DISCONTINUOUS/NON-UNIFORM METAL CAP STRUCTURE AND PROCESS FOR
INTERCONNECT INTEGRATION Field of the Invention 100011 The present invention relates to
semiconductor interconnect structures, and a method of fabricating the same. More patrticularly, the
present invention relates to semiconductor interconnect structures having enhanced electromigration
(EM) resistance without degrading time dependent dielectric breakdown reliability. Background of the
Invention [0002] Generally, semiconductor devices include a plurality of circuits that form an integrated
circuit (IC) fabricated on a semiconductor substrate. A complex network of signal paths will normally
be routed IASOOREGTNE O TRANDEIENERTRNSMBUED ON B RUHZCERE thsBHRIraEsEifioient routing of
these signals across the device regiiiEsoOMMEIcH O TtifReVBIGY multilayered schemes, such as, for
example, single or dual damascene wiring structures. The wiring structure typically includes copper,
Cu, sin&eeldwhdeddvienérzonnects provide higher speed signal transmission between large numbers of
transistors on a complex semiconductor chip as compared with aluminum, Al, based interconnects.
100031 Within a typical interconnect structure, metal vias run perpendicular to the semiconductor

substratB04hH The Rieker S umin aHaltb tHeBEMEopOu cttr cUp ST uruthemdiandehent of the

signal spegeLang derdustionedsighaisiinAdireentMatRlng s kaawnaseaasRialk,) are achieved in
today's IC product chips by embedding the metal lines and metal vies (e.g., conductive features) in a

dielectriB'HieRBAEA FHVHE S dribg RrbeBrrd siRcTrIaiadhign Pl resistance without degrading
time dependent dielectric breakdown reliability.

Background of the Invention

[0062] Generally, semiconductor devices include 2 plurality of circuits that form an integrated
circuif (IC) fabricated on a semiconductor substrate. A complex network of signal paths will
normally be routed to connect the circuit elements distributed on the surface of the substrate.
Efficient routing of these signals across the device requires formation of multilevel or
muitilayered schemes, such as, for example, single or dual damascene wiring structures, The
wiring structure typically includes copper, Cu, since Cu based interconnects provide higher
speed signal transmission between large numbers of transistors on a complex semiconductor chip

as compared with aluminum, Al, based interconnects.

[6063] Within a typical interconnect structure, metal vias run perpendicular to the semiconductor
substrate and metal lines run parallel to the semiconductor substrate. Further enhancement of the
signal speed and reduction of signals in adjacent metal lines (known as “crosstalk”™) are achieved
in today’s IC product chips by embedding the metal lines and metal vias (¢.g., conductive

features} in a dielectric material having a dielectric constant of less than 4.0.

[06004] In semiconductor interconnect structures, electromigration (EM) has been identified as
one metal failure mechanism. Electromigration is the transport of material caused by the gradual
movement of the ions in a conductor due to the momentum transfer between conducting

electrons and diffusing metal atoms. The effect is important in applications where high direct
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[0004] In semiconductor interconnect structures, electromigration (EM) has been identified as one
metal failure mechanism. Electromigration is the transport of material caused by the gradual
movement of the ions in a conductor due to the momentum transfer between conducting electrons and
diffusing metal atoms. The effect is important in applications where high direct current densities are
used, such as in microelectronics and related structures. As the structure size decreases, the practical
significance of EM increases. [0005] EM is one of the worst reliability concerns for very large scale
integrated (VLSI) circuits and manufacturing since the 1960's. The problem not only needs to be

overcoe during $heRGRSE, daURIRRMANt RAKIar iR Qtaan . aalif R Process ki also persists

through the lifetime of the chip. Voids are created inside the metal conductors of an interconnect
structurég dectsease G aRaRtisob rEhE cRGe 88 Y tRETFRSH density of current flow. [0006] Although the
fast diffusion path in metal interconnects varies depending on the overall integration scheme and

materi for chip fahrication, if,has been observed that metal atoms, syc Cuy atoms,
e e ST eV AREAEA T 5 [ S A AL r SR oo the EM
lifetimeapthjeatidghactiepMcnttiall voids firkt prutieaienat dhis nrethlidibtacteeaap dothigabe and then grow

in the ditectionfo the bortomof the Btetcanagls.ahich.ventually results na ifcul dead opening
[0007] Sty MBS pi% orial représen Sfions 0 prior ar interconnect structure at various stages
of an ENdaitaref the diepe Voadvimgs;eetal onode themeral tonderioteofibe idietectriect afpuetng reference

numera} 40 fenpies,ihe melahiniereannet isalue: Al ginereanmRgRents of the prior art interconnect

structure are not labeled to avoid obscuring the EM problem. FIG. IA is at an initial stress stage. FIG.
1B is at a time when void 14 nucleation initiates at the metal interconnect feature 10/dielectric cap 12

interfac@oliéf A kfol:RlR iRedheR Na¥a it giawatanaidshe eponof harondugtive feature

10, and FIG. 1D is at a time in which the yoid 1Aggtr)§wth crgsses, the metal interconnect feature 10
causind SeEMRANT RS RARG eo Bi o Fichipdrtuisationstt drsPera B Frept b it etfelectric
interfacenwtith aCoidieifacepaneniancoheleeDpigrsationiresigiaRceibygreatehibamil @ex. Prior art
metal caps are typically,comprised of a Co-contajni loy such, as, for example, COWP, which is
Cotoct b e e RS SRCRE bBR e T b R LPRA S O problem with
utilizingnsualiisdtectiveagepesited ane thtic gpsy sntiat Sosridofithberhetaincap thxtetadsoontotihe

which eventually results in a circuit dead opening.

[0867] FIGS. 1A-1D are pictorial representations of a prior art interconnect structure at various
stages of an EM failure. In these drawings, reference numeral 12 denotes the dielectric cap, and
reference numeral 10 denotes the metal interconnect feature; all other components of the prior art
interconnect structure are not labeled to avoid obscuring the EM problem. FIG. 1A 1s at an
initial stress stage. FIG. 1B is at a time when void 14 nucleation initiates at the metal
interconnect feature 10/dielectric cap 12 interface. FIG. 1C is at a time when the void 14 grows
towards the bottom of the conductive feature 10, and FIG. 1D is at a time in which the void 14

growth crosses the metal interconnect feature 10 causing a circuit dead opening.

[6008] It has been demonstrated that by replacing the Cu/dielectric interface with a Cw/metal
interface can enhance electromigration resistance by greater than 100x. Prior art metal caps are
typically comprised of a Co-containing alloy such as, for example, CoWP, which is selectively
deposited atop of the Cu conductor region of the interconnect structure, One problem with

utilizing such selective deposited metal caps is that some of the metal cap extends onto the
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2 adjoining surface of the interconnect dielectric material and, as such, electrical shorts between
adjacent interconnects may arise. This is seen, for example, in FIG. 2 wherein reference numeral 20
denotes a dielectric material, reference numeral 22 denotes a conductive material embedded within
the dielectric material 20, reference numeral 24 denotes a Co-containing alloy metal cap, and
reference numeral 25 denotes metal residues from the Co-containing alloy cap process. [0009] In
addition to the above, it is known to provide a metal cap directly on the surface of an interconnect
conductive material, such as, for example, Cu, by recessing the interconnect conductive material

below agbitagesofthe driarcRrIest el arde Rl - Smah A StrckieHrahawm: ferRxample, in FIG.
3. In this figure, reference numeral 2Q denotes the intercoéldn%%cﬁ%?%e eér ric material, reference numeral
i .

22 denBiES e HRE B AE PRS AR iV iR E8r M Shib e EEIPERISEIET D8, reference
numerad(2&ataaoielcdecistantierzinfnchteiarencs Midecat 24 deadnidsdhetpreiadabpidiihough this

prior art fecese proness, rovides, melalcan ihat lsocated onlv.on a surface o e recessed
conductive ma erial, such a process is pro%(iema i&'since there is %lfj?’n process GOt GesBlated
therewithd [e0:16]ckt isimisel\ROdhnventietihg tdaesiimingle flearritadifugetiyrmefluneieescid, which is
generally used to clean the surface of the interconnect dielectric material, corrosion of metal caps may
occur. This is particularly observed when CoWP is used as the metal cap material. [0011] In view of

the abd{80%h&raddidanietifioebaveet fokrovising sidermareehasrsacibiorcths tese tHe2EM resistance
is enhapeedwithout degrading e timeidependent-thelesirisraakdawmeehiahilipnaf the interconnect

structure. Summary of the Invention [0012] The present invention provides semiconductor interconnect
structufE8dHEKAVRITHRIRRIBY B MITERABAIRE FPHEPRBFEVEE RIrdnalsnity, is Wl afEF Witidut degrading
the timgndapendentalistect E1orsakeans fgliahli-ehtiainiersormest stk iasrcbhgepresent
mventl%ri]e{gcr’ttrqg ;naterial, reference numeral 22 denotes the interconnect conductive material embedded

within the dielectric material 20, reference numeral 23 denotes a dielectric cap, and reference

numeral 24 denotes the metal cap. Although this prior art recess process provides a metal cap

that is located only on a surface of the recessed conductive material, such a process is

problematic since there is high process cost associated therewith.

[0010] It is also worth mentioning that during a clean in dilute hydrofluoric acid, which is
generally used to clean the surface of the interconnect dielectric material, corrosion of metal caps

may occur. This is particularly observed when CoWP is used as the metal cap material.

[0011] In view of the above, there is a continued need for providing an interconnect structure in
which the EM resistance is enhanced without degrading the time dependent dielectric breakdown

reliability of the interconnect structure,
Summary of the Invention
[0012] The present invention provides semiconductor interconnect structures that have improved

EM reliability. The improved EM reliability is obtained without degrading the time dependent

dielectric breakdown reliability of the interconnect structures. The present invention further



provides interconnect structures that have better reliability and technology extendibility for die
semiconductor industry. [0013) In one embodiment, the present invention provides an interconnect
structure in which a discontinuous noble metal-containing cap is present on portions of an exposed
upper surface of a non-recessed conductive material which is embedded within a low k dielectric
material. The teini "discontinuous" when referring to the noble metal-containing cap denotes that the
cap exists as nuclei or islands atop some portions of an exposed upper surface of the non-recessed
conductive material. [0014] In another embodiment of the present invention, an interconnect structure

is pfowﬁn%@iﬂ%@%%%l&&@ﬁ%o@i%@%&f%ﬁﬂ E&%@'@e&k@@hﬁ@ﬁﬁ%‘ Bﬁlﬁt&fmtﬁé . %&ﬁiﬁﬁi%?%%j upper
surface of a non-recessed conductive material which is embedded within a low k dielectric material.
The terffiPHERURBSHUHREN referring to the noble metal-containing cap denotes that the cap has a
rough source defined by a variable thickness across the exposed upper surface of the embedded

conduc#'? terial, 100151 In oth of the emhodiments mentioned above, the noble metal-containing
cap of UL B BERS R SR SHEb A BB CobeP BURSERSFLREW X BRIEE material,
Preferafibgottimmobleobietaktbrtaininggappaf thestnentjmnitoe st exiend oper aarfippef surface of a

diffusiop aieLpal s isadin separaling e eRodd e melsiaiam ng ok dielgiric material.
The latfer embodiment in which the inventive noble metal-con aining cap does not extend onto an
upper serfiaceisbatiffisiomiar rriephowid dscashlocmatd-thatdiningmpp cesdite shatdecsantrol as

compargawith Rrioy At IMRECANNAChSIHGINES o fAR8LINGeNRIAI SR IR JFe PEERGDLBuaNtion provides

an interconnect structure including: a dielectric material having a dielectric constant of about 3.0 or
less antPBENEHEE BitEeEBhductive material embedded therein, the at least one conductive material
having an upper surface that is coplanar with an upper surface of the dielectric material; and 4

[0014] In another embodiment of the present invention, an interconnect structure is provided that
includes a non-uniform noble metal-containing cap present on an exposed upper surface of a
non-recessed conductive material which 1s embedded within a low k dielectric material, The
term “non-uniform” when referring to the noble metal-containing cap denotes that the cap has a
rough source defined by a variable thicknesé across the exposed upper surface of the embedded

conductive material.

10015} In both of the embodiments mentioned above, the noble metal-containing cap of the
invention does not extend onto an exposed upper surface of the low k dielectric material.
Preferably, the noble metal-containing cap of the invention does not extend onto an upper
surface of a diffusion barrier that is used in separating the conductive material from the low k
dielectric material. The latter embodiment in which the inventive noble metal-containing cap
does not extend onto an upper surface of a diffusion barrier provides a structure that has

improved leakage confrol as compared with prior art interconnect structures.
[06016] In genéra} terms, the present invention provides an interconnect structare including:

a diclectric material having a dielectric constant of about 3.0 or less and at least one conductive
material embedded therein, the at least one conductive material having an upper surface that is

coplanar with an upper surface of the dielectric material; and
4



a noble metal-containing cap present at least on some portion of the upper surface of the at least one
conductive material, wherein said noble metal-containing cap is discontinuous or has a nonuniform
thickness. [00171 In the inventive structure, there is no "residues"” from the noble metal-containing cap
deposited on the dielectric surface. By "residues” it is meant that no fragments of noble metal material
form on the dielectric material surface. In some embodiments, the noble metal-containing cap is not
present on an upper surface of a diffusion barrier that separates the at least one conductive material
from the dielectric material. [0018] The dielectric material which is present in the inventive interconnect

structutenmiay Re:An% Hiskeenps stdiglestiicMaiadald it d HiRlagia comstant afsatuisB.0 or less.
lllustratively, the dielectric,mat%;al er’%g}toy%? in tf;g present inventigh comprises alsilses uioxane, a C
doped SRROTELCIRR BREAROSIREIEY TR TARI PULeLE RAAEPIRS 8 5 IOt U & "9SAd osetting
polyaryighRgihkicieesmultilay-ers thereof. The dielectric material may be porous, non-porous or contain
regions and/or surfaces that are porous and other regions and/or surfaces that are non-porous. [0019]
The conductive material which forms an embedded conductive region within the interconnect structure
includegpéany; dnctteriab thtivbststiergbiine to tratistedueciroityhExabivpletabicoconduntivepmaterial that
can be RISSHNIIAG SRISIVE FRgloB st lor SXalRle oS- SR B RlAl @ conductive
metal a OR/ a conductive metal silicide or combinations and multilayers thereof. In one embodiment of
the presettrial/éntiorn thedidaedtietvelsriaterdhencllitisns emhadbave sikereklemgsifor example, Cu,

\V, and(Qr, AlniRea-4ighhe Praigieshem Qs%'m%@é Hre BiesaBh inyeRlian: hecaedustivaamaterial

includes a Cu-containing conductive material such as, for example, Cu, or a Cu alloy (such as AlCu).
[0020] ARerfetisHEE apsve v dbhdirleEnmaisiialis separated from the dielectric material by a
diffusion barrier. The diffusion barrier prevents diffusion of the conductive material into the dielectric

material. Examg%f:ff# diﬁusioni%a‘%er that can be present.within the cpr;fldtuctive re%%n include, for
examplBSHE] TaRAgleckik MR KPR BT RTPH AN Eﬁ;lng: AN SRR b RSB AAtoRs and
muhilayessithateafiect dielectric material having a dielectric constant of about 3.0 or less.

Iustratively, the dielectric material eraployed in the present invention comprises a

silsesquioxane, a C doped oxide (i.e., an organosilicate) that includes at Jeast atoms of 51, C, O

and H, a thermosetting polyarylene ether, or multilayers thereof. The dielectric material may be

porous, non-porous or contain regions and/or surfaces that are porous and other regions and/or

surfaces that are non-porous.

[0019] The conductive material which forms an embedded conductive region within the
interconnect structure includes any material that has the ability to transfer electricity. Examples
of conductive material that can be present in the conductive region include, for example, polySi,
a conductive metal, a conductive metal alloy, a conductive metal silicide or combinations and
rultilayers thereof. In one embodiment of the present invention, the conductive material
includes a conductive metal such as, for example, Cu, W, and/or Al. In a highly preferred
embodiment of the present invention, the conductive material includes a Cu-containing

conductive material such as, for example, Cu, or 2 Cu alloy (such as AlCu).

[0026] As mentioned above, the conductive material is separated from the dielectric material by
a diffusion barrier. The diffusion barrier prevents diffusion of the conductive material into the
dielectric material. Examples of diffusion barriers that can be present within the conductive

>



[0021] The conductive material may be present within a via opening, a line opening, a combined via
and line opening or any combination thereof. [00221 The term "noble metal-containing” when referring
to the cap located directly atop the at least one conductive material includes any metal that is resistant
to corrosion or oxidation. The preferred noble metals that can be used in the present invention are
selected from the group consisting of Ru, Ir, Rh, Pt, Co, W and alloys there,of. More preferably, the
noble metal employed as the noble metal-containing cap comprises Ru or a Ru alloy. [0023] In
addition to the interconnect structure mentioned above, the present invention also provides a method

of fabricating #he.s_Me: dR:apNerpd teEnsTiNe VRatieNNRIMA Igde s TRroVidiagve dislegtric material
having a dielectric constant of about 3.Q or less and at least one conductive material embedded
therein SO HIIELS B oAtV aterial has an upper surface that is coplanar with an upper
surface of the dielectric material; and forming a noble metal-containing cap directly on the upper
surface[ﬁ#r?]e%z?jt Ieas& one cont(juc}ive n%aterial Whelyéein the noble metal caﬁ is discontinuoys or
non-unkorm: Brief ﬁlei‘sl("”sr’iTi)cfiroﬂr‘fiL 81e B W,’?@?T%‘ﬁj Teichb ok 172 6?&8 A fepresentations (through
cross sectondiniews)itstrating thig:fatmatiereof. a circuit dead opening in a prior art interconnect
structure which is caused by EM failure. [0025J FIG. 2 is a prior art interconnect structure (through a

cross sectional view) including a Co-containing alloy metal cap located atop a conductive material that
is embdORA Withtera “noble metal-containing” when referring to the cap located directly atop the at

least one conductive material includes any metal that is resistant to corrosion or oxidation. The
preferred noble metals that can be used in the present invention are selected from the group
consisting of Ru, Ir, Rh, Pt, Co, W and alloys thereof. More preferably, the noble metal

employed as the noble metal-containing cap comprises Ru or a Ru alloy.

[0023] In addition to the interconnect structure mentioned above, the present invention also

provides a method of fabricating the same. In general terms, the inventive method includes:

providing a dielectric material having a dieleciric constant of about 3.0 or less and at least one
conductive maferial embedded therein, the at least one conductive material has an upper surface

that is coplanar with an upper surface of the dielectric material; and

forming a noble metal-containing cap directly on the upper surface of the at least one conductive

material, wherein the noble metal cap is discontinnous or non-uniform.

el

Brief Description of the Drawings

[0624] FIGS. 1A-1D are pictorial representations (through cross sectional views) illustrating the
formation of a circuit dead opening in a prior art interconnect structure which is caused by EM

failure.

[0025] FIG. 2 is a prior art interconnect structure (through a cross sectional view) including a

Co-containing alloy metal cap located atop a conductive material that is embedded within a
6



6 dielectric material, and metal residues from the Co-containing alloy cap process are present on the
dielectric surface. [0026] FIG. 3 is a prior interconnect structure (through a cross sectional view)
including a recessed conductive material embedded within a dielectric material, said recessed
conductive material having a metal capping layer located thereon. [0027] FIGS. 4A-4E are pictorial
representations (through cross-sectional views) illustrating an interconnect structure that can be
fonned in the present invention containing a discontinuous noble metal-containing cap atop a
conductive material embedded within a dielectric material. It is noted that FIGS. 4B-4E are

cross-sgefional wigwsihat ere-naralialie f%%@@a%ﬁmﬁ% AR herislpcticmaterial 49028] FIG. 5
ew

is a pictorial representation (through a cross-sectional vi at is parallel to the opening formed into
the die@eHEsate N Hitistrating an alternative interconnect structure that can be formed in the
present invention containing a non-unifoon noble metal-containing cap atop a conductive material

EOO %l The present

embedded within a dielectric material. Detailed Description of the Invention
inventi ﬂ%ﬁﬁap o\?iﬁé’?‘?ﬁfgﬁ%ﬁﬁ%ﬁtﬁt§%‘§fﬁf€e&%§ﬁ§gﬂ %ﬁ%ﬁﬁ%%@%ﬁ%% ?Bvrbni%?gltlo%&w resistance

withoutrdegsadingdinsvdepeaddrihdieddetrieiirmakdiolvcine iniiitylasdda enetirdd afdorining the same,
will now be described in greater detail by referring to the following discussion and drawings that
accomﬁnaan%rﬁigl %?lél Eﬁ apa%ﬁgg%lgﬁ%ty ?slylr?gtaé%da tﬁ%ﬁ?j% drawings of the present application are
provided for illustrative purposes only and, as such, the drawings are not drawn to scale.

[0027] FIGS. 4A-4E are pictorial representations (through cross-sectional views) illustrating an
interconnect structure that can be formed in the present invention containing a discontinuous
noble metal-containing cap atop a conductive material embedded within a dielectric material. It
is noted that FIGS. 4B-4¥ are cross-sectional views that are parallel to the opening formed into

the dielectric material.

{0028] FIG. S is a pictorial representation (through a cross-sectional view that is paratlel to the
opening formed into the dielectric material) illustrating an alternative interconnect structure that
can be formed in the present invention containing a non-uniform noble metal-containing cap atop

a conductive material embedded within a dielectric material.
Detailed Description of the Invention

[6029] The present invention, which provides interconnect structures having enhanced
electromigration (EM) resistance without degrading time dependent dielectric breakdown
reliability and a method of forming the same, will now be described in greater detail by referring
to the following discussion and drawings that accompany the present application. I is noted that
the drawings of the present application are provided for illustrative purposes only and, as such,

the drawings are not drawn to scale.

[0030] In the following description, numerous specific details are set forth, such as particular
structures, components, materials, dimensions, processing steps and techniques, in order to

provide a thorough understanding of the present invention. However, it will be appreciated by
7



[0030] In the following description, numerous specific details are set forth, such as particular
structures, components, materials, dimensions, processing steps and techniques; in order to provide a
thorough understanding of the present invention. However, it will be appreciated by 7 one of ordinary
skill in the art that the invention may be practiced without these specific details. In other instances,
well-known structures or processing steps have not been described in detail in order to avoid
obscuring the invention. [0031] It will be understood that when an element as a layer, region or
substrate is referred to as being "on" or "over" another element, it can be directly on the other element

or interygpinLRIEMS NS IMAYRISA DS RKe SRHBLRRY BsthMmbenanelemeniissrisrediaas being

"directly on" or "directly over" another element, there are no intervening elements present.. It will also
be und&P<StBE KR e H A RTS8 TiTE ™ ROV Rep™ ﬂ&BEﬁéa-d?F@Q%ther
elemengrd-caneidisesilyigemnesiagi@rcoupled to the other element or intervening elements may be
present. In contrast, when an element is referred to as being "directly connected" or "directly coupled”
to another element, there are no intervening elements present. [0032] As stated above, the present
inventigogagvides]dar intérsonricbhstthetuiresSeentfes ekomplegklGr 4fhsnd<RiGefS)rimduding a
dielectric material having.a diglectric constan rl ing: ne conductive
materiali)%%eogdé)a tﬂ‘é?%iﬁ?l gr gie?gég?%r?g%:%%gggﬁég o%%g?g%%i%%%%ﬁp&p%@%ﬁ%ﬁ&& that is coplanar
with andppextsorfacesotheraiets clnconaetkishaheniplearmbdsirmbreohinest g tdieedisoMcludes a

noble metal;cONAIRING SaRHbalis:PRESATE 3FeRSHANOME Rorlian afdasunperpuriaee of the at least

one conductive material. In one embodiment, the noble metal-containing cap is discontinuous, e.g.,

exists aaAtisiepsihalare 6h thansniiasdoran & 46 Bsigg orerasrglicavemmsiato praistner
embodigngrtnthe Halje Mmetak contriing FanpRY & ManouRFBMtickipss-ashiashe-suface of the at

least one conductive material: 100331 In the inventiye sé ucture,_thgﬁ is no "residueg” from the noble

metal-cBRANRIRE Ry dBSoaHRatH SR URESRLIS I isce? By2s Renk sirerild ABRFTHRalho fragments of
noble meiadonatesialddrmo anthe dielesiridmatesabsuttacaiin semenambsdiments, the noble
metal-containing cap is not present on an upper surface of a diffusion barrier that separates the at
least one conductive material from the dielectric material.

[0032] As stated above, the present invention provides an interconnect structure (Ses, for

example, FIG. 4E and FIG. 5) including a dielectric material having a dielectric constant of about
3.0 or less and having at least one conductive material embedded therein, The at least one
conductive material has an upper surface that is coplanar with an upper surface of the dielectric
material. The inventive interconnect structure also includes a nobie metal-containing cap that is
present at least on some portion of the upper surface of the at least one conductive material. In
one embodiment, the noble metal-containing cap is discontinuous, e.g., exists as nuclei or islands
on the surface of the at least one conductive material. In another embodiment, the noble metal-
containing cap bas a non-uniform thickness across the surface of the at least one conductive

material.

{0033} In the inventive structure, there is no “residues” from the noble metal-containing cap
deposited on the dielectric surface. By “residues” it is meant that no fragments of noble metal
material form on the dielectric material surface. In some embodiments, the noble metal-
containing cap is not present on an upper surface of a diffusion barrier that separates the at least

one conductive material from the dielectric material.



10034] The present invention also provides a method of fabricating an interconnect structure which
includes a discontinuous/non-uniform noble metal-containing cap. In general terms, the inventive
method, which is illustrated, for example, in FIGS. 4A-4E, includes providing a dielectric material
having a dielectric constant of about 3.0 or less and at least one conductive material embedded
therein. The at least one conductive material has an upper surface that is coplanar with an upper
surface of the dielectric material. Next, a noble metal-containing cap is formed directly on the upper
surface of the at least one conductive material. The noble metal-containing cap may be a

discontjpyiolsr6aRm,AEANRVHAO ORI R Q%&s&m@a@mﬁg 190501 SpecifiaalyurdG. 4A

illustrates an initial structure 50 that can be emplhiée in_the present invention in fabricating the

inventivelRbdreaiss & Saaiirao e raHaheRIRIg e fte SRS RREIEPS 2 Pfaving a pad
stack S¢hiegaiednemad ummnmutaa%ﬁerao&{&ﬁga ] 1h iBTOSteditag, theiniialetidaigre 50 is typically
located u n a substr not s n in the drawi s of I sent Ilcatlon) The substrate may
compr PG TR TG o AR o AR T 1 B A ERE ARG combination
includingaratidlilaybed dbbrioatiNy Tt thisu bséradmdscﬂ:nfmpmsmhﬁﬁza muppmu&u&aungmatenal any
semico n(#CtOf Sl'{ﬁh ai?%:@‘-gsls%liéyﬁg Gﬁﬁ@ %‘6(:[1‘ % €g¥§ %Sh no IIIE]CFE f«g il lr LN %r lINI

compou semlcon%rh e use n to these liste types o1 semico aﬁétlng materials,
the prefentehdantiinalsercopemplate s Thsad hwwnmcm@s@mmn@uéto%a mstlsterpdad layered

semicopguatan sueh asy f@@éﬁ@aﬁ{ﬁm%eaﬁ%r S USICSEaN-Q ninsaterS.CRQIS-LE Silicon

germanium-on- msulators (SUM). [0037) When the substrateinsulating matefial, the insulating material
can be an organic  ator, an inorganic insulator or a combination thereof including multilayers. When

the subgisaie ﬁa@eﬁmﬁﬂycﬁr@ maiariatethesubsEaIGBRY.IR0luge canexapRiR Rl parglemental

metal, alloys,of elemental metals, a metal silicide, a metal nitride, or combinatio sthereoflncludlng

multilayBFERYOR SRS e e L LB BB E SR g 1 SBREABF MRS ST onductor
devicesiplelrRSnitsrexampieigomple sentsdycoatd Oxiteispenicefdudier:6(EMOS) devices can be
fabricated thereon. [0038] When the substrate comprises a combination of an insulating material and
a conductive material, the substrate may represent a first interconnect level of a multilayered
intercorﬁ&ﬁé’tﬁ] Strisctorel {8639] Mitedisletaric Shateyiat 8 déthednition stsultires SGot smprises any

interlevel apaleveldislectic incliuding inaiggie.dislestricsrorganciaielestias, Thediglectic

materla may e porous, non-porous oOr contain regions and/or surfaces that are porous and other
reglonsaarh@ﬂ’élﬂ%%fﬁ@é@ﬁa% RRAGUSE ISORASHID 95 28 KEaiakpaBch kR bl aareciresdhat can be

used aiﬁﬂ&%%&&@&dﬁ%&%&%ﬁ&%&%?g@mi%iébﬁ&%di‘ﬁi@'kﬁﬂ%@r%!%b‘%%ﬁﬁ%%ﬁ&@ﬁs&kﬂ&b‘)@ﬁ oxides (i.e.,

organosmcates that include atoms of Sj, C, Q and H, thermaqsettin Ing golyarylene ethers, or multilayers

thereof S RO HSIvainenay sty %ﬁétﬁlé“gﬁﬁﬁc%hqy\éé?ﬁ FPMRBfes or inertly substituted

aryl moseﬂﬁ@onduabxar@dmwes@gethﬁdayob@m&sﬁmwg& argaarﬁdm@gmmﬁamheas for
example oxygen, sulfur, sulfone Su ulfoxide, car ony I and .
presentmvéntion also contemplates cases in w. SN e sermcon uctor substrate is a layered
serniconductor such as, for example, Si/8iGe, Si/SiC, silicon-on-insulators (SOIs) or silicon

germanium-on-insulators (SGOIs).

{60371 When the substrate is an insulating material, the insulating material can be an organic
insulator, an inorganic insulator or a combination thereof including multilayers. When the
substrate is a conducting material, the substrate may include, for example, polySi, an elemental
metal, alloys of elemental metals, a metal silicide, a metal nitride or combinations thereof
including multilayers. When the substrate comprises a semiconducting material, one or more
semiconductor devices such as, for example, complementary metal oxide semiconductor

({CMOS) devices can be fabricated thereon.



[0040] The dielectric material 52 typically has a dielectric constant that is about 3.0 or less, with a
dielectric constant of about 2.8 or less being even more typical. All dielectric constants mentioned
herein are relative to a vacuum, unless otherwise noted. These dielectrics generally have a lower
parasitic cross talk as compared with dielectric materials that have a higher dielectric constant than
4.0. The thickness of the dielectric material 52 may vary depending upon the dielectric material used
as well as the exact number of dielectric layers within the dielectric material 52. Typically, and for
normal interconnect structures, the dielectric material 52 has a thickness from 50 nm to 1000 tun
[00411 The dielectric material 52 is foJied utilizing any conventional deposition process including, but
not limited to chemical vapor deposition (CVD), plasma enhanced chemjcal vapor depgsition
(PECVW3&¥B%%$‘%EW§£WE%WEE’6 O S <BBTPCRHRG (O0A 5 BHEF B ming the
dielectrig:maderind bspag siackepdisdiorMed;nrrasaxgdses uppendlikfpaehdirieaitia material 52.
The pad stack 54 comprises an oxide, nitride, oxynitride or 10 multilayers thereof (e.g., a pad stack
comprigfﬂlﬁtgrﬁad oxide and a pad nitride). The pad stack 54 typically comprises a semiconductor
oxide, semiconductor nitride and/or a semiconductor oxynitride. Preferably, the pad stack 54

semiconductor nitride and/or a semicondict padsiack st
oy D g o b pleL e e B 9D PECVD.

evaporditbrehnvlictineonotemnigehosmions prysiens dapertdeposivohepiD) mre morieiyer
depositign, (ALD),JA-HRsT SReRinsMibila R slask-ohis rpsd R atbarPRlRcess such as, for

example, a thermal oxidation, a thermal nitridation and/or a thermal oxggiétridation process. In yet other

embod FHERES Tt HaY AR BT o vl el SLESH BN R dBIFoF T fititBhPandsthat il processes.

dielectric material 52 inclhude, but are not limited to silsesquioxanes, C doped oxides (i.e.,
organosilicates) that include atoms of 8i, C, O and H, thermosetting polyarylene ethers, or
multilayers thereof. The term “polyarylene” is used in this application to denote aryl moieties or
inertly substituted aryl moieties which are linked together by bonds, fused rings, or inert linking

groups such as, for example, oxygen, sulfur, suifone, sulioxide, carbonyl and the like.

[00403 The dielectric material 52 typically has a dielectric constant that is about 3.0 or less, with
a (iielectzic‘ constant of about 2.8 or less being even more typical. All dielectric constants
mentioned herein are relative to 4 vacuum, unless otherwise noted. These dielectrics generally
have a lower parasitic cross talk as compared with dielecfric materials that have a higher
dielectric constant than 4.0. The thickness of the dielectric material 52 may vary depending
upon the dielectric material used as well as the exact number of dielectric layers within the
dielectric material 52. Typically, and for normal interconn.eét structures, the dielectric material

52 has a thickness from 50 nm to 1000 nm.

[6041] The dielectric material 52 is formed utilizing any conventional deposifion process
including, but not limited to chemical vapor deposition (CVD), plasma enhanced chemical vapor

deposition (PECVD), evaporation, chemical solution deposition and spin-on coaiing.

[6042] After forming the dieleciric material 52, pad stack 54 is formed on an exposed upper
‘surface of dielectric material 52. The pad stack 54 comprises an oxide, nifride, oxynitride or
10



[0044] The thickness of the pad stack 54 may vary depending on the number of materials within the
pad stack itself as well as the technique that was used in forming the same. Typically, the pad stack 54
has a thickness from 10 um to 80 mm [0045] After forming the initial structure 50 shown in FIG. 4A, at
least one opening 56 is formed into the dielectric material 52 utilizing the pad stack 54 as a pattern
mask. The resultant structure including the at least one opening 56 is shown, for example, in FIG. 4B.
The at least one opening 56 may include a via opening, a line opening, a combined via and line
opening, or any combination thereof. In the drawings, a line opening is shown by way of a non-limiting
example, [Q046)s Thedk @ast PRRIARRRIBSRRIislospaiatitizing convsitiers! ithographyand etching.
The lithographic step includes forming a photoresist %)lr anic, inorganic or hybrid) atop the pad stack
54 utili RS RT RS &1 T P EEE s ST A f@%@&ﬁ?ﬁ@?’@w@m@eﬂ%d spin-on
coatingetyehpuinrlermationief the shateresisipiies photamRsissiE@ases ionatiesifaieattern of
radiation. Next, the exposed photoresist is developed utilizing a conventional resist development
process. [0047] After the development step, an etching step is performed to transfer the pattern from
the patiéidadl inhotocembbiitacfitstttireyphciat i b amdithendhthale etricooatariaind?. The patterned
photoregist s, rpleallrsmpyed. fom. e sHiace,ob e sirueklis aller liansfeiing ihg pattem into the
pad stack b4 Uil INg a conventional resist Strippihg process such as, for examp?le, ashing. The etching
step uséebisifsrmirystiael sedeadeprrtiopdRng)3eEampiidesca dhyoetaming pbedsthetiuding reactive
ion etching, jen HeamSich g Plasnaciching Hhlaser phiatlon.a wekshemical stghing,process or

any combination thereof. Typically, reactive ion etching is used to form the at’least one opening 56.

[0048] REsatisadedicspalymbidtion e githesivn pamigiBEemarecesndaciivethfaterial 60 are formed
into eagh,abdngeatdaastaneaReningsafied gL SI0MRAMHEE P BICRIRIIRASA& AN T1, TIN, Ru,

RuN, RuTa, RuTaN, irTa, IrTaN, W, WN or any other material that can serve as a barrier to prevent
conducHWHi&terial from diffusing there through The thickness of the diffusion barrier 58 may vary
depending on the deposition process used as well as the material employed. Typically, the diffusion

barrier 58 h thickness from 4 t nm, with a thickness from 7 nm tg 20 mm being more
eypical D o AL e BP0 o A SoEe 0t BT T R TR AR B0 and the
dielectribapaderialG i foimeld &yt donyertiohaksepdsiitrmpog dsssmotudivgicdivesemple, CVD,
PECVD aﬁ\é&ﬁg}ﬂ}g@&ﬁﬁ%@%@g.@%C{L'léa%&pnductlve material 60 used in forming the

conducFive region of the interconnect structure includes, for example, polySi, a conductive metal, an
alloy comprising at least one conductive metal, a conductive metal silicide or combinations thereof.

Preferaplys4f %ﬁ%@ﬂh\{g@wﬁﬂﬂl SR, that ispused-indairaingdhg casductiveregion is epuductive
metal such as Cu, W or Al, with Cu ora Cu all%y (such as AICu) beingkhi%ly preferred in the present
inventighto the dielectric material 52 utilizing the pad stack 54 as a paftérm mask. 1

1é resnitant structure
including the at least one opening 56 is shown, for example, in FIG. 4B. The at least one
opening 56 may include a via opening, a line opening, a combined via and line opening, or any
coimbination thereof. In the drawings, a line opening is shown by way of a non-limiting

example.

[0046] The at least one opening 56 is formed utilizing conventional lithography and etching.
The lithographic step includes forming a photoresist (organic, inorganic or hybrid} atop the pad
stack 54 utilizing a conventional déposition process such as, for example, CVD, PECVD and
spin-on coating. Following formation of the photoresist, the photoresist is exposed fo a desired
patiern of radiation. Next, the exposed photoresist is developed utilizing a conventional resist

development process.
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[0051] The conductive material 60 is foiled into each of the openings 56 that are lined with the diffusion
barrier 58 utilizing any conventional deposition process including, for example, CVD, 12 PECVD,
PVD, sputtering, plating, chemical solution deposition and electroless plating. After deposition of the
conductive material 60, the structure is subjected to a planarization process such as, for example,
chemical mechanical polishing (CMP) and/or grinding. The planarization process provides a planar
structure such as is shown in FIG. 4C in which the upper surfaces of the dielectric material 52, the
diffusion barrier 58 (which is now U-shaped) and the conductive material 60 are substantially coplanar

with eagjpotfer isd@ieddhabauing shedlanasizationAReRascthenkemalnipgpacdsiacksd4 is
removed from the structure. [OOSZ\%éNe%s],’ ang aé is shown in FIG. 4D, a di,sconti%ous r‘1obe|DI§1
metal-GOARER G R ESI SR BRI BRPRS TS 2S8R AR BRSPARE O MR materBF 66 he term
"noble migialetntainingiliyhendsefdrfing thdbe tiscontisypusnehi-metaifeapngZhlogated essentially
atop the tt!gastgnte %%gdl% tive region?(riﬁe., nd}utct%ve rrglateriacIQGOg ir’glud 2S anf}/_mletal that is
resistant 1o CONOSION OF OXIUAtION- The. term eéeéfésntlsalﬁgplv\%glf? ré gerwﬁllcrzlgatsd hie“aisEdrtinuous noble
metal-cohfainilfceaptzisiisedharémond eote tast oo porting 66 thengapesxtdndgadntg the surface of
the dielectr rial. Pref i fithe [ffusion harrier. [00531
The préﬁ“g)rgrcégén?%% e(% %%%ﬁg?ﬁ%ﬁa%%%%é%% ?ne% ee%%e?g% t?%@g%%%%@;ﬁ% g%ﬁgé]%ﬁlnt?%s noble
metal-coptalrmireanicdnapsosete creehirepriieagraupccenisidsimgy dbRipan RHOPEIDBRW Bvd alloys
thereof I he tewmn salloy: isdised igpdgnote a mixture of noble metals as well as elements such as W, B
and P. More preferably, the noble metal employed as the discontinuous noble metal-containing cap 62
comprises Ru or a Ru alloy. In some embodiments, the discontinuous noble metal-containing cap 62

includeprasguliday erchagie-me EI®ramblaimelsh aley st kad Q064 RO higknRs s Dhhe
i the cHRAHL REFGEN on ECh T Gk P BB T4 oLt e ABERE Ao et within
the capTil Fpl¢aly, Radisehn g hdlbldhaiaMeontsining cathd2raasial thigkaassrirom 4 A to 100 A,
with tgé‘%rkl@? %Sp];rfgz@n cén%%c 'Qvéntfa 'iez:rzl"gilr%%rrg c%i sl}/ng Et%!z% rt%%ugh. The thickness of the

diffusion barrier 58 may vary depending on the deposition process used as well as the material

employed. Typically, the diffusion barrier 58 has a thickness from 4 nm to 40 nm, with a

thickness from 7 nm to 20 nm being more typical.

[{0049] The diffusion barrier 58, which is located between the conductive material 60 and the
dielectric material 52 is formed by any conventional deposition process including, for example,
CVD, PECVD, PVD, sputtering and plating.

[0050] The conductive material 60 used in forming the conductive region of the interconnect
structure includes, for example, polySi, a conductive metal, an alloy comprising at least one
conductive metal, a conductive metal silicide or combinations thereof., Preferably, the
conductive material 60 that is used in forming the conductive region is a conductive metal such
as Cu, W or Al, with Cu or a Cu alloy (such as AlCu) being highly preferred in the present

invention.

[0051] The conductive material 60 is formed into each of the openings 56 that are lined with the

diffusion barrier 58 utilizing any conventional deposition process inchuding, for example, CVD,
12



100551 In some embodiments of the present invention, the discontinuous metal-containing cap 62 is
fowled by a chemical deposition process including, for example, CVD, PECVD and ALD. When a
chemical deposition process is used in forming the discontinuous noble metal-containing cap 62, the
discontinuity within the cap is achieved by controlling at least one of the deposition time, the deposition
pressure and the deposition temperature. [0056] Specifically, the applicants have determined that a
discontinuous noble metal-containing cap, as described above, can be obtained by performing the
chemical deposition using at least one of the following deposition parameters: A deposition time of less

than 3 priptites pRraferahiiion St Jrinttasdomminies,ichmIeipkatesabhrfiam Afeminutes to 1

minute. A deposition pressure of 50 mTorr or less, preferably 20 mTory or less, and more preferably
from 5 FRISHEES SO RPTORIRIHEIBRRGH tniperiiid6iSBBecgrIees HremsrBIy RGeS less, and
more psaarab iy omrbhd) Chan2O0 Geth aibig blyliphafe (EdBnabodingent okt heha yentitipation
discontinuous nobég met?,l-corjtai in ca%ﬁz.ca}g be obtal e&}blg c%e@' al de osititog at a temperature
from 156%5 50 %deadﬁ?lé%gﬁ?eu‘ FOM S ThTOr 0 20 mTorr10r & duratonior less dian 1 minute.
[0057] theatieltiancmehenital e doditiom, mdisc6h iwbishssnoble sbtakdpmtditiingoodpcé2ecan be

formed by ilizind elseitalsemplaling.or i elecionlaing SleRopleing I ADMsERS. RSN electrical
current to reduce cations of a desired material, e.g., a noble metal, from & solution and coat a
conduatieeeshjdst rempinthe ridislask oA escomdued o e fianoiih a thin layer of the material, e.g., the
noble metal. In electroless plating, a redox reaction involving the oxidation of one or more soluble

reduci%a ents such as, for example, hypophosphite, and the reduction of one or metallic ions, e.g.,

noble IavRtored 78 Shpas At HP 2 itrambionsqobienfi il S BHRINES @ RAilPe material.
[0058] Whenrelatinglderhniguanoée paacindamnag.a:discantinueus-eathdhie giaepntinuity within the
cap is achieved by performing the plating process for a duration of time of less.than 3 mjnutes,

o etor I RO TR e R G B P s PP B LS M e, The
plating e peratundatidepressurecareondiaelativedanithiy awlodelmentios! cbaitiolksgtthetdiscontinuity
of the c(%o 62bL005%£t%%d§§n tto the abovei

21005 te,chgi ues rtrq%t, l[wca%% ?een escribe%,lthe gﬂigcontinuous
noble me'fraci-con?ainlng cap d1 0

%mee?g?rrﬁig )Eyvflrg formln@' acon |ﬁﬁ%rﬁ§nﬁ%%ﬁg$n§tg}?containing cap

across thet@ntire syrfdde @f&ﬂrﬂ@emiméaﬁﬁﬂn_@ ﬂmﬁ@qa@v‘é@haféh@ﬁ&smr_dﬁ m@?rfbb mﬁ_@m%ap may
extend pnte a0 HRAGESHERGSQL e diffusion barFige btALeRig hg dislestcmpinral, Such

deposition is achieved utilizing a low temperature chemical deposition process including, for example,
CVD, PECVD, low pressure CVD and ALD. By "low temperature”, it is meant a deposition temperature

of aboupg99Crat |gssnuith sranasii andemnes atmaohie pretbanAkatbd 20G LaReRvRRNOre
preferred, The deposition conditions are selected to provide a de_,posifL[ig{n rgt%gf heCCO jnuous noble
metal-cCSHEARE CE BHES #TER el ﬁﬁi?é%%ﬁ P R 50 . 2 Ardeth -

and alloys thereof. The term “alloy” is used (o denote & mixture of noble metals as well as
slements such as W, B and P. More preferably, the noble metal employed as the discontinuous
noble metal-containing cap 62 comprises Ru or a Ru alloy. In some embodiments, the
discontinuous noble metal-containing cap 62 includes a multilayered noble metal or noble metal

alloy stack.

[0054] The thickness of the discontinuous noble metal-containing cap 62 may vary depending on
the type of noble metal present in the cap, the deposition technique and conditions used as well
as the number of noble metals within the cap. Typically, the discontinuous noble metal-
containing cap 62 has a thickness from I A to 100 A, with a thickness from 5 A to 50 A being
more highly preferred.
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[0060] After forming the continuous noble metal-containing cap, portions of the continuous noble
metal-containing cap are selectively removed so as to form a discontinuous noble metal-containing
cap, as described above. The selective removal may be performed by first forming a patterned mask
or block mask over portions of the structure, including portions of the continuous noble
metal-containing cap. Next, a selective etching process including, for example, a dry etch or a wet
chemical etch can be used. When dry etching is used, one of reactive ion etching, ion beam etching,
plasma etching and laser ablation can be used. When a wet chemical etch is employed, a mixture of

HC1, H3§$34 1o .30dHN@H S0 Pendseetas mehemicaelhantiyshangtbassmbediment, the
selective removal can be achjeved using a touch-yp chemical mechani ishing (CMP) process. By
"touch-i?&‘t‘f‘ﬁﬁg\i‘/'%Y% eéaw@aden%?fﬁa%%wc e, %ﬁd‘ﬂ&ﬁ%r‘ﬁjﬁo&rﬁ%ﬁl p?B%gé%@/{ooel] After
selectivigyefosrsiag ibe digesititn pousnoblesheidbaaniaihing captb preasvinatelycontsdanductive
material 60,.a dielectric.capping.layer 64 is formed across the.entire structure shown in.FIG. 4D. The
resultaﬁ?%ﬁ%fc%?ﬁsﬁg it |H%§F1Ve }(ljllefeecﬁ?g IAcsazf)c%]’llr?‘gjr aygrgg%ﬁgﬁs \E}\g?] cgroggé)r%}%l%%%’ﬁ%f UAE. The
dielectricreafipidgroyerbaresmprse hadyssitabldedipteetic.capping material such as, for example,
SiC, Si4N-F13, Si02, a carbon doped oxide, a nitrogen and hydrogen doped silicon carbide SiC(N,H)
or multilayers thereof [0062] The thickness of the dielectric capping layer 64 may vary depending on
the teci®i§akSrsetficsvrthenprbistnts havwdtiasinadiwicridispralaugps soiie mafal-covisiedly, the

dielectrig capping iayetodbasadbigngss Hrpio-Amdend 0-pnanithailigknassdramy25 run to 45
rim being more tépilcali [0063] The dielectric capping layer 64 is formed utiIiz,incg any conventional

depositi pF I8 Ot B RRpieiets b dpneeses, s shlatdRas piRigHi b ATivG AN chemical

solutionygepesitanui8064] ritudbillsisaiosanible Renmeshutiueturelimangordadesowitbnan

embodiment of the_present invention. Specifically, this inventjve interconnect. struct includes

oot AT O S S BB oA ant oA B0r S0 P e R e OElE il 23 nas at

least or ednetctéepegiton(tappesanted B EdhductiveraEehial BOYF€mbleskeddwitirin the dielectric

material 5 a%@lé? -rté??gb%‘ﬁg%%ﬂ%‘%’ & ﬂfg,'gg?%gw& %&Wa@%@é&%ﬁ(ﬁ?iﬁ&k’?&&”&i”“o”s noble metal
a C the at

cap 62 i oC irectly on the upper sur east one conductive r_qgl’on (i.e., conductive
materiafié@)n{o0es] Fitke Silielstratening et mobicond ot chamtdrdepnatitgnabe employed in the

present invention. 155 alsrnalivaiptercanRerstiucive oG B Bosasentiaiv thesamesras the

interconnect structure shown in FIG. 4E, except that the discontinuous noble metal-containing cap 62
is replaksd thathlHBBYe metal cap that has a rough surface that is characterized as having a variable
thickness across the entire surface of the at least one conductive material. In the alternative
interconnect structure, reference pnumeral 62' is, used to denoge the 'non-uniform' no‘%e

f% iﬁad] BSsicaIIy the

metal-cHie AT e R e RO R SR HE B RSt AR EBRTE NG E I B o R B HRE £t
same chemichhdephsitiotidecbiaigpesiagdinatdeatsdsitesdlbathplatug i Cne«iffsreheinbetween the
above deceribed chemical denosfions Jechniques hat ensyes, A ioRUA L PRI Sigkgontaining
cap 62'is thatTonger processing times are used. For exém%fe, a

coat a conductive object, e.g., the at least one conductive material, with a thin layer of the

material, e.g., the noble metal. In electroless plating, a redox reaction involving the oxidation of

one or more soluble reducing agents such as, for example, hypophosphite, and the reduction of

one or metallic ions, e.g., noble metal ions, occurs on the surface of a substrate, e.g., the at least

ogne conductive material,

{6058] When plating technigues are used in forming a discontinuous cap, the discontinuity
within the cap is achieved by performing the plating process for a duration of time of less than 3

minutes, preferably from 0.1 minutes to 2 minutes, and more preferably from 0. 5 minutes o 1
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16 non-uniform noble metal-containing cap 62' can be formed using a clesposition time of less than 5
minutes, preferably from 0.5 to 3 minutes, and more preferably from 1 minute to 2 minutes. 100661
Notwithstanding whether a discontinuous or non-uniform noble metal-containing cap is formed, the
applicants have determined that the presence of either the discontinuous noble metal-containing cap
or the non-uniform noble metal-containing cap atop a conductive material embedded within an
interconnect dielectric improves the EM resistance of the interconnect structure. in prior art
interconnect structures, a continuous noble metal-containing cap is used and was thought to be the

desiredhgiaprelesigndetifpMeimRrovemantiraesdiio ndo-apreved kv applitants have determined
that the restﬁnce of g.ither the dis g{ntinu% s noble metal-containing cap or the non-uniform noble
metal-c%%‘tté? 1§ G5 RESBUREER LER E4terial embedded within an interconnect dielectric also
improves the time dependent dielectric breakdown (TDDB) reliability of the interconnect structure.

Such ag, ved.in TDDB reliability is.not of ed,when a continyous noble metal-containing cap is
employ D e R B with respect
to prefenstal-emitudingsas thera bk fomitdey ihdeistoos Byctnisecskibeblambielanntaitiecépregoing

and othey £hanges:n RS9 d51alsMaY b Made.Witha i deRAtiRgl B0 6 SRV iLARg, Fcope of

the present invention, It is therefore intended that the present invention not be limited to the exact

forms FHFHEEIS Ao SERTIIARS MUISE HEYSIHR bRt RAECH B dlretappetisd tafhs. Claims
What '%@i@mﬁﬁ iR'achieved utilizing a low temperature chemical deposition process including, for

example, CVD, PECVD, low pressure CVD and ALD. By “low teroperature”, it is meant a
deposition temperature of about 200°C or less, with a deposition temperature of less than about
150°C being even more preferred. The deposition conditions are selected to provide a deposition
rate of the continuous noble metal-containing cap onto the conductive material 60 that is from

0.2 to 1.2 Alsec.

[0060] After forming the continuous noble metal-containing cap, portions of the continuous
noble metal-containing cap are selectively removed so as to form a discontinuous noble metal-
containing cap, as described above. The selective removal may be performed by first forming a
patterned mask or block mask over portions of the structure, including portions of the continuous
noble metal-containing cap. Next, a selective etching process including, for example, a dry efch
or a wet chemical efch can be used. When dry etching is used, one of reactive ion etching, ion
beam eiching, plasma etching and laser ablation can be used. When a wet chemical etch is
employed, a mixture of HCL, H>S04, HF and HNO; can be used as a chemical etchant. In yet
another embodiment, the selective removal can be achieved using a touch-up chemical
mechanical polishing (CMP) process. By “touch-up CMP™ it is meant a short, less than 1

minute, and non-uniform CMP process.

[0061] After selectively forming the discontinuous noble metal-containing cap 62 predominately
onto conductive material 60, a dielectric capping layer 64 is formed across the entire structure
shown in FIG. 4D. The resultant structure including the dielectric capping layer 64 is shown, for

example, in FIG. 4E. The dielectric capping layer 64 comprises any suitable dielectric capping
15



1. A method of fabricating an interconnect structure comprising: providing a dielectric material having a
dielectric constant of about 3.0 or less and at least one conductive material embedded therein, the at
least one conductive material has an upper surface that is coplanar with an upper surface of the
dielectric material; and forming a noble metal-containing cap directly on the upper surface of the at
least one conductive material, wherein the noble metal cap is discontinuous or non-uniform. 2. The
method of Claim 1 wherein said forming said noble metal-containing cap is selected from the group
consisting of chemical vapor deposition (CVD), plasma enhanced chemical vapor deposition (PECVD),

atomic faytetidlepelsHiorbiAkiN prl et s Has g ancheecdopldtingde 3s Thegaetaddalclaim 2

wherein, said forming th tal-containingd.cap includes one of CVD, PECVD and ALD 4. The
methocrlé of Isél?llﬁ% vcgﬁiélrgeﬁrrggl ’ 851:3 |g}n%Pse|roS§ﬁ%rrgr?£d at a deposition time of less than 3 minutes. 5.

The method of Claim 3 wherein said deposition is performed at a deposition pressure of 50 mTorr or

less. oS TRIMAGLEBITHS HIEIEID SR APROSIAN I8 PP RS 212 Sphaslignipmnerature of
used to form the same as well as the material make-up of the Jayer. Typically, the dielectric
capping layer 64 has a thickness from 15 nm to 100 nm, with a thickness from 25 nm to 45 nm

being more typical.

[6063] The dielectric capping layer 64 is formed utilizing any conventional deposition process
including, for example, CVD, PECVD, evaporation, spin-on coating and chemical solution

deposition.

[0064] FIG. 4E illustrates an interconnect structure in accordance with an embodiment of the
present invention. Specifically, this inventive interconnect structure includes a dielectric
material 52 having a dielectric constant of about 3.0 or less. The dielectric material 52 has at
least one conductive region (represented by conductive material 60) embedded within the
dielectric material 52, said at least one conductive region having an upper surface. A
discontinuous noble metal cap 62 is located directly on the upper surface of the at least one

conductive region (i.e., conductive material 60).

[0065] FIG. 5 illustrates an alternative interconnect structure that can be employed in the present
invention. The alternative interconnect structure of FIG. 5 is essentially the same as the
interconnect structure shown in FIG. 4E, except that the discontinuous noble metal-containing
cap 62 is replaced with a noble metal cap that has a rough surface that is characterized as having
a variable thickness across the entire surface of the at least one conductive material. In the
alternative mterconnect structure, reference mumeral 62° is used to denote the ‘non-uniform’
noble metal-containing cap. The non-uniform noble metal-containing cap 62° is formed utilizing
basically the same chemical deposition techniques and materials as described above. One
difference between the above described chemical depositions techniques that ensures a non-

uniform noble metal-containing cap 62’ is that longer processing times are used. For example, a
16



7. The method of Claim 3 wherein said deposition is performed at: a deposition time of less than 3
minutes, a deposition pressure of 50 mTorr or less, and a deposition temperature of 300C or less. 8.
The method of Claim 3 wherein said deposition is performed at a temperature from 150C to 200C and
a pressure from 5 mTorr to 20 inTorr for a duration of less than 1 minute. 9. The method of Claim 1
wherein said forming the noble metal-containing cap includes first forming a continuous noble
metal-containing cap across the entire upper surface of the at least one conductive material utilizing a
chemical deposition temperature of about 200C or less; and selectively removing portions of the
continuaissufifblen meiRlaentaibingdap éaforminedisenntnubigs: deblesvietahaenteinntaap. 10. The

method of.Claim 9 wherein sai lectively remaving includes. providing a patterned mask or block
mask an%‘lgf%%slh%?e\%’f%ﬁh%o@e hgc;% gf‘%?é}i{ m v%ﬁlé?%? ’se;l? as8 ! eé?'ve?yglr%#%@?nﬁgr?ﬁ%ﬁedsés a touch-up
chemical mechanical polishing process. 12. The method of Claim 1 further comprising forming a

d'e'ecﬂﬁu‘é@tﬁﬁ'gk%ﬁﬁ%éﬁ?g\l@%%?a 9&9&9&3&6&%&@&&%@& %Mé%gﬁ%&%ﬁl&%‘é&&@'”'”g cap.
13. The method of Claim 1"wherein said noble metal-containing cap is discontinuous.

formed, the applicants have determined that the presence of either the discontinuous noble metal-

containing cap or the non-uniform noble metal-containing cap atop a conductive material

embedded within an interconnect dielectric improves the EM resistance of the interconnect

structare. In prior art intercomnect structures, a continuous noble metal-containing cap is used

and was thought to be the desired cap design for EM improvement. In addition to inipfoved EM,

the applicants have determined that the presence of either the discontinuous noble metal-

containing cap or the non-uniform noble metal-containing cap atop a conductive material

embedded within an interconnect dielectric also improves the time dependent dielectric

breakdown (TDDB) reliability of the interconnect structure. Such an improved in TDDB

reliability is not observed when a continuous noble metal-containing cap is employed.

16067} While the present invention has been particularly shown and described with respect to
preferred embodiments thereof, it will be understood by those skilled in the art that the forepoing
and other changes in forms and details may be made without departing from the spirit and scope
of the present invention. It is therefore intended that the present invention not be limited to the
exact forms and details described and illustrated, but fall within the scope of the appended

clatms.
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14. The method of Claim 1 wherein said forming the noble metal-containing cap includes selecting a
metal from the group consisting of Ru, Ti, Rh, Pt, Co, and W. 15. The method of Claim 14 wherein said
metal further includes one of W, B and P. 16. The method of Claim 1 wherein said forming the noble
metal-containing cap comprises a plating technique that is performed for a duration of less than 3
minutes. 17. The method of Claim | wherein said forming the noble metal-containing cap includes
deposition of a metal at a deposition rate that is from 0.1 to 1.2 Angstroms/second. 18. The method of
Claim 1 wherein said noble metal-containing cap has sidewall edges that are coincident to sidewall
surfaces&fm S;Qsid at least one conductive material.

What is claimed is:

1. A method of fabricating an interconnect structure comprising:

providing a dielectric material having a dielectric constant of about 3.0 or less and at least one
conductive material embedded therein, the at least one conductive material has an upper surface

that is coplanar with an upper surface of the dielectric material; and

forming a noble metal-containing cap directly on the upper surface of the at least one conductive

material, wherein the noble metal cap is discontinuous or non-uniform.
2. The method of Claim 1 wherein said forming said noble metal-containing cap is selected from
the group consisting of chemical vapor deposition (CVD), plasma enhanced chemical vapor

deposition (PECVD), atomic layer deposition (ALD), electroless plating and electroplating.

3. The method of Claim 2 wherein said forming the noble metal-containing cap includes one of
CVD, PECVD and ALD.

4. The method of Claim 3 wherein said deposition is performed at a deposition time of less than

3 minutes.

5. The method of Claim 3 wherein said deposition is performed at a deposition pressure of 50

mTorr or less.

6. The method of Claim 3 wherein said deposition is performed at a deposition temperature of
300°C or less.

18



7. The method of Claim 3 wherein said deposition is performed at: a deposition time of less than
3 minutes, a deposition pressure of 3¢ mTorr or less, and a deposition temperature of 300°C or

less.

8. The method of Claim 3 wherein said deposition is performed at a temperature from 150°C to

200°C and a pressure from 5 mTorr to 20 mTorr for a duration of less than | minute.

9. The method of Claim 1 wherein said forming the noble metal-containing cap includes first
forming a continuous noble metal-containing cap across the entire upper surface of the at least
one conductive material utilizing a chemical deposition temperatare of about 200°C or less; and

selectively removing portions of the continuous noble metal-containing cap to form the

discontinuous noble metal-containing cap.

10. The method of Claim 9 wherein said selectively removing includes providing a patterned

mask or block mask and etching.

11. The method of Claim 9 wherein said selectively removing includes a touch-up chemical

mechanical polishing process.

12. The method of Claim 1 further comprising forming a dielectric capping layer atop located

atop the dielectric material and the noble metal-containing cap.

13. The method of Claim 1 wherein said noble metal-containing cap is discontinuous,

14. The method of Claim | wherein said forming the noble metal-containing cap includes

selecting a metal from the group consisting of Ru, Ir, Rh, Pt, Co, and W.

15. The method of Claim 14 wherein said metal further includes one of W, B and P.
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16. The method of Claim 1 wherein said forming the noble metal-containing cap comprises a

plating technique that is performed for a duration of less than 3 minutes.

17. The method of Claim ! wherein said forming the noble metal-containing cap includes

deposition of a metal at a deposition rate that is from 0.1 to 1.2 Angstroms/second.

18. The method of Claim I wherein said noble metal-containing cap has sidewall edges that are

coincident to sidewall surfaces of said at least one conductive material.
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