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of smal lperis subsequently heated to thermolyze the thermolabile blocks. Although the process of

generating nano-sized voids by thermal destruction is relatively simple, the inclusion of
thermolabile portions in a polymer blend or copolymer often has significant limitations. For
example, where a blend of polymers is employed, the distribution of the thermolabile portion
20  in the polymer blend is relatively difficult to control. Furthermore, the size of the nano-sized
voids tends to be inhomogeneous. Alternatively, while copolymers or block polymers with-
already built-in thermolabile portions typically allow a better control over pore size and
distribution, the synthesis of such co-, and block polymers is often more demanding.
Moreover, once the copolymers or block polymers are synthesized, variations in size and

25  quantity of the nano-sized pores are more difficult to achieve.

In another approach, small hollow glass spheres acting as minute void-carriers are
blended with a dielectric material, and the dielectric material is subsequently cured in the
presence of the void carriers. Examples for the inclusion of small glass spheres are given in
U.S. Pat. 5,458,709 to Kamezaki and U.S. Pat. 5,593,526 to Yokouc?zi. The inclusion of small

30  glass spheres typically does not result in a reduction of mechanical stability, however, a
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In one technique, specific crosslinking functionalities are already incorporated into the
20  polymer. Such functionalities react together to crosslink polymeric strands prior to
thermolysis of a thermolabile portion or removal of other entity to generate nanoporosity. For
example. in U.S. Pat. No. 5,177,176 to Auman, polymeric strands are crosslinked using
various crosslinking functionalities that are positioned at the end of the polymeric strands. In
the other technique, exogenous crosslinking molecules are employed in crosslinking. The
25  crosslinked polymer is then heated to thermolyze the thermolabile portion. In U.S. Pat. No.
5,710,187 to Streckle, Jr., for example, aromatic monomers are crosslinked using

exogenously added multifunctional acyl- or benzylic halides.

Although crosslinking with intrinsic or exogenously added crosslinkers often improve
structural properties of nanoporous materials at least to some extent, new problems frequently
30  arise from the use of intrinsic and exogenously added crosslinkers. For example, copolymer

or block polymers with thermolabile and thermostable portions that include intrinsic
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In one aspect of the inventive subject matter, the first component comprises a
polymeric strand, preferably a poly(arylene), and more preferably a poly(arylene ether), a
poly(arylene ether-ether-ketone), a poly(arylene ether-quinoxaline), a poly(arylene ether-
20  benzil), and a poly(arylene ether-quinoline). Further contemplated polymeric strands include

polyimides, polyamides, and polyimide-amides.

In another aspect of the inventive subject mater, the second compound comprises a
star shaped molecule in which the central portion preferably comprises an adamantane, a
diamantane or a fullerene. Other preferred central portions include a silicon atom and at least

25  one aromatic ring.

In a further aspect of the inventive subject matter, at least one of the arms of the star
shaped molecule comprises an aromatic ring, and preferably further comprises an ethynyl
group, and particularly preferred arms include a 4-ethynylphenyl, a tolanyl, a 4-
phenylethynylbiphenyl, and a bistolanyl. It is generally preferred that the reactive group n
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Figures 4A-4D are schematic structures of exemplary polymeric networks fabricated

15  according to the inventive subject matter.

Detailed Description

A low dielectric constant material according to the inventive subject matter generally
has a polymeric network that is fabricated from at least a first component and a second
component wherein the first component comprises a polymeric strand, and the second

20  component comprises a molecule having a central portion with at least three arms extending
from the central portion, wherein each of the arms includes a backbone, and each of the arms
has a reactive group in the backbone. The polymeric network is formed by the first and
second component involving a reaction of at least one of the reactive groups when the first

and second components are thermally activated.

[

25 In a preferred aspect of the inventive subject matter, the first component is a

poly(arylene ether) that has a general formula as shown in Structure 1:



25 In a preferred aspect of the inventive subject matter, the first
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portion, and each of the tol anyl grougtrsumrelpresents an arm The triple bond
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crosslinked in a cyclo-addition reaw ) ilizing the triple bonds in the
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polyneric strand in the first corrptd not necessarily be limted to
a poly(arylene ether), but may gengyat’ly rmneéude various alternative

organi ¢ polyneric strands, includidig pol yest ets,. pol ycarbonates, 20
pol yi m des, pol yam des, polyi m"am’ des, et c.@er’e relatively high glass
transition tenperatures (i.e., Tg>308¢"4re especial |y desirabl e,
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arm. The triple bond within the tolanyl group is the reactive group. First and second

10  components are dissolved in a solvent (e.g., anisole) in approximately equimolar ratio (e.g.,
50mM), the solution is applied onto a suitable substrate (e.g., a silicone Wafer) by standard
spin-coating procedures, and the first and second component are thermally activated by
heating the solution applied to the substrate to about 180°C for approximately 2hrs. A semi-
interpenetrating network is formed by the poly(arylene ether) and a plurality of

15  tetrakis(tolanyl)silane molecules that are polymerized and crosslinked in a cyclo-addition

reaction utilizing the triple bonds in the tolanyl groups.

In alternative aspects of the inventive subject matter, the polymeric strand in the first
component need not necessarily be limited to a poly(arylene ether), but may generally include
various alternative organic polymeric strands, including polyesters, polycarbonates,

20  polyimides, polyamides, polyimide-amides, etc. Where relatively high glass transition
temperatures (i.e., Tg>300°C) are especially desirable, particularly preferred organic
polymeric strands include poly(arylenes) such as a poly(arylene ether), a poly(arylene ether-
ether-ketone), a poly(arylene ether-quinoxaline), a poly(arylene ether-benzil), and a
poly(arylene ether-quinoline). Alternatively, organometallic and inorganic polymeric strands

25  may also be suitable polymeric strands in conjunction with the teachings presented herein.
For example, where improved adhesion or structural toughness is desired, polysilanes may
advantageously added to the polymeric strands. In still another example, where temperature

resistance above 500°C is required, silica or alumina are especially contemplated.
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Although preferred polymeric strands generally are linear polymeric strands, non-

linear polymeric strands including branched and crosslinked polymeric strands are

20  contemplated. For example, where increased structural rigidity is particularly desirable,
appropriate polymeric strands may be crosslinked to various extents. While it is generally
contemplated that the degree of crosslinking is not critical to the inventive concept presented
herein, it is preferred that appropriate polymeric strands may have between 1 crosslink per
100 monomers and 1 crosslink per 10000 monomers. However, where a relatively high

25  degree of crosslinking is preferred, more than one crosslink per 100 monomers are
contemplated. Alternatively, and especially where structural rigidity is already built-in into
the polymeric strand (e.g., rigid rod polymers) less than 1 crosslink per 10000 monomers are
also contemplated. Further appropriate polymeric strands include branched polymeric strands
in which the branches of the polymeric strands may contribute to improved structural or

30  physicochemical properties. For example, while some polymeric strands may include

branches that harbor crosslinking functionalities, other polymeric strands may include
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conposi sthigkgers.o facilitate processing, crossllnkers etc. For exanpl e,
contenpl ated sol vents include various ethers, anlsole and net hyl ene

chl ori de. %&méﬁ% tﬁykaﬁfﬁn@ﬁﬁ of GRIRASIAL Lo c&?ce%?fakéd‘ thatts: a‘?&ﬁ§5' ng

I ncl ude adhesi on ancers oam agents, | zers. th respect
to the eRMdrmbicheydtherthad a kilicommtbmcind &lso a}iprbpl’lalﬁmsﬂlﬁﬁﬂ ateih, tl’feetbrrmrany at ons
10 and/or moieties other than a silicon atomare also approprlate used

her ei n, "eeAEalinortian " reisri toAn afwn of BRI orvdsh pldeash thipoimsraraevateptl YBO‘&W ch at
| east t I]ila?)r g;%fﬁ{e?aéﬁ} § e ?rlﬁ ub ﬁﬂpﬂycﬁﬂgﬁ f:agﬁhaladdecﬁénst ?ﬁr eﬁ{ end in

subst antl a Spatl | rec I ONns. exa I con atom

or adansfte o @@ WhamBnthid grolp & feRblasiolasil)sAne dil’tetrakls(tolanyl)adamantane is
tetrakis(tol anyl)adamantane is considered a central portion under the
scope ofonsifieredcpedentipk pestion wedes thescapq ofﬁbl@ﬂefl@wgwecaﬁé@aéowo lapyl EoNRsl ent | y
attache (o) f yl

o 08 s DRSNS AT IR0 308 e At kL0

Par t | cub@lohi¥nted ef Qibseetially @Llﬁféﬁint mtlalccﬁf&:ﬁ@is patticilarls ptdf@’rddﬁﬂteﬁﬁtgee conpounds
(i.e., anolecule in which a plurality of rings formed by covalently bound
at ons dedntiakpertiod ingide segarrontpeunds (hes pmolesala laagviich mplyralie of angsfaragth

by covalently bound atoms define a volume, such that a point located within the volume can
not leave the volume without passing through a ring), and especially contemplated cage
20  compounds are adamantane, diamantane and fullerenes. Alternatively, where the central

portion is an atom, contemplated alternative atoms may include phosphorous and germanium.

In another aspect of the inventive subject matter, the arms that are covalently bound to
the central portion need not be restricted to three identical tolényl groups, but may vary
considerably. Appropriate arms may therefore include arms with at least one aromatic ring,

25  and it is preferred that where the arm comprises an aromatic ring, an additional ethynyl group
is also located in the arm. Particularly preferred alternative arms comprise a chemical group
that includes a triple bond and an aromatic ring, and even more preferred alternative arms are
a 4-ethynylphenyl, a 4-phenylethynylbiphenyl, and a bistolanyl. While it is generally preferred
that all of the arms are identical, it is also contemplated one or more than one arm may hdve a

30 different chemical composition and/or length than one or more of the other arms in the same

molecule. For example, where the second component is employed to form a polymeric strand,
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not | eave the volunme w thout passing through a ring), and especially
contenpl ated cage 20 conpounds are adanmantane, di anmantane and full erenes.

Al t er nat iwebyo63ehere the central portion is an atom conPempharxe3
alternative atons may include phosphorous and germanium | n another aspect
of the inventive subject matter, the arns that are covalently bound to the

cent r al jt RYohic@iplNee thab @ irf Getr F3édctiod e@dupOirt dfigesdt deaiisandy bohtiingld fgr oups,
but may vary considerably. Appropriate arns may therefore include arns with
at | easpolynerizationeawhide @ peegnd, deiferanicpet f rpactive gF@IPs dya pevand stef ampshdayr m

conprisgs an ar | Ccfihn n_addifi t I ' ted in
he. ar nie pane AR bopstidfh. ARaRE iy IR U B roBdD colelodioBul 4R 2,
that i nglqugieudarkds Halve a berdvapdup forajodyimdriation Met/ovdiesstiieing e witkef er r ed
alternative arns are a 4-ethynyl phenyl, a 4-phenyl et hy*rgﬁ/l bi phenyl, and a

bi st amy-idemiral length may beewidizaf te/piededess eresslinkedpolympr WHh thOmMPERRCORE e

I dentical,. it ds,also contenpl ated one. 0 re . t.ha e armn a 30
differ eﬁ{“CEﬁ% ,ﬁugtgﬁn%ﬁp%g Ran o%ﬁjﬁlcgif:mf%i]’&% et%g}he %ﬁ%gl rO%{rlr%}r’ rélie%lP Jﬁ?ﬁ% ot her
ar ms '”egiph’&:iaﬁ%atﬂﬁ@'nﬁ%%ﬁ@fdfﬁ"s nBBRbE resti@EEtol f38r SEGORGE RheMkrd S
enployed to forma polyneric strand, 7 WO 02/06366 PCT/US01/22213 it is

cont enpihatceniral partioa compsisessephenyl ningets-\aeplderoglysinoh, Birde ¥ aket of arns may

or oups. P Aty Fiird g ften 8 b FiGtiay B Sofpee) iiffiedled cact! Ve
Al t gy najh¥e ke cethier fortibe cGfpidedh s&ﬁﬁﬁén?féné $ing QYRR b Wefep Ut sidiBhe and al |

four arns have a reactive group for polynerization and/or crosslinking,
arms Wi gipréiatehthiatiden minover dfamgs in eenyerhplaiet inhdlocudiestvoll[nobbeitess tag thyes | i nked

pol ymer with inho neays, structure. Furthernore .dependi on. the

cheni ca?m’r?a?}&‘%sem@?g“gf?é V@ﬂh‘f”roaqr OB g™ art DRkCopTdeTEd i %&W&&éﬂt& tﬂ?‘nat t he
nunber QfAfAErORR”GMREeRe restricted to four arms. For exanple, where the
central portion conprises a phenyl ring (e.g., a phloroglucinol), three
arms are contenplated. Alternatively, nore than three or four arns may be
enpl oyed i n Pepeadingay the ohemhislmatuse ot barras, thoicastis HOHIMPY EYY a

sex| phenyl ene. ri ng system wever. .1t shoul €, apPreci.: t hat

nunber %‘S@WE{X Sﬁgf?ﬂ%?% "ERCEY® %PB&SL}P%%C%DI tﬁe ﬁ%‘ikbggg IAesglsS g‘ﬁ‘ ﬁ%ﬁﬁlf ﬁlre _etél%aa_r ns.
Thus, M giddneSrefbrd fo b Wehtuo N ¢hkiOs et GhibRheieed thaPis ceil@tllyibdus@Bdinct i on
with the teachings presented herein. Depending on the chem cal nature of

t he ar nihat tehvaleefeniy wé thpraserps empoighi yould reswish dderauitipn o6 theotiginadn t he
reacti Vgarggqur?y liorsefelr%%aa{[n%(sj, dlg réagt?vebﬁgkpb@ %etﬁpiae‘%olﬂa.egltgrﬁgt%;epy, réa@ﬁ\vet g%ﬁ})s
may include dienes and dienophiles, nucleophilic and electrophilic groups. Consequently,
20  depending on the chemical nature of the reactive group the reaction may vary considerably,

however it is preferred that the reaction comprises a cyclo-addition reaction.

In alternative aspects, appropriate reactions may include various substitution reactions
(e.g., nucleophilic, aromatic), elimination reactions, and addition reactions. It should be
especially appreciated that preferred molecules with central portion and extending arms may
25  polymerize and crosslink (i.e., function as a‘thermosetting monomer) in the presence of the
first component. Structures of éxemplary second components having a cage compound as a
central portion are depicted in Figures 1A and 1B, while a structure of an exemplary second
component having an aromatic ring as a central portion is depicted in Figure 1A. Figures
3A-3C show structures of exemplary second components having a silicon atom as a central
30  portion. Further exemplary molecules and their synthesis are described in copending U.S. Pat.
Application to Lau et al., titled "Compositions And Methods For Thermosetting Molecules In

Organic Compositions ", which is incorporated herein in its entirety.
| 8



"backbone" refers to a contiguous chain of atons or noieties that are
coval ently bound such that renoval of any of the atons or noiety would
result i wontessupti on of the chain. In particularly prePerwsd/2ers, the
reactive group is a triple bond. Alternatively, reactive groups nay

i ncl ude di enes and di enophi |l es, nucl eophilic and el ectrophilic groups.

Consequent | ywiGegRpeddhd theial labevaaida il ie abntemblaked] thit dependigpoi thee group the
reaction may vary considerably, however it is preferred that the_ reaction
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havi ng RcRildk hfe@RarBsRNbMRE: Ralk Sl ac@PatiRAl dddddntdmilitbe hlte@xaiiRl méshanemecul es
and their synthesis are described in copending U S. Pat. Application to

Lau et iaklude radi¢addoly@snipaiiin parispodyenizatinodsicroraveradvass @obimegizrite el es | n

O [ . whi S i t ed inindits.entirety. 8 WO
021 Bl VR i 9755 b aBtied B R Rl P b Al 8

cont enpbafoetbusiatddde erRslinker @8t dither &asdlinkah sedhd c8mPéndnbRitheaki ve group,
the activation ™ need not be [imted to heating the first and second

C onponesnspanenta asesopd camperens ithtanbthgs second Ompaneniyay a yenopd comperist abl y .

For exanpl where activated reactive groups are enployed, heating nmay
requi rewi{gﬁggﬁé’t“gra@gt%ﬁ’fseﬁoﬁ‘ RMEH- 200C, and may i ncl ude tenper at ur es
bet ween 150C and 200C, or lower. In other cases, heating nay require

t enper at ur esytQhodIB @i BB apRO&iated fitht FRYsebdHd dodoheipelydhtlngs addigbnagen 200C
and 350C, or higher. Alternatively, the formation of a network nmay al so

i ncliudemoischizniisetadiog leae ot mare solentsahctivetors/iwtstasha pelaredeationrpactioad

alternative chanisns. inclu radi cal pol izat,
phot opo@f?#ﬁpggglf ?%ﬂ?osgﬁo&s 6?/\&\9@1-??% 8]&?38%?1% F%@ﬁl{?ﬁt ?tS'gﬁ,]dreef%I.nplfO It should
still fegdidigplalee sBRBAG SR aHBAS ethél8, @IS akd MRYhyRInS @hldeidt. AT smRempMted
addi tion of ‘an exogenously added crosslinker that either crosslinks a
second wolpouleeat carpdsitionkite Ecilitate processing include adhesion enhancers, antifoam

agents, and stabilizers, and contemplated activators for polymerization include radical starters

20  and photoactivators.

Although it is preferred that the polymeric network is a semi-interpenetrating network,
various alternative networks are also contemplated. For example, where the second
component is polymerized and crosslinked in the presence of a linear polymeric strand and
additional crosslinks are formed between the second component and the linear polymeric

25  strand, a modified semi-interpenetrating network will be formed. Similarly, where the second
component is polymerized and crosslinked in the presence of a crosslinked polymeric strand,
an interpenetrating network will be formed. Alternatively, where the secpnd component is
polymerized and crosslinked in the presence of a crosslinked polymeric strand and additional
crosslinks are formed between the second component and the crosslinked polymeric strand, a

30  modified interpenetrating network will be formed. It is contemplated that the formation of a

modified semi-interpenetrating network, a modified interpenetrating network, or an inter-



conponent, a second conponent w th anot her second conponent, or a second
conponent wth a first and anot her second conponent. It should further be
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pol yneric strand an interpenetrating network will be forned.
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is contenplated that the formation of a nodified sem -interpenetrating

net wor kshaaedrmiercubd 12®|h@fep?e¢¢®tralatqrh@p he4 susrthree@rma h23. dhemyeessors 06366
PCT/ US01/ 22213 n ant ageousl cre t I
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intricate I{sgtructure in east one polyneric strand is cross-1linked.
PoI yrreracemmﬂ portios 286 i thirer ared 289 'Dlwrml_olsrsullis*IMOIYB1dW@d@0r0a$llnk©¢ vighi ch are

S SPDLEIBL 200 R0obog | 8 ESTLUICLA 0% ML (e S SRcht D050 Socnl 1 1

F' gur esZ%‘h?@lgdr@ 4D, 3SR AA infrp e%@fﬂtﬁﬂ &ﬂ%@@t} 'h@é h BrAlf} WPbHlyheRas a
plurality of polynefic strands 10 a plurality of ar sShaped nol ecul es 20

havi ng strzcrxelnf&l@thapmetcrcmhm@damjcmkﬂlmks &Y%tzﬁzhapfﬂmoimquﬂ?@dlam @ central
portion 324 and three arms 322. The molecules are polymerized/crosslinked via covalent
bonds 326, and are further covalently coupled to the polymeric strands via covalent bond 330.
20  In Figures 4A-4D, continuation of polymeric chains is indicated by a dashed line, and an

interrupted line indicates positions where two polymeric strands overlap.

In particularly preferred aspects of the inventive subject matter, the low dielectric
constant material is applied to the surface of an electronic substrate (preferably a silicon
wafer). It is further contemplated that the low dielectric constant material will exhibit a

25  dielectric constant of less than 3.0, more preferably less than 2.7, and even more preferably
less than 2.4. With respect to the glass transition temperature (T) of contemplated low
dielectric constant materials, it is contemplated that the low dielectric constant materials
generally have a T, of higher than 350°C, more preferably higher than 400°C, and most
preferably higher than 450°C.
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pol yneri zed/ crosslinked via coval ent bonds 26. In Figure 4B, an

i nterpenetrating network 10 101 has a plurality of polyneric strands 110

t hat ar e woozad3sdked via crosslinks 112. Star shaped nol RCDUSS/2223 have a
central portion 124 and three arnms 122. The nol ecul es are

pol yneri zed/ crosslinked via coval ent bonds 126. In Figure 4C, a nodified

sem -i nEgﬁﬂEﬁ@- trating network 201 has a plurality of polyneric strands
210. Star shaped nol ecul es 220 have a central portion 224 and three arns

222. The nol epafDwERAUNEEILARHK & Q&SI Sfhildsts ofFirsindlsegindbonds 226,
and further covalently coupled to the polyneric strand via coval ent bond
230. | ncdEhppneet 210 angxemglaly prépinatien peaneimpaeveddowealicleaitic somstanhmateripl ural ity
of pol ymeri&ﬁ ét Lands 310 ha{e a{te crosslinked via crosslinks 312. Star
shaped” HEPELN OINSBYCRUGFSUIEENEIE  portion 324 and three arms 322. The

mol egul es argxgﬁkunprized/crosslinked via coval ent bonds 326, and are
further covarently coupled to the polyneric strands via coval ent bond 330.

20 I'n Figures 4A- 4D, SahdsistifabiefdmpsibrihybBide efpiposniesicishdhgat ed by a
dashed line, and an ‘interrupted line indicates positions where two
pol ymeric strands overlap. In particularly preferred aspects of the

i nventive subjgseerahamthstic sehpang fondadrisatingmolyaryisan sther) Prbvmsricalrands iBppl i ed
1 Fort ROy Rpofl 1R /AR R A S R rcb RER Sobke B bor B entlipr) - 1

is furt ate a ow di e eria
exhi bi t stabl2Stradtaleanitt 4 prepOitderaitt oBhrohR8is of Rred othatiopobtiopseindiatiey | ess
than 2.7, and even nore_ preferabl |l ess than 2.4, Wth respect tao the

h
gl akk t examples isSchene é AHY Gl (ARyCoBi-Ofbistibrpmg besphenal angi ECede ARCCeldnst ant

materi als, 11y 1S _contenpl ated.thai. the [ i onstant materials
gener al ﬁs?‘] \];]émg)a’iodna&&%l S rd%%lgtf&ﬁm%’g@ge%#@?lg?%g%éP%y hi gher than 400C,
and nost preferably higher than 450C. 10 WO 02/ 06366 PCT/ US01/ 22213
Exanpl es The followi ng exanples illustrate an exenplary synthesis of first

and second conponent and_an ex | ary preparati of an_inproved | ow
di el ectric constant rad AR ding tho the:Ai-@ﬂAkv%;}Hbj ect matter. 5
Exanple 1 Synthesis of amexenplary poly(aryl ene her)pofyneric strand A
general synthetic schenme for fabricating poly(arylene ethers) polyneric
strands is Stage 1: 130-140°C, 4 hr
15 K;COs Stage 2: ramp to 175°C, 1 hr
sulfolane | ¢, o 3; 175°C, 15-20 hr

o—@—AR—@—O-@—AR'

20

Scheme 1

A general synthetic procedure for a poly(arylene ether) is exemplified by a reaction between

fluorene bisphenol and 4-fluoro-3’-(4-fluorobenzoyljtolane is as follows: 1L 3-neck RB flask,

equipped with an magnetic stirrer, a thermocouple, a Dean-Stark trap, a reflux condenser and
25 N, inlet-outlet connection was purged by N, for several hours and fed with 0.2L warm

sulfolane. At 70-80°C, 35.042¢g (0.1Mol) of fluorene bisphenol (FBP), 31.8320g (0.1Mol) of

4-fluoro-3’~(4-fluorobenzoyl)-tolane (FBZT) and 27.64g (0.2Mol) of potassium carbonate

were added and rinsed by 165mL of warm sulfolane and 165mL of toluene. The reaction

mass was heated to 140°C and azeotroped at this temperatufe for 1-2 hours, then temperature
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depicted in Schenme 1 below. AR and AR can independently conprise any
suitable thermally stable structure with a preponderance of aromatic or
fused ar ov@v2/@63porti ons, and in the 10 exanpl es in SchemePdT/US01/22213

HO- C6H4- AR- C6H4-OH is fl uorene bi sphenol, and F-C6H4-AR -C6H4- F is a

di fl uoroaromati c conpound containing at | east one tolane noiety. HO AR OH +

F AR Fwad braSt@ilaaibed (307528 Q& rerfloving KRERRnShad Rattion waPcdntindetdE,173°Chr
sul fol ane Stage 3; 175C, 15-20 hr OO0 ARaOaAR a 20 n Schene 1 A

gener al véijseenitopmgshisiaaddriOts Fhe tempsrajira was spriced tet65°Cet-exenpl i fi ed by a

a1 uor B SbYEE Rt Mg DR PR BEe; ogrigued fop o homs, The ation,

equi ppeghayd \TVEB @ltdRgNRl 6SmBIJf NMP and@ldfifer sueaighl. Thed cidagactbamess wap, a
reflux condenser and 25 N2 inlet-outlet connection vvasgg;rged by N2 for

sF:Vﬁ al fittengd ﬁhramh apar {lterpecipitaigd imd $Ve@HAAS3 YodNED), gedisoler in MNP (O, | Mol )
11 uor BEerERAGE T 0 Oy g tpie was fitorgd g persy

pot assi @ik aabiRadngiltets tEnadaelwand Lrdfnseoibyd §88drin wcuwmroves @if ol ane and
165nL of toluene. The reaction nmss was heated to 140C and azeotroped at

t hi s t eApunightaté0f-d9°Cl- 2 hours, then tenperature 11 WO 02/ 06366
PCT/ U801/222]1£ gradually raised to 175C by renovi ng of toluene and
reactl on was—é%ﬂﬁ%ed at 175C vvith azeotropi ng during 15-20h. The

rature was reduced to robe s added and
end (gappi ng was conti nued f‘s;étff’t g&’ﬁBf Cf“éﬁ%ﬂf ﬁ(\éﬁas was diluted with
165m. of NMP and |l eft for overnigh hen cold ction mass was 5
filtered through paper filter, pre @ ated in MeOH (0. 03% HNOB) ,
redi sol ved in NMP and reprecipitayed’i/n 5 x 201% HNOG3) . The

precipitate was filtered using paper filter, shed on filter 3 times each
Wit h 1LAghmpatars igbeorinated to A B WWOﬁ%hlre suevioady degeribed pelcOre:

Chem. 45, 5405-5408 (1980), by Sollot, G.P. and Gilbert, E.E.

Synthesis of Tetrakis(3/4-bromophenyl)adamantane (TBPA)

15 o ' | r r
@——» Q!g S Q!e O+ O!g 8
a, B, B,

~50% ~40% ~10%

TBA was reacted with bromobenzene to yield tetrakis(3/4-bromophenyl)adamantane (TBPA)

20  asdescribed in Macromolecules, 27, 7015-7022 (1990) by Reichert, V.R. and Mathias L.J.
Unexpectedly, the reaction resulted in the formation of various byproducts, and the yield of
the desired TBPA was approximately 50%. However, when the product mixture was
subjected to fresh reagent and catalyst (bromobenzene and AlCl;, 1min at 20°C), TBPA was
obtained in yields of approximately 90%.

25 Synthesis of Tetrakis(tolanyl)adamantane (TTA)

Br




Example 2 10 Synthesis of Tetrabronoadamantane (TBA) Br Br Br Adamant ane

Is bromnated to TBA follow ng a procedure as previously described in J

Og. Chavo 0286366405- 5408 (1980), by Sollot, G P. and G | beTSOIR2E3

Synt hesi s of Tetrakis(3/4-bronophenyl)adamantane (TBPA) Br Br Br 15 Br 4B,

\l Br B,Z )P ~41r Br + Br + BBr / Br --50%-40%-10% TBA was reacted

w th bronobenzene to yield tetrakis(3/4-bronophenyl)adamantane (TBPA) 20

as described in Macronol ecul es, 27, 7015-7022 (1990) by Reichert, V.R and

Mat hias L.J. Unexpectedly, the reaction resulted in the formation of

various byproducts, and the yield of the desired TBPA was approxi mately

50% However, when the product m xture was subjected to fresh reagent and

catal yst (bronobenzene and A1Cl13, Imn at 20C), TBPA was obtained in

yi el ds of approximately 90% 25 Synthesis of Tetrakis(tol anyl)adamantane

(TTA) Br Il Br Br 12 4Br WO 02/ 06366 PCT/US01/22213 TBPA was reacted with

phenyl| aTBP ylvessacictahwith phadylaceyeae I(atmhm@rctaﬁywaladbl&) he yieldthb ﬁpalqﬂuduct 5

t et r aki s%r t ol anyl ). adamant ane _f ol | owi ng eneral t| on protocol . for
t{g§ubs&1

ar onfat i Eraigsdelpayhiadamantape folloying § gengral ﬁ%‘i’%@f‘qcﬁ qbla%fg‘ﬂ 19 dbook
of Pol yfé%éi’tgu%g hgEs Eﬂérr)l&m% PIERIck €A HEREFIOR of PBHBIGRGE bFROY] SHRE GorthsiBN

2- 88449
and Breach Publishers, ISBN 2-88449-112-0).

Example 3
Manufacture of the polymeric network
10 A first solution is prepared by dissolving a poly(arylene ether) according to Example 1

in cyclohexanone to a concentration of about 5-15% (by weight). The first solution is biended
with a second solution containing 5-20% (by weight) tetrakis(tolanyl)adamantane (see
Example 2) in cyclohexanone, and the resulting blend is spin cast on a wafer. The wafer is
subsequently baked at 250°C for approximately 2 minutes to remove solvent, and cured at

15 400°C for about one hour in a controlled furnace under exclusion of oxygen to form the
polymeric network. The disappearance of the ethynyl groups can be monitored by FTIR at a
wavelength of 2200 cm™.

Thus, specific embodiments and applications of low dielectric constant materials with
polymeric networks have been disclosed. It should be apparent, however, to those skilled in
20  the art that many more modifications besides those already described are possible without
departing from the inventive concepts herein. The inventive subject matter, therefore, is not to
be restricted except in the spirit of the appended claims. Moreover, in interpreting both the
specification and the claims, all terms should be interpreted in the broadest possible manner
consistent with the context. In particular, the terms “comprises” and “comprising” should be
25  interpreted as referring to elements, components, or steps in a non-exclusive manner,
indicating that the referenced elements, components, or steps may be present, or utilized, or

combined with other elements, components, or steps that are not expressly referenced.
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Manuf acture of the polyneric network 10 A first solution is prepared by

di ssolving a poly(arylene ether) according to Exanple 1 in cycl ohexanone
to a conoeovr/etsron of about 5-15% (by weight). The first BOT/WBIIM21i3s

bl ended w th a second 'solution containing 5-20% (by weight)

tetraki s(tol anyl ) adamant ane (see Exanple 2) in cycl ohexanone, and the
resulting blend is spin cast on a wafartMShe wafer is subsequently baked
at 250C for approximately 2 minutes to renove solvent, and cured at 15 400C
for aboyy.pne1Qufid.-n @ controlled furnace under exclusion of oxygen to
formthe polyneric network. The di sappearance of the ethynyl groups can be
noni tored by FT, 1. Thus, specific enbodi nents
and appfl cati O%BV@ e?ectré&%‘éﬁ%%ﬁl?z}%e@%hst aFQ} %Eét erials with polyneric

net wor ks have been di sclosed. It should be apparent, however, to those
skilled in 20 atpgodyraeric sidtabrkithatyis fabrieatad fiohi atd¢asom frshesnpleent sitiseseabndady
descri bed are possible w thout departing fromthe inventive concepts
herein. The mven?‘?fmém%e%j ect matter, therefore, is not to be restricted
except in the spirit of the appended clainms. Mreover, in interpreting both
the specifica Hé‘i‘mﬁ‘?l&jeﬁl}g?co?ﬁ BBtco plnsésed:}?(ﬂgﬁgﬂyktganlae interpreted in the
br oadest possible manner Si stent wth ontext. In particular, the
ternms "conprises"” and ' conpr|5|ng shoul d be 25 interpreted as referrlng to
el enent's, conpovientis ;chaxecm(btmnponem cnm}m'eoscxi melegele rlnavﬁngla centiral gioxdtmmni widh t hat

the referenced el e nt , CO onen eps esent utilized,
or conbi ned wit h#of S}’I r'?f“sen @%ﬂcgnﬁ%[% g’i’F’ﬁ’H’t eaﬁ?é?%ﬂ’(?t
expressly refer enmdmgﬁdéég&%%@gv rm%%san@w M5 What is

claimed is: 1 Alowdielectric constant nmaterial, conprising: a polyneric
network that is fabricated fromat |east a first conponent and a second
conmponent ; whervdianein tiee fiist smppoegond the seoomd cangsonaniploly s padymenand;

wherein the second conponent conpri ses ecu hav a cen portion
W Eh at least ¢ NREGO IR 35 BAATAIRE ShicEN S0 Bh T dracuy eicuRs "HHLRE n each
of the arnms incl H%%n@sé%@ﬁd(&ﬁﬁt%n@ﬁt‘é'af@thérﬁeﬁ@%tﬂ/ﬁecﬂr oup; and

2. The low dielectric constant material of claim 1 wherein the polymeric strand
comprises a poly(arylene).
3. The low dielectric constant material of claim 2 wherein the poly(arylene) is

selected from the group consisting of a poly(arylene ether), a poly(arylene ether-
ether-ketone), a poly(arylene ether-quinoxaline), a poly(arylene ether-benzil), and
a poly(arylene ether-quinoline).

4, The low dielectric constant material of claim 1, wherein the polymeric strand
comprises a polymer selected from the group consisting of a polyimide, a

polyamide, a polyimide-amide.

5. The low dielectric constant material of claim 1 wherein the central portion of the

molecule comprises a cage compound.

6. The low dielectric constant material of claim 5, wherein the cage compound is
selected from the group consisting of an adamantane, a diamantane and a

fullerene.
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wherein the first conponent and the second conponent formthe polyneric
network in a reaction involving at | east one of the reactive groups when
the firsvoarme3second conponents are thernmally activat ed. PCT/USHIER22LBW
dielectric constant material of claim1l wherein the polyneric strand
conprises a poly(arylene). 3. The |low dielectric constant material of claim
2 wherey.n the k(RIS cinStanSRhRERESE dldimn Wheeirthe pert@hposiohodilel a
pol y(aryl ene ether), a pol y(ar}l/_l ene et her- ether-ketone), a poly(aryl ene

et her - qui noxal indyculacqrapriscas yilispeatonher - benzi | ), and a pol y(aryl ene
ether-quinoline). 4. The low dielectric constant material of claiml,
wher ei n, t he pol [ C: i I 4 f group
consi sti'ng of e?ﬁgg ‘g‘lli%%ﬁ%cfé&pgons%gﬁ&é{ﬁlﬁgg?ﬁéﬁ%o}&%ﬁ%e%?} gér%’lgﬁ%.e @%&I ow

di el ectric congi@asbf iBhilédile @mpglsas ah drowhde ghp. the central portion of the
nol ecul e conprises a cage conpound. 6. The | ow dielectric constant materi al
of claimb5, wherein the cage conpound is selected fromthe gro

! : | ) u
consi st¥ng of dhedewiglecimeconstogt makrabfelamp whergin the pidgest 0&@10%%6@2%6366
PCT/ US01/ 22213 _ 7 ﬁTH% j j stant material of claim1l wherein
the central pora{llmc')n 0 f{?%fﬁﬁgﬁgﬁ&%ﬁggﬁ%ﬂ ses a silicon atom 8. The | ow
dielectric constant naterial of claim1l wherein at | east one of the three
arms of 1a.he nolTheddbe dicdegnic sastaatmateeinbdfi cdaim hegherBin thdet leasvode of the ke

constant material of claim@8 wherein the at |east one of .the three arns
further conpri $E68S §PMBEL Ayhergical groun ecle PEWNGZIOFR EPRSITING 9 dttamt

cher cal or oup Sareeted v B Vhe® pr iRl fidbufint B BgBldt 1T oo ohenyt s o

tol anyl, a 4-phenyl et hynyl bi phenyl, and a bistolanyl. 11. The | ow
di el ectti.c consihariowmdidletii@tomsfantmatealofidiemell wheéhm theohweiacule Hvas a
structure selected fromthe grqup of

structure selected from the group of
§ .
g
: e
c=C O O{ g Q Czc an @,cﬁc OQ Q CSC\Q .
///C C/IF
C

-

12. The low dielectric constant material of claim 1 wherein the molecule has the

structure @\ /@
Cs L
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C\l CSCC--Cel ¢cand 12. The low dielectric constant nmaterial of
claim1l wherein the nol ecule has the structurel e\ e ucC I\ 15 WO
02/ 06366 WRCW2/086d./ 22213 13. The |low di el ectric constant per/@Eszd22f cl aim
1 wherein the nolecule has a structure selected fromthe group consisting
of al-- \'i CC1l1li1CcCS , and sCQ ¢, Cccc C lcil [~stccococ\ /
14. The low dielectric constant material of claim1l wherein the reactive
group i$3.a THellpWwealiddeutde cdbetan hRtdriaotilgiher vheeircthe sdcdedulgidserstrattued ¢l ai m
1 wherein the polynmeric network is a_sem-interpenetrating network. 16.
The | ow di el ee&wq%fr@nﬁhq%mup ﬁmseﬁtmalofof@ai m 1 wherein the ri on

C

conprises a @C\\ /CQ g O C,,/c
o
| SR o
C@CQ/ chc C‘
O

SS B

14. The low dielectric constant material of claim 1 wherein the reactive group is a
triple bond.
15. The low dielectric constant material of claim 1 wherein the polymeric network is a

semi-interpenetrating network.

16. The low dielectric constant material of claim 1 wherein the reaction comprises a

cyclo-addition reaction.

17. The low dielectric constant material of claim 1 wherein the reaction takes place

without an additional crosslinking molecule.
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cyclo-addition reaction. 17. The |low dielectric constant material of claim
1 wherein the reaction takes place w thout an additional crosslinking

nol ecul e wa624B6®O©2/ 06366 PCT/ US01/ 22213 18. The | ow di el PCT/UBEL/120135t ant
material of claiml1 wherein the thermal activation conprises heating the
first and second conponents to a tenperature of at |east 200C 19. The | ow
di el ectg.c consthanéw ddledtti@tortant natemalofdiamel whédel thothetine] #ditation const ant
material has a dielectric constant of |less than 2.4. 20. The | ow dielectric
const ant mat er icampeisescieaiing theiataar seqond copRORENE o tempeabpe ph#ftleashat er i al
has a dielectri Q0% nstant of less than 2.7. 21. The |low dielectric constant
mat eri al of cl z%i Pn " wherein the material has a glass transition
tenperature higher than 400C. 22. The low dielectric constant material of

claim 1igherei Th%h@vv'ﬁ?él&fth@boﬁ&%t halthiaBéf cldimaNhéreBtht esWP afeddcticcdnbighier
t han 450C. 23. A nethod of formng a |low dielectric constant materi al,

conpri sing: pmoatérifligs adfelectic eamsionihedessihrx2.¢onpri ses a pol yneric strand:
provi ding a second conponent that conprises a nolecule having a central

PO Li 0N o 13 h 6% LB S0 LD RENGH Afl! { QILDERE R LithecB! Qo

MhEFEIﬂZ%aCh of n es a fHone aV|ng a reactive group; and

formng a pol ymeitégal mat WdidteditiOctndtand sfdeds thdne2.7.i r st conponent and t he
second conponent, wherein the first conponent and the second conponent

formthe polyneric network in a reactjion_involving at |east one of the
react i vél.gr oupsthedpwlielemdrie P@lﬂanéﬁ@t%b‘éfr@al%h’déﬁ@ﬁ% the apateriah Basnglpsp
activated. 24. The.. meihod of mﬁ%%@g@m n the polyneric strand

[

conprises a polwgpw %eratmée e central portion is selected
fromthe group consisting of an adamantane, a diamantane, a fullerene, and

a silicom at omThkTow dielectric constant material of claim 1 wherein the material has a glass

transition temperature higher than 450°C.
23. A method of forming a low dielectric constant material, comprising:
providing a first component that comprises a polymeric strand;

providing a second component that comprises a molecule having a central portion
with at least three arms extending from the central portion, wherein each of the

arms includes a backbone having a reactive group; and

forming a polymeric network from at least the first component and the second
component, wherein the first component and the second component form the
polymeric network in a reaction involving at least one of the reactive groups

when the first and second components are thermally activated.

24, The method of claim 23 wherein the polymeric strand comprises a poly(arylene),
and wherein the central portion is selected from the group consisting of an

adamantane, a diamantane, a fullerene, and a silicon atom.
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