:z{e3eQ\D: * @VvT=F1~2 0 SEP 2004 METHODS FOR ELI.M NATI NG METAL O%_ﬁr
FSG FI ELD OF THE | NVENTI ON The present invention rel ates generald § $&P 20
met hods of formng nmetal plugs within vias used in the formation of

sem conduct or dévices and specifically to a method of elimnating netal
corrosion by FSG (fluorinated' silica glass). 't. e2 0 SEP 2004 BACKGROUND
OF THE | NVENTI ON Sem conduct or devi-ces constantly decrease in size with
nore and nore devices, of a smaller and. snaller design rule, per
fabricated wafer. Interconnect |layers, usually forned of FSG are f or med
over the devices. Vi.a openings are formed within the interconnect | ayers
and are filled with netal plugs to formelectrical connections with the
underlying layers. US. Patent No. 5,937,323 to Orczyk et al. descrihbes a
met hod. -of formng a fluorinated silicon gllass (FSG |ayer on a substrate.
An undoped silicon glass (USG - liner under the FSG | ayer protects the
substrate fromcorrosive attack. U S. Patent No. 5,908,672 to Ryu et al.
describes a planarized passivation |ayer that includes an FSG | ayer and a
silicon nitride layer. The FSG |l ayer is preferably deposited using
triethoxyfl uorosilane (TEFS) and tetraethoxyorthosilicate (TECS). U.S.
Patent No. 5;858,869 to Chen et al. describes a nethod for naking

- multilevel electrical i nt er connect i ons having a planar internetal

dielectric (IMD) with Iow dielectric constant k and good therm

- conductivity. Metal lTines are formed and an ani sotropic plasnma oxide (APC»

IS dep05|ted t her-eover; lining the sidewalls and upper surface of the netal

.Ilnes A low k polyner |s deposited over 2

METHODS FOR ELIMINATING METAL CORROSION BY FSG

FIELD OF THE INVENTION

The present invention relates generally to methods of forming metal
plugs within vias used in the formation of semiconductor devices and specifically

to a method of eliminating metal corrosion by FSG (fluorinated silica glass).




13 0 SEP 2004 the APO and the polymer and the APO are CMP' ed back to the

top of the metal lines. An FSG |layer is deposited and via hol esZ 8r SEBt H84d

in the FSG | ayer. The APO provi des w der openings between netal |ines -
fitTled with the low k polyner. U S. Patent No. 5,759,906 to Lou describes a —
method of formng a planar internetal dielectric |ayer (IMD) for nultilevel

el ectrical interconnections on ULSI circuits. After via holes are etched in

the I MD, an FSG i nsul ati ng BAYKGROUNDOSFIEREand/elighes back to Form
sidewal | - spacers in the via holes to prevent outgassing fromthe SOG or |ow
- k polyner. 3 ~2 0 SEP 2004 SUMVARY OF THE | NVENTI ON Accordingly, it is
an obj ect of the present invention to provide a nethod of forning netal*
plugs within via operdg: .elim.nates metal corrosion by FSG film '
Ot her objects will a;gpieé}‘glr%ohte{?goﬁa#?‘@F?s F?“Wagfalﬁoﬁf-'%%?? H} SESV ety Morst andhe
above and qpher obj.ects ff t he pr esent invention maybe acconplished in the
fol l owi ng raRner-c e P4 GafMmplles andi wwaligetdssigubstleaterhiatirhgitad wafer.
overlying [Eet al layer_ and oxide hard masks overlying the netal layer is
provi ded. TFREIGRNBECthiaErsmekenllyr éoused dfoF8Gehrs Hormetabvéayer de9ideql Mia
netal lines separated by netal |ine openings. An oxide liner is formed over

- the etched epenimguam. fofrredywithif tHeSGte%oARPAILTEY VL L £ i4e ik dlel, 04 Ne
FSG | ayer is then planarized to renove: the ex%ess of l:teh@?ﬁlcggl alg{eertﬁfl?lgﬁ‘? _

the etched wiforataldcicAnGnhB&IRAM RS Qxide | i ner osier the oxide
hard masks to form FSG bl ocks within t%gkée{lg}nq 1|“’1P§8rs(f;)p_eni ngs. A cap |ayer
is formed over the planarized structure. The cap |ayer and hard nasks are

' . then planarized to formvia openings exposing the nmetal |ines. Planarized

“netal plugs are then midhin the via openings. 4 ~2 0 SEP 2004 BRI EF .
DESCRI PTI ON OF THE DF\I\XI\ﬁ Fl*ée%&qé%ﬁa%s dROseryinengbsdedcrities aehbitdobf

- formng netal plugs, .. . . ' . :
: _f%rmmg a tfluorinated silicon glass (F5G) layer on a substrate. An undoped silicon

glass (USG) liner under the FSG layer protects the substrate from corrosive attack.

U.S. Patent No. 5,908,672 to Ryu et al. describes a planarized
passivation layer that includes an FSG layer and a silicon nitride layer. The FSG

layer is preferably deposited using triethoxyfluorosilane (TEFS) and

tetraethoxyorthosilicate (TEOS).

U.S. Patent No. 5,858,869 to Chenret al. describes a method for making

- multilevel electrical interconnections having a planar intermetal dielectric (IMD)
with low dielectric constant k and good thermal conductivity. Metal lines are
formed and an anisotropic plasma oxide (APO) is deposited thereover, lining thel

sidewalls and upper surface of the metal lines. A low k polymer is deposited over




~about 4, 000A of a PEGU

wi thin via openings which elimnates netal corrosion by the use gdsfé) Fﬁ&
filmaccording to the present invention will be nore clearly unia ocz
fromthe foll owi ng description taken in conjunction with the acconpanying
drawi ngs in which Iike reference nunerals designate simlar or ~—
correspondi ng el enments, regions and portions and in which: Figs. 1 through
8 schematically illustrate in cross-sectional representation a preferred

enbodi ment tof AR apdetenpolynvendridihe ARS.2r9 @m@'éaobéabw%gcfﬂ Eylthe mesal,

illustrate in cross-sectional representation an alternate, der

ess

- enbodi ment ligks.t AL FBERCRE i ' - 0. SEP ,20D4 D CRI PTI ON
OF THE PREFERRED ENBOD! NENT gr&oagtggsﬁ nﬁﬁ‘élﬁnh%g%s ?rﬁe%tﬁt}?glelﬁ&tgg}%%g%mﬁt\gpow

- K (I ow digl&eik Ly ocess far. formng an interconnect |ayer
i ncl udes ar?? a@o%}% %&88%8?%@@%}, EE{%‘F%“ IF‘@Far'éWeéftﬁ?@Ht“H’éh theg Jaw kqrolwingt. on
patterned netal. This is foll owed by about 16, 000A of a HDP-FSG ( hi gh
density plasma fluorinated film. Next, the FSGfilmis

chem cal | y- mechani cal | é Eol i shed (CWP) to about 6, 000A and capped with

pieadnoenlfaRie theolcadscyidBROm BRARSA LdOMming a

- oxide.layer. Via openings are then formed within the FSG fil m exposing

;openi ngs per

portions ofplarees ipadrirestaledichsetnid lay@h@IMD?’@o%@xlﬂ‘é%ﬁ%&%gﬁﬁ?&&l&a&ge via

openings are coated with a barrier nmetal sandw ch layer conpris o3 O N

layer over VLS cik@ney. - AFENGSE BBlesOhreBbUAEGYM th&mbegkuﬁ%%%gg%p% fﬁ(@{eg?sd

within the barrier metal coated via openings.

this. currenf. ' at. the thin barrier metal |ayer within the via
rate%gtg g?‘%ﬁ%faé%#‘%% % JUEHTE 158! Shacesars fhenviahheles dotpesiesnt he

tungst en of, SRUTL AL 821458 169 A Sefng, 11T mg of the




via openings to formthe netal plugs. 6 ~2 0 SEP 2004 Preferred _
Enbodi nent of the Present Invention Unless otherw se specifi eqz PXEP ?[][]4
structures, layers, etc. nay be fornmed or acconplished by conventiona

~met hods known imMm the prior art. A key feature of the—present invention is

~ the doubl e oxide layers (e.g. 50A, 30A") which further assist in preventing
out gassi-ng of fluorine fromthe FSG bl ocks 60A-D into netal plugs 90A-D.

More specifically, the novel SUMMRAR®IOF I0eE BAVENPTIGANE Second of the
doubl e oxide layers), not previously shown 1n € pri art, provide

addi tional shielding of the metal plugs 90A-D. Accordingly as shown jn Fig.
1, starting sem conductor structure 10 has overlying upper M (for exanple)
netal: | ayer 20 forne . er.. .Metal ,|ayer 20 nmay be conprised of Al,

Al Cu, or AlSicCu, andgﬁcégﬁlg‘%fa%llﬁ FoRPIECE 04 tHE PRecRNt Mo o hbuideess

- of fron1ab§§E %gogfto.8000A._S m conductor structure 10 is understood to
‘possibly i SRR Ok fegng AR P HSIiEEn via epishgathet cichingesanetapassbyien
devices fornmed within the wafer, conductive |layers and dielectric layers
(e.g., int Yfégﬂyﬂbxide (I1PO, intermetal dielectric (IMD), etc.) forned
over the wafer surface. The term "seniconductor structure" is nmeant to

i ncl ude devices forned within a 7 ,2 0 SEP 2004 sem conduct or wafer and
the |l ayers overlying the wafer. Preferably, the top surface of

semi conduct or st ruct giReddhib& mﬁ;l]: .adielectric layer. Oxide |ayer
(SIOx) 30 is then forned oJersgrrvgta ?gglé‘?‘fe%ffe& a thickness of from about

2000 to 4000A.

It has now been discovered that tht_—*:_ above and other objects of the
present invention may be acélompl';s'hed in the following manner. Specifically, a
semiconductor substrate having an overlying metal layer and oxide hard masks
~ overlying the metal layer is provided. The ogide hard masks are used to etch the
metal layer to form metal lines separated by metal line openings. VAn oxide liner is
formed over the etched structure. A layer of FSG is deposited ovér the oxide liner. |
The FSG layer is then planarized to rerhove: the excess of the FSG layer frém the
etched structure; and the portions of the oxide liner over the oxide hard masks to-
form FSG blocks within the metal line openings. A cap layer i¢ formed over the
plénarized structure. The cap layer and hard Iﬁasks are then planarized to form via

~ Openings exposing the metal lines, Planarized metal plugs are then within the via

openings.




As shown in Fig. 2, oxide layer 30 is patterned to form oxide hard masks
30A, 30B, 30C, 30D, for exanple, over netal l|ayer 20. Using oxiH@ PErdZDM
masks 30A, 30B, 30C, 30D, netal layer 20 is etched to formM neta i nes
20A 20B, 20C, 20D, respectively, with netal |ine openings 40A, 40B, 40C,
40D there between. Metal |ine openings 40A, 40B, 40C, 40D may have w dt hs
from about 2000 to 6000A. Although netal |ines 20A, 20B, 20C, 20D are

illustrated for purposesBBIEE RIPTEOA OFapEE BRATRINES et ched to

achi eve any nunber of desired netal |ines or patierns. hown in Fig. 3,

oxide liner 50 is formed over oxide hard masks 30A, 30B, 30C, 30D, the.

exposed portions of netal |ines 20A, 20B, 20C, 20D and the exposed portions

of sem conductor str ide liner 50 is preferably is conprised of

'Sioz and has a thi ckggggeg?&g? 8%%%@%%“%%‘3 ng%mbocé of fopmingeretaDpligs

shown in Fivgi'th‘rl\) a filmof fI.ugri nated silica glass (FSG =-60- is deposited

over the stTuctufs “HNEhy Heh Aiminseesomeni mpsrasion b40Be 4OCof 4AFSG@ Mm

bl anket filling patterned oxide |layer 30, i.e. oxide hard nmasks 30A, 30B,

30C, 30D, RSETHYgrioge presest énabhtiodepdisiteethdry debiighudensidod RLas

(HDP) net h_c%d%éo_fo;h? HDP- FSG | ayer 60 having a thickness of from about 5000

~ to 10, 000g.todgwehpwrsinp oy .taken HRORORRG ' i nari,zed. to the
| evel of patterned oxilfjpe | ayer 30, prgfﬁér%%fgyﬁggt% 8%%?%‘1@2‘%61%{%%1’183 n

pol i shing (a\MBh likehiRherdeSQih : Lion of oxide, . liner 50 overlying
“oxide hard masks 30A, %OB, 30%@%%%?1%[?%%%&39 T EpBeHEng i eRts. weiRy

60A, 60B, ' Lt R i ngs 40A, 40B, 40C, 40D, respectively, lined.
. by remalini.%gg;ig é???%%%ﬁ§8£?ﬁggg, 50C, 50D, respectively, of oxide liner 50.
Oxi de |ined plugs 60A, 60B, 60C, 60D serve to isolate nmetal ‘1ines 20A, 20B
20C, 20D. As shown in Fig. 6, cap oxide |layer 70 is fornmed over the -

- planari zed structure_to a _thickness of from about 2000 to 4000.8.. Cap

| ayeY 70 i's preferabFj8torprhsedshs 8sisthematicalip sillibear o deokSisotishal
oxide). As shown in Fig. 7, Si-rich cap oxide layer 70 is patterned to form
cap oxi de AEBYSeNBon AGBefertE] eBBdanENnTOFhe FEsenf AR EXRPS! NG a portion of
under | yi ng _

Figs. 9 and 10 schematically illustrate in cross-sectional representation

an alternate, borderless via embodiment of the present invention.




oxi de- hard masks 30A, 30B, 30C, 30D. 9 iz o SEP zoos In a key step of the
first embodi ment, the exposed portions ;of underlying oxide hardygrfsBEP 32084
30B, 30C, 30D are etched, preferably by a dry etch, to formvia openings
80A, 80B, 80C, 80D; and 80E, -80F exposing portions of netal |ines=20A, 20B;
and 20C, respectively. That is, during the cap layer 70 and hard nmasks 30A,
30B,. 30C, 30D patterning step, only a central portion of said hard nasks
30A, 30B, 30C, 3DBTIdFH I DR i j Ehite
30B', 30C, 30D lining at | east one side wall o e Via openings 80A 808;
-80C, 80D adj acent the respective oxide liners 50A, 50B, 50C, 50D in_said
via openings. A portion 30A', 30B', 30C of oxide hard nmasks 30A, 30B, -30C,
respect i velptocd 8yt g%tveﬁ)t% ge liner 50 within via openings 80A, 80B,
80C, ‘80D, respectiively. O mask portions 30A", 30B', 30C, 30D are
- from about 500 to 1000A thick. Oxide |layers 50A/30A" ; 50B/30B ; 50C/ 30C,
and 50D/ 30D, respectively, prevent outgassing of fluorine fromFSG bl ocks
50A-D into netal  pl ugﬁs 90A-D. Oxide hard nmask portions 30A", 30B', 30C,
- 30D . provi de an addi thiheneirremakwy e Bf(lgpw atieletirancdriztas ipybidg fggif%ihig%%
portions 50A, 50B, 50C, 50D in preventing outgassing of fluorine from
bl ocks 60A-iMermrmearetagler phelgee®8A-Bout 800A 1 P L) &Ry TeL:

f e Ban” BoB e BoHO:

layer (not shown) may be formed within via openi'ngs

-80E, 80F, Idmpatgernbe Ml orRia i | i\a~ epeni 0B, .80C,
80D, 80E, 80F. The barrier IIi E%E&%ﬁge%gyc%ﬁggilé’ggo‘gfoaagjﬁg%écl &S’rg? dgpsity ~1
.or Ti, or i\S f.,a er. of TiN over a |layer of Ti. As’ :
~shown i n Fﬁ’glf%%%‘ fg@%aégggpﬁ&ﬁgqx?,(%#%m s fRemitallycessainicdlopetishee

structure, fhL5Ling via opepings 8§0A, 80B, 80C, 80D, 80E, 80F and bl anket

filling pat(@ttégﬁ\ﬁ%tcﬁﬁﬁ% BQSd‘@HI%RdeWI’F@.abDM 4B0GA 0hpePECY D hphasina
pl anarized, preferably, bf/ CWP, to renove the excess netal fromthe surface
-of patter néd'8R<§ Tekp! vaperedepnsitionnoxadelldyer.mi ng pl anari zed metal pl ugs
90A, 90B; 90C, 90D, 90E, 90F within via openings 80A, 80B, 80C, 80D, 8O0E,
80F, respectively.

Via openings are then formed within the FSG film exposing portions
of the patterned metal. The side and bottom surfaces of the via openings are coated
with a barrier metal sandwich layer comprised of a TiN layer over a Ti layer.

Tungsten, or aluminum, metal plugs are then formed within the barrier metal

coated via openings.

However, the problem with this current process is that the thin barrier
- metal layer within the via openings permits outgassing of fluorine from the ESG

film which attacks the tungsten or aluminum creating a void during filling of the

via openings to form the metal plugs.




‘Met al -plugs 90A, 90B, 90C, 90D, 90E, 90F may be conprised of W A, or Cu,

and are preferably conprised of tungsten (W. Oxide hard mask pogtd
30A", 30B', 30C assist in preventing outgassing of fluorine frdé‘n-d—imFggm
bl ocks 60A, 60B;,~60C, 60D into netal plugs 90A, 90B, 90C, 90D, corroding
metal plugs 90A, 90B, 90C, 90D. Cap oxi de masks 70A, 70B, 70C, 70D over FSG
bl ocks 60A, 60B, 60C, 60D, respectively, prevent outgassing of fluorine
from FSG i ntmefemsd Budrddyinedt bEYRI Bresdrdt Invaddn SEP 2004 Doubl e oxide |ayers
(e.g. 50A, 30A ) provide an extra lTevel of protection in preventing .
out gassing of fluorine fromthe FSG bl ocks 60A-D: into netal plugs- 99A:D.
More specifically, the novel oxide portions 30A'-D (the second of the=
doubl e oxi de | ayers), t eviqusly shown in the prior art, provide
addi ti onal shi el ding %ﬁ%tsﬁgh?‘%f”a‘ise pPerdEedonl Briatures layerst etentagi befidrmed
_Al'ternate Enbodi nent oé the Present Invention Borderless Via Process An
al ternat e eGP IENEhE bb’ﬁ@nﬁ?@s@ml hethedsikoovirsinsthewridrarki gs: 9 and 10.
The previous steps shown in Figs. 1 - 6 are the sane, and all el enent
nunbers are the sane. The alternate enbodinent of Figs. 9 and 10 pernmits
the formation of borderless plugs within via openings vi.a openi ngs 80A, .
80B, 80C, 80D, 80E, 8AQkeyThaghoal j ce in:. the formation of borderless
“plugs of Figs. 9 and 10 \B/Zersus toﬁég%lfpflﬁg%e‘igﬁﬁﬁrglsqn lﬁ.tgﬁéioélﬁjh? iRpYeRdee: i s

not ~any oxisies haah sas I .30A" . 30B., 30C wthin_via openings 80A,
80B, - 80C, 80D, r es%)ect ﬁg‘?’rﬁ‘bﬁ?ssl%&v%’ieﬁ Riife catsassing ehfluapnesrere ﬂ%@fé@ 70

i's pattern mGap oxide ,masks 70A', 70B", 70C', 70D' and 70E", 70F",
. 70G' expos?%SEgs %@?‘?‘P gﬁt%o ehﬂd@%?igﬁﬁ"&M@refﬁ?#@élfmﬁkstlﬁ)mvgﬁﬁ;idaqﬁrtﬁﬂa

12 -2 0 ,gBQ4 The eré:[)oged portions of underlying oxide hard masks

30t1, 308, "U30Be apeons ehthe, dprbleerdtie yajrrsiandt pretiotslytsokat A Vi@prior

openi ngs 80A", 80B ; aid _ ' ‘
art, provide additional shielding of the metal plugs 90A-D

Accordingly as shown in Fig. 1, starting semiconductor structure 10
has overlying upper M1 (for example) metal layer 20 formed thereover. Metal layer

20 may be comprised of Al, AICu, or AlSiCu, and is preferably comprisedr of AlCu,
and has a thickness of from about 3000 to 80004. -

Semiconductor structure 10 is understood to' pbssibiy include a
semiconductor wafer or substrate, active and passive devices formed within the
- wafer, conductive layers and dielectric layers (e.g., inter-poly oxide (IPO),

intermetal dielectric (IMD), etc.) formed over the wafer surface. The term

£ -
semiconductor structure” is meant to include devices formed within a

L LT HF TR S A A N T A OB ST



80C', . 80D', 80E", 80F" exposing netal |ines 20A, 20B; and 20C,
respectively. A barrier netal |ayer (not shown) nay be Forned 'tﬂ;igﬁpliﬁm‘
openi ngs 80A", 80B", 80C', 80D', 80E", 80F", lining the bottom'an T

wal '8 of via openings 80A", 80B", 80C', 89D', 80E", 80F'. The barrier I|iner
may be conprised of a si ngI e Iayer of T| N or Ti, or a dual |ayer conprised
of a layer of TiN over a layer of Ti. As shown in Fig. 10, a |ayer of netal

(not shown)semisondietiodepda dretl thovialetshey & tyiHS n
80A", 80B", 80C', 80D', 80E', 80F" gnd bl a}rnk'étyq‘%F{"aﬂglj “’*%@-r.k%h%ﬁs ?%Ee

masks 70A",of%@BucoﬁcﬁEt®r s?t@&tu?@@(] OEm net al Iayer '5 then
pl anari zed, preferably by CWP, to rem)}\D/171 { %f%)géé 3 1 A from the surfiace

of Si-rich cap oxide nmasks 70A", 70B', 70C', 70D' and 70E", 70F"', 70G' and
form ng planarized rret al plugs 90A", 90B", 90C', 90D', 90E", 90F" within

vi a openi ngs 80A", 80E", 80F", respectl vel y. Metal plugs
90A", 90B", 90C', ’“d@gEYef @Gfgg Ieis then éommped seet metallayr, 2006 Lthiclands
are preferably corrprl sed of tungsten (W. 13 ~z 0 SEP zooa Oxide | ayers
50A, 50B, SUEOmEDOLE AYE0 tudQ§8dsi ng of fluorine fromthe FSG bl ocks 60A, B,
C, D) respectively, into metal plugs 90A"', 90B"; 90C', D', respectively,in
the second embodinment. \Wile particul ar enbodi ment s of the pr esent
“invention have been illustrated and described, it |s not i ntended to limt

tCEiI :nge_nt I on, EXCEDtA§§hQﬁ‘de i}?@zé)yz tH84é ?:L)Ire%%d.'% pa bied to form ox1 EI;aEC?O4

masks SOA, 3013, 30C, 30D, for example, over metal layer 20.

Using oxide hard masks 304, 308, 30C, 30D, metal layer 20 is etched

to form M1 metal lines 204, 20B, 20C, 20D, respectively, with metal line openings

- 40A, 40B, 40C, 40D there between. Metal line openings 404, 40B, 40C, 40D may
have widths from about 2000 to 6000A.

Although metal lines 20A, 20B, 20C, 20D are illustrated for purposes

of example, metal layer 20 may be etched to achieve any number of desired metal

lines or patterns.

As shown in Fig. 3, oxide liner 50 is formed over oxide hard masks
30A, 30B, 30C, 30D, the exposed portions of metal lines 20A, 20B, 20C, 20D and the
exposed portions of semiconductor structure 10. Oxide liner 50 is preferably is

comprised of SiO, and has a thickness of from about 100 to 1000A.




W claim 1. A nethod of fabricating netal plugs within via openings,
conprising the steps of: providing a sem conductor substrate havik of aSEP 2004

overlying netal |ayer and oxide hard masks overlying said netal |ayer;
usi ng said oxide hard masks to etch said netal |ayer form ng netal-iines
separated by netal |ine openings; formng an oxide |liner over said etched

structure; depositing a layer of FSG over said oxide liner; planarizing
said FSG |l ayer to renove the excess of said FSG |ayer fromsaid etched
structure and to renove the portions of said oxide |iner over said oxide

hard masks, form ng F&& BloRek S Wik, i t.al line,openings: de ositing
“a cap |ayer over said planari zed S rhlﬂcatsglrhgl; ggéﬁioéiﬂﬁtﬂ% SEE‘FEH gg%ﬁ EFaCf{)@r'ﬁ%n@i

hard masks § ' t hr.ough sai.d. cap | ayer and said hard mask
| ayer, ex pos?fl)ﬂ(;g&geg; %@e@%&ﬁé&% q&ﬁﬁg’f@ﬁmlﬂw%@mng& 48Amd0BI 4pCLE8DWRRGI N

said via o ' JMherein in,said cap 15 ;2 0 SEP Z004 | ayer and hard

masks patt gkr?l %h%gtsfslﬁhlég P%{Et%ré‘ﬁflroéﬂlg%éﬂﬁfow,o-fe- oxide Heard dnaslek30 &) B0BIITERGHD.

'l eaving a éctél on of said hard nasks lining at | east one side wall of said
vi a openi nSs’Q dpBeetfl is Peeferadiie cepoeited ibdea IHi gle Kenkify ng;qggnxi(a] H!;@H&d (2
The method of claim 1, wherein said FSG layer is forned by a % ensity

pl asma pr ockessy HBOP-FBE lapdritochnfing bhahBichessWen Sia 15alk dodd & APERHA9s have a

~wi dth from about

| As shown in Fig. 5, I—IDP-FSG_iaygr 60 is then _planéri_zed td the level

of Patternéd oxide layer 30, preferably by chemical-mechanically polishing (CMP),
which also removes the portion of oxide liner 56 overlying oxide hard masks 30A,
308, 30C, 30D. This forms HDP-FSG blocks (o plugs) 604, 60B, 60C, 60D within
- openings 404, 40B, 40C, 40D, respectively,

lined by remaining portions 504, 508,

50C, 50D, respectively, of oxide liner 50. Oxide lined plugs 604, 60B, 60C, 60D serve

to isolate metal lines 20A, 20B, 20C, 20D. -

As shown in Fig. 6, cap oxide layer 70 is formed over the planarized

structure to a thickness of from about 2000 to 4000A. Cap layer 70 is preferably

~comprised of silicon-rich silicon oxide (Si-rich oxide).

As shown in Fig. 7, Si-rich cap oxide layer 70 is patterned to form cap

oxide masks 70A, 70B, 70C, 70D and 70E, 70F, 70G exposing a portion of underlying

oxide hard masks 30A, 30B, 30C, 30D.




3000 to 5000A. 4. The nethod of claim 11, wherein said oxide hard masks have
a thickness from about 2000 to 4000A; said oxide liner has a thrg383§§>Qﬂmp1
about 100 to 1000A:; said FSG |ayer has a thickness from about é

10, 000A;: said caplayer has a thickness from about 20006 to 4000A. 5. The

met hod of claim 11, wherein said oxide hard masks have a thickness from
about 2500 to 3500 A; said oxide liner has a thickness fromabout 300 to
700 A; said FSG | ayer has a thickness from about 6000 to 8000A; said cap

| ayer has a thickness from about 2500 to 3500A. 6. The nethod of claim]l1,

wherein said netal |dyen k@y@, rafsedk (plfrsta 222 cl ed fromthe gr
alum nium Al Cu, and Al SiCu Q?C); | ayer is gonpﬁlseélto?lk% dOP@EFQm ?8

HDP- FSG, samlddeg d r nd sa cap |la
conpri sed of si ﬁlcgnd)drl(lﬂgh%ag? Iﬁ%%% %@?336% 73%(%9%{%%@ Efeefﬁrrﬁ y b\mfedeyn

said via o rped wt.hin SG hl ocks have a ortlon of said hard
masks | i ni ggazllapg Ffefé 5 ondEiiges \%Q% %Qgi %84 &0Igpand 89E; S&Edpcbﬁingl rasibns of

l'i ners havi n .t hi @ge of from about 500 to 1000A. 8. The nethod of
claimi, wHBF i Hings 20R 703 3pemltgsesnactizalywi t hi n sai d FSG bl ocks have a
portion of said hard masks lining at |east one side wall said via openings
80; said oxide hard mask portions. having a thickness of fromabout 600 to
700A. 9. The method of claiml, wherein said netal plugs are conprised of

tungst Ienbar1?| _The metTiad i@,fdﬁﬁagrfhé,cab%%ﬁm Re Ml ShatRE 3858808 300" M8

‘patterning step, only a central portion of said hard masks 30A, 30B, 30C, 30D are |
etched, leaving a portion of said hard masks 30A, 30B, 30C", 30D' lining af least

one side wall of the via operungs 80A; 80B,-80C, 80D adjacent the respectzve oxide

liners 50A, 50B, SOC 50D in said via openmgs

A portion 30A’, 30B’, 30C’" of oxide hard masks 30A, 308, 30C,

respectively, remain adjacent oxide liner 50 within via openings 804, 80B, 80C, 80D

respectively. Oxide hard mask portions 30A’, 308, 30C’, 30D’ are from about 500 to

1000A thick. Oxide layers 50A/30A’; 50B/30B’; S0C/30C’, and 50D/30D’

respectively, prevent outgassing of fluorine from FSG blocks 60A-D into metal

plugs 90A-D. Oxide hard mask portions 30A’, 30B’, 30C’, 30D’ prévide an

* additional measure of protection in assisting oxide liner portions 50A, 50B, 50C

50D in preventing outgassing of fluorine from FSG blocks 60A
90A-D.

-D into metal plugs
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layer.sw thin said via openings; said netal barrier |ayer being conprised of
a layer of TiN over a layer of Ti. 11. A nethod of fabricating [ﬁgaﬁﬂplzﬁg@
Wi thin via openings, conprising the steps of: providing a semc uctor
substTate having an overlying netal |ayer -and oxi de hard masks overlying
said netal |ayer; 17 r~ 0 SEP UU 4 using said oxide hard nmasks.to etch
said netal layer formng netal |ines separated by netal |ine openings;

form ng an oxide |i néybawéar matad IBteeiad: StowiSl Mae HOBRRSHE & 11; iRk
~ HDP - FSG over said oxide liner; planarizing );aig HDP - FSGﬁﬁgEgira o,nrlfg?fc’ove

the excess 80R, 88B,BIHRID, RSE, B@RQEniBgQHé %itgme%fg@ﬁfjde%éégb gr e and .to é@love

the portions of said oxide liner oveP said oxi ard V1% QP HHIRES

FSG bl ocks ggit & i ‘ ' eni ngs; ositing a _cap |ayer over
said planari ze%n(g't&?)aﬂd% Sgﬁg?@%’ai-lltl‘gﬁﬁ%%é qglg?giq}\fg‘%gp%,nsqugf Ra¥iBgledaxer afolifNor m

vi a openin .hrough_.said cap |l.ayer and said hard masks, exposing said

net al Iineg);% Tté’aqraa @F%ﬁaﬁ"e‘iﬁ%@ﬁ Phy lay e TEN overn dgorrtof 3000 t o 5000A; and
form ng planarized netal plugs within said via openings; wherein in said

- cap layer and hard masks patterning step, a central portion of said hard

masks are etched, formng via openings forned wthin said HDP - FSG bl ocks

that have a portion dfs savenhiar Bigmss ksalémbNehedt] (BASHoME $d ﬁ?en"‘@%fﬁossi?eicfj
via openings adjacent the respective oxide liners in saidVia openrngs.

a openings adj acent P pening
over the structure, filling via openings 80A, 80B, 80C, 80D, 80F, 80F and blanket
filling patterned Si-rich cap oxide layer 70. The metal layer is then planarized,
preferably by CMP, to remove the excess metal from the surface of patterned Si-rich -

- cap oxide layer 70 and forming planarized metal plugs 904, 90B, 90C, 90D, 90E, 90F

within via openings 804, 80B, 80C, 80D, 80FE, 80F, respectively.

Metal plugs 90A, 90B, 90C, 90D, 90E, S0F may be comprised of W, Al,

or Cu, and are preferably comprised of tungsten (W).

Oxide hard mask portions 30A’, 30B’, 30C’ assist in preventing
outgassing of fluorine from HDP-FSG blocks 60A, 60B, 60C, 60D into metal plugs
90A, 90B, 90C, 90D, corroding metal plugs 90lA,-90B, 90C, 90D. Cap oxide masks

- 70A, 70B, 70C, 70D over FSG blocks 60A, 60B, 60C, 60D, respectively, prevent

outgassing of fluorine from FSG into any overlying layers.

I




12. The method of claim 11, wherein said oxi de hard masks have a thickness
from about 2000 to 4000A; said oxide liner has a thickness from gtgpwqg]l}
to 1000A; said HDP - FSG | ayer has a thickness from about 5000 t'G 10, O00A;
said cap layer has a thickness'from about 2000 to 4000A. 18 ~2 0-SEP 2004
13.. The met hod of claim 11, wherein said oxide hard masks have a thickness
from about 2500 to 3%&%]‘;& ddv;Xi de liner has a thickness from about 300
to 700A; said HDP - yekideadayers hiecknees, fapem gg%x-d@ogp :
~said cap layer has a thickness fromabout 2500 to 3 OOA.1 14. %ﬁrﬂ%gégdc}fof
claim1l, whetesitionsiai pravenaing eiesséiseCOMMLLS Lal selected from
the group aluminum Al Cu, and Al Si Cu; “said oxﬁ%éﬁ?ﬁgﬁié@gm é@a—tngnjo
undoped si Ithetat elghsemm -CUE; 58l | ayer .is_conprised of

ol Ron i on ) Pl Ot SsAI0, Mg rel i Spationa i i ¢he dearing
openi ngs f oyt Li,Bi jdHSP  FSG bl ocks have a portion of said hard
masks 1i ni ngmg% egg%é]é’%gaegﬂ%‘ée%| Posaravinushibsearigsn Bai grivar artnpskvide
liners 30 \%%Vi' n(?we} éheg&kness of from about 500 to 1000A. 16. The nethod of
claim i1, WIS shigdingoldhe metakpiugs 984 - ih the fisdticduHRRmerdtSG bl ocks
have a portion of said hard masks lining at | east one side wall said via
openi ngs; said oxide hard mask portions having a thickness of from about
600 to 799A. 17. The method of claim 11, wherein said netal plugs are

conpri sed dilt mhodiflent @fﬂheﬁ?se%@%érﬁionmﬁofgeetrpe%g \/?%f 13%9' ﬁag‘i;ﬁm 11,
further including the step of formng a neta Fehin said via

openi ngs; said netal barrier |ayer being conprised of a |ayer of TiN over a
‘layer of Ti. : o

An alternate embodiment of the present invention is shown in Figs. 9

and 10. The previous steps shown in Figs. 1 - 6 are the same, and all element

numbers are the same.

The alterngte embodiment of Figs. 9 and 10 permits the formation of
borderless plugs within via openings via openings 80A, 80B, 80C, 80]j, 80E, 80F.
The only difference in the formation of borderless plugs of Figs. 9 and 10 versus the
.plugs of Figs. 7 and 8, is that there is not any oxide hard mask portions 30A’, 308",

30C” within via openings 80A, 80B, 80C, 80D, respectively. o

As shown in Fig. 9, Si-rich cap oxide layer 70 is patterned to form cap

oxide masks 70A”, 70B”, 70C”, 70D” and 70E”, 70F”, 70G” exposihg a portion of

underlying oxide hard masks 304, 30B, 30C, 30D.
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0bCHp10%&’ blars®# ¥0Vks(Ji-rich cap oxide masks 70A”, 70B”, 70C”, 70D” and 70E”, 70F”,

70G”. The metal layer is then 'planarized, preferably by CMP, to remove the excess
metal from the surface of Si-rich cap oxide masks 70A”, 70B”, 70C”, 70D” and 70E”,
70F”, 70G” and forming planariz_ed metal plugs 90A”, QOB”, 90C”, 90D”, 90E”, 90F”

within via openings 80A”, 80B”, 80C”, 80D", 80E”, 80F~, respectively.

Metal plugs 90A”, 90B”, 90C”, 90D”, 90E”, 90F” may be comprised of

W, Al, or Cu, and are preferably ccmprised of tungsten (W).
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the second embodiment.

While particular embodiments of the present invention have been

illustrated and described, it is not intended to Limit the invention, except as defined

by the following claims.
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We claim:

1. A method of fabricating metal plugs within via openings, comprising the
steps of: |
| providing a semiconductor substrate having an overlying metal layer and

oxide hard masks overlying said metal layer;

using said oxide hard masks to etch said metal layer forming metal lines
separated by metal line openings;

forming an oxide liner over said etched structure;

depositing a layer of FSG over said oxide liner;

planarizing said FSG layer to remove the excess of said FSG layer from said
etched structure and to remove the portions of said oxide liner over said oxide hard
masks, forming FSG blocks within said metal line openings;

depositing a cap layer over said planarized structure;

patterning said cap layer and hard masks to form via openings through said
cap layer and said hard mask layer, exposing said metal lines; and

forming planarized metal plugs within said via openings wherein in said cap
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()-1410% U& ()- ,2"10% U& ()- &0y10%

U& () - 99&& [ 1(dENbC! O#109% & ()-#10% & ()- \10% & ()-10% & () - Z#"10% & () -
V109 & ()-1(0( (")) ***z[ <1C

10"910% & ()-+"10% & ()-P! C)' 10%"~"& ()-Vv<% 10% & ()-! 4##&10% "& ()-!Y &
' 1098" 3" & ()-*****| +++ KC 10" 91

1090x& () - Y@ 109%0x& ()-!"109%0x0x& () - Y% 1090x& ()- , YWLOYOX& () - W 10"

10" +*, - - laydt /aﬁﬁkﬂ%rhoﬁéaﬁﬂso%ﬁﬁéﬁﬁﬁg Gtep, a central portion of said hard masks are

u&'
U&l
LJ&I

etched, leaving a portion of said hard masks lining at least one side wall of said via

openings adjacent the respective oxide liners in said via openings.

2. The method of claim 1, wherein said FSG layer is formed by a high density

plasma process.

3. The method of claim 1, wherein said via openings have a width from about

3000 to 5000A.

4. The method of claim 1, wherein said oxide hard masks have a thickness from
about 2000 to 4000A; said oxide liner has a thickness from about 100 to 1000A.; said
-FSG layer has a thickness from about 5000 to 1_0,000A; said cap layer has a thickness

| from about 2000 to 4000A.

5. The method of claim 1, wherein said oxide hard masks have a thickness from
about 2500 to 3500 A; said oxide liner has a thickness from about 300 to 700 A; said
FSG layer has a thickness from about 6000 to 8000A; said cap layer has a thickness

from about 2500 to 3500A.

6. The method of claim 1, wherein said metal layer is comprised of a material
selected from the group aluminium, AlCu, and AlSiCu; FSG layer is comprised of
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"1090x& ()-!# 10%Ax1x& ()-!" 10%0x0x& () - %10%x& ()-= 100x 100X P 2004
100x&9109%0x& ()- 01" 112Me2}~A2~\ = 10""" 109%0x& () - :
109%0Xx& () - VVI0%OX& ()-!"10%0x0x& ()-!! 10%x& () - @LOYOX& () - Z2233J4MINAOAPAd
YNC 10" 100x 100x 100x&I109%0x& ()-/"1090x& ()-}F -] 1090x& ()-C "109%0x& () -
% 109X & () - P4~44?555x6aBYNC 10" " 109& () -" 10%&' () - Wk

] 109%&' ()-10%&' ()-!"10%&' ()-<Yd0%&' ()- x6667c77YSABYNC 10"!4y %

(109%& ()HDPUIE dald WhidkAHr (9 CS&B%&%& bt B8 QX& shit cap layer is comprised of
109&' () - Y8889! 9" 9#9$929xnbC 10"! " 9%6+10%& ()- 10 10 10910% ()-/109%& ()-w)

silicon-rich silicon oxide.

7. The method of claim 1, wherein said via openings formed within said FSG
blocks have a portion of said hard masks lining at least one side wall said via

Qpenings; said hard mask liners having a thickness of from about 500 to 1000A.

8. The method of claim 1, wherein said via openings formed within said FSG
blocks have a portion of said hard masks lining at least one side wall said via
openings 80; said oxide hard mask portions having a thickness of from about 600 to

700A.
9. The method of claim 1, wherein said metal plugs are comprised of tungsten.

10.  The method of claim 1, further including the step of forming a metal barrier
layer within said via openings; said metal barrier layer being comprised of a layer

of TiN over a layer of Ti.

11. A method of fabric;*aﬁng metal plugs within via openings, comprising the
éteps of:

providing a semiconductor substrate having an overlying metal layer and
oxide hard masks overlying said metal layer;
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-z109& ()-vf)109%& ()-299-:::::::aVK@ 10" 10 10 10&910%& () -

109&' ()-Z2!'c]&10% ! & ()- #109%&' ()-v"109%& ()-f:::: ;;_; dBVK@ 10" i%&Dé‘E U4
101 10%J& ()- L 1090& ()- L9'109D& ()- 1090& ()- V10D () - #&# F) -W_;
;1 *<[ <<dEVK@ 10" !9V$*109%D&' ()- 93" 10%D& () - 109D& () -i

109D& () - VGLOYD&' () - L: 109D& () - <<7=n===H>dEVK@ 10" ! V1*109%D& () -

/109D& () - 9s-GLOYD& ()- 93+109%D& ()- (0109D& () -

& 109D& () - H>K>L>M>N>\ >>?F?bC 10" !

1098 ()-i!109& ()-i V! 109&' () - <%t10%&' ()-= 10D 10D 10D, ;

109& () - F??74s gxi%lg"ha{r_'d! HaY& ¢d _'étch said metal laver forming metal lines
C110%& () -910%& () -3!109%& ()-i 109 ()-is"10%& () - @@ﬂ;\AAB BaBbC 10" 1
separated by metal line openings;
forming an oxide liner over said etched structure;
depositing a layer of HDP - FSG over said oxide liner;
planarizing said HDP - FSG layer to remove the excess of said HDP - FSG
layer from said etched structure and to remove the portions of said oxide liner over
said oxide hard masks, forming HDP - FSG blocks within said metal line openings;
depositing a cap layer over said planarized structure;
patterning said cap layer and hard masks to form via openings through said
cap layer and said hard masks, exposing said metal lines; said via openings having
a width from about 3000 to 50004 ; and
forming planarized metal plugs within said via openings; wherein in said
cap layer and hard masks patterning step, a central portion of said hard masks are
etched, formﬁlg via openings formed within said HDP - FSG blocks that have a
portion of said hard masks lining at least one side wall said via openings adjacent

the respective oxide liners in said via openings.

12, The method of claim 11, wherein said oxide hard masks have a thickness
from about 2000 to 40001&; said oxide liner has a thickness from about 100 to 1000A;
said HDP - FSG layer Has a thickness from about 5000 to 10,0001&; said cap layer

has a thickness from about 2000 to 4000A.
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said HDP - FSG layer has a thickness from about 6000 to 8000A; said cap layer has

a thickness from about 2500 to 3500A.

14. - The method of claim 11, wherein said metal layer is comprised of a material
selected from the group aluminum, AlCu, and AISiCu; said oxide liner is
comprised of undoped silicate glass (USG); and said cap layer is comprised of

silicon-rich silicon oxide.

15.  The method of claim 11, wherein said via openings formed within said HSP
- FSG blocks have a portion of said hard masks lining at least one side wall said via

openings; said hard mask liners 30 having a thickness of from about 500 to 1000A.
16.  The method of claim 11, wherein said via openings formed within said HDP
- FSG blocks have a portion of said hard masks lining at least one side wall said via

openings; said oxide hard mask portions having a thickness of from about 600 to

799A.

17. The method of claim 11, wherein said metal plugs are comprised of tungsten.
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