plating solution prior

to use in dNREIERPPRidedde ¢ B EHBERY sdioppEicdpPynne patigi€drosed above,
this pres mesmpexiag i@hQEMpHR6: i e-naebdanthage ol shiosdmfoadnt eh Sesonl BreSt abl e

copper pl atrlnggd ‘;ORJUUt ! 12 ﬁgq?g}emmecli Loiutl%;[l and second pre-mixed solution are then added into

an appropriate container for final mixing into the final electroless copper plating solution prior
to use in an electroless copper deposition operation. As disclosed above, this pre-mixing
strategy has the advantage of formulating a more stable copper plating solution that will not

20  plate out over time in storage.
[000%] Figure 2 is a high-level schematic diagram illustrating a manufacturing tool which
incorporates an electroless plating chamber to be used with the solutions described herein in
accordance with onc embodiment of the invention, The system includes Front Opening Unificd
Pods (FOUPs) 461 which handle the incoming and outgoing wafers being delivered into the

25 system and from the system, Lab ambient module 460 is a module that operates at ambient
temperature with HEPA filtered air. Modules 463, 463°, and 483 operating off of lab ambient
module 460 may be cleaning modules. These cleaning modules can perform either wet
cleaning or dry cleaning operations on substrate 455 as the substrate is delivered into or taken
from system 450. From lab ambient module 460 load lock 465 delivers or transitions substrate

30 455 between lab ambient module 460 and vacuum module 470. Off of vacuum module 470 are
ctch chambers and deposition chambers which require vacuum processing or low pressurc
processing. Efch chamber 471 may include any of the commenly known etch processes and

ALD/PVD chamber 473 may perform any of the commonly known deposition processes. From



20pl ate out over tine in storage. [00011 Figure 2 is a high-level schematic
diagramillustrating a manufacturing tool which incorporates an el ectrol ess
pl ati ng chanber to be used with the solutions described herein in
accordance with one enbodi nent of the invention. The systemincludes Front
Opening Unified Pods (FOUPs) 461 which handle the i ncom ng and out goi ng

waf ers being delivered into the 25 systemand fromthe system Lab anbi ent
nodul e 460 is a nodul e that operates at anbient tenperature w th HEPA
filtered air. Mdul es 463, 463", and 483 operating off of |ab ambient
nodul e 460 may be cl eani ng nDduIes These cl eani ng nodul es can perform

ei ther wet cleanlggﬂor dry cl eaning operations on substrate 455 as the
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| ab ambi ent rmdul e 460 and vacuum nodul e 470. O f of vacuum nodule 470 are

etch chanbet¥c ’aﬁﬁ?jab%fﬁf?g M e comEalpharabicnh phamberda e X contielled prvdremaaiahg or

| oW pr essur@ngiiesessi d@mplEt thdchadaembiiiciamyer in¢ lhw@ealadiyedfrehdiRd,germonl y
known etch rocesses and ALD PVD chanher 473 mg@g{{eﬁ orm an

of .t he
commonl y° kniGfREdE g8 81 PrEwaEtied OEphHip 2vpid FBERTFES £LPBIE He
substrat e i&idatian sOff ioh cxaeto It anveb@nt t]hmbMa’lSUUHmléhlﬂﬁlghﬁltenﬁm&B COIBdnling| sbﬁdn anbi ent

modul os whi S o SR B8 Bl cohPR ol lore s GRETERC BrAHBETPHES o
hi ghl y contm® begurfemei ioplasrt mbcessgrgdihrhinm 973, Fo shoakidrpipprecistxe thetordanial | ed
anbi ent Chas%!&ﬁ 4@?%3h90\ﬁﬁec@dlto QY iltorlef %%%gt’ m!)du?e’ 480, may perform functionally
10 similar operations to cleaning system 483 that is connected to the ambient transfer module 460,
with the exception that the cleaning is performed under controlled ambient environmental
conditions. For example, the controlled ambient conditions, may include the lack of oxygen,
regulated temperature, pressure, among control of other environmental conditions. Electroless
deposition module 483 is the module used to perform the electroless plating with the
i formulations described herein. As mentioned above, electroless deposition module 481 will
operate in a controlled ambient environment where the temperature and gas environment is
highly controlled. In one embodiment, oxygen has been eliminated from the environment
within electroless deposition module 483 in order to prevent oxidation of the formulations used
for the electroless deposition processes. Thus, system 450 is an exemplary architecture that
20 allows minimal exposure of substrate surface to oxygen at critical steps after surface treatment.
In addition, since system 450 is an integrated system, the substrate is transferred from one
process station immediately to the next process station, which limits the duration that for
example, a prepared copper surface is exposed to oxygen. The integrated system 450 can be
used to process substrate(s) through an entire process sequence flow as described in more detail
25 in US Application Serial No. 11/513,634.
[0038] Still referring to Figure 2, surface treatments, electroless deposition of cobalt-alloy, and
the optional post-cobalt-alloy deposition processes involve a mixture of dry and wet processes.
The wet processes are typically operated near atmosphere, while the dry O plasma, hydrogen
plasma, and O»/Ar sputtering are all operated at less than 1 Torr. Therefore, integrated system
30 450 is capable of handling a mixture of dry and wet processes. As illustrated in Figure 2,
integrated system 450 has 3 substrate transfer modules (or chambers) 460, 470, and 480.
Transfer chambers 460, 470 and 480 are equipped with robots to move substrate 455 from one

process area to another process area. It should be appreciated that the process area could be a



5 operate in an inert gas environnment, in order to avoid oxidation for
processes sensitive to oxidation. Of of controlled anbient chanber 480 is
cl eani ng system 483. C eaning system 483 nay be used to planarize copper
after copper fill, i.e., the deposition fromALD/ PVD that nay be perforned
in plasma processing chanber 473. It should be appreciated that cleaning
system 483 that connected to the controlled anbi ent nodul e 480, may perform
functionally 10 simlar operations to cleaning system 483 that is connected
to the anbient transfer nodul e 460, MﬁHE t he exception that the cleaning is
performed under controlled anbient envifonnental conditions. For exanple,
the controll ed anbient conditions, may include the |ack of oxygen,
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| ess selectively to copper. Metal oxides, specifically copper oxide, can be
removed using a weak organic acid such as citric acid, or other organic or



20 inorganic acids can be used. Additionally, very dilute (i.e. <0.1%

per oxi de-cont ai ni ng aci ds, such as sul furic-peroxide mxtures, can also be
used. The wet cl ean process can al so renove other metal or netal oxide
resi dues. [0040] A wet clean nodule 463 can be integrated with the

| ab- anbi ent transfer nodul e 460, which is operated at |ab anbi ent
condition. The wet clean nodul e 463 can be used to performa 251-step or
2-step cleaning process. Alternatively, an additional wet clean nodul e 463
can be integrated with the | ab-anbient éransfer nodul e 460 to allow the
first step of the 2-step cleaning procé s to be perforned in nodule 463 and
the second step be perfornmed in nodule 463'. For exanple, a cleaning
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25 form a group of inert gases.

[0044] After substrate 455 finishes the oxidizing plasrﬁa processing using O, for example,
substrate 455 is moved into the hydrogen-containing reducing plasma reduction chamber (or
module) 473. Hydrogen-containing plasma reduction is typically processed at a low pressure,
which is less than 1 Torr; therefore, it is coupled to the vacuuin transfer module 470. Once the

30  substrate 455 is reduced with hydrogen-containing plasma, the copper surface is clean and free
of copper oxide. In a preferrcd embodiment, after substrate 455 finishes the O, plasma

processing, a Hy or Ho/NHj plasma reduction step can be performed in-situ, without removing



470, operated under different pressures. Loadl ock 465 is configured to be
oper ated under vacuum at pressure less than | Ton, or at lab anbient, or to
be filled with an inert gas selected 25forma group of inert gases. [0044]
After substrate 455 finishes the oxidizing plasm processing using 02, for
exanpl e, substrate 455 is noved into the hydrogen-containing reducing

pl asma reduction chanber (or nodule) 473. Hydrogen-containing plasm
reduction is typically processed at a | ow pressure, which is |l ess than |
Ton; therefore, it is coupled to the VZ uum transfer nodule 470. Once the
30substrate 455 is reduced with hydrogen-contai ning plasm, the copper
surface is clean and free of copper oxide. In a preferred enbodi nent, after
substrat e 4iSvdférdiogheschrinkerOR qithasass., the sbessiingadydorkdPalienlof-@yphidonp| asna
reducti on situ, without renoving 14 the wafer
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Al ternati velyhts &9&&& CGWBP Om d:hla e6bdiahRs ﬂaedemsauby aectSREstiep@nios aidutdh %0 be

acidic. Since_ wet esse nducte under atnospheric
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f1ui ds usedrissurt. Hen gpswwcds sovapendaieis gagode] tobe frce diozyoh. vt sas(ssgeam bes r enoved
by cormmer ci ald ¥ ARl chARhEs- ARGAR Fhfr module 480. Additionally, all fluids used in the

process are de-gassed, i.e. dissolved oxygen is removed by commercially available degassing

systems. Exemplary inert gas includes nitrogen (N3), helium (He), neon (Ne), argon (Ar),

25 krypton (Kr), and xenon (Xe).
[0047] In one embodiment, the wet cobalt-alloy electroless deposition reactor (or apparatus, or
system, or module) is coupled with a rinse and dry system (or apparatus, or module) to allow
the substrate to be transferred into the electroless deposition system 481 under dry conditions
and to come out of the system 481 in a dry condition (dry-in/dry-out). The dry-in/dry-out

30 requirement allows the electroless deposition system 481 to be integrated with the controlled-
ambient transfer module 480, and avoids the need of a wet robotic transfer step to a separate

rinse-dry module. The environment of the electroless deposition system 481 is controlled to



systens. Exenplary inert gas includes nitrogen (N2), helium (He), neon
(Ne), argon (Ar), 25 krypton (Kr), and xenon (Xe). 100471 In one

enbodi ment, the wet cobalt-alloy el ectrol ess deposition reactor (or
apparatus, or system or nodule) is coupled with a rinse and dry system (or
apparatus, or nodule) to allow the substrate to be transferred into the

el ectrol ess deposition system 481 under dry conditions and to cone out of
the system481 in a dry condition (dry-in/dry-out). The dry-in/dry-out
30requirement allows the el ectrol ess dﬁgosi tion system 481 to be integrated
with the controlled- anmbient transfer dul e 480, and avoids the need of a
wet robotic transfer step to a separate rinse-dry nodul e. The environnent
of the el eqrovidedss (cdl Epdsd)ldveln obyrggmmmd Bdisfuss (watat vapir). ddert ggs canzlsgbevi de | ow
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al so be use stemto ens | ow | eves o) en are in the
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pl ati ng of to enable a dry-in/dry-out
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deposition In sys tra e 455 can be rinsed and dried within the
sanme cobal tlewics &y deposition in system 481 by a proximty head or can

optionally (agso%akr éomlpmp 18RdsiBEPR kRIS AASTubARRASS EJnQJB rifde@any d}gd emﬁber
Further information on the structure of proximt eads and@y use may

be found i nthesame cpptafipydaposdites, ‘1’3?’7"6'“6‘893?1& @9’§m‘t§¥‘§'§8’1 FIErueA a‘f"g nt
Appl i cat i onnQEH Al sefdRte pol@degé)sﬂloﬁéﬁamﬂ@{hzﬁﬂer 8BHheGi0fobBMdiod 8 the andtuleldf461, 415,

P ocesses. dASERIBUG HIORE SHUBI T daHahE oS T30b0 ANa° S0Beb 13526, mmy be
enpl oyed asand@hent Aﬁspl‘utaﬂSIESethm(dl’ WEYSIE nﬁ/aﬂls&wa&%ﬁﬁéb&? amt ﬁgﬁﬁ&ﬂhﬁ asi th the
2000012860 SISO LAY COLaH - Saparan e ol e, BURLFPUCTS
the wet cl e;amhcagoxsymt)@tn%a@nd ZQOﬁ@QSfrﬁemh:obbemﬂoyﬁ@@WeﬂHl é\etfnSfa@sildsyt geiere| eani ng
may be util] Zq%glb.o Be ﬁtegrated with the brush scrub system or non-brush methods described in U.S.
publications 2006012860 and 2006012859 to allow substrate 455 to be dry-in/dry-out of the
wet cleaning system 483. Other methods of mechanical assisted cleaning may be utilized, such
25 as a brush scrub using chemistry such as CP72B or hydroxylamine-based cleaning chemistries
or by using other methods, such as immersion cleaning, or spin-rinse cleaning, Inert gas(es) is
used to fill system 483 to ensure limited (or low) oxygen is present in the system. In one
embodiment, the oxygen level is below 3 parts per million (ppm). The system 483 is dotted to
illustrate that this system is optional, since the post-deposition cleaning is optional. Since the
30 post-deposition clean step is the last process that is to be operated by the integrated system 450,
substrate 455 is brought back into cassctte 461 after processing. Therefore, the cleaning system
483 can alternatively be coupled to the lab-ambient transfer module 460, as shown in Figure

4B. Ifthe cleaning system 483 is coupled to the lab-ambient transfer module 460, the cleanming



25as a brush scrub using chem stry such as CP72B or hydroxyl am ne- based

cl eaning chem stries or by using other nethods, such as i mrersion cleaning,
or spin-rinse cleaning, Inert gas(es) is used to fill system 483 to ensure
limted (or Iow) oxygen is present in the system |In one enbodi nent, the
oxygen level is below 3 parts per mllion (ppn). The system 483 is dotted
toillustrate that this systemis optional, since the post-deposition
cleaning is optional. Since the 30post-deposition clean step is the |ast
process that is to be operated by the integrated system 450, substrate 455
is brought back into cassette 461 after16proce55| ng. Therefore, the cl eaning
system 483 can alternatively be coupled to the | ab-anbient transfer nodule
460, as shoeywten 483F g pgerdEl untiér comimlled @aimdnmgnisapd inerne#838) doss e ogsd ewlfilt o t he
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sui tabl e . Ctri resistance or bl e techni ques
for provi d|sn1gpohe§hatisr thmuglhwlsul&bE melan}a@gléecpw@kﬁﬁmctt@'@@bmwtm e 455. Chuck
318 is surr, 4 55 fplaash nehudem ian

i ndent at i ongat qﬁg fgly%(?%mr%h%% T%ll%gﬁv!&gﬁ@?%qipﬁ%\l (!lelﬁe Si é f g 1

cones up abovendtidydaytHdeBotl s kllm%eds@Claéest%ﬂ’é?lé’ﬁloéatéhwpﬁl)@fV\/ner e a

sol uti op W%xuék%%&lﬁitmlae%usqa‘fb@wmheameﬁlugrab&gtmurma@omﬁa&mgnd%wnfI ned by
the sidewalls. The indentation, also referred to as an annul ar channel

around an |Cﬂﬁ‘\‘@ra cayirrdersr selutioniaaystde %ﬁolﬁif\?dwa@ﬁﬁtm“&ﬂ fhe gl pfeopigied excess
material tayhe scRiVhieC tredinadichtidi, alsh ederfetl @8s RO WnuBPhahltl Stgl a6l [naem 312. in

essence, the i ndent ati on deL es an ular rin W&E & 20col I excess
material ord3HRET REPEPASEPE oY % 03 Vi %"Efg PTreAEeEs Iﬁgg“al fo E’Fﬁe@ ¥dr ai n
312. from bowl 304 through drain 312. Tn essence, the indentation defines an annular ring, wlnch

20  collects excess material or any material lost from substrate 455, for delivery to drain 312.
[0051] Still referring to Figure 3A, the chemical solutions described above may be deposited
through nozzle 308 or any other suitable delivery means into the cavity in which substrate 455
sits. The cavity is defined by the spacc created by the upper cdge of bowl 304 that rises above
substrate 455 and the top surface of the substrate. Of course the delivery of the plating solution

25  may occur with the reducing agent being provided at the point of use as mentioned above. Gate
valve 310 enables the introduction of the air or the removal of air from electroless deposition
module 481. It should be appreciated that the vacuum pull down/air removal may occur in
stages or pulses, i.e., a vacuum pulse followed by introduction of an inert gas, followed by a
vacuum pulse, followed by introduction of an inert gas, etc. In one embodiment, chuck 313

30 moves in a vertical position as indicated by arrow 301 so as to provide the ability to perform
additional cleaning within electroless deposition module 481 after the plating operation has
completed. In this embodiment, chuck 318 moves to a first position above the initial position,

after completion of the electroless deposition in order to remove the plating solution from the



[0051] Still referring to Figure 3A, the chemi cal solutions described above
may be deposited through nozzle 308 or any other suitable delivery neans
into the cavity in which substrate 455 sits. The cavity is defined by the
space created by the upper edge of bow 304 that rises above substrate 455
and the top surface of the substrate. O course the delivery of the plating
solution may occur with the reduci ng agent being provided at the point of
use as nentioned above. Gate val ve 310 enables the introduction of the air
or the renoval of air fromelectrol ess ?ep05|t|on nodul e 481. It should be
appreci ated that the vacuum pul | down/ & r renoval may occur in stages or

pul ses, i.e., a vacuum pul se followed by introduction of an inert gas,

fol | oned bypper wataoesiivatdr 48, Heod, hd%@dizwwmrtspl@d@mdycm sphyedian iopef thegas, etc.
|n one e”b%fcq?xﬂ%rdergorwﬁ RNV rloysFort Iraglhg 38t 08 AfcAR cated by
arrow 301 so as r'ovi de t a ditioha eanlng
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for the cledn an rmty
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remmant s of position process are renove l ers 303 may be used
to support préwéminglfesd. the@recimiky lehdid ca-rblg pfdaterrl rogtippel piasienshensl verist! t r ansf er
of substyatg,daento rollers 303 may be acconplished through the use of a

robot or other known _nechani cal neans. In an alternative enbodi nent, chuck

318 may be [802bFiewesBivanatherembadimpytdoriha depesitiop modue pifiiguas 3. 18 i90ur se, f or
t he enmbodi meNtvaretusisibraBedidXdnhitiyl Jogiash ontchecki3n ®w H@sﬁgpoﬂﬁa;gi rélRrsG@3.aml e of
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3B, waf er 4%%s,iaschuch 518ds hs@ivatcailn,ithd @hl apiss Oirbg 3d)4‘lbredksl,c1%1®318ﬂ¢v®ng)e
FuPpOr L Bl e S A G 4 T B R 218,
verti cal | y,rotidner sieaknexganaabinicdt méangm@/1tdankpoeataser 45&i®t®byclallclk disiang
rollers 303. Proximity heads 316 are used to clean wafer 455 as discussed in U.S. Patents
6,988,327, 6,954,993, 9,988,326, and Patent Application Scrial Nos. 10/330,843, 10/261,839,
60/686,787, and 11/461,415 mentioned above. Proximity heads 316 are in communication with
25  avacuum sowrce and fluid supplies, as illustrated. Thus, within the module of Figures 3A and
3B, the rinsing and drying, as well as the plating process all occur within the same chamber,
which can have a controlled environment, e.g., substantially free from oxygen.
[0053] Figure 3C illustrates a preferable embodiment of a wafer drying process that may be
conducted by a proximity head 316 in accordance with one embodiment of the present
30  invention. Although Figure 3C shows a top surface 108a being dried, it should be appreciated
that the wafer drying process may be accomplished in substantially the same way for the
bottom surface 108b of the wafer 108. In one embodiment, a source inlet 202 may be utilized

to apply isopropyl alcohol (TPA) vapor toward a top surface 108a of the wafer 108, and a source



20fluid fromthe el ectroplating process to drain through drain 312. It

shoul d be appreciated that a robot or other known nechani cal neans nay
transport wafer 455 between chuck 318 and rollers 303. Proximty heads 316
are used to clean wafer 455 as discussed in U S. Patents 6,988, 327,

6, 954, 993, 9,988, 326, and Patent Application Serial Nos. 10/ 330, 843,

10/ 261, 839, 60/686, 787, and 11/461, 415 nenti oned above. Proxi mty heads 316
are in comuni cation with 25a vacuum source and fluid supplies, as
illustrated. Thus, within the nodul e of Figures 3A and 3B, the rinsing and
drying, as well as the plating process 18] | “occur within the sane chanber,
whi ch can have a controlled environnent, e.g., substantially free from
oxygen. [ G&3)6 mage wilid€d tb h;bpln;sdercmize&waexﬁD@V,eimabﬂdeheeqmathﬂSa ofthea waf er
dryi ng proce , i1 rdance
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turn adj acetﬁllféal 460 ;IP Of e&%f)glmﬁ Ebnf%'t%ﬁlg%g%(r)cé’ mV%thh%?@g% ‘fﬁ}m%%ﬂ z\rgg’y be in
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utilized héfein, her “sul e utl |zed t enabl e
or 10 enhanuientira avmelbeé)ﬁbwe@srﬁfn@n@m@ﬁlg@rﬁ ISflélﬂlZ@xé;ﬁ'ﬁﬁe@Jeﬂ%tférﬂuﬁfﬁmfl ed in

ot her \év?jy ’reb(f&c@gxmhgg/aiﬁcl' fUSdz?ﬁrspﬂlﬁd pr!:asul@ By & é'ri{)%ﬁécﬁ@me’wa% sdrP A tythd W 210 i's

provi ded through the source iInlet , a .wvacuum 212 may appl.i ed through
t he source ioflay 210, W@ﬂdrﬂé}ldmquf%m%%@l@dﬁ%&‘e B’éfebiuﬁf%ed’é&‘etm ot tHe source

inlet 206. JheukAuR prdSreRROosk 4 B@ﬂsﬁ b@ thetvidninPAS waesvenidIDMQIR £addaid on as
descii bed above in reference to ure 2 is utilized. Consequently, if a

fluid fil mfsd filaggndarewader stisewaf er 108, a first fluid pressure may be
appl i ed to b5 Wafr&breSit bhadtbobiynehe tmﬁolvmnlﬂewzmﬁmu&mmmmnm d pressure

ey, B SBPLSIE L S 958 R UL BB o O i
the fluid fihflow Did. tahéisvafeethe DUWTiafbmy 214 that is applied toward the wafer surface
encounters the IPA inflow 210. The TPA forms an interface 118 (also known as an IPA/DIW
interface 118) with the DIW inflow 214 and along with the vacuum 212 assists in the removal
of the DIW inflow 214 along with any other fluid from the surface of the wafer 108. In one
25 embodiment, the IPA/DIW interface 118 reduces the surface of tension of the DIW. In
operation, the DIW is applied toward the wafer surface and almost immediately removed along
with fluid on the wafer surface by the vacuum applied by the source outlet 204, The DIW that
is applied toward the wafer surface and for a moment resides in the region between a proximity
head and the wafer surface along with any fluid on the wafer surface forms a meniscus 116
30 where the borders of the meniscus 116 are the IPA/DIW interfaces 118. Therefore, the
meniscus 116 is a constant flow of fluid being applicd toward the surfacc and being removed at
substantially the same time with any fluid on the wafer surface. The nearly immediate removal

of the DIW from the wafer surface prevents the formation of fluid droplets on the region of the



100541 Therefore, in one enbodiment, as the NWinflow 214 and the |IPA
inflow 210 is applied toward a wafer surface, any fluid on the wafer
surface is interm xed with the DIWinflow 214. At this tinme, the DIWinfl ow
214 that is applied toward the wafer surface encounters the IPA inflow 210.
The I PA forms an interface 118 (al so known as an | PA/DIWinterface 118)
with the DDOWinflow 214 and al ong with the vacuum 212 assists in the
renoval of the DIWinflow 214 along with any other fluid fromthe surface
of the wafer 108. In one enbodinent, Qg | PA/DIWinterface 118 reduces the
surface of tension of the O1W In operation, the DIWis applied toward the
waf er surface and al nost i medi ately rem)ved along with fluid on the wafer
surface by wadfie sufaceibringaipipd ihedbipddcing tieqossdhdlitp of doatampaidon dryies oty véfen i s
applied to d _ Forolpes! gi on
bet ween a \é@%x?éﬁq}?ﬂs e@&lcggsrdg ?ﬁgbﬁgg 3&‘93‘3 ace gf %ﬂgﬁ%ﬁaﬂgnﬂg&]@ Ignu(lgfg on the
waf er surf dea afsohgips cantaiotiegeanscus 166.30 where t he borders of the neniscus 116
are the 'P%cg,'sgﬂenﬁo‘%f &é%?&eklgaméh%ﬁimé B4 4:h8s ﬁ%@ﬁqﬁﬁu&‘zm%@ap@haf constant
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118. It shoodhelas@mbatitndentinad sd fadas fitves 1amyhesmtmabjuéetnunber of source
inlets 202 rc tlets 04 and e | j.zed
dependi AY o@ﬁﬂgsﬁ%ﬁﬂeﬁprﬁlf shg u]fa%fég’tﬁg %{‘lﬁaa Eée ‘gnggdtﬁﬁﬂx?rfe%%‘l g%:\’&sdngl ze and
shape desi reduun & lares Hemeentodi fntbe mtzinemletil gmiode §rhtodiment, tis flavidate ¢fe vacuum
flowrates %I‘ Bl\ﬁlflhrgu tnﬁ?%t oEﬂgscgu%e%lﬁﬁtL b(%% BiEt\tvéeg\% u'?é?mi ?meﬁl%L{HQBOQUt let is

conti nuous, e vacuum out {W 6] It should be
appr eci at ed3, @anlslm minbicenfy pysferplde embagimdse thﬁtﬂoml‘%ééftf“%ﬂ}) Haougpghe sehofy  and

vacuum as | gog,, iQEngqﬂib§ﬁtu®0 M@er%ﬁhté) 9t {Bh10 bahliBdwod RaARenAMARAF Ment
the flowrate o hrough a set of the source inlets 206 is getween

about 235 ni fpdsmay wqmdépetnéma%thlﬁ size efly RiPximgiky heyln Lt pe epfodimeyt  fargenfe

enbodi ment ’mﬁﬂ%.vé 1?“@1‘%{5@5’:@ oPfiuid e @hﬁ/\lxﬁémeﬂﬂgbm{t%&a&etrhafmatyhecusma@e inlets
206 i s about per mnute. It sh

be underst%ﬁdﬂé t the flowrate
of 25f ui dslaifﬁypf%mw brafe HdinR ﬁmﬁ"rﬁm’??ﬂ‘é AYCIPIR§OuEeR NIty ALHE“®In one
enbodi ment  gtlk@BYLHoM €dR for larger head. In one embodiment, the flow rate of the IPA vapor
through a set of the source inlets 202 is between about 1 standard cubic feet per hour (SCFH) to
30 about 100 SCFH. In a preferable embodiment, the IPA flow rate is between about 5 and 50
SCFH.

[6057] Tn one embodiment, the flow rate for the vacuum through a set of the source outlets 204

is between about 10 standard cubic feet per hour (SCFH) to about 1250 SCFH. In a preferable



may have a greater rate of fluid flow than smaller proximty heads. This
may occur because |arger proximty heads, in one enbodi nent, have nore
source inlets 202 and 206 and source outlets 304 nore flow for | arger head.
In one enbodi nent, the flowrate of the |IPA vapor through a set of the
source inlets 202 is between about 1 standard cubic feet per hour (SCFH) to
30 about 100 SCFH. In a preferable enbodinent, the IPA flow rate is between
about 5 and 50 SCFH. [0057] In one enbodinment, the flowrate for the
vacuum t hrough a set of the source outlets 204 is between about 10 standard
cubic feet per hour (SCFH) to about 1280 SCFH. In a preferable 20

enbodi nent, the flow rate for a vacuum though the set of the source outlets
304 i s aboumb3&MeBGhdflowt ntedor aaxeanpl though drbadi the sdurceaufldioifd netbent 36ty be
utilized t re the fl g I , n.¢[ 0058]
Al t hough a%fdg\;ﬁv?zﬁjn%mocé%nﬁ@% é\'g%{f({lrﬁ%{lg’ agi;‘)é"ts%ﬁ rr@ﬁ%ﬁél}\%dnt%%%&etb&g%%}é?corf i bed in
det ai | 5herti IRA, PIW,ahdihk dadgenunder st ood, by those of ordinary skill, that
the pr .esent[(ldSﬁr ﬁﬁﬁduglpa @%ﬁmgdig‘l@ngsgtﬁ‘e%rés@ntWl}{tiogthg@rbeé%garii)é(ﬁnti&ﬁims wi t hout
departing fromthe Spirit or scope of the invention. Therefore, the present
exanpl es’ ardreingty shpuldin radegstasd thy thyse efpidnagerdy hasthe prtsatingniierenaydd not
restrictivem,gith hhen) SRR fbrihs Mot QeglRink irbh KRApikiPorlsb@e dethai | s provi ded
therein, but may be nbdified and practiced wthin tEe scqpe, of the appended
clai ms. 10\WN&Atigns Thergfprrei§e present exgmplpspndgmbodimenjg aredp %Wé}ﬁ%&%ﬁsm ating
chanber y CQHﬁfriE)tﬁiie Red noﬁre@thbt_@lé, ele) Fl‘feiilg:cdﬁtﬁﬁ i @rt] ﬁ)H:EHlﬁlﬁtﬁd tabﬂmdaansr @bded a Ibova
surroundi ng, a .base and a e .of the uck, e ba avi ng an annul ar
channel de%b‘?’i%ﬁbﬁﬁlﬁ‘ﬁ’ e&??d%ﬁgé‘%apd‘?cﬁﬁ@t@rh‘ tFes[cPl%goé g?peﬁ%grc " a peri phery of
t he chu<1:0k iﬁhcgg%}a?ngeda}ﬁgai nst an inner surface of the bow ;



a drain connected to the annular channel, the drain capable of renoving
fluid collected fromthe chuck, and a proximty head capable of cleaning
and substantially drying the substratzt 2. The chanber of claim11, further
conpri si ng: a fluid delivery systemconfigured to deliver a fluid to
a top surface of thée substrate supported by the chuck 3. The chanber
of claim1, wherein the chuck is configured to provide heat to the
substrate. 4.The chanber of g¢l.aim1, wherein the substrate is noved to a.
first position above an iniéﬁ%¥§position to break a seal with the inner

surface of the bow, t nov | af i solutjon remaining on a top surface

of the substrite. @fﬁg&@ﬁ%rﬁ@&gﬁk‘a@gﬁﬁﬂnﬁfmmerei n the chuck is configured

to nove to a segond sitjon above the first position to performa clean
Birkephetwdo

and dry operaff SPRBATTA (WSS, 22 6. The chanber of claim

5, -.wherein the,supstrate is transferred frt%mthe chuck to rollers at one of

the first or #REVLIUEGHRAING bisegRd a sidowal-pithe hypkethe bpsediagingan anmudar her

conpri si ng; i.r sf .chanmber surroundi ng the chuck and the bow ; and a
second cﬁ%méﬁegaﬁ YenEATgne] diqnesteror élﬂﬂg&é% vheEpima perinbine of the chuok isf sealsd ,
chanber. . 8. The_ chanper of claim 1, wherein an environnment within the
chanmber PEAISh AR PRAR TuEpesoTshe basl: 1 ¢ ee. 9. The chanber of claim 7,

wherein the first chanber is co}r@?;ed of Pol ytetrafl uoroethylene and the
second chambe? 5@ 8 thsrangplanehsgnel, the drain capable of removing fluid collected

from the chuck, and

a proximity head capable of cleaning and substantially drying the substrate.

2. The chamber of claim 1, further comprising:

a flnid delivery system configured to deliver a fluid to a top surface of the subsirate

supported by the chuck.

3. The chamber of claim 1, wherein the chuck is configured to provide heat to the

substrate.

4, The chamber of claim 1, wherein the substrate is moved to a first position above
an initial position to break a seal with the inner surface of the bowl to remove plating solution

remajning on a top surface of the substrate.

5. The chamber of claim 4, wherein the chuck is configured o move to a second

position above the first positipn to perform a clean and dry operation with the proximity head
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6. The chamber of claim 5, wherein the substrate is transferred from the chuck to

rollers at one of the first or the second positions.

7. The chamber of claim 1, further comprising;
a first chamber surrounding the chuck and the bowl; and

a second chamber surrounding at least a base and a sidewall of the first chamber.,

B. The chamber of claim 1, wherein an environment within the chamber is

substantially oxygen-free.

9. The chamber of claim 7, wherein the first chamber is composed of

Polytetrafluoroethylene and the second chamber is composed of aluminum.



