Passivation Structure for Semiconductor Devices TECHNICAL FIELD
[0001] The present invention relates generally to semiconductors, and
more particularly, to a cap layer over a conductive layer in a

- semiconductor device. BACKGROUND [0002] Generally, integrated
circuits (ICs) comprise electronic components, such as transistors,

capacitors, PaepvilteofoStatconre fob SaitdcondwiivpBévebaklayers

are then formed over the electronic components to provide connections
between the electronic components and to provide connections to

TECEXE A Heyipes. The metal layers typically comprise an inter-layer
dielectric (ILD) layer in which vial and interconnects are formed, usually
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1inte rated cirguits, in order to provid smal(&er.ICs and improve
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consumption. While aluminum and aluminum alloys were most frequently

used in the past for the material of conductive lines in integrated circuits,
BACK{aRGHYR trend is to use copper for a conductive material because

copper has better electrical characteristics than aluminum, such as

[ooozjecreanaeHBg]sinasetdl ¢Ren oIy tvityrae dischiehie conpbingROinth as

[0004] The change in the conductive line material and insulating materials

transiohse GUpQIIuE 6f thieliae SdinsdrinockitetddieVoshallangasrittildayers are then

- manufacturing process. For example, copper
formed over the electronic components to provide connections between the electronic
components and to provide connections to external devices. The metal layers typically comprise

an inter-layer dielectric (ILD} layer in which vias and interconnects are formed, usually witha

single- or dual-damascene process.

[0003] The trend 1n the semiconductor industry is towards the miniaturization or scaling of
integrated circuits, in order to provide smaller ICs and improve performance, such as increased
speed and decreased power consumption. While aluminum and aluminum alloys were most
frequently used in the past for the material of conductive lines in integrated circuits, the current
trend is to usé copper for a conductive material because copper has better electrical
characteristics than aluminum, such as decreased resistance, higher conductivity, and a higher

melting point.

[0004] The change in the conductive line material and insulating materials of semiconductor
devices has introduced new challenges in the manufacturing process. Fbr example, copper

oxidizes easily and has a tendency to diffuse into adjacent insulating materials, particulariy when



oxidizes easily and has a tendency to diffuse into adjacent insulating
materials, particularly when 1 a low-K material or other porous insulator is
used for the ILD layer. To reduce these effects, attempts have been
made to form a cap layer comprising a single layer of COWP over the
copper material. While the CoWP cap layer helps reduce the oxidation
and diffusion of the copper into the surrounding ILD layer, the CoWP cap
layer does nqt contain the best adr%%iion gualities to the underlying

a low-k fiatirial s VAT DRZORS ARHIEB R ST EPTanG LA He Beyea farg fiects.
the cqpper materigl. [0005] Accordingly, .there is a need fqr a cap laye

attemp(s bav8 HEvR TDASCH 0, BT & So0 UG 78, ST RYER AN over the copper
. copductive ial info adjacent insulating materials, while .providin .
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coPber g&g&ance .With an emb(_)dimen_t of the present inventior_l, a methc_Jo! for
ppe ?g)%rmlng an interconnect is provided. The method comprises providing a
warfer having a conductive%?er formed in a trench; forming a first ca

[0003] |5y eperrdingls ShRrda v pefdpr atamdpnemibat siaintes g5

. _first cap layer, the composition of the first c;%p layer being different than
migratippand diffusion of the conductive material into adjacent insulating materials while

providing good adhesion qualities to the conductive material.



composition of the second cap layer. [0008] In accordance with another
embodiment of the present invention, a method for forming an
interconnect is provided. The method comprises providing a wafer having
a conductive layer formed in a trench; and forming a gradient cap layer
over the conductive layer, wherein the gradient cap layer has a higher
concentration of a first element near the conductive layer. [0009] In
accordance with still another embodiment of the present invention, an
SUW‘{EB@( m%gﬁed The integrated circuit comprises a
conductive layer in a trench of a first dielectric layer; a first cap layer on

[0006]the CDRguckideothyerroblents aecpakedly tayesdon tirdinsvarnpd, | ayd tefhiite]

In accordance with yet another embodiment of the present invention, an

. advantuegiatecheaiity i dhipved)de chrdfmedd tembatboheis wif therpprisesiavention which
conductive layer in a trench of a first dielectric layer; and a gradient cap

providsyerapriaee corrductivuaivermstDa i dsshuuddwetapgestiated by those
skilled in the art that the conception and specific embodiment disclosed

[000712Y RGEEANIN M UZRLASARARIRIR MRE VIO feRIHNY RHRSd for forming an

structures or processes for carrying out the same purposes of the present

intercdMEPIGRoliGRP UiEhAIRaTRR A} SonaRskilatimiNgnps thakiskehe layer
equivalent constructions do not depart from the spirit and scope of the

formed Y RNQABIA SRR R hARL B&p@&{ﬁﬁ RYBHEEIBIIBtive layer; and forming & second cap

layer over the first cap layer, the composition of the first cap layer being different than the

composition of the second cap layer.

[0008] In accordance with another embodiment of the present invention, a method for
forming an interconnect is provided. The method comprises providing a wafer having a
conductive layer formed in a trench; and forming a gradient cap layer over thc conductive layer,
wherein the gradient cap layer has a higher concentration of & first element near the conductive

layer.

. [0009] In accordance with still another embodiment of the present invention, an integrated
circuit is provided. The integrated circuit comprises a conductive layer in a trench of a first
dielectric layer; a first cap layer on the conductive layer; and a second cap layer on the first cap

layer.
[6010] In accordance with yet another embodiment of the present invention, an integrated

circuit is provided. The integrated circuit comprises a conductive layer in & trench of a first

dielectric layer; and a gradient cap layer on the conductive layer.



BRIEF DESCRIPTION OF THE DRAWINGS [0012] For a more complete
understanding of the present invention, and the advantages thereof,
reference is now made to the following descriptions taken in conjunction
with the accompanying drawings, in which: [0013] Figures 1-4 are
cross-section views of a wafer during various steps of an embodiment of
the Rt IRMERNEN, MG fu 8 EHATSREIBRUMS Ahspecic
[0011] wafje%r%%%ﬁg}%g%%t%} eéteps 0 gkr% emii)o Iment otﬁt%e present%entior??e e
embodiAE: A3l %ifbé Ea%i?%ﬁié&fﬂ% YASW At &W{rﬂ%@t&@&@mﬂg other
Interconnection in accordance with an embodimentof the present

strucuxreigl\\f/}%ﬂtlig&séepép- i 1%%%%%@5& blekde HRELMEvention. Tt should

ODIMENTS The making and using of the presently preferred
also be R71RRF YRR AMBIHAGHIRE AritHAB IIENRRI PN e BOREHRRIHAUE Héidepart from

however, that the present invention provides many applicable inventive
the spirif 2RE RSB RAICAR A RIAROTIR TAAIMES ApERtEDEIERRSITiC contexts. The
specific embodiments discussed are merely illustrative of specific ways to
make and use the invention, and do not limit the scope of the invention.
[0017] The present invention will be described with respect to
embodiments in a specific context, namely forming copper interconnects
in an intermetal dielectric layer. The invention may also be applied,
however, to other designs in which it is desirable to limit contamination



between materials or to increase adhesive qualities of successive layers.
[0018] Figures 1-4 illustrate cross-section views of a first embodiment of
the present invention in which a multi-layer passivation structure is
formed on a metal layer. Referring first to Figure 1, a workpiece 100 is
provided. The workpiece 100 comprises a semiconductor substrate 110
having a first ILD layer 112 formed thereon. The semiconductor substrate
may comprise emiconductor materials. The
BRIEK Qﬁﬁ»@&i-ié Q}?? ﬁ%‘%ﬁlso include other active components
or circuits (not shown). The workpiece 100 may include other conductive
[0012] ayerBaanatioes sempilzdndudtortsidingnithe preseat tsient onisad she pdvantages
[0019] The first ILD layer 112 may comprise dielectric materials such, as
thereofitiefbrencéderomw diasitte, vt following derdpticny trkem in epniBaeHon gvith
Alternatively, and more preferably, the first ILD layer 112 comprises low
accompiéryimg dtawingsieniatbiduch as materials having a dielectric constant (K)
less than about 4.0 (or the dielectric constant of silicon dioxide), for
(00132 @MArd R4lRY K dRalEHRlINRE TP agel dusKaiivusisspenddike
carbon;, fluorinated silicate glass or fluorinated silicon oxide glass (FSG),

embod‘ﬁ@ﬁ%\?ﬂ%fb@ﬁf@m@'n -On-Polymers, silicon carbon 6 material,

compounds thereof, composites thereof and/or combinations thereof The

first ILD I 12 ma com a plura of ers ILD
[0014]) 5y rPigy" %’é’é‘?fﬁ ‘1"\3D 'i’tliC %‘% er’if\1 }%@ égiﬁtlable

Jgethod g}gown in the ark In an mbodiment, the first ILD Iayer 112
embo RS THE VAR W=E B formed by chemical vapor deposition

(CVD) techniques using tetra- ethyl -ortho-
[0015] Figure 7 is a cross-section view of a wafer illustrating an interconnection in

accordance with en embodiment of the present invention.



silicate (TEOS) and oxygen as a precursor. The first ILD layer 112 is
preferably about 200 A to about 10,000 Ain thickness, but more
preferably 2,000 A. Other thicknesses and materials, such as silicon
oxide, may be used. [0021] An opening 116 is formed in the first ILD layer
112. The opening 116 may be a trench, via, or other pattern into which a
conductive layer is to be formed. For example, in an embodiment, the

opening 116 comprises a long thin trench that is relatively straight, or that
DETAZEIR & @E@@Qﬁ IF ot EFMB AP Tonductive lines
within a metal layer. [0022] The opening 116 may be formed by

[0016Phot b QHIARE % HIGIYHGUESHE MBI bRtk S ERB AN cRR R BRRASIRI W detail

techniques involve applying a photoresist material (not shown) and

below SR B phetasesishooaiaiiahin accrdanchvilReh gesiiae Patis Bpplicable

The photoresist material is then developed to remove a portion of the

inventjveaisnesist tnaterchetbateidiet ip o dige heiatn de dybrificedateatdn The specific
accordance with the desired pattern. The remaining photoresist material

embodiratesiditbessmiced yirgely dliesidtirerofapessuusaipro oeds agdsiep thesudantion,
as etching, performed to form the opening 116 in the first ILD layer 112.

and doTriue letohihg sapeesStheayvestmmwet or dry, anisotropic or isotropic, etch
process, but preferably is an anisotropic dry etch process. After the

[00171°PeNR LSS RBESHIN e HY Shbiblavsil T D8 (OB ESiRbifc

if any, may be removed. Other processes, such as electron beam

ntext 12 ﬁ)ﬁ-ﬁﬁ?&ﬁi SHEROMAUOR YH e ni QI BRI AN ITh G enti

te . ti
oon xFOOZ?;?ﬁshoul be r?oréged that the process discussed above%%scribedna nhon
may aISHSLGSAIBAIRM er, to other designs in which it is desirable to limit contamination

between materials or to increase adhesive qualities of successive layers.

[0018]  Figures 1-4 illustrate cross-section views of a first embodiment of the present
invention in which a multi-layer passivation structure is formed on a metal layer. Referring first
to Figure 1, a workpiece 100 is provided. The workpiece 100 comprises a semicondﬁctor
substrate 110 having a first ILD layer 112 formed thereon. The semiconductor substrate 110
may comprise silicon or other semiconductor materials. The semiconductor substrate 110 may
also include other active components or circuits (not shown). The workpiece 100 may inciude

other conductive layers or other semiconductor elements, e.g. u'an_sistors, diodes, etc.

[0019] The first ILD layer 112 may comprise dielectric materials such as silicon oxide or
dioxide, which has a dielectric constant of about 4.0. Altematively, and more preferably, the
first ILD layer 112 comprises low-K dielectric materials, such as materials having a dielectric
constant (K) less than about 4.0 (or the dielectric constant of silicon dioxide), for example. The
low-K material may comprise, for example, diamond-like carbon, fluorinated silicate glass or

fluorinated silicon oxide glass (FSG), $i0,Cy, Spin-On-Glass, Spin-On-Polymers, silicon carbon



process for illustrative purposes only. Other processes, such as a
dual-damascene process may be utilized in accordance with an
embodiment of the present invention. For example, a dual- damascene
process may be utilized to form a trench and a via through one or more
layers of the first ILD layer 114. [0024] After the opening 116 is formed, a
first barrier layer 120 a and conductive layer 122 are formed in the
opening. The first barrier layer 120 may be formed of one or more

materig]gprmBroyngs deresipempaskes therees, andder enmbiantiens thesepfsthefist ILD
layer 120 is formed of one or more layers of conductive materials, such

layer 153 mhrompries finlvmaiinet lBystaium, tantalum nitride, or the like. In an
exemplary embodiment, the first barrier layer 120 is formed of a thin layer

{6o20]of tarkalfny MiNdeyend i2 Wipréfeblf daohakirdiclepeRiteatbyaCiEned by any
techniques. In this embodiment, the combined thickness of the tantalum

suitablaiitdieod iehdant ddithe ayels im ahhiotibnddy hbdiis0MA00PH] ddiprises an oxide
opening 116 may be filled with the conductive material by, for example,

that mgyeséoiomng! & eketaoppsitixpmicoalCiay thithiges awnly teattbhyl-ortho-
' opening 116 is at least substantially filled. The conductive layer 122 may
silicated@ROS3 end etatgen mnagntatrswetalhea s Hidh lapetalky or phefditcalylabant 200 A to
exemplary embodiment, the conductive layer 122 is copper. The
about 16 tinchigimes Dutprel peefreahd POV d Epbsitiiarlnesss taylonatadals, such
“performing an electroplating process. [0026] A planarization process,
as silicen ohide, maydmiseimechanical process (CMP), may be performed to
planarize the surface and to remove excess deposits of the material used

[ooz1]t0 forn Senfilstiarieniavad 8k and the tonguativerigy %E)éi%gg 116 may be a
trench, via, or other pattem into which a conductive layer is to be formed. For example, in an
embédiment, the opening 116 comprises a long thin trench that is relatively straight, or that

curves and digresses in bends or other patterns to form conductive lines within a metal layer.

{0022) The opening 116 may be formed by photolithography techniques known in the art.
Generally, photolithography techniques involve applying a photoresist material (not shown) and
exposing ﬂ;e photoresist material in accordance with.a desired pattern. The photoresist material
is then developed to remove a portion of the photoresist material, thereby exposing the
underlying material in accordance with the desired pattern, The remaining photoresist material
?rotects the underlying material from subsequent processing steps, such as etching, performed to
form the opening 116 in the first ILD layer 112. The etching process may be a wet or dry,
‘anisotropic or isotropic, etch process, but preferably is an anisotropic dry etch process. After the
opening 116 is formed in the first ILD layer 112, the remaining photoresist, if any, may be
removed. Other processes, such as electron beam lithography (EBL)) or the like, may be utilized

to form the opening 116.



[0027] Furthermore, a preclean process may be performed to remove
impurities along the surface of the conductive layer 122. The pre-clean
process may be a reactive or a non-reactive 8 pre-clean process. For
example, a reactive process may include a plasma process using a
hydrogen-containing plasma, and a non-reactive process may include a
plasma process using an argon-containing or helium-containing plasma.

[0023]The pren6lRARPHOEISHANAY bR aisPEsBlassiabale RserilwNg single-damascene
combination of the above gases. [0028] It should be noted that Figure 1

procest psTRNiSSAROPIIPM LR dDMRAbiocMue]) shich opdustidenayembiiRdsess may
recessed in the opening 116 from the surface of the first ILD layer 112.

be utiliEbé ifeaessdany keticrmesbddinng tbe theepeiamn ipvendss. OF yeasseylay atdual-
process step. In other embodiments, however, the surface of the

damascardictiss layeibd 2fiaed théosnriaoenoh tivel firetaltiPolghemt 12 marg fayers of the

~ substantially planar surface. [0029] Figure 2 illustrates the workpiece 100

first I &¥twyerdiLie layer 210 has been formed in 'accordance with an

embodiment of the present invention. Preferably, the material selected to

0024 O™ AR OHE Ig¥Gh e 19 HRR 80PH 8RS TRERROB R i Kb HBGctive layer 122

underlying conductive layer 122. In the embodiment in which the

are fornRAAHSHY B MRl 1 A% SHRIMRASTHRRASOOhA SRIBRAEUTBRY BFmbRaThesion

been found that a relatively pure (e.g., greater than or equal to about 95

layers RAQBIGHMAPRiARIaY o epBatif{eR), mickel: (Morig Inatieforhese ef ofe or

the like provides good adhesive qualities. The glue layer 210 may contain
more 19§BRTFEIRBN VS Yo A1 RESKAN RRARANOEAISm AR S et MM nitride,
boron, combinations thereof alloys thereof, or the like.
or the like. In an exemplary embodiment, the first barrier layer 120 is formed of a thin layer of
tantalum nitride and a thin layer of tantalum deposited by CVD techniques. In this embodiment,

the combined thickness of the tantalum nitride and tantalum layers is about 5 A to about 300 A.

[0025] The opening 116 may be filled with the conductive material by, for example,
performing a blanket deposition process to a thickness such that the opening 116 is at least
substantially filled. The conductive layer 122 may comprise metals, elemental metals, transition
metals, or the like. In an exemplary embodiment, the conductive layer 122 is copper. The
conductive layer 122 may also be formed by depositing a seed layer and performing an

electroplating process.

0026} A planarization process, such as a chemical-mechanical process (CMP), may be
performed to planarize the surface and to remove excess deposits of the material used to form the

first barrier layer 120 and the conductive layer 122.

{0027] Furthermore, a preclean process may be performed to remove impurities along the

surface of the conductive layer 122. The pre-clean process may be a reactive or a non-reactive



The glue layer 210 may be formed by any suitable method, such as an
electroless process, a self- assembling process, a selective
chemical-vapor deposition process, or the like. [0030] In a preferred
embodiment, the glue layer 210 is formed by an electroless process and
is preferably about 20 A to about 200 A in thickness. In an embodiment, a
glue layer 210 comprising cobalt and phosphorous may be formed by an
pre-cleSlRHAIRSTBF RRRPLS e acHobIfi0ess Begdheltdeit pledd IToSSAshIEAe
like using a reduction agent of NaH2P0O22H20, a complex agent of _
hydroghP@RBIHRR hiakies) widesiiaeaqivéntiosamd pindpdstiptsarn pareasigsing an
of 70-95 C. [0031] In another embodiment, a glue layer 210 comprising
argon-&RRAliADE: BelmaythinifpphadbyThe plecletepoprecemsy bsiplgee plasma
solution of cobalt salt, CoCl2, CoSO4, or the like using a reduction agent
procesOidNaRR4miGd ANl Bbovdigesike, a complex agent of
Na3CrH507-2H20 at a deposition temperature of 70-95 C. In this
foo2s) STCRUIBERHI IS icia ad e ainiabilenisisedl anbapiondhsinianth:

activation may be used. Other materials and processes may be used.

oondu%t(i)@e?ﬁ%g Q#QS%éMQM%MEKQ'?f@M et FResTvadiff D dsyer 112.

i
T . .
ayer 310 has been formed in accordance with an embodiment of the

The reddE S5} MR BRICH dﬁfﬁ@fﬂ@ RAN BtoHas seigciadraries proess step. In other

passivation/banier layer 310 exhibits good adhesion properties with the

embod HHE HIAYETAE0 MadGeRd BaHS LHaRANS R erIEY end die eaifine difthsifirst ILD
from the_ conductive material into the first ILD layer 112 or other materials.

layer 11 Bgysathesinsiddaabiphiaeseleective layer 122 is formed of copper
or a copper compound and the glue layer 210 comprises Co and/or Ni, it

(002 o i 3 EDgies the workpiate 100 it & gl P2 (ol G RIRRLE:
accordance with an emﬁodiment of the present invention. Preferably, the material selected th
form the glue layer 210 exhibits good adhesion properties with the underlying conductive layer
122. In the embodiment in which fne conductive layer 122 is formed of copper or a copper
compound, it has been found that a relatively pure (e.g., greater than or equal to about 95
atomic %) metal alloy of cobalt (Co), ni#kei (NiL a combination thereof, or the like provides
‘good adhesive qualities. The glue layer 210 may contain other elements, such as tungsten,
phosphorous, molybdenum, rhenium, boron, combinations thereof, alloys thereof, or the tike.
" The giue layer 210 may be formed by any suitable method, such as an electroless process, a self-

assembling process, a selective chemical-vapor deposition process, or the like.

- §0030] In a preferred embodiment, the glue layer 210 is formed by an electroless process
and is preferably about 20 A to about 200 A in thickness. In an embodiment, a glue layer 210

comprising cobalt and phosphorous may be formed by an electroless process using a solution of



less pure (e.g., less than or equal to about 95 atomic %) than the glue
layer 210 provides good adhesive and barrier qualities. The
passivation/barrier layer 310 may contain other elements, such as
tungsten, phosphorous, molybdenum, rhenium, boron, combinations
thereof; alloys thereof or the like. The passivation/barrier layer 310 may
be formed by any suitable method, such as an electroless process, a
cobalt satf GeSknihi#dpro tesbikea wetectivehattion rgintad Hiadbpokifdh Op rocespiex
or the like. [0033] In a preferred embodiment, the passivation/barrier layer
agent NS ddsorsiiiBPamitle mufackasiiprtion sodbm dapasittun Rnperatutsonfi 72685AC.

in thickness. In an embodiment, a passivation/barrier layer 310

 [0031]COMBI &GRS RRASRNO BISI 9RO RO QRSN INGA P Y tn Hhy be

electroless process using a solution of cobalt salt, CoCl2, COSO4, or the

formedilspadsingtibiadyriosssagaiy Lidiatos BRI 2H0AMARIS0,, or the like using a
(CH3)2NHBHS3, or the like, a complex agent of Na3C6H50r2H20 at a

reductif® RESIHOMNEBME @IS NTBIAS Je tHo Tikis £ovaaslinapbnt i3 MSBIRO, U0 at a
a stabilizer be used and optional surface activation may be used. [0034] In

deposidioiisperaliodifrrend sa Qass ihadienbdinientajtds flddeenid Bisin gtaoiials be used
phosphorous, and tungsten may be formed by an electroless process

and opticialsarkokiiniveieobaly salsedoCRaGRHM4L anthsrdibeasanaay delusiah
of (NH4)2W04, Na2WO4, H3[P(W3010)4], or the like using a reduction

o 0L 0, A AR LSS0 9 o
formed R SEATHRMPRIHELANRb &R TRHE iBI%S%BP Al ags t%eferably, the material
selected to form the passivation/bamier layer 310 exhibits good adhesion properties with the glue
layer 210 and good barrier properties to prevent or reduce diffusion from the conductive material
into the first ILD layer 112 or other materials. In the embodiment in which the conductive layer
122 is formed of copper or a copper compound and the glue layer 210 comprises Co and/or Ni, it
has been found that a metal alloy of cobalt (Co), nickel (Ni), a combination thereof, or the like,
lesé pure (e.g., less than or equal to about 95 atomic %) than the glue layer 210 provides good
adhesive and barrier qualities. The passivation/barrier layer 310 may contain other elgments,
‘such as tungsten, phosphorous, molybdenum, rhenium, boron, combinations thereof, alloys
thereof, or the like, The passivation/barrier layer 310 may be formed by any suitable method,
such as an electroless process, a self-assembling process, a selective chemical-vapor deposition

process, or the like.

[6033] | In a preferred embodiment, the passivation/barrier layer 310 is formed by an
electroless process and is about 20 A to about 200 A in thickness, In an embodiment, a

passivation/barrier layer 310 comprising cobalt, phosphorous, and boron may be formed by an

10



and boron may be formed by an electroless process using a solution of
cobalt salt, CoC12, CoSO4, or the like, and a solution of (NH4)2WO 4,
Na2WO4, H3[P(W3010)4], or the like using a reduction agent of NaBH4,
(CH3)2NHBHS, or the like, a complex agent of Na3C6H50r2H20 at a
deposition temperature of 70 95 C. In this embodiment, it is preferred that

cectol S TGERES BB SRR i e ey LB g e i Hion
I
sgent o O B Lo A e s Bt
2 X h AP referr
C&%&% % Og%o'\rﬁp% ba&d&é%fmgg6Ha50r2Hzo andadgfééssﬁlofl «d
that a sTERIREI e . i QBulond Il LBR0MGH 2 P%@'@e@t a

passwatlon arrier layer 310 comprising coba monbdenum, and boron

may be formed by an electroless process u3| olution af cobal%%%!t,
[0034] coCnanedstn e, P&ﬁﬁ"&%@?&fﬁmﬁf or

the like using a 11 reductjon agent of NaB 2NBBH3 he
phosphgregsy ﬁ?&éﬁ %ﬁ?be l_%%égs?tlon & eraolruur%(}gfg%()bak

s, Col Qo PRcbe AR AT DR Li@ﬁg’o% U LB Pilror e
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Ilustrates the w 00 after an optional etch stop layer 410 and a
depomtllan temperawre LR P play

[8035] In another embodiment, a passivation/barrier layer 310 comprising cobalt, tungstml,.
and boron may be formed by an electroless process using a solution of cobalt salt, CoCly, CoSOq,
or the like, and a solution of (NH)2WO,, NaaW0y, Hg[P(\V;Om)d, or the like using a reduction
agent of NaBHL, (CHs)2NHBH;, or the like, a complex agent of NesCeHsO72H,0 at 2
deposition temperature of 70-95° C. In this embodiment, it is preferred that 2 stabilizer be used

and optional surface activation may be used.

[0036] In another embodiment, a passivation/barrier layer 310 comprising cobalt,
molybdenum, and tungsten may be formed by an electroless process using a solution of cobalt
salt, CoCly, CoSOy, or the like, and a solution of (NH4)2M004, NaMoQ,, or the hke using &
reduction agentof _NaHgPOz'ZHzO, a complex agent of Na;CeHsO72H;0, and 2 deposition

temperature of 70-95° C.

[6037] In another embodiment, a passivation/barrier layer 310 comﬁrising cobalt,
molybdénum, and boron may be formed by an electroless process using a solution of cobalt salt,

CoCly, CoS0y4, or the like, and 2 solution of (NH4)2MoO,, Na,MoOy, or the like using a

11



second ILD layer 412 have been formed thereon in accordance with an
embodiment of the present invention. The etch stop layer 410 maybe
formed on the surface of the first ILD layer 112, and the second ILD layer
412 may be formed on the etch stop layer 410. It should be noted that a
planarization step, which may be performed by a chemical- mechanical

e T BT A ARK I o
L i

and opSE D Ia er 412 IS gr}efera ly- formed of a low-K dielectric material,
psuc as Fuorosvﬁcafle ) or the like. In an exemplary
embodiment, the second ILD layer 412 is formed ofFSG, and the etch
[0038] stopPhes procepsdomsb el nBIChausw- Idaipasieniarithe glugmadike. A
SiN layer may be formed, for example, by plasma-enhanced
pessivesioB/hREERY HYSF B8y SN formedobyMIea) SRITESSMEIIFPESG layer may
be formed by PECVD. Preferably, the etch stop layer 410 is about 50 A to

[06039] about; 20RO Allinsthiek Riessuodfsl dhic so edied dh R yeil4ichispliopsr200 #d a
to about 10, 000 A in thickness, but more preferably about 2000 A [00411

second Figh iegcb-A il istectespriinmed ditraovi o rdsrecvichem eadiodénentfdf e
present invention in which a gradient cap layer is formed on a metal layer.
presentiiresptione SEhitl usfrated laydrigl 0 e 5 dssuedeoa the supiecediiteirshBddayer
a manner similar to workpiece 100 illustrated in 12 Figure 1, wherein like
112, anduhecvadend IbDdejike 482 mants formed) esthie styissopd bysredh@th It shondd de noted
to Figure 1.
that a planarization step, which may be performed by a chemical-mechanical polishing (CMP)
process, may be performed prior to the formation of the etch stop layer 410, The etch stop layer
410 may be formed of any material that provides a high-etch selectivity between the etch stop

layer 410 and the subsequently-formed second ILD layer 412.

[0040] The second ILD layer 412 is preferably-formed of & low-K dielectric material, such
as fluorosilicate glass (FSG) or the like. In an exemplary embodiment, the second ILD layer 412
is formed of FSG, and the etch stop layer 410 is formed of SiN, SiC, & low-k dielectric film, or
the ‘Iike. A SiN layer may be formed, for example, by plasma-enhanced chemical-vapor
deposition (PECVD) techniques, and the FSG layer may be formed by PECVD. Prefersbly, the
etch stop layer 410 is about 50 A to about 1000 A in thickness, and the second ILD layer 412 is

about 200 A to about 10, 000 A in thickness, but more preferably about 2000 A.

[0041] Figures 5-6 illustrate cross-section views of a second embodiment of the present
invention in which a gradient cap layer 1s formed on a metal layer. The process illustrated in

Figures 5-6 assume a workpiece 500 formed in a manner similar to workpiece 100 illustrated in

12



[0042] Referring now to Figure 5, a gradient cap layer 510 has been

. formed on the conductive layer 122. The gradient cap layer 510 is
preferably formed of a metal alloy having a higher purity level near the
-conductive layer 122 than near the surface. It has been found that a
gradient cap layer 510 having these characteristics promotes greater

Fi gur@gh@ﬁé\f&xp [RRekias e aendicivamiaverohed pndigieatrRn Babie with reference

properties to prevent or reduce diffusion. In an embodiment of the present
to Figm.\éqntion in which the conductive layer 122 is copper or a copper alloy, it
has been found that a gradient layer having a relatively pure (greater than

or equal to . about 95 _atomic %) cobalt and/or ni content r th
100420 KRB B 55 TS Jo BT R A 1 T e o Bae

atomic %).cqobalt and/or njckel.content.ne f ' .
mnduggﬁﬁ A %%% pro?/ﬁggl gnégapp I%la)?grr ﬁz?l{)/llr? gec%%%a r%%%i%v%égg %%%?er ayg?wnga

nighefRRETHE1 A9 184 AN AVIUUPIORS i AUAAALLAARAIET.Y SR that e

y an electroless proc ut 50 A to about

gmdie%?gaA L &R A B RIIRD oo @ﬁésﬁ@@properties to the

ok
com[grls ng cobﬁa%t and phosphorous may be formed by an electroless

condu@&%%eﬁ'."ﬂﬂm?d?&%%%ﬁ?@%ﬁéﬂ%@%&@%d&féﬁﬁﬂﬁ%ﬂsiﬁgaa
reduction agent of NaH2P022H20, a complex agent of Na3C6H50r2H20

embodTHR AR AR IOR A 3R RRE RN IHERATAUEGR 11 20-1988ppEh6r & copper

gradient concentration of phosphorous maybe generated by altering the

alloy, iPMud BigPfothe BROSRRRACHSIAKINGNIR deplasHEn MIRCARSa{N0AR4] bt equal to

another embodiment, a gradient cap layer 510 comprising cobalt and

aboutB8rRRMaY, RR IR e Dk &l esHelRSRRTORRS S tstAg Ll SaitIlion afdokaltpure
‘salt, CoClI2, CoSO44 or the like using a reduction agent of NaBH4, :
(less #fak ) 3hiHBY Boar B dikria sy ouyble agéntmitke] content near the surface of the

gradient cap layer 510 provides a cap layer haying good adhesive and barrier layer properﬁes.

10043] In this embodizneﬁt; the gradient cap layer 510 may be formed by an electroless
“process and is preferably about 50 A to about 200 A in thickness. In an embodiment, a gradient
cap layer 510 comprising cobalt and phosphorous may be formed by an electroless process using
a solution of cobalt salt, CoClz, CoSO,, or the like using a reduction agent of NaH,PO22H;0, 2
oompléx_agent of NaaCelis0r2H20 ﬁm surface activation and a deposiﬁon temperature of 70-
95°¢ C, The gradient concentration of phosphorous may be generated by altering the flow rate of

 the phosphorous during the deposition process.

{0044) In another embodiment, a gradient cap layer 510 comprising cobalt and boron may
be formed by an electroless process using a solution of cobalt salt, CoCly, CoSOy, or the like
using a reduction agent of NaBH,, (CH;)2NHBH,, or the like, a complex agent of

NasCsHs072H;0 at a deposition temperature of 70-95° C. In this embodiment, it is preferred
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Na3C6H50r2H20 at a deposition temperature of 70-95 C. In this
embodiment, it is preferred 13 that a stabilizer be used and optional
surface activation may be used. Other materials and processes may be
used. The gradient concentration of boron may be generated by altering
the flow rate of the phosphorous during the deposition process. [0045]
Figure 6 illustrates the workpiece 500 of Figure 5 after an optional etch
stop layer 610 and second 1LD layer 612 have been formed. The etch
that a stalplizgrdreanedand sptonel Hufakeaati GibH AR hbefospte Dikedasisibds and
' above with reference to the etch stop layer 410 and the second _etch stop
procesasiapay] beaReglife gradionbrapparation aibems mnthrEsEerbinaliering the
illustrates a connection to an interconnect formed in accordance with an
flow rate,pbireRbRERharu L AUERSHAASRASHOR BISER-be noted that Figure 7 is
drawn from perspective corresponding to a plane orthogonal to the plane

[0045pf Figeigaid coiligsarck e seekipigah So00sitigtive Jaifer 23 dpAoadrelisiotyop layer
elements in Figure 7 having like reference numerals as elements in

610 aftdgetendAldd dageacto R imiikbelefoomts. |ThbettH fomated thaambmptapd LD layer
710 refers to the gradient cap layer 510 of Figure 5 or the glue layer 210

612 map b fiernpabsi\desorilied miervtayih 3dbrefidd gotbeletihotTh st ddfrarstithe second
Figure 7, an opening 712 is formed through the second ILD layer 412 to

etch stoolaivks €l@mfiEwerttact to the underlying conductive layer 122. The
opening 712 may be formed by standard (single or dual) damascene

[0046PTOCa836R MRS Rehidishond BecnniRtihal HRRRERING in H8shnect
hrough the etch stop layer 410 as well as the cap layer 710. It has

formed in accordance with an embodiment of the present invention. It should be noted that

Figure 7 is drawn from perspective corresponding to a plane orthogonal to the plane of Figure 4

or 6 and intersecting the conductive layer 122. Accordingly, elements in Figure 7 having like

reference numerals as elements in Figures 4 and 6 refer to like elements. I should be noted that

cap layer 710 refers to the gradient cap layer 510 of Figure 5 or the glue layer 210 and the

passivation/barrier layer 310 of Figure 4.

[0047] As illustrated in Figure 7, an opening 712 is formed through the second ILD layer
412 to provide electrical contact to the underlying conductive layer 122, The opening 712 may
be formed by standard (single or dual) damascene processes known in the art. It should be noted
that the opening is formed through the etch stop layer 410 as well as the cap layer 710. It has
been found that removing the cap layer 710 within the opening 712 provides a better electrical

connection to the underlying conductive layer 122 characterized by less resistance.

[0048] In a preferred embodiment, the cap layer 710 is substantially removed. In alternative
embodiments, however, portions of the cap layer 710 may remain. For example, in an

embodiment in which the cap layer 710 corresponds to the glue layer 210 and the
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been found that removing the cap layer 710 within the opening 712
provides a better electrical connection to the underlying conductive layer
122 characterized by less resistance. [0048] In a preferred embodiment,
the cap layer 710 is substantially removed. In alternative embodiments,
however, portions of the cap layer 710 may remain. For example, in an
embodiment in which the cap layer 710 corresponds to the glue layer 210
and the 14 passivation/barrier layer 310 of Figure 4, the

passrv@agétrmﬁs%améP|a§5f%§1%f§9@és§a's§ﬁm%w&%%b?&w Persirgtially

L T
d 0,of I of
e A R A A I AL ¥

FE dga%} eggs hav descr be% (1etall t shsguld be understood that
o g Ao es b uﬁmhs an erations cah be made herein
without departing from the spirit and scope of the invention as defined by
[0049]the Adfanubdtsaireseniipretionpid iirdrentegsdest hestodraeragd in detail, it
processes ma be varied while remammg within the scope of the present

shouldips,apdispiomb SUSpEEIaReABrbYiTR uRRTicHt bR Radsheren

intended to be Ilmlted to the partlcular embodiments of ther%ocess
withoutdeppiting Frrm thectova: ashipRRSAE b6 ARYEREen sdsfinedutibe enpsndet paims.
described in the specification. As one of ordlna sk|II in the art will readil
For i S YR S O R TTSSS B O VR P Bilg dgmgining within
" %{{L es, manpfacture, compositions of matter, means, methods, or
© 5c0p B@?@?’E{Wﬁ%‘ﬁ% or later to be developed,
[0050] Moreover, the scope of the present application is not intended to be limited to the
particular embodiments of the process, machine, manufacture, composition of matier, means,
methods and steps described in the specification. As one of ordinary skill in the art will readily
appreciate from the disclosure of the present invention, processes, mac_hines, manufacture, -
compositions of matter, means, methods, or steps, presently existing or later to be developed,
that perform substantially the same function or achieve substantially the same result as the
corresponding embodiments described herein may be utilized according to the present invention.

Accordingly, the appended claims are intended to include within their scope such processes,

machines, manufacture, compositions of matter, means, methods, or steps.

15



that perform substantially the same function or achieve substantially the
same result as the corresponding embodiments described herein may be
utilized according to the present invention. Accordingly, the appended
claims are intended to include within their scope such processes,

wpaghines, Ayanpfagture, compositions of matter, means, methods, or
steps. 15 WHAT IS CLAIMED IS: 1. An integrated circuit comprising: a

conductive layer in a trench of a first dielectric layer; and a gradient cap

1. layeranife.canddctivg laygp-uhgrein the gradient cap layer comprises
cobalt, nickel, or combinations thereof 2. The integrated circuit of claim 1,

wherdfiPBELBIdaey B aysrebipridess delspaic ByPheistegrated circuit
of claigiivherginthe seaductiva.laygristecessed from a surface of the

first dielectric layer. 4, The integrated circuit of claim 1., wherein the o
gradBREEHD 5 el REifprSeR d2yheetamsiithatabadresiekehadt opaabiaktipns
thabeut 95% (atomic percent) cobalt, nickel. or combinations thereof near
the conductive layer. 5. The integrated circuit of claim 1, wherein the
gradient cap layer comprises a metal alloy that is less than or equal to
about 95% (atomic percent) cobalt, nickel, or
2. The integrated circuit of claim 1, wherein the conductive layer comprises

copper.

3. The integrated circuit of claim I, wherein the conductive layer is recessed

from a surface of the first dielectric layer,

4. The integrated circuit of claim 1, wherein the gradient cap layer comprises a
metal alioy that is greater than or equal to about 95% (atomic percent) cobalt, nickel,

or combinations thereof near the conductive layer.

5. The integrated circuit of claim [, wherein the gradient cap layer comprises a
metal alloy that is less than or equal to about 95% (atomic percent) cobalt, nickel, or

combinations thereof in an area opposite from the conductive layer.
6. The integrated circuit of claim 1, wherein the gradient cap layer comprises a

metal alloy that includes cobalt, nickel, tungsten, phosphorous, molybdenum,

rhenium, boron, or combinations thereof.
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combinations thereof in an area opposite from the conductive layer. 6. The
integrated circuit of claim 1, wherein the gradient cap layer comprises a
metal alloy that includes cobalt, nickel, tungsten, phosphorous,
molybdenum, rhenium, boron, or combinations thereof. 16 7. The
integrated circuit of claim 1, further comprising: a second dielectric layer

7. over the misgertid siruiapéelaing ladisbenienpintibiesecond dielectric layer,
wherein the,openin tends through at.least a portion of the gradient
cap I%f/%cr(.)% Eﬁ?ee?ﬁg(ggl%teeroo Xﬁrc[ﬁf’ %F%??ﬁ?eft A& the gradient cap
layeris smBletghhd @é@@ﬂ@@i@i@@fﬂé'ﬂ%@@%@%j&?h_%-d%@ﬂﬂ%ﬁ@éﬁ&%%ﬂ&h
comprising: a conductive layer in a trench of a first dielectric Tayer; a first

at bapt lapertom thieleopdidotivecdayiercthe first cap layer comprising a metal
alloy that is greater than or equal to about 95% (atomic percent) cobalt,
nickel, or combinations thereof; and a second cap layer on the first cap
layer-the second cap layer comprising a. metal allay that is less.than o

5 cauar s LR e LAl P Bt okt o CORadoneDlecely

ret¥RkQDNithin the opening.
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10. The integrated circuit of claim 9, wherein the conductive layer is
recessed from a surface of the first dielectric layer. 11. The integrated
circuit of claim 9, wherein the first cap layer comprises a metal alloy that
includes cobalt, nickel, tungsten, phosphorous, molybdenum, rhenium,
boron, or combinations thereof. 12. The integrated circuit of claim 9,

9. wherdih BtReSeeb USRI RIPBIEBEiprises a metal alloy that includes

tungsten, phesphorous, molybdepum, rhenium, boron, or combinations
theréo yicﬁcﬁﬁg |Er11¥glglr%1t8ét ecpgf%u?t{‘1 8f%é1%i§%?cf%irfh13¥%r0mprising: a second

dielacticilays1AeLihemeuductivelaner and Hig:first dielectriclayars ath

an opening in the second dielectric layer, wherein the opening extends
alletyrdivmg s tbesecohahcap dayelr td 4bdhe Yhtegiatedicireuitof )ctaivall Jyickel, or

wherein the opening extends through the first cap layer. 18 15. An
COmPUTAREE \BFENE @hprising: a conductive layer in a trench of a first

dielectyi X i p.lay; e conductive layer, wherein
e EInYS N SR SR INELn e sl i e,
me€flualdp @aout BEYeHatam g pareeabout 95% (atomic percent) cobalt, nickel, or

combinations thereof,

10.  The integrated circuit of claim 9, wherein the conductive layer is recessed

from a surface of the first dielectric laver.

11.  The integrated circuit of claim 9, wherein the first cap layer comprises a metal
alloy that includes cobalt, nickel, tungsten, phosphorous, molybdenum, rhenium,

boron, or combinations thereof.

12. The ntegrated circuit of claim 9, wherein the second cap layer comprises a
metal alloy that includes tungsten, phosphorous, molybdenum, rhenium, boron, or

combinations thereof

13. The integrated circuit of claim 9, further comprising:

a second dielectric layer over the conductive layer and the first dielectric layer:
and

an opening in the second dielectric layer, wherein the opening extends through

the second cap laver.

14. The integrated circuit of claim 13, wherein the opening extends through the

first cap layer.
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cobalt, nickel, or combinations thereof near the conductive layer and less
than or equal to about 95% (atomic percent) cobalt, nickel, or
combinations thereof in an area opposite from the conductive layer. 16.
The integrated circuit of claim 15, wherein the conductive layer comprises
copper. 17. The integrated circuit of claim 15, wherein the conductive
ayerdd iaassaisd dtsHitzeuHemof the first dielectric layer. 18. The
integrated.circuit of claim 15, wherein the gradient cap layer comprises

cobalt “PIKET 6t REMBThaHSASRNE FeBFu & Bintagratecircuit of claim
15, wherginthe gy qgj)%%%&é%&fkﬁ%@%i%%%?} metatallgy rgéggrﬁl%%esiayer

tungsten, phosphorous, molybdenum, rhenium, boron, or combinations
cothprisef. 2tcThelhteghated gireuirahataim duaurthes REMPYISRagRic percent)
second dielectric layer over the first dielectric layer; and an opening in the

cobaltoHiF kbl SEuseRiyERIWRR IERTPE Rge it eadnesvthiovghaad lastthan or
_hortion, of radient cap layer. 21. The integrated circuit of claim 20,
e R e Bkl om0t o B ahgeres

opp8site from the conductive layer.

6. The integrated circuit of claim 15, wherein the conductive layer comprises
copper.
17. The integrated circuit of claim 15, wherein the conductive layer is recessed

from a surface of the first dielectric layer.

18. The integrated circuit of claim 15, wherein the gradient cap layer COmprises

cobalt, nickel, or combinations thereof.

19. The integrated circuit of claim 135, wherein the gradient cap layer comprises a
metal alloy that includes tungsten, phosphorous, molybdenum, rhenium, boron, or

combinations thersof,

20. The integrated circuit of claim 13, further comprising:
a second dielectric layer over the first dielectric layer; and
- an opening in the second dielectric layer, wherein the opening extends through

at least a portion of the gradient cap layer.

21 The integrated circuit of claim 20, wherein the gradient cap layer is

completely removed within the opening.
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