METHODS FOR FABRI CATI NG | NTEGRATED Cl RCUI TS W TH RUTHENI UM LI NED COPPER
TECHNI CAL FI ELD 10001.] The present disclosure generally relates to

nmet hods for fabricating integrated circuits, and nore particularly rel ates
to methods for fabricating integrated circuits with rutheniumlined copper
i nterconnect structures. BACKGROUND [ 0002] Conductive netal interconnect
structures are forned to electrically connect source/drain regions and

conducg,i e n, | rated circuit. The interconnect structures
oo copeRER TR A BREA TBYL IS R FBD & atd i i a Ral anes oL Inder | a
| ayer to forma trench therein, depggipiipng a liner/barrier |ayer, typically
a conbi nation of |ayers, such as of titanium (Ti), tantalum (Ta), ruthenium
(Ru), titaniumnitride (TiN), tantalumnitride (TaN), tungsten nitride
(WN), and/or cobalt (Co), to line the side surfaces and bottom of the
trench, and depositing a conductive material, such as tungsten (W or
copper (Cu), to fill the trenchg~fhe~linertbarrier |ayers are provided to
prevent diffusion of conducti VEE%?\@%A%Q%#‘% o the dielectric material |ayer
and to enhance adhesion of the conductive material to the walls of the
t r encf00010008} pHowewlsclodunegusenllgfrefatdshe miaimadsi foefabrivati iaRpRe: danitkead to
formation of ra._.(g?rl. anﬁc cell, <|§{§ di ng .t 0. copper corrosion and active copper
i ons. FHECEIBREFTBRE ale o mghetsdoblrBrca g 1nisaredstivop e withgpthemamtingdr s ¢ o
t he diglpeetldréoriBl@iiudluresl €ading to tine dependent dielectric breakdown
(TDDB). Therefore, inproved nethods for fabricating integrated circuits
with rutheniumlined copper interconnect structures are desired.
Specifically, such nmethods are desired to prevent formation of gal vanic
cells, copper corrosion, and copper ion mgration into dielectric material.
[ 0004] Accordingly, it is desi r%l}gcq é}ﬁogﬁx?di de nethods for fabricating
integrated circuits with rutheni um$| ned copper interconnect structures. In
addition, it is desirable to provide nethods for fabricating integrated
ci r cui0p82whCohdaviet d neeyipériciconneosi arucanes cant &nnedt itoncleétidilel eginhiba
material w th copper. Furthernore, other desirable features and
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orm a trench therein, depositing a liner/barrier layer, typically a combination of layers, such as

of titanium (Ti), tantalum (Ta), ruthenium (Ru), titanium nitride (TiN), tantalum nitride (TaN),
tungsten nitride (WN), and/or cobalt (Co), to line the side surfaces and bottom of the trench,
and depositing a conductive material, such as tungsten (W) or copper (Cu), to fill the trench.
The liner/barrier layers are provided to prevent diffusion of conductive material into the
dielectric material Jayer and to enhance adhesion of the conductive material 1o the walls of the

trench.

[0003] However, the use of ruthenium liners with copper can lead to formation of a galvanic
cell, leading to copper corrosion and active copper ions. The copper ions may migrate over the
upper surfaces of the liners to the dielectric material, leading to time dependent dielectric
breakdown (TDDB). Thercfore, improved methods for fabricating integrated circuits with
ruthenium-lined copper interconnect structures are desired. Specifically, such methods are
desired to prevent formation of galvanic cells, copper corrosion, and copper ion migration into

dielectric material.



BRI EF SUMVARY [ 0005] Methods for fabricating integrated circuits are

provi ded. In accordance with one enbodi nent, a nethod for fabricating an
integrated circuit includes depositing a dielectric |layer defining a plane.
In the nmethod, the dielectric layer is etched to formtrenches. Then, a
rutheniumcontaining liner layer is deposited overlying the dielectric

| ayer. The trenches are filled with copper-containing netal. The nethod

i ncl udes recessing the copper-containing netal in each trench to forma
space between the copper-containing netal and the plane. The space is
filled wth a capping |ayer. The layers are then planarized to at |east the
pl anef0oDPPO0Blccomimatingrdesirdde i Bialide ndBI R f0FicdARiheakdia0ciAMk M@or at ed
circuit includes providing a partially fabricated integrated circuit
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planar|2|ng { he ﬁartlall y fabricated integrated circuit to renove the
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[ 0007] in accordance h an I ment ricating
an integrated circuit, a netal |nterconnect structure includlng copper
bounded by a rutheniumliner and positioned in a dielectric |ayer is
formed. The copper is encapsul ated by depositing a capping | ayer over the

copper. Further, the method in de I i,zing a portion of the cappin
e et o LIS 08° hen?

| ayer, a portion of the diele and portions of the ruthenium
| i ner not adjacent the netal interconnect structure. BRI EF DESCRI PTI ON OF
THE OROUEINGSletli@e08} (Enbadigremtgraadl oetiiodse fppsvilabr iis aktngaidet @gh afned
circuits with rut Eﬁl nﬁglne copper interconnect structures wl|
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illustrate, in cross section, a portion an integrated circuit and net hod
st epst uflmnmﬁlabcrnn@latngrﬂglwdaymhegcmsedi overgung 1hend1alect01pday'ure ‘Wict thenched ays
errbodftl Tr%nwnh coppc1 comammg metal. The method includes recessing the copper-containing

metal in each trench to form a space between the copper-containing metal and the plane. The

space is filled with a capping layer. The layers are then planarized to at least the plane.

[0006] In another embodiment, a method for fabricating an integrated circuit includes
providing a partially fabricated integrated circuit including a dielectric layer formed with
trenches having openings, a ruthenium-containing liner layer overlying the dielectric layer, and
a copper-containing metal in the trenches. The method includes capping the copper-containing
metal with a capping layer. Also, the method includes planarizing the partially fabricated
integrated circuit to remove the ruthenium-containing liner layer between trenches, a portion of

the dielectric layer between trenches and a portion of the capping layer.

[0007] In accordance with another embodiment, in a method for fabricating an integrated
circuit, a metal interconnect structure including copper bounded by a ruthenium liner and
positioned in a dielectric layer is formed. The copper is encapsulated by depositing a capping

layer over the copper. Further, the method includes planarizing a portion of the capping layer, a



DETAI LED DESCRI PTI ON [ 0010] The follow ng detail ed description is nerely
exenplary in nature and is not intended to limt the nethods for
fabricating integrated circuits as clained herein. Furthernore, there is no
intention to be bound by any expressed or inplied theory presented in the
precedi ng technical field, background or brief sunmary, or in the follow ng
detail ed description. [0011] In accordance with the various enbodi nents
herein r fabrica |n integrated circuits with ruthenjumlined
CoppebertitE st dbi disticuts Rier i i el GROG! BEqSlrpRER Betiore sers Bed Tl o n
avol di@fredRducsubiuebl ens mnth conventional processes when utilizing copper

i nterconnect structures with rutheniumliners. Specifically, it has been
found that conventional processing |leads to the formation of a gal vanic
cell between the copper and the ruthenium During any planarization step
that sinultaneously plFaHEFIIZeCRING IQbpped Hiy DRAeMINGSand di el ectric
material, active copper ions can mgrate to the dielectric material,
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of cogpper imad(blﬁ}lcelCétfucﬁnBﬁﬁﬂI hakinafibtr b @escribfie iPE@§@RLioABNOES BNeYRBt any
copper-rutheniuminteraction during planarization of the ruthenium

Speci $PEHIA Neures avhsreat Bke NHBeTRASNole bS §lespFe AndwbHIE: r ut heni um | i ned
trenches and cap or otherw se encapsul ate the copper, such as with cobalt,
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titanium or dielectric rmaterial e rutheni dm may B anari zed.
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pl anari zed. The copper remai ns encapsul ated bel ow the capping nmaterial and
is not planarized with the ruthenium As a result, copper ion mgration,
and the resulting TDDB, is inhibited. Processing before and after the

nmet hod steps described herein may be vari ed dependi ng on the desired
integrated circuit structure @EdAEIPDESESIPTIow. [0013] FIGS. 1-7
illustrate steps in accordance with various embodi ments of nethods for

fabri i' n}% ateg circuits. Various, steps_ in the design and
conpo@ﬁ ‘}} IE‘T G ﬂ’t elatled fesetiptian igraergh) ‘PXCRW(WM in patuspand i nohentensledr est
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or will be omtted entirely out providing the we
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exenpl ary enbodi nent, the process of fabricating an integrated circuit 10
begi rao by prrp\élt&hﬂglc@ il erd NagoRt@hbimdds hdtety Rheé@bdd abF 116REIBA;
processes, the dielectric material 12 is deposited over transistor devices
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be used. Wiile the dielectric material 12 may be any appropriate materi al
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22 of the dlelectri?‘gﬁigrla 12. The etch process may include selective
oxi d&RBSKIPHE™'SY & Potlt 896 #4518 a reactive ion etch (R E), though any
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diffusion barrier liner 28 is forned over di électric materi a
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12.  recess copper within ruthenium-lined trenches and cap or otherwise encapsulate the copper,

such as with cobalt, manganese, cobalt-tungsten-phosphorus, tantalum, titanium, tantalum-
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[0016] The barrier liner 28 may be fornmed by any barrier material or
materials that exhibit sufficient adhesion to the dielectric material 12,
thermal stability, and ease of deposition. For exanple, barrier |iner 28
may be tantal um based or titanium based. In an exenpl ary enbodi nent, the
barrier liner is a tantalumtantalumnitride (Ta/TaN) bilayer stack. The
barrier liner layers may be deposited by atom c | ayer deposition (ALD),

hysi cal .vapor .deposition (PYD) such as radi of requenc RF) sputter.
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dependi ng on the technology and I ntegration schene. orm ng
t he dbélpusihorcabping ingerial ned 1980t jdanantzheé miitnthe omhahininngAs b nesuldQoprsr ion

deposi t.ed .over the partially-fabricated integrated circuit 10. As shown,
ho r DUREHE g oRE aRRling oy RaphRer e SRt Sp ot Rlfke aghedSa Sops™
por ti aaerived heRid Reyt Fensh@asdgRna@ing diiRr d&REE MiiBahieh AR uf Atrubiufe and?Qf L1 0NS
overlying the non-etched portions 22 of the dielectric material 12. [0018]
The r Xsessifiy-cont ai ni ng liner 40 may be forned of substantially pure

rut hegy rykheni lay(s).,..or. multi-layer |iners i.ncluding at |east one
| ayer modfigl)urlgésml ht mlﬁlﬁgtgrsqé%tlﬁearﬁc i ard g@%s‘ﬁa} a0 Billi)g?lm/cflyst %Q%eﬂmds T

r ut hefubuiz@onimegbig dilcngs. 40ahas aefshic KRessi@f aabeupdfititn (@ aRQkke#0 A
and is, deposited by CvD or PVD. 100191 In FIG 1, a copper-containing netal
50, sHEFHIRATSWSE ERMD &Pfl popitribe BbgsErol trevigepaay carvesieral sieps will only be

parti = fabrieatied,:i edl CLE G ] : i dis, et 2Q.. The
Copper ot PRl REh O B3 Bk SRk e S b PN BBV i ng
et al d8aild. sFurthen ipisaoaxi tzedntegach d@suly irchemiacalyingahabircdlcoplpanaid &at i on
(CWP) rto.tqe intertrench portions .44 of the rutheni umcontaining |iner 40.
As a PE5IReIC tIRYIEE: SROM aitniliy THetEoBD ey dreedepiessarityei Al tRaltipkenches
20, agorshensi n FIG 2. [0020] In FIG 3, the copper-containing netal 50 in
the trenches 20 is recessed to form spaces 60 between the copper-containing
met al [08@4bndn tHe Ipimpece®pliryembobetatcghe prveessop fanicetdug @i mlapgaiektiaduits0 and

the o LNgs, 62 to.the frenches 20 he co r-.containing metal .50 may be
r ecesg(gge%ys g%ﬁioé”b%%ﬁr(fl%{f(g”% RESTEY rlg ﬁﬂgﬁﬁ%ﬁé blf%‘t’“é?’c?ﬁ‘gﬁsﬁ% i aidfecliR

r ut hemittial 0D isalepbsi@dldveetakBiorl d@vRBs 68 BBhRLYIRIACRSSatd A€er front-end-of-
copper-containing netal 50 is etched by SC1 chem st ry.Sarrrmnl um hydr oxi de,
hydr o (Ig&rlekrgecssingdis gemplaied: e dsvidiowhn) thealitlocieia npsferdal t12i leasacc batfack i 4
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t he pdaposisibhyCVabr fhoagledny deegdadepdsidbn QrbdesslMapibeRlsl. 3yhildehCopRelx
material 12 may be any appropriatc material for insulating or isolating the transistors and back-
end-of-line (BEOL) interconnect structures, in an exemplary embodiment it is an ultra low-k
(ULK) dielectric material.
[0015] As shown, trenches 20 are etched or otherwise formed in the dielectric material 12,
leaving non-etched portions 22 of the dielectric material 12. The etch process may include
selective oxide masking steps following by a reactive ion etch (RIE), though any suitable
etching process can be used. After the trenches 20 are formed, a diffusion barrier liner 28 is
formed over the dielectric material 12. As shown, the diffusion barrier liner 28 includes trench
portions 30, i.c., portions lining the trenches 20, and intertrench portions 32, i.c., portions
overlying the non-etched portions 22 of the dieleciric material 12.
[0016] The barrier liner 28 may be formed by any barrier material or materials that exhibit

suflicient adhesion to the dielectric material 12, thermal stability, and ease of deposition. For
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containing nmetal 50 capped and encapsulated to be isolated fromthe
dielectric material 12. This process can be perforned via a selective
deposition, shown in FIGS. 4 and 5, or by a nonsel ective deposition
process, shown in FIGS. 6 and 7. [0022] In FIG 4, a capping material 70 is
sel ectively deposited on the copper-containing netal 50. Wiile the surface
72 of the capping material 70 is shown as being substantially even with the
rut heni um contajning |liner 40, the capping material 70 can be deposited to
a | owsFamRiGeParrigy cliiess2§ gnahedel tapgtlusibasesk opl Btasiumsbdsed nedn by dkeneletr i c
mat er | 2 a0 .exeml ar, . i .h i erial 20 jis.a

Cobal { e e R R b R PR RF et b e
exenpliagrylagerb odaybatdspodited yappinig layat depaitiofiO(ASDY, gihiysidalbyapor deposition

cobal st en- phasphor us WP) or by a nmanganese-contai ning netal, such
as su _;s‘f‘ﬁﬁf'ic |5155'&%BB%QWB%g!%’s%)ﬂﬂﬂ?hﬂj@‘.m%*ﬁ@l}éa Y Rylongitcing e eCoraesss Bew
sel eCElhd/@letﬁcgnglfdcfe?%@Bxc%ﬁ]ﬁa&%%ﬁ?err'iﬁl@f‘@@?ﬁﬁ Q%iﬁg&?g ()1%%09@’2(9/3&%?'&%\0(3 CvD

process, if ! Mh, or by a’selective electroless process, i
100234, flepepiliag 0B, thatephramogy @atinearapposdesic. such as CMP, has renoved the

inter h portions 32 of.the barrier.liner 28 and the intertrench .
portiBﬁ§9ﬁ4ﬁgﬁlﬂhgngﬁtﬁgnﬁﬂﬁFgﬁn %Pﬁﬁﬁ@eﬁﬁﬁeﬁ»HBE@#WB<ﬁPQHHP%2%¥iéﬂ Brocess
has aligesitenoved (hpperiSechbasdointtsclir QRGN POT t AQNSho3h, Ofhe tRicRARMI €r
liner 28, upper sections of the trench portions 42 of the

r ut hefRUHPEENtRgr ndthdndlidesr raghaporiens 43si-pompitems withinhidectappherg 20 aapdr 70
and, ool p | Zat| on_pr. extends past.the plan 6.9f the .

i ef el IEb IR AR O B R S B aRG BFSk oRidirart B 6Beissay as
a resubteriaf 12.he pl anari zation process, a netal interconnect structure 80 is

forme m%ihjg ph% trenches 20 in the dielectric material 12 and includes
the cOBpek - d8arEhaIRE-sraYapingdinepdqpanr ke darmesd ohaubstapiialhy prssyiethepomand t he

rut hepiiim e rhtl]_%w%?,n&: Huﬁ'@?}ay&o 'lin?éeingl%dﬁlgeatnﬁgﬁl 01ienfag&c§f‘]§ﬁf:et nﬁltln{%llﬂﬁﬁ upe 80,
copper ion actiVvity is inhrbited and copper cannot diffuse to the
di el esthaneinmatiey(s)al Typteallyhtie, ruthegiamsenainink dimar # ahd ®thigknesegbout 10 A

si mul t aneou r enoves copper d di,electric material, the dielectric
nateﬂpépoﬂgéJ%oﬁlBégﬂxgﬂﬁggéﬁﬁﬁgobﬁﬁﬁer during planari zation.

Coppepoon eyt hanirum gal v aBjperdohianliby h&a@%0l ded Q@%%&Qmﬁﬁl?f Em‘escé@e@qiléeous
environnent to create an el ectrochem cal cell after the Copper
encapdwositaddoysy thpeasgdpyiiabritadsde ntegandd bacausld afd éilsehe apsdieation Ty t he

c20P. ok Rl S0 b SGRREFR, FAE] 65 05,00, RLSEE L01 FOPRS | o
Wil Kenaeictd emeh ys 5Y oMédican@@hagichl Rand Q028G (AU, 16 tid ihktshddh 98 tRRs 44
enbodi nent in which the capping |ayer 70 is non-sel ectively deposited over
the pribedrihguipaneqréingg lingt dr abed requlie tha capevtorpiainganetthél ¢apysseay
mat er&‘fﬂz in"fle trenches 20, as shown in FIG, 2,
[0020]  In F1G. 3, the copper-containing metal 50 in the trenches 20 is recessed to form spaces
60 between the copper-containing metal 50 and the plane 16, i.e., between the copper-
containing metal 50 and the openings 62 to the trenches 20. The copper-containing metal 50
may be recessed by any appropriate chemistry that does not etch the ruthenium-containing liner
40. In an exemplary process, the copper-containing metal 50 is etched by SCI chemistry
(ammonium hydroxide, hydrogen peroxide, and de-ionized water) followed by citric acid. In
another exemplary process, the copper-containing metal 50 is etched by SCI chemistry
followed by diluted hydrofluoric acid.
[0021]  After formation of the partially-fabricated integrated circuit 10 of FIG. 3, the copper-

containing metal 50 capped and encapsulated 10 be isolated from the dielectric material 12.
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may be deposited on the copper-containing netal 50 by non-sel ective PVD. A
non-sel ectively deposited capping |layer 70 may be netal - based, such as
tantalum titaniumor tantalumtitaniumalloys. Alternatively, the

non-sel ectively deposited capping |layer 70 can be a dielectric materi al,
such as Nblok (SIiCNH). [0026] As a result of the non-selective deposition
of the capping 70, intertrench portions 86 of the capping |ayer 70 are

formaﬁl above the non- tch d. por%l ons 22 of the dielectric material 12.
There B‘rsé’lo‘teﬁ%caﬁ’l%%‘?‘ e §iF Hredediys depimsiass shave Indtles: Aepd . pobY rop’- 86 of

the capiRg dk %ﬁ50117}90@é39rb90wht11b1 1 d Plaes trench portions 32 of the barrier
liner 28, and the intertren portions 44 of the rutheni umcontaining |iner
40. TH@ZQI amardil@at encappiogessteails®) nsemiwcesfelyp@@rosmﬁbbm oins ca@fpet-enthinanc h
portions bar.ri |0 ner 28, L.ons o the trench portions
5" or TR 3t i P2k 2t 15 Priine welegal Fishggn ﬁ%[’?ii“éﬁ%b“&ﬁ““fﬂr’ﬂée‘é’é?ppl ng
| ayer wiifl thé rienibmentaiesing ingndo, @ &Bﬁng AN&NAI 2R LML PHGRSRST BXheRds past
the plane 16 of the dielectric materi ortions of the dielectric
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h of FIG 7
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Wi t hi eoBiahe(Cloi.e e heiser &Qemplamemdwhﬁaﬁts( e bz RhtcAa ?O"I@, foRakd B9 obie
copper - cont aj ni ng tal 50 encapsul ated by the cap Pré gb ayer 70 and the
12

r ut helyneeR: Bh@%eh?ﬁllﬁdcp“ﬁérm 470' a Asﬁnaamé%ﬁwa@fngt meta aj Aehstaadathepwre
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the dielectri bec |on pr oces
si mul ¢(mrtﬁexmuglxyctaleﬁ@)\bg% eejmp'me (é‘ﬁt) plioedsecifri'e off&\t{mr(blalby atshl@cﬂv@bleaﬁcﬁlbgs
mat er | al E g& been exposed to copper during planarization. [0027] As
descri B‘é‘?fs’d G9&P-t abri cation processes are inplemented to formint egrat ed
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metal interconnect fabrication processes to copper corros
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i ssu avoi.de ces and, ca the copper metal | ers W t hin
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rut heni umcontaining liner are planarized. As a result, copper corrosion

due t&cleapprtiopuelbhcaigalayeni taidne heqlimanzaton mhidsh pedndsaprst opae i ons
are PleYant didLRmakalabl Beas . ﬁeo Rl phptertal . Purther, he

dielectric I's no con uring planari zation. [0028] To
bri ef[0924unmara 1259.;11 bhehef ]ﬂb)lliauzaﬁdnopldﬁeﬁsh@dﬁel@ﬂeiﬁﬁﬁ ¢dmaecthefieiufe BeSYdrnieh

inte ted circ with inproved copper interconnect perfornmance and
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that a vast nuriber o ri‘ati ons exi st be "apprecria t hat
the exenphacy sembiod ﬁéntomi emnbaclumemcs;lﬂidsmdlMdcdmmebamna[ giffige donthended

to |i ]t the R ‘FE iicability, or, conflgurau @of t he cl ai ned subject
mat t “f‘r’r“&ﬁ&/ﬁ%g RAY lerbcc‘jt”ﬁ"énf’ ‘Bﬁb‘l’ Wbondlé‘ 55F @ 8%16‘1’4 }“(EIFPW I°PPRS¥ ovi de
t hosengkilel@did mdibi aitie Widibere Qﬁﬂl\éﬁﬂ' %Qé 1fo@al%eﬂa rﬁ Q4 'i{)rpé ptduﬂg(rt he

descri bed enbodi nent or enbodi nents. It shoul erstoo hat vafri ous
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appl ilggd] ol becthsblaifer Whabsulstion B tRLapfing layer there is no free copper surface and

no place for copper ions to go even if copper is oxidized to copper ions. As a result, the

kinetics will be extremely slow or negligible.

[0025] FIG. 6 illustrates an embodiment in which the capping layer 70 is non-selectively

deposited over the partially-fabricated integrated circuit 10 of FIG. 3. The capping material 70
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1. A nethod for fabricating an integrated circuit conprising: depositing a
dielectric layer defining a plane; etching the dielectric layer to form
trenches; depositing a rutheniumcontaining liner |ayer overlying the

dielectric layer; filling the trenches wi th copper-containing netal;
recessing the copper-containing metal in each trench to forma space

bet ween the copper-containing netal and the plane; filling the space with a
capping |l ayer; .and planarizing the layers to at |east the plane. 2.

The nEEHAY potiiedion the raprcrrepniepmsr ngiahd0 B pesiselesivea Bar A spn-belgasively

o R St B, AR I ST

a bar slless. | ayernadivelyl yhargon-selectively deposited capping layer 70 can be a dielectric
material, such as Nblok (SiCNH).
[0026] As aresult of the non-selective deposition of the capping 70, intertrench portions 86 of
the capping layer 70 are formed above the non-ctched portions 22 of the dielectric material 12.
Therefore, the planarization process removes the intertrench portions 86 of the capping layer 70
along with the intertrench portions 32 of the barrier liner 28, and the intertrench portions 44 of
the ruthenium-containing liner 40. The planarization process also removes upper sections of
the trench portions 30 of the barrier liner 28, upper sections of the trench portions 42 of the
ruthenium-containing liner 40 as well as portions of the capping layer 70 in the trenches 20 and,
as the planarization process extends past the plane 16 of the dielectric material 12, portions of
the dielectric material 12. The resulting partially-fabricated integrated circuit 10 is shown in
FI1G. 7. As shown, the metal interconnect structure 80 of FIG. 7 is identical to that of FI(G. 5.
The metal interconnect structure 80 is formed within the trenches 20 in the dielectric material
12 and includes the copper-containing metal 50 encapsulated by the capping layer 70 and the
ruthenium-containing liner 40. As a result of the metal interconnect structure 80, copper ion
activity is inhibited and copper cannot diffuse to the diclectric material. Further, because no
planarization process simultancously removes copper and dielectric material, the dielectric
material has not been exposed to copper during planarization.
[0027]  As described above, fabrication processes are implemented to form integrated circuits
with ruthenjium-lined copper interconnect structures.  Conventional metal interconnect
fabrication processes lead to copper corrosion and TDDB when used with copper interconnect
structures lined with ruthenium. These issues are avoided by recessing and capping the copper
metal layers within dielectric trenches before planarization.  Specifically, the copper is
encapsulated and is not contacted when the dielectric material and ruthenium-containing liner
are planarized. As a result, copper corrosion due to copper-ruthenium galvanic inferaction is
inhibited, and copper ions are prevented from migrating to the dielectric material. Further, the
dielectric 1s not contaminated with copper during planarization.
[0028] To briefly summarize, the fabrication methods described herein result in integrated

circuits with improved copper interconnect performance and improved TDDB resistance.



the dielectric | ayer before depositing the rutheniumcontaining |liner

| ayer, wherein the barrier |ayer conprises tantalumand tantalumnitride.
4. The method of claiml wherein filling the space with a capping | ayer
conprises selectively depositing a capping | ayer selected fromcobalt,
manganese, and cobal t-tungstenphosphorus onto the copper-containing netal.
5. The nethod of claim4 wherein selectively depositing the capping | ayer
on the copper-containing netal conprises selectively depositing cobalt or
mangaNedle ahienst wae cogperare cmbadinen hast htenbyprestided dal thy dpmgothepdehifddon.

6. Th 104 . L ai.r \ i.n.se tively depositing the cappi | ayer
Cr nSeERR OATTfoDER el ALY EApRBLM 08t R RARE'AA L
cobal tprecigsd elnx phoswphgias catodinidig o eppedmeont @sting Rtialrdyoghesdddol ess
deposi ti.on. 7. . The method of claim1l wherein filling the space with
a capl HEY dyetcorompplicbilitiont sefepriinel 9 tepdymer mybaccmpfenn mayaey.

sel ec e kantal sm i f.ani W ant.al:-umt oLt ani and. di-el LG
et
copperoadomiapi fir ngnptemeatiing the desdibeThanbetimon of anbtaidiméntwhelekiodld [de ng

the trenches w th copper-containin tal conprises depositing.the
coppe.PlECEc e m%%@ﬁlweﬁ Fh ﬁ@ Iqi‘F@E }r“ulhﬁef.r’?n‘ggfﬁ”c@"rﬂ airshasgent ﬁéﬁl‘j“é’y@r , and
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metal to the rutheniumcontaining liner |ayer before recessing the
Coppefm‘@sgmbécp pauiyplends aff the Ameted (iing lok eatent application.



CLAIMS

1 A method for fabricating an integrated circuit comprising:

depositing a dielectric layer having an upper surface defining a plane;

etching the dielectric layer to form trenches defined by trench surfaces;

depositing a ruthenium-containing liner layer overlying the dielectric layer;

filling the trenches with copper-containing metal;

recessing the copper-containing metal in each trench to form a space between
the copper-containing metal and the plane while the ruthenium-containing liner layer covers
the upper surface of the dielectric layer adjacent each trench;

filling the space with a capping layer; and

planarizing the layers to at least the plane.

2. The method of claim 1 further comprising depositing a barrier layer overlying
the trench surfaces of the dielectric layer and directly on the upper surface of the dielectric
layer before depositing the ruthenium-containing liner layer.

3. The method of claim 1 further comprising depositing a barrier layer overlying
the trench surfaces of the dielectric layer and directly on the upper surface of the dielectric
layer before depositing the ruthenium-containing liner layer, wherein the barrier layer

comprises tantalum and tantalum nitride.

4, The method of clam 1 wherein filling the space with a capping layer
comprises selectively depositing a capping layer selected from cobalt, manganese, and

cobalt-tungsten-phosphorus onto the copper-containing metal.

5. The method of claim 4 wherein selectively depositing the capping layer on the
copper-containing metal comprises selectively depositing cobalt or manganese onto the

copper-containing metal by chemical vapor deposition.

6. The method of claim 4 wherein selectively depositing the capping layer on the
copper-containing metal comprises depositing cobalt-tungsten-phosphorus onto the copper-

containing metal by electroless deposition.



7. The method of clam 1 wherein filling the space with a capping layer
comprises non-selectively depositing a capping layer selected from tantalum, titanium,
tantalum-titanium, and dielectric material overlying the ruthenium-containing liner layer and

the copper-containing metal.

8. The method of clam 1 wherein filling the trenches with copper-containing
metal comprises depositing the copper-containing metal overlying the ruthenium-containing
liner layer, and wherein the method further comprises planarizing the copper-containing
metal to the ruthenium-containing liner layer before recessing the copper-containing meta in

the trenches.

0. The method of claim 1 wherein depositing a ruthenium-containing liner layer
overlying the dielectric layer comprises forming trench portions of the ruthenium-containing
liner overlying the trench surfaces of the dielectric layer and a trench adjacent portions of the
ruthenium-containing liner overlying the upper surface of the dielectric layer; and wherein
filling the trenches with copper-containing metal comprises depositing the copper-containing
metal overlying the trench portions and the trench adjacent portions of the ruthenium-

containing liner.

10. A method for fabricating an integrated circuit comprising:
providing a partially fabricated integrated circuit including a dielectric layer
formed with trenches having openings, a ruthenium-containing liner layer overlying the
dielectric layer, and a copper-containing metal in the trenches;
capping the copper-containing metal with a capping layer; and
planarizing the partially fabricated integrated circuit to remove the ruthenium-
containing liner layer between trenches, a portion of the dielectric layer between trenches,

and a portion of the capping layer.
11.  The method of claim 10 wherein providing a partially fabricated integrated

circuit comprises providing the dielectric layer with an upper surface between the openings,
and wherein the method further comprises covering the upper surface of the dielectric layer
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between the openings with the ruthenium-containing liner while capping the copper-

containing metal with a capping layer.

12.  The method of claim 10 wherein capping the copper-containing metal with a
capping layer comprises non-selectively depositing a capping layer selected from tantalum,
titanium, tantalum-titanium, and dielectric material onto the copper-containing metal in the

trenches and overlying the ruthenium-containing liner layer.

13.  The method of claim 10 wherein capping the copper-containing metal with a
capping layer comprises:
recessing the copper-containing metal to form a space between the copper-
containing metal and the opening of each trench; and

filling the space with the capping layer.

14. The method of clam 10 wherein providing a partialy fabricated integrated
circuit comprises providing a partially fabricated integrated circuit including a dielectric layer
formed with trenches having openings and an upper surface between the openings, and a
barrier layer between the dielectric layer and the ruthenium-containing liner layer, wherein

the barrier layer is formed directly on the upper surface of the dielectric layer.

15.  The method of claim 10 wherein providing a partially fabricated integrated
circuit comprises providing a partially fabricated integrated circuit including a dielectric layer
formed with trenches having openings and an upper surface between the openings, and a
barrier layer comprised of tantalum and tantalum nitride between the dielectric layer and the
ruthenium-containing liner layer, wherein the barrier layer is formed directly on the upper

surface of the dielectric layer.

16. The method of clam 10 wherein providing a partialy fabricated integrated
circuit comprises depositing the capping metal overlying the ruthenium-containing liner layer

and planarizing the capping metal to the ruthenium-containing liner layer.

17. The method of claim 16 wherein capping the copper-containing metal with a

capping layer comprises:
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etching the copper-containing metal with ammonium hydroxide, hydrogen
peroxide, and deionized water followed by citric acid or diluted hydrofluoric acid to form a
space between the copper-containing metal and the opening of each trench; and

filling the space with the capping layer.

18. A method for fabricating an integrated circuit comprising:
forming a metal interconnect structure including copper bounded by a
ruthenium liner and positioned in a dielectric layer;
encapsul ating the copper by depositing a capping layer over the copper; and
planarizing a portion of the capping layer, a portion of the dielectric material,

and portions of the ruthenium liner outside the metal interconnect structure.

19. The method of claim 18 wherein the dielectric layer has an upper surface
adjacent the metal interconnect structure, and wherein forming a metal interconnect structure
comprises forming a barrier liner between the ruthenium liner and the dielectric layer,
wherein a portion of the barrier liner is formed on the upper surface of the dielectric layer.

20.  The method of claim 18 wherein the dielectric layer has an upper surface
adjacent the metal interconnect structure, and further comprising covering the upper surface
of the dielectric layer with the portions of the ruthenium-containing liner outside the metal
interconnect structure while encapsulating the copper by depositing a capping layer over the

copper.

21.  Anintegrated circuit fabricated in accordance with any one of the preceding

claims.
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