; e3e2%$"6T2af! 2 ~ FE8 ~~D~ DI FFUSI ON BARRI ER LAYER AND SEM CONDUCTOR DEVI CE
CONTAI NI NG SAME 1. Technical Field A diffusion barrier |ayer an(21' FEB 20«
sem conduct or devi ce containing sane are described herein. MOCe UIF
pauei cul arly, a novel diffusion barrier layer formed fromsilicon, carbon,
nitrogen and hydrogen with the ni troge? bei ng nore concentrated near the

| ower and upper surfaces of the diffusion barrier layer, i.e., non
-uniformy distributed throughout, and sem conduct or devi ces contai ni ng

such layers are described herein. Al so described is a nethod for

manuf acturing the sem conductor device containing the diffusion barrier

| ayer. 2. Description of thﬁn?%s - mr I sem conduct or devi ces
include a plurality OL_Snlﬁig_@' : i ‘et ated circuit.
Integrated circuits c EVICE CONTAINING SAME r oni ¢ equi pnent

and can contain mllions of transistors and other circuit elenents that can
be fabri dafechntval Fleldi ngl e silicon crystal sem conductor device, i.e., chip.

For the devic Lﬁ’%fgﬂaedj uncyé&nald, a conpl ex network of signal paths wll
normal Iy be r iondagish lgertan H@niemdcctbltdeeicenmmdim'ngibasﬁddr@&gs&ﬂ)eﬁ'ﬂeﬁﬂle
surface @fort eV CE Gl . i ng of these signals across the device
can becone rrg?é.di fi%%ﬁjlgfgélﬁ%ﬂ%%% I%%“P?j éﬁ?{ﬂs‘ﬁ%gﬁfb%‘fvnﬁﬁ&mmﬂegrat ed

ci r cui t s hyfreganndihdbsritogenivaimg nidnecdnoemmiet agar @fe 1M tahd Ulgﬁ}/ ﬁJrfagés of the

muf ti -1 aygg.ed, bakenconnection schenes such as, for exanple, dual damascene
wiring str uctg :&F%}é;&rl e S8t Sf?mﬁgg'd@v%mr@ga% ang serpiconduebdf desimey i n
provi di ngentdinihg apk&Fesiagibcdbed hirtit. ANolE@ERS large pumbers of
transi stg)ernﬁco% u(%?r%%gp!c%se_m cogdfgéitoo(r? chi p%%ﬁﬁﬁggﬁﬁﬁnfﬁgum rated
circuit wiring wtf g al“imgﬁ‘? Hewog op@eelpyaan i nsul ating or dielectric
material, such as silicon oxide, will nornmally be patterned with several

t housand,openi ngs to create conductive |ine openings and/or via openings

usi ng phdt o&%ﬁé@%@l&f@hﬂ_&ﬁﬁiﬁ%s, e.g., photolithography wth subsequent

etching by a GdnasiR LhLRS g? . Via openings are typically filled with a
AR Sh st IASE . SRRRLES o

conductive metal material, . m nu reulispvhioh fomn amipiegmtndnect
the act i $E Hnbyesratgsheisshicecan be nefit] Sorabmpliersiand agqt@hﬁ@qﬁkﬁl&giaﬁécmme

e o Rl ST S RIS ol gt o 1o .
he | ayere e T Erges, Hah B daf b kb Sl 0 oM
the di el lqee(t:‘itvél?g% ﬂg{%?*ﬁg W el coierL Oicpmnegtdhe gi’é?tliépli%bqts fiktekuted an the )
Conduct | e 106 bpenags ar- o at o os Pl A A0 AL bt B er
| ayers aaséﬂrgg%[ gftg? Q%?’ﬁ‘é’ﬁ“%ﬁ%@f‘éf)m’é intesraed ¢igpbity draincieasedePlosj hed Wit hin t he
P oteas ot hen rpear e o ey eR AL b Rlon s HEPAR A B EE MGl 1 ng
system ‘The df'f VHERSHUBHPS hite heespen momdesimble dne @dlwsiffiacy brpréapk fgnt he

D1 obl oo oxl o1 hen A ay e R R Mk o O S SR o i o1 |1 con
and nitrcﬁ’en, i.e., silicon nitride, where the nitrogen is uniformy
51004 et s o R eSS
sem condiCtore Bl esuehuss siligon akide, odll nomatly bs pateine@ witBeSeRMYusal i S type of
el at vel prn e ReRe ts SRHEES ahdIgr i Sheipetisinke ehotapimengsing, t hor oby

resul ti rigchniques, biggpleotolitbypeaphy & SutikeueRedchiddyGRANG }O\égss_ngﬁ ezsl nat eri al
Wi

causi ng ciric signals to travel at a slower spee ®V¥Rcr eased

cross -t P@ng%r?%%%ﬁ%%@gig ﬁY"z’raCCBH%EY‘P Befal ihateringy egatatugrimsn, chppevyety do be

desi r ablistetconneriaie sitive akPoFpe QR ¢ b6 ining.a diffusion barrier
ide a robust agﬁég?gﬁbgg%%gn&&c 15 %Hfé?‘b‘%‘ﬁ‘ﬁé‘i‘?‘i on | ayers

| ayer thaaegiccarb?f?lr Oﬁ (
whi | e al SO°REi e deHheg leyed itapyr{pet-y | ow diel ectric constant for the device
thereby allowing the electric signals to travel faster therethrough.
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2 ~ FEB zoos -3 SUMVARY According to an aspect of the present invention;

there is provided a sem conductor device including a diffusion bagrl,i eﬁgg 2004

| ayer conprising silicon, carbon, nitrogen and hydrogen with the nitrogen

being non -uniformy distributed throughout the diffusion barner |ayer. The

nitrogen can be nore concentrated near Rhe upper surface of the barrier

| ayer as conpared to the central portion of the diffusion barrier |ayer and

can even be di &udiffisichdarriznlayer G ' of..t he diffusion barner

layer. Thys ntﬁg,e Layer may agorrpr i%gdgle?' "Isayé{l glg\ngqehw‘flhtg"ﬂ’i“a&“é)‘?mﬁyer

conpri sed  BFIWR9ipOuied throuhons thedareh dnthemabrinyly agofitediVelthe éﬂk{?&ﬁz&dand | ower
n and,

| ayers bebuifhce feamkihS & d ' i licon, carbon, hydrog
optionally, oxygen éThemsegﬁl{cé%ag%a@?Jb(fc‘)agwllf“emé@%ﬁlﬁpmlnéexthedidieétﬁusi on

bar ner | a?‘éﬁeﬁé‘éﬁd@hdteddmr&hsdil’faiimabﬁﬁg{quegivm 04 GRRANG L e metal el ements,

wher ei n t je. o Lon. barrier layer is applied to at eaStOP%P%F{Ci on of the
ot b1 act d\}ﬁl??cffmtar?& bé'&%ﬂli‘é‘?‘? ebaferesinotbkendicsive @I ALk £ nduct or

devi ce nmagepatied withitl thelepenings Sl Bl di lLied. on the diffusion barrier
| ayer, line and via openiqr)ltgs.for med r%%%ﬂg%tlwefﬁ °pRsiedshereere Theyer and
di f f usi onP'BEPY {S&hen reprated tosfabrigatese mubtelagerrif@meniaht @irink % OfR d?gfu the
conduct i Vearfi&@1@ers@CARR hdheSQe k1 Fherdy SANGUCL I Ve materl al deposi Sd' Wi t hin
and filling the line and via openimgs provia¥eayesetbaintgeimet seleagtri cal
cont act CORdREt HoweresisaVera|pestibmissexisOpheO&Abying @di?ﬁ:%ﬁ‘ﬂarg'?rflf usion barrier

| ayer Ca”fr@ﬁsﬁg&ldnﬁgido”c&?m al@t wi.th at |east a portion Pire OFBEd surface
of the setgongh_set of  conalE&r PYETRtde, hiesnibe pisrogencis onifiomty diargagt her aspect
of the pri&spaghout.nkiesly,tbediffukien Barkisr IFePNbIGH: for making a

sem condu&mﬁg g‘ﬁikcoef i ¢ch jncl udesg_{ehe st ep@og@%ﬁg’l\ﬂ“ﬁf%b‘@ themhy r at e

cont ai ni %con uct Vel ErEnationdn didemisprduaigr devitiefdutisg Obri&dEbh bekersi@yer on at
| east a eiddyn thof typhief G Bk@er iy LAY & L the conductive metal

el ements, the, dféifﬁ%ll.s' on barrier Ifad}(ear con%%els\sﬁqcrfamécf’ﬁuc‘f@ﬁflcvyér‘%m,sesniat rogen
and hydrogen wi LA PECHF £erstian bipisay between manis nthatelsli SEuldduh §6ioh Ly ough the
di f f usi orcajpitarice bethvadBhe cobldBetSE Hl . device described herern
containing a diffusion barri er | ggag?ﬂtég%lor%%ﬂ?grt fPlestrs sighals to atzdat a ni t r ogen
and hydr 0GeR" $REh Yith écrrased senss-talls Hropghoime ieidbadativn Hird bhddted throughout
the di ffusi onIbaduld & dekidbgy .advant ageously possess a | ow diel ectric
constant t her eby cau_sieng thtg%gc{}é%tarsic%mgﬁ%ﬁﬁﬂrgg‘ﬁwwabiiffmmtdﬁsx:irce to
travel at 4" Pastesprovide e rofustrdhesioncietivesn oissSinteftofn bl ﬁyegmhifgaﬁgousi on barrier
| ayer actSai@sinRl ad8REShYSw S hat the sem conductor’ device TI's held

t oget her nore robustlyyf or gégegte%?tchﬁstﬁaélé?%é}fei Yice thereppallowingthe elefife z0os 4
BRI EF DESERPH EoNeldpsterierRangINGS:  Pref erred ermbodi ment's of the invention
are described below with reference to the draw ngs, which are described as
follows: FIG 1 Ais a schematic cross -sectional view of a sem conductor
Substrate containing a first set of conductive netal elenents; FIG 1B is a
schematic cross-sectional view of the sem conductor substrate of FIG |A
wth a first-diffusion barrier layer formed an a potion of the substrate in

contact with the conductive nmetal el enents;




FIG 1Cis a schematic cross-sectional view of the sem conduct or ufstrate
of FIG 1B with a dielectric layer forned on the first diffusion a 2004
|l ayer; FIG 1D is a schematic cross-sectiopal view of the sem conductor
substrate of FIG 1C Wth etched line and ¥ia openings; FIG |IEis a
schematic cross -sectional view of the sem conductor substrate of FIG 1 D

W th a condugtivm al material deposited in the etched openings to forma
second set o%we netal elenents; and, FIG 1F is a schematic
cross-sectional vi dwcarflinghéo sami aspeuof ouhespfbsémaﬁm/eﬁﬁoif-l @hert EigMgrbvided a

second diffusion barrier Layer, f.ormed toQ urfaces of the dielectric
| ayer and sef3M§° %@P{%f‘ieﬁ’éﬁ%ﬁ’el‘ﬁ% ?re‘#&ﬂs‘ i}?ﬂﬁé}s layes-compRsingNsLiponT |qarbon,
PREFERRED ENB{gldgbiy bd\Myirogeh with HR IEPQ%& l?el Aot QRHINhAS difGibLiR trdé{bgghout the

accordance with th| s disclosure I nc em conduct’or sub
i ncl udi ng, f diffusicarhsrrigr layet.i rst diel ectri c I ayer and a first set of

t least a porti onihy rsgen Bhetobl'hocisied e attpe Abfer ety SLd Bhwiet ey

t he cgn(cji_uclt i ue cpmplaﬂededoeﬂienfmtrglﬂpertﬁﬁmbg(ﬂfifi'd(:ﬂﬁwiorgﬁbwrf& ahé cblah ”&Jeﬂdlge a
secon ielegtric, layer agplied on_ the diffusion barrier i ne an

vi a openi ngs‘rl'lsEﬂbt‘hg“tﬁl ‘%/Q?Y b H{%b‘ﬂ’tpﬁr yface Of thrydidfugion barrier 1 P'}éﬁ‘;ferﬁ&ﬁdthel lpyar may

di ffusi on bagsgpridedy il X RRS ik Iﬁé}% J-Io e
conductive net aﬁsmee emsrel1 ‘t)vﬁe?gl n, agiefg%?;% eﬁept tlmjirrgaéii SIEP deJa(r)l%orﬁt edj
within and f hydrpg@ %ﬂﬂbﬂmpmpﬂmgm lower dayerabeiag camhphised of nﬂm@u,cmhmm roatbah,

el enent s, an ecan S| barrier layer applied on the top surf ace
t her eof . H (?%na%t(a gptfjorr{%flg r*gg?ns shown in FIGS. | A-1F, the sem conductor

devi ce descrl bed h’éh@semmamﬂda&)rfdwhsectohwlﬁng siie Piffiviod Bigrier BB EANHIRIIE a
Substrate 8 t

{r .t.he co ntion pe g contain, for exanple,
circuitry antfd ﬁtgrcoln inipg SAR ‘i"%ﬁnfftav%lFéeméeW Frg}qyle)e dxRusionnbargen e s
substrate 8 wplied bamleadst dF@ﬁﬂﬁtdflth sub@YR¢ inlCdnict WltﬁQﬁ@é&fd‘uEﬁ’vérﬁE@i el%%ﬁ"t@' al

bei ng deposh% din and filling |ine openings to provide a first set
conducti ve & serpicapdiicio @lcesmx alsp dneludespidiglectrio dayer sipplied on thadiffusion
and conducti y Y [ ric
and conducti vgngnig{ag& ﬁ%?gﬁ% é to(&)xﬂ g&ngg%r\%/ %n(ﬁ?%%tﬁg%yeg ﬂgﬁ ? ﬁi‘%‘“’@&‘
mat eri al s i nbartigelpyerde expesetlae Surfam ofat least ofid ofthe candictti®e Gretal SldBrentosoghat C

et hers. benzeoiSRR: Bldtes deSqefied Wil 26 Ry RS e Brd Gh oRBuhr roits »
porosity sucéecasd feydf el@etncslldoﬂmsmmduam,métﬂtdwherﬁé | opsenullgxasond ﬁitﬁ@ﬁinhw
s alloys of Si)

orthosilicatg based spin on fili.ns and th anor. pho O,
C and H, armﬁ%ﬂ%gaygﬁ ?a&/ng applied ingontact b‘gl-?té?ﬂﬁt f‘ﬂ’@“]“?‘k@yﬂ}?rtoﬂl%‘mf%ﬁ‘i pf E,he
| ayer 10 wi tkecbﬂnesenbgwﬂdncuﬂveerha@memmbel ng preferred for use herein and
Ti, TIiN, TiW Ta, ?%Ogd Cu and the like and conbi nati ons thereof
for conductive net Fcoé‘ihégré% ther agpech ofthepassspt InKentipnetherg isprordtled & metifodr
use herein. fRGHAkIAY @Ssehfiéo C net al
el emrents 12 on subﬂ%lrate 68nfdg.6tg}. ')69\(/:1@%%41%&;{ M\?ﬁldclgf@ﬂg‘{ag%é?‘ ??g) ?‘%ﬂgsalt (Ig‘gq% vapor
deposi ti on) W%ﬂ@é&pnwtlaﬁelemntswgyi fmngaé&%sm ariiemlayerran stiledst a pohien

purvi ew of opeys g{ﬂ#&ﬁ[}é HQQE@‘& Hih the . ?lﬁgétﬁ)e%%tﬁ eqellng%grtpéggﬁbsfodlnclgq@ggr‘:l@?%ﬁ

netal el enents orne erern can be su
process suchcasprising SIbo«mrrparbon,anm@ndad tiydidgepoiithahe nigrogewdeing nbnanifoingiyone

led leeﬁgrialnl ;jﬁgté% %{%@"0}1%1 %Féal%%b?n rrlgvé de a substantially planar surface
The semiconductor device described herein containing a diffusion barrier layer -
formed from silicon, carbon, nitrogen and hydrogen with the nitrogen being non -
uniformly distributed throughout the diffusion barrier layer can advantageously possess a
low dielectric constant thereby causing the electric signals generated by the device to
travel at a faster rate with reduced cross-tale while the diffusion barrier layer acts as an
adhesive such that the semiconductor device is held together more robustly for an

extended period of time.



2 ~ FEB 200g 6 Following the formation of dielectric |ayer 10 and 24 FgBZO
conductive netal elenments 12, a first diffusion barrier |ayer 14 having 04
upper surface 14a) | ower surface 14b and central portion 14c formed from
silicon, - carbon, nitrogen and hydrogen with nitrogen being non -uniformy
distributed throughout is applied to at4least a portion of the substrate in
contact with at | east a portion of conductive netal elenents 12. Thus, the
nitrogen is relatively nore concentrated near upper and | ower surfaces 14a
and 14b as conpared to central portion 14c. In general, diffusion burner
| ayer 14 is formed by subjecting sem conductor substrate 8 to plasna
enhanced chem cal vapor deposition (PECVD) enpl oyi ng any conventional PECVD
reactor or chanber. Alternatively) diffusion barrier |ayer 14 may be forned
by atom c | ayer deposition. When enploying PE CVD, the interior walls of
the reactor or chanber are coated with a filmof, for exanple, silicon
nitride. By coating the walls of the reactor with silicon nitride greater
adhesion of the barrier layer 14 to the top surfaces of the substrate)
e.g., dielectric layer 10 and conductive netal elenents 12, can be
achi eved. Next, the sem conductor substrate 8 is placed in the PECVD
reactor. Typically) the exposed top surface of the conductive netal
el enents 12) e.g., Cu, will contain contam nants such, for exanple, oxides
of Cu (due to air oxidation of the Cu), which can lead to inferior adhesion
of the diffusion barrier -l'ayer to the conductive netal elenents 12. Thus)
it is prePBIEHDESCRIFONOF BHBSRamWiNGSy al | of the contani nants.
Accordi ngly) s .is.sybjected to a plasnma cleaning by injecting a
gas flow of, e‘.’%. %%‘rgbe"%ﬁil%’,‘s %rﬂl'ed“wé‘o‘iﬁfﬁfiﬁﬁcéb@chqtoai witlnepfeterivie td @geN-
cont ai ni nérryings.switth as Yeserilgd as MHosWi t h optional other gases into the
reactor to forlgilcgl I.asrrF whi ch advant ageously renoves the contamn nants.
Al ternatively a gas'h ¥ ﬁ?aélcffﬂﬁf'é?qqpf*?éVH&’.Ofmymibmdusmdst@trrat@Lmnggeani ng.
It is parfiistset of dopdativamntagsauset 0 enpl oy a nitrogen -containing gas
m xt ure becaus[ﬁ[gdr%i. ng the plasma cleaning a thin filmcontaining nitrogen
is formed on the" bsasﬁﬁ’f‘?%?é‘éﬁ%ﬁ‘-smimaéxbwiaftHcayr&rcoxﬂchc@BQJﬁé?{igHﬁt‘ﬂd/?Armt al
el enent's Wb a firsg diffuSion baMEQLY el ur.f ace 14p of the resulting
di f f usi on_ bgr rier layer) an t‘/iktﬁmhas E)aeéonr&?no%fﬁw st“ﬁ%ffatet‘ﬁicgmﬁ‘?tll‘ﬂthrt@act S with
the Cu theM B‘S’“’BP’GWHF‘H@“W eater adhesion of the filmto the conductive
met al el enent sFIG21C kida B ) und at tf~is thin filin containing
nitrngen al so renders t%zna?gg‘géﬁ%?g%’teﬁé‘?wt"ﬁ © ERIIEPEIVEIAT dtbptaat¢ of BIML 1B O
oxi dat i onwﬁlﬁ/aQiel‘?tnééﬁﬂéfrfameﬁ,on\meﬁrsa:bﬁ'hsydnrtg:ﬁdﬂia@exf,i I m the nitrogen
-cont ai ni ng figmm yblhd . 1 Ni.trogen ntent of about 1-20 atomc % N
and preferably about aSAEg%Y%r?‘l%DO&f ?ﬁ?honaf)%ewog Sp6Rnduotpr subgfirate oy, ¢@r bon
rati o of W’Z‘égtcleﬂéwea%mmmgand will range fromabout 0.1 to about 0.5. It
is to be undergtopsl;t |l amounts .of oxygen, e.g.) in an anount |ess
t han about_ 5 atom'p‘?:il[so%qgﬁr?gﬁl p%;%rf’ B 56 af ‘@%‘%"?‘I‘?EFF"&%G?C@ absimter dfFIGH) | ey
.opt i onal | Yitbcondaetivamejahmptesal fdkpasitellia (eQlched 8pechint fo f%gosure or anot her

. ! d second get .
source of coRAYaeo lpcqentlmsgkraiss of the nitrogen .-contal ni ﬁﬁ f9Pmowill
ordinarily ranﬁ%emipr om abotf™™ nmto about 10 nm and preferably from about 2
nmto about 4 Fgh 1Pstiéhenbiid éfssiscti@sii idgince the greater the
t hi cknesswﬂ{aﬁggm{('hlt m.t he greater amuﬁ{&ggtnﬁ%etﬁ{rl%aé%a%sfl SR SFEEIR in the
Fi 1 m b opata pobad dition berrr Feirfermedioa|tisciop surfacarug tiantielertrid lager 54T conduct or
devi ce. TeeondentudficaiduttBre aipthl PIRMELts €MPl oyed during this step can range from
-about 200" C to about 500'C at a power of from about 100 watts to about
1,000 watts. The time period for renoving the contam nants and foam ng the
filmmllww nds. Foll ow ng the renoval of
t he contam nants an ornmat| g nitrogen containing film
a gas mxture of, for exanple, an organosilane containing silicon, carbon
and hydrogen, and an inert gas is injected into the PECVD reactor to forma
silicon/carbon/ hydrogen - containing filin on the top surface of the thin
nitrogen -containing film i.e.) central portion 14c of the resulting
‘diffusion barrier layer. Useful organosilane gas m xtures include
nmet hyl sil ane, dinmethylsilane) trinethylsilane, tetranethylsilane and the
like. Alternatively) mxtures of silane and a hydrocarbon gas, e.g.,
nmet hane) ethyl ene) acetylene) etc., can also be used. Suitable inert gases
for use herein include argon, heliumand the |like wi th helium being
preferred. The thickness of the silicon/carbon/hydrogen -containing film
will ordinarily range fromabout 5 nmto about 100 nm and preferably from
about 20 nmto about 60 nm 1n general) the tenperature enployed can range
from about 200" C to about 500°C with a power of from about 100 watts to
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preserve the | ow dielectric constant of the silicon/carbon/hydnge
-containing film Also this nitrogen-containing upper surface res[gtlstigBaZUUZr
strong adhesion of the dielectric |layer 16 onto the diffusion barrier film
14 which is described bel ow. The plasnma enpl oyed can be any suitabl e gas,
e.g.) helium and is typically injected into the reactor for a time period
of from about 10 to about 60 seconds wi'th the power ranging from about 100
watts to about 500 watts. Followi ng the plasna treatnment, a second nitrogen
-contai ning gag g Huclos dbvil into the. r tor,to,forma second

ni trogen -containing f1om é‘?@éﬁ?‘&gﬁdﬁg‘%" ‘%‘hﬂﬁ'ﬁggﬂgﬁﬂ’é" eludese sericonductey

di f f usi on SH#aP includingefor cxdngle birs: diehkgicldyer 40ae o 5arBk beRu@ive [y f 1 T St

di f fusi Onﬁt%é’l%ﬁtg-erdl ?%s&r.féé. ui tabl e nitrogen-containing gases 1nclude, for
exanpl e, % 4! @ (5 diffyysiopyharrisr laverpplisd of pileast kportiaeafdrecsubspratevinen

appl yi ng obitst ivith afleast B gorfibh HOBEFEARE Rchl lod. Ll have (1) a nitrogen
content of about 1-20 atp_on‘i c %a N and pré3 egg%ﬁfg'?%ﬁ?m‘ﬁ°@?‘&mﬁ(@%maand (2)
a ni t r ogeASRHCkdna secpndydiplactrip layerapplisdoh tierdiffusidnchatriod layer] e @ Wia dPemngs

pr ef er abl Yorn8$ %ithid d0end . is to, be derstood that the nitrogen
-containing fil m may ogﬁ%?@l (ﬁillcﬁlté\ccl%etﬁgndsﬁ’ﬁﬁ ‘#{H‘éﬁ‘ﬁ?}‘?’f’?r byersnd exnesingéheal |y in
an arount Syréseof 4 kastanoof the catdoctive nidt=d Blémprte fhefeADA YorB&He LIAMNMARQYE 2
atomc % 4 Siteli Withi Jog: U?thir exposure or anot her source‘o? oxygen. The

ni trogen -cdontai niiny rifWReE e pPegings ©fprm 3 saqandsserofcpndytinessetal alegients, f r om
about 1 nand, @ sabadidifthQombara&dager gj’pﬁ&ﬁ&l te top QM AR MUfeof NM LO about 5 nm

Par anet ers forAform ng the second nitrogen -contairning film(e.g.,
tenperature, tTH¥ER gmbadirpenys shayn iralES. 1Ak, this santic@MAGLE detic@Bablib500 ~ C
for the tRraERcatbY BImdd A &XMidi 100 seconds for the tinme and
from about SO watts to Ugbou?{? 50D %%e%rgco? g‘?&cirﬁggsg%t\?\gﬁhatW{F‘Gﬁ%ﬂ"'yt}o"ﬁhe

conpl et edV8F FFARBGINSEY frsiexiraye cirdHtre anl otien traérynetign levils, OR@RAYIMA. t O

about 5 atepiiddad asPsYEE e gL al.r,_exposure qr another source of oxygen It
is also contenpl at ed phbgt a th%‘?cnaa 193%“%@?’%5@5‘“?‘8%"%8%@&%1 Agterinlebedief f usi on
barrier |%petitedin andifilingriinervperomescaprobide e fipk 63 @flc @IV meEUentX @Rl € t he

di f f usi onghakkl .can. deposjted enpl oying pul sed CVD or atomc

| ayer depositi gﬁ&rﬁe&ﬁﬁg@é&e tré‘?@%??gé? CoPg'i‘cHV‘F Wéjr‘éewtsé&@w intlude ghyposi ted in
form ng teavefitibhalgielotrioand @mudtivg afetdnteRAXHHEH otk bEna ihighdsaree of
conposi tir@?eﬁﬁpﬁﬁc@h ?)utch that .the desired nitro eon di strlﬁg}g?ﬁbg%lfesmgchi eved
in the diffusion Darrrere fdygpted @, fronmaied t $i0s¢ Sidhforganicthernaset ber | ayer 14

has been themmehisticddiele@ats duch hByBfimids, ' e surface of the
di ffusi onmpar Lier 14 (See FI G S%@é@ﬁg%@%ﬁ%@?%?loﬁ%eﬁeﬂéﬁ,ﬁ

| ayer, . 1
dielectric 1 Zysm iléss%/stwﬁ‘lkorp‘ﬁ‘#{"llﬁlﬁ’lf%ﬁ}’yu @y hyrregse oilsesqwioraps, inptgil | y treat the
surface ofilsesq@iodanE B0 ofndiib Bh e sHRGA tifhis JAE i 4okt h, & adhesi on
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gl asses Wik R0k W thout porosity such as hydrogen silsesqui oXane, fret hyl
si | sesqu%i@ﬁ%{tmwg TaeHs 2% fféag’f% Pétaltdér%&‘g@’gpoélmmg procefs knownamoet he | i ke)

amor phousskilell @ythe aft tSidvar@lgebusiystotide 25T f Si F. and H and
the |ike WF@ t he organic S el ectri o be?ﬁ%ﬂgpg%%%%aag?sogrm%@@‘f’l’@’r"@dn. The
dielectric y%? 16 can ordinarily be applied on the surface of barrier

| ayer 14 as a substantially plagiarized |ayer. A substantially planarized

| ayer can be achieved either directly through the formation process, e.g.,
in the case of spin on film or by applying known and conventi onal
procedures, e.g., chem cal -nechanical polishing (CW), once the dielectric
| ayer 16 has been formed. The dielectric layer will ordinarily have a

t hi ckness that will range from about 200 nmto about 1,000 nm and
preferably from about 300 nmto about 700 nm Techni ques for formng the
dielectric layer 16 are within the purview of one skilled in the agt. Once
the dielectric layer 16 has been fornmed on the surface of diffusion barrier
| ayer 14, line openings 17 and via openings 18 are then created within
dielectric layer 16 and barrier |layer 14 to expose the top surface of at
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Foll owi ng the formati on of apenin.gs 17 and 18) a conductive netal materi al
is deposited within and fills each opening 17 and 18 to forma ?ng@éE?%b
of conductive netal elenments 20 as shown in FIG |E The second set 04
conductive netal elenents 20 can be forned by any known or conventi onal
procedure) for exanple, by electroplating or selective or non -selective
chem cal vapor depositions (CVD s)) spﬁttering or ot her physical vapor
deposition. Any conventional conductive netal material can be used herein.

Sui t abl e net al rials for for.mn onductiive netal elenents 20 include,
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di el ect r i Mty @dly BftudidYard |41 ' ion barner |ayer 22 with |ine
and vi a openi nlgsy bei ng crea?tlaag&\?l\ﬁrﬁ%nﬂc?%[g{eg{bg?{é)c crllg erlr&%’?éﬁm nd Bhrrier
Layer 22 “pleyinad¥ECHD, the inserion wWalls of theweadtorton ehanthpr sel céatedinia] 2 MANIURLT Ve

net al el . CONGUCtive t terial, . e.g., Qu, can be deposited
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exanmpl e i s gi Wet, the skrhicotutat subbthe: BRBESION tef PRCYT fMiO0R {3&9{1( i @E | ayer
within the sgcgg)e oltf thia1 invention to a conductive netal materral. The
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deposi t _aaeth fafexide hidacor G (Bt it Jihulin 6t i€ CORPA BAaT) g on_bar ner
| ayer of Eﬂ%s invention in integrated circuit test sites having { hree

pat t er ned fgsiogof fheydiffusiog bagier layer te the cpraugfivgancid] eldments I pt Tion, igisven above.
The semn GRérewdblk & refildbStubathifiall ' ' a sigled of an
unpatterned copper filin _depozgggﬁﬂ%%&%ﬁ%é%Lﬁg gl:} ss“ﬁ%‘??erg?é‘%w%o nm
di anet er ‘YA PRsE2 elainingdivdnieesmsiarzas flow ob f.cadhesNHR of agermixdepasiated het ween
t he coppe&iitrdgeh @ ; [N Ssast rat e, | es of suitabl e adhesion

| ayers are sgl i ggﬁﬁrﬁ rfgde(:hgg’%g"l fﬁ%iah&@)? t%n%é%[{%%ﬁésegﬂt? %85‘”5\98?‘8#0%61 an
adhesi ve Basma|whigheadvantaggously Temoyves Gre. coftarmmants. haltsndtivtly atogs infkn@essidiRgs as a

Cul adhesigzqn%qlggd fo}g%nﬂléagglge/si l'icon wafer. The copper filin was then

pol i shed by > to pr ce a bstantially planarized copper surface. Next,
a pl asma enhaddepathdarlyedyanrgpars tdeppisy 4 hiabgdnPEorGbhg pAakk@re tiBAGL DxZ nmade

by Appli . [ used t.o deposit.the diffusion barrier |ayer. Prior
to form ﬁ“‘é‘“?@é’% |i E%‘:{\:%‘?\“goaa'ﬁ%”i@?‘cf’% 8 N{tgeR i umed Po thelomssusfeces k- PE CVD

react or weelectrimiayezd0wid donductivé inBtalMASAD, OF., 6l WA 1dek Elﬂﬁﬁé‘pﬁm dhydr ogen
(asilic Sumnt rdi%iejs. c%ati ngg ;I'rge tef)t substrate containing the un-patterned
copper film was TpELRRERERYGnand ithas beean foynd dhat this filmeregctswitiothe €t tigreby

t enper at yrevidifg glekeCadhddih MM 1 LBRAEG R LREE @?ﬂt ﬁgls”afi‘}o‘bon was

r enoved ft{)orgt[hhe .copper surfaces as follows: a gas TTow © pureeﬁ?—B was
admi tt ed PR e this dg fm contajning nitsesen alse fendersthe taptsuciam of thelCassenenas f or med
usi ng 325em&thdt S0 &fid r substrate tenperature
reached appr oxi rr(g{ledlagn gg%% %&Fﬁngiﬁe?g‘?ﬂ gili ¢ thg@ﬁ“: &H’Sﬁ‘ftéqgﬁ? Agn M about 2
to about Wlhive @) & kitlesmepnttapefaboutd -2atniie % Nad prfeablitabots dtdthis % hite-

Next, a gas m xture conposed of trinethylsilane gas and heliumwas admtted
to the reactor at a pressure of 8.7 tort and a plasma was forned fvr 30
seconds to deposit a silicon, carbon and hydrogen filmat a thickness of 55
nm A helium plasnma step was then used to render the
silicon/carbonllrydrogen fil mnore dense and | ess perneable to gases by
flowng He in the reactor at a pressure of 8.7 tort and applying of 250
watts of RF power for 40 seconds. NH3' was then added to this plasma for 10
seconds while | eaving other conditions constant. The separate plasma step
using the mxture of NH3 and He fornmed a thin second nitrogen -containing
filmby adding nitrogen to the top 3 nmof the siliconJcarbonJhydrogen film
to formthe diffusion barrier |ayer. The thicknesses of the first and
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2 ~ FEB Zao4 12 The diffusion barrier |ayer of this exanple was f;ﬁth [
characterized by X -ray photoel ectron spectroscopy (XPS) to obtai lﬁo 82004_
atom ¢ concentrations (excluding hydrogen atons) and to obtain chem cal

bondi ng information. The barrier |ayer deposited and treated as descri bed
above was anal yzed with XPS. The atomi c concentrations in the upper surface

of the layerof.Si) C O and N were 30% 56% 10% and 3. 3% respectively,

wi th around 80% of the Si atoms exhibiting chem cal bonding characteristic

of silicon)gakdbdteatidd Shid 4 itride  The remaining Si_exhibited bonding
char act e?.(la)sti c %f Si | ﬁc%dﬁd %ﬁ?%gﬁnﬁéﬂqg%%fvél[ww ut Gk toabaetdns It

exhi bi t eds Ehierinderstobdthai saplicinmuace bEoiygén, 6.9 n i dnlchRle fﬁ{ap'ag(ﬁltggg(j) 55?0

exhi bi te%ﬁg&%r@ %:srr@l ar, to_organi c conpounds (including, e.qg. e “hyl

car bon). SePRY et Lanahoshd pemicel, mavaptionnlly be presest rthefin duetto, ledy Qe

cont ai nedxpssute G ARotE& sBRBe of ¥y E QI i, n_in various bgonding states

and that the carbon isagredon,‘(l&%anﬂ;ﬂ{s}l ?%%g&lgglrtrﬁﬁﬂ’e"cwlﬂg nwill'i n nature
with the &PHlEFnge{ram abetlaim tawponi Menmy amiybferaBIyTioRt abSht Sivh k& Qoulh 1L de. A

Peel Testa wasakigh .on. the test substrate both before and after
subj ecti ng t he tes%qggg{)fs?{rggg igcq the §r°f‘tﬁ‘é‘f‘ C%ETS? pkthe Blpcthe grepter a@@INGOf or 45

i nut es. MtmgePydl bélpetentinshe i WHiCERilYsul 924 hidGer URRck 8 ShnskGiGhe W th
Pol yi m dg &%g%d*ﬁicprggs thIi cléﬁ), cutting the substrate Into rect lhgul ar strips
(about 106X0. %r% IV L fripeafuseand opesamnlqyed dutingdbis sty ednesheR@Rn FOr ce. A
Peel St r ahgitl200TC (8Qb@it 50D WS a FERGWE &ImSHR Y r el s and 69 gl nm
after therni stress with this Peel nSlt ré‘gét@%&’%gsitﬁgboé'g%(ﬁ)z‘f"gfsy'rﬂﬁf%r m on
the enti PE"YOPpEMANMELRe Wijfaminaats and Byming therfdm veh gueehlls hoREcA HES i 9N -
COVPARAT IsdiondsXAMPLE 1 The fol |l ow ng conparative exanple is given to
illustrate poor adhesion of a diffusion barrier |ayer outside the scope of
this inventi ofollaying e mmayvel ddhaxmnamimsd and ﬁhnatﬂ;h@f@)@mré‘g‘aﬂg%ﬂo%'én substrate
of Exanplentdini@ %% Si J . npatterned copper film deposited on a
silicon waf er gubs’tér a?gmgt re%’gotg%%aﬁplg’rfé‘t greanfjstiane gontgining pilieone campionaitii on of
adhesi on hyémpeans andeandairt g idiejeedintd e FUMIEFeadthd th¥@Ad, t he silicon substrate
w th thegQ f bei n ol.ished by CVP to produce a substantially
pl anar i zéd1 J(;:}g%[%beornh Jglg}ro %1%'e°% rfﬁ?‘(%‘éla’ tppysurfapesofdhesthiningrogerExanpaingg: filfn,
sui t abl e iadbrtpiqrrticnylde of A eestitihg GOTsioH barbid Eaydl Suehih xi.de on the
silicon Witﬁi%g?étdls?ln adhesi ye metal such as 12? ‘-%3%“:')?"9%!‘83‘ LS R Rres
substrate 1s deser| pd ety lsHane, timpahylslang ternsthylsibon and the lide JSi | | con
waf er. ThdteREI@YDniaaet of silise thd dhyB%aEbE kB, z00s 13 al so used
in this %%ﬁxa;rf[%' & Q@t@pri or to formn %a;'ecy\%ﬁ?tlﬁéfﬁﬁhy SRR RrRFeRe gt |t he
interior walls Ofct e B saws fr gfe hgeaireinglode agbnwhdlinmand idemke @iaggosed of
si | i con, hdiuwngksingmefelydr ogen (a silicon oxide coating). The substrate
-cont ai ni ng thfhuﬂ‘- atterned copper filmwas positioned on a heater block in
the reactor at™% lcgﬁ‘ﬁﬁ%?%f%%c%f%{?mﬂmgmmomahm fini vil R oflinaiGRRSYe @Rd Ot her
cont ani NabdubB ne® ab@IQYE 4@ kel faces as follows: a gas flow
of pure NH3 was adnmitted to t g%@é’ﬁ?@?g%&gép 8 8huE6G pm , Ispenggah thend &
pl asma WECRCE TR ermpleyespanm posefom sbaut 288 (o wksut 60°C Mh%%@@&%-ﬁo%gﬁpbﬁ rate
t enper at @ wheds A6t & L 7B 'C and during this tine of 15 seconds
a thininterfacial | a@gdrs %w%i% e%)bégtfst%ga’agﬁbwr"cf%ﬂeﬂm fimp gerigdifeh had a
subst ant fMiRgheEkn erorrargn frotrheboety (pabodisn Benaeor adhesion to the copper
surface. Nexty -m re,c osed of trinmethylsilane gas and He was
adnitted to thgﬁ?tggglP %grn)(cé{ oghﬁ“l?rg%gﬂ?o@mﬁ‘lmg&@m i§ gbiegiaditon iisammmavesat thor med
for 30 sewderube fio: depasid and Rbd jeaniabioas HARY (EOMEHink e lc B Ckess of
il mnoBre

SSnm A ste s used to render the fi erSLORR Y% s s
per meabl gﬁ%]gkog%ggl§pttl)aifg‘f‘}g%wi%“?-‘?@bF*‘?thﬁEen}aéb%ﬂ@mpmrsmfme&hure of 8.7 torr

and appl yiling/@BOnbsdbgerdtorkimiRORRL. 1f R t hereby formng the
di ffusion barrier layer. The P%el Te{sgtado tagﬁ)g%ggwfﬂfﬁﬁgn H%‘ﬂa“bétr‘g‘br med on
the test u%é‘f&aﬁ? 8nd5f I nsaetestccinta e silicowcarbunifiydmign groh BiRingGRY iSURSIG,ate to 6
thermal stress cycles to 400 C fox 45 mnutes. A Peel Strength ranging from
0 to 40 gl mnm was neasured before thermal stress and 0 gl nm after thernal
stress. The Peel Strength was non -uniformon the copper wafer surface with
-about 60% of the area show ng O gl mm (spont aneous del am nation) and 40% of
the area showi ng 40 gl mnm COVPARATI VE EXAMPLE 2 The fol |l owi ng conparative
exanple is given to illustrate poor adhesion of a diffusion barrier |ayer
outside the scope of this invention to a conductive netal material. The
sem conduct or substrate of Exanple 1 consisting of an unpattened copper
filmdeposited on a silicon wafer substrate of 200 mm di aneter with a

sui tabl e conbi nati on of adhesion | ayers deposited between the copper film
and the silicon substrate with the copper filin being polished by CW to
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2 ~ FEB zoo04 14 Cu/ adhesive netalisilicon rutride/silicon wafer. The 1'E
CVD reactor used in Exanple 1 was also used in this exangle. FiJyst, prior

to formng the diffusion barrier layer, the interior walls of é%mq)
reactor were coated with a filmconposed of Si, C and H (a Si CH coatl IE/

depositing trinethylsilane and He as tng reactive gas.. The test substrate
containing the un-patterned copper filnrwas positioned on a heater block in
the reactor at a tenperature of 350" C. Next, the oxide of copper and ot her

cont am nag | s, remaved fromthe copper surfaces as follows: a gas flow
of pure Kﬁe&\?\g\é@%@ﬁ cﬁ‘?‘@"g“‘f gonstant of thestlicpr/earbon/hydrogen rcenteining fiim: Alko (mgd a

pl asma wasitrbgenrddetatish for..15.5econds with the
substrate igq%grﬁl)ler at ur egﬂ?bgﬁ%sﬁ fﬁﬁg"’t %%l;l)trggnxﬂ:r?gp %WE%%'O& © dAafﬁﬁ‘?ﬂaY‘ﬁ’itlg PRigdhey|

| ayer confitP#Hpmbardensimaldiwhich ig dedsibeddelowe (The plasnLi@RSyel 8sh Whny RicbRPPET
filmther r i . hesjgn to the c er surface. A" gas m xture
conposed %&)’%gi ﬁrfggy ﬁyf}gll lﬁgﬁ% “g’g‘s“?%%?g %8\%‘?‘: H’ﬁ? 5) tumg peripdiof fomeboutdd tat  a
pressur e doud0ketands with the ppwiel AGgRg hﬂxinrigoxft@mﬂtsftpgbogpsoﬁ%ﬁpds to deposit a
si liconicar borpoilﬁdr o%i?n filmat a thickness of 55nm A He plasma step was

used to render % RENEHGRIATIAdrCaEEk 2 S7rand ritrezen eeontaiiinggas plagasia Snjkyed ih@W Ng

He in thethe eacbow fédn RsdbREM#6gn donfi I applying of 250 watts of RF
power forééé‘%seconds t?lereby f%?nioﬁgmtzrﬁge ’f%&gp‘gﬁ'?‘g%f’??ae?gq‘%?ﬁwmﬁhe Peel

Test of Prcbajriegdayer, Hereby eppleringhofounition bt fissbisfusion Bark@iyepef or e and

after subgfGblag ) : 0 6 thermnl stress cycles to 400C for
45 mnutes. A Perg%agférgﬁgl?gggs%%%?%ge’# ’&%Pq?’ + § PR Nib a8d Ne andgbé or e

t her mal dikee Sienerally, hert apphyafg ehis filinetheritrogdnl -EshGainidd PO Bl havit F@gg%tﬁ) i S non -

uni form qn r,yaf er face w th about 90% of the a ng O
g/ nm spont g%@%ﬁgﬁ’gﬁazrnd%ﬁ%‘flﬁcﬁwﬁg PRIy Ao aforals % Nawdl (%) af niongé:dacbol g/ mm

Al t hough refieinithemngd afifroBsboe® N tok®E&I0. ) B ter by LS thSh&L: b8 étf QiR th a

. . . 18
certain q%ﬁ&%t%ocﬂhgﬁtgg“ cul arity) obviously nmany changes an

_ / vartations are
possi bl e thérern RiPeenseonsgning Gla menontiealy tsdkide Ismall imountiefagjgeaf t er

readi ng tusealfydn egahdgt BeSGhi MouOatolc % Snd o _he under st ood t hat
the present invention may be presaet%t ed g?h%%f@@%ﬁ%ﬁ“%s“é%@@?ﬂ%eﬂ*y

descr i bed e et PP FOB@FarCE Alpy eomThhsitrogrinr-tdntairiinh SIGOPE dliBsBPT . 2

~ FEB 200gvd Hthidkdsymnki S i including a diffusion
barrier ﬁ:ggﬁ; con’ﬁli s%lrrllg?rsi i 83@%&?8@%&%%%‘%@#@%& #hoyEh nmfpt 1y t he
O £

ni trogen : BRPLPIS foR gl the sdvandentrogen enogtaintrigerileli(é.f USn@Bafiad T i er

layer. 2.tindd)Bow&@NdtE PEAYST AN i ce,of - clai rein the nitrogen is nore
concentr at eds%ear tﬁe u%}oggrfmgﬁ%gfggtc%dbt)? ?%%8{’?(#)?%?‘1%‘}?%%9%%@’ framy ahoue Hnpar ed
to the cdnbat I¥breeindn fasfthettinee gidfffousdbont J0atatts Brabba$es watds forlfl€ pSGdP conduct or

devi ce ofogoahi & i . pnitrogen is distributed only in the upper
surface of[ﬁtc_)hemdi f ;‘eﬁgﬁgdﬁ@ gg@?’f‘é?@%’g@?@? &lfcaﬂ.‘:""l‘ﬁ% Senfunheuct Grabdens ce of

clai m 1 Gfomic %pwreei, dut eimexposngan aﬁc&hﬂff@d&e@@ﬂﬁ%@ﬁ rated near the |ower
he. di 1 usi on et SPHAE b Sl E meER At peminects o aengerpecadi ng
claim wihes invertien dirf tetemiptsyet Bértin e Fod cx¥ifile, ihd difdSfornGRMRY 1a56 208y 9EN-

deposited employing pulsed CVD or atomic layer deposition methods whereby very thin layers

of each ﬁIm deposited in forming the diffusion barrier layer are produced with a high degree of

composition control such that the desired nitrogen distribution is achieved in the diffusion

barrier layer.

Once the first diffusion barrier layer 14 has been formed, dielectric layer 16 can be
applied onto the surface of the diffusion barrer layer 14 (See FIG. 1C). However, prior to

forming dielectric layer 16 it is particularly advantageous to optionally treat the surface of



6. The sem conductor device of any preceding claim wherein a r {3
the carbon and the silicon in the diffusion barrier layer is i%)qt EfBO?QB{)f

'silicon carbide. 7. The sem conductor device of any preceding claim
further conprising a substrate containing conductive el enents, wherein the
diffusion barrier layer is applied to at |least a portion of the .substrate
in contact with the conductive netal & enents. 8. The sem conductor device
of claim?7 wherein the conductive elenents are nade froma netal sel ected
fromthe group consisting of Ti, TiN, TiW Ta, TaN, W A, Pd, Cu and
combi nat id%ﬁ‘s“of‘ﬁ’éﬁ@bhyelg‘."f Witheansdhésivorperdter Sdigablesdhafongpranoer8forgs ei n t he

conduct i ygrefl M Cu. ~ FEB Z 6 10. The

sem condﬁlg‘;{ glrﬁgggl e@o(rx)l§ °‘{a6§{yijﬁ6§“{e°§‘§a Pﬁ’&loéelrﬁ?’?’i'n (/98¢ gﬁ%}?ﬁt“héef‘ﬁi E‘P@f?@@@ of the
di f f usi omdizaion ipesmdtery ficluds ofg2063ilRA Whch/as 61! £ adidYropyBRam Bnd fik i1k e

sem condl,i,ctor deyvice of claim 10, wherein t he thicknéss of the diffusion
barrier N§5AMauesior frepingithn surface of therbarrien lyer 16 avithran adigsionpreioteo areadithifror i ng

the sem gifmat v i i i ncl udi ng,.for.ning the

1 el o harbr R H et O SASHCI ol Re 0B, S et maki ng

a sem condesiabysed bereindo fduind&nl@aiqiryese@canhm aﬁ)fj mg;sblfﬁiela&tri@mwgd? Pﬂe a

substr at g, I Ni conductive el enments; agnd. b ormng a diffusion

barri er ?‘é‘@gd:ﬁ‘gﬁr‘] %rpgll)%%gf&gwlﬁ%w F‘B"r"rggf }OEHéC%EFH‘s‘P?la‘feeb‘f‘ﬁmd@h@a&dw th the

conduct i Vigoriretted] Sioh,e8103) beganit figenelbdef bk&h&ﬂxoblﬁé’ti'&idﬁ‘é‘leclrﬁ)(?&ch%grf&réx?xjxlp% silicon,
0 y

car bon, niltroﬁen nd Gédr gen with the nitrogen being non-uni

di stri buf@d"H ?soaélﬁary e efhers. henzoRydehutepes and fedike, spip. onBlesseswith odwithowe | ai m 13
wherei n pbsiBi fuck §ERY drseeNR1R sRMXAR) iy B HIsAG R rf.ace of .the

di f f usi on ,ba:yri er I? gfgccomgr ed to teﬁ{éy cesﬁsﬁralg &‘g’gtft?#gﬁ[%%%fl&g&%ims%si on
barrier FRep filmsandithelikeppmerghayts aloysiofSil 9, Ghed Bi andrpleunaltoyogest, OSF and
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The dielectric layer 16 can ordinarily be applied on the surface of barrier layer 14 as a
substantially planarized layer. A substantially planarized layer can be achieved either directly
through the formation process, e.g., in the case of spin on film, or by appiying known and
conventional procedures, e.g., chemical -mechanical polishing (CMP), once the dielectric layer
16 has been formed. The dielectric layer will ordinarily have a thickness that will range from
about 200 nm to about 1,000 nm and preferably from about 300 nm to about 700 nm.
Techniques for forming the dielectric layer 16 are within the purview of one skilled in the art.
Once the dielectric layer 16 has been formed on the surface of diffusion barrer layer 14,
line openings 17 and via openings 18 are then created within dielectric layer 16 and barrier layer
14 to expose the top surface of at least one of the conductive metal elements 12. (éec FIG. 1D).
It is particularly advantageous to create line and via openings that are of a mono or dual
damascene (via plus next level conductor) wiring structure for use herein. Line and via openings
such as the dual damascene structure can be formed in dielectric layer 16 and barrier layer 14 by
techniques known to those skilled in the art. For example, a resist layer (not shown) can be
applied to the top surface of the dielectric layer 16. The resist layer is patterned and developed
using known photolithographic techniques. Then etching(s) is conducted to form openings 17
and 18, such as, by employing a suitable anisotropic etching technique, e.g., reactive jon etching

(RIE). Parameters for creating openings 17 and 18 (e.g., type of etchant(s), concentration of
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conductive metal elements 20 include, but are not limited to, Ti, TiN, TiW, Ta, TaN, W, Al. Cu

Pd and the like and combinations thereof with Cu béing preferred for use herein.

A second diffusion barrier layer 22 having upper surface 22a, lower surface 22b and
central portion 22c is then formed on the top surfaces of dielectric layer 16 and conductive metal
elements 20 (See FIG. 1F). Techniques and parameters (e.g., time, temperature, power, etc.) for
forming diffusion barrier layer 22 has been described hereinabove with respect to first diffusion
barrier layer 14 and can be used to form diffusion barrier layer 22. Thicknesses for each of the
above described films applied in forming diffusion barrier layer 14 will generally be the same as
those used in forming diffusion barrer layer 22.

If desired, additional layers (not shown) can be applied to diffusion barrier layer 22. For
example, a dielectric layer can first be applied to diffusion barrier layer 22 with line and via
openings being created within the dielectric layer and barrier layer 22 to expose at least a portion
of the top surface of conductive metal elements 20. A conductive metal material, e. g., -Cu, can
be deposited within and fills each opening to form a third set of conductive metal elements.

Next, a third diffusion barrier layer as discussed hereinabove can be formed thereon

The following example as compared to the comparative examples are illustrative of the
present invention,

EXAMPLE |
The following example is given to illustrate the adhesion of a diffusion barrier layer

within the scope of this invention to a conductive metal material. The method employed in this
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sion barrier layer.
Prior to forming the diffusion barrier layer, the interior walls of the PE CVD reactor were coated

with a film composed of silicon, nitrogen and hydrogen (a silicon nitride coating).

The test substrate containing the un-patterned copper film was positioned on a heater
block in the reactor at a temperature of 350°C. The oxide of copper and other contamination
was removed from the copper surfaces as follows: a gas flow of pure NH; was admitted to the
reactor at a pressure of 4.5. torr and a plasma was formed using 325 watts of RF power for 45
seconds. The substrate temperature reached approximately 350°C with a first
nitrogen-containing film of about 2 to about 4 nm thick being deposited on the substrate during
this time. Next, a gas mixture composed of trimethylsilane gas and helium was admitted to the
reactor at a pressure of 8.7 torr and a plasma was formed for 30 seconds to deposxt a stltcon
carbon and hydrogen film at a thickness of 55 nm. A helium plasma step was then used to
render the silicon/carbon/hydrogen film more dense and less permeable to gases by flowing He
in the reactor at a pressure of 8.7 torr and applying of 250 watts of RF power for 40 seconds.
NH; was then added to this plasma for 10 seconds while leaving other conditions constant. The
separate plasma step using the mixture of NH; and He formed a thin second nitrogen -containing
film by adding nitrogen to the top 3 nm of the sxhcon/carbon/hydrogen film to form the

diffusion barrier layer. The thicknesses of the first and second nitrogen -containing films were

measured by Transmission Electron Microscopy (TEM) and the compositions of each film were

measured by an Auger Electron Spectroscopy (AES) depth profile,
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photoelectron spcctroscopy (XPS) to obtain both atomic concentrations (excluding hydrogen

atoms) and to obtain chemical bonding information. The barrier layer deposited and treated as
described above was analyzed with XPS. The atomic concentrations in the upper surface of the
layer of Si, C, O, and N were 30%, 56%, 10% and 3. 3%, respectively, with around 80% of the
Si atoms exhibiting chemical bonding characteristic of silicon carbide and silicon nitride. The
remaining Si exhibited bonding characteristic of silicon oxide. Approximately 45% of the C
atoms exhibited chemical bonding characteristic of silicon carbide and 55% exhibited bonding
similar to organic compounds (including, e.g., methyl carbon). These results demonstrated that
the diffusion barrier layer contained silicon carbon, nitrogen and oxygen in various bonding
states and that the carbon is predominantly silicon carbide and organic in nature with the barrier
' layer containing a very small amount of silicon nitride.

A Peel Test was then performed on the test substrate both before and after subjecting the
test substrate to 6 thermal stress cycles to 400°C for 45 minutes. The Peel Test was performed
by coating the test vehicle with Polyimide (20 microns thick), cutting the substrate into
rectangular strips (about 100x0.5 cm), and subjecting each strip to a calibrated Peel Force. A
Peel Strength of 70 g/mm was measured before thermal stress and 69 g/mm after thermal stress

with this Peel Strength being completely uniform on the entire copper wafer surface (100% of

area showed strong adhesion).

COMPARATIVE EXAMPLE |

The following comparative example is given to illustrate poor adhesion of a diffusion

barrier layer outside the scope of this invention to a conductive metal material.

The semiconductor substrate of Example 1 consisting of an unpatterned copper film
deposited on a silicon wafer substrate of 200 mm diameter with a suitable combination of
adhesion layers deposited between the copper film and the silicon substrate with the copper filin
being polished by CMP to produce a substantially planarized copper surface was employed in
this example.. Examples of suitable adhesion layers are silicon nitride or silicon oxide on the
silicon wafer and an adhesive metal such as Ti, Ta or Cr. Thus, the substrate is described asa

Cu/adhesive metal/silicon nitride/silicon wafer. The PE CVD reactor used in Example 1 was
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e PE CVD reactor were coatcd with a film composed of silicon, oxygen and hydrogen (a
silicon oxide coating).

The substrate containing the un-patterned copper film was positioned on a heater block
in the reactor at a temperature of 350°C. Next, the oxide of copper and other contamination was
removed from the copper surfaces as follows: a gas flow of pure NH; was admitted to the reactor
at a pressure of 4.5 torr and a plasma was formed using 325 watts of RF power for 15 seconds.
The substrate temperature reached approximately 350°C and during this time of 15 seconds a
thin interfacial layer was deposited on the copper film which had a substantial oxygen content
thereby producing poor adhesion to the copper surface. Next, a gas mixture composed of
trimethylsilane gas and He was admitted to the reactor at a pressure of 8.7 torr and a plasma was
formed for 30 seconds to deposit a silicon/carbon/hydrogen film at a thickness of 55nm. A He
plasma step was used to render the film more dense and less permeable to gases by flowing He
in the reactor at a pressure of 8.7 torr and applying 250 watts of RF power for 20 seconds
thereby forming the diffusion barrier layer.

The Peel Test of Example 1 was then performed on the test substrate both before and
after subjecting the test substrate to 6 thermal stress cycles to 400°C for 45 minutes. A Peel
Strength ranging from 0 to 40 g/mm was measured before thermal stress and 0 g/mm after
thermal stress. The Peel Strength was non -uniform on the copper wafer surface with about 60%

of the area showing 0 g/mm (spontaneous delamination) and 40% of the area showing 40 g/mm.

COMPARATIVE EXAMPLE 2

The following comparative example is given to illustrate poor adhesion of a diffusion
barrier layer outside the scope of this invention to a conductive metal material.

The sémiconductor substrate of Example 1 consisting of an unpattermned copper film
deposited on a silicon wafer substrate of 200 mm diameter with a suitable combination of
adhesion layers deposited between the copper film and the silicon substrate with the copper film
being polished by CMP to produce a substantially planarized copper surface was employed in
this example.. Examples of suitable adhesion layers are silicon nitride or silicon oxide on the

silicon wafer and an adhesive metal such as Ti, Ta or Cr. Thus, the substrate is described as a
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Cu/adhesive metalsilicon nitride/silicon wafer. The PE CVD reactor used in Example 1 was

also used in this example. First, prior to forming the diffusion barrier layer, the interior walls of

the PE CVD reactor were coated with a film composed of Si, C and H (a SiCH coating) by

depositing trimethylsilane and He as the reactive gas.

The test substrate containing the un-patterned copper film was positioned 611 a heater
block in the reactor at a temperature of 350°C. Next, the oxide of copper and other
contamination was removed from the copper surfaces as follows: a gas flow of pure NH, was
admitted to the reactor at a pressure of 4.5 torr and a plasma was formed using 325 watts of RF
power for 15 seconds with the substrate temperature reaching approximately 350°C. A thin
interfacial layer containing substantial carbon content was deposited on the copper film thereby
producing poor adhesion to the copper surface. A gas mixture composed of trimethylsilane gas
and He was admitted to the reactor at a pressure of 8.7 torr with a plasma being formed for 30
seconds to deposit a silicon/carbon/hydrogen film at a thickness of 55nm. A He plasma step
was used to render the film more dense and less permeable to gases by flowing He in the reactor
at a pressure of 8.7 torr and applying of 250 watts of RF power for 20 seconds thereby forming
the diffusion barrier layer.

The Peel Test of Example 1 was then performed on the test substrate both before and
after subjecting the test substrate to 6 thermal stress cyclesto 400°C for 45 mmutes A Peel
Strength ranging from 0 to 5 g/mm was measured before thermal stress and 0 g/mm after
thermal stress. The Peel Strength was non - uniform on the copper wafer surface with about
90% of the area showing 0 g/mm spontaneous delamination and 10% of the area showmg from
2t0 5 g/mm.

Although the invention has been described in its preferred form with a certain degree of
particularity, obviously many changes and variations are possible therein and will be apparent to
those skilled in the art after reading the foregoing description. It is therefore to be understood
that the present invention may be présented otherwise than as specifically described herein

‘without departing from the spirit and scope thereof.
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1. A semiconductor device including a diffusion barrier layer comprising silicon,
carbon, nitrogen and hydrogen, with the nitrogen being non-uniformly distributed through
the diffusion barrier layer.

2. The semiconductor device of claim 1 wherein the nitrogen is more concentrated
near the upper surface of the diffusion barrier layer compared to the central portion of the
diffusion barrier layer.

3. The semiconductor device of claim 2 wherein the nitrogen is distributed only in
the upper surface of the diffusion barrier layer.

4. The semiconductor device of claim 1 or 2, whetein the nitrogen is more
concentrated near the lower surface of the diffusion barrier layer compared to the central

portion of the diffusion barrier layer.

.5. The semiconductor device of any preceding claim, wherein thé diffusion barrier

layer further comprises oxygen.

6. The semiconductor device of any preceding claim, wherein a portion of the
carbon and the silicon in the diffusion barrier layer is in the form of silicon carbide.

7. The semiconductor device of any preceding claim, further comprising a substrate
containing conductive elements, wherein the diffusion barrier layer is applied to at least a

portion of the substrate in contact with the conductive metal elements.

8. The semiconductor device of claim 7 wherein the conductive elements are made
from a metal selected from the group consisting of Ti, TiN, TiW, Ta, TaN, W, Al, Pd, Cu
and combinations thereof,

9. The semiconductor device of claim 8 wherein the conductive elements are made
from Cu.
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11. The semiconductor device of claim 10, wherein the thickness of the diffusion
barrier layer is from about 24 nm to about 68 nm.

12. A method of forming the semiconductor device of any preceding claim,
including forming the diffusion barrier layer by atomic layer deposition.

13, A method for making a semiconductor device which comprises the steps of:
a) providing a substrate containing conductive elements; and
b) forming a diffusion barrier layer on at least a portion of the substrate in

contact with the conductive metal elements, the diffusion barrier layer comprising silicon,
‘carbon, nitrogen and hydrogen with the nitrogen being non-uniformly distributed through
the diffusion barrier layer.

14, The method of claim 13 wherein the nitrogen is more concentrated near the
upper surface of the diffusion barrier layer compared to the central portion of the
diffusion barrier layer.

15. The method of claim 14 wherein the nitrogen is distributed only in the upper
surface of the diffusion barrier layer.

16. The method of claim 13 or 14, wherein the nitrogen is more concentrated near
the lower surface of the diffusion barrier layer compared to the central portion of the
diffusion barrier layer.

17. The method of any of claims 13 to 16, wherein the diffusion barrier layer further

comprises oxygen.

18. The method of any of claims 13 to 17, wherein the portion of the carbon and the
silicon in the diffusion barrier layer is in the form of silicon carbide.
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bC 0. The method of claim 19 wherein the conductive elements are made from Cu.

21. The method of any of claims 13 to 20, wherein the thickness of the diffusion
barrier layer is from about 7 nm to about 120 nm.

22. The method of claim 21, wherein the thickness of the diffusion barrier layer is
from about 24 nm to about 68 nm.

23. A semiconductor device including a diffusion barrier layer having an upper
surface and a lower surface and a central portion and comprising silicon, carbon, nitrogen
and hydrogen, with the nitrogen being non-uniformly distributed throughout the diffusion

barrier layer, wherein the central portion is substantially devoid of nitrogen.

24, The semiconductor device of claim 23 wherein the upper surface of the diffusion
barrier layer is a layer which is relatively thin compared to the central portion of the
diffusion barrier layer.

25. The semiconductor device of claim 23 wherein the lower surface of the diffusion
barrier layer is a layer which is relatively thin compared to the central portion of the
diffusion barrier layer.

26. - A method for making a semiconductor device which comprises the step of:
a) providing a substrate containing conductive elements; and
b) - forming a diffusion barrier layer on at least a portion of the substrate in

contact with the conductive metal elements, the diffusion barrier layer having an upper
surface and a lower surface and a central portion and comprising silicon, carbon, nitrogen
and hydrogen, with the nitrogen being non-uniformly distributed throughout the diffusion
barrier layer, wherein the central portion is substantially devoid of nitrogen. '
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28. The method of claim 26 wherein the lower surface of the diffusion barrier layer

is a.layer which is relatively thin compared to the central portion of the diffusion barrier
layer,



