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Background of the Invention

Many low-k dielectrics having a dielectric constant of about 3.5 or less, plus Cu interconnect
structures of the dual damascene-type are known; See, for example, R.D. Goldblatt, et al., “A
High Performance 0.13 _m Copper BEOL Technology with Low-K Dielectric”, Proceedings of
_the International Interconnect Technology Conference, IEEE Electron Devices Society, June 5-7,
2000, pgs 261-263. During fabrication of prior art interconnect structures, the depth of the
trenches that become the metal conductors (after metal fill and chemical-mechanical polishing
(CMP)) is often poorly controlled, and the trenches develop a shape known as a micro-trench. A
pictorial representation of prior interconnect structures containing micro-trenches is shown in
FIG 1. Specifically, FIG | comprises substrate 10, low-k dielectric 12, and metal filled
conductor regions 14 which include diffusion barrier liner 16. Note that the metal filled

conductor region on the right-hand side of the figure includes micro-trench 18.

A timed reactive-ion etch (RIE) process is used to etch the trenches, with time controlling the
depth of the trench. Both the etch rate and shape of the trench profile typically vary with trench
width (feature size) across the wafers, leading to large variations in trench depth which, in turn,
leads to large variations in the metal conductor resistance. These variations in etch rate and

feature shape may change over time (day to day).

The rough shape of the trench bottom also causes a reliability problem because the diffusion
barrier liner has weak (thin) locations when it is deposited onto a rough surface in the trench.
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Summary of the Invention

One object of the present invention is to provide a low-k dielectric plus metal interconnect
structure of the dual damascene-type in which precise and uniform control over the metal

conductor resistance can be obtained.

Another object of the present invention is to provide precise control over the shape of the

metal conductors to improve reliability without added processing cost.

A further object of the present invention is to provide an interconnect structure in which the

metal conductor has a substantially flat bottom, i.e., no micro-trenches are present.

A yet further object of the present invention is to provide a low-k dielectric plus metal
interconnect structure (with precise and uniform control over the metal conductor resistance)
that is based on a multilayer of spin coated dielectric layers; therefore avoiding the use of

costly vacuum-based deposition tools.

Another object of the present invention is to use porous dielectrics having a k of about 3.5 or

less.
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According to a first aspect of the invention there is provided an interconnect structure

comprising:

a substrate having a patterned multilayer of dielectrics located thereon, said patterned
multilayer of dielectrics including first and second porous low-k dielectrics which are directly
separated from each other by a buried etch stop layer, said first and second porous low-k
dielectrics having a first composition, and said buried etch stop layer is selected from the
group consisting of an inorganic dielectric, an inorganic/organic hybrid dielectric, and an
organic dielectric with the proviso that when the buried etch stop layer is an inorganic
material then the first and second porous low-k dielectrics are organic dielectrics, and when
the buried etch stop layer is an organic material then the first and second porous low-k
dielectrics are inorganic dielectrics, said first composition and said buried etch stop layer are
selected to provide an etch selectivity of at least 10:1 or greater;

a polish stop layer atop said patterned multilayer of dielectrics over said second
porous low-k dielectric; and

a metal conductor comprising at least one line and at least one via located within said
patterned multilayer of dielectrics, wherein said at least one line is located in said second

porous low-k dielectric and said at least one via is located in said first porous low-k dielectric.
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The inventive structure offers the foll ow ng advantages over prior art

i nterconnect structures: (i) Precise and uniformcontrol of the netal
conduct or e the
Fronches. oontaraeae gt Bt Yo owing alantdgBE AKF bt Blirtenbite ERANEE

wi t hout weak pdi)nt s.Precise and uniform control of the metal conductor thickness and resistance.

(i)  Improved reliability because the trenches contain a diffusion barrier liner
having a uniform thickness without weak points.

(iii) Highly controlled metal conductor resistance is obtained without added
production cost, and with a reduction in the use of vacuum-based deposition

tools.

According to a further aspect of the invention there is provided a method of fabricating a low-
k dielectric plus metal conductor interconnect structure which comprises the steps of:

(a) forming a multilayer of spun-on dielectrics on a surface of a substrate, said multilayer
of spun-on dielectrics including first and second porous low-k dielectrics which are separated
from each other by a buried etch stop layer, said first and second porous low-k dielectrics
having a first composition, and said buried etch layer is selected from the group consisting of
an inorganic dielectric, an inorganic/organic hybrid dielectric, and an organic dielectric with
the proviso that when the buried etch stop layer is an inorganic material then the first and
second porous low-k dielectrics are organic dielectrics, and when the buried etch stop layer is
an organic material then the first and second porous low-k dielectrics are inorganic dielectrics,
said first composition and said buried etch stop layer are selected to provide an etch

selectivity of at least 10:1 or greater;
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form ng a pard k on said nultilayer .of.spun-on dielectrics, said hard
mask igncl Ggl nggglt%‘glsﬁggfn%’ %@F ?té?‘?sg"%/ pdpctiEmeidlgeind pat t erning | ayer atop
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expose a sur{ace of said nultilayer of 'spun-on dielectrics; (d) formng a
trench in SMitHaYsk pbwpep-oa digdlecttissof said nultilayer of spun-on dielectrics
using said hard nask as an etch mask; (e) filling said trench with at |east
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k dielectric plus metal conductor interconnect structure which comprises the step of:

forming a multilayer of spun-on dielectrics on a surface of a substrate, said multilayer
of spun-on dielectrics including first and second porous low-k dielectrics which are separated
from each other by a buried etch stop layer, said first and second porous low-k dielectrics
having a first composition, and said buried etch layer is selected from the group consisting of
an inorganic dielectric, an inorganic/organic hybrid dielectric, and an organic dielectric with
the proviso that when the buried etch stop layer is an inorganic material then the first and
second porous low-k dielectrics are organic dielectrics, and when the buried etch stop layer is
an organic material then the first and second porous low-k dielectrics are inorganic dielectrics,
said first composition and said buried etch stop layer are selected to provide an etch

selectivity of at least 10:1 or greater.

According to a further aspect of the invention there is provided an interconnect structure
comprising:

a substrate having a patterned multilayer of dielectrics located thereon, said patterned
multilayer of dielectrics including first and second porous low-k dielectrics which are
separated from each other by a porous buried etch stop layer, said first and second porous
low-k dielectrics having a first composition, and said buried etch layer having a second

composition which is different from said first composition;
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According to a further aspect of the invention there is provided a nethod
of fabricating a low k dielectric plus nmetal conductor interconneZ® NOV 2005
structure which conprises the step of: formng a nultilayer of spun-on
dielectrics on a surface of a substrate, said nultilayer of spun-on
dielectrics including first and second porous |owk dielectrics which are
separated fromeach other by a buried etch stop layer, said first and
second porous |lowk dielectrics having a first conposition, and said
buried etch layer is selected fromthe4§roup consisting of an inorganic
dielectric, an inorganic/organic hybrid dielectric, and an organic

di el ectric w tapolishetoplayer boatedeu saidhpatterried nultilapet oftspim-sit diglectries bvérsaidn
inorganic material then the first and second porous |owk dielectrics are
organi ¢ dieetdroreusdowhelGHes: anfie buried etch stop layer is an organic
nmaterial then dfgaf dohdhcténEcatQCQitin BAA Bhtferhmkltithye Sdidlb&Scar € 1 norgani ¢
dielectrics, said first conposition and said buried etch stop |ayer are
selected to provide an etch selectivity of at least 10: 1 or greater.
Accor di NOALDrdt é ‘W %:ht%{:thés%ﬁ%ctt.ogthé %eh@é’ eﬂ{ekeo ;B Giagd 'an iH{epc\()bg&g sg'ﬂcture
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buried etcﬁ | ayer having a second conposition which is different from said
first conlpwsk dietsatricp Raving BVjrg3pawositien, Rutsaid badxd oighstop layer havipslajssepngt op

| ayer | oc L g . td . spun-on dielectrics over said
second pd%%ﬁgmﬁﬁafﬁwgvg?%%%%?g?mgﬁgjg&%éﬁ%nggﬁductor | ocated within said
patterned nultilayer of dielectrics. According to a further aspect of the
invention there is provided an interconnect structure conprising at |east

a multilayer of spun-on dielectrics |ocated on a surface of a substrate,
said
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di,el ectrics which are separated fromeach other by a porous buried Q 2005
stop | ayeWO ®4tH6fi r st and second porous |owk dielectriesThméi/mgia first
conposition, and said buried etch stop |layer having a second conposition
which is different fromsaid first conposition. [R\LIBM65784.doc: RV H 2 8

NOV 2005 W 02/ 071467 PCT/ Uag)rléfc}ﬁé@tﬁhioque@@qﬁﬁgion of the Drawi ngs FIG
| is a pictorial representation of a prror art I nterconnect structure which
i ncl udddGal iswipictotialirepresentdtian ofiaprier arbintgicsmedtatractbret wiich fretudesat herein, It
FIGS 2-8 are craoss-sectional Vi of .the inventive structure through

var i oudMISFsEERes;t ﬁ@f@ﬁ%“@fsurfi‘%}%ﬁﬂ%’s@ﬁ?@q the%Ht i on. Detailed Description of

the Invention The -present invention, which provides a | owk interconnect
structure conprised of a multilaycr of spin-on dieledtrics and a nethod of
f abri cdUG8G-8 hre csensesectional viewnohihe desativexericiune tpsughdatisid probussingkeps bhg to
t he draw nx%sqeghat acconpany the present invention. It is noted that in the
dr awi ngléepﬁ VSRR corresponding el ements are referred to by |ike
reference nunerals. Reference is first made to FIG 2 which illustrates an
initial structure that is enployed in the present invention in fabricating

the inventive interconnect DBdtsildiDEseriptianeFitld Baédton the structure
illustrated in FIG 2 conprises substrate 50 having nultilayer of spun-on

di el ectlfieqsesspt inwniion, whiehpeayides Adowtonierconhest istvatwreicomprinéd ofl aayelilaybr
spun-o el ect.Li L ncl udes fi Jow k. dielectric 54, buyried etch stop
| ayer %ggglﬁ %séefélgﬁ?c% %r\ll\c/l_?gmaﬁgpgifqtbpgﬁ@g&hq fanmes Wis Pey bﬁﬁﬁ‘icr'ﬁﬁé"}mf”teiqeé@}’er of
spun- obydefetrigt toitkedamm@ed abddnifagy HegeaBht ihveaeidhi ANs haed af gfdhect i ve
dielectric constant of fromabout 1.1 to about 3.5, wth an effective

di el ectdFawings hike and/op porrespendinmriemants arcaefanedito 1§, Iikereferapce numeratsi ghl y
preferred. In accordance with the present invention, the first and second
low-k dielectrics are porous organic or inorganic (including

| nor gaRegérend@an fiest Mude it6lFIG JiwdiGHhdtfaTes ahlinitial structure that is employed in the
present invention in fabricating the inventive interconnect structure, Specifically, the structure
illustrated in FIG 2 comprises substrate 50 having multilayér of spun-on dielectrics 52 formed
thereon. As shown, the inventive multilayer of spun-on dielectrics includes first low-k dielectric
54, bu?ied etch stop layer 56 and second low-k dielectric 58. It is noted that the multilayer of
spun-on dielectrics employed in the present invention has an effective dielectric constant of from
about 1.1 to about 3.5, with an effective dielectric constant of from about 1.4 to about 3.0 being
more highly preferred. In accordance with the present invention, the first and second low-k
dielectrics are porous organic or inorganic (including inorganic/organic hybrids) dielectrics. It
should be noted that the second low-k dielectric is the region wherein the metal line will be

formed, whereas the first low-k dielectric is the reg'ion in which the metal via is formed.

As shown in FIG 2, the buried etch stop layer is located in between the first and second porous
low-k dielectrics. Moreover, the first and second porous low-k dielectrics employed in the
present invention have a first composition, which is similar to each other, and the buried etch
layer has a second composition which is different from said first composition. It is noted that the
term “low-k” as used herein denotes dielectric materials having a dielectric constant of about 3.5
or less, with a dielectric constant of from about 1.4 to about 3.0 being more highly preferred.
The exact content of each of the layers that make-up the multilayer of spun-on dielectrics will be

described hereinbelow,
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shoul d be noted that the second |lowk dielectric is the region whereiezn tNhe
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region in whick/wigimetal via is forned. As shown in FIG 2, ﬁdy%g”mgg et ch
stop layer is located in between the first and second porous | owk
dielectrics. Mireover, the first and second porous |l owk dielectrics

enpl oyed in the present I nvention have a first conposition, which is

sinilar tkhecubstirage ¢raployechi thtrpreisent ingntéarcinay Inalvde apeorevestiarmb chatariap tmt si on
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1.4 to about 3.0 bei € ’exact con
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descri bed herei nbel ow. 2 8 NOV 2005 WO 02/071467 PCT/ US01/ 45816 The
subst r at dNEHR s Pﬁcwlﬁ@nﬁfoééé‘t‘iﬁeﬁlfﬁmﬁtth@fﬁoﬁmy i ncl ude any conventi onal
material that is typically present in an interconnect structure. Thus, for
exanpl e, substrate 50 may be a dielectric (interlevel or intralevel), a

Wi ring | eaeh layanofib efilGRyd P IPiLen dikles@idh mﬂﬂﬂ'éﬂlﬁﬂxszc%ﬁnva{tlﬁﬁyspm on
conbi nations thereof. Wien a sem conductor wafer is enployed as the

subst r at eoatingpraedssing stops than arleumil knaminda $hosc skilled i thoatt,omddeliowing thespindn
t hereon. Each | a (?r of t mé héﬁ un on hel ectrics is forned
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condi ti onke ﬁhhlatsombﬁa dmfm‘glthct q}‘;ﬂlcﬁtdbnr &‘nm/mbeememsyeemalrymﬂlyemb hbt ﬂﬁletlﬁﬁe is
spun-on dlfgect ic |ayer; E to render the fI|°mInSO| ubl e during t
appl i cat iRSHOBTEG ¥ t§@B§@H{J%H fromypapat 90T{atont $QO°Cifpea time ppnad ef f;ameabpgt 10

per forme for ti eriod
o 11 om a abe® p8 TREHEL e St B, RaEhhie ke ) AR EC A% (nefiutrs B 4R,

S perforalbﬁdt 280° g0 Aty @06ACUfoE a Gimel pedittl oPfromitabd®O060 B MBALI0ARBEnd0r a ti rre
period of from about 60 to about 300 seconds. In one enbodi nent of the

present invention, the first and second | owk dielectrics are organic
In one embodiment of the present invention, the first and second low-k dielectrics are organic
dielectrics, which comprise C, O and H. Examples of organic low-k dielectrics that can be
employed in the present invention include, but are not limited to: aromatic thermosetting
polymeric resins, for example, resins sold by Dow Chemical Company under the tradename
SiLK®, Honeywell under the tradename Flare®, and similar resins sold by other supplies, and
other like organic dielectrics. It is noted that the organic dielectric used in this embodiment of
the present invention is porous. The pore size of the organic dielectrics employed in the present
invention is from about 1 to about 50 nm at a volume percent porosity of from about 5 to about
35%.

When the first and second low-k dielectrics are composed of an organic dielectric, then the
buried etch stop layer is formed of a spun-on inorganic d'ielectric layer or an inorganic/otganic
hybrid (i.e., a Si-containing dielectric). Typically, in the present invention, the inorganic
dielectric buried etch st:)p layer comprises Si, O and H, (C may optionally be present) and has a
dielectric constant of from about 1.1 to about 5.5, preferably from about 2.0 to about 3.2.
Examples of inorganic dielectrics that can be employed as the buried etch stop layer include, but
are not limited to: the silsesquioxane HOSP (Si-containing inorganic dielectric sold by

Honeywell), tetraethylorthosilicate (TEOS), methylsilsesquioxane (MSQ), hydrido
6



dielectrics, which conprise C, 0 and H Exanples of organic |owKk 28 0
di.iel ectrics that can be enployed in the present invention include, but @rvez 05
not |i m tWe w®M71467 onati c thernosetting polyneric resins, PCOIUSeK#S €,
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dielectric used in this enbodi nent of the present invention is porous. The

pore sicarbehisedns the binrdetel woplayen, withpneferepesziven tolperqusdseganic dielestricson i s
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Si - contvalumeperdéng pesisity of fromyaboutell foyaboutrB0heMpreysreferatily)ubninorpanicttueied

1 nor gani dielectric burie tch, st | ayer _copprises Si, 0 and H, (C may
opt i ondf %ﬁpﬁr@?é APPICHE %ﬁ%abwtgﬁéﬁ que 20045 & pluawe feresit BROMY 9L 1 ¢ o
about Syon amtﬁflgrt@%d%fm%m about 2.0 to about 3.2. Exanples of inorganic

dielectrics that can be enployed as the buried etch stop layer include, but

are not limted to: the sil sesqui oxane HOSP ( Si-containing inorganic

dielectric sold by, Honeywell), tetraethylorthosilicate (TEOS),

met hy| In paebersrebodimentobte prasent inventionpthg fighand sepondwprreps dome-ledayers of the

PCT/ US ' ' - L d
o SoRORBSR SR RS 1 R BRCAPRP L oRBERRE B0° =

i nvent ilgyer 07 Grsnio diclREHPRARHS! WHISK B & mHyaloebé pbross. R ndiel thaedle aBovche
buri ed etch stop layer, with preference given to porous inorganic
di.el ectdepaiption\pangesning chegppes ofiopganisfandhieorgande diglecicich usdddia teet fatst embglimayter

. Crical h : . ' ol | he | e buried
et ch st e &S Em IidehalS A CRaR bere s shglishos TRy B S UBERPRT s Vo urre
per centhepddddserdif, of from about 5 to about 80% More preferably, the

inorganic buried etch stop |ayer has a pore size of fromabout 10 to about
200 A at a volunme percent porosity of from about 10 to about 50%

Notwithstanding which embodiment is employed in the present invention, the first porous low-k
dielectric layer of the multilayer has a thickness of from about 500 to about 10,000 A, with a
thickness of from about 900 to about 3000 A being more preferred. Insofar as the buried etch
stop layer is concerned, that layer typically has a thickness of from about 25 to about 15004,
with a thickness of from about 100 to about 300 A being more preferred. The second porous
low-k dielectric layer of the multilayer, on the other hand, has a thickness of from about 500 to
about 10,000 A, with a thickness of from about 1000 to about 3000 A being more preferred.

The multilayer of spun-on dielectrics may be cured now, or if the hard mask is made from
spun-on dielectrics, the multilayer of spun-on dielectrics and hard mask may be cured in a single

_ curing step. The later is preferred since it reduces the number of processing tools and steps in the
overall procedure. The curing conditions mentioned hereinbelow also apply to the embodiment

wherein curing occurs prior to formation of the hard mask.

After forming the structure shown in FIG 2, hard mask 60 is formed on the uppermost surface of
the multilayer of spun-on dielectrics, i.e., on top of second low-k dielectric 58. In accordance
with the present invention, hard mask 60 includes at least polish stop layer 62 and patterning
layer 64. The hard mask, which is shown in FIG 3, may be formed by conventional PECVD

7



I n anot her enbodi nent of the present invention, the first and second pgwﬁ
low-k layers of the nultilayer of spun-on dielectrics are porous |ow 2005
i norgani c. M B¥H#CTs and the buried etch stop layer is an BEGHADIEISS16
dielectric material which may, or may not be porous. It is noted that the
above . dieeessen pomotopretarahly: gaemlayergfderdonask Gfainiformeddyispior erating. Layers
dielectrigs used in the first enpodi,nent , of fhe.present jnvention also .
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about 900 to about 3000 A being nore preferred. Insofar as the buried etch
stop | ayethap tVe laYetsr ned, that |ayer typically has a thickness of from about
25 to about 1500 A, wth a thickness of from about 100 to about 300 A
being nore preferred. The second porous |lowk dielectric |ayer of the

nul ti | ayeThe matetial weedar fohaind thdiead dsk il ndfard 86Eh@R@uporB@irle®eh about
10,000 A, with a thickness of fromabout 1000 to about 3000 A being nore

pr ef er r edselephigityiawardsthedayss theplies-directly undemneatts sFargyamplecthe gdtteroing layeri f
the hard mask is. npde from spun-on dielectrics,, th | t.i |l ayer of spun-on
di el ectri %&gﬁﬁdswgﬁﬁprﬁﬁ?ﬁ ‘Wﬂg%lsédpétar'?lﬁﬁ%{ hag ﬁ@h?“&bﬂ%ﬁ%&%(ﬂgﬁm Hhkoy at er
i s pref ergesteditowaids the GideAfing bBRshNOPRYerO THRIRGERSE Bsh {aﬂpé)fsthgggtlte?hl g§a el
the overall procedure. The curing conditions nentione er el nbel ow dl so

appl y to mhgbehighdastbist layentieresioned durimpsterEuofthp piesent twvehtiomaThopolizh stdpe
hard mask. After form's}{é(n; t,he structure mm Ln_ FIG 2, hard mask 60 is
¢  bas Trigh-ete

formed onl®YHeow Hisethas Jf f gragerigs tha aglestivity tawards 8ie vaderhasg ri cs,
i.e., on taRi gpgﬁ,rﬁ_ il ' I rg%:a | t he present
I nventi on, ﬁlaé% ' ma godl @%\%Ftﬂlgéegdg'? E‘Fdél gdsi? ﬁ,ﬁ gl (?glﬁagi? Sp g]g }ahrawgéganr?

pat t er ni ndgnifiayely ibckeasthie ffectiverdielectridionitantofshomultilayerbGpin-ditdielearitor ned
by conventional PECVD 7 WO 02/ 071467 28 NOV 2005 PCT/US01/ 45816 processes;
or nore preferably, each layer of hard mask 60 is forned by spin coating.
Layers Accordingly, the patterning layer may include organic or inorganic dielectrics, while the polish
stop layer may comprise inorganic or organic dielectrics. The exact nature of each layer will be
dependent first upon the second low-k dielectric of the multilayer of spun-on dielectrics and then
upon the polish stop layer. In one embodiment of the present invention, polish stop layer 62 and

buried etch stop layer 56 are composed of the same materials.

The thickness of each layer of the hard mask may vary and is not critical to the present invention.
Typically, however, the patterning layer has a thickness of from about 100 to about 3000 A, and
the polish stop layer has a thickness of from about 100 to about 1000 A.

Following formation of the hard mask, the polish stop and patterning layers as well as the
underlying multii~yer of spun-on dielectrics may be subjected to a single curing step which is
carried out usin: .onventional conditions well known to those skilled in the art. The curing step
may include a hot plate bake step or furnace heating. In the present invention, it is preferred to
use a curing step that ix;cludes furnace baking. Although the conditions for curing may vary,
typically, hot plate baking is carried out at temperature of from about 250° to about 500°C for a
time period of from about 30 to about 500 seconds, while the furnace baking step is carried out
at a temperature of from about 200° to about 500°C for a time period of from about 15 minutes

to about 3.0 hours. It is again emphasized that if the hard mask is not composed of spun-on
8



forrred by spun-on coating are preferred since they reduce the nunber 2)@ NOV 2005
deposition tools used in the overall process; therefore reducing the
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during step (f) of the present invention. The polish stop l|ayer, on the
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di el ectric constant that, does not. significantly,increase the effective
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the polish stop layer nmay conprise inorganic or organic dielectrics. The
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dielectric of the multilayer of spun-on dielectrics and then wupon the
pol i shE@i’Fbﬁ b 85F1G ﬁ-nSM%o@P ﬁ@h‘ttu‘@fsh@\ﬁé inFEse st formedeast follews: Fdtst, @h st op

. i : d of the. i al s.
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t hi ckness of from about 100 to about 3000 A, and the polish stop |ayer has
a t hi cReddeghotprasist istiber exrosed to anttam of@adiation andthesedftey theqrattamiion of t he

har d al i,sh st.qp..and patterning_l rs as well as the wunderlying
mul ti Fgggerm%epq%@ﬁ -hgﬁorasrlscelIuégigrﬁoﬁgeWQQﬁgggt?%};g%eeﬁ to a single curing step
which is carried out using conventional conditions well known to those
skilled in the art. The curing step may include a hot plate bake step or

f ur nac &figedeveheping thetresist pateranepeningshtt is formeidtin the hardehesk sechsttoexpeseaa curi ng
step that. includes, furnacg ,baking. t hqu t he condi.tjons for curing my
vary, | Bobiendl e eyhapafiar San e /PR threnne it bormes By brerisnUSH
about a0t if.or i L i @ioh t. 300
econds™ SnEBRickssitbaing o pof iRt 1l ioh EEFLE TRME), Bsh ¥ and
ion beam etching. Of these various dry etching processes, it is preferred to use RIE that includes
fluorine-based chemistries. After this etching step, the patterned photoresist is stripped from the
structure utilizing conventional stripping processes well known to those skilled in the art. The

resultant structure obtained from the first lithography and etching step is shown in FIG 5.

After stripping the photoresist from the structure, a new photoresist (not shown) is applied.to the
structure shown ir1 FIG 5. The new photoresist is then subjected to lithography and etching so as
to provide second opening 68 in the structure which exposes a surface of cured multilayer of
spun-on dielectrics 52°. The second etching step includes one of the aforementioned dry etching
processes. Of these various dry etching processes, it is preferred to use RIE that includes
fluorine-based chemistries. Following the second etch which exposes the cured multilayer of
spun-on dielectrics, the second photoresist is stripped from the structure utilizing a conventional

stripping process providing a structure such as shown in FIG 6.

FIG 7 shows the structure after the pattern formed in the hard mask is transferred to the
multilayer of spun-on dielectrics. Specifically, the pattern transfer, which forms trench 70 in the
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at a tenperature of from about 200 to about 500C for a tinme period onBrI\tgmzbﬂf‘

about 15 minutes to about 3.0 hours. It is again enphasized that if the".
hard mask i Wh®¥07¢4iposed of spun-on 8 2 8 NOV 2005 WO 02/ OPLAATS01/45816
PCT/ US01/ 45816 dielectrics, then curing may occur prior to hard mask

deposi t i anultiMyeeof/gun-osi dielectdcs fruarmed e using edsketclsing pafcessrtral indlhdestixgpengs
and foll ow ng description are ecific for that epbodinent. It is  noted
however tHat Hlﬂ‘g‘reﬁﬁﬁt%gnéﬁ@r %CFWMBCEF@%"@F i“dﬁ"éﬁ%é{fggc‘i\/%g My Pea vigerdine
masks tha&rbﬁfﬂ? not spun-on coated. 4 The cured |ayers are shown in FIG 4
and are | abeled as 52' (cured multilayer of spun-on dielectrics), 62
(cured polish stop layer) and 64' (cured patterning |ayer). Follow ng

curing of the dielectric multilayer and optionally the hard mask, the
st r uct ur &odleBing the pattesngransfer tocthe multpyes v spuncoredigleetsics, ithe tengh apthen dilled

FI G 5. spelt # ponielee miell 3F aEElRptierSas rpPeride B rBreowadt Fip ok
First, a opaBRAIObaS referdbline? H@«@gial ) Hag 3@ FGtMedSss theUtiAth éx%r BHifi 5 Rifidnd he
patterning layer I's formed on the cur patterning layer using

convent i aoatludbpaosétali Theperacteaadisctine netdhawised hereintodencka hleed sélectetEonart .

The photoresist is then exposed to a pattern of radjation and thereafter
the patt dhegrodp ceev@r%alwnm%eweég%t tupgstery(Wa sihesitpehend othen lée

devel oper f Yol cl) ' , ' | . | n
the hard rﬁreatg@ %}gégg%ﬁﬁlg@ os%& {a?tﬁn%or {nﬁ %cé?@%&@%g ﬁggier |f3?er?g§%%‘ﬁ‘ﬁéﬁé g}%g‘éé

| ayer. Spach & a&lGuyare 4186 comenplagdihsreinr Apeefbiyedmeanyein Mddreseft iMvaitoRiing
process including, but not limted to: reactive-ion etching (RIE), plasm

et chi ng aetpen drhelspetah is fartried dn theftrenpleuiélizing @ cenyentignabdepositign pravesssieb asi t
Is preferred.to use RIE.th lLacl udes f.l upri.ne-pased chem stries. ter
thi & et crimrgieel upor dRposier GG phE aras 6 VBS PR bt Meoshepmigal solution
st ruct ur giedbiitibg bAdoheMIE idn8818bn SiokdsREd. Ng processes wel | known to those
skilled i r?Bt hlel art.gThe reégu{]tar}l? structure obtained fromthe first
| i thography and etching step is shown in FIG 5. After stripping the
photoresiﬂ;t fromthe stru,c} ure, a, new photoresist (not shown) |s applied to
t he e optional liner material employed in the present invention includes any material which would
prevent the diffusion of the conductive metal into the dielectric layers. Some examples of such
liners include, but are not limited to: TiN, TaN, Ti, Ta, W, WN, Cr, Nb and other like materials
including combinations thereof. The liner material may be formed in the trench utilizing
conventional deposition processes well known to those skilled in the art, including: CVD,

plasma-assisted CVD, sputtering, plating and chemical solution deposition.

After filling the trench with a conductive metal, the structure is subjected to a conventional
planarization process such as chemical-mechanical polishing (CMP) which removes any
“conductive metal above the polish stop layer. Note that the planarization step also removes the
patterning layer of the hard mask, but not the polish stop layer from the structure. Instead, the
polish stop layer remains on the surface of the structure. Because of this reason, it is essential to
choose a polish stop layer that has a dielectric constant that is relatively-low so as to not increase
the effective dielectric ionstant of the interconnect structure.
Following the processing steps of the present invention additional via and wiring levels may be
formed over the structure shown in FIG 8 by repeating the processing steps of the present
invention. Thus, the inventive method can be used to prepare interconnect structures that include

one or more wiring and via levels present therein.
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structure shown in FIG5. The new photoresist is then subjected to 28NOVZ%5
IithogTagﬂiﬁﬁnd etching so as to provide second opening 68 in the

struct ur {Uh0xposes a surface of cured nultilayer of PGHUSIEHB16
dielectrics 52'. The second etching step includes one of the aforenentioned
dry etchin processes. O these various dry etching processes, it is

pr ef erTlmechH@wus@xmnEletinatvenmillmege thie methpdef tha peedenttievinsioniagwell Botd owi ng

t he secaond etg@ &ﬂich ex %ses the cured nultilayer of spun-on dielectrics,

t he seS§18WoS° S §$e§tthqrg° stripped fromthe structure utilizing a
conventional stripping process providing a structure such as shown in FIG
6. FIG 7 shows the structure after the pattern fornmed in the hard mask is
transferred to the nmultilayer of spun-on dielectrics, Specifically, the
pattern transfer, which forns trench 70 in the 9 28 NOV 2005 WO 02/071467
PCT/ US01/ 45816 mul til ayer of spun-on dielectrics, is carried out using a
dry etching process that includes oxygen or reducing chemstry. In
accordance with the present invention, trench 70 nay be a via or line or
both. Followi ng the pattern transfer to the nultilayer of spun-on
dielectrics, the trench is then filled wth a conductive nmetal 74 and

pl anari zed so as to provide the structure showmn in FIG 8. An optional, but
preferable liner material 72 nay be formed in the trench prior to filling
with the conductive netal. The term "conductive netal” is used herein to
denote a netal selected from the group consisting of alumnum (Al), copper
(Cu), tungsten (W, silver (Ag) and other like mnetals which are typically
used in interconnect structures. Alloys of these conductive netals such as
Al -Cu are also contenplated herein. A preferred netal used in the present
invention is copper. The nmetal is formed in the trench utilizing a
conventional deposition process such as chem cal vapor deposition (CVD),

pl asma- assi sted CVD, plating, sputtering, chem cal solution deposition and
ot her |ike deposition processes. The optional liner material enployed in
the present invention includes any material which would prevent the

di ffusion of the conductive netal into the dielectric |ayers. Sone exanpl es
of such
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liners include, but are not Iimted to: TiN, TaN, Ti, Ta, W W\, Cr, Nﬁw .
other like materials including conbinations thereof. The liner naterial 005
may be for M@ 0/A7I6 trench utilizing conventional depositi BETHSHIEESHes
wel | known to those skilled in the art, including: CVD, plasna-assisted
CVvD, sputteri ng, plating and chem cal Exﬂmn_ton deposition. After filling
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may be formed over the structure shown in FIG 8 by repeating t
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The foll
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i nvention as [l as to ow Sone a

02/ 0714630®mﬂﬁw8ﬁﬂoéﬁt$mwﬁmi§pl e In this exanple, a
Si LK(r)/ HOSP/ Si LK(r)/ HOSP di el ectric stack was prepared and used in
form ng an interconnect structure. Specifically, a bare 8 inch Si wafer was .

o ras s, Faa R b kTS she whidt RaS EAGRIGR 2 BB HO! Hhie HEabbb e PIiudtd iy e
solvent. After cooling to room temperature, the first layer of low-k dielectric (SILK®) was
applied. The SiLK® solution was placed on the wafer and the wafer was spun at about 3000 rpm

. for about 30 seconds. After spinning, the wafer was placed on a 100°C hot plate for 1 minute to
partially dry the solvent. It was then transferred to a 400°C hot plate and baked for about 2

minutes. This time and temperature was sufficient to render the resultant SiILK® film insoluble.

After cooling, the wafer was returned to the spinner. A solution of HOSP, diluted to achieve a
film thickness of about 50 nm at a spin épeed of about 3000 rpm, was applied the wafer and spun
at 3000 rpm for about 30 seconds. After spinning, the wafer was placed on a hot plate at 100°C
for about 1 minute to partially dry the solvent. It was then moved to a 400°C hot plate for about
2 minutes to partially crosslink the film. This time and temperature was sufficient to render the

film insoluble.

The wafer was then allowed to cool and was returned to the spinner. The second layer of SILK®
was applied to the first layer. SILK® was applied to the wafer and the wafer was spun at about
3000 rpm for about 30 seconds. The wafer was placed on a 100°C hot plate for about 1 minute,
followed by a 400°C ho} plate for about 2 minutes.

After cooling to room temperature, the wafer was returned to the spinner. A two layer hard mask
was then applied as follows. A layer of HOSP was applied. The HOSP solution, diluted to

achieve a film thickness of about 500 A at a spin speed of about 3000 rpm, was applied to the
12



soluiion of an organosil ane adhesion pronoter in propylene glycol nethyl
et her .acetate (PGVEA) to the wafer followed by spinning at about 30Q® NOV005
for aboutw@024Bdémds. The wafer was then placed on a hotpot/at®/ 2868 was

baked . . JThis,bake onot ed reaction of
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PGVEA and then spun at about 3000 rpm for about 30 seconds. Followi ng this

i nse, f bak 00C hot _pl for . ab i
Che. © s ShE PR RFerdB ey Ps dhitheed RheRufismidcsl ib8 BEuD rafr nd 50
di el echrfager GBLIHEOR hitridBdas EpBLitedch atT&imﬁ%dd%ﬁd th2flaUbiof A HS o?'s%zexgason the

waf er and the wafer was spun at about 3000 rpmfor about 30 seconds. After
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render : S ldoolal i {1 lin he wafer was
retur nIé%mtagcr)éﬁt%%a%1J n?%%h@r : %Sgéecs)lat %%B%?AFE&%S dégglcb%de%qﬁ%ieggmtésgreéemfi | m

t hi cknappdicatiornibht duaDdamasedneastimipiure is pRRctoRiplciDuing3QA Uk PPloc¥@ iRk ed t he
waf er and Sgﬁggi at 3000 rpm for about 30 seconds. After spinning, the wafer

was pl klyetrnithg @chad tangtrand i opering are fit{ed owith & lingraand itheinl withd€y, t he
sol venfsd it @ : a 400C hot plate for about 2 mnutes to
parti all}y crosglp?aﬂg&te%\glﬁdw This tinme and tenperature was sufficient to
render the filminsoluble. The wafer was then allowed to cool and was
returned to the spinner. The second |ayer of SiLK(r) was applied to the
first Puyeg thedinakCMP pragesappe sidigon pittidedaypsfremaianin thi etruetbisrandadle SiPuteyert
about for about 30 seconds. The wafer was placed on a 100C hot
pl at e ?e}(r%gg%d(’)uryvilsrﬁeﬁlﬁ?'%% foll owed by a 400C hot plate for about 2

m nutes. After cooling to roomtenperature, the wafer was returned to the
spinner. A two |layer hard mask was then applied as follows. A |ayer of
HOSP wihilgplnik iimentiqibasHieaPparticulailp shovei dndt described vetthiegpeet @ préferred hi ckness

of aboéjl;[lbc?(gr%ereis atlgergof,s & 'will BE Gn ergt]:)og'g)(') tlTln'[c)se:gsR(?l?edriR rtTl]w % tsha? h%lf:)r%goigg a;[ldhoetho:er2
changes in forms and details may be made without departing from the spirit and scope of the
present invention. It is therefore intended that the present invention not be limited to the exact

forms and details described and illustrated, but fall within the scope of the appended claims.

o
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WO 02/ 071467 PCT/US01/ 15816 2 8 NOV 2005 wafer and the wafer was spun at
about 3000 rpm for about 30 seconds, The wafer was then hot plate b@@q@ 0
about 100C for about 1 m nute and about 400C for about 2 minutes. The cure
waf er containing the |ayers described above was placed in a PECVD reactor
and a 500 A layer of silicon nitride was deposited at about 350C, and then
a 1200 A layer of Si02 was deposited at about 350C Lithography and
etching processes are then perfornmed as described in the text of the
present application. The dual damascenel%tructure is then conpl eted usi ng
standard process nethods known in the industry (the etched trench and via
openi ng ar ¢ ¢lpimed with a liner and then with Cu, and the Cu is planarized
by CMP). During the final CWMP process, the silicon nitride | ayer remains in
the structure and the SiQ2 | ayer deposited above is renoved. While this

i nvention has bﬁm@mﬁmeamﬁmh@@byn@hgn@ and described with respect to
preferred enbodinments thereof, 1t w||l be understood by those skilled in
the art that thesyhsiralgdrrige amattenedmultiayengtdiclegtrice lapated terensy aaldspamdbe

made Wi t hOH#ultﬁ of Hl@%etfgl"c? fulaﬁﬁsfﬂktra'nh s@idld iven 10% ktdt%ﬁecbng)({sgghlgﬁ ars Ergcr}t j on.

is ther nten resent I on no Yhe
exact for n@aalmdl ftemlaaabls othes bylabMedruﬂch ktbpjskayrea,tﬁdl ﬁtwhnd aédoanbhiu@ lovask
scope of t 14 W t erconnect

structure f}i%& ?jmg£ @rtﬁgs‘f‘?%‘{sﬁloﬁaﬁ’?%‘i%ﬂg?‘{ Btrches&’ D’?“ Hsasﬁ’@Ftegffmm the

diel ectri Cgrdup%hﬁﬁldgh&r 0 horgadicddipRE (i8S &?%or@ﬂiﬁ&/bﬂgﬁ‘ﬂ‘i@rhygﬁd Higb&ad, rdnﬁsan
including first and second porous | owk dielectrics which are directly

separ at ed Predhicedielgetye yeth By BFOI'S’G‘P ithat whenhthst bysiedagtely stopalaplerf isrant inmrghnic
second por %&nlapmeg thedb§l Sl de i{dsqgwq%{yefe%&lcg g{g)é)rﬁlu{l& 89&’160@'&%, 53 Yhen

buried etch stop layer 1s se ect
the buried etch stop layer is an organic material then the first and second porous low-k

dielectrics are inorganic dielectrics, said first composition and said buried etch stop layer are
selected to provide an etch selectivity of at least 10:1 or greater;

a polish stop layer atop said patterned multilayer of dielectrics over said second
porous low-k dielectric; and

a metal conductor comprising at least one line and at least one via located within said
patterned multilayer of diclectrics, wherein said at least one line is located in said second

porous low-k dielectric and said at least one via is located in said first porous low-k dielectric.

2. The interconnect structure of claim 1 wherein said first and second porous low-k-
dielectrics are organic dielectrics, and the buried etch stop layer is an inorganic low-k

dielectric material or an inorganic/organic hybrid material.
3. The interconnect structure of claim 2 wherein said first and second porous low-k
organic dielectrics have a pore size of from about 1 to about 50 nm at a volume percent

porosity of from about 5 to about 35%.

4. The interconnect structure of claim 2 wherein said inorganic low-k dielectric buried

etch stop layer is porous.
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group consisting of an inorganic dielectric, an inorganic/organic hybrid
dielectric, and an organic dielectric with the proviso that when the28N0VMM
buried etch stop layer is an inorganic naterial then the first and second
porous |owk dielectrics are organic dielectrics, and when the buried etch
stop layer is an organic material then the first and second porous | ow k
dielectrics are inorganic dielectrics, said first conposition and said

buried etch stop layer are selected to Rrovide an etch selectivity of at

| east 10:1 or greater; a polish stop Idf@f atop said patterned multil ayer

of dielectpics qQver said second porous |lowk dielectric; and a nmetal
conduct or onpr &5 BEFrepunect sepctygeot|caia 4yhersin saihinorgsiie Rarauy lowsk diglegirichi n

said pattgcngdp Fﬂé/lelt ﬁds%ﬁ%’fe 8le éjf'f?dnl?%c{dt 530 awg% A a?%id%hﬁﬁe d}keg%%% Bgljég’lt)J e

is located in said seco porous lowk dielectric and sal one
via is | octomdbput Sstaiabiowti8P%t porous | owk dielectric. 2. The interconnect
structure of claiml| wherein said first and second porous | ow k-

dielectrics are organic dielectrics, and the buried etch stop layer is an

i nor gani ¢ 6.0w KThein®r@@ihédt StriieIdf 2lairfr4 ﬁ!ﬂeﬂeﬂxos_faﬂﬁg&@ﬁé)ﬁﬁ?g’hhﬁ 1B¥OK bifdlectric
material. 3., The _ interconnect structure of claim?2,wherein said first and

second por BHriedietafstop layes s xdensidy efcdrom abous i@ ean/pst o abopied. 83 giicoth about 1

to about 50 nmat a volune percent porosity of fromabout 5 to about 35%
4. The interconnect structure of claim2 wherein said inorganic |owk
di el ectri c7.buriBe intdredmnsdt gyprubtaseeof cleinp@r wherein] fid lfirstBMd] o784 pooas Rk 2 8
NOV 2005 -15_ 5, Tre interconn&c‘#)él%(t1 cture of claim4 wherein said

t

i norganic %ré?%lcj(sﬁe IR CHPRIER ‘'ch stop layer has a pore size of from

about 5 to about 500 A at a volune percent porosity of fromabout 5 to

about 80% _6. The interconnect structure of claim4 wherein said porous
i norgani ¢ $-ow kIR Bseanneet styeipreedl glabm Tswhgreinagadd fysend seeersl pgrows law-sm

about 2. 52, gmie Hﬁl&&ic@@ﬂ@mn@até:ﬁhé}%%@ng polymeric resins.

9. The interconnect structure of claim 2 wherein said buried etch stop layer comprises Si,

O and H, and optionally C.

10.  The interconnect structure of claim 8 wherein said buried etch stop layer comprises
HOSP, MSQ, TEOS, HSQ, MSQ-HSQ copolymers, organosilanes, or any other Si-containing

material.

11.  The interconnect structure of claim 1 wherein said first and second porous low-k
dielectrics are low-k inorganic dielectrics, and said buried etch stop layer is an organic low-k

dielectric.
12. The interconnect structure of claim 11 wherein said first and second porous low-k
inorganic dielectrics have a pore size of from about 5 to about 500 A at a volume percent

porosity of from about 5 to about 80%.

13. The interconnect structure of claim 11 wherein said organic low-k dielectric buried

etch stop layer is porous.
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7. The interconnect structure of claim?2 wherein said first and second

porous |owk organic dielectrics conprises C, 0 and H 8. The intercoalﬁemvmm
structure of claim7 wherein said first and second porous |owk organic
dielectrics are aromatic thernosetting polyneric resins. 9. The

i nterconnect structure of claim2 wherein said buried etch stop | ayer

conprises Si, 0 and H, and optionally C. 10. The interconnect structure of
claim8 wherein said buried etch stop | ayer conprises HOSP, M5Q TEGCS,
HSQ MSQ HSQ copol ynmers, organosil anes,” 0t~ any ot her Si-containing :

material. 11. The interconnect structure of claim1l wherein said first an
second por dfis | e mtergemicgictirupiee af dainbhd phiersit spidioeganiceparons loysk disbettriai d

buried etc ' : ' ' i.C 2. The .
i nter connelg%cgtgﬁ)?d%ﬁﬁées % Or%?%?%%\%ﬁé@gtﬁ a‘%‘glutgbﬁﬁ étta \é()rl'lg}n% RS prosity af
| ow- k i nofigamaboutly ol aboutr3I5¢s have a pore size of from about 5 to about 500

A at a volune percent porosity of fromabout 5 to about 80% 13. The
i nterconnect structure of claim 11l wherein said organic lowk dielectric

buried etgh. st Re liayRbnrcst BRIRME - ofl Hainl-h BM/REZR4sat0 OrBYid 1aR1 Rt NOYcR 00, - 16

14. The interconnect structure of claim 13 wherein said organic porous

| ow k di el €empiises CePnddt.op | ayer has a pore size of fromabout 1 to about
50 nmat a volunme percent porosity of fromabout 5 to about 35% 15. The
i nterconnect structure of claim 1l wherein said organic dielectric etch
stop conpibsesTh; ifereomiedt.striGureldfeldimt ISrveloseia chiddrianid dieRctfc dipisp kSer
wherein said or%%}ic di el ectrioq etch stop layer 1is an aromatic

t her noset t 157§ FOPHFIPFEOFGERgPolymeric resin.

17. The interconnect structure of claim 11 wherein said first and second porous low-k

inorganic dielectric layers comprise Si, O and H, and optionally C.
18.  The interconnect structure of claim 17 wherein said first and second porous low-k
inorganic dielectric layers comprise HOSP, MSQ, TEOS, HSQ, MSQ-HSQ copolymers,

organosilanes or any other Si-containing material.

19. The interconnect structure of claim 1 wherein said first and second porous low-k

dielectrics have a dielectric constant of from about 1.1 to about 3.5.

20. The interconnect structure of claim 19 wherein said dielectric constant is from about
1.4 to about 3.0.

21.  The interconnect structure of claim 1 wherein said multilayer of dielectrics have an

effective dielectric constant of about 3.5 or less.

22.  The interconnect structure of claim 1 wherein said substrate is a dielectric, a wiring

level, an adhesion promoter layer, a semiconductor wafer or combinations thereof,

23, The interconnect structure of claim 1 wherein said substrate is a semiconductor wafer

having an adhesion promoter layer formed thereon.
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17. The interconnect structure of claim1l wherein said first and secQ@quzmw
porous lowk inorganic dielectric |layers conprise Si, 0 and H, and
optionally C. 18. The interconnect structure of claim 17 wherein said first
and second porous lowk inorganic dielectric |layers conprise HOSP, MQ
TECS, HSQ MSQ HSQ copol ymers, organosilanes or any other Si-containing
material. 19. The interconnect structure of claiml wherein said first and
second porous lowk dielectrics have a ]?7; el ectric constant of from about
1.1 to about 3.5. 20. The interconnect structure of claim19 wherein said
dielectric constant is fromabout 1.4 to about 3.0. 21. The interconnect
structure of claim1l wherein said nmultilayer of dielectrics have an
effective ele .22 erconnec
tructure of ol arenrierapasuithotle A8 P ybeltn |48 RotidEuod Be! ' GiEBRRCS!

| evel , an thdiseme ontgiabassheburied\etoh, stop lswari conduct or waf er or conbi nati ons
thereof. 23. The interconnect structure of claim1l wherein said substrate
is a sem conductor wafer having an adhesion pronoter |ayer formed thereon.
[ R\ LI BM ] 857 84Thointddénhbo? Siri¥eMe 308Rin 1 Whatkin s'EhﬁpdliQB @fogqaya?rsta uhRusN& Of
claim| wherein said polish stop |ayer is conposed of tlie same material as
the buri ed‘“@fﬁf‘ﬁlcﬁr&ﬁapwle"t% The interconnect structure of claim1l
wherein said polish stop layer is a spun-on lowk inorganic or organic
dielectric. 26. The interconnect structure of claim21l wherein said netal
conductor 26 colpoisttconhechstructe of i wherea daalmets hendodtor i8 Compbrd of Al,
mterconne& @truct ug gf cl al m 1 wherein said netal conductor Is conposed
of Cu. 28. PEOLPRORARETO st ruct ure of claim | further conprising a Iiner
material fornmed within said patterned nultilayer of dielectrics prior to

deposi tion of said netal conductor.
27.  The interconnect structure of claim 1 wherein said metal conductor is composed of Cu.

28.  The interconnect structure of claim 1 further comprising a liner material formed within

said patterned multilayer of dielectrics prior to deposition of said metal conductor.

29.  The interconnect structure of claim 28 wherein said liner material is composed of TiN,
TaN, Ti, Ta, W, WN, Cr, Nb or combinations thereof,

30. A method of fabricating a low-k dielectric plus metal conductor interconnect structure
which comprises the steps of:

(a) forming a multilayer of spun-on dielectrics on a surface of a substrate, said multilayer
of spun-on dielectrics including first and second porous low-k dielectrics which are separated
from each other by a buried etch stop layer, said first and second porous low-k dielectrics
having a first composition, and said buried etch layer is selected from the group consisting of
an inorganic dielectric, an inorganic/organic hybrid dielectric, and an organic dielectric with
the proviso that when the buried etch stop layer is an inorganic material then the first and
second porous low-k dielectrics are organic dielectrics, and when the buried etch stop layer is
an organic material then the first and second porous low-k dielectrics are inorganic dielectrics,
said first composition and said buried etch stop layer are selected to provide an etch

selectivity of at least 10:1 or greater;
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29. The interconnect structure of claim28 wherein said liner material is
conposed of TiN, TaN, Ti, Ta, W WN, Cr, Nb or conbinations thereof. 230y
nmet hod of fabricating a |owk dielectric plus netal conductor |nterconnec
structure which conprises the steps of: (a) formng a nmultilayer of
spun-on dielectrics on a surface of a substrate, said nultilayer of
spun-on dielectrics including first and second porous |lowk dielectrics
whi ch are separated from each other by buried etch stop |ayer, said
first and second porous | ow k dlelectrldg having a first conposition, and
said buried etch layer is selected fromthe group consisting of an

i nor gani ¢ @ el derming a aardi masky &R seidorydipyer rﬂ%bmua -odj dietestrics.c said iprdymask

or gani ¢ diigligghE heieilh Bt \EoPE A a3 0s pRAADRRS! 06, B bR Sl EflaskoP | aver

is an inorganic eri ecornd po ous

di el ectrigs) ar efonmggranmpehmg écdaid sd neskl smben dxpesebalsuréde of edid studplayaydr i s
an organic materj then the first and second porous lowk dielectrics are
i norgani ¢ S(H’P%Péélfe?‘?cgécs said first conposition and said buried etch stop

layer are %?' eqbRfing @ RERUI 1qesaﬁ1nex§%§é@l suRfbe o isvid tnful@faydt of 8Rftorl QielecRcs
greater; LI BM 65784. doc: RV H NOV 2005 -18 (b) “formng a hard mask

on said m}lsmgsagﬂérarcbmaslwrﬁn@mhdn@kectn cs, said hard mask including at
least a p e Sh tﬁlfg?é)sax@%gr{ch%% A 1R85 c%ﬁ@ﬁc‘ﬁg ln%YaEranat op said polish stop
ard nas

| ayer; (c) I'n'sa SO as to expose a surface
of said m(lﬂl I Platnarioihg ssiduonductice eleed tstoppy ondgaid polishrsgppalayerefoehed on saidd
exposed sur e of  said 4“ | ayer of spun-on dielectrics wusing said hard
mask as arfn eh%f§?““ E’Bgu 4t f1%ng said trench with at |east a conductive
nmetal ; and (f) pl anari zing said conductive netal stopping on said polish
stop Iayer formed on said nultilayer of 5|10un-on dielectrics, 31. The

met hod of Xl ai MBomgthedt ef ﬁa@aﬁ@whmem saad) eyltdayes pf Apumurd diglestrics it fringd byr med

by sequentially applying each layer of said multilayer by spin coating and after each spin-on
coating step conducting a hot plate bake processing step to drive off residual solvent from the

spun-on layer and to render the spun-on layer insoluble.

32,  The method of claim 30 wherein said multilayer of spun-on dielectrics is cured after

conducting step (a).

33.  The method of claim 32 wherein said curing is a hot plate bake curing step conducted

at a temperature of from about 250° to about 500°C for about 30 to about 500 seconds.

34. The method of claim 32 wherein said curing is a furnace curing step conducted at a

temperature of from about 200° to about 500°C for about 15 minutes to about 3.0 hours.
35.  The method of claim 30 wherein said hard mask is formed by PECVD.
36.  The method of claim 30 wherein said hard mask is formed by spin-on coating.

37.  The method of claim 30 wherein said hard mask comprises spun-on dielectrics and

curing occurs after step (b).
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sequentially applying each | ayer of said nultilayer by spin coating and

after each spin-on coating step conducting a hot plate bake processidbﬁNOVﬂMS
step to drive off residual solvent fromthe spun-on |layer and to render

t he spun-on | ayer insoluble. 32. The nethod of claim 30 wherein said

mul tilayer of spun-on dielectrics is cured after conducting step (a). 33.

The method of claim 32 wherein said curing is a hot plate bake curing step
conducted at a tenperature of fron1abqy#)250 to about 500C for about 30 to
about 500 seconds. 34. The nethod of clal’m 32 wherein said curing is a

furnace cuting ste opducted, at. a , tenperature of from about 200 to about
500C for abbut 1 hehad aecleig dhwhareis stspRoLRYIdesswo HitoRFphiSARd Sfchisig:H9ps 30

wherein said hard mask is formed by PECVD. 36. The nethod of claim 30
wherein said hard mask is forned by spin-on coating. 37. The method of
cl ai m 30 wher ei ‘hhesmicthod aof tlaims}® woenoin spéd etshing-staps didiidesta dysetalnidg peatesng

. : .BI .doc:. . - ., Ih
et hod of - SRt e st cobp Sled R Rasle ey Ruek Hotheay s A ke

steps. 39.etdliiag.net hod of claim 38 wherein said etching steps includes a dry
etching process selected fromthe group consisting of reactive-ion etching
(RIE), ion beametching and plasma etching. 40. The nethod of claim 38

wherei n saj@l ety AEths§ BP21afR MBI ikeiftlshdl } &bl ' st ry
is enployed. 41. The nethog of c|aiﬂ1§§d£ﬂ§@§%%a%%%%ﬂ%ﬁgqyﬁgﬁﬁﬁggpgggggh or

reduci ng geasedehpmdstryeis employedr ocesses. 42. The nethod of clai m 30 wherein
said trench is aline, a via or a conbination thereof. 43. The nethod of
claim 30 wherein said trench fill includes a deposition process sel ected

from the géoup Tlansietivd g cdincbeWieain ¥RPQH) depaks tox9gen( §VEducing gas based

pIasna-ass&a%ggpﬁxggﬁflatlng,

42. The method of claim 30 wherein said trench is a line, a via or a combination thereof.
43.  The method of claim 30 wherein said trench fill includes a deposition process selected
from the group consisting of chemical vapor deposition (CVD), plasma-assisted CVD, plating,

sputtering and chemical solution deposition.

44.  The method of claim 30 wherein prior to conducting step () a liner material is formed

in said trench.

45, The method of claim 30 wherein step (f) includes chemical-mechanical polishing.

46.  The method of claim 30 wherein said first and second porous low-k dielectrics are
organic dielectrics, and the buried etch stop layer is an inorganic low-k dielectric material or

an inorganic/organic hybrid material.
47.  The method of claim 46 wherein said first and second porous low-k organic dielectrics

have a pore size of from about 1 to about 50 nm at a volume percent porosity of from about 5
to about 35%.
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sputtering and chem cal solution deposition. 44. The nmethod of claim 30
wherein prior to conducting step (e) a liner material is fornmed in ?%H®VZW5
trench. 45. The method of claim 30 wherein step (f) includes

chem cal - mechani cal polishing. 46. The nethod of claim 30 wherein said

first and second porous |lowk dielectrics are organic dielectrics, and the
buried etch stop layer is an inorganic lowk dielectric material or an

i norgani c/organic hybrid material. 47. The nmethod of claim 46 wherein said
first and second porous |owk organic ditectrics have a pore size of from
about 1 to about 50 nmat a volunme percent porosity of fromabout 5 to
about 35% 4§-R: \ Theamphsd shclaisr 4Ryberer sidvnogasc lowykaticlechtie bunidhsch si6p tlyer m

46 mhereinmiﬁh Sinorganic | ow-k dielectric buried etch stop layer is

por ous. 49. e method of claim48 wherein said inorganic porous |owk
dielectric etch stop layer has a pore size of fromabout 5 to about 500 A
at a volu pergcent po oFity of fromapout 5 to about 80% 50. The nethod
of claim 48 whel Iﬁefgaﬁi at slpgr Yhnhereinspiddaoreanic Roreptlowsk dislactiicegtctnsiep layer

d i f iz 0 ntoros 0
ensity fremaaResiizeaRo IhERS b SbRPo AQt 53 191{%%@%(3 rf%, I %fﬁ%ff{;@gupi ¢

claim46 wherein said first and second porous |Iowk organiC die rcs
conprise @boytg(@ H 52. The method of claim51 wherein said first and
second porous |owk organic dielectrics are aromatic thernosetting
polyneric resins. 53. The nmethod of claim 46 wherein said inorganic buried
etch stop $@ayerTieompthod @f chim 48 whdréinHaidaindrgapitipor@ls! lywk el stophiaydratagad of

claim53 e%rsﬁylf rorsn%lbgutlfgzrg%gfé}ng tobéi)roluﬁ(()j.S?[glgycm%F op layer comprises

51. The method of claim 46 wherein said first and second porous low-k organic dielectrics

comprise C, O and H.

52.  The method of claim 51 wherein said first and second porous low-k organic dielectrics

are aromatic thermosetting polymeric resins.

53.  The method of claim 46 wherein said inorganic buried etch stop layer comprises Si, O

and H, and optionally C.

54.  The method of claim 53 wherein said inorganic buried etch stop layer comprises
HOSP, MSQ, TEOS, HSQ, MSQ-HSQ copolymers, organosilanes or any other Si-containing

material.

55. The method of claim 30 wherein said first and second porous low-k dielectrics are

low-k inorganic dielectrics, and said buried etch stop layer is an organic low-k dielectric.
56.  The method of claim 55 wherein said first and second porous low-k inorganic

dielectrics have a pore size of from about 5 to about 500 A at a volume percent porosity of

from about 5 to about 80%.
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HOSP, MSQ TEGCS, HSQ MSQ HSQ copol ymers, organosilanes or any other
Si-containing material. 55. The nethod of claim 30 wherein said firgt and
second porous lowk dielectrics are lowk inorganic dielectrics, an 8 V00
buried etch stop layer is an organic |owk dielectric. 56. The nethod of
claimb55 wherein said first and second porous |lowk inorganic dielectrics
have a pore size of fromabout 5 to about 500 A at a vol une percent

porosity of fromabout 5 to about 80%_£BE\LI BM 65784. doc: RvH 2 8 NOV 2005
-21 57. The nethod of claim55 wherein Said organic |owk dielectric

buri ed etcl,stop, | [ i orous. 58..The nefhod of claim57 wherein said
organi c polrg%'us f"‘&%ﬁ’féﬁ‘af‘ﬁ&‘é&? ﬁnglf’{?ﬁl sé‘tdo‘ﬂg?‘a@[éw'gﬂ&iﬂ%%amsiqcy st layesas
about 1 topadesit 50 nmat a vol une percent porosity of fromabout 5 to

about 35% 59. The nmethod of claim57 wherein said organic dielectric etch
stop layer conprises C, 0 and H 60. The nmethod of claim59 wherein said

organi ¢ di g ect fi; I I tic ther etting polyneric
Cooin. 61, tho. ot ROl oTeflin NEHerkE s8R LRk ysdb e RSl A Brp 0

| ow k i nor e porbsityerfSroncabrgor 1 s€atiBiut SOn@ada Fblute et poRcHity of Gonbaboul$ to

met hod of ¢l ai (91 wherein said first and second porous |owk inorganic

| ayers coﬁfﬂj’itg%%OSP, MSQ TEOS, HSQ MSQ HSQ copol ynmers, orgaosilanes or
any other Si- containing material. 63. A nethod of fabricating a | owk
dielectric_plus_netal conductor interconnect structure which conprises the
step of: foYni n§hameipd pf elyiar SHwherginsaidroreting deleettic stchistop layer tawprias CRO
substrate, g5pyd mul tilayer

60.  The method of claim 59 wherein said organic dielectric etch stop layer is an aromatic

thermosetting polymeric resin.

61.  The method of claim 57 wherein said first and second porous low-k inorganic layers

comprise Si, O and H, and optionally C.

62.  he method of claim 61 wherein said first and second porous low-k inorganic layers
comprise HOSP, MSQ, TEOS, HSQ, MSQ-HSQ copolymers, orgaosilanes or any other Si-

containing material.

63. A method of fabricating a low-k dielectric plus metal conductor interconnect structure
which comprises the step of:

forming a multilayer of spun-on dielectrics on a surface of a substrate, said multilayer
of spun-on dielectrics including first and second porous low-k dielectrics which are separated
from each other by a buried etch stop layer, said first and second porous low-k dielectrics
having a first composition, and said buried etch layer is selected from the group consisting of
an inorganic dielectric, an inorganic/organic hybrid dielectric, and an organic dielectric with
the proviso that when the buried etch stop layer is an inorganic material then the first and
second porous low-k dielectrics are organic dielectrics, and when the buried etch stop layer is

an organic material then the first and second porous low-k dielectrics are inorganic dielectrics,
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of spun-on dielectrics including first and second porous | owk dielectrics
whi ch are separated fromeach other by a buried etch stop | ayer, sai

first and second porous lowk dielectrics having a first comnposition, %\62005
said buried etch layer is selected fromthe group consisting of an
inorganic dielectric, an inorganic/organic hybrid dielectric, and an
organic dielectric with the proviso that when the buried etch stop | ayer
is an inorganic material then the fi rst_aﬁn_d second porous | owk
dielectrics are organic dielectrics, and“when the buried etch stop layer is
an organic rial then the first apnd second porous |owk dielectrics are
i nor ggni c %@}ﬁg%t?qnwfl PR Eﬁ\f{ Z{’S”?‘S‘g.e .StFH?/qFV@BarNG@"Q@éStO- provigg an eichst
conpositi ogue@ﬁqt}sgfiaqlléab{rlioeﬂmeérgg@er_stop | ayer are selected to provide an etch
selectivity of at least 10:1 or greater. 64. The nethod of claim 63 wherein

said multilayer of spun-on dielectrics is formed by sequentially applying

each | ayerg,of | i spi.n _coatkng and after .each, spi n-on

coating st6e48 czﬁl S‘E%Jﬁ%oga%%ﬁ 6[5;%(%6%1%5%2 nB‘t“@%’é%é) ABHns . fiefegtrigs i‘ﬁ/g’“&e‘? by
residual ssewetinlly apsiyinhecacls pyer oN sdi@yentilapsd Byospie bokRingtdhd FRHRadsgiRYE"
i nsol ubl e. 65. The t hod of c|ai %3 wherein said nultilayer of spun-on

di el ect ri ¢G931L8 YEh eQPIUEHES arhpt Plals PERcessing sires drime pirpsidual slventifiom the a

hot plate dpaif-%n%yef5&91t%&&ﬂe?@l@‘étﬂ&{&ﬁlay&tin&lﬁb%peratUre of from aboujt 250 to
about 500C for about 30 to about 500 Seconds. 67. The nethod of clai m65

wherein said curing is a furnace curing step conducted at a tenperature of

from about,200 QQ% QC f.or. about. .15 ninutes to ut .3..0 hours. 68.
The net hod of c’llthgi m (#it(\)/{h%gar”éli% vherdn F%%P’é‘gﬂ%%ﬂ Bﬁ%ugﬁnzlt?egwtré‘fsdﬁc?rﬁier
conprises Si, 0 and H, and optionally C. 69. The nethod of claim 68

wherein said inqrganjc buried etch stop |ayer conprises HOSP, MSQ, TEGCS,
HSQ MSQ H8Q cg'gﬁﬂgﬁé? X igouhgrein said suring i adhoh glatepake sring ppmgonducted

material . af@terlitatiRioTSnPbos! ZoMBBohiEdoRE o8B 0% b sHRLloARSK f or med

by pl asma enhanced

67.  The method of claim 65 wherein said curing is a furnace curing step conducted at a

temperature of from about 200° to about 500°C for about 15 minutes to about 3.0 hours.

68.  The method of claim 67 wherein said inorganic buried etch stop layer comprises Si, O

and H, and optionally C.
69.  The method of claim 68 wherein said inorganic buried etch stop layer comprises

HOSP, MSQ, TEOS, HSQ, MSQ-HSQ copolymers, organosilanes or any other Si-containing

material.

70.  The method of claim 63 further comprising a hard mask formed by plasma enhanced

chemical vapor deposition atop said multilayer of spun-on dielectrics.

71. The method of claim 63 further comprising a hard mask formed by spin-on coating

atop said multilayer of spun-on dielectrics.
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chem cal vapor deposition atop said nultilayer of spun-on dielectrics. 71.
The nethod of claim 63 further conprising a hard mask formed by spi h8dV 2005
coating atop said nultilayer of spun-on dielectrics. [R\LIBM

] 65784. doc: RV H 28 NOV 2005 -23 72. The method of claim63 wherein said
first and second porous lowk dielectrics are organic dielectrics, and the
buried etch stop layer is an inorganic lowk dielectric material or an

i norgani c/organic hybrid material. 73. The nmethod of claim 72 wherein said
first and second porous |lowk organic di®lectrics have a pore size of from

about 1 to_about 50 nm at a vol une percent porosity of fromabout 5 to
about 35% '#4. Themsthodof cimcg3awherein saitbfiest and agcand poroyanee-k disletrics are

whor oi ' ol SRIEKED, SO8e b ol BoBRLRL B o0 boredtiE N e Rl oo

si ze of framinatganic/obgands labedimabéal.A at a vol une percent porosity of from
about 5 to about 80% 76. The method of claim72 wherein said first and
second porous |owk organic dielectrics conprise C, 0 and H 77. The

met hod of i .ai NTHEMYAEL 8F daisdd L LiSton; D 'y i C.

dielectrics are aromat igf:a%lﬁgﬂn‘ggééfl? F%‘gqg%ﬁ‘gﬁﬁ%ﬁ%@%@ﬁ?“p%&a{f’ﬁg‘%ﬁ% of
cl ai m 63 whAvednerasiraofifrom ebemd te ebwi 0 por s @s/olusve perctinepaosity affran ebout Sw- K
i norganic Qia%égtcg bj Cs, and said buried etch stop layer is an organic |owk
dielectric. 79. 'Fhe met hod of claim 78 wherein said first and second porous
| ow-k inorganic dielectrics have a pore size of fromabout 5 to about 500
A at a vol rce ofqgsity of from.about 5 to about 80% 80. The

net hod of Jé{'rgi Eﬁ‘fg“é\})h‘é‘f%{ alghﬁng‘?r@'&ﬁﬁ nejganic vk dialsetric Bisied etrhetapnlaxsrop

| ayer is isporous.

75.  The method of claim 74 wherein said inorganic porous low-k dielectric etch stop layer
has a pore size of from about 5 to about 500 A at a volume percent porosity of from about 5 to
about 80%.

76.  The method of claim 72 wherein said first and second porous low-k organic dielectrics

comprise C, O and H.

77.  The method of claim 76 wherein said first and second porous low-k organic dielectrics

are aromatic thermosetting polymeric resins.

78.  The method of claim 63 wherein said first and second porous low-k dielectrics are

low-k inorganic dielectrics, and said buried etch stop layer is an organic low-k dielectric.

79. The method of claim 78 wherein said first and second porous low-k inorganic
dielectrics have a pore size of from about 5 to about 500 A at a volume percent porosity of

from about 5 to about 8§0%.

80.  The method of claim 78 wherein said organic low-k dielectric buried etch stop layer is

porous.
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porous. [R\LIBM65784. doc: RVH 28 Nov 2005 -24 81. The method of cl iBFNO%%US
wherein said organic porous lowk dielectric etch stop layer has a
porosity of fromabout 1 to about 50 nmat a vol une percent porosity of
fromabout 5 to about 35% 82. The nethod of claim 80 wherein said organic
dielectric etch stop |l ayer conprises C, 0 and H 83. The nethod of claim
82 wherein said organic dielectric etch stop layer is an aromatic

t hernmosetting polymeric resin. 84. The nethod of  claim 78 wherein said
first and second porous |owk inorgani c¥ayers conprise Si, 0 and H, and
optionally C. 85. The nmethod of claim84 wherein said first and second
porous | ow8k i ribregaethed bhglains 80 edwemin sad biaRic PoBQs ITERSielel3f) eldBQtdfS@yer
copol mers,.or an I l.anes,or ntai ning material. 86. The
rref hoé of SIS \ng%lﬁl?ogta\a@’ “Bﬁ‘r‘ﬁk@dmé%%v P‘Bf)p?réi POFPSEY 3?%18‘??531%9‘3‘} Pom
about 2.5ﬂxgn1&mﬁ to about 0.53 am cnB. 87. An interconnect structure
conprising: a substrate having a patterned nultilayer of dielectrics

| ocated thereon, said patterned nultilayer of dielectrics including first

and secondgypor J i m.each _ot.her by
a porous burl e%t%ﬂ“%%‘%%lﬁ%%‘?“%%r%ﬂ%*%F%?{czdaﬂéﬁﬁé‘étﬁ%&%ﬁ@%r {6
diel ectricanddaving a first conposition, and said buried etch layer having a
second conposition which is different fromsaid first conposition; a

polish stop layer located on said patterned nultilayer of spun-on

di el ectri cg3.0VeThesktHod SRAMRISDPIhEEM daforkarié 8leRetricl oh ﬁé}dla?eﬂ?taﬁlaromatlc
conductor |ocated within said patterned nmultilayer of dieleCtrics.
thermosetting polymeric resin.

84.  The method of claim 78 wherein said first and second porous low-k inorganic layers

comprise Si, O and H, and optionally C.

85.  The method of claim 84 wherein said first and second porous low-k inorganic layers
comprise HOSP, MSQ, TEOS, HSQ, MSQ-HSQ copolymers, organosilanes or any other Si-

containing material.

86.  The method of claim 63 wherein said buried etch stop layer has a density from about
2.52 gm/cm’ to about 0.53 am/cm’,

87.  An interconnect structure comprising:

a substrate having a patterned multilayer of dielectrics located thereon, said patterned
multilayer of dielectrics including first and second porous low-k dielectrics which are
separated from each other by a porous buried etch stop layer, said first and second porous
low-k dielectrics having a first composition, and said buried etch layer having a second
composition which is different from said first composition;

a polish stop layer located on said patterned multilayer of spun-on dielectrics over said
second porous low-k dielectric; and

a metal conductor located within said patterned multilayer of dielectrics.
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[R\LIBM 65784.doc: RV H 2 8 NOV 2005 -25 88. The interconnect structﬂthre of
claim87 wherein said first and second porous | owk- dielectrics ar NOV 2005
organic dielectrics, and the buried etch stop layer is an inorganic |owk
dielectric material or an inorganic/organic hybrid material. 89. The

i nterconnect structure of claim88 wherein said first and second porous

| ow-k organic dielectrics have a pore size of fromabout 1 to about 50 nm
at a volunme percent porosity of fromabgut 5 to about 35% 90. The

i nt erconnect structure of clai m87 wheredr said porous buried etch stop

| ayer is an inorganic lowk dielectric having a pore size of fromabout 5
to about 589 A Hhe mteresinneat strpetnrseoit clpior 8% ivthgrenf sdid dirstadnd Lsecdndt poraisolotv-180%

5L oune, LSRERISES oTGPAChr Bl S BRRCE Myt e e PR
i Nt er conneditlestric wedtetiaoodn inbrghitcdigankdiyeiid naedridl.f i r st and second porous

low-k organic dielectrics are aromatic thernosetting polyneric resins. 93.
The interconnect structure of claim88 wherein said inorganic buried etch

stop | ayergg comyd fgSconnectStrabdrebr ABh QR ls¥id rgltg élrhd J8nd PBI%I;JQ PRRgCt

structure of claim93 wherein said Inorganic burie stop Fayer
conpri ses ¢EBR¢c dighotricFHESe aH8@E sBEIHBM abpa! V) te pbqut Ogam as ial enhane percestny

other Si- Al t al,. The i nterconnect structure of claim87
wher ei n saﬁgogg%lg}rosr}tf an é‘ggck)on%)oﬂtg&(g/&s low-k dielectrics are |owk inorganic

dielectrics, and said buried etch stop layer is an organic |owk
dielectric [R:\hl BM 65784. doc: RV H 2 8 NOV 2005 - 26 )
90. The nterconnect structure of claim 87 wherein said porous buried etch stop layer is
an inorganic low-k dielectric having a pore size of from about 5 to about 500 A at a volume

percent porosity of from about 5 to about 80%.

91.  The interconnect structure of claim 88 wherein said first and second porous low-k

organic dielectrics comprises C, O and H.

92.  The interconnect structure of claim 91 wherein said first and second porous low-k

organic dielectrics are aromatic thermosetting polymeric resins.

93.  The interconnect structure of claim 88 wherein said inorganic buried etch stop layer

comprises Si, O and H, and optionally C.

94.  The interconnect structure of claim 93 wherein said inorganic buried etch stop layer
comprises HOSP, MSQ, TEOS, HSQ, MSQ-HSQ copolymers, organosilanes, or any other Si-

containing material.

95.  The interconnect structure of claim 87 wherein said first and second porous low-k
dielectrics are low-k inorganic dielectrics, and said buried etch stop layer is an organic low-k

dielectric.
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96. The interconnect structure of claim95 wherein said first and SeqmeOVZMS
porous |owk inorganic dielectrics have a pore size of fromabout 5 to

about 500 A at a volune percent porosity of fromabout 5 to about 80% 97.
An interconnect structure conprising at least a nultilayer of spun-on
dielectrics located on a surface of a substrate, said nultilayer of

spun-on dielectrics including first and second porous |owk dielectrics

whi ch are separated from each other by orous buried etch stop |ayer

said first and second porous |lowk diel€trics having a first conposition,

and said ried etch stop | ayer having a secaond copposition which is
di ff erent %j‘om BarPqnapct sSyRHERS Pk PlalT S9gvherqin spidt linst ath arcond ppigus teve-kof

claim S7 vhigiht aakdrielhdvelYE BE PR Bollshobbll S0 Al 1G] bdlfde Gulcet

dielectrics. 99. The interconnect structure of clarm erel n sai

and secondprgrosityef fropwatiout fifcedbout §0%.s are organic diel ectrics, and the
buried etch stop layer is an inorganic lowk dielectric material or an

i norgani c/organi ¢ hybrid material. 100. The interconnect structure of claim

99 wher ei n9Bai dAfiingtconitdt SEGARR QMg AMdist PNERAIaGedbelspEl-bh (BellAYE 2
pore size of fromabout 1 to about 50 nm at a vol unme percen porosity of

f r om about logate¢ on gsytfacymofa substrateipaid; mulsjaysheletpunenrdieleciries iptluding; firstaind
wher ei n sajddoRP [ G rl Se i ic.| k
Gl cctr e pRPPRUR WL BRIEKER I ir; Ao R MBS Aby L LR fich W

vol une per geplayposaidifirst and sécondrparoositowbk del@iristhadiigea fircomositibnt adaaidnect

t t f.glal 9 ' idfirst d.. I k '
i ol oot 11 sl BT siop HORE P i SRS T Y eSemeltemosatd dfh ¢

of clai m lé#npusigiorl N said first and second porous |owk organic
dielectrics are aromatic thernosetting polyneric resins. [R\LIBM]
65784. doc: RV H 28 NOV 2005 -27

98.  The interconnect structure of claim 97 wherein said multilayer of spun-on dielectrics

includes cured dielectrics.

99.  The interconnect structure of claim 97 wherein said first and second porous low-k
dielectrics are organic dielectrics, and the buried etch stop layer is an inorganic low-k

dielectric material or an inorganic/organic hybrid material.

100.  The interconnect structure of claim 99 wherein said first and second porous low-k
organic dielectrics have a pore size of from about 1 to about 50 nm at a volume percent

porosity of from about 5 to about 35%.
101.  The interconnect structure of claim 97 wherein said porous buried etch stop layer
comprises an inorganic low-k dielectric that has a porous size of from about 5 to about 500 A

at a volume percent porosity of from about 5 to about 80%.

102.  The interconnect structure of claim 99 wherein said first and second porous low-k

organic dielectrics comprise atoms of C, O and H.

103. The interconnect structure of claim 102 wherein said first and second porous low-k

organic dielectrics are aromatic thermosetting polymeric resins.
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104. The interconnect structure of claim 101 wherein said inorganic buried
etch stop layer conprises atons of Si, 0 and H, and optionally C. 1208 NOV 2085
i nterconnect structure of claim 104 wherein said inorganic buried etch stop
| ayer conprises HOSP, MSQ TEGCS, HSQ MsSQ HSQ copol yners, organosil anes or
any other Si- containing material. 106. The interconnect structure of claim
97 wherein said first and second porous lowk dielectrics are |owk
inorganic dielectrics and said buried etch stop layer is an organic | owk
dielectric. 107. The interconnect structudre of claim 106 wherein said first
and second lowk inorganic dielectrics have a pore size of fromabout 5 to
about 500 A at a volune percent porosity of fromabout 5 to about 80%

108. The i{{qer [ in said organic r ous
ow k buri B e (1 fesihdel ahithite 8F bl 01 MGl dBls b BBh sBIES
at a vol unenpeisesndmpof KisOtayd b add eprionalbolt 5 to about 35% 109. The

i nterconnect structure of claim 106 wherein said organic lowk dielectric

buried etch stop layer conprises atons of C, 0 and H 110. The _
i nt er conneqys. StTHeGhiFBnct SthatuRe 508 e0LWReR A BiPHaRhk Burdd %tcﬂls%_pqwr'ﬁ .

buried etch stop | aﬁer is _an aromatic thernosetting polyneric resins.
The i nt er cortgices HOBL.NMIRe TEOScHERWMESEHRetopplymezd, drdanpsilanesa agi otherlSi-

porous | o L dielectric layers conprise atons of Si, 0 and H,
and opt i o%ﬁ%’l‘@gﬁ‘?gﬂ%h BM 65784. doc: RVH 2 8 NOV 2005 -28 112. The

i nterconnect structure of claim 111 wherein said first and second porous

| ow-k 1inoygani ¢ |layers conprise P, MSQ, TEGCS,  HSQ NBQ HSQ copol yners,
or ganosi | aipgs fhﬁ LS oapwé,s_rgtgr@_ A A Whstear saifl .ffril‘gl.d sPReng pPererc bk ct
structure Qélegitiad & Yow-WREBhMic ARILROLAY Saill BWHES Qb 5BF 18/eF 1k A @Panic low-k

dielectric.

107.  The interconnect structure of claim 106 wherein said first and second low-k inorganic
dielectrics have a pore size of from about 5 to about 500 A at a volume percent porosity of

from about 5 to about 80%.
108.  The interconnect structure of claim 106 wherein said organic porous low-k buried etch
stop layer has a porosity of from about ! to about 50 nm at a volume percent porosity of from

about 5 to about 35%.

109.  The interconnect structure of claim 106 wherein said organic low-k dielectric buried

etch stop layer comprises atoms of C, O and H.

110.  The interconnect structure of claim 109 wherein said organic low-k dielectric buried

etch stop layer is an aromatic thermosetting polymeric resins.

 111.  The interconnect structure of claim 106 wherein said first and second porous low-k

inorganic dielectric layers comprise atoms of Si, O and H, and optionally C.
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| ayer conprises an inorganic material that has a density from about 2.52
gnmicnB to about 0.53 gmcnB. 114. The interconnect structure of cl gignmﬁ/?m},_
wherein said porous buried etch stop |ayer conprises an organic |ow k J
dielectric that has a pore size of fromabout 1 to about 50 nmat a volune
percent porosity of fromabout 5 to about 35% 115. The interconnect
structure of claim 114 wherein said organic dielectric etch stop conprises
C, 0 and H 116. The interconnect structyre of claim 114 wherein said
organic dielectric etch stop layer is dif aromatic thernosetting polyneric
resin. 117, The_jnferconnect structure of claim 114 wherein said first and

second por bl | Ghg latersapgeqf shmeturegfesiaime bhipwhereingiaid firsyand pecond powys ilowkl | y

C. 118. Thgl r ¢ h f i 1 i i i n
Second por SO AFRRe kel O NS, TEOS I8 Q VIS e\ e Bites o g
MBQ HSQ copodnymihes Si-comy@ningimager@é  or any ot her Si-containing nmaterial.

119. The interconnect structure of claim87 wherein said first and second
low-k dielectrics have a dielectric constant of fromabout 1.1 to about

3.5. 120. Ti® | Thehkaeumedt siubifd o Saigd 9T lvtierei® faidiRESlsNo®at Buiidd bich awpr Of

spun-on diglectrics have an effective dielectric constant of about 3.5 or

less. [R leysmsompriseszaineiawigpalgrigighaybes 2 dewity fomabput 242 ginfane rte abois 6153
structure gf glai m 87 wherein said substrate is a dielectric, a wiring

| evel , an adhesion pronoter |ayer, a sem conductor wafer of conbinations

t hereof. 122. The interconnect structure of claim87 wherein said substrate

IS a semc uctor.waf er having an adhesi on pronpter |ayer fornped thereon.
123. The iﬁ{]er ctl(ﬁ)% "tfc@c“?i}cs?‘i%‘é*%o? 2 %?8“71‘ Brséldnp%ra\”d%%?di Etﬁﬁgfo(ﬂpla}’eéyer
i s conposecbrifriset MEorgale 1wk didledtrictBattAS a PoreQife dTHFInEEbRL ¢ ho S6RR 5O AMet a

volume percent porosity of from about 5 to about 35%.

115. The interconnect structure of claim 114 wherein said organic dielectric etch stop

comprises C, O and H.

116.  The interconnect structure of claim 114 wherein said organic dielectric etch stop layer

is an aromatic thermosetting polymeric resin.

117.  The interconnect structure of claim 114 wherein said first and second porous low-k

inorganic layers comprise Si, O and H, and optionally C.
118.  The interconnect structure of claim 117 wherein said first and second porous low-k
inorganic layers comprise HOSP, MSQ, TEOS, HSQ, MSQ-HSQ copolymers, organosilanes

or any other Si-containing material.

119. The interconnect structure of claim 87 wherein said first and second low-k dielectrics

have a dielectric constant of from about 1.1 to about 3.5.

120.  The interconnect structure of claim 87 wherein said multilayer of spun-on dielectrics

have an effective dielectric constant of about 3.5 or less.
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124. The interconnect structure of claim87 wherein said polish stop |ayer
Is a spun-on low k inorganic or organic dielectric. 125. The interCfrgr}%(-:vt
structure of claim87 wherein said nmetal conductor is conposed of Af! 2005
W Ag or alloys thereof. 126. The interconnect structure of claim 87

wherein said nmetal conductor is conposed of Cu. [R\LIBM65784. doc: RVH

-29.

121.  The interconnect structure of claim 87 wherein said substrate is a dielectric, a wiring

level, an adhesion promoter layer, a semiconductor wafer of combinations thereof.

122. The interconnect structure of claim 87 wherein said substrate is a semiconductor wafer

having an adhesion promoter layer formed thereon.

123.  The interconnect structure of claim 87 wherein said polish stop layer is composed of

the same material as the porous buried etch stop layer.

124, The interconnect structure of claim 87 wherein said polish stop layer is a spun-on low-

k inorganic or organic dielectric.

125.  The interconnect structure of claim 87 wherein said metal conductor is composed of
Al, Cu, W, Ag or alloys thereof.

126.  The interconnect structure of claim 87 wherein said metal conductor is composed of
Cu.
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