.k 13>0CT 2004 NOVEL Al R BRI DGE PROCESS FOR FORM NG Al R GAPS RELATED
PATENT APPLI CATION U.S. Patent Application Serial # 09/550,265(CS.-99-154)
to M S. Zhou et al. BACKGROUND OF THE I NVENTION (1) Field of the Inventiagn
The invention relates to a nethod of netallization in the fabri cat‘li?oﬁ%f?n“"

integrated circuit nd _more particularly, to a method of formng air
gaps between net aﬁ?yglatﬁlcﬁ\ ]:‘)Ilﬂnf%ﬁepﬁﬁﬁﬁ% QP FORMINGt GRaGRBScircuits. (2)
Description of the Prior Art One of the nethods of reducing RC delay in
al umi num i nterconnects and copper danmascene interconnects is to introduce

low di el ectric constant naishirgbspatfnt er@l PR | Nt erconnect s,
i ntroduction of such low dielectric <constant naterials reduces

predomi nantly the intra-nmetal capacitance. The nost ideal candidate for
the low dielectric constant material is air. In copper damascene
i nterconnects, VPhé.iFri@nta®pohicohten ndemifalongani/ccdm @ ateadg-iieagonst ant

materi al s (%bgM_Fér:A@ware% g(ii ng intensively addressed. In 1 13 OCT 2004

BACKGROUND OF THE INVENTION

(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 forming air gaps between

metallization in the manufacture of integrated circuits.

(2) Description of the Priér Art

One ofAthe methods of reducing RC'delay in
aluminum interconnects and copper damascene intercoﬁnects is
to introduce low dielectric constant materials. In the -
aluminum interconneqts, introdué;ioﬂ of such low dielectric
constant materials reduces predominantly the intra-metal
capacitance. The most ideal candidate for the low dielectric
constant material is air. In copper damascene interconnects,-

the integration concerns of organic low dielectric constant

materials (e.g. FLARE) are being intensively addressed. In




it ! ime, the fabrication of dual and single damascene interconnects
ggebg?ﬁgtdone using undoped silicon dioxide or doped silicon dioxide (e.g.
FSG).” One method of further [owering the dielectric constant of thEH%DCT 20
silicon dioxide is to introduce air in the form of air plugs into,
dielectric. U S Patents 5,324,683 and 5,510,645 to Fitch et al disclose a
-method of formng air gaps between netal lines by etching away spacers
whthin th pace between netal |ines and covering the space with a

non-confofW%FMﬁHFEFFalthﬁhf%hri%éﬁéﬁﬁzﬂﬁ*d@@@samﬂe$tnqheckma@eeaemere. U.S.

S I
Patent 5;4 epann et al teaches filling gaps between .neta
| i nes mﬁtﬁnégﬁéﬁﬁaﬁggﬁngp%%f??r1 e F5H0%s vadepedt § 1 Hicamydoxider orhe

pol yner, &dwen rﬁﬁﬁ\ébﬂgd%xi@é‘sfe.ag.p(%@dgon he Elhﬁcgcg'tqgﬁurttg“’“gh the

. 2 [=) .
porous dielectric |ayer using an ~ oxygen plasna Feave air gaps

t hevereing thel AgeledayRmaiihstaRel WFeEnb Ss A1 X&5PI8lMEChH NRY require
QEtrﬁﬁg processing tine and may not be nmanufacturable. Control g? porosity

not bEFEIGuEsl eirUis. timmtfonm HF750r4pGuts ifb@dmheetaialisbeaghes a porous
g??ica precursor filmover an underlying liquid materi al betmeen_netal
lines. The liquid is renoved through the porous film by evaporation

; i i .S, Patent 5,950,102 to Lee
Lg?x;n?n?g;cogﬁgitgeszgﬂ%%qﬁﬂﬁgh%:gkéﬁgig?éj%%QF%%ﬁ%%§ﬁ5tﬁ@nFiFﬁﬂnves al
of the phet ailegiistibeava NefHRe o 33Ny air gaps between metal

lines by etching away spacers within the space between metal
lines and covering the space with a non-conformal material
which leaves air gaps where the spacers were. U.S. Patent
5,461,003 to Havemann et al teacﬁes filling gaps between
metal lines with a polymer, depositing a porous dielectric
layer over the polymer, then removing at least a portion of
the polymer through the porous dielectric layer using an
oxygen plasma treatment to leave air gaps between the metal
lines. Havemann's polymer is a xerogel which may reguire a
long processing time and may not be manufacturable. Control
of porosity may not be reliable. U.S. Patent 5,750,415 to -
Gnade et al teaches a porous sfiicé precursor film over an
underlying'liquid material between metal lines. The liguid
is removed through the porous film by evaporation leaving air
gaps between the metal lines. U.S. Patent 5,950,102 to Lee

forms interconnects through multiple photoresist layers, then

removes all of the photoresist leaving free-standing




% 13+0CT 2004 interconnects surrounded by air. U S Patent 5,40|7,:3_60 to

. Stoltz et al teaches depositing a spin-on-glass |ayer over net aSU i nes

havi ng. si dewal | spacers. Air gaps are |eft between the spacers. / Rzi(%-ﬁ]g%m
THE | NVENTI ON A princi pal object of the present invention is t(r)] provi
effective and very manufacturable nmethod of netallization in the ention
fabrication of integrated circuit devices. Another object of the in

[ ' [ ' [ i el ectric constant
is to pro netal lization acess using low die
mat er i gl s.¥lll%%&§1r?oc% r SBBf%‘&I[*d‘%{ BhéirnveHt fon Patent HorddVi,860ataet hod for

i iR t ci.rcuits by lowering the dielectric
Lgﬁgf:aﬂ? i(?%?%e%%ﬁntagr Frg%lg?é%i%%eoc Tt EP)I(%TOIE)EQ% ﬁ%ﬂeﬁl Dfﬁteaffgzefgs
alarRIaeRe hayehgOMNRGIS1 YphoRRQL Nef; ohlect of the inventi .
- ?:) ngﬁgiliﬂclie an air bri dgegrret hod of _g?ntcro (ci ng aéfarpsoeaﬁﬁeéﬁ fretal lines in
t he fabriksfiweem dhei apagemted circuits. 3

SUMMARY OF THE INVENTION

A principal object of the pPresent invention is
to provide an effective and very manufacturable method of
' metallization in the fabrication of integrated circuit

devices.

Another object of the invention is to provide
a metallization process using low dielectric constant

materials.

Yet another object of the invention is to
provide a method for reducing RC delay in integrated circuits
by lowering the dielectric constant of the intermetal ~

dielectric material between metal interconnects or metal

damascene interconnects.

Yet another object of the invention is to
provide an air bridge method of introducing air between metal

lines in the fabrication of integrated circuits.



‘ ' 2004 A further object of the invention is to provide an air bridge
ﬁgtﬁgz Egoforn1dunny airlplugs between damascene |ntercpnnects.hAasE|Iiorm
further .object of the invention is to provide an air bridge net ptﬁﬂgﬂgﬂ'HMA
dunmy air plugs after dual damascene processing. In accordance wt o
objects of this invention a nethod for reducing RC delay in |Pt§gr? ed
circuits by lowering the dielectric constant of the internmeta e ? r
material between netal interconnects or netal damascene |ntercopnef S |
achieved. The dielectric constant of the internetal dielectric is |owere

. . L ect . . . fol
troducing air int he .intermetal dielectric between nme
P%telgonnectiogs. An aig %#?Eﬁﬁf(99&&Fgépﬁgt§epbﬁYﬁE$1QﬂaﬂérKal, preferably

S , . o tive
hou i r er.. contai ni a reac
?ran?refi al Sp]idn 15%33&%?2@% %2‘%%% t%r fé%?ﬂaé% ropi qu’ﬂéhpﬁﬁw??ﬂ ough the
pores in damaszienebintdgecomyaitg.enoves at |east a portion of the reactive
material, leaving air plugs within the internetal dielectric. Also, in

accordance with the objects of this invention an air bridge nmethod for

i i i n 4 13 OCT 2004

i ntroducing air betwee 5 5t 17 Furthot object of the invention is
provide an air bridge method to form dummy air plugs after

dual damascene processing.

In accordance with the objects of this
invention a method for reducing RC delay in integrated
circuits by lowering the dielectric constant of the
intermetal dielectric material between metal interconnects or
metal damascene interconnects is achieved. The dielectric
constant of the intermetal dielectric is lowered by
introducing air into the intermetal dielectric between metal
inferconnections. An air bridge comprising a porous
material, preferably amorphous silicon, is deposited over a
layer containing a reactive material. An oxygen plasma -
treatment or an anisotropic etéiiné through the pores in the

air bridge layer removes at least a portion of the reactive

material, leaving air plugs within the intermetal dielectric.

Also, in accordance with the objects of this

invention an air bridge method for introducing air between




-netal’«lines in the fabrication of integrated circuits is achieved. A
plurality of metal lines is provided over an insulating layer on a

sem conductor substrate wherein there is a space between two of thﬁrﬁ%ﬁaiﬂﬂk
lines.” Areactive. nmaterial is deposited over the netal lines and 1 gg
the space between the netal lines. A porous naterial layer is deposite
overlying the reactive nmaterial. The substrate is exposed to an oxygeg .

pl asma wherein the reactive material reacts with the oxygen plasma and is
renoved 15kt Adnepate thrifabaicondonersl ihtemsatdd auglrupesessi n t he por ous

[ ) [ [ [ fabrication
terial fprnmng air ps between netal lines in the
g? i nt egraa%hg%(’gg%lcu?t@u%lﬁﬂfy ?’% DeEst ghteRs wi g rPItQ’r’f%d@@j Qg@f o tg:mascene
i nventio kEheab g&e t . du ir ugs between
inter conﬁeng)?ga?gﬁgc%eveﬁﬁh%ﬁggo ?ﬁg%?g%%ﬁa&%d "&%?F_ﬁ}l F]@T%fh _
i nsul ati ng kagpacenérwadt adduet @he AMPST MBlfs A ga%@ég%%n a_yerI IS s
deposited overlying the nmetal line. A first i nternetal electric layer
deposi t edate¥épl yiaglennsijadsovari thel ayeal ihed angt rintergetwd
dielectric_| ayer is patterned to formspaces where planned dumy air plugs
will be fPERFEd eﬁw?%‘gcﬁq%é‘%ﬂeﬂaﬁsi s A gussist e@;ﬂn?phﬂ?lw?r s:}:m;:els. An air
id I L i1 erlying.the patterne irst interneta
3i“el ggtr?éésbfg%? an%slty}llgl%r %‘16/‘1& Fégc Y%r"i“%etrl?ﬂe sdbet pabetratexisosed to
exposed to an oxygen plasma wherein the reactive material
reacts with the oxygen plasma and is removed from the space
between the metal lines through pores in the porous material

thereby forming air gaps between metal lines in the

fabrication of integrated circuits.

Also, in accordance with the objects of the
invention, an air bridge method to form dummy air plugs
between damascene interconnects ig achieved. A metal line is
provided overlying an insulating layer on a semiconductor
substrate. A passivation layer is deposited overlying the
metal line. A first intermetal dielectric layer is deposited
overlying the passivation 1aye£?n fhe first intermetal |
dlelectric layer is patterned to form spaces where planned
dummy air plugs will be formed. A reactive material is
deposited within the spaces. An air bridge layer is
deposited overlying the patterned first intermetal dielectric

layer and the reactive material. The substrate is exposed to



5 13'@CT 2004 an oxygen plasma treatment wherein the reactive materi al

reacts with the oxygen plasma and is renpved fromthe spaces in the
internetal dielectric |ayer through pores in the air bridge |ayer %Qﬁ?E?*W%
form ng dummy air plugs in the intermetal dielectric layer. Thereakbtw®er, a
second internetal dielectric layer is deposited over the air bridge |ayer.
The internmetal dielectric |layers are patterned to forma dual damascene
openi ng. The dual damascene opening is filled wth - a metal layer to
conpl et e HROHHAN FdFaFE Rt bR othexstia ithe téect Gl inextteirdmlof i nt egr at ed
circuits._ Al so Eggﬁﬁgordance with the objects of the invention, an air

bri dge netFddd & BuRY ISR P IASRSs 286t ép rﬁ%%Yi@iﬁﬁ@bﬁ#@ ﬁng@fsin.is
i i i i t.hi i,electric
A R i

| ayer on a sem conductor su rate

at | east wridifpaayezyhe a8y ard 0N 8l lRAYRY and pyﬁgg i @ passivation |ayer
overlies the dual damascene interconnects. If the dielectric |ayer

conpr i sesinteimedalodieladtpid Kdron Tteashdeerpterdctlond hatpagstyat i on
layer and__the upper |ayer of the dielectric layer are patterned to |[eave
openi ngs WS FIFm}aErE bt UdpraRrideado oyerf bhareair Aridemctiayerl aythei s
. ot p . i
depOSIteﬂaﬁ¥éJHe a&h8189§g£9g§ 15¥L£§ are patterned to form a dual
damascene opening. The dual damascene opening is filled with
a metal layer to complete the dual damascene interconnects in

the fabrication of integrated circuits.

Also, in accordance with the abjects of the
invention, an air bridge method to form dummy air plugs after
dual damascene processing is achieved. Dual damascene
interconnects are provided within a dielectric layer on a
semiconductor substrate wherein the dielectric layer
comprises at least an upper layer and a lower layer and
wherein a passivation layer overlies the dual damascene
interconnects. If the dielectric layer comprises a doped or
undoped silicon dioxide materiéil éhe passivation layer and
the upper layer of the dielectric layer are patterned to
leave openings where dummy air plugs are to be formed. A
reactive layer is deposited within the openings. An air
bridge layer is deposited overlying the patterned passivation

layer and the reactive layer. The substrate is exposed to an




bridde | ayer is deposited overlying the patterned passivation |ayer and

the reactive layer. The substrate is exposed to an 6 oxygen pl asna
treatment wherein the reactive material reacts wth the oxygen plasma_and
is renoved fromthe openings in the dielectric |ayer through poresdishDEhesh

air bridge layer thereby formng dummy air plugs in the dielectric |ayer.
If .the dielectric |layer conprises an organic material, an air Dbridge

ovarl yi g TRge b R o Gt e bk o bRt daschbugs. ar e
to be forueth tiie oxRA%H i e covered by the masking | ayer is
etched through poor es ?nﬁ?ﬁgﬁgai %ﬁr%sdg%ﬁogfgr ftrSmeilP%n‘ﬁP?rﬁé‘gﬁ’orl@s into and

t hrough t hiee paissiectriien Lhg¥er thdbegs Wstdatis ikfe g?Pok?lelqug} 0.an . oxygen

pl asma treatment wherein the organic naterial gle ectri eIay rreacts with
t he oxygehh¢relsind camdngi duneyovid e tike +Bpeni 80scE+4 d fl%ggi_irql egfric layer
t hr ough ores in the passivation layer and in the air bridge |ayer

t her eby f‘gl??ﬁ%gelﬁ&ﬁﬁﬁcai‘ﬁymf URRIR i gdfe agi ergenifcmitereiral Ann anral t ernative

to the oxy Plagnm LLeglment & ortion of the dielectric layer not
cover ed bylgf%e ITB.S’%I ng°| 3RS Heed A¥Edwingi Ehe| paesivatdarhleweh - pokes in
:EZ ai r brisege i%n@orﬁéﬁséV@fispﬁé Bh %itrh%ﬁ%effé%rn%aq}in alr pores in

openings where dummy air plugs are to be formed. The

passivation layer not covered by the masking layer is etched

through pores in the air bridge layer to extend the pores

into and through the passivation layer. The substrate is

exposed to an oxygen plasma treatment wherein thé organic

material dielectric layer reacts with the oxygen plasma and

is removed from the openings in the dielectric layer through

pores in the passivation layer and in the air bridge layer

thereby forming dummy air rlugs in the dielectric layer. As

an alternative to the oxygen pPlasma treatment, a portion of

the dielectric layer not covered by the masking layer is

anisotropically etched through pores in the air bridge and .

passivation layers thereby forﬁgﬁg"dummy air pores in the

dielectric layer.




dielectric layer. 7 j 3 OCT 2Mt BRI EF DESCRI PTI ON OF THE DRAWNGS In the
acconpanying drawings formng a material part of this description, there

is shown: Figs. 1 through 5 schematically illustrate in cross-sectional
representation a first embodi ment of the present invention. Figs. ;@QUCT ity
through 6C schematically illustrate in cross-sectional representation a
probl em and solution for w de spaces between netal -lines in the process of
the present invention. Fiﬁc:;. 7 isonetrically illustrates a second

enbodi ment of the presePRIFMRERGRIFTIPNGOF BHE HPRAWIINGE7 schematical |y
illustrate in y. cross-sectional representation a second embodi ment of the
present invention. Figs. 18 through 26 schematically illustrate in

cross-sectional represefy aton Ak 55 8 8di ment q_:f t he r esent
invention. 8 13 OCT 2004~~ © Q 91 gb rawilngs Iorming B

material part of this description, there is shown:

Figs. 1 through 5 schematically illustrate in
cross-sectional representation a first embodiment of the

present invention.

Figs. 6A through 6C schematically illustrate
in cross-sectional representation a prroblem and solution for

wide spacés between metal lines in the process of the present

invention.

Fig. 7 isometrically illustrates a second

embodiment of the present invention.

Figs. 8 through 17 schematically illustrate in
cross-sectional representation é second embodiment of the

present invention.

Figs. 18 through 26 schematically illustrate
in cross-sectional representation a third embodiment of the

present invention.
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.DESCRI:PTI ON OF THE PREFERRED EMBODI MENTS The present 1nvention proposes
met hod of introducing air between netal lines or formng dunmy air plugs

i i i hni que.
bet ween damascene interconnects by nmeans of an air bridge tec E 2034
method wi || be described -with reference to three enbodi ments. Fbmevé@% P?

i i i i tion should
wi Il be understood by those skilled in the art that the inven

not be limted to the embodi ments described herein, but can Fe ex}ﬁnged to
any application in which it is desired to formair gaps or plugs il
ne?alPPzation process or between conducting lines. The first enbodi nent of

[ ' ' [ i i gs. hr ough
t he resent inven e described with reference to Figs. | t
S Re?erring nom/n%F§BB§#*$QﬁLQEWgFEtBREFEBR@P ENBOIMMENT'S| | | ustrated a

[ [ [ i reui [ There is shown
ortion of a partially conpleted integrated circuit device. _
g sem conductor substrate 10, preferably conposed of nonocrystalline

silicon. Sem conductor mkadﬁgggﬁh&uqhggﬁgioﬁq&ﬂxﬁﬁggﬂéemggﬁggrgges, source

: . i act vias, not
hown, - THAHEEANGEhaa n lmkom HaealSBlheoNSHI A I ELmaLCabRd COVEr ed
with an insulating layer 12, such as silicon dioxide. Intergonnectlon
li nes 20};kyqs3beﬁw99@g@@mascene interconnects by means of an air

bridge technique. Thé method will be described with

reference to three embodiments. However, it will be

understood by those skilled in the art that the invention

should not be limited to the embodiments described herain,

but can be extended to any application in which it is desired

to form air gaps or plugs in a metallization process or

between conducting lines. The first embodiment of the

present invention will be described with reference to Figs. 1

through 5.

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 compoé;é éf monocrystalline silicon..
Semiconductor device structures, such as gate electrodes,
source and drain regions, metal interconnects, contact holes,
and vias, not shown, may be formed in and on the

semiconductor substrate and covered with an insulating layer

12, such as silicon dioxide. Interconnection lines 20,




onprissing one or nore of the follow ng conductors: alum num
.g?rPcon-cgpper, titanium titaniumnitride, titanium tungsten, andn%3 0CT 201
tungsten, are fornmed over the insulating layer and will contact so ho

the underlying sem conductor device structures through openings in the
insulating |ayer, not shown. Now, an optional liner layer 22, conprlsmgb
silicon dioxide or other dielectric material or an organic polyner, may be

[ j d 5000
' d ine t thickness of between about 50 and !
Lﬁégf r O%fagg%;lgﬁggm%a%g ﬂ}g?“"%_% oFnEnt | fie W%é%‘éﬁﬁ%i’?ﬁg %W-ghte? cal
' LiEon- INCE 1 LR9- + 11 i n.f ion. e liner i _
revent corrosion G the Hetal " Ht 5 COGk (4 11 e LLURRYUINt hat Mol Sture i

. . . ) . try,
d i funbeteracind cungganhc 8aéefoahebvd:O the d8RSLE B, SURSEquen
gﬁlgpfﬁat the noisture is fornmed during the oxidation of tﬁ% organi c

materi al BBEvBEh! ¢Eacingonei 0§ theesmdeiiy inigneenmaynahseohaldyilca pronote

i f_organic terial. Referring to Fig. 3, a porous or
Lgﬁ- pg(rjgﬁgkgﬁ%a%fﬁ/g&ﬁﬂlgﬂaapeﬁﬁnﬁ% Hepdy tiagudasing hbayet alndti nes and

i 1 : i n- i - hod or chem cal
opt i onal | ayer through spin-coating, a sol-gel net ,
vgpor dep%)}sl?ﬁibn (CVD). In general, the reactive material 26 may be any
organic material containing carbon and 10

Now, an optional liner layer 22, comprising
silicon dioxide or other dielectric.material Oor an organic
polymer, may be formed over the metal lines 20 to a thickness
of between about 50 and 5000 Angstroms, as shown in Fig. 2.
The liner may be deposited through chemical vapor deposition
0r spin coating. The main function of the liner is to
prevent corrosion of the metal interconnects in the event
that moisture is trapped in the reactive organic material
26, to be deposited subsequently, and that the moisture is
formed during the oxidation of the organic material between
the conducting lines. The liner may alsoc help to promote the
adhesion of organic material.

Referring to Fig. 3, a porous or non-porous
reactive material 26 is deposited over the metal lines and
optional liner layer through spin-coating, a sol-gel method,
or chemical vapor deposition (CVD). 1In general, the reactive

material 26 may be any organic material containing carbon and

10




i : S, P, Br
~.d 3'0CCT 2014 one of the follow ng el enents: H N F Ci, S, P, ,
0. Poly(arylsul fonates), Teflon, and photoresist may be used. Al so,

buckm nsterfull erene is disclosed in co-pending U.S.

Serial #

09/ (CS-99-154). The organic reactive material nmay then be

Pat ent Appl i cat

|, and

‘f%rpCT 200%

' [ [ ifi i t ("curing") in a
subjected to an optional filmdensification treatmnen
: or a rapid thermal anneal (RTA) equi pnent at a tenperature of

bet ween ahout,3Q0Q a%ﬁggi

and pressure of between about 450 and 770
Torr. The top of the of ganxl?% %feéﬁpeégisr'i & NoaFricht &84 P oBsr heapdr ge net al

f ur nace

et chi ng

BA 3,

res,oca I usi.RY et chi back or chem cal
mochan ca - pol Lah R (R b e 15kt B p B L B e he ‘et
cheni st ryudet. t I3 sel, c bubEmbackecRN 160ERLI $8 Qﬂéc%?eé“lrne c%fuggpgigﬁ owi ng
gases: oxygen, nitrogen, hydrogen, formng gas, fluorine, chlorine, f
and ar gorﬁ-gsi\ioﬁat&ﬁtaﬁppbﬂ:@lg@n Sergalle#f opped. Thi (dss-o@-1kiyn | ayer o
filmthat_,containg pores for gases, liquids, or plasma species to

The .ot c 3 igilamay njke tgubifgdated $bepnt owar d
penet ratie I n.t 5:IPE& UHEE?FZE%QW?;Iéﬁ ?ﬁe Thng Ierri ng to Fig. 4? a thin layer
S P Y B s R Bl G REERE, | e IméPepi Ehrpgce The
por ous nNejrerd aaphd Eﬁéﬁﬁéﬁbaleheegaslsi(ﬁg%(?g%gﬁiﬁé%ba% SO Y, 1 BOLESs

deposited to a thickness of

i nt roduc
of porou

between about 300 and 500 =C and pPressure of between about
450 and 770 Torr. The top of the organic dielectric,
particularly over the large metal features, can optionally be
removed by using an etching back or chemical mechanical
polishing (CMP)'process; preferably etching back. The
etching chemistry for the etching back can comprise one or
more of the following gases: oxygen; nitrogen, hydrogen,

forming gas, fluorine, chlorine, BCls, and argon.

Now, an air bridge is to be formed. This is a
thin layer of film that contains pores for gases, liquids, or
plasma species to penetrate into the underlying material.
This is the first step toward igﬁréducing air between the
metal lines. Referring to Fig. 4, a thin layer of porous
material 30 is deposited over the reactive material 26. The
porous material is preferably a silicon material containing
pofes deposited to a thickness of less than about 2000

Angstroms and preferably between about 50 and 1900 Angstroms.

11



Angst'rons and preferably between about 50 and 1900 Angstrons. 11 13 OCT

e porous material may be amorphous silicon or other .
g???clg-cgntaining naterialysuch as porous hydrogen sil sesqui oxane,{gdydugil}
nmet hyl si | sesqui oxane (the latter two deposited by spin-coating), or porous
silicon oxide. Preferably, anorphous silicon 30 is deposited at a
t enperature of between about 250 and 500 Cin a rapid- thernmal chem cal

a de bt . \ce_Uusi sil.ane as one of the precursors.
AP Gepot PTG 8, RS e RS e L B
optional siliGodienmthiaahtOfiats SRR RIBL0GuL hisfddll nace b

thermal anneal (RTA) equi pnent at a tenperature of De about 300 and

i i i i fer is
500 C andspressuriexanehepueens abothy A5H0 stiddui 688nd Of fhe N @ WaT er
exposed topzn oxygen plasma treatnment. The oxygen species generated in the
pl asma ent@REitet vt Feiregeaties br ganiroroasesialc@6 ddirqaugh pores in the

: . : . C
film30. . The oxygen species react with the reactive mterial
Pﬁigﬂah oé?%é%ﬁ ?’tﬁ@%gBQOVQH%Ni%EPQNQQ dssdepositedrati an of the reactive

> i i nd into the anbi ent. Were
Toa T e R PSR A 35 S el T e

thermal chemical wvapor deposition (RTCVD) or furnace using
silane as one of the precursors. After depcsition, the air
bridge material 30 may be subjected to an optional film

densification treatment ("curing"”) in a furnace or a rapid
thermal anneal (RTA) equipment at a temperature of between
about 300 and 500 °¢C and pressure of between about 450 and

765 Torr.

Now, the wafer is exposed to an oxygen plasma
treatment. The oxygen species generated in the plasma enters
into the reactive organic material 26 through pores in the
porous film 30. The oXygen species react with the reactive
material through oxidation, thereby removing at least a N
portion of the reactive materiéi“tﬁrough the pores in the
porous film and into the ambient. Where the reactive
material contains carbeon and hydrogen, oxidation will cause
formation of gaseous carbon dioxide, carbon monoxide, and

water. Alternatively, ozone can be used in place of the

oxygen and the oxidation can be performed with or without a

12




. ion of gaseous carbon dioxide, carbon nonoxide, and water. _
kf{g?;atively? ozone can be used in place of the oxygen and the oxidation
can be. performed with or without a 12 13 O C T 2004 plasna. For exanpledCT 2004
the oxygen plasma treatnent may be performed at a tenperature of between
about 40 and 400 C at a pressure of 0.1 to 30 Torr using oxygen with

formng gas (nitrogen with about 4 vol unme percent of hydrogen) added to

S . N 0
d th SS Low rate of 100 to 30,00
Sem s proforrad O saamp?y e M PILIR LSEHIRHT e used i
or i Cr oVewefosnerBpAC bt b¥RbyraGod|Sd Hed s RbaSEBao PLE{ efply, 4ol | of the

material 26 is renoved through the pores in the reactive material 30.
After the REGREIFeplodsfinlt tealdeldsr aisingapsydananeth efdraieigvgen the netal

i 20, ,as_shown in Fig. 5. This figure shows that the excess organic
rr:atn gfu al 95 GRSeY Hé tharBeutet droee peacend ofi hydrogagh) ssided ob t he

: : ' [ k or CMP step descri bed
figure hag; ved bé t he. opg%onal et chi ng bac .
hereinabgég?gﬁgﬁ%gggfﬁgs% HETIH P _Px?ﬁéng|rAﬁrq?ﬁg?hﬁgfgifgrsofflh'Zir
conpl et esygdad ApTabHORLf & gﬂé’&fequ%lde.cf[ A ég‘%%:gs?ém L8RafP9 1 the art
32, between netal |ines. Processing cortinu
to 2000 wWatts can be used if RF or microwave is capacitively

coupled to the plasma. Preferably, all of the material 26 is
removed through the pores in the reactive material 30. After
the oxygen plasma treatment, air gaps 32 are left between the
metal lines 20, as shown in Fig. 5. This figure shows that
the excess organic material 26 over the large metal feature
20 on the right side of the figure has been removed by the
optional etching back or CMP step described hereinabove

before the deposition of the air bridge

material 30.

This completes the formation of a low
dielectric constant material; i.e. air 32, between metal N
lines. Processing continues aé.ismconventional in the art to-
complete the integrated circuit device. For the present art
to be practiced, it may be necessary to place "dummy'" metal
structures (e.g. lines or round blocks or square blocks) in

the open spaces (> 1 mm) such that the space between any two

metal features is not more than 1 micron.
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. Flete the integrated circuit device. For the present art to be

S‘r)ggt.i ced, it maygbe necessary to place "dummy” netal structures (e.g.

lines or round bl ocks or square blocks) in the open spaces (> 1 um 'f%@rh 9004
that the space between any two netal features is not nore than 1 m cron.

13 13 O C T 2004 For exanple, Fig. 6Aill ustrates netal lines 20 having a

w de space therebetween. The air bridge 30 is suspended above a wide air

. : . hown
32 between the netat didifSe, FR§.2KR PI tg&%asc% MY S9! L apse. as s
isﬁalczieg. 6B. Fig. 6C shows dumTyerret a? l i nes j21 ormed TN ?helv\ﬁle space

) . : |
bet ween 2hédaiognet wide i spc?Gheeebbatebhe spac e heseapeany {40 neta
lines is no nore than between about 0.5 to 1 pm This wll prevent the
col | apse BIRRded; pbeye Ryevide adiv kpbee BAdeesicod the tbosk Bkidéed in the

: lies to any other netal feature other than
art that fh%eaaboé%iﬁéagée app y

metal |ines (8. HEHd G93dEPSEhals sHRANTY ive Fégpablt edFfg oms@not her

HeS d
netal fe t b en 0.5 . p.mto .1 pm The secon .
enbodi meﬁ of ?ﬁxgﬂ?n@%}ﬁ olr%vr%ns! ?rl\tl)\gor'aﬁgc’r'?b_ e ﬁ@ﬁé?eﬁ%’ﬁ‘”@%ﬁ Fi gﬁ. Zd
Uhrough The BMOTHega1 1f1diR0vskl cRS: ! eaedid) H.gaRanete Lhe trench a
via of dual damascene inter connects are absent. _he Tormat 0 air
pl ugs i s "edthitevddes hivugh idre ahanbbetgeed ayfutMdi, 6hcbS18um. This
will prevent the collapse of the air bridge. It will be
understood by those skilled in the art that the above example
applies to any other metal feature other than metal lines

(e.g. metal bond pads) that should be separated from another

metal feature by no more than between 0.5 pm to 1 uym.

The second embodiment of the ihvention will be
described with reference to Figs. 7 through 17. Dummy air
plugs will be formed in areas where the trehch and via of
dual damascene interconnects are absent. The formation of
air plugs is achieved through the air bridge layer which is a
thin film that incorporates pores for gases, liquids, or
plasma species to penetrate intglfﬂe underlying material;

The reaction of these substances with the underlying material
generates products which leave through the pores, thus
producing air gaps/plugs. Fig. 7 illustrates an isometric

view of the dummy air plugs of the invention. Dummy air

plugs 45 are formed through the intermetal dielectric layer
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in-fi hat incorporates pores for gases, liquids, or plasma species to
‘tpglngt];:a!t(ran |t n?o t he ulr[:derl yi ng material The reaction of these substaﬂc?ﬁ
with the underlying material generates products which |eave jthroug1ra @C'ef o004
pores, thus producing air gaps/plugs. Fig. 7 illustrates an isonet
view of the dummy air plugs of the invention. Dumy air plugs ;12 are
formed through the intermetal dielectric layer 14 is O CT 2004 42oyer
passi vati 8f PE§ErPIE gt i@np[beyetﬁ&f{}aﬂﬂ.qoﬂiﬁfﬁggge?g{g?e rﬂ-_l_lﬂéleea][igr rra![ ison 9

ai r. pl ugs are beneat e air _ . _

fﬂi“”&um?”yg%‘%% SRS FPPYS b Rl idied phiagh aeé ese@nseri a bkl gs. 8 ]
t hr ough 1Zir%{§& é'l% ow rr?ée gartl _c,ugna&g//. to gl g. 8,jr té}ﬁ{geﬁnlsioinovm
partial ly conp et‘jed Rt 8gr at 88t} ithe, ‘Hﬁ’éYf s Shwsan sioun
sem condugt o1 wbﬁg&&%eaowitﬂfféﬁéﬁ%ye %%”nggg? 8 Hglf"cg?gg} e odes
silicon. Sem conductor devices structures, a _ -
and drain regions, netal interconnects, contact holes, and VISS, no g
shown, may be formed in and on the seniconductor substrate an cgyer_ede o
with an insulating or PeSsrvatgarow awle barteeaPLSEH Qf Sid. gon di OT(I de
silicon pitride. Lnterconnection lines 20 are forned over t.he i nsul ati ng
| ayer and Wi% SoffR¥R oherbialle aampdeltpingntegrated circuit

device. There is shown a semiconductor substrate 1o,

source

preferably composed of monocrystalline silicon.
Semiconduétor devices structures, such as gate electrodes,
source and drain regions, metal interconnects, contact holes,
and vias, not shown, may be formed in and on the
semiconductor substrate and covered with an insulating or
passivation layer 12, composed of silicon dioxide or silicon
nitride. Interconnection lines 20 are formed over the
insulating layer and will contact some of the underlying
semiconductor device structures through openings in the
insulating layer, not shown. The interconnection lines may
be composed of copper and barrier metal (e.g. tantalum, ~
tantalum nitride) or a multilagéé étack comprising one of
more of the following: aluminum-copper, tungsten, titanium,
titanium nitride, and titanium tungsten. In the case of
copper, the interconnection lines may be part of a dual

damascene interconnect, not shown.
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.sem conduct or device structures through openings in the insulating |ayer,
not shown. The interconnection |lines may be conposed of copper and barrier
netal (e.g. tantalum tantalumnitride) or a nultilayer stack conprising

one of nore of the follow ng: alum num copper, tungsten, titanium 3 0CT 2004
titaniumnitride, and titaniumtungsten. In the case of copper, t‘H‘L
i nterconnection lines may be part of a dual damascene interconnect, not

shown. 15 13 O CT 2004 A §assi.va Lon Jayer, such as silicon nitride or
BLOK (from Applied Materi 2FSy*%4 f%ndiei%esﬁ"t SHCHvaF Phblcibppdirifet h barrier
metal |inertenék (¥ 885 195aPRLIEE t .50 .and 5000 Angstrons. Then a
first internetal diel e??ri c |l ayer E ill\%llj%%iél ggﬁgsp% ?‘?eod’egri/écpet he

passi vat i ooppénayertd GaaxribirCkaess Dindaidveernabeuts2008 rgé% Q, 000
Angstrons. The I MDLl | ayer may be silicon dioxide or doped silicon dioxide

(e.g. fludhost|Gcamd §0A§sAngsESGs PSGhaRSGE £i0kt BRSGrwiapasi ted through
CvD. The | MD1 Ifgy,er may al so be conprised of hydrogen silsesqui oxane or
undoped sPH§HeRE IS 13965e6T8PL) ¢ & (dengsidepedver t the hesptiontsonbor on, or
fluorine) i.ted.through spin-coating, Now, referring to Fig. 9, dummy
! 1408084 & J 9. v
air gaps a%g pé’ttefc&\lé‘ RP%Sﬁa‘gggeWecﬁrh Ute Q0P Hapf ok .&9%al to about 0.5
Angstroms. The IMD1 layer may be silicon dioxide or doped '
silicon dioxide (e.g. fluorosilicate glass or FSG, PSG, BSG,
or BPSG) deposited througthVD. The IMD1 layer may alsc be
comprised of hydrogen silsesquioxane or undoped silicate or
doped silicates (e.g. doped with phosphorus, boron, or

fluorine) deposited through spin-coating.

Now, referring to Fig. 9, dummy air gaps are
patterned to have a width of less than or equal to about 0.5
microns. For example, a photoresist mask 35 is formed over
the IMD1 layer with openings for dummy air plugs in areas
where damascene vias or trenches or both vias and trenches

will be absent. | -

The IMD1 laver is etched through where it is
not covered by the photoresgsist masgk 35, leaving spaces 37, as
shown in Fig. 10. The photoresist mask is stripped and the

wafer is cleaned, as is conventional.
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.mcrons. For exanple, a photoresist mask 35 is forned over the |INMDLl | ayer
with openings for dumy air plugs in areas where damascene vias or

trenches or both vias and trenches w Il be absent. The |IMD1 | ayer tiss OCT 2004
etched through where it is not covered by the photoresist mask 35, "|%eavi ng
spaces 37, as shown in Fig. 10. The photoresist mask is stripped and the
wafer is cleaned, as is conventional. 16 s13 O CT 2004 Next, a porous or
non- porous organi ¢ mat eNegt, #0pdouleRRS| hed- iﬁb{'&&é‘ Mb%rﬁ@ﬁﬁ%eghlas shown
in Fig. 11. The organic material can conprise whol Iy "carbon or

conbi nat i &%h. ¥ demosdtednditnin orthermpecels Bhe &6l $lowinGn @tgmems hydr ogen,

nitrogen,_fluorine, chlorine, sulfur, P, Br, |, and oxygen.. Optionally, a
l'iner | ayrg? %tiﬁﬂ?lésm%ﬁﬁ%brp@klfﬂ?éﬂpm@ﬁ whohhy crgbdye ateposi t ed t hr ough
CVvD or sp I.ng y nder | he organic material 40. The l'iner |ayer
functions ééng)ig{r)la%agﬁeg ’b’? O @Tofgani ef g daldlowdng be

phot or esi &f eggjsyl de |y, e LARE from Al'lied Signal),
Teflon, or others. O%%Q oéﬂﬂgé?fgtafgﬁorlg?ér?}éf o4 tHéTepacks may
occur duer,g 1t, handhoky@éxat e dpdioi@iakt en $phar coaldNg s%tcht ggper ature

bet ween about 50 and 300 C. The organic material may t
silicon oxide, not shown, may be deposited through CVD or
spin-coating underlying the organic material 40. The liner
layer functions as an adhesion promoter. The ocrganic
material may be photoresist, polyimide, ﬁoly(arlene)ether
{e.g. FLARE fron Allied Signal), Teflon, or others. Reflow
of the organic material into the spaces may occur during the
hot plate baking after spin-coating at temperature between
about 50 and 300 ©C. The organic material may then be
subjected to an optional film densification treatment
("curing") in a furnace or RTA equipment at a temperature of
- between about 300 and 500 =C and pressure of between about
450 and 770 Torr. The top of the organic material is
optionally planarized by CMP or etching back, but preferably
by etching back. The etching éﬁéﬁistry of the etching back
comprises one or more of the following gases: nitrogen,
hydrogen, forming gas (nitrogen and hydrogen), argon,

fluorine, chlorine, boron trichloride, and oxygen.
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.Subjected to an optional filmdensification treatnent ("curing") in a
furlnace or RTA qui pnent at a tenperature of between about 300 and ﬁé)@& 204
and pressure of between about 450 and 770 Torr. The top of the orga
material is optionally planarized by CVWP or etching back, but preferably
by etching back. The etching chem stry of the etching back conprises one
or nore of the follow ng gases: nitrogen, hydrogen, formng gas (nitrogen
and hydrogen), argon, HéwothenesirchblraayBeisbes abe tedGRlaQr i deredPthpXygen.
17 13 OCT 2004 Now the air bridge is to be forned. Referring to Fig. 12, a
thin | aye¥o dl9potusanblir i yert2fi podepesmteerialy a2 tisedepbadiBda The
porous nateri al isMBreferany a silicon material containing pores, such as
anor phouL"&Y it06n IMPh o dus e RGRUSK Materpat ois onafresgbiyshl sesqui oxane,

Kyl sil ui pxane, .parous aryl silsesqui oxane, or other porous
ﬁg{ggfal 4%%ﬁgiiﬁg§§el%ft9° e PEPoHE T RHt eFTAF 35 AMPEROSPEBI L BSR4 hi ckness

of | ess tﬂyyb bayt ; 290 f{ggyrﬂapg a r E%ftmeen about 50 and 1900
Angstrons. Ng%,gg%égmagzr 'S expoggdﬂggpé§£§x§§%%a Sasha ot r B3t WEHt 43, The

. . . ! _ . . he
oxygen spdtiyas sf@sgsqu sk ,S poreds) abyony i § fespl RSB eNLer §+hdt o t
reactive material 40 through pores in the porous film42. The oxygen
speci es Fargusematprial known in the art. The porous material is

-deposited to a thickness of less than about 2000 Angstroms

and preferably between about 50 and 1900 Angstroms.

Now, the wafer is exposed to an oxygen plasma
treatment 43. The oxygen species (e.q. radicals, ions) from
the plasma enters into the reactive material 40 through pores
in the porous film 42. The oxygen species oxidizes the
reactive material to form gaseous carbon dioxide and carbon
monoxide among the products, thereby removing the reactive
material 40 through the pores in the porous film and into the
ambient, leaving air plugs 45, as shown in Fig. 13.
Alternatively, ozone gas can be used in place of oxygen and.
the oxidation of the reactive ﬁgfe;ial can be carried out

with or without a plasma.
Now, processing continues. As shown in Fig.

14, an optional etch stop layer 48 is deposited to a

thickness of between about 50 and 5000 Angstroms followed by
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.reactinve material to form gaseous carbon di oxi de and carbon nonoxi de anong
the products, thereby removing the reactive material 40 through the pores
in the porous filmand into the anbient, | eaving air plugs 45, as shown in
Fig. 13. Alternatively, ozone gas can be used in place of oxygen ah8,0&he0ts
oxi dation of the reactive material can be carried out with or without a

pl asma. Now, processing continues. As shown in Fig. 14, an optional etch

stop | ayer sdgohs denosidied Wdelecthlekigas dhphebyerayahoul SO and 5000
Angstrons followed by 18 13 O CT 2004 a second internetal dielectric |ayer

| MD2 50 Rkhickgess dhisiowess abobet 3een abputo,20002a88+26mO00 ANgstronms. An
opti onal capping |ayer 52 can be deposited over the IMD2 I|ayer to a

t hi cknes§P&iopet vieanpialsodeyed SAdca00ge Ahgstsides. oew, the diMib2 danascene
openi ng Es etched through the optional cappi ng layer, the |IM1 and | M2
layers, 'PKETop?ibridH BEERSsPOpPrEYRI AtaiS0 BPAdBROP ARFStrans t he
passi vation | ayer, using one of the various schenmes such as trench-first,
via-first, or enbedded via, as shown in Fig. 15. The dual danmascene

opening i s then wet or iy @l @8aREdadfhsdBIPVRRLGE [ESLHUs.@nd sputtered
conductor on the sidewalls of the trench and via and filled with a barrier
met al | agbrough the optional capping layer, the IMD1 and IMD2 layers,
the optidnal etch stop layer, the air bridge layer, and the
passivatioh layer, using one of the warious schemes such as
trench-first, via-first, or embedded via, as shown in Fig.
15. The dual damascene opening is then wet or dry cleaned to
remove etch residue and sputtered conductor on the sidewalls
of the trench and via and filled with a barrier metal layer
56 and a copper layer 58 by any of the conventional means,
including physical or chemical vapor deposition and etchback
or polishing, electroplating, or electroless plating, and so
on. A final passivation layer 60 completes the metallization

process.

~
- -

In an alternatiéé péocess, the creation of air‘
plugs may be repeated on either side of the etch stop layer.
As shown in Fig. 16, IMD2 50 is formed over the air bridge 42
and the etch stop layer 48 is deposited over the IMD2 50.
Then, IMD3 62 is deposited over the etch stop layer. A

second air bridge layer 64 is deposited over the IMD3 layer.
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.56 and a copper layer 58 by any of the conventional neans, including
physical or chem cal vapor deposition and etchback or polishing, .

el ectroplating, or electroless plating, and so on. A final passivation

| ayer 60 conpletes the metallization process. In an alternative pyPeETSn:
the creation of air plugs may be repeated on either side of the etch stop
layer. As shown in Fig. 16, IMD2 50 is formed over the air bridge 42 and
the etch Bumumy |aiyepldgsi s§5dapesitrtbdviar thee IMYB21 &fer iHhahe ki 62 is
deposited over the etch stop layer. A second air bridge |ayer 64 is

deposi t ed"HVRAT tase deppBibagefor 1Ding CEBTY2604 Dlnny 46+ [hegs GED4r e
formed in the | | ayer in the sane manner as described for first dunmy

air plugst¥eT AfedS FRBRSIESYPVER the ddpodriddeobbranthdhs Pr5irEge 64 and

the optio : i yer 70 is. deposite er |1 68. .Then the dua
danascene o%elr{fg;\lg%yls%%pgtat g?n%%ip%snﬂt‘ﬁoﬂvgg \?L\AM% é%pg/gﬁ"% it ﬁua gderl yi ng
barrier |ayedscehcapanang! Y8l hoOdAUE o £331.8NQML ddbR 59600,
alternative Siocesgé dun%y ai$ pl ugs ﬁ%y be c?eated afﬁFﬁé | MD1, ?NCQ, and
| MD3 | ay ensder latitrer batrirhgrt haypati®randipadist vgapsn Staas 176 ,easure the
integrityfgf the dielectric material. As shown in Fig. 17,

7 shown.

In a second alternative process, dummf air
plugs may be created at the IMD1, IMD2, and IMD3 layers,
alternating the pattern of air gaps so as to ensure the
integrity of the dielectric material. As shown in Fig. 17,
IMD2 50 is formed over the air bridge 42. A second air
bridge 56 is formed over the IMD2 50. Dummy air plugs 55 are
formed in the IMD2 layer in the same manner as described Ffor
first dummy air plugs 45. These dummy air plugs alternate
with the dummy air plugs in IMD1 and IMD3. Etch stop layer
58 is deposited over the air bridge 56. Then, IMD3
layer 60 is deposited over the etch stop layer and a third .
air bridge 66 is deposited oveiriMb3. Dummy air plugs 65 aré
formed in IMD3, aligned with the air plugs 45 in IMD1. IMD4
68 and the optional capping layer 70 are deposited over the
air bridge 66. Then the dual damascene opening is patterned
and filled with copper 74 with underlying barrier layer 72

and passivation layer 76, as shown.
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.IWMD2: 50 is forned over the air bridge 42. A second air bridge 56 is forned
over the IMD2 50. Dummy air plugs 55 are fornmed in the IMD2 |ayer in the
same manner as described for first dummy air plugs 45. These dummy air
plugs alternate with the dumy air plugs in IMD1 and | MD3. Etch stichOFfAya8e
58 i s deposited over the air bridge 56. Then, IMD3 |ayer 60 is deposited
over the etch stop layer and a third air bridge 66 is deposited over | M3.
Dummy air plugs 65 are_,forned in | , aligned with the air plugs 45 in
IMDL. IMD4 68 and theT8ﬁtP5ﬂ5955aB%FﬁﬁeF5§ e, redgepssthed over the

air bri dgecBecdhen.giie ual, s IARsEP0P BN NG s BALLEENGHy and 111 ed

with copper 74 wth underlyrng reléer Tayer P¥ati on | ayer 76,

as showngadfscdnad ffocksd004sphe: i 9gess e LMK dNVERLE9BLCENSES dhe
dielectric constant of the dielectric layer in the dual damascene process,

especi al hydoped hei liayer ddorpdesesTHepésk Din Wi aped daiviyconr dpDxgee. The
design of the dummny air plugs ensures sufficient margin for the trench
and vi a £BSBEe®t CiRthBargtpuénr nghe Heretigh gindgyiaThe deségrhai t he

dummy air. plugs ensures that the dielectric material wll not "cave-in"
duri ng sﬁbggﬁﬁgntioué:ﬁ‘éﬁgcﬁi‘en@&ﬁaﬂi‘é%' pot i wlasd 9pchb) thenduwpny rafienbodi nent

of the iﬂY@&éiéHE&¥é§ t%%t the dielectric material will not "cave-in"

during subsequent chemical mechanical polishing (CMP).

The third embodiment of the invention will be
described with reference to Figs. 18 through 26. Dummy air
plugs will be formed after dual damascene précessing in areas
where the trench and via of dual damascene interconnects are
absent. The formation of air plugs is achieved through the
air bridge layer which is a thin film that incorporates pores
for gases, liquids, or plasma species to penetrate into the
underlying material. The reaction of these substancés with
the underlying material generates products which leave
through the pores, thus producing air gaps/plugs. Two .
alternatives of this embodimenifﬁiil be described. In the
first alternative, the IMD layers comprise doped or undoped
silicon dioxide. In the second alternative, the IMD layers

comprise an organic material.
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fisbed with reference to Figs. 18 through 26. Dummy air plugs will be
L?gfﬁed after dual danascene prgcessing in areas where the trench and via
of dual danascene interconnects are absent. The formation of air p'¥§%uh§ﬂm
achi eved through the air bridge |ayer which is a thin filmthat oL 4
incorporates pores for gases, liquids, or plasma species to penetrate into
the wunderlying material. The reaction of these substances with the

[ [ [ t hus
underlying nmaterial geperate roducts which | eave through the pores,
produci ng air gaps/ pl uggj.‘cﬁﬁgtgﬂae"r‘n"eﬁﬁ WESigt Wi khsFeahol® eritcini | | be

escri begy fir Lve, .the .l | ayer.s conprise doped or
Sndopedeglslil%#ggﬁ%gi %X?éga%%ifﬁééﬂglceécﬁgle&ﬁ%?ﬁﬁtxfa@e?IJE‘FT'E“P I&?"P&;‘?er s
conpr i Seil @agRRicenBbhebidbsirkd hak3 Hdeh %Qﬁél@ﬁ&& alternatives begin with
Fig. 18 which illustrates a partially conpleted integrated circuit device.
Dual darmeycend ipnedessi hige hast beemiconphnekedids iSne COOVANJIRRA in the
art. Interconnection |ine 20 is shown overlying insulating or passivating
| ayer 1P%6GT ¥ ingedPeBhabirdros mrRsiveding. 1pweer tdnoecdi on |ine 20 can

: i lum nitride) or a
ol U1 s BB e G Gt | oterspnpnet Lo Tine 20 can o O
comprise copper and barrier metal (e.g. tantalum, tantalum
nitride) or a multilayer stack comprising one or more of the
following: aluminum copper, tungsten, titanium, and titanium
nitride. In the case of copper, the interconnection line may

be part of a dual damascene interconnection, not shown.

Semiconductor device structures, not shown, may be formed in

and on the substrate and coveredrwith the insulating or

passivating layer 12. The interconnection conductor line 20

will contact at least one of the semiconductor device

structures, not shown. Passivation layer 24 covers the

interconnection line in the dual damascene interconnects.

IMD layers 34 and 50, etch stop layer 48, and capping layer

52 are formed as is conventional. The capping layer 52 is .
optional in the first alternati?é}abut regquired in the second.
alternative. Capping layer 52 comprises silicon nitride,
silicon dioxide, silicon oxynitride, or others. Dual
damascene openings are etched through the IMD1 and IMD2

- layers 34 and 50, respectively, the etch stop layer 48 and

the capping layer 52, using one of the various schemes such
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.foll ow ng: al um num copper, tungsten, titanium and titanium nitride. In

the case of copper, the interconnection line may be part of a dual

damascene interconnection, not shown. Sem conductor device struct ur &g, 08O
shown, may be formed in “and on the substrate and covered with the
insulating or passivating layer 12. The interconnection conductor |ine 20

wi |l contact at |east one of the sem conductor device structures, not

shown. Passivation |ayer 24 covers the interconnection line in the dual
damascenéSi hTeReBnhbtt . Vi fizpsrsogsenhedded wixh Sthep duager 48, and

cappi ng | .52 are fornmed as.is conventional. The capping |ayer 52 is
opt i onal dlg}r(fgf’ﬁ%n?i?%efn%qseraﬁ&ti En %bﬁ?‘éq‘ﬁﬂ"%oﬁ iRREHE s 8@sRd ARYeFnati ve.

Cappi ng k8yghaS4 EH5RL i lgi LLride . silicon dioxide, silicon

oxyni tride, or otﬁer s.f Du%le%' égcmggcglﬁ% %geﬁ?%g%o%‘?e@ Of'ﬁédmfaﬁpﬁugh the | MD1
and | MD2 inkayeisg 3ghywick0 orf @8R8 ERY el ¥pot Nl it i$H-OR s nd the
cappi ng |l ayer 52, using one of the vari o%g schlgérres 1suchn§12$j%§é%c%T 2904 as
trench-f prspolishing r stlechroplaeddgd staelddersiuals pdarmagenan@pspi Nngs are

then filled with a barrier netal |layer 56 and a copper |ayer 57 by any of
t he convEfti ohafindhmessivadioa Agyphye? catuah asheviildaonvapbridepositi on

and et ehigek, .0k Aald YN0, SheRLEOPL 2L G,,, o1, &) eotfol gss plating, and so

alternative of the third embodiment will be described with

. reference to Figs. 19 through 22. In the first alternative,
IMD1 and IMD2 comprise undoped silicon dioxide or doped
silicon dioxide (e.g. FSG, PSG, B3G, or BPSG). After the
dual damascene opening has been filled with copper and topped
with passivation layer 60, a photoresist mask 67 is formed
over the wafer having openings where dummy air plugs are to

be formed, as shown in Fig. 19.

Referring now to Fig.\20, the passivation
layer 60 is etched through where it is not covered by the
photoresist mask, followed by the remaining optional capping
layer 52, then the silicon dioé&ﬁe‘layer not covered
by the mask is etched through to the etch stop layer. The

photoresist mask is stripped using oxygen plasma or chemical

stripping.
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on. Adinal passivation |ayer 60, such as silicon nitride, conpletes the
“dual dammscene interconnects. The first al ternative of the third

enbodi ment wi Il be described with reference to Figs. 19 through 22. In the
first alternative, |ML and | M2 conpri se undoped silicon dioxide g3 dopes
silicon dioxide (e.g. FSG PSG BSG or BPSG). After the dual damascene
opening has been filled with copper and topped wth passivation |ayer 60,

a photoresist mask 67 is fornmed over the vvaf.er havi ng openings wher e dunmy
air plugs are to be fdhEgaasd cshererinlFVg. id9deRefidrad rgthaw theFi g. 20,

. . . o by the
th assi n_. l.ayer, 60 i ched_t hrough where it is not cove(ed
phgtgresfﬁtggﬁgs‘ﬁ‘fc?%‘ﬁ%%ﬁé’a‘ %&‘ﬁe SidAEPR; gowergrﬁaaeroasﬁ gé}fﬁayenhStz, mgn
the siliggg. dpoxi ANES t .C red the_mask is .etche hr.oug 0

etch stoggpay%?. %ﬁg& phgﬁ'Kegigggﬁgs%g¥?§’s?$aﬁﬁﬁﬁEﬁéﬁﬁ§n09§§@ﬁrplasna or

cheni cal nost shemi Ngra? bd Wepohl tatganier 1985 i @le W5 0epgsLlegd, Wi thin the
spaces etched ?ﬁ:’ggzﬁzt he silpl i con di oxi d?l%gr, as glsaalown n I%lgg. 21.

Opti onal P§; alhe neimdmyaversdohcasonks! 86 0din OXd Kk 1 o RhromBOWR. NRYe bE

deposi ted underlying the organic material 70. The_ | iner layer functions as
an adhesPbAeptomti&riath@ay be photoresist, polyimide,

poly(arylene)ether (e.g. FLARE from Allied Signal), Teflon,
and others. Reflow of the organic material into the spaces
nay occur during the hot plate baking after'spin coating at a
temperature of between about 50 and 300 ©C. The organic
material may then be subjected to an optional film
densification treatment ("curing") in a furnace or RTA
‘equipment at a temperature of between abocut 300 and 500 <=C
and pressure of between about 450 and 770 Torr. Optionally,
the organie material is planarized by CMP or etching back,
but preferably by etching back. The etbhing chemistry of the
etching back compfises one or more of the following gases:
nitrogen, hydrogen, forming gas (mixture of nitrogen and
hydrogen), fluorine, chlorine, boron trichloride, oxygen, and

e -

argon.

Now the air bridge is to be formed. A thin
layer of porous material 75 is deposited over the organic
material 70 and passivation layer 60. The porous material is

preferably a silicon material containing pores, such as
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.organizc material may be photoresist, polyimde, poly(arylene)ether (e.g.
FLARE fromAllied Signal), Teflon, and others. Reflow of the organic
materjial into the spaces nmay occur during the hot plate baking afﬁ§r0§P5ﬁ%
coating at a tenperature of between about 50 and 300 C. The organ

material may then be subjected to an optional film densification treatnent
("curing") in a furnace or RTA equipnent at a tenperature of between about
300 and 200 ¢ d%nd. ressure of between about 450 and 770 Torr. Optionally,
the organi C mater irar *F8%pl BRETYS 6t BV *dficet BRFAYS bbxdksogaut pref er abi y

by etchi Atk et ghi Qﬁﬁ@ trw of the _etching back comprises one
o%/ nor e s(f)lj]g t he flglqglgg\?\i n]gg%;%gsés: nft%%&%ﬁfmﬁﬁﬁ%ﬁen?rf T4 s (mi xture
of nitr ogidseanthiokpdepoedos fHaOridg lQ%LaE, bO tedchlgri de, oxygen,
and argon. Now the a?r %%idge isto ggﬂfg?EE .OA %%?% {¢%£é§£%ﬁ por ous
mat er i al2009 Anggéponit auld oqwesfdib 191 @anweenMabeht ako 7Hh@nbdeassi vat i on

| ayer 60Q. The Rprous material is preferably a silicon material containing
pores, JUYIPTEOMSA 13 O CT anorphous silicon, porous silicon oxide, porous
hydrogen sil sesqui oxane, porous al kyl silsesqui oxane, or porous aryl

si | sesqui oxane, deposited to a thickness of |ess than about

Now, the wafer is exposed to an oXygen plasma
treatment 83. The oxygen species (e.g. radicals, molecules)
from the plasma enters into the reactive material 70 through
pores in the porous film 75. The OxXygen species oxidizes the
reactive material to form carbon dioxide and carbon monoxide
among the products, thereby removing the reactive material 70
through the pores in the porous film and into the ambient,
leaving air plugs 85, as shown in Fig. 22Z. Alternatively,
ozone gas may be used in place of oxygen and the oxidationlof
the reactive material may be carried out with or without a

plasma.

This completes the formation of dummy air .

plugs, reducing the RC delay bf fe&ucing the dielectric

constant of the IMD layers.

The second alternative of the third embodiment
will be described with reference to Figs. 23 through 26. In

the second alternative, IMD1 and IMD2 comprise a porous or
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. 2000 Angstrons and preferably between about 50 and 1900 Angstrons. Now,

the wafer is exposed to an oxygen plasma treatnent 83. The oxygen species
(e.g. .radicals, nolecules) fromthe plasma enters into the react|~§300T2mM
material 70 through pores in the porous film75. The oxygen specie

oxidizes the reactive naterial to form carbon dioxide and carbon nonoxide
anong the .products, thereby renoving the reactive materi al 70I thrgggh t he
pores in us filmand.into.the anbi ent | eavi ng _air plugs as
Ehown in EP pg,gég AT At |“\?é:le§mlo?§ﬂ§eg‘é%mﬁﬁ%‘i/ltb‘é“hs‘é’d:mﬁeﬁl HE@lb{] oxygen
and the egkggﬁl O o8 a8t b¥e, be carrie t with or

W t hout a plagﬁg fﬁ?s g%ﬁb gtes tﬁ?ﬂgorna ﬁ%ﬁaé? gﬁﬁﬁ? g %H ®pl ugs,

reduci ng fbheow(hgled Bymdit 5:eGiy@irBgehhen i 8461 1 | £ u RSt 2Rk 18f 15 he | MD
Iayers.gThe secd%d alternative o? the third enbo&?nent }P be-Hescri bed

wi th ref8refeeBt o i gsd 2Zygenoughxdtples mm@acmyab&@éﬂatsémerl MDI and
| MD2 conprise_a porous or 25 ] 3 OCT 2004 non-porous organic material whose
conposi t # 5nIt FtkKideehiom Fheparpbn BRARE cohrmn ddtliied Sfigoailben and one or

n, fluorine, chlorine,
more of bBfyidAd QU ALRTERL e BT REM (&g M 09T L)

After the dual damascene openings have been
filled with copper and topped with passivation layer 60 as
shown in Fig. 18, the air bridge is formed. A thin layer of
porous materiél 75 is deposited over the passivation layer
60, as shown in Fig. 23. The porous material is preferably a
silicon material containing pores, such as amorphous silicon,
borous silicon oxide, porous hydrogen silsesquioxane, porous
alkyl silsesquioxane, or porous aryl silseéquioxane,
deposited to a thickness of less than about 2000 Angstroms
and preferably between about 50 and 1900 Angstroms. A
photoresist mask 77 is formed over the wafer having openings
where dummy air plugs are to be formed.

Now, an etching step is performed to enhance
the cracks and pores of the porous layer 75 into the
passivation layer 60 and capping layer 52. Fig. 24 is an
enlarged view of the porous layver 75, the underlying

passivation layer 60, capping layer 52, and a portion of the
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P, :Dr, 1, and oxygen. Exanples include: poly(arlene)ether (e.g.

SI LK

from Dow Chemical, FLARE fromAllied Signal), polyimde, and fluorinated
polymer. (e.g. Teflon). After the dual danascene openings have been
with copper and topped w th passivation |ayer 60 as shown in Fig.
air bridge is formed. A thin layer of porous material 75 is deposi
t he passivation |layer 60, as shown in Fig. 23. The porous nateri al

pr ef er ablygd-13idd gggaggge&gg%§%$gtfgry %%rezgyéﬁgg %%r ngrphous

porous silicon oXi _ _ _ v f
si | sesquilpaRRsit RAERUST ar yfh@é&%ﬁqwf @@%ecoggﬁﬁgégtggaéﬁaa thi ckness o
| ess than about 2000 Angstronms and preferably

Angst r onass s tgghettohésisthavskn 7ihd Sedfaimgd cowak sth

por ous gen ‘si1sésdui al kyl

et ween

13 957

ted over
is
silicon,

out 50 and 1900
Y6l 5 LAY i gy openi ngs

where dummy air plugs are to be fornmed. Now, an etcging step is perforned
&

t 0o enharffe M ee Oy
passi vatglon

Rsfahtopne gafes:he gpdrogasel, ayedrdSen it won fie,
24 is an enlarged

I 6 nd_cappj ng | ayer. 52. Fig. (
t he por ous qré);%y&%'i’?g?s hefﬁ‘h‘g’gﬂ%% hysroGarkenéf) b ayedreterapis ng

vi ew of
| ayer

52, d ti e 200Q4. underl.yi ng.organi.c terial in | MD2
50, ngocg{eg bjl ?Eg%%%%f olr?g%]?ﬁ:ﬁrfagﬁ%g#f TR «&:}?gﬁ}”ﬁg rs]hé% T %Ses plasma

may be accomplished in one or more steps. The air bridge 75
may be etched away by this etching step, but this is
acceptable as long as the pores are perpetuated into and

through the passivation layer 60.

Now, the wafer is exposed to an oxygen plasma
treatment. The oxygen species (e.qg. :adicals, molecules)
from the plasma enters into the organic IMD material 50
through the enhanced pores in the passivation layer 60. The
oxygen species oxidize the organic material 50, thereby
removing it through the pores in the passivation laver and in
the porous film and in to the ambient, leaving air plugs 85,
as shown in Fig. 25. The oxygen plasma treatment
simultaneously strips away themﬁhoforesist mask 77.
Alternatively, ozone gas can be used in place of oxygen and
the oxidation of the reactive material can be carried out

with or without a plasma.
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. assi sted etching wherein the etching chemstry conprises one or nore of the
fol | ow ng gases: chlorine, hydrogen bromde, fluorocarbon(s), fluorinated
hydrocarbon(s), hydrocarbon(s), oxygen, nitrogen, hydrogen, argon, 'S%CT 200
helium The etching may be acconplished in one or nore steps. The a

bridge 75 may be etched away by this etching step, but this is acceptable
as long as the pores are perpetuated into and through the passivation

layer 60. Now, the wafer is exposed . to an oxygen plasma treatment. The
oxg;gen species (e.qg. r?dﬁ A ?ﬁQﬁEPE‘EbT’ESFO oAttt PdsFEent ers into the

i i . A e .. e aores in.the_passivation
e o tRREREE) Mo roi 2 R ch i6g DR PEC RS, k0T R055 ¢85 oby

renovi ngbet athi ©ugh tH>UY ehel BotBs PASehyali 03N s3Rd in the porous
filmand in to the anbient, |leaving air plugs 85, as shown in Fig. 25. The

oxygen pPasfivatict feversioful t #heonshyistng pshatmmpedike phat enesiss mask 77.
Al ternatively, —ozone gas can be used in place of oxygen and the oxidation
of the rEﬁ‘B‘P%% VR (CAYISRN PRESRar PT el ming gasoplwisthoor a plasma. 27 A

: i xygen pl asna

130C T¢299é1é¥bfﬂbg¥gg%’%%h'¥8r&9néh§a§ Sfésmé3 Wet chemical
stripping can also be used. 1In this case, the dumnmy air
plugs will be in the form of air pores 87, as shown in the

enlarged view of Fig. 26.

This completes the formation of dummy air
plugs 85 or dummy air pores 87, reducing the RC delay by

reducing the dielectric constant of the IMD layers.

The process of the invention provides a method
for reducing RC delay in integrated circuits by lowering the
dielectric constant of the intermetal dielectric material
between metal interconnects or metal damascene interconnects.
The dielectric constant of the IMD is lowered by introducing

[

air into the IMD between metal intérconnections. An air
bridge comprising a porous material, preferably amorphous
silicon, porous silicon oxide, porous hydrogen
silsesquioxane, porous alkyl silsesqguioxane, and porous aryl
silsesquioxane, is deposited over a layer containing a porous

Or non-porous reactive material. BAn oxygen plasma treatment
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. t.,reatnent, anisotropic etching of the organic material 50 can be achieved
through the pores in the air bridge and passivation |ayer 60. The

remai ni-ng photoresist can then be renobved using oxygen plasma or a?gPPE%QQM
gas plasma or a mxture of oxygen and form ng gas plasma. Wt chem‘’ca
stripping can also be used. In this case, the dunmy air plugs wll be in
the formof air pores 87, as shown in the enlarged view of Fig. 26. This

conpl et egr the FHOIdHRLARE O ; j s 85 or du air pores 87,
reduci ng the RC delayggy EFggggyngﬁ{%%ﬁgie‘%épFFE &nggﬁn?lﬁfb¥%ﬂ9?IWD

| ayers. Thgprasesesobt! heabvanieonidl O 423 2o0aRthod nloL feducing RC
delay in integrated circuits by |lowering the el ectric constant of the

i nt er met W@aving edir pdugat eiithinbeheerMD Net al i nt erconnects or net al

damascene i nterconnects. The dielectric constant of the IMDis |owered by

introducing air into the I MD between netal interconnections. An air bridge

conprising a porous na&gr#al referably anorphous silicon, porous silicon
?SEE%

oxi de, porous hydrogen utSEHE O SRsusearkypr i ¢akariy oxane, and
por ous adnHwn SnlaS@edHE-9¥aRC Wit A ited over a |ayer containing a porous
or non-porous reactive nate?fa?. 58%¥§§%ﬁ°pE§§nBrF¥%5f nt 28 13 0 CT 2004
embodiments thereof, it will be understood by those skilled
in the art that various changes in form and details may be

made without departing from the spirit and scope of the

invention.
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or an ani sotropic etching through the pores in the air bridge |ayer

renoves at | east a portion of the reactive material, |eaving air plugs
within the IMD. While the invention has been particularly shown and
described with reference to the preferred enbodiments thereof, it i OCTH204
understood by those skilled in the art that various changes in form and
details may be nade w thout departing fromthe spirit and scope of the
invention. 29 13 OCT 2004 Clainms 1. A nmethod of form ng air gaps between
metal lines in the fabrication of cnategrated circuits conprising:

providing a plurality of nmetal lines over an insulating layer on a

sem conduct ora sihsdabe whenehd adbrtheps bstieaPara petween two of said
nmetal |ines; depositing a reactive naterial over said netal I|ines and

filling saiuk m%a%%eefsahgeg@&%d'wféultsdwrgarilsqglga porous air
bridge | ayer overlying said reaCtive material; and 10 exposing said

substrate to a$f3@gag gggrgﬁ E |gf ﬁg%ghrf§ggév E%ﬁ%%rlal reacts wth
a

oxygen speci es sai gen plasma and i's renove om sai d space

insulating layer on a semiconductor substrate wherein
5 there is a space between two of said metal lines;
depositing a reactive material over gaid metal
lines and filling said space between gaid metal lines;
depositing a porous alr bridge layer overlying said
reactive material; and
10 exposing said substrate to an oxygen plasma wherein
sald reactive material reacts with oxygen species in
sald oxygen plasma and is removed from said space
between said metal lines through pores in said porous
ailr bridge layer thereby forming said air gaps between
15 said metal lines in the fabrication cof integrated

circuits.

2. The method according to Claim 1 wherein said reactive
material comprises an organic material containing

carbon or a combination of carbon and cne or more of

the following elements: hydrogen, nitrogen, fluorine,
chlorine, sulfur, phosphorus, bromine, iodine, and

oxygen.
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bet ween said nmetal lines through pores in said porous air bridge |ayer
thereby formng said air gaps between 15 said netal lines in the

fabrication of integrated circuits. 2. The nmethod according to Claim1l
wherein said reactive material conprises an organic material contaifr8 BT 2igs
carbon or a conbination of carbon and one or nore of the foll ow ng

el enents: hydrogen, nitrogen, fluorine, chlorine, sulfur, phosphorus,

brom ne, iodine, and oxygen. 30 .13 OCT 2004~ 3. The nethod according to

Caiml whereite stittho@iobeddrdahy bbi dULihay eFh&R ita8 aFRbRBOUS silicon
having a thickness of |ess than about 2000 Angstrons, 4. The net hod

accor di ng 40 @:3idgel 1‘&19%&-eb6m§§b.ge§051%'§ph<§ﬁé $ri 498, hRYenhgCAMPri ses porous
silicon oxide having a thickness of |ess than about 2000 Angstroms. S. The

met hod acagiding 40 ¢ @L'e@sltwgﬁrgbgu?aﬁg ogasr bridge layer is
selected fromthe group consisting o por ous hydrogen sil sesqui oxane,

porous al kyl silsesqui oxane, and porous aryl silsesqui oxane and having a
t hi ckness of less than about 2000 Angstrons. 6. A nethod of forming air

gaps betm@fniﬂFtagtho e%cbgrdlng to Claim 1 wherein said porous

air bridge layer comprises poroug silicon oxide having a

thickness of less than about 2000 Angstroms.

5. The method according tc Claim 1 wherein said porous

alr bridge layer is selected from the group consisting of:
porous hydrogen silsesquioxane, porous alkyl silsesquioxane,
and porous aryl silsesguioxane and having a thickness of less

than about 2000 Angstroms.

6. A method of forming air gaps between metal lines in
the fabrication of integrated circuits comprising:
providing a plurality of metal lines over an
insulating layer on a semiconductor substrate wherein
5 there ig a space between two of said metal lines;
depositing a silicon oxide liner layer overlying
said metal lines and said insulating layer;
depositing a reactive material over said liner
layer and filling said space between said metal lines;

10 depositing a porous air bridge layer overlying said
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the fabrication of integrated circuits conprising: providing a plurality of
netal lines over an insulating |ayer on a sem conductor substrate wherein

5 there is a space between two of said netal |ines; depositing a silicon
oxide liner |layer overlying said netal lines and said insulating Iaﬁquﬁ A
depositing a reactive material over said liner layer and filling sai’ spacgIﬂ
between said netal lines; 10 depositing a porous air bridge |ayer

overlying said 31 13 OCT 2004 reactive material; and exposing said

substrat e tn@i X Y@eRkLasmanwherein said reactive material reacts with
oxygen species in said oxygen plasma and is renpved fromsaid space 15

between sai d mabglodiinbes ot B QUBDLPAE €5tb Nard Al PO Yiharndl Linlibdge ¢ her eby

form ng said air gaps between said netal linés in the fabrication of
i ntegrateds£id QAR vE mE@%rQS&hQQa@EQ%PEE‘%:E& Aeawhgrein said
reactive material conprises an organic naterl taining carbon or a

combi nat i of0f SALAN AAd.ANg 8! L 0OLengl é&'gavab@g)aeéeeﬁems hydr ogen,

ni t rogen, hIorlne osp or us m ne, iodine, and

OXYygefk between said metal lines through pores in gaid porous
alr bridge thereby forming said air gaps between said

metal lines in the fabrication of integrated circuits.

7. The method according to Claim 6 wherein said reactive
material comprises an organic material containing carbon
or a combination of carbon and one or more of the
following elements: hydrogen, nitrogen, fluorine,
chlorine, sulfur, phosphorus, bromine, iodine, and

OXygen.

8. The method according to Claim &6 wherein said porous
air bridge layer comprises amorphous silicon

having a thickness of less than about 2000 Angstroms.

9. The method according te Claim 6 wherein said porous

alr bridge layer is selected from the group consisting of:
porous hydrogen silsesquioxane, porous alkyl silsesquioxane,
and porous aryl silsesquioxane and has a thickness of less

than about 2000 Angstroms,
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8. The method according to Caim6 wherein said porous

air bridge |ayer

conpri ses anorphous silicon having a thickness of |ess than about 2000
Angstronms. 9. The method according to Claim6 wherein said porous air

bridge |ayer is selected fromthe group consisting of:

porous hydrpBdT 2604

si | sesqui oxane, porous al kyl silsesqui oxane, and porous aryl
si | sesqui oxane and has a thickness of |ess than about 2000 Angstrons. 32
13 OCT 2004 10. A nethod of forming air gaps between netal lines in the

fabricatiofg ofa ind@HAlAd GGt 8§1¢08Rp5EShaGyedf QYdtding &Rl unal ity of
nmetal lines over an insulatinglayer on a sem conductor substrate wherein

5 there is.q spage baligend w0 ot 3abd BPLabiLlNesipdenos)ting a silicon

oxide liner layer overlying said netal |nes and sal

I nsul ating | ayer;

dep05|t|ng_a:;§y§dﬁ Ep%%%kgg glg@lgetgfe{lﬁéngnggrldlIllng sai d space

bet ween said tlng a porous air ge | ayer
conpr|5|ng hou%f§|llconap%%&l BH us d r actéve nq{q&gal and
exposi ng sal dl 51T ate to “an oxXygen pla “°é sal §reactive materi al

reactg mntthKXQFn species.in salgnggge éaﬁg@a qp is reaned fromsaid

pace between ines

space

depositing a silicon oxide liner layver overlying

said metal lines and said insulating layer;

depositing a reactive material over said liner

layer and filling said space between said metal

lines;

10 deposgiting a porous air bridge layer comprising

amorphous silicon overlying said reactive wmaterial; and

exposing said substrate to an oxygen plasma wherein

sald reactive material reacts with oxygen species in

salid oxygen plasma and is removed from said space

between said metal lines through pores in said porous

15 air bridge thereby forming said alr gaps between said

metal lines in the fabrication of integrated circuits.

11. The method according to Claim 10 wherein said

reactive material comprises an organic material

containing carbon or a combination of carbon and one or

more of the following elements: hydrogen, nitrogen,

fluorine, chlorine, sulfur, phosphorus, bromine, icdine,

and oxygen.
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between said netal lines through pores in said porous 15 air bridge thereby
formng said air gaps between said netal lines in the fabrication of
integrated circuits. 11. The nethod according to Caim 10 wherein s§(éi C
reactive material conprises an organic material containing carbon 59 T 2004
conmbi nati on of carbon and one or nore of the follow ng el enents: hydrogen,
nitrogen, fluorine, chlorine, sulfur, phosphorus, brom ne, iodine, and
oxygen. 33 13 OCT 2004 12. The method according to Claim 10 wherein said
porous air bridge layer has a thickness of |ess than about 2000 Angstrons.
13. A method of form ng dummy air plugs between dual danmascene

| Nt er connegs s ik LSHADLCARLONOL ol B 89RAL £ nELLLHI L5 £ YISI O

providing a netal |ine overlying~an insulating ayer on-a sem conduct or

substrat e;agfw'&éggl%%?lgsv%} igﬁgcmggg gveylying said metal [|ine;

depositing a first int ctric | ayer “overlying said passivation
| ayer; 10 %&@rmd}g A%%js%r]‘oimrsst internmetal dielectric |ayer

13. A method of‘forming dummy air plugs between dual
damascene interconnects in the fabrication of integrated
circuits comprising:

providing a metal line overlying an insulating

5 layer on a semiconductor substrate;

depositing a passivation layer overlying said metal
line;

depositing a first intermetal dielectric layer
overlying said passivation layer;

10 patterning said first intermetal dielectric layer
to form spaces where planned said dummy air plugs will
be formed;

depositing a reactive material within said spaces;
depositing a perous air bridge layer overlying said

15 patterned first intermetal dielectric layer and said
reactive material;

exposing said substrate to an oxyvgen plasma
treatment wherein said reactive material reacts with

oxygen species in sald oxygen plasma and is removed from
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to form spaces where planned said dummy air plugs will be forned;
depositing a reactive material within said spaces; depositing a porous air
bridge | ayer overlying said 15 patterned first internetal dielectric |ayer
and said reactive material; exposing said substrate to an oxygen pfadd 2004
treatnment wherein said reactive material reacts with oxygen species in
sai d oxygen plasma and is renoved from 34 13 O CT 200k 20 said spaces in
said internetal dielectric |layer through pores in said air bridge |ayer

thereby fosaidgspaidh GUBALRIIMtRIH@SalNdsat dctplermBiad wWirheetric | ayer;
thereafter depositing a second internmetal dielectric |ayer over said air

bridge | aygbre<SiPaidRe Hing b%%.'d%e' ﬂ%t?éget:ﬁ!ergbfl E&ifiky |ayers to forma
dual damascene opening; and filling Said dual damascene openlng with a

metal | aygimhp LOMYRIL 3 %aqlaalm(éame Neql Of SECOMNOChad N the
ording to

fabrication of |ntegrated circuits. 14. The method acc Claim 13

wherein said paégéggggégk;&aggéf%a f?fggcghblggpegmégéﬁe 15. The net hod

according to Cdaim rerrn sai

dielectric layer over said air bridge laver;
25 patterning said intermetal dielectric layers to
form a dual damascene cpening; and
filling said dual damascene opening with a metal
layer to complete said dual damascene interconnects in

the fabrication of integrated circuits.

14. The method according to Claim 13 wherein said

pagsivation layer comprises gilicon nitride.

15. The method according to Claim 13 wherein said first
intermetal dielectric layer is selected from the group
consisting of: undoped silicon dioxide, doped silicor,

undoped silicate, and doped silicate.

16. The method according to Claim 13 wherein said
reactive material comprises an organic material
containing carbon or a combination of carbon and one or
more of the following elements: hydrogen, nitrogen,

fluorine, chlorine, sulfur, phosphorus, bromine, iodine,
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internetal dielectric layer is selected fromthe group consisting of:

undoped s
silicate.
mat eri al

of carbon
fluorine,

aliner |

sai d poro
anor phous
si | sesqui
t han abou
conprisin
| ayer.

ilicon dioxide, doped silicon, undoped silicate, and do

ped

16. The method according to Cl aim 13 wherein said reac%tg

conprises an organic material containing carbon or a co

%2

and one or nore of the follow ng el ements: hydrogen, nitrogen,
chl orine, sulfur, phosphorus, bromne, iodine, 35 1Is O 2 and
oxygen. 17. The nethod according to Claim 13 further conprising depositing
ayed osaelsd yi ng said reactive material wherein said |iner
acts as an adhesion pronoter. 18. The nethod according to Claim 13 wherein
us air bridge layer is selected fromthe group consisting of

silicon, porous hydrogen silsesqui oxane, porous alKkyl

Oi(‘ﬁnerh@%tﬁﬁfcp%%c%rrﬂ lLsesqy gxageshavi iy & JUiGness

ik
t 2000 Angstrons. 1n% he nmet hod according to alm I3 further

Oae iS00S Ad N0 13 Gt ﬁ%y%&oenhamlﬁgegm "G 5@l 4, porous a

material wherein said liner layer acts as an adhesion

promoter,

18. The method according to Claim 13 whefein said porous
alr bridge layer is selected from the group consisting of
amorphous silicon, porous hydrogen silsesquioxane, porous
alkyl silsesquioxane, and porous aryl

silsesquioxane having a thickness of less than about

2000 Angstroms.

19. The method according to Claim 13 further comprising
depositing an etch stop layer overlying said porous air

bridge layer.

20. The method according to Claim 13 further comprising
depositing a capping layer overlying said second

intermetal dielectric layer.

21. The method according to Claim 13 after said step of

depositing said second intermetal dielectric layer and
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20. The nethod according to Claim13 further conprising depositing a
cappi ng |l ayer overlying said second internetal dielectric layer. 21. The
nmet hod according to Claim13 after said step of depositing said second
intermetal dielectric layer and 36 113 D C7 20P before said step ofg8 OCT 2mu
patterning said dual damascene opening, further conprising: 5 depositing

an etch stop | ayer overlying said second internetal dielectric |ayer;
depositing a third internetal dielectric layer overlying said etch stop

| ayer; patbefdidgsal Gidy 0¥ pateerntal dheleghsi cadmyteneslO to form spaces
where a second set of planned said dunmy air plugs will be formned;

depOSitingo%Fﬁfﬁgjiﬁﬁ%ﬂf&her f@sghbq sai d spaces; depositing a second
porous air bridge |ayer overlying Said patterned third internetal

dielestric 15 | aysts andsahd Seackiy grial. ing sai bstrate to
a second oxygen pIéZna reafﬁént mhgrg?g sa?ge¥§g§%$J%gﬁ§?%gF§@'reacts

with oxyggn §¥;dﬂgfggékﬁp§g§groxygen pl asma and is renoved fromsaid
spaces in said third i nternetal !

depositing a third intermetal dielectric layer
overlying said etch stop layer;
patterning said third intermetal dielectric layer
10 to form spaces where a second set of planned said dummy
air plugs will be formed;
depositing a reactive material within said spaces;
depositing a second poroug air bridge layer
overlying said patterned third intermetal dielectric
15 layer and said reactive material; |
exposing said substrate to a second oxygen plasma
treatment wherein said reactive material reacts with
oxygen species in said second oxygen plasma and is
removed from said spaces in gaid third intermetal
20 dielectric layer through pores in said second porous air
bridge layer thereby forming said second set of dummy
alr plugs in said third intermetal dielectric layer; and
thereafter depositing a fourth intermetal

dielectric layer over gaild second air bridge lavyer.

22. The method according to Claim 13 after said step of
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20 dielectric layer through pores in said second porous air

thereby form ng said second set of dummy air plugs in said third
dielectric layer; and thereafter depositing a fourth internetal

i nt er net al

dielectric |ayer over said second air bridge |ayer.
to Caim13 after said step of 37 13 OCT 2D depositing s
dielectric layer and before said step of patterning said

accordi ng

second i nt er net al

22. The net hod

bridge | ayer

CT 2004
gﬁ%ﬁ

dual damascene opening, further conprising: 5 patterning said second

dsbed RGid Gaidy gkcohd fAEB-ERESESANEEE: 18 S al seld of planned
said dummy air plugs will be formed wherein said second set of said dumy
air plugs psedvd ORREPMlEN phik E8kn$ALds dUAT A TdarRdé@Se 10 depositing a
reactive material within said spaces; “depositing a second porous air

i nt er net al

bri dge | aygfen QULr |89 S0 R34 kehged second internetal dielectric

and said reactive material; exposing said substrate to a second oxygen

| ayer

plasmp 15 ”egc&a[’&ec%tm‘éﬁg%ia@dsﬁi Qoﬁﬁa%%&%@@éfr&@élé&%‘%& 1L oxygen

species in sai

10

15

20

25

secon ygen plasma an

to form spaces where a second set of planned said dummy
air plugs will be formed wherein said second set of gaid
dummy air plugs is not aligned with first said dummy air
plugs;

depositing a reactive material within said spaces;

depositing a second porous air bridge layer
overlying said patterned second intermetal dielectric
layer and said reactive material;

expoging said substrate to a second oxygen plasma
treatment wherein said reactive material reacts with
oxygen species in saild second oxygen plasma and is
removed from said spaces in said second intermetal
dielectric layer through pores in said second air bridge
layer thereby forming said second set of dummy air plugs
in said second intermetal dielectric laver;

depositing an etch stop layer overlying said second
porous air bridge layer;

depositing a third intermetal dielectric layer
overlying said second porous air bridge layer;

patterning said third intermetal dielectric layer
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removed fromsaid spaces in said second internetal dielectric |ayer

t hrough pores in said second air bridge |ayer thereby formng said second
set of dummy air plugs 20 in said second internmetal dielectric Iayggxnn'zmg
depositing an etch stop |layer overlying said second porous air bridge

| ayer; depositing a third internmetal dielectric |layer overlying said
second porous air bridge |ayer; 25 patterning said third internetal
dielectric layer 38 j 3 OCT 2004 to form spaces where a third set of

pl anned said fUummepaaies phegs wi Lhibé et ned plwireid ssaid duhiyd set of sai d
dummy air plugs is aligned with first said dummy air plugs; 30 depositing
a reactiveaimtEnical willlhibe Fak@leGpaBesein SePOSiHiRY st ifr gaparous air
bridge | ayer overlying said patterned third internmetal dielectric |ayer

and sai d r@aei} e ileigsalis 81R8aEAJwSEh Of SHOStS AL dibdy iy d Oxygen
plasma 35 treatnent wherein said reactive material reacts with oxygen
species i npysaigl third oxygen plasma and is renpved fromsaid spaces in
said third internetal dielectric |ayer through pores in said third porous

depositing a reactive material within said spaces;
depositing a third porous air bridge layer
overlying said patterned third intermetal dielectric
layer and said reactive material;
exposing said substrate to a third oxygen plasma
35 treatment wherein said reactive material reacts with
oxXygen species in said third oxygen plasma and is
removed from said spaces in said third intermetal
dielectric layer through pores in said third porous air
bridge layer thereby forming said third set of dummy air
40 plugs in said third intermetal dielectric layer; and
thereafter depositing a fourth intermetal

dielectric layer over said third porous air bridge

layer,

23. A method of forming dummy air plugs between dual
damascene interconnects in the fabrication of integrated
circuits comprising:

providing dual damagcene interconnects within a

5 dielectric layer on a semiconductor substrate wherein
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bridge | ayer thereby formng said third set of dumry air 40 plugs in said
third internetal dielectric layer; and thereafter depositing a fourth
intermetal dielectric layer over said third porous air bridge |ayer3 0£3. 200
A nmethod of form ng dumry air plugs between dual danascene interconnects

in the fabrication of integrated circuits conprising: providing dual
damascene interconnects within a 5 dielectric |ayer on a sem conductor
substrate wherein 39 13 OCT 2004 said dielectric |ayer conprises at |east

an upper |sybd disgltbardionwakylkayebmpitlsvbesati Ne@spamsivmidron ayvayer overlies
sai d dual danmascene interconnects; patterning said passivation |ayer and

sai d upperandOa llayeir afayedi dndi eheebihCal pyesi v 1 Gavien@peni ngs where said
dummy air plugs are to be fornmed; depositing a reactive |ayer within said

openi Ngs; oWePPSdd IG B RANOYEBINALERE daeel-ayhcOVerlying said 15
patterned passivation |ayer and said reactive layer; and thereafter

exposing sai d Subsidatied Qa0 XKAe.PkasMR.LLLal RNl ereid. said reactive
material reacts wth oXygen species in SaI% oxygen ﬁTas and is renoved
10 layer of said dielectric layver to leave openings where
gsaid dummy air plugs are to be formed;
depositing a reactive layer within said openings;
depositing a porous air bridge layer overlying said
15 patterned passivation layer and said reactive layer; and
thereafter exposing said substrate to an oxygen
plasma treatment wherein said reactive material reacts
with oxygen species in said oxygen plasma and i1s removed
from said openings in said dielectric layer through

20 pores in said porous alr bridge layer thereby forming

said dummy air pluge in said dielectric lavyer.

24. The method according to Claim 23 wherein said
dielectric layer is selected from the group consisting of:
undoped silicon dioxide, doped silicon, undoped silicate, and

doped silicate.

25. The method according to Claim 23 wherelin said
dielectric layer further comprises a capping layer

overlying said upper layer.
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fromsaid openings in said dielectric |layer through 20 pores in said porous
air bridge |layer thereby formng said dummy air plugs in said dielectric

| ayer. 24. The nethod according to Claim23 wherein said dielectric y

is selected fromthe group consisting of: undoped silicon dioxideﬁ3dhgé§h4
silicon, undoped silicate, and doped silicate. 25. The nethod according to
Claim23 wherein said dielectric |ayer further conprises a capping |ayer
overlying said upper layer. 40 1 3 O CT 2004 26. The method according to

Cl ai m 25 wher etine sedtthod appioidiihayeb Ciasel esteitef4inddiel group consi sting
of silicon nitride, silicon oxide, and silicon oxynitride. 27. The nethod

accordi ng ¢&pid ed MaAZEMhES @il eS@ed Pasdti YAt §RohPY&Sn LIS ®F Silicon
nitride. 28. The method according to Claim23 wherein said reactive

mat eri al  CONDI ¢S s Ay iIganiia ihebkake , COAl ak N b akRAN tari R .conbi nat i on
of carbon and one or nore of the follow ng el enents: hydrogen, nitrogen,
fluorine, chlorine, sulfur, phosphorus, brom ne, iodine, and oxygen. 29.
The net hod according to Caim23 further conprising

27. The method according to Claim 23 wherein said

passivation layer compriges gilicon nitride.

28. The method according to Claim 23 wherein said
reactive material comprises an organic material
containing carbon or a combination of carbon and one or
more of the following elements: hydrogen, nitrogen,
fluorine, chlorine, sulfur, phosphorus, bromine, iodine,

and oxygen.

29. The method according to Claim 23 further comprising
depositing a liner layer underlying said reactive
material wherein said liner layer acts as an adhesion

promoter.

30. The method according to Claim 23 wherein said

porous air bridge layer is selected from the group consisting
of amorphous silicon, porous hydrogen silsesquioxane, porous
alkyl silsesquioxane, and porous aryl silsesquioxane having a

thickness of less than about 2000 Angstroms.
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depositing a liner layer underlying said reactive material wherein said
liner |ayer acts as an adhesion pronoter. 30. The nethod according to
Claim 23 wherein said porous air bridge |ayer is selected fromthe group
consisting of anorphous silicon, porous hydrogen sil sesqui oxane, porous
al kyl sil sesqui oxane, and porous aryl silsesqui oxane having a f%1@ﬁe

| ess than about 2000 Angstrons. 41 13 o CZ NU 31. A nethod of f

air plugs between dual damascene interconnects in the fabrication of
integrated circuits conprising: providing dual danmascene interconnects
within a 5 dielectric layer on a sem conductor substrate wherein said
dielectric |layer conprises an organic material, wherein a capping |ayer
overlies said dielectric |ayer, and wherein a passivation |ayer overlies

said dual ﬁaﬂﬁs&ﬁﬂﬁxiQﬁﬁﬁﬁﬁﬂﬁﬁﬁtéum%Q Q§90§1&§@gbétwgaﬂnaaay r bridge |ayer
overlying sald passivation |layér; formng a nasking |layer overlying said

air bri dgeda[hég@énéwlwe&c%%@c%gsﬂqfn@ﬁs sabd; dumy, ald Qs -2kG to  be

f or me

circuits comprising:
providing dual damascene interconnects within a

5 dielectric layer on a semiconductor substrate wherein
said dielectric layer comprises an organic material,
wherein a capping layer overlies said dielectric layer,
and wherein a passivation layer overlies said dual
damascene interconnects;

10 depositing a porous air bridge layer overlying said
passivation layer;

forming a masking layer overlying said air bridge
layer having openings where said dummy air plugs are to
be formed;

15 etching said passivation layer and said capping
layer not covered by said masking layer through pores in
gsaid air bridge layer to extend said pores into and
through said passivation layer and said capping layer;
and

20 thereafter exposing said substrate to an oxygen
plasma treatment wherein said organic material

dielectric layer reacts with oxygen species in said
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15 etching said passivation | ayer and said capping |ayer not covered by
sai d masking | ayer through pores in said air bridge |ayer to extend said
pores into and through said passivation |ayer and said capping |ayer; and
20 thereafter exposing said substrate to an oxygen pl asma treatneg%%ﬁﬁggﬁhn
said organic material dielectric |ayer reacts wth oxygen specie

42 | S OCT 2004 oxygen plasnma and is renoved fromsaid openings in said
dielectric layer through said extended pores in said 25 passivation |ayer

and sai d ceppidiy playhia ald ik 9eebveROEesmi Ba @i borRps i@l lsahr dge | ayer
thereby formng said dumry air plugs in said dielectric layer. 32. The

met hod accefdh ae £ QAidP 3h WiehelidabdcfAPR NO-dAYE8l daa el ected from
the group consisting o silicon nitride, silicon oxide, and silicon

oxyni $£i d A EHQQ- or.di: Ag i i hpd passivation
Iayerééon§$?§§§?%£¥?%231 nit%%gé?ggg.Céggghgtg%géag%%%g#ﬁgﬁgglCJain1ZG

wher ei n S%@ré’&hﬁ&‘%aiad g o%h%gg.i}f%%ﬁdg% gg{fg%t&qe%kﬁg‘déc{}gne:%{go‘lp consi sting

of anor pnous sil1con, orous sili1con por ous
SIlSeSqUIQ§gﬂ§%ﬁﬁg&9gﬂlgkh%bssHES%%%%I8%@ gbtggg f§§8P§ aryl

32. The method according to Claim 31 wherein said
capping layer is selected from the group consisting of

gilicon nitride, silicon oxide, and silicon oxynitride.

33. The method according to Claim 31 wherein said

passivation layer comprises silicon nitride.

34, The method according to Claim 26 wherein said porous

air bridge layer is selected from the group consisting of
amorphous silicon, porous silicon oxide, porous hydrogen
silsesquioxane, porous alkyl silsesquioxane, and porous aryl
gilsesquioxane having a thickness of less than about 2000

Angstroms.

35. A method of forming dummy air pores between dual
damascene interconnects in the fabrication of integrated
circuits comprising:

providing dual damascene interconnects within a
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si | sesqui oxane having a thickness of |ess than about 2000 Angstronms. 35. A
nmet hod of form ng dummy air pores between dual damascene interconnects in
the fabrication of integrated circuits conprising: providing dual

damascene interconnects within a 43 13 D CT 2441' 5 dielectric |aygdd DDOT ans
sem conduct or substrate wherein said dielectric |ayer conprises an organic
material, wherein a capping |ayer overlies said dielectric |ayer, and
wherein a passivation |ayer overlies said dual danascene interconnects; 10
depostt i ngdepartotise diaydd icthge kayecondattyt nguisat thtepasdrinedt on | ayer;
form ng a masking |ayer overlying said porous air bridge |ayer having

openi ngs Waei® @iad kAWM 1alverPuprisks b begdoidmekitckd At,ching said
passivation |ayer and said capping |ayer not covered by said nasking |ayer

through pogesrdih SaldpRALUS L BELUgEs! ayes dL-rxtend saidpores into
and through said passivation layer and said capping |ayer; "and 20
thereafteraﬁ@iﬁﬂgféﬁﬂ}%mﬂéﬁs%%%thﬂ Qa?QEtBQQrPIeS said dual
damascene interconnects;
10 depositing a porous air bridge layer overlying said
passivation layer;
forming a masking layer overiying said porous air
bridge layer having openings where said dummy air plugs
are to be formed;
i5 etching said passivation layer and said capping
layer not covered by said masking layer through pores in
said porous air bridge layer to extend said pores into
and through said passivation layer and said capping
layer; and
20 thereafter anisotropically etching a portiocn of
said dielectric layer through said pores in said
porous alr bridge layer and through said extended

pores in said passivation and capping layers thereby

forming said dummy air pores in said dielectric layer.

36. The method according to Claim 35 wherein said

passivation layer comprises silicon nitride.
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said dielectric layer through said pores in said porous air bridge |ayer
and through said extended pores in said passivation and capping |ayers
thereby formng said dumry air pores in said dielectric layer. 36. The

met hod according to Caim 35 wherein said passivation |ayer conprisSg$eT 20k
silicon nitride. 44 '13 UT 2M4. 37. The nethod according to Caim

wherein said air bridge layer is selected fromthe group consisting of
anor phous silicon, porous silicon oxide, porous hydrogen silsesqui oxane,

porous al ky?. sThe efiiX ateorditgPebousadhnyts whéSesdW06aRA rhaving a
t hi ckness of |ess than about 2000 Angstrons. 45
bridge layer is selected from the group consisting of
amorphous silicon, porous silicon oxide, porous hydrogen
silsesquioxane, porous alkyl silsesquioxane, and porous aryl

silsesquioxane having a thickness of less than about 2000

Anggstroms.
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