;e3ePdd f6TPz; 15 J UL 2003 . , 1 METHOD FOR FORM NG DUAL- L?‘FFBJMWUUB
DI ELECTRI C BARRI E | NECTS AND DEVI CE FORMED Fi el d t he

| avent{on The prgmmmﬂ 'lﬂm@Mn generally relates to a nethod for form ng
a low dielectric bar terconnects and device fornmed and nore
particularly, relates 8% nethod for forming a dual-layer low dielectric
barrier on copper interconnects in a sqm conductor structure for diffusion
barri er and adhesi on inprovenent with subsequently deposited | ayers and
device fornmed by such nethod. Background of the Invention The technol ogy of

meki ng i nt er ConRaRIHORSR | AERIPARY Dt RO NYES 1.dv %&ﬁLﬁeéRf)é helrpr@gesses in
sem conduct or ac

applications has been %\{,\elﬂgggcg%éﬁlmegﬁﬁchomt ance, in devel opi ng
| nterconnection technology tror very-targe-scaie-rntegrated (VLSI)
tructures, alum num has been utilized as the primary nmetal source for
m‘m ﬂmmmwterconnects in sem conductor regions or devices |ocated on a

Al um num has been t heriAatEeLraknhof I Genbecause of its
Iow cosississgood ohmi ¢ contact and hi gh conductrvity. However, pure alum num

thin-film CondUCtofﬁerEE@%entliﬁvén$idﬂ.%QQ%rBlgy relates to a method for

forming a low dielectric barrier for interconnects and device
formed and more particularly, relates to a method for forming a
dual-layer low dielectric barrier on copper interconnects in a
semiconductor structure for diffusion barrier and adhesion
improvement with subsequently deposited layers and device formed

by such method.

Background of the Invention

The technology of making interconnections for providing
vias, lines and other recesses in semiconductor chip structures,
flat panel displays, and package applications has been developed
for many years. For instance, in developing interconnection
technology for very-large-scale-integrated (VLSI) structures,
aluminum has been utilized as the primary metal source for
contacts and interconnects 1n semiconductor regions or devices
located on a single substrate. Aluminum has been the material of
choice because of 1ts low cost, good ohmic contact and high

conductivity. However, pure aluminum thin-film conductors have



undesi rabl e properties such as a |low nelting point which Iinit#sﬁk}gg;gpg?
| ow tenperature processing, possible Si diffusion into Al during an i
which jeads to contact and junction failure, and poor electromgration

resi stance. The el ectrom gration phenomenon occurs when the superposition
of an electric field onto randomthermal diffusion in a netallic solid
causes a net drift of ions. Cbnsequently, a nunber of alum num alloys have
been devel oped whi ch provi de advant ages over pure alum num For instance,

U S. Patent No. 9,566,177 discloses a conductive |ayer of an all oy of

al um num apdé i rivIg WroberBbedbysuah gt of 1 @i Inedaringcpppet, whickel imcty om um
and nmanganese to inprove el ectrom gration resistance. U S. Patent No.

3, 631, 304ids sesodes lakuhenpen aiurey profe ds alaimpramibke dal whifdhisweneiatso
used to in?rove.electronigratipn resi stance. More recently VLSl and ULSI

t echnol og¥! hdsr Pracedasied sl tyettadder@ndsPbACt hnd FeG LPeqhr+ e s due
to the extrenely high circujt densities, and faster_oper tin% speeds.
required BFYs R MeVilEEST OFHi @ 1 e ds  Eo hiYgirér curT%%t {kﬁﬁﬁ Pﬂggr?hlon

| ncr easi \?\ﬁky osnl{rearuneroccglprdsucvgﬁg ! j:}?eesfsupgr %srlecﬁglnt ’ofcoaplgug#.eiac\:/ter Vyl: r .H]cglé S
desired ch requires either11arger cYods secti on wiTes Tof 51un1nun1al|oy
1~J UL 3.1 C {,0r s Qf itfere A I

hi gher coﬁﬁg%tfé?%iﬁ gﬁe OIVf%&gug 8?cgﬁi% ?%gﬁ?%%aggégu%2é%%Q%%J£ﬁ%%§the
latter ushpgreopperoRasedcofsédserdasi,r ablRidedh cgoRdusbi hitht ¥11b{s t Rgve
formati on of VLSI and ULSI interconnection structures such as vias and

| i nes, coppen tisvérppasi twdchnpbooddd rneivavicages otherpurec@dsasnti@. For

i nt erconnect sem conductor regions or devices |ocated on the sane

substr at einShppes, i kndatend Raved prigblléns dasciesd T ondipsidoctdevi tayer
junctions due to its fast reaction rate with Si. Any diffusion of copper
atons or PHN3NidtkP% K¢ SiHPERH APBSEEAERI Cih TCad§ePdeVi kB i &ifl Gi-éicomy

addi tion, copper diftug%fn into the internetal dielectric can also cause

devi ce fa"PliPe" by g&hEfati ng ShEPPhnd ns.T??g?%a¥%ere?%re vita? T o the
reliabili Hﬁgﬂr&nf%&&%%n' %9{%94}{?:%@ ghst LIJEeen't”%\v‘Sr. CQ,”é‘ﬁQtaerdﬁgéiggeé’“ th
i copp the

| ayers which act to0 prevent the inter fusion o er wth

surroundi gguRRhEeh i aiSoyIheaen! averdnueommRly Waldredyetd ngiss, yarrigrs”
and "caps", nust al so exhibit good adherence between the copper

i nt er conneaprand ¢he-tramiioustdirelecticktentayers and contact vias. In the
netal lization process of chip network interconnection for copper
back-end-of-1ine (BEOQL), vias and trenches are netallized utilizing
standard sequential procedures of a thick dielectric deposition, via and
trench openings, Mm% regeptdpodhil £rdeydsit LEAMRILAMN Rasi RéPSeBn™YFa and
trench walls, filli via and_trenches with copper, .planarization of. the
top coppef ‘SUPFELe éghqusngPl?Pe(ﬂﬁﬂﬁpﬁgr??ﬁfﬁﬁﬁ%ngﬁr?g%gt%qu$ §XSF8?%%¥ive
| ayer for v i C 1 gratiop into I . dieleetric
and for nF%%ﬁi%?%SU?ﬁtgggg%f%%% %&%hp%%%%éfh&%ﬁpgﬁ%hEBEE%%rggggkﬁgg 5
dielectriguis betpg-4eposi bgds Thads nab cappidig kayeenf urdheritsesvespas a
reactive ion etching stop |ayer for the next upper |ayer dielectric. The
nmet al | i zatinomepsbecgby s18atepeat@diutopreadchets evelsofa irdsenconreatiunttvag. | n
t he conventional process, the nost common dielectric material used to cap
each coppenrBE@L Jeveksisedi Whgoh niedbides (SiiNper | tlayasrbewmsselseablgn
manuf actured in ULSI where Cu is the internetal dielectric and silicon

di oxi de (&@2F f8rtHEUHHIEY @dhMEct diel ectric. However, for continued
performance | nprovenments of Interconnects the ULSI industry is driving
towards | ow dielectric constant (low k) internetal dielectrics. SiN has a
relatively high dielectric constant of 7 to 8 and significantly Increases
the effective intral evel capacitance. The application of SiINin future BFCL
i nterconnects wlll be mnimzed or replaced to neet |ow k requirenents.

Sol utions have been proposed by others to solve the copper |ow k BEQOL
difficulties. For instance, one solution is, to



15 J UL 2003 ,. s use a self-aligning nmetal cap layer to covélﬁadd)br2993t
the top surface of copper lines, to provide good adhesion and further, to
act ag a barrier for copper diffusion. However, in order to neet the
esired copper barrier properties, the thickness of the nmetal cap |ayer
must be at |east 1,000 ~ 2,000 ~ which may cause a short between conductor
| i nes when the spacing between the lings is snaller than 3,000 ~. The use
of a netal only cap al so presents difficulties in processing the next |evel
dielectric. During reactive ion etching (RIE) of the top level dielectric

there is ng.gflgh stop and pherd uer petal 2nd diel egldd chuoul d kg gprene to
etching and contam nation fromthis R E process. Still others have proposed

a sol uti aforhdtsivagya thhd, obemds dirglieet ihc thil mmaesimd of drmteniaby such
as those containing Si, C Hor Si, C O Hin a thickness up to 800 [err]
However, tihesettew Ksind roppeirt haskel@ctitiscdeonsdtan aiigh tessudthan t9).
typically do not function as good copper diffusion barriers. They are al so
not good barriers to copper oxidation during the manufacture of the BEQOL

i nterconnect and can cause catastrophic failure as Cu0 formation greatly
weakens adhesi on ahd f@ras fosraision nogdonpath sepd ULSI Jipteroguscigosi N s
general |y deposited by plasma enhanced chem cal vapor deposition (PECVD) of

Si H4 and NHMSHIEER FHCPt§§IP”@6e§ﬂﬁotJﬁﬁﬁseCﬁ%@&étﬁ&nqﬁpoébbﬁ%r18 8 8iNis

known to P a gpod oxygen barglegs 1t lﬁ%egherefore aq_gg uCEon t he Rresent
i nventi on 1 provi dé W6G “FoF f'or mi'ng a°bartT er” I'ayer on opper
conduct or }ha&vﬁcoeess athave.d h&edrsaa%a%s%aﬁgort% bgs of ktnt}em to
convent i onal copper barrier layers. i s anot her obj % t he present

i nventi onpi@e P 1dRsa a@etseﬁ;dc&ﬁddce;dmld@glwej Sh&t LA tdﬂueclt@ea&sarﬂst
inproving its adhesion to copper. It is another object of the present

i nvent i onré#c tpiroov i e ea wihhad. .f or Ador dd g sd. ohow fdi lppetr iacohar bireridnayer on

a copper conductor that inproves both the diffusion barrier and adhesion

propertiesnto the silicon substrate can cause device failure. In addation,
copper diffusion into the intermetal dielectric can alsc cause
device failure by generating shorts and opens. It is therefore
vital to the reliability of a copper 1interconnect that the
interconnect be coated with layers which act to prevent the
interdiffusion of copper with the surrounding materials. These
layers, commonly called ™“liners”, “barriers” and “ecaps’”, must

also exhibit good adherence between the copper interconnect and

the various dielectric layers and contact vias.

In the metallization process of chip network
interconnection for copper back-end-of-line (BEOL), vias and
trenches are metallized utilizing standard sequential procedures

of a thick dielectric deposition, wvia and trench openings,



15 J UL 2003 It is a further object of the present inventi t I QWA
a nethod for formng a dual-layer Iow dielectric barrier on a?g%pgéi-%hb%e

conductor in which a netal alloy filmcontaining phosphorus or boron and a
I‘ow diel ectric material containing silicon are sequentially deposited on
top of a copper conductor. It is another further object of the present
invention to provide a nethod for form ng a dual-layer |low dielectric
barrier on a copper conductor by deposﬁting two separate |ayers for
adhesion and diffusion barrier followed by an annealing process. It is

still anogdedsiahjoactrofentine 1phesentbni byenthanttend ovades a fetined fam
formng a dual -layer low dielectric barrier on a copper conductor used as a
via or inied cornedksi with cappet, batknaeindtabnl b netlpr apessoppéri sunfeice

anot her object of the present invention to provide a method for formng a
dual - | ayeznd ofirgilélyectrpribarthicercopn sar tapperitdordyeodect ivehl &yera for
deposition process of a phosphorus or boron-containing netal alloy filmis
fol | owed ByentdmgeaPPhRgr priotédd onoinhdsehe heestetwiPeal Heyel odde$¢4ised nt o

at |east 2~4 atom.c layers in the cqﬂgen conductor._ . .
and for minimiZzing interactio with copper while the upper level

dielectric is being deposited. The final capping layer further
serves as a reactive ion etching stop layer for the next upper
layer dielectric. The metallization process is repeated for each

level of interconnect wiring.

In the conventional process, the most common dielectric
material used to cap each copper BEOL level is silicon nitride
(SiN) . It has been reliably manufactured in ULSI where Cu is the
intermetal dielectric and silicon dioxide (S10,) is the
interconnect dielectric. However, for continued performance
improvements of interconnects the ULSI industry is driving
towards low dielectric constant (low k) intermetal dielectrics.
SIN has a relatively high dielectric constant of 7 to 8 and
significantly aincreases the effective intralevel capacitance.
The application of SiN in future BEOL interconnects will be

minimized or replaced to meet low k requirements.

Solutions have been proposed by others to solve the

copper low k BEOL difficulties. For instance, one solution 1is, to



1JJULZ2003 s It is still another further object of the prdsgndUL 2003
invention to provide an electrical conductor in a sem conductor structure
tpat I ncludes a netal conductor, a filmof a phosphorus or boron-containing
netal alloy, and a filmof a low k dielectric material on top. It is yet
anot her further object of the present invention to provide an electrical
conductor in a sem conductor structure wherein a |ayer of phosphorus or
boron-containing netal alloy film of bét ween 50 [err] and 200 [err] thick
is first deposited on the nmetal conductor, and a low k dielectric materi al
of between el ; Kr hi j e [ t f .t he
nmet al aIﬁé?;%?f%?fshﬁﬁégvﬁggm%%é %ﬁ@eﬁfg%ﬂaV%hﬁﬁﬁg}§§§C§?§}§ ﬁ%% %f sent

i nvent i ongy @ ¥Rt Bedcb9be f QliNeBY 8o dbdlvilRY gbokioNvKh Sl RChhhCrhafKd £r QN a
copper conductor and structures fornmed are disclosed. In a preferred

enbodi menict adTet Bbedrfer far dbpgen dumidsayer | nywaiel eahr beabartd efecdn a
copper conductor can be carried out by the operating steps of providing a
pr e- pr ocesisediestibstir atepavhiceh rhas @raopper s¢ohde ctiorc knesiredt i thamdtrrdul at or
| ayer; 15 J UL 2003 9 depositing a phosphorus or boron-containing netal
alloy fileawnlapyy ofuttheccoppetezotnducd®t ; ~ hea®?hgAt Maiphempyocessed a
substrate in a first heating process to a tenperature of at least 300Cin a
reduci ng gaertathedsgher ecfdictr dageh vheriwee sifadigideRetvoen tHee phdspshor us
or boron-containing netal alloy to diffuse into at |east 2~4 atom c |ayers
in the topssanphter ofhahe3cBpper  ConBlet vFe ddposi BEhel achbw Kadi élleetric
filmon top of the phosphorus or boron- containing netal alloy film and
heating tPeeTHESpradddsedtsebsiPaPeoras alkechbitl heati hgvpt odesseqivis -
reduci ng atnosphere to a tenperature of at |east 300C for at |east 1 hour.
When spec?‘f"iﬁr‘}‘% B3EdVE dghg e Hﬁsp@%@g, 9% atlsrée nedht Lf‘ée]i net e Wdcuum
H2, form | Lhert S ) r i yel . ers
(et al angg%ggﬁékggi%?g%é% %éaﬁé;ﬁ@??@ﬁﬁﬁhm?%éﬁé%@%f%%3¥FS&£§ ‘@Q%Jg%ngle
anneal i Ngp84,6P d QELESnAtard LARSHALIN ©:0fr - 4Q0L i d IR®: LedUekng at nosphere
for 2 hours. - In the nethod for formng a dual-layer [ow dielectric
barrier on a copper conductor, the first heating process nmay be conducted
at a tenperature of at |east 325[err]C for at least 1 hour. The second
heati ng process nmapgtbél conduct édvat racpenperatamletobnabyl| eastg ,8501i@,f or at

| east 2 fours. The reduci ng at nosphere
low ¥k dielectric film formed of materials such as those

containing Si, C, H or Si, C, O, H in a thickness up to 800 A.
However, these low k films (with dielectric constants of less
than 4) typically do not function as good copper diffusion
barriers. They are also not good barriers to copper oxidation
during the manufacture of the BEOL interconnect and can cause
catastrophic failure as CuO formation greatly weakens adhesion

and forms voids. In comparison



~ ~~a~ Q03 10 used in the first and second heati ng process1@ﬁx}@§_§003
formng gas of hydrogen (Nz + Hz) nitrogen or vacuum The deposition
process for the phosphorus or boron-containing nmetal alloy filmmy be
conducted by an electroless plating technique. Alternatively, it is also
possi ble to conbine the two annealing procedures into a single one by
subsequent deposition of the first megal |ayer containing the phosphorous
or boron alloy film followed by the deposition of the dielectric film and
conducting a final heating of the double layer at 40 OC for 2 hours in

ni trogen erna rLdyehog, @t éﬁéﬁg. rising formn s, .H2, nitrogen or
vacuum Thé dﬁélegtric fi%ﬁ% y;gégggp s?&ggm%nE%%@QB%§S§HSWh§abrVBBPén-
cont ai ni ngepesatiaed | @edvib) Mobysay plasgmiyenhanged .chem cal , vapor deposition

techni que. The method may further include the step Gf depoditieg ause

nucl eat i opxlidayetronfopalobadi Uam® s N8 .sPkBo Rk t rior.to the
step of depositing the Sﬁosphorus or boron-oggﬁﬁggn?%génétgﬁﬂgFP6§l?Frm
The phosphorus or boron-containing nmetal alloy filmnay be N e-X-P or
Me-X-B, wherein Me is a primary conponent of the alloy fil'mand X is an

al l oy nodifier. Théthetshddefrefofeor anngbpeduadf | ayerptcawndi aheehei sy bagri er
on a copper conductor may further include the step of depositing a

pal | adi unPhUeteat ifon™FEYet divtt hEcebiper acohductor Byyarsebrecti veopper

exchange pgt tihizi a diluyted palladium 15 J UL 2003 msulfate
sol ution ?ﬁ éﬁﬁﬁﬁhig?aéc?gésfﬁglEﬁH?pgﬁ?u%r%ﬂb3ﬁ§ﬁoﬁéoﬁ@%ﬁ?ﬁqm}nnetaf tihd oy

filmmay §amddar gl t bout 86 w o and about 90 Wt o M,

bet ween about ZJﬁﬁﬁg gﬂgpgﬁéﬁﬁgge%¢$€§éﬁﬁd bet ween about 6 cat o and about
12 % P or B., The dielectric filmdeposited nay have a dielectric
constant of not nore than 5. The nethod nmay further include the step of
depositing the phosphoimsa@bthefonﬂgpﬁﬁaieknguﬂptggeggﬁpyj}kgﬁkggnatm
t hi ckness between about 50 A and about 300 [err] and preferably between
about 100P[®¥f¥de andreabodt o200educiThe tiet had ay frrdiisssi Rghudg ggguﬁfep of
depositing the phosphorus or boron-containing netal alloy filn1%y an

el ectrol e Esd%%6§FPPoﬁopFﬁﬁé§s in a hypophosphite solution containing
cobalt sulfate, ammniumtungstate, sodiumcitrate and boric acid at a

t enper at ure between about 70C and about 80C, at

It 1s another object of the present invention to
provide a method for forming a low dielectric barrier layer on a
copper conductor that improves both the diffusion barrier and

adhesion properties.



a pH between about 8 and about 9. The nethod may furt her Include'tgebﬁjggggpq
of conducting the first heating process at a tenperature between about v
and about 900C for a tinme period between about 0.5 hours and about 2 hours.
The net hod may further include the step of depositing the dielectric. film
of a material selected fromthe group consisting of a material containing

Si, C 0, N, and/or H a material comMaining Si, C H Narid dianond-I|ike
carbon. The nethod may further include the step of depositing the

dielectric filmto a thickness between about 100 and about 500 [err] and

preferabl y bet weenzabaut 250, Aand aoutc 330 hycTHe dIRLROC fRY f ug ey

i nclude the step of conducting UL 2003 1 he second heati ng

process atr&itRMerAtHLE beL Weshhidout ¢339~ G pad BakPUL 9006 fOrp A ttiiche

peri od between about 1 hour and about 5 hours. The phosphorus or

bor on- condai Bi RGpEBEalcoatileyof i hm may che dVemeéR 041 M3y Xf Bim WheiedimiMg i s Co
or Ni, Xis Wor Sn. The present invention is further directed to an

el ectri c glorhetras idxr absesi canduct okowt duef aceridama i ecl aldesomt ciopper
conductor situated in an insulating |layer, a filmof a phosphorus or

bor on- cont Al iviong aret aqe oy 13ei dgrdsffessed itaPochta |e@pert Areduataoni ¢

| ayers in a top surface of the netal conductor, and a filmof a |low k
dielectric material on top of the phosphorus or boron-containing netal

alloy film In the_electric conductor in a.sen ¢conductor structuyre, the
phos%ho:us or boroﬁ§céﬁtﬁkﬁghﬁfng?%gh%ﬂI%ﬁﬂﬁc§sﬁggggﬁt%FﬁfgngtlﬁgaéJ‘§L4

atom c la%§r§rgtiégeaIQQﬂ§Hk{aggroEogmgng a dual-layer low dielectric

barrier on a copper conductor by depositing two separate layers
for adhesion and diffusion barrier followed by an annealing

process.

It is still another object of the present invention to
provide a method for forming a dual-layer low dielectric barrier
on a copper conductor used as a via or interconnect in a copper

back- end-~of-line proccess.

It is yet another object of the present invention to
provide a method for forming a dual-layer low dielectric barrier
on a copper conductor 1in which a deposition process of a
phosphorus or boron-containing metal alloy film 1s followed by an

annealing process to cause the metal alloy to diffuse into at

least 2~4 atomic layers in the copper conductor.



-
metal conductor. The nmetal conductor may include copper. The1pndsU402ann
boron- containing netal alloy may be a binary or ternary alloy of Me-P,

Me- B, Me-X-P or Me-X-B with Me being Co or N and X being Si, Wor Sn. The
phosphorus ox boron-containing . netal alloy nay be deposited to a

t hickness between about 10 A and about, 1,000 A, and preferably between
about 50 A and about 200 A. The phosphorus or boron-containing netal alloy
may be deposited by an el ectrol ess plating technique. The dielectric 15 J
UL 2003 13 material deposited may be selected fromthe group consisting

of a material containijng §;;C aQotha@”C%u'E‘thJPe o%'H%lc'é‘CtJﬂ CtH@t gfr‘e%'en@ay be

deposited to a thickness between about 10 [err] d about

pr ef er abl y, Retwegn +8beYb 180 fgr&lednd ahoWLnaQ0tdhe; seqm geﬁlfh&mrctor
structure may be formed on a substrate selected fromthe group consisting
of silicotr@thireOBhgerimliudes §ihédCON-@Rdubsst atorfiandogad | pHyBpRcsesi de.
Brief Description of the Drawi ngs These and ot her objects, features and
advant agesr aforbhecpnesianing meeali @hloy,| lanbeeofitlrapfare hivwupohi cenrgirder at i on
of the specifications and the appended drawing, in which: Figure 1 is an
enl ar ged,naregseisent famal view of a present invention dual -layer |ow
dielectric barrier fornmed on a copper conductor in a dual damascene
structure faith a second dual danascene structure forned on top. Figure 2
is an enlarged, cr s sectl nal eta %gother e ge é of the resent
invention illustra I-F% e%Ilf fUsi’6 H%ﬁF?er/ﬁ hesion FATRS Eer

formed on g e?noc%%r %Oglqg%&’é af Qﬂé&xf’ida o%ﬂ@@oi'lﬁséréglﬁs{‘c%qfu%tféos

dependency 0 he sec ion counts of elenents in a
structure wherein a layer of phosphorus or boron-containing metal

alloy film of between 50 A and 200 A thick is first deposited on
the metal conductor, and a low k dielectric material of between
100 A and 500 A thick is then deposited on top of the metal

alloy film.

Summary of the Invention

In accordance with the present invention, a method for
forming a dual-layer low dielectric barrier on a copper conductor

and structures formed are disclosed.

In a preferred embodiment, a method for forming a dual-
layer low dielectric barrier on a copper conductor can be carried
out by the operating steps of providing a pre-processed substrate

which has a copper conductor formed in an 1insulator layer;



14 nufti-layer barrier test structure as a function of dept h]imebUih@003
structure of the present invention. In this exanple, the Co-WP filmis 300
[err] thick and a low k dielectric filmof SiCOHis on top. Figure 9 is a
graph illustrating the dependency of the secondary ion counts for various
elements in a nufti-layer barrier structure as a function of depth into the
structure of the present invention. 1% this exanple, the CoSnP filmis 300

h. thi ag?oamélagl %W};iﬁdjdpﬁ{dﬂﬁlsf | §r Sb@@b&utcohea&)ﬁlhepm@%aiooalroﬁ hiCkm on
wherel n the nmetal alloy filmhas been anneal ed at "350C for 2 hHours. Figure

~S attab d i g&g@d@p@ Its
on thetgs)?r llﬁgt ?(rhg %qérﬂeal{%n%ﬁd%lf& t % st i1con my}’[DP(f3 dﬁ%lgé?nsgﬁ %gg%)g?g\%% h a
t abl

e aebbnduidy =l ISttt dSeYs £ Phs PoflebRatub SrbE AL SR Al 3h 1

the dual -1a barrier filing of SiCOH liner netal. Detailed Descrit~tion
of theaPFéfiéFP@a Eﬁfﬁanﬁ‘@ﬁPherTSerUaLl?@6§h18fTﬁémEréé‘éﬁ%cilﬁi}émfpé’nt e

di scl oses a nethod for formng a dual -layer. | ow dielectric barrier for

i nt er cBRAEBRSLBY ﬁﬂ?spoﬁpBVFSPﬁ@lBlﬁgeI%Wﬁ%bs%éﬁ°¥uﬂ§%r§%é PRt Hie aat
copper conductor fornmed in an insulating |ayer, then depositing a
phosphbeastor 2bbr oht et ai hayeyr sretit  ditleoy Hopl nﬁ@ﬁf@@ﬁ ob ft h&heoppepper
conductor, heating the pre-processed substrate to a tenperature of at |east
300C i somduethici dgpatibspher ddwok dikbagtiioffiflinnent e dfs tdef phespmrdsr
the netal alloy to diffuse into a surface layer in the copper conductor,

t hen depositamg-a dieheginicgfi eted t opllefy t heilhmt al aakl oyhddting antthe
heating the pre-processed substrate in a reducing atnosphere to a

t enper prarproteatellieasbs80@Cef dn a skpengeheating ptoteast it howvedutheg
present invention further discloses an electrical conductor in a

seni coadimokphestr Und une tdmberaolrulesfa atet abasondAot’'or fRirt uateddastani
insulating layer, a filmof a phosphorus or boron-containing netal alloy on

top of nblie. metidlenc epduatfgiingand redudifgfigas dittlagiide Meierial meant opoof
t he phosphorus or boron- containing netal alloy film 15 J UL 2003

include vacuum, H,, forming gas and inert gas atmospheres.

Alternatively, the two layers (metal and dielectric)

can be deposited in sequence, followed by a single annealing step
process at a temperature of 400°C in a reducing atmosphere for 2

hours.

— In the method for forming a dual-layer low dielectric

barrier on a copper conductor, the first heating process may be
conducted at a temperature of at least 325C, for at least 1 hour.
The second heating process may be conducted at a temperature of

at least 350C for at least 2 hours. The reducing atmosphere



16 In the method or device provided by the present invention, t
phosphorus or boron-containing netal alloy filmmay be repr esenllrgij L!)w— 2003
Me- X-P or Me-X-B, wherein Me is a prinmary conponent of the alloy film
while X is an alloy nodifier. M nmay be Co or Ni, and X may be Wor Sn. P
and B represent phosphorus and boron. The phosphorus or boron-containing
nmetal alloy may further include bet w;sn about 86 wt o and about 90 wto M,
bet ween about 2 wto and about 9 wto and between about 6 wto and about 12
wo P or B. The netal alloy filmis deposited to a thickness between about
50 |~ and. abput 0 The heatin rocess .or the anneal | rocess utilized m
the pr ese‘fﬁedloﬁ\?egg? o%lrnsotvglndnﬁgﬁ%%f?i 9 r%lgr?]é% € So%taﬁeg%r%pg?]iniuensg &F 5t he
final duale | @elolheRol! ke BAMIGE BE MGLERT 1R3! ABEGS i d b 6 dddsst
anneal i ng pr cesg, t he" semi conductor substrate is heated to a tenperature
of at |eagdy 300C MosphorlisPoefl @babhycs et A dieRPal-atir & 1he,Wweenyahayt ,350C
and about 900C for a length of tinme that ~s sufficient for the phosphorus
or bor on-eshriteangy et all ealth-oyet o whiftfinge tbohoi @le .| eastether suifygcatl ayer,
i . a. at least 2~4 atomc layers mthe copper conductor . The sufficient

| engt h ofidiaesargppsiséebbet weencmiiout theS thouranardlabopupr X diburs. ithe second
anneal i ng process, conducted after the deposition of the low dielectric
barrier |#ywrle care beycaupreduent 18egeaiiopoost 1vheoutinst ameéaperlatigre of

at | east 300C, or preferably between about 350C and about 900C for a tinme
peri od bet &t dpsuthe RBAFPRHPUEbSE PSTABurSIoN Flhatistdioyedt ke ks

anneal i ng,steps .can be_conbj ned.into_a,single one heating the dual I|ayer
for 2 houf&? l%éﬁﬁcognuée Eﬁ%ﬁcﬁélﬁt FHEPHET .Cof]ﬁiélcﬁgge%th%ajl gﬁ/eearc%lr?&y be
deposi ted pof mat eri.al such as,t .containjng Si, C_ o, N and/or_H_ The
t hi cknessogf tgﬁe |u§11§ct]fsa|%erf i g@gocgi ?85 irys %%ltl{/\g/eerl\hab%luttrofﬁﬁ Aand about
500 A orrggueg.%r abl %mobethv(\éer%n 9919”%15!'% ~¢@ Igir?gboma 350Hh. Tp‘?n?reensentr

i nventi on fiovel “nef Rod fcombi nes &an el ect r of 65$ plgatséd et al' T W th a
filmof iolduls (diGlechbhEcfpnStant) Hiehifllddndcapal ay etndopasihad dan
sequence to a polished (such as by chem cal mechani cal polishlng)

copper/ di &t eglohba-t eprsdihasg hetanodiceva duah- lbayes 3 phashbherenhlifed
dual -l ayer barrier presents the desirable properties of a copper diffusion
barri er, goodicdhesipor tderposppéen tewvhmiglect ri Cheonsttéuweti, matyi [Birther

mai ntai ning the reactive ion etching (RIE) stop performance for the next
upper | evelckHid® éber peep AddidePoRal e rfefiucd eaf L ehel icds €At P hladitimoren
dual -l ayer. barrier is the mnimzation of the dielectric cap |ayer

y
t hi ckness WhikTE GETEFAPES BT oddEs A8  ef PelPFvatal eP BcETR TS oMt 4t of
t he

phosphorus or boron- containing metal alloy film. The phosphorus
or boron-containing metal alloy film may be Me-X-P or Me-X-B,
wherein Me 1s a primary component of the alloy film and X 1s an

alloy modifier.

The method for forming a dual-layer low dielectric
barrier on a copper conductor may further include the step of
depositing a palladium nucleation layer on the copper conductor

by a selective 1on exchange method utilizaing a diluted palladium



— - "

~ ~ UU~ 2003 interconnect structure and provi des conduct or Jéhd%géhgpos
whi ch has been shown to mnimze electromgration. The structure of the
present invention dual-layer barrier can be forned by the follow ng
proceSs. Starting with a planarized structure consisting of a copper wring
enbedded in a dielectric with a copper surface exposed in the dielectric
layer. In the first step, a self-aligned selective application of a netal
cap |l ayer which has strong adhesionlito the copper surface is perforned to
forma netal -to-metal bond. The netal cap |ayer has a thickness between

about 100 _[err] and about 900 [err% t hus providin% greater el ectrical
rel i abi ISPy 2ARd SPABF69Rd 181 eBH ORI Gr &556n r esPSt ZNCEPRTHES mBralP &S 1 ayer
further provides the copper surface with greater . stability in. it
capabi | FEYTEH CRosI TG g8 Yand R 11D Taf: ercatef rRe b ating, o6
heating process &%nﬁ?@%“g&eg’m hiych 283l Lo tQ?§&L%b§ gl Bplpr e, dgtail in a
| ater section, a Secon eposi tion process for a blanket dielectric cap
layer is pepterigd . the Bl aoket,di eheckris Gap g ayer i SADSE: Pr&fErRbly
prepared fromvery low dielectric constant materials, such as a materi al
that comtiahNgeShsitad hayNnand/ oraidieictai Fatenddntd bat neenhaiistiRin ¢, H,
15 J UL 2003 19 N and dianond-1i ke carbon. Alternatively, SIN may al so be
used, haowevenetlatd amaychfneducedibhickanedset hahemhatf | sleposimalhy reggui r ed
as a single layer barrier. Results obtained froma dual-l1ayer cap prepared
f rom selpdespheresbakt bhasedc @tiediviolesstplo@ddsy Jpeéwi fticcal | Yhistnasst
limted to Co-WP, conbined with SiN, §CH or SiCOH fil mhave shown very
good adfe$iveAN anelodk ht &vVednst abertt §O6fACRhdPredrrrbly obe Te sl famiton. ~ The
. chemi cal steps for form ng the present invention dual-|ayer cap for
di f f usi 3R Obdr raner alrdtadhBsfon Eam BethRss @eivbddritherotecBiedaittheas gl | ows:
the overall objective of the gresent i nvention novel nethod is to create a
dual - | ayr dgepal Faiel Ee PhesPRP I DrP i RETEBppEr LU 4cBehft et 1 50 XOMP 15 ocess.
In the first step of deposition on the copper syrface, a netalljic filmis
deposi t & B SUF RLLT Ve HERBSF L RO dCH-B00a by” arl @I 6LPFOrbes BIH TG of a
| ayer bet n u I n 400, A thi ck. I is formed by
an al pycoﬁg nﬁg(g (%%%aolgcer[?gjrl g}atésl‘t ?au“gt%&lr%mo? rﬁgé %P, ﬁﬁg?giﬂn%gardeep_ra@%ent S
the prifmy.cCoERANgR! s Of chfie: AhkOY peKidsh AlbRh] Y dTodid iaghuthielh i MRArts to
the filmvery specific properties of increased adhesion to copper and
di ffusi on hapkkGleRrORGIH iseangafth R repr e8entsSe it £ &l Ale 0 aMDUN L Of yqe
phosphorus coprecipitated during the process of film ~ 5 J UL 2003

the step of conducting the first heating process at a temperature

between about 325C and about 400C for a time period between

about 0.5 hours and about 2 hours. The method ma vz further

A

J

include the step of depositing the dielectric film of a“material
selected from the group consisting of a material containing Si,
C, 0, N, and/or H, a material containing Si, C, H, N and
diamond-like carben. The method may further include the step of
depositing the dielectric film teo a thickness between about 100

A and about 500 A, and preferably between about 250 A and about

350 A. The method may further include the step of conducting



20 formation. In a preferred enbodi mrent of the present inventi or!SXJlUsL 2003
selected to be 3 to 5 atomc o of W while Pis of the order of 7 to 9
atomic ointhe alloy film In the second step of the present invention
process, the copper structure is annealed with the top alloy filmin a
reduci ng at nosphere, for instance, fofm ng gas or hydrogen at 350C for at

| eastepe h&é’ééndTﬂ%attﬁﬁeg%w@sé rgat @%n&ﬁé&%ﬁ@%&@x@&ﬁe%éﬂf Fdigcal I oy

to blend intimately a iffuse in a few atomc layers, Iinto the top copper
surface t rovide. chem cal and netal | urgical bonding and to form excell ent
ihedreh A HC cOBRET FoN tor kol vBFYLORBEEHRERI PRG S dp TME e bethaN fed
during or after the dielectric deposition. In the third step of the present
i nverdt it ocedse RheFRI@ERS | e fPerensCapprieinoniebpl oilioe Felmlméyimto
formthe dual -layer structure. This is typically acconplished by a plasna
enhatsediectierd caf M%rdé’rBde%%Ni@rfvl%PE‘C\%} ¥ dEbssX 1% Wherp$wcess, the
dielectric material is deposited over the Me-X-P layer that was previously
deposited on the copper and is generally of a thickness between about 100 h
and about 500 h. It has been found that the preferred dielectric filnms are
t hose based on Hid i conesenpoundvestithnas 181COYrtHie@H aiirsided Itow an
dielectric constant material such as a dianond-1i ke carbon (DLC) 1~JU
L 2063 ezt ey admAdubbousdd arhzempiedmrductodi etevckticenthearti alndlsuds<COM as
it exhibits the lowest dielectric constant. In the fourth step of the

pr esewippedV eadnductanoc essnaaed admeahn ngirsteat eat lsyeappl bedfilon t BE doubl e
| ayer in a reduci ng at nosphere of either hydrogen, nitrogen or form ng gas
at aphespbpatar e@rofbetor-east-a300& f oetal lkddsy Ddeiogr sdiffhisedf inwdo at
anneal i ng process renoves fromthe nmetallic cap/dielectric i interface

or gadiegstmylprieei efcang PeyskBl ynoehdiory duafare pLoddist snatigdt apednaeerfrom
achi eving good adhesjon properties. The final structure fornmed by the

vari @88 éhémiliaPl s epaw df died epEEdentateniddt PEntPPoeEsEhe PhasPhiRTIA $F gure
1. Figure 1 illustrates an | arged, cross-sectional view of a dual

danm é'ﬁé“FﬂPE?Jc‘&ﬂ%é‘lets?ﬁr BEEQYG&L ‘with the incorporation of the first

preferred enbo 'men% of t%ﬁ g{esen inver&ti n. The structure, 10 is shown m
th two dielect it i FPEr coPheStETebl s CoFUTFECS0 wh? ch 2cont SMEHFYC TR s

22,3 d h 29 . ' i1 ' i.Ng.,
subs ST I GhnabtSrrheEde HEL R 4 lloduhe SRR IR B oo
th bstrate 12 fjrst, di tric | 18 is, .d ited d t d
i h RSN IS oft vl &850 "4t OB T orot rERERCoR, SIHEAYR Sobrtht r ench
openi ngs .are_then Lined )ﬁfbthaliner i a barrier layer 36, filled with

ot aFetR L GRangRAKRF | zedtBy daliin CORIHEERE ARy LRqESde yopPRgEs The

phosphorus or boron- containing metal alloy may be a binary or
ternary alloy of Me-P, Me-B, Me-X-P or Me-X-B with Me being Co or
Ni and X being Si, W or Sn. The phosphorus or boron-containing
metal alloy may be deposited to a thickness between about 10 A
and about 1,000 A, and preferably between about 50 A and about
200 A. The phosphorus or boron-containing metal alloy may be |

deposited by an electroless plating technique. The dielectric -



22 polishing nethod achieving a planarized top surface 40 on the trench 39.
In the next step of the process, which incorporates the prese@ﬁjkﬂytpgngg
novel ,method, is the application of an electrolessly deposited cap l'ayer 99
of Co-WP that selectively deposits on top of the netal trench 39 only. The
cap layer 49 prevents out-diffusion of nmetal 38 into the dielectric |ayer
50 as well as preventing contaninatigp of trench netal 39 due to continued
processing. The netal layer 44 is used with an optional dielectric cap

| ayer 52 as the primary neans of isolating the trench netal from any

i nteracti dur i S nt,. or LAg [ e i e

sem con %gg%}¥%é%§§829§ﬁ390 fﬁgﬁ%ﬁ%§§%8|§§§}q§§ ggﬂg éaggg'Qﬁgng?t%er

i nprovept he- bar rd &l LR Ehescof ot hg ARG al. al by hAyRI-t9Q 0 ERyDEL- P or
as an integration enhancénent |ayer such as a reactive ion etch (R E)

st oppi NGl ayer .qeHde 8eq0nd_di ehieciinet s| 8)@ke80, aBSush@WN A Nafh gHREud, S
used after the RIE process to formthe dual danmascene cavity for via 22 and
trench 24g04 NAt his,£as&ret-NB1di BeeGbeh Cabal | 8y®r AS2nds #ee8 apr RIE stop.
When it 1s used, the RIE stop |ayer 52 is etched to open to the 15 J UL
2003 23rgecongh d gvelctbiepehudiid nhRenpr o6ess shakt sings Wdde thRecktogr |ayer
36 is repeated until the necessary nunber of interconnect |evels are

obt ai nedroiri guhe 2giksumn e argadg codssssectomnal sMiiewnof gareappen, t est
vehi cl e used for adhesion testing and diffusion barrier performance with

t he preséhicomyentingnldual - day eralBarpi erséordeed on top. It is seen that on
top of the silicon substrate 12 is first deposited a barrier layer 36 which
includes a nmetal liner |ayer about 800 A thick. A copper conductor 38 of
2,000 I~ thick is then sputter deposited on top of the liner 36. The

el ectrol ess netal cap |ayer 49 deposited can be either a Co-S*T-P or

Co- Sn-P | ayer having aBtQi qggﬂp%gggenf3qga%rggdnSOO A Alow k_
dielectric |layer 52 of—ér%é5gﬁavrﬁb~a—t%rt%ness—o%—%%0 '~ is then deposited

on top. To enhancg SLMG i gnal. Blayer of.di.amondsl Lke. Garhon 34, s be

deposited on top the ayer I gures and ustrate

SI M5/ pl gt 0Bt @i NeskaN frh i3 Hetdthe SR ninNubbQUESH A.aeAS 888N ENcRLgures 3
and 4, when only a 300 A thick electrolessly deposited netal |ayer of

Co- WP epe€ofiStinnsantdatb®Oapghdrayer dofiwSidOOHnawe: dieposi t ed, after
anneal i ng whi ch woul d pronote diffusion of copper to cross into the surface
| ayers of the netal layer into the Si COH, the

Figure 1 1s an enlarged, cross-sectional view of a
present invention dual-layer low dielectric barrier formed on a
copper conductor 1n a dual damascene structure with a second dual

damascene structure formed on top.

L 1T

Figure 2 1s an enlarged, cross-sectional view of
another embodiment of the present invention 1llustrating a
dual-layer diffusion barrier/adhesion enhancer formed on a
copper conductor. Figure 3 1s a dgraph 1llustrating the

dependency of the secondary 1on counts of elements 1in a



15 J UL 2003 24 copper remains conpletely behind and under t
el ectrol essly deposited netal alloy |ayer 44 and does not pen $5aJL“aéKKE£
the layer 94 into the dielectric layer 52. These results indicate that the
present invention structure stops the copper migration and the effect of
copper potential oxidation by oxygen nol ecul es that may cone across the

Si COH | ayer 52, at |east under the effect of thernal energy. Therefore, the
structure shown is an effective systemas a stopper for thernmal mgration
of copper and oxygen atonms. Figure 5 is a table illustrating data obtai ned
on the adhesi pn strength between a ¢ er conduyct or . and iN. dielectric

| ayer UFWElifﬁﬁyﬂﬁr?% (ﬂ%t%¥§afﬁ6ycggPﬁsthéréfﬁc%é ﬂegﬁ.éFths%E own t hat
the adnesion Qloeappen oL sl L6l 0l Lhl0f: f8PeNdS, SLHOROLY RN LNE cne
pre-treatnent of the copper surface prior to the nitride appfication.
Opti mum.resubts. are. obfai n ! i.ng SWR L < ers, -.Sn<P
inner-rgﬁe?,baﬁﬁﬂﬁibﬁ-%g%é??vp%ﬁggﬁg ﬁﬁ%gylgegggﬁ%%%%ﬁifﬁ#g2?§Tﬁécgghesion
strengtqsiggigﬂégd in the table of Figure 5 is shown in units of MPa x

m ~z. Test results of the adhesion of the dual-layer cap wth electrolessly
deposited cap | ayer on copper with a dielectric layer of SiCOH are shown in
Figure 6. Six sanples were run with the structure of Si-Si02/liner netal/Cu
(2,000 ~). The samphes 4 15 3 YripZOOBLRE raelegetieet dadessng ypbdt edewi t h

ei ther Co-WP, Co-P and Co-Sn-P. The sanples were next run in a tool in

whi ch 56@cAndhrBi GO dicehrtt riformavarials wasenppld ednover ndisdeace of
the cap | ayer. Sone sanples were thermally annealed after the el ectrol ess
deposi t PGRTpEBCESEUGHE Bf 2 era t RePHSREsiah SIERS SnEeH gy StruGhrre 6fhers
only after Si COH. The results shown in Figure 6 indicate ﬁhat CE-VVK

pr oduced "EnBTBEERT aMER I val UBs P Hheé * CaRpFest Showi in Fitfuré 6°Refe
further tested by SIMS anal ysis for checking the thermal copper mgration
across thecEo2fd P frHm* ?HélgﬁﬁE§Qkﬁ%§an§Pgﬁt8ntHBP coppeP st héLC%ehind
the cap | ayer and does not mgrate to the dielectric |layer as predicted.
Test dat@efrsdid thfcredséd ddhdsifdrmofagi deget FrgesiebHato 384 byfesi Ag a
Co-WP inner-layer are shown in Figure 6. It has been found that the

adhesi o8 Sthe di el ectric SiCOH | ayer to copper can be increased
significantly by using a reducing atnosphere pretreatnment after the
dielectric application. Best results are obtained by using a Co-WP cap

| ayer and anneal i pg, i fonm no: gas alr 320¢ {Orutrak €8st ride NP qaELEET the
Si COH deposi tion. ese sanpl es appear to be failing at the correct
interfacs dares19hCOHsto rielkalet echr ohesst yudepesianad draypefmenasor tBed U L
2003 26 opposed to when the systemis not anneal ed after Si COH when the
adheri ngrlanpeakhed it nsiwer enf apppary welowr tivetdoppdryl dypdm therein

between.

(TN

Figure €6 1s a table of data i1llustrating the dependency
of adhesion test results on the structure and annealing of the

dual-layer barrier filing of Si1COH/liner metal.

Detailed Description of the Preferred Embodiment




The present invention novel nethod and device fornmed by the nﬁtpﬁingve
t herefore been anply described in the above description and in Q d
drawi ngs of Figures 1 through 6. It has been shown that the technical
i ssues and problenms in the single use of low k dielectric materials such as
SICOH is due to the fact that Si COH does not have good adhesi on to copper,
and Si COH is sonewhat perneable to oxygen. These two factors thus conbi ned
to cause copper oxidation and delam natlon at the interface of
di el ectric/copper resulting in reliability problens. The present invention
novel nethod therefqre utilizes a dual-layer barrier, for instance

PRt i

Cu/ Co- WP/ Si COH an PESZ 8= PHE T 8o otopperdds Aot HSvE PR dugh
the layer d%‘:alt—fgﬁll e%&o'oﬁ%ﬁ%thfgo%laE?QePa%é%gy Ot-feozfzc (e HEt %h( alfkég%gand

remai ns behind i even after annealing at ours. | e
present i fb\é%%a@ﬂ? hasppegly descelibedsd fran HHUStHAL IV & JppRReonklicehpul d
be understood that the term nology used is intended to be zn a nature of
words of desgedptihoRAnrahbarathan oydd, M AepositingJaUphodPASrdd or
Furthernore, while the present invention has been described in ternms of a
pr ef er r ed bamdnat ¢ et aiatiegetbodl nantoy ift linSoit otdpe odpphectaied tdealiuthose

skilled in the art will readily apply these teachings to other possible
vari ati ondepftinpethaviert-ronses Tk susddiagentood témpdratane of i Whikeh an
excl usive property or privilege is clainmed are defined as follows. ~51

U L 2003 280 ains al. reiusenbod thospher @i dgra aduaéndtdyepf| dwmdi eflectriie
barrier on a copper conductor conprising the steps: providing a

pr e- pr ocessddisudst ratre thavigtp la addppeto cédhdsteorintor areeli i frcan liawsul avor

| ayer; depositing a phosphorus or boron-containing netal alloy filmon top
of said cdﬁﬁéFOEBﬁHUEFBWFtHéatVﬁﬁl§§P&SbF%Q%ﬁb6%§géat§h%S?P§t@“iﬁOQ Pfrst

heating process.to a temperature of at.least 300 Cin a reducin t nosphere
for a Pendth O c Ene b Tridfent o ope ki miss Bha S 7 6t G CORLE Al hg

nmet al allgy to diffuse_intg at least .three gtonic Iaye s i.n -Qp.surface
. t
of said Coppeﬁeéﬁgﬁgacﬁgp?sp ere O a température oOf & feast fb&é? for a

time period of at least 1 hour.

The present invention further discloses an electrical
conductor in a semiconductor structure that includes a metal
conductor situated i1n an insulating layer, a film of a phosphorus
or boron-containing metal alloy on top of the metal conductor,
and a film of a dielectric material on top of the phosphorus or

boron- containing metal alloy film.



depositing a low k dielectric filmon top of said phosphorus o
boron-containing netal alloy film and heating said pre- procesge% ‘QU&IZUQ%

in a second heating process in a, reducing atnosphere to a tenperature of
at least 300'C for at least 1 hour. 2. A method for formng a dual -l ayer

| ow dielectric ' barrier on a copper conductor according to claiml,
wherein said first heating process b?‘%ng conducted at a tenperature of at

| east 325'C for at |east 1 hour. ~"5 J UL 2003 29 3. A nethod for
formng a dual-layer |ow dielectric barrier on a copper conductor according
to claim1, wherein said second heating.proc bei ng,conducted at_ a

t enper at ure of athlleats € 3%16%9 %r At Ide%g’sﬁgez ﬁ%ﬁ‘?ls%(ﬂ. bi rrgt{%odg?%‘rer}”orm ng
a dual -1 dielectri reier C ..gond I G [ 0
SRR R s i R R s e i et S
sequent i;aldl yowi th -@BL Yt omen § i el theyrime -krgat WBAteaf ties 1hea dpheleptyic
deposition by heating for 2 hours at 400C in a reduci ng atnosphere. 5. A
met hod faampbaentngratduahibayeeilow whigleect ric daraibry amd fAepper Me
conductor according to claim1l1, wherein said deposition process for said
phosphomey ose boporrcovit,ai magXmekal el |Wyofi ISm.-bei Ag acdndict eplr dyerdn

el ectrol ess plating technique. 15 J UL 2003 30 6. A nethod for formng a
dual - | aysrosponardiepedt PPEchar r Tee BROTPIGPTercic deEr 6P hrtdk il MLt cl ai m

1, wherein said dielectric filmbeing deposited on said phosphorus or
bor oncorft!dio¥i AGYmétatRer | b?/C]f‘i‘qemq‘c?}‘“%eBI Eﬁﬁtegﬁaﬂﬁéd&ﬁe‘?ﬁ%‘gﬁ Fapdr®

dGDOSItH&g E%%QQEQ“?bout 2 wt% and about 4 wt% X and between about 6 wt%
and about 12 wt% P or B. The metal alloy film is deposited to a

thickness between about 50 A and about 300 A.

The heating process or the annealing process utilized
in the present 1invention novel method 1s important to the
properties of the final dual-layer dielectric barrier formed.

For instance, ain the first annealing process, the semiconductor

substrate 1is heated to a temperature of at least 300C or

idnd

preferably to a temperature between about 350°C and a&out 400°C
foer a length of time that 1s sufficient for the phosphorus or
boron~containing metal alloy to diffuse into at least the surface
layer, 1.e. at least 2~4 atomic layers 1n the copper conductor.
The sufficient length of time may be between about 0.5 hour and
about 2 hours. The second annealing process, conducted after the

deposition of the low dielectric barrier layer, can be carried



7. A nmethod for formng a dual-layer |Iow dielectric barrier on a copper
conductor according to claiml, wherein said reducing at nosphgre used in
said first and second heating process is a formng gas, nitro éanjL 2003
hydrogen. 8. A method for form ng a dual-layer |ow dielectric barrier on a
copper conductor according to claim21 further conprising the step of
depositing a nucleation |ayer of palljadiumon said pre-processed substrate
prior to said step of depositing said phosphorus or boron-containing netal
alloy film ~5J UL 2003 31 9. A nethod for form ng a dual -layer | ow

dielectric barrier on a ccpper _conductor ording to c¢laiml, erein said
phosphorUst o‘?EbSr&?F‘E?Sﬁ?gi“g‘?nafrr@ttalulea?ﬁto?@q tm PS e ?E’alg}ry I\/B\-e,\@(f’e%}
wherein Me is a primary conponent of said alloy filmand X is an alloy

nodi fi eraPord: 3ROfetidd 2PeRE f HYHF n§oR AU PR oo HEire@Prie babier on a
copper conductor according to claim1 further conprising the step of

deposi t i 3y &NPAIE AdPed huc e BATEAEY IS &ie eBPPRtitbdERE of 2y

sel ective i on exchange nethod utilizing, a dijute al | adi um sul fate

o ut 1 orCTHP R GPEE CAcP FOSE SBR[t HBACRBE FOF i iy, oAl TPhybr PG
dielectriclgfnrier on ﬁ coﬁger conductor according to claim9, wherein said
phosphords Y barbrit C6RVETRY My HEEACTEl 1 oy fil mfurther conprises between
about 86 cat o and about 90 wt o Me, between about 2 wt o and about 4 wt -~
X, and between about 6 wt o and about 12 wtj P

The dielectric layer may be deposited of a material
such as that containing Si, €, O, N and/or H. The thickness of
the dielectric film deposited is between about 100 A and about

500 A, or preferably between about 100 A and about 350 A.

The present invention novel method combines an
electroless plated metal film with a film of low k (dielectrac
constant) dielectric cap layer deposited 1n sequence to a
polished (such as by chemical mechanical polishing)
copper/dielectric top surface to produce a dual—layergbarrier.
The dual-layer barrier presents the desirable propertaes' of a
copperldiffu51on barrier, good adhesion to copper, low dielectric
constant, while maintaining the reactave ion etching (RIE) stop
performance for the next upper level dielectric. Additional
benefits of the present invention dual-layer barrier is the
minimization of the dielectric cap layer thickness which

generally decreases the effective dielectric constant of the



or B. 15 J UL 2003 32 12. A nethod for formng a duaI-Ia
dielectric barrier on a copper conductor according to claim;
dielectric filmdeposited has a dielectric constant of not no

5 VU1L+2003mud

re than 5. 13.

A nmethod for formng a dual -layer | ow dielectric barrier on a copper

conductor according to claim21 further conprising the step of
sai d phosphorus or boron containing tal alloy filmto a thi
about 50 A and about 300 A 1A A nethod for form ng a dual -|
dielectric barrier on a copper conductor according to claiml

conpri si ng,dheo5hEP: O  d&POSId | Atk SngvM&Sp@&Hc}u‘ct% borenean
alloy filmto a thickness between about 50 !~ and about 300 f

pr ef er ablps def-waemmahowo Qi mi 2otk 1aRaHon200ation.

depositing
ckness bet ween
ayer | ow
further

Ts?' Wh@ghrret al

The structure of the present invention dual-layer

barrier can be formed by the following process. Starting with a

planarized structure consisting of a copper wiring embedded in a

dielectric with a copper surface exposed in the dielectric layer.

In the first step, a self-aligned selective application of a

metal cap layer which has strong adhesion to the copper surface

is performed to form a metal-to-metal bond. The metal cap layer

has a thickness between about 100 A and about 400
providing greater electrical reliability and

electromigration resistance. The metal cap layer
provides the copper surface with greater stability

capability of <closing voids and hillocks. After

A, thus
improved
further
in its

a first

annealing, or heating process 1is conducted, which shall be

described in more detail in a later section, a second depositioen

process for a blanket dielectric cap layer is performed. The

blanket dielectric cap layer 1s most preferably prepa

red from

very low dielectric constant materials, such as a material that

contains S8i, C, O, N and/or H or a material that contains Si, C,

H,



~~J UL Z003 33 15. A nethod for formng a dual -layer |ow dielectric

barrier on a copper conductor according to claim2l further CQQ?R%Qmpgmggp
step of depositing said phosphorus or boroncontaining netal alfo y

an el ectrol ess deposition process in a hypophosphite solution containing
cobalt sulfate, ammniumtungstate, sodiumcitrate and boric acid at a

t enperature between about 70C and abowt 80C, a pH val ue between about 8 and
about 9. 16. R nethod for formng a dual-layer |ow dielectric barrier on a
copper conductor according to claim21 further conprising the step of

conducting S&i dishibati- Dead INGRROCeRStatnA HRIRET BLHTI Ra Pl MeeARRWy, 350C
and about 90 OC for a tine period between about 0.5 hour and about 2 hours.

17. A netidbdear, for Mangn@Klugkahayer thawkdeed eathbhC Waid | €5 GibraQaRper
conductor according to claim21 further conprising the step of depositing
sai d di el egfuiiredf ekm ofiraylrateyeal baelieat.ed from the group consisting of
Si, C O NandH 15 J UL 2003 ," , 34
Results obtained from a dual-layer cap prepared from
selective cobalt-based electroless process, specifically but not
limited to Co-W-P, combined with SiN, SiCH or 81COH film have

shown very good adhesion and achieved stability of Cu and control

of Cu diffusion.

The chemical steps for forming the present invention
dual-layer <cap for diffusion barrier and adhesion can be
described in more detail as follows: the overall objective of
the present invention novel method 1is to create a dual-layer
metal/dielectric film on the copper surface after a CMP process.
In the first step of deposition on the copper surface, a metallic
film 1s deposited by selective deposition achieved by an
electroless plating of a layer between about 100 A and about 400
A thick. The layer is formed by an alloy that has the general
structure of Me-X-P, wherein Me represents the primary component
of the alloy, X is an alloy modifier which imparts to the film
very specific properties of increased adhesion to copper and
diffusion barrier properties, and P represents a certalin amount

of phosphorus coprecipitated during the process of film



18. A nmethod for formng a dual-layer |ow dielectric barrier on a copper
conductor according to claim1 further conprising the step ofLﬁ gﬂgg 2&53
said dielectric filmto a thickness between about 100 ~ and 0

19. A method for form ng a dual-layer low dielectric barrier on a copper
conductor according to claim21 further conprising the step of depositing
said dielectric filmto a thickness between about 100 ~ and about SO0 |~
and preferably between about 250 ~ and%about 350 ~. 20. A nethod for
form ng a dual -layer |ow dielectric barrier on a copper conductor according

to clalmd, further commrsLog, Lhe &hepglacopdust] g sl serond gieali ng

process at 4 tenpera ure ween  about ti'nme
period betmeen .aboytcd Hou @and ahomt Ssheurs, aliid mltmqf ft% foQqaing a
dual -l ayer low dielectric barrier on a copper conductor according to claim
9, whereidy gaid Mest$niCo 20k nNEhe Sau 1 vX i $mW Oor  Sn. 15 J UL 2003 35 22.
An el ectrical Conductor in a sem conductor structure Conprising: a copper
conductor situated in an insulator |ayer;

In the second step of the present invention process,
the copper structure is annealed with the top alloy film in a
reducing atmosphere, for instance, forming gas or hydrogen at
350°C for at least 2 hours. The temperature treatment allows the
components of the alloy to blend intimately and diffuse in a few
atomic layers, intec the top copper surface to provide chemical
and metallurgical bonding and to form excellent adhesion with
copper. Alternatively, the annealing step can be performed

during or after the dielectric deposition.

In the third step of the present invention process, a
dielectric film is applied on top of the metal film to form the
dual-layer structure. This is typically accomplished by a plasma
enhanced chemical vapor deposition (PECVD) process. In the
process, the dielectric material 1s deposited over the Me-X-P
layer that was previously deposited on the copper and is
generally of a thickness between about 100 A and about 500 A.
It has been found that the preferred dielectric films are those
based on silicon compounds such as SiCOH, SiCH or SiN. A low

dielectric constant material such as a diamond-like carbon (DLC)



a filmof a phosphorus or boron-containing netal alloy being (c)li @f\ggﬂgz q
at least three atomc layers in a top surface of said netal condu by
a.filmof a lowk dielectric material on top of said phosphorus or
boron-containing netal alloy film 23. An electrical conductor in a

sem conductor structure according to claim 22, wherein said phosphorus or
boron-containing netal alloy is pr eser&t1 under at lest two atomc |ayexs in
a top surface of said metal conductor. ~5J UL 2003 36 24. An

el ectrical conductor in a sem conductor structure according to claim 22,
wher ei n smayl pligspleorgasdor Beog an-edenmtrafinilhgl eatrdlc alateyias as bf WA ar
ternary alloy of Me-P, Me-B, Me-X-P or Me-X-B with Me being Co or N, and X
bei ng Si , tWwothibitsothe gpnsisdcdifeett onde8E6#2n a sem conductor structure
according to claim 22, wherein said phosphorus or boron-containing netal
alloy is a binary or texnary alloy of Me-P, Me-B, Me-X-P or Me-X-B~with Me

being Co or N, an bei i, Wor deposited to a.thickness between
gpxil}%ogﬁ'&%hzéte% otSnche .res?néj 1nd/uecntt6roni Hr%cess, an

d
(®y o

about 10 A and abo n el ectrical ¢on

sem Conducta%eﬁagﬁg §F@Sﬁﬁgﬂdagg a&;%ﬁ'eéi M22¢phefel, es;ﬂa femlg/gﬁgh%rus or

bor on- cont ai ni ng oy is a brnary or ternary allo -P, Me-B,

Me-X- P or - Mau$rB WitkidspRe Pl 819 Loritr MydrdgdnX BetRgged . o W B Pei g
deposited to a thickness preferably between about 50 A and about 200 A

15 J UL 2008 8émpdrati¥reClaaCtati Galaseondutt ofor Mmta S&I¥tCoNduUaher, stoucd ure
according to claim 22, wherein said phosphorus or boron-containing netal

alloy is aifinNaimhednihgr PAsYe A |QMoQbs MerEn Mes Bre tMB-1XPcap /Mo Xa B it h Me
being Co or Ni, and X being Si, Wor Sn being deposited to a thickness

bet ween abotdr flHdeAocagan adalitputi000s Ay paizsebegt s theass/olaat i agpt edligue.

28. An electrical conductor in a sem conductor structure according to claim
22, wher efhalsalatrdicél écom i arhmivényagodrhdediiehepteper téorsst ant of not nore
t han 5.

The final structure formed by the various chemical
steps of the present invention process 1s shown in Figure 1.
Figure 1 illustrates an enlarged, cross-sectional view of a dual
damascene interconnect structure 10 with the incorporation of the
first preferred embodiment of the present invention. The
structure 10 is shown with two dielectric interconnect levels 20
and 30 which contain both vias 22,32 and trenches 24,34. The
structure 1s built on a semiconducting substrate 12 which has an
active device 14 formed 1in a top surface 16. Onto the substrate
12, a first dielectric layer 18 1is deposited and patterned with
an opening for via 32 and an opening for trench 34. The wvia and
trench openings are then lined with a liner, 1.e. a barrier layer

36, filled with metal 38, and planarized by a chemical mechanical



An el ectrical conductor in a sem conductor structure according to claim 22,
wherein said dielectric material contains Si, C, O Nand H B& \}w[_ ZQUS
el ectrical conductor in a sem conductor structure according to clarm 22,
erein said dielectric material is selected fromthe group consisting of a
material containing Si, C, 0, Nand Hand a material containing Si, C ~
and deposited to a thickness of between abaut 10 A and about 5,000 A. ~5
J UL 2003 38 31. An electrical conduct’or in a seniconductor structure
according to claim?22, wherein said dielectric material contains Si, C O,

N and H dgposiftgf t:Q@ddhiLeessnhetvgen #hautqlQQy~ siadcabout 3P0cys 32.

An el ectrical conductor in a sem Cconductor structure according to claim 22,
wherei n sakdn&emaconduct or structure being forned on a substrate sel ected
fromthe group consisting of silicon, silicon germani um
silicon-on-insulator and gallium arsenide. .Ay.Af.A .A@l .Af.Ahy. A@. A
A CAQY A A ?. AU CANF.A a. A LAST AR .AFE LAS LA F LA A LA

In the next step of the process, which incorporates the
present invention novel method, is the applicétion of an
electrolessly deposited cap layer 44 of Co-W-P that selectively
deposits on top of the metal trench 34 only. The cap layer 44
prevents out-diffusion of metal 38 into the dielectric layer 50
as well as preventing contamination of trench metal 34 due to
continued processing. The metal layer 44 is wused with an
optional dielectric cap layer 52 as the primary means of
1solating the trench metal from any interaction during subsequent
processing or during operation of the semiconductor device. The
optional cap layer 52 can be used to further improve the barrier
properties of the metal alloy layer 40 of Co-W-P or as an
integration enhancement layer such as a reactive ion etch (RIE)
stopping layer. The second. dielectric layer 50, as shown in
Figure 1, 1s wused after the RIE process to form the dual
damascene cavaty for wvia 22 and trench 24. In this case, the

dielectric cap layer 52 is used as a RIE stop. When it is used,

the RIE stop layer 52 1s etched to open to the
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second level trench 24 in the process starting with the liner

layer 36 is repeated until the necessary number of interconnect

levels are obtained.

Figure 2 1is an enlarged, cross-sectional view of a
copper test vehicle used for adhesion testing and diffusion
barrier performance with the present invention dual-layer barrier
formed on top. It is seen that on top of the silicon substrate

) 12 is first deposited a barrier layer 36 which includes a metal
liner layer about 800 A thick. A copper conductor 38 of 2,000 A
thick is then sputter deposited on top of the liner 36. The
electroless metal cap lavyer 44 deposited can be either a Co-W-P
or Co-Sn-P layer having a thickness between 300 A and 500 A. A
low k dielectric layer 52 of SiCOH having a thickness of 500 A

is then deposited on top. To enhance SIMS signal, a layer of

diamond-like carbon 54 was be deposited on top of the SiCOH layer

52.

Figures 3 and 4 illustrate SIMS/plot obtained on the

structure shown in Figure 2. As seen in Figures 3 and 4, when
only a 300 A thick electrolessly deposited metal layer of
Co-W-P or Co- Sn-P, and a 500 A layer of S1COH are deposited,
after annealing which would promote diffusion of copper to cross

into the surface layers of the metal layer into the S1COH, the
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strongly on the pre-treatment of the copper surface prior to the
nitride application. Optimum results are obtained by using
Co~-W-P inner-layer, Co-Sn-P inner-layer, and high-density plasma
(HDP) deposited nitride. The adhesion strength indicated in the

table of Figure 5 1s shown in units of MPa x m'/Z.

Test results of the adhesion of the dual-~layer cap with
electrolessly deposited cap layer on copper with a dielectric
layer of S1COH are shown in Figure 6. Six samples were run with

the structure of S1-S10,/liner metal/Cu (2,000 A). The samples
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were electrolessly plated with either Co-w-P, Co-P and Co-Sn-P.
The samples were next run in a tool in which 500 A of SiCOH
dielectric material was applied over the surface of the cap
layer. Some samples were thermally annealed after the
electroless deposition process and after the deposition of SiCOH

layer, while others only after SiCOH. The results shown in

Figure 6 indicate that Co-W-P produces the best adhesion values.

The samples shown in Figure 6 were further tested by
SIMS analysis for checking the thermal copper migration across
the Co-W- P film, The SIMS data indicate that copper stays

behind the cap layer and does not migrate to the dielectric layer

as predicted.

Test data found increased adhesion of dielectric Si1CCH
to Cu by using a Co-W-P inner-layer are shown in Figure 6. It
has been found that the adhesion of the dielectric SiCOH layer to
copper can be increased significantly by using a reducing
atmosphere pretreatment after the dielectric application. Best
results are obtained by using a Co-W-P cap layer and annealing in

forming gas at 350°C for at least 2 hours after the SiCOH

deposition. These samples appear to he failing at the correct

interface, 1.e. S1COH to the electrolessly deposited layer, as
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opposed to when the system is not annealed after SiCOH when the

adhering, annealed films were failing below the copper layer.

The present invention novel method and device formed by
the method have therefore been amply described iﬁ the above
description and in the appended drawings of Figures 1 through 6.
It has been shown that the technical issues and problems in the
single use of low k dielectric materials such as Si1COH is due to
the fact that SiCOH does not have good adhesion to copper, and
SiCOH is somewhat permeable to oxygen. These two factors thus
combined to cause copper oxidation and delamination at the
interface of dielectric/copper resulting in reliabkility problems.
The present invention novel method therefore utilizes a
dual-layer
barrier, for instance, Cu/Co-W-P/SiCOH and Cu/Co-Sn-P/SiCOH so
that copper does not move through the layer of the electrolessly
deposited cap layer of the metal alloy and remains behind it,

even after annealing at 380°C for 2 hours.

While the present invention has been described in an
1llustrative manner, it should be understcod that the terminology
used is i1intended to be 1n a nature of words of description rather

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

apply these teachings to other possible variations of the

inventions.

The embodiment of the invention in which an exclusive

property or privilege is claimed are defined as follows.
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Claims

1. A method for forming a dual-layer low dielectric
barrier on a copper conductor comprising the steps:

providing a pre-processed substrate having a copper
conductor formed in an insulator layer;

depositing a phosphorus or boron-containing metal alloy
film on top of said copper conductor;

heating said pre-processed substrate in a first heating
process to a temperature of at least 300C in a reducing
atmosphere for a length of time sufficient for said phosphorus or
boron- containing metal alloy to diffuse into at least three
atomic layers in a top surface of said copper conductor;

depogiting a low k dielectric film on top of said phosphorus

or boron-containing metal alloy film; and
heating said pre-processed substrate in a second

heating process in a reducing atmosphere to a temperature of at

least 300°C for at least 1 hour.

2. A method for forming a dual-layer low dielectric
barrier on a copper conductor according to claim 1, wherein said

first heating process being conducted at a temperature of at

least 325C for at least 1 hour.
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barrier on a copper conductor according to claim 1, wherein said

second heating process being conducted at a temperature of at

least 350°C for at least 2 hours.

4. A method for forming a dual-layer low dielectric
barrier on a copper conductor according to claim 1, whereain the
metal layer and the dielectric layer are deposited sequentially
with only one final thermal treatment after the dielectric

deposition by heating for 2 hours at 400C in a reducing

atmosphere.

5. A method for forming a dual-layer low dielectric
barrier on a copper conductor according to claim 1, wherein said
deposition process for said phosphorus or boron-containing metal

alloy film being conducted by an electroless plating technique.
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6. A method for forming a dual-layer low dielectric
barrier on a copper conductor according to claim 1, wherein said
dielectric film being deposited on said phosphorus or boron-

containing metal alloy film by a plasma enhanced chemical vapor

deposition technique.

7. A method for forming a dual-layer low dielectric
barrier on a copper conductor according to claim 1, wherein said
reducing atmosphere used in said first and second heating process

is a forming gas, nitrogen or hydrogen.

8. A method for forming a dual-layer low dielectric
barrier on a copper conductor according to claim 1 further
comprising the step of depositing a nucleation layer of palladium
on said pre-processed substrate prior to said step of depositing

said phosphorus or boron-containing metal alloy film.
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9. A method for forming a dual-layer low dielectric
barrier on a copper conductor according to c¢laim 1, wherein said
phosphorus or boron-containing metal alloy film 1is Me-X-P or

Me-X- B, wherein Me is a primary component of said alloy film and

X is an alloy modifier.

10. A method for forming a dual-layer low dielectric
barrier on a copper conductor according to c¢laim 1 further
comprising the step of depositing a palladium nucleation layer on
said copper conductor by a selective ion exchange method

utilizing a diluted palladium sulfate solution in sulfuric acid.

11. A method for forming a dual-layer low dielectric
barrier on a copper conductor according to claim 9, wherein said
phosphorus or boron-containing metal alloy film further compraises
between about 86 wt % and about 90 wt % Me, between about 2 wt $%
and about 4 wt % X, and between about 6 wt % and about 12 wt$% P

or B.
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12. A method for forming a dual-layer low dielectric
barrier on a copper conductor according to claim 1, wherein said

dielectric film deposited has a dielectric constant of not more

than 5.

13. A method for forming a dual-layer low dielectric
barrier on a copper conductor according to claim 1 further
comprising the step of depositing said phosphorus or boron-
containing metal alloy film to a thickness between about 50 A

and about 300 A.

14. A method for forming a dual-layer low dielectric
barrier on a copper conductor according to claim 1 further
comprising the step of depositing said phosphorus or boron-
containing metal alloy film to a thickness between about 50 A
and about 300 A, and preferably between about 100 A and about

200 A.
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15. A method for forming a dual-layer low dielectric
barrier on a copper conductor according to claim 1 further
comprising the step of depositing said phosphorus or boron-
containing metal alloy film by an electroless deposition process
in a hypophosphite solution containing cobalt sulfate, ammonium

tungstate, sodium citrate and boric acid at a temperature between

about 70°C and about 80°C, a pH value between about 8 and about 9.

le. A method for forming a dual-layer low dielectric
barrier on a copper conductor according to claim 1 further
comprising the step of conducting said first heating process at a
temperature between about 350°C and about 400°C for a time period

between about 0.5 hour and about 2 hours.

17. A method for forming a dual-layer low dielectric
barrier on a copper conductor according to claim 1 further
comprising the step of depositing said dielectric film of a

material selected from the group consisting of 3i, C, O, N and H.
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18. A method for forming a dual-layer low dielectric
barrier on a copper conductor according to claim 1 further
comprising the step of depositing said dielectric film to a

thickness between about 100 A and about 500 A.

18. A method for forming a dual-layer low dielectric
barrier on a copper conductor according to claim 1 further
comprising the step of depositing said dielectric f£film to a

thickness between about 100 A and about 500 A, and preferably

between about 250 A and about 350 A.

20. A method for forming a dual-layer low dielectrac
barrier on a copper conductor according to claim 1 further
comprising the step of conducting said second heating process at
a temperature between about 350°C and about 400°C for a time

period between about 1 hour and about 5 hours.

21. A method for forming a dual-layer low dielectric
barrier on a copper conductor according to claim 9, wherein said

Me is Co or Ni, said X is W or Sn.
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22. An electrical conducteor 1in a semiconductor
structure comprising:

a copper conductor situated in an insulator layer;

a film of a phosphorus or boron-containing metal alloy
being diffused into at least three atomic layers in a top surface
of gaid metal conductor; and

a film of a low k dielectric material on top of sgsaid

phosphorus or boron-containing metal alloy £ilm.

23. An electrical conductor 1in a semiconductor
structure according to claim 22, wherein said phosphorus or
boron-containing metal alloy is present under at least two atomic

layers in a top surface of said metal conductor.
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24. An electrical conductor in a semiconductor
structure according to claim 22, wherein said phosphorus or
‘boron—containing metal alloy is a binary or ternary alloy of
Me-P, Me-B, Me-X-P or Me-X-B with Me being Co or Ni, and X being

Si, W or 8n.

25. An electrical conductor 1in a semiconductor
structure according to claim 22, wherein said phosphorus or
boron-containing metal alloy is a binary or ternary alloy of
Me-P, Me-B, Me-X-P or Me-X-B-with Me being Co or Ni, and X bej;ng
Si, W or Sn deposited to a thickness between about 10 A and

about 1,000 A.

26. An electrical conductor in a semiconductor
structure according to claim 22, wherein said phosphorus or
boron-containing metal alloy is a binary or ternary alloy of
Me-P, Me-B, Me-X-P or Me-X-B with Me being Co or Ni, and X being
8i, W or Sn being deposited to a thickness preferably between

about 50 A and about 200 A.
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27. An electrical conductor in a semiconductor
structure according to c¢laim 22, wherein sald phosphorus or
boron~-containing metal alloy is a binary or ternary alloy of
Me-P, Me-B, Me-X-P or Me-X-B with Me being Co or Ni, and X being
Si, W or Sn being deposited to a thickness between about 10 A

and about 1,000 A by an electroless plating technique.

28. An electrical conductor in a semiconductor
structure according to claim 22, wherein said dielectric material

has a dielectric constant of not more than 5.

29. An electrical conductor in a semiconductor
structure according to claim 22, wherein said dielectric material

contains 8i, C, O, N and H.

30, An electrical conductor in a semiconductor
structure according to claim 22, wherein said dielectric material
ds selected from the group consisting of a material containing

8i, ¢, 0, N and H and a material containing Si, ¢, H and

deposited to a thickness of between about 10 A and about 5,000

A.
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31. An electrical conductor in a semiconductor
structure according to claim 22, wherein said dielectric material

contains Si, C, O, N and H deposited to a thickness between about

100 A and about 500 A.

. 32. An electrical «conductor in a semiconductor
structure according to claim 22, wherein said semiconductor
structure being formed on a substrate selected from the group
consisting of silicon, silicon germanium, silicon-on-insulator

and gallium arsenide.



