; EFGe3ed$L6TdM POROUS | NSULATI NG COVPOUNDS AND COWPGCSI TI ON
SAME RELATED APPL| CATI ON DATA Hmmmﬂmmm tion is a divisional Bm‘wmmm‘
déf Si ngapore Patent Appli catl H 6471-7 and clains pri .
S. Application No. 60/088, 233 fil eghe@r June 5, 1998, entitled " In 8FYRnhic
and Organic Insulating Foans", and U.S. Provisional Application No.

601 101, 672, filed on Septenber 24, 1998, entitled "I nproved I norganic and
Organic Insulating Foans". FIELD OF THE | NVENTI ON The invention herein
described relates generally to a conposition for form ng a porous
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consequence of the progress made in integrated circuit technol ogy, the
spaci ng between the nmetal lines on any given plane of an integrated circuit
has beconRELLSIEDARPLESATION AT endi ng i nto the subm croneter range. By
reduci ng the spacing between conductive menbers in the integrated circuit,

an increase i ThigaPagiplic¥fore 0P| anhGi%E)Wéﬁ apPicatioRCr &S eSinGapEiRACPAteHE
coupling causes greater crosstalk, higher capacitive |osses and increased

resi stor dsprlication NR@OOOrﬁﬁtﬂdﬁZt aand Icteimgamiocityrte edi Gl s Applibation Bbl i con
di oxi de a bLhi | tride haye n tr.adit,.onall
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faster, and nore powerf evi ce ecomes preval ént new materials wl
needed to ‘Eﬂﬂﬂirmmtledé’lrpprdvmdrfamganE:Mdﬁeg&!ﬁd|I0$td&1ﬂngrﬁqamatture of these
devices. -1 To meet these enhanced performance and manufacturing
criteria, considerable interest in high performance pol yners characterized
by | ow di ¢hiead OFcTRRMRVRRrIoNOW moi st ure upt ake, good substrate adhesion)

chem cal resistance, high glass transition tenperatures (e.g., T9 > 2500,
t oughness, hitfie inMentien hamh dessribat] rolateragéneasalivt tood k:pmp@§§tloavs forfdrming good

optical properties are increasin ai, ni noment u u ner s

doef Ul ab PR s g RS St AdpeRRL P rHEP SHtGAY: T tRERE RN hct ur o
of nul ti chisgdi®eieé BrocedS M Inakadhe Rahidt egrated circuits (1C), in electronic
packaging, in flexible filmsubstrates, and in optical applications such as

in flat panel displays and the |ike.
BACKGROUND OF THE INVENTION

As a consequence of the progress made in integrated circuit technology, the
spacing between the metal lines on any given plane of an integrated circuit has
become less and less, now extending into the submicrometer range. By reducing
the spacing between conductive members in the integrated circuit, an increase in
capacitive coupling occurs. This increase in capacitive coupling causes greater
crosstalk, higher capacitive losses and increased resistor capacitor (RC) time
constant.

Inorganic materials such as silicon dioxide and silicon nitride have been
traditionally used in the microelectronics industry as insulating and passivating
materials in the manufacture of integrated circuits. However, as the demand for
smaller, faster, and more powerful devices becomes prevalent new materials will
be needed to enhance the performance and the efficient manufacture of these
devices,
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In order to reduce capacitive coupling) nmuch effort- has been directed
toward devel oping |low dielectric constant (lowK) materials to replace
wconventional dielectric materials that are interposed between the netal
lines on a given |ayer and between | ayers. Many conventional electronic

i nsul ators have dielectric constants (e) inthe 3.5 to 4.2 range. For
exanpl e, sili LQXl I 1 pol yi m des
typically hav{ggg?éei‘%tce{ﬁtbrglggmg‘gﬂg?ghtgbg%é%g%Sgaﬁ)@fgaﬁﬁpgﬁrﬁ%'veI y, the
silicon chnsidelabiamtiérest@thighagastidimanddipulyrhetsocharacienizet dydoaf oxygen to
yield a substance with a dielectric constant of approximtely 3.5. Sone
advanceddiglacfriecenstant lawaneisturediptakss goaedssubstiate adhesion, ch@micahge.

Materials i.n the 1. 2,5 r. | K , o h terials h
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The | . . o endi . _ . e th
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const ant and inbrédsingIWgdiningirsomeatgni Sucnpofynidre drowsefielasadielectriconst ant  of

air, attenpts have been made to fabricate sem conductor devices using
porous ngPalingd anddilms in fhacendruction and manufastesfdnuitighipi rmodules

dielectr] stapt of a_supstanc ar owered., For ex orosity
can be. alHCHIFE b BladtalbaRE I GElh SBol B SRty JA AGRbRART ! o

const ant sud@istes! &nd@h BtiESUpplitafidls ¥HEE iPflathaia ldslaySand i like t he
effective dielectric constant of the porous silicon dioxide can be -2

cal cul at ed by Imordeéntbyriedygce lcapaeitice coaping mutie effort dlasvegamdiredted he por ous
dielectric th is air (i.e., 50 percent) tines the dielectric of air
(15005 oiSwart daislopnaamisTblecis fonsianh vl Toalerials todep@deent age of t he
total vol : i A | f i tdon, di oxi de
(E-4) . " TSREFe o BUBEEH IndlaReinat frd Mibrroed iy 8RR Fretdl ek
const ant aojiveh fayErrandshemicdn Rlvelss Many ebheentiortal eldttighic insOidbdrs Favd 5.

Porous materials, such as the one described above, can be made up with as
hi gh as dlielgelriscaanstants (ebindher3.5 di2 ange. sFergxamples sitigen dioxideRas nunber

of drawback: uch a Q anpl e, .a Jack .of chani and reliability
attr1 but ddBlecdic BofSant 8 47 S0 pliishidks WiBau B BT aE RErsRNEY 611V con
di oxi de Ifmrh@.gl%@s?é.smterr%waly?% éiﬁﬁfﬁ diodt< Bah Dedfiteeaddd b allylrigxane
based material of |ow nolecular weight, to lower the effective die€electric
const ant fhorinel in pdecalobakypen thyelBGGsulsstanae witheadelectfice@ondmmdoi t i on

t hereby conpl eting a network of chem cal bopds. This creates . a,”

a
st ruct ur EPRIPXI Wrdroniemee adka qlymsrs paye leigcongtants Hh(i‘egfﬁ
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di el ectrimatarizid have diadoasudeidted titereadthlzeviens ptddessit, cbet asd meateraisr

el ectrical ai@ni cations, for exanple, high speed integrated circuits.
SUMVARY ORFOPIM$.NVENTI ON The present invention provides a nethod of forning

ehst one or gahls IOUESTRORILE" R AT G obPRr R MIR A8 it LR 72,
conpr i si n@iefdctli® 86hstARE oP BdRIRLENT 34K id AlpaBt d8gedd dithandietictlicashstant
dielectric material; and (B) renoving the at |east one organic sacrificial

materi al Ph100d. Vithdhistresagnitiopafithe ke dieleciriaiconatant chpirdadempty have
terial it i der .t t i h .
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than the deconposition tenperaturé of the at | east one organic sacrificial
mat eri al . bedoweted.anot her enbodi ment, the present invention provides a

met hod of form ng a porous insul ating sition conprising the. steps of:
(A) providing &%&XAMRIe; BPrW&af‘aﬁe/%‘?&E& ?'S'EO%H{C@‘# %io g%&ﬁ%?t‘tison
conmpri si T‘%{%&tib@ﬂ%le&ﬁﬁ st Gl FBogidRk h%tvdlmétofod“&ie%c]‘%ﬂi@%t ric
mat eri al ; curing e sacrificiral mat'erial/dielectric materia

conposi ti cir, thadffe€live ettt codstantpbiiiengorolus silicdnediskidersarstaer i fi ci al
material in the sacrificial material/dielectric material conposition, in
order to generate pores in the at |east one dielectric material. According
to anot her aspect of the invention, a ce?nposi tion useful in



maki ng a porous insulator, conprising a heat-activated, pore-formng,
sacrificial material; and a dielectric material is disclosed. According to
still another .aspect of the invention, a conposition useful in making a
porous insulator, conprising at |east one pore-formng, organic sacrificial
material; and at |east one dielectric material, wherein the at feast one

b et er abl o4 or el Bl bl (el ARG of e RO Elmetodh 8RR ot 15w
nor bor nendilemeic BRdtisar-(i. 4/, 50) pdrbentp reertheiielbrpie dTalivET0 PoefRiedRby i s of

the type herein described, which conprises repeating units of the general
formul a: ©of calguiRtiord ) Radradditeeit Bienpercentagerof thadeisd nalume 9f thepperoant

Py O9en, Bpbd e B RS SicohSiTde (Cuen Ry sbRd pag oo
.-+ 4_  Riilicon dioxide and air the dielectric constant of the porous material is as follows:
e =0.5*4 + 0.5*1 = 2.5. Porous materials, such as the one described above,
can be made up with as high as 90 percent air. However, such porous materials
suffer from a number of drawbacks, such as, for example, a lack of mechanical
and reliability attributes.

Another solution to lowering the dielectric constant of silicon dioxide is to
use a spin-on-glass (SOG), which is generally a siloxane based material of low
molecular weight, to lower the effective dielectric constant of silicon dioxide.

The SOG is heat treated after deposition thereby completing a network of
chemical bonds. This creates a “cage structure” of SOG and makes the density
of the SOG less than that of silicon dioxide. As a result the dielectric constant of
the SOG is lower than that of just silicon dioxide. However, such a reduction in
the dielectric constant of a substance can be insufficient for some newer

electrical applications, for example, high speed integrated circuits.

SUMMARY OF THE INVENTION

The present invention provides a method of forming a porous insulating
composition comprising the steps of (A) providing at least one organic sacrificial
material/dielectric material composition comprising at least one organic
sacrificial material and at least one dielectric material; and (B) removing the at
least one organic sacrificial material in the at least one organic sacrificial
material/dielectric material composition, in order to generate pores in the at least
one dielectric material. Additionally, step (B) can comprise heating the at least
one organic sacrificial material to a temperature equal to or greater than the

decomposition temperature of the at least one organic sacrificial material.



-(CT)~-S R-R~ ~R~z la R9 independently is hydrogen, nethyl, or ethyl; R,
R', and R12 i ndependently represent |inear or branched (C, to C2) alkyl,
«linear or branched (C, to CZ) al koxy, linear or branched (C, to C20) al kyl
car bonyl oxy, and substituted or unsubstituted (C6 to C20 ) aryloxy; mis a
nunber fromO to 4; and n is a nunber fromO to 5; and at |east one of
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invention preferably enconpass honopol yners and copol yners “cont ail fii ng

random r epesdidialgnaterialdibdectrie chdtedah compositien cumupnsmlg atdeasteoneuni t s
repr esent edwbq@Fornula |, or honopolynmers or copolyners containing random

repeat i n§2AEM matqr@éand@émm@aﬁ&leleﬁtrtc mateﬁm\.t cepnedeasaariigiak he bel ow

Gor i v MY BIclrs NARER oMokl 0A U TemeP b PR ERRaRt 20 1T
and  copoledmRioneCsHupifibial nfatér@q%@@&émuéafmé%ﬁaien&mmaieﬁapr esented by
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Il and | chmp‘ﬂsdlqm‘r, &rs orderito\gemerate pcxeswh/ﬁm algeastsonan dighedtric matedal des a
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features e nvention ar crlbed U particularly
poi nt ed Quatenaltdmathmlé@tnchﬁ@ceﬁahlsmmetpsc“ ption and the annexed

drawi ngs setting forth in detail one or nore illustrative enbodi nents of

t he invention A@mdmgdbrs@lhawﬂwtasp@ct abthevisrention, wcomn@smonwwl@f t he
vari ous wa in V\:hIChth CI l.es of th |nvent| may be enpl oyed. -5
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conposition. Fig. 1 is a mcrograph depicting the presence and size of

t he por espdrerfordingn nsatedakis e norbolreretypeqgipmer isdiseloseddi ng to one

enbodi nent of fth res i nventi on 1. Cis a ,CI O depi cting the
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i nvention. , line B depl cts the infrared spectra of the porous

i nsul ati n@l‘l(ml?ﬁ)om tion depicted in Fig. 2) line A after the sanple has been

subj ected to a deconposition tenperature of 400 C. Fig. 2, line C depicts
the infrared spectra of the porous insulating conposition depicted in Fig.

2, line A after the sanple has been ected to a deconposition
tenperature of 425 C. Fig. 3 depict tailed infrared spectra for |ines
A, B, and C of Fig. 2. DETAILED DE ON fF PREFERRED ENMBCDI MENTS
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wherein R' and R* independently represent hydrogen or linear or branched
(C, to C,) alkyl; R?and R? independently represent hydrogen, linear or branched

(C, to C,,) alkyl or the groups:



As used herein, sacrificial material nmeans any material which is mxed with
a dielectric material which, upon being subjected to the proper conditions,
deconposes to formpores in the dielectric material. A pore is defined as a
void within the dielectric material in which the void contains either a
gas, a conbination of gases, air or a vacuum Preferably, the pores are

ei ther substantially spherical o €l liptical in shape. Also, a used herein,
a dielectric material is a matergal which is used as an insulator (e.g.)
Si02). The term heatactivated sdcrificial material, as used herein, is used
to denote a compound whi ch upoRCERpPSIRIR!tRI2heat Isleconposes | eavi ng behi nd
pores. -6 As stated above, the present invention relates to porous

[ | ati ngs I ' . t - d
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a m xed sﬁn whsiituted e YO Snacl) BRVEOXYAER 5 BUBTPEREROSR PP 4i:§n§rn tsry aHMber

Cfi ol . ) ' N . '
2bove. nont PENC4S 8 A alfedb R SRR R RO SnadH is ShfEAR bl ey

mat eri al / dreipempresentad dy tak foanvlasddt fovth uadéplared by m xing a sacrificial
material with a dielectric material. The sacrificial material is then
removed from t Moregienesally, dhe erganic sactifigialénatesinlsi efuisaqrificipl materialsat i ng t he

conpositign .a tenmpergture at ar above the conposition te rat ure of
The oacri pretd it piAElERaRhe wrasendv B ekl bl e R s FarBPBRIE! he
deconposi | } 7 b et g’qm@i s fi YA ,)Y,

hi gh terrpgpg{b leIP g%%‘%&lﬁaihpﬁe@%ﬁ]?d%m e usﬁnv%ﬁgwgﬂcl;égﬁn%gséﬁe?éﬁ it

t enper at uoe ndromer intitsc@prasernted by Rdrmidie | varhaospalpmeos entspoliynichs
structure so,as, not to destrqQy the integrity thereof aside fromthe renoval

of the sa&Pniainingrandem;repeatiag upitsnder¥ed 8oy MONPRQIMNILOr Units, t enper at ur e

shoul d be f | i J and nore
pr ef er abl §é§%§§h{%})f Q%%?é%%tsﬁggﬁogﬁn%ﬁéaﬁ gﬁ°’i“ﬁ§§r"f’ﬁ‘%}gg’g?€§§§}s"ﬁ on

t enper at ucentdihingfrepéating UhRs darged GonpaendnctieCunigsh Pspresdated)byabéloaugh

mat eri al s havi ng_deconposition tenperatures as |ow as about 150C may be

benef i ci alset forth Eaapulg Iliand eepalymers compesiag a eorphinatioa of fepeatingunijs

condi t1 on apEREntes pi Farmiyis CERd ERtmlBeTARr Barmpied BERAAH,. °

preferred iffildd gitphngnierial for carrying out the above-described nethod
preferably is a ol'efin or a polymer. Mre preferably, such an olefin or
pol yner is sel ebieprdsentinventionds advantageous gsthat itquopidesdsmetitbdbgn nor e

referably is a bicycloolefin with or bqrnene-type pol.yner being nost -7
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repeat i ng insulating ehategial.h under Fornulae 1) 11 and 111 bel ow. Copol yners

useful in practicing the invention can include repeating units selected
fromthe group Ebeferegping ardotherdeatires phihegnvention archareinafterfdlly || or

oerul as eSS pAdRuRRH AR IR BT b BliobhoPieciptbRand,
the Avatr efhet bRt draindd SetBhgdodn it Befainaranys moke astrgtive. The pol ynmer

conprises silyl substituted repeating units represented by the structure
set forth embedimentsofdhe ibeension, such ey irdicrREverhaweyves Af Rut ane oRa

! ndependen*elvy of E'Per \%Sr‘laont}s »Q/Ya%? \%/rﬁichl t'hréeparlrnc?prlesb 5?&%qﬁgention may be

employed.



(C ,to Cue) alkyl; R2 and R3 independently represent hydrogen, |inear or
branched (C, to Cue) alkyl or the group: RO -(CH)"-SI R~~R< <R~2 la R9

4 ndependently ' is hydrogen, nmethyl, or ethyl; R, R', and R 2 independently
represent linear or branched (C, to C2) alkyl, linear or branched (C, to
C2] al koxy, linear or branched (C, to C2) al kyl carbonyloxy (e.qg.,

acetoxy), and _g_ su C2 ) aryloxy; mis
a nunber fromO to 4; méﬁﬁgg‘ﬁkﬂmﬁﬁm%ﬁﬁé‘ﬁ“bﬁ Formula | at | east
one of substitEignyA KA rﬁl&‘i’ogﬁ%{)ﬁl@pl&ﬁ\ leeéﬂs@@lcéro@rgo é’@wﬁébﬁhvéﬁﬁ&ﬁ%l
represented by the formula set forth under la. Preferably, at |east one of
R) R, (ﬂplm‘r‘b@ dlelegﬁiwnsetatungmna)dsutmar or branched (C to C) al koxy

group and RO i rogen, Nbre erably, each of R and R 2 are the
same and are s%geigéﬁl fm&WW@PH(dSP'CtE‘t% reﬁ?'&%i‘?d Sb’&%ﬁ&w REARBS pent oxy.

Most pref r?ﬂﬁia he e.g.,
Rz and/orfs@gh){rla [trapre era tﬁg&/cgnpro?@%%?égl ' Eg%ﬁ%ﬁ@%?@e s O,
it is evigreséntingentitte silyl functionality is connect ed directly to the
polycyclic ring through a silicon-carbon bond wherein the carbon atom of

the silicon-cal lgoﬂCuerajmlcsrogtqmldqﬁcﬂmg ﬁleclarrelsencaaodwsnze oﬁeormlfgatmem c ring

| | 1
Fer ebent B B9rELiSr TRHEHES cPBRRsl e udpAB Aotier SePaimas abihee Re R 1 ¢

Rl R2 R3 sBheinvk to R are as previ ously defined and at |east one of
R2 and R\ﬁ%ust E‘e Rtih.

Fig. 2, line A depicts the infrared spectra after spin coating and soft
baking of a porous insulating composition according to one embodiment of the
present invention.

Fig. 2, line B depicts the infrared spectra of the porous insulating
composition depicted in Fig. 2, line A after the sample has been subjected to a
decomposition temperature of 400 °C.

Fig. 2, line C depicts the infrared spectra of the porous insulating
composition depicted in Fig. 2, line A after the sample has been subjected to a
decomposition temperature of 425 °C.

Fig. 3 depicts a detailed infrared spectra for lines A, B, and C of Fig. 2.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

As used herein, sacrificial material means any material which is mixed
with a dielectric material which, upon being subjected to the proper conditions,
decomposes to form pores in the dielectric material. A pore is defined as a void
within the dielectric material in which the void contains either a gas, a
combination of gases, air or a vacuum. Preferably, the pores are either
substantially spherical or elliptical in shape. Also, a used herein, a dielectric
material is a material which is used as an insulator (e.g., SiO,). The term heat-
activated sacrificial material, as used herein, is used to denote a compound

which upon exposure to heat decomposes leaving behind pores.
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a silyl substituent represented by |la. Repeating units where mis 0, i.e.,
repeating units of structure Ib, are especially preferred. In Formulae I,
b, and lc R. and R' can taken together with the two ring carbon atons to
which they are attached to represent a saturated cyclic group of 4 to 8

carbon atonms. Wen R and R4 are taken together to forma saturated cyclic

, th ' ' b d f which
it The a st 1 Seded 4Peys dBE T RIAH e ¥%RE%$}E§5? PoRusdRSHaNEer o are
repr esent&%&mﬁdsem%phboawm d?éléétﬁ& ‘ébﬁstang& rﬁéoﬂ‘@@é{ ﬁévﬂn& didleétric

nmet hyl ene (i.e., -CH2-) group and s a nu 't should be

appar ent aolmstantbevﬁl&sisdhaatdbpluenp g-?reuemllyeM@pemdnwamgoonT@buadan R2 or
R3 substituent, one of the hydrogen atons of the -CHZ- group is replaced by
the R2 orarﬁéogu%@{rpmj@rqom%fms@ﬁa&ﬂ@le@tnﬁép@t@ﬂah@ueh.as &8RPI AUres are set

def i ned. G pallEr WA SERHaR ddanel chBhiEenn e SPihPh Bicte Rl R 'Y
5-triet h@pY@-'thdolgr‘%PBf Q?ﬁhe@n 5ta¢s@(wc§;é{esg.l, hhetﬁgirstvﬁsraﬁ:rtsaané MsaRpt hoxysilyl

nor bor nene, 5-nethyl di net hoxySi |yl norbornene, di et hyl met hoxy
nor bor nertwdr@gemsdsémxui@rmad{Hﬁ@) arfa miveeqosimsqquaneham@ﬂ)e samfmairu ficial

Sel bt ed TRBHALR 78 CreaThie SaEEaRyalesain U TG0 thié mgiod for forifing
the above-mentioned porous insulating compounds, preferably a sacrificial
material/dielectric material composition is formed by mixing a sacrificial material
with a dielectric material. The sacrificial material is then removed from the
composition via a suitable technique (e.g., by heating the composition to a
temperature at or above the decomposition temperature of the sacrificial
material), thereby creating pores.

More preferably, the decomposition reaction of the sacrificial material is
induced solely by high temperature although other means may be used. The
decomposition temperature should be compatible with the various components
of the structure so as not to destroy the integrity thereof aside from the removal
of the sacrificial material to form the pores. Typically, such femperature should
be less than about 500°C for electrical interconnect devices and more preferably
less than 450°C. It is contemplated that the decomposition temperature will fall
in the range of about 380°C to about 450°C, although materials having
decomposition temperatures as low as about 150°C may be beneficial. The
sacrificial material, however, should be sufficiently thermally stable so that the
permanent material can be processed to a condition where it is electrically
and/or mechanically stable.

The preferred sacrificial material for carrying out the above-described
method preferably is a olefin or a polymer. More preferably, such an olefin or
polymer is selected from the cycloolefin class of compounds and even more

preferably is a bicycloolefin with a norbornene-type polymer being most
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t1 1 RSRRsR6~ wherein R5, R6) R, and R8 independently represent hydrogen)

| i near and branched (C, to C20) al kyl, hydrocarbyl substituted and
.unsubstituted (C5 to C,2) cycloal kyl) hydrocarbyl substituted and
unsubstituted (Cs to C40) aryl, hydrocarbyl substituted and unsubstituted
(C to C5) aralkyl, (C3 to C20) alkynyl, linear and branched (CB to C20)
al kenyl y n to er to
AL keny | ool e Moy 5 e 5 iatina A P OB,
ring carg PR to whi ch they are attached can represent saturated and
unsaturated cyclic groups containing 4 to 12 carbon atons or an aromatic
ring containing 6 to 17 carbon atons; and pis 0, 1, 2, 3, or 4. The

hydrocargyl,substrtuents on the foregoing substituents are conposed solely
of carbo atons such as, for exanple) branched and unbranched
C, C, Cl Cs

()12 G, P o B RGP RDEMREROR S8 o he b, 1

i ncl ude 3nBYRBIYIRER comPRdif 'rer?eeﬂ rf},ega)foﬁhhm@élrf%rmra@r N |u
5-cycl ohexyl - norbornene 5- c cl ohexXenyl - 2- nor bor nene)

5- but yI - Peloav. b@ropelyer)er‘é—tﬁelﬁgrllm Practiding ﬂmmveﬁtrdecgh 4rzelnrdle beperding, units
5- phenyl nor bor nene, 5napht hyl - 2- norbor nene 5-et ne- - NOr rnene
vi nyl nor 58“%92?@8 greaerﬁ%?r&req aBF’&’d?%‘&f%‘?SIQf? andPl

t et o |
i et yl GO RRedh ¥ foR AP By mer A @%ﬁiﬁ?ﬁ@ﬁ@’%@fﬂ?as
tetr acyc ltiosl s dledfecial, mpteriay irt thier pregehbmodnatiem &) séldiumeles tied AgztreBpent adi ene

(e , sym’retrrcal and asymetrical trimers). An es ecraIIy preferred
hydr ocar tkademarkdy Fae Bh OQCHm(H'e@PWénVrBMOZL hieorTherrolymer comphisgsot her

enbodrrre 3 rryi ng out
e i nveryCtedfsb fEB o s Bilipedef e sl igRet ot RERY 02, 01
1l g RO Frmuth PbBlow Wherein Rs to R 2 independently represent a polar
substituent selected fromthe group: -(A~ COOR", -(A"OR', -(A"OC(OR",
“(AT(O R, -(A"AQR) - (A~ (OAOR, -(A"CA-(OOR, -(A-~
(O -A-OXR, -(A"(QOA-(QXR', ~(A"O-A-R") -(A)-~

AQOA-(OR', -(A~ JOOA-OA-§OOR") -(AN
QQOA -0 (R, -(A~ (R)2 (GO OK"), and -(A)~
C(R')2CHC(OOR')2. The noieties Afa i ndependently represent a

di val ent bridging or spacer radical /selegted from di val ent hydrocarbon
radi cal s, divalent cyclic hydrocarbg i gal s, dival ent oxygen contai ni ng

radicals, and divalent cyclic ether an cyclic diethers, and n is an
integer 0 or 1. When nis 0 it shoyfio j3aﬁparent that A and A" represent a
single coval ent bond. By divalent is Redit "that a free val ence at each
termnal end of the radical are attached to two distinct groups. The

di val ent hydrocarbon radicals can be represented by the formul a -(CdH2d) -
where d rwpewerﬂ'sanma‘ independently sepreseat bydrogent et/tee%ﬂq{wrsneh@%ar nand is

an |ntege di val e drocarb adi ¢ are referably
sel ect ed q’btr?i &oﬁé@ﬁw i%da%fgn %e“{f reprgpeat it Xﬁf"eﬂsf‘s q%gpﬁt}?‘gne)
et hyl ene, (®F Byl BEF Rﬁﬁ) pentyl ene, hexyl ene, heptyl ene) octyl ene,
nonyl ene, %%e"g fkg 'ﬁﬁgn ranched al kyl ene radical s are contenpl at ed)
it isto be understood that a hydrogen atomin the linear alkylene chain is
replaced with a linear or branche®’(C, to C5) alkyl group. -12

-(CH),-SiRR IR 12 Ia

R? independently is hydrogen, methyl, or ethyl; R, R", and R*? independently
represent linear or branched (C, to C,;) alkyi, linear or branched (C, to C,)

alkoxy, linear or branched (C, to C,,) alkyl carbonyloxy (e.g., acetoxy), and

-8-



The di val ent cyclic hydrocarbon radicals include substituted and
unsubstituted (C3 to C8) cycloaliphatic noieties represented by the
formula:. 9 ,.wherein ais an integer from2 to 7 and Rq when present
represents linear and branched (C, to C10) al kyl groups. Preferred dival ent
cycl oal kyl ene radi cal s include cycl opentyl ene and cycl ohexyl ene noi eties
repr esent ' t : Y i ' efi.ped
above. AsggFgﬁgFgg?éghﬁg¥%&%ﬁg(Fﬁﬁégéﬁ%ﬂyﬁpﬁfé]?6%@ﬁ§?§£pﬁﬁh f?g'%égﬁb be

under st oods & mambérerdrarditd 5nes Formiledtatgadtions dheubatitldrts R angtRAmgs@nd/ or
fornmul ae represent the divalent nature of the noiety and indicate the

poi nts at batsalecteddram the silyidrouprepresantedionthedformuteheetfaltaceder il ecul ar
nmoi eties defined in the respective fordyl ae,,AS i opventipnal in the art,
t he di agonal bgﬁa{!‘?rf"ﬁ&' BF %ag“gppﬁé’?ﬁ‘grﬁ?h%r ert éplse(gfec{]ﬁgmc@ Pe¥ Lt ructure

i ndi cates [ [

I(:ar Ibocycl ibr(rzéyz‘%hoég;@‘ﬁ@t@?@} rﬁfkﬁgy 'gf(%\?é é“gﬁggﬁga@éﬁc@pgﬁ ggégelﬁft])(!;{, %?ﬁg of

car bocycl iR, RYpand Rihachtiesarmermhd aneesélscted froes hesthoky,| ethoxyo progieye one

| ess hydrogen atomto satisfy the valence requirenment of carbon. Preferred
di val ent XYe 28dHRerdoxyid Mast prefpeatly & iscp peddnt . bgnd IRe” afe eretures: - 13

000O0T i XYOgh t alani ng. radi i /

al kyl ene %m@%&§%%p§| eﬁhgﬁgpor% '? E%Stt@g%%%bﬁyiﬁll};%gﬁ%yéﬁ8&8?tg&%étant t hat
the total WHER® isT, iﬁ@fé%t!brﬁttﬁé'ﬁhb%il?%n@tidﬁél%is Soriticté® Hpéatyiotheat | east
be 2 and can not exceed 10. The divalent al kylene ethers are represented by
t he f or nulpelycycky risgdhughky silicen-canzoreband adierein theeagbdy atome ofthrups t hat
are bonded,lto t he, oxygen, atom can, be th S%HE or ﬂ{fferent. and @re sel ected
from net hy'&98;C PHQlE&%’,'S PLRY 2 ERIPONAIAM QR IS PRIYEYCliGI Y Efe 2

hept yl e”e’rir@féé’r BA&tod)d nonyl ene. The sinplest dival ent al kyl ene ether of
the series I's the radical -CH2-O CH2-. Preferred pol yether noieties include
di val ent radi cdhFarmula¢ abovepinas prefdrdiiiiD) ofCP as wepresiented by stracturestier
fromO to 5 and y is an integer from2 to 50 with the proviso that the
terninal B0 1@SRARYBM BEIGWI yet her spacer noiety can not be directly
linked to a term nal oxygen atom on an adjacent group to form a peroxide

| i nkage. In other words) peroxide linkages (i.e., -O-0O) are not

cont enpl at ed when pol yet her spacg?s are linked to Jﬁy of the term nal
oxygen cont ai ni ng substituent™gredps set forth ung RI to R 2 above. RO to
R 2 can al so i ndependently rep, t hydrogen, |if and branched (C, to
Cl10) alkyl, so long as at |eas g of the remui RO to R 2 substituents

is selected fromone of the poJ@ar Jgroups represenyed Qbove. In the formula
above p is an integer fromO gp §d§2k¢ferably 0 nore preferably 0).
R' i ndependently represents hyleo , linear and BQrarChed (C, to C10) al kyl
(e.g., -C(CH3)), -Si(CH3), -CH(RP)OCH2CHS, -CH(§ OC(|O3) 3, |inear and
branched (C, to C10) al koxyal kyl ene pol yet hers, D®BA™ ¢ and pol ycyciic

wherein R' to R* are as previously defined and at least one of R? and R® must be

a silyl substituent represented by la. Repeating units where mis 0, i.e.,

repeating units of structure Ib, are especially preferred.

In Formulae 1, Ib, and lc R' and R* can taken together with the two ring

carbon atoms to which they are attached to represent a saturated cyclic group of

4 to 8 carbon atoms. When R' and R* are taken together to form a saturated

cyclic group, the cyclic group is substituted by R? and R? at least one of which

must be a silyl group represented by la. Generically such monomers are

represented by the following structure:

-9-



(C4 to C20) cycloaliphatic noieties, cyclic ethers, cyclic ketones) and
cycl'ic esters -14 (lactones). By (C, to C o) al koxyal kyl ene is neant that
a termnal alkyl group is linked through an ether oxygen atomto an

al kyl ene noiety. The radical is a hydrocarbon based ether npoiety that can
be generically represented as -al kyl ene-0O al kyl wherein the al kyl ene and

al kyl groups independently contain 1 to 10 carbon atons each of which can
be linear or branched. The pol yet het~rad{cal can be represented by the
formula: wherein x is an integer frg fo 5, y is an integer from2 to 50
and Ra represents hydrogen or Iinear‘@ﬁﬂ'-ranched (C, to C10) al kyl.
Preferred pol yether radicals include f et hyl ene oxi de) and pol ypropyl ene
oxi de). Exanpl es of nonocyclic cycl o at i ¢ nmonocyclic noieties include
cycl opropyl, cyclobutyl, cyclopentyl dhexyl, dicycl opropyl net hyl

(Dcnp) and di met hyl cycl opropyl net hy, , and the like. Exanples of
cycl oal i phatic polycyclic noieties nor bor nyl , adamantyl,

t et rahydrodi cycl opent adi enyl (tricyc 2.+ 2' 6] decanyl)) and the |ike.
Exanpl es of cyclic ethers includeffetrahydrofuranyl and tetrahydropyranyl
noi eties. An exanple of a cyclic ketone is a 3-oxocycl ohexanonyl noiety. An

I f L t | act i | oni ¢ | act I iety.
S ruet ur owhBesih e BReRlened 8y 6 o et Bhd & ik uiDen oM 2R fudb. Hac
CH3 RP RP j ‘ 1
Cepr esent SBugS Sbodient SRR T rulqlfe, SRAUFIESRLGMER B colline L ouPs
Dcpm and B’ euRdsubstitoest, ane ofehe bydrigen, atorspeithevweHy) gesudisl | ows: - CH

and - C(CH3 % The sacrifjicial polymers useful in practicing the present
i nvent i on'éplaced by the R? or R’ substituent. Representative repeating unit structures

are set forth below:

\éigéééin\ ) \igé:gggnl
R2 R3 R2 R3
R2 R3

wherein R?, R? and m are as previously defined.

lllustrative examples of monomers of Formula | include 5-triethoxysilyl-
norbornene, 5-trimethylsilyl norbornene, 5-trimethoxysilyl norbornene,
5-methyldimethoxysilyl norbornene, 5-dimethylmethoxy norbornene.

In another embodiment of the present invention, the sacrificial polymer
comprises hydrocarbyl substituted polycyclic repeating units selected from units

represented by Formula Il below:

-10-



preferably enconpass honopol yners and copol yners contai ni ng random
repeating units derived froma nonomer unit or nonomer units represented by
.Formula I) or. honopol ymers or copol yners contai ni ng random repeating units
derived from nononmer unit or units represented by Formula I, honopol yners
or copolymers containing repeating units derived froma nononer units)
represented by Fornula |I11 and copol yners conprising a conbi nati on of
repeating units represented by Form : and |1, Forrmulae | and |11
Formulae Il and IIl or Fornulae I, d 111. Preferred sacrificia

pol ymers according to the present inyentdon nmay contain fromabout 0.1 to
10D nol e percent of silyl function cycﬂic repeating units, preferably
fromabout 1 to 50 nole percent, no 2f erably fromabout 3 to 25 nole
percent, and nost preferably from abgp Ro 20 nole percent, with the
remai nder of the polyner preferabl confhising repeating units described
under Formula Il and/or Fomula || R&ngeéﬁbcially preferred pol yner

conpri ses repeating units polynerlzed from nor bor nene and

triethox n .mpl e ent ratio of 80l
or bor ARt B B B bl repiesanta@maes; ieadihe: s

di I [
fepeat i ng %Woe@%% Gy, Pl e Sy s A T BB el G oREaN P e
f or med ac?/daalkfyhﬁh Byltélm%tltlﬁéﬂ@nﬁ%s‘u’bstlht@e@wpw O?o?%mﬂype noi ety of
the prepolynerize %9 CC|IC nonomer. -16 6 56

2, 3- enchiyfArasarbyt mﬂgdmubétlty&ﬁq/@ﬂ%@d) araihyla&m@diaohalkvwl

functl on born t r of or

il 1 - colpeAEHed BT G ERELRRRE: Relivt 20y B S 6 orRiS e, hed 1
| nt er nat icaRdle BReANbgéPRY t§ AdrnPa (EY kb C‘i@@l@ﬁd@ﬁyl V%?&Emﬂ%almw@ﬁe

BFGoodri ch Conpany, published on Jine , 1997) ich is hereby .

i ncor por 4akeh wihdhe twe ringf earban @tomsito svhich theyt gre atteched garordpresente- t ype
pol ymer i_s benefi ci.al because [t h [ >350C) and

Do Ter cisetiplad.ahd %lagtqrateﬁ i O EOREING A 1B k2 CATDSY, AT ! oyed

and ot hery, | gs h ed
che cal amane ARl b1 T e o Bl RS, BB IEP. B 2P Eord TR e,
anneal i ng\ydwﬁhrbw%@sﬁmwlthecfﬁrdgbmgé‘é@ttsﬂt@emb@é dobnpdsedisblelyhdr eby
limting novenent which nlgwk damage the sem conductor device. It is

bel i eved GahR@n AR W@r%%a %fsuqmaqaé@w@rgpl@s branched angrpbranshgg t hi s

evi oo miaraciel AR Hainel 4REeRRBhRef Crid T YL B G BFae 1o 11

T9. In otdigr words) the polymer renains nechanically stable until the
deconposition tenperature is reached enabling the polynmer to endure the
rather harsh pHosteativenexampies quygqucafbwwbeﬂtutedm@meei Inchldenechani cal

G Sadvant ADETATIRNEHS MU 21T Re PG HIRTDORIENE, POSIANRYERT | bel ow
thei I decaBBRdra s bRIRGERH 9 norbBAMY SRR iRRbSAered | Ure or
efore t

struct ural angesl econposition ténperature |é reached. It has
been f oungietindi2-hgrbiomengB-decyl?-nothyamneheos-phenyk2-napeatiene, 6ni t s t hat
contain pen dgt hydr ocar by! (Fornul a ! '% and/ or dant ol ar (For hul a
111) subsRERhIBKES NoRRerNERE %ﬁﬁW"F’PE?@I‘“ 'B%rrtPé’r ®fC.deconposi ti on

dicyclopentadiene, dihydrodicyclopentadiene, tetracyciododecene,

methyltetracyclododecene, tetracyclododecadiene, dimethyltetracyclododecene,
ethyltetracyclododecene, ethylidenyl tetracyclododecene,
phenyltetracyclododecene, trimers of cyclopentadiene (e.g., symmetrical and
asymmetrical trimers). An especially preferred hydrocarby! repeating unit is

derived from 2-norbornene.

-11-



-17 tenperatures of the silyl substituted polycyclool efinic polynmer can
be 'significantly | owered. The deconposition tenperature of polyners

. containi.ng 80120 nol e percent of norbornene/triethoxysilyl norbonene
(deconposition tenperature approximtely 430 C) can be | owered by
approximately 30 C by replacing the norbornene repeating units in the

copol ynmer with I e anched
(1 0" o FREfpE BthplBichentihe iftehion” apithral B RR sl B T on

t enper at ucarrfing o@tﬁ@@iv)éﬁﬁén comiprisek Mepeating units represented by Formula ll

but yl nor bor nenel tri et hoxysi |l yl norbornene in a nole percent ratio of 9515 is

| oner ed tBElBWEC. We expect that the deconposition tenperature of the
copol ynmer can be | owered even further (up to approximately 100C) by
replacing the norbornene repeating-sai t he copol yner with repeating
units containing the polar substi tueescrl bed under Formula I11.
Honopol ynmers of norbornyl acetate ang-moybornyl ethyl carbonate have
t hermal deconposition tenperatures of antlI329C) respectively. The
pol ar groups include ester, carbonatg, ard acetate substituents and the
tike. To effect |ower deconposition Nerpd gtures of the silyl substituted
pol ynmers, the pol yner shoul d cont aig @Q nol e percent of polycyclic
i i g r polar functionality,
preferably greater than 50 nol e percent, nore preferably 51 to 99 percent,
still nmore preferably 55 to 95 nole percent, even nore preferably 65 to 80
nol e per cwherema’ @fl&lzesdxembmmyfrepreslenpalmimrmmmm sedated from thiigove

223'3[ 45081048 °S'@3§Q‘3Eﬂf @@%‘,yziuéééle F&ﬁ?@qoﬁgi?ﬁﬁéoﬁf?&%f
ol ymer o 5 are IR Q) TLNCINOR: ai“??&f‘ﬂ?éﬁz@ Jiher “di ol ectri cs such as
silicon di-@)-@C(Q)-Al- C(J®)®Rf‘r+(A9;)-C(®)M TSR -Xp(QOMSPR"CH3SI 0, 5, or

hydr ogenS| | se ui oxaneé‘ %ﬂ . _Particul arlé useful are polyners
such as MS®) (33] I-s@ﬁr@(@)@rféso’és%pb Rbecone evident fromthe

of the i1y ~AP‘3“ SOAELEIPR AP DR AR CORRFARP Pt “wnen the-

deconposi LN GEMTIHCIOION )L Mehé ?x%lélf‘éé?AadndW RidePenbentipyairesond n- on

pol ymers with 1ower curing terrperatures can be utilized as the dielectric
mat eri al . dvalestbridginyer spacér raditai setected froakdivglemt hiydtcxiarisers tadicadane ar e

known in the ar or, e it t hat met Is.llse oxane can be
Koo by dfalBh] v hyRESaRban rhiichl, SRR S 4R CoRlaiaaaaTCalS, SRR, | o

al so kno | 9

171: 31- 3%‘%}%&1 gﬁgéa %&%%u?%%a e!rccd(?% §§eoérhdc§n§rgg '@ngﬁgéfé 11t ﬁ%ﬁgh" !as 0

cat al yti c it shosltdrbebapparent ﬂ'mtTA and Polreprasenby single@ovalent bhonhd. &ycohol s.

Lai ne et al Chem Mat V. 2:464-472) teaches the s nt hesi s of
met hyl si | Qivalens ismeanttha aa‘"?‘? Yﬁ\?ﬂ&ﬁ%&?ﬁh}?@@"?b@ﬂ%@fmﬁlfq I&ecycl oners

or linear g%ma pgaches that
a pol yorgaén)t(k)s e{soawoo@g{r@e{&ﬁo%e s?ﬁtch{éas?@{:@q@g?nméﬁ%rom ane or
t ri al koxysidprasertadibytha f@frﬁuﬁci(egl—ulgydvmwld esenty/tive nifiberds cafbov5, 169
is hereby incorporated herein b erence for its teachings of howto

synt hesi zea@r@%lrythegdhngnegb\gqua@d iman infegabtieny bio iBkiThy divalent

o hydr ot yDUSEHARREREENE ofc PRRso P skbeldf nBlbinga? artf Refen L& 18 conol | ¢
hydrol ysi s oypdilkienesth as! mthyRirdd Iéﬂnﬁk‘zné"prob?leﬁesbu@%ne Wentyde®d.S, 272,

which is |ncorporated herein by reference) teach the production of a nearly

ful 'y condbexgens; heplyleneoctyiemesnanylers, randrﬂecxylem{) Woenppranshednol ) by a
process co ISII’I rolyzing tri Qr.o ane jn a | f onic, acid
hydr at e hy@ %M?@ﬁ% Qﬁa%m‘é'ﬁﬁ%géﬂﬁ %%@PBEH?F?@HFP%Qﬂ%t er
or aqueous ;s

5,010, 159) 'wﬁ‘} c | S ﬂgiggiéﬂ%gg?gg !’i%g \'@ﬂ{] E?gﬁ‘ég*dﬁfﬁ (ngé gls eirknzatl ve
met hod comgrospng hydrol yzi ng hydr|d05|lanes in an arylsulfonic acid
hydrate hydrolysis mediumto forma resin which is then contacted with a
neutralizing agent. OF particular use arg Accuspin T-18 {a

nieil-,y4sil sesqui oxane al so know as Al riéd- Si gnal 418, from Al lied-Si gnal,
Santa Clara, CA) or Accuglass 512 (a -19 m xed sil sesqui oxane, also from
Al'lied-Signal, Santa Clara, CA). Also of interest is a hydrogen

si | sesqui oxane product from Dow Corning called fl owabl e oxi de FOX.




General ly, the porous insulating conmpounds, preferably porous

si | sesqui oxane i nsul ati ng conpounds, of the present invention are fornmed by
m xing a sacri'fficial material, preferably selected fromthe cycl ool efin

cl ass of compounds di scussed above and nore preferably selected fromthe

bi cycl ool efins di scussed above, with a dielectric material, such as a

spi n-on di el ecThé giva¥reicgtidhydrotmhcipiaticts hckldRcdubgtitutedargpi n- on pol ymer
or spin-on-glass (SOG (e.g., nethylsilsesquioxane (MSQ),

hydr ogensinssbstitutes {betq CR@yclasliphitie haiglieerpuessiied Hy. thevermue; e
preferably, the sacrificial material is selected fromone of the

nor bor nene-type pol yners di scussed above and the spin-on dielectric is

ei ther Accuspin T-18 or Accugl ass 512. eferably) the sacrificial material
is first dissolved into a solvent (e g, an organic solvent such as an
organi c al cohol) which is capable 6f dissolving at | east one of either the
sacrificial material and/or thedir@Hec{CHg,material. The di ssol ved
sacrificial material is then nixed\&?%b%{he dielectric material, thereby
formng a solution. The resulting sofdtion is stirred at roomtenperature
for an appropriate length of tinme in order to ensure that the sacrificial
material wheR®ali¥ afl iRRRYe? ¢ 2 thITeafdl BN FreSBAEIEpPEserits heapihy the
above solution is stirred at roomtenperature for about 0.1 to about 4
hours) nobranched dCakd €, atadiil gootis.t Brefeuead divatentrayclaaikylenve radicals

pref erabl y about t o ,about 2 hours. Even npre preferabl he_di ssol ved
Prcr i1 ci eRiR yconentdsne nd: aihelene mptetes Thatsgter b tes lateg * Sbou
0.2 Nm p§ﬁ&5u¢é§.being mxed with the dielectric naterial. Once stirring of
the sacrificial polyner/dielectric material is conpleted, the mixture is
then preferably filtered. The filter used at this stage preferably has a
pore size of less than about 0.2 Nm Rat shoul d be Kot ed, however, that

ot her techniques for conbining the sacrificial ,xpferial with the dielectric

material can be used. For exanple e two cogdl d be conbi ned used spraying.
-20 Next, the sacrificial di el eCctr gt erial conposition, if so
desired, can be deposited by a su ple ,t echnigys#e/Oonto a desired surface or
article. Preferably, the conposition is spin coated onto a desired surface.

The conposition is then subjected to a tenperature sufficient enough to
cure the dielectri.c terial but ngt sufficient ou t Q cause

deconposi Hr@ﬁe'Bfé‘{'ﬁéggQEFi (‘,’PaIAsnﬂi‘%tr'ﬁ“&p:h?fﬁl?é‘,detﬂf""?gi}‘qugﬁwﬁt ant that the
di el ect ! gpBBfiEatic, PR R uMerblRCREPAR boRPIteEPrdidctiihBfiAPByclic

i nvention has a curing tenperature Ich1s at or below tthe deconposition

t enper at ustruofuréd andatfofrmalaglrepriseint the divatént nature gfithe emdietynammaht i on so
that a stabilized polynmer filmcan be forned which retajns the, porous

nat ur \i/h of Rdieatedbeinqittsat whiclk therabosycliscr'omsoata bendenl tiecadipeent | n ¢ hef
Che.sacr: TIoREHERTIPiaT SRR I el eaBEei oRfufs TAR AT bl AP 6t © ©

t enper at urget, $hié tisjoral bBRAWAER Prejectiig frotW theseeritef bfthRl cydlicastiuetureo under go
deconposition. The deconposition products of the sacrificial material are

bel i eved tidipatesehabthenbond)is eptionadly sosneaieditpanytone ef theetarboeyelichat eri al |

h by | ' hi.nd i ds, L.yel PANSE
i er i 21 1 GRETBIRARE gk O FesB BB esobd LY Tiaeb ko oh CaiEh . i e
whi ch is kpkhond fineCisTPnnRBRIEWIIl fcorirfodie shelesstHyideod@i atdralto @adsfy
sufficient enough to cause deconposition of the sacrificial material. That

i's, both dhepsienoe eguireminitaddadiorul t aneously by gradual |y heating the
coated objects to.,a t erature that is at .of, above the deconpogition

t emperat ure of ﬁgegrgs:Hlj\fqlgq\tacpyc,lfgfegp?@qn%gg{mrggfe Weﬁgpfﬁmg’%ppl ies to
all of th ﬁﬁﬁﬂﬂ#@s di scussed bel ow, unl ess other wi se specified. In the
Exanpl es, unless otherw se stated, degrees are in Celsius, pressure in

at nosphere and anounts and rations are given by weight. D electric

measurenents were perforned by fabricating parallel plate capacitors on
(100) silicon wafers. The bottom plate of the capacitors was a ful

-13-



-21 surface filmof sputtered Ti/Au/Ti (300Al 4000A/ 300A). A honopol yner
of triethoxysilylnorbornene (TESNB) was di ssolved into 4-nethyl-2-pentanone
(Al drich-Chenmical Co.) (up to 60% by wei ght, although hi gher concentrations
can be used) followed by filtering with a 0.2 Nmfilter (Celnman Sciences)
and m xing at roomtenperature for a suitable anmount of tine with either
MSQ or HSQ solutions) also fornped by di ssol(gi ng the I\/Bchr HSQ in a

suitabl e solvent (e.g., an i h as 4> - 2- pent anone) .
After the m xing was conpl et éd, the conbijned dol utiong was|filtered with a
0.2 pmfilter (Gelman Scienc . Hter, m xtuke Ms spin coated
onto the netallized silicon su tes at 3000 RPM The Qpi coat ed
materials were then baked at 180 Cin air for two mnutes, followed by
further curing and pol yner deconposition in a nitrogenpurged, quartz tube
oven. The tenp i } QEHai i i t f n about 1
to about 10 C/Ehﬁfdl%g%?t;?% 3’/1 abo?J't ﬁ@%ﬁ%h@%&é%tﬁ,@ﬁ)n?ﬁwﬁﬁe over

t enper at uethere ant golyaibersxi Bp(@)} to @2) alRylanzoethehiscimenhethat ¢ve tatal hel d at
this terrper'\%gure for approxi,rratelq{ 30 m nutes. After which the coated

subst r at e8UNELE OLEBIRAN 3toF i the divalentethghiaiety sAusiAtieas bend andswnc,

T T RRCEsRRb10y B EuPRRYERE ety s TeP i PRI P
et chi ng angkyl8Re O afkyid fGeh&reir B8ciF 8P élRVléng’@égu;B@ﬁﬁﬂb‘?@ bohBedggpaci tors

had a surface area in the range of from about 0.025 cnR to about 1.1 cn®.
The capactheapxygematonondodiesthesanee er diftesemtcancharel selketed famymetbytane, f r ee

capacitors,With | ow conduct ances) ner al | el oyw apout 1 NS) and often

ol ow aboB LT, FepVIRBR<buRliTeE: pelbiend. iatine, Bephicne ocbdbedi 3l bel ow
I'n view of,ohBnaP AR si iwAbhd A j tdd icqrer e found
to be the sa nt 0 gensélbgﬁ?f}q{lﬂér%ét és“?(g%f‘? :Egg%‘;gﬁ‘tﬁgu%éé%s qﬁbﬂ%fﬁ%‘%%fi on was
necessary-CHp-O-OHgi Ryefersddsolpethen chdidiieimciutet divaleht tadicaiaphithe ors due to
their high capacitor area-to-thickness ratio (>1000). It should also be

not ed) Th#™WA: t he exanpl es di scussed bel ow FT-1R spectra were obtai ned
using a Nicolet 550 infrared spect d that defect -22

determ nation in the dielectric | 5@@%& econpl i shed using a

Hi t achi - 2000 el ectron m croscope. Exanple 1: A mxture of 20%

triethoxysilyl norbornene pol yner (Mw=158, 000, determ ned b&mGPC in

nmonchl or ovdiereiney issarl irdegenMsam A\t G andry B-agintegsr fremghto, SQadthitbened by

di ssol vi ng_each ,of, t he abpve conmpongnts i,p an,a uat e anoun

2 ot hyl - PrE0RP ier beTRAR ML ARG A e DeBRLGHEE ShebaRimvBb.ean PPhRS The
resul ting dlcy IiAReMAS astehrhrfl oRPGerd'atdm 3h drP8albEAPSIRIbUbSoR g0 der to
yield a sacrificial materialldielectric material conposition. The resulting
conposi t i greroxzidetlinkagepiin otivertweordsnperoxidalinkages @el,i-Os0-)sarnestotat es to

yield a dielectric |layers having a thickness of about 620 nm Thereafter)
the coated ?'&Ph"%@d‘"!ﬁﬂ Pe‘aﬁ“@gwpﬁse%’ea)é\?@déﬁlﬂW&féﬁe emypal exygen

| . Bede/THypR
pi nhol o5 coRERT AR SioBHa B! o URlor B! PRPHbAUEt o el /i ol cct i c

mat eri al conposR? toR' earealsolindependdritiyaieptesinit tydaddeti, tiheat ang nat eri al
conposition coated netallized silicon substrates were then placed jn an

|

oven i n whtr@rchad (Cetbnatalky, salondasatileast ane of therreraaiping Bgty R'nh) until
h ' 4 '

hotd ar « ns RAGRMSTs SEREIES nBRPOEE LFRICod il Roufns BDRabd agblE, B e

mat eri al  pfriiukn abbvé Peis TRCItddet ifRim Rtbed (prkfatablyaror 1 cmapd préfatably 0).
conposition is cured by being subjected to heat. After the tenperature in

t he oven rBadhdepemdenthypiepxesants hydmaepodineanand branaheduCa tofC phalkyl
sacrificial_ mnater] I M. sagct,ldd el ter] | ri.c_material
conposi ti oLS'gt'ﬁé(gEIe})i ﬁ'@ﬁlﬁ' g@ﬁéé)gﬂ@r g%@?&‘ég)ggh%@iﬁ' l'?%‘?{ ang ter

conpl etion BRe 808 rdiBbaSEVdI; jief the
i o ot 11 6T A R Bl e Y By B0 R ASG I ARFOIANCIR, ¢ ouna
to be 2. 31(G4 tdhCa,) syaloddiptatiemicieties, cptlicdetbers, Dyslieketonesf andeyctic asiess
triethoxysilyl norbornene polynmer and 60% M5Q and 60%tri et hoxysilyl norbor

nerve polynmer and d 40 % MSQ were al so p£ pared in accordance with the
above procedure. These filnms were al so detect-free upon




-23 ., spin coating and substantially free fromthe formati on of pinholes)

t hr ough-voi ds or tubes (i.e., voids which connect to forma conplete
passage fromone side of the dielectric layer to the other). Alternatively,
a through-void may be defined as a channel or void which goes conpletely

t hrough a cross-section of the porous insulator. It should be noted, that

i n order u ha®d! e41) SRG I iRr oduci ng
t he por Od%@fﬁéﬁéﬁ%’ v@'kﬁ?f@kawéﬂlgﬁ%ﬁ oducgt gﬂr%qiér@trﬁg%égﬁ(\?ﬂ?@%pi 1§

subst ant iliakeg thmoeghadn pthenaxggematdrhitoanhalkyeds mdtesf eFtabtadicdlieai nsul at or
shoul d bgwco | etely free of such pinholes or through-voids. This is
because éﬁon%rhﬁamﬁegrethﬁ&m@ymt@@nc%geeaacqlw rBRreSeRtehasd in the

conducti vj f Khayi : r i i i l.ati city.
Compar at oSV ieeBraiWhe e oRAbER acio a1k dtBbt IrdehRBhERiaRET 2
Exanpl € 1t 4@ chfidredtdis BAsh SRWRION &AFEEE (IABEEH! BRfchRBAY Thel ddlyéthgar d to
Exanpl e 1 except for the followng. The dielectric |ayers were fornmed from
onl y MSQradicalsan beTrepidsenied bylited fartmuila: | ayers in this exanple were found
to have a thickness of about 650 nm The average dielectric constant of the
dielectric layers of this exanple was neasured and found to be 2.71, with a
standard deviation of 0.05. ExaftHe(CH,) s Retallized silicon substrates of
Exanple 2 were forned by the sane process descri bed above with regard to
Exanple 1 that the dielectric |ayers were fornmed from 20%

triethoxysilyl norbornene polynmer and 80% Accugl ass 512. The final cure

t enper at Wlefedn Xisx ardnteger fros o & Yioandnteyee frene2 49 80nns BEtapreseysist ant

R I S AR T R
T o ohe SO eI BRL AR ot BRSHLNgoRmyp ERap oy oo B e
| ayer s wemenboyctieccyfclaatiphiatip Marmeytlicsmoidtizs ifbiedavaychpeoply! etyatobutyl,
cyclopentyl, cyclohexyl, dicyclopropyimethyl (Dcmp) and
dimethylcyclopropylmethyl (Dmep), and the like. Examples of cycloaliphatic
polycyclic moieties include, norbornyl, adamantyl, tetrahydrodicyclopentadienyl
(tricyclo[5.2.1.0 2] decanyl), and the like. Examples of cyclic ethers include
tetrahydrofuranyl and tetrahydropyranyl moieties. An example of a cyclic ketone
is a 3-oxocyclohexanonyl moiety. An example of a cyclic ester or lactone is a
mevalonic lactonyl moiety. Structures for representative cyclic groups set forth

above include:

L A
0
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constant of the dielectric layers of this exanple was neasured and found to
be 3.1, with a standard deviation of 0.11. The results of the above

. Exanpl es- are -summari zed below in Table |. It should be noted that | ower
dielectric constants are better in that a conmpound having a | ower
dielectric constant is a better insulator. Material Dielectric

Const ant p i at.i I . '

12 710, ostare &5 e pODEIEe S B0 SR dE IR vz 11 om
the resul fireatesrdirarchéd (G atd) €,) alkyiRgodh £lTaethérm epRiShathbSsudstitieteLhRet i c
material (e.g., a spin-on diefectric) can be lowered significantly by

subj ect i ntppracsentedr eespectivelscas fallows: material and a dielectric material to
conditions sufficient to cause the deconposition of the sacrificial
material. The decrease in the dielectric constant between the conparative
exanpl es and the inventive exanpfes can be atXyibuted to the formation of
pores in the dielectric |ayers {ipon subjectingl the dielectric layers to
conditions suitable to cause theHlecampositi orC@H4{)e sacrificial mterial
Nor bornene polyners are preferred as sacrificial materials because they
thermal | y deconpose into vol ati products which are able to diffuse
through the dielectric nmaterial (or encapsulating filnm. It was al so

di scovered that the sacrificial material, when mxed with a dielectric

material in thgheaueeficRepelyniad 1RBAY I pr@dticiiythe drasBAt invention

preferably encompass homopolymers and copolymers containing random
repeating units derived from a monomer unit or monomer units represented by
Formula I, or homopolymers or copolymers containing random repeating units
derived from monomer unit or units represented by Formula Il, homopolymers or
copolymers containing repeating units derived from a monomer unit(s)
represented by Formula lll and copolymers comprising a combination of
repeating units represented by Formulae 1 and Il, Formulae | and llf, Formulae li
and It or Formulae {, Il and il

Preferred sacrificial polymers according to the present invention may
contain from about 0.1 to 100 mole percent of silyl functional polycyclic
repeating units, preferably from about 1 to 50 mole percent, more preferably
from about 3 to 25 mole percent, and most preferably from about 5 to 20 mole
percent, with the remainder of the polymer preferably comprising repeating units
described under Formula Il and/or Formula lil. An especially preferred polymer
comprises repeating units polymerized from norbornene and
triethoxysilylnorbonene in a mole percent ratio of 80/20
norborneneftriethoxysilylnorbonene.

Preferred sacrificial polymers according to present invention are addition
polymers comprising polycyclic repeating units that are connected to one
another via 2,3-linkages that are formed across the double bond contained in

the norbornene-type moiety of the prepolymerized polycyclic monomer.

-16-



-25 evenly di spersed throughout the dielectric material, thereby
preventing the formation of pinholes or through-holes in the dielectric
,layer. Turning nowto the Figures, Fig. 1A depicts a mcrograph of a cured
MSQ | ayer. The m crograph of shows that no pores were observed to have
formed in a dielectric |layer which contained only M5SQ On the other hand,
as can be seen fromthe mcrographs of Figs. 1B (20%ESNBI 80% MSQ by

wei ght) and 1C (40%ESNB/ 60%3VEQ by wei ght){2 TRe’npores observed in the

dielectric layer of Fig. 1 4Ballppr oximat gLy XQ nmin size and
di stributed evenly throughout e 'di el eEtrler. As can be seen from

Fig. 1C as the anount of TESNB—t+{icreased t hesmgnber of pores present in the
di el ectric Payer increased. However, the23ienehaihmiehe pores renai ned about
the sane. Wth regard to the discussion above it is believed, in an
preferred enbo h@q&; miehé@ g@ﬁ@f ! % ; ed
sacrificial no?‘bornel?ge namér){g? ﬁp act'sZ%\k/j\,if{ mt sgértl)é{a%fgﬁﬁﬁé:ﬁlggapreferred
di el ect ri moneerechatyp¢ encnom&fSQh thiS@reserecenfxesingld seswilti-compeagntor assi sts
to evenly di sperﬁe the sacrificial norbornene-type polymer materi al

t hr oughouiGToRe Iidransition meselcatalyst Systarhias Jesarbedily | MesRtianeh Batent

Shecit: caftteftion BapIRRIdLive: o Al The BECUEIER GateMype. poi yirer
nmaterial pRMsHERNGd BHNING T2, STHO7S %iéWfsMb@Wndd?ﬁon@t@dl fetdih byTeftehdd IS

di screte polyner units distributed throughout the polyner filmdue to
bondi ng, Viseemiyetyol ysis of the -Si-0O C2H5 groups of the norbornene-type

I d the.Si - -Si.-OH f.t i electri terial . Thi
po e o 1o e B oy b i
stated abavRighR>8beephKaideRaBRRAI AR BRRIBIHGISG 4 hamkaser! | cial

material is at 1east even nore prefe deconposi tion
t enper at urconamonlyeeraployeti anidibther semicdndustorrmahefacturing stepalsach a880 C to

he.br coc asaTeR=g chREROR AU AsPhSUBE PR Sl GaP o 5y
C bt a \ ; ; ) e \

cacr Tt of apfperafndBoBpbRanndliin, B R HEOGHRBEHBA ERPRIAGRE oBke to

conposi ti dsTQlthérebyliheitiag imoverashit wiich nsigAt éinageaidisedtic@idugtest about 60

percent by weight dielectric material and nore preferably the porous
i nsul at i ngdeMegositi ons of the present invention preferably conprise at

bem conmr oodtl BB UL bl bra gl AR L b SR S
material ipvbRoPaRS ﬁmqubwfﬁmﬁéoo&; %fé&iﬂwcﬁdlgﬁatteﬁglﬁ‘ iRMicBndudter 88Wke bY

wei ght to about 60 percent” by weig st preferably, prior to

deconposi tinanufadbering beocause tippmaterial tiservsly de coonpassst ¢loss ta sy fes 20
percent by i ght ;sacrificial material and ercent. . ight djelectric
et or 1l pies RS e nayer rempnsimeghaEal Apie e iseaRbosiion: « h
regard to | i 1 i t ores forned
by the dec%%%ﬁ%dgi?%m%&gg%gm@m%gﬁ %llt'&?rr?str %grag{reersﬂe%ﬁ?rpporous

i nsul at i ngproveEssiigtsteps (6.9.,vepehtedhéatroyclesnti nmdehanidatstress of he si ze of

the sacrificial material used in present invention rather than the anount
of sacrifi B1agipyatien, ete.)siusingremicpagduster mansdagturg. cThe disadvantageyvith a

upon decomii PR RRPoplae dnRin 0 PO O ARGt ,° 1o

sacrifici ateriperituds, WsRfing o hithahRae filur@vestrucmiralchanges heforertbet ype
dinmer) trinmer) tertranmer or polyner. 1n the case where a norbornene-type

di mer or t degempositigsdgmperatirgdssgasihedto form upon deconposition, pores

havi ng a di anet or,about 10.AnQsSt.rons. t 2 er
pores or voids i{'ga%gg?pZauwgﬂ},agﬁxéﬂgqqp%%r}goﬁ@x&aﬁé'&ﬁﬁ_@dﬁﬁgﬁ’é@ﬁ]ﬁ Q?'&g/ei ghts
in the rangRatéorainlend L hyidrocitByl(FrAOR 1B0thd@ranphRdakt pdlaedoriud dnabl y,
as stated above, the averagé pore diameter of the pores formed upon
deconposi t istbstifuentsindadhe saciifidialplgmeabackborst thieedaaonapesition0 Angst r ons)
and even nore preferably about 10 nm Turning to Fig. 2, Fig. 2, line A
depicts the infrared spectra of the poroHL? i nsul ati ng conposition of
Exanple 1 of the present invention prior'to deconposition but after curing
(or backing] at about 180 "C. The solution was spin coated onto a

| ow- doped, doubl e-sided polished silicon wafer. The wafer



-27 was quartered and heated to different tenperatures. An un-coated

sil'i con wafer was used for background subtraction. I'n Fig. 2, lines B and C
. depict, respectively, the infrared spectra for the conposition of Example 1
after curing and deconposition was conducted at about 400 C and about 425
C. As can be seen fromthe infrared spectra contained in Fig. 2. The

noi sture content of t filmis.,. red significantly by heating the film
at about PR ﬂﬁeﬁé)fgﬁeéflylm&‘ﬁ? p@y@gplﬁgl IC ﬁﬂliyé“%fzﬁimgée seen fromthe
decrease kiynifteingy1Skk k F QX it ; xi mately
870 to 950@cm “. The c%?geﬁggpﬁgﬁ&grggist‘gﬁ ﬁ?ﬁ%’?ﬁ%@%ggb?ﬁﬁ{%}s %E)Hgﬁ@f‘ganol

groups of 80/R0 M2 parceds of noHruTgenetridthexydilyesionena (dedeedissitioni ch are
observed at 1126 cm' and 1026 cmi'. A change in these peaks is observed

bet ween ci@MAgratuien@pprpxignatelyh436 Hptars be lnyvereddy appwximatgiynda°C by
deconposi ti oln %Li es and C). The Si % stretch is observed a 127% cm ',
which i s KRRECHIHDENApOTacEPRRENG LR &N NS soROIYmET Hilb RREaIRg ATl

X : _ ; . SO |
can be secg gz Cal A BlarthEates 16 G JRURYLSRITHE 80 00 B
absor banc @xampiéeh€-thirmal ddcdmpositieatampertatwerfo? 8 ddpoltrhneacshta@ty cn ' . A

total of five peaks are expected in this region for the 20% TESNB
pol yner | s®sityiperharneng/triethaxysilyingsberaens in aanelepercenbralioafBdadsh for c H2

dat
and C H3 i [ re : f he C-H
tretch {RUCREHOERR B BB faflieCeeRiodon Mitp el & ke resne
cont ai ns -¢oddlyméitan BEJowésiddosvifurthBR¢uptd Bppoximbtaly 108a®) bpr the MSQ is
at 2873 cm"'. However, the other C HX assignnments have not been confirnmed

because t Hepasingthe rorbormeneerapaating hmits dn the coplymer withuespeating units

deconposi tion .and di ffysio f the TES ol ymer. should result jn the

i conbosr SeRtaibi fegolst Sihstiusnls dBsrliced SntiSt Eatmatul dioDabalme of

ref erence i i i i «FEig. 3

Cor r capond oDl 3B8EE and3RIBORG bfhyTblrbohatd hawE terhiMecomilsiiad. B |
hay been dbmperatulesiefd56d€and 320G apspéctivelya The palar groapsincadenbodi ment
or enbodinents, it is obvious that equivalent 28 alt raH){gens and

modi f i cat | $HE€MGarporate and é‘%ﬁ%@rsé'bﬂcg\uﬁﬂﬁja‘i‘%then@(_edrTOL%%‘T* r eadi ng and

under st andi -hi i fi.catl : A articul ar
fogard to riotlibd HREIIUER' odfie 3O & RRBE BOHO RO BoNARP T | C1L

( conponent showlld ToNRin @Boutl U IEIe. petedmast golyi\elic pésedting tisitd Raving (i ncl udi ng
a reference to a "neans") used to describe such integers are intended to
cor r espondpendantdiydrocarbyi erepoladfuratiodality oprafgrably gsateniianrbbmoler ns t he

ified f ti f t ib i nt (i.e., that,. i [
b G CR L S LY RE RN
structure %icfé'?lt,pé‘\f Pridke b(p)?eﬁide])gbsqg Sd}nbrbeli)%%éijt nillustrated exenpl ary

enbodi nent " or enbodi nent s Invention. addition, while a particular
feature of the Theaforezaidrezcrifivial godymedesany bédeatdrbtceabovdtheispect to only

one of several illystrated enbodi nents) such feature conbi ned with
one or nor SeEeMPPsiieRtgmperature fypiseHEin ﬁé?ftasb,o"‘gg%ﬂgé 9 r ed and

e L

conposi tion uséfu maki ng“a porous in
heat - act i vaitich canidiffise throggh tecvarfiouws miateridls theasacrifivialggolyraess aene

dielectric nmaterial, .
mixed with. Such materials include polymer dielectrics such as silicon dioxide,
silicon nitride, methylsilsesquioxane (MSQ), CH,SiO, 4, or
hydrogensilsesquioxane (HSQ), HSiO, .. Particularly useful are polymers such
as MSQ, HSQ and mixed silsesquioxanes, as will become evident from the
following description of other exemplary methods illustrating other aspects of the

invention.
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wherein the at | east one dielectric material is a spin-on dielectric

pol ynmer sel ected from net hyl sil sesqui oxane, hydrogensil sesqui oxane, and

‘m xed sil-sesqui oxanes. 2. A conposition as set forth in claiml1, wherein

t he heat-activated, poreformng) sacrificial polynmer is a cyclic olefin or
pol ymer thereof. 3. A conposition as set forth in claim2, wherein the

[ i | efi Io) th [ | f | th f.
2 A composi ¢ MoadfiBieh f shaukkaisa pepdled STl When e decorbapiod ng: at | east
one heat {afbé i d?f tH@rs%cflﬁ& t‘?\%terfa??é !oWeCré&"spLFP&ﬁ b?mer@%d‘?fomle?aﬁ one
a At PRt VAt &

dielectric materi wherein |'east one por e-form ng,

sacri fi ccafingntérapeedtures el be utilizdd asnttendietectniomatadalbor nene-t ype pol yners.
5. A conposition as set forth in claim4) wherein the dielectric material
is a spin-on dielectric material. 6. A conposition as set forth in claims5,

wherein @g §E4Cg léﬁ dI|6| ectric material is a silsesquioxane selected from
nmet hyl si *hydr ogensi | sesqui oxane, and m xed sil sesqui oxanes. 7.
A conposi ti on \stngak f6AnkRin g mBtrAdsdsqBgaRd Brd KfowRIPRIERC ForPe pol ymer

conprises repeating units of the’gener formula: mR R~ Ra wherein R

and R4 |eﬂapmteiehhlknampmmth9$dsesgmmmnd carebe farmdat lamﬂimblynjrﬁlysﬂsa CZO
al kyl ; RZ_and I ndep endentlégrepresent hydr ogen, |inear or branched (C,
to c20) &f Rrgﬁrthmﬂqthexsg&ﬂangs Altagnatively, itgslSamrpwn from Rahin et gbg Mat.

| Docpenafla ks Sy 795, (U, L Pl sisfiay PR SoeblgRC T
Cue) al k@an be preridiced thiyuyhca edtaiybic r’é@hs@%utﬁim}ebcﬁ@rﬁ BSlowetkly a&@dctlon

substituted or unsubstituted (Ce to C2 ) aryloxy; mis a nunmber fromO to
4; and nWith alcabalserLaineet el.¢ hem Mﬁ:t dﬂQQ%ytZdﬁé-GfZ deaches thent s R2 and

S s T asThtiEae b Mstilisiesluiogafe Rshiha TR Eroatey 4 S BRMOLRORELt “one o
o andy B IRRAT LISGHEAT Subhanalocu, W eTPREN ks @) Bk
each of mReach¥s thata prilforgaacsilsesgaioxanedanr lze sphthesizadfframanet hoxy, et hoxy,
propoxy. tﬁéﬁlgﬁgs’llaﬁg%rq”gﬁ(oxéilane having a protected hydroxyl group. U.S. Pat.
No. 4.745,169 is hereby incorporated herein by reference for its teachings of
how to synthesize a polyorganosilsesquioxane.
Methods for making hydrogensilsesquioxane are also known in the art.
For example, it is known to hydrolyze an alkoxy or acyloxy silane with water in
an acidic, alcoholic hydrolysis medium. Similarly, Collins et al. in U.S. Pat. No.
3,615,272, which is incorporated herein by reference, teach the production of a
nearly fully condensed H-resin (which may contain up to 100-300 ppm silanol)
by a process comprising hydrolyzing trichlorosilane in a benzenesulfonic acid
hydrate hydrolysis medium and then washing the resultant resin with water or
aqueous sulfuric acid. Additionally, Bank et al. in U.S. Pat. No. 5,010,159, which
is hereby incorporated by reference, teach an alternative method comprising
hydrolyzing hydridosilanes in an arylsulfonic acid hydrate hydrolysis medium to
form a resin which is then contacted with a neutralizing agent.
Of particular use are Accuspin® T-18 (a methyisiisesquioxane aiso know
as Allied-Signal 418, from Allied-Signal, Santa Clara, CA) or Accuglass® 512 (a
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10. A conposition as set forth in claim9, wherein nis 0 and R, R', and
R Z are each ethoxy groups. 11. A conposition as set forth in claim 10,
wherein .R2 or R3 is a triethoxysilyl substituent. 12. A conposition as set
forth in claim7, wherein in Fornula | above, mis preferably 0 or 1 as
represented by structures Ib and Ic, respectively: Ib R RZ RBRalc R Rz

R3 Ra whergi . 4 e _as vV} I f | d.a east one, of and
R 1o a b Sipedy e A oA BRI Yo St GlitarGey Ao OB ee( T or
in claimTs aielréyéen Ki i 1Fe6Hh tdrRi ' on atons
to which tshgy arrgg attasceﬁﬁggldggr?%ﬂ?gguéepea[[??\g\ﬂudnrﬁltr{g%"bpﬁg v*%?? %\?\nr&r%g
structurefQ,.31 wherein B is a nethylene group, g is a nunber from2 to
6) and R2 and are as defined, above. 14. A conposjtion as set forth in

claim 7, wher ei FCREEIKINEANRUS INSHRINGFYRRPURGS tieteralPorees hydr ocar byl
bsti : . . ; 3 b
Formul a1 - paralioXehe el ERER' (Mg T I Rldtent FRERUBh oFe EEREEED. Tert |

represent rhixihgpaeacrificialaaterid frefabiddéetetl dromd e aydudlefiitsecsr byl
substituted and unsubstituted (C5 to C 2) cycloal kyl, hydrocar byl

subst i t ut c¥prapRUntsABsUsIast @kbVeGEd oae@retargbly sejented flobythesubst it uted and
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the two ring carbon ato ey are attached can represent
sat ur at ed (9QG) (& gt, methglsilsysd uiexayreo(MS Q) pimydrogensjlséstniokane £HiISaY), at oms  or
3 15."A GOlSSLTISPERUIEAER. fEYaTNMON EYRIRIGY. WRSAETTICBhEARIAE nene. | ype
POl ymer e HEATSARAR $1tHe WU SERBIFAE Boffindit isyaled dddveliidte * 111 P
spin-on dielectric is either Accuspin® T-18 or Accuglass® 512.
Preferably, the sacrificial material is first dissolved into a solvent (e.g., an
organic solvent such as an organic alcohol) which is capable of dissolving at
least one of either the sacrificial material and/or the dielectric material. The
dissolved sacrificial material is then mixed with the dielectric material, thereby
forming a solution. The resulting solution is stirred at room temperature for an
appropriate length of time in order to ensure that the sacrificial material is evenly
dispersed in the dielectric material. Preferably the above solution is stirred at
room temperature for about 0.1 to about 4 hours, more preferably about 0.75 to
about 3 hours, and even more preferably about 1 to about 2 hours. Even more
preferably, the dissolved sacrificial material is filtered with a filter, having a pore
size of about 0.2 pm, prior to being mixed with the dielectric material. Once
stirring of the sacrificial polymer/dielectric material is completed, the mixture is
then preferably filtered. The filter used at this stage preferably has a pore size
of less than about 0.2 ym.
it should be noted, however, that other techniques for combining the
sacrificial material with the dielectric material can be used. For example, the two

could be combined used spraying.

-20-



wherein RO to R 2 independently represent a polar substituent selected from
the group: -(An (OCR') -(A~ R, -(A~ (OR', -(A~ C(OOR, -(AnN
qOR, (A" (OO R, -(A~OCA-OR", -(A~ (O-A-(OCR,
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forth in claim6, wherein the norbornene-type pol yner conprises copol yners
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represent ed the forrmula set forth under la; Formula Il is | Il PRs R6
R~ Rs In the case where the curing temperature is below the decomposition
temperature of the sacrificial material, the cured mixture is next subjected to a
temperature sufficient enough to cause the sacrificial material to undergo
decomposition. The decomposition products of the sacrificial material are
believed to permeate through the cage structure of the dielectric material,
thereby leaving behind pores or voids.

Alternatively, the sacrificial material/dielectric material composition can be
subjected to a temperature which is both sufficient enough to cure the dielectric
material and sufficient enough to cause decomposition of the sacrificial material.
That is, both steps may be conducted simultaneously by gradually heating the
coated objects to a temperature that is at or above the decomposition

temperature of the sacrificial material.

Examples:

The following applies to all of the Examples discussed below, unless
other wise specified.

In the Examples, unless otherwise stated, degrees are in Celsius,
pressure in atmosphere and amounts and rations are given by weight.

Dielectric measurements were performed by fabricating paraliel plate

capacitors on (100) silicon wafers. The bottom plate of the capacitors was a full-
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wherein R5) R6, R, and R8 independently represent hydrogen, |inear and
branched (C, to C2) al kyl, hydrocarbyl substituted and unsubstituted (C5 to
‘C, 2) cycl-oal kyl, hydrocarbyl substituted and unsubstituted (C8 to Cue)
aryl, hydrocarbyl substituted and unsubstituted (C, to C ~) aralkyl, (C3to
C2) al kynyl, linear and branched (C3 to Cue) al kenyl, or vinyl; any of R5
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repeat i nGgubtratescH GO RFIMSI |yl functional groups conprise at |east 1 nole
percent of the polymer. 18. A conposition as set forth in claim17, wherein

t he repeating Ug sBincenated matgrisisi wererthaohiaked at F8OUKs incaififentue® at | east 5
nmol e percent , of e . 19..A copposition a et..forth i.n claimd4,
ther e ifBust, soiSES by Hifther Guing S8TBEN M SehadSidin & nfhderf' Tor cent
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20, wherej o4t I 14 IS o] wei ght

t he heat e'lééc]g|A\?§?%8%g%lrée€u?§Jﬁ%rbglﬁ%t%’léc(f'iﬁﬁlfg?e%&g}%lﬂ% ﬁﬁéga?ée%gi nder is
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material. yaumi (100A/4000A/100A) was patterned by photolithography and wet etching
and the conductance of the capacitors were measured. The capacitors had a
surface area in the range of from about 0.025 cm? to about 1.1 cm? The
capacitance and conductance were measured at 10 kHz. Only defect-free
capacitors with low conductances, generally below about 1 S, and often below
about 0.01 pS, were subjected to further testing as described below.

In view of the above, the permittivity and dielectric constant were found to
be the same to generally three significant figures. No correction was necessary
for fringing fields around the perimeter of the capacitors due to their high
capacitor area-to-thickness ratio (>1000).

It should also be noted, that for the examples discussed below FT-IR

spectra were obtained using a Nicolet 550 infrared spectrometer and that defect
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23. A sem conductor device which contains the conposition of claim4. 24. A
conposition useful in nmaking a porous insulator, conprising: at |east one
-pore-form ng, rorgani c sacrificial material; and at |east one dielectric
material, wherein the at Ieast one pore-formng, material is a
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Dielectric films of 40% triethoxysilylnorbornene polymer and 60% MSQ;
and 60% triethoxysilylnorbornene polymer and 40% MSQ were aiso prepared in

accordance with the above procedure. These films were also defect-free upon
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spin coating and substantially free from the formation of pinholes, through-voids
or tubes (i.e., voids which connect to form a complete passage from one side of
the dielectric layer to the other). Alternatively, a through-void may be defined as
a channel or void which goes completely through a cross-section of the porous
insulator.

It should be noted, that in order to produce a viable insulator layer, the
method used for producing the porous insulative material should produce an
insulator which is substantially free of pinholes or through-voids. Preferably, the
insulator should be completely free of such pinholes or through-voids. This is
because such pinholes or through-voids can lead to an increased in the

conductivity of the insulator, thereby reducing its insulative capacity.

Comparative Example 1:

The metallized silicon substrates of Comparative Example 1 were formed
by the same process described above with regard to Example 1 except for the
following. The dielectric layers were formed from only MSQ (Accuspin® T-18).
The dielectric layers in this example were found to have a thickness of about
650 nm. The average dielectric constant of the dielectric layers of this example

was measured and found to be 2.71, with a standard deviation of 0.05.

Example 2:

The metallized silicon substrates of Example 2 were formed by the same
process described above with regard to Example 1 that the dielectric layers
were formed from 20% triethoxysilylnorbornene polymer and 80% Accuglass®
512. The final cure temperature for Example 2 was about 400 °C. The average
dielectric constant of the dielectric layers of this example were measured and
found to be 2.71, with a standard deviation of 0.05.
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The metallized silicon substrates of Comparative Example 2 were formed
by the same process described above with regard to Example 2 that the
dielectric layers were formed from only Accuglass® 512. The average dielectric
constant of the dielectric layers of this example was measured and found to be
3.1, with a standard deviation of 0.11.

The results of the above Examples are summarized below in Table 1. it
should be noted that lower dielectric constants are better in that a compound

having a lower dielectric constant is a better insulator.

Material Dielectric Constant | Standard Deviation
Example 1 2.31 0.09
Comparative Example 1 2.71 0.05
Example 2 2.77 0.11
Comparative Example 2 3.1 0.1

As can be seen from the results detailed in Table |, the dielectric
constants of a dielectric material (e.g., a spin-on dielectric) can be lowered
significantly by subjecting a mixture of a sacrificial material and a dielectric
material to conditions sufficient to cause the decomposition of the sacrificial
material. |

The decrease in the dielectric constant between the comparative
examples and the inventive examples can be attributed to the formation of pores
in the dielectric layers upon subjecting the dielectric layers to conditions suitable
to cause the decomposition of the sacrificial material. Norbornene polymers are
preferred as sacrificial materials because they thermally decompose into volatile
products which are able to diffuse through the dielectric material (or
encapsulating film). 1t was also discovered that the sacrificial material, when

mixed with a dielectric material in the manner described above, was found to be
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evenly dispersed throughout the dielectric material, thereby preventing the
formation of pinholes or through-holes in the dielectric layer.

Turning now to the Figures, Fig. 1A depicts a micrograph of a cured MSQ
layer. The micrograph of shows that no pores were observed to have formed in
a dielectric layer which contained only MSQ. On the other hand, as can be seen
from the micrographs of Figs. 1B (20%TESNB/80% MSQ by weight) and 1C
(40%TESNB/60% MSQ by weight). The pores observed in the dielectric layer of
Fig. 1B are approximately 70 nm in size and distributed evenly throughout the
dielectric layer. As can be seen from Fig. 1C as the amount of TESNB
increased the number of pores present in the dielectric layer increased.
However, the size of the pores remained about the same.

With regard to the discussion above it is believed, in an preferred
embodiment, that the alkoxy silyl groups on the preferred sacrificial norbornene
material reacts with those of the uncured preferred dielectric material, (e.g.,
MSQ, HSQ or a mixed silsesquioxanes) or assists to evenly disperse the
sacrificial norbornene-type polymer material throughout the preferred dielectric
material, thereby preventing agglomeration of the sacrificial material in the
dielectric material. Specifically, it is believed that the sacrificial norbornene-type
polymer material remains evenly dispersed throughout the dielectric material as
discrete polymer units distributed throughout the polymer film due to bonding,
via hydrolysis of the -Si-O-C,H; groups of the norbornene-type polymer and the -
Si-O-CHj, or -Si-O-H groups of the dielectric material. This is believed to be
followed by a condensation reaction during curing.

As stated above, preferably the decomposition temperature of the
sacrificial material is at least 100 °C, even more preferably the decomposition
temperature of the sacrificial material is in the range of about 380 °C to about
450 °C.

Prior to decomposition, the porous insulating compositions of the present
invention preferably comprise at least about 40 percent by weight dielectric

material, with the remainder being comprised of sacrificial material. More
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preferably, the porous insulating compositions of the present invention
preferably comprise at least about 60 percent by weight dielectric material and
more preferably the porous insulating compositions of the present invention
preferably comprise at least about 80 percent by weight dielectric material, with
the remainder being comprised of sacrificial material. Thus, the amount of
sacrificial material in the present invention can range from about 0.1 percent by
weight to about 60 percent by weight. Most preferably, prior to decomposition,
the inventive porous insulating compositions comprises 20 percent by weight
sacrificial material and 80 percent by weight dielectric material.

It should be noted that, in view of the above discussion with regard to the
Examples, it was determined that the size of the pores formed by the
decomposition of the sacrificial material in the present porous insulating
compositions is mainly a function of the molecular the size of the sacrificial
material used in present invention rather than the amount of sacrificial material
present. Thatis, a sacrificial material with a larger molecular weight produces a
larger average pore diameter or size upon decomposition and vice versa.

In view of the above, preferably the sacrificial material used in the present
invention is a norbornene-type dimer, trimer, tertramer or polymer. In the case
where a norbornene-type dimer or trimer is used it is possible to form, upon
decomposition, pores having a diameter or about 10 Angstroms. On the other
hand, when larger pores or voids are desired norbornene-type polymer having
molecular weights in the range of about 1,000 to about 1,000,000 can be
utilized.

Preferably, as stated above, the average pore diameter of the pores
formed upon decomposition of the sacrificial material are at least about 10
Angstroms, and even more preferably about 10 nm.

Turning to Fig. 2, Fig. 2, line A depicts the infrared spectra of the porous
insulating composition of Example 1 of the present invention prior to
decomposition but after curing (or backing) at about 180 °C. The solution was

spin coated onto a low-doped, double-sided polished silicon wafer. The wafer
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was quartered and heated to different temperatures. An un-coated silicon wafer
was used for background subtraction. In Fig. 2, lines B and C depict,
respectively, the infrared spectra for the composition of Example 1 after curing
and decomposition was conducted at about 400 °C and about 425 °C.

As can be seen from the infrared spectra contained in Fig. 2. The
moisture content of the film is lowered significantly by heating the film at about
400 °C (Line B) or about 425 °C (Line C). This can be seen from the decrease
in the Si-OH peaks at approximately 3400 cm™ and at approximately 870 to 950
cm. The condensation cross-linking reaction of the silanol groups of the MSQ
causes a change in the silsesquioxane peaks, which are observed at 1126 cm™
and 1026 cm™. A change in these peaks is observed between curing (Line A)
and the samples subjected to curing and decomposition (Lines B and C). The
Si-C stretch is observed at 1273 cm™, which is not changed by the curing of the
MSQ at the decomposition temperatures of about 400 °C (Line B) and 425 °C
(Line C).

Continuing on, as can be seen from Fig. 2, the decomposition of the
TESNB polymer lowers the absorbance of the C-H, stretching peaks between
2800 cm™ and 2980 cm™. A total of five peaks are expected in this region for
the 20% TESNB polymer/80% MSQ mixture. As can be seen, there are two
peaks each for C-H, and C-H, (symmetric and asymmetric stretches) and one
peak for the C-H stretch. The MSQ contains only -CH, groups (two peaks),
while the TESNB contains -CH,, -CH,, and -CH groups. The primary methyl
peak for the MSQ is at 2873 cm™. However, the other C-H, assignments have
not been confirmed because the unknown environment in the solid samples.
Thus, the decomposition and diffusion of the TESNB polymer should result in
the disappearance of three small peaks. This fact can be observed with
reference to the spectra depicted in Fig. 3. Lines A, B and C of Fig. 3
correspond to the similarly letter lines of Fig. 2.

Although the invention has been shown and described with respect to a

certain preferred embodiment or embodiments, it is obvious that equivalent

-28-



©1 Y:10% & ()- 2 10% & ()- 01 10% & ()- Y @10% & ()- |-10% & ()-"

| +@0% & () - cEeEf EQENEi Ej EKEl EgK : 1 Y: 10 10% & ()- 10% & ()- 10% & () -

1098 & ()--10! 10! 10! 10% & () - | ENENEOEQEt EUEd@K : 1 #3. 10% & ()- 10% & () -
109% & ()- 109 & () - #3. UEVEWEXEYEZE{ E| El PAK 10% & ()- 109 & ()-#3. 10% & ()-
10% & ()- 10% & ()- 10% & ()- |E}E~EEEEEhH4K 10% & 10% & () - 10%& () -

10% & ()-#3. 10% & &) &%%& EEEEEE CAK 109 10% & % 109 &' () -

10% & () - aerafigns pnganpdiigaliony Wilseur f ptherp RkRd insthe aggigopythe

01 Sl 4o gy o 019
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"10% & () speeified®gadtion of the described integer (i.e., that is functlonally equivalent),

even though not structurally equivalent to the disclosed structure which performs

the function in the herein illustrated exemplary embodiment or embodiments of
the invention. In addition, while a particular feature of the invention may have
been described above with respect to only one of several illustrated
embodiments, such feature may be combined with one or more other features of
the other embodiments, as may be desired and advantageous for any given or

particular application.
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2. A composition as set forth in claim 1, wherein the heat-activated, pore-
forming, sacrificial polymer is a cyclic olefin or polymer thereof.

3. A composition as set forth in claim 2, wherein the cyclic olefin or
polymer thereof is a dicyclic olefin or polymer thereof.

4, A composition useful in making a porous insulator, comprising:
at least one heat-activated, pore-forming, sacrificial material; and
at least one dielectric material,
wherein the at least one heat-activated, pore-forming, sacrificial material is
selected from one or more norbornene-type polymers.

5. A composition as set forth in claim 4, wherein the dielectric material is
a spin-on dielectric material.

6. A composition as set forth in claim 5, wherein the spin-on dielectric
material is a silsesquioxane selected from methylisilsesquioxane,
hydrogensilsesquioxane, and mixed silsesquioxanes.

7. A composition as set forth in claim 4, wherein the norbornene-type
polymer comprises repeating units of the general formula:

l Im

R'R: ps R

wherein R' and R* independently represent hydrogen or linear or branched
(C, to C,,) alkyl; R?*and R? independently represent hydrogen, linear or branched (C,
to C,,) alkyl or the groups:

RS

-(CH),-SiR10R!!R 12 Ia
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Xt & () -cgklmeDgd. 110 {:of)mgbo tlo%gé$sYslél %% i claim 7, wherein at least one of R", R",

or R" s selected from a linear or branched (C, to C,,) alkoxy group and R® is
hydrogen.

9. A composition as set forth in claim 8, wherein each of R', R'', and R"
are the same and are selected from methoxy, ethoxy, propoxy, butoxy, and

pentoxy.

10. A composition as set forth in claim 9, wherein n is 0 and R'?, R", and
R are each ethoxy groups.

11. A composition as set forth in claim 10, wherein R? or R%is a
triethoxysilyl substituent.

12. A composition as set forth in claim 7, wherein in Formula | above, m is
preferably O or 1 as represented by structures Ib and lc, respectively:

Ib Ic

R! R2 s R
Rl R2 R3 R4

wherein R' to R* are as previously defined and at least one of R? and R is a silyl
substituent represented by la.

13. A composition as set forth in claim 7, wherein R' and R* taken together
with the two ring carbon atoms to which they are attached comprise repeating units
of the following structure:

R2 R3
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II

| Ip
RS

re R7R®

wherein R%, RS, R?, and R® independently represent hydrogen, linear and branched
(C, to C,;) alkyl, hydrocarbyl substituted and unsubstituted (C4 to C,,) cycloalkyl,
hydrocarby! substituted and unsubstituted (C; to C,,) aryl, hydrocarbyl substituted
and unsubstituted (C, to C,;) aralkyl, (C, to C,,) alkynyl, linear and branched

(C, to C,,) alkenyl, or vinyl; any of R® and R® or R” and R?® can be taken together to
form a (C, to C,,) alkylidenyl group, R® and R® when taken with the two ring carbon
atoms to which they are attached can represent saturated and unsaturated cyclic
groups containing 4 to 12 carbon atoms or an aromatic ring containing 6 to 17
carbon atoms; and pis 0, 1, 2, 3, or 4.

15. A composition as set forth in claim 6, wherein the norbornene-type
polymer comprises repeating units represented by Formula lll below:

I

| Ip

12
R9 RIORllR

wherein R® to R independently represent a polar substituent selected from the
group: -(A),-C(O)OR”, -(A),-OR", -(A),-OC(O)R”, -(A),-OC(O)OR",
-(A),-C(O)R”, -(A),- OC(O)C(O)OR", -(A),-O-A'-C(O)OR",
-(A),-OC(O)-A’-C(O)OR", -(A),-C(0)O-A’-C(O)OR", -(A),-C(O)-A’-OR",
-(A),-C(0)0O-A’-OC(O)OR", -(A),-C(O)0O-A’-O-A'-C(O)OR",
-(A),~C(0)O-A’-OC(0O)C(O)OR", -(A),-C(R"),CH(R"}C(O)OR"), and
-(A),-C(R"),CH(C(O)OR"),; the moieties A and A’ independently represent a
divalent bridging or spacer radical selected from divalent hydrocarbon radicals,
divalent cyclic hydrocarbon radicals, divalent oxygen containing radicals, and
divalent cyclic ethers and cyclic diethers; and n is an integer O or 1.
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Formula I is:

L ! m

Rip2 ps R

wherein R and R* independently represent hydrogen or linear or branched
(C, to Cy) alkyl; R?and R? independently represent hydrogen, linear or branched (C,
to C,,) alkyl or the groups:

RS

-(CH),-SiR10R 1R 12 Ia

R? independently is hydrogen, methyl, or ethyl; R, R", and R independently
represent linear or branched (C, to C,,) alkyl, linear or branched (C, to C,,) alkoxy,
linear or branched (C, to C,,) alkyl carbonyloxy, and substituted or unsubstituted (Cq
to C,,) aryloxy; m is a number from 0 to 4; and n is a number from 0 to 5; and at
least one of substituents R? and R®is selected from the silyl group represented by
the formula set forth under la;

Formula Il is

I

1 Ip
RS RS R7 RS

wherein R%, R, R, and R® independently represent hydrogen, linear and branched
(C, to C,,) alkyl, hydrocarbyl substituted and unsubstituted (C, to C,,) cycloalkyl,
hydrocarbyl substituted and unsubstituted (C, to C,;) aryl, hydrocarbyl substituted
and unsubstituted (C, to C,;) aralkyl, (C, to C,,) alkynyl, linear and branched
(C, to C,,) alkenyl, or vinyl; any of R® and R® or R” and R® can be taken together to
form a (C, to C,,) alkylidenyl group, R® and R?® when taken with the two ring carbon
atoms to which they are attached can represent saturated and unsaturated cyclic
groups containing 4 to 12 carbon atoms or an aromatic ring containing 6 to 17
carbon atoms; and pis 0, 1, 2, 3, or 4; and

Formula lit is
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wherein R® to R'? independently represent a polar substituent selected from the
group: -(A),-C(O)OR”, -(A),-OR", ~(A),-OC(O)R", -(A),-OC(O)OR",
-(A),-C(O)R", ~(A),- OC(O)C(O)OR", -(A),-O-A’-C(O)OR",
-(A),-OC(O)-A’-C(O)OR", -(A),-C(O)O-A'-C(O)OR", -(A),-C(O)-A’-OR",
-(A),~C(0)O-A’-OC(O)OR", -(A),-C(O)O-A’-O-A’-C(O)OR",
-(A),-C(0)O-A’-OC(O)C(0O)OR", ~(A),-C(R"),CH(R")(C(O)OR"), and
-(A),-C(R"),CH(C(O)OR"),; the moieties A and A’ independently represent a
divalent bridging or spacer radical selected from divalent hydrocarbon radicals,
divalent cyclic hydrocarbon radicals, divalent oxygen containing radicals, and
divalent cyclic ethers and cyclic diethers; and n is an integer O or 1.

17. A composition as set forth in claim 7, wherein the repeating units
containing silyl functional groups comprise at least 1 mole percent of the polymer.

18. A composition as set forth in claim 17, wherein the repeating units
containing silyl functional groups comprise at least 5 mole percent of the polymer.

19. A composition as set forth in claim 4, wherein the porous insulating
material comprises at least about 10 percent by weight the heat-activated pore-
forming sacrificial material, the remainder being the dielectric material.

20. A composition as set forth in claim 19, wherein the composition
comprises at least about 20 percent by weight the heat-activated, pore-forming,
sacrificial material and the remainder is dielectric material.

21. A composition as set forth in claim 20, wherein the composition
comprises at least about 40 percent by weight the heat-activated, pore-forming,
sacrificial material and the remainder is dielectric material.

22. A composition as set forth in claim 20, wherein the composition
comprises about 80 percent by weight the pore-forming, heat-activated, sacrificial
material and the remainder is dielectric material.

23. A semiconductor device which contains the composition of claim 4.
24, A composition useful in making a porous insulator, comprising:
at least one pore-forming, organic sacrificial material; and

at least one dielectric material, ,
wherein the at least one pore-forming, material is a norbornene-type polymer.
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