1 PROCESS TO KEEP SUBSTRATE SURFACE WET DURI NG PLATI NG 5 10FI ELD OF THE

| NVENTI ON [ 0001] The present invention relates generally to sem conductor
subst r at ewprociagsissg, and nore particularly, to the handcrng2eb/osesabstrate
through an integrated el ectrol ess deposition process during fabrication.
15DESCRI PTI ON OF THE RELATED ART [0002] In the fabrication of sem conductor
devi ces such as integrated circuits, !nenory cells, and the like, a series
of fabrication operations are perforned to define nmultilevel features on
sem conduct or substrates ("substrates") Features having multiple levels
are becom ng nore preval e imensions fall to the sub-mcron

| evel s and there |sF@8ﬁ§?§H?HH¥ﬁEWHE?5W§E "RCTERE 8N density of devices in
order to provide greater conputational capacity. [0003] The series of
fabrication operations involve selectively renoving (etching) or depositing
different materials on the surface of the substrate. The fabrication
operations start at a substrate |evel where transistor or capacitor devices
with diffusion regions are forned. A first layer of dielectric (insulating)
material is deposited on top of the formed transistors. In 25subsequent

| evel s, interconnect netallization |ines are patterned on top of the base

| ayer as nultiple thin-filmlayers through a series of manufacturing
process steps. The interconnect netallization lines electrically connect to
the underlying transistor or capacitor devices by way of contacts to

t her gy define a desired ci gt OF PAEARMENTIEN conducti ve | ayers are

i nsul ated fromeach other by layers of dielectric materials. 30[0004]

Copper i $0008LEkA RTESCA iBmnR iedHesErnEnbi e sorpispndveior sSWBAlE RIOPYIEiBS. @Bhnect s due
toits | AR Jr@c%'la?lgf' t\ﬁ'tltleyhaﬁﬂﬁjngl &%ﬁbsﬁﬁéQﬁrQEghtHn 1ht%é/ratte9 eﬁktﬁﬁ&s@ ‘aeﬂgs&'bﬁlt ion as
conpared to a um num  Electro-migration is the transportation of material
caused byracere dgriegiigbticapvenent of ions in a conduct or due to nomentum
transfer between conducting electrons and diffusing netal 2 atons.

El ectro-m gration decreases the reliability of integrated circuits (1Cs).
In tHeé worst case, el e@ESECREPJION OF THHORELAJEI/ARTual | oss of one or nore

connect i efpaf ! FbAGbA of RERLTIEG Hovib A Ll & iREerh 8 BN enfdry EHSL -

and the like, a series of fabrication operations are performed to define multilevel features on
semiconductor substrates ("substrates"). Features having multiple levels are becoming more
prevalent as device dimensions fall to the sub-micron levels and there is constant demand to

20  increase the density of devices in order to provide greater computational capacity.
[0003] The series of fabrication operations involve selectively removing (etching) or
depositing different materials on the surface of the substrate. The fabrication operations start
at a substrate level where transistor or capacitor devices with diffusion regions are formed. A
first layer of dielectric (insulating) material is deposited on top of the formed transistors. In

25  subsequent levels, interconnect metallization lines are patterned on top of the base layer as
multiple thin-film layers through a series of manufacturing process steps. The interconnect
metallization lines electrically connect to the underlying transistor or capacitor devices by
way of contacts to thereby define a desired circuit. The patterned conductive layers are
insulated from each other by layers of dielectric materials.

30  [0004] Copper is becoming a conductor of choice for most device interconnects due to its
lower resistivity and lower susceptibility to electro-migration as compared to aluminum.
Electro-migration is the transportation of material caused by the gradual movement of ions in

a conductor due to momentum transfer between conducting electrons and diffusing metal



[ 0005] One commonly used nethod of patterning copper is called Copper
Damascene 5Process, in which a substrate with patterned trenches undergoes
an i nt er cwonecto7emsposi ti on (plating) process of copper aCTars2@o0baa6é er

| ayer. During the deposition process, a copper seed |layer is deposited on
the top, along bottom and on the si de wal I s of the patterned trenches. The
top surface of copper will be polishéd with a subsequent

cheni cal - mechani cal polishing (CWP). Such steps |eave copper Iines or pads

wel | defined with co ) on..the 10to ut

ol at ec b wllsium e Ra ke RS SERP i brgee TRt R e DB s Toooe) A
great ef taetclbras- rﬁgﬁﬂoﬂﬂﬁ% tb OvedlbdaBlosOst oh® oNmiefcynieoRRL resGliing aCe property so
as to drasti cal I%/ nprove el ectro-mgration properties of interconnect
copper | MHE8ULRY aflbreoifrﬁ}e(’ﬂ}%retcﬁéuq nterface property of copper wth

subsequepgoospORE &@hmmﬁ@@amﬁwpatkmn%&@p@rls caio® 0gppch Ona&aRPi ng of the
top copper surface with cobalt al %t rough el ectrol ess deposition
¢

15( ELD) PEcpopetithievhygic wilf paemy @@w B§9estad ipfercpriset depefifianed
i nt egr at e, LY HRLIBBEQ pPE: AEVARNERY 153@9%%\@ tﬁeeéepoﬁﬁ(l;h GbéRus ca%p%%e%gt ive and

self-catal ytic deposition of another netal over | i nes, essenti al
absence btyedegenssitddon the/ep. along beltemagd pi te sigly ewalls dihepajieined tieRelier ocess

ermts I ect
p tlﬁf %%Iﬁol?%cés)g %{Fgele\lvﬁl% ﬁ@ed Wiy s%s‘eﬂﬂmp&ﬂempm{eaﬁnfcﬂ %ﬁﬁf?@g

| i nes, the necessary cappi to copper inte t so as
to enhan¢@MPhtSichaces aglvespmn lig6sir pedsgrdil, deam;ﬂ withhéapperendtil @xpatéomthe

el ecypo-g g%'hﬁf& éeoﬁht ﬁ%ﬁt ddﬂlt&zéé 1] dEhRBRE o %é@ﬁe L REC ﬁ%ﬁstra}he copper |ine

i s encaps on the sides an barrier and on top by
barri er/ €4008] Ateoqt clif@t lﬁtslbeen:madEhe alo pp@rrh@thfsfloeppar surfamp@pér&m@ dAas weaker
adhesi on thtan s he coepegert/ arri.er @I ifnt erfacet, SO @ ; rem\pl tation
occurs pfEaSHHARPY QiU HREEE" RUPHERC! RG] GRPE P rd 9 dEWEPE es,
copper eliedhietdace poopeitg bBtdpper vélEMJbs&qand nmaﬂsleiemﬁads oted thewwgper.NAbeg
direction of the eleiE)troanowfuItl Eﬁ ﬁ’lnhr? clewcetofall

At t enpt s 18 FHBFGVE eI EIPPe S aE I oRHhE Ly PRSI HEPSY8r ri er 1 ayer
on tap womlh ifgfovedihy nfoeChtfet @veattthhblo@nN@dlde By @R vEinRatadIpat Bfnabsoet chi ng
procedures but al so reatlﬁﬁl ncrease the line resistivity. A better

A1 ter nat PSR RGBTSR ELDIHPYT brelciypind sl eyl deposiinhdkane Brgariah

phosphi dgydr@Whks, AN k@nlidl AbLARPATIHRIE oferSRd @BiME1a36. BlhR Preapess after
CMP. It has been denpnstrated, in some cases, that usi ng a CoWP cap has

r esul t ed PIOSCERFIMIFAR PIRETYGH? eloarieninsulgfionhrevies taslegracslings. Wiljhi t ude,

conpar ed pYMthgSthé H&%&éﬁ&%a%ﬁh{& cbbger ﬁf?&&%&dt%‘@é to@hﬁdn@&&[érﬁcé e@%@sﬁo@' one.
However, "addi n he copper has its own prob

mstéﬂcesmtnlgél mm@pp@@tf@éﬁpefelmtm 11.1)lgrfr'1§)\if)1@)ducts of previ ous process st eps

can di Tfmﬂ n,]ttﬁe &A}g #fnrya 9@3&59&&' cﬁg%err'hﬁe BVEL qutQ@oﬁit fefsfam;a may cause

mgratio el ect ctin Specli Into t por ou

di el ect r bettdnahyebarpatagiali aidloyl tbmladbangertewhhtogrdleéftcam rTih@ Cbmidéag@ctnc
interface has weaker adhesion than the copper/barrier metal interface, so copper precipitation
occurs predominantly at the top surface. Under high current densities, copper electro-

25  migration (EM) would cause atoms to move in the direction of the electron flow ultimately
causing the device to fail. Attempts to improve copper/dielectric adhesion by inserting a
barrier layer on top would not only require additional expensive patterning and etching
procedures but also greatly increase the line resistivity. A better alternative to inserting a
barrier layer is to add a cobalt tungsten phosphide (CoWP) cap to the copper using a selective

30  ELD process after CMP. It has been demonstrated, in some cases, that using a COWP cap has
resulted in EM lifetime improvements of one to two orders of magnitude, compared with

structures using the conventional dielectric layer alone. However, adding CoWP cap to the



5[ 0008] After the capping operation, the substrate is then dried before
novi ng the substrate out of the plating nodule to a subsequent processing
nodul e, swohloam72268r ush scrub nodul e, a chem cal nodul e Pamd/See10a5®66rDI ned
brush-rinse-and-dry nodule, for further processing. The substrate, of
course, nust be dried up in the rinse-and-dry nodul e before the next

manuf acturi ng procedure of dielectrié deposition. However, premature drying
of the substrate 10 between the ELD nodule and the final rinse-and-dry
nodul e woul d cause a serious, i ssue. matt er how extensive the .

post - dep&YTFET B 1 PW&é’r?%ie‘?Sn%Ph‘é‘Stﬁ’Ecﬁ’ %HB?@PGQC?PS% E}“g &IPTURCE F?EPI}?%’P% i ons
exi st i npidaesslsiefidadl doffust Ofto OF stift@indinp JtelaairR. layEReTiatidhsiéronsy @awd d be cobal t
ions resulting fromconstant dissolution of the ng%al i.n the aqueous

sol uti on nB%fatt“WeOf§f?ﬁ'§‘t°f‘15‘t ondygiipg patal speeics inpsibe BUAYS Geipdts LY e PIPHHY in the
ELD nodukgd@gujQgp@w@ﬁ§phn?gry process. The spin-dry 15process al ways

| eaves a verféthln | ayer of |iquid on sone area of the substrate surface,

t hat , S of [QUY8F 4Eer thay¢APRING P alifing the pulsple évthehdricdipelore mAUng e SELSIraK US| nce i t

is the clpgestaib®@mbii@e BB @bsedHerh BRRessihB oMk Auch MShru@NeRibdhpRl Yed, are
not |ocalized only above the netal |ines or pads, but will diffuse

hor i zont ahdnyicakiniciik andfer 4 aguingdibayprrins{-gBbGy mogeks. FREThFCeaiBORa | on of
the 1 ast ot Oforkbdul thisQleNO up lNFe AARGRALEALLAR. Al ROt al i ons can

easily exceed the critical concentration an orced to

preci pi t atasufecitrizgspredaet digkctrigsiephsdono Hogovwr.gmemamnie sind oy erthagpbstetial
U105y PRdSAN. 1B ARk Al iAGG A KiadafpaRl DEGbIRRLRITOIL! ©
is not designed (optimze or spin-dry,” numerous FIQUI é?ops originally
r el easednfattarhophextensibs the pbe-deprsi taneinsaly inhavbiDdadlwe, 8 pdvakhellvddie nomdlo t he

al most - dlioi eg: 1§L{rt1) terhatl osnl'%(l;f(glctﬁé S %lélt?art] Sﬂlalrllleteﬁri](()j sfciorig bgléo a 'V\%lflflzsdlt'?lOt be spun
250f f. | hEY &4, eSE " e rop§lwod?d ﬁry up]}o PeaveXaaditieha"et hi cker

r esi dues from @asimdissdmia dtheth@aldh b tag@does silutfoaoa thavabatatet soffa@ndht he

dielectrig top aljke, These resjdues or contami nants, if not cleaned up,
woul o sesfstieRy ubtais e mbEEL AR MBS APuBT FontsaRiontThoo) i 1

t hesesr epiddens slvagRntcatds AaptyShiall & et 6f IRRICIERARArdAR B¢ stibieraidayrfat, hat ofet chi ng,
however, the integrity of the CoWP cappi hg on tQE,of t he cogper woul d be
destroyeﬂmgﬁhé%ﬁ%gi%@g%%ﬁﬁ%?mgwo?H@mEHﬁHéFmbEP?V'FHWH¥%¥$§b cngfahce there

i's no CoViRrfeperd hé@NoANoddRishaldd, 8l nbBlbedlizéd only 4bdv Bk QhethBOMIGAdPT ObI ens
with the conventional process have been explained in great detail with

r ef er enc8Uitbliciippepoipelly yipindpeliqudiaggnduct i ve metal of choice), it
R e L L e
cont @t &wbiinfreaagsibfexeepd thansrusigtlicopceairitipa anGwNMARY b OOCEA 1o IBegRights/
speaki Ng ot N6 RPN BERLS of ddnltanfil 1S idd¥nde BMETPRA ahdBE QXSG RPPAT At US,

surface alike. Worse, since the ELD module is not designed (optimized) for spin-dry,

numerous liquid drops originally released from the substrate surface may unavoidably splash

back onto the almost-dried substrate surface. Such small and fine drops would not be spun

25  off. Instead, these fine drops would dry up to leave additional thicker residues or

contaminants on the substrate surface, metal top and the dielectric top alike. These residues

or contaminants, if not cleaned up, would seriously affect the time dependent dielectric

breakdown (TDDB). If these residues/contaminants are to be cleaned up by the way of wet-

etching, however, the integrity of the CoWP capping on top of the copper would be destroyed

30  exposing copper at the copper-barrier interface, since there is no CoWP deposition on the

barrier material.



10 systens and nethods to keep substrate surface wet while handling the
substrate through an integrated el ectrol ess deposition process before a
final drywoperiat’emws. Accordi ngly, the surface of the sulpsTnsR@0iosops ocessed
in an el ectrol ess deposition (ELD) nodule to deposit a |ayer over
conductive features of the substrate using a deposition fluid. After
successful |y depositing the layer, the surface of the substrate can be
rinsed with a post-deposition rinsing 15 fluid such as DIWin the ELD

nmodul e t in of f. the deposition sqlutjon fromthe surface of the
subst r at S0P Ahbeb BB ettt BertRBERn i sttt b B LS Eehiedlbst r at o
is ri nsefdzit‘eréfhreﬁce:’t}) ngﬂp@g(dhé td;defbﬂi:jd Mdﬁiti_eéihfeth]! 613%101&@)911]:31'16&1@5&% mﬁul e. The
rinsing is controlled to prevent de-wetting of the surface of the

subst r at &Ch DIy H@V@éwﬁwé@&% RRPSUE s (s age ‘ESSE g EgﬁP%ﬂFV&‘\?er t he
surface @fiettdipesyibstrate. The rinsing fluid acts as a transfer filmthat
prevents 20 the surface of the substrate fromdrying and from bei ng exposed
to anbi eMO14] K isdpithipcontetpmbrylimet oftheing¢ntipaadseof the substrate is kept wet
during renmoval fromthe el ectrol ess deposition nodule. The substrate is
renoved out of the electrol ess deposition nodule with the transfer film
over the surface of the substrat®MMRRYubstrate is noved into a subsequent
post - deposition nodule while nmaintaining the transfer filmover the surface
of the substrate till the 25start of the next process step. [0013] The
current &8d3HBreedly spcalivhe ebs embaliderawh dleseédblnyaroiing onprertd apnahtusleposi ti on
process I i re- j . ; r t he ELD
procggs ﬁﬂ%ﬂ ﬁéa¥%kﬁﬁsgv%e -aﬁ%$%§§%%$§%§é%&aéﬁﬁggﬁ%ﬁhﬁﬁ?g%@ﬁgggﬂ%rent
enbodi nenttegracticlessldshdepos sareprofespbaomtadimel dy ypargidny Aensdinglygtht hat a
post-deposition fluid film (which can be a chem ¢ se O .for. treating
the surf agles Pl oty t%%SrPé?C(Sﬁse% i af“oe?er?fr;‘}%%sod\? ?Séﬂ%ﬂﬁ%bgﬂwgﬁ%lg leivthce
keepi ng tdyer sebsintadtee faturéspdthecoblattising aatpdsh@ndiepb sAftdr ewcpsfntigss bef or e

subsequent cl eani rocess. |In one enbodinent, the substrate is. kept wet
whi ot nanodiEE Mt eP SR PR 5 OB G f b Fevet vadabgend it on
modulie | At sactsASISI® HaRé EDD OGRS R th thrg8dtihse ol th®depbatidd dfoafdntthy nodul e.
The presence of the transfer filmon the surface of the substrate defined
by the p8§#¥8833§P#FGﬁﬁr?H%?ﬁ@m?¢ﬁ?648H%8?%§“¥%%?[Hgﬁﬁﬁéﬂaﬁﬁﬁ?%me“

preci pi t ahdcaRyit ki dafritgd @Al dAORELED biiForCISHTIS tTHE rRkind ARG t O
precipitation of contam nants and other inpurities fromthe 5anbi ent

envi r onmBfsvenyde-welisiegé the spitre 4f thppeptipies hbetinging gnallge dedinsine flgidde bo t h
preci pi t gt i@ vaP@e Yhitdlist @0 sutsife COMVERIN IR aclORAF DO REGRS AL | OWS the
substrate to be spin-dried to renove the deposition fluid fromthe surface
of tRE siissuragee! hefsabstragdipinndryingand (rpaitbeng expnsed efanbirat depbidd ¢riseimgnodul e.

However , j . 0 [e.. i 1 hi it jon nodul e,
A kD e

surf ace ofodulhe Thaufbstrant i revhdvied ot e dhestrolgssedepesitymi mefutoviddthe ansgdr t he
deposi ti e sul.ting.l & >t ] featur formed on the
substratgﬁngﬁgwkﬁgﬁégﬁﬂf%a%ﬁ%%ETa%g%%ggégH?ﬂgfﬁ%&éﬁggﬁgﬁgﬁﬁgabf t he present
i nvent i odefyitioninmtiale mihilg maintayieg thofirapdatiiaepeastht swfac bithesubstrae Glhtehe
surfgﬁe qf t ﬁlFSUQStratet As a layer of the post-deposition fluid filmis
al ready ﬁ?%g "8 N> SUPf ace of the 15 substrate, an additional drop or
two of t 18] Misd digrehd cnitddimehislatdgssahe deba ks faaekbyafontdndosdldegosiabe i n t he

hi ghly noi st el ectrol ess deposition dule will no er sel ffect the
RetTve 1 aEt SRR W ene: SR e BRoro T vetise be PR sbod mont
the post fid@pmsé-hndodry ptdéed. Spéoiidaiy,ahd due@hi dhghodih@misGalireds thansideaf acts as a
barrier preventing the nmetal formed on the surface of the substrate and the
interlayBWHHPE?@@Pﬁ?@GP$E@§HFF6H9%ﬁ%$¥%@nQkﬂég@dWPﬁhfﬁﬁmﬁﬂﬁF@ﬁﬁl%ﬁ? t her eby
20 rggucirsigreAMiodthe Qxfad@dt BNsubGRLTUEAbrnlI @St ABSrkd ANGEOLIRLE MR of the
materials on the surface of the substrate. In one enbodinent, 1t is

i npor t anfubsatE HstpRen sordhesian) b terdsaesiting PARASSAIsforaPYLsee ¢ 5 8RIDE BroEgsS ambi ent
air my st dnboBinfBRE #lel subsufe it R GePhRki thd {dldL0R QRpbA&I RRLPWS | LD
surface resulting in increased "tal k" between interconnection lines. The
increased talk would result in increased | eakage current thereby worsening
el ectro-m gration. 25[0015] Further, the wet-dry cycles of the conventional
deposition process enhance the | evel of



contam nants on the ILD, which directly result in increased | eakage
current. The increased | eakage current woul d cause increased total current
densi ty, woaotinIgesor sen el ectromi grati on and event ual | PCRAISs@n0/05996€
dependent dielectric breakdown (TDDB). By renoving existing contam nants
and preventing other contam nants to _agglonerate on the 30 surface of and
inside the treated surface, the insufating properties of the |LD between
metal lines and | ayers are maintai ned thereby ensuring that the TDDB i s not
affected., Further, in the convention process, the diffusion of electrically
ot ve. spltiue] Sinson gl FU SRR B ES o S B At ofer et o
Fler [ valt [ v;g)auler Eﬁélbﬁﬁseiné’e ﬂtﬁ&ﬁra’ﬂsfér fiﬁ?&ﬁﬁﬁ sfjhfacs bﬂth? Sutf@&fjt%ﬁlﬂleﬂ(bplﬂ%rpﬁ@lﬁt al

ines leading to the mal function of the device forned therein. The current
enbodi me ?@512196?851?%1%“19\@?5966§§h36a€{13§§ A R ARy et R anh F“f%%‘%ﬂ% gresigtal s
derivati vRsmitht @ dah@odRic@d SrebipRAtRA F bontAhhdREMdloRRE euridvoisth g t he ensui ng
current | eakage in t%e devices forned therein 5significantly increasing the
el ect Pi cambigniginyirgrmenhgre gejfiles. [0016] 1t shoul d be appreciated that the
present [GMENHiBRepBAR (DRsueTsGTREE fh pRCPIHATRAHS diRYiSn, thd\&nydiipgamet hods,
an apparatus, and a system Several inventive enbodi nents of the present

i nvent i odeRpsiion exeess BB he eSO IR]sPinrlrigd & Er9ue ihgdprostiopdiuiddepnt or

handl i ng t : i i i 0t ed
eIectrolg%sﬁgg%ég?%Sgﬁmggggggg&?gﬁ%?%EW%E%%gq¥ﬁgxﬂg?%%gﬂvﬁgﬁﬁ%es processi ng
a sur f acélogkvarhmcausb st thahighinwisure epréett mathimghe dppotont inodnlerpdademero deposit a
| ayer,,0v ti . . . i Li.on fluid.
The a0t Sp AR FIN FRy Bl bt SBSHLALE of B A B PSR 2 h st 11 on
nodul e westhstrate ks begigngoviedl outchf thEhlepositivgi mglules res@dnbg ol damdgd to thpr aevent
de-wetti of the surface so that a transfer filmdefined fro e rinsing
fruta renarft RO%H G EG5AR, WM Ryt g e L AR PE BTG, T ule e
renmoved present infventeingg tnia teiatg dépes oft posrdepodiibrefuih filne onrtie RtdicaioNget he
transfer H;In1o§er theisgrfacg of .th .a Pstr tqi The tr sz% filmover the
surface S{PIHE SUBGAYPHRARSERPLUY YT é%fs HERIFFYeR B wine ddfstrate so
t hat 15he sy, AnQddiSoNte tirop b BySoBd fidigy, fhansaliheoDihe durfdco oY thBeusiraet r ol ess
deposition npdule, is noved into a post-deposition npdul e while maintaining

t he trandt&r PiplyRYelectrplesssigpysiioa nggdulsorif g“"’sﬁ‘i‘%@?@éf‘%‘?t hea481e fPHurghot her

enbodi MeRfrmed oiBlecRAMack OF il Aastirh@J IPorhibbiiddes:, tRpestaRpRIRHERSESInI Bal udi ng
an integrated electrol ess deposition process is disclosed. The net hod

i ncl udes UpHBeeBYNisY AMdhat pels os phartigfPraygring iy Bephorpedandbs yfeese reposi ti on

modul et QudpRoshd @ i @KSE: AULircanDiELh eihEBLINERo Bt dibRrthbaLipl e using a

deposition fl ui The surface of the substrate is then rinsed 25with a

ri nsi2ig fddygiag mgtad pradasioncahepicakrsactiop ard transtormig| of themateriadet qnribe furidpd i s
applied | C I o td: e ¢ i i ines a
Fons er i A EpEC R RO ARRASY b lofirth ins I it IE5 MG b An R |
prevent deexpesuré wopnfient hie gy resale o ragtellit or iohie prasipithtyons oa dte pohmis SR f ace whi | e

the tr an%&r?arce géshlﬁhéﬁ%&n&%ef qglﬁ%egetogee in eFk%n&e%F&?ﬁnees.ofhetch?ea t?lﬁ(r 65[ d The
substrate i s renov out o eeecntro ess deposition nodul e I'Te the
t r ansf er rdsilt m ingreavad Rehlgign edkraw thereby worsening electro-migration.
25  [0015] Further, the wet-dry cycles of the conventional deposition process enhance the level of
contaminants on the ILD, which directly result in increased leakage current. The increased
leakage current would cause increased total current density, and thus worsen electro-
migration and eventually worsen time dependent dielectric breakdown (TDDB). By
removing existing contaminants and preventing other contaminants to agglomerate on the
30  surface of and inside the treated surface, the insulating properties of the IL.D between metal

lines and layers are maintained thereby ensuring that the TDDB is not affected. Further, in

the convention process, the diffusion of electrically active species, such as copper, derivatives



30t he surface of the substrate. The transfer filmprevents drying of the
surface of the substrate so that the substrate is renoved wet. The

substr at evoante7emsoved fromthe el ectrol ess 7 deposit ipom/usedlosy9sé s noved
into a post-deposition nodule while maintaining the transfer filmover the
surface of the substrate. [0019] In yet another enbodi nent, a systemfor
handling a substrate through process8s including an integrated el ectrol ess
deposition process is disclosed. The systemincludes an 5el ectrol ess

deposi ti op nodul hat is configured.t rocess a surface of a substrate by
Gebosi 1 Abe Pyl et b fueRtsh el in R OEEe bt e BFumeePrdr rad on t he
subst r at encailndsQeadidtis e nidM@naipalor tatdedte Pimal déidind Thb adirrddt @MEdliSents
de-wetting and applies a coating of the flujd over the surface of the
substratéW”%H@‘@%QP@%?@?§ﬂu?ﬁ%@gﬂgémﬁnﬂEFw?%b@?“?%ﬁf“F%EE@H?Wﬁured to
renove t QRleeHShitak ey a0bidindehealnSiGhs QlrRESleAQRORI tht @VidTOLhHME] Wofelre

mai nt ai ni ng the coating of 10the fluid over the surface of the substrate
and t@ novBilictElydepermaihe destrrabyigg ot hgdposist i on nodul e whil e mai nt ai ni ng
the coat gydePit shdv®i bd dppRcAMRTind B pRULdHRn @I Ll 8e SHRSHEREn n[AGRA] N

anot her enbodi nent, a system for handling a substrate through processes

i ncl udi nyyagh inchdgrmagtedls cinapparyie 98d g apies] tieyerabppmdyesenkodgnety fsed. The
system i gl ugd oGk ERLL B8 BSIoFEPOSi tion nodul e that is configured to
supply aBﬁépogﬁ?@og #Iui ,emhe?ein the deposition fluid 15 is used to
deposi t #013)/Brong¢mbodmroironéthel forkindhiesa fubstraedthongh pyuestesdeclading dre

substpat e NS . I I . strate,
afte#bdeg%%?@?%%“ﬁﬁ%”?%%@%?&gﬁﬁg?%8é%%?§§%H?§8%##&3%5F§§%%?ﬁ“?ﬁg surface of
t he substuréice of thhewbsiraic trhan dacaakessnigpéditinindndiafd thdspait b layasdver cdnidhetive The

el ectrol ess depositjon nodul e includes ntrol to.control .the a i cation
of “Che 1 et il OF b RiE e P TRt b Gee bR SR a i REY

chemi cal khe dacealkesstdepossiiomfmaeialewhitt erifshe fluidnBieainsia@fid domrolkedmaprevaitded over
the surface. of .the substrate. The. tem al so includes. a wet robot that is
Cont & gur S8 of BiSwRie net U cerar BT TEs BoRdne Bt e B sb8rTT on modut e
whi | @5 mabdrahdWurface dTehel SuBdS fee IThE kilhbdtray @ reinb@ATHIS the @leCurol¥ @ERisitioh he

transfer filmprevents drying of the substrate so that the substrate is

renoved WOAUFPOHF PRERBe e SRR HBSYST PF SHTdpaUPesPac Brefppect
subst r at gydritOufaRQstinclapRsmid fréRnii el Lo MRY dubfabBdihAdubéthg: JohRacteansfer film
over 25the substrate. [0021] The |nt§grated el ectrol ess deposition process
provi des "SeNEELE PEL ddE S4htRErPISE RS ITER i Flerlyst dpedii el ibitduct i ve
features pRed AR aSISHsf- Bsifbn MDEISWREL ﬁ@ih%iﬂ{\ﬁlg e cRsRY &ilth LG yxdustatd gn. ot her
chem cal reactions and transformations of materials fornmed on the surface
of tRe siissubdr®. The post-deposition fluid film prevents any contam nants,
resi dues i i r LG on the
urt ace SIS SIO0 SfRal AT B bR AR B Sy | MR o0

defi ned omintdgeatelgléctiolessodepphigonsprpeesyigtdisclosed. The method includes processing a

surface of the substrate in an electroless deposition module to deposit a layer over conductive

features of the substrate using a deposition fluid. The surface of the substrate is then rinsed
25  with arinsing fluid in the electroless deposition module. A treating fluid is applied in the
electroless deposition fluid. The treating fluid defines a transfer film. The application of the
treating fluid is controlled to prevent de-wetting of the surface and to chemically treat the
surface while the transfer film remains coated over the surface of the substrate. The substrate
is removed out of the electroless deposition module while the transfer film is maintained over
30  the surface of the substrate. The transfer film prevents drying of the surface of the substrate

so that the substrate is removed wet. The substrate, once removed from the electroless



8 [0022] O her aspects and advantages of the invention will beconme apparent
fromthe follow ng detail ed description, taken in conjunction with the
acconpanywogodrEaedegs, illustrating by way of exanpl e tireTprszonoiopd9es of the
i nvention. BRIEF DESCRI PTION OF THE DRAWNGS 5 [0023] The invention wl|
be readily understood by reference to the follow ng description taken in
conjunction with the acconpanyi ng drdw ngs. These draw ngs shoul d not be
taken to limt the invention to the preferred enbodi nents, but are for
expl anati.on and under.st andj.ng onl Li.ke reference nuneral des'% nate |ike
st ruct ur AFeTEREIIES i BPUEHAD Frgtleoti okl KPS AnE g o FESlE agr am of
an el ect righ ess weepaBiddifaR eBPRLNg process, in one enbodi nent of the
illustrates a cross-sect bl ock

inventio 0025] Figure 2f i onal

repres enf‘g‘[l!;’blr’il y&l a%?*%ﬁ@’?f@ﬂﬂﬂ@ Weler fPrhaptiing ajuByraly th%l’“g? BotrHess

deposi t i RIAIMRGATSeShtedISEtRIdsE B HsitibNpRB&Ss B MsEE NtheQfstdh ehcluavLat | on.

15[ 0026] Figure 2B 1llustrates a schematic top view of an ELD nodule, with

a | i ddopelseidpless derpsitinn predulg disb siconisnrghto eesess 2jsyiesef a WsditeERt of t he

i nventi _Oﬂepo[s@ignga B @Wiefostfoniflul Hsit doRl&SivafRGRE Tohed oh @R sVibEMeOhatde ELD
nodul e il ustrateg in Figure 2B(lid renmoved for illustration purposes

only), i Aomivkthenprltipmenl aduid that nreveakdp ovelling@oP 8IPlFT yeraengal e luidt rat es a
si mpl i fi gd Rl Oogkdi (ﬁ%eas%s(?lfate\/q?h Qﬁeﬁaf‘é’ﬂn‘éﬁdﬁ%%&géﬂ%?@ﬁﬂg %orﬁﬁ‘&}ehr&hn an
or” handl i t he

el ectrol ess deposition system ng the substrate during

i nt egr at ek detwbitaeyudetbs tititwiespdaodgsn mpdulonbilembiodimegnthe ofatinpef

i nvenhi oy d.0PAR 1kl GULE oPRe sl LAY &‘ﬁn&eﬁﬁé‘&%ét{a'teeiﬂtogi' Oekipbagsam of

vari ous nodul es and conponents wthin an el ectrol ess epp05| Ion system for
handl i ngntodele suls hmatt@nidg thergatingef iletthgh atede sirget pHthe sesaaposi t i on

process, al ternat e. enbadi nen f the invention. 2500030 i.gure 4A
7l Vst afOrR0E bl O TR ASLIER b Barchil® s YR sl s B T e
i nt egr at edinsdgeatd @t@sksd@posiidn @ocepy i0dBslssedi Tho ngteanincdiddasanicleofoléde

G TER R R T s e
al t enpat & BebedicpRitta 19fer bt comivelMel fedtures formed on a surface of the substrate; apply
a rinsing fluid to rinse the surface of the substrate, after depositing the layer; and to apply a
treating fluid to the surface of the substrate, wherein the treating fluid defines a transfer film.
The electroless deposition module includes control to control the application of the treating
fluid to prevent de-wetting of the surface and to chemically treat the surface while the transfer
20 film is maintained over the surface of the substrate. The system also includes a wet robot that
is configured to remove the substrate out of the electroless deposition module while
maintaining the transfer film over the substrate, wherein the transfer film prevents drying of
the substrate so that the substrate is removed wet from the electroless deposition module; and
to move the substrate into a post-deposition module while maintaining the transfer film over
25  the substrate.
[0021] The integrated electroless deposition process provides selective deposition of
deposition fluid to cap the conductive features on the surface of the substrate while preventing
oxidation, other chemical reactions and transformations of materials formed on the surface of
the substrate. The post-deposition fluid film prevents any contaminants, residues of
30  chemistries from damaging the ILD and metal features on the surface of the substrate

resulting in high electrical yield of devices defined on the surface of the substrate.



[0032] Figure S5A illustrates various operations carried out in the
conponents of an el ectrol ess 30deposition system in one enbodi nent of the
i nvent i orwwO[200382268i gure 5B il lustrates various operati @a3/uSa00ios6®©uUt i n
t he conponents of an el ectrol ess deposition system in an alternate

enbodi mrent of the invention. 9 [0034] Figure 6 illustrates a flowhart of
operations used in the deposition précess, in one enmbodi ment of the
invention. [0035] Figure 7 illustrates a flowhart of operations used in

t he deposjL,l process, in an alternate enbodj nent of the invention. 5
Al o 2B R e sey el G B Reb SRS At PGS subst r at e
ef fi ci entdlpwidy ugbd PEOERBAESEKdNNE kofimt@oavith HeagdéaiRdyigd eaivingkess
depositiogﬁ@ELD% procgss wi |l now he described. The various 10 enbodi nents
descr i be 4TS by MGy €5 eXaipds 1B RTRyEess & IP¥MEO/inder goes a deposition in an

el ectrol ess depositi on g@gdubckprriieorAndprRiwimesf eat ures fornmed on the
surface of the substrate and then a transfer filmis applied to wet the

surfaée of the substrate. Atransfer film as used in this application, is

a cheni cg4023FHcdlinfSiide wilPh R&HyWRE&GS06EbWererdMct B BE ool Wesipay f act ant
that acts to provide a barrier 'so as to protect the underlying

f eat ur es /akempoveipgionstidhs geempayinaxipygess. lhetetisavangs seawld apirbe e
S ugstE rL gt ?(r)o f%{t lfhetmnama%ﬁeg;mffeﬁmaw&dﬁm biterstr Eagfalich ddaansdaidsed, from

th e or a post-deposition nodule to a subsequent post-deposition

modul e wotlyi hikehefeyet mmefady defignath ke pruowed slengnts[ 0037] It shoul d be not ed,
t hat ;gxe : i hay: . i ] st andi ng

R D A L S

t hat t heiRéeprbsdinteni sfvieninvanomay be practiced wi thout sone or all of these

speci fi C[(gﬁkﬁh' Bre &'A.“luﬁ’st %&Ea'cr”oss%-?e%ﬁgsﬂ b8l L Known process, operat i ons have
not been'dédtrPbed i N ae R PH G IEY PRot P Unhee 8sEhr y obSEUTre t he
present ilevsnimed cleft0038 Hepbhidioh panask ef a fibktmat@hn diveenshorlindmeofafie t he substrate
acts as a barrier to reduce oxidation, other chem cal reactions and/or
transf or FETEH of the materials on the surface of the substrate.

25Tr apsf o028} Fighire 2BS116kERGSs b BcheMatc @P RlewCatah ®D Weduld)estha 1thaB@e, isad chem cal
properties of a material due to chem cal reaction such that the resulting
mat er i al 1} e ATRISEOR RORTSEAR Ot IRRIIES ok e inveRtionsypst anti al Iy different from

t he mat efgoal) righe 2chemuerk akéRMahiOlopBidwast 1of ELIN érobit @lshtedBYTigES Ul t 1 N
devi ce mal functions due to the difference in the properties of the

t ransf or RBHidfaneyqddpr ilyation pHRISET OFY) Hh AP SBOHHRGRIN S1CdBYPEM- nant s and
other r efﬁ(ﬁﬂ?ﬁigfl{e@m iRh&fateR 'atsi%ﬂli@igd block diagram of various modules and components

20  within an electroless deposition system for handling the substrate during the integrated
electroless deposition process, in one embodiment of the invention.
[0029] Figure 3B illustrates a simplified block diagram of various modules and components
within an electroless deposition system for handling the substrate during the integrated
electroless deposition process, in an alternate embodiment of the invention.
25  [0030] Figure 4A illustrates a simplified process sequence of various steps involved in the
integrated electroless deposition process, in one embodiment of the invention.
[0031] Figure 4B illustrates a simplified process sequence of steps involved in the integrated
electroless deposition process, in an alternate embodiment of the invention.
[0032] Figure 5A illustrates various operations carried out in the components of an electroless
30  deposition system, in one embodiment of the invention.
[0033] Figure 5B illustrates various operations carried out in the components of an electroless

deposition system, in an alternate embodiment of the invention.



300n the surface of the substrate and conprom sing the characteristics of
the dielectric as well as the conducting material. Further, the transfer
filmon twe 28ulisereat e surface prevents defects 10 frompPo@iusgovosIves due to
premature drying of the surface of the substrate both during process and
during transfer between nodul es. [0039] Conventional ELD system enabl ed

sel ective deposition to be performed”on the surface of the substrate within
an ELD nodul e. Upon successful deposition, the surface of the 5substrate

was rins remy, em cals and.resi | eft . behind on the surface
of the sﬁ‘g’s"@f@?}? r' ‘f‘ﬁ“f‘%&ag8}¥8‘§am%8ﬁer6?°&88§e§ G dGRGeEE T BE S e P Anspor ti ng
t he substmab@menttof @de ifveatidl.D nodul e to a post-deposition nodul e where

additionﬁm‘gLoceSS| g was Berforqﬁd The wet -dry gcle of the conventional

ELD syst biges 7|d BURHEE f QP‘HFU%HHES%‘&%QFPS WO PGS B8 resul t ed

i N noi sturt@mhé@ﬁg&hm&xbﬂ@eﬁ@my@l and re-oxidations. The re-oxidation
10causes undesirable netal |ine corrosion thereby weakening interconnection
of mefal lines of a device. The pre-mature drying | eaves defects and

contam nants on the substrapersiih deSchpPAbar €sul ts in device mal functions

| eading to substantial yield loss. The frequent noisture breaks al so enabl e
contam nants released fromthe surface of the substrate into the anbient
air to PiRBEPSERLaPeMPbodileuSH b § sl URSER HotolgsE Rk, damage
to the deV|c£s %'as us?%g SQﬁ%n%o%ven%?on % %i ] g géﬁtfgn process t he
desi r abl en amgpatﬂﬂgelwtmbe&deposy&mm(ﬂiéDprp@s wslllm\abedcsanbﬁdt Thevdelus ver ed,

A ¢ q
oao. e IR ERTPLOM NG 1 AeeheXn gL STAL L R OBELLL S5, R BiANSE:
eIectronh@maﬂﬁsdqxﬁhbsnKﬂshkdsmknmhkewimmnabﬁyneddhﬂmswﬁandfmegradation in

devi ce !‘%ll‘t;sgell)teanc}%engg Pelrflhnrlllsord [ tE)sze esu aac':lée fﬁd ?eAga SF lﬁlcappl ng
and to | nprove advance nano- evices re ance

el ectricaduspilal uﬂlsapplhommm 3] aZthdmdﬁl{ bl agde idmmeﬂ wata:s (DIrW))\/ e/ith sy &1t a
apparatusﬂ; and net hods are %ISC|OS€d t hat $ Iégg.intfe rated el ectrol ess
deposi t i SHTAHBELIPE 31 PRIYEF MPATEEEIS PR Y8 e&ﬂw?c&mafmwst h cobalt,
CoWP)1 5 com@bicdeting ck@atdifoaBe 418bignt aBOPRESubs@dté ®ith ehefrabstecranl voni@e at i on, such
as chem cal - nechanj cal  polishing (CMP), and to appl%aa film of

post - dep8&Tact Sritappigiref Ly die Rlfrmg %glif’cl?%hd‘iPPSE%%@o € FatbEHEES Btace of
t he 25subgiok@ibe n®Auiditht (RE ¥R foflRrhet frbdesinglhe post - deposi tion fluid

defines a transfer filmon the
[0037] It should be noted, that exemplary embodiments have been described to provide an
understanding of the invention. It will be obvious, however, to one skilled in the art, that the
20  present invention may be practiced without some or all of these specific details. In other
instances, well known process operations have not been described in detail in order not to
unnecessarily obscure the present invention.
[0038] The transfer film on the surface of the substrate acts as a barrier to reduce oxidation,
other chemical reactions and/or transformation of the materials on the surface of the substrate.
25  'Transformation, as used in this application, defines a change in chemical properties of a
material due to chemical reaction such that the resulting material includes chemical properties
that are substantially different from the material. The chemical transformation of the material
may result in device malfunctions due to the difference in the properties of the transformed
material. The transfer film also prevents contaminants and other residues from precipitating

30 on the surface of the substrate and compromising the characteristics of the dielectric as well

as the conducting material. Further, the transfer film on the substrate surface prevents defects



surface of the substrate. The substrate is transported wet with the
transfer filmcovering the surface of the substrate fromthe ELD nodule to
a post - dewpontivomesodul e for further processing. A wet PobaiS2018/06966 t o
assist in the transportation of the wet substrate fromone nodule into

anot her for further processing of the substrate. After substanti al
processing, the 30substrate is transforted wet with such a transfer film
covering the surface of the substrate to a clean nodul e where the substrate
is rinse anbd.d&j ed. dThe ri nsed dand d{hed bestI atu§ i S tr@gs orted out of
the ELD SYRYREHEILTHRY 4e B RrePaBiE Y B O Brdviahg Ol Bnt b st M 11

al | owi ngafd Meingeandfarderaih mod@eaggl onerate on the treated surface of the
substr at insulating propertjes of the ILD between netal |ayers is

mai nt ai nE‘H’3éﬂ§°1%VﬁEtl%lla]e]:cItI9 FE&%HP%‘ﬁhiﬁﬁé‘“é?FéWf CRIFIHOR el RSO BAMpTUHECY ayer
such as GPWP s@RRRE RGhIMBYEILD msdi€alpatdecebTQr@pXitoasHb kiri@e bnth@pt i M zat i on
of the tinme dependent dielectric breakdown (T % The 5resulting substrate

i s subst AHISITHE M HNSE 0 TeREYRIYY Bemials abd sidugsdeltbaing anghorraer 9ldhe ot her

chem cal ¢fiRag&t HOM R adpb@St AORRE LRl bt PRERIR! Be abdrdiasudr fbst anti al
electrical yield due to mninmal wet-dry cycles. [0041] In order to better

under st ahdDtedulepiagus-depedinnagelylcorherhaldeiopalyyeceesing wasmedonednidbeli ment s
will novv“)@@dxg%zaé 'of)&agc Veltidi fﬂﬁg@%‘en{ &ugéa?r@—hfaﬁ‘ﬁ@%g%gbﬁl\ﬂe@%tratg' gure 1 10

illustrates anpl e el ectrol ess position (ELD) ing process used in a
convent i ewrédce hrbicsudiad iromoipupdesds.iaxidgrdeevat ondundaidgtiemd Thhe-qdbbens

ass Oﬁp at e W flledid)ie ?%E‘a‘{ %F(%]&o% bon %e?e%g%%ala&]ﬂ% iﬁ%&ff&@@éﬂg i fl .‘ﬁ@éssof'as
normal'ly perforned after e substrate undergoes copper deposition to form
| ayer s ofleview elihe prinmatuieahging ivawessiafet@ord amtanisanysinrthd ibsi@oppefacdibposi ti on
is well kn in.the industry .and is typica acconpl i shed by .neans of an
Sl oot r SO dEvit BabPEh bR et TR e TR BB O BT s
appl i cat abo enabfct erntdnhieartepaictlifom bé suatappef the subk@de incathe ambiomer@ati on, such

as chem cal . nechani cal. pol.i. shin CVMP), is rformed to planarize the
opos t caREBRPEPT MaurieRLIEutAG Mbisdttl Thartcd their Proa Bib St o
deposit eehe@dnidifomUES Beep&itiohPpeocsisbet dadible 0gipitdi feped) oh it @pgdrect ri c
surface. The planarization of the copper can be perfornmed using any
convent i SYECC ENIBORS JqBULeG HigRiliganily soRpTordeg Slfe EPAFIPABT ROPSIUTSHRY T ndust ry and

hence haygnid MB&he\ies aus®aEnd R paRIBANIRLR brbAAdwh (ADIDEY andugeassf ul
pl anari zation, the surface of the substrate is cleaned to renove residues

and cont &HgR4eR sthisgesultp Erglerdriqs] vieldoss pahdgeradationon deyes sty e. g. cu- based

particl esoR0] tfadiEh&Flakd Sdvad &%ﬁ?ﬁ&ﬂﬁﬁg a&%ﬂo%ﬁo@@advﬁﬁ’éeh%‘éﬁdﬁg t he
pl anari zati on process, the substrate is treated to an El ectrol ess

Deposit i devi¢eEreabpinowels enhhesd eleatrictleidd preadimisabivdise maliendlieat aped, such as
copper | E‘)fs‘?efngﬁ)é@g&%ﬁ s A% FRRPEL disProbaithfiabe aﬁﬁﬁf&%ﬁ&d%fe@&&&% d5ERiod chem cal
alt a a fO |l u

wi th cob y. The cobalt capping re es electro-mgration of
copper owerluletepafyungalepfsitiongrdcefsae cape(egf witheobd VD) wridottivededtdeot her wi se

concentr ?é[ § ci)gpe(f\)earft%faé fAbrication operation, such as chemical-mechanical polishing (CMP), and

to apply a film of post-deposition fluid after the deposition process to coat the surface of the

25  substrate so as to prevent de-wetting. The post-deposition fluid defines a transfer film on the
surface of the substrate. The substrate is transported wet with the transfer film covering the
surface of the substrate from the ELD module to a post-deposition module for further
processing. A wet robot is used to assist in the transportation of the wet substrate from one
module into another for further processing of the substrate. After substantial processing, the

30  substrate is transported wet with such a transfer film covering the surface of the substrate to a
clean module where the substrate is rinsed and dried. The rinsed and dried substrate is

transported out of the FLD system using a dry robot. By removing contaminants and not



regions and create a void or open in other regions (resulting in device
failure, aka EM. Further, cobalt capping may assist in preventing copper
from di f fweizng/i7eze® di el ectric material 30surroundi ng t IRETAISREWM®EE Copper
is deposited on the surface of the substrate. Due to the porosity of the
dielectric material, the precipitation of the copper and cobalt derivatives
left on the surface or in pores of tHe dielectric material can conprom se

t he characterlstlcs of the 12 Iom#k dielectric material resulting in device
nalfunctl

e benefits of are realjzed so |long as the
T ectrs cafoing BF CyRprnpRaS saSiag OF M af Sl ab&F Sudfeur 0B5a] ~Ref or ri ng
]lcaalek to Eis@]ﬁﬁ@ Propdriis off'ﬂguLB beiwleushfeaa a§eran, rﬂaiﬁaiﬁbcaam tfﬁl_@e@ﬂ@p} ng process
ol l owi ng t he de on the surface to form
i ntercon @@P%erlfeﬁtstﬂﬁ‘é"l‘%ﬂi’élél? i?fag Y 8%5 S E%Wb’l APRiPS Bed- Bgsatigda
convent i eRedby ¢RaNing & opiMaNAOH 6f BOting hbﬁ'&ﬁdér%)ecﬁ@tbk’&ﬁd@ﬂﬂm ysulstrate

surface is rinsed to renove any residues fromthe planarization operatlon
as shéwn§sHltigg gbstaate iy spasetatht Clead. dayaidf dafset sapebiredn axifatiosi etBeroper at i ons,

a cappi NGhHiOF 8SStidSdrAnEhSEtbRLERS RS hid PR alsSh PRl R UgéiBduEaPpi Ng
chemi cal to cap the conductive features on the surface of the substrate, as

shown i ntesnEyng wadnppyeleenbodi nent, 10t he capping chemical is a cobalt-rich
cheni cal @4?}% o?@er%‘@étﬁﬁmﬁféﬁ%ﬁlﬁ tt%'xjaﬂé{us%ﬁ{?anﬁa%@yif )ﬂr([c gﬁ‘sté?ﬁ Q¥iidgd on the

conductive features e cappl ng operation I's by a post-deposition
rinse tOeméﬁbV@m$h@lmBEbﬁﬁﬁgﬂﬁﬂ@N&UWQWSQbSMﬁaﬁ@dgdﬂﬂﬂ@@ﬁaﬁ&umﬂb|udes t he

I t I fluid
o it ot @Rl Sy B esHOc AR R PO} SEAEARFORT BN fenl) TBL 1 ot
in step EﬂnwﬁhmphmeannnngMemﬂ@amKhhumabkayaﬁoaMS¢wphdwemngmm5mmrther

deposi tion on.undesired ar e.s t 004 Typically
w th o he Pt RORR SR SRR Pl R b St tnf R bl oo VR of e

conductlvqueamumeﬁlmfumhMassmbpmﬁmnmmnaﬁchmmeﬁmmkha&mpﬁmvldemmnterconnects
to the un der|. ces, areint sub-100 na rang mﬁth sone
having a WO&‘E q?'g@f“@tynﬁ%WSH@tungsan 1Sntyglﬁ?:lk' CL]%V I&‘%ﬁ?ﬁ) ?;P normally is
| ess 15 hanlealaplding ApRan@T Rt Sthsrefofhigot dpissal m@ammglsa@ﬂ[daﬁ@ﬁ safedr tgppl yi ng a
cobalt-rich chem cal as_shown in step B of Figure 1, however, results in

cont ani n&ERNGOR RECIPRETe? [ARYEAUOR PRITEHADY UEh ﬁ%a‘f@@imél mE‘fh‘:‘T.’)f al prstye CMER-

ef fect i ve RESEnAIGP pRhidRMd depsiied BbppeMMnaGo thRve BRRkOGs QPPERhH BitricsM gr ati on
of the cobalt corrosion product may occur, such as netal atons, organic and

i nor gani &rEREYPaited oh e of the sphgalg dhcinedmehedielestEc syfacac Bha hr ough

di ffusi oBjan@Aalidd HShd ppd chﬁ‘béé&ﬂ)rrgecpﬂisnfg' a(ii? LEnvEntidRa EYVPUR todk R AT Y - wet
25cycl es only enhanced such fusion and left surface contam nation to
anchaf omventlyavalable akde industry and hence have not been discussed in depth here.

[0042] After successful planarization, the surface of the substrate is cleaned to remove
residues and contaminants left behind by the planarization operation (e.g. cu-based particles
on the dielectric) and subsequent oxidation. Following the planarization process, the
substrate is treated to an Electroless Deposition (ELD) process wherein the exposed

25  conductive features, such as copper interconnects, are capped. A typical capping process uses
a chemical with cobalt based alloy. The cobalt capping reduces electro-migration of copper
over the course of the lifetime of the device, which would otherwise concentrate in certain
regions and create a void or open in other regions (resulting in device failure, aka EM).
Further, cobalt capping may assist in preventing copper from diffusing into dielectric material

30  surrounding the area where copper is deposited on the surface of the substrate. Due to the
porosity of the dielectric material, the precipitation of the copper and cobalt derivatives left on

the surface or in pores of the dielectric material can compromise the characteristics of the



and mgrate into the dielectric material. The precipitation of contam nants

on the ILD result in | eakage or shorts between the conductive features

| eadi ng two=0h#t72ae8i al yield | oss. [0045] As a result, aoTash@nosdeeEl D

process is disclosed that provides contam nant-free and residue-free

dielectric surface after the ELD process. The various enbodi nents descri bed

30hereunder provide an effective way'’of preserving the characteristics of

the dielectric material using an integrated wet process. The integrated wet

process descr.i bed. herei revents and reduces such contamnati on due to

Dt ot o ¢ J01 bRl 1SS Mt aeb oS s b B RS efBs e & e

andfby pg&ﬁ%ﬂ&bmﬂga&Eﬁxﬁﬁb&hﬁpﬁ@ﬂ@%&Hkﬁgma%;ﬂmnﬁh?eEb@x&?ppiPglprocesa. The

surface ept wet majntajning a thin layer of transfer filmon the

por ous di@“él:’(g?f‘ﬁ%m%?‘%‘a‘(?@%‘@ Jtl‘ilée f&h’ﬁ“s‘ﬁlfl%{fa&s af Ay E-QrCaPRIPHPIOESSef i ned i n

part by thRwienas Mool chppserdpelined B8 tht RexfAe RO®Ih iRl cMMneee&Shé N t he ELD

nodul e. For instance, based on the conposition of the 5deposition fluid,

t he conpyaiyBs davigesals planeter ghnpaFeyentimal chepicpl-mechapin eelihingt ) f1 ow

rate, et getho@fn@nPHsrrieRABICE isAthstd WirbindlRfdnPidQiuds fdR AR Rafilahith My be

determ ned so as to effectuate passivation of the cobalt deposition. The

t hi n | ay@pergifont gszpheve n fi4p An dipsedventdp deadanaiizatinp prd fingingoReiabentdd ng t he

conduct i r@tpi wes‘ssusl@rege%lraﬁegrd%g&m i€ fommn%%ag@ g&ﬁeﬁﬁcaﬁapoq Qg process,
a , orga i nor ga

such as contal ning specie Ic and nfc material, from

bei ng t r appledivefeaturthen thoswficopt thh subdirae.ae sirava imatep Bi A olpyengodiniadi.ng an

b . ; h . L
spectils. o PREnEleifal ool B4R nREEIRL 3t o PR TR0
process, ptdviled un flmeendictitdhfeatsirh s Theatapping opmativhas folldwedklty byossddgosidon ng t he

substrate to a rinse cycle.usi ither an inhibitor chem cal at defines
R L I s e
i nhi bi t oof pReratgl(trédnag clebaficahesrimirgd) flihidrveiith dogpaotaflow farshemninkbkitd m as

ill trated. i f Fi h nbodi nent i idtot t th
bur f ace. Sfpiarg e glnet Bl D0 Erim e R e st e B aftuteg ° 1

| i m t15 ng furlReadpedlicn wicbbalSdn @agsilRasicss Sthd\@bitradd. properties can al so be
used along with an inhibitor to treat the surface of the substrate so | ong

as the f UMt bypigally yithe draicg dppensiant waChing et braicradevernbevide gt Reed wet

process deRwEnREEhIs, SE@RS cbPpePhetlinet ANt BRVidéafitbRUmeBE REtht hifdehDmb udi ng,
but not limted to, 20 reduced process tinme resulting in inprove

) . . . . d
t hr oughpdgvicesi #pim the - VA @ARRLeriraiee SAHEPMe R VRELMAUhREIRH 59 BygastTs.

product i gNgeR$ses itﬂ%aﬁﬁﬁﬂ?ndﬁn@h?isdé&? tHaB aPERYE RAdofR e, e Xypi&l cappfles that
formerly resulted i n agglioneration of contam nants on the surfacé of the

subst£Pat erocesnvampbdnEL ®bpliickskenbgal pedhupinngsiepPobbizeiy; L. Aedevsupprbssi on of
ot her cheg Galh.fRakd fn%glﬁye%{%ééapﬁectrﬁﬁ&?ai ay Rt {gﬁ?ﬂﬂoﬁfan%ﬁ&g{vg%&-&@ﬂ;@?'_ y caused

due to exposure of conductive atures to 25oxygen an I en [ 0046]
Fi gur es 2iAse PBowing tRCaphigareratipn migragrenithaegbakiceresial pgkicOapmogictd, on ( ELD)
nodul e used i i . S r.at ] rate rol ess
depositi%#%6?%gggggh?%g%%g”§§%%5§w§H%QégﬂgﬂgﬁgH%g%ﬁgﬂﬁ%lgﬁghﬁﬁ nodul e

i |1 ustr atethce thrérighulifésianlgs iRBtard i@ S ofVigudedr Prayidukly kirb®h dryedudte used in

Convgg t %l?c flzs o%iyee% gn%leg gusch %Ffpu%{%intaing E:ft%ﬁ gc%sc%htar?lynggonat% a%&%r onto the surface
and migrate into the dielectric material. The precipitation of contaminants on the ILD result
in leakage or shorts between the conductive features leading to substantial yield loss.

[0045] As a result, an enhanced ELD process is disclosed that provides contaminant-free and

residue-free dielectric surface after the ELLD process. The various embodiments described
30  hereunder provide an effective way of preserving the characteristics of the dielectric material

using an integrated wet process. The integrated wet process described herein prevents and

reduces such contamination due to precipitation and migration by keeping the surface of the



30o0ne described in U S. Patent No. 6,913,651, issued on July 5, 2005 and
entitled "APPARATUS AND METHOD FOR ELECTROLESS DEPCSI TI ON OF MATERI ALS ON
SEM CONDWZOCRIIBIZBSIRATES, " whi ch i s incorporated herei nPoy/usediensayeée. For
14 instance, Figure 2A illustrates a sinplified block representation of an
exenplary ELD nodul e, in one enbodi nent of the invention; Figure 2B
illustrates a schematic top viewwith a |id partially open; and Figure 2C
illustrates a schematic top viewwith the Iid renoved for the purpose of

illustration identifying.the yarious conponent t he ELD nodul.e. 5[ 0047]
The BLD ttiatis SSheny ritant R R bR TG AT e BLe Bitsio SRbelat o or
dﬁposi t i(j@dﬂrfa%éld; %ept WA bl hgt]lcilftﬁdin% Q (tjh e?]zeﬂ (ﬂ@ﬁnsf@ﬁﬂﬁl]?fnmrl]d ;Blﬁofldliémmc@ﬁs%t o Cﬁp

t he conductive features r .on_the surface of the supbst te, rinse the
surface Ofth ﬁ‘é”%r%fﬁsﬂr‘%ttraélséﬁgﬁ%ﬁélﬁfl%tfdﬁﬁgi‘rﬁ E%%‘BQ?HQS@HWP%‘H“W‘FW% as to
prevent degpodibh pRPedin thBBLBUNSREE 1Of inkfafices bRSd bidthe conPWalodSf tHai s end, the
ELD nmodul e 200 i ncludes a nmechanismto receive, hold and spin the substrate

al ong? 104pposikips flgid, the cempashion g 2RAliEON PREgs e S8t FUKCTHBEON dloPs

confi gur efe R 08 9bad Qe diRios URRL AL, b LM@Yy RidkicAfitled & 4iRGUl ate the
oxygen level within to a desired concentration. 'In one enbodi nent, the

mechani s mifecuaterassivasion bthe gplpdtrdgpasitiog. dhe tipclayer 3 transtar filg op shedliclgattid n t he
ELD nodu ~ i i ~ i f
LBk Juﬁﬁgr}(d{%etgg g&r{lfigfcnﬂfig Sféaﬁjer& 15@@1@%%5& é&ﬁarﬁm{igfr&ﬂ%eaeab%rég 638,

rotation. The c Scrib U S. Patent No. 6,
i ssued oprodergusith S0net2P0Btaming seedti¢st prgehic ABl iNUIRRNVERSALAISUBS PART E2piSlDER FOR

TREATH NG, OB BTSN S RS rmas il 51 St DGRLRRY AN AbIRL 8L D kbt erence.  The

enbodi nmen re not restricte ac ani sm for ei vi ng, hol di ng
and spi nandhgringel tbainsthl @nairting speaes ambé siaacodihbe suberawes Bfus safilosthe &HLO
receivi ng nmechani sm;s0 Ion%f%s the nmechani smis. ab to recei haol d and

. apping process, the surfac ¢ substrate 1s maintained wet slug'e ngt & gltrea a
spin the sp@bépracte’ahl ong fRe xS af T BtAfi"6h vmtt’yhl RetHe B rroaeuﬁoe. The
chuck 13@nicnglladeiag aithel b mhibityr @km2Qrihuckfipésngrah@2r filhaks @ttennd iasdp r et r act
to recei d rel ease the substrate, respectively.. The chuc ins 132 are
b exerpi g Hesked. SFR wey Rt B Short i A P i PSR o The
enbodp Memil:s, Bfikusitekd meSpHTéatdgdr@11 Mee @btk BSngl@2] butcatBHsieNGagE ot her
types of mechanismto receive, hold and rel ease the substrate. As

i 11 ust r athedubsiraeiiyereaPsay andiBowt geybe £apriqdescdupidpe d- sttt e chani sm 140

t o enabl @adih@ el lorob3iict QanSioe dkNGordRyviBdnSniRbito? o5 Q@ tHeQBrfRQ oBthet O
uni formy expose the surface of the substrate to ,decgom tion fluid applied

to the stystrrgseloagrs g fqngeonsligaf the applcaiensnaintgnedridedyeraedpa8] The ELD

modul e i RE Md@SscABeBhRepSHE Br BS pfyvide $iriodd MntAQ indilifUBR!nGt Bmfiddt8i NG
chem stry to pre-clean {)he subs?rate before the deposition process. In one

enbodf memducadmsodeps type rgpulingig imgrogeshhioyehnad surpldicdphaseipil intipdpstionat noves

al ong a ial ~ i) ~ t dul e, as
honn by aeHiE bl RbGREEL RGeS didgalcld o B oFlinl iR o

chemi st r yormerly heulgdrih aggdonadratichent soidstimanteomthe nuréarg atyéd subbhige . subsicedit e i s

rotated %gﬁg%?cl%gﬁ lﬁ/?lle(z%(cg%scrgﬁgggﬂ,%ﬂd su%%re%sqgm ol?ﬁ/er A %ejaéclti(gnrs] agélgrur e 2C so

as to su
transformation of materials commonly caused due to exposure of conductive features to

25  oxygen and ambient air.
[0046] Figures 2A, 2B and 2C illustrate an exemplary Electroless Deposition (ELD) module
used in handling a substrate through an integrated electroless deposition process, in one
embodiment of the invention. The ELLD module illustrated in Figures 2A, 2B and 2C is
similar to the ELD module used in conventional electroless deposition process, such as the

30  onedescribed in U.S. Patent No. 6,913,651, issued on July 5, 2005 and entitled
"APPARATUS AND METHOD FOR ELECTROLESS DEPOSITION OF MATERIALS ON
SEMICONDUCTOR SUBSTRATES," which is incorporated herein by reference. For



15 various areas of the surface of the substrate to the rinsing and ot her
chem stries applied through the first arm 110. [0049] The ELD nodul e

i ncl udes wol2od/ar238t o ti ghtly seal the ELD nodul e duri ngCrhms2aeps®se i on
process, as illustrated in Figures 2A and 2B. The lid 120 is configured to
swing 5 radially along a hinge provided at the ELD nodul e, as shown by
arrow 116 in Figure 2A, so as to tightly seal the ELD nodul e when the |id
is engaged. Alternately, the Iid could be configured to nove vertically

al ong an. axis trated. ar 118 in Fi re 2A ad of

radi al | y”’SH‘“‘E%E‘[g“W#&L‘l@H@&TS acf“P \EPE)\(%&(%W%?“%“}?& Elbe’i?Bfi?Eﬁ% ﬁ tightly

seal eg rk{[a)dalBthﬁf (laralbddlemmbethaﬁﬂvamgﬁmrgmae AB@udutatts 2 2heBc 0 veonkilgured to
nove both vertically along an axis 10 and in an arc tion

ar ound aaﬁﬂﬁ@@a@6q§§ ?@lg%ﬁ?g?ﬁgmﬁﬂfﬁ%%Bﬂ?@“ﬂﬁ%ﬂeWH%aMkﬁgﬁ@él %ﬁgﬁgaged and
expose th@ﬁﬁi&mﬂnﬁmu@&aeﬁtﬂﬁné ind vaZ&hsicEmpPbriRaRGAgRELDIRMGle.t he [id 120 can
be confl?ure in different ways to seal the ELD nodul e when engaged. [ 0050]

A secodnd WA Thok L1 Rodily 269 spisakla prepaterdomt appefuhesybsrais g denesigtmpl vy a

deposi ti gy &lcbhbutd b PR- &é&hf&%nﬂfthetﬂﬁ) bst {@Jaﬁthelcﬂn&ﬂﬁv@mﬁfékﬁem the
second armis disposed on the 15 under5| de of the lid 120 of the ELD nodul e

so that veed Phélelslﬂ’cﬁa%?ﬁtfﬁ@l@ﬁg@g@&e therfr’éff%fé@éﬁ@ sastrtean¢ et R gested to supply
the depoﬁ%}ﬂo's&'an il 41 et al E')Ei)rés’éﬁﬂc c?eC\?et 6fhﬁe iﬁ’f*&&t SRhEsubRratd) efﬂ%gls npdul e and

when the |1 d i s di sengage t he supp deposition fluid ceases.
one enbodidgetELID hled@e@@ihmcladeﬂalrse@araim Csnaqteyve h@asag smrntheﬁlé)seatb@bngrent , t he

deposgpti t rate
mor v &) i TPt 6P SRR dlr B TRE e vEMBTRR 2,
t enper at (o anlhiena aio tilvko rmnibtacﬁ thzeovty,gen }eeelﬁhmlmmmdesrad%mquirpj@md Imérteh a

heatl ng g}IlgFmel%t l%e mec tal’ll(c)?metO?rcelr\T;EEhee SC ra eslggcl’gl% %&lat 1S use?i 1t N t?ld to the
ELD nodu hi's € I'men 8 "Substat'e sSuppo Rani’sM such as a

chuck, i ELDhaoddolddo mm%ﬂldxoaﬂddpheh@mbstmn@domg thé a;he@ttromgore I ﬁrm:lhﬁcsk and

t her nocoupl es. or. at he ati id and or
beuner - aRERiRLs QDR R A pRlaaVE P 5P 00 o S aRa Al ebis: e

el emaBpt s “UNIMEERSAL ISUBSEFIARTIEI’HI(SLEEH IFORTERIEA TING OBUERTS WFCOIDS)” htich iheat s
the substrate and deposition fluid received thereon. Wen the heated

deposi ti Gomptiad hewihy tsferenge g smpedimapss 8iinet BT etset ek ‘é‘ed]éma%‘poy tion

react i onfdrSedelvihIBE18H g GAMS MM A8 Ak ikd@Put@hn Mcludy Stherdbrngle@ststrhen fl uid
over conductive features on the substrate. 30[0052] Upon conpletion of the

deposi t i sireiyingcrshaniwessigpststhe Beshanismigahde tpyrecepyst §aldandspi RS s uid i n

the ELD HBQ%' 1 -axib %@rcﬁa‘ﬁ%h'\xﬁﬁid BOELDH rhddgie! s lcl'ilﬂkflbé)'hlglu'dés £AMafigldred to
substantialTy rinse the substrate to renove |eft-over deposition fluid from
t he aPeashusk pitlsd 32 that extend and retract to receive and release the substrate, respectively. The

chuck pins 132 are an exemplary form of receiving, holding and releasing the substrate. The
embodiments are not restricted to the chuck pins 132 but can engage other types of
mechanism to receive, hold and release the substrate. As illustrated in Figure 2A, the chuck
130 is powered by a motor mechanism 140 to enable the chuck 130 to spin along an axis of
25  rotation so as to uniformly expose the surface of the substrate to deposition fluid applied to
the substrate during the electroless deposition process.
[0048] The ELD module includes an arm, such as a first arm 110, to supply a rinsing
chemistry to pre-clean the substrate before the deposition process. In one embodiment, the
first arm 110 is configured as a moveable arm that moves along a radial path from a periphery
30  to the center of the ELD module, as shown by arrow 112 in Figures 2A and 2C, so as to apply
the rinsing chemistry to the surface of the substrate when engaged. The substrate is rotated

along an axis of rotation, as shown by arrow 114 in Figure 2C, so as to substantially expose



16 surface of the substrate that were not intended to receive the
deposition fluid, protect netal surface with proper passivation, and,
prevent owowetti7ezysof the surface. The rinsing fluid acPeTas2@0t06@66f er
filmover the surface of the substrate keeping the surface of the substrate
wet. It should be noted that , the thin layer of the transfer filmremains
on the surface of the 5substrate as the substrate is moved out of the

el ectrol ess deposition. The controlled application of the post deposi tion
rinsing fluid after the.electroless deposition ocess. enabl repl aci ng
the | ayer® 6t 8@6%%{%“? e it %lj?t’f?tettﬂ %YHISH‘gla 915 RBgtes & ’8& tion
rinsing Eﬂmﬂgﬂﬂ&mh&hﬁmguoface of the substrate. In one embodiment, the first

arm may ed to apply the t-de Slt n_rinsin so as to
defi ne a?‘{ﬂﬂgﬂf?eglﬁu? imerE asfudsy ekl Lo LB ?E{“Pén%g‘if{‘f&fl e. The thin
layer of qtRgitibh pRSES asfilldsimBd BMEEI:Ss 2[0@1(132-]3' fmqldomotimnﬁgtb@d fodlwengf r OmM
getting exposed to the anbient air. mentioned earlier, exposure to the

ambi ent  &dialiyialme abings erqvisied atibe BLB npﬂd@& # Yhare by AT Leimddgard. Wur f ace.
The trangf @ighil} faPHE YD RodiEFhdR hedid i@@néa%&’d agelenay akd ahcRia the netal

al l oys on anc% inside the porous ILD, thereby preserving the insulating
proper t i eenfigprediiempyeydseqafii alengren ais. 2y Ragraichyi arophld Slimfjigpes 2/ éxsigrd i ng i n
the 15 gpf, gﬁhﬁ% NBaQfhehe: TAPRoVBBIGH, 'tH%%Ltiﬁ&Bd&l&s dgHH'}F ?eal%@\ i a{hoéhgf' tion to
the arns an strate recelving nechanism the ELD nodul e may include one
or nore elirha¢ awanigement.1BOlid 620 mappleecoahigurekoansebbthsicrigaldndoniegrosist i on

flui fromt t t he ELD
roduls wl PRe T Op oyt SPis tHE SUPEl LR e EEDCEIBN SR BT e
subst r at 20 iFleegdgedimsf epofithmiilkie epdult ndies toditlrlad & diengapee Wets, theGdwhi | e t he
substr at 0S| t| for furt her processi ng. The
transpor?% faéln%%gf)%tl uredamg%%r ng Q '8 S 91[ %%g%ls%ul%‘gtﬁ%nsﬁntgl%n nodul e iIs

per f or me@050] Akecoadaint @lok ﬂﬁwamhspsc@mmmhe BED infveulELDhssy st sapply a dp@3Bibh An

el ectrol ssd osi.tion system e described with.re ceto

i gur oo, SRR AT RS SRt nsm AR bt Bt Siarh b Sttt agr ans
of alifer aadegsi@dragt IS @fe D abdEEE> &yts&@mmdilﬂmzoflwﬂggg@mie s@ond he
conponents. [0055] Referring to Figure 3A, th D system.includes a

subst r at 8 BCEPRSUY! Heuwaning H?Poéltl% Buidiafhs SElréffCF \%Yhﬁ SthstrAa At $AElEnd one or

nor e NModloasletafd RhECAS Hd tshRschsHabR R Rbpll BE S UBSkiidh BlulitehRd e ELD
process. The substrate is received into the ELD systemdry through a

| oadi ng FBPLdimTHeE SXANMMYPOFRIGHMBI udes a plurality of substrate receiving
uni ts. Theps1 PR ¥RIbE@EENT ﬁ@@bﬁ@sfﬁgn Hﬂfdtéhéﬁfe% BRMSPIH 37 meuhistnrat e

recei ving nmechani sm such as front-opening unified pod (FOUP) 310. The
envi EBnmsdrarag migrqway&FEn ag%l@@mgeé int@he medudRatiampesetied dapresitee on
process I

cont am ngﬁr)l%ﬂg) re}eglfl%%&slg%tﬁg?ﬁggﬁ%gggﬁ v %t/ﬁ@@%& g&ﬁé‘%gattﬁlggleygg{kgrh ggjog ormed on the
subst r at @orefthemEQUP U3 & debewéd/teghealldd d@ldlﬂvehsthts lkabedibent atwstge a transfer

hel f 33 it hi . d.f
transt o Sl Rk g ERLATE 5 HRRME Lo TR IR 510 1 5
wel | knowemients hﬁtéthaﬂntocf)lqﬂesdlebth\iemeamg of hnatmg.nbﬁte&tah@dapmlmoraﬂmd)amm led 5

Addj t t he FOUP
510 2" osls i d ferbRliaf T RETRRS 1§ hSiaihd DEh Frmef e it Yoaihe' o for
forns or elmlehtamoalatﬂqeﬁ:tam deckysenichiin ndehédvethe g strheasdepbddi@ineluiditeoeitdie ELD

Tr anst er TRESRT NEPPATCRIdaR S tS0 S A e P SO COReT B el
envi r onmagositioh Pdaaldnhetr@g&e@ yakeidepdsidh 5t & V@ dlakpod@iby flamehani sm such as
adry r Otc)(())r'{ductlve features on the substrate.
30 [0052] Upon completion of the deposition process the substrate is rinsed by applying a
rinsing fluid in the ELLD module. The application of the rinsing fluid is controlled to

substantially rinse the substrate to remove left-over deposition fluid from the areas of the



10315 within the ELD systemis engaged for transferring the substrate. The
dry robot 315 is provided at the ATM nodul e 320 and is used, in one

enbodi merwg 200/a7e268i eve the substrate fromthe FOUP 310PramaSd@pnsidse t he
substrate on to the transfer shelf 330, as indicated by path "A" in Figure
3A. The transfer shelf 330 is an optional conmponent within the ELD system
for holding the substrate received f{%om the ATM modul e 320 prior to being
delivered to an 15ELD nodule within the ELD system Alternately, the
substrate %g FE‘ ]%trle ed fromthed M nodu Ied320 an ellvered directly
to an ELB"HSHE! " See! LB“%?%FB‘%?P e@d%éeéTW@rWS BB B AP 85 P sed in

t he deposiuticewithpapessassifiiod anfl) Revehh@:-Fbibh ot @irRd), THehElsﬂﬁg. BuBlsstsem

includes a plurality of nodul es to perfaorm post-d tio rocess of the
subst r at ésa&?PSEFH&F{IPW thepupiee QiR sHBbBte k eﬂﬂgg %ﬁﬁ“@&%? WFF‘H%F%IB&@ d' et
robot 34Ghdul Bbhdiddangt ek thih @ystdrshd @SVl 6 RhOHAhIRALEoft@e anot her
within the ELD system To begin with, the wet robot 340 retrieves the
subst P at 8IFHYARE e SYisEHE FeRoeA ey ol prelestrolgps dspesiyom (IhgconiolledM nodul e 320
and t r angpfchfont St ehePoRSdehad Gont iphsind §luk-dA PR WleBrddQ deftitoh pHREds@hffesby path
"B" in Figure 3A. The ELD nodule 350 is configured to, a) pre-rinse the
sur f ace #&fplacig thalpyar phepogifipefluig wWithiihg bt lpyss o I{ZS@F‘@\QRO@HOH @@ﬁ@tg fxd gn

pl anari zgf sﬁﬁa&%‘?ﬁf%tsh&ﬁa el @& %%dm%ﬁl Gl afih ind g%@%&& gcﬁfo a ﬁgtt%
fabrication operation; perform a deposition process strate to
deposi t aoslt@lymsu@h n@apgﬂmg spret @l debver rowfedtibn p@ﬂeofeedtewné@cemﬁthehe surface of
the %Hb Sgllit%& F, ‘1\’1)16 rﬁ)% E)Pt%e ﬁgﬁsffeqq’?m I’eVléltl]Z h%"é c'ttce%iC ﬁle\%ﬁsﬁatg il %Etﬂlgl ed
application o osnt eposition ri n SO as to renove Teslidues

| ef t behlex@sdaytottﬂmeandnq‘m aurt Aeomepiace sahandcpbwr@@a;he irhigeg wirimagle cadset he
Substrate w a transfer osition of.the rinsing

f 1 uid, téesbﬁl%svté)ﬁ’{e“ L tl?ensul’sq}ate “%gced%eelﬁ% y er%”fp‘ B BEPI Bl  rat e vet
Wi t h t he agglanshiéon cffltlhermétﬁlmﬂltbjzshﬁl dﬁl:llihsmedhﬂ @r@ﬁﬂLDTtﬂ’l&rekﬁﬁlbrefe@hmg th840 assi sts
in the transfer of the V‘%ﬁiﬁ% substra ah% fro(g ELD no ule 50 to a 18
subsequemsnlg%%gtgra%%?lotf GUTeEn M5t Hees B OIS R MBiDft ai ni ng t he
substisat epsmizig of thelTaIER WRéferrin® Back] to Asutd BA Sk Edid dtte thesanhyﬂidc‘s@bétﬁétel’ ecei ved
at the ELD npdul e 350 after a chem cal - nechani cal polishin

oper at i offCCHIg MGGR¥Y AR sl P magweimay csls 9C PomeTe Bl valNgs ]‘%P&% [AP&EE from

the CVP ape&:abdsQisiRg bl d &1@6@&1&%&%&%5&1&1& on. As a result, a
pre- dep05|t|on rinsing f is provided at the ELD nodul e 350 to cl ean the

subst r at 0053}, Pheabstices Eé%@ﬁl frrrihg Elid megule mithdle kepgiof gansfeididg in t he

cl eani ng ,QRRGAL AMhPLHQEe §fnd Jﬁ%st&%‘d@oﬁfettﬂaﬁﬁeﬁﬁ&%éﬁs haMBsiPeedesei bed in
the follow ng co-pending U S patent applications: U 'S. Patent Application

No. 28/ 76bily the subsirpigds Bavediin e pSst-dompirion arpdile If@chHISEMO%QIDEJCT BR SYSTEM 10
W TH SURE

on Sept orher Hropob e ek eordt e B R LSRRl & For

SUBSTRATE@TroHQQﬁB@@nm@E of fhic[Fédp srystemecenber 13, 2008 entitled

" POST- DE NI W TH CAP
LAYERS", 3FE3T 0 T UG, Bds A", 008 “neTE RS T ASHVAR N

SOLUTI O\Iaﬂ1531FCHgEbE@l' Rﬁl%ﬁhﬂmﬂ' b BbELEAZFRh OO laRVERRE ethbudiinetts af e

i ncor oratﬁgDhe ein. b After cleaning the surface of the

1 de ﬁf lief o engtiﬁe ent C
substr at & rerpy & PHEESE G de S FPEMTRS ovP operation, the pre-deposition
ri nsi ng {0035 Réfsrring m@Vigdref3n0 [hetHIED Shmnbdudes a 303 irhia m:eghlgtﬂmhmﬁ:tﬂl,eﬁ val ves
150, as |31|1b|stLrle%tE: Iéle EV%Idy rlngchgrlnglg rand one or more modules to process the surface of the

substrate during the ELD process. The substrate is received into the ELD system dry through
a loading port. The loading port includes a plurality of substrate receiving units. The

30  substrate receiving units are conventional substrate receiving mechanism, such as a front-
opening unified pod (FOUP) 310. The environment within the ELD system is controlled

during the deposition process so as to avoid exposing the substrate to additional



[ 0058] Fol l ow ng the cl eaning operation to renove the residues fromthe CWVP
operation, the 20surface of the substrate is subjected to a deposition
process wWohlnn/wbssELD nodul e 350. I n the deposition pr@®Ceas2018/0b@ger of
deposition fluid is deposited over conductive features fornmed on the
surface of the substrate. The formul ation of the deposition fluid is such
that it creates a cap over the conduCtive features during selective
deposition and to the extent possible, acts as a barrier preventing copper
and other netals that he use din f rmn he 25conductj ve feat%;es from
migrati nﬁortt%}mtnﬁ‘ES/ @?P?‘M ‘WY e ey e Fia%e ‘I%S%F Fures TSN B st L%t he
deposi ti gour yodede&ecﬁﬂajehvdrs 0B stiRurab abd @arksRF FclB38 vidhahé EEB@y@Mﬁr t he
conductive, features on Qggsu face of 22% substrate. The de%osition fluid

i s caref 479 {° SUPBYUE EIMQE ¢ frfhsfaplelioldd dat BhP medetevgiha heblly ds thi's

end, thesgdepogint rowpPiI1vidyéinelowdas t@rartlfamelnwérﬁfg teghbsheningtd dontrbi@la 1 ncl udes
a rlch source of active control cobalt ions. npl e deposition fluid 30and

appl i eat PBACPRLAMEY &0t dig@rsedcalcaaydy h%dAkatl@aéy i @HY 3Mois oge &rm 067,

i ssued o@f LG the s8N0 Ree iRD AN ysReh anaQkiét FRRs 6PMRPRAL L OMnMG /R hod for
el ectrol ess deposition of coatings free of alkali netals" and U S. Patent

No. 6, 90d¢clegang the sghstate intg thedLP modds  Therecenanganoduld within Aret ENA8YSESHL f r ee
el ectrol gss 43 % mdl&?hé&m&'&?eg%%chﬁ@ (RtMS 91%@411& 38m 6k Iﬁﬁhﬂaggd ppa{ cHEBRsI tion of

cobal t cappi ng/ passivation on ‘copper"™, and net or its use have
been di seuswanentwilhisthe PADerysteiNo A BbFOuE, deBS@y meslmmesdl orrhSepidenbbet 21, 2004,
and ti i p talnlng
rot altlf P D LRleaf B R RRER AL ARl D e B 3PS Pendi ng
u. S Pat@anm@thQAﬂbbmo&bs32QMhﬂL9®ﬁ62mpndeﬂMmmnmmtAmqu&Weﬁmsaﬁmﬁw entitled

el emont s "and 6O TEcH BTkl Y Ple PR RE B R AR sune

el ement s "SAdPSEYUECGY 84T 4R |ng ere
8, 2007, “ahth Kptre Bhedhé Smmmﬁ@mﬂﬂmlnfaﬁM@bﬁnmmmpthUWMﬁﬁ&mNﬂd}ﬁmeat|on," al

of mhlch ar e her |n i ncor ted referenc their. entirety. As

ot onodSt bt o BESEBSL R REn B ARA B2 Briods Minf M afe of (he
substipat @LDhﬁ@hth’lwﬁhlﬁ eeand @frslmnt hateredly t@subst@ieshayl uthieveddey ¢, in one

enmbodi nent._of the invention. nenti oned earlier, the second armcan be a

spray, aAﬂgégpgmﬁﬁméﬁV“EPH%Wi@H?@%EV@lﬂébﬁﬁﬁﬂ%HV@%ELBﬁﬁﬁﬁg it can apply the

deposi ti ee0sb] whdii N nRIGIRN1RED Q'ds&ﬂn@l%ﬁé@émt%ﬁ%ﬁode@se AanRdtgt inereadanes forned
on the surface of the substrate. In an alternative enbodi nent, all fluids

coul d be 3o sher FlHR pxstent Gelosks aqliality 8f mofylesrtp gedprayast-dapRsitipn process of

the substrate. In addition to the dry robot, the ELD system includes a wet robot 340 to

20  transfer the substrate wet from one module to another within the ELD system. To begin with,
the wet robot 340 retrieves the substrate from the transfer shelf 330 or directly from the ATM
module 320 and transports the substrate to the ELD module 350, as illustrated by path “B” in
Figure 3A. The ELD module 350 is configured to, a) pre-rinse the surface of the substrate
after a fabrication operation, such as a planarization operation, to remove residues left behind

25  from the fabrication operation; b) perform a deposition process on the substrate to deposit a
layer of capping metal over conductive features on the surface of the substrate; ) rinse the
surface of the substrate with a controlled application of a post-deposition rinsing fluid so as to
remove residues left behind by the deposition process and to coat the surface of the substrate
with a transfer film, based on the composition of the rinsing fluid, to prevent de-wetting; and

30  d) enable removal of the substrate wet with the transfer film from the ELD module 350. The

wet robot 340 assists in the transfer of the wetted substrate from the ELLD module 350 to a



15di stribution device, so long as the fluid is distributed in a controlled
fashion over the surface of the substrate. [0059] In one enbodi nent, the
deposi ti omof2buvid2ieé8 heated to a reactive tenperature priPOI/US0I0OFINGE

i ntroduced into the ELD nodul e 350 where the deposition reaction takes

pl ace on the substrate. The reactive tenperature of the deposition fluid
vari es based on the type of the 20deffosition fluid and the application
conditions used. In one enbodinment, the deposition tenperature is about 70
C to about. 90 C or s descri bed in Pat e 3, 65 gally in the
A I N CRLRCE M ENR SPHBRG2i0Y 1 on
fluid sokwtdcowet.[ 0060] I n one enbodi ment, the deposition fluid is supplied
to the E ule at nostly a 25non-reactive tenperature. he ELD

rodul e, TS BABESSHIGHCH BB haoe ohBatl R R st el erent to a
reacti ve nleeiiRAPSdIkIAng AMPeH@PRIhS Jubfiratd diklcdi€akmmel o RAGvaRRr oaches the
reactive tenperature, the humdity within the ELD nodul e i ncreases. |In one

embod? e fsidupHigorh thei (YIP PPRAREGR RHIOF s LaiTS o dkposliph adheisstlh 2 RFoIAPO8HoR | n
anot her erRdiFBMN prodif& HWE i oWt Biiotci@n HeRupRdi! & ypisaighe-about 95% 30
[ 0061] As the tenperature Wi thin the ELD nodul e reaches reactive

t enper at derosigien vipgne Hids Baigesiseil anthe Flgining eperatpp paerde theidpeitione™®ED modul e
preheat e, §Gedn l&a%eh ek FIRGH é&rlﬁeﬁdlﬂ%?%;?a%%{et %gﬂshcﬁt%@t dée%tt riggered.

The deposition reaction deposits a |t|on on the
conductl%@ph@ﬁ@mh@sﬂdﬁﬂﬂﬁéiﬁai@ahmeBfﬂpﬁemgd@bﬁ%@ﬂ€ONHWQﬂORﬁ&SEEhbsition
process t K fluid, such
as aq2033&@?%OSItlon rl%%??A?#ﬁﬁlgﬁ§$ﬁkﬁm%%ﬁ§§ﬂmg§%p%g%5§Pﬂ§ﬂ%ﬂn#lUId is
defi ned Semembdié, ﬁé}SomtﬁlechCEEANlN&ﬂGLU&“I@@;EDIReA[ULATH)PéS)ﬁ@RoI I ed manner
onto the f, tr Th & ns) uid rinses
5t he sur§ %ﬁﬁﬁfgré?gﬁﬁzggzﬂﬁﬁFﬁ?%ﬁmﬁ?ﬂg (X% g%%lg$ﬂ¥hgﬁggﬁjb#%te by
deflnlngC&ﬂAbﬁEGﬂﬂETHOﬁ@z@NDﬂEﬂGﬂELAﬂT@N@IWHiSUBSERHTEﬂﬂWYﬂHCMHE substrate.

The contrql ,,a i cation. of the t-depositiQ .Nsj j abl es
repl aci nérgtéﬁggde%zg“ﬁ%hrﬁﬁ Vi Beﬁegg? ﬁl‘ ?@qﬁ% ?IH’%I@% ?i]lc‘g‘%@?& %(éﬂs]ﬂgﬁr ate with
t he t5ansDRELECTROKESEPLA NIBIGORI DIERECTRIOLAYBR SPOShicilap agbipoited | NSi NY
fluid, the substrate is renoved fromthe ELD nodul e 350 by a wet robot 340

whi | e maPPERiHiITHGCP e 1OKF drarrethe sureo thhwbsital eaemaye @%@S@Eﬁ?éf%t e. The

wet 1 obothe34Ap BRM@Tont M8 pRURDL GBS id i rdR&cld FBRSAELLD inldduf358

post -deposition nodule within the ELD system Thus, as the substrate is
through the outlet valves 150, as illustrated in Figure 2A.

[0058] Following the cleaning operation to remove the residues from the CMP operation, the

20  surface of the substrate is subjected to a deposition process within the ELD module 350. In
the deposition process, a layer of deposition fluid is deposited over conductive features
formed on the surface of the substrate. The formulation of the deposition fluid is such that it
creates a cap over the conductive features during selective deposition and to the extent
possible, acts as a barrier preventing copper and other metals that are used in forming the

25  conductive features from migrating to the surrounding dielectric layer. In one embodiment,
the deposition fluid is cobalt rich to enable forming a cobalt cap over the conductive features
on the surface of the substrate. The deposition fluid is carefully selected so as to inhibit
oxidation reactions. Towards this end, the deposition fluid includes an inhibitor and
chemistry that includes a rich source of active control cobalt ions. Example deposition fluid

30  and application parameters used are described in U.S. Patent No. 6,911,067, issued on June
28, 2005, and entitled “Solution composition and method for electroless deposition of

coatings free of alkali metals” and U.S. Patent No. 6,902,605, issued on June 7, 2005, and



kept constantly wet during the integrated ELD process, any residues present
in the ELD nodule, including a droplet of the deposition fluid or any other
chem st rywoesiiduees8hat preci pitates on the substrate w PCTASROdAMGE t he
substrate or materials thereon during the 15integrated deposition process.
[0062] To efficiently wet the surface of the substrate and to prevent
de-wetting of the surface of the subStrate, one or nmore surfactants may be
added to the post-deposition rinsing fluid. The surfactants help in

uni forn tting the surface of .the substrate b edyci t he surface
Lensi on SPUEHEAPTHUPRES P sy LB fRlipesitn cariind msiled 51 ror

sur f a;:t alﬂla@sﬁtib?bf M&l@ceﬁi@gﬂg@a&&a&f)ﬂ Egério‘ﬁeop[&sﬁ’l,l?ﬁd ﬂﬁang@ ffbﬁtsv\@e Ravalbeet 50
parts/ml|ion (. t o about_ 2000 ppm.  Sone of the surfactapts that are
e hor HisHHRaE Hob dHBa {750, S PATLAR SR s 9P 0 Shapy S¥bitat2  and
12/ 334, 460 .c1e0hbledt d@p&ition o pRApRIr@dcIAeliBhNmBX1 fi16fs @0 NS Epdr With tpallRMin I et Y.
Sonme sanple surfactants may include Linear Al kylBenzene Sul phonat e,

TRI TORTmitesedivatique ppd fgedepdipd Rie Paket HpHrdionNos uklf Ot0aptfded praugzghy| T™

from DuPgminoangilyaswildanshy: VasiaRa bAe Rl dithipeRodiOcRétRliofiRir e
surfactants, one or nore chelating agents nmay be added to the post-

deposi t i elmeningnhgruetugds desybing sheredroptrad Wi/ 60. R Bled oa densi SaPHY. pssi dues to
form co ”Qﬁtﬁi&@ SSenliabndafieh §stnOwRE SR e MR GRASER alf Sehnitihat nidg conpl exes

formed with the nmetal containing residues are soluble In an aqueous

porti on/ ownroradtbygéferches ip dixtir-cdaptsi Nk owntidnad earferf thaidepos@ontluidfis t he

chel afin el I A= A I i 30
T U S e R e g S S
Et hyl enedi ariendodinicacdtthecinAmitidn. ( MEDEA)onedhelirider, thasdcpad Aai cin bt A spaAg a

enmbodi nent, .t he g&.leco ctﬁntr ti.on oflothe chel 3)%% a e.ntéﬁ}1 within the

post-depgg’%z%ﬁ%ﬁn |nsrishlba fUre aﬂ%rf/ls?ar{l &S H&rhEdy 3 61e ) plf)lrﬁlf‘o about 5000

ppm [ 006&{trollad masler oted therohddcAe: feanet famad bh yhealirfidhef dlaettatratag regent ( S)

and the syrfactan , a .val ue, of . .the post-deposition rinsing fluid m
e i o R B S P B S R0 bR b e R e 1o (s
bet waen aeibutiéh @ vkl foaeigdisehe Mad akixuibuled it Bas@jolled MsBIBL oRTARGLITRAL , the pH

val ue of the post-deposition rinsing fluid can be adjusted using a pH
adj ust i n§! Yg&MStalghe pH adj usting agent can be any one of the surfactants

or chel a{0o3g) pARBmbadEMeH, the dbRRiiBRASihideRARIkD @ ReabRSéMgbrithdipdopl, coul d be
a distinct pH adjusti ng agent added to the post-deposition rinsing fluid.
t

10[ 0064] Ptipg Hailded inte BofHe Y 0anese the Henositip gragliparitlss alsge gHbad] ust i ng
agents, QRRwAE. TR Ractive temperature of the deposition fluid varies based on the type of the

20 deposition fluid and the application conditions used. In one embodiment, the deposition
temperature is about 70° C to about 90° C or as described in U.S. Patent 6,913,651, typically
in the range of about 0% to about 25% below the boiling point of the deposition fluid
solution.

[0060] In one embodiment, the deposition fluid is supplied to the ELD module at mostly a

25  non-reactive temperature. In the ELD module, the deposition fluid is then heated using a
heating element to a reactive temperature. As the deposition fluid heats up and approaches
the reactive temperature, the humidity within the ELD module increases. In one embodiment,
the humidity within the ELD module reaches to about 80%. In another embodiment, the
humidity within the ELD module is at about 95%.

30 [0061] As the temperature within the ELD module reaches reactive temperature or when the
deposition fluid is introduced into the ELLD module preheated to a reactive temperature, a

deposition reaction is triggered. The deposition reaction deposits a layer of deposition fluid



oxygen consum ng/ reduci ng agents can al so be added to the post-deposition
rinsing fluid to effectuate post-deposition cleaning of the substrate. The
oxygen resocong7agents directly react with the di ssol ve#Corsgen/ osdbecul es
in the transfer filmin order to reduce the oxygen concentration contai ned
therein. An exenplary oxygen reducing agent that has shown 15prom sing
results in reduci ng oxygen concentration in the transfer filmon the
substrate is dinmethyl am nobenzal dehyde (DMAB). In one enbodi nent, in

addition tq DVAB, .a second qr additi.gnal, oxyg redyci ng agents y be
6! udedo hechacst SHaB0Sr fe i b PR O RRe Rliortat B shyHon

conce gt I adirf£8 ofdhe sﬁtﬁtrdité%&itﬁd?}d ishe haﬂ‘ﬂrrsﬁatg Y G&R ak @ otideghsAYe Mihsindfluidxenpl ary
second reduci ng agent that_has 0 rom sing results in reducing oxygen
20concent!] %P‘?%ﬁelwg‘i“f”é“ﬂ%%ﬂ% 5 qs?flfl‘\?g;f“?%gt?\f’é?‘ﬁf%%‘f}s andliig @11’116‘3(3%‘% r educi ng
agent i s cbmaRNe@hbhfer 86 the st MeRObdatel Qe pHst b G8And BUGIOG agent s
that have shown promsing results are in the range of about 100 ppmto

about 5081 spithe pOoBBINY ¢8-welng pidhe twlaphel iy rubgeahm dfinpgerdt i ng agent ,

oxygen r egugdifg égﬁ&hxamﬂgﬁHh@QhH@éBFMeaﬂéﬂﬂé1T&ﬁ%n&&kﬁg?ﬁgﬁﬁﬁhk@%
i nhi bitors may %e added to the post-deposition rinsing fluid to 25preserve

t he | ayepodeprssitoadngoe fuidiseatiesrerlecing/ac fepasitiprBuiddayenion drfsatieccst t he
substrat g sh&tﬁ&%ﬁ{YHQﬁMBFETﬁim.aﬁft%ﬁ EiofibE ﬁfe@%stldagk?]sﬂloh%siﬁg Euféﬁ)\/\”

capping is benzotriazo e concentration of su etching In Itor that
has showtheppbstiagiingmogglfremn thedliThmpihde B higiea Wetonba Bélwh@Ompiprminiee thbout 2000
ppm t Qi j e I t iLl rd nsing

PP 40 o g AR ) i A o 28 e RS WO "0 P
of 30t he tipashsfdeiiosto tipost-deporstiongnddulei vitham hle iIERdD dystemhdhsyp$ the sutefratt fve

substr at an_be mai nt ai ned .over t ended per.i.od of ting. e thickening
cgent s el GePEV R ERPPRTE REShsdl RSSO DEURS Bt TR LS i ce arf ect
t he surf amdulefintlhding ubspleabfahaigosiappiliie dr atychii iciinabingdsifler tha?2 ext ended

period of tinme. The thickeni ent al so reduces evaporation rate of the
ol vent eI gt e Rl AR By e R BRIy W cRent ng
agent|st haleddasd poyiodproedssi Nng results is poly-ethanol. The concentration
of the tql agent that has shown prom Sing results,ran%F fr om about

hasd
50 ppm t S085E 10 BB (S 1EEB]! R ORH G IO PRV 86 REFTRSHTE VB8, t he

ELD syst gmht kltdghit aIn€ dr mBreRufitisis3hay MBS (e fstidpblitivn @fsif2asli¢.deposi tion
nodul es, such as a chem cal nodule 370, a brush scrub nodule 360 and a

cl ean nodif @rigpnts Iplp i yHormlyeeting the mrslAs of the sHbptee by PdpsipphesyBoewi th a

! ayer of tdnGiBA §f e rifléih et ﬁ“h@&)n%é}ﬁralﬁ&ﬁ (gﬁﬁ'eeorf%for t[r[@)?e ﬁ%@tﬁﬂt@fb@t lﬁQg sﬂoWnr oduced
into the chem cal nodule 370, as illustrated by path "C' in Figure 3A. The

substp at effeasive tesdlf page hagwedaabeyiShipaty/million (ppm) to about 2000 ppm. Some of the
surfactants that are used herein are described in U.S. Patent Application No.s 12/334,462 and

12/334,460, which are incorporated herein by reference in its entirety. Some sample
surfactants may include Linear AlkylBenzene Sulphonate, TRITON™ QS-44, Perfluoro
Anionic and nonionic surfactants like Zonyl™ from DuPont and Masurf™ by Mason. In

25  addition to one or more surfactants, one or more chelating agents may be added to the post-
deposition rinsing fluid so as to bond with metal containing residues to form complexes. The
chelating agents are chosen such that the complexes formed with the metal containing
residues are soluble in an aqueous portion/component of the post-deposition rinsing fluid.
Some of the chelating agents include Tetra-Methyl Ammonium Hydroxide ('MAH) or

30 MethylAmine (MA) containing metal-chelating agents such as Hydroxyethyl
Ethylenediamine Triacetic Acid (HEDTA) and/or Lactic Acid. In one embodiment, the



10 nodul e 370 of the post-deposition nodules wet with the transfer film
covering the surface and an acid containing fluid is applied over the
surface ovotha/wedsstrate. The chem cal nodul e 370 i s comrCirgise@d/osoeappl y an
acid containing fluid to renove traces of the deposition fluid and the
post-deposition rinsing fluid fromareas of the substrate surface which
were not intended to receive the depdsition fluid and post-deposition
fluid. In addition to being 15configured to apply an acid containing fluid,
t he chem cal nodul e 370 may al so be cgnfiqured.to appl basic fluid or a
neut ral | FIGFEN b HEE o RE el ) W E (B ger bR R Ps Lo B P e ( aci o,
basi c, obethedd 4bdhi) 1 0TRYmE abkidt 600 fpyn.t he type of deposition fluid and
post-deposition rinsing fluid that is applied to the surface of the

Subst r at S06Ph e GBSl EH AR Y TRt S L8BE, ¢ he
appli ed ggudocaap&t-aégasitibh Hhénd Suill 13§ © ali8{8D Brerhdds oG Vhe that @t 15 20
defined fromthe acid containing fluird. The rinsinq fluid applied in the
cheni eal SHYELIr@NIG repsfts idstwgen %&HE?-@PHf(WWF)st@ aeutd & (hp@y Ehenede- wet t i ng of
the surfaggo@heid@e EH%fu@ 3k e pbﬂ—d@ﬁ%it%ﬂ@ﬁghgﬁﬂﬁi’caﬁ BeadjhsRsi R falputi d
chemcally treats the surface of the substrate while maintaining a |ayer of
t r ansf er adjpftipg ggent.hEhespf adjpsing fgqnheandgsay pig @ theTyalagrprpicflaipiagerls 370 may

perform it d 1 S ) i .0 lL.ayer of
Phe. tranafor ) PPR SHBBI R o hudREFARREYs abiie BUaB I ELR Tl

t r eat nentts. pobtrdeppratiearsgg it , the acid containing fluid is defined from

t he PO $hd] . poOst - LA ] NSJ i i e trol ess
deposrt 1 Dve4Eh Ao iRbe ARRGRML, BBl AR ol M A UGSl Pl o T
on t he swoxrfgeeowhimilgéedngtapattecanslsoby edtledud the podthlepashienirinsihg floidud e 370

i nto anot her post-depaosition.modul e uch.as a brush .scrub dul e 360 for
fur cher S LuBSRIEITREE ) PRuTRg Hssun T B8 oAb s ik BE R IROHG 7))
anot her eaboditmaatlissdved o ugeatni@s@legiythb eambaréidn fii ondeit thecdubetit ogygenodul e wet
Wi th rinsi ng fluid into E secqnd chﬁrri cal nodul e cheg’gcgﬁlﬁ f‘i nse nodul e) so
as to trECIFRECD SOUYPGHRECIIr ArECTERIAT P ¥EE RTINS S8t VeI £ 1 ui d. The
oper asi oprofisihHRsH8GRRduGhestygal cdioehttaBon & tBd MnkRE filndod e sepasdtid on of the
chem cal nodule 370 that applied the acid containing fluid to the surface

of the sddihvigreinoberglqphuds WMABH Inops empalimertriadidiber PWaBst varwd net al

l'i nes andr pRgtfonhix 18ductn3Q &l MaE Be @EIuldMEn HEPREL RPSsitiohNhsPagRid/at | on
fluid is sel ected based 5on the substrate |ayer and netal pads/lines forned

on t he stflpardecapryeescqpegiiration #dip Fcover st oxpgendedusiie agentt Als enbodi nment ,

the SUbSEJZ@ﬁIﬂar%@ec'bﬁ&ﬁaidM&ﬁjg 4AhQndches %Wpﬁﬁﬁisiﬁ%%&lts@%h&n% 8xypegond chemi cal
nodul e) wet wth the transfer filmfromthe chem cal nodule "and the

passiZQat corseftragiog whije bgdping edhe teeotesy ofiihe Bseoxyren feducingigentds b-ascpifuc

passi vat i i ~ : i i strate

| ayer anaaErir'rsin!éﬁJ 0%8%?941%(?2?4 @&é%%@ﬁ%ﬁ%%%%ﬁ%gg e 18# ?[hgtﬁlﬁter&ggi%vat ion
fluid, aittharsiept fHoitn00gemitmelbub§0dOenpassi vation fluid, is applied to the
substrat i ) e ssivat i | ui d_and 1 sur,f . of the
subst r at L96SHE (85ioh P ATRCNAL ARl UEeC B b F il MEa R Rl e

whi | e nmahagng, oneng nidneettiriansthibitofsichanbe nddddao gwpbsielepaitidnhimsiag fistdrtat e. [ 0068]

The t robot 340 helps.in transferri.ng.the substrate t wwth the transfer
T mse 558k 6 BybohBRul Dbl BB PO i S ARG e o Bl s et DS, e st
as a br ushe antddimenndidlegerd@ry a&hinglintgbitca t@d dWP papblhg B @hzdtiigior.e TBA, wher e

t he substrate undergoes nechani.cal cl ean using. a scrubbing chem.cal and one
or more BYHERAD pLStah S HaBEMP A T SRR R B DA Be SHEE TR one
enbodi meabout LHepib EdiHOUSTINN PpMD AthRkSHE) de8ntSha¥i di@rbelald&ltth Uetpake to t he

chem cal nodul e 370 except for the presence of one or_nore brush units in
t he br usHeROsHIGH AT lwd &gesldethickness to the post-deposition rinsing fluid so that a film of

30  the post-deposition rinsing fluid applied to the surface of the substrate can be maintained over
an extended period of time. The thickening agent is selected such that it does not adversely

react or otherwise affect the surface of the substrate when applied and maintained for



20 mechanically cleaning the substrate. The brush scrub nodule 360 is
configured to supply a scrubbing chem cal and to scrub the surface of the
substrat ewo2ong7eie8 one or nore brush units and the suppCiras2ao0s4966 ng

chem cal. The brush scrub nodule 360 is further configured to apply a
transfer filmdefined fromthe scrubbing chemcal to the surface of the
substrate. The transfer film naintaifls the surface of the substrate wet
while the wet robot 340 renoves the 25substrate fromthe brush scrub nodul e
360 and inserts the substrate into another ost- de ositi uIe such as
2001 aan fogten beltoriaRy ThE LR g BT HADIoRES o SRRGT il T TRENG con
mﬁdu' fa 38@thin3;ht|€pcﬁf tgpakieon hgmg MEe Andxdhipary ﬂﬁcl@ﬂllﬂghgfﬁlt ﬂlgt HaB rsllﬁmﬁl enbodi nent ,
the cl ean modul e 380 | e e or nore proximty heads that are

conf i gur BEPHYN& YISy % E‘é‘i‘ﬁi TQ? ‘iﬂnaen“rai“ﬁ‘s‘gf ﬂe%@w&%%& fegpidhalhps shewnysi ng t he

rinsing bfdﬁh@in@f@@uﬂrryngb%nﬁmgttsoqipﬁltolaao@rsgo pgnbodi ment, the dry
substrate is renoved fromthe cl ean nodul e 380 and transferred to the

opt i onal [Q06ahkradditien ) the BBY mgduientOyibe El-Bisyites alystraied jofigige pAtidrdsy pat h

"Fin FLgukRindér oIh@ep%MorﬁM@cﬁhésa;u%h hSa ORYEG AMGuIOB74, ABnkh RBY Bb&m: by the
dry robot 315 through the ATM nodule 24 320 and dggosrted on the FOUP 310.
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system by "t onto t Figure 3B il lustrates
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the- d0betioafts's7 SEECRESASLRILH BiiRe, SRAS! b A ARE SR erB b dal o o ATH
nmodul e 32 usacnigcoataﬁmyg ﬁimdbatapﬁli@l cyadthe Isurf:aughf th‘ﬂSLtbpﬂrat@ nie dheaivsfreodughel f 330
using a ?‘?(ﬁ is con ure%lzlf ap;%ll-}l an a é}lnl%ﬂltlla 0 remove acegg (? d%)o 1?1819 thd

pr e-deposition 14 nsi ng FESVauRS RRAON the
surface @ﬂjmb@oguaaknﬁhanbygﬂmﬁﬁﬁm1nuscﬁﬁbmu@mﬁm@mﬁ&p&mMMwmmn@uch as a Cw

10pr ocess of. .depa on f ui.d o he .conductive features
ot e PRl i N deg S S RET LR st ol I eERPERinete 1 b
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fluid. Upon r|n5|n31the surface of the substrate, ELD npdul e is
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subst r at @adid) oAn&@al 'hﬁ?r b€ drif A BNy pd HE1epSEond B ROS dt Joddchb$@dn MBink! Ui d
defines a transfer filmon the surface of 15the substrate so as to pr event

de- wet t | Ayidghatispplsst P ahcsugpgs of sheonbiiatealn heepbadimepevhsts $ea¢El whi | e t he

transfer c&ﬂtélﬁ‘ng@lﬁfd' 15‘9set1Sth@?;&ﬁﬁ%@hdq@gon@d?mh@ﬁuﬁlﬂ{ ﬁﬁ’s@@uﬁﬁ éﬁﬁ‘snﬁw@ﬂﬁ& ate. In one
enmbodi nent | CO chem stry i s used, whi i ncl udes a surfactant, an

i nhi BPt orlefined frgm the peid éortéft;mpg)ﬂwd dbe QQSHE&)ﬂIa@pIPRilsﬁ rratileplgenrlralrg@dﬂlhé7%ur face
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the trans ronrt e 350 an |nserts the substrate into
a brush smbo,rbmr—mtdmb engdaOflwi ph@mcad}yttrema ithregputfacerpdithetsabstratetvehilemapigfieingf i | m on
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illustra % ur es sence Yeheni cal
nodul e Bﬁa:foﬂnnasltlmadal tneatntehtelfelnmmyrmhlle nlainggtingb éaged of tli%l tgmsfer 8IB) ot he ELD

rodube 350 LRELT gk R B RS R LRt N6 RULLRSENOD. hbgapubStrate with
containing fluid is defined from the deposition and post-deposition rinsing fluids used in the
electroless deposition module. In one embodiment, the substrate with the transfer film on the
surface of the substrate is moved out of the chemical module 370 into another post-deposition
module, such as a brush scrub module 360 for further processing, as indicated by path “D” in
30  Tigure 3A.
[0067] In another embodiment, the substrate may be moved from the chemical module wet

with rinsing fluid into a second chemical module (chemical rinse module) so as to treat the



25post -deposition treating fluid that chemcally treats the surface of the
substrate and the substrate is transferred wet with the post deposition
treati ng wbuod/d7edemn from t he ELD nodul e 350 to the brusikrCTasadomemes e 360.
The remai ni ng nodul es, conmponents and sequence paths remain the sanme as the

enbodi nent illustrated in Figure 3A. In one enbodinent, the treating fluid
is the same chemical as the acid contlaining fluid used in the chenical
nodul e illustrated 30in Figure 3A. In another enbodi ment, the treating

fluid is different fromt id . containing fluid used in the chenical
modut e of et B st aTa 5 aR uilids ehemirta s I ol Rl by of

over vi ewn@flulk iesifpll9ee & opagtiensrehdeiehannaoddla3 1ohBatdppiadithd onl dadig and the
post-dep%E{tion nodul es defi ned Ln the embodinents illustrated in Figures
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Accordi ngly, an 5el ectrol ess deposition nodule perforns a pre-rinse process
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features formed on the surface of the substrate. After the capping process,
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of the pos osI tiron nbdules. sit1on nodul ustrated in
Fi gur e 4Autisnatk tdénsa thetpessicébn floid uhétoveet thessatfadehd tteusbbttmat dheivieh an aci d

containin {Iuid a.bru Scrub dul e .t.0 physi cal.l. crub .t surf ace of
Char 2 b bl gy BULE G TR L Eabie Y Blafilinit RSBy R ce |

15dry t heursabsf thatwhstrditle process operations perfornmed in the

post - deposi ti.on nodul e re simlar to what have been di scussed with

et er encltteg] B iRasbeR 4GS Fanimadwl Birtf 1t TS s Seidedifehce o

pr ocessesutRequearprediehtsi@achodiie ¥iign medulres seh, fued akh Brusly sdreimbddiaisdor at ed i n
Figure 3B. Accordingly, the deposition npdule perforns a pre-rinse process
to rempvés THEAGIYFHED PEFigus Shy gerp {hersystigjgpingergiess saechanigal lgandisHzz ag
cappi ng 20MFHELSSmic@l &Rt BLmMERMME tuhMEdifRAdN @SN fHRHARE s&tb hidauis gkd.ace of
the substrate. After the capping process, the deposition nodule rinses the

subst r at & RS sHpodingas thedaiph serep 81pdrle 160 igingike i tactuedo tgrbgmicehaodudsi dues

| eft behifgle LYy iBandFRASEL biUhe b HbL FROH ARP EStifisH JRBIARGIfIeyirgt o define
a transfer filmcoating on the surface of the substrate. The treating fluid

pr evéht s medeesial nplraingehaubsintd. abhe toyshdarb owdaled ol e-opetiguragowpinlxa _
chem cal ké{uﬁt{iﬁ@&#eﬁ%af he tﬁ WERGE s@Face 3F (€ sSHBRE Bﬁ%gthe %B%]&f mdBBrRRRhitcat i on
0 urd, the su omthe

of the treati strate 1s renove
and the supplied scrubbing chemical. The brush scrub module 360 is further configured to

apply a transfer film defined from the scrubbing chemical to the surface of the substrate. The
transfer film maintains the surface of the substrate wet while the wet robot 340 removes the

25  substrate from the brush scrub module 360 and inserts the substrate into another post-
deposition module, such as a clean module 380, as illustrated by path “E” in Figure 3A. The
clean module 380 is configured to rinse and dry the substrate. In one embodiment, the clean
module 380 includes one or more proximity heads that are configured to supply a rinsing
fluid, rinse the substrate surface using the rinsing fluid and dry the substrate. In one

30  embodiment, the dry substrate is removed from the clean module 380 and transferred to the
optional transfer shelf 330 by the wet robot 340, as illustrated by path “I"” in Figure 3A. The
dry substrate is moved out of the ELD system by the dry robot 315 through the ATM module



ELD nodul e while wet with the transfer filmand inserted into a

post - deposi ti on nodul e. The post-deposition nodules illustrated in Figure
4B i ncl udwoaotwarstssscr ub nodul e t o physically scrub thePsunfSacie/06496¢ he
substrate, and a clean nodule to rinse and dry the substrate. [0073] It
shoul d be noted that the above enbodi nents reflect only two different 30
configurations of the various conmponénts and nodul es of the ELD system It
shoul d be clear to one skilled in the art that there could be variations in
t he confi,guratjons includi i nore than one ELD nodul chem ca

rodul o BrneR LBt Aot O AP Te Rl Sy SPSe sy fau P
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t here cou e variatjons_of the different nodul es for processing the
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nodul &. PFEPsee uagibiase pn BRsEEdpisstrolesisPEstDngYeceEmIPYs spRodiigrat.ae ELD

modul e, guBarIGAbTREH £roBP BIMSMnIe RN B EhrRS SC /M ©H&I1 g8 nodul e,
and finally a clean nodule. In still another enbodinent, the ELD system may

i ncl ude HHNER BryrFelRiPES angd tblfoughlafs‘dﬁi@balrﬁ@ﬂﬁf@féhelﬁmmgwetmaﬁ@,- Thesecond
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descr i bedoMigbkednefigienp@t-tiepokitign rresing Aurind tidBurfie b @etsitwahiyg.in f 0075]

Referring no Fi es 5A and.5B, the E nodul e 350..is _an integr.ated
Stack of Celib el BEgosr R Urebes BT Ty TR G ar T I S e TR one
enbodp e e, subdi@tel sohe@rprévast delkd iimdatl the Sikfacdandne thedes1ly woatkthdRuietul es 350
stacked one on top of the other so that each nodul e can receive and process
a subst r 3thde Fh?d"é‘ﬁg?fcf@ﬁ‘tqoﬁt}ngl it mainEredon by poret the S&b%@t‘“’pllw%ﬂ ity of
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two ELD nodul es stacked one on toﬁq of the other, is disposed side-by-side.

In the eRPBRRWIEAD 25 PRDFPPENDY NS U Yiieessoldhe WRHB, t he syst em t hr oughput

usi ng t hepg7of e8 RLi8ShJEER) AREVEenSEBGHatd weldRBthe RsRO itk BShi' e £eD( Waf ers)
per hour The conponents and functionalities of each ELD nodul e 350

are 90nmi madulegse mesl iowes dhesebiubednipiatmsh streb swdee 860 Fhiggoatnging PC

maintain the transfer film on the substrate’s surface. The only difference between the
embodiments illustrated in Figures 3A and 3B is the absence of a distinct chemical module
370. Instead, in the embodiment illustrated in Figure 3B, the ELLD module 350 itself is
configured to treat the surface of the substrate with the post-deposition rinsing fluid and the

25  post-deposition treating fluid that chemically treats the surface of the substrate and the
substrate is transferred wet with the post deposition treating fluid film from the ELD module
350 to the brush scrub module 360. The remaining modules, components and sequence paths
remain the same as the embodiment illustrated in Figure 3A. In one embodiment, the treating
fluid is the same chemical as the acid containing fluid used in the chemical module illustrated

30  in Figure 3A. In another embodiment, the treating fluid is different from the acid containing

fluid used in the chemical module of Figure 3A.



25and 3A-3B, respectively. [0076] Continuing to refer to Figures 5A and 5B,
the enbodinents illustrate the various operations that are carried out in

t he ELD mwouba/@3%8 As shown in Figure 5A the substrat @eCraseiwesas each
of the ELD nodules 350 within the ELD nodul e stack undergoes a round of
pre-cleaning (step 1) before the deposition process. In an alternate

enbodi ment, the substrate 30 undergo®s two rounds of pre-cleaning (steps 1
and 2) before the deposition process to renove the residues and
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enbodi meft® S“‘l“?fi&“%&%‘?%?&éﬂﬂ%%& 1%‘6%25 PHE 10 S@Féeékué%fe\ﬂn? gﬁé‘?sé’ﬁ]i%fé‘& dwat er
(DIW  af iipsach BEhe aiasiEd AR PrIOGR%S ARcrddd i8Tidue: 3PPAYIoREngy past - deposi tion
rinsing fluid. Al though enbodi nents have been described wth reference to

per f oP ni AGCECISS PRy EOR Podele HeriQras BIPE-FRss PEOCHIstP AR Sepesiius i hehind hese

embodi MeRy g pRBRML ibRE R BRI AR LB XEMPM ProRBd foif&%h dy Relppif fransd @er ed
restrictive. Consequently, mul fiple rinses (nore than two) can be performed

in the ECL® Hpeaendactprilepturesofogpgsl gp theysualage lribe wibstiatd. Mg therapRing praess.of t he
substrat @, Jd1,ORG cﬁﬂ&%af(pﬂb) mbiGe FREH #alsgitQf u}sﬁlga@bm@ dsﬂfah'ﬂ{il%ﬁ%t ransfer

of nmpbnentum as wel ution. Since the co ener al ave a
negat i ve fipitte nmicar thetrbaques ket tehind by e demwlmhbléqﬂ@aasag@miﬁrlf@n of the
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t he application and enance post - e05|t|onr|n5|ngfIU|d As a
result, Bthtetr&eiﬁcmomd vaauﬁfonnm FoD naqdp]elanatnsermdomtotoheorposttoﬂéxp(psst{| on
rinsingfl%lS L ens rles,{wh Lt flere. | dolaol1 {td fffect4 r mg onlthe
surface OFPPHRTSLHLFT afhs RRqc OSrlrﬁinn AN g T HeE” Subst't at é“cm‘}eeac tht'he

transfer nfoldhlmmn‘reatt te subsngiervgthfanuiid.codtain(@ fltjd, Sbrsh edrult edwax enplysicallyr i nsi ng

fluids that sed.durin osi tion cI n|n the suhstrate
el ote b fh SuttRg Ot it BB SatERR kR, S ALl b BRI b o
mor e [sur ngh@mHat@Pf%%)rocﬁacpr&ﬁons@%@oﬂﬁdeMﬂerp@md%iﬁbdumneh@duleﬂa@

concentration rana?es of surfactants are between about 0.1%to about 5% w th
pr ef er r edTHBHOHA B SRegiscybisth Vit dgiergpes 1 Mot k-at e bet ween about 100

parts pefogre] Fig@R 43Ry 1i9s BRALGueAQQR PRIV feifonddlif bR thedftduRWor at e of
about 500 ppm After the pre-deposition clean, the substrate is subjected

to a depd¥i Iﬂ%wsiﬁfrb@é%@teég@ Bigum)3 By gAceaidinghe the ghprstion veodpls petfP@s ¥ms¢-med on
the surfagg Bbetd éﬂ&%&ﬁ@&ﬁd&x 1@PRINHAG tﬁ@@mlp&dc@@ folllH!szd by MEdpP@et he

deposition process, a humd envi ronrrent provi ded within each oig the ELD
modulP8s pypcpséa ¢hodhd ¢rgduntioie @a@msipwdph@qwﬁﬁ@d)f@@pﬁﬁéﬁt@%rfi\fferthed into the

ELD modul, ﬁﬁat rﬁ)&%%t th@gle%dégloQ%Rﬂﬁietr QR chd sglbgra‘ﬂé JsiH ’Lﬂo@@d? &15%@?%' es to a

depositio erature triggering 8posi 11 6n reac r the
deposi t i eenpradtessiove the residyst lueafoehlméby ihn Slem)Sl([thl élpidind applmhe tr@ajing égpbndi ng
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repl aced wt e03| ion rinsing transfer film
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st ac strat n Fi S 5A 5B 30 e one or
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modul e spgsé{égpos%&a qugﬁg}lllu%rate?cﬁg FS re e a brush scru e to physica

scrub the surface of the substrate, and a clean module to rinse and dry the substrate.
[0073] It should be noted that the above embodiments reflect only two different

30  configurations of the various components and modules of the ELD system. It should be clear
to one skilled in the art that there could be variations in the configurations including using

more than one ELD module, chemical module, brush scrub module and/or clean module so



post - deposition nodul es can be integrated. In one enbodi nent, the chem cal
nodul e can be integrated with the brush scrub nodule to provide an

i nt egr at edlocham7em8 cl eani ng/ brush scrub nodul e. | n anorh&rusenbosionent , t he
chem cal nodule is integrated with a clean nodule so that the substrate can
be cleaned with an acid and then rinsed and dried. In yet 5another

enbodi ment, the brush scrub module i® integrated with the clean nodule. In
still another enbodi ment, the chem cal nodule is integrated with the ELD
nodul e so that after the depgsition, the bstrate can pe cleaned wth an
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P et T hbl Pr G s

film-deft %crubbing chemcal, is applied to the substrate to
prevent @@76ECoitngingfio tefi@ (s Hizfuac 8A ahd Fhahs erbisddiatmnes dbitare thbearfvachani ca

clean. The transfer filmis. iE%‘inqg@o tgf ubstrate's surface while the
Subst r at SRR PERBLEE CFFEMEARTS O EBIGH A e & e S4B NG e 1 or
processi R@eivdd& cBeHUShhSEID hot@ddd ) wiktisl S FADetlodule fth@tun@erbds@aburdefone or
nor e
pre-cleaning (step 1) before the deposition process. In an alternate embodiment, the substrate
30  undergoes two rounds of pre-cleaning (steps 1 and 2) before the deposition process to remove

the residues and contaminants from earlier fabrication operations, such as copper deposition

and CMP processing. In one embodiment, a single post-deposition rinsing fluid is used in the



10 brush scrub nodul e stacks with each brush scrub nodul e stack having two
or nore brush scrub nodul es 360 stacked one on top of the other. [0081]

Fol | ow ngwohelin7exsk cl ean, the substrate is transport edPagiUusc@oasvbean
nodul e where the substrate is subjected to a final rinse cycle and dried,
as illustrated in steps 7 and 8 of Figure 5A. In one enbodinent, the clean
modul e is a controlled chemical cleall (C3) nodul e 15 enpl oyi ng one or nore
proximty heads. In one enbodinent, the C3 nodule includes a plurality of

proximty heads to rinse the front and back of the substrate using a
ol oani ng ERETG Y S PRPE ARSI, P P ) CKPY 18 s® SESTTREE (st ep
8). The abmamionadiheriiay laendetbRancdiNBebefasd eake Wbtthatdis peate@lyvithy of
proxi mty heads stacke ne on top of the other and/or side-by-side. The

dried suBSPRAIEYEer <Pﬂ‘é’g§§%ﬁlfee‘&fp‘?%% RIS DHOMS FRP I8 A PRSEPYIPIFOUP 310
20usi ng tik@ndiyid! atBbughlcdB8dinefs hiU@En tdierialagi BRRhse Wekfokhiscaussed W th

reference to a siggle wet robot, it should be noted herein that the ELD
syst et c&ifelg rinpreerigiqubly rigeuyighin thy Fh meduls, giser enhadingnindipeld be gensidgisdt r at e

from one .pmehidi§ b PsHRBRIIE e cohlfl8erbd HE@LiiteY (@hsddBlndyORRkiPlGAes (FRFANS t he
t hroughput by Simultaneously transferring nore than one substrate from one

modul e t §v@zanbt preformedindhebletnodimerer lofpelyng p dugHgrUtmesitesurides LD syst em
defi ned etsnli%lg%g]%ton& OB LR tﬁémbamﬁ@fm t@}}n-se ﬁi@luﬁé&t%ﬁ%f@}&’s (wafers) per

hour (WP Figure 5B 11l ustrates an alternate enbodi ment of the

i nvent i omodeseni ecklhves dhutiaes Hece thegobilgonsegeBAallFhave haegatioe potentimbdhdyes i n

Fi gur,g 5A, e i . i i . : i vg. i ntegrated
modul e oOsehainThe B REN R0l B b EUth R AT GRRRE, (ol ° )
nodul es strachoaitl] mrrekennn the ppafcatidreandtniméntermncl! dithespodieddpysigordignsing fluidr ease t he

MR LA EL o L S0 RS SR DR e BN 7, oo
chemi cal thodiateas 8@ abkise difiet clraringah thoithe dfale dbstQ whileagiahiathgwhd h t he

cl ean nmodyl e (C3 modyl e r y .he integrated with the brush scrub nodul e
or may béHFH?é&FEWE%HVf%Té%Wﬁﬁ%ﬁﬁ%mﬁﬁﬁﬁggml n one enbodi ment, the chenical
modulie i $0077} Sghabane WehiplarhensdileDuimduitare WB8d ikrndsh @t-aepdsitiofricgitieg 5B, the
substrat e _undergoes one or nopre pre-cleans (steps 1 and 2), a deposition
process Pg%ﬁu@?‘mﬁ HHIUHB st ?9‘95‘8“15?%3( @Ay S"Hé?c%ﬁtﬁ’l O)fﬁll*f‘gacﬂfb@’tth FEPBSHYY on

rinsing frtchnisnCh-he™EERCRd M, @5850) Saraas AtmMIARE. 1 R @ndeh@R&ningkt bim on the
surface of the substrate. In one enbodi nent, the post-deposition rinsing

fluid isSgcRasdeshivenabery Oflfuiogbewate wikpicteatet gorcerittion phabodkface of t he

Subst r at gndhRRy ARPbI Rk BobiB) PRAILE Aifon TR RUISLI RS pFRXIAREER. e 0T &

rinsing operation within the ELD nodule to renove the acid containing fluid

and ébat fpheals af shaee>Bfprrhélistihs preategosiiantrleanibe rubrisiiels sihipdisddefai ned by t he
ot PGB LIS LB S B T R e subst e 1
enbodi nmemtbstrate by applying deposition fluid. During the deposition process, a humid environment
is provided within each of the FL.LD modules by pre-heating and supplying the heated
deposition fluid into the ELD modules or heating the deposition fluid within the EL.D
25  modules to a deposition temperature and triggering a deposition reaction. After the
deposition process, the substrate is rinsed (step 4) in the corresponding ELD modules 350
within the ELD stack wherein the deposition fluid is replaced with a post-deposition rinsing
fluid that defines a transfer film on the top surface of the substrate.
[0078] Aside from the ELD module stack, the ELD system illustrated in Figures 5A and 5B
30  include one or more post-deposition module stacks. Accordingly, in one embodiment

illustrated in Figure 5A, the ELD system includes one or more chemical module stacks, one

or more brush scrub module stacks and one or more clean module stacks. Additionally, the



the transfer filmon the substrate surface as it conmes out of the ELD
nodul e prevents de-wetting and chemcally treats the surface while

mai nt ai niwQ 2a11a02868Ng on the surface of the substrate. Phe/usabos@be Wit h
the transfer filmis inserted into a brush scrub nodule 360 15(step 5)
where the substrate is exposed to nmechanical clean. The brush scrub nodul e
suppl i es the scrubbing chenical, perforns the scrubbing and applies a
transfer filmdefined fromthe scrubblng chem cal as a coat so as to

mai ntain _the substrate surface wet. The me ubstrate i.s tr ported out of
e br usROSFTB B AUIESHINE ESHEEHUGe COPRAP ol “OHEY P8P 14 | m on

t he subsidi@iredwih ae@rush Ocrab Gloeds tdmduhearﬁﬁ&gmwdugemia@l ambing®hgh 340 where
the substrate is 20rin§¢d one last tine a ried ste 6 The

subst ant FEHP Podily Wiipsihpainbolunant. rsihmica ? EIH%gr?f? Wi A6l e 380 back

to the FEHRuRBLOHABIMEGuRLAE Yar tRRManed Witl$ APad dladaghddGimel dndakic@amhyepf t he
nodul es illustrated in Figure 5B nay be a stack of nobdules to increase the

t hr oughp@eothqremépduee- & S81sh écrﬁ'bm@@ﬂ% frdntegrpied ifh sherchgae moglet i ilk j e,

com ng oufofr chiBSdifkfahe PRIMLA nERANREINRE RV Ee PPDLRNMRNG udi ¥rd@lnd he top
or wet at the bottomand dry at the top. The resulting 25substrate is
substantﬁﬁrﬁywﬁﬂ@%ﬁ@ﬁﬂ@UﬁP@QF@W@ddﬁ@i@é$@c¢§Ca%b@%ﬂ?tWﬁW@vaﬁ@hwﬁrlous
enbodi mepf spdicf lﬂé@us\(\%e fférQnt'cHIPf'ig?lY ioh{'® eﬁbﬁ&g&' rat@% boLpaRganpf the
sub-m cron devic on the strate an roughput. The enbodi nents
t each mapsweﬁwhak@%ﬂhadQmﬁbﬁk@ﬂ@ms@bgtaﬂmmqmﬂmwﬁﬁefect free and corrosion

free Qy ]ﬁmtﬁ@exﬂ?dg@{&{t ﬂﬂlfs &t&ﬂﬂﬁﬂl %A'fﬁh a%ﬁl%éigb’§sft%ﬁ%ro%‘éss iffhcSubstrate.

The tran e subs e sur Fom corrosion

by- pr oplucEiLD mcvrblﬂeadt&kamd subsﬂnm 1srsels_|a¢1ub®/a®¢ﬁan asmglelrenscabylotlmlaqaﬂOr(gep Fe
contam ngpt s and resldues Uhat .or, reC o&ufi‘e OR it ¢ %tf &}n%‘ uring the
dep05|t|on? eani n operat ons and so e sures Re“YBs P4t e is not

exposed bmxmhﬂn&ﬂhkemmdanmehﬂamqamu3£ﬂw&£nexkdakmmnﬁekmhheﬂﬁeAal i npl ants.
Further, .the tr nsf m reduces th t-dr cle there ing the
ot st ur o asP. B huiriaiin 0 saoe Bt bt d P IEERL e ie
to prneci phd @ehal Bbdaenharil baWpsf ththehed ePRsitdck aprovidéde ikehsd thecap on the
conductive features and the maintenance of transfer film prevents

pr eci pi t SPEAP Y t%sﬁ?%rﬁfedﬁthﬁfE%%’st@@ppﬁFer g dgiepaeat heshiviriids di el ectri c

filmlayeibj@nd b Reing) §elel Fh&HiNiRL MOMuQf it 1he aGiapRameARIcBhesal kYS! filAer eby
preserving the integrated circuit device. [0085] Figure 6 illustrates a

f I owchar {0 BPsippiglesst Bparkcs ohibe Fl&Stf%%n@}bF‘ﬁ@“aélyé%g"ﬁ spddn this appligalipgr at ed

deposi ti Qlfe 'Ed)élbgﬁ%g d Mui@Rfn &P aAtRPID o tdif 'ttﬂ:vsﬁfﬁéeQﬂ’ the SfsRfcOCESS begins
at operation 610 when a substtate Is FECEIVE§ hrough a substrate receiving

uni t 28t YWaoughduis agvisionedahat thersdatnede elshred Obthj@pwurfﬁwg)f &hd syhsrategf

deposi ti Q&nﬁlk&!'cgatﬁl\é%ﬁn ﬁl@ﬂgyﬁmaﬂ(ﬁlsfvﬁ@{e%oﬁﬁ)ng Bt &IQ Surface of the substrate may not
be fully covered. For example, it is possible that non-significant areas may not be covered,
such as the edge exclusion, a tiny portion of the substrate surface due to certain feature
geometries, a portion covered by an air bubble, etc.

25 [0080] As shown in step 6 of Figure 5A, the wet substrate is transferred from the chemical
module stack to a brush scrub module 360 by the wet robot 340 where the wafer is subjected
to mechanical clean using scrubbing chemical and brush units disposed within the brush scrub
module 360. In one embodiment, the brush scrub module 360 is similar in structure to the
chemical module 370 except for the presence of one or more brush units in the brush scrub

30  module 360 for mechanically cleaning the substrate using a scrubbing chemical. Some of the
exemplary scrubbing chemicals that may be used in the brush scrub module include alkaline

solutions with Tetra-Methyl Ammonium Hydroxide (TMAH) or MethylAmine (MA)



surface of the substrate in an ELD nodul e. The substrate may have been
subjected to a copper deposition and a CMP process prior to being received
for deposwOi2zon/0774e8 substrate can be recei ved through aPEQWR26100069986
controlled environnment of the ELD system at an Atnospheric Transfer Modul e
(ATM. The substrate at this tine is substantially dry. A dry 15 robot
available at the ATMretrieves the stibstrate fromthe FOUP and deposits it
in the ELD nodul e. The structure and function of the ELD nodul e has been

descri bed extensively with referenc o Fi s, 2A-2C A, and 3B. The
Conet ot Gofeh BRIl pepint Ral! SRy B BN oy Do RS 2D
modul e. ATEBPTAS fiRl/@TAcE] £a80. DRedoatdn@ationotl@p 0lsdlitingAg@ip 4ntticl tRAvdes per f or med

by supplyjn position fluid_ to the ELD nodul e and heating_.the deposition
Tt SoML0 dEBE8Ih < lerpir a(luiin s STHEY AP GREEEnc] et ST on bocur s

Al t er nat gleYorreti REncd8PADN oI PRIAH Bl IAMBYhdE RBIoBralBsH Rfled 6 BoGEPQS kibdudN
tenperature outside the ELD nodul e and introduced into the ELD nodule for

deposft i &S dithinigfer sl yepaseltabe 1910 Adks the Aerphingiigessp-t4 tsstet g subst r at e

'S 11 NSedeMaliNGrAnPAFhHHRRASHILOR b i thelslblidicw bleih: ihs EaPormdul e, as
illustrated in operation 620. The post-deposition rinsing flurd repl aces

t he depositfaconl th suhyrein dliesélid mecharic SlepmnSiedransipy o Meisainadendsd tion
rinsing {luti e QRutRE wite E@%ﬁ?s@faﬁegbﬁm%vaﬁﬁ@ggg bz&ggé?fa AniPloEVERleqfgr Wet ti ng.

The post-deposition rinsing may 1 nc rfactant that enables
uni f or m wexltlefigr ppdeessing. ditb drushseuts wofide dlustital is lbsre 24 ean e anhenmpenoved

¢ h . . ST ot ai . | th
L omibne kPO AL AU AR TRLSALE B EISLEN DY m over the
fil m enswsrels mblides itetaskdoisine ab @psiitteacieri s not dry while being 30

transpor t. of the ELD modyl e.. The.substrate ved i.nfto.a
post - dopbaet PR S o BB oSty RSl Bl R RSP 1 1 on
t he surf @esubdfiratehesubjebet] tai Bnal @igsd dyklaahd atieidad ifluopedah steps 6.8 oThe process

concludes. with the substrate gettin rocessed t he i 0 ost- 32
Goposi 1+ Listhothl Bons grpelfbHAE el MaRoS G arimEh shyed b aRREb:

obt ailpi NngmgRkindioRe bk pafxibiteiads. LIASns easddiaé®, thé CB hidgeld inctlideesd and
delivered through a substrate delivery unit at an unl oadi ng port. [0086]
The pr oc8WEality gl proxigy heads tognsghe; fiqnpid Rigk olgne sbavalnpsiRgs detniist t i ng,

over com BeenfistRf @Rp ¢Mndas S@Riaat AN i thl sisaaR{WEER)d Mk BigarAheddid MEpBNL
noi sture breaks during the int e%r ated el ectrol ess deposition process. The

resul ti n§leaumedastack withsyplataditytqf araxymigelcsdy stagkedonecdipr PiHe PHEAIBSE ant i al

el ectri cgliepi&ldd. Phe 1R LGS RghsPHEGRS: tht OREYhollIIWR f ik IFOUPLT19t €5 a
fl omchart of process operations for handling a substrate in an integrated

depodft i ssinphedeseben a surface of a substrate, in an alternate enbodi nent

of the [0082] Although the embodiments were discussed with reference to a single wet robot, it

should be noted herein that the ELD system could include a plurality of wet robots to transfer
the substrate from one module to another. The plurality of wet robots can improve the
throughput by simultaneously transferring more than one substrate from one module to
25  another. In one embodiment, the throughput using the ELD system defined with respect to
Figure 5A is about 50 — 60 substrates (wafers) per hour (WPH).
[0083] Figure 5B illustrates an alternate embodiment of the invention described with respect
to Figure SA. Similar to the modules in Figure 5A, the various modules in Figure 5B could
be respective integrated module stacks with each module stack having two or more respective
30  modules stacked one on top of the other and/or side-by-side to increase the throughput. The
main difference between the embodiment of Figure 5B and that of Figure 5A, is the absence

of a distinct chemical module or the chemical module stack. The chemical module may be



10 invention. The process begins at operation 710 when a substrate is
received into the ELD nodul e through a substrate receiving unit of a

| oadi ng pwotzoramd2Bocessed by depositing a | ayer of dep@sirttisenofbase over
conductive features on the surface of the substrate. The substrate is
received into an ELD nodul e after a copper deposition process which defines
features and a CMP. The structure of*the ELD nodul e and process sequence
has been 15 described extensively with reference to Figures 2A-2C, 3A-3B
and 4A-4B. The substrate undergoes e or nore pre-clean operations in the
21D moduresird SURTes S e o Fosts dl B ol L EUE IR pBRR b eos | <

per f or Eedlobwgwmay wé ?@gﬁh@@nﬁﬁﬁ ﬂh@ﬂlﬁbl mt'bdih%et an bﬁferﬁ:?}dﬂiﬂ‘iﬂiﬁlulheectﬁﬂld:aﬂ?posi ting
onto the conduyctive features on the surface the substrate. After

deposi ti Bwﬂulﬁﬁ%n@aﬁgefirvathéﬁ? KLPimpdaly @éiﬂﬁt?tréte‘? IS gHE P 1 OF HOPHE he ELD

modul e,  @fddrddetishd @in@fe bR-cRAAPEIAS | AU 72DdepBlili pbi®s (stepS Bl RREfiRLI ON, a
treating fluid is applied to the substrate surface such that a transfer
filmPs §&PhéY apryingeosdeRogtion ginsipg Buid imbe Faenodude $30150¢¢ fotedae # n

oper at i 0fafB3Q-filhRE td ©fthdenNG e sbdrateS IRBR! drfifddinfend dePME Rpb&GoBRNGr SO as
to prevent de-wetting of the surface and to chemcally treat the surface of

t he subsflpitizanid eoniraning Biidiragcheniesdly togie thershidacs of fhasebsgpictien subst rat e.
| n order ,f %R Eﬁt‘ﬁ@ MinsQfte ‘r’]‘@?elt élhl?%rate_t e ﬁr{gl%%% lbR8 mB#eLHIgin %E!Enﬁ@&l J/i’&ﬁg}ﬂeh e

25rinsi ng and depositio s inclu a surfactant at enabl es uniform
wet ti ng &LDtthedudupfraeevediic schibcontipgng Auié and ¢vapthd eyrface oicthe srbstaidte yithpeat t he

subst pat L tr i i L NG L i.ph hit.or. u rate i s
t hen 17 oy T GBI g kadE B L A AT e B e ol B P of

t r eat i ngsdbsuatd isoh@r trankmrisd weaor obthe e sordidd yat e¢t ralsoti Inl ans tembibdichentn
operation 740.. The transfer filmensures that. t ubstrate surface is wet
ot o bemsdrpsian OBt BERa G ThERR T bR o DS S HOIE BFe S P2 v

i nto a pesttindapddichiicily mogsihe sudfick evhile niaintininga tatin@bnthisarfidaef theansf er

filmon the surface of the substrate durin ransfer. and before/after
processi AYSHES S@wesﬁgﬁﬁraﬁ?fmflhtge %Ilf%rg@n 156%&“’?{?‘% H’é‘f?éﬁ’ghscf"rd'? %%‘Ié’?eaﬁoon 750. The
process ¢uicd)wdete thé iubsttdieis Sistd @inecBatidal AgarP MO BASE derabh mbide Vapli@Us

post - depasi ti on nodul es. [0088! In one enbodinent, the treating fluid may
i ncl ude S SPHAPIBE £Rsmital ASFE © EhPLS gt apglicy p Hansft il dpWReddRR Bif es and an

aci d cont@iibiifGehkehitiafastahdhe 3Gk fo @@in@h BESUbVea@dRALe W&, aRakkesubahenical
reaction with the substrate surface. |t should be noted that during the

i nt egr at E8NELIFdsubelele biupescaiiyapdulg whiegentiaing p ngHntpip shefHEisTAELT ace but

vet on t B deRraRUGHRe S c1daR grcatR3BH Blife GO WebroBS MBLyHeR ROLBsdREs ot t om and
top surfaces. At any rate, it is critical that after each process in the

ELD $§st éntadivee Sabgne endelried (Seppy- b fubethrlisdly gryvpebstete iatranseerted frvetheop
surface dund AgaGE 8856.LK to%? Fbﬁpt%g!?ﬁ&iﬁ L 8y ORI ARRIIRHM fed Ba?RG] 186 MOdul €

wi thin the ELD 10system After e seguence of processing operations at the
di f f er entmodulss Hldeiposliin iFgnrenfdbmhekg a stack of modules to increase the throughput. It

should also be noted that the substrate, at this time, coming out of the clean module can be
dry on the bottom and dry at the top or wet at the bottom and dry at the top. The resulting
25  substrate is substantially free of corrosions and defects.
[0084] Thus, the various embodiments disclose ways to improve the electrical performance of
the sub-micron devices formed on the substrate and throughput. The embodiments teach
ways to make the substrate substantially defect free and corrosion free by providing a layer of
transfer film on the surface of the substrate. The transfer film protects the substrate surface
30  from corrosion by-products, metals and other residues/contaminants by trapping the
contaminants and residues that precipitate on the substrate during the deposition/cleaning

operations and also ensures that the substrate is not exposed to the ambient air that causes



the substrate is rinsed and dried. The resulting substrate is substantially
cl ean and defect/corrosion free. [0089] The selection of the various

post - deposDt2zoarn7eieAsi ng fluids and treating fluid are basgdSenowb®éanount
of clean that is required, the nature and type of the pre-deposition
fabrication 15 operation, the fabrication chemstries used and the type of
substrate. Similarly, the process patlanmeters used to apply the cl eaning
chem stries varies based on the analysis of the type of fabrication |ayers
that formthe features. [0090]. For additiopal informatiqn w respect to
the pr oxi b e T Brwbce el B a0 wisS iRy Sty head
as desc {j rdo@cing fhegﬁ'tﬁstllde SrealRadBioh rebilted bn Sibbtanti? darh£58 e the Qlibsdbke Jeploenber ﬁ :
2003 and entit]|ed "METHODS FOR WAFER PROXI M TY CLEANI NG AND DRYI NG " Thi s
U S. Pat BREIPIHHNH C?Igaf%%"s“?tbngge HEPoPILAR Rebecibaly C@o‘?“ptgl‘? %(ElidBﬁl,Ve%&“%%si gnee of

t he subj egd thapRlntG@hde@N trahsSeri il iR bREIpNATIRIaRd RYgri@inesr eRc@ppdr@R§1] For
additional information about nenisci, retperence can be made to U. S. Pat ent

No. 67 998ezprrounding dicdecsir flghlaysrgyndihe el migigionnt the|cepper MEtLBINSS AND SYSTEMS

FOR 25 Pﬁ%§§}é§@vﬁ IBITRACE HSliNGyA. DYNAM C LI QUID MENI SCUS, " and U. S.
Pat ent No. 6, 98,32%, i ssued on January 24, 2005 and entitled "PHOBIC

BARRI ER M98 S0gge SEbuRaTH ONonnpriCORIasIvENTLons Tordyadligz g sugeiedr 8 whi ch are
assi gned n{t&gr%t&?de%%sﬁh&{‘&%%e%, it O HiBEHEh &Rﬂ% i]ln%}ﬁibf?.n ThEpRLIBAIR ated

herein by retference in their entirety tfor a pur poses. For
addi t i onaperatringrl frasthicn a setisoalt istroeived dhrbeshtagbyieby reeilving wfieat dwdeadgen be made

to t e i . i iy . . i i No.

10/ 33@ 8?%’6‘%%5&%@%& by i agé?',%?‘%‘%g il ft&%‘f?vtnggd‘%ﬂ{\%ﬁﬁ%%@‘\}ﬁ%wM | PA
VAPOR, DRYFaNGoMANSFEGIAX I'n an3ZLIThiodule). Bhe Mastent mayhive hednsubjssedoad to Lam
Research Cor porat.jon, .t ssi gnee of .the subje¢ct .appl.icatijon, .i
oo o s Rl g BB SR 45 R EREE Rl o8RRI E At Rowele e,
descr i bedar e t&tived tabughevigd@P inesrb odivoBat eyirbimendt bf thbELBppsteaiaadred t hat

tSP 835 i i;wtrlngs%hér?c rl"rgr?sfgrrl\;[oci’lll?eo(%r[rl\/?)ad[lhg gu‘t;[stqgte gtr tEICS eticriﬂqu su%gtggtlla lly %%;[ Izg Qrsy and

15  robot available at the ATM retrieves the substrate from the FOUP and deposits it in the ELD
module. The structure and function of the ELLD module has been described extensively with
reference to Figures 2A-2C, 3A, and 3B. The substrate is subjected to one or more pre-clean
operations in the ELD module. After the pre-clean operation, a deposition operation is
performed by supplying deposition fluid to the ELD module and heating the deposition fluid

20  to a deposition temperature so that a deposition reaction occurs. Alternately, the deposition
fluid may be pre-heated to a deposition temperature outside the ELLD module and introduced
into the ELD module for deposition during the deposition process. After deposition, the
substrate is rinsed using a post-deposition rinsing fluid within the ELD module, as illustrated
in operation 620. The post-deposition rinsing fluid replaces the deposition fluid and defines a

25  transfer film of post-deposition rinsing fluid on the surface of the substrate so as to prevent
de-wetting. The post-deposition rinsing fluid may include a surfactant that enables uniform
wetting of the substrate surface. The substrate is then removed from the ELLD module while
continuing to maintain the transfer film over the surface of the substrate, as illustrated in
operation 630. The transfer film ensures that the substrate surface is not dry while being

30  transported out of the ELD module. The substrate is moved into a post-deposition module
while continuing to maintain the transfer film on the surface of the substrate, as illustrated in

operation 640. The process concludes with the substrate getting processed at the various post-



5the drawings will realize various alterations, additions, pernutations and
equi val ents thereof. Therefore, it is intended that the present invention
i ncl udes wbl208woR6al t er ati ons, additions, permutations, pam@Sequios®wbent s as
fall within the true spirit and scope of the invention. In the clains,

el ements and/or steps do not inply any particular order of operation,

unl ess explicitly stated in the claitts. 10[0094] Wat is clainmed is: 35
Clainms 1. A nethod for handling a substrate through processes including an
integrated el ectrql ess deposition process, . co i Si.ng:. . a)

br ocesei ARG praE Bt RE S a s I aRTT s oS Bhy R e srepivdred 8 Modul e
t 0 deposklearh@hd @p@fateqy Bhise@ Qitiddahd ¥givEeathiss aGhibdhe wliasy tdt & absi ng a
deposition fl uid, (b) rinsing the surface of the substrate in the

el ect r ol B293HRHL-ti on nodule with a rinsing fluid, the rinsing being

control | esbsbPTRY SY¥&RY, e Wahdd M Rient ey stirbrsens@-Whahg avétanmber film
defined fromthe rinsing fluid remai ns coated over the surface of the

subst Pat @roblems associaged Wi digNAtyg e adhepyeat Botstvre brpaks aring Be ftegrated

deposi ti e ALY g Mtibh Brod®i NTRL RENGnLQbOR i dtfaffialfyl de B ONE reduEneSHT f ace of
the substrate, the transfer filmover the surface og t he substrate prevents

dryi ng ofubshatia glepiaicd yafld plbe rgpang daviceso that the removing is wet; and
(d) novi f ~ r.al ition
ol 6 | R B o B P 2 o bt g
conduct edhtegnitpddapasinerapra¢asgon herfaraelsf swhstfaid, m anadiernpthembodifnaetedt dfe t he

PP Bkt TS TRLIRE0le LA by GRS LT TSE
sur f act antodelaalivbughg swegttaiengedihieg sur dfadeadofg folend phstssat iy &®&podsng o evenl y
](‘:IO3|t dF hela%zlélrr g %Som font A (;svlép gotnléh?'gtf(‘/e éa%urr]estol‘rﬁhet i acsf;c oefrthf;c siu sq}after. Omet he rinsing
substrate is received into an ELLD module after a copper deposition process which defines
features and a CMP. The structure of the ELD module and process sequence has been
15  described extensively with reference to Figures 2A-2C, 3A-3B and 4A-4B. The substrate
undergoes one or more pre-clean operations in the ELD module followed by a deposition
process. The deposition process is performed by supplying deposition fluid to the ELLD
module and depositing onto the conductive features on the surface of the substrate. After
deposition, the substrate is rinsed using a rinsing fluid in the ELD module, as illustrated in
20  operation 720. After the rinsing operation, a treating fluid is applied to the substrate surface
such that a transfer film is defined on the surface of the substrate, as illustrated in operation
730. The treating fluid is applied in a controlled manner so as to prevent de-wetting of the
surface and to chemically treat the surface of the substrate while maintaining a coat over the
surface of the substrate. In order to prevent de-wetting, the treating fluid defined from the
25  rinsing and deposition fluids includes a surfactant that enables uniform wetting of the surface
of the substrate. In order to chemically treat the substrate, the treating fluid may include an
inhibitor. The substrate is then removed from the ELD module while maintaining the transfer
film of treating fluid over the surface of the substrate, as illustrated in operation 740. The
transfer film ensures that the substrate surface is wet while being transported out of the ELLD

30  module. The substrate is moved into a post-deposition module while continuing to maintain

the transfer film on the surface of the substrate during transfer and before/after processing at



20 3. The nethod of claim11, further conprising; receiving the
substrate while wet with the transfer film in a chem cal nodule of the
post - deposoOtzoarn7easdul e; appl yi ng an aci d cont ai mCmgskéwiosvsever t he
surface of the substrate to renove traces of 25the deposition fluid from
areas of the surface of the substrate that was not intended to receive the
deposition fluid; and applying a rinSing fluid to renove the acid
containing fluid fromthe surface of the substrate, the rinsing fluid being
controlled. ta defi a transfer filmon_ t surface of the subsirate so as
o br evertetdd tiaiably byl Cnopnlbioy’ dfe SR Pa R Rke: no:
m)\t;i ng t hetisgpotdsaddar Mdtvaddustpbe-depaitichahodigul e while the surface of the
subst r at

is wet with the transfer fjlnt,. . inserting the substrate
into a bf‘l@%]_ @%5%%%, e tr?ﬁeg&&g{ ekt R RERP BTVER CPESHANY t he
subst r at gheUShdi@tive £ehkDBAEh LNEThGRing @A that acts dsQAMENRNG abdiR tSdmasibr at e wet
with a transfer filmdefined fromthe scrubbi ng chem ca the transfer film

mai nt &i nFRGUEH Eeasion widpthg pubspige syrfse-r Bploulble naled Ur during the sissrated ai m 4,

further eomYb&iN@e stbRY LAbeldAE oS HE Db alrpduéh b&tfwet B RS ARG dndmodul e

while the surface of the substrate is wet with the transfer filnm and

i nserti ngulshge seidd be weteonihethothg betfaanindriprisiraces. At any rate, it is critical that

after each process in the ELD system the substrate is kept sufficiently wet on at least the top
surface during transfer of the substrate from one module to another module within the ELD

10 system. After the sequence of processing operations at the different post-deposition modules,
the substrate is rinsed and dried. The resulting substrate is substantially clean and
defect/corrosion free.
[0089] The selection of the various post-deposition rinsing fluids and treating fluid are based
on the amount of clean that is required, the nature and type of the pre-deposition fabrication

15  operation, the fabrication chemistries used and the type of substrate. Similarly, the process
parameters used to apply the cleaning chemistries varies based on the analysis of the type of
fabrication layers that form the features.
[0090] For additional information with respect to the proximity head, reference can be made
to an exemplary proximity head, as described in the U.S. Patent No. 6,616,772, issued on

20  September 9, 2003 and entitled "METHODS FOR WAFER PROXIMITY CLEANING AND DRYING."
This U.S. Patent, which is assigned to Lam Research Corporation, the assignee of the subject
application, is incorporated herein by reference.
[0091] For additional information about menisci, reference can be made to U.S. Patent No.
6,998,327, issued on January 24, 2005 and entitled "METHODS AND SYSTEMS FOR

25  PROCESSING A SUBSTRATE USING A DYNAMIC LIQUID MENISCUS," and U.S.
Patent No. 6,998,326, issued on January 24, 2005 and entitled "PHOBIC BARRIER
MENISCUS SEPARATION AND CONTAINMENT.” These U.S. Patents, which are
assigned to the assignee of the subject application, are incorporated herein by reference in
their entirety for all purposes.

30  [0092] For additional information about top and bottom menisci, reference can be made to the
exemplary meniscus, as disclosed in U.S. Patent Application No. 10/330,843, filed on

December 24, 2002 and entitled "MENISCUS, VACUUM, IPA VAPOR, DRYING MANIFOLD."



6. The nethod of claim5, wherein the clean nodule is a proximty head
configured to 15rinse and dry the substrate. 7. The nethod of claim1,
wher ei n twe 2depogiesi on fluid i ncludes cobalt so that thecCragesoos®sst he
conductive features of the substrate defines a cobalt capping material .
208. The nmethod of claim 1, wherein the transfer filmacts as a barrier to
avoi d exposure to oxygen so as to pr&vent oxidation, chenical reactions, or
transformations of the deposited |ayer formed over the conductive features

f th te. 9.7Th t hod. of | furth S5bef
et orms HBRULS Fegh yi MRS AR) Q afB e PP R G eR bL R pEBaT of " e

subst r at epplRaddgiseh@eloradERseiflBpRSdrticon nodul e; and when perforning
(a), applying the dep05|t| n fluid |Ie mai nt ai ni_ ng tenperature and
anmbi ent i‘ﬁ’ﬁéf’wh&ﬁ@lﬂi Hvenygn ‘l‘sé?%??l?' dserded dr 5581 ¢f |38YFrﬂﬁ%\5’P‘i‘nFBtSe‘h‘§B]|@ a

deposi ti appré@acd ih@hése sAcdin thdat ufdaRASIideShd fiecelimy 8pechic@iionsRfd Gamdict i ve
features of the substrate using the deposition 3ﬂ¥|UId 37 10. A nethod for

hand| P ng ths &ragywillaealide suigns pigrivssaddifions pRAMHGLSH i cedradenédhereet r ol ess
depos't'QHmERﬁ99§§m&ﬁ@&ﬂhh§h§&a&nﬂnwmﬁ@ﬂu@ﬁﬁ&@@%h&gﬂén§ﬁﬁg@&ﬁu&ﬁ the
substrate in an el ectrol ess deposition nodule to deposit a |ayer over
conduct i vemfugions. asd espuivalgatsgp fdl wittinthg siup spiat apd pesietof B imvepiiql: I5{s) ri nsi ng
t he surf t th a
rinsing ﬁn@ébﬁ@ﬁS%&?§S&g 5?#3 a?% %%?%%Q? ugﬁa%%k% gﬂggggﬁfgﬂggs
deposi t i entefodlk elainshe treatlng fluid defining a transfer film the

appl N9 idifo fluid being controlled to prevent de-wetting of

t he égrf 4LG§1%%§% é%g%ally treat the surface while the transfer film
remai ns



10coated over the surface of the substrate; (d) renoving the
substrate out of the electrol ess deposition nodule while maintaining the
transfer wpl2minrezest he surface of the substrate, the tra&osiuseomioksvweOver the
surface of the substrate prevents drying of the surface of the substrate so
that the substrate is renoved wet; and 15(e) noving the substrate, once
renmoved fromthe el ectrol ess depositi’on nodule, into a post-deposition

nodul e, the noving of the substrate being conducted while maintaining the
transfer filmover the surface of the substrate. 11. The nethod of claim 10,
wherein SpPSing a treating fluid further includes, 20including a
surfactant i nAtofghddrfeeiandgng d dubdsatd thushipibastantichemadningeraetit i ng of the
surface o{e tqfie substrate so as to evenly coat the surface of the substrate
Wi th t he SEFENSS SFPPTCRPIFS ©HBTFIP&at i ng fluid; and i ncl udi ng an

i nhi bitor in gahprobésGak bRGdck Bi e S@s@fie irfan dMHDlels ®B&idcHahoduRAGULRRIat t he
conductive features on the surface of the substrate, 25wherein the transfer
film act & laysr evependpelive ftuernt dheswpwiatsrusing g dsperyion ik as to prevent

oxi dation, ot agtinGREML c@kack 8AGE kMiBate B thl ERARAQL 0&Yokibn Rbadib iHgposi t ed
metal cap | ayer over the conductive features of the substrate. 12. The

met hod ofingingflwidthe ripjies keing qop@olieddapienent fl¢-wieding of ha syédcd se®atai ning fluid
appl | ed J0ay&Td EnAM A fie Bhsib fulARLAALIh By dr SR Frald AERS ALt
deposition ul romareas o e surtace of the substrate that was not

i ntended to receinveinghl: gbgosd eut ohthf lgetebless @@ositign nipHele mbiilh odingfinie ai m 12,
furthgr L S1 g, I Vi r i i t he

tr anaper TP T o) Afovsr e SRRELIE bl HORLERL Al e el D

scr ubbi nguttshge prehaits dtymg ws iheguidiacs of b lbulsgate ke hacét rdn@vingnowet; e@ht am nant s
and traces (d) moving the substrate, once removed from the electroless deposition module, into a
post-deposition module, the moving of the substrate being conducted while maintaining the

transfer film over the surface of the substrate.

15
2. The method of claim 1, wherein controlling the rinse further comprising,
including a surfactant in the rinsing fluid, the surfactant enabling wetting the surface
of the substrate so as to evenly coat the surface of the substrate with the transfer film from the
rinsing fluid.
20

3. The method of claim 1, further comprising;

receiving the substrate while wet with the transfer film, in a chemical module of the
post-deposition module;

applying an acid containing fluid over the surface of the substrate to remove traces of

25  the deposition fluid from areas of the surface of the substrate that was not intended to receive

the deposition fluid; and

applying a rinsing fluid to remove the acid containing fluid from the surface of the
substrate, the rinsing fluid being controlled to define a transfer film on the surface of the
substrate so as to prevent de-wetting.

30



50f the acid containing fluid fromthe surface of the substrate; and

| eaving the substrate wet with a transfer filmdefined fromthe scrubbing
chem cal ,woheitta7aassf er fil m mai ntai ni ng the surface of rheE/GsabsHsBEEe wet .
14. The method of claim 13, further conprising: 10noving the substrate out
of the brush scrub nodule while the surface of the substrate is wet with
the transfer film and inserting thesubstrate into a clean nodule. 15. The
met hod of claim 14, wherein the clean nodule is a proximty head configured

to 15rinse an dr%lgre nggt%%%e. 16.. The met hod of claim 10, wherein the
deposi tidn f1 G PR Uglm o BEPeT OBPERAE t he | ayer over the conductive

features of thevisybsttateedaf dMaschemé@babiul€apid g suriiceof @t subd@kdisThe
nmet hod of claiq%lo, further conprising: conducting a pre-cleaning operation
on the suichWibthsfrapfier ld@hstrate in the el ectrol ess deposition modul e prior

to perform ngingdhid @6 LuRIras sidlePRSH {dntmbRidaPRRSHdst-UdpBsiliGyRbdudy.er
conductive features of the substrate; and durln% depositing of the |ayer,

appl yPng the HePGEIthoWDbITAS $ing Scabhiae sheamistlfd25t enper at ure and anbi ent

condi tions i mehiiRy Bl SHstrAL GREwHE R B8k skdr O MPE’EIGr dnPhE S EnAcHdRRAB kil ON
reaction to occur that selectively deposits the |ayer over the conductive

f eat ur es tansigriidmanaypipiag che pyiipgy of the stesydiwvdton fluid. 18. A system for
handl i ng a substrate through processes including an integrated

30el ectrol ess deposition process, conprising: (a)an el ectrol ess deposition
modul e cénf i gliteeethed of(cddiin dpfupbesongprisingf ace of a

10 moving the substrate out of the brush scrub module while the surface of the substrate
is wet with the transfer film; and

inserting the substrate into a clean module.

6. The method of claim 5, wherein the clean module is a proximity head configured to

15  rinse and dry the substrate.

7. The method of claim 1, wherein the deposition fluid includes cobalt so that the layer

over the conductive features of the substrate defines a cobalt capping material.

20 8. The method of claim 1, wherein the transfer film acts as a barrier to avoid exposure to
oxygen so as to prevent oxidation, chemical reactions, or transformations of the deposited

layer formed over the conductive features of the substrate.

0. The method of claim 1, further comprising:
25 before performing (a), conducting a pre-cleaning operation on the surface of the
substrate in the electroless deposition module; and
when performing (a), applying the deposition fluid while maintaining temperature and
ambient conditions in the electroless deposition module to enable a deposition reaction to
occur that deposits the layer over the conductive features of the substrate using the deposition

30 fluid.



substrate by depositing a |layer of deposition fluid on conductive features
formed on the WO 2011/072268PCT/ US2010/ 059966 39 substrate; and (a2)
control tweappl7ewmati on of a fluid that prevents de-wet PCHg/Sang/oaPpé i es a
coating of the fluid over the surface of the substrate; and (b)a wet robot
configured to, (bl) renove the substrate out of the electroless

deposi tion nmodul e whil e maintaining t'he coating of the fluid over the
surface of the substrate; 5and (b2) nove the substrate into a

it ace o 1 nf il pptinsS TR AL GuRab iR PR P it the” ™

el ect r ol ersurdepasidsition prvekd] @nipsisingtr t her configured to apply a
pre-deposition rinsing fluid pre-clean the substrate received therein
10prior to ple%gliof?sﬁl&g A 6}689@? S‘E‘%%Iéats_ﬁ‘p%“i Atrpigss GPosiR 1By ?%888%‘15{% on
rinsing fhdfefoeppdnaaddve feaied SIRVERbIRR WHBS depositha R f ace of the substrate
| eft behind froma previous fabrication operation. 20. The system of claim

18, forther itheripdegsthe sufucy ghle mgpspye in the elRctEless depepitipy medule Wb er at e
recei vi nginypi fisiat 0 recei ve the substrate for processing; and an
unl oadi ng port wth a plurality of substrate delivery units to deliver the
substrate af t & aplieesypatige pgin thppdecyglessalepesition|nagdiriep e tpgfingiled | ncl udes,

adry r OQQfﬁniﬁ\é)eregrﬂfélf ﬁgn,ttﬂe applying of the treating fluid being controlled to prevent de-
wetting of the surface and to chemically treat the surface while the transfer film remains
10  coated over the surface of the substrate;

(d) removing the substrate out of the electroless deposition module while maintaining
the transfer film over the surface of the substrate, the transfer film over the surface of the
substrate prevents drying of the surface of the substrate so that the substrate is removed wet;
and

15 (e) moving the substrate, once removed from the electroless deposition module, into a
post-deposition module, the moving of the substrate being conducted while maintaining the

transfer film over the surface of the substrate.

11. The method of claim 10, wherein applying a treating fluid further includes,

20 including a surfactant in the treating fluid, the surfactant enabling wetting of the
surface of the substrate so as to evenly coat the surface of the substrate with the transfer film
from the treating fluid; and

including an inhibitor in the treating fluid so as to inhibit chemical reaction at the
conductive features on the surface of the substrate,

25 wherein the transfer film acts as a barrier to avoid exposure to oxygen so as to prevent
oxidation, other chemical reactions, or transformation of the deposited metal cap layer over

the conductive features of the substrate.

12. The method of claim 10, wherein the treating fluid is an acid containing fluid applied
30 over the surface of the substrate to remove traces of the deposition fluid from areas of the

surface of the substrate that was not intended to receive the deposition fluid.



(i) nove the substrate fromthe |oading port into the electroless

deposi tion nodul e for processing; and (i1) nove the

subst r at ewbr2omvEa2388st - deposi ti on nodul e to the unl oadi ng@Cparsko1aHsd9ber
processi ng, wherein the substrate is handled dry. 22. The system of claim
18, wherein the post-deposition nodul e includes a chem cal nodul e, the
chem cal modul e configured to, 30rec®ive the substrate with the fluid
coated over the surface of the substrate through the wet robot; 40

apply an_ acid cont ai ni 1 ui ver the surface of the substrate to renove
traces oﬂgtheTﬂ%%859fwg%”Wﬂgﬂgn FSM"BM8%s of the surface of the substrate
that was not icBdicingead stiesuhRcaiiMevet Weh dRpAaiftd fam, fokdii Biustogeeubapg@luye & ri nsi ng
fluid to remove the acid containing fluid fromthe surface of the

5subst r atls POPHEPPTHRY TRYYS ui d being controlled to define a transfer filmon

the substrat escpgbbiiy thdsuBSERVERIn mbﬁl% QBemicad % rehld®e 8BRS anliAtdn 22,
wherein the post-deposition nodule includes a brush scrub nodule, the brush

scr ubd no@lithe a¢ig fpntejning dluidgrom By spigacy of theubstipistadt e with the transfer film

coated over tRgisuskhRkfe Wal QHOR chilGrh dbRRAFonPIRR kduthiSLieRRiaNtheChem ca
to the surface of the substrate;
transfer film maintaining the surface of the substrate wet.

14. The method of claim 13, further comprising:
10 moving the substrate out of the brush scrub module while the surface of the substrate
is wet with the transfer film; and

inserting the substrate into a clean module.

15. The method of claim 14, wherein the clean module is a proximity head configured to

15  rinse and dry the substrate.

16. The method of claim 10, wherein the deposition fluid includes cobalt so that the layer

over the conductive features of the substrate defines a cobalt capping material.

20 17. The method of claim 10, further comprising:
conducting a pre-cleaning operation on the surface of the substrate in the electroless
deposition module prior to performing an electroless deposition to deposit the layer over
conductive features of the substrate; and
during depositing of the layer, applying the deposition fluid while maintaining
25  temperature and ambient conditions in the electroless deposition module to enable a
deposition reaction to occur that selectively deposits the layer over the conductive features of

the substrate using the deposition fluid.

18. A system for handling a substrate through processes including an integrated
30  electroless deposition process, comprising:
(a) an electroless deposition module configured to, (al) process a surface of a

substrate by depositing a layer of deposition fluid on conductive features formed on the



scrub the substrate using the scrubbing chem cal; and apply a
transfer filmdefined fromthe scrubbing chem cal or other fluid to the
surface Mgofotig2m8bstrate so as to namintain the surfaceCofUsténe/ oswbst r at e
wet. 24. The system of claim 23, wherein the post-deposition nodul e

i ncludes a cl ean nodul e, wherein the clean nodule is configured to,

recei ve the substrate with the transfer filmcoated over the substrate

t hrough the wet 20 robot; and rinse and dry the substrate. 25. The system
of claim24, wherein the clean.mdule s r oxi m head. 2526. A system
For *handr S e <sne i gauoph obeb8adPhera ded ol s dgmie &g

el ect r ol esfing @pmS ifluidaVePhHOGEHSe ofBERIbESAtEIGind (a) an electroless

deposition nodul e configured to, (al) supply a depositjon fluid, the
deposition fl1{d o¥d eyt @EWF“b?Wé§%?£@6%?mB%W' PAge PlecidliSes formed on

a surf acgepmkitibh ghodslb sthilahRintd @AY theRPAMgdf e Muid\Gref thblketdcd of ihDS@strdle, sur face
of the substrate, after depositing the 30l ayer; (a3) appl&»a treating fluid
RHA

to the safd@eemere heabsiine init ROsU-eposifipr BOHE While mgingpé §O%ing Phnsf er

film whelgidu thearlsEit oF s sulemesi tion nodul e i ncludes controls to
control the 41 application of the treating fluid to prevent de-wetting of

the surface and to chemcally treat the surface while the transfer filmis

mai nt ai n oV : -1t ~ obot
gl% @ﬁe( s%y%@m%"f' '&faﬁﬁ €3 ,ﬁi;ehegelf'urgthé QQ&}(KI@SE %epo?l@l?ﬁ (er}%gllﬂg 1svﬁ}tﬁ15r

confi gur to, renove the substrate out o ectrol ess deposition
modul e whddfursdithepplng pg-depesittonamsing flufdi th preentan therabgulyseecated thardie t r ansf er

fil i ryi t he. I d
W'e " m#?f; [nﬁ%‘lﬁﬂe% I&P@S‘?’% :tﬂgageg%i A ppRURSH bARE pRUhORon King YRR LAhSidaso  EMOVe
remove residues on the surface of the substrate left behind from a previous fabrication

operation.

20. The system of claim 18, further includes,
15 a loading port with a plurality of substrate receiving units to receive the substrate for
processing; and
an unloading port with a plurality of substrate delivery units to deliver the substrate

after processing.

20 21. The system of claim 20, further includes,
a dry robot configured to,
(i) move the substrate from the loading port into the electroless deposition
module for processing; and
(i1) move the substrate from a post-deposition module to the unloading port
25 after processing,

wherein the substrate is handled dry.

22. The system of claim 18, wherein the post-deposition module includes a chemical
module, the chemical module configured to,
30 receive the substrate with the fluid coated over the surface of the substrate through the

wet robot;



deposition nodul e; and (b2) nove the substrate into a post-deposition
nodul e while maintaining the transfer filmover the substrate. 27.The

syst em ofwol2aimm7288 wherein the el ectrol ess deposition moadaiseo10s59966 t her
10configured to apply a pre-deposition rinsing fluid to pre-clean the
substrate received therein prior to depositing the |ayer, the application
of the pre-deposition rinsing fluid 4% controlled to substantially renove
resi dues on the substrate | eft behind froma previous fabrication
operation. 1528.The system.of claim 26, further includes a.l oadi ng
port with a pfibPah Wy ST A 0T F‘E&Bff%“ier?g Hl?r?}l‘?séfa?eéo Falosr et REMS ubst r at e
for procagsisitign fluid frondireAsdf dacuiTgeeRO e sWbdifateahfd wiak adtiihtyndefl (Stebstd @t e
delivery units to deljver the substrate after processing; and 20a dry robot
configurgﬁxFWPan¥9ﬁﬁbe the substrate fromthe | oading port into the

el ectrol ess dgp®si fihiy MR BmbRY thPLAEESHiMG flaiadrohl ih} simeofde processed
substrate from a post-deposition nodule to t%e unl oadi ng port after

processi AYPsUEsiherieing {udbadpgpentralied 1 defineridraagfeniiyn omthe Ystraly s &P of cl ai m
26, wher gjRedihewRAf,- deposition nodul e includes one of a brush scrub nodul e
or a clean nodul e.

23. The system of claim 22, wherein the post-deposition module includes a brush scrub
module, the brush scrub module configured to,
10 receive the substrate with the transfer film coated over the substrate through the wet
robot;
apply a scrubbing chemical to the surface of the substrate;
scrub the substrate using the scrubbing chemical; and
apply a transfer film defined from the scrubbing chemical or other fluid to the surface

15 of the substrate so as to maintain the surface of the substrate wet.

24. The system of claim 23, wherein the post-deposition module includes a clean module,
wherein the clean module is configured to,
receive the substrate with the transfer film coated over the substrate through the wet
20  robot; and

rinse and dry the substrate.
25. The system of claim 24, wherein the clean module is a proximity head.

25  26. A system for handling a substrate through processes including an integrated
electroless deposition process, comprising:

(a) an electroless deposition module configured to, (al) supply a deposition fluid, the
deposition fluid used to deposit a layer over conductive features formed on a surface of the
substrate; (a2) apply a rinsing fluid to rinse the surface of the substrate, after depositing the

30  layer; (a3) apply a treating fluid to the surface of the substrate, the treating fluid defining a

transfer film, wherein the electroless deposition module includes controls to control the
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application of the treating fluid to prevent de-wetting of the surface and to chemically treat
the surface while the transfer film is maintained over the surface of the substrate; and

(b) a wet robot configured to, (b1) remove the substrate out of the electroless
deposition module while maintaining the transfer film over the substrate, the transfer film
preventing drying of the substrate so that the substrate is removed wet from the electroless
deposition module; and (b2) move the substrate into a post-deposition module while

maintaining the transfer film over the substrate.

27. The system of claim 26, wherein the electroless deposition module is further
configured to apply a pre-deposition rinsing fluid to pre-clean the substrate received therein
prior to depositing the layer, the application of the pre-deposition rinsing fluid is controlled to
substantially remove residues on the substrate left behind from a previous fabrication

operation.

28. The system of claim 26, further includes,
a loading port with a plurality of substrate receiving units to receive the substrate for
processing;
an unloading port with a plurality of substrate delivery units to deliver the substrate
after processing; and
a dry robot configured to,
1 move the substrate from the loading port into the electroless
deposition module for processing; and
(ii) move the processed substrate from a post-deposition module to the
unloading port after processing,

wherein the substrate is handled dry.

29. The system of claim 26, wherein the post-deposition module includes one of a brush

scrub module or a clean module.

30. The system of claim 29, wherein the clean module is a proximity head.



