PROCESS FOR MAKI NG A METAL SEED LAYER This application is a
continuation in part of'U S.. Patent Application No.. 11/331, 552,
filed January 13, 2006, which clains the benefit of U S. Provisional
Pat ent Application No. 60/724,953, filed Cctober 6, 2005, both

of "which are expressly incorporated by reference herein 5 in their
entireties,. This application also clains the benefit of U S

Provi si onal Application No.. 60/803,430, filed May 30, 2006, which

i s expressly incorporat BROBESEFOR MAddNGeANRBTAR LAKERrety. .

FI ELD OF THE | NVENTI ON [ 0001] The present invention relates to

sem conductor fabrication generally, and nore 10 specifically to a
met hod for f orThisgpplicatiersis acaptituatien ingartaf et Hatent Applicaiad@RAURRS 1,552, filed
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performed by el ecCtrochem cal dep05|t|on (ECD) Tn a substrate forned

by pl asneentugdr deposition (PVD) of a Cu seed | ayer. Wen applying

t hese techni ques to advanced technol ogi es, such as the 45 nanoneter

node, post ECD bottom voids can _be observed within the PVD Cu seed 20
%ue to seed layer discontinuitiBEELD GRhEHEIANVENHON scont i nuous seed

A
ayer may used | D . | %]ﬁ&ﬁ% AT Qrajl, d mor
cont act V\pt%ﬁffhe ac%ﬂg%%nﬁ%ﬁf}??%ﬁ%%%% en eﬁf_ipose to a?lra,t1 énom
met al 165 ur §pecidicsliycto aaseilBud forforninpxingiakexp layer boemetaldipeal  oxi de,

whi ch adversely inpacts subsequent processing.. For exanple, the PVD

Cu seed layer, when expose to air, is oxidized to formCuO prior to
Cu el ectrochem cal deposition (LCD)BAREESRGYNDPcal . ECD sol ution (the

el ectroly IS an i . Whi i nS:frs 1% 1. 0f s

H2SO4 or t@%’?‘i&nes ul ﬁ%ﬁ ?%11&3@1\%&@ tIrél%lg f@ %Eé#)gg | %&gt%ﬁ?%@g%?ﬁ%ﬁmé%nf e Eline

i s di ssol BROLBGcsing fasulisinaghiralitgiof rteybdnnbets coreprilinaltetiating metal (elg.,
copper) and inter-layer dielectric (ILD) layers, with vias through the ILD layers connecting the

15 metzl layess.
[0003] In a typical BEOL conductive via fabrication process, copper (Cu) gap filling was
performed by electrochemical deposition (ECD) in a substrate formed by plasma vapor
deposition (PVD) of a Cu seed layer. When applying these technigues to advanced technologies,

" such as the 45 nanometer nods, post ECD bottom voids can be observed within the PVD Cu seed

20  due to seed layer discontinuities. The observed discontinuous seed layer may be caused by thin
seed or Cu oxide dissolving when in contact with the acidic ECD solution.
[0004] When exposed to air, a metal surface such as Cu may be oxidized to form a metal
oxide, which adversely impacts subsequent processing, For example, the PVD Cu seed layer,
when expose to air, is oxidized to form CuO prior to Cu electrochemical deposition (ECD). A

25  typical ECD solution (the electrolyte) is an acid, which contains from about 1% to about 50 %
HzSO:;.OI' Methanesulfonic acid. In such an acidic solution, Cu oxide is dissolved, and the Cu

seed layer might become discontinuous.



10005] Exposure-of metal to air during processing nay adversely
“affect the fabrication process in other ways; such as affecting a
nmetal cap layer. In determning the performance of a BEOL processing
“technol ogy, a variety of criteria are used, including the maxi mum

SOELON TS TR PRRCIMER I
nanonet e pliesisobbeyress “ﬁ?efmmﬁ fpj? Bt ool e Lo
el ect rom %%ﬂ °C f‘ “Wg %%@5%’%%

sel ective mej ﬁé@éﬂﬁtﬂﬁ&%ﬁﬁ&ﬁﬁ sifeésahigfith (8MY - Ad femitigufteaC

denonstrated that a tenfold. inprovement of electromgration (EM

per f or frantashisiogyraieratesfirany R menometa iachnol ?ﬂ’éﬁé@ﬁ“@'@?ﬁf@ izp tsrsiesirade d

P%cfﬁgggtﬁgﬁgﬁfﬁe&&&ﬁ%@% i‘é&%%s%? h‘i mmm %‘nt er CWNE%%DHI gajon

pol i shi ngEME)desitede cap layer is sel ecti veI y applied over the netal
i nes, but not over the die]ectri

Aft her |s copper ., oxLde
on top of [Q006] copp%imqtﬁlﬁ@ %@g@ﬁl EH?PIe %P%F@&é@l ces. It

and/ or or 1L m&% 1&& Mﬁbﬁéﬁﬁﬁﬁﬂ&' the.
and the cg%p’)‘%ar surf ce‘"lg'{il 0 un&{(ﬂ eposi tea selective tal cap =

| ayer 1on (‘diﬂ\/fﬁavm-f-h)anterwhmmm iobitained by stiective menefithe meil expoingsapper

step has een sed to_ r .CO p |de One conventi onal
method in m@%@gg @% sﬁf; the wafer in an

‘acidic sop{mpn to Aﬁa&mmame&wdﬁ GW},&e@@mm&ﬁwm@phﬁ
y

nel ud x;,omwpe%mﬂrfuieéﬁ%@e“%%;%&%ﬁ&%@@g%eI%hésp“%“' e eghe

to the su expORernd Bl Ak RN, AlPGidrbmicdintAiRgion g the
H2SO4,, O'P’?éﬂs@%& an wetti ng agent renove netal goﬁlil'de on the netal

surfads, BRI babinbcleritic renpeeanriage. ST vifamivgrpost yapiqoave metal cap

i ng. et e CAuI o AR bF LenRL S Rleen S5 Pl B

recess i sremswmttheiyoppr u::bﬂac &gl copveintiongh mefhod dapledes RWet démm@s elfigmersing

For exanpl.e N8sdTBLR
renoved, gj% /a@dm%g/?’ II’ICI‘ %Sngﬂﬁﬁ%ﬁoﬁé%y st ance ds %%lge ég?I\%
For ex arrpbesfoﬁﬂmcé frnevoideakdga)) aevet detewdwiohgncindingdh80s Gﬂwi&mﬂ g awet‘:mg

oD . haSh s SR A eSS P S r BB sl e,

the Qu ox msowmtm afiPRettiBgaghat epione senbaridety feicidelserfive snbtal tdidne on.

dept h s of ﬁgehde;elecmfz sorface, and organio tesidues on both the metal and dielectric sutfaces.

( [0008] However, during Cu oxide removal by the above-described acidic solution, 2
recess is created, which resalis in an increase in line resistance. For example, in some cases, afier

25 the metal oxide has been remaved, & 3% to 5% increase in line resistance R, has been bserved.

For example, the line resistance incie-ase for a process including deposition of a cobalt cap has
been measured af about 2.4 %, An increase in B, degrades RC signal delay performance. Also,
because the Cu oxide formation can be pattern dependent, differences in the depths of'the Cu

recess ocour on dense and iso pattern areas, resulting in non-uniform metal cap deposition.




recess occur on dense and iso pattern areas, resulting in non-uniform
nmetal cap deposition, 2 SUMVARY OF THE | NVENTI ON [ 0009] In sone

enbodi nents, a nethod conprises the steps of: providing a substrate

wi th an exposed netal surface; perform ng a reducing process on the

metal surface; and transferring the substrate in an inert or )
reduci ng anbient to a chanber, that is used for netal layer 5
deposi ti on. BRI EF DESCRI PTI ON OF THE DRAW NGS [0010! FIG. 1is a

di agr am showi ng an exenpl ary pPUYBEARWIPF MNleposi tion of a
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gl ue |l ayer wdhdnax;hmednmtal sm%sglpeaﬁnmg akaﬁmhgp:ﬁe@&kﬁ]ﬂl%al sufage;and
hi st ogr am rmarl ng t ne re5| st ance. i n var i t| ons
on a cap UHEPOEILE hﬁ%‘@ Td%ﬁ"é"‘mli’f“? E’ E’a" 9?} #45 psediforgnaiphlayer

of 'ones en‘gqﬁ,giﬁaﬂt of t he |nvent|on [0014] FIG. 5is a flow chart
di agram of anot her enbodi nent of the invention, 15 [0015] FIG . 6A
shows a via having a seed layer.. [0016] FIG 6B shows the via of

FIG 6A, after a portion ofgRiRe DESGHIPTION 0F HeE DR AWENGS S
di ssol ved 0017] FIG . 7 is,a flow chart di a&r am of an exenpl ary

met hod. 01 FI G .F1§.iLds ndiegiom LRHINE 2 KGWBIH YOS @xabgﬁr@eas#em&m ofa
an |ntegra (T é?%‘ﬁ ed to forma seed | ayer,
fol |l oned béﬁg%%E#(\l%lan% and” anot %}S/ wet integrated process to
f orma cap[(]Oé;/]er DH‘IIG RED: dESER slhwwiﬁg 4 Obgiefe Wib sn eespiarpipiyaltatinga
exenpl egbga'y 2]lzs I.nt ginded)go be read in connection with the
acconp |F| E it ﬁ WO VB consi der ed part of the entire
25 writt en[(mg}c ript lm 3 liswe hiloeheseinialing the i@ radsange trefdibe HiEle Kiiations on
" ower, " ec%ﬂ "horizontal ," "vertical,", "above," "below " "up,
"down, t6 BSIHOILPIORE as wel | as derivative t her eof
: [0013] FIG. 4 is a flow chart diagram of one embodiment of the invention.
{0014] FIG. 5 is a flow chart diagram of another embodiment of the invention.
15 [0015] FIG. 6A shows a via having a seed layer.
{0016] FIG. 6B shows the via of FIG. 6A, after a portion of the metal in the seed layer is
dissolved.
[0017] FIG. 7 is a flow chart diagram of an exemplary method.
[0018] FIG. 8 is a flow chart diagram of an example in which an integrated dry-wet
20  process is used to form a seed layer, followed by BCD filling and another dry-wet integrated
( process to form a cap layer.
DETATLED DESCRIPTION
f0019] This description of the exemplary embodiments is intended to be read in

connection with the accompanying drawings, which are to be considered part of the entire

25  wnitten desctiption. In the description, relative terms such as "lower,” "upper,” “horizontal”
“yertical,”, “above,” “below,” “up,” “down,” “fop™ and “bottom™ as well as derivative thereof
(e.g., “horizontally,” “downwardly,” “upwardly,” etc ) should be construed to refer to the
orientation as then described or as shown in the drawing under discossion. These relative terms



(e.qg,, "horizontally,"” "downwardly," "upwardly,” etc.) should be
construed to refer, to the orientation as then described or as shown
I n the drawi ng under discussion, These relative terns 3 are for
conveni ence of description and do not require that the apparatus be
constructed or operated in a particular orientation. [0020] FIG 6A
shows an e@&9F ecpenignes ofdgscsiphine and da pqjesauite thebtheianpareius heycansuasator

having a ¢ ' : 0O of "a netal, such as Cu forned
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netal deposition. The teachings below are not limted to conductive

vias, and el pafagp pf o sdsiratece e sush ey the sceddayan 638 foy atviagiindlie interconnect
i sol ati , , 00241 . Rof err i
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to FIG. an 1 nterconnec
20 an é%xpo§@23het al Oue éxwwl6EGiesmibpd beloweda “dyews irogredd moadss for fabricating

substrate I d.layver 610, .and ave; a porti.on
t her eof O%%P@E@I%%P%&(IS%@ gt‘foél I?Yos%lﬁﬁ’émﬁg?’%‘% reg?r%n %rsmé%? t &ller metal
substrate depssition, The wecdnishebow frkGiot hrited 1 cotddctfstiagand il ¥ applied to other

oxi di zed t orm CuO. . [0Q25] At step 710, a reducing process is
per f or med ??es”rc?)éta‘éfmg’ﬂ‘&f igofgpion sepieiuys, prAconfact, & FamPRd to net al

(or alloy, F}do‘z;;} he sergtediigeiov © MG TREstES 760) 2R idt@Yormed2trhOR2BE00AY trench with
step 720 the interconnect structure 600 is transferred in an inert or
reduci Ay anexposed metal surface 610 is provided. The exposed metal subsirate may be a copper seed

D

layer 610, and may have a portion thereof oxidized by exposuze to the ambient air. For example,
the substrate may be a Cu seed layer 610 that is at least partially oxidized to form CuQ.

( [0025] At step 710, a reducing process is performed on the metal surface 610. The oxide
is converted to metal {or alloy, if the seed layer is formed of an alloy).
25  [0026] At step 720 the interconnect structure 600 is transferred in an inert or reducing
ambient fo a chamber (ot shown) that is used for metal layer deposition.
[0027] At step 730, the metal deposition is performed, to fill the via 612 with metal.
[0028] Many embodiments and variations of this process may be performed by those of

ordinary skill in the art in accordance with the general process described above.
30 [0029] The continuous metal subsirate is not limited to a Cu material. Other types of
seed layers may be used, such as, for example, continnous W, Ru, Co, Ni, Ti, or alloys thereof,



anbient to a chanber (not shown) that is used for netal |ayer

deposition. [0027] At step 730, the netal deposition is perfornmed, to
fill the via 612 with netal. [0028] Many enbodi nents and vari ati ons
of this process nmay be performed by those of' - ordinary skill in the
art in accordance with the general process described above. 30 [0029]
The cont i mketie coabiodiments) 8 bamieeme] qf., Td oriTadl) vhderesGhe Oatadilafer.. In some
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flepostt | 0T the 4B FrovE Pramile e Gy auippio AR T ABHERE] pieaiviR fow
dry reducCichgeRtRsSS, AboubEy Cos MRt 200 ©) toRbabdriak MurtR¥met2 FFIGE &) MbiRl,
(e..g., about 25 0 about 200 C) to convert the surface netal oxide

to netal , withyut pesingraeisl ssglomerationa Fgr dhdeuia wamometsy teghnplpgydeyipe, the seed
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desired grain structure is chi eved t hroughout, the seed er, and,
the subse®filieved (rensheus the seefdavsr apd fie splse %Y&%&%@G’fﬂ é@YWWﬁ:pﬁ%ted

desi red uphd Al Bepitd dhifhhbedin Euotd:£031] To transformthe metal oxide
to metal, an 1n-situ plasma or downstream plasma_ may be applied in a

vacuum enk@08tinment . Toxransfineythe mefabpxideie metaly pwinesiugdgsmasr downsreapplasma
bonmbar dne 0t
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H2 or f or bomigrdment of thel substrate Wylthe phsmd2pliemaiveTih e themselhekingatep maydys
provi des the desired grai.n si,ruckure i f.0 EOL
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Wit hop uThe @vinedl Bike dtd) provides the desired grain structure uniformly thronghout the metal
substrate 610, The dry reduction process may be performed with or without ultraviolet (UV) or

e-beam treatment.
(_»_ [6032] After the dry reducing process, the interconnect structure 600 including the metal
substrate 610 is fransferred in an inert (e.g., Na, Ar or other noble gas}) or reducing (e.g., Ha)

25  ambient to a chamber for subsequent metal deposition. In some preferred embodiments, the dry
reducing process, the transfer, and the subsequent metal deposition are all performed within a dry
and wet integrated cluster tool. The cluster tool maintains the desired inert or reducing ambient
in‘between the dry reducing process chamber and the subsequent (e.g., wet) process chamber.
[0033] After the structure is transferred to the chamber for subsequent processing, the fll

30  operation is performed. For filling a via, a variety of methods may be used for metal deposition
inchding, but not limited to (a) dry process deposition, such as PVD, chemical vapor deposition



e-beamtreatnent. [0032] After the dry reducing process, the

I nt erconnect structure 600 including the nmetal substrate 610 is
transferred in an inert (e.g., .N2, Ar or other noble gas) or

reducing (e.g., 112) 25 anbient to a chanber for subsequent netal
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OrmngaC er E|t er one 0O co l.nati aon. w t t
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for form ng\@a cap layer using a_wet-dry integrated process.
process de M@gommmawad@p@hmgﬁgtqm@SWM¢ ’fbewé@r dywing ke process. FIG.

exposed ne %:’éﬂ n the exposed dielectric
surface, & %Véléagg‘ﬁl es?%hgim%%%?%&% s'ft)he netal and dielectric
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smfaces. The exposed metal may be a copper line 120, and may have an oxide layer 122 at iis
exposed surface. The exposed dielectric of substrate 110 may have a 1esidue 126 thereon.

( r0039] At step 410, a reducing process is performed on the metal sorface 122 and

dielectric surface 110. The oxide 122 and residue 126 are removed.

25 [0040] At step 420 the substrate 110 is transferred in an inert or reducing ambient fo a
chamber (not shown) that is used for selective metal layer deposition.
(0041} At step 430, the selective metal layer deposition is performed, to form the metal
layer 124.
[0042] FIG. 5 is a flow chart diagram showing one embodiment of the invention.

30 [0043] At step 500 a substrate 110 is provided with exposed metal and dieleciric
surfaces.



di agram showi ng the process and the changes to the structure that
occur during the process.. FIG 4 is a flow chart diagramof 'an
exenpl ary process.. 20 [0038] At step 400 (FIG. 4) a substrate 110
is provided with exposed nmetal and dielectric surfaces. The exposed

metal may copper, ling 120, and may have an oxide layer 122 at its
exposed s 3&?@& e., TRESER Sé@?@d&%géﬂqﬂﬁtw oerfenmsdonsheemaiasuniaye 1R2vmda
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pl asma. , I . 1 s, H2 or, form ng gas reduces the 5 copper

oxi de, V\Aéﬁg’ﬁﬁﬁ‘g?gs%?éﬁ%dfﬁgesc@pper. Thus, the recess observed in

the wet pf0846] ean Ifadiemmal Haking\s@pdeshed e SYMISAE j
preferred becayse i} avoids pl a\:% i nduced damage g]togﬁ‘?%g?gh%ﬁorsa tg_an
[0045] | n™HRIEHe: @F RisriTeR beamderbedmki ng process incl udes a t her mal

bake in a T oxEidps hEhidg [ L AN exenpl ar
t her mal E@l?fpﬂg step may g?%g%?ormglg%ﬁé&s%ggégﬁ%@% %%@Eﬁ?ﬁ%’%&%&"a
100 dbyr edPlaEasor sEREE 06 Teirgingewbint tapesiome elerboldismenilsap Idyer deposition

t enper at Ugfhdus a 3RPHLE-208 ‘i| 46] 1f a the . baking

step is used, £he Substr ﬁgg%%?%n %138’8%9 sgi;ﬁ%agﬁga Piaggéaw an ntefmediats

ul tra- vi othembenhyfwean the duytclaan phwess apd tHremetjeap deposition process. This prevents the
copper oxide from re-forming on the lines,

[0048] In some embodiments, the intermediate chamber is a vacium or low pressure

20 chamber that is separate from the chamber in which the dry clean process is performed, and
separaie from the chamber in which the wet deposition process is performed.
[0049] In some embodiments, the dry clean process, the intermediate transfor and the wet

( deposition are all performed in a cluster tool, and the intermediate chamber is included within the
' cluster tool.

25 [0050] At step 525, to make sure that the Cobalt is selectively deposited on copper, and
not on the dielectric, a step is performed, in between the surface cleaning and the deposition.
Once the substrate has been transferred to the chamber for cap deposiﬁon, an activation or
initiation step is performed. Tn some embodiments, the activation or initiation stepisa
palladium (Pd) activation or Pd initiation, Tn other embodiments, a step is performed to initiate

30 oractivate the copper smrface, referred to as the self initiation process.



[0047] At step 520, the substrate 110 is transferred to a chanber in

an inert gas (e.g.., a 15 noble gas or nitrogen) or a reducing

anbient to performelectroless netal cap | ayer deposition wthout a
wet pre-clean step. In sonme enbodi nents, the substrate is placed in

an internedi ate chanber between the dry clean process and the wet

cap deposition pro e Tth revents jth oxide from

ot or i ABORIA t he BORE thy RTRPE PHoSSTTE B HETOLS PGS i & PRifm i
chamber l@ff&eﬁtwme@muhmm% 8&ffosit e QobAlpeERE Tabiba listsa ﬁﬁ?@rﬁ%ﬂuﬁmﬁrﬁhﬂ
t he chanmber in which the dry clean process is perforne

separ at e ctn bensedonthe ﬁﬁ%ﬁchi‘fhfl%ﬁﬂér?dtaﬁﬁvﬂﬁéﬂ PH@B‘E?@% brlsee B%@%%a gobalt cap on
performne qggggg ﬂﬁ@% process, the
|nterned|%aFé&%§ns 'Taﬁa% t wet ep05| t| on a%%glglﬁf performed in a

cluster tool, and the internediate chanber is included within the
cluster tool. 25 [0050] At step 525, to make sure that the Cobalt is
sel ectively deposited on copper, and not on the dielectric, a step
is pefornmed, in between the surface cleaning and the deposition,
Once the substrate has been transferred to the chanber for cap
deposition, an activation or initiation step is perfornmed, In sone
enbodi nents, the activation or initiation step is a palladium (Pd)

activation or Pd initiation.. In other enbodinents, a step is
performed to initiate 30 or activate the copper surface, referred to
as the self initiation process.. 7 [0051] Both of the initiation

6rocesses i nvol ve an el ectroless process in a solution that is
different fromthe solution used to deposit the cobalt cap., Table i
lists a variety of ' solutions that can be used for the self
activation and Pd activation processes, before depositing a cobalt
cap on copper lines, In Table 1, "DVAB" denotes "D nethyl am ne
Borane." 8 a >>>> Uds >>> Umt



()
NZ
EZZ2o
oEZ >

p>>aa>>>ar
eri a .~

$ @r1 5 CC~. N

E~- ~~~CO m co x m

0>>c

Hoys Ruoy Algers el
A A D,08—0Z Sinesdme]. -deg
A ry ol-ga | Hd
A ushds 101D POV 9MiD sujppid JeZIES
A A O¢H 2 » 205HSDEENR YDy Yeditos
A {Uooritide pd
~ltou} Alup Bugyels) fexway
unpdo A su} P + Buges wcho.?_wﬁwmm%w UHOJEATOY BDELNG
A dop JUALIEOE(EEIR D - Pd
A A A A A A .3529
EHaHNZ{EHD) "pHEEN tgiod)
A * Y ry A ry P 3 E0aEHEN I 4o B0unCS pUE weby uogonney
A A A HOORZEN FOONEPHN
A A A OFOEMIAIEH (o 10 A0 2 10 BNOS
*POMZEN “‘YOMZ{PHN)
A A A A A A A A A $OB0DI0 ZIN0D IS 69 05 40 satn0g
@coWjony | (@'dA0D [ (@0RI6D | (@mied | {a'diod | @wd {d'oiion | &'WioD | diod (ereirExa) Juslotiing uo[oun.{
PEIRALYY DJ-UCHN “paseq o7 PEJEARDY Pd ‘peseq 0D uopieodeg) Jade Buldden peseq oD sAfjoelas

1 91981




O Ov~~-poVONGO G2O0mLL mmcClLc to<32 ~ GUmF W
~~ mpaNK-[OUNaOID®9 [0052) For the Pd activation process,
one of the follow ng processes is used: Pd - Cu displacenent
deposition or Chemcal Gafting with Pd ions adsorption. Chem cal
grafting is a process of attachnent of a | ow nol ecul ar wei ght active

R B °“%‘§§§ Hifowib bidflascits IR 1B
process t Hisplesasagnt depositiopor %él ingadsarnbiont Ghemicelpaiing is a
copper al Poye et 4108 okl i Bt B ElondRH il otomer o
sel f'ini tmbmerﬁlﬂmebsﬂclm%mmmssmmenjodﬁﬁmﬁdmpoﬁims cobalt

enougrs 1 ol0R A9 5 wREPS bR e el S Chlih AR RGs SoleRS Sl som on the
to grow t by gbal brtbilt@tunh RetigiuRaehsed, thAdpansBhh 1dyal Wwhallifehh PE@?’é‘ﬁzﬁloy, which

all ows the t deposrtlon process to be used to provide
i ni mum RWouldgsgpssdrthes E'S’é“ql%ﬁﬁ%r forms on the copper Wth a

sel f-i nitigkkPn pr I havi.n

an R i nc,; eas}; agou g}oﬁt 0 ag % ﬁ’é’t’ﬁ'&%s?\ég er og%gt ébﬁ%hﬁhpﬁém%ng 2

with no caqmpqsmihﬁ&} make theepps Ourfiat metivet daeu@:etbfacmml caalystmnﬁﬁe Breduce the

activation sele el ol,ess . cap. er deposi tion

proc ei@ gdbﬁgri tﬂé%?#%@gﬁ%& SPRE ﬁ%’?.s‘,]ﬁ gy the Cobalt

%2 07553 aﬂ@oﬁﬂeﬁrﬂuﬂﬁe@ tebt DA providedhdMinimum R;, because 1o Pd layer forms on the
copper. With a self-initiation process, it's possible to provide a cobalt cap having an R, increase
of about 2% to about 2.4% greater than the Cu line with no cap.

[0055] At step 530, after the self activation or Pa activation, a selective electroless metal
15  ocap layer deposition process is performed.
[0056] US Patent Nos. 6405453, 6713377, 6207553 and 6204192 are incorporated by
| reference herein in their entiveties. These patents teach a variety of electroless deposition
technigues.
[0057] In some embodiments, the cap material deposited on the copper is an alloy of

20 cobalt tungsten and boron. In other embodiments, the cap material deposited on the copper is an
alloy of cobalt, tungsten, boron and phosphorus. Many other cobalt alloys may be used.
Preferably, the cap alloy comprises more than 80% cobalt. In some embodiments, the electroless

(‘ deposition is performed at a temperature of about 65 degrees C to about 95 degrees C.
[0058] Different electroless solntion compositions are used to provide the cobalt alloy

25  cap, depending on whether the copper is self-activated or Pd activated. For the palladium
initiation a preferred reducing agent includes phosphorons (e.g., NaFH,P0z2 H;0 ), and the alloy
of the cap may be a Co(P) alloy, a Co(W.,P) alloy, or a Co(Mo,P) alloy. Boron is the most used
elément for the self activation process. The reducing agent for the self-activation can inchude
boinn {e g., NaBH,, (CH3);NHBH; ('DMAB) }-or phosphorous {(e.g., NaH;P0»+2 H;0 ), and the

30  alloy of'the cap may be a Co(B) alloy, a Co(P,B) alloy, a Co(W,B) alloy, a Co{Mo,B) alloy, &
Co(W,P,B) alloy or a Co(Mo,P,B) alloy.
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reference herein in their entireties. These patents teach a variety

of electrol ess deposition techniques. [0057] In some enbodi nents,

the cap material deposited on the copper is an alloy of 20 cobalt
tungsten and boron. In other enbodinents, the cap naterial deposited

on the copper is an alloy of cobalt, tungsten, boron and

phosphor us ny other cobalt alloys may be used. Preferably, the

cap all oy m%/}ai ses Wareafopping Ggralsctioleas deposition slasired perdi ties fitrss top hassivation
ChocLr ol CohyetlaRo e @rhuka R LSRGl A SIBIA AR RO s G

degrees C t0 about 95 degrees 05 erent c
sol uti on cistsingibstveecn ke eoppet and therdieleatdc t e thintekfcebdiwyen (BECE ai the cap,

dependi n ! .0 S | f-activated o Pd activated.
For the. paf Pl by BPRRES: i feed piodidbia e irtlage pd fivak Boie. For oo
Bo(P) ol Loy o Co WP alloy. or s eove o B bortfary SRR Kenlects o
alloy, a ) alloy, or a : al | oy. |
used el errézpf'?mfegﬁéwfg PPEI§’Cin%?@on process. . ¥he reduci ng agent
f th tivatj ' HBH3
(DVAE)) or - phoks phor crataces, il U sl efls depoifed"Hyc, phigh A
tc(r)u(a Ngag) e V@@tamemlwm?md@ b%(‘%&}in%gtﬁwmg@éﬁ@(eﬁme aif‘(c)ad)yn ﬂ:? gu
: . or.a al.l oy. ]
I n perfor?r#leg%%%n%ﬁg;&go Essg&é‘gg%’ﬁ & %%P:ﬁ%?ﬁ&ﬁﬁﬂ&é@%{%&%ﬁy ed
top_ palbi vgeindwundany for ppod Buriar wropbrfiésplownR,, biidfor Brevadidh of Bikmh Samage etching
optimzed o be de S|telg bel.gw. a theI ectric for interfacing between
{he copper e’t%‘ﬁgf”éfﬂé Cr i Br K% theye HFRECBtopropnRee porpréscithe dind metal
the cap. Iay@es. opal), RANY Alcombiiling Rof aidipti3 Skl yBlOML A9 tayer

interface ,and strong bgnding. For the 5 interface between t
the ILD at}é?fwﬁev he g%m%tgabbmmraﬁlmlamw@m@rémm@m@ersemd
enhance t i s [ 535, .

D5 8  EBRAS e v 4ol PRy it

optional second cap la s deposi I 2" Sk

advant Jasgel(ﬂbgmc%pﬁfqﬂa)‘}’e o9 8 aud dheitirird detsd dyet may mehuide sttmgalytmut o5 aeai % Co or
pure neta : ennsiti a secqgnd | ayer as,

Cap. wher o i HBebdh 4o td AEE 1590, dEHRY e iy SEGAR ool nasioy e

Lor good b“aﬁmwmggbmm’srw,@_sl\dd,_ﬁwdaﬂ[ogmd Lpr prevent %ﬁn of 'hpl asma
amage et amage, 0 tign,an usi,on. us, .t he .

resul ti ng(\[p?\%‘i rcongzjg?ﬂ%%%%@g’ %ﬁﬁe@%‘mﬁls Wé?dswgcﬁl??hemwahﬂnd
copper), tml fhﬁ‘l deantal dayepis depogied b cithlancbuklychehgif cHe of 848 Srocesd Pameters,
secon %(}m3 The proacyegsrparameter that is varied may be, for example, the spin rate (rpm), the flow rate, the

chemical concentration, or the temperature of the electroless deposition solution, ora
combination of these paramters. For example, in one embodiment, a low temperature liguid is
provided on 2 hot substrate; this creates a multilayer film strocture for the beginning and later
part of the resulting barrier.

25 [0062] At step 545, after the electroless deposition, a wet post-deposition cleaning is
performed to remove residue particles, for example, using a scrub clean to scrib down the
particles.

{6063] Advantageously, the resulting structure can exhibit less than a 1% R, increase
relative to a substrate formed by a process in which there is no wet or dry pre-deposition

30  cleaning step.
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is formed over the first nmetal |ayer as a glue layer, and a third
nmetal |ayer fornmed over second netal |ayer, as a passivation |ayer
or barrier layer.. The second netal |ayer may include at |east 15
about 95 atom % Co or Ni, and the third netal |ayer may include at
nost about 95 atom % Co or N . In the second and third netal |ayers,
the all oyi ng elenent I ncludes one or, nore of the follow ng

el enent s: yosﬁ nd/or B. [0061] In one enbodi nent, the
second net ]'ayer 5‘%‘@3 Bsi ted using one chemical, and the third
netal | ayefo0s5] depossmﬂeme:st@%&&@@?%&ms&%%e?r&% m ﬁgrhﬁghe line

process paraneters cf .Jhe _process paranmeter that is varie

for exanpl ¥siSpee gcbqeﬁe with d(ffeWﬂt pracdrposifigyeleaning stepse FIG. MMgram of the
concent r at {ffeoiREteliNE tenperature of the electroless deposition
solution, or a conbination of'these paranters. For exanple, in one
embodi rent [0086] ow t ebpef te saaples ingiuded acobalt oagi htgai" theaoﬂmﬂ satifls (et "no

this creat l £l fel ture for t e |nan ndlater

part of th@éarngcg tv:édr? gé;ai}efig{g oué%m%ga%g]awﬁ % g"’s’zQP & gstep. Th

tegefteirgllgsﬁs du?mgﬁlil z% ?eg%teaigﬁpl e 4 ﬁg?lrl%fa sc?g%héélleean t{eg&f%fbthe:
g 5 : u

scrub dowf RS %&Ffﬂﬂ [theinetRTistanes of g, contrel spmpleiis betigr than the

Structure gad sekbishithe baAsd1 sdile Eﬂ@a@@%&ﬁeﬁlgﬁs it Oa/a?fginﬁm%e Thus, the

substrate forned by a_process in which reils

pr e- deffbsimetbed digclesed dnreinyissiable compajed (e e cBrtavhshmrleeb5] thSaihpi emracteristics

\/(/eretest t £s ofparin he
resi st ance achl e\§§%/%3\n pﬁg{%&ﬁ erentbg'ﬁlrag‘l’:1 epvge?i el%én Bfeé%?%ﬁtﬁ?ap’é‘?féaﬁ%‘?et cleatiing
FIG 3 is midi silwiypnahavidg 4R, thetds sbonol Hﬁfgradertﬁm{iﬁﬁtﬁﬁ]tha‘\dohuﬂlf safop®. The bar

sanpl es i a cob The t .ol bel ed "no
cl ggn/ capq%%gig% gf’%ﬁaq}\?ﬁ%?é\ élfﬂﬂ&g?fp ﬁ?‘h’& : BaBr Lﬂr%‘ a longer process
pre- deposwhna}ﬁnd:h@mﬂ&gsﬁ]gmasemgi i ne resi stance of this sanple

i |l i ne resi stance of the other

serves, . as g%gsel in a| nst \Mf]ﬁfgyt he
sanpl €8 alf9%%npar e e plosia gleaning beforsreap deposition hadim R,
sanpl e is ihabds8bf Iemaﬁ m% (agsxﬁgrS%)%m it coﬁﬂb@ﬁﬁﬁ’ﬁl@ rﬁﬂw SAHPY GaliAfle R,

| ess favorable stress mgration performance
plasma cleaning before cap deposition had an R, increase of about 1% above the control sample,

[0068] Thus, the method described above can provide a metal cap layer with less than a
1% increase in line resistance relative the sample formed without pre-cleaning, No selectivity is
20  lost, whether the dielectric is of'a low K type (¢.g., dielectric constant abowt 2.6) or extra low K.
type (e.g., dieleciric constant of 2.5 or less). The EM performance for both via and trench shows
( more than a 10X improvement compared to the method without forming the cap over the metal.
[0069] Various embodiments of fabrication methods according to embodiments of the
invention ate described above. The invention also encompasses a product made by any of the
25  methods described above.,
[00707 Although an example is described including a copper metal layer and a cobalt
alloy cap, the method described above can be applied fo substrates having other typés of metal
layers thereon, with corresponding compatible cap layers.
[0071] FIG. 8 is a flow chert showing one example of a process in which the above-
30  described dry-wet integrated method is used to form a void-free seed layer, followed by an ECD
fill step, and a second dry-wet infegrated sequence to form a cap Iayer.,
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10 net hod di scl osed herein is viable conpared to the control sanple,
when the other characteristics |Inmax and SM are considered.)., The

bar | abel ed "wet clean” represents the prior art wet cleaning acidic
solution, having an R that is about 2.4%greater than that of the
control sanple.. The bar- |abeled, "longer wet clean" used a simlar
process to the "wet clean" bar, with a |onger, process tine, and an
even | ar g972hcr easét §tep $90, a seed Ipysp Earovivked wilht exposidngntitmeus metah@irface.,

| asna cl . bef i 1 i se of |ess
Phan 19 ( RT3 o GoAtt St 10, Aeiasink b pafadia pih LEAN Blasif Y o
NH3  pl asdewesteam iplagmisedrey theromp bakeydi drivithohtliVair eRBammespase of

about 1% t he a .. 1 0068] .Thus, the t.hod _.

descri bed ﬂg@%ﬁe c anﬁgﬁ%{/gg é%%&gfe lﬁﬁﬁnﬁ?ﬁ{?&m R Eegg?lﬁﬁ Augientiafdow
increaSe pmssuiew® vaewmins teddeniber fk b websefRnsBOpl.e fornmed wit hout
pre-clean'tgrég No s I%%évity | s 20 lost, whether the dielectric is
of "a | ow ¥Uhe (e 4t steRf30 teE G fillivg operationis penformegito §H thecrina | ow K
type (e.g j el ect4d ' T or mance
for both g/qoggjand tr%tn%??t?ggmlg%% éﬁ%ﬁcﬁ%ﬁﬂ%ﬁé %ﬁd}%ﬁg@é’%ﬁs{ﬁetﬁ al
conpar ed [0§7The metAter sitpt840,steps 61 frtnFds (FEG. D preeeforhirbiorfetrab cay RRHEWver
Vari ous e{gg% 'Igaents of fabrication nmethods according to enbodi nents
of the inve on are descri bed above.. The invention also
enconflasses a product made by any of the 25 nethods descri bed

bove.. [ » Al th h gxanpl e, i § described including a copper )

tal | ay&wg]]nd a C%g%uﬁg%gl’?w B%Baﬁ{eﬁéa?ﬁwm of ﬁ@@%ﬁ?@g@m&m& it
be appl i e nbPliGibtheatce Rty B8 dktrnddBYSaby, .
wi th correspondi ng conpati bl e cgﬁffe%‘?ﬁ?%%% éFI G gj\él S ért#]ﬁ(%lvﬁvﬁgomm

chart shovarisgts 3ad sekedments grhickmay be made by thams deilladiin thetroheitlamt departing from

descri be = i . i d to forma void-free seed
| ayer, fo %@ﬁ%£%%§%£@%%%p#§%dﬁ§&a second dry--wet

i ntegrated sequence to forma cap layer.. 12 [0072] At step 800, a
seed layer is provided with an exposed conti nuous netal surface.
[0073] At step 810, a reducing process is perforned using an in situ
pl asma, a downstream plasma, or a thermal bake with or without UV or
e -beamtreatnent, [0074] At step 820, the substrate is transferred
in an inert or, reducing anbient at low 5 pressure or vacuumto a
chanber for a subsequent ECD..

13



[0075] At step 830, the ECD filli'ng operation is perforned to fil

the via. [0076] At step 840, the top surface of the filled via
oxi di zes from exposure to air. [0077] After step 840, steps 510 to
545 (FIG 5) are perforned to forma cap | ayer over the copper. 10
[0078] Although the invention has been described in terns of

exenpl ary enbodinents, it is not |limted thereto. Rather, the
appended ¢l ai ns shoul d be construed broadly, to include other

vari ants aneetdndlawisdesit s, which maybe made by those skilled in the
art without departing from the scope and range of equivalents of the
invention. 13 Wat is clainmed is: 1. A nethod conprising the steps
of : provi di Agnethedibehprisires the stepeafposed netal and diel ectric surfaces;
performng_a.keduci.n rocess on t tal and djel ectric surfaces;
and transg@??@ﬁéafﬁgggﬁﬁg 393&¥Hn§%jgﬁéﬁ?m’ ¢ fEFEEE ng anbient to a

chamber t hatfoinsing g eethkime préebesd thy enct@bad dibRYSK sGERRSI dnjon, wherein
t he reduci ng process includes exposing the substrate to a downstream

pl asma. 2 TAFHETIRSIRLBIDETAE ATt OufEREngambientip ashemba it istessd Fe
ions or agfRlijenfetdasyer: epo-ghﬁnrr&'g&@ﬁil &Ré reﬁﬁ(ﬁﬁ%}rﬁ)c?s\é\%ﬂeg e)‘isél)@inﬁ t
es ea 0

sel ective netal deposition Inclu epositi of at emﬁayer
of a cobalstbssiiatedy a dgwnItheanmmlasmoadl of claim 1, wherein the reducing
process is performed before the transferring step, and the nethod
further conprises performng the selective netal |ayer deposition

after the2t Thosktod ofglait €pwhdrein Tieplnid@ehp@isesTH Aol ds a WAL das t he
transferring step is perfornmed in a reducing anbient. 6. A nethod

conprising the steps of: providing a substrate with exposed netal and

di el ectri g $H ;BH8§ of BSM] P/ Whdibin tnd LEUGI el ADTBRE BREASs Aobillen of at
nmetal and dielectric surfaces; and

least one layer of a cobalt alloy.

4. The method of claim 1, wherein the reducing process is performed before the
transferring step, and the method further comprises performing the selective metal layer

deposition after the transferring step.

5. The method of claim 1, wherein the transferring step is performed in a reducing

ambient.

6. A method comprising the steps of:

providing a substrate with exposed metal and dielectric surfaces;

performing a reducing plasma process on the metal and dielectric surfaces; and
transferring the substrate in an inert or reducing ambient to a chamber that is used for
selective metal layer deposition, wherein the selective metal deposition includes
deposition of at least one layer of a cobalt alloy, and the at least one layer of cobalt alloy
includes:

a first layer of an alloy comprising at least about 95 atom % cobalt; and

a second layer of an alloy comprising at most about 95 atom % cobalt.

14



transferring the substrate in an inert or reducing anbient to a
chanmber that is used for selective netal |ayer deposition, wherein
the selective netal deposition includes deposition of at |east one

| ayer of a cobalt alloy, and the at |east one |ayer of cobalt alloy
includes: a first layer of an alloy conprising at |east about 95 atom
% cobalt; and a second |layer of an alloy conprising at nost about 95
atom(’/()cobalﬁn7CI 4 7. The nmethod of claim®6, wherein the reducing
process i ricl oSt S%BB%‘F‘W@@‘H}@T%IBE@%TFQ‘E%UE RIgCesh ciudss epopina divssubgraterhe
met hod of (£}ajif pgr ein the cobalt alloy includes at |east one of
the group con5|st|ng of B, P, W and Mb. 9. The nethod of claim§6,
wherein grain boundary stufflng is used in depositing the second

| ayer. 104 Fhe t.

deposi t ed uis:?ng a p g%%lsn% ’p‘g}nleé% i 08 fglﬂﬁlﬁglug‘?sdaui’)eaﬁtéﬁglog B a

spi n rat ecomsidtingwf BaPeW, anclem cal concentration, or a tenperature

of the electrol ess deposition solution, wherein the second | ayer is

deposited wusing a different value of the process parameter. 11. The

method of octRl ikitd oP1gHPS Myitdhlin 866 bOMIRS SndRAORILPA e gélﬁ%?ﬁl sting

exposing the substrate to a redicing ag e gro

of NaBH4, s¢egpB}@¥RkBH3 and NaH2PQ2. 12. The net hod of claim 6,
wherein the selective netal |ayer deposition is performed by

el ectrol ess deposition. 13. The nethod of claim6, wherein a netal

activationo STE@nie&oﬁeulff:lafmrBﬂwb&fnﬁrfﬁe fikelay&eas egiobival U¥Bigal prbé¥eparameter
dep05|t|o? 14. The nethod§g cl a|n11$% wherein the netal activation
step is all® e Zuparyigpest aspin rais, a Fo retprarbamisel cangsmivation, qider ei n

the metal i@glekataleio® ﬂle%tl@cﬁo!és @eéﬁahbﬁ%lﬂmx@%beéﬁ{ #he @ecoﬁ& ERer il BepdBited
substrate processed by a method conprising the steps of:
using a different value of the process parameter.

11. The method of claim 10, wherein the electroless deposition includes exposing the
substrate to a reducing agent from the group consisting of NaBH,, (CH;),NHBH; and

NaHzPOZ.

12. The method of claim 6, wherein the selective metal layer deposition is performed by

electroless deposition.

13. The method of claim 6, wherein a metal activation step is performed before the

selective metal layer deposition.
14. The method of claim 13, wherein the metal activation step is a self activation step.

15. The method of claim 13, wherein the metal activation step is a palladium activation

step.

16. A substrate processed by a method comprising the steps of:

providing a substrate with exposed metal and dielectric surfaces;

15



providing a substrate with exposed netal and dielectric surfaces; 15
perform ng a reducing plasma process on the netal and dielectric
surfaces; and transferring the substrate in an inert or reducing
anbient to a chanber that is used for selective netal |ayer
deposition, wherein the selective netal deposition includes
deposition of at |east one layer of a cobalt alloy that includes: a

first | ayqkrimiab adbduihgGMBRa prbddes @i thk 831 AP AldlcclR sgtfgé%'(yﬂnﬁ()b al't;

and a second layer of an alloy conprising at nost ab 5 atom %
cobal t. 1mangfhwingihesubstrase bf arcingiit oy e@ucingembient tohehpmberdhatgs weddess

i nclud ' . a, d I .18, A hod
compr i 51 ngeeRe - OfelFyy SRR, Pnt B RRRL: B2 PetRa ket ol ana

di el ect ri depasiticace sy lepgrohe tayengl @Acdbeld ditéyiBatihasd®: process on the
metal and dielectri.c sPrfaces;_the red cing pl asma Erocess i ncl udes

exposi ng PHESYAYE of a1 allavFomngising2f leastsppntds miem Sneatelliand H2 i ons or

a forni ng agasndlisRest &1 £lldytohdpSisRE REbalBolih s R d)ciyAg, ambient to a
chanber after the reducing plasma process; performng a selective

metal |ayer deposition in the chanber after the transferring step,

t he sel ectiiv 1 i.nel eposition of at |east one
| ayer of IZ' g%ga: ?&aéﬁgﬁg@%hlgéo elée?nrr%g E%ddlglél Pe cg?sﬁpilgflesv%g?séri‘%t&*f he
cobal t al lsohstiatectb udewsnsticahepisaémzone of the group consisting of B, P,

W and M, and the at |east one |ayer of cobalt alloy includes: a
first layer of an alloy conprising at |east about 95 atom % cobalt;

and a secqrda lhayed (Q,inpaiginglth@%ﬁgcyfpr ising at nost about 95 atom %
cobalt wherein grain “boundary stuffing is used in depositing the
second | ay@:rv;dl%a substrate with exposed metal and dielectric surfaces;

performing a reducing plasma process on the metal and dielectric surfaces; the reducing
plasma process includes exposing the substrate to a downstream plasma comprising H,
ions or a forming gas;

transferring the substrate in a reducing ambient to a chamber after the reducing plasma
process; performing a selective metal layer deposition in the chamber after the
transferring step, the selective metal deposition includes deposition of at least one layer

of a cobalt alloy.

19. The method of claim 18, wherein the cobalt alloy includes at least one of the group
consisting of B, P, W, and Mo, and the at least one layer of cobalt alloy includes:

a first layer of an alloy comprising at least about 95 atom % cobalt; and

a second layer of an alloy comprising at most about 95 atom % cobalt wherein grain

boundary stuffing is used in depositing the second layer.

16



