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Description of Related Art

L/ 10 {0002} Modern integrated circuits use conductive interconnections to connect the
individual devices on a chip or to send and receive signals external to the chip. Common
types of i mterconnecuons include a!ummum (Al) alloy interconnection lines and copper
(Cu) interconnection fines coupfed to mdmdual devices, including other interconnection

o lmes by mterconnectrons through was ln order to enhance mterconnect speed and
15 rcliablmy. the scmzconductor manufacture mdustry iIs moving away from blanket
deposition and etch of Al-based metallizations towards single damascene and dual
damascene interconnect structures with Cu-based metallizations. |
[0003] A damascene technique involves forming a via and an overlying trench in a
dielectric to an underlymg circuit device, such as a tran51stor or an interconnection line,
20  The via and trench are then lined with a barner layer of a refractory material. The barrier -
‘ ) | layer typically serves to inhibit the dlffuswn of the interconnection material that will
subsequently be formed in the via into the duclectnc Next, a suitable seed material is
dcposued on the wall or wall; and base of the via. Suitable seed materials for the
dcposition of copper in!crconnection material include copper and nickcl. Following seed
25  material deposition, the wafer may be cooled down in an almosphere containing argon or
- mitrogen.  Next, mtcrconncctton matenal such as copper, is deposited in a sufficient
~amount to fill the via and trench using, for example, an electroplating process. Following
the dcp_osition‘of the interconnection material, a chemical-mechanical polishing or etching

process is used to remove any interconnection material present outside the trench. If a




25 mat'eri al deposition, the wafer may be cool ed down in an atnosphere
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la in which Llaﬁeé'rrier .
15 [00607] FIG. 1bis a cross-sectional view of the structure of FIG. 1a in which a barrier
layer is formed overthe ILD and in the trench openings-and-via opening. -
[6008] FIG. Ic is a cross-sectional view of the structure of FIG. 1b in which a meta]
seed layer, such as a Cu seed layer, is formed over the barrier layer formed over the ILD
and in the trench openings and via opening.
20 {0009] FIG. 1d is a cross-sectional view of the structure of FIG. 1c following an in-situ
surface treatment of the structure in a barrier-seed tool deposition chamber to passivate a
— -metal seed layer surface,
_ ;\) o [0016] FIG. le is a cross-sectional view of the structure of FIG. 1d following a seed
' anneal of the structure in an anneal chamber attached to an electroplating tool to remove
25 any contaminants formed over the metal seed layer.
{0011]  FIG. 1f is a cross-sectional view of the structure of FIG. e following electroless
or electrolytic deposition of a metal or other conductive material over the annealed metal
seed layer,
~[0012]  FIG. 1g is a cross-sectional view of the structure of FIG. 1f-in which the excess
30  metal, e.g. copper, electrolessly or efectrolytically deposited above the ILD is removed.
| [0013] FIG. 2a is a process for treating a patterned and/or bare substrate surface

following deposition of a metal seed layer according to an embodiment of this invention.
T,




| ayer "is formed overthe ILD and in:the trench-'openings and via opening.
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schematically illustrates an exenp an appar a
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: a_n‘d 15, clectro_lytic or electroless plating gap-fill in high aspect ratio vias and trenches,

~reducing IC processing cost by performing in-situ ‘treatment of metal seed. layer, and
-enhancing reliability. |
[0018] In the follewing detailed description, numerous spccific details are set forth,
such as specific materials, structures, chemicals, prdcc_sses, etc., in order to provide a more

20  thorough understanding of the present invention. However, it will be apparent to those

skilled in the art to which this invention pertains that the present invention may be
practiced without these specific details. In other instances, well-known devices, methods,

. \) S procedures, and individual components have not been described in detail 50 as not to _

- unnecessarily obscure aspects of the present invention.

25 [0019] Referring now to the drawings, where like elements are designated by like
reference numerals, embodiments of the present invention for substrate surface treatment
for electrolytic or electroless plating of metals or other conductive materials used to
manufacture an intcgrated circuit having a metal interconnect are illustrated by FI_GS. la
through 1g and by FIGS. 2a and 2b. FIGS. 1a-1g are schematic cross-section

30  representations of the semiconductor structure at various phase during the manufacture
process embodiments shown in FIGS. 2a and-2b. F1G. 2a, which is associated with FIGS.

1a-1d, shows an embodiment of a process of this inveation for treating a patterned and/or
3




enhancing reliability. [0018] In the follow ng detail ed description,
numerous specific details are set forth, such as specific mategf/62/200
structures, cWem3malsss processes, etc., in order to provide a ﬁﬂ%ﬁ i‘ﬁh E(E).
DESCRI PTI ON OF THE | NVENTI ON 100171 An apparatus and nethod to pe ?o
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used to _manufacture an int-ea}rﬁat ed circuit having I nterconnect are
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stt’'ucture at various’ phase during the nanufacture process e ] rrer%ts
shown in Fl GByeroR, afiichomay ibe-@ade &f awhiatetialisgchaas bobgtosghosilitsie ElaGS(BPIG); | d,

andlor 3 v b oass P BPObaRsulche i3 B3R AP e et i’ Bprd ce

fol | owi ng deodd, tlowrk ditleetrinptadriatarcspirayredicbieib hdtal tapreet Rehéd/6ver the
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y a portion of many structures present on
a semiconductor wafer. Trenches 14 and 15 are formed in structure 10 along with the
formation of via opening 13 under trench 14 for interconnection to the lower metal layer
20 1. Structure 10 or similar can be fabricated utilizing single or dual damascene processes
known in the art. )
; ) : [0022]7 With reference to FIG. 1a and 2a, process begins by providing a substrate
structure 10 into a semiconductor device processing first tool 310 (shown in FIG. 3a),
_such as a copper-barrier seed deposition tool 310 (block 210 in FIG. 2a) to form a barrier
25 layer on the substrate structure. As discussed in detail later, the coppér-barricr -seed
deposition tool generally includ'es several chambers where substrate processing is
performed without brcaking vacuum. The surface o.f substrate structure 10 may be bare,
for example substrate structure 10 may incliide only substrate 20. In another embodiment,
substrate structure 10 may include a substrate 20 having a metal layer L1 and / or at least a

~ 30 trench 14, 15 and a via 13 patierned on an ILD ilayer 12. Other configurations or

“arrangements for substrate stricture 10 are within the scope of this invention.
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5 pllati ng of a patterned and/or bare substrate surface follow ng treatment
process shown in . FIG 2a. IN SITU SURFACE TREATMENT 100201 FI Gg POQV@‘@FO

an exenpl ary wenizgesdsict or substrate structure 10 having a ne @* é@/’i‘
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structure 10 is onl Y. @ portion of many structures present
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to the | ower ayer ure 10 or 'si r f'cht ed
utilizing si ﬁg&r@lrmr(Tduaﬂanldmanné” llpi) omestsesnthd@(\WN)ntmgﬁerarahtamﬂmz)) Wth
reference to cess bhe r ovi dLn a subs

structure 10 tJl:matq;i(])m éﬁ'g(gnngi gb‘ﬁeduc(ftﬁer e c(g“ °ru8§%s cfwcd’eﬁ‘frj ppﬁfbﬁte‘%&% e[“5‘:F|own
in FIG 34), masuials cas ba.usepfierbabizr liyer 16 eethe geqedsd of BB praeht i3ddutibh! Q‘ﬁi< 210

in FIG 2a) to fo arrier 25 |ayer on fhe substrate structure.
di scussed | ntbﬁ"é'FaaVerl ]zé)'érfomieﬂeus%dﬁ‘é}”“ B@FI‘{CEQS“@QG(BC "tﬁé‘ﬁbéi“ih CYBoP VD

géneral | y i neletteisicSAMRE®: cRORSTRR pRatink eIreheHaR%: 13E£10% A5 SRENEVDYr PVD
-peTfor med wi t hout breaki ;g vacuum_The surface of substrate structure 10

may be bar e, caRsrused Brheslegenitdan oft ENs i the barrier laer A5 Ta dhea Py Dedmbestskt r at e
20. 1I'n-anot heye tﬁé@ﬁnﬂ’bmtdcpos?‘t Sbf ghe ﬁtc'f)HHo'r{rﬁg‘%Q rengkl%h’“gqg? gbt%; rate

20 having a netal [ayer | or | east Vi a
13 pat t edhedspytering. | [Gonkralfnr barder @'treﬂﬁ doepayitechto anthicknessainr thagengends f or

: Sgljj_gtz;gt 2888%8%‘%%8%0‘ 5@&?? %‘ﬁ%g’?%w hoWweVaF, o?t]:cr Qr!ri?:r éhlc\{.gensts Imay be pray\P ced-
. -+ o+ within the scope of this invention. In-an embodiment; barrier layer 16 is deposited to'a~
thickness of about 200 A.
[0025)} © With reference to FIGS. 1c and 2a, the process continues by forming a metal
20  seed layer 17, such as a copper-seed layer 17, over the barrier layer 16 that overlies the
ILD layer 12 and lines the inside of the trenches 14, 15 and via 13 (block 230 of FIG. 2a).
Metal seed layer 17 can be deposited ‘or formed using metals, metal alloys, metal
‘_ compounds, rﬁu'itiple layers of metal stack or any substrates where a metal that is to be
{‘“) used to form the interconnects in the trench and the via can nucleate and grow. Generally,
25 - the metal seed |ayer 17 is made of a metal or metal alloy and may include, but is not
limited to, copper, copper alloy, nickel, silver, gold and cobalt.
[0026] The metal seed layer 17 is deposited/formed while the substrate structure 10 is
still in the first semiconductor device processing tool 310, e.g., copper barrier-seed
deposition tool 310 (shown in FIG. 3a), utilizing a directional deposition technique.
30 - Directional dcpositibn‘ techniques, which are known in the art, include collimated
sputtering, plasma enhanced chemical vapbr' deposition, and ionized physical vapor

deposition with or without bias voltage. Generally, seed layer 17 is deposited to a




[0023] Wth reference to FIGS. |b and 2a, in one enbodinent, a barrier
layer 16 is formed over the ILD layer 12 and in the trench opep /962;‘500%5
and via openiwgol@2s9sthat the barrier layer 16 overlies the §@¥/ 1{_1
and lines the inside of the trenches 14, 15 and via 13 (block ‘G
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of Ta. A conrion sgemplei de Oﬁeﬁﬂweﬂmﬂﬂmthgmvbmd lawer sunface ti@rmagbe exgonask gl | v,

150300 angs s T Haon S, Ml b HRAE O, fitfoleBIAG, B pnPHEBAEC, ¥
Wi thin the - swoggen Of)i Hi and Auett atmrangmefacmmnhmds ami_nonbamraums Hnayerin me | s
e and 2a, tAE grotede EaRed els e et Sneteren oidteai 70 e [gare Pr0%such
as ja copper - sachdad atyesr bh?cs @Meafn:st, hﬁd liaianized Wareteprickbiot dﬂacttrdlytecr/l ¢lesrdidse | LD
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the trendh aif¥2Bhe It pee eabpdinent ehthés inrration siratmeatriimegtl peedlayer 42 isonaby seed
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deposition tool 310 (shown in FIG. 3a). To perform in situ seed surface passivation (or
seed treatment) according to one embodiment of this invention, the chamber of the first

_’ substrate processing tool, e.g. copper-barrier seed deposition tool, having substrate

\) structure 10 therewith is filled with a gas for a first specified period of time, t;. The gas

25 environmerit may include, but is not limitéd to, inert gases, hydrogen gas, fluorine
containing gas, forming gas, oxygen gas, nitrogen gas, etc. The substrate structure 10
having the metal seed layer 17 and the barrier layer 16 thereon is then cooled in the gas
(e.g. oxygen) cnv‘irohmeﬁ;. in the sub-atmospheric chamber at a specified temperature, T,
for a second specified period of time, ¢, to form a passivation layer 18, e.g. metal oxide

50 layer 18, over the metal seed layer- 17. Generally, a passivation layer 18 having a

_ thickness in the range of approximately 5-100 angstroms (A) may be formed over the

metal seed Iaycr 17.




depdsition with or without bias voltage. Cenerally, seed layer 17 is
deposited to a WD 03/023848 5 10 03/02/2006 PCIT/ US02/ 22314 thi ¢ke§s /idhoe

t he range of wgprmessmat el y 1000- 3000 angstrons (A). In an emvﬁ#ﬁﬁg@( seed
| ayer 17 is deposited to a thickness of about 2000 A. [00271 Brbnce

to FIGS. Id and 2a, the process continues by physically or chenmically ,
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liquid or a cbieup maziHoylt 2 act iforea fifst ts;mrﬂed @asodof Mhe 00f about 15-25 seconds, and
el ectrolytic/el ﬁc%t rol.ess he conducti Xe mat erial . For exanpl e,

in one enmbodi FE 0% ?‘lt?é)“h%{féffcog%sed V@thé%?tfuéﬁ‘éc & hawige e restglosetilayey 17

gases, such asndahgoarrieAlayer Heihkieth GsHﬁh):n céeduianhé B oxVbedr QURBnk A howldg and
He, H2 and nitr H2 and Ar, etc. at a range of tenperatures and

concentrat i on'dt %ﬁ%%{l? -4 W°%H%‘8”° cliambey 31 apreseiie P aRBHIOHERd a sperafiedtempgratyesed

| ayer surfacer infa tafigeonpptlintatel} i 100 dC TR sBeond YR @x%cfjéfun@tsgﬁab out 5-
sol vents, and d|-|on| zed water prior to electro tIC}D el ectrol éss pl ating

of the conduchsi ¥&ondaad ipsierably aicifesscands. (nemily, winderitBe eboveutoaditiatse 2
structure 1ant§l5)xmqg)8bl 18/, %%Bﬁé%%bf@m Ié)fls }'cmms.d lonavﬁlnctk' t?s@ in tthrf:e;% rge&t of

metal seed layer 17 is done form seed sur S Vat i on
-(or et al 10s e dgtprogiately r%bﬁ%@ﬂﬂs)mmﬁ tAle §'tbb&s‘t slwatl@ lrstthrm@ttuwdl ka:obmw: nlyatt he

Thacsi vati on | aparrBP A6l LE' b Lok, b BoFRE etk i eEihe B e
“seed | ayer 17%ecobil spdeificd4@riod oF tiGie, Zﬁ)emﬁEhaure nT,sp:tssu&eaedhs doppre-Barfiassdeat i on.
{

or. seed tre t) .0 erf or the substrate structure 10 is still
\(Ni thin a chawﬂm% l?qiegar%lfcé’le%aw%? mfg ﬁga % 19 tg"n%’B@? ”SSTEQH@W\ in
FIG 3a). Tonpmrrbbmd nt)@etcu’ gesednswutaben p&sScth‘éﬁ:‘bérorbqﬁjiﬁmenﬁ%éhfcfaﬁaﬁsrmnt) .

accordi ngsto one enb TTF of this |nvle§§t|on t he chanmber of the first
substrate”pr 5‘88‘5‘5?‘?@"&%’8 CrengeSy a"dc% Bro&pnsylsrtioRy seed deposition tool, having

substrate sjopsgt UFBlichPing hﬁrsw ttréanh&lfdrl duélratd SdtfRe GRShE Qoper fdabridr seed
speC|f|ed period of time, ti.
. : ~deposition tool, the subslratc / wa? er with.is exposed to air while awaiting processing on .- -
the electroplating tool.
{0031] [t will be noted that when copper is used to form a metal seed layer on the barrier
20  layer 16, and oxygen is used as the gas in the chamber, in situ seed passivation (or seed
surface treatment) of the Cu-seed layer 17 forms a layer of cupric oxide (CuQ,). Since the
CuO; layer is formed, e.g. grown, inside a high vacuum chamber in the barrier-seed:
deposition tool, no contamination is trapped undemneath this CuO; layer 18. When the
) o -substrate structure 10 is removed from the metal-barrier seed deposition tool and is
25  exposed to atmosphere conditions, contamination {which may include an additional layer
of CuQy) will typically deposit on top of the CuO, layer 18 formed under vacuum

conditions. Therefore, the CuG, Iayér 18 formed under vacuum conditions acts as a

protective cover layer for the substrate structure 10 and its metal seed layer 17.

INTEGRATED SEED ANNEAL — ELECTROLESS/ELECTROLYTIC PLATING
- 30 [0032] Turning now to FIGS le-1g and 2b, an embodiment of the process of this

invention for performing integrated seed anneal and plating of a patterned and/or substrate

7




25 environnment may include, but is not limted to, inert gases, hydrogen
gas, fluorine containing gas, formng gas, oxygen gas, nitrogenp 262 /9F06
The substrat ewstoswessuge 10. having the netal seed layer 17 ang-f, g,,ﬁa&n er
| ayer 16 thereon is then cooled in the gas (e.g. oxygen) environnent 1

t he sub-atnospheric chanber at a specified tenperature, T,. for a second
speci fi ed pel’hﬁﬁc@follbiﬁli‘@ subﬁr,atetsnrfﬁartma&nmgs@i:e/sathm th #y@ 22l it Strgted. NEhall

oxi de 30 | ayer over the.nmetal seed | Gener al I ssi vation
Phyer 18 hayi HEERS 5 HcERIRSme 14 naS o G ke (50 Shdett oms
- (A) may be fopeagd m80er70t SRFIQTEIR) | ard @edodmaY €f the/ sarfe H\@c&S{nOES&@zw%/gOZ%eZO%
PCT/ US02/ 22314 100291 Acg:(F)rdl ng to @ enbodi nent of this Invention, the
sub- at m)spher?EC‘??ﬁ HB& poop$20 “Pfé‘""c'Bﬁi r*Warrier seed deposition tool is

filled w th pleos3joxwdnregdsnct kOVIGR 1dtand 2B RIBWAGR inQftu Y d:OsiRNQMd stirfa@d I
for a first specifjed period of tine t{ of about 15-25 seconds, _and

‘preferably abéfstvaOns@s SavL treatmanty @6stb? aneal sepd) daygh don examrle riyy HHeSUARTCal
seed layer 17 a‘és.ed%féntd?eclp@arssd ?écdllﬁ%?rm Ja@ éh%x‘ﬁgﬂse'e§ da,rtgnloﬁqe&e@lml dAbdihe pure

oxygen envi ronrrent flomng into the sub-atnospheric chanber at a pressure
of about 2 tosrtrructaf?dV&ﬂfsrp@diamne@hql@mﬂmmﬁamm! seed dayemhty6-ofuspptlayarddt el y
15-20 C for fot ngs and
preferably agagatrﬁt%gldg%go‘%é; baq%epﬁ% ﬁb % ddjergrntcgti ﬁ’é%fgblggée? coﬁ:cfjct%?oﬁﬁ@%% f

met al oxide |teepehes18, 1pagl vncrb{xi)péstrtmmrddal-ﬂ) a%.g5 pi8ided ;nté acomdmination tehiogkiness
in the range of 10 proxwrately 00 Str ol Toe Ki . L0 the
art wl| recognl I]%'%r ?23?5 halse Itcti,"r’"ln i :3:22/ e n&é@?? fhs[t%()a Scmé‘éoé'gucr“gm pe,
e. gy first splecicé pmdeqmaglt@;d 300, d.g. l&&ptré;ﬂaungaaﬂmd(lsmczs’ﬂ}izﬁ‘cﬂoem)odfvme i ne,
t2, terrperatulg garessure n the c rrler see deposi tion tool
Chanber et o e apmiB D ar P oveloo0GH PEber 8f SHEC L B HEshr aksetoriger

mat er i al usedp i ¥iRamrh uga%rhm;g@Quseﬁmmatetd?ee@eamagéed S RBRNhyer 18, c.g.
speci fications, 15 manufacturing preferences, and other consi dyerat i ons.

.100301 R8I | et geschoxide daver At #renell 9f 1o ghainRis o r6Hor A0Y GORtapHRANEP B

barri er seed gileRRIBILLICT I A®IG. Ih)e substrate / wafer with, is exposed.to
air while. awaiting processing on the electroplating tooI 100311 It wll -

~‘be 'not ed t haf00dkn Geapradly, themawbited anrfeak procesnineludes flowing aa@@ernnargas orotharrier

gas mixtures into the contamination removal or anneal chamber of the electroplating tool

for a third specified period of time t; at a specified seed anneal temperature Ticed anncal- 1N

20 one embodiment of this invention, the forming. gas used in the seed anneal process

comprises 95% nitrogen -gas (N3} and 5% hydrogen (Hz) flowing into the seed anneal

chamber at a specified seed anncal temperature Tseed anncat Of about 250° C for a third

_ specified period of time t3 of about 30 scconds. In one embodiment, N; is provided into
: ) the anneal chamber at a flow rate of about 19 standard liters per minute (sim), _while H;is

25 - provided into the anneal chamber at a flow rate of about I shm.

[0035] The seed anneal process (block 260 in FIG. 3b) further includes codling the .

annealed substrate structure 10 in the forming gas or other gas mixtures for a fourth

specified period of time t; at a seed anneal cooling temperature Teed anneal caoling.- In one

embodiment of this invention, cooling the substrate structure in the forming gas of 95% N,

30 and 5% H; includes flowing the forming gas into the seed anneal chamber at a seed anneal

cooling temperature Teced anneal conting Of about 15-20° C for a fourth specified period of

time t; of about 25 seconds. N is generally provided into the anneal chamber at a flow

rate of about 19 sIm, while H; is injected into the anneal chamber at a rate of about | sim.
' 8




- addi ti onal

20 fayer 16, and oxygen is used as the gas in the chanber, in situ seed
passi vation (or seed surface treatnent) of the Cu-seed Iayer 163VU§'?2®06

| ayer of - cuprwo @wisiag(Cud2). Since the Cu02 |ayer is forned (g/gs %_, ,
i nsi.de a hi gh vacuum chanmber in the barrier-seed deposition tool CoH231

contam nation is trapped underneath this Cu02 [ayer 18. Wien the substrate
structure 10 [0936]eniigicrefercane thBIORR i Aknd 26, folRfwisLAE nitePesdd RRaltPRleqdad i s
25 exposed tohatlrrtos%)th%ﬁe cond|!}| ons, contam nation (which nmay include an

& eRIReE565) 2AFA Y eE R N8 ROwEeRutiRues by tREFOBMIng edectroless 9rayer
18 forned und&EctM&mUlpnitmglGﬂﬁbitl'a‘fﬁ’lﬁrucmI(ﬁlfonfeﬁ‘os:ttannQé@v?e thR¥ 841 @8 £ ordmd

under vacuum C%ﬂ itions acts as a protective cover |ayer for the.
substrate st &P Feomes 1% 15044 a@e%’afbluﬁiﬁéﬁl‘1'7‘h3$WE{BR$\ﬂTED'f§EECbIQNNNEAL

- ELEURﬂsESQﬁhEGTER@bKTTHE fwiew%mc(.wa%&.gf WithiehHeh MWalt‘rR%cﬁoﬁecll $1 kg and

2b, an enbodi nent of 't rocess of this invention for
i nt egrat ed sdB@ARRFELgn t8r‘|‘2f Ipyermetal laverdlpat t er ned and/ or substrate VO

03/ 023848 03/(68372006iectRieks Eﬁpg{c&?ﬁ% EH{H‘E%@%CJSQJS C}RW'IDE% §cug§etﬂr %t t%m? Weh3c

treatment praqcess shown in FIG Is il
i ntegrated sifEEORNGE F2aaRJngwsdp |tlmaem Electrelyfioplating mglupesr dgxoamhs o( arechl shown

320, e g, thaUTarach oy, st obP RGP (R s MR VR SREREAIIEY
ref er encd®t o bFPES, | e and 2b, fol | owi ng |n situ (or ex situ) seed surface.
passivation (or ng/p‘d tregt rren yer, for exanple in

al seed.
situ surface passivgtion? "‘“bcag‘%e °§‘§ 8” 4\ é?’ﬂick'st‘h%ca@?dﬁhrrl er - seed

deposi tion t (B8] t mn&um;sweaduestrasd/wmi 141tRe AepXteQ@Emifl h:%bb'oﬂéj drh&hibRRkiaf T
l'ayer 16, metal seed |a é{? Cu-seed |l ayer 17, and 'netal seed
passi vati on F%Wé‘r“ori@keséy e °’§%ﬂ§d“ 83?|°6@°¢%%V%$Upml8ﬂd(t@1902¥leff@i ReRErisuppl0

trenches 14, [0@59]anﬁte\é!rﬁc§%?pié?'ﬁ1g%C'HHEE Héfositi Bpoﬂ%ctal'ffonpﬁlg\é%qggl E yoch%m:cal

contam nation renoval.- chanber 322, e.g. an annea own in
FI G 3b)1%f %degdion- Jéﬁfc@eﬁamemf (emeRﬁdw qbcobets@ytngs tlhmetbur@?@l;'thee@;mrons |

el ectropl ati Tk Elfbgﬂrﬂé)’%()wéfpn] &Cmf:gcg?a J[r&te % Oi]u\:ﬁh {nﬁgxl éjﬁ%%stlpogt %&25% ?1?%6? ﬂ ieon

renoval or annea anbe

10 i s anneal @dordingdo the gereang’ pga@pb(beblw minate or reduce the seed passivation .. |

FERRACTI X CI = IV, LR IR AR IO
solution (Surface treatment by-product).
20
[0040]) In an embodiment of this invention, depositing a conductive material into
trenches 14, 15, via 13 and overburden 21 of the substrate structure 10 to form a metal
: interconnect may be done utilizing an electroplating or an electroless plating technique.
) - The plating may be done with a solution of copper sulfate (resulting in a copper plating),
25  silver nitrate (resulting in a silver plating) or gold cyanide (resulting in a gold plating). By
way of example, in a conventional copper electroplating process, metallic ions in a pH
“neutral copper-based solution, such as a copper sulfate-based solution, may be reduced to
a metallic state by applying current between séed material fayer 17 and an anode of an
electroplating cell in the presence of the solution. Copper metal becomes deposited onto
30 seed material layer 17 to fill trenches 14, 15 and via 13 and form copper interconnection
line 22.
[0041] By way of example, in an electroless copper plating process, the substrate

structure/wafer 10 is exposed to a first plating solution by means such as immersion of the
. 9 '




[0034] Generally, the netal seed.anneal process includes flowing a formng
gas or other 20 gas mxtures into the contam nation renoval or @y¥EP/2006
chanmber of thwoalseetsi®pl ating tool for a third specified peri ,9&,2;25?{; t3
at a specified seed anneal tenperature Ts,,d annc3l. In one enbodi nent of
this invention, the formng gas used in the seed anneal process conprises
95% ni t r ogen yasrat2ucturadwaes Hyidroogeatingiath, 61 bowvspragingniiecplithe sebecn ano
chanmber at” a AN e al_.t erature Ts"d ~nn~a; of about 250 C
for a third SSRERICLEE REPINE AT BlaghE LR IR ahtechs B RLe e APB ier
enbodi nent, NZdrdluprioedided silfirio actdhendammeal sadthandoerpleattha if kowbié ai @e@bidabout
19 standard |t rovided intq the

i t i whi | H2, | .2
anneal chanbeﬂse'g'[ i .ES% %ﬁoﬁ%cgﬁ%rpﬁg”cfﬁf' I“fee'é'f:tﬁln {Oﬁf)ﬁhg’ig?lﬁﬂo'éééﬁ FRAB APNS
process (I3l oqkuZ§and Direlbing et febdinIey reiintibui0me aRed! idhg ahd QubseieRalAlhg

substrate structure 10 in.the formn as or. other gas m xtures for _a
fourth speci¥f% eﬁ%‘?ﬁcbﬁeegﬁayﬁhﬁ Iﬂﬁe%f‘g%?"sfﬁlé‘ifﬂéHFfl?&TdsébEﬂth'ﬁmPérﬁﬁb'&fé?(ﬁre

Tsced anneal peflo®BEtimewAAMihERBAdRLIvE MtcdnAMETVEIOR fomRE! TRl NG Ghipdliat ©
structure in thetﬁf Qrm gas of 95% N2 30 and 5% H2 includes flowing the
t

n : . . .
form i ng. gas Maxhs adiered CERM AP affsehiop &ate akthereagtiog, Akiekrowndpdiciaty
tenperature Im9f4avnﬁ?éfcre%l th UGS 122 YY. ADimdtibnd] @alrsk,ifoﬁ&%{; glean)&sgsfo'red

period of tinme ~of about 25 seconds. N2 is generally provided into the
anneal cHanbélectelytic plagng of sulbstigie sttusture 10, &|chemighiimeshpgical polislies (GMP) nt o

e e, bl Ecp oA ket B R RIRER2, DAL
netpl seed aremenkl prlishasdwag or ramimeves theegeeas eppperoeatedain@ahd diecmtrico dyat ing
Subst rat o ot FORRINEIPDRY st 8 VB LR emar B b misr B M i o
alloy, into tréerchehiis19dnd viib 13 (dsahdvédh iaRIGOMSr bur den 21 of the substrate
oL e L0 hRLock 8,270 e H.C2R) T deRRal e conduct e Rterl el
- layer 11. [ORSsik & ectipkaassunack &km&ﬁ:cqiyswnc 3P8 3 IFRG. P)OHRASHL peltb@lingrRy be
used to formmetal interconnect 22 are known in the art. Electrolytic
plati ng i ncl Brgstksseb atedmnd eleniselutic or dlestroless Riptingraf erojaleoneshericoasiiciye
cathodi ¢ r edygd /8 (spaen39b HFIGY 35 R HBRE tMhishleRGSPAE schematically illustrated.
| [0044] With reference to FIG. 3a, generally, system 310 is a metal barrier seed
20  deposition tool 3190, for example a copper-barrier seed deposition tool 310. The copper-
barrier seed deposition tool 310 may have various configurations and arrangements,
depending on the substrate manufacture process used, manufacturing preferences, etc. In
iy ~ anexemplary embodiment, the copper-barrier seed deposition tool 310 includes a plurality
) : of chambers 312, 314, 316, 318 that may be used for various phases of the process
25 illustrated in FIG. 2a. For example, chamber 312 of copper-barrier seed deposition tool
~ 310 may be used as barrier layer deposition chamber, while vacuum chamber 314 may be
used as a metal seed layer, e.g. Cu seed layer deposition chamber. Chamber 316 may be a
- cooldown chamber in the CBS tool 310, and may be used to perform in situ surface
treatment of the seed layer to form a passivation layer, c.g.,ha metal seed oxide layer, under
30 vacuum conditions. Chamber 318 may function as a load lock chamber for the copper
barrier seed deposition tool 310.
[0045] With reference to FIG. 3b, generally, system 320 is an electroplating tool 320.

- The electroplating too! 320 also may have various configurations and arrangements,




10 below. M Z+ solution + z e -* Mlatt;" (deposited on wafer which is the
cat hode). 100381 Cenerally, the substrate/wafer is the negativeg®Ergpralooes
(cathode) on W @¥zssal deposition takes place. Electrons atpéhgspahhpde
are supplied by an external power supply. [00391 El ectroless plating

i ncl udes deposition of netal fromthe electrolyte by chem cal 15 reduction.
The reduci ng H#ReAting en ghe WMbstipte manufetust pwressluytde maguftdigingquefernok, dtheln

el ectrons. Th | ac h net al

- deposi tion taEneg pl élgcrgteg'g/fi%hﬁ% hé aem EEHS%‘EO% ?gr’(?or?'}crﬁﬁldg Fur“falglpr e

Sol ution + Red¥a 3,2‘,1,t326nha1mayl\bel ta;tzctl |fmre/a(tqumsds@(ﬂ tlunpmfsemuwmtmum@Gt hB

cat hode) + Ox I 0 oduc 10040 n

enbodi ment ofF?rﬁaSM lﬁevglhﬁ% fﬁ%gr%%@ pnﬁﬂg “g%n uct gg%ﬁ?'@??‘%‘fﬁt'? FB"OV%
trenches 1%, d@mbei, agl@e@a@cd\mﬁrhbtrdmd Eiredﬁcetdnehmmb&tthreadced ﬁztss:uﬁztdurleyel,o to

forma netal ne,utili or an

el ectrol ess pl’ %ﬁ1 eﬁ]?}' Steecﬁ’?n%’ﬁqrﬁal B ke ﬁﬁf?lﬁ}g cc?BPleé rteE S(Zfdéjgg?ﬂtfoé‘n of

- E:oppelr sul fatteol(:lsmls ul&tgam?eimr)asﬁfﬁﬁ'peﬁo giaatblertg)épiecﬂ& the :e!éefropmttrfgab@l 3I2c(i) to |
resultin |na | lv atin nide (resulting In a go

pl ati ng) . gBy ‘5”6??85??{%%* ; ?an?'a 8 Qﬁéf#?%éﬂm 6 9pEFduen tSF*‘cﬁplPaé%*m@n

process, net ah}drc‘anuodh? aB%o@ecDHontB{ﬂiHaﬁl@' CRARRY -asasl 564t bﬁﬂwplaﬂdcﬂ]‘alfi\ﬁ a
copper su fat .sol ut may be reduced to a netallic state

appl yi ng S ?Se‘t’ {Eethag @&%afﬂ@f Pausqdagselpadiunieadavaler casssties efambr. As
el .ectropl atl gen€iShdd h%v&hﬁ]epﬂr?a?@&ﬁ&totﬁfltal@ﬁr ‘PJuH%'thEI 32@099&1}5 BeldniRS apes

deposited onto 30 seed material | ayer trenches 14, 15 and via 13
and) f or m coppeeTriad Bctabrnee anrealy elacirapiating, pragyever indiyidueh ya fts /substples, in an

el’ectrol ess GRRABET 'lﬁllu?td RAEhEd ?&aeép?aratﬁ%ﬁéﬁ%h'ieaé ?facéltrga'!ln%rﬁ' rfglj é’l‘@cﬁrﬁryu%%r

exposed to a first ating so 9 WO
03/ 023848 03#@2%@@@6’1&!9@! mEISB 2 288 tahdsub'smawmfsslmmmmdwcm&brAIllQnugimto a -

pl ati ng th by .s n epat sol ution onto st ruct ur. /vvafer
Do the 13, ceplneamBRRN el de RO Sad et e ghelpgnpidhatinl
hydr of | uori Chael h&cmdessuﬂaefduvarﬂuﬁﬁibdlﬁcﬂmls ® etatlosdlembodimeMIPiR ke hppatent S
solublelntpe rd

onc of ordinary skill in the art upon reading this disclosure. Thercfore, it is to be
understood that such embodiments are merely iflustrative of and not restrictive on the
broad invention and that this invention is not limited to the specific embodiments shown

20  and described.




used. A redox reaction occurs between the netal ions in the solution, e.g.,
cupric ions 5 (Cu2") and a reducing agent |eading to reduction of the netal
i ons and subsequent plating onto the copper seed |layer 17. The reaction
typically proceeds at roomtenperature for a period of time until the
conductive interconnect/level is forpged. Tinme and tenperature %be
adj usted as necessary to affect the fate of the reaction, and i?’ “Khown in
the art. [00421 Wth reference to FIGS. Ig and 2b, as an optional task,
fol |l ow ng ol ess or 10 electrolytic plating of substrate structure 10,
a chem cal*= ni cal polishing (CMP) process or a chem cal etch renoval
process may be performed. CMP or chem cal etch renoval polishes away or
renoves th¥eelkiwss copper material 19 and the barrier |ayer 17 above the

| LD | ayer 12, so that the only copper and barrier layer material left wll
be in trenches 14, 15 and via 13 (as shown in FIG 1g). 15 (0043] Turning
to FIGS. 3a and sbtho@¥sfiptisaty/ enbodi ments of systens for performing in
situ or ex situ seed surface treatnent (system 310 in FIG 3a) and for
performng inte E AL ed%ﬁ)eec{ aqneal and el qptrol ytic or electroless plating
of metals or ofRar tohIETTE e ARISPPHEYsystem 320 in FIG 3b) according
to this invention are schematically illustrated. [00441 Wth reference to
FI G 3a, gener &rnjng sharienteBronitle sabstteal barrier seed 20 deposition tool
310, for exanple a copper-barrier seed deposition tool 310. The copper-
barrier seed dengsidd Abal QRY 13L0vERM/BENR: KgLi OUS confi gurations and
arrangenents, depending on the substrate manufacture process used,

manuf acturing preferences,.etc. In an exenplary enbadi nent, the
copper-barri er P‘%’é@ TRASYEFHandayer g terpetal ssed gﬂ@s""@)"ﬁp therpgessingiook hanber s
312, 314, b3E8posihbdhd HBbtrdI@MaRies UE Bfbtdl HedYRVel PUBHO BASIESIaPLr 1b ReaPoPEESS 25
illustrated in FIG 2a. For exanple, chanber 312 of copper-barrier seed
deposi t i ohiry gpicified periphgf tivae, woé docding sy gas et a sneyidied thopmesdture dor acleeander , whi | e
vacuum ch . used as a netal seed layer, e.g. Cu seed |ayer
deposi ti o%ﬁ%ﬁ%@éﬁé@%ﬁger 316 may be a cool down chanber in the CBS tool
310, and may be used to performin situ surface treatnent of the seed

| ayer to form Broyising thepybstate agdythe arger layer,rpetall seedbleperandl the Hasgpeationunder 30
‘vacuum conghiti 3 | . .l oad | ock chanber for the
copper b%ﬁ%ﬁ?&%@%@éﬁ%@%ﬁqﬁaﬁ%g%%ﬂ?g%’fﬁg?l’wth reference to FIG 3b,
generally, system 320 is an electroplating tool 320. The electroplating
t0o0.] 320. al syuselngibeebyate Jidintbaplayng wel;épé and arrangenments, 10

depositing a conductive material at least in a trench and a via patterned on the

substrate structure within the plating tool.

2. The method of claim 1 wherein forming the passivation layer comprises forming a
~ passivation layer in a gas environment elected from the group consisting of inert gases,

hydrogen gas, fluorine containing gas, forming gas, oxygen gas and nitrogen gas.

3. The method of claim 1 wherein forming the passivation layer comprises forming a
passivation layer using a liquid selected from the group consisting of acids, bases,

solvents and di-ionized water.

4, The method of claim 1 wherein forming the passivation layer comprises forming a

passivation layer in a oxygen gas environment to form a metal oxide layer on the metal




WO 03/ 023x48 03/ 02/ 2006 PCT/ US02/ 22314 depending on the substrate

- manufacture process used, nmanufacturing preferences, etc. In an exenplary
enbodi ment, the electroplating tool 320 includes a plurality of chanbers
322, 324, 326 that may be used for various phases of the process
illustrated in FIG 2b. For exanpl €3 chanber 322 of el ectropl gtcin%t ool
320 may be a contam nation renoval 5 chanber, e.g. seed anneal ™t er,
used to reduce or elimnate the seed passivation |ayer, e.g. netal seed
oxi de | ayeseed agérved i n chanber 316 of the copper barrier seed deposition
tool 310. A gas delivery system 350 may be coupled to the el ectroplating
tool 320 to introduce a formng gas into the chanber 322 to renove or
reduce the seed passivation |ayer and any absorbed contam nants. Chanber
324 may bes.an ehemytRIdbRladh il eheddn SRR edthl @ iCRAMRE Trolfle BRYpPE Used as
| oad/ unl oad wafer cassettes chanmber. As nentioned above, the arrangenent
of el ect r SHPHEDEPT corper. soppeapleadickel silyerisald aad cobalt egr at ed netal seed
anneal / electroplating process of individual wafers / substrates. 100461
Thus, a nethod and apparatus for substrate surface treatnent for

el ectrol yt6 ¢ ofheglededrodklags 1 prletdimtre bhrrmetagtss seleaddhierm darploigt | ve

mat eri al s _have. he scr.i bhed. Alth h 15.speci fic enbodi nents, including
specific e“a‘gﬁl%%r?f ?m%lg‘fr%r%%@gl}@, nﬂr?élf’&g ‘,"mathtagf’r@tnéﬁrﬁ%gzl tgngSWa\?&“@%en

descri bed tungsteh-aifaloi dindl iamedlid 8icbonitdie, di scl osed enbodi ments will be
apparent to one of ordinary skill in the art upon reading this disclosure.
Therefore, it is to be wunderstood that such enbodi nents are nerely

|1 ustrat ive offaRdi@lor bR § hle PP BrocBRing68a LBMERLLBaGAd st thi s
invention is not limted to the specific er?t%odl ments shown and
describedtedlt 12 3.2.06 CLAIMS W claim 1. A nethod conprising: providing

a substrate into a processing tool; formng a barrier |ayer on the
substrate; formng a netal seed | ayer over the barrier |ayer;
8. The method of claim | wherein the first specified period of time is in a range of

approximately 15-25 seconds.

0. The method of claim 1 wherein the second specified period of time is in a range

of approximately 5-15 seconds.
10.  The method of claim 1 wherein the specified temperature is about 15-20° C.

11.  The method of claim 1 wherein the gas comprises oxygen gas at a pressure of up

to 2 torr.

12.  The method of claim 1 further comprising annealing the substrate with the barrier
layer, metal seed layer and the passivation layer in forming gas to reduce the passivation

layer.

13. The method of claim 12 wherein annealing comprises flowing forming gas into
‘the anneal chamber for a first specified period of time at a seed anneal cooling

temperature of about 250° C.




formng a passivation |ayer over the netal seed layer while in the
processi ng tool by exposing the substrate having the netal seed |ayer and
the barrier layer to a gas for a first specified period of tinme, and
cooling the gas at a specified tenperature for a second specified period
of time; providing the substrate witfy the barrier |ayer, netal SE | ayer
and the passivation layer into a contam nation renoval chanbe?‘o a
plating tool; annealing the substrate within the plating tool; and

deposi ting4a comdugdihoderfRERNB afhefin élﬁaamngifam@ert:éﬁpms %gm@ AnPaLd erned
on the substrate structure within theﬁflatln% tool. .2. The nethod of

cl ai m 1 widb¥ats indermingzaser pessandspesified peipdrof simepst p seed afregahiqoding

passivatiq@mﬁ@yﬁﬁnﬁqbaﬂqgguﬁgwironnent el ected fromthe group consisting of
inert gases, hydrogen gas, fluorine containing gas, formng gas, oxygen
gas and nitrogen gas. 3. The nmethod of claim1l wherein form ng the

CaT ot od fiom 1RGN SR SriHg oo S o agtod Sifpebapbelafly '

di -ioni zedeswmtder. 4. The nethod of claim| wherein formng the passivation
| ayer conprises formng a passivation |layer in a oxygen gas environnent to
forma netal oxide |ayer on the netal 13 3.2.06 seed |ayer. 5. The nethod

of claim hewhernsgi hetdd oflafth 18 %greh?tﬁggﬁ(cgﬁd s°p§lkﬁzg ?Qﬂgdrq}gﬁﬁeh?a&{ P

consi sting of copper, copper alloy, nic 0 and cobalt. 6. The
met hod of sedoaflsn 1 wherein the barrier layer is selected fromthe group
consisting of tantalum tantalumnitride, titanium titaniumnitride,
tungsten nitride, tungsten-tantalumand tantalumsilicon nitride. 7. The

met hod of 1¢l ai Tht mstieder blainh €2 pheeRSEé RGmim0las compisEe biRut bRpé&rt@i deposition
tool. 8. The nethg of claim 1 wherein the first specified period of tine
is in a rafpsenend 2PFFE%PHHPEIY 15- 25 seconds. 9. The nethod of claim 1
wherein the second specified period of time is in a range of approximtely

5-15 seconds. 10. The nethod of claim1 wherein the specified tenperature
i s about 18- 20Tte method of claim 12 further comprises depositing a conductive material at :

least in a trench and a via patterned on the substrate structure using electrolytic plating.

19. The method of claim 18 wherein the conductive material is selected from the

group consisting of copper, silver and gold.

20. A method comprising:

providing a substrate into a plating tool, the substrate having at least a trench and
at least a via patterned thereon, a barrier layer formed in the trench and the via, a metal
seed layer formed on the barrier layer and a passivation layer formed on the metal seed
layer, wherein the metal seed layer and the passivation layer are formed substantially

“sequentially within a same processing tool;
annealing the substrate in forming gas to remove the passivation layer; and

depositing a conductive material at least inside the trench and the via of the
substrate using a plating process selected from the group consisting of electrolytic plating
and electroless plating wherein the anneating and depositing are performed substantially

sequentially for each substrate in a substrate batch under vacuum conditions within the




11. The method of claim| wherein the gas conprises oxygen gas at a
pressure of up to 2 torr. 12. The nethod of claiml further conprising
anneal ing the substrate with the barrier layer, netal seed |ayer and the
passivation layer in formng gas to reduce the passivation |ayer. 13. The
met hod of claim 12 wherein anneal i nggconprises flow ng form ng gzaéei nto

t he anneal chanber for a first specified period of tine at a seed anneal
cooling tenperature of about 2500 C. 14 3206 14. The nethod of claim 13
wher ei n amsaigitog. f art her conprises cooling the anneal ed substrate in
formng gas for a second specified period of time at a seed anneal cooling
tenperature of about 15-20 C. 15. The nethod of claim 13 wherein the first
speci fi ed meri i i 18. Ihg B claim 14
wherein the segglﬁg{eg%’g? f %aggégg‘}rﬁ{ergﬁp%%ngiﬁﬁ%&gﬁlgn%%g&t ' s@g%ﬁgfop.to 7. The
met hod of c@ntamination yveqval chamber dfeharlegroghesing twpfar sdsstapeaifiedyferipé ot ent
nitrogen hydr ogen. .l.S. nmet hod of claim 12 further

conpri sesqglgep%sai F%(fr:l%%aalé%nrpcfﬂc rie\?gal?%’ttgg(?ygr at least in a trench and a via
patterned on the substrate structure using electrolytic plating. .19. The
met hod of ¢laim18 V}{‘I}? rein the conductive nmaterial is selected fromthe
group conststi %‘GBT‘“ gﬁgelﬁl,méi gheinahgeq)ime durtlen comprigss FRsding difor i si ng:

provi di Ng afn&uAStbRae ihMshify Plsabi J‘&c&rﬁﬂpeciﬁ@@pé{ég%ﬂiﬁfe%tQ?e\{ﬂrﬂ%gmﬁ'te | east a
trench and at |least a via patterned thereon, a barrier layer formed in the
trench an@feb@ity$-30°G. netal seed layer forned on the barrier layer and a
passi vation | ayer formed on the netal seed |ayer, wherein the netal seed
| ayer and the passivation |ayer are formed substantially sequentially
within a 2ame fhooetstpfchinolt waaemahé figt igeeifisd pediddadfeinidis beguiB0g gas to
renmove the passivation |ayer; and depositing a conductive material at |east
i nsi de thée‘t}‘)’P ch and the via of the substrate using a plating process
selected fromthe group consisting of electrolytic plating

24.  The method of claim 22 wherein the second specified period of time is about 25

seconds.

25. A system comprising:

at least one seed anneal chamber to perform seed anneal of a substrate, the
substrate having at least a trench and a via patterned thereon, a barrier layer formed in the
trench and the via, a metal seed layer formed on the barrier layer, and a seed passivation
layer formed on the metal seed layer, wherein the metal seed layer and the seed

passivation layer are formed substantially sequentially within a same processing tool;

~ a gas delivery system coupled to the at least one seed anneal chamber to introduce
a forming gas into the contamination removal chamber to reduce the seed passivation

layer; and

at least one plating chamber coupled to the at least one seed anneal chamber and
- to the gas delivery system, the at least one plating chamber for depositing a conductive
material at least inside the trench and the via of the substrate using a plating process
selected from the group consisting of electrolytic plating and electroless plating, wherein

the seed anneal chamber and the plating chamber comprise a plating tool.




and el ectrol ess plating wherein the annealing and depositing are perforned
substantially sequentially for each substrate in a substrate batch under
vacuum conditions within the 15 3.2.06 plating tool. 21. The nethod of

cl ai m 20 wherein annealing conprises flowing formng gas into a

contani nation renoval chanber of thegelectroplating tool for a Eggg
specified period of tine at a seed anneal tenperature of abou? C. 22.
The net hod of claim 21 wherein annealing further conprises cooling the
anneal ed substrate in formng gas for a second specified period of tinme at
a tenperature of about 15-20 C. 23. The method of claim2l1 wherein the
first sped® i ed fewsien drlaim g whereimpaifornme seelannerl anddepositiag Aet hod of
claim 22 vhghRtiVe ﬁllﬁﬁrﬁlea(ngQf g4 glguafﬂg It Q:qcﬁ)gubyrz{{%b% AR achy Seconds.
25. A system conpri sing | east ne S annea er to perform seed
anneal of canditipexwidtie thetplatingsetist rate having at least a trench and a via
patterned thereon, a barrier layer fornmed in the trench and the via, a
netal seed | ayer formed on the barrier | ayer, and a seed passivation |ayer

fornmed on 27he rHiealysteed claiy 25 wheha] @ik Bad de@ivem® tsidters @bl eito @ntetdre seed
passivation |ayer are forned substantially sequentially within a sane

pr ocessi ngMighFhampeghat er@}ms/wtgm@m%r@@ﬁpwtw EHer about Hasgeongfe seed
anneal chapiRfedtty doGltﬁ)ﬁ‘Qﬁlg%ase?taft% r%&ﬁ%bbxﬁtﬁ"é @rafBQFttﬁrEeE@ﬁibon removal
chanber to reducé the seed passivati | ayer; an east one plating
chanber coupled to the at |east one seed anneal - chanber and to the gas
delivery system the at |east one plating chanber for depositing a
conductive nmaterial at |least inside the trench and the via of the
substrate using a plating process selected fromthe group consisting of
el ectrolytic plating and el ectrol ess plating, wherein the seed anneal
chanber and the plating chanber conprise a plating tool. 16 3.2.06 26. The
system of claim 25 wherein perform ng seed anneal and depositing a
conductive material are perfornmed sequentially for each substrate batch
under vacuum :




conditions wwthin the plating tool. 27. The system of claim25 wherein the
gas delivery systemintroduces into the seed anneal chanber hot form ng
gas at a tenperature of about 250C for about 30 seconds followed by cool
form ng gas at a tenperature of about 20C. for about 25 seconds. 1 7
3.2.06 Apparatus and nethod of surfage treatnment for el ectrol yjbggand

el ectroless plating of netals in integrated circuit manufacturing Abstract
A nmet hod conprising: providing a substrate into a processing tool; formng

a bartier Appiffar@9ahometiod of k@i ficRFeddnénf Tirdlceadlylionad over the
BNSteolkV i o KON AdelEl STl bR eRE ™. 2

in the processin y exposi ng netal seed

| ayer and the barrier layer to a gas for a first specified period of tineg,
and cooling the gas at a specified tenperature for a second specified

peri od of Ahsteactprovi ding the substrate with the barrier layer, netal seed
| ayer andAtrPé{h&%%YﬂH on layer into a contami nation renmoval chanmber of a
pl ati ng tool; anneaﬁlng the substrate within the plating tool; and
depositing a conductive material at least in a trench and a via patterned
on the subst rP¥dingaubsifate R ARRCESHEE okt i ng t ool .

forming a barrier layer on the substrate;
forming a metal seed layer over the barrier layer;

forming a passivation layer over the metal seed layer while in the processing tool

by exposing the substrate having the metal seed layer and the barrier layer to a gas for a

first specified period of time, and cooling the gas at a specified temperature for a second

specified period of time;

providing the substrate with the barrier layer, metal seed layer and the passivation
layer into a contamination removal chamber of a plating tool;
annealing the substrate within the plating tool; and

depositing a conductive material at least in a trench and a via patterned on the

substrate structure within the plating tool.




