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materials such as silicon dioxide and silicon nitride have been

tradition®l | SPEUS%WPHW ‘he microelectronics industry as insul ating and
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neet these enhancEbep@YfF'Brorﬁ\atﬁﬁ!@"hW%P%ﬁGfrﬁ@ﬁﬁQﬁ@e‘@“}’f‘é?lrﬁe

t t I
Lonetant . 1o Rl B8 TselidTRREALBR BT EbMCEROR dr Tofiiurd, affinftre sﬁe&mb&uy
{esi f‘t ances ko e GbrapsuhdSDEed irofmetmpewtwmeaemegamem > 2500),

oughness,

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

20 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.

25 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

30 devices.
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s high thermal and thernmal -oxidative stabilities) as well as good opti cal

properties arg ig%gs%gsi ngly gaini ng nonentum Such pol yners aEJET%&fHI“Mas
dielectric coa?i ngs and filns in the construction and manufacture of

mul tichip nodules (MCMs) and in integrated circuits (1C, in electronic
packaging, in flexible filmsubstrates, and in optical applications such as
in flat panel di sppdyeetiheseemhbnked pedoimamsedand haamdaktanng aptetial i ve

l'i ng, h eff has b di dt d | opi ng .| dj el ectri
conat ant” (1 oPRGCHRELS (PESy &1 pighirREoTEa G A EMIP CHREAGRIFILMiENEr 1 al S
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| ayers. Many conventional electronic Insu ors have e ric constants
(e) in the 3redistande highipss tFansitoraieptperatires ¢@yg., df ox2856° A)atughess,

e A g A S5 otk e
o o e OBk s e

di el ectric cooatirgst and film$id Reconetractibr andemarila&tuiedbSmuRichpembdiieso 2. 5
range are al so _known, but such Zo materials have had associated therewith

severe proceMEHP) adkin integralgt Sirdits (1) 0bletearonin packagiag, ipdexibls Bm or

i deal , di el i . Whi i h iel i f
vacaum ot subsfaEerald  opdoel aBpiclighl sl i SafaFSRdiGSR B M ke,
this recognition bf otdes tbowdeicetfrickive douptihginueh effoft hal b&drPdifediaye S

been made to fabricate sem conductor devices using porous materials as an
i nsul at or. THY@rdglevelping dmvadielectas eonstant gowidonaietiatsotosteplaceof a

i oxi de o abeh et BYE] SRt I8 Bras 0% PRetrbsel habverhes metadwes @t ent
of the por ous 11 Con o oreaee R fan (Bngen il Llei sy ey IRse

gal f:ul ?t ed {ogieﬂﬂqtm pbystagts Mirgmec:bﬁttag;a‘z cr{n_gd’.leth)ﬁmedOTMlel sﬁ:'r@qmﬂio?dm@_ v OUS
relectric al 1S alr . 6., rcen I MesS e daelectric ol air
(1.001 or'*f of dlefuicon i"dﬁ%f‘i%ﬁﬁ PPﬁ/ém exdurically bayadieiRatieenianist t he
total vol umefrgin 2 BQORNE OUSerh AVER, Eﬁuefsiii@@r‘i 8Io§<idef &an Sg%@}e’%{s@'% %‘?e'@gl oxi de

(e=4). Thus, for s 50150 mx of s I con dioxide and air ric
const ant of fluerinmiropiscest exygen tosyials 4 slibstance avith dd@tektric Bortstantof2. 5.
wth as

Porous materials, .such g %{3 one descri l?ed above, can be made up
high as 90 paPREXMaely 12?0 ¢ adv@NaedRAYNe S ave Ailactys, FeRytantsdmthe ribrber
of draubacksto 30cnge. MakriskAARhE 1.0 @fs;rag o B ielwR e sEbh abT 1T Y

attributes. o Anothér solution to | owerin e diélectric ’'constant of
si | i con dicoxmiderials have e dsasgociateh thgrewith 6808, prolbesting sc@t et ahhterials
si | oxane based terial of |ow nolecular weight, to lower the effective
dielectric CBWQ%F' of silicon dioxide. The SOGis heat treated after

deposi tion therEthE‘?éWé&tr%d&i ,rk‘?rtiﬁ%’élkd%ﬁe&@@Héﬁ%%nfﬁgﬂwpms cates a

"cage structure” of SOG a makes t density ~ 882 han that
of silicon diiekéaldc cosstant ebalvacura. diicisetinostas gost anth MtididwriSenstant ower

than that of oi‘ Y .%t01.8i\}\/iltﬁ?rr1]isdriegggi}n0ilt?o'n onO t\ﬁgvlce)\sv’digllégtr:'icacgnes?auncttoifgﬂ, iatrt]empts have
25 been made to fabricate semiconductor devices using porous materials as an
insulator. Thus, by incorporating air, the dielectric constant of a substance can
be lowered.
For example, porosity can be added to silicon dioxide to decrease its
effective dielectric constant. Thus, if 50 percent of the volume of a dielectric is

30 air, the effective dielectric constant of the porous silicon dioxide can be
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the dielectric constant of a substance can be insufficient for some newer
el ectrical -applications, for exanple, high speed integrated $dofi 2465 2
SUMMARY OF T&@?W@K{TI ON The present invention provides a met %@Ho form ng
a porous insulating conposition conprising the steps of (A) providing at

| east one organic sacrificial materialldielectric material conposition
conpri sing agaltglatdd Wm@tﬂ;ﬂwngaheperoe‘rmgeabfﬂmtetala{blumel ohthd paroUsone

dielectric material; and (B) renoving the at 2s | east
Gncr 11 ¢l ol elantrainat /e ehe et S) BRKTOHIT S da Rl pF AL (58T Bror ease

mater! a fdi eLAClEl EngRYFah adiABRARE dilé?Eént'apFfo%‘?é tdtal \Rﬁl%(eaéf%@%ﬁ‘éué n the

at feast one I’I c'nmateril a tiona st ep can conpri se

heating the gieldgtastharis; for @amplessaiticor divixide (ua14<)er Taustfora ﬁOé&Q)mmDﬁr e
equal to or greater t han t he deconposition tgg})er ature of the at @st one

organi c sacr $ilicen dioxigg ard air the dieleatgic 6onstags ot heQIRYs M3tgEa! is @safﬁ WY

enbodi nent, the,pt ent t HRRE0US

i nsul ati ng cSanyg ‘f gtggc{oﬁér Fﬁg L&h@ g F:”'Es'saso %ﬂﬁ*eg{noeff? rgigggaasacrl ficial

mat eri a/ di el ggh HeGmaaE Bbiviith 59 AIISAS DOPeCsMIEisi Hewaver eash porrussmatdrialsi al

material and at |east one dielectric material; (B) curi ngi the sacrificial 5
2

mat eri al / di ebefférfremnmnembet ot dravdxscks osticheasl foUpxamelenallagk ab@esparical t he
at | east one sacrjfi.cial gﬂ&érlal in the sacrificial material/dielectric
mat eri al conﬁaglr?h'%“tyl%"” r to generate pores in the at |east one

diel ectrig materi ?\'notke&cs%rtﬂld?ﬂotlwéﬂﬁé B dRIRAAE cOnsthhtof ﬂM&m dioRideds to
conp05|t|on useful " in making a porous insul ator, comprising

heat - act i vat ede ao:qmn—dneglassngsO@cwhi‘chcs generatiytasiicxane sased rna@r iat ot low
material is disclosed. Accordin ot her as t .of. th ention,
a composi ti oﬁ"QJ@@#'ﬁTW?foatﬁ’llﬂ‘ﬁegt f?ﬁfé“’?r@%?ﬁ?'&rconé of &fliggn §f°)ﬁ'%%st one
pore-form ngTh%r%t@hﬁ et trebtdd éﬁterrﬁg s'it nath@l‘@byaéorhﬁl@%? Aneetdiopk Bt i C

materi al, where€in e at l'east one orm ng, materi iIs a
nor bor nene- t yRenfica\WoRks] Thil enebtmeai ca*g'e EtruadtareitdfﬁO(B hmddngbm the density

sacrificial nmaterial or sacrificial nater S a nor e r.
Al'so, thermnocbtha 8RS Iggs<hpotiateal s W@Pé’r‘%’b :Ass %fesﬂlﬁgﬁ eg@%&olqg?arxn?

descri bed, mé&\%ﬂ&@g@ 'V%EPS( %@R%tdfh tlémcéent{)xﬁ@e%%'éﬁlch‘PiréTPQd%:ctlgﬁ ih 1 m

R R RZ Rs R4 é epen y represent hydrogen or |inear

or branched (ke didleétigkonbtant of R%uaﬂtdns’@ mndmomsdﬁnntdr&fmramneeaWehydr ogen,
| inear or branched (C, to C20) al kyl or the ups
electrical applications, for example, high sp ed mtegrated circuits.

20 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

25 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.



WD 991 63587 PCT/ US99/ 1246? RO -(CH)"-Si R~oR~ ~R~2 la R9 independently is
hydr ogen, nethyl ethyl; R, R') and R 2 independently s represent. _-
| i near or brawg)ﬁg/ag){ﬁb to C2) alkyl, linear or branched (C, tggwggéﬁzﬁgxy,
| i near or branched (C, to CZ) al kyl carbonyl oxy, and substituted or
unsubstituted (C6 to C2 ) aryloxy; mis a nunber fromO to 4; and nis a

nunber from 0 to By anottienbriboairhent) thapresehs invEHEEH fsrde@MnEéihbﬁo?e' ect ed
fromthe silﬁgn%;oup represented by the fornula set forth under a. ~o More

general ly, t Hamxous nsuativggomeasiiomeemprisisg ¢he stepisaf: (tmoviding a

ful i ol . i i f bly.
honooo! y ey s el dndtaRaPiREHe AV bARABR B DR s A BaStne ved from
a NoNONer unsacnificialPnatarsl amd hﬁ!e@@%@é_@@@ﬂri@hd@ﬁé‘?{@ éiufrirngrthg‘é%ﬁf?&éme.r S

or copolyners containing randomrepeating units deriv m nononer unit
or units § r@eRidieigctty materisbcampssition;arnch(Gdhetmhallyl decdrpoging Yness or

copol yners ¢ LN repeating units derjved froma nononer units)
represent ed %@%ﬁgﬁ%{%ﬁg@f&@@?ﬁ?@gp FéaPr'f'C'aHaaEed@é!aWﬁqtac aiefialsi ng a
conbi nati on edmbesiahi i ! : ; nmul ae |
and 111 For e oamioht REOrBH {SgRbRopicsiin g SCIEN fife biskidut natbRaN:

i nvention is advaAtegdingtd andthat aspgeqd b thediaventiore teheshmpysitibn eBefunif or m y
di spersed pore rel ativel '%Fthe sane, pore dianeter can be created in an

. of e !
i nsul ati ng n’é\%ﬂ%a‘l" PO 188Y %G@finﬁgsmgé bealractivated, perefermingfsagrificial
insul ating e angg%ié,ggggqg%%ﬂ%pg o%aﬁée; eatures of the invention are

hereinafter fully 1s descri articurarly pointed out in the clains,

the fol | owi ng desAceqtiirytosstil drivthermaspert ot RarticTe bt ddMpdsifidr ubBrudiRt ai |
one or nore illustrative enbodi ments of the invention) such being
i ndi cative, TWEEGR Porusinsulgks, spmarisiag abieastoneadredermiagsoiganii ch t he

DT/ Ushor 12483 LEALB AR AR Y BB B Tidepl, whBRE RS i eass ongon
depi cting t hporebfoemig, ohateralEs a MorBoARHEE)bb PORIMENE Higilosice! ectric

insulatin corrpos'bti on. Fig. 1 B is a mcrograph depicting the presence and
size of tHe poresPreferatdy ithe #rgrsie gaciifipialinaatens! erosansificial tatertalds di ng t o

nbodi i tion, Fig, 1 i i depi cti
The presence e Beaainet TXER L nobbhens:fee heirler RETe@RRS a on
accor di ng t othentgpb trereintuedcrived, Wihich ROmpr_es MepédtiRNINIRMLf the general
formula:

20

| | m

RIR2 g3 R
25

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 Cy) alkyl or the groups:
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~0 Fig. 2, line A depicts the infrared spectra after spin coating and soft
baki ng of a porous insulating conposition according to one erp%q.?d' f
the present MPAB$8Gn. Fig. 2, line B depicts the infrared spec rgawlo 46?he
porous insulating conposition depicted in Fig. 2, line A after the sanple
has been subjected to a 15 deconposition tenperature of 400 C. Fig. 2, line
C depicts the infrared spectra of f{fhe porous insulating conposition
depicted in Fig. 2, line A after Efe sanpl e has been subjected to a
deconposition tenperature of 425 Fig. 3 depicts _a detailed infrared
spectra for lines A B, and C of -Qﬂ@n-gR’%‘lﬂéTAl LE® DESCRI PTI ON OF
PREFERRED EMBODI MENTS As used herein, sacrificial material nmeans any
materi al  whipghniispehaermliyys hydeoghire nesthyli or etnye 8| R Whawnd Rl frdedseidegtly
subj ected to the proper ‘conditions, deconposes to formpores in the

di el ectric mapreseat lingargurranshetb (G nedCakalkyl neary kippaed {ketofial ectri ¢

terial i ich.th i d i ith j ' '
it or o vadly: erararpeRehiCpt G dRY GrBRRroRy iR Re S 8T CS
or el lipticg|nd BFARE(CNSC,,) AR M §inimiserdiceh @tbrd; @nded &ra Alimber a

material which i's used as an“insulator (e.g., Si02). The term heatactivated
sacrificial frah@rtod; arasatisast drez ef sybstituande R’ eoddRtisselestedirpouihg iyl whi ch

upon exposure to heat deconpgses | eavi hi nd pores. -6 WO 99/ 63587
PCT/ US99/ 12@?“%‘5‘%&8&?8@%%8'@ quw&%%?eﬁﬁwnﬁ%%-i on relates to porous
| nsul atl g comPOLR, (AL PR diafic RaBfificiamERARIPON Sadriclh niRERAYNds

havi ng di'®l ectric constants t han about 4). nerally, the porous

i nsul ati ng c@ErgUAgsactioing thepesknbimvantiampreiatabbnendorapasehemppplymers
material, such as a spin-on s dielectric, with a sacrificial material. .
Preferably, anbcepRlymers apRiading randamn sepeptdyg w*@rpa%yﬁgﬁéqm@rmgapwaﬁn& ass
(SOG (e.g., nethylsil j (IMS@ r Q9ESSt i , or
a mxed sils rsﬂﬁF%T%ﬁ@f‘ﬁgﬂ%ﬁ%ﬁgngegcrl |rcrr|u§¥q’nat erl gF&?E%gﬁbgFggﬁY@légQ

sacrificial ggtgiim randohh rémeaing dritsaleneed dobnf arorfomen ungt ohenits
above-nenti oned porous insulating conpounds, pref erg&l%a sacrificial ,o0

mat eri al /i elepresantedtydhe delaw spblorini fprmula flo PREWPBY MRRIHGOROYERGP1 i ci al
material wth rﬁa%irgglwge&@t&ra{tiﬁgr[Pntit%irade%vedH?)(?n A3fbhomel ghit@?g%rggémba tydlow

removed fronf? n'via a suitab chni que by heating the

conmposi tion §& farth Pk HlQn@hogblyﬁté@yeoﬂpﬁsnhgwwmbindtion df eepeatitguutsof
the sacrificial material), thereby creati n%mpores. Mor e g@glerggl y, the
deconposi t i orepresenteddydformdae hepp il Eoanulagtlandlll, FormHRslband M ery by
hi gh tenperajure althﬁ%%r%ﬁt her nmeans may be used. The deconposition
tenperature 5ABOYESHe tible with the various conponents of the

structure,so as nghelResEftin@ntidies iaalagtageyus hetreeft prevides far metidueby enoval
which uniformly dispersed pores of relatively the same pore diameter can be
created in an insulating material, thereby reducing the dielectric constant of a
insulating material.
. The foregoing and other features of the invention are hereinafter fully
25 described and particularly pointed out in the claims, the following description and
the annexed drawings setting forth in detail one or more illustrative
embodiments of the invention, such being indicative, however, of but one or a
few of the various ways in which the principles of the invention may be
employed.
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of the sacrificial material to formthe pores. Typically, such tenperature
should zo be | 35 t han about 500C for electrical interconnect_devi:ces, and
nor e preferab‘?’é V&YE" t han 450C. It is contenpl ated that the d%‘c‘:UHﬁ%'Qiz‘fq”on
tenperature will fall in the range of about 380C to about 450C) although
mat eri al s havi ng deconposition tenperatures as | ow as about 150C may be

beneficial. The sacrificiBRIERDESCRIPTIONOS' THE DRAWIRGSUf ficiently
thermally stable so that the zs permanent material can be processed to a

condi ti on where ifigi ¥ & asiciogaphydepigiing theeabsaticeadfipores itba eonTénmtional
preferred s i £ ci mat. er | or_carying out the above-described nethod
preferably ?gmagh?algfﬂlé% ' ﬁ%"%ifl%%?.g"i'){ﬁ’é preferably, such an olefin or

polyner is sel ectregl 1B @2 hieroay: i ; n nore
30 preferably i sq:ggjbi cycl ool e iﬁdfm@%lﬁ&gﬁbngiﬁ%ﬁgﬁg??gg%wgﬁytﬁng%oﬁégng nost

-7 WO 99/ 6358 PGTpOBLY inguleting cemposition dBcerdihgtd bre embiddimenhef the
sacrificial material can be a honopol yners and copolynmers. Sacrifici al
Mat eri al : SPE‘?IS%H ‘fﬁjﬁ'é’ﬂe-type pol ymer is meant polycyclic addition

homoool yrers and FreDt WIB iR d68i8AE RRAbIAAntEEhE Al o rgar%g SN

Formulae I, 11 a 1l bel ow. "Copol yners” u I'n practici e i nvention
can i ncl ude in apegous nsuldting cophEaditexh 4ccomiinbeogintitercamipodisiont oty or
consisting of Fornulae I, Il and II11, or conbinations thereof. The

nor bor nene- VPEPYINARC hat is particularly useful as o the sacrificial

4
s e e U L s ey

The BFGoodrich Co yImer Cconpris

subst i t ut ed bakipgedfi angoroustinsulatrigeenpesition abb@rcﬁr?g Hebie enfiRidirhent &f tader
Formula | below 151 mRi Rz R3 Ra 20 wherein and R4 independently

represent hp@sgdiveantiosar or br anched (C, to C20) alkyl; Rz and R3
 poependentl 1 ey o gRR e 5l e NEReIoRs PERR il
met hyl, or ebmgasitidn dépictednd Fig. 2, iIiﬁd@D@ﬂ‘éiﬁhb's\énﬁ&ﬁ@W@%%Een' dubfédte@tto a
branched (C,,6 to C20) alkyl, linear or branched (C, to C20) so’al koxy,
li near of® bAgRERW@s(tion temperatues RIA0QG 2 bonyl oxy (e.g., acetoxy), and g_
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.
20
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
25 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

30 which upon exposure to heat decomposes leaving behind pores.
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1 WD 991 63587 PCT/ US99/ 12467 substituted or unsubstituted (C6 to Cz )

aryloxy; mis a nunber fromO to 4; and n is a nunber fromO

Formula | atMO®%%ne of substituents R2 and R3 nust be sel e@é‘%g?/l}%ﬁ?the
silyl group represented by the fornula set forth under la. Preferably, at
| east one of R, R') or Rz is selected froma linear or 5 ~o branched (C
todCi?) 2aI koxyhgr(mp;tamdi atsovies they presgehinvebtien pelafesrtalplojousimshladingr | R’
an are the sane and are sel ected from methox et ho I Opox .

buth oxy, andCREIRAsRES tﬂ%@ﬂa"ﬁr@i"’eﬁ"‘aﬁc Ic qpqsgarggéﬁ.g. @fnpﬂ“ﬁééﬁaeﬁgz‘ﬂﬁﬁt%ach
et hoxy gr oURg, ek of (B35 MSH b0l TEMSH|IPIHRE Borbly/indulating dempetindy
substituent. 8er‘?gsnol ggB It Pgu e\)i dent thrlgt %%(rg sis?/l)r}l uf‘amgt I onal In![dié S

connect ed diare drimed foitnhe combjratiohiaf ar diatpctrio matgriad, sichi asoaspix-don bond

Q‘t;ﬁinel,ﬂ e ﬁéé’%&@hﬁ L R S T S N
above, 0 . .
Cespetti vel STBGRINE dgtnibo R P [FORTED. Mot dhipeie MIROhS, | o

to R4 are a%y@@@rﬂ@i@e}éqdﬁixbn@wsm;, 8t alnsired sisesquioxX@iepadd fe sustifidial a
silyl substituent represented by |a. Repeating units where mis 0, .i.e.,
Irgpeat 11 ng umaterief issan owganicesadficipl maseiialc VYith yegard te aregthadforiRrminge |1,

, and Ic and Rg can taken toge ] t ' atons to
whi ch they ape pradnegans ElpbS A gt adilfis, Bl BkaRAfcidl °7F
car bon ayPngnaidhandiRlecid el @ohie8Riohds ésiesd by nisingiaassaifigiatededaic! i c
group, the cyclic group is substituted by RZ and R3 at | east one of which

nust be a sivith agliclegtricepatesisht Bk bycrificial Gaaterialdalthen eroaverbfiemeine ar e

Lg—?—; leggg'; ig %égs?tignoxlligogm s&gabﬁé et tn%lqruee: (e.—g.,—by h5eag‘|r99 i 884\%%?@&%0 a
temperature at or above the decomposition temperature of the sacrificial
material), thereby creating pores.

15 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 temperature should

20 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

25 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

30 preferably is a bicycloolefin with a norbornene-type polymer being most
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wherein Bis a nethylene (i.e., -CH2-) group and q is a nunber from2 to 6.
It should be t hat when the nethyl ene group represent .
cont ai ns an Rg'g%?ksépsubstituent, one of the hydrogen atons o?ggﬁégﬁéﬁ@
group is replaced by the RZ or R3 substituent. Representative repeating
unit structures are set forth below 15 zo mRZ ~R3 wherein R2, R3, and m
are as previ pederyedieEvar durtmerrillRihel sdarfitiahtriateriah cambeca lodmopolgrers an
Formula | include 5-triethoxysilyl norbornene, 5-trimethylsilyl norbornene)
5-tri met hoxySPAYMAG: bor nene, 5- net hyl di met hoxysi | yl nor bor nene,

5-di net hyl met hoxy norbornene. 25 In another enbodi nent of the present

i nvention, the sacrificial polynmer conprises hydrocarbyl substituted

pol ycycl i c r8aeridfidiaidatering sel ected fromunits represented by Fornula |1

bel ow. -10 WD 99/63587 | Il s R RS R~ . Ra PCT/US99/12467 wherein R5,
R6, R) afd Re i nB¥PEMRRIAENG-tyRpHPalEIar ih neeey ealycyeliscaddition homapolymersC, to

C2 | kyl , d

oyol oal kyl | M&EEaN T SURlshY: EHedo HAREBEL Pl Bitel B2rrfiagi)t and
hydr ocar byl lseibwt |¢mm¢memumuins¢mbu&|ﬁgi ﬂﬁ@mvteﬁt!&n ean WAl bepddipg td?utgzo)
al kynyl, linear and branched (C3 to C20) al kenyl, or vinyl; any of and

R6 or R andSeiactediirae thegeoun erpeprising andiaraanaistiag of &oonajaeal, luyanoumnpr

group, RS an e ti g car bo toms to ich_the

are attached((’;locrﬁﬁn\fé}gsfSI g’%ﬁ?"%%éﬁ?&“%‘&em V%‘Fé ﬁPPH'C&Fa\g@désef“' ad
cont ai ni ng 4thtecsab2ﬂ@|ar Mmeﬁélmé)psre%@nrﬁwah%wts' Sold 'uﬂeefﬂ@,&béﬁé]@ 6 to 17
carbon atons; and IS he hydrocarbyl substituents on

t he foregoi n@a@@bgtﬁ bw@he@%@@odmﬂrpeemésw Akry)nof)mrar Bbea p@llydnélymbmgmm

br anched and® BhBHSHENTER TBe51%H BNy erRaryed Byihe cascluse asbforkt gndersy

Il ustrativergpamalleeied hydrocar byl substituted nononers include
2- nor bor nene, 5-nethyl -2-norbornene, 5-hexyl-2-norbornene, 5-cyciohexyl -
nor bor nene, 5-cycl ohexenyl -2-norbornene, 5-butyl-2-norbornene,

15

L | m

RIR2 s R
20
wherein R' and R* independently represent hydrogen; linear or branched

(C, to Cy) alkyl; R*and R*® independently represent hydrogen, linear or branched
(C, to C,,) alkyl or the group:

RS
25

-(CH),-SiR10RIIR 2 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,,)

30 alkoxy, linear or branched (C, to C,,) alkyi carbonyloxy (e.g., acetoxy), and
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5- et hyl - 2- nor bor nene, 5-decyl -2-norbornene, 5-phenyl-2-norbornene,

Snapht hyl - 2- nor bor nene 5- et hyl i dene- 2- nor bor nene, Vi nyl nor borgagRRbeASHie7
di cycl opent a¥ONE338Gi hydr odi cycl opent adi ene, tetracycl ododeceﬁraltg,

nmet hyl t etracycl ododecene, tetracycl ododecadi ene,

di met hyl tetracycl ododecene, ethyltetracycl ododecene) ethylidenyl

t et racycl odaipettuted phenglbstitatedy(C, tal Cdocamioxyt mi iger surabetffemdptmé aandne

(e.qg., symetrical and asymetrical trinmers). An ci.al l s ef ery.ed

hydr ocar byl 1% @juspbagirem ¢ tq 8. é‘bﬁeﬁm"ﬁé?ﬁﬁ‘?%ﬁﬁoﬂﬁm%@%‘& I-Qﬁng ‘{7\5"JSt

99/ 63587 PCT/ U I t j t t i 13V j

sacrificial eo§§§étge%ﬁgcgrpl}ﬁe%ﬂﬂéﬁ??@?%@gglﬁﬁg hbﬁhr?\/fgﬁ?!iﬂgn&gg?rrg?ygggr la.
repeating units repfeasly, et dast boe iR’ IR', deR'éis séletted foorRa IRiearRro R ~
wherein RO to R 2 |nd§§endently r epr esent ag)%?l ar substi tuent@;el ected_from

the groups -Wrapehesi (50w €.o) alioxy aroup apaR ipnydiogen. Nigje prefgraphsreach oh) -

AOR', -(A)z1095%O0 Rl A= ' - frobf e " v:
R~ o0 OB optrR g e e s Py oI R Y -
(O O A - O Atk 4M pedtoxy( Most ptéiRbly, -rOs(Ohed B'OR', and R' are each

-(A) ~-C(R') 2CH( ')(C(O)OR'?' and - (A~ C(R')2CH(C(O OR')2. .The mojeties A

and A i ndepethaengroupsesr@s BAand/aiiR7as e1est prafambiyadriethpxyaly! sukptitugnt.

selected fr di val ent.. hydr.ocar.bon, radi . diyal e o I bon

radi cal s, dio\&S‘Ieé‘Hf '%&3}5@#"&‘8‘?@58%%8%ﬂéﬁlﬂhg?%'fg“\éﬂ% é(glltn\pa Eeérﬁit &'(r:g%‘ﬁitgqﬁ‘% hers
and cyclig d@ﬁg&%ﬁ%m rdudtSadilichRicaBssn Bord wherdifiane Raftsorlatom of thehoul d
be apparent t" A and A" represent a si ngl e coval ent bond. By divalent is

meant that asificarecadiopnioendis spelied by @ eatboamiorpfon e RAVEKEHS TR 4/ &t Pached
to two distinct gr oups.. 'ghe di val ent hydrocarbon radi cals can be

represent ed B9 CAPRIMINa - (CdH2d) - where d represents the nunber of
carbon atoms in tnPthkmhq?%o‘e %nsg?@rekasm@o drt 89espreEeted ByostalturERab

di val ent zs hydrocarbon radicals are preferably selected fromlinear and
branched (C, aho I&, reppattivdebelamch as net hyl ene, et hyl ene, propyl ene,

butyl ene, pentyl ene, hexyl ene, heptyl ene) octyl ene, nonyl ene, and decyl ene.
When bran®hed al kyl ene radicals are contenplated, it is to be understood
that a hydrogen atomin the |inearllal kyfene chain isl¢eplaced with a |inear
or branched (C, to CS) al kyl so oup— -12 WO 99/63587 PCT/ US99/ 12467 The
di val ent cyclic hydrocarbon radi i ncl ude subst A&n and unsubsti tuted
(C3 to CB) cycloaliphatic noieti presented by t ormula: Rg 5 -~~)a
wherein a is an integer from2 tg and Rg when prerepresents | i near
and branched (C, to C o) alkyl groups. pkreferred dit cycl oal kyl ene
radicals 10 R*'R3

20 R! p2 ps R

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 miis 0, ie.,
repeating units of structure b, are especially preferred.

25 In Formulae I, Ib, and Ic 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

30 represented by the following structure:
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i ncl ude cycl opentyl ene and cycl ohexyl ene noi eties represented by the

foll ow ng stryet - 15 Rg Rqgq wherein Rg is defined above. R raled
here and throﬁghgg&?éghi s zo specification, it is to be under??glg)é’gﬁ%f'% he
bond |lines projecting fromthe cyclic structures andlor formul ae represent
the divalent nature of the noiety and indicate the points at which the
carbocyclic atonms are bonded to the adjacent nol ecul ar noieties defined in
the respective formulae. As is conventii n the art) the diagonal bond
line projecting fromthe center of the ¢ c structure indicates that the
bond is optionally connected to any ongyt<tfhe carbocyclic 25 atons in the
ring. It is also to be understood that sar bocyclic atomto which the
bond line is connected will accommmodat e\ore/| gss hydrogen atomto satisfy
t he val ence requirement of carbon. Preferrec\di val ent cyclic ethers and
diethers dre represented by the structures: -113 WO 99/ 63587

PCT/ US99/ 12467 p Op > > O5 10 15 2Q0-¥héByixal ent oxygen contai ni ng
radicals include (CZ to C 0) al kyl elR ethers an®’ pol yethers. By (C2 to C, 0)
al kyl ene ether is neant that the total nunber of carbon atons in the

di valent ether mpiety nust at |east be 2 and can not exceed 10. The

di val ent al KYhergin & ise methydene firees€itt .dgroyptane ¢ & ambmber from 2 to 6. It

-al kyl ene- & e- rein each of t al kyl ene groups that_ are bonded
to the oxyge%@%%gc%ﬁpv%gnfwgt ‘é"gﬁ‘@ tae ”EQEY'QP%M O%EFQPJ%QP@W@&%GOHWS

net hyl enep eahR?eRR® UHREWR ond aRe) | exyl e ptyl ene,
octyl ene, and nonyl ene. The si rpplgfts?ﬁbdl va?ﬁ?éﬁglnﬁéqyﬁetrqg %eg%&pﬁghe series
i s the radi cegplacgbyOre-B? or R sfibstiteento dRgmrebentative edpestingnaivsteudling ent
radi cal s of fhe fgr%n a. -ECHz(CHz) XGy wherein x is an integer fromO to 5
and vy is an TR EJdPRPEIAYS 1o 50 with the proviso that the ternminal oxygen

atom on the pol yether spacer noiety can not be directly linked to a
term nal oxygen atom on an adj acent group to forma peroxide |inkage. In

ot her words, peroxide |Ipkages (i.e., O~ are not contespkated when
pol yet her _spacers are |i to any of rm nal oxygtai ni ng
subst i t uefit groups set f8 ynder RO t bove. R9 ,\;-__ﬂ an al so
i ndependently represent gen, linear 5 30

R? R3
20

wherein R? R® and m are as previously defined.
lllustrative examples of monomers of Formula I include 5-triethoxysilyl-
norbornene, 5-trimethylsilyl norbornene, 5-trimethoxysilyl norbornene,
5-methyidimethoxysilyl norbornene, 5-dimethylmethoxy norbornene.
25 In another embodiment of the present invention, the sacrificial polymer

comprises hydrocarbyl substituted polycyclic repeating units selected from units
represented by Formula li below:
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branched (C, to C,0) alkyl, so long as at |east one of the remaining RO to
R z substituents j.s.selected fromone of the polar groups repasehbrsher
above. In thévq%gf%% above pis an integer fromO to 5 (preferably 0 or 1,
nore preferably 0). R' independently represents hydrogen) |inear and
branched (C, to C,0) alkyl (e.g., -C(CH3)), -Si(CH3), -CH(Rp)OCH2CH3,
-CH(RP)OC(CH3) 3, linear and branched {C, to C o) al koxyal kyl ene,

pol yet hers, nonocyclic and pol ycyclic 0 C20) cycloaliphatic noieties,
cyclic ethers, cyclic ketones, and cyck ters -14 5 WD 99/ 63587
PCT/ US99/ 12467 (lactones). By (C, to C koxyml kyl ene is neant that a

termnal al kyl group is linked through/an €y her oxygen atomto an al kyl ene
noi ety. The radical is a hydrocarbon based/elfer noiety that can be
generically represented as -al kyl ene- Q-Al k wherein the al kyl ene and al kyl
groups i ndependently contain 1 to 10 Raéﬁo ;®eons each of which can be

| i near or branched. The pol yether radic Can be represented by the
formula: --ECH2(CH2)x~~y Ra 10 15 . 20 25 wherein x is an integer fromO to
5 vy is an iwheeger Rf IRATRZ, and 89 indepeRaentp rewesest ydiogeriingar eBhdear and

branched (C, to C o) alkyl. Preferred | yet he adi cal s incl

pol yet hyl endraRehrd %Cénnf@ %zg) 9'5%&9%"&9?@ isg‘gf{'}u%éﬂﬁ BES‘?J?S%‘&@@?@F? Ca)

cycl oal i phat ] i i &1 Lac) i I utyl,

cvel opent yi - YETMR G Carfpl SjesERuLs U RO, t Cpaghul Y

| o ST s (s (5 by
bet )r/aKydr odi lnger @pérhraﬁcpw(Ca(t@r%)y%l%eilﬁz or yingl; %nkyfﬁéééﬁﬁﬁ or Rhand e 1 ke.
Exanpl es of cyclic¢ .ethers..i r R QR I tet LA anyl
noi eti es. Anc%k%?r%?keeno g§th§3§+ ?%ﬁkégghg&pg")%"&@%Mf?ﬁg&e‘gaﬁﬁﬁd noi et y?/ An
exanmpl e of aak¥kMith BeltRo Mg ¢RBbAREOMS te wmmatm?i arelzticichey Icanoieptesent
Structures for representative cyclic groups set forth above incl ude:

H3C CH3 Rp Reataratedand'unsaggatedisyclic gy eFEsinincs 1udgsRIbat AR PEAR RP
in the above fornul ae and cycl ] 0] € r a 4 nhear or
br anched 't C, 288" &N aﬁqﬂjéffo %Zec%%@]gggﬁﬁiﬁo;p swugsf??lrjéé%[rsd' ' a-t'ltlaé]
represent ed, hyf3REBY| ¥@bstitudrts balthewsregoinkfsUbstitédnts ap@omposed solely of
carbon and hydrogen atoms, such as, for example, branched and unbranched

(C, to C,,) alkyl, branched and unbranched (C, to C,,) alkenyl, and (Cg to C)

aryl.

20 lNustrative examples of hydrocarby! substituted monomers include
2-norbornene, 5-methyl-2-norbornene, 5-hexyl-2-norbornene, 5-cyciohexyl-2-
norbornene, 5-cyclohexenyl-2-norbornene, 5-butyl-2-norbornene,
5-ethyl-2-norbornene, 5-decyl-2-norbornene, 5-phenyl-2-norbornene, 5-
naphthyl-2-norbornene 5-ethylidene-2-norbornene, vinylnorbornene,

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

s0 derived from 2-norbornene.
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-C(CH3) 2 The sacrificial polymers useful in practicing the present

i nvention prefgliggig, enconpass honopol ymers and copol ymers co%?}[@bm‘m
random repeating units derived froma nononer unit or nononer

represented by Fornula I, or honopol ynmers or copol yners containing random
repeating units derived from nonomer unit or units represented by Fornul a

|1, honopol yners loranstpe @m’eoémmmoalha ingentigre af sagificlal pslydesr ysetulfinom a
nononer units I‘récg ﬁ%nt ed Forrmula 111 and copol yners conprising a

conbi nati on d”Yﬁ’f‘ ) CAPPEIESEREaHY BftsIRRIESENtRAPYIAMAda Ml ae |
and I, Forggihge Il and Il or Formulae I, Il and 111. zo 25 Preferred
sacrificial polyners according to the present i nvention may contain from
about 0.1 to 100 nol e percent of silyl functional polycyclic repeating

units, preferably fromabout 1 to 50 € percent, nore preferably from
about 3 td 25 mole percent, and nost p bly fromabout 5 to 20 nole
percent, with the remai nder of the pol ref gjably conprising repeating
units described under Fornmula Il and/oy FoNmula T11. An especially
preferred polyner conprises repeating| NI |Bolynerized from nor bor nene and
triethoxysilylnorbonene in a nole percept io of 80I20

nor bor nene/ tri et hoxysilyl norbonene. Bref erlr e®'3acrifici al pol ymer s
according to present invention are add@l“dﬁ”pol ynmers conprising polycyclic
repeating units that are connected to one another via 2,3-1inkages that are

formed aas osshdrem ADWORE iR fduH rBBkseRt 8 7 hety of
t he prepol yneri zed Eo%e/cycl ||§em)noﬁerr§ -S %oﬁ&%&&&%@%@%%%c%®@hg7 32

? 71 -1 49rPuB $Ab-G(QOR snthaiQRantA)s- QITQ O, ﬂ%x—@O@O&’,poLymri zed
of a o nol o PORIR e O BRI (A OB ot e cat o yst system
as descri bed(A)n.cb(D@ce)maC(@mR" Pq}t\,anm;(@@hlr QQ)GR"PK%% ?gé g\g QQ heh

97/ 20871 to The BFGoodri ch y, published on J
her eby mcorﬁfb)rn“&i(@i%? @iG{Od@R”ef(éo,eﬁ(:@)O-m%(Dd\ dDO)ORY,. The

B oh (3800 and CIPPR SEERD b TRRAR! L G A Ehettat 8 number of
commonl y enpc/% RW@I-RW@')OR@W CELG é?(es%&%%ftlﬁ'c?é%tnﬂﬁ?eﬁéggngg

pl asma enhan chem cal vapor ““deposi tion OW'S

t enper at ur e BGHipRbridgirgbi spacaddicabselected drposiivialaTt HyenpeirBbirgdicalgse t o
its Tg, m ght damage the sem conduct or

ther lJm ment whi ch
devi ce. 03\5)%% hﬁﬂgﬂ%ﬂcaf sl %%ﬁ(q'%g%tf?wg@”ﬁ%ﬂ%E@ rgdioalss @adi n
practi ci ng I SentoyRNE efierd bR dWYchd Blethets! 450 nas aRaflehbl 8. MRInghH flsSo ' N
sem conduct or devi ce
20 it should be apparent that A and A’ represent a single covalent bond. By
divalent is meant that a free valence at each terminal end of the radical are
attached to two distinct groups. The divalent hydrocarbon radicals can be
represented by the formula -(C H,,)- where d represents the number of carbon
atoms in the alkylene chain and is an integer from 1 to 10. The divalent
25 hydrocarbon radicals are preferably selected from linear and branched (C,to
C10) alkylene such as methylene, ethylene, propylene, butylene, pentylene,
hexylene, heptylene, octylene, nonylene, and decylene. When branched
alkylene radicals are contemplated, it is to be understood that a hydrogen atom

in the linear alkylene chain is replaced with a linear or branched (C, to Cy) alkyl
30 group.
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zo manufacturing because the material thermally deconposes close to its T9.
I n other words, the polyner remains mechanically stable untilcihR99/12467
deconposi ti owotgg/ﬁ?féF'ature is reached enabling the polymer to endure the
rat her harsh processing steps (e.g., repeated heat cycles, the nmechanical
stress of manipulation, etc.) during sem conductor manufacture. The

di sadvant age wi t Thesiivalenteyicie hxdtocesigmeadicals inaliide sykstitutedandar e wel |

bel ow t heir deconposi,tion erat ure | eadi ni.eal LWLure or
otruct ural | BREMGUEABEHGedo Fbciceinats ORI s Per TR BB folifa™ T “has
been found that by incorporating polycycloolefinic repeating units that
contai n pendant hydrocarbyl (Formula I1) ynd/ or pendant polar (Fornula II1l)

so substituents into the sacrificial polymer backbone the deconposition -17
WO 991 63587 PCT/ US99/ 12467 . tenperatAr of the silyl substituted

pol ycycl dol efinic pol ynmer can be si hgiﬁﬁg5ly | ower ed. The deconposition
t enperature of polyners containinéﬂggscggggié percent of
nor bor nenel tri et hoxysi | yl norbonene ( Osition tenperature approxi mately

430C) can be | owered by approximately 30C by s repl acing the norbornene
repeating units in the copolynmer with r uni ts contain ant

li near and/ $hes@iariSed ntegerdTap ) tof RQ&@%%gﬁrﬁéﬁwsﬁepf%ﬁer@ihﬁ%f"p?nn he
t her mal decﬁﬁ@{eﬁ @ﬁé%@f{a@%%ﬁ&r P?ef@&@&'de!f fIYIEKE radicals

but yl nor bor ornene In a no % ercent ratio of 95/5 is
lovered tp 4QBGie ¥ecleperglerdhaid tftoltegimeosioldties reprasentedibye thaf follbeing
copol yner can be | owered even further (up to approximately 100C) by

repl aci ng t Isustir®®r nene repeating units in the copolyner with repeating
units containing the polar substituents described under Formula |11

Honmopol yners of norbornyl acetate and pgrbornyl ethyls carbonate have
thermal deconposition tenperatures of B56C and 329C/ respectively. The
pol ar groups include ~s ester, carbgnate, and agetAhe substituents and the
i ke. To effect | ower deconposi ti-of per at @ he silyl substituted
pol yners, the polyner shoul d contaix _abeut 50 ndle percent of polycyclic
repeatind®units having pendant hydrocarbyl’ or polar functionality,
preferably greater than 50 nole percent, nore preferably 51 to 99 percent,
still nmore preferably 55 to 95 nole zo percent, even nore Preferably 65 to
80 mol e per ceméreirTRéisadafimesiakbveadhd Hlisiratedhsirg meddhtauehpet fiat ed to above

their deconpositjon tenperature, typical in t range of to
about 450C, _%R?Cgk%‘%f‘t'ngg R?gP%IHB‘P%rSY d&%@tﬁﬁo%%n$ﬁ?%s Er%gelcﬁlnggfgogﬁ%%%??%&
products whi g diesddiisRrnliauerddit i diouRniRBRIE ) shd hRietaand i i al
polyners are Zs mxed wth. Such materials include polyner dielectrics such

as silicon dhdicatiethespointsoat which ithie canpecsiicsatosssayei kpnsies tonsepdiagsssi o, . 5,
or hydrogensil sesqui oxane (HSQ), HSI O0,.5. Particularl sef ul rs

such as MsQ mﬂ?@“ﬁﬁ{d”?r‘fe%ﬂ%§ﬁ%‘é§hﬁedfﬁﬂ%%tfveag§"ﬂ”a@' sc'orFeong\?Pgéeﬁ?lqﬁlrt%mthe
fol l owi ng deggriRtd; i FeiHeogkshteF buskrgiciistratthes aspect s
of the ao i n%rg’n ?odﬁgétf'% ﬁ%{ngygg%{sl@é Iy;rgT/ US99/ 12467 | n@gddi tion, it

shoul d al so jpeicatésthat tied bohe s opteorddly coposctedda any one of the carbocyclic

atoms in the ring. It is also to be understood that the carbocyclic atom to which

25 the bond line is connected will accommodate one less hydrogen atom to satisfy

the valence requirement of carbon.

Preferred divalent cyclic ethers and diethers are represented by the

structures:
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tenperature of the sacrificial material is |owered spin-on polynmers with

| ower curing %%WB ures can be utilized as the dielectric Jo :
Dielectric Ma erlgﬁgﬁhkthods for maki ng nethylsilsesquioxaneng%§ S%%ﬁﬁéﬁn
the art. For exanple, it is known that nethylsiisesqui oxane can be forned
by the hydrolysis of nethyltriethoxysilane. Alternatively) it is also known
from Rahn et al., Mat. Res. . 8ynp. Prgc., 0(1990) 170, 31-37, that a
si | sesqui oxane copol yner o cande pnhoduced h a cafyal ytihc

redi stribution reaction foll owe a reactjo th al caholg.] Laine et al.)
Chem Mat., (1990), v. 2:464-472; aches the syathesis ofg

nmet hyl si | sesqui oxane using a titaniumcatal yzed redistribution of cycl oners
or linear oligonmers. Sugiyana et al., U S. Pat. No. 4,745,169, teaches that

a polyorganosils ui,oxane can be synthesized froma 15 trichlorosilane or
trial koxy$ilane ﬁ&fk ﬂefa%rﬁpesyw @ant)ém%xé#w%w ude (&, topat,) alkyleng. 745, 169
is hereby i L Npbyer 0Ls . i wto
Lyt mesr Yo, LOREEAR BOBRILT ehCE S8 BLTRAGALAE oli 4 RBR D Al o

hydr ogensi | sesnbeofasaban etarhs in theatinalent ether aidietyraustexasmitde 2 anbscdmnown

to hydrolyze an al koxy or acyloxy silane with water in 20 an acidic,
al cohol i ¢~ hyt&xgeed TRedthadivalent pliylepe etbers are repregentechbytts fapaula No.

3,615, 272, ' Sl . ' f o b h t ti

of ‘a near|y PUVETECARAERE ASRTERENAr e RYRDEM G er R 2e Bo0agH pom

silanol) 1by thepixgges sterarmainitsd 1he $uiae of WAfdient did Bf0s6tteaTRorh Maéhylene,

benzenesul foni c acid hydrate hydrol ysis nedi um and t hen washi ng the

resul tant rehwenpt propxiesne, butyiene pesbliens iexylane, Aeptylensd dictylenmldng) Bank
t al. in U : 5 ich is.h [ ted. b

Fef orence, 1Rntey I st v Rkel e Romne ddbasatr fo ey Baical

hydri dosi | aneﬁ—a}@-camz-ar%@#é@w?%m@i ehdiéfﬁgsﬁhelumédﬂ\%laﬁﬂ' @g}@g& Y0 forma

resin which is then contacted w a neutralizing agent. articul ar use
are Accuspi fomMuR: (a net hyl si | sesqui oxane al so know so as Al | i ed- Si gnal
418, from Al lied-Signal, Santa Cara, CA) or Accuglass~ 512 (a -19 WO
99/ 63587 'PCT/ US99/ 12467 , ni xed si | s&3dn(Cohf—al so from Al li ed- Si gnal )
Santa Clara, CA). Also of interest is a hydrogen sil sesqui oxane product
from Dow Corning called flowable oxide FOX. Generally, the porous

i nsul ati ng cuh@@imydy apiegenidvy Gt basdy isidrsiotager droame to rEduvisth they
conpounds, o e .present invention are fornmed m xi ng_a sacrificial
material , prFIerP&{ggt}B?F@‘&HSE{P'&a??’f%W%8"&% F%PB@%W%I%?E‘E%WO@E%BUM be

di scussed ahgidti@NiAka®tS aRESHIBR r i i ns

di scussed above) gkwi th a dielect ?%%r;‘e;\teigrgﬁ{a‘lw aguﬁé%égﬁgp%ﬁﬁ%ﬁhﬁ el ectric.
Pref er ablzg, Rerexilpilinkegedimbther wards sparosipierinbkages (ereiO-@)-) ap nebn- gl ass ~o

xedl 51 | SesTEARERY e ne” PhasRet a6 R 2ol WeCPMPRhORIAd |5
sel ected frosB &R Sﬁﬂ%tm{tlﬂl@émﬁéﬁ%%i@@?@&é R gtgb@%ed above and the

spin-on dielectric™s elther "Accuspl n r Accugl ass 512. Preferably,
the sacrificial nRttr R cansaléo irtepgndently epresént lydsodereineeagd, an ~s

organi ¢ solvent such_ as an o ni ¢ al cohol) which is capable o% di ssol ving

at | east onebrapcé?ﬁlﬁ%rtc’tﬁ@) E[i‘g’ﬁispil‘é'i‘%ﬁsr?&ﬂ t snegidne rerpawing Br RS ¢
terial T . Lo . . . , h

el ectr e nalorRaY Fsctgict fiorh Sne e pBlarloddtifeoledified bbus T g, 1 ¢

stirred at rfoomutecaipeveap iy an irtegemfranD @p3 (BrieterbByd br Of mbrapréferabidey. to
ensure that the sacrificial material is evenly zo dispersed in the

!

di el ectric nit édependeplly epriBrgNts hydeaasie lisgatand hranched; (Cn del Cag) alky!
(e.g., -C(CH,)), -Si(CH,), -CH(RP)OCH,CH;, -CH(R?)OC(CH,),, linear and

branched (C, to C,;) alkoxyalkylene, polyethers, monocyclic and polycyclic

30 (C, to C,) cycloaliphatic moieties, cyclic ethers, cyclic ketones, and cyclic esters
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roomtenperature for about 0.1 to about 4 hours, nore preferably about 0.75
to about 3-hours, and even nore preferably about 1 to about en
nmor e pref er aWOYWY633§e¢ di ssol ved sacrificial material is fil te%ggﬂ}éw'éf/hugy
filter, having a pore size of about 0.2 pm prior to being m xed with the
dielectric material. Once z5 stirring of the sacrificial polyner/dielectric
material isgewpkss.edy (Eheo Ty alkioRyalkylehers preg tiedtl sy terminad i) giduep isi | t er
used at this stage preferably has a pore size of |ess than about 0.2 Nm It
shoul d be nboked thieugh an ethenexysenatorseran al¥enedroisbimhi Ag fRPIERS a

sacrificial terial wth ] i i-al: or exanpl e,
the tuo so BsaiaanBabth el et G el FarlBe BaRHogy tspeagse

PCT/ US99/ 1244y INR&10-alkYe wieéihfthé aikylerrd gnd alkyHgeups indepemaleatly @bntain
conposition, i¥ so desired, can be é'leposited. y a suitabl e _technique onto a
desi red sur fldoel earhoniatbms erchiafveicly can be lineapes bransheds T Pel¥eReEd ont o
a desired surface. The corrgosti tion isf the|n,subj ected to a tenperature
sufficient EAYGEHANLPE ERICERREH Y BEPIM R at erial but not sufficient enough
to cause deconposition of the sacrificial material. Thus, it is inportant
that the dielectric material porti t pposition used in the present
i nvention has a curing tenperaturg%\?df?éﬁzﬂg}%? or bel ow the deconposition
tenperature of the sacrificial material used in the present invention so
that a stabilized polyner filmcan be fornmed which retains the porous
nature of th | fd £l | - -Lgb(g,i j p t he
case wher®e t e&gﬁﬁ ng&# g’rtr%g%a u¢1? Eogﬂf}gllsﬁvﬁﬁ e dggg?rgggﬁ?i %?Pefrﬁgg?sé%rﬂrse of

the sacrifi diyarogsr ef lirdar dridiebranciest (C xtout g) atkyheRtefaned potyethargadicals
tenperature sufficient enough to cause the sacrifjcial mg?t rial to undergo

deconposi t i dnclude@oliebivisns exide) gndpelyirsopylensoxided, FABIRIES fhterial are

15 believed to per ] : e i
oterial ¢ HEPRESIAE L Rg b b RSe fAE b et el fiettycldtoflPLRIEBIG!
sacrificial diRicpendll/ clichdrasdiyl, idicytispropydmetioyigDsirip) andcan be subjected to a
tenperature which is both sufficient enough to cure tge c}i el ecﬁ.r'c.material
and suf f iiei edimedmdersopropyimasbyldBesaodnd g’!ﬁ]"‘%ﬁ ExRmMBiesqTiqyveloz 'pgﬁ%ffceri al .

Fhe cont ed dtydielt TRt sy APt BudahaTReLh YK eRpuRtadionits | no
tenperature @Tlcgchﬂs.;szaﬁoizfﬁj Gécéidsny:}‘?bﬁdi itied likeEx BRBPbRS: of 2y clit etHers irohidey

applies to a of 't he Exanpl scussed bel ow, unl ess other w se
speci fied. |tetahpd®tenapyeand teilabydrapyranylindctes: 80 exaae ot agyelic ketone

Cel si us, . in at h '

wei ght - Dl Bl prxomdeTPRERVE Ry R PTnaR Yy el Rl B dERe g

plate so 2Gapﬁh‘éivé%][n§:| nfaetdg}/ﬂ%i&yl it tUNBE §61Sreplidtniativieasyiclit ateumS sétiferth
u -

capacitors was a
above include:

: H,C CH,
25 RP ’ ‘ ’ ,
Rr Rp Rp
Y )
U ’ ’ 0
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WD 99/ 63587 PCT/ US99/ 12467 surface filmof sputtered Ti/Au/Ti

(300A/ 4000~/ 3 . honmopol ynmer of triethoxysilylnorbornene (TESNB) was

di ssol ved int g\pdjfg-gfﬁé‘ﬁ?yl - 2-pentanone (Al drich Chem cal Co.) (ud’CtTGJSe%f%“BK/
wei ght, al t hough hi gher concentrations can be used) followed by filtering
with a 0.2 pmfilter (Gelnman Sciences) and s mixing at roomtenperature for
a suitabl e awbergin &’ inithe abbvé fanuiae aNBQyolic §19Qps obpidsenss hylreged of ged by
di ssolving the M5O or HSQ in a itabl e solyent (e. g., an organic al cohol
such as 4- rre[']'h%ﬂ’-"?-bﬁéﬂaé%oﬂ)@)tﬂ 5&5@1‘?3/ OFRHRY Lhe PRy a8d Bmer sdstiuents @idi ned
sol uti ons wWagedrb§dRESdradhbhtidei?- filter (Gelman Sciences). Next the
filter m xt ureﬁ was spi rléggoatl\zeclg'ognstmwg netallized silicon substrates at
3000 RPM The spin coated materials were then baked at 180 Cin air for two
m nutes, followed by further curi and pol yner conposition in a

ni trogenpdrged, quartz tube oven.%e tenperatur¥ in the oven was raised at
a rate of between about 1 to aboutngO in, pre bly about 2 to about 5
C/mn, until ~s the over tenperat UC%I r’ggg‘hed apprg(;llqﬁgel y 425 C, upon

whi ch the oven was held at this tﬁerature for approximtely 30 m nutes.
After which the coated substrates re cooled slowy by nature convection
to less than 150 C. After conpletion of the above process, a top el ectrode

i sti f i/ L 00A/ 100~). d by, photolith h
and wet etching 7o enactARORR feeiln {hch e B BigsshtBhan s ur oo The
capacitors hprtferawémp@@@thbmobbﬁﬁég%d%pbrmr@%%a%iﬁi?g?rapga% to about

1.1 cn2. The capacitance and conductance were neasured a Only
def ect - free EREAENY dindfs Wierivet dione araemac usit ogeraromhernyurbts! represaatdd By NS,

d of b .01 bj d . h i
ene ol Len Decainalgi, R ShASh g aublsuet Lo Lo Lot e
const ant wer gefidtiNflomomBRoMRe UPRR Unfts 9@;5}%5@{1{%9 @:FSﬁn@bqp'thMrﬁé&u#refhe

No correction was necessary for fringing fie ound thé p ero
capaci tors doepaelymeretenthinghy cepgesatingamitardesived-ftom aknessmeathiysf >1000) . |t
he .exanpl es di scussed bel ow FT-IR so

houl d al b d f
:pggt raa\/\é?ereg)ﬁ?%t'ﬁgé b&g“ia‘%faﬁ‘l‘gé Nﬁ apdl &ppg DGR CPEPERNGR EPFBIRALON &ind t hat
ol o0l ol Lol YRS eplebohfEity PARMUGRY SE M liad' bR | R RRAAL G,

| ayers was acconplished using a Hi gctron m croscape.

1: s A mi xt uaed &l opBesrmuiaetintyaysilllyl nor bor nene pol ynmer ( Ma=158, 000,

det erm ned by GP ieg m)achl Q.Qbenéene,)’ and S,O% M5Q (Accuspin T-18), by
wei ght, was for med B§T8F SESMFRAPAWDRIHACEHAINGHBRE prrgsst duentipn ragy

adequal & amusitath fGHBHA0PPRS A0S Bl Br Slfitietldhal PYfcreut i ons

while stirring. The resulting solution S stirred one holr - "at room
t enper at woe fapeatidgrunits, piedtmhbly frormaatraut idbd0 meiepérebhtindbreqirefetabmt eri al
conposition. The resgiétﬂi&g conposition was then spin coated onto netailized’

silicon subsiPat ROt e BPEEssancmoslRicteaali figmahaut Skacdkmele about
Lo opti cal i orsocsa Ps Rt erbthy bERne e Etup R RS0 ifFling g™ =
have any pi ntes@ibearuiderdagmuwlldmdpsreaniula M.t AR especially preferred polymer

comprises repeating units polymerized from norbornene and

25 triethoxysilylnorbonene in a mole percent ratio of 80/20
norbornene/triethoxysilylnorbonene.
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

30 the norbornene-type moiety of the prepolymerized polycyclic monomer.
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~s sacrificial materialldielectric material conposition |ayer. The
sacrificial W%t %H'ggg,ll dielectric material conposition coated rRuAldob4eed7
silicon substratdd>fere then pl aced in an oven in which the tenperature was
raised at a rate of about 5 Cmn, until the over tenperature reached
approximately 425 C, upon which the oven was held at this tenperature for
Zo about 30 mnutes. Initially,, the dielectr{gc;mterial portion of the
sacrificial material/dielectri at eri al composit{(8n is cured by being
subjected to heat. After the ¢ ature—pn t n reaches the
approxi mat e deconposition tenp re of the ficial material in the
sacrificial material/dielectric®ndterial @g]%gélilﬁ{]&@m the sacrificial

mat eri al undergoes deconposition. z5 After’conpletion of the above process)

t he average dielectric constant of the dielectric |ayers fornmed according
to this exanpl e Wi RRNEIRrEMARL PBWH@'FSgBE’rQ.a@PrW'{%e'é{ fB'P%fW(H‘é‘rl'ﬂe‘gevi ation

of 0.09. D ¢ fd 0% i1 bl M r i nd 60%
VBQ and 00 oo e R e R o B 2P 2
prepared i n G@URC\EI eaneitormivictaltdatalpdteystem asatbscabed lire beeMmiatioraWRatenal so
defect-free upon -23 WD 99/ 63587 PCTNS99/ 12467 _spin coatjng and

subst ant i al 1APAlication Fublieator Bprk{® 8ﬁ/%987ﬁitﬁhﬂ1%§!:%mﬂaegﬁl }Y.or tubes
(i.e.) voids_ whi n t r C . i fi-the
G el et r o IBAEg SFRIAR 14 oo B R bR hAR PAF e i
defined as gtchaagl. or void which goes conpletely through a cross-section
of the porous s insulator. It should be noted, that in order to produce a
vi abl e i nsul at or Thgpelynprornereridpeus@Ymesis paidguleriypenelcipbberaiisentbaat i ve

ial should i nsul [, Gl ' f
ool o5 or 4 RAERoYsEuana sl B Mhyietify It e PRdiad syl Fiadler. o/
free of SUC*’t:d?hmr)ﬁémﬁloy%ﬂré?}dﬁdithé%éﬁiqdﬁﬂh&tdr%aﬂfh&@ﬁhg%t@&éhcm' adol es or

through-voids can l'ead to an increased in the conductivity of the

i nsul at or) tplesmiayenteheedmiemicalivapar depositien RECMP) dbeiPapadile Exanpl e 1:
The netal lized siljcon substrates of arative Ex f d s by
the same Br o@@yﬁe_ra{é‘é"ér‘:fﬁ@ar AR N ?ﬂgﬁggfr@eﬁodn@%ﬁ%nly@?ﬂ&%%@g <t %ep%t he
fol low ng. TheTdifbRByInith@Riverie utlier Aight dafmgatne $&QdAaasepi n T- 16).
The dielectric fayers’in this exanple were Tound to have a thickness of

about 650 nmievibe average dielectric constant of the dielectric |ayers of

E)P ! 3 géérml e was 'cus(:i gglrigv%datﬂgt {h%u;g]oqycty%lobo?ef%riig %Jblyvr\f\etrrs] u |Ii§éc§i %dgr%%tig?\gltﬁfts' on

invention are uniquely suited as sacrificial materials in semiconductor device
20 manufacturing because the material thermally decomposes close to its T,. In
other words, the polymer remains mechanically stable until the decomposition
temperature is reached enabling the polymer to endure the rather harsh
processing steps (e.g., repeated heat cycles, the mechanical stress of
manipulation, etc.) during semiconductor manufacture. The disadvantage with
25 the prior art polymers is that their T,'s are well below their decomposition
temperatures, leading to mechanical failure or structural changes before the
decomposition temperature is reached.
it has been found that by incorporating polycycloolefinic repeating units
that contain pendant hydrocarby! (Formula 1l) and/or pendant polar (Formula Ill)

30 substituents into the sacrificial polymer backbone the decomposition
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20 Exanple 2: The netallized silicon substrates of Exanple 2 were forned by
the sane proc ri bed above with regard to Exanple 1 tha ' '
dielectric | a@gﬁ’)ggg\sg&?e formed from20% tri et hoxysilyl norbor ne%‘é*@g?%ﬁéﬁ and
80% Accugl ass 2s 512. The final cure tenperature for Exanple 2 was about
400 C. The average dielectric constant of the dielectric |ayers of this
exanpl e wer demgasatuees afithd silyhgubitited Holyloyciididtinic Eblgﬁﬂﬁrc@n%w ation of
0.05. -24 V,\O_gQI 63587 Conparative Exanple 2: PCT/US99/ 12467 The

metal | i zed STHOREEANtsIoM@ared: dbestecompesition teampexralne of polymess tontaiingy t he

Layers %?Z?@?ﬁe@'??’%ﬁ?‘%ﬁ@ RebolgpERt oy piEidhchst (Foambbsfion & ' ;C
constant of tbhmeiaﬁir@@bprmﬂnawaso}‘cé&\r@sbsmﬁegswgﬁﬁgwg%mwun B

be 3.1, wth a standard deviation o 11,

Exanpl es &r deplasing thectorbernans repgating uhits it trehaagadyrber with eepédtimig lsiter
dielectric cgnstants ar tter in that (o]0) und havi ng a_ |l owner

diel ectric cONSP'RHY P%“‘gafﬁi'{‘?arr a'i“?{gﬁp%ﬁr@%.edig?i%&w&ﬁ'ﬁ bptipertsy jfor

Const ant St anglaingn|PesHeatht : reat J | .

12. 710. 05Exanp 'ﬂp 22t.ﬂ7e‘?t?)1 bﬁ%ﬁ%@r@?%@@ﬁ%@?@'&é %8%%@2% SRRt ¢ om
t he resul t s Wdylaorernene/figthexysilyinoebainehe it aimoleqpstenttratiobf 854 il ectric
material (e.qg., a i, D= O ielectric an be lowered significantly by
subj ect i ng e{gWFf&q.lfcgd'@? (2 %??‘W‘?@iﬂé‘%t tﬁﬁtdéﬁpmp%ﬁwnéempa@@ﬁ pEtheo materi al
to conditjo hEi sitl.ap rificial

mat eri al .16 T@p?g:rﬁéégg%%ﬁq%g@g?%ei@pﬂgpth;e#s%t%ﬁrBS'gfgvglgﬁqégggnpar ative

exanpl es andeplasingthenorperremnmebeatisganits iratHer ddplygtet With FepdAmgRIHiRN of
pores in the dielectric | aryers upon subjecting the dielectric layers to

condi ti ons SHANARING Be RAaCIHRSEtYaRS deseriRrskindestamulall. sHemopiolyragrs of

mat eri al . r r ificial . materials
because thgla{ %}EQWQEF%{L&%%@%‘@@PQ%%Rg'o‘fagﬁ ?ﬁ%@ﬁ&&?@“a‘ﬁ?%ﬁﬁ%%' eto
di ffuse thr degiperatres of 856 7C and®Rer Catedpeictigalgamel polamgroubl Mcludé was

al so di scoverﬁgrthat the sacrificial material, when mxed wth a dielectric

mat eri al 'f n §HE" FRMRIRIGANT perigtesihatituanis andihe like Be efiest lower

decomposition temperatures of the silyl substituted polymers, the polymer

should contain about 50 mole percent of polycyclic repeating units having

pendant hydrocarbyl or polar functionality, preferably greater than 50 mole

percent, more preferably 51 to 99 percent, still more preferably 55 to 95 mole
20 percent, even more preferably 65 to 80 mole percent.

The aforesaid sacrificial polymers can be heated to above their
decomposition temperature, typically in the range of about 380°C to about
450°C, to cause the polymers to decompose into their decomposition products
which can diffuse through the various materials the sacrificial polymers are

25 mixed with. Such materials include polymer dielectrics such as silicon dioxide,
silicon nitride, methylsilsesquioxane (MSQ), CH,SiO, ,, 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
30 invention.
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WO 99/ 63587 PCT/ US99/ 12467 evenly di spersed throughout the dielectric

mat eri al, thereby preventing the formation of pinholes or thr z in
the diel ectri‘\ﬁof’%ﬂﬁéw Turning now to the Figures, Fig. 1A dep?{;ﬁgsgﬂ&%

m crograph of a cured MSQ | ayer. The m crograph of shows that no pores were
observed to have forned in s a dielectric |ayer which contained only MSQ
On the other handh RfdifeH) itshcifEBIso Kbl tRhEwheh And 8eebmbpbgiionl B
(20%'ESNB/ 80% MSQ by wei ght) and 1 C (40%ESNB/ 60% MSQ by wei ght). The

por es obser viethperatune ofithet saerificial mgterialds laweyedspin-anPAYPEBWHRIANST 70 nm
in size and distributed evenly.throughout, th el ri.¢, | ayer. As can be
seen from Fi g témo%er?%e%lﬁﬁﬁﬁte Lgf'Zg‘ggﬁéh%Hi%'gggggﬁétﬁéglnunber of pores
present in the dielectric |ayer increased. However, the size of the pores
remai ned about the sanme. Wth regard to the di scussion above it is

bel i eved, si nD@tegirieMatesal: enbodi ment, that the al koxy silyl groups on the

preferred sacrificial porbornene terial reacts with those of 't uncured
pr Ief erred diel ectMieﬁ‘QFE'_t{é’Fin%ﬁ ng @T%hﬁs'é%sﬂ’é@aﬂ%gé% nawﬁ};?gl_?]z;”' Wor

si | sesqui oxa M i

nor bor nene- t%@%@l’ gzéesh%ﬁébf&a@ggﬁlﬁoﬁg%ﬁt&?ﬁe&pr gggﬁn‘édd glyel eel(;%lcrjﬁo(lzysm

material , thefmeshyitrietrexysitaneagghtenmatiagly oibisodiso kaowadrarhiRatal etalt, datal i n
the dielectric material. Specificall y% it i s believed that the sacrificial

{ .
nor bor nene- t 68 PBFyREPPRIRS i APOPMal Tk 3&vntRAt A SI56RSLIP¥PR? SAFRYIE t he

dielectric ial i t ; - [ I.SkiLi I gt t he
Cotymar 111 neaeeRyodied oo &' ulphy MelistiBdan atlibh Rtidifod By Atdaekn | 1o
nor bor nene- t ¥R ednorer Laind dthxe., Bhedr Gt an996), vO2Heg-41P steathéthe
dielectric material. This is believed to be followed by a condensati on

: . ) IOl Yy |
reacti on dur Byrthesisiof gethylsisegaipxewusing aditaniapr-catalyged sedisiihuition &b

tenperature of .the 2s sacrificial j LS. @aty |l 0 nor e
preferably tﬁ)éda@(%?rﬂ{) ri‘ﬁro%gﬁb%g%@:“@wgw(‘ﬁ éfla"ll'e‘ Usasgﬁsa?l %?a?gﬁgﬁ \eér%ir?al isin
the range of (ahpdt tB8Ca Sogyergaé}w@ilsééﬁn&arﬁrémbé@ydmeetmdsf'rdm@n, t he porous
i nsul ating conpositions of the present invention preferably conprise at

| east about Hihierosiane oytrialiayisilatiechadng piretectas Bydraryl §icyR. the. Pahai nder

Pt Uso0/ 1248P g erSh 1< SRy Bl BRIAE bk dCiessl i 8 dings of
pr esent inve%w% é@"nﬁiﬁ?ﬂ’éboﬁ?ﬁﬁéﬁlsééqﬁi@%ﬁe.abOUt 60 percent by wei ght

dielectric materi al nor e erably the porous insulating conpositions
of the present i nidathodsfprmadkingblydragensisessuwiaxansaae aisoEN0R0 ipdicait by

Sacri11cial Rl EKPRIPIS. A oRE Y5 AN 9 R RGBT P4 T Walaidn
present ipventi ﬁﬂdieiﬂcéﬁ&&g@tedrrg@}s%%%m%.1spﬁwacfﬁ;rnbomm_sv@i£.hh .S, #apuio 60

percent by welig st pr y, prior to deconposition, the inventive
porous i nsul &6 162¢dwhishtis ocorporated bersirR by prfenoe, gackdhgroduetidn of: al

material and 80 percent by wei ght .di ehe tric terial.  ~ dﬁ shoul.d bI
noted that, meadsdubcrondanssadveesin SDIEIBRY GPPRIT UGL0 0P 0P EARRFEs, ¢
was det erm ng 4 Ergc%ce*sQ%Pﬁﬁr%tnﬁe h%arlgygmgeﬁicm&é%nexﬁu LherereanRsit e of

the sacrifici erra nt™ porous insul ating conpositions is
mai nly a fundiydeatedfydidigsisphediuhraand trenswashing théeessdtant fesin withrveater oal

e P et o0 ot N ks RSP A B s SBET A 8.l TR
produces a | gL ge[iRVAEAPDARUDyHRRHEE, Rhachi-hIdRRiIVEERRIRAPLShBRsiAG] Vi ce

ver sa.

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 methyisilsesquioxane also know

30  as Allied-Signal 418, from Allied-Signal, Santa Clara, CA) or Accuglass® 512 (a
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In view of the above, preferably the sacrificial material used in the
present invention is_a norbornene-type diner, trimer, tertranmer_or: palymer.
In the case a%gﬁgmgmﬁorbornene-type dinmer ar triner is used ifcp®5%2§§%ble
to form upon Zo deconposition, pores having a dianeter or about 10

Angstronms. On the other hand ) when | arger pores or voids are desired

nor bor nene- tmpxedmxilsgsguiokane, sdrirbarAlliad-SghAINEantd\Cladhs CANIR RS
1,000 to about 1,000,000 can be utilized. Preterabl y, as s afme %fgﬁfvég%gt he

aver age por &S @& RyAregen sisessig@nepreduttsrem daw Sortieg maiied ifioivablobxitiae
sacrificial et erial are at |east about 10 Angstrons, and even nore
preferably abotit 10 nm Turning to Fig. 2, Fig. 2, line A depicts the

infrared spectra @énéffly PPeQ@trolid fauttingd jst bépégre%{nbﬁgfrggjge 1 of the

present invention prior to deconposition but afterf acki ng) at

about 180% C.SiffRequiekane msulaingseonspiundsoaf te presentinvemtictoprdforsiedidye- si ded
pol i shed silj fer. .The fer -27 WO 99/ 63587 PCT/ US99/ 12467 was
quart er ed an'h&ﬁ&a%g\gagf'%c'ﬁli WP@@&P"?@%Y&W@ ﬁ%‘i‘ he-siokRfineipseoh waf er
was used [ OledpdiaHdddido sl difch/ehd brd pReferdbly bOESIeH AdH] oo dePi €t

respectively) the infrared spectra for t conp ron o anple 1 after
curing and dueysipalefing discuased aole; With @ tlieddrit ntA6ri4l, such abaupiddph C. s As

can be seen fromthe.infrared spectra, contained in Fig. 2. The noisture
content of té‘%‘enfr\cmq?@??@%r g&? gr?'a-mqﬂemwswsmem Fi?@y'tfﬁ‘é Of BPifren-giassut
400 C (Liype 0 ; i i . n. m decr ease
Pt he 51t O R P HetfiAS] destlEnE ST, by B S G 850 o
950 cm'. Thaixedrsileesgtioxames)oEvehimdriensreferablyi e sdcrifibRl fidtandlis 9r oups of

the MBSQ o caui%g g chanﬁg i.n the silsesqui oxane peaks, which are observed
at 1126 cm 'Se3ed §98" eRe of the pameFrenatPeRAlypetkdisFussassahavedamb thesen

curing (Lin . : j t uri 3 deconposi tion
(Lines B an?pg Pﬁ%lﬂeelkgﬁcggsgﬁbg‘ts%g&ggﬂﬁ)@gravcgd&%ctw%%%331" , Which is not
changed by the cRrefeyably, thesddicail nidierislas arm adsohved ihf R bR gég.?fanabom
400 C (Line B) and 425 C s (Line C). Continuing on;, as can be seen“from

Fig. 2, the YeRBIFFONaNt SHCbRStaneoryeBNBIpegihwhichdasepablecofatissniingaé of t he

C Hx stretchi . 0 m, .and 2980 cm ' . A total of eve peaks
are expect egélgg this ?'Q‘%ﬁ\gﬁgga&%{%é%%'%%N@%&%HTEPPW/W%@% Iﬂ‘ﬁr e. As
can be seen disduiver] sa@iflcin nistengIal Sheraiixd Wit the dribtic FatéqMAyEhy and
asymretric stretches) and one peak for the CGH stretch. The MSQ contains

only -CH3 gr'BURIEY@E sRlubierk dhe rapiltieg spltivesnetinethahiowm tarperat@eXorand - CH

. Th R | k. f VBO i 2873 ‘.. Ho , .th
g e R e D
envi ronnent digpdrbed &O{Heddiéwﬁﬂicﬁﬁlate?_@l.TPPéferéH?)?tHEEQE’W%IUP&? L&l 5{ ;JSi on

of the TESNB pol ynmer should result in the di sappearance o ree sma
peaks. Thi s rPagttemperatreiereabad Ovl tchabettet bours, more peefepaly mhodepi7stted i n

of ri g 2 ARSI More RECerEh ABRut AR ded brfisetEvan Worespect
te gu?\lz o_cer Epggfér@ﬂil?f Bl A8 AP dh érftieial AratBARAL iBRISwith b Alfer AWiIRY'S Jdiat
size of about 0.2 um, prior to being mixed with the dielectric material. Once
25 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 pm.
It should be noted, however, that other techniques for combining the
sacrificial material with the dielectric material can be used. For example, the two

30 could be combined used spraying.
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WD 99/ 63587 PCT/ US99/ 12467 al terations and nodifications will occur to
others skilled in the art upon the readi ng and under st andi ng g¥r/d9d/$2467
speci ficati oY OH$3t¥e annexed drawi ngs. In particular regard to the various
functions performed by the above described integers (conponents,
assenbl i es, devices, conpositions, etc.), the terms s (including a

reference to a "nesdsthe sieificiaPmaesiidisectric matatiageorspesition, it endesirddy
correspond, unless otherw se indicated, to any integer which perfornms the
speci fi ed f gadtheoderesitesdbyiastitapledesimiage ontq adesirgd surfase pparticlenal |y

structure wirElERely SRR b K aih ot e uBted Rt ceanpt ary
embodi ment  ebnRIBARERRhEN @LbRCcldttd Aanpé@iturel suffisientérasughwbiduge the

particular feature of the invention may have been descri bed above with
respect to aliglgciricemateriebbet pot sufidentrencaghderadisaeiecemposiitentafdber e may be

be desi red SABTHGRRAELTEUS Mhor t o ror i dipt 18 A el P gfie e o o
WO 99/ 63587 Wi odittortlgediftheSire S& iR RIoh244% a burif ;ﬁ@h?éﬁbt@ﬁe WRIcHIi9at a

porous insulating conposition conprising the steps of: (A) providing at

| east one oraydrelaw ske detompabitiontempeatatdiecdfdbersacrificiaemetsdrial usedpoliiet i on
conprising at |east one organic sacrificial erial,_apd at, | east one

di el ectric rREEEMENVERIRD ?‘%ﬁ‘e}té‘n%g?'hée(i 986’8'_1‘9%@35‘:@”09%{106?’69% e é%t_tai'rfel ci al
materia 41 thd@ofud Rathe SPhLLAGMRRI ARAEHAIHR ddBRHdMdrha] Bedurtey.

mat eri al conposition, In order to generate pores in the at | east one

di el ectri c nnttes icabe whrd thé\comnd tnperatee i$ betdw the déaimpdsitiather ei n step

(B) conprises heating the at | east one organic sacrificial terial to a
t enper at ur e tegweratuge of the saardieiaf H&ﬁert“ﬂeﬂ%e‘éﬁﬁ%‘%'mr BiF F%’Hﬁ@éﬁ%@t%? t he

at | east on J i : h in
claim 2 wharlieare 3Gl SpBhof R Cab esadhrRh REReRE BEndbRId [ 1D 1
cured. 4. A d@johgsbsiorseThé @ébbm?@si@ibﬁipmduqts\mthﬁ sadrifieidimdtedaitarene
organic sacrificial material is filtered prior to ste 5. A nethod as

0 (A \
set forthsi roelieseehta permeateethrewgiptiestass strectateepf tbﬁ:d?f('é‘}tnéé%@f‘ﬁiv ng the at
| east one orﬂani c sacrifici. Zo nmat er.&sal /dielectric material comnposition

|
on a surfacd B PAYNGt ”?%?9'33 ofvol

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.

20 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:
25 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 parallel plate

30 capacitors on (100) silicon wafers. The bottom plate of the capacitors was a full-
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6. A nethod as set forth in claim1l, wherein the at | east one dielectric

material is aypRbRien dielectric material. 7. A nethod as set pEpifhy 267
claim6, wherein t%e spin-on dielectric material is a silsesquloxane

sel ected from nethyl sil sesqui oxane, 25 hydrogensilsesqui oxane, and m xed
sil sesqui oxanes. 8. A nethod as set forth in claim1, wherein the at |east
one organi c ssataceffilmicfisputtessd AVALTI 300A/4600A13004y.Ch thrﬁbﬁélyﬁe@bg‘ pol ymer

t hereof. 9. t had,as, set fo in claim8, wherein the at |east one
cyclic ol ef i‘ﬁ\e‘g\%%PVMPOWé‘%ﬁ%'ﬁawa? gdissolveddnta %Vlﬁth\é"%P@ﬂ;aﬁIO?E pol ymer
t hereof. -3 o ; or in
claim1l, mgﬁladirﬁ(ﬁlzérgﬁé ?gggjgﬂg#g%%/égﬁ%elé&bra ﬁ?@@ﬁgﬁgf gﬁﬁé&;nt[%tlogts | east

one nor bor n@ae-he peedidblijomed by TiteAngwtithosl 0as uaefitel PGEIMAM Seleics | Ang Wher ei n
t he norbornene:t :g)e I80| mer conprises repeating units of the general
formula: % IB'XI”QY tro mi\fzmwaturﬁéorméu@amamm oRtimendaith @itienMSQ oepr esent

: b - ) :~ R2 .R3 independent |y
repr egent nydr Sagdnen 8RR TaeD b didbeiite Mg LN TR Bk SR 15
R9 - (CH) " - Si(BgoFan Bigani@alBhorslependanhétyi-S-pentdra), Amet Bd mifhg #dy! ;
R, R', and R 2 independently Zo represent |inear or branched (C, to C2)
al kyl, i ne&P”?ﬂ'etﬁgaﬁﬁl%“P@Pdtsé’“@@ﬂsaﬂ%f{%mdithfaa 0c? pbr fiterHE&eithen to CZ}

: 1 ; nsubstifute Co6 t ryl oxy; m
s A number Tames) Nex e R AR 2Bl Sile YEE mitalEed silsbn one of
substi t uent suB8trated 3009 RPMected fromthe silyl group represented by the
formula set forth under |a.

The spin coated materials were then baked at 180 °C in air for two
minutes, followed by further curing and polymer decomposition in a nitrogen-
purged, quartz tube oven. The temperature in the oven was raised at a rate of
between about 1 to about 10 °C/min, preferably about 2 to about 5 °C/min, until

15 the over temperature reached approximately 425 °C, upon which the oven was
held at this temperature for approximately 30 minutes. After which the coated
substrates were cooled slowly by nature convection to less than 150 °C.

After completion of the above process, a top electrode consisting of
Ti/AufTi (100A/4000A/100A) was patterned by photolithography and wet etching

20 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 cm2. The
capacitance and conductance were measured at 10 kHz. Only defect-free
capacitors with low conductances, generally below about 1 pS, and often below
about 0.01 S, were subjected to further testing as described below.

25 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

30 spectra were obtained using a Nicolet 550 infrared spectrometer and that defect
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25 12. A nethod as set forth in claim11l, wherein at |east one of R, R'

or R'2is selected froma linear or branched (C, to C) alko d R9
i s hydr ogen. W®996858fet hod as set forth in claim12) wherein )e(%cﬁﬂgpﬂfﬁg

and R 2 are the sane and are sel ected from net hoxy, ethoxy, propoxy,

but oxy, and so pentoxy. -31 WO 99/ 63587 PCT/ US99/ 12467 14. A nethod as
set forth i rdezbmhifatdn inbres dielectrid layérsanas Becorfpsheddusiig aaieaatd@006t hoxy
groups. 15. A nethod as set forth in claim14, wherein R2 or R3is a
triethoxysi |8/eCtsabBYGrPEePRE. 5 16. A nmethod as set forth in claim 11,
wherein in Fornmula | above, mis preferably O or 1 as represented by
structures Ib and Ic) respectively: rblc 10 Ri RZ R Ra R Rz R3 Ra

wherein R t@)@#@@@ as previously defined and at | east one of R2 and R3 is
a silyl 15 substrtuent represented by (a. 17. A nmethod as set forth in
cl ai m 11, s wher ei rA Riixtainel ORZO?/QR@HWQWQMWDOWQW PAMEROMWTIFEXbon at ons

which th
R S A R Zensl dBhlousa [RRsPineotBd by o 5
to 6, and R2,a@ft RaPfoRmed W&Ib%dlﬂ@% ofX8e abolBicbAborenELin 4r0adsqlidte

claim11, V\,hergl n the norbornene-type 30 pol ymer further conprises

hydr ocar byl ambeni 4-mettylEipeotarione anshignimiingninesweesobeians Whilssinings

represent ed Formul a 11 bel
P ‘Pﬁ/e resultlng solution T was stlrre% one hour at room temperature in order to yield

10 a sacrificial material/dielectric material composition. The resulting composition
was then spin coated onto metallized silicon substrates to yield a dielectric
layers having a thickness of about 620 nm. Thereafter, the coated metallized
silicon substrates were subjected to optical microscopy to confirm that they were
defect free and did not have any pinholes or through-voids present in the

15 sacrificial material/dielectric material composition layer.

The sacrificial material/dielectric material composition coated metallized
silicon substrates were then placed in an oven in which the temperature was
raised at a rate of about 5 °C/min, until the over temperature reached
approximately 425 °C, upon which the oven was held at this temperature for

20 about 30 minutes. Initially, the dielectric material portion of the sacrificial
material/dielectric material composition is cured by being subjected to heat.
After the temperature in the oven reaches the approximate decomposition
temperature of the sacrificial material in the sacrificial material/dielectric material
composition, the sacrificial material undergoes decomposition.

25 After completion of the above process, the average dielectric constant of
the dielectric layers formed according to this example was measured and found
to be 2.31 with a standard deviation of 0.09.

Dielectric films of 40% triethoxysilylnorbornene polymer and 60% MSQ;
and 60% triethoxysilylnorbornene polymer and 40% MSQ were also prepared in

30 accordance with the above procedure. These films were also defect-free upon
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WD 99/63587 Il p 5 ~ R~Rg R6 R~ PCT/US99/ 12467 wherein R5, R6, R, and R8

i ndependent |y, nt hydrogen, l|inear and branched (C, to I '
hydr ocar byl svl\fég ﬁ%afed and unsubstituted (C5 to C,z) cycl oal g@yf/f)bs@niﬂ&
hydr ocar byl substituted and unsubstituted (C6 to C40) aryl, o hydrocarbyl
substituted and unsubstituted (C, to C5) aralkyl, (C3 to C20) al kynyl,
linear and bsgincdoating @dtsubstantiaily kreryftom ehe Yormdtionastypinthol 88, tarsligRovaEs R
and R8 can be taken together to forma (C, to C o) alkylidenyl group, R5
and RB when PRIERSW-&n VPiss Whish copgeetdpienn atenmplete passage: iy onesside vached

car bon at ot ARy BHth Wahth el Ahelh e Banbafistaed a5 o
is 0, 1, 2, &channdlorhibid AvHigH §osk ssmpRitell Mhidlights ElodsBetllon WheHeShHroliie

nor bor nene-type pol yner conprises repeating units represented by Fornul a
111 belows |MpHlatele’ ¢ RO R12 Rl o R11 wherein RO to R 2 independently

t ol ar i n | ected,fromthe z5 group: -(A)~- OR',
(R G, " 0 B BBl it Blger 8 Tdiod 3 e Mislg ot e
O C( O OR'met &2 5 1 e '

(OO A GO G TR DA e PO R g ioauce an
- (A) ~- C( O O insulgtor wigchy)ioRubstaptighy f@@}atpwho@@(q:?tﬁxmglmoids.( R)ref?rably, the

R') zCH(R" X! d -33 99/ 63587 PCT/US99/ 12467 ' -(A) -~ .
%R-iéméq&%ﬁ}%s@%ﬁ ﬁﬁic&”i‘@?ew)féﬁ 0 Sug’ha RIRFeRf iPYH Y aident his is
di val ent I e i € | val dr.ocar bon
r:'a\é?cglr]s,1la(rj: gﬁ?ﬂ%&ﬁﬁfiﬁﬁﬁﬁ'ﬁ?‘ggg@%ﬁﬁ g%? L%aggo\?éaﬁ/@ﬁfé%f%grtﬁ%ont ai ni ng
radi cal s) ancontiudiiviybf thecinsolaterh dreselayndedueing its tisetdtieessapadity.n i s an
integer O or 1. 5 20. A nmethod as set forth in claim210, wherein the at
| east one norbornene-type pol ymer conprises copolyners conprising a

conbi nati on @bn{fRsRd £ \d $ represented by Fornmulae | and IIl, Fornulae I
and 111, Formulaée T1 angaﬁ?é_g‘r Formulae I, Il and 111, where Fornula | is:
10 The metallized silicon substrates of Comparative Example 1 were formed

15 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-1 8).
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.

20
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% triethoxysilyinorbornene polymer and 80% Accuglass®

25 512. 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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151 I mR Rz R3 Ra wherein R and R4 independently represent hydrogen or
| inear or branched (C, to Cz) alkyl; R2 and R3 i ndependently A6
hydr ogen, Iil‘i\é%?g/@Fé"branched (C, to C2) alkyl or the groups: lio %g -(CHn-S
IR~ oR 11R ~ 2 la R9 independently is hydrogen, nethyl, or ethyl; R, R',

and R 2 independently represent |inear or branched (C, to C2) alkyl) |inear

or branched C%F&@Eg%glé@xy) | inear or branched (C, to CZ) alkyl

car bonyl oxy, and substituted or unsubstituted (C6 to CZ ) ar only; mis a
number from 0 to Jheametalized siicansubstratesAf¢-araparatiye F@mAle aversforged
substituents and R3 is select from.the. sl u I ed by the
formul a set ?%Rﬁf%s?mgenrm?%ls,s #%srcr@gg aﬁ%vles\p@’é% da\fb\bgggf @5%%? tﬁéﬁ%P RsyRG R~

Rs PCT/ US99/ digfefricviyerd WeRSforfRad flom onngd ABeugladshetlemhe \avemyecdiefsctric
hydr ogen, linear and branched (C, to C20) al kyl, hydrocarbyl substituted

and unsubst i tonsten{ dshedigegyicdgysraaf Hyis expype wastprasuisdandeend dp e
unsubstituteq (C§, to C40 ryl. ..~o rocar byl substituted and

unsubsti t ut egﬁ(,@utht.%s@rrgi;artipéyleypy O?ég“]t‘o C20) al kynyl, linear and branched
(C3 to C20) al kenyhe r@synd Stthe BBV eHxaR%las dr&8usimdtizearski®B ie Jabkel. taken
together to forma ?C, to C o) alkylidenyl group, RS and R8 when taken wth
the two ringshauldde adtedehablower dieledtdy canstaats archkeeitaran thatpr eeyrspeund
saturated and unsaturated cyclic rouE)s ?’O t aini 4 to 12 carbon atons or
an s aronati Ba¥iNgP urdieleRgcaonstalry 'sa Sgﬁr WH[%g?r'and pis o0 1, 2, 3, or
4: and Formula Ill is 1 Il 20 RO 1 | Rlz RRo Ra wherein RO to R 2

i ndeperlldehot |y represent a polar substituent selected fromthe group: - (A~
g(.qO)O)C]g( )O) O(-\,A B UHQ A) = _Q( ZMa;t?r I%H (A7 & Constant { Btanddd Beviafibdy ~
Example 1 2.31 0.09
Comparative Example 1 2.71 0.05
Example 2 2.77 0.1
15 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

20 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

25 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). It 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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(A~ 0(O-A-(OR', -(A~ JOOA-(OXR', -(A~ (Q-A-OR', -(A)-~

(OO A -0 sk A ~-C(O)O-A -OA-C(OOR') -(A)~ . :
C(O)O-A'-Cx:(gl%fﬁg\j, -(A)~ C(R')zCHR') (C(OOR'), and _(A)~PCT/US99/12467

C(R')zCH(C(OOR")2; the nmoieties A and A independently represent a so
di val ent bridgi ng or spacer radical selected fromdival ent hydrocarbon

radi cal s, - 3venly\disperGRbBirolREOUYES Hiklddhd n@téﬁél?ﬂfer@b&ﬂbiéi/ehﬁﬂ?%r bon
radi cal s, diyal ent oxygen containing radicals, and divalent cyclic ethers

and cyclic JPENALPR of pitroles er thrpyat-Beles i ths dielectric lageret hod as set forth
[ laim 11, wh Ma¥ ' it. i ni silyl f ti |
compr Lse at 1 east TS ok BT FRy0 13 PR NGB A%3togtuph dhapuld gl S

forth in cl dage?IThewsitighapief sieReatHal Bolptrks werdbBsenea t8iHavke fhHAesiipnal
groups conprise at least 5 nole percent of the polymer. 23. A nethod as set

forth in &l 2 Hielectiipdyer whieh pontainesoenty MSQ. -Qn thexdthgr hhedaas tandie seen

i i ficial .nmterial | ' i terial . 24. A
method a. sdrong8mPRidRb ob88s i @R Tl A ievapRhA 16
sacrificial (#o6TESNBISORIMSA Medeight? Fi9d pBRs cBHée?vef]cIe fP\at'th@]f‘diélteEf?ic%yérr‘&‘f ng

p
the at least_one organic sacrificial material wth t east one
di el ectric rfi@ei Baire appregmately@0hud irsizeetnd distributed everilytiFéughber ien t he

solvent is a r anlic s%vent. 26. A% nmet hod as set forth in _claim?25,
wherein the @8@\9&& ayer S GRR LS e KIRdTI9: b7 asghearmintef TESNBorth in
| ai m 26, ' ' ' -2 28. A
rethod” s’ ennoaehifie AR of B Meseft iRt e RS ThERARE0. 0, oo

the at | eastHowever, ffensicesdthe porsalenmaibed bbbui theatanhe@ast about 100 C. 29.
A nmet hod as set f%hh in clajm28, wherein the deconposition s tenperature

of the at |east offd"drgant to tagdisqussion abayvedt ishelieyed intarepreferged of about

sores have annadEent, i ifs ARESPENIGATS SRliTpilerod 5Bt HeiBoMenge: o
as set fortimaterial eeantd withiteosé of theeunured pheferredisioctavera@aiari@get er of

at | east abg\lﬂg 1%&@1 -36. WO 99/63587 PCT/ US99/ 12467 32. A method of
formng 45 pdY'ols A& MigdgisesaioxareD amnmssisinty evanly disperss 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
20 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
25 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

30 material, with the remainder being comprised of sacrificial material. More
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(A) providing a sacrificial material/dielectric material conposition
conprising-at |east one sacrificial material and at | east on /'?g ric
material; (BVOGWOPHY the sacrificial material/dielectric natgpr(‘?ra oA 57
conposi tion; and (C) thernally deconposing the at |east one sacrificial
material in the sacrificial material/dielectric material conposition, in

order to gensrefdrabROlRSpOrous ihidathig tempbsitions df tHecpresent imeeetioral . 33. A
nmet hod as set forth in claim32, wherein step (C) heating the at |east one
sacrificial prefesablycaneprise ahigastaknuw 6ORRICERIDVL Vet dielectiip material and

> lal ' ' great "
met hod a5 seRoIGPEiEARY: s h 58 i G bBERORE bt fer b Bvbiop,ne
si mul t aneousppgididblyeinhiisd Aeleabt AlRaRt800PEIcaACty WeljrldidiBttet inrdtedaehamt ri ¢

material conposition to a tenperature equal to or greater than the
deconposi ti dhetremagndgrireingicompeisad of saetificialenatedal. f Thusalthegmaunrdiof 35. A
met hod as set forth in claim32, wherein.the at |east one s i ficial

Tt erial i SACIGIRL MaiRiAL{B e PHRSFDT IY/SBtIRE Co s Fonkabalt i msscent by,
forth in claj s WRASHt MISStRERPEMG NSridiBe] h?%ggr-
conpri ses rg\’ﬁ)lg? t?%oggﬁﬁ]nte% 8%@Hgbéeneral fort%I a: t|5191 6%5 m Z&? \'/:%gr'ei n
R and Ra i nihepgevetgiviel poroaepliresdatinghgainpgsitions compeses 80 pereentiydveight t o

30 (C 1 COTRRRy PR G ppicert 87 el WSFSUBERAIGA g n S RoR.
~R-2 Ta FGT/ US99/ 1248014 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
15 present. That is, 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

20 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

25 formed upon decompoasition 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

30 spin coated onto a low-doped, double-sided polished silicon wafer. The wafer
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5 RO independently is hydrogen) nethyl) or ethyl; R, R', and Rz

i ndependent |'y nt linear or branched (C, to CZ) alkyl, Lj (o
branched (C, (E))%%%%zl koxy) linear or branched (C, to CZ) al k%ﬁﬁj@gg’ﬁ“m

car bonyl oxy, and substituted or unsubstituted (Cs to C2 ) aryloxy; mis a
nunber fromO to 4; and n is a nunber fromO to 5; and at | east one of

subst i t uent SWBR camtteRed aad $eiaest Qﬁdiﬁél@ﬁt&é’rﬂpéidtt\(r'esf%rgDﬁ%af@ooiiﬁéﬁp%?erby
the fornmula set forth under la. 37. A conposition useful in making a porous

i nsul ator, cWApMsedigr backgsaundsublyagtion, Ipdrig-2 dinesrRyand & depicti al
material; an i i terial. .38, A conpasiti as set forth in

cl ai m 37, \/\h%‘rs@fe%h%lz’cth?éﬁfﬁ%di Sl;“%krﬁsf%ﬁea@m@g%{ '%Pﬁ-&?Sﬂmcﬂ’i?eeI% &HeF curing
material . 39%nd\decompbitiofwascSRiudted bhabdutd T 3Rd aMeek Q{ZQ?Fhe Spi n-on
dielectric material is a silsesqui oxane sel ected from nethylsilsesqui oxane)

hydr ogensil sesqui D% £38 besgeemfraedtheiinfsareguipectraemntaified i EgosThé on as set
forth in claj 7. wherein the heat-activated, zo pore-formng, sacrificial
mat eri al isa@%@dﬁ% %Orﬁﬁgﬁ?fﬁhgﬁm(ﬁ ed signifigantly byrheatingdhg dimat aboss set
forth in cl ajop40.(LiMacs e ol g ; [ LAt LS. a
dicyclic olefin orF pol y)?r%ﬂrqat%ﬂgr‘?gf .d gfﬁﬁé g)bg-%csﬁ}%n%gg fgbg{\%?%g?grelaﬁecl aim
37, wherein intbetfE«dH peake at egproximatdyp8400gm 'saed bf hpp@xin@tess 870 td §5@

nor bor nene-typg polyner, z5 43. A conposition as set forth in’'claim42,
wher ei n t he H8r bdNFeTREIAERE RN Frass-lniisr leastion eptu sitanaliaraupsoif thedig@ner al

formul a: 438:3u80 Dk in ﬂhe'sil%%cpﬁ%’xeﬁ?e @7@2@&%@%@8@%%&%@ aw%gbﬂ‘t%

and Ra i ndependently represent ogen ofr

al kyl ; RZ anandk3028cepkndenthye i ieseqiakeyis bbsenved Hetwakn durifg 0RBSY (C,
to C2) al kyl _or .the '%roups: 't 0RO -(CHN-SIROR R12 la R9 independently
i s hydr ogen, 2W&HN8 $amplessubjgctedto cyring and drcompegitipar(bines! B and §})e Seet

[ i bran : 11 b hed.(C, to C2 k ,

[ near or bropenaidfis daigda 8 K13 ohl MR8 Bt BRENGGEFied Bu oP Y

unsubst i t ut eSQCAt the dEcomposifiorkiemperaturés bEEBEt ztw%gm@dsfb:ar%ﬂ@'z@c" s a
an

nunber fromQ to 5; and at |east one of substituents R3 1s selected
from the '8 I \HN&Edup represented by the formula set forth under |a. 20 44.

A iti . i im 43 i | t .of R, R',
R 510 sl ot ed rEERANS 0o, Bs SRR Skt ARG 1 e e B igneptingng Ro i s
hydr ogen. 45TEBNBopgpigsiel icwergths ebséianbeiof tifd BLIAY dtetchitRf Sddkstrbtieth R -

R') and R Z e the same and are sel ected from met hoxy, €thoxy, propoxy,
but oxy) 2s aﬁép%@ﬁ‘t A0 2980 o' ¢ dnisdali afifive neaksare fexpebtedrin ¢hiaireyies, fomher ei n

D 200y 19, e 28 TN 5 SR SEIRN B oK S schopREsy on 25 et
WO 99/ 63287 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 methyi
peak for the MSQ is at 2873 cm™. However, the other C-H, assighments have
not been confirmed because the unknown environment in the solid samples.
25 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

30 certain preferred embodiment or embodiments, it is obvious that equivalent
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PCTNS99/ 12467 , 48. A conposition as set forth in claim43, wherein in

Formula | above, mis preferably O or 1 as represented by str, b 5246 and
lc, respecti VO3 |~ 5 R~ Rz R~ Ra R~ Rz IR3 R4 ~0 wherein 31 toﬁ?ﬁ are

as previously defined and at | east one of R2 and R3 is a silyl substituent
represented by la. 49. A conposition as set forth in claim43, wherein R

and Ra t aken{epggdieanaviduifidiiohdavill becuraardibersaskiiesl ih thevartalpanhtey ar e
attached conprise repeating units of the follow ng structure; 15 20 3

wherei n B i seadimgtand wndergtanding gf this spegifigationfanshing annexedgliawiRgsand R3

defined.. . 5Q. i1 i [ m.4 i
the nor bor ndrstiadat fiaatd g e AnaR wapfedspfhuhd bl e afof Bdeihell'tl oo”
pol ycyclic riﬁl%g%fré gtfbd*ﬂéﬁén@%@é‘efn?&iefs[Q@%'itiéé,tc%‘omF;@cmit&ﬁ%Db&d),We fereriul @ | |
bel ow. - 40 991 63587 | 11 P 5 Rs R6 R~ Rs PCTNS99/ 12467 wherein RS,

R6) R, and (RBludidgmeredenency to apmesnst) usath iogdescribeiseigh intagetsrareontanded, to
C2 | kyl, hyd byl bstituted .and bsti t.ut ed t

oycl oal Kyl | RATGEROBY! USes otiaTMR Rt By ileger PEER BT OIE theyt |
hyd byl £ dl ot ; | CzQO
ydrocar byl %}g&ﬁéc} ?g%@%gyg(‘%ﬁgbggﬁge g.e.,?lagsﬁhnéﬁ&?dﬂ)ﬁ equ(\@er:i?tg, )

al kynyl, liné€ar and al kenyl, or vinyl; "any of and

R6 or R andeVd thaughendtakenturaijetdevalent foothe dis¢l@Ged str@tode whichl pettorgis
group, R5 and R8 when taken with the two ring car bcgﬁ atons to whi cf} tfgey
are att achedhedunetign sbethasaniliugteded s TR GRRUUMEPEPS %mgpeiﬁ'b%” $0

containing 4,to ban_ at: . i I : [N 17
carbon atGmseqUEeTl B e liedpgR Pt bERRIAN Aay R, 17, |
claim 42) whigs&h BeséribatPabova e résgeet Pobyiyasnecofgaviesaidliustraéad i ng units
represented by Fornula Il below 201 IIl RO 1 | R 2 Ro Rwherein RO to

R 2 i ndependembpgimentsesish festysimpy bamhm@%wi@ér@:@@af’f@ ether irRatueesyPhup:
(A= AO Ry o} smpddimentd) 3 %y%gdési'réd\}ﬂﬁd QalhEZeous for any given or

particular application.
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(A~ AOR, (A~ QOAIR, (A=~ OA- (O, o
A5 9 ARG (N AOGA-GIR, - (A= A0~ 3 Buspifdlly
AQOA-(OR","-(A~-CQOA-OA-CQOR, -(A)~
COOA-0C(OC(O R, -(A~—-R)ZCHR")(C(GOR"), and -41 WO 99/ 63587
PCT/ US99/ 12467 -(A)~ C(R'")ZCH C(O OR')2; the noieties A and A

i ndependent |y repisgtng chairledad.ent bridging or spacer radical selected from
di val ent hydrocarbon radicals, divalent cyclic hydrocarbon radicals, _

di val ent oxygen cdnt ai i gthosefdarmsingampouiusansulating compositinereoneprising cl i c
di et hers; anfhen tiB %z integer O or 7. 5 52. A conposition as set forth in
claim42, wheler RPE K& nor bor nene type pol yner conprises copol yners

conprising a conbi nati gx) of pfcﬁma?iamas%hé Jr§#i6 S8efifdaltaferiait] t.llica”d
I, Formulae | and IIl, Fornulae Tl and IIl or Fornulae 1) Il an ,
wher e For ful Bnaternia).composifian eormprisiag -at keastiveeargame saodfiddl matieizéaddmit| y
represent hy | i near .or. ched (C, to C2) alkyl; RZ and R3

rogen Qqr PraB
independentl%’arSgBPEQ@?CtHQW%tSEﬂ: 8fnear or branched (C, to C2) alkyl or
the groups: R9 zo -(Cl-?g)- Si RA&inh e at R ohf‘@%ﬂ&iggyif}’ci#ﬁng‘%ﬁ%f’ﬁeﬂe
, RY, y tep or

methyl) or ethyl; R and R 2”i ndependent resent Tinear _
branched (C, at eas2ynabkganic kacrifial enaterialidietedtricGnaterialepmnositioko iy order fear
) and substituted or unsubstituted

b hed (C, to C2 | Kyl rbonyl ox )
((3236 {gngze) é?i}?’ POeﬁﬁﬁgﬁﬁeﬁE O%F Igclfig matedal n is a nunber fromo0 to

5; and at,,l east one of It : : ' : silyl
group r ep1r0esent edey tﬁ??@#ﬁuﬁ%@?ﬁﬁ(')r??%"ﬁﬁd@ﬁ?gb%%ﬁga é&ﬂohggs -42 w
O 99/ 63587 | heatitaRiReRstde RITdrdSoRyhhAEdCriflor ez to Raknideratuid eB8al to or

i ndependent |y represent hydrogen, |inear and o
! P Erea?grt?\an the ecom%os:tlon temperature of the at least one organic sacrificial

material.
3. A method as set forth in claim 2, wherein during step (B) the at
15 least one dielectric material is cured.
4. A method as set forth in claim 1, wherein the at least one organic
sacrificial material is filtered prior to step (A).
5. A method as set forth in claim 1, further comprising the step of:
(C) depositing the at least one organic sacrificial
20 material/dielectric material composition on a surface prior to step (B).
6. A method as set forth in claim 1, wherein the at least one dielectric
material is a spin-on dielectric material.
7. A method as set forth in claim 6, wherein the spin-on dielectric
material is a silsesquioxane selected from methyisilsesquioxane,
25 hydrogensilsesquioxane, and mixed silsesquioxanes.
8. A method as set forth in claim 1, wherein the at least one organic
sacrificial material is at least one cyclic olefin or polymer thereof.
9. A method as set forth in claim 8, wherein the at least one cyclic

olefin or polymer thereof is at least one dicyclic olefin or polymer thereof.
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branched (C, to Czo) al kyl) hydrocarbyl substituted and unsubstituted (C5
to C;2Z2) cycloal kyl, hydrocarbyl substituted and unsubstitute C(Tﬁgg%/gu 0)
aryl, hydroc¥638®ibstituted and unsubstituted (C, to C5) aralkyl, (C3
C20) al kynyl, linear and branched (C3 to CZO al kenyl, or vinyl; any of RS
and R6 or R and R8 can be taken together to forma (C~ to C 0) alkylidenyl
group, R5 and RB y@ien A ak&Rodidsiset fértt woclainma, adehsin tid attedsoonbiotgaribey
are attached can represent saturated and unsaturated cyclic groups

cont ai ni ng 4saanifitial owténal ianableasbenanororaeeedtnePelyA¥containing 6 to 17

R0 R ¢ aherern B 1 A Rehprds e St I Rl BObER e noMdrhend ik, " °

| ected f SR ' ) ~ OR', -(A)~
st e e AT et 0T (8
-(A"OA(G-A-(OR', -(A"-(OOA-(OXR', -(A~-LOQ-A-OR', -(A)-~
(QOA-(OR, -(A~ (OQOA-OA-OOR) -(A)~

AOQOA-0(OAO R, -(A)~-CR)2CHR") OR'), and -(A)~
C(R')zCH(C(OOR")2; the noieties A and AtH pendently represent a so

di val ent bridgi ng or spacer radical sel€C ommi val ent hydrocar bon
radi cal s) -43 WO 99/ 63587 PCT/ US99/ 124 dival ent cyclic hydrocarbon
radi cal s, dival ent oxygen containing radi " 1&nd divalent cyclic ethers

and cyclic diethers; and n is an integer o\ 1. 53. A conposition as set
forth in claim43, wherein the repeati ng{u{&i[a § gontaining silyl functional

1 . Lo
gr oups cor?‘prl se at least 1 nole percent of R s polymer. 54. A conposition
as set forth in claimb53, wherein the repeating units containing silyl

functional groups cqrrpri se at | east 5 nol e percent of {he polymer. 55. A
conposi ti on wherin R'@ndhRi indepgnaently rapresest MydrRagiueinearoridhansad ng

material co ise t.| east ; i eﬂggrt i d
por e-form ngpé‘atgr(?@?ﬂkgf%@%Wé?ﬁg&%@@%ﬁﬁéﬁ \A@e]?%tggt%ﬁé“dl el Oerg(%}%heéﬁé&
material . 56(C Accopakyl botheasotps: forth in claimbs5, wherein the
conposition conprises at |east about 20 percent by weight the
heat - actiwat ed, pore-formng, sacrificial material and the remainder is
dielectric material. 57. A conpositRion as set forth in claimb56, wherein
t he conposition conprises at |east |about 40 percent by weight the
heat - acti vated, pore-form ng, sacrifjcial ial and the remainder is
dielectric material. 58. A corrposi(gﬁévnéﬁgmggi{?{ ort hﬂ\ n claimb56, wherein
t he conposition

R? independently is hydrogen, methyl, or ethyl; R™, R", and R™ independently

20 represent linear or branched (C, to C,) alkyl, linear or branched (C, to Cy)
alkoxy, linear or branched (C, to C,,) alkyl carbonyloxy, and substituted or
unsubstituted (C, 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.

25 12. A method as set forth in claim 11, wherein at least one of R"®, R™,
or R is selected from a linear or branched (C, to C,,) alkoxy group and R® is
hydrogen.

13. A method as set forth in claim 12, wherein each of R'®, R, and

R are the same and are selected from methoxy, ethoxy, propoxy, butoxy, and

30 pentoxy.
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20 conprises about 60 percent by weight the pore-formng, heat-activated,

sacrificial nagpguﬁ. and the renmainder is dielectric material. ﬁg‘ :
. 9/63587° . . i .
sem conduct or devi cge whi ch contains the conposition of claim SP‘;Q 3@12,&67

conposition useful in making a porous insulator) conprising: 2s at |east
one pore-formng, organic sacrificial material; and at | east one dielectric

mat eri al, wherein1dhe @ metlesd avset foethen it Tq)wHSresT h & 0iahd®R™, R and

nor bor nene-type pol r, -44

.A2. AH, . A@ AR .ﬁ%&*%‘g??mywwmm CAS AL LAY AL, LCA@AL, AL A LA A@ AH . As
S RS A AT A8 ANl bl B it 14 Re B RAG L Y- AS ©)9))
11 (1#. #. ?2~ppricRRoxRRPK$ UBHtRARIR? 222~222~22~~x?| ?| >| <><?8| ?2X?>22<?22XXX8X~<??p
<| ?2XPXXBLLKKKKKBXXX [ <S<KXXX>>>~2?| ~?~?2?~pp0?7<<@ 8><?

8pxx <>><>|?2~x08x <28 x 27| Eethatap satiedhsin 2Rim7kk whereinin Forrumkabodx XBISX 8<

1 5553] xproc< DT A D TS BB RESAEA B Sves 1 anade) seepssti@iionn <o cxpBo@?

2?2, Qy(:(345 : (C 33(3#. #.?2?2?2??2?7~~? ~ ~X| <~=??7>7? 7?7
POSSSOA~V?>| | 27> S| X2 5| [ i ? >XX| >| | <3| XX>[(x>??7<~~Xx>?a??p
x?x?~1x88<>|08‘x8<<<8x~pxx@&>?88pp.p8?8<????<<xpp88<}5xx<<<8xx|<<8xp0p8x888
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B<IXX<X?>??2<x<?| X| p?

<P8XXBP<<<XXP<<?<PXPPP?B<<XXX<<BXPX| <<BXXB<><XXXBRBAP E}“'????>OS:C)$)\45
$)C

(O H A2~ <O | =>>p>pEX] ~X==BXXXXXXXX P8BS ?X PX~XXXB<<BXBXXXB” XX>@?>| ?7?7>
~2>>| 2>2272 2 Whe@n(R>tpRxare>2ppafictisiy defreonand sl lessBandé oPRRand R*is 2 Aip2| X
|X~|\X|88JO<>L§>hB>&;IEk; >| >| S| >?>><| >?| <SX<<PISSSKLKLKLKLX S| 8?7>X ???7PpX>B<<XX
p?272>p8xx Ex>SYRHusLe. ek R¥A&p<p><<x<<<o| <?<?<?| | <<<p<x88x>ppq???x88<p

<X8<X?Xx<x88p?<??R<x88 < 2292223271 A KJ7US
pS|mmnhb]X]cg]cav?Zé]c?ﬁ?glcai%g%?ggﬁgfg?gé%gg¥3@%%3TJ§]%@%E%f%ﬁTba]ca]ca]c
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% al cal.cal.ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]caV]ca]ca] cal]ca] ca
ca] cai/ca] ga?ﬁ%ﬁ%&'}%ﬂ%@] %éf%é?'bd‘]'%ﬁfﬂ?t@éﬁ 2 ,
211"t "H#WAJK' ' ' ' zupkf al W ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] caU] caJwate@glcalca!'' (6((((=)P))))A****6+ N+
+,d,9,,--20--/C/J/ el /] D0O0zupkf [V]ca] ca ,@e ca] ca] ca] ca] ca] ca]cal ca] ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]—"’!’.a]caU]caU]ca]ca!0012n22CB444L5'
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R

Y%sLah| wr nhc c] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca ca
] ca] ca] g:a] ca (9a‘*] Ef’\qs]éa] ca] ca] ca] ca] cal] cal] ca] La oal cal cal calietidsal #6HC]
>=KNQSU " 9' #%S(v$} xsni d_ZU] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] cal] ca] ca]
cal ca']' 'ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] cal] cal] ca] ca! $-=Zbn}\N, 6z M
rrrrstm"m"fvq}lxsnid _ZUl ca] ca] ca] ca] ca] c] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] cal] ca a] ca] ca>Zt _@9%10%& ()-!f39%10%
& () -1 839$10%RORO& () - ~0393109kx& () - $L0%8&; () - 10%& () - "dEL0%E& () -,

10%& ()- 10%& ()-10%& ()-10%& () - ‘_'_U;" ()-KS5dEs' Z10%&' () - % 10%& () -
&P 10%& ()-" 10%& ()- &10%& ()- 310% -7u 10!

Y7109 ()-F5@0%& ()-1s! 10%& ()- . 9! 9 7()-3y, Y'10%& ()- *' 10%& ()-s
gE 1OII{F Z"109%&' ()-nmlOo%& ()-:10%& () - 10% & ()- 10%& ()- 10 10 "4
(dBE 10! "30%b& ()-9!10%& ()- 109%& ! 0@& (0)- 109%& () -nF

Z"10%& () - (/\}/\<E 10! * S#109%&' () - rry(lO&'é(RJ *05 1 Oo/dob& ()-#10%& () -
Fsllo%)&() "10% [ & () - FR, dEE 10! L6 10%)&()- 4y 10%& () -

3mM0%h& () - 6) oé )in 1
10908 ()-110 %‘Qﬁf&%ﬂ}oﬁﬁé‘d '310%00& répf@s’é@ﬁ%ﬂmg@\ HeB® and
branched (C, to C,,) alkyl, hydrocarbyl substltuted and unsubstituted (C; to C,,)

cycloalkyl, hydrocarbyl substituted and unsubstituted (Cg to Cy,) aryl,

10 hydrocarbyl substituted and unsubstituted (C, to C,;) aralkyl, (C; to C,o) 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

15 aromatic ring containing 6 to 17 carbon atoms; and pis 0, 1, 2, 3, or 4.

19. A method as set forth in claim 10, wherein the norbornene-type

polymer comprises repeating units represented by Formula lll below:

20 111

\q

R® R12
RI0 R

wherein R® to R'? independently represent a polar substituent selected from the
25 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(0)-A’-C(O)OR", -(A),-C(O)O-A"'-C(O)OR", -(A),-C(O)-A’-OR",
-(A),-C(0)0-A’-OC(O)OR”, ~(A),-C(0)O-A'-O-A'-C(O)OR",
-(A),-C(0)O-A"-OC(0)C(O)OR", -(A),-C(R"),CH(R")(C(O)OR"), and
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L Im

R! R2 R3 R?
15

wherein R" and R* independently represent hydrogen or linear or branched

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

R°
20

-(CH),-SiR10R IR 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 Cyy)

25 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 R2 and R®is selected from the silyl
group represented by the formula set forth under la;

Formula ll is
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15 aromatic ring containing 6 to 17 carbon atoms; and pis 0, 1, 2, 3, or 4; and

85 () 3" 10% u& ()-  10% u& ()-;/;
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Formula Wil is

I1X

20 q
RS RI2
R10 RI

wherein R® to R'2 independently represent a polar substituent selected from the
group: -(A),-C(O)OR", -(A),-OR", -(A),-OC(O)R", -(A),-OC(O)OR",

25 -(A),-C(O)R”, -(A),- OC(O)C(O)OR", ~(A),-O-A’-C(O)OR",
-(A),-OC(0)-A'-C(O)OR”", ~(A),-C(0)O-A'-C(O)OR", -(A),-C(0)-A"-OR",
-(A),-C(0)0-A’-OC(O)OR", -(A),-C(0)O-A’-O-A’-C(O)OR”,
-(A),-C(O)O-A’-OC(0)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

50 divalent bridging or spacer radical selected from divalent hydrocarbon radicals,
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[ e
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fe 10%& () -1 @ %Q.%_&A(r%é@)%(@;&éét)fértﬁm /c\lia/i\rr81 \2\1\, ;N\h\egg{iw%e régératiln%-runits
containing silyl functional groups comprise at least 5 mole percent of the
polymer.

23. A method as set forth in claim 1, wherein step (A) comprises

10 mixing the at least one organic sacrificial material the at least one dielectric
material.

24. A method as set forth in claim 23, wherein the at least one organic
sacrificial material is dissolved in a solvent prior to the step of mixing the at least
one organic sacrificial material with the at least one dielectric material.

15 25. A method as set forth in claim 24, wherein the solvent is an organic
solvent.

26. A method as set forth in claim 25, wherein the solvent is an organic
alcohol.

27. A method as set forth in claim 26, wherein the organic alcohol is 4-
20 methyl-2-pentanone.

28. A method as set forth in claim 2, wherein the decomposition
temperature of the at least one organic sacrificial material is at least about 100
°C.

29. A method as set forth in claim 28, wherein the decomposition

25 temperature of the at least one organic sacrificial material is in the range of
about 380 °C to about 450 °C.

30. A method as set forth in claim 1, wherein the pores have an
average diameter of at least about 10 Angstroms.

31. A method as set forth in claim 1, wherein the pores have an

30 average diameter of at least about 10 nm.
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(C) thermally decomposing the at least one sacrificial material in
the sacrificial material/dielectric material composition, in order to generate pores
10 in the at least one dielectric material.

33. A method as set forth in claim 32, wherein step (C) heating the at
least one sacrificial material to a temperature equal to or greater than the
decomposition temperature of the at least one sacrificial material.

34. A method as set forth in claim 32, wherein steps (B) and (C) are

15 done simultaneously by heating the at least one sacrificial material/dielectric
material composition to a temperature equal to or greater than the
decomposition temperature of the at least one sacrificial material.

35. A method as set forth in claim 32, wherein the at least one
sacrificial material is at least one norbornene-type polymer.

20 36. A method as set forth in claim 35, wherein the at least one

norbornene-type polymer comprises repeating units of the general formula:

25
m

AN

RIR2 g3 R

wherein R’ and R* independently represent hydrogen or linear or branched
(C, to C,,) alkyl; R2and R?® independently represent hydrogen, linear or branched
30 (C, to Cy) alkyl or the groups:
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Lovga () - UsuiTereReangr bianege ig Cialloboigent pr branched (G, fo O
alkoxy, linear or branched (C, to C,,) alkyl carbonyloxy, and substituted or
unsubstituted (C, to C,,) aryloxy; m is a number from 0 to 4; and n is a number
from O to 5; and at least one of substituents R? and R?is selected from the silyl

10 group represented by the formula set forth under la.
37. A composition useful in making a porous insulator, comprising:
a heat-activated, pore-forming, sacrificial material; and
a dielectric material.
38. A composition as set forth in claim 37, wherein the dielectric
15 material is a spin-on dielectric material.

39. A composition as set forth in claim 38, wherein the spin-on
dielectric material is a silsesquioxane selected from methylsilsesquioxane,
hydrogensilsesquioxane, and mixed silsesquioxanes.

40. A composition as set forth in claim 37, wherein the heat-activated,

20 pore-forming, sacrificial material is a cyclic olefin or polymer thereof.

41. A composition as set forth in claim 40, wherein the cyclic olefin or
polymer thereof is a dicyclic olefin or polymer thereof.

42. A composition as set forth in claim 37, wherein the heat-activated,
pore-forming, sacrificial material is a norbornene-type polymer.

25 43. A composition as set forth in claim 42, wherein the norbornene-

type polymer comprises repeating units of the general formula:
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5

R'R2 g3 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,y) alkyl or the groups:

10 RY

-(CH),-SiR!9R!R 12 Ia

R® independently is hydrogen, methyl, or ethyl; R'®, R"", and R independently

15 represent linear or branched (C, to C) alkyl, linear or branched (C, to C,o)
alkoxy, linear or branched (C, to Cy) alkyl carbonyloxy, and substituted or
unsubstituted (C to C,,) aryloxy; m is a number from 0 to 4; and n is a number
from O to 5; and at least one of substituents R? and R3is selected from the silyl
group represented by the formula set forth under la.

20 44. A composition as set forth in claim 43, wherein at least one of R™,
R" or R™ is selected from a linear or branched (C, to C,,) alkoxy group and R®
is hydrogen.

45. A composition as set forth in claim 44, wherein each of R", R™,
and R™ are the same and are selected from methoxy, ethoxy, propoxy, butoxy,

25 and pentoxy.

46. A composition as set forth in claim 45, wherein n is 0 and R™, R™,
and R'? are each ethoxy groups.
47. A composition as set forth in claim 46, wherein R?or R%is a

triethoxysilyl substituent.
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wherein B is a methylene group, q is a number from 2 to 6, and R? and R® are as
defined above.

50. A composition as set forth in claim 43, wherein the norbornene-
25 type polymer further comprises hydrocarbyl substituted polycyclic repeating units
selected from units represented by Formula Il below:
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wherein R? to R'2 independently represent a polar substituent selected from the
25 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(0)-A’-C(O)OR", -(A),-C(0)0-A'-C(O)OR", -(A),-C(0)-A'-OR",
-(A).-C(0)O-A'-OC(O)OR", -(A),-C(O)O-A’-O-A’-C(O)OR",
(A).-C(O)0-A’-OC(0)C(O)OR”, -(A),-C(R"),CH(R")(C(O)OR"), and
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ormulae 1, Il and I, where
Formula | is:

10

{ I m

RIR2 R3 R
15

wherein R' and R* independently represent hydrogen or linear or branched
(C, to Cy) alkyl; R*and R® independently represent hydrogen, linear or branched
(C4 to C,) alky! or the groups:
R?®
20 ‘

-(CH),-SiRI1OR 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,t0 Cy)

25 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 O to 5; and at least one of substituents R2 and R?is selected from. the silyl
group represented by the formula set forth under la;

Formula Il is
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R!0 R

wherein R? to R'2 independently represent a polar substituent selected from the
group: -(A),-C(O)OR", -(A),-OR", -(A),-OC(O)R", -(A),-OC(O)OR",

25 -(A),-C(O)R”, -(A),- OC(O)C(O)OR", -(A),-O-A’-C(O)OR",
-(A),-OC(0)-A’-C(O)OR", -(A),-C(0)O-A’-C(O)OR", -(A),-C(O)-A-OR",
-(A),~C(0)0-A’-OC(0)OR", -(A),-C(0)O-A’-O-A’-C(O)OR",
-(A),-C(0)0O-A’-OC(0)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

30 divalent bridging or spacer radical selected from divalent hydrocarbon radicals,
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divalent cyclic hydrocarbon radicals, divalent oxygen containing radicals, and

- divalent cyclic ethers and cyclic diethers; and n is an integer 0 or 1.

53. A composition as set forth in claim 43, wherein the repeating units
containing silyl functional groups comprise at least 1 mole percent of the
polymer.

54. A composition as set forth in claim 53, wherein the repeating units
containing silyl functional groups comprise at least 5 mole percent of the
polymer.

55. A composition as set forth in claim 37, 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.

56. A composition as set forth in claim 55, wherein the composition
comprises at least about 20 percent by weight the heat-activated, pore-forming,
sacrificial material and the remainder is dielectric material.

57. A composition as set forth in claim 56, wherein the composition
comprises at least about 40 percent by weight the heat-activated, pore-forming,
sacrificial material and the remainder is dielectric material.

58. A composition as set forth in claim 56, wherein the composition
comprises about 60 percent by weight the pore-forming, heat-activated,
sacrificial material and the remainder is dielectric material.

59. A semiconductor device which contains the composition of claim

37.
60. 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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