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. ELECTROM GRATI ON A RJE:,fng L NDUCED 6 FEB 200 M GRATI ON OF CHCT{URR20878
SURFACE COATI NG Fi - Lhel B BRNUGRARIQN ANBRTRIES SED aNeUcrrh gt BER 2004
i nt erconnections on seMEFMITIONOR Gl JHIRESI BXDSERPAICHE COAATNG t0 a surface

- coating or treatnment to prevent surface atons of conductors fr.om being

noved downstream by an el ectron current, a phenonena known as

el ect r oniKjeldtdfghe Imvehtipn f r om bei ng noved by a stress gradient tending to
rel ax stress known as stress induced m gration. Background of the Invention
I ncreased densyfiy i spe i l.Lectronic circuitry has caused a shift
in the netall ?Elg%/ilgﬂ&élégt ge%t&; 5§2 lﬁﬁt%&?te{cgn@ftxpas rf §emiconductess chipsinand nfore

t he condﬂétor t the sane tinme, the need for higher levels of current
density HAS WAH¥SAF SHEACRICORING Pr theasment toaprievent sixfacel :OMS OFcEidCid?s from being

limti ngé; rl;é%ét ent tomg,hi ch circuit designers can increase performance.

. The' hi ghdrovigd |dommgtrean by anfeleCtroh Sugsme & tphendmder t deat, Gakr vin

-capabi lity of the conductors, extend?ﬁgtpgl ect rgnr@gg)gﬁsoégﬁfﬁ%ir?ﬁ%%%pﬂ%b8&,
from our bemgmdved blytaSstrede ctromagration lifetinme is

nost dependgnt onlb{yhe at ogrﬁ?agiégtet%g@? ;“5 suc stt%gs gogvrﬂ ¥ S[t‘fﬁg%’g‘ﬂ‘é TYBIaRg.

Cu/dielectric interface and not on the intrinsic character of the Cu

“lattice, @rcg%'q) E(auo ﬁrg or tCu/I iner interface atomtransport. Thus, the
speci ficatt rent in Cu conductors proved not to be

significantly _superior to those for Al (Cu). The basic process for

fabricating CIN ¢ dewsity gad speed of mjcroglettnenicl cinastey has dﬁﬁ’séﬂoﬁslﬂﬁ‘ﬁ{]tﬁet renches

are formed in a dielectric layer, a liner is forned in the trenches and

t hen t he metadlizaties system fion AHCw) tCEb Aiddlod HRPeGRHIT: g I R

(CWP) which termnates in a clean top Cu surface coplanar W ¢ same

di el ect r time] thy@eed 3+ HigHe levkls B8 byr! : e forne it he other three

surfaces of the Cu conduct or - Thueﬂrée]#géés?tg?r]lﬁsgg’zﬁoﬁ%‘ﬁ{hﬁ’ﬁ@ﬁr@e?Ei’fa'h%fell?bfti on

of the | elR&rdd S W nd.crgssg section area. Data from measurenents

showed t hat ongﬁﬁéﬁ%@ggh%’gsﬂ t?@@é&%?idﬁﬂgﬁ%ﬁ%ﬂdﬂm& perfarmsanoe t THeor Cu

conduct Oﬁigh?#‘ifn ltlbanboo-l me and near banboo A 66166 2 6 FEB200g -2

grain stractur g ot of (v s exnegted go nabr@ﬁqdw:umdtmyimpmn?oﬁmri buti ng

to mass transport for w der Iines. The sanme relationship was found to be

i ndepend&MCUEPrS KEtending sjsstrpmigsetiondifetime. Hovwever, Wi ber tebitesyienos| le3Bu S

by Physi‘chg{‘hVa or Deposition (PVD), Chem cal Vapor Depositi on’R?C‘tl/H or

el ectrop Rglectromigratian life(ime femes [dépsidé . blem In addition
PRI b Bonkif Bty sich pnaterie

to electromgration lifetine failure, it oun

pat t er nstramspors W6 gRAtw/B : 1 j di under. t her nal cle stress, with
voi ds al ways found to ggcfr%inﬁegg&ggmg?f 0? h{é%&’fl@‘"@f’é&rﬁt@r Pﬁ%@@é@écw‘m t he

atom ¢ nEdnka [ ' Si.nce the copper mgration rate, drift

velocity, Is )66rg%@%ﬁ&&%ﬁ)ﬂ’ﬂ%"@@%T&ﬁ‘ﬁ thesperificatiogs foorbevéddunmneinaD
is the dé-ofntiﬁ'%i vity of Cu, T is the absolute tenperature in Kelvin, k is the
Bol t zmanh 'CONSL YeJI'FR-ftBIbFﬁigﬁ’@c‘F’E}Y(ﬁéB‘?ﬂql,toahcmei’drAalﬂ:ua)nd (Ds/Dx) Wfor

el ectrom grat%&lpand st res? ifr;guced m gration forces, respectively, where

Z* is the eff J¥C Priegese forufebscating € dohductdrepiticdny & - is the -
electri g‘w];i eld, (Ds/Dx) is the stress gradient, ﬁand Wi gﬁﬁ%ﬂggr#% %ﬁﬁﬂe.
It i s nowWndredrentclsdsl are tfbfhedinng efeshid ' G Qr .technol ogy wth

whi ch the highest performance and rel *ag%%ﬁ@;rgsgwgarl@éﬁ? géﬁ? %Pd theg the e
al ter at iteenches dre dilfel i e [dielectric interface of an overlayer ‘
to reduce Cu transpoﬁ?magg ag{lgfr’n&c(:h BP‘fﬁh HEPEW,:PPI&SHF‘? §aMEY which terminetesiinca or .
surface &%Htgfpﬁ%n%afterl CMP, Then, the process should be selective to Cu
and provi de iHOPE EAPIagAr Wb the dielegteic lyen. Gu/nialdinerinedrfacess9e fvmbd of GERI N
subst anggtﬁérhéregosgggnarqﬁ\}mbt %ut he dielectric or insulation containing the
trenches. r e85 ¢ Cuesntigcton The elevteshigrHios 1184 e .
conductor and the subsequently formed dielectric over 1%%%&%}}43%9%5

oxi dat i dhickm&swiﬂnbandfcrbiseseago,aggygs DAt or,, a Il as _
reduced atomic transport of the Cu con Sc?grp?df’%m&%\?}fsdgmﬁﬁait%n?‘w the top

reliabi Isutfyce was contributing to mass transport for Cu conductors with bamboo-like and near bamboo

I AR
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Summary of the Invention According to a first aspect of the |nvent|on t here
I's provided a nethod for form ng conductors with high electromg zﬁlpr 2004
resi stance conprising the steps of: formng a |ayer of dielectric on
substrate, formng at | east one trench in said |ayer of dielectric, formng
a netal liner in said trench, formng a conductor on said netal Ilner
filling said trench, 2 6 FEB 2004 -2a3orning a planarized upper surface
of said conduct or pI anar with the upper surface of said layer of _
dielectric, and formng a conductive filmover said upper surface of said

conduct or ,gralhestmom@hmhd e combifhfi® 6 BouddafPpland shifad®hdte TBAAbLANDE dlasbond,
and wherein said step of formng a conductive filmincludes the step of

formi ng sé‘iaﬂs%h%é’i”ﬂ?"eh‘flqsl e hﬁaﬁﬁmﬁgr%ttonslnkmiomnd tonke nningmdfenmf thet@u 20
nm by el e%%%&%t?(ﬁxsmgﬁlggsfé ! Qﬂetlﬂ\%etég ?¥%o%ﬁ e \gg)sgneyr P]fxlércégglgﬂé)r;lagpom ion (lﬁ%c)t or

S protecte rom oxi I"on an sion an

el ect r om @ihetiicad V@er Bepoittora(CVD) gh eleetpoataips dlis@afifefhieB]erslveasss \67ithe Ng-
According t ano&@ aspect of the invention there is provided a structure
!

conpri si n§rovAcR élltloalt%Ieéf'@irpméBTéﬁ*Pfhh@Uﬁ@tfﬁﬁ‘ﬂ& it ayas| fourd thah €ut goaduétor
formed in §ﬁ‘érﬂs Qfeeélﬁgé tibfe glniltgﬁlll(g v?ﬂd LR the%néﬁeéeﬂi%lstlregggygﬁ ii:]‘l;lvasal d

trench, a conductor sal I Ng sal

surface ofowd lm)nnllumed) at tiet Cu/tietecttpiterfide vaeee the zﬁé‘ﬂnﬂ: hﬁﬁﬁfty‘iﬁ highest,
dielectri %i antg a conductive filmover said upper surface of said

conduct or >"¥&i ‘¢ CORBUCTHEFBUET [3PA SRt vedpcaty st &Ipr?@lcﬁﬂfamO@hém(quT) airdes )

e SR rpat v et S SRy GRS
roup consis

\?vher gby skig fbpp@ltmmmawstaﬁt salte dxmwdgd’fme? |?,hgre?%$gdr]]3taldgc?] r(ml \I;l?tfdnon

provi ded_ SCRRUREARET oA A1 TCLHECHBG N (4icd GrmEr BN oRhgRazrols the

resi st anceffeaiverdhatglaqlLM&r,Sé BPthe @fectronic charge, E is the electric field, (Ds/Dx) is the

stress gradient, and W is the atomic volume. It is now inevitable that achievement of a Cu

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

Modification of the Cu conductor surface 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

provide maximum reliability.

Summary of the Invention

According to a first aspect of the invention there is provided a method for forming
conductors with high electromigration resistance comprising the steps of:

forming a layer of dielectric on a substrate,

forming at least one trench in said layer of dielectric,

forming a metal liner in said trench,

forming a conductor on said metal liner filling said trench,



form ng a patterned conductor on a substrate, and formng a con%g;i’,_. f'd
over said surface of said conductor, said conductive filmform @4 d};

to metal netallurgical bond, and wherein said step of form ng a conductive
filmincludes the step of form ng said conductive film by el ectrol ess
deposi ti on whereby said surface of said conductor is protected from

oxi dation and corrosion and provi des hrdh-el ectrom gration resistance and
hi gh resistance to thermal stress voiding and 2 6 FEB 200g -2b wherein
said el ectrol ess deposited filmhas a thickness in the range of 1 to 20
nanoneters. ACqemihpd plahaAl&t Wiper AFARE bf fid ERRIuLRY PRhAORIth BRNpkSsupfagyi ded
a structure conprising: a patterned conductor on a substrate, ‘and a
conduct i vefsafhaysyef digkecdicsand ace of said conductor, said conductive film

formng a netal. to netal tal.l urgi cal. bond nd erein, sai d, conduct.i ve
(oIm e cel ect daRPRRCPPAREYS Bl ohaRlq R sy RS abaE feute e SRl
COsnB, CoV#im fbfiminkiaBnéaicto \Mathiah@bfurgRbbdndpaid wheréiace of said conductor is
protected from oxidation and corrosion. According to another aspect of the

i nventi on t her saidstepraf\fpiaiag a capdustiye fibn inchdes thy stemefuering saidioandudgive
el ectrom ti] resi IS t : rm ne. a r of
ai of cctri SiBied e iRl FhBRTE e ERe FRY D 28 pRERESeftglers SR DD O
di el ect ri gaidfuppéd sugfade 6Bdadd cdrdnetor isprotatted fromnsxidatioarafitl BerrésiewasCt or  on
said netal liner filling said trench, formng a planarized upper surface of
sai d condBEQ'ddesglighelectigmpigratioa regigience sud highaesstancgitel thezmpal stigss wridinget ri c,
and formng a ol it r I I 1 . i onduct or,

t he conducti ve%foclra?}r?ﬁ %%n%gleghs%\éﬁﬁfﬁ?éoﬂﬁéﬁgﬁ ﬂrlrelsef%’J gslfﬁ(é?l&lgé:% &%olrll , and

wher ei n sgoshpsitiap: of form ng a conductive filmselected fromthe group
consi sting of CaoB, C(F;)SnB, CoWB and Ni B includes the step of form ng said
conductive fil sipyerof dielacliceusa ssBaEL i on wher eby said upper surface of

sai d conduct of of el SEhAHEROMHakiceRiARLaRALEARION and provi des hi oh

el ectronmigration resistance and resistance to thermal stress voiding,
and wher ei n saiadnettldmeoforaiedan il ésschieposi ti on i ncl udes the steps of first

i mrersing said substrate in sal ution, of tal ions whereby a | ayer of
nanoparticl es 8fcoﬁ§?°é?r°é5§€lq€rfeﬁg'&m&1sa§daﬁrﬂm pper surface of said conductor,

second i mer si RgaRtdeduiirt sntReoh sAd cOhdeior Viithe GRIPLEFRY oTQhidlAyRP off
nmetal ions and hypophosphite ions whereby a netal -boron conductive filmis

formed ondigd¢ciriuppér surface of said conductor, and 2 6 F E B 200.g -2c

anneal ing said_substrate.in _one.of an inert_.and reducing. atmspherge at a
enper at ar o of *3PHacS} bt S ClatRsinfiEe b S8 bR g AL AR i

excel | ent faeliegh aetdl o aletaichagichieindeenaliapidalcndgidor and said netal boron
conductive film Accor_gi ng. tqQ agot her aspect of the invention there is
provi ded a met REEreHsaid spRAusHve Bhw ticelseted fronh the ggppngamsistipgplhFalViton

; 5; !s ﬁ gtr‘g;@ogﬁg})@bﬁ,if’?ﬁ CoBecasaRSCHNB, IO NTBRYd &V RileteBy I8 pBRTHOL o P&

conductor is protected from oxidation and corrosion.

According to another aspect of the invention there is provided a method for
forming conductors with high electromigration resistance comprising the steps of:

forming a patterned conductor on a substrate, and

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

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 and



formng a conductive filmover said surface of said conductor, said
conductive filmformng a netal to netal netallurgical bond, a I
said step of formng a conductive filmincludes the step of fozgﬁq\rEEiﬁizg]le
conductive filmby el ectrol ess deposition whereby said surface of said
conductor is protected from oxidation and corrosion and provi des high

el ectrom gration resistance and high redPstance to thermal stress voi di ng,
and wherein said step of electrol ess deposition includes the steps of first
i mrersing said substrate in a solution of netal ions whereby a |ayer of
nanoparticl es ofheiihahidaletiblussréepositedshinthaspphickaessfiadr rafigesefi Idko@onduct or,
second imersing said substrate in an el ectrol ess conpl exed sol ution of

met al i ondaBPWCESTet hyl ami no bor ane whereby a | ayer of netal - boron
conductive filmj . ' ' t d anneal i ng
sai d substrat enl%‘ér? %B(Ir%eé g’fe&é)ﬁ{}’lr %%lre? t gﬁhé rﬁlg’gﬂtgﬂ;nntégﬂgﬁ ?Té@gﬂ%?é&;quc@p? enperature
of at Iea&bn@ﬁ@in@egrees C for at least 2 hours whereby excell ent adhesion

i s obtained between said conductor and said netal boron conductive film
Accordi ng to arfdtaferned speductafonsambptiafeion there is provided a structure
conprising: a |l el [ . e
formed in said 33%621 %@[vre ﬁié&o(ﬁ%gélgssu cgtor?g gchxg&Lﬁteotra al4 ?(ﬁleﬁﬁl(}t?‘%‘rafrlrlé{j I nnlsgai d
trench, a aonetdutotmetalanételinmgital bam, ik gr oup consi sting of copper and copper
alloys on said liner filling said trench, | anari zed upper surface of

sai d conduct or WHEFNSAE cOp wg@?mawlwedsé?rg thegrapp EnsRRESELONE, and a
conduct i veJ9pn-ap ep I5e B age AR eREVEL; I - FEB
200 -2d sg? (anbn u’ctcll’\?? fi aving a fﬁ?é:lgﬁlesswﬁn t%g&@gﬂgée}s 1;%%6] Stglg 20
nm and f orcondwgrter isptadctedofromtoxidatibe and edrrasich. met al | ur gi cal bond to provide
hi gh el ectromi grati gn resi stance and high resistance {o ther stress

voi di ng and wher¥B &IPS éﬁsgea?crfgth%mgfn%% %eredﬁamtd@fl aaﬁﬁ@foa upper
surface off,gaihd cb&d’tﬁfor@@vitﬂ'lﬂé@&%&&cﬁniﬁ%hrr‘es‘[!t&d%b 'Eol%?riélﬂk te %@dsr@ﬂ: co- pl anar,
sai d conductive filmselected fromthe group consisting of WP, CoSnP,
CoP, CoB, CoSnHEormdngs layed of dicldetiocdnya sibisatapper surface of sai d conductor

is protected from.oxidati.on and .corrosion. -Accordi ng to anot her aspect of
the invention ttﬁrer?lggiag%ﬁté)\%agrgacgmssﬂ%aa/%roefébeg?%‘ﬁ’si ng: a patterned

conduct or on a feihiaghah&al lhet anghicCirentd, fi |l m over said surface of said
conductor only, said conductive film havi g%_a thickness in the range from1l
to 20 nm and f dPHRIRG agoRdcier ancsaidbmatal lear d1lling spidlendbond to provi de high

| ect . ti o ' . . ' L di ng.
cai d condacti valPiT iy HARgeEHibalbitfeck STkl SRR pl et R W RSBk "
CoP, CoB, ofesdBycCofMickinttic, andvher eby sai d upper surface of said conductor

is protected fromoxidation a corrosjon. In_.accardance with the present
vt on. i he TSTHEAFOTIF ARROVET S GRpe: S oGrd conductor the Condiltive

film forming a metal to metal metallurgical bond, and

wherein said step of forming a conductive film selected from the group consisting
of CoB, CoSnB, CoWB and NiB includes the step of forming said conductive film by
electroless deposition whereby said upper surface of said conductor is protected from
oxidation and corrosion and provides high electromigration resistance and high resistance
to thermal stress voiding, and

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-boron conductive film is formed on said upper

surface of said conductor, and



is altered by providing a thin netal layer in the range from 1 g E@Z@ﬂlf
the Cu surface, such as subsequent to a CWP planari zation or ry e in

process, in order to reduce susceptibility to WO 01/ 08213 PC /| 26FEB 2004
el ectrom gration, oxidation, corrosion, stress voiding and del am nation
during subsequent chip processing and/or chip utilization, thus inproving
reliability and yield. This invention t&ches the nethod of el ectrol ess
netal deposition as one way to forma thin nmetal |ayer on a Cu conductor to
increase electromgration lifetinme and stress induced mgration resistance.

The sel ective dempaling saidlsﬂilfsﬁﬁ&ﬁﬁ 060 0Pir heR ahd eedudingArhsphsieans. a. -
Sel ective activation of the copper surface using a Pd ion catalyst which is

shown in [EHPSEItSR of at logst. 30pgegrees C for at least 2 hoyps whenebpgxgelleny adhgsien j ocedur e

| caves 2 giich i th oF] HRIRRAY bl ShTnl) doRE LGS i, (1, copper | res

to act as a ca ep05|t|on of a netal

or alloy usi ngAeb@dtrrgabaﬁsthémi;pedtlo@me\/lhvaimohsheiélmlp?ovlﬂecfﬂbh%'tho@rfon? reduci ng
agent + MF ----- Cu/ Me + oxidized form of reduci ng agent (2) Were
Me"+ is a %lﬂ%a cqwﬁctorSowﬂléh@hmleétm@egmﬂomﬁw@*wr@nw the skeppebhosphi te as

t he reducin Dqgﬁz‘gg ping netal, we have a
chem cal regctl on @ﬁ%ﬁ%ﬁl&qﬁﬁ?%ﬁ?@%ﬂ% 1—@@0: + Co - HzO. . .
((. D)) --- fonmng.“mcdndﬁbﬁ’éh?ﬁhﬁ oﬂerlslmd-lsuﬁa&*of(sal)d dolndlﬁdt@r), cz(idlbslﬁhmzivé ﬁinfib |
|nvent| on.we, have used th ho capping | ayer) system descri be
above, anﬁ’ @E F{rﬁ\éﬁ)@gﬁl?aig %fanéhe copper conductor the netal

Il adi b t t| n
pal ladium co %EI’CIIP&E’(P&'LE%BPM Osp%(ﬁlgt?&i\le J‘IHﬂ%@lﬁﬁgﬁ tPQQl%B '8? ﬁ%{&l%’

cobal t-ti n- phosphi de, alt p e an oys o
al so undeetanduoiave filat by)ehetrolc&sdlwpomgomghcrcby said strdace € dgid somducts is

0 e o RS s BRSO %zes%&@%'gggm a
resul t of high@@Sstahcd sl tHR Ak ss @d}@ingmsed surface of the copper conductors
are 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 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 degrees C for at least 2 hours whereby excellent adhesion is
obtained between said conductor and said metal boron conductive film.
According to another aspect of the invention there is provided 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 selected from the group consisting of copper and copper alloys on said
liner filling said trench,
a planarized upper surface of said conductor with the upper surface of said layer of
dielectric, and

a conductive film over said upper surface of said conductor only,



coated with a thin filmpreferably in the range from1l to x O %tﬁgéfd 4a
nmetal conmpound or alloy which is strongly adhered via chem cal d U

nmet al urgi cal bonds to copper atons on or in the copper surface. The
followi ng inmportant findings are critical to this invention in a damascene
process for maki ng copper interconnects gon integrated circuit chips. 1. The
t hi ckness of the coating filmon the coéﬂer surface nust be small: nmaxi num
20nm and preferably between 1 and 10 rimdue to danascene process
considerations. In this way, at |east three major properties are achieved :

a) the resisti waidkondudtive filiu Having a thickAdss i IRGAIGR fdm 1116 ROAKEEhOWrARES t han
20% b) the electrical |eakage, i may occur due to bridging between Cu
9

k whi ch ‘rmay . du dgi ng be

conduct or dnetaldo getalichemicgl andometpllyrgiceliberidde ppovidrhigh slactpmigrationeregistance
conduct or J ..‘?'Eﬁ s i i I stant i al anari zation
of the Cu a@%%&%@? SS% I gﬁgﬁet?ﬁllagmseg% ?Qg{é{glzaghr e ﬁ&’yesgféi P& Yatece glv iﬁl vide a
pl anar i zedohdiptarant agid vpberssusfabs efrathlialsr IfdigIvsriciephee ithin 2@MAHLIbEIAEEover

wi thout the need to planarized the top surface of the subsequent dielectric
| ayer. St é’B‘Pﬂaé’éf’ur es fromone surface are translated through the next |ayer

to the surface . neGhal r b ref.er

conposi tion of S%ﬁggg%%ﬁwggqr?iskﬁgt%m%&n{)@eg%nc}éﬁg}@%&ﬁ&?’ %ggg&gd. 3.
The waf er €oli, UoSoBaCeWB adiin wissrebyasaitbappedl swrtacd 00 s4id bonduct i{ grbtdeedr s to
further inprove the chem cal or netalurgical bonding to the copper surface
and sl ow Oxjfipt iFOGPSPRe copper atoms al ong the Cu surface at the Cu
conduct or/ di el idend fat 2 i q)é(igg LeS. Cu

conduct or/di el gg{c?l:dglgl tlraltagl?ﬂ;hgggspieg%g ?#@m@g%ﬂgoﬁetﬂ%g ng@gggrs trg‘_ér;{gret he

di el ectri eompyangsf or med over the Cu conductor. The Cu conductor in a

damascene process.is in a trench in a dielectric layer with a netal |iner
fornmed in the ?P@H@HC%F?@PCPBO?PISW%t%th the Cu conductor. WD 01108213

PCT/ US00/ 203%80Raf2tivEBLRA06r shid Mrfife oS &iEESHdEtoLYR p{aimlﬁhﬁ%veoﬁlr ther
Su

deposi tion processes nmay be used to deposit a netal filmon t ace of
the Cu coRhexieg athighnens iHbetange frgrul] tr 20memaind fofiting a nastalito metad neetdiluegieal

[ d ! i i St . of the Cu Bri
Doscr pt1 oo Hr it oA isPine L Al PR P oot Shwant ages

of the presiditg, i nvention will becone apparent upon consideration of the
foll owi ng detai I,Sd descri P}I on of the invention when read in conjunction
with the draw FRideoRdsHEniinrselected fremthe groyp consistingrpfiGoaWP of oSPe CeRbodi ment
of the in t i - ' ' st ages, i n.the
fabricati gﬁngegﬂ%’gon %@b%g{}%é%?’ %g@%ﬁgﬁgﬁﬁ%@gg? %{%)aﬁl:&??%&%tp FsRrectsd e cr oss
secti on vitemsoxadatonagésoirosibmbri cating a third enbodinent. Fig. 4 is a
Cross section Yr{ ew of a tﬂﬁ%—? | evel . el ect raln‘i gration test structure.

accordance w e 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



Fig. 5is agr ap(n”os%owl ng the ohnic resistance of a Cu conducgd’éﬂéllw@ﬁ@{I
.ikn a trench in a dielectric layer with andsw thout a thin net f
top surf acelestesimigfutibh BxiddRA! cBirbfbh, Areb Goifn fﬁﬁr&%nﬁﬁﬁ%‘ﬂl‘ Q“Htgs uﬁg%lﬁ%”

now to the drawing, Figure 1'is a cross sectl n view o

Back End o ure on_an in ra circuit chip 10

cont ai ni ngf)rCu smhggglgﬁgﬁ ?1} t%é{)f'o dh},u Bﬂ?v’a'gsrflr‘%ﬁgy ﬂ%\‘ﬁﬁ‘g'éien sdPY?éE%%teaPlPFs the
Fig. 1, mtegga gcﬁ circuit chip 10 has a substrate 11 which may be, for
exanpl e, QL elegtzoless metal dgpesition 2s onp vay 40 forma thinymetalleydronmeCy cinduetonto
source 16 and drain 17 regions and gate 18 of a typical. FET transistor 19.
On ei ther Hrrsaseectromigratidrolifatimie andistress indueegimigration eestsmpessed oxi de regi ons
21 and 22 on substrate 11. A layer 23 of oxide is forned over oxide regions

21 and 22 and FFHe deleetioé 6é sma;ﬁpmeemumgﬂsmntﬁﬂéwmgefyp.@g is forned |ayer
23 and filled with netal whi ch is usually tungst Layer 23 and rretaJ

2000 eNE'cfi‘m,;j%g * PR R igp AR oRe muece il ¢ B o bl waith g i

silicon n |s formed on the upper surface of |layer 23. Layer 27 of
dielectric is formed on |layer 26 ,and trenches are formed therein. A liner
28 is formed on the bott&W ahidPdi dewerrwa ofCUT ehcBds and then f()l ed with

. Cuto formlines 29. Layer 27 and lines 29 are planarized by CVMP. A capping
| ayer 31 is formﬂp’iﬂ@edqﬁe1°am§@rm!$|tltufdaoél’dmaﬂoaymale§26n tiecutfacees! tBOcopper ines to
32 of di el a¢#$ ¢ eatplystifor the@exsnstemppi ng | ayer 31. Via openings are formed in
| ayers 31 and 32 followed by formation of a netal |liner 33 and netal such
as Cu in the openiSeedtive Heyosition df 34etal oF-&169NSing Sledtndledsir l d
by CWP. A EqmionQ. | ayer Begfl s formed on Ig?er s§32 and%v?%&ﬁzamﬁa%?wgéﬁof
dielectric is formed on capping |ayer 36. Trenches or openings are foaned
in layer 37 and capping Iayer 36. Aliner 38 is formed in the trenches in

| ayer 37 ang, a etr s are . filled with Cu t al
formlines 39 E‘%H?ﬂk ')5 and 'g i?@y@ b1 oidizec Jﬁr“bffd\ﬂd““/!(g@&ﬁ'ﬁl néz)
layer 42 is formed on |ayer 3 7 and lines 39. Capping layers 26, 31 and 36
are of a r&ng, .dielectrig than the fil electric of layers 23, 27, 32 and
- 37 whcih n& erﬁelﬁg i§ & Bigtabiangfor example, €@°Ti ke- car bon (DLC), fluorinated DLC,
poly (arylene ether), SiCOH etc. SIiCOH is described in Serial No. 09/107567
filed 6/29/98 which is incorporated herein by reference to show one exanple
of a low k (dielectric constant) dielectric. Note that the BEQL is ,
fabricated usi riprexainplg) wsinghymopbosphi@iagpthe cediringi agent, ardaedbaltiorlsaéQhe | 'cg) pin,

i ndi viduall'y processed, and the tops of lines 31 and 39 are interface 'gth
di el ectri on@al, Rvgkave 2Ahdmicalieysion aPsHRGAISEGRMgACe for fabrication of a
single damascene Cu line illustrating the selective deposition or formation
of a netal capping |layer by electroless plating. In the process sequence,
dielectric layers 55-57 and 58 are deposited as shown in Fig 2A. A pattern

t f t t 56 d 57
as shown i n P ooy, | COY #RED: GRS TRE Bad AN ab s Ly ouf”

conductor 60 Whl ch is thicker than the pattern depth. The excess Cu
conductor 60 a he | i ner 5 are renmoved by CVWP to form a planar surface
as shown in Fi 3" . course,; of  thiss davepions é”cmbﬂ\éﬂ ugesha tthen diypaphiosphite [{cappingdayer)
sel ecti vel onto the WD 01/08213 ~ PCT/ US00/ 20378 2 6 F E B 2004 Cu
conduct or ¥¥ehsdesaivad abovej gnd 20epotited pntoctes saifaserofitie Eopper cohBudibt 178 Yndodt
repeated for the next Cu conductor interconnection level. Figure 3 is a

process sdwlledium, tobalta cdbait-tuigaes C&Bﬁt-ﬂfn@ﬁéﬁﬁhdsﬂuﬁ@' &b lt-'tnﬂe%ol?a'ﬂ% y% plg@e Cu

are deposited sinultaneously. Starting from planar di e ectric.

shown i n Fdotbal ﬁhk& f ransferred.throu
t he di el ectog:act%gi/er Ga?ata)g&g Ell%%?b&%lt W’M‘&S‘h s@ﬁg ‘}“F%é’atﬂ "Emﬁa?%e@
are transfgpr 3C|nt a 67, during which the via
etch for vi‘a{eslﬁ‘=d &?bﬁp‘a}]v‘%edl?‘ﬁtfﬁ%]%aw 0 hpmane, ¥ thlF%ékBO%n @ther typest efe alloys,

preV|oust f.orne |ipe below (not shown). Alternately, the pattern
openi ng f SR 2 EPﬁieer Bray be transferred first through dielectric |ayer
67 then the via pattern may be transferred into |ayer 67 to provide the
opening shown in Fig. 3C. The liner netal 69 is then deposited, Cu is
deposited into both




patterns, usya)boskis el ectroplating, and planarized by CVP to peeXisifa@rs

structure of lines 70 and vies 71 as shown in Fig. 3D. The el f -
metal coating 74 is then formed on the tof-surface of |ine 70?35&83\2001?\

. Fig. 3E. ContiAsatresuit affstépse asdndubtaboee,tthe tekposad strfaceviflthe esppef esndueRRsihteng
the step of formng planer dielectric |layers 66' and 67° shown in Fig. 3E

The el ect éqakedSwith @athinHim/frefpibly SRARA kARl figin PhoSH Bﬁgﬁjcﬁfof:ai rﬂ@taﬁ&)érgﬂo?xgl}tol?e

pl anar dielectric 66' forned above. The naterials used for layers

32, and 3 for lavers,. 55 agnd,b7 isn Figs. 2A-2D and | ayers G5
ana 7 i ooy R Bl Bhert YT Sheio@aalbt mefalyseicdonsas i3 corge maas 8 ofay
be used for Ig}ler'(_ﬁG in Figs. 2A-2D and layer 66 in Figs. 3A-3E. In both

t he si ngl ¥C5APIdUIra®8amascene processes shown in Figs. 2 and 3, the
critical inprovenent in reliability is afforded by the total enconpassing
or encl osi ng ofha followdng émpomart éindings anetcaitical ay hisingentiod3n a BEmasoehe-pedcess for
Present Cu BEOL processing by a major manufacturer provides only

. t hr ee- surmaldeg copper mfpcdiinetts B8 fint a{ea%iratlﬁpwnpg.n Fig. 1 and the fourth or
top surface of conductor 3.9 is shown to be in contact with dielectric,

atomic t ?‘SEE‘BE?%‘%“‘&%‘@ e ik PfinGh 3@65&‘5@%&i%?fe’:%?fﬁé%S}%@#%%&Es |
ol cct For gr 40P #nf RtlERBl baBeldned 1ing dup Exmtscene piscers considestriops.clp

~of a three-|evel damascene interconnection with a SiNxJSi 02 dielectric. A
dielectric Hiyeyaysst lgas three mwiar npoparties 2t achisvedt ind) ther srsighivity ofthe udinedsn
the I ower surface of liner 69 and a first end of Cu conductor 70. Cu
conduct or 700hffectedros incsersediby moesethau 20%c b theelectrits! laakageltwhichf may 8&updue @u
~conductor 70 was el ectroplated. A second end of Cu Conductor 70 is
- connect ed t bridgigi beiween QO coadudiers| BWelimigated aae o) fnoChurthen PlafdriatiS® of the Cu
El ectron current was passed fromWlIline 76 to Cu conductor 80. The upper
surface of CondiRitflUst tine 7} ABcks@Ahe! ePlahhfzalisl Sr GubsiRfialP bRAAAAEH &Y @V'&
Then a netal film 74 was forned gﬁ t he uppelr surrfacse o? %JJ congﬁgt ort 0. uA
dielectric LayRictPRielddtricS ki Lo fid .on_ | Q7. an
tcRRieldRric® blrbde@ls Hodpfited Sin e BF BRIANa | Ehzed 1B el of 2

conductor 70. A die (r1c [ayer rmed ove lfayer

and via wasg i ielectric, |layer 67' anpd | ine s forped in trench
2nd via 1or PUSERRRY Rrineff it end Blrstifer Bfboufume rted roBiparigad B fgp aitece
conduct or 8Q i(i@s gl anari (id bg avi=~ . Cu cog_guct-or 80 was chqgsen to be
wi de and sh8F e HOssARGAL Aieleqtac Javer Step ifeaturas frameone sudace# digatieed ghyough the
| ayer 82 of silicon nitride was forned on |ayer 67' and Cu conductor 80. A
di el ectric PeXfdsyento the surfasesbavesseciallyyeiendormetdyCVr uct ure 75 was t est ed
for electromgration at 294 C and at 25 mA/ mm+~ with various el ectrol ess
deposi t e nEhaPpreferzadi ampositionod the chating fimamap gbeasCeotSmvih ,i GofWP ,1CofH gor e
5 shows electromigrati testing at 294 Cillustrating the superior lifetines
of Cu linesPdaving a metal liner 69 on three sides and coated w th netal
| ayers 74 an the tap surface of Cu conductor 70. In Fig. 5, the ordinate
represents Rftgwate WillP oo AR ERASEARALE 300 7B biLhPE) Soulh tulthiimpRie

t ate of mgratfon,

‘resi stance change as a tfunction of tinme which nonitors
has not r fallure level,s of 1.2 in Fi 5. representi a 20%
change i N ﬁgg@gﬂ %é H%}al%rglgf g "gg‘ﬁ'é? the oPRFf s&ff]?‘éeranlg %B?“f ﬂ‘g”‘?gﬁﬂ?'& I"ﬁ Opjper

uncoat ed | i pes,, Figure 5.i Intgustrat s the significant inprovenent in
el ect romi %Séj'ai P@Hg the @gisﬂ’éa%yat ¢ Su copdusterdiclactriqterfacs jand xe& gedim hgendariescy
conductor_70.in test structure 75 is nonitored as a neans of tracking the
degr ee of ThelCweendustorfdigtestricanterfhes is betweex therGuepndudter mridghedielebiricimet formed e
change over tine the nore the Cu atomic transport and the |ower the Cu

conduct orover thet Coeondistors BHeo@in comiukiog in 2 damb&ehepiosesBER 4 RERCAAR ASdieledi:
01108213 PCTI USO0/ 20378 . . 9 2~ 6 F E B 200g catastrophically in the

uncoat ed Il SaaMihePorfith tFihe Atack bt id Slihg'with tndtey LdiGugRAT ed Sanpl es
with nmetal film74 the resistance change is very slow as ShGWN by curves
97-99. In this test, the normal lifetine was defined as 20% change to its
original resistance R o, and was not reached until after at |east 2200
hours, whereas the Cu line with no tap surface coating has failed within

| 00 hours. The | owest rate of change is found with coating 74 of CoWP shown
by curve 97, but all of the coatings 74 of CoSnP shown by curve 98 and Pd
- shown by curve 99 provided simlarly long lifetines. It is expected that
extrapol ati on of the inprovenent to use tenperatures 100 C woul d gi ve nore
than two orders of nagnitude increase in electromgration and stress
mgration lifetinme, which translates to exceptional flexibility for the
circuit designers and effectively renoves electromgration as the limting

N P o e B - o - - - . - .




"~ While there WEPE¥R described and illustrated a structure andP(EmUh!maoﬁer
.inproving the electrom gration resistancg.and reducing the st
mgration, i AR, Sleckiod havi ?

M%‘f nm’al{ Q)"r'@t d%p&é?ﬁ&l’r’@rlocé/sgﬁsr{gay plést 10/ denos d‘f‘etatlhe

ng on an

metal chem cal and netal | urgica

Cu condu r p are 0 those ski in the art that

nodi f i ca’?‘:i rgndsn {g%gu(f% %ﬁh& @u PR “}5&)@' \C‘)é’%ﬁﬁ"{cﬁ ﬁﬂdﬁi‘ﬁe‘wt&‘ilfﬂﬁ‘@l paging Heaghieyad
- scope of .the i ventlon which shall be linted solely by the scope of the
clai ns aMsEssetielertromigration sesstanesobiie Lu candartar.ms: A et hod for form ng
conductors with high electrom gration resistance conprising the steps of:
formng a Iayer of di el ectrlc on a substrate, formng at |east one trench
in said | il i orming a netal liner in said trench, formng
a conductor on said netal liner filling said trench, formng a planarized

-' 3?_"?532{ ?fﬁ"‘“"“ﬁ““?%ﬁ‘ﬁ?ﬁ“@*&n E@S{‘f'%dmﬁn«éove le?saﬁﬁb% l,ggof l@?l@%si o
‘bond, - andbiaieiuphT EaResia of s thensg sl Aeietivtis atheiny amcon ben 18 i op

~of formng said cq ﬁctlve fllmhaV| ng a thickness in the range from1l to

20 nm by © WBE‘itPBIV\Qg’s‘ adpdng inowhichier eby sai d upper surface of said

conductor is protected from oxidation and corrosion and provides hi gh

el ectronm wdtlwnrqsemcsoamw afioake kingbdimesi off the twedtiont her mal stress voi di ng.

2. The nethod of claiml1l wherein said electroless deposited filmhas a

t hi cknes Figsn2A2D ararams obctibn biewh®f BRRESTRYRS fabriddfien BPA 5&9n@§mﬁdo@hgﬂt brifaerein

said step of electrol ess deposition Includes the steps of first | mrersing

sai d subsrdveafiéh,i n a solution of netal ions whereby a |ayer of nanoparticles

of netal are formed on said upper surface of sal d conductor, second

I MYer si ng;8a oIe tion of netal ions

and hypoph%s%ﬁﬁt%m?ynogg?cgrg%gﬂ oggt%é‘fslﬁ 515?9 tﬁ%‘ﬂﬁ'ﬂ@?*@%‘“fl Imis forned
rface..of sal and anneal ing said substrate in

oneof - a W s FHasERPuth R Pt at e e decyEnig ahon st sidcture

Fig. 5 is a graph showing the ohmic resistance of a Cu conductor and liner in a trench in a

- dielectric layer with and without a thin metal film on the top surface versus time.

Decription of the Preferred Embodiments
Referri_ng 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.

In Fig. 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 rggions 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



tenperature %@1085 ast 300 C for at least 2 hours whereby ex :
.adhesion is obt alP ned between said conductor and said netal 02%5-*1& 0/2056904
conductive film 4. The nmethod of claim36wherein said step of B

i mer si ndMéchawioaltPotishing (GMB).FAFcaBpia@Qdyer 26 ofhfor BRinihde] siitors hieid® i8 fomied @h fhe
sai-d conductive filmis selected fromthe group consisting of CoW, CoSnP,

" CoP,. Pd, ypperadiialy o?laxg_nh% ”Egy@@?c’c;f gibigbit ks Yé?ﬁ)@t? bi | §6 Shé Brefdh gs are formed

electroless deposition includes the steps of rst rslng sal substrate

For med o8y 4 i s P Pﬁﬁe@“@?{@%ﬁ%&%ﬁwwﬂﬂ;%Zi’%ﬁ%ﬁe'f%ﬂiﬁ@ﬁﬁﬁ&”& Al

substrate in_ an el ectrol ess co | exed so]lution of netal ions and

di net hy| deAmmingsR9adayanat anllings 8 pes plananized hy OMR. oft ceppiaglayenad is formed on the
formed on said upper surface of sai d conductor, and annealing said

subst r at eipper sunfaco6f layeri2Temt! lines29. el Uayiend?2 af d'nteptlnie isfoamedion eappimgdiyer 81.0Viat
| east’ 300 C for at |east 2 hours whereby excellent adhesion is obtained

. bet weenms:?eﬂng@muswd A4 efs3 10aridEI 240118 R By mﬂﬁusﬁ b & fefal mwrZss ah %di@fsthﬂ

of clai wherein sai d conductlve filmis applied on the surface of said

conduct or, [ h @Y/

Physi cal as/ porh%eog’ %&@B %ﬁ OWspuﬁ% Pﬁﬁgﬁgﬁé&% @L‘,’ﬂg{“ﬁ

i nterdiffusi th of, ¢l aid.c uctive filmi

sel ect ed 1 ref)ﬁ?f%@”af%ab T@sﬁﬁﬂsﬂpﬁw @4 "ol 57 SilishiiisRimeLon fappingEves 36,
structure conprising: a layer of dielectric on a substrate, at |east gne
trench f OrARSAEs AT SpERIngS @Pé@tmddndwegé| oind sepping dayer 36. mét e BB e formed i dhe n
said.trench, a conductor on said liner filling said trench, a planarized

upper surtreackesin layer 37 end dappingrlayer 86. {The treppleas asa filfed weittoCu swtal t &oror line$ 39.
dielectric, and a conductive filmover said upper surface of said

conduct omayexamammu @biaveplhndriaed By TMIyY & é?b% 1dyer AP IsTFbrisddedh 16yer 3318d lines
nmet al | urgi cal bond, and 2 6 FEB 2004 -1 erein said conductive film
is sel ectzed Edpmgt lg?erg RBUP: mRFd & dT% dffert\Wielectric than the dielectric of layers 23, 27,
32 and 37 whcih may be silicon oxide, diamond-like-carbon (DLC), fluorinated DLC; poly
(arylene ether), SiCOH etc. SiCOH is des_cﬁbed in Serial No. 09/107567 filed 6/29/98 which is
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 deposition or formation of a metal capping layer by electroless plating. In
the process sequence, dielectric layers _55;57 and 58 ar'e'depo_sited'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



CoSnP, CoP, P(vjv,o%éolg?”CoSnB, CoWB, In, NiB and Wwhereby said uBSafiQp3®ate

.of said conductor is protected from oxidation and corrosion. 10263#%%2004

' in.said.conductive filmhas a thickness
ange of - 100 SO STRNSHR g AL0L dhE prosess sepuninFigh PR muslbegopmated for
insul ating,cap dielectric, |ayer over said conductive filmon said conductor
and said I'z;'fié‘F“oaf"u EPneiugter intesrcomnectiorevelt r uct ure of claim 11 wherein said
Insulating dielectric cap layer is selected fromthe group consisting of
si |icon niFighted issa Ipravess seruchee foms dhsit dantiseRBRROBRESINOFhiS) B HRVIRDof Cu are
di el ectric constants | ess than 3. I2 di armndél |5t§ car boné r;Lug;;ng; egi o
whorein sai g conductor | Sbor SoE, ADR FaRg dictedtls 1 oﬁsﬁgtﬁg nsélgggt lggfaigg%amf
|

copper al | gitgern bflenird'for Ads UAL HE Grabrefed Wb Re HE Eliit S 2]adeC 0 kg 3B,
arent i f%m ; hé gréggéf O%s fSI #Iépgn, Cgﬁiﬁlg?}f;}\é\@; tﬂ?qr?ﬁg:&eﬁl éc??gln?glg??n
" arseni de. et ho r _form ng. . W, ] - _ ) .
- resi st anceﬁlg%ﬂn%rlﬁgioﬁﬁmtmge@ Csisak fequlaﬁfW“am&&_- t3§r1ﬂ@damﬁa?®mx_gd\dnclathe via
substrate, and farm.ng a conductive filmover said surface of said -
conduct or etg}hgﬂ %‘%%h&?’it%eftmoﬁgh diclactric ayeret64lant 7t the previeuslyf@ing@ICu line
bond and, wherein said step of formng a conductive filmincludes the step
of forni ngbelew dnetoshomm).i \Adtefidtely,biheepastety Openizg KPRRS likdsOT) WRGTRDNarSRy fis
surface of said conductor. is protected from ;qu;gl onéa;ntt porrg;l n and

rovi des hhrpugsldieléctaieriagerasT etienr 186 v peitedn aRa¢ bBitdks layer 67 t0 Pro
gtress voi ding and Zag F E B 2004 -13 wherein salfgﬁeq ecggﬁrﬁeﬁz éé’?ﬁ‘gﬁqg’(ﬁ
film has eogehingksbesa ihMFighecr apge 1i§ér‘ ﬂwt.ta.pG;q? ﬂfeﬂoﬁkg{eﬁi 1w is deposi] iP??ebC’J‘
.claim 15 wherein said electrol %ss eposhtqed OI m i?ni% w;wgrei > suld atep
range of nd@mkOuiANPBPUEL Soridhte, THEORELUOY iigs 70 2nd
of el ect'r(]ﬁess dlépogf?fonfl it hlgbg&}:% av\a:tgg Ey E):gﬁi}‘ Eo;?rowi)?ﬁiﬁtﬁger f?trff;s :fﬂ
substrate | .0 i 0 / _ (
netal are- %rﬁe%oggﬁ&lsl g@guﬁg‘le&gg ﬁlff’téi@l%s: )6(‘?:;5 gﬁ?ﬁ‘g?ﬁg%g@ i",;“glé @io (r:’(rzllﬂs fomsurfasieref

[ ' co
said SUbStl{n%t‘ﬁ) alsréhg\gn?n ﬁgt 3rF? Egrsltinua{irgn of the structure to the next level requires repeating the

step of forming planer dielectric layers 66” and 67° shown in Fig. 3E. The electroless coating 74
now separates the Cu surface of line 70 from the planar .dielectn'c 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 damascene processes shown in Figs. 2 and 3, the critical
improvement in reliability is afforded by the total encompassing or enclosing of the Cu conductor

- by metal layers 59, 63, 69 and-74. Present Cu BEOL processing by' a major manufacturer provides
only three-surface coverage by liner 38 ‘as shown in Fig. 1 and the fourth or top surface of
conductor 39 is shown to be in contact with dielectric, usually capping dielectric layer 42 which

interface is the source of Cu atomic transport and atomic voiding.



and hypophosplydypsd@ns Whereby a netal - phosphi de conductive filmis formed -
on sai d upper sur?ace of said conductor, and annealing said su %’EE?E"%’%
one of an inert and reducing atnosphere ag a tenperature of at 0
for at least 2 el l.ent, adhesi.an i.s obt.ai ned hetween said
conduct or and 'gal E‘Sr%etﬁgﬁf’%?%%‘gﬁ@ 0 FE8; Ry ﬁ?g? T qleftropEgragng lifEime seeagsrementsm
l?'\/\herei_@ﬁsgi ﬂ step _of second ir&;ersi ng is omtted, 19. The nethod of

clai m 17 Wher MW & FOBNEHAN VISW ofiy threesleve damescene indercomrectjom withco BN Si02y
- of CoWp, CoSnP, CoP, Pd, In and W 20. The nethod of claim 15 wherein said
step of efigleetrig) Adlielestmivlayeri &rhas adbwereW litres76s¢onnscting thiough ai WVES 37 fiths abwWer
substrate in a solution of netal ions whereby a |ayer of nanoparticles of
met al ar esurfacerefl liner 6Paanll &l fiRst fend WF IGICEordbcRRITD. (&PQH&%&{OT 'ﬁﬁﬁ&rﬂe} @g}rﬂsehpe%
said substrate in an el ectrol ess conpl exed solution of netal '1Tons an

- di met hyl agirfaesd : l.aye conductive filmi
formed on sal dbgﬁﬁggg\éwg?ﬁgg?%s gﬁdgg%’P?F%%Id?d;%gg‘egﬁgggtg?'d‘AéEﬁ?QP‘? ﬁP‘i of fu
one of " an.d. ReLd i t heje, a t emperature of at |east 300 C
for at | ey 30 boREIR BT R 7o atihe drui Rt oh nconauetanth. Saeaon
conductor _and. sai d %&I ba,r on conductive film 2 6 FEB 2004 -14 21. The
met hod of ETeht Hes B2 O Waliie 7 6:1or ek €pndustar; 80m The wpnsr iserdaasroftGrecandutiac §0
of said conductor by physical nmethods such as Chem cal Vapor Deposition
(cvD), Phang; dielectsig liyer @ip@s iplanatizedrbyDFMPe Thor @ tietrd fila (4t wey forged bl thdGppEr
metal interdiffusion. 22. The method of claim 21 wherein said conductive
filmis suifset efiCh conducher 79 oA plisteraid Biyémes’ OF sfidon hitridd\vad thrifet ol fl@% 67 and
thereof. 23. A structure conprising: a patterned conductor on a su s{rate,

and a conCwebhdirtdri 70N AV Belesficdayer §72GRasOfornad IbSRNAVGI &, RA nductive
filmforming a metal to netal rre?égl 'urgr cal boﬂd&aﬁg& er eﬁi?\&%ﬁiﬁgng via was
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conduct of o4

=

: _ L dat i ion. 24, The st t f
Caim 23 BB CAETER UG B R eoR RS oM Maredad b e i smocer 50 was

.chosen to be wide and short to prevent electromigation damage in Cu conductor 80. A layer 82

Q

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 lifetimes of Cu
lines having a metal liner 69 on thfee 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 inonitors rate of migration, has
not reached noﬁnal failure levels of 1.2 m Fig. 5 represehting a 20% change in reistance of coated

| sa:npl_es even after 20X the failure time of uncoated Cu lines. Figure 5 illustrates .t'he significant
improvement in electromigration lifetimé by metal coating 74. ’The 'resiétance change in Cu
conductor 70 in test structure 75 is monitored as a means of tracking the degree of Cu atomic
migraﬁon 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
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.knsul ating cap dielectric |layer over said _conductive filmon s |981
[ Wherei n said i nsul ati% (EgBegppfrc

conduct or . he,structure of claim?25

cap | ayer c?téag%&c@{l%w #’F b‘ﬁ?‘?aﬁ%‘f &"ﬁﬁ%‘é‘ﬁ% PE Curvgs 3F-94 while imallofithe deateds sdniptesn
oxi de, insylating_ conpounds of SICOH having dielectric constants |ess than
3.2, di anﬂﬂ@-’PFthﬁ'@h%b‘ﬁ resisiged ehangelisdienhsiog-asiskews ay loorvead7-9p OlrythisAed) giee
ether). 27. The structure of claim 23 wherein said conductor is sel ected

from the @geoug) libwims was defined ac2Pfichargedo G pPigablekidfce 8and s St redthbd Sl
claim9 wherein said conductor is selected fromthe group of silicon,
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met hod for form ng conductors with high electromg on r

conprisin _ ' ' i en of .diglegctri n a,substrate,
f or mi ng a? m}ixggglt?é %ﬁésﬁ? teené:f%h?aré% 5.?"&" “?)év{élr°°8?“%‘f’le?§{???’%éfﬁ°waPﬁicwea‘??n@ztae!l of
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trench, f??en‘iq’r‘#g‘{‘gs ﬁ‘{] 8%{5‘(#'%%}) Curye ?geég 5 sBewy by ghre 90 arovideshsimilaviyt Jong
the upper .surface of said |ayer of dielectric, and fornming a conductive
filmover l’%&ms-dﬁﬂﬁeﬁ""%ﬂﬂ Had extrapplation of teruismpsevement tcusederopérstardsi 10m°Cowsdld g
a nmetal to netal netallurgical bond, and wherein said step of form ng a
conduct i vE&ivEnare ghndwoeuders ofmapitugie nupease inssletrontgrefiorGaR streRSHBration B rafRd
Ni B i ncludes the step of form ng said conductive filmby electrol ess ’
deposi t i owhichetreinjatenial axpgRionsl AEABiktyOforS fedcif@RdHeHers Snd e BLGRE ernEongl
oxi dati on and corrosion and provides high el ectrom gration resistance an

hi gh resi sleateighaion 8 HB linSlife Bt Fo LW curf RSLCh ARLS v%élgﬁ'ﬁosgmssterr o

el ectrol ess deposition includes the steps o irst I nmersing

in a sol ugg j I .a | r., of nanoparticles of netal are
f or med onhggfhd%%%g ﬁétuiru? g?:%wg Sg}él}aﬁc‘gﬁ%ﬁ%to F?W%J;Bg‘?a?a th rgFlsFoaditigns that
substrate,j l.ectraol es onpl exed, sol uti.gn of metal ions and

hypophos pﬁf@%@o‘ﬁ%‘%ﬁ% g»thsgfsaa&%@af%%%wp 8 T aETultS of his testing ferthes quppers Abed
upper surface of said conductor, and annealing said substrate in one of an
inert and W@&Féisﬁg‘“é SRsoRted susfaces, ardpigefaces of Bu avithadiclpasris taree n@jdraourts of
| east 2 hours whereby excel | ent adhesion is obtained between said conductor
and sai d REHERMIBEALGR 2p Hus seliabilityt degraden. A nethod for forming conductors
wi th high electrom gration resistance conprising the steps of: formng a
‘patterned condW@lerthes has bersdesatited and dilisararet ngstaicaoe ot el d ffbd RN ARg B d
surface of said conductor, said conductive filmforming a netal to netal
net al | ur geleetfornigragion enesistanc® Bnd- réduling 084 stredsGinddied einfhritRhtinSt ¥ g{,m{ug{opig}g
a conductive filmincludes the step of formng said conductive filmby

el ectr ol efsmitgrosinduciveiariabing St 1§ ii’l%fgzﬁﬁngial gﬁ{!e ﬁe&ﬂ\%igggﬁmf@ orﬂ;ai%tg ?gh;gg

from oxi dation and corrosi on and prov ctro on®re
and hi gh p&sr shide &t It St voi di n nd wherein said step of
. electrol es@ﬁéeposi t ol% ?ﬁgéﬂtﬁ&&’t%ﬁ?ee%?ggp‘g@i tﬁgste %ﬁé%&ﬁ@"é%t dpodifications

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.



.Substrate in a solution of netal ions whereby a | ayer of nanoparéiénl%.iea of
netal are fornmed on said upper surface of said conductor, secondé&i EB 2804
said substrate in an el ectrol ess conpl exed solution of netal ions and

di et hyl am no borane whereby a | ayer of netal -boron conductive filmis
formed on said surface of said conductor, and annealing said substrate in
one of an inert and reducing at m)spherelgt a tenperature of at |east 300 C
for at |east 2 hours whereby excellent adhesion is obtained between said
conductor and said nmetal boron conductive film 31. A structure conprising:
a |l ayer ofCldimd:ectric on a substrate, at |east one trench fornmed in said
dielectric on said substrate, a netal liner fornmed in said trench, a
conductor selected fromthe group consisting of copper and copper alloys on
said linen fillg th%ﬁ'fgr fo'fr?nﬂgbonau 1@%31 lﬁlgﬁi efé@t?(?tﬁ (ﬁ?é’c Jnal%ﬁstgﬁcesc?ogﬂmsmg
conduct or W|th t e upper sur sal yer o ectric

conduct i véhd stepmafver sal d upper surface of said conductor only, said

conductive fil g] havi n g rness in the range from1l to 20 nm and form ng
a metal to met aP™YREH W&Fo digleqican SEUP bond to provide high

el ectrom grati q@mqlg%h{slte%gge ﬁ,@gchhhggﬁdq%%gva&%tﬁco t hermal stress voiding

and whereby said surface of sai d conductor and said upper surface of
said | ayer of domhiegtmatalilmerninsad trdrich, 20 nm of bei ng co-planar, said

conductive filmselected,fromthe gr cqonsi st i CoWP, OoSnP, CoP,
CoB, CoSnB, Cog?@malﬂﬁlalcﬂn%‘@ré’ﬂfa@afﬁﬁ ﬂg’k?é? &th » sai d conductor is
prot ect ed fromf%lﬂé‘h'p%aﬁM et Qﬁfa@@of salécoﬁldﬁcérgaﬁ%lthtﬂe p?%r %@face

structure conprising: a patterned conductor on a s strate ctive
fil m over of sdid laygr obdieleotiicsaidd conduct or only, said conductive film having

a thickness |n he ran to 20 m._and
retal | ur g oal | BORGmE S HRMTEE D gl arilMoBisla PLRTs BafBe Brobe sl
resi st ancgilindoinliap ABhetslito @gdal vadtaliigicalsnd, andibgtinve film sel ected from
the group consisting of CoWP, CoSnP, CoP, ,
said step of forming a conductive film includes the step of forming said conductive
film having a thickness in the range from 1 to 20 nm by electroless deposition whereby
said upper surface of said conductor is protected from oxidation and corrosion and

provides high electromigration resistance and high resistance to thermal stress voiding.

2. The method of claim 1 wherein said electroless deposited film has a thickness in

the range of 1 to 10 nanometers.

3. The method of claim 1 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 film is 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.

4. The method of claim 3 wherein said step of second immersing is omitted.
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at least one trénch formed in said diélectric 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
a conductive film over said upper surface of said conductor, said conductive film

forming a metal to metal chemical and metallurgical bond, and
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1099& () - 10 /d-%“hg)strﬁcltgréd-of cﬁa1m 9 further including an insulating cap dielectric layer over

said conductive film on said conductor and said layer of dielectric.

12.  The structure of claim 11 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).

13. The structure of claim 9 wherein said conductor is selected from the group

consisting of copper and copper alloys.

14. The structure of claim 9 wherein said conductor is selected from the group of

silicon, silicon-germanium, SOI, and gallium arsenide.

15, A method for forming conductors with high electromigration resistance comprising
the steps of:

forming a patterned conductor on a substrate, and

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

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 and
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17.  The method of claim 15 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 film is 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.
18.  The method of claim 17 wherein said step of second immersing is omitted.

19.  The method of claim 17 wherein said conductive film is selected from the group
consisting of CoWP, CoSnP, CoP, Pd, In and W.

20.  The method of claim 15 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 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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23. A structure comprising:

a patterned conductor on a substrate, and

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

wherein said conductive film is selected from the group consisting of CoOWP,
CoSnP, CoP, Pd, CoB, COSnB, CoWB, In, NiB and W whereby said upper surface of said

conductor is protected from oxidation and corrosion.

24.  The structure of claim 23 wherein said conductive film has a thickness in the range

of 1 to 20 nm.

25.  The structure of claim 23 further including an insulating cap dielectric layer over

said conductive film on said conductor.

26.  The structure of claim 25 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).

27.  The structure of claim 23 wherein said conductor is selected from the group

consisting of copper and copper alloys.

28.  The structure of claim 9 wherein said conductor is selected from the group of

silicon, silicon-germanium, SOI, and gallium arsenide.
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forming a metal liner in said trench,

forming a conductor on said metal liner filling said trench,

forming a planarized upper surface of said conductor planar with the upper surface
of said layer of dielectric, and

forming a conductive film over said upper surface of said conductor, the conductive
film forming a metal to metal metallurgical bond, and

wherein said step of forming a conductive film selected from the group consisting
of CoB, CoSnB, CoWB and NiB includes the step of forming said conductive film by
electroless deposition whereby said upper surface of said conductor is protected from
oxidation and corrosion and provides high electromigration resistance and high resistance
to thermal stress voiding, and

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-boron conductive film is 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 boron conductive film.

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

forming a patterned conductor on a substrate, and

forming a conductive film over said surface of said conductor, said conductive film

forming a metal to metal metallurgical bond, and
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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 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.

31. 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 selected from the group consisting of copper and copper alloys on said
liner filling said trench,

a planarized upper surface of said conductor with the upper surface of said layer of
dielectric, and

a conductive film over said upper surface of said conductor only,

said conductive film having a thickness in the range from 1 to 20 nm and forming a
metal to metal chemical and metallurgical bond to provide high electromigration resistance
and high resistance to thermal stress voiding and whereby said upper surface of said
conductor and said upper surface of said layer of dielectric remain within 20 nm of being
co-planar,

said conductive film selected from the group consisting of CoWP, CoSnP, CoP,
CoB, CoSnB, CoWB and In whereby said upper surface of said conductor is protected

from oxidation and corrosion.



10&ML 10%<&' ()- 10%<& ()-S10%& ()-" 10%<& ()-8 10-u 10-u 10-u@ 10% u& ()-f
eddEbC 10&MLF 10%<& ()- 10%& ()- 10%<& ()-f - 004
109%<&' ()-2Z"10%& () -, &10%& () - dddEbC 10&MLF 10%& () - 10%&" () - Zo@mE'E(B-Z
10%<& ()-2"10%<& ()-@0%& ()- Normal" "Heading 13]c" "Heading 23]c"

"Headi ng 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c"
"Headi ng 83]c" "Heading 93]c"A "Defaul t 1Paragraph Font MZ(

(. 5<4D"W_CgGnt ${ %bal/ 8CVj u~; def ghi j kl moJ1K;

HT#@E+S, | . /1 135689=?AB$DAGMXISSV6YCcLegi j kmoGgrt vwy{ | 4~ +x3w~dpqgr st uvwxyz{| }
~6Ti mes New RomanAri al Courier New'h Root EntryWrdDocunentvu

" #$9&' ()*+,-./0123456789: ;, .

<=>7 G\BCDERGHI FKEMAPERIMPRINREZ[ \ | » " abcdef ghi j kI mopgr st uvwxyz{ |}~

a patterned conductor on a substrate,

a conductive film over said surface of said conductor only, said conductive film
having a thickness in the range from 1 to 20 nm and forming a metal to metal metallurgical
bond to provide high electromigration resistance and high resistance to thermal stress
voiding,

said conductive film selected from the group consisting of CoWP, CoSnP, CoP,
CoB, CoSnB, CoWB and In whereby said upper surface of said conductor is protected

from oxidation and corrosion.



