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VVTFFLLNVK.DIELECTRIC | NTEGRATI ON  BACKGROUND OF THE INVENTIGNB(MMNW

-of theCBR@OREBEN The.invention relates to a method of netallization in the
fabrication of integrated. circuits, and nore particularly, to a method of
integrating low dielectric constant materials wth copper netallization in

"the manufacture of integrated Cir : ‘E§§§ T ECPRIGrior Art
‘Copper % @&%ﬂ%%&%ﬁ%%%&%r@% EJrEeSI(GE%% end | n%?(g%}% eg ci.rcuit
~manuf acturing. However, coppqq q&ﬁﬂ@ﬁ§ ation of the intermetal dielectric
| ayer is a problem especia or desirabl e | ow di el ectric constant

(lowk) materi-als. Copper nnblle ion.-contam nation is fatal and
detrinmental to lowk dielectric materials. In addition, lowk dielectrics

are also fairly suscepiidkerduns her hews hnedems of pl asma ashing as wel |
as plasma etching. It is desired to provide a snooth integration of |owk
dielectric materials with copper netallization in order to attain a
devi ce of high performance quality.

(1) Field of the Invention

The invention relates to a method of

metallization in the fabrication of integrated circuits, and

more particularly, to a method of integrating low dielectric

constant materials with copper metallization in the

manufacture of integrated circuits.

(2) Description of the Prior Axt

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. Copper mobile ion contamination is fatal
and detrimental to low-k dielectric materials. In additioh,
low—-k dielectrics are alsc fairly susceptible to the harsh
effects of plasma ashing as well as plasma etching. It is
desired to proGide a smooth integration of low-k dielectric
materials with copper-metallization ih order to attain a

device of high performance quality.



1 ACS-00-154 Co-pending U S. Patent Application Serial No.
_(GS-99, gﬁb h@gl.- J. Xun et al, filed on Sept. 20, 1999, teaches using a
underlying lowk dielectric during plasma
U S Patents 6,001,730 to Farkas et al and 5,723,387 to Chen
damascene processes. U.S. Patent 6,033,963 to Huang
“FRInAirdAle.s UFdtert Apillireaiin adiaIoNeLess.
SUMMARY OF THE | NVENTI ON A princi pal object of the present invention is

dielectric 1ayer to protect an
ashi ng.
- di scl ose copper dua
et al teaches formngm

provi d@®9398,f2%ek | (\OS-e9red- 02ak )y toarnuf act Bwablest redt hdillfd coo§ept. 20,

metal | i
obj ect

manuf act ur abl e net hod of

zation in the fabrication of integrated circuit devices. Another

199 hecgpahmmtudime @ idirelectnic phageénicarprdtect iare and very

wi th copstar Lyiadl Javrd i iertmic ihprinammiasns ashiagat dFScircuit
Cont amRRTHE i {0 150 kRt e Yhyid o TG e GRS

disclose copper dual damascene processes. U.S. Patent
6,033,963 to Huang et al teaches forming a metal gate_using a

replacement gate process.
SUMMARY OF 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 die1ectric 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.

09/ 398, 294

integrating low dielectric constant materials

to



Yet anot her object of the inventionis to protect the lowk dielectric

- layer from damage caused by plasma etching and/or plasma ashing. A further
- obj ectCHTOQ P4 nvention is to effectively integrate lowk dielectrics with
copper netallization using a replacenent |ine and replacenent via

, technique. . A still further object of the invention is to. prevent copper

nobile ion contaninat*g@ othEr | G5 Ect bel 5L Ti vy Bbn WM & he@ si dewal |
Tiner layer. Another further object”of the inventionis to protect the

lowk gi&testrite! BywikfaD81oEEE18 BaGEr aPfom aGAmAge dosBged Dyy

el ectron-beam ion-beam or X-ray curing. Yet another object of the

| nvent pbasma tbchihfeandyeryplasmgrasbihgw k dielectric with copper
metal li zati on using replacenent |ine and replacenent_via techni.ques which
are applicable to single, double, and triple danascene processes. In
accordance with the objects of this invention a new nethod to integrate

| ow di el ectric const aft fugtherogbisgt gfctbet iR¥eRhieri afstQith copper

T oRTecrivelgoipspeate ToWck aielBeeIcR" QYLACPERE! V! "0 2
metallization using a replacement line and replacement
via technique. .
A still further object of the invention is to.

prevent copper mobile ion contamination 6f 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 iine and replacement via
techniques which are appiicable to single, double, and triple

damascene processes.

In accordance with the objects of this

invention a new method to integrate low dielectric cdnstant

)



and having a nitride capping layer thereover. A polysilicon layer is
'dep05| the nitride |layer and patterned to formdumy vias. A
“diel et |c |ner | ayer is confornmally deposited overlying the nitride |ayer
and dumry vias. A dielectric |ayer having a |ow dielectric constant is

. spun-on overlying the liner |layer and covering the dummy vias. The

di el eciéletayet nat@plabsedighsopber ehytahei datiynvigsashitevedposed.
Thereafter, the dielectric layer is cured whereby a cross-|inked surface
| ayer Asmébakellin&hésdproyigedsoverlyirgozesemnheordycoaposvhgtuapertion of
the nitride layer wthin the via openings. The exposed nitride |ayer is
renove@ndThaving 8peatrgdeararpingedafprhtherepper - | ahePOlRALEACPE
planarized to conplete copper netallization in the fabrication of an

i nt egr %F@B%FFCGF?%&F@@VBRI EReDRLERL BT LRVEF PR PRAWPRRSA| ROt he

d f f this_d h
e ohonEmeryend IR, R 393 RkanE: ReaRr, LARPRO P RTIE OEs. coct | onal

L A T
f or m ngikhechthier 1lagwer havihbe apnesedielectric 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. .Theréafter,'the dielectric 1é§er-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'nit;ide layer is
:emovéd. The via openings are filled withza copper layer

which is planarized to complete copper'metallizatibn in the

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

In the accompanying drawings forming 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.



_invention. DESCRI PTION OF THE PREFERRED EMBODI MENTS The present invention
provi deg_@omiod for effectively integrating |ow dielectric constant ,
dielecfrics wth copper netallization. The lowk materials are protected
from copper nobile ions by a sidewall liner llayer and are protected from
~harnful effects of plasma etching and ashing by el ectron-beam ion-beam.
or X-ray curing. |ntegtgs oA sanda@Rorid Hrechndsidy id lnsgtiracen®o | i ne and
replacenent via technique that is applicable to single, double, "and triple
danasc&tdeFrgddyess foefarming the drempdaveru|iay Ithe prEsgntl, there is

|IIustra%§d!a portlon of a partially conpleted- integrated circuit device.
There & sem conduct or substrate 10, preferably conposed of

nonocrys'talline silicon. An internetal dielectric (IMD) or interlevel
dielectric (ILD) layer 14 is deposited on the substrate wafer.

Sem conduct o dyias SGIF 0K Yire BTGP nklREhAdes and sour ce and
' In and on :

drai n regions, not shown, may be sem conduct or -
substrate and covered by the IMD or ILD |l ayer 5 CS-00-154 14. A copper
line 16 is formed over the ILD | ayer 14 and connects to one or sone of the

under|lying sem conductife present invention provides a method for .
| effectively integrating low dielectric consﬁant dielectrics
: with copper metallization. The low-k materials afe protected
from copper mobile ions by a sidewall liner layer and are
protected from harmful éffects of plasma etching and ashing
by electron-beam, ion-beam, or X-ray curing.-'Integration is
accomplished using a replaéement line and_replacement via
technique that is applicéble to single, double,land triple

damascene processes.

- Referring now more partlcularly to Fig. 1,
there is 1llustrated a portlon 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 depésited on the substrate wafer. Semiconductor
devices strﬁctures, such as gate electrodes and source and
drain regiéns, not shown, may be formed in and on the

semiconductor substrate and covered by the IMD or ILD layer



devi ce' structures, not shown. A thin nitride capping layer 18 is deposited
~over tEg_ﬁepgsa line to a thickness of between about 300 and 500

Angst r'ons. Referring nowto Fig. 2, a thick polysilicon layer is deposited
bver the nitride capping layer. The thickness of the polysilicon |ayer
shoul d be equal to the height of the netal via connection to.be forned. .
The palysi hi eoppleayaines 16t dsedormetobmeri &het AAD, layedundy andas, 20
Where the vias are to be forned. Now, a conformal dielectric |linér |ayer 22
is deposneedsoker onige o somge ofajhe anderiyingneenicgnd2gtoxs shown in
Fig. 3A. The liner layer 22 wll provide a sidewall liner for the vias to
be f or A8Y 156d SEEUICHRT@Fen LO%o SROWR -np B (R0 RifEider SEAPRINGF Lager
t o- be- depqsi ted | Qqu dielectric |layer. . .The liner .layer 22 preferably
conpriggslssFFPPEHtﬁgtPW&ﬁ COPREF0 i e apl§§ﬁ§¥§ﬁﬁaﬁ ed cheni cal
vapor R -$0Pan i f between about 300 and 800
Angstrg’%%gglp%n%&ﬁlﬁ% on falﬁdﬁrs?ofalz}rn I er mes'?'al t hi ckness. 6 CS-00-154 Fig. -

3B illustrates an optional step in which a reactive ion etch (RIE) is
performed to etch. away the liner |layer 22 on the horizontal surfaces and

| eave the liner |ayer referring now to Fig. 2, a thick polysilicon
layer is deposited over the nitride capping layer. The\
thickness of the polysilicon layer should be equal to the
height of the metal via connection to be formed. The
polysilicoﬁ layer is etched to form via studs, or dummy vias,

20 where the vias are to be formed.

Now, é conformal dielectric liner layer 22 is
deposited over thé nitride layer and the dummy vias 20, as -
shown in Fig; 3A. The liner layer 22 will provide a sidewall
linér for the vias to be formed and will prevent copper
mobile ion penetration of the to—be-deposited low-k
‘dielectric¢ layer. The liner layer 22 preferably comprises
silicon nitride and is deposited by plasma—enhéncéd chemical
vapor deposition (PE-CVD) to a thickness of betﬁeen about 300
.and 800 Angstrohs, depending on future barrier metal

thickness.



only on the sidewalls of the dumy vias. This'wi ||l provide sone

i mprovepggolisgesi stance. It will be understood that processing continues
for this option in the same way as.shown in the succeeding figures. The

I'i ner |ayer 22 provides a second protection |layer, after the barrier metal
| ayer to be deposited later, to prevent nobile copper ions. Future

technol ogies will see Figs BRcbhlugteabes saml dptiondl vetép . imothbeh
beneficial to deposit a thick barrier metal |ayer, such as'tantalum
nitride® FeRetivRe PR @bl (REBLsks tpexfofmed to|ebrh oaway otheiliher copper

fill inio t he ¥ias, t hus causing “high via resistance. Therefore, a thin
barri er tAEEAI 2F a§Br the sharizaRtdt esupfaces apd| leaye pibei Hinerolgver

tect} hy { t th h tecti the b ' , th
non- cordiny 7 8¢, S8ASHRETR f | Fhe A RRRCRLART carele wEfLopgovifd
"b | e5omb Nt : | ty. ' I '
ot ongt hone BFPEREmen ARl FLETREMRCRr PTEE VA RL RECen BB G RGn BRS¢

si | i conppotesdengl LBREIhANE! Fobl ENideSptibh! EnCORL AGHRA LY L9 LA
subsequent |y deposited |owk dielectr?c and affords.bettgg adhes?g%. 7
CS-00- 154 khe, sacktewedkngi €igatesc | ayer 26 is spun-on over the liner |ayer
22 and covering the dummy vias 20. The : ' -

The liner layer 22 provides a second
protection layer, after the_barrier metal layer to be
deposited later, to'prevent.mobile cobper ions. Future
teéhnologies will see vias becoming ever smaller. It will

. not be beneficial to deposit a thick barr;er metal layer,
.such asiﬁantalum nitride, into the via hole because fhat wiil
allow room for little copper fill into the vias, thus ceusing
high Qia resistance. Therefore, a thin:barrier metal layer
is attractive, buf it will not provide eﬁdugh protection.
Thus, to strengthén the protection of the barrier layer, the
non-conducting silicon nitride liner is deposited to increase
the_"barriet" thickness. The protective property of the
barrier metal layer is Strengthened by the silicon hitride_
liner thickness—externally. The silicon nitride_iiner layer
provides little contamination to the subsequently depoeited

low-k dielectric and affords better adhesion.



| ow-k material may conprise hydrogen sil sesqui oxane (HSQ,

-met hyl gid-sesqeqoxane (MSQ, fluorinated silicate glass (FSG, SILK, FLARE,
and so on. The lowk dielectric is polished back using chem cal nechanical
polishing (CWP) or fixed abrasive pad (FAP) polishing, for exanple, until
the polysilicon.of the dumm; vias js exposed, as show in _Fig. 4.
Referring now to Fi g. MW« e 1lehk Hiehesdiic 1ayq %269 3% SBY50SEY to

el ectron- be i.,on- be 02 asha, or - CU{ ] ~al Py CUIY al ters
the | oﬁ“[gxﬂia@feec][’r’ﬁr a]rs%ﬁrac?g pafnrbge ‘Tee];sl).gd}'ﬁ%&fe :Hsd hgg'taospr@u'r f el‘cﬂew32 of
the di rj X | S, V. ﬁﬁﬁ - s44 ¥$0)

mechanilgaa TC%/ #%%%gfgn@h%gm ca ﬁ%}g‘isﬁ%%?ussii‘r e s%%ér?g%(ﬁ(e%%%)g' phenonenon

| s si mxﬁﬁh&ﬂsﬁﬁéé&uﬁxé_ﬂ@b@&sgwlfﬁmgﬁiéﬁu SOVEySre JEagAN(EBGY, al | ow

cross-linking or vulcanization at the lowk dielectric surface and not

t hr oughettxj NELERE ) r &ndl 086 Kot Ay EThé OLEB-k Od PeBsetyic t e poldshedi el ectric
properties. "Electron-beamcuring is preferred. The beam is either

r ast er dolack resing hehelmicalb medhamical epelisbingf (OER) nor ofiznédut a 20 x 20
field size is performed. The beamintensity nay be between about 0.1 to 1
nc/ cnR. arhas8vepad- (BAP) fppl bohing: abPE examBlexawprél bheel ectron- beam
curin :
g polysilicon 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—neam, ion-beam, O= plasma,_of
X-ray cnring 30. The curing alters the low-k dielectric'
snrface properties. That is, the top surface 32 of the
dielectric layer.is vulcanized or eross-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



condi tions.” El ectron-beam Curing Dose (cm2) Voltage (V) Current

- Tenper gsUpg-g&% 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 dunmy vias are renoved
by a wet etch, such as hot concentrated potassi um hydroxide (KOH).

However, since the lowk dielectric is already protected with a

cross- foikewing ftabde shows exaapdes ofseleghrongbssm C¥LyNSt ch that is
selective to renmove only polysilicon can also be used. This kind of dry
etch cepdtd®®sdoes not adversely effect the | owk properties. A short
self-aligned nitride ch..i.s rfor . to renmove the nitride |ayer 18

W thin tge Vi a openin&é%ﬁﬁrgﬁgiﬁaﬂﬂg?%HRQﬁig. 6." Alternatively, this ste

can bepdgdc Qipry ed Wit dghe (90N RidiRhitl L eireigRAfiitdl(sche Vi a -

openi ngs. this alternati've, resistance wll be reduced ‘and operating
frequency wdd be increased. 9 CS-00-154Referring mmgto Fig. 7, a barrier
metal | aygnoo 3 10 250
- 5,000 3 10 . 250
5,000 3 20 400
5,000 5 .20 400

ﬁow, the ekposed polysilicon dummy vias are
removed by é wet etch, such as hot concentrated potassium'
hydroxide (XOH). 'Howevér, since the low-k dielectric isl
already protected with a cross-linked surface layer, a remote
isotropic plasma dry étch that is selective to remove only
polysilicdn can also be used. This kind of @ry etch

technique does not adversely effect thé"ldw-k propérties.

A shért self?aligned nitride etch is performed
to remove thé nitride layer 18 within the via openings 34, as
shown in Fig. 6. Alternatively, this.step can be

_ incorporgted with the Argon pre—sputter.cleaﬂihg of the via
openings. Ih this alternative, resistance will be_reduced

and operating frequency will be increased.



36 is deposited over the cross-linked lowk layer 32 and wthin the via
openi ngg-Yp-1Far exanple, the barrier netal |ayer may conprise titanium or
a titanhi um conpound, tantalum or a tantal um conpound, or tungsten or a '
fungsten conpound and may have a thickness of between about 100 and 200
Angstroms for common physical vapor dep05|t|on (PVD) techniques such as .
ioni zed metal plasma BeSTTims A ke Fi%c ol i3S Lok Madp ludeyatoni ¢

| b b | | t hin, “but I
o1 oven 36 8 1495 %o‘érov&fo%% S itas O S, R s S iog” ﬁ,
th i . e the via
of fe elr g\wﬂs%?gn pr o Q?é%# céo%ggF#ayer% mfﬁerl I.o]'\?/eezrr % arrier

metal | auadr 3y o X MGGy &t | PN £ A0S, cdn{ifddféii NGardtisdegal or
chem cal “vapor dep03|t|on el ectrochem cal ©plating (EC ), or electrol ess

pl ati Nngor addtHOLHum EEISURD] Yor A eRpPesn seeth | Bitfsten dapgsddretl and
copper formed by electroless plating. The copper and barrier nmetal |ayers
are pl caxad iy Hyvd P thidlAikssasof patween Falsputy . 10heand r2ed ed surface 32
of the lowk dielectric and the encapsulating Iiner layer 22 protect the

| ow- k chrgstrems fomyecomfionphypperl compeni depésitionl RYR) i oration of

integrity during the polishing step
technlques such as ionized metal plasma (IMP) .For future

technologies, we may use atomic layer CVD barrier metal.
This barrier métal layer wiil'be thin, but unless proven,
will not offer enough protection against copper diffusion.
So, the invention's external linér layer of silicon nitride

22 outside the via offers a éecond 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 electroless 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 deterioraﬁion of

integrity during the polishing step.

10



10 CS-00-154 This conpletes a single damascene structure. |If further

met al kkzgbl.@B4ai S to be provided, . processing continues. As shown in Fig. 8,
another thin nitride layer 48 is deposited over the planarized substrate
surface. This |ayer 40 serves as a capping |ayer over the copper vias. A
second thick polysilicon layer 50 is depo it%g over the_nitride layer to
the thickness desiredPi§r ORPLMEES § ﬁﬁ@giﬁb APESCEFe §F THEE S ysi i con

"l ayer _i_s patterned . .tq.f.orm.du | i pes _50. .Brocess) i nues simlarly
to thdt fg‘g%ﬁrb&? ' &}izﬁ%‘loy & tfoo%l% I?&%tvﬁge(réét 31%\9’.%55%%:% erring

to. Figq, , onf | al dicdi I IS Sid: aper the :
nitri gq%;fé%s;'nd %Q{]e@@l%rfﬁl S Séd. %?{%hfgli?r%g%l ég*éﬂ?zg)w IyI@i-provi de a

si devald dddiliddd dvis HHe Dileharis: oo gkt alidur fc.entriapper nobi | e

ion penetration of the to-be-deposited lowk dielectric |ayer. The |iner
| ayer 187emraf aicbles G | @aspixid | premnidvérieclancdppaiepoisas ed by PECVD
to a thickness of between about 300 and 800 Angstrons. Fig. 9B illustrates
the opécundhgiick hwolywdilieon ridyerics0 i ierdémyeite® 2ovwand 2 have been
ani sotropically etched by RIE to form spacers on the sidewalls of the
vi as. anittideslayespest thvel yhidkress ndesired for the metal lines to

be formed. The polysilicon layer is patterned to form dummy

lines 50.

Processing continues similarly to that
described previously for forming the metal vias. Referring
to Fig. 9A, a conformal dielectric liner layer 52 is
deposited over the nitride layer and the dummf lines 50,./The_
liner layer 52 will prdvidé 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_deposifed 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 bn the
sidewalls of the vias and lines, respectively. The liner

layer provides protection against copper diffusion and so is

11



| ayer provides protection agai nst copper diffusion and so is 11 CS-00-154
needed % the sidewal I s of the copper vias and lines. Renobving the
unnecessary SilTcon nitride i nproves RC del ay. Processing. continues as
"descri bed for both options. As described for the first liner layer 22, the
second liner layer 52 provides double protection to increase the _
pr ot ectnesigl apely icds tHe tdiridwmliecs deoshe ecbiper ieras gtdllisger. Now, a
lowk dielectric layer 56 is spun-on over the liner layer 52 and covering
the durfgmoving 1509 UMnecesARRY ek kkeon Wy tdppinREo Y8R Rfgdelay -

si | sesqui oxane, thyIS|Isesq yorinated silicate

gl ass Ehgggess ?i#&&?saﬁ% AP 9§eP?5vP?£%l%?£iﬁ?§t i's polished
back using CWP or FAP until the ponS|I|con of the dummy |ines i's exposed,
as shown in Fig. 10. The lowk dielectric surface is exposed to

el ectron-beam curing, Rs SesSErives APVEn T?§r§£efiﬁﬁ9 Degsy saripgealters
e

the lowk dielectric surface properties. top surface 62. of

the di ejgebdh %Cliﬁ@f‘r1h§e¥ubﬁaﬁf6€ﬂde§rdéﬁ9§é br8keetionmseihtragshani cally
robust and chemcally ~resistant her forns of curing may be appllcable
as nOteﬂbea@ﬁd@ecfﬂﬁebﬁﬁabe£¥i9§aéﬂﬁtheofoxbéa&eﬁﬁéiﬁédnB&rbEeﬂsed :

metal layer.

Now, a low-k dielectric layer 56 is spun-on
over the 1iner layer 52 and covering the dummy lines 50. The
low-k material may comprise hydrogen silsesquioxane (HSQ),
'methylsilsesquioxane (MSQ), fluorinated s;licate glass (FSG),.
SILK, FLARE, and so on. The low-k dielectric is polished
back using CMP or FAP until the polysilicon of the dummy

lines is exposed, as shown in Fig. 10.

The low-k dielectric surface is exposed to
electronfbeam curing, as described above. The electron-beam
cﬁring aitefs the low-k dielectric surfaee properties. That
is, the top surface 62 of the dielectric layer is wvulcanized
or cross—linked to make it mechanically robust and chemically
resistant. Other forms of curing may be applicable, as noted
above. Ion-beam, 0z plasma, or X-ray curing may be used.

However, these processes need to be more closely controlled

i2



However, these processes need to be nore closely controlled 12 CS-00-154
to gug%g_gﬁ st unintentional danage (physical and radiation). Now, the
expos: 8 {l& icon dumry 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. Ib idrel naddiedty udititerditfhdiaddadaq@myaiaiaad asd h  the Argon
“pre-sputter cleaning of the trench openings. In this alternative,

resi stxatiatviidnl) be reduced and operating frequency will''be increased.

Now, referring to Fig. 12, a barrier netal |ayer 66 is deposited over the
cross-linked lowk layer 62 and within the via openings 64. For exanple,

the barrier netal |ayer conpri se titanjum or t.i tanj um conpound,
tantal umor a tantal L}%‘?‘ﬁo% Bese RS Ifron, UGS e und and

ayer TRTE] ¥t AREro TR RIE TS SRIATTSRET G by M RRAT the
ol oot rELRER HEPART o} RELNE Son DY S LBtohed T SlodERgle AEfERLd 01
layer 48 within the trench openings 64, as illustrated in
Fig. 11. Alternatively, this step can be incorporated ﬁith
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 1aYér 62
and within the via openings 64. For example, the barrier
metal iayer may chprise titanium or'a titanium compound,
tantalum or a tantalum compound, or tungsten or a.tungstén

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 any of the conventional means, including
physical or chemical vapor deposition, electrochemical

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

Preferably, a copper seedllayer us deposited and copper

13



Preferably, a copper seed |ayer us deposited and copper 13 CS-00-154 .
formed by %I %troless pl ati ng. The copper and barrier netal |ayer are
planari eq 5§ or FAP, as shown in Fig. 12. The treated surface 62 of
‘the lowk dielectric and the encapsulating liner |layer 52 protect the
lowk'.dielectric |ayer fromcopper contam nation and deterioration of
i nt egr ifiorndd by lAdtHuless Pliaticenpl dies copp@iblandl dasdere metalct ur e.
If further metallization is to be provided, processing continues, again
usi ng tiayer ewes plemadizei dye MR P MAFon asTishqwmodes Fid- the prideent

I nvention provides a nethod for effectively integrating |ow dielectric

‘const arfireafied &iriace §2 wicdpirerl dtaldieRGHic ARG 1B k materials  ar e
e pr FEARRP IO AT T oA Ty SARTeRN by
S et AEREFRE O O LA, o MU 0G UG a5y gt beam o X1y
Gamecaitugti By SRR IAE, S NS been particul arly. shown and
described with reference to the preferred '
| 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 nieleetric constant
dielectrics with copper metallization. The low-k materials
are protected frem copper mobile ions 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-fay Curing. |
Integration is aecomplished using a replacement line.and
replacenent via technique that is applicable td single,

double, and triple damascene-processes.
While the inventidn has been particularly

shown and described with reference to the preferred

embodiments thereof, it will be understood by those skilled

14



enbodi ments thereof, it will be understood by those skilled 14 r. CS-00-154
in theq$jq&_ t, vari ous changes in formand details nmay be nmade w thout
depar fiYg % he spirit and scope of the invention. Wat is clained is:
15 CS-00-154 11111111111222112222 1111 12 1"1'S 1. A nethod of copper
metallization in the fabrication of an integrated circuit device

_conpri Sim@hepramt dilg: ararEicls [dHahguserily ifugng SR alay Debstrat e and
"having a nitride capping |ayer thereover; 5 depositing a polysilicon |ayer
over saiadleniwtirihgmt degrardnichopdinoar rihey smmiﬁodmisisldml diaydre to form

dummy vi as,; conf ormal |y depositing a dielectric liner layer overlying said
nitri detHE8FLhd sai d dummy vias; 10 spinning-on a dielectric |ayer having
a low dielectric constant overlylng said dielectric .liner |ayer and
covering said dummy vias; polishing down said dielectric |ayer whereby.

sai d What is claimed is:

15



dunny vias are expose uring said dielectric |ayer whereby
Cr ees-dg-lgd surfa ylﬂgmilgﬂ IM in said dielectric |ayer; renoving
sald dummy vias thereb tion of said nitride |ayer within
:via openings; 20 thereafter renDV|ng said nitride lay'e'r exposed within
said via openings; and filling said via openings with a copper |ayer and

pl anari zi ng- s& deefthppkrofl agappan mehed ldtzatsian isodiw famtigdtionion in

-said fabrication of said iptegrated 25 circuit device.

16 CS-00-154 111111

il Tl 1off j3% ifpteqrated cieuid: MRV e GANRTG8399 ai m 1 wherein said
metal |ine conprlses co per ere|n S d nltrlde ca | ayer has a
t hi ckness of betRERR* ﬁ%n\cﬁ] J’I‘FFS'P accor di ng

dovi co ot r LT ERACS 3%%?%%& e %Cé%eﬁ‘%‘?'ﬁﬁ%%f

ness

enm conduct or

QRRTRY. 4.

The. me§ hod accorcgé;ggsi&% ;%&]f%@ﬁfééhsfé;ger LY 44 £8 ] @¥Fde! S

deposited to a t

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 1ayef_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 layer exposed

within said via openings; and

filling said via openings with a copper layer and

planarizing said copper layer to complete said copper

metallization in said fabrication of said integrated

25 circuit device.

16



that of desired said c Lk apn. 5. The nethod according to Claim

1_.mher8'égo§gig4 di el ecammﬂm‘ﬂl‘g‘mgnﬁomn ses silicon nitride and has a

t hi cknéss of “bet ween a c Angstrons.. 6. The method accordi ng
to Caim1l wherein said liner |ayer prevents copper nobile ions from
penetrating said dielectric layer. 7. The nethod according to daim1l
wherei n sai gd. thel aethod hegerdisgsebecClaimf Lowhébheigreapd wenslsting of:
hydrogen sil sesqui oxane (HSQ, nethylsilsesqui oxane (MSQ, fluorinated
silicate gl &ne ¢ompsigesisegrrer| and| vhereinisaid|pitride eppping * CL M S
(FSG, SILK, and FLARE. 8. The nethod accordipng to_Claim1 wherein said
step of poFPgﬁFnBaaoﬁntgéFBnﬁﬁﬁlQgtPFEwﬁéyePbgBﬁp?pgegn@héﬂpcaI
mechani cal polishing or fixed abrasive pad polishing.. 9. The nethod _
accordi ng tgnEF FRP®-wherein said curing step conprises one of the group - -
consisting of: electron beamcuring, ion-beamcuring, 02 plasma curing,
and X- ray curing. 10. The nethod according to Claim1l wherein said cross-

linked surface rpeahalhBleabeotdidguRdethyind 10abeelihi Caid 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. e

7. The method according to Claim 1 wherein said
dielectric layer is selected from the group
consisting qf: hydrogen silsesquioxane (HSQ),

-methylsilsesquioxane (MSQ), fluorinated silicate glass

17



-l ayer from danage caused by said renoving—steps—3it—Fhe- net hod according

to C atsrdovist ein said. step of renovi ' b ke | ayer exposed
within said via openings is acconpli shH!ﬂmmw '"3&@ m argon sputtering
‘step. 12. The nmethod according to Claim . Turtinern sing: depositing a

barrier netal |ayer_underlying said copper |ayer; and depositing said
copper | ayefF$R) ol el ﬂ%ﬁﬁ'consisting af ; chemnical vapor deposition,
‘physi cal vapor 18 CS-00-154 | 1! 01" 111~ ~"11 111" 111 CL S"'I
deposition, electroless plating, and el ectrochemi cal plating. 13. A nethod

of copper 7! Akl 2k | Sedbial AT Loo¢1 8l PluRGcrhcsssegeb oy { device

conpri sing: provi overlying a sem conduct or strate and

having a fipgiiBhihgUgokAPRADE BRYEECEriBCLSQUR! colSPOSEE! BHeRiERLST
polysilicon | ayer over said first nitride layer and patterning said first

pol ysi |l i conmbarenitalfpo1isHiny Brasixe@nhpradivy ge@opotispiaglirst
dielectric liner
9. The method according to Claim 1 wherein said curing
step comprisgs one of the group consisting of: electron
beam curing, ion-beam 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 bj a pre-clean argon sputtering
step.
12. The method according to Ciaim 1 further comprising:
depositing a barrier metal layer underlying said.
" copper layer; ahd |
depositing said copper layer by one of the group

consisting of: chemical vapor deposition, physical vapor

18



10 layer overlylng sald ”“ I Ltride |ayer and said dunmy vias;

spi nni o) rst diel g@?ﬂ ﬂu ng a low dielectric constant
oVerIyp%% @%?1 i rst diels lﬂﬂwgyer and covering said dummy vias;
*15 polishing down said first di el'ectri ¢ | ayer mhereby said dummy vias are

exposed; |.. thereafter curing said first dielec't'ric |ayer whereby a
first cross-gépkedtsonf ag6tetBir6less HpDAEEAG) Nandaeleétrsthanetattric | ayer;
20 renoving sald dumry vias thereby exposing a portion of said first:
nitride | ayeplatihgn via openings; thereafter renoving said first nitride
| ayer 19 CS-00-154 11111121112112121 lilt 21111121 1!'l1 M S exposed w thin said
via openings; filling said via openings with a first copper |ayer 25

and-pl anari zing said first copper |ayer- to form copper vias; dep03|t|ng a
second ni t ri &8-cApPekiofagér cOPREFyPR§aLliAFatioppéR $hesfahgicatdon; r st

n [ | n i r r
crosslinked gubacReobBhBhn 30- 05005 4L, 28,7 355020d:Rg1YST T con Fayer ove

providing a metal line overlying a semiconductor
substrate and having a first nitride capping layer
5 thereover; _” | _
depositing a first polysilicon layer over said
first nitride layer and pattérning said first
polysilicon layer to form dummy vias;
conformally depositing a first dielectric liner
10 layer overlying said first nitride lgyer and said dummy
ﬁias; |
spinning~on a first dielectric layer having a low
dielectric constant overlying said first dielectric
liner layer and covering said dummy viaé;-
15 polishing down séid first'dielectric layer ﬁhereby
said dummy vias are'exposed;
thereafter curing said first dielecttic layer
whereby a first cross-linked surface layer is formed in
said first dielectric layer;
20 removihg said dummy vias thereby exposing a portion
of said first nitride layer within via oéenings;

thereafter removing said first nitride layer

19



second nltrlde | ayer' and atternlng ng said second polysilicon layer to form
dumy sl B@Sy onfornallﬂl ﬂﬂﬂ econd dielectric liner |ayer
overlfkng%sal second ﬁ"gyﬂﬁlﬁmﬂ said dummy 35 |ines; spinning-on.
-second dielectric |ayer haV|ng | dw *di el ectric constant overlying said
second dielectric Iliner layer and covering said dummy |ines; polishing
down sai d sepe¥dddhdltddh isaildayda Wpeikgs;40 said dummy |'ines are exposed,
“thereafter curing said second dielectric |ayer whereby a second-
cross-|inked surffidddngsaid yiforopethings seith seddns tdicoppelr ilayleaxyer ;
renoving said dumry |ines thereby exposing a 45 portion of said second
nitri & | aysrd \nltdnaritzrmmai@pei%;lnﬂjs Cappar dfaver rendidury eaxeSecond
nitride layer 20 CS-00-154 | 1" 1~"(ClOEE" 11 1i 1 1 liii L MS.exposed
within sai #¥¥3Snch openings; filling said trench openlngs with a second:

CODP S0 | A A Y G SRR LR L Serr e S
said copper vias and said first cross-linked surface
layer;

- 30 depoéiting a second polysilicon layer over said
'.second nitride layer ‘and patteining said second
polysilicon layer to form dummy lines;
conformally depositing a second dielectric liner
lafer overlying said second nitride layer and said dummy
35 lines; _
| " spinning-ona second dielectric layer havin§ a low
dielectric constant overlying said second dielectric
liner layer and covering said dummy lines;
polishing down said second dielecﬁric layer whereby
40 said dummy lines are exposed;
thereafter curing said second dieléctric layerx
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

20



mherel
_capplng

§¥gﬁgﬁ%

al

s ath

of said integrated ch;ﬂTF§GEVTE€"*IZ‘*The met hod according to Caim 13
i

Mmfmﬂnﬁ" and wherein said first nitride
un about 300 and 500 Angstroms. 15.

*The nethod according to daim 13 wieréin said metal line contacts
underlying sem conductor device structures formed in and on said

sem con
first

said fi

copper
| ayers.

duct gx

FOSd i hid Gaild e rEddw bgditiighi ,ng to Caim 13 wherein sai d

polysilicon Tayer is deposited to a t hi ckness equal to that of
desired said coppeilMm$ said thendRetdpsh e vlit19 4 addadndeppderein said
second polysilicon layer is deposited to a thickness equal to that of

desi reds@ai dlap@peand | planadBzindesabd hoscant ccapper thaydaite 13 wher ei n

rst and second dielectric liner layers conprise silicon 21
CS-00-154 i ¢omplete |said|copper maballization [invisaid | trbuichrbioR a

t hi ckness of between about 300 and 800 Angstroms. 19. The nethod according
to O aim 13 WRePRiR Lnregrated chrguib @PWi@fel ectric |iner |ayers prevent
mobile ions frompenetrating said first and second dielectric

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 tb Claim 13 wherein said first

: polysilicon layer is deposited to a thickness eQﬁal'tO'

that of desired said copper vias.

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

that of désired said copper lines.

~ 18. The method according to Claim 13 wherein said first

and second dielectric liner layers comprise silicon

21



20. The nethod accordin [ P W"I ein said first and second

arel cssigolever mat ert JIMMMEUBHBIMES " he' oroup™consi'st ng ot -

hydr ogen sil sesqui oxane (*HS® , ' ntthyl sil sesqui oxane (M5Q, fluorinated -
~silicate glass (FSG, SILK, and FLARE. 21. The nethod according to Caim
13 wherein said steps of polishing down said first and second dielectric
| ayers conpiiseiddeshd dhavie cdath Lekness | ofihgtwded i ssht 300 asde pad
“polishing. 22. The method according to Cl aim 13 wherein said curi'ng steps
conpri se ongO®fARdetgomsip consi sting of: electron beam curing, ion-beam
curing, 02 plasma curing, and. X- ray curing. 22 cs-00-154 .
LEErriitrrrerritrerrerrerrtril €L 23. The method ‘according to O aim 13
wherein said first and second cross-Ilinked surface areas protect. said

under | yi ng 9rsThangeteeddcePEiirg e Fapihsl? vhereimatRidabitdtny said
renmoving ste 3.-24. %h . et h d.acgordin to Claim13 wherein sajd,steps of
renovi ng sa?glf??g?n i$?$§%c€5§%r ﬁgﬁﬁsgﬁyﬁf?h?ﬁeg%?ﬁ c%?%?ﬁp%ﬁ?hb% and

. sai d second; ghir el BuRLFXLOAG Yt ANEIrSRl dnk' E0EINQPETLIEELREE
acconprlshe y pre-

layers.

20. The method according to Claim 13 wherein said first
and secoﬁd 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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cl ean. argon sputteri steps. 25. 1T\ thod according to Caim13 further

conpri gsngo-18@posi ti m‘ﬁ nmetal |ayer underlying said first
topper |ayer; and depga““mm \

copper |ayer by one of.the .group
: consi sting of: chenical *vap or dep03|t|on physi cal ~vapor deposition,

el ectroless plating, and electrochem cal plating. 26. The nethod accordi ng
- to daim 13 2f3ur ther nedhod sicogprdidgpas Cladma 18cwhedehbar sasd farslt | ayer
“underlying said second copper |ayer; and depositing said second copper

| ayer by onendf seltondgcawsscdisked syrdaceclhoeiasaprodgot éa@idsiti on,
physical vapor deposition, electroless plating, and 23 CS-00-154 | |~'1"~I
111111 ~~~| undenlying |Einstp @dwssc@n@csf iediestirds Lavaasndrors: A net hod of
copper netal ) |zat|on in the fabrjcation of an integrated circuit device
conpri si ng: &SP S Irda 534G, & TR ﬁ&e?ssem conductor substrate and
having a nitride capping |ayer thereover; 5 depositing a polysilicon |ayer
over said nitride |layer and patterning said polysilicon layer to form

24. The method according to Claim 13 wherein said steps
of removing said first nitride layer exposed within said
via'openings and said second nitride layer exposed
within said trench openings are accomplished by pre-~

clean srgon sputtering steps.

25. The method éccording to Claim 13 further comprising:
depositing a first barrier meta} layer underlfing

said first copper layer; and

| depositing said.first copper layer by one of the

group consisting of: chemical vapor deposition, physical

vapor déposition, electroless plating, and

electrochemical plating.

26. The method acéording fo Claim 13 furtper 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 wvapor deposition,'physicai

vapor deposition, electroless plating, and
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dummy vi as;

conformal |y dep05|t| tric i ner layer overlyin
nitri decg.qy@.q@@d said du “ﬁ“@ g ing-on a dielectric |ayer

alow dielectric constant
scovering said dumy vias;

ielectric liner Ilayer and

dummy vi as are exposed; 15 thereafter el ectron-beamcuring said diele
| ayer wher ebylactroskehickbdpsatinge | ayer is formed in said dielect
=l ayer; renoving said dummy vias thereby exposing a portion of said n
| ayer within via openings; 20 thereafter renoving said nitride | ayer
exposed wthin said via openings wherein said cross-linked surface

protects said6di klmethdd af eaoppem nehaddizationgisather Eabvingtionps;

CS_00-154 ~ 1Lttt all1 1l 11111 |1 1111 S depositing a barrier
| ayer overlyPﬁga§aFGteSSa§F63§1FPHk§dd§UFFQCEOEPEésaHS within said via

openi ngs;

10

15

20

and fl||ln9d1ald Vi a ORET

ng a meta overgylng semlcgnduc@
substrate'and having a nitride capping layer thereover;
depositing a polysilicon layer over said nitride
layer and patterning said polysilicon layer to form
dummy'viaé; N

conformally depositing a dielectric liner layer

'overlying said nitride layer and said dummy vias;

spinning-on a dielectric layer having a low
dieleqtric constant overlying said dielectriclliner
layer and covering said:dummy vias;

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

thereafter electron-beam curing said dielectric
layer whereby a crosé-linked surface layer is formed in
said dielectric layer} |

removing said dummy vias thereby expdsing 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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havi ng

pol i shi ng down sald dielectric | ayer whereby said
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| ayer
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pl anari zing said copper |ayer and sai rrier metal |ayer wherein said

| i ner ckaygLiBggevents co ﬂ "“ uﬁr jggns from penetrating said dielectric
rlayercto conpl ete said¢*ﬂ ﬂﬂﬁ H "“ﬂtion in said fabrication of said
integrated circuit device. 27.THe rfet hod according to O aim 26 wherein
said netal |ine conprises copper and wherein said nitride capping |ayer

has a thi ckness gebdagitign adBaitr 1300 m@Ad 15QAyeM gveraing28aidhe net hod

- according to Claim26 wherein said polysilicon |layer ‘is deposited to a

t hi ckegss egddls-lankiedalsueifadesiared anidd wiehisr seddakliaz abeningdd. The
method according to Claim26 wherein said dielectric liner |ayer conprises
silicon nitande and has a thickness of between about 300 and 800
Angstrons. 30. The nethod according. to Caim26 wherein said dielectric

| ayer is sel ect ddlkigg t59d &y v QRaTsings withp R corperidaver aad ||| VI |

VILE T 1V, L HS of: hydraogen sil ses uioxaneé%ﬁs ,
met hyl si | sESFRDRAINT @RS ComRTH il%é'[eéfd and isg’étde.b@r £ %&ﬁl SI LK, and
FLARE. 31. e, MRHIOL 30 GH Y 4 G idD %Sl Loidlet Hotlie
30 ioﬁs from penetrating said dielectric layer to complete
said copper .metallization in said fabrication of said

integrated circuit device.

27. The method according to Claim 26 wherein said metal
line comprises copper'and wherein said nitride capping
layer has a thickness of between about 300 and 500

Angstroms.

28. The method according to Claim 26 wherein said
polysilicon layer is deposited to a thickness equal to

that of desired said copper metallization.
29. The method according to Claim-zs wherein said

dielectric liner layer comprises silicon nitride and has

a thickness of between about 300 and 800 Angstroms.

30. The method according. to Claim 26 wherein said

dielectric layer is selected from the group consisting
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of renoving said n|tr|de | ayer thin said via openings is
.acconpl -ghgg-pgsa pre-c um B“ !Flng step. , 32. The nethod.
"according to aim 26 f forn1ng hi gher | evel s of
: netalllzatlon overlying said copper Vi as.
of: hydrogen silsesquloxane (HSQ), methylsilsesquioxane

(MSQ), fluorinated silicate glass (¥SG), SILKX, and
FLARE.

31. The method according to Claim 26 wherein said step
of removing said nitride layer exposed within said via
openings is‘accomplished by a pre-clean argon sputtering

step.

32. The method according to Claim 26 further comprising

‘forming higher levels of metallization overlying said

copper vias.
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