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Met hod of formng a self aligned copper capping |ayer

FI ELD OF THE | NVENTI ON The invention relates to a
woreaohoelead form ng a sel f-aligned copper cappi POI/IB2P@ET054445

in respect of a copper interconnect |ayer of a

sem conductor device, so as to inprove the reliability
Methdiestefofmimad deli aligpédaoppee@pinkilwer coupl i ng between t he

i nes. BACKGROUND OF THE | NVENTI ON Al um ni um has, in

the past, been the principal conductive materi al

enpl oyed for electrical interconnection in

sem conduct or devices due to its lowresistivity, good

adherence to silicon dioxide, |ow cost, ease in

bondi ng and good etchability. As device geonetry

continues to scale down for Utra Large Scal e
FIELB{®oTARasVaiNFIN S, there is a growi ng demand for an

i nterconnect wiring with mnimum pitch and high

conduct e tryfenmn Itelaterseq aimétherl ofrfeanig selfeihgncﬁ c0pper capping

r at ed r cui

layeg H]r%i"’Pc?S# %ftdrly TE8H lr“%r %P“%’é%t?ayeﬁ 8f L5 %@%‘Wc&ﬁ &FV&? SRS fraprove

the 18R QT thdi@oyBRAS implOWE ¥@acitive cEQMEn SRS the lines.
appl i cations, such as space (e.g. satellite, probe,

etc), nedical (e.g. pacenmakers and the |ike) and
pan may be required, so as to
BA(W\(/QI gﬁf%]}) (glilrﬁ%qﬁ\]éﬁ{rﬁ)rﬁze the requirenent for

devi ce pgphadedm, in thegastseecdfthe pipRepal icbid@ict 0O nARIial employed
technology is now widely established in the field of
Or SARFIIATIE EHCTCARNGRL QJinf sswééctph@%‘reatd@a tecity low fesighéxjiye 880d
adh rée‘%ctgg(g glhcipﬂ]?h{ggﬂkv;ol\%gf té Se?sgtri?@?rtlﬂﬂg aféc?g(l)(ﬁlﬁ&&la@ IH{In Ak UBYice
geometry aditinuesyto sedle dbhwh gort biltaghirgd Slcaﬂxelnlt@ﬂ:aed; eirafitsj there is a growing

cempg G i B I ir eGP T R g e e ity while
requ%{?gci@ﬁ@ﬁle%l@ BFﬁaﬁlﬁfy t‘ﬁh@hﬂ"ﬁ aﬁ(?ﬁ’t@glratédmn%’)ﬁﬁ UMRGdred3Bod if a
Si OC

intrametal dielectric |ayer
test u@pxamsme dqmmalantsldbsparmfelo mnﬁ Hawewmmozmcsmctlﬁh epplications,

orma trench,. Ie hard- mask .11 gn . the ..

such ghsPhchbiar g BR6eole bieal e sREpRER i b, TR S mittary. o
long@r RRIsphiemaly &Y @équlr%dl o A& aEdil & 201kt rhitenSE I HE tddfufement for

follow ng which a copper Iayer IS dep03|ted over the
devigpfaptase®eituct ure. The copper is then Chemically

Mechani I % C f . .

i nter co%ﬁ% u (Ffocogﬁill}jgte#g% Gﬁcﬁn(Ll egl n%twr \%Rﬁféﬁr e[stabhshed in the
fieldbfeldesiced Chlglapﬁforilrﬁncd\ﬁlﬁgratai dr@ilt&&h/fdeﬁ Ib az{dt I 1ﬁ rrnz(my cases copper

p | ayer Silicon Nitride,
has @aﬂs %lumgleyl h%a‘ﬁé ﬁg Hp lower sepdstivithang B@érr re@ablawd which s
thougﬂg %%2%1 g?? at?fglgflér_qcﬁyﬁfon]e%e %P&Ect@#@% egl%]p ' Referring to Fig. 1

urro rrrer to pre nt It usi ng
of thentbrpwinke in a known damascene process for forming copper interconnects, an

intrametal dielectric layer 10 (e.g. SiOC) is deposited on a substrate, and patterned and
etched to form a trench, leaving a residual hard-mask 11 on the intrametal layer 10 on each
side of the trench. Next, a barrier layer 12 is deposited over the structure, following which a
copper layer is deposited over the entire structure. The copper is then Chemically
Mechanically Polished (CMPd) to leave a copper interconnect line 14 embedded in the
intrametal dielectric layer 10. Next, a dielectric barrier or capping layer 16 (e.g. Silicon

Nitride, SiN or Silicon Carbide, SiC) is deposited over the copper 14 and intrametal dielectric
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surroundi ng dielectric). The | ast process step is the
deposition of a passivation |ayer 18. One of the nmain
W@ b@noeema t hat causes an i nterconnect |ayer tRCHERPOGASI445
is electromgration, in whixh atons of the
I nterconnect physically change | ocation as current
layep 8% &@ppihidi 9B stifieundsd by a ®aitee to pilehat tit foemh giffdsiinto the
generally is defined as atons constituting a |ine that
surrgipinaHElRCEIGH rlERALast PrORESSisHPdS treleppsidonyefel pagsivation layer 18.
el ectr OBne oﬂhteqﬁzﬂﬂ hgﬂo 5%%; 951?5‘6& %ilﬁ&éélﬁ}e@ﬂﬁﬁrqg degrade is
copper I's larger than that of alumnium 1t w e
elecappigeaticat acwhichhtonopgiehe intdréonnactrphgsicalfy ghaspalocatian as current
suffer fromelectropigration.reliability jssues as I
passgbhpitehit %méedﬁ?r}“ﬁ&teElegtrglﬁligrﬁtﬂé)“a%’?&erc’h?f e ﬁ“&é AS popegonstituting a
line tHA€ hBRE SeheMRGSEnt MoWR iktdIthEHRe ARNS leldcBSns. CORRRIh IR FBmigration
nove in the direction of the electron flow, and
resisjancant teppensdugel thoe that obaluiniienf ieell ba apprecieiod Ot cepper will

. direction in oi ds that. have the. effect of . .
incr{asrE BTl e P SeieCtBHTE" HOLTL R (IS FoRmEIEgontinue to
shrifarRekrefi de@bitits indfdacd) UndsEigh theetehGtes @oﬁf@k htombGove in the
~ poor interface 20 between the capping | ayer Giga ,
diregfioa| &b the ¢legtraaritpw.nad ivagaaeico eI Abaipieriace Brida eppesyte
direétﬁ)%l‘ibttosvolicﬁ tﬁ?[%ﬁvgﬂgeﬁfe?fqofqg&e%?&g; celﬁs%atq‘%%stance and eventually causing
el'ectrom grati on resistance. 1'n<act, e poor
an opert @rduac @hlatcares thiddwevieppédil. and the insul ative
cappi ng_l ayer is responsible for nost of the ear

I
f ai | ur edh§ ROYIPISHRCS Ht Rstwesmbe capring kel 1& ga.di%%‘rt@%x/eé}d,the

interd@ect HI?B %ép(%i cgﬁcéﬁ(n@r) L RE g lg Q&helsioﬂ%n&%ecge dﬁlectromigration

el ectrica concentration is |argest IC
resispamicariogsct] the abocioppiace bitgeat thorwoppwl asd resssulaidecepping layer is

voi.di ng. Thu nodi f.i.cati.on of the copper/djelectric
respPN O FLEOT ST Fecal y Gt IRa0RS LG BRI YR AT Magfgver. near
the 4P b8 (1R MMRBndREREDY, thOeBXtiENTididEontkAR lonti¥ 108§ sERBRB enhances
i nt erconnect technology to snaller dinensions while

locahedppetrinigratgpniangstnossyinduaed voslizad rel i ability. Several

appr oaches have. been aposed, f or thi ur pose.. Many

PPt hon i DR o PRSP sl dhsetid ey R O B educe
coppee @iia€lbi€snd oi gré@NiheRby VRRQEnTIBB @8ibilitgdf dsher interconnect

el ectrol ess deposition, to deposit thin netals,

techyylogy tg snedippdingsvipns whele W@rtaiamgéﬁgltwﬁma@?eaﬁdcrgﬁgﬁility-
Sev%lca%gamaggéas }B% 'bg'JH ﬂ}g%(gsgy@r thllg?){uppg))ég 'NRL@f of tﬂ?rﬁg%f&@ ©5%he use of

nmascene ‘processi ng, use se igne
seledaberdepssiti¢riSaBs)iqira se. padamitad pase depditicdpnd@éectroless deposition, to
dielectric barrier filnms used for netal |ine cappin

depagplinpetalies -1 W 4PpIGAY B GO HeRPPeY dtar coRRSY (RE MR

Mech&SikS tPANSE N duce capacitive coupling between
adj acent netal lines. Current integration schenes for

sel f al i §oegkample, in advanced Cu dual damascene processing, the use of self-
aligned barriers (SABs) has been proposed to replace dielectric barrier films used for metal
line capping. SABs are mainly applied to improve electromigration resistance and reduce
capacitive coupling between adjacent metal lines. Current integration schemes for self-
aligned barriers are generally based on a selective, electroless CoWP deposition process,
significant improvement in electromigration performance has resulted from implementing
these metal cap layers. However, a disadvantage of electroless barriers is that this method

faces selectivity issues, since any metallic deposition in between metal lines may degrade
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barriers are generally based on a sel ective,
el ectrol ess CoWP deposition process, significant
WO pprowesment in el ectrom gration perfornmance hBGI/IB2006/054445
resulted frominpl enenting 3 hese netal cap |ayers.
However, a di sadvantage of electroless barriers is
leakhgbadunteht propatibodnd sigaFicaed ieepiavioh evaspamt isthosghtade required
netallic dep05|t|on in between netal |ines may
befogpthesroRaraek sab0 %wrpémed;sw@ﬁ&t@aré@m%aﬂgwgm fi cant
i nt egr ahh sOR afE&! i IRASINS frﬂ‘?y& n%@nordqﬁ‘s' L h be n
before these barriers can be |ntro uced 1nto stan
proppsalebish id lmssd osopper airfaee natdifiuafion, tﬁhﬁb}?\hlﬁmmatmgrthe above—

men SR SR B &P A€ SO HITBE T i P elgghon Performance t

othef Eél@éﬁ!v@fy’ RGodifed b%ﬁ%\‘ FBRILON BFieBE! aﬁfétr eMhhMglo® 88D per surface of
whi [ e béing equivalent in terms of propaga§|on
the q@@pérdmmmntpom@ph ef sibek ¢Sy bl pytrfdsp@hmtdeﬁ ipacpiperated at the
ues. Bri.efl af t cl eani uppe
surtiegiy S EFonpRE BRHE 8 e SerlE hie A s SisHBRFoyige. Nitrogen
incofparttbh ik SheR@FfeORABY apAIginDi ani SH1 AGRAMNAM LG B8Fm bI&SIN barrier. In
surface to forma copper suicide |ayer at the upper
othes wiofdse e dfuSiNdarrier &y loonereby modigingihe yusgen of the copper
f I .
1ntellc81%96c ?&tﬁ%{] Stﬁrga}l fe;Z a %elggc%vg d&ﬁ@tﬁqﬁggl}nﬁﬁg OGV%V herhli_sl\%[i)vr tage of this
techmiqee @.tﬁdltl‘ﬂhé)ﬁl‘sfstleﬂty bisthe drteredniiey t iadbé yndf@sémey smnﬁaae@table
of the cgwfer |nterconnect rather than by a selective
amoyfib thersiligidation prrcg e CuSbisparon)4s BP%‘&@V&W@&@ /Bpltadhi s

techni qﬂqlak ﬁeénl'}lg&bt{f{é% tﬁﬁ%hegé eyénk opgllmél%gtg ﬂ‘n&ﬁ)f)gr acts to

may be i ncrease y an unac pta
increisé Blectdta’mgmnoprreﬂﬁt&sty( BeSusef tbrsratidgr) thedCwnatbmah the lattice of an
cont ol l ed/ h It _has been identified. that %
intergpesllicamege PR RIS AP eish fororaie o b very effective

in 1nhﬁ6{?1§§§ﬁla%ilﬁ§t3'e@fn&1€gn@@l bRRe®Eed SbikhbiY folR8EAMSR ElhBoy cap on the
could pin the Cu atons in the lattice of an

uppdérptidageetfai|intercoongso Uted example aUDRPateht Ny. TedpPhdescribes a self-
consi dere
olig RS io Bai b i oo Rt SN b el gpruea wien
titankiHQ M) hed subj@add BGuBseGlerdhh@alieaR @Batk A& WPPaloysidifeace
of an |nterconnect For exanpl e, US Patent No. 5447599

coppeg/sisinize sungtigr| Fhelungpseigd o B Ay dppsiy gchbygpand the

. I I

e g A8 Ot SO0 NEELI, SRS i

The @i AndedingURTIA )dh lamw}&tatﬂnhq)hem artérhpdragiidinming (bEtWB&n 550 and
Jhe unreacted Ti is stripped away by dry etching,

6507 provast Aimiguies3hhusihe 69/Pne§ hgfﬁ?oag% a%’ﬁfi Withe & lapered ﬂ}%éo) which
acts gggﬁgﬁédﬂ(\/ghlfﬁﬁ?on%ﬁ’l@&r HQ%CB& inbuf AT HPclgrd%ﬁﬁ%éillén% the anneal

in an NH3 at nosphere at a tenperature rangi ng
temppedtwedn 4660 mad maE0QEd porferablyuoeed, whinkifsemot hilgianl,ougIh‘@ create

I T RN T AT N
inteleBRfc@MindsR¥iAFERhin Ao BZAUTB o the MEARKG@ ity of the CusTi that remains in
the lines.

In fact, a general drawback of alloying copper with other elements is the
increase in resistivity. This will become of increasing concern for future technology
generations where the copper resistivity starts to increase non-linearly due to electron

scattering at grain boundaries and interfaces. Moreover, a smaller copper grain size due to the



10

15

20

25

30

tenperature i s 4000C maxi mum (and preferably | ower),
which is not high enough to create the Ti N cappi ng
WO e@miostded0 i ntermetal | i c Cu3Ti conpound. Hence, PETIEB2006/054445
resistivity of the interconhect lines will remain too
hi gh due to the high resistivity of the Cu3Ti that
preséi@RRif AHoying tlMehisn@d thd prefeacs of impeities an thdreasbackndifies might
al l oying copper. with other elenments is the increase in

also igegpase the ¢y resiphyidy.Jyuphing Bredife deley therassentaRly bighderels-

for fut

resi sti oy FGEIAR, SiRERCL Sk R HNGLE o BORE boper surface
of thelceppardimes wathtveryi log @hcgtatinndbafithe alloyesg elnotent, whereby the

i.nterfaces, Noreqver smal.l er copp ai n_size
aloyige EipsprEaincs SOy g Ce BRI e henion b S o
possitle tRIHid 4 LigRirRMAn (IR r8 @hitebRuada r(éa§fsaﬂrhlmgccoﬁl:§rﬁratlon below 1
increase the Cu resistivity, pushing the del a

at% ahthe cpptrabteyfads eitwbantbe Su-aleatcapping btyaadidya ﬂlaqlawred Si€N that
a tc%gfgeréﬁl | oy solid solution at the upper surface of
PIEVERR lines wwth very | ow concentrations of the
al | oyi nwsei()@nrmt)m%fm a8y ribéien AEhoY WHBrebRa@NIAN allbPeapping
is sufficiently large to inprove on the adhesion but
layepis uspmia impsoysoestisnugiagomefiayios byinggens ptaprlf-pligned indiffusion of
alun{:ﬂ&%bﬁ/;sgz{llﬁr?%frgﬁlrtﬁga?u r’%‘¥ %@gng'ﬂ{eoé‘he%??%%ggﬁh ?l%f%hfﬁ@’step,
and eA@Ping go Fay 24 oﬁﬂhd dﬁavtflhgsr,l alcaygd imtercShiest 14 &tenﬂfeﬁdﬁhﬁv&hm a
di ffu3| on).. US 2004/ 0207093 Al describes a
intragpcey digfecsiclivay [yithy dacispiagr Iaferebravasaed i mfﬁﬂ}le\fﬁé (or Mg,
Zn, @tkgﬁ@ Qms%eﬁg 1%@ he Mf Ak al'ﬂﬁ@@ﬁ ?ﬂd Gief® rifcl érqg% for
I ndi u5|ono alumnium Starting fromthe structu
exarﬁpih RMDn@VUm f(]hbmsaﬁhsti\mxharﬁigaﬂb Pb¢ alshimgmsfilep20 mnhien
he draw

errin to S
anndafiadh Gy it Cxiled Snib at i e A int i SRR ETipe 14. as illustrated

in Fdi 8¢ atelalfmihA¥ED0 it Winldin PafRAkHA Bhed1 84 (1.d L u-alloy formation) is
therebetween. A thin netallic Al (or Zn, etc) film

rem@@diby wm;@oér}t @@mml pwblrkgf(swiégr&t)aandl therean IMN amldO; or Al4C; film
tri er N F ex le, P
ool Ry P0 STt Be e o O o SRR Rosef Yy Sty HlgRlaion
oxidafiéNodunigiah Rsh dehé gﬁmlaa;telia 2D, a@lﬂl@dda%d ih@Ened? ttdrhWigs.
top of the interconnect line 14, as illustrated in

Fig. 2cHovseerathgrrenesmised te Fam the prdtersionfaysr inpplées that there is a

sufﬁ%ﬂb??@Lanﬂye&f (hllrm%lu& ?1' |(9}’ alio?;tg%}éﬁpéqt}llszlg\serr.emﬁl%ﬂﬁg% the creation

hem cal et chi ng (see
of thal plibteé’tlon@ajm’r réuAfes dfftdsion(qiradingiatung rant dydffhisi@d miag equally occur
formed on the top of the interconnect 14 by neans of
thropgh the infercpnech i Pilse i Amene BRGE MBK FSHlthan eyicTapnect

resmltlgv\gghag%togﬁlghl lustrated in Fig. 2e of the draw ngs.
However, the "process used to formthe protection |ayer

i mpl i eslttihptefdrtvdrte pravide a method of forming an interconnect layer for an
integrated circuit, whereby reliability is improved without an undue increase in interconnect

resistivity.

SUMMARY OF THE INVENTION

In accordance with the present invention, there is provided a method of
forming an interconnect layer for an integrated circuit, the method comprising the steps of:
- providing an interconnect line of a first metal in a dielectric layer;

- providing a layer of a second metal on a surface of said interconnect line;
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sufficient quantity of alumniumin the Cu-alloy to
create this layer. Furthernore, the creation of the
w@e@rectokdn | ayer requires diffusion of al um nPCIIB2asd54445
i ndi ffusion may equal |y occur through the
i nterconnect. These factors, anong others, may result
- In an i péesragnneptoct8Ib shuseiiidiffusian of Soind @f kdi@ Becohtl niegal into a
preferred to provide _a nmethod of formng a

portjogot peig Arfeeniesy Bpe 3GRCeARSAIhFBHICE PRUCHPBEG] S@ud ipfsEoapset line to

oS Sy U R LR rvin

barrigc odosadthpaeombf fnid heerporeseriine adjeentt soid, sutfher, saidsliffusion barrier
rravi ded a pethod of formn terco ayer for
comf it g R Ra BT R B CoTPe b Rk SO SR gty Ty said

non-HetalRE QsBhRg an i nterconnect |ine of a first netal in
a dielectric layer; providing a |ayer of a second '
met aI oithus, ﬁmafba&err@mtlgmdobmw eyasbrened by benerming a reactlve

cess cau i.ndi f f.usi on of .ato
procB§ i Sk RS te s S 3T Fre R oF S8R 8 ntat o3 eagponment
conthinfify A6ha6En horsaieehusdmfbat@ﬁcea Ao @xRASH BFfSRInGbarrier of the resultant
interconnect line to atonms of a non-netal lic substance
comgeiridrigstead of ainmﬂhowcamn@&laaﬁroeeglsthe grigsart.o form a

di ffusi Pr{]a r% Jrre%r enq o?ﬁrre 111\9 tﬁ@!ﬁgstl ttzﬁrc‘igr% ﬂgecstcopper
E dgﬁﬁ T n%errle?

i ne adj acen sal ace usi on

and €erpedndli rﬂ@al&nh;aycﬁﬁprﬂe f‘ﬂuﬁﬁxﬂﬁmulvﬁgﬁ@iﬁnﬁ io8 Bdraaf Th&dedhre preferred
first netal sald second. netal and said non netall

becayip ey Are @ mHER loviar gesiysing Magrpstals éego%l; £2:Cr, §n) and non-metals
(e.g.ﬁﬂ)lﬁésgdkﬂ tH rfo? L Qsoathreﬁ ?&EL&% 1P edlorf ﬁg@g&twhrch are

I nt erconnect Ine a ayer O?gSGCOH
presengtoal the interéaces tharetynimgmévicg adiwisionagd atlabditphndipreventing

nan- net llic bst an nerate a ffusion
excalpe [gHOn ol SEang Sisia) SuTI e Prick EafhERIcRn Alang Me are

solubRRRHhek &Y LFelatASlyl ddlN& tdt bRd d&hbt crédle RigRlyek&EiRAntermetallic
enbodi ment of the’invention, the first netal conprises

compoppler and the second netal may conprlse Al um ni um
Magnesi rred becaus

have a ,;I:H]% RO 8}/%31%1(% W sg{l?elli)rlesz %%‘éﬁmﬁ%]ilsf[s gn? ar 161oretﬁl}err{trogen

oxy ged, or ChrboYucR fttht BYOsiRIAIssid (e @onfct 1ilé MRPBOE dfReddE metal
prior art. Also, they react easily with oxygen or

thergip dpgge prIAIT BN oRrRsOgss BemIes HRIdaReN, |Oﬁfr@iﬂpa@égarbrdﬁ@@rewpectwely-
Thué TRLQYE p%'r %ﬁb%ﬁm?é?lg {r Ls@ﬁrekal 'i:g o%}égptﬂerh%cond metal
n rret a the

8xCcessive h usi on o e second nt o
comf)nffstAlﬁ”mirﬁhm akd tienemrmea]licAlubstmtte Mo niptige sSiotrogdne sudh that the
per. to a relatively smal |l extent and do not create

resuhalt,} Hillf_\§u%1<§§‘i’9§’fl?r\f‘@ﬁiﬂﬂs%? HetMN ompound.

Beneficially, the layer of said second metal is provided by means of a
deposition process, such as PVD, CVD or ALD. Preferably, the layer of second metal is
deposited on the surface of the interconnect line and the adjacent dielectric layer.

The interconnect line may be subjected to an annealing process at a relatively
low temperature in a plasma environment, thereby avoiding massive indiffusion of the
second metal into the body of first metal, or it may be subjected to annealing at a relatively
higher temperature (using a furnace or heated chuck, for example) in a reactive environment.

In a first exemplary embodiment of the invention, the interconnect line and
layer of said second metal is subjected to a reactive annealing process in an environment

containing said non-metallic substance, so as to cause indiffusion of atoms of the second
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conpounds. The non-netallic substance preferably
conprises one or nore of nitrogen, oxygen or carbon,

WG eoh/otdeat exposure of said interconnect |ine BCHIB2AYw054445
of second netal thereto durGng said diffusion process
causes nitridation, oxidation or carbidation

metd] &SP el inveeddrnediNing and Breatecanexiengl By & mixodirfends the herconnect
first netal conprises Copper, the second. neta

line.cgiplh PRQEI ADGRTGIF Y EhEe Bipensrrd ibqrerametatlicsiybsiaagrce form the
A L B e el P NPl o e
aboeayentictd sampoweldon thenetvahtagsofyrioving det deyomizaetal mfth@matrix of

epositjon process, .S as PVD,..CVD or ALD. . .
the 55 DRER Lh PrevE Qo By dROIGRS B8 P AP AYe gl ingl Tgf reactive
atmdsPBer® WLERE theQhnbdIBig PRERECRRN %ﬁ)ticallI?r REmPRG NOer, adHaCR™N,) plasma

dielectric |ayer. %he i nterconnect |ine may be
or a whjecnechltioamammonsadnvirgnpeic bsthe atseaviresd tieilayer pf basdvsecond

mecR 8 itk ol EhT B e OB st o7 e FYRER B e

aton@¥foffthe Sén-Aetadlic suBktahde dABYEshIge SdrBb@CdraBe la9eiddi8edrdngetdlton the
a relatively higher tenperature (using a furnace or

dielaetiig odedrnsiermedio andapphie) dompaupeataid/eecend metshrigrieh has the
1. e . l. N ely]

R s T B L A LR

(opti®ublpdeadbiequentlyaagibiadth g ioeadample, preoclessicalor @tth stripping means
envi ronment containing said non-netallic, substance

. .50
(e.g £hlqrigebaprdks e tF U OW - 1ht! dhBotPmPYRd. @b Ags paliffusion
barﬂepg&hétgl? sﬂoPtlagreFﬁ?rEﬁtﬁﬁltéréJh%e&q Shedle an alloyed layer
at t ace of t

e sur e I nterconnect |ine, which alloyed
| ayer r&attsomd treniieryandsindnt bhéenovennet.ahé interconnect line may

ubstance .to.formthe diffusion barrier. The reactiaon .
be sylIeHed Rt SNl SEPIHEE YheHERE PO Qi Sk it Ly gh said

secohf encd 0V 8- B IR %ﬂmﬁﬁfﬁﬁppﬂ?\qAE Aspdr iR RRANTRGR s Qus %)recursor will

pinning the second netal in the matrix of the first
decametoat of the yurfeveei the interemnechidne tudng alayeeeleasdms ot snid basond

inter nect.line he active atnosphere during the.
metd] Rl IR BiF 5t Ebag g b TSR PO A Re ey 11y Rifpplied in o
man@ér sNnjlatb 25 (Qfondc T dyravosifiogRvith B campaiidndining atoms of the

environnent. In the case where the |ayer of said

non-gresalligl substagre. i Adpoas tetractansi I Giranaipepn diglectsigfiimeemprising
a co%i)m% ofqhg Le%%b& h%teh NE Ehe ntoggmétgﬁgts{l@sl? Wetcg'n B? rowno the
0 e non-metal 11 c substance causes the portrons o
intercbendcalyiey (a0d tiraiicacrioityal) aod, durthgdhlpesdekd, thet ®@cdigl metal that is
transforned . tq an jnsul ati ve conpound of said seg

depqseedfuringing fpitalcyelRavilgaict Pomdhe soiveanpRage ferm the fifiston barrier
on tHY B¥EnhBY 14 'ir,ecflér_g%; Bhprbi g ERKRIGhis LRESidaDSPréHch € considered

conpound may (opti onhal II) Y) ge subsequently renoved by,
to effativelyaopirel, thevdoseatielnd cadbndomert ol the degpe njallmyaresof the portion of
the interconnect layer adjacent the above-mentioned surface. The dielectric film thus formed,
which covers the dielectric layer and the diffusion barrier, acts as an etch stop layer for
subsequent interconnect layers, on which etch stop layer can be deposited the next layer of
ULK material.

It will be appreciated that the interconnect line may be exposed to a

combination of oxygen and nitrogen atoms during the indiffusion process.

The present invention extends to a method of manufacturing an integrated

circuit comprising one or more semiconductor devices, the method comprising providing a
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(e.g. chloride based chem stries). However, if it is
not renoved, it can act as a diffusion barrier and
weeenostedp | ayer for the interconnect |ayer abRPVEIB2DOG/54445
second exenpl ary enbodi nent7 of the invention, the
i nterconnect line my be subjected to a chem ca
dielexiORy¢reond $ubsgas, qﬁusldmrgemuntsﬂ:roﬁndcln dhe obafiak meall diEiddielectric
said second netal, e.g. a trlnethyl al um ni um ( TMA)
laye, proyiding adyesaf a seprad @5&%@9@ syrfaepfsaid werqona%élﬁﬁd%eéfomng a
Iy
procggak ytg ?gu qﬁélgﬁngog%f Iétjgﬁl ogtg%g %g&ﬁg?ﬁﬁth Htﬁ)i npgn?t\f(?rpngfasgld interconnect
line pdjefant sad smtﬁir@cindempgmrtgf&aicknm&zmmeﬁ limayo bems of a non-metallic

nti al lied in a manner sim.lar to ALD
sub RS RN L BB ey WP 12 SHBBENE BHEaR aRgortion of
said ‘?ﬁt@%n&fct Eﬁkeac%]%nﬂ?atlc%drfa‘ée SUREdifNGEn b&er@r ¢ isif®a layer of a
co-react ant his manner, a dielectric film

compounsrdosiprgedoCampbsh thet, saldseserbonetahwtdaaidamu-mhiellic substance.

non- met st ance can be grown on the. .

interc oﬁh%BEes?‘}l% %VCPQ% alsp, SXtS‘ildeS%S ét r“’i‘thrlaé?gecF)?“%H‘&P“facmfed by the
metlebdrdeniged Rbsepr ocess, the second netal that is

deposited during the initial cycle will react with the

co- r eactaefe 2@ qwr APCRE of iefpigieahinyertioneyillde apparent from, and
elucl gl GANNEGLnd Y She ohSHERYITRL AL RO ANeST on. Thi s

chemical approach is considered to effectively contro

t he dosEnmpbdinhtsefahapresait adveatich wilenele he descoibed by way of

al l oying of the portion of the interconnect |ayer
exaralaf%\e@man@ RéthaBiG{RaChrENE SHRAUMRANY Mg CEAWIRER di el ectri c

filmthus fornmed, which covers the dielectric |ayer

and the diffusion barrier, acts as an etch stop |ayer
BRIEEDW&]@MOF At DBAYEENGS ayers, on which etch stop

| ayer can osi t.ed the next |aye LK mat er| al
i 11 Pl TS FRe PGB SHC U SN BF & BRHLGLe PR hayicture

aca@@ngﬁpgg%goggia conbi nati on of oxygen and nitrogen
atons during the indiffusion process. The present '
i nvent i bigseda t@rﬂdsllm&braat seberhatiadf theaprufcapd stepnef amethod according

inte circu n Qr nore .

o iR b i 88 Mo SioRder i BB s p P ABeBUTSH ng

adi el ecFrgsc3d t@)@ﬁrﬂl@@ra@e SUBBhIIANG thdiMdishl B@pASE a method

interconnect line of a first netal in said dielectric
accora fo a HrH examplaryembpgliapensfof ghequessptinyentign fonfogming a capping

connect line, performng a

hyegﬁggggg)?%n%gﬁggcphgéffu3|on of atonms of said second

nmet al i Rigs. 4 tpalﬁtﬂl@:nra&f schainatidaily eicconivgeil stepnef a method

adj acent said surface and expqsing said interconnect
accoriig (4 &SP BHEXGIPIA S FOHORETEN o EregUpstbiention! Phigragied capping

1aefgghgg@§ﬁgﬁmggﬁgg§s so as to forma diffusion barrier

In said portion of said interconnect |ine adjacent
said surface, said diffusion barrier conprising a

o i B sRa R O GBI et al ' ¢ subst ance

A process is thus proposed herein for the formation of a self-aligned Cu-alloy

capping layer on a metal interconnection that has improved adhesion properties and
resistance to electromigration and stress-induced voiding near the upper part of the
interconnect lines. This is achieved by forming an intermetallic compound , for example, a
copper alloyed compound (e.g. CuAIN) near the top of the interconnect lines. Thus, the

indiffusion of aluminium into the copper can be controlled.
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The present invention also extends to an integrated
circuit manufactured by the nethod defined above,
wab@geemmd ot her aspects of the present i nventPGHIB00A/054445
be apparent from and elucitlated with reference to,
t he enbodi nents descri bed herein. Enbodi nents of the
pr esent Stantiefro@nhavthicturevolloeyite geriHeatcdd Wisaniodl Polishing step,
exanples only and with reference to the acconpanyi
and gefefing 4o Fiepad mrd FEgchs ArAWIRESOr CRIET BRAPPINISS! Ft 1. e@eg@ﬁd within

a 1nt?an§&£l%&étﬁc ty25 50 wif GltaRfd J)ék o) t}%fret%tvog‘e'hain a flI‘St exemplary

I nterconnect structure according to the prior
embbdigent @atht preentiihvensibn,at thirsobwlgtAldat Mg, Bh Enpartc)rfu:lnpw is

s of t hod .according to.the ' art fo
dep PPt lr BECL TGy R e bhBh (BppEie. PVD. CVD or
ALD rbts GNGAIREGH Fig B8SNexd aantdoas $l%s't11a{eﬁslﬁ F%t 8¢ SCREAREIRARLAINg process
t’he principal steps of a method according to a first

is p@foempd &r 3n Enmouiiaeepnironghent e niregeemtr okygearricarpohgontaining plasma

n a er t erconnec
so e AR GRREA A o BYR 10 22 s RRRSE af s SR ORI lipS B in respect
of whicBRStridhtich/GEH R/ QALK& dGodcOrsao PRCAE A1 @X @RRbAHSF matrix and
enbodi nent _of the present invention for formng a

createeppCHQ LN diféysiarbagrierciipdhe ramasniag pheeiniunpEnAhe giplectric layer 10)
is tr. %Ieﬁ) EAtQAIﬁAF@%?%(?/EﬁF P‘é&tﬁfe‘%ﬁ?r%gﬁ IA%N&Q%’E%W ?/Iﬂﬁ:%%gevents

erein 0
lnteICI’&B@.l lige lealy:pe. Dite witropirednd d’xtygérﬁﬁdimaﬁinlgoﬂl\txﬁg;llath may
nproved adhesi on properties and resistance to

<0Pt1@|né1%x>rh9ﬁﬁlgpaftq DhwelrheriGabeseirhHtippteveiar (e rBlaride pased
chenﬁ{s}&%’é) R&ifus@ited REF nﬁ@&f@@ﬁ?a%%g nes. This is achieved

ormng an internmetallic co und , for exanple, a
copper &l wm;mchppmmamalnhat(las glcsi@bkl tN)mineaise thenibiom diffusion in

the inter ect |ines. he i ndiffusion of
coppgt G- IR (et G BrokeL indaenring i oui & Sint lqy However
wheh b RRihfigh BlFsEhUTRo fifbds @wlta& P Qe 8ha M BARh A bynealed.

Pol i shing step, and referring to Fig. 3a and 4a of
the adwraimivrgsnditfusopipee thersopparduticlts bean fcslné m@b@ldmcwtahiy lhlgh even

intrametal .dielectric layer barr er J.ayer
ot relalv P B PP o ¥ bR By ol G e
nitrid BRI A& dfMHEMuPRlumas p&ifeinidattakah Forth tHeQhetMlic fm into a
Zn, etc) film20 is deposited on top of the netal

dielgcirigeraterialy fherehydIrevenfing fyrghpe ndiffnsign andgelvang g labovemppntioned
prob%ﬂl?. e Al is thus fixed/bonded on top of the copper lines. In this case, it is not
absolutely necessary to remove aluminium in between lines as an AIN,Oy film is non-
conductive. As Al is quickly passivated by a hermetic oxide film, the Al film should be
deposited as thin as possible to allow complete oxidation (say, 2nm maximum).

Thus, in summary, in a method according to a first exemplary embodiment of
the present invention, a thin metallic Al (or Mg or B) film is deposited by means of, for
example, PVD, CVD, ALD, Plasma enhanced ALD or ion induced ALD on top of metal
lines and dielectric. A reactive anneal is carried out form a copper-alloyed compound (e.g.
CuAIN) near the top of the metal lines. Excessive Al indiffusion of Al degrades Cu resistivity
and, therefore, it is an advantage of the present invention that the indiffusion of Al can be
controlled by forming this intermetallic compound near the upper interface. The reactive
atmosphere during the anneal might typically be N./H,, NH3 or N>O plasma anneal or a

furnace anneal in an ammonia environment. Due to the reactive anneal, a dielectric AIN,
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ALD, as illustrated in Fig. 3b. Next, and as
illustrated in Fig. 3c, a reactive annealing process

WO 200p@edfodr med i n an anmoni a envi ronnent, or ni PCOTR06NS4445
oxygen or carbon-containing plasm so to create a very
thin Cu-Al alloyed layer 22 at the top of the

AL O;dreX1IDQONED id fon@ed i betweashe afetad lingd)imtile a CuAIN or CuAlN(O)
nitridation/oxidation/carbidisation_ occurs_to pi

film Ay fqrpped g QY Be hﬁeast‘f”lth(a 3Ry shrldow diffmsonauafilse Hog ‘1119]@%1:‘? AIN,

r 2 r (X I I
RN 2T R, IR AT, S L ks
CuAiN )Willrhavd: hldajvwfetch/khﬂ&xm th2 AIN om0 plfAHﬁ;lﬁlyshelectric capping and

inter-metal |ine. Ie T |t 0
il i TR ARG R e O 4y S ARy LYot PRy pogmoved. i
will ﬁ@tfﬂa\é‘%ﬁff@{oﬁ\ﬁémeﬁﬁm A& 5t8p 18ECHR: S §ﬁ [t ORO A AR SbhFe. 9-
| oride based chem stries), as illustrated in Fig. 3d
of t he brawicngd exdntplavyl dml:i@élm@n oétiegrednt inaention, argl referring to

bl 1 i
Fie. 3R U wings dhe i o s g S hatiel GRS e e
gaseBhOpeBurb6rs eptohtaly, sayoXRMekiumMIgNa a:imléﬂlﬂl AlithinSur (DM tvapor

into direct contact with the copper and subsequently
treatgighe dihe IM A rvell glecempisa pnithri¢dppas sustace.deayinghe layeipgbet Al atoms

behlgg : 'i;;leh@g gl\}éngl%ﬂsggﬁa}tlgﬁ ?1%? Eﬁs %P A %g‘p fas 1\6§ Qmﬁlt for

exaragle QVHY &4 glo -GA66ahi0 hlllcﬁldhaﬂf]‘ileAEflﬂf ®as depos1ted during the initial cycle
nitridation/oxydation of the alumniumis performed t

diffyspined B sPPRFE R FoRetsi VAt NHiQ e GraliNet G dherghy improving adhesion
I ting further indiffusion and
At thg%ft{gl{f%% Y tﬁeﬁ]lg lgt\gl%ogn%e%}/?%ned problem The Al is thus
f i xed/ bBydeqy erbatkgnomfd alhdsasccm]ppeﬂ“d toicnagentionaltGVE vdadeis
ot absolutel ece sar ennve al um ni.um j %ﬂwﬂ

CharB%’F]i}\?eeéi YIGORERUGS dg er ané H?{rﬂf SHEHELTY &R

Dep&lltldn?' ?MMD fﬁlb)is&laeﬁlst'hy %@@n@i{ dBp SR IR 11iRdiQMusEm bhd1Merd HEfractions
fi oul d be deposited as thin as possible to

of a aldnoln'yclolmal weelbcamiotled imanngrs byALRniie rmwtﬂirwn;faceﬁh alernptely

su r in met hod accor di i st exe
S b ??v%hcta?%hmgmteﬂ GaFAFRY precunor
are Mppli€ toMike RactB) oid dtMtinse. BRPOSiré s Bz&e@f)y ifeftrgas purge or
exanpl e, PVD, CVD, ALD, Plasna en ance ALD or ion

PUMP IS PALIDOSIET tq)rsrr@fve gy Esiduphemagrdly dC By erauFgecgas Ar by-

prodrugf'g%tefo\f r?dgﬁ]eg%l e(ijia ﬁlfsflmrgﬁjuc%ﬁﬁnt{) %e@e?ct?ﬁ ﬁﬂﬁ{é { g_r[B ?é’l%gsts of a

nmpound near t op O I nes.
repe&tiﬁle s&indBridial gmﬂﬂﬁ tydenBacl cydle degrdadpsf Guypiedissquertd: Flow of
and, therefare, i s an advantage of the present

precpispbht Pwige t Higw ¢ Wéeq%mr@f G81%5n DYFnaracha¥Pagire sfaPrRIFGUELPT
molg‘)ﬁlé‘s %a[@t Q/gthttﬁé §1rfa@& ﬁﬁt‘ﬂeﬂlaelvlaﬂ&aolg QITRRY @ﬁiesna%@ Eat{ut&?edu pfé%ﬁrsor

Interface. The reactive atnosphere during the anneal
chemisgles atg piocedslcpndieoiNPdrezhoddhiBudr thh2© fokthenmaciivmealkes piace once
a . . -
the surface is completely saturated. Surface saturation guarantees the self-limiting nature of
ALD.

This chemical approach can be used in an exemplary embodiment of the
present invention to effectively control the dose of Al and the degree of alloying of the top
layer. The resultant structure is illustrated in Fig. 3¢, which shows the interconnect line 14
embedded in the intrametal dielectric layer 10 with a Cu-Al alloyed layer 22 close to the top
of the interconnect and capped with a layer 26 of CuAIN, with a dielectric layer 27 of AIN

provided over the capping layer 26 and the intrametal dielectric layer 10. This dielectric layer
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furnace anneal in an ammoni a environnment. Due to the
reactive anneal, a dielectric AIN Al20 or AINxOy film
W0 2007060e@ i N between the netal |ines, while aP@QuR22BDNS4445
CUAIN(O) filmis fornmed onloop of the lines with a
very shallow diffusion profile. The dielectric AN,
27 pAtVZdiﬁ aQtiffédidix EMrlbﬁSr&rhtﬂi btop darsiet ofdie uaekcbyneselayer above, the
em cal neans or ry etching. The CuAIN wi Il have
ULI%IHU@\Wé’Fal éteéq?tﬁ“a]taéert%dﬁ Whigh I8 skRowh infFizcad BFPOAI Rk Oy the dielectric
Aqul}?@r getric capping and will therefore remain at the
' race. If the AIN, Al 238 or Al NxOy capping is not
r enoved]n gdnewil| the advtaneegesoftthé ﬁbmieaies&:lﬂredi egemphdy ehbddiments of

stop ] ayer f.or nt.er connect
the ERBH i R iamin PO MBTGn CORD nep iy e etccuit, fufle foginterface of
the &B?elr lﬁfee&{d lﬂgalfz@d @rﬂn staf¥i oftclagpéi”lﬁi\% RghR ahfnlﬁﬁlum and nitrogen that
i nterconnect line“14 i s subjec to chem cal exposure
pinswhe ¢ppgasevispplestss corpes ntigratio and mld forsraylon ahdii nn}moum
e. q. .trinethyl alu r eat
clecyigrtid ielSbtss ol Sl T bhisbe YRR SRR LT A iy eopper
intedcayit RAindifedAheat @ifﬁm@%ﬁ* ltHéCEORE&Qm-ENE\n6 rﬁh@ﬁhtlp Qlegraded Instead
sequentially supplied in an fashion wth, for

of cigstirgpthe Cunpidy s stdy- indidiusigntand §QI@‘?1V1{1$131‘3 refal layert gt ThegAl) by

T

AL O;qap oasiingriadine §tdpﬂssﬂ§ theh@ppinigandtalde insteiall nitfided and/or ox1d1sed ina
i.nterconnect 14. @%%1 ¥ of backgr.ound, and as op CE)osed
reactiye WgH st (§8an 8Arsteero |C§eaaqqaalrla@p@?ﬁa isfopypound on top of the

hnesceggﬂg:bggt@s dil@ﬂﬂsdrtdugﬁNg(?gc gﬁlg)' VTH%% It{l %{&ﬁ&lon duri gg for

Atom c La ition (AL base
exartl}b‘le swgalaenbdidalundepable tdufﬁrsicuf ofi thel AV irdo e avppea] By eirlsaeps the
fractions of a nonol a.well controlled manner.
alloyipg alepent 4315 SPRSSY tﬁ?f%\%‘% HFtEIf%ﬂet ernately exposed to
only ong, Qfmrh?ﬁ? tRORRE AR AMYprENRBA 63 kheSRchPIMBREH achieves
i.e. individual precursors are supplied to the reactor

five sigeifwantagdalsne. Exposure steps are separated by inert

gas purge. or_ pPuRp; . st.e n.order to renpve .a .
L Oaei BunP el PUARY SRR FUPEg P odb B yfe HETRDS A Ty tuminium
alloy&hl9r & iapabhat pypesdly;sor i s introduced into the

reactor. Thus, ED consists of a repetition of

2. i ndi vi dlsmit gregngiffugipaiog Al ita dhe copeerebulls byrgdngip reget ia an early
Fl

phastg ? B} Zg}cl:larr%g cgﬁzﬁmlgé Ip?é’XuPJ&JH{ %gglre té%h oé‘ixlglgs gs:l%g%ce @g?gyiatlon

3. precur SREdlméHﬁ“ﬁplér&'ﬁlrd’ ealpkt by pdifdriengSinrdna @erpliaiyl erﬁ]bddlment an

avai | abl e surface sites are saturated. Precursor
anneah g WF PitEAtIN 9P EERs conditi ons are chosen such

4. that noRbydidgor E)ﬁfé%s Bis b BKES AL BAR /OGRS Ecﬁ}ﬁ%ﬁkﬁw 468

is conpletely saturated. Surface saturation guarantees
5. the sel Impionementgpf ndhasrom, ofppAt Edectromigration and copper diffusion

barrier properties due to the formation of actual chemical covalent bonds instead of
intermetallic bonds of a CuAl alloy.

It should be noted that the above-mentioned embodiments illustrate rather than
limit the invention, and that those skilled in the art will be capable of designing many
alternative embodiments without departing from the scope of the invention as defined by the
appended claims. In the claims, any reference signs placed in parentheses shall not be
construed as limiting the claims. The word "comprising” and "comprises", and the like, does

not exclude the presence of elements or steps other than those listed in any claim or the
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Thi s chem cal approach can be used in an exenpl ary
enbodi nent of the present invention to effectively
W@ onwroale4d he dose of Al and the degree of all oRCTEB2006/054445
the top layer. The resultadt structure is illustrated
in Fig. 3c, which shows the interconnect |ine 14
specifidacidalesla wholen®h¢ sihgdlnetetdrete ®if @f tleh@nt @&y molékcMdehh@plural
Cu- Al alloyed | ayer 22 close to the top of the
refefep¢ceticyfh é%fneaﬁdmé Afssedrsa The Bveaiasy masbemptemnemed fy fgans of

. g ' . ] :
o 551415 RS 0, P M Y SRR o
comgltet.de b idecice alpen 2Zrumperotingeyerl diehfivséveml bérhekemeansdnay be
etch. stop in. respect of . the interconnect |ayer . above,
cmbEYiEd DY RAF ARY SRSRRT ATl BT | L GRS Ghcb R Ptsures are
recit® @ Wt udterdd HFRRASHT@HANRVIBEs Ad8ndlERL BEE h k6mbinblion of these
| ayer 27.°In general, the advantages of the
meaglyovendessrusbéth akentokary enbodi nents of the present

i nventiqn incl adhesi on..J .ovenent w.th the
i of oct R B TSR R ERUB e gD Tis parameters
discRBEl inaB@bdseaptieH My bé hbdffiedhn@fth£ 9RRGUs dnittRsmts Bisclosed may be
al um ni um and nitrogen thatiplns t he copper and
!

comBingp mehgvicdepaisine fram descprarofdhelinyentéprt or mat i on and
I nproves . ] [ ormangce.; £ /
oo ow PO ALA OB RS! LR5TORE AL IR0 R e scope o

the dlfit8[ B RReMErelBinkdadt te @nhdnlce tHedsgibility bf the @faithhie copper
line is not significantly degraded. |nstead of
creating the Cu-alloy first by indiffusion and
removing the netal layer (e.g. Ti or Al) by etch strip
and then transform ng the copper alloy into a netallic
TiN or dielectric AN or Al Ocap, as in prior art
proposal s, the capping netal is instead nitrided
and/or oxidised in a reactive indiffusion (e.g.
annealing) step to create an internetallic compound on
top of the lines (in the above, CuAl N or CuAl N(O
capping). The in-situ nitridation during, for exanple,
anneal avoids undesirable diffusion of the Al into the
copper, i.e. it keeps the alloying el enent as cl ose as
possible to the interface. In summary the novel
approach proposed by the present invention achieves
five significant goals: 1. Create a CuAl N diffusion
barrier on top of the Iine instead of a Cu-Al unm ni um
alloy only, as in prior art proposals; 2. Limt the
indiffusion of Al into the copper bulk by letting it
react in an early phase with a nitrogen containing
precursor in order to avoid |ine resistance
degradation; 3. Reduce tenperature budget by
performng in one exenplary enbodi nent, an
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anneal and the nitridation in one step; 4. Reduction

of process steps i.e. process tine/process conplexity;
w@rw78606kmpr ovenrent of adhesi on, copper PCT/IB2006/054445

el ectrom grati on and coppen2diffusion barrier

properties due to the formation of actual chem ca
CLAM®l ent bonds instead of internetallic bonds of a

CuAl alloy. It should be noted that the

above-nenti oned enbodi nents illustrate rather than
limt the invention, and that those skilled in the art
w || be capabl e of designing nmany alternative

enbodi ments wi thout departing fromthe scope of the
i nvention as defined by the appended clainms. In the

cl ai ns,
B e Gt R S B
methwarabnipeBimgrths staps' ofand " conprlses and the like, does
not excl ude the presence of elenents or ste s .ot her

" than t hBL¥ GG RRIGTRONRG et tigst pefaligadich Peif ﬁaaﬁr’as
- a whol €p roﬂlﬁn?é Pagléf & a §RER RBGEoRh s@fackl? 'é‘ﬁﬁtmtgf%%ﬁné%{)hne

excl ude  t he ur reference of such el enents and

VI ce- vepszﬁormTtl@a prmesstto onusandiffesipmpt goentoéshityeamednetal into a
portw OES%} \é\r%rsrf%ogr? 1{‘%"6 %c ‘E o ‘sﬁ#?gla Sa]ta net e' e %ﬁ}rco?lgedct line to
aton€kedfi a%n%@thll‘i‘c%ﬁb‘d’{ﬁ{c@fdhﬁﬂ $QY ﬁ{cﬁtﬂfug?&aﬁr%cesﬁ QY8 &) folth a diffusion

t hese neans may be enbodged by one and the sanme item
barr@f lrh%mcup@ttlen off$pad inggreorfnget linelpaljacertrsai &urﬁa%wdéisff@m@ barrier
comj rl%m% a yglé ?fm %%ung&)g%ldglof | I%:S]CZ ?fosﬁldg fi?rs{j talé salné asgcon(cji Widtal and said
non-G@dIn¢ skistaused t o advantage. A person skilled in the

art will readily appreciate that various paraneters

di scl osed in the description may be nodified and that

vari ous p

depart: g pace TRakding AR il Bin 180T hetfE b1 bopper and
ﬂws&tmuuhahbdnmhahsAh&mmam@nd@g&mﬁngmﬁBmﬁnihe clains do

not limt the scope of the clains, but are nerely

inserted to enhance the legibility of the

cl ai ms. QLALNGY aé'corc‘ﬁn?% d8ith waﬁéi’&msﬁlﬂ 1fdH- rh&&l?& GRPRERE

| ayer for an integra circuit, the method conprising
Comphwssmteq@nocmygpm ov¢agborg sedh that exposmnetsaid interc@fnegt line and layer

a dielectr]j rovi di a l.ayer
of sqsphd el et e wie Srical Fan@bEr adeannudienmmdion or
carbldafi8n res @gﬁég{ﬂ1ng a process to cause indiffusion of
at ons o said second netal into a portion of said

i nterconnect |ine adjacent said surface and exposing
4. said | NHELERBE S corcimg & §fim 1, wherein said layer of second metal is

deposited on the surface of the interconnect line and the adjacent dielectric layer.

5. A method according to claim 1, wherein the interconnect line and layer of said
second metal is subjected to a reactive annealing process in an environment containing said
non-metallic substance, so as to cause indiffusion of atoms of the second metal into the
interconnect line and create an alloyed layer at the surface of the interconnect line, which
alloyed layer reacts with the atoms of the non-metallic substance to form the diffusion

barrier.
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atons of a non-netallic substance during said
i ndi ffusion process so as to forma diffusion barrier

WO poog@bw4porti on of said interconnect |ine adj BCEM2006/054445
said surface, said diffusidh barrier conprising a
| ayer of a conpound conprised of said first netal,

6. sai d seponethodhedording tsdhith Homherehahidiagn&dling tpadvess is performed
A net hod according to claiml, wherein said first

at a relatiyelyClg R MBEd D Byl gAY e HEONE®EbNd et al conpri ses
Al um ni um Magnesium or Boron. 3. A nethod according
to claim1l1, wherein said non-netallic substance

7. conpri séasmethdbd egerdingxydeim 6rwlcatibcnid agnedting Ipadcess is performed
eﬁfosyre of said interconnect .|Iine and | ayer of second

at a pRlattyely IHgh lmpegripse iy 2 SRCHY QAMANMEEE pr ocess causes
nitridation, oxidation or carbidation respectively. 4.
A net hod according to claim1, wherein said | ayer of

8. second fengthod scadeding it dadinoh, whreeis Whd lager dfsaidisecond metal is

depqig;ﬂ‘éci&%g{f%% g’ glgl(}gf? %}q’%ge tpgglgladg%l??ﬁ% e(? L\X/%I!e I?ll'é(? ﬁ}e{r{;‘iag:tilog %vel{h the atoms

of theHo@IEQRIMEGlibdtdnde cands thayRFtidik of eedawes P Beto®hidkal iofi the
subjected to a reactive annealing process in an

dielesiig fodwrieansfosped & avi ingplathiedompeune phiaid secendBrthce, so
as to cause indiffusion of atons of the second netal
into the interconnect |line and create an all oyed | ayer
9. at the aunéthoeaalordihgtd ¢lhiet Coneeih thd e rcodeainglid aygedted to a
| ayer reacts with the atons of the non-netallic ,
chergighlsaxaazise pehregrante RECHISPY that et promsof said seqApdiegdal, wherein
said %ﬁge%ﬁg Plrégultsgr cféc@ﬂngbé's of. L fhcS 8 fle %ﬁ&%%ﬁ&gliﬁg REHRE said layer
i's perforned at a relatively low tenperature In a
of sgil sewad ewvdal belmmeént . 7. A nmet hod according to clai m6,
wherein said annealing process is perforned at a
relatively high tenperature in a reactive environnent.
10. 8. A meihaehag GQIIRY td Qaitd QI WihRein WRMNREAdR S deB¥&Ttial
said second netal is deposited additionally on the
suppdigd fndthen @fmpdued dpethimdrtgrdtemsb alysaid nemuhetalléc subaienéeors onrehctant.
the atonms of the non-netallic substance causes the
portions of the |ayer of second netal on the
11. di el ect N Gethed Beokdiag &f @RIRRY, Wikeréif al digbdAt 1ayer BATRI S er said
~of said second netal. 9. A method according to claim
intergonngbling #disaisl dipleetyie dnisedwring yied chenyeliespesse-to a
chem cal exposure with gaseous precursor that contain
atons of said second netal, wherein said gaseous
12. pr ecur sermetacd opoamsacorihfhen siedraesd cofuit dv@nprising one or more

interconnect line |eaving said |ayer , , ,
semiconductor devices, the method comprising the méthod as claimed in claim 1.

13. A method of manufacturing an integrated circuit comprising one or more
semiconductor devices, the method comprising providing a dielectric layer on a substrate,
providing an interconnect line of a first metal in said dielectric layer, providing a layer of a
second metal on a surface of said interconnect line, performing a process to cause indiffusion
of atoms of said second metal into a portion of said interconnect line adjacent said surface
and exposing said interconnect line to atoms of a non-metallic substance during said
indiffusion process so as to form a diffusion barrier in said portion of said interconnect line
adjacent said surface, said diffusion barrier comprising a layer of a compound comprised of

said first metal, said second metal and said non-metallic substance.
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of said second netal behind. 10. A nmethod according to
claim9, wherein said precursor is sequentially

WG ploétdd wi t h a conmpound cont ai ni ng at ons of BEI/tB2006/054445
non-nmetal |l i c substance as dé-reactant. 11. A nethod
according to claim9, wherein a dielectric layer is
formed over said interconnect |line and said dielectric

| ayer durin %»S&Id cheni cal exposure. 12. A npethod of
Pthgd

14. panuf ac P anclpimeddn sfodm 16i whedein xerfien of 13§ 1&i5e obthe second
he met hod conprising the
nwugg%ﬁgggas gﬁg#%% BP%§¥*%ﬁﬁyﬁ@ 13. A nethod of
nanufacturing an integrated circuit conprising one or

nore se r. devic t he net d conpri
- provi di Rynees & dinenn Ry oR T UBS PPRRB of iU enchge
secoﬁa rﬂe@él & fé%%@ bitbd tAE eRostrelth rﬂg at6M8t 8f a héh- ﬁfé'tzﬁihc substance.
dielectric layer, providing a |ayer of a second netal

on a surface of said interconnect line, performng a

process ,to cause iindiffu of .ato 10 second
16 Peoar s ABeBBEE e B gp Bl o wod Bhn Bt e SRER et afer
the X@bage B the AlothsSdfTal RMEMEBNicRYPASIRYs SRUds bl bRhGWPIEFT.

line to atons of a non-netallic substance during said

i ndi ffusion process so as to forma diffusion barrier

in said 0 cent

i o SurA?lgfétteeQ&%dcf cgﬁpfanhfb‘cﬁﬁ cf)lp}p%gm%%&ieofac%ﬁl ]

Iayer of a conpound conprised of said flrst netal

said second netal and said non-npetallic substance 14,
18. A net hodndBtegratgdraiguit GompHsing §8 intguepnnechling frlirspmedt in a
dlelécﬂ‘?c I o Encpﬁavﬁike él%gl%g bRkt Q%ﬁzﬁ@ﬁgﬁioﬂ%f ts!ﬁ@ interconnect line,
I nter onnect renove 15, A nmethod as clainmed in
said clﬁfaismnlbb,rnmnmmntghela}mrdf henmpbutdem@ised obfaid Fiest metal, a
con taI IS ved after the exposure to the
“”035 3nﬁ8ﬁn lﬁpﬂﬁgmgﬁbstance 16. A nethod as
claimed in claim13, wherein the | ayer of the second
netal after the exposure to the atons of a
non-netal lic substance is used as an etch-stop | ayer.
17. An integrated circuit manufactured by the nethod
of claim13. 18. An integrated circuit conprising an
interconnect line of a first netal in a dielectric
| ayer, and having a diffusion barrier at a surface
portion of said interconnect |ine, said diffusion
barrier conprising a |layer of a conpound conprised of
said first nmetal, a second netal and a non-netallic
subst ance.



