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PROCESS' FOR MAKI NG A METAL SEED LAYER Thi s application

is acontinuation in part of 'U .S.. Patent . !

Application No. 11/331,552, filed January 13, 2006,

which clainms the benefit of' U S. Provisional Patent
~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

- 3o, Boa FidacEss Fom MaARTG A ¥eR S peet o

expressly incorporated by reference hereininits

t FIELD OF.T NVENT 0 - |
© s gtiofHont B SR BRAAY S Do ArbfeRh 3 Hliss1,552, fles
Tange? 88,3008, wﬁ&ﬁicmseme a&eﬁpﬁcw 5i Brovisionil ®agentippiivdtisoNo.
ormn a nmet al Ba er on a netal

ND .
60/?2315&52] A Qtoben .29 bt Whighesse amaﬁséf'm@amme reference herein
\% ohe§iBlidsO ‘Th&r ﬁéﬁmn L6 c#%ﬁ:‘is“fh@ﬁéhsﬁf of U 8MBrovisRBRA Application No.

roceSS|ng res ts I'n-a plurality of interconnects .
60/803480; filed Bz 2002008, whishisexpresély nporporaiesyseieferensq herein in its
inter-layer dielectric (ILD) layers, with vias.through

entigty | L D | ayers connecting the 15 netal layers..
[0003] In a typical BEOL conductive via fabrlcatlon

process, copper rformed by .
el ectrochem cal dep?ﬁﬁp(gﬁi?’fg@ﬂ I'n aojs%ﬁbst rate formed
008\1# pl as nphebadaett inekafos iddigrto ¢@biByndnbior ﬁbﬁuaima@mtral;ge and more
e .

 speridoRiop SGReiot o8 FRRLES TR AB IREH BRAVBR itte, post ECD

bott om voi ds can be observed within the PVD Cu seed 20
due to seed | ayer disconij mehe observed
di sconti nuous seed | ayer sed by thin seed

: [ooei Cu_ 0xh dQesticshi@icyiristepvhied cirouio@C) falfication pm:ess the batikend of line

sol ution” [Q004] \Wen_exposed to airf

(Bmlp)fm@sm&wmé ira p ofipjenronnerts GPOInsis St @qtg metal (e.g.,
copﬁé:Q A m!\é}ll@}h- a%veegfcgmo ) IR AthSHRIRGY Hgitne PLDASRSE dbgnecting the

exanpl seed Iayer en expose to
metl layers.s oxi di zed to form CuO prior to Cu

" (
[Oﬂggeﬁt Ir 8% %aaéllagﬁf: S &ﬁm %C%%nca%%&o&%s@ ébﬁ%eg?{tﬁgbl gap filling was
pezi‘dmea B eluenubuemmum&ﬂ(m) 2 Seubstyate ferried b plastg vRpOT

depggl!ggg (R,%lgb o feﬁg T | d Ry u%%ﬁ%ﬁ%& {ohdvanced technologies,
suchias BRUsiAEGHSer node, post ECD bottom voids can be observed within the PVD Cu seed

due to seed layer discontinuities. The observed dlscontmuous 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 ametal
oxide, which adversely impacts subsequent processmg For example, the FVD Cu seed layer,

- when expose to air, is oxidized to form CuO pnoz to Cu electrochemical depcsmon (ECD}. A

typical ECD solution (the elecirolyte) is an aczd, which contains from about 1% to about 50 %-
H,804 or Methanesulfonic acid. In such an acidic solution, Cu oxide is dissolved, and the Cu

seed Iayer might become disconfinuous.
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1 10005] Exposure of metal-to air during processing
may adversely affect the fabrication process in other
ways, such as affecting a netal cap layer. In

determi ning the performance of a BECL processing
technol ogy, a varlety of crlterla are used, including,

00251}9 rmmgﬁgagag hdﬂﬁsetﬂesﬁtambmmn
and Stress mgrat|on (S ﬁﬁy

‘ sem copductor_|C
probess Evtthestveryy, snelyasaffseting agneialsen N&?F!S'iw[ﬂ %P%%ﬁ’%m“fa

Beg b ey LR '#‘%ﬁ?ﬁeﬁ%ﬁ%@%w

aﬁiaﬁ); ﬁiaih:egeﬁﬂmmkseﬂjﬂws&ess ddgrafieniSM)0 deaEmivondictir IC

,caplgéer iy o R i

) fﬂxﬁétﬁbdﬁiu:@ﬁ%me lectromi
mefich Bl it AP Rt (Vxl\/k y grmn

pertor mance XxMk+1) i nterconnect
(EM?izrhﬁredbt ai ned by sel ective use of the metal cap on

Fﬁl% %%E%%Fﬂ&% shi ng

had $MF HemdbdiBated that 218fold BrBeieamhi ofeleﬁtrenmgrm CEM gmfmmce in the.

netal I'ines, but not over th d| ctric Af t

By 84l Eﬁ?pﬂﬁé‘?"’ %@Pﬂ'

I]—q-

hﬂ%ﬁ%ﬁ%ﬁﬁ%ﬁa&#@%‘%ﬂ%@*m ey, 20, o or0an ¢

[060TY the Afipphemivalhechanicapolishing(CME), @és%lawas selectively apphed

°V?§LeCt%esn3@?F@$ﬂ%§’e%e%%ﬁm§péﬁgn st ep g&geen %%é%‘topofﬁw

I %@&i@ éﬁmﬁﬁﬁemﬁd&mmﬁfmmmmmﬁmﬁe
inclu

M%W@%&%& laﬁff@ﬁ%cess & \ﬂéon%?%gfygiepﬁ BRote metal P

lafer s&&a@%mﬁa&mmmu& W&mpm@mm

avol ﬂl%‘I:eakage; a vvet cl, ean@sgg}l@a ?ﬁ% di n ql_e%sg 4

higheel
Su?%% %b@fﬁes@iﬁoﬂwmmmm ot efangils] tsticbieve hizheclectivity

perferroanee @em:d Mﬁm&? n@%@@@f g a’F%@S\A% #r‘ébg;‘mggs"?doaﬁ’g wetiing

gg&%s{ﬁﬁen%b% ndm%l e ectr| C %ﬁaces%%%glgg?swel The

__Hmmqmmmgmww%@%@smm e, meta] residne on-
” Hove descri be %mﬂ b BRAFeldctiCdeatad,
rease |n e resistance. For

ogosynp! e, wammmmﬁmmnsmawmwmmmmm@, a

been renmng 3%to 5% i nc se i after

Wgéb ‘Eﬁ:B‘F e Fﬂlgﬁe SI S (o R
ﬁ%fa?@ﬁ&e f:l&rbe@n i%ﬂﬁ&ﬁ%. 3%‘&' 39l irigeastin tiak t*asmtmcé Ryhas been observed.
CO

t ca
For example, thg line remstame inorease for a process including deposrhan of a cobalt c2p has
been measured at abont 2.4 %. An increase in R, degrades RC signal delay perfomance Also,
becanse the Cu oxids 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 cep deposition.
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been neasured at about 2.4 /a An increase in R6 |

degrades RC signal del ay performance. Al so, because

the Cu oxide formation can be pattern dependent,

differences in the depths of the Cu. recess occur on

dense and iso pattern areas, resulting in nonuniform

nmetal cap deposition. 2 SUMWARY OF THE | NVENTI ON _ !
[0009] In sonme enbodi ments, a method conprises the

steps of: providin r .t posed net al

surf ace; perforn1ngﬂgmiéggk(ﬁgﬁ%ﬁﬁbgggﬁﬁgﬁ?he met al
[0D90f ace; RREme emBB&EHRAL] Naetbe cotiises &b@tep@oﬂﬁldvﬂﬁﬁg a subsirate

or reducing anbient to a .chanber, that is used fo
wwtbtaapxm%wmks%s%m FHIE BradppingpIceess P’Iflﬂlﬁ\aﬂ@iﬁl sp;:ﬁce' and

u%\ﬂu@ o ocesshﬁne&eorect rlﬂ?ﬁﬁbﬁﬂit@@%ﬂﬁ:ﬁﬂm%mmﬁ forgmetallayar

exenp ess deposition of a
dQEwﬁmmabove a nmetal layer on a substrate. [0011] FIG
2 is a diagram showing a substrate with an exenpl ary
cap layer having a 10 glue layer and a barrier

(passi vation) | BF@FDWF@!QFEEBRAWS)gram

GV E orCoR s A B R EhBAAH A BT RoceR i lfiroesp deppsiion o a

épsla@,fabmacﬁaﬂlaﬁbr@gra&ﬁbmfate one enbodi nent of the
i nvention, (})01;]11‘&1 FIG . 5,i s flow %{mrt di %%rram of

[O0R 3L her szlﬁw cap layer having a

h;g"o &(?@gi }ag,gled Iayer (0016] FIG 613

gﬁﬁ é&ﬁe Vi a A after a portlon of the netal

[G0A2} he s&3&. B ag@hsﬁogtwogmm@ﬂw ling eepirtanss inoregse for five variations on
f% Lxgggﬁsﬁmg ram of an exenplary nethod, [0018]

I's™a ow chart diagram of an exanpl e in which
[6013] nt egrEiGed ish flewebart @Bgrpmafess embodiment of thefipvamion.

L T e R I i —

g3 LED Iﬁ@S@%ﬁJ&M{a@ﬁﬁﬁk aSkdddaybescri ption of the
[0%?2‘]npl ar y ¢ ngﬁdsllzggsn e via ole?éeng%gteg % pot:)ﬁox{ ot tge 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 infegrated dry-wet
process is used to form a seed layer, followed by ECD filling and another dry-wet integrated

process fo form a cap layer.

7 DETAILED DESCRIPTION
[0019] This descnptlon of the exemplary embodiments is intended to be read in

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

witten description, In the description, relative terms such as "lower,” "opper,” “horizontal,”

_ “yertical,”, “above,” “below,” “up,” “down,” “top” and “bottom” as well as derivative thereof

(e.g., “horizontally,” “downwardly,” “opwardly,” etc ) should be construed to refer to the
orientation as then described or as shown in the drawing under discussion. These relative terms
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connection with the acconpanyi ng draw ngs, which are -
to be considered part of the entire 25 witten
description. In the description, relative terns such
as "lower," "upper,"” "horizontal," "vertical,",
"above," "below, " "up," "down," "top" and "bottom' as

wel | as derivative thereo e.q.,.."horizontally,"

AR PAPRF O omSaoR §hccoapt ot il et e fpetmigted or
ob&hRl it fpirhiSulaQirie@fitigh! On as then described or as
Shown in the draw ng under discussion, These relative

[0@0ks 3 M Siothows v exienie of asfintmwsnnachstrushrefe) eiudiog via 612
h@ﬁﬂgha@tﬁ% gegﬂag&paro%guw& s@%g%%(’fh%: r;a@%%sg%lgl%{ag% §is and

ar ofrentation. |
bettemtiisesodi§ Afse showe excdherenderiping disleshie 1606 602cind 606Gt iewh stop

612 ' ti 610 of . t.al ,
IO B B8 STret R4 18 81 05 B mon misPeet Bchnbesy, For
ek#B516,3k shdWS@ FIGOBA, & Secd 1St PTERYhAVE teth@dr @6didl lafthe bottom of the
| ayers 602 and 606, and etch stop |ayers 604 and 608..

sifgwalisdhen atdre top ofithesidewalls0 nay have nonuni f orm

1§ K |8, i
[0S "6 O 85 sLE R e 6w pbitioh b0 Bt LR 1REE10 s
disseleeda Forminghdiscoatinmities in dip métal. Sheh disabatimbdus mefd) ()| seed degrades the
RN I T
[?bg; ont i 30%& &g @d?sﬁh%dd%%lw ciéans Feﬁh&%ﬂ@iﬁdew%e@fﬁécﬂ' continuous

ee egr ades e supseguen roces o.Taorm
el aroR of FBHEERIE i tyRA SkFh skvd daxgr sl for a3 612 iy g mterconnect

=

.sﬁﬂ-&m@w@% SholRSIITIOEEA DRIV i€ b SRR ThbA id fmx@ﬁgﬁ@,pmm
the e I te,

xposed continuous netal surface of 's substr

[023h t ypeOsuermmple isidescibedibalery of a Birng-web integratpd’ 1gogess for fabricating

Pt Br ARG ort difebt bt e SOOI shfholleld o meta

dppositions Thd EadlifiIielotnare artdimited tb sominstve tias) adnbinaybobpplied to other

"dry wet |ntegrated". process for_ fabrjcatin ia

segftrd Wb g5 2 BGOSR vl R 58 oo or R af By epafle.” |

[ﬂtmdy ﬁ-t i 0 rRéﬁJ:ﬁngltbﬁﬁﬁ um?.t 7,fat s_ltélf’{jOOET&i Bikercot@ e Sirlidtae 660 betrench with
eacni S el ow e not . ]I e 0 CO ucli ve Vvl as,

iy o erel SPEaPG G1p i Baicher The SpE el dhi ity B a copper soed

HyeLEON af maAhdve QR thérk s fsddised by QkpdbufeQd B dmbid@ bir. For example,

éxanpl e.. [0024] Referring now to FIG, 7, .at ste
thecubstegle ey e £ 68 predilayer bUlb b ié atjoast BTz PROTIDERO.

Xpose Soh Ol ' .
[@}jgfsgl su b}s}%g}g}t ’?Oﬁgy%(fgega&gmpgr g eeg b??;%%?&g%%ﬁo" The oxide
inmpyvéried éo mefab(oriaboy, if the eesfl 1ayer Wifomedtof aeailapdure to the
[m ent apf stép T )ﬁl?er}gén%bct structore 600 is transferred in an inert or redncing
ambient to a chamber (not shown) that is used for metal layer deposition.

@]

[0027} At step 730, the metal deposition is performed, to fifl 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. _’
[0029] The continnous metal substrate is not limited to 2 Cu material. Other typés of

seed layers may be used, such as, for example, continuons W, Ra, Co, Ni, Ti, cr alloys thereof.
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the substrate may be a Cu seed |l ayer 610 that is at
| east partially oxidized to form CuO. [0025] At step
710, a reducing process is perfornmed on the netal
surface 610" The oxide is converted to netal (or
alloy, if "the seed layer is forned of an alloy). 25
[0026] At step 720 the interconnect structure 600 is
In gomgrentbodinests, A barnier metel (e, Tacy TeNhanderlies therfeu segd Jayer. In some

B BBl oA T B o o .10

ar a]hymﬂftbdsramho tieed fd depoditwesepiraioGéd] layerh Thefililcan be @@eﬂ&}i directly

on%%eﬁggfdl tsF%ndv |.att%f?Ia$]ﬂo.f t.1| th%Z?f ﬁiﬁg#ometermde,

it id ébn%ﬁﬂ?ﬁt&ﬁ gpmvame b&:ﬁ@m@ﬁﬁe&ise@ﬁdﬁcﬁﬁ a oi%asd 1@ 0for divect

above.” 30 [0 29] The continuous netal substrate is not
deposmpneﬂthpalaaﬁlba erial,, Other types of seed |ayers

I T S

tempbi‘mﬂé (e shoub2 0@ o sbent 2680 G) to cangrt, thelsurface fn'am oxide to metal,

et o, PR e BB i

lay! &@ia@bﬂﬁb!ﬁiés@ﬁoﬁ%mﬂ"s naffinet@ tdHody30 BABMERS, ©ftdh, WBen a metal

need to deposit a separate seed |ayer,, The fill can be
omdepagduced;tgmséwsfmefg}pm e pexsus,gad cf$ pag\incTeage, interfering
tﬁg@ﬁ%‘% r noc?%g@%ag%@gon{ﬁgn%fat egd t hat gl at %meﬁmgmpat

abdea25 Ceo sbora 20OE, anﬁsﬂomngmml aggiomesation, 4 deyised greigstructure is -

S bS50 Kol By Y o b B oo
wﬁﬁ@iﬂ‘d&ﬁiﬂaﬂuﬁfomg:ﬁhmby | ow tenperature (e.g.,
R

80 LATRE S h 9BomufrCinyRoftRen®r A%vdﬁﬁ%ﬁﬁﬁﬁl@d&ndle piedatedon avoid direct
" evice, the séled 10 | ayer has_ a thi ckness from about 5

bombardmentarf the sybstmény thephsmendliengivelyee g gtep may be
erfehi@ll in RY g%ef géwéf@{ﬁgmﬁ Bicelie By ok fdaﬂmgega@ tmaaaine ®1; and Np).
por ous, t I'ckness can | ncrease, 1Int erferin

Thedbetmal Foekesﬂmwmtheﬂmd ewinsHuchre wifonin thwweh %18 metal
AR, B B R AR OB

e-bd@f iregithe@t. ai N st r ucture is achi eved t hr oughout t he
seed layer, ang the subsequentl, tedrre
(0BT a1 5o BT CoTERRAR T A PR SHHEREE R jpiios the meta
subziriH %‘iwsamfsﬁﬁ%éln ahGndrf @SN, Ax bflahﬁﬁioblc g ateeduoing (2.g., Hy)
netal, an in-situ plasnma Qr dovvnstream fs
amibient to a chamber for subsequent metal deposition, I some pre eired embod:ments 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.
00331 After the structure is transferred to the chamber for subsequent processing, the fill
operation is performed. For filling a via, a variety of methods may be used for metal deposition

including, but not limited to (2) dry process deposition, such as PVD, chemicai vapor depqsiﬁbn
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may be applied in a vacuum environnent. A downstream
plasma is preferred, to avoid direct bonbardnent of
the substrate by the plasma. Alternatively, a thernal
baking step may be performed in N2 gas foll owed by a
thermal bake in H2 or formng gas (including H2 and

N2).. 20 The thernn] hake.step provides the desire
(taﬂ?a» pr emisdaysT dernsttios .(m);t(f:}j@ﬁg’ﬁfe?&fs depesifin, gych as 3%0‘:@13“1&
- I 4] - [ L]
SRR PG Tt g 1 A OmBDR iyt o o
thatthiaprasass is pofsmed by e &drytwrt” Bntagrateddgel ng process, the

[OBHE! £ ot OF Bl bl 8 s 20l bl 50, thyp self activation
p?msﬁisijﬁrfzgﬁe@. e(:‘(,)orypa%sel:gcllijvend?m: (sa]tj' ziiil(iﬁ%t'gm%)is{dtz;cﬁ%d Iﬁmﬂxbc(;hfﬂow, in the
digsiion PANE T JUFHBNREETY HBea A Vi X 5 1eA by cleoplatng
(e%%??k%%%ﬁengl %ﬁt@ﬂ BR), BRSE A 88 w?&ﬁ:@@@ﬁsaohvmnw |

hlnadrz and wet integrated _cluSter -
[003%) . Th&heldheveatesaihsi cxample allows erczapfiling for imtergpnmects (vias,

R R Bl R bt G B9 ablotatias
[coBeyTber . InkaAd hbadiments, thecomtbination ofa dy edertion proces, transfer in an
o BRSSO RE RS B bl il o e
siftfer BA\QAR cHRMinRSon S HE @bovERleat:ibae BREiotifepap filling, An example is

including, but not limted to (a) dry process
degeuihedibelomwith trierenes 10X & heni cal vapor deposition 5

[dO D), Ogré%%%%&ekﬂx QEscHBROSE fdxﬁﬂg(aﬁapléyef #ing/Bdvet-dry integrated

process si'tion, such as el ect_ro&eatn _—
prebasst The prosesp Hescribeyl belaw enablss gleanfag) side on the gxposed metal

T L

" mrie@0hnd di€1684¢ sirfack,veith/little or nd inereade in thetline bexistanté Bd B, 1isa

an el ectrol ess proce hen a self activation .5

o BEVIng thpipBreh B T gpErs © s et et o5 ot the process. FIG.

4E§Hﬂaﬁbﬁ@mia$r&n@'aﬁei@qﬂmwfdcem_bel ow, inthe

di scussion of table 1. . In emh ngant,g vvh%e t he Vét% ddi .

(0688} r enc %ePf‘}qOI@%ﬁ"@aé‘lﬂ@Eﬂeég Lproyjded with exposed metal and dislectric
¢ %EEJ&*? b b lo6per i ahFmAPhave ef okid 22 at its

sn%{;drc 6r'fr]r}19a el ﬁigga?lﬁ%gt%%%ﬁ pré,é%i]gzofOO%Mhe agovglayeri o

exposat sutfaek. Shhareppesed diclpiiownd sebsiraied 19 a1y have 3 16gdpa,}26 thereon.
3oE naea St bt Bieduod BREAER B GE e A1 E8R0 120 md

deRo3R]sutfiesid 0 Thebxide 12Sdod redife 126 mte rembvagin of a dry ‘
reduction, process, transf in a ignert.or. reducin ]

[0 et AbReRAZbo cabpes 11 e o Fefiing gebient to o

chAMYEL [t Shoodl) tHableQised for selective metal layer deposition. :

[0041] Af 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.

[0043] At step 500 a substrate 110 is provided with exposed metal and dielectric
surfaces.
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either alone or in conbination with the

above-descri bed method for gap filling. An exanple is
descri bed below with reference to FIG 8. [0037]
First, a process is described for formng a cap | ayer
using a wet-dry integrated 15 process. The process

i b | | eani ng..th |_oxid |
O e pot b S 98P ofeci Rl B OF B ) s and
& b thaehi’lﬁloe&t | butézéd_ . g?ﬂqﬁesﬂf 'd’ess{ﬁfolﬁﬂﬁilnad:yand
_ netal . a i e] ectiri,c surfage, wi k e
vadfihe i, Jn s8R Rmboiimeptsdng 0nepaREESRECipTsxposing hegubsirat to
an tH-gigr plsnsh e\ dogmithenDFImas SA. ?ﬁﬁhﬁ Bt 1503 M) OF Forlrfingd %.reduces the
strugture_ that, ocqour during._the process.. FI G s a
cogReG XA IR digoLHRL Ao eepnex divps, Aiyrogesseiseyed irpibe FBOpBiclean

s 430 . ' ravided w.th
profbss ] Sidt a donmrfl plrpl kB thlahit R AL 580 Hohitd camage
to thesubistrgfaybe a copper |ine 120, and may have an oxi de

er 12 i .exposed rface.. The e sed .
[Odglgtl ect rllﬂcﬁ(;‘) Ie&gﬁ%)é&ﬁ’t ° %%Wﬁ%@cildﬁégﬁﬁ%ﬂmmﬂz ora
fortofreyr gae (includin® 8 Ghd W), Areekethbllry thefrfl YRHAS stE;IS %? %8 performed at 2

erforned on éﬂ:bgdg%teal surface 122 and dielec I‘IE
tenlpgpapuzE o ahon 6rC {opsbot D0 dogreen/c. Ipraa wrbodiments, he
temipR RN E Ik abdwt J0OUGke A Step 420 the substrate 110 is
transferred in an inert or reducing anbient to a

[00¢ekarmber 1a&ermpldakipg stents desd,iBesibitmte mey eptidnally betglosed to an
Lt ion. tep 430, th | ect i
ﬂ“ﬁﬁ%‘f’t@g’?-h%%sﬁﬁgg%@%eff g?msd, to ?o??n ?ﬁel \r/r:t al
[Oﬁﬂ’ﬁ[ye_r 1244tstefpmnb2tj1_e EﬂJﬁraIBt flne%sﬁaab;mm?w&mﬁbggﬁ [&g%thegt]gas {e.g.,a
W nd..one..enbod] nen ' e | nventign,
ol Ea8iof HieBEn) S 8 Sl Dot o Hertyit o PefEesFackal ey iBg @ ieposition
withett alweamd-ciéaisp! I ©omedniBodaRss, thels@hiidls ip1a84BR 28 Hermediate

erforned on the netal surface

'9@[2’%&3?%%%‘%8}@ iapd Hhe Mg camilepp@tionpipeess.n Ehis provents the

copb&‘ﬂﬂﬂe%n@f&ﬁ?@ﬁa ioh tHe Kife¥, process perforned in achy
and vacuum charrger.. In sone enbodi nents, the

[004&duci ndn porae egbodiments, dessinterpediste ghanther isuomtwan er fowr pressure

WP A pl
el B o 50 O S
sepayiie Hoot thd chaoley imghich éhecrss depositibh peacedstieperttesd.

ro0f et r aid AodEhad, T Pl BoRee 38e trrfie g st and tho wet

depguitiomae plb gerfeched dnmglester tool, and the intermediate chamber is included within the

cluster tool.

[0050] At step 525, 10 make sure that the Cobalt is selectively deposited on copper, and
not on the dielectric, a step is performed, in betwsen the surface cleaning and the deposition.
Once the substrate has been transferred to the chamber for cap deposition, an activation or
initiation step is performed. In some embodiments, the activation or inftiation step is 2
palladium (Pd) activation or Pd inifiation. Tn other embodiments, a step is performed to initiate |
or activate the copper surface, referred to as the self initiation process,



to the substrate. [0045] In other enbodinents, the

reduci ng process includes a thermal bake in H2 or a

formng gas (including H2 and N2). An exenpl ary

t hermal baking step may be perforned at a 10

tenperature from about 100 degrees C to about 400

degrees C. In sone enbodinents, the tenperature is

out 2f %%%;aﬁ; s JR6debs @l aSsbRifion that is

[OOﬁE used, Qtth%e%u str aﬁ%!{)%ée@kmiolivgﬁgtelt@ﬁ%gé exposed to ?n,
diffanéett fmm/the belutiqr nepd tor depbsitdhe mbali@am ?E‘%lq)bhﬁy a vauegy) afﬂo miions that

can @?}"‘aﬁ‘?’g Z‘& t?% ch?cﬁﬁ%foﬁ%iggkﬁv%&& ﬁrﬁc@sﬁ% (%F ! s{lﬁg% cobalt cap on

mﬁthﬂﬁQ&ﬁTdﬂElﬂlﬂﬂﬂﬂﬂ@mmﬁmﬂmmmmu&mmmmﬁmmmﬂﬁeIectroless
netal cap |layer deposition wthout a wet pre-clean
step. In sone enbodi nents, the substrate is placed in
an internediate chanber' between the dry clean
process and the wet cap deposition process. This
prevents the. copper oxide fromre-formng on the
lines, [0048] In sone enbodi ments, the internediate-
chanber is a vacuumor |ow pressure 20 chanber that
is separate fromthe chanber in which the dry clean
process is perfornmed, and separate fromthe chanber
in which the wet deposition process is perforned.
[0049] In some enbodi ments, the dry clean process, the
internedi ate transfer and the wet deposition are all
performed in a cluster tool, and the internediate
chanmber 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 perforned, 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
perforned. In sone enbodi nents, the activation or
initiation step is a palladium (Pd) activation or Pd
initiation,, In other enbodi nments, a step is perforned
toinitiate 30 or activate the copper surface,
referred to as the self initiation process" 7 [0051]
Both ofthe initiation processes involve an el ectrol ess
process in a solution that is different fromthe
solution used to deposit the cobalt cap" Table 1 lists
a variety of' solutions that



can be used for the seif activation and Pd activati on
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UOct = m 00ODOON.U. v
QmOlaUNCmMmMm,~UmTmg 10
zzavwvaz ~n mzaOvG 'L
NC @QC~Ct0OK gUns IDeycoaar vy 3 NC
0 W9 [0052] For the Pd activation process, one of the
followi ng processes is used: Pd - Cu displacenment

[oogdeposi ti Iﬂﬁﬂ&r Bd ﬁmﬁﬁﬁdﬁvﬂm&ﬁﬁh& ﬁﬂhﬂ\fdllhwﬁﬁé pr@cfbﬁses is used: Pd— Cn

sorptlon al, qr ng.i process of
dm@@ Pnar @éﬁm Pﬂsaééeipw drhsipical grafling is 2
eege BPE@JcﬁmBﬁ?to@aﬂé\ff HHlecht tacﬁﬁre Giitfiner )Ebtafb%fem polymer or

ynmer or surface m)dl ficati ossl

me@m?ﬁﬁharbﬁlﬁ PPYIeR P mxsiacmo@ﬁe@@sss paseibleobal t

ctrol Y |
[Ooggfl adi u]ri#i?emcf dﬂ%ﬁﬁ}bggéésedé‘s t%%# IP(T%S E#qe(gcn%drérgw on the
coppet!| Idpﬂ!zﬁmnmmnamm lis wsbd, dlyat paividtim lawlﬁmhla‘,mezt ;foppérhﬂby, which
ml ncrease &cr%gé The self initiation process
WO Bs ‘el ectrol ess cobalt solution, having
[0034] conp OPlietst i QiR Scebd IRvEIORRRE of i SBERIRE DR solution, having a
enough to act as a catalyst surface, to reduce t
composition to make the copper surface active enough to actasa catalyst surface, to reduce the
cobalt (i.e., to grow the cobalt on the copper). The self nitiation process allows the Cobalt

deposition process to be nsed to provide the minimum Ry, becanse no Pd layer forms on the

o

O3
N<O

._

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, afier the self activation or Pd actlvauon, a selectlve eleciroless metal

cap layer deposition process is performed.

{0056] US Patent Nos. 6495453, 6713377, 6207553 and 6204192 are incorporated by

reference herein in their entiveties. These patents teach a variety of electroless deposition
techniques. '

10057] In some embodiments, the cap material deposited on the copper is an alloy of
cobalt tungsten and beron. 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 slectroless
deposition is performed at a temperature of about 65 degrees C to shout 95 degrees C.

[0058] Different electroless solution compositions are used to provide the cobalt alloy
cap, depending on whether the copper is self-activated or Pd activated. For the palladium
initiation 2 preferred reducing agent includes phosphorous (¢.g., Nat,PO;2 ;0 ), and the élloy
of the cap may be a Co(P) alloy, a Co(W,P) alloy, or a2 Co(Mo,P) alloy. Boron is the most used
elément for the self activation process. The redncing agent for the self-activation can include
boron {e.g., NaBH,, (CH3);NHBH; (DMAB) }or phosphorous (.8, NatzPO,*2 H;0 ), and the
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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10 cobalt (Le., to grow the cobalt on the copper)..
The self initiation process allows the Cobalt
deposition process to be used to provide the m ninum
R3, because no Pd |ayer fornms on the copper, Wth a
self-initiation process, it's possible to provide a
cobalt cap having an R increase of about 2%to about

0 L h | th
D54 230 th Ferrbming e Slapkolats tep il Ao B BEERY 2t ¢ 9 pessivtion
lagerorl Gicirt diffeet Gof0d R& (R unﬁ@de;aae BenoeiteddRe b BicRBtric for

rf d. [0056] 'US Patent Nos. 6495453
ingyiesing %sﬁ%@%ﬁam%gm%m@?m%pﬁ elstpen e Cn and the o,

| 2 pRb RN ConBR PRI hE Ou iRkl %h&@&gg%ﬂﬁ%&%ﬁ%&@ﬂgﬁmmg For the

each a vari etE% of el ectroless t1on

pejwean the Co@ad theilhDaboes @n&mm@mdmhm is advantagsons fo

infesfapm

e copper is an alloy of' 20
e@%&al%‘%ung gdoé‘&gé E I n ot her enbodinents, the
[006g} mat erAtatepdi@dpmi dptidnal Bedoné cgﬂlamlis d@oﬁfed. ./ shotvs an

e A oo BRL oy oo o
ISPRRY; aSE8epiRities b Reidnd DAY ab, whdhe 8 e&oﬁa@%ﬂ B Altighly stuffed

the electroless deposition is performed at

Gary fos goed mmprwr@mgh@e& @dfor prevamtion gf plesmadsnage etching
da%age [ Loyithifien B &8 IH@%E{ %ﬁﬁ{,) 943%%}@3%%%689&%?&% 80 First metal

ed to prov
laptrfepdcoppe)randtactah eomptisng eropst andshistinttablaysry. Aihe desdhd metal layer

i Pl PYETS Bimaofie g a2 kit rnt AiebpiRlates farmpd ovorseccnd

médaﬂﬁfé@af lﬂ piitalion st F?;i: B&lulai: 1208t o % séccgﬁd BRI Ii%&l B8y Bciude at least
a0 9 018 % 10 ORGSR om0 Mot sbout 95 stom % Co on

| NEGh khebbd R GRS Setal Hye?s HRONELAG cRERAL m&lﬁﬁe&stolﬁ@ op mope of the

sel f-activatjion can |ncI ude boron (e.g
folleyingplemepts: Ph&sMooReumdosBy. , NaH2PO2. 2 H20 ), and

o199, 25 3 ik m%@w@%@mm

thethirgymegat Iwew(dmuma@a):y azmmynennelyg ol opmofepTateRgparameters

I T N X T ——

chhm;cel conberttration, op thertezpaatue dithadatolesodbpbsitionsdution, or a
di,el ectr for inte faC| ng, bet ween, t copper and the
copbEatet # esepgrampiprs: l?e%?&@éﬂg@ﬁ@ VY frEnneragre liquid is

prévided onde it %ﬁas&eieatmsc@m@tmmﬂabeﬁﬂlﬁ sidctinfe fap o bbgmmg and later-
provi de a_gqod,interface and strong bondi ng. For

part of the resulting barrier.

[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 scrub 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
cleaning step.
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5 interface between the Cu and the | LD above the Cu,

~grain boundary stuffing is advantageous to enhance

the barrier property of the cap. [0060] At step 535,
an optional second cap layer is deposited. FIG. 2
shows an advantageous cap | ayer provided by:
depositing a first |ayer of near pure netal on the Cu
|nterface and depositing a second | ayer as a cap,
re th nd | ayer has a highly stuffed 10 grain
ndary or good barrier properties, .low R$, and for

{Opﬁiﬂv ent i cSamptes wWenstepted! ERED ehatibop dor thtﬁprams, fmﬂp&&ig' the line

re%gt%bqe. fetf o&%{gﬁé‘?- he res ARy ng{@psntgf gnneﬁlsfgg:amofthe

dafla €lecte®Npri si ng second and th| rd metal |ayers. The
second netal |ayer _ is forned over the first netal

[0PeRier as Adlef tg%sqn@}@rmclm aapowt ga9 Igeer.aThe eopirel sagpia{debeled “no

d%éﬁ‘?é%? Z% é’r" m%e s co ¢ aI &g%’fe@&eb &{rﬁl%[emnﬁ step. The

iumeasﬂmmsoﬁﬁm&mn@ﬂbsmmmﬁaQaEMEhmaagmnﬂnﬂﬂchﬂﬁﬂhhuedhummeafﬁwcmmn

s e o L e B 5 84 0 SRl s ber o e
omhempks,lmmde&m@&mmmfab!méﬁgxm :formance Thus, the

mgthgcgﬁi? oS Wﬁ‘i“ﬁ’e‘sé’@@ gftoo{hayet}trq[lg w'gl?epo Qferegaracteristics

Fufmg Bwheebmm tﬂe bhe b dled "SR bichiWBiredehtsdRP A8 et cleaning
si mul t aneousl hangi ng one Oor nore process

ac 3% soieiony baving ﬂthﬁ mﬁw&%&ﬁm&@whﬁmc@m@lmﬂe The bar

Iaﬂgft%’ag 910{1%69 "vve?ﬁlgﬁn?lc d 4§ Bt ocs s&oné ek he eah ¥y fdvi?ﬂv% longe: process

conce Ion, or t t enpera
tirod, andhan edendaperl ingeasd dpBsi t i on sol ution, or a

10BFoa mete sy HSRE HRAFLR, b Bt et SRR ot fenbeSER o en

" indtedse filesd m:aﬁ &% (ebous 0@ aber: the totiol samypds. The sanple usmg the NH;

strutu_re r the beqi. n nd | ater art of th
¢ pagydepo q%aga%smcr@?fe%f abiw 19"&P‘?‘E’Fﬂ%°rf§mﬁ'°1 sample.-

[oectact r ol qhiis, denasthéd @ésm&d\&e&vmﬁbxmémmp%ﬁﬂﬁiﬁ%sma
IS performed to renove residue particles, for

1% jasrassesin Lin repiptance relatiye desampledoread wtnghprerdraning. No selectivity is
Tof A bt 8% dlélg&ﬁ@}] "é‘g}l@@g‘z@ﬁ@ﬁ Jdictbdife Etmtaht dbdG: 2.6) or extra low K

ructure can ex a 1% Rs | ncrease

waedea.,idwéew @nsfa:@mf':aai @ lgss): oo EM pexfommancefer hoth visiand trench shows
méx? g%a_ﬁ’ai 1?1639:1:‘9%:%& &Hiaaﬂ',rd% ﬁ:\%%’&?ﬁ&d \Qﬁmu'lg %r&knegacﬁé E‘a% over the metal.
[0069] Various embodiments of fabrication methods aceording to embodiments of the
mvention are desctibed above. The invention also encompasses a product made by any of the
methods deseribed above. ‘
[00707 Althongh an example is described including a copper metal layer and & cobalt

- alloy cap, the method described above can be applied to substrates having other types of metal

layers thereon, with comresponding compatible cap layers.

[0071} FIG. § is a flow chart showing one example of a process in which the above-
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 layer.
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[ 0064] Exanple [0065] Sanples were tested in a PVD

chanber for the process, conparing the line

resi stance achieved with different pre-deposition

cleaning steps, FIG 3 is a histogramof the data

collected. 5 [0066] Al of the sanples included a

cobalt cap |layer, The control sanple (labeled "no

cl ean/ cap") was fabricated without performng a wet or
(002, pr o AkcH00} &¥ed Iavnis pepvidedpyith anieaposed pentinuous meta] surface.

R e e T

dowtrpie plasme, o artisamelhaké dithlvomdthoutiE bi ebeaneséatimanice of

~jhe confrol le.is better.than the  other,sanpl.es,
1007hE® o aron. 28R ished s el it S sp it b tow
prefBugy A tvaQimPR s dEbecor a fibseuedt BCHL0 et hod di scl osed
viahl e c ared to the control sanple, when

herein i

[0075k ot nekt e FD 7as opgrebonisperigwed & A1 the via,
nsi der -840, suhiBRed ﬁq@g : . :

_[00? ﬂe pri ﬁ t8 vv’ehiﬁe E:I%reszﬁl ng iﬁ}m [ g“ﬁ%’?%??%%@ﬁ‘%?%ﬁ%ﬁm
[00RT] t hat Adterasisp §60,23ieped R toafdé (FICh ahamepatforniedtit formomeapdéyer over
ﬂws%ﬁgle.. The bar |abeled, "longer wet clean" used a

PR ar process to the "wet clean” bar; with a | onger

process tinme, and an even larger increase in Rs. 15

[00BRY o o AlEhotih e rieair s b deforiod h BRBEotAomples saiments, it
is néfhRROMErefd. BAhep HRY ipeAfd eRihE SlonfPiEoRsirnbl r38 P cnclude other

using the NH3 plasma c| eaning before cap deposi tion
varisig 2adherpbodiments yduchomay by made by thasealdled frethe eritwithout departing from
- pt hod descri bed above can
me%%g%%%raggéngf%%vgl%ﬁﬁ)g)%?%ﬁnﬁﬁl ess than a 1%
increase in line resistance relative the sanple forned
wi t hout pre-cleaning.. No selectivity is 20 lost,
whet her the dielectric is of'a low K type (e.qg.
di el ectric constant about 2..6) or extra low K type
(e..qg,, dielectric constant of'15 or less).. The EM
performance for both via and trench shows note than a
| OX inprovenent conpared to the nethod without
form ng the cap over the nmetal. [0069] Various
enbodi nents of fabrication nmethods according to
enbodi nents of the invention are described above..
The invention al so enconpasses a product nade by any
of the 25 nethods described above.. [0070] Although
an exanple is described including a copper netal |ayer
and a cobalt alloy cap, the nethod descri bed above
can be applied to substrates having other types of
met al

13



| ayers thereon, with correspondi ng conpati bl e cap

| ayers. [0071] FIG. 8 is a flow chart show ng one

exanpl e of a process in which the above. 30 descri bed
integrated nethod is used to forma void-free

dry-wet. .|
Whats‘éé]&n??ﬁ])}ﬁ'r, followed by an BCD fill step, and a

secaond tﬂr% vet i ntegrated sequence to forma cap
| dy éymethg O%Afieéwngee semigpndgeior deyicgeRunmIising: i s
provided with an exposed continuous netal surface.
[ oTadinge sehsgpteanith areexpestdanetel sprisesess is perf or med
using an in situ plasnma, a downstream plasm, or a
t lperfombing a kedusing [prazessvib kdinué théhastalsutisraid eat ment ,
[0074] At step 820, the substrate is transferred in an
5 | nfhifeRing ROGLNGe BIUI i8&1 oﬁfedﬁ%arﬁ’bi&&%ﬁ BhAnik thARfs 448 for metal
to a chanber for a subsequent ECD... [0075] At step
aihe ECD filling operation is performed to fill
layertﬁﬁlgrsgiltog; [0076] At step 840, the top surface of the
filled via oxidizes fromexposure to air. [0077]
After step 840, steps 510 to 545 (FIG 5) ate
performed to forma cap |ayer over the copper.. 10 )
[ GoFhs mathod of glam hevhessia the reAUCHIZPIBEEHIS A<l prosess performed in a dry
terns of exenplary enbodinents, it is not limted
and ve¢ymeehgmbRat her, t he appended cl ai ns shoul d be
construed broadly, to include other variants and
10 enbodi nents, which may be made by those skilled in the
art wi thout departing from the scope and range of
eGUT N tRbS oPélaitl 1B WHRYERh o ksoured of¥iRipldsthaChrtl 1R thel By process,
. A nethod of producing a sem conductor devi ce,

H S b}y War substrate with an exposed
compﬁ%?ﬂl%géﬁg%}@hﬁd%}éﬁfﬂiﬂa erft

I

ne sart pertformng a reduci ng process to
reduce the netal surface; and 5 transferring the
substrate in an inert or reducing anbient to a chanber

t [ d.f tal . a ition. 2. Th .
b PRSP R iR R e tnEers 1o oSt el b step in
dry prqcess perfornmed in a dry
15 hydroged or%ygmgen/mtrogen.

5 The method of claim 4, wherein the thermal bake step is performed at a temperature from

about 25 °C to about 200 °C.

20 6. The method of claim 4, wherein the substrate is exposed to an ultra-violet (UV) or electron

beam (¢-beam) during the thermal bake step.

7. The method of claim 1, wherein the exposed metal surface is oxidized before the reducing
process is performed.

25

8. The method of claim 1, wherein the metal deposition is performed by an electrochemical

14



and vacuum chanber.. 10 3. The nethod of claim 2,
wherein a gas source ofthe plasma, used in the dry
process, conprises hydrogen or hydrogen/nitrogen. 4.
The method of claim 1, wherein the reducing process

e NG . ke,. in 15 hydrogen or
depOSlt?}J%é%%E%ﬁ}t} lJ|rY %%%%Lt %%?ﬁ*églﬁﬁ‘?ﬁ%a of. claim4, wherein
the thermal bake step is perforned at a tenperature
from about 25 C to about 200 C.. 20 6.. The nethod of
élain14 wherei-n the substrate is _exposed to an
| theyngiheg ef claign, vherain hermesal layss deposision éspeyfoamed bigelectroless
.the thermal bake step. 7.. The nethod of claiml1,
depositighier ei n t he exposed netal surface is oxidized before
the reducing process is perforned. 25 8. The nethod
5 of claim1, wherein the netal deposition is perforned
by an el ectrochem cal 14 deposition process or
410 SHeas GRS L ABROR WheRih Phe&Eadtivation sidd 8 pBRSARA Bafore the metal
claim1, wherein the netal |ayer deposition iIs
f:ormed by el ectroless deposition 5 10. The net hod
layer dﬁ%@%i m 1, wherein a netal activation step is
performed before the netal |ayer deposition. | | ..
The met hod of claim 10, wherein the netal activation
is a self activation step. 10, 12. The nethod of
if--%ni%homj@ﬁaémdﬂt Whergiathe matal scpiuplicn sienis B s¢lf agfivation step.
0 pal | adi um activation step. 15

12. The method of claim 10, wherein the mefal activation step is a palladium activation step.

15



