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High performance microprocessor applications require rapid speed of semiconductor circuitry. The
control speed of semiconductor circuitry varies inversely with the resistance and capacitance of the
interconnection pattern. As integrated circuits become more complex and feature sizes and spacings become
smaller, the integrated circuit speed becomes less dependent upon the transistor itself and more dependent

35  upon the interconnection pattern. Miniaturization demands long interconnects having small contacts and small

cross-sections. As the length of metal interconnects increases and cross-sectional areas and distances between



i nterconnection pattern. As integrated circuits become nore conplex and
feature sizes and spacings becone smaller, the integrated CI rcuit speed
becones | ess dependent upon the transistor itself and nore e H% HBht 35
upon t hewoxo4emnnecti on pattern. M niaturizati on demandspdQush2/38820

i nterconnects having small contacts and small cross-sections. As the

| ength of nmetal interconnects increases and cross-sectional areas and

i 5% ANGERMELNEE0.L R CAIN Dy o WO 200RATLUSGZ AR kit connect o
decr ease, cause he interconnect wiring increases. |If the
i nt er dOAHE weémver ﬁ@a%deraélerdtﬁmcw oo\b@dreés f Brcaeng et %8 Ingapigipriechnlogips,

hundr &ﬁlﬁm@xfcor_ﬂihdﬁblﬁcﬂ@acﬁincémme @ Sirdull n&dd bﬁﬁaﬁfaﬁﬁa 1&&1@%@ Ihex@é, @t ,cucuft ls;eed As

I nterconnecil on CI ta l.im t(?béo emCI r.cuit tng g t&%ﬁ% oadi ng
and, HEHEE "IHE™ | F cﬁf“%"“ érlﬂc‘o“/i‘g A G FFRmEYe G L PRIt & 8""8 out 0.12
m & orichmekigydcoly retlives nre]uewtl thomghpataed dereastsanapufactungmtostsl Mcrrmm s lispeed 5

del ay SgnOdldsC Attt c'&ﬁﬂw%ﬁ?an@ Emrldﬁﬁg'rafa&n L 8G QU iRl GhRASES

manuf acturi ng caosts. Moreover, wi dt hs decrease el ectri cal

conduct i vi t(}“aéﬁﬁuélﬂoé%‘ﬁaﬁ’?)ﬁfeﬁ’ﬁ‘é‘tof‘%‘ﬁrﬁb]é§ t?f‘%i‘ri’éécalﬂ%‘é%"nfér TPRiRCnR AP TSP Rep or t ant .
Cu andndtilliatidngycu ih@lsavelyeitaponsch, @ONS pbedsa bldehadd 1b s tesiailvel@ thadAIC andilidad, e f or
repI a%MSﬁl rovpd elera g&lﬁ%@&gegnis—é-%ﬁlﬂahﬁfé z#?n‘a%) meéa rugé a%% g&c}{ve ﬂg)ﬁp enSI Ve
easy t0 process as a lower resrs f 1R adai ¢
nﬁoma‘éF@é@PYﬁcfwlnﬁor operties vis-a-vis W makl ng Cu a desirable net aI for

use as a CONKlippiohdh@o folnkifls @Fplugd bhd Wekirlg cABprisQIUEd df Wnalerde sRgurdBmapR0ach to
form %J@lég af %u\%éumaxgtgmtl% u&j‘gx ec‘ftljfcqagtlegﬂa%?rﬁ{; SEI(% as ssh (%o slryctures

enpl oyi'ng i€lectric |ayer
mat er iintersonngay ghyctarss it becosppadlatgst bkediffi@ion barri¢rdayero h"m@l dlfélsnombmnr gstalpust be

enc apgyélfée%ta%am (@aé%rftzfl&ﬁh@x@e fmw ﬁt@l{lunll ANRE T&ymh&.ﬁ;l 18] fichrhsh- %aﬂasteamwsrr netal s
i ude an um mniiri antumni tr.l
t in][cslanltﬁl?\gnm(e ; upgs %ﬁi‘ﬁﬁi%n@ S COﬁ’%‘“‘{l\‘?mﬁg\be‘H‘th S’]'C‘B’U'h‘ﬂget(g&-{\?ﬁ tride

(WN) , tdhitaldm chotl pitraia (xRS prldisdiom nitiiderforgtacapstla@igllu, Thamgeteh batidrimperalstet ri de
(Wi N)enca Elﬁ‘ﬂé@thymt ﬁfnltédqg){ﬂe ﬂle;fe(ck %&I@@hdﬁ)m&ﬂb%cébl el &3k, Bt bnbib e mteﬁ'ﬁces
encapsul At i ng . The use of such barrier materials to encapsulate Cuis
not | |‘?’1‘f"t‘i§‘8“f“‘(‘5alf‘?§é”e}1nt erface between Cu and the dielectric interlayer, but
i ncl udes i nlnerh[flaﬁxﬁﬁm@urﬁdmﬂﬂhthe,rparﬁaﬂaaﬂy& dasassk Itechniqluesmm'prble menmg}s Cu

il 'éozn?ehan%elsg ?ag Lﬂaﬁ{ch?{r araleﬂ,@tm gﬁg AER oI %'gnaa@le&@cem ng is
20 formed in a tric g |cu

|e eCtI’IC [ ayer havmga
| ow di CPERE Ie3s Ehap ghout3ath variogs, fﬂlablh%e Ftéll“é%‘%‘}orl é“d fﬁgéﬁg‘ieéﬁﬁ{es Fegeeitfan about 3.9,
var i oUseliatlity Bkied dtdny in pak Sk tRIdIT ah meamdbahesmﬁetsam aRict mSuastafiz@iogerer at ed.

Rel i aqaaL *;etex ﬁo'm?dstg?aac é%%ﬂﬁx% c%heﬁlcfaqg \; 1ous 1n(t)er1?_);ep %ﬁlgc%r% n?a];engig 88{1%11;%/\'“1&'1}3% barri er

| ayers ol ce iza adequat e
adhesi dglecttls mpteriplphpying plosrdickpgtae coast@r« ach ps» @ diglgetdaqoaptagt (e thancipus p-p yuch
i naser | BymiorinedF)doftGibing 6xide e Q! F—ﬁdn&mﬁh%‘éih&ﬁl oaldk Vel fﬁbin&cdof)dd(brtﬁdamsdtea(m such as,

a dl el §’)I ISacl(c: Otrf;ﬁ %Qr&t bgnl'(lgr lally&Sat estipna%? dlglec%‘lc layers resv.?lg in de%ml 108 w1tL %%ada
e.g’, -con e rom

arning arning -silicon oxl
F d op etdhaé?ﬂﬁﬁéistts{ ir@ébaé b%eFfOUTFEGB% adpqaatic acib?swsll!ﬁ Fiand en tlllob%frlhficérdam@%? adhesi on

to di elpesihd lmréoaeterasand Bd t§p1daﬂy b4 U PhysRA viof &p@tub@@d@mtecmqaésJ ki lity
i ssues. . TaN n un {, qleﬂ te ag slon to fl %‘ al | oys
Fill I 10(,£uz8c(1Jl é)e e resu ting ayer of a 1s typically P-phase Ta ) which exblbxts arelatively high

30 - resistivity, e.g., about 200 to about 250 pohm-cm. TaN is typically deposited with a nitrogen (N3) content of

about 30 to about 55 at.%, and exhibits a resistivity in excess of 200 pohm-cm.

The barrier layer adhesion problems adversely impact electromigration resistance and device
reliability, while the high resistivity of TaN and $-Ta manifestly adversely impact circuit speed. Accordingly,
there exists a need for reliable, low resistance interéonnects, particularly Cu and Cu alloy interconnects formed

35  inlow dielectric constant materials, and for enabling methodology.
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flow enriched in N,. Ta is then deposited, as by IPVD, such that the deposited Ta reacts with N, in the N,-enriched
surfaced region to form a graded layer of tantalum nitride thereon. Upon continuing deposition, a layer of a-
Ta is formed on the graded titanium nitride layer.
30 Embodiments of the present invention further include single and dual damascene techniques
comprising forming an opening in a dielectric layer or layers on a wafer, laser thermal annealing exposed
surfaces of the dielectric layer or layers in NH; and N, depositing Ta to form a composite diffusion barrier
layer of graded tantalum nitride/o-Ta, lining the opening and on the dielectric layer(s), depositing a seedlayer,
depositing the Cu or a Cu alloy layer on the seedlayer filling the opening and over the dielectric layer(s),
35  removing any portion of the Cu or Cu alloy layer beyond the opening by CMP leaving an exposed surface and

depositing a silicon nitride or silicon carbide capping or barrier layer on the treated surface.
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such that a N,-enriched surface region is formed. Subsequently, during Ta deposition, a titanium nitride layer

is initially formed having a graded N, concentration such that the amount of N, decreases in a direction away
from the Ny-enriched surface region. Continued Ta deposition results in the formation of a thin ¢-Ta layer on
the graded tantalum nitride layer. The resulting composite barrier layer, comprising the graded tantalum

30 nitride layer in contact with dielectric material and a layer of o-Ta in contact with the Cu metallization, solves
adhesion issues generated by the poor adhesion of -Ta to dielectric material and the poor adhesion of
tantalum nitride to Cu metallization. Deposition of Ta on a layer of tantalum nitride advantageously results in
o-Ta, since the graded tantalum nitride layer serves as a template for the growth of ¢-Ta, a low resistivity
form of Ta, typically exhibiting a resistivity of about 40 to about 50 pohm-cm vis-a-vis about 200 to about 250

35  pohm-cm for B-Ta. It was found particularly advantageous to deposit Ta by IPVD, e.g., ionized sputter
deposition (ISD).
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athic

typi caibb suridesein ot T sufatehéeidenizes Secges ghyishrd “@O@’Awbl@l lan@ﬁ?t“ dogrgdeserThe | ayer

of graggda.iank@:um nitride typically contains nitrogen in an amunt froma
val ue of abgu

epriche ace
e on’or R SRR b B B bt R L LR
sH¥lul dotble dintdisir Biye dfori thet lecthacmuéa@aredepa 8 reiahmlv shohrtripd itime ¥ rﬂ@ufd ependent

upon t Qxﬁleogéﬁﬁlf/ ﬁa'étluﬁ @Iffel%htta}éﬂstdf e wafdel tl'[él%ﬁ}r @&dlﬁ;p&mms K@drs@&ﬁ&a@hdag ka¢hasl t was
f ound SUI tabl e, nge& tg e g‘ ggg ré rate .of about 40
to aboBiP aeaﬂge??mt d‘g"sg"“‘ olHimpiegng “g§ B m"’@ﬁ SR °“’m8’ werdf about
1, 000 tavaboutlaserd@dlOankathgioyedudRias pewemer of NABSU pulse, 1660 C’pmmerb\dlxt 3, 000
V\B‘t ts, legasQrt&ﬁsf&ﬁager%neﬁﬂQ,léhhel wIt@orW&ﬁE Iﬁék,rﬁgc&(/&lable,g&ﬁ%%ﬁﬂxt upon the
nir{el cul ar .deposi tion systefm and techni que. gﬂ rgggéaé t he present
nt F?fhﬂ%}?b‘ra?eé@“‘iﬂ togl .°&ﬁf*ﬁl@° g Har 8@8%4%‘8 g“a? it Ve F U as F-
doped ekipstledt bperating AyrRreies ofi from abo 1 o pesit 00D mponf/polkd. Geitaberoparag Eanditians- TECS.
In i WL&T@H&&nﬁﬁeﬁyg&mculm situation. For example, it was found suitable to subject the exposed surfaces

of the dielectric layer to laser thermal annealing by impinging a pulsed laser light beam at a radiant fluence of

about 0.09 to about 0.11 joules/cm” thereby heating the exposed surfaces of the dielectric layer to a
30  temperature of about 370°C to about 430°C employing a N, flow rate of about 200 to about 2000 sccm and an
NH; flow rate of about 200 to about 2000 sccm. '

Embodiments of the present invention include single damascene structures as well as dual damascene
structures. An embodiment of the present invention involving a dual damascene structure is schematically
illustrated in Figs. 1 and 2, wherein similar features or elements are denoted by similar reference characters.

35 Adverting to Fig. 1, lower metal feature 11, e.g., Cu, is formed in an underlying interlayer dielectric 10, e.g.,
F-containing silicon oxide derived from F-TEOS. A capping layer 12, such as silicon nitride or silicon

carbide, is formed on an upper surface of interlayer dielectric layer 10 and a dielectric layer 13, such as a low-




enbodi nents, |aser thermal annealing of the exposed surfaces of the
dielectric layer results not only in N2 enrichment of a supfapg 2i09i on but
-al so F depletion. The resulting surface region typically has a thickness of
about 10AV@ 834t 20A and contains a | ower anount F t hanP€HESE2888d0nder of
the dielectric layer. It is 15 believed that during | aser thermnal

anneal i ng, NH3 rel eases hydrogen which reacts with F in the surface portion
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f | uenceitptu vied3Buthidl isGP eltciricalzontict Vitthihddriping mashldaRnd her eby heating t he exposed

S aces of | e | 0C to about
430C enpl oy}nr%ﬁgg% ngfv%%(\;/‘\fs (rd\ar%ase%%fte% %ﬁgﬁérﬁmg&‘%{)ﬁbg lg%ﬁsatg{e{lg %ﬁtd an NH3

f 1 ow riavaatien Chesp be deppicd by elspisless ‘-"2%’@0‘5% elstroptpiye dyirgerteedlaysr- Tvpigal pr esent
i nvent ée@dlaybr@ﬁablu&iﬁ&ﬁil&}g lc@]taixaﬁga.&@@aaﬁmsanduuﬁwi@sz@Smmluh nw&embmdmdamscene

struct UI’ 8 a sult %mmo&ng%gg ﬁb%]:lt 0t3no atf%rltel% n}r:z 19 %IIS t teh ge@fo}n% (s)ugcg Ithqgheaur}])gelij

danmasc@ri s FUCt 2, wherein
si mi | asurfheeaf the ipkyidiu isdubstantially C@iaeafd@théﬁe@eftfyff@ﬁ ofi thedpterfagdr dielepfie char act er s.

35%10%?/ erting at:éardlaﬁce witﬁémdolam%ﬁts mﬁeq)kesefneﬁeuﬁcﬁ tﬁé]damﬁscgre opdathg cinlsnsssmaai idn an
underlying interlayer dielectr ni ng_si l.i.con oxide
deri ve%“tf (Ig‘b?%r}lg—/%f’é%fnpﬁat&rﬁBgﬁ%%“ék(?gﬁoeﬁbmgE% S ord bﬁc S SI {em SRR a2 o si li con
car bi d@QO°¢ sin frgiouseechbodiments of fip eresestinertion cofveritiptabsubsinples and| ingdrlayet diglectricayer 10

and a dj @@ﬁdg&p FoPdkEpld Fhe sStsEdi (§§beaiobéa\fﬁo§)c;y3talmﬂgg% g AR{LHE Tl
PCT/ USOZ/ 38 k. di el ectr c nmateria silicon_oxide

n
der i vethtefdygTHigectieemployed iy ths pygsept ’t"ﬁ“é‘f‘@bcﬁ“ co P*meam eq%f“ﬁ H‘ateg’flﬁ?i“’?“ﬁﬁ’/'@vy 14, such
as25si | emgeyedinticingeufarursifis¢ntionducar dpvide, Forsxamplerdidflesriqwdtenals gfbals eiitoni ¢ | ayer

13. Angi})gfere pho%&h&%ﬁéd%hl:ﬁdﬁgss (-jP§G ﬁ&&han@ﬁhos;ﬁorqg @p&psgliézétgglL\ﬁYEﬁi’SGgQﬁH aining a

| ow k ctric materi al i.con_oxi derived from
F- TEOSSIIG08 SpF fered 3gweéraethy;en8ﬁaacataqﬁ§§>eéﬁ@m&g ERFRG e e8brinieor o
| eavi ngpeeixgaamel i delsctfialagss ackfiedteddy edne@itisnalphbalitargspliBand r@thiidtechhijueshoul d be
under st ood k%kwéegﬁlngaLcMﬁglg foPus? psqmerﬂger ﬁigigctgc% in accordance with embodiments
30 of the present invention can comprise dielectric materials with lower values of permitivity and those
mentioned above, in order to reduce interconnect capacitance. The expression "low-k" material has evolved
characterized materials with a dielectric constant less than about 3.9, e.g., about 3.5 or less. The value ofa
dielectric constant expressed herein is based upon the value of (1) for a vacuum.
A wide variety of low-k materials can be employed in accordance with embodiments of the present
35 invention, both organic and inorganic. Suitable organic materials include various polyimides and BCB. Other
suitable low-k dielectrics include poly(arylene)ethers, poly(arylene)ether azoles, parylene-N, polyimides,

polynapthalene-N, polyphenylquinoxalines (PPQ), polyphenyleneoxide, polyethylene and polypropylene.



_fornmed by either a via first-trench | ast technique or a trench] fi@@-via
| ast techni que. The exposed surfaces 17 of dielectric |ayerd 15 are
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light beamthereon, as indicated by arrows 18, thereby formng a surface
region 19 depleted in F and enriched in N2. Adverting to Fig. 2, Ta
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S¥2/ 38820 Other |lowk materials suitable for use in enbodi nme g{
“present invention include FOX M (HSQ based), XLKTM (HSQ ﬂ@)ﬂ]ﬂﬁf EHE -
SI LKTM an ?ﬁﬁkf(ﬁ@r ocar bon pol yner (each available fromDow Chem cal -

Co., Mdl and, 7. 1TM a carbon-doped silicon oxide (available from
"Novel | ys Systens, San Jose, CA), silicon-carbon-oxygen-hydrogen (Si COH)
organi c dielectrics, Black-D anondTM dielectrics, Flare 5. TM an organic -
pol ymer, T hybri d si ol oxane-organic polynmer, and NanoglassTM a
nanopor ous (each avail able from Honeywel | El ectronic Mteri-als) and
~ hal ogen-doped (e.g., fluorine-doped) silicon ‘dioxide derived from.
tetraethyl aqrthosilicate (TEOQS) and fluorine-doped silicate glass (FSG .
The present l nvert msthodiwé plasefactyeingrasehinondratorafevive the orthodtcomptigitise e

having inte . icularly Cy int nnects, ‘with significantly -
i mproved ba?%?g%ég?m%ain&,legem%& (g’ggl’r om gration 10 resistance,

enhancéd rel i abi lahfidaliapd1g W@B@@[@g t ! ] f 14\a8€

t hermal anneal i ng by i?};)ti n)Si ng a pul ségg qlzggfﬁ‘?g%%gﬁ‘?g‘fﬁleﬁp%s)eg‘ E
surfaces of DiFRgeaicantaming ttmoaga_mr ¢ topprovidewd sitrogemerFicled adtfacdiregionton thel ayer ,
enabl es for ' a..SHEface region depleted in F and enriched in N2.
Subsequent %dsggf)‘g’gaiq?ls’g‘ﬁ&r'esul ts in the formation of a conposite barrier

| ayer conpri si ngfamingdesbnippsita bueniliydrdgo) a isi agRinkegLon of
the dielectric.layer and apimgi;t/er of a-%’aqgepogf?%rgﬁqsr%$gagﬁaﬁ#hgﬁ#gﬁ%ti on
of a conposPPBME barrier layer avoids adhesion probl ens attendant upon
convenpi onal practices thereby increasing device reliability and inproving
el ectrom gration resistance. The present invention enjoys industri al

appl i cabi I'i 2y i nThemethndrascordingad oleimi humnipyising lader thepmslr 4o8 €18) in
particul arl men%i%'ta% fﬁﬂémﬂ allization interconnection patterns. The present
invention i s parti g 95_39' applicabl e to manufacturing sem conduct or

devi ces havi ng subm cron features and high aspect 20 ratio openings. In

the previou desi‘éi pti on, nunerous specific details are set-forth, such as
specific eri af 8¢ method, aceprding tohelpine al,s wheneisc thes dislectrice layet o167 d8) de a

bet t ens undegsh L o1 esent _ j nt { on, wever .. the resent
“invention can %{eyéf);}glg?i Fxg&%ﬁ\%ﬂ t oﬁ?éordeg%xr%tgi%%%%?%%ﬁg‘gpﬁ?pgpggé%%hl |y
set forth. 9rhosilisate (FREE@S)ces; wel| known processing and nmaterials have
not been described in detail in order not to-unnecessarily obscure 25 the
present invention. Only the preferred enbodi nent of the present invention

and but a few exBiphethodbcdokdiny & Sain bi édmHsng ﬁ@&%ﬂﬂﬂﬁﬁﬁﬁ\%ﬁ@j thd the

present inventign. Lt is to be understood that” the present In ron is
capabl e of Xge%¥d; #5 YuerBenwirfage regiom (19 splsted inrfluiorion medtenriahet i
capabpe of iﬁ@gg@@s or nodifications.within the scope of the inventive
concept as expressed herein. 7 17 MAR 2006 BB03298/ 00268 CLAIM5S 1. A nethod
of -manuf acturing a sem conductor device, the nmethod conpri sing:

5. The method according to claim 1, comprising forming the composite barrier
layer (20, 21) by depositing tantalum, the composite barrier layer comprising: |
a graded layer of tantalum nitride (20) on the nitrogen-enriched surface region
25 ( .19), the graded tantalum nitride layer containing nitrogen in an amount decreasing in
a direction away from the nitrogen-enriched surface region (19); and
a layer of a-Ta (21) onthe graded tantalum nitride layer (20).

6. The method according to claim 2, comprising laser thermal annealing by
30 impinging a laser light beam (18) on the exposed surfaces at a radiant fluence of about

G0268 HRW Reviscd Clairns ax filed Jan04

Enpfansszeit §.Jan. 17:71




n opening (16) in a dielectric layer (15, 13); 5 anneal i ngig
exposed“surfaces (17) of the dielectric layer (15, 13.) MR 2006 =i
ni t r ogen- cont.aj nNj ; sphere to provide a nitrogen-enriched surface
regi on on thﬁogk%@éggurfaces; and formng a, conposite barrier: |ayer
(20, 21) conprising tantalumlining the opening. 10 2. The nethod
according to claiml1, conprising |laser thermal annealing (18) in ammonia
and nitrogen, 3.° T%e t hod accogding.to claiml, wherein the dielectric
layer. (15, 14y toi OBgﬁﬁ#ilg%s/quéei ateothe 4PMPeTIUS Iof ebeutoXi0de tdestiontd
fromfluoringsgeped tetraethyl orthosilicate (F-TECS). 4.- The nethod
according to claim2,. conprising |laser thermal annealing (16) the exposed
surfaces to forma surface region (19) depleted in fluorine and enriched.in
20 nitrogen 5. Thg nethod accarding.to claim]1l, conprising formng the
conposi te ba?‘ri erﬁ“f Wgﬁog(afﬁ?r%%)mbilmﬂé%o%qmﬂrﬁ@gtfémgﬁ? CORROSIPATBIEE e
barri er 5| ay elay&Qupy 315 b§ deposind' 2AEH S-A iohFinfein(20) on the -
ni t rogen-enri Zhed su?f gcepregli%:)n 2?’?{%‘&&{0& gra%fgg}%}gh{ngﬁgir%ghi tride
| ayer cont ai ni ng htededylayen of tantakinonitrided@6) emthe mifrogen-carichadesntfaoarepiery from
the nitrogen 1gx]ri ched surface region (19); and a |layer of a-Ta (21) on the
gr aded tantaqu nitride layer (20). ‘6., The method according to claim2,..
-conprising | aser thberdved tandes! dittke0yer 30nthiRio 13 |23 | eam (18)
e St g atin 2B 3ol Hitwed

on the exposed gurfaces at a radiant fluence of a evi sed
CUB= ai fil & axiFection awyrem dhenitrogen-guriched furfute 8eglonl (19)1aRd 2006

BB032984 (0268 0. C 0 to.elevate jhe .tenmperature of -
about 370C to abgﬁl??&@g%(ﬁ?&%ﬁ%%f%@%%&@d% aX%(}cd}ai m 2, conpri'sing
formng the conposite barrier 5 layer (20, 21) by depositing tantalum the
conposite basrri er | ayer 80 rising; a graded layer of tantalumnitride (20)
on the nitrogen- eﬁrﬁ%ﬂ?—?& ‘é‘gg‘? S OHIPHSINgD :

o an opening in a dielectric layer (15, 13); and '

a composite barrier layer (20, 21) formed.on a surface ot; the dielectric layer
15 lining the opening;
wherein:
* the surface of the dielectric layer comprises a nitrogen-enriched surface region
(19); and ' "
the composite barrier layer comprises:
20 .~ an initial-graded layer of tantalum nitride (20) containing ni&ogen~-s in-an
amount decreasing in the direction away from the nitrogen-enriched surface region;
and '

a layer of alpha-tantaluxh (a-Ta) on the graded tantalum nitride layer (21).

25 9. The semiconductor device according to claim 11; wherein the dielectric layer
(15, 13) comprises fluorine-containing silicon oxide derived from fluorine-doped
tetraethyl orthosilicate (F-TEOS).

10. The semiconductor device according to claim 9, wherein;
30 the opening is a dual damascene opening comprising a lower via hole in .

communication with an upper trench; and
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graded tantalumnitride | ayer containing nitrogen in an
decreasing in a direction away fromthe nitrogen-enric ef §Eﬂ$€
(19); and a IBY®N99 Bga (21) on the graded tantal um nit M yer

(20).
8. A sem conductor device conprising; an opening in a dielectric |ayer(15,
13); and a conposite barrier layer (20, 21) formed on a surface of the
dielectric layer 15 Ilnlng t he opening; wherein: the surface of the .

dielectric |ayer gmije.ge t enriched surface r &8 and
the conposite barrier: Iegyé é%ldgrrpc%)?]gﬁges ;O AP nPY |°8PEe"gP'§‘8’ed’14 al B))ofn
tant al um ni tﬁpmmumglomwnhannpmcapﬁsr@ge%ppeaa@yhn@ . decreasing in the

direction away fromthe nitrogen-enriched surface regi'on; and a |ayer of
al pha-tantalum (a Ta) on the graded tantalumnitride layer (21). 25 9. The
sem conductor device according to claim1l; wherein the dielectric |ayer
(15, 13) conprises fluorine-containing silicon oxide derived from
fluorine-doped tetraethyl orthosilicate (F-TEGCS). 10. The sem conduct or
device according to claim9, wherein; 30 the opening is a dual damascene
opening conprising a lower via hole in comunication with an upper trench;
and G0268 HR O0.r Revised CM= at filed Ju,.04 Enpfangszeit 8.Jan 17:21 9

. BB03298/ (30268 17 ' MAR 2006 the fill ed opening conprises a copper or copper
alloy via (2313) in conmmunication with an upper copper or copper all oy
line (23 A). 60268 HRW Revised c1 alns as 8 Jan 04 Enpfanosteit 8.Jan,
17:21 10 AVMENDED SHEET: :
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