DISCONTINUGUSMNON-UNIFORM METAL CAP STRUCTURE AND PROCESS FOR
INTERCOMNECT INTEGRATION

Field of the invention

{01} The present invention relates to semiconductor inferconnent stuctures, and a method of
fabricating the same. More particulardy, the present invention relates to semiconductor
interconnest structures baving enhanced electromigration (BN resistence withowt degrading

time dependent dielectiic breakdown relisbility.
Backaround of the Invention

[B087] Generally, semiconductor devices includs a phusbity of cireudts that form an infegrated
eireuit (IC) fabricated on a semiconductor substrate. A complex networle of signal paths will

normally be routed to connect the circuit elements distributed on the swrface of the substrate.

Efficient routing of these sipnals across the device requires formation of multilevel or

multilayered schemes, such as, for example, single or dual damascene wiring structures. The
wiring structure typleally includes copper, Cu, since Cu based mterconnects provide higher
speed signal fransinission between large numbers of fransistors on a complex semiconductor chip

as compared with aluminmm, Al based mierconnects.

10621 Within a typical Interconnect structure, metal vias nun perpendicular fo the semiconductor
substrate and metal knes yun paraliel to the semiconducior substrate. Further enbancement of the
signal speed and reduction of signals in adjacent metal lines (nown as “crosstalk™) are achieved
m today’s IC product chips by embedding the mefal Hnes and metal vias (e.g., conductive

features} in o dielectric material having g dielectric constant of less than 4.0,

{084} In semivonductor interconnect structures, electromigration (BMY has been identified as
one metal failure mechanism. Electromigration {s the trangport of material caused by the gradual
movement of the ions in a conductor due to the omentum transfer between conduciing
glectrons and diffusing metal atoms. The effect is important in applications where high dirsct
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corrent densities are used, such as in microelectronics and refated structures. As the struciure

size decreases, the practical significance of EM increases.

(60651 EM is one of the worgt reliability concerns for very large scale integrated (VLS circuits
and manufzeturing since the 19607s, The problem not only needs to be overcome during the
process development period in order to qualify the process, but if also persists thuovgh the
Hietime of the chip. Voids are created inside the metal conductors of an interconnect structure

due to meial ion movermnent caused by the high density of current flow.

(0006] Although the fast diffusion path 1n metal mferconnects varies depending on the overall
infegration scheme and materials used for chip fabrication, it has been observed that metal atoms,
such as Cu stoms, transported along the metal/post planarized dielectric cap interface play an
impottant role on the HM Uistime projection. The EM initial vords first mucleste at the
metal/diclectric cap interface and then grow in the direction to the botlom of the interconnaect,

which eventually resulis in a cireult dead opening.

IO067] FIGS. 1A-1D are pictorial representations of a prior art inferconnect structure at various
stages of an EM fallure. In these drawings, reference numeral 12 denctes the diglectric cap, and
reference numeral 10 denotes the metal interconnect feature; all other components of the prioy art
interconnect struciure are not labeled to avoid obseuring the EM problem. FIG. 1A isatan
inftial stress stage. FIG. 1B is at a time when void 14 sucleation initistes at the metal
imterconnect 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 FICG, 1D is at g tine in which the void 4

growth crosses the metal interconnect featore 10 causing 2 circult dead opening.

[OB03] It has been demonsirated thet by replacing the Co/dislectric interface with a Cu/metal
rterface can enhance slectromigration resistance by greater than 100x. Prior act metal caps are
typically comprized of 8 Co-containing alloy such zg, for example, CoWP, which is selectively
deposited atop of the Cu conductor region of the inferconnect structure. One problem with
whlizing such selective deposited metal caps is that some of the metal cap extends onto the
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adioining surface of the interconnect dielectric material and, as such, elzctrical shorts between
adiacent inferconnecis may arise. This is seen, for example, in FIG. 2 wherein reference numeral
20 denotes a dieleciyic material, reference pumeral 22 denotes a conduciive material embedded
within the dieleciric material 20, reference numeral 24 denotes a Co-containing alloy metal cap,

and reference mumeral 25 denotes metal residues from the Co-containing allov cap process.

6091 In addition o the above, if iz known to provide a metal cap directly on the surface of an
interconnect conduciive material, such as, for example, Cu, by recessing the inferconnect
conductive materis! below a surface of the mlercormect distectric matenal, Such a sirochure iy

showmn, for sxample, in FIG. 3. In this Sgure, reference nurneral 20 denotes the intersonnect

£

dielectric material, reforence numeral 27 denotes the nterconnect conductive material embedded
within the dielectric material 20, reference numeral 23 denotes a dielectric cap, and refsrence
rumeral 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 roaterial, such a process s

problemeatio sinee there is high process cost associated therewith.

106197 ¥t s also worth mentiosing that during a clean in dikute bydrofluoric scid, which is
generally used to clesn the surface of the interconnect dielectric material, comrosion of metal caps

may coour. This is particulnrly observed when CoWP 15 used as the metal cap material.

(86117 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 dislectric breakdown

relinbility of the Interconnect stracture,
Summary of the Invention
{6612] The present invention provides semiconducior mnlerconnect structures that have improved

EI reliability. The improved EM reliability is obtained without degrading the fime dependent

dielaciric hreakdown retiability of the fnferconnect structures. The present nvention further
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provides Interconnect structures that bave better reliability and technology extendibility for the

semiconductor industry.

F0013] In one embodiment; the present invention provides an interconnect structure krwhich a
discontinuous noble metal-containing cap is present on portions of an exposed upper surface of a
non-recessed conductive material which 1s embedded within & low k dielectric material. The
term “discontimuous” when referring to the noble metal-containing cap denotes that the cap
exists as nuclel or islands atop some portions of an expesed upper surface of the non-recessed

eonductive material

100 14] in another embodiment of the present invertion, an Intercomnest structure is provided that
includes a non-wriform noble metal-contaiming cap present on an exposed upper surface of a
non-recessed conductive material which is embedded within a low k dielectric material, The
term “nos-uniform” when referring fo the noble metal-containing cap denotes that the cap has s
rough source defined by a variable thickness across the exposed upper surface of the embedded

conduciive material,

00151 In both of the embodiments mentioned above, the neble metal-containing cap of the
invention does not extend onte an exposed upper swiace of the low k dielectric material,
Preferably, the noble metal-containing cap of the invention does not extend onto an wpper
surface of g diffusion barrier that is used in separating the conductive material from the low k
dielectric material. The latter embodiment in which the mventive noble metal-containing cap
does not exiend onto an upper surface of a diffusion barler provides a struchae that has

mnproved leakage control ag compared with prior art interconpect stractures.
{0016 [n general terms, the prosent invention provides an interconnect strucinre inctading:

a diglectric material having a dieleciric constant of about 3.0 or less and at leas{ one conductive
material embedded therein, the at feast one conductive material having an upper surface that is
coplanar with an npper surface of the diglectric material; and
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a noble metal-containing cap present at least on some portlon of the upper surface of the at least
one conductive material, wherein said noble metal-containing cap iz discontinuous or has a non-

uniform thickness.

(66171 In the mventive structore, there s vo “residues” from the noble metal-containing cap

deposited on the dislectric miface. By “residues™ itis meant thet no fragments ol 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 af least

one conductive material from the disleciric material.

(D018} The dielectric material which is present in the inventive inferconnect structure may be
sy interconnect dielechiic material baving a dielectric constant of about 3.0 or less.
Hlustratively, the dielectric material emaployed in the present inveation comprises a
sitsesquioxans, & C doped oxide (i.e., an organosilicate) that includes af least atoms of 51, C, G
and H, a thermosetting polyarylene ether, or multilayers thereof. The dielectric material may be
HOTOUS, ON-NOFOUS OF contain regions and/or surfaces that are porous and other regions and/cr

surfaces that are non-porous

(39197 The conductive material which forms an embedded conductive region within the
inferconnect stracture includes any material that Tms the ability to transfer electricity. Hyamples
of conductive material that can be present in the conduchive region include, for example, polySy,
a conductive metal, a conductive metal alloy, a conductive metal silicide or combinations and
multilayers thereof. I one embodiment of the present invention, the conductive material
includes a conductive metal such as, for example, Cu, W, and/or AL Tn & highly preferred
embodiment of the present invention, the conduetive material inclades & Cu-containing

conduetive material such as, for exampie, Cu, or a Cu alloy (such as AlCu).

[(626] As mentioned sbove, the conductive material is separated from the dielectric material by
a diffusion barrier. The diffusion barrier prevents diffasion of the conductive material into the
Helaotric material. Examples of diffusion barriers that can be presest within the conductive
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region inchude, for example, Ta, TaN, T1, TiN, Ru, Ro¥, RuTs, RuTal, I'ta, FlaN, W, W or

combinations and multilayers thereof.

{68211 The conductive material may be present within a via opening, o line opening, a combined

via and Hne opening or any combination thereof.

16027] The term “noble metal-contaiming” when referring to the cap located directly atop the at
least one conductive material includes any metal that is resdstant to corrosion or oxidation. The
preferved noble mefals that can be used in the present fnvention are selected from the Eroup
consisting of Ru, Tr, Rh, Pr, Co, W and alloys thereof. More preferably, the noble metal

employed as the noble metal-containing cap coraprises Ru or a Ru alioy.

{06237 In addition to the interconnect structore mentioned sbove, the present invention also

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

providing s dielectric material having a dieleciric 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 1s coplanar with an upper surface of the dielectric material; and

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

material, wherein the noble metal cap is disconfinuous or non-uniform,
Brief Description of the Drawings

{50241 FIGE. 1A-1D are pictorial representations (Yhrough cross sectional views) llustrating the
formation of a cireuit dead opening in a prior art interconnect structure which Is caused by EM

Tailurs.

[OG2AY FIG. 2 iz a prior art nterconnect stracture (Through a cross sectional view) inchuding a
Co-containing alloy metal cap located atop a conductive material that is embedded within a
& b
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dielectric material, and metal residoes from the Co-containing alloy cap process are present on

the dislectric surlhce.

(6261 F1G. 3 is a prioy inferconnect structure (through a oross sectional view) including a
recessed conduciive material embedded within a dielectric material, said recessed conductive

material having a metal capping laver located thereon.

[0307) FIGS. 4A-4E are pictorial representations (through cross-sectional views) iltustrating an
interconnect structure that can be formed tu the present invention conlaining a discontinuous

noble metal-coutaining cap atop a conductive material | smbedded within a diclectiic material. It
15 noted that FIGS, 4B-4E are crogs-sectionsl views that are parallel to the opening formed ing

:.:\.:

the dielectric material.

(6028} FIG. 5 is a pictorial representation (through a cross-sectional view that is parallel to the
opening formed into the dielecirio material) Hlustraling an alternative inferconnect structuze that
can be formed in the present invention containing a nop-uniform noble metal-containing cap atop

a conductive material embedded within a dislestric material,
Detailed Deseripiion of the fnvention

{3029} 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 detaif by referring
fo the following discussion and drawings that accompany the present application. It is nofed that
the drawings of the present appleation are provided for Hlustrative purposes only and, as such,

the drawings are not dravwn to scale,

{381 In the following deseripion, numerous specific details are set forth, such as particular
structures, components, materials, dimensions, processing steps and technigues, in order to
provide a thorough understanding of the present invention. However, i will be appreciated by
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one of ordinary skill in the art that the wvention raay be practiced without these specific details.
n ether instances, well-known structures or processing steps have not been described in detail in

order to avoeid obscuring the invention,

HB931} B will be understood that when an element as a laver, region or substrate 15 referred to as
being “on” or “over” another elersent, it can be directly on the other element or ntervening
elements may also be present. In contrast, when an element is referred to as beiog “directly on”
oy “directly over” another elernent, there are no intervening elements present. 1t will also be
understood that when an element is referred {0 as being “connecied” or “coupled” to another
element, it can be directly counected or coupled to the pther element or infervening clements
may be present. In confrést, when an element is reforred 1o as being “direcily connected” or

“directly coupled™ to another element, there are no intervening elements present,

16321 As stated ebove, the present invention provides an interconnect structure {See, for
example, FIG. 4E and FIG. 5) including 2 diclectic material beving a diglectric constant of about
3.0 or less and having at least one conductive ma_‘z;eﬁal embedded therein, The at least one
conductive matezial hag an upper surface that is coplanar with an vpper surface of the dielectric
materizl. The inventive nferconnect strocture also includes a noble metal-containing cap that i
present af least on some portion of the apper swrface of the at least one conductive material. In
one embodiment, the noble metal-containing cap is discontinuous, e.g., exists as nuclel or isiands
on the sirface of the at least ong conductive material. In another embodiment, the noble metal-
containing cap bas 2 nonp-uniform thickness across the surface of the st least one conductive

material.

G331 In the inventive structure, there is no “residues”™ from the noble metal-containing cap
deposied on the dielectric surface. By “residues™ if 1¢ meant that no fragments of noble metal
rnaterial formm on the dielectic material surface. In some embodiments, the noble metal-
coniaining cap is not present on an upper serface of a diffusion barder that separates the af least

one condietive material from the dielectrico material,



16634] The present invention also provides a method of fabricating an inferconpect structure
which includes a discontinuoas/non-uniform noble metal-containing cep. In general terms, the
inventive method, which is illustrated, for example, in FIGS, 44-4E, meludes providing a
diglectric material having a diclectric constant of about 3.0 or less end at least one conductive
material embedded therein, The at least one conductive material has ap upper surface that i3
coptanar 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 discontinuous cap or a non-uniform cap that has a rough surface.

166351 Specifically, FIG, 4A illustrates an initial stracture 50 that can be emploved i the present
invention in fabricating the nventive interconnect siructure. The infial structure 50 includes a

diglectric material 52 having a pad stack 54 located on an upper surface thersofl

8341 It is noted that the initial structure 50 is typieelly located upon a substrate (not shown in
the drawings of the present application). The substrate may comprise a semiconducting material,
any insulating material, a conductive material or any combination including multilayers thercoll
When the substrate is comprised of a semiconducting material, any semiconductor such as Bi,
SiCe, 5iGeC, S5iC, Ge alloys, GaAs, InAs, 1nP and other TV or I/VI compound

semiconductors may be wsed, In addition fo these listed types of semiconduciing materials, the
present fnvention also < (}ﬁtﬁi‘ﬁp}éﬁiﬁ:‘i cases in which the semiconductor substrate is a layered
semiconductor such as, for example, S¥/510e, SVSIC, silicon-on-insulators (5018} or silicon

germanfum-on-insulators (SGOLs),

{0837] When the substrate is an insulating material, the insulating material can be wn organic
msulator, an inorganic insukator or & combination thereof including muliiltayers. When the
suhstrate is a condueting material, the substrate ey include, for example, polyBi, an elemental
metal, alloys of elemental metals, a metal silicide, & metal nitride or combinations thereof
nehuding multilayers, When the substrate comprises a sermiconducting material, one or more
semiconductor devices such as, Tor example, somplementary metal oxide serpiconductor

(ChAOE) devices can be fabricated thereon.



[38] When the substrate comprises a combination of an insulating material and a conductive
material, the substrate may represent a {irst interconnect level of a multilayered interconnect

structure.

16039 The diclectric material 52 of the initial struchre 530 comprises any interlevel or intralevel
dielectric wecluding tnorganic dielectrics or nrganic dielectrics. The dielectric material 57 may
be porous, non-porous or contain regions and/or surfaces that are porous and other regions and/or
surfaces that may be non-porous. Some examples of suitable dielectrics thal canbe used ag the
dielsetric material 57 include, but are not limited to silesquionanas, C doped oxides (e,
organosilicates) that include atoms of 51, €, O and H, thenmoosetling polyaryiene ethers, or
roultitayers thereol. The term “polvarylene” w used In this apphcation {o denote aryl moieties or
nertly substituted aryt moietios which are linked together by bonds, fased rings, or inert Enking

oroups such as, for example, oxvgen, sulfur, sulfone, sulfoxide, carbonyl and the like.

66401 The dielectvic material 52 typically has a dielectric constant that is about 3.0 or less, with
a fﬁ@l@{:tria‘mnsian‘t of about 2.8 or less being even more tvpical. All diclectric constants
menticned herein are relative fo & vacuum, viless otherwise noled, These dielectrios generaliv
have a lower pavasitic cross talk as compared with dieleciric materials that bave 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
dieleciric material 52, Typically, and for normal in‘i‘a‘rzmmmﬁza':t structures, the dislectric material

52 has a thickness from 50 nm o 1000 o,

[543} The dielectric material 57 is formed uiilizing anv conventional deposifion process
including, but not Hmited 1o chemical vapor deposition (CVD), plasma enhanced chemiecal vapor

deposition (FECYD), evaporation, cherical solution deposition and spin-on coating.

(30421 After forming the dielectric material 52, pad stack 54 is formed on an exposed upper
surface of diclectric material 52. The pad stack 54 comprises an oxide, nitride, oxynitride or
10



multilayers thereof (8.g., a pad stack comprising a pad oxide and a pad nitride), The pad stack 54
typicaily comprises a sericonductor oxide, semiconductor wdtride and/or a semiconducior

oxynifride. Preferably, the pad stack 34 compuses an oxide of silicon and/or a nitride of silicon

136431 In some embodimants, the pad stack 54 may be formed vitlizing any conventional
deposiiion process including, for example, CYD, PECVD, evaporation, chemical sobution
deposition, physical vapor deposition (PVD) and atomic layer deposition {ALD). Tn other
exnbodiments, the pad stack 54 is formed by a thermal process such ag, for example, 2 tharmal
ouidation, a thetmal nitridation and/or a thermal sxynitidation process. In vet other
embodiments, the pad stack 54 is formed utilizing a2 combination of deposition and thermal

ProCesIns.

[G144] The thickness of the pad stack 54 may vary depending on the number of malerials within
the pad stack iself as well as the technique that was used in forming the same. Typically, the

nad stack 54 has 2 thickness from 10 mn fo 80 no

[0445] After forming fhe initial structure 50 shown m FIG, 4A, af least one opening 36 is {ormed
into the dielectric material 52 atilizing the pad stack 54 as a pattern mask. The resultant siructurs
including the at least one opening 56 iz shown, for example, in FIG, 4B, The at least one
operng 56 may include a via opening, 8 line opening, & combined via and Hne opening, or any
combination thereof. In the drawings, a line opening 18 shown by way of a non-limiting

exampie.

{0045} The at least one opening 56 is formed utilizing conventional lithography and eiching.
The lithographic step inchudes formming a photoresist (organic, inorganic ot hybrid) aton the pad
stack 54 utilizing £ conventional deposition provess such as, for example, CVD, PECVD and
spin-on coafing. Following formation of the photoresist, the photoresist is exposed o a desired
pattern of raciation. Next, the exposed photoresist is developed utilizing a conventional resist

development process.



HI047] Afrer the development siep, an etching step is performed to transfsr the pattemn from the
patterned photoresist Into first the pad stack 54 and then the disleciric material 52. The patterned
pirotoresist is typically removed from the surface of the structure after transferring the patiers
nito the pad stack 54 wilizing & conventional resist stripping process such as, for example,
asiing. The stching step veed in forming the st least one opening 56 comprises a dry efching
process (including reactive ion etching, fon beam eiching, plasma etching or lazer ablation), &
wel chemical etching process or any combination thereof., Typically, reactive ion efching is used

to form the at least one opening 56.

048] MNext, and as shown in FIG. 4C, a diffusion barrier 58 and a conductive material 60 are
formed into sach of the at least one openings 56. The diffusion barrier 58 comprises Ta, TaN,
barrier to prevent conductive matenal from df;'é*fzming there through. The thickness of the
diffusion barrier 58 may vary depending on the deposifion process used as well as the material
employed. Typically, the diffiision barrier 58 has a thickness from 4 nim to 40 nm, with &

thickness from 7 o to 20 non betog mors typical.

13049] The diffusion barrier 58, which is located between the conductive material 60 and the
dislectric material 52 is formed by any conventional deposition process including, for example,

CVD, PECVD, FVD, sputtering and plating,

I850) The condoctive material 50 used in forming the condactive region of the interconnect
strocture includes, for example, polySi, a conductive metal, an alloy comprising af least one
conductive metal, a conductive melal silicide or combinations thersof, Prefersbly, the
conduetive material 60 that iz used in forming the conductive region i3 a conductive meial such
az Cu, W oor Al, with Cu or a Cu alloy (such as AlCu) belng highly preferred in the present

nVentiion.

[353] The conductive material 60 is formed into sach of the operdngs 56 that are lined with the
diffusion barrier 38 wilizing any conventional deposition process inchuding, for example, CVD,
12



PECVD, PVD, sputfering, plating, chemical solution deposition and electroless plating. After
deposition of the conductive material 60, the structure 1s subjected fo a planarization process
such as, for example, chemical mechanical polishing (CMP) and/or grinding. The planarization
process provides a planar structure such as 1s shown in FIG, 4C m which the upper surfaces of
the dielectric material 52, the diffusion barrier 58 {which 18 now U-shaped) and the conductive
material 60 are substandally coplanar with each other. It is noted that during the planarization

process, the remaining pad stack 54 1s removed from the structure,

188521 Next, and as is shown in FIG, 4D, & discontinnons noble metal-containing cap 62 is
selectively formed essentially atop the conductive material 60, The term “noble metal-
containing” when referring to the discontinuous noble metal cap 62 located essentially atop the at
least one conductive region {1e., conductive material 60} includes any metal that ig resigtant {0
corrosion or oxidation. The term “essentially”™ when referring to the discontinuous noble metals
containing cap 62 18 used herein to denote that no portion of the cap extends onfo the surface of

the dielectric material. Preferably, no portion of the cap 62 extends onto the diffusion barrier.

[0B53] The preferred noble metals that can be used in the present invention as the discontinuous
noble metal-contomaing cap 62 are selected from the group consisting of R, Ir, Rh, Pt, Co, W
and alloys thereof, The fermn “alloy™ is used (o denote a mixture of noble metals as well ag
slements such ag W, B and P More preferably, the noble metal amployed as the discontipuous
noble metal-containing cap 62 compnises B or a Ru alloy. Tn some embodiments, the
disconfinuons noble metal-confaining sap 62 includes a multilayered noble metal or noble metal

alloy stack.

{0441 The thickness of the discontinnous noble metal-containing cap 62 may vary depending on
the type of noble metal present in the cap, the deposition technigue and conditions used as well
as the number of noble metals within the cap. Typically, the discontimious noble metal-
cortaining cap 62 has a thickness from 1 A to 100 &, with a thickness from 5 A 10 50 A being

more highly oreferred.



54} In some embodiments of the present invention, the discontinuous metal-containing cap 62
is formed by a chemical deposifion process including, for example, CVD, PECVIDY 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

tisme, the deposition pressure and the deposition temperature.

(68561 Specifically, the applicants have defermined that 2 discontinuous noble metal-containing
cap, as described above, can be obtained by performing the chenneal deposition using at least
one of the following depoesition parameters: A deposition tirne of less than 3 minutes, preferably
From 0.1 minutes to 2 minutes, and more preferably from 0.5 minutes to | minute. A deposition
pressure of 50 mTorr o less, preferably 20 mTorr o less, and more preforably from 5 mTorr fo
20 mTorr. A deposition temperature of 3006°C or less, preferably 200°C or less, and more
preferably from 150°C to 200°C. In a highly preferred embodiment of the invention, a
discontinuous noble metal-containing cap 62 can be obiained by chemics! deposition at a
terperature froms 150°C 10 200°C and a pressure from 5 mTorr o 20 mTorr for & daration of

tess than ! minuts,

[BESTT In addition to chemical deposition, a discoptinuous noble metal-containing cap 62 can be
formed by ptilizing electroless plating or by electroplating, Electroplating 18 a process of using
clectrical cyrrent to reduce cations of a desired materizl, e.g., 2 noble metal, from a solution and
coat a conductive object, ¢.., the at least one condustive material, with a thin laver of the
material, e.g., the nobile metal. In eleciroiess plating, a redox reaction invelving the oxidation of
one oF more soluble reducing agents such ag, for example, hypophosphite, and the veduction of
one or metallic fons, e.g., noble metal ions, occurs on the surface of & substrate, e.o,, the af least

one conductive material.
HOBS8] When plating technigues ave vsad tn forming a discontinuous cap, the discontinuitly
within the cap 15 achieved by performing the plating process for a duration of ime of less than 3

rdites, prefarably from 0.1 minutes to 2 minutes, and more preferably from 0. 5 minutes to 1
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minute. The plating temperature and pressure are ot velative for thiz embodiment for

controlling the discontinuity of the cap 62

{B8597 In addifion fo the above (echnigues that have been deseribed, the discontinuous noble
metal-comtaining cap 02 can be formed by first forming 2 continuous noble metal-confaming cap
across the entire surface of the at least one conductive material; some of the noble metal cap may
extend onto an upper surface of the diffusion barrier, bt not onte the dielectric material. Such
deposition is achieved wtilizing a low temperature chernical deposition process including, for
example, CVD, PECVD, low pressure CVI) and ALD. By “low temperature”, it is meant a
deposition ternperature of about 2007C or less, with a deposition lemperature of Jess than about
150°C being even more preferred. The deposition conditions zre selected (o provide a deposition
rate of the cordinuous noble metal-containing cap onto the conductive material 60 that is fom

0.210 1.2 Alsec.

[H060] After fonming the continuous noble metal-containing cup, portions of the continuous
noble metal-containing cap are selectively removed 50 as to form a discontinuous noble metal-
containing cap, as described above. The selective removal may be performed by fist forming a
patterned mask or block mask over portions of the stracture, including portions of the continuous
noble metal-containing cap. Next, a selective siching process including, for example, a dry etch
ot & wet chemical etch can be used. When dry etching is used, one of reactive ion etching, ion
bearm etching, plasma etehing and laser ablation can be used. When a wel chemical eich. is
erployed, a mixture of HCL Ha804, HF and HNG; can be used as a chemical etchant. In yet
another embodiment, the selective remnoval can be achleved using a touch-up chemical
mechanical polishing (CMWP)Y process. By “touch-up CMP™ it is meant a short, less than 1

minute, and non-uniform CMP process.

80611 Atter selectively forming the discontinuous noble metal-containing cap 62 predominately
onto conductive material 60, a dielectric cappng layer 64 is formed seross the entire structure
shown in FIG, 4D, The resultant structure including the dislectric capping laver 64 is shown, for
exainple, in FIG, 4B, The dislectric capping layer 64 comprises any suitable dielectric capping
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material such as, for example, 8i€, BisNH;, 8i0,, 2 carbon doped oxide, a nitrogen and hydrogen

doped silicon carbide S1CONH) or muliilayers thereof.

{49627 The thickness of the dielectne capping layer 64 may vary depending on the technigue
used to form the same as well as the material make-up of the layer. Typleally, the dislectric
capping laver 64 has a glncm&os from 15 nm to 100 nm, with a thickness from 25 am to 45 tim

belng more typic

0063] The dielectric capping laver 64 is formed wiilizing any conventional deposition process

i

including, for exampie, CVD, PECVD, evaporation, spin-on coating sod chemical selution

deposition.

19864] FIG. 4% illustrates an intercomnect structure in accordance with an embodiment of the
present imvention, Specifically, this inventive interconnect structure includes a dislectric
material 52 having a dielecinic constant of ebout 3.0 or less. The dieleciric material 52 has o
least one conductive region (represented by conductive materiad 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 {Le., conductive material 60,

v’

[B065] FIG. & fllustrates an alfernative interconnect shructire that can be emploved in the present
invention. The alternzlive interconnect structure of FIG. 5 is essentially the same as the
miereonnect structure shown m FIG. 48, except that the discontinueus noble metai—containing
cap 02 15 replaced with 2 noble metal cap thet bas a rough surfece that is characterized as having
a variable thickness scross the entire surface of the at least one conductive material. In the
ahemalive intercormest ginustore, reference pumeral 877 15 used to denote the ‘nom-unifom’

ey

noble metal-containing cap. The now-unifonn noble metal-containing cap 627 is formed uviilizing
basically the same chemical deposiiion techniques and materials as described above. One
difference between the above deseribed chenical depositions techniques that ensures & non-
uniform noble metal-containing cap 627 is that longer processing thmes are used. For examnple, 4
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PG

non-uniform noble metal-containing cap 62° can be formed using & desposition time of less than

S minutes, preferably from 0.5 to 3 minutes, and more preferably from 1 mimste (o 2 mimutes.

1806661 Notwithstanding whether a discontinuous or nop-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 poble metal-contalning cap atop a conductive material
embedded within an interconnect diclectric improves the BEM vesistance of the interconnect
structure. 111 prior art infercomnect structures, a continuous noble metal-containing cap is used
and was thought to be the desired cap design for EM improvement. In addition to iiﬁprwed 2M,
the applicants have determined that the presence of either the discontinuous noble metal-
containing cap or the non-nniform noble metal-containing cap atop s conductive marerial
embedded within an inferconnect dielectric also inproves the fime dependent dielectric
brealdown (TDDER) reliability of the inferconnect structure. Such an improved i TDDRB

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

F467] While the present inveniion has been particularly shown and deseribed with respect to
oreferred embodiments thereof, it will be understood by those skilled in the art that the foregoing
and other changes in forms and details may be made without departing from the spirit and scope
of the present invenfion. It is therefore intended that the present tnventics not be limitad to 1
exact forms and details described and illustrated, but fall within the scope of the appended

clanms.
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CLAIRAS
What is clairred is:

1. A method of fabricating an interconnect structure comprising:

providing a diglectric material having a digteciric constant of about 3.0 or kess and at least one
conductive material embedded theraln, the at least one conductive material has an upper surface that s
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
conduciive material, wherein said forming the noble metal-containing cap comprises forming a
continucus noble metal-containing cap across the entire upper surface of the at least one conductive
material utilizing a deposition temperature of about 200° C. or less, and selectively removing portions of
the continucus neble metal-containing cap to form the discontinuous or nor-uniform noble metal-
containing tap, wherein selectively removing includes a touch-un chemical mechanical pofishing

process.

7. The method of claim L wherein said forming said nobie metal-containing cap is selected from the
group consisting of chemical vapor deposition {CVD}, plasma enhanced chemical vapor deposition

PECVDY, atomic laver daeposttion (ALD), electroless piating and electroplating,

3. The method of daim 2 wherein said forming the neble metal-containing cap includes one of CVD
g Cay :

PECVD and ALD.

4. The method of daim 3 wherein said deposition is performed at a deposition time of tess than 3

minutes,

5. The method of clalim 3 wherein said deposition is performed at a deposition pressure of 50 mTarr or

1255,

6. The method of clzim 3 wherein said deposition is performed at 2 deposition fime of less than 2

minutes, and a deposition pressure of 50 mTor or less.



7. The method of claim 3 wherein said deposition is performed at a temperature from 150° C. tn 200° C.

and g pressure from 5 mTorr to 20 mTorr for a duration of less than I minute.

& The method of claim 1 further comprising forming a dielectric capping layer aton located atop the

dietectric material and the nobie metal-containing cap.
9. The method of claim 1 wherein said noble metal-containing cap is discontinuous.

10. The method of dlaim 1 wherein sald forming the noble metsl-containing cap includes selecting a
& L cap £

metal from the grous consisting of Ru, Ir, Rh, Pt, Co, and W,
11 The method of claim 10 wherein said metal further incdudes one of W, B and P.

12. The method of claim 1 wharein said forming the noble metal-containing cap comprises a plating
technique that is performed for a duration of tess than 3 minutes,
13. The method of claim 1 wherein sald forming the noble metai-containing cap includes deposition of a

metal at a depesition rate that is from 0.1 to 1.2 Angstroms/second,

14, The method of daim 1 wherein said noble metabcontaining cap has sidewall edges that are

coincident 1o sidewall surfaces of said at least one conductive material.

15. The method of dalm 1 wherein said depositon is performed at 2 deposition pressura of 50 mTorr or

1255,



DISCONTINUOUS/NON-UNIFORM METAL CAP STRUCTURE AND PROCESS
FOR INTERCONKNECT INTEGRATION

Ahstract

An interconnect structure inciuding a noble metal-containing cap that is present at
least on some portion of an upper surface of af least one conductive material that is
embeddad within an interconnect dieiaciric matsniai is provided. In one embodiment,
the noble metal-confaining cap is discontinuous, e.g., exists as nuclei or islands on
the surface of the at lsest one conductive material. In anothef‘ embodiment, the noble

metal-containing cap has a non-uniform thicknass acress the surface of the at least
one conduciive malerial.

Fig. 4E
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