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WD 2004/ 027850 PCT/ US2002/ 029975 | NTERLAYER ADHESI ON
PROMOTER FOR LOW K MATERI ALS 5 BACKGROUND OF THE

invention relates to the production of multilayered
dielectric structures and to sem conductor devices
and integrated circuits conprising 10 these
structures. The structures of the invention are
prepared by adhering a porous dielectric layer to a
substanti al |y nonporous capping | ayer via an

i ntermedi at e adhesi on pronoting dielectric |ayer.
DESCRI PTI ON OF THE RELATED ART 15 As feature sizes in
i nt dFTERIA CERAPHESKN PROMOTER FOR LIV K M TBRIAIVE
problenms with interconnect RC del ay, power consunption
and signal cross- talk have becone increasingly
difficult to r Ba@KEROUND OFPEIE ENVENTHON t he
integration of low dielectric constant materials for
interlevel dielectric (ILD) and intermetal dielectric
( DIRP ' .Vﬁﬁh‘.ﬁl hel p to sol ve these probl ens.
2 been previous efforts to apply | ow
diThk @edsentdnention sittes todiegiddicton of multikgeret ditlecticui t s,
there remai ns a | ongstanding nged in the art for,

f §HEFHETES PR FOIFEHEMIGCPRAGYICSE 484 g HES RBTEISSABPIANEhe
ORfdsB#RLin@E. Phe BRIcHred SI8nIinSbRTIT 4r€ pl%g&lreaw faamﬁlgla
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I ov¥ di e.etct i C. constatfrﬁ Ars]] nan %orous silica filns

W e aﬁP@&&P&&fﬁ’% ST PEEH “@6ht ai ni ng pre-pol yners
by a spin-on sol-gel technique. Air has a dielectric

constant of 1, and when air is introduced into a
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are attractive because_such material s, have
dé#Hs have brcameripgpasingly difficult to resolve. It is believed that the

integration of low dielectric constant materials for interlevel dielectric (ILD)
and intermetal dielectric (IMD) applications will heip to solve these problems.
While there have been previous efforts to apply low dielectric constant
materials to integrated circuits, there remains a longstanding need in the art for
further improvements in processing methods and in the optimization of both
the dielectric and mechanical properties of such materials used in the

manufacture of integrated circuits.

One type of material with a low dielectric constant is nanoporous silica films
which is prepared from silicon containing pre-polymers by a spin-on sol-gel
technique. Air has a dielectric constant of 1, and when air is introduced into a
suitable silica material having a nanometer-scale pore structure, such films can

be prepared with relatively low dielectric constants ("k™). Nanoporous silica
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pul | data. Mechanical properties can be optim zed by

film Nanoporous silica materials are attractive
because it is possible 5 to control the pore size, and
hence the density, nechanical strength and dielectric

const ant of the resulting filmmaterial. In addition
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Nanoporous silica films have previously been fabricated by a number of
methods. For example, nanoporous films have been prepared using a mixture
of a solvent and a silica precursor, which is deposited on a substrate suitable
for the purpose. Usually, a precursor in the form of, e.g., a spin-on-glass
composition is applied to a substrate, and then polymerized in such a way as to
form a dielectric film comprising nanometer-scale voids. When forming such
nanoporous films, e.g., by spin-coating, the film coating is typically catalyzed

with an acid or base catalyst and water to cause polymerization/gelation
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t hrough pore size selection, a | ow nol ecul ar wei ght
porogen is used. Density (or the inverse, porosity) is

the dielectric constant of the material, and this
property is readily varied over a continuous spectrum
fromthe extrenes of an air gap at a porosity of 100%
to a dense silica with a porosity of 0% As density

rea dielectric const chani cal strength
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nanoporous films nust be optimally bal anced bet ween
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p;ﬁ eéle e {t wi || undoubtedly change the chem cal

ef 15619 t he surface and al so the bulk of the
material. Hence it mght damage other film properties

such as dielectric constant, thermal stability and
c Hans afdhe maposdiffi Wltleﬂmrmﬁélratmg eorogamk nirégriady;, whether

u et chi ai n.fl.uor | des
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with NH3 is at any nitrogen containing species could

pdmgrRving thy agkesignandlydeinsrepsing e [P wolgeeuonghnesehreugh
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adh Srlegg(g}gg tn\év%ei ! gg@!@qﬁgggéf%g/gln% r\]nglthaNHg’. lee danger of

modlfying the surface chemistry is that the surface pre-treatment will

undoubtedly change the chemical nature of both the surface and also the bulk
of the material. Hence it might damage other film properties such as dielectric
constant, thermal stability and chemical stability. Furthermore, gases that are
used in etching contain fluorides which will leave some undesired fluoride
containing residue in the ILD. The disadvantage of pre-treatment of the film
with NHj is that any nitrogen containing species could potentially be
poisonous in the lithography step if such nitrogen containing residue is not
completely removed. Therefore there is a need to develop an adhesion

promoter layer that can enhance the adhesion between the ILD or IMD and a
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capping or netal barrier material. Such adhesion
pronoter should also have little adverse effect on the

during the integration steps. 5 A prerequisite for the
structures of the present invention is that the porous
ILD or |INMD nust have good adhesion with the adhesi on
pronoting |layer. The present invention enploys a

dense. spi n- | ow k, material ,as. the adhesio
orOROE " FisgHl barreh mteiah SHES R Iop PRpaie) SsIck o e
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metal barrier martl eri al .Iﬁlﬂo SUMVARY OF THE ||\|\EWT1|H s
Thiring egintegmatipnestapdes a nul til ayered diel ectric
structure which conprises: a) a porous dielectric

| ayer which has a porosity of about 10% or nore; b) an

adh essrequigitedoPihe Rguctiel 6€ the ipgest@ifiVer@ion i BaXQE B¥%us ILD
dielectric |ayer which 15 has a porosity of about 10%

oror|IMdy mughfapvie goad adhission weithdhe gdhesiop prarnetinglaysirnghe

I ' [ jelectric, | ayer.. The
| Giep b or SRR B o B s RS i
c gpmbtee fayar. 2Suchuhiehseanaterial aloweds: i iglivefelcoftabyel on
the substrate, said porous dielectric |ayer having a
pdihen 3 sArpmesBaatal vy goestalibgrrier maetigbhesi on pronot i ng
dielectric |ayer on the porous dielectric |layer which
has a porosity of about 10%or less; and a
substantial |y noSpMMAR Y OFIIHIgINEENTIOGN t he adhesi on
pronmoting dielectric.layer..25 The invention further
o on RS SR it Tiriolds Bt comprises

dif b @etdusdiclSdtfié! ﬁl?'w Whicl® Y d §drBiy Fab&RAAEr Rore;
substrate with a first conposition conprising a

pria 2p eflesian prowoting Aielecistlayen ah theapaabyssdicleetrid layer which
p ta form dl cross-linking the 30
cg{ﬁ%gg’?{qso O?%boﬁl?ég{?cog]leﬁs’ led film and heating the
gel) hedbstardtialahodpotous capping layer on the adhesion promoting

dielectric layer.

The invention also provides a microelectronic device which comprises a
substrate, a porous dielectric layer on the substrate, said porous dielectric layer
having a porosity of about 10% or more; an adhesion promoting dielectric
layer on the porous dielectric layer which has a porosity of about 10% or less;
and a substantially nonporous capping layer on the adhesion promoting

dielectric layer.

The invention further provides a method for forming a multilayered dielectric
structure comprising: |

a) coating a substrate with a first composition comprising a pre-polymer,
solvent, optional catalyst, and a porogen to form a film, cross-linking the

composition to produce a gelled film, and heating the gelled film at a
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whi ch has a porosity of about 10% or nore; b) coating
the porous dielectric layer with a second conposition
conprising a 5 silicon containing pre-polyner,

sol vent, and optional catalyst; followed by

cr = kK] [ roduce dhesj.on .
oriampe e 2 A RuDRRh LGS (B AR STl 3 BT

| gypesgentto prodnasa popos dislettticdhiyerdidh He@ Yopdtostts B abdit
fjk@jngwa substantial |y nonporous capping | ayer on the
adiesPoMOBronoting dielectric layer. 10 BRI EF
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sisilicopgontambigieretpolyrhansmbveat, aad bptiach] MANGE ABSHe b
nateri%#.and dhesi on ronoter thickness. 15 DETAILED
DESSRIBH SFHRe PR =0a PRARAtingdielectric layer on
Mihé pdroNeaRRcHicahRE Which 1Bk i6l4fig of 8 ﬁm%ﬁﬁ%sf I 7st
producing a porous dielectric layer i ch hasa

p&» EYMiRE »subsirotiellyowporous wappéng Byértalthy adhesien phanotiy
1 . bly the porous dielectric |ayer has a
pg(ri/%esél?{@fag%@f rom about 10% to about 90% nore
preferably from about 20%to about 80% and nost

preferably from about 35%to about 60% Preferably the
porous di el ed#REE DESGRIPTRQN QF diHE BBAWING onst ant  of

aivori § b oo S8 bordalon R eBR L T Dellsshi o

1 silicon cabistthidkess 2% ke WANOGLASS? BGhdidrtal hAY SdheSRY
conpri se_a _nanoporous silica, silicon oxide, an

oPEAPRIST thicksensi oxane, such as net hyl si | sesqui oxane, a
pol ysi | oxane, a porous organic polyner or

conmbi nations thereof. Typically, silicon-based
dielectric filnms, including nanoporous silica

di el [ il.ns, are prepared froma conposition
conp FAILED D HIIJON OF 5 RREFERRER EMBODIMEBENE r

blaendrTayered diel

dielectric layer which has a porosity of about 10% ofr more, suitably more than

ectric structure is formed by first producing a porous

10%. Preferably the porous dielectric layer has a porosity of from about 10%
to about 90%, more preferably from about 20% to about 80% and most
preferably from about 35% to about 60%. Preferably the porous dielectric
layer has a dielectric constant of from about 1.3 to about 3.0, more preferably
from about 1.5 to about 2.8 and most preferably from about 1.7 to about 2.5.
The porous dielectric layer may comprise a nanoporous silica, silicon oxide,
an organosilsesquioxane, such as methylsilsesquioxane, a polysiloxane, a
porous organic polymer or combinations thereof. Typically, silicon-based
dielectric films, including nanoporous silica dielectric films, are prepared from
a composition comprising a suitable silicon containing pre-polymer, blended

with a porogen and a catalyst which may be a metal-ion-free onium compound

5
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opti onal solvents and/or other conponents nay al so be
i ncluded. The dielectric precursor conpositionis
applied to a substrate suitable, e.g., for production
of a sem conductor device, such as an integrated
circuit any art- kno thod to forma film The
cohf ourieoaies Hhe 3 bish® Sr st SRS coppiest ey
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the treated substrate, and a | ow and stable

diPeI%SEtri ¢ constant. The property of a stable

di el ectric constant is advantageously achi eved wt hout
the need for further 15 surface nodifjcation steps
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nanoporous Si ctric fi
Sinhéchanicil etremgth ithatfenhbies the eraiutéd Ginetot Wighdtyrdrtbe fiathiee
as initially forned. 20 Further, the Er Qcess s of éhe
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gelling or aging) of an applied prepoly
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h &Sy Qhinde gﬂﬂﬁ@n&k 8 BiloBEssEAML Forthing @iMopoBUS sificim
to 25 about 3 nore preferably fromabout 1 nm

t olicdeadiie filrgs. rﬂﬁtstgm theyspliiegadi¢lyctrie Stmawesriicionly hydmpbehic
h ({1 d be understood that the term nanoporous
%Elélhfiongg ‘ms, is intended to refer to dielectric
films prepared by the inventive nethods from an
organi c or
urther, the processes of the invention advantageously require a relatively low
temperature for the initial polymerization (i.e., gelling or aging) of an applied
prepolymer composition. The processes of the invention provided for a
nanometer scale diameter pore size, which is also uniform in size distribution.
The film typically has an average pore diameter ranging from about 1 nm to
about 30 nm, or more preferably from about 1 nm to about 10 nm and

typically from about 1 nm to about 5 nm.

It should be understood that the term nanoporous dielectric films, is intended to
refer to dielectric films prepared by the inventive methods from an organic or

inorganic glass base material, e.g., any suitable silicon-based material,
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conbi nations thereof. O her exanples include

phenyl et hynyl at ed- aromati ¢ nononer or oligoner ;
fluorinated or non-fluorinated poly(aryl ene ethers)
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the substrate after deposition. e term
- Oiar S0.1902H60/ 61135 lecbinyass B2 seui6Q/AH 3 Slocay 30

9" R¥8BS60/5 §01RY Hled anuary 15, 2002 and 10/160773 filed May 30, 2002;
and 10/158513 filed May 30, 2002 and 10/158548 filed May 30, 2002, which

are incorporated herein by reference in their entireties. Additionally, the

term “aging” refers to gelling, condensing, or polymerization, of the combined
silica-based precursor composition on the substrate after deposition. The term
"curing" refers to the removal of residual silanol (Si-OH) groups, removal of
residual water, and the process of making the film more stable during
subsequent processes of the microelectronic manufacturing process. The
curing process is performed after gelling, typically by the application of heat,

although any other art-known form of curing may be employed, e.g., by the

7
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process is performed after gelling, typically by the

application of heat, 30 although any other art-known

formof curing my be enployed, e.g., by the 7 WO
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desirable substrate layers comprise films, glass, ceramic, plastic, metal or

coated metal, or composite material. In preferred enﬁbodiments, the substrate
comprises a silicon or gallium arsenide die or wafer surface, a packaging
surface such as found in a copper, silver, nickel or gold plated leadframe, a

25 copper surface such as found in a circuit board or package interconnect trace, a
via-wall or stiffener interface (“copper” includes bare copper and its oxides), a
polymer-based packaging or board interface such as found in a polyimide-
based flex package, lead or other metal alloy solder ball surface, glass and
polymers. Useful substrates include silicon and compositions containing

30  silicon such as crystalline silicon, polysilicon, amorphous silicon, epitaxial
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25 copper surface such as found in a circuit board or
package i nterconnect trace, a via-wall or stiffener

oxi des), a polyner-based packagi ng or board interface
such as found in a polyimde- based flex package, |ead
or other netal alloy solder ball surface, glass and
polyners Useful substrates include silicon and

0sitio cont a " ilicon,such a ystal line
= AR e repSioaun Sthedh siises SEReS SiitoR Byl iic ' 5
Waxggagﬂ{d@%hm f&i&y&g@geg%&@7§11c&f biyaAde,and i li con

di oxi de , silicon nitride, silicon oxide,

s |drgamsulomga; argan@l silicen glasso Auoiimatédinlicasi glassoas well 45 de,

sillicon oxynitr.li a s | oxan ano S|I|con
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copper, E fanta ymers, gallium arsenjde and
ﬂg\ltﬂayepc

c obidwenimsisgrthe degtrueire wﬂbwdnm omitngriine
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ace or varil ous e r cal con

c immmt:l&de Yidous ir¢iafoirdentma, du@ltﬂssvtdvaﬁ @on-taiyductiag tiders or
varlous relnforcenent such as woven non- conductlng

f iahess slogh. Sugh gaeuithoseds may basingle sided. a5 avlleas deubleiside

single sided, as well as double sided. 10 On the
surface of the substrate is an optional pattern of
r eﬁ)ls’shd shirfaesf thasibstaate ismt gitionayiatiern afirdiseddénesy such as

nitride l.ines which. are fo kn
" H6l PR o AU e DT erdrd by Sef SPove
| 11ARSorkpHed teeBnighdsl S@itabRd hhieARls 81 the 1if&: 1n&1h@1@§ihé’e[“s1hcon
nitride, tantalumnitride, alum num alum num all oys,

c apiside, tlta@ump?mie faabys mtltuémtahnmmlmt alngétuenaldoyd, copper,
silicon

it IR By Ceong 6] Ao TR xiBiidit TS Bty s
él%@ﬁs%r RakiB® thébdlind, 23Buditdn cOmBdhly235iBled BS Patents

8,139B1 and are commercially available from
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ypi catly ed Trom one

Such are osel'y separa
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micrometer or less, and more preferably from about 0.05 to about 1
micrometer. Other optional features of the surface of a suitable substrate
include an oxide layer, such as an oxide layer formed by heating a silicon
wafer in air, or more preferably, an SiO, oxide layer formed by chemical
vapor deposition of such art-recognized materials as, e.g., plasma enhanced
tetraethoxysilane oxide ("PETEOS"), plasma enhanced silane oxide (“PE
silane”) and combinations thereof, as well as one or more previously formed

nanoporous silica dielectric films.

i ncl udes bare copper and PC$/US2002/029975



m croneter. Other optional features of the surface of

a suitable substrate include an oxide layer, such as
wanoaxwsol ayer fornmed by heating a silicon waECeUSRW2/029975

air, or nore preferably, an Si 02 oxide |ayer. forned

by chem cal 25 vapor deposition of such art-recognized

materials as, e.g., plasnma enhanced tetraet hoxysi | ane

oxi de ("PETECS'), plasnma enhanced sil ane oxi de ( PE
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nanoporous silica filmof the invention can be applied
s @lea@ntscandm eondustipo pathwaysibatweanhayg é)heromemnsib' formed
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5 praB{Wthé h¥ndperdie dlhcﬁ €idch of @ 1ﬁfferft1bﬁ i1 bifisdst ah@addRticHal
optional substrate features can also be applied 5

atyee sp Heat therlepoheladtis film serves fodnyate pae pirpars: Pod i n
a .
GPLyrER of SRERAR, b oo MRl £A0iGTlagt b uoing
plintegrhietl yirodit. e Tt & ettty sacutding tettedhvention abtignally
functional Iayersgif the resulting _integrated
cilRCYAep 2 seR mageria) Hf SAPEISLRF oY P3HioEB! PFAPABIALT on
10 ORfIHcAFlhlof the 1ﬂ%rﬂﬂ>ﬁsdlﬁ'1r%' the FARuABLRS dfd mﬁlﬁ?effyell a?nd/&f med
over or adjacent to a nanoporous 10 silica filmof the
i mvahtedngronentuiniegrptecharcminuf act ure of. a multil ayer
and/or nulticonponent integrated circuit. A
crosslinkabl e conposition enployed for forning
NaNGRSY1RAKSH]S tbinpasitich @hgleydd for fdﬁrﬁ@g %@g@ Quddlitp the
i nvention includes one or nore silicon 15 contai ni ng
prdeqi@quw@h@s adeending te themgentiondoeludssswmg or morgsibiedr have
15 cgﬂtgpé%re%\cﬁyﬂlgr%u at\é?e r&gpsontdebr?stﬁ%cqp %dl'ﬁ/dr o{%
( AeOrsacBl€grolpd ﬁh@tﬁanb%lhygrdbﬁjéﬂ dStioh @aotivieleeups 11(itﬂude
hy ot hesis as to how t he _net hods, and conpositions of
kop (RAN-iasptony EAcQk Rice WEEhout being bpnd T any thepsy ohat er

h%ﬁ%&hé’s%seés th tﬁ&%vJ tﬁ%I @Qﬁs ghP o%ﬂ dl ‘SF ﬁa&e 1h§eﬁl'ﬂoﬁ fe

nmers to form groups t°4no
Wiakhie v &ngbehe&edlﬂﬁnwaﬁer hydrolgaccstth@mowa groupshmrthe silicon
I I h t
20 S Imo%%%e?s t(())rfOI\‘Il\’An gr%{lpsr (esﬁC Ils\seTlger l%tl%gr w111 undergo

condensation reactions with other silanols or with other reactive groups, as

illustrated by the following formulas:

Si-OH + HO-Si - Si-0-Si + H,0
25 Si-OH + RO-Si = Si-O-Si + ROH
Si-OH + AcO-Si = Si-O-Si + AcOH
Si-OAc + AcO-Si = Si-O-Si + Ac,O
R =alkyl or aryl
Ac = acyl (CH3;CO)
30

10
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illustrated by the followng fornmulas: Si-OH + HOSi -
Si-0Si + O 25 Si-OH+ ROSi -~ Si-OSi + ROH

Si-OS + Ac2Z0R = alkyl or aryl Ac = acyl (CH3CO

30 10 WD 2004/ 027850 PCT/ US2002/ 029975 These
condensation reactions lead to formation of silicon
cont ai ni ng polynmers. In one enbodi nent of the

i pyentio t he prepol r._i.ncl udes.a.conmpound, or. an
cdBTa e Eaingag. o iaHauoG it Sarahe Bpymess’
Sitn ond-¥mbdRMEM GF the inSenHORl B Prepolyinatindlided AQ0mpBREH, B8
fromO to about 2 and y is 4-x, _an integer ranging

f moneerbbinetion efroatoyndsy derRtedshyi Fryewdaldent 1 y al kyl ,
aryl, h ogen, . al kyl ene, ar nd/ or conbi nati ons
of theségg"gﬁﬁLXndependentléyée ectled and is an
elvirtdivRega invegetraaging fOng0 to slokoI ynd y 104-g parbiaregks

am no, am do, halide, jsocyanato and/or conbi nations
offangigsizom apgyttd foabawi 4y useful prepol yners are those

P 0N 1 e t 0to
agg%€&§$m%%?ggé§¥L réh1a S§E¥5%%&é%g&%g4, &ﬁs al ky
orcombinations dfithesad L i s an el ectronegative group, and

erein the rate of hydrolysis 15.of the Si-L bond is
oAt reniAly paedied B5H oh Hiar BmpERe oot e & TEBRBCHG
beR®oxyinkfine! AhidoN ali®, lis%%eﬁ‘lgtorﬁﬂﬂar comBiBsShaITah&Qe. as
(a) and (b): (a) SI-L + O Si-OH + HL (b)
Si - OCH2CH3 + H20 - Si-OH + HOCH2CH3 20 The rate of
( @artic%laglryeu%gﬁ[ prtegglr}]fmrérasta?e &fosé gl)oi/ided by Formula I when x
ranges from about 0 to about 2, y ranges from about 2 to about 4, R is alkyl or

aryl or H, and L is an electronegative group, and wherein the rate of hydrolysis
of the Si-L bond is greater than the rate of hydrolysis of the

Si-OCH,CH3 bond. Thus, for the following reactions designated as (a) and
(b):

(a) Si-L + H,O - Si-OH + HL

(b) Si-OCH,CHj3 + H,0 - Si-OH + HOCH,CHj3

The rate of (a) is greater than rate of (b).

Examples of suitable compounds according to Formula I include, but are not

limited to:
Si(OCH,CF3)4 tetrakis(2,2,2-trifluoroethoxy)silane,
Si(OCOCF3)4 tetrakis(trifluoroacetoxy)silane*,
Si(OCN)4 tetraisocyanatosilane,

CH;3Si(OCH,CF3)s  tris(2,2,2-trifluoroethoxy)methylsilane,
CH3Si(OCOCF3);  tris(trifluoroacetoxy)methylsilane®,
CH3Si(OCN)3 methyltriisocyanatosilane,

[* These generate acid catalyst upon exposure to water]

11
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tetrakis(trifluoroacetoxy)silane*, Si(OCN) 4

tetrai socyanatosi |l ane, CH3Si (OCH2CF3) 3
tris(2,2,2-trifluoroethoxy)nethylsilane,

CH3Si (OCOCF3) 3 tris(trifluoroacetoxy)nethylsiIane*,

CE%%P % 3 net é@ﬁgqugat05|lane 30 [* These
g

upon "exposure to water] 11 WO
2004/ 027850 PCT/ USZOOZ/ 029975 and or conbi nations of
any of the above. In another enbodi ment of the

i Ay apatheembodimens 9f thsinyeston he %@@S&l%nglﬁé@s a polymer

O%%H%?Oﬁa)e/fgﬂné caﬁggﬁ@eg éd@? I on r e CJEII ons, }%V\é]lgér“i%al)lf]@y

t kendunsitim raxdioagevivpdie el rambae a‘gmgenﬁdsﬂgaﬂaﬁwaghtablm

150 to about 3Q0, 000 t ly f bout
14 SR oo @i Boreisplely BREARHOLD 67

t e ﬁtq\()%l _silicon-containing prepolynmers 10
use? according to the invention include

organ05|lanes including, for exanple al koxysi | anes

di F | I
IR RS 5 Dp i ot Hivetion SOy eRPEE RipeiEmerS ot
| @@sthl AccBidind'® the Bivehtivh indldd@b@ahdieRANEERlNG, f to C4

al koxy groups, and the bal ance, if any, are
|nd@pphdéhomvﬂgﬁhecumdmgK@E@mm@aEroup consi sting of
hydr ogen, al kyl, phenyl, hal ogen, substituted phenyl.
For purposes of this invention, the term al koxy

i ncl udes any ot her organi c ggroups which can be readily
cleaved fromsilicon at tenperatures near room

t enper at ure by hydrolysis.lR groups can be et hyl ene

R-Si-R Formula II

I
R

Optionally, Formula Il is an alkoxysilane wherein at least 2 of the R groups
are independently C; to C4 alkoxy groups, and the balance, if any, are
“independently selected from the group consisting of hydrogen, alkyl, phenyl,
halogen, substituted phenyl. For purposes of this invention, the term alkoxy
includes any other organic groups which can be readily cleaved from silicon at
temperatures near room temperature by hydrolysis. R groups can be ethylene
glycoxy or propylene glycoxy or the like, but preferably all four R groups are
methoxy, ethoxy, propoxy or butoxy. The most preferred alkoxysilanes

nonexclusively include tetracthoxysilane (TEOS) and tetramethoxysilane.

In a further option, for instance, the prepolymer can also be an

alkylalkoxysilane as described by Formula I, but instead, at least 2 of the R

12
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25 gl ycoxy or propylene glycoxy or the |ike, but
preferably all four R groups are nethoxy, ethoxy,

nonexcl usi vely include tetraethoxysilane (TEQCS) and
tetramet hoxysilane. In a further option, for instance,
the prepol yner can al so be an 30 al kyl al koxysi | ane as
described by Fornula Il, but instead, at |east 2 of

| Aupepdnt ety &3 CarlRTARS R ST diR R

alieydty 'i@@?foyczi AkThnl theGkadykidiemngdCt heCahlkewy dretely
io Cl'to C6 al koxy, or ether- al kox %roups; and t he
balkary: aroups; aadyhe balence ifape ﬁ’(felﬁflm‘?né@l lyselseted fiom hae

ar L ST f a p n,
L EBUB PSR I Rec A I Phetilon, BES e iEBAOR
eaad pRférfedrepitvdinient sdablo Ryis arettpixgpehyxy dripréposly h&tr another
preferred enpodi nent, at |east two g%g%gggs are

alPraferagdemiodimeninat IGasEe K 2rqups azg al grpupsweerein,
| 1 pe ' ' - k |

o BP0 1 OF LG AR S i R 0 gy

piyeicanoter preddrrddemstiodinent For agvapuppheae preetiser, atlleksbxyo R

groups of the formula t koxy) ". wherein .n is
eroits arecs hesratk G i hs P Precredn i ol PagorpeRal &
i ngLyde, for exanple, any or a conbination of

al koxysi | anes such as tetraethoxysil ane,

t et rapropoxysil ane, tetraisopropoxysilane,

) hox. il 15
t SR IE R Glob, BlaoBRGieas Psluden iy eremply, any gt
0lcOHBavibh 6DalitByyshenes R 4l tyEathoxpsildnbastrgeosansigte! 0

produce silica, alkylalkoxysilanes such as
migtrajdopraperhislape. tetsmmetiorxikoxyailppal koxysi | anes such

© BB BB RORADR O TE M A0GR EnBE b
f ihlydolyked aadk it rehdemxaded poxdoet kidisy, Jatitylldkexysilanes such as

tetraki s(ethoxyet hoxy)sjl ane,, 20 i )
t é@qﬂ@mrgeé}m}yg%tsﬂ@@y@y yg}amg%@,ch as phenyltriethoxysilane

t ' _ i . . . . .

¢ 2%1{1 gﬁcg%ée@fs&g% %1/§e ?ﬁ%?ﬂaﬁg ﬁ%‘}Ch grllec}d SiH functionality to the
t dilmaKesdkistiethoxpethmosethosi Isdme, tetrakisfethoxiyethbansilane,
useful for the inyenti.on. In a still further
AR, Ws‘f\ﬁpwb@ﬁ?ﬁ%ﬁ?ﬂ?ﬂ?e&w&w@ﬁe

C QPRI S thoxyethoxy)silane, and tetrakis(methoxypropoxy)silane are

particularly useful for the invention.

In a still further embodiment of the invention, the alkoxysilane compounds
described above may be replaced, in whole or in part, by compounds with
acetoxy and/or halogen-based leaving groups. For example, the prepolymer
may be an acetoxy (CH3;-CO-0-) such as an acetoxysilane compound and/or a
halogenated compound, e.g., a halogenated silane compound and/or
combinations thereof. For the halogenated prepolymers the halogen is, e.g.,

Cl, Br, I and in certain aspects, will optionally include F. Preferred acetoxy-

13
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25 descri bed above may be replaced, in whole or in
part, by conpounds with acetoxy and/or hal ogen-based

acetoxy (CH3-CO- O) such as an acetoxysilane conpound
and/or a hal ogenated conpound, e.g., a hal ogenated
sil ane conpound and/ or conbi nations thereof. For the
hal ogenat ed prepol yners the halogen is, e.g., 30 O,

Br, I and in certaip aspects, wl| optignal.ly include
F dopyed EPPAHmAB AR © £ INBARIDHEDE PR Y Triacetoxysilane
PG4/ feregterived prepol yners include, e.g.,

tetraacet oxysil ane, nmethyltriacetoxysilane and/ or
conbi nati ons thereof. In one particular enbodi nent of

| e Pl Rl R Rk Blt Plgpr PR e
AGRIRINSdrliAdI8des A GHORK ¥E bbIoMer praBilrBX bt ek afgleand/ or

conbi nations thereof. In a npre particular enbodi nent
ofacetpreysilanes an etaxysilaes, sigthaxypilane ahdionpomabinghans dhsyeadr
i ncl udes a.t et raacetoxv.sid.an . . . al kyl
el e e R R G

P pEdpobuthedfinclades @xemaabétbkBtladd) algg koxbout g alkyl or aryl-
triacetoxysilane is a nethyltriacetoxysilane. The

sitiacetoryeitne and porgbipriégnstharent. il pytieylan apexemplidicdnt in
U 8109 BleAtiacet %‘i&b%&b&rﬂ@etﬁt{%%{e. of from about 10

wel ght "percent "to about wel g percent, preferably
present in the overall conposition in an anount of

from 15 about, 20 wei ght percent.  to about 60 wei ght
peigé PP“?H@""&‘B}%EG’C&YIB?F%P erblpPyesein thefyerpll

C3bRp¥sition iPin DRAMTLERR! BEHY A& ghBRIdhERALBRSS0 HBight
oni um or nucl eophile catal yst may contain netal ions.

Exerephte preiferebly geesemdi thn dvetllocipesition di amamoiit af &om
pot assj.um.hydr oxi de, , 20 Jithium hydroxi de, and
zia&%‘gﬁéou‘ﬁ?lg%ﬁﬂeéﬁeﬁgtﬁ@b8‘éttégl V%‘g@.peﬁc}ép{m croel ectronic
appl i cations, preferably, the conposition preferably
contains a netal -ion-free catalyst which may be, for
exXdnppmposition pieferldy epweing a sptalysih Hier rwpmidreslectrphe

RS B R R P B .

C @xanid. indiade YR Bydexid¥ aoBiugBsulfate, potassium hydroxide,
lithium hydroxide, and zirconium containing catalysts. For microelectroni‘c
applications, preferably, the composition preferably contains a metal-ion-free
catalyst which may be, for example, an onium compound or a nucleophile.
The catalyst may be, for example an ammonium compound, an amine, a
phosphonium compound or a phosphine compound. Non-exclusive examples
of such include tetraorganoammonium compounds and
tetraorganophosphonium compounds including tetramethylammonium acetate,
tetramethylammonium hydroxide, tetrabutylammonium acetate,
triphenylamine, trioctylamine, tridodecylamine, triethanolamine,
tetramethylphosphonium acetate, tetramethylphosphonium hydroxide,

triphenylphosphine, trimethylphosphine, trioctylphosphine, and combinations

14
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hydr oxi de, tetrabutyl ammoni um acet at e,

tri phenyl am ne, trioctylam ne, tridodecyl am ne,
triethanol am ne, tetranethyl phosphoni um acet at e,
t et ramet hyl phosphoni um hydr oxi de, 30

trj l.-hh t h
t hBEe TGS koREon biah TR AR e Tic, nygsonhits asitiso
PGIHM%&@%M&&QZ Sros$lRIRAST thel &t SRARAS TheRMndBYe dimethyl

conprise a non-netallic, nucleophilic additive which
acuHbes; diregthylHerresnaide) heﬁkmﬁf@ykphomherosl@ trirogide (BMPTrhese

in m de, . .
neunET S B Dan S oBr T o Loy R Wy e
C @VBtalladob@asitibh &1 #0imouki ef 63inadbiwet 1 hm Pk eveestaké Xoout
present in the 5 overall conposition in an anmount of
f r1ORY @B@upreierglﬁwwew gmovp@ lap@g;ppmug@ggarpwunt of from
the overall conposition in an
angéﬁttréﬁrxfté)%@nﬁﬁg Vi 6 ppmto about 200 ppm The
conposition then contains at | east one porogen. A
porogen may. be a 10 co und or oligoner or polyne
ﬁg‘ cjcompapiEien g%fn§8nﬁaWétgP Pe@xﬁé’ﬁe PETOZEM. r A RSYREAN MY, k& a by
t C
DB SR BRPU B Sl LA CUALRCHLR LA 31
Tw% Swyaheapdicative thhcﬁsa ghwhded:rlbﬁlmmmg@med thatiasal i s

ortlon to the ive, st |c dla of the
SPBea B Ble cgBus SEusistndht ScamnS CiuRa B yey by borogen
pQérhb*@dl lisP¥ropRHiSnad toZBe E:ﬁ&ﬁ@e btleri® diamteRI BHHRE deldcfed bdrogen
defined by the scale of the sem conductor device in
wisogipongns The med:forems uvmyae@llar pEresizhmnge(ie,;, diametabisogen
sh | d..not be.s esut nthecoJI
PR e A5 B Rlioc Mg e AT whPaiCais sRRGRE
S lFilbthérIﬁcﬁ‘B| the gbrap8t SHouldsidt B6 kol Elall EESUEEINTE thdcdlBse of
formation of a non- porous (dense) film Further still,
t s erogresdingrasec g hY renillarsaptan withipsueh asmelbdigmstera) |
p |24 i8R-
PGl 1R et ReRl oFh o0 rlin (ROl MUt b
s uhst alnduldbé ;mﬂnﬁmbgamonm diahetud @ﬂall\/)mr@hh tidpbre

nol ecul.ar di nensi not. a statistical
4 POPYIiOR phhERFD Filfiy gH 1%Pre’FF6¥eéé]Eﬂt ahe REEPEFIIS 2 sprapeynd that

has a substantially homogeneous molecular weight and molecular dimension,

and not a statistical distribution or range of molecular weights,and/or
molecular dimensions, in a given sample. The avoidance of any significant
variance in the molecular weight distribution allows for a substantially
uniform distribution of pore diameters in the film of the inventive processes.
If the produced film has a wide distribution of pore sizes, the likelihood is
increased of forming one or more large pores, i.e., bubbles, that could interfere

with the production of reliable semiconductor devices.
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di stribution of pore dianeters in the filmof the

i nventive processes. |f the produced filmhas a w de
di stribution of pore sizes, the likelihood is
i ncreased of form ng one or nore |arge pores, i.e.,

b - large pores, i.e..
o T A AT o
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have nol ecul ar, ight and structure such that it is
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film_ formation tTabrication proce materials, the
paeshlyeing veskdt dernpsdaties bangingfaoinlapoutd56VE€do about 450°C
tenperatures rangi ng from about 0 C to about 450C
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t he above characteristics include those conmpounds and
15 pol yners which have a boiling point, sublimation
tenperature, and/or deconposition tenperature (at
aﬁ)r%%‘éﬁﬁ% wihichipess therabpve ehpgreteristies iaglade those eorapounds end

ﬁ)g&ﬁé;s %ﬁtha{}ggg?%igg nglgish{)@ﬁaﬁ&oﬁ%ﬁ%gﬁﬁﬁg uitable for

accor g t NvVentron 1nc gse - favi ng a
neleequip @sitionsemhératuae (it amospbarrioqxeefme&ﬁngé,rfom@lﬁi;ﬂh &, A0
to,ab 020, 000 nd re preferak in the range
oiabﬁ‘btolgboér?%%@tﬁ ‘?%6- 3% a%fgg% pSragens wiable ey usg @peording
Sy HRlheentioh ints&e! . | teh 0080
e e ARk bl
whiagh akas 80 tp abost 30,00 emus ssichbregrefemblysin the range of

from about 100 to about 3,000 amu.

Porogens suitable for use in the processes and compositions of the invention
include polymers, preferably those which contain one or more reactive groups,
such as hydroxyl or amino. Within these general parameters, a suitable
polymer porogen for use in the compositions and methods of the invention is,
e.g., a polyalkylene oxide, a monoether of a polyalkylene oxide, a diether of a
polyalkylene oxide, bisether of a polyalkylene oxide, an aliphatic polyester, an
acrylic polymer, an acetal polymer, a poly(caprolactone), a poly(valeractone),
a poly(methyl methacrylate), a poly (vinylbutyral) and/or combinations

thereof. When the porogen is a polyalkylene oxide monoether, one particular
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such as hydroxyl or am no. Wthin these general _
paraneters, a suitable 25 polyner porogen for use in

e.g., a polyal kyl ene oxide, a nonoether of a

pol yal kyl ene oxi de, a diether of a polyalkyl ene _
oxi de, bisether of a pol yal kyl ene oxi de, an aliphatic
pol yester, acrylic polyner, an acetal polyner, a
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one particular 16 WO
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chain is substituted or unsubstltuted e.g.
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oxi des, pol ynorbene, nmbi nati ons t hereof
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d| enzoates pol y( ethylene gl ycol) &lg ycid t hers,
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gI I t her co 1
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d Idbe’nk)heX)&-I&@mmm% dlh:hnzq-d batrewyid5-anll BnibireBnSthereof,

di benzo- 1 5-Crown-5 and conbi nati ons thereof.

Wt hout neaning to be bound by any theory or

hWVﬁﬁcﬁﬁ $edninklo bS bORId VLY ftﬁ&{bﬁ oru ﬁ}%ﬁg Sit s%?w@er at

‘'readi |y rendbved from the go one
C @mgﬂm thetreref'readidy feolavedimm thy dihs unc(eigo @iysiacal

(SR BlEBliat P U BRERaEr daEhhisHeLSHBPBToBPBTr Eorosén
during the heating step , (2) degradation of the porogen into more volatile
molecular fragments, (3) breaking of the bond(s) between the porogen and the
Si containing component, and subsequent evaporation of the porogen from the
film, or any combination of the preceding modes (1)-(3). The porogen is
heated until a substantial proportion of the porogen is removed, e.g., at least
about 50% by weight, or more, of the porogen is removed. More particularly,
in eertain embodiments, depending upon the selected porogen and film
materials, at least about 75% by weight, or more, of the porogen is removed.
Thus, by "substantially" is meant, simply by way of example, removing from

about 50% to about 75%, or more, of the original porogen from the applied
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film or any conbination of the precedi ng nodes
(1)-(3). The porogen is 25 heated until a substantia
proportion of the porogen is renoved, e.g., at |east
about 50% by wei ght, or nore, of the porogen is
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c angthousn tSmitalfle solveets forivse apduichBalltivng sTahsiggertn t he
conposition to |lower its viscosity and pronote .
uifPRBPRFEBRIRrHge s Bitableymes eranitusy obpigaric preanadnetallic,

. - S : . | ut i gns
R et A D
orfacilitatelrobvent rearoyal) ite, sobregeis ofe tvlidhi tais ak8latvely RSV BATHE
mol ecul.es that are volatized at a desired tenperature.
| ORH delpiTyego thesfBifing BOiBt GHRY riectFd ROFOEFD andHbe SBFeT ent
| SrfesoBbPoRass. & ok _@J{ﬁﬁﬁl(‘!,%loyvehg‘ﬁﬁ? Qd dPE tfé)rgh@grocesses
relative to the boiling point of any selected porogen
avd theHavention havea beiling peint coging druins abdad 50 8 anrpbet 250 °C

AT e ARl Rt ot B LG Re b atieo o

t @oalAf tBdfkedursor composition in place. In order to meet various safety

and environmental requirements, the solvent preferably has a high flash point
(generally greater than 40 °C) and relatively low levels of toxicity. A suitable
solvent includes, for example, hydrocarbons, as well as solvents having the
functional groups C-O-C (ethers), -CO-O (esters), -CO- (ketones), -OH
(alcohols), and —CO-N-(amides), and solvents which contain a plurality of

these functional groups, and combinations thereof, -

Without limitation, suitable solvents include aprotic solvents, for example,

cyclic ketones such as cyclopentanone, cyclohexanone, cycloheptanone, and
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and environnmental requirenents, the solvent preferably

has a high flash point (generally greater than 40 C)

and relatively low levels of toxicity. A suitable
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arpi¢forredangs is dooatmut HeVatombout(s % ancbmest@mfedbltyifmm t he
ve es. n § t wth the si
BB 2D S SaNE b et eohat b Tt BB AL PR, the
prﬁﬁﬁéﬁp{mr%ﬁﬁglﬁlml n an anount of from about 10 %to
about 95 % by wei ght of the overall conposition. A

20 nore preferred range is fromabout 20 %to about 75 %
ar}g AfRRLy e%beofd?nrlgnqltﬂe c];orn?posnmn may comprises water, either as liquid

or water vapor. For example, the overall composition may be applied to a
substrate and then exposed to an ambient atmosphere that includes water
vapor at standard temperatures and standard atmospheric pressure.

25  Optionally, the composition is prepared prior to application to a substrate to
include water in a proportion suitable for initiating aging of the precursor
composition, without being present in a proportion that results in the precursor
composition aging or gelling before it can be applied to a desired substrate.

By way of example, when water is mixed into the precursor composition it is

30 present in a proportion wherein the composition comprises water in a molar
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of solvent enployed, the thinner is the resulting

woizbow022B01 n anot her enbodi nent t he conposi ti ORCTA2002/029975

10

15

20

25

conprises water, either as liquid or water vapor. For
exanpl e, the overall conposition nmay be applied to a
substrate and then exposed to an anbi ent atnosphere
that includes water vapor at standard tenperatures
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ranges for crosslinking and porogen renoval fromthe

nanoporous dielectric filns will depend on the

S -ed ' rat e~.and desired nanoscal e
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nmahoywul0at’Cao abdut2ie S€, foak ﬁﬁﬁgﬁﬁad r4e@ R Rdrh Mbout30&econds
coat ed igbstrate 23 subjected to a treatnment such as

hdxehay 10 guaptes tor gl ghedilps STheritisag vaH alseappisaistesthet aop
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amﬁgﬂépgk%ﬁhﬁéﬁ)&ﬁﬁ&n@?%mﬁ@d@“”ber of additiona
art-known curing nmethods are optionally enpl oyed,

i ncludi ng the application of sufficient energy to cure

t Ia)enccfa i[ﬂerﬁlpry haes)él%g ,Lf.res ogcf:e it is is sufficiently condensed to be solid or
substantially solid, the porogen can be removed. The latter should be
sufficiently non-volatile so that it does not evaporaté from the film before the
film solidifies. The porogen is removed by heating the gelled film at a
temperature ranging from about 150 °C to about 450 °C, preferably from about
150 °C to about 350 °C for a time period ranging from about 30 seconds to
about 1 hour. Preferably the crosslinking is conducted at a temperature which

is less than the porogen removal temperature.

The present layers may also comprise additional components such as antifoam

agents, detergents, flame retardants, pigments, plasticizers, stabilizers, and
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once it is is sufficiently condensed to be solid or
substantially solid, the porogen can be renoved. The
|atter should be sufficiently non-volatile so that it
does not evaporate fromthe filmbefore the film
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OfThy@Ctipel ofaT VD Yprévessed Boikn atnd3pheric ﬁr&%u@t@w@ (APCVD),
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400°C. In mass-transport limited deposition, temperature control of the

deposition chamber is less critical than in other methods because mass
transport processes are only weakly dependent on temperature. As the arrival
rate of the reactants is directly proportional to their concentration in the bulk
gas, maintaining a homogeneous concentration of reactants in the bulk gas
adjacent to the wafers is critical. Thus, to insure films of uniform thickness
across a wafer, reactors that are operated in the mass transport limited regime
must be designed so that all wafer surfaces are supplied with an equal flux of
reactant. The most widely used APCVD reactor designs provide a uniform
supply of reactants by horizontally positioning the wafers and moving them

under a gas stream.
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| ow pressure CVD (LPCVD), and pl asma enhanced CVD
(PECVD). Each of these approaches had advant ages and
wdize@drzib ages. APCVD devi ces operate in a maBeT/US2002/029975
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20  away from the substrate surface.

LPCVD reactors are designed in two primary configurations: (a) horizontal

tube reactors; and (b) vertical flow isothermal reactors. Horizontal tube, hot

~ wall reactors are the most widely used LPCVD reactors in VLSI processing.
25  They are employed for depositing poly-Si, silicon nitride, and undoped and
doped SiO; films. They find such broad applicability primarily because of

their superior economy, throughput, uniformity, and ability to accommodate

large diameter, e.g., 150 mm, wafers.
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increased diffusivity is partially offset by the fact
that the distance across which the reactants nust

the pressure. The net effect is that there is nore
than an order of magnitude increase in the transport
of reactants to the substrate surface and by-products
20 away fromthe substrate surface. LPCVD reactors are
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perforation design, each wafer nay be supplied with
identical quantities of fresh reactants fromthe
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depositions, and reportedly achieves |ow particul ate,

c @helamahlaaq:tmms PEGVD uses an rf-induced glow discharge to transfer
energy into the reactant gases, allowing the substraté to remain at a lower
temperature than in APCVD or LPCVD processes. Lower substrate
temperature is the major advantages of PECVD, providing film deposition on
substrates not having sufficient thermal stability to accept coating by other
methods. PECVD may also enhance deposition rates over those achieved
using thermal reactions. Moreover, PECVD may produce films having unique
compositions and properties. Desirable properties such as good adhesion, low
pinpole density, good step coverage, adequate electrical properties, and
compatibility with fine-line pattern transfer processes, have led to application
of these films in VLSI.
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The third major CVD deposition nethod is PECVD. This
met hod is categorized not only by pressure regineg,

relying solely on thermal energy to initiate and
sustain chem cal reactions, PECVD uses an rf-induced
gl ow di scharge to transfer 20 energy into the reactant
gases, allowing the substrate to remain at a | ower

t ' P .or. LPCVD cesses. Lower
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COBRANDE uhifbivn M thiddndgs | 1 ne pattern transfer ,
processes, have led to application of these filns in

VLSI. 30 23 WD 2004/ 027850 PCT/ US2002/ 029975 PECVD
requir es cont2§&§and.oBti ] zati on of severa

0Sp 8D VrigHS Piydbrsputain the felloing Aempancpiingrs keSS g
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t enper ature co_nt rol ist hUS_ n_ecessary to ensure
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ines, % for metering the gases
into the system a reaction chanber or reactor, a
nmet hod, for heating the wafers onto which the filmis

t ot hedhigkppss pf g poravg diskectiimiayerypassrapge Egmtabemat, 5000k to

adgl] I ki r b r an

S B Bl AT o5
preferably from about 1500 A to about 10,000 A.

Applied onto the porous dielectric layer is an adhesion promoting dielectric
layer, which may also act as a stress buffer, which has a porosity of about 10%
or less. The materials of method of forming the an adhesion promoting
dielectric layer may be the same as that for the porous dielectric layer except
the amounts of porogen and soivent are chosen such that a dielectric layer is
produced which has a porosity of about 10% or less, preferably less than 10%
and more preferably from about 0.1% to about 10%.

Preferably, the adhesion promoting dielectric layer may be formed by

preparing a composition containing the same ingredients as the porous
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may range from about 500 A to about 20,000 A,
preferably from about 1000 A to about 14,000 A and
nmore preferably fromabout 1500 A to about 10,000 A.
20 Applied onto the porous dielectric layer is an
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cont ai ning the same ingredients as the porous
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t 8n gg'g{ygumdhqs@(ﬂqqaowr@otmg dielectric layer into the porous
dielectric layer of about 300 angstroms or less.

On the adhesion promoting dielectric layer, is a substantially nonporous
capping layer. Suitable capping layers include silicon carbide, silicon oxide,
silicon nitride, silicon oxynitride, tungsten, tungsten nitride, tantalum,
tantalum nitride, titanium, titanjum nitride, titanium zirconium nitride, and
combinations thereof. The capping layer may be applied to the adhesion
promoting layer by any known technique such as spin coat or CVD processes.
Preferably the capping layer has a dielectric constant of from about 2.8 to
about 7.0, more preferably from about 4.0 to about 7.0. The thickness of the
capping layer may range from about 200 A to about-3000 A , preferably from
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preferably from about 10 A to about 800 A Preferably
the ratio of the thickness of the adhesion pronoting
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and the porous dielectric |layer ranges from about 0.02
to about 0.30, nore preferably fromabout 0.02 to
about 0.25 and nost preferably fromabout 0.03 to
about 0.15. Preferably the coating of the adhesion
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It may al so include regions of the present

Analvtical Test Methods:

Dielectric Constant: The dielectric constant was determined by coating a thin

film of aluminum on the cured layer and then doing a capacitance-voltage
measurement at IMHz and calculating the k value based on the layer
thickness.

Average Pore Size Diameter: The N, isotherms of porous samples was

measured on a Micromeretics ASAP 2000 automatic isothermal N, sorption
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mul til ayered structures may be used in dual damascene
(such as copper) processing and subtractive netal
(such as al um num or 15 al um num tungsten) processing
for integrated circuit manufacturing. The present

[ ti] d b ' d bl [
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Slﬂlﬁiﬁle@ﬁ:dﬁﬁl'dgﬁhh E&tumm{déﬂd RsbhREWK. S. patents
6, 248, 457B1; 5, 986, 045; 124, 411; and 6, 303, 733. 20

Anal ytical Test Methods: Dielectric Constant: The
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Capi@istaaea- pt@édsﬁﬁg? confB@sHd! BsrRath &dmple, Miee dagkrs were
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using standard proceSS|ng condltlons For each sanpl e,
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B‘B&e&éﬁ%&l@m Wpﬂﬂﬁi\? rselwélonméaifqmrﬁe.w uigd patoprgigally
gedds fcom &dgﬁlm%&{ Ritcal S AR iyt M{bv@ed&ﬁz&%}? e@
to g€nerat e wder sanpl es’. ese er sanples
p rtenajwasexstqmrecn gbetime raqulmaletn mdastrc; ﬂ@ inethgrhi was t hem

carefu r into a, 10 |nner 1
citifhttiond B e o e BERERIE i Rt i Ol Sl Beon
TohumbePbf datép&ﬁwxﬁeasuﬁa echélé@ﬁﬁlﬁraﬁ&om@&%ldmepmﬁ N2
sorption was then neasured automatically wusing a 5

sdelerrace ol is “dtﬁr@mabpresmeﬁmab sample e thesambleditbe. shoisdle
t hatblea élp?e%gnlr gg{s cgﬁlpﬁv?st LRS! )L[%g ins rrl]lrenetn{ MEadufe %lﬁle ﬁd to

1sotherm and plots Nj versus P/Po.

The apparent BET (Brunauer, Emmett, Teller method for multi-layer gas
absorption on a solid surface disclosed in S. Brunauer, P. H. Emmett, E.
Teller; J. Am. Chem. Soc. 60, 309-319 (1938)) surface area was calculated
from the lower P/Po region of the N2 adsorption isotherm using the BET
theory, using the linear section of the BET equation that gives an R? fit >
0.9999.

The pore volume was calculated from the volume of N, adsorbed at the
relative pressure P/Po value, usually P/Po ~ 0.95, which is in the flat region of

the isotherm where condensation is complete, assuming that the density of the
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tolerance. (P is the actual pressure of the sanple in
the sample tube. Po is the anbient pressure outside
the instrunment.) The instrunent neasures the N2

isot herm and plots N2 versus P/ Po. 20 The apparent BET

| BRI R o Bl Nzgei%g all st e Bl

BrmaugeaNE’atﬂﬁlsIEmett E. Teller; J. Am Chem Soc.
60, 309-319 (1938)) surface area was calculated from

the | ower P/ Po region of the N2 adsorption isotherm
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adslcidebehibes the thieknesnef the adsothei diNoM2orarday et hersusal/Potthe

ores e |l ed.with c nse this P/ Po. The
a5 vahind oh iGN SRRt Sty e in
aqﬁ@tﬁd@ﬂdr(ﬁhg@rdfg@fe dhe N2 5 isothermusing the BJH (E.
P. Barret, Joyner, P. P. Halenda; J Am Chem

Soc., 73, 373-380 (1951)) theory. This uses the Kelvin

AL Ofhge Wl Eicol AU EREVTY SLUEE ol SHRRLESRALN ol

vapor pr Sey equat’i
deme Itheh;aﬁqetabpaﬂeﬁm BRNes$acefardalBa (804D éﬁkﬁﬁoruglolm’(vay&y g)
ver sus P/ Po, convert the volume of condensed

v e dRssapIte, SP@@W@‘DQ)Q@W%HE in a 10 particul ar

range of pore sizes. The average cylindrical pore
di aneter D was the dianmeter of a cylinder that has
t HRefisatiree lagea b refBElvsindéaneasarcarnSavefer@érthrmad thgptheewith the

E}@%@gﬁlegs C/nggnts %?ngt ahJe Asafnpham Nf %8 spectrggcoplc ellipsometer. A

Cauchy model was used to calculate the best fit for Psi and Delta. Unless noted

otherwise, the refractive index was reported at a wavelenth of 633nm (details on
Ellipsometry can be found in e.g. “Spectroscopic Ellipsometry and Reflectometry” by
H.G. Thompkins and William A. McGahan, John Wiley and Sons, Inc., 1999).

Adhesion: The sample was prepared and tested according to ASTM D3359-
97.

Chemical Mechanical Polishing (CMP) was conducted under the following
condition. The polisher is IPEC 472. The slurry being used was EKC Cu
Phase II, silica-based slurry for barrier Ta/TaN remdval, and the slurry flow
rate was 200 cc/min. The primary pad was the Rodel IC1400/SubalV, K-

groove, where as the secondary pad was the Polytex. The conditioning disk
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15 Refractive Index: The refractive index neasurenents
were perfornmed together with the thickness

el lipsometer. A Cauchy nodel was used to calcul ate
the best fit for Psi and Delta. Unless noted

ot herwi se, the refractive index was reported at a
wavel enth of 633nm (details on 20 Ellipsonetry can be
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The sanpl e was prepared and tested according to ASTM
D3359 97. 25 Chemi cal Mechanical Polishing (CW) was
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Il, silica-based slurry for barrier Ta/TaN renoval,
and the slurry flow rate was 200 cc/mn. The primary
pad was the Rodel IC 14(%?@@5@5, K 30 groove, where
as the secondary pad was the Pol ytex. The conditi oning
di sk 28 WO 2004/ 027850 PCT/ US2002/ 029975 was the

Ve pbrsius dislectpolaleravhich basormbrokitylof abowd 10Beosite vEyP)

I [ lucted with, t T Sy I
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exaapbrs. serve to illustrate the invention. 5

EXAMPLES A porous dielectric |layer which has a
porosity of about 10% or nore was produced as

f Thi dielectric,l ayver s . d in
R R e T AT R T

gl ypacsntratio BESJAYIm &itab pliri fidEEHOAIxig the cRIRIPEO with water in a
concentration of sodiumwas purified by m xing the

cr i) weiehigitin datsarixiuse yas sosalibyich i iomeichangptipgn to
"t RSSO L BECRANE AR Al b
S ubjractedviter twgrodure deaf ol metaDPEO (with <100 ppb Na). A

precursor was prepared by combining, in a 100 ml round bottom flask
(containing a magnetic stirring bar), 10g tetraacetoxysilane, 10g
methyltriacetoxysilane, and 17g propylene glycol methyl ethyl acetate
(PGMEA). These ingredients were combined within an N, -environment (N,
glove bag). The flask was also connected to an N environment to prevent
environmental moisture from entering the solution (standard temperature and

pressure).

The reaction mixture was heated to 80 °C before 1.5 g of water was added to
the flask. After the water addition is complete, the reaction mixture was
allowed to cool to ambient before 4.26 g of low metal polyethylene glycol
monomethylether ("PEO"; MW550 amu) (with >300 ppb Na) was added as a
porogen and tetraorganoammonium acetate (TMAA, 19x10® mole/gm of

solution, which corresponds to approximately 10 ppm of TMAA by weight)
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to renove water to produce neat, |low netal PEO (with

<100 ppb Na). A precursor was prepared by conbining,
wono@/02e30m round bottom flask (containing aPOBgISet02/029975
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tinme that the wafer was inserted Into oven.
| r¥tepe 8¢ eachiwaler wasamévadshrougly each adishatthseusspectiteaivons.

t ake ace withi.n.the 10 seconds of the c | etion 10
15 AR I s el Rneri o A RRE e e Gt

| hO tik HeauRa diddctseine fas ﬁlfeaéﬁY&f‘l%lﬂg aﬁﬁs!onf&ry%@ QEtefrhitie

tenperatures for one m nute each. exanpl e,

t A tickiress and whaginerisdexarfiach ﬁénmoe@éwa&rews then further
125C 350C,
TREBaE e 5 BhERO SR e aTE et ch e a SRR Jract

s tieps thedigRarhren@b@of WS inveash Wil e A r8Rsdive indeR®f 1.41
three respective ovens.
20 and a Kge.ges 0f 3.2. In comparison, air has a refractive index of 1. 0. The

porosity of a nanoporous film of the invention, is therefore proportional to the
percentage of its volume that is air. The film has a bake thickness of 5920 A, a
bake refractive index of 1.234, a cure thickness of 5619 A and a cure
refractive index of 1.231. The cured film produced ﬁas a porosity of about

25  43%. The capacitance of the film Was measured after heating the wafer in a
hot plate at 200C for 2 minutes in order to drive off adsorbed moisture.

Dielectric constant based on the de-moisture capacitance is called k de-gas.
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15 Each wafer was cooled after receiving the
t hree-oven stepped heat treatnent, and the produced
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determine its thickness and refractive index. Each
filmcoated wafer was then further cured at 425C for
one hour under flow ng nitrogen.. A non-porous film
made fromthe liquid precursor of this invention wll

have a refractiveﬁ' ii QE; Qﬂi@%—@ i a kde_gas of
3.2. In co_n'pari SO f’X'A '13(L é _ &@e i _ndex of 1.0.
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CUhReof dddwhelCvd B | ric layer (300
or 608 nm. A CVD§p app?ﬁé%&g@%%b@%m of SiC or

Si 02) was deposited onto the porous dielectric film
layer in the 5 a f S] ronoti ng

di el ectric | ayer. i ,O | ustrate poor
adhesi on of the porous dielectric |ayer to either a
SiC or Si02 capping layer in the absence of an
adhBSMIPA pelotion oflyydtidepepearbasilhegsevas deposifed ontest sevias of

perf ormed accordi ng t he st andard,.test t hod (ASTM
G R AT 5 R I A
Pabewts 300 ahfCdath 6n hayi@rchhick 4daespSABP2 AN thAVSEF 30 SecbAds,

inferior and the CVD capping |ayer was easily renoved.

afervgsconvPinseEdRp the fEpevens dhsertioningf the first oven, as

h ' iy | . it { . [ f
T R R T AP T R SR B BT koS Btous
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spi n chuck and spun at 2400 rpm for 30 seconds.
ovens preset at specific temperatures, for one minute each. In this example,

there are three ovens, and the preset oven temperatures were 125°C, 200°C,
and 350°C, respectively. Each wafer was cooled after receiving the three-
oven stepped heat treatment, and the produced stacked dielectric film was
measured using ellipsometry to determine its thickness and refractive index.
. Each stack film-coated wafer was then further cured at 425°C for one hour
under flowing nitrogen. The film thickness could not be measured due to
extremely poor quality. A CVD capping layer (200 nm of SiO, for entry 14)
was then deposited onto the film stack of adhesion promoter and the porous
dielectric layer. A tape test was performed according to the standard test

method (ASTM D 3359-97). It was observed that the adhesion of the porous
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The wafer was then inserted into the first oven.
Insertion into the first oven, as discussed bel ow,

spi nni ng. Each coated wafer was then transferred into
a sequential series of 20 ovens preset at specific
tenperatures, for one mnute each. In this exanple,
there are three ovens, and the preset oven
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i reteamabdtmoronivin askate m avatic acid {OVIARY) dby addetl s Thekdiiéh
233 g..of .tetraac xysi Lane and 233 of 10 )
SRS Bk 1&»@9@ Fftea ¥T BF Foliben Bys W%afipmltgé ol aseEipw
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AL e QO OO G B RIS Bl
glahewi, 3Aenm)) each by b spinehntleandREVEA) 2008mdmXo53 @ saxbndb
sghution of . tetramethyl anmoni acetate in.acetic
ag:hg PETRAA) of yyaler iy gge&?rggﬁﬁ?r&ﬁuﬁ{’a Byfhe ?bL[B CQAME e or 2
h sulsightially tefiddsed Hyahs e th Therdsret WEind&RAShioaHe ARL O
a series 15 of 8-inch silicon wafers (pre-coated wth

t pEepolusersionine ehetlitsicovienyasrdigsnengd below, took place within the
10 seconds of the completion of spinning. Each coated wafer was then
transferred into a sequential series of ovens preset at specific temperatures, for
one minute each. In this example, there are three ovens, and the preset oven
temperatures were 125°C, 200°C, and 350°C, respeétively. Each wafer was
cooled after receiving the three-oven stepped heat treatment, and the produced
stacked dielectric film was measured using ellipsometry to determine its
thickness and refractive index. Each stack film-coated wafer was then further
cured at 425°C for one hour under flowing nitrogen. The film has a cure
thickness of 40 and 290 nm for the adhesion promoter layer and the porous

dielectric layer, respectively. A CVD capping layer (200 nm of SiC for entry
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above, 300 nm), each on a spin chuck and spun at 2000
rpmfor 30 seconds. The presence of water in the

substantially condensed by the tinme that the wafer was
inserted into the first oven. Insertion into the
first oven, as discussed below, took place within the
20 10 seconds of the conpletion of spi nni ng. Each

c r

o PERDRHEE SHOTol AR, 1) A iRl et Bk B
ormihaiinmpﬂ)nﬁﬂeﬂandltlte pdrowss ch&ambﬂiayef her e are three
ovens, and the preset oven tenperatures were 125C,
200C, and 350C, respectively. Each wafer was cool ed
af

e i arfoled B Gitne W ERRREmpRRl, SdiRhiRAILy
mihsﬂlh@ adhesion@f &iel repatongefilny stack xsiekmﬂasntr@aowﬁ@ no signs of

K t t ted
TR fh o iRl VR e e Al Bttt ¢
Ur}ﬁ@dﬁesﬁ hIeWiritcafdsthA g8 stack@nt ddnBuR@ve ébngﬂfoﬁs st a@ @:ﬁﬁ

of 40 and 290 nm for the adhesion pronoter layer an

t Hovpoiosesor & ectric layer, respectively. A CVD
capping layer (200 nmof SiC for entry 32 WO

2004/ 027850 PCT/ US2002/ 029975 3 or 200 nm of Si02 for
entry 11) was then depogXaxippmto the filmstack of
adhesi on pronoter and the porous dielectric |ayer. The
tape test was perfornmed according to the st andard

e gzle 9%6 éatéc@éfﬁgét%ﬁ!is e?ar{t?l?gsetelgﬁ ﬁg 59~? 5&{]8 as a%

resu ngfl mstack i s exce
ddhyemi (pat 1%l adAesi@dstbmiotsn abatéd/bh (he(ﬂtbmﬁstﬂaéled‘bﬁ@ h@@ﬂ ((360

Pol i.s rocess _al.so i ndicates that t he stack

f ﬂnlﬁ)t i\éﬂtpoéla Flt}ﬁ PESEY Hﬁtlllt%éar@h% Weksalsp depgsifed dffentry

f

om0 @) Bfartt sobduFEANTIEh THRIATLS reoule® 1 ERER HE 1o
nradhésagrestregt, depe@dso)fn thel Béécaprthmkmmt Entry @ aidichtexthatithe

di el t hi.ck
o FaBf ot Elenl Haeiibfie 16505 adlffbin Pt cEB0 ARREPFeI5
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results reveal ed that the hesi on strength depe

or¢VehbigBpISiEagep thirloieneS90 nm)tlce;ds To & pick atoess teppeatesttyheld
(20%).(see Figure 1)

EXAMPLE 5

Example 2 is repeated except the porous dielectric layer has a thickness of 600
nm, and the SiC cap thickness is fixed at 200 nm. Two different thickness of
adhesion promoter are coated onto the porous dielectric layer. Entry 5 shows
that adhesion is poor, showing 80% of delaminations when the adhesion
promoter layer is only 4% (or 25 nm). However, after the adhesion promoter
layer thickness is increased to 10% (or 60 nm), the resulting film stack

exhibits excellent adhesion as shown in entry 6.
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adhesion is excellent when there is only a 100 nm of
SiC cap. An increase in SiC cap thickness to 200 nm

hi gher Si C cap thickness (300 rim leads to a nuch
worse tape test yield 20 (20%.(see Figure 1) EXAVPLE
5 Exanple 2 is repeated except the porous dielectric

| ayer has a thickness of 600 25 nm and the SiC cap
thickness is fixed at 200 nm Two different thickness
of adhesion pronoter are coated onto the porous
dielectric layer. Entry 5 shows that adhesion is

poor, showi ng 80% of del am nati ons when the adhesion
promoter layer is only ABXAMPLES nn). However, after

t he adhesion pronoter |ayer thickness is increased to
10% (or 60 nm), the resulting filmstack 30 exhibits
extanpn? issdpetidorxces thdtonty 2 o 8Ps Bof th83dAMon

2004/ 027850 PCT/ US2002/ 029975 LE 6 5 Ex le 2

" PoSEL I RS oS ftaicedie Bygr G40 oo
apfbn&i\;&nbyme@m%%dsﬁy@romg ngrp@mb%ed onto the porous
di el ectric layer (300 nnm), followed by the CVD

deposition of 200 nm of Si02. Subjecting the resulting

fi - ( 1 t he ndard t t est

r SYBRUAE el St AL b b B IO RS B i i rveated
exdfpldanations. 13) describes the utilization of a
commercially avail able nethylsil oxane pol ynmer
(Honeywel | ACCUGLASS(r) SPIN-ON GLASS T12B nmateri al)
as an adhesion pronoter. ACCUGASS(r) SPIN ON GLASS
T12B sol ution was deposited onto a series 20 of
8-inch silicon wafers (BXeAMBBEEd wi th the porous
dielectric layer, 300 nm, each on a spin chuck and

spun at 2000 rpm for 30 seconds. The presence of
Wg[#’éﬁ'e"iaﬁlpﬂ%@nw a3\ deseribes dha ytilizgtiomot heommpneiadly ayhiteble

el B R e P T R A ST R e P 128

material) as an adhesion promoter.

ACCUGLASS® SPIN-ON GLASS T12B solution was deposited onto a series
of 8-inch silicon wafers (pre-coated with the porous dielectric layer, 300 nm),
each on a spin chuck and spun at 2000 rpm for 30 seconds. The presence of
water in the precursor resulted in the film coating being substantially
condensed by the time that the wafer was inserted into the first oven. Insertion
into the first oven, as discussed below, took place within the 10 seconds of the
completion of spinning. Each coated wafer was then transferred into a
sequential series of ovens preset at specific temperatures, for one minute each.
In this example, there are three ovens, and the preset oven temperatures were
125°C, 200°C, and 350°C, respectively. Each wafer was cooled after
receiving the three-oven stepped heat treatment, and the produced stacked

dielectric film was measured using ellipsometry to determine its thickness and
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into the first oven, as discussed bel ow, took place
within the 10 seconds of the 25 conpletion of

weoepbanerego Each coated waf er was then transfer ped/usaoe/029975
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a sequential series of ovens preset at specific
tenperatures, for one mnute each. In this exanple,
there are three ovens, and the preset oven
tenperatures were 125C, 200C, and 350C, respectively.
EachadRE ShdelaEaCH i LW & dr.eesoven
stepped heat t?ea?%@g?ﬂﬁgﬁ%a¥§§%£§%§ﬁ%%3“%W%SE@8a%o
di485e€ ffori anefhiohmundes flowaputirdgens iThg fidinl Hap g @RI thitkhéxs of
de e it hi ckness and 34 WO 2004/ 027850
80 st B PR ERR i TnisR e derous diadactrc layer,
fuquag@hed wafer was then further cured at 425C for

one hour under flow ng nitrogen. The filmhas a cure
th| ckness of 40 and 280 nm for the adhesion pronoter

di el | I
o 2SR B0 P RO 65 caben i thisOat vk St &
t hehdsidnpreinded and the%?&ﬁldi’élecﬁﬁ@fﬁ?&e mﬁr{&bett@& rous
dielectric layer. The tape test was perfornme

aPeEPHRsdpceerdingdo shaviendar methrd nddingvealed tekthb edhastvat

t filmstac
et o e REine bl BRI Mt S| 03 Gmingtions.
?gi’lcddntlamahcmﬁoparss aks gndi&ms thzﬁ’tdhﬁ ﬁhéksﬁﬁrh@dn %JP\QV@}E ack

[ can sufrvi ondj tions suc as 5 psi down force
fSPnaﬁ%“Sssung%A%Pﬁ ERalid e 6 is repeated except
that only 25 nm of ACCUGLASS SPIN-ON GLASS T12B was
coated onto the porous dielectric |ayer (8% or 280 nm
entry 12). Because of the reduction in adhesion
pronoter |ayer thicknes resulting filmshows a

40% del am nations by th st. 20 35 WO
2004/ 027850 PCT/ US2002/ 029975 :

Example 6 is repeated except that only 25 nm of ACCUGLASS® SPIN-ON
GLASS T12B was coated onto the porous dielectric layer (8% or 280 nm,

entry 12). Because of the reduction in adhesion promoter layer thickness, the

resulting film shows a 40% delaminations by the tape test.
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TABLE Thi ckness Adhesi on Pronoter CAP Thi ckness Tape
CwW (nm) (nm Test Cbservation |LD Type' Fraction
wei2M4B R0 %Pass 1 300 None 200 O FAILED 2 300r&T/T%®0029975
70 PASS 3 300 A 12% 200 100 PASS 4 600 None 200 O
FAILED 5 600 A 4% 200 20 PASS 6 600 A 10% 200 100
PASS 7 300 A 7% 100 100 PASS 8 300 A 7% 300 20 PASS
9 300 None 200 O FAILED 10 300 A 8% 200 20 PASS 11
300 A 12% 200 100 PASS 12 300 B 8% 200 60 PASS 13
300 B 10% 200 100 PASS 1 200 <10 FAILED 5 A

C -
= the porous dielectric Im ACCUGLASS(r) SPIN-ON
LASS F12B—and C = Hydridopolycarhosilanes 2 Fraction

r at i o htknesse| iibeipr Beomrier; h€AR Bhigknesn | pramst i hg CMP°

diel e¢tri®m)ayer to the total|thiclngss of tHest | Observation

adhesi on ILPr ondtliypg di Baetide’i £ Bayel 8i03 thesRaes ous

di el ectridol ayer; 3 Nohaem cal ) M@chani cal )JP(oh1 shl NGGAILED

clongli {7 orggps descAT bed T7v.det Al hog njThe 1070 _ i _ PASS

expgrl rrerg()@l SVCIA‘“L_ . T\?% Oz&FI dllL‘l}gLI U”i’ Q ETASS

er bt o aN g hed0lu L rofer e Lo TAILED
S DA ST N o c badi Ly |appleci pt ecPASS

@ hhse 890 of didar s&@% i m rt that V8@ious PASS

hahges a8 moHi fAcati orfs Yomay| b&0thade 45 Wi t howt PASS

C
dephr{i ng00rom t h& spi rit%and ss@pe|of the irmgenti on.PASS
It 9s|int3oded| that Nbme claips be Tnbggpieted 1o FAILED
coyer | Theogi SC[ 0Sgd M@, TN, TNose,Hgh TeT TR VES — pags
11 300 A 12 % 200 100 PASS
12 300 B 8 % 200 60 PASS
13 300 B 10 % 200 100 PASS
14 300 C - 200 <10 FAILED

5 ' A =the porous dielectric layer;B = ACCUGLASS® SPIN-ON GLASS T12B
and C = Hydridopolycarbosilanes * Fraction = ratio of the thickness of the
adhesion promoting dielectric layer to the total thickness of the adhesion
promoting dielectric layer and the porous dielectric layer; °

. C(hemical)M(echanical)P(olishing) condition is described in detail in the

10 experimental section. PASS = no delaminations. FAILED = delaminations.

While the present invention has been particularly shown and described with
reference to preferred embodiments, it will be readily appreciated by those of
ordinary skill in the art that various changes and modifications may be made
15 without departing from the spirit and scope of the invention. It is intended that
the claims be interpreted to cover the disclosed embodiment, those alternatives

which have been discussed above and all equivalents thereto.
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whi ch have been di scussed above and all equival ents
thereto. 36 WD 2004/ 027850 PCT/ US2002/ 029975 What is

whi ch conprises: a) a porous dielectric |layer which
has a porosity of about 10% or nore; b) an adhesion
pronoting dielectric layer on the porous dielectric
| ayer which 5 has a porosity of about 10% or | ess;

nﬁqﬁgw@kﬁﬁg§kantlally nonpor ous cappi ng | ayer on t he
ston pronoting dielectric layer. 2. The structure

of 1. miuttildyenrbdieleotric eugareomscidc@hpedeti ¢ | ayer is
further 10 di sposed on substrate, 3. The structure

of @TRToHS LIS FR B Yok w@%ga%goraﬁia dabppicl 0% gemoras a
pod)%'a(i}iesu‘}if prOfIR) n?ﬁ%%tri'&a/%érgﬁ ;g(&ro&o&%ll é‘t? %ye;rafﬁlch

structure of claintl wherel r ous
Id}?@lamwﬁaOda@)Lédﬂ%cu’lessmslt ant of fromabout 1.3 to

structure of ¢ 1.wherein the
S i o PSS S e iihesiclyBomanae { he
acﬂjaauﬁele@eprmtl ng dielectric layer has an effective
dielectric 20 constant of from about 1.4 to about
3.0. 6. The structure of claim1l wherein the porous

0 B Sl N1y R & tphor I G Bl 2 t@ﬁlf Lom

FOUp consi sting 6 con

oxhﬂm$mhm1@mgﬂnm&1Isequ|oxane a pol ysi | oxane,
pol y(aryl ene ether), a 25 polyimde and conblnatlons
thereof. 7. The structure of claim1l wherein the

F Porne QB o6 e fork D GelBE JpBoBBatrordety®
POT fidsp aft 00%33 abowd.90%he structure of claim 1 wherein

t he adhesion pronoting dielectric |ayer has a
dielectric constant of about 2.8 or nore.

4. The structure of claim 1 wherein the porous dielectric layer has a dielectric

constant of from about 1.3 to about 3.0.

5. The structure of claim 1 wherein the combination of the porous dielectric
layer and the adhesion promoting dielectric layer has an effective dielectric

constant of from about 1.4 to about 3.0.

6. The structure of claim 1 wherein the porous dielectric layer comprises a
material selected from the group consisting of a nanoporous silica, silicon
oxide, an organosilsesquioxane, a polysiloxane, a poly(arylene ether), a

polyimide and combinations thereof.

7. The structure of claim 1 wherein the adhesion promoting dielectric layer has

a porosity of from about 0.1% to about 13%.
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9. The structure of claim1 wherein the adhesion
pronoting dielectric layer has 5 a dielectric

structure of claim1 wherein the adhesion pronoting
dielectric |ayer conprises a material selected from
t he group consisting of a nanoporous silica, silicon
oxi de, an organosil sesqui oxane, a polysil oxane,

’ 1
PR easkhan e Wit oM BopRlie aR ﬁct?ﬁ&yer”ﬁas
c apPickegiricapestakias aboud 26 @ahsrec const ant of from about
2.8 to about 7.0. 15 12. The structure of claiml
wherein the capping |layer conprises a materia

sgl. abit efhudthiRMflchEm drwhkReif @Hbsécﬁkélglg Pﬁ)ﬁnoﬁnlg'd?é?&utqglfagéelq%’s

SI licon oxide, silicon nitrid i con-oxyni
jeleetnic C@Bﬁﬁ@épéﬁrom aboiidd§ ta dmualﬁl@m t ant al um

n|tr|de titanium titaniumnitride, titanium

zirconiumnitride, and conbi nations thereof 20 13.

TH. $he stedonire 00tlalth @ivhelei MR hesi s Srohfdtih® dRlect
t hi ckness of the adhesion pronot |Iglgrod| e1 %ct relcc;fnTq

t GOPREISESR RAteFiR) seleqied drogt thelgeoupionsisiing i eumbpmgus sﬂlca

d Qr dielectri
O R s A G e
s tpolyimideeandfcombaiativds thiveo®i N t he adhesi on pronoting

di el ectric layer, the porous dielectric |layer, and
the capping | ayer are adhered to one another to a

degreg: - test. 38
0 R MHLiE bEhic) P uBRAT, HBGAMIE e AT dledifE bonstth
npéﬁbeidnmthnQaUBm7¢b whi ch conprises a substrate, a

porous dielectric |ayer on the substrate, said porous
dielectric layer having a porosity of about 10% or

MR EThAnREANE 67 QRinPT VIBlet B @%ﬁﬂﬁ%h&é hgm%s &&F{eﬂgou t

porous dielectric layer whic
1690@ed ﬁ@ggheﬁﬁWPﬁosﬂﬁE@aﬁBﬂmbmymhmhpnh@us»u&:eﬂmpmng

! tfile, QichA %x?nl ride, %ng&éno %)r}gls%gg ngmgé ete(l:rgtgllufn [[a% alum

nitride, titanium, titanium nitride, titanium zirconlum nitride, and

combinations thereof.

13. The structure of claim 1 wherein the ratio of the thickness of the adhesion
promoting dielectric layer to the total thickness of the adhesion promoting

dielectric layer and the porous dielectric layer ranges from about 0.02 to about
30.

14. The structure of claim 1 wherein the adhesion promoting dielectric layer,

the porous dielectric layer, and the capping layer are adhered to one another to

a degree sufficient to pass the ASTM D 3359-97 test.
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16. A nmethod for formng a nultilayered dielectric
structure conprising: a) coating a substrate wth a

woOi20EH02T830posi ti on conprising a pre-polynmer, BOTASHG02/029975
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optional catalyst, and a porogen to forma film

cross-linking the 10 conposition to produce a gelled
film and heating the gelled filmat a tenperature
and for a duration effective to renove substantially

aI f Fogen .aroduce a rous diel ect,.
| a Se% C%%e%g)g‘ QPor oS coﬁprgﬁ%ﬁ?‘% %@t% HPOLRYT & 5”0
c dayerrmg thdreutaniite Lb‘alctkbcﬁb@(‘dlélbanb &y/8F haMida ﬁor%ﬁﬁ}%fdibout
co sition conprising a. 15 silicon containing

8T Jives: an sghssimrompdngficeatisllasea onhestorousclitlevitd
b t I
p%’lg nég{ﬁ%fé% e%kﬂeog%rl?%q a erlb‘%gor I?ﬁqsggrgge?sgﬁ)sta t1a6}ﬁr gmp?rous

| appppingttayehoh ds azihmcsmlsmtryotmg debottic 1A% or | ess; and
c) formng a substantially nonporous capping |ayer on
the adhesion pronoting dielectric layer. 20 17. The

meftd) atm| I is
b o e R P RAP il
g ceating aibsirate witherfpsisionipositian @ompasmgaq»m;polgﬁaer
co 0 | ri.ses, a netal -ion-free cat St
?{ p ﬁ?l r{ﬁl Stg?r&fppor%‘ﬁ’stlog?ﬁ%@ fi ‘Hﬂ?sg]ﬁ‘%i%‘i‘ﬂ@@u nds
n’?j@@l}t@ﬁ Rhplodece alfblled FemnBidrdiied the! g@lléﬂ A wherein
the rst %6ﬂ$05|t|on conprlses a porogen which is

s éfaperafire anshior pdurgkion pifedivsits tanmye sfibsdansielly all kb kad e
o en g PPEBELACRL L IRE VB D pef s Saatet ¥

PADAAJG2M0R; 029975 Crown ethers, an aliphatic
yester, an acrylic polyner, an acetal polyner, a

Bg%l) GoRnethe Berous élﬁ@ftmalax% Wjhaeseepnseommneyition comprising a
PalolRbA! mﬂgﬁ#@ ?)%[ Al voenta_?ﬁg %ﬁ%?l{glﬂ/ {:}Aﬂl&?{ufo\ﬂo@eq gan d

conbi nat1 ons
V\h:eafssﬂmkiﬂgeanﬂlhestingcto I]!Spmhuce buo adieesidn tphemst@atielectric layer on

oSi tiqQn, comri se silicon, containin re- pol ymer
F&geqrgas gﬁ%yer Tnc% has a porosity of about 1 % o? less; pandy

c¢) forming a substantlally nonporous capping layer on the adhesion promoting

dielectric layer.

17. The method of claim 16 wherein the second composition is absent of a

porogen.

18. The method of claim 16 wherein the first composition and the second
composition comprises a metal-ion-free catalyst selected from the group

consisting of onium compounds and nucleophiles.

19. The method of claim 16 wherein the first composition comprises a
porogen which is selected from the group consisting of a polyalkylene oxide, a

monoether of a polyalkylene oxide, fully end-capped polyalkylene oxides,
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group consi sting of an acetoxysil ane, an ethoxysil ane,
a net hoxysilane, and conbinations thereof. 10 21. The

worbhand7ss6 16 wherein the coating of the secon#CT/US2002/029975
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conposition onto the porous dielectric |ayer results
inan infiltration of the second conposition into the
porous dielectric |ayer of about 300 angstrons or

| ess. 22. The nmethod of claim 16 wherein the first

n cond 15 ition c j.ses
o VB B, & ok PETRe apr R e Reber
grmﬂcq@aﬁtaatohe)g a @bl Rildraa6sd) @(y&yd 1n@et1§%%r§19ceﬁla%1y
al ky aryl triacetoxysilane, and conbi riations
tHEH%@$“W@%an¢ﬁ@nWﬁﬂﬁﬁﬁﬂ@ﬁﬂﬁlaln122 wherei n sai d
triacetoxysilane is 20 nethyltriacetoxysilane. 40

20. The method of claim 16 wherein the first composition and the second
composition comprises a silicon containing pre-polymer selected from the
group consisting of an acetoxysilane, an ethoxysilane, a methoxysilane, and

combinations thereof,

21. The method of 16 wherein the coating of the second composition onto the
porous dielectric layer results in an infiltration of the second composition into

the porous dielectric layer of about 300 angstroms or less.

22. The method of claim 16 wherein the first composition and the second
composition comprises a silicon containing pre-polymer selected from the
group consisting of tetraacetoxysilane, a C; to about Cs alkyl or aryl-

triacetoxysilane, and combinations thereof.

23. The method of claim 22 wherein said triacetoxysilane is

methyltriacetoxysilane.
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