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ROEDTROVDEBRATI ON BARRI ER FOR | NTEGRATED Cl RCUIPCT/US2003/028925
| NTERCONNECTS AND DEVICE FIELD 5[ 00 0 1] An
enbodi nent of the invention relates generally to the
field of sem conductor technol ogy and, nore
specifically, to the formation of interconnects in an ,
METHORt BQRr E0RMING| MEIAL-t METRACKEROUNDE 40r]l EOTROMIGRATION BARRIER FOR
INTRGBAVEN CIRIVAR | INTERGRNNESTSTAND aEvodE net al i nt er connect s
wWthin an integrated circuit requires a distinct
deposition of an etch-stop layer on top of an '
| LD/ metal interconnect |ayer before a subsequent |evel
of interconnect is processed. For exanple, Figure 1
VFIEi ustrates a netal interconnect formed according to
5’ conventional technique. Referring to, Figure 1 n
5 [ 0 8t@e hyer 15Aaembagiment qﬁth@)nvp@ﬁongel%%g@@%ra"bbf?Eh%ﬁe'd
etch-stop layer 104, typically silicon nitride. A via
of skbticandudtortechnalddy and, pere epeeitically, to thesfornptian of
. according to well-known dual damascene techni ques. A
intdr@bmnatts irfd® intd@Bted@icuite formed on the bottom and
sidewal | s 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
BAQL@%@ 20 to the top of the ILD 102, thus formng
nt erconnect 110. An etch-stop layer 112, is
: deposited over the planarized ILD 102, the planari.zed, .
10 [ 0p8r¢ il Iayercoﬂwt'oﬁﬁw’tth%f%ﬂ’%'é’ﬂicﬂcéﬂeﬁaﬂw‘%ﬁ‘eﬂﬂ%@tﬁ within an
110. Consequently, a second ILD 114, second barrier
intdgmged dcgit raqdiresee distintindepasiiioneet an etshnsipp hayer anyieg, of an
the second barrier layer 118 and second i nterconnect
ILDIrhetal onteasininegt laget befofé asubie@eihével ohnteadnhesnisss
PCT/ US2003/ 028925.

processed. For example, Figure 1 fliustrates a metal interconnect formed

according to a conventional technique. Referring to Figure 1, an interlayer
15 dielectric (ILD) 102 is déposited 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 techniqués. 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 . 1o 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 bayrier layer
'_108, and the planarized interconnect 110. Conséquently, 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 _fi_rst

1
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i nterconnect 110 to provide electrical connection ° 96 MAR 2057
bet ween i nterconnects 110 and 116. The process nay -
Mwapzat/oionssel f for additional |1LD/i nterconnect Ilpayars3e03/02892s

[ 000 31 The typical nethod, however, suffers from

. probl e nce, he de )osition of the :
'“‘gffa'?“ﬁiggv ‘fﬁyawvf%z&ﬁﬁwa nheEtien hetwers bitercgnnects 110 and
subsequent I'LD | ayers can be fornmed and patterned. The
T18e pdwi Rosas® Mayepeatitselifobpdditioral, (LBdnteresnnacs layiene
consum ng -and costly because- speci ali zed equi pnent

[ mes0 $9 used Thedgpieal hethodr naw&vgn%hﬁerstfrrmq;rebleﬂa@ deor

material. Furthernore, the etch-stop |ayer 112 is

1n§éﬁ&e€ @I‘ié HEpOE6H bggheiéé@fi-égéd %Xfezoﬁ ?%?réd’sﬁ Vta\é ;Sx%fd:r}%ed before

-usual ly ‘between

suf et Sk 883 R Aol FRBLFI L P4 BBt e et
Rg es%onse of, %he circuiit. Therefore, the etch-stop
stqple¥er. howeypr ds fimegansyming aad sestly hecanes spaciaizedagupment

of the circuit. [ 00 0 4 1 Additionally, the
must bg usedpo |d@peslt attmditional olitidey os okideanateriat.i Berthermawrs, the
not inhibit interfacial diffusion of netal, such as

etchegipe iayeefifi@ds iavdiblecttic i riabypickily 1aPnéd vér@rﬁthxck usually
i nterconnect along the interface between thé etch-stop

betwear3oli21 5mAahbfetdtt ﬁi%ﬁ %gi'ﬁfrd%tﬂ o?!s té ]tf'?e djslectric value of

I nterfaci al dlfoSIOﬂ |de
fail o
*“ep""“&“B IS Rols RIGTR, Hé%%}i %éi%%&{sf‘%é@%%@'gﬂﬂ{eig i,
beBrokeb on FSeR L BRRlY Fssopmon ol R delyof
mhereln a cappi ng netal can only be deposited onto the

the, @l i nt er connect, but not onto the ILD. In addition,

a separate etch- stop deposition is needed for

[ Oubltaddbd vi a AldditignaltyttesetcB-storbIayBR1200% pidMy silicon nitride,
2004/ 030088 PCT/ US2003/ 028925 BRI EF DESCRI PTI ON OF THE

docSRANMMNESIt interfAcial GifflisibR&f I?lﬁéiﬁp thh BYQIPPEP, difectively at the top
illustrated by way of exanple and '

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 mgtaI 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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should not be Iimted by the figures of the _
acconpanyi ng drawings in which |ike references 2 6 MAR 2007
WQikoeva08s m | ar el enents and in which: s Fi guP€TAIS2003/028925
illustrates a typical nethod of form ng interconnects,
according to the prior art: and Figures 2A - 2Q

BRIEF RESSHIPTIGN G His DRAWMINGSan i nt er connect
according to one enbodinment of the invention. io

[ ©ErAl 68D DESCRIhETHrEbeit iGvéhtions Jilusrated hewahef examipie and
met hod and apparatus for formng interconnects with a

 shoBldHot &S [#hitee byl eligtios O AbdchpARifig BravARgs § fich lie

stop. In the follow ng descripti on unerous speci f

reféﬁ%rﬂ:'e%sln&ircﬁtesﬁhll%f’Efepner@ﬁnﬁ in %ﬁhnary skill in the

apprecra t hese specific

Figire’, uio s bpcatod ot lsrind P aRgcto s A e the

have been descri bed and shown in the acconpanying
prigi akli @&, it is to be understood that such
enbodi nents are nerely illustrative and not

- Figuresr2A t 2€eillustratesa methaehof formimgt arimtergodnédtancedrding fo one

invention is not restricted to the specific
entbodihentcdi thesnardionr r angenent s shown and descri bed

since nodifications 20 nmay occur to those ordinarily
~skilled in the art. In other instances well-known

sem conductor fabrication processes, techniques,

t' j i nt, etc., have not been set forth

DqﬁkfgpqﬁgﬁFiﬁﬁE il in order to not unnecessarily

obscur enbodlnents of t-he present invention. [ 0 0 O
[ 8004 det hod bBesedhed hgreimises eeiiedand ap@a@tm%forformmg

descri bed below 25 that does not require a separate
interconnects withep wiakwatad oxidel eectrarsigiatiorsbairien aot edch Stop.

6 MAR 2007 WD 2004/030088 PCT/ US2003/ 028925 cappi ng

therfetialingl deseriptiomnadiensuy spicifid@etally and serforth. r@hebf ordinary

| ayer is deposited wth a portion contacting an

smz';\'ri]{ the! &Y, Hovthvalr SRilirdpprécidtethat ade 3pRefit! dotaifCatedidt! Ng
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 that this invention is not restricted to the

specific constructions 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

hot been set forth in particular detail in order to not unnecessarily obscure

~embodiments of the present invention.

" [0008] A method of forming i'hterconnect layers is described below

that does not require a separate etch-stop deposition or selective deposition of a
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' ei%c@icg

el ectrically conductive interconnect. The portion ofe 9§ M!—ER 2007
the netal |ayer contacting the ILD reacts with the
WP20H/0W8m a netal oxide over the ILD. HoweverRCH¥R2003/028925
portion 5 of the nmetal |ayer contacting the
by aa | lve | C ct acts a t al
C . .
BOARAG a1 ARG R N eCBIORRD. Bpdillavheid Spposttes
Loprove el ectrom gration rf ormance. The metal oxide
“@ﬁ% F??Oé'ﬁ%'ﬂ Geaﬁscﬁw g@d'ﬂﬁe\f/'@V?'p@@Iecw (e} end arpastion gentacting an
urij nﬁz t he subsequent patterning of an overlying ILD.
Yicondyctive dnigeaaneech eGhe portiontofahne metal iayer contacting the
i ntegrated-circuit structure 201, io as shown in
ILE) epacts @it thehiLEhtd foemuslestal aidessvatithe R0, HWRNdr 8@ Fortion
- conductor 204 which may be connected to active o
oftthe enethr yenebritat ey Meesl W&f AR
i nt egr at e%j/ ci rcuit‘tﬁnghe ?gl?iFnh' su rﬁ"t@%@"&%‘%@&%%@%@ aza
' r ; Jmnocrystal.line silicon,, ]
R O SP OVLE ] i8N Bty LS PEBRRENEF! Rofriptove electSgration
' | at i v sem ~insul ative, K conductive, or ,
pé@%@@ﬁﬁuﬁ?? U@%‘é})ﬂéﬁ?‘% and fnetal ean egllectively aetas anmtch-stop layer
exanpl e, the term enbraces silicon-on-insul ator,
duging; the subsequasimatterning ofl anwaverlyingvlliced struct ur es.
The conductor 204 can be a material such as copper,
[ 8i0Wep,] gol d, Bine atathbd bayine!vith arm ireghatddisirait SRGEURS 201,
206, such as titanium nitride or tantalumnitride, to
asEhevenin Ribare 2AIUEIH indRA ' ' el
t he substrbate 202. 20m[ Oeg%t 1§I(§i S?Jaié ggﬂsﬂgﬁéﬂﬁg@cbﬁﬁ&mr

204 A ik R i 55 0BG A e

, a no

; ' ly . fr Q0 top 15 nanoneters thick, conprisin

inte byt (% gt Subabate” epmuesses f pepliconductor water,
xynitride, )r nitrogen-doped silicon carbide. The

S”@? %ﬁ-“%‘i"lﬂm’%?@ﬂe stigopoap e @s sirueiuresithat havesonewot more

. Wwork as an effective etch-stop to a subsequent

inspativansembinsulatvedebndustive Somseymiabsductive fagers and materials.
passi vation |layer. Upon, the etch-stop layer 208 is

Thigfoedxampled tfee feriPEnBRites SMROAMHHHRERASS silicon-on-sapphire,

PCT/ US2003/ 028925 i nsul ative |ayer 210, sometines
and eff@raeahCedstragtutdy. eThe ¥8hd WS 864 EAS bed matiidi¥ich as
copper, silver, gold, or aluminum, ciad in a diffusion barrier 206, su-ch 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 fayer 208 is formed an




short. Herein, the insulative layer 208 will thereforey g Mar 7007
bereferredto as an ILD. In one enbodi nent of the

wovnt/ooess t he | LD 210 conprises a material harChgs2003/028925
electrically insulative properties but also contalnlng

' me form of oxygen. 5 Exenplary ILD s contaj
'n%sﬁ%@qlavw@% @Ogiﬁtme%:tﬁf%% i@%a% aB ﬂntars!axandi@l@ﬁtnc or {LD for

~di oxide (Si02), fluorine-doped silicon oxide (SiOF), :
. short. d-k-rrem\mthaalpedlaﬁxe thyer DY) will tiidrefqre beanfearesf tooay ge iLD. In
inside the ILD 210 is significant to one enbodi nent of

onehembodirent oPihe insertRet thé D P10 tomphises aehaidrial Raving
conj unction with Figure 21 below. 0 01 1 1 The ILD

el Xnﬁﬁ'ﬁtﬂ%ﬁ?f%ﬁ%ﬁ% ? ut3HYo E&R%Ir[ﬁeé ?fcgr:ﬁﬁ] of bgy%en.

ep03|t|ngaf electrlc

) n em C vapor osition techni ques
s Eﬂ%ﬁﬁ%ﬂ?ﬁ Bt oot 8ces SRR sy Tiuiraied Snstisen
- 5 of the integrated circuijt % 1000 to 15000
diguidl (5162 yomng JpRed sUicRBEHAE UBRE it serbar dapedAxde (CDO).
Figures 2C 2D, with patterning the |LD 210 according
Thedgresenosrmficxygen dagidle tharldd 20@ ist sighificantds onecembbdisartt of the
the ILD 210 to form.holes, comonly known as vi as. .
invBntion t ecdedonibed m&mherajeta“ﬁmacdrmmcmh with h?r raf#lbelow.
process, as shown in Figure 2C, includi ng eposi ting

[ @ PROf 9r esi StThaygn 24bamay ek %sﬁétpb %{hn’ﬁ%

exposi ng, and devel oping “the photore | age; : to
o, deb@atitho? pbicle sl %ﬁ%ﬁé@w% Listtigal Vagbr

accordjng to th rn 214 20 |n the photoresist,
deP%?l@?“ %fgmqusf ﬁma’fhrcgnﬁﬁ%f)? tf@égb MRy vary depeqding on the
known as via, wwthin the ILD 210., The etching may
design f tfiﬂ@tﬁ%ﬁtqdrﬁf%utdﬁgbt&m@yﬁm@o@ An exenpl ary
nmet hod of etching may include reactive ion etching
[ ¥R E)?2 Jor ot hEne wethed kmeyneontiaubpss shale ip Figuress26t 2D, with
| ayer 212 can then be renoved fromatop the |LD 210

pat@é\ﬁlngl the 210 20t R/ding 2o [coRvéhtibndl GuAidmhaydkrdethAkiugs, to
2E, a second patterning process may 5 WO 2004/03008

15 etc?n the WA50289d fom&g§;29m€§own as vias. Such techn!ques may

include a typical lithography process, as shown in Figure 2C, including depositing

a photoresist layer 212 overthe ILD 210 then masking, exposing, and developing
the photoresist layer 212 to form a ;ﬁattern 214 in the photoresist fayer 212. Then,
“as shown in Figure 2D, the ILD 210 can be etched, acqording- to the pattern. 214
. 20 .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-sfop fayer 208. An
S exemplary method of efching may include reactive ion etching (RIE), or other well-
_'known, methods. The photoresist layer 212 can then be removed from atop the
LD 210 and via 217 cleaned. | |

"__25 100131 As shown in Figure 2E, a second paiterning process may
- o 5 )
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al so be perfornmed, according to conventional dual ¢ 5 a
damascene techniques, to form a trench 220. According 26 MAR 2007

0 B9 088hni que, the second patterning procesPATEE2003/028925
i ncl ude depositing a sacrificial material 218 to fill :

138 B BAORA 881t O Eon b Al e B do omn

Spi n-on-po
sided, b in coatjing.. The | ayer nmay al so serve as
a ‘gﬁ’?‘?@' ?%ﬁ %E%C?f %ﬁgﬂgm tecﬁ“'ﬂH@t thersgsnp padierning Insgeass may
. cﬁ&ﬂa be deposited on the sacrificial material 218,
In eprsine srediicial matesial 218 torfil viae? teasdrapletelyp dhed,
ar_%iéﬁr\]/:tlqu;g t% form anot her patte{bn defining a _
saen riafniay berz gpioran-polynige ds - ?Mis i
- Figure 2E, is then pgrforﬁrrggunSi Ia]:?rerr??ﬁgg iss”hatls
depositaerhy spif cBBEGES TAS 1868 HHRA) A ' ic i
gesi gne%g%lspectﬁ?a[r?% if or r?ﬁ%%{s?enc Q%E%‘nttl_?rﬁgg&on layer.
irSki ' equent | y..renoved,,
AnBlft SOy oIt Y& 219 Piay TR oo JIet it e BT meterial Trs,
t,eh- st L.ayer 2 may then be further etched to
thef{ i hb R Bl 4o [FAnba masked erpasied: ABdivelapgidg form
nduct or 204, A cleaning process may then be

C
a”(ﬁgﬁf BRiRIA dediningnd frenah jormatiomuregion 5A fineddetthdas shown in
. barrier layer 222 may then be deposited on the top of
Figure 2E2 isothep peeformasl uniil traacls 2aevefdrica® Depésiedlephe
via 216 and trench 220. In one enbodi nent of the

acdonding to the desigeed abp¥& rafi® YoriBe %%gﬁizﬁg ?Imé Qﬁ%tgr%i]st layer

barrier layer 222 and on the top

{ | f L.
2R oL 0] RS ToT RS M Fs U rblicl Witelifl 2/ ¥na the
I i ti to fill the
etoldtordpy b S0F e B s ke Pnel 3o Gonfieet Becda 16 eth a
o f P&l 5. A Ghaisorcsansy e ve
enmbodi nent, the electrically conductive material 224

perfgryed e rerseve pay sesidues.copper. The seed | ayer nerges
with the electrically conductive material 224. In

[ 0chdt&dr enbodi bamier ldyeneemay BrnSRede @il FRMEROWHILD
be present and the electrically conductive materi al

21022Avelhys bA tie BRIWAR arkt 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_ fili 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
P .
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. interconnect layer 200. However, as shown in Figure 2H, to eliminate the need

2 6 MAR 2007 WO 2004/030088 PCT/ US2003/ 028925 6 MAR 2007
directly onto the barrier |layer 222. The barrier | aye|2 -
woRolBYel® necessary to prevent the el ectri capdius2003/028925
conductive material 224 fromdiffusing into the ILD

210, especially if the ILD 210 is not a nateri al

dinesly oniot thelarrierriayeida?. dhe barrier layen@22¢vpy beaigogsiary to

the electrically conductive material 224 is highly

prevani¢hé elediridally conduG@ivExaamiial 224ebarT diffisinghato the)LDe210,
used for the barrier layer 222 include zirconium

| ESPEE‘.IQ ifthe NaPDRO Wihot & REHERA) thad, gé‘é]f WS H%sm%land

ant umnitride, t ungst en nitrr tirtani um car

Pty ARAGHGR Il 4 or

revyent djffusjion of the electrical] conduct . ]
BB malesaly iRba e weschios the-bame) ke dadaneilfs Zrgpniurm,
the electrically 10 conductive material 224 include
litariypetantgiumy fungsters titaniven rifride, tantalurhaitrids, dengsteanityide,
conductive material 224 should be deposited to a
titdriiolozeiside taataluwinl darbideingstnycdrbide, hafivhpoRdfheanttrides,
the trench 220. [ 0 0 1 5 1 Next, as shown in Figure

catfiied déhﬂj%ﬁntié abr (ABtPS BAY w g@oenpmeﬁbwmﬁéi e|e%fw6auy

as a chem cal mechani cal polis for short, to

coh&é&{vﬁr}ﬂé g?'(réf ﬁeﬁrlﬁ nZ{)/ gr?é Qll by ﬁﬁgﬁgﬁ’é‘r& n:géateﬁﬂ{s b ﬁ{%g'l%étncally
cofdicsibdisel 224 heftie et Cﬁe}rﬁéﬁq g .ﬁg%ﬁ@gg@w ofig.

the formation of th e i nterconnect | ayer
electrigally spadestivednaisniab2dt sbovld hepernsited ﬁg@rthwnese mat wﬂl
of the |ILD 210, the interconnect 224, and the barrier
GOM%&%ﬁyZWZheNhaZﬁbam@ﬂuibEaChZBOprocess, if a second
i nterconnect layer were to be subsequently formed upon
[ 6lwe1 Silrst i nKexic asrdewn iREEUrEPAG, a d;ﬂ Eibﬁl?;ﬁbcedure may
etch stop layer deposition would nee

AHEB dsuSad\8 ThBRTRVA! PHSERaNRE EBﬁéTP?)r'CMP r short, to

ormation of the first | nterconhect 'l'ayer

i ﬁ@éﬁbﬂmﬁ:ﬁ@wﬁ%gﬁﬁwaﬁé LAl %%m
oo B B ol S i v

the ILD 210, thus completing the formation of the interconnect layer 200.

100161 The planarization procedure exposes upper portions of the
LD 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

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,
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 depesit e bariarseatiaye

7 2 6 MAR 2007 WD 2004/ 030088 PCT/ US2003/ 028925 the & MAR 2007
i nterconnect 224, and the barrier |ayer 222. The Z v
FEDSUHOBYES of the netal material 226 is cost PCT/US2003/028925
effective and tine saving since the sanme machi nery

e fétebned 9082 b REVIREE L85 2207 TR ERafioD The et

Add| nal machi nery.can be used at.
e 7R oo A A AR e Sl e etbinery ysed to
ot her interconnect ers. Furthernore, since a
522 mptanial san b usestiordaposildae metal
typically fornmed very thick (e.g., 30 to 150
mateniad B24e rAdditienatly nthersanem edachingry shabe @wattsulusequem.
i ncreases the overall RC delay of an integrated

meSalliZatidn ﬁﬂo@éééés%‘lﬂ@ M’eaﬂ‘@%ﬂﬁr int c‘;d?’ﬁ]%cf gge&e ek rm"bre

conventi onal et ch- st op ayer IS e I m nat accor

8'"[=ﬁ etéﬁ’e@gﬁﬂﬂ%@‘ﬁfé@ s BtblaBle MR el fb”ﬁg% very

thick(eFes APa0 TopREnAmE). o Syt nal Aieh:RiG abieE BRI

integrated circuit having a decreased RC del ay
Increﬁ@eg\tha §vpelRfe alayeofem lnt@retedc@rctmtcan@mfl@mthrbwow?ven

017 1 The deposition of the nmetal naterial 226 may
sinte theoneedbjor a ddnvehlisnalatchv-siop lagepissliminateteddvodding to the

(e.g., thermal evaporation, sputtering, etc.),
embb@‘fﬂéiﬁ'of%l@é’Weﬁﬁcﬂ%é&dr%d”ﬁi@@%aﬂ R del=yOM1 el |

pl asma enhanced, etc. or by other known nethods of
SoATEE) R0 yE MR ke o e

I escrlb d |n fur all bel,ow,
theﬁ%f’ﬁac{bsabgéﬁf‘*@ {153 rodde ahinteohirerFra i nRking KB epsed
.20 However, the netal rraterl aI 226 shoul d not be
RC&E@E% inpgo\dRg paifermangs: of thegincpit copsigerabihe
significantly wwth the dielectric value (K val ue) of
[ Othel Gvbral | cihecdepasitimeofidhevnetab miatendl226t gy bel daredby
to the time constant value (RC value) of the circuit,

phyaivdl vapmsdepusitidnymethiods{e. giethalmapéeipgorhtidhy Gputtering, etc.),
deposited too thickly, it may sl ow down

chemical vapor depositic_m methods (e.g., conventional, plasma enhanced, etc.),

or by other known methods 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 depositéd 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 10)—\, with

8
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the circuit's performance. Therefore, in one 2%5 MAR 2007
enbodi nent of the invention, the 25 netal nmateri al

ive0 dimpoxniossed t o a thickness above approxi mat el yCTAA2003/028925
with 8 2 6 MAR 2007 WO 2004/ 030088 PCT/ US2003/ 028925

onhel s BRHR AN HORY ant Fon the |

metal material 226 may conprise a materjal that

i | | |
[ @t dréadi cal | yIneacembpdimentof Sxetyention e mqiafm@ﬁéﬂ%?%

the I'LD 210 as the nmetal material 226 is being

| majedmplissla natefialthatavii automaticallydeattayith treosxpmsed urtper

exposed upper portion of the ILD 210, as shown in

poﬁkﬁ%ﬁhgjr 12 Ptd%eihé italPateriah 226% B@m@m@dsnéd torfofm a

the ILD 210 has a sufficient anmount of

S e i B R B i o
L e g [l

and form io the netal oxide |ayer 228 on contac
a sufficienttathountiaf oxygerpe@taingd therainnvamthe wgil m%{ﬂe"a 226 is
portion of the ILD 210 may be consuned, thus causing _
depbsitgtborto thisillde 210@&emé@8maieml<ﬂ26mw e atygen in fﬁlll@!LD 210
the ILD 210. Exenplary ILD 210 materials that wl|

will 5@56Pna\ﬂcfahy Fdt rtﬁ&@bam@mg thémeldtmaesial 226 taokidizey and form
N

ude oxygen conpounds "oxi des"), such as silicon
d 10
theg’g%gﬂﬁ ideiaer 224 b Bbhes oﬁ@% %&gﬁp@gg@@ the ILD 2

rodiich BRBRP 2 D° ?%53@6“‘?‘%?8 ﬁ?gﬁ\%ﬁcﬁw%a@%@‘?a‘?‘? btaloxide

al um num tantalum _titani n chr
layEs 280 aNeIe STy §1imias o 210, edoPiny L 21mplgrals that
- conprise tantal um oxide, titanium oxi de al um num
wilbreaite withdhe onétahmaieriab226 upepaiontastingry, inglyd e aveen 9 1
Additionally, the netal material 226 nay conprise a
coffolihtia(“oxiduat), suth agellicen giinxide 63i0:Y, fieriogidtipeddsillopn oxide

t he exposed upper portion of the interconnect 224 or
(sfdl?, @ﬁa chftor] @MRId Béde (CDHD. EmMIEs af Metal matenalabberhay
nmet’'a :
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]1  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 230 is

the same material as the metal material 226. The metal cap 230 and the metal
. o , |
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| ayer 230, or met al cap 230, over the exposed upper 26 MAR 2087

rtions of the interconnect 224 and the barrier
e‘fﬂ@”"@:ﬂss al so depicted in Figure 21. The net &CTAHB003/028925
230 is 25 the sane naterial as the netal material 226.

e R L

e] 213 o Tiaces e B na el b Sl %%”r%%%ﬂ‘efﬁr

222 wi thout a need for selective dep03| tions.

seleribiet demesiinnsedt sheuld benetsd that eiiber at tisneﬂa@@‘azg@‘l between

bet ween the netal |ayer 230 and the copper

thei metil tayen @30 athe ebppdainterthenantta, orpb@adthesmetal cap 230,
partial oxidation may also occur due to exposure to

B paﬁu?%ﬁaﬁilﬁ'i‘hay@é@éf&?urﬁ%ﬁo é?(?bgéfé thsan%léhﬂ%b\n@ﬂ@r such

fectively I'nconsequenti al ectri cal

R e e

t ake however that ,as |it OXi d
bety@enbe FOPPRpelsBIe Jefand uteauenbsbriisiaterinects.
- oxidation cannot be renoved feasibly after to the
Cargeshguld He taken,hpwvayes o eostHeaithat ag I%ilezondathrh@cwﬁ as
cap 230 is configured to provide electrical
possibiaat the ntdrédcse?st sihee fhie exidativre capnotdr remmaived feasibly after
subsequent interconnects forned above it. The netal

the®adtabl 88 \ngblhdsrﬁgetﬁlfbmqiédfum on of the interconnect 224
mat er i a? al ong the netal cap/interconnect |nterface

[ oy oy et tery &%;a;eggzafoqg%hfgém%% eldfodihgh 11

a COﬂV nti ona nterconnect ace

uses_an Jncreas
confiagtin pERkEe binedTal i Fonriast 20d SPeRdeRy ea?%}{becﬁ%to'}med
interface, thus significantly preventin
aboyBeiby TBfrasal san2SGukinB R B S! e MierpaRneci2e4 materia
formati on caused by mgrating material, thus

. alongrtheniatg capéntereonaiect ipderfatardue to bettehedhssiustrength |

00211 Additionally, the nmetal cap 230 is
conaphradttagraiin o enventiard edch-giop/idesrcgmseotttedface aln other

portion of an overlaying ILDis directly above 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 forméti_on caused by migrating material, thus

~ improving the overall performance of the circuit.

foo21]1 | 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 cép 230 and the

metal interconnect 224 and also prevents upward dn‘fusmon into a subsequentfy
10




10

15

i nterconnect. Hence, the netal cap 230 acts as a a
diffusion barrier that caps the top of the 26 MAR 2067
wotespEmsect 224 material from outward diffusiBrr/usmes/028925
the surrounding |1LD 210 along the edges 231 of the
~ interface between the netal cap 230 and the 25 netal
formed evedayiag L2 Additianallys asslesorbed inupwihes dateflfaelew in
~into a subsequently 10 2.6 MAR 2007 WO 2004/030088 :
conRECHOB MK igRB 2M, fiies methlmapr23(yang thd Metaddide 22&BLYas an
- as described in further detail belowin conjunction

etcl’g%fsdb I??SHEI%gEMmq Qﬁosréahéht &ieR, 2510 ACIEAR phRicdke fode

stop |ayer preventing subsequent

ool 55 L, A0, BEHRFE PRl 4 B e

barrier -layer 5 222. [ 0 0 2 2 1 Furthernore, since

'222t he netal cap 230 is configured to provide electrical

connection between the first interconnect and .
[ 0sBsaqlient i ritustheomarss sinceftbe meetahoaw 830 is cenfigured i provide
material 226 should not be too electrically resistive

eledtricataiodhicstion bétween the Sirsttinteecoringet amd sbbsequed interpnnects
not be able to provide good io electrical conductivity

forn?’é‘t? ﬁ’BS@e fthihel BB nidirRl 22BN PLIERAt B thoselBegBHRN fdsistive a

I ht erconnects that may be contacting the metal
matgpl, ﬁ?%op%ﬂéh@% fetdl, Pf%ﬁﬁiﬁ%%@é Ble B ofHe gt

' nne terial f t rone. t.0
eledifiea) sorguelvibvbetiger ftefish eonoas 220 ?%\HQSGQH?@?\‘V frmed
time the nmetal material 226 woul d pervade th
interapnaestmiiet mayke atastingibergeiahcan dsbi Faphermaeg. dhg anetal
in the resistivity of the interconnect 224. An
matieriek 228 efitheermita cap 230 wholldl notdreetwoprohe twdiffusiareingg the
the interconnect 224 eventually causing dim ni shed

mteﬂﬁfrfr@cﬂﬁm enatbrialhef tobproné to diffdsidndntd thelGotesesnrastt 224
the nmetal cap 230 helps to significantly inprove .

" mat%hﬁF &ﬁ&mlgfrﬁé RS A& %&Eﬁa! AW S@r"vﬁ&@ ¢hé irtékohnect 224

nprovi ng- over al 20 circuit reliability. Plus,

pro&’t‘f&ﬁ‘é‘%% difesiELR! :n&ggs@?h (A% IsQUIFr e ihfiFeSiiBet D2HE 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 to significantly

20

25

210 has reacted with the metal material 226, a portion 232 of metal material 226

mprove electromig’raﬁon 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 especialy advantageous since the
sdbsequent 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

11




,hv,\j‘ )

as the oxide |ayer 228, the nmethod is especially 2 6 MAR 2007
agy%he‘%gﬁus since the subsequent formation of an

addirtro i nterconnect | ayer does not requireP&TAISZHN3/028925
stop | ayer deposition separate fromthe netal cap 230

abdlenesiit Do l[na?tng;cj ﬁa\gen%lllﬁg tﬁ%mﬁggﬁﬁgd‘ﬂ(ﬁwﬁist%ﬁﬁqn 232

has been depos has reac

L e e e

'P(.E/(#J 2003/.028925 above the IEP 210 may not have fully
perpitied Iyremain. « herefers, agehows & Figiine 4k ameichiback may be

super fl uous and undesirable because it would short out
perfarmnesio resayertbaistipefluope paitianeB2 abewettienmetel exideolayer 228,
as shown if Figure 2J, an etch-back may be perforned

| During sustoare eidtebackpobbssdise ResHan®8haai EveVS chEmistl thiat

oxi'de | ayer. 228. 5 During such an etch-back process,

etch &Pt MBAN SRR DN @R s HoR BigHif 'rklp?étch ﬂfecﬁa%%alt e 228,

metal material 226 but does not” significantly etch't

oD i 594 S by P22 BBl

10

l,asma et may .be enpl oyed for Ta, while A standard
basBHATHE Sich eY b3 SBRYEY S TaywblE &ifipasud csng baes
. Ti. Furthernore, the etch should not be io perforned -
plagrg et@h@ayrbeermployad forsdland hio Fagbenmgre, dbe ptcheshoudd not be
excessively. Consequently, the etch-back process
perfohmetidobéong aeelse thebmetadlcapa230 9y etonitesiched axcessively.
etch the superfluous portion 232 down to the top of

Corisegquerilathetstebadkpiote L 8hold ba Ed it bBi e
- et al c%p 230 isasubst%nti acl)l y pl ana?i @mbtghmﬁg%e g? ,

nec8il b 8188y p i SRR LTI bloB 7l kg g
ovef 2357 B2 SPGB0 IE R BaPS) bk it

: ‘the'su eqﬁg{ﬁghylﬁlﬁgggatt_erni ng. and etch. Consequently, as

15

20

» Bk doge nof pecazsaiynaay te BRMIFAA. with
depositing a second ILD 236 on the protective |ayer
[ 0432 5tlhen paffherasultpnantbtal otide tpyer 228 @vtPmietal tdap 230
second | LD 236, with the
together define a protective layer 234 that can act as an etch-stop fo a

SUbsequent ILD patterning and eich. Consequently, as shown in Figures 2K-2M,

the method may continue with depoéiﬁng a second IL.D 236 on the protective layer

- 234, then patterning and efching a via 242 in the second ILD 236, with the
protective layer 234 acting as an etch-stop during the via etch.

[0026] In one embodiment of the invention, as shown in Figure 2K,

the sec_ond ILD 236 may be deposited by any known method for depositing a film

- of dielectric material, including physical and chemical vapor deposition

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

R

‘the integrated circuit, but in one embodiment is deposited to a thickness‘ of

12
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00

25

20 protective |ayer 234 acting as an etch-stop during § MaR 2007

the via etch. 0 0 2 6 7 In one enbodi nent of the
wovYedseiks as shown in Figure 2K, the second pdF2i¥03/028925
may be deposited by any known nethod for depositing a
film of dielectric material, including physical an
appFX@ben 600pA. UhpestoidhD 236 mayeaspristBiesElBR 19D
236 thi'ckness may vary dependi ng on the design ck?)f 2d5 ilicon
' | {0 GUER as Rilicoh tieide ¢Bidadliflueaninetdoped s
-r“at%ﬁ%oés%ggfﬁmg) £10. 346k aslalioon e T o

. 20Q4/ 030088 PCT/ ; el from
oxidey B IR LA 3R g8 SECh, oPRRHE ARiERatbraliom
terial the first LD 210, il
e o B B 8 G O BB St e 26,
bon d d id CDO) , a.diff t .
howsmeerT miayfioadvartiagdoueder HerseEphd kP Zhoda B saTpmaterial
are to be fornmed atop the second ILD 236, s however,

as the fisviLpe2 |alvant ageous for the second ILD 236 to be
the sane material as the first ILD210[ 002 7 1 -

[ ofg %fjs"i ”gagfﬁt{f&nmg f H2ViEDA2 mal isttude bilitiagyapy process,

proceés own in Figure 2L, 1ncluding depositing
hot oresi St | i i oksesiflidyeP228ovehtie
as b Y 'géQﬁgﬂ'l %ﬂdé'ﬁg‘é‘gﬁ{"ﬁ%?% thegipéh(?tyor esi st
tayer 238 io to forma pattern I Qs [ 238
secpaydk D 2ARchenagasiishisxpRenp i By b Bk GeBEt fiver
236 can be etched, according to_the pattern .2 ]
to fphm aopatteire 240 ia ks pixtaresist l@s@érrﬂf heny %ﬁéﬁ‘ﬁzﬂ’a‘ 'Bﬁ%{‘&]?ﬁg the
may i ncl ude reactive ion etching (RIE), or ‘?’H}r ist
secotl ILBEsEcarebb etthedPaciardingtte the prttert 24@n 5%9#8“93'5
protective |layer 234, the underlying ILD 210,

L5 CAANS@MAZY rAsGobar etating mesrineiRdeweattivepion piching
lay%l?%iﬁ%keg and %aﬁaged by the etchant 244. Ashing and

(nghgﬂtﬂgr \gFW-IkhB\?/H ng%go@;%rlf)@ﬂir@ﬂwet Stcheifmutfdr tiee protective layer

esi ayer and to ¢clean residues fromthe
| nside of fhe i " | M&riletiBfer22$ wbald be -
23%&8? &@P?W'ﬁ@qbﬁoﬁﬂ? ﬁ%ragﬁﬁ%& %48&‘(? P}tggr coﬂ}eec_t and
b S b the blHint B84 2 HUhN 41 oRLARY Ry then bo
pérformed 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 lLD

~ 210, interconnect and barrier layer 222 during the ashing and cleaning processes.

: [0028] According to one embodiment of the inQention, 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 overiay the metai. 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




et
P
£
p—

10

15.

20

5

Pereiaigg @o?ﬁ:f’qn 15’ EMEA BIAGESS; A

{ 002 8] According to one enbodi ment of the 2.8 MAR 2007

i ti the via 242 20 may be formed according to
3&83%4‘5'2@35 design, or in other words may be f diFEgs2003/028925

so that part of via 242 may overlay the netal oxide

28 and | \
L 4,88 12 22 ?ﬁ%%%@%ddf*%&tti‘eﬁ'é*v@i{% s ¥ Qkh"m with
Ther.ef or e, chant 244 used %55&8 t he etchi ﬂg

BW%"{‘W“ g

etches the material of the second ILD 236 but does not

" darpgseenmtachpiguesy todoon atienake?4d. Seeardingipeaaneteghpiquen giter

metal cap 230. 13 2 6 MAR 2217 WD 20041030088

_ fenﬁt@iih@ﬁ@ﬁﬁbﬁi%étﬂaye{r 380 rénmStdp Heesenxiridod D236, tthe second

continue, as shown in Figure 2N, with performing a

| pat@@ﬁﬁ@br@@bé@ Hﬁyﬂgclﬁﬂé? Géﬁésmﬁ? G=@riNGial MatsHay Qﬂsgééﬁésmng

damascené tech nr ques, forma trench

amﬁﬁgf Bo@RS 180,285t MF safcH mAGRREAAS. P maptine.

b 0t A 0 AN A B e

photoresist | ayer 246 over the sacrificial materia
forrmaon regianmdsitingd etche g sbiow, indilgurrel, ihag neﬁ(@rmed until
- photoresist 246 to forman, pattern defining a trench '
treriair 248 isoiormeditoa. Spécﬁ"lbdﬁi’bpéh abcordingstodhe desigrieglaspeiratio
is then performed until trench 248 is forned to a

for sRegbhtiegqdene motsresisniaybp246 andesiyaeathifingeekrifidial 0
lo for the trench 248. Thg phot or esi g?él ayer9246 and

mat&hal QQHH r emvggéﬁdﬂem i %ghﬁ’\@%nd@lléaﬁﬁmg processes.

su seque ashing eani n
ther

f
[ OBt Oode. as E'a% W'E%’BF'&EE | 95hnB af $hb G i Figuees 20 -
second | nterconnect 254 in_the second | LD 236 to form

2P withJeEpig 2 AeeRndbiRiseennas) o4 s e pacKbiWy 790 19

20, a barrier layer 250 may 15 be deposited on top. of

- second istecepnnact AyeBB56.nAsahowreindiigune ROs adrartipelayer 85@ may

via 242 and trench 248 to prevent l|ateral diffusion -
be dépdditedsom snoitht lsgchad 1Dl 236 mnerarptnecsitiewaliot the etched via

second ILD 236. A seed |ayer may be deposited on the
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 fayer 250 and an eiectroplaﬁng process may be performed. An electrically

conductive material 252, such as copper, is deposited to a thickness sufficient to

completely fill th-e 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 2386, to form a second inierconnect 254. Hence, a second

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

metal-metal oxide etch-stop layet/electromigration barrier, and thus avou:img a
. 14




e

barrier layer 250 and an el ectroplating process may beB an7

performed. An electrically conductive naterial 252,25 MAR 284

woehoasossepper, is deposited to a thickness subdi/obmoinzsozs

to 20 conpletely fill the via 242 and trench 248.

Then, as shown in Figure 2P, a planarization
seppraieectumzenhmyabﬁcbstdpianﬁddemmtlﬂﬂasﬂae sspond 4D 236 is

pl anari ze the electrically conductive material 252

pro’@&(bcbﬁ*bﬁi iBterbentrict aRRroitigratioe bydhe ofietaheap 28@oibient as
6, to forma second interconnect 254. Hence, a

sho?ﬁclﬂrﬁpuké‘tzﬁ Ny er‘ﬂfod ﬁ%? repe&t fbf tHeOlofetion avubsequent

ercaonnec 200 utilizing a 25

t al ide,etch-stop |layer/electromgration
'”t%%qr}qe&?F 25,258 74 §98F‘di ng a 14 2 6 MAR 2007 WO
2004/ 030088 PCT/ US2003/028925 par ate, convention I
[ 0e@ hislop | ay%ﬁ?VQi@lpﬁf@lPQd'm@ntSTﬂfet?@éEYﬁm‘qn qub
protected frominterconnect electronigration by t
describadl. Hywaz, thoe skilled in $iearhwilhrecpgoize thel theneventlon is not
met hod may repeat for the formation a subsequent

{imitdd ®F BensiabsdihRires d@Stiibednbutsearobe pEadiicedvith rogification and

Several enbodi ments of the invention have thus been
alteSRAT WAl thBRRHEInd dd3ps & i bhéhddn SlRAnatat flldw.
recogni ze he i nv ntlon Is not limted to the
enbodlnents descri bed, but can be practiced with
nodi fication and. alteration wthin the spirit and
scope of the appended clains that follow 15 ' 16 26
March 2007 CLAIMS 1. A nethod, conprising: formng a
netal oxide |ayer over an interconnect |ayer by
depositing a netal |ayer on an exposed portion of a
first interlayer dielectric (ILD) and on an exposed
portion of an interconnect fornmed within the first
I LD, the netal oxide |ayer conprising a reaction

15




product of the first ILD and the deposited netal
| ayer; and depositing a second |ILD on the netal oxide
| ayer. 2. The nethod of claim1, wherein the first ILD
is a material that includes an anount of oxygen
sufficient to react wth the netal |ayer as the netal
| ayer is being deposited to formthe netal ox
| ayer. 3. The nethod of claim1, further coon?§F%6M7
CLAIM®tching a via in the second ILD, the netal oxide |ayer
acting as an etch-stop. 4. The nethod of claim 3,
wherein etching the via includes utilizing an etchant
1. A melttival, cavhprisirgt ch the second I LD without significantly _
etching the netal oxide |ayer. 5. The nethod of claim
1, wherein depositing the nmetal |ayer includes
forming d expstal idxidegaytehever rm@tidercbmest layer debbﬂﬁ’r@eﬁmehebya&m an

A 1 hod , of 1,
expose RS BB bl RIHRS hpa ing o o coesien ppan o
interconiigog fcvr_men onzithm‘ thel @BiiLD, thé et roxtdedaymt@mplisiygra reaction
product Sﬁﬁgﬁ}sf ) é'?:drfﬁé &%Jc%{ted rﬁ? aﬂg%e%da ({ om the group
consi s

antal um chrom um
deposmmseqolnﬂﬂ{ﬂ wmhemetaqu@teﬂm@r conprising: depositing a
first I LD over a substrate; formng a first via and a
irst trench in the first ILD, filling the first via
2. ThEarraethﬁ@ pf r glgim r dncwhewieih e direict!kPcas| ¢ oottt ithat

:nciudesrﬁﬂ ﬁﬁ'l'oalht’ of BlyBORGLALBA fohRas! Gff rtl‘\é3 ?rleltéf ISRPALChé \f'ﬁ‘etal
rial equivalent to a top surface of the first 17

layer is bEB‘QI\S’&PEWGQ@DfPrm thepnetabpyiderlafahi ng a first interconnect
within the first ILD, the interconnect have an
exposed top portion and the first ILD having an

3. The f%%éﬁ%‘i%f‘cjf'%"aa’E*&P?f%mpﬂa'@gos.t. ng a netal on the exposed

etching 4 ¥ irpiae seaond oD, tthemktal stidd kikrardn®ss ahetcexppsed top
portion of the interconnect, the netal being a

material that reacts on contact with the
4. The method of claim 3, wherein etching the via includes utilizing

an etchant that will etch the second ILD without significantly etching the metal

oxide layer.

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

8. 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:

forming a first via and a first trench in the first ILD;

filling the first via and the first trench with an electrically conductive material;

planarizing the electrically conductive material equivalent to a top surface of the first




first ILDto forma netal oxide on the first ILD, and
the nmetal being a material that forns an

el ectrom gration barrier over the first interconnect;
and depositing a second DLD on the netal oxide and the
el ectrom gration barrieg 9. The nethod of claim 8,
wherein the netal oxide and the electrom grathQn, 007
barrier together define a protective |ayer over {h
first ILD and first interconnect, and further
conprising: etching and cl eaning a second via and
second trench in the second ILD, the protective |ayer

ILD, thiClokhigig a fidh itérebnrebO PitiH I th Gir&itich! i ARFcRhERMAE - an
aim9, further conprising: formng

e"pose‘gﬁog @EE'HH aPﬁ!’] WE%E%ME?V'% FHPROPPLIOBEETA vi a and
depOSIt!ﬁQ amedtal driiBe eixpedaasp godibh @ntheldRstIILB and on mﬁ@mmsed ttqb

porion b 8 b ERFEL TR e BRI H PEFLbtel Bl ARty i, P
first ILDQ¢ fonstner @Etal etld}efmmmnetﬂ’a% 9% o thevinatal nghgual eaterial that faimsg
an elect@ﬁéﬁ%tﬁngﬂ}r eﬁ g\"?letr tN%f rst ﬁtefc%nngc? sgcond ILD wit h(l)gt The

pr ‘Stective | ayer .
depositimgea beapnd DLEN cm the metaszde and theelatiromigratios bamiet.
conpletely react with the first ILD, thus producing a
superfluous netal |ayer above the netal oxide, and
9. The ymethad cofmpelalin ng, et cvhexgimadie t h@t@upepiildaouﬁs?drre'ﬂ"lel

electroﬂlg?éﬁﬁfn lBé?nérh@ \/\%‘1 B ads nEr%? F@ééﬁbe qBS/‘eFj%ver tih? fi rsIhE %‘dhﬁgt

laim 8 erein depbsiting the neta el Gaes
interconpReh G6f fyrihgr eamePrisgal to a thi ckness between

etching &Rpél@éﬂlri@é 8L36nd QiafaridCsetBd fenchdin tH§ecBRd Nod R preteding

wherein the first interconnect conprises copper.
'ayeraCtTQ asPRSIGREREHR etghio@ng ClegiBgei n the nmetal conpri ses
a material selected fromthe group consisting of

cohal . umi tantalum chromum and titanium 18
10. Thei@gﬁﬁi@mﬁﬁﬁg%&%g%Tm?WQQHQThod of claim8, wherein the
forming fisestnd iniereminpeti itin thenseicend aila as'dltﬁembledhé felttrbin@ration
barrier t& E%ggntQRQ ﬂ'sﬂntgrgonnect rom 'dlf%smg |nto any %Ir:l)g)of the first ILD and
the second ILD.

11. The method of claim 9, wherein etching the second via includes
utilizing an etchant that will eich the second ILD without significantly etching

" 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, wherein  depositing the  metal

‘includes depositing the metal to a thickness between approximately 10 Ato 100 A.
-14. The method of claim 8, wherein the first interconnect comprises copper.

15. The method of claim 8, wherein the metal comprises a material selected

from the group consisting of cobalt, aluminum, tantalum, chromium, and titanium. -




17. A nmethod conprising: formng a first ILD, formng
a first via and trench in the first ILD;, filling the
first via and the trench with an electrically
conductive material; planarizing the electrically
conductive material equivalent to a top surface of the
first |ILD, thus forninggan i nterconnect wt E%thﬁm7
first ILD, the interconnect having an exposeg
portion and the first |ILD having an exposed top
portion; sinultaneously formng a netal oxide |ayer on
t he exposed top portion of the first ILD and a netal

16. Thec.ﬂ@th@d/sméulﬁ% URBRHCHeHRR IIPEIhRReOE nfdi@ial SLISIEPRRE He;
a_second | LD on the netal oxide |ayer and over

group C‘{'ﬁ@t‘?ﬂe%aﬁ'oh%)': BAECD& ching the second ILD until at
| east a portion of the netal cap is exposed. 18. The

17 A %ﬁ‘? of .claim 17, wherein etching the second ILD
MeIA?] FOM™S"Gast a portion of the metal cap is exposed

formmgeﬁqsblsms at Ieast a port| on of the netal oxide |ayer.

f 17, wherein sinultaneously
forming %?rst Y an i nc mne;ﬂja fq’%@'lg]e | ayer and the netal cap

filling the:ﬁmbm smﬂsthe ﬂepczhswlth aryelactriedlip comuctiveenarimsed t op
planarizigé’ me' e?&tr?cf ei &)%dtl&t[\/%tmé’(%l%i gg\ﬂ\élé}ﬁ toeé(tﬁgss%ﬁa# o(ff theoi%tt ' on

I nt connect
ILD, thus:i@n‘smman@t@rcrpmept within the fifgt ildR, thel rn@rctoonéthawmmn rret aI

exposed%b &R the 4 ELB“%@JHO& Qieﬁ%@b&uc'l#’ further

onprising, prior e second ILD on the
S'multanﬁ@tsa« fopningla medg) exide éayéhprh@leseua@reﬂ terorpstioreafae @pt tBe

and a m&BLRb R/ HE ekiBE8H WP thd iRRrd¥REE,; OoXi de |ayer.
forming a second ILLD on the metal oxide layer and over the metal cap; and
etching the second ILD until at least a portion of the metal cap is exposed.

18. The method of claim 17, wherein etching the second [LD
until at least a portion of the metal cap is exposed exposes at least a portion of the

metal oxide layer,

19. The method of claim 17, wherein simultaneously forming

the metal oxide layer and the metal cap comprises:

depositing a metal on the exposed top portion of the first ILD and the exposed top
portion of the interconnect, at least a portion of the metal consuming a _part of the first

ILD to form the metal oxide layer.

- 20. The method of claim 19, further comprising, prior to forming the second ILD

“on the metal oxide layer:
.etching superfluous metal on the metal oxide layer to expose the metal oxide layer.




