i

0 WD 2004/053202 PCT/ US2003/ 036064 NMETHODS FOR °

@Rw COPPER | NTERCONNECT STRUCTURES BY CO PLATI NG

"BWETALS AND STRUCTURES FORVED THEREBY WCTVE0§/036064
OF THE | NVENTI ON The present invention relates to the -
fi eI d of mcroelectronic device processing, and nore

COPRHR 19T ﬁN%g%rTRxl TURES BY CO-

Ao Rl A SRR R sy

'r

thereby. 10 BACKGR(IJND (]: THE I'NVENTI ON_Tr ansi:st or.s,

10

16 -

20

25

“as i's wel | known in the art, are the building bl OC_kS_ R T

. _ ircuits. Modern i ntegrat ed
circuits interconnect literally mllions of densely

conf Thepeesentansertion wldtbgto Bes fislkipfanitroslev@ohiidevide
functions. .To achieve .such a dranmatic.increase in the

pﬁ)_%@fé.sih?eﬁﬁd %6@%5% ?@%trﬁe{l’%%l 6@% ﬁm \E?Rger interconnect

m croelectroni c anU urers

s@@fﬁ%e"ﬁt'ﬁﬂtd!%féﬁtrﬁﬁfaaﬁé atr@@%r §ofolehe SRS B Hchures
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|s known as the damascene process (FIG 5), in which
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fh cheP nmetal in a damscene structure has many -
suc atrc increase in the density of circuit components has requrred
microelectronic manufacturers to scale down the physical dimensions of the

circuit elements, as weli as to utilize multiple levels of interconnection structures

- used to connect the circuit elements into functional circuitry;

One such interconnection process is known as the damascene procéss

(FIG. 5), in which dielectric layers 202 and 202’ are deposited over a substrate

200. Vias 204, 204’ and trenches 206, 206" are etched into the d‘ielectric: Iayers
202,202, Metal layers 208, 208’, such as copper or aluminum, is then formed _
over the vias 204, 204’ and trehches 206, 208’. This process can be repeated to
achieve interconnection, through the trenches and vias, of multiple layers of. |
metallization. | |
The utilization of coppér metal irl a damascene structure has many
advaniages, for examble its lower electricsi resistance as compared with

previously used metals, such as aluminum. One technique for depositing copper
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eiectncal performance of the device.

Ancther problem associated with _coppér metallization is that copper is
readily oxidized; esﬁecially dulring subsequent processing steps. The oxidized
(ﬁopper degrades the electrical and mechanicél properﬁes of the copper
interconnect. Accordingly, an hermetic encapsulating layer is generally employed
in order to provide corrosion resistance for the copper layer, such encapsulating

materials may include silicon carbide (8iC) and silicon nitride (SiN). This

éncapsukating layer may also serve as an etch stop',' which prevents over-etching

of the copper layer during subsequent processing steps. However, this
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While the specification concludes with claims particularly pointing out and

distinctly claiming that which is regarded as the present invention, the advantages
of this invention can be more readily ascertained from the following description of

the invention when read in conjunction with the accompanying drawings in which:

FIGS. 1a-1f represeht cross-sections of structures that may be formed when
carrying out an embodiment of the_method‘ of the present invention.

FIG. 2 represents a cross-section of a structure that may be formed when carrying |
out an embodiment of the method of the present invention.

FIG. 3 represents a cross-section of a structure that may be formed when carrying

~ out yet another embodiment of the method of the present invention.

FIG. 4 is a process ﬂow diagram according to an embodiment of the present

. invention.
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out yet anot her enbodi nent of the nethod of the

woesenissygpvention. FIG 4 is a process fl ow d|
according to an enbodi ment of the present FCTS20031036064
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' and scope of the invention. In addition, it is to be understood that the Iocatlon or
| arrangement of mdw;dual elements within each dlsclosed embodlment may be
. htodlf ied without departmg from the spirit and scope of the invention. The
following detailed description is, therefore, not to'be-teken in a limiting sense, and

| the scope of the present invention is defined only by the appended claims,

appropriately mterpreted along with the full range of equrvalents to which the .
claims are entitled In the drawings, like numerals refer to the same or similar
functionality throughout the several views.

A method for making a copper interconnect structure is described. That

-method comprises forming an openihg_in a dielectric layer disposed on a
- substrate, forming a barrier layer over the opening, forming a seed layer over the
metal layer, and forming a copper-noble metal altey layer by electroplating and/or

electroless deposition on the seed layer, wherein the eopper-nobie metal alloy

4



A method for maki ng a copper interconnect structure i’s
described. That method conprises formng an openin
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|.ayer or a cladding |ayer may then be fornmed on the

' coppei aaldniodigieett of the aRrtiesdeditiepieseht nvention haslilioktrated by

the present invention, as illustrated by 5 FIGS.
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present inventi on The dielectric layer 104 is forned -
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dielectric layer 104 are described here, that | ayer

- of materials, thicknesses or multiple fayers of material. By way of illustration and

not limitation, the dielectric layer 104 may include silicon dioxide (preferred),

" organic materials or inorganic materials. Although a few examples of materials
that may be used to form the dieleciric layer 104 are described here, that layer

- may be made from other materials that serve to separate and insulate the

different metal layers.
The dielectric.layer 104 may be formed on the substrate 102 using a

conventional deposition method, e.g., a chemical vapor deposition (“CVD"), a low

- - pressure CVD (“LPCVD”), a physical vapor deposition (“PVD"’), or an atomic IaYe_r

25

deposition ("ALD™). Preferably, a CVD process is used. In such a process, a
metal oxide precursor (e.g., a metal chioride) and steam may be fed at selected

flow rates into a CVD reactor, which is then operated at a selected temperature
N .
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barri er 8
qhﬁt"@ﬁ”ﬁ?&" 52¥ SEEOW skilled ipthe a8 wilkpppeeciate that barrier

‘material. By way of |IIustrat| on and not limnmitation,
layere1 O mayeke faryeed frod a variety of materials, thicknesses or mult|ple

| layers of material. By way of illustration and not Ilmztatlon the barner layer 108

. may be deposited using conventional technlques such as PVD, ALD, conventional ‘

CVD, low pressure CVD or other such methods known to those skilled in the art.
In .a currently pfefe_rred embodiment,.the barrier layer can include any one of the
following materials: tantalum, tungsten, titaniuh, ruthenium, molybdenum, and
théir alloys with nitrogen, silicon and cafbon. Although a few examples of
materials that may be used fo form the barrier Iayer- 108 are described here, that
layer may be made from other matérials that seNe to prevent the diffusion of a
metal across the barrier iayer 108. The barrier layer 108 can range from about 10
angstroms to about 500 angstroms. A thinner barrier layer 108 is preferred

(between about 10 angstroms and 50 angstoms), as a thin barrier layer makes
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may be deposited. using conventional techniques such %s
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i ncl ude any one of the fol I owi ng materials: tantal um
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foﬁﬁﬁg the bamer Iayerqgh using a conven ona deposﬁlon me%hod e. g a
-conventional CVD, {ow pressure CVD, PVD, ALD, or other such methods known
to those skilled in the art. Although a few examples of materials that may. be used

- to form the seed layer 110 are descnbed here, the seed iayer 110 may be made

from other materials that serve to activate the surface of the diffusion 'barrier layer

in order to prepare it for the electroless deposition or the electropla'ting_ of copper.
| In a preferred embodiment, the copper deposition process may be

performed using a conventional copber electroplating procéss, which ié well |

known in the art, in which a single or dual damascene structure is filled with

. copper by using a direct current (DC) electropiating process (see FIG.4). First, a

“surface (either the barrier !éyer 108 or the seed layer 110) is provided for the

electroplating of cobper 118. Next, the surface is exposed to an electroplating -
A 7 _ A
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lternatively, the deposition of copper may be performed using an

- electroless deposition process, which inciudes any autocatalytic (i.e. no external

power _supply is applied) deposition of a film through the interaction of a fnetal salt

and a chemical_reducing agent. First, as is known in the art, preparing or treating"

a surface, such as the barrier layer 108, is necessary in order to produce an

- activated surface, i.e. a surface that is susceptible to the electroless deposition

process. Methods for providing the activation of a surface for electroless

- deposition may include contact displacément, in which the surface is dipped or

sprayed with a copper containing contact displacement solution, or the utilization

of a seed layer, such as the seed layer 110. During the electroless deposition,
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activated surface, i.e.. a surface that is susceptible

on thet $eaclager ndDe %mm@mﬁtimcmﬁ?@e% eldetrofstss deposition
providing the activation of a surface for electroless

maeRBickLRS irﬁﬁmi%ﬁ@ﬂ %L?i(t)}? ﬁ{&éﬁiatﬁig?@mh?ﬁéﬁu@e Egﬁp\‘&}e@ﬂhe

“the surface is dipp spraye a cop

AP Ty O . e

200V08s3B9" BesractiatRs Fuoon hBIRESSUBNen LR in ey

FIG. 1c) may serve as the activated surface upon which

empedigest of §ie presrnt dwvantion) fasratectratass depdsitiopdasiagen

acts as a region which controls the placement of the
prdeded) thedactivabdd Sudate lseexgioaertol ihe siekstrsless deposition solution,
"process, because the nmetal fromthe el ectrol ess:

bydeptHydsi inBlugiM g in A i : it
BRI IADUSDIG BT e SO oBreEo i An Bdrdek eposiion

SOHSPERY By BT oo BB sy purtce

R BRIt B B 14 SR bdeBEhfon (e

- 16

20

25

ayer .110 in the current. enbodi nent of the present
' Flbn\y}@{\tﬁﬁ

tiokpssly depegiaskan the asiivated shsfacheen

The copper alloy layer 112 may comprise the following alloys: copper

- silver, copper palladium, copper platinum, copper rhodium, coppér ruthenium,

- copper gold, copper iridium and copper osmium, The percentage of noble mé‘tai

in the alloy is about four bercent atomic weight, most preferably behﬁre’en about

| 0.1.and 4 percent atomic weight. The incorporation of the noble nﬁetals in the

. copper alloy layer 112 increases copper corrosion resistance since the copper

alloy layer 112 is less prone to oxidize than pure 'copper due to the un-reactive
nature of the noble metal. The copper alloy layer 112 is also more

: electrbmigration resis’tani than pure Copper because the low solubility of the noble
metals facilitates the étufﬁng of the grain boundaries of the copper alloy layer 112

by the noble metals, as well as stuffing the interfaces the copper layer 112 makes
. 9 . ' ' }
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10 provi ded, the activated surface is exposed to the :
whehh s deposition solution, by nethods i é

| R’rerjé(l%lhgﬁt he activated surface in an el ectrol 2@ TI%M%:’/OM’“
~deposition solution or spraying the electrol ess

" deposition solution onto the activated surface. -

withrthé barrier lapead 08 sndfarstchistors kReH 12/ (WP!YCH Rl bd. aeposned ina

. 'of "the present |nvent|on (see” FIG le),

Ieﬂéﬁﬁbp Os&p FiG ﬁg F‘éi/le‘i’lgs o d%irterflesst %Htéjé‘ffaﬂuilégath

The ‘copper al r may corrprl Se't

(ﬁtdf@yétfnf@ %E%Cé@bhi%?%%ﬁ@i 5Bt 558 g e arain

[ .iridiumand copper osm um The ercent ag
ﬁ?ﬂﬂﬁsegﬁtrgﬁrfat:@ﬁ i @dgiticsl; the nableumetal yiesig oxidation

atom c weight, nost preferably between about 0.1 and
- pEBVpétS:f@ﬂtlreapaﬂnSdhmgﬂ'hﬂle arackedh obpprust ¢appesfoxide that may form

nobl-e metals in the 20 copper alloy layer 112 °

o ftioe Eﬂsaﬂ'fmpﬁt‘:op‘mrr Alydaysreti L aanesll 85 28 ¢hé Barisiager 108-
alloy layer 112 is |l ess prone to oxidize than pure

R demuagem@ ifRAradR: TRAE!A Hfothad bifinfihg W Sod}o8t ifterconnect

he copper alloy layer |s a
copper because
{%mg%gg}%%ﬂ@ggpgéﬁz#%%aﬂeg s facilitat es
the tuffln of the ajn oundarles of the coppe
“al'l %S féylaﬁ EQ@%@%@E@M layess af metallizafion may be
stufflng the interfaces the copper |ayer 112 nmakes 9

defostied Arowe o thecrpsr fter@meeststrustute 1 13, according to the
| ayer 108 and an etch stop |ayer 114 (which nmay be

_'meﬁmubotttbe present ineeatiors taapshaeeinFIGS 22 and's. S Afitee Ve S pper
- the occurrence of a major failure path (shorts, etc.)

alfoytapérect 1@ akd RStmathas Pr eﬁ(g.\ y € e’é‘?“ P ﬁeﬁﬁ Utch stop layers

along the grain boundaries aces

R it 0 orBB SR e SRS AR el %aﬁ&" [Eig2). The

' etﬁfg Sg)er |3§§+Sg$14¢h€£4’nrﬁ§tgfcgé$r\§§ |ns||htcg§ éﬁ?ﬁpﬁg E{;@Eﬁl rgiride, smcon

er 108- .dielectric |ayer 104 interface. Thus, a
mBpiiride, ang ather s&lcbdpgénaﬂsq@%afe;hmwn in the art. Those skilled in

the art will appreciate that the etch stop layers 114, 114’ may be formed from a

variety of 'mate.rials, thicknesses or multiple Iayers of material. Although a few
examples of materials that may be used to form the etch stop Iayers 114, 114’ are
des_cribed here, that layer may be made from other materials that ser\fe to stop
the etching of copper alloy layer 112 during subsequent process steps, such as
during subsequent lithographic, etching and cleaning processing steps. Since
such processing steps are well known in the art, they will not be described in
detail here.-By way of illustration and not limitation, the etch stop layers 114, 114’
may be deposited using conventional techniques such as PVD, AI:D,- conventional

CVD, low pressure CVD or other such methods known to those skilled in the art,
- - 10 | - |



structure 113 has been disclosed (FIGS. le and 1f). i’t'
is to be appreciated that multiple layers of

WS | o, may be 10 deposited on top of thé’q{}ﬁ?%‘f:‘f"smm |

i nterconnect structure 113, accordlng to the nethod -

- of the present. |nvent| on, as shovvn in FIGS 2 and 3

“previously described herein, etch stop | ayers
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sibRMrlELRRASInt S h AR
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 EkBRinets phEfbufRhdoilSs obvth ek siatlot iR hsiiner

in the art. Those skilled in the art will appreciate:-

' intrgpnpeet RUCiUTS: op | ayers 114, 114' may be formed from

a variety of materials, thi cknes_ses or multiple
| ayelrsamdthenembicaliment tclmldyhg myeesvi 16 x4t@ e bé electrolessly
materials that- may be used to formthe etch stop . -

dEPostIcE ik ihd LppaF SlloyiRyers PRl 1T mstbhdor iy @fcm@ﬁsﬁ layers

be nmade from ot her rraterla s that serve to stop 20

1 ﬁ,oﬁff e%"pﬁ?é cI lggérfl%ﬁ 6L 2 1@ Héég?&HBﬁgg oble metais or |

proces suc ng subse

. th'g;r;aﬂ@% SO e A SRR, 4 s

ar the){ will not be described in detail here.
itden.idladaipg layess 1éﬁd1ﬂl@tmavmrw@eiemﬂ@le@swgmﬁﬁed cobalt
Iayers 114, 114" may be deposited using conventi onal

nickel lalioys mtl"lsneéflachyylm@lalsﬁarﬂljloc treiemictailuids @, ®deon loow

pressure CVD or other such nethods known to those

pledgphioesus )N Thb eisar 6. the%@:nd@y@@@éfl&ﬁ%&%he ellmlnatlon of the etch .
PCT/ US20031036064 The etch stop layer 114,114" can

STurdctioRRe Tﬁfga%?ijue to the hlgh

angstrorrs Athinner efc stoprfayer -
AR frafe b e ol oL B 1 20 o gngvers

1‘f6‘3 Q‘q%t Th I;ncur%l] ion E)f teIr gt(c:: lgtgp layer reduces the effective dielectric
cqnstant of the cop_per alloy layer, which improves-the electrical'performance and
speed of the transistor device.

As described above, the use of an electrolessly deposited noble rheiai-
copper alloy metallization _structure increases copper corrosion resiStahce and
oxidation resisténce, increéses electromigration resistance, and decreaseé the
effective dielectric constant of the copper inlterconnect structure. Thus the
reliability and speed of the mibroelectronic device are greafly enhanced. Itis
understood that the present invention includes both single and dual damascene
structures as well as multilevel metallization structures.

Although the fo'regoing description has specified certain steps and

materials that may be used in the method of the present invention, those skilled in -
11



5 1n anot her enbodi nent, cladding |ayers 116, 116" can

?g,gb &trolessly dep03|ted over the copper all oy

y2 5483 112" instead of the etch stop | ayer BCT/U$2003/036064
114 (FIG. 3). The cladding |layers 116, 116" may _
~conprise noble netals or their alloys with refractory

theeareindll apioreckite tRatemahy Wesdifisetbhshd SabStRGHoNg  may be made.
- tungsten I'n addltlon claddi ng layers: 116, 11 nay.

o o A@@&’afd h ﬁstﬁéﬁ’alfi&?&?h{o% é:%grgﬂ% alfé}aﬂbﬁg,l #lbtfsélgutlons

ova _ ractor al's an helrhne
S i A B i

: ‘al together, since no etch stop function is
| d‘?@ﬁ%ﬁ@?ﬁ’ thegl?léﬁ'iciﬁ-_d slains. Incaddiions it iseppseciatas! trat the fabrication
copper alloy layer 112,112' and the cladding layers

2. ofia muttiple metahlayer istriictatré: ditopé substrate; lsush @3 & sijlieon substrate to

reduces the effective dielectric 15 constant of the

maapfaetureld siicbideviceib il kitwWinehe drieTidrefdrel R appremated
performance and speed of the transistor device.

 thdlesry Fl@ﬁﬁbsa&%‘(/?de& R&re ﬁlugfragéﬂ?n‘ﬂp OHihESELY ?( Prgﬁéllyed

nobl e netal- copper a oy e tlon S

_ resi st ance oxi dati on
*m‘r"éé‘?@?ﬁ&is%%@ﬁc? (052 BeRBIrB pri i Sleco e résantibvllin. Thus

'-,thdecreaﬁes t 20 effectlve diel ectric constant of the '
e PRGN My l%Hﬁéth ligtitegclothe strugtres idescribed hisreint v
-~ and speed of the .m croel ectronic device are greatly
enhanced. It is -understood that the present invention

~i'ncludes both single and dual damascene structures,

. as well as nmultilevel netallization structures.

- Al-t hough the foregoing description has specified
certain steps and 25 materials that may be used in the
nmet'hod of the present invention, those skilled in 11

~ WD 2004/ 053202 PCT/ US2003/ 036064 the art w Il

'~ appreciate that many nodi ficati ons and substitutions-

-may be made. Accordingly, it is intended that al
such nodi fications, alterations, substitutions

12



and addi ti ons be considered to fall within the splrl?' oo

scope_of the invention as defined by the a ed
‘gpgf]@@;&%ﬁ addition, it is appreciated that thelP T"USZOO:”"“%““
fabrication 5 of a multiple netal layer structure atop o
a substrate, such as a silicon substrate, to -

: Mm% %Amg a silicon device is well known in the-art.
: it i's appreciated that the Figures

".;prOV|ded herein illustrate only portions of an

10

15

20

. exe m croel ectronic device that pertains to the -
TR B B

prac bresent invention. Thus the present
invention is not linited to the structures descri bed
her el.n. - 1/ neethog of batingb CORREPCIMPHESDE3/ 036064 |'N THE -
CLAIMS What is clained is: 5 1 A nethod of plating

copper, cplafing si cugpepladioy theay e arop parfacd byeléctyeplating, aNhereln
surface by electroplating, wherein - the copper alloy

Iayeth %é?bbﬁﬁtld) ldyér GaRBEntaRy 66MPsed @8ppenahli @ noble metal.
met al ° The 3<?ke*tyll’é?clz;d of clla|¥n Im\%hﬁer ei nptphe copper. .

~all oy Iayer is formed by 10 electroplating. 3. The
nmet- hod -of cl al m 1 wherein the copper aI loy layer is

for e n.

o1, e et SRSk s caiodqiFifeBL BdfrRba by
| ayer or a barrler | ayer. 5 The nmethod of claim?2 '
wher@eereplatinged | ayer conprises |ess than about 10%
atom ¢ wei ght of the noble netal 20 6. The nethod of .
claiml wherein the noble netal conprises |ess '

3. The method of claim 1 wherein the copper alloy Iayér is formed by

~ electroless deposition.

4. The method of Claim 1 wherein the surface comprises either a seed

layer or a barrier layer.

5. - The method of claim 2 wherein the seed layer compris'es less

than about 10% atomic weight of the noble metal.

6. The method of claim 1 wherein the noble metal comprises less

than about 4% of the atomic weight of the copper alloy layer.

- 7. - The method of claim 1, wherein the noble metal substantially.

13



t han about 4% of the atom c wei ght of the copper alloy

il&fﬁyzﬁ{i;/oaz 02The met hod of claim 1, wherein the noble
- et

Substantially 13 WO 2004/ 053202 PCT/US2003/036664
PCT/ US2003/ 036064 conprises a material selected from

~the group consisting of silver,

- pal | .admpnises at materiat Bekdictsd frbmt thengroop c@mstktmgrofch[lum
- osmum - and conbinations thereof. 5 8. A nethod of-

_..F.or MoBMadig PRRARum, %saﬁeﬁ%medu&po bick iiftflund, Yswiileh, 2id -

" openingin a dielectric |ayer

.:"'_-"for”bﬁlq)bﬂwat@rrir 'tﬁ%:ﬁg gyver over. the opening; formng a

‘on a substrate

seed Tayer E'harrier | ayer; and 10 fornming a

copper al | oy Iayer on the seed | ayer, wherein the B
copper. al [ oy conpri ses copper -and a noble netal. 9.

The method of claim8 wherein the copper alloy | ayer

i s f8r medApypethsideet forping amwgppesintercomhectrsohydissig:

cl-aim 8 wherein the copper alloy layer is formed by '
el ectrol efamiegastopening in a Hislectet haybradissdsadof a substrate;

. Wwherein the noble netal conprises |ess 20 than about

10 -

15 .

20

25

4% of . thef&hﬁﬁ@‘é%h@hby@? ob@ﬁth%%}ﬁﬁ’hg&' loy layer. 12.

The nethod of Claim 8 wherein the seed |ayer conpri ses

5 e R bR AR G R g0 e o

subst anti al | t lected f
;Eoﬁpagoln& ngéo rp'g?%ﬁga ar{%r%wtﬁe s%%dﬁgygr wl{eorem the copper.

_' alloy compnses copper and a noble metal.

9. The method of claim 8 wherem the copper alloy layer is formed by

. eiectroplatlng

10.  The method of claim 8 wherein the copper alloy Iay_er is formed by

electroless depostion.

11.. The method of claim 8 wherein the noble metal comprises less

than about 4% of the atomic weight of the copper alioy iayer.

12. . The method of claim 8 wherein the seed layer comprises less

- than about 0% atomic weight of noble metals.

13. The method of claim 8 wherein the noble metal substantially

comprises a material selected from the group'consisting of silver,



14 0 WD 2004/ 053202 PCT/ US2003/ 036064 pal | adi um 9
pl ati num rhodium ruthenium gold, iridiumand osm um’

 VRPOHBBAN nati ons thereof. 14. The method of CIPQTI‘HSGOO-"’MGOG"_
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wherein the seed | ayer substantially conprises a.
mat eri al sel ected fromthe group consisting of copper,

- pi e PR B b ootntin Bl esmium and.

~and conbinatiops thereof. 15. The method of claim8. ... ...
mhercmpinaons Brreg’ | |

in the dielectric Iayer is a
daimmscene structure. 10 :16. The nethod of claim8

wherkhn tHee metho@of cigjerd whesiatbe gpey layasaynsiantially

materi al- sel ected fromthe group consisting of

t antcdnufised & nesteral sdledtedifrom thegheup oonsisting af gopper, t:n
nitride, tungsten nitride, titanium nitride, -

rut hapiim! Haigﬁ@suirﬁ%l@blﬂ "Belabiiuih delatihuwng srhedium, ruthenium,
silicide, titanium15 silicide, ruthenlumS|I|C|de

bi de
T T HGRA, (i B csﬁﬁ%*ﬁﬁé bORT LM CaTD S

met-hod -of claim8 further inci udi ng formng an etch
stop layer. 20 18. The nethod of claim 17 wherei n t he
etch stop |l ayer substantially conprises a materia

sel eth.ed Themeathed @f slaimdbwbieseinie epeging '@dfheccaﬁiﬁcH@ layeris

silicon nitride, and conbi nations thereof: 19. The
nmet hedanfascene siri8turber ein the etch stop Iayer is
formed by 25 chemical vapor deposition and is |ess
t han about 1000 angstrons thick. . 15

| 176. The method of claim 8 wherein the barrier layer _substan{ial'ly
comprises a material selected ffom the group cohsisting' of tantalurh'_l,
~ tungsten, tit_ahium, ruthenium, tantalum nitride, tungsten nitride, titanium
.nitride, ruthenium nitride, tantalum silicide, tungsten Qilicide, titahiU'm =
silicide, ruthenium silicide, tantalum carbide, tungst’eri carbide, ﬁta_nium

carbide, ruthenium carbide, and combinations thereof.
17.  The method of claim 8 further including forming an etéh'stop layer.

18.  The method of claim 17 wherein the etch stop layer substantially
comprises a material selected from the group consisting of silicon carbide,

silicon nitride, and combinations thereof.

19. The method of claim 18 whereln the etch stop layer is formed by

chemical vapor deposition and is Iess than about 1000 angstroms thick.
15



WO 2004/ 0. 53202 PCT/ US2003/ 036064 - 20. The net hod of

rther including formng a cladding | ayer.
?aio%esirggt hod of claim 20 wherein the claddi ng‘i/(FHy%?“%m“““

Asubstantlally.S conprises a material selected fromthe

group consisting of silver, palladium platinum

~ «rhodium ruthenium gold, iridium osmum tungsten
~-and conbi nations thereof. 22. The nmethod of claim 21. _
_.whergpn t e phaGds di
el ectrol-ess deposi trt?on m;% fﬁ%eﬂhgitﬁﬁ rgj/fo]{ﬂ'm'fgda cl%cidmg layer.-
. -_':-V\,herel n the cladding |ayer substantially conprises a
“material selected fromthe group consisting of cobalt,

211 cBl unf BE RRRHPG OTIIAIBHE0 eaoapR Sl aind yer substantially

conmbi nations, thereof. 24. A copper interconnect,

conpFerBpriges aanatesiabselected tgmrthearoup cansistingiof g;]lvexa
barrier. llayer on the opening; and 20 a copper alloy -

o ay epalladiurhepladinuig rhodiuet, rutriniim, GO, GRIARA! OQHnﬁh‘l tungsten
‘l-ayer substantially conprises copper and a nob

et aénd edmbihionRithe®f clai m 24 wherein the nobI e

| . cla Bethad of

_'1'5‘.

20

25

"'neta conprises less than about 4% of the atonic

i ght of the copper alloy layer. 25 16 Q WO

”'2004/053202 PCT/USZOO3/036064 26. The copper

int ct- of cl aln] {eurther i ncl udj ng, form ng
& p?p whgreplmthep gyagdmg layer is formed by

electroless deposition.

' 23 The m_ethbd o_f_ claim 22, wherein the cla_dding layer substantially
comprises a material selected from the group cdnsisting of cobalt, nickel,
' *-tungsten,' titanium, tantalum, molybdenum, zirconium, rhenium, boroh,

_ phosphorus, and combinations thereof.

24. A copper interconnect, compr_isihg:
-a dielectric layer having an opening;
a barriér layer on the opening; and
a copper alloy layer 6n the barrier layer wherein the copper alloy

layer substantially comprises copper and a noble metal.

- 25, _The method of claim 24 wherein the noble metal comprises less

than about 4% of the atomic weight of the copper alloy layer.

16
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. thereof. 15 17
: 27.

27. The copper interconnect of claim 26 wherein the ¢

¥rom the group consisting of silver,
pal | adi um platinum rhodium ruthenium gold,

“gde?@%%gol ayer 5 substantially conprises a mat q)%%s.mosms@ﬁ{: |

“iridium osmum tungsten and conbi nati ons:thereof. '

28. Jghe crmpepppéttinfsrenmesdt oficlaii®s) Rifthef inditding forming a.
including formng.an 10 etch stop |layer on the copper

mat eri al selected fromthe group consisting: of .
silicon carbide, silicon nitride, and conbinations .-

callc haverhn tHaE m pRefiol Mhwirconnect of claim28 . -
' V\he?éé?én&%{ﬁéa%%g%n ﬁég%ay%?myi%?ﬁ%f antially conprises a-

The copper interconnect of claim 26 wherein the cladding layer
substantially comprises é material selected from thg group consisting _of
silver, palladium, p!atinum,' rhodium, ruthenium, gold, iridium, osmium,

tungsten and combinations thereof. -

. 28.  The copper interconnect of claim 24, furthér inciuding_ forming a'n

etch 'stop layer on the copper alloy layer. |
29. The copper interconnect of claim 28 wherein the etch _stqp layer

- substantially comprises a material selected from the group consi__sting of

silicon carbide, silicon nitride, and combinations thereof.
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