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Low dielectric constant materials can be characterized as predominantly inorganic or
organic. Inorganic oxides often have dielectric constants between 2.5 and 4, which tends to
become problematic when device features in integrated circuits are smaller than 1 pm. Organic
polymers include epoxy networks, cyanate ester resins, polyarylene ethers, and polyimides.

20  Epoxy networks frequently show disadvantageously high dielectric constants at about 3.8 - 4.5.
Cyanate ester resins have relatively low dielectric constants between approximately 2.5 - 3.7, but
tend to be rather brittle, thereby limiting their utility. Polyimides and polyarylene ethers, have
shown many advantageous properties including high thermal stability, ease of processing, low
stress, low dielectric constant and high resistance, and such polymers are therefore frequently

25  used as alternative low dielectric constant polymers.

With respect to other properties, desirable dielectrics should also be free from moisture
and out-gassing problems, have suitable adhesive and gap-filling qualities, and have suitable

dimensional stability towards thermal cycling, etching, and CMP processes (i.e., chemical,
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sol ution,
thermostable and thermolablle polymers. For example, in some cases distribution and pore size

20  of the nanovoids is difficult to control. In addition, the temperature difference between thermal
decomposition of the thermolabile group and the glass transition temperature (Tg) of the
dielectric is relatively low. Still further, an increase in the concentration of thermolabile portions

in a dielectric generally results in a decrease in mechanical stability.

In yet another approach, a polymer is formed from a first solution in the presence of
25  microdroplets of a second solution, where the second solution is essentially immiscible with the
first solution. During polymerization, microdroplets are entrapped in the forming polymeric
matrix. After polymerization, the microdroplets of the second solution are evaporated by heating
the polymer to a temperature above the boiling point of the second solution, thereby leaving

nanovoids in the polymer. However, generating nanovoids by evaporation of microdroplets
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unable to survive during integration of the dielectric filmto a circuit.
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Summary othe pprosityrhewppnd; asritical extent (generally about 30% in the known nanoporous materials)

tends to cause the porous materials to be weak and in some cases to collapse. Collapse can be
prevented to some degree by adding crosslinking additives that couple thermostable portions

20  with other thermostable portions, thereby producing a more rigid network. However, the porous
material, even after cross-linking, can lose mechanical strength as the porosity increases, and the

material will be unable to survive during integration of the dielectric film to a circuit.

Therefore, there is a need to provide methods and compositions to produce nanoporous
low dielectric materials that combine the maximum allowable porosity with the maximum -
25  allowable durability and film strength.

Summary of the Invention

In accordance with the present invention, a low dielectric constant structural layer is

produced having increased mechanical strength and having a plurality of voids that comprises a



.I'n accordance with the present invention, a |low dielectric constant
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15 Fig. 2 shows a flowchart of a preferred method for producing infiltrated nanoporous
materials.

Detailed Description

In Figure 1, described in greater detail below, a layered stack 100 includes a substrate
layer 110, a structural layer 120, and an infiltrating layer 130 juxtapositioned on the structural
20  layer 120. The structural layer 120 in a layered stack 100 before infiltration includes voids 125
and a support material 128. The structural layer 120 in the layered stack 100 after infiltration
includes voids 125, the support material 128 and the reinforcing component 138.

In Figure 2, described in greater detail below, a preferred method of producing infiltrated
nanoporous materials comprises depositing a structural layer 10; providing an infiltrating
25  material with a volatile component and a reinforcing component 20; introducing infiltrating
material into the structural layer 30; and treating the infiltrating material 40.



25 material with a volatile conponent and a reinforcing conponent 20;
introducing infiltrating material into the structural |ayer 30; and
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As used herein, the phrase “dielectric constant” means a dielectric.constant of 1 MHz to 2
20 GHz, unless otherwise inconsistent with context. It is contemplated that the value of the
dielectric constant of structural layer 120 is less than 3.0. In a preferred embodiment, the value
of the dielectric constant is less than 2.5. In a more preferred embodiment, the value of the

dielectric constant is less than 2.0.

As used herein, the word “void” means a volume in which mass is replaced with a gas.
25  The composition of the gas is generally not critical, and appropriate gases include relatively pure
gases and mixtures thereof, including air. It is contemplated that the structural layer 120 may
comprise a plurality of voids 125. Voids 125 may have any suitable shape. Voids 125 are
typically spherical, but may alternatively or additionally have tubular, lamellar, discoidal, or
other shapes. It is also contemplated that voids 125 may have any appropriate diameter. It is




gases _and m xtures thereof, including air. It is contenplated that the
structural layer 120 may conprise a plurality of voids 125. Voids 125 may
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It is contemplated that the substrate layer 110 may comprise any desirable substantially
_ solid material. Particularly desirable substrate layers would comprise films, glass, plastic, coated
20  metal, or composite material. In preferred embodiments, the substrate layer 110 comprises a

silicon wafer or germanium arsenide. In more preferred embodiments, the substrate layer 110

comprises a silicon wafer.

The structural materials described herein are similar in some respects to that which is

described in U.S. Pat. No. 5,874,516 to Burgoyne et al. (Feb. 1999), incorporated herein by

25  reference, and may be used in substantially the same manner as set forth in that patent. For
example, it is contemplated that structural materials described herein may be employed in
fabricating integrated circuits comprising components such as electronic chips, chips, and
multichip modules, interlayer dielectrics, protective coatings, and substrate layers. Moreover,
films or coatings of the structural materials described herein can be formed by solution

30 techniques such as spraying, spin coating or casting, with spin coating being preferred. Preferred
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conponent ;gkGnd non-polar compounds. In preferred embodiments, the volatile component 136

comprises water, ethanol, propanol, acetone, ethylene oxide, benzene, toluene, ethers,

20 cyclohexanone and anisole. In more preferred embodiments, the volatile component 136
comprises anisole, toluene, cyclohexanone, ethers and acetone. In even more preferred
embodiments, the volatile component 136 comprises cyclohexanone and anisole. As used
herein, the term “pure” means that component that has a constant composition. For example,
pure water is composed solely of H,O. As used herein, the term “mixture” means that

25  component that is not pure, including salt water. As used herein, the term “polar” means that
characteristic of a molecule or compound that creates an unequal charge distribution at one point
of or along the molecule or compound. As used herein, the term “non-polar’” means that
characteristic of 2 molecule or compound that creates an equal charge distribution at one point of

or along the molecule or compound.
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: halogenated groups. Furthermore, appropriate polymers may have many configurations,
including a homopolymer, and a heteropolymer. Moreovér, alternative polymers may have
20  various forms, such as linear, branched, super-branched, or three-dimensional. The molecular
weight of contemplated polymers spans a wide range, typically between 400 Dalton and 400000
Dalton or more. In a preferred embodiment, the reinforcing component 138 comprises organic
molecules or polymers. In a most preferred embodiment, the reinforcing component 138
comprises a high temperature stable polymer, including poly(arylene ether), phenolic resins,
25  polyimides, and thermoset aromatics.

It is further contemplated that the reinforcing component 138 may additionally or
alternately comprise monomers. As used herein, the term “monomer” refers to any chemical
compound that is capable of forming a covalent bond with itself or a chemically different
compound in a repetitive manner. The repetitive bond formation between monomers may lead to

30 alinear, branched, super-branched, or three-dimensional product. Furthermore, monomers may



i ncl udi ng a honopol yner, and a heteropol yner. Moreover, alternative

pol ynmers may have 20 various fornms, such as |inear, branched
super-branched, or three-dinensional. The nol ecul ar- -wei ght of conterrpl at ed
pol ymer s sg&rrs a W de range, typically between 400 Dal ton ae% 400000

Dal ton or a preferred enbodi nent, the rei nf or ci W%’ént 138
conprises organic nolecules or polyners. In a nost preferred enbodi nent
the reinforcing conponent 138 conprises a high tenperature stable polyner,

i ncl udi ngthamhql(mwhpme rmehme)hmlmhghhbkspanﬂeﬂienpplym&zhﬂdieﬁomnmmﬂadd :

t her noset Laro urt he n{.enpl., d t rej nforcing
conponent frgm g °“§B‘8Tstaf%‘§a‘fﬁe§f“e§ blo P ?\@ngrgﬁsmaggel FHBYEPYS As used
her ei n, t bentieal cladsesmi mobaciiles mbhdmgbtgamn,y)rgdnmtalhb ormmgmarnﬂlemﬁa i s capabl e

of forrrin th itse ereI ound
" a1 opetrinte shemmeid bbb mbb i arpferflelf i elotidk dnoRhE Riphsfilly &y
|l ead tH 36:333 HikydeoxytokanerBExiamglies eﬁmnﬁembh&dofmﬂqmmlhdﬂnbmmh arensr onal

Phamel vetceptorRRlemafIRRRE bod e turmiches bR 89 2ca 1 ne

pol ymer s fristhyaxysildne Brasiplsh oﬂm@mtatedamngdnimoﬁomm&nbldd&ltmkqhoixsmw

Mononer s pay. bel.ong to. Shepica asses_of S
or gani c, %‘%%%‘F’g‘fﬂ" T“Sgglﬁheimﬁ%’r"‘g‘a ‘fv%lgl(?:rtokgl u?megsma%x%e% 5 e(%lél]? &H at ed
or gani ¢ nDaltoneang 26008 Dettory. |Howeder, especinfly slhemmbniemers doumnmphxmphmmﬂg 5 or

hy yi ol ane. | at anorret aI | . noners are
oct arrg{) hyﬁ1 3‘51 BrEHg: asmzf oxane‘%gm.gﬁ’ﬁ 'ﬁ%ﬁé’jr??r”cﬁ‘go’@ raésrfl%}'xa‘“r?lg 12
hexanet hy hdifitinhlpzeups, suchnad graups esed foyxyosslinking. - Exanpl es of cont enpl at ed

i norgani ¢ nononers include tetraethoxysilane or al um numisopropoxide. The

mol ecul ar vei glrfor RRRAR e ue\rer%mgrsﬁﬁsﬁ.xomﬂgﬁ%am%eft@m Dal ton and

20000 Dal ton. However, especl a when “nononer s rise re8pet Itive
bui | di ng e@loisiabsilics areponismplated ﬁwmmwt%ﬁrféhﬁ TRinfpRERg mpewr 438, wsluding s .

Mononer s ﬁ@aed@iuéa ﬂ&ﬁﬁeds?rse hrfek;, %akol PdtRved MbtolizA S, & yﬁgpﬁwﬂn&er

crosslinking. urt er rnative e odi nents, many_ si on-cont ai ni ng
mat er L&l s c@@wg Qorrmundg @rquh!hha‘@ jaIsize af below H0mms morenreferably belowddment s of

the reinf gGhirg ﬁf&fﬂB&%‘I&v Sléﬁ.n It isAfh E&it&ﬁblat@d’ﬂﬁﬁ‘ihe%ﬁlr&éln SdnhRBENR €36 may
si | sequi oxanes, ™ and sol -gel -derived npnosize silica. Approprlate srlrcon 15

cont ai ni neemERsispEaietals o jopn-eayiginipg apajegialsf ingleding prgayic, grganeppgtallic or
pr ef er abl ¥Rl QUbrdhiddnsterials, provided that such materials can be dissolved at least in part in a

solvent that does not dissolve the support material 128. For example, appropriate orgamc

20  materials are polystyrene, and polyvinyl chloride. Contemplated organometallic materials are, for
example, octamethylcyclotetrasiloxane. Contemplated inorganic materials are, for example,
KNO,.

It is contemplated that the infiltrating material 132 can be introduced into at least some of

the plurality of voids 125 found in the structural layer 120 by any suitable method. It is

25 contemplated that suitable methods of introducing the infiltrating material 132 onto the structural
layer 120 include spinning the infiltrating material 132 onto the structural layer 120, rolling the
infiltrating material 132 onto the structural Iayer 120, and dripping or pouring the infiltrating
material 132 onto the structural layer 120. It is also contemplated that suitable methods of
introducing the infiltrating material 132 into some of voids 125 include gravity precipitation,

30 applying force or pressure to the structural layer 120, or shaking or otherwise moving the
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preferred embodiments, the volatile component 136 can be removed by heating the infiltrating
20 material 132 or the layered stack 100. In more preferred embodiments, the volatile component
' 136 is removed by heating the infiltrating material 132 or the layered stack 100 in a gaseous
environment at atmospheric pressure. In other preferred embodiments, the volatile component
136 is removed by heating the infiltrating material 132 or the layered stack in a gaseous
environment at sub-atmospheric pressure. As used herein, the phrase “sub-atmospheric pressure”
25  means that pressure that has a value lower than one atmosphere. As used herein, the phrase
“atmospheric pressure” means that pressure that has a value of 760 atmospheres. As used herein,

the phrase “gaseous environment” means that environment that contains pure gases, including

nitrogen, helium, or argon; or mixed gases, including air.
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It is contemplated that the mechanical strength of the final layered stack 100 will be

increased substantially from the original mechanical strength of the initial structural layer 120.

20  As used herein, the phrase “increased substantially” means. an increase in the original mechanical
strength of the structural layer 120 of at least 10%. In preferred embodiments, the mechanical
strength of the final layered stack 100 will be increased by at least 100%. In more preferred
embodiments, the mechanical strength of the final layered stack 100 will be increased by at least
300%.

25
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tensile strength. It is also contenplated that the structural strength of
the original and final structural |ayer can be determ ned by
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15 attached to the non-infiltrated side of the test pieces. Studs, which are metal pins with epoxy
coating on the tip of the pin, were attached to the film of the test piece. The backing plate, test
piece and the stud were then clipped together by a metal clip. This procedure is called the stud
assembly. The assembled pieces were cured in an oven at 130°C for 2 hours. After curing the
epoxy, the stud, test piece and backing plate were glued together. The end of the stud was then

20  inserted into the Quad group, Sebastian Five, stud pull tester. Pulling force was applied to the
stub until the assembled piece broke. Maximum strength achieved, in Kpsi, recorded during the
test was taken as the stud pull strength of the film for that piece. Typically, at least ten pieces
from a specimen are tested. The stud pull strength reported is the mean value of the
measurements. The stud pull test showed a strength of 10.5 Kpsi. The stud pull strength is about

25 0.67Kpsi. About2 mL of 4 wt % polyarylene ether solution in cyclohexanone is dispensed onto
the post-etch film described above. Once the polyarylene ether solution has rested on top of the
film for 15 seconds, the layered stack is spun at approximately 2000 RPM. After the spinning
step, about 9 mL of cyclohexanone is dispensed onto the film and then a second spin at 2000

RPM is used to rinse off the excess resin in a spin coater operation. The infiltrated and rinsed

12
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mul tiple pieces of about a 1 cmx 1 cmeach. A ceram c backing plate with
epoxy coating was 15 attached to the non-infiltrated side of the test

pi eces. Studs, which are netal pins with epoxy coating on the tip of the
pin, were attached to the filmof the test pi ece. The backin | ate, test
pi ece and waerzs4id were then clipped together by a net al PCVYHV287% s
procedure is called the stud assenbly. The assenbl ed pieces were cured in
an oven at 130C for 2 hours. After curing the epoxy, the stud, test piece

and backIlaardalsaa&s\ﬁﬁhwwd%ﬁﬂoﬁpm@stdaqeso/zo‘ﬁmsowr 6e rhifite Sidbldo wapvé then 20

I nserted i'nto the %tg ﬁ t|a F stud F]é tegter . Pulling
for ce wasyelppaxpRoge:t t‘l’f@m & fng) piiltrat E’BISEB"“S' Resr-p g miltetedi ym
strengt h AGdHPK ek cirdd KRMDIC oL EPmiREs. dpéstsrfald“h@g the &&maﬁmmalmmas(i the stud
pull strength of the filmfor that pie Typi Ca:‘fz"r tglast ten pi eces
from a spexer shewedthat thewatepal hﬁﬁu@f"ﬂﬂdﬁﬁ’lblm%‘t"rféﬁd? ROFS Mitbgutthe eXisiEntfan

val ue 0f Jrli >25Eﬁ15b‘1§ SOFR tThe dibie6uris Tcé&ﬂtaﬂtﬂflthetlﬁﬁl&aﬁﬂl mpadvaa 290 mmgtra&aeﬁvelo 5
Kpsi. The stud puI strength is about 25 67 Kp

por yary1 dexet bt dpimdacksssf BP0 nesrR: Sreninesieron Mighiegpy Grad

post - et chpdiddths Grd WAreE idli@MRg thp 6f thOstsuefuyd] Riper. et her sol ution has
rested on top of the filmfor 1 seconds, the layered stack is spun at
approxi mately 2000 RPM After the spinning step, about 9 nL of

cycl ohexanone is dispensed onto the filmand then a second spin at 2000
RPMis used tgxémplee of f the excess resin in a spin coater operation. The
infiltrated and rinsed 12 WO 01/ 29847 PCT/ US00/ 28701 | ayered stack is then
baked on hot plates at 150/200/250C for one minute each to renove the

cycl ofgexanoney s&:{ﬁﬂﬁgfsaﬁﬁeﬂlﬂechﬂer Jasdde 6 the ddattRe of 18y dﬂ}fbl)%ﬂiyreheoﬁder uct ur al
llayer. This infiltrated material is then cured at ga%q?f nutes
Tests f oltp 890 &ief aqeEPeRHRAOMBHsiBg 14 Ht YorfflpRans osin P2 m@e at t he

mat eri al 4, W%ﬁé&&b%ﬂhbuﬁ bPRate! ﬂ&m%%e%@ma%tw&wc fohe exi stence
5 of the ">20 or es. The dielectric constant of Xﬁﬁ? infiltrated |ayer

sqlyrabweighings g

ANgst r 06 oSmA BbtaRins! 38 Gt P Y EdoD 36 MR Y6 étﬁﬁM 20 409 Retofid) aid Ih@% waRE NO

infiltrating_ |ayer on to of t e structural_| ayer.. anpl.e . 2_10.A spinning -
ol ut1on YAt ioshe MAE RERIBDE SHRMRSTSRATPY | T Mg G IEF FEEHRE one. ox! de

to 100 g sgfutign. CRH¥RFiRhihE Sohution 6 shinlonGolton wa diSpefidel OBl silivdh wafedat amt %
ethanol, 30 wt % 2- propanol, 14 wt % %{:e%gkes ?%dc 3280°\8t ‘{%@&? The
m xture @@ snee&toéaoqocsmabb"mreﬁ&@gt fijm was to any or one

minute each. Polyethylene oxide was completely removed in the bake process, leaving behind

only the porous siloxane matrix. FTIR confirms the absence of polyethylene oxide in the post
20  bake film. The dielectric constant of the structural layer is about 2.0, and the stud pull strength is
about 0.6 Kpsi. A 4 wt % polyarylene ether solution in cyclohexanone was used to infiltrate the
porous siloxane film. 2 ml of the 4 wt % polyarylene ether solution was dispensed onto the
porous film, followed by S seconds of spread at 500 RPM, 30-60 seconds sitting at 0 rpm for 30
seconds of infiltration, and 60 seconds of spinning at 2000 RPM. The resulting film was then
25  baked to 150°C, 200°C and 250°C for one minute each and cured at 400°C for 1 hour in flowing
nitrogen. The film thickness was measured by scanning electron microscopy (SEM). The
infiltrated samples showed an additional layer on top of the porous structures. This top layer is
solid polyarylene ether as confirmed from the refractive index of 1.67. A stud pull test gave a
film strength of 8 Kpsi. Thickness of the top layer was about 300 A. Infiltration of the porous
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di ssolve the pol yethyl ene oxide, resulting in a honbpgenous solution. A

m xed sol vent weighing 86 g and conprising 35 wt % 2-propanol, 35 wt %

et hanol, 20 wt % acetone, and 10 wt % water 15 was added to the 118 g of

spi nning solution precursor. The resulting solution is the spinning

sol uti on. WbDea/28847 nni ng sol ution, or spin-on solution, wrECTHsYp2ATEled ont o
the silicon wafer at a spin speed of 5000 rpm The resulting filmwas then
baked to 150C, 200C and 250C for one mnute each. Polyethyl ene oxide was

conpl et SRV, [al ous

Ssi | oxaneeimrfrlas%rl X. ﬁ%ﬁtgof:fg&gfl%e itaﬁeﬁiggencgﬁ\%ﬂ?%clﬁ %&H}HT %1%%1:%1?(% taRPB

post 20 thed@levelk m The diel ectric constant of the structural Iayer |s about
2.0, and the stud pull strength is about 0.6 Kpsi. A4 w % pol yaryl ene

et her solution in cycl ohexanone was used to infiltrate the porous siloxane
film 2 m of the 4 wt % pol yaryl ene ether solution was di sperised onto the
porous film Examplede 4 by 5 seconds of spread at 500 RPM 30-60 seconds
sitting at O rpmfor 30 seconds of infiltration, and 60 seconds of

spi niding at 200grambdf solkitien b@ﬁdhihg agnf' gﬁdﬂﬂﬁl@lixﬁﬂﬁe% \bﬁ%@sipiog¥11amﬁo1 200C

and 250 lo, O 400C for 1 hour in tlow n
'nltrogeg‘ "%h/é geﬁn ‘# gﬁggt “Bi/"sP@éYﬁT]i‘V °%’F‘@%t%ﬁ°ﬁ¥@r1§scopy

(SEM) . THeated tomboﬂttﬁﬂ‘tﬂlﬁdlssﬂﬂ@ﬁxepolsjhbyl&ﬁ o&ﬂeﬁdﬁb bdleddl Thev&liidans §paR of the
From t heeJo PUEE Mo f Armie pedfdbod B Afesuhingolsy vaiiis sakedio FeCe t  engt
of 8 Kpslis0°CTand250%sfor ofic Ihin&teteﬁrﬂl |myeske\am ma:hawuréiwmﬂ’clnmﬂb\hhg aitlogdn Of the
o ot o Bl ol SR e PR Bl e Sie ant i1 the 2.0 -
pol yet hyl o} FOR HHeoT 629 p?@M&&m@xh@ﬁmﬁﬁwmm 5w, %

mater | softuy pelyinkthiisifoxicH, Rilohsd betdubaaLRAIdP100HIM dldillaloS  Neat ed
to abouh@igc d| §iheM£ol yethyl ene oxide. I n tion. The
solutio 3Q0QRFMe die ipdiitgated filmds then Pﬁké‘ﬂ)éfe‘i@ %flSq'@O@ldF%SMC Af t er
SEI nni E@orfdn:amxmé ﬁbh,lfﬁﬂ&iféd%gichﬁz 3 goo"clr?‘illéﬁnnﬁﬁés iR 2fifeg érpr'fitg'a]fdé&r%gt e each.
The hake film at in flow ng nitrogen or m nut es.
A po&ou§°?56%tﬁ¢tg?€fg‘l ﬁ}?rf@idlﬂqqﬂ“f“gﬂ’d%@f‘i mis formed. Five nL of 6 wt.

% pol ycar bosi | ane (Si H2CH) n in cycl ohexanone is dispensed onto the

Example 4

100 grams of solution containing 10 wt. % polyhydridosilsequioxane (HSiO,,), and 90
wt.% methyl isobutyl ketone is placed in a beaker. 5 grams of polypropylene oxide in 50 grams
20  of methyl ether ketone is prepared. The spin-on solution is made by mixing the above two
solutions together. The solution is spun onto a silicon wafer at a spin speed of 4000 RPM. After
spinning, wafer is then baked at 80°C, 150°C, and 250°C for one minute each, followed by curing

at 400°C for 60 minutes in nitrogen. A porous low dielectric polyhydridosilsesquioxane film is
formed.

25 Six mL of 8 wt. % polyhydridomethylsiloxane (HCH,SiO), in dibutyl ether is dispensed
onto the porous film, followed by 3 seconds spread at 150 RPM, 50 seconds at 0 RPM, and 60
seconds at 2000 RPM. The infiltrated film is then baked at 80°C, 150°C, and 250°C for one
minute each, followed by curing at 400°C for 30 minutes in nitrogen. Dielectric constant of the
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porous pol ynet hyl sil oxane film followed by 10 seconds spread at 100 RPM
90 seconds at 0 RPM and 30 seconds at -3000 RPM The infiltrated filmiis

t hen baked at 80C, 150C, and 250C for one minute each, followed by curing
at 400C for 30 minutes in nitrogen. The dielectric 15 constant of the film
is 2.2 andwobmess7ud pul | strength is 7 Kpsi. Exanple 4 BGRIUYPEHEL of
solution containing 10 wt. % pol yhydri dosi | sequi oxane (HSIi G3,2)n and 90

wt. % et hyl isobutyl ketone is placed in a beaker. 5 grams of pol ypropyl ene
oxide in ngmmg&gﬁmrg&gﬁyﬁlsgm ketone is prepared. The spin-on
solution Is nade by m Xi ng 'the above two sol utions together. The sol ution
is spun onto a silicon wafer at a spin speed of 4000 RPM After spinning,
waf er is thenpha ksggmﬁé ertididimehBQfd aﬁﬁﬁéau%ﬁﬁglﬁﬁa&a@mﬁmﬁp&uﬁmmhaﬁal | owed by
curing at 400C T 60 m nutes in nitrogen. rous w dielectric

pol yhydr berastisclosaky I shauld be apperent, bowves, FPéHOsez‘S' “k#?ﬂfsnw mogg,

pol yhydri %ﬁl&ﬁ% ﬁéskc%gxeé‘e aﬁx‘é‘ﬁs}%&&ed dte Hés@iﬁfe)(r}lth%ﬁ arhﬁg fidrs AR ASRAIveONt O t he

porous fi seconds spread at 150 50 secon at . 0 RPM

and 60 smaberan n@wemnmsuhrﬁé matier, therefors, i nof ’f°rhe|f§sﬂl°FFé‘r?foRk’é‘ eI C

150C,  andy g2 Qfpehfd s, Wr%ﬁﬁﬁ%&reﬁ‘h bbh ﬁ&YﬂdﬁﬂdSﬂ g tid claAf) Gl édins 30
mnutes in nitrogen. Dielectric constant of the 14 01/ 29847

PCT/ USOOslxdthie mtplrpremdi 113 tye buoadeRypespiblepagRersapistert With teffopiextg culagsy, s
specifi Cm%’l%ﬁ&é e Ak @R RlGA" RS B infoftivbthd ds3bRAinparQaRiRYS Nat er i al s
een I scl osed

have I't shoul d, be apparent, HP ver, to those skilled in
the art CoHRPOIREIAPT HEPSAD 2 RERPYCIUSE Wﬁ%@?%& E’feé?"r"%%ﬂ?mﬁ’ésscrl bed are
possigl € o] ‘E‘%" §, ofl &iRay rhiy 1 Jrés&m drllizeR V6 QbtaMiRePwiBDGAE Rleelis coimpondRtss

i nventive sl matter, therefore, is not to be restricted except in the
spirit Gﬁﬁﬁﬁémﬁﬂﬁéﬁﬂﬁaﬁ%ﬁbﬁﬂ¥m‘Nbreover ininterpreting both the
specification and the clains, all terns should be interpreted in the

br oadest possi bl e nanner consistent with the context. In particular, the
ternms "conprises” and "conprising” should be interpreted as referring to
el enments, conponents, or steps in a non-exclusive manner, indicating that
the referenced el enents, 10 conponents, or steps nmay be present, or
utilized, or conmbined with other elenents, conponents, or steps that are
not- expressly referenced.
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A5 ;fir WD 01/29847 PCTIUS00/28701 H I!'IJIl T1IHIQII 11111 11 1111 CLAIMS
1. Alowdielectric constant structural- |ayer having increased nechani cal
strength and having a plurality of voids conprising: a substrate |ayer; a
| ow di el ectric structural Iayer Juxtap03|ng the substrate layer; and an
infiltrat¥WYO¥R§&r conprising a eri al hBOQI/H§0R3D| ati | e
conponent and a reinforcing co WHN'"}@““ B(igﬂlvg the structural |ayer and
coating at |east sone of the 2. The structural [|ayer
of claim1, wherein the struct raI Iayer substantially conprises a

polymer. 3. The polyner of claim2, wherein the polynmer conprises

poly(arylene ether). 4. The structurﬂLALIM&r of claim1, wherein the voids
have a nean di aneter of |ess than | mcroneter. 5 The structural |ayer of

claim1, ywher ess tha
nanonet er’s. 6 - glglg%ﬁrég(b:%%tr PRy ar g%}hg*@é%&%gs G e %%Hgltl}a&]flgal ayer

is a silicon vvaf erPlurailt}’lFﬁ@n!sthmpnunal | ayer of claim 1 V\/nerel n the
reinforcing conponent substantially conprises a polyner. 8 The polymer of
claim 7, whergiBsttdapel Yner conprises poly(arylene ether). 9. The
pol y(aryl ene ether) of claim9, wherein the poly(arylene ether) is
cross-1linked 10.. . The of. claim¥?, wherein the polynmer conprises
pol ycar bosi | 2h8% %W@“@ﬁgg@y%@“@%%%&ba%almﬂ md 1171111111111 111
1111 WO 01/29847 1111111111111111111 ~lu" | PCT/US00/ 28701

an infiltrating layer comprising an infiltrating material having a volatile component and a

reinforcing component juxtaposing the structural layer and coating at least some of
the plurality of voids.

2, The structural layer of claim 1, wherein the structural layer substantially comprises a
polymer.

3. The polymer of claim 2, wherein the polymer comprises poly(arylene ether).

4. The structural layer of claim 1, wherein the voids have a mean diameter of less than 1
micrometer.

5. The structural layer of claim 1, wherein the voids have a mean diameter of less than 100
nanometers.

6. The structural layer of claim 1, wherein the substrate layer is a silicon wafer.

7. The structural layer of claim 1, wherein the reinforcing component substantially comprises a
polymer.

8. The polymer of claim 7, wherein the polymer comprises poly(arylene ether).
9. The poly(arylene ether) of claim 9, wherein the poly(arylene ether) is cross-linked.

10.  The polymer of claim 7, wherein the polymer comprises polycarbosilane.
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* CL 11. The structural layer of claim1l1, wherein the volatile conponent

i s cycl ohexanone. 12. A nethod of increasing the mechanical strength of a

| ow di el ectric constant structural | ayer ‘having a plurality of voids
conprising: depositing the |ow raI | ayer on ubstrate

| ayer; pr V@298 7an infiltrati n$ "mIIMMa vol at’?@é"%?/% ent and a
rei nforci ng conponent; i ntrodUC|*ngct e II[1\I rating material into at |east
some of the plurality of voids; and treating the infiltrating material such
that the structural strength i s increased by a substantial anmount. 13. The
nmet hod ofj1.cl aikBskdetmalieye oncliife], whierethithd witdtilé congronait Bnyclohaxammer al | ayer
has a dielectric constant no nore than 3. 0 prior to introducing the
infiltrating teri,a T A diMaver

di el ectrfl% o%egwfi gfnrcruc‘d’[ tﬂ?@%@?%sgén &3 03 q%‘éc elre?&c&%@ﬂgﬁlsl{%ﬁ% noa re
than 2.5 prior t o havihg edhclitypfivhids confiprisingat i ng material. 15. The net hod of
claim 12, wherein the low dielectric constant structural |ayer has a
dielectric c¢ [ ucing the infiltrating
material . 16. %Eéﬁégethﬂ oél&ﬁﬁt%fpla%g?gls%&Fﬁgaaggg| ng the nechani cal
strength conprises an increase of at legst 10% 17. The nethod of claim
12, wherein |W€W€‘&§Pﬁ§’ﬁl‘¢?é‘nﬁﬁ’&ﬁﬁﬂlh€‘&% ay @4@??1“@8%??‘%%?‘”{???%8%?3“ of at
| east 100% 18. The nethod of claim 12, wherein the | ow dielectric constant
structural | apgsdudimg tee idfilerhixptmiterial manas teasttsome ofthe plutaligrof F0i8s;jand or t 0
introducing the infiltrating material, increasing the mechanical strength
conprises an t VARBIAREE @
pol ymer, the &%lgﬁ%&%gn\}g&% %ﬂsﬂlﬂ?egi sgéleq?ae{?ﬂ]é%%f ess%h%{%%fa%éﬁgl%net e{ts t he
vol atil e conponersmoust. pol ar, and the reinforcing conponent is a poI ymer.
17 This Sheet Has Been Replaced (1111 LITLT ilttirrrrl 111111

13.  The method of claim 12, wherein the low dielectric constant structural layer has a dielectric

constant no more than 3.0 prior to introducing the infiltrating material.

14.  The method of claim 12, wherein the low dielectric constant structural layer has a dielectric
constant no more than 2.5 prior to introducing the infiltrating material.

15. The method of claim 12, wherein the low dielectric constant structural layer has a dielectric
constant no more than 2.0 prior to introducing the infiltrating material.

16.  The method of claim 12, wherein increasing the mechanical strength comprises an increase

of at least 10%.

17.  The method of claim 12, wherein increasing the mechanical strength comprises an increase

of at least 100%.

18.  The method of claim 12, wherein the low dielectric constant structural layer has a dielectric
constant no more than 2.5 prior to introducing the infiltrating material, increasing the
mechanical strength comprises an increase of at least 100%, the structural layer comprises a
polymer, the voids have a mean diameter of less than 100 nanometers, the volatile

component is polar, and the reinforcing component is a polymer.
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The nethod of claim 12, wherein the low dielectric constant structural

| ayer has a dielectric constant no_nore .than 2.5 prior to i ntroducing the
infiltrating material, increasing the nechani cal strength conprises an

I ncrease WOQ29848ast 10% they ﬂ“}mﬁmﬁorrpri SesPCI/USIORSMEr , t he
voi ds have a nean di aneter ofx Hlmmn I neters, the volatile

conponent is polar, and the re\ﬂf‘OTEI ng donfonént is a nononer. 20. The
met hod of claim 12, wherein the low dielectric constant structural |ayer

has a di g ectTHetmetoRELRM 17) WhBRAhE m%accgi@éohﬁﬁntgﬁu&nﬂhq%@yﬁés'}ghélaﬁc

infiltrating material, increasing the nechanical stre conprises an

i ncrease of ON§IH 3P mprshan Jeprigr ﬂ%WBﬁ‘&lﬂglthVéﬁl“@bmﬁimf , incregsinggheer . t he
voi ds have a fiRashic Q:I‘Eﬁéﬁrcoﬂfmée?&?mﬁﬂi’s@ of%eme%&gct‘xﬁ?ﬁ?&%ﬁgﬁéﬁﬁer)

conponent is polar and the reinforcing c onent’ I'en
This Sheet HROLDES R@M%@téﬁa meqn digmstgriof jess than 100|nanomqt¢rs, ﬂlesvolanle

component is polar, and the reinforcing component is a monomer.

20.  The method of claim 12, wherein the low dielectric constant structural layer has a dielectric
constant no more than 2.0 prior to introducing the infiltrating material, increasing the
mechanical strength comprises an increase of at least 10%, the structural layer comprises a
polymer, the voids have a mean diameter of less than 100 nanomete'rs, the volatile

component is polar, and the reinforcing component is poly(arylene ether).
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