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\ WD 2004/ 030088 PCT/ US2003/ 028925, METHOD FOR FORM NG
METAL- METAL OXI DE ETCH STOP/ ELECTROM GRATI ON BARRI ER
WO FOR030088TEGRATED Cl RCUI T | NTERCONNECTS AND DERCCESBOENIBY2S
[ 000 1] 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
METHOD FOR) FQRMJINZ WMETZGAVETNL OXEUEl §TCH HEOH/o ERBITROMIGHATASN BPRRIER FOR
INTEGRATER! EERGHiTe EVFRAPTYFICAS A0 PEE§Fat ed 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 fornmed according to
FIELD & conventional technique. Referring to Figure 1, an

i nterlayer 15 d| el ect [.LD) 102 depos

[ 00 @l stop ABRTDGHREN OETFent T3S T B %@%o‘ﬂe?.{ééd
106 and trench 107 are patterned into the I|LD

of semizondudion gechmolaglyl arich overe spesificelivietodba EoTaRiRN) ‘aues
barrier |layer 108 nmay be fornmed on the bottom and

mtercoﬁhé’&%ﬂt la® infegtdted ¢ireuit.06 and the trench 107. The via
6 and trench 107 are then filled with an

eI ectrically conductive material, such as copper and
pl anari zed 20 to the top of the ILD 102, thus form ng

r interconnect 110. An etch-stop Ilayer 112, is
BACK@B@%M over the planarized ILD 102, the planarized

00 8% SonatGoneniraty e BimBLEN B RS i

| ayer 118, and second interconnect 116

integratdtbcirastmauinsa erdiginat deepsitiop of @ alghsiep YarY?e Pegﬂﬂ é’g?n
116 connecting to the first 1 WO 2004/ 030088
ILD/mdeallihtépeomsed 2882 Before a subsequent level of interconnect is

processed. For example, Figure 1 illustrates a metal interconnect formed
according to a conventional technique. Referring to Figure 1, an interlayer
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
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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i nterconnect 110 to provide electrical connection?
bet ween i nterconnects 110 and 116. The process nay

WO 2831088 t sel f for additional |LD interconnecPCTApatig/028925
[ 000 3] The typical nethod, however, suffers from

rs 28 1710y AR pol RS p bt 110 anc

ubsequent LD | ayers _can .forned and patterned. The
116. T BtessmaY fenret dseh Iorgasiiong) drb/inlstennect layers. e
consum ng and costly because speci alized equi pnent
[ 0 0fu8t] be usethe typikaosthod, howeirari sufférsriram iptieblemsoxiate
material. Furthernore, the etch-stop layer 112 is a
instance, dhe depositivat fitha letdhystiopdayer 11 nmedt verperfoinels, before
' usually between 30 to 150 nanoneters, which

subse§udhti ![.Dqg%ﬂsycdaﬁﬂl?é fdrﬁ]éd‘@ndjhﬁﬁéﬁfe"di Wﬁﬁgéﬁﬁo@ gf %rﬁgetch—

clrcult. e ielectric value is clos
o 4 AEARR o RSt o050 G B yen

of the circuit .0 00 4 Addi tionally, the
must b gl 7o/ frf@@?ﬂ?wl‘-r@a% PryOXice inaaiﬁrlﬁftﬁurgtqrmqyee@e
not inhibit interfacial diffusion of netal, such as
efch-sigpdpeer, 144 iscz dislesttc matenial typisaliy formmat wdrytthiek, usually
i nterconnect along the interface between the etch-stop
betwedrag@to 150 remmbnbdters, mthicke significhntmbeds ab ttHd Qielectric vaiue of
Interfacial diffusion has been identified as the

the cirdui. MR dRAGStEc YhIUY i8S BRidELSd ﬁHHeDRbgr’e%Pbﬁéb bt Eifeui.
0 005 ] Sone attenpts hHave been nade to try and cap

i o Ny vV,
Theretb e h B sbBay i) Bl ESRALRR L as hYB Blrd S aclayof
lerein a capping netal can only be deposited onto the

the cir al interconnect, but not onto the ILD. In addition,
a separate etch-stop deposition is needed for o
[ 00 0t dnded viAsddionayy, thgiateh-siap lrgent d20yeRally silicon nitride,
PCT/ US2003/ 028925 BRI EF DESCRI PTI ON OF THE DRAW NGS [
does not inhibitanierfenialiffission of medalt sSoch as coppas tafiactidelh at Way top
of exanple and should not be limted by the figures
120 of tie intercentoctRaAdg e iMtafddidsetveentheletbhstp SEEN ¢ &RT

indicate simlar elenments and in which:
the interconnect material 110. Interfacial diffusion has been identified as the
primary cause of premature electromigration failure.
L000S5] 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 mgtal can only be deposited onto the metal interconnect, but

not onto the ILD. In addition, a separate etch-stop deposition is néeded for

unlanded via design rules.
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Figure 1 illustrates a typical nethod of form ng

i nterconnects, according to the prior art; and
WOoRpg#3e88 2A - 2Q illustrate a nmethod of formni RETAF2003/028925

i nterconnect, according to one enbodinent of the

i ' PTION[ 00 0 7]
BRE#[@E%?#%@’QNQPEF%L@Q% and apparatus for form ng
i nterconnects with a netal -nmetal oxide
[ 0 0d) éct r oni gr B¢ Bresest inventiamés Busiraieddyy. way of example and
foll owi ng description nunerous specific details are
shouldrtt belimited Gyetheffigorel ofthg acgbimganying teavdngs irhehiehdike
wi |l appreciate that these specific details are not 15

refereﬁ@é?seﬁﬁﬂfa‘fe%ﬁnllﬁraﬁﬂém%ﬁtseé@m\ﬂﬁi&hs of the invention.
| e certain exenplary enbodi nents have been

r
F@uréj‘fﬂﬁﬁt%i%%E@J@F%ﬁdﬁa@&rﬁﬁﬁqﬁ%‘?éﬁfﬂﬁ%f% M0 to Ine
trative and not restrictive of the current
pnoraﬂh @atlon and that this invention is not restricted
to_the ecific constructions and arrangenents shown
anur%ﬁqude%QmF ustiate prinethed @if ferering @nsdnterceredcaerordisg to one
those ordinarily skilled in the art. In other
embodimentot e weehtikmown semi conductor fabrication
processes, techniques, materials, equipnent, etc.,
have not been set forth in particular detail in order
to not unnecessarily obscure enbodi nents of the

DETAIEE??B@S@FQWP@\ [0 00 8] Anethod of forming

I Nt erconnect yers i s described bel ow 25 that does

of require,a s rate etch-s deposi ti
Lo 0 82 dieive RsEPBRGREn T3 el AT povass for forming
PCT/ US2003/ 028925 capping netal. In one enbodi nent of
intercoppecisyith g raatal-metal axide &J@tfqnél%?émlstﬁ reigr aff tetpstop. |

portion contacting an interlayer dielectric ("ILD")

the follawingdeseerifition moneemusispgcific dedbibeara satl fosthc donriof ordéinary
i nterconnect. The portion of the netal I|ayer

skill in tengrtchowgvém evill Bpprecas tisatvthése specifit Qetallsfaremaot

net al oxi de over the |ILD. However, the portion
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 resiricted to the
specific constructidns and arrangements shown and described since modifications
may occur to those ordinarily skilled in the art. In other instances weil-known
semiconductor fabrication processes, techniques, materials, equipment, efc., 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 beiow

that does not require a separate etch-stop deposition or selective deposition of a
3



10

15

20

25

s of the nmetal |ayer contacting the electrically °

conductive interconnect acts as a netal cap over the
WOHEBal |y conductive interconnect to i mpr&d7US2003/028925
el ectrom gration performance. The netal oxide and

cappnﬁ@h@étap o Gt bRIFOUREM SGhe FiveiflioR! SMskPR r))e?¥§8egl'xe_%ted

diring the subsequent patterning of "an ove

I‘t
with & p ‘?%gr p $pfidcshd ﬁ@f&}dﬁgﬁﬁl%&%i 0% ndg G R geieg on
| @q | ncl des a substrate 202 supporting
electiitalubopdictvaontaiprRed artiom ek thaimedaldeyereontacting the
circuitry and integrated devices within the
ILD reapteyitadlee IldD te fonm aThetal exide ovebiite Hilk" Hovwavepaihisqmrtion
: sem conductor wafer, such as nonocrystalline silicon,
of theanetatlayensontacting tﬂh@elddﬂ‘@dal[!;z@bﬂdgﬁm@htéﬁbﬁnec’: acts as a
i nsul ative, sem -insulative, conductive,

metal%@@dir@ﬁ%@éle\éﬁtd #%ﬁ@dﬂﬂm’é‘rﬁf EbAhect th$m EP(:)@ efeﬁfromlgration

exanple, th e ter races si |con on-in
advanced, struct

perorfecE 0T SEPERE g AR IRy B L K o ter

oId or clad in_a diffusion barrier

dur!ngztbg S%i”é‘f@ﬁu%t th%fﬂl%‘?f%ﬂ eyeryhaiLR.ant al um nitride, to

prevent the conductor 204 material fromdiffusing into
[ 0Cthd® kubstr affeaoethogidbggin®with @ infegratetdheircuit structure 201,
integrated-circuit structure 201, as shown in Figure a

as shavamircBignire 2 Aevigith indbdes & 2uBstrdR8203 sdepesing@feonductor
typically from30 to 150 nanoneters thick, conprising

204 whicA®h&Y balconneBiedStosddtive Hirclitd 4 mté%rja Eev es within the
oxynitride, or nitrogen-doped silicon car dl %e
integratbé [%wgﬁs |?.gﬁ1@f§ fm ?Q@b&%ﬁg’r é@foigﬁe%?e 'a%lglé fet¥ Whter,

rve e
addi ti also act as a

et chant in

such 6‘86{98?%{??@1'%%%90“ @p°'o“He" ?ﬁé{m \gwlﬁeetltﬁs heypaneosmpse
formed_an 4 WD 2004/ 030088 PCT/ US2003/ 028925

insulatjves semiHinauiatiygs copductive, e sermirpnidiictive dayears ams materials.
interlayer dielectric, or ILD for short. Herein, the

Thus, fonsxharple,ghedgrm cpOtanes kilitbeoatiosealaber, sm‘benrcﬂﬂségﬁprﬁ&
an ILD. In one enbodi nent of the invention, the

and otidrladvemeedstrichures| qmead:orhﬁl‘étd?gzmﬁé@r?bé'acﬁialté/nal such as

i nsul ative properties but also containing sone formo
copper? ¥R Ngold, 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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5 - Exenplary ILD s containing oxygen include oxide
conpounds such as silicon dioxide (S Q2),
WO t004630088e- doped silicon oxide (SiOF), or car bRfAT/HENEF028925
oxi de (CDO . The presence of oxygen inside the ILD
nificant to on

insulafii gyt 210 Sam§aBes i f&afe?iﬁ%'é?qdriq'@ e'}l?ea%gdﬁe”?ﬁtric or ILD for

conjunction with Figure 21 bel g 1] The ILD
short. JHerejfajhe sutgiysi law 28 wﬂvh@rﬁm %f@f@&eﬂotp asjgn ILD. In
depositing a filmof dielectric material, including

one emphydimeslt ohtitke itventicr) thedpbr2 1 0dmpoptigasoa matetial logndsg
The thickness of the ILD 210 may vary dependi ng on the

elec:tndéi@l |ﬂ§UIQﬁvé bﬁbpdﬁﬁ@b@t gldo Cohitihg conts fordPe0okyRIeh5000
A 2] The method may contl nue, as shown in

' Exem;{ﬁé@%@% &gﬁtaﬁ'ﬁ?’ng Q‘xgébn Ry dli olihHs %%%h%%cag&mg

0 ‘conventi onal damascene ec |ques

o LD 210 to.farm.hol
derg190: et fe Y RIERRES M ph et ofe oo
l'ithography process, as_shown in Figure 2C, Bcludln%
The prggeiag of wygen laﬁrsﬁdhes!*r@t21|0a§@ignzfp@r%\t%m@r?én fthe
t hen maski ng, exposing, and devel oping the
inventiphpasdessried inyfarthen detad in cenjuaciien withFiguae i2h beloav.
phot oresi st |ayer 212. Then, as shown in Figure 2D,

[ 0 0tthe ]I LD 210 hedhDot Ghedyesk d ahp khb@npasthedfor
214 20 in the photoresist |ayer 215239 t"‘g first form at

deposi'ti %%tfiirgirlﬁm&b%tr@ﬁatéfla‘f Clnl‘f‘l ‘g@ [?rfysﬁ‘:al ¥ha: cH@rﬁﬁﬁﬂlédﬁﬁ

e etching nay op on the etch-stop

soost it A 920 B

t hod The hot esi s can then be renoved
designiol 3 H?%Qfai% eIt 82@@@9{% tﬁéoéé%\cl eaned. 25 [ 0 0 1
3 1 As shown in Figure 2E, a second patterning éorocess.
[ 00 #d15 WO 20ba/0ehogsnRCToubRn Js0stenesinaFigires 2C- 2D, with
perfornmed, according to conventional dual damascene

patierrirgrtvel IlDe310 bocdrdiny teacdrventionAdlal-deanstong teohwigaes, to
techni que, the second patterning process nmay include

etch th@qm%m tBQfoﬁ'nS’rﬁﬂéé. [doPhRbN K rRArPds %ﬂa% tSudH {échhicfue%lﬁay
conpletely. The sacrificial material may be
include® Wb iRIgHaRhy br3dessChs SRbRAH AN F%lfi‘l%sz&bﬁ{cld(ﬁng 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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5 deposited by spin coating. The |layer nmay al so sérve

nti-reflection |ayer. Another photoresist |ayer
Wog@ﬁmys be deposited on the sacrificial matePf&{US2408/028925

then the photoresist [ayer 219 may be masked, exposed,

also baperiBA¥el CRRDrdifgite'BhvaR@iiy Huﬁ?&éﬁ%@c%@é giﬂg{mqll?ens to form

trench formation“region. Atined etc
f i h Il h.220 i
 rendf #90AREor 1 BRHUAIE bl bERER A B may
: desi d - [ he trench 220. Th
nclud b dERs SARafarl metiahe) 6 W0ka 46 cRmpetimoTEe, as

well as the sacrificial material 218, and the
sacrifigialdnaterishmeyyher a sp&-ampolyreer (BOP)ot spin-at-ghesd that is
' connect the via 216 with a portion of the underlying
depositahblyispiorcaaBing. Ahd iager n@yISs esfre @y ahitiesfid@ion layer.
performed to renove any residues. 15 [ 0 0 1 4]

A
Anothe?Photcresistieger 248 By bé"t‘ﬁ!ﬁ)q@ﬁ%ﬁa %ﬂqﬁé ts%gri Sal Mtd t@?’

LD 210 as well as on the si s an ottom o
[ embodi nent, of, th
then th¥ hokihRsRTfayet 238 ey Be iy E aBBB8h 45 b YeiphSs o form
arrier layer 222 and op the top.,of the |LD 210. An
anothel PRlieai g (ErGedoumAlgh Founnb A BEPRGIFBES Faain a
. thin |ayer of an electrically conductive material out
Figure AE, i, therpperéyaed uptiitranchp?2bisifarned to @ spddifiachdeptha
216 and trench 220. The via 216 and trench 220 may
accordingda tive desighed asipebt emiodfoetiie trenth 220 0ndtet pistoresist layer
material 224, shown in Figure 2F. In one enbodi ment,
219 maytee shisiduioy ramoeadLss wkh dEtherdaRtifiddfmAoall2Ys, Shfthe
| ayer are copper. The seed |ayer nmerges wth the
)  al . . :
etoh-ot RE5F 208 et AN RnnE B | saf S uRizlo Blun -
. e he el ectrjcally conductive material 224
portion B §REM @RI Piafiecifizdos10e6088 Hesreamuanansuzs
directly onto the barrier |ayer 222. The barrier |ayer
performed Ao tglyioye aydeskhies- t o prevent the el ectrically

conductive material 224 fromdiffusing into the ILD
[ 00 40] A barrier layer 222 may then be deposited on the top of ILD

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 electropiating 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 fifled 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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especially if the ILD 210 is not a material that,
itself, prevents diffusion, and especially if the
wo fheeiohgscal |y conductive material 224 is hi ghbgT/pgong028923
to di ffusion. 5 Exenplary materials that may be used
for the barrier i ncl ude zi rconi

222
directly jonim thenbarigh taver %ﬁ Jrhfs%rﬁler laVenaemaY bFnggessary to

tantalumnitride, tungsten nitride, titanium carbide
preventdhe slecticallymanguctive gaterial204irom, difieging imto the 1bPrREL0,
nitrides, carbides, conpounds, or materials that wll

especilig\icthe Idbf10si arot @fmhtm'ladﬁtimil itsetfabreventodiffusion; eand
material 224 into the ILD 210. Exenplary materials for

espedehg |ﬁh§‘§lé¢tgé’éll YedriRiuehid %‘étéﬁﬁl 70af BTHj 1%‘lly 224né 16 etision.

['ver, and al um num el ectricall y

con SR T hHEP R B0
ftaniupiano RIS Hanras@a‘bﬁ g At b Ruioegh Aie,

as a chem cal nechanical polish, or CW for short, to
titaniuwrscaybideatantaiunm @amué@,ttungaﬂenwa@lmda uafnimner ethes nittidas,
and the barrier layer 224 with the top of the ILD

carbid2a Ocornposndsy ominmateealsehatwill pralént diffusiontaf viee electrically
i nterconnect 224 within the ILD 210, thus conpleting

condubﬂﬁb Friitaradl 298 iffo theal.D Ay CERefplar) avsteridGor thdelkclicgily

he planarization procedure exposes upper portions

e rier
conGUF*fNé ”%f# %Zﬁ*ﬁdggﬁ?e RBLE &g ey b g TR G
erco ubs nt or
clectriprly CqTetve e Bokaed snodlg i SRR a0 A i et el
et ch-st op I%er deposi tion_woul d need to be
complgiely B feovia Gmyilﬁ\eetw perforned in the
formation of the first interconnect |ayer 200.
[ 0 0HoBeler, adNestipamshowRiiglfiguR2Gt e planarizadive prhcedwednay
for a conventional etch-stop |ayer deposition, such as

be perforidd, 6h Ristd cifemicay Afechanioakbelisher ﬂmalfoaaﬁont,sto
deposited onto the exposed upper portions of the ILD

planar?z]eothe el%l@%&m%e RiteHSPOABLAG 8% barrier layer 224 with the

top of the ILD 210, thus forming an electrically conductive interconnect 224 within
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 fayer 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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the interconnect 224, and the barrier layer 222. The

‘?osulon of the metal material 226 is cost
WOSPHARPIGe and time saving since the sane nacKCTEISp003/028925
used to deposit the barrier/seed |ayers 222 materi al

the int%%gnﬁécfﬁ’%ftf a4 tﬂ@ RRSfidr Ih?ér B3 alrhe %b%éitu@h cﬁ%l‘ie metal

e sane nach Inery can be used

L é@teér%"'ﬁi%ﬁéﬁﬁéﬁéﬁ*é “ﬁ‘%'fy “ged to

conventj opal  etch- |sad|elecr|c teria
deposit {he barrey/sped 3&? %ﬁ%)"@LC% bg useédOtJ@ i the Fetdl
nanoneters), a conventional etch-stop |layer typically
materiakR24 aAdditibhally the aamermadkineyy oan he usedsrsubsaquent
circuit significantly. However, since the need for a
metalligahoie pracesks ahilecrdating ather mteroehnacﬂaye:@ deurtinetmage,
to the to enbodi nent of the invention described, the

since ét)ESﬁ\?éﬂnoﬁgl gﬁ%hﬂoﬁwd)}er ‘i’s?ﬁbﬁ‘élé@tnc%%hfal £RMIY teiRed Qedy

I nner net oxl de enp oye In this invention.

L @@aﬂeets@@stwsp iRl =
ot By ST i S !

be done by 15 physical vapor deposition neth
since the nged fohaconvertians etah-siep layenis @ullrrh@etedtaﬁcwdlng to the
chem cal vapor deposition nmethods (e.g., conventiona

embodireahef thehaverdidn dadscriped, e dierall R délaywiill echease of
depositing a thin netal film The netal naterial 226

sngmf.o‘éhﬂy litielts OpRer hestal Oxide ieMsikpes i il fnvehaoh. Thetefohe

resultant |ayer, described in_ ~further detail bel ow,

the melfdd dBGLIRS 0 o0 BN ekl g!f%"&‘@“ﬁé%%%ﬁ%**’
eposited so thick th

RC delgygfimouiaineairnep it o sirdtt pondidedbl K val ue) o
the overall circuit. The K value is directly related

[ 00 17 tlhe ti ndheslepositionaiitie metel materal 226 max beideng by
and consequently, if the metal material 226 is

physicaleaper degosition nethkdy (e.gt, theymall exapdoation, spatteiingueic.)s
performance. Therefore, in one embodi ment of the

ChemldallVQ nn; &poﬁi@eﬁgéme n@a?g'@gw%faa& ;{Iﬁsr@é%ﬁaﬁ@édt@tca)

or by oﬁ%?‘f(n%ﬁpﬁ%thods of depositing a thin metal film. 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



10

15

20

25

PCT/ US2003/ 028925 opti mal results between

approximately 10A to 100A. [0 O 1 8 In one
woemamdoosent of the invention, the netal mater PET/U32@3/028925

may conprise a material that will automatically react

. wWth the exposed uppe rg o the ILD 210 as the
optimaptqsylits Ratwe %PPE%PF%{%?Q& g)eg%@%\'t ed, to forma 5
net al oxi de | ayer 228 over_ the exposed u [ t
[ 00af8the | LDlmog embasiBRAt phthepng,%lﬁ)fg)rgghe ﬁ%%’i"rfﬁgfedﬁ??fg

is an oxide material, or in other words if the I1LD 210
may cérapris@ asnhfarial that wilhaumaticaby yerH wtihgi SxS@SEAIRPER
when the netal nmaterial 226 is deposited onto the ILD

portiorg%lgthewﬂpl RS &4 tHERetdl fhatdA6l 2061 ig being xiepesitéd, toHerm D

automatically react, thus causing the netal

metal @@gﬁé@é@ﬁ&& 10X blthdSed @B QbAQS iR DTRYG] aoshdan in

cont ac material 226 and
the LLD t ' f. |
Figure.gholh HeafLl R4 o o ARt Al g n Sheru e MDY PR10 has
trud lightly into the ILD 210. | .
o sufficantamanist oheyoemaanaaay et WD ferRemalehE 225k

upon contact may include oxygen conpounds ("oxides")
deposiett bntsths ILD10, dhemealal 1staiy 226)ansthaayggBdn §?¢ 210
oxide 15 (SiOF), and carbon doped oxide (CDO).

will auforASIi-Ay rebciBiRl caiRirgy thel metd aaterzl 22k oxidie, end form
contact "with the exenplary ILD 210 materials include

the me&%P&ki&e t%%#{?z%:twec@rﬁa&@' WS theirhall Histersd) @26hamtheniLD 210

nseque ornmed netal oxide |ayer 228 may
conpr.i se.fan ' | | i in@ltHB AEIA oxide
roact, gyhetion O o 210 HlydSe pohSBRp TS cabeind HelsREA oxid
Addi tionally, the netal [ 22 [.3E
layer 44t torprafiodelsoniy 11O His I gips FoafingVOLOGR Crradidls that
t he exposed upper portion of the int_ercgnnect 224 or
will readtavitrathe metdl ayalerial 226 vper cppiast MRYANRYEEIQXYEfRPeact ed
metal |ayer 230, or netal cap 230, over the exposed
compaoUiy (“prites Y suchiag ﬁﬁcémdbxﬁdmfﬁé@;), flggnng-.d@pleﬁieszhcon oxide
barrier layer 222, also depicted in Figure 21. The:
(SiOF ter?égPBn BeU%xidé"?)@@f)tEE&Bhﬂjleabf metdl meatecial that may

226. The nmetal cap 230 and the netal
thus react on contact with the exemplary ILD 210 materials include cobal,
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.
[o019] 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 21. The metal cap 230is

the same material as the metal material 226. The metal cap 230 and the metal
9
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9 WO 2004/030088 PCT/ US2003/ 028925 oxide | ayer 228 are
thus formed sinultaneously, and both were forned onto
WORHHAO348YH 210, the interconnect 224 and the bECHTUER003/028925

| ayer 222 without a need for selective depositions.

oxide Ié\%ﬁ%ﬁh% @gsﬁg{éﬁ’d %fﬁ%!ta@iéoﬁ%% ahdtih Welr8 éraeed At the

ayer 230 d the copper
' . t , .
L0 21l et o2 PP iR A e
selecties fieBoslians: [1DEHIGRBIECLS! BHaPLE e dafertacs 231 Between

communi cation between the copper interconnect 224 and
the metaliawen 280 apd the copparintereannest £24, ocabavestheungtal eap 230,
t aken, however, to ensure that as little oxidation

partial 8%ielation aGay BRSIdRLIEdae td kRpoSirertbdhe ahibiesi, howevke such
oxi dati on ‘cannot be renoved feasibly after io the

oxidatiHﬁ'isaéfgrgiﬁ'Pal ZM el?f%%ti\?élg%éd?fs@%ﬁenfial%%l@ctﬁcil comemiBication
cap I's configured to provide electrical
copnection. n ' [
botwe{ BESEHRT INELETBR 2t ahH3HReBbEESRLRF ek reonegs.
cap 230 will inhi bi% di ffusiop of the.interconnect 224
Care sheblgiyexfaken BRgeYare logairehal pRitiESfRRAN Prollr Axce
due to better adhesion strength 15 conpared to that in
possible aidhe dnterfanal23dtsincsstheppridation eannaitbe reregvastieasibly after
other words, the netal cap 230 causes an increase in

the metdl€ap230/Bhs beeef@mgd.of el ectromi gration along the
interface, thus significantly preventing

[ 00 ?'@‘]t rom grfkl rﬁ@ta’)éép bhe i BbRfGEHeE toReuiaE RIeotALSl
ormati on caused by mgrating material, thus

LD OV t f j '
connedyB SHBrLE AU SByRch GhT3RE BBl e
dyant agequs fqr. unl.anded..vi.a desi gns wher ej .
above oIRGB SR Pt 4gaE TS ShHeBRerd DS Gy @ materil
I nterconnect. Hence, the netal cap 230 acts as a
along thiemeied caplintercosneehintertagssduato beltgy aghasien strength
i nterconnect 224 material fromoutward diffusion into
compatdiktcstivat auadiongentidrial 2ich-sioprigtercenresy édedfage oin oler
interface between the netal cap 230 and the
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.
[0021] 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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25 netal interconnect 224 and al so prevents upward
diffusion into a subsequently 10 WO 2004/ 030088
woO 030828003/ 028925 fornmed overl aying | LD. AddRGT/O3RA01/428925
as described in further detail belowin conjunction
wth Figure 2M the netal c 30 and the netal oxide
formed BriavngdbDarhdsianalls: a5 esg o Rduanel gy Tt
etch, ash, and clean processes from damagi ng the |LD,
conjunatiBherittaFigui@, 2M htherroetall cap 280aththet mete) oxise 22feact as an
barrier layer 5 222. [ 0 0 2 2 ] Furthernore, since

etch-stéﬂ‘%y@i???évéiﬂaﬁ 28Bséquarnnditty sty ahd cﬁémpdmesebeﬁt)m cal
connecti on be ween the first interconnect and

i rrigel@yer
damagi R 6 I halRabA iR IRE Eictal RAEBIARAA, of fhé DaTRE I
a mterial. If too resistive, the netal cap 230 nay
not be able to provide good 10 el ectri cal conductivity
between the first interconnect 224 2&@1 su equen&?‘é id
[ 003&hed inkurtbemmse:sneniie mefalargaY keamgUured ioRrayide
cap 230. Furthernore, the netal material 226 of the
electricabtarinactipn 2Awsam tHedfinsbintereonoecianthsubseauent idpeennects
into the interconnect 224 material. If too prone to

formed djbbfvéﬁiﬂ e hital rhieibn?26 ehooleaiot24toonsitelrically resistivei a
time the metal materi al 226 vvoul d pervade the

material. ”H%éB?QélSﬁ&e 404 nietalt aﬁ.ﬂe ) RftyAT t%@SEIbﬁBTr@wU@@cﬁﬁise

resistivity of onnect 22

eiectnc@lqu; ecﬁfcg g;?)ﬁﬁ?@%&;ﬁ%ﬁﬂ%é@ﬁ%ﬁé&%ﬁ% Slgsééﬁle‘t’l glg&med
oL SHEIES, 2 0 SLEGH iy 00003 A SEAERUSHL e

el ectrom gration problens in an integrated circuit
material RB6 af ipe owtakcap/&Ftishouldmat |bﬁdetPr9'é‘P tegiffusian inf9 the

because the netal cap 230 was forned at the sanme tine
intercomfedt224axatigial. alféso pRhe tohdiffusibhdntol thedsiesciraidcy 224

advant ageous si nce the subsequent formation of an

222,

' materla"F‘C{th 'n‘? Be th‘étrﬁéf%ﬂ’ AiER&Hall BehvotRigseratie tes iitereoanett224

' ayer deposition separ ate fromthe metal cap 230

producﬂggé?ﬁglégé)%léa%% R}CP%;% ihe hééﬁﬁﬁﬂﬁoﬁiﬁb%m‘i‘@érﬁ{écﬁbﬂ?@\n
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 to significantly
improve electromigraﬁon 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
subsequent 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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25 210 has reacted with the netal material 226, a

Lon. 232 of metal naterial 226 11 WY 2004/ 030088
_WOE@%E@BM/ 028925 above the |LD 210 may not K&TAH3(0p8925

reacted with the ILD 210. This portion 232 is

above SHPRID LU0 ysapAsk KEEEIlY ddcted ostusR ILD 20! thehsurtion 232
the entire circuit if "permtted to remain. Therefore,
. i i, . .neLf orned
s supeFuGo A UndE e pepaudlin it SH6K ARXRE EntiREGHALET
Loxi.de | ayer 228. 5 During such an ch-b rocess,
permitB10 Ee kil TRE. Ak sbOInIhENER 21 A pRARAIEEY he
netal material 226 but does not significantly etch the
performgd 19 repove tipsuperiiueuy postion¥32 aboyethe aka uddeplayer 228.
or the barrier layer 222. A standard fluorine based
Duringsuek s etcbbavkyproesssythegmtiahbshdald hehid & chesisindthat
chl orine based plasnma etch may be enployed for A and
etches The nigtal MmeterH 226wt deks hos Bignifitandl Sieh e PREAIUxIERSI228,
too long or else the netal cap 230 may becone etched

the ILDe%ﬂfStﬁé‘fﬁﬂeYconngef‘ﬁﬁﬁ,UcﬁﬂhF3bar|tié}qaﬁéFﬁzﬂa“AkstBH%%orine
shoul d be tined to be only as |ong as necessary to
h.t S flu ti-on 23 Q o the top, of
based Ginge o THRY b SRR ioraf . A A Rl eS80t
nmetal cap 230 is bstantially planar with the netal
plasmaggichanaperermplayed far Al HoFUrBeEBaE. ithg efrteshauid met be
planar. 15 [ 0 0 2 5] The resultant netal oxide |ayer
perfornEzBtagriongairailsatie patal cap @80maay deicome atchedtexcessigely.
| ayer 234 that can act as an etch-stop to a

Consequérlgairanétchliachairbessy stibuid bedirnbd tébesailyastidng ags
shown in Figures 2K-2M the nethod may continue wth

necessggg@s%tbh"tﬁe %u?@ﬁl%gs beRict>832 BoWretotheiss lof Yite tl'ﬁgﬁroxide

hen patterning and etching a via 242 in

oyer 228 RELAGH 300 .1 40501 85 09615 Kb g e
the motg) gEi08 18xST 225 5UE BosRaot Hepashariepond taBERATEY by any

known met hod for de?ositi ng a film of dielectric
[ 00 Zdtbrial, Thereaultagt mefalivdde laver 228mnshmelainap 230
tcnge-the?”I ilgigifulatal Srr(])tective layer 234 that can act as an eich-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 vié etch.
[0026] in one _embodiment of the invention, as shown in Figure 2K,
the second ILD 236 may be 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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techni ques. The second |ILD 236 thickness may vary

dependi ng on the design of 25 the integrated circuit,
wo 200osbdggone enbodi ment is deposited to a thi GoTas®E#H 028925

12 WD 2004/ 030088 PCT/ US2003/ 028925 appr oxi mately 6000

A. The second |ILD 236 may conprise the tE.ama OXI di%
approxirfialety 5600ds (The seicosd LD B3B10aY SEIPTES 8PISATER YExi de
(Si2), fluorine-doped silicon 0@82) Si QF).@ o[s-,d silicon
SIGRY fRIFirdonEs2 90 gireh(8¥icorodioniale (S40g), duOFRES-ERP
materlalcrfa;s{ eri é\l from the first ILD 210. If subsequent ILD

oxide (ﬁ?{)&h&}j’ cgajbélgiga ?d 3L (OIsOF e engy bbl différer rateeiakirom

ageous for the second ILD 236 to be

the sa ferial | ?gy]{ﬂ decBné 1D 236,
the ﬁrstﬁa@t%@ﬁﬁﬁg%?e%’é‘t U‘lilga%}@ %;%%#é} At hogr aphy
process, as shown in Figure 2. A i L M 8rial
howeven ipavdsesnvanipagals BedrerothikD 23R B HER reldia
maski ng, exposing, and devel opi ng the phot oresi st
as the firstieD 2B 10 to forma pattern 240 in the photoresist
| ayer. Then, as shown in Figure 2M the second ILD

[ 00 zzﬁﬁ can bepgtéhipg ofahe otalP4g may inciideaa libogranty PIOCERR:
photoresist [|ayer 238. An exenplary nethod of etching

as shovﬁ?’q %@%\%ﬂdﬁ_ﬂgﬁﬂgﬁbg%&b@gitiﬁb@bﬁﬁorééi&tﬂ}ayem%&mherr the

ring the etch, if not for the
- protectjve | ayer : bj & Phathesist layer 238

secondith@%Wa Eﬂg’aég’%ﬁé'{#p%é‘rﬁ afe‘:‘?‘!"g 5“' Woal]l d be 15"
attacked and damaged hy, { he etgchan kd\SreP o

to form @l pattern@4daip the @Hg%es'%EWGF' rri ﬁeﬁ’oé§ éﬁ%dﬁ\"/’glﬁ? Eieém ,the
phot oresi st |ayer 238 and to clean resjdu fr

secondi|nBi 286 oén bleetohad, 2420rding tgihe %%%@fvg‘*(g&?g‘f‘e?ﬁ'i’%'{eg?‘
protects the underlying ILD 210, interconnect r?_'d

layer 2881 Aneéxdrapiary @dthatliofi etghingemay inchede rRAGIVE AP ﬁgc ing
processes. [ 0 0 2 8 ] According to one enbodi nent of

NI saD2fiAg 2Re wioh, itndtdonthe protestiviergyer
(RIE), §fnEP YRRl hEthodsaDifiAg2Re wioh o g

o an-unlan or In other words may be forned

204, g gD 210, SiRrdehoERaoR i anibheyepeal wodldee
attacked and damaged by the etchant 244. Ashing and cleaning may then be
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 t_ambodiment 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.
13
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may overlay the netal cap 230, such as the enbodi nent

[ in Figure 2M Therefore, the etchant 244 )
woﬁg@@%g@gi ng the etching of the second | LD 238 HEia0ep/028925

25 include a chem stry that etches the material of the

[ 008eqnd | LDT?%%QH@%@&WH&H corﬁirﬂ@,fais%f&n}ﬁ/inqtigﬁ\nl%m, with

net al oxi de layer or the netal cap 230. 1

2004/ 030088 _PCT/ US2003/ 0289 : : hod

perforrfi 4 REnPRE R THIING BIOCE oo §0,08nTstic]f U
g

perform ng a second patterning, progess, according to
damasggng teghriciees, de derm agﬁ%&gbé’ﬁ@-t%&mﬁm,O'}%teﬁgp , after

trench 248. According to one technique, after
removingtbe iphgtorksisplayen 238 from atopethezegonddhPata) thagecond

second I'LD 236, the second 5 patterning process may
patternimg prostesganas irdutte demitinid & shetificialt rmaterial 245, depositing

depositing another photoresist |ayer 246 over the

anothe? Fnb'rcfrbgi'sﬁlaly’éﬁbﬁﬁ IRbr #tosadrifieal iRkl 45, aHeR Phdkkingind
d he

vel opl ng photoresi st 246 to forman pattern

.def i ni t h . f ' ' ,
oxposif gyt BAVAGhEIA roPLoBEL 2805 R Ao B Foncn
A AN RERE A R

phot oresi st |ayer 246 and any remai ning sacrificial
trench 248 ds fermezhip, a spgoified daptivacraiding todhe iegianes asnachgatio
and cl eaning processes. [ 0 0 3 0] The nethod may

for the trenth&48; otite phetoresistdapen246rafd gmyesnizining Zacrificial
formng a second interconnect 254 in the second I LD

materigd 25, thdPh8sabsEG Ry rBRRAVGEANVIE BEhingyRid deBnintSpraievses.
in Figure 20, a barrier layer 250 may 15 be deposited

[ 00§10 OF e AERsadnhl Rk BRfoR8 ADenshiSRikarl 20 -

he “et ched via renc 0 prevent tera
di ffusion of the subse Ly . fornmed j nect into

2P with 15 B RF CODD TR ESOTRECh Rt e Serar iR 1 Tt 8

the Dbarrier ql}rgzgr 250 and an_ el ectropl at i_ns pr o&eﬁs
secondtersenpeetiayerhb. s shewnyin Figure 20, aaitiel @YgaLabinay

252, such as copper, is deposited to a thickness _
be depsuitéd chdop of the second ILD 236 and on the sidewalls of the 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 fo a thickness sufficient to
compietely 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
wo Peyeebdsor med, such as a CWP, to planarize thECT/US2003/028925

electrically conductive material 252 and barrier |ayer

250 with the top of the second I.LD 236, tgpfﬁ\%@na
separateg condentitnal etuiveiop 1254 depeaiEien. a Neesepnd D% fhect

| ayer 256 is forned above the first interconnect |ayer
protect@®frow irtbmionaeet el@gramigahtiorebytheoriatal each3@t dpen, a

| ayer/el ectrom gration barrier, and thus avoiding a 14

shown Wﬁ:@ﬁ?’ Z(Q,SI{RQ%G Gl SR R DIEARE fornatian a,subsequent

con ional etch-stop | ayer deposition. The second

. [ LD 236 | protected frominterconnect
mtercogrp%@ﬁ@%%ﬁ&atqngnsooéﬁt he netal cap 230. Then, shown in

Figure 2Q _the nethod, may, r at _for. the [ a
[ 0 0 3dbdequent Sevpiade %?X@éﬁgﬁe%ntlgh&as\%ﬂbﬁgtﬂf%gl 03
1 1 Several enbodinments of the inventi gn tHﬁve thL{f, . i
describederHoweser, ithase skilatendhe arhgllaespanize dhatihedrvelition Is no
wi |l recognize that the invention is not limted to
limited theeBhnddimants dissrbedaut dantbepracticed vdt medtication and
nodi fication and alteration wthin the spirit and
i i i f & drded’ daines\that Sollawy.
a"era“é'gwﬁgg%%gﬁgﬁﬁﬁ%%g%batg B BCT! USa003/ 028925
1. A nethod, conprising: formng a netal oxide |ayer
over an interconnect |ayer by depositing a 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 . ‘
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2. The nmethod of claim1l1l, wherein the first ILDis a
material that includes 10 oxygen sufficient to react

WO GABE cal Iy with the netal |ayer as the nmeP&I/USaNOS/028925
is being deposited to formthe netal oxide |ayer. 3.

CLAJM&€ method of claim 1, further conprising: depositing

a second ILD on the nmetal oxide |ayer; and 15 etching
gg%i ﬁ. in the second ILD, said netal oxide |layer acting
ghis@med op. 4. The method of claim 3, wherein
etching the via includes utilizing an etchant that

i metlagdrcamprigsgond | LD material but will not

Yoy € ke e e By e chGer! RYE{ heOppfifing o

metal laggeontam intérobakestssyerpthicvpttcamissitayatietivdibg da t o

100A. 25 G The nethod of claiml1l, wherein the firs

intercqrweeP@wm%kwitbwrﬁ)ﬁrﬁgE&er&m@ﬂeleqt:ricwaéDh@ﬂﬁo%@i%rneswdéw
reactinéé\ivmﬂﬁé?ﬁ ti8 tﬁ%rﬂ% tHeaMEEalwlqmngF a material

ected fromthe group consisting of cobalt,
alum num tantalum chromium and titanium 30 A

thod,, c ri sing:, depositin first ILD gver
Thednpiniad of dlginydy whetdin du i Htis aIteisrab#gsincludes

oxygefi E%ﬁﬂc@]t% rééétﬁ{ytqﬁéti@&ﬂ@_ vt {Hgsl?dél‘?ﬁ r eé'né(;‘%h‘”e\';iwﬁteﬁ]dl (!ia?er is

lTng t Irst via an I rst

being depasiteddal foymdba thatal wddertetyeri al ;  pl anari zing the top

4,

of the electrically conductive material to the top of
the first ILD, thus formng a first interconnect

3. Whbklthethdeeof élaimt 1) Rhek BSmipRkRIgEONnect have an

exposed top portion and the first ILD having an

depositing ropeemd ILBron thedmetal oxide layer; and

etching a via in the second IL.D, said metal oxide layer acting as an etch-
stop.

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.

7.

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

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;
16
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depositing a nmetal on the exposed top portion of t°he
first LD and on the exposed top portion of the

WO dond/@veg3nnect, the netal being a material thatCweswos0289235
on contact with the first ILDto forma netal oxide

on the first ILD, and the éﬁ bej a material that
foomimg atrirsi \de endra ishireash Baihe WSt bWEr the first

e IBEGE antHirdt trdiieh Rk bRCkiériebRy Bbfdudtivermateriahe

e electro mgration barrie

glasiAeg tisetopef the rmlea:ttmaliymnchmve ovaierialde the tap of the
I d
ot Ldpnrong ik o ECEEL T ppmpec oo
an EXPqu?dtelﬁgBi}g %ﬂp ‘ig& AR MAD RavRRLAS eXb@s@:ﬂfb;ﬁmﬂbd aménc h

sad protective | ayer as. an
EIitiiOR notetal mtm mmus@datng peiriiemphtpe tiret ”—ﬂl@n ﬁBa
of claim9, further co sin
exposefiiep PeBiATEEE the IPIrePANRS nPé@ %‘%%’ ”glr%’gla?%@agﬁﬁmﬁ
& @dP AR HirdtNEDS and the metal belng
ContaCt%lﬁﬁrr{:egfr?r?g[:Lt% (ﬂr)f(;br%h? meﬁéll ng into anIr one. of the él rst
a matefilBhanidrinsearselectramigration !Dafﬂﬁf@\/i%tﬂh%ﬂf%fm@f%“ﬁ?i

wherein form ng the second via includes utilizing an
etchant that will etch the second |ILD nmaterial but

' i ¥inethelmétaeoxide anibthecdlecteomigyation
9 wéé hﬁﬁgé?re%;f%?éﬁoss%gﬁéan lrr#1 8, wherejn the netal, 6 does Wg

barrier mgtheﬂt ddfine @ peotegiivenlayehaver thefirst ip e"F‘H'E&e%r'%\éﬁEc?
erf]uous netal |ayer above the netal oxide, and
furtherpg, onpri sing etching back the superfluous netal

éép(&l"tiﬁg)atsié%ohém_Dfovbhmeﬁﬁrbtéct}vMasder angd. The net hod

etlahtrlg%g@ glaalgrﬁg gla”g fep %‘5{ cganigtrg\nﬁblnltgs A?.e%?n;d\}\ﬁ)
said prét0 cﬁ%%fag%?’%t E%— fay%oé‘éh%%@&aﬁrﬁké etdiifg ERtskrahgcl ai m

rst 1nterconnecCt conprises copper.

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 fromthe group consisting of
WO 2459038 a1 uni num tantal um chromium and ti PaR{USAR03/028925

16. The nmethod of claim@8, wherein the first ILD
conprises a material selected fromthe group
consisting of Si®2, SiOF, and CDO. 10 17. An

14.  appamathed of olaimi w@remdhmﬁrsttmtarmpnraact iCOMpTisSes aepper.
within the first ILD, the interconnect having a top
planarized to a top of the first ILD, and a

15. pTl‘Pé Rfdthy@ of al@h SJ'WHéF@mttﬁ@ rRétal BSmpHEes ‘éorﬂE%Q‘Fal aBkhcsy
op of the first LD, 15 the protective | ayer

from tha areudh agnsisting ef cabali @Itpnmm;rtantakw; plgrormign, iangt titaniom.
and an electromig ration barrier covering the
i nterconnect. 18. The apparatus of claim 17, wherein

16.  tTise pIcABES OF ¥R &Y WherSinttAe dipét 1RD @Mmpiisds a ateridlsélasted
etching and cleaning of a second ILD. 20 19. The

from the gEouR oengisting af k7 SiQhenrd #Q®e el ectromi grati on
barrier conprises a netal and is to inprove
el ectrom gration of the interconnect. 20. The

17. aﬁhpappapau@fccﬂh;mgmgj wherein the first ILD portion
cog;prl ses an oxide 25 material. 21. The apparatus of
iSt1l4d3; wherein the first ILD portion conprises a

B bR o RS, BECHRIEANA T D Mlanarzo
to a tfoptad tiee firgtHeDebedt r omi grati on barri er cover| ng the

RSSO G5 E5aat i inc T il ot L0,
the pr&BEGE ﬂfﬂ%dlh%%%é@l oi%e%@gﬁ%géﬁﬁé%e f:rst !LD and an

PCT/ US2003/ 028925 23. The appar at us [aim1
electropnigration barsiep covering the intareonect. a 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 appar ateus,
conprising: 5 a substrate; an interconnect |ayer

WO onpetbopig t he substrate, the interconnect | apeT/us2003/028925
including an electrically conductive interconnect

3. it bR oA R iy Bid ey ot haf BinRimess

betwe@h@p%@éxlﬁﬁtélwgmtd‘¢®@lﬁl ng a 10 metal oxide portion
covering the first ILD and an el ectrom gration barrier

covering the interconnect. 25. The apparatus of claim
?ﬁ ective layer is to act as an etch-
24. s&%swggéﬁg%é r%rrﬂ) jar at us of claim 24, wherein the
eﬁgg{‘ggtmfegratl on barr| er conprises netal and is to
nprove el ectrom gratjon, of the interconnect

aq‘spmtqlcg@n@ﬁ lgyefi aveplying fhersaibstrates t hwtemﬁgﬁ@yéﬁ
lncludm Q‘?el@%@uﬁféll@lcon@?ctﬂ/% m‘fQ?@or‘ﬂ‘R%grh%tv é’go ebl%'ngh%téﬂ to a top of

erern romgratio rr|e C
an ILD;@rer connect conprises a material that can react, on

cont act,, th an ox rial to formnetal
myprotective layer on the fn?erconnec% layer, Ehe protective layer mcijudlng 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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