1 | NTERCONNECT STRUCTURE AND METHOD FOR | TS FABRI CATI NG BACKGROUND [ 00011
The present invention relates generally to sem conductor fabrication and,
nore particularly, to fabrication' of interconnects having substantially
curvilinear interconnect interfaces. [0002] Integrated circuits are
manuf actured by fabricating electronic devices in a sem conductor
substrate. Miulti-level interconnections are fornmed to connect the devices
to create desired circuits, [00031 Al um num and al um num al |l oys are the
nost mndely used interconnection netallurgies for integrated circuits.
However, in r eBYIBREONNECTS BRIECTURE 6N PEETHED FFHEBrs PaBRUBITE{EN and
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metal due to its low electric resistivity and its high resistance to electromigration (EM) and stress
voiding.

[0004] However, copper implementatior can suffer from high d1ffusw1ty 10 comron

insulating materials such as silicon ox1de and oxygen-containing polymers. The diffusion can

cange corrosion of the copper, which can result in loss of adhesion, delamination, void formation,
and electric failure of the parent circuitry. A copper diffusion barrier is therefore employed for
most copper interconnects. For cxam;:le a diffusion barrier is formed between copper
components and inter-layer dgelactncs, other insulators, and silicon substrates.

[0005] Damascene processing is oftert employed to form such copper conductors and copl‘aer

diffusion barriers, However, during damascene processing, copper residue and other residue

materials can adhere to the openings in which interconnects and other copper components are to

be formed. The residue materials can contaminate the dielectric layer and reduce the reﬁability



bet ween conductive lines and plugs, thereby decreasing device reliability.
[ 0006] Accordingly, what is needed is an interconnect structure and nethod
of manufacturing, thereof that addresses the above-di scussed issues. .

BRI EF DESCRI PTI ON OF THE DRAW NGS [0007] The present disclosure is best
understood fromthe-follow ng detailed description when read with the
acconpanying figures. It is enphasized that, in accordance with the
standard practice in the industry, various features are not drawn to
scale. In fact, the' dinensions of the various features may be arbitrarily
i ncr eased WBtherpigeEgets. oFhegpadue mpteptls dirsadirdsideinmehieDOYe quplify of inidrfaeest r at es a
fl ow chart ] ri h:ng an interconnect
accordi ng bte?egggﬁlgg [fémgg hﬁg& %lgéé'@ﬁ%?%%a%é%é%&ek%%%%lﬂpFi gs. 2-4, 5A-5D,
6A- 6D, andP90&] 7D Adcordinelyawiat seeeded frean intereomncesfstriniire pubmetbat of st ruct ur es

during vary : [ 1.0n 1N ‘ i ment according to aspects
of the pr(%%Etﬁcﬁllgigﬁggﬁt%ég%ﬁ%%%%gb‘%sdé%ﬂ%#@ggomm It is to be
understood that the follow ng disclosure provides nmany different

embodi NENtHEPDE 86w &Pk P{E ng different features of various
enbodi nent’s’ onents and arrangenents are :
described below to sinplify the present. .disclosure. These are, of course,
nerely exdf¥ks dhelpraseat diesloshsischestandergodrblirom fhetfhlmying detrileddadtdrtion,  t he '

present dixseh R34 KAL FRY.S ; CRGLe 5 3 i8S, dhathe

vari ous exanples. Thi g 0%%3‘?%’%%. gq or Eeeaptéudrt’glgg‘%g%#cgit“}rlr%lt%cﬁtﬁngargnd
clarity aRdcEses hsorduptyy, varwes featdics exstet drawn ol salé. dlndnt,ghebitremsams bhige var i ous
enbodi nent, § R0k G KE ARG el 3 = PV .the formation of
a first feat ureaoyeesr. gib gﬂ#&ﬁ%& sec%a%%fis%gg@g%efof %Mﬁgpﬁg%%sﬁnpti on that )
fol | ows nHlPO8li ncFigdbilpitsrdiafentcbatt of aghiewhodiment of 7 methahdf Bletotink sreat ur es are

formed i nm@@r&cﬁ:ﬁéct%&@ﬁdﬁfgtt%aﬁggsm pr@s]eﬁtchiécfbgﬁrb'.de enmbodi ment s i n whi ch
may be torne

additional features Interposing the first. and second

feat ures, [90%n t Hige. 2th8AMRD; §6-6h ek BedRdisaee srbenamipwaof inteeonmedi r ect
contact . nf@%?“if ;?ﬁn%ﬁ]agg&%éagﬁ’% Pifbricdtion'ih bt dARb RN Rofabl WUSAR el ONC
present disciosure. ' ) .

. DETAILED DESCRIPTION

[0010] It 15 to be understood that the following disclosure provides many different
embodimr—s_nts, or examples, for implementing different features of various embodiments.
Specific examples of components and arrangerments are described below to sﬁnplify the present
disclosure. These are, of course, merely examples and are not intended to be limiting.. In
. addition, the present disclosure may repeat reference numerals and/or letters in the various
examples. - This repetition is for the purpose of simplicity and clarity and does not in itself dictate
arelationship between the various eﬁbodiments and/or configurations discussed. - Moreover, the
formation of a first feature over or on a second feature in the description that follows may |
include embodiments in which the first and second features are formed in direct contact, and may
also include embodiments in which additional features may be formed interposing the first and
second features, such that the first and second features may not be in direct contact. |
[GO11] Referring to Fig. 1, illustrated is a flow chart of one embodiment of a method 100 of

fabricating an interconnect according to aspects of the present disclosure, The method 100



fabricating an interconnect according g§o aspects of the present disclosure.
The nmethod 100 3 shown-in Fig. 1 will be described herein concurrently with
additional reference to Figs. 2-4, 5A- 5D, 6A-6D, and 7A-7D. That is, Figs.
2-4, 5A-5D, 6A-6D, and 7A-7D illustrate sectional views of enbodi ments of

i nterconnect structures during various stages of fabrication which, in sone
enbodi nents, are in accord with aspects of the nethod 100 shown in Fig. 1.
[0012] Thus, referring to Figs | and 2 collectively, the nethod 100
includes a step I 10, which includes providing a substrate 210 having a
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substrate 210 s intended to capture both of these embodiments, among others.

[0013] The substrate 210 may comprise an elenientary semiconductor such as crystal silicon,

polycrystalline silicon, amorphous silicon, and/or germanium. The substrate 210 may also or

alternatively comprise a compound semiconductor such as silicon carbide and/or gallium arsenic.

"The substrate 210 may also or alteratively comprise an alloy semiconductor such as SiGe,

GaAsP, AllnAs, AlGaAs, and/or GalnP, or-any combination and/or alloy thereof. Furthermore,

the substrate 210 may be or comprise a bulk semiconductor such as bulk silicon, and such a bulk

serniconductor may include an epi silicon layer. The substrate 210 may also be or comprise a

semiconductor-on-insulator substrate, such as a silicon-on-insulator (80I) substrate, or a thin-

film transistor (TFT) substrate. The substrate 210 may also comprise a multiple silicon structure

or a multilayer compound semiconductor structure. ' '

[0014] The conductive layer 220 may be or comprise_ aluminum, an aluminum alloy, copper,

a copper alloy, tungsten, combinations and/or alloys thereof, and/or other conductive materials.

The conductive layer 220 may be a conductive feature connecting semiconductor devices,

integrated circuit devices and/or components, and/or interconnects therein. The depth di of the



sem conduct or-on-i nsul ator substrate, guch as a silicon-on-insulator (SOT)
substrate, or a thin- filmtransistor (TFT) substrate. The substrate 210
may al so conprise a nultiple silicon structure or a nultilayer conpound
sem conductor structure. [0014] The conductive |ayer 220 nmay be or conprise
al um num an alum num al | oy, copper, a copper alloy, tungsten,

conbi nati ons and/or alloys thereof, and/or other conductive materials. The
conductive |ayer 220 may be a conductive feature connecting sem conduct or
devices, integrated circuit devices and/or conponents, and/or
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processes. In one embodiment, the dielectric layer 310 may be or comprise a low-k material

having a dielectric constant k of less than or equal to about 3.2 (or less than about 3.3). For .

example, the dielectric layer may comprise organic low-k material, CVD low-k material, and/or

a combination thereof, o

[0017}  As shown in Fig. 3, the dielectric layer 310 is pattemed by photolithography, etching,

and/or other means to form an opening 320 therein, thereby exposing a portion of the underlying

. dielectric layer 230 or conductive layer 220. The opening 320 may be a via hole or a dual

damascene opening (e.g., an opening comprising a via hole and a conductive line trench).

[0018] If necessary or desired, the exposed portion of the dielectric layer 230 proximate the

opening 320 may also be removed, s:._lch as by dry etching and/or other processes, to expose a

portion of the underlying conductive layer 220. Removal of the dielectric layer 230 may employ

a chemistry comprising CHy as a primary gas, possibly mixed with O and N; to adjust the |

etching rate and selectivity. |

[0019] Referring to Figs. 1 and 4 collectively, the method 100 may also include a step 130,

in which a diffusion barrier layer 410 is deposited, such as by self-ionized plasma (SIP) PVD

and/or ionized metal plasma (IMP) PVD, wherein the diffusion barrier layer 410 at least partialty



100171 As shown in Fig. 3, the dielectgic layer 310 is patterned by

phot ol i t hography, etching, and/or other neans to form an opening 320
therein, thereby exposing a-portion of the underlying dielectric layer 230
or conductive |ayer 220. The opening 320 may be a via hole or a dual
danmascene opening (e.g., an opening conprising a via hole and a conductive
line trench). [0018] If necessary or desired, the exposed portion of the
dielectric layer 230 proximte the opening 320 may al so be renoved, such

as by dry etching and/or_other processes, to expose a portion of the
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di ffusi onghaekdeer |ayer 410 maybe or conprise Ta; TaN, Ti, TiN, _

conbi nati ons and/or alloys thereof, and/or other barrier materials. [0020]
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[0021] Thg,habs POLL of the barrier layer 410 proxi mate the conductive
| ayer 220,y mﬁe?ﬁ%r %%F%@d_prior_to or after renoving a portion of the
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t he The recess 510 may have a depth of at least about 200 A. For example, the recess 510 may have
" adepth ranging between about 300 A and about 800 A. In one embodiment, tﬁe recess 510 has a
depth ranging between about 500 A and about 700 A. :
[0023] The recess 510 may be formed by etcfﬁng the conductive layer 220, possibly by in-
situ sputtering utilizing SIP or IMP. For example, commercial SIP PVD systems or IMP PVD
systems provide cleaning models of controllable argon ion (Ar+) sputtefing mechanism to recess
the exposed conductive layer 220 to a predetermined thickness.
[0024] As shown in Fig.. 5A, the recess S10A may have a curvilinear, substantially W-shaped
or other undulating profile 520A. For example, in the embodiment shown in Fig. 5A, the W-
shaped profile 520A includes one peak 525 and two valleys 527, although other numbers of
_peaks 525 and vallcys 527 are within the scope of the present disclosure. The height h of the
peak 525 may range between about 25% and about 75% of the depth d2 of thé recess S10A. For
example, in the embodiment shown in Fig. 5A, the height hl is about 50% of the depth d2. The
depth 42 of the profile 520A may range between about 300 A and about 800 &. In one
embodiment, the depth d2 ranges between about 500 A and about 700 A. The radii of thé peaks
and valleys 525, 527 may range between about 5% and about 50% of the depth d2, although

other radii are also within the scope of the present disclosure.



ses 510A, 510B, 510C, and 510D be collectively referred to herein
;gcgsrecess 510. The recess 510 naynﬁgve a depth of at |east abort 200 A
For exanple, the recess 510 may have a depth ranging between about 300 A
and about 800 A. In one enbodi ment, the recess 510 has a depth ranging
bet ween about 500 A and about 700 A. [0023] The recess 510 may be formed by
et ching the conductive | ayer 220, possibly by in- situ sputtering utilizing
SIP or IMP. For exanple, conmercial SIP PVD systens or | MP PVD systens
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‘ [0027] The depths d3, d4, d5 of each of these .proﬂl_es may be at least 200 A, and may range
between about 300 A and about 800 A. In one embodiment, the depths d3, d4, d5 range between
about 500 A and aboﬁt 700 A. The ﬁrofiles 520A, 520B, 520C, 520D of the recessed condiictive
layer 220 are determined by the incident angle of Ar ions, which may be tuned according to the
SIP bias or magnetic field adjustment and the aspect ratio of the opening 320. . The incident angle
may also affect the parallelism of the sidewalls of the profile, such that the sidewalls may be
substantially parallel or, as with the trapezoidal profile 520D, such that the sidewalls are not-
substantially parallel. For example, the sidewalls of the trapezoidal profile 520D may be
angularly offset by an angle ranging up to about 30°. -

[0028] - Referring to Figs. 1 and 6A-6D collectively, the method 100 may also include a step
150, in which a diffusion barrier layer may bé Optionallj;r deposited as a conformal layer lining
the bottom and/or sidewalls of the recess 510. For example, in the embodiments shown in Figs.
6A-6D, respectively, diffusion barrier layers 610A-610D are formed in-situ by an IMP or SIP
system, such that the diffusion barrier layers 610A-610D line the openings 510A-510D,
respectively. The diffusion barrier layers 610A-610D may be substantially similar'to the barrier



t hen be refracted to bonbard the condugtive |ayer 220, thereby resulting in
the profile 520A. [0026]. Simlarly, the bias of the SIP-PVD system can be
adjusted to direct Ar ions bonbarding the conductive |ayer 220 to form an
opening 510B with a substantially curvilinear, concave profile 520B as
shown in Fig. 5B, an opening 510C with a shal | ow peaked curvilinear

profile 520C as shown in Fig. 5C, or an opening 5 10D with a trapezoidal,
shal | ow peaked, curvilinear profile 520D as shown in Fig. 5D. The heights
h2 of the peaks 540 in the shallow peaked profiles 520C and 520D may range
bet ween abeyt 4504anthedbowt. PS%afple, tie difisiondspiondysg s dépt WS mid, bedd. For
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of Ar ions, whi.ch magrbetu eda oth? SIPb%g%ﬁ&r neticfield

adj ust mentCERES PHEPREpERPr AP Y ? Er RFHYSF200PeH “8ngle  may
al so af f etarridheypaptdA- 6101:!5 Mettby likiag &ie@@&ﬁig]sSlM—SIﬂm rﬂpﬁ:ftwdtlg su&ﬂe@h}yt hat the-

sidewal | s I@% U?LRQ% i all arallel .or m}é 91 F) ezoi . dal
rof e 205 ey fter ol mrdteltn 12 aritiol O e panteabt §TEERT el For
exanpl e, tcb@d@tnﬁtemahrhz& whifchih end dnpeiftint] alay pé @ﬂ‘ni;thxaiaﬁi Eib sty tttbe;om@ds@ﬁ,ﬂnar l-y
of fset by ant{ [ t o about . 30 0_8@ - Referring to 1
and” 6 eb LB tse: 2 e ERURE R0 R g 4 OO0 e T PR TL A
whi ch a dishfatisdion SeyT dopper] @oogper aBdyy, DBgap, b covabitatiod epDsd aule;dthasofaammﬂf or mal
| ayer |ini e bottom anﬂ devval |s.of th ces ? For. _exanpl e,
0 the enisBar AL S A (heopSiotv R ! Spebyade FT0 G CaITUSTRR barr i er
| ayers 610A08TA0D at=g bé ﬂmadml tmt—@bxﬁwgstm QAT 1P LY Ele&dﬁlanﬁg slddothetidfodifiat t he
di ffusion barrier_|ayers éDllneé eni 510A- 510D,
respect i v EFSFessFh £1gF Fﬂ?PHH’B F'af“ig‘I q%‘fﬁ& Iﬁ‘ﬁXf FEreTOB Bnt i al |1 y
simlar t co:mhamdnc&romheemetﬁodsayﬁrm%e(bod@&ﬁw e 7a@weon b0he 6pcamRE SL0ALhe
di ffusion tf rier. | ers 610A- 610D maybe or

5 , TBspective .

[0030] The contact interface between the conductive layer 220 and the conductive plugs

710A-710D is increased by the recess 510 in the conductive layer 220. The contact area of the

interface may further be modified by tuning the incident angle of Arions. Moreover, the

conductive material proximate the botto_m of the conductive layer 220 which may become

- damaged during etching operations may be removed during the formation of the recess 510 and

subsequently filled with newly grown or otherwise deposited conductive material.  Thus, stress

migration (SM) and electromigration (EM) resistance of interconnects formed thereof may be

improved.

{0031] Thus, the present disclosure provides a method of fabricating an interconnect

structure, including providing a semiconductor substrate having a first conductive layer thereon,

and forming a dielectric layer overlying the semiconductor substrate and the first conductive

layer. An opening is formed in the dielectric layer extending to the first conductive layer. A

portion of the first conductive layer is removed through the opening to form a recess having a

substantially curvilinear profile. The opening and the recess are filled with a second conductive

layer, In one embodiment, the methoed includes forming a diffusion barrier layer at least partially



conprise Ta, TaN, Ti, TiN, a conbinatign and/or alloy thereof, and/or other
barrier materials. [0029] Referring to Figs. 1 and 7A-7D respectively, the
met hod 100 al so includes a step 160, in which the openings 510A-5ICD are
each filled with a conductive plug 710A-71 0D, respectively, such as by
damascene processing. I n one enbodi nent, one or nore seed | ayers

conpri sing copper, copper alloys, and/or other seed materials are deposited
on the diffusion barrier, layers 61 OA-610D, thereby |ining the openings
510A- 510D, resgﬁ ctively, such as by PVD, IIMP, SIP, and/or other

pr ocesses liningrke epeing higgmseiine sEQDe selfrioptedp irmar(STH) evftew and am longediaigiet i ve
mat er | al WSk v sOAtn CHBQEI AR coniRRYDEI:5H R B0t alsbd, ShiThl AE g the
conpositi onS f(%e conductive Gon l al§TheB,condcuc‘?tl vy§ r;ﬁtugses °OA—710D
may be or Béwiﬁdiﬁgﬁeaﬂbhﬁlﬁ’wwﬂmm ¢Mm@m| | oy, copper, a copper all oy,
tungsten, @03@?”13'"['3@-&1169&’[ &A94 e 28h lp?é%&eF'% ﬁ%]}conﬁéags[tﬁ(:tu Qhdidin (ﬁi%rbqlg(:t | Ve
materials. The condlctive materi al enpl oye form the conductive plugs 71
OA- 71 OD manppdmees it ¢onductive lopreidcatyd rbasubraB] 30 ab;reledtraﬂayeopmmgmeand/ or
other depgsd LRty

dielectric | ayercé 68}&16&3%%‘3?\% ﬁmggﬂ%ﬁ%\% géddg%t VC?ayQiEgshg Ondt o form
t he condu@?lldvetl\ﬁlluglslﬂmdﬁth@mgmcanpeﬂalamgmfﬁmf @AfirsbBDctivebpect i vel y.
[0030] Theycant 220 and the -
onduct i ve g in g R RHLAE A BN ERNANE SINAE LS S G BB

conduct i véuhsﬁyfeﬂfﬂyzmllmﬁr@rﬁbnt act area of the interface may further be
nodi fi ed sguni 0 i conductive
mat eri al g‘%ﬁoxlluna?’g u{mE@ ﬂg{]% C‘Elﬁ'aé fl&qlgléﬁ%%lr{aucﬁ 1\1/12I§ present%?ﬁ% vv?"n ch) ?‘ray becone
damaged demberimentcthé mg?gmpﬁércatumiwwmyluua ¥ wrelitg df shzrnwngpctdndexﬁcns wapledn of

t he reces d |.l.ed erw se
deposi t e d&C% ng%t%ﬁ, ?/ne %ﬁg@gﬂ&%@&t sk'é%gtll.tre cm{pl\,\%ones g WB é]tuga61ﬁvv? %ﬁac

el ect r omi @¢vadch.ophe(iER)conms| zmlatn@enqbides mpl@rabbfmﬂécstt soﬁdomtwedhyemem@ndmlamxyd)e

i mproved. [ 0Q3 en I ro t hod of.

fabri cati na(% g)né’%lylnté;r c%ﬁ};\tgg?ﬂraﬁ@ uﬁ%n%u‘ﬁﬁgﬁaaa‘gngﬂbr &&la&’llug% _Ogoé’ﬁl?‘%%nduct or
substr at eeaqhwtnrgimz thions bt tbﬂamidnahﬁylosf érst eppductivh ByyerenThe mnaﬂoiﬁmttmirnguﬁ also

gloﬁldﬁgt Ir i ﬁ‘lcfuaé/seﬁrphﬁ-yl% loﬂe@ngldtclagdu%gve lgyers B i %ﬁ‘le% So% g pﬁlra?ity oft op emngsr :

each contacting a portion of one of the plurality of first conductive layers, wherein each interface
between corresponding ones of the first-and second conductive layers substantially conforms to a
substantially curvilinear profile.

[0034] Although embodiments of the present disclosure have been described in detail, those
skilled in the art should understand that they can make various changes, substitutions and

alterations herein without departing from the spirit and scope of the present disclosure.



| ayer. An opening is fornmed in the diegectric |layer extending to the first
conductive layer. A portion of the first conductive |ayer is renoved

t hrough the opening to forma recess having a substantially curvilinear
profile. The opening and the recess are filled with a second conductive

| ayer. In one enbodi nent, the nethod includes formng a diffusion barrier
| ayer at |east partially 8 |lining the opening by enploying one of a self
ionized plasma (SIP) systemand an ionized netal plasma (I MP) system

Mor eover, the conductive |layer may be recessed by in-situ recessing

enpl oyi ng WHATOE CIhaIMEPISyst em and the | MP.system [0032] The present

di scl osure al so provides an interconnect structure including, in one
enbodi nent, a first conductive layer located in a substrate, and a
dielectric |ayér owenrethiohgf fbrisatifg angnteomdefstriorere) cayprisisid havi ng an

openi ng extend conductive | ayer
is located in %dh%é%?ﬁﬁ&gﬁ %%ﬁ%gMﬁéb%E%gr (%ﬁu€¥%?ﬁ8nﬁ??§% conducti ve

| ayer, wher ei feramgizdicdsciiadeyebeterigiep the henitondsttommbstsieaad the franohdnttive

| ayers sub, a% antially confornms to a substantially curvilinear profile.

[ 0033]-- An I'ntfegrated circuit device is also introduced in the present

di scl osure.. Inﬁamegembwmmgmmmemmhanmeegmamadgtﬂh@ﬁﬁtmﬂéMmeebyapludes a

plurality of er'moﬁ gggg i otﬂﬁé’ T csonguc!t{? | ],?aﬁer tl}rnf:)u at -eluqt?a)seltﬁ% ?8 ag]geﬁ%g Clt.0r

i nterconnect struc cou ones 0
devi ces. ﬁhengmm@ﬂmﬂmheekwsmmnpbﬁhemﬁncIudes a plurality of first

conductive |ay ctrlc verI ones of the plurality
of first condu@ QQP%H% é d%ﬁsasvvi’I Seconﬁﬁ?nél P’e B openi ngs each

extendi ng to one of t he plurallty of flrst conductlve Iayers The

i nt erconnect ruc I i.n I | ur f nductive
| ayers |l ocated’in gﬁé%‘a@ éﬁaeal%llclur elreu%@ gﬁ‘w% & e8§1 zﬁ% gg%orﬁcont acting a
portion of one of the plurality of first conductlve | ayers, wherein each
interface betyeen gspondi.n nes t he flr t and S nd conductive
| ayers su&st anétNleaI IT?/‘Qcon ‘grf??ga 3% Bre%@%feﬁﬁsts P%fﬁ JPPR; eq‘?g’éeif’n Byt #lq%e.
[ 0034]. Al Ahodgivuesfvolli ment s of the present dlsclosure have been descri bed
in detail, those skilled in the art should understand that they can nake
vari ous changes, substitutions and :

4, The method of claim 1 wherein the recess has a depth ranging between about 500

A and about 700 A.

5. The method of claim 1 wherein removing a portion of the first conductive layer

compris_es sputtering.

6. The method of claim 1 wherein removing a portion of the first conductive layer

comprises sputtering employing a self-ionized plasma (SIP) system.

7. The method of claim 1 wherein removing a portion of the first conductive layer

comprises sputtering employing an jonized metal plasma (IMP) systen.

. 8. ‘The method of claim 1 further comprising forming a diffusion barrier layer lining

the sidewalls of the opening prior to removing a portion of the first conductive Jayer.



alterations herein w thout departing fqfpomthe spirit and scope of the
-present disclosure. 9 WHAT IS CLAIMED IS: 1. A nethod of fabricating an

i nt erconnect structure, conprising: providing a sem conductor substrate
having a first conductive |ayer thereon; formng a dielectric |ayer
overlying the sem conductor substrate and the first conductive |ayer;
formng an opening in the dielectric |ayer extending to the first
conductive layer; renoving a portion of the first conductive |ayer through
the opening to forma recess having a substantially curvilinear profile;
and filling the opéfienpiimddf tihen ¥ cbgsompidmgfogsrpadifivoordictirieet ayer. 2

The met hogor% l%tﬁé ]From; Ol%ﬁ]!erllecgst%%efor iR ¢ Egépegmg%:ﬁ)cg {l}e recesgt | east 200. A 3.

The net ho g alm erern e rPecese rangi ng between about
300 A and about 800 A 4. The met hod of claiml mhereln the recess has a

depth rangi ng P(?t V%e meta} | Olfn ]tﬁ}éaf?qg th%?gcestsr%oggff is subsfantlahll? V{}E%r?p(?l gfeSCl aim

| wherein renoving a por I'Fst ive
sputtering. 6. The nmethod of claim 1 wherein renoving a portlon of the

first conductiye-| rls uttering enploying a I

bl aor (81 Py shEt et mepl BPE TR bEEA s AU s 2ediekipt £BHERY on o
t he f|rstramm@&&hwmamhaME&amﬂammnUﬁmsfsquiQHMﬂgmsenplQying an ionized
netal plasma (I MP) system . 8. The method of claiml further -conmprising

farm ng a diffusion barrier layer lining the sidewalls of the opening
prior to renovizng &hpatethodnbf @fimtihehdrditi S rezen Grodild meludayeeak bhOin@a hdifie met hod

of claln1ﬁm{ma£m§%0;ogg qﬁhé%hgéﬁég ng a diffusion barrler | ayer

13, The method of claim 1 wherein the recess profile is snbstantially concave.

14. The method of claim I wherein the recess profile is a shallow-peaked profile
including a peak having a height ranging between about 5% and about 25% of a depth of the

TECEss.

15.  The method of claim 1 wherein the recess profile is a substantially trapezoidal,
peaked profile.

16. A method of fabricating an interconnect Stfuchzre, comprising:

providing a semiconductor su?:;strate having a first conductive layer thereon;

forming a dielectric layer overlying the semiconductor substrate and the first condunctive
layer;

forming an opening in the dielectric layer exposing the first conductive layer;

forming a diffusion barrier layer at least partially lining the opening by employing one of
a self-ionized plasma (SIP) system and an ionized metal plasma (IMP) system; '

removing a portion of the first conductive layer in-situ through the opening to form a
recess having a substantially curvilinear profile in the first conductive layer by employing one of |
the SIP system and the IMP system; and

filling the opening and the recess with a second conductive layer.



conformal to the profile of the recessiipefore filling the opening and the
recess. 10. The nethod of claim 1l wherein the recess profile is
substantially Wshaped. 11. The 'method of claim| wherein the recess
profile includes a peak having a height ranging between about 25% and
about 75% of a depth of the recess. 12. The nethod of claim 1l wherein the
recess profile includes a peak having a height that is about 50% of a
depth of the recess. 13. The nmethod of claim 1l wherein the recess profile
is substantially concave. 14. The nethod of claim1 wherein the recess
profile is a shallom#peaked profile including.a peak having a hei ght

rangi ng betwee abo SW 0 of a dept ss. 15. The
met hod of clalgﬁl eﬁgﬁn 5%%eg%g§ﬁ%r&FrFm$ Q Qe ai% tgﬁfg

trape20|dal peaked profile. 16. A method of fabrlcatlng an interconnect
structure, |5| a. sem.conduct or ,sybstr.at e havi a first
conduct i ve I ay r t h@?ee%ﬂg %F%inh 86 ¥herg Ithéé'fcref’sglaf A g0 BOEPS DATWERE H‘g‘t .
senlcondudﬂmn&ambhmnaﬂ@ﬁand the first conductive layer; fanning an opening
in the dielectric layer exposing the first conductive layer; formng a
diffusion barrier layer at least partially lining the opening by enploying
one of a sel fid.oni E&dn@lhcﬂl&lﬂ“alai&ﬂ PyhEys e Roandagn déginiaa sy feléh sphasma

(i MP) syst portion of the first conductive layer in-situ
t hr ough tfﬁagﬁ%ﬁ, ?@}gorn1a recess having a substantially curvilinear.

profile in the flrst conductive |layer by enploying one of the SIP system

and the | MP sy and fi.l Lin, eni ng.and the recess with a second
conducti ve Iaygé i¥1f¥ﬁm?ﬁefﬁgihg§ﬂg CUPRRETRRRE F SPHSP R8s has a

dept h of aﬁbskmaaily c200rrhal tdl@e prbfiR oftiche@ssefoed Allify 46 ophRIpeILA &Iefﬂ&:eﬁsec ess has |
a depth ranglng bet ween about

21.  The method of claim 16 wherein the recess profile is substantially W-shaped.

22.  The method of claim 16 wherein the recess profile includes a peak having a height
ranging between about 25% and about 75% of a depth of the recess.

23. The method of claim 16 wherein the recess profile includes a peak having a height
that is about 50% of a depth of the recess.

24.  The method of claim 16 wherein the recess profile is substantially concave.
25..  The method of claim 16 wherein the recess profile is a shallow-peaked profile

including a peak having a height ranging between about 5% and about 25% of a depth of the

recess.

26, The method of claim 16 wherein the recess profile is a substanfially trapezoidal,
peaked profile,

27. An interconmect structure, comprising:

a first'conductive layer located in a substrate;



300 A and about 800 A. 19. The nethod 4f claim 16 wherein the recess has a
dept h rangi ng between about 500 A and about 700A. 20. The nethod of claim
16 further conprising formng a diffusion-barrier |ayer substantially
conformal to the profile of the recess before filling the opening and the
recess. 21. The nethod of claim 16 wherein the recess. profile is
substantially Wshaped. 22. The nethod of claim 16 wherein the recess
profile includes a peak having a height ranging between about 25% and
about 75% of a depth of the recess, 23. The nmethod of claim 16 wherein the
recess profilea Hiﬂlabtddd}@ela)vptéj&ﬂ(g thafirshepnaudiies Ghar and hevingias opdaongtexB8dmpie a

dept h of the.rece The nmethod of claim 16 wherein the recess profile
i's substaltﬂtengtcﬁn@Bch ¥ 2 § The method of claim 16 wherein the recess
profile is a shedcbneopsakediaps tichtb®in thm@jenﬁd'gmglcanqaeiaig alpantiongf tae st ght

rangi ng bet bout .5% and a e the . recess. 26. The
ot hod of S e IR ehePR e s hesepop RSBV Sl bl T

trapezoi dalhbstan@ﬂlgzlceﬁlfoﬁﬁgﬁ|a|segsta2t7allyAnm1mtaferpmﬁltmect structure conprising: a
first conductive |ayer located in a substrate; 12 a dielectric |ayer
overlying the first conductive |ayer and. having an opening extending to

the first condigti VEheli@yi€srinedBEucturs 60adiel 2¢ omegitthe/gofiayiera depbatiatibeitn t he
openi ng and cont ac tgg a@q{ti on of the first conductive |ayer, wherein an
i nt er f ace MSSEHERL of Ae®¥i 1€t and second conductive |ayers substantially
conforms to a substantially curvilinear pr ofi le. 28. The inter connect
structure of cIa|m27 wherein the tEfofll s a de tgﬁ Elel Ct Ke to
substrate of il Ieélglf:l Bigygonpect structure o laim 7 erem the as a depth relative to

the substrate ranging between about 300 /f\ and about 800 A.

30.  The interconnect structure of claim 27 wherein the profile has a depth relative to
the substrate ranging between about 500 A and about 700 A.

31.  The interconnect structure of claim 27 further comprising a diffusion barrier layer

interposing the dielectric layer and the second conductive layer.

32.  The interconnect structure of claim 27 further comprising a diffusion barrier layer
interposing the first and second conductive layers and substantially conforming to the interface

profile.

33.  The interconnect structure of claim 27 wherein the interface profile is

substantialty W-shaped.

34.  The interconnect structure of claim 27 wherein the interface profile includes a
peak having a height ranging between about 25% and about 75% of a depth of the interface

profile relative to the substrate.

35.  The interconnect structure of claim 27 wherein the interface profile includes a

peak having a height that is about 50% of a depth of the interface profile relative to the substrate,



29.. The interconnect structure of claym 27 wherein the profile has a depth
relative to the substrate rangi ng between about 300 A and about 800 i. 30.
The interconnect structure of claim 27 wherein the profile has a depth
relative to the substrate rangi ng between about 500 A and about 700 A. 31.
The interconnect structure of claim27 further conprising a diffusion
barrier layer interposing the dielectric |layer and the second conductive

| ayer. 32. The. interconnect structure of claim27 further conprising a
diffusion barrier |layer - interposing the first and second conductive |ayers
and substantially conformng to the interface profile. 33. The

I nt er connect S%BUCtPﬁ%nﬁ?coﬁle@t‘s%&lre%&&ﬁfﬂ Jifdeein A %ﬁefrﬁi:‘@gr%l{éﬁé le is

substantially Wshape . The Interconnect structure o alm 27 wherein
t he |nterf%&ﬁ@%ﬂ%ﬁMm@ﬂ@mﬁﬂudéghaﬂmﬁéﬁk havi ng a hei ght rangi ng between
about 25% and about 75% of a depth of the interface profile relative to
the substrate. 35. The interconnect structure of claim 27 wherein the
interface prof#7-e ihedindwsmget spedikee hasidimg 7avigedingthe intdrfice prefilasoadhalfi®®o of a

dept h of tedaa@h mﬁefiaaﬁdigg 95&@&&%@% &:dnfin %H&wﬁéﬂ%B 135€na 18 u%gs%m

i nt erconn ructure 0 aim rel e |nter ace pro eis

subst ant i alepty of thn tuisréace piofiteirelativedo thheubstiist rat e. 37. The i nt er connect
structure of claim27 wherein the interface profile is a shallow peaked
profile including a peak having a hei ght rangi ng between about 5% and about
25% of a dept B8.of Theentemtreeftarecnpe of ¢liim Aettmteintbe interfabreprofilb&ta at e. 38. The

|nterconn§@%hﬁ%%§ﬁ&% dﬁ[p&m%g%og%7 ‘wherein the interface profile is a

substanti profile. 39. The interconnect structure
of claim 27 mhereln the opening is one of a via hole. opening and a dual

damascene OPeN3d18- The interconnect structure of claim 27 wherein the opening is one of 2 via hole

opening and a dual damascene opening.

40, .Tl_le interconnect structure of ¢laim 27 wherein at least one of the first and second.

conductive layers comprises one of coppér and a copper alloy.

41.  Anintegrated circuit device, comprising:
a plurality of semiconductor devices coupled to a subétrate; and
_@n interconnect structure coupling ones of the plurality of semiconductor devices, the
‘interconnect structure including:
o plurality of first conductive layers;

a dielectric layer overlying ones of the plurality of first conductive layers and having a
plurality of openings each extending to one of the plurality of ﬁrst conductive layers; and

a piurality of second conductive layers located in ones of the plurality of openings and
each contacting a portion of one of the plurality of first conductive layers, wherein each interface
between corresponding ones of the first and second coriductive layers'substantially conforms to a

substantially curvilinear profile.

42.  The integrated circuit device of claim 41 wherein the profile has a depth relative

to a corresponding one of the plurality of first conductors of at least 200 A.



40. The interconnect structure of claiqgp 27 wherein at | east one of the
first and second conductive |ayers conprises one of copper and a copper
alloy. 41. An integrated circuit device; conprising: a plurality of

sem conduct or devices coupled to a substrate; and an interconnect structure
coupling ones of the plurality of sem conductor devices, the interconnect
structure including: a plurality of first conductive |layers; a dielectric
| ayer overlying ones of the plurality of first conductive |layers and having
a plurality of openings each extending to one of the plurality of first
conductive layers; and a plurality of second conductive |ayers |ocated in
ones of the plygali one of
the plurality o ? f|?ﬁ%8%§%§ﬁngggkﬁgggﬁiﬁﬁaﬁg&g%ﬁﬁ%é ﬁﬁﬁﬁig%% taQ’Letwe
correspondmngmanwsmhmgmh@fﬂmpbwﬂ@mﬁftﬁcmﬁudm@ﬁ@@@EBW@WMaywnEN@J%m@Iant|‘
all'y confogns. &8 #@ substantially curvilinear profile. 42. The integrated
circuit deV|ce of claim4l wherein the profile has a depth relative to a
corresponding one of the plurality of first conductors of at |east 200 A 1
4 43. The integpate I i has a
dept h, relatlve% to ghﬁ%égﬂg%ggthgggﬁék%:ﬁ4ﬂgﬁéfﬁﬁg Hb%$§?£%ﬁ?£§§%ductors
rangi ng bettomene@bmimng BB 0T the aluchiityadd Gt c@UOctsks ramgmgﬁmeemabemﬁlﬂ dardi 1 cui t
devi ce of q} ﬁ} wherein the profile has a depth relative to a.
correspondlng one of the plurality of first conductors rangi ng between
about 500 A and about 700 A. 45. The integrated circuit device of claimi4l
e T CORREE Lo Bl L Byic LR WIELHES o Bl L i

di ffusion barrler | ayer ch™in 0Si ng h drrerect a er and one of

t he pIuralﬁnyxmmh$atmanhwmddﬁmmvebﬁayénsme&&menemnmﬂ@gmmmemlamrnﬂlt

device of cl.alf. Sy bEEDaE BB IGgQnect structure

46.  The integrated circuit device of cfaim 41 wherein the interconnect structure
further includes a plurality of diffusion barrier layers each interposing one of the plurality of first

" condnctive layers and a corresponding one of the plurality of second conductive layers.

47.  The integrated circuit device of claim 41 wherein the profile is substantially W-
shaped.

48.  The integrated circuit device of claim 41 wherein the profile includes a peak
having a height ranging between about 25% and about 75% ofa depth of the profile relative to a

corresponding one of the plurality of first conductive layers.

49.  The integrated circuit device of claim 41 wherein the profile is substantially

concave relative to a corresponding one of the plurality of first conductive layers.

50.  The integrated circuit device of claim 41 wherein the profile is a shallow-peaked
profile including a peak having a height ranging between about 5% and about 25% of a depth of

the profile relative to a corresponding one of the plurality of first conductive layers.



further includes a plurality of diffusimpn barrier |ayers each interposing
one of the plurality of first conductive |ayers and a correspondi ng one of
the plurality of second conductive layers. 47. The integrated circuit
device of claim4l wherein the profile is substantially Wshaped. 48. The
integrated circuit device of claim4l wherein the profile includes a peak
havi ng a hei ght rangi ng bet ween about 25% and about 75% of a depth of the
profile relative to a corresponding one of the plurality of first
conductive Iay%rs. 49. The integrated cjrcuit_ device of claim4l wherein
the profile is->SubstHnpiegriey crughedeeeliiceime yhered the eefHls sesubstnigYone of

t he pIuraJ&gwm@ﬁLbbﬁ@ap@deuctive | ayers. 50. The integrated circuit device
of claim4l wherein the profile is a shall ow peaked profile including a
peak having a hei ght rangi ng between about 5% and about 25% of a depth of.
the profile relative to a corresponding one of the plurality of first
conductive layers. 15 51. The integrated circuit device of claim41l wherein
the profile is a substantially trapezoidal, peaked profile.



