METHODS OF FABRI CATI NG ELECTRONI C DEVI CES USI NG DI RECT COPPER PLATI NG

CROSS- REFERENCE [ 001] The present application is related to U S. Patent
Application SIN 11/641, 364, filed 12/18/2006, Docket # XCR-001, titled
"METHODS AND SYSTEMS FOR BARRI ER LAYER SURFACE PASSI VATION," to Yezdi DORDI,
John BOYD, Fritz REDEKER, WIlliam TH E, Tiruchirapalli ARUNAG R, and Hyungsuk
Al exander ' (CON, NMEBIOPROEMABRIGATING: ELECTEONIC DEYSCEDUSING PIREETO5/ 25/ 2006;

U.S. Patent Application S/N 11/ 427%;#%%R piARNGO6/ 28/ 2006; U.S. Patent
Application S/'N 11/461, 415, filed 07/ 27'7 2006; U.S. Patent Application S/ N
11/514, 038, filed 08/30/2006; U S. Patent Application S/N 10/357,664, filed
02/03/2003; U.S. Patent Application S/N 10/879, 263, filed 06/28/2004; and U.S.

Pat ent Applicati 611, filed 06/27/2003; all of these patents
and/ or applicati %@g%%%or ated herein, in their entirety, by this
ref erence. BACKGROUND [002] This invention relates to inproved nethods and
systens for t he[ %h'&&h@%@ﬂ:%fa -&ﬁé‘i&ﬂ&fﬂd‘i} é’rPa(E'é?th SaHyas integrated

circuits, nenory ceII use cop metallization; nore

speci fi cal | y t h|1yﬁﬂh%@nf"ﬁ@ﬁﬂ/ﬁ@?@ﬁﬁegw“@t HEERAES. té.'ﬁ@i M@E‘!%% ANBr copper - based

metal |ization ofsvgfrtmstmn @Amsﬁtm@msmpt@; PA&QGM@N igResdiant part of the
fabrication of sem conductor devices tallizati on of the devices to

electrically i nP@ﬁ%n’HE@POYReFrHé{?FPEKEFeW@ﬁF‘S HiEobrugdidpauch devi ces, the
nmetal | i zati on oRRCNAIGIR, aricyudgsikiAksatsse YOON; Opp @ateteAgdicdtonSsN - Met al 1i zati on

Systers that use,copRes nphaboblfed CEaBHRNBPSR ARG gurerial (o

i sol ate the coppe Sensi oni ¢ devi ces. Sorre
of the commonl y0&8&a00salrS. Eatehbirpticatibo B/N bldffEs415, filed 07/27/2006; U.S.

Patent Application S/N 11/514,038, filed 08/30/2006; U.S. Patent Application
S/N 10/357,664, filed 02/03/2003; U.S. Patent Application S/N 10/879,263,
filed 06/28/2004; and U.S. Patent Application S/N 10/607,611, filed
06/27/2003; all of these patents and/or applications are incorporated herein, in

their entirety, by this reference.
BACKGROUND

[002] This invention relates to improved methods and systems for the
metallization of semiconductor devices such as integrated circuits, memory
cells, and the like that use copper metallization; more specifically this
invention relates to methods and systems for copper-based metallization of

silicon integrated circuits.

[003] An important part of the fabrication of semiconductor devices is the
metallization of the devices to electrically interconnect the device elements.
For many such devices, the metallization of choice includes the use of copper
metal lines. Metallization systems that use copper metal lines also must use
a barrier material to isolate the copper from copper sensitive areas of the
electronic devices. Some of the commonly used barrier layers for copper
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nmetal lization are materials such as tantalum such as tantalumnitride, and
such as conbined | ayers of tantalumand tantalumnitride. [4] The usual
fabrication process for netallization systens that use copper involves the
deposition of copper onto the barrier layers. Typically, a seed |ayer of
copper is deposited onto the barrier layer; the seed | ayer of copper is then
fol l owed by a copjpéiratgapfe ibteridiagush a&ﬂﬁ“@ﬁﬂlrmrsgvﬁ aetentele itifik agdpper for filling
trenches and vi hfagrco%Buﬁe&W‘é?é?ﬁHté%lhﬁ:%d&n%&ﬁﬁi'irfd%d process for depositing
the copper gapfill is electrochemcal plating which typically uses a seed

| ayer of copper. [5] One problemthat occurs in the standard technol ogy used
for copper met atobilzahéeéuai Sbiidaaén ﬁ’aé‘eés(hfr n’idt’@hz@fcﬁxf@mémdtmwd ®@bperat eri al s such
as tantal um and.t um ni é df ﬁ\@hsb d. 10 al f Caﬁx esggoed peri ods of
time, can form Qx?‘éeés %ﬂ%pﬁs' %n?(fﬁ?%r Xi (fe'eér?@fetsan YRy XYM tri de on the
surface of the lgerdfesppeayeeposited ordo trdamiet lngdr; o eetdriafeestcodepdsi ti on of
copper onto the i ibited if there is
oxi de present Otr?gﬁ'fcfllb\g%jréﬁ%ﬁfppé@{apﬂﬁl?ye@%gﬁh%fbgﬁeé e Dl o deggirnot adhere to the
oxi de on the bafllingdrenpapeand yigs {gsithe fa%ta'I'%a“%[dhé’r%@fe{r?f?@rﬁ%esﬁwe barrier metal or
metal rich barry&ostidy®e csbef g&fil isseithod@niicantiaing Whahdydicany ededm ri ch surface
on tantal um ni tr:g? WLG §FX{mtgér:gr probl em t ha% ogcurs ¥d(i)r“% he standard

technol ogy is tPEEY DEEOTRERAT enent's for new devi ce technol ogi es i ncl ude using
t hi nner copper |ayers as seed | ayers. These seed | ayers are often deposited by
a physi cal vapof,dep and produces
an over hang for ﬂenﬁﬁ sérgﬂ tr%ggé(:%hs\q@h%%ﬁ%g?rdq f’%‘géfl%egﬁézﬁ?{r) W?t he openi ng of
vi as and t r enchestalligiion isohattnimsy ©f ihe otsifesres b@aﬁr eeterialp Bmheastt@mtéi@gr adi ng the

quality of el ecsrrooteh@wdn.@@eoffle&&osegRpé:wformdwsérmaggftm&em%qn by deposition
of copper by physical vapor deposition can cause pinch off for the

el ectropl at ed c@ﬁ‘ﬁférsuc’b%%@i“ﬁ\“?‘ qX{Q&\ﬁ”H{fr‘é@'W a’E}'PEf'qelqnlt%S%F?iOf B the gapfill
COppIer ~The reqwﬁr@n@@ts|tf|@knoswntthmrereeﬁol@smpgdss;tloalsoeeop]p@rrommmeseed Igyer maycI
result in very thin co ers ) S Q o be coate
The copper Iayeé ay&B ShU$5e? cﬁ%e(‘?g%iy Hﬁéf‘u?t%‘f@ﬁsfe LS ﬁg ﬁéa%d can further
contribute to fmmextla)@n &f additond®pper dobeng apfiére ko tbepyds on fﬁh@alp)leor qual ity
copper gapfill Fag@taswagﬁaaﬂér J bR ubfbef?ﬁyynﬁﬁggtﬁe@?mhsoamqag&ed layers can

have a significant act on 1h e el ectron devi ces using
such copper mnet g}rﬁapq,gpq:t‘o@ﬁ tgryglp@rp@d tantalum rich surface on tantalum nitride.

[006] Another problem that occurs for the standard technology is that the
requirements for new device technologies include using thinner copper layers
as seed layers. These seed layers are often deposited by a physical vapor
deposition process which has poor step coverage and produces an overhang
for trenches and vias that can significantly narrow the opening of vias and
trenches. Each of these problems can contribute to degrading the quality of
electroplated gapfill copper. The overhang produced by deposition of copper
by physical vapor deposition can cause pinch off for the electroplated copper,
possibly leaving a liquid filled void in the gapfill copper. The requirements for
a thinner copper layer for the seed layer may result in very thin copper layers
on the sidewalls of features to be coated. The copper layer may even be
discontinuous along the sidewall and can further contribute to formation of
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[7] Cearly, there are nunmerous applications requiring high-performance, high
reliability electronic devices. The problens that occur for the standard
technol ogy for fabricating el ectronic devices using copper netallization
indicate there is a need for nethods and structures that can allow the
fabrication of electronic devices using copper netallization wth inproved
per f or mance andvoigpindeegipfietdpabi | Mie/pookbvaitysjoerdrigrrfdithar mayiesué is a need for

copper metal | i zgbhoR I%G\F'Fe&m%n{ehétfor%e@@&eré %QHJMv@ aSiApEat dnpaeednol ogy copper
seed | ayers for deposition of gapfill. There i1s also a need fo

netal | ization pfsceesily of W&@'G&U%"quvﬁés 5?'%?@%0%5618185*?@@"\/\4 th oxi de

formati on on theydpahgi er materials. SUMMARY [8] This invention pertains to
met hods and structures for fabricating sem conductor devices. The present

i nvention seeks to overcone one or nore of the deficiencies of the standard

t echnol ogi es f of007]aliléariattherg asemineondwoploatiale véqueng sigotpedemantegr at ed
Circuits, memoryigh Gy 8RO R bLE THabrolBfs¢RRBSL: BPIRIdaaL on. 1009 Cne

aspect of t he preéesent vention is a ricating sem conduct or
devi ces havi ng tshpriegyiertairicatigeiestionis ¢evisae uangenprerenetalizafien net hod i ncl udes

providing a pat Inﬁfc@t@dhé&\@fs%rneéa‘ﬂdrﬂ&trﬁbdéibﬁéétﬁ)c@l‘bsbﬁ’étbbﬁélloﬁ&he copper; depositing
a copperl ess se ive for el ectrochem cal

i t| n foeg g mchﬁvce usxl Sn barrrnI tgﬁ%agx W, h rov
deposi tion of g f?al BigpFar &°es &89 PERPEF MP PR “;P‘Pc? nmed by a
conf or mal deposperfcomaprecoe sspraved rglablityal Myrefspea:ifmdll)bweae inameeafoor mal deposition
D er A pfr hbhDEbn LAGLHARS BlGERLOR 21400 GaRBRE, RRLY || onto the

seed | ayer. r as resent rnvention Is a ayer structure
for fabricati ngS@émwau@quwtlommwmsgmﬁl&t Theee i alppamneeseioal | i zation. Still

anot her aspect %%tail@&oﬂ%%@&es'tﬂé\’%d tﬂ@pio@%h%%%c%?é@\ﬁf%iwﬁt or devices
fabricated usin e nmet hods disclosed infra. [10] It is to be understood

that the invent %Hﬁatl% SAdte hariar fSEETRIS- it s application to the details of
construction and to the arrangenents of the conmponents set forth in the

fol |l owi ng descr%}g&liv@\ra,él r illustrated in the drawings. The invention is capable
of other enbodi nd of being practiced and carried out in various ways.
In addition, it is to be understood that the phraseol ogy and term nol ogy

enpl oyed ger el g2 ThRInVERBNRKAARSE Rlindle SRl bRl A% BRdoiagyy d not be regar ded
J semiconductor devices. The present invention seeks to overcome one or

more of the deficiencies of the standard technologies for fabricating
semiconductor devices such as integrated circuits, memory cells, and the like
that use copper metallization.

[009] One aspect of the present invention is a method of fabricating
semiconductor devices having copper metallization. In one embodiment, the
method includes providing a patterned wafer having a diffusion barrier for
copper; depositing a copperless seed layer on the diffusion barrier effective
for electrochemical deposition of gapfill copper. The seed layer is partially
formed by a conformal deposition process and partially formed by a
nonconformal deposition process. The method further includes
electroplating copper gapfill onto the seed layer. Another aspect of the
present invention is a seed layer structure for fabricating semiconductor
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[11] As such, those skilled in the art will appreciate that the conception,
upon which this disclosure is based, nmay readily be utilized as a basis for

t he designing of other structures, nethods, and systens for carrying out
aspects of the present invention. It is inportant, therefore, that the clains
be regarded as including such equival ent constructions insofar as they do not
depart from t hedsyiiesithat aseccopperpectalizativre  Stilesmther psneenafiterpreBRI EF DESCRI PTI ON

CF THE DRAW NGSidokh il dofionfiudl 06685 b RUeduaH Ol embodi ment of  he
present invention I's a process di agram of an enbodi nent of

t he present |nv€ﬁ@?%ﬁ"ﬁm[l4] FIG. 3Ais a diagramof a substrate to be
processed according to an enbodi nent of the present invention. [15] FIG 3B
is a diagram of

embodi mont - of t Ao/ GE B Phratbe Bl ¥ ryeftoB e Bt LGP aR RS i he o "
substrate from Fﬁegieta’b’dsofpnnstnualldnwnpn@messermbeamotsrotﬂtthpomoorwntseae!bod| ment of the
present inventi U in the following description or illustrated in the drawings. The invention

is capable of other embodiments and of being practiced and carried out in

various ways. In addition, it is to be understood that the phraseology and

terminology employed herein are for the purpose of description and should

not be regarded as limiting.

[011] As such, those skilled in the art will appreciate that the conception,
upon which this disclosure is based, may readily be utilized as a basis for the
designing of other structures, methods, and systems for carrying out aspects
of the present invention. It is important, therefore, that the claims be
regarded as including such equivalent constructions insofar as they do not

depart from the spirit and scope of the present invention.
BRIEF DESCRIPTION OF THE DRAWINGS

[012] FIG. 1 is a process flow diagram of an embodiment of the present
invention.

[013] FIG. 2 is a process flow diagram of an embodiment of the present
invention.

[014] FIG. 3Ais a diagram of a substrate to be processed according to an
embodiment of the present invention.

[015] FIG. 3B is a diagram of the substrate from Fig. 3A partially processed
according to an embodiment of the present invention.

[016] FIG. 3C is a diagram of the substrate from Fig. 3A partially processed
according to an embodiment of the present invention.

[017] FIG. 3D is a diagram of the substrate from Fig. 3A partially processed

according to an embodiment of the present invention.
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1017] FIG 3D is a diagramof the substrate fromFig. 3A partially processed
according to an enbodi nent of the present invention. [18] FIG 3E is a

di agram of the substrate fromFig. 3A processed according to an enbodi nent of
the present invention. [19] Skilled artisans appreciate that elenents in the
figures are illustrated for sinplicity and clarity and have not necessarily
been drawn to s¢@BEe.FIGOIE iexalpgram oftthesubsiaia §boiig. 8f proagsedfced@n®| enent s i n

the figures may,bg, %ﬂﬂﬁérﬁBﬁ oLk iVentlb other elements to help to inprove
under st andi ng 01J enﬁﬁ I ment s g?ﬁthe r?r esent invention. DESCRI PTION [20] The

present inventi dHopetillar adisans appreaiple trielearenisdt M dpBDAGIESHUevi ces usi ng
barri ;a_r | ay'elris gdi@g%&@@ndgiagﬁl%nd The r@pﬁéo%lééaﬁry teén ﬁr@h@@ﬂ soanrt SFef the present

i nvention w e di scusse el o rimari in.t context of transition
netal barrier | &W@e’gﬁ%‘?‘@%sboé}s O\%‘f"ﬁ‘? Oflqri?%%g'x?'g? ndfig i%cuEJer? |ef¥;%eegr ated circuits.
However, it is tradgeratmidertitedodthehe¢menbodiepeninsprove understaddingef wi t h t he
present inventi %&b%%emgo’fjtﬁgﬂie%@rﬁ iREheL metal lization systems for which direct

formation of the copper gapf w thout a seed | ayer of copper, is needed.
[21] In the follow ng description of the figures, identical reference nunerals
have been used weeariesbgnati ng substantially identical elements or steps that
are comon to the figures.

[020] The present invention pertains to metallization for semiconductor

devices using barrier layers and copper lines. The operation of

embodiments of the present invention will be discussed below, primarily, in

the context of transition metal barrier layers and copper metal lines for silicon

integrated circuits. However, it is to be understood that embodiments in

accordance with the present invention may be used for other metallization

systems for which direct formation of the copper gapfill, without a seed layer

of copper, is needed.

[021] In the following description of the figures, identical reference numerals
have been used when designating substantially identical elements or steps

that are common to the figures.

[022] Reference is now made to Fig. 1 where there is shown a process flow
diagram 20 according to one embodiment of the present invention. Process
flow diagram 20 shows a method of depositing a copper gapfill layer onto a
transition metal barrier layer for integrated circuit metallization. Process flow

diagram 20 includes step 25, step 30, and step 35.

[023] Step 25 provides a patterned integrated circuit wafer.  Optionally, the
integrated circuit wafer may be a semiconductor wafer such as a silicon wafer.
As an alternative, the integrated circuit wafer may be a wafer of a material

other than a semiconductor such as a glass wafer, such as a sapphire wafer,
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[22] Reference is now made to Fig. 1 where there is shown a process flow

di agram 20 according to one enbodi nent of the present invention. Process flow
di agram 20 shows a net hod of depositing a copper gapfill layer onto a
transition netal barrier layer for integrated circuit netallization. Process
fl ow di agram 20 i ncludes step 25, step 30, and step 35. [23] Step 25 provides
a patterned i nt egothtredaterial caedtfonsapearting@uegretedicirgujts.t Hdeipatergfamed circuit wafer
may be a serm condil ol RSN iRHRAES RoyfbsSlibl SARREha o Aidlber native, the

integrated circuit wa é@ mat eri al er than a
seni conduct or singicenseg reptelestionaf épe P@@Hhm%beafog‘a‘?%)fqné O\W&PEr, or other

material used f %Focﬁéﬁéﬁﬂ{a'@ maﬁmblﬂé@ﬂ{@dr%r&htﬁ@déw protBssep alebsdi tibnf ornmed on the
waf er usual ly includes (glr{;tures SUC‘{]%? trenches and such as vias for

i nt er connect  mePRCPTSLa S PR H AL IR FAL)" BECFSPYred by one or nore processes

that may include one or nore |lithography processes, dep03|t|on processes, etch

processes, and ?@?fagt%;?ﬁ‘a@?e?é"éﬁ&%ﬁ%faSée%%&f%%%?’fgf g g%s{edeposi tion of

a seed Iayer ef copper gapft’ epos i on. seed |l ayer is
deposi ted, in paerfil dsgosiioponfrersead lagesfoddropitsd, iPrretays @AW™MAn part, by a

nonconf or nal depasdsiibR BroRERGRE Sin phit, %fy%rr@hédﬁformejeﬁ@mnlpaaeeés is deposited so as
to be effective to substant|a1 prevent or retard oxidation of the barrier

| ayer. Preferrefre&@aby g eed "?YSF ‘Sé’ﬁWH?WSStOB? etgrive, PSLRHEN N ent i on conpri se
el enents ot her phasnteppked oxildtion ostpe bhtiedaydry, Préfeeeq)m;ﬁeayesdo:seed | ayers for

enbodi nent s of th sent.invention are c erle For the
pur pose of thi s® gg&n%tﬁ? fhe P Wéeqténvﬁ?t’on Comgrp eeée@e%§s O%Eeerg’ %és F?]Zr e as being
substantially f Moe sﬁecmchipethe mefeped AeaC Iayprscfomrabwlm@tmféfmnesﬁnbt her than

copper. Furt her gt gion pfELHL R, EBOLGRENES: B ool 380adsIkeibl on use a seed

layer that is also resist formati on and does not forma surface
oxi de during pr &F8seIPRerIash d?ffﬁ‘Fél"'Fféraéé’eW grpstantizlyiee /T SRRt i on of gapfil |

metal . [25] St m&ﬁym.mﬁgeaerd@rﬁ%mﬂtm &fppthergapfrdrk, prereadd According to a

referred enbodl nt. of t res i.nvention, the conpri ses
(F:)opper Pref er aﬁfr@ é”ﬂ??'ﬁfﬁ@&@ BTeBW ﬂUe”t?”@a‘??F%%? 'Wt@ggtahﬁtresﬁﬁk ™
substanti al | y nexioxioteatpnese tdbeshet fveen stifteelvaide idetngl mywessisgitiat he seed | ayer
and so that thegclaer}e sWtR &%@dnade YsithQ P éqlﬁ [gsent between the seed | ayer and
erlofes MDA el Pl Bl

the gapfill neta di nents of the present
invention, the gapfill net aI conprl ses copper deposited by el ectrochem cal

plating. [26] Aabur S48rassicRRict BGSosRBOUNInd Baefl eicl) Acbling & AN Pt i on for - sorre
enbodi ments of the present invention includes treati n%g[ surface of the

barrier |ayer aPWreﬂﬁé‘bﬁ‘éWP'@f tepsessaidRVenE . 927ty P'ermPH%essurface of the
barrier layer meyppee PesbrabigBsiodeds fow 20 isehiyie@butwayist thEheisst ep i s perfor med

substantially no oxide present between the barrier layer and the seed layer
and so that there is substantially no oxide present between the seed layer and
the gapfill metal. According to preferred embodiments of the present
invention, the gapfill metal comprises copper deposited by electrochemical

plating.

[026] A further step (not shown in Fig. 1) that is an option for some
embodiments of the present invention includes treating the surface of the
barrier layer after the barrier has been formed. Treating the surface of the
barrier layer may be performed in a variety of ways. The step is performed
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SO as to prepare the surface of the barrier layer for follow on processing
st eps. Treating the surface of the barrier layer is primarily done to

i nprove the surface adhesion or to inprove the contact resistance for |ayers
deposited on the barrier |ayer. According to one enbodi nent of the present
invention, treating the surface of the barrier |layer is acconplished by

subj ecting the sur$&qeemfe thheurfrae of e bhrageeyer for foliby-dn oyeasgritadsni ng pl asma.

The, hydrogen contab ot di AssR bR, GB'L BHEGH dde IEI. SRt amt nant s on the

surface of the barrie er such as ose netal oxides forned on the
surface of the E%QCPéf‘hGISWé’f togppeeye the Cﬁﬁ%ﬁﬁ%%s@cﬁ&réﬁyeﬁdéﬁo%tﬁ? PAce at the

surface of the b@ﬂfakr@?Iak/é\rye)\cco(hl‘hga&%ﬁ@brﬂbwmaﬂ%ﬂhéahls@wthwdﬂit@ﬁen cont ai ni ng
pl asma for trea

arrier rlbed in conmonly
owned US pat ent 8%%9."2:%&%?? ‘gi'ﬁ t?l"'eﬁTWB ?aicff‘gﬂsﬁ'e%g)ésuqqcf H"8n 08/ 30/ 2006 and
i S 1 ncor por at edsiréceichthe barrieitisyee it a hyeltogen loyntédining plagrh@ar dime dydrogeéi7] For

embod! ment s of _bhfaikh ﬁ@g{namys&&&ga%{;;Lere%vé‘%bﬂa hRARL Surfigye properti es

sufficient to su even usi on gapfi nmetal used in the
sem conduct or d@W%é@rfle%Sl@k‘&ﬁm @%?OGIPOW@@MX@GWOW%WUH@Ekéﬁfarcieer s include,

but are not |i mpf®ephfer Iéﬁ%@b#@;ﬁ&fu@@é‘nﬁtaﬁ FidroRiraderd b dumed dithede, titani um
nitride, titaniumsilicon nitride, tungsten nitride, d tun sten carbon

nitride. Prefer PEECIPY-udidreBRIeq 8t Brhygfeﬂ%??ﬁm ces wi th copper
netal lization useatmgmwﬁd& of Ot (i Rgert isuoésatibea) in SmmrhmaﬁoWraidtLB um nitride.

28] Seed | ayer s, Lor, subodl ent s, L 18 RHESENLo QERMGhOD,pLef erabl y incl ude

oxi dation resis con ors suc Ion resistant netals.
Some exanpl es ofncsmpllawldlheresre&dtsmlyretysby thislrefdencehut are not limted to,
rhenium osmum iridium cobalt, nickel, platinum and palladium [29]
Enbodi nents of the present invention may be acconplished using a variety of
deposi tion pr oc&@@ef%ﬁ'ﬁ%ﬂﬂ"@e"@ﬁOfﬁW%WP%”?:@V%ﬁ@ r“&ﬂ JiEFIoRPRIrEFMEYE deposi ti on and

control I ed nonc%b@mmump@swmtréWprmhfmﬁuswn o@fhetghﬁfm&ﬂ&éi usgyer. It is
known that by selectin § rp ﬁ orrbl nation fofI rTEet(ﬁ@ K and process
condi ti ons, conf"d?‘?‘rﬁefm'g‘&% P9eY esca OWE XU BYRHTSL f?ﬁ 6Cesses such as
atom c | ayer demolsdé,ibonarandt liottedrics sntallapcarbahepicds, tantaium mtrsde

titanium nitride, titanium silicon nitride, tungsten nitride, and tungsten carbon

nitride. Preferred diffusion barriers for semiconductor devices with copper

metallization use compounds containing tantalum, such as tantalum nitride.

[028] Seed layers for embodiments of the present invention preferably
include oxidation resistant electrical conductors such as oxidation resistant
metals. Some examples of suitable seed layers include, but are not limited

to, rhenium, osmium, iridium, cobalt, nickel, platinum, and palladium.

[029] Embodiments of the present invention may be accomplished using a
variety of deposition processes capable of providing controlled conformal
deposition and controlled nonconformal deposition for formation of the seed
layer. It is known that by selecting the proper combination of materials and
process conditions, conformal deposition can be accomplished using
processes such as atomic layer deposition and chemical vapor deposition.

7



There are also options as to how the atom c | ayer deposition processes are
performed and as to how the chem cal vapor deposition processes are perforned.
It is also known that by selecting the proper conbination of naterials and
process conditions, nonconfornmal deposition can be acconplished using chem cal
vapor deposition. The general processes of atom c | ayer deposition and

chem cal vapor degesid @lemomdipes auwetb lhok treatomin layhedegpsitionThieaeesezraee mul ti pl e :
processes to Ch%@ﬁ&mﬁa&‘a{[ﬂo% 2 hbRE SRS pbAKRESRGFHediddrd 0 embodi ment s of

the present invention. ] Anot her option to achieve nonconformal deposition
to practice emb®8iEREs lbF AEREG LMY SplRciDatieoMORSH EPTRBRICNSI ng traditi onal
nonconf or mal depRsdrkis@Ad BFoRERSBRGtich ChbnadsnférmArdepbsisdndah bdeposi ti on processes.
Sonme exanpl es of tragi tional non i on _processes. i ncl ude, but

confornal depositi

are not |initedf@MPLYGHLERY ﬁ'&m'WEE?ﬂ?ﬁH%?éﬁS'?aﬁhSﬁ?ne SERE? °bhysi cal vapor
Eeposi ti o?hpr ocemﬁ:%ye‘ﬂdep@éine;aaq ci}gmckme@ooﬁeqohigm arﬁwewm?m imé}sosi ]Ei on is wel L]

nown in e ar r or form ng see
| ayers accordi nért't o] _e%%r |nﬁn“etﬁtéﬁ%(% ?eeﬁgé g’%@giﬁ%%‘gnﬁﬁﬁe '%8%%1 Enbodi nent s of
t he present i nv@pRrdng leLmbpdimeatsof \8d PepgentiyeniPnany types or conbi nati ons of
deposition processes that provide suitable seed |ayers for enbodi nents of the
present invention. So exanpl es of specific ti ons for enbodi nents of the
present inventi éqqolar‘aé‘g&? ‘P%'EF&/%C?“@T‘?]%g@BWPWﬁgpoa'g%@ipﬁmBW process incl udes
atomi c | ayer deposbdiinets offthe peseft divertlon defdss tsirgtrapitiocs ssndonolruales cheni cal
Ao epOST L Oendkit PRAGED! TSt iR LARROPEERSLIC kYRS PV S! cal vapor
deposi ti on. The noncontorna a“ep05|t| on process i nclrudes netal evaporation or
sputtering. Theexuonflesohithditienabyincordermal dapesition procesersripdiudehleid algy at omi ¢ | ayer

deposition and {h8ineNEOSIRERRY, vASRASVARRIOR! E&HRr bifysREGAPHI | shed by cheni cal
vapor deposition. The conformal_deposition process IS accogh)l i shed by atom c

| ayer depositi ofCROSHOR AOCPRSAT orl1e LR BEISEES 2fiPBYFIGH PRSPPI onpl i shed by
physi cal vapor depRrswhii®the art. [ B¥e Bemuliply b&skss&do erdaadiromnsr of the present

i nvention, the ponconf%irral dc}Bo i tion (gcgoc St RL orducrﬁs anIhi cker deposit over
the field areas ¥THIASPH PYRES EPrLioR MPRAPERe’ N BT REV B ds, t he

nonconf ormal portion of the seed |ayer is deposited so that it is thicker on
the top surface r not._ i : t i ckness of the
seed | ayer depogflg@Ie?ﬁﬁawﬁé&f@g}?tﬁé&g?ﬂﬁ%@& %nggéfﬁgggti%@atgﬁs and bottons of
the features, sivges®icoaninRionsberpasitien pracaspeschet NRVide suiRbleRasei | | of the

features. Furthgrami& enb@hehts @fihe FRAETRBATNOT SME QAR spdduignt i on use
mat eri al s and processes fo ositi ng?the nonconformal portion of the seed

r de
| ayer so that o9¥HCRRIGEMEOHBRYS PLiee BESE EVEHEARHPIPIMEe!Rf as and trenches do
not narrow the o@@srha0depostigpré@ssingndds dt@nit layer depesificer eTgé t h t he gapf i1l of
the features. Myre s ificall t he nonconf ormal depositign process is
performed so asC?ngorpﬁg‘fcﬁ?gs'ﬁ%em%%%Wf‘u%gfs C@\?@Fcﬁgvﬁﬁ?rn%pgse'tﬁ)g'si Sor the trenches
and vi as. The r eghwonfooml dépositien peegsk dnvidag pliisisalsiapordiepestmsesTitthe i nci dences of
pi nch off and vpi [Wolay ' ; t hi ckness of the
conformal porti g%ﬂgéﬁinﬂ%ﬁé@gg%ﬁ%@g%s?gﬁgg% ‘é‘ﬁ%fﬁ%g&ﬁgﬁﬁbk”ﬁﬁ%ness needed to
provi de subst anfhasanjor@aifieperiton Precevielr agempligied by 8tosiin'sYe deeesitiBar ti cul arly in
the features thadd i hbndoBeRhH GefdRRiod pRbédslis ARbAbIshe®by brddnichl gef i || metal of
sufficient quali t#@an 2@ el efct rﬂgegerq.cal I$/ deposi tq,dhelé{h t he features.
Preferably, thedtH0PlRhed S8 GpN I dRREFIILRIRTESP & aCHPR N A¥"Enabl e di r ect
el ect r ochem cal lapératepoeitionfane Gpencaépiil depuditdiquiceneie dcdonrplishes®gd | ayer
conpri sing copp . .t hi ckness of the nonconformal portion of the seed
| ayer is deter r‘}/gﬁalbvéé%rh%&r%éio??sti vity of the seed | ayer. Seed | ayers
according to enbodi nents of the present invention are copperless seed | ayers
intended to replace seed | ayers that conprise copper. Copper is a good
el ectrical conductor and typically has an electrical conductivity that is
significantly lower than that of materigls preferred for seed | ayers according
to enbodi nents of the present invention. The thickness of the nonconf ornal
portion of the seed layer is selected so as to provide an el ectrical
resistance for the substrate that is about equal to the electrical resistance
for a substrate that uses a seed



| ayer of copper. For a preferred enbodi nent of the present invention, the
nonconf or mal deposition process increases the thickness of the copperl ess seed
| ayer so that the copperless seed |ayer has an electrical resistance suitable
for electrochem cal plating gapfill copper. In other words, the seed |ayer
formed in step 30 is sufficiently thick to elimnate the need for a seed | ayer
conpri si ng coppéB2jaridr 8 peserds embotindeiof theerekepiorientiam thefnoagprédreett r opl at ed

copper gapfill Id?chEftloR Bro%@ prfided @%%Rer%%ﬁ&@t%véﬂhéﬁ@@ar%gs thih ®Ghs ocheni cal

plating is a wel process. An exanpl e of sui t abl e el ectrochem cal
pl ating process pétfﬁﬂ”%’cfﬁ?tbrﬁ@nt'” Plegues. |”B°efH>”F?Pf%r6Hm°§? BiKsaeU. s. Patent S/ N

11/ 494,997, fil egeldo3HsRH00, thdtiitlid @kerARRARAT biiabblor tESisbate@Rd DEPOSI TI NG AND

PLANARI ZI NG THI N FI LM5 OF Ravki t al.
whi ch 1 5 incorpy?%ﬁ'l%'nﬁ@?%? e ree Crerroey g B Pl Bite 128 A an
option for soneiendodd thearblswajrfs abdh botpnesé ite featwrentsigoiiicardg posighiton of t he
conformal portigp Rfe JWE, mlofat}ggllileagpgs d%’rﬂ%ﬁ%br@npr%rré@e nonconf ormal portion

of the seed Iayer usi ng the sane process nodule. In other
wor ds, the depo§i“t>i>‘1me@$$ Obth%prﬁé?ftt|'ft¥ﬁ”ti?ﬁy's%@a§9€?'ﬁ 8rhracesser ithmedi atel y fol | owed

by deposition OtiefdaRin@ tHa@ondRfdiSbokoh BOME sERIM)er BAthhhevewrhghg f rom t he process
chanber. Alternati veI%l sui t abl &gr esul t‘i% B?al so be obtai ned using a process
[

modul e conf i gur SePASR;the RENNg of BF VieRan A "G BHEY PPORCAMY using a second
process nodul e easfghgusigdiicapicntbiferalmlity tHeqaptihe thedeatore.orvee deposition. [ 36]

According to ong?%ecg"gggiéﬁgﬁénct%hfo}maqdggo%?igphglcg%ngé od B Gonf ormal deposition

portion is depo € nonco epos| |on portion. According to
anot her enbodi metiuceihe aheupoggemanging derdss for tftel"téennf@ﬁﬁ"@@ﬁﬁ/@ﬁnﬂhedepom tion '

portion is deposédha%nbﬁhe eerqﬁgﬂﬁy'éeg%d&re%% RONEIQETDBL odSiRASH | on portion.

[37] Reference is now made to where there is shown a process flow
di agr am 50 acco?EﬁYfﬁdfoﬁ'ﬂ%f'OBl‘rbtf‘%B?@H CRRASOHdi ment of the present invention.
Process fl ow di agram 50 shovvs a method of depositing a copper gapfill |ayer

ot 1 e U B R RSk e Sl BHBL A el Yol FBbRHhbggt on Process
by the thlckness needed to provide substantially continuous coverage over
the substrate, particularly in the features that will receive the gapfill metal, so
that a gapfill metal of sufficient quality can be electrochemically deposited in
the features. Preferably, the thickness of the seed layer is sufficient to
enable direct electrochemical plating of copper gapfill without need for a seed
layer comprising copper.

[034] The thickness of the nonconformal portion of the seed layer is
determined by the resistivity of the seed layer. Seed layers according to
embodiments of the present invention are copperless seed layers intended to
replace seed layers that comprise copper. Copper is a good electrical
conductor and typically has an electrical conductivity that is significantly lower
than that of materials preferred for seed layers according to embodiments of
the present invention. The thickness of the nonconformal portion of the seed
layer is selected so as to provide an electrical resistance for the substrate that

is about equal to the electrical resistance for a substrate that uses a seed
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[38] Step 55 provides a patterned integrated circuit wafer that includes a
tantalumnitride barrier layer to prevent diffusion of gapfill copper.
Optionally, the integrated circuit wafer may be a sem conductor wafer such as
a silicon wafer. As an alternative, the integrated circuit wafer may be a
wafer of a material other than a sem conductor such as a glass wafer, such as
a sapphire waf erayeoof coppezr Fraberéfatedseddivent uppoesanhigvantivedgreat ed circuits.
The pattern for . Ly . as trenches and
SUch a5 vi as.  or Or e Rra s BEh R, hkeddde e e o o1 Gl
damascene st r uctsge@lyerpaénab hetcepreriasgsepe layer s @nislecHipr reYsi4isee processes t hat

may include one sgﬁabﬁmfbee|bétﬁoMi@d®Bnétirrgr®%s&8 or. ARRASE WoRMB, tRE 86RSSes, etch
processes, and pI anari zati on 8[ 0oC .

esses.. . [3 Step, 60 includes atom c | ayer
deposi tion of r(RYREIFITSA ' Steprs dﬁﬁ’g’cﬁnﬁyotﬁ'F% 'f“"]@lér)tp? Bﬁecgf%la 8ni cal vapor
deposi tion of r udyaeconpnsing cpppedarekstep SBindaddsaenadpogitontdfan. The rut heniumi s
deposited onto the I | . | ] yer deposition of
rutheniumis dor?leecgog éltg& ?A('?p Brgalag)g'lll lg%{rﬁf\}gﬂefs% eésfhalgg[”fgrrr{fe Idgﬁt;é/p %@event or retard
oxi dati on of t heldsipetiearical plgtng.is Awelaknoyptwed propens. somexagiefianent s of t he

present inventi Qarid\8edBEEMIAY BhikMBLS Sy SRRteAnS baddiledidr € rut heni um
rat her than ruthenium al I%S% W t h "anot her neta Step 65 includes

al . 40] S
deposi ti on of g&BFMMePYEHP B?@F@’%lﬂﬂ@?"'*ﬁ?%@@g§7lf2E/3%165@”‘?ds carried out so
that there i s suhsparsTEd AMDMETHONEORDEPOH TIRSIAMIEPLANKRIDIIG THIN | ayer and t he

2) "that 1o opt i ol PEREhabRbER G arc Gl it Ra A F RVl on ' net udes ©

treati ng the suridcagperadd tidngn braity érdirety, &y 8is raferercet he barri er has been forned.
Treating the surface of the barrier |ayer may be perfornmed in a variety of
ways. The step is perfornmed so as to prepare the surface of the barrier |ayer
for follow on prl®ksAd sipersipRipssome qriesimenis efilke RIAFFAE¥CEPNt he barrier |ayer is
primarily done tg@pbdiRhQYRe cBfordial hittch AdResb® Byéiant MBpsEBN bhBeCcONt act

resi stance for Iaxers deposi teﬂ on tt]e barrier Igygr. AC'COE;\%I n& to one

enbodi ment of t HENGHNEEERAPOIRG BHPE §7EC '8¥eE Y R 2PIETPESNER 4RI BF SERE barrier |ayer
i s acconpl i shed pytessp®cd.i moothdravesds; traciepatitioh eordzgrartioarmdyenger t o a hydr ogen

cont ai ning plasnma.. The h i i , i ed to renove
contam nants on pfaﬁ%rms?ura Pg%@%ﬁﬁ?@%ﬂ%@éﬂ@p %@@;&? tshgg% eggorﬁ%&er%g{rpose nmet al
oxi des formed omerndwngsthe ivaieefrah thetpeodsas efiagtber. apdernsiyelissuiteblpresdice a net al
rich surface at ohieissys bihedleld oBas kb WlourcliipeaiRan & @ a suitable

d
hydr ogen contai ning plasna,_ reating the surface of the barrier layer is
described in cofAWAINAl geRtstiorUs disingrit Seapist Rrecees BRdde Ferdiputinber 11/514, 038,
filed on 08/ 30/ 2p8%icamdof the htveohPOiAtgsbsesei n, in its entirety, by this
reference. [42] The general process of atom c |ayer deposition of ruthenium
is well known in the art. There are nultiple processes to choose fromfor the
deposi tion of r yedepnaconding t@bdrenencbddayant ofdieppresdnit omerftion, tse emf@®al The depositi on
of rutheni um by m Y I gf{g& : i de a conformal
| ayer of rut henidgér?osémgﬁglsx%%grg&gggﬁﬂg%ﬁéfgﬁltbé%ﬁgérgn p%pég't['%%wé "the tantal um
nitride layer. Pcedréinglsl anothenembpagirepiiie é@ﬁ@éi‘@é@'obyth_aﬂ@”?ﬁo@fof'ﬁ%}er deposi tion
I's substantiall weg&mfoh RUALS is@egosmaéb&ortemeﬁggn%ﬁ%f Bl ichhiinRNbedositignabl e direct
el ectrochem cal plating of copper along the sidewalls and bottom surfaces of
trenches and vi ™6% t he wafer for copper gapfill without need for a seed
| ayer conprising copper. [43] For a preferred enbodi nent of the present
i nvention, the ition af ruthenj y atom c .l ayer d I tion uses
deposition chem?@gfi ePheg S By WS?E Ou%ﬁré?awﬁefeaﬁwfrf |%§r?6mnzaeo?$%§é {I%v&r)]t alumnitride
barrier |ayer. Begrp 30 jccprdgdss peheredsmbodigehior trpeesent ingntiof. r ut heni um by
atomic layer deppsisti ffl HSGadt sBSRGH & Rbthbl bIRBLUMGLERBMpRHERaS, but not

limted to,
10



bi s(cycl opentadi enyl) ruthenium (11), bis(ethyl cycl opentadi enyl) ruthenium
(rr), , bis(isopropyl cyclopentadienyl) ruthenium (11), bis(nethyl

cycl opent adi enyl) ruthenium (11), and

(2, 4-di nmet hyl pent adi enl y) (et hyl cycl opent adi enyl ) ruthenium A preferred
chem stry for ALD Ru is bis(ethyl cyclopentadienyl) ruthenium (I1) + oxygen
or bis(ethyl cyckoperbadiressys jeaddayeetor nteg(ated cireuinyelieliptinn.r deass. A variety
of rutheniumco i ae gtgyg cial suppliers such as

Si gma- Al drich Coq?\gla&g%n?wmﬁﬁ%&mé%sdgoﬁeg é@%& Tﬁe general process of

chem cal vapor dep03| tion of rutheniumis well known in the art. There are

mul tiple procesyess) t&e;@b@pfo:adésr@ﬁatﬁ‘emedm@rate@asdutx ivarer okt ihkede€dD 1 ut heni um f or
step 60. The deQ ition r ut P ti nls done so

f P
as to forma thi a"t"B%rt“%&a"%{;M%rﬁ? 8'?%" %%{’%e%oq %flpgagurqog%eés @‘?t'opﬁlé{ waf er wi t hout
substanti al | y i nior ielegiategl drbiét wdiérokayessa semicontiménmivarer degprassia @fgon n t renches and
vias fornmed on the vwales altjthaQ\}ehﬁ{el %rgtéd citdd mg‘}épn{ayf)?%ma%pofé deposited so
that it is a nonconfornal  coatln 'S su stantla y excluded from
deposi ti on i nt o Matesiabeibey taanep Sﬁ"&@”ﬁ%@fé@lc%ﬁ"ﬁQﬁéss\M@rSUdméat hi cker |ayer of

rutheni umis neeggshirs Watdd @) ofhbem8teBs Lsddat supBsitisd |ﬁ!é§r%te,@fc;r&lh@ rmeheni um | ayer
is sufficiently low to enable direct el ectroc em copper gapfill

of
on the rutheni uMPTSFRTEMALHLe MR UpYaly lckides{ga H@éaucfh(#‘ n:,gngt}ieg fayer conprising
copper for deposuth arviafforihtercganakt inktaltizgtipe Bs usElden deseasoénecornioalconf or nal
depost (i on PrOcesalhe TELDG. | e bl ErOBRAIM AUEE rpRAuCes Lhe amount of
overhang for the'tre es Sequen reduces the incidences of
pi nch off and v@i@%@ﬁﬁmm@mmplnwﬁlﬂ(yaﬂf@ Ilthogf@cﬂweofocesqena]ep&m'ﬂpl ary process
chem stries for p%%é"‘ebtété?ﬂpr@ées&él:eaﬁa‘@ar{a‘d%lﬁﬂb%béé’é@ a precursor ruthenium
conpound such as, but not limted t he conpounds presented above for atomc
| ayer deposition of ruthenium As a result of having a portion of the
rut heni um seed I[@yprStéte@mbmm é&)fmdta@&idépbﬁmrof feRasint to@rdutdie tantal um
nitride barrier I%ﬁe | % SEbSt ntiag]xﬁ tec ieg frtom Xi déatlon Thi s
neans that addi CPSRA? B? %’eaé’g OISR SEPQRE of REEIHE P R u%e of oxygen or
oxygen corrpoundgomnfobealspuntlbmblT@efrmihemm|sn1@pomtacﬂ ontpritle banewoiawen on of ruthenium
Addi ti onal proc f ticon of the
nonconf or mal po%t???%ﬁ& %téhrﬁﬂ?);ﬁgﬁépt?%%ggwﬁéﬁ% 'S?{%)g §§g§{obdut are not limted
to, ruthenium a@ﬁ@@wva@eiubﬁmt@”s(meyent ?rrrie@(ct@ﬂqagmfﬁ@ﬂ brsir davedi dBat o) r ut heni um
(1), tricar bora»flogﬁdnwsﬂs%ﬁ@%@@ummsdfmbibeé%bmm@hﬂon fadestodggacar bonyl

triruthenium (0) t heni um cor’rB (%
comprises substantially pure ruthenium rather than ruthenium alloyed with

another metal.

[040] Step 65 includes deposition of gapfill copper. Preferably, process flow
50 is carried out so that there is substantially no oxide present between the

barrier layer and the atomic layer deposition of ruthenium.

[041] A further step (not shown in Fig. 2) that is optional for some
embodiments of the present invention includes treating the surface of the
barrier layer after the barrier has been formed. Treating the surface of the
barrier layer may be performed in a variety of ways. The step is performed
so as to prepare the surface of the barrier layer for follow-on processing steps.
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for chem cal vapor deposition are commercially available fromsuppliers such
as Sigma-Aldrich Corp., St. Louis, Mssouri. [46] As an option for sone
enbodi ments of the present invention, the deposition of rutheniumby atomc

| ayer deposition and deposition of ruthenium by chem cal vapor deposition may
be acconplished using the sanme process nodule. In other words, the deposition
of rutheni um by afreating thesspefaced festarien fayerdy piivearpieddne terewrevadhd nredi at el y

fol | oned by depgﬁﬂfé %ehéglonrdm]&sueqna Hﬁwtébhf%@?sféﬂ!:e %RRAs deRARIddon i thout.

removi ng the wa romthe process anber. However, suitable results can
al so be obt ai nedeUsifg l2yepr 6&‘@%"%@@{]? eMBestinery of B8 PrESENIATERYR. | ayer deposition

of rutheni um angebtfignge fureLesk wrmmar ifacishBlisHeabi suj@tnd ®e cheni cal vapor

deposi tion of rut eni t o ano of the present
noenti on the SHERECATe paptr beR iR bR s P IPR BRI+ Do UT P8 ed bet br et he
atom c Iayer depogéaiting plasrha may he noniigureAtcremdvecprtamisgents @f tee pethcenbodi nent  of

{he Present | nvenbh el ifer 8hHo LaElootEROS] IR0 Phed i BBl ML ¢ per { or med

before the chem cal vapor® deposition nium In a preferred
enbodi ment, t he of e hanpiUfYed 6 8% fotrsepuic a steéqh rigpsyrigcasaithe giraek Pye hi ck to act as

a seed | ayer f ObagiePBRST. d@p@@mblewashlmb@tﬁy@fogwmm.ﬁmamonf ormal portion
of the seed |ayer, ders)osmed bﬁ/ chem cal {():Eéedolepo sition, ined with the

conformal porti GRHE tehirfaesey t ea%rﬂer 'aé@rp'ﬁg? C%(P'BH?%OY"%%%H’ deposi ti on,
provi des a deposatbnﬂ‘@w;dagomneﬂ reaiber ma&mroesnﬁécemmslmooabhcmsf or

el ect rochem cal anI @B agegjp'%gqp r{lls e%pggﬁg){ W@rg@ 0. i ncludes the deposition of an

el ectropl at ed copper € 'Fulhefii um formed in step 60.
El ectrochem cal plating is a Wel | -known wet process. An exanple of an

el ectrochemi cal @hlawhe@epér%?&%ssswa%@m %yér% SRAGE ARidh&nOf whine present
invention is descrl in commonly owned F St at es Pat ent 7,153,400, filed

06/ 27/ 2003, t he Key¥t '@,-H‘tesa"bf TORiE 81F raylér's W&B‘?Sﬁ?ﬁtﬁtcg?f)sﬁérf’@i foFthe n their entiret Y,

by this refer en@@posmbﬁ)éﬂhthmurﬁtbwatwnc |eydrwapdsabafdrlé@pmoocms fl ow presented in
Fig. 2, reference i 3C Flg 3D, and Fig.
n

SEowher e there PEPSTBNA PRDGRLY slocth Briebisdien 3 iR S Baebr 8 of
patterned devi ceonfafrerl lapar otegeeidmaoestasubgtantallp peees oxiflatmw obdepr esent ed i n

Fig. 2. Figure %M%m@ @rtt9&&?%%!?%@91%@%‘?%8%?@@%&?9%IQ}F pcessed

according to the process ow sho 100A includes a
seni conduct or wdemsition § S@bst@tﬂﬁ@rwgmj@waﬂ Pparthigepgpe et locweblen and a

dielectric |ayeﬁlréeléle&ﬂ)\éhé]ﬁlcéarp%@rﬁé@frcﬁﬁﬁerfa%ﬂ@ We%m%%l&eﬁlﬂb@ttérﬁen(?h or via 120.
Trench or via 120 d

. g/ Cormr? I|n dlele(f:trlc la‘%@ ||1( t%ﬁ amascene or dual
amascene st r ucByfass ?fé@ﬂ hegangViae o Bive eI & icerrehagRil i f‘%‘?ﬁj [ 050] Figure 3B
shows a patter nadegtEdyes @ompriseig cbp@B. t hat is essentially the same as the
patterned device wafer described in Fig. 3A Device wafer

[043] For a preferred embodiment of the present invention, the deposition of

ruthenium by atomic layer deposition uses deposition chemistries that do not

substantially oxidize the tantalum nitride barrier layer. Exemplary process

chemistries for deposition of ruthenium by atomic layer deposition use a

precursor ruthenium compound such as, but not limited to,

bis(cyclopentadienyl) ruthenium (ll), bis(ethyl cyclopentadienyl) ruthenium (li),

, bis(isopropyl cyclopentadienyl) ruthenium (lI), bis(methyl cyclopentadienyl)

ruthenium (l1), and (2,4-dimethylpentadienly)(ethylcyclopentadienyl) ruthenium.

A preferred chemistry for ALD Ru is bis(ethyl cyclopentadienyl) ruthenium

12



100B i ncludes a sem conductor wafer 110 or other substrate for device
fabrication and a dielectric |ayer 115 having a patterned feature such as a
trench or via 120. Patterned device wafer 100B al so includes a tantal um
nitride layer 125 deposited by atom c | ayer deposition. Tantalumnitride |ayer
125 is deposited so that it is effective as a diffusion barrier for copper
gapf ill. The delpdsdxyg@mr@fs(aﬂa/hcwloumtadi@nyl)dléh¢rmymll)1215drbserar@di9¢1§ﬂ i shed by
atom ¢ | ayer depasiil 880 bRpRiRY kA b&&{wm&@&rﬂm&@l@f&bﬂ@m coverage that
is uniformand subst P con I nUous. Figure 3C shows a patterned
devi ce waf er 10@®htﬁ‘$a$'gm%Al§’§§*bﬁ‘?rPaf3i yotihdlissgie as the patterned device wafer
described in Fig. 3B. Device wafer 100C i ncl udes a sem conductor wafer 110 or
ot her substrate (ggr %e\” ce If abri c%th & a die tr| cfl gﬁ} r 115 Ipaw ng a
patterned feat ul®¥k df 952678l FQoERR P BFM GRS ep%shﬁ’"g HEFCYHMUMRi tri de | ayer
125 deposit as anovetialthd aiat i Tmredre‘rhulmle)promesierch@gseévborfordheayer deposi tion.
Pat t erned devic | L is an atomc
| ayer depositi o(rai %%rt?{; 8&119%?\/2 r?tﬁ lﬁe}{r%l:fdllu(rgnf?3 g@d%ﬁe%gggﬂ?h?fﬂtﬁ%h}gm um seed | ayer

i s a copper | ess chereigal vaas defasition isrdeae sepeleferachidiel Eaer Prabeniy edpper gapfil | .

The deposition efe t@;&@rfaﬁéé@'ﬂi&%f&ﬁﬂthbﬁs@%mhy xﬁ&@éjs|r@‘th@ﬂwm&s|oﬁyer deposi tion
so as to provide substanti al | %{con ornmal covera ?%waji;r Hsnotgnl f orm and
C

substantial |y cE&ff§THIbERPOSSR{BIrpRShehHTegsogied 9 "Syer deposi tion
for ALD rut heni wmdk,?)tae [E’Dtrbtﬁeﬂﬂwghs dbpgsiee sothat hiscknessfaoat goating hat i s
characterlstlc ato er, de ition.. | i a patterned
devi ce wafer tfsﬁ;g?gt?m'a sesxng&?dgﬁ%&%pr%%'t'%na'hg)%{fgg%%ékgV%Ffomg%\sdew ce wafer
described in Fl gn treQvaf@e v uethinkdr dayerl OMhénieh isdesdes sodhat derrlenticel waf er 110 or

other subst raterés%'ianQﬁXftﬁ@r&@ﬂfdnplﬂér%uﬁﬁuquﬁb\ﬁ%éda%leldﬁ%&r 115 having a
patterned feature suc ch”or via a tantalumnitride layer 125

deposit as a meeRFrachamicalPiaiing PLeoPeRT 9BRifandpe theauBi hi ias Walhosi ti on, and

ALD rut heni um 1&@ré/\(6ln6heé&foa@s@édoépeecdrwi@rngd@mfd Hesds o bﬂtnm of a ruthenium
seed | ayer. PatterrE]ed devi n| um 135 whi ch

i s a nonconf or n8fPf r?g‘?ﬁeéalﬁ\?é(ﬁ%wead'éoﬁ&q??rf“@ﬁ&%? f?no‘?{o%?fsci/ gnl um seed

| ayer. The r ut hémikuatheeed Idyayredudes tte anmupm‘flowbangderdhda ames arrd di rect

el ectrochem cal gl Q&L ci%%ﬂtﬁf re&k?c@é't lnciddhE 4 [r\gh B@aﬁH \Rifhedbrent of the
present invention, _ i"Gm seed ['ayer 1 ncludes two portions: ALD

r ut heni um 130 amhwﬂﬂmmm um 135. [53] The deposition of CVD ruthenium 135
i s acconplished by chem cal vapor deposition using process conditions that
provi de substanti al ISEy nonconf ormal coverage. Prefer abl\y a}}?unl f orm deposit of
CVD rut heni um 1845 EEOPRBP ST H??W’%Tﬁséﬂrqe%%t‘oﬁfdf’ﬁ& HeweBUNat er but

addi ti onal depoaséapmcmrsérouthé\eurﬁe@hwms sSdmah; ag ni ldsteard ter enches is minim zed
or substanti all revented. This ans thl .CK f rut heni um 135
can be forned oﬁorﬁ%oémg%ﬁregﬂmd};a@gvgﬁr%ﬂ H oﬁa?n Oflra%fg'ﬁ%'ﬁt %/%r easi ng the
amount of rut herdsultroi havinhe pbeiat of tbs ruliegivinf $&Bdﬂﬁybyd®n®wgrbytat9ml¢lt erfere with

el ectrochem cal ?g&a&e'pgano%of%@?{?t&ﬁ%hrlde b'af?xef(@?erfn%tdérsﬁﬁst aftiafpif i cient anount of

CVD ruthenium 1 el ectrical” resistance for the

devi ce wafer | OWOéq‘?&ﬁSi'dW”T@@daHW edbis s1eaps hehrdditiony PESpRRetedElesi | onto t he

rut heni um seed kRYRElude the use of oxygen or oxygen compounds can be suitable for the

nonconformal deposition of ruthenium. Additional process chemistries that
may be used for deposition of the nonconformal portion of the ruthenium seed
layer include, but are not limited to, ruthenium acetylacetonate (l1),
tris(tetramethylheptanedionato) ruthenium (1), tricarbonyl! clyclopentadienyl
ruthenium (1), and dodecacarbonyl triruthenium (0). Ruthenium compounds
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[ 54] Figure 3E shows a patterned device wafer 100E that is essentially the
sane as the patterned device wafer described in Fig. 3D with the exception of
al so having an el ectrochenmically plated copper gapfill 140. Figure 3E shows
the copper filling the gap in the feature and overburden copper on the
surface. Further processing of patterned device wafer 100E may incl ude

wel | - known pr océ&ssheniegyapdidepasiipn reclomderdiaievaibbla frdmpslepigrsiszah i on of

over burden mat eri al s, A&iAIdokZadd QuisPARshyati on, and further processing to
conplete the fabrication of electronic devices. 1055] Another enbodi nent of

the present invention is a seed |ayer for electrochem cal plating of copper
metal | i zation iM48] SRNENGPHEHIGE mcdemioarnets delelr&senfindbinagt, &@ of the seed | ayer
is presented in Fiog.. 3E{$W{r'wi ch %hog)l\s?&' cr oss-ﬁecti nal girgef view of a patterned
devi ce wafer 100BPHUCYELUIPHUY OXFEHTUC 145 SR '8”?3@%‘?‘)08' P ses a conf or mal
deposit of a pordtheniunoby tHeeniebeghot dgpesitionshayive acaorfplgheBESI@sShALD r ut heni um 130,
and a nonconfor i a i I v in Fig. 3E
as. CVD r ut heni u%%g%%%ﬁdﬂh In&?{e&h@@saﬁ%gg@f @gﬁgﬁrh@t&%‘{'ﬂé’iggﬂc | ayer shown
in Fig. 3E is algyeedeppsitan aptisdierfeimediandimmedately (nlneer birderssitonpit erial for the
seed | ayer; howeygniunPb8HenREPRBoNRPLSItEH withbe remedR the Walee bz may incl ude a
mat eri al ot her than%{#'t heni um for the ?eﬁed Ia%gr. Thebés,e%f | ayer shown in Fig.
3E is formed onPRCESHANAMAeH nPPWEVEE SHTAPEUETHR CHLAPT B OUVRHH IS to a preferred
enbodi nent of t becpssas@hie donfigaindd fomatons lsyar édpbsitiomadf rutieerfiiom arat bséy enbodi ment s
of the present iny i t eed.. . I L.e n other barrier

| ayers such as, it Omﬁg?o%lssn‘rggdé@e %gflé@;oﬁ{o'é um| ﬁﬁ%’gﬁ%ﬁglnﬁ@i de, tungsten
carbon nitride, rute@miwm.um nitride, tantalumcarbon nitride, titaniumnitride,

titaniumsilicon nitride, or conbinations thereof. According to a preferred

enbodi nent of the present invention, the barrier I?P;e/{er_ is a diffusion barrier
for copper met all47lz ACFFANI forspiheperRdmen ot he srreediyedioneit of the seed | ayer,

tEe _Con:‘ or mal p@lﬁérﬁi@e_nv_é)pforHé&g[ﬁ&ﬁ@ﬁrhﬂ\eﬂﬁﬁm?ﬁdﬁﬁfﬂndﬁ}'be&ir@ﬂie@ftdrﬁ%alyeardeposi tion or
chem cal vapor deposition and t noncanf or porti.on t he osit is

formed by chem %‘FOS 9 8 UGN tif%ﬂrdgpq%ﬁ%‘alq%%ﬁd 9\7‘588'?“68@065%%??53%? Exanpl es of
physi cal vapor depusnttheatomicdayes dgstibadf rathgnile issperfoaddeefae theome enbodi nment s

of the chemical vapor deposition of ruthenium.

[048] In a preferred embodiment, the ruthenium deposited in step 60 is
sufficiently thick to act as a seed layer for copper deposition. In other words,
the nonconformal portion of the seed layer, deposited by chemical vapor
deposition, combined with the conformal portion of the seed layer, deposited
by atomic layer deposition, provides a deposit having an electrical resistance
suitable for electrochemical plating gapfill copper. Step 65 includes the
deposition of an electroplated copper gapfill layer on the ruthenium formed in
step 60. Electrochemical plating is a well-known wet process. An example
of an electrochemical plating process suitable for embodiments of the present
invention is described in commonly owned United States Patent 7,153,400,
filed 06/27/2003, the contents of which are incorporated herein, in their
entirety, by this reference.

14



present invention include, but are not limted to, netal evaporation and
sputtering. [58] A variety of options exists for the equi pnent and systens
that can be used for carrying out process steps for enbodi nents of the present
invention. A particularly useful system and equi pnent configuration for
practicing enbodi nents of the present invention is a controlled environnent
processi ng syst ¢mos ubhfudiser illstsxe the pocedsdbwi meseoternimiiy. L vaierdndd.iS.  Pat ent

Application S/N_11/ , 2| / 2 et | =001, titled

" METHODS AND svéél@%%&%é@yxﬁaﬁ@;g%ﬁégsﬁ %ﬁ’c&%ﬁ Sﬁi%/kﬁr?réw@!g'f@?o Yezdi DORDI,
John BOYD, Frit Z"REDERIFS sefjiendl gife wew of 2 sactincsiiarrapamed doRBNAS'RI , and Hyungsuk
Patent Aopl oot R b 3006, L o Fatent. Appl | cation
at ent P 1 catl on ,. : .. at ent ] |1 catlon
S/'N 11/ 461, 415, POYSRPY T80 05 s Wa'e] @O%g%g%ﬁ‘c°%86‘$f’%c8ﬂ'%° N 11/ 514, 038,
filed 08/ 30/ 200@rodessSlowRabentn M. i Daticoowalss M0AMBEEs 66dnichidueidr 02/ 03/ 2003;

U. S. Patent I i i . l.ed - : . S. Patent
pppl 1 oat on & N5 adT0 10 P toans lspERo R Suetie L9BE S andor
appl i cati ons ar @aving 8 ppitareaddeativerseeinas 4 fencher via d2R.i Teangh obya {#1 s ref er ence.

[59] In the foregQinadoriiR8H dibie@tid Bbr 14 Hfr bAMSRbADS diasidhResndescri bed with
reference to specific enbodi nents. However, one of ordinary skill in the art

appr eci at es t hatS"Ye¥ e HEEIHYRISTRHE FORS meidlizfAhges can be made wi t hout
departing fromthe scope of the present invention as set forth in the clains
bel ow. Accordin he ecification . and fi 1t rded in an
illustrative r a%ié} %'%uéﬁﬁg Sﬁ%“éstar?aétte?‘\?g%g\g%esvéggéﬁ)@[gﬁﬁ? 'Sse(é%%%?rl(‘ygﬁfli cations are
i ntended to be isaokadée psttehehdevive vetesesaibed hdigPés elprviderngésit i on. 1060]
Benefits, other 195'3?1%@&???&@%%%85%&&?%BPotHérQQbﬁr%Pe Bry&icgeen descri bed

above with regard to specific enpodi nents. However, the benefits, advantages,
sol utions to prdBIriepion ankd digipptrielayRehiS(hgying RRptGRSH EalUCSUShYS Benef i t
advant age, 0r S@kHtH &MViat 200CRAlerRY dBAEOWENMIDE JHoMNIMBE 8tnddigmNot  t o be

Conet e 2 adnthsed SIS RS RSl R Bhu b SERL oL 2. o
"includes," "indboididegesited hathat it Sleéwdtingad a ddftsidrelestier doreopder gawitl. any ot her
variation there tQ. ] i ' sl on. For
exanple, a pr ocgfg%,d g‘gr%’%{“h@éﬁg&?@?cﬂﬂg‘?&éﬁég%g%g?us '%@t%?éénngﬂ%es a list of
el enents is not dapeséiosae s {p Nrevider elistentially eanfarmalseveipgmiBatis UBIfM nay i ncl ude
other elenents nal sePNESHYntinudled or inherent to such process, nethod,
article, or apparatus. Further, unless expressly stated to the contrary, "or"
refers to an inclusive or and not to an exclusive or. For exanple, a condition
A or B is satisfiesef myur@dy shoves Dpatiehrdkelitoowdiag004 tha id éssentiatyr thpr esent) and B
present), and boPRe A Dol RrSei Gt ey BRLpt 36 Bty © TTUE (01
100C includes a semiconductor wafer 110 or other substrate for device

fabrication, a dielectric layer 115 having a patterned feature such as a trench
or via 120, and a tantalum nitride layer 125 deposit as a metallization diffusion
barrier by atomic layer deposition. Patterned device wafer 100C also
includes ALD ruthenium 130 which is an atomic layer deposition portion of a
ruthenium seed layer. The ruthenium seed layer is a copperless seed layer
for direct electrochemical plating copper gapfill. The deposition of ALD
ruthenium 130 is accomplished by atomic layer deposition so as to provide
substantially conformal coverage that is uniform and substantially continuous.
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[62] Further, unless expressly stated to the contrary, "at |east one of" is to
be interpreted to nean "one or nore." For exanple, a process, nethod, article,
or apparatus that conprises one or nore of a list of elenents and if one or
nore of the elements conprises a sub-list of sub-elenents, then the

sub-el ements are to be considered in the sane manner as the elenents. For
exanpl e, (at | eagthotbaebentfitAf asithy Bomis |layat depbsitiah foyAldhythenemof30tiheef ol | owi ng: A
is true (or pre t . - A ls fal se (or not
present) and B ?@rﬂtd%%%g%ﬁch%eségé\ﬁa &g{{%%%oﬁérgﬁcgﬁ log@ra&éétrue (05 present).
CLAI M5 What is €eegsifed s: 1. A nmethod of forming a seniconductor device

havi ng copper netallization conprising: providing a patterned wafer having a

G 1 Usi on bar 11 &FS2LFeER POShHBre RAtPEER ST BLHTORAF AR GSBEDtTon of gapfill
copper, the seedamhayethehrittrged aavivedvaley dasceibef ioFigaBC depodietwader pr ocess and by a
noncont or mal dqu&B ‘nicBQe£§ Qe%%é&ﬁu&%afer 110 or other substrate for device

fabrication, a dielectric layer 115 having a patterned feature such as a trench

or via 120, a tantalum nitride layer 125 deposit as a metallization diffusion

barrier by atomic layer deposition, and ALD ruthenium 130 which is an atomic

layer deposition portion of a ruthenium seed layer. Patterned device wafer

100D also includes CVD ruthenium 135 which is a nonconformal chemical

vapor deposition portion of the ruthenium seed layer. The ruthenium seed

layer is a copperless seed layer for direct electrochemical plating copper

gapfill. According to one embodiment of the present invention, the ruthenium

seed layer includes two portions: ALD ruthenium 130 and CVD ruthenium 135.

[053] The deposition of CVD ruthenium 135 is accomplished by chemical
vapor deposition using process conditions that provide substantially
nonconformal coverage. Preferably, a uniform deposit of CVD ruthenium
135 is formed on the top surface of the device wafer but additional deposition
into the features such as vias and trenches is minimized or substantially
prevented. This means that a thick layer of CVD ruthenium 135 can be
formed on the top surface of the device wafer without increasing the amount
of ruthenium in the features significantly enough to interfere with
electrochemical plating copper gapfill in the features. A sufficient amount of
CVD ruthenium 135 is deposited so as to make the electrical resistance for
the device wafer low enough for direct electroplating copper gapfill onto the

ruthenium seed layer.

[054] Figure 3E shows a patterned device wafer 100E that is essentially the
same as the patterned device wafer described in Fig. 3D with the exception of
also having an electrochemically plated copper gapfill 140. Figure 3E shows
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el ectropl ati ng copper gapfill onto the seed layer. 2. The nethod of claim1,
wherein the diffusion barrier conprises tantalumnitride. 3. The nethod of
claim1l1, wherein the diffusion barrier conprises tungsten nitride, tungsten
carbon nitride, tantalum carbon nitride, titaniumnitride, or titaniumsilicon
nitride. 4. The nmethod of claim1l, wherein the seed |ayer conprises an

oxi dat i on resi stheroPrestiHing deloep inethe feetyre arovgibYdsn eenpsr &t thaguiddcer heni um

osmum iridi UmFuﬁﬁ\Q%Hceserg(a?Sétterr@d@ebc@é‘%feammﬁéﬂ |§<§‘udérWel! kﬁewﬁr he nethod of
claim1l, wherein the seed er conprises ruth The net hod of claim

1, wherein the E¥ESY§RSr hqt ayinsiiey r‘i‘%’(?'l%?‘dﬂﬂ”@”%aﬂ?m%frﬂvﬁfﬁﬁ‘rdew The net hod of
cI aim 1, wherei mdidralsseediibape padssatian, beniutimerprodeddng tdcdrhplsteae barri er

conprises tant alfaLchar}a'oE ot quc'tronic devices.

[055] Another embodiment of the present invention is a seed layer for
electrochemical plating of copper metallization in a semiconductor device
structure. A diagram of the seed layer is presented in Fig. 3E which shows a
cross-sectional side view of a patterned device wafer 100E as described
above. The seed layer comprises a conformal deposit of a portion of the
seed layer, shown in Fig. 3E as ALD ruthenium 130, and a nonconformal
deposit of a portion of the seed layer, shown in Fig. 3E as CVD ruthenium 135.

[056] It is to be understood that the seed layer shown in Fig. 3E is a
preferred embodiment that uses ruthenium as a material for the seed layer;
however, other embodiments of the present invention may include a material
other than ruthenium for the seed layer. The seed layer shown in Fig. 3E is
formed on a tantalum nitride diffusion barrier according to a preferred
embodiment of the present invention. As an alternative for other
embodiments of the present invention, the seed layer may be deposited on
other barrier layers such as, but not limited to, tantalum, tungsten nitride,
tungsten carbon nitride, tantalum nitride, tantalum carbon nitride, titanium
nitride, titanium silicon nitride, or combinations thereof. According to a
preferred embodiment of the present invention, the barrier layer is a diffusion

barrier for copper metallization.

[057] According to one embodiment of the seed layer, the conformal portion
of the deposit is formed by atomic layer deposition or chemical vapor
deposition and the nonconformal portion of the deposit is formed by chemical
vapor deposition or physical vapor deposition. Examples of physical vapor
deposition processes that may be suitable for some embodiments of the



8. The method of claim1l, wherein the confornmal deposition process conprises
atom c | ayer deposition. 9. The nethod of claim1l, wherein the confornal
deposition process conprises chem cal vapor deposition. 10. The nethod of
claim1l1, wherein the nonconformal deposition process conprises physical vapor
deposition. 11. The nmethod of claim 1, wherein the non-conformal deposition
process conpri sessatialen@napidat hbup aregrot Bpitedtiemietg evapbpatiomaed net hod of claim 1,
wherein the confﬁ L deposition process is acconplished by atomic |ayer
deposition and the no iconf ormal deposition process is acconplished by cheni cal
vapor deposition. 13. The nethod of claim1, wherein the confornmal deposition

process is acconggj sefiel)yof aétiéﬁ}, sx.étélxbefhec&qplgmbmlaaa s;mamt et caameonf or mal
deposi tion pr Oceﬁlged gor ca?rgll%g n‘Bt process stegs f%rh Slo%tanlmn sa(%?he pre en?nnven?on
A particularly useful system and equipment configuration for practicing
embodiments of the present invention is a controlled environment processing
system such as those described in commonly owned U.S. Patent Application
S/N 11/641,364, filed 12/18/2006, Docket # XCR-001, titled “METHODS AND
SYSTEMS FOR BARRIER LAYER SURFACE PASSIVATION,” to Yezdi
DORDI, John BOYD, Fritz REDEKER, William THIE, Tiruchirapalli
ARUNAGIRI, and Hyungsuk Alexander YOON; U.S. Patent Application S/N
11/382,906, filed 05/25/2006; U.S. Patent Application S/N 11/427,266, filed
06/28/2006; U.S. Patent Application S/N 11/461,415, filed 07/27/2006; U.S.
Patent Application S/N 11/514,038, filed 08/30/2006; U.S. Patent Application
S/N 10/357,664, filed 02/03/2003; U.S. Patent Application S/N 10/879,263,
filed 06/28/2004; and U.S. Patent Application S/N 10/607,611, filed
06/27/2003; all of these patents and/or applications are incorporated herein, in

their entirety, by this reference.

[059] In the foregoing specification, the invention has been described with
reference to specific embodiments. However, one of ordinary skill in the art
appreciates that various modifications and changes can be made without
departing from the scope of the present invention as set forth in the claims
below. Accordingly, the specification and figures are to be regarded in an
illustrative rather than a restrictive sense, and all such modifications are
intended to be included within the scope of the present invention.

[060] Benefits, other advantages, and solutions to problems have been
described above with regard to specific embodiments. However, the benefits,
advantages, solutions to problems, and any element(s) that may cause any

benefit, advantage, or solution to occur or become more pronounced are not
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14. The method of claim 1, wherein the nonconformal deposition process
produces a thicker deposit over the field areas than in the patterned
features. 15. The nethod of claim 1, wherein the nonconfornal deposition
process produces a deposit having an electrical resistance suitable for

el ectrochem cal plating gapfill copper. 16. A nethod of manufacturing a
sem conduct or devbecenbiawed g acofijae requised ol essattiabieatutene efestenbef a0pnpri si ng:
providing a pat B%Iﬂﬁ?cﬁl i conduct or devi ce waf er; using atom c | ayer
deposition to deposit a tantalumnitride diffusion barrier for copper;
depositing a ruthenium seed | ayer by atom c | ayer deposition to forma

conformal porti q1ofastRed BEEH, thahs aRfpedER M calpriviapoTincdepgsi tion to forma
O o e O b sl BYSL ool MRl 1B Bgh R, of et v for

intended to cover a non-exclusive inclusion. For example, a process,

method, article, or apparatus that comprises a list of elements is not

necessarily limited only to those elements but may include other elements not

expressly listed or inherent to such process, method, article, or apparatus.

Further, unless expressly stated to the contrary, "or" refers to an inclusive or

and not to an exclusive or. For example, a condition A or B is satisfied by

any one of the following: A is true (or present) and B is false (or not present),

A is false (or not present) and B is true (or present), and both A and B are true

(or present).

[062] Further, unless expressly stated to the contrary, "at least one of" is to be
interpreted to mean “one ormore.” For example, a process, method, article, or
apparatus that comprises one or more of a list of elements and if one or more of the
elements comprises a sub-list of sub-elements, then the sub-elements are to be
considered in the same manner as the elements. For example, atleastone of Aand B
is satisfied by any one of the following: A is true (or present) and B is false (or not
present), A is false (or not present) and B is true (or present), and both A and B are true

(or present).



el ectropl ating a copper gapfill |layer onto the rutheniumseed layer. 17. The
met hod of claim 16, wherein the atom c | ayer deposition and chem cal vapor
deposi ti on excl ude oxygen conpounds or oxygen. 18. The nethod of claim 16,
further conprising treating the barrier layer surface in a hydrogen containing
pl asma before deposition of the rutheniumseed |ayer. 19. The nethod of claim
16, wherein the atom c | ayer depositi @hAM8| udes oxygen conpounds or oxygen
and is perfornmed before the chem cal vapor deposition. 20. A seed |ayer for
el ectrochem cal plating of copper netallization in a sem conductor device
structure conpriV¥haté ceiethor mal deposit of a portion of the seed |ayer and a
nonconf ormal deposit of a portion of the seed |layer. 21. The seed | ayer of
claim 20, wherein the seed |ayer conprises ruthenium 22. The seed |ayer of
clai m 20, whereiln Ohestnsed faraipee seaicaeqystor dedrediaviag EoRPRUSRBIZARPri er f or

copper. comprising:
providing a patterned wafer having a diffusion barrier for copper;
depositing a copperless seed layer on the diffusion barrier effective for
direct electrochemical deposition of gapfill copper, the seed ‘Iayer being
formed by a conformal deposition process and by a nonconformal deposition
process; and

electroplating copper gapfill onto the seed layer.

2. The method of claim 1, wherein the diffusion barrier comprises tantalum

nitride.

3. The method of claim 1, wherein the diffusion barrier comprises tungsten
nitride, tungsten carbon nitride, tantalum carbon nitride, titanium nitride, or
titanium silicon nitride.

4. The method of claim 1, wherein the seed layer comprises an oxidation
resistant metal selected from the group consisting of rhenium, osmium, iridium,
cobalt, nickel, platinum, and palladium.

5. The method of claim 1, wherein the seed layer comprises ruthenium.

6. The method of claim 1, wherein the seed layer is substantially pure

ruthenium.

7. The method of claim 1, wherein the seed layer is ruthenium and the

diffusion barrier comprises tantalum nitride.
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23. The seed | ayer of claim 20, wherein the seed |ayer is deposited on a
barrier layer conprising tantalumnitride. 24. The seed | ayer of claim 20,
wherein the seed |ayer is deposited on a barrier layer conprising tantalum
tungsten nitride, tungsten carbon nitride, tantalumnitride, tantalum carbon
nitride, titaniumnitride, titaniumsilicon nitride, or conbinations thereof.
25. The seed | ayer of claim 20, wherein the conformal deposit is fornmed by

atom c | ayer depositiQ .The seed.|a f I, wherein the
nonconf or mal deg%s??e?J“?%gﬁ%ﬂ“Byw%%%ﬂ¥5%¥ﬁ@éﬁ%9&%%@§@ﬁ@F%ﬁ. 27. The seed
| ayer of clai m 20mpnsee aimic ibyee deosdionf or mal deposit is forned by physical

vapor deposition. 28. The seed |ayer of claim 20, wherein the nonconfor mal

deposit is forned by netal evaporation or sputtering.
9. The method of claim 1, wherein the conformal deposition process

comprises chemical vapor deposition.

10. The method of claim 1, wherein the nonconformal deposition process

comprises physical vapor deposition.

11.  The method of claim 1, wherein the non-conformal deposition process

comprises metal evaporation or sputtering.

12. The method of claim 1, wherein the conformal deposition process is
accomplished by atomic layer deposition and the nonconformal deposition

process is accomplished by chemical vapor deposition.

13. The method of claim 1, wherein the conformal deposition process is
accomplished by atomic layer deposition and the nonconformal deposition

process is accomplished by physical vapor deposition.

14. The method of claim 1, wherein the nonconformal deposition process

produces a thicker deposit over the field areas than in the patterned features.

15. The method of claim 1, wherein the nonconformal deposition process
produces a deposit having an electrical resistance suitable for electrochemical

plating gapfill copper.
16. A method of manufacturing a semiconductor device having copper

metallization, the method comprising:

providing a patterned semiconductor device wafer;
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29. The seed | ayer of claim 20, wherein the conformal deposit is formed by
atom c | ayer deposition and the nonconformal deposit is fornmed by chem cal
vapor deposition. 30. The seed | ayer of claim 20, wherein the conformnal
deposit is forned by atom c | ayer deposition and the nonconformal deposit is
formed by physical vapor deposition. 31. The seed | ayer of claim 20, wherein
t he confornal deposiusingstdnoe lapa dogositivond deplosiy e tant@posirite diffugen chem cal vapor
deposition and , rmal deposit is formed by chem cal vapor deposition
or physi cal vaptg?'?ﬁg%géo%%rgn. 32. The seed layer of claim 20, wherei npt he
nonconf or mal deposi tdepssitirgiagkbenioveeed lhgerby elothicalpyeidepdsiinn fa¥opasdt er ned

features of the ] t i : b | ai m 20,
wherein the nonggﬁp?g%ﬁw(g]e%ghsaﬁst%%%gerzfr?déﬁeerglt&r]?g%ﬁ%rg%dssﬁéﬁg’n@em guf ficiently | ow
f or el ect r ochenineadonformalipagiogaishe sdeddayepea that tBerseed layenis efeivefoor devi ce nade

using the met thiirQJt efél:t?(;cmer%'rcal deposition of gapfill copper; and

electroplating a copper gapfill layer onto the ruthenium seed layer.

17. The method of claim 16, wherein the atomic layer deposition and

chemical vapor deposition exclude oxygen compounds or oxygen.

18. The method of claim 16, further comprising treating the barrier layer
surface in a hydrogen containing plasma before deposition of the ruthenium

seed layer.

19. The method of claim 16, wherein the atomic layer deposition excludes
oxygen compounds or oxygen and is performed before the chemical vapor

deposition.

20. A seed layer for electrochemical plating of copper metallization in a
semiconductor device structure comprising a conformal deposit of a portion of
the seed layer and a nonconformal deposit of a portion of the seed layer.

21. The seed layer of claim 20, wherein the seed layer comprises ruthenium.

22. The seed layer of claim 20, wherein the seed layer is deposited on a

diffusion barrier for copper.

23. The seed layer of claim 20, wherein the seed layer is deposited on a

barrier layer comprising tantalum nitride.
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35. A sem conductor device nmade using the nmethod of claim 16. 36.
sem conduct or devi ce nmade using the seed | ayer of claim 20.

24. The seed layer of claim 20, wherein the seed layer is deposited on a
barrier layer comprising tantalum, tungsten nitride, tungsten carbon nitride,
tantalum nitride, tantalum carbon nitride, titanium nitride, titanium silicon

nitride, or combinations thereof.

25. The seed layer.of claim 20, wherein the conformal deposit is formed by

atomic layer deposition.

26. The seed layer of claim 20, wherein the nonconformal deposit is formed

by chemical vapor deposition.

27. The seed layer of claim 20, wherein the nonconformal deposit is formed

by physical vapor deposition.

28. The seed layer of claim 20, wherein the nonconformal deposit is formed

by metal evaporation or sputtering.

29. The seed layer of claim 20, wherein the conformal deposit is formed by
atomic layer deposition and the nonconformal deposit is formed by chemical

vapor deposition.

30. The seed layer of claim 20, wherein the conformal deposit is formed by
atomic layer deposition and the nonconformal deposit is formed by physical

vapor deposition.
31.  The seed layer of claim 20, wherein the conformal deposit is formed by
atomic layer deposition or chemical vapor deposition and the nonconformal

deposit is formed by chemical vapor deposition or physical vapor deposition.

32. The seed layer of claim 20, wherein the nonconformal deposit is thicker

over the field areas than in patterned features of the semiconductor device.
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33. The seed layer of claim 20, wherein the nonconformal deposit has an

electrical resistance sufficiently low for electrochemical plating gapfill copper.

34. A semiconductor device made using the method of claim 1.

35. A semiconductor device made using the method of claim 16.

36. A semiconductor device made using the seed layer of claim 20.
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