CONTROLLED AMBI ENT SYSTEM FOR | NTERFACE ENG NEERI NG BACKGROUND

[ 0001] Sem conductor processing is generally perfornmed in a highly
controll ed manner, with strict controls on environnents and tool
operations. Clean roons that house these tools, for instance, mnmust neet
strict requirenents that limt the anount of particles that can be
generated during operation, and other controlled paraneters. Substrates,
when in process, nay be required to nove between many systens, and many
times, the novenents between the systens are repeated nmany tines depending
on the desired devices, layers and stluctures that need to be processed to
create an integrated cirCU|t devi ce. [0002] Al t hough sem conduct or equi pnent
nmust nmeet tight regulations to qualify for production of sem conductor
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conpletes its processing and then the substrate will have to be transported
to anot her tool, which nmay be dry. In production, these substrates nay be
nmoved between tools using clean r BAGKERONNBL ed systems. Typically,
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process, while avol ding unnecessary exposure to an uncontrolled ambient.
substrate(s) may be moved to a cluster tooI which is defined by one or more transfer modules

and dry processing modules.

[0003] Plasma processing modules are generally tied together in a cluster, but the
cluster is limited to types of plasma processing or processes having a same ambient. That is,
if the processing is dry (e.g., plasma processing}, the substrate will be handled within that
cluster until the process requires movement to a different type of system. Transport of the
substrates between modules and clusters is handled in a very careful way, however, substrates
are exposed to oxygen. The oxygen may be the oxygen present in the clean room (or closed
containers), and although the environment is controlled and clean, exposure to oxygen during
a movement can cause oxidation of features or layers, before a next operation can be
performed. Many times, the simple known exposure to oxygen during transport within the
clean room causes fabrication sequences to include additional oxide removal steps, at more
cost and cycles. However, even if oxide removal steps are performed, the queue time before a

next step may still cause the generation of some oxidation.



SUMVARY [ 0005] Broadly speaki ng, the enbodinments fill the need by providing
cluster architectures for processing substrates, and nethod for enabling
the transitions anong the nodul es of the cluster. The processing of
substrates is perforned in a controll ed anbi ent environnent during each
stage of processing, as well as during transfers between one or nore
transfer nodules, and will also to enable the direct plating onto a barrier
| ayer and avoid the need for a seed layer for the gap fill process. It
shoul d be appreciated that the present invention can be inplenented in
numer ous ways, including as a solutioh, a nethod, a process, an apparatus,
or a system Several inventive enbodinents of the present invention are
descri bed bel ow. [0006] I n one enbodi nent, a cluster architecture for
processi ng bstr i I re jncludes a
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architecture without exposure of the substrate to an oxygen environment, that is outside of the

cluster architecture.



seed |l ayer on a substrate is provided. The nethod includes depositing a
first barrier |ayer over a substrate surface having a trench defined
therein. A second bather |ayer is deposited over the first barrier |ayer
and an open area of the trench is filled with a conductive materi al
deposited directly onto a surface of the second bather |ayer. [0010] A

sem conduct or device fabricated by a process conprising nethod operations
of etching a feature in a substrate in a first chanber of a cluster tool
depositing a bather |ayer configured to prevent diffusion of copper into an
exposed surface of the feature in a skcond chanber of the cluster tool; and
filling the feature with a gap fill material deposited directly onto the
bat her | ayer. [0011] O her aspects and advantages of the invention wll
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modules operate in a second ambient environment. In addition, the method includes
configuring a controlled ambient transfer module to interface with one or more plating
modules, where each of the controlled ambient transfer module and the one or more plating
modules operate in a third ambient environment. In accordance with the method, transitions
are enabled between the first, second and third ambient environments within the cluster
architecture, without being exposed to external uncontrolled ambient conditions.

[0008] In one embodiment, a method for filling a trench of a substrate in a controlled
environment is provided. The method initiates with etching a trench in the substrate in a first
chamber of a cluster tool. A barrier layer configured to prevent electromigration is deposited
over an exposed surface of the trench in a second chamber of the cluster toel and the trench is
filled with a gap fill material deposited directly onto the barrier layer in the cluster tool.
{0009] In another embodiment, a methed for performing a gap fill without applying a
seed layer on a substrate is provided. The method includes depositing a first barrier layer over
a substrate surface having a trench defined therein. A second barrier layer is deposited over
the first barrier layer and an open area of the trench is filled with a conductive material
deposited directly onto a surface of the second barrier layer.

[0010] A semiconductor device fabricated by a process comprising method operations
of etching a feature in a substrate in a first chamber of a cluster tool, depositing a barrier layer
configured to prevent diffusion of copper into an exposed surface of the feature in a second
chamber of the cluster tool; and filling the feature with a gap fill material deposited directly
onto the barrier layer.

[6011] Other aspects and advantages of the invention will become apparent from the
following detailed description, taken in conjunction with the accompanying drawings,

illustrating by way of example the principles of the invention.



[ 0014] Figure 2A-2D6 il lustrate exanpl e hardware, which may inplenent the

control |l ed anbi ent
present invention.
whi ch may be facili

processing, in accordance with one enbodi nent of the
[0015] Figures 3-4 illustrate an exanpl e process flow,
tated by the controlled anmbi ent execution of transitions

anong transfer nodul es and process nodul es, in accordance with one
enbodi nent of the present invention. [0016]Figure 5 illustrates an exanple
fl ow di agram which may be executed in naking decisions on process
transitions anong the processing regions of the anmbient controlled nodul es,

in accordance with

one enbodi nent of #he present invention. [0017]Figure 6

Is a sinplified schematic diagramillustrating | ayers of a substrate for

processing in accordance with one enbodi nent of the invention.
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[ 0018] Fi gure
i nch.etched the ein [Q019]Figure 8 is a

c di agiiErD ; ¥Rkl bat her |ayer being
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designate like structural elements.

{0013]

Figure 1 shows an example system diagram, and the computer control that may

manage the system for particular engineered fabrication operations, in accordance with one

embodiment of the present invention.

[0014]

Figure 2A-2D6 illustrate example hardware, which may implement the

controlled ambient processing, in accordance with one embodiment of the present invention.

[0015]

Figures 3-4 illustrate an example process flow, which may be facilitated by the

controlled ambient execution of transitions among transfer modules and process modules, in

accordance with one embodiment of the present invention.

[0016]

Figure 5 illustrates an example flow diagram, which may be executed in

making decisions on process transitions among the processing regions of the ambient

controlled modules, in accordance with one embodiment of the present invention.

[0017]

Figure 6 is a simplified schematic diagram illustrating layers of a substrate for

processing in accordance with one embodiment of the invention.

[0018]
[0019]

Figure 7 illustrates layer with a trench etched therein.

Figure 8 is a simplified schematic diagram illustrating a conformal barrier layer

being deposited over the exposed surface of the substrate and the exposed surface of trench.

[0020]

Figure 9 is a simplificd schematic diagram illustrating a second conformal

layer disposed over barrier layer.

[0021]

Figure 10, a copper fill is performed within the trench to yield copper line after

a planarization process is performed.

[0022]

Figure 11 is a flow chart diagram illustrating the method operations for

performing the gap fill directly onto a barrier layer, thereby eliminating the need for a PVD

seed layer in accordance with one embodiment of the invention.



a planarization process is performed. [0022]Figure 11 is a flow chart

diagramillustrating the nethod operations for performng the gap fil

directly onto a barrier layer, thereby elimnating the need for a PVD seed

| ayer in accordance with one enbodi nent of the invention. 5 DETAILED

DESCRI PTI ON [ 0023] Several exenpl ary enbodi nents are discl osed, which

define exanple cluster architectures for processing substrates, and nethod

for enabling the transitions anong the nodules of the cluster. The

processi ng of substrates is performed in a controll ed anbi ent environnent

during each stage of processing, as well as during transfers between one or

nore transfer nodul es. By providing an integrated cluster architecture,

whi ch defines and controls the anbient conditions between and, in disparate

clustered systens, it is possif at e di fferent Iayers features,
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appl i cati onst foAlmhaoianpl e | ayer/ material is a cobalt-alloy capping |ayer,

whi ch may i t h balt tungst en
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plating of copper on a barrier metal, such as tantalum (Ta) or ruthenium (Ru) surface is of

interest for both seed layer formation prior to electroplating, and selective deposition of
copper (Cu) lines within a lithographically defined pattern.

[0025] The main problem, now overcome by the defined embodiments of the present
invention, is the inhibition of the electroless deposition process by atomically thin native
metal oxide layers formed in the presence of oxygen (O;). Similar issues existed with
selective capping on Cu lines, as well as other applications. An example layer/material is a
cobalt-alloy capping layer, which may include CoWP (cobalt tungsten phosphide), CoWB
(cobalt tungsten boride), or CoWBP (cobalt tungsten boro-phosphide). Capping layers are
used to improve adhesion of dielectric barrier layers to the copper lines, and thus improve
electro-migration performance of those lines.

[0026] Therefore, proper management of an engineered interface (e.g., surface
preparation sequence prior to deposition) is critical. The engineered interface may be for a

layer, features, or materials. Thus, preparing an atomically pure surface and maintaining a



[ 0026] Theref ore, proper managenent of an engineered interface (e.g.,
surface preparation sequence prior to deposition) is critical. The

engi neered interface may be for a | ayer, features, or materials. Thus,
preparing an atomcally pure surface and maintaining a 6 pure interface is
facilitated by the anbient controlled architecture defined herein, which
provi des the appropriate surface preparati on sequences in a controlled

anbi ent manner. For exanple, in a CoWBP cappi nhg process, the electrolytic
chem stry is fornulated to provide selectivity of the deposition on exposed
Cu over adjacent dielectric. [0027]1n6 sone exanpl es, the wafer surface and
various interfaces prior to electroless plating are determ ned by the
upstream processes, usually a CW and post-CMP cl ean sequence. |In both

cases, galvanic effects and corr S|on a ntrol assivating the Cu
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anbi ent environ ) ure 1 |.ustr at e grrbl e tJ al I ed cl uster
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syst em 100, AR B‘?SE‘S ”é“b\’/ﬁnfci’l’n Wé‘lsgﬁb% #%i nvention. The
anbi ent contrRhticadpadtost er system 100 |ncI udes a nunber of anbient

control l'ed [Bé%iesm Qﬂl St E:dlfe(r)e%gdbe ween I'lOI' edx&sandﬁl%gh)f% £e5!3%fe anbi ent

controlled essi ng St ages are“ifirerconnec I M such hat the
anbi ent conidvenii@nis tharpreamlls'l modful¢ dietestdagerontsn] Hg pmbigit picdl timgs boi withig s

cont ol | o4 GIBLEN ATl LANPUPELIRFALIG, U bhooNLS! B0GS, Each of these

anbi ent con processi ng stages e viewed as first,
second, andontillediandable ﬁ@m@mmcsm@mr@c toTthpeney B’étho%% cqnijellefl pmBignt. second and

third anbi ept prEMl ERDEI a ddefadlQlenfhgl dfbd HstaRbheo By, dveARE hinghl$ anong the
anbi ent enV|ronnents is dictated by the specific chosen reci pe and

engi neer ed ®Wewidce of traversal through the transfer nodul es and process
nodul es. [0029] ‘With the above overview in mind, reference is now made to exemplary

structure configurations, which will enable processing of substrates in a controlled ambient
environment. Figure 1 illustrates an ambient controlled cluster system 100, in accordance
with one embodiment of the present invention. The ambient controlled cluster system 100
includes a number of ambient controlled processing stages 102a, 102b, and 102c. Each of
these ambient controlled processing stages are interconnected in such a way that the ambient
conditions in each of the stages is maintained, as well as controlled ambient transitions
between the different stages. Each of these ambient controlled processing stages 102a-102c,
may be viewed as first, second, and third ambient environments. The order of the first,
second and third ambient environments is not a limitation, as transitions among the ambient
environments is dictated by the specific chosen recipe and engineered sequence of traversal

through the transfer modules and process modules.



7 [0030] I n one enbodi nent, the anbient controlled cluster system 100 is
configured to enable precise processing of a |layer or feature of a

sem conductor substrate, such as a sem conductor wafer. The |ayer or
feature to be fabricated on a particular wafer will depend on the stage of
processi ng. For exanple, the processing may be for front end of |ine
(FEQL), back end of line (BEOL), or any processing sequence or steps in
bet ween. An exanple is now provided where the anbient controlled cluster
system 100 is used to fabricate a |ayer or feature(s), in a controlled
anbi ent environnent. [0031]In operatidbn 110, a layer to fabricate is
identified, so that the | ayer can be fabricated through the various stages
102 of the anbient controlled cluster system 100. Once the |ayer or feature

has been i fied in o t|o 1 an op tion 11 med to
configure &ﬁﬁqsect i o® g e %F‘f :'}F H’glﬁ?flc yro dr"?uétﬁa’(s%'? %?dnle‘:d%ﬁ%mdrt
control | ed eastdcssse p@cc{silmﬁslayér@r eaaklo€a temicoddsior mbstpreovdssiang. Each of the

anbi ent Con%ﬁu‘%l 'degorpwa?c %'1%% %%St E‘Qf%blwaeé ﬁ%l‘t%ﬁllgrv@afeqwﬂ %&”ans‘cer

nodul e t hat® interface connec processi ng ul es. For
exanpl e, ammmagcafmtqccslsmgoFOpp:@mebsthwgt)@tsagelaIOQ@r freny eridref lied EE@L)} ab- anbi ent

control | ed . nanst gk mdsthe, m%ocag{ﬂg'sﬁﬂéub&&@k%q}lhﬁ eeqrgﬁeaﬁipﬁgs@uage 102b

may include a vacuum'trans Ient controll ed
processi ng mwéwmaw mBient pentrolipd chisteropitiony | QOdypsehiifdricate 4 lageEfrer nodul e

104a. [003ZL5aeh), Afa chitendd ARghhvilRaEEeS 104 wi ||l therefore be
i nterconnected Wt h a controlled transition F(g | oad | ocks), and are
§0

confi gur ed PThcceptn epeptiay dAt 1rve &bsrargs WB‘H’G‘ thefthe lyeeser Bhnect i on
therew th, meRasthRgeaR yahsuseQEs I1Mfawaﬁm1eﬁteemoliapb1dsef sysxélﬁqms Log a | ayer
or feature at a particul ar s%@g}g in the Erocess gli ?Ffa gn 114, a
recipe for % aXPé?ng%e?aﬁBeee&? BPrRgAm 1A% ap preraian it $bients is
defi ned, arudnﬁgﬁmbﬁxedmhefcaffu&emoﬂuﬁsehfeﬁ:ﬁefthaﬁnble{nﬂaﬁ&}ndﬂ@rocdmﬁgrface 116 may
be a conputer havin creen and b nicatin t he

ambi ent conti€ot ﬁoeﬂabgltﬁgs%?reggvg?%?ﬁ %é’ 0?%5“' lgletfon Erpgesin %%ge%%(% be a

net wor ked cmltﬁmtueds a pringdy trapsfeommiele t}adwm@nt@fahewnlsly@ﬂgmnwwp ptoessgng or renot e
interacti On ﬂo@&a%ﬂf?'a%ﬂ ent O%Otllgt{ E)r?é@sg %e%Zc %@ﬁll Aot Ela'bry{npb{e]fnace 116

will also ena eusers oI np ut spec in operation 114,
for noving qohmligmmlsfpm@ubéﬂmembmh@nmlhﬂ ertoeqqtmgmaﬂé@emamdmlees 104 and the

process m)%ug& &9&&%&@9 1048, HaGHbict: cén@feléd iﬂaaésﬁlﬁ st 46Dy Hfhge d N @

specific enmb t he ambi ent control cluster system 100 will reside
in a clean qoetm%mkliqﬂmemOd\ﬂhﬂ@"r@ will then be connected to facilities.

The facili t[b@.ﬁ] of  a EGdHeR the (AR modhiles 104 will therefore be interconnected with a

controlled transition (e.g., load locks), and are configured to accept different processing
modules for interconnection therewith, depending on the configuration required for
processing a layer or feature, at a particular stage in the process. In operation 114, a recipe for
traversing the connected modules of the different ambients is defined, and inputted to a user
interface 116.

[0033] User interface 116 may be a computer having a screen and keyboard for
communicating with the ambient controlled cluster system 100. The user interface 116 may
be a networked computer that is connected to other system computers for remote interaction
with the ambient cluster system 100. The user interface 116 will also enable users to input
specific recipes defined in operation 114, for moving the substrate between the different
transfer modules 104 and the process modules connected to each of the transfer modules 104,
In a specific embodiment, the ambient controlled cluster system 100 will reside in a clean

room environment, which will then be connected to facilities. The facilities of a clean room,



as is knowmn, wll provide each of the anbient controlled processing stages
102 required fluids, gasses, pressures, cooling, heating, chemstries, and
the like. [0034]1n this exanple, a |load nodule 106 is configured to provide
substrates 105 into the anbient controlled processing stage 102c, at the
direction of code run at the user interface 116, which controls the
transfer of substrates into the anbient controlled cluster system 100. An
unl oad nodul e 108 nay recei ve substrates 105, that have been processed

wi thin the confines of the anbient controlled processing stages 102.

Al t hough the | oad nodul e 106 and unl oad nodul e 108 are illustrated at two
separate nodules, it should be understood that the |oad nodul e and unl oad
nodul e may be the sane type of nodule, or that substrates are sent from
and received odi ment, the

| ab- anbi ent™ 6%% leﬁ gn%ﬁﬁsqgﬂggm%lﬁggﬁﬁﬁm¥%m%%n%ﬂ3ﬁ r?guﬁgcelve

subst r at es hOE. zafas pregsives, sepling, heptins clik@istrgs.end thahleri tted into the

| ab- anbi ent troll f rol |l ed
transfer %ﬁﬁg 104é§ﬁ%%£ﬁg%,g%mﬂgQM%ﬁgégéggiﬁﬁﬁﬁggﬂlS sfﬁﬁﬁgﬁiﬁgbove an
uncont r ol | ebe amtirnegentrglied proeesng stoh¢ HRc.pbipe direcimmed eade runpat thiesentenase r oom
[0036] In t hfl§ mr}gﬁtmls'tﬁe thafier BE ﬁ%ﬁﬁ{eglntﬁhédlﬂb%uoﬁtrdﬁ'ktgagﬁer Eﬁte{nhgol ab- ambi ent
control transfer nodule 104c, the interfacing of substrates 105 into and
out of the AnloadPrdir 108 g1y Fativesabspighidp dhat PRYSB?C@ prpoegeed wihinfthec ause a sl i ght
fl ow of ai reoftites Sffthetmleh@bn@m Fibdessiid Rlafed 162 Chiihbh HeQ6ad MREME Cockidic. The

slight flow of air out of the |ab-anbient control transfer nodule 104c wl|l
ensure t hat™{pa¢ PPEYR 198 & iptragidgivo separats frodules. it shonld bpgudersioodihatthe ¢ he

cl ean nom defsndasike aﬁd ntogd mbmeamtymeﬂieahneayﬂaloembdmatm@kdbeﬁtds e@R&k er nodul e
104c, mhen doo ﬁggors arﬁ gg ég transition the substrates 105 into
and out of 8mg Yol s25 A0 B ®&™% ansfer modul e 104c. [0037]In one
enbodi nment [003%5}3 | abraere iembddimgann the ddblagdbichr cangflled tramsfelurh@ultQdeismay opti onal |y
operate in %lr;h ure? I{ot rec%?vgts&b(s)tral erfaa rB)nlcee &'1 ub'%patels T@Sr a;[re t(r: %nr;[nlgtgd mtoq]e(ilargbl ent is one
t hat may punp % en re |a W Th an Inert gas. Exanples
gases t hat wﬂ{’mnmntpl!lnqamsfmrqugle ri%vl @cbb@m@genomyedb@nsférmod@«mﬁrpl e, argon,

ni t rogen, t i e
proceSS|ngQR$hg&?§éF %%%ﬁﬁg% %M®#%rgﬁ?maﬁga%hﬁﬁ%ﬁgpﬁgﬁg}%@?@%@hfor t he

| ab- anblenﬂm@vﬁ@fwmﬁé&mvpansfer nmodul e 104c, may al so be conmunicated to

the processpg) ”Dduhr?tﬁls‘ﬁﬁ%?%tﬁé{)rés?\ﬂé i%%l%htlfﬂﬁhe} ﬂ%ﬁeq{b(?e@nble%{%nmt cl eani ng
that is perforned i n_nodul es connect ed ab- anmbi ent control |l ed nodul e

104c, will tan%wéuleb%rtmlw@éacrnﬁOfwéstia%FQS “Ef%hftdr"(‘i'lcrfé‘ﬁlf’é’r\%}b?ﬁ‘t 9 [0038] The
| ab- anbi enteofMbd ©dnbtrdndduR nedcewill R ) QighCTbe: odbik butbhBs Rb-ahBedcnt er f ace t he

controlled transfer module 104c. The slight flow of air out of the lab-ambient control transfer

module 104¢ will ensure that particulates or other ambient air that may be present in the clean
room does not filter into the lab-ambient controlled transfer module 104¢, when a door or
doors are open to transition the substrates 105 into and out of the lab-ambient controlled
transfer module 104c.

[0037] In one embodiment, the Iab-ambient controlied transfer moduie 104¢ may
optionally operate in an inert controlled ambient, An inert controlled ambient is one that may
pump out oxygen and replace the oxygen with an inert gas. Examples gases that can be
pumped in to replace oxygen may be, for example, argon, nitrogen, and other gasses that will
not negatively react with the processing. The inert controlled ambient, if optionally provided
for the lab-ambient controlled transfer module 104c¢, may also be communicated to the
processing modules connected thereto. For instance, any wet cleaning that is performed in
modules connected to the lab-ambient controlled module 104¢, will also be controlled in the

inert controlled ambient.



substrates 105 that are noved into and out of various wet processing
systens within the anbient controlled processing stage 102c, and enabl e
transition of substrates processed in the anbient controlled processing
stage 102c into a vacuumtransfer nodule 104b. Transitions into the vacuum
transfer nodule 104b will occur in a controlled manner through one or nore
| oad | ocks. Once a substrate resides within the vacuumtransfer nodul e
104b, the substrates 105 are allowed to nove into and out of various plasm
processi ng nodul es to enabl e desired processing. The vacuum transfer nodul e
104b is al so shown coupled to the controll ed anbient transfer nodul e 104a.
[0039] Transition of a substrate 105 between 104b and 104a will al so be
facilitated through one or nore | oad | ocks, to ensure that the integrity of

t he vacuum sfer | e, .pressu 104b r ins...while enabli t he
substrate 1@@? 0 triﬁggt’%&'&}?ﬁ tﬁ?“gm{alt%“aan A}Pirénr? H?kda%'fwlﬂs %r%fﬁrtermct) a‘éeofggo avoi d

i nappr opr i adubstreplds thzear@fmoyed $tto gud ovted s@Tiud Wy erosesong sygeswidsit t hin 104, to
be exposed 1 q. i hat : i I ch | ayers
or featur esém%fe%pcgﬁ{ggﬂggg}%%@ W eﬁr@g%@% ng'%i? %n%ﬁ%ﬁ@%ﬂﬁﬁéaﬁés g)gés%)egeuhﬁ%r ocessed
wi thin the amvineqpurdiohpretdingdtagy Beet avgomayesiroRule HHH. Tensithas noved into
the anbi entinfa%tva&ungg?s%%&ﬁéidmwﬁf&aﬁ i fwollMRafneAhidhh BE o RYET that has

been pl asna processe s not conprom sed by any uncontrol |l ed exposure to an

anbi ent t halpaddegks.dAnea g aubgratesprides wislhin (he ypcpwp trpnier medie 103 the §sEFSeat ure or

layer. [O004{3sAR aAtweRXAMBeSnto slAQuCH ViroRd pificha BRRésSNE mbduRt RfegibldmRlie 104a
wll operate in_an_inert anbient. not ed above, _an inert Ignbl ent i s one

As
that is punegssitet Rhedrcuupdiepste modulg Hidh i alsp shovg coplad &t e s fuce t he
exi stence ofmpiaskansEERAe W42hi N t he anbi ent control |l ed processing stage
102a. As an npl e, a .level qf ox n th IS ce bl.e and still viewed
as subst ant[i“ggily ox Y FEHUT ésﬁ’é@at%é)ggﬁﬂﬁ??\alb?bpaé’id? aﬂglﬁ gfﬂqelfﬁ‘c e or 1 ess.
Sone pr ocestesghtay of mgtloidlotke 36 erdstra thatlthgiprprirg oft thaotacwahi tensfa nexduit ace
treatnment prior and. dur.i.n ubsequent cessing. By confiquring the
nert onvi HEHIER ChrPRIT UHE R TROE e Mo B e A mRBH A 18,07
i S possi bl ecohtmollad ®iagoidinkmhadpriatn exposukeyd juetgyrdcassedlayesfor fea@teswitgn &34, foayer s t hat

may have b j Ust I Bl i I p ssi ng

ot ages. 10208 grbBlse MGG bkl PR P beck B el P2 O,
various prowesgt.ndempubitats 10f thit hed teenpredsesed it b preldendeqpsgliedi on, coating,
pl ating, Orprwe&ﬁlgaﬁémz@zndgs 4h§§’rﬁ£ve@fntc;tﬁ@§nﬁﬁe%§cioﬁ¥(ﬁfed biGesspided Ag 105,

wi t hout havi ng any i i ayers or features. As such,

i ntermedi ate oxidation of }
the |ayer tthafeatpms of layepidigr hii hepg Plaspia @rocessrdioiot eenpEstised Ry any uaseardied ppdul e

processi Ng bR % dnhmbikhk 1k fly Qrlalor cRRBcallPalRN@e ﬁa‘gﬂd&searf&amé& said to be
"engi neered" to avoid unnecessary fornmation of oxides, which nmay reduce the

per f or nance®®f the processed |ayer or feature(s). [0041] At this point, the
substrate 1L@homay bessapvehplaekednisiRd biigen @GdMnbduaneionillmpdatt @ ak 04b f or

further processin th | asma processi ng nodul e, ar back to the

| ab- anbi entm‘ffb*}ﬂbr‘ﬁgf' V‘\Atsrnﬁtr"’i@?tg’lve’ ﬁ%ﬂﬁ?@notﬁ‘ﬁ@ oneat is pUmPYd YBHAR 5t 88 ssi ng wi t hi n
nodul es comneéei shelild depletobredubh ehe sfi@erict bimgst OFeasd@dinaic ambichtegnitoiied subst rat e
105 between_any. of t anbi ent _contro rocessi.ng. s a2 02b, and
Tz, wi T BEERauieS MR R p R e R AL ek S Rued 870 O
114, whi ch substadallyreygeeficconayde p pog(pants poracllib®dor dass. Sommoprpussey migionnect ed to

Lhe USer | ThGrACRdHnd BAAZLIE QU oARulh S BhBuAR SR archi T ecture

200 that includes a nunber of transfer nodu _ ng nodul es
connect ed tivecessing. BT ¢rafigiring the inen ewsiironrecat witkin the @mbient ggperolied aregtseingdf specific
processing g@%@' W8S it PRLbITRYavBiI8 oSERH3E 61 ok Rartol 6 UALLQH aydrf @RHGr modul €s in
t he anbi ent cControll ed processing stages 102a, 102b, and 102c.

have been just fabricated within the ambient controlled processing stages 102b or 102c.

Within the controlled ambient transfer module 104a, various processing modules will allow

the controlled deposition, coating, plating, or processing of a layer or features over the

substrate 103, without having any intermediate oxidation of layers or features. As such, the

layer that is formed within the controlled ambient transfer module processing stages is



[0043] The cluster architecture 200 will be explained fromleft to right,
where substrates can be | oaded and unl oaded in the | oad nodul es 106 and

unl oad nodul es 108. As di scussed above, the | oad nodul es 106 and unl oad
nodul es 108 rmay be generally referred to as | oad-unl oad stations that may
be configured to receive cassettes 205, that hold one or nore wafers. The
cassettes 205 may be contained within Front Opening Unified Pods (FOUPs)
that are used to transport wafers around a clean room The handling of
FOUPs that hold cassettes 205 may be automated or manual |y handl ed by human
operators. The substrates 105 will tHe&refore be contained within the
cassettes 205 when delivered to the cluster architecture 200, or received
fromthe cluster architecture 200. As defined herein, the clean roomis the

uncontrolle i ris

i nstal |l ed. %B‘gﬁ% %’hmmPﬂbmh%%&r%??%%dr#?%l%ﬁ%lgget&?a%E &éﬂn%e%g?%%f% ('?gl s defined
by a st r et o oxidesnwlfiymaygefiytectha@tformapgstof th plocpdted layerer gptunste end ef fectors
20 1b. The jppdsyst ratA‘%%s%ﬂu AN o) 1(%9&4%&&0%@9&';&0 &E v&aﬁﬁé{ﬁ&éfef‘g the

stretch transfer nodule 1 when noved along a track . In one
embodi nent ,mydyle 1§1brf@‘tfélﬁhef P@W@ﬁ“ﬁ‘?ﬂd&ﬁéﬂ IZOCEssing megye. Oa’t’achmsﬂt“‘dh‘dar d clean

room pr eSSLhrnﬁ)wnNoﬁt?(ﬂ BéatsfeY@bdhle T0BE 1P Ecﬁﬁfoﬂﬂﬁm@&ﬁn@@ztﬁﬂ%&u@s t&eleted be slightly
above the arrbl ent pressure of the clean roo slightly bel ow the

pressure oftherie Hheapgqifi BRSSP BUHCBquf‘hetSH‘émﬁ? é%é%ﬁ?ﬁ@ew RY the 30péenkt 1 et ch
transfer nmGhdd?prd€lsingSstae@I02:21028, 488 GRS UWiR bS ddpeatdt YparliRuR ifdd@ecfpe €an room
transitions off%aﬁfers mhg Vgl]n(11r.out @th{;e stretch transfer nodule wll
cause a sl i'§HEIEUR BReLugy A nEh e FRof YRIPE A FASCEH O A5P8PY e ¢l ean room

This 11 cmaﬂnegeﬂmtﬂemsbrmwfatdms. prevent particulates or the environnent air

W thin the nro 0 the tret tra duI 201.
[0046] I n ot[ Mi?enbo lure Ihus%lﬁ atcglﬁﬁrsa}r h?t%crt]“r \/\ﬁfea(talﬁlC %esan cfﬁ transfer

nodul e 201 tamderttﬂwduld waproce@@m mwdhles tpgnech thlemtol &he diwsteappmmgum 200gsfilters and
air handl i NQe %}n I% OI’ %@gxﬁcglwessglg t‘doglﬁesq}lag HlEl} l?e' n te{i tgtth%rvgx?o%?u'&fs%lal rand/or

envi ronnent, SO ent nteraction of t nbient alr between the
cl ean roomfm'ﬂéieim@ewnb@nt@hnwﬁfedmﬁ@ﬁlnﬁméo%olﬂ%Anﬂlé}%arrpl e of a systemfor

control | i ndodddp | Nt Ghd Afer bt ARSIRe bhoinol bR Maghe Grrd4, 762, enti ] ed
"Waf er At nmospheric Tr ans‘g)ort Havi ng Contr ol Envi r onnent "

whi ch i ssuedbsgicsgr b logle g@@gloaqeélwthréoaglgquglﬁ%wﬁavd Ltnﬂﬂéd ﬁlP@%‘?é rWS dppl i cati on,
and is her gjifussdaaosRARAbRInRMICS flsahERfRd mb@A4 1T hey it ftMP did:R0sf er modul e
201 is shown interfaced with wet processi n;

as load-unload stations that may be configured to receiVe cassettes 203, that hold one or more

wafers. The cassettes 205 may be contained within Front Opening Unified Pods (FOUPs) that

are used to transport wafers around a clean room. The handling of FOUPs that hold cassettes

205 may be automated or manually handled by human operators. The substrates 105 wiil

therefore be contained within the cassettes 205 when delivered to the cluster architecture 200,

or received from the cluster architecture 200. As defined herein, the clean room is the

uncontrolled ambient in which the cluster architecture 200 sits or is installed.

[0044] The lab-ambient controlled transfer module 104c is defined by a stretch

transfer module 201, that includes one or more end effectors 201b. The illustrated end

effector 201b is capable of traversing the stretch transfer module 201 when moved along a

track 201a. In one embodiment, the stretch transfer module 201 is kept at a standard clean

 room pressure. Alternatively, the pressure may be controlled to be slightly above the ambient

pressure of the clean room, or slightly below the pressure of the clean room,

[0045] H the pressure within the stretch transfer module 201 is kept at a pressure

slightly above the clean room, transitions of wafers into and out of the stretch transfer module

will cause a slight outgas of the transfer module ambient into the clean room. This



system 202a and wet processing system 202b. Each of wet processing systens
202 may include a nunber of sub-nodules, within which substrate 105 may be
processed. In one exanple, a carrier 207 is allowed to nove along a track
203 within the wet process systens 202a. The carrier 207 is configured to
hol d the substrate 105, as it is processed in each of the sub-nodul es of
the wet processing system 202. In one exanple, the wet processing system
202a will include a proximty station 204, followed by a proximty station
206, followed by a brush station 208, and then a final proximty station
210. [0048] The nunber of sub-nodules Mithin the wet processing system 202a
are dependent on the particular application and the nunber of wet
processi ng steps desired to be performed on a particular substrate 105.

Al though T oyf s SR REHHESAER pIREHRASY: hDeMEinRhORSHRING JhT e 8022, an
exanpl e of two sub-nodul es W thin the wet processing system 202b is

provi ded. THev istodhd stpteliragsfarmegnle 204 | s conposed of a proxinmity head system

which util i%)@ma e h SEMSmbSUARR, ¥e ARAitELHIVRN e Whetth 1AL nRdfdsdiace of the
substrate 105, as the substrate 105 is caused to nove al ongthe track 203,

so that theanddHfickanson 3l breronfipd yrrprowtateiiers anft airhandling prife Sapyill; he

Subfst rat edl&'ﬁnez{&lﬂ'ﬂiﬁbﬂ iﬂteﬁ&@ﬁfd;iﬂ aﬁd/&rﬁaﬁfl:inmefln,tss,as fohpeevait Qﬁ@rm('h é&n}/c}flﬂfeat i ons rrgg/ be
configured tq.a Dl ter for sinple cleaning, ydr o oric aci
ot A basEPIST BEAFPRG: P HFoon o TP aaA mPpisl ARERIREHar ot chi ng
and cl eani ngsteh @rcadbingund in@ifadelitdeingaliix ULt Bgent N6 6364 pR2cerkitlel "Wabmdi ment , t he
proximty stations ill jinc roxim eads .t hat W .| Dprocess both top
Pha. bot t o SepeikeeqnSlliify Bl bl EPERbIR M BUEEESS 207 0
surface mayApd 203002 esbedsipyee af the priemiapplickimachnddsibbreinfiverpbrated bsm sur f ace may
be unprocesggd, or processed by 12 a brush station roller. The conbination
of processing operations perforned within the wet processing system s 102a
wi ||t heref @€]1var y,Theleiretoh driarsier mpdie 10 és pewriasicadwitleweliproegsifior a

particul ar @ﬁgﬁ%ﬁ%ﬁdw 2! Eeﬁsiﬁges%taﬁ2®fb. k2R m%ifg&smé Q000 Job ! | be

j I
under stood that the str t transfer _rmduloe is configured to allow
substrat es nggicragupker ghspbranofHesowidnn Whigh subtiraisi1Phepy Yspraceseadt romgub- nodul es

Wi thin the wWahplPlaQeasSoNE afdedi SR 21onH tricR b3 Wittt MOWE pRIAS §E8MOJ
sub- nodul e of ?he wet Izgr ocessi n‘gvsystem 102a_and .t hen renpved at the end of

the line ofzqzﬁe“\ﬁ/éi’mﬂ '(:ié§%‘1ﬂﬁljfe &ipld thesppptrate-. agdds Prpesssgy i“t‘aif‘l‘ihc?tfjEﬁlﬁput, t he
wet pr oces siuBghodetdf fe ZRprocBsspE OYsteded2 SHGhe dxBable,AltOves vt sgsta@oupl ed to
each side of .the stretch transfer | e. 201. OF, cours e |.ab-anbi ent
Cont ol 't a2t Bl TSGR Sun S ARPAY OAEY el AR PE R e 3505 oy

i ncl ude f evigtishGatidi0R, anbtherd R@BESiingy sy®h 2106, dependi ng upon the throughput
required, it abl e lab footprint.or facilities, and/or ocessi ng

oaui rod. [UBELT The 10F P Rrb Rl wiB e b BRI AREHE o o 1 oad

| ocks 218 adegendd® on fhtvparficomdappbaiisn 42d Sie amobe dOveh procesimyf stegsidesickdttobeal | ow

transition n I i . manner
botnmen § ne TPl PLERRNLGALTHE ABoBRIAST hilufls GORIDRI S TEUNST )
The vacuum precesség eystempidigd. an @@@plppf twoispieinedyles yithip e wef frecessimg systshwot 222a. The

end ef f ect e5p@R2Awvlasa. SR blodiHi§ Yt zb@g%anﬁdgmf@ggxmy nOfi sJsPe dipad | ocks 218
and 219 when accCess Is providéed by slot valves 220a and 220b. The sl ot

val ves wi | | utigas & ancpisqip eprapply anderagvg laidgienty asugfpegrof Bp pubiratsd@piantieand cl osi ng

of the vacuuRubi oSt SfusddREMb® alde the BRk208 k0 IhXEHH@RSIIcEn waFﬁlie@o&ebe vacuum
transfer nodule is uninterrupted. Thus, the doors of the slot valves 220a

and 220b enhbirdrespdace phhonbstBEdden the | oad | ocks 218 and 219, which serve
to control [ot®1trangt gecildedivaihehth @heprdxahiiitatibR Mgk 64 corfigiddto il mnd t he

vacuum trangl et TRL 5,22 iSRG 25, Bhmd A SLThRY SRR Sasd 21 ©5
clean 1 (SC1), and other etching and cleaning chemicals and/or fluid mixtures. In a specific
embodiment, the proximity stations will include proximity heads that will process both top
and bottom surfaces of the substrate 105. In other examples, only a top surface may be

processed by a proximity head while the bottom surface may be unprocessed, or processed by



[ 0052] The vacuum transfer nodule 222 is al so shown interfaced with plasm
nodul es 270, by way of slot valves 220c and 220d. The plasma nodul es 270
may be of any type, but a specific exanple may be a TCP etch nodul e and a
downst ream m crowave etch nodule. Qther types of plasma nodul es may al so be
i ncorporated. Sone plasma nodul es may include types of deposition nodul es,
such as plasma vapor deposition (PVD), atom c |ayer deposition (ALD), etc.
Thus, any dry processing nodul es that renoves or deposits material onto the
surface or surfaces of a substrate may be incorporated and connected to the
vacuum transfer nodul e 222. 13 [0053pAlternatively, thermal process
nodul es can be used in addition, or in place of, plasma processing nodul es.
In this case, it may be advantageous to operate the vacuum transfer nodule
222 at high ressur for ex c ate
interface wi etﬂ’ﬁ ntr?rlg"r‘rr%% Conq%nalgono pfcﬁﬁsg%f PRESYS grgdﬁn %“8"‘”@ b %or med in one
of the pl aspmesmgwsemszm,wm Hwereﬁoafcuurrddpc@nsﬁlmn trmd@de@mmmrqdcf@rapor ate a
cool -down s T station 224 is particularly beneficial
when a subs‘%ag;c l%ﬁéééﬁgéﬁgeégjgﬁ%%ﬂ%%ﬁbg poi nt before transition into one of

t he nei ghbdf¥38g contlrvll beehdentoedethat thetsagjeigrandyymedyle 3Qiliseonfiguecdita allogol ed, | f
needed, theg,sibSt ro@tt@bermaoedoiﬁmrm&ﬂomh&pamarpﬁ%ﬂ .ﬁ&rﬁm@%ﬁupm%@ end effecter

222a, for then transitioni ng into a controlled anbi ent transfer nodul e 232.
The cont r ol Ire@ssHEBYSEM 202,08 R asinglppn Fseing p-ragule ﬁfttéfr W& BIPETHBHSYHPEh | oad | ock

228 by way ®@ba sld@en YedloV& 2280 8nd df R Jie v&@%\‘ﬁ(’fe%ﬂg@?steﬂﬂiﬂlemr abidi@daal er nodul e
232 is shown interconnected with a nunber process nodul e%g240 240Db,

240c, and 2AWEEhP e Tig Rrosspe1YsiER 40 Broviged sychdhas apssysiomis coupBd frfact g 230e.
The pr OCESSd1d&g)fﬂi9§it&cﬁ$ra1%é9modldlbmeoemﬁﬁdlﬂMMamb&Hhecoﬁﬁmhﬁlﬁfekﬁddrﬂmbl ent wet

processi ng d Th troll ed anbi.ent es 240 are

confi gur ed ‘{Eg %H’Bﬁﬁég °§' '?{ﬁ?‘?’%’gui%?m %‘f“e}?%“’eé&é‘b‘)ﬁ EIPTog%iSIP%ert anbi ent

envi r onnment systdhse deperiing @pdnatk ﬂmegmmtamnirmavaemmaufmmm pr faglitieatadlorabove, i s
configured such t hat. n inert gas is punped into the controlled ambient

transfer e8I nd oxygen is purged out of the controlled anbient
transfer nodedle 232 .Thi OGS [tBysfar ervdule AYl ialshownrcorpbsitto vpd lokles A&y 9f r om t he

control | ed AINLEbexd 274 &L NR e 20 Ay AR b PRkt Al kN1Er L gas,

t he control Ien transfer provi de B transi tion
envi r onnentanpihirdha eatelled orannex prtveren te seith tgpsde ewduls dHgnd arasumetrgsier within a

pl asma nmoduj,g,r 793, @ﬁefra&ﬁmaﬁah@ar%dhﬁ 283 rvhﬁacl%ragéﬁé&emr}b&r efba @he f Or med

onto a processed surface or feature in one of process nodul es 240. In
speci fi ¢ enid¢fferins2d2a if genfigired Bseel intp aud oy Oézbe 19?&3}005% 28 wdeAdpheh i ng

nodul es, el &Eéﬁfl@kﬁ%ﬁ&dﬂJy@]‘ot WesDaE hRo08] it rslal\drvymu hovsel dcra,r 8GRsEpIdul es,
or other types of nodules that wl| enable the apﬁ atl formation, or

deposi ti on Peabd alpEropsing A cigtingL dhirReeR Bps T EIYF &% B a IhePISWE | ust
processed it & vRGum krASRFRmEMALES @ninterrupted. Thus, the doors of the slot valves 220a

and 220b enable transitions between the load locks 218 and 219, which serve to control the
transfer between the stretch transfer module 201 and the vacuum transfer module 222 which
may be at different pressure states.

[0052] The vacuum transfer module 222 is also shown interfaced with plasma
modules 270, by way of slot valves 220c¢ and 220d. The plasma modules 270 may be of any
type, but a specific example may be a TCP etch module and a downstream microwave etch
module. Other types of plasma modules may also be incorporated. Some plasma modules
may include types of deposition modules, such as plasma vapor deposition (PVD), atomic
layer deposition (ALD), etc. Thus, any dry processing modules that removes or deposits
material onto the surface or surfaces of a substrate may be incorporated and connected to the

vacoum transfer module 222.



[ 0057] Addi tionally, the vacuumtransfer nodule and the controll ed anbi ent
transfer nodule can be configured to be integrated in reverse order to
facilitate other process sequences. 14 [0058] The result is an engi neered

| ayer that is formed directly over a surface that has just been processed,
and does not contain oxides that are typically fornmed when even m nor
exposure to oxygen occurs before a layer is plated thereon. In one specific
exanple, a dielectric layer may be etched to define a via and/or trench

wi thin plasma nodul es 270, and i mediately after the vias or trenches are
defined in the dielectric layer, a trh&ansfer occurs between the vacuum
transfer nodule 222 through | oad |ock 228 and into the controll ed anbi ent
transfer nodul e 232. This transfer occurs w thout or substantially wthout
exposure t en. ,ln so rocesses barr.ier layer may. be fabricated

i rect 1y oVeB Pe s raaReRRe PRAET mefuddin tebtse ot RlnaBerdy | aver may
i ncl ude, f qiasexpogekseng ricalplesT &Nhis Fgs. itonay be adyrmiagedus rsoperhictitos@umat eri al s et c.
The barri er . I I ting. : seed | ayer
or to platém%%¥§%ﬁﬁgxg%?gg%g t%@%&@tfﬁ%é%#g?gFBF%d%ggﬂﬁ%ﬂggm%%“??Iustrates
a bl ock di dbpthermaifmodalesent i al processi ng nodul es that may be connected to

the variougggsgpnsf eﬁfp@aagsyihgﬁ phdfbrRledih Ut & he bl hisfaley5 R, @0Pacuudi N thi's
exanpl e, | oad and unl'oad stations 106/ 108 are provided to introduce or

recei ve subiEpsfamedulymaxiaeompordic ©pliora statign@t-+ Brecopldowptation i3t iy ¢l ean room

Substr at es @higulhdYiveRabieRheh AiBstatindiih &Rled U HolnPbdi et Brobldss Where wet
substrate processing may be perforned. The wet, substrate processing and the

transfer ofthensiehagpg sanaelied ambipnt sagescOncs B SUDKRIGH ookedrit pestedt PEYEY 8% nodule i s
confi gur ed iy bOGGIHA Hitha RaCIOEd 120 by e eRiefedi@nPRNMor thit@hsifisigiesa t hat wet

substrate processi can be per din coptroll ed nner. . whi ch does not
o mose | ho BUBURT sttt sk oo (e RSP e ORIMGR 5 pom
[ 0060] The |isbrecumixiied rtith death taclo 228thy s bfsstot mayeit3@a. i s configured to introduce

substrates ikep dry rpORdl LI bk A AE mOkicL S WG HRSLEALEY RERGESSI NG
nodul es and recei ve SubStrates in a ry condition a er(%elng processed by
t he wet subsmbatoéprpregcesvlentlal 2404, B, @wdildell, theouth astdeamtedelot wvbs2i0ht e
processing 4§, ooRf LatsRd tiRe SIRLON, oL SRUR: B WehbPlifvn NG@dorkigfdiem t hat
enabl es the @brnatlon %? Pﬁﬁ?ggsd¥%e8t y on t e sur écé“o aosugstrate, and
| eave a suraniiset et progessieg mhdulesy doe ceptrelles anfbisoewéi prochrsiopn meddescd8ar. A | oad

l'ock 280 i%pﬁfgniehw{;@&sst@sm&%f% IR Do fRNd Bl DRLMEENiBnddnanefer bet ween
t he | ab-anbi ent control transfer nodul e 104c and the vacuum transfer nodul e

104b. [ 006 Fpatieded iaert uphienf eydemmentygtifted abevepisicentignind sugh fhatrntipery 838 8r f ace wit h

pl asma charagpsl g6 Andéonbifch @mBiBR: PG SnodlRE3DI 06 8REENG e 06t chel N t he
pl asma chanbers nmay depend on the particul ar process, but processing that

.aep
is requi redodfolled ambieadmRsmATHEF32r ocessi ng may then be i redi ately
perfornmed if00s6] t her BYRotihg NG ne o1 R pkyee0Rém Mk k&tholled ambient transfer

module 232 and replacing it with an inert gas, the controlled ambient transfer module 232 will
provide a transition environment which does not expose a just process substrate (e.g., within a
plasma module 270) before a layer is either deposited, plated, or formed onto a processed
surface or feature in one of the process modules 240. In specific embodiments, the processed
modules 240 may be electroplating modules, electroless plating modules, dry-in/dry-out wet
process modules, or other types of modules that will enable the application, formation, or
deposition of a layer on top of a surface or feature that has been just processed in a prior
plasma module.

[0057] Additionally, the vacuum transfer module and the controlled ambient transfer
module can be configured to be integrated in reverse order to facilitate other process

§équences.



15 anbi ent stages 102. In one exanple, a wafer may be noved fromthe vacuum
transfer nodule 104b through | oad | ock 280, and into the controlled anbi ent
transfer nodul e 104a. The controll ed anbient transfer nodule will therefore
maintain efficient transfers between the different plating or deposition
systens 240, and/or systens that performdry-in and dry-out wet cleaning
(or etching). [0062]Still another exanple nodul e that may be connected to
the controlled anmbient transfer nodule 104a is a supercritical CO2 chanber.
In ot her enbodi nents, thernal -type chanbers can be integrated into any one
of the transfer nodul es, dependi ng or4t he process requirenments. For

i nstance, one chanber nmay be supercritical chanber. The chanber nay al so be
an electroless plating chanbers that can deposit cobalt capping, copper

seed | ayer talli ers, harri lL.ayer.s l.ayers, and
other conad®B et e Bl &rp it S B Pidmabiety Fhrdeutiet bped
EIectrolesgu@bambmgmgham@émsnmmmn@memknﬂaﬁMHumum@ﬁmn@bMpne@enmmrnvention
do not req , d i use reactive
chem stry 5%@? éﬁg%%m%go%&gw%QQHQ%f F %ﬁ%f%e?&%% Q%S%E , the vacuum
transfer nUhhhcmcrhyyr thay be epired ¢t detine aovipmidipr trdnelr wighin plepmameliles?78adbers. | n
Sonme cases qﬁ’u eGSR aftdr BRI %&H&@@aﬁé &:1i5M0n BE dféBElH@ﬁkE% tadistdr B&pkacUUM

transfer e IS operated In a pressure ran et ween about 200-400

Ton. [ 0063]barvser the yagauy wanafer medale 2akthiouginipaddenk 288 andinse the petrelledt ens 273,

which are cgfchQthns nfddule 9340 IT8is kiBnsked Sochnk RBECbr sm%dld?@ witli¥€edpBRFd anbi ent
controlling systens 273, in one enbodi nent, includes punps, g es,

au
control s an@oPErY dysomsgfocessts dybagishiaye ey i fatriqeied fisssily uer e sefdse®in out of the
transf e;m Wﬁﬂdﬂngﬁeerﬁnlﬂla‘_&cé Oﬁ%irﬁﬁlldybﬁme@&c(lﬂﬂﬁor$m&) TmyNaiusa EOUpI e tg t he
inert ambient contr i Nng syste SO t rt n. be. punped into
Lhe t r anot GPTRRARBLRASRGE el the DUBFIRRLTBibe v 50 SeBauRBIE RS oc bupi g
by oxygen. (s apetdpserich@atplatealifeat oh hgatemydy@bstard t he i nert gases that are
fed into t ansf I c n roper setting of
condi t i onshtﬁan be fgﬁ’iega n;g &%euralbl}loﬁkg‘ﬁ%?”néf’gpog)nugﬁr(’%e(%% I%Odﬁp ?lgtg'a Yt he punps
w || have the covmedtedtothavamuy teansferanddhles iox ylyeer afcﬂlmctuteh@()'pmtnewmp@ nodul es, so
that the ingit, 0N ﬁ?ﬁ&'&%@kﬁ%@m@ oUﬁéﬂE%!uH&Qe ‘)J}e&% Ehb}ttl‘?es Ef;t@&%fﬁ%r modul es
and the process modu rs, manual contro or conputer
control cawmﬁﬂﬁwmwﬂﬁmaxhﬂplsbmmh@ﬂﬁﬁhﬁmﬁgman@ﬂ@kGMBwéﬁaﬂh@ml gases, such
as N2, Ar, Jaﬁrollu?modﬁie’m%ewhefetv&t s%%@ﬂ&%mﬁ Hﬁy ﬁe%ltférﬂlle(!l eﬁe%ﬁ‘;’&ha”‘)d‘“ es

that are al'so inert anmbient controll enperatures with the transfer

nmodul es andPreRBing prsihestEansfes@f the subfiatq Witba*r%}e la'éfé‘ﬁ'é?ﬂﬂ Fengolgfnsi@ofylpis of

processi ng dagrightd RESER il BBntrdIONEN 86nmehOTha@% AR ke WU SIdeSRSprockfifg bab- anbi ent
16 controlled transfer nodul e 104c and the wet substrate processing

stations 208 PRER™e{B p gingolipd mannes ich daepnql £xpgss fewbsiaisbig the pagentpllyd apout  30C.
The hunldlnmmﬁﬁyfahﬁ@ub@ncontrolIed within the controlled transfer nodule

104c and t t su oces stations 02 and the hum dity may be
cont ol I ec 1080Ee Dot R oaBB 9] A -SBOUE awhsirtd B ot subit

in a dry condition into each of the wet substrate processing modules and receive substrates in

a dry condition after being processed by the wet substrate processing. In this embodiment, the
wet substrate processing is configured to employ a meniscus proximity head system that
enables the formation of fluids directly on the surface of a substrate, and leave a surface dry
once the substrate surface has been processed. A load lock 280 is configured to ensure
ambient control between a transfer between the lab-ambient control transfer module 104c and
the vacuum transfer module 104b.

[09061} The vacuum transfer module 104b is configured to interface with plasma
chambers 270 of different types. The processing performed in the plasma chambers may
depend on the particular process, but processing that is required after plasma chamber

processing may then be immediately performed in either one of the adjacent controlled



[ 0065] The vacuum transfer nodul e 104b may operate at a pressure of between
about 10-9 and about 104 Toff, and operating tenperatures nmay be between
about 15C and about 30C. The plasma processi ng nodul es operate in tenperate
ranges, power ranges, and use process gases that are tailored to a
particul ar process, and as such, any processing condition that is

conpati ble with the vacuum state of the vacuumtransfer nodule 104 w |
wor k. Ot her paraneters, for exanple may include vacuum tenperature and
power. Vacuum in one enbodi nent, can be about 1mrl to about 10T.
Tenperature, in one enbodi nent, can B& about 10C to about 400C. Power, in
one enbodi nent, can be about | ONto about 3000W [0066] The controlled

anbi ent transfer nodule 104a (e.g., the transfer nodul e 232 of Figure 2A),
may operate at a_ pr e of between about 500T T..and the

t enper at ur eam%he?/t y agesgg?'v\u% & A %ﬁ?’ At g%r an gbeé%oc‘)%?ﬁ(glg{ég v%@%%g?@%.%dgﬁ

t enper at ur eOdmthrobgh logiribak @B0. et igto tigsontwllgt ambicdetrapderpadilpilP4at Yheni t h pl ati ng,
dry-i n and dhyoethnll RIGGERRE il AUSBIGadd fatcibiFaRRRbALANR: et c. . which
may be processed nodul es . I'n one enbodi nent, the tenperature of the
transfer nolifidrasplaing osdeposition sysema A4, andfor pysiems Gptperfarmdnein apthdy P¥cal

t enper at ur gy QRIQorBniRgOVi ded by the process nodul es. In another

enbodi ment, the transfer nodul es may be tenperature controlled to maintain

a consi st edP0Ghbi enftilhrefenprpaple mpduihat may be atefisd e Gercgpedled #Mifat es and t he

transfer nagwiemoatid 7 s EREpesitita® 00O Ehafibetl ifotdBei@RinRh@Mhdasl-tjpe i1l ustrate
the nodul arity, yet control, of interfaces of tllrge subﬁtrate bet ween t he

various corffFIerSan il rgruthiin ey onapiige rangferapadyles dpandnE B ePEYE S t hat t he
modul arity refuireiab. Obr ihshfcd sirnhdneter Mayhd lsaqsrcandl dvbsbacTiephatecmaf di f f er ent
sub- nodul es.for processi are m and anly exenpl ary prgcessi ng nodul es
i nterface vﬁlsf’ﬁe i"ﬁeéecﬁ? ¥ 8{; CE’%TS% Ca&@?ﬁ(’?lb‘f%gbca?&%ﬁ%qpé? S??gg?ﬁr%s are

provi ded f afictalixsgyenfbairlet lagts; itlk meral [lI0DEH] 4ail ghiereoRiGetivie Faasites.atsesexenpl ar y
configurati.ons of  .a, proxi .t tatl. i ' reference to
i gur o oA Rk REE S bt AP et bt SERRE: ek b S 0 o
a top si de isvedtica, dpowt leqnirs elderodds (¢ 5 cansdefysthedgs)ebut @dss usEiactive blsmisiye 105 wi | |
be held by lc&hcti0Q fin LilPnothé: fbddMEE teQadiBM Graftk? Bafle ARk 203, as
defi ned int%tfgégélgdcgiiu %et \E/\t/eenoa gur#ace ’g% ?he proximty heyggc% 260a and the
surface of coprscielipsrly demal gnirelisd shagbers. ol semarfases thigherpresiugs hamgbpys &0 neni scus
242 i s al | gpeshntQedfiPh¥acuvhtrinSOOHITR S JFBRES 5 UDredit rBY ofiRrvet @Bk Ol | ed
fluid neniscus that forns between the surface of a proximty head 260a and
a substrat @04t E¥e, and surface tension of the fluid holds the neniscus

242 in pl aqeo@dnd i N AfoGIRRkidl akeARbrd MbiEnt ORRAINR|shsteR@ 2t @hidBRE SCUS 242 is al so
ensured by the controlled deIiveré and renov id, wh enabl es the

! |, of fl i .
control | ed SQRFERISH 19 GPPIGY theriansiss modess Thywert “?ﬂ‘é‘f"lnﬁ‘%,lﬁ"gﬁﬁs“’t"i'feﬁ?’lnhi d. The
msni‘ scus ?4}3?1 embhdhenymeddds m:@;islgaeges,ebmn,an@vmemsmﬁrexmfcomrolp.gocess E) he )
surface of the supstrate 105, The cessi ng op the surface 105 may be suc
Phot o Ol AP aeE e e bt PR ey mpef Rk S RS G e RE ndRe oY S50

couple to the inert ambient controfling systems 273, so that inert gas can be pumped into the

transfer chambers, which thus replaces the spaces previously occupied by oxygen. The pumps
that remove the oxygen and the inert gases that are fed into the transfer chambers will be
monitored, so that proper setting of conditions can be maintained during operation. In some
examples, the pumps will have to work to also remove the oxygen from the processing
modules, so that the inert environment can be maintained in both the transfer modules and the
process modules. Again, meters, manual control and/or computer control can monitor and
adjust the pumping and flows of inert gases, such as Nj, Ar, He, Ne, Kr, Xe, etc.

[0064] For the controlled ambient modules that are also inert ambient controlled, the
temperatures with the transfer modules and the process modules will vary, depending on the

type of processing being performed. However, for example purposes, the lab-ambient



[0070] As noted, the nmeniscus 240 is controlled by supplying a fluid to the
proxi mty heads 260a while renoving the fluid with a vacuumin a controlled
manner. Optionally, a gas surface tension gradient reducer nay be provided
to the proximty heads 260a, so as to reduce the surface tension between

t he neni scus 242 and the substrate 105. The gas tension reducer supplied to
the proximty heads 260a all ows the neniscus 242 to nove over the surface
of the substrate 105 at an increased speed (thus increasing throughput). An
exanpl es of a gas tension reducer nay be isopropyl alcohol mxed with
nitrogen (1 PA/N2). Another exanple ofléa gas tension reducer nmay be carbon
di oxi de(C2). Other types of gases may al so be used so |ong as the gas does
not interfere with the processing desired for the particular surface of the
substrate 105. 71] Fi es 2D-.1 through 2D-6 are proyided to convey
exanpl es ofcoaﬁr?l{e%?%nﬁ “é‘g&jr‘\lgel @ﬁ? %I’tdijﬂ%)en‘get t“#a ARSpes iStﬁ@%l? \é%érjrﬁ%yeo “Wthin either
t he wet pr ocesperatg of b trenmbA () A5G fand-atgur 302 ATheguntidiey neayrdsodie|ceddrodlerbi ent  wet
processi ng i W | es are
D ot ded. i TRRE Rk ok AA e e USRS SRBCLIAR 2B P e
Wi thin the Sykimadity nfag0y nfeligd tebe bpyween 3bpuy §forapd thsuti%exanpl e of a proximty
head 260a %@gﬁw NG vdchlfhn B4 ARRIRT 08 URBLERES RrdMibliGed BhiiSh 290

processes a tom surface of the substrat'e 105. e processing may be

per f or med Wi lendaberd OyBerr, gpdRpertine ierelaeres mHap bobesvrgn ehent 156 2pdabpiigur ed t o

ei ther cl ea@(l@"[‘h@]lglﬁ'shﬁgr&é}.ﬁn§ﬁécfuﬁ§ﬁpe@.zfte ih Bhpeidie $dnk ! RwdOanged, AQIA3L Fi gure 2D-2
provi des an exanpl e where a bottom brush 590 and a tqg brush 290 is

confi gur ed RIEFeEaR bt afefpilomd fq Ragiculgt Progsy 200 ALTFL A PItSESINE RSP lshes used
may be pol yiitiydompdi®rRah tHeR¥AhmbtattSh®S vichah trinsfér poduid 10e will wirksotha t he

surface of the sub trate 105 Ile rotatiQ%g Tge fLuids provided by the
brushes 2 909%%9 LY EVra &g PRP Jdﬂm{“htémﬁ? f,and power.” Vacuun, 1 one

embodiment, can be about 1mT to about 10T. Temperature, in one embodiment, can be about
10C to about 400C. Power, in one embodiment, can be about 10W to about 3000W.

[0066] The controlled ambient transfer module 104a (e.g., the transfer module 232 of
Figure 2A), may operae at a pressure of between about 500T and about 800T, and the
temperature may be between about 15C and about 30C. However, the temperature may be
controlled so as 1o provide compatibility with plating, dry-in and dry-out wet processes,
supercritical CO2 operations, etc., which may be processed modules 240. In one
embodiment, the iemperature of the transfer modules are set at the ambient lab temperature,
and local temperature control is provided by the process modules. In another embodiment,
the transfer modules may be temperature controlled to maintain a consistent ambient when
wafers transition between process modules and the transfer modules.

[0067] The system of Figure 2B was provided to illustrate the modularity, yet control
of interfaces of the substrate between the various controlled environments. Also, it should be
understood that the modularity of each of the transfer modules and its acceptance of ditferent
sub-modules for processing are many, and only exemplary processing modules interface with
the different ambient controlled transfer modules are provided for ease of illustration.

[0068] Figure 2C illustrates exemplary configurations of a proximity station 204 as
discussed with reference to Figure 2A. The proximity station 204 will include a proximity
head 260a on a top side and a bottom side of the substrate 105. The substrate 105 will be held
by a carrier 207 that is allowed to move along a track 203, as defined in Figure 2A. Between
a surface of the proximity head 260a and the surface of the substrate 105 (and surfaces of the

carrier 207) a meniscus 242 is allowed to form.



18 (1113) core and the fluids may be for cleaning, and/or etching, and/or
configuring the surface of the substrate to be either hydrophobic or
hydrophi |l i c, depending on the application. [0074]Figure 2D-3 illustrates an
exanpl e where the processing nodul e 240, that nmay be connected to the
controll ed anbi ent transfer nodule 232 of Figure 2A, is a plating system
The plating system may be configured as an el ectrol ess plating system or
an electroplating systemwhere contacts with the wafer are required. The
configuration of the plating head 260b can take on a nunber of forms, and a
specific formof the plating head wil¥ change, depending on the type of

pl ati ng application being perfornmed. The result of the plating application
is to leave a plated surface 292 on the surface of the substrate 105. The
pl ated surfggg, may T8e ml:&lscmoa nfi9 POSLhESlies ﬁﬁ@%mécamspfoﬁ@ p@liginemet al i c

| ayer, that may need on a surface a substrate at a

particul ar sstfeegef ﬁfrom%sr lieé%fﬁoé pid PG EF Firigess @dzgfage fepsionef thafleid anot her

exanpl e of 1@1d@lm%trﬂeﬁlgcu§mtlﬁgwacevm@rnea csmlnaifaﬁﬂ SnhSRhShh&issed2 0 pl ate a
surface of the substrate 105. In this exam@ikd one plating head 260b is
£ B

used as t hetlsgepsyi bpihaeonyglled deliyemiand emayed pigh snaljesibesdnodeh i s used as

a facili tatdéﬁmh@ﬂﬂthcﬁb&séu@@iﬂ ot bhmaﬁuma Me hRWisd82 hkyeeakaaes ri cal |ink
that is re u to defi ne anode- catgode ecti ggq%for Iatigg a

netal lic nett 1, BREeSS 5l OF Framess Wt sunace ﬂfb "tsr” jrgte 1? PErg P%"“z‘

illustrat emﬁmﬂbﬁ&hayemaampldﬁt witicalalie@An2H@d nvdtrislhariBynobe! by sietheniBeushe wet
processi ng Msten1202 The wet processing system 202 may i nclude the
formati on of 'one or nore Newtonian fluids over the surface of the substrate
105. An exda@ploe of ahsmowrd, Newieoisdiua 24(f ik cintiolieg basupplfing @ﬂmdlmbee;domitst er which

occupi es a ﬂ&%qg(ﬁ VQHIQHBSW ﬁl}é‘ﬁ\?ﬁgfip V&lﬁl%l’{l )%/ntpoﬁle(ﬂnzﬁﬁ\lﬁ] %lpl’ esl esgzlsql'“ d. The

soft condens matter 1s e [ or ma ext erna
exanpl es ofsutfise te;l}fmrtgr@hmtkeﬁ@ﬁdnaﬁm? preyidgdrie thg groxignity hesidopa, sged tg redeng| | oi ds,

foam etc. |1é suﬁmwngloﬂget@a@pﬁ@ﬁfea&cqgmw th@Lub SR 195, Ofhelpss thhsiSh ¥dathlef Of
i mm sci bl e I d as, for exanple, toot hfaste mayonnai se, oil in

I qu
wat er, etc. sunpllefé)aolt!w@xm%beiﬂ@P%@Homﬁtbegmwwﬁ“ 19 RN Yer thaﬁﬂfa@eafﬁﬁ nis an

exanpl e of @u&akhe £ an Q3R sﬁeeaqmrlh@ﬁglng)ﬁmgg@u@ugbéxaﬁplelﬁffla@@sd ina liquid
matri x, and shaving creamis an exanp one foam In this
Ry 4p

exanpl e, a I RSUEHTAS 1$oPapY) Aisgel Peq Pt phsTEtTRE o4 head
260c. [ 007 7] AORESBIrediBd Sy B calbbn 688dQE0DHN Otheripes biyike hﬁy ﬂio Hemaadaabl ent
control nodul es is ;Pt ri-st %é e boci!%. ) CA tr |d-est %Oethtgo %/gﬁch i ncl udes
one par t A% S BiEdPTe TehRR HiThTS acssie doHieE o e U HHEHEAN 260c may
al so be i ncovspacated wi th i nputs and outputs for pr ovi d| ng conbi ned
Newt oni an f[l)li’)i l?s al ?"pggre\sl\&lr) q t};[r(r)]u?gh BB arcNe p%v?c[%d %ncog\lrey examples of different

configurations that may be incorporated within either the wet processing systems 202 of

Figure 2A, or the controlled ambient wet processing modules 240 of Figure 2A. Although

these specific examples are provided, it should be understood that other configurations may be

included within the system.

{0072] Figure 2>-1 illustrates an example of a proximity head 260a processing a top

surface of a substrate 105 while a brush 290 processes a bottom surface of the substrate 105.

The processing may be performed within the wet processing system 202 and can be

configured to either clean or etched the surface of the substrate 105.

[0073] Figure 2D-2 provides an example where a bottom brush 290 and a top brush

290 is configured to process the surfaces of the substrate 105. The brushes used may be

polyvinyl alcohol (PVA}) brushes that may provide fluids to the surface of the substrate 105

while rotating. The fluids provided by the brushes 290 may be provided through the brush



19 [0079] Figure 2D-6 illustrates a substrate 105 that is held by rollers
296. Rollers 296 allow the substrate to nove in a rotational manner, while
a head 260c is used to apply a non-Newtonian fluid (e.g., a foamlike
material), to the surface of a substrate in a controlled manner. The
non- Newt oni an fluid may be provided to the head and al so renpbved by the
head in a controlled manner, such that the surface of the substrate is
rendered cl ean. In another enbodi nent, the non-Newtonian fluid may be
applied by the head 260c and allowed to remain on the surface of the
substrate for a period of tinme, wherd8a nozzle may be used to spray the
surface of the substrate while the substrate rotates using the rollers.
Still other exanples not provided by illustration may include SRD (spin
rinse and dul.es,. and her .commonl| ed processin stens that are
ei ther wet d(gﬁ)d%? a%gﬁ% ﬂgﬁs Fﬁgéee Fr%l%aﬂ ,sa,“d/X eg%l“g’o%ﬁféﬁ i g gg ?’%féu *Fansport
modul es, ard thesilstaé ode either lydopwbic ot hydohphilib idependizgyol tickrapplivatfosr s ar e | oaded
into the and ed. r i i onpl et e.
[ 0080] Fi Sﬂ? %%g Tl ?2?2”3‘“2%9%“%%?@@%?%% reResst) g%?‘rﬁ‘gbnﬁﬂ’%‘h%“gm% in
accor dance hgicomegseido dapentrioliadrambight tapséer mode?R? of Rigera2A.dha plating sfsleow pr ocess
300 of Figufg ﬁﬁﬂ%)slyételpﬁlay(*?e%ﬁﬁﬂ R4 awnteﬂc%métﬁi?)(ysfeﬁpéﬂaﬁ @lutﬁﬂlaﬁ)rfg a CoVBP
(cobal t tungstpen or o- phosphi et) capping operation over a selected surface
F

of an exposEUE FpFRioniEs with he wa WW@WP‘% The corhigurption ofe Pltinggad at es t wo

potential pI6osas Saké bO¥Funibbals (as) akta PO THAES theRBndMehdwilt cRAngE er red out cone
n- preferred outcone en perform ng. a CoW (BP)

and one w E)CE eglrg]' u 'ﬁi£10081LTW]

cappi ng pr dEBYdINe g e Bpel plagng APPlcatiqn being periotmed. A reyuit of PlRE  ovi de

sel ecti vi t yapplizaticheqo Sdatd (flat@niinace X92amete: sG:B4RP 6 thOvibstra@ U CRB plaWd €] ectri C.
The wafer surface and.various interfaces Ipri £ (b0 | ectrol ess plating, are
det er i ned BURF ALY TRLP Bsrrpe cBRg e crfibeaniadi peniirpracRtele r e usual Iy
chenm cal mathaivneabfpodfiasitisnge 4 CR)icid stageas fab@iforc| ean sequences. I n both
copper sur filsr ¢y Ak B RRNERbAR L C Tl Fem B B Mbbi0) | -
Figure 4, thealsawpmsdded platé b guiaes of the sebbirast 5. F thib edampleyne platitzdedd260t hat

i ncl udes a ;cQDPLY, -0f - / -%3 eration
whi ch pr oduces a tlgjagggifagggn%ﬁde&ﬂ%é&ﬁ#ktﬁtg%rlrlgt?da - or g%ﬁ F%Jfﬁ%grl efg‘)rcupst be
renoved pr i‘de faciitanr eap il previdesheslqchigaliink thatjereqiped 9 deng angig@pthedonal |y, the

di el ectric ShHERAE (M YRfingddendidiREnddriaCRRPALFRBEr d fubsu@¥] des, and the copper
surface nust be free of copper oxides. In one operation, the substrate

havi ng t he [B7BIrA cofigreDFobusiracsmeibe sxunplanf 2 heaf@éOcthishaag hnusehiér at i on t o
renove the thdiyddpicdsMigtlyem 202. trhewslipRlQ6ihg dySier 96 B68nclude the FRRGRh Thi S

operation is illustrated jn operation Aln Fi%ures 3 and 4. In one specific
exanpl e, a °8f M HYCE AR ids gver the swtosdyhesabsirae Fan AR REARN chl or i de
(TMAH) , i s Nes@mhiah Bluid (HaSsb R Bindélsédymdierinieh cabipieof midiR glaundefweeniipl ex 302. TMAH
i s described as one exanpl.e . , and it should he understood that other
chemi st ri eS*H&S Btga Sﬁﬁ%@%hﬂ%‘g%ﬁﬂ?@ﬂd?ﬁeg r?aﬁﬁfésreaflﬁélfgf"gﬁ’@éy B oved i n

t he pre-cl eassoped etamplas ofltie sofi eonderbaidhamerihclude panisibasogelsAedllsidp &rafmor ned by a

cl eani ng u t .S par f the.|lab-anbient controlled transfer nodul e
Toae 17 ¢ s oo pgtechlugbl chllficnd ARSI BN R AERR o] g he
pre-cl ean cpenm joothpists. mayorrase. v ireaderotw | dedllpid sevpobmprdidperBion @, wagnd D
illustrat eqmél Qelattlg% aBQPan‘x?a%rotfthhofaf Fgéngfsl '(f:&npq‘i‘sed of gas bubbles defined in a liquid

matrix, and shaving cream is an example of one type of foam. In this example, a non-

=

Newtonian fluid 294 is illustrated as applied by a head 260c.

[0077] Another material in one of the wet chambers of the ambient control modules is
a tri-state body. A tri-state body is one which includes one part gas, one part solid, and one
part fluid.

[0078] The head 260c may also be incorporated with inputs and outputs for providing

combined Newtonian fluids along with the non-Newtonian fluids.



[ 0084] Traversing operations B, C, Din the top portion of Figure 4 wl|
result in having a copper tungsten plating cap over the entire surface of
the substrate, including portions of the dielectric that are not the target
of selected plating (or deposition). As such, one enbodi nent of the present
invention will illustrate the benefits of using the controlled anbient
systemto process operations A, B, C and D as illustrated in the bottom
row of Figure 4. [0085]1n operation B, a downstream TCP operation is
performed with an oxygen environnment so as to oxidize and renove any
remai ni ng organi ¢ contam nants; any d%posed copper will also be oxidized
during this step. The oxidi zed copper residues 304 on the copper surfaces
will remain as illustrated in B. If, however, the wet pre-clean had not

been perfor the _co e d t
surfages oﬂaﬁﬂb dieF@%@&ﬁ ’ﬁé%@gﬁéf %qﬁ%f ‘Sg?ggiﬁuﬁf ?%gm%%afopggr

| i nes, as ddsw rhedulismatt toinsove iaamplatonhy roanner] @hﬁl&@]lﬁm%act is owdﬁ; apply apwoef er abl y
per f or med Iﬁ'ew? anq{uldt{}z pl fag JTRQ%J&)S tcﬁm@qg&cggf Egugs &e Y@%gwoflt{danﬁ er

nodul e 104b and a nex era ion 1S orned 1 n anot asnma nodul e
connect ed tmnndneThea@mNrwtomamﬂlﬁlé man’efcmlfb‘edei 6vthe hepghandjalsg reewaqﬁl}bb' ¢he hgadnext

downst r eam; g ?ﬂdﬂ%ilapﬁgnﬂy Qfn :uﬁ RS LIRE é&b&éte 19re9@eeélecleanr 46 HEON

operation o e copper, as ustrate y layer 306. The bottom part of

Figure 4 i|embsdimentede pﬁreN?wt@m@r g mavdwapwrb@ Bnhspd {268 egpplereole de

resi dues argn£ifevaedue¥ebr hd SubSRRPSF a b8 of E WHeR a Wi mbysd dsed &S Where
the copper residues are reduced over the dielectric | ayer . tlonally

oper ati on BPEh&ecuEah ob e sabsrae while thejsuiytrae t’%@?srfﬁf“gﬁ'l“b@g‘?% St e¢fgen” at
el evated t Qzﬁﬁﬁiﬂs’%tdéf BiBviddddyl i0uvRekidaYndghisd)ig SR DAGspie igdsadne dry) aivp@ésabidr es (150

to 400C). [008 rations B a C are perfor [ e transiti on may
occur bet we yﬂsgdggrogeﬁmy?tﬁnﬁfﬂﬁ@fe el%"’r HRET Iy %‘1 ‘?l Rl Wc’“ﬁ “enabl e
transfer ofwheh eozﬁlbttnaittbameetra‘nﬁpbm ihdieley/ aﬁaLmﬂmaﬁad ihraamfr@red rmﬂlmht@nﬂ dryough a
| oad | ock ang i nto The .inert

1 h
afers al;%llo dgg m:%{)r} cfl e an me re% fr S u C Fe r processmg is c%nslll%lete

at nospher e € e ane anitial ly
free of oxyoese] whi Eigum.i3lﬂltusqmt®\aen>ten1pla¢lf@m¢cdﬁtfmmm to1D tntvecosdancfeazcms bef ore

bei ng Pr oceRes \41,[;@ o@E&ggsggpgwnﬁcgbgg{ﬁ&&g%&séﬁogfﬁﬁmp§ﬁ£;l R ufRsRiRer

controlled peration e selective CoWcap
pl ati ng maywitheuenptayfabration ofy EpWBR écobalt tungsten boro-phosphide) capping operation

over a selected surface of an exposed copper material. In Figure 4, the process illustrates two
potential process flows that can be performed; one with a preferred outcome and one with an
un-preferred outcome.

[0081] When performing a CoW (BP) capping process, and electrolytic chemistry is
formulated to provide selectivity for deposition onto exposed copper over adjacent dielectric.
The wafer surface and various interfaces, prior to electroless plating, are determined by the
upstream processes. These upstream processes are usually chemical mechanical polishing
{CMP) and post-CMP clean sequences. In both cases, galvanic effects and corrosion are
controlled by passivating the copper surface, typically with BTA, forming a Cu-BTA
complex.

[0082] In Figure 4, the top left figure illusirates a dielectric material that includes a
copper feature and the result of a CMP and/or clean operation which produces a Cu-BTA
complex 302. This metal-organic hybrid must be removed prior to plating, or plating will be
inhibited. Additionally, the dielectric surface must be free of copper and its oxides, and the
copper surface must be free of copper oxides. In one operation, the substrate having the Cu-
BTA complex 302 is processed by a wet pre-clean operation to remove the Cu-BTA complex

on the diclectric surface.



copper features, without formng the CoWplating over undesired regions, as
shown in the upper part of Figure 4 (operation D). Plating of the CoWover
t he copper selectively is facilitated due to autocatal ytic surface
characteristics of the copper, which enable the selective plating of the
CoWonly over the copper regions and not over the clean dielectric |ayers.
Thi s exanpl e has been provided to illustrate ways of depositing a CoW

pl ati ng cap over exposed copper features, but many nore fabrication
operations are possible within the cluster architecture, which enabl es
transfers and processing in a control?fed anbient. [0089]Figure 5
illustrates a fl ow di agram 500, which defines the configuration of nodul es
in a cluster architecture and control of substrates within the m)dul es, so
t hat transitiQns be r

controlled [gé rent teﬂrl'\\glﬁzer}t Elsgﬁ tﬁ%’dein%peppg A?H%I&rgagﬁﬂeﬁéﬁeew rom prior art
modul es i s exiragle, 1ahlealﬁsfctlmdrysvylgtlemyévnmmghﬁmn%lomw@hd@(ﬂl\@fbllent at all
times, DO Mo b Oty BAGSH Bt £EGTBRAS0ANIM 0! URHIDEABANSLRE MOUl €S, SO
t hat the interface ayers, features, etc.) renmalin control | ed and

st abl e fr orfreiple fpm@eestsshe%hr-‘eﬁéestwﬂnahethﬂe&qrmsuwmz)hﬁtuseﬂ depardingioned anbi ent

the prepar agl by} @hfia6 e Fc%ve‘él%%@  cRhin SRANGE HPdnBRbodiat, BptABERWS! Y even
with mniml queue tineg, e the case in prior art systens. [0090] The

met hod operpalff?reﬁ%by(ﬁclqamgwedue \ Peit g the lalp-arghient eanirglied Sepstehmedule a | ayer or
feature to O&pIT GSEEBTA cémM&HoL Q'nbﬁémmfr&ﬁ&helsﬁfdcﬁﬁmgltﬁelp%jcleahn one

enbodi nent, speci.fic |ayers be f such as barrier | ayers,
liners, seé -eratWéIP‘é’,thwglﬁﬂlcﬂﬂgéﬁ%@? ?ﬁﬂb]?‘r(‘g d(ce%’ﬁlﬂi%‘iated f”rf PRI odi nent s,

only cert aiRigutesit ur es may be fabri cated, such as done in selective plating

oper ati ons, ica electro L. ess plating
syst ens. O{géasxf he ILarEj/"(X?rsm Opf’r@é? ?echﬁa %e%womd)eﬁfﬁ?“rﬁgwqﬁe%’ gtation 502,

t he met hod bavwgescopger tpgsiea platm c‘éﬁ)4veV\themalrmcfadeegthamara@mnémchml to sel ected
anbi ent pr T re connected
to the di f%é&%?\gtoqt% r ?r?s g&hatagﬁeqomg%kg%ié—o@%%eehg%&%f( EASEB %ltcgogl] Once the
proper nodwwhesntvdipentydthn preeenhiacentieh wibh lltuweit@hQMé"ns téluam ﬂle@mmlbdl n operation
504, the nefRogd Mpfogesg%{'aﬁsﬂs% B2O8nd MQﬁlﬁstﬁteﬁ ﬁﬁhsﬂ%ttbxﬁ s ned for
traversing a subStrate for processing in each o he anbi ent processing
stages. Th&gEdpe will depend on 22 the desi red out cone of the

processi ng,pod3ef a Umcfph{ﬂaﬂglﬁc @@&&Hsﬁeaﬁldef*'tﬁaexfa&&\iﬁﬁe%fbﬁ&d%ﬁth bGygddbstrate is
that the anbient is specifically controlled in _each one of t e stages to

ensure opt iSATIFAREFS 849 Rrifligsrand KROYeApEfemainig Seapic contapinants: JEEILRPHY . Next, t he

et hod NDVesppeOwilRRS B dxRized AfindiHd Ropd THAMXSi £ed bépphrTesRin@\304 6lthé Qoppddr 0OCESSI NgY

Lhe 1 dent fh.gd.) ayer o heatine o [9Q0SL IhG SUbslrale iy, g 0 (he form of
performed, the copper oxide residues would also remain on the top surfaces of the dielectric

material and not just over the top of copper lines, as desired in this example flow.

[€¢086] Operation B, is preferably performed in one of the plasma modules connected
to the vacuum transfer module 104b and a next operation is performed in another plasma
module connected to the vacuum transfer module 104b. In this example, a next downstream
TCP H2 operation is performed so as to cause a reduction operation of the copper, as
tllustrated by layer 306. The bottom part of Figure 4 illustrates the preferred flow, where only
the copper oxide residues are reduced over the copper line. The top row illustrates where the
copper residues are reduced over the dielectric layer. Optionally, operation B and C can be
performed using a thermal process of Oxygen at elevated temperatures, followed by Hydrogen
at elevated temperatures (150 to 400C).

[0087] Once operations B and C are performed, a transition may occur between C and

D, as shown in Figure 3. The transition will enable transfer of the substrate from the vacuum



not have specific layers formed thereon or previously fabricated thereon.
At this stage, the wafer that was provided in operation 508 is transitioned
into a | ab-anbi ent control transfer nodule 510. The | ab-anbient controlled
transfer nodule 510 may be optionally controlled so as to provide an inert
environment. The inert environnment is one which may, for exanple, provide a
| ow oxygen or zero oxygen environnent. [0093] The reduced oxygen environnent
will also assist in not exposing a substrate or its surfaces to oxygen when
processing in any one of the wet processing nodul es, that may be

i nterconnected to the | ab-anbient corol transfer nodule. Therefore, as
defined herein, "lab anbient" shall be construed to include both situations
in which the anbient is controlled by defining a type of inert environnent,
where the etpa\rlll 3 r(Eelng:hr aﬁ'ap)ad oc%lcrgr):g thEqu etrtr}l mos hegacglﬂroﬁefamblen¥ vk inert gas.
The punpi ng Of Cthe vl FORMBNt 115 done To Tenpve gén or substantially
renove all iodrt atrlnesphmq/@eumlldmamm@ttstdmgnﬁdmlelsmtms SUhst@hdlylfabomxmee,nt control
transfer ¢ w noves to
oper at i on STy lRE MRS CARRREE L LR b b B R b AR aY et e
to the | ab-cnscehto teegrrriraghdsphyrecpeirplipdambingtieflFegurei3s per f ormed. Optionally,
SOMEe pr oCesfogRfduUenGReheRY D Qhe seRANE EEWRaYRAtink 1§ fSodrloflly obd tehe vacuum
process. The various wet ocessi ng operations, as defined above, may

"ncl Ude. pr GOPRHF feiuits aefhens RISk S GPHRAISE AT iR g Risign b s h

processi ng,upa&@a@mﬁ@}mp&ay@fenpfpmﬁqgSﬁﬁécm oldd i c6ppt sue&llvagd@ the use of
fluids (Newt qnian fluids and ngn- Newt oni an fl ui ds i.n operation

514, the prigaléaed %%@Wﬁa‘&wd%‘@cgF"&fﬁ‘“ﬁ‘bﬁ“?&"%‘?é?l’é’er‘t"hllL‘be“a‘%}% oF Fﬁi‘i‘i%ﬁ whet her
to process pikimg sithstswbaly bver the dfp)éer@égﬁlﬁleﬁﬁl xﬁrovsmueazleta@dmacm@ﬁyars aabi ent | ayer
formation stgrg d to noved

o ] St P b b ey OaT Pl vy S5 RPRIE o Plsttssah el SRS at 1 on_ b6,
| n oper at i cepfElEatutes, amsnahy mnreWayicmomupe:atlmts@reaposswmmxtthmfcer nodul e. The

transitions [ into t transfer nodule is
such that a gﬁcc‘f‘ﬁe f”hlcpena Srtééli.\lssfo%rréjdoc e&“%\é‘a""hﬁ’“ gocesm ng and into
t he vacuum[mmhsf er Fpooflikustrat@3: flo@0R@tahrb00vehidhrdefires the oméigurative of oad | ocks
and val ves rﬁ&hﬁf%matcihﬁe%’@éhﬁécaﬁé)anﬁ‘aé( %OP&EWEE&SRJ i TR GRS, sJ ﬂatoper ation 518,
a plasma processing operation na per I'n one or of the
nmodul es coriragtiang betweep the difteecnimeduicasrs pasforpadde eontralled pabient @Wé@nrmbv e,

di fferent tM&%&d%ovP'a%%ﬁ&n%ﬂdoPﬁ@mS@%s REnaPRE BHERGsterfl EREIBOLOT ON the
type of plasma systens and chanbers that are connectéd to the transfer

nodul e. At R ofabieat at plf times, Rogh withis theprogess pphesendWitn e fpsteher
| ab- anbi entmdare ko harnBhk@Re (i5., HES, Feaflred retci)frerﬁahﬁ:oﬂﬁflled mﬂbﬁuk goiengroved back

to a wet clean or a wet etchoeratlon r?n or wet etch
oper at i ons PAPESSSRFICR( thengy- PP@ Ay Cﬂ‘ﬁ’;‘?“‘??ﬁ\‘?g‘eb @RPWWd im&e G

degrade or change almost instantaneously even with minimal queue time, as may be the case

in prior art systems.

[0090] The method operations of Figure 5 may begin at operation 502 where a layer or
feature to fabricate in a controlled ambient is identified. In one embodiment, specific layers
may be fabricated, such as barrier 1ayers, liners, seed layers, or bulk deposition of copper. In
other embodiments, only certain features may be fabricated, such as done in selective plating
operations, typically, implemented using electro and electroless plating systems. Cnce the
layer or feature has been identified in operation 502, the method moves to operation 504
where modules are connected to selected ambient processing stages. The modules are those
modules that are connected to the different transfer modules of Figure 2B, for example.
[0091] Once the proper modules have been connected to the cluster architecture in
operation 504, the method moves to operation 506, where a recipe is defined for traversing a

substrate for processing in each of the ambient processing stages. The recipe will depend on



operation 510 where a transition through the transfer nodules and into the
| ab- anbi ent control transfer nodule is perforned. If it is desired to
performan inert anbient |ayer formation, the method will nove to operation
522. I n operation 522, a transition is caused to occur into the controlled
anbient transfer nodule. In the controlled anbient transfer nodule, the
substrate can be noved into one of the many types of inner anbient |ayer
formati on nodul es. The inert anbient |ayer formation nodul es are nodul es
that are connected to the controlled anbient transfer nodul e.

[ 0098] Exanpl es of the controlled anbi®nt |ayer formation nodul es may be

pl ati ng nodul es that use el ectrol ess processes, or electroplating. In
addition to electroplating, and el ectroless plating, the substrate nay al so
be noved i I S Of the
substrat e Baatatife ¥ mdtab gt SRds dke At STRSPAIRC D ol 1y
head procesi§ Fhﬁg ¢ dybientip m‘i?l’é@ﬂacmﬂﬂeé mclt eye pfbe dages tg ersurgfoptithan waf er .
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tranS|t|onsmﬂ B Sh5e %?F%Hb¥%?3ﬁ§W“FW§WW%¥Y%Ugm?¢@ﬁ%@bf“ﬁﬁﬁﬁ¥%§wthat are
control |l ed &g tlanbasq,niVIdaa DRPErhtior 308 1a&ﬁhsitlbﬁadfi:ﬂd$ MRb-hake®bodubardgsi red | ayers

or coating of endi n n the app at|on conc t he
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begi nni ng ofs tcapromdetan pmn engionBa( Ukha drert etﬁvubabm i @abd waiich h:3tbOGRhADIE,NOUGh
reference i cific layers, interfaces, or features
in the netH§mﬁg%g?%.ﬁ normﬁgéﬁ% é%gggﬁ8n it should be understood that the
various | aylée9s] prodbssésmd@wﬂmﬁaﬁmnmanWdthM&ﬁsmmmvmbBMgep@aﬁhng many
times in or i nt egr at ed
ci ot devy ezl 1 BOREARE AN e Sl Gl AT ar i o
conponent s mWﬁP@WW&ythbbib@@é@ﬂttC@mp}W@@f%ﬂodgboi"hewf@f@ anddfiaed herting dtay, or
present datgbict ShaA G Edﬁ&hﬁ& to d;&lﬁé B GG e ® ‘@xéke%ﬂ}éhtd@coﬂmﬁ@t@r y

enbodi ments faor direct cop atlngﬁonto a bather film which is enabled
by the subsiehtipg aawey)fm%énvefkwéh waeHG fr shtiRerirenpran e pined sd tepgure 6 is a

sinplified rﬁiﬂ&%ﬂﬁi\hﬁ) ol HrRE e MThe pud§hrip@t inB BnvirddRnbis @dne o BRIk e o OF
processi ng s&gﬁ%@rdance th one enbaodi nent. of the invention. Layer 600 is

di sposed O\FB fmepealsd e oxyeen e H“"B@C%‘Zﬁb% ‘éé‘leé"tbeaé“bfeﬂ‘la‘t"mf"éyer 600 will
be an i nt erdaasf@imodilebasddiieCcophdeid) thereto.

[0094] The method now moves to operation 512, where wet processing in on or more

_

of the modules connected to the lab-ambient controlled transfer module, is performed.
Optionally, some process sequenced may not require a wet process prior to the vacuum
process. The various wet processing operations, as defined above, may include proximity head
meniscus processing, SRD processing, brush processing, and any other type of processing that
can include the use of fluids (Newtonian fluids and non-Newtonian fluids).

[0095] Now, in operation 514, the process moves to a decision point where it is
determined whether to process the substrate in a dry process or move to an inert ambient layer
formation step. In this example, it is assumed that it is desired to moved to a plasma process,
and a transition is allowed to occur to operation 516. In operation 516, transition may occur
into a vacuum transfer module. The transitions between the wet processing into the vacoum
transfer module is such that a dry wafer is transferred between the wet processing and into the

vacuum transfer module.



[00102]Figure 7 illustrates |layer 600 with an etched feature therein. The
feature nay be one of a contact, via, trench or other void nade in the

sem conductor nmaterial such that subsequent netallization provides an

i nterconnect to other devices. In sone processes such as dual danmascene
etch processes a sequence of via and trench etches are utilized to define a
feature within dielectric layers prior to netallization. In one enbodi nent,
void 604 has been etched within | ayer 600 through known etch processing
techni ques. For exanple, a plasma etch may be used to formvoid 604 within
| ayer 600. The plasnma etch may take pface in a plasma chamber of the
cluster nodule of Figure 2, which operates at controll ed anmbi ent under
vacuum condi tions. It should be noted that the term void and feature may be
used intercpgageabdl v, 4l 39%9?3% g E&‘m&s, a§d Gvad B fk GeSs MRl Redll agr am
illustrating a conforna ayer bei ng deposited over the exposed
surface of thhmodisshopgration 58, p nlesmm%@g SRRrftige maie perborEedioone @onf or mal

bat her | ayefo886nd SodfPeshiced thé Qe FROWIERROAL ﬁxbrﬁﬁnéd%ﬁ(hf@' ques in
accordance with one enbodi nent of the invention. For exa t he
deposi ti on et Gres opplave appretiamhmay beprereeg. depending oa the tmegg@ﬁﬁ’ér e nodul e of

the clusters ﬁéﬁﬂn&@lﬁhﬂé@th@tfaré:doﬁi&;@d@memﬁdferlnﬁ)dulan&ttﬁlﬁpdmfi%kes 240a t hrough

240d may be used to deposit th rrier layer thro deposi tion

t echni ques. d™EHYY P’EP""’IS‘%“%?[? @Fr ‘Ee"d“bfeﬁb'f‘ye\fgg’wqt@? Légi‘fé‘i(oré C¥4H be nmade of
t ant al um ni ¢hbualdee xﬁaiaaxlh»acktoameablwmo(a'a)t etcRuf;elmnn um (Ru), or a hybrid

conbi natio thes material s ese are the co si dered
materal s L bartTRremgar dORrRis IR i PR o BRI ayer
mat eri al s napyrathen 5(10 viere 4 ednsidot throyghntad tednsferongiokinahd ime the ibagbikattcomot | i i ted
to titanium N4 e h : ybdenum
(Mo), ni obi umflfl)l\rlgcﬁd“é gﬁﬁg umvi%%ﬁesu%‘?ﬁ’ggl n(n%%kﬁt a[%{)l %r(f ?3nnB‘Lﬁ)l ati num
(Pt), and chetiowtiikmOerep opesatiom 2o frhepesgtion 228, a[@@i@n}ﬂ-ﬁa@e@@ogm mtoghssi npl i fi ed
schematic diaiambbilhahiel hafed BeaRke F.msmans%e@me&medw Reseg over

bat her | ayer 606. Layer IS a tanta ayer in accordance wth one
enbodi ment @ b meveyl FWE‘WFPHHG mpny t%i)‘?fl"ﬂ‘elb?@’béﬁ’ﬂﬁﬁiééfoa’@@ﬂ“ mpdest Bhtiptum nitri de
(TaN) has aggRRtBRl BrRdbe Hb@iles Rfe-QRANE] BS afeRbnkAdas IR Y¥SHroMdameehs | C | ayer
600. However, tantalumnitride does not adhere as well as a tantalum| ayer
to copper, WHHEHME] be used to fill void 604 subsequently. As an

al ternati verpbgy] Fi gUfEﬁaerlesiofﬂle contYORddRmbiam: 1531 BRfatibroy&fufes AbEbedBiansi t ed,
tantalumnitrjde | ayer 606 may be processed E‘\*’H‘B{ive a tan al umrl ch surface

proxi mat e tBFe g %%?%%S@WCW’F’I or glectioplpiing °‘§/‘8F'8°%’6 ting done
enbodi nent ele&trf)lbﬁﬁ@lamcgnﬂib subByae maTalss Bd thowes serhhehilemminalowy aiy-ik snddeposi t ed

the b 00105] 1t should b ted th I 606 and
805 mmy. bot i BE-ERBLIE BT ATHTP b 0N PRt Gty Ao ¢ he
control | ed modimeytcapprocedgitrgarplistaerniofus Fi thesuea oftihmwﬁfmgmceardlﬁgly a copper
fl l l I S per(]:nge trlllg roé@ss&n 1gpe}thl%}eﬁ EH%H%IQE:IE@%HG{&I«B?E FOQIH&%B l'ﬂD ‘i%| l?%])g{aﬁg er a

pl anari zati on process i s rated within
bat her | ayed, tﬁﬁsoramm@@@mamk’nwtfomrﬁémd@bﬁ%d within i nt erlayer dielectric

00 Sty be. 28PHgRHALATakDAe) Pdlealfiofh IR BARRGEfL huga, Per f or med

and then a planarizati nste In order pl'anarize the top
surface to Gpug tpangfpranodplp 416 (Hé‘aqklllltﬁu%l? lﬁhta@@ei*tﬁmﬁogiﬁt@ﬂsf@ moflyle wridO-erbodi ment ,

the planariggt thgmuﬁ,&k@ﬁm%@&@hdva O&G@edqm%h%elﬁﬁmﬁﬂmsﬁpﬁmdm tHaf & essi ng
nodul es defined in Figure 2. [0 %As ilTustrated in Figures 6 through 11,

the copper GaPled TOFa‘Tﬂge“b@PP%?‘ﬁ’é’HdWF tfon phtke desisd 19ver oropP® oS eed | ayer .
Because of i%&iﬂe@@dib&rfdﬂig'oﬁdw%ﬁﬂ?kﬁi&h iCaMiNiRE R Yhetkt@niap el \Urbdirs, ek gure 1, the
PVD seed | ayer %g %Jrlmn tedfyﬁﬁ €e| nfug t he C&Pg%er fill to be perforned
directly orf"§i"¢ ‘b&f"‘ﬁ mayp rsbgm LSBT Qe B AT ¥he copper fill
can be dir embdcytiner f or med on bat her | ayer 608 where tant aI um is deposited
over a tant nitrj ather Jlayer. _ln anothe enbodl he copper
PV can paObtBl or netiithep Eeorye 5 RPE BaReRhr rpahe BER MAEFE BHEHER ayer 606
has been t antielmetiod geratibvaef grocekdHoD, itdhmlctbqapﬂerst{mdlthamelv&noaﬂlawrse properly.

processes, and fabrication steps may be repeating many times in order to fabricate integrated




[00107]Figure 11 is a flow chart diagramillustrating the nethod operations
for performng the gap fill directly onto a barrier |ayer, thereby
elimnating the need for a PVD seed | ayer in accordance with one enbodi nent
of the invention. The nmethod initiates with operation 700 where a void is
etched. The void is etched through any known etching techniques. In one
enbodi nent, the void is etched through nodul es of the system described in
Figures 1 and 2 so that the substrate remains in a controlled environnent
at nosphere. 26 [00108] The net hod then advances to operation 702 where a
bat her | ayer is deposited within t he 2t ched trench. As described with
regard to Figures 7 through 10, the bather |layer may be a tantalumnitride
| ayer, or any other suitable layer that will prevent el ectrom gration

ment i oned afEMedevitds. &m@iude at@@c&ﬁ)ip&e@ﬁbsacta@meﬁ cleagehfahcm&cb@mﬁ%ﬁt em defined by
Figures 1 and 2, the substrate would be noved fromthe controlled anbient

vacuum r egi SIS qomBoReRRhish mey beyred e proces. roep st d‘ﬂé@’r FPeEYE dathe

deposi tion lplg]a&uoﬂ,gs The deposition of the bather |ayers may occur as a
tant al um m@mgﬁ er f| rst and then a tantalum | ayer in one enbodi nent.

| n anot her fg“mé ﬂﬁﬂ‘PHFWWPWF’B'éOdF’%F?@f“ﬁ’HW FRPIEPEY P and t hen

enri ched a83adﬁsﬁ1m bhrich i bRi¥Rd by the Sibitifibllyenee BygerfenvidnindhtWiFighreD. | ayer i s

defi ned for the roces o ensure er adhesion of the
Comper o ke B3 Bl e SR g S B R B B SR y "er
copper is cepodncadthiond e)nttohuelentroéme mvetitipe Cltalyyr 60Mis dispdsel dyarrshbserite 6@y er as

specified i I processes elimnate

t he need foIPShglﬂg’%%pE gzﬂoétlﬁégﬁﬁﬁ{eﬂg Hlteﬁg%y‘?iﬁb&%e@eh% | ayer. That is, the
copper is flPOIO2 di rthe!teI'fylh@mt@ Iaykveo0B aviith err et¢hay tentgreiietero (Tihe fehtaresmgpd Iayer

The overburdep. fit, antgchem%ﬂcﬁdr bth 11‘%ldtnhhg&n%eas&ﬂ{cbgdﬁaoﬂn&tesmﬁé hih Provide a
snmoot h top surface f the 1nt erfayer ielectric as specif 4" n oper ation
706. [ oo11G]lhswe@@maﬂmﬁ%y@t'@manaw«@p@wp&lm qeyicesf Intspeme pregessggBIckisd

interface VphiRiahdlent bibiShrbdessBd £lleR& B8 SndRAM! Bfies afcQltBicd o RARL £ he |1 ke, may
be controlled in an automated way using conputer control. Thus, aspects of

t he i nvent ifEAPrHRihipdelpgticlpyerspgoRip mrtalliediiap- I&Sﬁep"tﬂb@?m@'ys‘to&ﬁoébﬁf@@ur ations

i ncl udi ng rbaaﬁdrmmaﬁemoeﬁsughnmmmwh@e&&mg teayaﬁ;h@rrsm RafPIQRpRGMSSOr - based
or progranmmabl e ons mIE oni Clsﬁ‘ m Qi nput er mai nf rane conputers
and the |i K8 ™FRESPH t8 ‘Eri“d’ﬁ‘ ﬁé@wa‘r% Y5890,/ EP]ia%‘%f’c?t a4 i2¢ PFB iR ng conputi ng
envi ronne ntmmheraebérasﬂmclama nfjoeuld efRignek 23Wh1l’c186[mfa&s pconfied adiddeisdges t hat
are |linked %pqlr%%?nlhltln 01% I[?gihi th t(? ve e odi ments in mnd, it
shoul d be UAGEPSPHEE™ HaloPhee 1Ry oK BI Ry %“ ur“@%{’rl

conput er - i nptrelmegeldyl oper ations i nvol ving data stored in corrput er systens.
These oper s ar h Lpu ion. of si cal
quanti ti es%%gﬂ %1g{:1@%§s %Sr]ﬁ[g’t C‘Enéecg%%agla%ﬁ? ﬂu sgrégoﬁlfgr?fmatl Paérsler agé'e t he font
of el ectri daing éﬁpﬂm@mt w@ewpsgd\air&cmpablﬂetrm anb@lemg)osidcsm@d@ oftvorlrééd.er r ed,
conbi ned, (‘C%Hﬂﬁﬁa?gamé"h?er%b@ﬁ%%oﬁﬁdmlgﬂﬂo@&% OSIEH,{&&%{ uestl.h&c Lpul ations

perforned are often referred tointe suc UC|ng enti fying,
det er m ni ngvithgpe Ewpimentpfthe invention. For example, the deposmon may take place w1thm a

controlled ambient atmosphere module of the cluster architecture of Figure 2. That is, any of

modules 240a through 240d may be used to deposit the barrier layer through known
deposition techniques. It should be appreciated that barrier layer 606 can be made of tantalum
nitride (TaN), tantalum (Ta), Ruthenium (Ru), or a hybrid combination of these materials.
While these are the commonly considered materials, other barrier layer materials can also be
used. Barrier layer materials may be other refractory metal compound including but not
limited to titanium (Ti), tungsten (W), zirconium (Zr), hafnium (Hf), molybdenum {Mo),
niobium (Nb), vanadium (V), ruthenium (Ru), iridium (Ir), platinem (Pt), and chromium (Cr),

among others.



[00112] Any of the operations described herein that formpart of the

i nvention are useful machi ne operations. The invention also relates to a
device or an apparatus for 27 perform ng these operations. The apparatus
may be specially constructed for the required purposes, such as the carrier
net wor k di scussed above, or it may be a general purpose conputer

sel ectively activated or configured by a conputer programstored in the
conputer. In particular, various general purpose nachi nes nay be used with
conputer programs witten in accordance with the teachings herein, or it
may be nore convenient to construct & nore specialized apparatus to perform
the required operations. [00113] The invention can al so be enbodi ed as
conput er readabl e code on a conputer readabl e nmedium The conputer readable

mediumi s ta r.age Vi hat. gan re. ich can thereafter
be read bya[gy lgglarrput ﬁg%s??g %S?fr\gp lﬁgﬁ%?%’gwgggr ?lﬁtgﬁétgaﬁp%% %ﬁm\flj\g{g abl'e medi um
i ncl ude harlayetidispeeed oven barigs ddyer06. Alctyer$08 s @ raagpinny INAEN acqomlante wrath pnarenor vy,

random aCoes o AR xR on SR Bipy B Mo YR Eh el wiBGNet | © tapes.
ata storage

and ot her optical and non-opti cal A St evi ces. The conputer
r eadabl e negscnible athesiingarrp@icfpinteilgyer digiecig dyerd0h dapsy & temlh aigrideonput er

systems so dohdlor ddRGe £0PMUL SlantiBRIAB 6 cippdewiich will 88 &dd A vexeouted in a
di stributed fashion. [00114] Wil e this invention has been described in

terms of seYRFPEETMENDSN HERELC 1 Petit 1icpubesypr SETEIBE™ PRAEPEREse skilled in
the art upQihtd@RftirAg bR 0PhS0RPIIEsHNCEvE h BihluRIEh AltcsHroiihid@ tihe dr awi ngs
L e e S LR SO0 Uk SRS B A1 a0, oqut vl ent
such al t er akiembisd mebthiyériiodesosit@iyvanthetiairienByerand equi val ents as fall within
e T e e M ) L
st at ed i n tdapositibampdiles dBedChnAhddSntrolled ambient processing system of Figure 2. In

Figure 10, a copper fill is performed within the trench to yield copper line 610 after a

planarization process is performed. Copper line 610 is illustrated within barrier layers 608

and 606, which are defined within interlayer dielectric 600. I should be appreciated that in

Figure 9 the copper fill is performed and then a planarization step is followed in order to

planarize the top surface to obtain the lines as illustrated in Figure 10. In one embodiment,

the planarization takes place in the controlled ambient wet processing modules defined in

Figure 2.

[00106] As illustrated in Figures 6 through 11, the copper gap fill is performed without

the need for a PVD seed layer. Because of the controlfed ambient environment defined within

Figure 1, the PVD seed layer may be eliminated enabling the copper fill to be performed

directly onto the barrier layers. Thus, in one embodiment, the copper fill can be directly

performed on barrier layer 608 where tantalum is deposited over a tantalum nitride barrier

layer. In another embodiment, the copper fill can be performed directly onto barrier layer 606

where barrier layer 606 has been tantalum enriched so that the copper fill will adhere properly.

[00107] Figure 11 is a flow chart diagram illustrating the method operations for

performing the gap filt directly onto a barrier layer, thereby eliminating the need for a PVD

seed layer in accordance with one embodiment of the invention. The method initiates with

operation 700 where a void is etched. The void is etched through any known etching

techniques. In one embodiment, the void is etched through modules of the system described

in Figures 1 and 2 so that the substrate remains in a controlled environment atmosphere.



1. A cluster architecture for processing a substrate, conprising: a

| ab- anbi ent controlled transfer nodul e being coupled to one or nore wet
substrate processing nodul es, the | ab-anbient controlled transfer nodul e
and the one or nore wet substrate processing nodul es configured to nanage a
first anmbi ent environnent; a vacuum transfer nodul e being coupled to
the | ab-anbient controlled transfer nodul e and one or nore plasm
processing nodul es, the vacuumtransfer nodule and the one or nore plasma
processi ng nodul es configured to nanage a second anbi ent environnent; and
a control | ed ambi ent transfer nodul e? eing coupled to the vacuum transfer
nodul e and one or nore anbi ent processing nodul es, the controll ed anbi ent
transfer nodul e and the one or nore anbi ent processing nodul es confi gured

to manage 61061W d argi ﬁ&fxocﬁﬁ@ﬁ'aﬁ%@ ﬂ)toperatlon 702 %@é :?lkapne; ﬂ er?sl dd dd
architecture enables controlled processing of the substfate Tn elther t he

first, secohithinghe stehied wenghihselgscribadyyithsegardiie Bigures 7 through 10;thebagiey leyesy

ar chi t ect Ur'Bayds a Eaﬁﬁluhﬁﬁ’tnﬂd’lay%} 3t ﬁ@&mﬁ&!@%&l nayeltthrﬁ wﬁlmraén@m@ﬂr&(ﬂgra&ﬂv | ronnment
is an inert anbient that is substantlauwﬁ.tree of . The
i3

cluster ar cRiPPIEe hoge. Joshpdd pe appresipfectiay he\ﬁk‘lsé‘i“é‘ileﬁ“ ngi“’feél m}ﬁlr?bl ent
envi r onmentihd sibsidte wd6la be Mot &6 tieltakirolled Subht wBiunAkLidh b ERRuolIQX Y gen.
o L S P B B BB TRt 500
ar chi t ect urmayascur acajtmmhm nitridé Riyanfidst andhieen @ itancatutAayfet ih®he enst@dionat. &nd third
orL ! ONTEN oL b AL AR, UAF AR LML EAFAR SROI L pOTE
recited i nabdai n eltl,lermmh elantalumerich trrerds deﬁmdd’orahﬁgaeﬁli pqgce@s:mssieng modul es
i ncl ude m:"teianlulrﬂi gﬁopg} %ﬁhésﬂ)g oPhe Eo%f\@ to the barrier layer.

[00109] Next the gap fill is performed where copper is deposited into the trench

directly onto the barrier layer as specified in operation 704. As described above, these

processes eliminate the need for a PVD seed layer defined within the barrier layer. That is,

the copper is filled directly onto the barrier layers without the seed layer. The overburden

from the gap fill is then planarized in order to provide a smooth top surface for the interlayer

dielectric as specified in operation 706.

[00110] The control systems and electronics of that manage and interface with the

cluster architectures modules, robots, and the like, may be controlled in an automated way

using computer control. Thus, aspects of the invention may be practiced with other computer

system configurations including hand-held devices, microprocessor systems, microprocessor-

based or programmable consumer electronics, minicomputers, mainframe computers and the

like. The invention may also be practiced in distributing computing environments where

tasks are performed by remote processing devices that are linked through a network.

[00111] With the above embodiments in mind, it should be understood that the

invention may employ various computer-implemented operations involving data stored in

computer systems. These operations are those requiring physical manipulation of physical

quantities. Usually, though not necessarily, these quantities take the form of electrical or

magnetic signals capable of being stored, transferred, combined, compared, and otherwise

manipulated. Further, the manipulations performed are often referred to in terms, such as

producing, identifying, determining, or comparing.

[00112] Any of the operations described herein that form part of the invention are

useful machine operations. The invention also relates to a device or an apparatus for



29 7. The cluster architecture as recited in claim®6, wherein the
metallic plating systens include electroplating and el ectrol ess plating
syst ens. 8. The cluster architecture as recited in claim1, further
conprising, a first load | ock connectabl e between the | ab-anbi ent
controlled transfer nodul e and the vacuum transfer nodul e; and a
second | oad | ock connect abl e between the vacuum transfer nodul e and the
control |l ed anbient transfer nodul e. 9. The cluster architecture as
recited in claim1, wherein an interface with the one or nore wet substrate
processing nodul e is enabled by an erdd effector that handles the substrate
in a dry-in and dry-out sequence. 10. The cluster architecture as
recited in claim9, mherein a proximty head systemis a wet substrate

processi ng rT%gul ngl\tlléevs\% %Peratlons Tl-llgzhaspﬁat&lssntlg %&Qiytch%&hj&e% fg}stherrgtﬁliir&?d inclaim

9, wherein & non-
purposes, such as the carrier network discussed above, or it may be a general purpose

compuier selectively activated or configured by a computer program stored in the computer.
In particular, various general purpose machines may be used with 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.

[00113] 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 the computer
readable medium include hard drives, network attached storage (NAS), read-only memory,
random-access memory, CD-ROMs, CD-Rs, CD-RWs, DVDs, Flash, magnetic tapes, and
other optical and non-optical data storage devices. The computer readable medium can also
be distributed over a network coupled computer systems so that the computer readable code is
stored and execated in a distributed fashion.

[00114] ‘While this invention has been described in terms of several embodiments, it
will be appreciated that those skilled in the art upon reading the preceding specifications and
studying the drawings will realize various alterations, additions, permutations and equivalents
thereof. Therefore, it is intended that the present invention includes all such alterations,
additions, permutations, and equivalents as fall within the true spirit and scope of the
invention. In the claims, elements and/or steps do not imply any particular order of operation,

unless explicitly stated in the claims.



fluid is used in one of the wet substrate processing nodul es. 12. The
cluster architecture as recited in claiml, wherein a brush systemis used
in a wet substrate processi ng nodul e. 13. The cluster architecture as
recited in claim1, wherein the | ab-anbient controlled transfer nodule is
defined by a stretch nodule having a track and an end effector for noving
substrates into and out of the one or nore wet substrate processing

nodul es. 14. The cluster architecture as recited in claim1l, wherein
the first, second and third anmbient environnents are isolated by sl ot

val ves and | oad | ocks, the slot val ve§ define isolation between the anbient
envi ronnents when transitions of the substrate are provided through the

| oad | ocks, where dry plasna processing and wet processing is enabl ed
within 30 the cluster architecturegﬂéhgut exposure of the substrate to an
oxygen environnent that is outside cluster architecture. 15. A
nmet hod for processing a substrate in a cluster architecture, conprising:
configuring a I?b anbpi ent transf g interface with one or nore wet

processi ng nodules, WHEHEAELEHIE ort"?‘i’éesf‘?ga"‘hsé‘ LR SBETE8and the one or nore
wet processing mhﬂminblsnt(bme:lbﬂﬁchransmcramﬁulé Bdingauotyileinb oy mbemweent ;

substrate processing modules, the lab-ambient controlled transfer module and the one or
more wet substrate processing modules configured to manage a first ambient environment;

a vacuum transfer module being coupled to the lab-ambient controlled transfer
module and one or more plasma processing modules, the vacuum transfer module and the
one or more plasma processing modules configured to manage a second ambient
environment; and

a controlled ambient transfer module being coupled to the vacuum transfer module
and one or more ambient processing modules, the controlled ambient transfer module and
the one or more ambient processing modules configured to manage a third ambient
environment;

wherein the cluster architecture enables controlled processing of the substrate in

either the first, second or third ambient environments.

2. The cluster architecture as recited in claim 1, wherein the third ambient

environment is an inert ambient that is substantially free of oxygen.

3. The cluster architecture as recited in claim 1, wherein the first ambient

environment is an inert ambient that is substantially free of oxygen.

4, The cluster architecture as recited in claim 1, wherein the second ambient

environment is capable of being set in vacuum.

5. The cluster architecture as recited in claim 1, wherein the first, second and
third environments are isolated from an uncontrolled clean room environment outside of

the cluster architecture.

6. The cluster architecture as recited in claim 1, wherein the one or more

ambient processing modules include metallic plating systems.



configuring a vacuumtransfer nodule to interface with one or nore plasm
processi ng nodul es, where each of the vacuumtransfer nodul e and the one or
nore plasma processi ng nodul es operate in a second ambi ent environnent;
configuring a controlled anbient transfer nodule to interface with one or
nore plating nodul es, where each of the controlled anbient transfer nodul e
and the one or nore plating nodul es operate in a third anbient environnent;
and enabling transitions between the first, second and third anbient
environnments within the cluster architecture w thout being exposed to
external uncontrolled anbient conditi®ns. 16. The nmet hod for
processing a substrate in a cluster architecture as recited in claim 15,
further conpri sing: configuring a recipe for controlling
transitioning between the first, second and third anbient environnments, the
recei pt defining when processing is to be performed in particular ones of
the wet processing neulues: aghltersweas prodeEs slhing. wheteih és ngnptlicplaties ng nodul es.
17. The et . cluster architecture as
recited in %ﬁg?%@%gﬁ gﬁﬁfﬁhﬂﬁ?ﬁdaﬁgg%f@& %gﬁ?;enV|ronnent is configured to
have a pressure that is higher than a clean room pressure that is outside

of the cluster @rCh'Ttl)@aEMrgmhltecmre as feited T\ @aifTB L R1QKE: EMprilin@CESSI Ng &
substrate in a cluster architecture as recited in claim15, wherein the

first anbient ealistigweskcomsctahie heppern thelaB-ambient soptralisd tapyiFralofule hat i s oxygen

free or subghaRthabhYaekyaefld mee. 31 19. The nmethod for processing
a substrate in a cluster archuﬁgcture as recited .in gla|n1 5, Wherein the

second anbi ent &EPIAMHAGE congeqrBle fetivigenhe yacumtranifey mo, m 20.

The net hod doadkollpd G sirmgicamsukst rate in a cluster architecture as recited
in claim19, wherein the third anbient environnment is an inert gas filled
environnment that is oxygen free or substantially oxygen free. 21. The
met hod for processi Mye dusarbshireate ab rciged il dmmdr wizraithantigerfage eitlathe reci ted i n

claim 20, vHehehe SURRIAL Srold AShIdR AL MR aferdl AR WL AGARSOPEr AL i On | S

enabl ed from the vacuum 'e'to the cont ient transfer
nodul e for ssbstreteind drga apdl dityiontgeguerdaout i ntroduci ng the substrate to oxygen
after the plasnma processi ng operation.

10.  The cluster architecture as recited in claim 9, wherein a proximity head

system is a wet substrate processing module.

11. The cluster architecture as recited in claim 9, wherein a non-Newtonian

fluid is used in one of the wet substrate processing modules.

12. The cluster architecture as recited in claim 1, wherein a brush system is used

in a wet substrate processing module.

13.  The cluster architecture as recited in claim 1, wherein the lab-ambient
controlled transfer module is defined by a stretch module having a track and an end
effector for moving substrates into and out of the one or more wet substrate processing

modules.

14. The cluster architecture as recited in claim 1, wherein the first, second and
third ambient environments are isolated by slot valves and load locks, the slot valves define
isolation between the ambient environments when transitions of the substrate are provided

through the load locks, where dry plasma processing and wet processing is enabled within



22. The nethod for processing a substrate in a cluster architecture as
recited in claim20, wherein each transition of the substrate between the
| ab- anbi ent transfer nodul e, vacuumtransfer nodule, controlled amnbient
transfer nodule is controlled, w thout exposing the substrate to an
uncontrol |l ed anbient of a clean roomthat is outside of the cluster

archi tecture. 23. The nmethod for processing a substrate in a cluster
architecture as recited in claim15, wherein at |east one of the wet
processi ng nodul es operates to forma neni scus over the surface of the
substrate, the neniscus configured teobe formed and noved over the surface
of the substrate so as to enable a dry-in and dry-out processing into and
out of the wet processing nodul e. 24. The nmethod for processing a
substrate in a cluster architecture as recited in claim15, wherein at

| east one GRS FUFIET HEHCCGHHDFRRALF FHOMHS A e SR A PEEyEed P HPRRTEt B8 Newt oni an
fluid over duhe s1uhd AGer athikdt@resubstrat e. 25. The net hod for
processing a substrate in a cluster architecture as recited in claiml15,
wherein the controlled anbient transfer nodul e al so operates dry-in and
dry-out processing ofmdilve feplastssiag @substd@ in a clusier 6hitefiure] compaisingar chi t ect ur e
for processing a uubrslt rf’ig gmblgrgggl{sfeﬂnncgﬂetgl te??cemloﬁg&xﬁoqg&létm l'ed transfer
nodul e bei ng cou Bd T one or nore rate processing nodul es, the
| ab- anbi entpresoning mbdité@ Whemcﬂi@rf ﬂwﬁdiufeemaﬁdb anf ghe @peeor aore Rt progestings ubst r at e
processi ng nﬁHﬁQ{? %gra@%p{ﬁ%mgngegw%&@,ge a first ambi ent environnent;

a vacuumtrans no e bel ng coupled to the | ab-anbient controll ed
transfer nodul ecoafighriagievasyunpiggfernedyledo ipicdtce 4th AR GHWIFARSMa t he vacuum

transfer mditGingROaIRSHIRRR @ of R VEuRth 88t REREAHE R Ond®estes configured to
manage a second anbi ent environnent; and a controll ed anbient

transfer motAYPRPBESSING At paratedn 3 15eond ABMERCRYANEFEr nodul e and one or nore
anbi ent pr ocessigfguiigiitasollct bﬁbl&ﬂmazfs&lr mechicahitehée wihansbaior¢rodul e and t he

one or m)relarrbi e‘r“lﬁ pr.oces ggl eg mﬁonf' red 115. ge a f hird anbi ent
envi r onmentP A RETOFUES YR Eﬁ?h” F&"“gg i ‘ﬁ‘é‘r"? RO dE 2 "frlﬁg Y Blbst antial |y
free of oOX)yp@tiRg modules operate in a third ambient environment; and
enabling transitions between the first, second and third ambient environments
within the cluster architecture without being exposed to external uncontrolled ambient

conditions.

16.  The method for processing a substrate in a cluster architecture as recited in
claim 15, further comprising:

configuring a recipe for controlling transitioning between the first, second and third
ambient environments, the receipt defining when processing is to be performed in
particular ones of the wet processing modules, plasma processing modules and plating

modules.

17.  The method for processing a substrate in a cluster architecture as recited in
claim 15, wherein the first ambient environment is configured to have a pressure that is

higher than a clean room pressure that is outside of the cluster architecture.

18.  The method for processing a substrate in a cluster architecture as recited in
claim 15, wherein the first ambient environment is an inert gas filled environment that is

oxygen free or substantially oxygen free.



wherein the cluster architecture enables controlled processing of the
substrate in either the first, second or third anbient environnents, and
during operation, the first, second and third environnments are confi gured
to be isolated froman uncontrolled clean room environnent outside of the

cluster architecture. 27. The cluster architecture as recited in
claim 26, wherein the first anmbient environnent is an inert anbient that is
substantially free of oxygen. 28. The cluster architecture as recited
in claim26, wherein the one or nore anbient processing nodul es include
metallic plating systens. 29. Bhme cluster architecture as recited in
claim 28, wherein the netallic plating systens include el ectroplating and
el ectrol ess plating systens. 30. The cluster architecture as recited in

claim26, further conprising, a first |oad | ock copnectabl e between the

| ab- ambi ent cont¥ol IngmFtﬁ?frfg‘F%?“%B‘éﬁls‘ﬁ’S%ﬂ“taﬁlgs‘t?fé‘?ﬂ’fﬁﬁ“feraéfﬁg‘l‘eélrm nodul e; and
a second | aadim!i®0kheginheRtamb habibe thvieiimdnh hyla dlipmsing poskevacusadul e and t he
control |l ed anbient transfer nodule. 33 31. The cluster architecture as
recited in claim?26, further conprising, a conmputer for controlling
novenent of the26ubdhe attboddet pyessing l eubkiratessin 2 chgoardtitamud: @ icited imnbi ent
environnents..a Nt o a . [ i C .10 respective
ones of t heﬁaérﬁglg’ew rll1 re}élrﬁt\l/eiqﬁf)dﬁal#’\t:bﬁ? 11‘5@91;0%91%&%3%%%%%}9&4@@% 8& ? g@ﬁ eﬁtﬁ ilsng a feature
of a subst raygenifne & setstantrally pxveendreei r onnment, conpri si ng met hod operati ons
of :

21.  The method for processing a substrate in a cluster architecture as recited in
claim 20, wherein substrate transitions after a plasma process operation is enabled from
the vacuum transfer module to the controlled ambient transfer module for electroless

plating without introducing the substrate to oxygen after the plasma processing operation.

22.  The method for processing a substrate in a cluster architecture as recited in
claim 20, wherein each transition of the substrate between the lab-ambient transfer
module, vacuum transfer module, controlled ambient transfer module is controlled, without
exposing the substrate to an uncontrolled ambient of a clean room that is outside of the

cluster architecture.

23.  The method for processing a substrate in a cluster architecture as recited in
claim 15, wherein at least one of the wet processing modules operates to form a meniscus
over the surface of the substrate, the meniscus configured to be formed and moved over the
surface of the substrate so as to enable a dry-in and dry-out processing into and out of the

wet processing module.

24.  The method for processing a substrate in a cluster architecture as recited in
claim 15, wherein at least one of the wet processing modules operates to form a non-

Newtonian fluid over the surface of the substrate.

25.  The method for processing a substrate in a cluster architecture as recited in
claim 15, wherein the controlled ambient transfer module also operates dry-in and dry-out

processing of the substrate.



etching a feature in the substrate in a first chanber of a cluster tool
depositing a barrier layer configured to prevent diffusion of copper into
an exposed surface of the feature in a second chanber of the cluster tool;
and filling the feature with a gap fill material deposited directly onto
the barrier layer. 33. The nethod of claim32, further conprising:

pl anarizing the gap fill material and enriching the barrier layer to

i nprove adhesion properties to the gap fill material. 34. The method of
claim 32, further conpri sing: deposi ti ng anot her bather |ayer over the
bat her | ayer, wherein the barrier layer is tantalum and the anot her bat her
|l ayer is tantalumnitride. 35. The nethod of claim 32, wherein the gap
fill material is copper. 36. The nethod of claim 32, wherein each
met hod operatiopn is perforned in_a controlled environnent. 37. The net hod

of claim32, fuffhe® ‘Eﬁb?rfhétleﬁ'ﬁe for procesying 4 uPY PG PHE e substrate bet ween
the first chanberabamsieztth@usmmﬁkf@hﬁmlebemgcb&mdtto Q'Depﬂﬁbl’ﬂgrct he substrate to

uncontrol | ed,_envi ronnent can for performng a
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more wet substrate processing modules configured to manage a first amblent environment;

a vacnum transfer module being coupled to the lab-ambient controlled transfer
module and one or more plasma processing modules, the vacuum transfer module and the
one or more plasma processing modules configured to manage a second ambient
environment; and

a controlled ambient transfer module being coupled to the vacuum transfer module
and one or more ambient processing modules, the controlled ambient transfer module and
the one or more ambient processing modules configured to manage a third ambient
environment that is configurable as an inert ambient that is substantially free of oxygen;

wherein the cluster architecture enables controlled processing of the substrate in
either the first, second or third ambient environments, and during operation, the first,
second and third environments are configured to be isolated from an uncontrolled clean

room environment outside of the cluster architecture.

27. The cluster architecture as recited in claim 26, wherein the first ambient

environment is an inert ambient that is substantially free of oxygen.

28. The cluster architecture as recited in claim 26, wherein the one or more

ambient processing modules include metallic plating systems.

28, The cluster architecture as recited in claim 28, wherein the metallic plating

systems include electroplating and electroless plating systems.

30.  The cluster architecture as recited in claim 26, further comprising,

a first load lock connectable between the lab-ambient controlled transfer module
and the vacuum transfer module; and

a second load lock connectable between the vacuum transfer module and the

controlled ambient transfer module.



34 depositing a first barrier layer over a substrate surface having a
feature defined therein; depositing a second barrier |ayer over the first
barrier layer; and filling an open area of the feature with a
conductive material deposited directly onto a surface of the second bat her
| ayer, the filling being perforned w thout applying a seed | ayer over the
second barrier layer and filling is perfornmed in a different chanber than
ot her nmet hod operations; wherein transitioning between different
chanbers occurs in a substantially oxygen free environnent. 39. The
met hod of claim 38, wherein the first3bather layer is tantalumnitride and
the second barrier layer is tantalum and the conductive material is copper.
40. The nethod of claim 38, further conprising: planarizing the surface of
the substrate ag £[ er Tfhfls (lzhllslte? grct Qagtur%gse r%cﬂ?erd ?na}::la?r]:l 2& qerth];re coEnpnsmg,
a computer for controlling movement of the substrate between the first, second and
third ambient environments and into and out of processing modules connected to

respective ones of the ambient environments.

32. A method for filling a feature of a substrate in a controlled environment,
comprising method operations of:

etching a feature in the substrate in a first chamber of a cluster tool,

depositing a barrier layer configured to prevent diffusion of copper into an exposed
surface of the feature in a second chamber of the cluster tool; and

filling the feature with a gap fill material deposited directly onto the barrier layer.

33.  The method of claim 32, further comprising:
planarizing the gap fill material and enriching the barrier layer to improve adhesion

properties to the gap fill material.

34.  The method of claim 32, further comprising:
depositing another barrier layer over the barrier layer, wherein the barrier layer is

tantalum and the another barrier layer is tantalum nitride.
35.  The method of claim 32, wherein the gap fill material is copper.

36.  The method of ¢laim 32, wherein each method operation is performed in 2

controfled environment.

37.  The method of claim 32, further comprising:
transitioning the substrate between the first chamber and the second chamber

without exposing the substrate to uncontrolled environmental conditions.

38. A method for performing a gap fill without applying a seed layer on a

substrate, comprising:



34

depositing a first barrier layer over a substrate surface having a feature defined
therein;

depositing a second barrier layer over the first barrier layer; and

filling an open area of the feature with a conductive material deposited directly onto
a surface of the second barrier layer, the filling being performed without applying a seed
layer over the second barrier layer and filling is performed in 2 different chamber than
other method operations;

wherein transitioning between different chambers occurs in a substantially oxygen

free environment.

39. The method of claim 38, wherein the first barrier layer is tantalum nitride

and the second barrier layer is tantalum and the conductive material is copper.

40.  The method of claim 38, further comprising:

planarizing the surface of the substrate after filling the open area of the feature.



