, e3e"L("ld 6T( EWD 03/0577d9 ORGANIC COWCSI TIONS Field of The Invention~-
PCT/ US01/50182 5 The present invention relates to sem conductor devices; /\%)
and in pswooxsaw, to sem conductor devices having an or groT/USI1W182 e
dielectric constant material and processes for the manufacture thereof.
Background of The Invention 10 In an effort to increase the performnce
and speed of sem conductor deQREANICOQONMEPOBITIONSdevi ce manuf acturers have
sought to reduce the |inewi dth and spacing of interconnects while

m ni m zing the transm ssion | osses and reduci ng the capacj ' i ng
of the interconnects. One way to di m nish power consumti\h\b{@@‘mm\m@wﬁe
capacitance is by decreasing the 15 dielectric constant ( rred to
*as "k") ofFi¢ldeof Fbellavemtpmat eri al, or dielectric, that separté$ the

i nterconnects. Insulator materials having |ow dielectric constants are
especi 8l |y desiThdl gresbacanventibay réldpisc alol \semhibomdhietredesicesal and in
propagati on, reduce capacitance and cross tal k between conductor |ines, and
| over vol tRajHeUIBEGIE sEPicORdYEivredevigeghayiag an pedanic lowdlielpekic eenstapt a

dielectric n nt, o . j Of t . reduce the dielectric
const ant J'f"gﬁ%ﬁ%?ﬁg%’d?rfoﬁé?gﬁ g?é@gomﬂﬁgacéu?%t@?rggﬂcaI limt of 1.0, and
several nethods are known in the art for reducing the die ant
of insulating materials. These techni ques include adding m’ﬂmm’lmmmmm as
fluorine tgyckBfoGRdRPSTHd Rivehdioheduce the diel ectric constant«gadot he bul k
25 materi al. her nethods To reduce k include use of alternative
dielectric material nmatrices. Therefore, as interconnect |inew dths

decr edfe, concdniamaffodtte dncresse ithe tpesfatimarme and sperdtefnseicaridctor

i nsul ati ng, mat eri al aredé"g:?ui red,.to achi.eve the WO 03/.0577: 49

PCT/ USOL/ BYHEES: n3BIRR HET9o ARtifSe MATHTABIAATS havPc3oUINnt (@ fieduce the

semi conduGhalyidfY 41 spBeingS SR TRté coRRYEEEWHIRY MdinkiZing! 08 st srhisdf dt hs
of 0.13 or 0.10 micron and bel ow seek an insulating naterial having a

di el ectri dossessarmhredugding tBe capacitative coeupling of dheintdecdrisiddls. dwe ol i ed
versions of Si(2, such as ' S fluorinated silicon dioxide or fluorinated

si licon gitasimimishdaamet epnpdaptignand educeneapacitangads bndesreaging the

d. | h . H 5 K, .
Gi of edpy | SIABERICTork Bl s, BRIy, dp XA, of ifie RETRBNY HRRENEE O0°, o
and t her najielet iy, | thiay sepadedst thewintélodndctdie Ihbgatar! mayerdialsthandg low

processing steps of sem conductor device 10 manufacturing, materials having
a | over didigleetric consiaRtsaare aspeciallydestablg. breavsedtheyrtypioatly mllasv fasder t o
deposit dielectric erial V. Lvided into t categories: i.n-on
depost 1 of qeL R oRaBaLpns el e aBRepits e, 510t Wk BrEREtT Epnciidi

CVD) . Seveghak, 8hla6hver Woltges!reguiredad dHwl Prégrated 2ireanst ant materials
include altering the chem cal conposition (organic, inorganic, blend of

organi c/inorganic) or changing the dielectric matrix (porous, non-porous).
Tabl e2 summar iSieee eifchargdiejpaisin constany f d|.Onatraioalaeahis/ inedied thea ri c

constants ing fr P.to PE = pl hanced, .HDP =
hi gh- den SIc#g?@%ﬁn&cg&r,s?%ﬁge@Pulai%?lfgm(ﬁgg@ﬁtd%vxzﬁ 15 et |ImRPOf_ 1.0, and
several methods are known in the art for reducing the dielectric constant of

insulating materials. These techniques include adding elements such as
fluorine to the composition to reduce the dielectric constant of the bulk
25 material. Other methods to reduce k include use of alternative dielectric

material matrices.

Therefore, as interconnect linewidths decrease, concomitant decreases

in the dielectric constant of the insulating material are required to achieve the



20 materials and matrices disclosed in the publications shown in Table 1
fail to exhibit many of the conbi ned physical and chem cal properties

desi r abl woaosthbsemen necessary for effective dielectric natRCT/HB&/S0882ch as
hi gher nechanical stability, high thermal stability, high glass transition
tenperature, high nodulus or hardness, while at the sanme tine still being
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"(2), pp.
dielectric materials in their present form.
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Unfortunately, numerous organic SOD systems under development with

a dielectric constant between 2.0 and 3.5 suffer from certain drawbacks in

5

terms of mechanical and thermal properties as described above; therefore a



R R',,,,~—~~~ W4' RRBRRRAR." |, ~~~~~~ Y'Y~ RS 2, ~ R7
R R3 6 wherein Y is selected fromcage conpound and silicon atom R ) R2,
R3, R4, Wo o3aeth4sR6 are i ndependently selected fromaryl, mrrHUsStiadigaryl, and
arylene ether; at |east one of the aryl, the branched aryl, and the aryl ene
ether has an ethynyl group; and R, is aryl or substituted aryl. W al so

di scl ose gRlNAURL B +he IHERIdAN 16 e BRARIMBRNBSOLLEG 0B s pBPfordidngenove!
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mat eri al . Summ e Invention In response to t he need in the art, we
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sel ected figed aroll 224 hesl FORY-9aMaaoyhaleeuleshai99 2t Vioka2b (9 pif. t he
aryl, 1 S the branched aryl, and the aryl ene et her has an et hynyI group R7
is aryl 02284p396: MQSHOE\%‘?GU'Q%M% T Vel 2hd18): PRe BR32-R Vergnieg R.R

oo CORRGhA D BB, A, SO A S S 1
be t hg sapBlypherdi fdre HigH-Performance Materials, 1996, Vol. 624, pp. 197-207;
Macromolecules, 2000, Vol. 33 (10), pp. 3855-3859; Polym, Prepr. (Am.
Chem. Soc., Div. Polym. Chem.}), 1999, Vol. 40 (2), pp. 620-621; Polym,
Prepr. (Am. Chem. Soc., Div. Polym. Chem.), 1999, Vol. 40 (2), pp. 577-78;
Macromolecules, 1997, Vol. 30 (19), pp. 5970-5975; J. Polym. Sci, Part A:
20 Polymer Chemistry, 1997, Vol. 35 (9), pp. 1743-1751; Polym, Prepr. (Am.
Chem. Soc., Div. Polym. Chem.), 1996, Vol. 37 (2), pp. 243-244; Polym,
Prepr. (Am. Chem. Soc., Div. Polym. Chem.), 1996, Vol. 37 (1), pp. 561-652;
J. Polym. Sci., Part A: Polymer Chemistry, 1996, Vol. 34 (3), pp. 397-402;
Polym, Prepr. (Am. Chem. Soc., Div. Polym. Chem.), 1995, Vol. 36 {2), pp.
25 140-141; Polym, Prepr. {Am. Chem. Soc., Div. Polym. Chem.), 1992, Vol. 33
{(2), pp. 146-147; J. Appl. Polym. Sci., 1998, Vol. 68 (3), pp. 475-482). The
adamantane-based compounds and monomers described by Reichert and
Mathias are preferably used to form polymers with adamantane molecules at
tne core of a thermoset. The compounds disclosed by Reichert and Mathias

30 in their studies, however, comprise only one isomer of the adamantane-based



7 W O 03/057749 PCT/ USOL/ 50182 and the first functionality is capable of
interacting with the thernosetting 5 conponent (a) and the second

functi onwalo é3ypsre9capabl e of interacting with a substrate PMIBHSQ1f®182
conposition is applied to the substrate. Preferably, t he adhesi on pronoter
is selected from roup_cansi t|n carbosj ] ane of .t he
Formul o ( FomPRMEEDRcYsiatbodes, Snigfuigghoyd Byl Symimatcaloae: soman ric
a b ~din 4 ehefBiisia 4 hé'rwlegﬂy m@nynﬁasﬁl@.ﬂ%ﬁéy represents
substltuted or' ‘unsu stltu ed al kyl ene, cycloal kyl ene, vinylene, allylene,
or arylene; R9, R10, R', R 2, R15 and R16 each independently represents
hydr ogen atom al kyl, al kyl ene, vinyl, cycloal kyl, allyl, aryl, or arylene
*and may be linear or branched; R, 3 represents organosilicon, silanyl,

sil oxyl, or organo group; id a, b, ¢, and d satisfy the conditions of [4<
a+b+c +d < 100,000], &d b and ¢ and d may col |l ectively or
“independently be zero; (iilJl silanes of the fornula

(R18), (R19) 9Si (R20) h( R21) .wherein R18, R 9, R20, 20 and R2) each

i ndependent |y represents RQyadyogen, hydroxyl, unsaturated or saturated

al kyl, substituted or unsupStituted al kyl where the substituent is am no or
epoxy, unsa S ted al koxyl, unsaturated or saturated
carboxyl|cﬂa5 , and at |east two of R18, R19, R20, and
R21 represe hyd ated or unsaturated al koxyl,
unsaturated al kyl, or pxylic acid radical; and f +g + h +
i< 4; 8 WO 03/0577t 'CT/USOl/50182 (ii1) phenol - fornaldehyde resins or
ol i goners of the form - [ RR2C6H2(OH) (R23)1; where R22 is substituted or
unsubstituted al kyl enell] ' cycl oal kyl ene, vinyI, allyl, or aryl; R23 is

al kyl, al kyl ene, viny}age, cycloal kyl ene, allylene, or aryl; and j =3-100;
5 (iv) glycidyl ether@ﬁ?(v) esters of unsaturated carboxylic acids

contai ning at (east oné carboxylic acid group; and (vi) vinyl cyclic

ol i gomer s Qr Rol rs wherein the cyclic group is pyridine, aromatic, or
het er oar or"f"g'i #u"‘yr&e

5 In other words, Reichert and Mathias in their individual and joint work
contemplated a useful polymer comprising only one isomer form of the target
adamantane-based monomer. A significant problem exists, however, when
forming and processing polymers from the single isomer form {symmetrical
“all-para” isomer) 1,3,5,7-tetrakis[4'-(phenylethynyl)phenylladamantane of the

10 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-tetrakis[4'-(phenylethynyl)phenyl]ladamantane “"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

15  solution '°C NMR spectrum.” indicating that the all para isomer has low
solubility. Thus, the Reichert symmetrical “all-para” isomer 1,3,5,7-tetrakis[(4’-
{phenylethynyl)phenylladamantane is insoluble in standard organic solvents

and therefore, would not be useful in any application requiring solubility or




10 W have al so devel oped a nmethod of inproving adhesion to a substrate
conprising the step of: applying to the substrate, a | ayer of conposition
conpri si w@ o3(@@y7pher nosetti ng conponent wherein the ther nPCRUSINVGIS20nponent
15 conprises nononmer having the structure RR R._.,,~~ ~Y~ 4 ~ R2 R3 di ner
having the structure 9 WO 03/0577a9 RL R4 ,,,, ~~~~~ W [ Y~ ~~="" RS 2

R7 R R3 6 sBivEntHabedqirddessing, Bush aseflol ddating) spirecoatidgt bedib ceatimper ei n
Y is selected fromcage conpound and silicon atom R, R2, R3, R4, R6, and

R6 are infeechdmmargtive Expamled beleM-aryl , branched aryl, and aryl ene
ether; at |east one of the aryl, the branched aryl, and the aryl ene ether

R gl e

*Rl, R2, R3, R4, I se sonmers; and (b) adhesion
pronot er ¢MsPOctbbEr $PM200N] W distdvered aassmpositiohfaompiisingldrt isomnericei n
the bifunctionality may be the same or different and the first

" f unct i Bnaltheymosettiagamosooieri o dimart Mture.t Whereing ther mbsaire iCOFRIGASoRENt

(a) and the second functionglié}y is capable of interacting with a
subst r at e |63t 9Q& FoNger,0L diRerhaying ecsbt%(gté'f?i on conprising: (a)

t hernosetting nmononmer having the structure R R-6w Ari R~2 R SiR a R 3 20
wherein Ar is aryl; R,, R2, R3, R4, R6, and R s are independently

sel ected fromar§il, branched aryl, arylene Ryher, and iR, substitution; and
wherein each of the aryl, the branched aryl} and the arjyl ene ether has at

| east one ethynyll group; and (b) adhesion p’onnter conpri sing conpound
havi ng at | east

“\\\\\\\Y \\\\\Y YHHmuu, ......
Ry l \R2 Rz_..-‘ l \R7/ \ Rs

R3 : R3 Rg

wherein Y is selected from cage compound and silicon atom; R;, Ry, R;, Ry, R,
10 and R, are independently selected from aryl, branched aryl, and arylene ether;
at least one of the aryl, the branched aryl, and the arylene ether has an
ethynyl group; and R; is aryl or substituted aryl. We also disclose methods
for formation of these thermosetting mixtures. This novel isomeric
thermosetting monomer or dimer mixture is useful as a dielectric material in
15 microelectronics applications and soluble in many solvents such as
cyclohexanone. These desirable properties make this isomeric thermosetting

monomer or dimer mixture ideal for film formation at thicknesses of about

0.1um to about 1.0pm.

Although various methods are known in the art to lower the dielectric

20 constant of a material, these methods 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, such as thermal



10 WO 03/0577.19 PCT/ DSCOL1/ 50182 bifunctionality wherein the

bi functionality may be the sanme or different and the first functionality is
capabl e wio osersacting with the thernosetti ng nononer (a)PEwWUSA@IRecond
functionality is capable of interacting with a substrate when the

conpositi s applie 0.1 I . efera t he .adhesi I onot er
5 (b) is gﬁﬁbé'ité’eﬁ%#sog{éﬂ?é{'%)éﬁ%ﬁrgo%ﬁ'arfi'g'é’, le‘f/‘f’)es H‘ﬁfﬁ&? produce
phenol f or fRdrAfSEEHENg LMo @id® ahdodiBlcttrié infdtedials tiht at B8 able (0f) being
unsat urated carboxylic acid esters, or (vi) vinyl cyclic oligoners of
pol yner s selvated ahd spewneon 10 Awafer ae ldwered deateriabed a net hod of produci ng
| ow di el ectric constant polymer precursor or oligomer conprising the steps
of: (1) providing conposition conprising: (a) thernosetting conponent
wherein the thernosetting conponent conprises nononer having the structure
RL (,,~ ,~~Y~ R4. ~ R2 15 dimer having the structure RL R4 /Yi~ ~~""",. R

) o .R RBuRimaiy éf tReinVeéntiin t he nononer and the diner wherein Y is
sel ected from cage conpound and silicon atom Rl, R2, R3, R4, R5, and R6

are i ndependent] yos2Rdns@! RFHRANEEAThARE! art LADARREE dalklopedd cbBatoRt her ;
at | east one of the aryl, 11 WD 03/ 057749 PCI/ USOL/ ~d)182 t he branched
aryl, andcomprizing:ene(adt tikerrhasettingetdomponentowyheftini thar yhermnosattiegi t ut ed
aryl; and at |least one of the Rl, R2, R3, R4, R5, and R6 conprises at |east
two i somefFSMPLAENt EPMRIIRES HANSMATAANING A StUCIYr& onpound havi ng at | east
bi functionality wherein the bifunctionality may be the same or different S
and the first fynctionality is capable of interacting with the

t her nosetti ng c:iﬁ)onent (a) and the second functionality is capabl e of
interacting withf a substrate when the conposition is applied to the
substrate; and ([2) treating the conposition at a tenperature from about 30C
to about 350C f about 0.5 to about 60 hours thereby formng said | ow
dielectric 10w ns.%pt pol yner precursor. Preferably, the adhesion pronoter
(b) is seRegtegd fromphe (1) polycarbosilanes, (ii) silanes, (iii)

phenol - f or mal yde resins or oligoners, (iv) glycidyl ethers, (v)
unsaturated carboxylic acid esters, or (vi) vinyl cyclic oligoners or
polymers set forth above. 15 Also, we have devel oped a net hod of producing

| ow di el ectric constant polymer, conprising the steps of:
10  dimer having the structure

]

\\\Y Y,
I A N e s R
Ry / \R7/ AN >

R3 R¢

3

or a mixture of the monomer and the dimer wherein Y is selected from cage
compound and silicon atom; R,, R,, R,, R,, R;, and R; are independently
selected from aryl, branched aryl, and arylene ether; at least one of the aryl,
15  the branched aryl, and the arylene ether has an ethynyl group; R, is aryl or
substituted aryl; and at least one of the R,, R,, R;, R,, Rg, and R;comprises at
least two isomers; and (b) adhesion promoter comprising compound having at

least bifunctionality wherein the bifunctionality may be the same or different



(1) providing oligoner of (a) thernosetting conmponent wherein the

t hernosetti ng conponent conprises nononer having the structure RL R4. ~ R2
20 R3 diweyosmavimg the structure 12 WD 03/0577:19 PCT/ USCVUSOE8B2RL R4
vy, 2 ... RT RR3 6 or a mxture of the nonomer and the diner wherein Y is

sel ected from cage conpound and silicon atom Rl; R2, R3, R4, R5, and R6
are i ndependetitel firstefurctionalityois @aplabldofiriotardcting| withntheythermesettingr ;  at

| east one of the aryl, 5 the branched aryl. and _the arylene ether has an

et hyny! o ROnRNt; §) 2ng) the; SRl fangtEanaity i cahablet of uiteracinl syt pe .
R2, RS, (o) ' in@licl foqt ' ,tedNd (b) adhesion

pr onot er Rggl%%??ga?ﬂg‘eﬁgt#%o%bﬁg\?ioﬁglsat 'tggswefsﬁ%n%t?%tﬁél ity wherein the

* bifunctionality may be the sanme or different and the first functionality is
capable of interacting with the thernosetting 10 conponent (a) and fhe
second f unct i oRegferably stheapiiitrsion promoterdstselrftef frem the I PHRICONHRING: he

" conpositigp is applied to the substrate; and (2) polynerizing the oligoner
t her eby f 8Fni ng the low dielectric constant polyner wherein the

pol ymeri zat i on (¢ peRjdasBssitnehentieaforngaat(i)on of the ethyny; group.
Preferably, the adhesion pronoter (b) is selected fromthe (i) 1 S

pol ycar bosil anes, (ii) silanes, (iii) phenol-formal dehyde resins or
oligoners, (iv) glycidyl ethers, (v) unsaturated carboxylic i

(vi) vinyl cyklig,oligoners ¢r polyners|l set {forth abovd. we have
devel oped spip-ofy'l ow di ¢l ecfri c Rpmst ant t eRigal 20 d 31195 (a) flirst
backbone havihg flirst ar ?mati c nojety and filrs{ reacti and secgnd
backbone havi econM onmafli c iety [and decand reacti up ereijn
the first and| setond kbongés atl® croslsli nKkedy VT attide hd seddnd
reactive groups i[l’)l a crosgslinkingl reactf on gndjcage str e |coval ent l}y
bound to at |pastione of [the|fir and |secornld fackhones r'ft4x 25 the
cage structur céﬁbrises at l|east™El ght| at ons; “an (lé) i 0 ronot gr
conpri sing compound havi-hg at-1|east bifdbnctilanal ity whdrei nlthe -id

bi functionality 13 WD 03/057749 PCT/ US01/ 50182 may be the sane or
different and the first functionality is capable of interacting with the
firsti@nd second backbones and the second functionality is capable _ of

interacting wth a substrate when the naterial is ap%[ré ed to the s&lbstrate.
Pref er abl N WhighaBaesifon aRrdnBieeach) indepsadenty Fepresaninesyhgttuted or

pol hdal ngh%¢g§‘%t&t§% Iﬁah{))l‘e.g.{, GfSalkplehk) ARGRAG; BRYERLBR RSS! RO,
R.;. R,2 Rys, and R,s each independently represents hydrogen atom, alkyl,

alkylene, vinyl, cycloalkyl, allyl, aryl, or arylene and may be linear or branched;

15 R,; represents organosilicon, silanyl, siloxyl, or organo group; and a, b, ¢, and

d satisfy the conditions of [4< a + b + ¢ +d <100,000], and b and ¢ and

d may collectively or independently be zero;

(i) silanes of the formula (Rg)(R;,),Si(R0)(R; ) wherein Ryg, Rys, Ry,

and R,, each independently represents hydrogen, hydroxyl, unsaturated or

20 saturated alkyl, substituted or unsubstituted alkyl where the substituent is
. amino or epoxy, unsaturated or saturated alkoxyl, unsaturated or saturated
carboxylic acid radical, or aryl; and at least two of R4 Rs Ry, and Ry,

- represent hydrogen, hydroxyl, saturated or unsaturated alkoxyl, unsaturated

alkyl, or unsaturated carboxylic acid radical; and f+g+h +i<4;



(v) unsaturated carboxylic acid esters, or (vi) vinyl cyclic oligomers or
polyners set forth above. Various objects, features, aspects, and

advant age® egosttye present 10 invention will becone nore apgEU&HSOIs20m t he
followi ng detail ed description of the preferred enbodi nents of the
invention, along with the acconpanying draw ngs. Brief Description of The
Drawi ngs 15 Table 1 shows s of the representative teachings on | ow

di el ectric mat i) &I"@Pohfﬂﬂ?ég&ﬂy‘k fesing O oligemears ol b WP ures for

t hernosetting nmononers. Figures 1 D1 E are contenpl ated structures for

t her nosettin i {9 284 2 1 | Gr b

t her noset ti nlg Rdﬁbquﬁe@gg@é?%r :"iﬁg @gxigpﬁtéﬁiﬁgg@ dgi gn%@é@%%%ﬁﬂ ne:

* cont enpl atcsdicatkylbatj ¢ virharesallylor ot haryipsBi4t iing alforlonatkyler®s Ninylesed is a
synt hetic schene to produce substituted ad ntanes. 14 WD 03/ 057749
PCT/ USOL/ SUEB’@"FYlgUFea%V'Pﬁeva%?Ht'h@?i’d=s§:'ﬂ§ 2 to produce a | ow nol ecul ar

" wei ght polyner with pendent cage structures. Figure 6 is a synthetic schene
to produce a | i ght polynmer with pendent cage structures. 5
Fi gur eg 7 shomgwéﬁgﬁtawe |hce\p§'cherre to produce thernosetting nonomers.
Figures 8A-B are structures of various contenplated polynmers. Figures 9A-B
are synthetic qohesmerd of punsatueated earbaoyioi Bgidsokceotdining @ keesticane cage
structures. 10 Figure 10 is schematic structure of a contenplated | ow

di el ect ri cacbaxylimacige@®pPa@Ndr gure 11 is a synthetic scheme for the
preparation of thernosetting conponent conprising at |east two isoners.

(vi) vinyl cyclic oligomers or polymers wherein the cyclic group is
pyridine, aromatic, or heteroaromatic.

10

We have also developed a method of improving adhesion to a

substrate comprising the step of:

applying to the substrate, a layer of composition comprising:

{a) thermosetting component wherein the thermosetting component

15 comprises monomer having the structure

dimer having the structure



Figure 12 is a synthetic schene for the preparation of the Reichert 15 1
(3,5, 7-tetraki s[4 -(phenyl et hynyl | phenyl ] adamant ane (para-i soner). Detail ed
Descri ptw@sak7ishe I nvention As used herein, the term "atrPdBHSI/SWMW2

i soners” neans at |east two different isonmers selected fromneta, para, and
ortho isomers. Preferably, the 20 at |least two isoners are neta and para

i sonmers. As usedpherein, thg term"low dielectric constant polyner"” refers
to an organic, o banomatall ' or inorganic polyner with a dielectric
constant of apprpximtely 3.f0, or lower. The |low dielectric material is
typically manufactured in the formof a thin layer having a thickness from
100 to 15 V\D\ [ 057749 P /”H‘SOU 50182 25,000 Angstrons but al so may be
-used as t igk\\“f\ ?&\bl o] ) cj’l"l“n'dRrss, spheres etc. As al so used herein,
the term ™ackifone” rR=%rs to contiguous chain of atons or noieties
fornming a pol ygric strand th£6are coval ently bound 5 such that renoval of
“any of the atons or noiety would result in interruption of the chain. As
further used herein, the term"reactive group” refers to any atom
functionality, or group having sufficient reactivity to format |east one

coval ent bond with another reactiv ro in a chegcal -reactjon. The

cheni cal PeadPiIX3HreLof 1 Mromempl aeg tg@t‘ﬁ&?ﬁ "t’wel"?i?nisi %%‘F?tegrgrﬂ%g?%nt i cal
reactive i €l Og atied RONRL R SAHE RO a1 nfpdrat e
backbonesgaﬁwﬁgdﬂ%gg'gﬁ%‘e%%r&d%‘d Fﬁhgtg' Fﬁ'eﬁ?'eact F@é"gmﬂ%@ may rygact with
one or5 nogélettinfrone asds bnalchedaryd xaged moyiene reabet;i atdeagt oné ef ithesaryh

crosslink the first and second backbones. Although crosslinking wthout
exogenousths beanghedearyl.1ang the anyleng stheibas apAtHNH¥L 9rouRs| RidisR Yt 8Buci ng
t he overall, number of reactj Vv [ i ng hg pgl yger dr j t he
number of SYRIHIUEEY a?\é'a@f‘?jo%t Iggﬁggﬁgg’?oi‘sIthzhEF'ng“’vmﬁ‘?haonﬁf ﬂéfgg nggt?ggm
crossl i nkpiagt dhveOisBafers; BRW detriments. For exanple, the amount of
crosslinking functionalities cannot typically be adjusted. On the other
hand, enpl oyi ng exogenous crosslinkers may be 20 advant ageous when the
pol ymeri zati Ongss)e%ahbgf&na%rﬁéﬁ%dnmmsg ICRRSHAORY AaQingSfMeast | v

i nconpati bl e. still further used herern, the phrases "cage structure",
" cagel 0ol bifuhetionalitg Whbegsn cbenbifimdtioantity maynbie dhe sabe asdidferent and

i nterchangeably and refer to a | ecul e hayi ng .at | east ei ght. atons

ar r anged Hretrfsncgionplitysis ?ﬁf@r@%ogﬂ'?ﬁé%cmg‘f'ghftl‘?t of tUNBwo or nore

atoms of é‘ngQ)gle n%*;flé)‘;g?gdgﬂe%ESHd“I’HﬁQﬁonﬁﬁt‘%qg%aﬂaH&:BFhﬁeréﬁ% Whiresul e, or

cage conpound €O
substrate.
15 Also, we have developed a composition comprising: (a) thermosetting

monomer having the structure

R'] '
R'é\ I /R2
Ar
Rl /l \Rl
5 R4 3
20

wherein Ar is aryl; R',, R',, R';, R',, R';, and R’y are independently selected
from aryl, branched aryl, arylene ether, and no substitution; and wherein each
of the aryl, the branched aryl, and the arylene ether has at least one ethyny!

group; and (b) adhesion promoter comprising compound having at least

10



plurality of rings fornmed by coval ently bound atons, wherein the structure,
nol ecul e, or conpound defines a volune, such that a point |located within
the 16 wW¥ds3/AB77. 19 PCT/ USOL/ 50182 vol une cannot | eavePCTieSoad0LRTE

wi t hout passing through the ring. The bridge and/or the ring system may
conprise one or nore heteroatons, and nmay contain aromatic groups,

parti al | y pipctionaktyasnkéleis tis@bifoaéeshaliyy neabb ahe Samedsr differecand thy
acyclic unsaturated hydrocarbon groups. Further 5 contenpl ated cage

st r uct ur edirsthtunedionglity isrearable ghinterastingewitbriverhermgsetingaasnones (al i dge.

L e, d or_ . di is. i ,
whi 1 o a hapk A SR Aty RRERAPS SRR B Tre SRS Al Wt Coge
© struct ur e (He¢mpdWtiGt APSpslfed 1t thedQUdtrdte OTRreRAEBIS €hé adRBSbRAPrBRMDEF an

aromati ¢ spiroconpound do not have one, or nore than one 10 bridge and
thus, 6o bt isalselagtedi fromhethiestk i palycarbosilanes,cdije sitanesuntiiilamhanol-As
“used herein, the rase "adhesi on pronoter" a a Co nent t hat en
ndded o (RUPRSEVEP o UBADBRCPHOTR v TSI WG BHHesS ooy nnsatulatasti on
t hereof t ﬁ%’:?\} r bt D eLitd -1 or
pol ymer alggne. &@Eg@d%ﬁ{e@% (r?# (;(ynet)'p?m] g‘yg“ ﬁc%ﬁ do?ﬁ?l%oﬁg\cﬁlﬁghaet@lsggsf?%

bi functi obbivey" nmeans any conpound having at | east two functional groups
capable of interacting or reacting, or form ng bonds as follows. The
functional groups may react in numerous ways including addition reactions)
20 nugleophilic,and L] j [ el lm LPNS i cal
react 1bne. et c. ARG e Aokp HBVRlopBy3 REthod b BRoaRin 1o dpb AR coristihe

f or mat i on pRiyrmen peevirkenbr BUGEmer BotpAsinyaRedRbpdot] s, el ectrostatic
bonds, ionic bonds, and hydrogen bonds. The term "l ayer" as used herein

i ncludes film dhd powiding. cCOBPTRARIOROSOMPT IS orfpbHeerMmespttingrampaRent ng
conponent vsal andgpol%rrer arﬁ. di scl osed itn com"mnI%/ as%i nedé_’%gndi ng. US
Serial NoWHYeHY ¥l e[rgsstiing (PMBERRt (OreRMPey NENOFY s FAYEY %
July 5, 2Q@kctffel/ USOL /22204 filed Cctober 17, 2001, US 17 WO 03/0577a9
PCT/ US01150182 Serial No. 091545058 filed April 7, 2000; and US Serial No.
09/ 902924 filed

15 R3
dimer having the structure

|

\\\Y Y i,
a “R
Ry \R7/ N >

R3 R6

or a mixture of the monomer and the dimer wherein Y is selected from cage
compound and silicon atom; R,, R,, R;, R,, Rs, and Ry are independently

20 selected from aryl, branched aryl, and arylene ether; at least one of the aryl,

11



July 10, 2001, which are all incorporated herein by reference.

Ther nosetti ng conponent (a) conprises nononer having a general structure
shown i nwgeasrwe 1 ARL ..~ ,,.~ Y~ 4 ~ R2 5 3 (StructeeBUI0IAPI82di ner
havi ng the general structure shown in Structure 1 BRL R4 RR~- R6 3
(Structure 1 B), 10 or a mixture of the nononer and diner wherein Y is

sel ected from cage conmpound and silicon atom R, R2, R3, R4, R5, and R6
ar e i ndepéhedranghedpad: andithgnaryisne eﬁ?Qin’é?feanaﬁ'ShVthmowaFerh%aéY'h@fr and

at | east Qne.of [ ranc I ddghe a

et hynyl g?’ggﬁ&ulﬁég%éﬁ %‘L? agrlgas%b ??ﬂ]eghg'r yt’aﬁ]vﬂ’le:{r“el %ﬁéﬁ;u%o% e$n$lts

al kyl, hal@gerwodisomiers; an?di (mseahélﬁorhgr@hatert&tﬁnpﬁérﬁg @drﬁ?oumihmﬁfg évrther
'speC|f|cat|on nmeans aryI of any type, which may I nclude or exa

branched #gasit-bifurgitiphelity ethesein theetmémrmmaliwweamdbam sareqr diff&mmﬂt ane.
Exempl ary str ctures of thernosetting, no hat incl ude adamant ane,

 di anant an@ndaitie S5t BEFUABIG e CaRaNS B8 IBeHaR0 P B aRPURBPIELE2 | n
Figures 1com éﬁon%ntéraﬁaadqhergé&ﬁra'nyr%tronaminedap@bréoaﬁnteraasﬁgq v ween

zero and |v or nore. Exenplary structures of thernosetting mers that

i ncl ude adabswrdtenevhendthedi eompbasitenaiseapdiiednta the-sgbsteatet dhdand 1 E
respectively, wherein n is an integer between zero and five, nor e.

gr eferably, (& GT?M?CTHS%FPW{U)%%%@n‘te"c%‘}'at%{erﬁerTUPBOBF 3pn€ ‘i?oﬁ'é?r‘étr and
P
L R B 8 A A

t her npg et tbRAStaMR edifSord B@?@fa%iy SthieUsdHésforRprérietst b rsskélléétédf e 2
10 R~ t R-6WAri ~SI ~4 R 3 Structure 2) wherein Ar is aryl, and ,-Re

are i ndepénmmrthéy(l)smlecadlbﬁlﬂoas.ahvIs,rlabaanélhb@hangpl foramgttiehedetrbems @md no
substitutiﬁn, and N erein e of tﬂe ar‘}'/ Jt I anc, ed a{% @qd t he
aryl ene eCHBPMEES olygidvl saets Hyhyinsg ‘UHEP éfﬂﬂy 'rcya%' rERLE(fr

t her noset i d a hexasubsti t ut ed

sexi pheny}/ie'{rg cgeges%ﬁ \?ﬂq{e‘{?ﬁtolglﬂg}ﬂ?g%%%e{zgégﬁc? respectively.
Thernosetting nononers, as generally shown in Structures 1 Aand 1 B 20 and
2, may be provided by various synthetic routes, and exenplary synthetic

IS:t rategi es for Afd,usk Wa®e deVilapult 3 niethdd of @ro@ru%h@/%w Rlidtb QivicesontarsC.
i gure
polymer, comprising the steps of:

(1) providing oligomer of (a) thermosetting component wherein the

thermosetting component comprises monomer having the structure

20 R3

dimer having the structure

12



3A depicts and Exanple 5 describes a preferred synthetic route for the
generation of contenplated thernosetting nononers w th adanant ane as cage
conpoundwda o3/08fr4gh a bronparene is phenyl ethynyl ated i n aP@ERUSEGOIRN 25
catal yzed Heck reaction. First, adamantane ( 1 ) is bromnated to 1, 3, 5,
7 tetrabronmpadamantane (TBA) (_2) follow ng a procedure previously
described (J. O%1 Chem 45)k4405-5408 (1980) by Sollot, G P.c and Gl bert,
E.E). TBA WD pP3/057749 PT/i 1S01/50182 is reacted with phenyl brom de to

yield 1,3,5,7-tefra(3' /4" brjonmophenyl) adamantane (TBPA) (3_) as descri bed
i n Macronol ecul 27, 701547022 ( 1990) by Reichert, V. R and Mthias L.
J., and TBPA js) qu Wimeaciyed with a substituted ethynylaryl in a
- pal I adi umR#at alg/zed 5 ™wacti on= ol | owi ng standard reaction procedures
to yield 1,” 3)RS, 7-tetrakis[Rg (aryl ethynyl | phenyl] adamantane (_4).
Exanpl e 5 goes ©On to show the differences between the Reichert work and

" conmpound CL} I egit | ; ;

t her noset tg ?%gﬁwiz)grsrg%hgA?Q?g%e?%é%ggﬁhéd@tﬁné} 2‘2{? g y'bgﬁ Lf—iggt?%?g%ﬁ(ﬁﬂncaﬁgy al so
be utilizedndpundnandysilibesistoni; R, 1R,! Rgy Rs@ | iar Anarelindégéndently

sexi phenyl ene as the aromatic portion as shown in Figures 2A-2D, in which a
t et r abr onBelegteshEreym anyl. Hrenchacbaa: and ssxieprAPEEnel least pagtefdeyaryl.s

e el SR B Shh, FATRINS Shek b WAL BELS e BRI
hydr oxyar ¥|,pé Rt anRBNhAd &t |88t BHE B tise RUDRE RIS, | R, Ad F, domshidast & a

thernosetting nononmer in a nucleophilic aromatic substitution reaction. In
Fi gur e 3BleasBAwpIsomergicand thlcatifasion poamatear aamprising sompewndbavinpg at

phenol ¢ olAEEPifuRcYoBalt BieEkinahe Vi aiATaRy sk perhRaame Sre TorBR (5)
Al 't ti T, iBe i M b S@k i i
L3, 7+t SO e Ph T AMGUTRIR i 2B 87 Mrcaiy ok 1 Shifinosettng b

react @l wcompdideatt(a) gndl gheTsédr(db funciidality s thpablecof daeracting) with iaous
nucl eophilic aromatic substitutjion reactions with activated fluoroaronatics
in the pré&yasiEateowhen: thescompeaitiop isiarrigd Gy thegsuhsirles @nsr ocedures (e.g.,

Gor don anden2LeR BRSPS SRBRRF BRI GG OW elciric cd i .
t her noset poligneondigein the pdiivhenautioe caaptises i ichefmiball peattidn wérpieol ane

(wth halo=Br or |I) in a standard aromatic substitution reaction e.ﬂ. ,
Engi neer i BhwvAgreus. Ryefgrablv ghgiadhesion promoter (b) is selected from the (i

1,3,5,7/-tetraki,s{3 14" -L4" 0 I [ . tane (7).
't ol nePolfetRlehte 6f shafed R PRehH AT YedE & ol BPRITE R0 4/,
be uti || 2gfcidyIoameral fv)t DRsAiratedDcAABATICaRoRCEEIITOL h 02 virtverepsiie! L ng
nononers. Simlarly, the nucleophilic aromatic substitution reaction may

al so be upligpmeds on palwpatneel forgi ahovaer nosetting nononer with a

sexi phenyl ene as the aromatic portion, in which sexiphenylene is reacted
with 4-fluorotolane to produce a thernosetting nononer. Alternatively,

Also, we have developed spin-on low dielectric constant material

Se-

20 comprising: (a) first backbone having first aromatic moiety and first reactive
group and second backbone having second aromatic moiety and second
reactive group wherein the first and second backbones are crosslinked via the
first and second reactive groups in a crosslinking reaction and cage structure
covalently bound to at least one of the first and second backbones, wherein

25  the cage structure comprises at least eight atoms; and (b) adhesion promoter

comprising compound having at least bifunctionality wherein the bifunctionality

13



5 phloroglucinol may be reacted in a standard aromatic substitution
reaction with 4-[4'-(fluorophenyl et hynyl | phenyl et hynyl ] benzene to yield

1, 3, 5-t rwxg #B/05¢7H9( phenyl et hynyl ) phenyl et hynyl ] phenoxy} bene€neSoviies2e t he
cage conmpound is a silicon atom an exenplary preferred synthetic schene is
depicted in Figure 3C, in which 10 brono(phenyl et hynyl)aromatic arns (8)
where n is an integer between zero and five or nore are converted into the
cor r espongiaydbé RRE BYhRE Sy diferdtitydnd tHe ik fansBortdlity is\Bagdblaio® irteRarmgent | y
reacted with silicon tetrachloride to yield the desired star-shaped

t her noset wnﬂgthﬁ)iﬂosieand\ﬁehoed backbonesiiapth the seconge funetienality (4Cppab® 1t is

f d h |
B et angt ieradiind Mf 8 FBRSe vineh Hhe BetesRL T hpaikdd 6 TR s0bSiate- ve
aspect s oﬁréfeeamvvm%mwwbmomtdbﬂs s¥ﬁ&ié&‘ﬁoﬁ§%ﬂ PBR:AfsoMEREE, t han

an adamant ane. or di amantane are al so contenplated. It sﬁou I'd be especially
" appreci at éd dilanest Kia) pbbeoluicmmaﬂadelwdmrbmmbrg:jgamem (Ji/) glhﬁ:mﬂgetrmosrpound
20 in co inationvvl h the gvera | ength of the arnms -Rs will
det er ni ne\d&inselyrage Fﬁ@%‘l\(i})%laé‘ estsees. rf%rc(lYQrN'E\dl c\fﬁ"S&'BPl‘lﬁs °ifrﬁ’°!\f’f89’fs| nal
| ow di el eghtfsrus YRSLANt Pol ymer (by steric effect). Therefore, where
relatively small cage conpounds are desirable, substituted and derivatized
adanmant anes di amant anes, and relatively small, bridged cyclic aliphatic
and aromatic 25 corrpounds (with typically less than 15 atons) are

contenplated. In contrast, in cases where | arger cage conpounds are
desi rabl e, |ar Y@rioysi abiegtsy features.i arRAGts. ANY adyaRtagesc Sfphien Eesent: h

typic e

03 0537 RRRTigRcf B dhBThors SPnlet CHERF It AR BB MR tecthipuo |
be lim tedf tive peefegrediosipbbdites] &f thedinveatibAN aRirywithdthe A8doraApaRyingc| ude
heteroatons such as N, S, O P, etc. Heteroatons may advantageously

|ntroducedﬁbM"EEﬁragonal bond angl e configurations, which may in turn
enabl e coval ent attachnent of 5 arms RL,-R6 or R,-R 6 at additional bond
angles. Wth respect to substituents and derivatizations of cont enpl at ed
cage conpounds; it should be recogni zed that many substituents and

derivati zations are appropriate. For exanple, where the cage conpounds are
rel ati vel Brig/ Oregptiption ,of it Dpéwvings substituents may be introduced to
increase solubility in hydrophilic solvents, or vice versa.. So, 10 in
casesiswher e pofrapiel Y showesomedef e aépresdﬁtaﬁmu&%cﬁmsbenadolﬁduenébthbe cage
compound. It is further contenplated that appropriate substituents may al so
i ncl ude tmatemaisbi | e groups and nucl eophilic and el ectrophilic groups. It
shoul d al so be appreciated that functional groups may be utilized in the

eactions. 15 Eaues RE atd CeBoteBRhA TR | BOF sAEmoE" "

especi al | phoromap! at ed that derivati zations include hal ogenation of the
cage conmpound, and particularly preferred hal ogens are fluorine and

brom ne. Where the thernosetting nononer (a) has an aryl coupled to the
arms R, -R g abigswewd D-hESre raniempiater: stractyres éorr thermosetting dimers.

conpri ses a phenyl 20 group, and it is even nore preferred that the aryl is

a pheﬂ)yl gr OUpFllg?JreQ"Z'R-ﬁD are exemplary structures for thermosetting monomers

comprising sexiphenylene.

Figures 3A-3C are contemplated synthetic schemes for thermosetting

monomers.

25 Figure 4 is a synthetic scheme to produce substituted adamantanes.
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sexi phenyl ene. In alternative aspects of the inventive subject matter, it
is contenplated that various aryl conpounds other than a phenyl group (or a
sexi phenwoessas7ave al so appropriate, including substitut eRPCEHES01/50182
unsubstituted bi- and polycyclic aromati ¢ conpounds. Substituted and
unsubstituted bi- and 25 pol ycyclic aromatic conpounds are particularly
advant ageous where increased size of the thernosetting nononer is
preferred. For exanple, where it is desirable that alternative aryls extend
i n one di mensi Gigurer B isharsyinthatiotdohenté monpiaghycenaplovh ahelesulgrhwredghtr ene,
and anthracene are particularly contenplated. In other cases, where it is
desi r abl e PORAPeL Wil REPHER! CAYH SUECTWRE- 30 symetrical |y, polycyclic aryls
"such as a coronene are contenplated. In 22 WO 03/ 057749 PCT/ DS01/ 50182
especi al | y pr efpsigdeasPs yhth A0 LN 88 BrodiedaPRlyY aHbldctidt Weigheye
conjugated aronatic systens that may or may not i nclude heteroatons. Wth

" respect t pobuhet with penderstncagkestruatureat i ons of contenpl ated aryls, the
sanme consi derations apply as for cage conmpounds, as discussed herein. S
Wth respect tg the atms R -Re and R ,-R 6, it is preferred, that R-Rg are
ndi viSiual [y sEIGHBsA 7 SORVE B JYNthetis; Seheme a1, Prosiiea therppssling ner
and R, - p‘@or‘?&rﬁe}ﬁdi vidual |y selected froman aryl, a branched aryl, and an
aryl ene ether, and no substitution. Particularly contenplated aryls for

R -Re and R,-R 6 include aryls having a (phenyl et hynyl ) phenyl, a 10

phenyl et hynyl ( Figpres &AvBnare) stinectyires aifidaaiofuseonteetphytey palyerersphenyl

noi ety. Especially preferred aryl ene ethers include

(phenyl et hynyl phenyl ) phenyl ether, Particularly cont | ated aryls for R
betudle: phonyl PiEes BACHY precmuiteit o eRomes Henprodis am i appind
hydrogen, ,alik¥lie Ri! e,genq;q:la&geg}r dtaréd ternative aspects of the inventive
subj ect matter, apprchrl ate arns 1":1) 01[ the thernosetti ng conponents need
not be limted to an aryl, a branched aryl,' and an aryl ene ether, so |ong
as al t@rnati veFggure RD- iss sehenm@tic- Btrsictunepoif s corrteagilatesl dowupjeleotticso

| ong as the pol ynerization of the thernosetting conponent conprises a
reacti on FRDBIAAtIPateR@lr eactive group. For exanple, contenpl ated arnms nay
be relatively short with no nore than six 20 atons, which may or may not be
carbon atons. short .a i \ i ds or
pores are desi ?&‘H}g J{113) '%gdgﬁthﬁ}é %&nﬁﬁpg%gh%tp%ﬁgﬁd&{ﬁ??g#ﬁgn 6%%%“‘?7’: ze of
voi ds needsenipprent roaingirisieg atdeast two isameats.ast, where especially |long arns
are preferred, the arns may conprise an oligoner or polyner with 7-40, and

nore atonms. These |lopg arnms can _be 25 advant ageous to, design i terial
stability, the RS Fyf‘@wt\&vé PﬂB?o'Z’i't ,%%@P@E)%%J?éﬁ the Reichart | or
arns. {fur r=1g-1¢ "f‘%'ﬂ" ] _r;p&ﬁ ion of the
ar ns %:jgvaﬁg%'t 'y t%&?%’%ﬁ ot eé@g\ﬁgle)hrﬁ?ﬁwg%&trﬁaﬁfr?o@h#ﬁg rmﬁ@frers may vary
wi t hin one nononer. For exanple, a cage conpound may have two rel atively
short arns and two relatively long arnms to 23 WO 03/ 057749 PCT/ OS01/ 50182

pronote di nensional growh in a particular direction during polynerization.
I n Detailed Description of the Invention

As used herein, the term “at least two isomers” means at least two
different isomers selected from meta, para, and ortho isomers. Preferably, the

20 at least two isomers are meta and para isomers.

As used herein, the term "low dielectric constant polymer” refers to an
organic, organometallic, or inorganic polymer with a dielectric constant of
approximately 3.0, or lower. The low dielectric material is typically

manufactured in the form of a thin layer having a thickness from 100 to
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anot her exanple, a cage conpound nmay have two arnms chemically distinct from
another two arns to pronote regiosel ective derivatization reactions.
VWil e itwoguseforred that all of the arnms in a thernoset p€NySaaopsznent 5
have at | east one reactive group, in alternative aspects |less than all of
the arns need to have a reactive group. For exanple, a cage conmpound may
have four arns, and only three or two of the arns carry a reactive group.
Al ternative an ar in a thernosettin o] net.ma ave three arns
wher ei n orﬁ%/6p%A895§R€‘%PMt £0 Anay. be Pg%ggﬂ? ﬂﬂ ok, (it tggﬁlégf'aﬁ'ﬂf‘ders'
conterrpl atsaqi,e}% ppat the nunmber of reactive groups in each of the arms

an e may vary consi derably, depending on the chem cal nature
: of the arns and of the qualities of the desired end product. Moreover,
reactive groupsAsiabsocosedhptein ethet terbe"haxskl:tdlter‘ferdféns tony cpatuguoﬂs chairar m
i ncl udi ng the backbone, si dfequhal nor termnus of an arm It s y | d b(F

t

" especi al | fajoMms PAtRAietigs: farming 2 HH%‘%‘F”%I“’P@QCW@?@'& BRYRlen

t her noget t egree
of cr odsl {Her R RERENL bFlanFt fife Mehs BEMARNG vl feBufl IR bR R B
i s desire@f thendtelip) ated t hernosetting nononers may have only one or two
reactive groups, which may or nay not be |l ocated in one arm On the other

hand, where a rel atlvely hi ?'@éde gree of crosslinking 20 is required, three
or nore reacti AS fuighes Used heseiny dhe detmi TeaCH YR ORevR nEsTerple ey, apm,

reactive 3 é{f@%ﬁgwl pSro‘ﬂ eﬁévuﬂﬁ@uﬂuf eﬁp%a%‘ﬁeltiqgmg dJntat%Qéipén 8{Sent

pref er abl partrcipate I'oR Teact ron and a
parti cul arHoxﬁdmhemcﬁdef fw;tuw reuptmoalcﬂue&ﬁicsrtdehaubngmuphemaaddaéﬁm to
reactive groups in the arns, er groups, |nclud|ng 25 functional groups
may all8o Wway Mmameubﬁtwemetva@ ifenticel, annemidentigabreaciivgigrpeps oyhich

e vier 2&9%% 158,1888te 1087 1€ Fie ot Ml Bepgra1Sy hpSHorls, i fe'Bisg
such functd Ckrﬂatea tHRY thE re SV BEdUpLRIFYIreat tWiAeh fomecsdr Ribrb tBAA IS 24

WO 03I 057749 PCT/ US01/ 50182 The thernosetting conponent (a) may be
pol yner i zesgécbpdary argexagenatsy codsshipkingnimoteculasdta leeosslinkakherdustirargin of

orY i cl patseeond” PRGdIgeAItaEBE Cslatibs WilbutoPSodihis: hrsslinkers
mechap ‘Ssn'ﬁarbgﬁ‘ltygﬁrﬂﬁglﬁ?ﬁméqﬂé\sn |ﬂl§&hbqgah&h§ tﬁ@%\%ré‘ﬁ AGRHLeF of reactive

substitutions I ons ations, radical polynerization reactions,
and cycl oagtdups dm theguilymey, and radpeingi thel auhybeprcﬁfmqwedpmlaytmmstapspn

mechanismis a cycloaddition that involves at st one et o]

| ocat ed atCreEHEBKIng dvighout,gxegepous-grossinksseal SP a5 f@%ﬁ@i’ﬂ%ﬁeﬁgs gﬁbonent
(a) haV| n C a I

Cher i 1 SariRe S ringo ioud B Erdtsshking HAPROFRIRSY RS AT |
aryl ene etdtfisteay e0n iengiteercthandy | ergploying té)&ygwoﬂrsecrdsslmmrsofnawme

t hernosetting conmponent (a nprise a oaddition reaction (i.e. a
cheni @81 rasi@niagpoust when sﬁdymr'@ﬁ“f’ﬂéeé@%%y?'ﬂdg(‘rfeﬁf)‘ﬁ‘k"l‘% regfigfeare
exanple, in a th r npse nononer (a) wherein all of the aryl, the
branched aﬁ’W"Ca' 'Q(I?é'&é%{/]?'ghe ether arns have a 15 single et hynyI group,
t he pol ynerization process nmay conprise a cycloaddition reaction (i.e. a
chem cal reactim)stif fuhbett hsed | hageidypthe |phraséer “ERrMtestueycl tmbﬁ tion

reaction (e.g., a Diels-Alder reaction) my occur between an etéh%/ roup
in at | eagnolggelesr andf’cage qonmqmybtarpngtqmﬁdrﬁerbe( uyedinteechangaablyr

I ted i I f I te t

of the. t nPRsB e aing = 455t SRE PR taidtd sl Emir I etne s o
addi t bgnalp[Hyecesl fiehfly Seonifects ASWd lorkAble alﬁérﬂfseéiaBI dngSsyatamc! anddhéi on
-reaction between reactive groups of thernosetting nononers (a). However, in

al ternati movatspen:tqagef stmnetmnwecmge/m@eoqllectornaagerc;ompoeedlcﬂmpesmw be
utilized t val ther tin onent 25 to a on
-Such covaIFg‘l’ﬁa?'EIbG I'f'Ifé’ fﬁﬁ?‘ﬁ@?’eﬁl ?'i’ ¥ PO 5‘9 %%?M@I‘?%I '3&&‘.'\}% "‘(j?t)up
and a pol W@(ece{ B IR MR beAREY'B ViildmB, BOLY Rkt o BRRANALAGIWithliPthe
mechani s pol'ymerization of the thernDsettlng conponent (al, reaction
conditions may vary consi derably. For exanple, where a nononer is

pol ymeri zed by a cycloaddition reaction utilizing an ethynyl 30 group of at

| east one of the arns, heating of the thernosetting nononer to 25
16



WO 03/0577:49 PCT/ USCOL/ 50182 approxi mately 250C or greater for about 45
mnutes is generally sufficient. In contrast, where the nononer is

pol yner i aephsag7Aasr adi cal reaction, addition of a radi cal etBUS@EISONMRY be
appropriate. Preferred polynerization nmethods and techni ques are set forth
in the exanples. 5 The thernosetting conponent may be | ocated at any point
in or on the polyner backbone, including the termnus or as a side chain of

Such” s pUPITIE SRS ERYE D SkEne yRjeut RRSInG FFouRB bE cha’ TRE SHdge ' YPES
especi al | t ate hsre e e

prgf er abl én;‘;@oﬁ{p’)géhgpa%%tgﬁg ’ﬁé}ﬁgrg)ﬂl'&f% gﬁggl\i{an mrgeﬁlé?g{rﬁ%daggp@% , the
- pol yner i gohtdihi @enesticigroapst panialigr tyélioort ieydiicesansetdd hgdrorarben, and

it is particularly contenplated that the pol ¥‘rrer is entirely fabricated
from i sonBreMRs, PheCY®iSr fs ACYFliRy wesaturatad. hydregarbepesrewlsy cdmrths at ed

“arm ext ensi or st rat depicted i.n _Figu 15 4. | i.ch e S an
adaman# an8°'a{3r8§"5§%???§88 %F%%B%Sp'ﬁgﬁiﬂga{:@%%?%%sé ansb ygs‘&aret%ﬁ%{;s ﬁ%‘ﬁ@g[ﬁte t hat

i s react efbaei oheVbridyel Bifx éxdtiple) ahCaddrfbfitane or diamantane is considered a

1,3,5,7-tetraki s[3' /4" -(phenyl et hynyl ) phenyl ] adamant ane ( TPEPA).

Al t er nat i cage stpidusd, aobile| @ nepbthaléne osrarearematig)spitpcompound are not

4( phenyl et hynyl enyl bronide that is subsequently.reacted (3) wth 20

1 et hy ! Sorgtiatd i Eagd (SRuisipre ShesF ahe-Sothenr 8 feFhBiny Peflsh 2ne.

TBPA can r#&ferreeﬁﬁsﬁ%réﬁ\htiwsbnoéohﬁaanaIcﬁ; hb!ﬂbfb\)é’ﬁﬁ&%’bﬁﬁﬁiréﬂtﬁ&@oh@ yi el d

1,3,5 7-tetrakis{3'14"- [4"-(phenyl et hynyl ) phenyl et hynyl ] phenyl } adamant ane

( TPEPHEPA) briige aarfdithber dex next sfah nwitbarc therdescription of the cage compound

4- (phenyl et hynyl ) phenyl acetyl ene is reacted (5) w th 1-brono-4-iodobenzene

to form 4a8P@ve2s’ (phenyl et hynyl ) phenyl et hynyl ] phenyl broni de that is further

converted (6) to 4[4' - (phenyl et hynyl ) phenyl et hynyl ] acetyl ene. The so forned

4-1 4" (phenyl et hynyl ) phenyl et hynyl ] acetyl ene may then be reacted (7) with

TBA to iG {\?/)\DAQ%%EWHé&irEQﬁﬁLﬁUi&ééﬁiSRﬁlbﬁ|pi|m|i1,otﬁ',” lﬁf?nsﬁ anylcorrrl]pon?r]t e

7-tetrakis-{3'14'-[4"-(4"" (phenyl et hynyl ) phenyl et hynyl ) phenyl et hynyl ] pheny

} adamant athat manto itgeenwmnm cMppoentidal ar HeIvMmen IMRIoyEs|tbetri ¢

const ant ner. ¢o I Si ngy ) Vi ure
Lol re B CRD TR Bowale®) o SRRAE! Wi W RERARRG SfoReAt BEE
( C5H6) P( adpymend ripélymeP laldrieh HAk Risdt aHBrainaiee phrasel“compoandlhd¥idg 4t lgast or 1;
and R26 is a radical of 2,3,4,5-(tetraphenyl)cyclodienone-1 or 10 o, and \
~ c-c / -\ bifuoctionalityl' theass any gumpadne diaying ey teastr two functiony arempsund
havi ng at | east b%f.uncti gnal i t¥ erein the bi f;t{r)}?ct' onal 'tély nmay be.rrhge sane
or differ EAPARIRGOT HRIGTAPUDRT s O KRBT i PY ToLming, oS F'&%Eting ' Wth the
pol ymer hayj Gﬁé},ﬁrﬂdt%t rRérotidwhls iseuaiy fatHitibenaactions,s
capabl e oﬁyﬁdgﬁeﬁy?ﬂgsmt a subsﬂ ate vvhenk)t he co%osi tion is applied to
t he s2®st natkeopRilef endlelgctrophili@ Bubdtingians pr elimiratiqry, radicabireacéens.,r om

o R b i B P 09
(Vi) VvinyloGXisht DoRbik ISTEN s WarP@éy WRiats, Sk clrBstaticaARMd, ionic bonds, and
hydrogen bonds.

The term “layer” as used herein includes film and coating.

25
Thermosetting component (a):

Thermosetting component (a) and polymer are disclosed in commonly
assigned pending US Serial No. 09/618945 filed July 19, 2000; US Serial No.
09/897936 filed July 5, 2001; PCT/US01/22204 filed October 17, 2001; US
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25 As stated earlier, the present invention also provides a spin-on |ow
dielectric constant material, conprising: (a) first backbone having a first
aromat i cwopexisyr4and a first reactive group; second backborer/ssviogs2a second
aromatic noi ety and a second reactive group, wherein the first and second
backbones are crosslinked via the first and second reactive groups in a
cross 27 WO 03/ 057749 PCT/ US01/50182 |inking reaction; and a cage
structure covalently bound to at | east one of the fir d_
backbones SetiabNei @%ﬁé@ﬁéef iled ARfILf «2@BRpANG d4S %(e'laéitq' acgéj@?ﬁ%%owd and
(b) adhesi,0 (o] r .conmprisig: I bi functionality
wher ei n tHgﬂ'biﬁ);)u2@%0?10H&ﬁgﬁyér%a@pg‘g’%?ﬁg&ggﬁ%\éélﬂg?f\[’%ﬁﬁ g%?éednd the 5 first
~functionality is capable of interacting with the first and second backbones
and the secondTheRsbseftitlg cymporemnal) ecarhpribésrmonhomgr vhaving 3 esteralt e
when the conposition is applied to the substrate. At |east one backbone may
" conpri se atrpotyreashydwendn StHgréilth two 10 pendent adamant ane groups,
respectively, as cage structures as shown in Structures 3A-B (only one
repeating unit t he backbone is shown). Preferred crosslinking conditions
are heating the bl y(aryl ene ether) backbones to a tenperature of about
200C- 250C or grepter for approximtely 30-180 m nutes. Structure 3B may be
synt hesi zed as ggnerally outlined in Exanples 15 1-3 below. 20 -~-0 ~ 0 ~-~
c-c I n StI‘UCtU{ 3A structured B The first and second aronatic noieties
conprise a_phen \gJ\oup, and the first and second reactive groups are an
et hynyl , Reet cycl oy or both an ethynyl and a tetracyclone noiety,
respecgively, Rpich react in a Diels-Ader reaction to cross-link the
backbones. 25 In alternative enbodi nents, the backbone need not be
restricted to a polx(aryl ene ether), but may vary greatly depending on the
desired pl§gHewireglA), WO 03/ 0577=49 PCTI US01/ 50182 chenical properties of
the final |ow dielectric constant material. Consequently, when relatively
It g AP hbGfg HAOARNLF SHRLEIE RN fin SARRALE 1 COM oDl 21 &,
i ncl udi ng "1’ nor gani 5 pol ynmers conprising silicate (St Q2) and/or alum nate
(Al2QB). In cases where flexibility, ease of processing, or |ow

Rl R4

|

WY Y i,
.\\“\\ R
Ry l \R7/ A >

R3 Rg

(Structure 1B),

10 or a mixture of the monomer and dimer wherein Y is selected from cage
compound and silicon atom; R,, R, R;, R, Rs and Ry are independently
selected from aryl, branched aryl, and arylene ether; and at least one of the
aryl, the branched aryl, and the arylene ether has an ethynyl group. R, is aryl
or substituted aryl wherein the substituent is alkyl, halogen, or aryl. As used

15 herein, the term "aryl" without further specification means aryl of any type,
which may include, for example branched aryl or arylene ether. Preferably, Y
is adamantane or diamantane. Exemplary structures of thermosetting

monomers that include adamantane, diamantane, and silicon atom are shown
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5 stress/ TCE, etc. is required, organic polyners are contenplated. Thus,
dependi ng on a particul ar application, contenplated organi c backbones

i ncl ude eiesaisimopol yi mi des, pol yam des, and pol yesters. ECt/Dsugi0182
preferably built from | ow nol ecul ar wei ght polyners with a nol ecul ar wei ght
of approximately 1000 to 10000, the chain length of the first 10 and second
pol yneri c backbones may vary consi derably between five, or |ess repeating
units, to several 104 repeating units, and nore. Preferred backbones are
synt hesi zed from nononers in an aromatic substitution reaction, and
synthetic routes are shown by way of exanple in Figures 5 and 6. It is

further con at.ed erpat i a a 1S
' superbranﬂ'hg@rlpﬁsft'a‘ 1tsé;' r}ﬂiig §€ eecg P“lﬁbﬁgﬁ"ﬁ? nﬁ?%/aenrar?%t??%:?%qp%jm
backbones aHR¥fivA, 5 rhsréyEkeﬁﬁjlmobmﬁbtaréyof IHUPBHRALIRG YimepP tiestrihaludle
nononers may preferably include aromatic bi sphenolic conpounds and

di fl uor oaadantaMammpdudﬁmanmnerarﬁmhdmen tFéguwesn 10 and HHoesperdivieN | t - i n
cage structures. is again gon Iatedt appropri ate ettin
co?rponent §V"(ea[)9'”2@ fﬁaﬁr‘h QBF(i’(% s&e'® FBB hﬁ%gg’él R"é’t’?uctﬁdf’ge i c'fl a?e
schenzg %%ﬁ&%‘?ﬁﬁé%&nﬁ&r@hﬂﬁﬁ Lérmm&ré\oaraﬁe idhdiherdndtimiPis hresaape al

Structure a thernosetting nononer has a cage structure Y, and
at | east tRvefefably)atheirixtaleacompRsefRabootP5i32 veeight pertand mponoimen andd a
reactive grou wherein at | east one of the reactive groups of a first
mononer r 8hews 3up (weight PEERANtHE®SS of the reactive group of a second
nononmer to produce a | ow dielectric constant polynmer. In general Structure

4A, a cage StrlA(f{e%gtlv«%Weftﬁéﬁhbé’e@ﬂg?fjﬁ@?ﬁ%’?If'a(;nhés%05 mhspautﬁr&aure gsomat i c

portions which participate Tnp erein R -R4 may be
i denti cal sppwH if Stredture: | east one of R1, R2, R3, and R4 conprises at

| east two isoners. In general Structure 4B 29 WO 03/ 057749

PCT/ USOl/ 50182 each cage structure preferably an adamantane is coupled to
threel@romatic portions which may partigi pglt(é R'n pol ynmerizati on and wherein
R -Re may be identical or different and19 Voqs“o’f t hese cage structures are
joined by an aryl or substituted aryl. A Ieasg one of Rl, R2, R3, R4, R5,
and R6 conprises at |least 5 two isoners. PrRi erébly, at least two isoners
of the adanmantanes relative to R exist. sRid&R3 Structure 4A R~ R4 R2 R7 ~
R5 10 Rs Rs Structure 4B When nononers W|th tetrahedral structure are used,
the cage structure will covalently connect four backbones in a three

i el onal GoRY APH 81000 A0, BY IR RpBRASHT sifebled FlokR R Blariied®t U e
aryl, arylene ether, and no substitution, and wherein _each of the aryl, the
15 branched aryl, and the arylene ether has at least one ethynyl group. Exemplary
structures of thermosetting monomers that include a tetra-, and a

hexasubstituted sexiphenylene are shown in Figures 2A-2B and 2C-2D,

respectively.

Thermosetting monomers, as generally shown in Structures 1A and 1B

20 and 2, may be provided by various synthetic routes, and exemplary synthetic
strategies for Structures 1A and 1B and 2 are shown in Figures 3A-3C. Figure

3A depicts and Example 5 describes a preferred synthetic route for the
generation of contemplated thermosetting monomers with adamantane as cage
compound, in which a bromoarene is phenylethynylated in a palladium

25 catalyzed Heck reaction. First, adamantane (1) is brominated to 1,3,5,7-
tetrabromoadamantane (TBA) (2) following a procedure previously described

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



15 in Figure 3A. It should further be appreciated that alternative nononers
need not be limted to conpounds with a substituted or unsubstituted
adamant anw® @@sar4eage structure, but nay al so conprise anyPClHUs@zoks2l or
cycl oal kyl ene structure, cubane, a substituted or unsubstituted di anantane,
or fullerene as a cage structure. Contenpl ated substituents include al kyls,
aryl s, hal ogens, 30 WO 031057749 PCT/ US01150182 and functional groups.
For exanpl e, an adamantane may be substituted with a -CF3 %roup, tertiary

al kyl groifp heaotgdf r ovithne phenybn beemiste at s, YigldherdyB 3y deyal3@don,

-NQz, or ;F. - of,. 3 Br. S I de ) t 1.cal ure of
the cage BromephEaYedrrantii EEra) i o BRSHEL IR andfobRLeRs, 2L 1% oy
" be attache¢igo7dbhe Qawn)Py Reickest, VFOR, 8dMhthiagieue, and aiBRA Y&kibsew
degree of crosslinking through cage structures is desired, one to three

aromat i ¢ poeotlygrreaated inithaa tsubistituted ethynytagyl ist a palladium wietalyzed Heek

cr oasl  nkFeRptam o siantat (AR oRRoceauEs (@ MY (TnRithg PraislAL e,
four and @&gertﬁgpgggg@g ' Ifadgﬁﬁéﬁ@% MY, beam@ehed ddesa ofdd8 ShoWstiee

wherein al the aromatic portions carry one or mare than
one react difeergncep. bétwedrerther Beidhert swodatamip|caneplo wrindht d escvibbedi ¢n ptbvet | ons
attached to a central cage structure nma

: y carry other cage strucza%r%c
wher ei n t Backawpung peetiqif asd 9 goptemplited athergosgling fEMponeay ks tinget ur e,

nave 5 fuPRIIURE-¥abet FRbr BSbude ST R be (A ERRCURY SIRERAR Br B

aromajd C BpeErnh B tingNehchoth@MitharRe seriphetylin@maki thep@kbmans. pdftitn as
contenpl ated cage structures nay be covalently bound to a first and second
backbone, sbewro inpiigunesn 2AwDhadikbwhieh gy tefrakroracsexighemdeneandal@

nature of  the aromati.c, portion, it is 20 contenplated .t.hat apQtopri.at
aromatic BSF??W@?E@HBP?@QEQGphreWchmﬁp, 'san'ép%?é ;W'i\l? e%gbl'{}hgﬂglﬁgﬁ&
group andcgnffRAfd ¥&yRI@¥Re deSlre@ cHTRispbonaith@idMiddeting irhéRomay. conprise a
tol ane or (phenyl et hynyl phenyl) group, or a substituted tol ane, wherein

substituted tol anes may conprise additional phenyl grougs coval ently bound
to the tol ane Witeroarivelw. TBAvean bembnvesiedctar d brydnexyarutaibesh ademanian®donds,

i ncl udj I th I t her -, to- . t . Al
cont elbl SPUHCh, & SORGRRVLTY, FaReBEmsah A5k = i TasdiinG; bndBBERE & e by
way of exﬂGeIe%phnicF&%%alq(ijc?guwimﬂbﬁheawo.d.i mnﬁahwstsgrr@mzmeg@wréieae

d as
pendent groups. It shou e appreci ated, however, at pendi ng 31 WO
03/ 0577=t roRCT4BORNGEOES 2] kL age peaviogslyr descriteechoand i furtheat teaated W @amant ane

t t . Contenpl ated al t. ti t incl yd ' d

ul i pl e EIRSSIRIS oA RHRAT GHIDPL Wips PR At AR g e/ R SKA d#anes i n
pl e ©rr 8lips Praramdfi . s i

The cage COMEoEFRRONATARaRRIR (M V) ARSI P AR o B BReel ™ ©

st abi R0t y with arfi$ele fwhygive d, 8- tedtakis (GpAY tmethaxyphdayl)adamamnbanef(6) e,
contenpl ated substitutions include hal ogens and al kenyl

groups, buhigh g@ry tusthardinreagiad puita Baf 69[)’@“3%6%'5& Iaéé;ylyglf’é’r §?r_‘éBFByttﬁ oups,

tmhfar gagﬂg B%JEESTQQ eig é%z%?sbrgunﬂaéﬁ?iliig ;qtrsmaltitc SiHtiedtiBh $8alfoP WifiF hligSddat
fluoroaromatics in the presence of potassium carbonate employing standard
procedures (e.g., Engineering Plastics — A Handbook of Polyarylethers by R.

25 J. Cotter, Gordon and Breach Publishers, ISBN 2-88449-112-0) to produce the
desired thermosetting monomers, or THPA may be reacted with 4-halo-4'-
fluorotolane {with halo=Br or |) in a standard aromatic substitution reaction
(e.g., Engineering Plastics, supra) to ' yieId' 1,3,5,7-tetrakis{3'/4'-[4"-
(halophenylethynyl)phenoxylphenyl}adamantane (7). In further alternative

30 reactions, various alternative reactants may also be utilized to generate the
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10 I n sonme aspects of alternative enbodi nents, two, or nore than two

chem cally distinct backbones may be utilized to fabricate a low dielectric
const ant wordsasrab, as long as the alternative | ow di el ect PET/US@OIAOI8NT
material conprises first and second backbones having an aronmatic noiety, a
reactive group, and a cage conpound coval ently bound to the backbone. 15
Wth respect to the reactive groups, it is contenplated that many reactive

groups other than an ethynyl group and a tetracyclone group mag he |
utilized, teermeseiting man@mens: Vaintilasy: i the guslasphilice asgMatico sepsuyytiaRy

first and _second bac es. M. t xXo0ge S i W{i‘?" e,
appropri af%a(?té%ﬂ:mqyeglgsg)fpgméneyﬁdae%&{alﬁ}eosg?/@f%bﬁﬂ‘%%?%hpﬁ?@r%ﬁ%?reexarrpl e,
“a first reagdiigRen{lelt YsPtHEErSHAEIE iFdtion, ¢ aohichPSEighenyiehe ig reacwad

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

t he nunbewith 4dhmrptalang owpPrpdedend nthermosesting dnogenter) AHerrativalywvi ty
“of the fir and second yeactive .grou b) the strength.of the.crosslink
et weeh 1 PRTORNETIA SiAB JeRTBRdT Sange siodaris Rt Tugh seAgion With
crossl i nkigng-i ' [ ' F Al 8.5- e yhe first
and secon gea‘?#%@%%&%ﬁg@bg?@%?gm %rﬁz‘ggsegﬁ (Ve?.g. an eﬁnyﬁ group
bet ween t \pheteylethatriytiptiephinhynyliptum)oxydberkene.vel y hi gh nunber of reactive
groups may be needed to crosslink two backbones to a certain extent.

Li kew se, a hi %{2 nunber of reactive rougﬁ may 32 WO 03/&%77. 19
PCT/ US01/ 50182 Y¥Bete-Hfif FRge (P RRPRY S & alipan 3188 M EeE RIALA Prafestad el v
weak bondg, gHehias RYABAREN BONduydllicledni Cibondggare f gcTed Rt weghidhhe
reactive g¥oups. In cases where a reactive group I n one backbone i s capable
of reaCti bgomiolpherylethsmiliasdmatiacdrime (8)r alnere m snan lintegemdidtovenn serloy one
type of reactive 5 group may be needed. |=or exanple, ethynyl grouPs
| ocat ed o@ndhtive aremeretarg epnyartes inaihe soscespapdingidehenyisthiymdiarybn and

cycl oaddi t.i,an-type_r.gact o lj nki d al so
be. appr ecitoum pige @hcvhiher s Bdienny feabiibt ik iBuabhiHid 7
of i nter Ngidgthaldedsitell HtdrsMifitirmusesing MdritineANithld silicanipdtom as a

rel atively high concentration of reactive groups in first and second
backbones cageaampaund é1§).t ow concentration of both backbones may favor

i ntranol ecul ar reactions. Sim/larly, a relatively | ow concentration of

concetrati on 3t eguerers, B EAR0 PRGHGREE FRPah G ¥R dedthtlang,

bal ance bgt yaeiartahe2or anglutRityNéaaamaRtarids beamrmantansey B afeheative
i nfluenced, by the distribution of non identical reactive groups between

t he backbaspsctsvbtthainvientivermibiect matiesavaiions cage eximpaundm ethgpthass

ti b I d the first backb whi, | t . f
eactive gnatpTAUIae GdBMaane die ales boRBPRREL i Actud B SfasialR® ©
addi ti onaly hbd didtedthdtAHE I ofeRafdr 38e AhAUMRSH IR atiOn T tHel La @o%d

sequential crosslinking at different conditions is desired (e.qg. )
di f f ee@nt in ecypebitations with the overall length of the arms R;-Rg or R',-R'; will

i (@)

determine several of the physical and mechanical properties, in the final low
dielectric constant polymer (by steric effect). Therefore, where relatively small
cage compounds are desirable, substituted and derivatized adamantanes,
diamantanes, and relatively small, bridged cyclic aliphatic and aromatic
25 compounds (with typically less than 15 atoms) are contemplated. In contrast,
in cases where larger cage compounds are desirable, larger bridged cyclic
aliphatic and aromatic compounds (with typically more than 15 atoms) and

fullerenes are contemplated.
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The reactive groups of preferred backbones react in an addition-type

reacti on, however, depending on the chem cal nature of alternative reactive
groups, wwws/stier reactions are al so contenpl ated, incluPlCTgsowsol&ophilic
and 25 electrophilic substitutions, or elimnations, radical reactions,

etc. Further alternative reactions may al so i nclude the formation of

non- coval ent bonds, such as electrostatic bonds, ionic bonds, and hydrogen
bonds. Thus, crosslinking the first and second backbone may occur via a

coval ent or nopogempl¥fed34§5 CoAthdtnlis URRY AeXleccassdalyebé lilmred toobéing

bet ween identical or non-identical reactive groups, which nay be |ocated on
t he same compriset)sokabyofcarbon fagemse bub spay alsognchudecheigroatommedeh @snt s,

~th t ' truct t her t.h damant
| nel udi ngRa SaiGmEn ExveHORBR e ey v pdralety JARRUBCe SO &AL, o
long as ahg ' GrationidC WhieR May ¢n dbrd Bﬁﬁlﬁlee‘écﬂm%ﬁi 8ftichrhet of

. . uﬁé %ﬁ%lé’@oﬁ _
sel ection of *appropriate cage structures is determ ned by the desired
degr ees of amheR,RdemBheaR Qfattddditiagal komdiangtes. Withr lspect ¢b substituergage

SUf £ § cf enand doriveRA UanBuos pRiaraRIgte A E RBFIREde0 ST e CRaH ARt ane
d di . i. i Q t
and d a'*‘iﬁa‘i?ﬁrﬂf QHlpﬁltaéﬁTstSQ%SflOaﬂaQth%r@%g?%rﬁa‘%e. k&l Q%ﬁ?%? widrgct ur es

may conpri se erenes. d al'so be ap ated that alternative

backbonestiieesye ebripoundsi dred-elaiiveiys hpdiophobis lnfdropbiticssubstituersts may
Appropri ate backbones may al so include tw to five cage structures or other
mol ecul esbairtraduesdtimindrease salubilitydndivdrephiissoleeitse 05 Hite versag So,

full b ded t. ' whi |
o el and bR aReP R R i Feied: Boincos ghhust RSP plbp 38 RE R0l D | ©
cont enpl ag8fhpBUAdI Y isVFir tHe? horteniplafedPthat Gp@eopiiateciuistitruehticinagi algool i go-

meri zed and pol yneri zed cage structures, where even |arger cage structures
are desi rimgludethecmetabilal groonp @sid mugleephilit end airctsaphilic greupsadeshod be 20

limted to carbon atogps, .and it shoul d be appreciated that, alternative cage

st r uct ur e8/SRahe harRrressd %&”?ﬁ%ﬁ"%aﬂ%ﬂﬁgt"aﬁ% ¢ \ilized 19 J o%ﬁ?,e

wher eby Ct%'ﬁ\ﬁ)%l’\at@. .hQBefa%ﬂﬁQfBScF@élihﬂﬁbul%cNong dBrivatiz&ioréactidnid)

respect to the positTon of the cage struCture, 1t is contenplated that the

cage H ruetcly. aVhase the cage eotrpabundstdne dedivhtizat: it is especially GHiteoydatedns.

For exanple, when it i s desirable to nask tergiﬂ;atl functional groups,n the
ctii

backbone, thit dgrivafizptigne B 8 nRaloggpaten r 8L thonCcaes nFRFPLURL.kBBAe, t he
cage stru&gHﬁéngE&E%ldl haggzﬁgﬁggéggﬁrg%%gmméry structures of

endcaps are | gures n other cases where | arge anmounts
of a cage structure are desired, it is contenplated that the cage
structures areWhere theQheBmoseftiey monomer (a) has an aryl coupled to the arms

R',-R's as shown in Structure 2, it is preferred that the aryl comprises a phenyl
20 group, and it is even more preferred that the aryl is a phenyl group to form a
sexiphenylene. In alternative aspects of the inventive subject matter, it is
contemplated that various aryl compounds other than a phenyl group (or a
sexiphenylene) are also appropriate, including substituted and unsubstituted
bi- and polycyclic aromatic compounds. Substituted and unsubstituted bi- and
25 polycyclic aromatic compounds are particularly advantageous where increased
size of the thermosetting monomer is preferred. For example, where it is
desirable that alternative aryls extend in one dimension more than in another
dimension, naphthalene, phenanthrene, and anthracene are particularly
contemplated. In other cases, where it is desirable that alternative aryls extend

30 symmetrically, polycyclic aryls such as a coronene are contemplated. In
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PCT/ USOL/ 50182 pendent structures coval ently connected to the backbone. The
position of the coval ent connection may vary, and mainly depends on the
chem cal woadsmswqoof the backbone and the cage structure. ACUESOIEIMH20pri at e
coval ent connections may involve a linker nolecule, or a functional group,
whil e other 5 connections nmay be a single or double bond. When the cage
group is a pendent group) it is especially contenplated that nore than one
backbone nmay be connected to the cage structure. For exanple, a single cage
st ruct ur eespacialbnrwefersed | aspects.weonternplased pi- A RAIKC I FKiSs have
Alternatively, it is conte ated that the i ral
part of tHenBaElasLARAR: Fuvia, e e Qb Ay dorahide Hetefactths, WRHLY
- shown in whbeh: o fdubstitHPaRE deliviatiz6tiRs ot ddiftehiplatedesyis] theckhinge 20
via a first reactive group G 15 and a second reactive group &5, wherein
t he crosstomdidemticesuapslyias oraagel eempbunds598s dissusspedieidifles have at
"l east one aromatic noiety (not shown), respectively. Aplurality of pendent

backbanes. - andnYilfbraanast WBABRIATE Foi Antor Teatos PYRIREEREE e, oo
The term i’?\i’ifviaﬁgﬁy QB%‘&?%@?vonﬁ‘% ﬁkl,'(ﬁgién&ﬂﬂi 8fyl! BRd ReNslsNdnec agfergapdps 30

carries at [east one substituent wherein substituent 40 nay be a

hal ogen, B!k, arerindividuallyosgiectédciiont an laeylc aglerasichedtaryb ansbapargeeeat

| east eight (8) atoms. 20 Adhesi on Pronoter . ,One hesi.on WoLer is
si | anes oﬂh:elﬁeam@)ﬂﬂﬁ@s(‘l@%?'?-(E&'@Pﬁ@"«%}tﬁ(fﬁ%ﬁd W@%’ﬁﬁ@ﬁ%ﬁhﬁzo,
and R21, each,indepe tly reRhesents hydrog hg;ﬁx, heAgAt urat gd or
sat ur at ed'ngflf&%, subés}g'ﬁ]ut ed I‘gasflﬁisubstlgt ut ed?%}mrw&lﬂé V\}])grg ?he

subst {¢ uephehylediyMA(gHergiskynySpheny] edndr ansiphengteshlyaylkzhenylphenyl

unsaturated or saturated carboxylic acid radical, or aryl erejn at | east
two of RiwigtyoEspedalvapefrred ardgpeethersrieluggdahenyls phesw))pheRYy or

unsaturated al kgxyl , unsatura I n a [ Id
radi cal ; SH§" BSBaXWBIQJ'gV/ 589{79@8%6% %éﬁ/fg%l%zﬁ’? mﬁegbﬁgﬂﬁié'?(gfﬁ'blsg}g%l es

i ncl ude V!a.gb(é SULANRSpRE AbsitGied WHE K\aidpah, alid/| Hay! ~ofhidgaa?) 3 wher e
R2, is CH3O C2H50 AcO, H2C = CH, or H2C = C(CH3) O, or

vi nyl phenyl et hyl sil ane; allylsilanes of the fornula H2C = CHCH2- Si
(OC2H5) 3 and HICalteIDRivEi dsBectTpB e invaAniiMedipebMALAr| dRBOAIIALR a5RS(3 5

l yci I hyl di et h il ..
057 o1 T UBEIRS apemodetinbr caEpheRt nal not ke irnirse dg 20 Ardh asbranched
formil a 3= diaHRhCRNIGHR)ethel, (RABN3 ¥besiearRafive Sarais &,K9) anr BY eRAbI y

met hyl or ethyl; aninopropylsilane derivatives including
H2N( CH2) 36bnpEid2Cld3 )raactizel( @Hrip3 SadHpe long as the polymerization of the

H2N( CH2) 30C( CH3) 2CH=CHSI (OCH3) 3. The _af i.oned. si | ; -
comor o] aPITRARIRAB S MPORE CRs TRPrioa 8 ek codRU i P FRe i o Blove-

phenol -fo W ' A8 ABY beXeldthRly Shart!\Bith no more than six
[ R22C6H2( E]%%gé - m&@%&di g subs?i teuteed or\f unsubstituted al kyl ene,

cycl 020 ky btoras, whigh, maly| gf may nat e, c®®n sterhkySuchl SlyerdrarmsLmnay M ene,
cycl oal kyl ene, allylene, or aryl; and j = 3-100. .Exanples o sef ul. kyl
e Y e ebeal pvanigeoueBhRe ViIds or poted arndsarinie 4o add e fid findt
phenol -f or | ' : | 0 IS
commer ci ap@é%@?@’fgﬁﬁgﬁ@%ﬂ Eﬁgﬁéct a y'af W&aﬁ;ﬂb ??)enﬁ?ggﬂgﬁ]né%@u@e?ﬁﬁ
adhesi on pra@EDWaHerk Sesplexidl§ylongt fiens are @retbrngd, bikte aphs 20ay iqurprse @n
1,1,1-tris-(hydroxyphenyl)ethane tri-glycidyl ether which is conmrer Chiﬁal |y
avai | abl e ofigomeTrorQuelymeramdthdr4Qs andl Maae apars- ptheast g aras: e3n

unsat % at %gvgﬁ{a%%é&% design in material stability, thermal stability or even porosity,

as compared to the smaller arms. Furthermore, the length as well as the
chemical composition of the arms covalently coupled to the contemplated
thermosetting monomers may vary within one monomer. For example, a cage

compound may have two relatively short arms and two relatively long arms to
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acids containing at |east one carboxylic acid group. Exanples include
trifunctional methacrylate ester, trifunctional acrylate ester,

trimet hyla g@pame 25 triacrylate, dipentaerythritol pentperugézdoes2 and
gl ycidyl nmethacrylate. The foregoing are all commercially available from
Sartoner. Qher useful adhesion pronoters are vinyl cyclic pyridine

ol igoners or polyners wherein the cyclic group is pyridine, aromatic, or
het ercaromatic. 36 WO 03/ 057749 Useful exanples include but not limted

to 2-vinyhRyhbel aﬁn@moﬁal\gremnmwaipaﬁucmrmeécmoai Huriay polpakzdtiermIRei | | y;

vinyl aromatics; and vinyl heteroaromatics including but not limted to
vi nyl qui anbthes,examyle, aacagﬂobmpaunWmavnhdmdM@ aemns qhqwlpa"\oMWCé 5

" Preferably adhesi on pronoter (b th b I di scl 10 15
20" CommnlPrASEPHRIAA JEHd A PIOESiR BACSRRF NEPOKeGEer RRRE200 1 1 od

Decenber 23, 1999 incorporated herein by reference in its entirety. The

- PCT/ USO01/ 50182 ycar f R11
Ri2 RIS S Ria S PR e e e e

i ndependehaly atdpassent seactiee igraupd iroraltensatbat asae@m’ eiskythaneall of the

cycl oal kyl ene, vinyl ene, | yl ene, yl R.6, d
R 6 each ﬁméﬁ@ﬁﬂéﬁthﬁyer%ﬁ%@ﬁt%’%‘?df 8@8?&3'21%!%30?8%? ﬁﬁﬁ?o@ngdﬂbxmﬁ 2|nng

al kyl, ~al kyiengmeVi Jhd ’orﬁ%cirﬂ% kX{ 1l |c3/1J t Qraﬁﬁéllczfl'oxy akeivel BRRIp.OT

branched; 3 reptesents Organosi|icon, anyl or Organo group;
and a, b, A%erﬁ@ﬁivélysahl afyy ihhe memhbsenng 0bniﬁb11&a1t+mhy+hav&dhmelm00]
and b and ¢ and d may col |l ectively or independently be zero. The

groups mayvheseinaenly dpyo @ age SENJWF ArerrtiveLgroyendigigeperaiiv ‘é‘i’WeWFgﬂﬂ%about 1

Lier R BRSO R sefSEIA budhih, BB MU R Bna e ) o
vary considerably, depending on the chemical nature of the arms and of the
qualities of the desired end product. Moreover, reactive groups are
contemplated to be positioned in any part of the arm, including the backbone,
side chain or terminus of an arm. It should be especially appreciated that the

15 number of reactive groups in the thermosetting component (a) may be utilized
as a tool to control the degree of crosslinking. For example, 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

20 s required, three or more 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 arms, other groups, including

25  functional groups may also be included into the arms. For example, where
addition of particular functionalities (e.g., a thermolabile portion) after the
polymerization of the thermosetting monomer into a polymer is desirable, such

functionalities may be covalently bound to the functional groups.
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Preferred pol ycarbosilanes of the present invention include dihydrido

pol ycarbosilanes in which Re is a substituted or unsubstituted al kyl ene or
phenyl , R e@wmei s a hydrogen atom and there are no appepdPusowvsM2cal s in
t he pol ycarbosilane chain; that is, b, ¢, and d are all zero. Another
preferred 5 group of polycarbosilanes are those in which the RO, R10, R1l1,
R12, R15, and R16 groups of forrmula (1) are substituted or unsubstituted

al kenyl groups having from2 to 10 carbon atons. The al kenyl group nay be
ethenyl . propefb.nghdberthd! &itboRénta@y nthBs pelyibied BY aMaggnisriérgckbone
radi cal having up to 10 carbon atons. e al kenyl group may be dienyl in
nat ure andfimethatdsmsp andsthieuactuall naddhanysmr efd polyieerizatiand predomin@pilyi t ut ed

on an otherw se al kyl or unsaturated organi ¢ pol yvner backbone. Exanpl es of
Cheon o orleppads BIPeAnEUYS SHOW K RAGCAtGR I L BPNETEAONATOCE R ot o

pol ycar bosi | S 1 I B! i e
" pol yal | yl ﬁb&%}?;ﬁ%ogg&?ﬁ?@%&é%n rﬂéﬁﬁg%ﬁggggl@g?gp%wc' electrophilic and

pol ydi hiydarstngtie Bapstimmionanddgitbys) élirimatons oaalidad polyanerizatonl reattienswor e
preferred pol ycarbosil anes, the RO group of fornula | is a hydrogen atom
and R8 i sandt ieyclaasditien ¢ FRaciigfenaedt ar fartieylarly rrefefrrd gralymerlaliony ey

preferred polycarbaosil an f i i 0 r Ilqanes
o or mul CHARATTCR S0 eRRTESS AL Myshids AVEREbAR FHhfontlgsCaiadnes
and R16 i gt fdhstbh8Mf the adtths2Fof Rtapld, af iaCiletmbsemtithgCc srmporaentola) haeing

pol ycar bosi | anes may be prepared fromwell known prior art processes or

provi ded lymseeldatet framsarparylphyrantioed beyl@ncban @syleneresher. qntwhlichoat

preferred polycarbosilanes) the RO group,of r mul 1) .1 r at om
D o1 B YR S S 3R bl s S o Dt sy Pl ¥ G

pol ycar bogi fmﬁ ' f th 15! Eothpohdht (APARy i C
exanpl es %?'l' he:%r%?wlgénﬁxglr)‘g?gﬁeggagg{‘y%gﬁngggﬁranée%tfﬁoﬁl oW, pgs b \(/\D 03/y057p9
PCT/ US01/ Tolstisata glyt|oadeitiare Pedotitirs . si ¢lydmidal reaction) of at least two of

Mol ecul ar Pol ycar bosi | aneMol ecul ar Wi ght Wi ght ( Mv) (M .
11400- 1, 4@0@-%h55¥b95@@9%3m.%'2®'3e(‘gmHYﬁl )68 thg""“em“Q monomer (a)

allyll 10, - - i 75 s) As
can’ be- obddieralt A 8 It 3% (PREAHERA A Wi THE Ayisheoff i Byl e e
subj e¢t i BURIM efHyriAYré@p, tienpelyiribrization pebaaBsanay donepriser acytloaddision
groups 5 when ¢ > 0. Accordingly, R13 represents organgsilicon) silanyl,
siloxyl, oeachiamfice.ga ehemipahrescsion) of tthe ethynykaegiise dnA1gr EX3MAIeS

oxi di zed versions.of the.polycarhosi > o} e i vel
T Cand aryeliaen pAcedi Gaby Aehef e el WU S Feubdneo R 1Y)

apparent, ogh¢@fl GRdupeirPat NEEREHEEE Ay oPlth@ thBrmaseltithgt ioramher ()nahd iaons
being that the radicals a, b, 10 ¢, and d of the fornula I pol|ycarbosil anes

nust sat i sfigne rgroupndocatedsimfa[molymer+ I isc further qentempipted,thap Hifd

| ectivel y or independent | . . | bQsii
o ot b ponieti ot nat RRec Rl PTufE SorphifieR] BT i8S, KEREATINGHED 2 ©
20% based pritipativRi &Mhndddienar Rieketulé NergIP e EiddelinkenP pibtarably(as aand

anounts up to ggout 5.0 % by weight of the conposition are generally nore
pr ef er r ed.cyCluadaitigr achction edween reactive @rovds fafoinesm@setting mRnRAmMars t hat
are 20 presently conmmerci al I'y avai l abl e frofm ggny manuf act L%eré anﬁ‘ by

usi ng convdht iHEEVeo| VhepltsNiatys ASBEEts Y RS ARVRNYRH I BUUPCLRERELi s of
the polycasBosink@Neay! BE utfifdd 10 oUBIeRil Lotiplethdindlediig @Bmiddhiant asyon
organo silane conpounds or tfrom polysilane as a starting material by

heat i n§ anroadliporyrmes Shichdorlérmneouplidy pudyy tloerebly| eittagreocourahetween a

at nosphere to 39 )
reactive group and a polymer or a functional group and a polymer.

Depending on the mechanism of polymerization of the thermosetting
component (a), reaction conditions may vary considerably. For example, where
a monomer is polymerized by a cycloaddition reaction utilizing an ethynyl

30 group of at least one of the arms, heating of the thermosetting monomer to

25



WO 03/0577:19 PCT/ OS01/ 50182 t hereby produce the correspondi ng pol ymer or
by heating an adm xture of polysilane with a | ow nol ecul ar wei ght

car bosi | sgeo3i037Aam i nert at nosphere to thereby produce thePCDUS@ESO2AI Ny

pol ynmer or by heating an adm xture of polysilane with a | ow nol ecul ar
carbosilane in an inert atnosphere and in the 5 presence of a catal yst such
as pol ybor odi phenyl sil oxane to thereby produce the correspondi ng pol yner.

Pol ycar bosi | anes may al so be synthesized by Gignard Reactipon r%ﬁrted in
U. S. Pat eapproxirpatelp 2 5Cepy aréater for abedt ¥y m@eériwenfoalﬁyse #Mng the

f d I bos; | ith the th i ] : 00|
B subi el SR Ao WWRRFEOER TBROTS” o BPRUT e Brock bR IR TEdeud) adbiuBl Y ™ot
resul ti ngopQTRARI] LoRfer 1KY BB BSSORTaR eI aRe6 pRlyaRbREtiN athbds agHout

the entire polyner so as to ensure affinity to any contacted surface of the
coating. fackamiqiesale/ ser forsh iratiee aksmplespr oves 15 striation control,
"viscosity, and filmuniformty. Visual inspection confirnms the presence of

i d striati trol. Th t i ti i
L6 Cional - conpbRaRBEneHEngLoamRPRS oY s e B sg Rt M G B e
agent s, deber e Seytidrind BURIAN fornRh0TRR S a BIRSERSInZGT Sro polghidri zer s

and surfa it The present conposition of thernosetting
conponent (a) and adhesion pronoter (b) may be conbined with other specific
addi tives to obbatemplated polymarsiinclsde Relaraes watiatyl obpelymaidnPesi§HEN ASs ar e

T oo s ST i 25, T | o Lok Sy (8 8 P v
cont ai i ngo RAIRAGLES Y IS DolInEREBAN st Soly BIEE mivelighefsrabRi ler

recordi ng conductive particles 'such as netal or carbon for use as

' condygt | gelyEagletet stheplondlantéven radteprefesed aspdet; tthe @otyraer isgfabricated
el ectromagnetic interference (EM)/radi g frequenc%©40 WO, 03/ 057749

PCT/ USO1/ B018ast i cPardr B (RELYErpPSSENEgMANAMEY: 28 ofti 15 RATFYRYon:

d el i cal i Ng. o 190l
Composi 11 RS mYIaIR] et e Ralitheldjs, BRFFRR fHkckia A0 WG of the,

enpl oyed dserfic¥cifihYbrAghétt Manuf acturing, storage, or use environnent
such as coatings to inpart surface 5 passivation to netals, sem conductors,

capacitors, inductors, conductors, solar cells, glass an | ass f#'.ber S,
quartz, and quim ep dspeeially crrdemplated @raveriestancHEateaY [dapicteddp figyre

conmponent . (a) and adhesi,on pronot.er usef y;. A S
garsnlze?é, 6|(' e%"éré’ﬁﬁ‘?g'asig Irﬁé?sr%tga a('sﬁéflaé'?‘ag‘g%qk)%t ,%?f :)Hrlaﬁﬁgﬁnagfée gfét}g%'d a
scrim al 3Real@RRBtyItRe AFistadiRg rhbBRCURTERAIIS reactsd (15 witeTBPA (supra) to

anti-fouli'ng coatings on such objects as boat parts; electrical éwit h
encl osur eyjeldat Ht, 305, 7atedrakishdoid ' dobenvigthyny) phenydladaeandangt  db FFﬁgs; or

an arFi ol ANEERUVEY. of RARBVISROLSBP | crbr attr e FoRrBiShce T8l °Tid! pricent
cont ai ner P Y e Pk chanass and. o her
heat edoor tdoeltiegsiviatatdenanTMSALr ta closm écﬁdwwleﬁ\vw&pgﬁﬂv'@cﬁﬁbdﬁa@i on.
TBPA can then be reacted (4) with 4-(phenylethynyl)phenylacetylene to yield
1,3,5,7-tetrakis{3'/4'- [4"-(phenylethynyl)phenylethynyllphenyl}adamantane
(TPEPEPA). In a further extension reaction, 4-(phenylethynyl)phenylacetylene
is reacted (5) with 1-bromo-4-iodobenzene to form 4-[4'-
25  (phenylethynyl)phenylethynyl]lphenylbromide that is further converted (6) to 4-
[4'-(phenylethynyl)phenylethynyllacetylene.  The  so formed 4-[4'-
(phenylethynyl)phenylethynyllacetylene may then be reacted (7) with TBA to
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The present conposition of thernosetting conponent (a) and adhesion
pronmoter (b) is useful as a dielectric material. Preferably, the dielectric
mat er i al wioa/d7dbel ectric constant k of less than 3.0. 20PCHYSIISOU t he

i nstant conpositions of thernosetting conponent (a) and adhesi on pronoter
(b) may be forned by solution techni ques such as spraying, rolling,

dri pping, spin coating, flow coating, or casting, with spin coating being
preferred for mcroelectronics. Preferably, the present conposition is

di ssol ved, 2b,in a solvent. Suitable solvents { qrg UsgidkisY8h4sghulhens of
the pr eseht conposi tions include any suitable 'plr'e or mxture of organic,
or ganoret gdHenglethiyniynphasylethymlptiengtethhayllphenyibaddarnaethret. a desired

" tenperature. Suitable solvents include aprotic solvents, for exanple,

cyclic ketones_such as cycl opentanone, cycl ohexanone, cycl oheptanone, and
cycl ooct anone; TR diregent invepgop331ge proy W/WPPS@YBZ}{%JI?FHES COnEp™s

" N-al kyl py | L di . rein the alkyl has fromabout 1 to 4 carbon atons;
and Ncycﬁé‘&@(‘g’: %@rﬁﬁg%‘él none and m xtures thereof. A wide variety of other
organi ¢ solvents may be used herein insofar as they are able to aid

di ssolauti on of (d)psoipehee Hia0hgopentasy cagal seiucture -$ARE, (RiEORBEAectively 5
control the viscosity of the resulting solution as a coating solution.

Vari ous fwhereinaRi.ig -fedburls is gdamantane diamaaBeor heating may be used

to aid inthe dissol ution. Hzm | ventsSai pcludens. o~

et hyet hy‘%ﬁ&gﬁéa'ﬁgﬁﬂﬂoﬁ)’sgaﬁﬁﬁ@y@n ) tglngﬁtﬁél —étﬁéﬁ, csc (I)ép O or

di met hyl pe} M,ﬁulm%ga@%&admal YF @, 8¢4 Betraphbhyh O cl6dienene2t bept anone, et hyl

3- et hoxypropi onate, 10 pol yethyl ene glycol nethyl ether, propylene glycol
met hyl ether acetate, nesitylene, anisole, and hydrocarbon sol vents such as

xyl engqs, benzene, and toluene. Preferred solvent is cycl ohexanone.
Typically, |ayer thicknesses are between 0.1 to about 15 mcrons. As a

dielectric interlayer for=icroel ect+onics, the Layad thickness is

general ly |l ess than 2 cgr a@g@e conposi tion of

t her nosetti ng conmponent Yay and adhesi/on te b) and selyvent is
treated at a tenperature from about 30C to about 8:=()3 @ 0.5to
about 60 hours. This treatnment generally fornms a i goner \e&/ t he

t hernosetting conponent (a) and adhesion pronmoter 20 (b) as evi denced by

GPC. The present conposition may be used in electrical devices and nore
speci 5 cabhg, (b aradhes@on apeymdtasl ezampdsing acompoendorhaaing a@d odeasted

with a sipgle integrated circuyi, "] C'). chip. An integrat circuit. chip
ypi cal |y PRUGCEY yserei haditurcsiorpliv TaV e The, Srrader Fterast ebirip®

conposi ti lehtafPQngii'MémWs ABSPR Of intBlAtingP ALY BolyrherRiviAgSPendiiitude
regions of the present conposition . between discrete netal conductors or
regi ons otagestucitoresi and tite sacend duactionality\ielcapblnof integactingl voth eui t .

42 WO 03/ 057749 PCT/ US01150182 I n appl|cation of the instapt | yners to
| Cs, a sofulbsHateivheneths §§€}R°SEH%HJ&PBPI5ﬁ3itQ @ﬁp??%’?@'};’ggﬁﬁggfno‘ggt or

waf er,Asi i i . (o] ey Spi N
coat | A BAREHBHIHPHRE, 11GL SRR Fo FRET] PR aroSmes i) SHBTES )
coati ng nphehsl-rIrmanystyderdsirepecbfigomeesetiv) diycilyl ietherst el unsatusated

cycl ohexanone sol ution of the present conposition is spin-coated onto a
subst r at echehaxwiceneid: esteks| 9r dvihaioyl euclie BligeBIRrs erapPivRESd SehdPEPn and
the coated substrate is then subjected to thermal processing. An exenplary
formul ati BRP¥F* t he i nstant conposition is prepared by dissolving the
present conposition in cycl ohexanone solvent 10 under anbi ent conditions
with strict adherence to a clean-handling protocol to prevent trace netal
cont a?¥ nat i on iAs atated cearlien i theapreseptrinventionalse poMsiased $RINWN lewvng.

+Th | t,i ol uti [ based. the tot | uti i ght.. .f

or ot o bl HASEHE SOREFRREATRIeE Er DR Sl Al BTo% es Rt A Bnltent
d ' : ' t

ol vent an e R s o S e Pt

t her noset ardrpationrpoieeytanday secdnddieastiva groappiverergl) thendirsbend s@ond about

97 wei ght percent solvent. An illustration of the use of the present
i nvent i onbpekbergs arpprasslinkeshvia the first and second reactive groups in a cross-
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20 of the instant conpositions to forma |ayer onto planar or topographical
surfaces or substrates may be carried out by using any conventi onal

appar at ugyo gsfamwabl y a spin coater, because the conpositpPonssusseos2her ei n
have a controlled viscosity suitable for such a coater. Evaporation of the
sol vent by any suitabl e neans, such as sinple air drying during spin
coating, 25 by exposure to an anbi ent environnment, or by heating on a hot
plate up to 350C, nay be enpl oyed. The substrate nay have at |east two

nihes: on APRMGPFEERERD: SHRRPEahe Sl 65 AT KBHEORDANRRL oRe dHthe
cont enpl affiestt brd esecondybackhoriese vangreire she adage strbeturet cerhpyiseolat deast

-material. Particularly desirable substrate | ayers conprise filnms, glass,
ceram c, FiH¥tatemsimang (b, adhpgien PrRIMAter GMREHREG HoNePerAd hawing gteast

preferred | t r i iLllco | J wm,5
~arseni de 8@“%&5'&%@%3”2%@ aﬁggﬁu'ﬁéa@‘%%é@ﬁ% g&eséal?%h&a@hf} f)%hd'g "\({1%5
coppers sitirstefuncibflifly i8/capabik &f At@dctisgdlitinife filsstCaRPSbcS basibsish as
found in a circuit board or package interconnect trace, a via-wall or
sti f f ener andtthefsecond" duppéenalitids eapablecrisingenagtingnwithf a Isubstratsppdrenand
its oxides a _pol ymer based.. kagi ng, 0 oard interface such as found in a
pol yi mi de-t%%lé:ngrfq%&o'lbs B88k§‘83° %ﬁﬁégbﬁﬁa ‘her metal alloy solder ball
surface, glass and polyners. In nore preferred enbodi nents, the substrate
conprises a material conmmon in the packaging and circuit board industries
such as silicolt leeppene bacldmneamaypcompeise. a Pody (argsbatetbenpudint twoes nay
al so i@ used as a dielectric substrate material in mcrochips, nultichip

nodul PSRARAE 8darantane BYPEs espechvelyy i dt Sa96i TH W UESSAgsShawB i cui t
board madgshipies! 36 P[diFBhe GRABA LAR otithb HIRKBORBISLAOWAN. IPrsfatty ace
patterns for various electrical conductor circuits. The circuit board may

i ncl ude verosshinking ebaditiwmnase hedtihg ahevpulytanytene e t bagkbionesr ® ar
glass cloth. Such circuit boards may be single sided, as well as double

si ded. 20temperaiupmddf ﬁb@MtW°&'3§éﬁ@ ebrafeatari éors appsaxisratgly #P-180
dielectricg. t I I [J:Jt j jcal. s , and
excel | ent MRS StresStp 3t HEHBe shEetidd as demerdiRr OaIGRR in Lk diElss
silicon niitBindeewsi | i con oxide, silicon oxycarbide, silicon dioxide,
silicon carbide, silicon 25 oxynitride, titaniumnitride, tantalumnitride,
tungsten nitride, alum num copper, tantalum organosiloxanes, organo
silicon glass, and fluorinated silicon glass. Because the adhesi on pronoter

i s nol ecul arl y di sperseg;\t hese s denonstrate excel | eptyy adhegipa to
all affixed ;.% Ph |‘F1‘§'L@rgjy ng substTat’es g M hake@\ cAppi ng
or masking | aye &J as SIi2 and S 3N4 30 cappl ) A use of

' & e need for an addi &+t

Structure 3A Structure 3B

20

The first and second aromatic moieties comprise a phenyl group, and
the first and second reactive groups are an ethynyl, a tetracyclone, or both an
ethyny! and a tetracyclone moiety, respectively, which react in a Diels-Alder

reaction to cross-link the backbones.

25 In alternative embodiments, the backbone need not be restricted to a

poly(arylene ether), but may vary greatly depending on the desired physico-
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WO 03/ 0577-49 PCT/ US01/ 50182 process step in the formof at |east one
primer coating application to achieve adhesion of the filmto a substrate
and/ or owsyd3misa4gurface. After application of the presentPCHEPOS0I820n to an
el ectronic 5 topographi cal substrate, the coated structure is subjected to
a bake and cure thermal process at increasing tenperatures ranging from
about 50C up to about 450C to pol ynerize the coating. The curing
tenperature is at |east about 300C because a | ower tenperature is

i nsuf fi ci §idmical pREFErAES of ke FRACIVP RidIEdPic borSRAR Matetial | CohSedquieftry, r ed
that curing 1s carried out at 10 tenperatures of from about 375C to about

425C. Curwhgnmaglativebar higbd Toutis i desiredhnvinatganial matetialg @nanespesiaih as an

electric furnace, hot, te,.and the |ike and is .generall erf.or in an
et ( nATarIatatD inBlRlr B Ganis polyEtReS KomBrE B R feart SIGHA SRRy "
oxi di zin : uci 0N, [ :0ge

‘nit rogengaplrgg}f"é?séi néﬂggégﬁﬁggé%?ﬁgggﬂ%ﬁ{"ﬂ&f h%%%r ggmrgg¥gé'ﬁﬁh;brprﬁi§gent

i nventsi orstréds/TOEy ate & frequired, topgawicdpolymears rayeotohtemplaesdniThus,

organosilicon-nodified thernosetting conponent (a) or, polyner tq achi eve
the | ow kdepesding pnca pagtisulaaraligatiqn ¢emPlatedRIgaBicshackdengs in¢lrde; ng,

it i I d . ' f th I
i ol oot 1181 SuBHE: BRI AV test arBSTRBRERR 001 | nicet notwor k o

t hernosetti ng conmponent (a) and adhesion pronoter (b). In essence, the

i nstant t her neAltAbogRSErefgrably blit frioes ¢ swgmtat weigistpsigsndrsewsthl ane
portions of the preferred polycarbosil ane adhesi on promoter (b) to_convert
9

to silyl emelesular| weighit ©flapprmrieataly iP0Q i { OROOR e chaipHangth ahtha fifsit ed

structures of ther tLi.n ent. . ( f

t her g@y c?récgﬁﬁ%f‘%p Véﬂ?%%gﬂg/%%‘eﬁmé{d\ﬂ%yzér%éaﬁg?I&gt?:éet%r% ﬁﬁée' %g'r%%ﬁant

t her mos etﬁePesthrm&r, b BbvBFa? @ $8pe Mriduhits Send moree PRdfefriedbackbdnes! s

bei ng avail abl e t hroughout the conposition to act as attachment sources to

f ast en arareseymthesized ifranermaoemens fincan @roowticasubsijtutioenteagti®n apddi ng

therewith. This reaction al so occyr duri,ng fornul ati on or. 45 WO
03/ 0577- 19/ BOFHIE SR esAES ONeNBY i%@%%‘*?‘éﬁ&“%%&@ iz fugthela gy

i ndi cat edyoBhrpIdetP e RLON dferhdtile alsackBbABENOMay! heIseOMBEST bidttrakicount s
for the su%etlrgbﬁja% esi on of aﬁ% i|§)ﬁr¥~:tant | ayers to lgoth under | yi ng substrate
sur f ades ampearbrdncred)var tragslirked at least ist pantt Wtesnatindly ashe dqackbonaski ng

| ayers. Crucial to the materials 5 di scovered herein are the findings that

the pref e'F‘F‘&cF_'FQJ%?@th_eﬁ'éfa?_d'é‘rsHHsfirPﬁ'h'é‘é’né’H'P@& &P%PB%We'F‘?"HH‘\FéSd"gEact i ve
hydri do fps’éi%%n’a'bw $ﬂf§l d GPOmiatict Bﬁg&%@éﬁﬁ’”@o@&i’dﬁlﬂhw andf ffﬂf‘oroaromati

pol ycarb I'ane. eature of ycarbosi | ane enables It to: %1 ) be
reacti ve gerhpouhés,madith mag haverseterden(@andrabout 20 beittenatageastructures.

it is again contemplated that appropriate thermosetting components (a)

20 may have or .comprise a tetrahedral structure, which are schematically
depicted in Structures 1A and 1B or 4A and 4B. In general Structures 1A and

1B, a thermosetting monomer has a cage structure Y, and at least two of the

side chains R,-R; comprise an aromatic portion and a reactive group, wherein

at least one of the reactive groups of a first monomer reacts with at least one

25 of the reactive group of a second monomer to produce a low dielectric
constant polymer. In general Structure 4A, a cage structure, preferably an
adamantane, is coupled to four aromatic portions which may participate in
polymerization, and wherein R,-R, may be identical or different. At least one

of R,, R,, R,, and R, comprises at least two isomers. In general Structure 4B,
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pol ycar bosi | ane-nodi fied thernosetti ng conponent (a) which possesses 10

i nproved adhesi on performance. The resulting |layer has a low dielectric
const ant wio ¢bafshaed herein as being 3.0 or | ess. These | aymtFUSEMOML r at e
good adhesion to flat or topographical sem conductor surfaces or
substrates. 15 As indicated earlier, the present polycarbosilane-nodified

t hernosetti ng conponent (a) or polyner coating nay act as an interlayer and
be covered by other coatings, such as other dielectric (SiQ2) coatings,

Si @2 nodi feael cajersiracturedsrefenablys ansadarnantanenisacouplgd ctoathinegsarosatic on
carbon containing coatings, 20 silicon nitrogen containing coatings,

si | i con- niportigas whichonay grarsicinatg inRalymesigatips At Wherein B umav e ngs,

tant ol um Sriie o BREREL I T b RO G Rl e re T Y by BIPBE o
gl ass. SughpsHtdrelargl. APRIAsEGMeGER] ARG, IRY, B, andHAR} coMprises £718asb26,
“which is incorporated herein by reference. And, as 25 anply denonstrated,

t he pr&senwaisbyneasbdyefaxablynadil¢asidtwa ésaroerst of ve adapantanes(kgjatirectar ed
in the instant, process may be readily fornmed as interlined dielectric

| ayers be %ﬁsgdjacent conduct or paths on fabricated el ectronic or

sem conduct or substrates. 46 WO 03/ 057749 PCT/ US01/ 50182 The present
films may be used in copper dual damascene processing or substractive netal
(such as alum nun) processing for integrated circuit manufacturing. The
present conposition nay be used in a desirable all spin-on stacked film as
taught by M chael E. RThomas, "Spin-On Stacked Filns for Low 5 keff
Dielectrics", Solid State Technol ogy (July 2001 ), incorporated herein in
its entirety by reference. Exanples Anal ytical Test Methods: Proton NVR A
2-5 nmg sanple of t matierial to be anal yzed was put 10 into an NWVR tube.
About 0.7 m dept grated jchl orof ormwas added. The m xture was shaken by
hand to di ssolv raf R, al . The sanple was then anal yzed using a Varian
400MHz NVR. H gh#PerTof mance Liquid Chromatography (HPLC): A HPLC with a 15
Phenonenex | ung Pﬁényl-kbxyl 250X4. 6mm 5 m cron col um was used. The col um
tenperature was set at 40C. Water and acetonitrile were used to inprove

peak separati gy ctyre 4A

Structure 4B

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

15 in Figure 3A. It should further be appreciated that alternative monomers need
not be limited to compounds with a substituted or unsubstituted adamantane

as a cage structure, but may also comprise any cycloalkyl or cycloalkylene
structure, cubane, a substituted or unsubstituted diamantane, or fullerene as

a cage structure. Contemplated substituents include alkyls, aryls, halogens,

30



TI ME | WATERACETONLTRI LEI ni ti al 2080%40 m nut es0%d00%30 m nut es0%400% The
foll ow ng experinental conditions were used: | NJECTI ON VOLUVELQ

m crol it eeddwbEGd! ONUV at 200nnSTOP TI ME30 m nut esPOST Tl MEGURIIVANIR2S 20 The
sanpl es were prepared as follows. For a m xture of the hal ogenated

I nternedi ate such as the mxture of 1, 3, 5,

7-tetraki s(3l 4-bronophenyl ) adamant ane and 1, 3/4-bis[ 1, 3, 5 47 WO
03/ 0577:49 PCT/ USOL/ 50182 tris(3"/4"-bronophenyl ] adamant yl ! benzene of

Exanpl e 5antifanctianali gnoupsx For exampis, lanvatiaimantang mas be Htyledhwith

approxi matel y 4% HCl (several nilliliters). Th jc | hak
Uit 0P -CR G t5TR g AIKYL ASPUP (ARG romico BF (ot CREEN AamSaRa

added to aaghonhbib! ScopRe Rl 'iJr'B#gtcgr br -BIOChsBlbHiE, @bpdiiting bRtthe

product s m Xture o

t et r aki s[ 3hérhicdl Phenire eshithy ! ¢ade nsthiaadesyanadoes amaimbess Htbes {than3fou
"tris(3"/4"-(phenyl et hynyl)phenyl ] adamant yl } benzene of anple 5, the
reactidn aromatie pootieng may) beaitashed doihecags SrFiiren Fé’i gga'ﬁp 8. whergr s)

d 10 3-5% 5, ml)ili ' db
o 1073 ST ka5 e SR oo 0 e g, o0 b
tet rahydr of yhava a(rgn%tm béﬂtﬂoinfs%hY Heed ttaHoER tHEcAd¢ straicageawheréiGiBe The

GPC anal ysi's was done 15 with Waters |iquid chromat ograph]y syst em conposed
fr om Wat eardrhatiplpostions osanpr eMay Bat eprprise|d rRACIVEErOMP, Tofgresslinking.Hp| c

, WA 410 D ff i al, Ref (R .d , I :
DU, VA 1 00 QL e e LB QIR 5 BL gt e s v

PhaseJgt r i oA SP! al ¢dded ERUBLEFeNvhePsial dINor BRIPSY at ur e
(O 401@%?2@%‘?&%@Flgggiﬁgpldﬁ@;?&% g(?niat y dnegat I veAnal ;/esi ST unr time25

m nl nj ect iafinof]uhat atoyndtid )fedtion20cafhe qremeremEe than ofeargACtivgs gpPeRar ed
'tl)%i 2dgh29f;?g;[ae5@§t r?«gé&;igf,q%ur agg{p?a&gdni‘hlail'c Ialrcl)%(grcizz'pc?r?io%%sgttasa'?é:c} S SacggXtrgINB) '

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
15 example, contemplated monomers may have a fullerene cage structure 1o
provide a relatively high number of aromatic portions, and a diamantane in the
aromatic portions. Thus, contemplated cage structures may be covalently

bound to a first and second backbone, or to more than two backbones.

With respect to the chemical nature of the aromatic portion, it is

20 contemplated that apprbpriate aromatic portions comprise a phenyl group, and
more preferably a phenyl group and a reactive group. For example, an aromatic
portion may comprise a tolane or (phenylethynylphenyl) group, or a substituted
tolane, wherein substituted tolanes méy comprise additional phenyl groups
covalently bound to the tolane via carbon-carbon bonds, or carbon-non-carbon

25 atom bonds, including double and ethynyl groups, ether-, keto-, or ester

groups.

Also contemplated are monomers that have pendent cage structures, as
depicted by way of example in Figure 7, in which two diamantane groups are

utilized as pendent groups. It should be appreciated, however, that pending
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Fi nni gan/ MAT TSQ7000 tri ple stage quadrupol e mass spectroneter system 48
WO 03/ 057749 PCT/ US01/50182 wth an At nospheric Pressure lonization (API)
i nt erf acevgusidsy74asi ng a Hew ett-Packard Series 1050 HPLC BypUsOwsasszt he
chromat ographic inlet. Both mass spectral ion current and variable single
wavel ength UV data were acquired for tinme-intensity chromatograns. 5
Chr omat ogr aphy was conducted on a Phenonenex Luna 5 m cron phenyhexyl

| e auto-i njections were genera

O e
A U B S A S,

- 10 progra@%ﬁést adidRfftaset grodpsi badatulldrenesiline angndhbrlichllynreasdifdblai nut es
(longer than actually necessary to thoroughly elute material fromthe
col unm) . cambinaition. c Suhstidutiensimeay dg inteeduead §Ho( PCCRPIRRSEUGIYERS 1B wer e

"recorded alterngtely in hoth paositive and.n tiNe.i.on Cl
corona di @3F&r %ﬁ_saSD_ﬂﬁ tﬁ“& , _S8l&‘glﬁlfty5k‘?)"f’8ﬁ9§o tl\é_ﬁflf\}g' iggﬁg?‘gﬁri -g)ﬂ,?'s@'r:c}d 15
about 4chtfjéPﬁicBPB?6;5éfﬁe!; Qré gakiran. THAIRfdIRa B HTAPIatd A EMbtithEionBsndabat ai ned

at 200C and the vaporizer cell at 400C. The on detection system after

quadr upol lealogess aalayl srgl, wad alkenyltgrobpy, buhalsosiupstidna antar woory

el ectron multiplier vol t%ge. l\/ass.sgecrit{‘{a wer e t%gi car{ng 30 ned at 0.5
sec/ scan NEWHInG Ggtens; ACHEGQUPS HBEO ANH AMIFQ, BredF 13RS dRM%at i on and mi z
20 125 to 2000 a.mu. for negative ionization nodes. 20 125 to 2000 a. mu.
for negative | Qirhd fboBA apprddidisal 1 ithb bEERDBhEGNERH HotBR! identiBSC) :  DSC

measurenents were performed using a TA Instrunments 2920 Differenti al
Scanniong Igadame mepectsi of altarhatied eobodirbants, towot oolmeae thad tisschemicady
software. A standard DSC cell 25 with tenpq%rgature ranges fraom 250C tq 725C

(inert atdstpathackbongs may Be whlizegyan)Tahsisatr &y 19y g{eﬁ%‘n&ﬁawgfs?n Li qui d
ni t rogen e i 10-12
o) v SR He 1ang s dRe, fbrAaRG Rbiifplef i TBohoBIR dijtoRol EaTRrRet,
990999- 90firsk anel S6tchdVbadkssneEohadng Amandmatid ety @ereactie ggroapcandcy of

t 0.0001 grans. Sanple was 30 encapsul ated by covering the pan with the lid
that was dicegesnpopnd coyatantiyobounghto3heaekbonecT/ US01/ 50182 in the
center to allow for outgasing. Sanple was heated under nitrogen fromOC to

0oC ] f
T00c i nute. Al gRaPech ' el el ahopb R 7 BERfoshates, Bhaf 809 21

et or i neg o T e Tt el 6 o ect o mer e Laken
using a Nutilidest, svatong 85@IETNIIVE ERAGtIMRORIURSHake ablgtossiasslif dist 808st rat e
backgr Oungecsd?\%cf)erxt?l(ﬁlo\enre% JVE%KS& an exogenous crosslinker. For example, appropriate
reactive groups include benzocyclobutenyl. In another example, a first reactive
20 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 on (a) the reactivity of the first and second
reactive group, (b) the strength of the crosslink between first and second
backbone, and (c) the desired degree of crosslinking in the low dielectric
25 material. For example, when the first and second reactive groups are sterically
hindered (e.g. an ethynyl group between two derivatized phenyl rings), a
relatively high number of reactive groups may be needed to crosslink two

backbones to a certain extent. Likewise, a high number of reactive groups may
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*to stress

on uncoated substrates. Film spectra were taken using the substrate as 10
background. Film spectra were then anal yzed for change in peak | ocation and
i ntensitwo d@haetric Constant: The dielectric constant wesT/Ustigiomned by
coating a thin filmof alumnumon the cured |ayer and then doing a

capaci tance vol tage neasurenent at 1 MHz and cal cul ating the k val ue based
on the layer 15 thickness. dass Transition Tenperature (Tg): The gl ass
transition tenperature of a thin filmwas determ ned by neasuring the thin

filmstress as a function of erat ur.e, The L Ll K enment
was perf of’ﬁe’&qUHeg tkfﬁhﬁ’fftfé%g?rgfﬁ&&'ﬁgf%’%" iﬂéﬁ\’?llyrﬁvmﬁé%g g’?@ﬁgﬁ? EL% e
uncoat ed ABS R liGRicabom@dGrd Bornfdl BbtWees the raxeiive ghyups.rors due
w@gfgg’(%‘??gnagn t' elcvvafer itself. The wafer was thengdep%ii ted with
the material to be tested and processed through all required process steps.
The wafer was tineases adede iareactivetgroup igangebackiianie isscanabielof rRactifder bow
"as function of tenperature, 25. The inﬁ”é”&ﬁi{o cal Cl]J| ated the_stress
versus t eNpE? 8pdd ’b‘?aiﬁ?ﬁ"tbfreo%od'@dntmt hRackRone. onfy. RRE L¥PG 9F TéRENVE | m
thi ckngss pg, - | iR RYEGrdupsIORBIAF ohOfHE sdife of
deter mgnegtwﬁ%gfﬁ&e\géu%%&%c{iﬁz%ﬁﬂﬁ t'aeﬁg{éﬁy 1&| rlf@swas dr a\(/\)n (a gl ogeoval ue
of zero omwiohdifféreds batkbohespaayt teactginaph) addigionaknd vesloaddition:-typegr aph
and the horizontal tangent |ine intersect. 50 WO 03/ 057749 PCT/ US01/ 50182
I't shoul drerctieptr faun crosglidking RHYCHYES, ni ned after the first tenperature
cycle or a subsequent cycle where the maxi numtenperature was used because
t he measurenen tse Qf inber b PbAivehrddpy ML i C
Anal ysi s (ITGA;'t %‘?ﬁlﬁtsaﬁf%;bs% gﬁ%{%lyat&gi %‘ﬁ?q gsns was det er m'I neg on&?t/he TA
| nst r unenisflZaide Tther rgs aof raternoldoalay zey icTr@A)oleseldr | crasshpkingt i bor wi t h

a TA Instrunents thermal analysis controller and associ at ed sag{({]ware. A
Pl ati hel lexampendcelapivelydriah £oscgpiration mfrreactvearours {neApeend sefthge of

25C to 1000C and hegti ng, r.at 0 i |1

amount of °8&KBPReY fﬁt%r%@t&ﬁﬁ \%;avg (\3\%?%{&33%% goa_e! i&Bg%ﬁgﬁg‘%\? @gg ution:

0.1 g; acehframbledilalrehctibnanSirfaiiedaaelativielylowuorientr SiiTobe seasive

heat ed under nitrogen with a purge rate of 100 m/mn (60 mM/mn gm ng to
e

t he fur nageoapslimbrstiahdi second: backboines @s)a. retativel e highs ceregntration etibgttter

it t 20C f 20, m nut h 1St t i C at
D e of Brskbane mavaRNOn I P eSHBE PRI e rUEntE BakBb et it AP 2
vanpeglsto u4t7e$|q:\o?éz afl Al tidhslMayhiRBt Ge afudsded By thedHistabudoR @ Ren-The

wei ght | oss at 4 for the 4 hour period was cal cul ated. 20 Shri nkage:
Fi | m shri ndegcalasactas Wredpbybetsteanithe tipakbenes| Whan camdrteropwieswaand

ft th . Shrink d i t of th L,ginal fil
thi ckness eaFHPMIS ESIAS: SUS: TYRR Of rrepRave irkBrTEK e Plared iU Mhe

actual { hiclRBaRo TRAIY SHEMHST WieSoPFEAONTEGiab Irhal! be Wisitoriod) o thibOl | am

M 88 spectroscopl psoreter. A Cauchy no was used 25 to calcul ate
t he best fgeboh@mbakRborme\dFupehdrendrdeadditisnainthirid anps foverth yeacdivelgroipameay n

e.g. "Spectroscopic Ellipsonetry and Refl ectonetry" by H G Thaq i ns and
Wil aﬁmpA.bewtﬂmgjnyvhsmﬁ?%wnéyl éfmswﬁg qtehifter em&anc?‘ tions is desed 16.5.

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 contemplated, including nucleophilic and

25 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-
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Refractive Index: The refractive index nmeasurenents were performed 30
together with the thickness neasurenents using a J.A. Wollam M 88 51 WO
03/ 057749 3lstH01/ 50182 spectroscopic el lipsoneter. A CapChySimides2 was
used to calculate the best fit for Psi and Delta. Unless noted otherw se,
the refractive index was reported at a wavel ength of 633nm (details on
Ellipsonetry can be found in e.g. "Spectroscopic Ellipsonetry and

Refl ectometry” by H G. Thompkins and 5 WIliam A, MGhan, John Wl ey and
Sons, | nceovalemppongh irined hetwaeng idendicapunoRe-ideRitical Aclve Bt WASeasur ed

usi ng o MBI b ERERT By SEel s b AIRBRRRTE M Per o e

- Specifically, the 10 continuous stiffness neasurenent nmethod was used,

whi ch enabl ed hWhRirgserdispeetsind attena v gmbideliments) atheotagy stradtdreamand
hardness rather than nmeasurenment of a discrete value fromthe unl oading
‘curves. TeRMPLise estrueitires| othest thanuany gdpmasdare | ingluding, a; digsreRtaANespdul us

of 72 +- 3. a. The dul us,.for fuse ilica tal age
val ue 5bet%‘i91"c£§(5°\’v6’ pHET$oB07 elsh(?én@g?!édte%deﬁﬁqﬁioa% ? ﬁg"{aﬁﬁ}r? ? |¥§§ns t he
modul us agg ARk e ansveY F URBsYESIEhO RitaRe AT OgBIédorn o Epprepridtae cageul us
versus depth curve, which is typically between 5 to 15% of the film

t hi cknessstriicipees ésteteFhined iy thesdesiced gegres akgtarig demang ehtheygpdel i nes
given 20 in ASTM

59-95. A grid was scribed into the dielegtric. layer
accor di ngSY¢FHe 'Pg‘? p'gwlﬁ&_mq{?ggqfesvggqur%grepgpe?%r ﬁé’da 5&9& gg?Wganq%
mar ki ng i d 1 ;ngn ‘e t€fick i i s erably
Scot ch br%ngllaﬁ?fr?géﬁé)@?\%(lz G,Sév?/ggﬁé'p?%tég gﬁﬁ\?ﬁégggﬁgﬁ?ﬁéﬁger, kgﬁggéressed
down 1a r ningludingrademgntahecamd didmaratarde g2oupsherd sipevnds Figures @A ard 8. f
rapidly and evenly 25 at an angle of 180 to the | ayer surface. The sgrrpl e
was consileRGerags pHUSIYres fRaY CoUisech F’Fﬁﬂfﬁ-ﬁE é'égu'éinalﬁﬂé’e\/\%?@re,c'a&? to

h fail i . i | | i L e . |
Tost: - EpciftcuifatiB a@ttbdtiod Feclt hit BY MRl (33 hgR WP o g ™

cont ai ni ngridvard.aXppropriaté backbesenimayraleninclode Awoetoafive chge lstrogtyreat e 52
WD 03/ 057749 PCT/ USO 1/50182 was applied to the back side of the wafer to
prevent sehethen aajepdiesganddnene orsidestisat sagensirHETWAS atFof n@XamBks of

t he stud._ The studs re . th pul | i Lrect| : € er
surfaléé bﬁ”-l-l_ﬁ"?"beﬁ W@'@%Sgpggﬁg %’?‘?pgg??ﬂbgggér?gaér h8&5ﬁ ‘?’r"g?%? %'(S:)%']Ii@’_s‘fvﬁ@s. The
stress apcﬂ’i'ah%taﬁetd“r%ygglé}*e placedf il tHe Buidphis oMties haekbbABAFUehener €
then recorded. Conpatibility with Solvents: Conpatibility with solvents was
det er m necortgmyeatad iang derivatizedc lotegw|tiplef cage istriatueasx, inFiNdRg pdig@ora, and
dielectric c.onatant before and after solvent treat ma1nt. For a conpatible
sol vent W@rlze and polymerlze cage structures, where even arger cage structures

are desired. The chemical composition of the cage structures need not be

20 limited to carbon atoms, and it should be appreciated that alternative cage
structures may have atoms other than carbon atoms (i.e. heteroatoms),

whereby contemplated heteroatoms may include N, O, P, S, 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

25 locations. For example, when it is desirable to mask terminal functional groups
in the backbone, or to terminate a polymerization reaction forming a 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
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10 significant change shoul d be observed. Exanple 1 15 Synthesis of

4, 6-bi s(adamantyl )resorcinol Into a 250-nL 3-neck flask, equipped with

ni t r ogenwgbrisy7oher nocoupl e and condenser, were added reBOT/@SHIAd01§211. 00g,
100. Omwol ), bronpadanant ane (44.02 g, 205.1 nmwl) and toluene ( 150nL). The
m xture was heated to 110 C and becane a clear solution. The reaction was
allowed 20 to continue for 48h, at which tine TLC showed that all the
resorci nol had di sappeared. The sol vent was renoved and the solid was

cryst al | i peadentosiruetusesoyalentycpnnepteditos thesPagkhane. Jisaaesitigaofobheai ned

in 66.8%yield (25 2 | ' foTel¥Tels

obt ai ned g?"%‘lepf 88"82&%@?%&1%& %ﬁa?@fﬁ’éﬁ@%%%? %% hog‘ é%ggét rat erag\ﬁrr%tu Rer

“liquor af perdiepddiibneC i e iRyd dtAlctura! drlis,t Bpppomdatet cwaIdHt. 3%

Characterization of the product was by proton NNR, HPLC, FTIR and Ms. 53
WO 03/ 057Zd0nRIivnisomysinyeveGHlinkeomaleeyle Obr pidunctional group, whilepother | -~

"+~ "=~ ~" Br.l ~, . equi v Pol rization,o .

4. 6- bi 3 ( aBARRATHONS F%%Y)ﬁ{‘% %of"“gﬁ ﬁgg%%@e(%?'%"e&gh@ dPRFFIBAREBNE Pn a
250-mL 3- k i ' ' i

Dean- St ar Egﬁérf%@ &\?\)éjp éﬁgg&gggﬂfﬂy{ gggﬁeanﬁ?léf r%&r@éﬁ?ha?%égggwg%%l ),
FBZT (5. 98éaonhdcted twVithe cagesassture Ear lkanatpe, (& si@yBy ca§é .sdudvbte) mapVAC
(50nL), and toluene (25nL). The reaction m xture was 10, heat ed ‘o 135C to
produce acenaest ab|leastohvoTore thregcor andyaeredhackhaness Ahltgrnatlyely.y|tsis

tenperatu | O [ of the
tol Lene. - catifipiplés WAL ol RANZEE srbintdraf ol SERR RBEKRGRE. )2 00,
the reaction was stopped. Another 50-nlL portion of DVMAC was added to the
reactimn fl askTufiagamwdoviEigufe Nl Ogaeadexémplaaynpotyrper is shewnlih anicinas
extracted with hot dichl oronethane (2x 150rrL)D. Met hanal I(a 150nlL) was added
to the sofitgtikackbeng t@iipicregstinked ipta seepnd bagkbene gisviasa fisskipastive

fil i on. The. i el . 8%.; . i i s i
tetr anydr S 1 Sabaeond Rebiide groth AT v RBtdE RS PRnE foachs

sl ow y. ThfaRio%aidit bindis@NBo® Badkbnaashdveoataleast biye brdrhatit imoieanthetr i ed
in 20 vacuo at 90 C. 54 WD 03/057749 PCT/USOL/50182 F ~~~ CO ~ CG-C ~~ F

FBZT Exashbwnl, respachivelymporluralisy af pensiems gapp gittuateresr 3@ ae covaepdhypl e 1,

st anFS bound to the first and second backbones, and the first backbone 10 further
has a terminal cage group 32. The terminal cage group 32, and at least one
of the pendent cage groups 30 carries at least one substituent R (40), wherein
substituent 40 may be a halogen, alkyl, or aryl group. Each of the cage
structures comprises at least eight (8) atoms.
20

Adhesion Promoter (b}:

One adhesion promoter is silanes of the formula (R,g)(Rg),Si(Ry0)n(R21);
wherein R,s, R,s, Ry, and R,, each independently represents hydrogen,
hydroxyl, unsaturated or saturated alkyl, substituted or unsubstituted alkyl

25 where the substituent is amino or epoxy, saturated or unsaturated alkoxyl,
unsaturated or saturated carboxylic acid radical, or aryl wherein at least two
of Ry, Ryg Ry, and R,, represent hydrogen, hydroxyl, saturated or unsaturated

alkoxyl, unsaturated alkyl, or unsaturated carboxylic acid radical; and
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5 adhesion pronoter) and solvent and then spun onto a substrate. 55 WO
03/ 057749 Exanple 2 -Synthesis of Alternative Polyners PCT/US01/50182 HO
+. F ~ ~wWip®/e57749F ¢ S The synthetic procedure as descri bedrivsoisoasypl e 1
was used except that 4,4'-difluorotolane was used as the difluoro conpound.
10 56 WO 03/ 057749 Exanple 2A T T'1 F F 5 The synthetic procedure of
Exanple 1 is foll owed except that 3,4 difluorotetraphenyl cycl odi enone is
used as the difluoro conpound. Exanple 2B: A conposition is formed fromthe

Pipoact SRRTIES, SURARLTTIIRINS QAP ISR
4 formed f FQ{QGQGF@'MJ,JQWH&e E&?‘@C%GACZELOCAGML H5CheCH, or HZC—C(CHa)O-,
or vinylphenylmethylsilane; allylsilanes of the formula H,C = CHCH,-Si(OC,Hg),
and H,C=CHCH,-Si(H){OCH,), . glycidoxypropylsilanes such as (3-
5 glycidoxypropylimethyldiethoxysilane and (3-glycidoxypropyl)trimethoxysilane;
methacryloxypropyisilanes of the formula H,C=(CH, COO{(CH,);-Si(OR,),
where R, is an alkyl, preferably methyl or ethyl; aminopropylsilane derivatives
including H,N(CH,);Si{(OCH,CH,),, H,N(CH,),Si(OH), , or
H,N{CH,),0C(CH,),CH = CHSi(OCH,),. The aforementioned silanes are

10 commercially available from Gelest.

Another useful adhesion promoter is phenol-formaldehyde resins or
oligomers of the formula - [R,,C¢H,(OH)(R,;)]- where R,, is substituted or
unsubstituted alkylene, cycloalkylene, vinyl, allyl, or aryl; R,; is alkyl, alkylene,

15 vinylene, cycloalkylene, allylene, or aryl; and j=3-100. Examples of useful
alkyl groups include -CH,- and -(CH,).- where k>1. A particularly useful
phenol-formaldehyde resin oligomer has a molecular weight of 1500 and is

commercially available from Schenectady International.

Another useful adhesion promoter is glycidyl ethers including but not
20 limited to 1,1,1-tris-(hydroxyphenyl)ethane tri-glycidyl ether which s

commercially available from TriQuest.

Another useful adhesion promoter is esters of unsaturated carboxylic
acids containing at least one carboxylic acid group. Examples include
trifunctional methacrylate ester, trifunctional acrylate ester, trimethylolpropane

25 triacrylate, dipentaerythritol pentaacrylate, and glycidyl methacrylate. The

foregoing are all commercially available from Sartomer.

Other useful adhesion promoters are vinyl cyclic pyridine oligomers or

polymers wherein the cyclic group is pyridine, aromatic, or heteroaromatic.
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adhesi on pronoter, and solvent and then spun onto a substrate.

PCT/ US01/ 50182 57 WD 031 057749 PCT/ US01/ 50182 Exanple 3 Contenpl at ed
al t er nat W@03e¢*9ones The followi ng structures are cont erprasedsoasenpl ary
backbones that can be fabricated according to the general synthetic
procedure in Exanples 51 and 2. r GCC~\ GCnl10\ / C_\ [/ CGC\ [/ 15
20 / GCC\V/ O~10~C-_C~ ~ C=C 58 WD 03/ 057749 Exanpl e 3A:

PCT/ 0S01/ 50182 The conposition is fornmed fromthe first polynmer of Exanple
3, unsat ungeddl SEMRPRYihluas it it imiaihes 2NN PHYRBIR and A% isPbyABIneANd

t hen
commercially available from Reilly; vinyl aromatics; and vinyl heteroaromatics
including but not limited to vinyl quinoline, vinyl carbazole, vinyl imidazole, and

vinyl.oxazole.

Preferably adhesion promoter (b) is the polycarbosilane disclosed in
commonly assigned copending US patent application Serial 09/471299 filed
December 23, 1999 incorporated herein by reference in its entirety. The
pblycarbosilane is of the formula (1):

10
~ — - - —~ — — -
}ll R0 Ry Ris
| |
——Si Rg Si SI—R14 Si —Ry7—1+—
| |
Rg Rig O0—Ry3 Ri6
L ~a — -b - J C — ~d

in which R; , R,,, and R,; each independently represents substituted or
unsubstituted alkylene, cycloalkylene, vinylene, allylene, or arylene; Ry, R,
15 Ry, Rz Ryg, and R, each independently represents hydrogen atom or organo
group comprising alkyl, alkylene, vinyl, cycloalkyl, allyl, or aryl and may be
linear or branched; R,; represents organosilicon, silanyl, siloxyl, or organo
group; and a, b, ¢, and d satisfy the conditions of [4< a + b + ¢ +d
<100,000], and b and ¢ and d may collectively or independently be zero. The
20 organo groups may contain up to 18 carbon atoms but generally contain from
about 1 to about 10 carbon atoms. Useful alkyl groups include -CH,- and

-(CH,),- where e> 1.
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spun onto a substrate. 5 Exanple 3B: The conposition is formed fromthe
second pol yner of Exanple 3, vinyl pyridine oligonmer or polynmer adhesion

pr onot er woanshssabvent and then spun onto a substrate. ExaP@l/@8SBG01820 The
conposition is formed fromthe third polynmer of Exanple 3, vinyl aromatic
ol i gomer or polynmer adhesion pronoter, and solvent and then spun onto a
substrate. Exanple 3D: The conposition is formed fromthe fourth pol ynmer of

Exanpl e 3, vinyl 15 heteroaromatic oljgoner or pol yner adhes; on. ter,
and sol vent an erI"?érr‘FdsBBWCSFHQP'Q"?ﬁ&gt Qfe%ﬁﬁl"é"ﬁoﬁdﬁﬁﬁﬁpgawrdg%c2|roped

W Lo o, BENRAlhes il MK a RuBGiGey B i Bted SGILRE br, 0 ©
© (1995). Ephanyke RiAgrobipCierp bydidgeh atorhoante thérecaret e appeddent eddiEaknipl e 4,

vinyl silane adhesion pronoter, and solvent and then spun onto a substrate.
59 = WO othepehsezriposiansoahain: thatdsabpice andrdiase allagspe ANqther Pefetredne

" preparatign of t he i a) . " St Sygt hasi

1.3.5.7- Tgw%ﬁgg%%ﬁ%ﬁgg%X@%&“@’ﬁﬁl%}hgr@ ﬁ?m Jﬂnvyﬁlzv ﬁ?slrsa"g Ris

1, 3,5, 7- Tejrbaps STURARUR {IRafe SUBLHAREE St and bt 8IRERYI gfcllgsyhavinigl abl e
adamantarie and followed the synthetic procedures as described in 10 G P.
Sol | ott afrénE2 . 1Gidabkon atomsOige atkenyl gragp nsnobe Bavsyl 1p8PenyR. allyl,
Schartel, V. S flin, J. Wendli J. H \We ff, W it

Neunaus,  BHISTDN ATEBNY B e psatsrafete oiiasie bArBBRTe rapcal MRVt uPaf o
Novakov, ang,qp a%ogﬁ?dfﬁénﬂ?enﬁhgr&ﬂ-mtggeﬁb,dl%nylggﬁ hdfife) andlintiudeses of

up to 1509 per bat were routi nély synthesized.
10  unsaturated alkenyl radicals appended or substituted on an otherwise alkyl or

unsaturated organic polymer backbone. Examples of these preferred
polycarbosilanes include dihydrido or alkeny! substituted polycarbosilanes such
as polydihydridocarbosilane, polyallylhydrididocarbosilane and random
copolymers of polydihydridocarbosilane and polyallylhydridocarbosilane.
15
In the more preferred polycarbosilanes, the R, group of formula | is a
hydrogen atom and Ry is methylene and the appendent radicals b, ¢, and d are
zero. Other preferred polycarbosilane compounds of the invention are
polycarbosilanes of formula | in which Ryand R, are hydrogen, Ry and R,, are
20 methylene, and R4 is an alkenyl, and appendent radicals b and ¢ are zero. The
polycarbosilanes may be prepared from well known prior art processes or
provided by manufacturers of polycarbosilane compositions. In the most
preferred polycarbosilanes, the Ry group of formula (I) is a hydrogen atom; Rg
is -CH,-; b, ¢, and d=0 and a=5-25. These most preferred polycarbosilanes
25 may be obtained from Starfire Systems, Inc. Specific examples of these most

preferred polycarbosilanes follow:
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WD 03/ 057749 PCT/ US01/ 50182 Step 2

Synt hesis of M xture of

1,3,5,7-Tetraki s(3/4br onophenyl | adamant ane ( TBPA) and 1. 3l 4- bi sf

1|

TBA was reacted with bronpobenzene to yield supposedly 5
1, 3,5, 7-tetraki s(3/4-bronophenyl ) adamant ane ( TBPA) as described in
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ra). HPLC-Ms anal

r RQhydispersity; o
r, magnetic stir
nit, and N2 inle

, 3", 5' W 033(5374b4" br onbaohenyl | adamant yl | benzene ( BTBPABPCT/RIS@/H0182st st ep,

ysi s showed t hat

reaction product the percentage of the desired TBPA present
acconpani ed by 40% of the tribrom nated
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00031 sad
t ot al ﬂé'o 't]#;) of
L and-conparedwH
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fed—and ;t

br onobenzene. An

L h st andar-d—HRLC
he sol #18n and

fromtotal vol um

) of 25

br onobenzene.

vi si bl e.
After Br
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t enperat ur e

m xture way

was.rai sed to 40C.. After,.t

er.al

bIECE iRVt MEVLEEHEin RXIdigrdTdifa

1 hour at

Solution at this point was dark purple with no precipitation
The reaction mxture was stirred for ! 1 ]
Asv€ar) Beogrseave @1/ fospuls (1.sthel palygarbesilanesaetilized imi theur e

R B Tt o rord e

roomtenperature.

tion
3.0,

respect i Veiyen @t >49. AecditfndI9aH,l P8pretRntd \RGanbsiico®, slasas sibxyBromer e

seen on HPLC chromat ogram

en t he reac

tion was over,
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e dark reaction

m Xt ure wasgarmgesup mherac290r Baisttorbé appreciateidhthar thezaxidiagdyversians ve to

the total

the total oFdneReISETRAYARBRAS eh

vol une of bronpbbenzen dei oni ze
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operate very effe

d wat 2L (629

e
ctf\lely in, an

o v/ v rel
are well ' w

ﬁ {'nve to

the purview of the present invention. As is equally apparent, c can be zero

independently of a, b, and d the only conditions being that the radicals a, b,

10

¢, and d of the formula | polycarbosilanes must satisfy the conditions of [4<

a+ b +c + d<100,000], and b and c can collectively or independently be

2ero.

15

The present polycarbosilanes are preferably added in small, effective

amounts from about 0.5% to up to 20% based on the weight of the present

thermosetting composition (a) and amounts up to about 5.0 % by weight of

the composition are generally more preferred.

20

The polycarbosilane may be produced from starting materials that are

presently commercially available from many manufacturers and by using

conventional polymerization processes. As an example of synthesis of the

polycarbosilanes, the starting materials may be produced from common organo

silane compounds or from polysilane as a starting material by heating an

admixture of polysilane with polyborosiloxane in an inert atmosphere to
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ice, and 300nmL (37% HCl (9% v/v relative to the total volume of

br onobenzene). The reaction m xture was stirred vigorously using an 10
over headwai oxoser49f or 1 hr  10mi n. The organic |ayer was tPERYS&rIER? to a
separatory chanber and washed twice with 700nmL (22% v/v relative to the
total volune of bronpbenzene) portions of de-ionized water. The washed
organic |l ayer was placed in a 4L separatory funnel and added, as a sl ow

stream t gndidby(Sroducemfe carreBpohdingl pél?nvéﬂ dmbyoﬁebﬂ’mtdieﬁaaﬁeﬁjrmmanol
in a 30L reactor pl aced under an overh stirrer, to precipitate a solid

during 25polysilBrenwitiafa lsrwnh@leaulmurtwetghmgrmwpnetle an mrhﬁtmamnere to
suspensi on was agitat ed VI orousl for he e gr%us nS| on

“was filtetRRreRy RdUCEthenFegPY %U% Y"\r‘eurﬂ{eﬁ’y %%gﬁn’?n ofie
washed on pt)lyjstll%e‘@lfﬁ afoll? nﬁ&]&@@la?‘éﬁﬁd&"lénefm 2 ﬁt@%trﬁé&%éfé\érfoeinaiﬂeVe to

~the total l'ume of bronobenzene) nethanol. The solid was suctioned dry for
30 m ns Tipeeserel bf agapalyist shcpmm:lpolyb,aeo@pbewelsllomme 4o chgestyl prodrcedi sh

using a spatula and placed in a vacuumoven to dr ver ni ht and then
wei ghed aﬁh%rcﬂf%md'%é’?ﬁﬁ%r Redxcarbogifanss ma H’ZS ‘?‘ﬂ&

add!t'ona'edﬁ%gg8ﬁ%c9 aelp d"‘ﬁtﬂfﬁ F{13RY% d’f‘gé "é?é’d\ﬂuﬁé?r&@ﬂe&@&%y After

solid was was recor t he

cal cul at e@lefe}'mé)_roduct was as descri bed above of approxi mat el y 50% TBPA,
40% tri brom nat ed tetraphenyl adanant ane, and 10% di br om nat ed

t et raphenyl adamant ane. The yield was 176. 75grans. 3-5 wei ght percent of

CTEr A 01, PN B R oSS 8L i R
E, mft Klf e @bnibonenta) épﬁsrﬁné}faﬁwgﬁmecﬁﬁg the @a%;sbsnmrom@dﬁémmtorvaaaagm 0.

energy source, the resulting compositions have superior adhesion

characteristics throughout the entire polymer so as to ensure affinity to any

contacted surface of the coating. Present polycarbosilane also improves

15 striation control, viscosity, and film uniformity. Visual inspection confirms the

presence of improved striation control.

The present compositions may also comprise additional components
such as additional adhesion promoters, antifoam agents, detergents, flame

retardants, pigments, plasticizers, stabilizers, and surfactants.

20 Utility:

The present composition of thermosetting component (a) and adhesion
pr_o.moter (b) may be combined with other specific additives to obtain specific
results. Representative of such additives are metal-containing compounds
such as magnetic particles, for example, barium ferrite, iron oxide, optionally

25 in a mixture with cobalt, or other metal containing particles for use in magnetic
media, optical media, or other recording media; conductive particles such as
metal or carbon for use as conductive sealants; conductive adhesives;

conductive coatings; electromagnetic interference (EMi)/radio frequency
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e 90~ Br Br Br -90% 111 1 (3,5, 7-tetrakis(3'/4'-bronmophenyl)adanmant ane
(m xture of para and neta isoners) Unexpectedly, however, when the
precedi nyv@onun® m xture was 5 subjected to fresh reagenPCENE0ICHIRY ysSt
(bromobenzene and AICI 3, 1 min at 20C), the TBPA proportion of the m xture
of the tetrabrom nated, tribrom nated, and di brom nated nononers i ncreased
fromabout 50%to approximately 90-95% 3-5 wei ght percent of BTBPAB

remai ned. W were so surprised by this result that we regeat ed it several
times to wrdatferencentRRihshielding seatingystaticadissipatiop; apd &e¢igcat satEctsng t he

" F gur vihen gisng thed, giuBREE Vil Rt bat BbnaThal FRACAT 5 b RRER" "
- experi mentrgl, B?&Ce“rﬂ%sn{dysitﬁxr%p mMapbae bel baioyddeass Propsttiun Using®s the

sane as that of Step 2 above. The correspondi ng anounts of bronobenzene and
~al um num hrarnifdetuniegd stbrage corces e ahwirenimpat sdcho As ceatipge tel impartrgurfagsA

synt hesi zed in the 5 above/convergﬂ onal Sént.hesi S. Tlgqe{ aggrr]ﬁ?prti at e zi‘tm)unt
(80% I v PASHYRNRN o matalsy SEMSONGIUCEISSRRRSIANS. NYLCEY Sy Y8 RS ask
and the spifich Ly Rbers, e, Uild §UBMELidrs TBPA from the Step 2
synt hesi SE%@)%VQE\%’%%%%%%Q’EIEE t'hqe f unnel a/as ri 'nsed W th appropriate anount
f 1 Oov/v fromthe total volune) of bronobenzene. An HPLC sanpl e of

starting nater iThke praseritDcdrapesitians of dhpamesktiing fcasopentntdaHend adhesion

chromatogram The full anmount of al um num brom de was, added to the sol ution
and t he | BROEPISTD) arealea uaetyl T SealSTRA Sesertst PEAPRLY 25 drY IoPAshaor

I e A O | ABAR 0 o

preci pltaf)f e reaction mxture was stirre mn at room

t empel@t ufe ysbrulHRL enGaaplieg vesatirgeepnastich dibjectslas douhtapams; BlegdtricalThe
reaction was over when the group of peaks corresponding to TBPA was
domi nant switdie eqmicsuREbRaAthiREm antheshawer reatinas, hsMydey reaistant «

reaction mxt.ure was. poured i c t aL.ai 7L VIR
relative 983%'H83‘t & afoo\}'cﬂper% f%%%?g%%%ﬁgﬁng@aaﬁ?gr{?%'g*d WAt ecr”,( %ﬁ'é?%ze% v/ v
relative t&sittapcbabadn ¥@icwTe BetaleosPiranzaite) oRemparatirecresistaricet 87te HC
(9% v/v relative to the total volune of ] )
present compositions, the present compositions may be coated on cryogenic
15  containers, autoclaves, and ovens, as well as heat exchanges and other heated

or cooled surfaces and on articles exposed to microwave radiation.

The present composition of thermosetting component (a) and adhesion
promoter (b) is useful as a dielectric material. Preferably, the dielectric material
has a dielectric constant k of less than 3.0.
20
Layers of the instant compasitions of thermosetting component (a) and
adhesion promoter (b) may be formed by solution techniques such as spraying,
rolling, dripping, spin coating, flow coating, or casting, with spin coating being
preferred for microelectronics. Preferably, the present composition is dissolved
25 in a solvent. Suitable solvents for use in such solutions of the present
compositions include any suitable pure or mixture of organic, organometallic,
or inorganic molecules that are volatized at a desired temperature. Suitable
solvents include aprotic solvents, for example, cyclic ketones such as

cyclopentanone, cyclohexanone, cycloheptanone, and cyclooctanone; cyclic
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br onobenzene), and stirred vigorously using an overhead-stirrer for 1 hr 1
Omn. 64 WO 03/0577:19 PCT/USOL/ 50182 The organic | ayer was transferred
to a sepwoaidmsyr4dunnel and washed twice with 700nL (22% vPET/USN1{NGE82t ot al

vol une of bronobenzene) portions of deionized water and 3 times with 700nL
(22% v/v relative to the total volume of bronobenzene) portions of
saturated NaCl solution. The washed organic 5 | ayer was placed in a 4L

separatory funnel and adde as.a slow stream ta the appropri unt (5
XU s (ImidRs puthps SrlindeurotifoBendeid; The el dfas RS BGR 1 AR ¢
pllaced undgs,ofNafiRs NG ScyldHox By PIRfihdhé Hri miRRIrks therecdSA Mwidani n.
After addition was conplete, the nmethanol suspension was agitated

* vi gor ousl yaffiety df bther diganic Stleents traydbe ssed dweseioninsafarfad theyearebgbleo

suction through a Buchner funnel ( 185 . The, solid was washed on filter
cake withta ﬁtﬂgé'SEBN"!%hgf the @Ggﬁﬁ'%(‘l@’%n%;\?’@é!daﬂ%etsﬁnlenﬁnleo? pelyg¥int of

Do RenZ S o Bl YikRositI ISy B ek ifRg ReRIAANSY dobalifh Mubh: VERBus

resul t1 ng er’was enp nto a cry | using a

spat ul a, flcARAHNE MMEEEIBSBUER dl StidingrandJbi hedting mesly bbteseddtoyaiddn thed re
15 dried in the vacuumoven for 2 additional hours, until the weight change
was < 1 oglissatution. wei gHtherAf ssetitable selventsas igeiude, tRetYetRYKGEI Mt was

o 9o, Sl BSOS BIRE, CIUE Sole Y b7l o iR veistotbhes.
|35 g Lshaspland opbme T e oo R
( BTPERAB) pBlyeylefie Hglycol methyl ether, propylene glycol methyl ether acetate,
mesitylene, anisole, and hydrocarbon solvents such as xylenes, benzene, and
toluene. Preferred solvent is cyclohexanone. Typically, layer thicknesses are
between 0.1 to about 15 microns. As a dielectric interlayer for
microelectronics, the layer thickness is generally less than 2 microns.
15
Preferably, the composition of thermosetting component (a) and
adhesion prdmoter {b) and solvent is treated at a temperature from about 30°C
to about 350°C for about 0.5 to about 60 hours. This treatment generally
forms an oligomer of the thermosetting component (a) and adhesion promoter

20 (b) as evidenced by GPC.

The present composition may be used in electrical devices and more
specifically, as an interlayer dielectric in an interconnect associated with a
single integrated circuit (“IC”) chip. An integrated circuit chip typically has on

25 its surface a plurality of layers of the present composition and multiple layers
of metal conductors. It may also include regions of the present composition.
between discrete metal conductors or regions of conductor in the same layer

or level of an integrated circuit.
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66 lir ~ , ~ " WO 03/ 057749 PCT/ US01/50182 A m xture of TBPA and
BTBPAB was react ed with phenylacetylene to yield the final product of 95-97
wei ght pwoesnis7u9 3, 5, 7-tetrakis[3' /4" (phenyl et hynyl) pPeRYB}1AdE8Pant ane
(TPEPA) - as a mixture of isoners 5 followng a general reaction protocol
for a pall adi um cat al yzed Heck ethynyl ation and 3-5 wei ght percent 1,
3/4-bis{l',3 ,5 -tris[3"/4" (phenyl et hynyl) phenyl ] adamantyl } benzene

( BTPEPAB) as almapbu&et.@ﬁ ofahe iastin PolymesOHBNCsAa daletibh fdfatlePresEitt NVR
and HPLC. The m xture of TPEPA and BTPEPAB made fromthe reaction including

TBPA i s s6&ompasition 1ig %Wl&ﬂwé&amcﬁeémcgpductqrcwafw usirg ecqmmnmnahlwet
procedure foi this St eg %t hesis fall QUS . The foll ow ﬂg I|pr(rent was

- assenbl edCOAPPIPTOLESERE FHTh 0PI SHAMRIEK SRR ashq8 nhown

over head- gbatih§ techSigues SubRYs Rt Q&’rpil@w S ha@%@ Eaﬁ{ I&ed!M T

dr oppi ng funr:eﬁ eg ngc eduadaptﬂjrrapanglI IgS N2 inlet dc?t&jtlet to go(afeKO-l

sol uti dn. siﬁhelfrbl assesnaAs A jghstration, NP clysloHexamome Solaitionx ofitke gfre$&MA and

BTBPAB fromthe Stepn 3 synthesi rocedure above .was wei d. Th .

Dot byl nAPTIDGeHER 1s SAIEOPLd P of SHBRTRS JHaving el coRtClifod ¢ o
t he react f : t he
b 1 on CPMAdrtaits Barita¥edMEFARYNP ¢ EBAtaSuBa s iten QUIURA &Y

di chl or obitis¢rmalpbveressings An eepglldrgdiarnidlaiion atfathes instantneeshpolsiidruiznel

with 50m (4% of total vol urreé of TEA and stirred for 5mn;
tri phenyl prRRABANRY dispalying R/ efmrﬁﬁemt \F&OFPP%HQ"('@O/&MF'Q*‘G?(QPOR?%I%?"WEA

(456 o 01 oo bid)Y odtiof? B, syt aflefded 4d'8 Hagr Bandiiirprothb T
the 25 St Ppe\%rﬁm&eemesalamwnmmaddeaihyamnremmdl bpparatid BavingtdndROML (8

% of total volume) TEA. The fl ask was heated to 80C. Once the reaction
m xt ur e t emgelist mlegraa@hmm saluganccempyisesveasachrenthfeototahspldion  Thi s

was the Stvx%éllxp gf“r)rr%t Srreferably about 1 to about 50 weight percent of thermosetting

component (a) and adhesion promoter (b) and about 50 to about 99 weight
15 percent solvent and more preferably from about 3 to about 20 weight percent
of thermosetting component (a) and adhesion promoter (b) and about 80 to

about 97 weight percent solvent.

An illustration of the use of the present invention follows. Application
20 of the instant compositions to form a layer onto planar or topographical
surfaces or substrates may be carried out by using any conventional
apparatus, preferably a spin coater, because the compositions used herein
have a controlled viscosity suitable for such a coater. Evaporation of the
solvent by any suitable means, such as simple air drying during spin coating,
25 by exposure to an ambient environment, or by heating on a hot plate up to
350°C, may be employed. The substrate may have at least two layers of the
present composition of thermosetting component (a) and adhesion promoter

(b). |
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WO 03/ 057749 PCT/ US01/50182 The nmeasured quantity of phenyl acetyl ene
diluted with 50nL (4% of total volune) TEA was placed in the dropping
funnel , wauesesth4on one neck of the 2-necked adapter. The BPECT/USEA0182
phenyl acetyl ene was added dropwi se to the reaction m xture over 30mn
10rnin. This was an exotherm c reaction. The 5 tenperature was controlled

by using a wat gubBerakes Thenkeaplatgd comdreiietndpr cdnipriss. ahye desithblen was
stopped after 3 hours of heating at 80C. An HPLC sanple was taken at tine 3
hours at Seistantielly ssdidi materialt uPartiuarbn dlesiiable sdsteate lavers FPMRsised

t hrough a_Buchngr funnel. . .. The cr ol i,ds. wer i ce Wth
600rL. 10 BF“%E%E‘SEVF%%@'%%E&%GW ?’og?%‘g%c’i\eéﬂr 4 e°a°’$&£g\§/%ﬁ?r‘éeﬁaﬁme
filter cakg p@&ekmd%%smimeﬁts,bea&eﬁuwﬁbtbheoﬁwﬁseats ¥HESN Sbi rgatiui th 1
L (v/v% _87% relative to the calcul ated TEA volune) of TEA for 15m n at

r oom tenpersenides dieTorewafer surfacecea packdgding sucface mushggs toumscimacoppanel . (
185 and the . cruyde sol,ds e shed with 300 TEA (V/Vv% = 26%
rel ame F@V%B "'L“F\'éetfc%fl Qﬁ'ﬂaﬂ@ﬁeﬁ@%mﬁe?.cwrﬁw fe Fuct aéuiqqrﬁﬁ"ljrai ed
i ght ;. HR =V : I
overni ght o, bk Gyo gt%r gﬁé\g@pe”ﬁ!ttﬁc%nn%ﬁ t%g,fﬂf%lld&”%%nér gt RiResanpl e

of the crudé produ | anati1on o rences between the prior
art and t (feoppesticludesiebnsidefatiorisvef beregyoopperl andrits dRidelshva tplodymer-

preparation of the isomers 20 discussed bel ow, and the Roma unerals in
the text BRSetPaCKR@igl e BeArbUNBHACH SUTh He Tewndin AuRGIMIIS-Raged dlods 11

T pr Doy Bedabe 08 o dFor thehdh ANy CORCOBAYAREF) pls AR G0Grhers, T, 12°

st ruct ur emdraiprbferréd e dimenesEtheOsubidtifte CCUMPHISEE a rhatarfal Gonembakins| 4'
25 (phenyl et hynyl | phenyl ] adamant angmg VII1I). This, and only this conpound,

havi ng dethenpaekagingang eir¢uihbeard irduséries suab s silieen.,5ORRes. girasy @ndal
nmet hods) was the target of Reichert's. work. Reichert's an was. ealize
the foll ovﬁ‘ﬁ}jm?éﬁueﬁgg: Pé%qe“%vﬁ?’éiﬁ?f’ats)"f’f‘ig mayr Al %d‘ﬁ@l 3 4% icIEthi

1,3, 5, 7- t gl SYpateRALErER TR dhiRrddhips, multichip modules, laminated circuit boards,
1,3,5,7-tetraki s(4' bronophenyl )adamantane (11) (p-isoner) ~

1, 3, 5157- t ot pekte] Wiringh bogtds: Aeytiiquichgdry] madenapt cfiidre(present ¢pmposition)

Rei chert fajiled on ste in that she thought she obtai
S ey ectial

g(l%.-~éll¥: ; dne{j
1,3, 5,7 5vikihae Broyuedian s RUHPS RAMRASAI Y219YS electhicat GPEIYF s omer s
of 1,3,5, ir&t‘ﬁH.af%éf:PEGi@%'a?&‘)ﬂQyﬂﬁ@ﬂPdH FRfous R RIrBemEntd) SueAMY QalvieAn of
p- and m bronophenyl groups attached to adamantane core (see bel ow, and
she non-conducting fibers or glass cloth. Such circuit boards may be single sided,

as well as double sided.

20

Layers made from the present compositions possess a low dielectric
constant, high thermal stability, high mechanical strength, and excellent
adhesion to electronic substrate surfaces including silicon, silicon nitride,
silicon oxide, silicon oxycarbide, silicon dioxide, silicon carbide, silicon

25  oxynitride, titanium nitride, tantalum nitride, tungsten nitride, aluminum,
copper, tantalum, organosiloxanes, organo silicon glass, and fluorinated silicon
glass. Because the adhesion promoter is molecularly dispersed, these layers
demonstrate excellent adhesion to all affixed surfaces including underlying
substrates and overlaid capping or masking layers, such as SiO, and Si,N,

30 capping layers. The use of these layers eliminates the need for an additional
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consi dered the goal of her work not fulfilled. As support for this she
writes: "The lack of regioselection during arylation discouraged us from
att enpt i wa dIvstwot her Friedel -Crafts reacti ons on adanmant BEBUSHAOad t o
further study of the derivatizatio of the easily forned

1,3,5, 7-tetraphenyl adamant ane” (VI). To 15 prepare single p-isoner -

1, 3 5, 7- t epnogiess [step (rptlwwr@n oy ratllgasteong p]nawarmattlageap(pndampn tohachlesé gned

a "detour ocedur -tetr adanant ane (VlI)
_1,3,5, 7-t%‘{*}%ﬁk?%(’gth?g%pﬁ?eﬂﬁ@ééféﬁ%ﬁf‘g 'f%) a§95 7-tetraki s[4
(phenyl et hynyl ) phenyl ] adamant ane (VII11) 20 25 Rei chert successively
realized this sequence, and isolated the single p-isonmer (VIIl), but the
“sol ubi | i ty of tAfter capplicatibri upfiedh@uprésere comnpaositiohhab sdre thﬁc abl e
to obtain '3C NWR sgectra of this conmpound. Reichert observes " Conpound 3

[(VI11Y] 29ogERtC &%t@aﬁum%ceﬂw&gﬁW%|'%ﬁﬁlplsmﬁci fap bake prgRure
| f
Thoract i canpeP Brfcks A fhorbByIRYHemiAgat ey eiBird Fim SHdur ST un ik s

used to i dsyrutl 450t@ tpr;@@lvntenzeRaiex:beatngTaa cusnp rtampefatlré ds Camnfelas
these results, Rei chert s conmpound was tested with several standard organic
sol vent's aahpuf;agof)(ﬁrhpqa@lssea elgs\@ﬁtteanm@ratwgommselffwe@mwcgmpl@ve the
tested owg_anl soLvents her rds ei chert pr.epar e

t hought wd§9%'30 579 %6Y G%‘ '63/%5578 Ay g is Bheidd"sth afe
t et r akjips( Btehfberbf@e@rahefaﬂw)a%@mmem(é&ddt 4@5% A 6HAY mAPPé icApded But hi S

direction, because this product was not a single isoner with definite
structure. mlansoeaehmlmm eUambnglsechaasaan ietemtec fofnace, hot plate, and

1,3,5,7-te rahEﬁ 4|odo mant VI % ndtra sforned it into
elnal 19 Py RC SBRE ) P ReR 18, o0 Ao T RERIEn Sl ARhere
VI I nag,g étﬁ?rf
Eepea% ed t %%’{i)pﬁgﬂgéﬁfur? 9@?@?&6? (r?’gnoa an{aﬁgﬁgé%ug 10 15§Hheré@

br ormbenze(aeg nlan@mm,ulseltumebydm:ge)urammhmea pfocielssingegasas) may daducsedf 1,
3, 5, 7-tetrabronpadamantane wi th bronobenzene showed that it was not

1,3,5, 17t rtamrgeevqmof HPQ)RfRﬁ?@rW'I“)%%M they ane| qu)‘eqtaée terendugt curing
SqueSted)o(f tt?\)é 40@85?11)(6 aﬁogfllfaafmgdlflgd thﬂrp?sesm \Mgtthom onent (a telpohémer

7-tetraki r ono amant ane pr oxi gual

quantity ab dcHibenyhe Pow, K diglédtid’ lader héreaophenyl ) adanant ane (IV) Thi s
conclusion was confirnmed by LC-M5S study and el enental analysis. W were

able to find the cause of such reaction course. Bronpobenzene is known to
di sproportionate essentially in the conditions of Friedel-Crafts reaction
(G A dah, W.\8hilelnptesibe Roﬁstku@daus Iirﬂitir@ gt isChmenulated, tiixtahedhéemal
(1962)): 2 PhBr ~ n%’H + Br2~ 20 %\h benzene concentration |r\ t he
react i0n rRREEFUNG R T dresent BE’& E'EPH'?é:ﬁlnéé%meB'iﬁH’i’é'tf‘H‘ (egulfgin a

br ormphenyg,f,ggg(g eld! Aétw&%”&ﬁﬂ?ergf&%% %rﬁ;?orf#th('la?%ndt é’é’ﬁdeé ?ﬁ{%rﬁﬁ{oﬁ‘&l I shed

equilibria S to approx. equ gquantities
Ther ef or e, (bRelrc keséncl, dtheoin sodn B tinerieed ;Srbeesimggdmt }he present composition

1,3,5, 7tetrakis(3' /4" -bronmpphenyl )adamantane (I111);_ instead, she had
appr ox. 1:cAuses the silane portions of the preferred polycarbosilane adhesion promoter
(b) to convert to silylene/silyl radicals which then react with both the
25 unsaturated structures of thermosetting component (a) and the substrate
surfaces, thereby creating a chemically bonded adherent interface for the
dominant thermosetting monomer (a) precursor with these silylene/ silyl
radicals being available throughout the composition to act as attachment
sources to fasten and secure any interface surface of contact by chemical

30 bonding therewith. This reaction may also occur during formulation or
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m xture of 1,3,5,7-tetrakis(3'/4'-bronophenyl)adamantane (I11) wth
1-phenyl 3,5,7-tris(3' 14" -bronophenyl)adamantane (1V). To shift equilibria
toward 1w®) /087148t r aki s(3' /4" bronophenyl ) adamant ane (|1 1PCEUEE/50¥ treat ed
the solid reaction product of 70 WD 031057749 PCT/ US01/50182 1,3, 5,
7-tetrabronmpadamant ane wi th bronobenzene [ 1:1 m xture of 1, 3, 5, 7
Letraki S(?r'e%aﬁ'géhf h%nbébbr(igrmaﬁaﬂ.e Ab! diledinkidBaY thid, SisPetdibs ot / 4
br onophenyl’) adamant ane (1V) y a new portion of bronobenzene in presence
of al um nradibalertheeughdutt theneaimpositioinaacqounds oo tind soperbeadnesidn atfehe 5
repl aced phenyl group in 1-phenyl-3, 5, 7-tri SQS' / 4' - br oppphenyl ) adamant ane
(1V), so tnséany yees torba® Upderying supsieatgneTacas ap ﬁ@ﬁ”é’ép%é‘i' rgdy
©9095% 1, 3, 5,.7-te |.s(3. /4 -hr . n ) ' Li:kat i on
was obser\gl‘é"cfz?%rstté%gpgéa ﬁ%‘?%l%% ggngre'nﬂéglg? gfigg%%e?r:prgk: !’;llutP egﬁé'aﬁaélraﬂ i ch

sl ow ys i ngisgagered IseRAtate fd fNdinhs IRAZ Btepletetréd faimulad mhgcarbbsilanes
1-phenyl-3,5,7 10 tris(3' /4" -bronophenyl {adaman_t ane (1V) concentration, and
i n sever aadhesien peomoit¢rsrhayevm seacsiveyssidossidstitpted siligaroin et kagkbsggal

e AR T pab SHEANRET RTE BL Y VAR, s
13,5 7~ UcAKnF 68 fdborVeOlHM BReHHSHIAIRG ctiinérény () IR, ) gieriey b

t hought she synthesi zed) can be prepared by second treatnment of the solid
reacti on polydachosifane-rpodifiesi thermpsettingroeaiapaneanelahi whibihh opobsessese i n
presence of alumnumbromde. 1,3,5 7-tetra(3' /4" -bronophenyl)adanmant ane
(111) 1&upjrapiayv@d; ALIRN PERATTMANCE: t h phenyl acet yl ene gave a novel mi xture
of 95-97 wei ght percent 20

1,3,5 7-tetra[3' /4" -(phenyl et hynyl ) phenyl ] adamant ane (V) (A m xture of p-

and misoners rmed. Five isoners for Lncl udin ) ra, ~para,
para-; (2) par é’%epr&s !tlr%?ad\{erﬁéqsdp;lo&;a? gfﬁfc paPR" nr(xréi g,e%ﬁ\gﬁab&%irﬁ)aspara,
neta, netgeingela0; oRfNbskD) THEYA laydtsadeirtraiBt good ' 48ReflohS GdEflatTRy al so
be pr esent.s and 3-5 weight percent 1,314-bis{1 ,3 ,5 -tris[3"/4" 25
phenyl et htopdgdrppbival sececemdydtpbenrfanes O substnates f or ned.) which were
identified by GPC, NMR, and HPLC and was very sol uble in toluene, xylenes,
cycl oh¥xanone, anisol e, propyl ene glycol nethyl ether acetate, nesitylene,
cycl ohexyl acetate, etc. For exanple, its solubility in cyclohexanone is >
20% This propdstipdicased earlier. the presept polysarkasilappireedifind thegnpseldipgcal

use of t h}:cs)mz)%nent {a) or polymer coating may act as an interlayer and be covered by

other coatings, such as other dielectric (SiO,) coatings, SiO, modified ceramic
oxide layers, silicon containing coatings, silicon carbon containing coatings,
20 silicon nitrogen containing coatings, silicon-nitrogen-carbon containing
coatings, diamond like carbon coatings, titanium nitride, tantalum nitride,
tungsten nitride, aluminum, copper, tantalum, organosiloxanes, organo silicon
glass, and fluorinated silicon glass. Such muiltilayer coatings are taught in
U.S. Pat. No. 4,973,526, which is incorporated herein by reference. And, as
25 amply demonstrated, the present polycarbosilane-modified thermosetting
component (a) prepared in the instant process may be readily formed as
interlined dielectric layers between adjacent conductor paths on fabricated

electronic or semiconductor substrates.
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WD 03/ 057749 PCT/ USOI /50182 naterial, especially and preferably, in the
field of layered materials and sem conductors. Therefore, our prepared

i nt er medwas es/ds7 395, 7-t etra( 3/ 4' bronophenyl ) adamant ane (| | PET/UgENVE®182S t he
opportunity to make 1,3,5,7 5 tetra(3' /4" -(phenyl ethynyl)phenyl ] adamant ane

(V) and
1, 3/ 4-bi s{1', 3The' nressrpvsﬂlms mayhemysed liry cpppehdugll dardaseetiey piduessiegeor

| ubl t whj ch ful th tt
Conponent SYBSTag S Patd fCh, e BIAMANEN] RIGERsSInGs e aiCEREh BRI |
th t f
Sngr oﬁ:)t OP%;]e ;a"‘(gtgjmgg 'ménﬁ Bn{ %mpg%fc%nlmeﬁéﬂet qg&q dgggaﬁ\gda‘,!l spin;on

' round- bot stavkkddin astaugbndsy Michaed k. hdirhag ' SpimiOn Seackeal Fllrhsdgenogaas

inlet, 4-iodobrombenzene (25.01 g) 88.37molL), tr| et hyl am ne 300n1_2

bi st 13 phﬁwﬁ%ﬂﬁﬁnm&m bhiaZ009) mgproesied BERENTINHS odi de
(0. 54g) ﬁreq nﬁﬂb a solution of phenyl acetyl ene (9.025g, 88.37mmolL)
|ntr|ethy (Eﬁ)f was added slowly, and the 20 tenperature of the

sol uti on was kept under 35C under stirring. The m xture was stirred for
anot her Agkemnptesaf t er addi ti on was conpl eted. The sol vent was evaporated on
the rotary evaporator and the residue was added to 200nm. of water. The
product was extracted with dichloromethane (2 X 150nL). The organic | ayers
wer e conbAnalytical Tegt Mefhodsi s were renoved by rotary 25 evaporator. The
resi due was washed with 80nL hexanes and filtered. HPLC showed a pure

PCT) UsoL/ 50182 FEPPOIMER By 2ehii Safpi of tho IdEHaPth Barity e%@ﬁ‘f?? -

1: 2 mt uinto Gdn MMReﬂmeand\quaOﬁB)'nl deuturated: thiirefdrimavasladdedas Tolket ai ned
after solvent renoval. The pur|t¥ of the product was_characterized by GO M5
@

in acet onBWSBIraWas shaken byrhang te gigsadve the amtgjiahr Jhensample wast thep:

Synt hesis_o a ACC~~Br ---- ~~CC~ ~ C=CFI
10 The syﬁn%’gg%% u[)}'ﬂ"%ag%%frwﬁp@:@ﬂg '\P-Ii\lr)@m p- bronot ol ane was perfornmed in two
steps. In the first step, p-bronotol ane was trinethylsilylethynylated using
trimethylsi|yl gt WerRsn{adeA difias CYBmaRayabny A NdPLE)! PE HGENid P, the
reacti on pr.oduct Ne T1 TSt _Sstep wWas converted to t pr oduct .
Step B (TPhamdnphaxI|ymaePh¢nyI—blbxwan5®X4—6mmr6tmicﬂoa)coleiﬁﬁrWﬁatuslealna'hbS (

10. 285g, 40.0 mwol), ethynyltrinmethylsilane (5.894g, 60.0mwbl), 0.505¢g

(0. 73mbl 90|&mfu|temp@fiﬂyr%(vt/?$ m@érﬂjl%ﬂ&mey Rad ageamitrile wereaused too ni

of anhydr y n0. 2149 (1.12mwol ) of copper[l] iodide, and
0.378g (1 Q'ﬁrr%vg ‘?égl? L?ﬁgl enll phosphi ne were placed into the N2 purged,

5-Liter fneck roumﬁ\nbottomfl sk, equippaERM th an pver hegeEreNeRLEal

i , LU CONOE[SEL,,  and O‘I troned T de—a IIEdL L TTETTC e III Xt Ot
stirrer I 19 oébé/ g % Py e
h ual, ¢ g ad ot 0O 115
Wwas eat pa—to—=& e+ 1TtX \ apout ane—rai-Rt-pired—at b th—fFor—1
ours. e reac ure bdcame a t ack.pakte_and w aole
h T otd Binuies: b (hB% black | d wb40%0) o

Thi n- | ayer__chr c¥migutashi ¢ _anal ysi s i ndP&at ed conpl pte convel@P¥n of
starting material 4-bronotolane to a single product. The solids were

filtered and washed with 73 .
The following experimental conditions were used:

INJECTION VOLUME 10 microliters
DETECTION . UV at 200nm
STOP TIME 30 minutes
POST TIME 5 minutes

20

The samples were prepared as follows.

For a mixture of the halogenated intermediate such as the mixture of

1,3,5,7-tetrakis(3/4-bromophenyl)adamantane and 1,3/4-bis[1’,3’,5'-
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WO 03/ 057749 PCT/ US01/50182 50nL of triethylamne, mxed with 400nL of

wat er and stirred for 30 mnutes. The solids was filtered and washed with
40m. of wed 682050149 The crude solid was recrystallized fronPGDORL/HA82

met hanol . On standing, lustrous silver colored crystals settled out. They

vec  eoou S P blhoPhe AR ARG koS of g s e TERR - ¢ €070
4- (Trimet 'i‘hﬁkﬁirbﬂb%.(@hhﬁﬁmlifé?i WS $RaliA Wwééﬂola(ﬁ}ﬁ)atelm% ﬂﬁHé eral Neck

round- bottom fl ask equipped with a nitrogen i1nlet, an overhead nechani cal
stirrer, walilitdray.gdthe8@abiomfayanhwals shakerewitmotated.2 AGBgrdatoc 2apdr ) of
4-(trinmethyl silyl)ethyn ItPI ane, and 10 1.12g of anhydrous potassium

- car bonat e Sample #%Wemiﬂ? DETEN! é‘@st’é‘k%@."dsﬁgﬁ’?‘i’ {9 acsteNiLHedonsti | no
startigqg %ﬁtfi{eir?.l was detected by HPLC anal ysis (about 3 hours). The
reaction mxture was cooled. The crude solids were stirred in 40nL of
"dichloronethane for 30 nin and filtered. The filtered suspended solids by
HPLC showed mafFot v miNture bf ehe fiat pdodindtasumieas ahe nhixkdread e 1,15,5was dri ed
and evapor at ed of a solid. On further dry in an oven, the

to yield 8 759 ing in ar
final vei Girakiats ¢ stppenyigthNny behendiadamantane) anch ¥4 Bl 174’ 5 wo

031057749 b : ' [ f
(3. 5. 7.t oF1 L3 JORANGTeRy TV ahsrtBaRalriy Gbahdd bF £Xarble 5, the
3" . 5" -tri pdattioh mixture (OB ayam) vy XN With Brirbidrhe itive AsiRiMeds) bhaenzene
(BTPEPEPAB). Br Br 13r Br \ /| C-\ |/ CH Br 75
10 3-5% HCI (5 milliliters) and shaken. The organic layer was washed by
water. An organic layer sample (100 microliters) was added to

tetrahydrofuran (0.9 milliliter).

Gel Permeation Chromatography (GPC): The GPC analysis was done

15 with Waters liquid chromatography system composed from Water 717 plus
Autosampler, Waters in-line degasser, Waters 515 HPLC pump, Waters 410
Differential Refractometer (Rl detector), and two columns: HP Pl gel S5pn

MIXED D. The analysis conditions were:

Mobile Phase Tetrahydrofuran (THF)
Column flow (milliliters/min) 1.0
Column temperature (°C) 40.0
Detection Refractive Index, Polarity negative
Analysis run time 25 min
Injection quantity (ulL) 50
20
The sample (10 milligrams) was prepared by adding to tetrahydrofuran (one
milliliter).
25 Mass Spectroscopy {MS): This analysis was performed on a

Finnigan/MAT TSQ7000 triple stage quadrupole mass spectrometer system,

48



WO 03/ 057749 PCT/ US01/ 50182 A m xture of TBPA and BTBPAB (supra) was
reacted wwth 4 ethynyltolane to yield the final product of a m xture of 1,
3, 5, 7-woexsts9o{3' /4" -[4"-(phenyl et hynyl) phenyl et hynyl | poengéiyzadenant ane
( TPEPEPA) and 76 WO 03/ 057749 PCT/USO01/50182 1, 3/4-bis{ 1, 3",

5 -tris{3"/4"-[4"" (phenyl et hynyl ) phenyl et hynyl ] phenyl } adamant yl } benzene

( BTPEPEPAR). | O . f ' | yzed Heck
cthynyl ot P A hEsh PR Iitiion (RPVINBARAE L B8 4700, or ams)
made fronHawdefiorRstkard Beridsat 050 HPIAT s9ktdmiaizpthe Shrdpea@gr@shitqalked into a
flask. Cycl ohexanone, in an amount of 5.4 tinmes the anmount of thernosetting
conponent Bpth maggssparteal dea cusreniand watablasingle wpuslengy Uh grth werge

~adhesi on pronot e, us S | ycar bosi | ane (CH2Si H2) g where q is 20- 30,
in an anngﬁ‘ﬂ“'{)‘?‘%‘?'(zgé‘ﬁ'i"&rg%g}?%8R§?{ﬁﬁﬁ}9’8f"‘5r her nosetting conponent (a), and
‘was adgded to tbArbmatégrapAyshakeandlibfed bRad PRhBiePBXCQURY GSAfkrdR Wei ght

percent thernosetting conponent (a) and 6.7 wei ght percent pol ycarbosil ane

adhesi on phenyhetyl (dolums m&-ﬁmmheﬁmmﬂetamg-inbnﬁouadvém)gerﬂﬂﬂ"v
ref |l uxi ng

d -Lit 3- K d bott flask with ti
Sti r-bar, 1 ActiefO CBIRERIHSET OfFPRCRBURIACEolIoNS: DoBl in KSrAMYIORERGAT

controll ey, t F£1 vkt glg@p . The
sol ution vo\vlés 5ithﬁﬁgte%¥ﬂ'xq?%rh§§gut %hf(')alljwrvstfhr Trﬁgé rc\gg{:rtﬁpoqﬁsﬁi xture
was cool ed.( eni¢edditer/AibewnefSaeetonitritgy weetsr,i ingtiallyl 20/300 €orf b Irhiedites then

tol uene. Toluene, in an anount of 0.15 tines the thernosetting conponent
(a) atbunpragrammedde WRfvdageiopiitle at | pinuiss @ndoheld ytdteQ ipyYtes ng and

azeotropi ' til water
evol uti onn@%ﬁ%@ﬁﬂ’n?’%%&%@gcﬁ%ﬁg%&(tdaﬁg&?gab yng@gétrﬁ&g?%gﬁloﬁéﬁgased to
148C. Tol geen@nd WaitRiospRefc Frassiae Chemiddl fohizatioRNAPTIEAldsXEpee tMaS
continued until an additional 0.165 tines the 77 WO 03/ 057749

PCT/ US01/ a@18¥econsiesdoaisemate]y domesh aiasitivg anAoeaatiye ippl medes.ankhe

| oh djistilled The flask hed .153-155C, Th
Feaction BPST EPEoNAJISHIATEE e PBI P AnFLPR Y RS ROTIER dnBRA AR 3 Y dded
so thgy t@smﬁfe)hwim nefatile ivRiz8tbnPeTie Reafd EABIIBFERRE was ARITRQTd ON

conprising thernosetting conponent (a) and pol ycarbosi | ane conponent
adhesi on ar 200f€randihe GRpostoverdl ah4005@. oTheonedetbotiordysidm dftdérl owi ng
exanple is directed to form ng a |ayer of the present conpositi and a

| ayer of AUTUBCISMasSHRRIKSIEIWRS S¢ aEﬂ%‘rM gonversifaAxnPYe ard 1800V

pol yaryl e t Dh%? n I P anpl e 8,
t he como@??ﬁ%ﬁ%ﬂ@%ﬁp\’l e |é'\(')/va@é\g%p piegctcifat%ggéﬁggﬁgﬁgéﬁg?{—g&t e coating
condi ti onged/8cdmft@mldbout m/z 160 to 2000 a.m.u. for positive ionization and m/z

20 125 to 2000 a.m.u. for negative ionizatio(n modes.

Differential Scanning Calorimetry (DSC): DSC measurements were

performed using a TA Instruments 2920 Differential Scanning Calorimeter in
conjunction with a controller and associated software. A standard DSC cell
25  with temperature ranges from 250°C to 725°C (inert atmosphere: 50 mi/min
of nitrogen) was used for the analysis. Liquid nitrogen was used as a cooling
gas source. A small amount of sample (10-12 mg) was carefully weighed into
an Auto DSC aluminum sample pan (Part # 990999-901}) using a Mettler
Toledo Analytical balance with an accuracy of + 0.0001 grams. Sample was

30 encapsulated by covering the pan with the lid that was previously punctured
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Tabl e || STEPPROCESSSPI N ( RPM TI ME ( SECONDS) 1Di spense02. 82Del ay01. 73S
readl10004S i n2000405BSR1500EBR400127EBR800gpr 10007gDr 1500510End00. 06 15 I n
Tabl e 11w@B8Rs3t4ands for back side rinse and EBR stands feCT/E8HESMRad
rinse. The coater used was DNS SC-WBOA- A VFDLP, pressuring gas was helium
t he di spense pressure was 0.08MPa, the dispense rate was i

1. 0mi | 1i | iipdheserrdatto alaw fRr eutgesing: iSaraple\was diepted ¢ngsr pitregen frosg

Chun: on eeso H86°C A% e o100 GmINGRoGheleo Pz eplel i Bog i 4 et ' "
each of thgr {10b*OMhiRbtE.C PSS e§¢|el«59§fu3%9ae<ﬁm|\?%% oFBerd gs0ac GtcUr e

condition was 400C for 60 mnutes in N2 (15 liters/mnute) with ranmping up
* from 250C atatelofpHDOTG/mingte (Fapeatusfecyrlé dip et crossHinking teaspénatume3@€ t 0
450C. Alternati vel a hot plate cure condition at 350C to 450C for 1-5

i nut eg i rﬂ%ﬁ"ﬁﬁ&ﬁ%ﬁoﬂbﬂtﬁ fit$leC¥d8ul ti ng | ayers were anal yzed according to
"the anal ytical test methods set forth above. The |ayer properties are
reported in Table I1l. Table Il PROPERTYConparative AExanpl e

8El ectri cal : D et HRtdiAysi&NSTINEpeBhrdidote §aKRerP BEINGK ivdle ¥ Mdgh@es SONTIR) > 2>
2Ther mal : Shrinkage(% after 400C/ 10 hoursl. 21. 0Shri nkage (% after

425C! | Ohompsmwznelerr@tmesgﬁssimsrsod!e.t%ubsamg/t@csgmumg speETa @eradalsdn | oss

After 425C 30-150m nutesl. 60. 8Mechanical : T (C) first cycl 400> 430T (O
Second oy AMLABELNE EHIAos P SChAL e takel” st SRE SRt 8
Strengph (degroddd. Fifth 23R8 clraSvBAs Biés aRsiz8d b BnafRgen BRak location and
633nni. 6751. 6§$%orrpati bleyea \(/:\,1 th Sol vent sYenges 10 Vi ,g%i‘gl %specti on

confi rned ibtexisityo striations were present. The Tg i nprovenent is
significant for use in a harsh high tenperature processing environnent and
t he nodul us i nprovenent, contributes. to product integrity. 79 WD 03/ 0S7749
Exanpl es 9-11 Sohde digleciEiceeopstan v tcifég%%f’tl?ﬁﬁoeg%ound
(a) and t hpgpnindigh Y af@iihai AdBES iRRe@IaPEL 8hd (then, G861 aea\}ﬁfataf?fck-l,
Exanpl e 8 wasmfol ovvea to pr oéﬁce t he %orrpg%ittf]ons {)‘f Te?bq% 'V except that
t he anmountvalfadge mehygomenbast dtahbHxbed icaicyatimp tiee k(\Bluavdmsedrarethe [Hyer

pol ycar bosi | ane conponent (b) used was (CH2SIi H2) g where q is 20 to 30.

Tabl e 1PV ABifides6i ve BExanpl e 9Exanpl e 10Exanpl e 11Conponent (b) (wei ght
per cent age) 036. 710Retracti ve | ndex: After Bakel.7021.6931.8281. 676After
Curel. 6291. 6191. 6141. 615After 425C/ 10hour anneal Not

det er i ned1. 6121, 6071, 606Thickness. (Angs igﬁg"gﬁ%ﬁg‘?a'}%@IHHB&Fat&H%HéaI ~

Bake844981_348 SO Fte Car €z 9050
Not det er rg pid SARB ARLIFtéPhined B9 She S\RHIE the thin film stress as a function of

temperature. The thin film stress measurement was performed on a KLA 3220

20 Flexus. Before the film measurement, the uncoated wafer was annealed at
500°C for 60 minutes to avoid any errbrs due to stress relaxation in the wafer
itself. The wafer was then deposited with the material to be tested and
processed through all required process steps. The wafer was then placed in
the stress gauge, which measured the wafer bow as function of temperature.

25 - The instrument calculated the stress versus temperature graph, provided that
the wafer thickness and the film thickness were known. The result was
displayed in graphic form. To determine the Tg value, a horizontal tangent line
was drawn (a slope value of zero on the stress vs. temperature graph). Tg

value was where the graph and the horizontal tangent line intersect.

50



(9 : Bake-to-Cure7.17. 06. 05. 3Cur e-t 0- Anneal Not

determ ned- 1. 2-1. 4- 1. 4Adhesi on: Tape Test, As- rePassPassPassPassTape Test,
aft er bowo esgpswawer Fai | PassPassPassStud Pul |l Strength, kpRCDUS/5098216. 1 80
WO 03/ 07749 PCT/ US01/ 50182 Thus, specific enbodi nents and applications of
conpositions and nethods to produce a | ow dielectric constant polynmer have
been di scl osedlt Ishosbubel tepastgshriénthe hbgewas, degerrhined HAftar| daei firsthe art
that many nore nodifications besides those already described are possible
i thout  SUBRSARRG YO RY B EOROUFT GUels SR Be TUPET TREPRRRALFE P

subj ect ﬁg&é&rbecangé thonSeaduteRtnt [RobEsd RSSIF Infd\ethiciRRl T4 the spirit of
t he appended clains. Myreover, in interpreting both the specification and
the clains, all terns should be interpreted in the broadest possible manner
consistent with the context. In particular, the terns "conprises" and

oS T hasharea S ARSI SEloh Lodss TR bR
el ement s, ATHRTHiRed Un ThEPPATREHYM Phelthbdiakftletrt dred

s
wi th ot her "€l enen com ponents, és?{tgpgglgﬂat are g?mt expressly

r ef er ence@rGA4 usedeh GHHeTotidrd vt aNPAWistruiients aherdal snalysis/Acaranpliesi ti on
conprising: PCT/US01/50182 (a) thernosetting conponent wherein the
t her noset and@ssoniated sefvwg: iAs Blatingh dnEhenmecauple padsa Siandard Ryrmace

s~ :7\{% .gl;ﬁgq%,ﬂy%g}%ehéwﬁct B 199048t Yh§ RalRy rate ot T1C to

IY~" ...
10  100°C/min were used. A small amount of sample (7 to 12 mg) was weighed

on the TGA's balance (resolution: 0.1 g; accuracy: to +0.1%) and heated
on a platinum pan. Samples were heated under nitrogen with a purge rate of
100 ml/min (60 ml/min going to the furnace and 40 mi/min to the balance).
Sample was equilibrated under nitrogen at 20°C for 20 minutes, then
15 temperature was raised to 200°C at a rate of 10°C/minute and held at 200°C
for 10 minutes. Temperature was then ramped to 425°C at a rate of
10°C/minute and held at 425°C for 4 hours. The weight loss at 425°C for the

4 hour period was calculated.

20 Shrinkage: Film shrinkage was measured by determining the film
thickness before and after the process. Shrinkage was expressed in percent
of the original film thickness. Shrinkage was positive if the film thickness
decreased. The actual thickness measurements were performed optically using
a J.A. Woollam M-88 spectroscopic ellipsometer. A Cauchy model was used

25  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, John Wiley and Sons, inc., 1999).

Refractive Index: The refractive index measurements were performed

30 together with the thickness measurements using a J.A. Woollam M-88
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or a mxture of said nononer and said dinmer wherein Y is selected from cage
conpound and silicon atom R, R2, R3, R4, R5, and R6 are independently

sel ect edwig e3sarqg! , branched aryl, and aryl ene ether; at Perbso1cROE820f t he
aryl, the branched aryl, and the arylene ether has an ethynyl group; R 1is
aryl or substituted aryl; and at |east one of said Rl, R2, R3, R4, R5, and
R6 conpri specuostapis tellipsometends Saughy nibdeladhs sised tpraahmilate thenpestditng
conpound havjing at |east bifunctipnality wherein the bjfunctionality nay be

Prag dpth gt 15

the same ' H ag'ta, ipless npte Ve oA [eHAcUve index) wasgirepaitedact i ng
ith I d | d 1:Q52749
peT/ uSo/ BbThaVRUSiepif b BIUARE Taekdly BRCEIBOTRARTLAY be HURE Ho8/),

- when sai d“gpspoastopic EHipsppiatad dnad Ruefcsometnydt by PL.GTHEh@opginsi andn of
claiml wherein said aryl conprises a noiety selected fromthe group

consi st i nYVibtam gheMeGatiana yoppndiipy ansheaps eteynyPBBheny! et hynyl ) phenyl ,
and (phenyl et hynyl ) phenyl phenyl . 3. The conposition of claim1l wherein said
Y is selected fromthe group consisting of adamantane or di anantane. 4. The
conposi tion of bk ladkh Plaplifess?i ModURRMEBAd iHar@h65E Were Smed Sigredon®ingi t i on
of claim4 wherein said nonormer is 1, 3, 5, ]

7-t et r aki B{s3trumenteshisdgntatiomjasitinige fe] measuraragnts wererperfounpd HsiN®A of

L S SR dertol e, U 00ms Gorp! "Bk HBES! TAE"sBlcifayT the
5 -trigl 3%&@%805%@5&9@%3&%&%&@%@%&'M@r\z—ﬁaﬁ- whicH h 2P et | 0N
of claim erein said mxture of said nononmer and said dinmer is present.

83 WO 03t6braté QndCdontsiddderrsindtien of mpodulus @ndolhardneissnr8thenethann sai d

nononmer is 1,3,5,7 tetrakis[3'/4'-(phenyl et hyny] ) phenyl anant d i d
di mer i SI %@sy[ﬁ@gng of a cy'lscs:lete value( Prom ¥he un oa)(/juzg cur\yes]. aﬂ’ne systgrq\ew%g sal

LR B g2 T 1

11. The cavgidusifon fafed Isilica Washshined fioin anleesge value etweeh)508 to
selected fromthe group consisting of:
15 1000 nm indentation depth. For the thin films, the modulus and hardness

values were obtained from the minimum of the modulus versus depth curve,

which is typically between 5 to 156% of the film thickness.

Tape Test: The tape test was performed following the guidelines given

20 in ASTM D3359-95. A grid was scribed into the dielectric layer according to
the following. A tape test was performed across the grid marking in the
following manner: (1) a piece of adhesive tape, preferably Scotch brand
#3m600-1/2X1296, was placed on the present layer, and pressed down firmly

to make good contact; and (2) the tape was then pulled off rapidly and evenly

25 at an angle of 180° to the layer surface. The sample was considered to pass
if the layer remained intact on the wafer, or to have failed if part or all of the

film pulled up with the tape.

Stud Pull Test: Epoxy-coated studs were attached to the surface of a

30 wafer containing the layers of the present invention. A ceramic backing plate
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(i) polycarbosilane of the fornula (1): RIO RL12 R15t | ( ~ S Rg Si S Rl4
S -R17 RO R11 ~'-R13 R16 a' b c in which R8 , R14, and Rl7 each

i ndependextdaypsvapr esents substituted or unsubstituted al kROEHS01/50182

cycl oal kyl ene, vinylene, allylene, or arylene; R8, R10, R11l, R12, R16, and
R16 each independently represents hydrogen atom al kyl, alkylene, vinyl,
cycl oal kywaseaanplied tr the baek side eﬁéhanmamyouvewienmubstram bhaoding aﬁad3

represents anosi licon, silan si | oxyl r ou and a C,
and d sat?'%‘?%‘/gtsﬁ’@séom%"é@'% it 508 pdaes of Bhe 3331 GnelHRs HREe Bhery ©
and d may, t I 3

pCT/ Uso1) B8 8&2%? ém%t'gﬁegagfﬁafﬁg o Watr Srtace: éi'gfvgs?'ég %élgaﬂjls
wher ei n Ridpidyidg d%ﬁﬁdaminduﬂzairomm stepsp arde streys ragpliedeat $hdnpbmgem
hydr oxyl, unsaturated or saturated al kyl, substltut ed or unsubstituted

al kyl nhetallupe,and thstintastane logatipnnyers tlwb;(gpor fdat urated or saturated

al koxyl, unsaturated or saturated carboxylic acid radical, or aryl; at
| east two of said R18, R19, R20, and R21 represent hydrogen hydroxyl

saturated or ugsripatiplied wittk8silentsircampatbiaty dithysolventsiwasidetarnsifled
carboxylic acid radical; and f + g + h + i< 4; (iii) phenol-fornal dehyde
resi ns orbylmegaswing §imt H!!C‘me‘rﬁul f&ftaC[UREZUEHZ( IRFSI9qYra.- angdigleginc| s
substi t ut ed bstl t I en

aryl; R23E9NS QPE?PF’ of&| Wf é’ﬁ% ﬁgaﬁﬁ% ané&Se‘ﬁ%mngNﬁ %ﬂgext "‘gr yl;

and 110—3 g,gﬂ,f,c(ah\()chghgg|s¢l,)bh|@bgqgﬁser4,ga esters of unsaturated carboxylic
acids containing at |east one carboxylic acid group; and (vi) vinyl cyclic

ol i goners or polynmers where the cyclic group is vinyl, aromatic, or

het eroaromatic. 12. The conposition of claim1l mherein sai d adhesion
pronoter (b) is said polycarbosilane. 13. An oligoner conprising said
conposition of claim1. 14. A spin-on conposition conprising said oligoner
of claim 13 and solvent. 15. The spin-on conposition of claim 14 wherein
sai d solvent i ohexanone. 85 WD 03/057p9 16. A polynmer made from
sai d oligoner drh ' ? 13.

15 Synthesis of 4,6-bis(adamantyl)resorcinol

Into a 2560-mL 3-neck flask, equipped with nitrogen inlet, thermocouple
and condenser, were added resorcinol (11.00g, 100.0mMol),
bromoadamantane (44.02 g, 205.1mMol) and toluene (150mL). The mixture
was heated to 110°C and became a clear solution. The reaction was allowed

20 to continue for 48h, at which time TLC showed that all the resorcinol had
disappeared. The solvent was removed and the solid was crystallized from
hexanes (150mL). The disubstituted product was obtained in 66.8% yield
(25.264g) as a white solid. Another 5.10g product was obtained by silica gel
column chromatography of the concentrated mother liquor after the first crop.

25 The total yield of the product was 80.3%. Characterization of the product was
by proton NMR, HPLC, FTIR, and MS.
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17. A layer conprising said polynmer of claim16. PCT/US01/50182 18. The

| ayer of claim 17 wherein said |ayer has a dielectric constant of |ess than
3.0. 19.wh muwssi4pat e having thereon at | east one of sai d PCEHESEIR| aim 17.
20. A substrate having thereon at least two of said |ayers of claim17. 21.
An el ectrical device conprising said substrate of claim 19, 22 ~A nethod of
i nprovi ng adhesion to a substr onprising the step of: OHsal d

substr at eHQa |.ayer O¥f conpositifon gonprising: (a) ther g cg
nendy~ rrpri_ses_m;narrer %ﬂ Lr fure
: i ng

wher ei n the fiheriosettiyng co
RLR.-,,,~~xz2N\ 4 ~ R2 R¥8 WO 03/ 057749 di nmer he st gt ure

Ri R4 R2. ~ R7 "R6 R3 PCT/US01/50182 or a mi xture of s nomer —7
~dimer wherein Y is sel ected fR2®gnivage conpound and sili¢On atom Rl ,

R3, R4, R5, and R6 are independently selected fromaryl, branched aryl, and
aryl ene ether; at |east one of the aryl, the branched aryI, and the aryl ene
et her has an ethynyl group; R is aryl or substituted aryl; and at | east
one of said Rl, R2, R3, R4, R5, and R6 conprises at |east two isoners; and
(b) adhesion pronoter conprising conpound having at |east bifunctionality

wherein the bipg @ﬁérﬁﬁidﬁb’f W.bﬁa&ﬂ%aﬁﬁl!?e%r%élflﬁﬁ?Btg ?%r#ﬁﬁef' rst
functionality TS capa rnteracting w sal ernosettl conponent
(a) ard témhes)gbmkbdnmctl onal ity is capable of interacting wt h sai d
substrate. 23. The nethod of claim 22 wherein said aryl conprises a noiety

ohenyl ot hyny! (BrERCET iy A7ISFs AR SOUIRBRRoMENA BITRART SR iOPERReRHPle 24,
of - adamany tne ‘S Skt A %ﬂﬁ%‘*ﬁéfhgﬁ‘ﬁ‘?é&?am’*%%lﬁ%%?ﬁ@? 1sting
nonomrer | $85Aabml), BEBZT Tte90@ghotB.67 niMol)) Potaksioei casborthteoBa@03g, s 87
Vo 03/ 0571%1.989mMol), DMAC (50mL), and toluene {25mL). The reaction mixture was
10  heated to 135°C to produce a clear solution. The reaction was continued for
Th at this temperature and the temperature was raised to 165°C by removing
some of the toluene. The course of polymerization was monitored by GPC.
At M, =22,000, the reaction was stopped. Another 50-mL portion of DMAC
was added to the reaction flask. The solid was filtered at room temperature,
15 and was extracted with hot dichloromethane (2x 150mL). Methanol (150mL)
was added to the solution to precipitate a white solid, which was isolated by
filtration. The vyield was 65.8% (8.511g). The solid was dissolved in
tetrahydrofuran (150mL) and methanol (300mL) was added to the solution
slowly. The precipitated white solid was isolated by filtration and dried in

20 vacuo at 90°C.
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1 (3,5 7-tetrakis[3' /4" -(phenyl et hynyl)phenyl ] adamant ane. 27. The net hod of
claim22 wherein said diner is present. 28. The nethod of claim27 wherein
sai d di neo é3msP@d/ USOL/ 50182 1,3/ 4-bis{ 1', 3", PCT/US01/50182
5'-tris[3"/4"-(phenyl et hynyl ) phenyl ] adamant yl } benzene. 29. The net hod of
claim 22 wherein said mxture of said nononmer and said dinmer is present.

30. The nethod of claim?29 wherein sai D one IS
1, 3,5, 7tetrakis[3' /4" HPphs g hynyl );ﬁh’? mant ane and sal d di ner |s
t hyryt’) ph

1,3/ 4bis{1',3 ,5 -tris[3 - (phenyl ]ada -r enzene.
R @ t | east t ta and para-

The met hod of cl ai

i . e Te erein said adheS|on pronDter (b) is
-selected fromth . (i) pol yF8BAdsi | ane of the fornul a
(1): 88 WD 03/05XZd RS Ri 0 R11 PCT/US01/50182 R12 R15 'S~-Rl4
Si "R17 OR13 R16 c d in which R8 , 4, and R17 each i ndependently
represents substituted or unsubstitut al kyl ene, cycl oal kyl ene, vi nyl ene,
allylene, or arylene; RO, R10, R11l, R12, R15, and R16 each independently
represents hydrogenratom al kyl, alkylene vinyl, cycl oal kyl ene, allyl,
aryl, or arylene and may be, I|near.o%!3>anéhed R 3 represents

organosilicon, silapyl, no° orou and a, b} c, and d
i C +d _K;;ép_ b and ¢ and d
er o; of |the fornul a

9, R20 and R2, | each
unsat urated of saturated

may coll ectively or
(R18) f (R19) gSi ( R20)
i ndependently repre oxyl,
al kyl, substituted ' at kyl where the substituent is am no or
epoxy, unsaturated or saturated al koxyl, unsaturated or saturated
carboxylic acid radical, or aryl; at least two of said R18, R19, R20, and
R21, represent hydrogen, hydroxyl, saturated or unsaturated al koxyl,
unsaturated al kyl, or unsaturated carboxylic.acid radical; and f + g + h +
i< 4; (iii) phenol-formal dehyde resins or oligoners of the fornula -
(R22COH2 (B AmpR2BAl; Where R22 is substituted or unsubstituted al kyl ene)
cycloal kyl'ene, vinyl,allyl, or aryl; R23 is alkyl, alkylene, vinylene,

cycl oal kyl ene, Aaidrpesitionds farmped fegrn thezprodoct of \Exaggiei bysilagener s:

5 adhesion promoter, and solvent and then spun onto a substrate.
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(v) esters of unsaturated carboxylic acids containing at |east one
carboxylic acid group; and 89 WO 03/0577:t9 PCT/ US01/50182 (vi) vinyl
cyclic olwmemsrswor pol ymers wherein said cyclic group i SPEUUSE/S0¢82
aromatic, or heteroaromatic. 33. The nethod of claim 32 wherein said

adhesi on pronoter (b) is said polycarbosilane. 34. A conposition

conpri si nfexample hebyothasis of) Alterpative Ralymgrs he structure R, 1 R 2 R16 Are
R siRa R 3 wherein Ar is aryl, and R,, R2, R3, R4, R6, and R 8 are

i ndependently selected fromaryl, branched aryl, arylene ether, and no
substitution; and each of the aryl, the branched aryl, and the arylene
ether has at |east Wdg ethynylggroup; and (b) adhesion pronoter conprising
conmpound having at | eag nctionality wherein t3# i
the same or different e first funcylonagd
W th said therpdsesyir

7734 wherei n sai d adhesi on pr onot er
gting of: (i) polycarbosilane of the
PCT/ US01/ 50182 R12 R15 i Si-Rl14 Si

& _

-'R17 O R13 Rl6TC d

5 The synthetic procedure as described in Example 1 was used except

that 4,4'-difluorotolane was used as the difluoro compound.

10

56



in which RB , R 4, and R' each independently represents substituted or
unsubstituted al kyl ene, cycl oal kyi ene, vinylene, allylene, or arylene; R9,
R10 R11, wid 3/05®4b, and R16 each independently represents HWyOusgeaigt om
al kyl, al kyl ene, vinyl, cycloal kyl, allyl, aryl, or arylene and may be
| i near or branched; R 3 represents organosilicon, silanyl, siloxyl, or
organo group; and a, b, ¢, and d satisfy the conditions of [4< a + b + ¢ +d
< 100, 000], angy 2@ and d may col |l ectively or independently be zero;
R1I0 Rg Si R9 RIT a g (1) silanes of the formula (R18)f(R19)9Si (R20)h
(R21)i wherein R18, R19, R20, and R21 each independently represents
hydr ogen, hydroxyl, unsaturated or saturated al kyl, substituted or
unsubstituted al kyl where the substituent is am no or epoxy, unsaturated or
sat ur at ed aIkoxyI)Pﬂ?saturated or saturated carboxylic acid radical, or

0 e S

pSPi t ut ed or ,.-ung

aryl; at least two
"hydroxyl, saturated or
unsat urated carjoxyli

eehal kyl ene,

X 3 | ene,

cycl oal kyl ene) ; ; ers; (v)
esters of unsakuraied carboxyl | ¢i ds cgnt ai ni ng-at’ | east one TCar boxylic
acid group; and 912 WD 03/0577: 19 PCT/ U$01/ 50182 (vi) vinyl cyclic
ol i goners where said cyclic group is pyrigdine, aromatic, or heteroaromatic.

36. The conposition of claim35 wherein said adhesi on pronoter (b)

cdt ©

cycl oal kyl ehg

<

conprises said polycarhposilane. 37. A spinsefm conpositi Jonpri sing said
conposition of claim_34 and solve . lon of claim
37 wherein said solvenf is . : . =1V sing said

spi n-on conposition of _claim gleJe uci ng | ow'di el ectric
constant pol ynmer precgdrse ¥ j ' ] nrovi di ng
conposition conpriskng : ~'\ G sai d

5 The synthetic procedure of Example 1 is followed except that 3,4-
difluorotetraphenylcyclodienone is used as the difluoro compound.
Example 2B:
A composition is formed from the product of Example 2, phenol-
formaldehyde resin adhesion promoter, and solvent and then spun onto a

10  substrate.

Example 2C:
A composition is formed from the product of Example 2A, glycidyl ether

adhesion promoter, and solvent and then spun onto a substrate.
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R ,, R4. ~ R2 R3 92 WO 03/0577=19 di mer having the structure R~ R4 ~yl ~
rr~~~~"..... RS RR. ~\R7/ "R6 3 PCT/US01/50182 or a m xture of said nononer
and sai dwd ess7meerein Y is sel ected from cage conpound aPGT/ABII/E82 at om
Rl, R2, R3, R4, R5, and R6 are independently selected fromaryl) branched
aryl, and arylene ether; at |east one of the aryl, the branched aryl, and
the aryl ene et Example 3, et hynyl group; R7 is aryl or substituted aryl; and
at |east one of said Rl, R2, R3, R4, R5, and R6 conprises at |east two

i soners; and (b) adhesion pronoter conprising conmpound having at | east

bi f uncti onal i tSZ) @meia{e#r?ét%mwﬁ;basggww may be the same or different
and the first functionality is capable of interacting with said

Do mosert g gp‘%ﬂgg}'stéat e etsrhe'e %ﬁﬂ@ﬁmrﬁlé'{éﬁtéQé]ﬂéla%Hal%légaﬁgpkﬁapf

interacting mnt a su en sai osition i o sard
substrat ecafibé fabridatedacogrding do ahERfH dralogyrithetictpropedatelineExamaplezbout
30C to about 350C for about 0.5 to about 60 hours thereby formng said | ow
diel eciri @ awhédtant pol yner precursor. 41. The method of claim40 wherein
said nonomer is present. 42. The nmethod of claim41l wherein said nononer is
1,3, 5, 7-tetrakis(3'14'-(phenylethynyl)phenyl]adanantane. 43. The nethod
of claim40 wherein said dlnq{ i's pres 93 03/ 0577, CT{ USO1/ 50182
44. The method of clai m 43 WwhersiNg FC FZCoi —3',
5'-tris[3"/4"-(phenyl et hy mant yl ) benzene. 45. e met hod of
claim 40 wherein said ni nonmer and said dinmer is present.

tetrakls(S /4" - (phenyl et gddmant ane and said diner is 1, 314bi s{
1', 3, 5 -tris[3"/4"- (ph-nylethynyl)p enyl ] adamant yl } benzene. 47. The
nethod of claim 40 wherein said adhesion pronoter (b) is selected fromthe
group consisting of: fi) polycarbosilane of the formul a ﬁl): H

10

15

20
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.

SI-RRR9 10 R12 R15 Si-R14 Si R17 11 ~ R13 R16 b ¢ in which Re , R 4, and
R' each i ndependently represents substituted or unsubstituted al kyl ene,

cycl oal kweosos7uonyl ene, allylene, or arylene; R9, R10 RIRCT/RS$®/50RS, and
R16 each independently represents hydrogen atom al kyl, al kyl ene, vinyl,
cycloal kyl, allyl, aryl, or arylene and may be |inear or branched; R 3 94
WD 03/ 0577: 19 IR HH0182 represents organosilicon, silanyl, siloxyl, or
organo group; and a, b, c¢, and d satisfy the conditions of [4<a + b + c +d

< 100, 000), an 3 I i Vi ' n Zgr 0;
(ii) silanes o htghgaﬂ"cf&swﬁal'?ﬁl”g‘%"{'?%lgﬁ'gi F%O"%&(@W%g’?eﬁgﬂ%& %10
R20, and KAsaraated nddqpxytierddiyl estpr adhasionhydnogten, ahydsalxght andseian at ed
or saturated al kyl, substituted or unsubstituted al kyl where the

subst i t ueSPUNLMHR hBuBStr&®oxy, unsaturated or saturated al koxyl,
unsaturated or saturated carboxylic acid radical, or aryl; at |east two of

said R{8, R19, %g%glg%.ml represent hydrogen, hydroxyl, saturated or

unsat urated al Saturated al kyl, or unsaturated carboxylic acid

radi cal; and f + h +.0i<.4: (iij hgnol - f orymal dehyd esi r.

ol i goners of t H’ée%@mc?satlén M&%—é?&—ﬁﬁ%ﬁ%%&&ééézé’f@éﬁbgtY'Pﬁlt ed or
unsubst it giyAdinkl SNdAAEr of pelyrbK WURBSionVprdYhoter! Al .sdWNert' Xh@RRen Bpdini S

al kyl, al kyl ene, vinylene, cycloal kyl ene, allylene, or aryl; and j=3-100;
(iv) glycpoy asuhstrate(v) esters of unsaturated carboxylic acids containing
at | east one carboxylic acid group; and (vi) vinyl cyclic oligoners or

pol yners Wneregsai d!cﬁg'i c group is pyridine, aromatic, or heteroaronmatic.
95 WO 03/ 057 01/50182 48. A nethod of producing |ow dielectric

const ?Ipt pol ymﬂ\é cCo?n ééifc‘llorq stfgremcseaq‘PosmO{h:e third polymer of Example 3, vinyl

aromatic oligomer or polymer adhesion promoter, and solvent and then spun

onto a substrate.

Example 3D:

The composition is formed from the fourth polymer of Example 3, vinyl
15  heteroaromatic oligomer or polymer adhesion promoter, and solvent and then

spun onto a substrate.

Example 4

Adamantanyl endcapped monomers as shown in Figures 9A and 9B
were synthesized as described in C. M. Lewis, L. J. Mathias, N. Wiegal, ACS
20  Polymer Preprints, 36(2), 140 (1995).

Example 4A:

A composition is formed from the product of Example 4, vinyl silane

adhesion promoter, and solvent and then spun onto a substrate.
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(1) providing oligomer of (a) thernobsetting conponent wherein said

t hernosetti ng conponent conpri ses nononer having the structure R RZ R3

di mer hawiowp/dsheostructure RL R4 ,,,, ~~~~\Y\ [Y~="~"" .. .. PEBURA/50182R7 R6 R3
or a mxture of said nononer and said dinmer wherein Y is selected from cage
compound and silicon atom Rl, R2, R3, R4, R5, and R6 are independently

sel ected from BxXgmpl&yBanched aryl, and arylene ether; at |east one of the
aryl, the branched aryl, and the arylene ether has an ethynyl group; R 1is
aryl or subst i Thisecexample illastrates theaprepanetion of & thermosretingR3, R4, R5, and
R6 conpri eempanehedst two i soners; and (b) adhesion pronmoter conprising
conpound having at |east bifunctionality wherein the bifunctionality may be
»the sane or di §feyy ant Senthdsieof 315, fursttairoaidddamantaapadBA)of i nteracting
with said thernosetting conmponent (a) and the secondgfunctionality is
capable of interacting with a substrate when said cofiposition is applied to
said substrate; and 96 WD 03/ 057
ol i goner thereby formng said | ow @ )
pol yneri zation conprises a chenicg cafttion of whyl group. 49. The
met hod of claim48 wherein said Y71s selected fr@ the group consisting of
adamant ane and di amant ane. 50. The nethod of claim48 wherein said aryl
conprises a noiety selected fromthe group consisting of
(phenyl et hynyl ) phenyl , phenyl et hynyl ( phenyl et hynyl ) phenyl, and

(phenyl et hynyl ) phenyl_phenyl . 51 The nethod, of. cl aim 48 wherein at. | east
three of the a?'ysf',%%ﬂgﬂfﬂ REMRadamantane RyResis, siaced g‘i‘ﬁ@rcq{ﬁwr 'abi’hynyl
group, an i " i i ! r il af at
east t not R B M s et e o
the aryl, Gt e Bokdomrhaesd H.yE., Gilbért, hk Orgl €henef K5, 6408-5408t 1\H80), @.oup,
and wherein the pol émeri zation wri ses a chem cal reaction of the ethynyl

groups. 53chamel, Nt Bdmefling| &i WMeadlingedeith \Wanglortin deHaiz, inesBniNeus, ~ The

net hod of, ¢l ai . rein id n i .

(3. 5.7 1 cbpi SOUBI PRI She: 200 S TR F1088knPLAY: Posknand Asd o
cl aijmd_48 m,eéled'i\n & 8. §. MdddhenR6£ZBNDrg 56hef e 9MaBBOM 9¥2)¢ ICriafitities \wier ei n
sal lmer 1s

( 31 4- bi s{ap @' 1509 per Hagch aerepioeitipebt dymiesizrdny| | adamant yl } benzene. 97

g PGT/ US01/ 501827 pol yneri zi ng said
i ol yner, wherein the
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WO 03/ 07749 PCT/ US01/50182 57. The nethod of claim48 wherein said m xture
of said nononer and said diner is present. 58. The nethod of claim57

wher ei n a0 oB/osononer is 1,3,5,7 PCT/US01/50182
tetrakis[3' /4" -(phenyl et hynyl ) phenyl ] adamant ane and said diner is 1
(3/4bis{ 1", 3", 5'-tris[3"/4"-(phenylethynyl) phenyl] adamantyl } benzene.
59. The net hod of cI al m 48 V\/nerel n sal d at, I east t ] ,ta and
para- isoners. :
conponent
sai d adhe ‘ ed OnNST g O )
pol ycar bogyd,,@,a_g_hghngg@aﬁqgh bhe (BTB RO 10I 1b R12 ~Si RI4 O R13 R1S
Si R17 R16 Ich R8, Rl14 and R17 each independently represents
substituted or unsubstltuted al kyl ene, cycl oal kyl ene, vinyl ene, allylene,
or aryl ene R9 In afirst stepy T%ZVaSR'iF@Ct%W'mwmﬁﬂzﬁﬂéﬂén\dé'ﬁtﬁ%pﬂoéﬁﬂh’sents

Cycl o kyil S 75t tags B brSRBph et adamaliat. TTRER) " o aRReREad” ™

represent %ﬂéﬁr@iﬁb?ébﬂz/eﬁoﬁ? S/U1@7b23so1|99ml(suefa)ommpms Qunalysaendhawela c,
and d satisfy the conditions of [4 <a + b + c + d < 100,000], and b and c

and d may thal okthe mayr@ctnpndyp@naemm yereentage of (the)desinednEaP Afpresent

f | wh h
D donondoiaS, SRToRIBRILY B0 ko cheoaipantie v 2l afottie, HixPhinses
al kyl', Su?éﬁéﬁﬁ@ﬁﬂa&ém‘éﬂf%t ' téHch abkut WAeE ther supwd | t idtbniisafel No or

epoxy, unsatur at saturated al koxyl, unsaturated or saturated

car bokxy! i cetmapliemy@ddamantane.aryl ; at | east two of said R18, R19, R20, and
R21 represent hydrogen, hydroxyl, saturated or unsaturated al koxyl,
unsaturated al kyl, or C Y

| <4,

~50% ~40% ~10%

15 Specifically, the experimental procedure for Step 2 above follows:

A dry 5L 3-neck round bottom flask, water condenser, magnetic stir-bar,
heating mantle, thermocouple, thermal controller unit, and N, inlet-outlet to
30% KOH solution were assembled. The flask was purged with N, for 10 min.
2L (62% v/v from total volume) of bromobenzene were poured into the flask
20 and the stir-bar was activated. TBA (160.00 +0.30g) was added and the
funnel was rinsed with 1L (31% v/v from total volume) of bromobenzene. An
HPLC sample of starting material was taken and compared with standard HPLC
chromatogram. Aluminum bromide (32.25+0.30g) was added to the solution
and the funnel was rinsed with 220mL (7% v/v from total volume) of
25 bromobenzene. Solution at this point was dark purple with no precipitation

visible. The reaction mixture was stirred for Thour at room temperature. After
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(ii1) phenol -fornmal dehyde resins or oligoners of the fornula - [R22
CoH2(OH) (R23)]j where R22 is substituted or unsubstituted al kyl ene,

cycl oal kwicessms7monyl , allyl, or aryl; R23 is al kyl, alkyl pepUSH/seyd2ene,
cycl oal kyl ene, allylene, or aryl; and j = 3-100; (iv) glycidyl ethers; (v)
esters of unsaturated carboxylic acids containing at |east one carboxylic
aci d group; hand, (the) reactjon cyixtuce otérgperatereorwps| yaised thed8°Cai dfteyclic
group is aronat i het eroaromati c. ow dielectric

di
const ant fﬁe\{*'e?r'agﬁrecm?ﬁhﬁéﬁf% 8( éf‘ef’PF‘E'E'O%éE'%B‘UﬁeWﬁé\ﬁtﬁbedf ?Q’S'Jf’ holrsnafinc _
ol ety a”ﬁPi_bréé bRAGak aKEh ARiABY i@cé’”ﬁahg@?ﬁ\'?él € i AY I RO %chRmat'C

noi ety an secondPreacti ve group wherein |rs “and second backbones are

» crossl i nkesvpvert Whehinic traeas of SXBAdveRasddry 6n HRLD Thromategass. iWkiend
reaction and ‘cage structure coval ently bound to at |east one of the first

and setonthenteaclioneyasnuekithedaek ceaption Miue WasqRred datoa? aoéafﬁcmfg ht

atons; and .adh ter ris onp h

bi f unct i oﬁ%'('ﬁbaﬁ"y"%% %-PJ?/ gz‘m? g S%‘fg% 2‘9‘%&} %\rf Bﬂ)rﬁgbla ne)

bi f unct i ogglohizedWatéie ALhee2e/OFelfiifd @ eRb tatll VdIemiel 68brdHbBBEhM) Ity s
capable of interacting with said first and second backbones and the second
functi onaicet yand 88Paill e(3t%) nHEN at@%ny/wi rélativeutest thet etotplervoluing edt eri al

lied t d sybstrat 63. Th I t t ant
mt 2Pf’al Brorbplentans unclo? eesHana T e WA SRy et B PLansT “GBHy AN 64

The s U?Jh%deétﬁL&Cer'ﬁrwﬁmﬂt material of claim62 wherein at | east

one the rst reactive group or the second reactive group conprises an
ethynyl group. 65. The spin-on |low dielectric constant naterial of claim62

wherein the Cawﬁe%gmt:%?ercwaerﬁmeﬁ&d h8asiefitStdty HERIBEH AP waitHed
di amant ane. 66. The™spi n-on dielectric constant material of clai m 62

wher ei n thmceagmtst?t)omhmﬁZ%om irelasive toutis tdtabwolure@. ofTheorepbenzand) ow

dielectric constant material of cJﬂ_al m 6 vg{1erei n sai d adhesi on pro [er (b?
i s sel ect RAtiasnPt Ae-1gRigER Wak: sTPRgVashe P593p515‘i’j%\€1‘?'b\9’§ﬁl BlAge i hd

forml a (ééparlé'tory funnel and added, as a slow stream, to 16L (5 x times to the total
15 volume of bromobenzene) methanol, in a 30L reactor placed under an
overhead-stirrer, to' precipitate a solid during 25min £ 5min. After the addition

was complete, the methanol suspension was agitated vigorously for 1hr *

10min. The methanol suspension was filtered by suction through a Buchner

funnel (185mm). The solid was washed on filter cake with three portions of

20  600mL (19% v/v relative to the total volume of bromobenzene) methanol. The

solid was suctioned dry for 30 min.

The resulting pinkish powder was emptied into a crystallizer dish using

a spatuia and placed in a vacuum-oven to dry overnight and then weighed
after drying. The powder was re-dried in the vacuum-oven for 2 additional

25 hours until the weight change was < 1% and re-weighed. After solid was
dried, the final weight was recorded and the yield was calculated. The product

was as described above of approximately 50% TBPA, 40% tribrominated
tetraphenyladamantane, and 10% dibrominated tetraphenyladamantane. The

yield was 176.75grams. 3-5 weight percent of BTBPAB formed.
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S I-Re RO 10 R12 R15 Si-R14 Si R17 11 ~-R13 R16 b ¢ in which Re , R 4, and
R, ~ each i ndependently represents substituted or 100 WO 031057749

PCT/ USO1iaPdsad7uasubst i t ut ed al kyl ene, cycl oal kyl ene, vi npCEOS01/3M82y| ene,

or arylene; R9, R10, R11l, R12, R15, and R16 each independently represents

hydrogen atom al kyl, al kylene) vinyl, cycloal kyl, allyl, aryl, or arylene

and may betbp MeasyAihdyis o TBEA Bhd BEBPALBENt s organosilicon, silanyl,
siloxyl, or organo group; and a, b, ¢, and d satisfy the conditions of (4<
a+b+c +d < 100,000], and b and ¢ and d nay collectively or

i ndependently be rzero; (i i% silanes of the forpula

(R18)f, (R19) gSi (RRO), h, (B21)i; wherein R18,

+ i ndependent |y repfesent s drogen, hydroxyl,
al kyl, substituted or unsubstituted al kyl wh

218 R20, and R2, each®r
ed

@ saturated or satu_

epoxy, unsaturatefg t edzal koxyl rateq or sat yrg
carboxylic acid rad oF—aryl,; at | east of _$al d=RE8, \RIZ dnd
R21, represent hydrog hydroxyl, saturat g unsat urated al

unsaturated al kyl| or aturated carboxyl | Ba;m.cimf radi cal ; and Nl-!';- g+ h +
i<_4; (iii) pheno|-fornaldefde resins or_sgi goners of the formia -

[ R22C6H2(OH) (R23)]j W e R22 is substituted or unsubstituted al kyl ene,
cycl oal kyl ene, vinytT—attyt—or aryt; R2Z3175_alKyl, al Kyt ene, . vinyleng,
cycl oal kyl ene, allylene, or aryl:; and jmixiwgetpog: isqmeg st ity sl di-rapdiapvativesy | )
esters of unsaturated carboxylic acids containing at |east one carboxylic
acid group; and (vi) vinyl qgyclic oligoprers or polyners where the cyclic
group is pyridine, aromati®,| or heterogromatic. 68. A spin-on | ow

di el ectric constant polyma;i; cdnprising/ (a) polymer having pendant cage
structures -[ OR24(R26) mORzg!["E 101 4 03/ 057p9 PCT/ US01/ 50182 wherein R24
is -CgH3 ; R25 is adamant &hd, ™ di nt ane, (C6H5) p(adanantane), or

(C6H6) p(di amantane); m=1-3;'' n = 1-103; p = 0 or 1; and R26 is a radical of
2, 3,4, 5 (tetraphenyl)cycl gdienone-1 or _ co, and / C=C- \

¢

O

Br
~90% 1

1,3,5,7-tetrakis(3'/4-bromophenyl)adamantane
{mixture of para and meta isomers)

Unexpectedly, however, when the preceding product mixture was

5 subjected to fresh reagent and catalyst (bromobenzene and AICl;, 1min at
20°C), the TBPA proportion of the mixture of the tetrabrominated,
tribrominated, and dibrominated monomers increased from about 50% to
approximately 90-95%. 3-5 weight percent of BTBPAB remained. We were

so surprised by this result that we repeéted it several times to confirm and this

10  resulted in a novel process for converting the preceding mixture to a

thermosetting component (a), as described below and in Figure 11.
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g}ggﬂ}g&(g)*ifg&g%c@gawy,l?téng%p%%%i /;B."%Q&cﬂ?/ 0% (tfi%sJSQeEi04 synthesis
10%& () - QhdW¥E e 3&@0@!@ eJuitiiént Jwas Cassdritsied: @ﬁtlﬁ)ﬁ/@g&-hbck round

1098 () -3ml0%& () - 3YMLOY&' MLO%&' () -3&10%&' () -">adEbC/f @5MLO%&R' () - 33
109 ()- Botord0%Hagh, 0'WHER' (GorB)ehsEOIR Q\)erh#ad%lj'r(eyr ap@ating &Iroestle) -

10%’ ()-LL10%& ()- 10 .10 10:  10% 3v7100e ( $109
)#P$10%& (tS'e')"ifPé‘)l Wpig, ther gﬁe ﬁ?’ émmwm Fupa %d@&?é);%&ﬁ%() )P

$10/

)#P$1 Nﬂ%fb‘&)«ﬁ’ 19 303 K. P 4 L1118 'io"gx?vﬁooeg?d(‘)”'m N iBoke (1™ Ps10%
& ()- )P$100/& ()-)#3T ) #P$109%& () - )89FJKLM/0K CP$10%& ()-)#3T

) #PS10%& () - ) PHHsiXeure BPFEHRA Ahd Wm@f(&mhﬁ_@tep 3 synthesis procedure

) #VZbxyeK1CP$10%&' () - ) P$109%&' () -) P$109%& () -) #3T

above was weighed. The triethylamine (TEA) (total calculated TEA volume
minus 300mL) was added to the reaction flask and the overhead stirrer was
activated, followed by the addition of the following compounds in the order

20 listed below: dichIorobis'(triphenylphosphine)palladium[ll] catalyst, rinsed the
| funnel with 50mL (4% of total volume) of TEA and stirred for 5min;
triphenylphosphine, rinsed the funnel with 50mL (4% of total volume) TEA,

and stirred for 5 min; and Copper(l) lodide, rinsed the funnel with 50mL (4%

of total volume) TEA, stirred for 5min. The total amount of TBPA from the

25 Step 3 synthesis above was added and rinsed the funnel with 100mL (8% of
total volume) TEA. The flask was heated to 80°C. Once the reaction mixture

temperature reached 80°C, a HPLC sample was taken for analysis. This was

the starting material.

67



) #P$109&' () -) P$109%&' () -) P$109%&' ()-) oP, C#3T
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10%&' () - ) B3OQI& W3S yaken awtE08diaurs RERMINOPQct P1CHPS109& () - ) P#3T
) #P$10%&' () -) P$10%&' () -) P$10%&' ()-) P$10%& () -)#3T
) #CgoeF1CHP$109P$10%. () - ) P$10%& () -) #3T

) £PS10% ()-) PREQUECoAPSPAUR (ad EBRIGHPBLANES (od BRI Wiskda NRRIGH:R) ) PS

)#P$10%& Buchhérd fae].) (-1)8%&09(& (l'he)d?ﬂid@%&h(ié weré3daghed twice with 600mL
&sTSC#P$10%& () - )P$10%& é)
) #P$109& of TEPs 19dede( 7 $@ 1001&“(/? 19 the gateulated SFegyotpmeh.cTbe 1fijtar qake) p$10%

L5, S e Y B

) #dJOCHPS 8Y%E. flatived 18%8hd )caldiddted TEA volume) of TEA for 15min at room
) #PS10% ()-) PSLO% () ) PSLOYE () -) PS100& () ) nTSCPSLO% () ) PS10% () -) PS

109& () -) Fanpegatple.) 8% fjltersadkegwas -filtegad iiraugh) a duchaps fangel (| 8p#Bm)
) #PS10%& () o) R NEe Qhid SN Sindd Wit &obiat) #EA Wivos = 26% relative to
15  the calculated TEA volume). The solids were suction dried overnight. HPLC,

DSC, trace metals, and UV-VIS were done on a 3 gram sample of the crude

product.

An explanation of thé. differences between the prior art and the present

invention follows. Figures 11 and 12 show the preparation of the isomers

20 discussed below, and the Roman numerals in the text of this Example
correspond with the Roman numerals in Figures 11 and 12. 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 this compound - 1.3,5,7-tetrakis[4'-

25 (phenylethynyl)phenylladamantane (VIll). This, and only this compound, having
definite structure (which can be characterized by the analytical methods) was

the target of Reichert’'s work.

Reichert's plan was to realize the following sequence:
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F+| 0, +0
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{(phenylethynyl)phenyl]adamantane (VIil)

Reichert successively realized this sequence, and isolated the single p-isomer
(VII), but the solubility of this compound turned out to be so low, that she
20 was not able to obtain '*C NMR spectra of this compound. Reichert observes:
“Compound 3 [{VIII)] was found to be soluble enough in chloroform that a 'H
NMR spectrum could be obtained. However, acquisition times were found
impractical for obtaining a solution '>°C NMR spectrum. Solid-state NMR was
used to identify the product.” Reichert. Diss.{supra). And to confirm these
25 results, Reichert’'s compound was tested with several standard organic
solvents and was found to be essentially insoluble in every one of the tested

organic solvents.

So, in other words, Reichert prepared what she thought was 1,3,5,7-
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To shift equilibria toward 1,3,5,7-tetrakis(3'/4'-

bromophenyl)adamantane {lll) side, we treated the solid reaction product of
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A e o

, L&M 10%ué&dd() - r | |- 5NA410We|gﬂit 10%1869:(0)ent 1,3/4-bis{1',3',5'-tris[3"/4"-
25 phenylethynyl)phenylladamantyl}benzene (14 isomers formed.l) which were
identified by GPC, NMR, and HPLC and was very soluble in toluene, xylenes,
cyclohexanone, anisole, propylene glycol methyl ether acetate, mesitylene,
cyclohexylacetate, etc. For example, its solubility in cyclohexanone is > 20%.

This property enables it to be spin coated, which ensures practical use of this
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10 This example illustrates the preparation of another thermosetting

monomer (a).

Step 1: Synthesis of m- and p-bromotolane isomers

( )o=on — ==

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(triphenylphosphine)palladium[il] chloride (0.82g),
and copperll] iodide (0.54g) were added. Then, a solution of phenylacetylene
(9.025g, 88.37mmol) in triethylamine (50mL) was added slowly, and the
20 temperature of the solution was kept under 35°C 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 extracted with dichloromethane (2 X 150mL). The
organic layers were combined and the solvents were removed by rotary
25 evaporator. The residue was washed with 80mL hexaneé and filtered. HPLC

showed a pure product (yield, 19.5g, 86%). Additional purification was
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10 The synthesis of p-ethynyltolane from p-bromotolane was performed in
two steps. In the 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.

Steb a (Trimethylsilylethynylation of 4-bromotolane): 4-Bromotolane

15 (10.285g, 40.0mMol), ethynyltrimethylsilane (5.894g, 60.0mMol), 0.505¢g
(0.73mMol) of dichlorobis(triphenylphosphine)palladium(ll] catalyst, 40 mL of
anhydrous triethylamine, 0.214g (1.12mMol) of copper(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,

20 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 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
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nitrogen ‘inlet, an overhead mechanical stirrer, was charged 800mL of
anhydrous methanol, 12.68g (46.2mMol) of 4-(trimethylsilyl)ethynyltolane, and
10 1.12g of anhydrous potassium carbonate. The mixture was heated to 50°C.
Stirring continued until no starting material was 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 sus-
pended solids by HPLC showed mainly impurities. The dichloromethane filtrate
15 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%.
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Step 3: Svnthesis of Mixture of 1,3,5,7-tetrakis-{3'/4'-[4"'-

henvlethvnyl)phenylethynvllphenyl}adamantane (TPEPEPA) and 1,3/4-bis
{1'.3' . 5'-tris{3’'"/4''-[4"""-
henviethvnvl)phenylethynyllphenyl}adamantyl}benzene (BTPEPEPAB).

J . 4
Br @rg < Br @re

* [ Br 7
| _ 1
{TBPA)
Br Br

Br Br

75



#3+VH# | Q07 10%8& ()- KA #10%#& () - #3+VHKA #10%& ()- KA #10%:& ()- KA
#10%t& () - KA #10%t& ()- [F|[:07 '10%&& ()- 0 !109%&& ()- f!109%&& ()-
| 1098& (WO 03/081R98&L ()-( ! 109%8& ()-3}]|[:07 v, ! 10%&& ()POT/ESHCVED () -

) 109%8& ()- &L0%&& ()- $!10%&& ()-( |"#109&& ()-]1b|[:07 @B 109%&& ()-0
6! 1098& ()- 4! 1098& ()- 93$109R& ()- 1109&& ()-( 3.109%&& ()- ?BCDESb v
1 1098& ()-' !109%&R& ()- ~910%&R& ()- 10&10&#0% y=109%&& ()-( 9! 109%&& () -

Lw [:vU4 1 109&& () - 3$109@& ()- Z108@d ()- ,!10%k& ()- !109%&& ()- ( ,
#1088 ()-6 ~ +7|[:vU4 ) @O%R& ()- 3SRILOIRS ()- $!' 109%&& ()-

"1008& ()- f 109&& ()-( $10%&& ()- 7{bkMN.vU4 F5!109%8& ()- F3!10%&& ()-
@$109&& ()- 30! 109&& ()- 39-!109R& () - 10%&& ()-KvU4  #109R& () -

- 1109@& ()- " 910%&& ()-108&10810& ; 109&& () FY7! 10%&& ()- pXd+. |[:vU4

) 109%8& ()- $! 1098& ()-F $109X&X& ()- $LAYSESE ()- $LO0UNENE ()- (
#10%& () - e 0bU4  99109&E&X: () - 10&10&1 109&& ()- 38! 109&R& () -

- ! : @ &$10%&E&&& () Y1008E&&S& () -

&$10%E&Y& ()- *&$109
d vU4 18&10%8& ()- LLY® JrSSEER: ¢! (

S +SS100ELE () -- () +SS10%ELE () - - d ™ T1098& ()- , #109%&& () -
L1 109R& ()- !109%&& ()- !109%&& ()- /L0984 () QS0 [ VUL YA0%E ()-
"1098& ()- y ! 109%&& ()- $10%&& ()- | 'ty&&'()- Y$1008&' ()-%&B "' ' |[: vUs
AF10%&&' ()- 2! 109%&& ()- 1! 10%&& ()l / $10%&&

& $1008& ()-'"'"'' ' 6((vU4 | 10%&E - &100/&&55‘5@3%100/&&&&(
LL10YRE&&E () - 10&10&10&( S<109&& () j)**8+ [:vUA | 109RERRE! ()-
L&S10YRERRE ()- ! 10YRE&RE ()- #L10YREHEE ()- Fs! 109RE&EE ()- (

| 10YRE&RE ()-8++, ,-T-m|[:vU4  s$ LAYRELEE ()- "! 10YRE&LE () -

|1 109RE&EE () - $10%WE8&y& ()- ! 109RERES () - ( ! 109RE&EE ()-mp--K. .8//|[:vL4
S2! 109RE&&SE ()- O! 10YRE&’SE ()- f9- &STOUREL’SE ()- +! 109RE&&S ()-

3(! 1098E&&& () - ( , &LOYRE&&S () - / 0kOn00OpPOgO0OVU4 | &10%&S& () -

“L109&& () - 108E&&10&E&&10&ELS S: 10YRELEE ) - 3&$L0YRE&EE () -

38$10%E&& () - n001X1123|[: vU4  $1098& ()- FS! 109%8& ()- f#10%8& () -

A mixture of TBPA and BTBPAB (supra) was reacted with 4-
ethynyltolane to yield the final product of a mixture of 1,3,5,7-tetrakis-
{3'14’-[4"'-(phenylethynyl)phenylethynyllphenyl}adamantane (TPEPEPA) and
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15 In Table I, BSR stands for back side rinse and EBR stands for edge bead rinse.
The coater used was DNS SC-W80A-A VFDLP, pressuring gas was helium,
the dispense pressure was 0.08MPa, the dispense rate was

1.0milliliter/second, and the inline filter was 0.1 micron PFFVO1D8S (Millipore,

Fuluoroline-S).
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Tape Test Pass Pass
Refractive index @ 633nm 1.675 1.627
Compatible with Solvents Yes Yes

10  Visual inspection confirmed that no striations were present. The Tg
improvement is significant for use in a harsh high temperature processing

environment and the modulus improvement contributes to product integrity.
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#3=1dDvU410 ##33%! 10%#& g) -= #3:!&! 1094t&' (2 -= %‘ 10%5:8 ()-= $110%& () -=
component (b) used was (CH,SiH,), wheré q is 20 to 30.
Table IV
Comparative B Example 9 Example 10 Example 11
Component {b) 0 3 6.7 10
(weight percentage)
Refractive Index:
After Bake 1.702 1.693 1.628 1.676
After Cure 1.629 1.619 1.614 1.615
After 425°C/10hour | Not determined 1.612 1.607 1.606
anneal
Thickness:
(Angstroms)
After Bake 8449 8134 8629 8452
After Cure 9052 8711 9147 8898
After 425°C/10hour | Not determined 8608 9019 8775
annneal
Thickness Change
(%):
Bake-to-Cure 7.1 7.0 6.0 5.3
Cure-to-Anneal Not determined -1.2 -1.4 -1.4
Adhesion:
Tape Test, Pass Pass Pass Pass
As-prep
Tape Test, after Fail Pass Pass Pass
boiling water
Stud Pull Strength, 0 9.4 9.1 6.1
kpsi
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dimer having the structure
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\\\\Y Y.,
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or a mixture of said monomer and said dimer wherein Y is selected from cage
compound and silicon atom; R,, R,, Ry, R,, Rs, and R, are independently selected
from aryl, branched aryl, and arylene ether; at least one of the aryl, the branched
aryl, and the arylene ether has an ethynyl group; R, is aryl or substituted aryl; and

at least one of said R,, R,, Ry, R, Rg, and R, comprises at least two isomers; and

(b) adhesion promoter comprising compound having at least bifunctionality
wherein the bifunctionality may be the same or different and the first functionality '

is capable of interacting with said thermosetting component (a) and the second
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5. The composition of claim 4 wherein said monomer is

1,3,5,7-tetrakis[3'/4'-(phenylethynyl)phenylladamantane.
6. The composition of claim 1 wherein said dimer is present.

7. The composition of claim 6 wherein said dimer is

1,3/4-bis{1 ’,3’,5'-tris[3"/4"-(phenylethynyl)phenyl]adamantyl}benzene.

8. The composition of claim 1 wherein said mixture of said monomer and

said dimer is present.
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(i) polycarbosilane of the formula (1):

T Tw T 1|112 | T15
-Si—Rg s|. Ti——RM Si —Ry7——
Ro Ryq O0—R;3 Ry¢
L — a L — b L d¢ L - d

in which Ry , Ry, and R;; each independently represents substituted or
unsubstituted alkylene, cycloalkylene, vinylene, allylene, or arylene; R, Ryo, Riy,
R... Rys. and R,s each independently represents hydrogen atom, alkyl, alkylene,
vinyl, cycloalkyl, allyl, aryl, or arylene and may be linear or branched; R;;
represents organosilicon, silanyl, siloxyl, or organo group; and a, b, c,and d
satisfy the conditions of [4<a + b + C +d <100,000], and b and ¢ and d may

collectively or independently be zero;
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or aryl; at least two of sald R,a, R,s. R, and R, represent hydrogen, hydroxyl,

saturated or unsaturated alkoxyl, unsaturated alkyl, or unsaturated carboxylic acid
radical; and f+g+h+i<4;

{iii) phenol-formaldehyde resins or oligomers of the formula

— [R,CH,(OH)R,5)1- where Ry, is substituted or unsubstituted alkylene,
cycloalkylene, vinyl, allyl, or aryl; R, is alkyl, alkylene, vinylene, cycloalkylene,
allylene, or aryl; and j=3-100;

(iv) glycidy! ethers;

(v) esters of unsaturated carboxylic acids containing at least one carboxylic
acid group; and

(vi) viny! cyclic oligomers or polymers where the cyclic group is vinyl,

aromatic, or heteroaromatic.

12. The composition of claim 11 wherein said adhesion promoter (b) is said

polycarbosilane.

13. An oligomer comprising said composition of claim 1.

14. A spin-on composition comprising said oligomer of claim 13 and

solvent.

15. The spin-on composition of claim 14 wherain said solvent is

cyclohexanone.
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less than 3.0.

19. A substrate having thereon at least one of said layer of claim 17.

20. A substrate having thereon at least two of said layers of claim 17.
21. An electrical device comprising said substrate of claim 19.
22. A method of improving adhesion to a substrate comprising the step of:

applying to said substrate, a layer of composition comprising:

(a) thermosetting component wherein the thermosetting component

comprises monomer having the structure
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or a mixture of said monomer and dimer wherein Y is selected from cage
compound and silicon atom; R,, R, Ry, Ry, Rg, and Rg are independently selected
from aryl, branched aryl, and arylene ether; at least one of the aryl, the branched
aryl, and the arylene ether has an ethynyl group; R, is aryl or substituted aryl; and

at least one of said R;, R,, R;, R, Rg, and Rs comprises at least two isomers; and

(b) adhesion promoter comprising compound having at least bifunctionality
wherein the bifunctionality may be the same or different and the first functionality
is capable of interacting with said thermosetting component (a) and the second

functionality is capable of interacting with said substrate.

23. The method of claim 22 wherein said aryl comprises a moiety selected
from the group consisting of {phenylethynyl)phenyl,
phenylethynyl(phenylethynyl)phenyl, and {phenylethynyl)phenylphenyl.

24. The method of claim 22 wherein said Y is selected from the group

consisting of adamantane or diamantane.
25. The method of claim 22 wherein said monomer is present.

26. The method of claim 25 wherein said monomer is
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1,3,5,7-tetrakis[3'/4’-(phenylethynyl)phenylladamantane.

27. The method of claim 22 wherein said dimer is present.

28. The method of claim 27 wherein said dimer is

1,3/4-bis{1 ' 3 5'-tris[3''/4"'-(phenylethynyl)phenylladamantyl}benzene.

29. The method of claim 22 wherein said mixture of said monomer and said

dimer is present.

30. The method of claim 29 wherein said monomer is 1,3,5,7-
tetrakis[3'/4’-(phenylethynyl)phenyl]Jadamantane and said dimer is 1,3/4-
bis{1’,3’, 5'-tris[3''/4’'-(phenylethynyl)phenylladamantyl}benzene.

31. The method of claim 22 wherein said at least two isomers are meta-

and para- isomers.

32. The method of claim 22 wherein said adhesion promoter (b) is selected
from the group consisting of:

(i) polycarbosilane of the formula (I):
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in which Rg , R,,, and R,; each independently represents substituted or
unsubstituted alkylene, cycloalkylene, vinylene, allylene, or arylene; Ry, Ry Ryq,
Ry2: Ris, and R,q each independently represents hydrogen atom, alkyl, alkylene,
vinyl, cycloalkylene, allyl, aryl, or arylene and may be linear or branched; Ris
represents organosilicon, silanyl, siloxyl, or organo group; and a, b, ¢, and d
satisfy the conditions of [4<a + b + C +d <100,000], and b and c and d may
collectively or independently be zero;

(i) silanes of the formula (R;8){R10),Si(R20)n(R2y); wherein R,s: Rior Rao, and Ry,
each independently represents hydrogen, hydroxyl, unsaturéted or saturated alkyl,
substituted or unsubstituted alkyl where the substituent is amino or epoxy,
unsaturated or saturated alkoxyl, unsaturated or saturated carboxylic acid radical,
or aryl; at least two of said Rg, Rys: Rao and R,, represent hydrogen, hydroxyl,
saturated or unsaturated alkoxyl, unsaturated alkyl, or unsaturated carboxylic acid

radical; and f+g+h+i<4;

(iii) phenol-formaldehyde resins or oligomers of the formula

- [R,,CeH,{OH)(R,,)];- where Ry, is substituted or unsubstituted alkylene,
cycloalkylene, vinyl, allyl, or aryl; Ry, is alkyl, alkylene, vinylene, cycloalkylene,
allylene, or aryl; and j='3-100;

(iv) glycidyl ethers;

{v) esters of unsaturated carboxylic acids containing at least one carboxylic

acid group; and
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{vi) vinyl cyclic oligomers or polymers wherein said cyclic group is pyridine,

aromatic, or heteroaromatic.

33." The method of claim 32 wherein said adhesion promoter {b) is said

polycarbosilane.

34. A composition comprising:

(a) thermosetting monomer having the structure

Rll ]
Re | R2
6\Ar/

/1 Npo
R'4 R3

R's
wherein Ar is aryl, and R';, R',, R'3, R';, R's, and R', are independently selected

from aryl, branched aryl, arylene ether, and no substitution; and each of the aryl,

 the branched aryl, and the arylene ether has at least one ethynyl group; and

(b) adhesion promoter comprising compound having at least bifunctionality
wherein the bifunctionality may be the same or different and the first functionality
is capable of interacting with said thermosetting monomer {(a) and the second
functionality is capable of interacting with a substrate when said compaosition is

applied to said substrate.
35. The composition of claim 34 wherein said adhesion promoter (b) is

selected from the group consisting of:

(i) polycarbosilane of the formula (l):
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in which Rg , R4, and R,, each independently represents substituted or
unsubstituted alkylene, cycloalkyiene, vinylene, allylene, or arylene; Rs, Ryor Rivy
R,, Rs, and R,s each independently represents hydrogen atom, alkyl, alkylene,
vinyl, cycloalkyl, allyl, aryl, or arylene and may be linear or branched; R,
represents organosilicon, silanyl, siloxyl, or organo group; and a, b, c,and d
satisfy the conditions of [4< a + b + ¢ +d <100,000}, and b and ¢ and d may
collectively or independently be zero;

(ii) silanes of the formula (R,g){(R;4)Si{Ry0), (Ry), wherein Ryg, Ryo, Rz, and
R,, each independently represents hydrogen, hydroxyl, unsaturated or saturated
alkyl, substituted or unsubstituted alkyl where the substituent is amino or epoxy,
unsaturated or saturated alkoxyl, unsaturated or saturated carboxylic acid radical,
or aryl; at least two of said R,g Ry, Ry, and Ry, represent hydrogen, hydroxyl,
saturated or unsaturated alkoxyl, unsaturated alkyl, or unsaturated carboxylic acid

radical; and f+g+h+i<4;

(iii) phenol-formaldehyde resins or oligomers of the formula

- [Ry,CeH,(OH)(R,3))- where Ry, is substituted or unsubstituted alkylene,
cycloalkylene, vinyl, allyl, or aryl; Ry, is alkyl, alkylene, vinylene, cycloalkylene,
allylene, or aryl; and j=3-100;

(iv) glycidyl ethers;

(v) esters of unsaturated carboxylic acids containing at least one carboxylic

acid group; and
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(vi) vinyl cyclic oligomers where said cyclic group is pyridine, aromatic, or

heteroaromatic.

36. The composition of claim 35 wherein said adhesion promoter (b)

comprises said polycarbosilane.

37. A spin-on composition comprising said composition of claim 34 and

solvent.

38. The spin-on composition of claim 37 wherein said solvent is

cyclohexanone.

39. A layer comprising said spin-on composition of claim 37.

40. A method of producing low dielectric constant polymer precursor
comprising the steps of:

(1) providing composition comprising:

(a) thermosetting component wherein said thermosetting component

comprises monomer having the structure
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dimer having the structure

R.,l R 4

I I

Y Y.,

R3 6

or a mixture of said monomer and said dimer wherein Y is selected from cage
compound and silicon atom; R,, R,, R;, R,, R;, and R are independently selected
from aryl, branched aryl, and arylene ether; at least one of the aryl, the branched
aryl, and the arylene ether has an ethynyl group; R, is aryl or substituted ary!; and

at least one of said R,, R,, Ry, R;, Rs, and R, comprises at least two isomers; and

. {b) adhesion promoter comprising compound having at least bifunctionality
wherein the bifunctionality may be the same or different and the first functionality
is capable of interacting with said thermosetting component (a) and the second
functionality is capable of interacting with a substrate when said composition is
applied to said substrate; and

(2) treating said composition at a temperature from about 30°C to about
350°C for about 0.5 to about 60 hours thereby forming said low dielectric

constant polymer precursor.

41, The method of claim 40 wherein said monomer is present.

42. The method of claim 41 wherein said monomer is

1,3,5, 7-tetrakis[3'/4'-(phenylethynyl)phenylladamantane.

43. The method of claim 40 wherein said dimer is present.
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44. The method of claim 43 wherein said dimer is

1 ,3/4-bis{1 ’,3’,5’-tris[3"/4"-(phenylethynyl)phenyl]adamantyl}benzene.

45. The method of claim 40 wherein said mixture of said monomer and said

dimer is present.

46. The method of claim 45 wherein said monomer is 1,3,5,7-
tetrakis{3'/4'-(phenylethynyl)phenylladamantane and said dimer is 1,3/4-
bis{1 ’,3',5’-tris[3”/4"-(phenylethynyl)phenyl]adamantyl}benzene.

47. The method of claim 40 wherein said adhesion promoter (b) is

selected from the group consisting of:

(i) polycafbosilane of the formula (l):

Ill Tlo le T15
'——“'—Sl‘—‘—Rs Sli Ti'——R14 Si '—R17—’_‘
R9 Rll O—"R13 R16
L 4 a L b [ ¢ L Ad

in which Rg , R,,, and R,; each independently represents substituted or
unsubstituted alkylene, cycloalkylene, vinylene, allylene, or arylene; Rg, Ry Ryy,
R, Ry and R, each independently represents hydrogen atom, alkyl, alkylene,

vinyl, cycloalkyl, allyl, aryl, or arylene and may be linear or branched; R;;
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represents organaosilicon, silanyl, siloxyl, or organo group; and a, b, ¢, and d
satisfy the conditions of [4< a + b + ¢ +d <£100,000], and b and c and d may
collectively or independently be zero;

(ii) silanes of the formula (Ryg)((R,s),Si(R,),, (Ry); wherein Ry, Ryg, Ry, and
R,, each independently represents hydrogen, hydroxy!, unsaturated or saturated
alkyl, substituted or unsubstituted alkyl where the substituent is amino or epoxy,
unsaturated or saturated alkoxyl, unsaturated or saturated carboxylic acid radical,
or aryl; at least two of said R,s, Ry Ry, and Ry, represent hydrogen, hydroxyl,
saturated or unsaturated alkoxyl, unsaturated alky!, or unsaturated carboxylic acid
radical; and f+g+h +i<4;

(i) phenol-formaldehyde resins or oligomers of the formula

— [R,,CeH,(OHNR,,3)]- where R,, is substituted or unsubstituted alkylene,
cycloalkylene, vinyl, allyl, or arylene; Ry, is alkyl, alkylene, vinylene, cycloalkylene,
allylene, or aryl; and j=3-100;

(iv) glycidyl ethers;

(v) esters of unsaturated carboxylic acids containing at least one carboxylic
acid group; and

{vi) vinyl cyclic oligomers or polymers where said cyclic group is pyridine,

aromatic, or heteroaromatic.
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48. A method of producing low dielectric constant polymer, comprising the
steps of:
(1) providing oligomer of (a) thermosetting component wherein said

thermosetting component comprises monomer having the structure
Ry

\\\\\\Y
Ry 4 \Rz
R

3

dimer having the structure

|

\\\Y Y i,
.“‘\\\ ..... R
Ry / \ R7/ \ 5

iy
R3 R6

or a mixture of said monomer and said dimer wherein Y is selected from cage
compound and silicon atom; R;, R, Rj, R4, Re, and R, are independently selected
from aryl, branched aryl, and arylene ether; at least one of the aryl, the branched
aryl, and the arylene ether has an ethynyl group; R, is aryl or substituted aryl; and
at least one of said R,, R,, R, R4, Rs: and R; comprises at least two isomers; and
(b) adhesion promoter comprising compound having at least bifunctionality
wherein the bifunctionality may be the same or different and the first functionality
is capable of interacting with said thermosetting component (a) and the second
functionality is capable of interacting with a substrate when said composition is

applied to said substrate; and
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(2) polymerizing said oligomer thereby forming said low dielectric constant

polymer, wherein the polymerization comprises a chemical reaction of said ethyny!

group.

49. The method of claim 48 wherein said Y is selected from the group

consisting of adamantane and diamantane.

50. The method of claim 48 wherein said aryl comprises a moiety selected
from the group consisting of (phenylethynyl)phenyl,
phenylethynyl(phenylethynyl)phenyl, and (phenylethynyl)phenylphenyl.

51. The method of claim 48 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 at least two of said ethynyl groups.

52. The method of claim 48 wherein all of the aryl, the branched aryl, and
the arylene ether have an ethynyl group, and wherein the polymerization

comprises a chemical reaction of the ethynyl groups.

53. The method of claim 48 wherein said monomer is present.

54. The method of claim 53 wherein said monomer is

1,3,5,7-tetrakis[3'/4’-(phenylethynyl)phenyl]adamantane.

55. The method of claim 48 wherein said dimer is present.

56. The method of claim 55 wherein sai_d dimer is

1,3/4-bis{1 ' 3" 5'-tris[3''/4"'-(phenylethynyl)phenylladamantyl}benzene.
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57. The method of claim 48 wherein said mixture of said monomer and said

dimer is present.

58. The method of claim 57 wherein said monomer is 1,3,5,7-
tetrakis[3’/4'-(phenylethynyl)phenylladamantane and said dimer is 1,3/4-
bis{1 r 3',5'-tris[3''/4"'-(phenylethynyl)phenylladamantyl}benzene.

59. The method of claim 48 wherein said at least two isomers are /meta-

and para- isomers.

60. The method of claim 48 wherein said thermosetting component (a) is

dissolved in a solvent.

61. The method of claim 48 wherein said adhesion promoter (b) is selected
from the group consisting of

(i) polycarbosilane of the formula (I):

i T 7 ] B 7 B 7]
Ill Tlo Tn T15
—1+—Si—Rg SIi Ti——R14 Si —Ry7——
Rog Ry - O0—Ry3 Rie
_ Ja L b L de L g

in which Ry , R,, and R,; each independently represents substituted or

unsubstituted alkylene, cycloalkylene, vinylene, allylene, or arylene; Re. Ryor Rivs

R,. Rys. and R,; each independently represents hydrogen atom, alkyl, alkylene,
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vinyl, cycloalkyl, allyl, aryl, or arylene and may be linear or branched; R,
represents organosilicon, silanyl, siloxyl, or organo group; and a, b, ¢, and d
satiéfy the conditions of [4< a + b + ¢ +d <100,000], and b and ¢ and d may
collectively or independently be zero;

(ii) silanes of the formula (R,g)(R;p);Si(Rz0)n(Rx); wherein Rig  Ryg, R,,, and
R,, each independently represents hydrogen, hydroxyl, unsaturated or saturated
alkyl, substituted or unsubstituted alkyl where the substituent is amino or epoxy,
unsaturated or saturated alkoxyl, unsaturated or saturated carboxylic acid radical,
or aryl; at least two of said R, Ry Rz, and R, represent hydrogen, hydroxyl,
saturated or unsaturated alkoxyl, unsaturated alkyl, or unsaturated carboxylic acid
radical; and f+g+h+i<4;

(iii) phenol-formaldehyde resins or oligomers of the formula

- [R,, CeH,(OH)(R,,)]- where R,, is substituted or unsubstituted alkylene,
cycloalkylene, vinyl, allyl, or aryl; R,, is alkyl, alkylene, vinylene, cycloalkylene,
allylene, or aryl; and j=3-100;

(iv) glycidyl ethers;

(v) esters of unsaturated carboxylic acids containing at least one carboxylic
acid group; and

(vi) vinyl cyclic oligomers or polymers where said cyclic group is pyridine,

aromatic, or heteroaromatic.

62. Spin-on low dielectric constant material comprising:

(a) first backbone having first aromatic moiety and first reactive group and
second backbone having second aromatic moiet.y and second reactive group
wherein the first and second backbones are crosslinked via the first and second
reactive groups in a crosslinking reaction and cage structure covalently bound to
at least one of the first and second backbones wherein the cage structure

comprises at least eight atoms; and

(b) adhesion promoter comprising compound having at least bifunctionality
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wherein the bifunctionality may be the same or different and the first functionality
is capable of interacting with said first and second backbones and the second
functionality is capable of interacting with a substrate when said material is

applied to said substrate.

63. The spin-on low dielectric constant material of claim 62 wherein said

aromatic moiety comprises a phenyl.

64. The spin-on low dielectric constant material of claim 62 wherein at
least one of the first reactive group or the second reactive group comprises an

ethynyl group.

65. The spin-on low dielectric constant material of claim 62 wherein the

cage structure comprises at least one of adamantane and diamantane.

66. The spin-on low dielectric constant material of claim 62 wherein the

cage structure comprises a substituent.

67. The spin-on low dielectric constant material of claim 62 wherein said
adhesion promoter (b) is selected from the group consisting of:

{i) polycarbosilane of the formula (I):

}|l | Tm le ) TIS
"——"Si—“Rg Si Si""“R14 Si ""—R17'———'
Rg Ryy O0—Ry3 Ri6
L " a L - b L ¢ L_ - d

in which R, . R,,, and R,; each independently represents substituted or
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unsubstituted alkylene, cycloalkylene, vinylene, allylene, or arylene; Rg,'R,o, Ry;.
R,, Ry, and R,c each independently represents hydrogen atom, alkyl, alkylene,
vinyl, cycloalkyl, allyl, aryl, or arylene and may be linear or branched; R,
represents organosilicon, silanyl, siloxyl, or organo group; anda, b,c,andd
satisfy the conditions of [4< a + b + ¢ +d <1 00,000], and b and ¢ and d may
collectively or independently be zero;

(ii) silaneé of the formula (R,g)¢(R,s);Si(Rz0)4(R2:); wherein Ryg, R,s. Ry, and
R,, each independently represents hydrogen, hydroxyl, unsaturated or saturated
alkyl, substituted or unsubstituted alkyl where the substituent is amino or epoxy,
unsaturated or saturated alkoxyl, unsaturated or saturated carboxylic acid radical,
or aryl; at least two of said Rg, Ry Ry and Ry, represent hydrogen, hydroxyl,
saturated or unsaturated alkoxyl, unsaturated alkyl, or unsaturated carboxylic acid

radical; and f+g+h+i<4;

(iiiy phenol-formaldehyde resins or oligomers of the formula
- = [Ry,CH,(OH)(R5)]- where Ry, is substituted or unsubstituted alkylene,

cycloalkylene, vinyl, allyl, or aryl; Ry, is alkyl, alkylene, vinylene, cycloalkylene,
allylene, or aryl; and j=3-100;

{iv) glycidyl ethers;

(v) esters of unsaturated carboxylic acids containing at least one carboxylic
acid group; and

(vi) vinyl cyclic oligomers or polymers where the cyclic group is pyridine,

aromatic, or heteroaromatic.

68. A spin-on low dielectric constant polymer comprising:

(a) polymer having pendant cage structures -[OR,4{R5)mOR6l .-
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wherein R,, is -C¢H,-; Rys is adamantane, diamantane, (Cg¢H;).(adamantane), or

(CgHg)(diamantane); m=1-3; n = 1-10% p=0or 1; and R, is a radical of 2,3,4,5-

(tetraphenyl)cyclodienone-1 or

and
-0

(b) adhesion promoter comprising compound having at least bifunctionality
wherein the bifunctionality may be the same or different and the first functionality
is capable of interacting with said polymer and the second functionality is capable

of interacting with a substrate when said polymer is applied to said substrate.
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