10 SEP 2005 VERSATI LE COPPER- W RI NG LAYQUT DESIGN WTH LOWMK DIQL%@E% %ﬂus
-1 NTEGRATI ON BACKGROUND OF THE I NVENTION (1) Field of the Invention The
invention relates to a nethod of netallization in the fabrication of
integrated circuits, and nore particularly, to a nmethod of integrating |ow
dielectric constant materials with copper netallization in the nmanufacture

of iVREABHH COFRERTRIRING IBeyT iESH-HIWIHE FPYof AFELEGEREF

netal li zati on has becone a future trend in integrated circuit-

manuf acturi ng. However, c REBH™ni nation of the internetal dielectric
| ayer is a problem especially for the desirable | ow dielectric constant
(lowk) materials. Copper nobile ion contamnation is fatal and

detrinmental to | owgﬂ&gﬂé

Bi riald addition, lowk dielectrics
are also fairly suscepti ?@ﬁtdﬁ?ﬂgﬁ§a¥s éN%#?ﬁcts of plasma ashing as well

as plasma etching. It is desired to provide a snooth integration of |owk
dielectric materials with copper netallization in order to attain a
devi €k) ofidlghopetheor mneet joml i ty. | :

The invention relates to a method of
metallization in the fabrication of integrated circuits, and
more particularly, to a method of integratgng low dielectric
constant materials with copper metallization in the

manufacture of integrated circuits.

(2) Description of the Prior Art

Copper metallization has become a future
trend in integrated circuit manufacturing. However, copper
contamination of the intermetal dielectric layer is a
problem, especially for the desirable low dielectric constant
{(low-k) materials. Coppgr mobile ion contamination is fatal
and detrimental to low-k dielectric materials. In addition,
low-k dielectrics are also fairly susceptible ‘to the harsh
effects of plasma ashing as well as plasma etching. It is
desired to provide a smooth integration of low-k dielectric
materials with copper metallization in order to attain a

device of high performance quality.




0 1 SEP 2005 Co-pending U. S. Patent Application Serial No. 09/@9&,%‘342005
(CS-99-024) to L. J. Xun et al, filed on Sept. 20, 1999, teaches using a
dielectric layer to protect an underlying | owk dielectric during plasma
ashing. U S. Patents 6,001, 730 to Farkas et al and 5,723,387 to Chen
di scl ose copper dual danmascene processes. U.S. Patent 6,033,963 to Huang
et al teaches formng a netal gate using a replacenent gate process.

SUWVARY OF THE | NVENEHERnéipig 06is02lpatinte af1 Sl RSN JIYgNL i on s to
provi de an effective and very manufacturabl € nmethod o copper

met aPPy28i A4i (CEhE9f-aRkIcabi on of. Mahe@rakad @in@d ton dRYWCES o Anot her

obj ect of the present invention is to provide an effective and Very
manuf-d8Pur 8REhEEt HedNeT a drikdgrdtiing lagwrditel @ototiex-iconst ant materi al s

W th cgggir, metal l'ization in the fabrication of integrated- circuit

devi CBESTAK ST Her OYpfeBiedprcttnd o Aradnop liasmeo ashevent tapper

; i i i er. 2. i SEP 2005
cont 8apakkoR, gbat B0l QW Kk dielectric | ay 5,723,887 to Chen
disclose copper dual damascene pProcesses. U.S. Patent

6,033,963 to Huang et al teaches forming a metal gate using a

replacement gate process.
SUMMARY QOF THE INVENTION

A principal object of the present invention is
to provide an effective and very manufacturable method of

copper metallization in the fabrication of integrated circuit

devices.

Another object of the present invention is
to provide an effective and very manufacturable method of
integrating low dielectric constant ﬁaterials with copper

metallization in the fabrication of integrated circuit

devices.

Another object of the invention is to prevent

copper contamination of the low-k dielectric layer.




Yet anot her object of the invention is to protect the |owk di@l‘ecSEPi 2005

| ayer from damage caused by plasnma etching and/or plasma ashing. A further
object of the invention is to effectively integrate lowk dielectrics with
copper netallization using a replacenent Iine and replacenent via
technique. A still further object of the invention is to prevent copper
nobil e 1on contam-nation of the lowk dielectric layer wwth a sidewall

l'iner layer. Anotheret uiddietie ©0b8fécOf ot Nend NERLA P S L O0poProtect the
|l ow-k dielectric |ayer fromplasma etch and ashing danmage %y :

el e@TOrededhe | oyw-Heati e brc e T @yl spet nBrony adamdgs hesuobgesty of the
invention is to effectively integrate low-k dielectric with copper

met #1358¢% | Vi h prdpracehesma | askinad repl acenent via techni ques which
are applicable to single, double, and triple damscene processes. in
accordance wth the objects of this invention a new nethod to integrate

.l ow dielectric constant GL4 Jb_SEP 2005 dielectric materials with copper
metal lization is a igk% 1er object of the invention is to

éffectively integrate low-k dielectrics with copper

metallization using a replacement line and replacement

via technique. -

A still further object of the invention is to
brevent copper mobile ion contamination of the low-k

dielectric layer with a sidewall liner layer.

Another further object of the invention is to
protect the low-k dielectric layer from plasma etch and

ashing damage by electron-beam, ion-beam, or X-ray curing.

Yet another object of the invention is to
effectively integrate low-k dielectric with copper
metallization using replacement line and replacement via

techniques which are applicable to single, double, and triple

damascene processes.

In accordance with the objects of this

invention a new method to integrate low dielectric constant




A netal line is provided overlying a sem conductor substrate a{nd1 &ﬁ Rgﬂ&
nitride capping |layer thereover. A polysilicon |ayer is deposited over the
nitride |layer and patterned to formdummy vias. A dieletric liner layer is
conformally deposited overlying the nitride |ayer and dummy vias. A
dielectric layer having a |low dielectric constant is spun-on overlying the
‘l'iner |layer and covering the dumry vias.- The dielectric layer is polished
dowdlivlarathyi d hes gl 8/ WAScHAI @ pRXP asath 1 1TReleall &f s ééc}?i jghectric layer
is cured whereby a cross-1Ii nkec? surface |layer is formed. e .dumy vi as

ar e B m&tRled itrtterigh prenpdsicd gve igriigra eferthemiddisie d@y@fraththin the
via openi ngs. The exposed nitride |ayer is renoved. The via openings are
fil 13 BAR0E Gopper idg arappiia Havep | Enardaest § 0 &gyl v £1 Copper

mstg:ﬁlI ization in the fabrication of an integrated circuit device. BRIEF
DESCRYPH AN GePATE HfaRveas Bhe tHe micko ipaayd mpd i tegsaddros ng a

mat es | [t qf. this description, there is shown: Figs. 1 through 12
schgzrréax'?rll ca "E)’ i1t r At ecﬁier%eptc'?]désl-% i IHET rehrevEitEably a preferred
embeipgiiteedl JiE 1 PRSAHe MG L Navhd dndHunddd%ias. a

dielectric layer having a low dielectric constant is spun-on

overlying the liner layer and coveriﬁg the dummy vias. - The
dielectric layer is polished down whereby the dummy vias are
exposed. Thereafter, the dielectric layer is cured whereby a
cross-linked surface layer is formed. The dummy vias are
removed thereby exposing a portion of the nitride layer
within the via openings. The exposed nitride layer is
removed. The via openings are filled with a copper layer

which is planarized to complete copper metallization in the

fabrication of an integrated circuit device.
BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings foiming a

material part of this description, there is shown:

Figs. 1 through 12 schematically illustrate in

Cross-sectional representation a preferred embodiment of the

Present invention.




Figs. 3A and 3B and 9A and 9B illustrate two alternatives for mo?' rﬁEszmﬁa
liner layer in the present invention. DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS The present invention provides a nethod for effectively
integrating |l ow dielectric constant dielectrics wth copper netallization.
The lowk materials are protected from copper nobile ions by a sidewall
liner |layer and are protected fromharnful effects of plasma etching and

ashing by el ectron¥bhgam 3hoanliean) and ¥Ar aydcusi AQ1ukRi-ageati@n is

acconpli shed using a replacenent |line and replacenent via technique that
i's anEFFEﬁBFévﬁé gPﬁgﬁ@FmQEthbg dnderrilpier danabeepecpeacesses. Referring
NOwW [ rgnggrticularly to Fig. 1, there is illustrated a portion of a
partiall'y ¢C ﬁpleted integrated circuit device. There is shown a

sem conductor substrate 10, preferably conmposed of nonocrystalline
silicon. An internetal dielectric (IMD) or interlevel dielectric (I1LD)

layer 14 is deppsthefr98xt B ?HgsﬁﬁﬁﬁﬁgﬁﬁgeﬁgggﬁﬁgcOndUCtOr devi ces

structures, such as gate electrodes and sou ENEPai n regi ons, not
shown, may be fornmed in and on the sem conductor substrate and covered by
the IMD or ILD | ayer 5

The present invention provides a method for
effectively integrating low dielectric constant dieleétrics
with copper metallization. The low-k materials aﬁe protected
from copper mobile ions by a sidewall liner layer and are
protected from harmful effects of plasma etching and ashing
by electron-beam, ion~beam, or X-ray curing. Integration is
accomplished using a replacement line and replacement via

technique that is applicable to single, double, and triple

damascene processes.

Referring now more particularly to Fig. 1,
there is illustrated a portion of a partially completed
integrated circuit device. There is shown a semiconductor
substrate 10, preferably composed of monocrystalline silicon.
An intermetal dielectric (IMD) or interlevel dielectric {(ILD)
layer 14 is deposited on the substrate wafer. Semiconductor
de?ices structures, such as gate electrodes and source and
rdrainrregions, not showﬁ, may be formed in and on tﬁe

semiconductor substrate and covered by the IMD or ILD layer




01 SEP 2005 14. A copper line 16 is forned over the ILD | ayer 1@ L&EP 2005
connects to one or sone of the underlying sem conductor device structures,
not shown. A thin nitride capping layer 18 is deposited over the copper
line to a thickness of between about 300 and 500 Angstrons. Referring now
to Fig. 2, a thick polysilicon layer is deposited over the nitride capping
| ayer. The thickness of-the polysilicon |ayer should be equal to the

hei ght- of At hepper al inealGonaetdinadt ovhe tBenedp Theerpolsysii con |ayer is
etched to formvia studs, or dummy vias, 20 where the vias are to be

f or "EEPRELE BO cORE 0P FeFoBe ePEcERe cuhfaelyingeseR2cbsdudepasi t ed over the

nitr'deilayeﬁ and the dummy vias 20, as_ shown in Fig. 3A The liner |ayer
22 wi T Pr oV FERCRUEFHevBPF STPHRr 18r thie pisside seppérgedazed wil |

prevept ; o . ile Lo enetration of the to-be-deposited | ow k
die|£€t?%c&€§§%%gg h%v?fng?gl%?%?eﬁng?EfEPaBI§hESHﬁPF§e§f silicon nitride

and bstWeeashbedr byop! 3538856HhAR m cal vapor deposition (PE-CVD) to
a thickness of between about Soogggﬁ§H§00 Angstrons, depending on future
barrier nmetal thickness. 6

Referring now to Fig. 2, a thick polysilicon
layer is deposited over the nitride capping laver. Theg
thickness of the polysilicon layer should be equal to the
height of the metal via connection to be formed. The

polysilicon layer is etched to form via studs, or dummy vias,

20 where the vias are to be formed.

Now, a conformal dielectric liner layer 22 is
deposited over the nitride layer and the dummy vias 20, as
shown in Fig. 3A. The liner layer 22 will provide a sidewall
liner for the vias to be formed and will prevent copper
mebile ion penetration of the to-be-deposited low-k
dielectric layer. The liner layer 22 preferably comprises

_silicon nitride and is deposited by plasma-enhanced chemical
vapor deposition (PE-CVD) to a thickness of between about 300

‘and 800 Angstroms, depending on future barrier metal

thickness.




14 1 SEP 20 Fig. 3B illustrates an optional step in which aweBGSERlaﬂU'jon
etch (RIE) is perforned to etch away the liner layer 22 on the horizontal
surfaces and | eave the liner layer only on the sidewalls of the dunmy
vial. This will provide sone inprovenment in resistance. It wll be
understood that processing continues for this option in the same way as
shown in the succeeding figures. The liner |ayer 22 provides a second
protection |ayer, aftqr Bheibausteatsetah bpyebnhd Beepdeposities | ater, to
prevent nobile copper ions. Future technologies will see vias:becom ng
everasyapftive| toni ekchndéRiBe benpkirpahetio tdepasht amayhittle haheirer metal

| ayer, such as tantalumnitride, into the via hole because that w |
a||o%ﬁYﬁsn?FoPn|FP?|E°€659@ﬁaﬁ|sprfﬁp@Stﬁ@dv&agvetmag damsirngayeirgh vi a
resist nce eref thin barrier metal is attractive, but it

|
wil 1R Y BPovEeSa SHSH?BrSFeEPFoﬁ“mmThH§ast aépﬁéngﬂﬂénPFHEISﬁotectlon of
th duct l. tride | d ted
©, BBhE! ThokBY8hept 3o PREERARMEL Uit ioBel vrie Ty tt#ai’-r thes 1€

to increase  the arri er ness. he pro

barrb@bc&ﬁ&@hg'@Mﬁ%1h§e§t?SQQEHQQeQPQXOBhgnSE%!C%%g h%%fgﬁ lHagr, thi ckness

externally- The silicon nitride [iner layer ©prov e contam nation
to tha shbsequeskblyngepegui-ed.

The liner layer 22 provides a second
protection layer, after the barrier metal layer to be
deposited later, to prevent mobile copper ions. Future
technologies will see vias becoming ever smaller. It will
not be beneficial to deposit a thick barrier metal layer,
_such as tantalum nitride, into the via hole because that will
allow room for little copper fill into the vias, thus causing
high via resistance. Therefore, a thin barrier metal layer
is attractive, but it will not provide enough protection;
Thus, to strengthen the protection of the barrier layer, the
non-conducting silicon nitride liner is deposited to increase
the "barrier" thickness. The protective property of the
barrier metal layer is strengthened by the silicon nitride
liner thickness externally. The silicon nitride liner layer
provides little contamination to the subsequently deposited

low-k dielectric and affords better adhesion.




| ow--k dielectric and affords. better adhesion. 7 01 SEP 2005 NNMJ SER 2405 K
dielectric layer 26 is spun-on over the liner |ayer 22 and covering the
dummy vias 20. The Ilowk material may conprise hydrogen sil sesqui oxane
(HSQ, nethylsilsesquioxane (MsQ, fluorinated silicate glass (FSG,

SI LK, FLARE, and so on. The lowk dielectric is polished back using

chem cal nechani cal polishing (CW)- or fixed abrasive pad (PAP) polishing,
for exanple, until Hdwe, adgwtkidomlettthe Haywy ¥6assispemxposed, as shown
in Fig. 4. Referring nowto Fig. 5 the lowk_dielectric_ surface is
expodery t the| btnennl @igeim 22 crndea@yenng| BReaduspy ¥izay28uri BBe30. The
curing alters the. lowk dielectric_surface properties. That s, the top

sur f Ao~ Bongkerhal ﬁ?@|%e?P¥tS?a9%?r?gequt§ﬁ? 8818¥a8?0§§595nked to make

it meghanically robust a entcally resistant. The ren ning

pherBRERENE FCoetar Paavs “Mpdlr bitoripafea iilhnroar st o ElRAEY e can

onl ya o] s- L} RKLAg.or can).zat] he | ' ctric surface

on! YeBLKOUERRES” LNBKLASAT, HHLCTBLLRLhgB1gLeEhe LRipbdbbactTTo our

di el geEki GsPh§PERENEEa1 EnEERARNREAPLEUERRAG! $CRPGT BET €dxedhe beam
abrasive pad (FAP) polishing, for example, until the

prolysilicon of the dummy vias is exposed, as shown in Fig. 4.

Referring now to Fig. 5, the low-k dielectric
surface is exposed to electron—béam, ion-beam, 0= plasma, or
X¥-ray curing 30. The curing alters the low-k dielectric
surface properties. That is, the top surface 32 of the
dielectric layer is vulcanized or cross-linked to make it
mechanically robust and chemically resistant. The
strengthening phenomenon is similar to sulfur or rubber
vulcanization. However, we can only allow cross-linking or
vulcanization at the low-k dielectric surface and not

throughout the entire low-k layer so as to preserve the low-k

dielectric properties.

Electron-beam curing is preferred. The beam
is either rastered across the die as a beam or electron
flooding of about a 20 x 20 field size is performed. The

beam intensity may be between about 0.1 to 1 mc/cm®. The




is either rastered across the die as a beamor el ectron roodimg'loSEl%\lfﬂﬂﬁ
a 20 x 20 field size is perfornmed. The beamintensity nmay be between about
0.1 to 1 nc/cnk2. The 8 14 1 SEP 2005 follow ng table shows exanpl es of

el ectron-beam curing conditions .El ectron-beam Curing Dose (cm1)

Vol t age(V) Current Tenperature (C) 1,000310250 3, 000310250 5, 000310250

- 5,000320400 5, 000520400 Now, the exposed polysilicon dumy vias are

. 1 enofelldyiag Wehb Bé CBhossicixasphes ebneesttabrdbpahassrinyg hydroxi de (KOH).
However, since the lowk dielectric is already protected with.a

cr ossondnkednsurface |layer, a renote isotropic plasma dry etch that is

sel ective to renove_onl pol ysilicon can al so be used. This kind of dry
etch technique doe§1ﬁ6¥r%EVEP§@I9u€FP€ct the low-k properties. . A short

sel f allgped Qstrldg f%gge'fv?erfoéurrent Temperature (°C)

1,000 3 10 250
3,000 3 10 250
5,000 3 10 250
5,000 3 20 400
5,000 5 20 400

Now, the exposed polysilicon dummy vias are
removed by a wet etch, such as hot concentrated potassium
hydroxide (KOH). However, since the low-k dielectric is
already protected with a cross-linked surface layer, a remote
isotropic plasma dry etch that is selective to remove only
polysilicon can also be used. This kind of dry etch

technique does not adversely effect the low-k properties.

. A short self-aligned nitride etch is performed
to remove the nitride layer 18 within the via openings 34, as
shown in Fig. 6. Alternatively, this step can be
incorporgted with the Argon pre—sputter-cleaﬁihg of the via
openings. In this alternative, resistance will be reduced

and operating frequency will be increased.




to remove the nitride |ayer 18 W|th| n the via openings 34, as BhbvﬁEP riﬂ[l'.i
Fig. 6. Alternatively, this step can be incorporated with the Argon
pre-sputter cleaning of the via openings. In this alternative, resistance
will be reduced and operating frequency will be increased. 9 Referring now
to Fig. 7, a barrier netal layer 36 is deposited over the cross-I|inked

| ow-k | ayer 32 and wthin the via openings 34. For exanple, the barrier
metal |ayer nmay CORpfeseiidtadvutdoFid.t 7} aai vareoaporadalt agzakum or a

t ant al um conpound, or tungsten or a tungsten conpound and may- have a

t hi cRPiess @?P%%%V%@noﬁgbuthQOQrGﬁﬂ~Qﬂﬂke@nQQWantaYar 8@nmapd physi cal vapor

deposit h é m% t echni ques_such_as ioni zed netal plasma (I MP). For future
techﬂbF yftethe 1ﬁa9pﬁ§én%foﬁ?c IE?EreE%EPEerFEF ReraierTRESaBarri er net al

hi n but ess proven,. will not offer enough protection

I
agg?ns¥ cop%%réam?¥ nga%bumtﬂﬁ ?n%éﬁ??bﬂm CRRPEFRgY tPﬁgP nByer of
siligpng nfgﬁF9§“m2g°H§5§¥ﬁé %Petﬁh Sg&Legf $a§ 8§g g%gptlo A copper

| ayer 40 is fornmed ov arrle net a t he

convanhi A8l naBans. thﬂekﬂééggofpﬂx%&éh Qfmﬁbeﬂpeakn&aﬁab depos' tion,
el ectrochem cal plating (ECP), or electroless plating, and so on.
Angstroms for common physical vapor deposition (PVD)
techniques such as ionized metal plasma (IMP). For future
technologies, we may use atomic layer CVD barrier metal.
This barrier metal layer will be thin, but unless proven,
will not offer enough protection against copper diffusion.

So, the invention's external liner layer of silicon nitride

22 outside the via offers a second protection.

A copper layer 40 is formed over the barrier
metal layer 36, by any of the conventional means, including
physical or chemical vapor deposition, electrochemical
plating (ECP), or electroless plating, and so on.

Preferably, é copper seed layer is deposited and copper
-formed by electfoless plating. The copper and barrier metal
layers are planarized by CMP or FAP, as shown in Fig. 7. The
treated surface 32 of the low-k dielectric and the
encapsulating liner layer 22 protect the low-k dielectric
layer from copper contamination and deterioration of

integrity during the polishing step.

10




Preferably, a copper seed |layer is deposited and copper for rreow_bi/ SEP 2005

el ectroless plating. The copper and barrier netal |ayers are planarized by
CWP or FAP, as shown in Fig. 7. The treated surface 32 of the |owk
dielectric and the encapsulating |iner layer 22 protect the | owk
dielectric |ayer from copper contam nation and deterioration of integrity
during the polishing step. 10 This conpletes a single damascene structure.

| f further netalli Zitdisorcomp lted:-dse greoigied  dgmacoessd gL rooniteaues. As shown
in Fig. 8 another thin nitride layer 48 is deposited over the planarized
subdtfr & tert Fedalibizationyds 4 f& mepvdigied c aPIRp3i®r over the copper

vias., A. second thick polysilicon |ayer 50 is deposited over the nitride
| ay G t hiftk Hedt Fed 1 St t%&’%%ﬂkr%é’s“‘t%ld%elfﬂb?fﬁe‘bﬁ The

pol wsj |4 5! . tterned t.o form.d | i nes. 50. Pr.ocessing
con%’éL?:’Jnﬁiéa %% rﬁa%égﬂvf tg&ﬁﬁlan@erslczrel esdlbpsf%g]r\?l/ eussf‘ilrfao?efor#ﬁ‘ﬁ t he netal
Vi ag. [ ' : I tLi ' ay 52 is
depogy'%{je{)c{/_eré%ﬁ'te&n% %ll (ﬁa%paﬁéﬁqaqﬁﬁg%v%%&ﬁé%é%gﬂﬁé ell'rxi ner | ayer

52 wWddond aida dolivwiaweldod iNBfed Ao the ddiesi dda Keed orged and will
prevent copper nobile ion penetration of
nitride layer to the thickness desired for the metal lines to

be formed. The polysilicon layer is patterned to form dummy

lines 50.

Processing continues similarly to that
described previcusly for forming the metal vias. Referring
to Fig. 9A, a conformal dielectric liner layer 52 is
deposited over the nitride layer and the dummy lines 50. The
liner layer 52 will provide a sidewall liner for the lines to
be formed and will prevent copper mobile ion penetration of
the to-be-deposited low-k dielectric layer. The liner layer
52 preferably comprises silicon nitride and is deposited by
PECVD to a thickness of between about 300 and 800 Angstroms.

Fig. 9B illustrates the option where the

silicon nitride liner layers 22 and 52 have been
anisotropically etched by RIE to form spacers on the
sidewalls of the vias and lines, respectively. The liner

layer provides protection against copper diffusion and so is

11




the to-be-deposited lowk dielectric layer. The liner |ayer Siep} SR 3595)/
conprises silicon nitride and is deposited by PECVD to a thickness of

bet ween about 300 and 800 Angstroms. Fig. 9B illustrates the option where
the silicon nitride liner layers 22 and 52 have been anisotropically
etched by RIE to form spacers on the sidewalls of the vias and |ines,
respectively- The liner |ayer provides protection agai nst copper diffusion

and feefledldnlR &nSER=2095088dedc@NkKeORLRE SdgWal S afi fae copper vias
and lines. Renobving the unnecessary silicon nitride I nproves RC del ay.

Pr ocBsmpmgngontenueseassdeser shadcbar nhath deptimpisveAs rteseniahed for the
first liner layer 22, the second |liner |ayer 52 provides double protection
t o i REPERSEINPHEOPLINEEE] 08 Pespaibeds forr blght optd.odeposited barrier netal
| ayer.. Now, a lowk dielectric |layer 56 is spun-on over the liner |layer 52
and covering the dummy lines 50. The lowk material may conprise hydrogen

si | sesqui oxane (HS met hyl si.l sesqui oxane , fluorinated silicate
glass (FSG, S LK%LE@E_,C * #?8ds§°5n'#h?h lF&&&NE%EEI S 4% 68 shed
back sugba ¢YRe 15 er“%b'br%gid%%l o ﬁ%p%f%%ek.%cqugyincrease

the protective properties of the to—be—deposited-barrier

metal laver.

Now, a low-k dielectric layer 56 is spun-on
over the liner layer 52 and covering the dummy lines 50. The
low-k material may comprise hydrogen silsesquioxane (HSQ),
methylsilsesquioxane (MSQ), fluorinated silicate glass (FSG),
SILK, FLARE, and so on. The low-k dielectric is polished
back using CMP or FAP until the pelysilicon of the dummy

lines is exposed, as shown in Fig. 10.

The low-k dielectric surface is exposed to
electron-beam curing, as described above. The electron~beam
curing alters the low-k dielectric surface properties. That
is, the top surface 62 of the dielectric layer is vulcanized

_ or cross-linked to make it mechanically robust and chemically
resistant. Other forms of curing may be applicable, as noted
above. lon-beam, O= plasma, or X-ray curing may be used.

However, these processes need to be more closely controlled

12




lines is exposed, as shown in Fig. 10. The low-k dielectric sdﬂfﬁcﬁﬁiﬂlﬁ
exposed to electron-beam curing, as descri bed above. The el ectron-beam
curing alters the lowk dielectric surface properties. That is., the top
surface 62 of the dielectric layer is vulcanized or cross-linked to nake
it mechanically robust and chemcally resistant. Qher fornms of curing may
be applicable, as noted above. |lon-beam Oz plasma,. or X-ray curing nay

be use ) o o] nore.closely controlled 12 [a
1 SEP g%%% t3§%ﬁ2r3£252?%?%95%§%§2d@$§%%% ﬁgﬁﬁaéc?bh?ggcal and . radi ati on).

-Now, radheaek@osed pol ysilicon dummy lines are renoved by a wet etch, such
as concentrated KOH. A short self-aligned nitride etch is perforned to
renove the nitride |layer 48 within the trench openings 64, as illustrated
in Fig- 11. Alternatively, this step can be incorporated with the Argon
pre-sputter cleani PWwi the exposeéd opehysibicdn dihig aihesnafibve,
resistance.wl|l be reduced and operating frequency will be increased. Now,
ref rPIRES PXi Y. Wb ehChariieh awtetncenyrated KeHdepdséhedtover the

Cr05§é1££%$§5A§H*§iEEQ§g é%%h is performed to remove the nitride
layer 48 within the trench openings 64, as iilustrated in
Fig. 11. Alternatively, this step can-be incorporated with
the Argon pre-sputter cleaning of the trench openings. In
this alternative, resistance will be reduced and operating

frequency will be increased.

Now, referring to Fig. 12, a barrier metal

layer 66 is deposited over the cross-linked low-k layer 62
and within the via openings 64. For example, the barrier
metal layer may comprise titanium or a titanium compound,
tanta;um Or a tantalum compound, or tungsten or a tungsten

compound and may have a thickness of between about 100 and

200 Angstroms.

A copper layer 70 is formed over the barrier
metal layer 66, by ahy of the conventional means, including
physical or chemical vapor deposition, electrochemical

.platipg (ECP), or electroless plating, and so on.

Preferably, a copper seed layer us deposited and copper
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and within the via openings 64. For exanple, the barrier netalll hySEP 2065
conprise titaniumor a titanium conpound, tantalumor a tantal um conpound,
or tungsten or a tungsten conpound and may have a thickness of between
about- ‘100 and- 200 Angstronms. A copper layer 70 is forned over the barrier
metal |ayer 66, by any of the conventional nmeans, including physical or
chem cal vapor deposition, electrochem cal plating (ECP), or electroless

pl at i MmN G S Q referably, a cqpper seed | ayer us deposited and
copper 13 forysrredl%bn:ytre 1eegsr ﬁqeas S at %ﬁge CRRPToBEl R i meskatet al

| ayenonien phananisEed e QAR A Shamld g A2 e treated

surface 62 of the lowk dielectric and 't he encapsd

pr ot doteatiwsl |lcawrfadt A2l ithe 1@k IiQUNLANNREY £RNLEME nation and
deterioration of integrity during polishing. This conpletes a double
dameS&ERPsItlafdng d.inerf Mayeirh@r mricalddtz alHeon dvs- | @1ika diay ded,
processi ng _continues, again using the process of the present invention.
The Eds T ([P RRTe SOt AMiveritioon andodedes i aramtdipgf or ef fecti vel y
integ%aiin | ow dielectric constant dielectrics with copper netallization.
The MOWSEHeUlieg polishing.

This completes a double damascene structure.

If further metallization is to be provided, processing

continues, again using the process of the present invention.

The process of the present invention provides
a method for effectively integrating low dielectric constant
dielectrics with copper metallization. The low-k materials
are protected from copper mobile iong by a sidewall
dielectric liner layer and are protected from harmful effects
of plasma etching and ashing by electron-beam curing, or
other forms of curing such as ion-beam or ¥X-ray curing.
Integration is accomplished using a replacement line and
replacement via technique that is applicable to single,

- double, and triple damascene processes.

While the invention has been particularly
rshown and described with reference to the preferred

embodiments thereof, it will be understood by those skilled
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are protected from copper nobile ions by a sidewal| dielectric mikﬁeﬁEﬁ iﬂﬁ
and are protected fromharnful effects of plasma etching and ashi ng by

el ectron-beam curing, or other fornms of curing such as ion-beamor X-ray
curingy vtntegration is acconplished using a replacenent |ine and

repl acenent via technique that is applicable to single, double, and triple
-damascene processes. Wiile the invention has been particularly shown and
descr i r e .fo the preferre enbodi nents_thereof, it wll be
undergﬁgg%&%ip%hgé%£s£§$T%%S1£hi§gﬁssﬁﬁ Pt fetaristmay bari ous
changesdé nwi grena ' it hout departing. fromthe spirit
and scope of the n?%@%ﬁ?%%ﬁ. %EE?% c %f%% $§:53%8T4°% %Eﬁ 200 1. A

met hotinoéntogper netallization in the fabrication .of an integrated
circuit device conprising: providing a netal l|line overlying a sem conductor
substrate and having a nitride capping |ayer thereover; 5 depositing a

polysilicon | ayer over said nitride
_ What is claimed is:
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layer and patterning said polysilicon layer to form durmmy viasd ! SEP 2005
conformal |y depositing a dielectric liner layer overlying said nitride
| ayer and said dummy vias; 10 spinning-on a dielectric |ayer having a | ow
dielectric constant overlying said dielectric liner |ayer and covering
said dumny vias; polishing down said dielectric |ayer whereby said dumy
vias are exposed; -15 thereafter curing said dielectric |ayer whereby a

cross-1inked y s for in_said dielectric _|ayer; renoving
'sai d dungg‘v?zgé%ﬁ§§e%§ %ﬁ %?ﬁ%egggbb??fbﬂnof“sﬁpﬁ hebrigatiaper within
via openidgsin 20cddeiead Ll EEIDVENG; 821 doflhts e L ayer exposed wi thin
said via openings; and filling said via opéntngs Wth a copper |ayer and

pl anari zi ng 'saptoeoRPed iaM@faiolgggp&@é§1§gﬁg_goggﬁgcqﬁﬁﬁhgé ation in said

fabrication of said integrated 25 circuit  device. 2005 2. The
met hod aceabsitrgte omll abavingherei tr 5@ dc&Pbfhg layer thereover;

5 o depositing a polysilicon layer over said nitride
layer and patterning said polysilicon layer to form
dummy vias; | |

conformally depositing a-dielectric liner layer
overlying said nitride layer and said dummy vias;

10 spinning-on a dielectric layer having a low
dielectric constant overlying said dielectric liner
layer and covering said dummy vias;

polishing down said dielectric layer whereby said
dummy vias are exposed; |

15 thereafter curing said dielectric layer whereby a
cross-linked surface layer is formed in said dielectric
layer;

removing said dummy vias thereby exposing a
portion of said nitride layer within via openings;

20 thereafter removing said nitride laver exposed
‘within said via openings; and

filling said via openings with a copper layer and
rlanarizing said cobper layer to complete said coppexr
metallization in said fabrication of said integrated

25 circuit device.
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| i ne conprises copper and wherein said nitride capping |ayer HﬂsiaSEP 2005

t hi ckness of between about 300 and 500 Angstrons. 3. The nethod according

to daim
devi ce st

1 wherein said netal line contacts underlying seni conductor

ructures fornmed in and on said sem conductor substrate. 4. The

met hod according to Claim1l wherein said polysilicon layer is deposited to

a thickne
nmet hod ac
silicon n
Angstrons
prevents

nmet hod ac
t he group
met hyl si

(FSG, S

ss equal .to that of desired said copper netallization. 5. The

©ar ging ali erein id ielectric liner |ayer conprises
itr ?gllg ggr?&hhggs a@é:%trﬁuqé‘l?nécé’s i 60 £6utS 6D meteR 1800

lifie TompiebBadcappeidiaig AeHalm.l whergin said |iner
copper nobile ions from penetrating sai d i

| ayer

& Y%yer. 7. The

deweirngaso aCkhiitkheskebd betticbn SIRRAC O Y Fod © sel ected Trom
5o |

consi sting of: hydrogen sil sesqui oxane

dpggtirenane (MSQ, fluorinated silicate glass | 17 10 1 SEP 2005

LK, and FLARE.

3. The method according to Claim 1 wherein said metal
line contacts underlying semiconductor device structures

formed in and on said semiconductor substrate.

4. The method according to Claim 1 wherein said

polysilicon layer is deposited to a thickness equal to

that of desired said copper metallization.

5. The method according to Claim 1 wherein said

dielectric liner layer comprises silicon nitride and has

a thickness of between about 300 and 800 Angstroms.

6. The method according to Claim 1 wherein said liner

layer prevents copper mobile ions from penetrating said

dielectric layer.

7. The method according to Claim 1 wherein said
dielectric layer is selected from the group
gonsisting'qf: hydrogennsilsesquioxane (HSQ),

methylsilsesquioxane (M5Q), fluorinated silicate glass

17



8. The method according to Claim1 wherein said step of polisH8nl $ER2005
said dielectric layer conprises chem cal nechanical polishing or fixed
abrasive pad polishing. 9. The nmethod according to Claim1l wherein said

curing step conprises one of the group consisting of: electron beam

curing, ion--beamcuring, 02 plasma curing, and X- ray curing. 10. The

met hod according to Claim1l wherein said cross-- |inked surface area .
prot ect s (& ,ursdaH yiargl dildrRetric | ayer from damage caused by said :
removi ng steps. 11. The method according to Claim1 wherein said step of
removing said nitride |ayer exposed within said via openings is

acconpl i gshed, by a pre-clean argon sputtering step. .12. The nethod

accor di _ny-lt g[‘h_@ygler#‘f’df G e Ghagn Jdepusiaimeal barrdmrofiet al | ayer
he.or oup® Senbin RRBR e i dRc o trsoss s phyShenlcvbpor 16 1a 1
SEP 2005dﬁ%ﬂgﬂﬂdé¥mpé¥fﬁﬁfﬂﬁ‘§¥5ﬁ¥£§d'§%r5§¥¥é“§§§fg§¥¥gﬂfig_ pl ating.

9. The method according to Claim 1 wherein said curing
step comprisgs one of the group consisting of: electron

beam curing, ion~heam curing, 0= plasma curing, and X-

ray curing.

10. The method according to Claim 1 wherein said cross-
linked surface area protects said underlying dielectric

layer from damage caused by said removing steps.

11. The method according to Claim 1 wherein said step of
removing said nitride layer exposed within said via

openings is accomplished by a pre-clean argon sputtering

step.

12. The method according to Claim 1 Ffurther comprising:

depositing a barrier metal layer underlying said

copper layer; and
depositing said coppex layer by one of the group

consisting of: chemical vapor deposition, physical vapor

18




~13. A nethod of copper netallization in the fabrication of an mnl eﬁpatzw
circuit device conprising: providing a netal line overlying a sem conductor
substrate and having a first nitride capping |ayer 5 thereover; depositing
a first polysilicon |ayer over said first nitride |ayer and patterning
said first polysilicon layer to formdumy vias; conformally depositing a
first-dielectric liner 10 | ayer overlying said first nitride |ayer and said

dumy i a8epsai 0RbRY- GleBrlbisbadhEherhL] CahaYE having a low dielectric
: : : s ! i '
constant overlying said first %IE|%C r|cg’l?ﬁgreﬁﬁ§gF°5ﬂﬁm&89%rlng sai d
dummy vi asplabipgli shing down said first dielectric |ayer whereby said
du vias are exposed; thereafter curing said first dielectric |ayer
my a P ] g h . . . y
whereby a first cross-linked surface layer is formed in said first
i y : _ yer. _ .
dielectric |layer; 20 renoving said dummy vias thereby exposing a portion
of said fi#8t Aiwerhed| afecompehi mevanl ppaniogsin ther eabtekakgBRVi Ng sai d
first nltrlge | ayer 19
0ol an integrated circuit device comprising:
providing a metal line overlying a semiconductor
substrate and having a first nitride capping laver
5 thereover; _
depositing a first polysilicon layer over said
first nitride layer and patterning said first
polysilicon layer to form dummy vias:
conformally depositing a first dielectric liner
10 layer overlying said first nitride layer and said dummy
vias;
spinning~on a first dielectric layer having a low
dielectric constant overlying said first dielectric
liner layer and covering said dummy wvias;
15 polishing down said first dielectric layer Whereby
said dummy vias are aexposed;
thereafter curing said first dielectiic layer
whereby a first cross-linked surface layer is formed in
said first dielectric layer;
ZQ removing said dummy vias thereby exposing a portion

of said first nitride layer within via cpenings;

thereafter removing said first nitride layer
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01 SEP 2005 exposed within said via openings; filling said via BpbrSER2005
with a first copper layer 25 and, planarizing said first copper |layer to
form copper vias; depositing a second nitride capping |ayer overlying
sai d copper vias and said first cross-linked surface |layer; 30 depositing
a second polysilicon |layer over said .second nitride |layer and patterning
said second polysilicon layer to formdummy lines; conformally depositing

a second gkpbesd iLehidelaid VLS c?%@ﬂilé(% g said second nitride layer and
said dummy 35 lines; spinning-on second dielectric layer having a | ow

dielectric consiBiin®Veddd i S&h&h - dielectri | i ner | ayer and
-covering said dummy I|ines; polﬁg%iﬁgﬂfoaﬂrggid s%%%ﬁdcﬂﬁ%?%ci? ®T| ayer

wher®by * 61 sl ahatuieng i sesd af Broxpassskr t e Saf toT rSHLi 09, sai.d second
dielectric |ayer whereby a second cross-linked surface |a I's formed in
sai d secd'ddi el ectric layer; renoving said dummy lines thereby exposing a
depositing a second nitride capping layer averlying
said copper vias and said first cross-linked surface
layer; '
30 depositing a second polysilicon layer over said

second nitride layer and patterning said second
polysilicon layer to form dummy lines;
conformally depositing a second dielectric liner
layer overlying said second nitride layer and said dum@y
35 lines;
spinning-on a second dielectric iayer having a low
dielectric constant overlying said second dielectric
liner layer and covering said dummy lines:
polishing down said second dielectric layer whereby
40 said dummy lines are expaosed;
thereafter curing said second dielectric layer
whereby.a second cross-linked surface layer is formed in
said second dielectric layer;

removing said dummy lines thereby exposing a

45 portion of said second nitride layer within trench
openings;

thereafter removing said second nitride layer
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45 portion of said second nitride layer wwthin trench openi ngsw h%ﬁaaﬂﬂ_ir
renovi ng said second nitride |layer 20 La 1 SEP 2005 exposed=within said
trench openings; filling said trench openings with a second copper 50

| ayer -and -pl-atrari zi ng sai d second copper |layer to conplete said copper
metal lization in said fabrication of said integrated circuit device. 14.
The met hod according to Caim 13 wherein said netal |ine conprises copper

and mherel Sal irs n|tr|de capplng | ayer has a thickness of between
about 300 an %"6{) Ar%%‘t"r e AREHEWSsccording to O ai m 13 wherein

sai d net al [ i ne Cﬂnt acts Lcéo%& sem conduct or device structures
formed in and on’'said s&m™ F’tgété’lti’Ba Teconst isreocording to

d ai msh3 whgrgiN 1fd ponS|I con layer is deposited to a thickness
equal to thgfé fa%?egll EH § sard G oppér SRR ff’ppﬂFe Tt fod%ccording to

daiml3 V"@ﬁ!@l@t%a's%1%?%@)8&9!@%%‘1'1‘1%%’110@% 1%6%%%111%%1}1% 2 thickness

equal to that of desired Said copper
of said integrated circuit device.

14. The method according to Claim 13 wherein said metal
line comprises copper and wherein said first nitride

capping layer has a thickness of between about 300 and

500 Angstroms.

15. The method according to Claim 13 wherein said metal
line contacts underlying semiconductor device structures

formed in and on said semiconductor substrate.

16. The method according to Claim 13 wherein said first
polysilicon layer is deposited to a thickness equal to

that of desired said copper vias.

17. The method according to Claim 13 wherein said second
polysilicon layer is deposited to a thickness equal to

that of desired said copper lines,

18. The method according to Claim 13 wherein said first

and second dielectric liner layers comprise silicon
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18. The method according to Claim 13 wherein said first and séloh&EP 2005
direlectric liner layers conprise silicon 21 10 1 SEP 2005 nitride and have
a thickness of between about 300 and 800 Angstrons. 19. The net hod
according to Claim13 wherein said first and second dielectric liner

| ayers prevent copper nobile ions frompenetrating said first and second
dielectric layers. 20. The nethod according to Caim 13 wherein said first

and secondidiehechhliChhaych ‘Eﬁ&%(h@gsi t%ﬁiﬁ!gff:ﬁte%ﬁ b g}{?gnéBg) %E@Up consi sting

of : hydrogen sil sesqui oxane (HS me sesqui _fluorinated
silicate gbasAngétdehs.SI LK, and FLARE. 21. The nethod according to O aim
13 wherein said steps of polishing dowmn said first and second dielectric
| ayers conprise chem cal mechanical polishing or fixed abrasive pad
pol i shing. 22. The method according to C aim 13 wherein said curing steps
conpri se ofe Bhetmethpdupccondinui kg Ofaiel AGt wharehaa@nG Wl iFAGsH On- beam
curing, Oz glasna 8ur1n9, and X- ray curing.

and second dielectric liner layers prevent copper mobile

ions from penetrating said first and second dielectric

layers.

20. The method according to Claim 13 wherein said first
and second dielectric layer material is selected from
the group consisting of: hydrogen silsesquioxane {HSQ),

methylsilsesquioxane (MSQ), fluorinated silicate glass

(FSG), SILK, and FLARE.

21. The method according to Claim 13 wherein said steps
of polishing down said first and second dielectric

layers comprise chemical mechanical polishing or fixed

abrasive pad polishing.

22. The method according to Claim 13 wherein said curing
steps comprise one of the group consisting of: electron
beam curing, ion-beam curing, O= plasma curing, and X-

ray curing.
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22 10 1 SEP 2005 23. The nethod according to Caim 13 wherein smihSEPr 2005
and second cross-linked surface areas protect said underlying first and
'second dielectric |ayers from danage caused by said renoving steps. 24.
The net hod according to Caim1l3 wherein said steps of renmoving said first
nitride | ayer exposed within said via openings and said second nitride

| ayer exposed within said trench openings are acconplished by pre- .clean

argon sputseri S 25, nmet hod ccor ng. to Claimi13 furt her
conpr|S|ng£§ dg%%s%g Agd a???gﬁl%%r ?e? f I%?%FeﬁﬂdﬁﬁF9| B4rshid first

Conei st necet @@ﬁoﬁ‘?p“-’fd’%%{l%ﬁ%epofﬁl%f%ﬁg"%ﬁ%f»Lﬁ StogtoRaiposi 11 on

consi sting of: em ca of34€posi ti on,

el ectrol essngéaty abdsc ehggt LOLHRR g, .26. The nethod according
to Claim13 furt%gﬁgconp?|5|ng epos??%%§£g£%§c%%ﬁeﬁgrQr@? metal |ayer
under | yi ngdasage sacoad B@p@@id|ﬁgﬂ6vlﬁ?dsQ@pQSItIng sai d second copper

| ayer by one of the group consisting o chem cal vapor deposition,

physi cal

24. The method acco:ding to Claim 13 wherein said steps
of femoving said first nitride layer exposed within saidg
via openings and said second nitride layer exposed
within said trench openings are accomplished by pre-

clean argon sputtering steps.

'25. The method according to Claim 13 further comprising:
depositing a first barrier metal layer underlying
said first copper layer; and
depositing said first copper layer by one of the
group consisting of: chemical vapor deposition, physical
vapor deposition, electroless plating, and

electrochemical plating.

26. The method according to Claim 13 further comprising:
depositing a second barrier metal layer underlying
said second copper layer: and
depositing said second copper layer by one of the
group consisting of: chemical vapor deposition, physical

vapor deposition, electroless prlating, and
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vapor - deposi ti on,. el ect rol ess pl ati ng, and 23 el ectrochem cal lﬁl ht&‘,E@.Zl]W.

A net hod of copper netallization in the fabrication of an integrated
circuit device conprising: providing a netal |ine overlying a sem conductor
substrate and having a nitride capping |ayer thereover; depositing a

pol ysi i cone Laygrnamet-3aid Hitf4de layer and patterning said polysilicon
| ayer to form dummy vias, conformally depositing a dielectric liner |ayer

overlying said nitride |layer and said dummy vias; spinning-on a dielectric
| ayer- having a | ow dielectric constant overlying said dielectric liner
| ayer and covering said dumy vias; polishing down said dielectric |ayer
wher eby s&i d AdURpPodi 8f SOPRSGpIeR 1 herbaPreineltdet e bieaah £®Ri ng sai d
dielectric |ayer whereby a cross-linked surface layer is formed in said
di el ectricf| ayeintegmavien cciatch dumbgv veascbhetréby nexposi ng a portion of
said nitride |ayer wthin via openings; thereafter renoving said nitride
| ayer exposed providing a metal line overlying a semiconductor
substrate and having a nitride capping layer thereover;
depoéiting a polysilicon layer over said nitride
" layer and patterning said polysilicon layér to form
'dﬁmmy vias;
conformally depositing a dielectric liner layer
- overlying said nitride layer and said dummy vias;
spinning-on a dielectric layer having a low
dielectric constant overlying said dielectric liner
layer and covering said dummy vias;
polishing down said dielectric layer whereby said
durmy vias are exposed;
thereafter electron-beam curing said dielectric
layer whereby a cross-linked surface layer is formed in
said dielectric layer}
removing said dummy vias thereby exposing a portion
of said nitride layer within via openings;
thereafter removing said nitride layer exposed
within said via openings wherein said cross-linked

surface layer protects said dielectric area from damage

during said removing steps:;
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“within said via openings wherein said cross-linked surface Iaﬁarlﬁﬂﬂ%gmﬁé
'said dielectric area fromdamage during said renoving steps; 24 1Q 1 SEP
2005 depositing a barrier nmetal |layer overlying said cross-Ilinked surface
area - and within said via openings; and filling said via openings with a

copper |ayer aqhopianagi ai BErsdicd- GRAREr 1ayef 80dr3giidgbariier neta
-layer wherein said |inef |ayer prevents copper nmobile ions from

penetrating said.dielectric |aye 0 - I; p Iﬁ% jzation in
sai d fabr?g%f?oglg ega%&r iﬁF%é?%?%daﬁﬁpQ%?%gaeégée.%g%l%#ﬁgﬁhe od
according to Caim27 wherein said nmetal |ine conprises copper and wherein
sai d nitrige capping layer has a thickness of between about 300 and 500
Angstronms. 29. The nethod according to Claim27 wherein said polysilicon
| ayer is deposfiktitg aatihi ckmespesyuals twithhat cobpdesilieastsaEnd copper
nmetal i zation.. 30. The nethod according to O aim 27 wherein said
di el ectrigrhhgel zhayesGRIdSERSr Sidy€0Nanbt Ebde aRdGhasr metal

layer wherein said liner layer prevents copper mobile

ions from.penetrating said dielectric layer to complete

said copper metaliization in said fabrication of said

integrated circuit device.

28. The method according to Claim 27 wherein said metal
line comprises copper and wherein said nitride capping
layer has a thickness of between about 300 and 500

Angstroms.

29. The method according to Claim 27 wherein said
polysilicon layer is deposited to a thickness equal to

that of desired said copper metallization.

30. The method according to Claim 27 wherein said
dielectric liner layer comprises silicon nitride and has

a thickness of between about 300 and 800 Angstroms.

31. The method according to Claim 27 wherein said

dielectric layer is selected from the group consisting
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‘a thickness of between about 300 and 800 Angstroms. 31. The netlBol SEP 2005
according to Claim27 wherein said dielectric layer is selected fromthe
group consisting 25 of: hydrogen sil sesqui oxane (HSQ , methyl sil sesqui oxane
(MBQ, fluorinated silicate glass (FSG, SILK, and FLARE. 32. The net hod

accordi ngo ko fairBlueh WLl 50 £h 5t epPr g8l rﬁ@%‘l‘fy@%ﬁﬁ@scﬁ\ﬁ&&'ﬁe' ayer

. exposed wthin sa?g Vi a openlngs i s accomnplished by a pre- clean argon
sputterin 33. .Th accordi imR27 furth conpr|5|ng
For i ng. NPYRE) S| ETEPE AR a1t b T ona00sr JERS s T ot vi as

FLARE.

32. The method according to Claim 27 wherein said step
of removing said nitride layer exposed within said wvia
openings is accomplished by a pre-clean argon sputtering

step.
33. The method according to Claim 27 further comprising

forming higher levels of metallization overlying said

copper vias.
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