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BACKGROUND OF THE INVENTION

Field of the Invention

[02]  The present invention relates generally to the field of semiconductor devices and more

particularly to Back-End of Line (BEoL) interconnect structures and methods for their

fabrication.

Description of the Prior Art

[03]  Increased semiconductor device performance can be achieved, at least in part, through the
further miniaturization of features such as transistors. Decreased feature sizes, and decreased
spacings between features, allow more features to be placed in a unit area for greater device
performance. Back-End of Line (BEoL) interconnect structures include conductive lines that
connect to the features. As feature densities increase, the widths of the conductive lines, and the
spacings between the conductive lines also need to scale smaller.

[04] One problem that is encountered as the conductive lines within BEoL interconnect
structures are made more narrow pertains to the positioning of vias relative to those conductive

lines. Ideally, each via “lands” on a conductive line. However, if vias and conductive lines are



[02] The present invention relates generally to the field of sem conductor
devices and nore particularly to Back-End of Line (BEoL) interconnect
structures and nmethods for their fabrication. Description of the Prior Art
[ 03] I ncreased sem conduct or devi ce performance can be achieved, at least in
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partially on the dielectric material, although an e?eE:tIri\cl:aﬁ connection’is m

conductive line and the via, copper can deleteriously diffuse from the via into the dielectric
material. Additionally, the reduced area of the electrical connection becomes an area of higher
current density which accelerates void formation in the via and can lead to failures and reduced
yields. Accordingly, as the conductive lines 'are made more narrow, landing vias on the
conductive lines requires greater alignment precision.

[65] Also, as conductive lines within BEoL interconnect structures are made more narrow, the
overall dielectric constant of the interconnect structure needs to be reduced. The overall
dielectric constant is an average, however, over the many dielectric layers in the interconnect
structure. Some of these dielectric layers, though thin, are characterized by undesirably large
dielectric constants that raise the overall dielectric constant.

[06f What is desired, therefore, are methods for aligning vias with more narrow conductive
lines in BEoL interconnect structures, and BEoL in;erconnect structures characterized by lower

overall dielectric constants, increased yields, and greater reliability.



| ines. Ideally, each via "lands" on a conductive |ine. However, if vias and
conductive lines are sufficiently msaligned, vias will land on the
dielectric material between the conductive lines and therefore fail to
connect to conductive lines. If a via lands partially on a conductive |ine,
and partially on the dielectric material, although an el ectrical connection
is made between the conductive line and the via, copper can deleteriously
diffuse fromthe via into the dielectric material. Additionally, the
reduced area of the electrical connection becones an area of higher current
density which accelerates void formation in the via and can lead to
failures and reduced yi el ds. AccordﬁHBﬂVéRgé t he conductive |lines are nade
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i nterconnect structures .characterized by |ower overall dielectric

constants, foi'nm-}é ?ﬁ'&ﬁ(qa))éi ﬁiv%%’an %Bglir%roeé’zitﬁgloﬁﬂ’cl 1hy@BinkirdWing the opening in the mask
layer, and forming a via by extending the narrowed opening through the low-k layer at least to
the first capping layer. The method further comprises forming a first diffusion barrier layer on
sidewalls of the via and filling the via with a first conductive material. The conductive line and
first conductive material can include copper, for example. The method can further comprise
forming a second capping layer selectively over the via. In some embodiments, forming the first
diffusion barrier layer can include atomic layer deposition of ruthenium or tantalum, supercritical
CO; deposition of ruthenium or tantalum, or depositing a metal by a method selected from the
group consisting of chemical vapor deposition, plasma-enhanced chemical vapor deposition, and
plasma-enhanced atomic layer deposition.
{08]  In some embodiments, forming the conductive line includes forming a dielectric layer,
defining a first trench in the dielectric layer, and filling the first trench with a second conductive
material, which can also be copper. Here, forming the dielectric layer can comprise depositing
an organosilicate glass. Forming the conductive line can also include forming a second diffusion
barrier layer within the first trench.

[09]  The method can further include forming a dielectric barrier layer over the dielectric layer

and over the first capping layer. Here, forming the via includes extending the narrowed opening



SUVMMARY 1071An exenpl ary nethod of the present invention for fabricating an
i nterconnect structure conprises formng a conductive line, formng a
first capping | ayer selectively over the conductive line, and form ng a

| ow-k | ayer over the first capping layer. In sonme instances, the |owk

| ayer is formed in contact with the dielectric |layer surrounding the
conductive line. The nethod al so conpri ses exposing the conductive |ine.
Exposi ng the conductive line includes formng a mask | ayer having an
opening over the lowk |ayer, narrowi ng the opening in the mask | ayer, and
formng a via by extendi ng the narrowed opening thrqugh the |owKk. |ayer at
| east to tHE“EP%§@“$§E§PN@3W&V§r@tTﬁé“ﬂ%@Hﬁﬁmﬁﬁ?ﬁﬁéﬁe 8ﬂB?§§§§m%§Fning a
first diffusion barrier |ayer on sidewalls of. the via and filling the via
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enbodi nent s, rmng the conductive line includes formng a dielectric
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first trench wth a second conductive material, which can al so be copper.

Here, form Rgd A 18Yeebasit fdrmidgabedthofosdlisCIRfERT NafwiiBS biiching, iflsome _
organosilicate glass. Form ng the conductive |ine can also include formng

a second dihbddsheaR, RaAndds rmingebnfirhdd iépotitien lhyer si sitlevalis bf thd @@difpelnnet hod
can further include formng a dielectric barrier |ayer over the dielectric
| ayer some of these embodiments, forming the conformal deposition layer includes cycling between

deposition and etching. Forming the via can include extending the narrowed opening through

the first capping layer to the conductive line, in some embodiments.

[011] After forming the via and before forming the first diffusion barrier layer, in some

embodiments the method further comprises forming a second trench in the low-k layer, where

the trench is aligned with the via. Here, forming the first diffusion barrier layer on sidewalls of

the via can include forming the first diffusion barrier layer on sidewalls of the second trench.

Also, filling the via with the second conductive material can include filling the second trench

with copper.

[012] An exemplary interconnect structure of the present invention comprises a conductive line,

a first dielectric layer disposed over the conductive line, and a first capping layer disposed

between the first dielectric layer and the conductive line and disposed selectively over the

conductive line. The interconnect structure also comprises a conductive via disposed through the

first dielectric layer and through the first capping layer, and a diffusion barrier layer disposed



and over the first capping layer. Here, form ng the via includes extending
the narrowed opening through the dielectric bather layer. In those

enbodi ments that include formng the dielectric barrier |ayer over the
dielectric layer, formng the dielectric barrier |ayer can conprise
depositing silicon carbide, silicon nitride, or silicon carbon nitride.
10101 In various enbodinents, formng the first capping |ayer includes

el ectrol ess plating of cobalt or a cobalt-alloy, form ng the |lowk |ayer

i ncl udes depositing an organosilicate glass, and form ng the mask | ayer
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sidewal I s of the second trench. Also, filling the via with the second
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10121 An exenpl ary interconnect structure of the present invention
conpri ses @nteoiR@dus theui@erkdrmest s@uckiré Bikthelicoinpises a dicleayiebarderdposdshosader t he
conductive line, and a first capping |ayer disposed between the first
di el ectri cbelveege the dimal andsecond didlectricVayedsi ne and di sposed sel ectively over the
conductive line. The interconnect structure also conprises a conductive via
di sposed tBrbudhotherexérplay indirednaedt stiusturegfélie pagsentinveptingivompeses # st cappi ng
| ayer, and a diffusion barrier |ayer disposed ) ) .

conductive line disposed within a first dieléctric layer, a second dielectric layer disposed over the

first conductive line and contacting the first dielectric layer, and a first capping layer disposed

between the second dielectric layer and the first conductive line. The interconnect structure also

comprises a conductive via disposed through the second dielectric layer and at least to the first

capping layer, and a first diffusion barrier layer disposed between the conductive via and the

second dielectric layer. The interconnect structure further comprises, in some instances, a

second diffusion barrier layer disposed between the first conductive line and the first dielectric

layer. The first diffusion barrier layer can comprise ruthenium or tantalum, in some

embodiments.

[015] In some embodiments, the interconnect structure further comprising a second conductive

line disposed within the second dielectric layer, wherein the conductive via contacts the second

conductive line. Here, the interconnect structure can further comprise a second capping layer



bet ween the conductive via and the first dielectric layer. In sone

enbodi nents, a critical dinension of the conductive line is no nore than
60nm | n various enbodi nents, the first capping |ayer conprises cobalt, and
the diffusion barrier |layer conprises rutheniumor tantalum 1013] In sone
enbodi nents, the interconnect structure further conprises a dielectric
barrier |ayer disposed over the first dielectric |ayer, and the conductive
via is disposed through the dielectric barrier |ayer. The interconnect
structure can al so conprise a second capping | ayer di sposed over the
conductive via. The interconnect structure further conprises, in.some
enmbodi mentdisposgd seBYRY ereethe sseprdeopdirlye Iies Bemg SR8 g}gtcﬂléi”&tbvﬁ diidtive line,
and in sone of these enbodinents the interconnect structure further
conprisesdgpﬂF%ﬂ@ﬁﬁPFﬁq%%F¥P@g&WEY€§“H£§§68%ﬂmﬁgfﬁggn the first and second
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The first diffusion barrier |ayer can conprise rutheniumor tantalum in
sonme enbogj fmenisteappih@lhhck. The Gan®l Ro domphtsormiihga fint dffedemtecter biyerwot ur e
further conprising a second conductive |line disposed within the second

di el ect ri sidéveatie bf thewieraad ffilling enevdnditicd firseconduaticomitecd. sintsbree semdmentsonduct i ve
line. Here, the interconnect structure can further conprise a second

cappi ng | ayterdingdhesposeet apehieg ttilsaed ty the\fiast capping dveninedudss adterediniavdke | i ne. I n
sonme instances the conductive via is disposed through the first capping

| ayer andnareevieh epdningghroeghribl first ogrping laxer and to the first conductive line. Forming the

first conductive line in the dielectric layer can include forming a second diffusion barrier layer in
the dielectric layer. The method can also comprise forming a second conductive line in the low-
k layer. In some of these embodiments, the method can further comprise forming a second

capping layer selectively over the second conductive line.



10161 Still another exenplary method of fabricating an interconnect
structure conprises formng a first conductive line in a dielectric |ayer,
forming a first capping | ayer selectively over the first conductive line,
and formng a lowk |ayer over the first capping |layer and in contact with
the dielectric layer. The nethod further conprises exposing the conductive
line including formng a mask | ayer having an opening over the | owk | ayer,
narrowi ng the opening in the mask layer, and formng a via by extending the
narrowed opening through the lowk |ayer and at |east to the first capping
| ayer. The nethod further coqgrises forn%og a first diffusion barrier |ayer
on sidewal s of the via, aBBIEFPESGBIRHONFEDRAMWINGS | (st conductive
material. |In sone enbodinents,_extendiﬁg.the narr owed opening at least to
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t hese enbodi nent s, .the n further conprise formng a second capping
| ayer seIe%??G%PVmgngwgﬁgH%%E%ﬁgnbonduct!ve line. BRI EF DESCRI PTI ON OF
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structure at successive stages of manufacture, according to an exenplary

enbodi nent .of el A6 LRYRMeOFhothtPABhplly@mbIBmbs ofthe hiesionect i onal view of an
i nterconnect structure according to another exenplary enbodi nent of the

i nventi on. o0 191G Ak s crdQsddiot] Qieo@ &SmERBhONRlLctide @V rdMg taill abeconnect
structure at successive stages of manufacture, according to another
exenpl ary &ehpdiyeanbdi@bntlofheifvé@dhi on. 1020] FIG 15 is a cross-sectiona
view of an interconnect structure according to still another exenplary
enbodi nent of the invention.



DETAI LED DESCRI PTI ON OF THE | NVENTI ON 10211 The present invention provides
nmet hods for form ng Back-End of Line (BEoL) interconnect structures
characteri zed by reduced overall dielectric constant val ues. Reductions in
the dielectric constant are achi eved, for exanple, through the elimnation
of dielectric barrier layers with high dielectric constants and/or the
substitution of thinner diffusion barrier |layers. The nethods of the

i nvention enpl oy conformal diffusion barrier |layers and sel ectively forned
capping layers to isolate conductive lines and vias from surroundi ng

dielectric layers. Th t S i i oy techni ques 't o]
narrow openings in phﬁﬁ%@%&Dﬁgﬁﬁ@%ﬁffﬁ@?mﬂl as. Enpl oyi ng
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i's a car bapfidapesyedxias eEhplbymSnicls nasovBliacikcrBisasnbnanquBD)f rhisalighmént tha0231 | n
sone enbodi nents, the topnost portion of the dielectric |layer 110 can .
conpri se aamendemdidd albtherepiaiaivon af th¢ matks ssedwniprit Hetopsengsethe ioerpaset ect t he
dielectric layer 110 during subsequent operations such as planarization

t hat can pllaoee sitavesis @sn,dor ratreweticehductiveiliped ang éhus for (nerefised ropsing dengitisb| e
material for this topnost portion can be formed by deposition, in some

i nst ances I023in BEGhkprovidestagmsesectipnabvigyoba ehnduyy elinegk08 isolstedifionadiaiey by
altering the growth conditions during the |atter stage of formng the
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Integrit stpQr?d? eleBfcdPPlokerfls tb R fRlishLdelictsS Bx@QEs oklfitable low-k materials

include fluorosilicate glass (FSG), organosilicate glass (OSG), and highly porous SiO;. One

example of an organosilicate glass is a carbon-doped oxide film such as Black Diamond (BD)

level 1.

{023] In some embodiments, the topmost portion of the dielectric layer 110 can comprise a

more durable material (not shown) that serves to protect the dielectric layer 110 during



[ 0241 The conductive line 100 can be fornmed by defining a trench into the

dielectric layer 110, such as by conventional |ithographic masking and
etching processes, followed by filling the trench with copper (Cu). In sone
enbodi nents, filling the trench with copper is preceded by formng a

di ffusion barrier layer 120 within the trench. The diffusion barrier |ayer
120 serves as a barrier to deleterious copper diffusion fromthe conductive
line 100 into the dielectric layer 110. In sonme enbodi nents, the conductive
line 100 is fornmed by electroless plating, and in these enbodi nents the
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Deposi tion,” US patent application 11/635 5 filed on Decenber 15, 2006
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enbodlnenﬁ%mmﬂﬂé“6¥F¥@§}%ﬁbHEPfW%kaﬁyékyﬁééoconpr|ses a plurality of

b- | di th d | th f
oxanpl &, 5@32 T rweig»%?&t w%ﬁogm%@v‘%%ﬁmgmﬁ e@be&sgﬁws%ﬂ'gtﬂ on to
fill thetr P chni st|n ggm gyer is PVD.
| sifa E%%mvat AR R S R %%d ehoe B )
dlnffstcj)gFoln ba a Zp g t n vl ! m:}Iasngto

tren trh C %;)ég {%l} n s!) nj)l?ogs e(%lts\l\'h{l a% %e %B%&QO&%F sgylr%&ﬂg .

renove contam nan eco (004 escribed in US

patent ap @Artnﬁ%tald%ﬂlstljﬂr/b%én le?ég 1 ZOA\Qlt}ﬁn( ﬁlgﬂjeﬁfhy Tﬁié Jlffﬁ's?&p&rmﬁd‘ybteﬁo kav&rns 120

conprises a tantalumnitride sub-layer contacting the dielectric |ayer 110,

a tant al ugpaHbrib angtridls SRPSERFANR frdnhfie ESALAIVE TN 00AtH ereSlitikchRYBles and a
copper seed sub-layer disposed over the tantal um sub-layer, each deposited

by PVD. [ Q26 In &g dufolitichidand &nddcarenined ob efosticl by siearoiBaphiigy, addayer 120, or
a sub-layer thereof, includes formng a filmthat varies in conposition

from t ant gleseranbbdimmieste the TaNpioh bartiadh @l 20 @ peovidene tandctivk codang knebish toHer e,
tantalumnitride is initially formed by PVD on the surfaces of the trench
by plate copper. Methods for electroless plating are taught, for example in US patent application

11/643,404 filed on December 20, 2006 and entitled “Self-Limiting Plating Method,” US patent

application 11/382,906 filed on May 25, 2006 and entitled “Plating Solution for Electroless

Deposition of Copper,” US patent application 11/427,266 filed on June 28, 2006 and entitled

“Plating Solutions for Electroless Deposition of Copper,” US patent application 11/514,038 filed



i ntroduci ng both tantalum and nitrogen into a deposition chanber. Next, the
supply of nitrogen is renoved so that a conposition gradient forns in the
growing filmas the available nitrogen in the deposition chanber is
depleted. The filmis conpleted in the absence of nitrogen, producing a
tantal um surface. Methods for formng a TaN Ta filmare taught, for exanple
in US patent application 11/513,446 filed on August 30, 2006 and entitled
"Processes and Systens for Engineering a Silicon-Type Surface for Selective
Metal Deposition to Forma Metal Silicide,” incorporated herein by
reference. 027 the.conductive | ine 100 has been forned. f exanpl e
by el ect ro?réé%guﬁtﬁggbﬁga'b‘?engtg??pgfo,cesﬁesc?g EYSEC S?(gy%ﬁlni%gfg arsneng‘f:r alce\:/igfy f or med
over the canductive.li 100, as seen, i I ' : t he

. : 12
cappi ng |a§%’e§§ °?H%¥ﬂ%%§9%%ﬁgﬁfa?&ﬁykg¥gg%%gég tciﬁggyfgﬁgﬁhggn%o al t
tungsten p | : c bQfd 98 G WiicaiRh 18828647
tungsten b‘totg)?)lg !fgﬁ“ﬁbd%y\%é%@??‘%;&%ﬁ%%ﬁg e(? gg? ytgﬁ E\E‘_)s”%‘ at i ng, the
capping ! ayied rg'ﬁpce;qp{r%, 2%6& %tehxtﬁédy‘E%&rélgg Dgﬁﬂﬁliglq Bf fbalk 'A'ﬂ@ys;‘Qchh g e_Ct r 0! €ss
pl ati ng of cobalt a oys Is taught, for 1nstance, in US patent applications

11/ 644, 697100k GoRABANE herBil By Lkronkd, 634 filed on August 30, 2006 and
entitled "Processes and Systens for Engi neering a Copper Surface for

Sel ective Mg alexbenasdrtiifble rdtifls e dlsth 8ariBah Rk MONcIi@f ehehias (Ru)0281
Some enbodi nent's i nclude an optional dielectric barrier layer 115 di sposed
over the daghiei(T4)Cank dnelumldifida (ThN)URd cahlbe dgafife B tHe didewalk30d bddbmer

enbodi nents omt the dielectric barrier layer 115 to achieve a | ower

overal | disatfeetof the treshstiraigh.techhiquedisedhae pliyisicallyapar iderositiary @V D) JBoraiakrybre f or med
by various deposition techniques. Suitable materials for the dielectric
barrier | adepositbhBALBYE bupderigial COp(BCEA2h dabesi(i@ Bemic] Yapeodepesitioni(dBDLSi 3N4) |
and silicon carbon nitride (SiCN). 10291 As shown in FIG 2, a lowk |ayer
200 i s forplhsthasyancadisbenica versr déposibien (PEEVD).ay plasmatenharicad gtagisdayshbodi nent s
that do not include the optional dielectric barrier layer 115, the |owKk

| ayer  200depasitiop (RRALR)v & somisembagipetey thedjidision barrignayer A2CemPaes 2wi t h t he
dielectric layer 110. It can be seen fromFI G 2 that %he diffusiqn barri er
| ayer 120 PAWaNtY RESub-yp frfmeyidt 2 seadlay of earpercapper: FitrPeryBo) HEBP Phe | ow k
| ayer 200 and the die|lectric |layer 110. In additiop to.the [owk materials
descri bed %B&PERBHT #"é%ﬁﬁ‘@&% thF6'}{15‘??#3'3iC%‘Tp(S’E:‘ieP?Sé“olnéglgv E}Tf@f‘&t ﬁ\esuft%’\}\i k |ayer
200 can al s be forned.from Bl ack. Dy d. 10301 i t e

di el ectri ¢® %a’ﬂéerffoii@?s"t"ﬁetgﬁ 35\7\‘}- ‘ayﬁrés’?e\?ﬁg]gﬁon&%ﬁls?wg gV %%ngg%sﬁnobﬁa pm)r e

durabl e 't 39}’3‘9 £o i fy;rkédo fhe (iﬂR)rsior? Q%.)l er hio%s & QRARGh aﬁl%lxto.k oﬁéﬂing%la%ﬁ)vm with

a modi fied ‘m crost ruct’ur_e as described above, for exanple. Simlarly, as
wi th the Q§ RERCL Ednfarhls afdiod Y polehnetdd okidEdl NieiisodeRHB&LLiR UG paRhy | er | ayer

(not shown) of silicon carbide, silicon nitride, or silicon carbon nitride
can be prqypidesbnan/sh #0380 Ad dk8mpieydierlsR¥ 8hriéOfyer 120 comprises a tantalum nitride

sub-layer contacting the dielectric layer 110, a tantalum sub-layer disposed over the tantalum

nitride sub-layer, and a copper seed sub-layer disposed over the tantalum sub-layer, each

deposited by PVD.

[026] One technique for forming the diffusion barrier layer 120, or a sub-layer thereof, includes

forming a film that varies in composition from tantalum nitride (TaN) to tantalum as a function

of thickness. Here, tantalum nitride is initially formed by PVD on the surfaces of the trench by

10



10311 In FIG 3 the lowk layer 200 is masked with a mask | ayer 300 to
begin a process of exposing the conductive |ine 100. The mask | ayer 300 can
i ncl ude a photoresist |ayer 310 and an optional hard nmask | ayer 320 between
t he photoresist |ayer 310 and the lowk layer 200. In those enbodi nents
where the lowk layer 200 is covered by a dielectric barrier |layer, this
dielectric barrier |ayer can also serve as the hard nmask |ayer 320. 1021
The mask |ayer 300 includes an opening 330, aligned with the conductive
line 100, fornmed in the photoresist layer 310. In order to conpensate for

m sal i gnment_error e Io ation. of the ope t he en 330 is
nar r oned tb"“f) Wﬂgelt’o}?a{?r?ag E?ﬁe?ltj‘toﬁl POSif BWF%Q3§%ﬁ?Wd§8?H 8 is
sonetines refer shr,in next ner ation atternlng
(N sk e g SEnPaloads tkﬂam% *aﬁheé%’ae&ﬁgfﬁm as@*efaasa' A" o o
deposi ti on %%(p 1|t1§1§<91a9| erlhc?elpﬁalte € hsn x(s)%ontl r?&ecpg et C%nceo n%rnrige?nu odu rr%lslkcal

processes terna ween POSI n an

shri nki ng aaﬁﬁggggaﬁfgceaygeggmr Bl wﬂgﬁa%ﬂgs@&a APk} 68k b @9&@ 455

filed on Dece and ent tIe uctl eature

Critical Daﬂﬁﬁ&%bﬁ) 'i‘ﬁ’SIB M@ﬁ%%ﬁ%g&??& b@@dn@@ntgﬂ%{l Aﬁgceg's% axId'§ ?tgmpf& May 10,

2006 and entitled "Pitch Reductron, S pat ent appl I’ CAt T on 10/835 175
filed on Apkdideedtha S0QA-8PLSERLE foL gaecu%lmeg Bt @By RIcBISIEYE, Y Fast
Gas Switching Capabilities,"” each whi ch is incorporated herein by

r ef er ence. indQgddtedTer&h By RicrdhcE | G 4, exposi ng the conductive |line 100
further conprises formng a via 400 by extending the narrowed opening 340
t hr ough t h@27hashcarms kordaytiee 1ide20 had bep RSA&L, for ekungidy dideolbRwiding ayer 200,
through the dielectric barrier layer 115 if present, and through the
cappi ng | aspeper,la3@pping e 1 80 deiativale fdrmetovEDle cdndnctiex Engl 00, asByenat Elt.ng.
Here, the conductive line 100 can serve as an etch stop. It wll be

appr eci at eld serhaemisdpopisnige tdpeing biyehuldo inglides aebaltl(00) @arrobdlistiopsichediobsied by
extendi ng the narrowed opening 340 just to the capping |layer 130, but not
conpl et el yurgsiep plgsrhi ﬁﬁa(cég"é’bl cabeld talggétien b@ole (FRWB) of ¢nbale alpgﬂméofoawphligo can
serve as an etch stop. Although the conductive line 100 is not uncovered in
t hese enbd&PWBAY-sBY garioningelscilespinsinadghy @prire vgo 1?%f°i”t‘%§’leF“‘@Iye‘{i‘ttP‘? cally
conductive, the con 100 electricall osed when the

Barrored dg Cﬁﬁ'?ﬁg&fé%%ﬁBEQQﬁ%méﬁﬁﬁgﬂbﬂkﬁ?ﬁﬁm§@ orﬁf %?‘Pﬁ@‘@?ﬁt400 has
FIG 5.
This can CREICHES ml“? A eéiah? ﬁsﬁr@i&igﬂ Tt %ﬁ%ﬁﬁgi ﬁ“‘g"i“é “ash, in

Nnee
100 has been expo ongbar |er Ia er "con ormal |y

on the sidgwallaseddbret g¢@ %po and across a top surface of the hard nask
| ayer 320, pgkgreseﬁ?n%r the absence of the hard mask | ayer 320, the

di ffusi on Qg rs&he 4@6@%&@%@ b6 1Bk ISR baribORyes ¥ f AGRsRloviMife | OW k
| ayer 200. Suitable naterials and deposition methods for the diffusion

barrier | ayktie ) ehAvande&RNHE espidgh8er B0\ EhbbdiBsRamtit thodibRarigi f f usi on
bat her | ayer 120.

barrier layer 115 to achieve a lower overall dielectric constant. The dielectric barrier layer 115

can be formed by various deposition techniques. Suitable materials for the dielectric barrier

layer 115 include silicon carbide (SiC), silicon nitride (Si3Ny), and silicon carbon nitride (SiCN).

{0291 As shown in FIG. 2, a low-k layer 200 is formed over the dielectric barrier layer 115. In

those embodiments that do not include the optional dielectric barrier layer 115, the low-k layer
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10351 It should be noted that although the sidewalls of the via 400 are
shown as parallel herein, etching can create a via 400 that has a slightly
t apered shape that decreases in width towards the conductive |ine 100. The
wi dth of the via 400 as neasured at the interface with the conductive |ine
100 can be no greater than 130 nanoneters (nn), 100nm 80nm 65nm 50nm or
32nm in various enbodi nents. 10361 FIGs. 7-9A illustrate an exenplary
process for filling the via 400 with a conductive material such as copper.
In FIG 7 a copper layer 700 is formed within the via 400 and over the

| owk | ayer

00Q. The c er |layer _can be forned by first electrol ess
pl ating coﬁ%@f BRELOERBE tHPPinE B o S At P &Pnigehyyap ‘hédt?ﬁe%‘lc}‘%bﬁ(&bgf‘:a“ ¢
el ectroplating c r.as described, for ampl e, i.n US ent applications
117 614, 033551 I gH0 it e ifion Bocper s 1 LG e Chamrt i B 8eniBlie 1 R &
8, the cop Jayer. 700 ,can l.anari zed,bhack .t o the. har r 320,
i f present ,Qﬁffl)lsrm[ 'é%tﬂﬁeelowg(vf)[fr ?(goya[é)‘fi ﬂfgltf leggﬁéary\?\f };lg'. ?I’C%lgﬁ}lmég tg?\fé?vﬁgﬁ%‘%gﬁ%
Pol i shi ng f.or.. (o] Ay yer
700, Pl anat ok §2% B, KRG oL GBI R gD uPl AR A 20b B 8RO R EY O
serves to hgg@%gkbggxg?ffusion barrier layer 600 between adjacent copper
lines 100 to electrically isolate the copper lines 100. Next, as seen in
FIG 9A, a6 PRifTad iEthe A00ctiS1a5& ] 86 ke EL X 1yeF 7R aPMEILdd HopasaP@breP! UY
800. The capping layer 900 can be fornmed by the materials and net hods
descri bed abseomhdsbpdrBs@6itshévon)C XRP tpGiostdYRion dadlbe ghdhirl Wil a doBfi@Ct ri C
| ayers (not shown) can be formed over the capping layer 900. [037] It wll
be appreci malcedtrichaé adiigsoniBed bvhd) Gor ekenplP Suhitgly 3B 0vithahd dieleattidiearvdr 2ay400, | ess
precision is required in positioning the opening 330 over the conductive
| i ne 100. Ru{a @anhbdrkielecitiaparriasiayen govihawdOd silisommacedenmli@nmitride oy, silidoe
resul ting copper plug 800 can be further msaligned with respect to the
conduct i vecattioneitrid®Gambripretiddd| onltgmaf tierovthdaycaP®i ng | ayer 130. For a
conductive line 100 with a critical dinmension (e.g., the width of the
conduct i velo3tj nén HIGO3 the 1e51-layeq 200§ m@Rethw ighnaimask dayspl0 tp begép BOOceRi ¢th a
critical dinmension of 34nm the placenment of the opening 330 can vary
| ateral | 'y ¥osi thafopdugdve 1§ APY- nThsimaske lyefisPe eaniipludepahefgresiph lavet o1 G 2adar t he

via 400 conpletely on conductive |line 10Q allows for the eliminpation of the
dieIectricqﬂ8W4?%$"T%9€W’%%@”PF%%#@8Wﬁmﬁﬂﬁ5ﬁpﬁ§ﬁ?§£me&US% yﬁ&hﬁa%A al so
serves to [llustrate an ex lary i rconnect structure 905 of. the present
i nvent i on.thﬂsﬁgméﬁ'g?" on ectggg’f"?'ﬁ%%’?ﬂ?é '@6%"65%%raisdéeées?t”acléérgﬁldlg&r’i tI}'é | i ne 910,

fOf.exa”P'a‘?enecrfcb%PA%gF‘rercinséis'oasterev%’al&?mrﬁlﬁiaﬁfnﬁy%hfd?pper.””e.s (not shown) by
a dielectric layer 15" “Th"Sore i nst ances e conductive line 910 has a

critical qbﬁpnﬂ&eolaasﬂfla igoﬁ%cﬁdwmp@%ggdaio%{@& WPt EdrdudiRY Rfe B2 Can

COI’TpI’i se a | ow mat e In sone e ments. The I nterconnect structure

905 al so CORRA iSRS pid1ERPIaDEG 3h&YRIord2E FinpBRSE thr WGigidie &RAGUGE I ve |ine
910. Suitable materials for the capping |ayer 920 include cobalt and cobalt

al | oys desegdatied tRRpPY g S0MRe SFEAREI3BBR herdHedtd Brh RhefemaBedingidouct ure 905
conprise a diffusion barrier |ayer 925 between the conductive Iine 910 and

t he di el eqtatdo@ink ay&iing® kbmaskdlis S@RRines bbahed®dsSnask kieinding biisdxogenbration er | ayer
925

patterning (NGP). Mask shrinking can be achieved, for example, by forming a conformal

deposition layer 350 on the sidewalls of the opening 330 through cyclical processes that alternate

between deposition and etching. Suitable mask shrinking techniques are described in US patent

application 11/016,455 filed on December 16, 2004 and entitled “Reduction of Etch Mask
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conprises tantalumnitride, tantalum ruthenium copper, alloys thereof, or
sub-l ayers thereof. 10391 The interconnect structure 905 further conprises
a dielectric layer 930 disposed over the dielectric layer 915. The
dielectric layer 930 can also conprise a lowk material, in sonme

enbodi nents. In some instances, a dielectric barrier layer 935 is disposed
between the dielectric layers 915, 930. The dielectric barrier |ayer 935
can conprise silicon carbide, silicon nitride, or silicon carbide nitride,
for exanple. The interconnect structure 905 can optionally also conprise a

dielectric barrier | 940 di d.over. t i el ectr) 30.
Sut tabl 6 e Gty mensere Sy peeatr 2 S BT 6 b BV e g

il bi de, sili jitride, and sili itride. 10401 Th
It er connees gt brESGun no e compriddtS iR skt g popbpdy T

f dtoin . | e herein . plug. 800). di . hth
el ectr i cOMpLICS B b HPGT P Ret CRUTrIeRyE Ragreisn e St ane s

t hat include th§(ﬁ%ﬁ!ect%écnq§rrier | ayer 940, the conductive via is also
di sposed t BFERYHCL HE U LTSS c barrier |ayer 94th The conductive via can

conpri se a[[O%J n@\%%golv\ynq %qr jaxilgsir? utgpco%ﬁtclﬁgp & roo _@\H‘ﬁ’xelj donpAEs f&%@qivﬁ‘? nts

conpri ses same nmat eri al e conductive line 910. The i nterconnect

structure %%yg%%@i@:m@,ﬁah%@@d @peﬁﬁg@!;mmhgmé hdr@ bk 165k 850, §rdsehe RB0GIN as

cappi ng | ayer sposed over The conductive via. 10411 Some enbodi nments
of the intgE QUGG 260, EGIMTR ARl baRicE RPN S8 presdit, itk batigpeig | ayer
945 between the conductive via and the dielectric |layer 930. The diffusion
barrier | aygs 1946 deabndlb&r 116 100, 5 RrA5bI4) 81 WeKkiAg. t ke, Gltdhdictivedineil a0 @nd t he
conductive line 910. In sonme enbodi nents, the diffusion barrier |ayer 945
conpri ses $eartbakddidhidpr tdd]l bt agpirelatsdthat etposing tietondapiyetine HlOlcayasd ieer eof , or
multiple |ayers thereof. 10421 FIG 9B illustrates another exenplary
i nt er conneghiegddy ek tardingdbOnapdo wedepeping 3 éhjustitmthe pdppng layeni 30hteut neft er connect
structure 950, the dielectric barrier |ayers 935, 940 of interconnect
structure @0Blefdhl @oughhe trayme bererl 30nHerte e capping lay¢rrigo can sETVE 8WRiY St sEPal |
dielectric constant. It will be appreciated that further enbodi ments can
i ncl ude onhihopgiethefondirsivellins 18 isriot unsqrareddp thegprapbedigrnts, byaaysqfhe FRRPHAI t ti ng
the other. 10431 It will be appreciated that in the interconnect structures
905 (FI G oy 13 itsigleciray comuct yrethe sordietVr e 1A04S defriagdy Eﬁpgifﬁé"é‘a“ t hr ough
the capping layer 920, as illustrated, ca e di spose artiall r ough
t he cappi n‘ge pagpurd epsping 510 reahesfas epping lay %'2‘881 69“‘?%’26 ‘8%1%0&[1}?&% ea&%%%% .
Al t hough the electrical resistance .of t.h terial .of the ' | ayer 920
Ty behi GHEPERARCE HRebpe TRB et SRl L Ty ot pae Sarude (@il | OV
conduct i ve rlc‘iegsesuc 1acs)Fm E)gfgergqgsorrila%gh,!irg%%{e e?'l%gdiﬁ\ s.be sufficiently thin that

r gl ble.

the added BY€ctrica rstrvity’is negli Also, it will be understood
that the dpffus I; Yfiler 84 BordlecROTilke 100tSS KRR BRI LedSS ditiGlisH es 905
and 950 igh%le?%?gﬁgé&%éfﬁg%%b o mmter;al wth good gﬁ%é%riéall

conduct i Vigapiet Qyér%géjﬁ Gortld® cNEHBNY onth@sifi&mil1$ b tMd $i 400 and across a top surface
of the hard mask layer 320, if present. In the absence of the hard mask layer 320, the diffusion
barrier layer 600 is formed across a top surface of the low-k layer 200. Suitable materials and
deposition methods for the diffusion barrier layer 600 have been described above with respect to

the diffusion barrier layer 120.
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[0441 FIGs. 10-14 illustrate another exenplary nethod of the invention
pertaining to formng a dual danmascene interconnect structure. In FIG 10,
after exposing the conductive line 100 by extending the via 400 to the
conductive line 100 (as in FIG 5), the lowk [ayer 200 (and the hard mask
| ayer 320, if present) is again nmasked and etched to forma trench 1000
that is aligned wwth the via 400 as can be achieved, for exanple, using a
"via first" or "trench first" process sequence known to those skilled in
the art. In FIG 11, a diffusion barrier layer 1100 is formed on the

si dewal | s t vi.a, 40 e trench 1000, d .across .a top s ce of the
hard mask ﬁ%@eﬁg§§8?b??&%ﬁ%§§%¥?go§e§é?3§§°§£?8 Séﬁ??gggn3$p¥%%I$%Vﬂk | ayer
200 ot herw i f ' rj r..1 ca formed of the terials,
2nd by 't her Sfing ahtledSh 0 4B0hAY B o LAY 1pR R SRR AR R SETRRT &0

| ayer 600. .o} QdfJe iHRA oY e%gth%@%eg.net](_)gE?rﬂ?/a@ur%tgggng?ﬁgrézfsc«@g@hftlie!chrzogctw-et h a

copper layer 1200, as shown iIn t Scri above with
respect 1t 0ifzQBPEIn teAY §FeatlOar 130 Fanofdeterd @), QYA 860m ASna hRWR, bis2khGn 13, the
copper layer 1200 is planarized, renoving the diffusion barrier |ayer 1100
bet ween trepchembs@@nisfor instance, by CMP, to forma conductive |ine 1300
and a conductive via 1310 that electrically connects the conductive |ine
100 to thgompndisst 7-9A ilishife 3BORmplBXtroces BARMRAIEe Via¥eu wiliftdnlsciise! ecti vel y
formed over the conductive line 1300, as shown in FIG 14. The capping

| ayer 1400na&inl fveh hodoppd, InfAG. BXappéayebyootin@ it vethiaths viaaoo srtohadse

descri bed above with respect to the capping |layer 900 (FIG 9). [0461 FIG
14 al so sdowdayen200l [Tustapatrdayancae e fipmad Yy findeircden pltingtapp@todtoahel 410 of
the present invention. FIG 15 illustrates still another exenplary

i nt er conneltffuson bacietinyer $EDO!ofedtbyelepirepdating copperen tésoribed] for ¢xampleninéiSconnect
structure 1500, the dielectric bather |ayers of interconnect structure 1410
(FI G 14) ragvierpisationsii/f146RP8, 11/382i906, ahd 1 Hii266. cachendtediabevef dys shreyn in

enbodi nents can include only one of the dielectric barrier |layers while

om tting the Sothrappremiprss 70Q%n deplapargediback rolrehas mesklaspd: ifprssmf.@slo 9A and
9B, the conductive via 1310 can be di sposed to the capping b%¥er, partially

t hr ough t A% 'REFIPRGZ 90N ise, Chemiel Medpyeal felishigs (¢HE) %%aﬁﬁr?? 5@rPlsver the
ducti L. 100 10471 In. t f i i fi pon,. the i i i
conduct v Lt AR 44T Ayt WL en sl secel et B st o |2

inth Ll i : t he | I i t Limted to.
Var§ ous 1 st iss FERRIN AEAk, S bBlelr i MR N D s

i ndi vi dualeieb’tri@a'ilyjis%iawthé’copgé}rlit‘xgeﬂbo. NQ)@, As@%c@%ﬁlﬁﬁ?%%cat?@g%%%r'%@g in any

nunber of environments and applications ose I bed herein

Wi t hout depakitdip BrhEibet M cHhHGAME! 808PIThd LapRRgha§S 9BE cRfve iimcIBERLT | cati on.
The specification and drawi ngs are, accordingly, to be regarded as
i |1 ustr at mdRrislahdiahethdda Best el bbd/k WN@ respect to capping layer 130. Further dielectric

layers (not shown) can be formed over the capping layer 900.

{0371 It will be appreciated that by narrowing the opening 330 to form the via 400, less

precision is required in positioning the opening 330 over the conductive line 100. Put another

way, as the via 400 is made more narrow, the resulting copper plug 800 can be further

misaligned with respect to the conductive line 100 and still land on the capping layer 130. For a

conductive line 100 with a critical dimension (e.g., the width of the conductive line 100 in FIG.
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CLAIMS What is clainmed is: 1. A nethod of fabricating an interconnect
structure conprising: formng a conductive line; formng a first capping
| ayer selectively over the conductive line; formng a |lowk |ayer over the

first capping | ayer;

1) of 60nm and a copper plug 800 with a critical dimension of 34nm, the placement of the
opening 330 can vary laterally by as much as 13nm in either direction. Being able to land the via
400 completely on conductive line 100 allows for the elimination of the dielectric barrier layer
115 from some embodiments.
[038] FIG. 9A also serves to illustrate an exemplary interconnect structure 905 of the present
invention. The interconnect structure 905 comprises a conductive line 910, for example, of
copper, isolated from adjacent copper lines (not shown) by a dielectric layer 915. In some
instances the conductive line 910 has a critical dimension of no more than 60nm. The dielectric

- layer 915 can comprise a low-k material, in some embodiments. The interconnect structure 905
also comprises a capping layer 920 disposed over the conductive line 910. Suitable materials.for
the capping layer 920 include cobalt and cobalt alloys described above. Some embodiments of
the interconnect structure 905 comprise a diffusion barrier layer 925 between the conductive line
910 and the dielectric layer 915. In some embodiments, the diffusion barrier layer 925
comprises tantalum nitride, tantalum, ruthenium, copper, alloys thereof, or sub-layers thereof.
[039] The interconnect structure 905 further comprises a dielectric layer 930 disposed over the
dielectric layer 915. The dielectric layer 930 can also comprise a low-k material, in some
embodiments. In some instances, a dielectric barrier layer 935 is disposed between the dielectric
layers 915, 930. The dielectric barrier layer 935 can comprise silicon carbide, silicon nitride, or
silicon carbide nitride, for example. The interconnect structure 905 can optionally also comprise
a dielectric barrier layer 940 disposed over the dielectric layer 930. Suitable materials for the
dielectric barrier layer 940 also include silicon carbide, silicon nitride, and silicon carbon nitride.
[040] The interconnect structure 905 further comprises a conductive via (also referred to in the

example herein as copper plug 800) disposed through the dielectric layer 930 and through the



exposi ng the conductive line including form ng a mask | ayer having an
openi ng over the lowk |ayer, narrowing the opening in the mask | ayer,
formng a via by extending the narrowed opening through the | owk |ayer at
| east to the first capping layer; formng a first diffusion barrier |ayer
on sidewalls of the via; and filling the via with a first conductive

mat eri al .

2. The nethod of claiml|l wherein form ng the conductive |ine

i ncludes formng a dielectric |ayer,

capping layer 920. In embodiments that include the dielectric barrier layer 940, the conductive
via is also disposed through the dielectric barrier layer 940. The conductive via can comprise a
conductive material such as copper, and in some embodiments comprises the same material as
the conductive line 910. The interconnect structure 905 also comprises a capping layer (also
referred to herein as capping layer 900) disposed over the conductive via.

1041] Some embodiments of the interconnect structure 905 also comprise a diffusion barrier
layer 945 between the conductive via and the dielectric layer 930. The diffusion barrier layer
945 can also be disposed between the conductive via and the conductive line 910. In some
embodiments, the diffusion barrier layer 945 comprises tantalum nitride, tantalum, ruthenium,
copper, alloys thereof, or multiple layers thereof.

{042] FIG. 9B illustrates another exemplary interconnect structure 950 of the present invention.
In the interconnect structure 950, the dielectric barrier layers 935, 940 of interconnect structure
905 (FIG. 9A) have been omitted, resulting in a lower overall dielectric constant. It will be
appreciated that further embodiments can include only one of the dielectric barrier layers 935,
940 while omitting the other.

[043] It will be appreciated that in the interconnect structures 905 (FIG. 9A) and 950 (FIG. 9B)
the conductive via can be disposed through the capping layer 920, as illustrated, can be disposed
partially through the capping layer 920, or can merely extend to the capping layer 920. Although
the electrical resistance of the material of the capping layer 920 may be higher than that of the
materials of the conductive via and the conductive line 910, the capping layer 920 can be
sufficiently thin that the added electrical resistivity is negligible. Also, it will be understood that
the diffusion barrier layer 945 in both interconnect structures 905 and 950 is preferably formed

of a material with good electrical conductivity to reduce the overall via resistivity.

16

and



defining a first trench in the dielectric layer, and filling the first
trench wth a second conductive material. 3. The method of claim2 wherein
formng the dielectric |ayer conprises depositing an organosilicate gl ass.
4. The nmethod of claim2 wherein formng the conductive |line includes
formng a second diffusion barrier layer within the first trench. 5. The
met hod of claim1 further conprising formng a dielectric barrier |ayer
over the dielectric layer and over the first capping |ayer and formng the
via i ncludes extending the narrowed opening through the dielectric barrier

| ayer. 6. TQ? gﬁéh g gﬂucl?in1ilyhgreip_forg1n% thetdieI%ctruc(ParrLer
| ayer conplt*e %8 4f Hlupgrtegneihersprernplpayimtiod of fhg yention perfagilns g foreingiac on
carbon nit 5uiapc%mascene interconnect structure. In FIG. 10, after exposing the conductive line 100 by
extending the via 400 to the conductive line 100 (as in FIG. 5), the low-k layer 200 (and the hard
mask layer 320, if present) is again masked and etched to form a trench 1000 that is aligned with
the via 400 as can be achieved, for example, using a “via first” or “trench first” process sequence
known to those skilled in the art. In FIG. 11, a diffusion barrier layer 1100 is formed on the
sidewalls of the via 400, the trench 1000, and across a top surface of the hard mask layer 320, if
present, or across a top surface of the low-k layer 200 otherwise. Diffusion barrier layer 1100
can be formed of the materials, and by the methods, described above with respect to the diffusion
barrier layer 600.

{045)  The via 400 and the trench 1000 are then filled with a copper layer 1200, as shown in
FIG. 12, by the methods described above with respect to copper layer 700 (FIG. 7), for example.
As shown in FIG. 13, the copper layer 1200 is planarized, removing the diffusion barrier layer
1100 between trenches 1000, for instance, by CMP, to form a conductive line 1300 and a
conductive via 1310 that electrically connects the conductive line 100 to the conductive line
1300. Next, a cappiﬁg layer 1400 is selectively formed over the conductive line 1300, as shown
in FIG. 14. The capping layer 1400 can be formed, for example, by the materials and methods
described above with respect to the capping layer 900 (FIG. 9).

[046] FIG. 14 also serves to illustrate an exemplary interconnect structure 1410 of the present
invention. FIG. 15 illustrates still another exemplary interconnect structure 1500 of the present
invention. In the interconnect structure 1500, the dielectric barrier layers of interconnect

structure 1410 (FIG. 14) have been omitted. It will be appreciated that further embodiments can

include only one of the dielectric barrier layers while omitting the other. Also, as described
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7. The nethod of claiml1 wherein form ng the via includes extending the
narrowed opening through the first capping |layer to the conductive line. 8.
The nethod of claim1 wherein formng the first capping |ayer includes

el ectrol ess plating of cobalt or a cobalt-alloy. 9. The nethod of claim!l
wherein formng the lowk |ayer includes depositing an organosilicate
glass. 10. The nethod of claiml| wherein formng the mask | ayer incl udes
depositing a photoresist |ayer and form ng the opening in the photoresist

| ayer. 11. The nethod of claim 10 wherein form ng the mask |ayer includes
formng a hard mask | ayer before forning t he phot oresi st . 12. The

met hod of @b ith retpest ©IFlCHAARsPRghe wadisientin b 10 e ‘zfcﬁé%’mlreg?{ﬁﬁ@apwg

confor mal ?ae)lgr?gair;[iziilgrghrl)uag et}Ee c(z)irr)]pir?gi lg)e/é/r\{ablrlcgm;())l];telgz I?herouogg%hrzai cggp'ing layer over the
conductive line 100.
[047] In the foregoing specification, the invention is described with reference to specific
embodiments thereof, but those skilled in the art will recognize that the invention is not limited
thereto. Various features and aspects of the above-described invention may be used individually
or jointly. Further, the invention can be utilized in any number of environments and applications
beyond those described herein without departing from the broader spirit and scope of the

specification. The specification and drawings are, accordingly, to be regarded as illustrative

rather than restrictive.
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13. The method of claim 12 wherein form ng the confornmal deposition |ayer

i ncl udes cycling between deposition and etching. 14. The nmethod of claiml
wherein formng the first diffusion barrier |ayer includes atomc |ayer
deposition of ruthenium 15. The nmethod of claim 1 wherein formng the
first diffusion barrier layer includes atom c |ayer deposition of tantalum
16. The nmethod of claiml1l wherein formng the first diffusion barrier |ayer
i ncl udes supercritical CO2 deposition of ruthenium 17. The nethod of claim
1 wherein formng the first diffusion barrier |ayer includes supercritical

CO2 deposition of tantalum 18. The(gﬁ%ﬁgg of claiml wherein formng the
first diffusion barrier layer include siting a netal by a nethod

sel ected frgmihe. aroup consisting of chemcal vapor deposition,
pl asma- enhanced cheri cal vapor deposition, and plasma-enhanced atom c | ayer

deposi t i 0N A method of fabricating an interconnect structure comprising:

forming a conductive line;
forming a first capping layer selectively over the conductive line;
forming a low-k layer over the first capping layer;
exposing the conductive line including
forming a mask layer having an opening over the low-k layer,
narrowing the opening in the mask layer, and
forming a via by extending the narrowed opening through the low-k layer at least
to the first capping layer;
forming a first diffusion barrier layer on sidewalls of the via; and

filling the via with a first conductive material.

2. The method of claim 1 wherein forming the conductive line includes
forming a dielectric layer,
defining a first trench in the dielectric layer, and

filling the first trench with a second conductive material.

3. The method of claim 2 wherein forming the dielectric layer comprises depositing an

organosilicate glass.
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19. The method of claim1l further conprising, after formng the via and
before formng the first diffusion barrier layer, formng a second trench
in the lowk layer, the trench being aligned with the via. 20. The nethod
of claim19 wherein formng the first diffusion barrier |layer on sidewalls
of the via includes formng the first diffusion barrier |layer on sidewalls
of the second trench. 21. The nethod of claim 19 wherein filling the via
with the second conductive material includes filling the second trench with
copper. 22. The nethod of claim1 further conprising formng a second

cappi ng Iayer selectively over the via. 23. An interconnect structure
conpri si ng: gh%‘ﬂﬁa‘tﬂ:‘?“@é“ P rheremdeming the eanpegtivglinedpaiudes fogning f sssendpr e t han

60n e . D
m diffusion barrier layer within the first trench.

3. The method of claim | further comprising forming a dielectric barrier layer over the dielectric
layer and over the first capping layer and forming the via includes extending the

narrowed opening through the dielectric barrier layer.

6. The method of claim 5 wherein forming the dielectric barrier layer comprises depositing

silicon carbide, silicon nitride, or silicon carbon nitride.

7. The method of claim 1 wherein forming the via includes extending the narrowed opening

through the first capping layer to the conductive line.

8. The method of claim 1 wherein forming the first capping layer includes electroless plating of

cobalt or a cobalt-alloy.

9. The method of claim 1 wherein forming the low-k layer includes depositing an organosilicate

glass.

10. The method of claim 1 wherein forming the mask layer includes depositing a photoresist

layer and forming the opening in the photoresist layer.
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a first dielectric layer disposed over the conductive line; a first capping
| ayer di sposed between the first dielectric layer and the conductive |ine
and di sposed sel ectively over the conductive line; a conductive via

di sposed through the first dielectric layer and at least to the first
capping layer; and a diffusion barrier |ayer disposed between the
conductive via and the first dielectric |ayer. 24. The interconnect
structure of claim23 wherein the first capping |ayer conprises cobalt. 25.

The interconnect structure of claim23 wherein the diffusion barrier |ayer
nt.er.connect sfructure cl aim 23 wherein the

conpri ses I‘HF I%ﬁenrln& od o%%lairgﬂg\lfyinggg fctrglmgétlielms}( II’ayer mcludegI"ormmg a hard mask layer

di ffusion barrier lTayer c
before forming the photoresist layer.

12. The method of claim 1 wherein narrowing the opening includes forming a conformal

deposition layer on sidewalls of the opening.

13. The method of claim 12 wherein forming the conformal deposition layer includes cycling

between deposition and etching.

14. The method of claim 1 wherein forming the first diffusion barrier layer includes atomic layer

deposition of ruthenium.

15. The method of claim 1 wherein forming the first diffusion barrier layer includes atomic layer

deposition of tantalum.

16. The method of claim 1 wherein forming the first diffusion barrier layer includes supercritical

CO; deposition of ruthenium.

17. The method of claim 1 wherein forming the first diffusion barrier layer includes supercritical

CO; deposition of tantalum.
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27. The interconnect structure of claim23 further conprising a second
dielectric | ayer disposed around the conductive line. 28. The interconnect
structure of claim?27 further conprising a dielectric barrier |ayer

di sposed between the first and second dielectric |layers. 29. The

i nterconnect structure of claim23 further conprising a dielectric barrier
| ayer di sposed over the first dielectric |ayer, the conductive via being
di sposed through the dielectric barrier layer. 30. The interconnect
structure of claim?29 wherein the dielectric barrier |ayer conprises

silicon carbide, silicon nitride, or silicon carbon nitrigg. 31. . The
i nt er connddt Ta pethed afelape | whereim forming the fistdiEesinpbrEiengYy IeeHFPeaP8Ang

| ayer di sposed over the conductive via. 32. An infer.connect structure
y p ?
conpri si ng: metal by a method selected from the group consisting of chemical vapor deposition,

plasma-enhanced chemical vapor deposition, and plasma-enhanced atomic layer

deposition.

19. The method of claim 1 further comprising, after forming the via and before forming the first
diffusion barrier layer, forming a second trench in the low-k layer, the trench being

aligned with the via.

20. The method of claim 19 wherein forming the first diffusion barrier layer on sidewalls of the

via includes forming the first diffusion barrier layer on sidewalls of the second trench.

21. The method of claim 19 wherein filling the via with the second conductive material includes

filling the second trench with copper.

22. The method of claim 1 further comprising forming a second capping layer selectively over

the via.
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a first conductive line disposed wwthin a first dielectric |layer; a second
dielectric |layer disposed over the first conductive |ine and contacting the
first dielectric layer; a first capping |ayer disposed between the second
dielectric layer and the first conductive line; a conductive via di sposed

t hrough the second dielectric layer and at |east to the first capping

| ayer; and a first diffusion bather |ayer disposed between the conductive
via and the second dielectric |ayer. 33. The interconnect structure of
claim32 further conprising a second diffusion barrier |ayer disposed

bet ween tQgiﬁ$h§émgggcg&&hxguh&ggmgnd the first dielectric |ayer.

a conductive line having a critical dimension of no more than 60nm;

a first dielectric layer disposed over the conductive line;

a first capping layer disposed between the first dielectric layer and the conductive line
and disposed selectively over the conductive line;

a conductive via disposed through the first dielectric layer and at least to the first capping
layer; and

a diffusion barrier layer disposed between the conductive via and the first dielectric layer.
24. The interconnect structure of claim 23 wherein the first capping layer comprises cobalt.

25. The interconnect structure of claim 23 wherein the diffusion barrier layer comprises

ruthenium.

26. The interconnect structure of claim 23 wherein the diffusion barrier layer comprises

tantalum.

27. The interconnect structure of claim 23 further comprising a second dielectric layer disposed

around the conductive line.

28. The interconnect structure of claim 27 further comprising a dielectric barrier layer disposed

between the first and second dielectric layers.
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34. The interconnect structure of claim32 wherein the first diffusion

bat her | ayer conprises ruthenium 35. The interconnect structure of claim
32 wherein the first diffusion barrier |layer conprises tantalum 36. The

i nterconnect structure of claim32 further conprising a second conductive

| i ne di sposed within the second dielectric |ayer, wherein the conductive
via contacts the second conductive |line. 37. The interconnect structure of
claim 36 further conprising a second capping | ayer di sposed sel ectively
over the second conductive line. 38. The interconnect structure of claim 32
wherein the conductive via is disposed through the first capping | ayer and
to the firdt Thsidueanpsrestuciyes of chgn 2hfurpyr sempEinerdiflsclisbrmgT By diPsFt onnect

structure conpri si ng: . : :
P over thegﬁrst dielectric layer, the conductive via being disposed through the dielectric

barrier layer.

30. The interconnect structure of claim 29 wherein the dielectric barrier layer comprises silicon

carbide, silicon nitride, or silicon carbon nitride.

31. The interconnect structure of claim 23 further comprising a second capping layer disposed

over the conductive via.

32. An interconnect structure comprising:
a first conductive line disposed within a first dielectric layer;
a second dielectric layer disposed over the first conductive line and contacting the first

dielectric layer;

a first capping layer disposed between the second dielectric layer and the first conductive
line;

a conductive via disposed through the second dielectric layer and at least to the first
capping layer; and

a first diffusion barrier layer disposed between the conductive via and the second

dielectric layer.

33. The interconnect structure of claim 32 further comprising a second diffusion barrier layer

disposed between the first conductive line and the first dielectric layer.
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formng a first conductive line in a dielectric layer; formng a first
capping | ayer selectively over the first conductive line; formng a | owk

| ayer over the first capping layer and in contact with the dielectric

| ayer; exposing the conductive line including formng a mask | ayer having
an opening over the lowk |layer, narrowi ng the opening in the mask | ayer,
and formng a via by extending the narrowed opening through the | owk |ayer
and at least to the first capping layer; formng a first diffusion barrier
| ayer on sidewalls of the via; and

34. The interconnect structure of claim 32 wherein the first diffusion barmier layer comprises

ruthenium.

35. The interconnect structure of claim 32 wherein the first diffusion barrier layer comprises

tantalum.

36. The interconnect structure of claim 32 further comprising a second conductive line disposed
within the second dielectric layer, wherein the conductive via contacts the second

conductive line.

37. The interconnect structure of claim 36 further comprising a second capping layer disposed

selectively over the second conductive line.

38. The interconnect structure of claim 32 wherein the conductive via is disposed through the

first capping layer and to the first conductive line.
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filling the via with a first conductive material. 40. The method of claim
39 wherein extendi ng-the narrowed opening at least to the first capping

| ayer includes extending the narrowed opening through the first capping

| ayer and to the first conductive line. 41. The method of claim39 further
conprising form ng a second conductive line in the owk layer. 42. The
nmet hod of claim4l1l further conprising form ng a second capping | ayer

sel ectively over the second conductive line. 43. The nethod of claim 39
wherein formng the first conductive line in the dielectric |ayer includes

formng a gegon [ n '
9 % %Omgho% of fa rlca ing Qnalrnlt‘elrc%gnec@{ ucturlerc];or%g]r‘?g dl electric |ayer.

forming a first conductive line in a dielectric layer;
f?)rming a first capping layer selectively over the first conductive line;
forming a low-k layer over the first capping layer and in contact with the dielectric layer;
exposing the conductive line including
forming a mask layer having an opening over the low-k layer,
narrowing the opening in the mask layer, and
forming a via by extending the narrowed opening through the low-k layer and at
least to the first capping layer;
forming a first diffusion barrier layer on sidewalls of the via; and

filling the via with a first conductive material.

40. The method of claim 39 wherein extending-the narrowed opening at least to the first capping
layer includes extending the narrowed opening through the first capping layer and to the

first conductive line.

41. The method of claim 39 further comprising forming a second conductive line in the low-k

layer.

42. The method of claim 41 further comprising forming a second capping layer selectively over

the second conductive line.
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43. The method of claim 39 wherein forming the first conductive line in the dielectric layer

includes forming a second diffusion barrier layer in the dielectric layer.
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