WD 01/ 08213 PCT/ US00/ 20378 REDUCED ELECTROM GRATI ON AND STRESSED | NDUCED
M GRATI ON OF Cu W RES BY SURFACE COATING Field of the Invention This
i nvention relates to nmetal ‘interconnections on sem conductor chips and nore

parti cul q&éy,&sgl:;agsurface coating or treat mant to prevenﬁcgugoi)g@gsatorrs of

conductors ggﬁﬂ I rent, a phenonena
known as el ect ﬁ ?sﬁ% % Iress gr adi ent
tending to relax s ﬂaﬁpon Background of

the Invention Increased denS|ty and speed of mcroel ectronic circuitry has
caused a shift in the netallization systemfromA (Cu) to Cu to reduce the

resi sEigllof the InventioBnductor. At the sane tine, the need for higher |evels
of current_density has exposed the Al (Cu) lines to failure by
el ect r oni gFhis i ipyentipn relatesgtar imetal xintenconnestions on ssmicauiductore shiphand mare ,

i ncrease performance. The higher nelting point of Cu is expected to

i mpr oparticulalyciora surface aoatingroy teazent to prevent strfiwe atomscofcbndustors fomriskingy

el ectrom gration lifetine. However, fromour test results, we have found .
t hat ibeedd@edstredth ®y ahielestrba Emt-entr& plienoméria l&eﬁﬁﬂgel%tr&ﬂgfahm ah@st rofiehavi or
such as atomc transport at the Cu/dielectric interface and not on the

i Nt 1 i BeihEmebed Bcd ﬁfes?éﬁhﬁnt@éndn?% fo! rElex stods@iAbwiPRUHER NduREd figrdiioRe” | Nterface
atomtransport Thus, "the specitications for allowed current in Cu
conductors proved not to be significantly superior to those for A (Cu). The

basi C¥E%:g§§dgp{hef}ﬂp“t%tl ng Cu conductor patterns is by the damascene

nmet ho rredlnadlelectrlclayer a finer is forned
in the trepches .1 tren s _are f.i .and then chem cal
mechani cal ﬂ}%ﬁ Qﬁ‘g g dea)sp |°€H“?IB$F§W3{°§§°’1“ éas “@P?&ﬁ s%ﬂ“&? surf ace
coplanar W th the di el ' er. met al I nterfaces are forned on
tho - BetAUateh waen fom AT fo CRS teiucahrseeance of e comQistorod Sresemen
lifetime is a functjon of the line _thickness, width and cross section

ar ea. &t the necs-forhighenlevelsaf sumens density hag exposed therAl(Gwlinesso failicebynas

contributing to mass transport for Cu conductors w th banboo-Iike and near
banbo electromigration, limiting the extent to which circuit designers can increase performance. The

higher melting point of Cu is expected to improve the current carrying capability of the
conductors, extending electromigration lifetime. However, from our test results, we have found
that the electromigration lifetime is most dependent on the atomic behavior such as atomic
transport at the Cu/dielectric interface and not on the intrinsic charagter_ of the Cu lattice, grain
boundary or Cu/liner interface atom transport. Thus, the specifications for allowed current in Cu
conductors proved not to be significantly superior to those for Al(Cu).

The basic process for fabricating Cu conductor patterns is by the ddmascene method
ﬁvhere trenches are formed in a dielectric layer, a liner is formed in the trenches and then the
trenches are filled with Cu and then chemical mechanicai polished (CMP) wﬁcﬁ terminates in a
clean top Cu surface coplanar with the dielectric layer. Cu/metal liner interfaces are formed on the
other three surfaces of the Cu conductor. The electromigration lifetime is a function of the line
thickness, width and cross section. area. Data from measurements showed that only the toﬁ

surface was contributing to mass transport for Ci_x conductors with bamboo-like and near bamboo




WD 01/ 08213 PCF/ USOQO 20378 -2 grain structure and a conbi nati on of
boundary and surface were contributing to mass transport for wder lines.
The sane rel atlonshl p was found to be independent of the % .%sl on
method, i.¥O%9%fdther the deposition was by Physical Vapor Deposttion
(PVD), Chem cal Vapor Deposition (CVIQL or electroplating, illustrating the
pervasi yaieetictde and & W&mah&ﬂﬂi dnli S6Fdcl wekd RRtribRIHgHb MakPRarspdrEfor TE

failure, it was foun hat Cu conduct or patterns are susceptible to atomc

voi di ng ot eﬁstﬂﬁrsml!&ﬁi i b foind amén@dﬂwef&eﬂaaﬂoﬂaethsaI.@tlated

at the ectric 1nter ace ere theegtomc Ity 1s highést. Since

e GRS o :&t@s@e@. Y S 1
forces, ?Q{]ng % el eﬁs}'f%g \’b ro%F ?@ﬁl sg'?es‘gs;1 |§duged
s he. EPETTERR LRER Bl t bay %f“ehgn%ﬁ’e%?v F@dw**gs aa‘?tea Bare V?ceﬁ@‘?e Hadifocs °

g][ agl atv,_ and g’rti theﬁwiﬂom c vaql urre %!Wa;tsff Q%W@L%g%ldﬂtﬁég %ﬁg ,a](éhl,everrent

reliability can bereallzed vaI uire alteration, or dflcatlon of the
Cu/ di el é@?’%ﬁ‘éwﬁlﬂﬁéﬁ‘ﬂﬁ’@“‘dﬁ"@ﬁy t?\megy@‘“t@e F@P&E@'ﬂi‘%r"ﬁﬁs‘ B velogity 18 8t oni ¢
voi ding. Modification of the Cu conductor surface can be done after CVP.
Then, t ipEodyetoefomebility HBYKTD timessdsivingt foree F) whered ds theodiffepivity of iwa T isythe on
t he surface of the Cu conductor so as to renmin substantially copl anar
W t h t habshilusé teopeiatirein Keldn | kais therBoltzmann constant: The dridng foecss, Friate ZfieBaad s
must result in inproved adhesi on between the Cu conductor and the
subsequdBsDx) Woforreldctroshigdatiorn andstressdndubad meigrationl faregs) respectively] ohdre &M is the
resi stance of the Cu atons in the Cu conductor, as well as reduced atomc
t r ans poreffecive ichargd_numbsen del izt the elettronit chargdoE rimtienalettricefielda {DE/DKY is theisoness y  Of
t-he Invention In accordance with the present invention, the exposed Cu
surf ace grddient, @id 89 ivCki€ kdi¢ Solure.t Erie How inepitadlel tateghigvénithoffECa lcondaper | N
the range from1 to 20 nmon the Cu surface, such as

technology with which the highest performance and reliability can be realized will require
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alteration or modification of the Cu/dielectric interface of an overlayer to reduce Cu transport and
aton_xic voiding.

Maodification of the Cu conductor su:fage can be done after CMP. Then, the process
should be selective to Cu and provide a thin layer on the surface of the Cu conductor so as to
remain substantially coplanar with the dielectric or insulation containing the trenches. The process
must result in improved adhesion between the Cu conductor and the subsequently formed
dielectric over layer and improved oxidation resistance of the Cu atoms in the Cu conductor, as

well as reduced atomic transport of the Cu conductor, to previde maximum reliability.

Summary of the Invention
In accordance with the present invention, the exposed Cu surface of a Cu conductor is
altered by providing a thin metal layer in the range from 1 to 20 nm on the Cu surface, such as

subsequent to a CMP planarization or a dry etching process, in order to reduce susceptibility to




subsequent to a CWP planarization or a dry etching process, in order to
reduce susceptibility to WD 01/08213 PCT/ US00/ 20378 -3 el ectrom grati on,
oxi dati onyq sion, stress voiding and. del am nation -subsequent
chip pr oces@@%gand/ or chip utilization, thus inproving re’P ﬁ Ity and
yield. This invention teaches the. et hod of electrol ess netal deposition
as one ehet;omlgraﬁmr, roxiglatidn, rcorrosiad, straapeirotdmg md&ielnmnaimtdunng subsequenteclip
electromgration lifetine and stress induced migration resistance. The

sel ect iproeesting asd/on chip pilizatims thus improving relipkility ahd gieldnPhis irvption deachésahect i ve
activation. of the copper surface using a Pd ion catalyst which is shown in
Equat i @iethbd ofelectrol¥ss metal depositidnihs one Wy foltbrnd B tiin MEtalleytd bea Caaunductor el ti t ude
of Pd nanoparticles on the surface of the copper lines to act as a

cat al y%ﬁwa%&mmnmemme%wmﬁﬁﬂmﬁme@ of a nmetal or alloy |
using el ectrol ess reduction which is shown i'n- ‘Equation 2. reducing agent +

Me" + QU --The éleﬁ“/e'\ﬁpdhﬁ&ﬁ'p?doéﬁ%ﬁlﬁﬁﬁhﬂfeﬂilm figsagent (2) Where Me+ is a
metal ion, for exanple, Co*. For exanple, using hypophosphite as the
reduci ng aggnt hem cal
feacti %@f ih%%@ﬂgg%itg? :ogfri]ﬁ g@ﬁ:ff Hﬁfamgrh@g&gx%ﬂlyst Which ﬁ‘éﬁo@n ﬁ &%

------ + 2HPO3 ' + HE +4W(3) In the course of this |nvent|on vve have
used t he hypophosphi ng | ayer e YSt descri bed ove, and
deposi ted onto the 'E?f t he c%p)r?er c"ES) lg“nct or the @2 pal | adi um

bal b b |
cobal t .11 o FHAEHR Stle%“’ ﬁiﬁdﬁﬁ%@%ﬁ%ﬂ%ﬁ R L T

al so ufth&F 2 ‘redu0| ng agents can be used, such as:

L o e b aegaepmt'.gnho Y S SBD 9SS holiohs aiEhn WHRES, lwk] OV

reducing agent + Me™ + Cu -——3 Cu_/Me + oxidized form of reducing agent )

Where Me™ is a metal ion, for example, Co?*.

For example, using hypophosphite as the reducing agent and cobalt ions as the capping

metal, we have a chemical reaction as shown in Equétion_ 3.

2 BP0, + Co* +Hil... ((.Cu.)) ~—i Co+2HPO;* +H, +4H* = (3)

In the course of this invention we have used the hypophosphite (capping layer)
system described above, and deposited onto fhe surface of the copper conductor the metal
palladium, cobalt, cobalt-tungsten, cobalt-tungsten-phosphide, cobalt-tin, cobalt-tin-phosphide,
colbalt phosphide and other alloys of cobalt. It is also understood that other reducing agents
can be used, such as dimethylamino borane, which allows deposition of other types of alloys,

such as Co-B or Ni-B.
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WO 01/ 08213 PCT/ USOQO 20378 -4 As a re'sult" of steps a and b above, the
exposed surface of the copper conductors are coated with a thin film

pr ef er abl y‘{,@ﬂfé&?l{ange from1l to 10 nmthick of a netal CP%%’QEP% al | oy

which is str adhered via chem cal and/or netal urgical copper
atons on or in the copper surface. Thé followi ng inportant findings are
critical to tAsiasresultvefistépona aml d shoneg the epopsdosiefice dfake cdpplr cRAGAGH Afe

i nterconnects on integrated circuit chips. 1. The ‘thickness of the coating
fil m on colted eithpethinsfilmf preferablys in the raigeffom IR il0MAM thikR e ntsl cBmPbwidady Y
between 1 and 10 nm due to damascene process considerations. In this way,

at | eastalloywhich isstronighp adliRfdd!vi£ Thétical aadiof melurgichl bénas td ébi)hértdtcyﬁli ¥n 8f int he Cu
line is not affected or increased by nore than 20% b) the el ectrical

| eakage,the\uppér siiFdce0Cccur due to bridgi ng between Cu conductors, is
elimnated and c¢) no further planarization of the Cu conductor or line is

necessary. PhHRgfilbwipiRporRint Sidigh %téxiﬁl:% W ﬁnﬁq{\}gﬂ@&ni irh dﬂ'fmsceé% 'Bgocgé

: for .
conductor/dielectric surface 1s required 1n order to provi anari zed

top S“rfﬂﬁ%ﬁ&fiﬁ&?ﬁﬂ?ﬁ%ﬁﬁ%ﬁa@d@r@uiﬂ@fﬂri c layer thereover wthout

the need to planarize e top-surface t he subsequent dielectric |ayer. -

Step featu : 0 r ransl ated through the Xt layer to
t he sur?écgﬁe;tgﬁolélgmessggctlﬁ%{og&%ngiﬁg %r%ﬁdc%’ym Hacs. eheprs%‘Fh rF‘é’a‘mY'm

conpositio the coating fil s may .he -Sn-P, Co-WP , Cp-P or _Pd. 3.
The waf er s“ Wi haf‘@opdfps‘a‘“m PR b aa%&@mg@ea? dagpgscene process fpnsidssatins, 8 ¢ o
further inprove the chemcal or netal urtgi,ca! bondi ng toQ .the copper surface
and sl ow do¥in "8y QAP Bropeffff are & al @hghe Fesistyityofthebulingist ne Cu

conductor/di e c%({i G interface %13\91 al ong grain boundaries. The Cu
conductor/'&‘fté‘hg"é Qrngreasest hy-fmere than 7074, b hthe clegtriesl leakage, ey meshercurdue to

dielectric lLayer formed over the Cu conductor. The Cu conductor in a
damascene ‘fﬂ@%’g i Gu goaduetors, is plimingted: padt ©) pe furthey @langsizatiom ofrtheaCu| i ner

formed in the trench prior to filling with the Cu conductor.
conductor or line is necessary. Planarization or substantial planarization of - the Cu

conductor/dielectric surface is required in order to provide a planarized top surface of a
subsequently formed dielectric la&er thereover without the need to planarized the top surface
of the subsequent dielectric layer. Step features from one surface are translated through the
next layer to the surface above especially when formed by CVD.
2. The preferred composition of the coating films may be Co-Sn-P , Co-W-P , Co-P or
Pd.
3. The wafers with coated films were annealed at 300 °C for two (2) hours to further improve
the chemical or metalurgical bonding to the copper surface and slow down diffusion of the copper
atoms along the Cu surface at the Cu conductor/dielectric interface and along grain boundaries.
The Cu conductor/dielectric interface is between the Cu conductor and the dielectric layer formed
over the Cu conductor. The Cu conductor in a damascene process is in a trench in a dielectric

layer with a metal liner formed in the trench prior to filling with the Cu conductor. -




WO 01/08213 PCT/ USOQ 20378 -5 4. Also, selective CVD of netals, or. other
deposition processes may be used to deposit a netal filmon the surface of
t he Cu.conductor.w th chem cal and/or metal urgical bondk?gn%wf‘b%}}i eve .
i ncr eased@PBEBoni grati on resi stance of.the Cu conduct
Description of Drawi ngs These and other features, objects, and advantages
of theg pAiss seléctive CYID ofxfetils,| dr drtee degsitio pancessés nqydn wse i dépositta metalof t he
foll owi ng detail ed description of the invention when read in conjunction
Wit h BIREos ERVurface ¢F théiCuhconfidior With Shemical andiorsimethlurpival/ bandingfto awhienbodi nent
of the invention. Figs. 2A 2D are cross section views of stages in the .
fabri gfehden eRbtromigREO si@RRRGF R Tu dhdiche. i nvention. Figs. 3A 3E are cross
section views of stages in fabricating a third enbodinent. Fig. 4 is a
cross section view of a three level electromgration test structure. Fig..5
) .ahm ¢ resistance of a Cu conductor and liner in a
trencf ayer with and without a thin netal filmon the top

surface vepy %émarg% el DL R levilyePLELE el FOHAGh Ve o111 g oW

to the draw ng, ur ¢ross section view of an exanple of a Cu Back

cont aPfe “et%érnfopﬁféégﬁéa%%ﬁa?w&%ﬁ% i ERb e b bR AL s 1.

Fig. 1, .inte d C|rcu.|t chip 10 has a substrate I 1 which may be, for
exarer%“ ‘9“"@?%5 hlgnd GaAs. Substrate 11 may have formed t her ei n,

source_ 16 and drain 17 r |on and e 18 .of a typical. FET transistor
19. O¥ige f’fk‘fm%?lsff@%f"eg’cﬂ?gﬁ%“& % lfegl ons are recessed oxide

regions 21 and 22 on subsfrat re}l gﬁ/ f OXI de, ‘Ibd? ﬁﬁd over oxide
r egi ofigs2A-gRarexyoss sectippyiews g 48§fl9 il “"’ﬁ\t 1588”8 by mﬂﬁ& Mg is forned
layer 23 and filled -with nmetal 25 which is usually tungsten. Layer 23 and
met al ipSntipne pI anari zed by Chem cal

Figs. 3A-3E are cross sectron views of stages in fabncatlng a third embodrment
Flg 4 is a cross section view of a three level electrormgratron test structure
Frg. Sisa graph showmg ;the ohrmc_: resrstanc_e: of a Cu conductor and hner inatrenchina

dxelectnc layer with and v;ithout a thin metal film on the top surface versus time.

Decription of the Preferred Embodiments
Referring now to the drawing, Figure 1 is a cross section view of an example of a Cu Back
End of the Line (BEOL) structure on an integrated circuit chip 10 containing Cu lines and vias

produced by a single damascene process.

InFig. 1, integrated circuit chip 10 has a substrate 11 which may be, for example, Si,
SiGe, Ge, SOI and GaAs. Substrate 11 may have formed therein , source 16 and drain 17 regions
and gate 18 of a typical FET transistor 19, On either side of source 16 and drain 17 regions are
recessed oxide regions 21 and 22 on substrate 11. A layer 23 of oxide is formed over oxide
regions 21 and 22 and FET transistor 19: A source contact opening is formed layer 23 and filled

with metal 25 which is usually tungsten. Layer 23 and metal 25 are planarized by Chemical

il -



;i nni WD 01/ 08213 PCT/ US0040378 -6 Mechanical Polishing (CWP). A capping

| ayer 26 of, for exanple, silicon nitride is fornmed on the upper surface
of | ayer 27 of dielectric is forned on |ayer 26 r hes are
f or med tﬁ‘gPeoWIﬁ.é%A liner 28 is formed on the bottom and sr@&éﬁ"ﬁgﬂgf
trenches and then filled with Cu to -6ormlines 29. Layer 27 and lines. 29
are pl MechanieatiPalishicl/FCMR).c Amgappiog laper6 of ifor examplepsiliconmittidecis forped on ther f ace
of layer 27 and lines 29. A layer 32 of dielectric is fornmed on capping

| ayer 3ipper\fuefaceayfdayen®® Rayer 28 ofiditlecticliafemed i layad263hdfirenthesvet foymed
formation of a netal liner 33 and netal such as Cu in the opening to form
vi a 34.thdréiy e Aslind? 28 tcforthell Glvlthe bbttéth And kiliewdlls DY treddies dhdahenfilled withaBueto 36 is
formed on layers 32 and via 34. A layer 37 of dielectric is forned on

cappi NCfoinlik 285 Layer DF Bitd 1fies 99 ar@Phihrivdd b CMP. OA BBhirlglayePYETs fithed 86 tHeAPPI NY
| ayer 36. Aliner 38 is fornmed in the trenches in layer 37 and capping

| ayer 3fypersiffade’d? &B%nésibif. %%Vérhb o@dieﬁ?ﬁi@lhs ﬁﬂn&%f&ﬁd@g&é%. viaayer 3

and lines 39 are planari zed A cappli ng layer 42 1s rmed on | ayer
37 and {4 Qﬁegg’ | I f@@gt fr: '
di el ectéi C haéen t he ﬁéfefe%lr%%gf% °‘%g"y°3r%§ , @g?ﬂlgggleahr?gr%?%&%ﬁgﬁy be
il ' ' - i ke- £1 ' I I
ot her S e SRR ool 9 32, 130 2 uld v 3 RN G oS K enbl) 507 o
whi ch i [ or,at ed herein by reference.t.o. sho ne .exanpl.e .0f | ow k
(d: el el:%ﬁr ég'gscolﬁ‘g?egrﬂ")%y&fsgze%? P’I")é.“' 9\\@%3{5 ﬁﬁ@e@ﬁ@c%@gﬁf%&l&e&g&usmg a
singl e .ga scene Cu rocfess, JdLe. _;—Jac Cu, | ayer_js, .jndjvidually

I3ochas o Sprained S 1650 i 53T B oopaing et 34 oA agcat Wibmed o e
groﬁlezi 2A 2D, sh ngoc !ss guence for f blric_gtion of si_II e
danascfEcres I%%\%S G&Pﬂ'&%ﬁﬁ gghih%ﬁ?@ﬁsi %g“fé ety Gy ’B?FaUP%?‘BI' ITF%P 'S?m of a
netal c ing layer_by electroless plating. In the process sequence,
di el ectﬁ)ygf? -Apd lies39 dre planasizesbyE MPy o sapping ayss 42 is Soymed on fayer, 37:8ad lipespat t er n
I's transferred by |ithographic processing into dielectric |ayers 56 and 57
as showsr- | Gapping layers 26, B] aed 36vare of a Jifferent dieleetricl than det dielectrist ofdaysts 3y 2Tu

conductor 60 which is thicker than the pattern depth. The excess Cu
conduct 3% awd 37 riehcilh mayi becsili®n oxide, diamond-diké varttvP(DIC), duorinatedl BAE; poly

(arylene ether), SiCOH etc. SiCOH is described in Serial No. 09/107567 filed 6/29/98 which is

\I

incorporated herein by reference to show one example of a low k (dielectric constant) dielectric.
Note that the BEOL is fabricated using a single damascene Cu process, i.e., each Cu layer is

individually processed, and the tops of lines 31 amd 39 are interfaced with dielectric 8.

Figs. 2A-2D shows a process sequence for fabrication of a single damascene Cu line
illustrating the selective depbsition or formation of a metal capping layer by electroless plating, In
the process sequence, dielectric layers 55-57 and 58 are deposited as shown in Fig. 2A. A pattern
is transferred by lithographic processing into dielectric layers 56 and 57 as shown in Fig. 2B.
Liner metal 59 is then deposited followed by Cu conductor 60 which is thicker than the pattern
depth. The excess Cu conductor 60 and the liner 59 are removed by CMP to form a planar

surface as shown in Fig. 2C. A thin electroless metal coating 63 is deposited selectively onto the




surface as shown in Fig. 2C. Athin electroless netal coating 63 is
deposited sel ectivel y onto the WD 01/08213 PCT/ USOQ 20378 -7 Cu conduct or
60 as showgg b, . 2D. The process shown in Figs. 2A , 2PriRyedesss’ epeat ed
for the next 6.1 conduct or interconnection level. Fi gure 3 1s a process
sequence for a dual damascene processyin which lines and vias of Cu are

deposi tGfcondiidibt GNRAURSWY in ﬁgaﬁ] Afle %ﬂ%%s%@@ﬁfn ﬂgse lZ?tofﬂ b§¥ eite®

shown in Fig. 3A the pattern open or vias 71 are. ans erregothrough

t he di @ﬁé"i _ n Fig. 3B, thenthellne or via patterns
are trgir‘\s errea as s ovvn |n&E|g Li'lelnto Iayer '67, during which the via .
etch f t &ldn%!s {agg

previ of}rs#é? éid&% e&wﬁég’éﬁ%&( no &ﬁghn(}%egs%{terhqﬁ Y, %e‘spalﬁp%rn

openi n 7/ f t c |layet

67 theﬁdetﬁ 4 Sl e o) BRBR RHEGHe T o5 A7 A R S Bl

openin hown i.n net.a t.hen 0S| ted

deposi ?pggerpnqum%ﬁrq'wﬁat t"é? F@“Sk’ﬁ aﬂ‘ﬁ"?glbb‘ éﬁ%"é’ﬁ} Jﬁ%ﬁ?ﬁg mpf'gr%#’l zed by
ClVPto a structure of es 70 an 1l a hown 3D.

The i Bt hp it i ratetos e iagetont s shovanitig L foef . ﬁwss‘ﬁtl?}a@e%f i ne

70 as sh in Eig. 3E Contlnuatlon of the structure fo | evel

r equi r ¥ V@pa&rﬂt&m e thrpugh dyeleqtye laver 6&%6@7 ta.téf Breviopgly E%W‘é&@e‘t? and

67" shown in Fi 3E. The el ectroless coatin now separates the Cu

sur f acePeiw (nok shopm)s Altemately, ﬁhanmloemfwgh lines {70, 4y be; st

materials used for layers 23, 27, 32, and 37 may be used for Iayers 55 and :
57 i sn throygh diplectpic) layet|67 thep dhes vis Patiern naay bertransfgired mpo Byer 67 pravide thel s used
for layers 2|6sh 31, %6 Egd '?]112 lr!r;;hy bqeﬂu%edgioréﬁplgaég;cEG Wé ZQQéD and

| ayer 6%pening sheyn imKg3 | haep m Kdhen S1 ds ingey sses

shown in Figs. 2 ?b;dl?, the critical dg’g&roverrent I n I’e|la(t;|§|lty |sd

af f or depattemps,useally by zlectzoplating.oandi plapasize MB it provide alstrucured didesciOond by -

metal |ayers 59, 63, 69 and 74. Present Cu BEOL processing by a mgjor : 1
manuf acviaxdras phnm‘id-?éig. 3Bn The eleatroiess metabeoating)Ads thye famped omithe t@Bsugfcesdfown i n |
Fig. I and the fourth or top surface of conductor 39 is shown to be in |
cont act linei70fas stiowincio Fig. 3E. Centilubtjorcafiths stpctirectocthe nextlevel yauirdOrepdating the

step of forming planer dielectric layers 66' and 67 shown in Fig. 3E. The electroless coating 74
now separates the Cu mrfacc cf line 70 from the planar dielectric 66’ formed -above. The
materials used for layers 23, 27, 32, and 37 may be used for layers 55 and 57 isn Figs. 2A-2D and
layers 65 and 67 in Figs. 3A-3E. The materials used for layers 26, 31, 36 and 42 may be used for

layer 56 in Figs. 2A-2D and layer 66 in Figs. 3A-3E.

.”In both the single and dual darnasccne pmcenses s.hm.avn' in Fiés. 2 and .3 thc critical
lmprovement in reliability is aﬁorded by the total encnmpassmg or enclosmg of the Cu conductor
by metal layers 59, 63, 69 and 74 Present Cu BEOL process:ng by a major manufacturer provides
only three-surface coverage by liner 38 as shown in Flg 1 and the fourth or top surface of
conductor 39 is shown to be in contact with drelectnc, usually cappmg dielectric layer 42 which

interface is the source of Cu atomxc transport and atomic vordrng

. pEmEl



interface is the source of Cu atonic transport and atomc voiding. IlA W
01/ 08213 PCT/ US00720378 The test:structure®75 shown in Fig. 4 was used for
el ectrom gration lifetine nmeasurenents. Fig. 4 shows a cr n vi ew
of a threc¥P&8YR21}Yamascene i nterconnection with a Sr' SF@(’&@%&#’&CU‘I C.
dielectric Iayer 67 has a lower WIi ne8 76 connecting through a Wvia 77 to

conduct or 70N ES Frfapee '883 bor RS + S el Pl %Ers%*"’m%%ﬂ&r&g‘“

Connoct B ?rr%"?éﬁ%h%%t o 98 e ety "%chtar S Shion

El ectron, cu.rr fr.om IJn 76to euper
sur f ace 4i§tectHg 3 %FE‘S \% %‘r?“ %Ylﬁrﬁ??% ‘B

Then a netal f|Im74 fo n urface co duc 70 A
di ol et Fiacp g iersh anda st (o0 G G Fmg%wm 7ﬁav§r’m

conductor 70. A diel ectrr c layer 67" was forned, above | ayer A trench
and vi aSyases ?‘E‘rlﬁéa"t"ﬁ‘hd? 28t Culcqydiictas 70 vas siegtropisied. mﬂrm@fq?
trench and via foll owed frIIrn with Cu conductor 80. The |ayer 67" and
Cu condaetmosdomsor\amrh tvrthetpvaes erface of §o canductor f0s clegtrony e

w de and short to prevent el ectrom gation damage in Cu conductor 80. A

| ayer 8zurrent was ippssechfrom:Wilige 76,46 Co sondugtos 80] The upeer sucfaed ofCucondustarai0 80. A
dielectric layer 84 was forned over l|layer 82. Test structure 75 was tested
for el eand dielegtriatliyen 674 wag planadizechbly EMF2 SThety ametal filmh74 was foomed on thetupperess
deposited netal coatings 74 and with no coating as shown in Fig. 1. Figure
5 shows seifapetof @uwi cpnditciarV0t & tielectria lay@&066° Of silitonstitride was) fdrined oni tayer 67 and
lifetinmes of Cu lines having a netal liner 69 on three sides and coated
with metCGd cdndyetos 70.4 Aodieleteic tigypr §7ir wascforméd alidve dayeri66’t OA tréhch land MagwasS, t he
ordinate represents R'RO and the abscissa represents tine in hours. Note

t hat t hefornsediiss digleCific ddyenG® afida lindr was forfied & tréncliBndvia followed by Gllifg ivithCuof
m gration, has not reached normal failure levels of 1.2 in Fig. 5

r epr eserdohdifitor 880 %he LYOST’ il CR cridaReL8Pvas pladaifed HyAIMP £ Cuvhduter’ §0was2 0X
the failure tine of uncoated Cu lines. Figure 5 illustrates the significant

Ir rerr;r g;/g ﬁgteggg Rg Igﬁﬁdn&r&h&t & prevent blb@idniBatiol diRAgalin m%hdt&t&%o TRyer 82
of silicon nitride was formed on layer 67° and Cu conductor 80. A dielectric layer 84 was formed
over layer 82. Test structure 75 was tested for electromigration at 294 °C and at 25 mA/mm? with
various electroless deposited metal coatings 74 and with no coating as shown in Fig. 1.

Figure 5 shows electromigration testing at 294 °C illustrating the superior lifettmes of Cu
lines having a metal liner 69 on three sides and coated with metal layers 74 on the top surface of
Cu conductor 70. In Fig. 5, the ordinate represents R/R, and the abscissa represents time in
hours. Note that the resistance change as a function of time which monitors rate-of migration, has
not reached normal failure levels of 1.2 in Fig. 5 representing a 20% change in reistance of coated
samples even after 20X the failure time of uncoated Cu lines. Figure 5 illustrates the significant
improvement in electromigration lifetime by metal coating 74. The resistance change in Cu
conductor 70 in test structure 75 i3 monitored as a means of tracking the degree of Cu atomic
migration that is occurring, the higher the resistance change over time the more the Cu atomic

transport and the lower the Cu conductor lifetime. As is shown in Fig. 5, the resistance increases



conductor 70 in test structure 75 is nonitored as a nmeans of tracking the
degree of Cu atomc magration that is occurring, the higher the resistance
change over tine the nore the Cu atomc transport and the | ower the Cu
conduct oWOPHMEBne. As is shown in Fig. 5, the resistanfET{U§82088-5 \\p

01/ 08213 PCTNSOQ 20378 -9 catastropfically in the uncoated sanpl es shown

b 91-94 while i || _of the Coated l.es. it tal film74 th
O S e % B oL TR AL A T (1
| lifet] defi ned 20% ch ' | 0] I St RO,
oot 5 16 LS 802405 RS 3505 AL 58 BERS [0
SR AR M55 S i, Bl RS 3

the coatings 74_0 SnP shown by curve 98 and, Pd shown curve 99

f Co b
provi AT 8 1east 220Q houss, gvhereas the; Gipline With no; top,sygace-patinghas gék# pdinglQ0n of

the inprovenment to use tenperatures 100 C woul d ive nore than two orders
of nagdhfurs,dhe lowestaats of Fhangs is found withcaating 7408 CoWE 3@151!1#7 gerye PBrbut alf off i e,
which translates to exceptional flexibility for the circuit designers and
ef f ectthe evapingeTbofCoSnP shown byrcenve P8 and Bd showm by aurvei W providedsimilagly longe
current. It was also found with the sane 'set of coated sanples that

at oni dlifetimessk is/eipeétedthatextrapolativhof thecithprovewent ith usetemperptutes 100 ACiwonldns t hat
produced voiding in the standard uncoated sanples. The results of this

- t est i ngjveé motelthan tvompders of mdpaitude\imrreabeini electrbmigratine andstioss migration fifetime,, of
interfaces of Cu wwth dielectric, are the najor sources of

el ect rwhitlg tehsistes a0 extdptional flexibility Fdrythe ecircaitl adesigmers \iid |effedtively cremasesbeen
described and illustrated a structure and nmethod for inproving the

el ect r eleon@midrativn dsethe Kinkingfatordfor @6k Curfegit. tTh &vas lalse Found nwitic thd saingsétt ofon i n a
Cu conductor by formng a conductive filmhaving netal to netal chem cal
and eécated bhBiplesthab atoshic dresy vaidifk vas hdtebsetidamdethéraRboyefe dohditiéas thetnduct or ,
it wll be apparent to those skilled in the art that nodifications and -
vari at protfced v6iding SHthe bianditd fiietited Qivipfek. THe résuR§bitthie tésfinpofirthes Qsbofth thiehe -

I nventi1 on which shall be Ilimted solely by the scope of the clains

- appendpgothesifihgr the\Ghddated Sdrfuded 6T intdriREks 3PBY Kith dielectric, are the major sources of -
R electromigr#tiqn and thus reliability degradation.

While there has been described and illustrated a structure and method for improving the
electromigration resistance and reducing the stress induced migration in a Cu conductor by
forming a conductive film having metal to metal chemical and metallurgical bonding on and to the
upper surface of the Cu conductor, it will be apparent to those skill§d in the art that modifications
and variations are possible without deviating from the broad scope of the invention which shall be-

limited solely by the scope of the claims appended hereto.
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-10 CLAIM5 Having thus described our invention, what we claimas new and
desire to secure by Letters Patent is: 1. A nethod for form' ng conductors
wi th high electrom gration resistance conprising the ste ng a

| ayer of YRP¥EEYic on a substrate, forming at |east one é@@?ﬁﬁ#nsal d

| ayer of dielectric, formng a rretal_lol iner in said trench formng a
conductor on.said metal l'i ner prfr_Md trench, formng a planarized
upper surface of said conductor th the upper surface of sald

| ayer of dielec , orm n ive film.over sa| d surface
of 501 A s i B RyehoBo it A it fry S Brpderd

net al | “S?“& bond. 2. The nethod of claim|l wherein said step of formng a
conductive f| | mincludes the step of form ng said conductive film by

el ectro] ess deposition mh id.u surface, of said, conductor is

pr ot ectLdAf‘F f g o éﬂ"ﬁb‘g ﬁgﬁﬁ?&“@'&ﬂﬂrﬁ%‘é“q‘ﬁﬁ‘i’f"? ¢ ¥MEgr ati on
resi st %Nﬁnﬁﬁgamy%ﬂmwe%usmwmg a‘i‘léa&%%e‘ﬁ@h&'xﬂﬁhxdﬁ erofe Nnet hod of
claim2_whereln said electrol ess deﬁom ted filmhas a thi ckness in the

range ofielectri¢; forminga-metelliserdn said trensh,fomingia eqndemmszldfmealém fillingpaid
el ect r o3 fﬂﬁﬂ%ﬁ ﬁlﬁﬂmEéd UPpBesirfice dtisfil e&ﬁ%mbpgnmemﬁmpei sutfadeof Sild

nanonet ers. e neth of claim?2 whereln sald st el ectrol ess

deposi t layss of diglecttie and fvemmgeq)gondufm\fq filgt ovierrsaidk yppey Slyincd of saisk cenduetor,n a
sol uti og. ot x{ﬁg&tfueﬁhﬁ) erneém mﬁé— ingﬁ)‘part icles of netal are
formed on sal d upper surrace o sal con %llc second i mrersing said

substrate in an eI ectrol ess conpl exed solution of netal ions and

hypophogp m \P/QF% ﬁ caon tlv ., | rmed on
sai d up%etﬁ sur ace sai H’zﬁg{éﬁ‘d%q @8 og'htlar@% g‘? &J‘su% in one
of an i step of ﬁmhngamccomguaivemﬁlpha:yeelatmhsi depaitiah twh'ereb@ said upbaamrfaeeo C for
at | eashe ul oot Shbkectot ik SBuBGR' QhokiSn SR Frdilks Hofa0CCN S21

electromigration resistance and high resistance to thermal stress voiding.

3. The method of claim 2 wherein said electroless deposited film has a thickness in the
range of 1 to 20 nanometers.

4. The method of claim 2 wherein said electroless deposited film has a thickness in the

range of 1 to 10 nanometers.

5. The method of claim 2 wherein said step of electroless deposition includes the steps
of first immersing said substrate in a solution of metal ions whereby a layer of
nanoparticles of metal are formed on said upper surface of said conductor,

second immersing said substrate in an electroless complexed solution of metal ions and
hypophosphite ions whereby a metal-phosphide conductive filmis formed on said upper
surface of said conductor, and

annealing said substrate in one of an inert and reducing atmosphere at a temperature of at
least 300° C for at least 2 hours whereby excellent adhesion is obtained between said

conductor and said metal phosphide conductive film.
-
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conductor and said netal phosphide conductive film Ilillll 111111 VII|
VI 11 11l WO 01/08213 PCTI US00120378 -11 6. The nethod of claim5b

wherein saj of second imersing is omtted. 7. The claimb5
wher ei n s'§+(g‘”2°§§]§uct ive filmis selected fromthe group P@ﬁ@&?ﬁ@ﬁg. of

CowWP, CoSnP, : CoP, Pd, In and Wandyjs in the range from1l to 20 nm
thick. 8. The method of claim 2, wherein said step of electroless
deposition includes the steps of first inmersing said, substrate in -a

sol ut i 6n. of Thegmethod of elging/f avhedsin said|step of sespnd immessing is pwitted. of netal are
formed on the surface of -said conductor, second i mersing said substrate in
an el ectrol ess conpl exed solution of netal ions and dinethylam no borane
wher eby. a Theymethod ofisiairh -Jowhevein seiddepntinarive filnd im selected frosd then greupl upper

surfac .sali | d t | 4 e an inert
and reg%%s?\%'gfr%%g’ éﬁéitc gap?%eirrfp)grg gt W%dg?a’hgkfeW%a@?{ gff’oibdﬁ? 'otrh?cgct | east 2
hour s wher eby excel | ent adhesion is obtained between said conductor and
sai d ngtal,. boron conductive film 9. The.nethod of claim1 wherein said
conducE veT mtied "B sl 2 here i, s, Sreroices eptn. B PRy o1 o

met hodsteps.of! fitss ifalhersing odaidVaubstratddp @siohition 6 kielal idils ywetieeebly a Yaypobf Deposi tion
(PVD), evaparatign, uttering and t herm tal interdiffusion. 10. The
met hod MfoPATtigEs© g’éif?fn?gi" thesheRreof $ad eandpgtots se ected from the group
consisting of Pd, In, Wand m xtures thereof. 11. A structure conprising: a

| ayer -of dielectric,on a substrate, at |east one trench fornmed in said
di el ec#ePBd immessingsaid pbstraterin an elgctrpless, complexsd soliytiop of merakignspnd, ench, a

conduc iyiferthnititi Gorahe Wherdby'al lhydS ofSdetél-Hof & olductive fitm is formed on said upper

surface of said conductor, and

annealing said substrate in ome of an inert and reducing atmosphere at a temperature of at
- least 300° C for at least 2 hours whereby excellent adhesion is obtained between said
+ conductor and said metal boron conductive film.

9. The method of claim 1 wherein said conductive film is applied on the surface of
- said conductor by physical methods such as Chemical Vapor Deposition (CVD), Physical
Vapor Deposition (PVD), evaporation, sputtering and thermal metal interdiffusion.

10. The method of claim 9 wherein ssid conductive film is selected from the group
consisting of Pd, In, W and mixtures thereof.

11. A structure comprising:
a layer of dielectric on a substrate,
* at least one trench formed in said dielectric on said substrate,
a metal liner formed in said trench,
a conductor on said liner filling said trench, _
a planarized upper surface of said conductor with the upper surface of said layer of dielectric, and
& conductive film over said upper surface of said conductor, said cdnductive film forming a .
metal to metal chemical and metallurgical bond.

(I
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a planarized upper surface of said conductor with the upper surface of said
| ayer of dielectric, and a conductive filmover said upper surface of said

conduct or, Wﬁ?b@ nductive filmformng a netal to netal C‘]}%% d
rretallurlc PV 222222 1 hilbb b, el M sﬁﬁégs?ﬁ"

01/ 08213 PCTNSO00/ 20378 -12 12. The sppucture of claim 11 wherein said

conduct ize frhb rﬁrh&uw §191:lﬁﬁi ﬁdwﬁ&aﬁnsmemaa.saﬁpe ﬁ&g%'ssxutw ¥ HRWPgrofp SNP:
CoP, Pd, CoB, Co nB N B a wher eby::sai d upper sur?roce of

sai d cofensisting of %t@@!‘%oc‘?l’r 8%%@ &ﬁspﬁnc‘aw& NI bW 1 whergbw saidr uct ur e
of cl ai gphet stHBIeCo saldticlnduidr Usst cted |48 B n the range of 1
to 20 nm 14. Tﬁe strugture of C}Isrg?m 12 ﬁ?ﬁc}iﬁtt@ﬁ ?%bdnan I nsul ating cap
dielectric layer over said conductive filmon said conductor and said

| ayer Ofadi hechhicture b sl bhehUah Bldblib i nedElflest 3 lnd Fil ' "0

di el ectr| c cap layer is e group consi

ni tri de,ofsl ta2onmoxi de, insul ati ng conpounds of SI COH haV| ng dielectric
constants |less than 3.2, dianmond-1ike carbon, fluorinated dianmond |ike
carbon and poly (Arylene ether). 16.. The structure of claim 11l wherein
sai d coldductThe si:mcmel ef tiaith f12 finthieh dnchirdingpan iasulting tcap Glidkéctricoiper owaxd copper

al |l oys Th ture m 1 ei I d.susbtrate is chosen from
t he groﬁ%a_o n °ns?a|’4 8#88??@%%%53 M- gal 1ium arseni de. 18. A
met hod for form ng conduct ors with high electrom gration resistance
conprising the steps of formng a patterned conductor on a substrate,

15.  The structure of claim 14 wherein said insulating dielectric cap layer is selected

from the group consisting of silicon nitride, silicon oxide, insulating compounds of SICOH

having dielectric constants less than 3.2, diamond-like carbon, fluorinated diamond like

carbon and poly (Arylene ether).

16, The structure of claim 11 wherein said conductor is selected from the group
consisting of copper and copper alloys.

17.  The structure of claim 11 wherein said susbtrate is chosen from the group of
silicon, silicon-germanium , SOI, and gallium arsenide.

18. A method for forming conductors with high electromigration resistance comprising the steps
of

forming a patterned conductor on a substrate,

forming a conductive film over said surface of said conductor, said conductive film
forming a metal to metal metallurgical bond.

19. The method of claim 18 wherein said step of forming a conductive film includes the
step of forming said conductive film by electroless deposition whereby said surface of
said conductor is protected from oxidation and corrosion and provides high electromigration
resistance and high resistance to thermal stress voiding.

* C L ] ] *



formng a conductive filmover said surface of said conductor, said
conductive film formng a netal to netal netallurgical bond. 19. The

nmet hod of claim 18 wherein said step of form ng a conductive filmincludes
the stepWOIM8Ihi ng said conductive fil mby el ectrol essPCRPHR®Hn wher eby
said surface of said conductor is protected from oxidation and corrosion
and provides high el ectronm gration -Basi stance and hi gh resistance to

t her med0- stlhe af qlgim 19 1herein 53id 1 elegtrqless depasited (fifm [has ja thiskpess 0in2 13
PCT/ USRO/ 123 78 1- th326 Qanohitferst®t hod of claim 19 wherein said electroless

deposited filmhas a thickness in the range of 1 to 20 manoneters. 21. The
nmet hod of . claim 19 wherein said el ectrol ess deposited filmhas a thickness

in the raxg.g%ggfmdlof Qlaih® 1920RNEA Shid- cl%%rod%ggde?%gcg@‘ﬁhﬁfhaglaa{lﬁ@kﬂe%sv‘ﬁer ein

said step ectrol ess deposition in steps of first inmmersing
sai d sthbonanget of Iito 19 nagbmetessn of netal i ons whereby a | ayer of

nanoparticles of nmetal are forned on said surface of said conductor, second
i mmer sing said substrate in an el ectrol ess conpl exed solution of nmetal ions
and hhoThespéthod ofonlainnii@ rvetieyeim said t stép-qfhedectrbleste depositiost t incladesithen i s f or ned

o+ netessaht EsEmmersr 3 SUMHE IR g sclfonl B8 Sk oo Bt bGP B " 1O %
| east Hanbpatticles\bfnethlyare frmed omiaidistifacs ofisait somdnttar,ned bet ween' said

conductor and said netal phosphide conductive film 23. The method of claim
22 wherein said step of second imersing is omtted. 24. The method of

claim Qe'%omﬁz?xﬁérﬂ@ @hid shbsteiteCinl ﬁﬁelgb&dnsk &ogxpleﬁed gﬂutidnoaﬁ anﬁl e Land

consi sti ng of  CoWp, SpP, CoP, Pd, . .In apnd Wand is in the . ,range from1l to
20" i, EFRCBAOSDA, o, SOEPY, 3 RGH-PLoSRIiAR FOAREYSR 18 SEned BRGIBRESE r of oo
deposi sdiPébnbikiér!ss t he | | a |
annealing said substrate in one of an inert and reducing atmosphere at a temperature of at
least 300° C for at least 2 hours whereby excellent adhesion is obtained between said
conductor and said metal phosphide conductive film. |

23.  The method of claim 22 wherein said step of second immersing is omitted.

24. The method of claim 22 wherein said conductive film is selected from the group
consisting of CoWP, CoSnP, CoP, Pd, In and W and is in the range from 1 to 20 nm thick.

25. The method of claim 19 wherein said step of electroless deposition includes the
steps of first immersing said substrate in a solution of metal ions whereby a layer of
nanoparticles of metal are formed on the surface of said conductor,

second immersing said substrate in an electroless complexed solution of metal ions and -
dimethylamino borane whereby a layer of metal-boron conductive film is formed on said surface
of said conductor, and

annealing said substrate in one of an inert and reducing atmosphere at a temperature of at
least 300° C for at least 2 hours whereby excellent adhesion is obtained between said
conductor and said metal boron conductive film. -
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steps of first immersing said substrate in a solution of nmetal i1ons whereby
a layer of nanoparticles of netal are forned on the surface of said
conductor, second |nner5|ng said substrate in an el ectrol ess conpl exed

sol ution ofVOBVERI3 ons and di met hyl ami no bor ane wher eby FTHEYP2HB net a
boron conductive filmis fornmed on said surface of said conductor, and
anneal i ng said substrate in one of an “nert and reduci ng atnDsphere at a
tenperature of at |east 300 C for at |east 2 hours whereby excellent

adhesi oreéi s mtmtaw oDQ:laimelfl SBbdin G dergh@ive A R héﬂ%@lmé)
conductive film | LITLi LT Trerrrnn ~ 'I|I|V\001/082I3

PCT/ USO @Fé“mfl glerh@éhaepho;s Ehemigal VapopTesnosition (G YP): Bhysisel i ve il m

i's appli PDepdiRiosi vp Eevap SEYREU eldOfheftifal ARt limaldifiBibh 0ds such as
Chem calw‘i\i/,z:l)po;als Degogtlcy)n (C({r/%)t)&ﬁ’%uyy cal  Vapor Dep('lJlgtltIOI’l l(iIPVD) ,

evaporatlon sputtering and thermal netal interdiffusion. 27. The method of

cl al m 26h g e B BB Wl il Corifli6 A LA o/ goup . o a

consisting of Pd, In, Wand m xtures thereo

pat t er ne@neBing 9P In W and mirsures thersof. conductive film over said surface of
sai d conductor, said conductive filmformng a netal to netal

met al | ur gi cal bond. 29. The structure of claim 28 wherein said conductive
filmis el Astracturfercomptisimg: gr oup consi sting of CoWw, CoSnP, CoP, Pd, CoB,
CoSnB, CoWB, In, NB and Wwhereby said upper surface of said conductor is
protected from oxidation and corrosion. 30. The structure of claim?29
wher ei n sai d agattemed condudtor on dsmbsteatd, hi ckness in the range

a conductive film over said surface of said conductor, said conductive film forming a
metal to metal metallurgical bond.

29. The structure of claim 28 wherein said conductive film is selected from the group
consisting of CoWP, CoSnP, CoP, Pd, CoB, CoSnB, CoWB, In, NiB and W whereby said

upper surface of said conductor is protected from oxidation and corrosion.

30. The structure of claim 29 wherein said conductive film has a thickness in the range
of 1t020 nm.

31.  Thestructure of claim 29 further including an insulating cap dielectric layer over
satd conductive film on said conductor.

32.  The structure of claim 31 wherein said insulating dielectric cap layer is selected
from the group consisting of silicon nitride, silicon oxide, insulating compounds of SICOH
having dielectric constants less than 3.2, diamond-like carbon, fluorinated diamond like
carbon and poly (Arylene ether).

33. The structure of claim 29 wherein said conductor is selected from the group -
consisting of copper and copper alloys.
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of 1 to 20 nm 31. The structure of claim29 further including an
insulating cap dielectric |layer over said conductive filmon said
conductor. 32. The structure of claim 31 wherein said insulating dielectric
cap | ayerWVP b cted fromthe group consisting of silitoHU T8le,
silicon oxide, insulating conmpounds 3% SICOH having dielectric constants

| ess t 2, di am)n 1 k r bon, rinated diappnd |i ke carbon and
pol y (i?yl 3?1 & SHYFHRE) © §l§’m E’g F"Eg'ﬁ?tec‘F ?‘ MR P 8PP0 conductor

i s sel eilitonsificonrgetrhanivgd, SOW, amio pdifih iaf@nigé. copper and copper all oys. LLLii
11 11 IN * WD 01/08213 PCT/ US00120378 -15 34. The structure of cl a| m 29
wherein said susbtrate -is chosen fromthe group of silicon, '

si | i coBsger Thevnétiod SFolaim 8hefbi daidbohdicBOS fills seheeted Fof 1HE pRag ceﬁsnsﬁhg’ﬂ m 8

wher ein %d condyctive filmis selected fromthe group consisting of CoB,
CoSnB, © CanmBpRo MR et hod of claim25 wherein said conductive fil'm
is selected fromthe group consisting of CoB, CoSnB, CoWB and NB.

111111111211 1121112112112112112111 S * C ||
36.  The method of claim 25 wherein said conductive film is selected from the group consisting

of CoB, CoSnB, CoWB and NiB.
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