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DI ELECTRI C CONSTANT MATERI ALS . AND METHODS OF PREPARATI ON THERECF ' 5 10 /!‘/3’ '

The preseoi/evisseti on relates to sem conduct or devi ces, andTiusSopIxsédy cul ar,
to 15 This application clains to foll ow ng: PCT/LTSOl/11273 fil ed

rlor
on April 6, 2001, US \m“\mﬁw\mmm 9/8979361-flled July 5, 2001, US Serial No.
09/ 902924 filed July d PCT/USOI /22204 filed on July 13, 2001

whi ch are all incorporatedoberein by reference. Th| s application is aI SO
related to US Serial No. 09/545058 filed April 2000 andﬂﬁpggerl al
09/ 618945 fil ed QW DPIEBECKRIS C\QN%EABIMMTLER%LSMBME n by

reference. Field of The | nvORPREPARATIONIHBEREQY i ces havi ng an organic

*low dielectric constant material and processes for the manufacture thereof.

Background of The Invention In an effort to increase the perfornmance and

speed of sem conductor devices, sem conductor device manufacturers have
sought to red"lhtseappheatiomrc@mdpholamtoé'?ﬂmlng BET/US QY LRTAdted oppiprid 6, 2001,
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of the ating materi al dielectric, that separates t
mtercoap;ﬁodaﬁon inalso adlated mU@rSaiathaOS?/ﬁ@SQi&vﬁldde’tmdﬂs 200Q e USnyesiahMe.
especi a desi rahl e se .they typicall ow fast.er signal
propagapﬁ%ﬂ?g%%ﬁﬁééub’a]ﬁaéw Q?¥Sé’¥lén°é’ﬁ%°%tre§i’§retrhl?3km%e§FWen conduct or
Iineﬁ, and | ower voltages required to drive integrated circuits. 25 Since
air has a dielectric constant of 1.0, a najor goa e the
dielectric constant of insulator materials down to“lw ‘lmmmmm limt of
1.0, angriddwfidle Yaeédtbmts are known in the art for redug, {dg t he d| electric
constant of insulating materials. These techni ques include adding el enents
such as f| uorihee ptReithénveatimosielatedn td csemichndactbhededices,eandi n paristbnt tof
the bulk materi aP O her nethods to reduce k include use of alter n?tlve
di o act SPBIGPRAGPLACViAeS RGBS A OTEANO loy isiecinagsonstanpagiepai i psagsgses for the

manufacture thereof.
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Backeround of The Invention

In an effort to increase the performance and speed of semiconductor devices,
semiconductor device manufacturers have sought to reduce the linewidth and spacing of
interconnects while minimizing the transmission losses and capacitative coupling of the

20 interconnects. One way to diminish power consumption and capacitative coupling is by
decreasing the dielectric constant (also referred to as “k”) of the insulating material, or dielectric,
that separates the interconnects. Insulator materials heving low dielectric constants are especially
desirable, because they typically allow faster signal propagation, reduce capacitive effects and

cross talk between conductor lines, and lower voltages required to drive integrated circuits.

25 Since air has a dielectric constant of 1.0, a major goal is to reduce the dielectric constant
of insulator materials down to a theoretical limit of 1.0, and several methods are known in the art
for reducing the dielectric constant of insuiating materials. These techniques include adding
elements such as fluorine to the composition to reduce the dielectric constant of the bulk

material. Other methods to reduce k include use of alternative dielectric material matrices.
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Therefore, as interconnect |inew dths decrease, concomtant decreases in
the dielectric constant of the insulating material are required to achieve
t he i npr swm@ok/masdeor mance and speed desired of future senm ponaSerisedevi ces.
For exanpl e, devices having interconnect,linew dths of 0.13 or 0.10 mcron
and bel ow seek an insulating material having a dielectric constant (k) < 3.
5 Currently silicon dioxide (Si02) and nodified versions of Si02, such as
fluorinated silicon dioxide or fluorinated silicon glass (hereinafter FSG
are used. Theghekirel@s intavbombethiaeeidéhs deabaset qoneonricnsdeareasas amthc digldcirom about

3.5-4.0, are co nly used as the di.el.ectric |,n.sem conductor devi .
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PCT/ USD1/ 3250 -4 Reichert and Mat hias descri be conpounds and nononers that
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nol ecul es and are taught to be useful as dianond substitutes. (Polym
Prepr. (Am Chem Soc., Div. Polym Chem), 1993, Vol. 34 (1), pp. 495-6;
‘Polym Prepr. (Am Chem Soc., Div. Polym Chern.), 1992, Vol. 33 (2), pp.
144-5; Chem S Mater., 1993, Vol. 5 (1), pp. 4-5; Macronol ecul es, 1994,
Vol . 27 (24), pp. 7030-7034; WMacronol ecules, 1994, Vol. 27 (24), pp.
7015-7023; Polym Prepr. (Am Chem Soc., Div. Polym Chem), 1995, Vol. 36
(1), pp. 741-742; 205th ACS National Meeting, Conference Program 1993, pp.
3l 2; Macronol ecul es, 1994, Vol. 27 (24), pp. 7024-9; Macronol ecul es, 1992,
Vol . 2S (9), pp. 2294-306; Macronol ecul es, 1991, Vol. 24 (18), pp. 5232-3;
Veronica R 10 Reichert, PhD Dissertation, 1994, Vol. 55-06B; ACS Synp.
Ser.: Step-Gowth Polynmers for Hi gh-Performance Materials, 1996, Vol. 624,
pp. 197-207; WMacronol ecul es, 2000, Vol. 33 (10), pp. 3855-3859; Polym
Prepr. (Am Chem Soc., Div. Polym Chem), 1999, Vol. 40 (2), pp. 620621,
Polym Prepr. (Am Chem Soc., Div. Polym Chem), 1999, Vol. 40 (2), pp.
S77-78; Macronol ecul es, 1997, Vol. 30 (19), pp. 5970-5975; J. Polym Sci,
Part A Polynmer Chemistry, 15 1997, Vol. 35 (9), pp. 1743-175]; Polym
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pp. 475-482).

The adamant ane- based conpounds

and nononers descri bed by Reichert and Mathias are preferably used to form
pol ynmer sw é2dnsaskgmant ane nol ecul es at the core of a ther nPeBRUSOITI2E69

conpounds di scl osed by Reichert and Mathjas in their studies,

however,

conprise only one isoner of the adamantane-based conmpound by design choi ce.
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Methyl Silsesquioxane SOD 2.4-2.7 US Patent 6,143,855
(hereinafter MSQ) .
Polyorganosilicon SOD 2.5-2.6 US Patent 6,225,238
Fluorinated Amorphous HDP-CVD 2.3 US Patent 5,900,290
Carbon (a-C:F)
Benzocyclobutene SOD 24-2.7 US Patent 5,225,586
(hereinafter BCB)
Polyarylene Ether SOD 2.4 US Patents 5,986,045,
(hereinafter PAE) 5,874,516, and 5,658,994
Parylene (N and F) CVvD 2.4 (AF4) US Patent 5,268,202
SOD 2.6 US Patents 5,965,679 and
Polyphenylenes 6,288,188B1; and

Waeterloos et al.,
“Integration Feasibility of
Porous SiLK
Semiconductor
Dielectric”. Proc. Of the
2001 International
Interconnect Tech. Conf,,
pp. 253-254 (2001).




WD 02/ 081546 Summary of the Invention PCT/USQOL/ 32569 Contrary to the

Rei chert results (which showed a single all "para" phenyl et hynyl phenyl

cage- basexip bmesTee6 i s i nsol ubl e), we have di scovered that acmwsel/32sege- based
isomer mxture is soluble in nost organi.g_solvents. As a result of this

di scovery, this novel cage-based isoner 5 mxture is useful in-electronic
materials applications wherein the material is dissolved and spun onto a
substrate. Further, a process is described herein for converting the

Rei chert et al. nlxture into the present novel cage-based isomer m xture.
Thus, the pre&eivheit svéMatiies descriperremapings @nd monemers #hat sampiiss| adampntene
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present invention, an isoneric _m r t] non S, Wherein
t he nonorkaban. 6w QA“EOFBG‘E&%RS QW&# g? s\?(g * &)’oﬁ’ jﬁé Chegn.

provi ded,and {4y KNIy pFEI Mwma&&m&e@néme% . FPIRaEDS. 7030-7034;
.

pol ymeri zed, wherein the meri zation 'H ocess conprises reactign of an
et hynyl g¥aupmelaeules, $9%4 @A), @p. TUAS Z%n%ﬂman?féﬁf {4vs. %%n%%c Dig |1 n a

rel ated 3opget ol §,Ndo! W&”gbgﬁh@ﬂbm“fhzn?ééﬂekcsh@ﬁ R Mot UChERnLsS 3

cage conpo , and pre erre are ary branche aryl or arylene ether.
It is al smogtef €99edp.tHial Mabereldhles,d0p4 \&ilr 2ic@2d), @pi 3024-% Mperasmnippulesd, at

aryT conpliadrolias 8 vpr 2paiPedasientointied: oo Y, A A8hme &2 T HGW Bor o
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phenyl, and a 20 sexi phenyl ene, and especi al contenpl ated arns include a

phenyl et Hmwptfemwnce Ma;m@lﬁ,yh%@ Mﬂrl}ﬁ%wenlﬁ?e%oﬁ yM?‘FTﬁTH@ﬁ‘nges, 2000, Vol. 33 (10),
phenyl et ﬂ)y:}l IPre WO%Q{E@JC ﬁl\y igﬂleéﬁéﬁll phmk’oﬁﬁ(ﬂgf PP I6@0-anOt her

aspect of e |nveht| ject matter structure preferably
conpr i ses624; Bulyst, HamdmerthtSbst illth@it'nadélan 488, ol 4LPstpr J7édSor

part of tHecmekaRe . YohataEhfe P s - LORR SRep A AR BRI, %2
a tet{qahegpoal v@lr35)@I)>p‘i)ed74all7sor14‘d1>gwm5prqmm IOhe@nSdch) Oiv. aa»mctr:hem )t 1996,
i nventive SUJ]ect matt er ynerization of .the is 3€70f t he

t her moset Yo/ @ioneis244 & P\XHbgfeﬁr (&8 EhSR 396 RY- @qyﬁ’aﬁ'imﬁ‘%écl@?ﬁy&‘yl group
of at ﬁ@&%/ 9B1546 1 RSS!/ B R9poi§mer @ﬁéﬁls 18 998 VI, (3)0B§f:@r7a¢ew on

three et groups |l ocated on threearns, nore prefera on lall
et hynyl chdyrp,sPﬂeméﬁdehﬂm £0¢., BivrPolym Chemi l&ﬁﬁ,awly%pééfpﬁr ]r“@dl“a\s?féﬁms of

the i nven%:ﬂ\elle b%,r Pgﬁp@%ﬁ%b# z@otl's‘%’bj’ g%%ﬂ gﬁcgérgﬁl ces a

wi t hout | on ’an’a ’ecul’é “an referab
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tt | ow dielectric. tapt  mat first
pol yrer ARG iFheEh il WAisk Ay DB DL 4 FPPLEO YRR T DB and o

second pol¥iEeileLRlRERD S MHenABt. 3hOEFHcandiiiRIokeEEYRsichsR afdatha éithsie
group, wherein the first and second pol¥ner backbone are crosslinked via

the fi rststadies, dewerst qomnzise o@lygme dgssner 9f thecydgmantanerhased suRAERGRY JpH®Lr abl y
Wi t hout a%‘?c%d' t QPR " 98S!sh thl@ng){lwﬂ%@ 1N B 286miP IBISUEiMARs@AVI Ng

at | east atonms IS coval ently bound east one of the first and
secons baphehplathgnylphenyl)adamantane:




In yet another aspect of the inventive subject matter first and second
backbone are identical, preferably conprise a phenyl group, nore preferably
conpri sewoD @aisyg4ar yl ene et her), and nost preferably conprPEBUS0IE2B6 i t ut ed
resorcinol, a substituted tolane, or a substituted 1 S phenol as aromatic
noiety. In other preferred aspects, the first and second reactive groups
are non-identical and conprise an ethynyl noiety or a tetracycl one noiety,
and the crosslinking reaction is a cycloaddition reaction. Wiile it is
general ly contenpl ated that isonmers of fthe thernosetting nononer are

i ncorporated in a backbone of a polyner, other positions including the
termni and side chains of 20 the pol are al so appropriate. Preferred
" polymers include poly(aryl ene ethers) pol ymers conpri sing, or

consi sting of contenpl ated thernosetti™Rg nononers. Various objects,
features, aspects and advantages of the present invention will becone nore
apparent fromthe foll ow ng detail ed—dz iption of preferred enbodi nents
of the invention, along with th ng ¢derawi ng. 25 WO 02/ 081546 -9
Brief Description of TheI{? ) | e,1 shows sonme of the
representative teachings on fs. Figures | A-1C are

g rers, Figures 2A-2D are
exenpl ary structures for thernposetting nononers conprising sexi 5

phenyl ene. Figures 3A-3C are contemgFalted synthetic schenes for

t hernosetting. Figure 4 is a synth schenme to produce substituted
adamant anes. Figure 5 is a syntheti chenme to produce a | ow nol ecul ar

wei ght polyner Wth pendent cage structures. 10 Figure 6 is a synthetic
schene to produce a | ow nol ecul ar weilht pol yner with pendent cage
structures. Figures 7 shows a synthetic schene to produce thernosetting
nononmers. Figures 8A-B are structuqﬁﬁwﬁﬁeéarious contenpl ated pol yners.
Figures 9A-B are synthetic schenes 10 produce an end-cappi ng nolecule with
pendent 15 cage structures. Figure 10 is schematic structure of a
contenplated | ow dielectric constant material .

In other words, Reichert and Mathias in their individual and joint work contemplate a

5  useful polymér comprising only one isomer form of the target adamantane-based monomer. A
significant problem exists, however, when forming polymers with the single isomer form
(symmetrical “all-para” isomer) 1,3,5,7-tetrakis[(4’-phenylethynyl)phenyl]adamantane of the
adamantane-based monomer.  According to the Reichert dissertation (supra) and
Macromolecules, vol. 27, (pp. 7015-7034) (supra), the symmetrical all-para isomer 1,3,5,7-

10 tetrakis[(4’-phenylethynyl)phenyl]adamantane “was found to be soluble enough in chloroform
that a '"H NMR spectrum could be obtained. However, acquisition times were found to be
impractical for obtaining a solution 3C NMR spectrum.” Thus, the Reichert symmetrical “all-
para” isomer 1,3,5,7-tetrakis[(4 -phenylethynyl)phenyl}adamantane would not be useful in any
application requiring solubility or solvent-based processing, such as flow coating, spin coating, or

15  dip coating.

Although various methods are known in the art to lower the dielectric constant of a
material, all, or almost all of them have disadvantages. Thus, there is still a need in the
semiconductor industry to a) provide improved compositions and methods to lower the dielectric

constant of dielectric layers; b) provide dielectric materials with improved mechanical properties,



Figure 11 is a synthetic schenme for the preparation of an isoneric mxture
of thernosetting nononers. Figure 12 is a synthetic schene for the

pr epar at momondsi1d463, 5, 7-t et r aki s[ 4' 20 (phenyl et hynyl ) phenyptadaosszsene
(p-isoner). WD 02/ 081546 PCT/USO /32569.-10 Detail ed Description As used
herein, the term"low dielectric constant polyner"” refers to an organic,
organonetallic, or inorganic polynmer with a dielectric constant of
approximately 3.0, or lower. As also used herein, the term "backbone"
refers tcueh @o rﬂtengaiostsblhﬂyaglassotralasutmstempemeeﬂgésmd dwurdnesy; anpe) praduee

ol oty wOOTTOPRUH AR e o priig e AR RS o b bGRAATE, T

*the termgpheagrbyRygeduaterinief ers to any aton1 functlonallty, or group
havi ng sufficient reactivity to format |east one covalent bond with

anot her reactive group in a chemcal reaction. The chem cal reaction may
‘take place between two identical, or non 10 identical reactive groups,
whi ch smay be | ocated on the sane or on two separate backbones. It is also
contenplated that the reactive groups rnay react with one or nore than one
secondary or exogenous crosslinking nolecules to crosslink the first and
second backbones. Although crosslinking wthout exogenous crosslinkers
presents various advantages, including reducing the overall nunber of
reactive groups in the polyner, and reducing the nunber of required
reaction 15 steps, crosslinking w thout exogenous crosslinkers has also a
few detrinments. For exanple, the amount of crosslinking functionalities can
typically be no nore adjusted. On the other hand, enploying exogenous
crosslinkers may be advant ageous when the pol ynerization reaction and
crosslinking reaction are chemcally inconpatible. As still further used
herein, the phrases "cage structure", "cage nol ecule", and "cage 20
conpound” are intended to be used interchangeably and refer to a nol ecul e
having at | east eight atons arranged such that at |east one bridge
covalently connects two or nore atons of a ring system In other wrds, a
cage structure, cage nol ecul e or cage conpound conprises a plurality of
rings forned by coval ently bound atons, wherein the structure, nolecule or
conpound defines a volune, such that a point |ocated within the vol une
cannot | eave the volune w thout passing 25 through the ring. The bridge
and/or the ring system may conprise one or nore heteroatons, and nay
contain aromatic, partially saturated, or unsaturated groups. Further
contenpl at ed cage structures include fullerenes, and crown ethers having at
| east one bridge. For exanple, an adamantane or di amantane is considered a
cage structure, while a naphthal ene or an aromatic WO 02/ 081546 -1

PCT/ USOL/ 32569 spi roconpound are not considered a cage structure under the
scope of this definition, because a naphthal ene or an aromatic

spi roconpound do not have one, or nore than one bridge. In a nethod of
producing a |l ow dielectric constant polyner, an isonmeric mxture of a

t hernosetting nononmer is provided, wherein the nononmer has a genera
structure shown in Structure 1: RL /y" R2 Rq R3 (Structure 1)



10 wherein Y is selected froma cage conmpound and a silicon atom and R-,
RZ, R3, and R4 are independently selected froman aryl, a branched aryl,
and an awy enmBiefcher, and wherein at | east one of the arypPCTAURE/f28€nCched
aryl, and the arylene ether has an ethynyl group. In a further step, the

t hernosetting nmononmer mxture is polynerized thereby formng the | ow
dielectric constant polyner, wherein the polynerization reaction conprises
a chem cal reaction of the at |east one 15 ethynyl group. As used herein,
the term"aryl"” w thout further specification nmeans aryl of any type, which
may i ncl maryrof emtien br anched aryl, or an aryl ene ether. Exerrpl ary

structures of thernobsetting nononers that include an adamantane,

- di amant ane, aﬁ?@naarsitcb the Reicherbreselisd whish wpwed amingleralls Pria, nlynylsﬂlanﬂ@enﬂ
respective £l VmePhixiREg® 20 In
anot ner  reeORoRrOahe oS W Jhraftsod8r FEN ERERRR Sl Yot

“t her nosetsbiublp 1ﬁnmne;rgams s<piwems dasla Irﬁsu]t ngtha? djsavers) thstnoudtoageebmd ghmem | n

Structure 2; tructure 2). ..

T/ U0n s nsok A ek ey g aggis VERHGS e il is R, |
sel ect ed JfPIuBEAS. Wurthé, bllslaaéabﬁ@es%huédhe%h RF Y@ BEing tHeReichB etaRintiktge (NO
substituent at the particu | ocation), and wherein each of the aryl, the

br anched lattoyhepramtmdvel @gyb@qqélsem%mlmve at | east one ethynyl group. In a
subsequent step, the thernosetting nonomer is polynerized thereby formng a
| ow di el ectri engo @l%p?&teanme\ﬁﬁgx{ is g&eﬂﬂ?ﬁﬁé&e&@imélb&ﬁ& p&AYImES Biat doRiprise

conprises a chem’cal” reaction of "the at |east one ethynyl group. enpl ary
st ruct ur e least ok erga@swﬂtmqi@ulmm cerapasind prgt to mediodeiel produsing ghese lgfylicdectric

hexasypst i t ex ne.ar Dt of
respe ivcgfléi E% g’ﬂ%sp {%Xm@ m?‘rlﬁe%lgir%mﬁésjﬁws allg 55%&1%%03@81\%%?29 %ﬁfét lres 1

and 2, e ?&sdﬁt Diverstig, WsmricomswdﬂtMDsettmglmemeeanhexmrﬂpﬂ lamyonsaymt hetic

strategies for Structures 1 gnd 2 are_shown in g{ ‘%ﬁ’t es 3A-3C, |gtjre 3A

and Exa_rrri‘!aée 8 cqEFage strugire gad @ mlgaldy of grms s Rray %ﬁ? & TEOPEG TS

gener at i ofleQfosGAN SRbALRGS LRSMBEE], WHELIARROMBNHeratith pfocadassRplidRe as a

cage corrpounc? i n°which a broriparené is phenyl et h¥n ylated in a palladium

cat al yzedreidgiok of saethynyh gropp fhat is 1%&%%&??@" C(ni)aﬁll§ Besnameed to

1, 3,5, 7-tetrabronpadanmant ane (TBA) (2) follow ng a procedure previously

desc §3 ed (J. &Qagelatg' ct%ﬁthe %Q&w’éﬂﬁgec@ 111%3& th@&’or@ﬁl:hlcﬁire 1s@c§§e c@ﬁlﬁo@dl bert,
TBA I's reac ed wth phenyl "brom d eto yi el

1 3 5 7 tmdrpae(f@ofe&am@mptyéu’o;dnymdamémmi@w(eﬁspﬁels qlac) Pfa@ﬂé‘éﬁ’é‘fwllf&fh? gpre

Macr onol ecul es 7015- J.,
and TBPA { C?ﬁ%@@qdﬁg%f?nﬁpoﬁeécatteé?w OlPglesu Eﬁgt utegg'ng%%y yl ar y: rﬂ|ln aéF

pal | adi umiaatued jz @t atye cbmpamdy itds pfafrtedwhatgalls ofathe saruis hevsc an othyp @rewur es t o
yield tetra(aryl et hynyI henyl adamant . _Exanpl e oes,on.to show t he
di f f er encB@egalixsepcplate E? W“erﬂaﬁge é‘?%‘%ﬁﬁ?}gﬁ ‘%@%CPI%&I&III g

Backgs un&x?ﬁ@ﬁ VI aeﬂlq te%cﬁﬁf't SoHRIn@I A CAMDB OHBRge Ok f)lﬁBﬁy]éﬂ@ﬁ)ﬂﬂienyll;lV&‘nt i on.

The pal | adi cataly k reaction rnay also be utilized for _the
synt hesi sp@ﬂlylaﬂlb'méphms]éthw}ﬁ@eﬁﬂnonera wi t Phepyiedhaylenxiphend as 38 ar ofmti ¢
portion a 2D, in which a tetrabronosexi phenyl ene and a
hexabr ono g)%hﬁﬁfg"n%/ gg%@gpté%tl vely, is reacted with an ethynyl aryl
conpound to yield the desired corresBondlng t hernosetti ng 25 nononer.
Exanpl e 5 al solnghother asprot ¢fdhe invantivggy mwt@ﬁﬂbééﬁgﬁéﬁimﬁwrﬁﬁi@u&ﬁ@nﬁs? ow
dielectric con tant REGyimdi ng a
cheni cal F‘ﬂ’ﬁ%‘f‘ et ?\%sﬁ%‘éﬂ da}m!rltg%f ﬁ&qﬁ&lﬁg@m%ﬁbmp&dl%andﬂ@)w !

25  adamantane or diamantane may be a part of the backbone as a pendent group or such that the

cage structure has a tetrahedral or polyhedral configuration.

In another aspect of the inventive subject matter, the polymerization of the isomeric

mixture of the thermosetting monomers includes a reaction on more than one ethynyl group of at



30 WO 02/ 081546 PCT/ US01/ 32569 -13 Rf Pa~ys'RR2 5 wherein Y is selected
froma cage conpound, and R~-, R~, R3, and R4 are independently reactive
groups, wswusdp/@ssdgrom ne, fluorine, ethynyl groups, along RPCTASéRse® gr oups
al ready defined herein; (b) converting tkhe chemi cal reactant to a

t hernosetting nononer internmediate; (c) subjecting the thernosetting
nmononmer internediate to a fresh reagent solution and a fresh catalyst to
produce a thernosetting nononmer, wherein the catal yst conprises Al Br3 or
Al O 3; anrerst ong ayngraery pEFPRbLY Pt fece Hlmy SORPS 52 r?Bné%eet%F’ead’s‘} 18%ni ng
the | ow dj F1.CyiC i . AN:Tel i a
chor cal IraaEFy ShanCARRhFPouBPIR! on MSHE T PRLHIEY) SRl ARl 3Ethe

. conver t edntentive $upgbcomytery fhatpolynmdaatontreastion e pladeswithig peptieipation of an

t ransfor .1l nto t her goset t.i,ng _nononmer._jn.a.nu hilic aromatic
substit ug‘lggwo?%&o??%ﬁ.angﬁr%%bdy ZURESS arcgﬂiof ﬁu?%r%%%ﬁg'r ated from adanant ane

(1) as previously described, and 15 further reacted in an electrophilic
t et rasubst it ufin get anbthér ppenolf theanydnglel subject matter, spin-on low dielectric constant

o S SR Bl SRS SRR SR ol b TR

1,3, 5, 7- tRbdpakhdd scb pdr?ﬂﬁé}%mwaﬁé\whh afl aromntiaAidPand o6l eafivé glolpier be

reacted wth BBr3 todl el d THPA 7)1(]9 THPA can then be _ reacted in various
(2%

nucl eophiwheeeimthe fisat ped seaen nolymer brrkbeneere @asslinkediyiathe fishanddeqond peiiitonat i cs
in the pr of ) . j i i ol res

o g L e D D e B e er
Gor dord artruBnedehinBubldasthidr soms SRNvAle8Atond tat(yast onepofchieifrst adesecensi r ed

t her m)settid%% nononers, or THPA may be reacted with 4-hal o-4'-fluorotol ane
(with hal BEBPGY ) in a standard aromatic substitution reaction (e.g.,

Engi neering Plastics, supra) to yield

1, 3, 5, 7- t et r alth gét3anotiel 4spetthell thp hremytivet supjepl npine fastydnd hreoond jaddwantene L) .
In further alternative reactions,. various 25, alternative reactant y al so
bo uti |1 AAECE) HERELL comERg f REFHEHR TG HEGHB ETPEre s PRI hged

nucl eophi Gy &k ?f@érmy ShiStlidel hibOHiuted 6sbicad], BYLbAER BSland, o b Z6tktituteda
synthesis of a thernosetting nononmer with a sexi phenyl ene as the aromatic
portibn agheords eroawtit moftyy Jp ethprpreferredpipedis. seoditshnd ppcond reasti yegmeuPE ™ni t h
4-t1 uorot,ol ape ! ' Bt ety LR IHe CRdsMinki

phl or ogl ur%}nﬁ@%ﬁ%@yaﬂgggﬁﬁgg%e?agda?frﬁgﬁg{e%ﬁg}1595;?0mitjEi C etggtz)isti teut isoh ;negacti on
with 4-[ 4e@fiof id axyclopdiition ®edipny| ) phenyl et hynyl ] benzene to yield
1,3,5-tris{4' -[4"-(phenyl et hynyl ) phenyl ethynyl]phenoxy} benzene. WO

02/ 0815a6 PCT/ 1.325 -4 o;}gg ' - Sl L om an
exenpl ary pr ef‘gfr%%%ﬁ ) gl?%%lfs'i %o\ﬁ\g%g?zartr%p??{:gg%ﬁe%t e ?El%lr—élgsueﬁg%3 é,nﬁ?{r%r \%}ﬁ ch

br ono( pheinydrpdrhigdinl a)tackbvat ofa miymmeer, (8eer posttions imemding thd terhonitahésidechrims pOndi ng

(phenyl et hynyl Yaryl lithium ar 10), .which are subsequeptly reacted wth
P o B Plhinate ot A apeR PRt MR SH AR I Bt aseBBb e

NONOMEr  Wigktpriding] dric6 Rtk @it dfenthlRe LRa1EAAROMBEbmN. (Vasiu@d bbidets| featdfesf er red
that the cage conmpound is a silicon atom_an adamantane or di a% tane, in

al t er nat | 3spechsind @dwniges ¢fdhs proseptinVBtieY BilbRecomea MmO aPpiIsht fis the O™ pounds
ot her th Hgtmna&ep ' R i £ @PikieEhe Hecolnbagiul d be
especi al ﬁd}tag%%?g% ted tﬁ%%nfhh%%hg@gslgrtﬁesﬁgﬁﬁgnﬁ%mi guratigltrg of the
cage conpdmawodhgi n conbi nation with the overall 10 length of the arns R--R4
or R~-R 6 wll determ ne several of the physical and nechanical properties
arid &pe size of voids, if voids are desirable and suitable, in the final

| ow di'el ectric constant polynmer (by steric effect). Therefore, where
relatively small cage conpounds are desirable, substituted and derivatized
adamant anes, di amantanes, and relatively small, bridged cyclic aliphatic
and aromatic conpounds (with typically less than 15 atons) are
contenplated. In 15 contrast, in cases where | arger cage conpounds are
desirabl e, larger bridged cyclic aliphatic and aromati ¢ conpounds (wth
typically nore than 15 atons) and full erenes are contenpl ated. Contenpl ated
cage conmpounds need not necessarily be limted to being conprised solely of
carbon atons, but may al so include heteroatons such as N, S, O P, etc.

Het er oat ons may advant ageously introduce non-tetragonal bond angle
configurations, which may in turn enable 20 coval ent attachnment of arns
R-R4d or R 1-R 6 at additional bond angles. Wth respect to




substituents and derivatizations of contenpl ated cage conpounds, it should
be recogni zed that many substituents and derivatizations are appropriate.
For exanplaeg2/osihese t he cage conpounds are rel atively hydr pEhoBe1€32569

hydr ophi |l i c substituents may be introduced to increase solubility in
hydrophilic solvents, or vice versa. Alternatively, in cases where polarity
is desired, polar side 25 groups nmay be added to the cage conpound. It is
further contenplated that appropriate substituents may al so incl ude

t her mol abi | e groups nucIeophrIrc and el ectrophilic groups. It should also

be appre IEgroups may be utilized in the cage conpound

(e.g., to facil tate crossl ing reaction der don reactions,
“etc.). Were {Fﬁlge ¢ 5 W%%?Wﬁ&gﬂ&relg?s&ma‘m%“ﬁ%an (t“t&lF]éatEgB’é’EeP

contenpl ated that derivatizations include hal ogenation of the cage 30
conmpound, andrpardsilau] @aleYomeaplated egudnatofgethsrmadsettihg monomersand br omi ne.

WO 021 081546 P /USCH/32569 15 Where the t hernosetti ng nononer has an aryl
coupled to th n% ﬁ shown in ructu& 2, it is %%eterreg t hat
the aryl corrp a‘%éﬁﬁxe’&’ B TuChgs fOE HegmoseHe MOMSTSPIPHEEE Y5t t he
aryl iss @ ,I group or a sexiphenylene. In alternative aspects of the
|nvent|v subject matter, it is contenplated that various aryl conpounds

ot her than a phenyl group or sexrphenylene are al so. appropri at e,

i ncl udi ng subgtﬁuf%@é”d“aﬁ’d CG%@B@WFmﬂQHwE? lemep, fpr foarmeselingc ar omati c
conpounds. Substituted and unsubstituted bi- and polycyclic aromatic
conpounds ar e pRakd 4 G SHhith¥icAdNaR 1B PesASe subkiRied hiveipaned size of the
thernosetting nononmer is preferred. For exanple, where it is desirable that
alternative aryls extend in one di nensi on nnr t han | ot her, di mensi on,
napht haI ene, PN tsm%ﬁ@etlcaﬁﬂe%@wr@e&?r@%'rfa olgcHlar; q\ét’? oWt rpl ated. 1n
ot her éﬁ §uig@ﬁ%&hk§ is desirable that alternative aryls extend
symetri y, polycyclic aryls such as a coronene are contenplated. In
especially preferred aspects, contenplated bi- and polycyclic aryls have
conj udat ed ar Sieairs ¢ ispyaynibpfe scheame tedyodyee Hioy helecylaoreighs PRmET Wk oms. Wi t h
respect &g@ EH&#&@? and derivatizations of contenplated aryls, the
same con derations apply as for cage conmpounds, as discussed herein. 15
Wth respect tothe arms R—-R4 and R ,-R 6, it is preferred that R-R4 are
i ndi vi dual | y $gueestTedhows éﬁylr}h?tlaﬁ%hemeao brpéw@mmarewng TBYPPIEES- ar yl ene et her,

Aripf g

and R ~-R 6 are individually selected froman aryl, a branched aryl, and
an aryl ene et Ry }dpNg: sbRtes beldrRs cd?ﬁé’rﬁﬂl&éﬂﬁdlﬁﬂﬂeﬁont enpl at ed aryls for
R~-R4 and R ~ ~ i nclude aryIs havi ng a phenyl et hynyl phenyl ,.

phenylethynylphenylethynylphen and a phenyl et hynyl phenyl noi ety.
Especi al |y 20 fgusdséthe Bd‘TQa?rYWhé‘i*\%SCb? &' p¥%&?ﬁ?&€“§ﬁéﬂ9‘%‘t‘ﬁ‘§ﬁ‘i}$ Hgﬁ?}}dﬁhte nyl
ether]:5 qhgé% RRid ve aspects of the inventive subject matter, appropriate
arnms oOf t ernDsettrng nmonomner isomers need not be limted to an aryl, a
branched aryl, and an arylene ether, so Ion% as alternatrve arms R -R4 and
R ~-R 6 conpdigie 40 issaksmatie S‘@W@U?)Ofaamt@tpl wlicleqidc ¢rastapanatetial on of

t he thernDsettlng nonomer conprises a reaction involving the reactive
group. 25 For P? 184 E%Rﬁtﬁ&ﬁ:l &dnefle %miherrgbé pRBtioE blanVRbMerih @liktudd b no
nore than six ons, may or may not Dbe carbon atoms. Such short arns
may be egmenuaﬂhygammmnuageous where voids or pores are desirable to add to
the final product or nmaterial and the size of voids needs to be relatively
small. In cont r a 0 efery . s may
conprise a ol |f{3 rr%r 1%,?{% g &rrer%\%\n %({1%%1%489 ”%r%%{e%nglti oér)rig ! %ggstéeﬁﬁgﬁg ar s
can bﬂ)ad@hﬂbﬁ@gmubmmnﬁﬁémmgﬂm@ﬂpﬂwmmwter|aI stability, thermal stability
or even porosity, as conpared to the snaller arns. WO 02/ 081546

‘PCT/ USOL/ 32569 -16 Furthernore, the length as well as the chem cal
conposition of the arns covalently coupled to the contenpl ated

t hernosetti ng nononers nay vary within one nononer. For exanple, a cage
conpound ‘may have two relatively short arns and two relatively long arnms to
pronote di mensional growth in a particular direction during polynerization.
I n anot her exanple, a cage 5 conpound nmay have two arnms chemcally .
distinct fromanother two arns to pronote regi osel ective derivatization
reactions. Wiile it is preferred that all of the arns in a thernosetting
nononer have at |east one reactive group, in alternative aspects |ess than
all of the arns need to have a reactive group. Fox exanple, a cage conpound
may have four arnms, and only three or two of the arns carry a 10 reactive
group. Alternatively, an aryl in a thernosetting nononer may have three
arms wherein only two or one armhas a reactive group. It is generally

cont enpl at ed that the nunber of reactive groups in each of the ar ms R - R4

Y -~ o~ L Y T T I Y T [T 1 . 4 '



cycloaddition reaction and a particularly preferred reactive group i s an

ethynyl group. In addition to reactive groups in the arns, other groups,

i ncl udi ngwg eprstisgsenal groups nay al so be included into therar/wsol/i2669

exanpl e, where addition of particular funectionalities (e.g., a 25

t hernol abil e portion) after the polynerization of the thernosetti ng nononer

into a polyner is desirable, such functionalities may be coval ently bound

to the functional groups. The thernpsetting nononers, nononer m xtures and

i somer m xtures can be polynerized by a |large variety of nechani sns, and

t he act udletatled DeserdpHalx  pol yneri zati on predom nantly depends on the
reactive group that partici es i n the pol rization process. VO

- 02/ 0815. 1G PCHs Lsgdhersis gy t?f%%w @w@%&cpg%ﬁ S@P@th‘%@“ﬁ‘g%’h%{ﬁ?’%%rﬁaﬂ%ﬂ ude

nucl eophigldifyic, 81 Hi6HehME Bbl}yin@r Witita BEICOHEL EdnsGHRTapirbkinARsy 3. addiokie M also

elimnations, radical polynerization reactions, and cycloaddition reaction,

"and a pamsédcheran. the frafbackbehed siformia ¢ sentiguersiplain of plomsios meictior foEmgia i on

t hat i.nvaol yes .at_ | r kg arns.

For exampPimern S B8 Sp ol ol P lap (AR & any CFTHe A0 Smbies

aryl, a hbicahtheadt anyterenidnafithecidizne et her, in which at |east three of the

aryl, the branched aryl, and the arylene ether have a single ethynyl group,

t he pol ynerizati of the nononer. . r_ni n c mexture into

the pol ymer  mdy Cdieereelat Ry B Bl it SR oyt e s B Bl o

react i on)grétfp Havink e@stichtieaevie tb Yoty at astops covalenttat hith asotherpdactived group

t hernosetti ng npnomer wherein all of the aryl, the branche ryl, and the
10 aryl erie a@gﬁéﬁcalaﬁe?ﬁéloﬁ-aw “é‘e@icﬁb{eé"t@f’ H’}aﬁ’ﬁ‘ked?lwg’,et‘i'%@ %8 I"gf’ﬁrg?a?{’zoétnf”&_n
Proces mﬁtlgﬂqurcrﬁtg%rgﬂ%}s’@hflaﬁgﬁ% bé RBatk EAFhE Mind droft twésdpBR aatboh@aRid on) of

all of the ethyny ~other exanples, cycloaddition reaction (e.g.,
a Di el s- Allsdeontempbiaddhit theseadive grovpe mag exacwitie o orynorg thameng secapdareelst one

f the th 1] i i ot
oL o SRS, FERATRL o Ao he A%k, ypol™

meri zatron o rmosettin
nmononer s dr@kkskin wigeuybiogensus dibsstiakers regeatsivarious hdantagaddineldingreduririgdleu| e

(e.g., acrosslinker), preferably as a cyc]oadditjon reaction hetween

react i ve QPG pamser offrer ?‘EHSHQ%‘HB SMEr gmi rg&wgetbe mfrﬁbeéf){rg?ur]irae? ir??\é\ﬁ(gls pect s

of the i ny&atd sl wiloulBideBlous 6lodstkérn k@Y afsoiBiyw @etrinientsi P dxdmpleamal ent |y

couple a thernosetting nono ner to a pol Such coval ent COUplqu?:ﬁ may
cti onal

t hereby eimdvat oforresstinkieg iaetionalitieseen ib(pécaé{frgra Bo arde adipsed, Ry the pthar |
group and g @%%%Jn@h%no%&’cm?@é gy Q%dﬂzﬁﬁaémﬁmff@n%ﬂa Sy R E reAcibh 9 Of the

t her nosettin r, reaction conditions may vary considerably. For
exanpl e, onbwslisking reactionere dhempelly imeorngaittleby a cycl oadditi on reacti on
utilizing an ethynyl group of at | east one of the arns, heating.of the

t hernosetting [ 2 eat.olo £0cAbOWg 43edi N 1S
general |y suf f%&@%&h‘%ﬁmg@ﬁ{rg&@E’%ﬁge/erse5%3%%%rr’er ées pgfym’sri ze_dg by a
radi czl r@agoumiy, arsidtthdddio bofised ird&Gchaaghiablyland teferttes motegull bavipgnt tpestieight .

Preferred pol ynerizatio hods and technigues a set _for i

exanpl es.atgrﬂ%g’i‘%?‘frﬂ?btt{‘]ﬁt Hg‘t"'??g ﬁﬁﬁwgﬁ’ggﬁﬁﬁva&e@t 6’8%?38{3%59 Oéﬁnf%p%gﬁ% Qﬁnﬁgg‘ on
the pol yr%teﬁ@ﬁk&ﬁ&@vqr&d}%dg@ btngtnirb)@agdeahisltduliSoresgexdmpomiddomptises B phifalithe
pol ymer. ~used herein, the term "backbone" refers to_a cont h@ﬁg chain
of atoms @iringsfosmedly doyplmrthypoandriepmBhpisindhe sipefuteapleclerT CoRY afrle%o

bound suchdifial, sh MY nofh 1236 thixfife RS ool BivE ke WALy RIRGUbssihd
interruption o e chain. _

25  through thering. The bridge and/or the ring system may comprise one or more heteroatoms, and

may contain aromatic, partially saturated, or unsaturated groups. Further contemplated cage

structures include fullerenes, and crown ethers having at least one bridge. For example, an

adamantane or diamantane is considered a cage structure, while a naphthalene or an aromatic



WO 02/ 081546 PCT/ USOL/ 32569 -1s Contenpl ated pol ynmers include a |arge
variety of polynmer types such as polyi m des, polystyrenes, polyam des, etc.
However , wo ov/@1especi al | y contenpl ated that the pol yner cbBapuSeEsRsed

pol yaryl ene, nore preferably a poly(arylane ether). In an even nore
preferred aspect, the polyner is fabricated at least in part fromthe

t hernosetting nononer, and it is particularly contenplated that the polyner
is entirely fabricated fromisonmers of the thernoset}i n%Fm)no r. In an

especi al Iswl@@mpen@i ate Bef cansidassd a598¢ SN widehc srops ehthiy dpiinitony geausea j n

whi ch AD i etylene is a
Starti ng TONBaG o ap e IR Ao (B URAL NG PP e WHRE D)
-1,3,5,7-tetral ci s[ 3' /4" - (phenyl et hynyl ) phenyl | adamant ane. Al ternatively,
phenyl acet yl erlmaa:rwthdd@fmmdlﬂwgedow BleleCVICtC@nStal(tWh@ﬁvrséﬂhwlyﬁhé‘t‘#fﬂ Hreoni de

10 that subsequent react ed,( i form
" 4( phenyl etg‘ﬂ %“%ﬂ‘é‘ﬁ(}?’ et 910%%(1 ‘gliﬁ%ﬁl%%enm{) mtt})lgy% c%deg&'?%%%g\ﬁi%
phenylset r‘s/tplydtﬁ)nemyl acetylene to 1,3,5,7-tetralcis {3'14'-

[ 4" - (phenyl et hynyl ) phenyl et hynyl ] phenyl } - adamant ane. In a further extension
reaction, phenylethynyl phenyl acetyl eneR;s reacted (B2 with

1- br ono- 4-i odobenzene to form |

4-[ 4' - (phenyl et hynyl ) phenyl et hynyl ] phe 3@--@(2om' de that is further converted
(C2) to 4 15 [4' - (phenyl et hynyl ) phe®yl et Byl ] acetyl ene. The so formed '
4-[ 4' (phenyl et hynyl ) phenyl et hynyl ] acetyl ene may then be reacted (A3) with
TBA to yield

1,3,5 7tetralcis-~3'"/4"-[4"- (phﬁwcuretl ynyl ) phenyl et hynyl ) phenyl et hynyl
] phenyl } adamant ane. The ther m)settl g nononers and isoneric m xtures of
the contenpl ated thernosetti ng nononers according to the inventive subject
matter nmay be utilized in a di electric layer of an 20 el ectronic device,

vvhere preferred dje tri I C ayershvea Le tri nt__af, | ess t han
L o PiFafhrf beelefid fom. £ el ot Ardae i Pl gfd R Rl o8

Ther ef or emd@peﬁ&ﬁm? BREASEROE b GilyT, la Ofincltbd oyt emtfray allynmh uﬂ:ler add wmﬁn atdmst

dielectric layer, wherein the dielectric Ia%/er C |ses a B‘é%%}gf h

f abri cat eenefof Bmaatl thehianchedarylppndihg supnpsdher ?Sﬁ‘ﬁ gEupdpa P ononer

m xture F 15%4%»/185& iRconskAnd R3
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the aryl ene ether has an et I fi cal rred

spi n-on | Bihermoseting F’S“%ﬂ%%h% lr’fg?@f%ﬁfngm@%% 615 Wagtaﬁ%cf“ r?%lrc ?sfgtﬁ% eligfl rst
and secong,RAGK Pipafes 1) $BLINA 1T, rdspREVeIR MheRACKD Rt tRIWesEzoto alfyé,af y| ene
ether) with two pendent adamant ane groups, respectively, as cage structures
as shown mereSt ructures 3A-B (only one repeating unit of the backbone is
shown). These |ow dielectric constant nmaterials generally conprise the

foll 0?6 Ng repegt e ﬂie&hod]& Frbdi¥ein8- aﬂow Eﬁele&r%ﬁﬁéﬁ pBlyhfer,3 thermosetting
phenyladamant ane or phenyl di amant ane pol yner (where n =1-3) and wherein x =
1-103, R oonpnérseprosided badng ogesehsmpluragsshpwn inyrygtuge2: 5 phenyl group.

Mor e speci fi cal I Y, it |s contenpl ated that B conprises: 15 ~(Adamantane)p
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(Structure 2)



co\ / _ [/ c-c/ \ The first and second aromatic noieties conprise a phenyl
group, and the first and second reactive groups are an ethynyl and a
tetracycihwanex/osnsset y, respectively, which react in a D el sA¢TiesowRasst i on to
cross-link the backbones. Preferred crosglinking conditions are heating the
poly(aryl ene ether) backbones to a tenperature of about 200C- 250C or
greater for WO 02/ 081546 PCT/ USOL/ 32569 -20 approxi mately 30-180 m nutes.
Structure 3B can be synthesized as, general I?/ outlined in Exanples_1-3

bel ow. Stwhgesinheisan ayl-and &'1<R'e-arg ipdependently sglegtedl fromppan aryd, g orprched aryliafr e 3B
In alter i I t : i
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- physi co- diesiriehtd avylopeinbd agemfettehbaviiatiadst dupwetildyldraipelntasibsegesntstepathe

materi al ., Consequently, when relatiyvel i gh Tg,is.desi.red. .inor [ C

mat eri al @W@Seggﬁe‘e?’é{ﬁ? % BMWegttéﬁ?ﬁl}i ﬂ’@%ﬂﬁl ar%bo“f %fr% gRRicensyEy % ﬁg’r% rs‘l’ L

' CONPr isSi Rehefdid pAIphRizb i) ction enirisad 4 dHeadabrefotibad 05the atll¢astums etynyh gioep.
flexibility, ease of processing, or |ow stress/ TCE, etc. i f‘l re ui,reg,

organi c poeyRErssErETE s thenpessiiog monemsrs Hajaciader et and,a hexasyhstipte
applicati : | £A ] i romati c polyi m des,
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wei ght polyners with a nol ecul ar wei ﬁht of approximately 1000 to 10000, the
chai n | engt h Jhemresetting menaseess, segeoprallpgioymin Peudgesdnddsmanle Rygyiged by

consi derapl y be 201 LG LR lf]x&ﬁh'
repeati ngvaﬁ%{) Pt S&?’%@ﬁ%“’r‘%{oeg’:a?‘d %geg#p z’aﬁ @é‘ﬂgggﬁ%%%éééqgﬁ%ug@%ﬁg}s{?g 2115 ® ron%n
MoNoON®r s Figur@3 A30Riguee 3A bsd Exantplofdepioacind dascribesh efomrdbdynihetionttedorar e
shown by way of exanple in Figures 5 and 6. It is_further contenpl ated 20
hat Tt dhegerepion iR i) erSereBBE iy MLy He POTETRES prace
crossl i nkgghatnd fdaticH 4brBRbdrenc SHRANBMI A4 inb polldIaskReNRRd MYk BActien be

synt hesi zed in-situ from nononers. Appropriate nononers nay preferably

i ncl ude dfitstradansaniing pih)eiracbrqmin@tecirtmbaég-tai_g@rmwda@mawedﬁ&ﬁ)dzb@i’rﬁw&és, _
whi ch may g%}ifrﬁgfe%ggglp ggsrcﬁ‘ﬁk% (FRALICIRM, hylishds 5aee A8 GISoHEL 4emd difocks agal 0

cont enpl at I'ate nononers and 1 soneric xtures may have or 25
conprisse BED)EIBAachcadd vathphetyd beomidhiogheldit 3,55 teta@id-mwainbyheddirdementatien

Structures, 4A | n, general . Struct ur , i gL S a
cage str L@Pﬁ&?@, asaiir‘?gcrg’f:‘g & mf‘\fé)cc gs’dﬁgg%@éﬁ?@é%ﬁq&ﬁ}g‘ggﬁfﬁ %‘Zd an
aromat i C ¥IQhiak NI 24 FBFERGhbGuedilPtHactedyeth @istibstitutddesdisinylane ird pdllagium WO

02/ 081546 PCT/ US01/ 32569 -21 ) .
catalyzed Heck reaction following standard reaction procedures to yield tetra(arylethynyl-

Yphenyladamantane (5). Example 5 goes on to show the differences between the Reichert work
20  and compound described in the Background Section and the contemplated compounds of the
present invention. The palladium-catalyzed Heck reaction may also be utilized for the synthesis
of a thermosetting monomer with a sexiphenylene as the aromatic portion as shown in Figures
2A-2D, in which a tetrabromosexiphenylene and a hexabromosexiphenylene, respectively, is
reacted with an ethynylaryl compound to yield the desired corresponding  thermosetting

25 monomer.

Example 5 also shows another contemplated embodiment of producing a low dielectric
constant polymer, which comprises the steps of: (a) providing a chemical reactant having the

structure:

30



reactive groups of a first nononer reacts with at | east one of the reactive
group of a second nononer to produce a low dielectric constant polyner. In
general Stooxdsese 4B a cage structure, preferably an adanR@T/@iRel/32569 coupl ed
to four aromatic portions which may pariisei pate in polynerization, and
wherein R -R4 may be identical or different. RL G ~~~R 2 R4 R3 Structure
4A 10 RIRzR3 Swcture 4B Wien nononers with tetrahedral structure are used,
the cage structure will coval ently connect four backbones in a three
di mensi onal configuration. An exenm®sary nonomer with tetrahedral structure
and its synthesis. is shown in Figue 7. It should further be appreciated
that alternative nononers need ngﬂ/ &Rbimited to conpounds with a
~substituted or unsubstituted 15 amait ane as a cage structure, but nmay
al so conprise a substituted or unsubstituted di amantane, or fullerene as a
cage structure. Contenpl ated substituents include al kyls, aryls, hal ogens,
“and f gnctiierad YQs @setd floar a @xa tqhmundandBg RayRamel Ryeye inderpodsitly reattisd with a
-CF3 group, a phenyl group, -COOH, -NO2, or, -F, - or -Br n ently,
dependi n@Rst peh @k Erﬁ“tf%?’ fh‘&f‘ﬁ‘?’ SHYpY RS ajang Pith ??‘t?? @ro‘\Vérair%qgo d%ﬁ ers
other th lefirPLtB) %ﬁ%tlg%mﬁérm@me&% Rea WeB6RaMHgt MotdReer GRERARIG(ECE Ur €.
For exanple, where a relatively | ow degree of crosslinking, through cage
st ruct ur esbjegfingeth¢ rlecmoa@ﬁ@gtrnonomeéent@rmﬁﬁtq te pbesh; rspgenheguting andi R ERYd t o
the cage aff a}étctg Etro%ueevmﬁ& Qﬁ(tttu%hén oﬂféﬁ%h%reéﬁﬁéda% _t%ﬁt?bn?ers ATBY oPRfChC&HE)“ se a
reactive gfr or crosslinkir n cases ere Higher degreés of
crossloi nktin golymexﬁrzmg etier thdrmdsettiag anshomer meen’og nfatming plg tovo rdselwa}c prstant ached
to a cage ﬁlructure erei.n all or al ‘glo E\ ¢ %H] aro m portlons
carry ondOSfmeho¥ReTiR BAYBREZIBECOUINISES § Aegii5ac Eﬂro S rﬁ) g
contenpl ated that aromatic portions attached to a central cage structure
may carry ot heyitefageelgt TBAL tHnebe cowhvertel o hh@dmgﬂytateduadamaﬂmne;myhlbie is
identical to the central cage structure, % e @lre u;bferent For
Hy'eop

exanpl e, sebisaesRdly feesdormsA Siep QCWG“‘HWOW@S‘EL IBEEP Y have a
fuller enereg; gﬁ 17 FigdeL 88 ers 2 (B[ OkhEGted bRl ddhihRAnk (D) 4 Brevitiifg deRfibed, @it i C

portions, a diamantane I'n the aromatic portions. Thus, contenpl ated
cage Eir ufuttbnresactt:éyn wecleatipahibin tatpsubsiitaion witlsphenelde yighidl, 3 addritpkist¥thdne, or

to mre tas %nm)gafnka%ns@%}tﬂ%@{@g@ﬁ.&%&g@&%artrm&etcts@wn Gni9dle tdhe

aromatic iI's C ropriate aromatic portions
conpri se g’tvepne,rsyﬂ-tegatlas(@’ﬂ’andhmphaenpr)mfamaaﬂahq/(& piienydn fgrtburbeamstt@! wighact i ve

group. For_ex tic _po t|o o
Cohony! corpmgpHe TPk g5 SEEA dof o bt el v P BhUR D PR sustinedon w1 e
tol anes nRY.ieRNMRith S8t HIRBAbmRINANY thedpresthse 60y YarbsnarRenigoine

tol ane via carbon-carbon bonds, or carbon-non-carpbon atom bonds |ncI udi ng

doubl 20 andansaisprgreduesigiss Enginprring Plagiigso-A Handbeek ek Polyasylgfhers gpR . Cgtter,
cont empl a6toRG6q BRACIPLSHAS! 1SBRY 2.80RAANL GEGRdEE HEldISRE) hamodape! ed Dy

way of exanple in gure I'n which di amant ane s are utilized as
pendent gmongmsers, bt TERS miay bbeeaetquwéb ﬂdﬂ@bé’-ﬂhmlﬂec (thtrmtoqgewd) ing stendyed
structures are n di a I d

al ternati VBmﬁtécg%‘ggtt‘r'tt?&rﬁarc gn {)erﬁi’}l%g neer r}fl%ﬂ‘gsn%‘-p né?ct{) ?ire e 35’532% ﬁ@
adamant anﬁ”gn@mmylethﬁfy@mﬁ@aﬁy]gteﬂupalammdaﬂat_)l hrfmtt&saltemaavqremduem, wlohgl

reasonabl e conbi nation. 15 Subslﬁl tutions rrg% i nt.roduced i rgt &t age
st r uctur edlternitixpsadanihiapealso beatiizedip gencwty t ‘thrr“tc?at‘Bg(?‘B‘é‘t“i‘V% Sl e y

ot her phys|RphifleFofdtic RLAREHd Bitidh Raf!HSd beaflilizekl 18 b 8frithesis o@@ﬂ%ﬁﬁﬁ%btﬁh@d
monomer with a sexiphenylene as the aromatic portion as depicted in Figure 2D, in which
sexipttenylene is reacted with 4-fluorotolane to produce a thermosetting monomer. Alternatively,
phloroglucinol may be reacted in a standard aromatic substitution reaction with 4-[4’-
30  (fluorophenylethynyl)phenylethynyllbenzene to yield 1,3,5-tris{4°-[4”-(phenylethynyl)phenyl-
ethynyl]phenoxy}benzene.



substitutions include hal ogens, alkyl, aryl, and al kenyl groups, but also
functional and pol ar groups including esters, acid groups, nitro and am no
groups, oloz@iswrth. It should al so be appreciated that PEFUSAKIBEhes need
not be identical. In sone aspects of 20-si-ternative enbodi nents, two, or
nore than two chemcally distinct backbones may be utilized to fabricate a
| ow dielectric constant naterial, as long as the alternative |low dielectric
constant material conprises first and second ?@gkbonﬁ%egavi n

.2 an aroenmatic
noi ety, a readVhsyethgFeagsompAdds 3 HEePn ANy Gl AP BRRAPE S%}ﬂ%ﬁ S‘%mfﬁse

backbpne-dewcﬁeﬁ if P%HF&%C R whitg bf&nﬂﬁ%ﬂeﬁ?leﬂ?ﬂl}aﬁmiatﬁc bfingdO)r6 Bitivalietnfoltikd  many
reactive groups other 25 than an et hynyl "group and a tetraCécI one_group may
“be util i zedespeoding (niemdethyrydemyHithives armas(ds), wagareme%}@eﬂymc dpathsigers| i nk

first and_second bac es W t hou Lk ek JFar nexanpl e,
appr opr i 3?%30?‘@5‘8? ?c(/%lélgSgeu‘?)eglr?&ngcl?ru%%&@éﬁ%%g%%@%%ﬁ wltpﬁ%gﬁgt %‘éor exanpl e,
“a firsg rgpetdnywugd.oup nmay conprise an electrophile, while a second

reactive group nay conprise a nucleophile. It is further contenpl ated that

t he nunber of yreactive grou redom nant | epen

PCT/ USOL/ 3256 h95eth 1 1% 8’539?‘%3 thAL e A6 F‘ixm%‘?{‘ng fee F@?%r% at}é}ﬁd Q@e%gfg?gé?% active
group, (bgiahiifare! inanahitivelaspebs ofthe imvkitive sttgécrranerf Vatiots @pecongoomti othac kbone,
and (c) the desired degree of crosslinking in_ the ] ow dl,etyectrlc gﬁi{ rial.
For exanpthen angdamantans of ﬁpgpn@wrg@&mtm@gaéq$&§h(g ‘Eacia @P@F‘ia'é?_ a§

hi ndered e ﬁrllog??u%g rs}%é Qﬁ(cp%{dnrf%ﬁﬁﬂgn BEMAREEE LofholRd inv@inthefioR RefRythe bYRAB) . a

relatively er o active 5 groups ‘may be needed to crosslink two
backbthmeslehgih af dler sraisrR ekt enR'1-Rld widlvilefermine $everal ol cohywital pad aechaniogh oups

may be required t chi eve stahle.crosslinkin n I i vel -bonds
s u)é h as 8?955%%“8 6%@260‘?&06‘#? 3"8}9& i ael'("léar%ﬁlf o nesmﬁ%é?’\}\lgg%tflnégoyvedg@%&\}%
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type of reéuabehleaulHistg apgylepptrettfom et JRamte apg T THY ey i58°
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be app$ ecéatrest, it bases whese Hoge esge spmpamds arg desifpleereerdyidesravelsdighaend at i o

of internol ecul ar to intr l.ecyl ar . er LK D -rfeineS X2 Wbk tEmpidieli el atively
hi gh Co.ncgrmnpﬁﬁog}pogg Sﬂgétgt \}‘gaﬁgrnﬁoﬂ%glaﬁ??%tl?&?t&gr% esengond%ck%or?es at a
relatively low concentration of both backbones 15 may favor intranol ecul ar
reactions. Si nCémerhplatedicage barnponaiyndednotaereseanitytetindied sfbenggemprised gplddyips i n
first and second, backbones at.a relatively hi ngept Latd b
backbones ®hEPPARRS: PR B HES g’ﬁﬁlfi%l?& ré”é"g %‘(8‘%%1%1%%’ @a?ﬁéﬁgeﬁeg%?%%n% tra-
and i nt er pBlag@Edoasly it@dtdcns-taragondl bondmglendohfiguratiohs byhithmaylingtumi épahtle on  of

-identi cal ti bet he backb .. W A 0t I
Canct Pbn P itBLAREHeGnE FRoRORs PEdbhoa! SBUTAnEy bEGrackl HEREY 1 rsi

20 backbogpg,ciibitl ShdRAVRBRtIENERE cotlterhfidted bape campoiRdERshbEd osicogrimddhadn ¢ he
second backbone. Furthernore, additional third and fourth reactive groups

may be ut manyebstithents andgapyatizations pi§ SBPIPPHALH & ongxample; Whets the CRg7 FPTPIHUS | g
desired (€. Q. .t I £ t . j EeuRso1abiiRRef erred
backbones aﬁﬁgggttlwynﬁy F1°p§é§?’tl}y§ﬁ)gﬁ @%gﬁt#{e@g%tls Bnn?g%gg\ﬁggdeére ?ﬁbdlgpendi %g lcgﬁi_rlt he
chemi cal Radropialiofolwhtseomdtd weesar Alarhativelygmmags wherpplasithie desisdqrolas e ar e

al so 25 contenpl ated, _incl udi ng nucl eophili.c .apd el ect id.C .

subst 2P ut BEHES T8Y Be ddeddpit ‘?1§?ger %f’é'?pé’gﬁ‘hrﬂ&é tﬁfl{oi‘ﬁ% ?org?%ﬁlgtlgﬁrt{‘%%eap PROPPAR nat i ve
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el ectrostatic bonds, ionic bonds, and hydroaggn hon Thus, crosgl i nkti ng the

. S.
first andskudb#ep sapriseiated thay ligetiqnal grpups Gavlé?ﬁg“btﬁle%ﬁ?%wn Kt&-J8nd

formed be RSk 3 redRliomO feriva@atibg AlactioRBGd.) HHBFOHP Sage WbinpduntdBre be
| ocat ed otr@,é?ﬁ%elg%rre orgtr?/vo l(l‘))a(’:klgones.l WO 02/ 081546 PCT/US01/ 32569 -24
derivatized, it is especially contemplated that derivatizations include halogenation of the cage

30  compound, and particularly preferred halogens are fluorine and bromine.




In further aspects of alternative enbodi nents, the cage structure may
conpri se structures other than an adamant ane, including a di amant ane,

bri dged swevaosesdeers, or full erenes, as |ong as alternati PET/US325¢X uct ur es
have at | east eight atons. The sel ecti omsef appropriate cage structures is
determ ned by the desired degree of steric demand of the cage structure. If
relatively small cage 5 structures are preferred, a single adamantane, or

di amant ane group may be sufficient. Conte | at ﬁg structu ackbones
i ncl udi ng ada%ﬂ%ﬁéﬂ&%O%ﬁ%ﬂn&Wéﬂ@ﬁséﬁﬁ R e &rms }Jaﬁ BA' %nd 8B.

Large c a%@g@ﬁlf} ML TUE ?@fé}ﬁﬁ PR by Borfiptisb£4 ﬁﬁ'éﬁ?l -gréup, &mﬂis@vél H6veReeferred
appreci at at alternative backbones need not be linmted to a sj ngle type
<of cage ghattetagyles aMpylmupmesm@bﬂmhrﬁmﬂl@@w%@loﬁﬁ@ ipygativesubictte cage

structures or I n t res.
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even | ar %ﬁwﬁﬁﬂ?a@&aﬁf&%&dﬁ% %e@é’ Berd@ed Ligdof tﬂhﬁerﬁﬁ@éﬂuﬁ‘gafhomﬁqiréﬁ@’d Bér t he
cage structures need not be [imted to carbon atons, and it should be 15

appr eci ateetehnplha)vhm it isrdesitabledhat ligenative ey lsexiend imwpe fimpasion mers thep Manothera

car bon at ( By

i ncl ude N , 3 E@hﬁﬁ?e et C.ERW%%HG\I‘A%@ agj?%f act%g@%r gpljh 0sS ?‘?3{ %ﬁltté?eéﬁt (glﬁg% e
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t he backb [ t
magk ? gr rﬁ%?fﬁlph#%&%%{l{t%ﬁﬁitecg aﬁbgcrllq Wp{q%egregléi&%gtwgntergpf#egh[ d nplso? Ychc Ql'y?s

pol ymer i zglé efhj ﬁgﬁ%ﬁtdr&ﬂatfc%%lﬂg thidt Bidy BAmkP afdnclidechetagons. 'With tusgecimy be
utilized as artJ end-cap. Exenplary structures of end-caps are shown in

Fi gur es Ssbsiitetiongand derigetivations afeantemnlated argp. g samp eaveideranions 2RpAYRs I¥PRfct ur e
are desir ed that the cage structures are pendent
structur ec%% (5){\1/%1S nt %ﬂ%:sgﬁﬁéer%%ed to the backbone. The position of the

coval ent connection may vary, and nainl depends on the chem cal , nake-up of
the bEckbone a¥ith tdspect dythe srmyBt-Re end Rinkss, itapprefes ot Redy aredndiviggally
connection I f 4 b R0 ividEPY Betectdt | €

ot her conﬁgecgg%rﬁgla\r{rla?xbaebq%&gl ng 1£Haaﬁg§Ie§F E)ré)%lél.w e?\ t ewcagg %?oup is a
pendent gfi6rtipn drdl, aBraﬂ&péaryalahq/amylbmrqﬂieataedinctduhstmmné’artimmlmmtdmambne may

be connected to t he . cage st ture, or exanpl e, a singl a ucture
may connet¥Sat] egé‘tk“t viddor 1& eem?)lI" andfy F‘E“ %k%o@gg‘ﬁeﬁ%gﬁ “E"l vely, it
is cont emea%\%ﬂyﬁ%nﬁémwﬁ nf@l QHP ATBhelBetiyhyiphbBlhahyl paoietyof Edphdally

backbone 15716 - 25 PCT/USQL/ 32569 Tur ni ng now to Figure 10, an
exenpbr yprefsiedipalone ethems incbids PRy etrdphay oL A in which a first
backbone 10 is crosslinked to a second backbone 20 via a first reactive

group 15 and g,SARAREvE &B tsvef RO YveRBve WSS hatiehCagpraishitd alisngf Rsul t's
in a coval ent bond 50. Bo backbones have at | east one_aromatic npiety

(not s hovmhynnqsetgwmpwmrysonmweaé apt Wmmed feHcErs 2 brapdgd agd, la%i‘rlﬁr@gn%o are
coval ent |y, O%Q&g{a‘g afté}ﬁatpe hiths BOR, a%ﬁ%% %@h@é)&%&uv@%uﬁ higia §d 1684 astRE K bo ne
10 furthef 'has atermna cage grou term nal "cage group 32, and at
| east onep@iizmerimﬁqnearfdhmwmmgﬂtlmmmesmmrscs macamn Ineah'tng(tiweeagmqlmuent R

(40), ei n s bstitue na n | k Each
of 1 e Cabe SrTEarEE D RSP RY e RuAly TEr i B e s POy
further cenhamtdt estbbhabmal Suah gEdrt Mehs oy tdiegdeeially ndwaﬂtag\amammmbﬂs oal may
al so 10 conprise additional ?onents For ex ﬁgﬁe& iectl ve a Qts may
be added. D © Henrablsseadafie fie H9b PHMES! o patecia b sie 0 VBIRBERES Bh %

snoot h su FEeRL i by risd & still
ot her caséeiﬁgﬁg SIQ%E%F%E@; Qgg%erpag%c}g?aﬁgl ?;, g]lrﬁés may}} %)gﬁ’dem rabl e.
The nmononeligmernorroiyener witht7ed0sendanate plomy.Jeess lmmﬁ enévaeraﬁe%law dsgigand in
‘many wa sj.gned t I

ol verl, BB S Tratd) D S pilost, 37 BuERed T M SRE i ce
mechanically | ayered on to a substrate, a wafer or |ayered material.
Substrates contenpl ated herein may conprise any desirable substantially
solid material. Particularly desirable substrate |ayers would conprise
films, glass, ceramic, plastic, netal or coated netal, or conposite
material. In preferred enbodi nents, the substrate conprises




20 a silicon or galliumarsenide die or wafer surface, a packaging surface
such as found in a copper, silver, nickel or gold plated |eadfranme, a
copper swdemssissch as found in a circuit board or packagepCcTuseresmect
trace, a via-wall or stiffener interfacgg("copper” includes considerations
of bare copper and it's oxides), a polyner-based packagi ng or board

I nterface such as found in a polyimde-based flex package, |ead or other
nmetal alloy solder ball surface, glass and polynmers. 25 In nore preferred
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ple, where a relatively low degree of crosslinking is desired, contemplated thermosetting

monomers may have only one or two reactive groups, which may or may not be located in one
arm. On the other hand, where a relatively high degree of crosslinking is required, three or more
20  reactive groups may be included into the monomer. Preferred reactive groups include
electrophilic and nucleophilic groups, more preferably groups that may participate in a

cycloaddition reaction and a particularly preferred reactive group is an ethynyl group.

In addition to reactive groups in the armé, other groups, including functional groups may
also be included into the arms. For example, where addition of particular functionalities (e.g., a
25  thermolabile portion) after the polymerization of the thermosetting monomer info a polymer is

desirable, such functionalities may be covalently bound to the functional groups.

The thermosetting monomers, monomer mixtures and isomer mixtures can be
polymerized by a large variety of mechanisms, and the actual mechanism of polymerization

predominantly depends on the reactive group that participates in the polymerization process.



determ ned by neasuring the thin filmstress as a function of tenperature.

The thin filmstress neasurenent is performed on a KLA 3220 Fl exus. Before
the fil mweeazisiswent, the uncoated 10 wafer i s anneal ed aPCBUSA/$2869 60 m n
to avoid any errors due to stress relaxat7i-on in the wafer itself. The wafer
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cycloaddition reaction utilizing an ethynyl group of at least one of the arms, heating of the
thermosetting monomer to approximately 250°C or greater for about 45 min is generally
sufficient. In contrast, where the monomer is polymerized by a radical reaction, addition of a
25  radical starter may be appropriate. Preferred polymerization methods and techniques are set forth

in the examples.

The thermosetting monomer may be located at any point in or on the polymer backbone,
including the terminus or as a side chain of the polymer. As used herein, the term "backbone"
refers to a contiguous chain of atoms or moieties forming a polymeric strand that are covalently

30  bound such that removal of any of the atoms or moiety would result in interruption of the chain.



by proton NMR, HPLC, FTIR and Mass Spectronetry (M5). 20 HO ~ OH HO ~ CH |

[/ + ~ Br 2 equiv Polynerization of 4,6-bis(adamantyl)resorcinol into a

pol y( ar ywene/o8isaer) backbone In a 250-nmL 3-neck flask, eqRGEPsU/3MEh a

nitrogen inlet, thernocouple and Dean-Stidrk trap, were added

bi s(adamantyl )resorcinol (7.024g, 18.57mwbl), FBZT (5.907g, 18.57 mwl),

mgm(gSlS;lG PCIT/ USQOL/ 32569 -29 potassi um carbonate (5.203g, 36.89mw1) and
Om.), toluene (25mL). The reaction m xture was heated t0.135C to

produce a cl e§Pm§’6Pl§‘f@|ch‘?.lynzﬂ‘ﬁemPlé‘g‘°cf‘il%'ﬁe mgetycgéﬁqlm&yx}e&suq S O%?Ym 5

tenper at YhEs@Rfed B@y&nﬁﬂ&?&@ﬁ%v@ev&@ﬁ ife@peRfly dcdtchipmatéd tigét tH$BEiﬂeﬂﬁm§ﬂ% of the
y

tol uene. "The course”of polynerization was nhonitored C. At Mw 22, 000,
- the reactimiyandenes moppprdferablyam peleryles- ather) dn ah gHeromonnmefewad agwgetethet o t he

reaction f] ask. i L) ' t it 1P MRS
extract edf oikﬂeﬁl %Fﬁ%ﬁ%@hqt g?a\é\er%t agnféoqé %} t?é‘ﬁ{ ﬁ%é@?ﬁ%ﬁ% H{delié% wal'! added
"to the sobuttimplatet thapthe polpmerit entielyhiibtieatadbiirana jsombris ofthehernicsesting rechomer.

0 the . i
filtration. The yield was 65.8% (8.511 g). The solid was dissolved in THF {

150nmL) and net hanol 00 s.added to th o) ut]qn s

preci pi t at ed hﬁ“teép%céq?lp'ﬁg%}%fggﬁt%?rﬁ g‘ger‘svnftlrﬁ?gyéieﬁ%{ﬁ8gnn%gg¥%4yégl V?-ﬁr!alv%%uo at

10 90C. téprédehiklalr adamantanCodiamantimd E#6up. PheMAcoiR1eld isddartingl molBCHlé #abBI - 30

Exanpl e 2 Synthesis of alternative -~ -C~~Fv 1l

| ~ ~ C=eeacted (AD) Wit TBYA(H®E4) 0 ﬁ?lédg%%@é@ﬁﬂﬁé%@b%éﬁhﬁwﬁ@a an-

procedur ‘%arﬁ.sAg&ﬁ&weR'?ﬂleing)lacetylene can be converted (B1) to 4-(phenylethynyl)phenylbromide

10 that is subsequently reacted (C1) with trimethylsilylacetylene to form 4-

(phenylethynyl)phenylacetylene. TBPA can then be reacted (A2) with phenylethynylphenylacetyl-

eneto 1,3,5,7-tetrakis{3°/4’- [4”-(phenylethynyl)phenylethynyl]phenyl} -adamantane. In a furtﬁer

extension reaction, phenylethynylphenylacetylene is reacted (B2) with 1-bromo-4-iodobenzene

to form 4-[4’-(phenylethynyl)phenylethynyl]phenylbromide that is further converted (C2) to 4-

15 [4’-(phenylethynyl)phenylethynyl]acetylene. The S0 formed 4-[4°-

(phenylethynyl)phenylethynyl]acetylene may then be reacted (A3) with TBA to yield 1,3,5,7-
tetrakis-{3°/4’-[4”-(4’-(phenylethynyl)phenylethynyl)phenylethynyl]phenyl} adamantane.

The thermosetting monomers and isomeric mixtures of the contemplated thermosetting

monomers according to the inventive subject matter may be utilized in a dielectric layer of an

20 electronic device, wherein preferred dielectric layers have a dielectric constant of less than 3.0,
and preferred electric devices include an integrated circuit. Therefore, a contemplated electrical
device may include at least one dielectric layer, wherein the dielectric layer comprises a polymer
fabricated from at least one of a .thermosetting monomer or isomeric monomer mixture having

the structures:

25 R, ) R R
I RG\ I / 2

Y""R or /Ai\r\ '

R4/ ‘R32 RS R’4 R3



Exanple |, but enploys 4,4'-difluorotolane as the difluoro conpound. 10 w
O 02/ 081546 -31 Exanple 2A TTl 1 The synthetic procedure of Exanple 1 is

f ol | onedwaxexgstsdshat 3, 4di f | uor ot et raphenyl cycl odi enone i BCT/A801/328§6% he

di fl uoro conpound. PCT/US011325( 10 .19-WD 02/081546 -32 Exanple 3
Contenpl ated al ternative backbones PCT/USO1/ 32569 The foll ow ng structures
are contenpl at ed exenpl ary backbones that can be fabricated according to

t he general synthetic procedure in Exanples 1 and 2. 5 10 15 C~ O~ O\ /
C=C \ /| @herain\Y /is a cage compound or a silicon atom, Ar is preferably an aryl, Ri-R4 are

independently selected from an aryl, a branched aryl, and an arylene ether, RY4-R'g are
independently selected from an aryl, a branched aryl, and an arylene ether and no substitution,

and wherein at least one of the aryl, the branched aryl, and the arylene ether has an ethynyl group.

5 More specifically, preferred spin-on low dielectric constant materials can be formed
comprising a first and second backbone, wherein at least one backbone comprise a poly(arylene
ether) with two pendent adamantane groups, respectively, as cage structures as shown in
Structures 3A-B (only one repeating unit of the backbone is shown). These low dielectric

constant materials generally comprise the following repeating unit:

B
10 ‘ ® x

wherein B is a phenyladamantane or phenyldiamantane polymer (where n=1-3) and whereinx =
1-10°, R comprises at least one phenyl group, and Ar is a phenyl group. More specifically, it is

contemplated that B comprises:

@(Adamantane)n @(Diamantane)n
. 15 . or

It is further contemplated that R comprises:

O,

20

The first and second aromatic moieties comprise a phenyl group, and the first and second
reactive groups are an ethynyl and a tetracyclone moiety, respectively, which react in a Diels-
Alder reaction to cross-link the backbones. Preferred crosslinking conditions are heating the

poly(arylene ether) backbones to a temperature of about 200°C-250°C or greater for



oi \ ~c=c ~\ ¢c=c~\ OO~10\V/ C-\ /[ CGC\ [/ WO 02/ 08154G - 33
Exanpl e 4 PCTI USA / 32533 Adamant anyl endcapped nononers as shown in Figures
SA and 5Womrsisignt hesi zed as described in C. M Lew s, LPCDUSNBERM%s, N.
Wegal, ACS Polymer Preprints, 36(2), 140-5 (1995). Exanple 5 Synthesis of
1, 3,5, 7-Tetrabronoadamant ane (TBA) Br Br Br 10 Br

1, 3,5, 7-Tetrabronpadanant ane synthesis started fromcommercially avail abl e

adanant ane and foI | owed t he synt heti rocedu s .as, descrihed in . P.

ol 1ot t - dReropmately Py 80 mimuigs. S re B o SmERS A gencgopidhgd in
Schartel gx¥mpiet t-3WaRfd.in, J. Wendling, J. H Wendorff W 15 Heitz, and R
Neuhaus, F0|d Pol ym SCI , 274, 911-919 (1996), or A P. Khardin, I. A
'Novakov, and S. S. Radchenko, zZh. Org. Chem, 9, 435 (1972). Quantities of
up to 150g per batch were routi nely synt hesi zed. WO 02/ 081546 - 34
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Macr onaol 023 (1994) (supra S 9 t hat
of thé tota i A dict the percentags ‘ { ent
was appr oxi npani ed by 40% of : te tetraphenyl
adamant ane and about 1 6 of the di brom nated tetrapheny Hr Br

H Br Br

Struclure 3A Structure 3B

In alternative embodiments, the backbone need not be restricted to a poly(arylene ether),

but may vary greatly depending on the desired physico-chemical properties of the final low

10  dielectric constant material. Consequently, when relatively high Ty is desired, inorganic materials
are especially contemplated, including inorganic polymers comprising silicate (SiO;) and/or
aluminate (ALOs). In cases where flexibility, ease of processing, or low stress/TCE, etc. is
required, organic polymers are contemplated. Thus, depending on a particular application,

contemplated organic backbones include aromatic polyimides, polyamides, and polyesters.

15 Although preferably built from low molecular weight polymers with a molecular weight
of approximately 1000 to 10000, the chain length of the first and second polymeric backbones
may vary considerably between five, or less repeating units,\ to seyeral 10* repeating units, and

_ more. Preferred backbones are synthesized from monomers in an aromatic substitution reaction,
and synthetic routes are shown by way of example in Figures 5 and 6. It is further contemplated

20 that alternative backbones may also be branched, superbranched, or crosslinked at least in part.
Alternatively, the backbones may also be synthesized in-situ from monomers. Appropriate
monomers may preferably include aromatic bisphenolic compounds and difluoroaromatic

compounds, which may have between 0 and about 20 built-in cage structures.

It is again contemplated that appropriate monomers and isomeric mixtures may have or
25  comprise a tetrahedral structure, which are schematically depicted in Structures 4A-B. In
general Structure 4A, a thermosetting monomer has a cage structure G, and at least two of the

side chains R;-R4 comprise an aromatic portion and a reactive group, wherein at least one ofthe



Br "~/ ~Br 10 Hr +, H H -~50% ~40% --10% Specifically, the
Experinental Procedure for the above is as follows: Equipnent: 1. Dry SL

3- neck rwonek/dsetssom fl ask. 2. Water condenser. 3. Magneti BCBAUB/33869. 4.
Heating mantle. 5. Thernocouple. 6. Thergmal controller unit. 7. N~
inlet-outlet to 30% KOH 15 sol uti on. Assenbl e above equi pnent and Purge
flask with Nz for 10 mn. Procedure: Wigh 160.00 ~ 0.30g of TBA and
4,800.00 t 1.0g of Bromobenzene. Total volume is 3220nL and d = 1.49. Weigh
32.25 ~ Oe@Uwe poupy ofrd fshmBremdr deactspyitl atlpast euepfiihe reaptive greup0f asFede) of

br onobenzene | | | I - TBA
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1546 -, 35 PCT/USQO (32569 Add full appunt of alum num brom de to
sol ut i on PRREPeFiZa0B, ?@WC‘Q\#F 9% be iqendg ?ﬁ?%%tot al vol une) of
"bronobenzene. Solution at thi.s point should be dark purple with no
precipitation visible. Stir the reaction mxture for |h at room
tenperature. After 1 h, raise tenperature of reaction mxture to 40C. After
tenperature reaches 40C, 5 stiypreaction m xture Ror 3hr. Take HPLC sanple
at time 1+3.0, respectively, atMOC. Note: The reaction is judged to be
over if no traces of TBA are selen on HPLC ' chromat ogram

G"'Il

R, "Ry

Structure 4A Structure 4B
10

When monomers with tetrahedral structure are used, the cage structure will covalently
connect four backbones in a three dimensional configuration. An exemplary monomer with
tetrahedral structure and its synthesis.is shown in Figure 7. It should fuﬂ:hef be appreciated that
alternative monomers need not be limited to compounds with a substituted or unsubstituted

15  adamantane as a cage structure, but may also comprise a substituted or unsubstituted diamantane,
or fullerene as a cage structure. Contemplated substituents include alkyls, aryls, halogens, and
functional groups. For example, an adamantane may be substituted with a -CF3 group, a phenyl
group, -COOH, :NOZ, or -F, -Cl, or -Br. Consequently, depending on the chemical nature of the
cage structure, various numbers other than four aromatic portions may be attached to the cage

20  structure. For example, where a relatively low degree-of crosslinking through cage ;tructures is
desired, one to three aron'1atic portions may be attached to the 'cage structure, wherein the
aromatic portions may or may not comprise a reactive group for crosslinking. In cases where
higher degrees of crosslinking is preferred, five and more aromatic portions may be attached to a
cage structure wherein all or almost all of the aromatic portions carry one or more than one

25  reactive group. Furthermore, it is contemplated that aromatic portions attached to a central cage
structure may carry other cage structures, wherein the cage structures may be identical to the

central cage structure, or may be entirely different. For example, contemplated monomers may
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adamantane groups, diamantane groups and fullerenes in any chemically reasonable combination.

15  Substitutions may be introduced into the cage structures in cases where a particular solubility,
oxidative stability, or other physico-chemical properties are desired. Therefore, contemplated |

substitutions include halogens, alkyl, aryl, and alkenyl groups, but also functional and polar

groups including esters, acid groups, nitro and amino groups, and so forth.

It should also be appreciated that the backbones need not be identical. In some aspects of

20  alternative embodiments, two, or more than two chemically distinct backbones may be utilized to
fabricate a low dielectric constant material, as long as the alternative low dielectric constant
material comprises first and second backbones having an aromatic moiety, a reactive group, and a

cage compound covalently bound to the backbone.

With respect to.the reactive groups it is contemplated that many reactive groups other

25  than an ethynyl group and a tetracyclone group may be utilized, so long as alternative reactive
groups are able to crosslink first and second backbones without an exogenous crosslinker. For
example, appropriate reactive groups include benzocyclobutenyl. In another example, a first
reactive group may comprise an electrophile, while a second reactive group may comprise a

nucleophile. It is further contemplated that the number of reactive groups predominantly depends
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1,3,5 7-tetrakis(3' 14" -bronophenyl)-adanmantane; (m xture of p-, m isoners)
WO 02/ 08%mép/o83546Speci fical ly, the Experinental Procedurer€Dusotsebove is
as follows: Equiprent: PCT/USO 1/32569 Ls.Dry SL 3-neck round bottom fl ask.
2. Water condenser. 3. Magnetic stir-bar. 4. Heating mantle. 5.
Thernocouple. 6. Thermal controller unit. 7. NZ inlet-outlet to 30% KOH 5
sol ution. Assenbl e above equi pment and Purge flask with NZ for 10 mn.
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Add full unt ' omde to the solution and rinse funnel with
r emai ndereatve grO¥psimayibe rdugiredtp athiewsistabiecrasslinkingrmdise relasively veek bendspucht t hi s
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In cases where a reactive group in one backbone is capable of reacting with an identical
reactive group in another backbone, only one type of reactive group may be needed. For example,
10  ethynyl groups located on the same of two different backbones may react in an addition and

cycloaddition-type reaction to form crosslinking structures.

It should also be appreciated that the number of reactive groups may influence the ratio of
intermolecular to intramolecular crosslinking. For example, a relatively high concentration of
reactive groups in first and second backbones at a relatively low concentration of both backbones

15  may favor intramolecular reactions. Similarly, a relatively low concentration of reactive groups in
first and second backbones at a relatively high concentration of both backbones may favor inter-
molecular reactions. The balance between intra- and intermolecular reactions may also be
influenced by the distribution of non-identical reactive groups between the backbones. When an
intermolecular reaction is desired, one type of reactive group may be placed on the first

20  backbone, while another type of reactive group may be positioned on the second backbone.
Furthermore, additional third and fourth reactive groups may be utilized when sequential

crosslinking at different conditions is desired (e.g. two different temperatures).

The reactive groups of preferred backbones react in an addition-type reaction, however,

depending on the chemical nature of alternative reactive groups, many other reactions are also

25  contemplated, including nucleophilic and electrophilic substitutions, or eliminations, radical
reactions, etc. Further alternative reactions may also include the formation of non-covalent bonds,

such as electrostatic bonds, ionic bonds and hydrogen bonds. Thus, crosslinking the first and
second backbone may occur via a covalent or non-covalent bond formed between identical or

non-identical reactive groups, which may be located on the same or two backbones.



Stir the reaction mxture for 17 mn at roomtenperature. Take HPLC sanple
after 5 mn. Take HPLC sanple after 17 mn. Note: The reaction is judged to
be over weo/dashsiegr oup of peaks correspondi ng to TBPA 20 REBUSOMIZENt | n

t he HPLC chr omat ogr am WO 02/ 081546 - 38 PCT/ USQOL/ 32569 When reaction is
over, pour the dark reaction mxture into a 20L pail containing 7L (217%
viv relative to the total volune of bronobenzene) D.LWater, 2L (62% v/v
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qu’to

sol i d suchprapprigbarihongomay akso ielydeywe HeYSiCARS SERC BB B 1 i zer
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after dryin e vacuuntoven for 2 additional hours and
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composition of the cage structures need not be limited to carbon atoms, and it should be

15  appreciated that alternative cage structures may have atoms other than carbon atoms (i.e. hetero-

atoms), whereby contemplated heteroatoms may include N, O, P, §, B, etc.

‘With respect to the position of the cage structure, it is contemplated that the cage structure
may be connected to the backbone in various locations. For example, when it is desirable to mask
terminal functional groups in the backbone, or to terminate a polymerization reaction forming a

20  backbone, the cage structure may be utilized as an end-cap. Exemplary structures of end-caps are
shown in Figures 9A and 9B. In other cases where large amounts of a cage structure are desired,
it is contemplated that the cage structures are pendent structures covalently connected to the
backbone. The position of the covalent connection may vary, and mainly depends on the
chemical make-up of the backbone and the cage structure. Thus, appropriate covalent

25  connections may involve a linker molecule, or a functional group, while other connections may
be a single or double bond. When the cage group is a pendent group it is especially contemplated
that more than one backbone may be connected to the cage structure. For example, a single cage
structure may connect at least two or three or and more backbones. Alternatively, it is

contemplated that the cage group may be an integral part of the backbone.



Br $r Br 5 TBPA was reacted with phenyl acetylene to yield the final product
1,3,5,7-tetrakis[ (3, 4phenyl et hynyl ) phenyl )] adamant ane ( TPEPA) - as a

m xture WO o¢wasees - following a general reaction protocoPCTUR0E32569

pal | adi um cat al yzed Heck et hynyl ati on. TBEPA nade fromthe reaction

i ncl uding TBPA is soluble in cycl ohexanone. TPEPA can al so be nmade from

I, 3,5, 7-tetraki s(4i odophenyl ) adamant ane (Tl PA} instead of TBPA. \Wen TPEPA
is made from TIPA it is 10 insoluble in cyclohexanone. Specifically, the
procedur e for Tuhiisg sevep Figurss1(, eh exsmplarFdew gieteatric constant yapqriaBisshewn found
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(Tot al voI u th
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t he or derhalogsi,atkyhel emd grdGp. (EleiBﬁ)tHePchb Rruatires@ntphisesfat tuasilelght (has@sl (4% of
total volune) of triethylam ne (TEA} and stir for 5mn. Triphenyl phosphine,

rinse the funne h %%)ﬂf t.otal .vo E}% [, '
Copper (1) | odlqtdé Stm #‘Vi@%r R %etpat\ﬁ}t?rﬁatgﬁrﬁ‘g?f% 0 o%tél{t n{f‘g i rrn§§9 #& stir
15 foro Srdofprise additional components. For example, protective agents may be added. In other cases
where the dielectric material is placed on a smooth surface, adhesion promoters may be
advantageously utilized. In still other cases the addition of detergents or antifoam agents may be

desirable,

The monomers, monomer mixtures and polymers described herein can be and in many

15  ways are designed to be solvated or dissolved in any suitable solvent, so long as the resulting
solutions can be spin coated or otherwise mechanically layered on to a substrate, a wafer or
layered material. Substrates contemplated herein may comprise any desirable substantially solid
material, Particularly desirable substrate layers would comprise films, glass, ceramic, plastic,
metal or coated metal, or composite material. In preferred embodiments, the substrate comprises

20  asilicon or gallium arsenide die or wafer surface, a packaging surface such as found in a copper,
silver, nickel or gold plated leadframe, a copper surface such as found in a circuit board or
package interconnect trace, a via-wall or stiffener interface (“copper” includes considerations of

bare copper and it’s 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.

25  Inmore preferred embodiments, the substrgte comprises a material common in the packaging and

circuit board industries such as silicon, copper, glass, and polymers.

Preferred solutions are designed and contemplated to be spin coafed, rolled, dripped or
sprayed onto a wéfer, a substrate or layered material. Most preferred solutions are designed to be

spin coated onto a wafer, a substrate or layered material. Typical solvents are those solvents that



Add the total anpbunt of TBPA fromthe second TBPA synthesis above and rinse
the funnel with 100nL (8% of total volune) TEA. Start heating the flask to
80C. Pl asvp dhsiswasur ed quantity of Phenyl acetyl ene di |l ut PATASOM32SONL (4%
of total volune) TEA in the dropping funpel, nounted on one neck of the
2-necked adapter. 20 Once the tenperature of the reaction m xture reaches
80C, take a sanple for HPLC analysis. This is the starting material. Add
the diluted phenyl acetyl ene dropwi se to the reaction m xture over 30mn 1
Qmi n. AR 102N 50B1RETHokISOIHIREDH dielkttrichteialsTlhjaed @mmponeswr Hestronts
reaction. Control the tenperature by using a water bath. Continue heating
for 3 hoUlPEPONHE. reaction is stopped after 3 hours of heating at 80C. Take
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1, 3,5, 7t edytidlié-ahdrt; mhﬁﬂwbﬁhé]mmyldﬁml&ydn)a]rﬁdnyﬁaﬁﬁmﬁbetmie Nehétiilpyeroidanact ur e,
narrely, singlep-isonmer of 1,5 th hagﬁoun -

1,3,5,7- t@ﬁ%@?ﬁycoélﬁﬁ@ﬂ?@%WﬁW?’& ¢ damant ane (VI117. This, and
only this conpound, having definite structure (which can be characteri zed
by thg anal yt iR lrdiBit0edsdsitimsmayide uded ikt allebinRei selokdd filfh asdulht bi?Mictsel not e
that Figures 11 and 12 show the preparation of the_ isonmers discussed bel ow,
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Roman nu chert's plan was to realize the
foll ow ngﬁ{szqznecﬁ é)FAt%?% lt.sge{ﬁg%%}zb dég}ﬁéant ane (1) ~

1,3,5,7-tetraki s(4'-bronophenyl ) -adamantane (11) (p-isoner) ~

1, 3,5, 7-tetraki s[4' - (phenyl et hynyl ) phenyl )] -adamantane (VII1} (pisoner)

Rei chert failed on step (I) -~ (Il) in that she thought she obtai ned
1,3,5 7-tetrakis(3' /4




WO 02/ 081546 PCT/ US01/ 32569 -42 bronophenyl)-adamantane (l111) - a mxture
of isonmers of 1,3,5,7-tetrakis(bronophenyl)adanant ane, containing the

conbi nat mamowi81m6 and m br onophenyl groups attached to adBGBUSeI¥5e¢ore (see
bel ow), and she considered the goal of hegr work not fulfilled. As support
for this she wites: "The | ack of regioselection during arylation

di scouraged us fromattenpting 5 further Friedel-Crafts reactions on
adamant ane and lead to further study of the derivatization of the easily
formed 1, 3,5, 7-tetraphenyl adamant ane” (VI]. To prepare singlep-isonmer -
1,3,5, 7t&m_§[4 - (phenyl et hynyl ) phenyl )] - adamantane (VI11) she designed a
det our procedure", as follows: 1,3,5,7-tetraphenyl adamantane (VI)

-~1, 3,5, Txhft ﬁ@kTgﬁﬁethmphenyl) adamantane 10 (VII )~
1,3,5,7- t'e'ﬁ%lq_s‘[T'-T)'Wet hynyl { phenyl )] - adamant ane (M I n Reichert

succe55|velr realized this sequence, and_isolated the S|nqg@ E i soner
(M), eetis Gopwiamt:| Theydiddeetriarogstans abimtamingf Reeraing 2 e PJUNBHD ¢ hat

she was t SEnd
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that & 1HhNk/Ralspbacsbd omthe dayledthizenasbt ai ned. However, acquisition tinmes 15

were found inpractical for obtaining a solution 13C NVR spectrum
Solid-state NVR was used to identify the product."” Reichert. Diss.{supra).

And to confirmthese esu t h nd. was t sever al
st andar d (g{aa%lﬁ]ir%nsgqu\/ Fﬁlgerg ‘P’&F@éﬁ e%'w%is? g{nﬁ ns§°" Eﬁ? O?gntgo e in
every onededdrminee b afbeing tigahindihactrysat 8 funSion oﬂtempéremrevmmm fRen smdem t
prepared what she thought was_ 1,3, 5 7-tetra

D ohophor Rl aeﬁ@nppql 05 Kbe3230 Biewir BEISH o e ooy fheameragse
becauggp t ﬂh@r is Qﬁlﬁ:q}é ﬁ: YESC BR608nin ) Q\Lo?d A QREs Weid) st telliixh GorSinfikeGhafee -
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1,3,519- t%ﬁ ]ﬁi‘foﬁﬁ 3rd &tﬂf&m%wam%)ﬁﬁﬁﬁ&ﬂilmeﬁtlﬁﬂs d=wn (Relbsevatk of zero

suggested but a m xture of tetrakis(3' /4 brormphen{ill ) adamant ane
(111) wi tnthe Wipsogy. GemSBRETEEIPIStR Y 2besswhers hegmphenrd thebenzonisy Beenlingt i ty

of 1- phen;,ﬁlter 2 1" tris(3' /4" -bronmophenyl)adamantane (N). This concl usion

was confirime y LC-MS study and el enental analysis. W were able to find

t he cause of such reaction course. Brombbenzene is known to
It should be reported if the Tg was determined after the first temperature cycle or a subsequent

cycle where the maximum temperature was used, the measurement process itself may influence

20 Tg.

Shrinkage: Film shrinkage is measured by determining the film thickness before and after the
process. Shrinkage is expressed in percent of the original film thickness, Shrinkage is positive if
the film thickness decreased. The actual thickness measurements are performed optically using a

25  I.A.Woollam M-88 spectroscopic ellipsometer. A Cauchy model is used to calculate the best fit
for Psi and Delta (details on Ellipsometry can be found in e.g. “Spectroscopic Ellipsometry and
Reflectometry” by H.G. Thompkins and William A. McGahan).



di sproportionate essentially in the conditions of Friedel-Crafts reaction

(GA dah, 5 W.S Tolgyesi, RE A Dear. J. Og. Chem, 27, 3441-3449

( 962)): WO P@nsss PhH + Br ZC~ When benzene concentration pemuser/seact i on
Xxture increases, it begins to replace.fgromne in (I) [or bronmophenyl in

(111]] benzene proportion is so high, that fast established equilibria

| eads to approx. equal quantities of (I11) and (N). 10 Therefore, Reichert
did not obtain (as she thought) 1,3,S,7-tetrakis(3 /4
br ono pheBdfyatinetbmderrhe téftachive ihdrxtresrersénds sreperfoypedtogether withitherthielmesst

I 357tetrak|53/4b ) @damant ane

w thi - prmpracsmatiusivg k& WEoERY U BRERO b sitmsbher AGeuchgmade ppsed
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we 15 treated solid product of reaction of 1. 5,7-tetrabrgnoadamant ane

with br Omt)@epyg‘éq@t]]! of 16330821 @p’@ll%pn Ellipsometry can be found in e.g. “Spectroscopic
1,3, 5,57ty d Q. atianp Hﬁ@ﬁﬁi\(\’%ﬁé}lﬁ@mﬂ:(}ahan
1- pher?yl @ 1533%54 ﬁ??%(gﬁ}egfo m)p enyl )adanant ane (N)] by a r%ew portion of
br onobenzene in presence of alum num brom de. It turned out that pure
br onobenzene i nmmedi ately repl aces phenyl group in
1-phenyl 3,5, 7-tris(3' /4" -bronmophenyl)- adamantane (N), so the product in
solution in 3 xsecgngs 20 contai ns ~90-95%
1,3,5 7-tetra - bronmophenyl ) - adamant ane (111]. This situation is
conserved for ~5-10 min at roomtenperature, after which slowy increasing
concentration of benzene |le

hish dfAH-68@RaMhntyl)resorcinol
1-phenyl -3,5, 7-tris(3'/4'- b?g[ﬁ sﬁseny -ggdgnantya)ne (N) concentration, and

in several hours equilibria is re-established with ~ equal concentration of
1, 3, 507- t et r aliite@R5PML lrmeﬂh:fbnlemmypedd‘amv%m igletcghermpgouple and condenser,
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in tol ue Xyl enes, none, anisol €, "propylene glycol methyl ether
acet at e, afiesthefirs oop. ’Hlecqtell)mdidauﬁhemred@t was 8 3%. Cﬁ@rac@xlmlﬂé‘fthp producsWabi | ity

abi 11y 0 BECL R BB o TRAP ISR SRP Rt ORSL LY [Se or "Uhi s matoral.

especially in the field of | ayered mat er i aI s and sem conductors. Therefore,
our prepared internmediate 1,3, 5+Z-tetra(3' /4" -bronophen#QadaganOthe (1117,
gave us tHO_opportomity to

1,3,5 7-tetr /4" - phenyl & , enyl)Jadanment ang

m xt ure of p- m i soner s)4 h I%:}gn be used as sp ) ric

material. Exanple 6 Synthesis of m and p-br onot ol ane
C-C~/ Br 15 In a 500-nL 3-A&EKYround- bott om fl ask, -qU|pped with an
addition funnel and a nitrogen gas inlet, 4- |odobronnbenzene (25. 019,

88. 37sgoL), triethylam ne (300m), bis(triphenylphosphine)paladiun[lu
chloride (0.82g) and copper[Il] iodide (0.54g) were added. Then, a solution
of

Polymerization of 4,6-bis(adamantyl)resorcinol into a poly(arylene ether)

backbone

In a 250-mL 3-neck flask, equipped with a nitrogen inlet, thermocouple and Dean-Stark
trap, were added bis(adamantyl)resorcinol (7.024g, 18.57mMol), FBZT (5.907g, 18.57 mMol),



20 phenyl acetyl ene (9.025g, 88.37mmoL) in triethylam ne (50nL) was added
slowy, and the tenperature of the solution was kept under 35C under
stirri ngwbxosrssst ure was stirred for another 4 hours aftBECT/aQ0/3256¢N was
conpl eted. The solvent was evaporated on,the rotary evaporator and the
resi due was added to 200mL of water. The product was extracted with

di chl oronet hane (2 X 150nL). The organic | ayers were conbi ned and the

sol vents were renoved 25 by rotary evaporator. The residue was washed with
80nL hex ?@ﬁi‘és1ﬁ1ﬂ@a1fbbhét6(m3gTiéQ%MOIﬁEh@B/DW\Ieiﬂ)HEL)p&JhEn@@Gmm:ﬂ‘hé yeactiah,

19. 5¢, Addi t i onal rification_ was med by short.s ca col umm
chr ogat ogﬁ%ﬂﬁ?weﬁ%@ﬁﬁo &uglt‘?i”iﬁ‘fi&‘!te&r"éeabfd tlﬂnu&ﬁ‘éméﬁ nh‘%%?éﬂ’é%ule“;f %ﬁ eu
~crystal l'iggy e&a‘i‘ure a0 2hf)Brh RO was réx@eth’@é°@%9lér§&5@g9som%fﬂia&@wﬁdrm ter

sol vent renov he purity of the product was characterized by GCIMS in
acet one sohrse Dbnpolamdrlmllpn B m@h’éﬂf@é@b)é@?@eé‘t My=B2800 thaweretionyiat slerned- of m
“and p-Eth e

p- et h yl‘%/‘bc%ﬁéﬁgb morborg(?nl%é 85&%%‘1%%&118 otlrorr%e Tastc %e%\_dgﬁg? ggfsté} rﬁrct)toﬁ'te 10
first st etemp@aﬂafeom\odsamaomsmﬂrhuw&iclﬂyfmdthahe(mﬁpmap gdethatioh(j 50mL) was
trlrrethyIsH | acetyl ene TIVISA as .sho t he secon sLep, t he
react i on §9Aestfqdle sgution o 1y ?W@fatesat‘%tﬂte\ﬁﬂg](‘f’g‘@é‘fa%&aﬁfgb? ﬁg‘aﬂoﬂ eé'ﬁegd Bfoduct .
Step 1 (Td’sI m 1 1% bk Sd1faeagl aiskb1osu @&H%‘(bsomgtaah ﬁﬁﬂmnov@s@imwa@h@aeto

(10. 285g, 40. , ethynyltrimethylsilane 5894 1d) 0. 5059

(0. 73mvbIthe esflution skivdi| Breateoigitared ywhéth 5elishvens tr%tmnmlfi IBYRAPYSL, 40
L of1 k%odé,ous triethylamne, 0.214g ( 1. I2m\/b1) of copper[IJ i odi de, and
0. 37879 ( 4mvbl) of triphenyl phosphine were placed into the NZ purged,
5-Liter 4-neck round-bottom flask, equipped with an overhead nechani cal
stirrer, condenser, and positioned inside a heating mantle. The m xture was
heated to a gentle reflux (about 88C) and nmintained at reflux for 1.5

hours. The reaction m xture becane a thick bhack 20 paste and was cool ed.
Thi n-1 ayer chromat ogrgphi c agl ysi s i@‘d conpl ete conver si on of
» _, e

starting material 4- bro ane to : ‘duct solids were
filtered and washed gy 0 thyI am § F400nL of water
and stlrredfor tes. /The pelids was f ered an shed with 40nmL of
met hanol . The cr @ stal l'i zed FRAMTS00ML of nethanol. On
standi ng, lustrou >ver cohddred crystals settled out. They Were isol ated
by 25 filtration and washed with 2x 50niL of nethanol. 4.662g was recovered
(42.5% vyield). WO 02/ 0815: 16 PCT/ UpOL/ 32569 -46 Step 2 (Conversion of
4-(Trinethylsilyl)ethynyltolane to 4-Ethynyltolane): To a 1-Liter 3 neck
round- bottom fl ask equi pped with a ni troggn inlet, an ovyerhead nechani cal

stirrer, was charggd 800m of anh thanol 12. 689 (46.2mwb1) of
4-(trinmet hyIsinI)ethynyIto N ey any of anhyd us |pot assi um

carbonate. The m xtfure wa : S SOC H+nued until no
starting material ifs S |s (abo 3 (hours). The
reaction m xture wds O|IdS were stirrled in 40nL of

di chl or onet hane for 3 ed. The filtered suyspended solids by
HPLC showed mainly anurltles The di chl oronet hane filtfate was dried and

evaporated to yield 8.75g of a solid. On further drying in an oven, the
final weight was 8.67g, Wich represented a yield of 92.8% 10



WO 02/ 08154G PCT/ USOL/ 325& - 47 Synthesis of 1,3,5,7-tetrakis

[ (3'/4"-Dbisphenyl et hynyl ) phenyl)] adnmant ane( TBPEPA) Ph Br Ph C= C ~ ~ G Yh
TBPA (supran)2/osasicr eacted with 4-ethynyltol ane to yield thRCT/URGI/3286%duct
1,3,5 7-tetrakis {3/ -30-

. 4" -[4" - (phenyl et hynyl ) phenyl et hynyl ] phenyl } adamant ane (TBPEPA) follow ng a
general protocol for a palladiumcatal yzed Heck et hynyl ati on reaction. The
so prepared TBTA was di ssolved in cycl ohexanone to obtain a 10% (by wei ght)
solution, 5mlExhmpleZh were spun onto two silicon wafers using standard
procedures well known'in the art. The TBTA was pol ynerized on the wafer by
heating to a tenperature of about 300C, 10 ~ and cured at a tenperature of
-400C for 1 hour. The k-val ue V\/agé’nﬁteﬁ'étoﬁﬂlﬁ%?&a‘c‘ﬁ be 2.57. It should be
especially appreciated that when th . L ue was conpared to the k-val ue of
TPEPA, (which is a structural anal 03) to TBTAwith a shortened I ength of the
“arns) the k-value of TPEPA was hi gher at about 2.60. Thus, the contenpl ated
decrease in the k-value due to an increased | ength of the arns extending
fromthe cage conmpound has been experinentally confirmed. WO 02/ 081546
- 48 Exam.ne 7 P@i@ usa /325 Fil m Studi es of TPEPA produced froma TBPA

precursor (Exanple 6NPER 10 g or npee) was dissghHved in
The reg ot pgn ont o
into a The di¥ ric

cycl ohexanone (CHN)

silicon wafer ey, _ba

constant was 2. 60 with a Tg greater than or equal to
420C. There_we I mand no 1R changes after baking the
filmfor 20 R ' or representative spin coating

ocesqvSpl n (RPM Ti ne

(Sec) 1Di spense2 82Del ayOl- 73Spr ead100024Spi n2000405BSR150066EBR400I 27EBR80
078Dr y100079Dr y1500510End00: 06

The synthetic procedure for backbone 1 follows the procedure as described in

Example 1, but employs 4,4'-difluorotolane as the difluoro compound.

10



10 Pressurizing Gas: Helium D spense Pressure: 0.08 Mpa WD 02/081546
PCT/ US01/ 32569 -49 Di spense Rate: 1.0 nL/sec Inline Filter; 0.1 mcrons,
PFFVOLD8®/ ¢t 0d/dsis460r e, Ful uoroline-S) Coater: DNS SC WB0APET/UBOLRS® Typi cal
Bake and Cure Conditions for Contenpl ated_ Conpounds: Bake Condition:

150- 200- 250C, 1 m nute each under nitrogen gas (<50 pprn oxygen) Furnace
Cure Condition: Typical 400C for 60 mnutes in nitrogen (15L/mn); Ranping
up from 250C at 5K/ min; Cure tenperature range from 350-450C. Hot Pl ate
Cure Cbnditiomka@%agam alternate to furnace cure) 350-450C for 1-5 m nutes
in 10 nitrogen. Physical Properties of a Contenplated Conpound: Refractive
I ndex: After Bake: 1.702 15 After Cure: 1.629 Thi ckness (Angstrons): After
-Bake: 8449 After Cure: 9052 Thi ckness Change (Percent Change): 20 Bake to
Cure: 7.1 Thus, specific enbodi nents and applications of conpositions and
met hods to produc#l@ 25 | ow gyel ectric constant pol ymer have been

‘disclosed. It shoul d\#€ agparent, however, tg 6 -50

PCT/ USD1/ 32569 skil | ¢ t mafy heki des

t hose al ready A i t hout e inventive

concept s herd| y mat t er, not to be

restrictedsext e append , In
shoul d be

interpreti ng p i 2t gn and the cl
interpreted i N_the v nner co e context. In
particular, the terns "conprises" and ' conpr|5|ng" shoul d be interpreted as

referring to el enents, conponents, or gteps in a non-exclusive manner,
indicating that the referenced el enents, conponents, or steps nay be

present, or utilized, _or conbined with
—{éi—o 0

5 The synthetic procedure of Example 1 is followed except that 3,4-

difluorotetraphenylcyclodienone is used as the difluoro compound.

10




ot her el ements, conponents, or steps that are not expressly referenced.
WO 02/ 0815:46 -51 CLAIMS What is clained is: PCT/USOL/ 32569 1. An isoneric
t her nosewo omosaswaomer m xture, wherein the nixture conpri BEWUSII/I28@St one
nononer having the structure R~ Ra/ Y~, ~ R wherein Y is selected froma
cage conpound and a silicon atom and R;" R2, R3, and R4 are independently
selected froman aryl, a branched aryl, and an aryl ene ether, and wherein
at | east one of the aryl, the branched aryl, and the aryl ene ether has an
et hynyl groupExdmpld® i soneric thernosetting nonomer m xture of claim1l,
wherein said Y Is selected fromthe group consisting of adamant ane and

di amantane. 3. The isoneric thernosetting nononmer m xture of claiml1,
“wherein said mxture conpri sépntetplatdcliparative badkboses 4. A sol vent havi ng
di ssol ved therein said isonmeric thernosetting nononer mxture of claim 1.
e e e ol o RSl B AU ey B AR B ibrifited

spi n-on pol ymer "co st ng e 1'sofme nonomer m xture of
claim 1. afcordingtcsthe ger@eal pyritlyatie praabduet mEnaﬁw,pleshenéiZn t_he pol ymer has a
dielectric constant of less than 3.0. 8. The spin-on polyner of claimb,
wherei.n the polynmer has a dielectric constant of |less than 2.7.

10
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WO 02/ 0815:16 -52 9. A thernosetting nononer having the structure R i R 2
R 6~Ar~ R~s R4 R~~ PCT/ USOLl/ 32569 wherein Ar is an aryl, and RI, R2, R 3,
R 4, R Swaoosis® are i ndependently selected from an aryl pCawusessesésed aryl,
an aryl ene ether, and nothing, and wherein each of the aryl, the branched
aryl, and the arylene ether have at | east one ethynyl group. 10. A spin-on
pol ymer conprising the thernosetting nononer of claim9. 11. A nethod of
producing a | ow di el ectric constant polynmer, conprising: providing an

i soneric thernosetting nononer m xture, wherein the m xture conprises at

| east one nononer having the structure R ~~ " Rz R wherein Y is selected
froma cage cdixpopled and a silicon atom and R~, R2, R3, and R4 are
“independently selected froman aryl, a branched aryl, and an arylene ether,
and wherein at |east gne of the aryl the br anched and the ary] ene
ether has an edspayianyeadaapredraonosieysas shohig Rignres ﬁ@ﬁ‘ﬁ’%&“(%aﬂ%ﬁa

mxture thareby. Brd“M%eW@éh?MQhﬁé %ﬂwlhgalcm@pag&emwﬁmg 360haugi n the

pol ymeri zation conprises a chem cal reaction of the ethynyl group. 12. The
met hod of(1895i m 11, wherein the Y is selected fromthe group consisting of
an adamant ane, and a di amant ane. W O 021 081546 -53

Example 5
Synthesis of 1,3,5,7-Tetrabromoadamantane (TBA)

Br
—
Br Br
10 @ @
Br

1,3,5,7-Tetrabromoadamantane synthesis started from commercially available

adamantane and followed the synthetic procedures as described in G. P. Sollott and E. E. Gilbert,

J. Org. Chem., 45, 5405-5408 (1980), B. Schartel, V. Stiimpflin, J. Wendling, J. H. Wendorff, W.

15 Heitz, and R. Neuhaus, Colloid Polym. Sci., 274, 911-919 (1996), or A. P. Khardin, I. A.
Novakov, and S. S. Radchenko, Zh. Org. Chem., 9, 435 (1972). Quantities of up to 150g per

batch were routinely synthesized.



PCT/ USOL/ 32569 13. The nethod of claim 11, wherein the aryl conprises a

noi ety selected fi-fromthe group consisting of a phenyl ethynyl phenyl, a
phenyl et momgd/@shsey| et hynyl phenyl , and a phenyl et hynyl phenpCplisotyi2seold. The
met hod of claim 11, wherein the aryl ene.nther conprises a

phenyl et hynyl phenyl phenyl ether. 15. The nmethod of claim 11, wherein at

| east three of the aryl, the branched aryl, and the arylene ether have a

et hynyl group, and wherein the polynerization conprises a chem cal reaction
of the at least three ethynyl groups. 16. The method of claim1l, wherein
all of the aryl, tWenthesisafess algirakisdd-prenaphgnyidamentaneKBEBALN ef hynyl
group, and wherein the polynerization conprises a chemcal reaction of all

of the ethynyly gr@uPstep, 1TBA Wi REHEO iR bréthebebehd, to Wi 81,115, Rietraki(3/AR3 and
R4 have a total length L, and the |ow dielectric constant Eg!%éger has a

di el ect r ikzoraenherdledamantang(d BRAS g idgsaried) 8 Mogrwawleghien 7. 7R ed94)8. The
t hod of [ : i ' I e :

T e WeFhaL SR 0 R Rek rite GRIRGLASEpBIRE L AU S PR

t her ndsetdesired TRV pedsenti wasuapprokkaaly S0%c @ecovniphniad bpah0td of thattribmomafatedn

addi tional, crosslinlung nol ecul e nethod of claim1l, wherein said
i someri c R WZ%‘{E‘H"“HEQ e 1@19/ &%SP%J;E@%W‘%%@“ %W‘@ﬁﬁ*a%‘a‘?ea i soners. 21.
The met hod of claim 11, wherein, said isonmeric thegnosetting nmononer, m xture
is dissolved in a solvent. @ 02/ 081546 PCT/ Ug80j/ 32569 -54 22. pt hod

of producing®a spin-on | ow di®&ectric constant Pplynmer, conpri sing
provi di ng rm)settinrr]g ¥er having the ure R i R~A

H e — 70

Br

10
~50% ~40% ~10%
Specifically, the Experimental Procedure for the above is as follows:
Equipment:
1. Dry 5L 3-neck round bottom flask. 2. Water condenser. 3. Magnetic stir-bar. 4. Heating
mantle. 5. Thermocouple. 6. Thermal controller unit. 7. N, inlet-outlet to 30% KOH
15 solution. Assemble above equipment and Purge flask with N> for 10 min.
Procedure:
Weigh 160.00 £ 0.30g of TBA and 4,800.00 = 1.0g of Bromobenzene. Total volume is
3220mL and d = 1.49, Weigh 32.25+- 0.30g of Aluminum Bromide. Pour 2L (62% v/v
from total volume) of bromobenzene into flask. Activate stir-bar.
20 Add full amount of TBA and rinse funnel with 1L (31% v/v from total volume) of

bromobenzene, Take HPLC sample of starting material. Compare with standard HPLC

chromatogram.



R siR4 R 3 wherein Ar is an aryl, and R1, R2, R3, Ra, RS, and R6 are
I ndependently selected froman aryl, a branched aryl, an arylene ether, and
not hi ng, waneb/oshsei n each of the aryl, the branched aryl, panvdsetsser yl ene
et her have at |east one ethynyl group; apd polynerizing the thernosetting
nmononer thereby formng the |ow dielectric constant polyner, wherein the
pol yneri zation conprises a chem cal reaction of the at | east one et hynyl
group. 23. The nmethod of claim 22, wherein the aryl conprises a phenyl
group. 24. Theédddéilhovout ofalanimim2romifieiosplutiet and riRsefunmel 37ithR20mL % vAnd R 6
have a total l.ength L. and.the |ow dj >t I G . COFE :
dielectric corﬁré’fr%ﬁ{gl Yd&lme r?ttj‘gm e lpngﬁlgﬁkgé}gtgérneaégléssp%\%ﬁélﬁoiﬁldq%%%%ggé%%?l . The

“method of cl apfecpRativhasible Stirhie hdtion afixtpe! fynkr it zéong tebiperatirer noset ti ng
nononer into the polyner takes place w thout participation of a secondary
mol ecul e. 26. The method of claim22, wherein the polynmer conprises a

pol y(aryl ene dtfiseth, raigrempmatatess repstionimiga te 400y Aflgtiemgeraium reacket 4076 | ayer
conprising a - Qi | ' ' f at
eact Sone t het BeutRp ARGy " Au plCSarl Wihhe LEs AAMERRRLAMEOL g
02/ 081546 - 55 NofeE/ TIROrehétRdSicGuidedrieite ovet $f setmedseaf TBAMara semgen ¢diound
and a silicon, ﬁ%)orr}j) and R, R2, R3, and R4 are independently selected from
an aryl, a br SACHBPERAY , and an aryl ene ether, and wherein at |east one of
the aryl, the branched aryl, and the aryl ene ether has an ethynyl group;

When reaction is over, pour the dark reaction mixture into a 20L pail containing 7L
(217% v/v relative to the total volume of bromobenzene) D.L Water, 2L (62% v/v relative
10 to the total volume of bromobenzene) ice, and 300mL (37% ) HC1 (9% v/v relative to the
total volume of bromobenzene). Stir vigorously using an overhead-stirrer for lhr +

10min.

Transfer the organic layer to a separatory chamber and wash it 2 times with 700mL (22%
v/v relative to the total volume of bromobenzene) portions of de-ionized water. Place the
15 washed organic layer in a 4L separatory funnel and add it, as a slow stream, to 16L (5 x
times to the total volume of bromobenzene) methanol, in a 30L pail placed under and

overhead-stirrer, to precipitate a solid during 25min + 5min.

After addition is complete, agitate the methanol suspension vigorously during lhr *
10min. Filter the methanol suspension by suction through a Buchner funnel (185mm).
20 Wash the solid on filter cake with three portions of 600mL (19% v/v relative to the total

volume of bromobenzene) methanol. Let the solid suction dry for 30 min.

Empty the pinkish powder into a crystallizer dish using a spatula and place it in a
vacuum-oven to dry overnight. Weigh after drying. Re-dry in the vacuum-oven for 2
additional hours and re-weight. Continue drying, if necessary, until weight change is <

25 1%. After solid is dry, record the final weight and calculate yield. Expected Yield is
176.75 - 192.80g (66 — 72%).



R i R2 RGA~ R-s~R-a. R3 wherein Ar is an aryl, and R1, R2, R3, RAQ
RS, and R 6 are independently selected froman aryl, a branched aryl, an
aryl ene su(exnsiswed not hi ng, and wherein each of the aryl, pP€ch@sStwasehed
aryl, and the arylene ether have at | east one ethynyl group. 28. The

el ectrical device of claim27, wherein s#-d thernosetting nononmer conprises
an isoneric thernosetting nononer m xture. 29. The el ectrical device of

cl ai m 28, mherein said i soneric thernosetting nononer nmixture conprises

Somer i c | hor RBSGEINy: Fkervhoint BrupeSRLoftibe o St Bt e g0 2

spi n-on |calyd let@ﬁlbbél&cﬁ‘é) Rfd ANICLEnEh | & 20°C)NTIBPAI R@s dbtfihddSin hRtdsbene
+having a first aromatic noiety and a first, reactive group; a second

backbone aHBEPKIRpiely 2Q:08%hd Werwrrasq astomshed By this sesalt habwerapsaisdt sevaaalginss o
(wher ei n tReatl LRtn@RduR&GR Jpéﬁgxlftl%?&@s':s f8f c%n%rﬂﬁg'séhb Bllégé:ll.ln‘(é RixtEtolalfsSful and
second reactive groups In rosstinking reaction; and a cage structure
covalénthwo@anddmmmamkWeadnnmeroilthe first and second backbones, wherein
the cage structure conprises at |east eight atons. WO 02/0815:16 -56
PCT/ USOL/ 32569 32. The low dielectric constant material of claim 31,
wherein the crosslinking reaction takes place wi thout a secondary
crosslinker 33. The low dielectric constant material of claim 31, wherein
the aromatic noiety conprises a phenyl. 34. The | ow dielectric constant
material of claim 31, wherein the aromatic noiety conprises an aryl ene

et her. '

(mixture of p-, m-isomers of four- and tri-bromoderivatives)

qodt

PhBr (AlBr,)
w e—
1 min 20C

Br
~90% 1411

1,3,5,7-tetrakis(3'/4'-bromophenyl)-adamantane,

(mixture of p-, m- isomers)



35. The low dielectric constant material of claim31l, wherein the first
backbone conprises a poly(arylene ether). 36. The |low dielectric constant
mat er i al wad oxdsass 31, wherein the first reactive groups CPOPUSGERSEN

el ectrophile. 37. The low dielectric constant material of claim31, wherein
the first reactive groups conprises an tetracyclone. 38. The low dielectric
constant material of claim31l, wherein the second reactive groups conprises
a nucl eophile. 39. The low dielectric constant nmaterial of claim 31 wherein
t he second reactive groups conprises a phenylethyilyl phenyl group. 40. The
| ow di el ect ri Gpesaficdlignthe Brpeinicatal Bfoceduse for Sik abuieds ad folloke first and second
reactive groups are identical. 41. The |ow dielectric constant material of
claim 31, wherein the reaction is a cycloaddition. 42. The |ow dielectric
constant nat edCHPIEAL | i m 41, wherein the cycl oaddition is a Diel sAl der
reaction. 43. The low dielectric constant material of claim31l, wherein the
‘cage struct ur €, pgnl -k raindibetch flagke2. d]ﬁath&m@mms Magﬂatié)éﬂr%rls&&ating

PCT/ US01132569 -57 44 45 46. 47 8 50., The | diele tr|

mat eri al of CI%HHFSSL Thgprgcappie-#- ﬁ’éﬁ%"? copfellgs ugihd. )pr Ppt-qu S'i:tf’%\%o g?%ﬁp or
the second reagi e A%rs@h!ﬂe GRUVR bififMemAn® Pivgh NhskOVGHN, fof D@mliw di el ectric
constant material of claim31l, wherein the cage structure conprises at

| east one of an adamant ane and a di amantane. The | ow di el ectric const ant
material of clB : wherein the cage structure conprises a substituent.

Calculate the corresponding amounts of bromobenzene and aluminum bromide needed

based on the yield of the TBPA synthesized in the above/conventional synthesis.

Pour the appropriate amount (80% v/v from the total volume) of bromobenzene into

10 flask. Activate stir-bar.

Add full amount of TBPA from the previous synthesis and rinse funnel with appropriate

amount (10% v/v from the total volume) of bromobenzene.
Take HPLC sample of starting material. Compare with standard HPLC chromatggram.

Add full amount of aluminum bromide to the solution and rinse funnel with remainder
15 (10% from the total volume) of bromobenzene. Solution at this point should be dark

purple with no precipitation visible.

Stir the reaction mixture for 17 min at room temperature. Take HPLC sample after Smin.

Take HPLC sample after 17min.

Note: The reaction is judged to be over when the group of peaks corresponding to TBPA

20 was dominant in the HPLC chromatogram.



The I ow dielectric constant material of claim31, wherein the substituent

Is selected fromthe group consisting of a hal ogen, an al kyl, and an aryl.
The | ow sW@eOzasus46c constant material of claim 31, wherei nPEHESEIAI2S69
structure is covalently bound to the firgt and the second backbone. The | ow
dielectric constant material of claim 31, wherein the cage structure is
covalently bound to at | east one of the termni of the first and the second
backbone. A spin-on |ow dielectric constant polynmer having the structure:
OGA-OR(B)n W‘heﬂthEoﬁbﬂ ldBm'res pouf ﬂ(daiaﬂd’ltemﬁ)lmixuﬂe ih@Ba 20k pail Baraaiaimgé/me) n
with n =1-3, and wherei fﬁ qv

WO 02/081546 (BEYpY relatiyg o FOE?SV &P’QP 8@??‘?18"%16‘?1’5‘3 1 2V %?@?"P{ZY\}F%V ®% he

-structure: PCY Hggﬁl%gﬁﬁr% oPbronfdbenzeney ice Cand 300HL (470411 (9% Y7 vhi@ativexd theA
met hod of producing a | ow dielectric const ant pol ymer, corrprl sing the steps

~of 1 providing tefa e of bremgbengene)-havi ng the structure: Rl ~~R32 wherein Y
Is selected froma cage conpound, and R, R2, R3, and R4 are .

~\

5 Stir vigorously using an overhead-stirrer for 1hr + 10min.

Transfer the organic layer to a separatory chamber and wash it 2 times with 700mL (22%
v/v to the total volume of bromobenzene) portions of D.I. water and 3 times with 700mL
(22% v/v relative to the total volume of bromobenzene) portions of saturated NaCl

solution.

10 Place the washed organic layer in a 4L separatory funnel and add it, as a slow stream, to
the appropriate amount (5 x times to the total volume of bromobenzene) methanol, in a

30L pail placed under and overhead-stirrer, to precipitate a solid during 25min * Smin.

After addition is complete, agitate the methanol suspension vigorously during 1hr +

10min.
15 Filter the methanol suspension by suction through a Buchner funnel (185mm).

Wash the solid on filter cake with three portions of 600mL (19% v/v relative to the total

amount of bromobenzene) methanol.
Let the solid suction dry for 30 min.

Empty the pinkish powder into a crystallizer dish using a spatula and place it in an oven
20 to dry overnight. Weigh after drying. Re-dry in the vacuum-oven for 2 additional hours
and re-weigh. Continue drying, if necessary, until weight change is <1%. After solid is

dry, record the final weight and calculate yield. The expected yield is 85 — 91%.




i ndependent |y reactive groups; converting the chem cal reactant to a

t hernosetti ng nononer internedi ate; subjecting the thernosetting nononer

i nt er medivem @2/48054 fresh reagent solution and a fresh cat apgstusonm3zseoduce a
t hernosetting nononmer; and WD 02/0815.%6 PCT/ USOL/ 32569 -59 pol yneri zi ng
the thernosetting nononmer thereby formng the |ow dielectric constant

pol ymer, wherein polynerizing conprises a chem cal reaction of the reactive
group. 53. The nmethod of claim52, wherein the reagent conpri ses
bronobenzene and the catal yst conprises AIBr3 or AICI 3. 54. The nethod of
cl ai m 52, wher ei Synthesis efalgiﬁﬂ ~Eetvakis(henyleyaytphenyladamaptaas (TPEPAND and t he
catalyst is a Lewis Acid 55. Alow dielectric constant polyner having the
structure: n wherein n=1-103. ., WD 02/081546 P&¥/US01/ 32569 -60
AVENDED CLAI MS [received by the International Burea 15 May 2002
(15.05.02); original clains 17 and 24 cancel |l ed new's nms 56-61 added] 13.
The nmethod of claim 11, wherein the aryl conprises a npiety selected from
the group consistingf a phenyl et hynyl phenyl) a
phenylethyaylphenylelf nyl phenyl, and a

5 TBPA was reacted with phenylacetylene to yield the final product 1,3,5,7-tetrakis[(3,4-
phenylethynyl)phenyl)]Jadamantane (TPEPA) — as a mixture of isomers - following a general
reaction protocol for a palladium-catalyzed Heck ethynylation. TPEPA made from the reaction
including TBPA is soluble in cyclohexanone. TPEPA can also be made from 1,3,5,7-tetrakis(4-
iodophenyl)adamantane (TIPA) instead of TBPA. When TPEPA is made from TIPA, it is

10  insoluble in cyclohexanone.
Specifically, the procedure for this step is as follows:

Equipment:

1. Dry 2L 3-neck round bottom flask. 2. Water condenser. 3. Overhead-Stirrer. 4.
Heating mantle. 5. Thermocouple. 6. Thermal controller unit. 7. Dropping funnel 8. 2-



.

phcnyl et hynyl phenyl phenyl . 14. The nmethod of claim 11, wherein the aryl ene
et her conprises a phenyl et hynyl phenyl phepyl ether. 15. The nethod of claim
11) wher sigopdsidseast three of the aryl, the branched aryl pCawdow3zesaryl ene
et her have a et hynyl group) and mhereln he pol ynerization conprises a
chenical reaction of the at |east three ethynyl groups. 16. The method of
claim1l, wherein all of the aryl, the branched aryl, and the aryl ene ether
have an et hynyl group, and wherein the polynerization conprises a chem cal
reaction of ahkci@l addpeeret. Ny fiydt-ogtlettp30% KOH Ganioal Ademiils aboveequiphén endof
claim 11, wherein the polyner conprises a poly(arylene ether). 19. The

met hod of cl aifl mgfflasmghé\f/ﬁortlr(}émgt ep of polynmerizing the thernosetting
nononer m xture takes place without participation of an additional
crosslinking nolecule. 20. The method of claim 11, wherein said isoneric

t her noset ti ng Pnemedurer i xture conprises neta and para isoners. 21. The

*met hod of claim 11) wherein said isoneric therm)setting nmonomer m xture is

di ssolved is sol ! spin-on low dielectric
constant poly ?‘ghﬁgﬁérffc’ﬁﬁeﬁomg‘%&eﬂfﬂrﬁc ufeh% YHOSELTi ng nonomer havi ng t he
structure Ri Rz 53 Arm~'"s R4 R 3 AMENDED SHEET ( ARTI CLE 19) WO

02/ 08154G PCT/AJRtH i3 Am&iht nbelicdoe Eé‘dh'bf AN th1fowAlg Snlound ) RhenylabetflendRbB, R .,

R's, and R e are I ndependently selected froman aryl) a branched aryl, an
aryl ene et her (Pbaﬁ&thGbm)@phm@mm@;da)@mpnr(aﬂodtuif‘eamg)lT)mfhar@Weanched

aryl, and the arylene ether have at |east one ethynyl group: and

D e 2 Sl A R L (L A S B3
of the at |easke RRAGHE NRYInd HeBhte theoverhbad BRtAOMIION icbpile ARitionhertke n t he

aryl conprises a phenyl grou
Y w follo“?lng cgmpc?unds 1}31 the order listed below:

10 (Ph3P),PdCl,, rinse the funnel with 50mL (4% of total volume) of
triethylamine (TEA) and stir for Smin.

Triphenylphosphine, rinse the funnel with 50mL (4% of total volume) TEA,

stir for 5 min.

Copper(I) Iodide, rinse the funnel with 50mL (4% of total volume) TEA, stir

15 for 5min.

Add the total amount of TBPA from the second TBPA synthesis above and rinse the
funnel with 100mL (8% of total volume) TEA. Start heating the flask to 80°C.

Place the measured quantity of Phenylacetylene diluted with 50mL (4% of total volume)

TEA in the dropping funnel, mounted on one neck of the 2-necked adapter.

20 Once the temperature of the reaction mixture reaches 80°C, take a sample for HPLC

analysis. This is the starting material.

Add the diluted phenylacetylene dropwise to the reaction mixture over 30min x 10min.



24. Cancel ed. Z5. The nethod of claim22) wherein the step of polynerizing
the thernosetting nononer into the polyner takes place w thout

parti ci psto amsass6a secondary nol ecul e. 26. The nethod of BCRUSVYRZRS69her ei n
the polymer conprises a poly(arylene ethgr). 37. An electrical device
including a dielectric layer conprising a spin-on polyner, wherein the
polymer is fabricated fromat |east one thernosetting nononer fromthe
group conprising: R ~iY'~ A3 wherein Y is selected froma cage conpound

and a siliconNei@Mhisieen BiothdRaic rEidtioR Tbnivol the Rmpetiepebyesiigd ywaed mdt ed item
an aryl, a brapched aryl, and an arytene ether, and wherein at |east one of
t he aryl t he branched aryl) and the aryl ene et her has as et hynyl group;
\R 6~ ~i R~z 5Costiueheating{or RhowwENDE@csmEFt@Amf@Ehmw of hwg)zt/&@g%%

PCT/ US01/ 3256 62 The rm of claim1, wherein the aryl
conpri ses a mgjr E‘?V‘é&gé?’g@e % %“fﬁ'ﬁg‘ﬁg consi sting of a
' phenyl et hynyl phenyl, a phenyl et hyayl pbenyl et hynyl phenyl. or a

phenyl et hynyl %@ﬂﬁé%@t@ﬂml ﬁxret-(l;|3§° Wrtlﬂbﬁ@h‘dr]ﬁlcﬂierﬁinﬁélmlgé ewainn the
aryl ene ether conprises a phenl -pht nyl et her. he nmononer

m xt urse of cl dheuride smhésktlmes vmh é@OmIeafsTEfbr(@/V%mé%rrelé‘fmmﬁ |1§és
1,3,5,7-tetra[ 3" 14" -{phenyl et hynyl ) pbenyl ] adamant ane. 59. The nmononer
m xture of claim

wei ght per centlo#d éftg c?kqtgtaggﬁjgaefseﬁan%(sbﬂém%ng%mm l;ig& T ?E\% 5%}%'?3%% bout 95

The nononer mdftrggefop{ﬁﬁlln@ltmogntefﬁ{g@g@fen the at | east one rmnorrer corrprl ses
1, 314 bistl", 3,5 tris{3"/4"-phrnylethynyl)phcnyl)adamantyl-7"-yl)

benzene. 61. The nononer nixture of claim 1) wherei n nononer mxture
conprises |les sFilltdn&troWBucEnwﬁinghlt(lﬁiﬁanm@emd wiash the crude solids 2 times with 300mL

3/ 4-bis{1.3, SHA?‘% 26°P € a&/vegct) tﬂy?yl ) phenyl ) adamant yl

10 Suction dry the solids overnight.

Note: Take 3g of crude product for (TLC, HPLC, DSC, Trace Metals, UV-VIS) analysis.

As mentioned briefly in the Background section, Reichert’s goal was to prepare 1,3,5,7-
tetrakis[(4-phenylethynyl)phenyl)Jadamantane of definite structure, namely, single p-isomer of

15  this compound - 1,3,5,7-tetrakis[4’-(phenylethynyl)phenyl]-adamantane (VIII). This, and only
this compound, having definite structure (which can be characteri.zed by the analytical methods)

was the target of Reichert’s work. Please note that Figures 11 and 12 show the preparatioﬂ of

the isomers discussed below, and the Roman numerals in the text of this Example correspond

with the Roman numerals in Figures 11 and 12.
20 Reichert’s plan was to realize the following sequence:

1,3,5,7-tetrabromoadamantane (I) — 1,3,5,7-tetrakis(4’-bromophenyl)-adamantane
(ID) (p-isomer) — 1,3,5,7-tetrakis[4’-(phenylethynyl)phenyl)]-adamantane (VIII) (p-

isomer)

Reichert failed on step (I) — (II) in that she thought she obtained 1,3,5,7-tetrakis(3°/4’-
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1,3,5,7-tetra(3°/4’-bromophenyl)adamantane () subjected to Heck reaction with

phenylacetylene gave novel 1,3,5,7-tetra[(3°/4’-phenylethynyl)phenyl)Jadamantane (V) (mixture
of p- and m-isomers) which was confirmed by NMR and HPLC and is very well soluble in
toluene, xylenes, cyclohexanone, anisole, propylene glycol methyl ether acetate, mesitylene,
5  cyclohexylacetate, etc. For example, its solubility in cyclohexanone is > 20%. This necessary
property makes possible its ability to be spin coated, which ensures practical use of this material,

especially in the field of layered materials and semiconductors.

Therefore, our prepared intermediate 1,3,5,7-tetra(3°/4’-bromophenyl)adamantane (IID),
gave us the opportunity to make 1,3,5,7-tetra[(3°/4’-phenylethynyl)phenyl)Jadamantane (V)

10 (soluble mixture of p- and m-isomers), which can be used as spin-on low k dielectric material.

Example 6

Synthesis of m- and p-bromotolane isomers
@’CECH —_— @'CEC@— Br
15

In a 500-mL 3-neck round-bottom flask, equipped with an addition funnel and a nitrogen
gas inlet, 4-iodobromobenzene (25.01g, 88.37mmoL), triethylamine (300mL), bis(triphenylphos-
phine)paladium[IT] chloride (0.82g) and copper[I] iodide (0.54g) were added. Then, a solution of

20  phenylacetylene (9.025g, 88.37mmoL) in triethylamine (50mL) was added slowly, and the
temperature of the solution was kept under 35C under stirring. The mixture was stirred for
another 4 hours after addition was completed. The solvent was evaporated on the rotary
evaporator and the residue was added to 200mL of water. The product was extractedl with
dichloromethane (2 X 150mL.). The organic layers were combined and the solvents were removed

25  byrotary evaporator. The residue was washed with 80mL hexanes and filtered. TLC and HPLC
showed a pure product (yield, 19.5g, 86%). Additional purification was performed by short silica

column chromatography (Eluent is 1:2 mixture of toluene and hexanes). A white crystalline solid
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was obtained after solvent removal. The purity of the product was characterized by GC/MS in

acetone solution, and further characterized by proton NMR.

Synthesis of m- and p-Ethynylt(;lane
TMSA
C=C Br —» c=C C=CH

The synthesis of p-ethynyltolane from p-bromotolane was performed in two steps. In the
10 first step, p-bromotolane was trimethylsilylethynylated using trimethylsilylacetylene (TMSA, as
shown above), and in the second step, the reaction product of the first step was converted to the

final end product.

Step 1 (Trimethylsilylethynylation of 4-bromotolane): 4-Bromotolane (10.285g,

40.0mMol), ethynyltrimethylsilane (5.894g, 60.0mMol), 0.505g (0.73mMol) of

15  dichlorobis(triphenylphosphine)palladium[II] catalyst, 40 mL of anhydrous triethylamine, 0.214g
(1.12mMol) of copperf{l] iodide, and 0.378g (1.44mMol) of triphenylphosphine were placed into

the N; purged, 5-Liter 4-neck round-bottom flask, equipped with an overhead mechanical stirrer,
condenser, and positioned inside a heating mantle. The mixture was heated to a gentle reflux
(about 88°C) and maintained at reflux for 1.5 hours. The reaction mixture became a thick black

20  paste and was cooled. Thin-layer chromatographic analysis indicated complete conversion of
starting material 4-bromotolane to a single product. The solids were filtered and washed with
50mL of triethylamine, mixed with 400mL of water and stirred for 30 minutes. The solids was
filtered and washed with 40mL of methanol. The crude solid was recrystallized from 500mL of
methanol. On standing, lustrous silver colored crystals settled out. They were isolated by

25 filtration and washed with 2x 50mL of methanol. 4.662g was recovered (42.5% yield).
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Step 2 (Conversion of 4-(Trimethylsilyl)ethynyltolane to 4-Ethynyltolane): Toa 1-Liter 3
neck round-bottom flask equipped with a nitrogen inlet, an overhead mechanical stirrer, was
charged 800mL of anhydrous methanol, 12.68g (46.2mMol) of 4-(trimethylsilyl)ethynyltolane,
and 1.12g of anhydrous potassium carbonate. The mixture was heated to 50°C. Stirring
5  continued until no starting material is detected by HPLC analysis (about 3 hours). The reaction
mixture was cooled. The crude solids were stirred in 40mL of dichloromethane for 30 min and
filtered. The filtered suspended solids by HPLC showed mainly impurities. The dichloromethane
filtrate was dried and evaporated to yield 8.75g of a solid. On further drying in an oven, the final
weight was 8.67g, which represented a yield of 92.8%.

10
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Synthesis of 1,3,5,7-tetrakis[(3’/4’-bisphenylethynyl)phenyl)Jadmantane(TBPEPA)

TBPA (supra) was reacted with 4-ethynyltolane to yield the final product 1,3,5,7-tetrakis-
5  {3’/4’-[4”-(phenylethynyl)phenylethynyl]phenyl}adamantane (TBPEPA) following a general

protocol for a palladium-catalyzed Heck ethynylation reaction.

The so prepared TBTA was dissolved in cyclohexanone to obtain a 10% (by weight) solu-
tion, 5ml of which were spun onto two silicon wafers using standard procedures well known in
the art. The TBTA was polymerized on the wafer by heating to a temperature of about 300°C,

10 and cured at a temperature of 400°C for 1 hour. The k-value was determined to be 2.57. It should
be especially appreciated that when the k-value was compared to the k-value of TPEPA, (which
is a structural analog to TBTA with a shortened length of the arms) the k-value of TPEPA was
higher at about 2.60. Thus, the contemplated decrease in the k-value due to an increased length of

the arms extending from the cage compound has been experimentally confirmed.
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Example 7

Film Studies of TPEPA produced from a TBPA precursor (Example 6)

TPEPA (approx. 10 g or more) was dissolved in cyclohexanone (CHN) as 12% solution.
The resulting solution was spun onto silicon wafers and then baked and cured into a film. The
5  dielectric constant was measured to be around 2.60 with a Tg greater than or equal to 420°C.

There was no shrinkage of the film and no IR changes after baking the film for 20 hours at 400°C.

Typical or representative spin coating conditions are shown below:

Step Process Spin (RPM) | Time (Sec)
1 Dispense 0 2.8
2 Delay 0 1.7
3 Spread 1000 2
4 Spin 2000 40
5 BSR 1500 6
6 EBR : 400 12
’; EBR 800 7
8 Dry 1000 7
9 Dry L 1500 5
10 : End 0 0:06

10 Pressurizing Gas: Helium

Dispense Pressure: 0.08 Mpa
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Dispense Rate: 1.0 mL/sec

Inline Filter: 0.1 microns, PFFV01D8S (Millipore, Fuluoroline-S)

Coater: DNS SC-W80A-A VFDLP

5 Typical Bake and Cure Conditions for Contemplated Compounds:
Bake Condition: 150-200-250°C, 1 minute each under nitrogen gas (<50 ppm oxygen)

Furnace Cure Condition: Typical 400°C for 60 minutes in nitrogen (15L/min); Ramping
up from 250°C at 5K/min; Cure temperature range from 350-450°C.

Hot Plate Cure Condition: (as an alternate to furnace cure) 350-450°C for 1-5 minutes in

10  nitrogen.

Physical Properties of a Contemplated Compound:

Refractive Index:

After Bake: 1.702
15 After Cure: 1.629

Thickness (Angstroms):

After Bake: 8449
After Cure: 9052

Thickness Change (Percent Change):
20 Bake to Cure: 7.1

Thus, specific embodiments and applications of compositions and methods to produce a

25  low dielectric constant polymer have been disclosed. It should be apparent, however, to those
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skilled in 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
5  consistent with the context. In particular, the terms "comprises" and "comprising" should be
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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CLAIMS
What is claimed is:
1. An isomeric thermosetting monomer mixture, wherein the mixture comprises at least one
monomer having the structure
Iiil
Y'lll
» R2
R4/ R3

wherein Y is selected from a cage compound and a silicon atom, and Ry, Ry, R3, and Ry
are independently selected from an aryl, a branched aryl, and an arylene ether, and
wherein at least one of the aryl, the branched aryl, and the arylene ether has an
ethyny! group.

2, The isomeric thermosetting monomer mixture of claim 1, wherein said Y is selected from

the group consisting of adamantane and diamantane.

3. The isomeric thermosetting monomer mixture of claim 1, wherein said mixture comprises

meta and para isomers.

4, A solvent having dissolved therein said isomeric thermosetting monomer mixture of
claim 1.

5. The solvent of claim 4, wherein the solvent is cyclohexanone.

6. A spin-on polymer comprising the isomeric thermosetting monomer mixture of claim 1.

7. The spin-on polymer of claim 6, wherein the polymer has a dielectric constant of less than
3.0.

8. The spin-on polymer of claim 6, wherein the polymer has a dielectric constant of less than

2.7.
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11. A method of producing a low dielectric constant polymer, comprising:

providing an isomeric thermosetting monomer mixture, wherein the mixture comprises at

least one monomer having the structure

II{I

Y.
:|R
R¢ Ry

wherein Y is selected from a cage compound and a silicon atom, and Ry, Ry, R3, and Ry
are independently selected from an aryl, a branched aryl, and an arylene ether, and
wherein at least one of the aryl, the branched aryl, and the arylene ether has an
ethynyl group; and

polymerizing the thermosetting monomer mixture theréby forming the low dielectric
constant polymer, wherein the polymerization comprises a chemical reaction of

the ethynyl group.

12.  The method of claim 11, wherein the Y is selected from the group consisting of an

adamantane, and a diamantane.
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mixture takes place without participation of an additional crosslinking molecule.

vUu410

20.  The method of claim 11, wherein said isomeric thermosetting monomer mixture

comprises meta and para isomers.

21.  The method of claim 11, wherein said isomeric thermosetting monomer mixture is

dissolved in a solvent,
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the low dielectric constant polymer has a dielectric constant k, and wherein k decreases

when L increases.

25.  The method of claim 22, wherein the step of polymerizing the thermosetting monomer

into the polymer takes place without participation of a secondary molecule.
26.  The method of claim 22, wherein the polymer comprises a poly(arylene ether).

27.  An electrical device including a dielectric layer comprising a spin-on polymer, wherein
the polymer is fabricated from at least one thermosetting monomer from the group

comprising:
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aryl, a branched aryl, an arylene ether, and nothing, and wherein each of the aryl,
the branched aryl, and the arylene ether have at least one ethynyl group.

28.  The electrical device of claim 27, wherein said thermosetting monomer comprises an

isomeric thermosetting monomer mixture.

29.  The electrical device of claim 28, wherein said isomeric thermosetting monomer mixture

comprises meta and para isomers.

30.  The electrical device of claim 27, wherein said isomeric thermosetting monomer mixture

is dissolved in a solvent.

31. A spin-on low dielectric constant material, comprising:

a first backbone having a first aromatic moiety and a first reactive group;

a second backbone having a second aromatic moiety and a second reactive group,
wherein the first and second backbones are crosslinked via the first and second
reactive groups in a crosslinking reaction; and

a cage structure covalently bound to at least one of the first and second backbones,

wherein the cage structure comprises at least eight atoms.
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33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

The low dielectric constant material of claim 31, wherein the aromatic moiety comprises

a phenyl.

The low dielectric constant material of claim 31, wherein the aromatic moiety comprises

an arylene ether.

The low dielectric constant material of claim 31, wherein the first backbone comprises a

poly(arylene ether).

The low dielectric constant material of claim 31, wherein the first reactive groups

comprises an electrophile.

The low dielectric constant material of claim 31, wherein the first reactive groups

comprises an tetracyclone.

The low dielectric constant material of claim 31, wherein the second reactive groups

comprises a nucleophile.

The low dielectric constant material of claim 31 wherein the second reactive groups

comprises a phenylethynylphenyl group.

The low dielectric constant material of claim 31, wherein the first and second reactive

groups are identical.
The low dielectric constant material of claim 31, wherein the reaction is a cycloaddition.

The low dielectric constant material of claim 41, wherein the cycloaddition is a Diels-

Alder reaction.

The low dielectric constant material of claim 31, wherein the cage structure comprises at

least one carbon atom.
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low dielectric constant materia wherein the cage structure go_mpnses gf 0)-

least one of an adamantane and a diamantane.

46. The low dielectric constant material of claim 31, wherein the cage structure comprises a

substituent.

47, The low dielectric constant material of claim 31, wherein the substituent is selected from

the group consisting of a halogen, an alkyl, and an aryl.

48.  The low dielectric constant material of claim 31, wherein the cage structure is covalently

bound to the first and the second backbone.

49.  The low dielectric constant material of claim 31, wherein the cage structure is covalently

bound to at least one of the termini of the first and the second backbone.

50. A spin-on low dielectric constant polymer having the structure:

O—-Tr—O—R
®Bn
X

wherein B is @(Adamantane),, or <——}(Diamantame)n with n =1-3, and wherein x

=1-10%,

wherein R is o , and
o= O
O
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53.  The method of claim 52, wherein the reagent comprises bromobenzene and the catalyst
comprises AlBr; or AlCls.

54.  The method of claim 52, wherein the reagent comprises an aromatic or phenyl group and

the catalyst is a Lewis Acid

55. A low dielectric constant polymer having the structure:

0 o.®— =Cc— )—

wherein n=1-10°.
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15.  The method of claim 11, wherein at least three of the aryl, the branched aryl, and the

arylene ether have a ethynyl group, and wherein the polymerization comprises a
chemical reaction of the at least three ethynyl groups.

16.  The method of claim 11, wherein all of the aryl, the branched aryl, and the arylene
ether have an cthynyl group, and wherein the polymerization comprises a chemical
reaction of all of the ethynyl groups.

17.  Canceled.
18.  The method of claim 11, wherein the polymer comprises a poly(arylene ether).

19.  The method of claim 11, wherein the step of polymerizing the thermosening monomer
mixture takes place without participation of an additional crosslinking molecule.

20.  The method of claim 11, wherein said isomeric thermosetting monomer mixture
comprises meta and para isomers.

2]1.  The method of claim 11, wherein said isomeric thermosetting monomer mixture is
dissolved in a solvent.

22. A method of producing a spin-on low dielectric constant polymer, comprising:
providing & thermosetting monomer having the structure

AMENDED SHEET (ARTICLE 19)
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polymer, wherein the polymerization comprises a chemical reaction of the at
least one ethynyl group.

23.  The method of claim 22, wherein the aryl comprises a pheny! group.
24. Canceled.

25.  The method of claim 22, wherein the step of polymerizing the thermosetting monomer
into the polymer takes place without panticipation of a secondary molecule.

26. The methad of claim 22, wherein the polymer comprises & poly(arylene ether).

27.  An electrical device including & dielectric layer comprising a spin-on polymer,
wherein the polymer is fabricared from at least one thermosetting monomer from the
group comprising:

R
R

Y;u
Ry R

wherein Y is selected from a cage compound and a silicon atom, and R;, Rz, R3, and
Ry arc independently selected from an aryl, a branched aryl, and an arylene
ether, and wherein at least one of the aryl, the branched aryl, and the arylene
cther has an ethynyl group;

R o

R'6\ | l/R2
N\

sk'slll{'4 R'B
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