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+FI'ELD OF I NVENTI ON [0001] The present invention is in the fieldief/97/2006

sem conduct w0 ebaeswes. More 5 particularly, the present ingepik@ihopys0vi des
a nmet hod, apparatus, system and machi ne- readabl e nediumfor an
i nterconnect structure in a sem conductor device and its nmethod for

formati on. BACKGROUND Integrated circuits continue to be scal ed
down to small er di nensié&g‘&?&%mgﬂﬂégﬁmpﬁEﬁﬁcﬂW@EQ, are reducing in
.-pitch and Vﬁ| une to accommodate the snaller dinensions. Down sizing the
i nt erconn IQNirrent density in, and resistance of, the

i nt erconn The 4 S: | urrent ..depsi.tv. i n .process gener at,ons

si nce theﬂg)bgls m c?g%'bgeg%gelgg Q?tgoélhhsofno g%ﬂl %ﬁ ?enélgﬂ}ﬂcuffo ant & iIgBm ity
| ssuess wi particidayhe othe tpeesddt innémlcBOpRORIES adBetBod, efpphiane] sp@f! MThEERhE-ON
and, as a I’%%&Ht, current conservative design rules and practices are too

conser vati9e0lgmediym ©yrp; iplegenpsct shueee ia & smiewdueter devipe ged ity meghadands.

[ 0003] Eli%gggrgmi%ati on is a process wherein hydrostatic stress on

i nt erconnects, such as a direct current applied to an interconnect in
one direction, causes current-induced atomc d iffusion d ue to nonentum
transferw el ectrons to host atons, or a diffusion o f

el ectron _ fields set up i nthe interconnect while the circuit
i s 119 qpesAtion. plag PRt el @lﬂ‘ﬁ)ﬁjlgé etﬂdbeogcaltl db@he{ocgr%ﬁ&t dﬁlfyn?i% or

pul I's back fromthe adjacent via and eventually separates conple ePy,
causi ng dnternoandatyy impartiodler, are teliecing ircpikdh. and ol weicabmatodhieahe andltade- end
ofythe i terconnercPt f or.s ﬁgét.rusions and crack insulators ich leads to
dedi ce dEYEALATT o T8 MEHBIT OB PULRACT R SIHTTERASARIBE s 2B EFSHARFRI8E ng
metal 1Nt nfRcdbSt., ahe ifreastD i clfdnk 'dﬁﬁgitzrihé odeS Serdelfichb 'shidk ttl?é @%?r.
and/or a dielectric layer of the substrate. fectr magration reliability

i s measufderonn prasesss todhnplogy texhibitt cignafidaur ereliabibityadssuesit with eespecty .to Mean
time,to tailure (MF) is, typically defined as the nunber of 30. hours before
~an M er é“g%fﬁé’_ ec{srﬁ?r %é@&?f/ E"e.%ﬁf gratom e a] & FetilleCHTPRE GORTETRIYE desiEh

- l'ength  anes adqirkcticed 8 ¢ ERERETa@e, 3r hQTR BRI Secithicho %ﬁeﬁé&wﬂﬁ@%ﬁgﬁ ' '
Cel si'us with the application:of a constant curfent density such.as I'x-10"6.
anperes ﬁ@ﬁ“@quare centinmeter. WO 03/063209 ,

[0003] Electromigration is a process wherein hydrostatic stress on interconnects,
20 such as a direct current applied to an interconnect in one direction, causes current-induced
atomic diffusion due to momentum transfer from flowing electrons to host atoms, or a

- diffusion o felectrons in electric fields set up in the interconnect w hile the circuitisin

operation. The metal at anode-end of the interconnect thins or pulls back from the

adjacent via and eventually separates complctely, causing an opening or void in the circuit.

.25 The metal at the cathode-end of the interconnect forms extrusions and crack insulators

- which leads to device degradation such as short-circuiting interconnects and diffusing

metal into the substrate or, more particularly, ihto the circuit layer _and/or a dielectric layer

of the substrate. Electromigration rc'lilability is méasﬁred in terms of mean time to failure

- and activation energy. Mean time to failure '(MTF) is typically defined as the number of

30" hours before an interconnect increases in electrical resistance by 30% for certain length
~and width interconnects at a temperatdre, such as 250 degrees Celsius with the application -

of a constant current density such as 1x10"6 amperes per square centimeter.




13/°07/ 2006 PCT/ US03100525 (0004] Activation energy is the energy |evel at
.which electromgration begins to occur. Activation energy of PYrE ¢PPRY06
for instancwo dsmeieeer than alum num alloys when used in ipEercRISKtS but
bot h copper and alum num are used to forminterconnects since COpper
offers intrinsic advantages over alum num including a lower resistivity. 5
Lower resifB0oayi Uy alloavaidal @leedy BURE eAtref 30 b §hic Ol UMk Aon 43ARE o

i nterconnect may potentially fhandl e th& sanme current as af al um Aum
- i nt er connBgYUIwi fefiviaHen saergy «fl mee coppayy &iriiostancel iisbiwerttitan bhunddahtdllons
copper ba ' rgonnect s l.i ke al um n based i ntercqgnnects, are
sur rounde grrﬁlug% ! glgtgfc’%flﬁ?%seg@ib&ggcwe‘ﬁ %‘fctjg}l‘}?lwl ﬁ’é"t‘%iF‘?ItOd INEFEANEde v e
as di f f uskiace kepper @iffers Aftkigsic eeattEE deAblBRnhS29Sci@ny ¥ W9 kbistiv;
copper_10_i nterconnects, current sh%ﬁls _a_rounéll t he voc??i% t r%ré'ijgrﬁa%th)é@'
ref r act or yOV8R Esisliwie plows highar cumentrdensitids s¢ hasmaljsaopper inengihectwiait h,
and thic : | ngcts do not cause open- .circuit failJure. Copper,
however, kﬁ(}gégla(ri{[ thg%#%gﬂgh%gengﬁrerg& Ry Pr 5@%’%‘"& mtgchg:gqc&nva 51‘ e offmerhe
- voi di ng | dedsontigration ireliabilitye Innaddetirs tcapse?, badédl idSrcbiiRclse Sh ik Peghinum-

| ncr eases, %éua void grows. As a result, Erobl ems associated with

el ect rom'stlj’lS iereonnetisade symoynded oa at deast turersidassbybreiantory metal dayesnitiat

met al | i zaghN AR, MO . t with.jnterconnects.
BRI EF FI é%fﬁ% &?&%‘?i%’?%%@%ﬁooé?ef?ﬁg*ﬁg@%gﬁiﬁ%@ HP‘éﬂﬁ%d’é,tgFi‘i?BPef
r ef eri@ncesterrapnéatsicoatret shuntslatsund2fe ebidsditbsgh Hedefrbetdryd@Piat taeAko that
enbodi nent of % cross-sectional view of a portion of an integrated circuit
tj'?%enhan(%c’hﬁo'i Bt EPﬂ%thtl‘?ngﬁb Jridth, andthiclaess efiintasensaeete do not cause open-
Cr0Ss- seglirb@ipalmiMeew p | o] m_cond or_devi ce that has. been
partially %]?gclg%rggﬁ to Hgﬁ"i (ri:léwggé}ZSE?%t elfbgorslgllg’gt L{ﬁéeafnuclmea.smlgi gDﬁ‘Pb 3 & picts
an enbodeleetromigrationc r Ths veilting fmds tvianvinabaseha ehbGhctaadafs the Fesidtancaf t er
the formation of a b(?rri er ‘Jts%er and carbon-doped copper |ayer. Figure 4
depi cts HIFFESEH dIEOiT B6Psa 45 Desulbareblems psspriatadorith electserpiarationdnaseasyi g. 3
af t efs f ORMIAG iRteRBRRRY BORRRE GRRRES ah@trﬁétﬁm%lt 'lar)%?s %E-%H-ﬁ_.g réorge@én %12 an.
Vi strate 0O 1 d. after

enbodi nent of a cross-secti ona ew of the su

5 appl-i -cat pepulged withamteiconndctsa: | ayer ~and ‘di ff usion -of *silicon into the: carbo,:. -

doped copper interconnect.

BRIEF FIGURE DESCRIPTIONS

[0005] In the accompanying drawings, like references may indicate similar
20 elements:

Figure 1 depicts an embodiment of a cross-sectional view of a portion of an

integrated circuit to enhance an intercomnect.

. .Figur_e 2 depicts an embodiment of a cross-sectional view of a portion of a
' semiconductor device that has been partially processed to define an
25 interconnect feature, - _
Figure 3 ~  depicts an embodiment of a cross-sectional view of the substrate of Fig. 2
after the formation of a barrier layer and carbon-doped copper layer.
Figure 4 d_epicts an embodiment of a cross-sectional view of the substrate of Fig: 3
| after forming a carbon-doped copper interconnect.
30 Figure 5 depicts an embodiment of a cross-sectional view of the substrate of Fig. 4
after application of a passivation layer and diffusion of silicon into the
carbos:--doped copper interconnect.

Figure 6 depicts a flow chart of an embodiment to enhance an interconnect.
2. '




Figure 6 depicts a flow chart of an enbodi ment to enhance an interconnect.
.2 WD 03/063209 13/07/2006 PCT/US03/00525 Figure 7 depicts a flqw 7506
an enbodi memo os/eceethance an interconnect. Figure 8 depict spear/fidg@pshart of
an enbodi ment to enhance an interconnect. [0006] Skilled artisans
appreciate that elenents in the figures are illustrated for sinplicity and

clarity sngrbave nek i@@%%@éﬂiﬂoﬂﬁ%&%ﬁﬁﬁ\%hﬁ@erﬁﬁﬂé@m ifREcoayapl e, the

di mensi ons” of sone of the elenents in the figures are exaggerated relative
_to ot her Figirefent s depictsal fipw chartmdrao\esnbodhesnd taerdiance anfinterdvodéatent (s) of t he
present invention DETAI LED DESCRI PTI ON OF EMBODI MENTS [ 00071 The fol |l owi ng
Is a detailed description of exanple enbodi nents of the invention depicted

in the agooegpanyi nglilleavirfiGiss apfteciaeatipl EleRRRQ AL RO HzuRs Gré MuEHERd Bet ai |
as to clearly conmmunicate the 1 nvention. However, thée anmount of detail

of f ered $EPLgHY andtdaityrnddhave ot neeassarily ibebpalraven (astade. i Borsexefuple, the
nbodi megt s, .; Laf | di,Tepts . .antjci d_far t t
Chvent | oumsibS ot Xonfl b6 ¥ emeRRPBCHIE Rbes gR risteBRl ehiflve 1 oo ©"

descri pt élementoed hslp as Enpslose giRestindindfentiédinanRPEr e PicSentGendbs t0 a _
person of ordinary skill in the art. [0008] Referring nowto Fig. 1, there

I s shown an enbodi nent of a cross-sectional 20 view of a portion of an

i nt egr atigfrai [ b 13 RESED! nnect. Many to activation energy
and/ or IVI?‘}TQ‘ EY DESCRITIO 2 D 1% t he enbodi nent shown, nay be

rranu‘rfoacturéd_ sequentially, one Iayér at a time. The sequence may
enmbodi such t enbodi nent . shown in Fig.1l, have an jnterconnect or
haye arm[ﬁ@ﬁ?'ﬂod fo?ls%?q%&i‘vﬂtﬁ 3512 detailed Gleserintion; oheHsmpkn calodmeats et at i on

ol Cabi i ! ! ! s _ N
ref 1 abi i ehtioh ld_(eﬁ@t%ﬁ?i'ﬁ t&%c@?ﬂ?iﬂyﬁ%oér?g«mﬁng T{Lﬁh ée%r\i}gﬂfg&bﬁgﬁﬁén'tscﬂg érg&}’c?xt a

slicing the silicon into wafe r, rormng vices on
t he subsletadlt as thGleacly dohenwrtate therineentionc Hdwdvay alie AMButt\of datatlerffeadd isel y

depositing.a thin | gyer of di.el ectric, .such_as an, oxide of siligcon, etching

the di @Pgd?a\_ﬂpée(ﬂm imyt ghe, couginsisq o/aptem PE EBB’PQWFS-a % $RHRgS Plcont act

150 15N ehfboBim&id tantib¥ed K40 te g%#eﬂi’v igt)&n%hr G Lby ﬂImérBGsn%r ﬁﬁhﬁssl ayer
ng la, 301 ch as the

140 to be accessed by signali nterconnects su

- carbon- tujyeidualinses tie datailedajpschiitione belomnate tdesiguadoySinake. sudleembodiments 120, - = .-
The specjfic concentration or | ecular ratio X, Y, and Z may vary between
f EsSrmanitn e

BB Gie

enbodi nBRY8YS concentration or doping of carbon in
{0008] Referring how to Fig. 1, there is shown an embodiment of a cross-sectional
20 - view of a portion of an integrated circuit with an enhanced interconnect. Many
. embodiments such as the embodiment shown in Fig.1, have an interconnect or have a

method for building an interconnect with enhanced electromigration reliability in regards -

to activation energy and/or MTF. A semiconductor device, such as the embodiment
shown, may be manufactured sequentially, one layer at a time. The sequence may

25  comprise forming or growing a silicon crystal, slicing the silicon into wafers, polishing the
wafer, forming devices on the substrate 160 of the wafer in a circuit layer 140 by
alternatively depositing a thin layer of diéiectric, such as an oxide of silicon, etching the
diclectn'c.with_ a process like photolithography, and forming a contact 150 in the circuit
layer 140 to allow the circuitry of the circuit layer 140 to be accessed by signaling media,

30 interconnects such as the carbon-doped and silicon-doped interconnect, CuxCySiz
interconnect 120, The specific concentration or molecular ratic X, Y, and Z may vary
besween embodiments. In some embodiments, the conwentration or doping of carbon in

 CuxCySiz interconnect 120 may be within a range of 1 to 100 parts per million, whereas,
_ i 3




CuxCySi z interconnect 120 may be within a range of 1 to 100 parts per
mllion, whereas, 3 5 10 WD 03/063209 13/07/2006 PCT/ US03/ 0052 :,/ztdryzyzgos
03 L9 1000

enbodi ment svaayoemeuypr i se carbon concentrations within a rangg
parts per mllion. Further, the concentration or doping of silicon in

CuxCySi.z interconnect 120 nmay be within a range of 300 to 900 parts per

m I 1ion, ofkéf etnBoditfRals REP ;?ﬁsé'itciigboﬁicbh&ﬁf}ati&x%rlﬁ?%;a i LI MBY10081p48s f r om

zero percent _to eight percen icon. In sone nment's, barrier |ayer
-110 may bBer mohemdFithearthe sorsenbatincer dopigeieilion inCuafeBizngterconndve d2Gr

otherw s r Jor_an i ofgnpect, before formng the. interconnect to
o ovent - e Uil Arafll of 3 GO0 SEes pRE RIS BT Btk Srbaiienfiy BRER
i ntra-| evstcegtr@tlonet fag f4d0e aRBMOLeroC pEietitt td 3%kt béRentAsiiRbnf OMA1 Sind he

‘interconnect, a layer of inter-level dielectric, such as passivation |ayer
130, TaycBRodiBERSdbETEr laypnilQ mey ibatfemesdrinsat interetnoectt thauree rmin dpenizg

netal lizati I : tect .the interconpnect from,contam,nation,|like
noi st ur e&gﬂr‘l /0 rﬁ%gll%rfél\?? eﬁlr s br}t%r{; ?nélﬁ&bg? eeﬁqngggetilg IFrConeEl R PSRt s
[ 0009] Qreatenuare diffuskinadfl ataras b Othe iddeommectiedthe Sntileatl didiaétionod avder 1,

met al Iizatior‘i | ayer 2, and netalljzation |layer 3, may be fornmed by for.m ng
i nt er corfiiettt 1ayerildds vk forming dhesinfescanneet; @ laver of interdave! dirdertie SHEME a t hin
conduct i \ee; r ' - tive.| , like
Fungst P Sty 150, Ry obfeq bt BRoRher? s JOPUR cetfipe ot -

cont ®ct snetallization Ryel/ bito prutent tlningetsmed! fiord €ontatfinatinaigel i@oistie/ andierupl e
the i nterconn(?c,t f metallization_ |ayer 3 with the interconnect of

ey al | | ZAPTAHIq Bydption betyearlakers pbBATsRMESS. via 170 may conprise a netal
StiCh as tungsten but in other 20 enbodinents, via 170 nay conprise the
same material as is used for an interconnect such as CuxCySiz. Patterning
intra-| ¢0#9di el edne oorl ayme hall@yion oiqyeiss esyehotas| intehadigzatiphy layandl,pl asma
et chi ng. XCess tal,, or. netal profrudi pg_above the opening of intra-
evel | qmaabee Péer 28 aneipliyating 1&2%&% %ﬁ?@?@_%_ﬁ‘r@% WETAMRr i zi ng
the 15ur f@eges ifin@Aatve dldQic %attﬁén%ﬂﬂmfa[‘gﬁ%omuﬁéﬂiap& Qﬂich]%gﬁhliérz ation

| ayer 1 before formng the 25 passivatio yer or intef-feve lelectric

-l ayer (- Hayey T1@andferya tonductve thyti, fike tungshen,t dopeer; ionthbmdoum ent the antek-leegluce - |

Do . S et b PR B e P, PR 5T
couple the interconnect of metallization layer 3 with the interconnect of metallization layer
2. In some embodiments, via 170 may comprise a metal such as tungsten but in other
.20 _embodiments, via 170 may comprise the same material as is used for an interconnect such
. as CuxCySiz. Patterning intra-level dielectric layer 100 may comprise photolithography
:) ~and plasma etching. The excess metal, or metal protruding above the opening of intra-
- level dielectric layer 100, may be removed from the surface by planarizing the surface.
Planarization, patterning, and/or polishing of metallization layer 1 before forming the
25 passivation layer or inter-level dielectric layer (IDL) 130 may form or define conductive

interconnects and reduce topographical effects of photolithography and etching.

[0010] Further, packaging may encompass the integrated circuit comprising the
| - substrate up through the metallization layers to protect the integrated circuit and to provide
30 - interconnections for use in a product.. The packaging may comprise ceramics and/or
| polymers to protect the integrated circuit from p hysical d amage and leads to provide a
- signaling medium from the circuit fayer to an external device, through one or more

interconnects.




substrate up through the netallization |layers to protect the integrated
«circuit and to provide 30 interconnections for use in a productj3lhe7/2006
packagi ng g ocoempod se ceranmics and/or polyners t o protecgithg ;. 9rated
circuit fromphysical d amage and leads t o provide a signaﬁing medi um
fromthe circuit ;aver to an external device, through one or nore
i nterconnects. 4 WD 03/063209 5 10 13/07/2006 PCT/US03/ 00525 [0011]
Referring nowto Fig. 2, there is shown an enbodi nent of a cross-sectional
-view of d9%ddtion é%efmgsrmpwdnd?ug;tzotheweivish@m ha emhedimsekof perpisiwrlignal

. ' i_nt . f 210 h
Py S S R R R M S

di el ect r iintelcayesct featab 226, sich ay eidabscehd ir6h. dh @dedfcdndlfe) makifeuiiBy be
deposited on a substrate, and interconnect features may be fornmed in Si02

200 t& creeiied kpownascidamasoeae’n 2 dislackic lsyrapeuchias adeysr obsitiean dioxide KSifs) vi as -
or et al 9k bt D y. Gonpri se lelectri aver -owekl yi ng
silicon vzvg?’glrﬁ §y F%%g%%teéeo%ao%% gg%?,sz’m%gggenﬁngg% f%%n%’rrefs dedk % kﬂ 8{1 ‘%léﬁ‘g’r | ayer

i ke an @0Clv ctaipatrengiapatiovain thosHapy of interE@iefte sl A¥BGhs@R nidhe Linedst rat e of
the wafer before Si02 200 is forned on the substrate. Si02 200 may
conprise a |ayer of approxi mately 5000 angstrons to 3 mcrons in

thicknesporbn one SIROHOTRR corfiorile GEREE 1Y Bhert iHE BiRSn Wak?. ROBm™Y be

formed as a 1ayer of 'plas deposited oxide forne I hg

t et r &0 et tpbodiments; & silicommétrid BER) orasther laperrlile anléclga®p dripassivatioartedj nent s,

Si2 200 _ma l%e deposj.ted, usin | H4 and an qoxidizer such as Qx%gen (02) or

oy rous R te eSS, on 115 Seheirae ! Grotdritere Sine 200 is Brmed ap i SLBERE ¢ My

e’ f or Megi B S20B ek : o] gl r . PSG
o hiyelorRfri E’hﬁfggg §f)ﬂ§!|))ﬁ?&a?619 90 %’ng'@ ms hg! 92?%%23‘“

(BPSG, silicon_ 0xide glass I con” di oxi uorin silicon
oxi de, |tbigkogssl dutome embodinentta digleotnickyearnsuchats $iQ, 290, monbelfezined tas iac

i al like. .A.l [ | 2 ial havi
i el ect P oG R BFmARsEH offfarforgeg s ey bR et CLEGR) e Sop
| ayefs mesas I8 sbieBRbodHkhtS Si0) ?(Wh‘iﬁa}?jﬁ@&’ osRél ?%{1% ﬁigﬂ Sﬁ&)éﬂ'o&%i'iéi? suéhnaé

alternative enbodinents, an etch stop l'ayer asma deposite

st i Gon onyee (@) oxhitiossnxidai(liQ)e Inbuatber ambadirdent; tie inttalevelsiieledtsic magt erial .

o oL e T BT G S B P b il
oxide glass (SOG), silicon dioxide, fluorine-doped ‘silicon oxide, low dielectric constant
(low-k) insulator, spin-on dielectric material, or the like. A’'low-k insulator may be a
20  material having a dielectric constant lower than SiO,. In some embodiments, an etch stop
- layer may be formed such as piasma deposited silicon oxymitride. In alternative

- embodiments, an etch stop layer may be plasma deposited silicon nitride, silicon carbide,

~ boron nitride, or other similar material. The etch stop layer may facilitate etching through
more than one layer of dielectric to form a via or other opening below the interconnect

25 feature, such as a dual damascene trench.

[0013] Referring now to Fig. 3, there is shown an embodiment of a cross-sectional

" view o f the substrate o fF ig. 2 after the formation of a b arrier 1ayer and ¢arbon-doped
éopper (CuxCy) layer. Metal may be deposited into the interconnect feature or french

- 30 . pat_terncd in the SiO; layer 200. In the present embodirﬁent, a barrier layer of metal,
‘tantalum nitride (TaN), may be deposited in the interconnect feature first, followed by 2 ‘

- seed layer of copper (Cu). Then, car.bon-'dopéd copp-é:r' (CuxCy) may be formed into the

" interconnect feature by electroplating. . In-other embodiments, CuxCy may be formed in
. 5 , halhe




25 feature, such as a dual danmascene trench. [0013] Referring now to Fig.
.3, there is shown an enbodi ment of a cross-sectional viewo f theg7/2006
substrate ovooHiagg2092 after the formation o f a barrier |aygic 3/60525

ar bon-doped copper (CuxCy) layer. Metal may be deposited into the

I nterconnect feature or trench 30 patterned in the Si02 |layer 200. In the
present ehbieiro@inect Rafied by eleckel¥ s@ittefiBb Mapor bRARE fébiﬂma@iiér{ islfadtdia),, may
be deposited in the_interconnect feature first, fol l one by a seed |ayer
..of copperaf/ergtherfmilar @mgses PRSSE copper (CuxCy) may be formed into the

I nterconnect feature by electroplating. In other enbodi nents, CuxCy may be
formed in WD 03/063209 5 10 15 13/07/2006 PCT/ US03/00525 the interconnect
feature 1j§01d] ect roBagser fapuist &iaynGe mapRyedhas tmeelidativy . sdhemes nhkiamkat i on,
and/ or other simlar neans or process. '&gQMl Barrier | ayers may. be

enpl oyed AmastERGPLICIRING Gf capnse te Brevpritdiffiysion ghrerpeeido Sapt S1Pd 15108 o€opper
to preve | i co 1 L. Qr . S 1 eqlL.ons ate or
waf er . Dﬁcf ﬂjsl)%%%éo%nggg%érﬁﬁ%dlﬁs ?icﬁg%ﬁ?a?{?rug n%@ﬁ %tgfl}srg% h%éru'? ésa sgé{%shfecr ease

el ect r ondtdréase ieteetrom lifetamsinstrarsstoas opbther deldsssdea dirbuid 1ojer.c The shtayete, The
rise a circuit layer wth devices such as

subst_ratf, . for instance,. Ry cordg _

capaci t of%¥ BRI, LAY CAPBrSe 2 Crgpiylayerorith deviess sych entapariters and HRRSIHALSy | er

| ayer nm | = Gk | : : . ttom
y b RAVRVE Ruch B €Jpa§kJr§,liﬁ% gﬁ?g@%@@#&g gx&%’-c&x%ﬂﬂ%ﬁ%‘aﬂ&@ﬂ apliP

el ectrode | ayer. The plug may pol ysi'liton
-~ (p- Si), emebntdce ahdtat bottoat eletirodielayary e Thergitipembp rheefdrméd of dmsgsten(Wnet al s,

e
mbi natdsOnidpurh @)t PeMsLL @), Dﬁlﬁhiuﬁﬂ@Pd)ﬁwﬁH]ﬁﬂﬁ? \(ﬁh)?igeué)?oéﬂﬁﬁ, epbogi ment s

further conprise a doped barrier |ayer. 015 n so enbodi nents, wherein
t he bar rdoadudtiyg exidesal B0V, Pdaiibe Ofsemdéot 2 bymiipatidner § adrangiditn 30Galend

possess  higher aton ¢ weight .ele ts to increase sjidewal|l coverage. The
i ncreasé” ﬁ“"zﬁ"a@ X %88\?9632’88%{;?&&2‘8’1 ct°n?9{‘55ﬁaq%ﬁﬁcfléa§§\'é,\rla]iaﬁert he activation
energy and/or attenuation of electromgration failure. In further

enbodi nents, the 20 resistivity of the barrier layer may be sel ectively

“varied W8Il net al Isapmesewodindnts wired: the barder layer, TaN 300, may be formed -+~ - .

by sputtering, TalN 300 may possess higher atomic weight elements to increase sidewall
coverage. The increase in sidewall coverage may result in an increase in the activation
energy and/or attenuation of electromigration failure. In further embodiments, the
20 resistivity of the barrier layer may be selectively varied with metal carbides such as TaC or

HIC.

: [.0016] The barrier layer, such as TaN 300, may be formed within an interconnect
feature such as interconnect feature 210 of Fig. 2. In alternative embodiments, the barrier

25 - layer may comprise 2 layer of titanium nitride, titanium silicon nitride, tungsten nitride,
tantalum silicon nitride, tantalum, titanium tungsten, or the like. The TaN 300 may be
deposited using-:-j-:nethods_ such as collimated sputtering, ionized sputtering, or chemical
vapor deposition (CVD). The upper limit of the barrier thickness may depend on the
deposition technique and the geometry of the features being built, For instance, when

- 30 tapering the sides of a damascene trench and via, a much thicker barrier layer may be
| depo'si-téd. In some é_mbodiments, TalN 300 may be deposited with a th'iclmeés m the range
of approximately 10 - 50 angstroms by atomic layer depesition (ALD). In other

. embodiments, the bamier layer may be formed at a thickness in a range from
6 . . : .




[0016] The barrier layer, such as TaN 300, may be formed within an
.interconnect feature such as interconnect feature 210 of Fig. 23/4A0v/2006
al ternati vewenisadizoents, the barrier 25 |ayer may conprise gei@¥@igoShs
titaniumnitride, titaniumsilicon nitride, tungsten nitride, tantalum
silicon nitride, tantalum titaniumtungsten, or the like. The TaN 300 may

be deposiPPRAXIRAHY 15810308 angstlomas In ofill firtiee embpdibiearlsi BN Hafie? ?ﬂiSiN)h
e

sputterin m.cal ., vapor pasition (CVD). The upper limt of t
-~barrier t |ag%%gg£&%§"ﬁ@8é?%e&ﬁ%§ﬁé%0a%ﬁﬁggmﬁibbﬁr@\f@chni que and the geonetry
of the features being built. For instance, when 30 tapering the sides of a
damascenel_@re ch and via, a nuch thicker barrier |ayer may be deposited.
In some eM¥ddl ment sin spare gobodimgnisea s dmjiet end wicbhdietivBilplen asy befodnikl r ange

f ' - .50 b tom | d it ALD). |
othor ™ anpoan e/t bayiel 80T T Blo g 90, e rsceasbioriso ibeRIALS 91
range fr osteEntDSIcHGS 26Shek,3i0@1 280 6r tIBCﬁTc/e.Uﬁpﬁ{e%Q%%ﬁt &S qicgpf\lb%lsl‘edl&? £ 0 300

?PI 3 may B

angstrons, In.still further enbodinents, a Ti arrirer e
deposi t edIRPTHSFe SPRATGe BF 150y - emippliments t thoneedylay@yhnay @OMprist Ropgereand

enbodi menhsoneRusesd onductive. | ayer be forned . 5 overlying
the barri e?gnleayer , %dg%/%@ﬂﬂg’ r?gat%éagﬁ of 8%‘?1“?11&%’3&;%%% Wgrﬂwl&flmﬁ one
el enent , indivie, din, cdypgaium, nkiake barbbi,Nzird@hivhl epdliaifm. | HtahfiBn PEES lbbium.
errbog'brrent t he seetg b yer conprises coppe’rI.) Ian many enbo’dFan%nit%g?luﬁe seed
| ayer® may EBRHEPY e E“er and magnesiumor other alloying materials or
conbi nations of alloying materials including indium tin, chromum zinc,
eaybon, zirconium palladium titanium iron, niobium 10 nagnesium or
ttfe i kel0Q18D18] Thbe sewtildyey arayrtmy fobted Q5ABG pHjsndl apip@dpeatio APeD)

deposi ti VD rqcess such as plasma enhanced physical vapor "deposition
( PEVD) mﬁ{bﬁ&g ‘é’)ﬁiﬁtag éﬁ?ﬁ‘?@a e‘?@ﬂl@%ﬁf pbf%!ﬂ ivapargdepopitien P(P%Né))swé;u alpa;uacﬂﬁ@y

al t er nat tay B6ri ' | r. PVR_15.d sition ocesses.such as

i oni zed F?V%w?o%ﬁ?%?ge\%%%m %%Fﬂ%#gtné% ,atlga@ﬂ)e?néeggfué%(/gﬂgpﬁﬁég tion.
(CVDYS prérpesition procasses atdlngg, iopized 8V, |esathrcws PYIIE GhIIDhASS Plv!tﬁtaicnlan&m

el ectropl.ati Ihe | ayer may be deposited as a continuous |ayer .
“overl i %ga%%ﬁg?%‘ffﬁmaz‘g%érﬂféﬁ%PhiarP:‘afﬁl& RrosessosHelc as faleattpless platingner- . -~ -

ppr ox ot ALy 10 250 ey B ¢ER0S & SRl RIS NN e

suf fi ci éWtprmed withinoan hesouiicy frdtarealit bt Brbbdigtent, aerseedlaysi By eayer

200, AnGehbifta 89 1ndS iR USRS o AsSSSinaly TEHE) nemocheters” However e

20 seed layer may be formed sufficiently thick to thoroughly plate the barrier layer, or SiO;
layer 200, and thin enough, to prevent excessive lateral build-up of the seed layer over

_ ) comer edges of the interconnect feature 210 of Fig. 2. For example, the seed layer may be

formed at a thickness of approximately 2000 angstroms.

25 - {0019] A conductive layer may be CuxCy layer 310 and may be formed overlying

~ the seed layer. The conductivcrlayer may have a thickness that is sufficient to fill the

- remainder of the interconnect feature 210, such as approximately 600 nanometers, which

may be approximately 1.5 times the depth ¢of the interconnect feature 210. In one

embodiment, CuxCy layer 310 may be deposited using conventional electroplating

30 techniques with a plating solution comprising an electrolyte, such as copper, sulfuric acid,
~and chlorine,'and organic additives s_uch as anti-suppressors and suppressors. Additives
_.may be infreduced into the bath to induce microstructureé such as z large grain size and/or .

~ randomly oriented grains. For example, the anti-suppressors may comprise bath soluble




coner edges of the interconnect feature 210 of Fig. 2. For exanple, the
.seed layer maybe fornmed at a thickness of approximately 2000 aRgsteopegoe
[ 0019] A cowdwslsizey | ayer may be CuxCy | ayer 310 and nay bepéﬁb 0525
overlying the seed |ayer. The conductive | ayer may have a thickness that
Is sufficient to fill the remainder of the interconnect feature 210, such
as appr ox#iaak Yor686na t | 0@,%{ | higs the
depth O the i_ntercorjn_eg'éﬁafgeagﬁ%lgv%tl’%{gsslogpgﬁgece gg?ﬁr?eﬁﬁ%?iu&%@y%tg%’r 310
-may be depd¥un@gs, pebiminesandmolysntils. ehea resoly) the conlusive kybmsuphes copen, a

Bnd cni'oraeet SPhSRL LR OSSR Fr BBheCd o G Bl pprBR I .
suppressors. Additives may be introduced into the bath to induce

mcrostructures such as a |large grain size and/or randomy oriented
grai ns. H8P2Yxanp| €n sprs emborimenss thsseanductiveyayso mpryias Yraddped slitistagbon WO

03/ 06320 LD7/.2006 3100525. di.sul fide, or. nono-suylfide and the '
suppr essg@%ﬁgyﬁcg%%??gdgg O;dtﬁ gn $b Iogtﬂx CE’BQI'1 fé?cﬂ’&ss frompﬁrey “AEPSBYP VAN nes,
and pol yaopgigssosss Fherasant of dXiattdnshbdiiot Uethe ¥ing batiCapbe CRRRRErized WYY be
doped with carbon fromthe plating solution during the el ectroplating
process. W fyxidirable garbon &E@@)n&ﬁt@@n)ft ¢rabasiymanis: the ST'QQyshpuldmpt gkeasdbe
doped wi - DI t4 f i dat .o roducts
From t he “aogt 00 e daccl S0 Lo EAMAISRIAROTHEAES i B SRERAS ! Saucr
in the piey pgdbe borfaymiiedapositian tiasteade df byttorahep (6 dhipep>ilDi dagbkiﬁm@&lﬁ bon
(TOC) . Ig_ n%r%%/ enbod] mentli, t he TOC shoul d not exceed about 500 ppm since
a i gh cBREEEAsViasnSuper-dih derpsitian. derrample, mayifill high aspeahwatio fertres-ves  nay
peruce conformal deposition instead of bottomup (or super-fill) .
deposition in trenches, or vias. Super-fill deposition, for exanple, may
fill higW03%pect riEhé oxieddrupeduct; 60RE]plding sokitidatrhBnbeedAtcddshiofeviie

pl ati ng sloﬁut ilgn may be enhanced by reyerse plating. Reverse plating nmay

i ncr easeP BNt FEFeRAHIEFARY TICKAST Pxigaionaf opganis siditiveg by alteaating gursaf ween a
cat hgde pHided 208Kl8 V., e I : S t] be

acconpl i shed with a- eoé]rfaﬂ %ﬁlﬁoglé'coﬁggg}g@mog{:ugﬁﬁg’pﬁﬁvgggfélg%ﬂgﬁﬁ? b

o conpri-si asgomplighedarith a one milliseahd 0o fent secdifll pilid frequencesomprising iy forerard
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.to one

accomplished with a multi-step direct current cbmpn’sing an initiation current of 0.1 to one
20  milliampere per centimeter squared, one or more applications of a fill current of one to 30
| milliamperes per square centimeter, and a bulk fill current of 30 to 60 milliamperes per
\) square centimeter. T he number o f applications o f t he fill current may depend, inpart,
- upon the speed of the reaction causing the metal to plate the seed layer or barrer layer of

the interconnect feature.’

25

[0022] = In many embodiments, a copper electrode, such as an anode andfor a
cathode, may be used as a catalyst for oxidation of the organic additives. A pure copper
anode, for instanc_e, may increase oxidation products of the organic additives. In other
embodiments, an anode doped with phosphorous may decrease the oxidation rate of
30 organic additives by forming a protective film on the anode, sometimes be referred to as a
- "black" anode film. In further embodiments, other deposition processes in‘clluding
electroless plating, ALD, CVD, PVD, or a combinz:ion of CVD plus PVD may form the

- conductive layer. - :
' 8




20 m|lianpere per centinmeter squared, one or nore applications of a fill
.current of one to 30 mllianperes per square centineter, and al@‘)"d‘?j’bP'OG
-0

current of RQdsmeH@om | | i anperes per square centineter. T p@nﬂﬁdﬁ?ﬁgzﬂ
applications oft he fill current may depend, i n p art, upoh € spéed of

the reaction causing the nmetal to plate the seed | ayer or barrier |ayer of
the interconnect feature. 25 [0022] In many enbodi nents, a copper

el ectrode, such as an _anode and/or a cathode, nay be used as a catal yst
for oxi dald98al of t hReBrgrmptill taiBigt By efer deppsitieg deppeructiveddysr, CagCy,nei ance,

i L dat | ducts of t i.c additives. In oth
T ot oo B2 B8 1R B0 SREGHEY Be Sincills, S Ralite Siabic{Riseckons Hucnts e #%on
rate of 3grbsrgaoinCthaddnductes 18%r 16 Mdsked 1Pt agkidiBuddd @tﬂiﬁsﬁﬂﬁgé‘ﬁr%‘}@t

odal nts,

sonetimes be referred to as a "black"” anode film In further e
ot her dep§&Ht o rgstigabuticnsof; the comsiitugntsehmughait dbs squddayengnd Melon@wdivePVD,

of a conbi,pati.Qn I P\ form.t he conductive | ayer. 8
03/ oaszggh%’ 9% %tﬁt%@‘@‘bgﬁﬁeﬁ F 00RES it ButiGR, o rtLF 'ng?n?E‘?iP}‘s thab\lé\i%ﬁ. 3,
af ter deposidgengusttheoughouluthé seed iy ahd tHelbbRMuctiV lajdh ehighedn kiRVREd 1dyae waf er

may be anneal ed. Anpealing may diffuse constituent’s such as carbon from
the cond&@Bglomesdied af thesurfaces gad duterfgess of thresegid flaxes innd thef condutivietlayent s may

result i | S kil | - ts.thr hout the,.seed | ayer
and the CPoRl Sh bRl it e BRRRl P TR e B SERPLUE on of
t he dénsWaferentysberennebled ahzrmpganassrahfing F@ROB00-4b® deped dedigd fornd t4 Be

conductive | ayer, higher in the seed [ayer, or agglonerated at the

sugfaces ™Y nt erf aces of the seed |ayer and the conductive |ayer
de%ending on the constituents and the annealing conditions. In many
enbodi nents, the wafer may be anneal ed at tenperatures ranging from

300- 450 H8gfkes Celkirthst, fannegidgtoc@uctivenlayes maly(RRddvertit tdletromagiagsd i Ng a
reliability of the

duct i i he el ectrom grati
ot er coneSeb T b BRABRERE e htadhs oendures lsFRRsEIct Y b 15
for merl UfbinREd Ais' 4 bBkrick RS aﬂ@%egorrfgggﬂ%cfg}r%rs lgiéé‘¥[gc¥rstrg%§§%§ F&%ﬁ%@éﬁ{;@q ary be

anneal ed at approxi mately 2 00
‘ni. nut-es . 2PProxmatels? P deguess/C elcius for approximately five minutes. T he substratemay

alternatively be annealed in a range of 250-400 degrees Celcius for one minute or more as
a means of improving throughput. Annealing the conductive layer in nitrogen or a vacuum
may attenuate the oxidation of exposed surface(s). In several embodiments, after annealing
20 the wafer, the conductive layer, CuxCy layer 310 may comprise an electroless pléted

copper seed layer with a layer such as an electroplated CuxCy layer.

[0025] Referring now to Fig. 4, the metallization layer, a combination of the

CuxCy 310, TaN 300, and SiO, 200, may be planarized to remove excess CuxCy. In

25  many locations on the wafer, the metallization layer may be planarized to or into the Si0O,

200, removing CuxCy 310 from the top surface of the. SiOz 200. The result of this process

or a series of similar processes may be a series of metal lines substantially surrounded by
Si0, 200,

30 [0026] - Referring now to Fig. 5, there is shown an embodiment of a cross-sectional
view o fthe substrate of Fig. 4 after applicationofa p assivation layer and diffusion o f
- silicon into the carbon-doped copgr interconnect. After the metallization layer, a layer ¢’

interconnects and diélecttic,.may be pianadzed or polished, the surface may be cleaned
e |




alternatively be annealed in a range of 250-400 degrees Celcius for one
.mnute or nore as a neans of inproving throughput. Annealing theg/07/2006
conducti ve waysheiziw ni trogen or a vacuum nay attenuate theP%'b tdo9sy of
exposed surface(s). In several enbodinents, after annealing the waf er,

t he conductive | ayer, CuxCy |ayer 310 may conprise an electrol ess plated

copper sagih laayemiVstidh as |a§¢ﬁ&§fniasﬂ¢ﬁ3)§§%(§:%cré‘d By, %P%o%t gﬁ%% Ghet %é’a%&'mﬁ[ 00251

Referring nowto Fig. 4, the nmetalli’zation |ayer, C i nation of the

- CuxCy 31@gentarndemosetie sHacp(SiHe), gamiya bachdmeirnibee defore fenvearesick skopCux CY.

In 25 ma I tions on .th he netal lizati lLayer be

pl anari Zg%yetr %8‘%% ‘T’lsl %ﬁ%ont%tn% @fhﬁg@d} Orr%%@f??%@aré&?(@@i@yef'r ﬁ%{ €% ¢
surface @iH} heaySidpdsi2 @ .onTihe ihRfdhhec@ithiolbls aRIBSBPSsitiA ridc8& te facftatei M | ar
processes. may be a series of netal |lines substantially surrounded by Si Q2

200. 80 [iffizsn eEsiliced () idovCraCr3d0 of FigshdraadidstosfiomCix@ySib¥l wishoutof a
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i nter conieahe piésent einbediming! the zdiffision |cTyslicona ($iPYE6 CuxCH3R0OCHBRGHE and
dielectrig, y be planarized or polished, the surface may be cleaned 9 WO
03/ 063208"xS¥viz/ 8808 ntereprusobyihsHEonidoping inlazenge Fomn3WstoaAGoparts RERH3) |
hydr ogeng{iid) of (Ar), -or other reducing agent, and exposed to sil ane
(Si H4) gaskilgnoagi?%g%tion chanber, before form ng an etch stop |ayer such
as sitdicon nitride (Si3N4) 510 or a silicon carbide (SiC) |ayer. Exposure
to the i may deposit Si on the interconnect through a deconposition
Fepct i onl%lﬂgﬁ aci | i ﬁhﬁ’éﬂrsat&fer ?ragfrfglﬁ%tﬁ: el m&eéwn(ls&t)m%g@ dopsdyvity giligen Fij gs.

3~and 4 fir S j R oY aq '

oo adfor@lamsEbENT safflaibdldBiitn LOBRE Ik RGOURESRPRKLABLEIRDEEs
enbodi mabyti,ontihrqalaht:itfqmsarmirf]nrodiffaéibri.cgnst(IBifL)rﬂienbmbﬁilﬁn@yltsSﬂﬁ ieeycdmech m3ux CYSi z
500, an, nterconnect,.w t.h silicon dopi in a . range from300 to 90Q_ parts
per [002f] 3?9? 2B HisPR B "eHTJEG?‘FPéWPEZ}“r&?%eJ}i“HP'éﬁ‘%’gﬁﬁgc‘gatnﬁfol?i@r&é'fféﬁepw th

o o SRRl A0 O SRR Shbln AR SNt LB,

i nterconnect Wi th carbon,” such as by ion i

stil 17 further enbodi'ments;-the i-nterconnect .may- be -doped w-th silicon:in a-

ot 1 or 1EAAI 1 yi g PRETAPBAH LSS art [ ecrCaopees Eopptoveaves Snect
gsgfﬂli ﬁg@?ﬁgﬁé@é foQfteVedY @bniamAtAtids ThSSANG 1dyRY S0 mh) bEBYmR& 7k A84por
: deposition technique such as plasma enhanced chemical vapor deposition (PECVD).
20 PECVD may deposit the SizN, layer 510 within a temperature range of 200 to 425 degrees
Celcius. In other embodiments, a chemical-mechanical polishing (CMP) stop layér such

) ~ as 510z may be formed after exposing the interconnect to silane.

j0029] Tests show that forming an CuxCySiz interconnect, such as CuxCySiz 500,

25 - may produce unexpected results, in regards to the electromigration reliability of the
~ interconnect, yielding, in some embodiments, over twelve times the MTF as a Cu
- interconnect, six times the MTF as a CuxCy interconnect, and three and a half times the -

- MTF of a silicon-doped copper (CuxSi) interconnect. In addition, the tests show an
iincreased activation energy for CuxCySiz 500 over the Cu interconnect, CuxCy

30 interconnect, and CuxSi interconnect.

_5%030] In some embodiments, SisNy 510 may be formed as an etch stop. A

limitation to the damascene process, for example, may be to properly endpoint for etching
10 :




-interconn

i nt er connects to prevent contam nation. The Si 3N4 | ayer 510 may be forned
‘W th a vapor deposition technique such as plasnma enhanced chemlngig-y,'aggrofg

deposi ti on WeHGWRy 200 20 PECVD may deposit the Si3N4 |ayer 51f WHE loBs2
tenperature range of 200 to 425 degrees Celcius. |In other en% P ent s,

cheni cal - mechani cal polishing (CMP) stop layer such as Si02 may be forrred

after expesdiggettinebecaiser e rdieiettrit Omsy s bok) G5 6RS BiraAetd1VALLING: & g‘.e f or
CuxQ/S| z &go over the Cu_interconnect, Cux 30 i nterconnect,
$rCOmERs o ff’é&aﬂsnseﬁowtbma lﬁmr annCint@ysvd muletocdnnmm, such

as CuxCY r ted, res in re ards to the
el ect roms'ig-jnr%gltﬁ ?ﬁgﬁm} e?l Sbit dlgt g’ﬂg’?ﬁ}e @f?(%h%gtgﬁeé JP7aF ﬁfnrl?@ IRERSIpREHse
enbodi nenas gtchsop hye| orefiltrl Feshithie Nﬂiﬁh@)? ofitteletcl Bia®eOsUR8Ghtial 'lﬁllfohﬂes the

MIF as_ a CuxCY in erco and three and a half tines the F of
“si | i con- dBPRY n&%‘&?éﬁ‘a*ﬁ ﬁtsh $tAp Sl Ayedso, hayve ingulative propetties suesassﬂs:how an
[ 0301 Irh,m gydfﬂglilés Si 3Nd 510 may be fornmed as an etch stop. A

limtation to the ‘danascene process, for exanple, may be to properly
endpoint for etching to WO 03/063209 13/07/2006 PCT/ US03/00525 a
serve both as an intra-|evel

dieIectri[ﬁﬁﬁcause t he di el ric m
i nsul at orl Pt the Hnia é'?%cﬁ?ﬁ’@éf‘ge‘g?’ éf\éN&llanffnéko VinEi b 2ppsgrdpatglyd 188 an
i nter-| ewpstionsUoad (D0 ﬁ@&ff‘&iﬁ?m RRLIHeLd %ﬁ&de@’bf‘sﬂ}’c% %ﬁldT.?l{"ﬁ lﬂﬁ“%’% ft&f%?‘i?l m so

200 may be etched, sone enbodi nents may use er or
t hat Phe Uafestqhe@)cabwammed@pehonaﬁm muﬂhstsamt:lc&I deyjaxiaﬂﬂ f@bﬁbl’é cRGHRSS of he

subst r at &0{1: th bsto film. rrg_%bfa ave I nsul ative properties such as
i con %@1 Ny feqpeiee WE 199 laysrs grdedpinsartiesbsitatesntog | ayer
510 may bacapmmne PYBERS YhakKkr, apas ﬂemﬁmbﬁuﬁ%@ r@zﬂgﬁé {h%rEaPét&té '}kssg'lﬁés

Oxi des of silicon and Si 3N4 maybe forned 10 usi'n vapor deposition
(CVD) i nSYbsBate HHe asilicen pxidachamberc tidoform Merdikinon cxxnde processi ng chambers. A
sequence for formng the |ayers may be to insert a substrate into a
silicon nitride process chanmber, deposit the silicon nitride, renmove the

substy at fi032]nser t Imhﬂhcr%ﬂhﬁﬁhﬂérﬁ isbiPade rm t he
silicon oxi 8'&@1815 [0032) In ot he? senbodlnr%rlgdrﬁtug%s Pegg%g@nb’};‘??b&%?‘g fe\;/\l)no

“Si'C may Hedt P ler; S mey: he depasitedprpl a&ﬂ@enhgncbé chiepiral vasbr dypgsitiana’
enhance 0 ra-, Tri-, Di-
etc. ) Met iy )ane gy g%%@agl e?@%%qu% g%%% precursors wherein’

X Is in a range from 0-4, or by using SiH, and methane (CHy) at temperatures ranging
from 250 to 450 degrees Celsivs. Although other temperatures may be used, lower
20 temperatures may produce films of a lower density and higher temperatures may increase
the risk of damaging devices in the circuit layer. Further embodiments may comprise

) other deposition techniques to deposit SiC.

[0033] Referring now to Fig. 6, there is shown a flow chart of an embodiment to

25 enhance an interconnect. The embodiment may comprise providing a substrate having an
interconnect feature 600; forming a carbon-doped copper Interconnect in the interconnect
feature 610; and doping the carbon-doped copper interconnect with silicon at a
concentration that avoids formation of a copper silicide layer on the carbon-doped copper

- interconnect 630. Providing a substrate having an interconnect feature 600 may provide a

30  substrate such as a substrate of a wafer having an interconnect feature designed to provide
a conductive path. The conductive path, or interconnect, may, in some embodiments,
facilitate access to or use of a device built in anz’or on the substrate. Providing a substrate

having mterconnect features 600 may compnse prov1dmg the substrate with a circuit layer
il




Xis in arange fromO0-4, or by using SIH4 and net hane (CH4) at
tenperatures ranging from 250 to 450 degrees Celsius. Althoughjather/2006
t enper at ur e¢ompsizes used, | ower 20 tenperatures may produce H/*Jﬁ%/o%z%a

| ower density and hi gher tenperatures may increase the ri sﬁ 0 amagi ng
devices in the circuit |ayer. Further enbodi nents may conprise other
deposi ti ofo tephnvituds dacbateded tospdeintb@O3REt 681 efd ALuN WY et thalicOmphse t here
is shown a flow chart. of an enmbodinment to 25 enhance an i'nterconnect. The
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conduct i ef. . cont acts of..qne .or re devices in the circuit
| ayer anﬁ%g%@g)l}? te&r&r%\(lggtglé"\c}g%cés?uc S &Y Wéﬁ’b%ﬁﬁ‘ $IN § BGPgT REapproymately
car bom- dbfdSctoG0pP afigstidhey CRIARSGerhbbdihsts, r&t!f‘ah‘i&ﬂﬂfé%tm%eé\ﬁdﬂﬁ@m]@d@elw .
~comprise formng a _seed |ayer of copper overlying a Barrier |ayer; ?orm ng
" a car bonl?¥ged hespd fayenmay oyerie the basierrlaystng the seed | ayer ‘and in the = -
i nterconnect feature; and annealing the seed |layer and the carbon-doped
copper layer to diffuse carbon into the seed | ayer 615. The seed | ayer may
overl i e [A03f]el ect rihcmbry embodlitdhtSthSiseld 1¥et fnd, b@iﬁﬁﬂ&ﬁ%%riéi‘n;ﬂo iapae of

y

appr oxi nat el. 5 1000 to 3000 angstrons. |In many enbodi nents, a bafrrier
n@‘e R&%}#ﬂ@pqsrfgmdte@h@gw juging metals, metal alloys, metal compounds, multiple

| ayer
20 layers of metal stack or any substrates wherein a metal may nucleate and grow. The seed

| layer may comprise a metal such as a metal alloy and may comprise copper, copper alloy,
) nickel, silver, gold, and cobalt. In several embodiments, the s¢ed layer may be physically
or chemically treated in-situ or ex-situ using a liquid or a chemically active or inert gas.

For example, the seed layer surface may be exposed to a gas, such as argon, helium,

- 25 oxygen, hydrogen, and nitrogen, or some combination thereof, prior to forming the
conductive layer overlying the seed layer. In other embodiments, the seed layer may be
exposed to liquid such as acid, base, solvent, and/or de-ionized water prior to
electrolytic/electroless plating of the conductive layer. In still further embodiments, the

seed layer may be annealed in a forming gas or vacuum to reduce or to eliminate

30 contaminants on the substrate.

{0036} Forming a carbon-doped copper interconnect ove:lying the seed layer and

in the interconnect feature may comprise depositing copper and/or carbon-doped copper in




| ayer and the seed |ayer may overlie the barrier layer. [00351 In nmany
.enbodi ments, the seed |ayer may be fornmed by enploying a direchiongy /2006
deposi ti on wecisnicspee using netals, netal alloys, netal conpg 0 diple
20 layers of nmetal stack or any substrates wherein a netal may nucl eate and
grow. The seed |ayer may conprise a netal such as a nmetal alloy and may
conpri se topptrconaeyfettuals) @y the sibstkt or ﬁhfeMeCOPI%Nogcax@ng-dﬁ}ﬂéﬂado% cdfay

sever al eﬁb%]dl menﬁtls, t he seed | ayer nmay be physically or chem gfly
-treated iAS SFPUUE %@%Wﬂcweﬁfgéatum Brifernsing a leymemifontteloaclyingsthorsescher t
gas. Forigxa r..surface may be exposed.to as, .such as
ar gon, hela?um%ggmg{;?g] n;ﬁ%ﬂf ?%geor{, Hgnag Pﬁ?ﬁeﬁ%dgﬁ} aﬁﬁ%@ﬁ%“%o%ﬁ‘%ﬁ’ﬂﬁ“ﬂ&

ther eof , gletorlessop hyswanl mgparhiposition|uticinical vayid vaitiby,i 1 ibhenDeatbaYer

I n ot her lgorrrbeodi n%i;s, thefot?‘eed | ayer may be exposed to |iquid such as

aci d, ‘hase"" CHPeEntre RiFy9idRe dend; laysrrvarlving dhe ipteresnnees feature may be exposed

el ect r ol yiol CplediCiongt s | QL4 tive, l.ayer,. .In . still further
enbodi nment Sa?pf t h%c seecgtS Isggesr%%agmgggagﬁﬁ8%3%‘}]{6&&15%38%18?115“&%@ YPGEE um t o
reduce orintdPBfingibaty &y Foayiug tlenseedringeronith e plibisé salufion,|ROBPA shaNdF ng a
car bon-dﬂjgg%sgogﬁ?%dg ntertconnect ovt dying fhe seedblayer and in the

i nt er condect T eat AFe nhyo CGhPHY SRCHe Bei¥ieeR dbe @t densa it ther pleting selutiomed
copper i mailsnd\DeQRé@bR2A08telon B P | g
featur e(s&g ofg/\fahe s_ub%tzl_?ate or mﬁ@yer@%%&%éé&%ﬁ%ﬁg%B%P()c%fe}%;?érg% grﬁ o#!ay be
depodPt ed§ sref Hayer ie dheciptareamettefanture tim/cdppeninag ba dopyd ivitdf cartRinathradgkr | Vi ng

the seed; ] Vi t he excess or by a process such as_sputtering,
el gctr opf%{it ?Mn% ,Entgtg(ﬂ.‘eéfr 5 Ingggr, PISRSSi c&Is ng%'ﬁ'é%‘ﬁttihé i latingesaletian mapor

d positideposamdrbbﬁmnitmgs'gaq;@te}mhtﬁegdg,rbc@xarrpl e, the part of the seed | ayer
overlying the interconnect feature nmay be exposed to a plating solution.

The seed | ayer may be exposed to the plating solution by immersion in a
pl ati ng bhy by s ' -sedhglif:rwithte | atj ng so|lution, or by a
simlar H)%r.o}c_ess. %{regpgmﬁ)gglg}ef] h ey CHE g 2 F%Bﬂpqdh@%’ﬁ‘f HeIFPWECh n t he
pl at Ing Suoliuterapnncot,Cths S8y IdyeP et caorPddpd B hgyé?%yllﬁyzﬁﬁwalég ter

er 1nt

copper ng%( be deposited on a part of |10 the see 'ffra e | nterconnect
feat ur e, HTHE capFEntothe ssed Bype cAmicaling may enmptisoagiealingat 4 teipantaé ion 01

asimla . 3 | ment.s,. t |l ating solufion may  deposit
car bon onrataggsgégﬁ?*lg?gﬁg\%oﬁ ﬁg_?agg%%sp@%ﬁus ?g% oF ?{3?611’1‘?35' BrASHTRERNEE  after
f or m ng cempaisingrendinpeic; 28 GRS AhfSaing 9 AR Gltmosphere comprising an inert gas 625

may compnse annealing in an atmosphere comprising nitrogen or hydrogen, or consisting

20 of nitrogen or hydrogen. In alternative embodiments, depending upon factors such as the
melting point of the seed layer and conductive layer, annealing may be performed near
) 200 degrees Celsius. In many embodiments, annealing may modify the grain structure of
the carbon-doped copper interconnect and facilitate substantially uniform distribution of

the carbon doping through the interconnect.

25
{0038] _ Doping the carbon-doped copper intercomnect with silicon at a
concentration that avoids formation of a copper silicide layer on the carbon-doped coppef'
intc;connect 630 may distribute silicon uniformly through the carbon-doped interconnect.
In some embodiments, the diffusion of silicon uniformly through the carbon-doped
30 interconnect may improve adhesion between the interconnect and an overlying layer. In
alternative embodiments, doping the carbon-doped copper interconnect with silicon may
. comprise doping a layer near a surface of the carboﬁ-dopcd intercenanect with silicon to .-

- change the adhesion properties of the surface.
' 13




15 the interconnect, the seed | ayer and the carbon-doped copper |ayer, may
‘be anneal ed to diffuse carbon into the seed |ayer. Annealing my xcqipybede

anneal i ng avoaswexnperature in a range of approximately 300;4p0sHARH-8ES
Cel sius 620 and/or annealing in an atnosphere conprising an inert gas 625.

Anneal ing in an atnosphere conprising an inert gas 625 nay conprise
anneal ing in an atnosphere conprising nitrogen or hydrogen, or consisting
In alternative enbodi nents, dependi ng upon

20 of ni t{?(agg or h}bdro en. )
_-factors sUCh ‘as t he MBI M peArbrn-¢apedhecoppard inteyeonnentd withn dsibedny eatl ayer
anneal i noMeynthRicRehit AN IR : regs.elsius.. In ny enbodi nents,
anneal i ng nay modi fy the g{(g?%ﬁg% raggtc gﬁ%rgﬁlczc{éﬁgy cggm%@agg%gﬁoge Bper
i nt er conABErCoanECt & miay abmpsisthskeating ahd YabbhHopdd Hidrtdnbsit 0R Oblasthie

carbon daqpi ough the interconnect. 25 [00381 Doping the carbon-doped
copper@ i %?E?%no% %c‘fa%ﬁ“f %’pﬁi FPRSSH ideregnneshiocwlane afieropleaningt and dépdsitingramat i on
~of a coppath stbop iDielon Ity &b gﬁag er dnterconnect 630 nmay
di stribute sij I?c?r? ulrlli formy p%ﬁégucgﬁﬁ%}ﬁgfccar g“rﬁ-c"gg‘gce"é"’ﬁﬁﬁé? bﬁﬁgéﬁ.{mnl n
some enbdRiPBAFaTboRKepel ¢dppsi mterainsit! 6350 nClemiihig patkt Yof tHy eBdh-8dpRd layer

carbon-d )] rconnect. may jnprove adhesi on between the interconnect

and an over qi/l?%aé f‘l‘tég é:gl.%pf‘ﬁe dﬁ?"t"iﬂ {li’gtsﬁféc 8 FAFEPR-4OPYYIPPREF, Bb in some

car bon- dapbddianphg thn SERANGE Cihe Wil fdtiofi OhyBRY wifhC Riheifs OBk g, | aVer
' ect 'with siTi i H

near_a surLa e of the carbon-doped I nterconn con to gﬁge t he |
adhe8] on"BPAPEIDISesleating put elthe aarbon-UpdBlapat ZHOBlasiDNAP cOFBA cleaning

PCT/ USO%QQE"’%?C"’[mgg%@@?g@#kﬁ&%&ﬁ - doped copper interconnect with

sijicon at a concentr Zformation of a copper silicide
Iayer on the carbon-doped copper interconnect 630 nmay conprise cleaning

t he car b(ﬁp-!ﬂoped I nterconnect with a plasma; exposing the carbon-doped
copper i Wconne Foclsrning theasurface wif dheiimgreonmdt ite pasdiding amfosphére)) St op

| ayer o & 5 r_interconnect .after exposing to diffuse

sili conrbxlbﬁfgb %éejﬁgbér&g@%&c}g%g%%c%% 'ﬁfsﬁtsaf"(%ﬁﬂt@ctge gagrcornesh nPRRPSHG  of

t he 16ar oretatogled éyay etay cotripkise FareiBy YssAARR is)er Bl aRAS he! diaBt EIAGE Of
0 e

the car ?on-.doped.cogper, and, in sone  enbodi nents, surtace

metal i JATHBR ¥ sllieeh Hirds lavero silison | earkidedayerenbdin dikat sFoc keamilagtiear t of
the car BRRalILARA 1a3%ELonid S na onprise cleaping. .the surface of
the carbon- doped ég%peﬂ"_\%ﬁfﬁgﬁ?&ﬁ&éf&ﬁ"& °Ad ?&ﬁ’i“ﬁﬂl“?ﬁyéz@ﬁpfléﬁfé Hf the
i nt er comese ttham teo recatizafpmtayesphane, first metallization layer and the remaining

metallization layer(s) may comprise a carbon-doped and silicon-doped interconnect and/or

20 other interconnects.

K) [0041] Referring now to Fig. 7, there is shown a flow chart of an embodiment to
enhance electromigration reliability of an interconnect. The embodiment may comprise

| providing a substrate with a dielectric layer having an interconnect feature 700; forming a
25 barrier layer overlying the dielectric layer 720; forming a carbon-doped copper layer
“overlying the barrier layer 740; removing part of the carbon-doped copper layer 780; and
doping a remaining part of the carbon-doped copper layer with silicon at a concentration

~ to avoid formation of a copper silicide layer on the carbon-dopéd copper layer 790.

. Providing a substrate with a dielectric layer having an interconnect feature 700 may

30 provide a wafer of a semiconductor device h‘aving one or more devices like transistors,
thyristors, resistors, capacitors, etc., built into a circuit layer. A dielectric layer may
overlie the circuit layer to insulate at least part f the circuit layer from contact with an

- interconnect. Providing a substrate with a dielectric layer having an interconnect feature
14 |




eprsing the interconnect to silane may diffuse silicon into the
interconnect. Depositing an etch stop |ayer may conprise form '193/907/23

passi vat i onwegsaesover| yi ng the contact and/or formng a spbtgREs (s !
| ayer, silicon carbide layer, or the like. For exanple, the net aI | zati on

| ayer conprising the interconnect may be a second netallization | ayer of
nore t han 7ﬂﬁma§etca11;bm@a'ememnlgw&hﬂf thd lieelddthi S fayBeiodtolh 284 hﬁ&cblﬂ%@f fARfe t he

remai ni ng ge | 1ization Ia er( may conprlse a car bon-doped

-si l'i con-ddf HERYRS RAE f ﬁdi“ﬂ?CtQ@ Iilﬁehé@ o dhe nteretmct [@M&]?OReheyrl ng
now t o Fi gemdve diBRESIcIt f. an_enbodi rent to enhange
el ectromgration rel |ca§)| anﬂ:’l’ﬁg gé%tf?rcoﬁe(gp ?ﬁpﬁ@‘?ﬁmﬁﬁ §'of

conpri se thgrawuiti layerdo sutqﬂe ntaicam\iucwltoathdluﬁkﬁﬁﬁﬂdc% wigty 8 ikt@¢ontkc Ralled a

I nt erci)nnggt feature 700; formng a 25 barrier |ayer overlying the
dielectriclayer 720; form ng a carbon-doped copper |ayer overlying the
barrier layer 740; renoving part of the carbon-doped copper |ayer 780; and
doping a remaining part of the carbon-doped copper layer with silicon at a
concentr al%088l to ag’ominé emhedimentsptemovinppert ofithé aletiRtlakser € e the

car bon-d 790. Providing a substrate with a dielectric
| ayer haﬁ.ﬂﬁegmiﬁgﬁﬁf? ﬁ‘??eE?YFBE‘PHF%“F@W% 83@%% B3y ¢omprizafaeveloer éry

seni condluhbmlicadeﬂtadtﬁnh@ﬂ bﬁ&zéﬂl‘ereﬁfonPEt?chdﬁé’ : Pfft?cr 5}? tf-‘@ln%kﬁ'bﬁ{e in one,
thyristors, resistors, capacitors, etc. 0 a circult:laye

di el &t r icEibogirasnt ighing may pbmpnmlmtmmmgraplmmommgupastwfahedmectrﬁ;alsyerpart f
Provi ding a substrate

t h W th 1
ehCiJ G it pBesist, 30 WRObBGe Mokl o le ohlobrsiel f gichithe THPTAEISE B0
1 07/ 2000 mmsﬁa/lep&z;ao?me@gt&w@magrgie@avewimgiew%g,epiq& Qﬁgé?éu?é ectric

I ayer to form t he i nterconnect ture Renovi n
di el ect r PE 2|1agke thegeotis tor highk Artensitydightn ri*&gatweephojmesﬂto%mtanccemems in

di el ectr head thak U, in the sha i nt.erconnects and expose
contacts of the ég%ggte tﬂiggedeérporflgxe‘&%?g F‘ﬂg 3od hesitive P?‘Btof?ﬁé“ iTRI&IE dhnect s
wi t hlan imeepoorieddion akjoedredo lightvi a. [ 0042] |In some enbodi ments, renoving
part of the dielectric layer to formthe interconnect feature 705 may

conpri se ‘etching and etching nmay conprise a wet or dry .chem cal reaction
_.or physi h3rermvakﬂ r.etch,  For n one to
enbodi rr\=3rr€1)t‘.6 ]et chi éyg&c%%? ?glg]b% Ot 0l WE“’H"&@?%‘EE";?@F d&’o‘ﬁﬁ?‘iﬁ’“ﬁ%‘ﬂ’aﬂ?e t he
“di el ect rioonedyp dcpqmmg pdiglton ot Sbndu@ﬁﬁb RaiFhIORioNge Riérbofect fREPEOTIRY €SI St
to etch the |nt8 fonnect feature

maimng dielectnc of the dielectric layer with the interconnect feature may insulate one

20  interconnect from another and insulate an interconnect from a device in the circuit layer.

) [0044] - The present embodiment may comprise forming a barrier layer overlying
the dielectric layer 720 to prevent or attenuate degradation of the remaining dielectric
and/or the circuit _l-aygr as a result of diffusion of the interconnect material into the

25 remaining dielectric and/or the circuit layer. In some embodiments, forming a barrier
layer overlying the dielectric layer 720 may promote adhesion between the interconnect
and surrounding materials. Forming a barrier layer overlying the dielectric layer 720 may
comprise forming a layer coupled with the dielectric layer and the interconnect feature,
having substantially uniform thickness 725 and forming a layer of tantalum nitride 730.

30  Forming a layer coupled with the dielectric layer and the interconnect feature, having

- substantially uniform thickness 725 may comprise forming a layer overlying the dielectric
layer in an interconnect feature and, in several ersbodiments, over part of the dielectric

layer outside an interconnect feature. The barrier layer may be formed of tantalum,
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into the dielectric |ayer 710. The photoresi st may desol ve with devel oper

-after exposure, or a lack thereof, to high intensity light. Neg&tiove/2006

phot or esi stWORB®D63Re9st ance, renmains in areas that were not grptechedsfrom

exposure to light and positive photoresist remains in 15 areas protected

fromexposure to light. [0043] After a substrate conprises an interconnect

feat ure, tntalun ertroienditanimaynibide, ftitanimd $ilicate pdsdd, i mgen@i alitide, aingsen-

conducti ve teriatl i nt.a the interconnect feature. The remaining

_di el ect r i ENGHTE.HaalE $leeq TR A othe T IRMERECOARBINED n A e LnierR thigkness of

I nsul at e BB ageri I : o | t from
182 Wﬁigﬂzpﬁ{pﬁ%@%ﬁﬁg&e&@%omé&ﬁh@% e B eRENPAST

a device in the circuit e ‘present enbodi nent” may 'conpri se
form ng aAbBy elieelrolyy plating er klecmojesst flating. el dftiform thizyeess B20hd barpeelagat  or
attenyat e_degradation.of the repmai.ning dielectric nd/or the circuit |ayer
as a resdft %forﬂ'i?tf’f 'HEFO(SW S‘F_r"tnrtnéﬂ?%ﬁg‘éti AR arpush Ste barisr lageroad diai ni ng
di el ect r icenesgbnaing! iArédnhedt] Whéd¥Ehon-bll fot R Rt G ERALLTRIY, SadvERESY difbcRRar ri er

| ayer overlying the dielectric |ayer 720 may pronote adhesion’between the
i nt er conAelabilityof therintagratedngirettit by icamprisiagr arhighen chaenti dansitpyieranoares,| yi ng

t he di el bC - may ..conprjse formng a |layer coupled with the
di el ect r?gﬁpg@é}rﬁ%\ﬁ% e@%cgropﬂé'g%%%létgpc? é’élﬂiﬁ'aé?a' havi ng substantially
.uni form thickness 725 and formng a | ayer of tantalumnitride 730. 30

Form ng a | ayer coupled with the dielectric layer and the interconnect
featdPe, [l ng siiséarang sl kg Figni7f therambioidirkens ssay7anprisg foonpgiss@rbammi ng a

| ayer ov i i L ri | ayer | ndnterconnect .feature and, in
several g%%id'{lb%g%@gy &ooyglﬁ%%grt e bt avei 74P Fomioe 4 “CRRCE HRPF faYer
I Nt er conoexrtyldgpdictsarierTagero20 ey chbayfte BBYrdBatidr WK coppdranind 4 platiap WO

03/ 063209 ,13/ 07/ 2006 PCT/ US03/ 00S2S tantal um ni tride, titani umnitride,
tit ani untREGTLEAHMBISING ¢lectralyls gad em organic additiveuwheremrearbamis sloped fromrthal um

silicon Ku.fri . C - The uniformthickpess of. the
bar 1 or Paihs 8866 25 85 HERR I ORRA Rtien Hiolipd ol it SEUERReBle o,
PVD, 15 ALddditidecti0r et dopperiaty bgdspedetifCéaiboeasmiheplafife sdlatib@bibel ipekness
of the barrier |Iagyer, 5 ma ronote uniformecurrent distribution or flow

" t'hrough ﬁ@lﬁa&gr—%rmff@yé? “Riéng tyeavelosiy e She pinting chemistoyomak be, dappedeahs
non-uni f ' _ f e Labi i e

_integr at‘g{gl)mctih??%i{ttﬁﬁggﬁcﬁ:? ri égﬁ%‘ﬁgfq?'l?%%ues?& éﬁﬁ’trl%%\& edsel%bgl t% i}h“ {a{% p%%‘seeé,p
resul ti regnbiodithever pletimgbatb mayr @imprize ppioximately 15060 gamsareeditertdf doppPdb]

RS L S of bl SPRLSES 2 oo RS {21 BSHEO™
20 (Cli), 1 - 100 parts per million of anti-suppressor such as di-sulfide, and 10-500 parts per
million of suppressor such as polyethers and polyamides. In other embodiments, the
k‘) electrolyte may comprise copper, sulfuric acid and chlorine 770, and the organic additives
may comprise suppressors and anti-suppressors 775. The suppressors may comprise bath
soluble polyethers, polyamines, and polyamids and the anti-suppressors may comprise

25  bath souluble disulfide or mono-sulfide.

- [0046] The plating waveform may be dependent upon the electrical fields applied:
while electroplating. In the present embodiment, the plating waveform may comprise
reverse plating to. increase production of the oxidation product 755. Reverse plating, in

30 many embodiments, may enhance the oxidation product of the organic additives to dope
the copper with carbon. Reverse plating may comprise reverse plating with a pulse
frequency within the range o f 1 millisecond to 10 s=conds with a forward currentina

range of 0.1 to 60 milliamperes per square centimeter and a reverse current in a range from
' - 16 '




- -~dependent

dopéd copper | ayer overlying the barrier layer 740. Form ng a carbon-doped
‘copper layer overlying the barrier layer 740 may conprise el ectirsomaypode

Wi th copper Wigsi3gsmopl ating sol ution conprising el ectrolytgcandoAdsar ganic
additive, wherein carbon is doped fromthe plating solution 745 and dopi ng
wi th carbon through an oxidation product of the organic 15 additive 750.

The copperl wey00beiliappetewpthsgarb@ntifiepmishe R}Jvéisle NatSg! Wi Qrbo?ﬁéeﬁloﬂi?on

the platin stry and plating waveform The plating chem stry nay be
u%ﬁﬁﬁ‘g n%ﬂ’ gohg FF?FS CBERGE @tods| maY ndses enbaticonths ) oxidetibrt of pirgarac t he

substrat e zqdifvdshe present enbodi nent a plating bath may conprise
approxi mately 15-60 grans per liter of copper, 5-250 grans per liter of
sul furic acid (H2SO4), 20 -200 mlligranms per liter of chlorine 20 (Cl), 1

- 100 (ﬁ) p)f mlb_roil of anfti-suppressor such as di-sulfide, and 10-500
parts % 11 on ’BFﬂt§=JéH°r§%PI|§61F§/€XaM@P@Pﬁ?ﬂjrep'éﬂs?ahhéissﬂthlfn

ot her_enbaglimgh ailr&h%m@h@esﬁgsé%ﬁ%elawﬁmrélﬁ@en?QHpae UL i g6 and

chlorine 770, and the organic y conprise su
anti-s uppmelhsmpsre:? P& squire (smplpetels sdilb curegnt @008 Erobal o 36 ﬁhlﬂair@ercs per

| yeth d dth ti-
25 bat n uPRaelia B gl Bl ieain frema femndelo shenfiempers n%g%/cé%nﬁqr 'n§§
be dependgratimeRRe 76t her 18 ﬁﬁttﬁh‘ﬁﬁlm jfﬁlqug?é&)l)ﬁ@gr rr}gpé hﬁlegl eﬁ}ersg)gkc?lbf '

t he present enbodi ment, the plating wa nprise rse p at| ng
t o i nér edsction serychd atiusied bEh?ed omrd&tclfmmpmychndtma?@&udd%ffﬁes;anpﬁtatapmg:d in 30

many enbqdi ance .t he dat i n product of the organl o

adHi t | veg’gt (If)i% 3%%8“61}0?;&8 gﬁb@?mﬁa@rﬁ%&%ﬁ eFEE%Cé’r%‘gmp?O&%q qdpcRtsNDr i se
reverse plating with a pulse frequency within the range of 1 mllisecond
to 10 seconds with a forward current in a range of 0.1 to 60 mllianperes
per squal@®@48knt i nefemaying nart ef/tbe serbonrdopert ccnppeala:yam%) fring nech6vaNQrb@3H-063209

260, Ry S00&PCohneP RO RRE e Y 1 BRI debil pk erbudabppar -
anodes mayoples Qn&fthb@ﬁ@cﬁ t R@m@iﬁnﬁaﬁdrp'&f Ghe @RARBLD e@@gbx%ér"ﬁ@cr b@@‘hﬂy b@ other
enbodlnents [everse platlng may conprise reverg

mul ti - st %ﬁ?"ﬂ'ﬂ’l“ $’-§3|hr$g Chﬁmcnli-mpdtanmnl mlhshmgt(CW)aand@mga from
- 0.1tol etching process. In the present embodiment, removing part of the carbon-doped copper
layer 780 may comprise polishing off part of the carbon-doped copper layer and part of the
barn'er layer 785. For example, CMP may polish away or remove the excess copper or
20  carbon-doped copper and the barrier layer above the dielectric layer, so that copper or
carbon-doped copper and the barrier layer remain in the interconnect feature. Also, the

) resulting metallization layer may be substantially uniform thickness after CMP.

[0049] Doping a remaining part of the carbon-doped copper layer with silicon at a

. 25 concentration to avoid formation of a copper silicide layer on the carbon-doped copper
layer 790 may comprise doping the carbon-doped copper interconnect as defined after

~ polishing with silicon by ion implantation and/or diffusion. For example, silicon may be

-~ diffused into the copper by placing the remaining part of the carbon-doped copper layer

into a reaction chamber; generating plasma in the react-ion chamber; and releasing silane

30 into the reaction chamber to diffuse 5111con into the remaining part of the carbon-doped

coppcr layer 795,
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m | lianperes per square centinmeter; a fill current in a range from1 to 30
‘m | lianperes per square centinmeter; and a bulk fill current iniz/f@ngegos
from 30 to WO 0a0éRDANperes per square centinmeter 765. The fetiysawosant
maybe applied one or nore tinmes. The speed of the reaction my be adjusted
based upon the frequency and nmagnitude of the currents applied so other
frequenci E958hd cur Refarminmgowt todelg. Batheleispsiaoin £ ldw EhasiOnE a e RO Hinemt S .

[ 0048] Regcpvi n art % t he . carbon- doped copper |ayer 780 may renpve
_-~carbon- dOPSRF I BEMVIGHE S SHosRie With ardiglariastlayesdiaing anoinsupannse featurs
define t hg1ce aphesdPREGoAN ' i - ' feoph

car bon-dg&ed copper | ayer gggpﬁ«gﬁfeggﬁfg@ggﬂn%ﬁ%r%g ywérgl\g}cét?gelratmrrrgtsﬁgﬁ%%uch
as cheni céApg trpttban-doptd soppey iftEivBhnahdridr siicon et ahtongeptraiorss. avioid t he
pr esent A ,.removing part of the carbon-doped copper |ayer 780 may
corrprir}se po ?@ﬁ?%‘ DIPPREr f’%S © ¢ et gp HBf - FERREHIRSP pRoPPsa perearrech &30 of
the bar rirevidirgy ersubfeate Rofth @X&iERESc &V ARYnPAh! SRRVt OfeatufTRYS h{le
‘excess copper, or 20 carbon-doped copper and the barrier |ayer above the

di el ect r i%TPRyE Provdding igavafenimying epeninga it o didaed layapperlyings: ¢itomitdayeri er

motal 11 sonconetiabe oy U BhE AR ARGl PR G il EmmrelprAdmetaliahPe fovespln

(0049] Dapinygerabodinents] povidiig a elibstae: wahkofeReRRNafRNAM Y Riter¥bdnBet
concentration to avoid formation of a copper silicide

silicon at a 2 ) ) _

| ayert® on??we@éggw ERIpRIEseCeppEns Past of teodielelyicdayeptd Hemdupintegeannect by

car bon- dgped..c r, | t as defined after polishing with silicon
by}ion i n%?ar?t%ﬂegr? ﬂe{{r%gﬁ%fr} I'tfusi on. For exanple, silicon may be diffused
into the copper by placing the renmaining part of the carbon-doped copper

| ayer |H]t50% reac&fi on. chanber; generating plasnma in the reaction chanber;
and rele HE si | ah@rBiRS| HCarbprEopeth 6enRSH Tnlseoopnsct tip thyy fxitarsennsdct ifeaitrei nt o

t he remag t - e p l.ayer. 795, 17 WO 03/.063209
157077 2000 TEad ok Sﬁoéggﬁ%l%g[ g@@o?qﬁ(eé? orple, & YEiné o§°r5”¢9“ s??"‘tpﬁ‘é‘f‘g s
showts a ¢ledwlyleant anforgmie additiveyeviereis 046 3§ dépel v MhcdatthgSdongionatle Wit h
a dielectyic layer, havin n interconnect feature 810, formng a

car bon- FFRAYSSH0 F’H%?»ég?\ﬁ%r fRytisepasited da throinfergangeet; satgppandathe :
doping t m@n : At nect - w | ]i:60 ration
t o avoi débgp _gl?rrat [ gﬁq%%g%q@é)&gggﬁbbgiﬁm eﬁﬁaﬁlgﬁc}ﬁ@%eﬁc%r oﬁ-glggg%gf%g%pper

i nt er corfaaping83@urbon-doped copper interconnect in the interconnect feature 820 may comprise

forming the carbon-doped interconnect after forming a barrier layer such as a barrier layer
20 of tantalum nitride to reduce or prevent diffusion of ions of carbon or copper into the

dielectric layer and/or the circuit layer.

- [0052] Doping the carbon-doped copper interconnect with silicon at a

. concentration to avoid formation of a copper silicide layer on the c arbon-doped copper

25 interconnect 830 may comprise instructions for doping the carbon-doped copper with
silicon before and/or after the interconnect is defined by polishing and/or etching. Doping

the carbon-doped copper interconnect with silicon at a concentration to avoid formation of

a copper silicide layer on the carbon-doped cbpper interconnect 830 may further comprise
doping the copper and/or distributing the silicon doping in the copper such that a copper-

30 silicide layer may not form overlying the carbon-doped | and silicon-doped copper

interconnect,
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Providing a substrate with a dielectric |layer having an interconnect
feature 810 may conprise providing a wafer having openings in agdigheelgog
| ayer over| Wongp/@szoprcuit |ayer. The openings may define apcirRiseisliass
pattern of interconnects for a netallization layer. In nany enbodi nents,
providing a substrate with a dielectric |ayer having an interconnect

feature 8J003FY CONMDth&rcembomMicRy MY tcoﬁlbriw%oﬁhﬁltﬁétiﬁt% oh R Twilt? sfiigbn an
i nterconnect by a_process _such a photolithography. [0051] Form ng a

-car bon- doBEEF Koppubstaptialysimpkaneously Wi doping tbo miercenreetawiih earb8@Osunhps
conpri se kDG er using a plating solution conprising 15
eIectroly?gﬁggﬁagéﬁgéganﬁ%&ggggFlVe, wherein carbon is doped fromthe
ptating solution. In alternative enbodi nents, the copper nay be deposited
in the_interconnect feature and the copper nay be doped with carbon
throug% ion inmplantation. In sone enbodi nents, formng a carbon-doped
copper interconnect in the interconnect feature 820 may conprise formng
t he carbon-doped interconnect after formng a barrier |ayer such as a
barrier layer 20 of tantalumnitride to reduce or prevent diffusion of ions
of carbon or copper into the dielectric |layer and/or the circuit |ayer.

[ 0052] Doping the carbon-doped copper interconnect with silicon at a
concentration to avoid formation of a copper silicide |ayer on the

car bon- doped copper 25 interconnect 830 may conprise instructions for
dopi ng the carbon-doped copper with silicon before and/or after the

i nterconnect is defined by polishing and/or etching. Doping the
cq}bon-doped copper interconnect with silicon at a concentration to avoid
formation of a copper silicide layer on the carbon-doped copper

i nterconnect 830 may further conprise doping the copper and/or

“distributing the silicon doping in the copper such that a copper 30
silicide layer may not form overlying the carbon-doped and silicon-doped
copper interconnect. 1S WD 03/063209 13/07/2006 PCT/US03/ 00525 [ 0053]

O her enbodi ments may conprise doping the interconnect with silicon. prior
to or substantially sinultaneously with doping the interconnect with
carbon, such as by ion inplantation and/or diffusion. 5 Wiat is clained
is:
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1. A nethod, conprising: providing a substrate having an interconnect
feature; formng a carbon-doped copper interconnect in the i euﬁ?_n%@%t
feature; and dopi ng the carbon-doped copper interconnect w thvsiFMi-c at a
concentration that avoids formation of a copper silicide |layer on the

car bon- doped copper interconnect. 2. The nethod of claim1, wherein said
provi ding a substrate conprises providing the substrate with a circuit

| ayer to couple with the carbon- doped copper interconnect. 3. The nethod
of claim1, wherein said form ng a carbon-doped copper interconnect in the
i nterconnect feature conprises: formng a seed | ayer of copper overlying a
barrier Wiy daich&fiti Ng a carbon-doped copper interconnect overlying the
seed layer and in the interconnect feature; and annealing the seed |ayer
and t he icar benmetapedorg@Bingr i nterconnect to diffuse carbon into the seed

| ayer. The nethod of claim 3, wherein annealing conprises annealing at a

t enper at ur e ipreviging srsgestrafe hapipy axinteedonhegt B&t0re: 450 degrees Cel sius. 5. The
met hod of claim 3, wherein annealing conprises annealing in an atnosphere
conpri si ng arfPinifg @ cagas-doprscoprar dricarnedt indherintercopirst eRares ai d dopi ng

conpri ses: @F%aning t he carbon-doped copper interconnect with a plasns;

exposi ng the - doped copper interconnect to silane after cleaning;
andGeposi |1 G B LN ot RO b el foer s i oy
after said exnesi-dded Srdedi ty,g&.,ngbtlf)l con Thto the carbon- oped copper
i nterconnect. 20 13 JUL 2006 7. A nethod, conprising: providing a substrate
with a dielectric |ayer having an interconnect feature; .

- 2. The method of claim 1, wherein said providing a substrate comprises

\) providing the substrate with a circuit layer to couple with the carbon-

doped copper interconnect.

3. The method of claim 1, wherein said forming a carbon-doped copper
interconnect in the interconnect feature comprises:
forming a seed layer of copper overlying a barrier layer;

forming a carbon-doped copper interconnect overlying the seed layer
and in the interconnect feature; and ‘

annealing the seed layer and the carbon-doped copper interconnect to
diffuse carbon into the seed layer.

4. The method of claim 3, wherein annealing comprises annealing at a
- temperature in a range of approximately 300 ~ 450 degrees Celsius.

5. ~ The method of claim 3, wherein annealing comprises annealing in an
atmosphera comprising an inert gas.

8. The method of claim 1, wherein said doping comprises:
cleaning the carbon-doped copper inferconnect with a plasma;

exposing the carbon-doped copper interconnect to silane after cleaning;
— and

depositing an etch stop layer on the carbon-doped copper interconnect
“after said exposing to diffuse silicon into the carbon-doped copper
interconnect.
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formng a barrier layer overlying the dielectric layer; formng a

car bon-doped copper |ayer overlying the barrier |ayer; renovi nﬂ f%rh of

t he carbon-doped copper |ayer; and doping a remaining part G 3 L 2006

car bon- doped copper layer with silicon at a concentration to avoid
formati on of a copper silicide layer on the carbon-doped copper |ayer. 8.
The met hod of claim7, wherein said providing a substrate with a
dielectric layer conprises renoving part of the dielectric layer to form
the interconnect feature. 9. The nethod of claim8, wherein renoving part
of the dielectric layer to formthe interconnect feature conprises: .
coati ng Jpart ielectric |layer with photoresist; and devel opi ng part
of the gﬁot or’ﬂ\ce}é?té{a??ogﬁpgiflg?i the interconnect feature into the dielectric

| ayer. 10. Thegy | @ Taiedi Y i i OF 1] barrier |ayer
overlying thzatﬁﬁgﬁgﬁﬁﬁﬁl \gi;t/Hg]ra (f:l%lrrpri %gés} ?%Irngi %grnggnfbg?/%rt coupled with the
dielectric layer and the interconnect feature, having substantially

uni f or m t hi édunieg s bartidr. fayEh evenigindnthe diefecieit myer) 7, wherein said formng a
barrier layer overlying the dielectric |ayer conprises formng a | ayer of
t ant al um ni t fATHIBY a g3rbonrggpedEenpetiaysr overlyngihe bariprdayel:n said form ng a

car bon-doped _copper . l.ayer overlying the barrier |ayer conprises

el ectropl ati RJ" ?Ha"&?;%eﬁarmﬂ'sdﬁ%;c&g r¥¢md'dsol uti on conprising el ectrol yte

and 2N, o Akl pedt P E LI GEIAID a9 LN ER Pl 2t 1o

ol Ut on. 135 §ReniERthad idgﬁa«lamﬂ"?vﬁsaﬁgim%f % PR ne withcopper
using a pl atdrig-depéddobgdt IRNPr I ses dopi ng wi th carbon through an oxidation
praoduct of the organic additive. 21 13 JUL 2006 14. The nethod of claim 13,
whet ei n doping with carbon through an oxidation product of the organic
addi ti v confei mebot of slaine 7plveerairy s¢id provivingeasebgiratedwith ion of t he oxi dati on
product . 15.diger¥iciaeneinrysese@pYiRgLRart ofithe dislentric ayente npithet i ng conpri ses

reverse interconnect feature.

g The method of claim 8, wherein removing part of the dielectric layer to
form the interconnect feature comprises:

coating part of the dielectric layer with photoresist; and

developing part of the photoresist to etch the interconnect feature into
the dielectric layer.

10. The method of claim 7, wherein said forming a barrier layer overlying the
dielectric layer comprises forming a layer coupled with the diefectric
layer and the interconnect feature, having substantially uniform
thickness.

11.  The method of claim 7, wherein said forming a barrier layer overlying the
dielectric layer comprises forming a layer of tantalum nitride.

12, The method of claim 7, wherein said forming a carbon-doped copper
- layer overlying the barrier layer comprises electroplating with copper
using a plating solution comprising electrolyte and an organic additive,
wherein carbon is doped from the plating solution.

13, The method of claim 12, wherein electroplating with copper using a
‘plating solution comprises doping with carbon through an oxidation
product of the organic additive.
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plating wth a pulse frequency wthin the range of 1 mllisecond to 10
seconds with a forward current in a range of 0.1 to 60 mllianperes per

square centineter and a reverse current in a range from1l to 100
m | lianperes per square centineter. 16. The nethod of cl ai mg4JUM1%ﬂ®| n

reverse plating conprises reverse plating with a nulti-step direct current

conprising: an initiation current in a range fromO0.1 to 1 mllianperes per
square centinmeter; a fill current in arange from1l to 30 mllianperes per
square centineter; and a bulk fill current in a range from30 to 60

mllianperes per square centimeter. 17. The nethod of claim 12, wherein

the el ecar ol Yihe MERTY iof RRint ORP WhereinS Hodind! With 28ibeh aRdugthbReri ne. 18. The
net hod of cl akigatibd, produel &i the bRy@NIO agdiNeCconfpflidsi rérOpRing I6s ant i -
suppressor s #&muceaseppdietieoofshe dkatiohtpeodoett hod of claim 7, wherein said
renovi ng conprises part of the carbon-doped copper Iayer conpri ses

pol i shi ng of f gart of the car bon- doped copper layer and part of the
barri er ayer &7 plag} P‘é‘PRﬁ'S LalASEDPi ng conpri ses:

pl aci ng t he 'p Iﬂhgapga:{:rd eé:gjn!h ran dan gﬁ e@? é g:: ! 2}‘18 ?el easi ng
Con

reaction chag fo c&fﬁﬁx
silane into tiiRnper ,cg(r? nto the remai ni ng
part of the car bon dop co '

floter
pper Iayer 22 3 JUL 2006

16. . The method of claim 14, wherein reverse plating comprises reverse
plating with a mulfi-step direct current comprising:

v\} an initiation current in a range from 0.1 to 1 milliamperes per square
centimeter;

a fill current in a range from 1 to 30 milliamperes per square centimeter;
and

a bulk fill current in a range from 30 to 60 milliamperes per square
centimeter.

17. The method of claim 12, wherein the electrolyte comprises copper,
sulfuric acid and chlorine.

18. The method of claim 12, wherein the organic additive comprises anti-
suppressors and suppressors.

19, The method of claim 7, wherein said removing comprises part of the
carbon-doped copper layer comprises polishing off part of the carbon-
doped copper layer and part of the barrier layer.

20. The method of claim 7, wherein said doping comprises:

placing the remaining part of the carbon-doped copper layer into a
reaction chamber;

generating plasma in the reaction chamber: and

_releasing silane into the reaction chamber to diffuse silicon into the
remaining part of the carbon-doped copper layer.
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