;63eT6T| R6T6 O. P 13278PCT Use O Conductive El ectrol essly Deposited Etch
Bp38pPLhyers, Liner Layers And Via Plugs In Interconnect Structures
BACKGROUND Field 5 [0001] Enbodi ments of the present in 1 N eto

i nterconnect structures and fabrication nethods. In parnmmmuﬂmmmm @N

enbodi nents relate to novel interconnect structures containijg,&onductive
el ectrol essly deposited etch stop layers and in sone instances |liner |ayers
-and via plugs, to novel methods for naking the interconnect structures, and

to integig @i@dr.]raawim:feeamgg% Bpb{id AR SEANDERs, LIRS AnbVia

_.Background [0002] Many 1 ntegr circuits arn nufti-layer electrical

i nterconnect structures tOPRig8YhdRtePbdifmett Stehctai@nal s to logic el ements
such as transistors |ocated on a sem conductor substrate. The interconnect
structures often contain interconnect |lines which are spaced apart in a
nearly copl anar arrangenent w t NBBACKGR@UNEXric material that insulates the
lines 15 from one another. Sel ect connections between interconnect |ines on
different | evels are nmade by vias formed through the insulating material.

[ 0003] Theldi nt erconnect lines are often made of highly conductive nmetals or
al | oys. Copper has becone a widely used material due in part to its |ow

el ectrical resistance conpared to other nmetals. However, one of the

di sadvarlPd Empodimerierofi they peasentt inventinn yelols tyjipfescennechctyewresgpyd if a
copper surface is left ex os?d &éreﬁggjon ed periods .of tine, or subjected
to a varPR{spigr methods-nB Rartigharsths epbadiments sl iqmoyFidnterqoanedt sruptWresqy
becone oxidized. Unlike wt ther materikals, . such as alumn opper

oxi dat i GRTHSBEE srtOprECe folesf WEbesiBl By 134 nf T Rt bRtiBhe RF Eher

oxi dat i b gm L C ' o xi.di zed. This
IS geneﬁ%felrigﬂdnigagp frug%il @?ﬁog{{% Ir)u[i:r;eclﬂlﬁ{21§ rrtg{/ “;sauﬂg‘r% ?‘ig?g%{me(g%@g@éeg%ﬁgnge t he
el ectri Galeg R c%ﬁimn%lﬁng[&gﬁ{e}éogﬁec@gtrﬁmeg_nt erconnect structure. Another
di sadvant age of copper Is that It Is easily etched with nmany of the
commonly used dielectric etching chem stries. Accordingly, if the copper
sur flace Bfkgwlihd exposed, and unprotected, it can becone oxidized or partly
renmoved duri ng subsequent processing 5 operations. [0004] In order to
reduce oxi dation and copper etching, protective dielectric etch stop or
hard nmadR002}Many antezrated eircditr crathio multidper devtrérat ontersoindct segctubhiter i al s
that are commonly used for this purpose include silicon nitride (SiN),

si | i con reeyige glectrisplajgnalsrta legic elementsi sysh astrasistpy located i pysemipesglactor
dielectric | ayer?l maybe effective aéﬁéﬁrot ecting the 3.0 cogper from

reacti orf',“bﬁtﬁé‘y &he BRerEoMMert HincBIres0 FRRE ARCICARRRCH NG Y. chate prased t o

integrated circuit fail d_they. my | the effective dielectri
const ant*PB 1 AGCPIY RIREHH BEE ML IR % ekt mpgrip bRl BER 1 ihce.

[0093] g, %BQ%S&P&YGS%C%'C%%&B nd Betieen R{té}x&ﬁ.%c ﬁll?e%doqll {liht%ﬂ:% 1«{I%fsee{ré al
interface or junction where nechanical separation fromithe protéective

| ayers i : kd ol : ekl .qr 15 blistering often occurs.
These tyrg%&sen%f&%e%é\c}@g%d@gﬁlgglgm@&reg%ijce production yields and may
decrease the effective lifetime of manufactured integrated circuits. This
pr obl em[0008yTHeeintreqmm@eadrgtsvie NoftedWrdi€ g ciphly conaadtbRt meRleoi allsys( | ow k) ,
whi ch have a dielectric constant |ess than silicon dioxide, are used for

t he i nt eCappanbad badomeca wridely Qised endtdrind elundh grartatositailew eldcaival besistanae | y
different fromthe protective dielectric layer materials. 20 [0006] The

pr ot ect iopmpdied] te other metals. e Howkzernene off tho disadvantages vheoppef sathatvieraiddy ectri ¢
constant of the interconnect structure, particularly when the structure
cont2Ai noxidigesk Adicendingly.iica eapper suafage isdeit Bxpased fupeajongedimgrods efities. oF ¢

const ant gﬁy Sffecti,vel decrease the speed of the integfated circuit,

whi ch deyeigaed i arvaripy et pr Rlagha Flepnipp QperRHens Siseiece MY DEOe| ead to

r I f inte | it. 2 e
educed Kidized "GRG With E) o ma%e%%fs?guec as aEu%nUinElm, copper oxidation does not lead

to a thin protective coating that blocks further oxidation, and significant portions of the

copper may become oxidized. This is generally undesirable, since it may significant
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P+13278PCT BRI EF DESCRI PTI ON OF THE SEVERAL VI EW8 OF THE DRAW NGS [ 0007]
T13é78RVYent i on may best be understood by referring to the follow ng
description and acconpanyi ng drawi ngs that are used to illustrate

enbodi ments of the invention. In the 5 drawings: [0008] Figure 1 shows a
cross-sectional view of an integrated circuit substrate containing a

sem conduct or substrate, a dielectric |ayer forned on the substrate, and a

rench fRnel el 15 EbERLI ol HET of B IRRATINER! Fulhid NiGRPToCt

| i ne, according to one enbodi nent ‘o e present invention. 1 ]

Figure %is’%ﬁ@éﬂﬁag@l &f Qélﬁal'eﬁ &6 thANRlis Ca§W Slchad wifhf ﬁ%ﬂtcﬁdthei doithdnig URSA T at €

after formng a liner layer and seed material on the dielectric’|layer and

Wi thin tdi@edtfi€ REMirR cHenbstries. 1. Aceddigly, i@ the copifer SHHRE ¥ERRt &iposdde aRd esent
i nvention. [0010] Figure 3 shows a cross-sectional view of an integrated

circuit hphséotal, dt ahd decdn Bkidized Gropaitietiemevéddaring tsybdeqadt Ypracessihg!

| ayer) on the seed |layer and within the trench 15 of Figure 2, according to
one énbaxgberstnbs. of the present invention. [0011] Figure 4 shows a
cross-sectional view of an integrated circuit substrate after renoving
portions of the conductive |ayer, liner, and seed material outside the
trench flPe0]tlnerdoyie reduce oxidatmryandecappeneieling prgtectiveodiclestitsci¢hetap obf t he
present .invention. [0012] Figure 5 shows a cross-sectional view of an

i nt egr atheed mask Jayers, gres oftgn églamftdepn 2OPper itsreennestohingsc t Materiale dhat Aress| y

oD ookl e e LRI s e GO e sR0EE B0 i o

- [ | .vi f i i i f f '
cLose > SMhE ROT AL TEF UG R AR B e .
el egfyr O'c%ﬁﬁeé' YA rddbtiSil, Oef oFen®CEREiBE Sto! thelRni&ITRAAIRM s Hat l1BS RE ESENt

i nvention:
integrated circuit failure and they may increase the effective dielectric constant of the

interconnect structure and lead to reduced performance.

[0005] The protective dielectric layers provide an additional material interface or junction
. where mechanical separation from the protective layers in the form of pilling, cracking, or
15  blistering often occurs. These types of mechanical failures may reduce production yields
and may decrease the effective lifetime of manufactured integrated circuits. This problem .
may be compounded when low dielectric constant materials (low-k), which have a
dielectric constant less than silicon dioxide, are used for the interconnect structure, since

these materials are often chemically different from the protective dielectric layer materials.

20 [0006] The protective dielectric materials may also increase the effective dielectric
constant of the interconnect structure, particularly when the structure contains low-k
dielectric materials. Such increases in the dielectric constant may effectively decrease the
speed of the integrated circuit, which depends upon interconnect signal propagation

speeds. This can lead to reduced performance of the integrated circuit.



P$13278PCT [0014] Figure 7 shows a cross-sectional view of an integrated
EIRGECT substrate after forming an opening to accormpdate a via in the
second dielectric layer of Figure 6, according to one enbodi nent of the
present invention. [0015) Figure 8 shows a cross-sectional view of an
integrated circuit substrate after 5 form ng an opening to accomobdate a

according. tolRIE G RERNITHESIRIRAE WESRBRo A EBARIESGLr: o shows

a cross-sectional view of an integrated circuit substrate after adding

.conductiyve interconnect material to fill the.openiq% of Figure 8, according
to one dROdiThedrvestion may beddsnndersiped by seferring tp teifpllow rifgiosiods a

Conauet e BN e i fies Wby o A0 M el hbodt R R Bl VEHE °

i nt escordigwingsrat eri al (the second interconnect |ine) of Figure 9, according
to one enbodi ment of the present invention. [0018] Figure 11 shows a
cross-sectional view of an integrated circuit substrate after 15 form ng an

opent 0 oS O s B BOTHL Vi TR ot BB e o
[ 0019] Bl Qi SonlfetS Airdle of FRRESRIAIR Pimel! SH1nL Tufialc BEOA BB FlENT !
substrate containing a nulti-level 1nterconnect "structure having an

el ectrol\gggh ytheledaasu}iedlage}n@di%&d&ﬁmbeaf@rm@%ma@o&;&h iHeORcRYRE {oPlondn
unl anded via, according to one enbodi nent 20 of the present 1 fvention.

[ 0020] Fenfhédinehd ofthe\peesantGhvsmsiosect i onal view of an integrated circuit
substrate after form ng an unl anded via by electrol essly depositing a
conductive material on a bottom portion of an opening, according to one
enbddi nd080% Figire Drshewnta crosesdctioml view of an integrated circuit substrate after
forming a liner layer and seed material on the dielectric layer and within the trench of

Figure 1, according to one embodiment of the present invention.

[0010] Figure 3 shows a cross-sectional view of an integrated circuit substrate after
- forming a conductive layer (typically a metal layer) on the seed layer and within the trench

15 of Figure 2, according to one embodiment of the present invention.

[0011] Figure 4 shows a cross-sectional view of an integrated circuit substrate after
removing portions of the conductive layer, liner, and seed material outside the trench from

the substrate of Figure 3, according to one embodiment of the present invention.

[0012] Figure 5 shows a cross-sectional view of an integrated circuit substrate after
20  forming a conductive electrolessly deposited layer over the interconnect line of Figure 4,

according to one embodiment of the present invention.

[0013] Figure 6 shows a cross-sectional view of an integrated circuit substrate after
forming a second dielectric layer on the existing dielectric layer and the conductive

electroless layer of Figure 5, according to one embodiment of the present invention.



4. P 13278PCT [0021] Figure 14 shows a cross-sectional view of an
PHeBYEhRt ed circuit substrate containing a nufti-Ilevel interconnect
structure having a conductive el ectrol essly deposited via plug, according
to one enbodi nent of the present invention. [0022] Figure 15 shows a
cross-sectional view of an integrated circuit substrate after 5 formng a
liner | ayer on exposed surfaces of an opening, according to one enbodi nent

‘of the gbg@m&%ﬂw%&% a RO ibh A Wibw 1 éh%@%@t_e r&&?it?ﬁx%&ﬂré%@%!ﬁe}’i ew of

an integr Ircuit substrate containing evel | nterconnect

.St ruct Uiy i MY%oRRing! BCAdcOFRAIAY AGROR HROscbdMe Uil RURY 38r Bf PRgurd @

bet ween 1 ntefFconnect "materials and dielectric, according’to one enbodi nent

of 10 t hgchiRgeHbnd SMBIHimenRt of HROAEdentingetitonl 7 shows a cross-sectional view
of an integrated circuit substrate after formng a recessed interconnect

line by renmoving material froma top exposed surface of an interconnect

i ne sudd0Es Rignereo$ eshswovancross-factjonat view asfcan ditegrated arvaitesvbsttatersafter of t he
present invention. 15 [0025] Figure 18 shows a cross-sectional view of an
i nt e§r atfedniog ranudtieningbt acpmneidater a fsevomd nigtezeonnedtaing atothdutop i ofethe via

el ectrol essly deposited |ayer over the recessed interconnect |ine of

Fi gur e. opgningetBigureng aceprding teatsoembasimensiof thepreseatianentionvent i on. [ 0026]
Figure 19 shows a conputer system containing a m croprocessor having an

i nterconnect structure, in accordance with an_enbodinent of the present

i nvent i dR016} Figyres% shpws aperppg-sqeHORgt e pof| @y integrated circuit substrate “after

adding conductive interconnect material to fill the opening of Figure 8, according to one

embodiment of the present invention.

10  [0017] Figure 10 shows a cross-sectional view of an integrated circuit substrate after
forming a conductive electrolessly deposited layer on top of the conductive interconnect
material (the second interconnect line) of Figure 9, according to one embodiment of the

present invention.

[0018] Figure 11 shows a cross-sectional view of an integrated circuit substrate after
15 forming an opening to accommodate an unlanded via in dielectric layers such as those

shown in Figure 6, according to one embodiment of the present invention.

[0019] Figure 12 shows a cross-sectional view of an integrated circuit substrate
containing a multi-level interconnect structure having an electrolessly deposited
conductive layer as an etch stop layer for an unlanded via, according to one embodiment

20  of the present invention.

[0020] Figure 13 shows a cross-sectional view of an integrated circuit substrate after
forming an unlanded via by electrolessly depositing a conductive material on a bottom

portion of an opening, according to one embodiment of the present invention.



[0027] Described herein are interconnect structures containing conductive
BI3@WPED| essly deposited etch stop layers, and in sonme enbodi nents |iner

| ayers or via plugs, and nethods for fabricating the interconnect
structures. In the follow ng description, S nunerous specific details are
set forth. However, it is understood that enbodi nents of the invention may
be practiced without these specific details. For exanple, well-known

“equi val .eri.a b YPAT dyi age ; : C&i her ei n,
51 3, e e o el e 1 e

.of the pahfalfhd Auli-REEERILeRDNhEGRILGHR AV QhafetiverbliBREsl) ASHRNEES .
wel | -known circuits, structures and techni ques 10 have not been shown in

detai | tga pivp) &cHaapUb bhe embeditRACsIIhapdidid ientidl. s description. |.

I nt erconnect Structure Containing Conductive El ectrol essly Deposited Etch
Stop Landing For Via [0028] Figures 1-10 show cross-sectional views of
subst r at[8622] Rigwreell shovdafdressenttiihhgiesy of aa inteptatad iocuitf stbsiratatafieg an

i nt erconnect structure containing a conductive |ayer forned 15 over an

i nt ebcorfomuing lailiver layer@terpdsstcriacesiofamepenipgdicserdingto angenhodieent of
invention. The conductive |ayer serves as both an etch stop |landing for a
vi a f or ibIPIsEE inVeRtigmt er connect |ine and as a shunt for flow of current
bet ween the interconnect line and the via. [0029] Figure 1 shows a

Cross-s i | Vi f a portion of agn jntegrated circuit substrate 20
cont ai nﬁﬁ@ﬁﬁé‘?ﬁ%g%’d&f’t‘ﬁr a5 G9st-peghan OﬁleWa\ﬂ?nﬁn dnfegiated CHRHHMRBERE or med
therein, a first dielectric |layer 104 formed o h uhstrate,. and a trench
opent ng POBIHE AEWGIS R HleforaRi Srdgieavig o ek By SRt E 106f rmy be
for med the. r.at ] Lt OR. nj -kgown in
t he sen?%gﬁgﬁgi%?a%?gggggéhggggggaaég#gg%%%%n@%ﬂgﬁﬁg%gﬁgpg%g§%§#%nﬁgteria
suchpas Re ekt iRaL&s, oxi de of silicon (e.g., SiOF) or carbon doped 6 P
13278PCT o@%de 5?@;?ﬁ}con (e.g., carbon doped silicon dioxide, SiQ2) my be
deposited by Chem cal Vapor Deposition (CvD). [0030] The trench |06 may be
fornmed voodd] Fighe 7 eh®d i odsagetional viesh B9 antihleglafed\bird s kibdgate after

| it hography, and etching techni ques. For exanple, a radiation sensitive

| ayer 5 fommigg a racgsssl intevednaect img dlyi remoping troatersdl Stom aayp bepoked soathconft he
dielectric layer and exposed with el ectromagnetic radiation to create a

| ayer hawiingreannest pins sneh aratht one shown s Piguth hpctordingetotane rentbodibhent of a
portion of the radiation sensitive |ayer superjacent the trench may be

r enoved, theipresant Eygatiell- ng portion of the dielectric |ayer renoved by
etching, and then the renmainder of the of the radiation sensitive |ayer may
be renoy 00 Figqure 2 sho a cross-sectional vie f a portion
of a5 bt diebreotd shows SufiosraabnaF o PR et Rt ShsReus hfEng ceed
mat eri al / di e tor .6 | = T i.ner . y be
used t o TrEeAR HRELERH Miloitd Bhofisd it dverahE i hRSm e

esira I nterac n eria

subsequ I ' ' ﬂﬁ%q}n L i material of the
Iayerqlg&&d¥ﬁ§§??§%%ﬁﬁggaﬁgyﬁgﬁind lyaﬂgggsiIgﬁglg&gﬁkﬁ“layer of a suitable

material over the surface of the 15 dielectric layer, including on the

i nner syopbze] Eighfe 1PshbweNE RomPhter Tystemn B&itaiffnged MRsoprodebict KiSsy Bt ween
about 1g;§qun§strons (an Angg?ron}?s 1/10,000%000,006ﬁ%f a neter, or
one- t entihteedonaccn stmoutee cih)accdsdaricalotith ampnevodirhent o6 thetpneseht ineentionc| ude barri er
| ayer refractory metals and all oys, such as nol ybdenum nickel, cobalt,
cobalt-nickel (CoN), titaniumtungston (TiW, tantalum (Ta),
tantalumnitride (TaN), tantalumsilicon-nitride 20 (TaSi N),
titaniumnitride (TiN), titaniumsilicon-nitride (TiSiN), tungsten (W,
tungsten nitride (WN), tungsten-silicon-nitride (WSi N, and conbi nations
of such materials (e.g., a nmulti-layer stack of Ta/TaN). Suitable

wel | - known deposition techniques CVD, Atom c Layer Deposition (ALD) or
Physi cal Vapor Deposition (PVD) may be used to deposit these various
materials. 25 [0032] A snall amount of the seed material 110 maybe forned
over the liner by a deposition process such as PVD or CVD in order to

i nprove the subsequent deposition of 7



P-13278PCT conductive interconnect materials. As shown, |ess than a
FBROPSYer of seed material may be used for a subsequent el ectroless
deposition. O course, a nonolayer or nore may al so be used. Oten, if the
seed material is used for an electroplating deposition at | east a nonol ayer
and often a thickness between about 30-3000 Angstrons will be used. 5
According to sone enbodi nents of the present invention, the seed nateri al
"cont ai ns copper (Cu) or an alloy of copper (e.g., copper-tin (CuSn),
copper-indium (Culn), copperpgagsEpHEseRPriofoPper - al um num (CuAl)) to

assist with a subsequent formation of a copper containing material thereon.
These various nmaterials may be deposited by PVD or by other well-known

t echni que627 WdiciaedMpeiar ardlifterchBndd Qaadtufds Wonfining ROHGUAVE Rt iroREdy | onal
view of a portion of an integrated circuit substrate after formng a
conduct idepoditey estchl 3dpolayéreeatdédl somye¢mBidimerits HirgtiNgyeds of NGa phdUehd ve

| ayer often contains a netal or alloy. Hereafter, the termnetal wll be
used t o metbédsdforpiabeicatiglthe infercounees sdructirésoy sinofthemfoliowihg destyption, and

m xtures or alloys of a netal and one or nore non-netals (e.g., netalloids
or nén- rmeras speaitiodetpitsare sctdorth.cHbwevereitis widersiodithatpmiwdimentnafahe i on,
the | ayer contains_a conductive copper material. Exenplary copper materials
i ncl ude IBYRAtiGR dnggpbe |nragticed) withogt these sperafic detailan Eor expmple hwelbksepmer - t i n
(CuSn), copper-indi.um In), copper-antinony (CuSh), copper-bisnuth

(GuBr) | R BIERL MAGHAR w02 sUepHS ontabe o hoig ickiathbi S, Gad By Y.

el ectrol e el ectropl ati or other process. An el.ectrol.ess deposition
process \xﬁﬁlﬁlpbor\@ qqubvrg?eﬁge‘gﬂtggwsd'a?)éﬁz F‘.‘B’SB?Jg‘tdégﬁ}cﬁ O{ﬁﬁt p%‘é’i@ Hrggeﬁgn&o

ext er nal ' rf.e % ol . hough ,el ect r gpl ai ng
pr ocesséés%gr gggir??r@%ﬁ I:Jnsgth,elf g‘?\%&éb@? g%gg‘svgcfg%ggsl’tsfrlg%tmﬁé%nggemlﬁgd for a
deeno NagLOMbt H@bxg&(ﬁﬁﬂ?(ﬂtetaﬁla& bPoill B &l %eﬂﬁﬁe&%ﬁlg@%ﬁ%ﬁs ﬁ&gri%@énqk seed

| ayers are not needed for electroless 85p05|t|on. t epositions

wel | -known in the sem conductor processing arts. [0034] Figure 4 shows a

Ccr 0ss- sdctlhendhnatt eSinm@furd Q6xithinty Wondhictivet BRCAIBSEIE | D&idsited WS b 25
after renoving portions of the conductive layer 112, Tirner 108, and seed
mat er i alLahdiap Foh®imn), that |ie outside the trench, fromthe substrate of
Figure 3. These portions are typically renoved by planarizing the upper
surface with a chem cal -nmechani cal polishing 8 P 13278PCT (CWP) or

mechani d8928pdliguses hd0 show kngsrhectional ﬁiwmcﬁsugmsrlemeséﬁﬁmgdifﬁwbmtl sgges n t he
art and anVi ng the benefit of this disclosure will recognize that depending

?é‘k?ﬁg%dsf%fabfiﬁéﬁrrga%;bweammﬁﬁétra@amn@ﬁnim asanduciivedeyer fprmed t hey

on the t
d, it b i bl | i.m nate thj. i cul | i zati
operiart gt e instpone: RS S sbrdepenanth Otk ubdimeRtn bF medenbaraishmact

line 11 o) . 0 n tive teri within.the trench. The interconnect
line r egrrhgséeb?ll? {sl&g)r%gl a ée){t gger?e%f B‘(g)l{ﬁdatf’cf:%\l}eﬂ%tlaé\gf% F°§ uf tvé%?%m[e (bVFB\}F‘He a
Signall ieABAMOAEPLS ¥ siftde? 03 AGR b BudkiRbBewelR chdinferldrifbh lire M fONNECt
lines are sonetines referred to as traces, wres, lines, Interconnect or
simply rgfal. [0035] Figure 5 shows a cross-sectional view of a portion of
an integrated circuit substrate 10 after form ng a conductive |ayer 114
containing an electrol essly deposited netal over the interconnect line 112
of Fi gurl@029] FiipueVahowa cross-$eatidmal wiewgof hiportion dfian inveprated Eifcuivdubstatavi | | be
di scussed further below, it my be desirable to clean the planarized

sur 28ce containingm e seinimondiudtoresibstEatp 02 narving  diycuitheonppoesrtatformade therris, 4 ndi cat e
t hat, althougih cleaning is not required, it nmay neverthel ess assist in

f or mi ng fustalilegiric lyep ed en theusbstrate, B8d lagyencl op¢ronB 606 formad ivdthyn of

cl eansers (lira?/ be adapted for cleaning the substrate of Figure 4. One

par ti culthg diglegliisdayers Kb dilestrisdayermaainbe fasmsd ondhe substrafe usingolepagition gani c
impurities that can be formed gn the surface durjng CVP includes a hot

dei oni zé?f?’ﬂlé]flﬁsrth%be}rﬁﬁegﬂ(neﬁ’ﬁt‘%ﬁ?ﬁ St‘?@“@“ﬁ@@?’f RracesingRts: 5er example. adewnt to

copper i UEFRER AR Eh 8 S ThEReRT R e alongleonha B Ripbn obrnc 1

bonded to the copper, and a reducing agent to reduce the oxidation nunber
of the copper and help activate it for the subsequent el ectrol ess
deposition. Suitable surfactants include but are not limted to RHODAFAC
#RE610, avail abl e from Rhone-Poul enc, 6and Triton X100, avail able from
Sigma- Al drich. An al cohol such as ethyl eneglycol or 25 isopropyl alcohol
may al so be used in place of the surfactant. Suitable etching agents

i ncl ude an appropriately weak solution of an acid with <10 wt% i n water
(e.g., a strong mneral acid |like hydrofluoric acid, nitric acid, or

sul furic acid, or a weak organic or 9 P 13278PCT



carboxylic acid like citric acid or malonic acid). Amonia nmay al so be used
PB2BPER a copper material. Suitable reducing agents include anong others

gl yoxylic acid. [0037] The cleanser nay contain other agents such as a base
li ke TMAH (tetra methyl amoni um hydroxi de) or potassi um hydroxi de and an
oxi di zer |ike hydrogen peroxide. 5 The base is often used in an aqueous
concentration of |less then about 10Ww% O course, these cl eaners may be

‘repl aced, (ﬁ{shf‘cron%.gggﬁl’gg? dﬂ&edcéiﬁ@d?lidl iﬂé’,@éi@?ﬂyﬁ} BQQﬁﬁ&ﬁéd f(;@vl\l}e jas the

surface of the inter ne I's surfticien clean to a el ectrol ess
.deposi ti@@opbe{,&gi(ﬁﬂl@ﬁ). alloy layer. Sonic agitation or scrubbing may be
used in order di sl odge particles and inprove cleaning. 10 [0038]
Returning now to Figure 5, we recall that the conductive electrol essly
deposi t go30yRk tichéh 186 hHeBe formivadwithintthe deigbse thyep by aningl walbkadws ur f ace
of the interconnect line 112 of Figure 4. As shown, the |ayer often forns
on the Imaking| Hiheprdphy aldt étohigp tedhnRjuee p&orsxamppln, 4 hadigemt sensikise laygt eri al s.
The | ayer nmay have a range of thicknesses, including a thickness between
about 1@e.g0@ positiveret mgstiveploteresisty trapyi be forfired dnethe dielettricllpyerapd papesedat e and
protect the interconnect |ine 112 and may serve as an etch stop |ayer
during fvir eleefranaagneticiradintion o ergaietd lpxerdiauing anAxpesuie patipsn gerespendipgr at i on.
[ 0039] The | ayer 114 may be farned by chem cal deposition of a netal

t hr ough t& teenercha) Theaag ppigign OAélafosaéia%@n sensyie laygssypsrasenthe firpehymag ent

inventiqn, the Jayer may be forne an electrol ess posjtion erein a
Subst ot PR, SEGHP PO PRI O B AR Skstie Fysrgemoniet BY SEbinea tgh
compoun e.g.,..a petal..conpl ex) and a, reduci agent, and a netal is
deposi t ghié Bet“%émieéf’g@? Ptgﬁég‘ﬁﬁtéﬁ%?nggﬁ lpaer ey g%ree OFY'he substrate through
an autocatal ytic oxidation-reduction (redox) reaction between the netal

contiai ni N i ; ion
19 [pﬁseﬁ %@gga%h@wgggisg? ﬁkgﬁ%l %nvf‘glﬁgféoﬁhnbhﬁn ?dt'{érﬁt@@ cirdBesubSiRst

reduces i ons trons until” they deposit in a

non- i onigfefRirling £ liférAaPeraN8tang seall mafkesial PO 6P ArlMctridiaydranoarof Higuraay
contain netals such as cobalt, nickel, or alloys of these netals. Alloys
may be defel lid 19p¢e masi béragedpidr prevcnb ahdesirablpiinteedctiohbetanen iateryl td be al | oy
may be to P13278PCT substantial |l y anmorphous and may present a tighter
barri er subseduértlysdepositeddn thearnclo mdythatdicdecttihaiateaiatofjtbe tyer Het. | Byedineof a
pure nmetal. For exanple, experinents indicate that a |layer of a pure cobalt
‘netal nmayaybe éorgiedrtiyf depasiting raythinalayereefi ® neitablrmateriaboverahy sanfaceefitbe of
copper and other materials along crystal grain boundaries, whereas an 5

T T A PR S T T e
t hese ?et iCERSs Eﬂegﬁ,ag?‘ﬁg%affc‘f&)gﬁkﬂ’}s @Bg\nﬁ'ﬁo@dfﬁf @ﬂ)&ﬁiﬁﬂ@bél(&é‘ﬁﬂetﬁ%t vvegn
Cranet sttromeeRtef 8 sl Bl hEichtior IHE oBP HERAR Baifr Bver

mat or ) al EraRO ELE! hd ol ol 35 GRA Rim, FlskE OB, TR hiCRH (CON

enbodi Mafthnifin-tuRgstd EEN wnfMeRA! qlgﬂ’taﬁtgﬁuﬂ-ﬁﬁ’ﬁ’de CRIN)2 kdhal@m-silicon-nitride _
cobal t bor on- phosphor ous {CBP) all oy having a concentration of boron that is
bet vigen dasiN), fithdivad-gittide CENY,&ithni(udt Miconaniaileq@IBING! tugst@f (Whaapgsnous t hat
is between about 1-20 at% and the renmai nder of the concentration (i.e.,

bet ween nitrilet(WN); ABgstei4ilicodtaittige GYiSiNpahd cothbindtiors dfaydr maeyialsde.fonnmed by
preparing a suitable electrol ess deposition solution, inmmersing the

subst r atreultilayéretask|aftTaghaN)al $witablegwelhbnewa depasitiongteghmaques € At Atomzic| ayer
having a desired thickness has formed, and then renoving the substrate from
t he sol UedyshDepotig (AbPltardihysicalay apgreDepgsition| (8 VD may ge tusesl s denpsitositi on
of a CoBP netal |ayer, can be prepared by conbining in solution a salt of
cobal t (HBesegariogyBaietialsy| fate, cobalt chloride), a 20 conpl exing agent to
conpl ex cobalt and help keep it in solution (e.g., EDTA, a carboxylic acid,

citrjc ' | oni ¢ _aci. d ucci ni ¢ _aci,d t hyl enedi am ne, ..propi qni ¢ aci d,
et 01 ATt GpSfupr ARG Saf fe@itay € SEF IEE NG wl Rk &

di met hyl ami VARV g ' - | gent
that con §P§§°€§%§%§S§ous (%Béﬁ?ﬂﬂgg%gﬁ%g§%W$g€g3¢ﬁ§8§¥ o§&§gﬁ%gﬁgﬁ?s cone
froma conplex of the cobalt, which forns 25 when the salts dissol ve and
the cobalt ions are conpl exed by the donpl exi ng agents, and fromthe
reduci ng agents. Typically, the pH of the solution will affect the

deposition process and it will be desirable to add a base such as TMAH,
pot assi um hydr oxi de, 11 P13278PCT




ahmoni um hydr oxi de, or sone conbination of these to maintain the pH between
BB8IRPCY and about 11. It nmay al so be desirable to include a buffer agent,
such as ammoni um chl oride (NH4ACQ ) or anmonium sul fate (NH4)2SO4, to further
stabilize the solution pH For exanple, in one particular instance, the

sol ution contai ns between about 16-24 g/L 5 COC 2-6H20, about 10-16 g/L
DVAB, about 1.8-2.2 g/L H2PQ2, about 30-46 g/L citric acid, about 26-40 g/L
NHAd %Qﬁaﬁctizg@ité@gn&%kte%ls?@%)s%{%{ﬂ 1B tHid 9P10§181a8+rvcﬁ” s@ecfpﬂa{%ﬁ%mgp about

8.9-9.3. [0043] It I's appreciate other electroless deposition
S0l uti onse \REETdE ANUBIEhéH: @RctrbiRss depSLiARE COf Bouts Ié?%or%:ldgrgb’oﬂ?&et}ﬁaf&?@t ed by

addi ng a nickel salt 'such as nickel chloride in e of, or 1n addition
to, the teoldelll Gfidr, ifl@RCiced bt S usd foredn éi@&?d}%ting@gﬁéiﬁon Lt nast £n may
be introduced by adding (NH4)2WH to the solution. [0044] After preparing

t he sol uhérmwiyaandind ndfbers ianthidknesss bétsieeBtaboui B0i3900 OAR@roh RelRtbel ged.
solution, the substrate, or both in order to increase the deposition rate.
Most Scomhmntdng tdheome ambtiodivserds of ¢by presentomversiont dnpetedt marsabesnaian about
25C (room tenger ature) and 15 about 100C to avoid the solution boiling.

Of ten, tRBPAdSH) erchn alloyef soppes (¢-2., benpgetin (EbBw)t c@per-indilina KCuin),80per-

Exenpl ary deposition rates, which depend upon the particul ar tenperature
and cherffagarsippd{EuMel<corperrapmypm (atMddn aspsith osulsequeahtommedonspfd n. The

substrate nay remin i rsed in_the sqglution. until the de ition process
Schi evoSOPHE COEMIME R Bl (hETRpT PSS VaDOR mUAE]L: Fiayibe RpesteR BBV A 1 he

sem conduct,or cessing arts that iV urfaces are needed for
el ectrol érsoiheag%@ggltoiwgﬁe Qe BHe @FFS@% P(/‘g - The active surface should be
receptive to the autocatalytic growth of the el ectrol essly deposited netal.

Co i ] i all ,
o HE  JB0R e o el R SR b B0 BP AP RIREE R NbukR n
wher ei n a@eNfImAfEl 4 ¥endiBHw lahér ABSed 84 &I la?@xel ﬁﬁ?f PGP NTRE Loddudive 2N

active nmetal such as copper; cobalt, nicke pal [ adilum platinum or gold
be depodayeedfion cbfaind@nma@l b sllovet HerepfiérO thel @rk IreGAlr WHEBS udAPBShémg. 12
P13278PCT [0046] Optionally, the substrate may be cl eaned after formng the
| ayer 1pareofetalsgmixtufesion atioyest moltipknmetalsi amlimittines oaaHowi @tLohetal bid t he

el ectrol ess solution. A suitable cleanser may contain an aqueous sol ution
of a sumhger mete mn-wkisbog., metdbids onmonnsalsirA@orlingid e eadiodinomt oki di zer
to mldly etch the alloy material in order to inprove the cleaning. 5

[ 0047] DPrgegsb 1ventien. tholagerscontains a prnduglivseopper watetal. Extmplaty cenposi t

| ayers having electrical resistjvities of |ess than about 70 m cro Chns per
cent i metTter nEIH‘Fi? éﬁ‘e“? B%}Hﬁlé%to(m% cappet, g5an alinyrsugh asiEoppertn 6aBt®r s (f or

| havi .hi { bout L T | ttribut
??e%%es?ﬁl? "%rf"g?‘}éﬁl'%‘c(b?}fﬁﬁ%ur oty (D) ncanmsi :,rust%é?H Pncores -1;e§1:1 R
u S
oo, 081866 41 5 08 RS AT O SORE B AR . o
the | ayeyn eléetildsh @%&itﬁﬂ'}ﬁ@éés@gifﬂfsoﬁ&ﬁsﬁnr@é/ctﬂoﬂféhﬂg?r&@%ihqgatttt%e kayer in
ni ogen or re

either an Inert atnosphere (e.g., a noble gas, ucli ng

at m2e phekerrally Gupplitddiup@aniroinCa QoltRENBHREUAtHUgRBRUtroARAE prddélses TRy

i nclude ranped heating for several mnutes to an hour in a furnace, or

per f or mcomnniyeysied, drhelectrilesadapamitionaiy basiveredeoes dbep)natb@shigh Akgect or m of
15 treatnment nmay be useful to renove gases such as hydrogen that are

i ncor poraticedrenieh;, | sincet hentmueuns raod ebickdsyedslayers narpr mit esseded Hos ebayroltscr ease
the resistance of the |ayer. The heating may al so soften the |ayer and
cause adgeesitions Bethgigpesivens welt-krowminghesssaicondyotog progessinggrtsnneal i ng, a
trace anount of oxygen may be added to the atnobsphere to oxidize the upper

20 of Dbt vsRes Belom v AR 61 ISEELF el WP 1 0
laysr, s@ that the | d the dielectrig | d contact and
aahed] oferiibioval prrdlt of M- felireie Bt Lo BT RetEine R myoaionty
i LR Jighds, o} Fi hows. -sect i onal view of
a"bor 11 S G Bt PR, L7 T ol ol B Sl Bished b7 TRSE BB " ©

Contocs PO ORabl L il St Ly Ui B, o,
usi ng deposition 13 8



P 13278PCT techni ques that are well-known in the seni conductor processing
BHPBPCEor exanpl e, the dielectric may conprise fluorinated silicon oxide
deposited by known CVD net hods. [0050] As shown, the dielectric |ayer 116
may be formed directly on the dielectric and el ectroless |ayers, w thout a
dielectric hard mask or etch stop |ayer containing materials 5 such as SiN,
SiC, or Si(2, disposed between the |layers 104 and 116. These dielectric

‘| ayers i 0 The
nard oo A af el olTEtng SRbobiteloH b rbdfhrid? THoS Rlfid Mne B8R, JVe,
114 prowadfg tRE B bPthid Gisé1Bsirs Wil 3B Bhizé Hlta_?ﬂﬁﬁ'ﬂ&ﬁ ton! th@?ﬂicl%lags Gt nation
of such layers can inprove contact and adhesion between the tirst and
second daydremidrthe deghRr & pladdrity Gyt CHVIRY 4rB FoBndBYERTyl6k pORIKE Rosi M | ar
dielectric materials. This may inprove production yields, due to a

reduct i afiminate hbis pamtixlarofladazizhiictg op@uticies Reafddal By thed® poMfonk Redi@ habi l ity
and operational lifetime of integrated circuits. [0051] In addition, when

t he Bi r giatteined enterconndchyiee 142 dvoatairihg comhrtide dhatdriat twithin Ity eenchonTaen a

| ow-k dielectric material, the elimnation of the dielectric hard nmask or

et ch st dptercapeges @ rapyesantsi ahyapatienaade eoreluctive materfal cwitable tdi ploetder ac
constant of the dielectric layers 104 and 116. As an exanple, when SiN,

Si C, or sEnefngmedivppiocagy eleckivaktignals. dpdhis fighde intereenmget line ate somgtimeer ease
the effective dielectri,c constant of the dielectric region by 10% or nore.
Avoi di nd® mﬁgtq 3dFacss avires lings iptercompecf or Hmpleetal.c constant can lead to a

decrease in the capacitance of the dielectric region (due to the dielectric
t ant i t i Li 20 .t he resist t h the int ts.
Advant adul i 5 BBACh b Pt ohE uEL BRGGR oL P gt ER R ough
he ] _ Lt . . ¢
|t a0y st i £ ESHELILP8 4 SRR o oRELEERRy HBSRRERE R ortRe, <o

si mpl i f Yinfeh@nhRPIih€ 812 SFFRLRCESHoRBE NG b ?Mﬁﬁ%{@mohﬁﬁétfvg MayePShffich [ 0052]

Al though it is an aspect oOf one enbodinent of present invertion that a
hard 25 witlste digtusbed fithe® delohoembl el dbsREKIO 6 Rfdhan |thd Blahddzedofi¥fagX kSt | NY
hard mask may be renoved during the cleaning operations that proceed

f or m ng rethevecmmsluities. v Expaimintsl By} theprdsént inVdrdaré GG date @ist,r AthougiDEle i le, in
the event of a Si2 hard mask, a solution containing diluted hydrofluoric
aci d or isinpi tegpiredjghmaymnevbrthalese chstist ii soingequatity, hempgendone chrdudtivask. As
di scussed above, renoval of this layer may lead to i nproved performance and
rel ilabi 18%eys-f or the integrated circuit. 5 [0053] Figure 7 shows a
cross-sectional view of a portion of an integrated circuit substrate after

f ' i h i el ic | f Fi h
i rst ”ir{ﬁ‘@@ ahiady %ﬂﬁs&'}n@#ﬁﬁwﬁ%ﬁ? CEeBLféaglE e éﬁ?spﬁgra?%? s dpne tﬂee
. j ' [ 114, T
|aver SR i R0 MRPRAB bty LSy SOBRYEE iSSP el
whi ch Wigdh ReMR¥mBE I tHeOWRfack zﬁﬁﬁ’i tg?ﬁl\/ﬂ?’ Mtk d%a rﬁgt .:hgié)h{)}%? r\gﬁglnggﬁltll)d ne 112.

The termvia Is sonetinmes used In e art to SCri h™an opening I n

the di elcggfalrity bffedtive GindudR St & WEHNEntWo! ﬁel}p%ve@(?ﬁg)glﬁrfﬁg; a@%ﬁhﬁr@ea%ﬂppl eted
f. peci

structure itse In the present disclosure, unless otherw se i ed,

vi a20ef sufficient thslowBnatieh edppet intedcorirect Higd 10tisHist Ritl kéndVin@oMhbilithat tiyie

openi ng. [0054] The opening nmay be forned by sel ectively Tenoving

di el ect rtigbtlyrhbmdedab theetatpen and @ rédudimg sgentito @ludehiie oeiddtiet hivbdrayfahe | N one
i nstance, the opening may be formed by using masking and |ithography

met hods COBRRE lanége]pmg@atgstefbr the subsaquent eldeérotesedeposition. GuitBblgsnactants ol | owed
by an etch to renove dielectric material fromthe opening 118 w thout

r enovi ndnqlede Ryt grg notdinited, tor REGIIAIC #HRESLP.cavailabdenfroneRbonmR@itlénce anday er
114. The, conductive | ayer 114 may .an etch stop layer for formation of
the vi aefaﬁ%fh%‘é’.oa @i@kaﬁ%#ﬁﬁa@g@%@ﬁgm%t A1y ajeohgl suckhpe ethyleneglypel or

a fl.uori nated oxide of con qr carbon doped

di elyectric material,, suc S il

oxXi é of‘sogmyLB[‘f,‘)ﬁ% ’P%ﬁgogieg‘fﬁeflil’ééﬁlﬁcleffrt ?Tﬁ\}’ifi‘%ar{thegslt!@h]&u%?}i“}% agefer, is a
dry etch . with a reactive plasnma.or Lonized gas.Qf ygen/ nitrogen or

fl ﬁori nél.ww[] O%Tppg'i?pgrwe\gy g&’ gﬁgﬁn@ngn 8?8’%3—“ e‘gl?l? SAQW%QW%Y se-%o?ﬁrs?g of an

i ntegra | LGHIH S - 1 e i ng. 4k el e i ri frqom around
the. Top orehaid dikehisRiA e Aid S URy, AOuRhEl T & L8R sinid 96
having a width that is sufficient to &ccomodate an interconnect line. The

dielectric material may be renmoved by using nmask, |ithography, 15




P13278PCT and sel ective etch operations such as those used to formthe
BI3émWPRY 118 of Figure 7. An alternate enbodi nent of the present invention
is also contenpl ated wherein the region 118A may be formed, including by an
etch chem stry that need not be selective to the |ayer 114 before form ng

t he opening 118B by selectively etching dowm to but not 5 significantly
into the layer 114. [0056] After any desired cl eaning of exposed surfaces
‘with cl tar QIRAbS | NEmfR ' I i ner

| ayer 1%?1%3%}%%%&%}1(?}9 n?espe%{ Pl\?gqn;\é %ér}d%'he I nﬁ%%é%\réggc%zﬁ%fl ]tg’ﬁeéCHo%eni ng
118 of _'%b?}b@'r%d@eriafyghi%lé ﬂéduéiﬁ?&ﬁenkﬁ)i@lhée ﬁh@n% ShER QX yiVEid PVD, or ALD of
a material such as those used fTor |ayer 108 ot Figure 5 al though this is
10 not required. [0057] Figure 9 shows a cross-sectional view of a portion
of an i 063y athectléansetundy somainrdhe @khtrsudlids Athaso Nty CIVMME (@£ hiedlyl| 24 to
fill the opening 118 of Figure 8 Adding the conductive material may

i ncl ude atmoenimg eydtaxyde) opfpotssidmcliydvexidatmd aaloxidizet Hikashydbapen glerdkide. on t he
dielectric layer 116 and within the opening 118 by a suitable deposition 15
met héd, Thedashsroftearsed nparpaquedusisonsénttadtionfodiess dhdnagbont 1 dwit’o.dDEcausesi de t he
opening 118 by planarization wwth CVP (e.g., by a damascene process).

Sever al theshetcangsp maychectsplaped by pidier elaaneny oa cledgning [avoided altegethesew Ioag ow.

[ 0058] Figure 10 shows a cross-secgtional view of portion of an integrated
circuit a§3lbfs% & o fhedpterconpsdh ding lwrfgal@fﬂi\fweleém iy slestrolessedsperitian | ayer
126 on t of .the 20 condyctive.interconnect material 124 of Figure 9. The
Fayer i ooty 455D, SoMARAEOn B SR ToNe Sy ot B SHET b URRERE ani g,
and anne%hiC?%, auchoas R! e}/li ously disclosed in regards to the |ayer 114 of
Fi gure PAUGEHE érﬁprt R & P00t requi red. [0059] Accordingly, Figures 1-10
show a nmethod for formng an interconnect structure containing a conductive

| a f : | l.J , £l ing as
anngchqgﬁsﬂ lfé‘gﬁrglln%ghc#v@o&oeftgg&!‘?,%e rbd3f; thh e CORAUEVE EhectBNSly %@g&s%éf ng

ricatiron of a via over the interconhect |ine,
and t he 15RRdY4 hhyBechF¥@hiedSA the Rped Fofidhiidlbank8) suPfass 8P theQhteRloBRddt lige!
current between the conductor 16 P 13278PCT 124 and the interconnect 112
during ddgicferig@merdat Aershowh, the lhyer ftea dprmes battied lihdralhyadilist althioakh lieivel s may
be formed over the interconnect structure of Figure 10. It is also to be
appr eci atepehdshagiont the partieulaonméariald. i The lay2r ofayFhaur e vangayofbthickoessesst ed
Within circuit conponent in the substrate 102. S 11. Interconnect Structure
Cont ai niingjuding dubickiress Bewesen gbewts] 01 (e panometats | ohe Bstpcd-odheydyendéd Vi a
[ 0060] Figures 11-12 show cross-sectignal views of substrates representing
di f fler erfnayspassivate and profeetiibe interconnest linad 1 handymay sewiecas iiesdeh stop datenr e
cont ai ni a_.conductive el ectrol essly. deposited etch stop | ayer and an
unl andedﬂgf‘ﬁf?%(?rcﬂjé‘a“f‘ﬂalséd’ioﬂﬁi‘é" IBBFI'I‘F%WFPQ l%fg’vlfﬁ(%?raf‘ﬁ'g conductive | ayer,
in accordance with one enbodi nent of the present invention. [0061] Figure
11 sho MASS { L SR p I; i nicegr daclreult
subst r\gﬁg&aﬁt@? %ggljrcnﬁ %‘8%’( élf)enl négd ?58‘9{&5{1 le&hpgpgﬁc{b ?i%%@e@? % Llt he

di el ect rdnemi@y Rlactidi}: ALddfdih@¥Fonel GlbodRENREURE pteddt YnRenREH, thO Thyef mhiie

copper 112 of a substrate simlar to that 15 shown in Figure 6. The openi ng
may be pRt fRmee bydyn eidirolddd \Wepssigdn aWhdrdin tah%sﬁ%YiSOFlﬁé@lt P ASsolWfidd) a
portion of the pattern for the opening overlying the layer 114 and anot her
por t200n cohtairtisg P adetat contaiviiigl dohpgunld @ ecd metal admplek edrnd-dredukisg siengfand he
| ayer 114, followed by an etch that is selective to etch the dielectric
mat er i alassmetal hodepositethiaf ac glectrychemidullypctive shifyeer ofl he. subbtadte itlwoughhen| ayer
114 may be used as an etch stop layer. The etch 20 may forma first opening
por t i on aiselalitis@xidatien-redugtiemgedoxs eaetinn bapween th matd spnfginig ¢dnepeundo i n
the dielectric | ayer 104 al ongside_the interconnect |line 112 and pel ow t he
| ayer 1Pnd thesreduang agent gt the syrdaceorThgpackan reduces haynatal ionsdy givingdhge a
portion of the liner |ayer, 108 and the j.nterconpect .line 112. [0062] Figure
DS Shovesterupguit i deBial g en opic Sglit MBI DGR it ogr at ed o1 rout ¢ 28
substrate containing a nultiple | evel interconnect structure, in accordance
Vr;na; Sgnipgﬁg@e@g{.}?ﬁ rﬁa@ecog{a?f Ex@%als' AN QE 'cgbr%ﬂt, -rm:Eel',cr)] aﬁ[o%fg%?ﬁl% e rsr;[e{a s(?t ure

Alloys may be desired over either pure cobalt or nickel. For one thing, the alloy may be

10



P13278PCT renoving dielectric material at the top of the opening 128, to
BI¥&RThe opening to accommpdate an interconnect line, forming a liner and
seed layer 132 within the nodified opening, form ng conductive material 134
representing an interconnect |line and via over the |iner and seed | ayer,
and then form ng a conductive |layer 136 on the interconnect line 5 of 134.
Each of these structures may be formed as previously described, or by other
‘techniq ar, Kk Rt j C t -0 0c.essi r I f PVD
pr ocess o Bl s (A D B RE R AR Ghi®f PRSP ok

.deposi t i EtBhRGaESn (FMCH RystARRY 15368 oY JpEer mbRl, FHRYedfphS eGptOmemke PVD

| i ner/seed continuous in a high aspect ratio structure. J}.)O I P

| nt er coringicite Hat udiyer 6f £putcaiobald gnetd MehyCave SighlfRaht @yasiskyioRefashlled Etch
Stop For Unl anded Vi a Contai ni n~Conductive Electrol essly posited Via Pl ug
[0063] Feagpdefusibl-dfhoppearvandr atba- matetialonddngvirestsl grhinshduntarddsesvhereps esent i ng
different stages of a nethod for fabricating an interconnect structure

cont &i niablgy dayso odl wobalireingstercphaspbershy noygoevitied beittar pamigr 48810 tumgstexor dance
w th one_enbodi nent of the present 15 invention. [0064] Figure 13 shows a
cr oss- sdiingiuthe ¢rystel boundapes woj redncsfdisiomtheepehithese aegions. Oftenbbeallor aft er
formng a via 138 b)f el ectrol essly depositing a_cobalt or nickel materi al
on a botWdrsopkin cobiliopr Biske rud; begvacnooneand: piratiy abeutaiquy Athshaageriglsa and an

interconnect |lin

.. Th teri [ I ively d it J d acti
Cur  acoaugh 2% M Fof FRRISTER SestS cabin kel A THEA bR INEE 1 B of -

the int ' 112. Th ' f h [ f
to fi11 TR Beh RS PSRy To oL Bt B e Bl et Bl g
si zqghasg hesiy 2iRiHed. The use of such el ectrolessly deposited via plugs

may be desired for narrow, high aspect ratio openings, such as those having
a wdth that is between about 0.05-0.075 mcroneters (a mcroneter is 1/

1, 000, 0Q@o4r) AccBRERY thongleRbBdinttht Pthe pRGELAGhASRioA ARORIyEl QA BROSEstRld S abl e
to deposit material uniformy within such spaces. 18 P13278PCT [ 0065]

Fi gur e bérenphwipleorotisdESBRRalldyoitaingVd €coritratiof@f bbRR thit 18 Betiwbe gbcik @
circuit substrate containing a nultiple |evel interconnect structure
cont ai nilfgtemcqrieat (a%),6l @ncerdtatios lof phespbeious that isabgdveen stent 4i20i 0%, a
cobalt or nickel material, in accordance with one enbodi nent of the present
i nvent i ¢nd therremiainder efthe eencentrationt (iie.ebetwgerbabosit 208 at%ymsde up hy ngpalt. | i ner
| ayer. 142 on exposed partions of the remaining opening 140 of Figure 13,
f or fPng 1Bws ilavee rman e formed eby srepsingha uitakle ~elegiraless adapositipn r salvtipnan
. 146 on the interconnect |ine. Each

conducti.ve el.ectrol essly .deposited | gyer

of t hesé™HTFeE JFe%“%ﬁ‘é?X Ha t %lsﬂll‘éﬂo%tsﬁ 08 esrepetipasta proseed Bptily) layener

t echni S. ar | | no in the senm canduct o [ogessin rts. 10

[ 0066] qILB[ Vi ggitr?ﬂéesdgﬂeué: B Iﬁ%Sne0 méﬁ%@ﬂ? ﬁéeﬁtrelg?vq’% e&ﬁﬂ%ﬁ%ﬁgmsth%gﬂ&i“ﬁl‘ Fi gure

14 that a conposition of the plug |38 be different than a conposition of
the 1inqpodBolfidhs BERAR! RiitablB &1\ Qe GRS aép(ﬁmo%'df%yc@ﬁ@n .rQQrLB@ and
e di arr

phosphorous, the boron and phosphorous may enhance t usi on i er of

a mat er ipépardttyClonBikinBn Wslatioh alsalt ofcdbaltqE.gl, A¥BAl suMdkd, @oBdlt EXI6rigaE ti e
increasing slightly the electrical resistance, which my not be désired for
a 120vi aompbexiredigand ty complx@bbigt amyhdimiepdt iInadhfiont(© 2 EDIX aadatboxilion of
boron and phosphorous relative to the liner layer. In one particular

i nst ancegid bigrigaaidy ni8nimayidcoawtiaicracid] @tty¥énpdiesiies propsoninatidmetlé didon and
the liner |ayer 142 may have >10at % phosphorous and >5at % boron. V.

| nt er cordnéist redypaieg @eentCbat apriring @aor e, véinEthydamiot dugane OMABY ed Et ch
St op For égv nl anded. Vi a Cont ai ni ng Conducti ve El ectrol essly Deposited

Li ners [0 rigg)gupres 4 559¢9nd h geducings sagset t theharonsaiats PBOSPEOIYS  4¢-85

i di f. f df f i d i
DR L5 8L 5 g i e B S K
terials 1 d di tri terials 104, 116, i d i th
R Ty e e
- i I.: i f [ .ed _Gj it tr.at ft
e oo b} Moot Abud PAAID B A0 BER BT IR sRlbigse, o

exp surfaces enrn
process and it will be desirable to add a base such as TMAH, potassium hydroxide,
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P' 13278PCT accommodat e an unl anded via and interconnect line. Prior to
PHRMPYY the liner layer, the exposed surfaces of the dielectric |ayers 104
and 11 6 may be activated for electrol ess deposition. This nmay include using
PVD to deposit a thin |ayer of an active metal such as copper, cobalt, or

ni ckel . This may be foll owed by el ectrol ess deposition of a cobalt or 5
nickel alloy on the activated surfaces. In one particul ar enbodi nent of the

D e A Ay A or SorDBANBYEIorDlr HER mdi oML BRSOl HOGT 7! 1Y

evaporated onto tthe entire Inner surface of the openin

.cobal t - %ﬁ%nﬁh@ﬁ.phph&gsalﬁi bO¥editabf! R IcRIESShYEERRE, %ﬁﬁgp g%x%@)nmal t.

Conpared to prior art barrier layers forned by PVDand sition

met hods, chidiile NSOl b aBMpnide O fdte NHi)HS0,, @ YertheT bl aherb Rt pior nel

and 10 uniform coverage of the exposed surfaces. This may be particularly

true i n Rurgixampleedt onapanicolpe itistmse, ahel somyiomelstaing detig@n abos! 8604 QeSS

deposition desirable for such structures. The present inventors have found

t hat 5a t@aGl,6Hp@y atheary & 0-16f g/EADMIAB, beboon bBeXSD lglr BLIBOA| dboyt Be6 gl aitiibi ckness

of less than about 10 nanoneters may proyide an effective barrier to

el ect r oricsh 89w R6c0 &/bpPa+Cldahwut 366-400 cmLafs %e IMAH tsofutionto pyeav , 15

thin layers are not required. [0069] Figure 16 shows a cross-sectional view

of a portet¥sngboutd.9-Aegrated circuit substrate after filling the opening

148 of Figure 15 with conductive interconnect materials 152, representing a
150, and after formng a

i d j i he |i L
conduct i100431 T Bt Ppre i, thalher dleciraless 4EPosiAsEy Soleiing pes Canianplgisds BoF ace of
th i i terial | 52.. A di t. ] di t
L1, pen dhgkdotCa BLMIRY SRR EE becllBh B Buthel ok B SER ST AiPke i RER SR | oy
| b i - | t i ) i , th
ay§0 DY g offn %h@ﬁ%ﬁ qbein Qbaft Ffi e Bl gve" %seg% agréﬁ%egeeg‘?%gge“ e

sur i ner layer’ may be cleaned or prevet, i ng
conduct itkystenlrdycR IAREAuER b hidihs (NHIL, W30 BEFUBRAKBNSO! Uti On contai ning a

sui tabl e surfact'ant. The cohductive l'ayer 154 may Be formed as previously
25 described, and it should be noted that the |layer may formon the |iner

| ayer 190044) Afetdiptéparing ¢heasalitiva abanMuRESivEtHe RUBRG) NES ComMBdoart dkathhe. 20

P 13278PCT V. Interconnect Structure Containing Inlaid Conductive

El ect r olsekiiby, the sulssitrated ofEbath ifstoojer Folincvéase Bebdepositivw rat¢.00Fd3} commonlgs 17- 18
show cross-sectional views of substrates representing different stages of a
net hod flle repefinms @t Fagediaut aittempaatueastbesveencabante2 2O riredinn tempezatuieh hed d 5
conggcti e electrol essly deposited |ayer formed over an interconnect |ine,

in dcco ﬁ‘ﬁclé)%%? taaverkthe selytenpeiing f Ofter the destred tampeeatete dnbetpoeahouti gur e
subst  ace oM ARInE G r EeethBly feacdielBsriste icHetepstd PRt ByFedAbYi ng
TS0 LS00 A b
Wt o i Rel rERRA ShnltRiedih the tdlfor Sy HENERMRon PO AORNGE (o 0er

mat er i aldesiw@aghr @hiclalekd.C Materials such as fluorinated oxide of silicon or
carbon doped oxide of silicon. This nmay all ow recessing the interconnect
line relative to the dielectric layer. It is also contenplated that the

et c20ng [6®A] dt sewpk rknowneitt thersendgcanductor processing arts that active surfaces are

needed for electroless deposition to occur effectively. The active surface should be
receptive to the autocatalytic growth of the electrolessly deposited metal. Copper is active
for the present cobalt-boron-phosphorous alloy. However, it is contemplated that in
another embodiment of the present invention, wherein a non-active metal is desired for the
25  interconnect line, an active metal such as copper, cobalt, nickel, palladium, platinum, or

gold be deposited on the non-active metal prior to electroless deposition.
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15 post-planari zation cl eaning operation by including sufficient anounts of
BUpEFTet ching agents in the cleanser (nmore than would be used if recessing
the interconnect |ine was not desired). Suitable etching agents include
acids such as sulfuric acid, ammni um hydroxi de, and others. [0072] Figure
18 shows a cross-sectional view of a portion of an integrated circuit 20
substrate after formng an inlaid conductive el ectrol essly deposited | ayer

“over t hqod4¥) DRPANGE the duBGrat Fciéaﬂécﬁafie?-foﬁﬁﬁg ﬂgﬂayeg%h%?%gggs?ﬁ

461 ?ﬁlagfbg .
created by Sel'ective el ectroles eposition unti e’ planar ace is

-achi evegyddrio dekbfe RhRRel 2&okRRIWIL AR B8ETREARENADhEIA LiRaiERR AL ON- VI
Use in Conputer Systens 21 P 13278PCT [0073] Interconnect structures such

as t hosenglesmtdid el aRoas Soltfoh & HERGtanNoCltsol td HélF@Vs’tﬂtlﬁéds&fab@ hd &n

nonol ith devi ces, sem conductor devices, and mcroel ectronic devices as

t hey ar ecigenexilizey taméldlystchotiie alloy inatefinkin@rdet e Reprond the cidagighgCi r cui ts may

contain circuit conponents to that are electrically coupled wth the

i nterconnect structure to receive 5 signals fromthe interconnect

st r uét ul@047Oride cdepoasition processedesatibetl aboveuist often ablaitordeposit daysor havifg®74]

Integrated circuits _containing the interconnect structures disclosed herein

may be ickeHBicgbrepisiiyities afalepoitlians ahavk 79 eierpi Qhims qies tesnimetse landi afaconput er
server, minfranme, etc. Fi gure

t . 0., t abl | apt deskt op, ] .
e e ey
i u u Vi i
corrpone?pg ‘?aélgwgﬁerﬁheﬁiﬁeﬁ’ i‘ﬁ' T AIOHECE A% e fU ‘ﬂeﬂgt#énrr én 3?p1?(?l’r?até‘?:‘l§or gance
ith i t ., 0f t ] L .1 i tr i |
Vo the. (ERRSELTBE of 'l BLORER Pl iR, PR i on ™ ©
si gngl s aﬁ%ﬁﬁéfgiﬁg Pt&é&?%ﬁich%diﬂés%g RRRGhI tdrlgﬁgfgz{lﬁ(épgpfes%?%qgg{r system

may contain er conventional conponents y connetted with

one anotshiedbld Behdfh  Prdddls AAY ihdifdd ﬁé!aéifgg thle 2&&'& I Qith@ &SPHMNLGREfhedRI 2, @

main menory 178, a read only nmenory 180, and "a nmass storage device 182 to
store dg.g., asoBles@spyitrdgs)c® rédikitgOattHospledy (@t Bydragdig o aatpddfird of ent er
data, a cursor control device 188 to enter data, and a communi cati on device
190 to labowkt 459°Gt hEhis ehac inclwlal ramped deating forosewerah shianee té d Woweriapg ocessor
receives 20 data froma nmenory through the bus and conmuni cates a

r epr esefemadey or perfomeing @t rapidothenng! anoeaipbatdasts severalheinstesi cOisl fiertroof
substrate through the interconnect structure. [0075] Thus, novel

i nt 4P cortisaErens may be ypedil ta semene gasessurlo s hydsegendthatiige inserppratask disingdlee
structurfzs h]gve been di scl oser. VWil e the invention has been_described in
terms oflesuQlsssAerasiieriPiasess  IhisTpardessase the resistance ofithe lgyen Thedsaing e ¢ hat

the i nv%]ti Q0 ioﬁt,snﬁ{ell i mt gl to the 25 ﬁf:rrfb']odl rrﬁnt s described, but can be
pract i cef FH ONBY P OAT AEHCANY 2 PRSP JETEHOMT IF FOUEIBSpi rit and scope of
the appended clains. The description is thus to be regarded as illustrative
I nst ead @48} Dlrink Mneadifg, a trace amount of oxygen may be added to the atmosphere to
oxidize the upper surface of the layer. This sort of oxidation may make the contact portion
20  of the layer more compatible with a subsequently deposited dielectric layer, so that the

layer and the dielectric layer have good contact and adhesion. This may reduce

mechanical failures like blistering and may improve production yields.

[0049] Figure 6 shows a cross-sectional view of a portion of an integrated circuit substrate
after forming a second dielectric layer 116 on the first dielectric layer 104 and the

25  conductive layer 114 of Figure 5. The dielectric layer may be formed by using deposition
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P 13278PCT CLAIMS What is claimed is: 1. A method conprising: formng a
EORAFEATi ve | ayer containing a netal over a first interconnect line within 5
a first dielectric layer by depositing the netal over the first

i nterconnect line through a redox chemical reaction; formng a second
dielectric layer over the first dielectric layer and over the conductive

| ayer; formng an opening in the second dielectric |ayer over the first

‘i nter Cor‘t@%ﬁc’dee.F et D¥e &Bu%@%iiﬁ%{?&é{%ﬁdﬁ%ﬁ%@&%ﬁgg”%9' & a@lyih(é | ayer

sel ecti ve ative to renobva C lUctive er: "and

form ng @epitic %rcoﬁﬁ‘)_i?_is@ﬂﬂ&i‘i&farté.dvs@liéoﬁ*%det&ép&qv\gg I@g_kﬂo&ﬁwme\’lﬁ)dgpt erial

into the opening. 2. The nmethod of claim1l In renoving nmaterial from
the second dielectric layer 15 selectively relative to renoval of netal

f rom t he[00S010AE Blawen, they Bielee TEDIaY&EB] g Bet BANED BRsELY ML tHeANBlkctHS 288 et ch
stop layer for etching dielectric material over the first interconnect

l'ine. 3.clddtelaseidyeds, ofitholitaa dielectrivhidrd intask @i rstelgstbp day@e combintligehmaetislsC | ayer
conprises depositing dielectric material directly on the first dielectric
| ayers armiichiias &) §iGgror RiOp,hdispsedi betweer thejagers W4 aifde] Teet Thebeadieletteicm |
wherein form ng the conductive |ayer by depositing the netal over the first
i nt er corlA¥as aneitypically-fotrged eves thedayerildd te pratedt dedlaydreThe ldrd swisk and etch
stop layers are not needed, since the conductive layer 114 provides protection to the
subjacent interconnect line. The elimination of such layers can improve contact and
adhesion between the first and second dielectric layers, particularly when these layers
10 contain similar dielectric materials. This may improve production yields, due to a

reduction in the number of failing devices, and may improve the reliability and operational

lifetime of integrated circuits.

[0051] In addition, when the first dielectric layer and/or the second dielectric layer contain
a low-k dielectric material, the elimination of the dielectric hard mask or etch stop layers
15 may avoid an increase in the effective dielectric constant of the dielectric layers 104 and
116. As an example, when SiN, SiC, or SiO; hard mask or etch stop layers are present,
they may increase the effective dielectric constant of the dielectric region by 10%, or
more. Avoiding this increase in the effective dielectric constant can lead to a decrease in
the capacitance of the dielectric region (due to the dielectric constant) without impacting
20 the resistance through the interconnects. Advantageously, this can increase the speed of
signal propagation through the interconnect structure and ultimately increase the speed of
the integrated circuit. Of course, the elimination of these layers may also simplify the

fabrication process and help reduce fabrication costs.

[0052] Although it is an aspect of one embodiment of the present invention that a hard
25  mask not be formed above the interconnect line 112, any existing hard mask may be

removed during the cleaning operations that proceed forming the conductive layer 114 as
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depositing the netal through a reaction between a conpound containing a
BEEB?C§3 P13278PCT that is selected fromthe group consisting of a cobalt
cont ai ni ng conpound and a ni ckel containing conmpound, a reducing agent, and
a copper atomof the first interconnect line. 5. The nmethod of claim4: 5
wherein the conpound containing the nmetal conprises a conmpound that is

sel ected fromthe group consisting of a conplex of cobalt and a conpl ex of
‘ni ckel ; wh | : ' e C i SES L : at is
I R e L S

.a reducigraRRBAL a6k $nfliaRdehi ABRTHRNAES to difsofve &fla%%@{ﬁl@ Hafd & M

further Conprising cleaning an exposed surface of the first 1nterconnect
l'ine pridcuésed bB6vE, RbndvaE of thidllager By Qb ipidved peHfS@ilRte bhidtelaBilipi NS an
etching agent to etch the conductive interconnect material and that

cont ai ndorthe edegrated cekgdnt to reduce the conductive interconnect nmaterial

7. The nethod of claim1, wherein formng the via conprises electrol essly
depositing 15 a netal containing an atomthat is selected fromthe group
consBst i[0P3pFigure 3ishdws atmons-sactional vieskef a pertiom phHarintdprated cinduitcsubsitete met hod
of claim1: wherein formng the opening conprises formng a first opening
portion aftnmfomng)\aeronqnmgcglﬁjumthw@ml@gﬁm layed 1 6set dighro e nvergthsofitst on t hat

is adjacent the first 20 interconnect line_ below the conductive |ayer; and
interconnect line. The opening spans the entire thickness of the layer down to but not

substantially into the conductive layer 114. The opening may have a width that is
sufficient to accommodate a via plug, which width may be narrower than the width of the
10 interconnect line 112. The term via is sometimes used in the art to describe both an
opening in the dielectric in which the structure will be completed, and the completed
structure itself. In the present disclosure, unless otherwise specified, via refers to the

completed structure including a via plug within the opening.

[0054] The opening may be formed by selectively removing dielectric material relative to
15 material of the conductive layer. In one instance, the opening may be formed by using
masking and lithography methods, such as those used to pattern the trench 106 of Figure 1,
followed by an etch to remove dielectric material from the opening 118 without removing
(or significantly removing) material from the conductive layer 114. The conductive layer
114 may be an etch stop layer for formation of the via opening. One exemplary etch that
20  is suitable to remove dielectric material, such as a fluorinated oxide of silicon or carbon
doped oxide of silicon, without significantly removing the conductive layer, is a dry etch

with a reactive plasma or ionized gas of oxygen/nitrogen or fluorine.

[0055] Figure 8 shows a cross-sectional view of a portion of an integrated circuit substrate
after removing dielectric material from around the top of the opening 118 of Figure 7 to
25 form opening region 118A having a width that is sufficient to accommodate an

interconnect line. The dielectric material may be removed by using mask, lithography,

15



wherein formng the via conprises adding the conductive nmaterial into the
P13 &PCopeni ng portion and into the second opening portion. 24 P 13278PCT
9. The nethod of claim9, wherein adding the conductive material conprises
el ectrol essly depositing a netal selected fromthe group consisting of a
cobalt alloy and a nickel alloy into the first opening portion and into the
second openi ng portion. 10. The nethod of claim1, wherein formng the via

“conpr i sepdisPlepivatté J)ﬂegﬁfolpls S asfod REERY R R O%Jﬁg%gopx%%fggg@x 7deR@si ting

a netal that 1s select romthe group consistin a co all'oy and a

ni ckel  alifeMhteOfmBoddmBhtestt the preRhE[vahtid ist 16 é(i)ﬂ@r\‘lﬁlla{ed?—vgﬂef%ii'nl &II'F] ggg%éﬁ' e |ined

opening with a conductive material containing copper. t hod of

cl ai m 1,118Reiay e ffofmmdd) gndllidEng€ B ACStEY Bhdrf¥Ry tIeRHREd 266 bd QEIBIRG BNhe Nl ai d
conductive layer by renoving material froma top of the first interconnect

| i ne andaybepddi béfogp fdmingetial opditiige 1188 bynselecdolie efchingnéowintte rjudinonas
renoved. 12. A nethod conprising: formng a first dielectric |ayer over a
subs®r atsegnifi@ntly i thy layerild4t i nterconnect line within the |ayer by forning
a first opening in the |ayer and adding a conductive material to fill the
openi ng; form ng a conductive | ayer by dggositjng a metal on the first

i nt er corlP@RE Afiesany desitegrrlepningdefiexppeadi sueipceseuith Eleansersahat arg campatided

dielectri,g lLayer on the first dielectric |ayer and on the conductive 20
| ayer f%ﬁmh?gcoad%% n@/e&déaﬁ figerilayer 122 Jaex hel fermedgesnerivaly pa rthe yer ¢ he

¢ . . : 0 i | erjial over
I Ih(ras]E i :, gs%u%lé%g qu}?g% Hl8i°}{q§$ H?(%%iﬁ%{lgur}g 8?6%%11&1 yl, ?ixeesgtlg)lfe?s ara}:yg)rrmggl 1;by éVD,
PVD, or ALD of a material such as those used for layer 108 of Figure 2, although this is

10 not required.

[0057] Figure 9 shows a cross-sectional view of a portion of an integrated circuit substrate
after adding conductive material 124 to fill the opening 118 of Figure 8. Adding the
conductive material may include forming a layer of conductive material, such as that of
112, on the dielectric layer 116 and within the opening 118 by a suitable deposition
15 method, and then removing portions of the formed layer that are outside the opening 118
by planarization with CMP (e.g., by a damascene process). Several other approaches that

are contemplated will be discussed below.

[0058] Figure 10 shows a cross-sectional view of a portion of an integrated circuit
substrate after forming a conductive electrolessly deposited layer 126 on top of the
20  conductive interconnect material 124 of Figure 9. The layer may be formed by pre-
cleaning, electroless deposition, post-cleaning, and annealing, such as previously disclosed

in regards to the layer 114 of Figure 5, although this is not required.

[0059] Accordingly, Figures 1-10 show a method for forming an interconnect structure
containing a conductive layer formed over an interconnect line, the conductive layer
25  serving as an etch stop landing for fabrication of a via over the interconnect line, and the

conductive layer serving as a shunt for passage of electrical current between the conductor
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y using the conductive |ayer as an etch stop |ayer; 25 P13278PCT form ng
BI3YT88Chbver the conductive |ayer by adding a conductive material to the
second opening; and form ng a second interconnect |line over the via within
the second dielectric layer by adding a conductive material to the second
opening over the via. 5 13. The nethod of claim 12: wherein formng the
first interconnect |ine conprises depositing copper; and wherein formng

the condygtinieuaifRiedibR! | E2Bufhe del iRk ShRlatiofCPRSIS! to"de taBBratfaladl uhafir 0ugh a

redox chem cal reaction between a conpo containing a that 1s

sel ect eqqfiiiBAAI ISR Be FRARE Dvbile HitereBRRIE stARErBbE F%ure #0.r R4yGIsH % agent,
and an 10 active copper atomof the first interconnect line. 14. The nethod

of cl ai e bgpretidfediRdt thO MddrbGrineet 1ileCEI ¢TOFigire XA 86 cohtccfdayitin chieuif i 1 st

i nterconnect line, prior to form ng the conductive |ayer, with a cl eanser
t hat corbmiposenain tht clibsngted@2nt to etch the first interconnect Iine and a
reduci ng agent to reduce the conductive material of the first interconnect
line. 15 15. The nethod of claim 12, vvherel n form ng the vi a conprises

cobal t aIon and a nlckeltalloy |nto the second opeﬁ]ng 16 The.nethod of
cl ai m 1&nlagded did for mi ng t he second opening conprises forming an over etch
region in the 20 first dielectric |layer adj

[0060] Figures 11-12 show cross-sectional views of substrates representing different
stages of a method for fabricating an interconnect structure containing a conductive
electrolessly deposited etch stop layer and an unlanded via formed in regions both over
10 and under the conductive layer, in accordance with one embodiment of the present

invention.

[0061] Figure 11 shows a cross-sectional view of a portion of an integrated circuit
substrate after forming an opening 128 in the dielectric layer 116, the dielectric layer 104,
the layer 108, and potentiélly a portion of the copper 112 of a substrate similar to that
15 shown in Figure 6. The opening may be patterned by well-known mask and lithography
operations, with a portion of the pattern for the opening overlying the layer 114 and
another portion of the pattern overlying dielectric at a left-hand side of the layer 114,
followed by an etch that is selective to etch the dielectric materials without significantly
etching the layer 114. That is, the layer 114 may be used as an etch stop layer. The etch
20 may form a first opening portion above the layer 114 and a second overetch opening
portion 130 in the dielectric layer 104 alongside the interconnect line 112 and below the
layer 114. As desired, a longer or harsher etch may be used to remove a portion of the

liner layer 108 and the interconnect line 112.

[0062] Figure 12 shows a cross-sectional view of a portion of an integrated circuit
25  substrate containing a multiple level interconnect structure, in accordance with one

embodiment of the present invention. The interconnect structure may be created by
17



adj cent the first interconnect |line and under the conductive |ayer; and
ﬁh&?%ﬁﬁ formng the via conprises depositing conductive material into the
over etch region of the second opening. 26 P13278PCT 17. The net hod of
claim 16, wherein form ng the via conprises depositing copper into the over
etch region. 18. The nethod of claim 16, wherein formng the via conprises
el ectrolessly depositing a netal selected fromthe group consisting of a

‘cobal t  gehg¥ingNileiRetht Ghfterial ! {H2YiobN Jﬁtﬁeh%e‘ﬂ}’r%l%,ct% LIRAY e foé?n%n%gga?t hod

of claim 12, erern formng the conducti er ‘conpri ses

inlaid %E&Hﬁbhé&@aﬁ%f@&oxﬂi&c{%@?%rﬂﬂnag DLRECHANES] w&ngzlrwimﬁ i I{lhgi@i%ha top

of the first interconnect |ine and positing the neta ere

i Nt er cornypefilng MirRirgdondadive anaved - 134Qepi@senfing alBhteROnMdct Ghaiafd 18 ovidper ei n
formng the via conprises depositing a |iner |ayer containing a netal

sel ect edhé tinendantsegl haye, anhthen forndngh canduetiat layat 1 35/011@ iateRioaki&k liak | oy on
a wall of the second opening and depositing a conductive materi al
cont &i niafgl3doppash ofthebe striates inmyebe ftfned Assireviotdly elesitpd,i & by othkd a
first interconnect line; a conductive |ayer formed over the first
i nt er corie@dwiques that arehweld dneown tin yhe myiwmf\;om arovessingantse & PVIhatocess isel ect ed
fromthe group, consisting of cobalt and nickel; .
used to deposit liner and seed layer 132, an electroless deposition process, such as
previously described, may be used to make PVD liner/seed continuous in a high aspect

ratio structure.

10 III. Interconnect Structure Containing Conductive Electrolessly Deposited Etch Stop For
Unlanded Via Containing Conductive Electrolessly Deposited Via Plug

[0063] Figures 13-14 show cross-sectional views of substrates representing different
stages of a method for fabricating an interconnect structure containing a conductive
electrolessly deposited via plug 138, in accordance with one embodiment of the present

15 invention.

[0064] Figure 13 shows a cross-sectional view of a portion of an integrated circuit
substrate after forming a via 138 by electrolessly depositing a cobalt or nickel material on
a bottom portion of an opening 140 to accommodate an unlanded via and an interconnect
line. The material is selectively deposited on exposed active surfaces of the layer 114, the
20  liner 108, and any exposed portions of the interconnect line 112. The via may be grown
from these active surfaces to fill the opening. Deposition may be stopped when the
desired via plug size has been obtained. The use of such electrolessly deposited via plugs
may be desired for narrow, high aspect ratio openings, such as those having a width that is
between about 0.05-0.075 micrometers (a micrometer is 1/1,000,000 of a meter), since the

25  celectroless deposition process is able to deposit material uniformly within such spaces.
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a via fornmed over the conductive layer; and a second interconnect line
POeHEET over the via. 20 22. The structure of claim 21, wherein the
conductive |l ayer conprises an electrolessly deposited netal forned on the
first interconnect |ine. 27 P13278PCT 23. The structure of claim 21,
wherein the conductive | ayer conprises an etch stop layer to stop an etch
for formng an opening to accomodate the via. 24. The structure of claim
21 wherngadsy e 4SS bt 8T : orial [ C rs ein the
ot al U] ERe TSRt £ GORNEEoral Yent WP eGP iR OB 2L

.cobal t  g|h@Mtc?B6ntRinitigt & emufipldYeve? AntefddBnsd ' #Ricti& c%taﬁiiﬁ%' R énduthieL €i n the
all oy conprises at |l east 1 atom of boron and at | east 1 atom of phosphorous

per 100 epdcabRssdy dégiited Viayplugéontabhing atdobslt UF GicRé] mBatadidn) AlaccovassRiwitk he via
contains an el ectrol essly deposited netal 10 bel ow t he conductive | ayer and

adj acentont ébbiintnt oNiterpreseieiiventione . The/intetbuhnsétrsattuteemay belcaéated?By
wherein the via conprises a via plug that contains a netal that is sel ected
f r omdt hdommiog p linenkyet 142gnodxpasecigivatiénsalfltisy/ rearathing opened 144 ofdyigurzd3, The
structure of claim21: wherein the via conprises a liner layer formed on a
wal | of ferming|ascint¢reonngeteding| 14850nHthe liner rleyard<and ha foimaing aand comductiver t he
liner |layer contains a netal that is selected fromthe group consisting of
a cobal rclegirplssslydeposited laker 14g1ongle impayconnget liney Faeh pbthgse trugtusgsomay ber ei n
the conductive layer js.inlaid in the first interconnect |jne. 20 30. The
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the structure,and contai ni ng a sem conduct or substrate that has circuit
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10 [0066] It is an aspect of one embodiment of the structure shown in Figure 14 that a
composition of the plug 138 be different than a composition of the liner 142. For example,
in the case of an alloy containing boron and phosphorous, the boron and phosphorous may
enhance the diffusion barrier of a material, which may be useful for a liner layer, while at
the same time increasing slightly the electrical resistance, which may not be desired for a

15 via. Accordingly, the plug may have a lesser total concentration of boron and
phosphorous relative to the liner layer. In one particular instance, the plug 138 may
contain <10at% phosphorous and <5at% boron and the liner layer 142 may have >10at%

phosphorous and >5at% boron.

IV. Interconnect Structure Containing Conductive Electrolessly Deposited Etch Stop For

20  Unlanded Via Containing Conductive Electrolessly Deposited Liners

[0067] Figures 15-16 show cross-sectional views of substrates representing different
stages of a method for forming a conductive electrolessly deposited liner layer 150
between conductive interconnect materials 152 and dielectric materials 104, 116 in

accordance with one embodiment of the present invention.

25 [0068] Figure 15 shows a cross-sectional view of a portion of an integrated circuit

substrate after forming a liner layer 150 on exposed surfaces of an opening 148 to
19



formed therein, the conponents electrically connected with the interconnect
RI2788¢Ure to receive electrical signals fromthe interconnect structure.

31. The integrated circuit of claim30, further conprising a conputer
system containing the integrated circuit, a bus electrically coupled with
the integrated circuit, and a nenory electrically coupled with the bus,
wherein the conputer systemis operable to receive data fromthe nenory and

comuni galoghrhdtRtdat @nlhtelRea At REGEsHMEATIIIR! Pk b6 riniiOthghinehtaybtishe 32. An
integrated circuit conprising: a sem conductor substrate; and 10 a

mul ti -1 exgdsed BlughceOdTaRé didldcuid Wiyersf I4nedll OMemayhiee seivardnidy cletroksdbst r at e,
the multi-Ilevel interconnect structure conprising: a first interconnect

| i ne codppdsitiong Thixpmey inchude asitig MDY & depysit a thin ieer ofiart wive imes4l suckt @& connect
| ine, the conductive |layer containing an el ectrol essly deposited netal that
i s sel ecopebr,foobatt,t drenidieel.gbispmay be ifelicwagl byf elacteadéns| depeditiany ohagobalhprkel
alloy; a via fornmed over the conductive |ayer; and _a second i nterconnect

| i ne>f omiekel aNeyr onthe \Activatgh surfagss.i ninegpa Padicelar embodigreng | ofj the resefther ei n

the via conprises an electroless|ly deposited netal that is selected from
t he gr oifyeBtions jaboytiagnenolayes abeabaltas srijtered pr hegerally evapprass QYo thesentisg, o

o el e B oL D ]St GO S0chs SHEP Y Shr AT,
ComUt o e R BT TR i e A B e o
deposition methods, the electrolessly deposited liner layer may have more conformal and

10  uniform coverage of the exposed surfaces. This may be particularly true in high aspect
ratio openings and may make the use of electroless deposition desirable for such
structures. The present inventors have found that a thin liner layer of cobalt-boron-
phosphorous alloy having a thickness of less than about 10 nanometers may provide an

effective barrier to electromigration of copper due to for instance current flow. However,

15  thin layers are not required.

[0069] Figure 16 shows a cross-sectional view of a portion of an integrated circuit
substrate after filling the opening 148 of Figure 15 with conductive interconnect materials
152, representing a via and an interconnect line, on the liner layer 150, and after forming a
conductive electrolessly deposited metal layer 154 over the top surface of the conductive
20  interconnect materials 152. According to one embodiment of the present invention, a
copper material may be deposited on the liner layer by using an electroless or
electroplating process. As desired, the surface of the liner layer may be cleaned or pre-
wet, prior to depositing conductive interconnect materials, with an aqueous solution
containing a suitable surfactant. The conductive layer 154 may be formed as previously
25  described, and it should be noted that the layer may form on the liner layer 150 in addition

to on the conductive interconnect material 152.

20
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() [post-plananzatlon cleaning operation by including sufficient amounts of copper etching

agents in the cleanser (more than would be used if recessing the interconnect line was not
desired). Suitable etching agents include acids such as sulfuric acid, ammonium

hydroxide, and others.

[0072] Figure 18 shows a cross-sectional view of a portion of an integrated circuit
20  substrate after forming an inlaid conductive electrolessly deposited layer over the
interconnect line 156 of Figure 17. A planar surface may be created by selective
electroless deposition until the planar surface is achieved, or a CMP planarization may be

performed after the deposition.

VI. Use in Computer Systems
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as they are generally understood in the field. These integrated circuits may contain circuit
components to that are electrically coupled with the interconnect structure to receive

5 signals from the interconnect structure. One exemplary integrated circuit is a

microprocessor.

[0074] Integrated circuits containing the interconnect structures disclosed herein may be
incorporated in various forms electrical systems including computer systems (e.g.,
portable, laptop, desktop, server, mainframe, etc.). Figure 19 shows an exemplary
10  computer system 170 that includes a microprocessor 172 containing a semiconductor
substrate 174 having microprocessor logic components formed therein and an interconnect
structure 173, in accordance with an embodiment of the present invention, to provide
electrical signals to the components. The logic components executes instructions based on
signals received through the interconnect structure. The computer system may contain
15  other conventional components electrically connected with one another including but not
limited to a bus 176 to communicate data, a main memory 178, a read only memory 180,
and a mass storage device 182 to store data, a display device 184 to display data, a
keyboard 186 to enter data, a cursor control device 188 to enter data, and a communication
device 190 to link to other electrical systems. In one instance the microprocessor receives
20 data from a memory through the bus and communicates a representation of the data to

logic components in the semiconductor substrate through the interconnect structure.

[0075] Thus, novel interconnect structures and methods for fabricating the interconnect
structures have been disclosed. While the invention has been described in terms of several
embodiments, those skilled in the art will recognize that the invention is not limited to the
25 embodiments described, but can be practiced with modification and alteration within the
spirit and scope of the appended claims. The description is thus to be regarded as

illustrative instead of limiting.
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| forming a conductive layer containing a metal over a first interconnect line within

5 a first dielectric layer by depositing the metal over the first interconnect line

through a redox chemical reaction;

forming a second dielectric layer over the first dielectric layer and over the

conductive layer;

forming an opening in the second dielectric layer over the first interconnect line by
10 removing material from the second dielectric layer selectively relative to removal

of metal from the conductive layer; and

forming a via over the conductive layer by adding a conductive material into the

opening.

2. The method of claim 1, wherein removing material from the second dielectric layer
15 selectively relative to removal of metal from the conductive layer comprises using
the conductive layer as an etch stop layer for etching dielectric material over the

first interconnect line.

3. The method of claim 1, wherein forming the second dielectric layer comprises
depositing dielectric material directly on the first dielectric layer and directly on

20 the conductive layer.

4. The method of claim 1, wherein forming the conductive layer by depositing the
metal over the first interconnect line through the reaction comprises electrolessly

depositing the metal through a reaction between a compound containing a metal
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nickel containing compound, a reducing agent, and a copper atom of the first

interconnect line,
5. The method of claim 4:

5 wherein the compound containing the metal comprises a compound that is selected

from the group consisting of a complex of cobalt and a complex of nickel; and

wherein the reducing agent comprises a reducing agent that is selected from the
group consisting of a reducing agent containing boron and a reducing agent

containing phosphorous.

10 6. The method of claim 1, further comprising cleaning an exposed surface of the first
interconnect line prior to forming the conductive layer with a cleaner that contains
an etching agent to etch the conductive interconnect material and that contains a

reducing agent to reduce the conductive interconnect material.

7. The method of claim 1, wherein forming the via comprises electrolessly depositing
15 a metal containing an atom that is selected from the group consisting of a cobalt

atom and a nickel atom into the opening.
8. The method of claim 1:

wherein forming the opening comprises forming a first opening portion that is over
the conductive layer and a second opening portion that is adjacent the first

20 interconnect line below the conductive layer; and

wherein forming the via comprises adding the conductive material into the first

opening portion and into the second opening portion.
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D/ " $10%| x| &lekdroléssly depositing a metal selected from the group consisting of a cobalt alloy
and a nickel alloy into the first opening portion and into the second opening

portion.

5 10.  The method of claim 1, wherein forming the via comprises forming a liner layer on
a sidewall of the opening by depositing a metal that is selected from the group
consisting of a cobalt alloy and a nickel alloy on a dielectric material of the
sidewall and filling the lined opening with a conductive material containing

copper.

10 11.  The method of claim 1, wherein forming the conductive layer comprises forming
an inlaid conductive layer by removing material from a top of the first interconnect

line and depositing the metal where the interconnect line material was removed.
12. A method comprising:
forming a first dielectric layer over a substrate;

15 forming a first interconnect line within the layer by forming a first opening in the

layer and adding a conductive material to fill the opening;

forming a conductive layer by depositing a metal on the first interconnect line

through a redox chemical reaction;

forming a second dielectric layer on the first dielectric layer and on the conductive

20 layer;

forming a second opening in the second dielectric layer over the first interconnect
line by etching second dielectric layer material over the first interconnect line and

by using the conductive layer as an etch stop layer;
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wherein forming the first interconnect line comprises depositing copper; and

wherein forming the conductive layer comprises electrolessly depositing the metal
through a redox chemical reaction between a compound containing a metal that is
selected from the group consisting of cobalt and nickel, a reducing agent, and an

10 active copper atom of the first interconnect line.

14.  The method of claim 12, further comprising cleaning an exposed surface of the
first interconnect line, prior to forming the conductive layer, with a cleanser that
contains an etching agent to etch the first interconnect line and a reducing agent to

reduce the conductive material of the first interconnect line.

15 15.  The method of claim 12, wherein forming the via comprises electrolessly
depositing a metal selected from the group consisting of a cobalt alloy and a nickel

alloy into the second opening.
16. The method of claim 12,

wherein forming the second opening comprises forming an over etch region in the
20 first dielectric layer adjacent the first interconnect line and under the conductive

layer; and

wherein forming the via comprises depositing conductive material into the over

etch region of the second opening.
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alloy into the over etch region.
19.  The method of claim 12, wherein forming the conductive layer comprises forming
an inlaid conductive layer by removing interconnect line material from a top of the
first interconnect line and depositing the metal where the interconnect material was

removed.

10 20.  The method of claim 12, wherein forming the via comprises depositing a liner
layer containing a metal selected from the group consisting of a cobalt alloy and a
nickel alloy on a wall of the second opening and depositing a conductive material

containing copper on the liner layer.
21. A structure comprising:
15 a first interconnect line;

a conductive layer formed over the first interconnect line, the conductive layer

containing a metal that is selected from the group consisting of cobalt and nickel;
a via formed over the conductive layer; and
a second interconnect line formed over the via.

20 22.  The structure of claim 21, wherein the conductive layer comprises an electrolessly

deposited metal formed on the first interconnect line.
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5 wherein the metal comprises an alloy that is selected from the group consisting of a

cobalt alloy and a nickel alloy.

25.  The structure of claim 24, wherein the alloy comprises at least 1 atom of boron and

at least 1 atom of phosphorous per 100 atoms of the alloy.

26.  The structure of claim 21, wherein the via contains an electrolessly deposited metal

10 below the conductive layer and adjacent the first interconnect line.

217. The structure of claim 21, wherein the via comprises a via plug that contains a

metal that is selected from the group consisting of a cobalt alloy and a nickel alloy.

28. The structure of claim 21;

wherein the via comprises a liner layer formed on a wall of a dielectric material

15 that surrounds the via; and

wherein the liner layer contains a metal that is selected from the group consisting

of a cobalt alloy and a nickel alloy.

29. The structure of claim 21, wherein the conductive layer is inlaid in the first

interconnect line.

20  30.  The structure of claim 21, further comprising an integrated circuit containing the

structure and containing a semiconductor substrate that has circuit components
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31.  The integrated circuit of claim 30, further comprising a computer system
containing the integrated circuit, a bus electrically coupled with the integrated
5 circuit, and a memory electrically coupled with the bus, wherein the computer

system is operable to receive data from the memory and communicate the data to

the interconnect structure through the bus.
32.  Anintegrated circuit comprising:
a semiconductor substrate; and

10 a multi-level interconnect structure formed over the semiconductor substrate, the

multi-level interconnect structure comprising:
a first interconnect line comprising copper;

a conductive layer formed on the first interconnect line, the conductive
layer containing an electrolessly deposited metal that is selected from the

15 group consisting of a cobalt alloy and a nickel alloy;
a via formed over the conductive layer; and
a second interconnect line formed over the via.

33.  The integrated circuit of claim 32, wherein the via comprises an electrolessly
deposited metal that is selected from the group consisting of a cobalt alloy and a

20 nickel alloy.

34.  The integrated circuit of claim 33, further comprising a computer system

containing the integrated circuit to receive data from a memory of the computer
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