WD 2004/ 030088 PCT/ US2003/ 028925 METHOD FOR FORM NG
METAL- METAL OXI DE ETCH STOP/ ELECTROM GRATI ON BARRI ER
WO OR4/0BNSEGRATED Cl RCUI T | NTERCONNECTS AND DEVWCEUF10BL/28925

5[ 00011 An enbodinent of the invention rel ates

generally to the field of sem conductor technol ogy

and, nore specifically, to the formation of

interconnects in an integrated circuit. BACKGROUND 10
METHOH FOR (FOBMINGL MEATHATAIO 0AI IRy ETCH €TOR BRECTROMDERATEORBARRIER FOR
INTEGRARER 1CE BAWET EBTRACORNECTENAND AEE§Eated circuit requires a

di stinct deposition of an etch-stop |ayer on top of an

I LD/ netal interconnect |ayer before a subsequent |evel

of interconnect is processed. For exanple, Figure 1

illustrates a netal interconnect forned according to
FIEL[? conventional technique. Referring to Figure 1, an

nterlayer is dielectric (lILD) 102 i eposi t .
5[0 tebchlsiop | Acamaedmany s i Fyedion afea gl Bingheld
106 and trench 107 are patterned into the |ILD 10
of semomddictoy technaody antbwnorederacifinatstodhe feeeaintes. A
barrier layer 108 may be forned on the bottom and
interconelew’l ihsndhtdgretedicrci®6 and the trench 107. The via
106 and trench 107 are then filled wth an
el ectrically conductive material, such as copper and
pl anari zed 20 to the top of the ILD 102, thus form ng

i nterconnect 110. An etch-stop |layer 112, is
BAC@@E@@TH@& over the planarized ILD 102, the planarized

barrier |aye 10 d,th | anar i f r
o 10 83 Bhneoh onpRonde it rRdR AR deBIFES RS o an
‘ | ayer 118, and second interconnect 11 be forned
integrated ciredib rROWESA éﬁtlm@f@p%i@nﬂcﬁ%é@grﬁgg iRver oiRRdf an
116 connecting to the first 1 WO 2004/ 030088 _
ILD/rRéXEl lusa@oanecdapsr baforeca subseqient level of piergopaect is

el ectrical connection between interconnects 110 and

processed. For example, Figure 1 illustrates a metal interconnect formed
according to a conventional technique. Referring to Figure 1, an interlayer

15 dielectric (ILD) 102 is deposited on an etch-stop layer 104, typically silicon nitride.
A via 106 and trench 107 are patterned into the ILD 102 according to well-known
dual damascene techniques. A barrier layer 108 may be formed on the bottom
and sidewalls of the via 106 and the trench 107. The via 106 and trench 107 are
then filled with an electrically conductive material, such as copper and planarized

20 to the top of the ILD 102, thus forming a copper interconnect 110. An etch-stop
layer 112, is deposited over the planarized ILD 102, the planarized barrier layer
108, and the planarized interconnect 110. Consequently, a second ILD 114,
second barrier layer 118, and second interconnect 116 may be formed, the
second barrier layer 118 and second interconnect 116 connecting to the first
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116. The process may repeat itself for additional

I LD/ interconnect layers. [ 0 0 0 3] The typical
woreaohoshoshowever, suffers from problens. For POBUSIN08(28925

the deposition of the etch-stop layer 112 nust be

. erfo bef or.e 5 subsequent |LD | ayers can be forned

interdnesh 1 {9 @i0Vgn SIS ConBreon Reteendnie suisatay & and
however, is tinme consuning and costly because

116. shhe peaGessdnay tensaasitsell faraddiionad H@Kmemgm lagiers.
traditional nitride or oxide material. Furthernore,

[ 003 Etch- stTipe typyeal nistiBod, shawelies) suffars srompesblems. For
typically fornmed very thick, usually between 30 to

instah&8, thaEPRIsRIcH: oﬂ'tﬁ% elechsé@pildyarantd mudfBe pefoihiBd before

dielectric value of io the circuit. The dielectric

subs¥gh&R ILD |8Lf§|%eé bé ?dilfrf?gl %ﬁﬁ%%@ﬁp%ed%%ﬁ% of the etch-

CI'rcuit. erefore, op Iayer
ston BB S SRS b B e

]hlﬂ2, typically silicon nitride, _does not inhibit

must; %@q%& aepefit @ fraddianak nitristespr oxide matsrialo gpsthermore, the
effectively at the top 15 120 of the interconnect

etch-atqmlgyehm%l it 2 dicledriomateral typicakly trrsidoypery diyiek, ust@lly
and the interconnect material 110. Interfacial

betwdéh B0gbarbOhaendmeters, adetich Sigatficantly Aeds B tadislsoitis @alQk of
premature electromgration failure. [ 0 0 0 5 1 Sone

the cﬁ%l{linghé dists6trieRRILSB Hodedy fibd tMib R@Prets?ﬁnéé’ef e diRKit.

i nterconnect, however these approacnes require a

| i . 20, rej C [
TherdfBfe, 5 < sih BYECEES sighioR et BR, BT G a3y o
th ont.g the ILD. In addition, a separate etch-stop
eclﬁ‘é‘ﬁ sition is needed for wunlanded via design rules. 2
WD 2004/ 030088 PCT/ US2003/ 028925 BRI EF DESCRI PTI ON OF
[ 0 0ride4 Oraw NGH\dditiormlly, thejetairstqn leyent 12 ntypivaily silicen nitride,
illustrated by way of exanple and should not be
does|natrirtrabit mtetfacial diffusies ob mdthk sacic aswappeneitdctvélpas thertop
whi ch |ike
120 of the interconnect along the interface between the etch-stop layer 112 and
the interconnect material 110. Interfacial diffusion has been identified as the
primary cause of premature electromigration failure.
[0005] Some attempts have been made to try and cap the top of the
metal interconnect, however these approaches require a very selective process
wherein a capping metal can only be deposited onto the metal interconnect, but
not onto the ILD. In addition, a separate etch-stop deposition is needed for

unlanded via design rules.
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references indicate simlar elenents and in which: 5
Figure 1 illustrates a typical nethod of form ng
WO pdaogodmeect s, according to the prior art; apdr/us2003/028925

Figures 2A - 2Qillustrate a nethod of fornming an
i nterconnect, according to one enbodinent of the

BRIEMVESGRFTIQN OF T ERAMNASSTI ON [ 000 7 ]
Descri bed herein is a nethod and apparatus for form ng

[ 0 0 & 6rkonnectEherptasent imwealiomistitustrated by way of example and
el ectrom gration barrier and etch stop. In the

shoufdPhdtdd Bitee Bythe figares oiRE @@@oﬁ@gﬁyn‘ngmraaﬁ@sl i vidhieh like
set forth. Oné of ordinary skill in the art, however,

referé\héés lﬁe%%éﬁﬁl%rg@heﬁfgﬁgiﬁdl %:Iﬁ' c details are not 15
cessary to practice e Iments of the invention.
mbadi nts hav been
Figuf 1 ifisiEle S BranaRe Mot ar 3R Rt TRE e ol ARffiting fq the
is to be understood that such enbodi ments are nerely
prior@f 88¢r ati ve and not restrictive of the current
i nvention, and that this invention is not restricted
Figuras 2Ae 2Q jlstratea coetbod of faroing andniereenmgstancerdingimone
and described since nodifications 20 may occur to
embddimeat of theriavehtjorski | led in the art. In other
i nstances wel | -known seni conductor fabrication
processes, techniques, materials, equipnment, etc.,

have not been set forth in particular detail in order
i1y obscure enbodinents of the
DETAmeEs@;n |nv@ﬁﬁ|6§[1 [ 0008 ] A net hod of form ng

rconnec s .described bel ow 25 that does

[0 8 FrEqu T RethBad tideitic f e BpdduisbapRaTa S T foing
sel ective deposition of a 3 WO 2004/030088

interqoonecks2utys A0neta snetabpride glastomigrationdresriendad stabratops In
the invention, a netal layer is deposited wth a

the qulowimg)desm"rntm nurgernusispeeificalatailsdarel sattfoitc. Oneld¥'Jrdinary
and a portion contacting an electrically conductive

skill ih e brOROREVer, Wilkapprdciaae tiadt thése Bpédfic Hafs are not

contacting t he
necessary to practice embodiments of the invention. While certain exemplary
embodiments have been described and shown in the accompanying drawings, it
is to be understood that such embodiments are merely illustrative and not
restrictive of the current invention, and thét this invention is not restricted to the
specific constructiohs and arrangements shown and described since modifications
may occur to those ordinarily skilled in the art. In other instances well-known
semiconductor fabrication processes, techniques, materials, equipment, etc., have
not been set forth in particular detail in order to not unnecessarily obscure
embodiments of the present invention.

[0008] A method of forming interconnect layers is described below

that does not require a separate etch-stop deposition or selective deposition of a
3
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ILD reacts with the ILDto forma netal oxide over the

| LD. However, the portion 5 of the netal |ayer
waeeowastossg the el ectrically conductive intercpemest003/028925

acts as a netal cap over the electrically conductive

i.nterconnect to | nprov l.ectrom.gration er f.orpance.
cappiie Melela) InGneembRAITMELAT toes BVERlPract Mitelyyes S depgaited
. etch-stop layer during the subseguent patterning of
with apastien contagting gn lpteylaweod@leptnm(aﬂr%’t) eod Bpgitien cuintacting an
an integrated-circuit structure 201, 1o as shown in
elecficglly eorthctivkiintercoruiastieTha pedimt ofdthe radl yepcohtanting the
conductor 204 which may be connected to active

ILD mactiwith Yhe D tacrar ahestalends esemihenLD. théwever, the portion
integrated circuit. The term "substrate" enconpasses a

of th§?ﬁét%r3l:&9€f3&<9ﬁta\6ﬁﬁ§'ihe el%'dﬁ'?:aﬁg cBP&l?&Méﬁﬁ@rrééﬁWec? lgktCN,

as we as structures that ve one or no

' | at | tive,. conductiye, or S
metal 3B Rk s BB LREh AN Bp PSSt {Simiove qlggtromigration
exanmpl e,.. the term enbraces silicon-on-insul ator
perfqr3 snTBﬁ-r%%agﬂw@,anddﬁat%pﬁe.cokmg/mye@dsasf%@tnhegtpp layer
_The conductor 204 can be a material such as copper,
during theegubsgeguent patteining ofum ovdrlying h.0s di f f usi on barri er
206, such as titanium nitride or tantalumnitride, to
[ 0 pr@eveht the Theduethod Rnawitk andhtdgrat@difduitstn@tireton,
the substrate 202. 20 [ 0 0 1 0 1 Atop the
heWie 8 PicRife @A GMhiEh $h¢l T i
aSSZB, a non-conductli Cj%%l’%}é:‘é?g%&@sgﬁ)zg [ sd'@%go‘g’:"‘?g&“
j f ' i Sin
204 Y ifoy be'doiffeciid & it MR figqthfy o SHER bithiithe
. 0 itride r _nitrogen-doped silicon carbide., The
inteeitEH drbhf e dbrB s BLETFAYe  STianses d semicaRsictar afer,
work as an effective etch-stgg to a subsequent
suchaasmanecrystallinemsiliern tasowelbgs ghiyctaresthed haye ame or more
. passi vati on |layer. Upon, the etch-stop layer 208 is
insulativevsemirinsulative, 2004U00aE) 88 sEAI¢drBRe08: &L and materials.
i nsul ative layer 210, sonetimes referred to as an

Thus, fdresxaaysie, theetbaatamisraces slibBhioptinsgiBest siliteh-®inbsagphire,
insul ative layer 208 will therefore be referred to as

and &Ret b&vanded structures. The conductor 204 can be a material such as

copper, silver, gold, or aluminum, clad in a diffusion barrier 206, such as titanium
nitride or tantalum nitride, to prevent the conductor 204 material from diffusing into
the substrate 202. |

[0010] Atop the integrated-circuit structure 201, as shown in Figure
2B, a non-conductive etch-stop layer 208 is deposited, typically from 30 to 150
nanometers thick, comprising a material such as silicon nitride, silicon oxynitride,
or nitrogen-doped silicon carbide. The etch-stop layer 208 comprises a material
that will work as an effective etch-stop to a subsequent etchant, but in addition

may also act as a passivation layer. Upon, the etch-stop layer 208 is formed an
4
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one enbodi nent of the invention, the ILD 210 conpri ses
a material having electrically insulative properties
wheao4aB®es cont ai ni ng sonme form of oxygen. 5 * BXEDPL08S/§28925
I LD s containing oxygen include oxi de conpounds such
. as s|{licgon_ dioxjde (S Q2), fluorine-doped silico
lnsulgﬁy% bygg%&ﬁ) sorafatn@gﬁggfera%ip ORSAN gg.er Qm)dleleq:ﬁ@, or ILD for
resence of oxygen inside the ILD 210 is significant
shork oHerein dfe dustiathee layet PR3 wilhthereformpe asfoteestioi aman ilD. In
further detail in conjunction with Figure 21 below [
one 8mbodirent oftiee invienfidA, eyl De2 teparaptisst hynateyiakhaving
nmethod for 1o dep03|t| ng a filmof dielectric

electfméw inglLilatil® proiskriies By éls@%on?élﬁm@ hmhé Py QPQXB/gzen

deposition techni ques. The thicknéss of the

‘ ExerﬂPPé% ;ﬁp’? gsgﬁr}%g%ﬁgeﬁ i}?e)lb%ei))(lgg [c8b1®?§1d§r%u%$réa§ Sfcon

o R T RS B RIS L oo Boo.

dual - danascene techni ques, to 15 etch the ILD 210 to
The pasenA® PESXYgashinsiHe therlbid2 Hsis\significant dp onecembediaent of the
may i nclude a typical |ithography process, as shown in
mvemticgu ae described Inuliringr deteilsintconjynctiop ithoF igsire 21 baicev.
212 over the ILD 210 then maski ng, exposing, and

[ 0 deval ppi ng THEILINR10MeS) B& db@MﬁfeoQﬂ)Zahg kheivi rethod for
pattern 214 in the photoresist |ayer 21 Then, as

| c(l(}%%
depog{:lf:h dfllﬁ]ggtg%{ é&f?gﬁt%?ar! ?9&'% é% ﬁ%‘%ﬂ pho orelglal \{apor
hol e ,216
depqsfifiedifigued,” z%&mﬁ%%”hﬁ‘wﬁL'E@?fé"’r%w%a?sﬁpﬁ@d'ngyn the
N t th I
de&gé{)ﬁtbgslg’%gé)tgﬁlq{gu 9 ’S@(ﬁ)ot@a@& Ve |on :i( gmngry
SRI E), or other well- known nethods. The phot oresi st
ayér] 212 carhe methamayraonddué rasshown in Rigurelsi2@<12D, with

and via 217 cleaned. 25 [ 0 0 1 3] As shown in Figure
patte?fing dhe Hdd @d 0 Ercbading g convertivnah@yal-danfis iid4ieeRAE8s, to

PCT/ US2003/ 028925 al so be perforned, according to
etch GRN E21 @ forfRbled 2EBRARING kRAANEIYRD. $Ach RicFniques may
include a typical lithography process, as shown in Figure 2C, including depositing
a photoresist layer 212 over the ILD 210 then masking, exposing, and developing
the photoresist layer 212 to form a pattern 214 in the photoresist layer 212. Then,
as shown in Figure 2D, the ILD 210 can be etched, according to the pattern 214
in the photoresist layer 212, to first form at least one hole 216, also known as a
via, within the ILD 210. The etching may first stop on the etch-stop layer 208. An
exemplary method of etching may include reactive ion etching (RIE), or other well-
known methods. The photoresist layer 212 can then be removed from atop the

ILD 210 and via 217 cleaned.

[0013] As shown in Figure 2E, a second patterning process may
5
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a trench 220. According to one technique, the second
patterning process may include depositing a

w@ aaiosidoss al material 218 to fill via 216 conpbet/@k3003/028925
The sacrificial material may be a spin-on-pol yner

n- on- gl.ass t hat osi ted
also b perRgnedracioryian taaprupaionsl il Gamaneens BenaRiuEsto form
| ayer. Anot her photoresist |ayer 219 may be deposited
a tremh PAQ. AseerdingicaPnerachniaue, fidsecansbpatierainghpiosess may
| ayer 219 may be masked, exposed, and devel oped to
inclufedepositing hesacﬁﬁciabmtekﬁl i21i8rtg fitl via 216 lcofripletetyi. othe
region. Atinmed etch, as shown in Figure 2E, is then

sacnﬁ@léf ml‘at”&iél Hdlyi be brs‘fémlﬁn%ﬁﬂ)ymér (SOPREr §indorigRes ithads

depth i0o according to the designed aspect ratio for

depoltf bY SBATecity, THE VL ﬂ*’v@s%'% s athe MR tayer.
teri.al 2 and .t he h- st.0

Anotigh icifrests Fve? o o SEreoR el andis Saemica Malst 16
of the underlying conductor 204. A cleaning process

then Hg, Phoferegkt laxﬁ;ﬁqﬂ& may heomaskessexprsed e%mdjaegelomgd o fprm
0141 Abarrier layer 222 may then be deposited on

anotherepatiepn defining a eanchatormetipn aggion. hitimsiddxola assiowin in
bottom of the via 216 and trench 220. I n one

FigusnRBdisrthen peffotrhed iundEnméncn22@ isfeptietiay er spaifidtedepth
deposited on the barrier |layer 222 and on the top of

accot)d;ﬁ‘? td-fReddbigriiy 8455t r ol ﬁir'tﬂ@tr%h@ﬁ??@ e Vore! oF&lst layer

ormedto grow a thin | ayer of an electrica

219 @?Q%Efsté"tb?ég%@?ﬁ hiefiof, s i ﬁ?‘gﬁéﬁ*a?éﬁé%s and the
etoh-$loparsT 2 ey iRt el VN RRFIchRd fo SBanectdhe wi i ikh 2

Figure 2F. In one enbodi nent, the electricall
poﬁl%ﬁﬁm@tuwrlm&qr&m@ﬂ%&ple@nsrtge@rqcs§é imay ée@d{t‘ﬁ)er .
The seed | ayer nerges with the electrically
perfotmedue rémeveangresidug®4. | n anot her enbodi nent,
however, the seed |layer nmay 25 not be present and the

O BT A ek e aror et oo
210 as well as on the sidewalls and bottom of the via 216 and trench 220. In one
embodiment of the invention, a seed layer may be deposited on the barrier layer
222 and on the top of the ILD 210. An electroplating process may then be
performed to grow a thin layer of an electrically conductive material out of the
seed layer in preparation to fill the via 216 and trench 220. The via 216 and
trench 220 may then be filled with an electrically conductive material 224, as
shown in Figure 2F. In one embodiment, the electrically conductive material 224
and the seed layer are copper. The seed layer merges with the electrically

conductive material 224. In another embodiment, however, the seed layer may

not be present and the electrically conductive material 224 may be deposited
6
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directly onto the barrier |layer 222. The barrier |ayer
222 may be necessary to prevent the electrically

wa@oeovdostoss/e material 224 fromdiffusing into tker/UkiD03/028925
210, especially if the ILD 210 is not a materi al

. that. itself rev s diffusjon, a especially if
aireiBritp 446 Brirar Fyat 370 othe biiRief el 22 may Boriagmbsary to
prone to diffusion. 5 Exenpla&y material s that naz be
prevgatinergectiipalleandustive smateriab224 fiemudiiusing dotei the LD 210,
titanium tantalum tungsten, titaniumnitride,
especigllydf the IhDt2 10die, nat yaterial thaty itskdf, préverds diffusiar, zinde,
tant al um car bi de, tungsten carbi de, hafnium or other
espevidllyiifitte, electacllydesnductive enatdfal 224 BEHigHIy Prené Radifiisidn,
prevent diffusion of the electrically conductive

ExertﬂEFa‘?y hitltertld ﬂ?alﬁtrﬁa)‘f B usel fédfhe @?ﬁgplagFV 53?"?#{%% gg&&'iium,

e electrically To conductive naterl |
SR8 oo MR BT e Ch R A,
titaniﬁx%ggq%gqsé ﬁé\rggBl_mwf:!ell(j)i@é:,%ﬁgéfet%a!é,y@(éih!g;héfg%J q?rrgtilaggaagde&

2G a planarization procedure may be perforned, such
carbiglesacempaiads, onseaterialsdhabwill preyentrditfingion of thehelectricady

15 planarize the electrically conductive material 224
conductive heateralr22drintcather (D221 0V ERetnblary hegtenélstibetHd Sectrically

210, thus formng an electrically conductive

condueties mm@zﬂﬁﬁcmﬂb@ob{)eh%ld ,@V@ﬂ;%ndté‘&fﬁlifﬁﬁﬁplo?ﬁé ng

the formation of the interconnect layer 200. 016
clecthipdf SRS FieRR 2O HIOUE b3St WRThiREeH iy
r il convent.i onal process, if a second
Comélgﬁl%(g%ﬁﬁae\g?%gﬂ}a/@@rt@e'?%‘ %é&subsequently formed upon
t he Li rst interconnect |ayer 200, a conventi onal
[ 0 QikB-Liop | Aot aepbewpiinFigwie #Gnaslanarigatien procedure may
performed, as was previously perfornmed in the

be perdenmead, sucbiastehehgmical meichasicabpolistt, or &MP fadshort, to
However, as shown in Figure 2H, to elimnate the need

plandrize thecestredllyosuaiduetiod ntdtenall ZResndieeosarriep fayet 228 \ith the
a silicon nitride layer, a 25 netal material 226 is
top oﬁ%@?ﬁ.ﬂ%?@bﬁﬁh@félﬂﬂnﬁéﬂ@&&riHQIﬂP&oM&ib@ fteRlorina8t 24Pwithin
the ILD 210, thus completing the formation of the interconnect layer 200.
[0016] The planarization procedure exposes upper portions of the
ILD 210, the interconnect 224, and the barrier layer 222. In a conventional
process, if a second interconnect layer were to be subsequently formed upon the
first interconnect layer 200, a conventional etch-stop layer deposition would need
to be performed, as was previously performed in the formation of the first
interconnect layer 200. However, as shown in Figure 2H, to eliminate the need

for a conventional etch-stop layer deposition, such as a silicon nitride layer, a

metal material 226 is deposited onto the exposed upper portions of the ILD 210,
7
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WO 2004/ 030088 PCT/ US2003/ 028925 the interconnect

224, and the barrier layer 222. The deposition of the
woreaoalo3oossmt eri al 226 is cost effective and ti nRCHES1008/028925

since the sane machi nery used to deposit t he

barrler/s ers 222 nat
the infrapoanectciad. Aad 416 DARIEE A Q?‘?‘?%ﬁaf By R, metal
same nachlnery can be used at subsg&gen dt
materia)t226 iscost effegiveanskiige gaving ineai %3'8?%?0“'“9'3’ used o
I nterconnect |layers. Furthernore, since a
deposibtheebarrieratecdlaybrs22p matpsal ¢an be ubed e depesititheametal
typically fornmed very thick (e.g., 30 to 150
mateRATZE KaGliondllys tHY arhbanathirégicest lop ubey at stlygequanty
I ncreases the overall RC delay of an integrated

metaffiz&6H ?ro%eggége Q{V@E@El'éétln ¥EihtercShhé@ 1afes NeRgithibAmore,

conventi onal -stop lNayer 1s elimnated accordi ng
. to the 10 [ . .
e et ReSUREEL O o DA B B o
t al de t hi ti
thick {eygrcitoios] o0 RA HEFDaBdEt TR S §5v<a°t&9|cagvan

integrated circuit having a decreased RC
increases the oxerplk RCodelay of apfintegeated ciGHit stg&lfgqa@gyaiﬂqwe\{ero
017 1 The deposition of the netal material 226 nmay
sinceltedeegl foy a cbhvettjoriat atchrsippriagerie eliminatedwcsotting to the
(e.g., thermal evaporation, sputtering, etc.),

embc@ﬁx@n@ ot th\éﬂﬁ@éntﬁ)ﬁm&dnb@a, el bvatsll RE delay wilh deoteaseal
asma enhanced, etc. or by ot her known nethods of

sxgn@%ﬁ?ﬁ ocntdbent% ft&iﬂc—ﬂ rﬁ@tﬁaﬁbxbb'éﬁ\ﬁ@géd ieirdd ifBhB6h alThérsfore,

athec ss sufficient that the

v S B FEBE  esp E S  Pee

etch. 20 Hovvever t he f_' erl al shoul d not be
RC delgye dnpEQying pemerananaeat the ey COP?.'P@H%@

significantly wwth the dielectric value (K val ue of
[ 0 0He7oleral | Tdierdepasitiorhef tke metalimateriali2: 21
to the time constant value (RC value) of the ci rCU|t
physiRflvasengapbstionl ethiodst(bey. Mbleahahevapdrafior? 2puitering, etc.),
deposited too thickly, it may slow down the circuit's

cherMEalh? d@@%ﬁo?]lwﬁh?ét%&s (.5., topvenisidl masmaferiiamced, etc.),

i nventi on metal material 226 is deposited to a

or by F Gk RES T ARSI SBPESBALIRAG bithih Mbtal b The metal material 226

should be deposited to a thickness sufficient that the resultant layer, described in
further detail below, will act as an effective etch-stop to a subsequent ILD etch.
However, the metal material 226 should not be deposited so thick that it will
interfere significantly with the dielectric value (K value) of the overall circuit. The K
value is directly related to the time constant value (RC value) of the circuit, and
consequently, if the metal material 226 is deposited too thickly, it may slow down
the circuit's performance. Therefore, in one embodiment of the invention, the

metal material 226 is deposited to a thickness above approximately 10A, with
‘ 8
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8 WO 2004/ 030088 PCT/ US2003/ 028925 optinmal results

bet ween approxinmately 10 Ato 100A. [ 0 0 1 8] In one
weredvagseeesit of the invention, the nmetal naterikCT/RRB03/028925

nmay conprise a materi al that will automatically react

osed up the ILD 210 as the
Optlm\é\lL{%ﬁu tﬁglez“r"g aE@'@ tﬁgp ﬂg %@%@/{, to forma 5
net al oxi de |ayer 228 over the exposed u porti.o
[ 0 0ol 8He | LD bione gmbsosnant of t hﬁu'@mrglomthef Metalanaierahags
is an oxide material, or in other words if the ILD 210
may dwmprise auhbiedalkthat wnmutoma’ucabkw tpact withtthe exQOosed HEPAT
when the. netal material 226 is deposited onto the

pomolntcﬁ tﬁéQLthhl@ aBthal meRd endtetialzZes mriskindidepasiteeh to fortha
210 wll automatically react, thus causing the

metalr'@)hgé I%%@?ﬁ/g&z% Lo B FiSer p'%j?'éi'oﬁ Bf thelie Dt 20, shown in

on contact. 'As 't he rretal rraterla 226

ool 18 215 B (R0 St iR O

protrude slightly into the JLD 21

a sufbiaer AMEHNLPOXHER CopANSY BTEmuNsT e TIEeaT %%’Pé:?aﬁ s
226 upon contact may include oxygen conp

depositekduitesthe, ILBRI, & meltaldnatemabég@@né@@@wgen in the ILD 210
fluorine-doped silicon oxide 15 (Si OF), and carbon

will adtvesticatly deadtOPUs.cabsmgpthesmefal mettelial2PBetol aidize hand form
may thus react on contact with the exenplary ILD 210

the nﬁ%ﬁéméé %ye?QbBth Sshadtt . Asahd Mdtdnmatertal @26rand the ILD 210
tani um "and chrom um Consequently the fornmed netal

reactoé pg)gtlér‘??ﬂlefhezlﬁﬁ TRY m%?rﬁgﬁr Fourfiel fthtl'érb%élﬁg’th% métﬁi Shitle

um num ox1 de oxl de or

layergégsd Sl Sidutnd e i 2R et 1B 20 rﬁgfe‘?fd:lsa{hat
it Sa s el B o BB A B o83 O
thus formng a nostly unreacted netal "|ayer 230, or

compmingls (apdes),sushas silieoresinised Si@pe fugisia-Agped siicopoxide
i nterconnect 224 and the barrier layer 222, also

(SIOHER Rinet etbon dbpedibgide(CODE  Bramiplasagf rAstl imaterials that may
thus react on contact with the exemplary ILD 210 materials include cobalt,
aluminum, tantalum, titanium, and chromium. Consequently, the formed metal
oxide layer 228 may comprise tantalum oxide, titanium oxide, aluminum oxide,
chromium oxide or cobalt oxide.

[0019] Additionally, the metal material 226 may comprise a material
that will not significantly be oxidized by the exposed upper portion of the
interconnect 224 or the barrier layer 222, thus forming a mostly unreacted metal
layer 230, or metal cap 230, over the exposed upper portions of the interconnect
224 and the barrier layer 222, also depicted in Figure 2I. The metal cap 230 is

the same material as the metal material 226. The metal cap 230 and the metal
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25 the same material as the netal material 226. The

metal cap 230 and the netal 9 WO 2004/030088
wEIMOSPeO3/ 028925 oxi de | ayer 228 are thus fpeTEs2003/028925

si mul t aneously, and both were formed onto the |ILD

210, the interconnect, 224 and t he rpler
oxide fAYdratAb arerben et SErbErRoUsogRd Belt figre ety the
be noted that either at the interface Zﬁl {)et vvegl? t he
ILD 2181 thie intereenizs 224 @ndribe Lapiier [ay el 242 withet @ Hegd 19}
above the netal cap 230, 5 partial oxidation nay also
selecte depdsitions: kshosldrize notedHbateithesrat the interfage Béélbetween

oxidation is mniml and effectively inconsequenti al

the mie®al$A @& 23Fahd et ttercbnneet 224 ortdvedhpanetal cap 230,
I nt erconnect 224 and subsequently forned

partiaié ﬁg@%@Sﬁ Eﬁ@ gtso O%Pfdﬁé‘%‘gﬂgéﬁjrb%% ahEneRowever such

r s little oxidation occurs as possible at
., the.interface 2 i nc ' [ ] inati
oxidalighin B engi gy o Rl AP A soRnupication
formed. [ 0020 ] T netal cap 2 i s _cqnf.i 0
betwegmihejeorpeas dhterconnect, @eﬁis&ﬁss@%é&fomsgﬁﬁ'ﬁeg‘%g"?‘%&&
i nt erconnect and subsequent interconnects_ fornmed
Care ahouldl be takeme howewer, tapnse® et as fitile Bidatione eeRird ASof
the interconnect 224 material along the netal

possibRIAI thieahterfaee A3 1i sites frecexidatiornt carreatther remiivesi feasibly after
strength is conpared to that in a conventi onal

the n?éltgﬂfaﬁjggiéihgg%@ﬁw@md_i nterface. In other words, the
met a

cap 230 causes an increase in the activation
; . , Cntarf i
o GRRTY; Cane 1 REMEH SRR SBfRseLE drBliBe chéichintS
. ¢ ’ duci id f ti . .
connpgiat patwear e Hrsniaseined mecviranne R dfieatoiais it
the circuit. 20 0.0 2 1] Additionally, the al .
aboved Tom metaber2iyilnbibialTusipa MG MATEORRSH e material
wherein a portion of an overl ayi ng ILDis directly
e

alongitreymetdicapiinteecarmect nterfakmdes to hetteradhesieipstrendtict s
as a diffusion barrier that caps the top of the

comﬂgelfqﬂgagtﬁ ?I?‘%tﬁﬁgal ﬁgﬂ/eﬁﬁblﬁliabh-fstwnntmtmam&tdhtbﬁaseoﬂn pthtes
words, the metal cap 230 causes an increase in the activation energy of
electromigration along the interface, thus significantly preventing electromigration
at the interface, reducing void“formation caused by migrating material, thus
improving the overall performance of the circuit.

[oo211 Additionally, the metal cap 230 is advantageous for unlanded
via designs wherein a portion of an overlaying ILD is directly above the
interconnect. Hence, the metal cap 230 acts as a diffusion barrier that caps the
top of the interconnect 224 material from outward diffusion into the surrounding

ILD 210 along the edges 231 of the interface between the metal cap 230 and the

metal interconnect 224 and also prevents upward diffusion into a subsequently
10
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I LD 210 al ong the edges 231 of the interface between
the nmetal cap 230 and the 25 netal interconnect 224
ware4ab®es prevent s upward di ffusion into a subBeryusIons/§28925

10 WD 2004/ 030088 PCT/ US2003/ 028925 fornmed overl ayi ng

ILD. Additionally, as described in further deta
formeseasifaying g, Arkilivaalwas aspaRe Toines Selaik b 0w

230 and the netal oxide 228 act as an etch-stop |ayer
conjupctirewithritigard 2k thenmedal dap 28thanditite oiedalroxide228 @gbas an

from damaging the ILD material 210, the netal

etch- Stﬁf)% pre¢éntidfsubdeqlibat &igh) ash, dryelea® pPacbssks frobn 2
urthernore, since the net al cap 230 is configured

damalgthdPfhRVIL BEmafirRf 210 SRk R ﬁﬁéﬂc%ﬂn@@ltm%rttlﬁ@ bhirietliayer
ntYer connect and subsequent | nterconnect’s or med
999 above it, the netal material 226 should not be too
“electrically resistive a mnmaterial. If too resistive,
the nmetal cap 230 may npot be able to_provide, good,io
[ 0 OcPedlrical EorhaETOw gincedhadeetat Feap 28035 cwﬂﬁ%@ﬁmmwde
224 and subsequently fornmed interconnects that may be
electrizahtaonéctipn besweendhe fiegh iteconhect aed subsequeant infetegnnects
material 226 of the netal cap 230 should not be too
former atvsvd 16, thefrhetal material @26 shouldhel iwotoresibcitigdlly resistive a
material. If too prone to diffusion into the

t kb
o 9T CETRABIEMp AR b0l gl

electrﬂ'{a??ﬁéb lir:l]% bléwgéﬁ ﬂ'%%r_%t kﬁ&rcSﬁﬁgct' 3v4 Bq Eﬁﬁét;é:tilde\fﬁlg/%rmed

connect reased resrs

mterceoes%ﬂ?éﬁﬁbeas IR ERA b ER 2L SR R et

cuit. é Consequentl%)p the netal cap, 230
matem@@s?@ @fdh§|r@ﬂ1iaf p@aa P phouldniehke ergrppe i g'if&tsﬂ%hmto the
problens in an integrated circuit, thus inproving
interconaeet 224 nztenialr dfioo prené kbdlfﬁus'yo.n irtauthe ibtereryeedt 2@4
nmetal cap 230 was forned at the sane tine as the

" matedli ten iatihe 2¥Bmetdlenateribn2l6 woakbpeivatik thethtertongeolz24

since the subsequent formation of an additi onal

prodUdHFaR UMABSHabIBYEre 888 Hh el rebRAVitY 8f heShfelconnect 224. An
increased resistivity would increase the RC value of the interconnect 224
eventually causing diminished performance of the circuit.

[ 0023] Consequenﬂy, the metal cap 230 helps fo significantly
improve electromigration problems in an integrated circuit, thus improving overall
circuit reliability. Plus, because the metal cap 230 was formed at the same time
as the oxide layer 228, the method is especially advantageous since the
subseqguent formation of an additional interconnect layer does not require a etch-
stop layer deposition separate from the metal cap 230 deposition.

[0024] After the metal material 226 has been deposited, and the ILD

210 has reacted with the metal material 226, a portion 232 of metal material 226
11
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stop layer deposition separate fromthe nmetal cap 230
deposition. [ 0 0 2 4 ] After the netal nmaterial 226
whaw4l0am®es deposited, and the LD 25 210 has rRemUsm03/028925
with the netal material 226, a portion 232 of netal

material 226 11 VWO 2004/ 030088 . / :
aboveBisyib 0 #45 2y B0 IR AAL TG T A Cecr U PR32
ILD 210. This portion 232 js superfluous and. . ..
is supentieatis and engesigbie beeaugsuit W%#‘fg phog put ﬁ??ee’é‘i‘f?icﬂré?u't i
circuit if permtted to remain. Therefore, as shown
permittedFb gemairJ Tharefarec as Bhownribigire ok encta-tactk MBHPS e
t he superfluous portion 232 above the netal oxide
perfolA¥@ Yo PBovs tHhasiRsHISslE parionta32 dbmle thequetat pxidedayer 228.
et chant shoul d have a chem stry that etches the netal

Durin%&éiﬁg@%%ﬁ@%@é Y efhant Ehe@atHavesd eRerhizeryrtratal

X 210, the |n}erconnect 224, or the
i . A . £l i
oo i) Bl ap PR B B et A o
[ d f Al d,Ti, .
the LB 21 eipdnisrcemeci 2af QHBERATISY ByeT 262 fBRdal fugsine

|l ong or else the nmetal cap 230 may becone etched
based ptasssa etdhymay bereroployed fgr Ta,nehite Arsiapgard shiprinesbased

should be tinmed to be only as long as necessary to
plasnes etch inaybepemployed somalrandi. Faetheomore,dhe letcht eipowld not be
the netal oxide |ayer 228. As shown in Figure 2J, the

perfogfﬁibggo?%gzégeléé 158! Rt Adapad 30/ nidlyassdore bithethexcassiably.

ayer 228, but does not necessarily need to be
[ . : '
consB5EPl, 18 oS neted ol Rl Il P Keng v
| ayer 2 hat t tch- { :
necosiSin i HRE SRR i8R i e Bt o rtglone
h . . ) i . .
layergiBoohs PGV 1o G 201 eS8t oS P GLEGE el BiAdar with
234, then patterning and etching a via 242 in the
the nsataboxide l4ye2 228, hilt doasheotaregessatlytness tohaplapay

acting as an etch-stop during the via etch. [ 00 2 6
[ 0025 pne enbpd resottant metat okitleday o228 and shetahcam230

Fi gure 2K,
together define a protective layer 234 that can act as an etch-stop to a
subsequent ILD patterning and etch. Consequently, as shown in Figures 2K-2M,
the method may continue with depositing a second ILD 236 on the protective layer
234, then patterning and etching a via 242 in the second ILD 236, with the
protective layer 234 acting as an etch-stop during the via etch.
[00261] In one embodiment of the invention, as shown in Figure 2K,
the second ILD 236 may br-; deposited by any known method for depositing a film
of dielectric material, including physical and chemical vapor deposition

techniques. The second ILD 236 thickness may vary depending on the design of

the integrated circuit, but in one embodiment is deposited to a thickness of
12
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the second |ILD 236 may be deposited by any known
nmet hod for depositing a film of dielectric material,

WO p@i8ii08g) physi cal and chem cal vapor deposi t POIUS2003/028925
techni ques. The second |ILD 236 thickness may vary

depending on the design of 25 the integragted circuit,
approvaily QIO b Bae resand b Ri2SR SaePTBEe e R HE et
12 WD 2004/ 030088 PCT/ US2003/ 028925 (gg’proxj mat el

materaDas te fTéteL BE1O; dush 85 BBSOmEORdEBICa HUsneaiRPeshsiicon
material as the first |LD 210, such as silicon dioxide

oxide (SIGM), or thiI dspetopade $CDOYpar mayititea (5Bt material from
carbon doped oxide (CDO), or may be a different

the firgﬁiﬁt% i s‘?ﬁS‘seg@&wtflLDSé oltb BeZbhned fateptresaond ILD236,

are e fornmed atop thre second ILD 236, 5 however,
it be adyvan i
noweysye ToHad BRa N ANADE00H Tor 86 ocPEp8 TEBpE "R Jng Pyateria
Patt erni n% of the via 242 may include a |ithography
as theptirst 43 210as shown in Figure 2L, including depositing
a photoresist |layer 238 over the second |LD 236 then
[ 0 OnBskilng, exPatterning ahitheads 243 may inghede, A dithaaraplay process,
| ayer 238 io to forma pattern 240 in the photoresi st

as shb@avah Figh e 2L pimclidingdeposhirgia phpiresistlayee2ddover the
236 can be etched, according to the pattern 240 in the

secbr%@.@?gﬁ it§dn naRXRlg, eRSosify, sreaaleloyingehb piotdresistialyry238

I nclude reactive ion etching (RIE), or other

wel | - kn [ e haeci t 2M, th
to oo pp B 24T B Prptoesit s e s shofy frufaem. the

in nect, 224 and_ barr.i er, | ' i
secon] 155280 SaPeiarapRer G e Brréaia O fLfiethddrgsist

cl eani ng may then be erfornmed to renove the .
layer 238t dhregxemplagy grethog OgﬁEPhﬂftQ E\aé(alﬂc'Paéir%‘&E’ef'PB ighing

inside of the via 242. The protective Iayer 234 al so
(RIE)popbtimravalhinawnievatyodsy During thetch.nif aelion e projegiive layer

barrier layer 222 during the ashing and cl eani ng

234, HOGRESHANg ILD 210, idtdicodnrent @2diargl barrien ayen@aaiwmnd bef
the invention, the via 242 20 nmay be formed according

attack8d AR WURAGSEb & Shall 244 AbhiRg WY elsanihy rhay trembel
performed to remove the photoresist layer 238 and to clean residues from the
inside of the via 242. The protective layer 234 also protects the underlying ILD
210, interconnect and barrier layer 222 during the ashing and cleaning processes.
[0028] According to one embodiment of the invention, the via 242
may be formed according to an unlanded design, or in other words may be formed
so that part of via 242 may overlay the metal oxide layer 228 and another part
may overlay the metal cap 230, such as the embodiment depicted in Figure 2M.
Therefore, the etchant 244 used during the etching of the second ILD 236 should
include a chemistry that etches the material of the second ILD 236 but does not

significantly etch the metal oxide layer 228 or the metal cap 230.
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so that part of via 242 may overlay the netal oxide

| ayer 228 and another part nmay overlay the netal cap
wWQ3@4/03008h as the enbodi nent depicted in Fi gurECRNBE2003/028925

Therefore, the etchant 244 used during the etching of

the second 1 LD 236 shoul i ncl.ude a chem st :
[ 0 0ckénde the e raiaed Gravt ensOniRLS: EpShamh it IR yith
25 significantly etch the netal oxide |ayer 228 or the
performihgla ssqona3gatterniag \WEpCass4 A0GUIE CTonveption?l 25 |
0 029 1 The nethod may then continue, as shown in
damabtans chMiquidst to foperd enting48. secording o bee tectmique, after
process, according to conventional dual damascene

remO\%iﬁg I HSﬁyre%iQt b9EMm 3B Frbﬁﬂét’@ﬁ&l‘r@ seb6r@I1dD P36} theoserond
ethni que,

after” renoving the photoresist |ayer 238

fromatop.t » : ; j
pattersiBL s SRa i BETE UrEs e SR T RRRra PR, sl
245, depositin not her phot.or esi st .. | r 6, ;
anothehshelarphiet ar 2450uF1 D SaNSERRintsra g, tieriy¥khg,
and devel oping the photoresist 246 to form an pattern
exposied, anchdevelopidgdhe PE@’FQ’@WB?A@ tofam afAP?{‘fﬁfébd uRg adeench
shown in Figure 2N, is then perforned until trench
formalibB regiohor Atithedoetah speshéwe in Begure 2N distliem gerforree until
desi gned aspect ratio to for the trench 248. The _
trench P2BAs &srnidd 107 Spedfiéd degthaacordingitoithg designied iaspatt ratio
mat eri al 245, may be subsequently renoved via ashing

for thégﬁq‘g‘:\q%. e Bg&@gﬁiﬂgﬁr D aid @nd réhRi Egsl“r_iftfman

er-con In Figurées 20 - h

f.or a second i nt it

maten A% Tt e S LoeRuk D ERREEE peh ol ERARTY rptbsses.
in Figure 20, a barrier | ayer 25(2. may IS be.deposjt

[ 0 ®d 0dp of ¢ Hregmetind mewfaEraantBHS: A SBovE i Flditgs 20 -
the etched via 242 and trench 248 to(ﬁrevent | at er al

2P with férasingra ssfcandententaragetAb# jn the seeenditty et &t o
the second ILD 236. A seed | ayer nmay be deposited on

secohd tnteRdhhicer lalyey256.256 shodman Figaoe ROplazharrigr ipyet 8@ may

be perforned. An electrically conductive nateri al

be d%ﬁe@%@%ﬁﬁ@ RB8Eond R.DVEBEnkesh the Qdé@é@@k&e etched via
242 and trench 248 to prevent lateral diffusion of the subsequently formed
interconnect into the second ILD 236. A seed layer may be deposited on the
barrier layer 250 and an electroplating process may be performed. An electrically
conductive material 252, such as copper, is deposited to a thickness sufficient to
completely fill the via 242 and trench 248. Then, as shown in Figure 2P, a
planarization procedure may be performed, such as a CMP, to planarize the
electrically conductive material 252 and barrier layer 250 with the top of the
second ILD 236, to form a second interconnect 254. Hence, a second

interconnect layer 256 is formed above the first interconnect layer 200 utilizing a

metal-metal oxide etch-stop layer/electromigration barrier, and thus avoiding a
14



20 conpletely fill the via 242 and trench 248. Then,

as shown in Figure 2P, a planarization procedure may
wheoopesdoss ned, such as a CMP, to planarize thePCT/US2003/028925

electrically conductive material 252 and barrier |ayer

250 with the top of the second | 236, to f
separgiaspaventionalatsiordaer derstions "The ST I 2aR fect

|l ayer 256 is forned above the first interconnect Iager
prote@@d framlintercanrect 2Bciremigratien Y the inartabeam 230 o hen, as

| ayer/ el ectrom gration barrier, and thus avoiding a
showh4n By @ROZQ 0GB HAATMEF2OpEH (A BRbfonsatian at sbsequent

conventional etch-stop |ayer deposition. The second

i"tefdg:“gggf‘g%5§259%@ﬁ‘§SH' frominterconnect

gration the netal cap 230. Then, as shown

[0 48 EUun 2ol TSR o 585 8 "
seschn Moty oS THRG BERSa bl BEoBRUEHH PRGN IJHS o

wi Il recognize that the invention is not |imt %d i.o
limitedHo teerenahodimestsidesaribaddbutean baRrasdiced nith megitigatign and

modi fication and alteration within the spirit and
alteratPpgitisih thbepirfipeddedpe ddims appendddclains tha follow.

2004/ 030088 PCT/ US2003/ 028925 CLAI M5 What is clai ned:

1. A nethod, conprising: formng a netal oxide |ayer

over an interconnect |ayer by depositing a 5 netal

| ayer on an interconnect |ayer, the interconnect |ayer

including an interconnect formed within a first

interlayer dielectric (ILD), and said netal |ayer

reacting with the first ILDto formthe netal oxide

| ayer. 2. The nethod of claim1, wherein the first ILD

is a mterial that includes
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10 oxygen sufficient to react automatically with the
nmetal |ayer as the netal layer is being deposited to
wo oooriosdoes met al oxi de | ayer. 3. The nethod of PCHUA2003/028925
further conprising: depositing a second ILD on the
tal oxide layer; and 15 etching a via in the second
CLAI %, said netal oxide |ayer acting as an etch- stop.
4. The nethod of claim3, wherein etching the via
i Whatlislaimed:zi ng an etchant that will etch the
second I LD material but will not significantly etch
1. thenvethed,, cormpesing0 | ayer. 5. The nmethod of claim 1,

i ncl udi d th tal | { fhi

bdouEes pistareiie Ebpr Seermt BraisaneotRr brieiaiiee
meta?faafélr ﬁhrﬁr%inté\‘ééﬁﬁé& 1428, fhieTifterbonRSct PARR Ghcla@inprdrs es

copper. . The nethod of claim1, wherein the netal

interéanyect famed wisbina fitst interayer sigleetried|LiY)o and ivaidymsta) layer
i.stjng af, cabalt, .al um t | hr oni
reactiigiwththd Srshit- D38 o i RSN f8BF <1 n: “deposi 11 ng

a first ILD over a substrate; 16 WO 2004/ 030088

PCT/ US2003/ 028925 for m,ng at first via and a first
2.t rEwmethod pECiRim s whersin the flrsﬁéL@H%afm?Eqﬂabﬁ@tm@JdeS

oosb GG o MR LT U4 AE St ol
beingrdeposited tooforimethbapetaf oidle layerr st | LD, thus forming a

irst interconnect within the first ILD, the
i nterconnect have 5 an exposed top portion and the

fi ' n '%Rﬁ%%% @hdortion; and
3. de%@%ﬂ%tﬁ%ag‘(ﬁ@?gﬁ’gn the ejgosegg top portion of the
f i depositiriy arseécond {lii2 on the metal oxide layer; and
etching a via in the second ILD, said metal oxide layer acting as an etch-

stop.

4, The method of claim 3, wherein etching the via includes utilizing an etchant
that will etch the second ILD material but will not significantly etch the metal oxide

layer.

5. The method of claim 1, including depositing the metal layer to a thickness
between approximately 10 A to 100A.

6. The method of claim 1, wherein the first interconnect comprises copper.

7. The method of claim 1, wherein the metal layer comprises a material
selected from the group consisting of cobalt, aluminum, tantalum, chromium, and

titanium.

8. A method, comprising:
depositing a first ILD over a substrate;
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exposed top portion of the interconnect, the netal
being a material that reacts on contact with the

wo 2o0og03doRO to forma netal oxide on the first PCDUSBNE028925
the netal being a material that fornms an

electrom gration barrier over the fir i nt er connect.
1iormmgratefgrﬁévuaoaﬁdoa fiegt fiepel In W?ef@ltH-'?he met al oxi de

aﬂ'ﬂ?é@f ﬁ es?Q/ J 953 fFsfireRBh Wil 8lechReAY %@hdd@tf\lermaﬁarlal

I'ayer over the first Interconnect |aye
apldnafizingtthe top mbth&selequcalésp@@duoﬁlgean@@élah@ th@tm@éFhe

frs ILJacib MTBnG RS EiGHTRo s i i e B, e i ooy nave
an eng)g&? ?c;edaﬁﬁtfoﬂyéﬂd @etirs L@%a’#’hfbﬁ fexposgd dots pﬁgloﬁt ahiing

The net hod claim9, furth

cdeposmnglg métal nmrtge expessshion m@pa&ﬁﬂ’&f"ﬁhﬂtm ,aﬁdtquthe
secon a nch
oxposes pPcrtion Shind [FESmedr gl BEIEfh Hidtbliafindeiceol on
conta%f‘%lg;cﬁ IRe f@ét lLbetoffbrrnﬂa rhétal exidetdrethesfirsid O, land tme métakbeing

claim 10, wher f
2 maferiel (g Sorns A1 SleRFomGAODIRAI, PV thP FStaTiErEarset

second I LD material but will not significantly etch
the 25 protective layer. 12. The nmethod of claim 8,
9. WTheghstHdueofatbied 8mnerenothecmetﬂl exidleyanc the elactramigration

first ILD, th
barne;lttrggethen sefipe lésprg%%ggé Il %vgﬁ {%rrsy gﬁ%&ggﬁtg%tdgg%rc %PH g
fuﬂh%‘zzqogw_t"r%@_uperfl uous netal |ayer to the top of the

oxide. 13. The nethod of claim8, including
deleposltings séeomeiLal over tlae pmterzh‘eeslayeﬁeanﬁe

ap tely 10 A
PerHR0 G0 Warng 3 serondyie Ald sEGos %%Pgﬁ?ﬁﬁ% 3959 ILD.
said be?eétNesléyéPé&Tr@oé@ﬁﬁbt&p@bbicﬁﬁmgcélbhiﬁg and cleaning.

10.  The method of claim 9, further comprising:

forming a second interconnect within the second via and trench, the
electromigration barrier to prevent the first interconnect from diffusing into any one
of the first ILD and the second ILD.

11.  The method of claim 10, wherein forming the second via includes utilizing
an etchant that will etch the second ILD material but will not significantly etch the
protective layer.

12.  The method of claim 8, wherein the metal does not completely react with
the first ILD, thus producing a superfluous metal layer above the metal oxide, and
further comprising etching back the superfluous metal layer to the top of the metal
oxide.

13.  The method of claim 8, including depositing the metal to a thickness

between approximately 10 A to 100A.
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15. The nmethod of claim@8, wherein the netal conprises
a material selected 5 fromthe group consisting of

W@ oiwalosqossal um num tantal um chrom um and ti tReT/U82003/028925
16. The nmethod of claim@8, wherein the first ILD
conprises a material selected fromthe group
consisting of Si02, SIOF, and CDO. 1o 17. An

14. aPPRE Riéthod G BRI, Rdhereid theMsét ihtdromiedt BbRIpEiRBS €Obper.
within the first ILD, the interconnect havi ng a top

planarized to a top of the first ILD, and a

1. P FhE Bl B 5o BTl G AT aaradeta

fromi thel grdup Goasigtih@of cebale ahaninuemn tamadumndqrbhﬁum matl titdmdum.
and an electromgration barrier covering the
i nterconnect. 18. The apparatus of claim 17, wherein

16. éh? rn‘r’étﬁSg oY%Ielu‘ﬂyeﬁ He?eh%@%s@ﬁpa%rﬁéﬁ%s §M¥gﬁé’lré‘eﬂ'@cted

clean a secon
fronﬂhpagraﬂps:ooénsthgoﬁﬁﬂz, SiDEér and GD@. el ectromi gration
barrier conprises a netal and is to inprove
el ectrom gration of the interconnect. 20. The

17. apRﬁ atek, E6rb ﬂg,ﬁ% wherein the first ILD portion
es an oxi de 5 material. 21. The apparatus of

cI a|f|nst]llZD wherein the first ILD portion conprises a

rrat et | tglFﬁPﬂeelﬁ%Fng'n 2‘59 Wﬁgﬁgpgﬁ gﬁgg@},g@ h%glm‘gle} %poal’anarlzed

to ambﬁﬁé firEILE); @migr o grati on barrier covering the
i nterconnect conprises a material sel ect ed from

gr 3wpolestive taven @ndhe terehihe, mtﬁrg@mmﬁgha A0 @p@ﬁthe first ILD,

e SRS P BN SRR e 0 o

electibatigratioh harpsrodaveting ¢he interconaech t hi ckness

18.  The apparatus of claim 17, wherein the protective layer is to act as an etch-

stop during etching and cleaning of a second ILD.

19.  The apparatus of claim 17, wherein the electromigration barrier comprises

a metal and is to improve electromigration of the interconnect.

20. The apparatus of claim 17, wherein the first ILD portion comprises an oxide

material.

21.  The apparatus of claim 17, wherein the first ILD portion comprises a
material selected from the group consisting of SiO», SiOF, and CDO.

22.  The apparatus of claim 17, wherein the electromigration barrier covering
the interconnect comprises a material selected from the group consisting of

cobalt, aluminum, tantalum, chromium, and titanium.
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bet ween approximately 10 A to 100A. 24. An apparatus,
conprising: 5 a substrate; an interconnect |ayer

wo@nio$i08s) t he substrate, the interconnect | ayRC€T/US2003/028925
i ncl udi ng an electrically conducti ve interconnect

23. o THhdEpPotetiafidath 7 ninblid e Rrdeen Rlpkethadd thitkness

betw@bﬁta?ﬁrbxmdté¥q0AEEHOOAHQ a to metal oxide portion
covering the first ILD and an el ectrom gration barrier

covering the interconnect. 25. The apparatus of claim

24 [Nt ti | st t t ch-
24. <o W00aRls, HMAET1 IS of el ai m 24, wherein the

eI@QUbgtm'ngl; ation barrier conprises netal and is to

nprove electromgration of the interconnect. 27.  The
PP IR PCRYRTAVEIY NGB bSITRES. EhBITiBTarNeELasAT
f
mclumﬁ'leq?gn %Pe% éeﬂ'l o rag%]ﬂ?\%r lgﬁ?gcr)ﬁﬁ’élﬁbar r@gyﬁcﬁsogk%hmlgﬁ% to a top of
an lUD;tamd:onnect conprl ses a material that can react, ~on
iggtp?gttectlve fayer 8n é %?ercgﬁﬁgétl Igiler 9ne proq]ecr:ﬁ/teqlayé)rx i'ngf?jding a
metal oxide portion covering the first ILD and an electromigration barrier covering

the interconnect.

25.  The apparatus of claim 24, wherein the protective layer is to act as an etch-

stop.

26. The apparatus of claim 24, wherein the electromigration barrier comprises

metal and is to improve electromigration of the interconnect.
27. The apparatus of claim 24, wherein the ILD comprises an oxide material.
28.  The apparatus of claim 24, wherein the electromigration barrier covering

the interconnect comprises a material that can react, on contact, with an oxide

material to form metal oxide.
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