ELECTROLESS COPPER DEPOSI TI ON BACKGROUND OF THE | NVENTI ON Fi el d of the

| nvention [0001] The invention relates to a nmethod of form ng sem conduct or
devi ces on a semni conductor wafer. Mre specifically, the invention relates
to formng netal interconnects in |owk dielectric layers. [0002]In form ng
seém conduct or devi ces, conductive netal interconnects are placed in | owk
dielectric | ayers. Gbnerally, features are etched into a |layer and then
filled with a conductor, such as copper. Methods of filling etched features
with copper are descri bBHECGTRGLESSGHOPRER DEPOSITIAN entitled "Sputter
Deposition and Etching of Metallization Seed Layer for Overhang and
Sidewal | Inprovenent,” by Ding et al., issued Novenber 13, 2007; US Patent
No. 7,659,197, entitled "Selective Resputtering of Metal Seed Layers," by
Juliano, issued February 9, 2010, US Patent No. 6,664, 122 entitled

. "El ectrol ess Copper Deposition Method for Preparing Copper Seed Layers," by

Andryuschenko et al ., i sgpatkEeermprod FHE2ZBOENDPERat ent No. 7, 456, 102

entitled "El ectrol ess Copper Fill Process,"” by Varadarajan et al., issued
Novenbesie1dof 10B8entldn Patent No. 7,501, 014 entitled "Fornmal dehyde Free

El ectrol ess Cbpper Compositions,"” by Poole et al., issued March 10, 2009,
and US t ¢ Lopper
Deposi t[?)g(?lﬁ }mi gﬁ?c&xg%%ﬁes 63 ﬂlét{]?‘ggfjg %3{1&{“95&%2%\8&&\% ch are all
i ncor pcsémﬁce)ddb@tof whier. eNfoee imlfﬁ:hlly,phlas pesetson fh]lai&]tﬂ: ¥arding hietdl idtddcotinde® 59*
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in low-k dielectric layers.

[0002] In forming semiconductor devices, conductive metal interconnects are placed in
low-k dielectric layers. Generally, features are etched into a layer and then filled with a
conductor, such as copper. Methods of filling etched features with copper are described in
US Patent No. 7,294,574, entitled “Sputter Deposition and Etching of Metallization Seed
Layer for Overhang and Sidewall Improvement,” by Ding et al., issued November 13, 2007;
US Patent No. 7,659,197, entitled “Selective Resputtering of Metal Seed Layers,” by Juliano,
issued February 9, 2010, US Patent No. 6,664,122 entitled “Electroless Copper Deposition
Method for Preparing Copper Seed Layers,” by Andryuschenko et al., issued December 16,
2003, US Patent No. 7,456,102, entitled “Electroiess Copper Fill Process,” by Varadarajan et
al., issued November 25, 2008, US Patent No. 7,501,014 entitled “Formaldehyde Free
Electroless Copper Compositions,” by Poole et al., issued March 10, 2009, and US Patent No.
7,651,934, entitled “Process for Electroless Copper Deposition,” by Lubomirsky et al., issued
January 26, 2010, which are all incorporated by reference for all purposes.
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11111112112121121212112121217121121211111 *@G00002* SUVMMARY OF THE | NVENTI ON

[ 0003] To achieve the foregoing and in accordance with the purpose of the
present invention, a nmethod for providing netal filled features in a |ayer
is pravided. A netal seed layer is deposited on tops and bottons of the
f-eatures. Metal seed | ayer SOMMARSY OfF Tk INYAINIFIESN and over hangs is renopved
wi t hout renoving netal seed |ayer on bottons of features. An el ectroless

deposi t[00dBjof Tetashielstherforsigding and if aédordalnee ettt perpovdelithe prebdir
el ectral ess dep05|t|on first deposits on the netal seed ] ayer on_bottons of
the fedbYguéion, 3 metwy ﬂr%rﬁ&dmmﬁtahﬁﬂ@%featqr%n@flames piovidedi Shmeal sgshod f or

pr ovi dllgl%ar(;QQéb%rSltgié %Iglg)?p%d Bod cﬁg s St thl ?&tJr@satM'é&¥ sée‘& léyérr%}é‘? pp§c§fti? ovided. A

barrier yer ted In e features. per | oy seed
| ayer ifsatdreseaat ooerahhgs 1arﬁin®eﬂmthowefeyncdfmgjmbtaéshedﬂa)te®ps battdmbof featteesof t he

feature th respect. .to Il's qf . th ures The, ¢ r copper

b oy, Samberyes GRovHRobrCRhS mrauttt bk I5USRaH i nE BleGaEs S & hout
renmovi ng baﬁoﬁﬁm@&p&rtssﬁmeﬁi iéama%%ean baitsihs o atdiies. of features using
a wet etch or chem cal nechani cal polishing. An el ectrol ess copper or

copper ghhAy d%%tﬁér%ﬂd‘%‘stﬁﬁ&?{ F{d@ﬁg ihnlibh.a h oﬁ?@zI;gB%ﬁmgt"@g)Bgé‘d? the

electroless copper or copper ep03|t|on I'rst ‘deposi n the copper
or coppeppel dloy fikddedtagem zohybmsmmmde;ﬂf A herrfee &yer Essiep{)ﬁaﬁf‘u]n Tredssumad

other features of the present invention wll be de crlbed n nore details
Dol ow 145 COM 6 Comneh SO Ml Byt o SREP N R APAHEL B DR ERd o i &

the f Qlﬂo‘?ﬁ&?ﬂ%g)fftlﬁegféﬁﬁ%s with respect to sidewalls of the features. The copper or copper alloy
seed layer on tops of the features and overhangs is removed without removing the copper or
copper alloy seed layer on bottoms of features using a wet etch or chemical mechanical
‘polishing. An electroless copper or copper alloy deposition is provided to fill the features,
wherein the electroless copper or copper alloy deposition first deposits on the copper or

copper alloy seed layer on bottoms of the features.

[0005] These and other features of the present invention will be described in more details
below in the detailed description of the invention and in conjunction with the following

figures.
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BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0006] The present invention is
illustrated by way of exanple, and not by way of l[imtation, in the figures
of the acconpanying drawi ngs and in which Iike reference nunerals refer to
simlar elenments and in which: [0007]FIG 1 is a flow chart of an

- enbodi ment of the i nveBRIBA.DESCRBPIFOTF IREDRAWENHEMati ¢ vi ews of the

formation of structures using the inventive process. DETAILED DESCRI PTI ON

OF THE [P6USTERRER: E‘@é&l’ﬁhﬁﬁﬁﬂ' &n [ LiNQS ateEbpivag efitxdnipleind@at b ay oéw be

descri bed in detﬁ with reference to a few
limitation, in the figures of the accompanying drawings and in which like reference numerals

refer to similar elements and in which:
[0007] FIG. 1 is a flow chart of an embodiment of the invention.

[0008] FIGS. 2A-G are schematic views of the formation of structures using the inventive

process.
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preferred enbodi nents thereof as illustrated in the acconpanyi ng draw ngs.
In the foll ow ng description, numerous specific details are set forth in
order to provide a thorough understanding of the present invention. It wll
be apparent, however, to one skilled in the art, that the present invention
rmay be practi deTMLEHEGRESORE TdONOF T61E PREFERKIEL EMROGBVIENTS. | n ot her

i nstances, well known process steps and/or structures have not been

descri peado] n dEhaplesém imretlion twill now beriesabed an Hétyil ohhaufeenche pfesent

inventio 010] Vari ou hads of f||||ngfeatures in dielectric |ayer
wi t h né’f‘gF“éfgﬁP‘é l@eﬂﬁﬁ%fa ieitgied indhe akpmpandng dradrgse ds &e folleWigpact

of the gugigsioh rlﬁfn%?‘&?sss clffic| TR KNG F i 1?13)2&&%‘?3)3@&6 a tﬁbl%?lgﬁmr e difficult.

An enbodi ment of the | ventl on reduces Voi cau rmng netal
cont ac tusdqzmtaﬁdaag of 6e. pre@otinyEdt@n. It wdl be hppgalnerit,eh@evéﬂ, oovomxhekilledah thxnart,

enmbodi nent, of the.invention, In thi odi nent tures vided in a
o T s s im S PaY br Rt HRSSPREA" 8U 6f Hepbregie 4Bt 1% ro
layer igthdr Restdngad, weﬁam@%qﬁoée@&tepﬁrfa&é@skm%ﬁl%i Had¥ 86t Bedn G@&%é& g t he

barrier. layer (step 112). The netal seed | ayer is removed fromtop of the
f eat ur e@oﬁ%dtmﬂlhamssa(ﬂé}t epscureghe prERentieveatioseed | ayer is sel ectively
renoved fromthe top of the features without renoving the netal seed | ayer
from t He0Xdt t oﬁamusmethbmfiﬁlésg fdatlwes inatielectoic lgiee withahetalmohtoisoady

pol i shin be use v1de su a sel.ective renoval . A glue
Pover RSO, AR tpSrep s sy b ot of Be Jofbpsraston s mde 08 doposi
a net a'av§1ki§1|ibea)? v@flﬂ%ére@ﬁfﬁ‘éﬁﬁp% @boatAat oTetAhv&tiodlrbd¥ss vQad Edused he
features with a conductive wiring or contact (step 124). [0012]In a

pr ef er vddledptpae maial contactian fepfuras.i on, features are provided in a | ayer
(step 104). FIG 2Ais a schematic cross-secti onal view of a stack 200 with
a subst{fGltl¢ 20BIGaltiha highdsret 120 8hat dfanf epattodiresnt 2PMe idventidn. dn éxtanpl e, one or

I i SEERARETe (GREC) 5BV I08 1o N aat apDl S0P e th BPER PTG or - hor o

prefer abﬂfab,e off i Ihyry @f the @8inirss @tep QV8)K Adineta®edelilf et BYiEHositid &Ihthabkm‘éalauef of
| ess than 4. th| s enbodjment, the layer is organosilicate glass (OSG) .

[ 0013] AStERAH12) eFL? myia} ssed layenisaspetedifion e Orf thetferterss mug sthang) (step A1 s
embodi MR imdid1Gedaahiyek &' selectively removed from the top of the features without removing the

metal seed layer from the bottom of the features. A wet etch or chemical mechanical polishing
(CMP) may be used to provide such a selective removal. A glue layer is deposited (step 120).
An electroless deposition 1s used to deposit a metal such as cobalt or copper or other metal or

alloys to fill the features with a conductive wiring or contact (step 124).

[0012] In a preferred embodiment of the invention, features are provided in a layer (step

104). FIG. 2A is a schematic cross-sectional view of a stack 200 with a substrate 204 with a layer
208 with features 220. In this example, one or more layers 216 are disposed between the
substrate 204 and the layer 208. In this example the layer 208 with features 220 is a dielectric
layer. More preferably, the layer 208 is a low-k dielectric layer, with a k value of less than 4.0.

In this embodiment, the layer is organosilicate glass (OSG).

[0013] A barrier layer is deposited in the features (step 108). In this embodiment the barrier
layer is a Co, Ta, TaN, or organic layer. In other embodiments the barrier layer may be a metal

nitride layer, such as titanium nitride (TiN), ruthenium nitride, or tantalum nitride (TaN), or an
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lLayer is a Co, Ta, TaN, or organic layer. In other enbodinments the barrier

| ayer may be a netal nitride |layer, such as titaniumnitride (TiN)
rutheniumnitride, or tantalumnitride (TaN), or an 'anorphous carbon

|l ayer. FIG 2B is a schematic cross-sectional view of the stack 200 after
t-he bagkmoffhohdy®borddver NEEG DEEHR 2 deRasit @fbss-3L20d4el AieiRifahe IRRDODARET thé S
deposited on tops and bottons of the features with respect to sidewalls of
the fe&emieelayerstidhas boen depesitedhi s enbodi ment, the netal seed layer is copper
or a copper alloy, which is provided by a dlrectional and sel ective

deposi {0@H4] whighetilseqtlaydr dedepbsited oplignsiand botrampoef thiefsemiasivoth re@oD)to FI G 2C
is as e a frer e aver is directionally
and serSer e B BT LEHT ut rou R AR T edeBefind copect
to the csppﬂaemﬁ?d}l swhm‘h it hx@vfdedibwadﬁectkﬁal&iﬁd\sﬂ;ectivhdélﬁasﬁfoﬁ Whicly 8rproié@aishytd ons on

t he bot f t f eat d t t f feat 228,
and 1§ BETEbpengs Epsten Gk Y 26 Rlmrrenaase Phiv fAret SRaarmenicet

over hamggr @%eaﬁ%ny Bl deRREV dépasitdden topLmddoBordd 50hé QiR wilihesgeel Bt | ve
t hi cknesses of the depositions are not drawn to scale in order to be able

to cl edaydswallyet ﬁhatf@ntrﬁ% A5 Prupdhereazglarest depegtigns the betasiaiitiskness of

the CO@éh%Ereﬂmoﬁir%é RBoflorsve ORI emRured 2 Sseald s OZ%etp@sﬁm dnfildebngss of
t he copger deposition on the sidewalls is at |east 10:1. Mre preferably,

t he rati %slnthSteﬁé)Otlme@k pEerbangs 286 acas dhgieps @féb@@ame@mrmhsﬁomw hsf features
224 to f r i I re at |east
220, 1 Shasay Ol LA 0R0E AR O RO OR R AR S, o

f eat ur élbustratedha &fbiconiayerp hlgngfemblly, vizpbickoksp ofsthe cappe( W@nwmoraﬁ)leéjottmnpofovi de

eatur Sttt RS bRt Ll fordS08 b R B ReD R aflstR U0 Bt opeof

t he fegtdferably, hordifds af 50 thiEHRYAS tRY6opp&aIEpbsHYER orBoRibhe BYfatRd 2d9estheot
renove the netaL seed | ayer at the bottons of the features (step 116). In
this efbegesedfine ¢9pPsr 630%%%%%% seyalarptdeash Pl heMest REgterobly, wag down
in a wedddetiftd dnlike s13@rdll%f@1e5@§tﬁf5§t AtheElh(HﬁI ﬁl@tsicﬁ’lr\/aﬁ& &B@sﬁ&?@’mqg pl aced
upsi de down in a wet bath 240. shown, seed | ayer on tops of

t he feablgreproypg aembcm\rﬁeciemsemma\wglsmm@ame@ogmb@e@e sidevlls afighe fhattites 240, but
the netal seed | ayer deposited on the bottons of the features 224 are not
exposed0@1®]t heThemetahschd Raer. is Adedivelygemoyedtfiven tms af ths @dlrd:sayfhirch@twt he tops

of the features 2 and theoov r 236 remying t he
et ol 22800 2R TR DR SR IR AR b B S AR ORI R ' e

net al demded e;e@rl 160 Ihhigs eapsdimentt thés if eaiompeshetis)ylpMmgehh stadhe@0p @psidal of the

over ha al.l ows fo i ontacts with reduce i ds cause t he

over haﬁgwnlnha P et %nﬁ#ﬂ?ﬁe‘ﬁ? 5¢ H‘aﬂiéflﬁlﬁté‘ftf?n °§ n“a&g PégB]é?qﬁi uRe ﬁg%‘i%/&(? di zer.
FI G 2Evdt Bath 230 NAFBRdvE, tHel ihkhls8dd 1aver@h b f fleatdtul VBT addhiBe sRAheSERA | ayer
on the tops of the features 228 and overhangs 236 has been renmpved wi t hout

renovi A& W@S%ﬁ@ Hhe e beth 1240t the mpgid sprst lnysiierssitechen the etimessofsbyfeatures

[Tﬁglg} 4 tagylgg SRRl (TRAY werdbal 148, | ARGk AR Shdligy ot BE nRtigRortRt ep 120) .

features 228 and the overhangs 236 are removed without removing the metal seed layer on the

bottoms of the features 224. Preferably, all of the metal seed layer on the tops of the features is
removed. The removal of the overhang allows formation of contacts with reduced voids
caused by the overhang. In this embodiment the wet bath is an acid bath with an oxidizer. FIG.
2E is a schematic illustration of the stack after the metal seed layer on the tops of the features 228
and overhangs 236 has been removed without removing the metal seed layer at the bottoms of the

features 224. -
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may be provided by providing an organic self assenbl ed nonol ayer (SAM
| ayer using a wet bath or vapor spray. The stack 200 is then subjected to
an el ectrol ess deposition (step 124). In this enbodi nent, the el ectrol ess
deposition forns a copper or copper alloy contact in the features. FIG 2F
i-S a sqoerat i cld thistesdbodimedt) aGfluetagdr &cdppPed foltite §thskqugh 12te Tak ghiengleess
deposition form ng parts. of copper contagg 244, 1t _shoul d be noted that
the. comaePTarted rEpvifige e araiceRk ABERPIsBmolE (CAMRES ISP EYehG | & a
S chematyafh drlvapsitspali The QhckeroPtiaten 3kt &%ed D @n €leerbiEQ! d%ﬁe%n%R@t%}F UbHN S
conpl eted, where conpl et ed copper contacts 248 are fornmed in the features.
Addi t i dhiaembedimesis thewlechelessslsgosivor iarmseeorper on conrerfalla eangast ingthe fealssesan
etch b i r copper
over a0y B sTprRRte ITRERANH G oy b B o SR TS e
f eat ur earepf dopper doe@t2é4. V\It dhdnl@lsqomned thatt th©corgaced ark Eass formed at thdbettom of

refera t he rat east, 1 prefer t he aspect
Pt o B YeabliS IS T 15 dbbehe ifispafRers S atbie eBHEIES BRationBat e Nor
o Lo A SR ot hamnai  rop bt tamilD e
trenché%avotfe LES% aéftger fwo%s]f%ﬁms&ﬁ aéﬁﬁ&ﬁ?ﬁé eﬁr@mce%ﬂle pigs! pag 8% t i on
(CVD) qemveh %ﬁévrtsahﬁ&isre%p@ééﬁpelo&emt&%dﬁf‘eckeatgreﬁlepomt the metal seed

| ayer. In such enbodi nents, the netal seed | ayer deposition nmay be

confor ma171nst eachRfus gh%@&ﬂe%@bre@éraﬁ?'tﬁ&fe‘aﬂﬁe AR IPthRranaith atpeihadi ment,

a chenical nmechani cal polishing (CWP)“is used to renove the copper at the
t ops ofis atleadt falt IMers pmfctablvelndmpqs ratllons aricxtShé‘r 1.eMpstipreferubly, theespicumtibay er

ot SCBRVR B 6 o PREASbOPDe BT BE AT MPCRBERE AR . the

gl ue | amm(rmyn bleloaquhxaslyb@% @Lelsd@@q&htmm tihigfereRl 8inbs&aEntsan LY be hgkdone
enbodi ment, the glue Iayer is applied using a polyner deposition that

provi dég Tl feteres ihat ipcaenghes g<contactsg pol ymer is used as a glue layer and is
deposited after the nmetal seed layer is deposited, it is desirable to
renove [00E8]gl uén ¢th«;r@mh‘0dimmnt tened] ahpog debsitap € VoN ot Hectindess depasition meay
featur 0 po R hesi.gon het ween t he
copper it FRUBRG I MR RE e AR R R el SR BB e

m gr at imay. beHonraal, insteadatf deectenblodisctedtive, a glue Iayer IS not dep05|ted. In
ot her enbodi nents a barrier |ayer nmay not be used. In such a case, a glue

| ayer reg19je apphrictisbrkafbotendnie dRindal SReHariell @blishing (NIRPIMed & t hi s
i nvention has been described in terns of several preferred enbodi nents,

t here dPBOHNE ff@roappqsﬁétheﬁepmth@ fesfges adeveeien sy sinsapgther empediggnt. e glhe s
whi ch fiald BQﬁed%%%PSﬁfmﬁqgftﬁe §e@¥?§ry§1’ ?ﬁh béf% I%Lﬂ gﬂlé&eg?s&at ed that
net ho

there are na ternati ve ys I ng th S and appar at uses
of the lpyeesfmnm thenvmf ithafeatures. sIntahenhexf ansodimert) dﬂecglnmkayemh@ bohppdisting

appended .cl ai ns.be |nterpreted as _incl udj al | terations,
per mut Jefah 3@10%4&1&;5? seersT df EneguPYAmERt gt By RApRS Usie ¢  ue
Spirit RnehSCRPEsiBbn IHAEPRVRRE AlnctiBYARED @bups. If a polymer is used as a glue layer

and is deposited after the metal seed layer is deposited, it is desirable to remove the glue layer

from the metal seed layer on the bottom of the features to enhance the electroless copper
deposition. Adhesion between the copper and the sidewalls of the features is desirable to
reduce copper migration. However, in other embodiments, a glue layer is not deposited. In
other embodiments a barrier layer may not be used. In such a case, a glue layer may be

applied before the metal seed layer.
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CLAIMS What is clained is: 1. A nmethod for providing netal filled features
in a |ayer conprising: depositing a netal seed |ayer on tops and bottons of
t-he features; renoving the netal seed |ayer on tops of the features
and overhangs w thout renoving the netal seed |ayer on bottons of features;
and . [002¢]r oviWlikkgh@inwdneoh had Bd ddepiiet tin ammelof s@tead] pteferréd | t he

f eat ures, erein the el ectrol ess deposi tié)n first deposits on the netal
seed | &7hogRENS thgmareqrterations.dsrmptadons. and yapoussphgigute squivalentseyhich ¢l ai m

1, furtéaﬁnvi&l%m@iséng%f%gwehhm ﬁgi_?ax}gg% HedbRid thit taa%_aﬁegga I8 Qﬁiegre

depositing the net seed [ ayer. met hod, .as recit i'n claim 2,

f ur t herwgyemp impliemgnuepibs in ¢thefdsand lapparhtages ofahe pleseryamvengon.| Hyetherefdre The

nmet hod,. as.recited.in claim 3, erei.n the renovi.ng t.he netal seed | ayer on
ops ofintehded i i auloafnd soRered amimyinf Skt yrddins allsesh wioss
chem calenABGNaMN, 68d vARI s ShbdMBute equivdiBRts AEEIPHithAShE 6L 5t ¥ Cbpd BT die
wherein the depositing the netal seed |ayer deposits the netal seed |ayer
on bot twasnpmveli®nf eat ures with respect to sidewalls of the features at a

t hi ckness ratio of at |east 10: 1.
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6. The nethod, as recited in claim4, wherein the depositing the netal seed
| ayer deposits netal seed |ayer on bottons of the features with respect to
sidewal | s of the features at a thickness ratio of at |east 100: 1. 7. The
net hod, as recited in claim6, wherein at | east one of the features has
depth to width aspect ratio of betweeAIMSL to 15:1. 8. The nethod, as
recited in claim?7, wherein the features have a CD of |ess than 100 A. 9.
The netwpd.is asim&cist ed in claim8, wherein the deposition of netal is a
deposition of copper or copper alloy. 10. The nethod, as recited in claim

9, wherei n t\g ARIdAbr RO MR ifle@fGARREH LhyGWRPisA! Oy seed | ayer.
11. The nmethod, as recited in claim 10, wherein the dep§5|t|ng t he net al

seed | ayer GRIRGGFLE A Kha 00 AR BYSIR Ao b AR aileRARS O 12, The

met hod, as recitedin clarm rernt positing the nmetal seed |ayer

conprises providing at ast,;one of physi cal . vapor, depositi chem cal
vapor deposir Ton °glFe Iélle%ea&eregll%vseéOaé%%sﬁ%l%ﬁe?mrT .nd‘PPfg %%‘8‘31?‘5‘55 recited in

cl ai m kemvhiap @idmtaBsde@N®yer BY bbliem et fans@gdnd ayer on tops of the features
and overhangs conprises providing a wet etch or chem cal mechani cal

pol i shing. pldvidihdenddaesbss 8sosfiohlo2ehdidl 6 I6dI (R feardfbBEhBlRLid IR HERQRsE | NY
the metal seed |ayer deposits the netal seed |ayer on bottons of the
f eat ur alspoiition fest genosits on Hicdestal segd tyet preboeamuelabe &atuges. hi ckness rati o of

at | east 10: 1.

2. The method, as recited in claim 1, further comprising depositing a barrier layer in the

features, before depositing the metal seed layer.

3. The method, as recited in claim 2, further comprising depositing a glue layer on the

barrier layer.

4, The method, as recited in claim 3, wherein the removing the metal seed layer on tops
of the features and overhangs comprises providing a wet etch or chemical mechanical

polishing.

5. The method, as recited in claim 4, wherein the depositing the metal seed layer
deposits the metal seed layer on bottoms of the features with respect to sidewalls of the

features at a thickness ratio of at least 10:1.

6. The method, as recited in claim 4, wherein the depositing the metal seed layer
deposits metal seed layer on bottoms of the features with respect to sidewalls of the features

at a thickness ratio of at least 100:1.
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15. The nmethod, as recited in claim1, wherein at |east one of the features
has depth to wi dth aspect ratio of between 4:1 to 15:1. Page 9 16. The
met hod, as recited in claim15, wherein the features have a CD of |ess than
100 A.  17. The nethod, as recited in claim1l, wherein the deposition of
netal 5 a dBposkthbdresotcitedppelaimi6, ehprar atdtdsoyne ofltBe feEhaesteishizgth tas
recited . rein the seed | ayer is a copper or copper

al | oy §égglﬁgﬁgraU6?€QﬂTﬁ@1ﬁé&%ﬁ@F{as recited in claim1, wherein the
depositing the netal seed |ayer conprises providing a physical vapor
deposition. 70.A method for providing copper or copper alloy filled
features in a |ayer conprising: depositing a barrier |layer in the features;
di r ect i%nal | Theamethed) asaeditedliy capds ivherein the deatyres hore Cppdilesalthanyl tekd

| ayer on tops and bottons of the features with respect to sidewalls of the
features;

9. The method, as recited in claim 8, wherein the deposition of metal is a deposition of

copper or copper alloy.

10. The method, as recited in claim 9, wherein the metal seed layer is a copper or copper

alloy seed layer.

11. The method, as recited in claim 10, wherein the depositing the metal seed layer

comprises providing a physical vapor deposition.

12. The method, as recited in claim 1, wherein the depositing the metal seed layer
comprises providing at least one of physical vapor deposition, chemical vapor deposition, or

electroless deposition.

13. The method, as recited in claim 1, wherein the removing the metal seed layer on tops
of the features and overhangs comprises providing a wet etch or chemical mechanical

polishing.

14. The method, as recited in claim 1, wherein the depositing the metal seed layer
deposits the metal seed layer on bottoms of the features with respect to sidewalls of the

features at a thickness ratio of at least 10:1.

15. The method, as recited in claim 1, wherein at least one of the features has depth to

width aspect ratio of between 4:1 to 15:1.
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renoving the copper or copper alloy seed | ayer on tops of the features and
over hangs w thout renoving the copper or copper alloy seed | ayer on bottons
of features using a wet etch or chem cal nechanical polishing; and

provi ding an el ectrol ess copper or copper alloy deposition to fill the

f-eat ur-es, wherein the el ectrol ess copper or copper alloy deposition first
deposits on the copper or copper alloy seed |l ayer on bottons of the

f eat ur g%. The method, as recited in claim 15, wherein the features have a CD of less than 100

A.

17. The method, as recited in claim 1, wherein the deposition of metal is a deposition of

copper or copper alloy.

18. The method, as recited in claim 1, wherein the metal seed layer is a copper or copper

alloy seed layer.

19. The method, as recited in claim 1, wherein the depositing the metal seed layer

comprises providing a physical vapor deposition.

20. A method for providing copper or copper alloy filled features in a layer comprising:
depositing a barrier layer in the features;

directionally and selectively depositing a copper or copper alloy seed layer on tops

and bottoms of the features with respect to sidewalls of the features;

removing the copper or copper alloy seed layer on tops of the features and overhangs
without removing the copper or copper alloy seed layer on bottoms of features using a wet

etch or chemical mechanical polishing; and

providing an electroless copper or copper alloy deposition to fill the features, wherein
the electroless copper or copper alloy deposition first deposits on the copper or copper alloy

seed layer on bottoms of the features.
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