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been devel oped. Such interconnections generally
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COmIOne ortant influence on the performance of an
P P‘ egrated circuit. Mterials having |ow dielectric
constants (i.e., below 2.5) are desirabl e because

BACKGRLORY ¢ TAwIiastgtosi gnal velocity and shorter cycle
times. Tn general, low dielectric constant material s
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In generall, rl@q»uémldcyﬂ(sdfmnstdmsmdteaﬂalsal@dmrsIqaphmg’me effeets én tiitegated circuits,
about 3 anate ester resins

cons a
which freggaihy] Cfﬁtp Jrsf frpwléﬁ%mweg/v&mmm@ dBUpYa &R Iower voltages
y 3.0 - 3.7, but tend to be rather

ﬁnh1ver@%g%1 thereby linmting their wutility. Polyimdes

and pol yaryl ene ethers have shown many advant ageous
Lpwajielettriesonstant diaterials bzg’nbd: tierwaaterided laks Ip'rdicy);miﬁmslgf @dorganic or
. ocessi n IOM/stre S, dlel ctric constant and ] .
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circuits are smaller than 1 pm. Organic polymers include epoxy networks, cyanate ester resins,

polyarylene ethers, and polyirmides. Epoxy networks frequently show disadvanta geously high
dielectric constants at about 3.8 - 4.5. Cyanate ester resins have relatively low dielectric
constants between approximately 3.0 - 3.7, but tend to be rather brittle, thereby Ximiting their
utility. Polyimides and polyarylene ethers have showr many advantageous properties including
high thermal stability, ease of processing, low stress, low dielectric constant and hi gh resistance,

and such polymers are therefore frequently used as alternative low dielectric constant polymers.
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sui tabl e adhesive and gap-filling qualities, and have

sui table dinmensional stability towards thermal

i hi d CMVE i heni .
WELAR 5 S PP igh P BIGERRS RS g nELBLhEEn moistue
and out-gaksifig hayEler@, Nabusitdid adfesiveans ig%fi&gﬁlliﬁgféﬁhﬁftﬁﬁ,_l@ﬁg%ve suitable

) . of at |east 300C, and preferably )C or fore. _
dimensiorgahgtablility towande thatmalheieling efickingc tanidcChBhptawasses Gveer chemical,
. than 3.has Led. to .the evel.0 nt of dielectric .\
mechanicfzhe By R, fffosl Slssies SRRE Sim e i el (gl dransition
temperatuﬁ*é(sj%ﬂt%&s% h60°cC ARt FYakerMly 2B0HE ol :mBrdT®l Or goal is to
reduce the dielectric cons?,ant of nanoporous materials
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nmol ecul es t hrough i nternol ecul ar cross- |inking or

crosslinkeidpelymstend) @ by 8 aBs 2 (dissRivabledgthasen do e o lymher.
poLymers or nolecules to create the void or through
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material. "The voids created throu gh the cross-linking pro-cesses can lead to the procluction of
relatively Large voids in the dielectric material. When larger voids are created in ama terial, the
overall porosity of the material maust be carefully monitored and regulated. A siragle layer

material can only realistically sustain a large pore porosity” of around 30% of the tota1 material

before structural problems are encountered. NANOGLAS S®E is an example of amaterial that
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overall porosity of the material nust be carefully

nmonitored and regul ated. A single |layer material can
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around 30% of the total material before structura

probl ens are encount ered. NANOGLASS(r)E s an exanpl e

conrs Sl U0 Bpte’ VORI GBAEN et s o e e porsy
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B ¢
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matenals‘-‘&ﬁ'ﬁﬁﬂﬁhg‘ gaﬂ&fs'rfﬂﬁoﬂ@fi‘{?ﬂsoﬁﬁxp%léc% %@cl%ﬁ&lts Ithét c@ﬁtc%ﬁf@lln]é porosity

t hat” can conbine porosity wth thermal and structur
with theruhat aid $tivcyyraburatpildzsh)go demgmlnpmraiét’ferrmmé 1 dvidexfithr@fe pores and

relativelgpﬁ%ﬁ]e gé%féfiggm{cg all V q(r)g gtg\ﬁ]égggeﬁﬁé"pt@rgii § also aneed
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dielectric material beyond the percent porosi
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here.is a need se these oveI dielectric
produce digfegricfilfs, ayeb%d%%eciaﬁcévaéeql P-dayiefinstehsigpsy paydmaskks and other
electronidj&cﬁhﬁsﬁernité? materials, layers, etchstops, hardmasks and
el ectroni ¢ conmponents. SUMMARY OF THE | NVENTI ON

The present invention is generally directed to | ow
dielectric materials, filns, layers, |ayered
conponents and other related electronic nmaterials and

§HMEEQ§%&££§§§E%§@&Q§& %ggng:FegtrPLuLgLL$¥aF; cont enpl at ed

RS S TR I A——
layered cdmpbi&its A8 RIP 2l 8dd LiRtronic materials and components that comprise a
plurality of ultrananopores. The dielectric materials contemplated herein may also comprise a
plurality of pores or nanopores in addition to the ultrananopores. It is further contermplated that

the low dielectric materials descri bed herein will have a di electric constant of less thhan about 3.

I one aspect of the preserat invention, the dielectri ¢ materials are formed from polymer
compositions, wherein the polymer compositions comprise a plurality of monomers zind wherein

at least orne monomer comprises a radical precursor chemically bonded to a structural precursor.
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the low dielectric materials described herein wl|l

have a di electric constant of |ess than about |I. In
wor@iaspett of the present invention, the di el BCT/UB02/026276

materials are formed from pol ymer conpositions,

wherein the pol ymer conpositions conprise a plurality

These p&gm%? :Eg{ﬁgy §it18ﬂ% d}%glrlﬁldgr oastevérgf‘(:t%] Cst &Ogﬁ{rbgetge formation and

&CUTSor em<ca
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PCT/ US2002/ 026276 These ol ymer co ositions may

material Wil epryprised BPRPoTE m»arteﬁgtl at awypﬁg tltanénqp@rmTthﬁum material

Ss, fter th mer_ curi.n
s vt KOHR BT 058 s B Sl b Bl 0B B G e ured
polymer €OfpbLi&6n A ThE RARFAaNGIREd Bk uBiie Aelp!fbfAéd F¥nPihe volatilization and
ul trananopores. The support material is ultimately

simultan¢@isangd/or sebsea ens tiberetion of thpradiaalpuecurbartthitds peniecally bonded to
the original pre-cured polyner conposition.
the Stmcq'lﬁaépﬁ? %(Hanopor es are ultimately formed fromthe
vol atilization and sinultaneous and/or subsequent
Il arlRgli@tabpett Of tHderek il inthtip, @tk of RnihSdieReficC aldidtials from
bonded to the structural precursor. In another aspect
polymer @m@éltmémtprmeﬁﬁdl ohownrdieleerisicomatepiatd ngmprising the polymer
LeLE materi al.s nmer. .conposi ti ons
cormposifinf, G HRE T G ER BED B g GpRIa g HPR s ton, wherein
the polyn%'ﬂ dbﬁﬁfosﬂib@'@f@?ﬁbhhé&"zﬁ 168868 RAGRS Rhiponeht RSt ﬁlﬁh@f' @ompnses at
by a) providing a polyner conpo sition, wherein
least one pmqmmr compn@m o whornpn hsableatst beastononer poﬂnpmnt comprises a

it R A 38 SR BB e ot

compos1tﬁﬁﬁ'§@dlﬁﬁht tﬁ@f%ic%?ﬁre@urséﬁg 'vGﬁhli&reﬁcéﬁc?@rhb%%fﬂg}fe@bi%ng at least in
bonded to a structural precursor: b) applying energy

part the redicalpepubyrferam temudghei ampositibnt Fae low eheierdncniatenals can be.
_precur sor. volatilized; .and c). |iberating/evo]v
further Sy By GRipg e iap ok Sar Bt top et SErPOFT BG4 & plurality of

pol ynmer conp03|t|on. The Iow dielectric materials can
be. further fornmed by curing the pol yner conposition
to .forma support material acid a plurality of
Tnpyest esothclruasy@tt Qfitieiperscasipeattionf cohenrlasé polynmy emt:nmmons can

SO T A RPN
etchstops%ﬁ%ahﬁhz?sks | 2w hipg! s%ﬁhédrﬁluf:ﬂ& B&xnp SlehftSiaRTectddic CFomponents.

dmasks, air gaps, sen1conductor conponents an
eI ect roni c conponents. Various objects, features,
Vaﬂpmme@mdemgmtaam ofd advantpces efitheipmesent ingenticrh will become

moxre apparen(%ngom the following detailed description of preferred embodiments of the

pores.

invention, along with the accompanying drawings in which like numerals represent like

corxiponents.



nore apparent fromthe foll ow ng detail ed description

of preferred enbodi nents of the invention, along with
W0 b@sacsehpanyi ng drawi ngs in which |i ke numer B BUS2002/026276

represent |ike conponents. -4 WD 2004/017335

PCT/ US2002/ 026276 BRI EF DESCRI PTI ON OF THE DRAW NGS

Fig. 1 shows 1R data for a standard LOSP conpound.

[ t an n-butyl LOSP conpound.
BRIEF D b@r.u 10 BT F}M a t-butyl LOSP conpound. Fig.

. hem cal ructure.of a standard LOSP
Fig. 1 Shé@’ﬁp%g% f"E?‘g?c"aﬁ‘gr@ra%&@J ??{BPO&‘F%% cal structure for a
net hyl /t-butyl LOSP conpound. Fig. 5 shows the GPC
Fig.2shﬂﬁv@fﬂ'dd%t@form&i%ﬁ%@l@ﬂ&f&ﬁn@%ﬂwund- Fig. 6 shows the
GPC profile of a 10/10 LOSP conpound. Fig. 7 shows
. the GPC profile of a 5/15 LOSP conpound. Fig. 8 shows
Fig. 3 shpws dRdgt7 igF a faketa! LOSP domnesndFi g. 9 shows IR data for
cured LOSP films. DETAI LED DESCRI PTI ON Pol yner
. Lt cld i ri at | east
Fig. 44 RIA; Chaita SulERssr SRGR 1osr SHREME S o Toas:
one nmonomner conponent and wherein the at |east one
Fig. 4B shonenix chatopb sigidtuobph nstlg/ 1/ -bagl CASPscReptuBor
chemcally bonded to a structural precursor. These
. pol ymer _conpQsitions nmay undergo several curing stages
Fig. 5 ShBYYFi"{}F?gG é’r‘?]gll‘?rﬁf 7 standad LARH @opwosndcess, but after
the final polymer curing stage, the resulting
: BRAG rd | onpri se a support
Fig. 6 Shgrrgtg eri a?éiﬁ%)ﬁgé(g?%# gﬁ :-thild)%ﬂf) calljidfirﬂroélﬁghggor es. TheIOIO
support -material is ultimately formed fromthe
Fig. 7 shews tiet GP&Iprfide of 3615t HASP hehpsound. make up t he
original pre-cured polyner conposition. The
. ul t anopar i mately formed fromthe
Flg’8Sh@%ffgﬁa?{aztﬁ&%ﬁe(ghg)&sﬁmﬁtaneous and/ or subsequent
| i beration/evolution of the radical precursor that is
Fig. 9 sh6RWEM datal fyr cued LOSP films. -

IDETAILED DESCRIPTION

Polymer compositions, as described herein, comprise at least one poly-mer component
that further comprises at least one monomer comporaent and wherein the at least one monomer
component comprises a radlical precursor chemicalLy bonded to a structural precursor. These
polymer compositions may undergo several curing stages during the formati on and buildup
process, but after the final polymer curing stage, the xesulting nanoporous polymaer material will
comprise a support material and a plurality of ultrananopores. The support matexial is ultimately
formed from the structural precursor that helps to make up the original pre—cured polymer
composition. The ultrananopores are ultimately formed from the volatilization and

simultaneous and/or subsequent liberation/evolutiory. of the radical precursor th at is chemically

-5



WD 2004/ 017335 PCT/ US2002/ 026276 bonded to the
structural precursor. Contenpl ated pol yner
W@ vposi3ss ons can be used to form | ow di el ect PET/US2002/026276
materials, dielectric filnms, |layered dielectric
materials, |ayered dielectric filnms, electronic
[ C '

bonded D e PR R O her cEhPLBibhl oan be used to form
low dicledtie nadrinl shdielactid Hinsilglemsead didectdonsttaiils 1{yerd, dielectric films,

bel ow 3) are especially }cliesi rabl e; because they
electronic\camponpls Andfpnabisetignsdhgeal. propagati on, reduce

capacitive effects and cross tal k between conduct or

R SRSt O3B0k, SRR gl

constantsli(ied. £below Cc3) aon spciallgvddsingt By babaukseMRy typichllHallow faster signal
yUnl ess otherw se inconsistent wth context. It is -
propagatioih resiye sapaditieg offiels \aad pgoss telkebeivere conductesriétesnand lower

y L.ow.:: wWhi 1§ .Gonsidered,. .
votsgesh 0% AAIRREOUALARLYTHE Lol cobfyh Bl P
constante&svah@iddent 1 Mtz vahueHef uiless sthelvasd iddonsioRst apfthicdntext. It is
4 | ess than about 2.5, and in still nore preferred .
contemplaigshidptbnv slue ¢fdhe dielastiag constient 9if Bleampperogopel amer heslow, which
. . . t.han apout . 2. .Unl ess. ot herw se. i ndi cat ed 1
18 Conﬂdﬁﬁe &) rdsqe %)?pfogts{es 1% 5 ﬂ& a‘%ﬁuf ?‘es ?.p{e%aq%(g F%lﬁ? @fﬂe& the value of the

dielectri€€uistdnt 14 89S thah @B6hH DB, £HAM LIS ARSBRA ML iHRRE, HHR value of
the specification a nd clains are to be wunderstood as

the dielegfsic ggnsieriifs lesp than aboutiZast ances by the term "about ™.
Accordingly, unless indicated to the contrary, the

ri r 1 S forth in the.specifj.cation . .
Ugﬁ%gato ﬁlg}%g% 6}c lglg{erré’ aa(rﬂe TaApproRi Mk oh t%w{lﬁ'a? P jperedients,
constitued@p ereditivg CPAditibRe afl@sb Ferth AiseR e theespeeFaNbn hSdP8laims are to be

obt ai ned by the subject matter presented herein. At
understopd as hsing raedified sindalh dnstansesarbyatheetaym tdouih t\cedrdingly, unless

. o Lcation of the doctrine of equivalents to.th

indicated3Bfht 68 R, Be AteS Ol RhtaRt s Pl 5ok Sucedi “afign ppd atached

claims ar@taphRaghathéns ik tohaieehrt/ rdl_eﬂ)eingilhg%fpoh"ﬂﬁe AsERADr§berties sought to be
reported significant digits an by appl yi ng ordi nary

obtained py threciuhiget eediter grassntedibengint bkt thediengleadtaindidobas an attempt to limit
forth the

tho apptfATSH 58 Bl RN, B Lo B RTES 18 35k OBt By gomerca
parameteR BRSAL WiTBA & OB Scorsh@ed HBEH: 68 thY flik®er SepbREd & dntfilh digits and
speci fic exanples are reported as precisely as

by applyingseridilagy. ranyding rteeliniqiesy Natwithgavelieg that thenemhdrjcal ranges and
; cont&i n ircﬁ)erf}a' n- Ber rdgrs necessarily. resulting from )
parametefs, selingnfprth thsy PRI ACPRSUAT ChF (HBISPt TBRcRiGRsnted herein are
approxinfa@dhs, ik TR ARHERRMES set Brth in the specific examples are reported as precisely
as possible. Any numierical value, however, inherently contain certain. errors necessarily

resulting from the stand ard deviation found in th eir respective testing measurements.
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phrases "nanoporous |ayer" and "nanoporous material s"
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3) that is conposed of a plurality of voids and a non-
vol atile, support material or structural conponent. As

h c ubstant )
Ao bgee phifee TERErEES 1y Aid hendiBitu: #3ARHHE" Rferto any
suitable 15\9%%160%8 dGlerABANS L fﬁhatalﬁé’&hp@ééd of rplarting cbiévmds and a non-

In a product” or |layer at a weight percent a
volatile, sﬁpptﬁt m@éﬁfdler stMmadekﬁpomrmm&qéh@ﬁeﬁl, thererm gswestantially” when

usedina q:c\glgcla)&éﬁq%gg@ag%qe anglgtgga Bpﬁﬁﬁe@t ﬁ%ﬁt&% &)\r{\h@c}u%p AedlRRat a desired
componexgc gx%dﬁem sidriaPA REighherdas d BotRnecatdrthans1%.

appropr ate gases 1 ncl ude reIatlver
pure gases and m Xt ur es thereof including air.
A$ afeanbteent, he téres ‘tveidisandoi‘porsn aneasi aifieaolyms us énstnch amass is
I nt erchangeably herei,n. The or ous
replaced i ERE HHEIE A RV S EFERIF: LUnToupo oty 9)%. Shye generally not

critical, a%cP Sp?ﬂrhéilets:l %‘é inedide !rél@tFxfé%&'%)\ﬁ?é gaseQ AncBeheht ttie® ﬁabfeéf Haslading air.

ape I nc g tubular, lanellar,
It is intendéBthat tlaterned pakhead velepadbe us'EldenmmhdggW figg=in. The nanoporous

uni formy or_ randonly. disper,sed Wlt nopor o
polymer paY Saraisc AP OF Bbicd BABDHETES L RS Hoq ey dternatively
or add1t1on hy §iav® ﬂlég%@&%ﬁfgggw ﬁ)ﬂ @115%@1&1% Olﬂﬁfeﬂkils dRELIAIE! or dther shapes.

at the voids may have any
The void3RREOHE hﬂiﬁnﬂﬂyﬁmtraﬁdorﬂﬂy dispénsed Ivéthic din¢ eapipeEYs Iloﬂﬁﬁﬂer Ina

at least sone voids f)é connect V\g&th ad acent VOI ds er. Ttis
preferred@né@dén@tsfh%‘cqlé$ aewniRmalysfigasped yiffun pgfous bolsn

o cont R R AR o RSy RO SprroPRli Ghuklt?, M| orubtrcgtemplated

that at leaﬁpitﬁn@fdﬂ@ mad} donhamerith aanentivaids torcrate & s!:s@tll:t@wﬁh a significant
out 100 nanomst ers, because t he, voi ﬂsh are for ter of 1
amount okﬁeomeetﬁ:dpm n” gerastits Some ‘?fst b foiddtl BoRb R iameter ofLess

than 1 q%%o%%? ;t etk %xgcg_pgér raﬂl@/ ax?é 2R RARERE %?'1&3& Othbh 'dbout 100

ion ave a nean dianeter of
nanometér§ Stechild fhab oy ard Qoﬂmea poFnérherapds.t Itis intended, however,

contenplrated that thes | t
that “ultrmppqnlga UritiB alsorpad presfe%h l;flqugr%gg %%Pp%@y?ﬁer&opéﬂpgon t%at have amean
d1ameterAg?elss éqannﬁli) 88? g(? HEe r%%te}s et fatd 1}3 L&k [htecﬂﬁzgt tﬁfesé $&%hanopores

t he ra I’ca rec rsor.

may hav@ﬂnl%ﬁ?&a&%ﬁ&ocﬁhﬁ ik Of tifPdrdéraddea W Aﬂgstﬁjmat bbtamsé arfithe volatilization
Including liquid, solid, anorphous or crosslinked,
and at leahe perti Tigproiontd tpredlidal pregptircat i on. For exanpl e,

the application nay call for the polynmer conposition
e 5 el ] S DU, B otk pgonc
amorphofs SPL¥&hk B) d@Rhaink@nfthe Sp@lﬁlﬁpﬁl{baﬂo&l Fogxemple, the apphca’uon
may call for the polymer composition to be spura on to a wafer before curing; and therefore, the
polymer composition needs to be 2) dissolvable in a solvent, b) able to form & smooth coating on
a wafer during the spin-on process and after beirag spun-on to the wafer and ) able to be reliably

cured to a nanoporous polymer material in a manufacturing setting. For o€her applications, it
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a wafer during the spin-on process and after being
spun-on to the wafer and c) able to be reliably cured
WO e00a/0nBadpor ous pol ymer material in a nmanuf acPCr/Us02/026276
setting. For other applications, it -7 WO
2004/ 017335 PCT/ US2002/ 026276 nmay be necessary for
i o : Lo . _
may bo bl UL R pROTRE O RNiOR (o Tlah bolBfe Bl o i which moans ths
the polymerednipodittomvill lneedtd be Hrereapd ot ednipletdly sb1id) bpbble té wvithstand
.wW thstand _nmechani cal  or chem cal etching or tools, )
mechanicgl o Yy emed plghinggrdeals) audk ebpossiry ﬁ@Sfﬁ—ﬂlﬁg@rd begforgdinaipering.
term"crosslinking" refers to a process in which at
2 BRLSAL t ' f I
ThEREk, | o TRUSEL Rersh s 3fooeBOM LAND Riefe ! A molecules, or two
portions ofiileng cholecule,Sire foindd e paledst ba clishyicaldgtetattidn. SB¢lyinteractions may
di fferent ways, .incl.uding formation of a coval ent

occur in 1, }fff@‘,e%wp).ﬁq 1@114493 f@@‘bﬁio%@ﬂi@gqvam b@%o@r@}ation of hydrogen
vonds, EUIRABEL Ve 0 STRLPSAA i 4o, motecuo

interactiofhadyes 1seriezddrdryerid Ay oh @@sleadt @EAPGIAFYpIBRNEIGRInnection between a
connection between a nolecule and itself or between

molecule e itse L irpgrhstierredid esmoasniederuiesned earlier, the
pol ynmer conposition conprises at | east one pol yner
furt ' - n noner
AEQBARGRL: LAl Uil B RO ABERA B R TR pote

componeithifi d0ether COAPribsasleastiond nshopetouifRentGRaTivestdiythe at least one
bonded to a structural precursor. As used herein, the
monomencompPLIFHH eRFEPrIsesadadigplipiec wser cheprcalbyposdrshit @ a structural precursor.

ap_ | pabl of formng.a covalent bond,.
susea Rt o SROTR e O bR Bl ks cnae
of forminged €6vhiewe boN@RIE! itsdlher #eBRérhichl db@tent! QIrHouAA in a repetitive
bet ween nononers may lead to a |inear, branched,
manner. Eigspoitiyadiead, fospation bawieenemonomars papdhack to a linear, branched,

h ] | [
R N ——

comprise PejeyfiRFSHliRIIAE B1dcks arkiUeien PONNB£dahe I‘pbl@ﬁﬁefsefo@i%@d from such
"bl ockpol yners". The wei ght -average= nol ecul ar wei ght

monomergfare fogonistmedaplackpglypeest. yThetwright-aiemge 400Bailanrweight of

and 20000 | ton. Howeve eci al| n oner s .
monomer Bty S el P ol B A R Bt 200 Rt Ry g sapecialy
when mo@¥R8rshi rise RIpEEH A b bfockVORRABARrs B af Qe even higher

i ncl ude additional groups, such as groups used for

molecularcweights.Mdiongmersaaiay alsabisilinly, adaiiibmal gofvpsi ath as groups used for
. . .eNVi £.0 t al tecti.ng. As al so nentigned, at |east
crosslinlifjg, fadjgo gy ps Cheguifl o S P PEPIRL PERY AT TB R ur sor

and a
As also mentioned, at least one of the monomers comprises a structural precursor and a

radical precursor. It is generally intended that the structural precursox and radical precursor
combine through a conventional-type of chemical bond, such as an iomic bond or a covalent
bond, to make orne molecule that further makes up the monomer, h owever, the structural
precursor and the radical precursor could be chremically or physically bonded also by hydrogen

bonding, hydrophobic, hydrophilic, ionic or electrostatic interaction. Frurthermore, structural
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radical precursor. It is generally intended that the
structural precursor and radical precursor conbine

wo booagis3m conventional -type of chem cal bond, PETYUR208%026276
an ionic bond or a covalent bond, to nake one
nol ecul e that further nmakes up the nononer, however,

precursol 8 rHICAt b oo RHAHE S A o e (AEIRR A B fkast emporary

physical tnymlectien beboewd the twhyrticapbeddi ¢, hydrophilic, ionic or
electrostatic interaction. Furthernore, structural -
WO 2004/ 017335 PCJ/ US20Q2/ 026276 precursor and
The giragiural pregrser it Peaten r‘i’frﬂé‘i/ momegeh ghat remains as part of the

ultranano@gﬁﬁgc{a?lglﬁég glo*%ydi%%cﬁlté; !tﬁﬁéﬁalgﬁﬂ@ﬁﬁﬁﬁé‘cebf@@%scﬂe suppart materia 1

onnec tween t tWo precursors. ructu
after the fiMabourm@rstags fothe pplgmetr @ongfositivg. Mhs etristui-bRdrec @8® 028 be choser

. .as part _of the_ ultrananoporous pol_yrrerenél ow
to satisfypedlia desierheeads fon the Radymet ¢ompeIOn, dhenliniah supdpgBarmanoporous

polymer @%‘1 rrg{)és | %WS%BE%%IB 'é? bdth" a(I}iV%H %en et @8 Bf }gc?]é %i(g)?ei%eggé%g%%{s ranging

ructural precursor ¢

from struét@rsb AhiraBilitystoeeidilycaveiesb Bhnd@akisctfidient M@ePRlly i8¢ contemplated tha-t
- conposition, the final cured ultrananoporous pol yner

the structyrapRyefuEIos 64 ¢Enpratcordagiy compperds, ingyspeia crarapepeist arganometallic

ssi bl . esj I's rangin from uct ur al
compovnfly pL iy i ERRIE. T BaRe 0" ane BRI LfihiieBie. mramples ot
contemplaRE er i@drBanibt dndl CoResiciIgs tdddipounbe aheucsiiedbs, siloxanes.,
precursor can conprise organi c conpounds, inorganic
organohyduadpsalexpsics.or g glaxenesconpelymisatey, a cpebidiatethyisiloxane)

T e T R ——.

metals. EGAAFS4ASrant Q%h{ﬂoﬁﬁds%’clﬁielﬁé?ﬁ&%&ne ether), polyimides, polyesters, and
or ganohydr1 dosi | 0xanes, hydri dosi' |l oxaneS,” al'um nat'es,

cage-basqeohateaiats sheh a9 ddaxmntane-bassidyorviangdrgine draed)coanmbunds.
poly(trifl uoropropylsil oxane) and conpounds contai ni ng

O Tt E S b Bivs S TR o Rates TRy suitable o
forming rdi€lia1GR@eTR RSN TBAROD S/ Es artiueFfoamirRdapRint AGemB$ B & films that
di amant i ne- based conpounds.

are usefubyig Apshipliriceltns P6rearrsictasel elsotrpoinedevices,nanipoerstastrdsic devices.
. re particularly suitable for- formn teri. .

particularfy SpRen o isder it pET b 2Rt vt rirdE: eital Tor lectronic and

semicond§ittbO¥ 8RhdReht "Rt IddilgFarldhddsk 187@s, UBQEMEic 18ydiR etch stop layers and.

_ fabrication of a variety of electronic devices,
buried etgh ow-leyest r'bingse atganobyrslridopidoxtane whapoyndseniayens dmdtroaterials are

aitecompRU T G B BB e P T L Bl
as adamagl%géimgd | R¥fotindsll BARE hEdide-bRYECOmpBLLdY, SLifiRoh-RYKY Sompounds,
organic dielectrics, and nanoporous dielectrics. Compounds that are considerably compatible
with the organohydridosiloxane compoumnds, layers and materials contemplated herein are
disclosed in PCT" Application (PCT/USO1/32569); US Application Serial No. 09/538276; US
Application Serial No. 09/544504; US Application Serial No. 09/587 851; US Patent 6,214,746;



buried etch stop | ayers. These organohydri dosi | oxane
conpounds, layers and naterials are quite conpatible
wowrak/ooBker materials that m ght be used for | BgEUSI02/026276
‘materials and devices, such- as adamant ane- based
conmpounds, di amant ane- based conpounds, silicon-core
S I . .
s Pt 3 S ARG 4SO PR AR PR al noporat
herein by cefematideinaBeir wntitetyt he or ganohydri dosi | oxane conpounds,
| ayers and materials contenpl ated herein are
di scl osed i.n PCT Application (PCT/USC&132569)
Orgap-hydxidesloang &Pmﬂ@ur@g/ ayuh pyagerials Liakend balt% Al some of " the

‘embodimg] bF i Brosp BN Tk, ARBLUSRe ARy BEY Blynlo s

PCT/ US2002/ 026276 US Patent 6,171, 687, US Patent
6,172,128, and US Patent 6,15 6,812, which are all
[H_gggﬁﬂgrgf@lq herein by referenggmiia gfl r entirety.

gano hydri dosi | oxane conpounds and erials
ki zed ein of the ) nts of the
[Héf‘ sént! ﬁ‘ﬂﬁ%ﬂ %irg]lﬁa{/gf“t he foll ovm Ng égﬁer al fornul as:
1 - Si.OL. 5]n1FornuIa ( S11.5 -
H[i 1§.Ls glsiol. 5 - 1- g] mé%ﬁ“hlgb&gl

4 0-Si 1 ]é?’bk-SIOl 5] m Fornul a

[ %Sﬂ?iR‘S%Q Rly l:5] y[ Si O2] Z Fo¥erm (4) wherei n: the
sumof n and m or the sumor x, y and z is from about
8 to about 5000, and mor y is selected such that
carbon containing constituents are present in either

wherein: an anmount of | ess than about 40 percent (Low Organic
Content/Low Organic Siloxane Polymer = LOSP) or iri an

the sum oRM0HMAY 8 &6 lsubhék agodﬂd A% ReCARLt & %bl@ﬂ)@@' Qnd m or 7y is
Cont ent / Hi gh O ganic Siloxane Polynmer = HOSP); R i

selected suel fé@atte?@rbmmﬂnwbmg pnns@w@mar@ msesosttin githet, annamonedt of less tthan

about 40 Beéﬁ??f yg%%glf/i() 9§$a%&cg¥}l%grl{% ?89?@%2%%981)) or irm an

amount gr@ét@ﬂ ﬂ?dﬂ‘a\ﬂoﬁt 4@5&%}@(}!@@ brﬁﬁﬁ@ %ﬁtenﬁHSﬁ'gﬁ 8B ¥loxane Polymer =
groups, benzyl groups, t hal enyl groups,

HOSP); Ransdheatrdnyom gnlosiiteicdiaamd mheb&nuﬂngwymag}raod ybse)ncha«h dikyls (methyl,
and mh r.ei.n eC|f|

ety buts] i Bty oty SEEHE A A g OO SHdERYID cpEogllyls,cycloalkeny
groups, alfy}én&Slhé?ﬂfl %@oﬂ#@eb&%ﬂ LrBhipd, N MR B oGbusd, airﬁﬁlrdgenyl groups =nd

térials
phenanthrenyl groups), and mixtures thereof; and wherein the specific mole percent of carboon

containing substituents is a function of the ratio of the amounts of starting materials. In sosme
LOSP embodiments, particularly favorable results are obtained with the mole percent of carbbon
containing substituents being in the range of between about 15 mole percent to about 25 m ole
percent. In some HOSP embodiments, favorable results are ob tained with the mole percen-t of
carbon containimg substituents are in the range of between about 55 mole percent to about 75

mole percent.

A synthesis of the organohydridosiloxane compositiora includes a dual phase solv-ent
system using a catalyst. In some embodiments of the present imvention, the starting mater¥ als
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LOSP enbodi nents, particularly favorable results are

obtai ned wth the nole percent of carbon containing
waaisoiBaents being in the range of between abpCit/us®02/026276

nol e percent to about 25 niole percent. In some HOSP

enbodinents favorable results are obtained with the

encompastnﬁjégpgoﬁééei ag 5&8@1&?%@1&?%&% .1%: léft érg%‘t ! eryl, or
an aryl Mbﬁtﬂ%ﬂCMIOr&lwat heshe refativb eraﬁbgfhﬁmiértrﬂihidrbﬁme eand the
conposition includes a dual phase solvent system
organotrighirrreiline deteryine thampleprscefpubiemreonizingng swestigreisdn the pol ymer.
invention, the starting materials -10 WO 2004/017335
PCT/U82002/026276 enconpass trichlorosilane and an
anot hlor03| e ei ther an al kyl,
1%&9@ ogiments, ﬂé\e‘r‘}?? %ﬁf{)%{ ZERon BRABISSS | ane. The
reI ative ratios of the tri chI orosilane and the

1)or gameiinghsoditisg) qfama@twmbn@mdmg@npw@wwd trihalosilanes
b h
cmhodt FepeiopsheSiiE A e oy oy RRIPH ol 30 Fovide o

m xi pgix@rs0l uti on of hydridotri hal osil anes and

or gani c- substituted trihal osil anes (e.q.

tric ;

)ar y {&F{I?fg:%'lﬁh% o ﬁquﬁtgg @&tHgM FI% r’dg\QH ﬁgﬁ@é{ Eol?nefn)t(: 1l51rc1ud1% anon-polar sodvent,
conbiand agoldresoiviexit tampeowidda. duad phbsqieacsts oa ehivant,

i ncluding a non-pol ar solvent, and a polar sol vent to

3)Pr oViad@ing. AKédild phassatd Bacio s sﬂhﬁ@/ oo Bpeadish Mektare,
solid phase catalyst to the silane/solvent reaction

Y Xt Yo ble GEARL KNG SdEe SHABAFIRSALAMNGS ana

organo oxa recovering t

orga dr.i dgsi | oxane t.he ortlon of .th

) dual LG %&06%%&09%%@8%10%88 oA Bl bSief or héfual phase
i ncl yeRenPSRicRy the recovered organohydri dosil oxane to

renove any unreacted nononmer, and fractionating the
A(g{ng gbé‘cglgéclgr%a%ﬂﬁgiﬂ?g%ﬁég?ﬁgﬂﬁgséd\}/gggﬁt&gg?ﬁ cﬁﬁfdsfl%xarfquremove
any unrea&adb edomané:s and frartioadtial gy thic organahpdradoeildx anspreductad tleyeby classify

ncluding, but not linmted to, tetrabutylarnnonium

the Produetﬁpmr@ég tampleraiaryieighhet hyl anmoni urn chl oride. The

phase transfer
In othexr embodiments, the cataly st is a phase transfer catalyst including, but not lirmited

to, tetrabutylarmxmonium chloride, and benzyltrimethylammoniuam chloride. The phase transfer
catalyst is introduced into the reaction mixture and the reactiom is allowed to proceed to the

desired degree of polymerization.

In accordance with one aspect of the method of this imvention, a dual phase so Ivent
system includes a continuous phase non-polar solvent and a polar solvent. The non-polar
solvent includes, but is not limited to, any suitable alkyl, alkenyl ©r aryl compounds or amixture
of any or all such suitable compounds, the operational definition of “suitable” in the present

context includ es the functional characteristics of:
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catalyst is introduced into the reaction m xture and

the reaction is allowed to proceed to the desired
waolegnoer3ad pol yneri zation. In accordance w th BPEEUS2002/026276

aspect of the method of this irvention, a dual phase

solvent systemincludes a continuous phase non-pol ar

nysol ve Iub"i‘i'ibﬁn?tﬁb%&io h‘é%ﬂi 8111&'88119'88}?&@0' ar sol vent

|nclu not any suitable al kyl,
alken r.ar a mxture of any or al
Asuch ékm 5%P%ﬁk3hg%§1g?nxyﬁt operational definition of
suita th resen tex |ncIu es the
3)functSFagh]é‘W°éE‘éer%P§¥fgﬁf§F?‘i‘é°taﬂ efj? 28h/ 017335
PCT/ US2002/ 026276 1) sol ubilizing the nononeric
Ysi | i desolelipoefiayarstpd seactibn praduets. t he pol yrer
product, 3) stability of the polyner product in the

solvent, and 4) insolubility of unwanted reaction
products. Contenpl ated sol vents include any suitable

Caetnplhitesslveht itlu 6E g kEitab®s §ia8 efmtiathre ©f offanic, organometallic
i norganic nol ecules that are volatilized at a desi red

or inorganiempeelaculee thaf rrn vaslatiheed pt 1i desired ttempsratiuws, esuchTiwe the critical

temperatuge? | ;@F gppaﬁt&n%eﬂso c ngjrplnség Sﬁgg%.ﬁﬁﬁ tp%fe oﬁ&é é‘@nla)f taﬁJC{ rion—polar
compound@NRA}BRMeE cnﬂ)B@mﬁa(illt‘é QRé sE1PER ChBPRscs WRHRE, etl@\ilBﬁPRJpano 1, acetone,
propanol , acetone, ethylene oxi de, benzene uene,

ethylene omd]e,rlzepz@yx; t(dh@wmibnm cipeiphsrainang, buteyolactone methylethylke€one, and

N N .

For exam;ﬁ nﬁﬁﬁé \irét@f‘ls coﬁ bscRX 88T ERYY. %é’@s%@hér&n%’gﬁt’éfﬁ?‘qumre” means
ol ely of used herei'n, the term"m xture

that compmnsthat tsatot @urqa oedndingtsait waemods lpi@dahenem; thedien “palbt—" means
wat er.. used .herei n t ol ar t hat
that chersqli Rl A AP SORPPLEY e Bieoted i S s Bagiake harge o

spontaneoﬁ@ SHS@L e HRabe 8 oﬂ@{pbhﬁlof op Qfoﬁg tl%m@l@&ﬁte p @ﬁfﬂﬁound. As used
charge distribution at one point or along t

herein, thertai‘m: flioel—prrlalt angaositidat cAsragiegtic dsfearrmlﬁaculdm compound that caxreates an
on-polar” means that charact e({ él ¢ of a nolecule or

equal char(gsnm%l gharge QI spQpdanegus ¢ eﬁg& 1 tagn aﬁ M,p&lﬂt&fé}t@élong the
molecule cﬁf c 98&&&‘ Wﬁg@ﬁ%%?ef@h%& GA1RLE Jb ﬂ‘glﬂe, al%%o@hnﬁ?{edﬂf Ppentane,

along™t or compoun articul arl
hexane, hgptahey cyetblerhng hérszemg taldene, I&ylena,rlmlmgéndteadmdlmhti such ass carbon

nt ane,. . hex hept ane, cycl ohexane, benzene,
tdﬁwhbn5%4GEﬂQMXQVﬁﬂﬁémoﬂalo genat ed sol vents such as carbon

The second solvent phase is a polar phase, immiscible with the organic, non-polar
solvent phase, and includes water, alcohols, and alcohol and wwater mixtures. It is thovaght that
alcohol solubilizes reactive intermediates that are not yet soluble in the non-polar phaase and
would ordinarily be unstable in a sub stantially aquéous phase. "The amount of alcohol pr-esent is,
however, not so high as to significanitly dissolve product polyymers having molecular weights

greater than about 400 AMUS.

Alcoh ols and other polar solv-ents suitable for use in thes polar phase include, bu-t are not

limited to, wrater, methanol, ethanol, isopropanol, glycerol, diethyl ether, tetrahydxofuran,
-12-



tetrachl oride, and m xtures thereof. The second
sol vent phase is a polar phase, immscible with the
wo@e@anis3s non- pol ar  sol vent phase, and i ncl udeGT/Wa102/026276
al cohols, and al cohol and water m xtures. It is
t hought that al cohol solubilizes reactive
diglyme bﬂ&ﬁfn@lﬁg dsah %gfe rﬁa{n%ﬁé ?%n%:r?%ltﬁé) éﬁ? (13%51?1{5}} L}:ﬂeg aiwrelttgr/alcohol

mixture thi%hﬁﬂiel \ﬂ:!itb]}’ls peEsalsn phaseunt ﬁﬁﬁcﬁé‘ﬁmﬁ préfereatiensdlub ilize ionic
present is, _however, not so high as to_ significantly
1mpur1tleéun§§ gnlyblenn alsohal, aaﬂ@@ﬁﬁ%hhi&\ﬁmgm@me@mwﬁmw gonip> ounds that
e 0
might otﬁérl%@éeen tsl(s?fli::ll% algl eﬁc : ’Hyy?)bld?“ 1‘?)82# é)rh%g]% g@\gea%%{ e?@%}aretams the

hydroch18Hc tacidl @1 ?’bondeh@ah@ﬁi ptcluctai®siny Iﬁﬂitﬁlladiﬁl or dthétdBsit cormtaminants
i sopropano gl ycerol, diethyl ether t et rahydr of uran,

that may” bepreyenp Since A% PCT 2G0T @zﬁgszne@ugthpm@lmqlvent ‘phase, the
th nbodi
orgunob TR HFOAEL of s BPFuRRR oF Mebh prbiCaff efipins exsgntially no

metal coN@iBhadts pPresent in an amount sufficient to
preferentially solubilize ionic inpurities not
%ﬂd‘ﬂff& b ddhER G ge ARMRS d19<518%| ‘ﬁgﬁ* ROLYGRE Bﬁ‘ﬁggr ?tﬁ%/ ©Ynd/orion
pr o uct conpounds t hat t ot efvvl se
exchangd resil, sobblas tAhAnpbbgst A‘SZﬂOvaIrﬂiaﬂﬁe hdvadtiagertlginge resins (both

r et ai ns the _hydrochloric_ acid (HQ) condensation
availablefrem ke r@adg-}pys GrOTBPALY> @Qpl@d@phl@,t @pnqsy—}ﬁ@réa ), surface catalyzes the
¢!
potmer 780 8 A2 A T B BE T Dl OG5 f cstion o

this invehtién. Xigbagsty4200ddsh |b@§1@%1¢ﬁ eghhah =@f rekitl Based\v@Nfhe @Al oride ion.
_is of high purity and contains essentially no netal
Amberlited:9/afiisrn 3basicapigserehangspedn Ryt ayoferlapaionosd not by way of

11m1ta’c1o1“§l 1?‘1%"[831? tgg{yﬁ{ep g:l]jlg Spgéb?%agllaﬂnggﬁ‘? e@l ﬁl%t 6%2}%4 %&Errg PY Peydrolysm

of the Si-L1®668 of eie ﬁmﬁdaﬁég f S£SH)Joll®Boédby evadématien ﬁxﬁ@ﬂﬁn&hﬁfﬂ Si-OH to
and Hass Conp Phi | adel phi a, Pennsylvania), surface

provide @mtsa@ﬁesbqnlde the@@by rextending dhe oplyamer chpinal &t iotheieminadiments,
polymemlz%cg)gﬂ]g Ea/trg!,yh a%g{l h /_@T@éafsrgrtans r%télgs 5{1&@ 3 Ce%rnﬁgtg/ trr'n%‘ml?rfn chloride.
exchange resin based on the chloride ion. Anberlite
1-6766 is al so a basic anion exchange resin. By way of

ﬁmeia%ﬁ{b'oﬁfinerfwgfr’tﬁ& PsereIvRhtiod, tiMel Ahb@R of cﬁégﬁ)tﬁchlorosilane

ought pol ynmer ch ar b propagat i on occurs on
monomelcmaérysst arsa.mélan: sufifjcibytdo ptorddesan asfctitee 18yerGr fimhdviog an organic
content qnlggqqgl?g]g%g@tqoﬁogﬁgg ’pefrgelnlt ocva\?bdonbcyorg’?arl]l%?lgss% Ist?trl]lents th or the LOSP
applicati ons and an organic content of greater than about 40 mole percent carbon-c ontaining
substituents for the HOSP application. These films provicle low dielectric constants_, typically
less thara 3.0. In some embodiments, particularly organohydridosiloxane embodimnents, the
carbon-containing substituent content is a function of thae mole percent alkyl-, al kenyl- or

aryltrihalosilane.
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provide an Si-0O Si bond, thereby extending the pol yner
chain. In other enbodinents, polynerization is
w@atoalynesl with a phase transfer catal yst suchP@sUS2002/026276
tetrabut yl ammoni um chl ori de. En ot her enbodi nents of
the present invention, the anmount of
R AABENL B BNESLb a0 TPRRGES o ERERN o oA DABYBE aptcatins
09/4202 ]Brﬁkad Grnoteer 16,0n98Nanddnd fisd oh e 2202002 Wherethesepdaamber has yet
cargon cont ai ni ng substituents for the LOSP
tobe assignadi cati ons and an organic content of greater than
about 40 nol e percent carbon-containing substituents
Prederredy @oms,apmncumrs,opplymﬁeeed fimlomemsr soludions @ve  designed and

conter G SR S SO BB, Dhypb 58 03031 g oo

wafer, a sBBROAE BB yered Eﬁﬁteri%ﬁ NoREr okl wlﬁgmﬁk' Beldebi &? tobe spin coated or
content 1S a function of 'the nole percent a

vaporlzedaaﬂxce«ir;posnod ont@ rzyWafarmadwsﬂmta nelay@rﬂi M@tewMSﬂlismtb& contemplated

A e Qe S e e
layers w&ﬁﬁm of filkd EREORREanl uﬁbﬂa%gg rﬁ%alo&e céét!ef%é?ﬂ, N Eomposite

ere thé séri al has yet
material. dagirgfeetd cRrbetienreats, fol spbeirate cmnpms f, sﬂmdnwrgarrmﬂjum arsenide

. I d nt e lated to be

dieor Wag%ﬂ%@%a;% %a'ggﬂg ST 5%858' Ouefﬁpayéégpers z?ﬁd]i‘ik?}edﬂ zold plated
t

e S AEEALEL 5 S RO P o

wall or stsﬁﬁeﬂer daatfack Geoppeaidntlnéel condideatiosist efthapntepprer waf 6t’s ox1des) a

a substrate or, |l ayered material. Substrates
'~ polymer-g éﬁﬁll‘aal%%i“‘h@?ré inteRiRge seshsifen < Ay a gebiimida-based flex package,

lead or ogﬁ%%éﬂi 'aﬁb*r Yo Ry lgal ?a[c'eh%lrasésj %{éi ﬁ(ﬁéﬁ'{e&% Flg)glz%lsr &Hﬁmﬂe. The

strate 1ayers wou
“substrat€ahayeen b defihied as arRéthér pplymaahad Wvht@tonsiferio@ 8RS Hi€interfaces.
material. In preferred enbodi nents, the substrate

Inmore W@fﬁ@?quf‘é%b%fh@m% &he Brostale samPLMSa pdetipHal cogpmomin the packaging
and c1rcu% ‘?Lfd ﬁlldﬁg Vgg?u@}rl] ?ggﬁ? 8%%&%% 1’6&: Qrfo%%fpogﬂg Ina

copper surface such as found in acircuit board or
tiff

ackage inter onnect tra a via-_wall er .
ERGHEHP Sotrtbomiaitsy dr “ontpp s rdharirenrdhubgpens iy €omprise any

dielectric €6RRhe@ B ldyeresd Bi6l&8S0 corfporRat AR CaR BS 8E1iI RRIGK 38 bRG 1R nic-based
board interface such as found in a polyi m de-based

product. f Centqmw@g eclectrenid eympansets perpiisal ¢1m)altsbbaiés, daid packaging,
dielectric comfp%%gﬁts %f gi?csul%ggal%g,l ;Xiﬁerds w%rLljr?g oBrds 081%6, or&ler com-ll;OIeLents of circuit

boards, such as capacitors, inductors, and resistors.

Electronic-based products can be "finished" in the sense that they are read=y to be used in
industry’ or by other consumers. Examples of finished consumer products are a television, a
computer, a cell phone, a pager, a palm-type organizer, = portable radio, a car stereo, and a
remote control. Also contemyplated are "intermediate" products such as circuit boards, chip

packaging, and keyboards that are potentially utilized in finished products.
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"substrate" may even be defined as anot her pol yner
chai n when consi dering cohesive interfaces. 1|In nore
w@e@her13etl enbodi nents, the substrate conpri seBCHUS2002/026276
material common in the packaging and circuit board
i ndustries such as silicon, copper, glass,, and
I
PR PRPAYER apal 50 PORpRaC PETRORR, cRpenent, &t pmy, stage of
developnasy froth ebeeptial modgldodinkl ealelapaneck-tp elAeprotdtgp € may or may not
) onponent that can be utjlized in an el ectronic-based
comntain agl QI}I)

dig rctudsRrenpratsmtendsd i %ﬁﬁ@sww@ﬁa an¢gpppiobge may have
soxne cong]lr»&?eﬂ'}sf: t&?ﬁ%oar gﬁ'ﬂétg(ri ?ﬁf&;ﬁg%wﬂgf srceq‘ggégﬁ 151' o?deg'?g%g{éttﬁelr initial

effects o1f 6HROO@ApSncAlts S Hilbding iﬂﬁ@dll@%sfﬁdc fElé&rcﬁﬁ@?ﬁUdﬁ&éﬁand components
i nductors, and resistors. Electronic-based products

may compgise lyerqd makerals, layereh somppisanish and chmponends thakdare deminated in
ndustr ther consunmers. Exanpl es
IKEpmﬂuo?ﬁP%%géﬂgﬁ c8ﬁ¥ﬁﬁ%‘“%P8aﬁ%-s are -. television, a
conputer, a cell phone, a pager, a pal mtype

Thé galyhie compup@s Al kémpadiiens @sabin BhENE the @BRAric films, layers,
renote control. Also contenplated are "internedi ate"”

materialspeqrapeueats haridmasksiand gioh skpdexears contepplpiad heiginvgm kave molecular

weights bﬁ?‘%?ﬁﬁ%}bd out id%f tav@'ﬁ@%@%) & Lhald éﬁ.ﬁn‘ﬁ%%@g}ﬁﬁ@%%pl g:{]g%(gs are reported

as we1ght5v%ﬁ:igé Q] Eculla © e, PR FerbbBOt h@o{i&&hﬁ:@s Ive ﬁi&édﬁlaﬁpﬁelghts between
nponent, at any stage of devel opnent from concept ual

about 50%@@4 6Q,QO@ matmlcsmas%umts mwr@ﬁerahlqobmy pboﬁdp,@ﬂg agld 50,000
t f.the act t
somic Y 2 SRR ERe By Lo 5, A P BATRRRS01 ML ER 5 s

conponents that are constructed out of conpo site

Thatlicak lprdcirDd € thatpofiesiab £a hbaidmérthhi i8lvol Lfliz€X tdAB at least in
ot her conponents while bein | n| tially tested.

part llberaeécfrcvmrth@ stgmau@k Breawzson ehe suppral magarns s erder to form the

ateranancpfE' ST bl it R TP TR S

radlical pe@iReNESpRe HarH UBémickhthaRfhy ABAt EHPOYGHSatBNEom the structural
conposi tions used in making the dielectric filns,

precursor| a@yiéfpl:atlhzndm@ ¢¢Iap@atugmfb@tn@ﬁm@t desriohentskly bagalt detwh, deteriorate or

rs conte e ein av | ecu
othervisye B B ErE AR BB GO S S 06 Tt St Sfred orsubsequenty
formed suppottSnatédihl. ﬁﬁ'cﬁﬁéﬂv@érd%h@fh‘dﬁ Ledu@df?ich rlsé’ssany\&ﬁieﬁﬁéal material
average nol ecul ar wei ghts. erably, the polyners
or Compomadéhatmaecsgparatmwgmfmm @hw@mtumj puecuB9OCluaing tHE, @06 stage and
volatlhze%%? Ca gﬁrg%g %&%}ébﬂ they po rr%&%%%bsll onkz %Itn\l,\s{e f%lr‘]mlan%?he ultrananoporous
material. It could be desirarble to crosslink the structural precursor or suppor-t material during
the temperature program that volatilizes the radical precursor, but the cro sslinking in this
instance is a planned desiggn step and is not detrimental to the final product. Contemplated
radical precursors are hy~drocarbon compounds, such as alkyl-based or alkynyl-based
commpounds. It is further c ontemplated that aromati ¢ molecules, cyclic molecules and cage-

based molecules can compr-ise the radical precursor, as long as the radical pre cursor is capable
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atom c mass units, and nost preferably between about
20, 000 and 40,000 atom c mass units. The radi cal
w@e@3dts6F i s that portion of a nonomer that iBCT/US2002/026276
volatilized- and is at least in part liberated from
“the structural precursor and/or the support material
r
of separlfa iRl Al R Bk et B AR08 Ahe 8 FOANAR witrananovoid or
ultrananopdrer Pedferrefheadica graxaksops e vlikgb graupspsiches etgheroups, butyl groups,
chem cal material that can be separated fromthe
pentyl goupg ard eyl 25PEPYr sor and vol atilized at tenperatures

that will not detrinmentally break dovvn _deteriorate or
@R’Ql?%h\@ PEvidEL ﬁiéc}xésﬁfn fMGodon R a%&' {i‘f m&fb%%?snﬁ is important
uctura precursor or su se u

to note thupp @{\tenl‘ml)&lnealcorﬂpmsmibh&foemid have h@ cbﬂiﬂ)ﬂﬁl&bf cormprise monomers
precur sor conprises any chemi cal material or conpound

having afggtuE] RresuistAng adadigaliressiseh eAstontreen]pigd psm@m@mposmon may
need to ‘t%:tﬁe's%igaﬁ Yb %ﬁ@ﬁsé Fﬁ%)o?&dand\ﬁma?ﬁ p%?ehs Efﬁg H]‘sﬁ geveral of the

r 0oS| or m
componéilts b e Sp haeS comMpbsfiba |may| e aRMighelaodBah r@hbpotés by methods
crosslink the structural precursor or support nmateria
described gnd momorﬁée@é}%@napelﬂléuw@@ﬁ&@hﬁgt caggthesed inplssul¢re wherein the
cage cen{e%gl rg}a]sl the I‘por g macgocgggf % rvgrtsé oincﬁ(la Qﬁgrgpwaﬁnts SF the same polymer

ce I's ap anne

compositi6h fiaffalkodk dedidded tb Foral the ﬁﬁldﬁﬁfno 5RB URTMsBH B ein by mcorporatmg
radi cal precursors are hydrocarbon compounds, such

monomes§ ¢gmpriieded ssrucaprprprusers aad radiepbpredursorst is furt her
cont enpl at ed t hat arorratl c nol ecul es, cyclic nol ecul es

Aag gfglﬁ ?glgmerc 1%%0@9101"? ﬁi e (réa E.B{ Ir 2@&1&12{% d gn%gb;ggplévenﬁonal
means or 1ot WEXigRAHD %?%epﬁbféﬁg 0%6%3&@ o@fulﬁzﬁrﬁﬁbﬁ%rtﬂﬁ environment.
|

way fromthe structural precursor and volatilizing to
Reasons wﬁryrﬁth@repq]meéﬁ aro\hsi idcporagl timde armsoner cqmpcfséme ¢ould be a) to

provide @:f(\id l1 bgﬁ%ﬂ% %ﬁg@gﬁln%gfg %;I ga&?fgfg% Eu%%%g% Z’i)ﬂ m e(s ﬁslgaln design

goals onhVéeﬁhatlhﬁo@l!i@t“ SUg) db RHEaE AR OptiBRINEGMpSnd o the final product.
contenpl ated nononers, it is inportant to note that a

Contempjatoe ndgiiopplepodonpssiney eomgtes anptidh amet of ﬁmnpbenab oy structural
" .S€ nononers thaV| stru raI sor and a

moie 168, gg;l)% g F;]'rcggﬁt]go?ys SRS, ﬁad g Jgg}qr?,ogppropnate

polymerd By HA$RUndrR- RBnfSi€PEY hOAuGRBPE 'lﬁ)%ld}ﬁﬂ)ﬁﬂ %ﬁd %‘ Geteropolymer.

ul trananopores. In this instanCe, severa
Moreovec,oa#ﬁm@mequib'metre mpay e vaomwp oﬁbmmso rsunﬂmyls ﬂmeate s'bgmehied super-

branched, ﬂ]i:%{ nano&qéf @‘pg Xveﬁig\gagqsgﬁ 8‘9‘3 bed ﬁfgcontemplated polymers
spans a Wigé ?ar@é?’%lcﬁﬂ%@& 4088l gfOOOOO Dalton or mox-e.

The organic and in organic materials described herein are similar in sorme respects to that
which is described in U.S. Pat. No. 5,874,516 to Burgoyne et al. (Feb. 1999), incorporated
herein by reference, and may be used in substantially the same manner as set forth in that patent.
For example, it is contemplated that the organic and inorganic materials described herein may be

employed in fabricating electronic chips, chips, and multichip modules, inter-layer dielectrics,
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cage center fornms the "pore" and macrocycles. Severa
of the conponents of -the sane polyner conposition
worey4@als65 be designed to formthe ultrananoporBGT/US2002/026276
di scussed herein by incorporating nononers conprised
of structural precursors and radical precursors. A
[ 0

protectivd c%gﬁngso E%Jg‘raﬁﬁqe % coetn i\}leén} I onaﬁéﬁg of %Eédsﬁl dggﬁrgdﬁegloreover,
films or bOatDTg@djf ¢1€eao1'gam10lmld inarpanio raaseriuls dbetcnaear}nemnm be formed by

envi ronnment. Reasons why ot her polyners nay be
solution feghriapeysae bps SRS, SRinyceein S ORprséing; Wih spiicaatiiaghpingpreferred.

Preferred oq%érﬁg tal% pbétgggéthﬁae)ﬁf%ggﬁoﬁ%agﬁp %J é%’k 31; ole tqluene xylene,

chlorobeﬁier!‘eh Q\I-ﬁlleﬂi\f/l pﬁ@dﬁ@hon@fNNdﬁﬁleﬂf}@fbkﬂ@m@db , QON- &ﬂinethylacetalmde
conp onent to the final pr oduct Cont enpl at ed

methyl 1sabdﬁyi kesoreel, %meﬂmwsthwb@th@;ﬁwmetbﬂ-zﬁemr@aeryahg@miactone PGMEA,

PACE, bgéri na%lgnanﬁ %ﬁ%rgf efaypgq'%li)zl es(ﬁ?:tl?l(élé]l?lld ngs asbe een aboutOl

to aboutaiFSIOfrﬁ&*bhsatAs Q@hél&%é iFRYlaf2Y Gh88hh 88084 Pt} O1REHy less than 2
i ncludi ng a honopol yner, and a het eropol ymner.

miicrons. I\/mddrtmws canl 4leo batused tp eilhanelesorrm;palntapmlm taugef praperties, as is

as |inea anched, per- nche )
ConVentl?lPﬁ KRR A tgﬁ aoliylffﬁea%}lé ésaégbzeﬁw 1grtagganti Pigments,
. I
e T
to givea dmned pldpertoy. @aﬁesumrpdomnmrsgam dsoae esedaSacld;ﬁenmﬂa&da_re typified by
hexamet eélg]l,lg%ggée <|5aanrl§|d?se Eﬁnﬁtagfag yyngfga]t Q})lggy%r@%\gé %@tctmnahty that

may be pf’ésgnt(c;:rfe}%:fgc%g )sucH a[é%ﬂ doRd g]l e, thef ﬁb@e@sé@{o%aﬁﬁre or humidity.

e uséd in su stantl manner
Polymers fiir nﬁmrdettoﬁ:fomb apphaitient desitetbly emmﬂ bw ldvels{generally less than 1
contenpl ated that the organic and inorganic nmaterjals
ppm, prefaalyiless thada L8inpbyrafissic Bpyraliess Prricukh foadiekgctric interlayers.
el ectronic chips, chips, and rnultichip nodul es,

Lg%gﬁﬂg%g 5171%5 ?f%édiﬁ&%‘%imegc eo%é?%n g}S&SY descnb ed herein can be

formed byupptovadies arpodymemmnlhm&mdswdter@nltm pnﬂymer cm@obmn@smpnses at
Moreover, filns _or coatings of the organi c and

least ong pRjygsh P%nmm thag ﬁ&@%@w% r3&ileast gRe @éorpa@ﬁvé gotgyonent and
wherein 1%9' ft“ltebﬁrdné f’{q L HlEESHr ﬁﬁh@é{é 105.%1?% C . &nf?:'él bonded

ng, sprn ¢ t|n erng prefterr e erre

toa strucﬁm‘al\qﬁr&bl&sc&f eb)Zapplying yedrhy to ieidpslymey ebmbesiamg R&uch that the radical
cycl opent anone, toluene, xylene, chlorobenzene,

precursoq\p%(glﬁgllzeﬁlw angd c) ,1w§1f@§ngmlmlﬁg,t #fylepsty wapitéidhe volatilized radical
precursogl‘r%thg yg%keq%%&%w sﬁ%h T%{o@ldlgéﬁggwateljfa% %elje further formed by

exanone,
curing the lpUnyﬁﬁ@ca;ﬁIﬂfb@tlmp%ﬁn a suppoxt material and a plurality of pores.

The polymer cormposition can be provided by either acquiring the components for the
polymer composition from a chemical supply company or a suitable chem ical supply source,

such as a university. The polymer composition can also be fully synthesized. and produced from
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PACE, butyl acetate and m xtures thereof. Typically,

the coating thickness is between about 0.1 to about
wa2omioemens. As a dielectric interlayer, the fPCTUS2002/026276

thickness is typically less than 2 mcrons. Additives

can al so be used to enhance or inpart particular

basic cﬁe%fl&ﬁt cd%fg%i?érllt% ?u%@sdt life ggGP}\(é;&eHrﬂSQi‘ﬂ?'fby t%”&*@lebt%ct Hﬁtenals and

I ng st 'Ane T et ardant s

compongutgment s, plasticizers, surfactants, and the |ike.
Cbnpatlble or non-conpati bl e polyners can be bl ended

n |ve a desired property. Adhesion pronoters can
ﬁ}es WS@UEW ?dr@&ﬁtlg@daqugl flty}ﬁaﬁ 1@@7 removed, evolved or

lib erate(ﬂ%ﬁﬂ [EE%/ ggl?ﬁ}:ggfde bﬁ&gg&%}( ;%M' E)%C %ilﬁ%hn g&‘ #ﬁ@tﬁ% gﬁmjt H:tlﬁ“trgﬁgltby any suitable

energy spuesgeiticludii £ aslualaf gngce, SUchhasansivieh canmldrbwavei gentefhabr actinic light
was. exposed to noi sture or hum di ty. Polynmers for
(UV andpigblse flgl BRGHPAT Gt 00 a2 la@egusmgwr@amféar?ﬁd drwjice; a chemical

source, %Lﬁ:‘ﬁea{s 1%&@%.5?3&'6‘]# >§c$1?s§1§.\;7el?/%n %urc@ RiH/oR e%r% % C}ugre In preferred

ronic |rrpur| I'es partl

~ embodirtiéres, €led adic all preuksy etsbe volwtilized 86d 4til6astPir@all 8irémoved or liberated
conprising the polyner conpositions described herein

by heatingRietsdructisn hibtpobysoa )T srenetidimjeralpdhynete reefapowd emnbediments, the

radical p¥\é:]2:§fs§|o S yﬁgaretlpz r% aﬁ?eagﬁ)oy t ??eﬁlé{))v rq@ﬁ%@gggygl%gég}(heahng the

structura PRCIRROSEE uF ST AlkiHal dslgavbaisenRirbheat athBAYspREE: pressure. In
nonomer conponent conprises a radical precursor

other preferesd @a‘pqdyrmfaéhie radigahpreeyusor is edlaiplizacdiand et o) partlally removed

or 11bera?£cgexyo:}m% %%4 : ol;‘nt&r;?etnf ﬁlrégepgfzﬁ:qr{s 2(31! tlllﬁ)g) Slszulct%na n a gaseous
env1ronﬂ1é1@eita§dbfﬁ%‘i‘ds@h¥h8 Predturd e%& ds@d RREdin, HHEpHad R “édbzzﬁﬁlosphenc

radi cal precursor fromthe pol yner corrp03|t|on
pressureT mganl thitpre ssure that bas avauclawbethin?éhamdsphared. w;s used herein, the

phrase * ?]ta}ogpnlg%ﬁctf)gﬁggl an%eragF q?%rléslsglg? bgat L%Lén B yﬁgyéé atmospheres. As

used heréiﬁ erQﬁhltaéeo %%Bup&lﬁfo%egte %Qhﬁh&ﬂ%ﬁﬁr@i‘ﬁﬁéﬂt bl A8 dMins pure gases,
Onents or the po yner COlTpOS| tion froma

mcludmg: hlémagcal hebupp) or argompanymived gases, immdbhding bhigni cal supply
source, such as a university The pol ynmer conposition

ca | sp be full hesi ze roduced from
I GRS Tasss ol Pllisiings E DG oes 1A 2is6 be curedby
exposu.rect@ RIRPRE At = Akbch, AhicEdPave f&gfh@f‘oho& e?éctneonf%ﬁmtﬁﬁilatlon as taught by

dielectric materi'als and conponents. The radi cal
common}yr assignsdpateahpwdioat ba PO ZSP6H186 7 tnd @SsPcatqntsr&B;OdlZJ%?M 6,080,526;

6177, 145 R 5 T Ao AT Aoy BSOS Enom L PRI oBiyen:

any suitable
The radical precuarsor should be volatilized and liberated/evolved at least in part during

and after the application. of an energy source. Tt is desirable that the radi.cal brecursor will be
completely volatilized arad almost entirely liberated to form the pores, hovwever, it is practically
understood that because of dielectric material and layer thickness arad general chemical
constraints that all of th.e radical precursor may not be volatilized and/or liberated from the

structural precursor and/ or the support material.
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energy source, including a heat source, such as an
oven, a m crowave generator, actinic light (UV and
wWe @il B35 et c), an el ectron beam source, a | asPCT/US2002/026276
source, or an infrared device; a chem cal source,
such as a cat al yst an acoustic wave source and/or a

TR g 1 eg{]‘ﬁg‘gr"rg %{erﬁvfc% r%Tg g&fgﬁ g& 'a% t‘j}]ﬁ? fc%rm before or after

all of thdl@ﬂidaﬁiré&uf@ﬂli)s/ Bgh®fed ek @61yn%f ddeaiosh@nt h@lthough in preferred
structural precursor or support material. In nore
embodimsnés Ehersbiuetiad DTARINESY, ot SEPPoTh dhaietial s ceiads bising heat, many other

- methods i Bl Fle e oing Al Ral o Qi PR g, Gt methocs

may inclde SRR HeidBdrRY badb chtﬁlyﬁsg 28EOMTaBilid, @BARNE-And anionic catalysis,
at nospheric pressure. I'n other preferred enbodi nents,

and photo¢asalysiyl F@m exprwpde agiieledisc vohtarinl ardielectnig layerinagbe formed by UV—

imadiariy it f BRRELR BRSO R PR EP Y, 505 20818 OF scid or
base. U&&Ydl&i%@ ”Pﬁéth@@ls SHOuad n%ﬁﬁ&%ﬁbﬁ Of §3&ide, IS appiidation of heat at

herein, the phrase at m)spherl C préssurée” means

subatmomilmhc,mtraszspha‘ld; basupeastmosyalars prossare.t han 760
at rmspheres. As used herein, the phrase "atnospheric

ur.e" neans tlhat ressure.that has val ue of ggo .
CPRRUBHR UL XATIPS) 35aHHER &7 hPOLYHE sopsliongssqigpied BY combining:

the polyrﬁ&vdvfﬂ@ﬁffﬁf}bropna@@@ﬁeﬂth%i%aﬁy rs%@HBnyn{é?%luﬁ%ﬁsaérQ %pprommatel}r
pure gases, including nitrogen, heli'um or argon; or

.02% to af%e@qu@t) pcmbfmmmsngdsal For lemamgt, HOBP BES U pnmpasoar 0.55% wt.

Iat curin he present c 05| sp be
percent ig i y&dé%taggw et £ et KR chiage Fofhdgme, but
d n n u
ether, burt%l é&ﬁa‘té; éssog):h &%Eﬁ@g%l?ﬁﬁg"ba&:?%gﬂ% % %Eﬁc/l tf?sgl%%%lgéthgldlsﬂoxane

octamethyttd siiaPet emt ectém@ﬂ@l@@léteﬁaﬁﬁﬁ,aﬁ@,@;r compindii Sid3heraofiare useful as
35 3, which are incor orat d herein.b ference
deent&.aHﬁw%ﬁorth@ﬁﬁmrePyate?ﬂléfe L Saﬁsew@ﬁgéﬂ%mﬁ%@ose mentioned
earlier. Pglglr & dsk) ﬁ?@scﬁ Gk by Qﬁﬂl@fﬁ%@ﬂl@/ cﬁ’ie\ﬂed:lze?? A 823 R HAoRBhfr s1eves
uring ~and ter e application of an energy sourc

It is desi rabl e that the radical precursor will be
Toompiuéingl polpmhert domposiiionsdlationsin thist gemetaj/ eiidneplas mdhen filtered

under a 0 fo %g)%t; ge{ gr%éncfglag\/\ﬁl\t/rgium (i,qvléciqs% Lical J:%Fhedeﬁa It is generally
preferablg'ﬂ?’ﬁ%efafpheﬁir'bglécfe qlgrgg%% lﬁbrecé?ngé;?egsgtth 59%? a?h{‘ ghﬂﬂf filtration
process uaesdi e $iAvarfabedt (.04 pit e estr, itd$ comémp tagsdul-sa theapudé size may be
su material. -1s WD 2004/ 017335
smallert @S&g B26276 The structural precursor or support
material can be cured to its final form before or

Ir?ifhte%'bin coating process, the polymaer composition solution prepared in the manner

described above is dispensed onto a wafer at ox near its center. In some exmbodiments, the wafer
will remain stationary’ during the dispense cy-cle, while in some embociments, the wafer will
turn or spin at a relatively low speed, typically less than about 500 revoluations per minute (rpm).

The dispense cycle is followed by a short rest period and then additi onal spins, hereinafter

- 19 -



all of the radical precursor is renoved fromthe
pol ymer conposition- Although in preferred

weriedi13ent s t he structural precursor or suppoPCT/US2002/026276
material is cured using heat, many other nethods are
contenpl ated, including catalyzed and uncatal yzed

referred t5'85 ﬁ@ﬂ&es@%@%s%é?%fﬂ?&%&%%m@ %{xﬂﬁbﬂéﬂﬁz(ﬁ@%ﬁ@bo@g %Txgﬁ, althougsh

and base ca ysi's,” catlonic-

other spirBsteads enayebehyed] & appaspdi pteot ocat al ysis. For exanple, a
dielectric material or dielectric |ayer may be forned .
Onge thcoptingprasessn As desgdbPredhows. iy eamplgteddhey qaated subglgste, that is

I I e

and a sub¥eqagi! cert proel ThRMakad prédebaiéowietht ol @bRPEPRE teCpolymer
or super-atnospheric pressure. Generally, in one

compositigraippitdon prstheusybstraist cpatsghilie pIimpesite iflow - eping ghe dgocess of

votaitziy g Pl b e PGB R i et im
The cure %8@ tOnd1es Bk dReRIoch 8Pt ¥BAtIEObL RS HInt; AF cReAIPiBy, hardmask,

P BES-t conprises 0.55%w. percent in solution.
etch stop doiethertelgeosicysenreetdrctons oblaygtediaatenid apii Bilion. Any convention=zal

ept ane, .dodecane, butyl. .ether, butyl acetate,
apparatus i et e BRABYF LARE T GOSPeE I and of
hexanet hyl di si | oxaige, oct amet hyl tri si,l oxane, and . ]
Prstaraphis s apearasipn dhe Breks @roesss db abiingerdnBar (pd s spin coatimg

- ful.. ' :
oS OF a2 o2 S B APRLCR s o i

coatings appilitd ¢sedso stdfablee The Bake® rprbeesy san bt kerriedloveninsarfir@rt atmospher-e
preferably dried over 3 A or 4,k nolecular sieves. The
such as anegfmlosigie ef WrdRer oFpoBHIrPSH, 6| MitrPgw/al] Frfpuse. One commonly
I is t L L1er d en
cnpoye S0 o RAPETL Sl g AE B 68 pHOLSE Bt e o

below. THeuWRd I Watdhés tgpically hedicl gengs @l dbyut 1H0dee ftadthéh bDsett&R] Bot plates
filtration device having a pore size |ess than about 1

at successgj(ply highey frneparaturqst Ty HY, the berlates siedt snpperatuypyhetypen aboat

o I 0, ver i i ! t .
70°C ana 330 By Q8L AR 1o S BB EEL A el pcs i
the wafer SdHaRed @8f ARGt PO 6628 50°Che Theh WHE vafe? Ifesklcr@sd &0l sebb@ihot plake

prepared in the manner descri bed above is dispensed

for an appgerimate ifOsec hekaperiadab 200F'S. Fiaalls the wafesis faansferred to a third hot
e igents, i waf er L1, rempi st ati onary during
plate for o i eliicdiod g HpER hrialhier SERESMELai monc s ¢ he

A fpenfimgorss § rgoL 800 P svapls Ry el Thecure
is preferalgléfﬁigfgmggem%hsiﬂgﬁ gﬁn&%ﬂe%,' 2 dellrdRues by 1;09: ﬁféq{a‘ki g)?oc‘éess. Thas
period and t 4

hen addi tional ‘spins, hereinafter
final cure process can employ a conventional thermal curing apparatus, for example a horizonizl
furnace with a temaperature range of about 300°C to about 450°C and preferably from abotat
375°C to about 425°C. In a typical furnace cure process, the baked wafesr is cured for 30 minutess

to one hour at 400°C at a nitrogen flow rate of 4 liters/min to 20 liters/min.

Alternatively, the cure process can employ a high-temperature Tot plate curing modul e
that has an oxygen—density-controlled environment. In this process, the baked wafer is cured om
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WD 2004/ 017335 PCT/ US2002/ 026276 referred to as
t hi ckness spins, generally between approximately 2000
w@r@480085 r pm al t hough other spin speeds nmayPOEUSHE2026276
as appropriate. Once the coating process, as described
above, is conpleted, the coated substrate, that is
i | A5 i 14
a hot plattggjf ’f]]t%ll‘é 0 ,&%é{?ehtgeg‘?é tﬁceﬁﬁé??%dgte Egl(abake g‘ﬁgc SS &da%(}i%m about 1 “to

about 15 slifigegueatnituge qrinaeasmobpkerbakith pr acgsm damityed ldskehan about
solvent fromthe pol ymer conpositjon, solution on the
100 parts pgg Higne Fopgxagwde.aiseiigbissee afnpsp %fws,aciasv%wﬂﬂémtrogenﬂokw
A o : o
oS8R o AEUBLI AP £GP e LSRN T SooMihcpic i
(UV and FigitTe solit€es; Bicy;, 4t sle@ssSndpan] sdese il acorasrefdiednhel plate curin_g.

. the coating to the film _ dielectric film hardnmask,
Also, it isdghersecsyieraplatadiibat apy edithoherein meionsh enpxgysougses that are used for

. l,a d.mat er i al .cation..Any conventi onal
curing angaélgﬁ‘;%gg Wg\kﬁ us%@ﬁk%rc}lapg%agﬁy ‘be enpl oyed for these
‘ processes, Preferably, the aratus for the bake .

It oY Clggsulpd;rscfﬂoé ﬁlfaégti‘éa%\fqg e and GPEF WOASSHRS Were described for
illustrativ@ p (§§eﬁ SnHsed dif Q)tlﬁ%fn?gra%?ﬁﬂpﬁfoﬁl@taﬁcpﬁuﬂﬁﬁéﬁ{f bake cycles can
afthough a-separate apparatus for curing coatlngs
be emplopgipiviteste iapp@ipsiatesui t abl e. The bake process can be

carried out in an inert atnosphere such as an _
T AR KRIEE 6f 1BE redBltina@idl c@aso filhh,l14RE 6PmaLfi=llioh2uB&H A depends on
m xture. One commonly enpl oyed heating apparatus N
anumber eﬁrﬂmgble@rﬂ&leofranﬁble@mch@;de,mrmgcont@ntwé%ﬁ Polymes gewgosition, type

.wafer from below .The coated wafer is typicall.
of substinyL i, the cMpRSTHQ SRt H3Heiss K st RosE AL pentage of
the polynfek 84188 i@fhé%ﬂﬁﬁ%bdﬁﬁid sifiof RBTutioR MR Ao f polymer composition

~~ Typically, the hot plates are at tenperatures between
solution dikpsused 7O dhel SBBEE, aBiktheygpiecdlof ghe dedsnesspsmipsThe higher the

heat i a rrat ys havin hree hat plates.. First e
percentagiafigp P ERRRAGEr “isot. o M B Sesln aipleh® gy ChRverse,
the higheM@ 8b eb@ of tiRNBIRAERYih the &ﬁﬁ&?%@&%uﬁh%kﬁele&ﬂ{c fith. In additiom,

approxi mately 60 sec bake period at 200C. Finally, the
the thickwea$ eif ihe dickastiefilmdano dgpervd pd thomatyy arwsl fumouat phithed organiic

.. _bake_period of appr.oximtely 60 sec at 350C. A final
Constltueltfalﬂe*g‘?la%l&]&f F%mﬁg%ﬁ‘“g’rabl y enployed to conplete the
curing of the film The cure is preferably perforned
Asqerding Reemeanmheshmerte offhe gesentiipemtiapodéspensing ganl of polymer
composic§ KB RIAERT bk lde 02 BaRbBRES P BB Reidhyon adineh
wafer, usiggﬁisfzﬁﬁtspéed betiveae sboat 2000 drlrgdeuas it phaasuld irddieletiric films

) 0C to abouyt 450C and_preferably from about 375C to
ranging frapebowA600A toabput 9PH0A inthickarse Bis enisnaplases hereja that the wafer

size may 1?1815&6(; a%fsﬁlrtabllg sizd \rzv%%r,fi%cl&gng{v%'etrse 1§p to abouat 12 inches in diameter ane d

above. Variatiora in thickness, determined by independent measurements on a single wafe,

ranges from abouit 0.4% to 3.2% and preferably the variation in thickness is less than 1%.

In certairnn embodiments of the present invention, films and layers formed from polymer

composition soluitions by‘spin coating methods are provided. The films and layers are forme d
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to one hour at 400C at a nitrogen flowrate of 4
liters/mnto 20 liters/mn. Alternatively, the cure
w@e@sess3tan enpl oy a hi gh-tenperature hot pl aPE€r/T82002102627
noduLe that has an oxygen-density-control led —~—- -
environment. In this process, the baked wafer is cured

o 1 ORI DO RSt

preferablyge thedange betwsemblmut 011 Mol Bhad 40 MolrthniirdSOSP applications aned 40
en or_inert_atnosphere with an oxygen density qf

Mol % anfl Sbe RAMabiajor HEBE PRphHisar. i Armem OFeR ioxnpiapiss bellow,
such ﬁhns%ﬁ?%ﬁ*@ée%%oﬁ%’ig\%xﬁgm&@gfélga#ﬁ cgﬁﬁéng% ?P&)i%ﬁ}g?@r%%%atte%%ﬁ or lowwer.

nitrog rate o etween
Additiondliyt efisletirie. filsgligiimsdki 19Rss, BRY stdpSayerd) elnddgh@diydnd ormed for- use
) l'ight (UV and visible sources, etc); an electron beam
m electrogisyr e semeicarduetatt priMdgationst ephifite thagmiag stabilityopermitting cure
' senpl ated that any of the herein
tanpaaw%%ﬁ%#%%%d&gﬁgpé§ sources that are used fir curing and
volatilizing may be used jnter.changeably. It will be
ThE R e Gl T A PR v BRIREORS T be 1spr 6% 88 ellspifisppstacked
films as taﬁ?rﬁcf)y REENIDTE, ThbhSt&RMih \th @tﬁ&l@ﬁsﬁﬁnégﬁ;ﬂ)ﬁIWQ tIEPetlectrics”, Solid
ot h unber of Bake

er’ tenperatures, durations, and n

State Techpgke g5 (Juan200i9, wpiposeeitd heein én dppniipty dyeefefiee.
thi ckness of the resulting dielectric film |ayer or
material on a substrate depends on a nunber of
vari abl es. The variabl es include, organic content of
t he pol yner conposition, type of substituent in the
conmposi tion, solvent properties, polymer nolecul ar
wei ght, percentage of the polynmer solids in the
pol ymer conposition solution, the anmount of polymer
conposition solution dispensed onto the substrate,
and the speed of the thickness spin. The higher the
per cent age of polyner solids in the solution, the
thicker the resulting dielectric film Conversely,
t he higher the speed of the thickness spin, the
thinner the resulting dielectric film In addition
the thickness of the dielectric filmcan depend on the
nature and anmount of the organic constituents in the
pol ymer conposition. According to sone enbodi nents of
the present invention, dispensing 2 m of polyner
conposition solution that is between about 0.02% and
about 35% pol yner by weight on a4 inch wafer, using a
spi n speed between about 2000 and about 3000 rpm
results in dielectric filns
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rangi ng from about | OOOA to about 9000A in thickness.
It is contenplated herein that the wafer size may
WO p@kouB3aNy suitable size wafer, including waP@r/sS2002/026276
to about 12 inches in diameter acid above. Variation
in thickness, determ ned by independent neasurenents
EXPERIM%‘N?A]?IH\ %@—hﬁ)ﬂ@f er, ranges fromabout 0.4%to 3.2% and
re y variati.on in thickness is |less than 1%

In certain enbodi nents of the present invention, filns

n for .from r_.copposition sol ut.i
TR ol B R, SR RS sy FRTRE e e i Thserate the
propertied f e SpslyRicf QrfiFosiion AbwWiRERRH HAd38E, layers and films of the present

] . PCT/ US2002/ 026276 from sol utions of polynmer
inventione onjbbe imetbads Mewd iy measreng dhe entiowst dragrotéristics of the prolymer

.. substitt.tents r ef.er abl i he ran et ween about
composityHn, QWD‘ihe /gtgﬁgdn%@%? oe%/soqn%'_ 35?)?)? &8@?‘?’%5 and 40
Mol % and about 80 Mol % for HOSP applications. As

denons-trated in the exanples below, such filns
advant ageously exhibit |low dielectric constants,

Dt ypi dmyThigloress (Adat Bily thickness ik owesuredAddig & caldirbtgd Narmospec-

ana. Ot hde ALy YE S RRE O BT | ERiknpBiGiSnent System

seni QAL RonPRRIJEREQNE 0eXRihihgd B%{@ak%%hﬁwtéTdﬁgme lo cations

permtting cure tenperafures up to about 450C.

pr esemt a prdfgmers epowtmives she fidms thidinisss Someepcth eampied ThiE ckness
in an all spin-on stacked. fil as taught by M chael

E. Tﬁ%??&gr,err?fﬁbﬁ He errsptedifertheirpiactvg Andgy ag stgasured on a R-udolph
Di el eetddofiter. - S0l id State Technol ogy (July 2001),

i ncorporated herein in its entirety by reference. -22
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neas elgieicter ik aivavslchgheofldss.3 mhoperties of the
pol ynmer conposition, low dielectric materials, |ayers

3)and kel CofSakf: eﬁ%lEctléiE ALY deﬂ}ﬁliﬁ?& ?ﬂgg 5&Pac-itance-

in nmeasuring the various characteristics o

pol ywettage@ayy3 nkasomentemtathelgae tnd enipo ey 4 Hewlett-Bykasl Model
and fil are as follows: 1) Film Thickness (A): Film _
thic %Hé@ SPRUGARAUGHPE ANSRSIFRIICRT svsteh Pl BdiPqNsRSYS pleE MHz. Thhis test

RTM Sﬁfc@'d&re@'slcg}g %rﬂ%gﬁ—lins%%ﬁéllﬁgtafmg MGSARSRith the thickness of

Measur ement
each layer ranging from about 0.5 to 1 micron (ym).

4) Solution Viscosity (cIP): A Brookfield Synchro-lectric Viscometer, Model LVT
62238 is employed to measure the viscosity of organohydridosiloxane resin

solutions at ambient temperature.

5) Adhesion to Surfaces: The wafer is coated using appropriate spin, balkze, and
cure cycles. Studs, kept refrigerated until just before use are glued to the center
of at least 15 to 25 samiples per wafer made by <cleaving the wafer into 2.25 cm?
samples. The studs saxmples with a small vice/clip device (the tool and nmethod

are self-explanatory), and the samples are then baked at 150°C for 60 min-utes to
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avai |l abl e from Nanonetrics, Co. An average of
nmeasurenents at five locations on a wafer are

wo epai1Bas as the filmthickness for each sanpl BCT/US2002/026276
Thi ckness neasurenents are corrected for the
refractive index as measured on a Rudol ph

?rlelals &?lgd oeeli)ox}zgélol p%r?gééslég (2l rgﬁ%ﬁdf S%i%?gs)ﬁairf‘-SA stud-

usi ngudl m@mﬁh@m&hﬁn@ﬂ‘acﬁ@&iﬁymﬁé Qﬁ)adQ}ﬁJL@CSf)d)lgane Wash. _, is used to
Constant: Dielectric constant is determ ned using

t he
capadhediethe isthesipn strength ofghe relymer filsg rﬂ?heqtﬂlél @fn@he stud is

enpl tt-.Packar 4061A se onduc

obe bR BRI Nt Kby 8RR FRASGAALS) Qoroted upon
Pr oC ekl 8h& FPdteN$ sand¥Bt Albréals tinat %Tdéefe%brcfem M expressed in kpsi
structure with the thickness of each |ayer ranging

f r om(tisosandyposntds per sipeareimoppm) . 4) Sol ution Viscosity
(cP): A Brookfield Synchro-lectric Visconeter, Mbdel
6)- VT MaRdalarVeightqy MW'Y: VRdedul whighvisdeRfhined abing & gel phase

or ganohydri dosi | oxane resin solutions at anbi ent
t enpSREARFtESTaRY AyFtem fpm WateinGoagesationh Mikferd Mpsequipped with

coat %dw%érgg}@p%ﬁ "yAids 3R 'Z]luffé}@%‘[%‘ra%?%r 16iEE: G¥Eh Rraters 717

gl ueduto@alhbﬁr CE‘m‘Ieﬁ[ﬁroc@iurahsécB@%L‘ s &b foreh B Ss RpéeH 'Paimdamental
waf er nade by cl eaving the wafer into 2.25 cnf
sanp IPélélﬂPTWé)f Podysicss MatedalpipegesaS 318d) (2ndEge] 293) pnd incorporated

deV| t-o0l and method are self-explanatory),
reegégﬁ‘p?f&% e then baked at 150C for 60
t s to, -2 017335 PCT/ US20 276

71:ur o gt e%ﬁk%a%ﬁ%éﬁ@é&%@@% Tyemone FompBe 2ere; heated to

A S by,
The e q@g‘td('i %‘ﬁg aé}ds iédgg)ng ;&glui td éb%?l{b?%@%%fgggﬁg&%%%}agw eight. The

t he almlstmelmam isthremgirhped fiohe 100y werd25PCrat Z6hHe Iieairﬂmafte (under
the stud is inserted into a receiving cavity in
| nst PHFRSFE UHEPRA ighand dald ¢ 440 feéorwgwﬁ Bowi o datggime percent

syst %s a break. The value recorded is expressed
in kpS| ? ousand pounds per square inch).

8) Planarization: Polymer films are spun ora silicon wafers patterned with line and
space patterns of varying widths (0.35-3.00 um). The wafers are baked and cured
using the appropriate recipe. The cured ~wafers are then cleaved hosrizontally
across the patterm of lines and this cross-section is examined using a scanning
electron microscope (SEM). The degree o f planarization for a particular line and
space width is calculated by measuring th e ratio of the highest point of the film

versus the lowest point.

9) Stress: Film stress is measured using a Flexus™ model 2410 Film Stress
Measurement System available from Tencor Instruments using standard

methods.
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6) Mol ecul ar Weight ("MW): Mol ecular weight is
determ ned using a gel phase chronatography system

wo camioVesBer s Cor poration, MIford, MA equi ppeRCTUS1v02/626276
Waters 510 punp, Waters 410 differential refractoneter
and a Waters 717 autosanpler. The procedure used is

set for ' g e .
18F S8kl CHAB0 LA ARACGIRY e, BY AR arsitcon
and iwaaryiigatathpphiepréiteirdeyperin fle0@NA ehickhedssndrb@emed. The wafers
TGA: Cured filns are carefully renoved fromthe
waf efES exfERed) 24048 hisdallowiy cHErRdofcheckofs crstiing o
equilibrate before recording initial w eight. The
1Dnst MITYATDNLS leed GETD Edastomer 16 d&chniqued 26Cakso B5Q in order to
per mnute (urider ﬂitrogen at nosphere) and hel d at
425COPEFMS RO LYBIFF Sh¥1gCtgds e i ne percent wei ght | oss.
8) Planarization: Polymer filns are spun on silicon
wafers patterned with line and space patterns of
varying widths (0.35-3D pm. The wafers are baked and
METEODOOF MAKING BRAMILESpPr opri ate reci pe. The cured -wafers
are then cl eaved horizontally across the pattern of
Thé Aeshandf infak$ng seafk- Skl @mpoSsitisadToN €tk Pkl iverntion include,
scanning electron mcroscope (SEM. The degree of
generallyp| afdig Aatigiiierofa theaorganetriial osHane read bwg@@otvﬁl&lmllane (e-g

. .S _cal ceul at ed ring._t rati.o of fthe highest
uchtorog Bt Ang P} & TSGR meR o (il o hfougy Hefpoter solvent
and polarksblvEhBlolfBAS a t SadtRASHIx®Eke UPhd 11 Pmidr84Hsd MatBslels afdHd to proceed.

Film Stress Measurenent System avail able from Tencor
Uponn compdetiamehths ggpgbrng:nga’g@m seagtiomelmeactior amiyore is filtered, the polar
2004/ 017335, PCT/.US2002/ 026276, 10) Crack Threshol d:. A . .
solvert ISSﬁeH.aliage]dC 81&? ’thFi §(H,}1 .1(§n gsp e’%l adlg%é%fl ea/ﬁaorgfﬁdeta l%aryeél ‘%571:8 solid. This
solid rnay&hbh BOSurfi€ hydsd dagh S ¥ ARPH 8-hh R ielnbRSithdCar d¥inh PP &k aporated to
t hi ckness increnments. The wafers are exam ned 24-48
leave the Hegrddgptoduitng cure to check for cracking. 11) MM TDVS
and GCP El astoneric techniques are also used in order
Th® Mw of the product produced can be v aried between 400 and 200,000 AMU

depending on the reaction conditions. We have found that materials with molecul ar weights of

10,000 AMU, 20,000 AMU, 40,000 AMU and 60,000 AMU all have good coatirng propetties.

EXAMIPLES

The following examples describe the synthesis of various organohydridosiloxane compositions
described herein and the various films, dielectric filrms, hardmask films and etch stop films
contermplated herein. It should be understood that the organohydridosiloxane composition
showra. herein is one example of a polymer compositioon constituent and that other inorganic or
organic polymers may be used as a constituent ofthe ppolymer composition that w-ill ultimately
liberate a radical precursor. Physical characteristics of the variously formed

organohydridosiloxane compositions were compared to hydridosiloxane control sarmples having
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determ ne pol yner characteristics. METHOD OF MAKI NG
EXAMPLES The net hod of maki ng sone of the conpositions

wo@tooioe73ps esent i nvention include, generally,PedusIng2/ee276
m xture of the organotrihal osilane and hydridotriha
osilane (e.g. trichlorosilane and vinyl or phenyl

no orgranid b6AteAS. OThE @BRXkrdl hyRiridb&idkaBe QAreRbalweRt priRedMc¥rding to the
solvent, and polar "'solvent to forma reaction

followingrinethode. The pol ynmerization reaction is allowed to
proceed. Upon conpletion of the polynerization
reaction, the reaction mxture is filtered, the polar
solvent is separated, and the solution is dried and
then evaporated to | eaveCantiBlte solid. This solid
may then be slurried in hydrocarbon solvent to renove
mononer, and finally evaporated to |eave the desired

DBl Bl LR R BB

conditions. W have found that materials with
nol ecul ar wei ghts of 10,000 AMJ, 20,000 AMJ, 40, 000

A% adldle £RbabBPe APl ‘w1ﬁ13é/1ﬁtr8§&’1cirﬂetaﬁiyﬁge RrfdBRdet érﬁ? amechanical

MPLES The follow ng exanpl s descri'be the synthesis
stirrer is abfargedwithusS @rghbehyabsiddO sillethennk t4mbwiater and 330 g Axmberjet 4200

catalyst. . scr I ﬁ%%%@fq Feglsttoaﬁévar ug?fgérllgngq %g‘l’(,e ’T‘nchloro silane (380g,
2.80 molfﬁ@d%@@'t@ﬂ%%zt&b?h@m |4 paeiic ﬁjgﬂ@r v#%ﬂ)?le JfB3mi Btes. Upon

or ganohydri dosi | oxane conp03|t|on In is one
compleucm( afrfiicesilahe adgpivi ymydrexenerpasitedntinongh ithe l—mts fomd Otrhdhutes. The

N T S BTN
filtered th&'d)ﬁgﬂ'@i Shi¥ronlHIRES i%il%w%d 52‘3'1%}10 cshfqglltérrsgﬁe iR s6Rtion i is dried by

characteristics of the variousl
flowing thnoggh(arvp&nmﬂ oﬁmﬁomxﬂeclﬂmmm&s (4000g) feereSicandiher dilttoed through a
dridosi | oxane contrgl sanples having -25. WO
0.05umm 155 rtoRaneSPES TORTOB P8 8 TR BARSARIS (B hite o product

(131g). Ni&”&zéso eBNgEd ﬁ%ﬁ?é@@?o?ﬁmk@%%@f e;%ggg@g@{rg?y 0of7.39.

according to ['owm ng e
Hydri dosi | oxane Pol ynmer for Dielectric Constant

Measur enent
Examples 1 and 2 describe the synthesis of HOSP polymer components_ specifically

vinyl-h:ydridosiloxane, and in p articular, clearly illustra-te how the percent carbon incorporated
into the polymer composition maay be controlled by adjusting the initial mole percert of organic-
substittited monomer. By adjusting the ratio of the relative amounts of starting monomers, the
mole percent of carbon-containing substituents in the p olymer composition is coratrolled. It is
understood by one skilled in the art that the same ®means for controlling percent carbon
(adjusting the mole ratio of the monomer startings materials) may be used for other
organohydridosiloxane species such as cycloalkyl-substi tuted organohydridosiloxares, and aryl-
substittated organohydridosilox anes. Examples 3 and 4 describe the synthesis of LOSP polymer
compoments. It should be understood that these synttheses (Examples 1-4) show the basic

synthesis of HOSP and LOSP polymer compositions. The remaining Examples describe the
-26-



A 6L j acketed reactor equipped with a nitrogen inlet,
dry ice condenser and a nechanical stirrer is charged
wowah/05880 m hexanes 440 ml ethanol, 142 m we€PUSZN2026276

330 g Anberjet 4200 catalyst. This mxture is
equilibrated for 0.5 hr with stirring at 25 C

formation AhE/ HPRRisD PANEeA 888 posiforRih S0 bdmbBis@HERD 41 L@%P components
react’or using a perlstaltlc punp over a period of

and that aisnieaedibeiio nadzainpbmpbomin dr ¢dsm1msl1tzms asldisciisad hereln These

hexane.i s hr ou e s, for nutes. .
polymer GiRPO U RO readly JoRBRL bisihe reids dlﬁcipée%ﬁ%aw yigipg alkyl and
|~
sromnato ftfrosfalc 3B CHIER I | AFrRPRCaG Rl fiBaq Showi ) Fale 1),
fllter The filtered solution is dried by flow ng
t hrough a columm of 4. A nol ecul ar sieves (400qg) for
ExamprLR15h and then filtered through a 0.05umfilter. The
exanes are reaned using a rotar evaporator to give
a white sclMEOLEC 3 RAREDS Yk ed by GPC
~as 21035 AMU Mﬁth a polyd|sper3|ty of 7 ' 39. Exanples 1

AZRAT MBS PRs TS V0Pl b apB A S prmeqrtor toyn Arrow

1750 motBArtheqsR ivas phgéd WithN st datifg RAWrédedioR N, 4RI ¢3RRI bss the top
incorporated into the polyner conposition may be

of the copdenseplitecndy 2 reribibgr.t Hegioh w&mlbelmt;MéOpe(Cd)emm ekchange resin

catalyst, %*1%?” P‘@Pgl(bgvg te %‘%‘gp o é%oarlr{Ir ﬁghlJSt I ?;g’F %flﬂg 0816 flask, and

stirring wB58rt8® MG RAlorefsilaas &Nz, P08 Biol)i=ked Sivl ﬁﬁéﬁl&%@ﬂﬁw'(g zzhg% 0.05 mol)
p ol ymer conposition i S controll ed. under st ood

were conibynezdrtegstﬂnsﬂ ihean FIDPE dotilet Thisanixt tuee eﬁsthnnems aflded to the Morton

st o AR SETS A o AR LS oL 20104 i

was contlﬁﬁ&?for 196 930 OBHEN ind QSTukiBY IS ABRSFIIRS sSHIE R0 min. The solution was
cycl oal kyl -substi-tuted organohydri dosi| oxanes, g

filtered bsavz;duurrsllhbrslghtau Vélnhtanag #4 Gltgdimiaddxsichwer fames. TIE(&&)tqji @3 was added to

b h i . LOS )
s separa iy W ATSE | St ey TS 5 b Wpless ver was dried over
40.23 ¢ oﬁm &%%%alag %mlf&ss i bl 4 ?ilt*é?ej%jhﬂér v U e SePd Whatman

and LOSP pol ynmer conpositions remal ni ng
#1 falter Iﬁpa]'mi ®Budescr fumpcl B@lutmﬁ@v%vﬁ@ﬁﬁh@dih’ﬁ%Buohl rotary evaporator at

o 200 1026276 for an nt hes f
60°C. 8. 3&%@?} te p %W%Saiolkswsn?é%%ﬁésbgéh% L5 RsEiERR © polystyrene
ﬁandamb?%Qe%@&kwﬁﬁ§QLQ@ g1|berate radi cal conponents or

ositions scussed herein. These pol yner
conpositions can b e readily forned by the nethods
di scl osed herein by using al kyl and aromatic
Exanprp 81 chl orosilane substitutes and varylng the reaction
me (as shown in Table 1).

60 MLOLE PERCENT VINYLHYDRIDOSILOXANE

A 6 L jacketed reactor equipped with a nitrogen inlet, dry ice condenser and a
mechanical stirrer was charged with 5000 mL hexanes 720 mL ethanol, 50 mL wvater and 120 g
of a 100% by weight tetrabuts/lammonium chloride hycrate solution in water. This mixture was
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EXAVPLE 1 50 MOLE PERCENT VI NYLI HYDRI DOSI LOXANE A 250
nmL Morton flask was fitted with a condenser and a
wa@tiorern3tonnected to an Arrow 175 O notor. TheT/Ubaek026276
was p-urged with N2 and during the reaction N2 was
bl own across the top of the condenser into an NaCH
equilibr&6d FeY hr %h%t@ﬁn%ﬁm PC A Qe Q)@tﬂchﬂd}ﬂm%ﬁ t@é? 9% 2, 1 85 Mol) and
resin catal nL of et hanol
vinyltrichtrgogi e (4 16. 5 2, 8178 rBvese wideel tdte dsactom usﬂng a11:b @ﬁtal'ac pump over

stlrrl was starte Trichl or.qsil ane (6.
aperiodf A S @F eéena ltlenaiﬂ&mgw(‘esm ¢4 through the
Jine o5 RSP RGPl 77 ERENE Lo MR B oo
using a @maﬂn@rl fanmeh Urhe I&tnammgtmxaaé SolGtiomiwayi filterdf fterough a 3 um filter
d|t|on was conpl eted, stirring .was continued for

followecg'z kit filtepebha iklgratesy astdrisd birao wingsthergha: @lsmnrbo 4A molecular
soves (A 82 SRR FROSS i Ao BN SRUITE X U g

arotary moﬁdd&d give 138 gefarvdtity ylid paodhctalbe @PCQWQI&]S ppdest) seferenced

| ayer was di scarded. The upper |ayer was dried over
to polyswn.@@tajl ndugaverpMat of 22,660 witdsa pelydispermsity 96 LitAbn was

filtered by vacuumthrough a Whatman #1 filter paper

in a Buchner funnel. Sol ution was evaporated on a

Buchi rotary evaporator at 60C. 8.3 g of white solid
Exavepiwa®d col lected. The GPC of this product, referenced to

pol ystyrene standards gave a Mv of 12,146 anu.

EXALEZGOI\/O_EP DRIDOSILOXANEAGL

j ack DRERAR A F 2 MOLE PERC HXDRH >

ice condenser and a nechanlcal stirrer was charged

with 5000 nL hexanes 720 nL et hanol, 50 nL water and

R 0, |

30 il bR LN FALAINE XTI IRl i Ao

850 motd’tO T g3 Bba SHUT £ ¢SO0 X202 2 1 gty irdactio A N0y dstb1dvibadtéss the top

with stirring at 25C. A m xture of trichlorosil ane
of the COPQ:%SGB o @ndga%ﬁ erahbgr. V93 of Anberisd 4280 £CPu g1 exchange resin

catalyst, %451§LWF%13%5 ‘3215?1?19 gflwatggtagcg 1rf§ él%&.?d’f.}]%ﬁél{ég wre addeﬁl to the flask, and |

 stirring W@ﬁrpdtﬁtddon Ifi3ﬁ1he(182193ﬁﬂ)lad@ th@lﬁlordﬁil&ﬁ@%n‘dﬁﬁtﬂyr(pm6 mol.) of
rough the ines for 10 mnutes. The reaction was

meltﬂcglprqsaleae ©od r;zol"/s vhpifrishloresdanse husts gopanedipeptaers This mixture of
silanes wa§ gg&eeﬂo the Morton flask through a peristaltic pump at a rate 0 3.2 mL/min. After

addition was completed, stirring was continued for 25 min. Solution was filtered by vacuum

through a Whatman #4 filter in a Buchner funnel. Solution was added to a separatory funnel

and the lower, aqueous layer was discarded. The upper layer was dried over 354.3g of 4A
molecular sieves for 3 . Solution was filtered by vacuum through a Whatman #2 filter paper
in a Buchner funnel. Solution was evaporated on a Buchi rotary evaporator at 60C. 42.00g of
white solid was collected. Mw was measured by GPC as 21,312 AMU with a polydispersity of
4.80.
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using a separatory funnel. The remaini ng hexane
solution was filtered through a 3 pmfilter followed
wygooa/ 011383 i | ter. The filtrate was dried by fl orTgS2002/026276
t hrough a colum of 4 A nolecular sieves (800 g) for
2.5 h and then filtered through a 0.05 pmfilter.
ExAMpLEeKanes -were renoved using a rotary evaporator to
grve 138 g of a white solid product. The GPC of this
product, referenc%d to oolystyrene standards gave a

3 PREPAéATION‘OF 2 NéLE PERCENT VINYLHYDRIDOSILCMANE A
It ]
A2 RSSELTSLBEN M 159 i S RSOt o

Arrow SMOW,ragﬁdi aWldsh dig2uBa oR ebldtoayat benreerdtd @ Peci‘EcM@fmg water bath set
own across the to of the condenser into an

at 25C. Elaf‘r Hakaras porged withhN2 ang dvgisge the omction N2 wis f@i@mn@@ss the top of

the cond%n‘;é%ﬁ]ngﬁ) agftlﬂig% %%r&ﬂ’é'%rigoag 9& cfgx?lﬂgp ﬁt @p?ﬁgon;%t ghainge resin catalyst,

80mL of $thiahbl, TRrWast veitar, bedl1 00280 fhéx &8 was adde@io the reactor, and stirring
trichlorosilane and 3nni (0.026 nol .) of

was stavtp@yli&nléhlés}@%‘ilmé)(gf tri efplovesilang | andoﬂ?mbsmodﬁé) mol) of

pheny T, R B B P S B heL s resltineE gt in an FEP

bottle. "Fﬂ_is tiktadee oFfsildnds Whé Bllded t6f £1R) read@f bl ipRAsMAR= pump through a 1/4”
onpl eted, stirring was continued for 25 mn. “Sol ut

Teflon tuha@t # et nastecaf 13y2 RBMY lﬁalatlatedmildltmnmm\ma f#mumne rAﬁten addition

was comfigf AR e VB ED R0 400 w8 SPIYER: e PP SRR B Ghtim througne
Whatmar B8 #1RP#h 4 BYShnMoBnAsll SENPMER WIS 96 aAsép ABLBFHIAEL and the

sieves for 3 hr. Solution was filtered by vacuum
lower, aquhpeulgyera Wisadiseradedt 2Thé tppeer Jagpewas dried oBerc Afég of 4A molecular

sieves f%égjgng%s(géwalég@ter beva or at ed Easaja%lchl rmr%%/wrch L-micron

4
_pores set g)g y%?sg gg?ts I'\ﬂt’&'))}ﬁ%cf?n Wﬁ:@é%p@féztgﬁ VO\%P a%)gﬁl}l %% %%MaWrEPG@C Yield

was 3 1.0 vbis280 240 MR #éas rEosaNTRl B34 GIPRERARAIS TONMIFw2ih WpoEydispersity of
102 PERCENT PHENYLHYDROOSI LOXANE A 1L jacketed reactor was
27 titted with a dry-ice condenser, a stirrer connected
to an Arrow 850 notor, and a gI ass di p tube. Reactor
was connected to a recirculating water bath set
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at 25C. The flask was purged with N2 and during the

reacti on N2 was bl own across the top of
60. 6g of Anber]
80nmL of et hanol,

WO 2d0a/087133

NaOH scrubber.

exchange resin catal yst,

wat er ,
reactor,

and stirring was started. 58m,

25rn

(0.57

t he condenser
et 4200¢T2U$200D026276

Lof

and 1000nL c >f hexanes were added to the
5 nol.)

TaBLE 9! HOSPUR cﬁ)bP ASDP HLIMER oﬂﬁ%sffﬁbNQ; “PHAT CAN LIBERATE A
phenyl trichl ornsm_@z_n_g}m_\ermsmmmmmmgget her in an

FEP bot

reactor by peristaltic punp through a 1/4"

tle.

Tef

This m xture-of silanes was added to the

| on

tube at a set rate of 11.2 RPM Cal cul ated addition
Tate wag 2.2 r gL/mn. Aftef addit|jon was conpl et ed,
Substiguted r | ng Heawrs ofndVINVGexanes | O¥ield n| Appear amcegsg/Moles | k
trichlorpsilaner ed Reacties yjum t hrough a (@hat pran #4 filter| in a
Buchner | funnel . |Sol uti on was added|to a separatjory
funnel and the |l ower, aquepus |ayer was discar|ded. . ~
10% phehiilethypper |@yer |wasshriged oyer11671g of skl equlsar3es | 2.58
sleves for 3 hr! Solution was filtered by vacuym
through{a Tefl om nenbrane wyth 1-mcron pores |set on
20% phegylghsts| fri44 Sol ut3bWQNas =va?)53r al ed @twlﬁé}'Buchl 29.781 | 2.97
rotaryevaporatot 60C—Yetd—was—31t—COg—ofwhite
0 id. Mwv ngasu y GPC 28, 987. AMJ wi t|h
ZOA’phe‘%‘g%’@gli sher oty of %‘8&)52 5057w 20087335 | 11599 | 29
40%RET/ US2002/ 026276 TABLE 1:| HOSP AND LOSP- BASED
POLYNMER! COVPOSLTI ONS_ 71 L&T CAN LI BERATE A RADI (.
PRECURSOR/ COVPONENT Substituted Hours of MWV hexanes
10%begiza] d Aopea‘}oance g/%l&;ﬁs k | t di6ghl or OS|SD]a<ﬁ’e Regc®il 37 | 2.54
—fg?-i‘e“%rjncnyi ctllyl 2257, lo +16—sptt+d—36-364—2-58
o, 1.20%0henyl et hyl 4 29 7 97
30A’b§tgfy/ghenyl ethyl 4 %3 0 37 S:1|62 g’éd% 48%@4 2.53
10%enzyl 40 36, 1_86 163 soljd 51. 097 2. 54 BO%enzyI
20%cycthedd, 865 142 soli hHN9784 P. 531 20%yebledexyl (234796 | 2.63
25,119 111 solid 34.796 2.63
60%Me '
20%t-butyl 114 23,000 61 solidd 19.122 | 242
60%Me
30%t-butyl 15 29,752 24 stick 56.21 *
33%Me
40%t-butyl- 117 11,663 107 solid 33.542 | 242
HOSP 40%Me
10%propyl 18 23,053 140 sticksy 43.887 | 2.55
20%propyl 70 20,600 44 sticksy 13.793 | 2.68
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609 20% - butyl 114 23,000 61 solid 19.122 2.42
609k 30% - butyl 15 29,752 24 sticky 56.21 33%%k
waosdobusy| - 117 11, 663 107 sol id 33.542 2. 42 PEEIBR002/026276

40%vke 10%ropyl 18 23,053 - 140 sticky 43.887 2.55

20%r opyl 70 20,600 44 stick5r 13.793 2.68 -30 WO
40%%04/ UIF335 PCT{US2002/ 026276  40%VE 20%pr opyl HS SO 1

_ J27/ 24 sticky 7.523 300/ opropyl 17 24,779 |82
sticky P5.705 2|69 40%E 4D%ropy| 20 41,388 16

20%propgHiSRY 5. 0157 255 342020 4D%p2Hpy| - 94€idky 020 [* 7.523 =%
sticlky HOSP Rﬂ,@.p.g_p_y_L- 1591 14 592! 61 sticky 28.417

o, 2.5 OSP MPLE 5 LOSP- BASED EXPERI MENTS SHOW NG :

30@11@1@&5{(:& RSOR L MBERATI ON Fure 1 SHEWE i nflr 3P 85 | 2.59

4O(yg%ta co Iect ed for a standajd LOSH pol yner conposition
conprises|20% nethyl that was originally|added

in the formof pethyltrichlprosilane. One set |of
40%piopyt ar ed daa repredeBBS the LIGSP af t egtithe bakessnep | 2.55
and thel other set of infrared data represents|the
20%Mesp after the ture step. Fgures 2 and 3 show|LCOSP

potymETT CONMPUST [T ONS
40%propyl— - 94 25,020 * sticky * e

HOSP

60%propyl— 159 14,592 61 sticky 25417 | 2.52
HOSP

EXAMPLE 5

LOSP—BASED EXPERIMENTS SEHIOWING RADICAL PRECEWRSOR LIBERATION

Figure 1 shows infrared data collected for a standard LOSP polymer composition thhat
comprises 20%0 methyl that was original 1y added in the form of methyltrichlorosilane. One set
of infrared data represents the LOSP after the bake step and thae other set of infrared data
represents the T_.OSP after the cure step. ~ Figures 2 and 3 show I_OSP polymer compositions
that comprise 2 0% n-butyl and 20% t-bu tyl respectively. Notethat in both Figures 2 and 3 that
the IR peak for n-butyl and t-butyl disappear after curing. Inboth instances, the n-butyl and t-
butyl fragments began evolving (were liberated) at or above 400°C, as shown by MTM TDMS
data collected. The dielectric constants rmeasured were as follows = standard LOSP=2.9, 200%
n-butyl =2.66, and 20% t-butyl =2.95. Amnother experiment usings 10% t-butyl yielded similar
IR data with a lkx =2.67.
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that conprise 20% n-butyl and 20%°t - bt Lty
respectively. Note that in both Figures 2 and 3 that

wo b@4oR3peak for n-butyl and t-butyl di sappearPef/82002/026276
curing. In both instances, the n-butyl and t- butyl
fragnents began evolving (were |liberated) at or above

A 0 58 DR VI TN 0 2 0L 5B IE ter i e

developeds mlaasda)Lm%’Me 218924531, B0 HGICEF ag1DB) S%WMeZQ%/ % tbuatyl, 80%
t - butyl 95. Anot her éxperiment using 10%t-butyl

HSiCl;, Kjigues s anm@rshcpw thastandand QSR strut18F and 3he Wothyl/butyl LOSP

N T e T T T

55% for sghea 0
o GBS USe S SREER1P051.7D gl % ook OB o e

differencel iguthe mmbawqmlyzmar shmpoditien, st ardaredILGSFPEL llihlgltmr&shovvs the IR
d and .t E_msttt]gll Utdz/ﬁl. LOSP structure, for referenc
ata forthﬁqbaéﬁg g 8 tew% @niH thadO 19@1@ﬂf@doqh@r§615 fplgad. yFrguae9shows

e 1 RSP 0SS POLP 6P eREI e 50 B oo

dielectric diohftan@messuied fctﬂ‘rﬂler\aa&’eﬁaﬂeedm KPOErareCiroHbis O8) st@flard LOSP =
igure 8 shows the IR data for the

2.76;1) 1 GEREHons LAISEGT 2.6Pa a0t Gena MO A o7 265 Asvar 87 e plw-crization

st L 800 SV IR b 2R AR, BRBAEAER ot

a) standardl LOSPavd 8% lareh8£itionCnCion s g irkes dnd QQ%SJI‘Qanzatlon on
waf ers cured at 4000C are as foll ows: st andar
3x 3 yum ligggsmand gaps; pg thed )/ 1@1)1@1%@&1& g "/ccplzalmrzaanm og ) x5/ a8 lines and

saps and R0 B Tort o 507 et Bof IRBE o7 bR O geve s0%

plananzatﬁ:bhii bace& Mirhhingaqasd apsf@lddm"/@pﬁh&%uﬁﬂi &®&:3 prlines and gaps; and
andard LOSP gave 930/40I anarization on 1 x I mlines

d) LOSP- ’]5,{@ Ylss savrecP Woplanantzetiomon b lomm ligesk agd gapy andé_ﬂ"/aphnanzatmn

on 53 P pd B! i0cHLERE LB IRE AP A0 A0 o

cleanroom3abertdrhied Suf) &he@Rd that )kl fend®ird POY BRds L BN éi\é@ksga? %he edge
pl anari zation on 1 x 1 mlines and gaps and ‘;L

and 1.12 pgn apfgrmitignt eacksacgoss the malfirneisha hil Qlpend RGP haIS) 1.08 um massive

encin s 31 B SR R S Ao B v
cracks acr&8Pe willer mdas peh Matdvd @acllihe Sﬁné’l’?y%re%a:rdﬂg%%s‘i’ces%m properties,

after 24 hours at cleanroom anbi ent” t effper
the followigng yabde shears tipsesproptatics foosnéad LOSI3, the 10/ X klendL.OSP and the

dge and 1.12mintermttent cracks across the
5/15"1““\%?&?? b) the 10/10 bl end LOSP has 1.08 m massive

Table 2:

Material standaxd LOSP 10/10 blend LOSP 5/15 blend L.OSP

Bake Thickness (A) 3909 4365 3971

Bake Refractive 1.4 1.399 1.407
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cracking arid 1.23 mcracks after the bake; c) the
5/15 bl end LOSP has 0.98 pmintermttent cracks
wa@eoass73she wafer and 1.08 | Lm nassive cracki ng(:T/Uszooz/026276
Finally, regarding basic spin properties, the
follow ng table shows those properties for standard
-—“~——ﬁ§§¥t—rhe—Tﬁfte-bhend—t€SP—and—fhe—;S#iS—bkend—PTGSPr———————-
e 2. Naterial standard |LOSP 10/10 bl end [LOSP 5/ 15
bl end LOSR Bake Thi ckness [(A) 3909 4365 3971 Bake
Cure THRede3StAYg | .4 1.309 1. 407 | -32 Wy 2004/ 017335
PCT/US2002/ 026276 | ndex Qure Thickness (A) 4141 4175
3749 Curg Refractive 1.365 1.346 1.343 |Index Shrink
Cure Reffactiyeg 4.4 5.6 IB6S, spedific enbd ments |and 1.343
& |icatigns of ultrananopgrous nmaterials and nethods
18 ormatijon thereof have BPeen disclosed. It| should be
apparent, [however, to tho ge skilTed in the | artf that
Shrieyor e |modi fi cag pons besi des thosg al ready )
desé??ged are stsigIe mﬁlhouL,depgﬁfinq friom t he >-6
i nventive concepts herein. The inventive subject
matter, therefore, is not to be restricted except in
t he spirit of the appended clains. Mreover, in

th the ci.fi cat.i and the cl.al ng,
Tl SpRIAG B ot als Al Rl Bk o iadt iR and methods
offormaﬂ@@@ﬁﬂekao@hmnf@én diSOBSdS H@dhbul&"tfé‘ aﬁﬁb@e&%ﬁe%r td tho se skilled in the
particular, the terns "conprises” ‘and “conprising'
artthat m@mzs mage m@dlﬂqattm@rb@s:dds those dfead 1yidegeritedarepmesible wi thout departing
a non-excl.usive par

ts
fiom the; FPRAYA HofcePRatrie Tr SREREED SHURalte Sigthem: és not to be
reshctedoéxc%ﬁ)?ﬁﬁ tRRYp A%t BF @R BhpenfEd Wit %oré%rvelc thfég@‘éﬁntghboth the

ot her el enents, Con'ponents or steps t hat "are n
Speclﬁca‘emplaaéﬂlﬁydaleﬁe,ﬁdhmms shaBd WO i2@OHradd BBthe broadest possible manner

consistent w1{11 %%81% ext26%n7part1cular the terms  “comprises” and “comprising” should be

interprete;d as referring to elements, components, or st eps in a non-exclusive maraner, indicating
that th e referenced elements, components, or steps ma-y be present, or utilized, or combined with

other elements, components, or steps that are not exp ressly referenced. -
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CLAIM5 What is clained is: 1. Alowdielectric
material, conprising: a polyner conposition, wherein
WO b@4foi3girer conposition conprises at | east oOnNBCT/US2002/026276

pol ymer conponent that further conprises at | east one
nmononer conponent and wherein the at |east one

nononer conponent conprises a radical precursor
chenically bonded to a €LAIMSral precursor. 2. The

|l ow dielectric material of claiml1, wherein the

VVhﬁisegﬂ?&gﬁ:precursor vol atilizes during a cure process
to forma plurality of ultrananopores and a gas. 3-

1 T?e I oeﬁ/ L el ect r.ilg mat erial of claim1, wherein the

. A5 dtleckic prafetits GPPESRE a support material during
a cure process. 4. The low dielectric material of
ac palymet, comtpasstion,t hesdn tied po Bympr ecmpssitios eopmipsiess at least one
si |l oxane conmpound. 5- The low dielectric material of ,
POIENH QOMRRITEERY Hlaf Hrther) SRS e A Stk 0B ipeioSgsT emponent and

A ' -di.el [ .

DSOS onfon EREC S 89H recpaor chomicat

boadpd icesrmturalrpgenasyrdr i dosi | axane conmpound. 7. The
| ow dielectric material of claim1, wherein the

t uct : : i ' s :
2 B BRSSP PR LA e RO g
COFJROL EssEOTRAMNCp16RIRY bEEEafanOebks andheas) et her
compound. 9. The low dielectric material of claim7,

3. ey et egniERs belToR b At e be3Buufd 8% kser fomg a support
AWl RIRE L berePrb&dskal of claim9, wherein the cage
nol ecul e I's an adamant ane- based nol ecul e.

4. The low dielectric material of claim 1, wherein the structural pr-ecursor comprises a

siloxane compound.

5. The low dielectric material of claim 4, whierein the siloxane com pound comprises an

hydridosiloxane compound.

6. The low dielectric material of claim 4, wherein the siloxane com:pound comprises an

organohydridosiloxane cofnpound.

7. The low dielectric material of claim 1, whierein the structural pre cursor comprises an

organic compound.

8. The low dielectric material of claim 7, wherein the organic commpound comprises a

poly(arylene) ether compound.

9. The low dielectric material of claim 7, whexein the organic compotand comprises a cage

molecule.
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10.

11.

12.

- 13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

11. The low dielectric material of claim1l, wherein
the radical precursor conprises an al kyl group. 12.

wab@4oms3sli el ectric material of claim1ll, wherrtTU81062/026276

al kyl group conprises at | east one branched al kyl

conmponent. 13. The low dielectric material of claima1l,
wherein the radical precursor conprises a cycloal kyl

Theday didectiamiterialdifelaint3.i wheedie theatagefmaeaiube i, an adamantane-
wherei n the radi cal precursor conprises an aromatic
b&Feé{J%@{éi%fe'The | ow dielectric material of claiml,

wherein the radical precursor conprises at |east one
TBetlowalicket tiinmiatetie] ofAlhiont, dvbereirt the cadicd] precumsot simygyises an alkyl
the low dielectric material of claiml. 17. An

&%t roni ¢ component conprising the |ow dielectric

material of claiml1l. 18. An el ectronic conponent
Thetpwiddegtridwmatenial af clhict 1J whetdimthefallel @irdipl GomptRes # least one
| ayered component conprising the [ow dielectric

bragiched alkybcogpansiti. 20. The low diel ectric materi al

of claiml1l, wherein the material has a dielectric

Ttershagitleadtricl @aferiahan cddautl, Ivhetdin hBaakiey §ret@ss:s Edmprises a
material of claim20, wherein the material has a

cisleplkytgp®ipzonst ant of | ess than about 2.5. 22. The
| ow dielectric material of claim?21l, wherein the

THRtI8H @blelAsic ansteRhiest Elafin GONWhaRin fle rddfas phlddirsaP Bthprises an
2. 23. The low dielectric filmof claim16, wherein

ardweatid gromipas a diel ectric constant of |less than about
3. -35 WD 2004/ 017335 PCT/ US2002/ 026276 24. The | ow

T 860 Yleld Strfd thMefihl Sf i Z3IvhLhes BlcRadibsl grcig%t%%?égjﬁgﬁses at leasf

dielectric constant of less than about
ohevatdiatgdddoonid.c material of claim25, wherein the film
has a dielectric constant of |ess ‘
A low dielectric film comprising the low dielectric material of claim 1.
An electronic component comprising thie low dielectric materiad of claim 1.
An electronic component comprising thie low dielectric film of <laim 16.

A layered component comprising the low dielectric material of <laim 1.

The low dielectric material of claim 1, wherein the material has & dielectric constant of

less than about 3.

The low dielectric material of claim 20, ~wwherein the material has a dielectric constant of

less than about 2.5.

The low dielectric material of claim 21, swherein the material has a dielectric constant of

less than about 2.

The low dielectric film of claim 16, wheerein the film has a diel ectric constant of less

than about 3.
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24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

than about 2. 26. The low dielectric material of claim
2, wherein the plurality o fultrananopores conprises
w@rookessss t wo voi ds. 27. The | ow diel ectric nap€@r/usioon626276
claim 26, wherein each of the at |east two voids
conprises a nean dianeter of |ess than about 10
nanoneters. 28. A method of forming a |ow dielectric
Thelozy idielecisisnfinm ef elgim ZHhvwhiireig the g&n;bﬁssa dishgstidé comstant of Less
el n,the pol ymer conposition conprises at | east
ﬂ%ﬁé‘ﬂ%?%ﬁ%r conponent that further conprises at |east
one nononer conponent and wherein the at |east one
Thelwndiclestriporatarial obiprindss wheroniheifdndas a digttictrid constant ofless
tpreli():urﬁ r chemcally bonded to a structural precursor;
hap g g'energy to the pol ymer conposition, such that
the radical precursor is volatilized; and |iberating
Th¢ lovediitledtric patdrial bfclaiadi 2 aihereirethe phe4lity oduliriemopores comprises
ol yner conposition. 29. The nethod of claim 28,
mﬁﬁ@K@Vﬁ‘Fﬁ¢ ing the low dielectric material further
conprises curing the polyner conposition to forma
Thelppad felévati € matdriaboftldral26) aheteyn @chpOhe sat 1843t twideoids comprisses
met hod of clajm 29, wherein the plurality of pores
2 Bisapel yeetshablssy then abau t TH@apempses. of cl ai m 29,
wherein the plurality of pores conprise

AuhdlicDITIVRNRE a 18%- didbetiehlagdiadfcoflpdisie28, wherein
appl yi ng energy to the pol yner conposition conprises

agg} in% reat. 33. %he Q@%pod of(ﬁlain128, wherein the

PePYfine, A Po PG ooBIPOsRy MR fiepqlyerioBlgoSioagopmprises a loais
20044194 $83on PEIMPSRAPH DAOLHEr RnpricESat AL e AlorbhRk Bdmponent
33, wherein the al kyl group conprises at |east one

br arrahe dvizrén| the @b dgshente. m8bomeheompottot! ofmptisdsm 28mprises a

wherein the structural . precu r conprises a sil oxane
compBHeRl PResurst hBERLEY BTHdeRdp A aBC Al BYEE W oPFie

si | oxane conpound conprises an hydri dosi |l oxane
applying energy to the polymer composition, such that the radical precursor is

volatilized; and
liberating at least in part the radical precursor from the polyxmer composition.

The method of claim 28, wherein forming the low dielectric ¥material further compris es

curing the polymer composition to form a support material aand a plurality of pores.
The method of claim 29, wherein €he plurality of pores comporise nanopores.
The method of claim 29, wherein the plurality of pores comporise ultrananopores.

The method of claim 28, wherein apoplying energy to the polyrer composition compris s

applying heat.

The method of claim 28, wherein the radical precursor comprises an alkyl group.
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34.

35.

36.

37.

38.

39.

40.

41.

compound. 37. The nethod of claim 35, wherein the

si | oxane conpound conpri ses an organohydri dosil oxane
weorspoursds 38. The method of claim28, wherei nPCTES2002/026276

structural precursor conprises an organic conmpound.

39. The nethod of claim 38, wherein the organic

conpound conprises apol y(aryl ene) ether conpound. 40.
Thraengthedoficlaim 88,aitwess) thermdind igrouprenupyses at leshpmbranch ed alkyl

cOo ri%es a cage nolecule. 41. The nmethod of claim
cOxeP WAt ein the cage nol ecul e i s an adamant ane- based

nmol ecul e. -37
The method of claim 28, wherein the structural precursor comprises a siloxane

comapound.

'The method of claim 35, wherein the siloxane compournd comprises an hydridosiloxane

comapound.

The method of claim 35, wherein the siloxane compound comprises an

organohydridosiloxane compound.

The method of claim 28, wherein the structural precursor comprises an organic

compound.

The method of claim 38, wherein the organic compournd comprises a poly(arylen.e) ether

compound.
The method of claim 38, wherein the organic compound comprises a cage mol ecule.

The method of claim 40, wherein the cage moleculeis an adamantane-based molecule.
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