; e3ey 9y223T5R>6869T 9 n STRUCTURES BY DOPING Field of the Invention 3 0 M
AY 2003 The present invention generally relates to a nethod for formng
copper conductor in an electronic structure and structures fornmed by such
met hod and nore particularly, relates to a method for form ng q% o&ﬁﬁy 003
conduct or that hmmmﬂmmmmmﬁ \clectronigration resi stance by inco go t A%
dopant ions into or and structures fornmed by such net hod.
Background of the | ngent2k on The technol ogy of naking netal conductors to
provide for vies, lines and ether recesses in sem conductor chip
structures, flat papnel displ g and. package anpll catig e ORTANGE D devel oped
in the past_decase: » : e ot 3%t echnol ogy
for very-large-scal p-integrated (VLSI) structures, alum num has been
utilizedsggxﬁﬁgn%ﬁ$ r?CWgWEI source for contacts and interconnects in

seni cond ¥ieldof ! devices | ocated on a single substrate. Al um num
has been the material of choice because of its | ow cost, good ohm c contact
and hi gh conduct i viThy presdotiswcetion gonrraly elatertaramethddifor-formiina-acoprucinductoriaare
undesirabl e properties such as a low nelting point which limts its use to
| ow t enpelectranicatpstere esditmetugnfogndd|by suth iricthod and mane prrticklarly; ralates éma wethodhigr
anneal i ng which leads to contact and junction failure, and poor

el ect r omifeymirs agappee sanducior tat haSimmengd eledtiomigratiomgsigtence by ingdrpaniting depantiensdnthave
been devel oped whi ch provi ded advances over pure alum num For instance, U.
S. Pat entheNgndustos gl stristurgs fored S snch mgpdiuct i ve | ayer of an all oy of

al um num contai ning up to 3% by weight of silicon, copper, nickel) chrom um
and manganese devel oped to inprove el ectrom gration resistance. U S

Pat ent No. 3,631, 304 discloses alumnum allqys with alum num oxi de which
were al so used to-inprove 3 Background ofithe IpvenfionRocent | y devel oped ULSI

t echnol ogy has pl addd techradogstafimpliingimatel wemdpstopyto pravidgifer vief, haesuandethent s due
to the extrenely high circuit densities and faster operating speeds

r equi r ed refesses ghsedeivondastor chiip structueemciBatipandh digbiays andipackage dppleationsas heen
increasingly smaller conductor lines. As s result, higher conductance

Wi ring i sledetspeda thepastdccARtl Fofmstande)inrdeldddpiny inki@dafection techiblogyrfes f or

al um num al | oy conductors or a different wiring material that has a higher
conduct anefy-lafgsascslbihtegtsted (WLSH stnibtirbs alufithisd has Hesn {tdlizd@ ¥Sthe Pritdaey inefat er

whi ch includes pure copper for its desirable high conductivity. In the

formati Of%o@:fcg ﬂ;%bmh&& %&ﬂ%ﬁ&@h%&ﬁé&&d&%ﬁm@%ﬁ@oﬁ&e&@ﬁcﬁwoﬂ 4 SigpleCOpper
can be deposited into such recesses to interconnect sem conductor regions

or devi Cegnded! Aflnffuch BEs %%H‘Eue%ﬁ%éiaﬁ 8¢ Roick BUBUKI of it€ RRPESt, Ig8od BN cbifiave

probl ens in sem conduct or vices. Since copper is a md-léevel trap which

degr ades : eV . rom i . .
suger posiﬂ{nlﬁglnéil oﬁohgﬁché’fxg‘g{{ﬁk’g‘%’ipe on ggp%lﬁ%quﬁ%tgﬁer nﬁfﬁa&?@ (ll,lSI One&;ﬁb%gmes
metallic salid causes, a nef drift.of ions,in the direction of the ectron

(Tou_any i 1o ERREDRE faatgﬁmh St Bl enifeli SshelfsPoriifafties
evice failure....In addition, pure copper does trot .adhere 0

oxygen- cdﬂ?&f‘%?‘h@’nocf“é’lng@{“ﬁag%g ?E’@h?*'ég? ‘é’i"l"F‘éﬁﬁ“éi'W ?‘Fuavn\%icﬂc’f)f m de. To

fully utilize copper in interconnection technglogy, the adhesion properties

of coppercloffemigHation tetistanss Swaspquently, 2 mimben of flyminmyaligyphaye bgendeyplensd o t he
common assi gnee of the present invention, discloses the use of a copper

al | oy corkiPihprayided adyanessi over mireaminugt. Hosinstepers §.3: PateatiVe. 4466177 discloses
~rstdepositing an alloy into the recess of an interconnection structure and

t hen f or rd eegduactive hayer ofznl adipy pf algminkimwenteiningtupeo S¥chymveight of silichn, doprernot
satisfy the nore stringent requirenents in ULSI structures where critica

di mensi ongcled, chfsifininbad nthndanést févaloedito BVl eadhtipatisiti@sisance .8, Patédn
chip interconnections. The use of standard Al (Cu) alloy and s silicon

di oxi de du&l3e411309 difdicke AR ERnEH RI16) sV kBB dxideChHith Werk alt8 uSdd tdGndfdRe
results in s large circuit delay caused mainly by the wiring connections.

clectromigration rosistance AR
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3.0 MAY 2003 3 The use of Cu as an alternative material to Al (Cu) in ULSI
W ring structures to increase the chip speed has been attenpted by others.
However, nunberous problenms are incurred in Cu interconnections such as the
tendency of Cu to corrode and the fast surface diffusion rates i.n
thinr films. It is known that pure Cu has a snaller electronigﬂLJﬁgﬁpﬁbUB
activation energy i.e.) 0.y0.8 eV, than that in Al (Cu) of 0.8--0.9 cV.
This inplies that the advantage of using Cu for reducing interconnection

el cetromgration failure at chip operating conditions is |largely

conprom sed. A schematic of an enl arged® cross-sectional view of an

el ectronic structure that utilizes conventional interconnections nade of a
copper alloy is shBessnitydefelaperd GLSI techikpboge has plepadmiare stingert demands on thowiragns t wo
| evel s of copper interconnections 12,16 and one stud level 14 illustrating
a copper regiirdopegtsgine foke extremelychighesifeyitdensitiomand Sastenepcrstingapsads rauiped of such
pro-fabricated device 20. The device 20 is built on a ' sem -conducting
subst r at éevigs. TS ledils torhigher qurrent densities iminerpqsingly st B diston bncr.edret repul, lfighes ¢

fabricated by the deposition of a planar dielectric stack 26. The

di el ect r FRAduptaReR Wirgisjisdesired fyhish reauiren eitherdprger stogsestion rRiforalumipym gloy
| ithographic and dry etch techni ques Eroduce a desired wring or via

to
pat t er n. canuctpp gpdiderpnd wiring maegpd a Bigher GRNAHEANSE- The BRUS icRRiS i the ipdpgty
adhesion/di fiusiqgn _|liner 18 and copper_all oy al lurgy 12 wherein a bottom
silicon h‘it?P?Vaﬁpﬁﬁm"'ﬂﬂdi‘%d‘ij’gw“a@PW@fﬁqﬁéiaggi“ﬁa{éf"?“ldg%%i ch is previously |

deposited on top of the device 20 to protect against copper diffusion.
After the copper alloy interconnection 12 is forned, a top silicon nitride
| ayer 32 is deposite nd .us .an etch stop |ayer for fini ‘the next
| avel copper | nter it RRER SEUET ffreficStbodr R i efl Booorlopibe el "5
'S depOSigbfledtud GEfRTSoskd o iftkclhbASEAOAG hor iohiofil & BB et Rl edhfl oCL T C

| ayer 34 and the silicon nitride layer 32, A'interlevel copper alloy stud
14 Wi th lshiite 2oweved SipPer BRGORH foBiEvelProbRmb HiseiicOHdBtSH deVibR! Sih€ dopfREisdsed in
depositing the first |evel copper alloy interconnection 12. ,A variety of
et al  depsglchél ap WRIGH tdafhd @Shd R Acd) Thbl Bletomtatibd pHehddenbilisechirs A&IhOr Vi a.,
These techniques include a collinmated sputteringproccss, an ion cluster
beam pr oeesposifith ¢laf elbdtid fieRyomtoRhndom tHeRf«d SikaGa i & Mmealis solid calaXinetdrifi\vapoy 3
U M AY 2003 4 deposition process, an electroless plating process and an

el ect r ol yr the dipdetion afgheplecttmIBwOA e diffhsiomiofi cagppie Sons intd thadlican aubstoears cduson

met hod in which copper and an alloying el enent are co-deposited can al so be
used in fdeyier failpre. He adsifiopurcabpposdoes oprdhpm selhiecnyscr-rentaitingrtiqiestrics $ughasmet hods
include eg-sputtering, "alloy plating") sequential plating of different
mat er i al $5G7™ Hoxddsaadepivnide. o Wtz COPRTRIRUEEFOnge iR tehaplesy; o adhesialequent i al
chem cal vapor deposition ang co-evaporation. After the conpletion of the
interl ev€F°PEWﬁﬁg@@ﬂ%§“§m“iﬂ?v°%not her sinmilar process is repeated to
formthe second | evel copper interconnection 16 with liner 24 in a third
dielectric stack layer 38. An etch stop layer 36 of silicon nitride is
utilized between t n second | evel interconpection . Finally, a
Yop siticon ntri T ErerS i Ry e el R AP ES hiseP P,

st ruct ur egglQsdk Al upcr&{,%g%iﬁ,l&g?} %ﬁtﬁg@g Lfﬁlo%{\%é\}%r&cngOﬁng ﬁﬁr?i‘ﬂ?dﬂ& %, %ﬁ]ﬁﬁepx‘é%n?e rs

have attenpted to use C I'ng enhanced el ectromgcati on

resi st anGH alidydhto HR$ERRLan ih&éonnﬁi%{? RhucR ant P Brmaa LBAG AR pfRP ﬁ%&%@lNhﬁy :

containing at | east one alloying el enent selected Tromthe group o $e,

Cr, FC, Nebhniyle stiffldoes RBt sBRE tKdmork/strinzentPfufBhentitn UBSIG it eRASRGS Copper

all oys containing at |east one nenber selected fromTn) Cd, Sb) Bi, Ti, AQ)

Sn, Pb, ZimeBdnddr1esh@aco. Eﬁ pYEd ddhsid2Ribk Bhkderdn thif! ElrPéHiPMicROnrcRAE Nihe WsSH 1S
bet ween 0.0003 to 0.01. The copper alloys are used in TAB processes and as
print ci rstiiidrd AD@u§alleR Bl sBicor dioxide FieRétEdTh AdecpIutitidro®RBio Bt cuf wirkhg Ghiture Opper
foil for a filmearcicr application containing at |east one alloying

el enent  sehBChalarid @ouiticlafbausddGnainiyty Nviridd conRBtionéd, Hf, Zn, B, As, Co, In,
Mh, Si, Te, O ahd Zn with the alloying elenent concentrationa fromO0.03 to
0.5 wei ght percent. The ahoys are used as connecting |leads in Integrated
circuit chip nmounting. Furthernmore, U.S. PatcntNo. 4,749,54% teaches copper
al l oys containing at |least otle alloying elenment selected fromGCr, Zr, Li,
P, My, Si, .Al, Zn, Mh, N, Sn, Ti) Be) Fe, Co, Y, Ce, La, Nb, W V, Ta, B)
Hf, Mo and C. The alloying elenments are used to increase the strength of
the copper alloy. U S. Patent Nos. 5y243,222 and 5,130, 274 teach copper

all oys for inproved adhesion and formation of diffusion barriers. However,
none of these prior work teaches copper alloystat arc sufficiently inproved
for use in ULSI ~.w on-chip or off-chip wiring interconnections to neet the

. - o - -, o o N e




3 0 MAY 2003 netal wring in insulator structures with features nuch | oss
than 0.5 pmin width) and with aspect ratios higher than 1. E$ée recently,
voi d-free and seam ess conductors are produced by el ectropl ath- gNHBb ﬁl
fromplating baths that contain additives. The capability of the

el ectropl ating nethod tosuperfill structural features w thout |eaving voids
or seanms i s unique and superior to that of other deposition techni ques.

El ectrol ytic copper plating techniques gsed i n danmascene structures can be
defect free if a seed |ayer deposited iS continuous and has a uniform

t hi ckness even in tHheud@epe s andlt@fativé mhlal S A1YCEH) U BLSTGidhaitRciufs Bndrkaaé €d.
The copper seed layer is typically deposited by a physical vapor deposition
t echni qUeneQhipdpseR tbd KREh 28 BYotae IRRVersnuRRFdub froblerdy @€ inthradd ipCevent s

di ffusion of copper into the insulator such as Ta or TaN.. Wen the seed

| ayer depfstdmnebtions sublDastthe tthddhicylofCu RQbiréidiafid the Gt suliktl dilTsivmtates ofdopper in thin
stPfuctural features plating does not occur and a void is created. In order
to elim m#he X iBRndWathA QhleiCAIRS HsribllpQRktidnigtatitn @btivetionaaery, i.b.NQS-dL8 ¢Vighan that
sputtering of a copper seed |layer, a seed |layer of a larger thickness is
nor mal | y ifl&NCs)H sfeXR~0 BNy, RRGsplies Mat thé adaaritdpe 6Rusihg KT foraydicing iritsitonadetion t he

pl ated Cu voiding problem however, it creates another one of equal or even
greater sicgfintipafdadRilurd atQhip oftdling EdnditibisGTugelptdnepioniiesi st ance in the
resultant structure. The poor electrom gration resistance of the structure
is caused by the fact that the seed |layer itself has weak el ectrom gration
resi stance when conpared to the nuch higher resistance of the plated film
It is also noted t modchéntit of dnrelaged) efosstsediondl Viewlof aselectrbrdc smetird that atilizes
contributes an increasing part of the total strueturebased on the

di mensi orsnwehtidnhldnttrarinectivas mait of Aeopperalhiylis shywh i Ky bdBwe elebteonicstrodture 38 of
the seed | ays proportionally for reason stated above as well as the

t hi cknes sontping tworlevels of engperirgeremmbestions 18] eand oreshiddevel l4tillustgating @ aoppenvising at i on
met hod has been used for placing inpurity oz doping ions in 3 0 MAY 2003
6 a seni ctwrdere famedinnaddmabeenaprpressoniapresfabricatpddsnics 2h skhegedesd0 iphudtosae| v
controlled depths and with accurate_control of dopant ion concentration.
One of t KHemienductipgsibstate24o s shoavninFigiel 1 adynieakDaragsean Iovelys firg fabrieateddhy|the

pl ace ions at, preselected |ocations and at predeterm ned dosaqs. Tt is a
very reprdSRRItPE pie Rlangedidlectmosiack 2 S diglogtrie stack 26 fsdhyny patdgmed 3pdsithed NFip®r i t v
For instance, ,a typical variation of less than 1% can be obtajned acr,oss a
vl er . ARBPEAR Pthﬁf%#fcand BB &teh techmighss {9 PRI A figSITEH MTROISRR RAEEm ks REPSTSS is

col I'i sion el ectrons and neutral atgong result in | arge nynber of iqns
bei ho pr QERCled Rt el Prpatiere o st B GiRD trffad audf Bperaliyeatiin/ 12
anal yzi ”%h@;%}ﬁogggﬁsm%ﬁmgg{a%‘#9&‘;;%” A€ § Sptlic dadid &kﬁ&gﬁ gg;gt%asgﬁé%&l&ag&e%p

i ons bonbar y rtion of a srircon warer

required. ' aphd ; L Ng
t he beamogﬁugfla%m{’ g{%@{ %%gf} (@ﬁ‘ls@)?’ er Eh 3@%%% %%%&3%%%%% I?Xs %?ﬁ%u;by
| ayer of ,siki T oy - _ . Ay ; o
uaed as: (PelcBBRE-RRER Pl ST Ah i 1BeRONCHHE BB BB 2
bedet er IHRthiiich 18, RRE/ o R58 SRRLnONack 38 1sUGRAMS, 4 B0 A ifrobrhicet

adj ustable by c éhgingﬂgﬁk %@celera??%n g&anﬁegnebliage.s% eldo%agécf%vel
of the i roheithOlejedmiclayer 34 1hdMYES BidigRass. i ons that enters into the
wafer, is deternineJ by nonitoring the nunber of ions passing through a
detector. As a result, a precise control of the junction depth planted in a
silicon substrate can beachi eved by adjusting the inplantation energy,
while a precise COIf et 2114 GAR GRI LY RltheUefoRitdd 2 aiMiQeAnilY 10
adj usting the dosage Ié&el?ﬁﬂ§3 M AY 2003 It is Fﬁg?eggre aﬁ obj ect of

t he pr eseahdt ubdd\ie Bdpbstiing tRe HEQNRpptr SRY Idicohfdotidror2iaAngriety 60RAAesifigCt or i n
an ZC device that does not have the drawbacks and shortcom ngs of...

convent i Gedhhiqa€sRR be G4 fd Gllig the G¥tchi @6via. These techniques include a collimated

sputteringproccss, an ion cluster beam process, an electron cyclotron resopance process, a chemical vapor



It is another object of the present invention to provide a nethod for
formng a copper conductor in an electronic structure that has inproved

el eotrom gration-resi stance by adding inpurities into the C@pa‘e?mrz@a or.
It is a further object of the present invention to provide &

form ng a copper conductor in an electronic device that has inproved

el ectrom gration-resi stance property by doping the copper conduct or
structure with inpurities selected fromC O d) Sarid N It is another
further object of the present inventiondto provide a nethod for formng a

the present inventiomsto c a meth i ng
" ao) ot andB B irol A oS ol ey LS PR Boet (I RERBE BB oc

of e PLEREDLcol ALEION of il QYL £ P TRERAUT B QL TLIG R SOPRSL QR

. us ]
in an el ectronrc device t ectrom Ion resistan é by

oni rmpl TR ool ARG B st mPFSRRRE: G0l Boyptatagy o,
ol act ron R §Rb i o8 iR ER oo kPO b, o OREen BRR O Bhd T "
or ovi do. romabh ehror SPb SRR oyt AP e Ebrloh BN RERAR cobRY BY o0 13”
that bas ah!?m&%ﬁﬂr &Lc%gstig x%g]eagcri %[fiox?{'thg Ec%&nscltlg"alccgppcr interconnection 16 with liner24 ina
third dielectric stack layer 38. An etch stop layer 36 of silicon nitride is utilized between the stud and the
second level interconnections. Finally, a top silicon nitride layer 42 is E!epositcd on top of the copper wiring
structure 10 for protccﬁné the device from the environment.
Other workers have attempted to use copper alloys in providing enhanced electromigration
resistance. For instance, U.S. Patent No. 5,023,698 teaches copper alloys containing at Jeast onc alloying
element selected from the group of AL, Be, Cr, Fe, Mg, Nj, Si, Sn and Zn. U.S. Patent No. 5,077,005
teaches copper alloys containing at least one member selected from In, Cd, Sb, Bi, Ti, Ag, Sn, Pb, Zr and
Hf where the weight percent of the alloying clernent used is between 0.0003 to 0.01. The copper alloys are
used in TAB pro;:esscs and as print circuit board members. U.S. Patent No. 5,004,520 also teaches copper
foil for a film carrier application containing at least one alloying element selected from P, Al, Cd, Fe, Mg,
Ni, Sn, Ag, Hf, Zn, B, As, Co, In, Mn, Si, Te, Cr and Zn with the alloying element concentrations from
0.03 to 0.5 weight percent. The alloys are used as connecting leads in integrated circuit chip mounting.
Furthermore, U.S. Pa_tcnt No. 4,749,548 teaches copper alloys containing at least one alloying element
selected from Cr, Zr, Li, P, Mg, Si, Al, Zn, Mn, Ni, Sn, Ti, Be, Fe, Co, Y, Ce, La, Nb, W, V, Ta, B, Hf, Mo
and C. The alloying elements are used to increase the strength of the copper alloy. U.S, Patent Nos.
5,243,222 and 5,130,274 teach copper alloys for improved adhesion and formation of diffusion barriers.
However, none of these prior work teaches copper alloysthat are sufficiently improved for use in ULSI

on-chip or off-chip wiring interconnections to meet the electromigration registance and the adhesion

property requirements. Interconnection structures on ULSI devices must provide dense, fully continuous



by first electrodepositung a copper conposition containing inpurities into
a receptacle and then annealing the electronic device such that inpurities
di ffuse into a copper seed | ayer previously deposited in the ceptacle. It
is still another further object of the present invention to ;éﬁ}vag&YaZDﬂa
met hod for form ng a copper conductor in an electronic device that has

i nproved el ectrom gration resistance by first depositing a barrier |ayer
into a receptacle and then inplanting dopant ions into the barrier |ayer
prior to depositing a copper seed |ayerson top of the barrier |ayer and
anneal ing the structure such that dopant.ions diffuse into the copper seed
| ayer. | metabwisiag indnavlatee stnfctirdstveth fabjresmuch fess then G5 jers émwidibpandrwithaspetioatis ovi de
a method for - - forming a copper conductor in an electronic structure that
has i npr bigbet tandet romi grati on-resistance by first adding inpurities into

t he copper conductor and then ion-inplanting a surface |ayer of the
copductor with at |l east one ion of Co, A, Sn, Tn,Ti, C O d, S N, or
Cr. - 9 - 3 0 MAY 2003 Summary of the Invention {n_accordance with the
present inventi on, Meresetenty, gpid-frge and seaslestranduetast ase prodpcpd bislestsonialing exppesy

t hi ck copper ;seed | ayers is provided. The solution to achieve higher

el ect r onfrgmeplatipg b o penirimadditives Aheerpetdiiyeftheslecyrniating methpdipsupsrdll structural

i ncorporation of dopants into a copper filmduring the platj ng process. The
i deal doffaR¥s Witheytleguing weids o5 seams jspiquejand guperior tohatof other depesition technigies-t han
the plating process, ion inplantation may also be used to incorporate
dopants in a copper film According to one aspect of the invention there is

provi ded a net hod r form ng a copper conductor in an electronjg¢. =
structure conprisi 8”‘1’9@%?@6‘5?1@?5 %‘?Wﬂ?’ﬁﬁméﬁmﬁ%’ém@%ﬂ‘ﬁlj@%ﬁ?@? ifa

form ng I Le .for .a conductor . .in said el ectron tructure:
@ccd?ag'gxpc{cﬁocmed 1£ continniyolis an 'f\fnsna %néitoxan éuclmes cy m_thcaJr?gopegt 5‘(# oI’ He ?jﬂcté’ar% t one

depositing a“copper composition receptacl e; ng a

| Tpur ] SndoRe BRlcR. PRABGLr GOTRPE t'u At phsfaflafh Wb Rltiod)

resi stance iIs iﬁ%rove , a%f %st&p 2 B&m plh} Bér degd ©
or a sputtering technique over a barrier layer that prevents diffusion of copper into the insulator such as Ta
or TaN.. When the seed layer deposited is too thin at the bottom or near-bottorn walls of a structural

feature, plating does not occur and a void is created.

In order to eliminate the non-continuous deposition problem occurring during sputtering of
a copper seed layer, a seed layer of a larger thickness is normally deposited. The deposition of a thick seed
layer eliminates the plated Cu voiding problem, however, it creates another one of equal or even greater
significance, i.¢., poor electromigration resistance in the resultant structure. The poor electromigration
resistance of the structure is caused by the fact that the seed layer itsclf has weak electromigration
resistance when compared to the much higher resistance of the plated film. It is also noted that in future
generation of chips, the secd layer contributes an increasing part of the total structurcbased on the
dimensions of the featurcs and the inability to decrease the thickness of the seed layer proportionally for

reason stated above as well as the thickness uniformity requirements in electrolytic plating.

Ton implantation method has been used for placing impurity, or doping ions in



wherein said inpurities are at | east one type of ions selected fromthe
group consisting of C, O Cl, S and N. According to another aspect of the
invention there is provided a nmethod for formng a copper co i

el ectronic structure conprising the steps of providing an e|gfﬁFBﬁA{'?0€3
structure; formng a receptacle for a conductor in said electronic
structure; depositing a copper conposition in said receptacle; and addi ng
at least one inpurities into said copperg conposition such that its electro
mgration resistance is inproved, and wherein said inpurities are at |east
one type @kmiconduotesimeterial sighanin h siligorosbstratn et predisely eontralleddepts andwith, Ti |
Sn and In. The nethod for formng a copper conductor having inproved

el ect romi awcﬁrfa'tmm‘d&‘dfﬂbpdm fonroegceRtatival I0modf distmdjyr bagfits of tha tettod ichpper
conposition by a technique of electroplating, physical vapor deposition or

chem cal &mgtygspp&ﬁel@ﬂmﬁae dtPRidEIbdteERcARAs PRI AR ehRinbd8oBROPRYS a

conposi tion concentratioh range of between about 0.01 ppm by wei ght

|
d ab
and about v R Opvpdep b codOEs £ ARR Il Borkt LBRORESD FEPIS LS REfpical

i ncl ude t“ ing a co ayer o a recepta

i on-inpl anti a 0 M AY 2003 inpurities into
the seed Y ggn é\lﬁ ‘31“@8’? E%ﬁ%ﬁ’f‘f’?/acp?sétai Copper into the receptacle.
The seed Iayer may further be annealed to uniformy distribute the
inpurities in the layer. The deposition step for the copper conposition may
further include the steps of depositing a copper seed Iayer into the
receptacl e, el ect r oAB&FoEIPl4ntey operatep B PToviAECS; o0 smTeorhcsin retlisiongefi i ti es
into and filling the receptacle, and annealing the electronic structure
such t hat elestyons and peutril 4tbms eesithiroa lahge ntinbeeof isnsdwtingpreduced hEhe iopaneiquiretfoar e
dopant ions. The deposition step for the copper conposition may further

i ncl ude tdspisg &pshenfseliepd by b aglyidpanigner andaystthionglpad feelbadentube) Ehe
i npl anti ng dopant ions into the barner |ayer, depositing a copper seed

| ayer on idplefited ibgs Bshber®dirdcBY e poRtitd of B 3RRbH Wafet h:nexeldeplhgr%@ﬁdr UHeUr ©

such that dopant ions diffuse |nto the copper seed Iayer he copper seed
| ayer mayplighaenest dretk iBY banPRYShdR coARRH 1 BRSirs! 604 tHepdRC 2l

vapor deposition technique. The nethod may urther |ncI ude he step of

deposi ti ng 4598 S}Ixe&%mﬁﬁx . Qndd % smcul otk Bfa aegy%at?ﬁg%faﬁu&ﬂve

deposition step or the copper co Itron can’ be carn

el ect ropl Y2 F]}qga v o} |t|on
Accor di ng&p&&“éﬁoﬁﬁw&;@p eﬁgﬁntﬁqﬁgﬁas%ewl %&f erers p?%v#@%& ttﬁod for
form N 2, GQRRSK GORIUELSY pdlesdll 15/ BE AR o VbR AGuSIRE) Siigin i S1 P8

acceleration chamber voltage. The dosage level of the implantation, i.e., the number of dopant
ions that enters into the wafer, is determined by monitoring the number of ions passing through a
detector. As a result, a precise control of the junction depth planted in a silicon substrate can
beachieved by adjusting the implantation energy, while a precise control of the dopant

concentration can be achieved by adjusting the dosage level.



providing an el ectronic structure; formng a receptacle for a conductor in
the electronic structure; depositing a copper seed |layer into the
receptacle; ion-inplanting at | east one type of inpuritiesq gtwg%ﬁ%aﬁ d
| ayer; and depositing a copper conposition in said receptaclé€; ein
said inpurities are at | east one type of ions selected fromthe group
consisting of C, O d, S and N. According to yet another aspect of the
invention there is provided a nethod fof formi ng a copper conductor in an
el ectronic structure conprising the steps of providing an el ectronic
structure; forni ngltas thexefse am plyeqt of the presend irvertion; ta prayidoa| ragthaddiar forming a
structure; depositing a copper seed layer into the receptacle;

i on-i npl asppericorductbeiasn IGrdevity thet ddes nofiave the dmwbatle antl eshawenlirigapfr; and
depositing a copper conposition in said receptacle; and -11- 3 0 MAY 2003
wher ei N gghwntisHaAVédpbeieondictoralevic@ast one type of ions selected fromthe
group consisting of C, O d, S N Ti, Sn and In. The copper conposition
may be deposited into the receptacle by electrolytically plating copper
into the receptacle. The nethod may further include the step of annealing
the seed layer to wniformy,distrihb t, j: ritj-es. | er . The

nmet hod may furt her ﬂil'lf]c oﬁ%eé%})ﬁ%t Oﬁh é"pugésg?t ugkﬁcﬁg%ﬁldﬁé&b%ea ﬂggtgébfbétog%%%a
uniformy distribute the ippurities i,n the |layer .and t.o cause a diffusion
of the. i RRRET YRS R el Sy by et b o (e oo s R e
conpositiqn can be deposited by a technique selected fromthe group

consi st i ARG MBPRRLies g hejcqBPer SPRANCIPR| vapor deposition and chemical vapor
deposition. The inpurities can be added to the copper conposition in a
concentration range between about 0.01 ppm by wei ght and about 1000 ppm by
wei ght. According to yet another aspect of the invention there is provided
a method for form fitgs afirthepebjes ofithe present inventionad prividera methed for forming a
conprising the steps of: providing an electronic structure; formng a

r ecept aclcepped Eoriueion thiuwi ebgctronic didcethattat anprovesitelacadbmigestictiapgstarice peopartg bpper
seed layer into the receptacle; el ectrodepositing a copper conposition

cont ai ni AGpingAkE ddpp@Tohdictorshactire Giblinphitiesaslonad frog G, ITg Gt £&idoni ¢
structure, erein said inpuritices are at | east one type of ions sel ected
fromthe group consisting of C O C, S and N. The nethod for formng a
copper conductor in an electronic structure may further include the step of
i mpl anting inpuritiieg aWith& T ogj@&%mhe'p?&&t iR RBYrdvideESmath&d fg @ hid

t he copper conposition in a concentration range betwéen about 0.01 ppm by
wei ght a . i ab . 1 10

distrib u{%"?ﬁ% %?’%%‘%%Q i E@IP% e&g‘%%%ggﬁé %r%tg)%g%dt Q%ﬁhﬁ@ég@ﬁ%@% by ep

anot her aeeoﬁgfyﬁgf E.‘t‘]eti nvention there is provided a nethod for formng a
copper conaueror P e

r?cléq"g%at‘ronic structure .conprising the steps of:

It is still another object of the present invention to provide a method for forming a
copper conductor in an electronic device that has improved electromigration resistance by first
depositing a copper seed layer into a receptacle and then ion-implanting impurities into the seed

layer.



providing an el ectronic structure; formng a receptacle for a conductor in
the electronic structure; depositing a barrier |layer into the receptacle;

i npl anting dopant ions into the barrier |ayer; -12 - 30 \4

depositing a copper seed |ayer on top of the barrier |ayer;§@LAi§§ﬁ2803ng
the electronic structure such that dopant ions diffuse into the copper seed
| ayer, wherein said dopant ions are at |east one type of ions selected from
the group consisting of C, O C, S andgN. According to yet another aspect
of the invention there is proyided met hod for ggrni a copper, conduct or
in an el ectronic stl?‘ﬁbf?ttfﬂ%‘gﬁfcﬂ‘?ﬁﬁ%ﬁ Te§FRt 1ILyebion 1?10155%%/ LAUPrIn@ERo N ¢
structure; form ng a receptacle for a conductor in the el ectronic

st r uct ur elecigfo Seusathatzoniaing dmpurities far ipprovednlestropugratiandptisience: depositing a
copper conposition in said receptacle form ng a conductor; planarizing said
copper conductor.; and ion-inplanting at | east one type of inpurities into a
surface | ayer of said copper conductor, wherein said inpurities are at

| east one type of i[OBSetsb@et AL oBjRIIT thePreseft iO@AGOSII PG idS a laethQl fdel , S
and N. According to yet another aspect of the invention there is provided a

met hod f QiR TebisheR cSHABRGF inGR RIS ddvite Rkt BASIGIDEARY SleSitdniEiatib® rés RBRLE Si NG

the steps of: providing an electronic structure; formng a receptacle for a

conduct on_id)t Jonjic s ct ur.e; bk b : into
The. T econp s uBAEBHEREL Sub! cpledifon AEBRTLE LA oC ARREHe RS wdiEn
inpurities into the receptacle rmng_sai onductor: planarizin ai d
copper cdig %ﬁe%%ﬁgp%qugﬂﬁ}%ﬂwﬁﬁ%%gﬁse @ﬂ?ﬁ@xgﬁeﬁﬁ%w Yinto a
surface | ayer. of said copper conductor, wherein said inpurities are at

| east onelePyyied & begereR@slect ed from the group consisting of C, O C, S and
N. According to yet another aspect of the invention there is provided a

nmet hod for form ng a copper conductor in an electronic structure conprising

the steps of: providing an electronic structure; .
) It is still another further object of the present invention to provide a method for

forming a copper conductor in an electronic device that has improved electromigration resistance
by first depositing a barrier layer into a receptacle and then implanting dopant ions into the barrier
layer prior to depositing a copper seed layer on top of the barrier layer and annealing the structure

such that dopant ions diffuse into the copper seed layer.

It is yet another further object of the present invention to provide a method for
forming a copper conductor in an electronic structure that has improved
electromigration-resistance by first adding impurities into the copper conductor and then
ion-implanting a surface layer of the conductor with at least one ion of Co, Al, Sn, In, Ti, C, O, C,

S, N, or Cr.



formng a receptacle for a conductor in the electronic structure;
depositing a barrier layer into the r ecept acl e; depositing a copper
conductor layer on top of said seed layer filling said receptac{feMAY 2003v
AY 2003 -13 planarizing said copper form ng a conductor surface layer; and

ion-inplanting at | east one elmﬂkr%gfmtlgdegt;&m the group consisting of
S

C N O S A, C, Ti, Cr, _ st one of said barrier
| ayer, said séeaccordaacs withitie propme inveotichy atsotut@ndo sz degomigotion psebiémce

| ayer imredi ately, after a deposjtion. proce f said |ayer. Brief .

Descr i pt FoiTe0rO% Heltly SRR ST oQE T BIHERAob, 3ofupighy B achia higher |
advant ag@&t‘?&mfg@eﬁioﬁr&ﬁ@ﬁhcé &Vﬁﬁﬁe‘do&)pﬁ’éﬂ briélﬁé‘t@?%oﬁpﬁ%_r %@Brpfofﬂi%hté'fedc{p%t'sow ng
detail ed description and the appended drawi ngs in which: "Figure 1 i's an

enl ar gedjntc nesppes ddmi dmalg thé plating pacessnvidwetidanhdbpants mchdanmd niobhmstgd tegm

utilizin 0 alloy. Figyre | s .an _enl arged, perspective, view of a

b esent  Enibnb ombilh <0 BeiihaR B ABURE afbcsty S0t IpBanphgL ey 0 & e B

enl ar gedinceffdgsic a65dnkOnal copp&ilgf a structure for a single Damascene
process wherein an insulating |layer of either silicon oxide or a polyneric

material is sandw ched by etch-stop and planarization |layers of silicon
nitride on top of .a wafer. Figu 3B is. an, enlarged, .cross-sectional view
of the struct (FESIERP e @Bkt of Hi 1eBio deerp it PRYeR of REFSTor Smine &' o'y
AY 2003 égpéﬁk goHRIcBEI Sn ABctRIHiA§tHRre 65APSsiSLHeIsRps vrew of the structure
of Figure W th _

providing an electronic structure;

forming a receptacle for a conductor in said electronic structure;

depositing a copper composition in said receptacle; and

adding at least one impurities into said copper composition such that its

electromigration resistance is improved, and

wherein said impurities are at least one type of ions selected from the group
consisting of C, O, Cl, S and N.

According to another aspect of the invention there is provided a method for forming
a copper conductor is an electronic structure comprising the steps of:

providing an electronic structure;

forming a receptacle for a conductor in said electronic structure;

depositing a copper composition in said receptacle; and

adding at least one impurities into said copper composition such that its electro
migration resistance is improved, and

wherein said impurities are at least one type of ions selected from the group
consisting of C, O, Cl, S, N, Ti, Sn and In.

The method for forming a copper conductor having improved electromigration
resistance may be carried out by depositing the copper composition by a technique of
electroplating, physical vapor deposition or chemical vapor deposition. The impurities can
be added to the copper composition in a concentration range of between about 0.01 ppm by
weight and about 1000 ppm by weight. The copper deposition step may further include the

steps of depositing a copper seed layer into a receptacle, ion-implanting at least one type of



theinsulating layer fornmed in as etching process and the resist |ayer
rernoved. Figure 3D is an enlarged, crqgs-sectional view of t

G
of Figure 3Cwith a barrier layer, a seed | ayer and a copper Bméﬁ{m

sequentially deposited into the receptacle. Figure 3E is an enl arged,

Cross- se%?m@és MieeQbed ra@ieﬁ tawéewegglggg%@'e&uﬁxg%g@ﬁ 685 the Péc%ﬁglak.z afjeon

process. Figure 3F is an enl arged, cti view of ad Damascene
st r uct ur eeddolaperdniy fiathei he hemeafeddo emsforntlyglistebutd thesinapuritiel an gedayer. The

Cross- tional vi f ti f. a dual t t i t.h
Copper | ASRPIGRSLYER taihe PP RSEIGELDRY STl S 16 Sebsei Shpguine >
Cr 0SS- Seghphaked 18% Hto ttl'f@re%t%;stﬂaé,ua@ctﬁb@éyasﬁiﬁg Ri &pner Ehmpbditiort BentsianRer

conductor planarized. Figure 5 is an enlarged, cross-sectional view of a
st ruct ur émperitiesdintsy and &llprgetbe nedeptaglet and atnealinDdhm slcemenipstoetvse wichithat

copper seed Lavey..and arrier Layer osi ted wherein the seed | ayer
ol or ¢+ RE R n BF hineEsref YRl SR TFLIR B3 BPRuioH, copper
deposi tion. 0 O MAY 2003 15 Figurc 6 is a graph illustrating the

dependency of sheet resistance on platingtenperatures in a copper plating
process w t hodiheudappsitipm gtepd@r the eeprien comgogition inty Bwther iinstude thej fepseof7 i s

Fenper at GRS bEBiSh BB HTER g prrtis SMRAPURE Qortef 228 Biadhe FVEE W Ene

plating siepakititdNa copper seed layer on top of the barrier layer, and annealing the electronic
structure such that dopant ions diffuse into the copper seed layer. The copper seed layer
may be deposited by a physical vapor deposition technique or chemical vapor deposition
technique. The method may further include the step of depositing a copper composition into
and filling the receptacle. Such deposition step for the copper composition can be carried

out by electroplating, physical vapor deposition or chemical vapor deposition.

According to another aspect of the invention there is provided a method for forming
a copper conductor in an electronic structure comprising the steps of:

providing an electronic structure;

forming a receptacle for a conductor in the electronic structure;

depositing a copper seed layer into the receptacle;

ion-implanting at least one type of impurities into the seed layer; and

depositing a copper composition in said receptacle; and

wherein said impurities are at least one type of ions selected from the group

consisting of C, O, Cl, S and N.

According to yet another aspect of the invention there is provided a method for
forming a copper conductor in an electronic structure comprising the steps of:

providing an electronic structure;

forming a receptacle for a conductor in the electronic structure;

depositing a copper seed layer into the receptacle;

ion-implanting at least one type of impurities into the seed layer; and

depositing a copper composition in said receptacle; and



Detail ed Description ~f the Preferred and ternate Enbgdine is The present

i nvention discloses a nethod for form.ng .a copper conductor ign

el ectronic structure by depositing a C(r)lgper conposition in a3rgif@pﬁ¥139£3 n
the el ectronic structure and then adding inpurities into the copper

conposi tion sudierédiladaid hapedittst frezati Bast o1 typesos idmnRcslaied dipperthd Sroup

i nproved. The, copper conposition may be deposited by a vaziety of

t echni quéengsfar oL,&.&dt ».d% Hi Pmand Bi ect rol ess pl ating physical vapor
deposition or chem cal vapor deposition. The inpurities or the dopant ions
may be added to the copper conposition through a variety of different

met hods. | n orghen®@pped corpSie may erdddppyiesd My the ksdeplaclediep @fdctréltitdllyo a
receptacle) inpurities are then ion-inuplanted into tﬁe seed | ayer, foll owed
by an el @datinggoapsrrptoghoreseniagler Thrmethod vy fBthrandadplie steptad aphraling the

" ecept aclgeq e ROURbTS by @ HEinBufERPE! 130G BXRL ddindd by flFRES! t ed
into a receptdcle, a bulk copper conposition contaihing inpurities 1S then
el ect r odepdsdd e stedsooft dnpeslegetht acddklaydihe edifeinlpdisaitaite tiet imipurities e
anneal ed such thatirnpurities znay diffuse into the copper seed |ayer. In
StiT1 andR¥EAnide Fse adiffusion of thegdpppridercintoieislgeiplyticalie plajqd Coppefe pbs t ed

into a re Ly gy i ot

i mpl ant i ng-ﬁg%g%hﬁ)&ﬁSh%%%%é%%? qug)iagtﬁs I tei&%e%%dﬁ%@ﬁﬁ@? gfo%&/)ecro.m%mcgo%fp‘)er
seed | ayeaieciisphting pheposliviaper depositign add ¢Heenitrd vapardepesition. afiisk infpemitianceal ed
such that dopaut ions may diffuse fromthe barrier |ayer into the copper
seed | aydF. adfid QI )5 aRPPPIOFATRASIANB P FONCEREAORISRSHR L?tﬁ’\?@hﬁ OH el rpa bt

| east ongd; 8l.655t8%0b #NGeigfoup consisting of C, O § d) A, Co, Sn
In,-Ti, CrlgﬁgﬁN? The doggg%SEfmg%e inmpurities inplanted into the copper
conposition is in a concentration range of betv~recn about 0.01 ppnr~ by

heont o onAiegBRRE ety fii e SR i L el ot B
i nt er connBfhingn o%b%&cebﬁa&téi% laf eRBQUMle sa%mur%tcbhh?ﬁbﬁhg_t&osté& dyuilt on a

silicon substrate 52. Miultiple layers 54 of dielectric materials such as

Si Oz are then wevdmgtanagldoyrodieptuétueed wi th metal conductors fornned therein
The netal conductor |ayers,56 arc faornted i he 1ns ting |layers 54 by
standard photgﬁ??ﬂ@ﬁf%%%%%kﬁgfﬁ8@¥ﬁ£&€Pégggﬂ?EO%FSQPﬁgﬁafor connecting the
met al conduct alepb&itifg & cSfper fecdilBlee &itb the reaypticlh2 formed of a material such
as Si3N. is provided as _an etch stop |layer. A, diffusion barrier |ayer 64
is further prcUecOdeRasitinEAORPETQEFLIPD SPHAINETE IPYEHES Inghie regepiickhown i n
Figure 2 is a Vi : d s j LPNn 66
but' o t he- oapr BB ESIENaR b BacEthn S o B Bl WEBL BENTRLOF
connect i anndedevesinfravh thengrolevalsstibg oBOGJO] €1,1Scandedl wi t h copper whil e the
tungsten stud 66 connects the wiring levels 56 to the device contact 68.
The device 60 shown m Figure 2 generally represents a CMOS transistor, but
may be any ot hege Rb@sl N FdrmIRY A e6ppef LoRIRYETh Al diEMRInNstRlcnGORRS/ firfheP the
insulators 54 or device 60, adhesion/dit~usion barrier |ayers 62 are

nor nal | y inslsde the stapraf empintinginmpities whonhcue depagt B6s.ahbie §Bpuritivs are added to

adhesion/ diffusion barr.ier. |ayers 62 may be forned of .ei,ther .an_insul ating
it exi ai i coper Fomtgb o Bk Sutol e fe it 01 AR Jfcyelihgt

di f f usi onapaas 106 ppraYsT weght. alsd aiicaNhd epdRESMR diftfibGe@RAE imp@ritiddan the
underlying material, even though they are sinply referred to in this

appl i cat i @pperscoposition. | ayer. Not shown in Figure 2 at;e the seed | ayers
whi ch are normal |y deposited under the main copper conductorlayess 56 and
38. The deposition othe seed |layers is described in reference to two

di fferent nr-~ep\b@gingfto fyabahdiBér Rgedthd thotisfeatioh itiede 3¢ prBidbdes met®dfot N a
si ngl e Dauaascene process and in a dual Damascene process. These are shown
i n Fi gur e9TBRg-UmpPIOngieeidntaniclpBARC SHUABISFOMPESHEIRE 8Ers2f uct ure whi ch
has i nproved e ) ' i stance may be fabricated in one o several
enbodi nment s. I%%ghggg%gaéégﬁgﬁ%§§®§%nt, dopant ions are incorporated in a
seed | ayer by fopmingeicogptanid fulr ia@dnductarés the diaktdonin shgectargleposi ti on process
for the copper seed layer into a receptacle, various dopant ions may be

i npl ant ed i nt od4PREILIBSA éF“%@%@rF%&éﬁf“ﬁﬁmﬁﬁhealing step may then be carried
out at an annegl.ijng: r t 300C and about 600C to
uniformy dist?%ﬁ%gg&?ﬁggﬁ?%%ﬁﬁ“ﬁ%%QQ?E$gggﬁout the filmthickness. An

el ectrolytic plating process may then be used to deposit bul k copper
conposition into the receptacle. The nethod in the preferred enbodi nent
therefore al 3ows the inprovenent in the properties of the seed |ayer and is
i ndependent of the filling technique which is subsequently used to
conpletely fill the lines and/or vias. The electrolytic plating process

T S - o e o



additives. The rate of copper electroplating &xa such bath is higher in a

deep section within the cavity thaw el sgwhere. The plating p

produces uni que superfilling properti ezgand results in voi d?’?@?@é\gm
deposits. laterconneetion stNctures nade by copper electroplated are highly
el cct i grat i QBsdsRfeSt APREr b Mydbrob oY fld RiGNEfdYarldor el ectroni gration
equal to or greater than 1.0 eV The Ctonductor is conposed substantially of
copper and smahheading thet dedfonat srstuae siahrthatodopent @ns firffuyea matnttbe odpper feed2 wt
%9,.0 (<, 1 WM 9%, . N(sI,wm %, S(< 1w % and . (<1 w, 9. Referring
rlow to ﬂaryer,g\vlf%rgmaiaﬁ%@wr ih 2 B St o t;screapfj ﬁ(gnspf»%%cé%ds Hoin o dipuvn
Damascengoii@mgst d, ®, ees by qhi ch plating is carried out over the entire
waf er surface and i's followed by a planarization process that isolates and
defines the features The plating process is preceded by the deposition of a
pl ati ng base (,or a.seed | ayer) over t enttre wrin attern tha S
D eon: derereding thytr HBHeE aHTest ORdioy et opa peieo b Ay P SUGhai RS  on
and prevestning a coppe? cHNIcRR ABarl D ARPAIGEREIE BSHPAIRS M@kt | ons and

di Rusx~t' ~i ~ deposited between the plating base and the insulator. As shown
in Figures 3Apr@Mjinganiclesubnic stmectirayer 70 of either silicon oxide or a

pol ymeric mate~al. which js ndw ched by.otch-sto | anazi zation | ayers 72,
74 of sili con%?fmlpg aéeqeg{a]elieﬁ"girtagpé-@ggtﬂ ’é%‘h%ﬁ cairois gﬁ%‘,‘reA resi st pattena 80
is then formedepditidiea sppedcel 8Fet M thar@ep@bld; t ransferred to the insul ator
| ayer 72. A batxier material |ayer 82 and a seed |ayer (of copper) 84 are
sequenti al | y depusiingaicapper epnpshitiondn said ikseplieele fymipppepndupjasi 88 is t hen
el ectropl at ed s} |, t re blled. The structure is then
processed to iP és?m%l?lﬁ Isggﬁgélge%ﬁgﬁcgﬁgo\?hﬁﬁdn Figure 3E by a planarization
process. |t i SoimBplafissatledsttchedepé € imphtgziahb catthse Mykt bplsaid| @pptrs of
patterns (i.e., i~ a_ dual Danascene structure) onto the insulator. This is
shown i n CPReJistQs, thergiesaf dmpHBtieaas ddeastare tare phipms sglepisdi from the group
utilized. f VoI he formation of a void or seamin a copper

| ayer deﬁgégl?%tg{&doglcét(:(gr%}1§ I?%gf ly, the rate of electroplating should be

hi gher at |ow or deep points within the feature than el sewhere. This is

accoui plished by the use of additives_.in the plating. solutjon. Additives
may induce in At‘}’?_ércg‘&%%éi_ﬁtt iﬂOﬂEﬁ_é‘éPW B Ry ienfar Bty tfcl_ermé"gg i ﬁep_e}gi)iéoq ar ge
gralin si ngnﬁiﬁggtéib%{ﬁertcgnédc'tdr@n LR bRKRGRS stPRfurk %@ﬂgﬁliﬂg Hel LLYs&F 9rains.

Furt her nor e, tives incorporate in the conductor material nol ecul ar
fragnent s contpadviding aatetaetiorielstrattend; f rom t he group consisting of CC O N, S

and C such that the elcct igration resistance i nhanced over pure
copper. Moreo 8‘?‘}m§8cht°P&§%0f§}é€°Mu E?tht?l?(gfefﬁ%mﬁé “¥'$t i nducing in the
conduct or speciepbsiting 4 BdpPeLscRd e intd &2 réddpladi¥t Ng | arge grain size relative
to filmthickness or rac~domy oriented grains) whereby the

el ect r oni g. ~atclestropenesifingra icopras hepmnesition eqontidiing | igwuribpy dntedhe gpgptacle 3 0
MAY 2003 tggnigggﬁhrcio&?m%w to Figure 4A, wherein, a schematic diagram

depi cting ion®inplantatidon of dopants iunto a main copper conductor 90 in a
si ngl e Danmascegishapizingasisl dopp@ricohducramal i zati on i s shown. Al so shown in
Figure 4A ere an_ etch-planarization stop |ayer, 92 of silicon nitride) a
bani eri ayer 94°RniaPRNGRH AkicagcNE IYRY OF I@B!mé?sgmt% azfm%ge 3PYSE Wgr?é’tdi €OPFagr am
depi Ct | nGoh @k ibeTRhARGR shRinRurfiBP AR &t [eAliCore Bk IIGBARELeckANGYALHE Bl N 2
si ngl e Damascene process after a planari~ation step has been carried out.
Ref er r i ngongwtirigoffT,dir@, SAnd Nwherei n a schenatic, di agram depicting ion

i npl antation of dopants into a main copper conductor 100 in a dual
Damascene process prior to planar<zation. Al so shown in Figure SA are

et ehl pl anani 28k {oRuiRk P L:ta%c(forthé?zasﬁéct%'flth@%eﬂﬁ&{ kiflfe i@priividedSiaonead rber

| ayer 94 and ~a copper gee ' ayer  96. Figure SA shows g schemati ¢ di agram
depi ct i ndoimingianpppertcandwrordh adejzauonic strectsre ramprisingpley stegsefuct or 100 in a
dual Danascene 8r.gcess ?fter. a planarization step. Figure 6 is a schematic
di agr am depi ~-MOY'GHE XA SEHORCSHHCIS dopant s into a copper seed | ayer 96
andl or into a fBahig@ retpYRle R a bhnductr MU JRIBARYRAcEFHCESS prior to the
mai n copper conductor |ayer 90 dapositioa Simlarly, the ion inplantation
process may bedepasitingd bawier yeointa the riseptedipper seed | ayer deposition by

i mpl [ i i nt. he diffusi harr i l-ay.
or o1 or r e enboPPHAGk b Conite bR 198t & Bt B8 se &ade N ing la FBhiATE,

taking into consideration the desired target of'dopant concentrations in
the final structure and the relative thiclrnesses of the plated or PVD
films. The PVD seed | ayer can.be first deposited and foll owed by

el ectropl ati ng copper under suitable processizig conditions. The diffusion
of dopant ions fromthe plated copper into the PVD seed | ayer carp be



0 MAY 2003 z~ Xn still another preferred enbodi nent, the dqg ions_are
inplanted unto a diffusion barrier |ay £ prior to a PVD dep&E pﬂ@@@ss
for the copper seed |layer. An annealing process isthen used to drlve t he
dopants into the copper. Dopants other than. the known non-netallio
inmpurities in [ andl ) SN, In., ete. to
i nprove the eP§%?§§ﬂ$%@ggﬁgﬁg339$§%%§ﬁ§§98?§?%§e5”%5agged Iayer One
advant age achucﬁymblbmngsit hegysti core eﬂmmﬂrﬁn&latte(bﬁomshﬁ peuplohsistingt af C,N,dD,Rr at e
very small anounts §f so] ut es [ controlled and

a few ppmw, in,
r epeat abld w@nhef! Shagskin iRt B?%?%W%Bafé‘ﬁbgdi’rméﬁ? 56%41Eye4aé%19§9@Wst ics
of coppe her
reans. oy el SRR ok P I BA & AoBYE BroctRORE s
physi cal laygpor deposition. The inprovenment in performance of these filns
can be achieved by neans of ion inplanting a diffusion barrier |ayer such
as Ta, TaN, a seed layer, a cap layer or a thicker copper layer. Chip
i nterconnect structures madg.ffF pRtak nQﬂﬂH@ihQﬁW ssuperlor
el ectrom grationresi stance is conducted ire
pl ati ng sol ut iThes: aﬂrrhtotlmrnbg\écrcs afdatilteisvam wbaotagaopé thheredeat edventomlwilli t h

vari ous ants. The el ec ug. resi stance af .|ines de of co per

bl at odf PG RORY O ol b ot el TacalRn ul v Aot i Rod. by
t echni qugg;guch as PVE? and CVD have been shown to be |nfer|or The dopants
of interest include C O d) S and Nin ranges fromless than 0.01 ppmw
(part per mil [Figyme by isven gintargado cross-sectiviy! 7®G~8f 22 ci0EOtipmst intercoinegon
dopant s arge tﬁﬁicall i np hanted at various energies ranging froma few keV
to sever &5'fH lgﬁgﬁ RBTE0PY i nst ance, from 10 keV to about 600 keV, The

di stribution qnfgilrele@trs oh daRARY, Ipba@e@twealvrw 68 bsreseal Cialvahtash VMoFﬁer
conput er prograns such as TR vl m is noted that inplanting doub

char ged d&RtesoRiectipn pirycteBar ged ions |s possi bl e whi ch shows hlgher dopant

di St Dut 1 onS ph LS ARRLALNLL T b GERETTIA of | LAIAKETS: o BhLIE!

repeated inpla ion. Geted 0 vari ous m ayers in

or der t o peduless Whtefbﬁl (iﬁsmmﬂdmcg)mﬁat ofli edther bmbb@mxadbdoﬂappdﬂyniaﬁbanatﬁnussd is
el ectropl ated copper and the preferred range utilijized are shown in Table 1.
Tabl e 1 BeRBYieReddy cl-aop andlapiezatigiciaysis g sificon nitride on top of a wafer.

10001- 200Chl on n 3 - F
ca. OL- 100, 1- 80 7 PECont FEFTeq dssant onnoaat P ikl b3 B wifhs,
nunber ofesikt pheereddrmvealys top-or | nst ance, dopant concentrati on nay be

controlled during deposition, dopant




concentration may be controlled through the use of ion inplantation of
various dopants to different inpurity |evels and thicknesses inthe film

wi th various annealing process to redxstnbute dopants. s disc ed
that ion inplantation is a desirable method for achrevrng yﬁk ééﬂé

i nvention since the nethod is directional by nature and furthernDre t he
nmet hod may be repeated to achieve a well controll ed dopant concentrations-
It is thus possible to inplant to tkae hottom of tenches 3 0 MAY 2003 23
whi ch subsequently inproves the pIatind process and furthernore) to inplant
onto the top of a dfiguiedalis areilaged; atosysqotibnad e of tepenctarerdf Hogure\BiB ofith
contributes to the inprovenent of electrom gration resistance of the copper
lines. * hinsibMakdEiayd: #tned i aLerdtity prébosslid th desief laférigneepper | i mes has
been shown to deereasew th decreasrr~ line width. Various other struetiires
may al so be achieved which include ivn inplanting into a liner, into seed

| ayers and/or into filled copper structure itself the ion inplantation into

narrow lines is i rta srn the co electr ratlon cha .0 S
driven by surface réb E‘gﬁﬁégg?é%al“&%(g t"%eof #‘ﬂh
pure copper ghr | e t sp ecr es of interest can |on i.npl ant ed beneath
this top COPFdRYes eyrrég\fiamppet Pﬁepoat%\ﬁgqure ﬁevqs'rtﬁo PR FOpPEtEs s
beneat h the surface of the copper seed | ayer while, at the sane tine,
doping the seed layer to inprove its electrical properties. Tha present

i nvention novel nethod therefore provides the desirable dopant ions to be
used in a suitabl e Fignp8Edf at enlarged, cavss-enctormh diewiof thestmeine, of Figwwé 30 saftehe
opti mum range that producesi nproved el eetrom gration properties and venous
met hods t plandriatien pdoeesslopant content in the filmby changing plating
paranmeters. For instance, dopant concentrations can be increased by
increasing the level of agitation in the plating tool, e.g , increasing the
rotational speed of the wafer during plating in a cup plater) or increasing

the frequency of -paggl.R 31MYeNBNirghd) cRdsNadHbR] $RYW of 2 GulTDarRAESEREAEE hat
play a role in defining the dopant levels in the Filmare the

concent r ag QB ﬁgg% D\G% and the deposition raft (or the current
density). - ngg H-\/IA 2003 Dat a obtai ned on el ectropl ated copper
| ayer at 1 ~mthickness when no additives are used is shown in Table 2.
Various dosages of dopant ions of C, S and C1 were utilized to achieve

vari ous dopant depth, and chan t he sheet, resistance. Si r data

obt ai ned on sputter Wo %Fﬁ’ég% cross-spAtORRl visRL e nortian of | t
i s seen that, L abl es nd 3,.. Qne can i Iant t he ion through the

t hi cknesS'°‘t6‘t°t‘t’1’\(‘£"’1 qmﬁa%@aet%“&wmti % on charge of 12C, 3zS++ or

35C1 at the sane inplantation energy |evel which effectively doubles the
depth of inplantation. If a more uniformprofile is desired, one can vary
both the ion charge_and the energy of |rrpI antation., Table 2 shows that S
and Cl have unexpecFiguredR isapgnlgrsed sapsesectionaliviey of thastgisture shova in FigurelA8p
than the control sanple. Table 2 al so shows data on plated copper with no
addi t i veswith théreopperondeptarplavarizedt he additives are only achi eved by

i npl antation. Table 3 shows data obtained on 1 prn thick sputtered copper
and doped with dopant ions (no plating). It was discovered that C1 and S
are the nost effective ions. Table 2 Sanpl e #l onE (keV)Dosage, cm 2Dept h-
(~) % R Dropl’ ZC+11@%uess %8 268l¢el Zrosé Sectibild] RidWrof a structure formed by the
1564003S+2008. 0E14300011. 5432S~2008. 0E146000

presentinvention dual Damascene process with a copper seed layer and a barrier layer deposited
wherein the seed layer and/or the diffusion barrier layer is ion implanted prior to copper

deposition. T e



3 Q MAY 2003 25 5sC +00 5E154001363C1*' ' 00. 5E15804Cont r ol one- - -26 Tabl e
3 3 0 MAY 2003 Sanpl e #l onE (keV)Dosage cm 2Depth (~. )% R

Dr opSP- 1C-121107. OE1532003. 5SP- 5S- 322008. 0E1430008. 5SP-9C 1- 3 52004. SE

- 1524009. 4SP- 11C1- 352004. 5E152400SP- 13Cont r ol 3. 6SP- 14 ~Contr ol 3 q M‘é& 2 03
El'ectropl ated copper filmdata w thout additives and with addit a Q
also presented in Figures 7 and 8. It is seen that Figure 8 shows data on 1
~mthick plated copper with additives during plating, showi ng an abrupt
drop in sheet resistance at approximtely |25C. Figure 7 shows data for 1
~m thick plated copper with no additiq¢es, but inplanted with S at 200 KeV
and a dosage of 8El4/cnez, showing a simlar resistance drop in copper filns
-with additives (Figye @is3)grapicilingtrating thealepandéncypfishectresigience ant enper at ur e,
i.e., over approximately 300C. The present invention novel nethod may

- .fur t hepldidgaipeiatieidla dopped ptitiaf proogss avithaitiualizipg addithees imthe pihiting seluies ondar y
surface nodification step of ion-inplantation into a surface |ayer with at

| east one netal ions selected fromCo, Al, Sn, In, Ti or O to a

Figure 7 is 2 graph illustrating the dependency of sheet resistance on plating

temperatures in a copper plating process which utilizes additives in the plating solution.

Detailed Description of the Preferred and te Emhbodiments
The present invention discloses a method for forming a copper conductor in an

electronic structure by depositing a copper composition in a receptacle in the electronic structure
and then adding impurities into the copper composition such that the electromigration resistance
of copper is improved. The copper composition may be deposited by a variety of techniques such
as electroplating, electroless plating physical vapor deposition or chemical vapor deposition. The
impurities or the dopant jons may be added to the copper composition through a variety of
different methods. In one method, a copper seed layer may first be deposited into a receptacle,
impurities are then ion-implanted into the seed layer followed by an electroplating process for
depositing bulk copper into the receptacle. In another method, after a copper seed layer is first
deposited into a receptacle, a bulk copper composition containing impurities is then
electrodeposited into the receptacle, The electronic structure 1s then annealed such thatimpurities
may diffuse into the copper seed layer. In still another method, a barrier layer such as barricr layer

first deposited into a receptacle followed by an ion implantation process for implanting-dopant

W -



dept h between about 30 A and about 500 !~, preferably between about 100 ~
_and about 300 ~, with an average depth at about 200 A. The nodified surface
| ayer is situated on top of the copper conductor which has_a thickness of
about 1 ~mand contains inpurities of C, N, -27 3 0 MAY 24pOJAY 2008 S
The secondary surface nodification by the ion-inplantation process
acconplishes two objectives. First, it inproves the adhesion of the copper
| ayer with a subsequently deposited g4electric |ayer on top of the copper

conductor, .i.e., a nitride |ayer,, an.oxide |ayer or | yner,ic material.
SecondfSPs {tH 3‘°§3F‘?°52"€ ey Wﬂpﬁéﬁe?%yﬁ 1Y &&%@%ﬁ@ﬁg@s&t‘lﬁ’gb%ﬁd@fﬂ face

diffusjvity by form ng a copper conplex or netal oxjdes that segregate to
“the suthea@gneai/pdasu@mthat dopgrtrionstmaysliffess frepthe hernerdayer infg,the sepnsr seeddayent Co,

Al, Sn, In, Ti, or Cr are chosen for there affinity for oxygen. The netal
i ons s&he domneiohoutilived trothp ereséntineritinn may e atleast eneipn selebtedrinenm tlergrowy net al
oxi des as a protective layer for the bul k copper conductor. Table 4

i |1 ust eads@stinglaf @, ONS,IA1eALEo@n, InpTi; Or8ediNi Thi BesagedfitRcienpiFited infddten of the
copper conductor. Table 4 Inplantation EnergyMetal 1onAtom c MassThi ckness

(A) Dos afis theAbiiar e5BBosiRM 14 thia BRckhtadohTRike!of ¥iléér 30 (S@Eﬁé:t/\%%? weight and
keVSn119. 92953E15180 keVlI nl114. 92993E15 0 MAY 2003 28 , Ile the present

i nvent | ibed in an illustrative wanner) it shoul dbe
PO 1000 By VAL

under st 0o m nol ogy used is intended to be in. a nature of
words of description ratherrhan of limtation. Furthernore) while the
present invention has been described in terns of a preferred and an

T OO el S B A e, B A
' nvent iir?vgxsaﬁon copper interconnection structure 50 is shown. The structure 50 is built on a silicon

substrate 52. Multiple layers 54 of dielectric materials such as SiO; are then sequentially

deposited with metal conductors formed therein. The metal conductor layers 56 are formed in the

insulating layers 54 by standard photolithographic method. A via 58 is provided for connecting

the metal conductor layers 56. A dielectric layer 62 formed of a material such as Si,N, is provided

as an etch stop layer. A diffusion barrier layer 64 is further provided to prevent the diffusion of

dopant ions. Also shown in Figure 2 is an IC device 60 and a tungsten stud or local

interconnection 66 built on the semi-cbnducting substrate 52. The via 58 provides vertical

connection between wiring levels 56 and is formed with copper while the tungsten stud 66

connects the wiring levels 56 to the device contact 68. The device 60 shown in Figure 2 generally

represents a CMOS transistor, but may be any other electronic device.

To prevent diffusion of copper into the insulators 54 or device 60,

adhesion/diffusion batrier layers 62 are normally used to surround the copper conductors 56 and

58. The adhesion/diffusion barrier layers 62 may be formed of either an insulating material or of a



Tha enbodi nent o the invention in which an exclusive property or privilege
Is clained are defined as foll ows: -29 0 o MaY zoo3 Cains 1. A nmethod
for form ng a copper conductor in an electronic structure conprising the
steps of: providing an electronic structure; formng a recepEﬁQlﬁQ&szgDa
conductor in said electronic structure; depositing a copper conpositi n
said receptacle; and adding at |east one inpurities into said copper
conposition such that its electromgration resistance is inproved, wherein
said inpurities are at | east one type of ions selected fromthe group

consi sichidic@hy fateffal. A conduatitfg ditfuston HWmig idyefimhpilsd srovitle gdirsien BRrebpsfsiuct or

s an electronic structure conprising the steps of: providing an electronic

struct. b AL N 2 ih hisad '

St uot cEimedsfiill Befal, SRERMAR ey e SrmpIEil th i EipotcR sk bafieE oyt g
at | east ane i rities into.said gopper _co Lt suc hat |ts_electro
m grati slil%@”ﬁfiﬂﬁ@%ﬂ?%ﬁ%@%{s%@f@?ﬁ“&%@ﬁfﬁ%ﬁ%‘ﬂ%@%?%‘ast one
type of ions selected fromthe group consjsting of C, . O O, S N Ti, Sn
and | ncomlucmrigyarn 36iand38.  erdenesitioncaf fisaeedlaymr is dgtcriber imyrelereacs o dipc
structure according to claim1 or 2, wherein said copper conposition is
deposi tdéfferént meethods bfifabricatiog thecinterboneghon HRICHFS LS., A Single Panastene process

el ectroplating, electroless plating physical vapor deposition and cheni cal
vapor degdasa tagDanthscee prickssd These afeoshownan EigpeesAc#Bduct or in an el ectronic
structure according to claiml1l or 2, wherein said inpurities are added to
sai d copper conposition in a concentration range between about .OL ppm by
wei ght and about 1000 ppm by weight. 5. A nethod for form ng a copper

conductor in an qhg?hﬁﬁﬂggggg&#ﬁgﬂﬁgnﬂﬁﬁgfghﬂgxéghﬁhghghﬂm@%ﬁz, wher ei n
| It

sai d copper conposi _ n step further conprises: depositing a
copper e?e%&grr&g%t?orn red}{tdncd %gag' Yo TRt RS kfone of several embodiments. Ina preferred

embodiment, dopant ions are incorporated in a seed layer by an ion-implantation process.
Following a deposition process for the copper seed layer into a receptacle, various dopant ions
may be implanted into the copper sced layer. An annealing step may then be carried out at an
annealing temperature between about 300°C and about 600°C to uniformly distribute the dopant
ions throughout the film thickness. An electrolytic plating process may then be used to deposit
bulk copper composition into the receptacle. The method in the preferred embodiment therefore
allows the improvement in the properties of the seed layer and is independent of the filling
technique which is subsequently used to completely fill the lines and/or vias. The electrolytic
plating process utilized in the present invention method is substantially disclosed in a co-pending
application filed under an attorney Docket No. of YO995-137XL, commonly assigned to
theassignee of the present invention. The application is hereby incorporated in its entirety by

reference.



lon-inplanting at | east one type of inpurities into said seed |ayer, and
30 3 0 MAY 2003 electrolytically plating copper into said recxﬂ mm
met.hod for forming a copper conductor in an electronic structu

to claim5 further conprising the step of annealing said seed |ayer.

met hod for form ng a copper conductor in an electronic structure accord| ng
to claiml1l or 2, wherein said deposition step for said copper conposition
further conprises the steps of: deposiqg ng a copper seed |ayer into said
receptacle; electrodepositing a copper conposition containing inpurities
into and filling béh@lmgbpeabmms,éhﬁfg&qaﬁgﬂefai lawepstchighlyireliably uct ur e.
8. A nethod for formng a copper conductor in an electronic structure
accor di cgpérdntetcanmectstrmturs forvriring in IC ahips with vsidtfiee ncastless conductns of copper
conposition further conprises the steps of : depositing a barrier diffusion

| ayer |M§Bn%ﬁmzﬁﬁd%mble”'ﬁ'h@ J'daﬁﬂﬂ duﬂb)ﬂﬁﬁﬁd@oﬁﬁﬁ en |ayer;

depositing a copper se | ayer on"top of said barrier |ayer; and anneal i ng
sai d el gﬂmgg f%rnm] PmihPEn in an
el ectroﬁg‘h&%@r&%%g%ag‘{c@%gg{ag&f&ﬁgpa m nd f ere Qn sal d copggé}%gggggﬁﬂyer

i s depo ted a_physi cal net hod. for

f or m ng t%f'l%d’é‘f’&m “8?58 vf’h#@@ﬁﬁ@?%ﬁé@éﬂ 1H§s oﬁwaFal m 8
H‘Hﬂsr@m é'sgﬁaéq*é@crféifye&wﬁgé%ﬁ%a GhHHA s S5, PR AR AP an
el ectronic structure conprising the steps_of: "‘providing an e]ectronic

st r uct ubxeleqtoplating framrachetipreataining edditives andplanasizing or ehesniesl wpachaisal

structure; depositing a copper seed |ayer into the receptacle,

i on- i nppalishingdhetesylEmsstromes toyaemplish elpetrical isclatipmefindivisualdings had/er viaand

The interconnection material may be copper electroplated from baths that contain
additives. The rate of copper electroplating from such bath is higher in a deep section within the
cavity than elsewhere. The plating process thus produces unique superfilling properties and
results in void-free seamless deposits. Interconnection structures made by copper electroplated are
highly electromigration-resistance with an activation energy for electromigration equal to or
greater than 1.0 eV. The conductor is composed substantially of copper and small amounts of
atoms and/or molecular fragments of C (<2 wt %),.0 (< 1 wt %), N (<1 wt %), S (< | wt %) and

Cl (<1 wt%).

Rcfcﬁng now to Figures 3A~3F wherein a Damascene plating process is shown.
A. Damascene process is one in which plating is carnied out over the entire wafer surface and is
followed by a planarization process that isolates and defines the features The plating process is
preceded by the deposition of a plating base (or a seed layer) over the entire wu'mg paltern that has

L—

been defined lithographically, Material layers that improve adhesion and prevent v



- 31- 3 0 MAY 2003 depositing a copper conposition in said receptacle;
wherein said inpurities are at |east one type of ions selected fromthe
group consisting of C, O d, Sand N. 12. A nethod for formn

conductor in an electronic structure conprising the steps of pséﬁﬁagﬁg?gﬁ3
el ectronic structure; formng a receptacle for a conductor in the

el ectronic structure; depositing a copper seed |layer into the receptacle;
ion-inplanting at | east one type of iqgurities into the seed |ayer; and
depositing a copper conposition in said receptacle; wherein said inpurities
are at dopdistorlimmldtorfinterattionsasd diffusion it dépasited betwepndbepletngshase anthof C, O,
ad, S, N Ti, Snand In.. 13. A nethod for form ng a copper conductor in an
el ect r GRilatst, rACSHOWR i@ BigQred 3AG3F QGnGhstldting layer 7016f cithirtsiiizen oxidporasi ng t he
step of annealing the seed layer. 14. A nethod for form ng a copper

q e . noa 1 ! R ih
con ucw@#ﬁq&tmw@% mgf&awag@mma& layert 12, 73 o®silidon ditdeher

conpri e steps o I'ng sald seed layer to uniformy distribute
the i mpyukiti,es in, the | r and t ARy | b L into
the el o8 BrBHERsI8! o X e B CBRalmueR S0 s el P o indvlitheh FRlnkdr o3
conductor [n an el ectronjc ructi ur.e accordingto.claimll 12, erein
sai d cM%&W%ﬁr l?@’“?@p&&%ﬁrwe‘éal %S%ﬁa&ﬁ@ S%Wé%‘ifé‘?“f’mfﬁ% ¥ gr oup
consi sting of electroplatin el ectrol ess plating physi cal kK vapor, deposition
and cheseesatiallyndapositrd pden ofdhe strgtures ﬁwe%mﬂla%rsgf%‘ﬁm ﬂgctrgp@&aﬁe@hae éﬁduct or
in an electronic structure according to claim 11l or 12, wherein said

i mpur i tfeatyreapre flkbde The sinichwe isdhmeprocesnep dnits §ingh shape as shewadnaFigare Bhby ange

bet ween about 0.01 ppm by wei ght and about 1000 ppm by weight. 17. A nethod

f or f orpthasgizationogrpeess. cbischlsotpossible texdefine Bthographicallynnultple tevels ofypatiesisi(ge.t he
steps of: providing an electronic structure;

in a dual Damascene structure) onto the insulator. This is shown in Figure 3F wherein the same

sequence of layer deposition is utilized.

In order to avoid the formation of a void or seam in a copper layer deposited
electrob;tica]ly, the rate of electroplating should be higher at low or deep points within the feature
than elsewhere. This is accomplished by the use of additives in the plating solution. Additives
may induce in the conductor specific film microstructures including large grain size relative to
film thickness or randomly ariented grains. Furthermore, additives incorporate in the conductor
material molecular fragments containing atoms selected from the group consisting ofC, O, N, S
and Cl such that the electromigration resistance is enhanced over pure copper. Moreover,
additives may be added to the bath for inducing in the conductor specific film microstructures
including large grain size relative to film thickness or randomly oriented grains, whereby the

electromigration behavior is enbanced over non-electroplated copper.



- 32 - 3 0 MAY Z003 form ng a receptacle for a conductor in the electronic
.Structure; depositing a copper seed |ayer into the receptacle;
el ectrodepositing a copper conposition containing inpurities into the

receptacl e; annealing the electronic structure, wherein said igrggw‘[g/e@ﬂage
at | east one type of ions selected fromthe group consisting of "C'''Q > S

and N. 18. A method for formng a copper conductor in an electronic
structure conprising the steps of: pr@giding an el ectronic structure;

.form ng a receptacle for a conductor in the electronic strycture;
depositing a coppRafersiaggow igBigurefids wherein & ecsatlq YagramepiciRfelBsi ti ng a
copper conposition containing inpurities into the receptacle; annealing the
el ect r dmpdanstionof domantsihtoragnain sepret condustpt 900 aginglelPamesgene pspresT e tof | ons
selected fromthe group consisting of C O d, S N Ti, Sn and In. 19. A
met hod lexarfzetdi i8 ghawit: 0186 shavanif Riguwe 4.A arean ettteplanaizationsstopieyan 92 ofisiticerdi ng
to claim17 or 18, wherein said inpurities are added to the copper

conposi fiiia § m%f%&ﬂ W@&gﬁyéa@BWQ%m@@gta Lh&datiRMMAgEH A8ictR{yd

about 1000 pp Ight. 20" A nethod for Torm ng a copper conductor in an

oL oct oBh b BERERSIAh AR EbR g0 e HORTEASAL AL "o
o ovi i TR EERR PR AR IRET RBELE, form ng a recept acie Tor a conductor in
the electronic structure; depositing a barrier layer into the receptacle;
Referring now to Figure SA, wherein a schematic diagram depicting ionl
implantation of dopants into a main copper conductor 100 in a dual Damascene process prior to
planarization. Also shown in Figure 5A are etch/planarization stop layer 92 of silicon nitride, a
" diffusion barrier layer 94 and a copper seed layer 96. Figure SA shows a schematic diagram
depicting ion implantation of dopant into a8 main copper conductor 100 in a dual Damasccne
process after a planarization step. Figure 6 is a schernatic diagram depicting ion implantation of
dopants into a copper sced layer 96 and/or into a barrier layer 94 1n a single Damascene process
prior to the main copper conductor layer 90 deposition. Similarly, the ion implantation process
may be carmed out prior to the copper seed layer deposition by implanting ions into the diffusion
barrier layer 94 alone.
In another preferred embodiment, the dopant levels in a plated film are defined
taking into consideration the desired target of dopant concentrations in the final sr.ructulre and the
relative thicknesses of the plated or PVD films, The PVD seed layer can be first deposited and
followed by electroplating copper under suitable processing conditions. The diffusion of dopant

ions from the plated copper into the PVD seed layer can be accomplished by an annealing process.

> ——



I npl anting dopant ions into the barrier |ayer; depositing a copper seed
| ayer on top of the barner |ayer; and annealing the electronic structure
such that dopant ions diffuse into the copper seed |ayer, -33J ~

2003 wherein said dopant ions are at |east one type of ions sek QQF
the group consisting of C O Cl, S and N 22. A method for foﬂﬁjﬁg Zﬁﬁé
copper conductor in an electronic structure conprising the steps of:

provi ding an el ectronic structure; formng a receptacle for a conductor in
the electronic structure; depositing a barrier layer into the receptacle;

I npl anting dopant ions into the barrier |ayer; depositing a copper seed

| ayer on top of the barrier |ayer; and annealing the el ectronic structure
such that dopant ions diffuse into t hg, copper seed | ayer, wherein said
dopant ions are at |east one type of 1ons selected fromthe group

‘consi sting of C, IOstillinother pdiferrbd embodimantrithk dopaSionsardinphdtetiautohor m ng
copper conductor in an el ect roni c structure according to claim2l1 further

fggglfo't A el&%&%epﬁn&%&&)?w RYosHiGrOFHOESs fop ERQEhper Séediliyen AR dnddalihing t he
process isthen used to drive the dopants into the copper. Dopants other than the known
non-metallic impurities in plated copper could also be used, i.e., Ti, Sn, In, etc. to improve the
electromigration performance of the PVD seed Jayer. One advantage achieved by using ion
imp-lanta.tion is the ability to incorporate very small amounts of solutes, i.e., a few ppm w, ina

well controlled and repeatable manner.

In yet another preferred embodiment, the characteristics of copper formed by means
other than plating can be improved. These other means may include, but is not limuted to
chemmical vapor deposition or Ilahysical vapor deposition. The improvement in performance of
these films can be achieved by means of ion implanting a diffusion barrier layer such as Ta, TalN,

a seed layer, a cap layer or a thicker copper layer.

Chip interconnect structures made of plated copper have superior
electromigrationresistance when the plating process is conducted in plating solutions that contain
additives which dope the plated metal with various dopants. The electromigration resistance of
lines made of copper plated from solutions without additives, as well as the copper deposited by
techniques such as PVD and CVD have been shown to be inferior. The dopants of interest

include C, O, Cl, S and N in ranges from less than 0.01 ppm w (part per million by weight) to

W ——



24. A nmethod for formng a copper conductor in an electronic structure
“according to claim 23, wherein the copper conposition is deposited by a
techni que selected fromthe group consisting of electroplating, electroless
pl ati ng physi cal vapor deposition and chem cal vapor depositi 03.0 M’é Aa N
met hod for form ng a copper conductor in an electronic structure Xr 8%8
to claim21 or 22, wherein said copper seed |ayer is deposited by a

" physi cal vapor deposition technique. 22 A nethod for form ng a copper

conduct in_an ect,ronic structure.according to claim.2l.0r ein
cai'd doVaR PP TheiE oAt ces PRGN Sits bl b BE AR ATPHICSh r ange
of between about_ 0,01 ppm by wei ght d about 0 m_py. wei ght . -34 30
MAY 2009 sez'ﬂa?h »iFrngtincas fran 10 @%‘b}?@h‘&?ﬁ&go% Hwﬁu*é?wtdrc&mhc
structure according to claim2l or 22, wherein said dopant ions are

i mpl antofdopant ions abtdinbd cazi kercalcalated vathocogiputen programstsucls e TRIMEpJbis notsdd | ayer
such that their electronigration resistance is inproved. 28. A nethod for

f or m nghat implapeng danbtishirped bnevan trigleciargediiensst pessiblervehictoatiomis highgr épnst eps
of : providing an electronic structure; formng a receptacle for a conductor
N the BdABiHoAS i bedbidifddih Siickte ARGl Hinilgyefs. CRRPEIIVELP Gepdattd Hplaifafor Hfdy
receptacl e; depositing a copper conposition in said receptacle formng a

conductuerog?&ic&a%ﬁhﬁaﬁﬁwﬁ&?w irf QREUS bBtain BOGesiredadpii AMibRbnakhd! €ast

one type of inpurities into a surface layer of said copper conductor,
whor o1 Tuebl HapTRYGLIA R B ERS R U6 JBGRnk RLSFLE IR LRT e

‘ Table 1
Dopant E:gfgxmd__cgggh\f[ ¢ prefi
_fppmw)  ponc, (ppmw) |

Cerbon 0.1 - 1000 1-200
Chlorine 0.1-1000 1-200
Oxygen 0.1-200 1-50

Sulfur 0.01-100 D.1-50
Nitrogen .01-100 .1-50

Well controlled dopant concentrations can be obtained in a number of different
ways. For instance, dopant concentration may be controlled during deposition, dopant
concentration may be controlled through the use of ion implantation of various dopants to different
impurity levels and thicknesses in the film with various annealing process to redistribute dopants.
It was discovered that ion implantation is a desirable method for achieving the present invention
since the method is directional by nature and furthermore, the method may be repeated to achieve

a well controlled dopant concentrations. It is thus possible to implant to the bottom of trefiches



29. A nmethod for formng a copper conductor in an electronic structure
conprising the steps of: providing an electronic structure; formng a
receptacle for a conductor in the electronic structure; depositing a copper
seed layer into the receptacle; depositing a copper conpositi [ '
receptacle formng a conductor; planarizing said copper condﬁ@oMAiﬁzﬁoa
lon-inplanting at | east one type of inpurities into a surface |ayer of said
copper conductor, wherein sdid inpuri tziées are at | east one type of ions

sel ected fromthe group consgisting of C, , S i, Sn,.In , Al
and Cr ke Ry PBroven A pRRops S BiRORRSE 1 fmplafs o8Pk DB AT S
structure according to claim28 or 29 further conprising the step of

anneal i repewigalimethapicaliy palished eopparsurfocpwhichcangibytighto thympsevementofst ep. -
3s - 3 0 MAY 2003 31. A nethod for form ng a copper conductor in an

el ect r ondletretnigration resistame ofthegoprer bhesi Thiz8s mmpoftantfsince thereliability ofifineg t he
steps of annealing said copper conductor to segregate inpurities to the

sur f ace.coppger libes Bisheeh {dtvnfto Betraageviiticduerasing ixdwidttor i n an el ectronic
structure according to claim28 or 29, wherein said copper conmposition is
deposited by a technique selected fromthe group consisting of

el ectropl ating, electroless plating physical vapor deposition and chem cal

vapor deposi ti on. ﬁéoﬁﬂ@jﬁﬁgtmiégwngmiﬁmq%%p' i@ ato

el ectronic structure accor cfaim 28 or 29, whereln sal I npurities
are added ta the gopper conposi,tion _in.a.con t4at.i on_r,ange bet ween about
0. 01 ppﬁﬂ?{f %ﬁ@#ﬂﬁaﬁﬁnﬁlﬁ%gﬁo ﬁ%c%:gﬁﬁ c%ﬁ%ﬁ?.'fhe ion unplan%on iy ATy

lines is important since the copper electromigration mechamsm is driven by surface diffusion.

The copper seed layer surface can be left as pure copper, while the species of interest can be ion
implanted beneath this top copper surface region. This allows for the implanting process beneath
the surface of the copper seed layer while, at the same time, doping the seed layer to improve its

electrical properties.

The present invention novel method therefore provides the desirable dopant ions to
be used in a suitable range of concentrations and furthermore, provides the optimum range that
producesimproved electromigration properties and vanous methods to change the dopant content
in the film by changing plating parameters. For instance, dopant concentrations can be increased
by increasing the level of agitation in the plating tool, e.g , increasing the rotational speed of the
wafer during plating in a cup plater, or increasing the frequency of paddle movernent in a paddle
cell. Other parameters that play a role in defining the dopant levels in the film are the

concentrations of additives and the deposition ratc (or the current density).



34. A nethod for formng a copper conductor in an electronic structure
according to claim27, wherein said surface | ayer of said copg ?dz@bgr
having the at |east one netal ion inpl'&ﬁt'ed has a thi ckness bet a

10 '~ and about 500 ~. 35. A nethod for form ng a copper conductor in an

el ectronic str [.e rjising.t t f.. providin n. el ect.r.oni
structure; foPr:aﬁ?%éf)tglnggggSleg{c?@atf:@?oépeig%cﬁﬁ%tt 1o&mi télc?cﬂ% e%ggtWoongves fre
st ruct ur esedRRASWhiIiATaBlcCOPYRfioEaRMaded Ve Hof.t)zﬁft PortshF €, €3 8 8% 1vRre utilized to
el ectrodepositing a copper conposition containing inpurities into the

r ecept aclaghiteg varmys slapant clepidiant changss am thei shieetgegistanrec dppélar dasadbiaingd onand

i -1 | ti t | t t f.i iti into. [ f id
copper " coRtiRbfoPRaREms hl San tenfis e i 0le &) BaSeprndGbts s 8 °
sel ect ed 3f @M LAGMYTAY E’hecﬁ)'ﬁ_st'h%déﬂghé’fthi@me% oFlthe §1rﬁ,n61né\lne§§:to{%a@ttllipﬂ)nf or

formng a copper conductor in an el ectronic structure conprising the steps
of 1 provictiangg cn *€l"e S oni T acther mmef implantgtion ewreyiacl evhidr effeativalguct or

in the elgectronic,structure: depasiting a.copper.seed l.ayer into th

F ecept acl@inles Tcoepth S hmeints O a nid BEER RS & eyl nsothrourt Pt

cont ai ni ABe P hargk &mdi tHeOerleh®; b GRPIaAEHBNS OTABIBY SRbHs CARIYCARS C1 have
unexpected effects on copper causing a larger resistance drop than the control sample.
Table 2 also shows data on plated copper with no additives in the plating so that the

additives are only achieved by implantation.

Table 3 shows data obtained on 1 pm thick sputtered copper and doped with dopant

ions (no plating). It was discovered that C1 and S are the most effective ions.

Table 2

Sample # Ton E (keV) Dosage, cm-2 | Depth (A) % R Drop
1 et 110 7.0E15 3200 4.5

2 oA 110 7.0E15 6400 L

3 = 200 8.0E14 3000 11.5

4 g 200 8.0E14 6000 -




pl anari zi ng said copper conductor, and ion-inplanting at |east one type of
inpurities into a surface |ayer of said copper conductor, wherein said
inpurities are at |east one type of ion selected fromthe group consisting
of C O d, S N Ti, Sn, In, Co, Al and Cr. 37. A nethod for f )

copper conductor in an electronic structure. according to cIaintégngﬂggézoﬂa
further conprising the step of annealing said electronic structure after
said ion-inplanting step. 38. A nethod fgg form ng a copper conductor in an
el ectronic structure accordrng to cIa|n135 or 36 mherern said inpurities
are added| ” ' ¥ en about

0. 01 ppm | ; 5. 9. Anethod forf formng a
copper cofductor injan el ectr ording tg claim39 or 36
wher ei n sgid-surfack _lLayer of _said cogper_condyetor haviing the atf | east one
metal ion{fnpl ant ed[¥4S a t hifRness bdt¥edn abd89930 ~ gmd- about [500 ~.
40. A nethod for fofmng a cepper condquctor injan electnfonic strycture

conprising the stepg of: proyiding anjel ectronifc structure; formjng a

recept acl ¢Cbhsitrola CcO et or i m—the el e¢t+oni c steucture; [depositirng a barner,
| ayer intd the receptacle; de¢positing]a copper jconducton |ayer orn top of
said seed|layer filling said receptacle, pIanaﬂrzrng saijd copper {form ng a
conduct or anti g at. reastone-erenemt—sel ect ed

fromthe group consrstrng of C, N O S A, C, Ti, G, Sn and In into at

| east one of said barrier |ayer, said seed Iayer sai d copper conductor and
sai d conductor surface |layer imrediately after a deposition process for
said layer. 41. A method for form ng a copper conductor in an electronic
structure according to claim40, wherein said conductor surface |ayer
havi ng a thickness of not |ess than 30.
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Electroplated copper film data without additives and with additives are also

presented in Figures 7 and 8. It is seen that Figure 8 shows data on 1 pum thick plated

copper with additives during plating, showing an abrupt drop in sheet resistance at

approximately 125°C. Figure 7 shows data for 1 um thick plated copper with no additives,

but implanted with S at 200 KeV and a dosage of 8E14/cm’, showing a similar resistance

drop in copper films with additives (Figure 8) occurs over a much wider range in

temperature, i.e., over approximately 300°C.

The present invention novel method may further be carried out in a dual-

implantation process including a secondary surface modification step of ion-implantation

into a surface layer with at least one metal ions selected from Co, Al, Sn, In, Ti or Cr to a
depth between about 30 A and about 500 A, preferably between about 100 A and about 300
A, with an average depth at about 200 A. The modified surface layer is situated on top of

the copper conductor which has a thickness of about 1 um and contains impurities of C, N,

ng 1 npl anted i

44. A nethod for formng a copper

| cRa
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shouidbe understood that the terminology used is intended to be in a nature of words of

description ratherthan of limitation.

Furthermore, while the present invention has been described in terms of a preferred
and an alternate embodiment, it is to be appreciated that those skilled in the art will readily apply

these teachings to other possible variations of the inventions.

The embodiment of the invention in which an exclusive property or privilege is

claimed are defined as follows:
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10%& () - 10%& (p)rovu]'ﬂé an electronic structure;

forming a receptacle for a conductor in said electronic structure;

depositing a copper composition in said receptacle; and

adding at least one impurities into said copper composition such that its
electromigration resistance is improved,

wherein said impurities are at least one type of ions selected from the group
consisting of C, O, CI, S and N.

2. A method for forming a copper conductor is an electronic structure comprising the
steps of:

providing an electronic structure;

forming a receptacle for a conductor in said electronic structure;

depositing a copper composition in said receptacle; and

adding at least one impurities into said copper composition such that its electro
migration resistance is improved,

wherein said impurities are at least one type of ions selected from the group

consisting of C, O, Cl, S, N, Ti, Sn and In.

3. A method for forming a copper conductor in an electronic structure according to
claim 1 or 2, wherein said copper composition is deposited by a technique selected from the
group consisting of electroplating, electroless plating physical vapor deposition and

chemical vapor deposition.

4. A method for forming copper conductor in an electronic structure according to claim
1 or 2, wherein said impurities are added to said copper composition in a concentration

range between about .01 ppm by weight and about 1000 ppm by weight.

5. A method for forming a copper conductor in an electronic structure according to
claim 1 or 2, wherein said copper composition deposition step further comprises:
depositing a copper seed layer into said receptacle;

ion-implanting at least one type of impurities into said seed layer, and
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claim 1 or 2, wherein said deposition step for said copper composition further comprises the
steps of:

depositing a copper seed layer into said receptacle;

electrodepositing a copper composition containing impurities into and filling said
receptacle; and

annealing said electronic structure.

8. A method for forming a copper conductor in an electronic structure according to
claim 1 or 2, wherein said deposition step for said copper composition further comprises the
steps of:

depositing a barrier diffusion layer into said receptacle;

implanting dopant ions into said barrier layer;

depositing a copper seed layer on top of said barrier layer; and

annealing said electronic structure.

9. A method for forming a copper conductor in an electronic structure according to
claim 8, wherein said copper seed layer is deposited by a physical vapor deposition

technique.

10. A method for forming a copper conductor in an electronic structure according to
claim 8 further comprising the step of depositing a copper composition into and filing said

receptacle.

11. A method for forming a copper conductor in an electronic structure comprising the
steps of:

providing an electronic structure;

forming a receptacle for a conductor in the electronic structure;

depositing a copper seed layer into the receptacle;

ion-implanting at least one type of impurities into the seed layer; and



10! 2" 10%EE&’ () - & 2" 10%@&' () - & 2" 10%U

78 ()-&)!12"10%g& ()- & (" 10%g& ()-!f" 1Q%g&’ () - MVIVZW Wiviy XY§qu@AY 2803
"10%lv J& ()-'! "10%z& ()-!S'10%z& ()-!'S' 10%EE& ()-, 10%& () - 1
10EE=YY" ZZ[[' \WVA4rP/ 11"1098 S & ()- |"10% v J& ()-!1"10%z& ()-!

"10%z& ()-! "1098S& (-1 109 C)s A\ AEAMXWEr P/ 112" 109 (] (& () -
200 Sk () SRR opgr SAGETh pjid Yecsbtace:
| " LOYXNX&' () - MHeldifl@afd (mhpdxities &reCat{ le@dd! one type of ions selected from the group
112"109 (] ('sy"109& ()-'sy"10%4]1]1]1& ()-!nl0% ()- 10bxbx 10bxbx
10bxbx! 2'ce09iingod (Y2 €L S agddaar?M 1L
109 ()-!'"10%&' ()-s@O0%&' ()-s"10%& ()-L 109%& ()-!L 10%cé& ()-abcqcccceccuj @
FTF"10%@& ()-Z 10 10 10" 109 ()-L9!
109&' () - 1B 10%&n{eyhdd1fadEortning a BdpisHreoadBjtor@ an electronic structure comprising the
I 109 (sze_p;;%g%@‘l ()-y!'10%&& ()- " 10%@& ()-10%@& ()- !';L-10%@ @

providing an electronic structure;

forming a receptacle for a conductor in the electronic structure;

depositing a copper seed layer into the receptacle;

ion-implanting at least one type of impurities into the seed layer; and

depositing a copper composition in said receptacle;

wherein said impurities are at least one type of ions selected from the group

consisting of C, O, Cl, S, N, Ti, Sn and In.

13. A method for forming a copper conductor in an electronic structure according to

claim 11 or 12 further comprising the step of annealing the seed layer.

14. A method for forming a copper conductor in an electronic structure according to
claim 11 or 12 further comprising the steps of annealing said seed layer to uniformly
distribute the impurities in the layer and to cause a diffusion of the impurities into the

electrolytically plated copper.

15. A method for forming a copper conductor in an electronic structure according to
claim 11 or 12, wherein said copper composition is deposited by a technique selected from
the group consisting of electroplating, electroless plating physical vapor deposition and

chemical vapor deposition.

16. A method for forming a copper conductor in an electronic structure according to
claim 11 or 12, wherein said impurities are added to the copper composition in a

concentration range between about 0.01 ppm by weight and about 1000 ppm by weight.

17. A method for forming a copper conductor in an electronic structure comprising the
steps of:

providing an electronic structure;
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annealing the electronic structure,
wherein said impurities are at least one type of ions selected from the group

consisting of C, O, Cl, S and N.

18. A method for forming a copper conductor in an electronic structure comprising the
steps of:

providing an electronic structure;

forming a receptacle for a conductor in the electronic structure;

depositing a copper seed layer into the receptacle;

electrodepositing a copper composition containing impurities into the receptacle;

annealing the electronic structure,

wherein said impurities are at least one type of ions selected from the group
consisting of C, O, CL, S, N, Ti, Sn and In.

19. A method for forming a copper conductor in an electronic structure according to
claim 17 or 18, wherein said impurities are added to the copper composition in a

concentration range between about 0.01 ppm weight and about 1000 ppm by weight.

20. A method for forming a copper conductor in an electronic structure according to

claim 17 or 18, wherein said annealing step uniformly distributes the impurities.

21. A method for forming a copper conductor in an electronic structure comprising the
steps of:

providing an electronic structure;

forming a receptacle for a conductor in the electronic structure;

depositing a barrier layer into the receptacle;

implanting dopant ions into the barrier layer;

depositing a copper seed layer on top of the barrier layer; and

annealing the electronic structure such that dopant ions diffuse into the copper seed

layer,
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consisting of C, O, Cl, S and N.

22. A method for forming a copper conductor in an electronic structure comprising the
steps of:

providing an electronic structure;

forming a receptacle for a conductor in the electronic structure;

depositing a barrier layer into the receptacle;

implanting dopant ions into the barrier layer;

depositing a copper seed layer on top of the barrier layer; and

annealing the electronic structure such that dopant ions diffuse into the copper seed
layer,

wherein said dopant ions are at least one type of ions selected from the group
consisting of C, O, CI, S, N, Ti, Sn, and In.

23. A method for forming copper conductor in an electronic structure according to claim
21 further comprising the step of depositing a copper composition into and filling the

receptacle.

24, A method for forming a copper conductor in an electronic structure according to
claim 23, wherein the copper composition is deposited by a technique selected from the
group consisting of electroplating, electroless plating physical vapor deposition and

chemical vapor deposition.

25. A method for forming a copper conductor in an electronic structure according to
claim 21 or 22, wherein said copper seed layer is deposited by a physical vapor deposition

technique.

26. A method for forming a copper conductor in an electronic structure according to
claim 21 or 22 wherein said dopant ions implanted into said barrier layer in a concentration

range of between about 0.01 ppm by weight and about 1000 ppm by weight.
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ion-implanting at least one type of impurities into a surface layer of said copper
conductor,
wherein said impurities are at least one type of ions selected from the group

consisting of C, O, Cl, S and N.

29. A method for forming a copper conductor in an electronic structure comprising the
steps of:

providing an electronic structure;

forming a receptacle for a conductor in the electronic structure;

depositing a copper seed layer into the receptacle;

depositing a copper composition in said receptacle forming a conductor;

planarizing said copper conductor; and

ion-implanting at least one type of impurities into a surface layer of said copper
conductor,

wherein said impurities are at least one type of ions selected from the group
consisting of C, O, Cl, S, N, Ti, Sn, In, Co, Al and Cr.

30. A method for forming a copper conductor in an electronic structure according to
claim 28 or 29 further comprising the step of annealing said electronic structure after said

ion-implantation step.
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35. " A method for forming a copper conductor in an electronic structure comprising the
steps of:
providing an electronic structure;
forming a receptacle for a conductor in the electronic structure;
depositing a copper seed layer into the receptacle;
electrodepositing a copper composition containing impurities into the receptacle
forming said conductor;
planarizing said copper conductor, and
ion-implanting at least one type of impurities into a surface layer of said copper
conductor,
wherein said impurities are at least one type of ion selected from the group
consisting of C, O, Cl, S and N.

36. A method for forming a copper conductor in an electronic structure comprising the
steps of’

providing an electronic structure;

forming a receptacle for a conductor in the electronic structure;

depositing a copper seed layer into the receptacle;
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40. A method for forming a copper conductor in an electronic structure comprising the
steps of:

providing an electronic structure;

forming a receptacle for a conductor in the electronic structure;

depositing a barrier layer into the receptacle;

depositing a copper conductor layer on top of said seed layer filling said receptacle,

planarizing said copper forming a conductor surface layer; and

ion-implanting at least one element selected from the group consisting of C, N, O, S,
Al, Co, Ti, Cr, Sn and In into at least one of said barrier layer, said seed layer, said copper
conductor and said conductor surface layer immediately after a deposition process for said

layer.

41. A method for forming a copper conductor in an electronic structure according to

claim 40, wherein said conductor surface layer having a thickness of not less than 30.
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43. A method for forming a copper conductor in an electronic structure according to
claim 40, wherein the copper composition is deposited by a technique selected from the

group consisting of electroplating, physical vapor deposition and chemical vapor deposition.

44. A method for forming a copper conductor in an electronic structure according to
claim 40, wherein said copper seed layer is deposited by a physical vapor deposition
technique.

45. A method for forming a copper conductor in an electronic structure according to
claim 40, wherein said at least one element being implanted in a concentration range

between about 0.01 ppm by weight and about 1000 ppm by weight.

46. A method for forming a copper conductor in an electronic structure according to
claim 40, wherein said at least one element implanted improves the electromigration

resistance of the structure.



