;e3e\ MH\ JI X6TH8 May 2003 POROUS MATERI ALS Background of the Invention
This invention relates generally to porous materials. In part8Maya2003; his
invention relates to the preparation . and use of porous filns having a | ow
dielectric constant. . As electronic devices beconme smaller, there is a

conti,nuin he el ectronics industry to increase the circuit
density i ﬁ“‘@mmumlmmmuconponpmtjg TERiALESated circuits, circuit
boards, rmulti efdoarnodul es, chip teat devices, and the |ike w thout
degrading el ectrical performance, e.g., crosstalk or cap mmmmﬂ mle ng,
and also to increase the speed of signal propagation in mw ﬂm nts.
One netof a%¢ 'vsenih%g these goals is to reduce the diekggtkic
constaﬁb—vgﬁs%e—r‘%%'er—, or internetal, insulating material used in the
conponents. net hod for reducing the dielectric constant of such
interlayer, 0 ?ﬁ?@?%f%?{,esigﬁ?ﬁf itﬁd"’ﬁ%‘fseﬁag‘fmﬁg' pﬁﬁ%‘&lﬁa e within the
i nsul aihvehtion! réldtes o thvgirepariticnQint YselbfTRRESEAIMORRHENR 2 16@ dSlectRR’ OUS
dielectric matrix materials are well known in the art. One known process of
nmeki ng c8e§¥8Rbus di el ectric invol ves’ co-pol ymerizing a thermally |abile

monomer with an dielectric nonomer to forma block copolyner) followed by
heating to Aselnspronic davices hecorne sxpallenitheravgroramtinuing desgessin ther exanpl e,

US Pat . 0. { t of the thermally
i | ¢ nustiaics Ind ity nctdhob the BARE ARGutey 1 QBB pBpohdac 8] Vol e,
| f nor éntegeated birutit® @drcaitthoavdd, matiohig edidee deip ltystidabicks, afidbatikei S used,

the resulting dielectric.materjal has cylindrical or | anellar_domains,

i nst eaa"brwgﬁg‘ﬁé’gﬁd?g el&mc?i‘ RATIEFRARSE o0 FPRLFSATFEEREHTE Fo‘&}mgapgéq

st r uct WlstoifeaketHdsPeed of SignalBrdphpatid il eHsa d8mpbferth € UM thothbabi | €
mononer unit. See, for exanple, Carter et. al Pol yi mi de Nanof oans from

Phase- S€peomlishing there eeals iy trotedueethardielncirinronstatntithe ynterlgyamgr 2003 2
Procee &9&@%{1&@@- ﬁla[t_gﬁ.gﬁésdﬁ%hﬁﬁe @g&g,%z.lnmmgm}mopk@aﬁ- Ql ymer
y a redu e de

approach provi des on Iimte luctio |r_1th ) ectric constant of
t he matdi¢lgctmgicenstant ofgushtinterkayewrrpntarawtal, insylatipamatgripbisdas di el ectric

mat er i i E{Eﬁﬁ | j i i | yrrer
precur g%%&%?&;%%eﬁ% }lbneg ezialpl%flr @%yg&%’é‘%ﬁ’s‘%&w %k(ﬁj%p%?%%&ogﬁ{)?ral |y
removi mgidshe particles, followed by heating the polynmer to substantially

remove the particles. See, for exanple, U S. Pat. No. 5,700,844. In the
' 844 pat ent Poumisfdielertpizrmatyivz amtaiald abe welldthawricinotle: at.eOnelknewad. However,

t hi s met hodol is unsuitabl.e for. sych el egtronic deyices i nt egrat ed

ci r oui PEORREPEIPIIRE 7 Boes Sielsrtricinyalvrn - PUviEtisie g thersalilaplle o' o her
EEt hgdgpdﬁonmg&ﬁ@h iaﬁgii?l@é@ibsmdﬁ&heﬁtdﬁ)ﬁmlrmbl%&k abpoluiner, Koldowed Byhestidg er from
road distributiopns of pore sizes, too |arge pare size, as greater

t han 26°§F‘Eﬂn_bﬁ’f’§? ?t}feéaﬂi{?llég}l%?%?&erd{”_ét'pg‘éﬁg%m_ & ég?}”é P-ci al use,
such ag fjegde] R4hiPapireach, YRE AmothR 8f Biid tHerlallSARBIE honsmer RBktSsi S thus a

need for m(groved porous dielectric matrix materials with substantially

smal | edimided tesdmeuntsiessthgnatout 3p%rhyernlume. I§mere thin pbeut30fby use in

el ectronic copponent s, yand .in particul ar s an {.nteg.l 3 i pt er net al
o oo Woling SERRERERap fhild BRiher il Boa, B RBuldfieRiite mlfertdl 1 T
SUMVAR Y ey lThEri¢A\\eMhellar dorhafs)Rigtdadedt poréor ﬁdiﬂg!whif:ﬂm tohat certain

pol ynmers incorporated intqQ a dielectric matrjx provide, ypon processing,
por ous intereannesked g callapred Mractares upenremoyshdeaheating ta degrade &b | y snal |

pore S ihSehliy e doddbiat it Bed L dthpter ChbYel Y. 1S Pofiifuidll LS. Such

por ogens pI‘O\H & i el ectric rabrix materral ~havi ng sital ['er pores, pores of
| over dgrufsnms fronl PhiksepSupairited Block Capdlgmersq Hledrdchemiend Sedibtage of pores
by vol une than known porogens. In a first aspect, the present invention is
directed to a nethod of preparing porous dieiectcic materials including the
steps of: a) dispersing renovabl e cross-linked polyneric porogen particles
havi ng a nean particle size of | to 200 nmin a B-staged dielectric
material; b) curing the B-staged dielectric 8 May 2003




3 material to forma dielectric matrix material w thout substantially
degradi ng the porogen particles; and c) subjecting the diel ect&May2803i x
material to conditions which at |east partially renove the porogen
particles to forma porous dielectric material w thout substantially
degrading the dielectric material; erein the porogen particles are

sol uble or mscible in the B-staged electric material, the solvent used
to dissolve the B-staged dielectric material, or both; the polyneric
porogen particles contain from1l to 100% cross-1inking agent based on the
wei ght 8Bfoce¢tingso volyere 9%:8d pages pbAdJEPO Dalhis|the black qepplymeactpetbaght h t he
B-staged diglectric erial. In a,second a c t he .present invention is
di r ect eBIAH of’r@t%lbl&{{%* reswgtboé‘r‘f‘%e ‘&ﬁﬁﬁﬁ'tcézﬁf‘%g'gd}f&lfer%ﬁpg[? 4di ng the steps
of 1 a) deposiahbil@r AhodnS pRitesAltsr PrdpadBl ol AVIRAK hAridlH Clispdise
B-staged dielectric material having cross-1inked polymeric porogen

parti cl dernally mgnwaht@awhsaraw@#%usamlmer|pr@wrmopﬁmnypartg@aohyn@r ein; b)
curing - [ ter . eclri

mat er - PR RS G bRy BTG thE hariPe ol Bed bt i PRyl

subj ect ingubistaatisliyetentiveithe padticles. $&d, €6d lanipte, ADBAPAtI NOS 500,844 dh theast
parti al !8}/1 renove the porogen particles to forma porous dielectric materi al
| ayer widtioRaterdy Hadorm iperg yizge alipnlg 24 dnigrans sae rachicyed: Hpypverp s ¢l es
are sol i SCl LQt - Lelectr | 4 | vent
ased o REdBlonliERLBURL or o Bt ARE UG o8 iy BBl bt RAULEP. Tori
pocogensiaed dre ekmeeteddo igaibalofr @2 mitond 00% cr oss- 1 i nki ng agent based on the
wei ght of the porogen; apd the porogen particles are not reacted wWth the
B- st aged di o Dule methads of peaparing, parqq%i@ale%fglﬁéeet?ﬂ%a'ﬁémp QR DY ERT i on | <
di rect e?rohpbﬁ)aﬁocﬂpcﬁﬁhﬁétﬁnolcB&@réiﬁésf‘@o@ 15204 é;HFer 5zablien BissiRaed udineh@ct ri c
mat eri al and a cross-|1nked pol yneric porogen particles having a nean
parti cl enisoas @f tethiadogd&0 thatnareter expertshe foorcgencrpial use | sesh aasdiqud ubl e or
mscible in.the B-staged. dielectric material, the solvent used to dissolve
the Bst SYERAFIARLYNCler fypPeropiticalsonditiops. 1ot - the pol ymeric porogen particl es
are prepar edThyre€i¥Uthik 0N need BR linpaive@ Npdbes RIS Sndtli Nhitedisls | WOYO
cross-linking agent based on the wei ght of the porogen; and the porogen
parti cl sebstanBaliyrsmalercpase sies Hind He sRalr figeadnt by | wiumg ef patesrioase im g
fourth .. 1 e i.nvent i i | I t Si ] .

conpri s Rgaie sofboRRESER o GFG oS, LIRS, 8 TufRRE® diiflis e
pol yner niatdpiat fog@se pethé tabkiesidieofl inggatatrdsuparticle size of 1 to 1000 nm
wherein the porogen particles are soluble or 8 May 2003 3a miscible in
the B-staged dielectric material, the solvent used to dissolve the B-staged

di el ect ngﬁEb@{TngmW[g&pe pol ynmeri c porogen particles are prepared
by emul sTon polynerrzation and conprise from1l to 100% cross-1inking agent
based on t heltwesgiviw dieed Iserposmgtie foyndr that tetaimpdlyniees paoggenepantdi €l es are
not reaﬁt d wth the B—.(fta ed dielectric matﬁri |..ln a J‘ibftg.eg?s ect, the
pr esent YeHEEI MBHYS £rYYi9% Pel RIBCSSSIHEL REGUH! B‘Fgﬁ‘ﬁ’r‘ﬁgn*b spibitlq didediect ri ¢
mat er i algnsEAMMhi Sulttiddi§ %ﬁp?o&f sigd 0 ARCLSINQIABIIMALIA ff Hu?e%‘rzk{:d‘ked

pol ymeric porogen particles 1n a polynerizable B- staged dielectric

mat er i akiraopSuchi pagogensd pogide diclesiesquatox amgriad havuog smglldrpord; poragefl
dielectric material to. forma dielectric material w.thouf substaptially
Gegr adi IRy FEE6 P bhehdisestt i e, Siia ey ietenfng oF heihibe vl Bty 1 x
mat er i akndwn pABPLdsi ons which at |east partially renove the porogen

particles to forma porous dielectric material w thout substantially
degr adi ng t hb afiest asperi, thenmesent aiventivmeis dimcted & pulethod of propariggyperoparti cl es

have a n particle size. of to, LOOO. n contain fro to 1 00%

cr ovs. LIRRAHE st doffiads fioe SinBr otk f JERESRer bR bty s 0kl e i n
the B- shagh@idipgldeh Paficl@t IRiim a nlddnPaticd Biz@2PaCh,200Nen Bk aS®Blagédvent i on
is directed to a conposition conprising a polynerizable B-staged dielectric
mat er i aHietestrpriatendg; ingdhe Bistageddialsctme and cross-1inked pol yneric
porogen particles having a nean particle size of 1 to 1000 nm wherein the
pol yneric porogen particles contain from1 to | 00% cross-1inking agent
based on the weight of the porogen; and the porogen particles are soluble
in the B-staged dielectric nmaterial. BRI EF DESCRI PTI ON OF THE DRAW NGS FI G
1l illustrates a partial plot of the area of solubility paraneters for

hydr ogen sil sesqui oxane.

'




8 May 2003 a Figure 2 illustrates a partial plot of the area of solubility
paranmeters for certain porogens, Figure 3 illustrates a plot o Map@088ea of
solubility paranmeters for nmethyl silsesquioxane. Figure 4 illustrates a
plot of the area of solubility parameters for certain parogens. Detail ed
Description of the Inyention As used throughout this specification, the
foll ow ng abbreviations shall have the fol | ow ng neani ngs) unl ess the
context clearly indicates otherwise: C = centigrade; um = mcron; W =
ultraviolet; rpm= revolutions per mnute; nm= nanoneter; J = joules; cc =
cubi ¢ candteditte fornga diefpgcain matrix Yaaterialevightut pdrscarially degrading dic; parbgen
mlliliter; MAK = nefhyl iso-anyl ketone; MBK = methyl isaq-butyl ketone;
PVA = pdiaifiles: A caérléareéfr@) @ecﬁﬂmﬂe f&%ﬁerdn@aw}fﬁ@t%&é@%t@w*w leagy hyl ene
glycol; JRGIF fafvePik SRtfodtnY fstticled6: fsnﬂlﬁ)tawu@rtﬁelgéme%a@h@w Wibfer
acetate; BzA = benzyl acry?ate, BzMA = beazyl nethacryl ate; MAPS = MATS
(tri met sobsthgially |depradmgl the tiiveetnd materialPEhiERin-thegraregenypaidled are soluble

tetraltriacet.ate; PPGA000DVA = pol ypropyl enegl ycol, 4000 di met hacryl at e;
DPEPA = Oai%léﬂﬁfgéwﬁ%g?saﬂge%l%@? 9%5?{@? tﬁw‘@%@ﬁ uped Wéﬁwﬁj@n&w “Staged

et hacr \didt&ric WdRdPVBr Both; the polymeric poro%an particles contain from [ to 100%

met hacryl oxypropyi bi s(tri nmet hyPS| | oxy) methyl'sil ane; MOPNDMOS =

3- met haergdsdijmemgghntssed onl theevdiglhyyof itheaprsogenpgad-the porogen particles are not
triallyl-1 3& 5-1 L _i&e-% 4 6&. 1Ht3rH15H~-tri one; | BOVA = isobornyl

met hachF%l‘%tee,w e S‘F %ﬂeg 5&%%6‘?' nononet hyl et her acetate; and PCDVA =
propyl enegl yaala sdcomt Hpectyihetpeesedtivétiomis divedtéd aca Wetliod dMskptdRg dnot h
acrylic and nethacrylic and the term"(nmeth)acrylate" includes both

acryl at dnigangtedecinerdt yockuding the steps ©f: ehdepesiting: phet 1sybstiale ankayetpof éf ers to
bat h acr e a 1 o Hde -al gh 1.0,

branc hech) gnﬁ)gls @?%I ?‘gldgf%ﬁfé%%%f;ﬁ e‘?ﬁgﬁ!{éﬁgnalp@%@@néro?%PtZl%eg &)8[3};1?&6& e

f or m ng pedgehipatticldsitavings medpOopartice siee 0B &6 200 nal difeieddhdreingbéw@ingCt ri c

8 May 2003 material that is subsequently renoved to yield pores or voids in
the di eltheBritagedgidegtas matgrighto fopn a diplgpieip é‘fﬁS%maé“ﬁng‘B%h"'S“WP'lm%‘é{ used

i nterch Xo] RVARVY el I r I t] y

t hr oughgglggt@lﬂksthémjedgﬁﬁicg%@gﬁg %hdejgé )eér %d'l'r%:)%hec" 8%% ﬁRvg}a% e{{rléeiélﬁasletg

i nt er changditibhy wiicloagHenst pattially sppewoivé i thatpoorgen” @rroslss |to nfkem" a grogous

"cross-1j.nking agent" are.used |nterchangeably. throughout thjis .

speci 11 CRPSHE nf) aoft wishe bty S A= e dieBteta Epistl pacileer |

mat er i alage sslkble WrGHISBle ihsthmﬁﬁ%e'ﬂfwiel@&'ﬁe rhatéridl Née s6RRnOBsANL YdIBbiveed or
cured, such as by condensation, to form higher nolecul ar weight materials,
such as thoBtitaggd dinledtiic materglion baths thegeadymerieporagemparties pemaindrdng |

ol | gomery) ¢y i3, MRS NP ERaCEE CAMRL ATl @L doSo Lol LRETk THoRHART ¢ O

i ncl ude "m Xt'ares of po yn%rlc nmat eri-al "W nonomers; bl goners a

m xt ur e pafticBedRstScaid With gRMEGged dielet@ici®acr@lli goner ™ and "ol i gomeri c”
refer to dimers, trimers, tetranmers and the like. Particle sizes were

det er mi ned udnghisd appest dheipisaant dnvenbon ischirgeied tp AgomPpesiHPE GaBIpriping a

correl at}j i gn rq. er .10 r 1] i S Pl ace

i nver si H%{‘%ﬁ%, %ésiac%% agle l\[ﬁﬁ%ﬁqtleg@lg"t %g%é%%rsmégdnmogﬁ,ﬁ erzltalﬁsllﬂ5 gor%g[nt s are
per cent papicai IgRingad theah pattialel g 6 B tdR00vaing Ritherefl thepoi@gdncrticlenges ar e

i nclusive, The present invention relates to the synthesis, conposition,

si ze, diselublaRfimissiblerig tha Bistaged dicksinsraaterialy the splvgnt psed 1 digsolyethe Bibl e

por ogen i . - M i I form ng
Por ods. digrd diele@RE nalBFidl, BE BB ThE Folyerd i p B APRRO R ek AR Ebned B

parti culeaidigiotpblyieeivation andegptiedl fromr Cw 1G0% eroys-linkapagemitaked @gthe’ chi ps,
t her eby i ncreafsi ng their perfornmance and reducing their cost. Thus the
present Weihtrli the paspggne snd dhe nopaass aselsy asangtnigaged ovith e Pettagedc

mat eri al SalecliEnAfQGESS i ncludes the steps of a) dispersing a renovable
polymeric pn:ogen in a L-staged 3iele~ti-ic material; h) curing the

B- st aged di ellaatfourth aspeet; thalprésenfiaventian ds éreeeddrtb @ cvatpositiomabmptising wi t hout
substantial ly renmovin he porogen; and c) subjecting.the dieleciric matrix
mat er i alP® y@%gﬁﬁptl}—gﬁgec{,\ﬁp@gtngtng@t%tang CBQSWE‘VEJ %ym%nc porogen partlc[es

having a mean patticle size of 1 to 1000 nm, wherein the porogen particles are soluble or



partially renove the porogen to forma porous dielectric material |ayer

wi t hout substantially degrading the dielectric material |ayer ;8 Mag260d t he
porogen polynmer particle is substantially conpatible with the dielectric
matrix material; wherein the porogen polymer particle is cross-linked; the
porogen having a particle size suitahle for use as a nodifier in advanced
i nterconnect structures in el ectroni 2devi ces. Typically, the useful
particle size range for such applications is up to about 1,000 nm snch as
t hat having a nean particle size in the range of about 1 to about 1000 nm
It is prmeikeblecd thh@-stiged dielectripanbtedle tled zdvém dsed tdhdisselvgehoB-afedt 1 to
about 200 nm, nore preferably fromabout 1 to apout SO nm), and npst

pr ef er alsjeqtic Faiasialitor bon e PAYSRATICBPIAATD RRFUIGKY AFft REFEGH Hhemplsiodent
process [dogrnﬁé}ﬁ%tiéﬁ‘ﬁdsd ek GoRP1 RO 164 cRsTRthkidy dpBRe Kis&d 6 tel igﬁttdf' X are
substantially the same size, i1.e., dinension, as the size of t renmoved
por ogen tixampbiroges padsde. ankhils; pologepgrapticlesliaed @ot meastadamathi gic Badagedy t he
process(ﬁf t he pg@s&nt i nvention has substantially uniformy dispersed
pores widileadib@ReHAY a1 |y uniform pore sizes having a mean pore size in the
range of fromp} fifh s50Q9 tﬂ@}irepé[@ﬁ.weﬁh&yisldﬁeetea(wa%thd@éﬁ)reﬁﬂn rRkdug 1 and
50 nm and nost preferably 1 to 20 nm The porogen useful in the present

i nvent i ekiel¢ctria mpatpridly raompeisingt thei ateps it adodisparsing sighyovable i etbssylinkedct wi t h

the B-staged dielectric.pmaterial, is tantial.ly renpvabl.e under

condi 1 1 SRITRG PR cptisisdh uryyar bl B Pl E A BN ot Fing

mat er i alhyaigen s3¢k4lasxanb] b)Y GirRigtthy Bssaddd dielebict RateAsiueefoiha dlkRbtiet i C
constant of the dielectric material while minimzing crosstalk or

capaci t imateréad ithang sulsstantially elegdingeths porege paticlssisand gk subisesingt then

pol ymer s,. .Cr - | j | §i . r yner It for use
as por ozléegés]cqul% afiex &%és&gagttgir%\? glﬁ&ﬂ% %¥lg%(§ Z??ng)gn% ﬂ& mgglohjc/istg%ip?g(ﬁ 3[/1 or

acet yl empagildsy touisriad W pbets ndislestics mardiabreitlicsubbtheatialgudbgradinBythkhe

unzi ppi ng of .the pol] ymer .chains to . the original pononmer units which are
vol at i | dicderdrigimpteriak Whetian fie RobymeRhPRECHBAtIclin Yo mgpbpattifle sigg of
"renovall £"(d : ] I i de or
e e S TR e

t hr ough pologehasd are s8luMeyin BR0B3-sthiged detactres mmterialz fil m  Suit abl e unsat ur at ed
nmononers include, hut are not |ljmted toir%neth acrylic .acid, ..
(neth)acrylaﬁ?aégqhgﬂfgfﬁFﬂEFﬁT&EW§W§Fb§,' Fied Fceﬁ@Pﬁyﬁ%FVPB?%E$aaronatic
(et h) agbyndrBable VB Riged ! ABBEHE ARRFAEDmprislaz0BRN6H aliIdb e magnds and
their thio-analogs, and substituted ethylene nononers. ~rpically, the alKkyl
(et h) acrosbdinked pelgmatic iparaghe pprtistestavingva meao padicke §igr oC2p 1800 oy,
(meth)acnylates., Suitable alkyl (npeth)acrylates. i de, but..are not

i ¢ gt s polfimeBF eotetioend I SHRFRLTTE L B0 cFpr il RedRl y1 aces
and " hi ghseduin'thé@lsipht ¢MBE Pty aateke pobpan paiticleahleyblubnhh@Brsydgates are
typically those where the al kyl group contains from1l to 6 carbon atons.
Sui t abl W@Wﬂ%@@waﬂkyl (nmeth)acrylates include, but are not limted to:

met hyl nethacrylate ("MVA"), nethyl acrylate, ethyl acrylate) propyl

met hacryl ate, butyl nethacrylate ("BMA"), butyl acrylate ("BA"), isobutyl
met hacr HEEE BESENRTIONTGE THERBRAINGS !t e, cycl ohexyl nethacryl ate,

cycl ohegyl acrylatE and m xtures thereof. "Md cut" al kyl gyeth)acrylates
are typi cal | Flehbdlusitptes @ parial glatpf the tigp of salubilies prigmeters Hpriydeagenon

at ons. §H&%ﬁgbf gid cut alkyl (neth)acrylates include, but are not limted
to: 2-ethy egi?lacrylate ("EHA' ~, 2-ethyl hegyl nethacrylate, octyl

nmet hacryl ate, decyl nethacrylate, isodecyl nethacrylate ("I DVA", based on
branched (d p)al kyl isonmer m xture), undecyl nethacryl ate, dodecyl

nmet hacryl ate (al so down as laurel nethacrylate), tridecyl nethacrylate,
tetradecyl nethacrylate (also known as nyristyl nethacrytate), pentadecyl
nmet hacryl ate and m xtures thereof Particularly useful m xtures include
dodecyl - pent adecyl nethacrylate ("DPMA")) a mixture of linear and branched
i soners of dadecyl, tridecyl, tetradecyi and pentadecyl nethacryl ates; and
| auryl -nyristyl nethacrylate ("LMA~). "1-ligh cut" al kyl (neth)acrylates
are typically those where the al kyl grnup contains from 16 to 24 carbon
atons. Suitable high cut alkyl (neth)ararylates incl ude, bst are not
limted to: hexadecyl nethacrylate, heptadecyl nethacryl ate, octadecyl

met hacryl ate, nonadecyl nethacrylate, cosyl nethacrylate, eicosyl
iriethacrylate and m xtures thereof. Particularly useful m xtures of high
cut al kyl 8 May 2003 (neth)acrylates include, but axe not limted to:
cetyl-eicosyl nethacrylate ("CEMA"), which is a m ~t-ure of he~adecyl,

oct adecyl) cosyl and eicosyl nmethacrylate; and cetyl-stearyl nethacryl ate

N~ £ ANl . o N




with one or nore hydroxyl groups in the alkyl radical, especially those
vPhere the hydroxyl group is found at the ~-position (2 posi t § May 20 A3t he
al kyl radical. Hydrogyal kyl (meth)acrylate nononers in which the
substituted al kyl group is a (Ca-Cs)all~yl, branched or unbranched, are
preferred. Suitable hydrogyal kyl 8 May 2003 (neth)acryl ate nononers
include, but are not limted to: 2-hydrogyethyl nethacrylate ("HEMA ~

2- hydr o~ yetfﬁﬂu‘%%ﬂwﬂmaées(ﬂ pEial pl@ \he axgmofoojubilitst haxanydtetscfor

1- net h%/ mg%gdro%et hyl et hacrpl ate, 2-hydroacy- propyl

acryl ate hydr ogget hyl acryl ate 2- hydr oxybut yl met hacryi ate,

2- hydroxyb and m ures ere f The preferred h roxyal kyi
(et h) acry?%é‘é“%%ﬂ%ﬁ%ﬂgesa‘? Rloge ﬁ?‘l“ ?‘Wﬁi’t’g’@?&f"ﬁf?nﬁé Acryl at e,

2- hydr gitéRqeieydndTet hacryl at e and mxtures thereof. A mxture of the latter
two nononers is cormmonly referred to as "hydrogypropyl net hacryl a.te" or
"FNMVA. " Ot g st il sbisteda smhhl@&ﬁh%tf%omﬂmg%gm £k iy ONOTET S
useful in the present invention are those wt yI am no group or

di al kypemgensal kyi group in the al kyl radical. Exanples of such substituted
(meth)acryiates and (neth)acrylam des include, but are not limted to:

di met hyl am noet hyl net hacryi ate, di nethyl am noet hyl acryl ate,

N, N- di et hyl am noet hyl rmnet hacryl am de, N, N-di nmet hyl - am nopr opyl

met hac Detadled ddesciipéion afthe\ingemtiedut ylI et hacr yl am de,

N, N- di - et hyl am noet hyl nethacryl am de, N, N-di et hyl am nopr opyl

nmet hacr yI amgesedhibupheth vhia sperdficdtion, tied fullowph@ablileviations shall have

N(1, 1.

acryl th tVQIi-v‘{é e Obu,['%“%ﬁ‘?i%ﬂ’%“ﬁ&éﬁﬁf%"?% Iﬁ%@? I-1&§t hand3 omobutyl)

2- hydr h¥d; B¢ L \hidrint @1V MulBhPRtdty HaRi-ORvefutdik pee hiikhteS hilyene urea)

N-met hacryl oxy et hyl rmorpholine, N-naleimde of dinethylam nopropylam ne

and m n@m@%ter,hbwaﬂa feF cgh’&#ptlmeé@r Erresuapncy i &t@el tpereent; bsef ul in the

P;Ie?gn&g ogy5| %p%)@g@ g{ﬂg_ p%golg'g trl &s@aﬁ&?@?’yl

( met h) ketopé;dRMA ﬁ(pq!iwbpﬁ}ﬂhyha«(z@laté)sMHMAy:( @ch@)mlnkgthsctyﬁte( Fr@t=h) acryl , at x,

- I al I
e D Ve B oo Ao R A1 DX = LR ARRS RloBt St bl
Cs) alhky&etaﬂeszé%hdn)zatathateeBzMAlylbe(xﬁllxﬁ‘s%hml gted MARS GSMATﬁI:m | yl
t Cl t
(o) A SR RS D L bnb B BB L U 5

pr esenPPGAGEIIDMAN= pilpusiSlediglycal £0000dinidthbégtate PDPEPA €ne (" STY"'),

a-nmeth rene 8 May 2003 to vi nyIt;oI t hyi styrene,

et hyl vﬁWP o] pentapfoylais: TMSMA 5@( ‘@ﬁé’éﬂr{ﬁ ll"H;Fitures t her eof .

The Vi gihpianRig C H{W yEsiRARIMUP RGOS Ut ed
Mot such as ha oger?g?wldﬂgjgrﬂl alytmx&)&gﬂ{

counterparts, vativeS, i.e., cohtaining one or nore
hal ogew %medmwlemommethuddm@homm#&ﬂr— mdlmlﬂe«‘,i,mmetﬂ’.é.ﬁ- cyano,

(G -G OB Ts EOMAT Sibbiy BiBhroind BRAK - BORIRRELET T,

conpougfbsomdthylttbier atdth; anad PEIBMUSL bdpydéndgiyical di’xﬂéthdcmm;arrer s in the
pr esent invention include, but are not limted to: vinylpyridines such as 2

. nyl pyri di'ﬁl@te?ﬁx“gm\étl{)!&\?]ﬂ" ichifdes 'b@ﬁ?ﬁc@hk)ihd(tﬁlth i dRdttht edrad N vi nyl
pyrl di nes such as met h 5-vinyl -pyridi ne, 2-et h:ig Vi nyI pyrl di ne,

3- net hyﬂm@h)ap:m}atpy incliedes, boﬂh acmlaﬁstam mgthncm;latq@ﬁp

?gﬁgwh‘m‘ﬁf?&yy‘ n%%%fﬂ%éﬁ W (g {e%.%w Iaghﬂryl pyrrg?l done;

vinyl btraipht ch#in, deaméd ﬁﬁdbﬂm ﬂkylwuﬁyl TH8 €rind *pord@in” refers to a
{meth)acrylonitrile; , or_ p-am nostyrene; naleimde;

N-vi ny porefarminedmateri aN 'haamwlymemm@@ﬂwdmnemﬂil&%@ele@%yl 2cyano
acrylate; vinyl acetonitrile; N-vinylphthalimde; Nvinyl-pyrrolidones such
as N-vinyl-thio-pyrroiidone, 3 nethyl-1-vinyl-pyrrolidone,

4- et hyl - 1- vi nyl pyrrol i done, 5-nethyl-1-vinyl-pyrrolidone,

3-ethyl -1-vinyl -pyrrolidone, 3-butyl-1vinyl-pprrolidone,
3,3-di.nmethyl-1-vinyl-pyre olidone, 4,5-dinethpl-1-vinylpyrrolidone,

5, 5-di met hyl - 1-vi nyl - pyrrol i done, 3,3,5-trinethyl-1-vinyl-pyrrolidone)
4-et hyl - 1-vinyl -pyrrolidone, 5-nethyl-5~thyl-1-vinyl-pyrrolidone and
3,4,5trinethyl -1-vinyl-pyrrolidone; vinyl pyrroles; vinyl anilines; and

vi nyl piperidines. The substituted ethyl ene nononers useful as unsaturated
nononers is in the present invention include) but are not limted to:
allylic nmononers, vinyl acetate) vinyl formam de, vinyl chloride, vinyl
fluoride, vinyI bronlde) V|nyI|dene chlorlde V|nyI|dene quorlde and

—— o B
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m honopol yners) et hyl he~l acryl ate-nethyl nethacryl ate copol yners, isodecpl
~et hacryl at e-met hyl nethacryl ate copol yners, butyl acryl at e- nBiMay 2003

nmet hacryl ate copol yners, and benzyl nethacrpl at e-nethyl nethaccyl ate
copolynmers. Typically, the nolecul ar_weight of these polynmers is in the
range of 10,000 to 1, 000, 000, prefer%bly 20, 000 to 500, 000, and nore
preferably 20,000 to 100, 000. The pol ydi apersity of these materials is in

the r 001,30 15 and no referably 1.001 to
100 TRt thot & Slscdl B BRlated o ibid Rort or Ride R bl BiefieBiar el i1 a
non- ac@eetials AhvaNthe tSpint“@bi6vAlle eRIgent Rill b GBe PRILHFBELZAHIP REAT € Vel |
known to those skilled in the art. Fsanpl es of such sol vents include, but

ar e notrepoxakle polysaer, or  Teargvsblesparbicles throughpuththis specifagations Sthe

hyd ' .~E5S1. , al cohol
and e Bt A8 Sy A ot u R0k BORB LU RS GEIAELT. ey
mesi t yf@mes-linkerd mad, “cxbspihimbkyng agent? aregasadantartyargeablydheougtiduy khisact at e,

propyl ene ol nononet hyl ether acetate, caprol actone, 2-hepatanone,
met hyl ¥ PP et one, diisobutyi ketone, propyl eneglycol nonomethyl ether,

decanol, ang t-butgnoL The sol ution pqlyners,. of the present_invention are
general |y '&F@d@?ﬁag?&sﬁei‘?ﬁéﬁgPFH’&aé%&gF%r}Patﬁ'gePﬁﬁnﬁﬁ-t B¥nat i vel y a
M Xt Ur € fyr&iP iy Glanf Afly HATBHRPEHAL 2n Bk ﬂolﬁné%ﬁrcuﬂd(ts%}?ag% a reaction

vessel equipped with a stirrer, a thernoreter and a réQua conﬁenser. The
nmononesondiepsatian, ite farypphighet ypolesraseeigbt maberales yuchmistcoatings emnfilnshai n

t ransf gr._;agent S ropriate. The sol,vent or solyent Jonono nai zt ure
heel i§“ egfsg‘(‘)gev(\%a lflﬁ%gr?all rn?‘?jﬁge URgeT s n? O%eé}lc %.I%%%tee‘tsm?)mggfghper ature
from ablagetd daté&ialds dtiber intbnded tfinelude eixheek of polygeridasatetial keth a
tenperature sufficient to initiate polynerigzation, t nononer m xture or
bal ancB*98P™MEHa © %ﬁ@r“rrﬁ?ﬂ'&’%"f’é‘%ﬁ&?‘ B %O Wé“‘?’é‘a@gfam%ssel over a
per i od“digomernadl “6Bgduferic” ol $o Withb &, tRnRER toirAgeldAnd BRCIELQN at the
desired reaction tenperature. After conpleting the nononer md addition, a
series of gelgkiciefiads Rre@etdrminbd Ly AhAdaddiynaieBEhPsatehriged to the
reaction, Typically) the initiator is charged to_the reaction and foll owed
by a hbchniguesofllicgrrelatinn fupctippywerespnrerisd ¢ hydrodgpamicriresgusing May 2003
12 t her Bpitlce inVekigh MetAIBY Bhich 1Y RO, DRIES obikriidd te@df] hinglisesar € used.
After the final initiator amount is added the batch is held for 30 m nutes
to 4 hatepereentfhy weighbandrplgatios pre by wetghdr Adheamericad rahgesrangct i on to
compl ef & An alternative nethod is to first charge both solvent and a

portion o e nononmer mxture to the ieaction vessel. The enul sion

pol ymers u I . - I ‘ QLA Y <ihL GRAG8H first
char gi ng mﬁeﬁrgﬁ%eégﬁ?%%gﬁ]%%%@ % e n%‘gn%rﬁ&g%ﬁog? (s)‘%é’to a rgg’}:gti on
vessel and)pupiped pilyineapsattialescusefid ashemuvableqrorageahsai.e.cpdrafommmingenser .
Typically, .th noner enul sion, s conmposed of .mpnoner,  surfactant,

initi a{"ﬁé‘éﬂd%ﬁiﬂ?“ﬁe&ﬁﬂ%ﬁﬁﬁ@%zfo%‘“gﬁﬁ’f‘bﬁ‘ﬂlﬁf& crpatanals hec o ge of
NDNOMefaheidutish eNelestrbsiadRdichl, tfarGtdla iy ultlehdl ixﬂ:e?i-zité@gﬁ‘&ﬁbé, nket to a
tenperature of |iromabout 55 C to about_ 125 C. After the seed charge has
r eachhethemarg apdlegic chips, therehyrincregsing thiein rerformanee pad redusing theiiononer
enul si gn,or bal ance of the nonomer enulsion is charged to the reaction

vessel c(’c?\(}'er a period of 15 mnutes to 4 hours while nmaintaining the

reaction at.,.t he.desired.reaction,tenperatuyfe fter .conpleti £ nononer
emul si on adbi4d B pres e %&&F?F"o’ﬁgfe%éﬂ& _'iegmb‘f’_gﬁf“t“lséﬁ PN wat er
are Cha{alieigalk O ThBHré@as indbides thBistadslof: hh@ispisingd sémbvabld polgarico t he
reaction and followed by a hold period to allow for reaction to occur

bef or eperseemip &¥estagrd diekeattia materinh b euring phe Bratgeed dielectrig mataripl

addi ti r.eq 4 < Af ter f | L PLLY -]gpp oy .he batch is
hel d fgopﬁ?% amdlr?Eet%grsm Pc?%ﬁxr%%rgga% %ﬁk%ﬁl&g% seéig(h‘hg rﬁ@?ﬁ%ﬁgﬁﬂ’and drive

t he reaad cpsubjectimgnibe dicastst mitti hataidlas rahditions wihicheatleaston

pol ymeri zation may be carried out in a batch process. In such a batch
process, the enul sion polymers are prepared by chargi ng water, nononer,
surfactant, initiator and chain transfer agent, as appropriate, to a
reaction vessel with stixa ing under a nitrogen bl anket. The nononer

enul sion is heated to a tenperature of fromabout 55 C to about 125 Cto
carry out the polymnerization. After 30 mnutes to 4 hours at this
tenperature, a aeries of additional aliquots of initiator are charged to
the reaction vessel. Typically the initiator is charged to the reaction
vessel followed by a hold period to all ow for 8 May 2003 13 reaction to
occur before adding the newmt anmount of initiator. Typically three initiator
additions are used. After the final initiator anount is added, the batch is

N Y ~rN . v S M e 1 o -,




- 8 May 2003 is diethylene glycol diacrylate, diethylene glycol

di m-et hacryl ate, 1, 6-hesanedi ol diacrylate, 1,6-heganedi ol di WW&?&O;I at e,
tripropyl ene glycol diacrylate, triethylene glycol dinmethacrylate,

tetraet hyl ene glycol diarxylate, pol%ethylene glycol 200 diacrylate,
tetraet hyl ene gl ycoI di et hacryl ate, pol yethyl ene glycol dine-thacrylate,

th | a.t bi | Ad | at | ated bis I
i et MRCHATE TBgE EGCPRpESn B Bt PomOD L I AERFl oD B hasti anedi of
di acr yé.ﬂsseanm A idingithe 'dxéléétﬁﬁrx%{t@hﬁl lalybs: rﬂé}x{ﬂ [ t%& bPOXY

triacryl ate, ceryl propouy triacrylate, pentaerythrito acrylate
pent aepgattinh tscﬁu tentialychapapble withdhe drﬁlmy mtrtxohatenal wherem the

i vi ny POSBPRREY R G e P Sk the Fitsemp avif s ngrod? Fam apkabghony

di vi nyforSise a8 @, medivierid advmya irftehcdnAectistiuttines i RRRIonf dedi@s. di Vi nyl
nmet hyl phenﬁ silane, tetravinyl silane, dinethyl vinyl disil o‘?ane
Xpi

pol y( the useful paeticly swgéme\ﬁonwcm?ml&aﬁmézﬁamyo abautyd 0Qheny! vi nyl
si |l oga JSTepyngEran ot 5 l,.xxgg ens | n the
pr esen'.}ﬁ% nventi on :Hrz\lgﬁﬁtdgﬁ{qbutpagﬁgl n‘(‘%‘it?3 A@%ﬁ)&é&ﬁﬁi

MV MARSH. [Emfemfzmmesnmmmcmwmmm@wpmm A MARS] DPEPA
MAPS/ . _BAI DE ~BVI PSf VI A, I\/N MAPS/ VB, .. STY/ MAPS| DVB,
BA/ VA L, mOKe pyre ﬂéﬂ#‘fﬁ% é\%%m%aé \{D\FB?‘“

BA/ MAPghdufhTh nAl¥AbBAE 2 Bm. | BAadMAARESoRMR preSaf dotkas B/Ehat BAG BYB.of BA/ PGDMA,
BA/ ALMA, BA-PTMA, BAI DPEPA, EHA/ DVB, EHA/ ALMA, EHAI TMPTMA, EI 3AI DPEPA,

STYI Dvihe Bwres farmged ingthi ditaqtric mratrimare spbstepfially the same Alze)R)

% N J’%‘ﬁ#‘é}&ﬁw%&%ﬁ%ﬁ%@k BZA, }garﬁ’/g;r%%w&%m DVA/ BzMA and

MW/ AL MzlediiiSmatarial mhde by the amstemftthe beeaemz mwnsipn ibas tsibstantiellk ey

par anmet er,s_tha have to be ont.r he desi r.ed dlelectrlc | ayer or
PrT e HEHRrp AR gaLbGher e iebimstely) inibl HOX RS AR bl pe?
sem COoBitd¢h olie dmgeaﬁsnom $ to A00@ nAag prefesahly Cao 200 InngfmoreGprivfeyal9d3 | 5

particle ? ze an tri %lr]oq %a be achi eved by such nethods as choi ce of
sol venfpd Xflgrp an: 1‘“‘? Pf‘i" gty L2 mo  i ds | evel) initiator |evel and
reaction copditions. 1a orsu fuI i,n the fi eradlc;q}ff %%égerlzatlon
of porogens ?p?'h’g‘*‘bf"@ Y?{g}%m&ﬁ“}g‘??ﬁgﬂfﬁ Tt one

ar nor desslftrsRByRatally re@lita.hkly th%gwﬁxeﬁhkjd h}i&ﬁm;ﬂ’s&uﬁmntﬁﬂyaul f at es,
azoinitiators, redoa Initiators and(if,he Illéﬁ Qtif« %Je y usef . free

r adi caremayahlepader onditiams that,fo gptea ly aifeet s de,

t-but yh&@ﬁ&ﬁ&m{)&n&s%mm&&w%m%@% rediane &m@&@ﬁ%%ﬂeaf and azo

conpounds such as azoisobutylnitrilée and 2, 2'-azobis
( 2met hyhddielacbn¢ maitérigl whvibe misimiringr @esstalli O@azrapatnhw a@tmiszgar&;um part of

the initjator.i nearp aLo.t is
pref er ngnf c?‘h% e %‘ggﬂlul At e Zﬁgggﬁéggr ny| Eeire%(‘g‘%){lgval ate. The
anmount pafynide. free radical initiator used is typically from0.05 to 1096 by

wei ght, based on the wei ght of total nononer. Chain transfer reagents nay

optional |y PRe psl§ther®sitaa fér ideasiNiryFadsSn ¢6€ brésehtidvaatiph @agent i nventi on.
Suitabl e chain transfer agents include) but are nit Ilmted to: al kyl

ner captdange%ﬁ‘enl ethyleoinedly orpeetyignieally untetusatedhmonomess asbhAFONS Wi t h.

actlvatedh u as tol.u erial of
t he preseﬁY |n’\/en |o?1)yﬁ-‘§ used p“hgegﬁggﬁa%duct org It |s:g%retf.‘{elrre that the

opt i onghitgRehich arefsthtle Agbdiffuss rémiﬂy&hsa&éwmednmmmmm Bgansfer
agent. The porogen particles of the preselr&t i.nvent i og be directly added
e

to t he “Bmevablal 1wmenst thatdhawobmenpartifies depdymerize, 0% YETWISRr i f i ed
Lo 1 empyel ARME it SO Lol 8 WG cdd hofl diftukd bl ahigicca!

properi aes o ectronlc et ces. Purification of the porogen particles may
be acconplished either by precipitation of the porogen particles or
adsorption of the inpurities. The solution polyner porogens of the present
invention typically have a weight average nol ecul ar weight in the range of
10, D00 to 1,000,000, preferably in the range of 20,000 to 500,000 aid nore
preferably in. the range of 20,000 to 10L~, OO-J. The sol ution pol yner
porogens typically have a nmean particle size up to about 1,000 nm such as
in the range of 1 to 1000 nm It is preferred that the nean particle size
is in the range of about 1 to about 200 nm nore preferably from about 8
May 2003 16




1 about 50 nm and nost preferably fromabout 1 nmto about 20 nm ﬁge
pol ydi apersity of these solution polyners is in the range 1 1My 29 nor e
preferably in the range of 1.001 to 15 and nost preferably in the range of
1.001 to 10. The emul sion pol yner poy ogens of the present invention
typically have a wei ght average nol ecul ar weight in the range of 1000 to
10, 000, 000) preferably 100,000 to 5, 000,000) and nore preferably 100,000 to
1, 000, {0 S iphventiqn,typically
nave. s ioietrl BaBil FinC RO TR EARR Horhlndry B S0 bSO XP )

t o 1006 (methYactyicpick, dhetdatiykimides, gkyl (nedth)iviatdssalkenylhe range of about

1 to apo 20 m nore_ pyeferably &-om about 1 about 50 nm and nost
prefer Qﬁ%)yftgﬁ?eébﬁiﬂm‘lt‘%%?tgs%ﬂﬁ&% Wﬁ?’%’éﬁ‘b@wﬂﬁ“@ﬁe pdfregemsf t hese
emul si eummhﬂ'gg&;m@gfnqg GRAdABEL thiRend15ed, AnkMEbEEREE &ﬁg&hfhgn%g?mw e

preferably 1.001 5, and nost preferably 1.001 to ymer

por ogens ofqd.; 1 l I Il . Such
oSt -1 Unct | AL PRE el BN R e BRIk B ke 0

Post - pChe) atkyl fmeth)acrilated. | Suishblz alkyd Gmeth)atrylates irpbiade, by akkenetdvant ageous,
such as_i.n .furgher go tibljzi he, ogge 15 h e dielectyic material.
To be tfeGIto'ai“ﬁSV (Wt*ié\”r%ﬁﬁ spdggﬂ’%d%{ﬁ‘?é‘&‘iﬁ?ﬁﬁ% , the

por ogeriigR tuf kA AeEaciy)¥@RL | On nust be at |east partially renovable
under conditions which do not adversely affect the dielectric matrix

material, PLEhei@LhybURSIIAYRItedateqyPically BhosdhdFRtRe RIKSA y

conpl etely renovable. By renovabl e" iS neant that the polyner depolynerizes

or ot heaniping feome dite 1 atosy, dPuitabile lovo epforlbyk (nesh)acrdgtesringdude,~i ch are
then r iy: I .1 G e [ teri yi el di ng
por es girlp%%lql fsthnﬁ%d %r' olgbegfg? g%%%@%%ﬁf%si’m%?@wg "T@‘Ss‘%ﬁ'}%rt ially

re {mvgafdykxtp,qgogﬂrmeﬂtahmlgteabua;l smét;aaatw:]a&ft(‘ftBMAfh hbutiil ekeditei (CBA:I'BI [l xI I
materi a used. referre e rogen.is substantially
Ferovetrob Tl mesh e bis (B it s ined. PR Sish et ed ' o
exposuggldhexiieddrylape 864 wieties tadeat i on, such as, but not linmted to,
actinic, IR mcrowave, WV, z-rap, gamma ray) al pha particles, neutron beam
or el eCtrgﬁMdﬁﬂ‘t”alkﬁl%?thy&Qﬂh ateudxﬁt&ﬁicﬂlﬂﬁﬂﬂfsé@ﬂle&@&i_lghﬂlk?l@ﬁxbix ”?te[] i al
i s exposed, t eat. qr ight to remye the agen e poraogensg of the
pr esenfoRiAlps ‘1"6% tedn BEbematomst I%’“%V‘é cﬁg%géﬁwlﬁﬁsr‘gé@aﬁ ar gon,
M Xt Ur B&t AYe dot IinNGeNtR eI QFE Rery$dts FIIFANAR BNEh 39 métha&iyliRE, | nert or

reduci ng at npsphere. The porogens of the present invention nmay be renoved

at anyo°¢ thacrvlate, daeyl methaguylate; Wadecyhmethacrylate CUPMdy, basedopat ure and
| ower. L{@J&g%wgc(:@ : isoﬂﬁgmaﬁies,imeaﬁrmmwmepéo&e Hb@laffifdeC MALTi X

material. Typ the porogens of the presént I nvention nmay be renoved

at t enfdsclnovas as lndriemetizgeylate) 1tritlecyl bthaCrylat, tatedducphhythaerglite r ange of
250 to 425 C. ‘'typically, the porogens of the present invention are renoved
upon hEakeq ppwryas H‘yﬁﬁﬁldﬂeél"cﬁqﬁ@ 'iﬂ?“?‘?‘%‘?"aﬂﬁg‘aﬁfﬁfﬁ%‘ Bt es.  An
advant e Hab8cRArGURaAd thixtdes @&&ﬁ&é‘&odﬁ%}‘iﬁéﬂt&&e&yﬁ nlefRdcrPlatd 209b by

wei ght of the porogen remains after renpval " &wmthe dielectric matrix
mat er i §DPMA™)pneistrredf Hpaa) and branghed issgrers of dadeeylp tridesyl, tetrodesyl on i s

d iati t | 1 i |1 d
oy i PrstRaH e b Bted i autyl o RO BB REE (A MANP O8 1Y CXPOSe
, but t, . li i t.0, vjsibl [ tr.avj t |ight i t i ntendi
r e boundHieh ekl Umeth Bcpufte ash tyigHLy toge Ther L&PEP ) such as
by r ad'h&xﬁlain@%ﬁﬂﬁ@%btzh%rbcﬁ{‘&oﬁ{s? SRS Hiph QalIRE (RREK)L grial under a

flow of Inert gas. The energy flux of the radiati'on nust De sufficiently

hi gh simfudenbat pormgdimised to:chexmdacyd methaoiatepbentadedy) methanrglate,| t will be
appreci gt ed 0S killed in t art .t hat conmbi nation of heat and

r adi at P%ﬁg?fﬁgx’r?%ﬂ?@af 'd‘OP@ﬂ‘BVE Hﬁgg iacgﬁ’e‘??gy e@‘ﬁlﬁry gtgsglﬁ?sxlnventi on. It
W ahfuth ReyIRBPARE hFkREFed YhdrBes Paikichlafl, usefillifixdites o Bigtoddtallkylet hods of
por ogen renoval, such as by atom abstraction, nmay be enployed. The porogens
of the present invention are useful in reducing the dielectric constant of
dielectric materials, particularly low dielectri'c constant ("k") materials_
Alowk dielectric material is any nmaterial having a dielectric constant

| eas thaa 4. Suitable dielectric materials useful in the present invention

i nclude, but are not limted to: inorganic matrix materials such as

car bi des, oxides, nitrides and 8 May 2003 ogyfluorides of silicon) boron,
or alum num silicones; siloganes, such as silsesqui oganes; silicates;
silazanes; and organic matrix materials such as benzocycl obut enes,

poly(aryl esters), poly(ether ketones), polycarbonates, polyimdes,
fluorinated ~pol yi m des, polynorbornenes) poly(aryl ene ethers),

I o -




| 9 range of ficoml to 90 wt~o0, based on the weight of the B-staged
dielectric material, preferably firom10 to 80 w96, nore preBMaéltﬂq%from
15 to 60 wt~' 0, and even mare preferably firom20 to 30 wt 96. The porogens
of the present invention nay be conb$ned with the B-staged dielectric
material by any nethods known in the art. 'I~rpically, the B-staged matrix
material is first dissolved in a suitable.high boiling solvent, such as

met hy| (methiasrylatese inghede, dut srhuatlimited éoregetel-¢iegsyhmethacrylabet yr ol act one,
r-capr e hyl | actat ropyl eneglycqgl nmononet hyl .et her acet at e,

pr opylgn:egl ygbrhfrré[l)ln%r?e Y °e‘ffr1.‘£“ﬁ‘?3%|’§r?8 t?f’«?yf,]‘_’%n’ife%fyé, n-amyl acetate,
n- but yineteeirplhce; sty tyl@taiioNmetNcihby (“SREATD Wibkh 08 Saixture of

N, N - dj met_hyl pr%oyl epeurea, nesitylene, xylenes, or mxtures thereof to

f or m abexadgeylan q"ﬁ@ﬁ%‘r’é@@%‘%ﬁﬁcl es are then dispersed or dissol ved

within the solution. The resulti ng di spersion is then deposited oa a

substrat e bihemsidreusand highreutalio émeth)acrylats renosgsics deseniiedpboyprng coat i ng

> . . _ B i o »
oubst r Eterp Btdfired By (ALY Lo bBluod Wlpadich BhimdSelinilBRBRUMTSE O 2,
f or m alangghdin alipisatid dlodtrels, dind|theder dommaidally awilablecdleshdibard substantial |y
by oy EiRes B iehor SR iRE b paTHR o RnR et PR 1040AdS R | ng Lor
i nducear@ng @RS A8mRlin ThO SR pFdupdi Biddndplet 6F thasd hichBSIS abé B vAGEA!

coupling of the olignmer or noaomer units. Typically, the B-staged naterial
i s cur &egley catalyr OLeglcatioly fromdVistmBhemical company, i@l tAFOLA6GI8ct |y or in
a step:\w 7 5 up £g 300 C at a
at e Pt MROEIBE, el cilaba vaiof NRSpEL Ahiy Hoh SRRGCHAR SU7,

cur i ngCompeny, ion NEODOLIZHEyantd matinadly deikiviel adtohalstsheh asProéboe & t he B- st aged
di el eciyic,materi s the film,js sufhjected to ndi ti ons whi ch

r enov ebﬁﬁ’gﬂ?}%{r&;gﬁmﬁ ?Lﬁ&gmjse'éﬁeﬂg?ﬁ}y'ﬁ@%ﬁ%"?%e" 1B e r i x

mat er i allk,yl (thﬂh)it&yldteidsinwtﬁﬁll dﬁﬂﬁ?]&lﬁdd\gbigéﬁlymﬁe hh&ml idual £ikyT i C rmth ”]i( |

mat er i i ost. Typically, such conditions inclu exposing the filmto
heat aﬁﬂ?%sa‘i"&'&it‘éﬁ?ﬂ[‘)l‘."t? théﬁﬁ}@éﬁclﬂ’ﬂﬁt’“"i‘ﬂgeﬁﬁg&?eg‘ﬁgﬂ‘( erial is exposed
t 0 heapmeth)ddrgited RithABrédoiniieant aBadiit of ORS pAlicRRrQIRML (mddh)REFNE t he
porogen thermally, the dielectric matrix material can be heated by oven
heat i nga®edni cr onave heating. Under typical thermal rempval conditions, the
pol ynmeri zed dielectric matrix material is heated to about 350 to 400 C It
Wi |t| be rtec%gerh(%zthbmlfusmmigm weafpldndhe E’;“PP&N%"H&H‘P%%P renoval
conposi t c?t\&;lg? tﬁgoéor ogen. Xﬁ%g% reﬁ%\%% tﬁ\gé poﬁ%g%ﬂnagjgllqssrrer depol yreri zes
or ot hpestiese Alse,dhe (metiacnylamnide|aadi dlkyldoratblaerlateanofomemseusetulini ch are

t hen rgnmoved fr.o or nigrat.e t,of ., the. djelectiic t i X materiai

el i FRF BEPen i enGin Bt arian Ry pe supfliodd S SpBAY [0S D e

pr ocesguhstitiited (@ndth)aetdanlidd £6d 4kg] (Aéth)adayldbeitongmery hictisde, bubhteai ned,
where the size of the voids is substantially the sane (Ezg_q;fge p?rticle si ze

of t henpllimifed to-twdrens((arCanllyl Gnethiaqrrlates diallaylaming thus has a
I i j . { g t h ids. |

gg\rA\gaﬁ?%%%%%%%ﬁﬁﬁ%@%‘%%%%ﬁﬁh S;g p\cl)?loans Prust be
di i bl i.sGi hl t i t i al,l i i t he host
i ol ecer ¢ Rapbrfadyfestl SRGEAREAAM A le SRRARLRLE tlogd) (Ne 108

por ogegithisite dtmeR mxﬁ?flrgram maie adloyltadical) espéciedly ke ehierstlat em as t he
host dielectric B-staged material. Al so, _the _porogen_ nojist be present

wi t hi nhydrozykeyoupiis found afithe Bpasition (2-ppsidon)in the alkyl sadical |

non- ag I i S . : i j rfder to

ach ovEURRRYEoT R bBsL A, Budbol0R R A TR RUARRL O etk BT

uni f or (GyCdakkpt eadchd @unlirahctreds arepreforpad. abhiéaltile hiyledxyatkyl he por ogen' s
size. This is acconplished by nodifying the porogen conposition such that
it is "conpatible" with the host dielectric matrix material. Thus, the use
of the appropriate substituted or functional nononers at an appropriate
concentration in the preparation of the porogen allows for conplete

di spersion, or preferably dissolution, of the porogen polyners of the
present invention into the host dielectric B-staged material. The porogens
of the present invention are selected so as to be substantially conpati bl e,
and preferably conpatible, with the dielectric material used. By
"conpatible" is neant that a conposition of B-staged dielectric nmaterial
and 8 May 2003 21 porogen are optically transparent to visible light. It
is preferred that a solution of B-staged dielectric material and porogen, a
filmor layer including a conposition of B-staged dielectric material and
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dielectric material, in the solvent used to dissolve the B-st

dielectric material or both. Wen a filmor |ayer of a corrpoﬁ 3003

i ncluding the B-staged dielectric material, porogen and solvent is cast,
such as by spin casting, nuch of the, sol vent evaporates. After such film
casting, the porogen nust be soluble in the B-staged dielectric material so
that it remains substantially uniformy dispersed. |If the porogen is not

conpat (zhtm)a&?m@m%aaa@?é inelhde! bt Ereltidt Miited (2 M-higroBysfiaped diel ectric
material occurs and | arge domains or aggregates form resulting in an

i ncr eamethacrylate €HFMAR 2 dydrenyetlol pitylatef( % 2-1§urbxyompypk i§ bl e por ogens

por os. it aYel S SRboLR R R Sl aae il R Dot The

conpat iddithyltyhpdrokhethpbagRas, Hﬁh‘ékfdtﬂ;ﬁ]l fieCh Gy late TRy drokFhutyd typl cally
determ ned by ITB.tChI ng f%t heir sol ubj lity paraneters, such as the Van

Kr evel éﬁybﬁﬁ Theprefereed hydroxgalkyl (egthiscavlate, “Van Krevel en
Chen - o8 ggct&tregE A e e PR

al ., Polethaaryladé yndnmmtms thdrmfyAﬁtﬂnieabﬁtlﬁrlamr twd ¥ onbBds iCol eman et

B ehds EommopfpeEed (s BydmTRrRY Mthaciat o MY MM book of Sol ubi 1ty
Par ameter < ksl %%Qf%&w%?e”&“t matbﬁ?era i Raeers west

measur @H@Bfes@ﬁt RObRiSH SRAMALY FithNHdRAAmiRY Wﬁ%%ﬂ’}l&xﬁﬁo%ﬁ ial. Such
~l lubili~y parameters ~iay eithei= be cal culated, such as by t-he group

cont r i Buedron thetalled radicali dxamplee df chrubstityied (mhth)emwepepdt of the

mat er i A i sol vent and an

i nsol ugl:ne so entﬁgﬁ'ﬁﬁwﬁ B§F"Str§wt%§%§§n%t§%r&gte t%qmiﬁ é{g&pm nt is defined
as t he methghylade phnreelmlagm@thylmrﬂate(éthdmiléﬁbylawhgethal nunber of cloud
poi nts _ar, sur.e r th ter| aI he ent ea defined by such
cl oud &%ﬁt@fﬂéﬂ*&‘@?ﬁ?@éﬂ&% 8 (i ep§§: ters of the

mat er i atmet\nbeml tdabumh%&thhagryameawmmeuqﬁamhmemeg&mam@daﬁh@ ectri cbI

mat ri x rial are substan 0 Wi npati bl e
with t @dﬁ@t‘e&mwpmy me Jr‘ﬁ“%\'ta %ﬁﬂﬁé@e"ggﬁ l?‘gyrﬂﬁ’ ?1‘370’!"“3 figr egati on
of t he Noor, PABAethS1- BaxEbhiyl) Rk Ylabd& N0, 3-diphdrs/1 R rRh el 3-6%61{1:@:1) t he

solubility paraneters artlcul arly delta de ta the or ogen and
di el ectaFTY Wlnaeé’fy -Arphengl- §195g‘e%¥)|!a1=‘th§mwg%'erf;§d ﬁ

appr ecipal gttt NRRehattylahige bfarhitBetiyl etiidind H&apmﬂetﬁdc?ﬂo% efy® porogen

that affect thé poragen' s solubility also affect the compatibility of that
por ogemagphplindg; N-Badeimgdelotidinleshylaminenropylagiine ppd wiiktusse therepher
appreciated by those sldlied in the art that a porogen may be conpatible
w th one B- @tlag'embdtieiteé(mbﬁl)mb:té alopomers nsnﬁlgnb‘tﬂweséMHBW@Qme to the

di fference,in the solublllt rreters 0 erent , Bst aged di el ectric
mat er i &€ ﬂ*f?}b ﬂéﬁg TSYaP'é’chi)%(g‘ﬁ ‘?f?"éi‘t’/ﬂ“ﬁ hydrogen

si | sesgiHea) VR Jog%ﬁu(mu’&%ﬂkﬂ 81l (hieh) ARG, plpropd d(Cl9' s"), a greater
proportion of br ancﬂ lgr oups, or both in corrparl son with _porogens
that aiGslalbexyéCnEalaliivlslyl l(met rt-eeepyhdi(CpbslaliotC kﬁi‘!‘ﬂi Yhydr ogen

I {. t i
or ef or ARG °2w§'sf%8(§a@‘ﬁatkd°r °ﬁ%5¢?§ta%tﬂﬁ&e%gé?é@%§ﬁt%%9%@ bot
cont ai CeMlkyleid (@dethRizplhteoiny] (CrO4)alkexydiC{-Coallaldilyl pmefldacmydatppr ogens
for use W|th hydro en sil 9es ui ouane conprise EHA, nmare 8 May 2003 23

pr ef er airx] dgityl (meth é%%e,lmmﬁﬁ“&&eﬁhﬁ eofnd nost preferably 909 o
EHA and 109b of ALMA, TMPTMA or mxtures thereof. Particularly preferred
por ogens f oThe yinylardmatisthgnomensgisefnlias wasaturates mepompman themeesapbf er abl y

e, oprenr otk RcpEReeihuills; ShpRee SRR L AR Rne I8, T ot ©

auger from aggl onerati on or |ong range ordering of porogen materials, i.e.
the porogen is substantially uniformy dispersed throughout the B-. staged
dielectric material. Thus, the porous dielectric materials resulting from
renoval of the porogen have substantially uniformy dispersed pores. Such
substantially uniformy dispersed, very small pores are very effective in
reduci ng the dielectric constant of the dielectric materials. An advantage
of the present invention is that |low dielectric constant materials are
obt ai ned having uniformy dispersed voids, a higher volune of voids than
known dielectric materials and/or snaller void sizes than known dielectric
materials. These voids have a nmean particle size on the order of 1 to 1000
nm . preferably 1 to 200 ‘nm nore preferably 1 to 50 nm and nost

o s oA v ~ o~ o - T 1 . v




8 May 2003 24 The porous dielectric material nade by the process of the
present invention is suitable for use in any application wher&May|
refractive index or low dielectric naterial nay be used. Wen the porous
dielectric material of the present ijgvention is a thin film it is useful
as insulators, anti-reflective coatings, sound harriers, Thernmal

bred, -iizsul al aon, optical coatings and the |like. The porous dielectric
mat er i ginylteluenbpp-prethdstyreny @thylomyltichzphé venpbhyhtlaténd, vidyleyiesdd oni ¢
devices including, hut not limted to) the fabrication of nultilevel

i nt egr 8nd anigtures fhereofe The vinylgramatiemoggmersalspincludethediy i ncreasing their

perfor iTe! i L84 i ﬁ?ﬁ.l =Y c matrix materials
of theg%lr}g@gﬁt I ns\?/lggéil on Ié&glt% r |CS?@%%?@%@%%%&SEE%&ilﬁ"i nt egr at ed

Ci r cui tomtainifhgoheoemoianhalngereplvags nmiech asffluaniveg thloeite ir beorinindyandf act ur e,

as a first step, . a. r of 0 sj,tton Jjncl udi B-staged dielectric

mat er | PP LYAR (91'963 ﬁ@”&l‘ﬁb‘g‘gﬁa{h@ﬁ@é@‘%aﬂg@g&v XY 1PN and

opt i On?CLEmch%ﬂhﬁﬁﬂ& déSvafRQSindadle Yked Substrate. Suitabl e deposition

met hods 1 nclude spin casting, spray casting and doctor blading. Suitable

optional - sofyehfogdeAchitifning tomPofindPhnd it Bifolaaldtdbbtulisgobut y! ket one,

di i sobutyl Kketone, 2heptanone, r-butyrolactone, r:c prolactone, ethyl

| act at enpatupstied meqioprs imtheopresént inzention inchude, but preopotl lemitgd yaol

nononet byl et her) diphenyl ether. anjsol nyany] acetat :butyl acetate)
Cycl oh SARRAIRR sish i bins it ine AT Ay SRR oniF s n Pl e

nesi tybﬂl?@itplted;jlﬂweﬁyl@ylri_mm&ﬁ_ﬁjak%@fﬁyl—ﬁ_&lhf]ﬁb*ﬂdﬁﬁbﬂ?ef;@lﬂﬁ i ncl _uge, but
are not limted to: silicaon, si]icon dioxide glass, silicon nitride,

cer am ¥yl We&yﬂ&wy tpsrt 2&3‘3%?@8,1‘5Mtﬁ35§,mw %s _

pol ycamﬂgt@eu@m%ﬂp B1rfdS metA hubatifiRed qﬁﬁ%lﬁ%&&h@iﬁmﬂ&ﬂx&}’ﬁ[' d

circuit substrates, such as alum’™umnjtride-aiumna. Such substrates nay
fu [t lh_emyrl@mdecliam; g:qmmwﬁmeﬁ-mhggmhmhm?’h@?{aﬂﬁ@t Ndi ng% Ibut
not |i ; Y .gﬁﬁ-l ; bfiSfie: 07852 orS)Lingd net a
odes, %‘;ﬁ%%ﬁ?‘ggkf he;r\é%# ndae' F‘lihl)%g?er m%’eg"rs%t’eo %m rcu‘f%?%ﬁg?/’i ce, an
under | yalginlidg;¥-viriyliomszilziond;, NN-dimethybdminoethyli-vinyl-ederraethyb2so functi on
as a substrate. ., 8 2003..zs, 1l 0 secand.step.in the nuf actur e of

i nt egr TEY %ﬁ’?‘@lﬁ?’t@ywﬁ%ﬁmﬁqﬁl&ﬁ%ﬂ’ﬁ%ﬂ? rr_po‘sl‘?’tl?—o _Xq"spyﬁé‘%{%ﬁlef 8"%&h*el evat ed
t enper N-uingl-tiio Gy@litdote, B mbaged-dhgl pairolidonent enéthlyl-Laidylr m a diel ectric
e o evTEbdene P heNpL | pRR rrrions: Al IrURysPRE PR a5 be- used
as a = L W= 0 be-used:
-In. a 'lrﬁn%haaﬁe,mtmdﬁf&ukti%ﬂlﬂyﬁmddh@,l £51dimmethILvisylrat erial is then
subj ected to conditions such that the porogen contained tﬁer einis

subst apyreelidgue, Sidisethyk yinyl-pavelidans, 3.3.pdeimetyyl hainglayeelidoseat i x

mat eri gl i i rj j p s Hi el ectric
mat er i %%@%ﬁgﬁﬁj ‘P?f‘ﬁgg“r’)‘%%ﬁ%gﬁ'%aﬁ Y lre-r?- %gf l%lgr?ollrgrgnn?rgfelg? h4e’§. The trenches
gener altrimethyldrdinybpyivelidades vingd pyaroles] vingt ahidines; avkvimgt piperidingsa.

Typically) lithographic patterning involves (i) coating the dielectric

mat eri al | a¥hé substitutedthylehy monbmees atéfubaphnsaiuesied mommedrsdsit hose

mar ket ed by Shi pl ey ,Coppan Mar | borQugh, . MA); (i) inagew.se exposing,

t hr oug/khe,prRgent mﬁ’ﬁ'ét‘%ﬁk"g!‘és"‘éﬁ a’f“d“?“iﬂ?"é‘?‘i b ally € FAOMETEAFINgE  appr opri at e
wavel e . SAmide! ¥ QP t A coridP vl Brodfde 6&iviideng- 9-. W th
a sui tgg%%ﬁgev I gper; a%ﬁ%géﬂts#lg%ﬁ%grﬁr\% ng"tgﬁlesJ i mge t'hrgl?gﬁnt he

di el ectchlotideavieylidene fheoridersid vnglidendbrengdet abl e transfer techni que such

as reactive ion etching. Such lithographic patterning techniques are well
known t o thDheséslltibh palyniers beefal in the presalt ingestidonmmay heHieateposi t ed onto
the patterned dielectric |ayer tQ fill the trenches. Preferred netallic
mat er i E’F@qhﬁg pgdananbg WLVWF ‘ﬂ"ﬁ’ﬁf”("@&lﬁ“be.mc §p=p‘@$ le splution, polymers oot en,
gold, g PJ,%E%& i%%‘.ﬁ: . ; - blubvlt Py | y deposited
onto tﬁigk%ghgfé e |<raqJ g((g:[%t?&idc aggﬁ%e%oﬁmﬁ%mbﬁﬂk%gyvﬁ% o those
s~lled in the art. Such techniques include, but are not limted to:

chem cal vapor deposition ("CVD''), plasnma-enhanced C, VD, electrolytic and
el ectrol ess deposition, sputtering, or the like. Optionally, a netallic
liner, such as a layer of nickel, tantalum or chrom um or other |ayers
such as barrier or adhesion layers, e.g. silicon nitride or titanium
nitride, is deposited on the patterned and etched dielectric materi al 8
May 2003 ~s In a fifth step of the prncess for integrated circuit

manuf acture) excess netallic material is renoved, e.g. by planarizing the
metallic film so that the resulting netallic nmaterial is generally |evel
with the patterned dielectric layer. Planarization is typically

acconpl i shed wth chem cal / mechani cal polishing ar selective wet-or dry
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Pol y(i sodecpl nethacrylate) ("PIDVA"), a thermally renovabl e porogen

pol ymer particle, was formed by way of solution polynerizati ohMax 0B
reactor was fitted with a thernocouple, a tenperature controller, a purge
gas inlet) a watercool ed reHux condenser with purge gas outlet, a stirrer,
and an addition funnel To the additi'dn funnel was charged 420.15 g of a
nmononmer m xture consisting of 407.75 g isodecyl nethacrylate (98.196

urit f okution,of t but eroctoate.in mneral spirits
AU A T R At BN £t A e T
t he noffetRicryliatd-tiethyl indthacylite cbfdlyndif Sutylasrflasd-gRehfianb i crRae o

cont ai ni ng 80. 00 tol uene. The reactor was then flushed with nitrogen for
30 i nEARe oﬁ"&é‘a‘wwy late-methyl methasrylate copolymyrs  Mapicellyt or to 1G5

C. We : e 0 ' of the
mnone%émgg%eg{rﬂ%} %‘%g’ff%?tr{omﬁéﬁrﬁg mmgggltﬁ]?loic}r&fﬂqugr}gﬁ d.g(gﬁﬁo t he reactor
8 May pfdierably 20,800 6:06500,000, and nidretprefecally ®0,000ctortPOOO. THext ur e addi ti on,
102. 00 f a chaser feed copsjsti of 2.00 of 506 sol uti on of

t - but yPglﬂ&BB%‘EsBﬂP e m Sléb?f‘gggmtgﬁﬁf ‘é’g‘?O’PF@%ﬁ",’a $d-00dd0dd. g t ol uene
was adgﬁgu;mgkpéfg}ampygolwlm nutes. At the end of the chaser feed) the
contents of the reactor were held 60 mnutes at 105 C. ~1; | ~e~en3 o the 60

m nut e hol dynel §Pudhn Foll MleHEOEhAGTestd @ﬂvédewﬁetiﬁggﬁed %,Qﬁ}.g@evaﬁé then

held at 105 C for an additional "30 mnutes to create a honogeneous
sol ut | selventh Suitablisalvends fayrswchl pelymidrizativng ape Wweltdmosal todthososkiled of 46. 89

W 96 apd,a er Lecyl ar swei ght of _22..200 .and,a .My

di st r; Bttt oREmPIE o Sl vaits No b s 438 nor i ed o A0 gt ot - crcr
Exanpl such adsllyhesyfiubenateddiydredallydres and layomhtic hyaideadionkpéthesh- pol ymer, a
thermal |y renovabl o] yne article rogen, s forped via solution

pol ymeLF%’&F '(?ﬁt.erﬂféﬁTﬁ?‘P%‘{ﬂg?WF%é‘FB&gt %%F‘éﬂéggp'ﬂ‘&?b’fﬁ Sobtemd®r yl at e

( MV Di{ie dodiRedneBiesitFlehb SiyIBidsy dipheRyP&LE %%ggsmmmlova{z% dayicl e, was
formed by way of sol tffliglr? polyners?lzéﬁ o%. ArS 0 nL reactor V\%S’ fi)ited W th
a ther pirepyleneglyend mangmethynther peatytes canrolpstones 2thepatanogenat er - cool ed
reffuxumgﬂﬁlass 1 Weidhe PA8 toHs | RneflytdGhondiktngledddd! t10n funnel.
To the additi on‘:};c unnele was gﬂygfeged ’ﬁ?%ongégf a ?rrtl)noner?p?ﬁ gg'ure consi sting
of 18. decagohanfitbutandlacryl ate (100g6 purity), 2.00 g diethyl enegl ycol

di mret hacryl ate 31009' 0 purity), 1.60 g of a 7596 solution of t-anyl

per oxypi val Bheesalntion pelymierssefi thietpzegeing peyantionsare|ggnerzdly prgnaretidy. 00 g

di i sob I . L. ' ). , [N was t hen
1 ushedrichARRpR solvehPed gp ML AR b mitiletcoldat fla B kil V20

cont enbftbefmédvaneranixtare ioa reaction vadkkequipped eiitthem stirref, 4 thermeaeter r eached
75 C, the nmoponer mxture in the addition funnel was unjformy charged to
the r eBRY BFOtE PontSnAge, hecmonsiet LHURR f G PAILY coppadeof TBPRYREE: 1o nomer

M Xt ur hiGidehirlandthaid@ahsfes he&it, ﬁé(\@pﬁxlﬁgﬁﬁte.a'l‘hélﬂéﬁrént SRdBRE tinkddoiner M nut es

apart and consisting of 0.06 g of a 759t6 solution of t-anyl peroxypivalate

i n mi netizture heeliis heqted yutly stinaue wpdey) a pifzogendulapgket) taja temperage rompt ¢ he

end of apd i ty. tmg”yg%,.goos 2s
r eact O?M\Algtr é%%@@igﬁogﬂf s‘ﬂ?l%% }%% g‘%ﬁp&%gtrg&tbft?gear eaction. The
r esul t sufficient yoriiitistespal yrnérzstiba) Yhe matopier aixturewirthaldreetofitlee col | ect ed by

filtration and dried ynder_ vacuumto yield a white, powder.. This terial

was r eHiorepey mixture it ereedh pebighBeAsehoNes Arariod af dgpinufeato sty ogen
par ti ChErstiihite nAidBathil@ théirealibn bt Lifs déffadeattioPtinh fdtafind. AedrYB-te~. 0 nm
witti nmean-of 1 ~ nmas deer~mried by dynamc |aser 1ight scattering and a
nmol ecutempletingithe ofonainenmizré4dditiomla serieh ofiadditiven] aliqurods ef mitiatoun| ar

wei ght . of .abqut 14,601 ,g/,n0l and M distri.bytion. of 1. s, neasured by
Crc " inbselpt s higen A8 RRE st By nLePIeay s e RN RIoF i LA s

parti clgachioh a8d TollVA 1 £ RBIdEsbritd (3 SIRRY fob 2b4dticd el i hdloreYdi¥ingZ at i on
process. A nononer enulsion was made froma m xture of 17 g deionized
water, 8.85 g of 28 'o ww solids amonium | auryl sulfate ("ALS"), 12.4 g
acet oacet agyet hyl nmethacrylate ("AA Ellrp'), and 1.78 g allyl nethacxylate
("ALMA"). A reaction kettle was then prepared with 600 g dei oni zed water,
15.0 g of 28 ~a ww solids ALS, and 0.15 g amoni um persul fate ("APS") in 1
nmL dei oni zed water. The reaction kettle was heated to 90 C whil e being
purged with witrogen. One half of the nononer enul sion was added to the
reaction kettle with stirring at 200 rpm After 20 m nutes, the renaining
nmononmer enul sion was added. The kettle tenperature was kept at 90 C for 30
m nutes) cooled to 55 C, and then a solution of 0.02 g t-butyl hydroay
peroxide ("t-BHP") in 1 nL of deionized water and a solution of 0.010 g
sodi um sul foxyl ate formal dehyde ("SSF') in 1 nL of deionized water were
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8 May 2003 . 29 Exanple 4 AAEM ALMA copolynmer, a thermally renovabl e

pol ymer particle porogen) was prepared by a batch emul si on~a §Mﬁ¥i299?'i on
process. A n~~ner~nulsion_ . was nmade froma mgtuxe of 17 ¢
dei oni zed water, 8.85 g of 280 wWlw golids ALS, 12.4 g AAEM and 1.78 ¢
ALMA in a bottle. A reaction kettle was then prepared with 600 g dei oni zed
water, 15.0 g of 289'0 ww solids ALS, and 0.15 g APS in 1 nL deioni zed

vat er . gbgedt3RftdtoNak6khd. CTHASIRAREEiriQaff dHdid:SuR%sag. RHIqH W th

ni trogen. The nonomer enul sion was added all at once to the feaction kettle
wi t h sfinal iniigater ad@Ont pnaddeditbe babchnistheldfor I0heiduteptr 4houss wffullpe reacti on

fl ask s coaled.tg. 75 C .and they a,.solutio f 0.D2 g,t-BHP in 1 nL of
dei oni ?ag‘a’%qs‘é %%%d g’?ﬁ% %%"@FP&?\ t‘f’/\&%’n’g‘ﬁg‘?”é’dsf éf‘t‘ﬂéﬁm?g"%S C and a
sol ut i edbthéd 1368 HisOchR®he béthkollentand @l PuHsA ¢f YR Rlon¥@er AfdEHe tdfE. r €act i on
was coaql ed to anbient tenperature and the enulsion was filtered t%rough 400
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decompose all initiator and drive the reaction to completeness.

In the alternative, the emulsion polymerization may be carried out in a batch
process. In such a batch process, the emiulsion polymers are prepared by charging
water, monomer, surfactant, initiator and chain transfer agent, as appropriate, to a
reaction vessel with stirring under a nitrogen blanket. The monomer emulsion is
heated to a temperature of from about 55° C to about 125° C to carry out the
polymerization. After 30 minutes to 4 hours at this temperature, a series of
additional aliquots of initiator are charged to the reaction vessel. Typically the
initiator is charged to the reaction vessel followed by a hold period to allow for
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(" HS(E"S%e ) . Lety of porogens. The solubility paraneters
for mﬁﬁgﬁgﬁgé&%p e¥i§s£1e%'ng the cloud point of the HSQ ~in

bi nary. sol t Eg "> LSt I 3 n HSQ

I nsol ubl e \slg%v%%ﬁk'?’ e s%?%@%%“‘%&?%ﬁ%ﬁ?"f‘%ﬂ%ﬁ“@?&é Sgi n e\%as defi ned
as t hepslgmghtkaing e Acyrdmegmt@f ctdse-linker scduitablesfor kisg im ¢hd prddenst rat es a
region,of the area,.i.e. the areg.,under the cyctve f.solubil] par anet ers
for heigventigt, Aypeyy.fe sortpens of thtusssnanutiah snsrine 5t WarbldPel o for HSO
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range of 0 to Xl (J/cc)~ for delta h, The solubility parangters for various
por ogeh@0% gmsgémén%ﬂ@qpér based oa the weight of the porogen, may be effectively

used in the particles of the present invention. It is preferred that the amount of
cross-linker is from about 1% to about 80%, and more preferably from about 1% to
about 60%. It will be appreciated by those skilled in the art that as the amount of
cross-linker in the porogen increases, the conditions for removal of the porogen from

the dielectric matrix may change.

Suitable cross-linkers useful in the present invention include di-, tri-, tetra-,
or higher multi-functional ethylenically unsaturated monomers. Examples of cross-
linkers useful in the present invention include, but are not limited to:
trivinylbenzene, divinyltoluene, divinylpyridine, divinylnaphthalene and
divinylxylene; and such as ethyleneglycol diacrylate, trimethylolpropane
triacrylate, diethyleneglycol divinyl ether, trivinylcyclohexane, allyl methacrylate
(“ALMAP), ethyleneglycol dimethacrylate (“EGDMA?™), diethyleneglycol
dimethacrylate (‘DEGDMA”), propyleneglycol dimethacrylate, propyleneglycol
diacrylate, trimethylolpropane trimethacrylate (“TMPTMA”), divinyl benzene
(“DVB"), glycidyl methacrylate, 2,2-dimethylpropane 1,3 diacrylate, 1,3-butylene
glycal diacrylate, 1,3-butylene glycol dimethacrylate, 1,4-butanediol diacrylate,
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sol ublg.-s ent..an N-MeSQ@:1 nsot uhl £ so} yent.,.- The l.ulg | i par anmeter for
the cl %&%%ﬁia%‘ghg’glﬁlvﬁﬁl%mﬁnﬂggvﬁ?ﬁ l‘%ﬁ’ ep%%i‘ﬁ@&@‘s‘g?ento é two sol vents.
Fi gur edimdthheérgidta) siyethyleBe MytoP6EIBdidsethaiydite OholithRitai o) Hidrylifae ar ea
under the curve, of solubility parameters for MeSQin a variety of

sol venpentagrysheifol frigerydade, imethylolaropsne dristhasy thmexylate, glvgersd 3 was in the
range ;é.y (i:ﬁalnf ;,_gﬂ £he | Egpgg of 1 to 24 (J/cc)~
for dep{oggﬁ}: &1 - fml'é s e~ is%‘%ﬁ%c?ﬂql%gmgg%a erls far various porogens
havi ngtetrametbaerylateodipenticeythrisblamonehydronypeditdaongiate, cliviayl silaad,.usi ng t he
group Ex%%tng'i gllfz}ﬂe?aimn&hgpgiﬁnyl silane, divinyl methyl silane, methyl trivinyl

silane, diphenyl divinyl silane, divinyl phenyl silane, trivinyl phenyl silane, divinyl

methyl phenyl silane, tetravinyl silane, dimethyl vinyl disiloxane, poly(methyl vinyl
siloxane), poly(vinyl hydro siloxane), poly (phenyl vinyl siloxane) and mixtures
thereof.

Suitai)le polymers useful as porogens in the present invention include, but
are not limited to: HEMA/DEGDMA, MMA/DEGDMA, MMA/MAPS/DEGDMA,
MMA/MAPS/PETTA, MMA/MAPS/PPG4000DMA, MMA/MAPS/DPEPA,
MAPS/DEGDMA, BA/DEGDMA, MMA/MAPS/TMPTMA, MMA/MAPS/DVB,
STY/MAPS/DVB, BA/MAPS/DVB, BA/TMSMA/DVB, BA/MOPTSOMS/DVBE,
BA/MOPMDMOS/DVB, BA/IMAPS/TAT, ALMAIBA/DVB, IBOMA/MAPS/DVB,
IBOA/MAPS/DVB, BA/DVB, BA/PGDMA, BA/ALMA, BA/TMPTMA, BA/DPEPA,
EHA/DVE, EHA/ALMA, EHA/TMPTMA, EHA/DPEPA, STY/DVB, STY/ALMA,
EHA/STY/ALMA, MMA/BA/ALMA, STY/MMA/DVB, MMA/butadiene/STY,
MMA/EA/ALMA, BA/ALMA/MATS, STY/MATS/DVB, MMA/BA/MATS,
STY/MMA/MATS/DVB, MMA/BA/MATS/ALMA, BzA/TMPTMA, BzA/DVB,
IDMA/BzMA and MMA/ALMA/MATS.

Particle size and particle size distribution are key parameters that have to bhe
controlled if the desired dielectric layer or film, namely a porous film suitable for

use in the preparation of semiconductor devices, is to be achieved. Control of
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used is typically from 0.05 to 10% by weight, based on the weight of total monomer.

Chain transfer reagents may optionally be used to prepare the polymers
useful in the present invention. Suitable chain transfer agents include, but are nat
limited to: alkyl mercaptans such as dodecyl mercaptan, and aromatic hydrocarbons
with activated hydrogens such as toluene. When the porous dielectric material of
the present invention is used in a semiconductor, it is preferred that the optional

chain transfer agent is not a sulfur-containing chain transfer agent.

The porogen particles of the present invention may be directly added to the
B-staged dielectric matrix material as is or may be first purified to remove
impurities that might affect the electrical or physical properties of electronic
devices. Purification of the porogen particles may be accomplished either by
precipitation of the porogen particles or adsorption of the impurities.

The solution polymer porogens of the present invention typically have a
weight average molecular weight in the range of 10,000 to 1,000,000, preferably in
the range of 20,000 to 500,000 and more preferably in the range of 20,000 to
100,000. The solution polymer porogens typically have a mean particle size up to
about 1,000 nm, such as in the range of 1 to 1000 nm. It is preferred that the mean
particle size is in the range of about 1 to ahout 200 nm, more preferably from about
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as a thin coating usrng spin casting. nes
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rying cygle an i.nal spin cycle. The wafer s then processed at 150 C
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at oS i riare PREfePatlYATDAANS!E %d%ogtf&efeymaxqeodnﬂaemas moni tored and
mai nt ai ned below 5 ppm before heating of the sanple. After 30 m nutes at

200 C the fwémﬁn&aﬁozhg@ﬁ@&m pRedddt Sninti haPalsoePése t0 a tenperature

of 350 C and held fox 30 mnutes. Then the furnace was heated at a rate of
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mnut ey, PG-HACRIRISHD 01 8GR RS m{)%éa&@g, edufd! S
terrper%lt-tu-rﬂggt\/ﬁ(t9 outget;p%g'%f%ngpg% e po yner.ge%ﬁe or ous _|tg%ect’ri c matrix
mat er | sichhsdn forthes cgupatfiiblitiog the Boregen mathethe dielegtrivapatotd. 37 CLAIMS: 1. A
met hod of preparing porous dielectric materials conprising the steps of: a)

di sper si ng Todreowseifitleascporegenisi inexining parews dielpsivic materials; thieqporogepsng a
of the present invention must be at least partially removable under conditions
which do not adversely affect the dielectric matrix material, preferably
substantially removable, and more preferably completely removable. By
“removable” is meant that the polymer depolymerizes or otherwise breaks down
into volatile components or fragments which are then removed from, or migrate out
of, the dielectric material yielding pares or voids. Any procedures or conditions
which at least partially remove the porogen without adversely affecting the
dielectric matrix material may be used. It is preferred that the porogen is
substantially removed. Typical methods of remaval include, but are not limited to,
exposure to heat, pressure or fadiation, such as, but not limited to, actinic, IR,

microwave, UV, x-ray, gamma ray, alpha particles, neutron beam or electron beam.



mean particle size of 1 to 200 nmin a B-staged dielectric material; b
curing the B-staged dielectric material to forma dielectric W?Y?Qm
material w thout substantially degrading the porogen particles; and c)
subjecting the dielectric matrix material to conditions which at | east
partially renove the porogen particlgs to forma porous dielectric materi al
w t hout substantially . degrading the dielectric material; wherein the
porogen particles are soluble or mscible in the B-staged dielectric

mat er i & is préeferred| thehtheupatrit madiersslos eapdded tBhehtgetUVilightcotrenmvesheri al , or
both; the polyneric porogen particles contain from1l to 100% cross-1inking
agent BY¥ed™on the wei ght of the porogen; and the porogen particles are not
reacted with the B-st d dielegtric material. 2. A nmethod of preparing an
i nt egr at ed ?E‘Eﬁ“ﬁ"%‘%gf’ﬂ??ﬁnf HE’@F’@B@B#%*“*HE%‘&F?‘PH%\‘P@P‘Subst rate a

layer @l GBOEkh | ok GRS '?)Gnﬁﬁ%e%gﬁgi ﬁiycﬁlogsﬁ,réu%hfmmag egggvi ng

Ccross- ki nked'_pol YIer | C_porogen particles having~a nean partic st ze of t
t o 200onather inat oe deducingrd tmosphereu 'ThegparhgerB-of tthe preseing irevention magt eri al to

formaydiel ectric trix _nmaterd al. w.t,ho subst.antial ly. renovi ng the
por oge Re 5%1‘“?\'&5 aets%ngg%ﬁlpg}'at%’ﬁ%flé%tlf ‘r{\fnbglﬁ’fgila'i‘ g‘)‘% @P‘W@i ﬁﬁﬁ“gﬁ‘e to
condi t aadowdt thiAndhe tieasdal dacdrhpdditlon Csmyerati® dTAhe dedledticihatrgs t0 forma

porous dielectric material |ayer wthout substantially degrading the
di el ectaterialaiTornically, the porogens of the present invention may be remaved at

temperatures in the range of 160° to 450° C and preferably in the range of 250° to

)

425°C. Typicaily, the porogens of the present invention are removed upon heating
for a period of time in the range of 1 to 120 minutes. An advantage of the porogens
of the present invention is that 0 to 209% by weight of the porogen remains after
removal from the dielectric matrix material.

In one embodiment, when a porogen of the present invention is removed by
exposure to radiation, the porogen polymer is typically exposed under an inert
atmosphere, such as nitrogen, to a radiation source, such as, but not limited to,
visible or ultraviolet light. While not intending to be bound by theory, it is believed
that porogen fragments form, such as by radical decomposition, and are removed
from the matrix material under a flow of inert gas. The energy flux of the radiation
must be sufficiently high such that porogen particles are at least partially removed.
It will be appreciated by those skilled in the art that a combination of heat and
radiation may be used to remove the porogens of the present invention. It will also
be appreciated by those skilled in the art that other methods of porogen removal,
such as by atom abstraction, may be employed.

The porogens of the present invention are useful in reducing the dielectric
constant of dielectric materials, particularly low dielectric constant (k™) materials.
A low k dielectric material is any material havmg a dielectric constant less than 4.
Suitable dielectric materials useful in the present invention include, but are not
limited to: inorganic matrix materials such as carbides, oxides, nitrides and



wherein the porogen particles are are soluble or mscible in the B-staged
dielectric material, the solvent used to dissolve the ~-stage®Maye088tric
material, or both; 8 May 2003 37a the polyneric porogen particles contain
from1l to | 00% cross-1Iinking agent Qgsed on the wei ght of the porogen; and
t he porogen particles are not reacted with the B-staged dielectric materi al
3. The nmethod of any one of clains | or 2, wherein the dielectric materi al
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si | sesqui oxane. 5. Thé net hod arm 4, erein the silsesqui oxane
conpr i silsesquidrapgeysibcdtes sijaraammnand neddnid maitlis esaeiiaksasieh aghenyl
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et hodpffindiAYs, RrRhted GdlPEnided Yhénsh ticle conprise
one or nore_pol yners se eg?%ldef’%g%ﬂohem%r%oﬁhﬁbgg(n%%ég%ﬁ%hHE DEGDIVA,
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STY/ M$%%W%W%%ww%%ﬁ% B29BA/ MOPNVDMOSI DVB,
BA/ MARSH1LyYehzoAd 2dles BAY dobiBulak s QuitabiRREEI¢E ic B MRRE DYB1aHRAGRNE; thdA PGDVA,

BA/ ALMA, .BA/ TMPTMA, BAI DPEPA DVB, HA/ ALMA,  EHAr TMPTMA, EHA/ DPEPA,
STY/ DJisadenapey TpF Oéwswwsﬁﬂ%@»%wmsMWB@&

MWV bup g eRe/ N T ¥ui ﬂ#}&an \¢ iRV BA VATS,
STY/ IVUI\/R/ MATS/ El)\ngml\t/%B%/ééNA S| ALI\@/%) zA TIVP'I%I\(/:I&?Q&BIZI)%E g?/éBQXQFhDIVABZI\t/R and

MV ALhgdregerssilsesquinsgne otiorl 38sasquikenssutivas wiethylyilsesuidxasieqanyd | 10 7,
wher ei Me@mfuigﬁn%gsqﬂhr]ﬁ%h%ngpﬁpsesquioxane, and mixtures thereof, such as
alkylVhydrogen, aryl/hydrogen or alkyl/aryl silsesquioxane. It is preferred that the

dielectric material is a silsesquioxane. It is more preferred that the dielectric

material is hydrogen silsesquioxane, methyl silsesquioxane, phenyl silsesquioxane,
a mixture of dielectric materials containing hydrogen silsesquioxane as a
predominant component, or mixtures thereof, and mast preferably hydrogen
silsesquioxane or a mixture of dielectric materials containing hydrogen
silsesquioxane as a predominant component. Such dielectric materials are
commercially available or may be prepared by known methods. For example the
preparation of hydrogen silsesquioxanes is disclosed in U.S. Pat. No. 3,615,272,
herein by reference to the extent it teaches the preparation of this compound.
Typically, the silsesquioxanes useful in the present invention are used as oligomeric

materials, generally having from 8 to 20.repeating units.

In preparing the dielectric matrix materials of the present invention, the
porogens described above are first dispersed within, or dissolved in, a B-staged
dielectric material. Any amount of porogen may be combined with the B-staged
dielectric materials according to the present invention. The amount of porogen used
will depend on the particular porogen employed, the particular B-staged dielectric
material employed, and the extent of dielectric constant reduction desired in the -
resulting porous dielectric material. Typically, the amount of porogen used is in the



particle size in the range of 1 to 20 nm 9. The nethod of any one of
clains 1 to 8 wherein the porogen has a pol ydispersity in tHgMﬁ&ﬁ8@3of 1
to 20. 10. The nethod of any one of clainms | to 9, further conprising a

sol vent selected fromthe group conprising nethyl isobutyl ketone,

di i sobutyl ketone, 2-heptanone, ybutgrol actone, y-caprol actone, ethyl

Lact ate propyl enegl ycol nononet hyl ether acetate, propyl eneglycol
nononet hyl et her i phenyl ether, anisole -agél acetate, n-butyl acetate,
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si | sespreferablycframd2@ tacB0pwtbgen conpri ses EHA. 12. A porous dielectric
material prepared by the nmethod of claiml . 13. An integrated circuit
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bot h; isobuiydkytome] diigpbuty] detqey Liheptanaecy-butyparetdnbyy-emrblactane,
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cyclohexanone, N-methyl-2-pyrrolidone, N, N-dimethylpropyleneurea, mesitylene,

xylenes, or mixtures thereof to form a solution. The porogen particles are then
dispersed or dissalved within the solution. The resulting dispersion is then
deposited on a substrate by methods known in the art, such as spin coating, spray
coating or doctor blading, to form a film or layer.

After being deposited on a substrate, the B-staged dielectric material is then
substantially cured to form a rigid, cross-linked dielectric matrix material without
substantially removing the porogen particle. The curing of the dielectric material
may be by any means known in the art including, but not limited to, heating to
induce condensation or e-beam irradiation to facilitate free radical coupling of the
oligomer or monomer units. Typically, the B-staged material is cured by heating at
an elevated temperature, e.g. either directly or in a step-wise manner, e.g. 200° C
for 2 hours and then ramped up to 300° C at a rate of 5° C per minute and held at
this temperature for 2 hours. Such curi£1g conditions are known to these skilled in
the art.

Once the B-staged dielectric material is cured, the ﬁlm is subjected to
conditions which remove the porogen without substantially degrading the dielectric
matrix material, that is, less than 5% by weight of the dielectric matrix material is
lost. Typically, such conditions include exposing the film to heat and/or radiation.
It is preferred that the matrix material is exposed to heat or light to remove the



1 S. A conposition conprising a potymerizable B-staged dielectric materi al
and cross-1linked polymeric porogen particles having a mean paBMay2903i ze of
1 to 1000 nm wherein the porogen particles are soluble or mscible in the
B-staged dielectric material, the solvent used to dissolve the B-staged
dielectric material, or both; the po?(ﬁ/rreri c porogen particles are prepared
by emul si on polynerization and conprise from1l to 100% cross-1inking agent
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dielectric material w thout substantially degrading the porogen particles;

and In general, the polymers of the present invention useful as porogens must be
dispersible, miscible or otherwise substantially compatible with the host dielectric
matrix material in solution and in the thin film. Thus, the porogen must he soluble
in the same solvent or mixed solvent system as the host dielectric B-staged
material. Also, the porogen must be present within this solution as substantially
discrete, substantially non-aggregated or substantially non-agglomerated particles
in order to achieve the desired benefit of this invention, namely substantially
uniformly dispersed pores with a size comparable to that of the porogen’s size. This
is accomplished by modifying the porogen composition such that it is “compatible”
with the hest dielectric matrix material. Thus, the use of the appropriate
substituted or functional monomers at &n appropriate concentration in the
preparation of the porogen allows for complete dispersion, or preferably dissolution,
of the porogen polymers of the present invention into the host dielectric B-staged
material.

The porogens of the present invention are selected so as to be substantially
compatible, and preferably compatible, with the dielectric material used. By
“compatible” is meant that a composition of B-staged dielectric material and



c) subjecting the dielectric matrix material to conditions which Bq%east
partially renove the porogen particles to forma porous dle|éHM?Y§ terial
wi t hout substantially degrading the dielectric material; wherein the

pol ymeric porogen particles have a nean particle size of 1 to 1000 nm
contain from1 to |100% cross-linking agent based on the weight of the
porogen and are soluble in the B—staged dielectric material. 20. The nethod
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vinyl r3m@¢RldfthBPORIERA 35 slightly cloudy or shghtly opaque.

To be compatible, the porogen must be soluble or miscible in the B-staged
dielectric material, in the solvent used to dissolve the B-staged dielectric material
or hoth. When a film or layer of a composition including the B-staged dielectric
material, porogen and solvent is cast, such as by spin casting, much of the solvent
evaporates. After such film casting, the porogen must be soluble in the B-staged
dielectric material so that it remains substantially uniformly dispersed. If the
porogen is not compatible, phase separation of the porogen from the B-staged
dielectric material occurs and large domains or aggregates form, resulting in an
increase in the size and non-uniformity of pores. Such compatible porogens provide
cured dielectric materials having substantially uniformly dispersed pores having
substantially the same sizes as the porogen particles.

The compatibility of the porogens and dielectric matrix material is typically
determined by a matching of their solubility parameters, such as the Van Krevelen
parameters of delta h and delta v. See, for example, Van Krevelen et al., Properties
of Polymers. Their Estimation and Correlation with Chemical Structure, Elsevier
Scientific Publishing Co., 1976; Olabisi et al., Polymer-Polymer Miscibility,
Academic Press, NY, 1979; Coleman et al., Specific Inferactn‘ons and the Miscibility
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A@. A A?. Ayicaly, pidogéns thht afe ompatidie with AdrgéH silsesquioxane have
lower glass transition temperatures (“I'g’s"), a greater proportion of branched alkyl

groups, or both in comparison with perogens that are not compatible. It is preferred
that porogens used with hydrogen silsesquioxane contain a lower proportion of
phenyl groups. Thus, it is preferred that the porogens used with hydrogen
silsesquioxane do not contain styrene or benzyl(meth)acrylate. Particularly
preferred porogens for use with hydrogen silsesquioxane comprise EHA, more
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Further, the void size can be adjusted, from 1 to 1000 nm and above, by varying the

size of the removable porogen particles. The resulting dielectric matrix material
has low stress, low dielectric constant, improved toughness and improved
compliance during mechanical contacting to require less contact force during

compression.

A further advantage of the present invention is that poerous dielectric
materials are obtained having less surface roughness than known porous dielectric
materials. In general, the surfaces of the dielectric materials of the present
invention show very little light scattering. Such smooth surfaces have the
advantage that subsequent layers of materials applied to the dielectric material are
smoother, i.e. flatter. This is particularly advantageous in the manufacture of
integrated circuits.
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The porous dielectric material made by the process of the present invention is

suitable for use in any application where a low refractive index or low dielectric
material may be used. When the porous dielectric material of the present invention
is a thin film, it is useful as insulators, anti-reflective coatings, sound barriers,
thermal breaks, insulation, optical coatings and the like. The porous dielectric
materials of the present invention are preferably useful in electronic devices
including, but not limited to, the fabrication of multilevel integrated circuits, e.g.
memory and logic chips, thereby increasing their performance and reducing their

cost.

The porous dielectric matrix materials of the present invention are
particularly suitable for use in integrated circuit manufacture. In one embodiment
of integrated circuit manufacture, as a first step, a layer of a composition including
B-staged dielectric material having a polymeric porogen dispersed or dissolved
therein and optionally a solvent is deposited on a substrate. Suitable deposition
methods include spin casting, spray casting and doctor blading. Suitable optional
solvents include, but are not limited to: methyl isobutyl ketone, diisobutyl ketone, 2-
heptanone, y-butyrolactone, y-caprolactone, ethyl lactate propyleneglycol
monomethyl ether acetate, propyleneglycol monomethyl ether, diphenyl ether,
anisole, n-amyl acetate, n-butyl acetate, cyclohexanone, N-methyl-2-pyrrolidone,
N,N’-dimethylpropyleneurea, mesitylene, xylenes or mixtures thereof. Suitable
substrates include, but are not limited to: silicon, silicon dioxide, glass, silicon
nitride, ceramics, aluminum, copper, gallium arsenide, plastics, such as
polycarbonate, circuit boards, such as FR-4 and polyimide, and hybrid circuit
substrates, such as aluminum nitride-alumina. Such substrates may further
include thin films deposited thereon, such films including, but not limited to: metal
nitrides, metal carbides, metal silicides, metal oxides, and mixtures thereof. In a
multilayer integrated circuit device, an underlying layer of insulated, planarized

circuit lines can also function as a substrate.
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In a second step in the manufacture of integrated circuits, the layer of the

composition is heated to an elevated temperature to cure the B-staged dielectric
material to form a dielectric matrix material without degrading the polymeric
porogen. A catalyst, such as a Brgnsted or Lewis base or Brgnsted or Lewis acid,

- may dlsa be iised. In 4 third step, the resulting cured dielectric matrix material is
then subjected to conditions such that the porogen contained therein is
subgtantially removed without adversefy affecting the dielectric matrix material to
yield a porous dielectric material.

The porous dielectric material is then lithographically patterned to form
trenches. The trenches generally extend to tl;e substrate and to at least one
metallic via. Typically, lithographic patterning involves (i) coating the dielectric
material layer with a positive or negative photoresist, such as those marketed by
Shipley Company (Marlborough, MA); (ii) imagewise exposing, through a mask, the
photoresist to radiation, such as light of appropriate wavelength or e-beam; (iii)
developing the image in the resist, e.g., with a suitable developer; and (iv)
transferring the image through the dielectric layer to the substrate with a suitable
transfer technique such as reactive ion etching. Such lithographic patterning
techniques are well known to those skilled in the art.

A metallic film is then deposited onto the patterned dielectric layer to fill the
trenches. Preferred metallic materials include, but are not limited to: copper,
platinum, tungsten, gold, silver, aluminum or alloys thereof. The metal is typically
deposited onto the patterned dielectric layer by techniques well known to those
gkilled in the art. Such techniques inchide, but are not limited to: chemical vapor
deposition (“CVD"), plasma-enhanced CVD, electrolytic and electroless deposition,
sputtering, or the like. Optionally, a metallic liner, such as a layer of nickel,
tantalum or chromium, or other layers such as barrier or adhesion layers, e.g.
silicon nitride or titanium nitride, is &leposibed on the patterned and etched
dielectric material.



10// 10//'@ "10%/& ()-,!!10% & ()-!3"10%g& () - =%?BC| D} D~DDaXVB7 ! 8 10b

10b 8 May 2003
10b, ,/:1109%& ()-!,,/: ! 109R&& ()-!!10%b& ()-:! &M 10%b& ()-! 3F" 109%WE& ()-D
DEDI WKKLL} [ <17 ~10/,/ 10% & ()-! "1 1Q0& ()-s!"110%/& ()-s! "10%/& ()-

10% & ()-$10% & () -LLLL2O{ORTj H7 10/,'@ "10% /& ()-9g,3!/'10% & ()-m

A TR LRI D hr

.:!"10%/&- g;e)ﬂhg\ 2] AA.}\SA'"A$/\\ rg‘l& r - . a e, S
metallic material is removed, e.g. by planarizing the metallic film, so that the
resulting metallic material is generally level with the patterned dielectric layer.
Planarization is typically accomplished with chemical/mechanical polishing or

“selective wet or dry etching. Such planarization methods are well known to those

skilled in the art.

It will be appreciated by those skilled in the art that multiple layers of
dielectric material and metal layers may subsequently be applied by repeating the
above steps. It will be further appreciated by those skilled in the art that the
compasitions of the present invention are useful in any and all methods of

integrated circuit manufacture.

The following examples are presented to illustrate further various aspects of
the present invention, but are nat intended to limit the scope of the invention in any
aspect.

Example 1

Poly(isodecyl methacrylate) (“PIDMAF), a thermally removable porogen
polymer particle, was formeéd by way of solution polymerization. A 1 L reactor was
fitted with a thermocouple, a temperature controller, a purge gas inlet, a water-
cooled reflux condenser with purge gas outlet, a stirrer, and an addition funnel. To
the addition funnel was charged 420.15 g of a monomer mixture consisting of
407.75 g isodecyl methacrylate (98.1% purity), 2.40 g of a 50% solution of t-butyl
peroctoate in mineral spirits (Lupersol PMS), and 10.00 g dodecyl mercaptan.
Twenty percent (84.03 g) of the monomer mixture in the addition funnel was
charged to the reactor containing 80.00 g toluene. The reactor was then flushed
with nitrogen for 30 minutes before appl&ing heat to bring the contents of the
reactor to 105° C. When ihe contents of the reactor reached 105° C, the balance of
the monomer mixture in the addition funnel was uniformly charged to the reactor
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over 60 minutes. At the end of the monomer mixture addition, 102.00 g of a chaser
feed consisting of 2.00 g of a 50% solution of t-butyl peroctoate in mineral spirits

" (Liupersol PMS), and 100.00 g toluene was added uniformly over 90 minutes. At the
end of the chaser feed, the contents of the reactor were held 60 minutes at 105° C.

“A% the end of the 60 minute hald, 165.85 g toluene was added to the batch. The
batch was then held at 105° C for an additional 30 minutes to create a homogeneous
solution. The product so formed exhibited a polymer solids content of 46.89 wt%
and a number average molecular weight of 22,200 and a Mw/Mn distribution of 1.11

as measured by gel permeation chromatography (“GPC").

Example 2

Methyl methacrylate-ethylene glycol dimethacrylate co-polymer, a thermally

removable polymer particle porogen, was formed via solution polymerization.

Methyl methacrylate/diethylene glycol dimethacrylate (MMA/DEGMA)
copolymer, a thermally removable porogen polymer particle, was formed by way of
solution polymerization. A 500 mL reactor was fitted with a thermocouple, a
temperature cantroller, a purge gas inlet, a water-cooled reflux condenser with
purge gas outlet, a stirrer, and an addition funnel. To the addition funnel was
charged 201.60 g of a monomer mixture consisting of 18.00 g methyl methacrylate
(100% purity), 2.00 g diethyleneglycol dimethacrylate (100% purity), 1.60 g of a 75%
solution of t-amyl peroxypivalate in mineral apirits (Luperox 654-M-76), and 180.00
g diisobutyl ketone (“DIBK”). The reactor, containing 180.00 g DIBK was then
flushed with nitrogen for 30 minutes before applying heat to bring the contents of
the reactor to 75° C. 'When the contents of the reactor reached 75° C, the monomer
mixture in the addition funnel was uniformly charged to the reactor over 90
minutes. Thirty minutes after the end of the monomer mixture addition, the first of
two chaser aliquots, spaced thirty minutes apart and consisting of 0.06 g of a 75%
solution of t-amyl peroxypivalate in mineral spirits (Luperox 554-M-75) and 2.00 g
DIBK, was added. At the end of the second chaser aliquot, the contents of the



10/ /', F% "10% /& ()-',L "10% /& ()-!'10% /& ()-Pxl|| & }oaS4 $10%& ()- 10//
10// 10//!'S0 "10% /& ()-Z@ 10% & ()-! G 10%&' ()-zG' 10% & () - z§ May;2008+4
10ZZ2! S-
"109@2Z& ()-' ! SF% 109@ZZ& ()-Z' @" 109%2Zg& ()-'0f "109@Z& ()-: ! 10%Z& () - 109Z& ()
-; <=HK5dB4 10zz!! "109BB& ()-'s "109%8B& () -
7" 109B& () -3l 109B&' () -#109B& ()- 10ZZ 10ZZ8uV40Z!
@ 10%&rdaltdBPek8 Hibld 2% @BLRYEL 80> ¢ 10 Ui plete HXPRALARS TABBldulting
"1098B& ()-nrS10!, , G 10%G& () -, Y'10%&' () - #&$10%&' () - 10

polymer was isolated by precipitation with heptane, collected by filtration and dried

under vacuum to yield a white powder. This material was redissolved in

propyleneglycol monomethylether acetate. The porogen particles thus formed had a

by dynamic laser light scattering and a molecular weight of ahout 22,642 g/mol with
a number average molecular weight of about 14,601 g/mol and Mw/Mn distribution
of 1.6 as measured by GPC.

Example 3

AAEM/ALMA copolymer, a thermally removable polymer particle porogen,
was prepared by a semi-batch emulsion polymerization process. A monomer
emulsion was made from a mixture of 17 g deionized water, 8.85 g of 28 % w/w
solids ammonium lauryl sulfate (“ALS”), 12.4 g acetoacetoxyethyl methacrylate
(“AAEM™), and 1.78 g allyl methacrylate (“ALMA”). A reaction kettle was then
prepared with 600 g deionized water, 15.0 g of 28 % w/w solids ALS, and 0.15 g
ammonium persulfate (“APS”) in 1 mL deionized water. The reaction kettle was
heated to 90° C while being purged with nitrogen. One half of the monamer
emulsion was added to the reaction kettle with stirring at 200 rpm. After 20
minutes, the remaining monomer emulsion was added. The kettle temperature was
kept at 90° C for 30 minutes, cooled to 55° C, and then a solution of 0.02 g t-butyl
hydroxy peroxide (“t-BHP”) in 1 mL of deionized water and a solution of 0.010 g
sodium sulfoxylate formaldehyde (“SSF”) in 1 mL of deionized water were added
respectively. The reaction was then cooled to ambient temperature and the
emulsion was filtered through 400 and 100 mesh sieves respectively.

The sample was isolated from water by freeze-drying to produce a white
friable, free flowing powder. The resulting white powder was washed with copious
amounts of doubly distilled and deionized water to remove most of the surfactant.
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Example 4

AAEM/ALMA copolymer, a thermally removable polymer particle porogen,
_was prepared by a batch emulsion polymerization process. A monomer emulsion . _. .
was made from a mixture of 17 g deionized water, 8.85 g of 28% w/w solids ALS,
12.4 g AAEM, and 1.78 g ALMA in a bottle. A reaction kettle was then prepared
with 600 g deionized water, 15.0 g of 28% w/w solids ALS, and 0.15 g APS in 1 mL
deionized water. The reaction kettle was heated to 90° C while being purged with

nitrogen. The monomer emulsion was added all at once to the reaction kettle with
stirring at 200 rpm. After 30 minutes, the temperature of the reaction flask was
cooled to 75° C, and then a solution of 0.02 g t-BHP in 1 mL of deionized water was
added. The reaction was cooled further to 65° C, and a solution of 0.010 g SSF in 2
mL of deionized water was added. The reaction was cooled to ambient temperature

and the emulsion was filtered through 400 and 100 mesh sieves respectively.

Example 5

A thermally removable polymer particle porogen was prepared by a gradual-
add polymerization process. A monomer emulsion was made from a mixture of 100
g water, 1.60 g of 28% w/w solids ALS, 68 g ethyl acrylate (“EA”), 17 g methyl
methacrylate (“MMA”), 12.5 g divinyl benzene (‘DVB”), and 5 g methacrylic acid
(“MAA”). A reaction kettle containing 445 g water, 22.2 g of 28% w/w solids ALS
and 0.37 g APS was heated to 85° C under a nitrogen atmosphere. The monomer
.emulsion was fed to the kettle over 90 minutes. The reaction was held at 85° C for
30 minutes after the end of the feed, and then cooled to 65° C. After cooling, 1.33¢g
of 10% iron sulfate (FeSO4) was added. After 1 minute, 0.2 g of 70% t-BHP was
added and after 2 minutes 0.10 g of 100% isoascorbic acid (“TAA”) and the reaction
held for 15 minutes. A second chaser system was added in the same sequence and
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Polymer particles useful as porogens in the present invention are reported in

Table 1. These polymers were prepared according to the general procedures of

Examples 1-5. The abbreviation “Mw” refers to the weight average molecular

weight and the term “Mn” refers to the number average molecular weight. The
term “Dist” refers to the ratio of Mw/Mn. The molecular weights were measured
using a standard GPC method with tetrahydrofuran as the solvent.

Table 1

Sample Compasition Ratio Mw Mn Dist
1 HEMA/DEGDMA 90/10
2 MMA/DEGDMA 90/10
3 MMA/DEGDMA 90/10 19073 11183 1.7
4 MMA/DEGDMA 90/10 644 221 2.9
8 MMA/DEGDMA 90/10 171 3989 19
6 MMA/MAPS/ DEGDMA 70/20/10 10640 4264 2.5
7 MMA/MAPS/ DEGDMA 80/10/10 12819 8091 1.6
8 MMA/MAPSDHEGDMA 60/30/10
9 MMA/MAPS/DEGDMA 40/50/10 43667 9047 48
10 MMA/MAPS/DEGDMA  20/70/10 166432 7404 225
11 MAPS/DEGDMA 90/10 11683 3484 34
12 MMA/MAPS 88.9/11.1 15965 7424 2.2
13 BA/DEGDMA 90/10 51007 29065 1.8
14 MMA/MAPS/PETTA 80/10/10
16 MMA/MAPS/ 80/10/10

PPG4000DMA

16 MMA/MAPS/DPEPA 80/10/10
17 MMA/MAPS/TMPTMA 80/10/10
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25 MMA/MAPS/DEGDMA 30/60/10 36105 7003 83
26 MMA/MAPS/DVB 10/80/10 331732 29918 111
27 STY/MAPS/DVB 30/60/10 38455 12320 3.1
28 BA/MAPS/DVB 30/60/10 499094 36317 13.7
29 BA/MAPS/DVB 10/80/10 312848 16102 194
30 BA/TMSMA/DVB 10/80/10 674730 30989 2138
31 BA/MOPTSOMS/DVB 10/80/10 97530 12154 8.0
32 BA/MOPMDMOS/DVB 10/80/10 363561 37653 9.7
33 BA/MAPS/TAT 10/80/10 12201 5182 2.4
34 ALMA/BA/DVE 10/80/10

35 IBOMA/MAPS/DVB 10/80/10

36 BA/DVB 20/10 223436 29309 16
37 BA/PGDMA 90/10 26797 8242 33
a8 BA/ALMA 90/10 104529 16967 6.5
39 BA/TMPTMA 90/10 39638 16306 24
40 BA/DPEPA 90/10 103946 18702 5.6
41 EHA/DVEB 90/10

42 EHA/ALMA 90/10

43 EHA/TMPTMA 90/10

44 EHA/DPEPA 90/10

46 STY/DVB 90710

46 STY/ALMA 90/10

47 EHA/STY/ALMA 20/70/10

48 EHA/STY/ALMA 45/45/10

49 MMA/DEGDMA 20/10 22642 14601 16
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Example 7

The compatibility of a porogen in hydrogen silsesquioxane (“HSQ”) was

determined for a variety of porogens.

The solubility parameters for HSQ were determined by deﬁmng the cloud

“point of the HSQ in binary solvent systems consxstlng of an HSQ soluble solvent
and an HSQ insoluble solvent. The solubility parameter for the cloud point was
defined as the weighted percentage of the two solvents. Figure 1 illustrates a
region of the area, i.e. the area under the curve, of solubility parameters for HSQ in
a variety of solvents. The area of solubility parameters for HSQ in Figure 1 was in
the range of 14 to 21 (J/cc)? for delta v and in the range of 0 to 11 (J/cc))2 for delta
h.

The solubility parameters for various porogens having a monomer/cross-
linker molar ratio of 9:1 were calculated using the group contribution method.
Figure 2 illustrates a partial region of the area, i.e. the area under the curve, of

solubility parameters for the various porogens evaluated.

Porogens that had solubility parameters in the range of 14 to 19 (J/cc)'?2 for
delta v and in the range of 0 to 9 (J/cc)2 for delta h were compatible with HSQ, i.e.
solutions and films containing these porogens were optically clear. Thus, it can be
seen from Figure 2 that the porogen comprising EHA/ALMA is closest to the center
of the solubility parameter ranges and is thus compatible with HSQ.

Example 8

The compatibility of a porogen in methyl silsesquiozane (“MeSQ”") was

determined for a variety of porogens.

The solubility parameters for MeSQ were determined by defining the cloud
point of the MeSQ in binary solvent systéms consisting of an MeSQ soluble solvent
and an MeSQ insol\‘,tble solvent. The solubility parameter for the cloud point was
defined as the weighted percentage of the two solvents. Figure 3 illustrates a
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Example 9

The compatibility of the porogens of Example 6 in HSQ and/or MeSQ was
determined by visually inspecting a film of the dielectric matrix material and
poragen that was spun cast on a silicon wafer. All visual inspections were by
naked-eye under daylight. The results are reported in Table 2.

Table 2
HSQ MeSQ
Sample | % Porogen Clarity Refractive | % Porogen Clarity Refractive
Index Index

2 20 clear ) 20 clear
3 50 opaque
4 20 clear
5 20 opaque
6 23 gelled
7 15, 26 clear, clear 20 opaque

. B 20 clear 20 clear/opaque
9 20 clear 14 20, 40 clear, opaque
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spread cycle, drying cycle and final spin cycle. The wafer was then processed at

150° C for 2 minutes followed by heating in a quartz tube to 200° C under an argon

atmosphere. The oxygen content of the tube was monitored and maintained helow 5

ppm before heating of the sample. After 30 minutes at 200° C the furnace was

heated at a rate of 10° C per minute to a temperature of 350° C and held for 30

minutes. The furnace was heated at a rate of 10° C per minute to a temperature of

350° C and beld for 30 minutes. The decomposition of the polymer particle was

‘accomplished at this temperature without expansion of the polymer.

Example 11

Porous dielectric material was prepared using polymer particle porogens of
the present invention. The ALMA cross-linked emulsion powder (0.3 g) prepared
according to Example 3 and 0.6 g hydrogen silsesquioxane (‘HSQ") were dissolved
in 1.42 g PMA and 0.45 g ethyl lactate. The resulting solution was filtered through
a 0.1 pm polytetrafluoroethylene filter. The sample was deposited on a silicon
wafer as a thin coating using spin casting. The thickness of the film was up fo 2 pum
and was controlled by the duration and spin rate of spread cycle, drying cycle and
final spin cycle. The wafer was then processed at 150° C for 2 minutes followed by
heating in a quartz tube to 200° C under an argon atmosphere. The oxygen content
of the furnace tube was monitored and maintained below 5 ppm before heating of
the sample. After 30 minutes at 200° C the furnace was heated at a rate of 10° C
per minute to a temperature of 350° C and held for 30 minutes. Then the furnace
was heated at a rate of 10° C per minute to a temperature of 425° C and held for 30
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minutes. The decomposition of the porogen was accomplished at this temperature
without expansion of the polymer. The porous dielectric matrix material had pore

gizes of about 15 nanometers.
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CLAIMS:

1. A method of preparing porous dielectric materials comprising the steps of:

a) dispersing removable cross-linked polymeric porogen particles having a
mean particle size of 1 to 200 nm in a B-staged dielectric material;

b) curing the B-staged dielectric material to form a dielectric matrix material
without substantially degrading the porogen particles; and

¢) subjecting the dielectric matrix material to conditions which at least partially
remove the porogen particles to form a porous dielectric material without substantially
degrading the dielectric material; wherein

the porogen particles are soluble or miscible in the B-staged dielectric material,
the solvent used to dissolve the B-staged dielectric material, or both;

the polymeric porogen particles contain from 1 to 100% cross-linking agent
based on the weight of the porogen; and

the porogen particles are not reacted with the B-staged dielectric material.

2. A method of preparing an integrated circuit comprising the steps of:

a) depositing on a substrate a layer of a composition comprising B-staged
dielectric material having cross-linked polymeric porogen particles having a mean
particle size of 1 to 200 nm dispersed therein;

b) curing the B-staged dielectric material to form a dielectric matrix material
without substantially removing the porogen particles; and

c) subjecting the diclectric matrix material to conditions which at least partially
remove the porogen particles to form a porous dielectric material layer without
substantially degrading the dielectric material;

wherein

the porogen particles arc are soluble or miscible in the B-staged dielectric

material, the solvent used to dissolve the B-staged dielectric material, or both;
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the polymeric porogen particles contain from 1 to 100% cross-linking agent
based on the weight of the porogen; and

the porogen particles are not reacted with the B-staged dielectric material

3. The method of any one of claims 1| or 2, wherein the dielectric material is a
siloxane.

4. The method of claim 3, wherein the siloxane is a silsesquioxane.

5. The method of claim 4, wherein the silsesquioxane comprises hydrogen

silsesquioxane, methyl silsesquioxane, phenyl silsesquioxane, or mixtures thereof.

6. The method of any one of claims 1 to 5, wherein the porogen is at least partially

removed by heat.

7. The method of any one of claims 1 to 6, wherein the porogen particle comprise
one or niore polymers selected from the group comprising HEMA/DEGDMA,
MMA/DEGDMA, MMA/MAPS/DEGDMA, MMA/MAPS/PETTA,
MMA/MAPS/PPG4000DMA, MMA/MAPS/DPEPA, MAPS/DEGDMA,
BA/DEGDMA, MMA/MAPS/TMPTMA, MMA/MAPS/DVB, STY/MAPS/DVB,
BA/MAPS/DVB, BA/TMSMA/DVB, BA/MOPTSOMS/DVB,
BA/MOPMDMOS/DVB, BA/MAPS/TAT, ALMA/BA/DVB, IBOMA/MAPS/DVB,
IBOA/MAPS/DVB, BA/DVB, BA/PGDMA, BA/ALMA, BA/TMPTMA, BA/DPEPA,
EHA/DVB, EHA/ALMA, EHA/TMPTMA, EHA/DPEPA, STY/DVB, STY/ALMA,
EHA/STY/ALMA, MMA/BA/ALMA, STY/MMA/DVB, MMA/butadiene/STY,
MMA/EA/ALMA, BA/ALMA/MATS, STY/MATS/DVB, MMA/BA/MATS,
STYMMA/MATS/DVB, MMA/BA/MATS/ALMA, BzA/TMPTMA, BzA/DVB,
IDMA/BzMA and MMA/ALMA/MATS.
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8. The method of any one of claims | to 7, wherein the porogen has a mean
particle size in the range of 1 to 20 nm.
9. The method of any one of claims 1 to 8, wherein the porogen has a

polydispersity in the range of 1 to 20.

10.  The method of any one of claims | to 9, further comprising a solvent selected
from the group comprising methyl isobutyl ketone, diisobutyl ketone, 2-heptanone, y-
butyrolactone, y-caprolactone, ethyl lactate propyleneglycol monomethyl ether acetate,
propyleneglycol monomethyl ether, diphenyl ether, anisole, n-amyl acetate, n-butyl
acetate, cyclohexanone, N-methyl-2-pyrrolidone, N,N'-dimethylpropyleneurea,

mesitylene, xylenes, and mixtures thereof.

1.  The method of any one of claims 1 to 10, wherein the B-staged dielectric

material comprises hydrogen silsesquioxane and the porogen comprises EHA.

12. A porous dielectric material prepared by the method of claim 1.

13.  An integrated circuit prepared by the method of claim 2.

14. A composition comprising a polymerizable B-staged dielectric material and
cross-linked polymeric porogen particles having a mean particle size of 1 to 200 nm,
wherein

the porogen particles are soluble or miscible in the B-staged dielectric material,
the solvent used to dissolve the B-staged dielectric material, or both;

the polymeric porogen particles are prepared by emulsion polymerization and
comprise from 1 to 100% cross-linking agent based on the weight of the porogen
particle; and

the porogen particles are not reacted with the B-staged dielectric material.
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15S. A composition comprising a polymerizable B-staged dielectric material and
cross-linked polymeric porogen particles having a mean particle size of 1 to 1000 nm,
wherein

the porogen patticles are soluble or miscible in the B-staged dielectric material,
the solvent used to dissolve the B-staged dielectric material, or both;

the polymeric porogen particles are prepared by emulsion polymerization and
comprise from 1 to 100% cross-linking agent based on the weight of the porogen
particle; and

the porogen particles are not reacted with the B-staged dielectric material.

16.  The composition of any one of claims 14 or 15, wherein the B-staged dielectric

material is a siloxane.
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17.  The composition of claim 16, wherein the siloxane is a silsesquioxane.
18.  The composition of any one of claims 14 to 17, wherein the porogen particles

comprise one or more polymers selected from the group comprising
HEMA/DEGDMA, MMA/DEGDMA, MMA/MAPS/DEGDMA,
MMA/MAPS/PETTA, MMA/MAPS/PPG4000DMA, MMA/MAPS/DPEPA,
MAPS/DEGDMA, BA/DEGDMA, MMA/MAPS/TMPTMA, MMA/MAPS/DVB,
STY/MAPS/DVB, BA/MAPS/DVB, BA/TMSMA/DVB, BA/MOPTSOMS/DVB,
BA/MOPMDMOS/DVB, BA/MAPS/TAT, ALMA/BA/DVB, IBOMA/MAPS/DVB,
IBOA/MAPS/DVB, BA/DVB, BA/PGDMA, BA/ALMA, BA/TMPTMA, BA/DPEPA,
EHA/DVB, EHA/ALMA, EHA/TMPTMA, EHA/DPEPA, STY/DVB, STY/ALMA,
EHA/STY/ALMA, MMA/BA/ALMA, STY/MMA/DVB, MMA/butadiene/STY,
MMA/EA/ALMA, BA/ALMA/MATS, STYMATS/DVB, MMA/BA/MATS,
STY/MMA/MATS/DVB, MMA/BA/MATS/ALMA, BzA/TMPTMA, BzA/DVB,
IDMA/BzMA and MMA/ALMA/MATS.

19. A method of preparing porous dielectric materials comprising the steps of:

a) dispersing removable cross-linked polymeric porogen particles in a
polymerizable B- staged dielectric material comprising hydrogen silsesquioxane;

b) curing the B-staged dielectric material to form a dielectric material without
substantially degrading the porogen particles; and

c) subjecting the dielectric matrix material to conditions which at least partially
remove the porogen particles to form a porous dielectric material without substantially
degrading the dielectric material;

wherein the polymeric porogen particles have a mean particle size of 1 to 1000
nm, contain from [ to 100% cross-linking agent based on the weight of the porogen and

are soluble in the B-staged dielectric material.

20.  The method of claim 19, wherein the cross-linked polymeric porogen particles

have a mean patticle size of 1 to 200 nm.
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27.  The composition of any one of claims 23 to 26, wherein the cross-linking agent
is allylmethacrylate, propyleneglycoldimethacrylate, dipentaerythiol pentaacrylate,
pentaerythiol tetra/triacrylate, diethyleneglycoldimethacrylate, propyleneglycol 4000

dimethacrylate, trimethylolpropane trimethacrylate, or divinylbenzene.

28.  The composition of any one of claims 23 to 26, wherein the cross-linking agent
is sclected from the group consisting of trivinylbenzene, divinyltoluene,
divinylpyridine, divinylnaphthalene and divinylxylene; and such as ethylenegylcol
diacrylate, trimethylolpropane triacrylate, diethyleneglycol divinyl ether,
trivinylcyclohexane, allyl methacrylate, ethyleneglycol dimethacrylate,
diethyleneglycol dimethacrylate, propyleneglycol dimethacrylate, propyleneglycol
diacrylate, trimethylolpropane trimethacrylate, divinyl benzene, glycidyl methacrylate,
2.2-dimethylpropane 1,3 diacrylate, 1,3-butylene glycol diacrylate, 1,3butylene glycol
dimethacrylate, 1,4-butanediol diacrylate, diethylene glycol diacrylate, diethylene
glycol dimethacrylate, 1,6-hexanediol diacrylate, 1,6-hexanediol dimethacrylate,
tripropylene glycol diacrylate, triethylene glycol dimethacrylate, tetracthylene glycol
diacrylate, polyethylene glycol 200 diacrylate, tetraethylene glycol dimethacrylate,
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polyethylene glycol dimethacrylate, ethoxylated bisphenol A diacrylate, ethoxylated
bisphenol A dimethacrylate, polyethylene glycol 600 dimethacrylate, poly(butanediol)
diacrylate, pentaerythritol triacrylate, trimethylolpropane triethoxy triacrylate, glyceryl
propoxy triacrylate, pentaerythritol tetraacrylate, pentaerythritol tetramethacrylate,
dipentaerythritol monohydroxypentaacrylate, divinyl silane, trivinyl silane, dimethyl
divinyl silane, divinyl methyl silane, methyl trivinyl silane, diphenyl divinyl silane,
divinyl phenyl silane, trivinyl phenyl silane, divinyl methyl phenyl silane, tetravinyl
silane, dimethyl vinyl disiloxane, poly(methyl vinyl siloxane), poly(vinyl hydro

siloxane), poly(phenyl vinyl siloxane) and mixtures thereof.

29.  The composition of any one of claims 23 to 28, wherein the B-staged dielectric

material comprises a mixture of alkylsilsesquioxane and hydrogensilsesquioxane.

30.  The method of claim 2, further comprising the step of:
d) patterning the dielectric layer;
e) depositing a metallic film onto the patterned dielectric layer; and

f) planarizing the film to form an integrated circuit.



