17 Novenber 2006 TITLE OF THE | NVENTI ON: COMPCOSI TI ONS FOR PREPARI NG LOW

Dl ELECTRI C MATERI ALS CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This
application clains the benefit of U S. Provisional Patent Application No.
60/ 384, 321, filed 30 May 2002. BACKGROUND OF THE | NVENTI ON EW§OOO§L;%§$
present invention relates generally to a material suitable for®ge8
exanple, in electronic devices. Mre specifically, the invention relates to
a conposition for making a low dielectric performance material or film
conprising sane having an inproved elastic nodulus and a | ow dielectric
constant. [0003] There is a continuing desire in the mcroel ectronics

industry to increase the 10 ciTouEtoders INVENTION] til evel integrated
circuit devices such as nmenory and logic chips in order to inprove the

operating speed apdMIIBICRONOWOR PREFARING QOW DIECECIERIC MATERMLISUE tO
reduce the size of devices on integrated circuits, it has becone necessary

to wuse insulators having a low dielectric constant to reduce the

resi st ance- capaci t anceCROICREFERINGIETEREIATHIEAPRLIOATOONSCt netal [ i zation
and to prevent capacitive cross talk 15 between the different |evels of

met al | i zat [EoD1] Sumis dppiicationl ckahs ittes beresit ofl.S. Rrovisibeal PatbheApdiicatiqor oret al

i ol cot 11 o CABPaRA; 04 P VEAANE Wi Ch 180 nm 1o wi dih are Whterials with
Gecr eases,  the.di ol ectri o dopCraROUNEGaHE U8R cased. "For exanpl e.
constarf " bLREEn TABGuesot EveiensoleS B £ i Puletietor bos B

g nng )5 rrabs?ﬁgplleﬁnmmmlcl devivay.e Maralsgdoffichily, theciovattiantrelaies we e comgbsition 2. 0

constants [¥dR s'?p\flam#og"’ igle%{gi]glcﬁ’iieﬁslﬁ%mént%%%%gﬁaj%%mn%@éri g{g;sscﬂ\%ﬁt Mﬁ@cﬁ%\'ﬁfgébc

roadmap f oimproesd elasubabalgs ahd RBw dielcetric@onstant. r oadmap, the proj ect ed
di el ectric constant 25 requirenents for interlevel nmetal insulators will be
| ess than Rab3f omhefeds @xontimuiogldesileds she mizeoelectdnics indubkiey wonereasothe, | ess

than 1,7 for the 3 de. .and than .1. 6 - -1 17
Noverpld 266 cfeaaﬁxsﬁ”rh&ﬁ'aﬁ%ﬁ@g@‘e%fci@ag§§‘e&%aaﬂgﬂ%aﬁ%%ﬁégﬁ?ﬁdkﬁiﬁgzﬂ g
| ow di el ecbrdee tcimpBdanthe dpietatisg spbeharchieducgppowataposirpton. (ICoBkr&nd spi n-on
dielectri oD i typi cal, 1 0. Dr j ' f
nsul at 1 ngotBup 48 RERETR g Broaes S0 o diEr it RS RSod s Peds B,
I ;(rq_uiefl pg!c y@@rnswatﬂr?h?\_@ing aaxgwéldtgm:mémnma{:bﬂodeeghe resistve:capastancde
var i y . ials. Si 1h [
gener a?ll y (kﬁ%&wggs Yioﬁ{héd?tég%‘f‘% n%(ﬁ%lhzag@ﬁ %ﬂ(ﬁ Zﬁ’ 5@%@%&%@@@%@%&5 s,
cer am t5 mabetweghshe giffbish@levels of metallization. Such low dielectric materials are desirable

for premetal dielectric layers and interlevel dielectric layers.

[0004] Typical dielectric materials for devices with 180 nm line width are materials with
a dielectric constant between about 3.8 and 4.2. As the line width decreases, the
dielectric constant should alsc be decreased. For example, devices with 130 nm line

20  width require materials with a dielectric constant between about 2.5 and 3.0. Extremely
jow dielectric constant (‘ELK”) materials generally have a dielectric constant between
about 2.0 and 2.5. Devices with 90 nm line width require materials with dielectric
constants less than 2.4. According to the 2001 international Technology roadmap for
Semiconductors (ITRS) interconnect roadmap, the projected dielectric constant

25  requirements for interlevel metal insulators will be less than 2.1 for the 65 nm node, less
than 1.9 for the 45 nm node, less than 1.7 for the 32 nm node, and less than 1.6 for the

22 nm nods.



based materials, purely organic materials, or inorganic-organic hybrids.

Li kewi se, a variety of processes have been used for curing these nmaterials
to deconpose and/or renove volatile conponents and substantially crosslink
the filnms such as heating, 10 treating the materials with p{ﬂirras ezl}ogé:tron
beams, or UV radiation. [0006] Since the dielectric constant’ 1¢HPF"

noni nal |'y Jodbs] Oen @RS ProdeSsdsaitiveiveen uts@@fowpeép@ﬁh%ldw GieRsfridtonsthnd
mat eri al rra be to I ntroduce porors{ql:%@ Por osi t een introduced in | ow

di el ect ri c ffes-ePhemisatvape( gerositioy apd SQ!FTOP&‘%?&““PT@OQQ PIACRASEP @& ri C
filmwhen w&ug%@@ﬁ) ﬁB?ar‘é%ﬁlhbilrﬁs bON&TlatgBhRES. roﬂwﬂfmcﬁ@*o@e@@%eé gdoto a

dense film™ 15 wever el asti c nodul us of the fi ener al lé decr eases
Wi th i ncr eX8PWe SHelt 8% CV. of liawid Pebymen prapursors Mtr@j@ppﬁ@py&qr@@poq VHsé t hese

| ow di e} eCWdévé?%ﬂP&f%\k'KQﬁﬁeﬁ'é{@déﬁoétQ@ %fttﬁe%eqwfrﬁque@ hﬁb@b@ﬁ’f Gérergpnst ant
wi th elastic npdulu [ 0007] di el ectric constant (K) a materi al

general |y €@asitied Wecatewueéeuw @%@fplyanorgarmg ERiRIIRS, cRdi¢ n“@heriaﬁ fiiea-
mechani cal bQéé?Pl%%%e'rlS% plire oer%éﬂ?@HJa%ralshéf PBREPic-Gh&nic htridsN ¢ ikedfsgrat eri al .

Mechani cal stren 'S ne for subséquent” procéssing steps such as
et ching, CNgrigty er@p@%aesm&ﬁaﬁermedﬁpaﬁamzta@sedﬁm)eﬂalérﬁ@da@mﬁqssa.%g/

addi ti onal rérﬁa\%ﬁfosaﬁ&e&na&qéﬁw 5ﬁ4§ét@§téﬁﬁélf}ﬂ &5§snﬁ@fheqmaegﬁch SORPRInget al
("Cu"), and cap |l ayers on the product sonme of these processes,

t enper 8 ur Beaing thamaserialenith plaémaay@e@rqugﬁwe&@vg@qﬂé@bs due to the
thermal coefficient of expansion m snmatch between the different naterials
25 t her eby [A096%i W%rt%%ﬁie%@tr@rcoﬂéﬂaahﬁ’frﬁért'ﬁ aaminglly f H 8N RRRIARTH 1P reducing o

required ap dB%cHE comamtoabrrﬁ‘é{eﬁé]rn%m RARFddRich ipBEbsRY.OPE®SHy BadBéerEL €r S
such as those durin | m formation process and al so through CWVP.

Mechani cal ntregdesd 'ﬂgow 8&9@!%’1“@{‘@%'5 thr@@gﬁ)@ gty of difgrgnsmeans. st F’lﬂﬁﬂrﬁs may
be parti cufigf Wheh m&@/?@FHustrﬁ’aysé&(h‘fduMSWQ\@’ telebtric Béﬁstarﬂ@%ﬂmb@#é'&% bhhsé Aen,

ability to survive correlated with the elastic, or Youn%hs
nodul ut® of hewevarelhe efastic mdQWQ oftherfigrasaerally deereasasuiiine6gsipe PRSI

par anet er SC§H§éhu%ﬁtl ﬁthﬁaﬁ@é"lﬁwﬂrﬁéﬁbﬁi @%e%&‘eﬂé‘w%ﬁé@&%c c%ﬁﬁposft%hs ﬁiﬁé’i’ﬁ)ih% V\ang

et al., "Advanced proceSS| ng: | ow- K and [ul'tral'owK | ayers”
Solid Stat '@ad'ee@ﬁ.ﬁbqilelectggﬁp@#g@trwﬁm@@@c "P_NP'USet al . Lovv- k Dielectrics
Characteri zation_for Damascene |nt egr ation”, International -2 17 November

2006 | nt ef498FheThe dickactin wastanhi af @ materiabaenaralyseenoide redusrd wiltmyta These

mechani cal s Reap&ktrb@&ictish f Rk TechERIGAIRBdertids, ﬁaemgmggha}enésfs btae of thaal
product. [0008] Another consideration in the production of |ow dielectric

mat eridl s BAterigheMeshanigal stranath 1siseded fos SP%‘iﬁélpeBtfprﬁ%QSélnglﬁﬁﬂ?rﬁuph &8 present

in the matgghia; chid %Iﬁ’@ﬁncél%eﬁahféﬂ Piﬁnﬂi@h@rﬂ £l d‘e'pbéﬂnﬁgfa@ﬁtiﬁa! lagblse for
Integrated Gircuit ( fabrication, desirab filmhas a

cont r ol | edSYedhas diffysio Fiesi FaisCOPpPAT, @PPI@?" %?H“ U}, [pedicap iRYERDRN Hnegaroduct.
deposi ted |nUpnfdof tﬁ@ée%ﬁb@é!is%s lBRbeftate c%lﬁh’gr@hwdltfb‘f’@ia?er@fszWHH&HeaétiéSQes

impurities that nmay be rmful  in silicon oxide-based insulator filns in

n cr oel ect@‘dﬁ]ﬁ‘)dhﬁéﬂﬁr@@bcoelﬁi?'qfﬁéf PADANRIQD SRisatch petweenipe AifRIRIMVAALIIIS al kal |
met al APNSthakby @Bsih SrdéRing i dBRhARRioHMsBHatd FlaR&ite1cdisslRGuired and may be

maintained through controlling processing parameters such as those during the film
formation process and also through CMP. Mechanical integrity, or stiffness,
compressive, and shear strengths, may be particularly important to survive CMP. It has
been found that the ability to survive CMP may be correlated with the elastic, or Young's,

30  modulus of the material, along with other factors inctuding polishing parameters such as
the down force and platen speed. See, for example, Wang et al., “Advanced processing:
CMP of Cuflow-k and Cu/ultralow-k layers”, Solid State Technol., September, 2001; Lin
et al., “Low- k Dielectrics Characterization for Damascene Integration”, International



10 fromsilicon dioxide filnms used as netal oxide sem conductor ("MOS")
transistor insulators and nmultilevel interconnection insulators. These
positively charged ions m ght becone nobile when exposed to electric
fields and drift away fromthe positively biased filmint e{_;ﬁoc\l%mggrdzobeward
the negatively biased filminterface causing capacitance- voltage SHiTts.
15 [0009] SesroncsarTechalidgy Cordeleabd, ButingaimeaCAr earge 8081.uTeese methumical

o O Sl S S G SRR B g L5 These

manuf act ur f the chen cal recur.sor_r.eagents. ' . -0, 05: 1 nol
o Moot | kadte Mol Sofbe RGP oy (RlsclR Thendls Mg 1
cat gl yzed eéshmamlfagg@meqéveabf mlbmn irgpm}ti@@brﬂsamt iahhgﬂnaﬂaiaﬁlls,orﬂcﬂorfa:abﬁwd f
acids. See,.e.q.,.. nn. et vy Sur L ant.s-., L rk-Cn r_. la o
Cheni ca? Té’kﬁ?ﬁ?gﬁ'(bfd?‘,to%rﬁw%@'?g%f[htﬁgﬁﬁi?'r?%c(?q) f?*i’&&g?f" 'Hgﬁe%'@%ﬁg?ﬁ%he use
22 0. 005I Eﬂ‘m hmlcbﬁr{[i%lléﬂll?\@: oﬁh@?ﬂms. iR otmwom@gmﬂnrmmoorg bEI?:eb@ltélﬁW X-1
, an a phenol et ho ate W, an average, 7. nol.es er
ol e ot ol UsRaTaTeaee St AV ! BlelS B GH Gl ot Bhnfy B ENRLE P
Such level ¢ Qﬁcdn&ﬁc!idé'-@dl szggaﬁsml|a|;t¢>ﬂ fimé m?mtdrn?éiaﬁroarcaiagfcb_&n!r.o!helld)ﬁrtdtstf‘y, it is
consequence in typica appl.i cati ons of. t hese em cal s cause.,t he
sur f agt ant el ka@\x&h%%a“ 5’[9%['}?,’}? JusiiaF sodiv aqq%ﬁ%aw g‘%&%ﬁ?@? PEHEFUr i ti es
iArrpalr t ol bYroHr;@Iio%Hrd??&dﬁﬁwls l@@@@alg m'e@ ioglgbgeﬁﬁd’ﬁndgﬂot hmdg”ht?dnsiét@r; ][rul ation.
ol yner such as pol yet ene cQ e magde .usjn iLffere
caltoal gst sV@’t‘@Fﬁé’S&gﬂgﬁ‘@ﬂ% iwffﬁ'@%/e&té@? &é@ai?ﬁ'e S&P V‘aﬁfharg@g‘%l@g {ar
wei ght  beheysmd midBfle whas exgisstne elatticaieids andldtitavwegsront thegiosiinely biased
but anol are used as the 30 cat al yst . %ee, f.@g. i N tances. d ass h] E
"\t er - Sol {1 @tqffﬂ‘:?ﬁQ%@V}’arRlﬂP‘?(D%gai'Hﬁly 3sRe I c8 CaPSIEg EARAUR e chnol ogy,

John W eyy&itagensiftsl nc. (1988). Solvents, like surfactants, can also
contain residual catalytic inpurities. For instance, the formation of

et her s15 SUEiD0RS SoaRYdotiReglalig alaibberkemidd) eragemSRishd irt the pugductitre of leact | on
Sel Botrvi ¢ fetestiioms Codin g ral mputtes s EapaRo 68 T et fBPeshE
fsecondary RivBRIof b&ta@@ﬁbgéﬂdln\tﬂiﬁ mbn@faatureesfuhi clhemibelé:irduabl orira@gﬂmd P. 4.i zlstjosSﬁe,
or | nst anc I , e , " C . t ene CcO (8]

G ycol - KPR Aol SR, e 2 et P ARG aTr e Lspl e B4,
Wley & lst?aftalyhbd/ethp((ﬂl&ﬁﬁ\)tt of_a‘ilphaticbéljcohb!s?éﬁylpb@%ﬁdw,Ehgrfattymu'dse Se, ergour i ][ i es
my resu rom I nattenti on efal sSuc cKagl Al 1 N
it st s LYEnd dasurasets Bk Bmet Eryripaptihe heped JE e, Snlpiey,
needed f or &t3trisCRk., 2PF87).CAbi eXatnpl¢, A0 03e 6 kot moENaDHipepoal biyalcohol in the
2ol i car | oRGgysTt TR TOBR XELE An Blinend el Vi B & 7R88 55 BRRR L o1
20 parts pethokylhlei e nitkx binaitaHon maaebult e 4gfprabkeddiunmiet tak finalgprodigs. t han 50
ppb total. _To lier to the |C

i ndustry n§9°rbl]‘?(ﬂ)’?lgfp?%@hugigqtléﬁghs@ﬁh%le@%a@Ié‘? hW%(léBRﬁQUTP?ﬁf,%%I assi gned

to thexmssagnratics df ifederdheridalpddaus@riesurfattiantis Bites used at such low levels
that the catalytic impurities imparted by the surfactant become insignificant in the final
formulation. A polymer such as polyethylene giycol (PEG) may be made using different
catalyst systems depending on the desired molecular weight. For molecular weight
below 20,000, base or the Na* or K* alkoxides of methanol or butanol are used as the

30 catalyst. See, for instance, Glass, J. E. “Water-Soluble Polymers”, Kirk-Othmer

Encyclopedia of Chemical Technology, John Wiley & Sons, Inc. (1988). Solvents, like
surfactants, can also contain residual catalytic impurities. For instance, the formation of
ethers, such as propylene glycol propyl ether (PGPE), through the reaction of propylene
oxide with an alcohol, is often base-catalyzed when high selectivity to the primary alkyl
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how t he di el ectric and nechani cal properties of the resulting filnms may be
adversely affected by the purification of surfactants used as porogens in
the filmformng m xture. The reference, US 2002/ 0045693, di scusses how
the dielectric properties of the resulting 15 filnms may be adver%g Yooos
affected by the purification of reagents even if surfactant "ovRBIPe
present. [ %]ovgﬂﬁe s@&érﬂ%f&hé?g%%gﬂé‘oeﬁhlcwca% resak i in M@@ualﬁm‘ﬂ)@ﬁhe@‘be for

6, 329, 017, 6, 495,479 App. Seri al : 02/0189495
EP 1123753 nsiantechawn. RhalerGlycolsp Eihyiene igeol and Pl@Vé?”%ﬁ'bﬁQﬁ?'dé"*eQ"hB@é
COMpoSi t | O'E%c%?l@ﬂeofl b ¢ edhsI6 885 B fed. mﬂﬂew@onswwqﬁeg@d)ewcal

reagents such as at [east one sourcg for SI | con, por ogen,

sol vent. THése 9p8f Afetassopigelof trapuditise rr@yéewiérq@man maétamil%wcﬁetq'héuqih%an cal
reagent : t thifadnp fehiepis t o
amove 3 KERCARH U RPOAGR0S o i B, Beciel Shetlthockh Bufg TRRien

6, 376, 634 arring F@EGBC?H{HYRIQ%GM@&’HMH fying the reagents prior to addition

to the conposition. However, as nentioned 25 previously, in certain
i nst ances {100 0bu Alkali cegtaldmppiity seeeficaiipnafo shermical precwser soH8ionsfal ect ri ¢

constant agg b1l tﬁﬂéﬁﬁ#catwnenga.édlg%eptfhetah@wgm ‘F@"‘ leE/Q@lélapﬁ%%a%lgg'y’

there is a ne eart to rove {ric materials  having
| ow di el ecPiperts paskibian W%ﬁ@flﬁﬁcbmpeﬁ@i@hﬂm' aggiessghan 5Garatdiale Vi@ t hat

end,  gher ?née?tk%%é ‘Rm‘f’c% Wﬁ@%a’téhatl Et?pp’ﬁéF tottﬁe RE LSk, @'FVEW@ ths GrRdciAta! ?he

dlelectrlc const ant rosit astic nodulus to identify and
devel op | ovefeiearedi 1d49(5‘36&&@!%16(1Tmtheeﬁsﬁtﬂnefap%@e@f?ﬁ@@tjawmlcﬁw gliscussgs

provide di Bbgahs pisiolcriohSrBRfiaf brb Bt értth@?é/s%it{ng'frﬁﬁél Rl oo dRiorsRt &1

content yet sti mal ntai n propert e, lower
hi gher nodaffeted by thet puiifigationef sudacianteresed as perpoensyartie filmiormiag, mNh'éEF e is a

need in th?;ué”réfeFe‘ﬂc@lﬁ’%’ bB62/0 453663'\9 &EESé hW Hid dlé’l[e&%@f@%nfe%rof Wé(l‘e@Elltlhé’W

dielectric I ms at atrve IoW enperatures and r tivel hort Cycle
ti mes. 1§ 00fiB)s may be eﬂ@reﬁueﬁe@ed by thearusifieatipnef TQ&Q@HW&O&&W@@@%'SW
reference pp.bheir entirety. 5 BRIEF SUMVARY OF THE | NVENTI ON [0014] The
present invention satisfies some, if not all of the needs in the art by

rovidin % tek d cfp:ngg'
Br ef er ab?yt@\r}r Ife mlgwgre‘%{é?‘?\chg%oﬁg ghf ,\%? %Ebé or suf fi ci ent

nmechani cal Gﬁﬁﬁéfﬁgtlﬁ S| RygaApp. ISerighido. 20086r 88495 KE Hﬂ@géﬁta”ﬂrﬁi@ﬁ@ iN#ter-t here
|'s providegqygy %th?\éé 81828 wa&a@aﬁfous%e B&tiGREE R fbﬁﬁi@@'&iﬁelé&ﬁc mfredum ng

a per f or mance I’TB.t eria havi ect r const ant 7 or |ess
conpr i 4 ngthainclugashewivel @agera,ta syuazet leagt one seurceier sispagreRorogen, and a

car boxy! al g9l ahesh ff B AT BIAURIGRNAL LiMNSH oPnBehBEHl feattd. @

carboxyl ate anion, a car oxy i c acl or - conbi nat 1 ons thereof: and
an ionic agdticuledy parRgens; plierde@adgiten to;m@@pwpsm@a@erﬁfnqvg afialiimateld prior to

gfgg{‘g o Inhurfibt 8@ e irétetdncBaSuh BBLRAL. PAPNG! 6476 848knd 51281735, BREISY
purifying the reagents prior to addition to the composition. However, as mentioned
25  previously, in certain instances the purification process may adversely affect the

dielectric constant and/or mechanicai properties of the material.

[0012] Accordingly, there is a need in the art to provide improved dielectric materials
having low dielectric constant and sufficient mechanical strength. To achieve that end,
there is also a need in the art to provide a means to correlate dielectric constant,

30  porosity, and elastic modulus to identify and develop low dielectric materials. There is
also a need in the art to provide dielectric materials and films that have relatively low
metal content yet still maintain the beneficial properties, i.e., lower k and higher modulus,
that high levels of metals may impart. Further, there is a need in the art to provide

-4 -



[0016] In a further aspect of the present invention, there is provided a
process for formng a performance filmhaving a dielectric constant of 3.7
or less conprising: providing a mxture of an at |east one chem cal
reagent conprising: an at |least one silica source; a carboxylate s Jgﬁgt ed
fromthe group consisting of a carboxylic acid, a 20 car boxi%y'é\‘f B8R

car boxyl i ¢ pasdeds@Sfof nakPg |6F ARk RS at J‘Wt@@f? lovaRhpfatates| asblabnsly

por ogen COTTEI’I sing fromabout 5 weight percent to about 75 wei ght percent
ethylene @& 9'@6&“@?8@&5 wherel nif at |east one chenical reagent has a
metal inpurity |evel pm or greater then the reagent is purifjed;
deposi ti ng [9% ]m&'trafﬁéertﬁﬁﬁé't%g Befsktaraincomerated parel %@?Péﬁn%edﬁéls) '5?’3”eté(nd
curing the coated substrate to one or nore tenperatures 25 and for a tine
sufficient to formsaid performance film [0017] In an another aspect of

t he present invention, there is provid m Xt ur n at |east one
chem ca? reagent for produc‘?'ﬁ@ ag MMA&EYWQ%J@E@F@‘Q{DhﬁaVi ng a dielectric
constant of about 3.7 or |ess conprisin | east on |I|ca urce; at

| east one [RAGged hewmnesest WVFW@”aﬁat‘Ff@éﬁoﬂ'@n nebalbefdhe E%?F%r‘i‘gﬁs %m about 5

wei ght per ﬁmdlﬁg)m?d@@wd Je'ifo%ﬂam mbfer@l@raﬁarﬁhn@&dm;b@n@ m&@reﬂém%ava@d a

car boxyl ate sel ected fromthe group consisting of car boxylic acid,

car boxy! at 8 BHPBHC constali phRy| areelew. yeleufiigent gy ha@“@l?"ﬁlﬂﬁ;@nber 2006

conbi nations thereof; wherein the at |east one chemc reg? has nmet al
impurity Q181 lePemasPesheh the otessnt inverfiep. tBﬁ@t'ﬁBW"%ﬁ’?a@c’P'x € phan a?'se%‘nt

i nvent {@n, oh&eh&nical RE§NAtd&hraduBing & p&rdtimanbe n@teriaﬁl@éﬁng)ﬁele@mm smktaheagent
for producin erfornmance material havi n a diel ege@‘s&gne const ant of

about 3.7 gf(gq:cgg Tﬁdﬁ?ﬁ%qu@'s"‘@ta‘l@%%to%ﬁ@ 3 PPYrES & RG{O8%8M1%ast one
porogen; apsexiate@RHoRH bk BeAdrpad coridistiig @ﬂ@'dﬂrtboﬁykl‘bfalcwl Q@Iarb‘oﬂylaw atidn,a
pAcid value of the mxture to a range of from about Cﬁfg tci_ &#9%#0019]
In a stillacaroxyic achester, ch‘?rﬁ@“ﬁ'ﬁ'%émrepﬁ%%?? innic aqdlitve. jToe 6’?

m xture of cRdhicatreh@attls ARfied PABE ©HIANGAS &Y mixfUre Fitd#de metafimpeirtyoer@nce
material having a dielectric 10 constant of about 3.7 or |ess conprising:

at | eatt ofe! BPMiESreatefrce; at | east one porogen V\/nerel n the at Ieast one

por ogen conprises about 75 wei t ercent or ltﬁ (rél ene de
groups; antPOIRl | Ehd rlighAsRaFED sgalny§ien e’teH%p'éﬁV' e zi’s‘?ro?)‘?ﬁ 8'herri cal

reagent hasmmgepakorinanss fifryha defeckicrprvtant @rcpdeesd tuprisiry: at | east
one chem cal reagent is pur| fie rior %ﬁ addi n(g) to. the m é' ur.e. % ILiOOZO]
I n anot her PEYISNG @ BYxtyngof Gp &L east ?'F?\/’ém'l reggRAt MRS, 3 ablgas nedfPe of
an at | eagburesten SrBHAS sEieaaa fond BE gmmslsm@ofmémmaadwt eri al

having a dielectric constant of abou ri | east one
si | i ca@boufBOXME agion 8 £3t0oxYlie acﬁjoer%%feﬂr %Wﬂ%ﬁ%"?ﬁ@ ’EJa%"?aUﬁ%StQBPogen
conpri ses bé@gbﬁb@rﬁbnsﬁn% fomk®atit 5 aelgpt Qé‘fbent@@éﬁ@ﬂWSQ\fe[@ﬁbﬁio@ﬁﬁemyled@

groups, provided that he at | east one chem agent B}aﬁf a, 20 net al

i mpurity | @Yes gEury: 'Eﬁf?@r” Freast epe ehmicelfaagant %%gtm dMpyERievsl O bagent

is purifi eﬂpm or greater then the reagent is purified; depositing the mixture onto a substrate to
form a coated substrate; and curing the coated substrate to one or more temperatures
25 and for a time sufficient to form said performance film.

[0017] In an another aspect of the present invention, there is provided a mixture of an
at least one chemical reagent for producing a performance material having a dielectric
constant of about 3.7 or less comprising: at least one silica source; at least one porogen
wherein the at least one porogen comprises from about 5 weight percent to about 75

30  weight percent ethylene oxide groups; and a carboxylate selected from the group
consisting of a carboxylic acid, a carboxylate anion, a carboxylic acid ester, or




prior to adding to the mxture. [0021] In a still further aspect of the
present invention, there is provided a process for formng a performnce
filmhaving a dielectric constant of 3.7 or |ess conprising: provi ding a
m xture of an at | east one chem cal reagent conprising an aj_ | eas %@8
silica 25 source, an at |east one porogen, and about 5000 p MYEMPELYRt  an
| oni ¢ addi tchgmatﬂ?solﬂéiéo'f -Nehar&IR tHE AtlisHs® cREEReRicaUIBS§dahas hondtalrimparigoat ed
substrate; curing the coated substrate to one or nore tenperatures and
for a tinmelevetbslewdmP.o form said performance film prow ded that if the
at | east one chem cal reagent has a netal url%lé | evel

greater théP18he Isyetpnethepappac) phigereseat my [ I8 RERY gla Wg‘gﬂsr‘f’{ g
conduct ed[ Sg%% S cHefhidfl fldd@nt foR pRIduting atpefiBenditte Mhatalial haapg atdislecttit e

m xture I n anot her aspect of the present invention

provi de?l acpruaRisd ab@wt?:b%’@é&gomwﬂm%@h{eﬁ& opeRUicR SPHEERCY £ I??ﬁql‘?gsl ng a
dielectric ! ﬁféﬁ{duﬁtﬁﬂf idHt Gy hAUSt BAGK X&lue ef bk an
at | east oﬁs%émdaf)gtrr%ag aec,‘ri]’cg Cé(l:tg%trllngl ng: I é%llst - 6q17 N%:\/enber 2006 one
silica soumbguredad range @bs@m@ﬁ@UQ$ BQ%I?PUG\ﬁer ein the at |east one porogen

conprises fromabout 5 to about 75 wei per.cent of et hpéﬁ)gne g{l de qqqroups
provi ded t RRA191 17 pstihurthpeasnechpfdhe R '&%l!’"@”@%@éh?reh%gmé{ a4y y

level of 1 ,pRELO5ndAHRM; réa@;‘éﬂt fr Blodbcifg gap d@Hb#rﬁéﬁc@Qnétb@l @hvah@&&ﬂe!@cﬂ&c

chemi cal reagent 1s con ucte prior to one 5 chem

reageniOto C@'ﬂféa"r*thtaQ@@ ;3. 4epless W"H@”%"Fﬂa afﬁeﬁﬁ %Wgoﬁrcguﬁ}é?ﬁf)@e P8rq989 m a
coated subsbrdh fhe eﬂnéjas? Hﬁé B&ob@ﬁ c6ApiiRd a%thiEr Abighi [Rre4Te oPleSSTOf eiyiene

tenperatures and f sufficient to form sai performanlce film
[0023] In 9érde@mmeanche@@@tc asidlitivaeprpvided at if it ieash ong AGRICAIdeR9eNi ded a
process foOpaq E%éfhﬂﬁzfﬁn @é\fe@w"ﬁﬁﬁrﬁ o gteBdranaBeat a8l Sl dhemi Redgnt isof 3. 7

or less conprisin roviding a mxture of an at |east one chem cal
r eagent coﬁ‘pﬁf'%i@f@rt%@d %@tthéﬁé"@iel ica source; at |east one porogen and
a stroj(g acid catalyst in an anobunt sufficient to aer a ]F_)tAm valtue of
the m %& ur £0G28] a It afrjeergEsPpeeighthibRIgeent inveptom Hmie SgProy %%@u”?' HEF ¢ @

m xture On‘e%s?‘oﬁé‘@r%nﬁaéél%égﬁni fir Wéﬁu@ﬂ@%%br@ﬂﬁéﬁﬁde&h&enﬂﬂ@vmgral diglettie coat ed

substrate to one or nore eratures and for ermen to form

sai d per f ofer§iad of epewt 3150{ |@®?@8mﬁﬂﬁ!’§b aplgastR s '°§§B'ér6'?sa atieast PG ent i on

Il b | Bidi
V[\)AESCRI g_?_??lo@@ﬁr\l\%ffelﬁ fl%nattlé&t oﬁé’hbr@%@orﬁﬁﬁs%‘g (;I%gni:ﬁgf E't@hgglﬂgr?d it

i |l ustrat ePEW@”b@ff%ieQﬁO’Vﬁﬁ @'ﬁt-‘p?)é’l"@’é?ﬁd taatiithe qblegR} qua(gpnplﬁ a

si ngl eggur f’r%@é!‘?fﬂb&l@'i@e%fxﬁ rﬁ%r Gleafed tHertha bt RastiopBRAehicaeteagetrs phsfied
normal 1 zed wal | astic nodulus on the naterials of the present invention.

[0026] FI GP"'Q’"Era(S’Gi'lnﬁégﬂ'&a BBt of el astic nodul us vs. dielectric constant
for materials of the gjresent i nventi on havin

mal i zed wal | stic

modul s or (8235 {m Ak BroRcAseeal O 18 MGoRM AYRLOT HES RRPEPHEL AL P 88
sour ce CONpsffth 4 ef@irRintatitn RANNIS dRiddeTcnidhstantof 3.7 or less comprising:

providing a mixture of an at least one chemical reagent comprising an at least one silica

25  source, an at least one porogen, and about 5000 ppm or less of an ionic additive;

depositing the mixture onto a substrate to form a coated substrate; and curing the coated

substrate to one or more temperatures and for a time sufficient to form said performance

film; provided that if the at least one chemical reagent has a metal impurity level of 1

ppm or greater then the step of purifying the at least one chemical reagent is conducted

30 prior to adding the at least one chemical reagent to the mixture.

[0022] In another aspect of the present invention, there is provided a process for
process for forming a performance film having a dielectric constant of 3.7 or less
comprising; providing a mixture of an at least one chemical reagent comprising: at least

-6-



25 wal |l elastic nodulus I ess than 16 GPa and using MIES as the hydrophobic
silica source. [0027] FIG 3 provides a plot of nmaterials of the present
invention that illustrates that higher pAcid |evels nay resul t in a hi gher
normal i zed wal |l el astic nodul us. DETAI LED DESCRI PTI ON OF I N\/EEIT %
[0028] The present invention is directed to |ow dielectri c HYPNBF < R d

filnms conphhgishiga s6&EE; antha I@hﬁbﬁ@béﬂo@eﬁ&héﬁeﬁrﬂhs a@feakthﬁ'nemcne@"ncom;vrmm on
have rel ati velgl?l ow netal _conten r 2006 or ease

of manuf acf@reahaut éa?rﬁewtaéﬁfv%!%ht&erf‘@ﬁt ﬂfaﬁtﬁﬁ?% e GrpHEs B%F‘degﬂéaq

di el ectri c |dgat 6fié shenidAdehidrnrbadh nﬁeh@l mpem?m\/el cﬂf\flemim Ong@a&er shaint abiep of or
use as a "performance material"

d
herei n rel 8U8Yingghaat ‘eﬁﬁd?’@ﬂieﬂ'“%fe@tgﬁ%ﬁ IS Pﬂﬁﬁlc{eéjoé{é? d&agf@? BEL'@S énetllf]e

interleyel cﬂé:ﬂlcﬁpﬁehgént(tb k) mix@Ure 2pobA® FRIMAMEIrS bt @asubbRse do fantred tedted hat
is suitable for use in senm conductors, semn conductor manuf acé/;grl ngm%
as

phot oni cs, SHeFiE!EENEURRE erfasiad BIbshaiRde SpaPEMaledempeatyres i
separat i onguﬁ,hlleg%qoﬁggga%Hgmncgq,grﬁhem cal sensors. The terns "silicon-

based"” and | 1 ca- based” are used interchangeably throughout the
speci fi cat [66239 [ @r@%&]anbfhe@ ﬁgééﬁt Bf 1Ak Sk SIcheRvatAdhERNE provided adprebesd ot ¢ or
performance ma

erial of 10 present inventi o(% may have i nproved
8.7 bl

nechani cal fHRINGAR ﬁ@fﬁormaas%ﬂm bavinga digleclin qongipnt PELETRYPE wei ght

per cenj@ge pRividh Qwhantel Sl A |daREoMOEIRGABal rddifent BGH 2Bt lehst orﬂé@ﬁc@r ti es
may be expresse he normalized wall el astic nodulu

0.), P
S.” Pat. ABPHTEA 'Qﬁﬁt 8B PRICIRE. anfisy StERgRC C%Y%W@%afnﬁe%rsﬂﬂf%ﬁ“é w@v%. n by

reference pipaclSval@néf th@thu@té@waﬁgéoftfm BBsUTRl 2 emhowed; |de@b§ﬁ|ﬁg thenodul us
(Eo') and its relationship on the

rial erties sured
Attri but esMORUE aioA HBsEle K forma afes su bafralp it dliing %%%Vﬁ) hsliata Bt i ¢
nodul us, apge 6PMOR @hﬁﬁr&tﬁﬁe@ aPB%ord BHE Suiitichfab kdrm ddieparesrimahtad figh.val |
el astic nmodulus (Eo'), that can be used to identify and devel op i nproved

| ow di £ ectg02a)] TRESS hid Sthet Aapeersad tiel iRLERbA WAl BEtoRTd &pareit fonrther | al s
having a | ow dielectric constant yet high enough elastic nodulus to

tol erate siAYewigintaiisdSeaeiting st eps such as 20 packagi ng and CWP
processes. In this connection, nmaterials with substantially identical
normal i zed wal |l el astic nodulus values belong to a famly of materials

?ﬂZSSO?Lil?§tr%ﬁuéﬁgﬁﬁéﬂﬂgﬂﬁ?qﬁﬁ$Zﬁééﬁﬁﬁﬁﬂﬁe#év@ﬁﬂﬁqﬁwﬁ§$ﬂﬁéﬁﬁ§2¥tY?{Zh?g
i i cot 1 cldaaal B o BBt RR e e o7 iyt BN e 5ol BBty e

term "zpr nﬁhglé&ﬂﬁ‘é@tbhtseinaﬁ‘h|kt®réml$hﬂactantésre§;§@ﬁlvé1?r<m the nosndlizedwallll el astic
nodul us of a materi al tq?at is norgq to awall with a dielectric

const ant oflagtiomodls pn thesmaiesaly; r???f“lfﬂﬁ@f%t of a Si® dense oxi de

mat eri al . t eletrlc nt he. el as E) of
a materi al f@%g] ITE&‘“E%@BV' Bhé DFPEPE%EF‘% SMLI‘SI %gie[c?rts c%@ﬂﬁ%nta%gai éfan be
cal cul at edthe'BiesdﬁD in¥bnfidrenavirigea nta’rnahSed:\&bICelb@ttcadodlﬂmmgeWMnlTGSGBé) and
Lg;ghlr ggSC{,ﬁ) U%R/{T&'B t(lj‘neq{ygrop })trng:(s: ilica L[)) lrEee 90%8ar88 Eé) %%te%F ra'v%lgsaz nér%eallzed

25  wall efastic modulus less than 16 GPa and using MTES as the hydrophobic silica source.

[0027] FIG. 3 provides a plot of materials of the present invention that illustrates that
higher pAcid levels may result in a higher normalized wall elastic modulus.

DETAILED DESCRIPTION OF THE INVENTION

30 [0028] The presentinvention is directed to low dieiectric materials and films comprising
same. The dielectric materials of the present invention have relatively low metal content

-7-



dielectric constant (K), a wall KSi Q2 of 4.2, Day's 2-d circul ar hol e-nodel
for elastic nodulus extended to 3-d cylindrical pores with the nodul us
nmeasured perpendicular to the pore axes, and the neasured val ue for E.
Wil e the derivation for the normalized wall elastic nodul I S Ba g upon
cylindrical pores in the extension of the Day nodel -8 17 Nﬁﬁg HEEPe %@%

and spheri gﬁé aldlg ol#% 008 h?n&fQ&uP@eﬁ%H aH&Fﬂb (?tﬂér risterl ngh@akednbhad ot her

types and rical, open porosity, closed
porosity, dlelac;rlwmaﬂedatsanﬂ erm pi thetpr@en'sl&‘(ﬁj\éfo@ﬁfet ﬁétablleégreh'ﬁe 3% Rent i on.

[0031] A Vol haidd Qiardh Ugnl tarfr befioined hidtéihr s Qbl Rerelfiveiibd aiat I on

using the served val u e material and a value for the wall K
of 4.2, comowmmataglat’rbatrsrselt@hl@f%cclw Ag ap dieflayat digectie A58): %Afor phous

silica.g Thﬁ@%ﬁ&%ﬁé El'hgorpq%%ﬁﬁﬁéteﬁ{ll thd16s SRaBle! 8 use!if s%%ﬁﬁﬂ&@é% I ess than

4.2 since equat i on was rearranged solve for
porosi ty osemubuddataronamuiactaing phaleoics dranefscaleaeeahaaica Qirﬁ‘@n%W'elQ'eCﬁ@a'

provi ded i 1 Ig%&%tn ~ uation
(1) 2+ x( gegs &%éggpér%'}cir}? gg(“qcs 0 Vﬁgorre'@w ei?ﬁc%l"%énsgrﬁ(ﬂ'he té[insvg’?’ggﬂr action
val ue 15 Kbasewasdrsiitavizdsed’ afe Lmee||rﬁenchamge@bkyéhr@nghquw@querpﬁ@atm mal i zed
wal | el astic nodulus may then be cal cul ated based on Day's 2-- d circul ar

Pol e mod§| [G029] elrasertain prsfertagseraodimemghe digtectiz)or pprermansataserial ot tha i d
or v NS [

0 I P R b AL S A 3 8 renor
mat eri al s aelettlr@ tha teight percen@getohe@ondmw@nmﬁhmr@g% MihgUmpPrevemegkin= 1. 23

zgr nggOZb o%%g\@étr%ﬁ% %re%gﬂ b?éh@ orrrféllg?fwéﬂz'lﬁé’tfc théhﬁuﬂE%? ! PeE&ﬁ'ge Pei‘a’ g/ q
Vol d f r act Pah Agplication $e68! No.pléy a8 &it1i which her lewob@tedaiﬁrﬂnw aeleredged itwvhi ch
circles ngﬁijirg& SEQUSSGS the normalized wall elastic modulus (E;') and its relationship on the
15  material properties. Two measured attributes of a low dielectric material, dielectric
constant and elastic modulus, are correlated into one figure of merit, the normalized wall
elastic modulus (Ep"), that can be used to identify and develop improved low dielectric
materials. Improved dielectric materials are materials having a low dielectric constant
yet high enough elastic modulus to tolerate subsequent processing steps such as
20 packaging and CMP processes. In this connection, materials with substantially identical
normalized wall elastic modulus values belong to a family of materials whose dielectric
constant and elastic modulus can be adjusted by varying the porosity. Thus, once an
improved dielectric material is identified, i.e. one with a higher normalized wall elastic
modulus, the target dielectric constant can be obtained by varying the porosity.

25 [0030] The term “normalized wall elastic modulus”, as used herein, is the wall elastic
modulus of a material that is normalized to a wall with a dielectric constant of 4.2, which
is the dielectric constant of a SiO, dense oxide material. Once the dielectric constant (k)
and the elastic modulus (E) of a material are measured, the normalized wall elastic
modulus (Ey) can be calcutated. The E;' of the material is calculated using Maxwell's

30 relationship for mixed dielectrics applied to porous materials, the measured value for
dielectric constant (k), a wall kgip2 of 4.2, Day’s 2-d circular hole-model for elastic
modulus extended to 3-d cylindrical pores with the modulus measured perpendicular to
the pore axes, and the measured value for E. While the derivation for fhe normalized
wall elastic modulus is based upon cylindrical pores in the extension of the Day model

-8-



nodul us goes to zero 30 q, = 1/3 = initial slope m= 1.5 = critical
exponent a= -0.251 = paraneter to get correct critical anplitude = -1.83
= free fitting paranmeter 9 17 Novenber 2006 [0033] The Day 2-d circul ar
hol e nodel for elastic nodulus is extended to 3-d cylindri c]a; orEs Whéh

t he nodul us neasured perpendi cular to the pore axes as prov e

Equati on (%) ep;ﬁ?e“r‘ca hdIRdibria tH@MIax@blﬂﬁ\bUél m@ﬁnu@a@amhmtmwsmaom ng
the calcu v0| fraction value from E uat.i on t he duI us
B2 fin

for 2-d ci ecReresitynbt.-eBomCYIiNgHsAEAREN RIFPStY)C Toseqo E’r%}‘édw{?ﬁi ®and a
val ue for g’fggéwﬂqesprbéédt%\/eﬁﬂor?f 0.25. 3-d extension perpendicul ar to the

cylinders: 1-v2 Equation (3) ELL I- g E2d 1EO 10 where v =

Poi sson’ s (]O%E’.'lf Axﬂndzéacttgn val@iigikt @fdulfed E@m:fhd\@dabcwelll a@tllatlommenigltbes 15

[ 0034] Whe S equal to the v0|dfract| nv obtalnd? ft[)omthe
nmeasur &d o@ﬂemedo\falue tany ofthednateral@nd a vl el &BHFSROS' e
measur ed vgl, Lb‘?elé’ét LRk of 8@!@%' HﬁordﬁouE BfEa. E%@@@@Bﬁlﬁ cE@stanttdﬂmmmamlal zed
wal | elasticC m)du us, giving t | owi ng equation, Equation (4), for EO:

2 2 3 -m 28 prglerdbly Iessk(hian\Aza sinde q‘IS,OgIS 42 @herMaqwelhequa@O'lV‘@SIeEEEﬂIQe % (4)

1-qg I +g/mgl q, q,) Preferably the normaljzed wall S
GPa or gre%ﬂi‘é&forlﬁﬁfcéltbpé‘!%ﬁ’ EBet{pny gs adgetigh © ’F‘@%?Lg?d'(ﬁ%f?’@jl KTﬂsep'gr?ﬁ dé? 'Aa

the preseng ué}\éﬁr{q, on may be fornmed into a filmfroma precursor

conpositi on or mXxture using a variety of different methods. Sonme exanpl es
of 25 gy ocesses that may be used to formthe filminclude plasm enhanced
chem cal vapor dep05| " PE hi gh density PECVD, photon assisted
CVD, pl asna-phot on E @yD'), CvD of a liquid polyner
precursor, or transport3 ﬁélkyms |zat|on ("TP" . U S P% tg&s( 6,171, 945
and 6, 054, 206 pl%wgé sone exenplary CVD net hods t hat e ‘used W|th t he

present invention edses, + Rat xcah be 30 used to formthe film
i ncl ude spin-on depodi t3®¥Kseet hods. In certain enmbodi nents of the
where:
Koy = 4.2
X, = void fraction value
15 x = measured vaiue of dielectric constant

[0032] The normalized wall elastic modulus may then be calculated based on Day’s 2-
d circular hole model for elastic modulus using Equation (2). The equation is valid for
void fractions less than g, the critical porosity at which the pores touch, and beyond

20  which the modulus is predicted to be zero. For materials with a wall k of 4.2, this
determines a minimum k value = 1.23 for composites with E > 0.

Day et al. 2-d circular hole model:

. 2 3N
By _|{ 144, 1+ L4082 | +ofi-6 4 Equation (2)
E, 1+g/mgq, q. g, q.
where
g = void fraction
q. = 0.9069 = percolation threshold, void fraction at which circles overlap and
modulus goes to zero
30 G, = 1/3 = initiai slope
m = 1.5 = critical exponent

a = -0.251 = parameter to get correct critical amplitude
6= -1.83 = free fitting parameter

25



present invention, non-contact induced spreading forces such as the process
described in pending U S. Pat. Application Attorney's Docket 2001-030 -
SMX 3122 entitled -10 17 Novenber 2006 "Apparatus and Met hods for Form ng
Films on Substrates”, nay be used to apply the mixture, whj

i ncorporated herein by reference in its entirety. Further LTI %?vgwberzooe

processes [R¥3PETHS Bey QI @RMlaY hblremdiet Forretastio fioddies dsexthder tag-thon- cont act
i nduced spreadl ng forces gravijty- |nduced S reaij II@Eforce

wet ti ng- i neliediiras pereadritighe Bodulys eRasUE G ek e ates 39K

rat ler lal's ﬂftm% Eauaro%S(QPtThéW&mam% REIeSiastIRhyduteTHn tseecaléulated usTTigdh er m
"silica"

I ca based or ilica containin u
material topieulatad veidIfiashion valup f'ogln%ﬂ‘&?%é t@@ '%Hlpdu@ﬁgo %@glr%\@] ol
addi ti aI @ ahd HivhR@ folt Roissinhettie (W 0125. such
as H B, %hﬁﬂﬂy égégtﬁgenrgé%\rfﬂgégd;m c groups such as al kyIt 10 groups or
aryl groups In certain preferred enbodi nents, the material may further
conprise silico rs:nunmber of Si-C bonds to the
total nunber ? ?&atoms rgﬁ“g@édr?‘?éﬁ%‘@?ﬁ%n about 20 to about 80 nole
percent, and rmrg prefzera l'y .f rom bet ween about 40 to about 60 nole
percent. [0037] _f ¥ m present invention is pré&heaidn (@) formed from
a mxture. The ¥{,mni Nt-uy e FypyEpe prepared prior to fornmng the filmor the
m xturgy may formduring at least a portion of the filmformng process.
Dependi ng upon {R&efi | mformati on nmethod, the mxture may be deposited
onto a substratg %léohisqg{,éj: owapor, gas, or aerosol of the mxture.
[0038] The mi xt gL gepedidh! Y conprises an at |east one silica source and at
I east one 20 pgroygl el }h@m@dﬁwre may further include other constituents
such ag but not limte wat er, solvent(s), catalyst, and/or ionic
addi tives. The wei ght ratl o of wei ght of porogen to the weight of porogen

and wei ght[toﬁé4ﬁ \s%eﬁ éc@@ﬁo%g vbi fction \23?@%2’ ebfiineddrdniemedReyar y

dependi ng esl re constant o ‘material produced fromthe

b h |
bt opor £ 1 orgis & % A %%%@ﬁéh SpSihe: Broct Ravd SR A R Ve RSB ) |
cal cul at edybaqs, té‘ﬁ%hérPE eddpEaEs ‘ﬂie n&maﬁﬁedli:alsahé,teqnodmﬁsr gdru@etde by the

silica sources with e mxture. This is not meant to inply that the
silica soufp&@@'nﬁﬁéuéﬂﬂﬂpﬁév%ﬂ% (&brﬂQfeEOt ed to SiC. The weight ratio of
solvent to sili i's about 30:1 wherein the soI vent nay, ude vvater The
wei ght ratio of pbnl v/ 0 vvel ht .5l to he nol ar
rati o 28f RE'siE 2 @ gr *? ESU?BO’O‘% The
nol ar ratio of t@r toCR VA ganlc bndedto silicon

t hrough an oxygen atom e.g. ethoxy functl onallty on TEOS ranges from 40
tol. -11 I;refe'}bglﬁnﬁ)eeﬁor% (PQed wall elastic modulus is 16 GPa or greater, more preferably 18

GPa or greater.

[0035] The material of the present invention may be formed into a film from a precursor
composition or mixture using a variety of different methods. Some examples of

25  processes that may be used to form the film include plasma enhanced chemical vapor
deposition (“PECVD"), high density PECVD, photon assisted CVD, plasma-photon
assisted CVD (*PPECVD"), CVD of a liquid polymer precursor, or transport
polymerization (“TP”). U. 8. Pat. Nos. 6,171,945 and 6,054,206 provide some exemplary
CVD methods that may be used with the present invention. Other processes that can be

30 used to form the film include spin-on deposition methods. In certain embodiments of the
present invention, non-contact induced spreading forces such as the process described
in pending U.S. Pat. Application Attorney's Docket 2001-030 - SMX 3122 entitled

-10 -



[ 0039] The m xture enploys chem cals that neet the requirenents of the

el ectronics industry because they do not contain contam nants, which
reduce the efficiency of preparation of integrated circuits. Constituents
|'i ke hal ogen-containing mneral acids, cationic surfact ant th h? éi
counter ions, and anionic surfactants with alkali netal 'I“b?r Hé are

pref erabl yﬂpﬂiﬁ@tﬁ@@aﬁd\wretr@dmartmmw@eam Stht!s}rafmy mamme u$m|itte apptydbe. rabl e
counter ions to the materi als of GEW ‘ventlon " ;Etg %rsre c}he pr esent
i nventi on Pwesrer which ‘Sc'Bﬁ?rBPWt%'PﬁrﬁWI ERE R gn frﬁ Ya ess than 1
parts per pidcbddelmdy lﬁkpﬂééd,tonnyQﬁ@binﬁude&ﬁaudd\@aa:ﬂlamﬁgpmt;mt@cﬂnnducbdl on
("ppb"), and nore preferab ess th

Cons nt | s of
the i nvent PRIAAHAY f%?%ﬁfn @F%VV’%‘%‘E‘ éPrﬁaQ'ﬂg g%ﬁg%’ﬁeﬁﬁ'tgl 'ﬂg“qﬁ‘?@tsg elédfrﬁsféﬁg '?flt)
| ess tthan gorﬁahgﬁbr@qﬁe@b{ lion ("ppni), preferably less than 200 parts per
billion ("ppb™), and nore preferably |l ess than 50 ppb. Materials of the
I nvention Eb'o%ffﬁﬁé Wa@&%ﬁ@bﬁh@ﬁf&s@ﬂﬂlﬁ@émnﬂl pm.éradmorrmnammm STheetesmt han 1
ppm preferab less than 7 nor e eferabl ess, 3% Fg ppb.
The cheni c#ilicay, e%{ky?@rh@e% ©hi %‘i‘cﬁh"@”ﬁﬂﬂ%r%s Qﬁ"ﬂ 'd%ﬁt ?\aj? ARSI i n

amounts |e z%rhf’&(y eﬁ’?@} étoﬁh'é Qﬁﬂ pddstdy @ddlﬁonﬁpéﬂb)atxtuamefsﬁcmbk,}bdt astlimitegin 200
parts per ion ess_t han

certain pr'@ﬁ @meéalem%&ﬁwbms@ Ein% t%hB; E"H@ﬁla?}gﬁs Peygant QEW§Fﬁ€ai all?ﬂpm or

gr eat ef %&ggé é%ﬂ%r’oﬂﬂs ”Fﬁtc%Hém rb@rr@b@mb@almdmg@mamw thay twtmlefl ed prior
to Itl o thé m xture.

0040 mention m xt ure
corrprl ses eampréagstliconwagaan; Qggdg@gyle@atg&al W%O?ﬁ@éeb%a? g‘b%ét
herein, isq@g; %@M@%.Mdrﬁaeméeh%eum tb a':b@dt B MGR POt camd mpres s bl y

addltlonal substltuents such as, imted to, other elenents such as
H B, C Wef%ﬁb'ﬁﬁowtﬂ?%ﬂb%&od?QEWt@OdP‘EJﬁBQr"?UEh as aI kyI groups; or
aryl groups. " as used her? nb C ﬁ? near, blranched or
cyclic al km°3§} o@B%f"”beﬁf‘ﬁpFﬁsﬁQt ipyRIHicn is pratesa) 'E{c’h’ IQ%W' BPef

@Pabl y from

1to 14 Caﬁ'tB@uWeQﬁéWﬁep dréaq;rri@r Ry 18frBifg ey filfnr Ml mixeura ndy fomm ldoﬂngaatdasst Thi s
termapplies also'to a

noi eti es cont lned i n_othe r,oup
hal oal kyl , @ RpRigpf thecfﬂmatgfémkwfoc???e '5 ‘”QHR?P?*“? {Jﬂfhgﬁaté?ﬁﬁﬁ?@@g%e al kyl
moi eti es 1 hpkurdiay 5418 dsttel@ Bhto amfbsﬁzt@rmlaenqmd Wagar eyt aéroscltaf tveal i ty.
The term"aryl" as used herein six to twelve nmember carbon rings having

aromatic cHEfWBter. The term"aryl" also applies to aryI noi eties that are
substituted. The_silica source nmay include nateri alI

n
mper - of i038) L BReEaeoRParTY GPTRESSS o ot ané Bl Sqibe ARl & Bestang, ¢

bridgem ShoregehOnKE mlﬁure%ﬂpﬂﬂﬂﬁer lﬁtlu&e bmed(;‘onsﬂfueﬁ}sféub@adﬁbut hot linsitegirtef er r ed
that the at | east one sil sour ce bonds in

the di el ectde W@F(F)apatatyébﬁﬂﬁj/OTWB'cfacﬂ t'ﬁf?\? thPaws'thﬁ% LW'SH‘S?&%‘FP&%S of
si i ca soufars wekght 8Pb&oben ar#tﬁﬁelgﬁt éﬂEOz Lfremc’:IJ"JQ t@t hTtle prefeded mngsent
e

In the ch | 12 17 2006
ol ChomPERVSSPRONER t1o FORGHOecH ©raeebane Maveie! peiad BT et 1y

shoul d be mungenetaes the difatdiccdrdiint bithe Mg is ivagsaly propsriioosl torthe/

! ndependen&wla%éhts I%ltlg %% teh(fja pro%gen Vl%e weight of SiO, is calculated from the total number of
moles of silicon introduced by the silica sources within the mixture. This is not meant to
imply that the silica sources are completely converted to SiO.. The weight ratio of
solvent to silica is about 30:1 wherein the solvent may include water. The weight ratio of

" jonic additive to weight of porogen is 0.5 to 0. The molar ratio of R, or organic
30 constituents, to Si ranges from 0.2 to 0.8. The molar ratio of water to OR, where ORis
an organic group bonded to silicon through an oxygen atom, e.g. ethoxy functionality on

TEOS, ranges from 40 to 1.
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to other R groups bearing different superscripts, but is also independently
selected relative to any additional species of the same R group. For
exanple, in the formula 5 RaSi(OR )4 _aSi, when a is 2, the two R groups
need not be identical to each other or to Rl. [0042] The tﬁfl?rl? mon %géent
organi c group” as used herein relates to an organic group Bond&A Ed

el ement of [Go3bEr A& miktflerAgioyd ctdimiéhls that meghtha requighent ddmalelectranics Si - C
or O C Exanples of nonoval ent organ c@g; ) m@l 8 an .a Fyéncg fan aryl
group. 10 Tﬁés’fé){‘k%ﬂaué?gl%qwt%m I Goptapinary. AHGhgaues: ey %kyl group
havi ng frOP? epatdlioR of FitddPaxad lrEuns. wbtltaéntsilmhzﬂﬁ@ﬂfmd:(mtaialngmnh@ral a@cﬂthyl
propyl, yl', or pent

es of ar the
monoval ent C#ioGies a@?ﬁép""'ﬁ‘h@"ﬁ@é%’??@ﬁws a {é% E% ﬁ? §and
f: ‘liolr0@e”¥$untéﬂ%ﬁ§éﬁe§jr?fefﬁ1§t@%bd&{dﬂﬁtheOrlﬁﬁg.Qf bmiHLSe tﬂmdnagemﬁnmteh. n thle |
al kyl group may be substituted wi an itio om al i de
atom (i .e. un(iqslj@blpﬁ@yntebronaﬁp beypalarias Sﬁﬁ% J‘V&P{;‘é" aﬂleamB%'H Oﬁtﬁﬁ&r?sﬁﬁgl ity.
[0043] 1 n pgb&tRinTHre BRI cohtafmirtlting ARadls INEmsirnits B3s ﬂmmr‘cpartﬂip'erbe
represented by the follow ng%ﬂf or mul a:

i ndependeniljor €ppragepreterably ﬁH&@@OOaHG&ﬁ]peéWPEZ“PPhé %ﬂ%ﬂ?reo[?mfa?rmoval ent
organi ¢ gr RURhARI5d Mﬁp@&%aaédﬂyr ﬁhﬁfe‘?lﬁ%ﬂif meanvmaﬁmalméfemammaagr oup; and

a is an integer rangi rom Speci fic ex ¢ I"Eifonpounds
r epr esttht e@oByMREHENG Gﬁ%}'ﬂ”’bﬁm?\‘mt%@és “}%‘ﬂh@ﬂrﬁsrﬂefrﬂ'i H%kggﬁ’me}n%re erably 1es
methyltri efﬂaﬂm'daﬁg%er Hﬁﬁnm(‘*ptpb*) éhd)rh@mjwﬁardb%ﬂl@ss fhahiBl rlpbl Materials of the

propoxysi | ane, neth but oxysi | ane, meth g5|lane

ec
met hyl t ri - ngemtiouRre Ay @m&am Cﬁ&tﬁﬂwﬁlﬂﬂ ﬁ@%@émoawﬁess tha

ethyltri ”Eb#é@é?%w'@gftn?rﬁmbéﬁ iaBl Ry pherérasly @shuért 500 Bob. rrrrfaomeymcdlane
ethyltri-iso-propoxysilane hyl tri-n-butoxysilane, eth -secpar%

but oxysi | afe@ge@wswihmihetr@mr%mrﬁawmtaﬁ@at@s HWQW N
n-propy t rbéﬁﬁh%X?ﬂgn?r%refeféb 188Ythbh b8 PQ%Q’ﬁéHﬁﬁ& (“Po®y, QﬁWrﬁdrbpi‘eferably

pr opoxysi | ane, n- |-|s pr opoxysi | ane, n- It|n n- but si | ane,
n- propyl t riesgé'@ntﬁ{)méﬁ@s'ﬂlcﬁﬁ@” Pfﬁ“ﬁ’r’%?‘l“??‘i"mﬁﬁﬁet 'fBl?t icq! fepgentcon ains 1

propyl tri phSH¥ Yidatdra RontafiiAg Wdals, TRE BRéISAI ré8gant may be purified prior to
|sopropyltr|ethoxy5|lane |sopropyltr| n- propoxysilane,

i sopr opyl t@ﬁ‘d'%}oﬁodb%w)gwleane i sopropyl tri-n-but oxyS| | ane, | sopr opyltri-sec

30 butoxysil ane, isopropyltri=tert-butoxysilang, slogro%l t‘ henoxx\si | ane,
n- butylt r[@ép}]oﬁ%nqrgﬁ d preyigusty tthe BibgY Prig@s at least one silica source

n- but y3d r i «gicA rs@Qé&éS’%‘s'@B@ hefé:rblvﬁ y béMbd)utﬁjQWvQ@@ﬂwah kSinend oxygen (O) and
n-butyltri- nbuto | ane, u¥tr| sec- but ox but ltri-

tert-but OXQ%SI'%QG W%?‘W&“Neﬂ B8 b pgt "’%‘?&yteu‘i’@?rﬁ'?'ﬁﬁwﬁ %F?yng sec-

butyl tri et Bopysi A-A0€ atcr@Larkbrghhit igrotpB sOBPAY alkyIajéups; or aryl groups. The term
sec- butyltrllsopropoxy5|lane

DLyl L1 - O Gy BB ARERIn SRLSS (a6t BraeSod RYLSAIY deoups. containing from 1

sec- butyl td 24 @erorb%ﬁ?éy BiciaABly frRRTT tPH daArbon MBAROANEMotemeferably from 1 to
tert-butyltrinmethoxysilane, tert-butyltriethoxysilane, terf bu%%ljptrl

pr opoaAsi | éﬁérboﬂé\’tf@m%u?@'ﬁ term @Pﬁ?%ﬂé?%?il‘ﬂﬂ%p'm ‘ontsinieg i pihepg 8?99” | ane,
tert-butyl §¢ halg8ikyl, Qk'ér?P%?br'aﬁ@E THeStekm Balkyr fLfthertapbliedtatoryy Mioleties that are
tert-butyl tri phenoxysil ane, —

substituted, for example with carbonyl functionality. The term “aryl” as used herein six to

twelve member carbon rings having aromatic character. The term “aryl” also applies to

aryl moieties that are substituted. The silica source may include materials that have a

30 high number of Si-O bonds, but can further include Si-O-Si bridges, Si-R-Si bridges, Si-C
bonds, Si-H bonds, Si-F bonds, or C-H bonds. It is preferred that the at least one silica

source imparts a minimum of Si-OH bonds in the dielectric material.

[0041] The following are non-limiting examples of silica sources suitable for use in the
mixture and method of the present invention. In the chemical formulas which follow and
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5 isobutyl trinmethoxysil ane, isobutyltriethoxysilane,

| sobutyltri-n-propoxysilane, isobutyltriisopropoxysilane,
i sobutyltri-n-butoxysilane, isobutyltri-sec-butoxysilane,
I sobutyltri-tert-butoxysilane, isobutyltriphenoxysilane,
n-pentyl trimethoxysilane, n- pentyltriethoxysi Iane, 17 November 2006

n-pent yl t ri-4) d%ﬁﬁ&ﬁb?inh%@@hroﬂgmnwé tjmumwrm@wrms iridapendentipeafioyldttr -
n- but oxysi |l ane, n-pentyltri-sec-buto

- pent ! < rdeeooB{R GRS 1k e SYDIRG! BGHRYR F AP LA BEGRFTOgAty selected roative
Sec- p?ant yliy dtﬂ&%‘@?@@l‘s lhaBkng §|ﬁ6reﬂﬁélﬁbdr§drlp@; bmxs/alsbm:epemmy selected
pentyl tri-n-propoxysi | ane, sec- pentyltrii ropoxysil an

sec- pent yl t&latwﬁi%aﬂbﬁ%’i@%épec'%%@ t%‘é f'wp %&’%W@ﬁ " tﬂg formuta
sec- pery yl f-‘(rsl (G8Y %@%@Wéis'@%tm@@gr@@@h}ééd houfﬂeadem;cal foazaeh other or to
tert-penty frl nmet hoxysilane, tert-pentyltriethoxysilane, tert-

pentyltri- R .pr opoxysi |l ane, tert-pentyltrii sopropoxy3| | ane,
tert-pentyltri-n-butoxysilane, tert 15 pept t -sec- but o

t ert - pent y[00A2] t Ehe tasut ‘GOnevalamoroqnis EVOHBn"E‘% W@Hé&?@ﬁ%ﬂ% oric

| sopentylt Hoﬂﬁ%ﬁ&é@fo' a‘%ﬂéembﬁﬂﬂ‘i‘rﬁtbbési sl QQSV@‘ICDaﬁmugh a smgie C bond, i.e.,

i sopentyl tFi-n-propoxysilane, isop entyltrllsog . |
i sopent yl t BrCer QJ@O)@@MP!?@@“ MasgHARPYATBRNIC GIUPH IS sainlaéWéo an aryl group.

| sopenfy! tihg aﬁgutgra&ts M4y BelAlMRar, 'b?éﬁéﬂ@&l)fdrtwmmwybbﬁbmaﬂlﬁg from 1 to 5
neo- pentyl tri net hoxysi | ane, neo- pentyltriethox

neo- pentyl@&fboﬂaWW§5I@ﬁéxam@8 %E}ﬂ”ﬁb‘l"tqmﬁ' é‘?%&.’)‘i@s‘?rlpﬁﬂglgrﬁ% 20

pentyltri- ExQH[BI%}S LivAgBupd S araBRMsthE rnhon%@@febtbﬁr IS gio@benclude phenyl,
neo-pentyl tri-neo-butoxysilane, neo- pent Itr| e 0X

phenyl tri n@lﬁﬂmﬂv‘aﬁf@ylpbﬁ@ﬁ?w FUIORRRAYS &qga rgg.qts r?ne;?f JBBRysi | ane,
phenyl trii ﬁﬁ?&%ﬁ%&b] thu ﬂféealkyﬂ)aﬁﬂ%ﬁ'rﬁéy bé\swsma@cﬁwltrammmbtbm SLRBE@S 2
en “bu

but oxysi | ane -tert

oxysi | ane, phenyltri 0X | ane, 6-
trifludr ophaj\ﬁlwaﬁ@mm hfd};gwge) &han Oygerﬂuﬂf“i’rud? BYYP G *?9’1% ‘H@E‘ Yane.
di met hyl di met hoxysi | ane, 25 di net hyl di et hoxysj. | ane
G ot ol i L00431 o [poserein amaocip: INFIlSRSbaI R IRARIca faay be represented by
di met hyl di g f&!ﬁvﬂ%%’ﬁin’n@}@eﬂ @l(@ﬁl)m( Mbreﬁea-uhuetp@w&twmesents a hydrogen
di rethyl di-tert-bu

oxysi | ane, I met henoxysi
di et hyl di n@@ﬁbﬁﬂlpr"&@‘létonu|°éﬁﬁ'9@"ﬂ’i"@|19ﬂb&’9§”'g§%‘p é E‘Pﬁ@‘?'&ﬂe”w reprESORAI | ane,
di et hyl di i @Rk g?érﬁ’@?r oufi SHd W lsdinrifteBer ranyinb ranet toon esuitid examples of
e

but oxysi | ane,

rt-but o%m |, ane, dj et \éh? r?\ %noxs¥5| | ane, di-n 30
pr opyi 8 nemmouaﬁ%repde&eﬁt%*r%% QR 4h63&}§191 yltrimethoxysilane,
-n-pr Opyhgthyﬂn&h@%ﬁéﬁé 'nﬂéi‘l@yltnm pr'?hpoi@fs%hé metwrmwxymae, methyltn -n-

- n- propyl di -'n-but oxysi I ane,” di -n-p | -sec buto éSI | ane, -
n pr opy| di bytexysiiaeg, WBY'V‘aﬁ?& bL@‘P“ﬁ"W@B‘%}FWBﬂ%BWQq

o o o e et

di i sopropyP@POWSB@ﬁ%%’tr'rﬁ%PFOHP% YTV nsté’(t: gy ey h%éc

di i sopPYh@bsjshahe, elﬁ’yltﬂe%\dﬂ?ﬁlén@(@ﬁyltnbhlérﬂ?kyﬁlah@ﬁ&propyitnmethoxysulane
di i sopropyl di phenoxysi~_ | ane, di-n- _L;I:bg di meth ox

but yI di et heRyeRvitEsEOXYSilane. BrroPri:h 95?4%1 @pv f'SHPFOPOXYS"ane n-

butyl diiso A shtenBilard Fiyse8ibutxpsitafy yisbrdpietert-butox sulane n-
di - n- butylgl:’oﬁglec bqu’g(l&sal‘ apllebm%m-ln- ut%l gl te%/t pb 4

but yl di phea@pylgrpqhgﬁ@xysgﬁmes@@pmgqﬂa@tﬁ@)ﬁ 5@@;-3 ,sqoglz@yi’flne%gxys;lane fsopropyltrl -n-
d' sec- but yldbRisnane %dﬁé@ltruﬁbpr@ﬁ@xy’éﬂéﬁ@ lé'oﬁiop?ttrphiblnwxyﬁlaha,riéopropyltn sec-
-sec- butgl di i'sopropoxysi |l ane, di-sec- ut% r‘?b tox|§5| | ane, -

sec budd/| d Ut@é@”%’lﬁ dsapéwvétﬁéeﬂ -Brtoxyslang,isy ‘i’pyﬂtEP Y DRVZiN ane, d| sec-
butyltrimethoxysilane, n-butyltriethoxysilane, n-butyltri-n-propoxysilane, n-
butyltriisopropoxysilane, n-butyltri-n-butoxysilane, n-butyltri-sec-butoxysilane, n-butyltri-
tert-butoxysilane, n-butyltriphenoxysilane; sec-butyltrimethoxysilane, sec-
butyltriethoxysilane, sec-butyitri-n-propoxysilane, sec-butyliriisopropoxysilane, sec-
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but yl di phenoxysi | ane, di-tert-butyl di met hoxysil ane,
di-tert-butyl di et hoxysil ane, di-tert- butyldi-n-propoxysilane,
di -tert-butyl diisopropoxysilane, di-tert-butyldi-n-butoxysilane, di-

tert-butyldi-sec-butoxysilane, di-tert-butyldi-tert-butoxysj]ane, di;tert
10 butyl di phenoxysi |l ane, di phenyl di net hoxysi | ane, di phenyl dﬁe’?%’ce))w%rizlogﬁe,

di pheny! di pityitrPF-BORKYSIaha - slitynieseet it xysifane pseoyisiityltidert-butoxysilane, sec-

di phenyl di - n-= but oxysi | ane, di phenyl di -sec- t i : .

di phony! di BYUFPhENeRE(ANe, %?ﬁé'ﬁﬁﬁ“éﬁwaf%’ﬁe% k@é’?"ﬁ'&@?&"m' tert-butytri-n

met Ey: g?op@rﬁbé&ﬁhfﬁ hmwﬁtyltrﬂsd@ropmg@kiwnafmnmwim-mthw@ia,ﬁméPuty:t”-SGC' .
met i met hoxysi | ane, et t hoxysi l ape,. - pr t hoxysi | ane,

i sop?/opyl d@%ﬁ%ﬂ%@ﬁ’s it¢’:‘iﬁiét}’n%&95{]@9’éﬁsﬁ%qqﬂ6%5{}§H’ty|gwg?ﬁ%ﬁjdbﬁyI di ?/ret hoxysi | ane,
tert- %:ij yibgﬁuhrtﬂtrm%%Ff@ﬁysm, isiosotlvumetT%ﬁywrigobsyhmtviah&,promxysiIane,

n- pent I et hoxysi | ane, sec-. pent net hoxysi.l ane,. . ;

t elrot - pgnt yiﬁﬁlﬁ’%irqu&ﬁ@f‘ei ,§&B{g¥{%w-hpmﬁ%ﬁ%@+q%gﬁ/t,r|-sec~butoxySI|ane,

neoIert yl Figgmtpﬁxmﬂ,tfw@snmhtg@butllygiimﬁhﬁmsyajdl, ar;mntyltrimethloxysilane, n-

cycl ohex I met hoxysi | ane, en i met hoxysi | ane, .. . he,
e%/hyl di e?h@@d}iﬂtrl@ﬁ}%ﬁ'ﬁ”éoﬂ'ﬁﬁ'g%'r 1%‘?%%?%(‘%4’3{?18‘?“ Y’HB%%&%‘%‘%"%E‘E@?%‘? gﬁr}e,

n- bgt %/I Fij?ﬁ{Bﬁib&?éi!alﬂé?m-pé@l?ltri-géti-m:ltgkﬁglmYlsﬂdln@”‘ﬁ'ﬂem*bﬂtoxmfay@d‘:'et hoxysi : ane,

i sobu i et hoxysilane, n- pen i et hoxysi |l ane, sec- . xysi | ane,
tor - pht yPeBHIRBRYSHELaN; S5 B UROR SRR, St B e TOgsiEh Y

neopent yl di&ihexy-prdpengsilane eepentitaiberopsiysias, secpeaitpirenplitixgsibogysi | ane,
phenyl di et hoxysi | ane, ; tri nmet hoxysi | anle, tgtllﬁ?t hoiq;ﬁm | ane, tri-n 25
propoxysi | shfedentylir-sesdruiians sesPerty itV EPare

tri - sec- bubghtyifrichaR@eysldrie; te@t-henttinixsd/sinne, toftrpaptyttriokys)siiane teref  t he
above conpounds, the 'preferred con'Po_unds ar e, rrett rrltyltgtlﬁrr?t_g\qx)\(y%hléﬁgqeﬂ_

met hyl t ri eReEWYSDPEREXYFHRD AP fPeI YIS eRIBRYSiang g lertpentyltr-n-nuto :

Tet Nyl fef | | SERyIRPSRRitbARRance Kb ITRRBGHbIRRG, tortdanbitripeironysihbane,

di met hyl di met hoxysi | ane, di net hyl di et hoxysi | ane ?leth Idlneﬁhoxy3|lane,
and 30 di ei6ApemHyl Wﬁi&%ﬁl‘%@eisof’%ﬁmﬂemﬂ’%' &yl WVM'@%@PP’S’&[ urce may be
a cormoulndis?gé/ritmiiédbeoddkyénah% i&ﬁeﬁg&&f . }i41-bmb>|qrsﬂarmf, Ezs{:ﬁmqlmmammmsnamr ese [u 3
a nonoval ent organi ¢ group, ecific exanples o e.C , ente
by (O oPATT e AR R Ro RPN T S ASe B3 B Tl Oy Bidr e &S

t et r a- n- pr gAY S iank ShdRbSRAPRINNDkYsHARe, inebientyithisbonpotystare, neo-
tetra-sec-butoxysilane, -15 17 venber 200 tetra- .t r_t-t}uttox ﬁlJé ne,

t et r acet oRGAYIrhprdUtoxMRlapgy r?%p??é&ﬁ%y%qcﬁ%ﬂl@‘ys' &t 'ﬂ%o'%%k’)&', NgGseu O)ﬁigé? 'red
conpounds Récpb@lkigFehbsisnd ;ﬁ%gltrﬁrﬁé’rﬁ@gﬁsm@hér@‘ﬂﬁethbﬂtsﬂme]ppenptnb«ysi | ane,
or tetrai sopropoxga | ane, tetrap )ZSOOX Si | arle_. _bg045 The hat I{rgge%t_ one
silica souP@RORE]aN: PRERYISORIPORIRNG RNRBYIFR-RYoXysiiane, pheny

R b( RAO) 3- BRbxfditane, PheRa-Brwtiixysitne! shahyifpranexBia®y, €- | ndependent |y a
hydrogen atom™ a fluorine atom or a nonoval ent organic gr R4 and R5

ar e i ndepetiifleproptopaitrimeihowysilant, ddrijareriopisigioxysilang %mﬁtﬁry'd%bwsm or
gi ffergnt gy chb?ysfﬂaﬁ'é{Vmﬁéthgﬁﬁﬂgwﬁax;‘é&ngﬂa%i.hé?th%diid%ﬁrdp%x%naﬂéygen at om
phenyl ene 'group, or’a group r Ere_ ent e y . . _
dimethyidi-n-butoxysilane, dimethyldi-sec-butoxysilane, dimethyldi-tert-butoxysilane,
dimethyidiphenoxysilane, diethyldimethoxysilane, diethyldiethoxysilane, diethyldi-n-
propoxysilane, diethyldiisopropoxysilane, diethyldi-n-butoxysitane, diethyldi-sec-
butoxysilane, diethyldi-tert-butoxysilane, diethyldiphenoxysilane, di-n-

30 propyldimethoxysitane, di-n-propyidimethoxysilane, di-n-propyldi-n-propoxysilane, di-n-
propyldiisopropoxysitane, di-n-propyldi-n-butoxysilane, di-n-propyldi-sec-butoxysilane, di-
n-propyldi-tert-butoxysilane, di-n-propyldiphenoxysilane, diisopropyidimethoxysilane,
diisopropyldiethoxysilane, diisopropyldi-n-propoxysilane, diisopropyldiisopropoxysilane,
diisopropyldi-n-butoxysilane, diisopropyldi-sec-butoxysilane, diisopropyldi-tert-
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-(CH2)n-, wherein nis an integer ranging from1l to 6; or conbinations
thereof. Specific 10 exanpl es of these conpounds wherein R7 is an oxygen
atom i nclude: hexanet hoxydi sil oxane, hexaet hoxydi sil oxane,
hexaphenoxydi si | oxane, 1,1, 1, 3, 3- pentanet hoxy-3- nethyl di sjJ oxan
1,1, 1, 3, 3- pent aet hoxy- 3- net hyl di si | oxane, 1,1,1, 3, 3- 17 838 8er 2005

pent arret h 3 Q)gﬂmﬂ]mmoh Mn&-dMnenyl di si | oxane,
1,1, 3, 3- ?%%{?% aﬂé]oéhénf? %dﬂ?iﬂﬁehtqmﬁ%%g%l oQane %!

1, 1, 3, 3-t cautdaiethexysi ng,%m@qtyigrlapgqpp&(sg%e dlnlblgyigungropoxysnane di-n-

etraneth . Bs i $1'-t5 8i0Rc-butoxysilane, di-n-butyldi-tert-butoxysilane, di-n-
3, 3- tg%ﬁ}f%éltrﬁggfylﬂg@% Y d| sil oxars{e

t

1,1, 1, 3-

trinet hoxybutylguptaemmqyﬁtqqeyﬁlds@rmgy@ﬁ@thoxyaIane dl -sec-butyldiethoxysilane, di-sec-
L1, 3ty lahe3di-sec-butyldi-n-butoxysilane, di-
Lhie tﬁoxgﬁﬁﬂgﬁ{%ha}o}%ﬁ%h% @¥+ Cf Hué’d‘;ﬁ&&)xyé e3di-sec-butyldi- %

r eny
1,1, 3-tri esaoaxyyldi- S?CSJLﬁ@XVpH%WyﬁUW&bLM@ﬂéﬂ bytoxysilane, di-sec-

di net hoxy- ﬂutﬁqﬁfg’%&)@&ﬁﬁﬁemﬁh(yuﬁhdlﬂéﬁfﬁﬁy&Iane di- :t))ert-butyldlethoxymlane di-tert-

1, 3-di et hox tetranet hyl'di si | oxane
d| met hoxy- U_Lit)]]dB’i atqp@@(ygjpn@rcy-n guty@m@wsnane di-tert-butyldi-n-butoxysilane, di-

Al 4 pee- preferred
conpoundsqg?{e&#ﬁ?(aneﬁggc%%%g 18Dt Mmb“tg@ﬁ”é @

I'si'| oxane, exaethoxyd|5|loxane

hexaphiénoxyayldiphencuyeiane, dipReraidisethamrsinag,dinhenyidisthaysiane sHiptsnyidn-
1,1, 3, 3- b ilane, diphenyldi-sec-
12 AR oA 0 oolare, et s

di met hoxy-ytaxysilare, @ltphgmgldnﬁynmu W@jmﬁedlphenyld:phenoxy&Iane
1,3-dieth d
%l%q&rgég& ¥laﬁér'1eny%§%b trigtryeBPentyidlietoxysilane,

di net hoxy | oxane;
1, 3-di et hd%?myldM@hQ%é@ﬁ%ﬁﬁymﬁih@W&ﬂﬁ%é‘ proYIdipethoryeilaBganpl es of these

conmpouids | t W@anﬁhdxﬁ@nﬁr B FrREBBRAISS, Qléc bﬁ@memoxmw@em

bis(trine triet hoxysi|lyl)met hane,

bis(tri phetpmwgmatmwmﬂeatsebuwdw@hwmrmeﬁ cimetpyYRilanea §8C-

bi dieth

bl ol & ot nRI TGy Y ah By i ?‘*&Y@%’Q@’ﬁ?ﬂ?ﬁﬁ‘q'@fﬁ“ﬁ*@metéﬁiﬂﬁ 30
bi o( et hoxytHapethiiBeIhpKysiete asshonidbTREORGIG. SHERS|dPhREHaTo.

bi th th 1, 2-
b1 S(L 11 ot 1S QEF*{%‘%%Q%"?”Wﬂ?@?ﬁ%ﬁ%tﬁéﬁ“@?‘ﬁxﬁﬁﬂf e

bi s( di2fet mpﬂé@ﬁwwlape)r@@m@médletrowsda@q d?tétt!*lélﬁ YH#HaN&iSe61 ) et hane, 1, 2-
bi s(di m ett?_ﬁgglgm % ytL, %h) hoﬁysi"far#é' %s(ogh idianesarmel 6l Iyl ) ethane, 1,2
yl's

-16 bis(ne ane, 1, 2-bis(ethoxydi nethyl silyl)ethane,

1,2 17 Nomrfbsécﬂlem@miam wmnbd@@h@wéﬂﬂnesquymgnhé@iﬁféﬁévsﬂa e,
1,2-bis(et; Qg@%&@ﬁwﬁﬁhw'r)e%b&%g@retﬁox%uahb Sr(édhbﬁmll@%){;}%nbr% ) pr opane,

1, 3-bis(tri ropane henoxysi | P ne,
1, 3-bi s( d|(wgtqh@x)y@@thﬁyy%lang,|9h§nﬂgigﬂpxyqlage5 nmethoxys:lane e hoxysﬂane tri-n-

bi s(digt h N s
bl ng:%t hgﬁ%gﬁ@@?ﬁ{rﬁ' r}fé%pgro 98fane ridr tékﬁn@ﬂ’é WXy @b@BY)sahe, k)-RErBPane,

s (et hoxydi met hyl si | ropane, 1, 3-
bi 5 ot hoxa eSS HBHENPAERNTS, OiThe 2bpws SRR eI SIPHORaRE 1 3.
bi s( et hoxy, rﬂ Qgﬂﬁéﬁﬁb%h% é’rn%ﬁﬂﬁnetho%snhﬁé’%ﬁethﬁfrﬁﬁ ﬁfdp%ﬂysﬁlﬁﬁ@ounds are

bi s(tri met hoxy ane, bls(triethoxysilyl)methane, 10 bis(dim -

et hoxynet hryaB@Mtrysqm@mma@nebet@mr@@’th@wmﬁnWylt'l'%ihq’wé@%ne bi s(di m
et hoxy phengitngityimBRbRANSne, RimélBlchRxyalaABYdisthl Mim stRéty8Mmhe, and

30 diethyldiethoxysilane.

[0044] The at least one silica source may be a compound having the formula Si(OR?),
wherein R? independently represents a monovalent organic group. Specific examples of
the compounds represented by Si(OR?), include tetramethoxysilane, tetraethoxysilane,

tetra-n-propoxysilane, tetraisopropoxysilane tetra-n-butoxysilane, tetra-sec-butoxysilane,
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bi s(met hoxydi net hyl si | yl ) net hane, bi s(et hoxydi net hyl silyl) net hane,

bi s( met hoxydi phenyl sil yl ) met hane and bi s( et hoxydi phenyl si |yl ) net hane.

[0046] In certain preferred enbodi nents of the present invention, Rl of the
formula 15 RaSi (OR )4-a; R2 of the fornula Si (OR2)4; and a nd/ o rlggoé)f
the formula R3b(R40) 3-bSi - (R7)-Si (OR5)3-cR6 can each indepen nde&RT Ps

nmonoval entteﬁé%ﬂL&Jtcﬁ(yglmeofetl’fabeetf)ﬂfsrhﬂea’and Cétraphé:hcﬂvblﬁﬂen Ot tirecalisive, ﬂf'el s an

i nteger ranging fromoO ecific exa e ncI ude:
t et r aacet o@(??l”lgegr?@mpﬁﬁf‘q’ﬁ/@rtert?'é%@?tb%)@ll?% W?'I%Péﬁgttr ;}}SPIE'q: ﬁina n’ 20
propyltri a&qg%g&;rbg@@suanﬁom@pb{éﬁdxygméoxys| | ane, n-butyltriacetoxysilane,
sec- butyltriacetoxysilane, tert-butyltriacetoxysilane,

i sobut yl t rigpgsf oxyes bt Ié‘é&on@mh@@@b&ﬁ‘cé ma@(t@twmmd@rjmavmg the formula

sec-pentyl trigcetaoxysi|an ent ; £1 0X
i sopentdyi tiRi ﬁ%@ Jendy Rl)éﬁ@ WB?rleﬁ a%’gﬁg Xcier?gﬁgeently a hydrogen atom,
ghenyl tri ai&g&&méfdtbrﬂn@r 2 m@h@ﬁ%léMo(dga&mﬁgr@mlygk“lm'fﬂﬁ ate Mdepbruhlaxﬂeaoxym | ane,

i - n- propyl di acet oxysi | ane i ace
di - n- but yi rapa@@ﬂqsstwanmoum% %f@cc ? B %%P%Q&@ﬁ¥ Lg'%g?a“!‘é?? number
but yl di 30 %ﬁijmglfr&rﬁ@&) 2 Ohmgmdxﬁg@pabmxu %hé@ﬂ@le droip ety ﬂe@rﬁen@‘d byhese
conpounds

efraacet oxysil ane and rret tri ceto sil.ane are .pr ed.
[0047] O helPHekeaiieEain Biis ah integer ranging %@@P Oé%tﬁ'?‘%?@ NPT ?%P&?g‘ié
f I uoripat e@ka%ﬁ Ié’sﬂ@‘ thé’ée éd UnB& WhErew hbm@m%@g@hamm inbloge provided in U S.
Pat. No. 6, Novenber 2006 h 04&?1% Anot Her ex?gqlsfsof at
| east one @Q@F@éﬁ%ﬁ'ﬁ@é‘aﬁﬁwqxﬁﬂm@@@@ﬁ% aexydisigaiEe A  'st°H bond
upon el im ;Elﬁﬁérﬁ@thom@%bm%ishlbxédér 11 her3 s@ﬁmlemx@ta m@mylatsud»@ae; 1,01€3,8i | i ca
source are found in the nan- t|c chem rTE ? S descr1| ﬁgg for
exanpl e, |Pﬁrﬁ¢f‘éeﬁhéﬂé3@||‘i€@§d'ﬂ@‘aﬁ? 1a 3EPerdge} f‘ﬂ’@y‘?’g gvigsioxaie 1 hdvgani c
%gg' gzo\é't(@tzr%@%tm‘l @Qﬁﬁhﬂﬂdlﬁlo%e @el 3 BréeRstoxy- 1®Gmethmmwxane 1131,3,3-

satil e Rout 8 (% |call1y I}){bdlfled
B R o en-a Y viaolane. NS sty o EepheddaRaae
Mat er. Chefinethky-1 §§%1métﬁ94§us(l&%@)1 1[3Qﬂ5ﬂ'%bx;?($ts :ﬁmmdﬂﬁﬁdlﬁmamﬁ a,n8- at | east
one silica source nay include colloidal sili ? é dsilic
si licic adfignesiotlih trl‘ﬁi@é)”ﬁ@l‘%xanﬁobéﬂ‘t”@tlhpﬂ Sth |ph%gy%l|0é§n%f1a%| lica
ngugie; I rtﬁﬂg\éﬂ%ﬁh'ﬁ@%%t'raﬂﬁ@tﬂﬂﬁrsﬂé&@heaﬁﬂtbﬁih e wﬂeﬁamqmymseacme( I'H,‘BQ
| and ne

group). [ c8mehoxy 1c'le$ @é;ﬁg b?‘é'rasp‘gé‘“é @Bgd rﬁf’ﬂ Xy- ﬂﬁgf é&et a@QEP&Uﬁ%‘”@P% ca

sour cepmayOPhBEE eXkeded compounds are hexamethoxydisiloxane, hexaethoxydisiloxane,
hexaphenoxydisiloxane, 1,1,3,3-tetramethoxy-1,3-dimethyldisiloxane, 1,1,3,3-
tetraethoxy-1,3-dimethyldisiloxane, 1,1,3,3-tetramethoxy-1,3-diphenyldisiloxane, 1,3-
dimethoxy-1,1,3,3-tetramethyidisiloxane, 1,3-diethoxy-1,1,3,3-tetramethyldisiloxane, 1,3-
dimethoxy-1,1,3,3-tetraphenyidisiloxane; 1,3-diethoxy-1,1,3,3-tetraphenyldisiloxane.

25  Specific examples of these compounds wherein R is a group represented by -(CHa)n-
include: bis(trimethoxysilylymethane, bis{triethoxysilyl)methane,
bis(triphenoxysilyl)methane, bis(dimethoxymethylsilyl)methane,
bis(diethoxymethylsilyl)methane, bis(dimethoxyphenylsilyl)methane,
bis(diethoxyphenylsilyl)methane, bis(methoxydimethylsiiyl)methane,

30  bis(ethoxydimethyisilylymethane, bis(methoxydiphenylsilyl)methane,
bis(ethoxydiphenylsilylymethane, 1,2-bis(trimethoxysilyl)ethane, 1,2-
bis(triethoxysilyl)ethane, 1,2-bis(triphenoxysilyl)ethane, 1,2-
bis{dimethoxymethyisilyl)ethane, 1,2-bis(diethoxymethylsilyl)ethane, 1,2-
bis(dimethoxyphenyisilyl)ethane, 1,2-bis(diethoxyphenylsilyl)ethane, 1,2-
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15 have an at | east one carboxylic acid ester bonded to the Si atom In
addition to the at |east one silica source wherein the silica source has
at | east one Si atom having an carboxylate group attached thereto, the
m xture may further conprise additional silica sources tha {7 pot2006
necessarily have the carboxylate attached to the Si atom | dg‘g%

preferred b@?ﬁ@@o%&ﬁthyﬁﬂﬂmﬁaﬁ lzotﬁls(@fhdaydimemsrlsilyl)etlmﬂ hy2elr ophobi ¢ silica
20 sources I's used he mxture B}rgwﬁrred q%%nrgeqltss the ratio of
hydr ophoblb@(@ﬁth%wlp@%WMﬂ Q‘@%é%@?@ OX¥RfRNYISHY Ca Source is greater
Ehan aﬁogtb‘sg%?qdi‘i%ﬁ&lﬁ)ﬁﬁdpﬁne,hﬂs-‘bfs‘?m@mbxygWlﬂﬂ‘biﬁhn% 13-0.8 nolar ratio. The
erm "hydro

, as used herein, ref thy U&) E%ﬁiund? wherein the
si i con atifiriehenayabspiamne nt sbigdimethoxyaethyls g8 " &ome exanpl es of
Q%gr (23291:;'b?sé@QT%Qﬁﬁeﬁng@ﬂW@?opﬂnlé01<Ef’d|d (@iFREhI@MeIgishyl)paddemey 1 Bunct i onal i ty

east crosslin tomwi f our et hoxy,
()

et hoxy, prb@ﬁdjwloxyr&temﬂébw prcma@e bﬁ&%@efr&xyﬁ@pg}yisgylgorwagﬁ, fbon or oxygen
bonds betgfg‘% P@yoﬂ%&gylsmgr&lane Pfsfb%r(m%umw:gmhdstm)mpatnbm Si atons being

an al koxi me do not fully  crosslink, residual Si-OH groups

may be pr distethosiinhenyisivd) prgpaneys Of fose cHACHEdSPIPOURISA® The term
hydr ophobi ?sﬁlﬂ’rértt?cﬁ(gélgﬁgﬁ{e?hatn% gg(m&H@,@g,Mﬁ@t@@t | east one of the 30 al koxy

functionaliti reface termn i-Cor Si-F bond, i.e.

Si - net Qy! bls(gme@quymetl@iﬂlﬂhémane Q'S(Q'?WESY{B%PV'S'%’@{"@tha"Phat woul d not
generate %’ﬂ%{ﬁ{ Mpﬁ%@%r ¥|),ﬁgtq5,qé Wé(&lethbﬂyﬁﬂéwg@llw)ﬂiﬁma the silicon would

crosslink our e€s even en full crosslinked as a

result of WMEBIO}NI81eﬁh’!ﬁlﬁlbﬁ@éﬁ%%ttti'%ﬁthewd@et@qs'@’ the -18 17
November %%% hﬁoﬁ%ﬂbﬁ@{gﬁﬂgﬂﬂ&héﬁé@h@Els(éi‘i‘ic?x%lphéﬁyléﬁ?ﬂ)r’h@llhEn@r eferred

enbodi nment's dro Ic silica source contains a nethyl group
at t ached t[ﬂo&d%e 1R CLhARBrbeE eh@@&ﬂﬂen@tﬁt@épﬂeea&unmmrﬁlﬁ‘mmesfounma may be

added to xture as t

t
Cyr ot ei FBHERIodRied g BrmaR S A B SPCE G4 Pumg HaTeaueHG wat er
and a cat ghy)sgl(éﬁs) L FBOb AP chandbRAdEmY Bé@m%hbﬁ&@t%ﬂgfﬁnﬁﬁgrﬂhp af theermula:

intermttently or Tont i nuousl 'y, and conducti ng hydrol ysis and condensati on
reactions while stirring the mxture at a tenperature range generally from
-30 to 100C, preferably from 20 to |LOOC, for O to 24 hours. The
conposition can be regulated to proflde a desired solid content by
conducting concentration or dilutionfwith the solvent in each step 10 of

t he preparation. [0055] The hydrolygy.s and cond ation of the silica
source can occur at any point dwing e,f tion of the film i.e.,
before adding to the m xture, ter addin the mxture, prior to or
during curing, etc. For exanple, in certai*n efbodi ments of the present

i nvent i on.wHeign dlis bR AibgdMendihd ir6m SRUI @pdcﬁlc@iﬁﬂﬂpl@e@f et 8 composmdsvent
wat er, and 15 sur acta%

inaTtirst vesse i.onic a‘ff?élltlve and cat al yst
are conbi rmludawi%t@é@f@mslla%ﬁ@hy'tr@ﬁatwa%rﬁ“@?ﬂ'eff‘%?"yﬁ ®s8cond vessel are
gradugply p"?ﬂﬂﬁﬂaéeﬁoﬁy@ﬁaﬁé Fs‘ébrdf?ﬁﬁeﬁﬂet&?ﬁlanm t-Boltylthidcetakysinnb sseaned that a
variety of fferent orders addi ti oln ?y m xt.ure.can _be
butyltriacetoxysilane, tert-butyltriacetoxysilane, ISObU ltriacetoxysilane, n-
pentyltriacetoxysilane, sec-pentyltriacetoxysilane, tert-pentyltriacetoxysilane,
isopentyltriacetoxysilane, neopentyltriacetoxysilane, phenyltriacetoxysilane,
dimethyidiacetoxysilane, diethyldiacetoxysilane, di-n-propyldiacetoxysilane,
25  diisopropyldiacetoxysilane, di-n-butyldiacetoxysilane, di-sec-butyldiacetoxysilane, di-tert-

butyldiacetoxysilane, diphenyldiacetoxysilane, triacetoxysilane. Of these compounds,

tetraacetoxysilane and methyltriacetoxysilane are preferred.

[0047] Other examples of the at least one silica source may include a fluorinated silane
or fluorinated siloxane such as those provided in U. S. Pat. No. 6,258,407.
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used without departing fromthe spirit of the present invention. In certain
enbodi nents, the at |least one silica source is at l|least partially
hydrol yzed at a | ow pAcid value, i.e., 20 fromabout 1 to 2.2 to
substantially reach hydrolysis equilibrium and then the pAcid val IS
increased to a range of from2.2 to 9 to at |east partiall y17c'6?i’85‘ﬁ§r§%9%1e at

| east  onergphsy C ANSdst oN@kiliea $curee mmag icheemompotindhthabci dity
of the m i[([)ﬁhée]] agnéﬁgﬁaﬁén(fwhgfﬁei n.. rL0056] The m xture may further include a
car boxy| ateroduge & S-HAondaweB GlIMERIY- the 25 carboxyl ate that is added to
the m xture may be selected fromthe group consisting o ic acid,
a car boxyl DO49bnPHHurthecaranpiga 9dhea} Igagﬁngﬁﬁ'c%ﬁo%rgﬁ%f%%fj P@ﬁgﬂ? )r%sbeof.
Exanpl es of &@W&%@nhigtryaﬁb%dg Reieied for stampladeticorstarenss btaycst ahal ei c,
oxalic, gl fco [c, |'yoxalic, or mxt ur_eg{lﬁt her eg{r.l Exﬁcﬂ%eﬁ?’ géesg.aréggwl iC
aci d et er “yothssisrrd Oroame-innsoanis Hypridsia he Nonsygrohdicy F 42°%3n '

et hoxyl at egi,fRt iy, @é@)edﬁoﬂb@og% P@g%@.ewvmama@m&& wergheicalyelddditisd a
separate ingredient, be forned within the[‘ mﬁgeg upon ,t hei\/l tg'l ﬁ%_tjt{d)n of
the cheni cSlicascapgbRerous SHICas viadheNRp{yarohdig ol Erﬁg?ﬁ"gjf A €5t ore
silica soygceigfepBbM). at | east one carboxylic acid ester is bonded to the
Si atom such as et raacet oxysi |l ane, nethyltriacetoxysilane, etc. The

carboxylic @%bg ??f&’fo?hé?%‘kahﬁ%fdf at RastléheldlichavardeanaibiGide thibigal siiemce of
wat er and/lé)r catalyst to generate carboxylic acid. In sone instances, the

car boxi at msshaisaner siejc 3@d skRgingBaledR!lsi yst within the mixture for the
hydrol ysis and condensation of the at Ieas& one] silica sourge.S I'[ygpo%gw The
catal yst s[fi0Bab| 8t efher eamples &ifilica SOEIER BielUds §IBRRIYIXRYP T aMSE Yor

| nor gani ¢ _sie8dlichefies RASE, HBRS, Fai Mty siessquicxanysl(14695 RSO, viebs Fi 6 at ent s
fromthe silica source in the presence of water, and/or the condensation
of two sil MelVE@@Bks to forman Si-OSi  bridge. The catal yst can be an

organi ¢ base such as, but not, lim¢ted.t aternary. a [ nd
yh ox deal008k h nueraimBATEGiRF SRty LS e ica SPGE Mg AfleLdb
;1)6 i rr}ar‘ya bsg@@'@}ﬁé%{ea@@ﬁebgfﬁobﬂrcﬁcﬁf@s:i@&?ondgdtc&mbrs_iato_nh.dmsaddim«a toHesdtyst can
al so be an acid such as, but not limted to, nitricaacid, elc,
oxal i c, acleasionersiicaisourcegvRarginithe siiga fauseq 'EE"n‘a"i‘,IiI‘ztlj"fs1i 8pe & g‘?ﬁ}%@{gnéenr eof. In
preferred gsBegidRtsup dthenédinetats the anaDrd mapfuatheocoaisedelditionaisilicang
acid, preferabl'y nitric acid. In certsi n reflerr d héﬁgbgﬁ%‘ é}éﬁ‘ t he
cat al yst nBQureesbat way goknecspspriciayed ?5?'{%’953,’ ate altachqlo gE fhat is 2
or less, to maintain the pAcid value of .the m.xture . HFom 2. 2
Co oo 15 | 0B8] imereteciot aosknes s erehiniBray Rvotepupbaft hlighdtie s
super cgg t i 6@lredd dided Rthe Nk, daprefotred ebbgimsntsh thehratio eblyeintshobidjilicat s
the filmthickness, provides sufficient. optic clarity for bsequent
processi ngS%L!ré%?,th%‘g‘ﬁ‘ %[Eotffltpﬁﬁ'&?aawf,’e |§I£eqt§ratba%gb% tol%inf)@ r r"@'[rg&e&’l’mved upon
curing. SopngathBlytaat 0.216 0BUhblablegiol The tdren “hgerophilic”has psesseareini referatd on may
I nclude any solvent that, for exanple, exhibits spl ubili |
reagents, afmaeyndsiereip g gwgiqté}:ﬁ(g@n PHESM%WQB aﬁ%&?tofwra%négt tg’% fe
surface t eggirife®bs hytfopHikisoir e RRluddeiasdysianas having an alkoxy functionality and
25 can at least partially crosslink, i.e. a Si atom with four methoxy, ethoxy, propoxy,
acetoxy, etc. groups, or materials with carbon or oxygen bonds between Si atoms and all
other functionality on the Si atoms being an alkoxide. If the Si atoms do not fully
crosslink, residual Si-OH groups may be present as terminal groups that can adsorb
water. The term hydrophobic source refers to compounds where at least one ot the
30 alkoxy functionalities has been replaced with a terminal Si-C or Si-F bond, i.e. Si-methyl,
Si-ethyl, Si-phenyl, Si-cyciohexyl, etc., that would not generate a hydroxyl after
hydrolysis. In these sources, the silicon would crosslink with less than four bridges even
when fully crosslinked as a result of hydrolysis and condensation of Si-OH groups if the
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onto the substrate. Solvents can be al cohol solvents, ketone solvents,

am de solvents, or ester solvents. |In certain enbodi nents, one or nore
solvents used in the present invention have relatively |ow boiling points,
i.e., below 160C. These solvents include, but are not |im he@ to
tetrahydrofuran, acetone, 1,4-dioxane, 1,3-dioxol ane, ethyl 2S@EAPE 2098 4ng

methyl “eth rm}ﬁ%Lgﬁﬁ f‘lﬁ& Y enétait ﬂit@ferﬂédfbnhﬁ:duﬁads itie hytrophadiesiica
i nvention 3 poi nts above 16 i ncl ude di met hyl f or mam de,
I

di met hy| acequies G@Wtalﬂls ari’é@th gr@gn@f&\cha%%theéﬁlﬁ?n g8 car bonat e, ~ pr opyl ene

carbonate, glycerol and derivatives, na and su | tut rsions,
acetic aci [90GAYhybe ptieastesilisAiseUReiTaY, ‘%pggﬁlﬁmwlﬁ% PEE §P‘r“é’e

di met hyl s H{]&r% §9%hd sthdePBst npﬁelﬁwélhcensdﬂ@cecmmcd by
di et hyl h‘;{({rﬁgﬁs ahﬁgé ng%}gtwgdrrapt er phenyl , a Y Preferred

t
sol vents amwwgtemuaag@l@#?éysg F%épl\f%nt@agiladéméfﬂe %b‘é%ﬁlrc%a reliP&nol |
2-met hyl - mEquméﬁw ngb[_lc{v)-ltm[]@&%y land cBﬁé&ﬂﬁﬁb hy@mf?%%ﬁ@'con@erﬁéﬂcbr&mbtlons

2- hexanol , - 3-pentanol, pro ene t he etate
(PGVEA), ewhig %tﬁén@tr@dawuﬁe BlA {AMReratEre fab%ﬂweé%‘b?/ 5?’90%%‘3 1)6%(31%[!9{ éﬁm
(PGBE) , ¢ h tRMQan bé-reglibeyieblyldeacet at e,
-20 17 Novegrjrlrtg 8382 @g%too%‘(%%?[ﬁgngbe éorﬁgﬁoxggphx 9 et O‘ﬁ b ate

1- pent anol ¢68irrﬁ>d soHd pyntemteyIopeutting@eRgantragipm ar diluger Wfth N § QAR SIFR,
sol venfs i ggetjja@.gf‘ﬁoﬂg es, pyruvates, and diols. The solvents enunerated
above nay one or in conbination of two or nore solvents. In

preferred I §ﬁﬁ@’sil§'£ SUrEe 64 @@fueaﬁatd ts 5with
D e Lel y&{&v\fb ?hidroFyQi% ahd c‘éﬁ@énsﬁﬁ&n G i6€s n Fﬁm

ol nt , poi nts beI (?(ﬁ 8059] The
mi xt ur e us@dflftgdhﬁé@fmaﬂ'ﬁ@oﬂhpmk“dfe ,theéorﬁlae@'@amm'mur% PU"f‘ 14 todBfpri ses a

porogen. |)@%Oﬁﬁ‘(ﬂ to oPSuRREAING &k, nFoﬂ&aﬁhd@%@éﬁaM meocﬂlﬁleblﬁe:dtﬁe) generate
void volume wthin the resultant film Suitable (?'lniﬁ?Fm us %éhe

di el ect ri cPieaeRting@nionfthe phleaganesiicasayigr s eink! vegt,
gr OUpSLS S0} %ﬁaﬁvt ifig ﬁn‘%W@s’%@p ki |Bﬁ|b3é68ﬁ|§e aﬂ@céiﬁlﬂrétad}*é @Bﬂ‘n@med ang ébcﬁtﬁ'rdS,

hyper ranc pol yners, oxyal kyl ene conpolunds

macr onol ecvdsss!, apd Thﬁﬁﬁﬂ“ﬁﬁ% P 8 speraidaessel gr¢ gradualt ytﬁf?@Pgé‘?(H}‘?ﬂr gyegiel &N apl e

porogens B%huqlﬁ %H\%Bn&f{){h‘&gﬁ%re&?%%ﬁf@r%ﬂtérﬂer@%@ﬂﬂlﬂomﬁim@hlﬁpw taretie on,
Attorney Docket ?) Is”assigned to the assignee of the rﬁresent

i nvent i on. ugegneidiout ﬁewfﬂgaff@mé'?ﬁ)ﬁéﬁ'tr%M%Pféﬁeﬂtﬁy‘aﬁ?%e'ﬁ Fﬁ‘\rf‘@r’l‘?qqgﬁ“e
porogen m%e'd?‘ﬁidéﬂ@né ﬁ@% §ourée5|s%'i Ras ﬁauﬁll?%@érolfi@@ﬁt 8 MEpAG® Valge Ofegani €

groups are present e reaction m xture abi | e or gapi o CﬁUpS may
cont ai2f sufff‘t)mcﬁb@blﬂ&(&éé@ﬁlﬂh‘ﬁt%‘ﬁ%ﬁ@dﬂ ngaéféﬂé@gu'bwm&r@ %ﬂ rﬂf‘%f e cure
step. In y@élu@?shﬁér Eé“gbot@'a”r'ﬁﬁ{;éopf?orﬁ be @r@té%'ﬂieabﬂ[ya?ﬂélly%nd@hs@th@\at Bast

deposited via roma m xture conp nsmg | abil e organlc lgrroups wth
a per oxi deoanﬁihfi?o%m{ﬂCEf ol heoR@id ¥3lue [§ct MRS 'ﬁ@ﬁ’l (Pfr%e acidiyeofdhe

conmpounds g&MeaiHakdlg, 20 | abile organic groups include the corrpounds
disclosed in U S Pat. No. 6,171,945, which is incorporated herein by

reference fopsei STﬁ@H&t@rteMna;I R ménndé%&rb@ﬂm@l % Bérai® Embbéimeshes et
i nvention, the porogen may be a sol vent.
25  carboxylate that is added to the mixture may be selected from the group consisting of
carboxylic acid, a carboxylate anion, a carboxylic acid ester, or combinations thereof.
Examples of carboxylic acids include formic, acetic, propionic, maleic, oxalic, glycolic,
glyoxalic, or mixtures thereof. Examples of carboxylic acid ester compounds inciude
ethyl acetate, acetic anhydride, and ethoxylated fatty acids. The carboxylate compound
30 may be added as a separate ingredient, be formed within the mixture upon the
dissolution of the chemical reagent within the mixture; and/or be part of at least one silica
source wherein at least one carboxylic acid ester is bonded to the Si atom, such as

tetraacetoxysilane, methyltriacetoxysilane, etc. The carboxylic acid esters may react in
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In this connection, the solvent is generally present during at |east a
portion of the cross- linking of the matrix nmaterial. Solvents typically
used to aid in pore formati on have 25 rel atively higher boiling points,
i.e., greater than 175C, preferably greater than 200C. Sol rsfllts %ugtog |l e
for use as a porogen within the nmixture of the present |nve PO PR

those sol V& 5315!2 fic adNg@. Inf%o?rﬁahngt&ﬁces[ 0062]
In certain ef@ﬁes%hgé(bfﬁgte{%%/o? %ﬁﬁgsﬁ‘ergteac%;%a ° nol ec 5 s.those
descri bed tha c’al’h@xylefeem@mﬂ@lnmﬁ@mad as the CatalY%}Y\htf‘WetE? gigpr %‘Bg\y YSE | i ca

Mat eri al s pAvETo tives as Tenplates via a
Sol - Gel Pr%ncc%aésbndégﬁd_%ﬂd? %rdgsgﬁﬁ@n%i?&%%rgﬁers 10, 103-113 (2000). [0063]

The porogeg, ?j;'ﬁf&é%&es@?%?&fm@ﬁ?e%ﬁt lﬁﬂirﬁmﬂncluﬂé@ ad?@ﬁymmbrhcﬁgafml ymer
a econposa or

may be radi nore preferably, abl e
-21 17 SNovaridher bax@(Bat CEnecatalyze the dygratysts of ﬁ%bﬁﬁ'%%ﬂtﬁé’ra@u the 5%{1\!%6 CWRR ﬁsses

the ternms &aggﬁ{é‘féf% dL/or tﬁgeehér&ﬁaﬁowt%%m%ea.%ééwfstr@bﬁ@. 1pst he

contrary. etonposabl ymers are pol ymers that deconpose upon
exposur e toridgediTaeicatslyst cgn pe amor@anmbaae sugh agybut apEIERitesHORUAEMBY t he

1 ke. Therg@hoﬁ ﬂ?&ﬁt@%’\ﬁ% xRk, %s%?ﬁﬁérﬂﬁmtd?%t%etﬁylﬂﬁﬁ\@ﬁﬂﬂﬁlahl% at

t enper at ur approac e con ensatlon tenmperature of the silica
sour ce nmt guchalspriamely,aecondasy and tetiafamiaes, aagamine pydes. othesiatalyg can

vitrif ﬂ cat%gﬁb?gH%{atd &%h%@e Rt ﬁmﬁ defi nlYM%'afcﬁH H%é.@%xhﬁd@béﬁd e &

vitrif I-omn, coh r ol pore size, and deconpose and
di f fuses oglycadit, glmamaamdxoramxum tapmobplrmmeferred eEbpAimesis heseatdlyst Exanpl es

of these pg 4%8§ P ,4%@' Bi8e B{}M{ﬁ?ﬁﬁ d“gPefQ;%Eﬁ% it g&eh'lﬁ Bl Bretdirdd 10

provi des a nsi ona suc ltmted to, block
copol ymer sembodimentsgihiel catatyst maylsioogkise arss@ronfma@ld lsRiglyet, ¢6p@ﬁ%é|p§a thet 82 bl ock

copol ymers,, Iégsngfﬁaﬁgﬂ\ ﬂ%g%ocﬁcf’%ﬂjé( BR#hS miL A 5ttﬂdﬂaﬁéé’6ﬁr&ﬁ@0§ wEers; cografted

copolyners yners; tapered copol yners; and

conbi I r

ol ymars. A0gsph, T RimoRaht @psdotireil iy o8 AR 8P sRorcrtEaRUPRAE )
herein 15p|by|dee"s@ubhttyewihrth$ reagentsi adjusts teomAnichrsspTPwigensyitisiemorlicaly per
branched o r pol ymer s
general | y %@QWOQV@E%C,U%P Pg Oxg@d'l g&ﬁ%ug@%@% %gpﬂﬂ%ng?é“égfdesfr%ﬁgglﬁ reactivity
due to surrfeavwed wpon canng. |$q}venamtﬂlataa1ﬂ¢m@@le §15|ﬂme)mse inthe pesenitinvantigh g1ay

mol ecul ar Y\@Ihggtaﬁys mtﬁﬁ% gﬂéﬁbl O PIRATRbESIHY wi Hé%ﬁg%ngeﬁwgﬂﬁbl €

hyper 20 branc T1mers are provi Conpr ehensi ve
Pol yne20 Scwecmsév of thg mmxtstﬁp pn@mﬁﬁects\tj@aﬁuﬂﬁce teppion pi thegnixtuie upgn gdepasitios

i ncor por at t@tr@é G Héqalcc‘[)ﬁo?s@{?édté %Yone[é%%ﬁis ARG

within the |Im ormng mXxture ma e a pol yoxyal kyl ene corrpound
such as pobrnastgraiokszntsndn gemain emb@d@mmaa@naﬁf BOrerBAIVRIRS/ usae)in ifePigeeRter s,

25 _pol yoxygl tlofihavE ARERRER oAb BN EY bEBR 1800 TRES: sclferfiibluBa! | ons

but are not limited to, tetrahydrofuran, acetone, 1,4-dioxane, 1,3-dioxolane, ethyl acetate,

25 and methyl ethyl ketone. Other solvents, that can be used in the present invention but
have boiling points above 160°C, include dimethylformamide, dimethylacetamide, N-
methyl pyrrolidone, ethylene carbonate, propylene carbonate, glycerol and derivatives,
naphthalene and substituted versions, acetic acid anyhydride, propionic acid and
propionic acid anhydride, dimethyl sulfone, benzophenone, diphenyl sulfone, phenol, m-

30 cresol, dimethy! sulfoxide, dipheny! ether, terphenyl, and the like. Preferred solvents
include propylene glycol propyl ether (PGPE), 3-heptanol, 2-methyl-1-pentancl, 5-
methyi-2-hexanol, 3-hexanol, 2-heptanol, 2-hexanol, 2,3-dimethyl-3-pentanol, propylene
glycol methyl ether acetate (PGMEA), ethylene glycol n-butyl ether, propylene glycol n-
butyt ether (PGBE), 1-butoxy-2-propanol, 2-methyl-3-pentanol, 2-methoxyethyl acetate,
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exanpl e of such is a pol yal kyl ene oxide that includes an al kyl noiety
ranging fromC2 to C6 such as pol yet hyl ene oxi de, pol ypropyl ene oxi de, and
copol ymers thereof. [0066] The porogen of the present invention could also
conprise a surfactant. For silica sol-gel based filnms in
porosity is introduced by the addition of surfactant 30 tﬁ@?&wgm@mZOMi

subsequentd_y ;h Ve Véhdhyethyl Aeoteatetné, Bhersand aridaropyiene aheo) MEdvbsi ty.
Typi cal sur act ants exhi bit an anphi Rr] ilic ture Vggg\grundaq%&gaq- hthey can be
both hydradigti |St|6ftaﬂwrﬁywal§w&ﬂ"@”§t'?H‘ée‘?s S PYRVARRH i ¢ Surfactants
]E)ossests a R&ﬂfs%r&ér&teﬂ%ﬁgveghﬁvm%e@é@ﬂ@@r mwmmmm@f twtsmrrmﬁ@ affinity
or water ‘an

venber 2006, hydrophobic t
or ganophl |sctveatsd In @rféerge%méﬁadmﬁ@ g@ﬁ@ﬁ’@f‘%’ﬂ? C%’Hﬁr' 6%19 érg‘h(%rg s%ﬂfe JE i oni c,

noni oBe W TH?IUQ ‘F‘dvb Som SiRG! &) Beifigf fomas below 180°Gur f act ant s i i ncl ude
sili co sur acta le?a | ' kyl ene oxi de) surfactants, and fl uorocheni cal

Sur r act ?nf)[ ﬁOWeer%lxiurE %ec? {beffxfrﬁfﬁﬁiﬁiﬂng Rdf e pﬂbﬁmlmvenﬁbnl fagthercompriseCa

appl i cati ons, "non-ionic surfactants are eferr e

sur f act antEorégan. Us Porepareasrisee heeein. rﬁ%ﬁu E{?ﬂ??_ r“éeﬁiﬁ éeei{elr%‘g ?qulﬂ.'t?%ct yl

and nonyl ﬁ',e BEheRV iRt eﬁufﬁﬁfé"bcﬁ@gse'ﬁBlfa'rQﬁéﬁ) thé-clelddric MatdR)s oA, X- 15;
oXy

| cohol C16H33 2CH2) 1 . BRI J
gsco( glememmzr&géyégl&lyd@ |abilg Orgéﬁt? %{Eéﬂsy P@H?'{t%CSWE%E%g%%@]g@RFYNQSE ; 3
465 agg %a@éh{s ? ﬁ)(ﬂhlﬁé@ ,ﬁy@gr Q&ﬂ@hé{ﬂbé} mér@de oxyakyibee compdurcisaatganic

u

inclu meri c

h 0
PLURONI C(rmammlecul_easor q_ommastlgggfhetei‘(sﬁl HHHEF i&@‘a?%i%ioq %ﬁ? pg%lggﬁ%yners
further exenphafibss Ebf]og%ﬁﬂés%nb@& britstsh o t apblﬁfatlﬁm%ﬁomﬂif Beokehdar y)

et hoxyl ates; am ne ates | ucosi é | u pol yet hyl ene

gl ycol s, ﬁlﬂW&B?hW@h@ @3@6111%'(5'9@56@99%9 hﬁ%ﬁ?@mm 08t her " sur f act ant s
provi ded in the reference McCutcheon's Enu| sifjers and Det e%}?ﬁglgae lem%th
Anmeri can 11906l t inwertaigrembpsinyarts obhiePreest i”g?\%tl?”b eNAREERY

Conf egfl 0 ”&ﬁ%mg ﬁmdr[l)\% 2 W}Ebn%mé)lfab:lé%rgﬁml?@ﬁdbps Mrg preb@ﬁtfiﬁ thd mactEntmixture,

referred e t he porogen certa [C
gt hyl ene dhe dabileiorganic graups 6\33/ |cggt§m %ﬁff@eé\t Hﬁ%ghg%ﬁ%n‘%& tp I%%ﬁ?@@%rg%u% %
and more  pry ‘??é‘g@é s’igﬁ%@r@t 5th9rnérﬁbéd?m<515ts% fhe gresent weegtiun, pditmént  of

et hyl ene oxi d r oups he wei |recenta e of E cor r@a@onds to

the total dapogited da Eéh@ﬂ@maﬁlfgﬁ@ﬂaﬁs' g“@' é’“?s MBAPE YD the
por ogen Ml A8 iWcibyhisintd Ehidaingl Sbm@@xmpbb@fb@haéunds&ngmnlm all of

t he porogen CeuT s Wit

e mxture, multip ne
i nst aréfes, labitecoraanip graupsinayIde e CoBPaY dﬁﬂ%@@h%bng B b rTo%
pol ydi spergi; ,s%&ﬂg?ﬁamémtb?r@lieFéHc@"}ﬁts)érhtﬁétyChal n | ength. Further, sone

4
unet hoxyl at e%i al co such as” 25 those used in the manufacture of the

porogen, ”@vei fCﬁqOJome%rﬁbéd?ﬂeM\@Ic@hfe e ntvemﬁorEtBe potogdremay ke arselvent. i s
bel i eved t ower wel ercents of EO i

mat eri al s laﬁalsmpnwtlpndge ﬁakventrﬁ genara Ed”e?)%ﬂt gggng %ﬂ?ﬁ‘ aﬁ&f%n?*@'ﬁ%&r‘%gt o be

bound Dy s df thd Fnatr& rﬁ&bh&v ediehgtysibayTeettd didin pive fpmatige hafer ns
m cr opor ous ers’ o
IO25 relatwely igher bomng pounts i.e., greater than 175°C, preferably greater than 200 C.
Solvents suitable for use as a porogen within the mixture of the present invention include

those solvents provided, for example, in U. S. Pat. No. 6,231,989.

[0062] In certain embodiments, the porogen may be a small molecule such as those
described in the reference Zheng, et al., “Synthesis of Mesoporous Silica Materials with

30 Hydroxyacetic Acid Derivatives as Templates via a Sol-Gel Process”, J. Inorg.
Organomet. Polymers, 10, 103-113 (2000).

[0063] The porogen couid also be a decomposable polymer. The decomposable
polymer may be radiation decomposable, or more preferably, thermally decomposable.
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the silicate walls. These m croporous 'fingers" underm ne the nmechani cal
properties of 30 the film Consequently, shorter chai ned or conpositions
wi t hout a wei ght percent of EO generally do not extend to the si licate
wal I s. The controll ed wei ght percent EO porogens of the pr él on
are traditionally used as defoamer agents within a conpositlo Hem Zﬁﬁ

connect | Ofiyyd [ POSIAAER. dised Hahin VAidiEhcopasies the tdimsiorgomios atcame
hydr ophobi c-11"popho

C ratio wthin the surfactant. that ran r.0 to
25, pref eraipolymereaniegs aresaestagde thecanyarg HadHo 0\%80'260&3% %ES'JS

preferably S raBRIi6E Y. GostradiGeporagen may form
m cel |l es |%Héﬁg)m% Ha?%%orﬁ%bgé?ggﬁéﬁ;fé th rg m turgefi 006 }1 In,certain

pref erred aetioui baam, or die fikge T@ﬁé‘@@h{t ﬂWEﬁﬁqb&p ypersuareoiie™alat ¢ he
filmf %Th @&Rm r@%fﬂéﬁ apﬁﬁ}g%raﬁﬁ’rre% Eﬁfo@blﬁ Yhe c%‘ﬁ@énéé?ﬁ@h esinsstatoye «bfrtae Bifica d

val ue. rovi n estinmate of é eamjpé E
m xture ansbLm@mmlaterlaalancﬂlme éwsﬁﬂtﬁﬁfmﬂ@t legstmpartign OLPSFRSSARKAIarRHCRt r ong

base in t B@%é}s rgthof % gvrﬁfgﬁefﬁgtepférn%ﬁ .of theSlifrifitlion *actioh Scone bl Arridetive

having a I"ess n and str base Is defined as having a pKa
of its conpargaize, amdde@ﬁnpglseanétdlﬂumﬁmﬂz) themaisiK ek herarpfoRiRl WEE HS i ncl ude

HCl %mg%smgg%sy@ % ;gjlf ynk&?%u&e%tyﬁ%érgﬂ%ha@é:ardaf@hméam@nh@tf

rral ei c aci tron c proton of “oxalic acid, etc. Exanples of
st r ongithasprevidas bmereemmensmeﬂ-lstr uateersyai 8 ByUL RAIRIERH IRy RIPTLGORBY MRIRIP: et .
Wh th nb

o oqu e YRRk tﬁélozﬁ@%hﬁ%@gbﬁe&k opolSER? 81z Blotk bandWiméts cfadlehaiiooke nunber |
cal cul at edcapsiymters;rgratt dibmmngolwqa@: pegiaitas) copplymeasidendrigral SPRAYNE Pl ent s
of strong @éaggaql&% obBFRLS of aﬂ& Binb AR BldselsfctiRbthedti pUrbeblampben ¢ he

nunber of ents o han th nber of ciﬁ_val ents
of st rongdédmmadable h@mmermrpmr’d méﬂ ﬁeP@f "Jtohﬁna?ﬁ'i*)?ﬂar"éh'%ﬁ inRorRYpteg

usi ng Hgas%)? elfé)r%%lgllg%t%ﬂ O&?n (6): 20 pAcid = 14 + log[(equivalents of

strong strong acid)/ (kg total mxture)] Wen the

number of | @ARkY Y aboichby ey 2% ApkHoRRHR ol dAcERE pogher ypeal ent s of

25 strong Imformng mXture wWth
rel ati vel ybraoohescardi dewdrmeec polymers gemalwaae !9&(:$Qi”“°§(ﬁ"\¢df‘%‘b"'§%t'e§anges

from about hléh %h%ﬁlcapl%ﬂ{:tlv%g gg?)[o ﬁfr@éb?&nc‘ﬁ@ﬁeﬁw %h& ehhirted sB!uﬁhlﬁf eveRatmal i zed

wal | el asti ain erred enbodi nents, 8A0|d val ue

ranges fr ohigbdgyoneleguiar weights. ﬁ@ﬁted’lqﬂdlﬂﬂit"pﬂ@ﬁaéml%ﬁjoﬁh’ﬁ@d? ﬁﬁ?ﬁr@ osaRie YRE[d

vaI ue Jmy to ot i IgmERS b,
EY § Bfancl By fiths g BharheRre BloiRd iR Confrehe e fmsnoabuss

&
vaI ue i s i 2 Supplément, Aggamaban. ﬁfﬁt1§2é19qa%§‘%§ﬁ'B$°rPW@teﬁ‘eﬁ?'gthrr ergnagiiny

val ues fOF[»[é?QﬁmQ@! tions containing weak acids such as acetic acid, either

[0065] The porogen within the film-forming mixture may also be a polyoxyalkylene
compound such as polyoxyalkylene non-ionic surfactants, polyoxyalkylene polymers,

25  polyoxyalkylene copolymers, polyoxyalkylene oligomers, or combinations thereof. An
example of such is a polyalkylene oxide that includes an alkyl moiety ranging from C; to
Cs such as polyethylene oxide, polypropylene oxide, and copolymers thereof.

[0066] The porogen of the present invention could also comprise a surfactant. For
silica sol-gel based films in which the porosity is introduced by the addition of surfactant
30 thatis subsequently removed, varying the amount of surfactant can vary porosity.
Typical surfactants exhibit an amphiphilic nature, meaning that they can be both
hydrophilic and hydrophobic at the same time. Amphiphilic surfactants possess a
hydrophilic head group or groups, which have a strong affinity for water and a long
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added to the m xture or generated in situ by hydrolysis of the silica
source, may be a -24 17 Novenber 2006 poor approxinmation of the actual pH
when the amobunt of weak acid is substantially in excess of the equival ents
of strong acid mnus the equival ents of strong base. Never{j(}el esg LYeN
for these systens, the pAcid value of the m xture can be us o
i ndi cat or a'lg:kﬁﬂ@@ hilf! ditre elgﬂﬂtdrll%@fsuﬁémarftgsm bé agloﬁicL m 5
[0070] It ﬂgdrb?ﬁ? erre rg\éﬁéedjmxtureﬁhas a_net al ﬁon ent q1§ V\{ g To
ensur e thapatlcwfe nenienigr @ arephaderifetRarthesiessicatiRnsl SYTHEATS ITCYCe SHCPR! r ed
that each hr‘?ef@t&lﬁ% a%%gglﬁﬂ& @??u‘?fﬁ&tﬁhtscélmm&o@@hﬁwl dumavantd\Hbeever,

ur i

commerci al 'y avai surfactants could be ysed, the final
filnms may Favike fampation of dleeeneiawarrs fpriCeanplieaions. NoRdenE aWTtts ale,  and

thus the Sé@rﬁ@rﬁﬁ fe? %méiutgﬁe RuFrhdth forU@@%?thB'?ﬁ’thruké inBIld8, U:FLft afd Attt s may

1y 1 trat 100
{01000 pafiniecht, ool anconanyl ne! stopugtessvilbass MEORE & et X1 1ORrahes £5
| evel s far ‘Srhl eg&ogba@ggﬁ% ?@IBQIJ@B’@ @GHaa'Bng;(p.gjm@ﬁ §BRIa® Bgagent

purlflcatlonls I on I npuri S ess 0 parts

th
per billi O(CwH@(@@HE(Bﬂﬂzo@bhﬂ@M aad a@ﬁwews @pé@lwhgﬁqﬂ%dm@@ésgﬂf‘ in the
TE oot ehbalaR fodusesanhmn%%ue%éf RiHnePblitdceihtd Ptisapbiypickal i el ement

15 [0071] eagent puritication can performed usi

pr ocedt® es compairtdsasict |astthe 1rldll®@q£0é?ﬂyﬁ@w¢eﬁﬂ|wﬁ$r3|P6-NF£Q<N'IQ@1'@£2Q‘G & GWL etc.
P el e el (o YT BAGRERE S Aol RAREbRriAY shRtkdtafty RRIdR docopal ef

t han about ch as ‘“"surfactants and ling point solvents, are
purified ugrimary andegctnmians ethsixyaies, amme\ﬂﬂawiatﬁsmlupos"éﬁﬁs Q@&ﬁmlﬁ@sr et ai ned

2 Y 0955t ShERE Sl e PR SroBNEn By o e b can

be conduct rel eagen purified, either
neat or di pewideedn ttiet tefareras Meﬁutcb@rm@wu@ée@ %’lﬂ@@fﬁmnfsi ol AMEECa’ wi t h

at | egst %@‘ﬁugh?&tﬁ%eas{‘ jﬁUEﬁemC Mﬁhlﬁﬁc!t&relré‘c&ﬁpaﬂina%fwolugﬁln@m Bf esent

I nvention, reagent to be purified is contacted
w th at Ie@dﬂn Boek, iNoh exchange corrpound The ion exchange conpound is
preferably a compound that exhibits the 25 follow ng characteristics: has
an af finit {00631 & kartdin pmr@remwlmﬁﬁ& the PBIOILB ABY 8 GeftaIp WaighE PeEahPlcal

age o dERedBRONARY ol 00, BHACERYaiARAfI S LT RIRLaRaM Rl | AD ©

Il on exchan ouhds’ ron | on exchange resins that
have sul f opraﬁerabiydang]n@tlp@ qtoee%m)esaWGMeerC@et of ethyiane) dxisle e yaramse

Mt X5 S ARG CRA BoRBNA. BYEAASES &fg%@aqeha@ Reight@hABARGXIISTTOUDE 7B,

groups,” -N rern Ris udsual base” ani on exchanpe

resins t hatOfidsChiay &opralhafitye p@@g@m@ieyulee Iwntherthe AU ividad ytherigta
funct | onal BB aiCiAER0 r%géﬁ%é‘cufee%mﬁ  tn@ RibaflioX AflRRet bPJaisin BRI es of

strong | | on exc e resins inc R-120, Anberl yst
A- 15, Domemstames the E@wmﬁm of4be paisgermoticutednay axiubi Ralydigpergity Wither

aToos) e FebbptURAPI GRSl QURNGARN, s i chelgBiitos espapbuateasent |
25  those used in the manufacture of the porogen may factor into the weight percent of EO
in the mixture. It is believed that lower weight percents of EO in the porogen may
produce materials and films that have higher Eo’ values. While not intending to be bound
by theory, it is believed that the EQ within the porogen forms microporous “fingers” within
the silicate walls. These microporous “fingers” undermine the mechanical properties of
30 the film. Consequently, shorter chained or compositions without a weight percent of EO
generally do not extend to the silicate walls. The controlled weight percent EO porogens
of the present invention are traditionally used as defoamer agents within a composition.
In this connection, the porogen has a HLB value, which is the measure of the

hydrophobic-lipophobic ratio within the surfactant that ranges from 1 to 25, preferably
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17 Novenber 2006 does not foamw thin the m xture and/or solution; has a
rel ati ve ease of renoval fromthe solution to recover the reagent; and has
a relatively low boiling point (i.e., less than about 160C). The sol ution
may be then be passed through at | east one ion exchange colm C nt%iogni ng
at | east one ion exchange compound or the at |east one ion &X ‘Fﬁﬁ’ég
conmpound N | it i npichey. TBshesi tcentdye at

| east one raﬁﬂﬁﬁif@grf??%gge%}n{a‘?}@r@ |%fsbo i/yergﬁglﬁgzrﬁ? sol vent t ha!'?m:?"jse useédgevvi thin
t he i xt urBO donogemenay fosmivoideitesnin water fpat @%@P%@S@f"y%ﬁélfﬁ“ﬁﬁf%f the purified
chem cal reagent may be reduced. Further, the step of t.{1e feéﬁf\/it?ag the ion
exchange r@eB8] f norertaivepreferiedrembsinaeiits:of tha PresSRYPYETIRG it HETSITE fidd i
chem cal r inJaYi ' in b LBhS pAchieal@. StHevesdid i s
renmoved fr@ﬁﬂ%ﬂémggﬁﬁﬁ Feoﬁé(f%g%?%g?glgwa{ée‘?leegg?@g%wuripfi ed che i

_ p i cal
reagents wied proatuley antastimatenafihergciditedf teompitirg88dcap 89&5'&'?}&‘1{?@ 0% 1 uent.

Preferably h Vi I : € 28 SAER d at a
t enper at ur%m%’HritF OF g%i%aﬁ(g%{)u@ %gi'@g%ﬁﬁ%mg%i T?r\rfgéé&'fnﬁw of t eo,'gl vent .
[_oot72] In axdglisxc;iafmeaasmneingfaq:r@maspm,iag%!aesaméapfe @SH’@“ZZ'C! Zﬁ B Ag )
m xture ma fur COF c udd MR®,can be
added to n¥§%%r'§%ob@§g§x%ﬁrg};we§f Sat?f'tht'a ﬂgbheE'?al bfeﬁp\bﬁ?tlrt’@%:dgdrf ent Is agout 500
o . . s
ppm or IesH?_I,Ge_ﬁeacaﬂlbprqtomﬁeofﬁd)zﬁfh. the @lrongas apigicOrolep 6@!’;&{3 %ﬁ:ﬁ?ﬁﬁ a_
group cat.i.onic a iYes: 0 r SRR 4OWR ere
can beﬁ)fa h@ﬂ?‘B@éﬁogsg#agg%g'dh%trclb\%ia%ﬁ[é Eg?gtém (o ?%L’iﬁmggm aining 1 to 24
carbon at orramethyldmmanies ydrdxdir FiaH)aetenyVhendhe pumbaiod SaeieleBisgini ¢

groups, 20_incl udi i : i \di and
R TS an ST SRt R R MG SR E g oo LRI my be
chosen fr ovaltdef the onigtucsoeesi s caigulated ubiog tha fellowing eadaiondR)al at e, acet at e,
phosphat e, carbonate, and hydroxi de and conbi nations thereof.

Tet ramet hyl ammoni um salts, or nore generally tetraal kyl anmoni um salts, or
t et raor ganoanmoni um salts or organoam nes in acidic 25 nedia are ,addefl to
sur f actfant pAapEabgiequovatents okstimgmciscy pawyalents plsteanpsagel(ka toia!mixtee)] ¢ he
ionic content, replacing alkali ion inpurities (sodiumand potassi um
renoved duWheg theouobenofpauivaieotst of songraed isnesm abfhet'?‘rénq%ﬁf)ﬁq%{!ﬁi?@t?\% t hat

i s added t 1. X I ; carPi9o gihe frfolodinem 0. 1
to 1000 pp%]r&@ﬁb r‘?bﬁ“éhg?ee?g@‘ggﬁ'?g Offrﬂg?nm(;)d.u}lé)to 25%5?%{;&%8@% gertai?\ ‘pgef erred

enbodi nent squatiee (Boni ¢ additive may be a 30 strong base, i.e., have a pKa
of its conjugate acid that is greater than 12, and can be wused to nmaintain
the pA%ld value of the mixture at a range of from2.2 to 9'%&100731%6

Al t er nat i vel yAcice 14 eribgl(emisalanteeciaiipne Bast- aavivdlerp ohpireng awd)akg tpeal
additive which forms an ionic amoni WmixtEEk salt in the acidic precursor

m xture. The suitable amine additive is selected fromthe group consisting
of : tri et hWhendié annher ¢f FEDiNplentsXd strang\asid raedls eowmber et suAGIells Rk (DELA) ;
tri et hgnol &%H&as@ﬁeﬁ‘) ; am nopr opyl di et hanol am ne ( APDEA);

pAcid =7

[0069] A film-forming mixture with a relatively low acidity level, i.e., having a pAcid

30  value that ranges from about 2.2 to about 9, may provide materials with a higher
normalized wall elastic modulus. In certain preferred embodiments, the pAcid value
ranges from about 3.8 to 9. In certain preferred embodiments, the pAcid value may be
adjusted to this range by adding a strong acid catalyst, i.e., having a pK, of less than 2,
to the mixture. Although the pAcid value is intended to be an estimate of the pH of the

35  mixture, pAcid values for compositions containing weak acids such as acetic acid, either
added to the mixture or generated in situ by hydrolysis of the silica source, may be a
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bi s(p-am nocycl ohexyl ) nethane (PACM; quinuclidine (QU N);
3-Quinuclidinol; trinmethylam ne (TMA); tetranethylethyl endi am ne, (TMEDA);
tetramethyl - 1, 3- propanedi ami ne (TMPDA); trinethylam ne oxide (TMAO ;
PC-9, NN Ntris(N,N 5 dinethyl-3-am nopropyl)am ne; PC 7L November 006
3, 3' - bi s(di met hyl ani no) - N et hyl di propyl ami ne; ~ CB, chol i ne' lNYFERE 48
DVAP, ~ 4- di it Hél‘lﬁ.'%wgﬁ d[( iHe%tudPBH winahe amloam afeveak rac‘ﬁEPSubstant:aily m

ep

t etraet hyl'en tam ne 0074] I n enbodi rre s fornmed
through a epess @frihaﬁgk"@déﬁts of ﬁ'@or‘gﬁ‘% U}”@’Sct wg@gﬁs oﬂ?trgn'gl @asg at | east one

silica soyy 81¢80" A or tResePdyaltarsd, ,the’:\;ﬁl&md)mme ofl{Pe aelxtistel cem, beansbdvastasy . | n
certain pre erreg iments, the m xture Eﬂ'}]’@t erlw%gfq@rl ses a solvent and

a surfact anﬁlcatbnofdh!?@ﬂfm@lizﬁéé\f@ﬂ|e||?g§t'@ A@dRiug CLINg TB7H ubstrate and
evaporating the solvent and water can formt u nd
renmai nibng [0880)v elhis piaigraetlat the @"%‘é’ﬁé‘laﬁlalWEt?Q?‘?B‘EFé‘GB{B@WEﬁRﬁQ%%@g@%g?%d
substrate h? MeTatcINes é’T%)ﬁ]%ta%gﬁlfgﬁ“%]éW&Sppﬂnﬂﬁ OriefeRreidi that @uhthmeatre‘ager]ﬂr oduce
the I ow die ectrlc?

5] Th t th
Subst rat & has 4 el chetenchalan | S WENSCOMTRE AL AR TPRted SRt | "
herein, IS, aVesHsd M End IRRShy ﬁé\fetuhm%hraiyﬂe\fetlﬁﬂ@fem dxeésy o debeptablieddrets, 1 i ¢
fllmof the present invention is applied to an d.on_ t t&gﬁ‘mo
conposi ti oand th%thwr@c’@ﬂbﬁlm e pyrfigd. EQ?S%HI%@%” ngacr?gqﬂt%ﬂ‘(?y Wh the
pr esegtso Q#qas%ésoglkélf‘%hggﬁ entr@H&ns@h@hé‘%gb rht sbut %0 ﬁ»emooqxadaqammum erials

such 'um ar seni 20 silicon nt ai ni ng

and 0siLio
silicon su3¢ma§okyeyt§m»1 ﬁllﬁéh%‘{q me@him%wgw‘? %H‘ excg nBrﬂ?Sﬁé E
epi taxi al 'Fﬁébg&ﬂ%f Fﬁé £5BagHR LR atiois €8 réducélI&ﬂcammtimpeﬁtyﬂé\@tﬁ@ﬂesﬁhe
i e

m xture ma

onto the substrate via ma of. mat{;‘ |
i ncl udi ng, thbuﬁormﬁs pet hﬂ“@@dAP@W‘%P'?)EP'FF@”"@QQ"‘I%"I%@ EWé%PH@I'ESS"B é&/ﬁ]ﬁélmor
Spi n coati gy %Q&e‘?@%ttﬁé?n Jpgks BhaniltEy for bhanakel emehieat ed o substantially
conpl ete the h l'ysi's

ro e silica source, continue 25 the crosslinking

Pr OCESH, Z@g'lﬁ ! Zéﬁerﬂ fch |% eﬁt%’*ﬁf:éﬁtsﬂﬁ c8®b¥ pBHermidd UirgsMimor pmddresf il m

| n ot her ment s suc based net hods, the xt U{e be
vapori zed sughdisafistillation, pmpdqymnae@gnﬁhqtan%ﬁ?'umﬁ‘é depdt raeEe [0076] The

coated subgl %%eh& Erﬁb@@c&%&gﬁ?‘?ﬁ WWB@%d)ﬁo;ﬁtﬁrg?&té&hémém&heom glelehsi

film Spe |cterrpe urations w |l var en mg on the
i ngr edi entsjrfactalmtmancslmgh heiling roint olvenke agmwtﬂeawémgéﬁmem@n <G'yrags 68

vol ume. In, &g taﬁilﬁip ! igreha! b'@‘?@ttaﬁ'redtﬁﬁﬁ thfo%eﬁﬁd?l@ rél§a§é@ﬂﬂlﬂ€é|ﬁ§|a@ T or nore

terrperatures rather than a contr soak. The first terrperature

typi cad y mhelfioali@000ressenanibe Qoﬁdu@ﬁ%%etel'féthﬁéﬁ Isastshemical reagepkiod® r om t he

mxtare angdidfa éﬁHePﬁé%t%%?s%ol’véa‘mtﬂuﬂ SHRBA{ b PROTH SolBRADREdneaTRSY Bl - 27

renove por ogen to substanti al |
not neces slaasthnecormpk@laegq compelyk -in pﬁRa’ﬂ W@%@ﬁmﬁ%@f the ﬁre@EPtt'aY‘?F 'Bg'etf‘@r red
enbodi ”entgtlgést g Béﬁﬁﬁpﬁeag&‘&%b??ﬂnflé&@ coﬁtﬁékbé%tﬁlél?@a%ﬁérfé ibf eRéringd to

one or noreé eratures ra om about 250 to about 450C . or nore
pr ef er abl yccanmunmam ion emange cqrn@our@as prederably @rompouag thad exfbita Beed

25  following characteristics: has an affinity for alkali ions or the ions to be removed from the
chemical reagent and has a reasonable ion exchange capacity. Examples of suitable ion
exchange compounds include strong acid cation exchange resins that have sulfonic acid
groups (-SO3H*) attached to an insoluble polymeric matrix; strong base anion exchange
resins having quaternary ammonium groups, -NRaOH" wherein R is usually CHa; weak

30 base anion exchange resins that may have primary, secondary, or tertiary amines as the
functional group; chromatographic resins; and mixed bed resins. Examples of strong
acid cation exchange resins include Amberlite IR-120, Amberlyst A-15, Dowex HCR-S,
lonac C-249, and Purolite C-100 resins. In other embodiments of the present invention,
the at least one chemical reagent is dissolved in the solvent. The solvent preferably
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5 for a tine of about 30 mnutes or |ess, preferably about 15 m nutes or

| ess, and nore preferably about 6 mnutes or |less. The silica source may
further include residual conponents from processing, such as organi cs that
were not renoved after formation of the porous material. [ﬁTONV]S ezo%lre
step is preferably conducted via thermal nethods such as a hot

oven, furngge r?% féeﬂﬁ Wi dt hit&he th%dﬁ'sofﬂﬁ{)ﬁ‘%% a reflvé Bidd @ r@rﬁoﬁah(froﬂoﬁfeed

substrate may cted under control condi ti ons such as atn%) pheric
pressure uscolmg)mhotrecxgenthe fengent; ajkhasa relatiyely lvhaeilingpent (1§ xB§8 tan@Rosy o,

02), vacuulqr%%%r) g%lu |89Fh%§%eﬁﬁ§§5é' F)Esseﬂ"l‘l’{rbﬂéh §0BAdt @ht fsh @ééﬁﬂl@jb column

concentr at eérna e step nay be conducted
el ectron- bemtammmcm@aaspbmwa exphangg, compobad poihetat e @i o exh aH'élﬁer means.

G OB 0i Be ATBT L o o s

dependi erre diments, the curing
step is conldamteldeagemas djlbmi\rm in threscieant that isrused withini the sewe. dp thesert gas

at nosphere aguu r eq
concent  at PEHOGRerih St Hagft ot lind GFLIE Bl Ramite <amE1ayte Ronie

i nventi on Faghdrethiwstéheths upedngthetion pxbangairesin fran %Bgt%%@hs%ﬂ%‘
post-cure e-bea t t U t

P et mont scaton R MR LI GtaghioBle yerh pRE SeRbReg, T e SRR akicDeR

t r eat mpnt ssdsmant is feomoverddiupd the sohutior &sprovide atf@aamnemnﬂemwrp@lye@@em he

mat eri al a di C r' groups
that 10 tUPFPERICRedPr BERp R o gisaf Lp R Rno e ERHYT, BBt e

t he nor nal rereslingdtep & mﬁuctedmddémcoiﬂmanreﬁsereemdaka teaperatyp thatds pithikay be

possi bl e to_ adjus e dielectrig, con nt and el astic nodulus of the film
of the i n@@?ﬂtzg étoi){?"ﬁttloé{inﬁ pPWéoﬁtQ&Sro@Sﬁtdl el ectric constant for a g| ven

applicatio cc S in the
film The thﬂ?gi]f frh%?c?( ‘85@9 B@%‘?’ﬁ'é’ag%if@?}’i‘%'ﬁ'ge {"ﬁeogrﬂ'hg nflﬁtﬁfet por ogen in
the m g ur mrthaucdima%esan ibaictaaidtiver lonil adeitives pﬂﬂB@]addéﬁetormmrQ Srexangiei | ns
ofthelnv tion m e 0
her ei n, @?‘? el '%é?(}'ﬁ.@ﬁ gt?oqi 3@@"#“ Jr b(g""ue'?iB ? %@“}éggg A,
pB ef er abI yccﬁm rabendised Gom 4 groab(mﬂt:at[tmm: a!lsl,dltaesiofmstgeperef msﬁlogr om about
10 A to a { e AR ow
si ze rangeF@E‘d ﬁga’twrfeﬁgﬁ%ﬁ?e Y%r%ﬁ%érg‘%}é’n%%u@%&@ St rf‘ggﬂ[% eggélfiﬁr%rgalﬁogt t he
film Fil rr? to P4 tthdonrmems, iogmuxtﬂ&sb? hMmgemmOmMﬂ/ormmalam qrgarasygroalps
por osi 0] out., 10% to,_about 90%, T nk
cl osedéacgr E‘ﬁ’ F’é@mﬁ%@@ﬂmqrﬁurﬂ@wgﬁﬂﬁ%ﬁg@gét@ﬁ n?)’fd?\%hge %%@senﬁ ‘\plﬁ'ere
I nventi on, nﬁéWmedﬁaiefrﬂba@f theraniat tRreferalfly,tAfemay bé nh@bwérmothe@(mpbmnmstmg of
diffractio aci.n e5
diffracti OFP E‘Q? F'ﬁs%fox?lﬁgepﬁﬁtﬁ%ng@ ba{?b%é?l%ﬁ %8 in-a var [ et y of ways such
aSEJI bu]EI notorbinatict tlhél@of rfBaitanmlhylew,unsswtlsj orangreayengraliyi ng i nci dence,
and reflectivi anal ytica X-ray
a1 act | offaeREGPun Gal ot morigamaopa® R Brge QR ek e Bl
25 media are added to surfactant templated porous oxide precursor formulatlons to increase

the ionic content, replacing alkali ion impurities (sodium and potassium) removed during

porogen purification. The amount of the ionic additive that is added to the mixture

ranges from 0.1 to 5000 ppm, preferably from 0.1 to 1000 ppm, and more preferably

from 0.1 1o 250 ppm. In certain preferred embodiments, the ionic additive may be a

30  strong base, i.e., have a pK, of its conjugate acid that is greater than 12, and can be
used to maintain the pAcid value of the mixture at a range of from 2.21t0 9.

[0073] Alternatively, the ionic additive may be an amine or an amine oxide additive
which forms an ionic ammonium type satlt in the acidic precursor mixture. The suitable
amine additive is selected from the group consisting of: triethylenediamine (TEDA);
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a conventional diffractoneter such as a Sienens D5000 0-0 diffractoneter
using CuKa radiation. Sanple filnms may al so be anal yzed by X-ray
reflectivity (XRR) data using, for 10 exanple, a Ri gaku ATX-G

hi gh-resol ution diffraction systemwith Cu radiation froma rot&t\%}i gnode
x-ray tube. Sanple films may al so be anal yzed via smal | - angl eVNETPF 2%0

scattering d(e'ﬁ/rélﬂ%}anuﬁé mELA)Ofne%%mhﬁne @Tgw@t @rmmpmymetrtatmtaaﬂnmmam
SANS instrunment at I'ST Center for ) mz\ﬁa#§ Liéé)'?fﬁ] The
di el ectri cbjér- ﬁWﬂ%H@@h%D@ﬂhéﬂe&'?A@Mé %ﬂ%@tﬁt'ﬂef BT BHWEE R e hani cal 15
properti estﬁrﬂéthylér'nir%V(TMlﬁ t@ﬁhﬁéth@lethwﬂ?ﬂrarﬁuﬁ)é rtmEmt)Qeﬁxarpethypf gance film to
resi st cracking enable it to be chenjcall é%] Nc@b ?/%(H arl zed.
Furt her, tn@nan@qilatmnei @ MPDA?Btﬂmeth&t'%mBPé@@HM HI'
fﬂf L%ggg dﬁé&hﬁﬁstémﬁo@édpvﬁarﬁlheifb@ 70T $SCRb(dirfMA amm) I\gm@mmidrap;hmmea

|

t Tan rom O to about 2 pm ric |Ims of
present i n@&wh@weﬁwr%m BMAP, 4%@@1'\!?”@?0%!"@%1 [Bp‘g'f;'mﬁé‘ty SRV TR T#&n
about 0.5 {4, efbnthidd’a, and generally between 2 and 6 GPa; a hardness
val ue that rangeés fromabout 0.2 to about 2.0 GPa, and generally from

about 0.4 E 7&?0% e:%b8d:£ﬁ%ﬁts vﬁﬂﬁe%dfﬁrﬁwr@ﬁrmé@thrbﬁ@ﬁ%sﬁﬂioﬁraﬁpftﬁd:hﬁﬂteﬁ33 nm of
bet ween 1. dielectric constant is about 3. %ystl ess. . [0083]

As nenti onWﬁ'ﬁe@ﬂ"@ﬂ!@P? 'f’ﬂ‘?éa’(ﬁ at leastqne SF‘ECPﬁEUEQﬁc? ngg?n a %at t Ae 9% sent

25 i nvent i QRGiEE aPHiwA&H 8n Eéﬁau‘t‘éﬁef@%ooétﬁﬁw MBS Sthe iRt tcAusherdoengrisesaof t he
present i nvention provides excellent insulatin Lﬁggﬁﬁ@(%e#aes an

rel ativel ySelve angdusuractant. la)bgist idispegsingrine mixj 1ﬁ‘"ﬂé‘?gadvant ageous

uni formi t yevz?’dcﬁétﬁfgtthé SolvOMnAMatsr Gl tbirt the S aTké B@tdcesit ah@rsrainmghesi on
to the underlying substrate and/ or other

and/ or nan&p¥¢ afdnaterarg 9snerRl: EeMyed r%§é'””£&tetcgﬁte€| Séﬂbﬁtlr%é 5‘? ?%QP#‘SW t he

film30 of ¢4 FSEEAHd o ﬁ&feléaﬂ |efht3{ BahdaltRs low@blebmstlnat i ng films for
sem conduct onkrl]ﬁeégl\rlill ces dsBcI% IC Sls, Ogb;stem LSl s, DRAMs, SDRAMs, RDRAMs,

and D- @RAE@'ISPV The Rhikihike thby B§ deééé‘?t@d BFtoHE basratoRtfofh tHeScohd substrate.

sem conductor devices, Interlayer insulating filns

printed ci Thetermwdstate, %HSQS’rréﬁr@'Bt iB\PBY §H1q Eﬁfﬁﬁqsﬂﬂ?”fth?tr‘r%}ol‘m?g%e{om the
l'iquid-cr yate%ctrc%ﬁ’mje? tM@Q@ﬁGnv@ﬁ@cﬁt ns%'pPﬁéo% aRaNr f(ﬁ‘ﬁ'led Ruthdtebrppptibsat i ons

i ncl ude photoni cs, nano-scal e nmechanj ca nano- scal e electrlcal gEVICES

gas separ aBHi#e subsiiates thalyrube BeRd inGonjuRgiANVAI g REGSEET inyeien in

i nvention Wid dre Rt lirhidtblo! ddrRidomdlictBr heateeliasbchvdst dalliued a@@ma@ (‘Gadishe ,
foll owing exanples, but it should be understoo that FFprhfesﬂfent I nvention
1

i s not2Qeefiliepn. gneleomposiions cantainiag sligpn sgh@scaStal '[W@Pn KFol | owi ng
exanpl es, YpboRsHus sRESH é@itéb@él‘@il@@n éﬂfc@ﬁ@rdxld@?(“gi@?? anbtnﬁkﬂ&ﬁéis théreo Fanpl e
films that were spun onto a | ow resi stance ‘8’@ %n& ‘i‘% (g (3 crt?/?ta%
silicon 10Mpderermaybe apelied oniitheSHPeitate ¥iaforRriety i dNqHPISUREUANg Ut R
refracti vejhmpe®lo, dpprhgPRIIPG wshmgléwéymz{) oea;ﬁh ct:attn@ el ol Ridesubbnge iy
spectroscoPl c el lipsometry using a va |%
hen be pre-heated to 'substantially complete the hyarolysis of the silica source, continue
25  the crosslinking process, and drive off any remaining solvent, if present, from the fiim.
In other embodiments such as CVD based methods, the mixture may be vaporized

and/or form particulates that coat the substrate_.

[0076] The coated substrate is then further heated or cured to form the dielectric film.
Specific temperature and time durations will vary depending upon the ingredients within
30 the mixture, the substrate, and the desired pore volume. In certain embodiments, the
cure step is conducted at two or more temperatures rather than a controlled ramp or
soak. The first temperature, typically below 300°C, may be to remove the water and/or
solvent from the mixture and to further cross-linking reactions. The second temperature
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spectroscopic ellipsoneter, Mddel SE 800 manufactured by Sentech

I nstrunents GrbH, and cal cul ated by SpectraRay software. The refractive
i ndex, filmthickness, and percentage of air values were obtai ned by
sinmul ati ng the nmeasurenent using various 15 nodels such as ug@gﬁg@g in
t he wavel ength range from400 to 800 nmw th nean square etr R

or less. Fol If%fbg%? Q{q&\%ﬁ‘ﬁﬂ@%oﬁﬂeﬂ%d b Bih<RA gl %ﬁfﬁ@%cé&%nly%’omﬁieﬁé@d

t hi ckness ness val ues neasured by profilonmetry was
general |y tressliththe reaierifloG86sriaim prefereadeenabadimenin of WstPreyenbvent € film

was det ern n;ﬁ%qj ?@tgsgﬂ'ag% IEQIGE%CA@B% of fhord H'gﬁfﬂun@ﬁ&’nlg‘ﬂ%_‘zﬁﬁ%bout 250 to about

capaci t ance> eac Fmwere o Sol artron
Model S| 1260 0-pequenpieiokaily pheut 4900C MEbelgvedhe HaRING MSHES StRR IePNdyCted) e

o ect 1 Gie. Ao PR30 Buthédr 'éﬁ%/éﬁ?e?%%'&%@éﬁng@ﬁ?fe%rﬂzﬁﬁs%c?%@.@f%ﬁﬁéy
g c:ts\}v)e enbigg@ﬁgw abagt\:;t&?:nﬂrmteaacr(ﬁ&s) 'IéhecBlItCatSaUrCe&@ﬁi(dHﬂﬁ@fd@C"é@F)eS \Aepk ana)su\r/\gg
cgl cul at ed “Hﬁ %esg'g%matsag%@lﬂ &éhé W% @?P_eﬁ}oggﬂ’_@ﬁ%gaﬁﬁtqﬁt i on

(7) The dlEqumrmus:matenat ant of each filmwas cal cul ated by Equation (8)
wherein d is the film thickness, Ais the nercury electrode area, and e0
i s the di e[08@V] i The omretsiep 13|memm;tnunduete&wasttlerﬁmjmeiws(sgb}h A hobplatg,e

t ot al f.the di t I
than 6w Uiesuibe ik oo REBE B Rs BF cindeis ptBegiaseA oy, | o
was taken be om%&mderﬁo&mﬁpdeen@ﬂlmmdh aS am&phef!@@ﬁﬁ@ﬂe@'ﬁmﬂh‘@r%&“ﬂer and
ted t I
T R AT R PR B TPl of s grsligry o
Cottage, Nhating ooteriad owgmhserwxatnen pAitéroatiuety, the wrﬂi\mﬁmﬂmﬂm@y’f@g
1 ¢ Cont I f th
an AcoUT! B Sl B o b R 0, U Ry IR0 B BiFRr ey SLrr
meas urrentor(ditoas)uch Hetltmedtedwﬂtuﬂwdnd atmdseherefreasewdemyﬁdv@ruw the., "An
dt Load
e oved SRR ARL PSSR0 RHLIE% ARG Bt D Loz
1992, 7 [ 6inethmpal.in 2664 4ifr8Gen, |qnmrt|cgasaittmdsmwr€e|und@yva_coume©fetrft§ﬁb€aquﬁe¢ts
entirety. ﬁe%gu#@gﬁg' | '&gggﬁ‘ JRB R HRE drTBOSS ey, the primary |oading

si gnal and &m response was anal yzed by neans of a

frequency- " st ant
t hr oughout [q%ﬁﬁf Is\g @@I;Iéé 6fﬁfz\e @é@ﬁﬁ&é{g& eﬁe xt’;?. ftsg@egggmeen%altggbe Y
cont r @0 edsteps butrhas a phet-oues atbieamg UVd P(srpy atethenireaimpnist Lndke ehamigalppost

constant a{rﬁé\ ures[ﬂ%Mats tﬂrése[cﬁ)ggﬁl%»edglﬂ@ ﬁ&eﬂea%sé%sﬁm%§eq%§§m&%tb angd for a

conti nuous Heoeont Stl nam c neasure
of S, and f&seabhpehiedrdase the mectamicaYintaggtysof the material or decrease the dielectric

constant by reducing hydroxyl groups that in turn reduce sites likely to adsorb water.

[0079] By determining the normalized wall efastic modulus of a dielectric material, it

25 may be possible to adjust the dielectric constant and elastic modulus of the film of the
invention to attain the desired dielectric constant for a given application. This may be
accomplished by varying the void fraction in the film. The void fraction can be varied by
varying the amount of porogen in the mixture, such as surfactant or solvent.

[0080] The materials and films of the invention may be mesoporous. The term

30 ‘“mesoporous”, as used herein, describes pore sizes that range from about 10 A to about
500 A, preferably from about 10 A to about 100 A, and most preferably from about 10 A
to about 50 A. It is preferred that the film have pores of a narrow size range and that the
pores are homogeneously distributed throughout the film. Films of the invention
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nodul us and hardness (Poisson's Ratio = 0.18 for silica, 0.25 for |low K
films), every individual indentation experinent yielded Young's nodul us
and hardness as a continuous function of surface penetration. An array of
5 to 10 indents was perfornmed 20 on each sanple and a dista 20
approximately 20 - 25 mcrons separated successive indents. ngP%r P?s

from each #@g&g%@%??@a%%@{é 'EFPQtSod{V% €, 18%RB1LWRY, aNkk PovsityOsftthe RINEs' mayves e

excl uded. ung's no dul'ds and hardness vs. penetration for
the indentlasecor apepgrarerent s of each sanple were averaged using discrete

di spl acenent w ndows of approxi mately nm Using the data in this w ndow,
an aver age[0081 hntegaitaiberbodimentsrof trmme&%ﬁmvaam%r%@'@wmn ?Q;Fer'égtﬁesarrpl e

were then fal Gl edanBRgiRNEn pShRldiSd SFaciRy RobiokfienSe Arisguinal edel or (he

rest of the discrete wn ess result's were obtajned i’;l ged
|t he Sandiimetior partemiolredimaney DooRgned FoaRRY akveys ieha: 4 nas imiid
measured v sl \y@h(q about
30-50 i BHovRe ASRETEAE Sl FPCRERIAE, O Reet eyt he““i‘#%éul us
30 curve (Bor etamyte, 30nEMtinnyl x-rialifsactionlate mﬁhéeﬁﬁﬁﬁﬂt%o%ﬁaamﬁ@ HAMERGss of
the filmare ta.q [ I g
tabl e, Tabf gonverﬁpg@%ﬂ‘féé&gr% er%ﬁ gggr%é%#en@ Q%)gﬁﬁﬁ eaerj e&ﬂggbmﬁ]&t&@b cgeuj(\(zfnrrp | es
and t hr oughmiigtionh Saaymbd ﬁﬂmtma;nalse Ba amélymﬂ/taniéeay efedivity KERR) data epirm fenL

ABBREV] ATI ONS Acr o i | ane

TEOS TH! r aBTHIXGF B%%W?’P e %x?fgrjlrl ane chﬁ‘aaﬁﬁ&ﬁlﬁeﬁﬁyas

Met hyt ri ac&jtattmsarioaaex rap tibg- ml@mmadney hlox Peianalyzerbvia SEiEREIS TRCHEA

propylene et h et her
ot by S g (AN Ly B R Ay ST A e a7 BARY e

TNAH Tet rametrtwynbatrmmm N8 Th@edntexfod dleuBom Raseaght.s X114 Triton X-114

(octyphenol ethoxylate) X102 Triton X-102 (octyphenol ethoxyl ate)
[0082] The dielectric performance material of the present invention has mechanical

15  properties that allow the material, when formed into a performance film, to resist cracking
and enable it to be chemically/mechanically planarized. Further, the dielectric films of
the present invention exhibit low shrinkage. Dielectric films of the present invention
generally have a thickness that ranges from 0.05 to about 2 pm. Dielectric films of the
present invention may exhibit a modulus of elasticity that ranges from about 0.5 to about

20 10 GPa, and generally between 2 and 6 GPa; a hardness value that ranges from about
0.2 to about 2.0 GPa, and generally from about 0.4 to about 1.2 GPa, and a refractive
index determined at 633 nm of between 1.1 and 1.5. The dielectric constant is about 3.7

or less.

[0083] As mentioned previously the dielectric films and materials of the present

25  invention are suitable for use as performance materials. The film of the présent
invention provides excellent insulating properties and a relatively high modulus of
elasticity. The film also provides advantageous uniformity, dielectric constant stability,
cracking resistance, adhesion to the underlying substrate and/or other films, controlled
pore size and/or nanopore size, and surface hardness. Suitable applications for the film

30 of the present invention include interlayer insulating films for semiconductor devices such
as LSis, system LSls, DRAMs, SDRAMs, RDRAMSs, and D-RDRAMSs, protective films
such as surface coat films for semiconductor devices, interlayer insulating films for
multilayered printed circuit boards, and protective or insulating films for liquid-crystal
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X45 Triton X-45 (octyphenol ethoxylate) X35 Triton X-35 (octyphenol

et hoxylate) X15 Triton X-15 (octyphenol ethoxylate) L101 Pluronic L101
(EOPO-EO tri-block co-polyner) L31 Pluronic L31 (EO PO EO tri-block
co-polymer) 15-S-5 Tergitol 15-S-5 (secondary al cohol ethoxyl ate 0

PURI FI CATI ON OF REAGENTS [0090] The reagents used in the fo '%%B'H%ergx%rrpl es
were analy le Micghaniesia)r wahen

| nducti vel ég% S V'é%l asma %fbgggagpeéﬁélg%?@O%@mﬁ%g%erranuf actured by

Fi nni gan o$caBe eﬂemlpal(ﬂavmaygasmepafﬁtlow élﬂldﬂtsﬁléﬁfa't'f?ﬁst ABChEUGR! SPRSP R xture. | f

the I evel of netal inpurities in the chem cal reagent exceeﬁ g %@P@ppb t he
reagent waf008d} i heihvemigrewidlibadiusiaiediin mosoagal Ml sHerepe g ol

purified | igMistitd geerneduses
pressure o¥ ?%o‘a q@é%hgmqgg gﬁ%@ﬁﬁﬁatﬁ? gﬂegéremt!g@nltgﬂs are retained in the
col um Eandlim‘y@ttﬂ)@mtm ons are reI eased in its place. Table A provides the
el enrental analysis for a variety of different reagents, as received or
after the purification process described herein. [0091] The chem cal
reagent purification procedure was conducted in the followng nmanner. A
quantity of ion exchange conmpound suE¥AMPLANBERLI TE IR-120 resin was 15
rinsed with Hi gh-pressure liquid chromatography ("HPLC') grade water, in its
ori gi nal - BW8sYy Notherftbl@lWIl‘Z;D@@mRiQmﬂJaieﬁ%5tagﬂ€’e‘?tﬁ$w[9ceh8rqp§§ieg W& OPel%fed f or
about 20 n}rQMts%%pl? ﬁlﬁmértﬁét' vﬁ'er}é@?uﬁjiﬁt%%t B reﬁﬂgnéee(fo' g Qéin)ﬁn@l@@]vyslal BHGOrAS

needed to renove 'l uantity of

Kg, of
t r ansf 0 r edafen sabdragabnd heatedé: ﬁQﬁJ@h TNQIt@éH'@Sﬁdt“PI rgfracﬁﬁré "}d§§1 W%O?’Tyns ed
with  HPLCNBLE: o AR el ObeBRRtbd by SPstinosaii LirgbridulyliRirch Usichip angle

2-liter f| Buchner unnel

Qual i ti ve dpddtioseopipaliesometere Modet S 880 maskfaciured by, Seqigeh l’\SHH’é‘PB‘iSr@Hb'E'o
anot her vvgtlti Léﬁgulgﬁﬁtﬂy% ezﬁﬁﬂé*]&ffﬁvaré Oftka rfaetive ih8&Y, fifh Bknesd, @ndr epeat ed

until the rrnse lowin color. The resin slurry was
heat ed to parceeuapeloaanuw@uas wamhtawwy am%laaﬁhezmﬁawgmeﬁfd@“%@'toa i on.

The hegt -t Fn FE%UER%F @ru%marnﬁ i \M\F&Tbng;tﬂ Faﬁé@%ﬁﬂfbottbgobﬁﬁi witgnaap was

repeated unt no co served in |trate. The h%at treated
resin sl ursquamgrrpr afralfost 1 euless Hodhg Trlc@éﬁﬂi Eﬁﬂu%tﬂfq eroinetuesn e s washed

i th aboul oty ficiB0s REGRLE A Rbimedd alabdiHRBburbE by Prfilamatsy was Soaked

at roomtenp era ure and filtere before. The et hanol wash was repeated
until no cgemrallyleﬁatha@de%n the filtrate. (0092] The et hanol resin slurry
was added to a 30" ion exchange columm at about 1" om&ﬁn Eﬂo&,ﬂﬂh
remai nder [7086he Toe digtertiicenns iefw@sampﬂeefdmquweé%rﬁa acCorng:

Cappedz@ndscf[h f& 5¢50-86" ?Hé(céﬁéh t‘clr'ﬂ% Jdh8gé Qpedc‘ﬁﬂ‘ﬁ’rh%@ré o@fblrfé@a!tlmmm ivhih hhe

resin and Isplacing air e colum™tube wi th ethano| n 8?

t hen inver Betatrtrmrgloﬂpd@ﬁ]éwo Frequency Analyzer and MSI Electronlcs Model Hg 407 sing e
contact mercury probe. The error in capacitance measurements and mercury electrode
area (A) was less than 1%. The substrate (wafer) capacitance (Csi), background
capacitance (Cs) and total capacitance (Cr) were measured between +20 and -20 volts

25 and the thin film sample capacitance (Cs) was calculated by Equation (7):

C.=Cs (Cr-Cu)/ [Csi - (Cr-Cy)] Equation (7)
The dielectric constant of each film was calculated by Equation (8) wherein d is the film

thickness, A is the mercury electrode area, and & is the dielectric constant in vacuum:

_Cd
£,4

Equation (8)

30 The total error of the dislectric constant of the film was expected to be less than 6%.
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up while rotating the colum to forma vortex of spinning ethanol. This
process was continued until all resin has settled into the columm. The
packi ng step was repeated until 20 no apparent channeling was observed. The
ethanol 'in the colum reservoir is allowed to drain into trFN&%%H&Hm ghe
effluent is nonitored for color bleed. The ethanol rinse was repeate%

until no c ' [ I lgt| t RambRY oladvedof

ef fl uent t@iﬁgkvﬁﬁ?%}gﬁ%ﬁﬁgt@f f%%%gﬁt(%ngglﬁﬁﬁkgﬁ(ﬂ%b ?ﬁeﬁfcgﬁ Iaegst one chem cal
reagent i nfremithaoknteas! the eysarendinountssi ante an RIWNIRPR SBIR YsB\G IO MgERS-
container., An initial quanti i '

t hrough t h@ﬂ%e’aﬁ“%a‘éﬂ?%%ng@%égﬁ iﬁﬁnéwéb;]éd&? ﬁ? |ser?|%?€fg{:]ty Fé\?/;ﬁsg{ %rﬂg%kpgga?(gfi col or
bl eed and fhcs GAnERSsy Cotie, Nonalndgniation tesisvaré psdbrnedom avtANQREXNTERPough

the 1st ion exchange I t he .r emai hder, :

col | ect®d DMH@H&@&W&M@@%@@) ’F‘%’P\ufﬂép'f'eg\rbyﬁﬁl?%’y%tgﬁts ?0%%#5%%@9 f1 uent
fromthe Vacenupr?V wakavrsseedry spiging the cabtirkibds siffness measurerema i§&Mbl um
and the effluent was col |l ected after. di scargin f.l :

of 1 uent  waSQH JeSerkep inihe [qiergce, CIvE! ?Stc?unﬁ*”ﬁ%ﬁ%%df“%‘g@?“f?&??‘?ﬁ&m';11;?‘9 full
f ﬁr r ﬁt _C’Vﬁlard?fe@ﬁ afy E@stile Mo@um?&.wihlql [datized DisgiAce@et Seosing tdeatadipn passed

t hrough ion exchange col u ow t o) I Qeess
was repeat EEPYIRENS gl Mgﬁengg%esjgﬁpc%o\}g%gﬁéfz 86‘6{12’%?%1% Bséfhétgﬁ?rag% }?ﬁrlg@ﬁﬁ/h as
palsse_dm hr E%fogﬂgéz%@_il?_\hﬁ%tﬁét .Uﬁgﬁnéllwspﬂlaﬁdndfasas_mriinbbmﬁ orethg@ritnanetoadingl |

sol ution. e purified reagent solution was r sin r

i ce and acéitgﬂﬁlear]dﬁhe6%{5’5@?1%%?‘9%@%9%m8[ar Zﬁ@%ﬁ@éh%@??\%@%#bt a'? i ony
speed and gp&dificdithpifileACkhé Bxdithton Peqracywas heold canstamiaheughaitt theatest &oip

t t . Th | | .adj ust ed til h L wi.thin th
sglmtjte irgnu\r/vg'@ (@Q,%,@\é%ggﬁemgﬁgt\éﬁw %%ﬁ&%%aégog&maéﬁ?qheq‘ﬁg‘ﬂgé?écl)&\!}fg :oinng ;e)rocess

i s conti nugdpiaBemerBdraplithd frRninedcohStabyataidei IDCEAdI ti onal purified
reagent ethanol solution to the purified reagent in flask until all of

col ummyef f [ogmB) Bk rideRtatibAexhREment aliowaniped coftmeotempasure of theafontase bat h
L e o ineser oDkt Wioest ek s Ak oBhARRL AL RE R g e oot
et hanol hagdaaRi aneMaydibsk Poisint Rétd POrBfforesdlicastied fartamk films)seary sanpl e
O PSSt aRs s Bt et 55 Ao gt Heag s KO 15 o
continuous function of surface penetration. An array of 5 to 10 indents was performed
20 on each sample and a distance of approximately 20 - 25 microns separated successive
indents. The results from each indentation experiment were examined and any “outliers”
were excluded. The results for Young’s modulus and hardness vs. penetration for the
indentation experiments of each sample were averaged using discrete displacement
windows of approximately 5 nm. Using the data in this window, an average, standard
25 deviation, and confidence interval for each sample were then caiculated. The same
statistics were likewise calculated for the rest of the discrete windows. Hardness results
‘were obtained and averaged in the same manner. Hardness and Young's modulus were
reported as the measured value of hardness at the minimum of the hardness curve {at
about 30-50 nm) and the measured value of modulus at the minimum of the moduius
30  curve (at about 30-50 nm). The errors of the modulus and the hardness of the film are

expected to be less than 10 percent.

[0089] The following table, Table |, provides a list of acronyms that are used in the
examples and throughout the application.
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TABLE I: CHEMICAL ABBREVIATIONS
Generic Name

Acronym

Silica sources

TAS

TEOS
MTES
MTAS
poly-TECS

Solvents
PGMEA
PGPE
EEA
DMF

IPA

Bases
TMAH

Surfactants
X114

X102

X45

X35

X15

L101

L31

15-5-5

NVzt LO'CL)

c6 1Z 3 Mf
fl vvdyv
NNdJ OV Vec

wS

Tetraacetoxysilane
Tetraethoxysilane
Methyltriethoxysilane
Methytriacetoxysilane
Polydiethoxysiloxane

propylene glycol methyl ether acetate
propylene glycol propyl ether
2-ethyoxyethylacetate
Dimethyiformamide

2-propanol

Tetramethylammonium hydroxide

Triton X-114 {octyphenol ethoxylate)
Triton X-102 {(octyphenol ethoxylate)
" Triton X-45 (octyphenol ethoxylate)
Triton X-35 (octyphenol ethoxylate)
Triton X-15 (octyphenol ethoxylate)
Pluronic L101 (EO-PO-EQ tri-block co-polymer)
Pluronic L31 (EO-PO-EOQ tri-block co-polymer)
Tergitol 15-8-5 (secondary alcohol ethoxytate)

PURIFICATION OF REAGENTS

[0090] The reagents used in the following examples were analyzed via [CP/MS using a

Finnigan Element 1, High resolution Inductively Coupled Plasma/Mass Spectrometer

(ICP/MS), manufactured by Finnigan of Bremen, Germany, prior to addition to the

reaction mixture. If the level of metal impurities in the chemical reagent exceeded 50

ppb, the reagent was purified. Depending upon its composition, reagents were purified

via standard procedures such as distillation under reduced pressure or ion exchange

columns in which metal ions are retained in the column and hydrogen ions are released
in its place. Table A provides the elemental analysis for a variety of different reagents,

as received or after the purification process described herein.

[0091] The chemical reagent purification procedure was conducted in the following

manner. A guantity of ion exchange compound such as AMBERLITE IR-120 resin was

rinsed with High-pressure liquid chromatography (“‘HPLC”) grade water in its original
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acuO0O=NaN itcc30) 0 WGOU jJ Wi XXo02tCc CO.0OCOQ U O
ror ddl vsWakvO0OT VMNO0O WMI- MMM 17 Novenber 2006
GENERAL PROCESS FOR PREPARI NG ARRAY ELEMENTS [0095] A m xture was prepar ed
containing a hydrophilic silica source and one or nore hobi ¢ él ca
sources. To the silicates, a quantity of a 4:1 volume ratlo °V§'3b?f@§b

surfact ant ccﬂ'ﬁ%néﬂgﬁérbﬂr{ﬁ% réqu b(l BhoMBE R EB8G 20/hingtest Wﬁe@é@@wac d@ﬁamteﬁent s

wer e added 0 one anho e catal ysts and wat er V)f ?f ﬁ%:'t(
mxture i nammeﬁﬂ@j a@mangtlmea@ﬁ needed @rre"@é‘?ds Ha8RFIt A QRN 44 |t|ves

Fol I owl ng tfag, g rér‘ls?g-?\'rézg o4 ﬁélicmt\pi@e %dﬂtl‘r‘ﬁﬁlg\éﬁé botﬂge(ﬂh@hw PRaS Hiasaewalt ur e
for a period rang rom approxi nat el to 10 tes a

h
agi ng st epHR&E waé@!eaomddm ahout Hé]oaa@inﬂ |”dﬁi‘ f&'ﬁﬁr%"@c@ & "E?étfé J?F&hﬂia -}'on?c
additive. ngn%ﬁer%h{g@ﬁuﬁﬁgigﬁtﬂtv%ﬁéﬁﬁ{ag REUIAFb 1 1R pab. UM MerdeSnatiet)  or

| ess t es an roomtenperature for a period
rangi ng froas ﬂraﬁrﬁemedlttsanotltd&;d@ﬁilpﬁ@oﬁlﬁoﬁ h@ﬁ@%é@@brﬁr@ Hiet $1PRS WREP i xt ur e.

Each of t h%g‘éﬁf‘e%‘ gl thF%@%@’ﬁrﬁe%q%*yllghtlwé%m%wére ToRNESh BR#FyvREShdahentol ppm

of net al uriti n - "vafer having a di aneter of about 125
mm was pl aadaelnpeTatUneothﬂléﬁ’Od}forahoﬁraﬁquﬁ URHRY fongdbedeaitedief et i n

FIG 3 of %gng ﬂl‘.énSm%P ﬁ?%ﬁ% I}egﬁtxgﬁzgﬂré%‘%\)ﬁs$%?é'a5em%ﬁé cBl@W:aQ@Bserv&Mﬁ 3122

entitled us an [ ms on ubstrate
or bi t al0 Totefirte d@be beatrseaterpasin samy wasisersiemad (Ra &y 19align QBE'@&VWQ tabout

2200 rpm aj t sHPQUty dab sParedat a
m nor  axi g%”%h%g V\?{htgftogb LA &Fgg@f&\ﬁﬂ]&{ml ?’F}heeaé\}/g%edrﬁ%vas ml ﬁ SaI ong its
orbital patdom temeperatpeesand fiieretbas beforgasThezghanbwasieyas EﬁF@équéfrl W neFdBense

subsequent ﬁm id on the wafer in a generally square pattern
(e.g., a Tt xé%?”&é\f/ﬂlga%v\s of five sanples each), with the

center-to- @fgg%frThég nggegf]tsﬁg\,‘, (tﬁ%%% a%@"mn%?(cﬁéﬂdé%oﬁmét 450@1mn The

vol une of I|qU| e range of %_r }
Di spentd ngfrom thééop. i T r@rrmtbr etsthem‘,olumn reservorr was filled with ethanol. The co umn

was capped and inverted thereby filling the top reservoir of column with the resin and
displacing air in the column tube with ethanol. The column was then inverted right side
up while rotating the column to form a vortex of spinning ethanol. This process was
continued until all resin has settled into the column. The packing step was repeated until
20  no apparent channeling was cbserved. The ethanol in the column reservoir is allowed to
drain into the column. The effluent is monitored for color bleed. The ethanol rinse was
repeated until no color was evident. A regulating stopcock set the flow rate of effluent to

35 ml/min.

{0093] A 10 % solution of the at least one chemical reagent in ethanol was prepared in
25  1-gallon narrow mouth Nalgene container. An initial quantity of 300-500 ml of solution
was passed through the 1% ion exchange column and the effluent was checked for color
bleed and discarded. Additional quantities of solution were passed through the 1% ion
exchange column and the remainder of the effluent was collected in ancther clean 1-
gallon narrow mouth container. The effiuent from the 1 column was passed through the
30 2" column ion exchange column and the effluent was collected after discarding the first
300 ml. The effluent was collected in either a 2 L round bottom flask (filling ¥z full for
rotovap procedure) or a clean (rinsed with 200 proof ethanol passed through ion
exchange column) 1 gallon narrow mouth bottle. This process was repeated until ali of
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the wafer occurred over a period of about 12 m nutes, and the substrate was
noved on 25 its orbital path for a total duration of about 15 m nutes
(e.g., about 3 minutes longer than the tine at which the last liquid
sanple is deposited on the substrate), after which orbital LEDV?'H er2p§) t he
substrate was stopped. Obital novenent of the wafer subjec uid
sanpl es to 8 t&@o&laﬁ\hbhé id8 I RAled geafent he
liquid sanplrgés)&éﬁggh aesgg&rip'ggued?{o formfilns téltk?greon The array of
filnms wereetheatiesdlulinn.a 30 hot pl ate at 90C for 90 seconds, 180C for 90
seconds, and 400C for 180 seconds in an air or nitrogen at Hosgg)gre
t her eby f ofo@PAL e putiedyeagen splatierhvas FMtevaped by Ushagiry 1op @8d aGPoRg i d
ot r ot veoTIHBSE AP (oBIRrEIRE BEBS!ERAoRpatd i 4 ST Ped
wal | elsastva::uuaﬂmmanmmmwhaow@m Wﬂm@raj@re Ade Vﬁﬁ'é”ﬁl‘@&ﬂ/w%ﬁ atiesied unth Nek
Anal yzer f I’\ﬁas %enwaq;hélsed to

?g Pé%\%\p trh8 I@Q%ﬁ Aol an§$8rbﬁm9n%

det erm ne eln ex an esso

hin filns 495 CV
Measur enentotépsbiam paoeEsk mﬁcmtlﬁueﬂm:‘aowafér mtataéswgdmﬁ@*m%d'tlon%wfﬁa rgh,
PA, was used to f %tém@erﬁ@a@t@mt 5
was cal cul 'éﬁagantf%%?#ﬁ@ @atgﬁﬁggﬁﬁfﬁggl a;{t]éiﬁ%ﬁé}ntlmg ({%lgig kness of thé film
A Hysi t r onhag beémnotmlrappem‘ mmrmlmiecmthetwn weg ncseaseA SIawy 10 4rhEP | ne.

M nneapol i s, arglul us by
nanoi nﬁ)ent fesidyA" et@?%ﬁ%%%@\ﬂﬁ %E%%S% ?é}ﬁ@"% CERTAI N W% EO
10 CO\WEmrc{t@&@Bthtvasmoatlnmﬁd urgibalsathpnel hes basn iRpevegria yigikie PHritieR same
manner as th ener, r Rhexnt ¥6

and/ or armﬁtﬁf% Aa%m%i g@ﬁe?éé?etgeb%% yr%x %ﬁtWag%RgP&%ﬁfgé%lggen solle%ent
and cat al yEIP-M$ prive torused.ure were vari ed. These variations are provided in
Table VI. The m xtures had either one porogen or a m xture of 15 porogens.
The properties of each filmare provided in Table VII and illustrated in
FIGS. 1 aand 1 b. FIG. 1 a and 1 b show the effect of weight percent EO
for single porogens and m xtures of porogens, respectively, on the

normal i zed wall elastic nodulus on the materials of the present invention.
[0099] As Figures 1 a and Ib illustrate, polyoxyethyl ene-based porogens
that have 20 | ower weight percent of ethylene oxide may provide nmaterials
with a higher normalized wall elastic nodulus. The nol ecul ar wei ght and
wei ght percent EO for the porogen in tables VI and VII are as foll ows:

Pl uroni c L101, 3800 g/nol nol ecul ar weight and 10 wt. % EG Pluronic L31,
1100 g/ ol nol ecul ar weight and 10 wt. % EGQ, Triton X102, 778 g/ nol

nmol ecul ar weight and 72.7 wt. % EG Triton X15, 250 g/ nol nol ecul ar wei ght
and 25 17.6 wt. % EQ Triton X35, 338 g/ nol nol ecul ar weight and 39 wt. %
EQ, and Triton X45, 426 g/ nol nol ecul ar weight and 51.6 w. % EO. [ 00100]
FIG 1 aillustrates that for conpositions having only one surfactant as a
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porogen, the | ower weight percentage of ethoxylation | eads to higher
normal i zed wall elastic nodul us val ues. Linear regression analysis using
the "l east squares” nmethod to 30 fit a line through the data provides a
square value of 0.79 and a Significance F of value of 4. Ox t

the R square value of 0.79 indicates that the effect of the' W&Pﬁﬁpmigggcent
EO explains only 79% of the variance of the data, the value of 4.0x10'6 for
the Significance F indicates that the trend in EO' with weight percent EO
in the porogen is -37 17 Novenber 2006 highly significant. Referring to
FIG 1b, for conpositions having a m xture of porogens, while the R square

value of 0.45|i&|l ower(than that of FIG la, the value of the Significance
F of 1.0x 10"[ gt r|F|Bpdicafies that the trend is highly significant. Higher
Eo' values y|elBd & S\ di ¢l'ectric constant performance filmwith inproved
properties. 5[EE ST O BELECTI ON OF HYDROPHOBI C SOURCE CONTAI NI NG A
CARBOXYLATE GQC%F é%@P@?@ ES OF DI ELECTRI C MATERI AL - ARRAY ELEMENTS
[ 00101] Sanpl g Wer e ~prepared in the sane manner as the general
process for DI Qﬁfl%} ifay elenents to conpare the effect on film
properties by'%éiﬁ$ﬂ%ﬁ\ that contains a carboxylate, i.e., has a
carboxylic acid—ester—bohdeeqto the Si atom as a hydrophobic source
rat her than NﬁES.ﬁTQ@quju of each reagent dispensed into individual
mcrotiter wel&S)|i‘% provided|in Table Ila for MIES-based conpositions and
Table lib for [ M'AS]hased cogﬁositions. The m xtures were di spensed,
agitated, and|d& Vﬁ'a?l &l Vas t he general procedure to prepare array
el enents to fi —t+FHherpiopetities of each filmare provided in Tables Illa
and 1l11b for MbBdaged fomepsitions and MIAS- based conpositions,
respectively. %5‘1?2] fF inﬁgprovides a plot of elastic nodulus vs.
dielectric co nta;orﬁmgtgjials of the present invention having a
nornel i zed walf celNasi)ivg dullus greater than 16 GPa and 20 using MIAS as
t he hydr ophobl2—¢illigatsdwiece conmpared to materials having a normalized
wal | el astic Igg%EUs.hﬁgp tigan 16 GPa and using MIES as the hydrophobic
silica source|&Whed&ifn et ho¥yl at ed octyl phenols is used in both materigls
as the porogens. A KT G [2] I lustrates, the use of MIAS as the hydrofhobic
source that has<an|ageqexy |l%gand rather than MIES that has an et hoxy
ligand with e he yHatret—octyl phenol s as the porogen may 25 provide
mat eri al s vm'tlét;gmf'gje; glorﬁlized wal | el astic nodulus. Conpositions that
cont ai ned MrABef at hen than ES exhibited a normalized wall elastic nodul us
of 16 GPa or|greailer. |Rlirdigr, MIAS-contai ni ng conpositions having a pAcid
greater than 3%@ ¥ ihif & @ normalized wall elastic nodulus of 16 or
greater. A hi}Eer rorn&!iz\d wall elastic nodul us indicates an inproved
|0Wdle|eCtrI,.§Q:§r$t%vaI~jl|@ 30
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-38 17 Novenber 2006 Table Ila: MIES Exanples Triton_X-

MIES PGPE TECS TMAH 45 Acid 122946 1 4 0.60815 0.00006 0.02162 0.32422

OUI0OO0O0OO0OO0OO0OO0OO0OTOOOOOOOOOOOO

. 04017 0. 00005 0.00574 3.87 122947 2 5 0.49988 0.00015 0.02839 0. 40361
. 05276 0.00014 0.01507 3.89 122948 2 2 0.60085 0.00005 0.03551 O. %%%5
.02907 0.00005 0.00581 5.90 122948 4 2 0.61073 0.00011 0.'G7aee"
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Substrates”. The orbital movement device was operated to move the wafer at a speed of
about 2200 rpm along an orbital path having a major axis of about 4.5 mm and a minor

axis of about 2.25 mm.

[0097] While the wafer was moving along its orbital path, the deposition device was

20 operated to serially dispense subsequent samples of liquid on the wafer in a generally
square pattern (e.g., a matrix of five rows of five samples each), with the center-to-center
spacing between adjacent samples being about 17.5 mm. The volume of each liquid
sample was in the range of about 2-5 microliters. Dispensing of the liquid samples on
the wafer occurred over a period of about 12 minutes, and the substrate was moved on

25 its orbital path for a total duration of about 15 minutes (e.g., about 3 minutes longer than
the time at which the last liquid sample is deposited on the substrate), after which orbital
movement of the substrate was stopped. Orbital movement of the wafer subjected the
liquid samples to a non-contact spreading force to facifitate spreading of the liquid
samples on the wafer surface to form films thereon. The array of fims were heated on a

30 hot plate at 90°C for 90 seconds, 180°C for 90 seconds, and 400°C for 180 seconds in
an air or nitrogen atmosphere, thereby forming optically transparent thin films. The films
produced through this process could then characterized directly to determine the
refractive index, dielectric constant, modulus, hardness, and normalized wall elastic
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122946 1 4 1.2246 6573 4.48 0.50 2.70 13.9 122947 2 5 1.1686 8437 2.33
0.32 2.31 11.6 122948 2 2 1.2178 5308 3.24 0.47 2.39 14.5 122948 4 2
1.1688 6148 2.06 0.31 2.11 14.1 122948 5 2 1.1725 9441 1.81 0.30 2.13 11.9
122949 1 1 1.2063 6741 3.07 0.38 2.42 13.2 122949 1 2 1.2183 833% 3,024
0.38 2.43 13.7 122949 3 2 1.1979 11517 1.94 0.33 2.16 12. 2"/ Y588y 4%

122040 5 a"¢400 0l TG O g e e e s

MTAS ConpoSaniadiiaracCaswas ugediodatenmine refpetiverindax ang thickeass o,
har dness, 59 PSML‘%%Q q\a@} %@T s%r%%ﬁg 58D ﬁ%n@@.d@a@tmsu@mmgmsz 33

1.1684 332 53 5 4 1.2256 5681 4. 54 0.62 2,35 21.4
122954 2 3Pitishogh, BOMa USRI to nagasarethe caparitanceaidhe iiny Rieleglris agpsianh og

0.32 2.00 2&-the il 28 $sitlon2

o Toaa BoaBAs BBty i reddid Saamiacdhnd i nlokidscldl e R o o0 05
122955 3 2trmomasatoenarmnzemnmalagstzsye@rmfioro Hysitrpoglge.3Minnpapolisy My awass 16
0.51 2.13 : 8 122955 4 3

1. 2250 603 BEGTATR G 0 S YEhotd ) relloaedath 0T 57 2. 08 26.7
5 EFFECT OF P-ACI D LEVELS ON NORMALI ZED WALL ELASTIC MODULUS [00103] A
total of 540 sanple filns were prepared in the sane nmanner as the general

procedure Dngérchﬂ_Wd %ﬁ%’?@? Idid p bh@éwgwmda( CERTAMVM T, EO t he

silica sources ock copol ymer porogen, solvent, and
cat al ys? | GONTENT xture were varied. These variations are provi ded in

Table VIII. Al of the filnms obtai ned were transparent 10 Thei)ro%irtles
of each fil[009BT eAgeialofddd samplaiims wete grepared indhe SABE MaNE| 3§ e deRp

Novenber /}@T t flstioa deudet evel s or a
pAci d val uer%\%ﬁd&rg%%}a E%%epﬁtﬁg{tjt%ﬁz@%%ﬁé%gmﬂ) ulrhi?seoWI th et hogéd a.ﬁ.

tribl ock cpcpimwmy@naéuaﬁﬁ@ PRE0EBesPIveRY apd satalist intae Blbftutevee VRN
nor mal i zed, yitkibn&hRSHbGaP MUt db%e VI. The mixtures had either one porogen or a mixture of

15 porogens. The properties of each film are provided in Table VIl and illustrated in FIGs.
1a and 1b. FIGs. 1a and 1b show the effect of weight percent EQ for single porogens
and mixtures of porogens, respectively, on the normalized wall elastic modulus on the
materials of the present invention.

[0099] As Figures 1a and 1b illustrate, polyoxyethylene-based porogens that have

20 lower weight percent of ethylene oxide may provide materials with a higher normalized
wall elastic modulus. The molecular weight and weight percent EO for the porogen in
tables V1 and Vi are as follows: Pluronic L101, 3800 g/mol molecular weight and 10 wi.
% EQ; Pluronic L31, 1100 g/mol molecular weight and 10 wt. % EQ; Triton X102, 778
g/mol molecular weight and 72.7 wt. % EO; Triton X15, 250 g/mol molecular weight and

25 17.6 wt. % EO; Triton X35, 338 g/mol molecular weight and 39 wt. % EO; and Triton
X45, 426 g/mol molecular weight and 51.6 wt. % EO.

[00100] FIG. 1a illustrates that for compaositions having only one surfactant as a
porogen, the lower weight percentage of ethoxylation leads to higher normalized wall
elastic modulus values. Linear regression analysis using the “least squares” method to
30 fit a line through the data provides a R square value of 0.79 and a Significance F of value
of 4.0x10%. Although the R square value of 0.79 indicates that the effect of the weight
percent EQ explains anly 79% of the variance of the data, the value of 4.0x10°® for the
Significance F indicates that the trend in E,’ with weight percent EO inthe porogen is
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[00105] FIG 3 illustrates that higher pAcid levels may result in a higher
normalized wall 5 elastic nodulus. Linear regression analysis using the
"l east squares" nethod to fit a line through the data provides an R square

value of 0.23 and a Significance F value of 1.1x10"14. At qu h thezrqég
square val ue of 0.23 indicates that the effect of pAcid onl ‘gﬁ'ﬁ dims° 23%

of the varhhfRsiadtiddhe geﬁeﬂmgga@aatw?{%wpo&m&%‘%ﬂg% mifiGre D pBddepance F

i ndicates t e tren nif _icant. These exanpl es
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00000 bymoglnmsmgg@mmommﬂﬁg TZe volume of each reagent dlspensed into

individual microtiter wells is provided in Tabie lla for MTES-based compositions and

Table lib for MTAS-based compositions. The mixtures were dispensed, agitated, and
15  heated as in the general procedure to prepare array elements to films. The properties of

each film are provided in Tables llla and HlIb for MTES-based compositions and MTAS-

based compositions, respectively.

[00102] FIG. 2 provides a plot of elastic modulus vs. dielectric constant for materials of
the present invention having a normalized wall elastic modulus greater than 16 GPa and

20  using MTAS as the hydrophobic silica source compared to materials having a normalized
wall elastic modulus less than 16 GPa and using MTES as the hydrophobic silica source
wherein ethoxylated octylphenols is used in both materials as the porogens. As FIG. 2
illustrates, the use of MTAS as the hydrophobic source that has an acetoxy ligand rather
than MTES that has an ethoxy ligand with ethoxylated octylphenols as the porogen may

25  provide materials with a higher normalized wall elastic modulus. Compositions that
contained MTAS rather than MTES exhibited a normalized wall elasiic modulus of 16
GPa or greater. Further, MTAS-containing compositions having a pAcid greater than 3.8
exhibited a normalized wall elastic modulus of 16 or greater. A higher normalized wall
elastic modulus indicates an improved low dielectric constant film.

30
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122949| 3 | 2 10.56618]0.00012|0.05335(0.32344)0.04368|0.00012[ 0.01310 | 5.81

122949] 4 | 2 10.67134|0.00009|0.04836/0.24417|0.02605/0.00009f 0.00989 | 6.62

122949| 5 | 2 10.493080.00011/0.03694/0.41333[0.04517|0.00011] 0.01126 | 5.83

122049 5 | 4 10.60312|0.000110.04351/0.31784/0.02344/0.00011] 0.01187 | 5.72

Table lib: MTAS Examples

Triton_X-

LBip|R|c| H,0 | HNO, | MTAS | PGPE | TEOS | TMAH 45 pAcid

122952] 3 | 3 |0.4846410.00016{0.02754]0.42062[0.05118[0.00015] 0.01570 | 3.89

122953 5 | 4 |0.59355{0.00007]0.02110]0.34000]0.03921|0.00006{ 0.00602 | 3.90

122954 2 | 3 10.65512/0.00010[0.03880]0.26345(0.03176/0.00010] 0.01067 | 5.77

122054] 2 | 4 0.47638/0.00015/0.035820.427740.04379(0.00015] 0.01597 | 5.80

122954 3 | 2 0.66671]0.00013(0.03144]0.24913[0.03844/0.00013] 0.01402 | 6.02

122954 5 | 2 10.47340[0.00011/0.03550[0.43560[0.04341(0.00011] 0.01187 | 5.82

122955| 2 | 5 10.54393]0.00013]0.05130]0.34839(0.04200/0.00013| 0.01412 | 6.78

122055 3 | 2 10.48162[0.00011/0.02731[0.42844/0.05074]0.00011] 0.01167 | 5.83

122955| 3 | 4 10.53967]0.00009]0.05077]0.35852[0.0415610.00009] 0.00931 | 5.90

122955| 3 | 5 [0.46211/0.00007]0.04347]0.45071/0.03559(0.00007{ 0.00797 | 5.87

122955| 4 | 3 10.58566/0.00006|0.02753(0.34690]0.03366/0.00006| 0.00614 | 5.90

122955 5 | 3 [0.57752|0.00006(0.03414/0.35400[0.02795(0.00006] 0.00626 | 5.90
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155949 1 1 2| 1.2163 | 8338 3.24 0.38 2.43 | 13.7
122949( 3 12| 1.1979 11517 1.94 0.33 2.16 12.2
122949, 4 1 2 | 1.2060 8005 1.83 0.33 2.13 12.1
122949 5| 2{ 1.1872 7627 2.51 0.36 2.23 14.1
122949 51 4 | 1.1804 7022 1.50 0.26 2.07 11.0
Table llib: Film Properties — MTAS Compositions
elastic dielectric
refractive| thickness, jmodulus,fhardness, Eo',
LIBID | R{C| index [Angstromsi GPa GPa |constant| GPa
122952( 3 | 3 | 1.1684 3328 1.81 0.25 1.92 18.1
122953| 5 1 4 | 1.2256 5681 4.54 0.62 2.36 21.4
122954/ 2 | 3| 1.1939 8044 2.38 0.41 2.06 17.8
122954| 2 | 4 | 1.1747 5572 2.08 0.32 2.00 17.5
122954/ 3 |2 | 1.1711 9925 2.00 0.34 1.91 204
122954/ 5 | 2| 1.1944 5046 2.44 0.38 2.02 | 19.7
122955/ 2 | 5| 1.2046 7421 2.54 0.40 1.91 259
122955/ 3|12 1.1851 3410 2.60 0.32 2.02 21.0
122955| 3 | 4 | 1.2287 6362 3.16 0.51 2.13 20.9
122955( 3 { 5 | 1.2293 4434 3.63 0.50 2.11 24.8
122955 4 1 3 | 1.2259 6034 4.36 0.59 2.23 24.5
122955| 5 | 3| 1.2276 5887 3.70 0.57 2.08 26.7
5 EFFECT OF P-ACID LEVELS ON NORMALIZED WALL ELASTIC MODULUS
[00103] A total of 540 sample films were prepared in the same manner as the general
procedure for array films except that the types and/or amounts of the silica sources, the
ethoxylated triblock copolymer porogen, solvent, and catalyst in the mixture were varied.
These variations are provided in Tabie VIII. All of the films obtained were transparent.
10 The properties of each film are provided in Table IX and illustrated in FIG. 3
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119419 4 | 2 10.59070]0.00030]0.04135[0.34305|  0.00097 _ 10.02360|0.00002| 2.38
119419| 4 | 3 |0.63812|0.00029|0.02447(0.30453]  0.00115 _]0.031420.00002| 2.38
119419| 5 | 1 |0.62311|0.00028]0.04362]0.30705]  0.00102 _ |0.02490{0.00002| 2.39
119419| 5 | 3 |0.66400|0.00027|0.03391]0.28138]  0.00106  |0.01936}0.00002| 2.38
119421] 1 | 1 |0.66190|0.00027]|0.03909[0.27518]  0.00122  |0.02231]0.00003] 2.40
119421| 1 | 2 |0.66748|0.00027|0.02804]0.27914] 0.00105 _ |0.02400|0.00002] 2.38
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[119421] 1 | 4 |0.67094]0.00027]0.02225] 0.27690] 0.00104 _ {0.02858|0.00002] 2.38
119421] 1 | 5 | 0.66898|0.00027]0.0256610.27092] 0.00120 _ 0.03295)|0.00008] 2.40
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Tabl e | X EFFECT OF PACI D LEVELS ON NORMALI ZED WALL ELASTI C MODULUS,
refractive thickness,
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[00106] Spin-coated fiims were prepared fo illustrate that the results could be obtained
for other manufacturing methods. In the following examples 1 through 8, a mixture of
hydrophilic and hydrophobic silica sources were added to a polypropylene bottle that
also contained one or more solvents. The amount and identity of each chemical reagent
added to the mixture are provided in Table IVa. The initial mixture was aged under
ambient conditions for 2 hours. Next, one or more porogens and water, were added to
the mixture that was then agitated and aged for 5 minutes. Afterwards, nitric acid was
added to the mixture to catalyze the hydrolysis of the silica sources. The mixture was
agitated and aged for 5 minutes. Lastly, an ionic additive was added to mixture. Once
all of the reagents have been added, the mixture was agitated for approximately 2-3
minutes to ensure that the mixture was homogeneous. The resulting solution was then
aged for 12-24 hours at room temperature prior to spin coating. After aging, the solution
was then filtered through a 0.2um Teflon filter. Each of the chemical reagents within the

mixture contained less than 1 ppm of metal impurities.

bf

11 0.587

10

15

[00107] The solution was dispensed onto a low resistivity P type <100> Si wafer
spinning at 500 rpm for 7 seconds to spread the formulation across the wafer and then
accelerated to 1800 rpm for 35-40 seconds to evaporate the solvents and dry the film.
The film formed during the spin coating process was then heated on a hot plate at 90°C
for 90 seconds, 180°C for 90 seconds, and 400°C for 180 seconds in an air or nitrogen
atmosphere to remove the porogen. The wafer was cooled under ambient conditions.
The properties of each fiim are provided in Table V. Examples 1 through 8 reconfirm the
array results of the effect of the carboxylate, the weight percent EQ, and the pAcid
values of the mixture have on the normalized wall elastic modulus.

20

25
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2-3 minutes and aged for about 1 hour. Afterwards, additional reagents were added to

solution B in the following order: porogen dissolved in a solvent; a solvent; and the ionic

additive TMAH to provide a mixture. Once all of the reagents have been added, the

15  mixture is agitated for approximately 2-3 minutes to ensure that the mixture was

homogeneous. The resulting mixture was then aged for 12-24 hours at room

temperature prior to spin coating. After aging, the solution was then filtered through a

0.2um Teflon filter.

[0100] The solution was dispensed onto a low resistivity P type <100> Si wafer

20  spinning at 500 rpm for 7 seconds to spread the formulation across the wafer and then
accelerated to 1800 rpm for 35-40 seconds to evaporate the solvents and dry the film.
The film formed during the spin coating process was then heated on a hot plate at 90°C
for 90 seconds, 180°C for 90 seconds, and 400°C for 180 seconds in an air or nitrogen
atmosphere to remove the porogen. The wafer was cooled under ambient conditions.

25  The properties of each film are provided in Table V. Examples 9 through 11 reconfirm
the array results of the effect of the carboxylate, the weight percent EO, and the pAcid
values of the mixture have on the normalizec wall elastic modulus.
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9.5 119417 2 EVCEP&'TBFL g “,T.§4 hSolyent (@) | %’@93'119& ' '°1 1 %’% Hool7
1. 38 0. 25| gx o[rSi13euice (@) g bis'S *1 1571 0905 @53 0. p 150898 1 9417 2 4
1.1438 6252 1,04 0.17 1.16PUE® 110417 2 5/ 1. 1642 8629 1195 0 20 1 95 11,7
119417 3 [ 1.1i874 9671 1.58 0.29 P. 186EBAA | 119417 B 2 1. 19@48 91[77 %2 19
0.35 2.16/ 18.8 SOTEQAY 3 3.0MIBR6| 181 PEMEAR IR BW1o ] 35.711| 20.2 W 13-4 wi%ey
1.1621 953 0/ 98 0.18 1.186 11.1 11@@1%%5 1.1642 - 280 112. 6
119417 4 R A 1864 TEQY7 |1 STMBES3] 2 S3DM 29610755 6
0.35 1.80{22.2 119417 § 3 1. 4| 944 2 0. .00 ,15.
1.1779 97 531 oGRS o Q@%‘\”%‘?Slluuépépé 43087548 1.5‘%7 3 ifﬁé 10. 2
119418 2 1 1. 1. 11 2| 2 2k 19425781110 % 0. 26
119018 2 1 11505, 8200 195 (rad P 4% Sob 11941652 68 oroged M 2o
8804 1.35 0519 L Pfkdd 1 sliifes P .drdB07| &Pdhol. #73@ 28 .GhsAP [10.44w%- 157
17 Novenbpr—2p006——etasti 3.9 0.33
6 4.5 TEQS 8.8 MTAS 43.8 PGPE 401101 5.8 0.025 M | 2.4 wt%
21.7 EEA; . 4.1 0.34
7 7.7 TEOS 77MTES | 257 PGMEA | 5.3L101 | 4.1 02M | 2.4wit%
_ 3.4 0.42
8 |3.8poly-TEOS| 87MTES | 457PGPE_| 5.0181 5.9 02M | 2.4 wt%
Table Vb
Solution A Solution B
gram [grams grams { grams |grams| Grams grams 21.9 | grams | grams
Ex|s TAS|water | solvent sofn A| MTAS [water | 0.025M |wt% porogen in|f PGPE| 1.2
HNO, PGPE wi%
: TMAH
925} 08| 9.3g 3.4 | 1.1 ] 1.1 0.33 1.6 Triton X- | 5.6 | 0.06
PGPE 45
10| 7.4 | 45 | 255g 34 | 11 | 1.1 0.33 2.0 Tergitol | 3.9 | 0.06
PGPE 15-8-6
111 9.0 | 5.0 | 16.0g 34 | 1.1 | 0.0 0.33 2.2 Tergitol | 0.0 | 0.06
IPA 15-§-5
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refractive thickness, nodulus, hardness, dielectric Eo', LIBIDR Cindex m
Angstrons GPa W constant GPa 119418 4 1 1.1858 9003 1.98 0.32 1.92 19.5
119418 4 2 1.1952 9330 1.53 0.28 2.05 11.8 119418 4 4 1.1917 8672 1.47
0.26 2.06 11.1 119418 5 3 1.1944 7699 1.96 0.33 2.01 16.2 941% %§4
1.1882 8584 2.12 0.32 2.26 11.3 119419 1 2 1.1573 8583 0. 85 WP ¢E° %895 11

119419 1 4Téb,%5@5pr§ edo0doifcLitel Mifhsl1. 2 119419 2 1 1.1582 11204 0. 89

0.17 1.86 i o VHOAED TR 20 1599 9 eGP ATEGMS
1.1607 971Q T 'IEQ%'Q'f & %,,‘1,0# TTR59319 2 fg T ISTATIqR0Y b g8 U. 052 14 8.7
119419 2 321. lTEﬁb W‘J’gsi lh:mo 18 2"902 9 529119419, %@‘9 1 % 8812526 40
0.47 2.241%3-5 G oA G 1 16408379 A 622 2.2tbq¢".,12;01}\1941q44b\2

3 1 Eﬁg .J\ S 1[131n A f1ﬁ/14n y.| . 1000 6O 1 N 1l A D
1.1820 8633—+% : - AT A 166597509 1655, 0257220 3. 7
110419 5 141 h@EOSAIEAS XSy 5o 15205 5 159110007238 311320 oo Sl o
0.19 1.72| %65 =S G107 1 708 Wo200 3k o 15 192 35 1546 4404 JA8 ")
1.1624 9888 1 MIAS 107, o [0g201 {38 1 16201 idden 1419 o 4208
11.2 119k31 hTEOPMEES |d788 1 5718 25 212 10.8  12ddny |26 o 1\3'6'4;0\381
1.37 0.23|8. 04Pely-7 119481 3 3 119711 10880 1.07 0185 1.|8513 5 tHbab1 3
4 1.1633 L0620TEOSMBEDZ 1 83 1712 119421 3 5 1 16566 10907 1371025 1. 96
125 119h91 WTASMIAS? 964D 1 2658 24 11 8P 20 7 129821 A8 1 _1888mgh7
1.42 0.24/108DTAE/MTAS 1945154 3 1526903 118165 1 35 0188 1 14017 51 1B1ga91 4
4 1.1613 LOD2DTASHMTAS 24 16-96 1752 11942881 5 1 162881172232 341358 1 77

19.4 119422, 1 1 1.1897 8328 1.55 0.27 1.92 15.6 119422 1 2 1.1971 8117
2.12 0.31 2.12 14.2 119422 1 3 1.1835 9572 1.43 0.27 1.81 18.7 119422 1 4
1. 1850 7941211 3 Vhileghe invanticg tes beep glpscribed in dateiyand)withy referpncetosgpesifigg 15, 4

examples thereof, it will be apparent to one skilled in the art that various changes and
5  modifications can be made therein without departing from the spirit and scope thereof.

10
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119422 2 1 1.1575 11830 0.92 0.18 1.85 10.7 119422 2 2 1.1625 11219 1.17
0.22 1.91 12.1 119422 2 3 1.1672 11143 1.52 0.25 1.98 13.4 119422 2 4
1.1738 9001 1.35 0.26 1.84 16.3 119422 2 5 1.1873 11547 1.82 0.31 2.21
10.5 119422 3 1 1.1740 8158 1.24 0.24 1.80 16.8 -58 17 No n‘nerb ngﬁ
elastic refractive thickness, nodul us, hardness, dielectri c vemben 8% R ¢
i ndex Angstrons GPa GPa constant GPa 119422 3 2 1.1644 8370 1. 24 0.21 1.85
14.6 1194be inventipnialgimeshs7 1.41 0.22 1.90 14.6 119422, 3 4 1.1617 10306
0.99 0.19 1.81 12.9 119422 3 5 1.1600 11231 1.08 0.19 1.86 12.6 119422 4
1 1.2073 8686 1.71 0.33 1.80 22.6 119422 4 2 1.1655 9479 1.10 0.19 1.76

16.6 119422 4A3mixtdBDbf 288k [&@abfofe Ihemidal ﬂéa@ent]fb@zbzddmcmgh 1634 11465
1.31 0.22 1.84 16.0 119423, 1 1 1.1923 9185 2. 3; % % 15. 119423 2
1 1.1930 psHarmange matgrial baving aydieleajlie gopstant o @b@utgfi gOrless, hez7 2 22

.13.3 llgﬁﬁ%g }fgﬁ?}gﬁ%8472 1.05 0.19 1.76 15.6 119423 3 2 1.1634 10436

1.42 0 423 4 1 1.2148 9486 3.09 0.48 2.16 19.5 119423 4 2
1. 1994 723@irlatdeadt Gte 2ilied sblirde:; 119423 4 4 1.1580 9795 1.22 0.23 1.82 15.6
119423 4 5 1.1596 9901 1.35 0.22 1.89 14.3 119423, 5 3 1.1960 7318 1.66
0.33 1.85 £4 af leagiqneparogen; 1889 7812 1.92 0.33 1.91 19.4 119423 5 5

1.1904 8343 ZadbxYiate seld@edIron t%%ﬁ%ﬂg%o%sistﬁ%@f 88k 1|§ HRiBg 2.18 13.3
119424 2 4°171705°8426 1.04 0.19 1 2251 1645 8592 1.13

0.19 1.98 1(apbodylateranion, a carlimddic acibesten orazongbinaang thegeof 19424 3 2

1.1678 9483 16 ?('é(()f\f‘;a h%aghf%lagéég @613'632 %P%SSQQG tro?lgODE;ISBe 2.13 7.9

119424 3 431
catalyst that has a pKa of its conjugate acid of greater than 12 in an

amount sufficient to adjust a pAcid value of the mixture to a range of from
2.2t09; and

an ionic additive,

provided that if the at least one chemical reagent has a metal impurity
level of 1 ppm or greater then the at least one chemical reagent is

purified prior to adding to the mixture.

2. The mixture of claim 1 wherein the at least one porogen comprises

about 5 weight percent to about 75 weight percent ethylene oxide groups.

3. The mixture of claim 1 wherein the at least one porogen comprises
from about 5 weight percent to about 55 weight percent ethylene oxide

groups.

4. The mixture of claim 1 wherein the weight ratio of weight of
porogen to the weight of porogen and weight of SiO,, ranges from 0.9 to
0.1.

5. The mixture of claim 1 wherein the at least one silica source
comprises at least one carboxylic acid ester bonded to the Si atom.
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119424 4 3 1.1648 8892 1.29 0.20 2.14 8.3 119424 5 1 1.1715 9612 1.01 0.20
1.78 14.5 119424 5 2 1.1832 9746 1.68 0.28 2.27 8.9 119499 1 1 1.1637
10014 0.93 0.17 1.76 14.1 119499 1 3 1.1592 10350 1.13 0.18 1.73 18.5
119499 1 5 1.1886 7962 1.47 0.24 2.00 12.5 119499 2 2 1. 18, 101@7;% 50
0.29 2.04 11.5 119499 2 4 1.1838 10658 1.79 0.33 2.13 11.8'' MR8y 2V 5
1.1614 12477 0.92 0.18 1.91 9.5 119499 3 1 1.1641 11931 1.39 0.23 1.68
26.7 119499 3 2Thersixturesf claimd wheseimthezatigast one silioa sQUICe1iS1937 10946

4 11575 109190 1o B e gt bl el nba by e Phofin 211 o4
12.2 -59 Idrmingdigenber 2006 elastic refractive thickness, nodul us,

har dness, di.el ectric C index An strons GPa GPa,constant GPa
119499 5 1 1 15@5 ia@v@@r@ml '91'@9%8&“&@3%@%"23‘9”1@4@“%’!3’1?9 1. 38

! 1303 7873 0B % 08000u oL oG Ui &' [ preBly e RS e

13.9 1195003r@aﬂ1|01gr2bﬁﬁ9a96é33_‘arﬂmtégém)fl‘l en2l12.2 119500 1 2 1.1783 7280

1.58 0.21 1.91 2, 119500 1 1828 7418 2.20 Q.30 2.10 15.3 119500 1 4
1. 1590 896ﬂ ééaaﬂih ?gefbl%"1 %6” ¥ 8 MORRNASRLOFaNICiGTOYPI9 1 89 12. 4
119500 2 2 19@%@@%8% S2_5A7 05 46 . R§8 FherblOROG 7 /6 krd 793 8576 1.41
0.28 1.85 16. 4  119500°2 5'1.'1844 1 %0 9.12 0.19 1.73 18.4 119500 3 2

1. 1933 12510ndenaendlg 2hydrogsn atormlaﬂoorlme gtom. 1o monpgelent seganie7 2. 20
14. 2 11950041 4157869286 0.96 0.18 2. 1 L 0 ...1578 8856
1795 0 22°1.08URgRGAN R dependhatly sgpatiotaidat groApiiatbyb; b e

may be the same or different and each is a number of 0 to 2; R’ is an

oxygen atom, a phenylene group, or a group represented by —(CH2),—

wherein n is an integer of 1 to 6; or combinations thereof.

7. A mixture of an at least one chemical reagent for producing a
performance material having a dielectric constant of about 3.7 or less
comprising:
an at least one silica source;
an at least one porogen wherein the at least one porogen
comprises from about 5 weight percent to about 75
weight percent ethylene oxide groups;
a carboxylate selected from the group consisting of a.carboxyfic acid, a
carboxylate anion, a carboxylic acid

ester, or combinations thereof; and
a strong acid catalyst that has a pKa that is 2 or less and
a strong base catalyst that has a pKa of its conjugate
acid of greater than 12 in an amount sufficient to adjust a pAcid value of
the mixture to a range of from 2.2 to
9
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119500 4 4 1.1642 10232 0.94 0.19 1.72 16.2 119500 4 5 1.1562 10902 0. 96
0.18 1.71 16.9 119500 5 1 1.1609 9246 1.36 0.27 1.65 29.9 119500 5 2
1.1493 9048 0.79 0.14 1.62 19.0 119500 5 3 1.1500 10063 1.29 0.22 1.73
21.4 119500 5 4 1.1862 9314 1.70 0.33 1.88 18.4 119500 5,@2}.19g6 g@gz
2.03 0.37 1.92 20.5 119501 1 1 1.1569 9971 1.34 0.21 1.90 ayemief g
1.1780 7823 1.96 0.31 1.99 16.8 119501 1 4 1.1820 8292 2.10 0.27 2.13 13.9
119501, 1wheleindhe atigasioomy cheprcal reagent has prostal 2 2 1. 1898 8599 1. 91
0.32 2.11 13.0 119501 2 3 1.1661 8770 1.38 0.23 1.79 19.1 119501 2 4
1.1825 9582 2impudtydével Beow71 ppmi19501 2 5 1. 1840 9048 1.83 0.29 2.02 14.7
119501 3 3 1.1776 8954 2.41 0.37 1.99 20.9 119501, 4 1 1.1483 12142 1.02

0.18 1.81813.Phe HiRkPa of chirh l&%rélhltﬂe%t%ﬁ ohé dili¢éd 12.1 119501 4 3
1.1682 4998 1.68 0.26 1.85 19.8 119501 4 5 1.1542 4259 1.53 0.18 1.84 18.6

119501 5 7 1.1821 8668 1. 38
550 1. oa $hurce’SorhBses & RhsPon ordidi atid de@Phended 1 1977 D05% 1
1.1788 875¥ 0%6 0. 36 2.13 14.4 -60 17 Novenber 2006 elastic refractive

t hi ckness, fr8del #9™Mhar dness, dielectric Eo', LIBID R C index Angstrons
GPa GPa constant GPa 119502 1 4 1.1592 5487 0.75 0.13 1.84 9.1 119502 1 5
1.1784 12045 1.96 0.31 2.05 14.8 119502 3 2 1.2178 7201 3.41 0.53 2.22
19.3 119502 3 4 1.2102 8539 2.61 0.48 2.23 14.7 119502 3 5 1.2034 9722
2.22 0.4292. 0bha migurel obgeim 4 whereingbe at lepst opes®@rogedy 2. 17 15.0 119502 4
2 1.1822 8466 1.47 0.28 1.92 14.6 119502 5 2 1.2252 6972 3.12 0.56 2.23

17|. 5 Exanpbeprises firomabobt 5Welght pércent tf alspitreSoneight pertent atbiylege TECS or
pol y- TECS as

oxide groups.

10. The mixture of ¢claim 7 wherein the at least one

porogen comprises a non-ionic surfactant.

11. A mixture of an at least one chemical reagent for
producing a performance material having a dielectric constant of about 3.7 or
less, the mixture comprising:
an at least one silica source;
an at least one porogen; and
a strong acid catalyst that has a pKa that is 2 or less and a strong base
catalyst that has a pKa of its conjugate acid of greater than 12 in an
amount sufficient to adjust a pAcid value of the mixture to a range of from

about 2.2 to about 9.
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Hydrophilic Silica Source [00106] Spin-coated filnms were prepared to
illustrate that the results could be obtained 5 for other manufacturing
nmet hods. In the foll ow ng exanples 1 through 8, a m xture of hydrophilic
and hydrophobic silica sources were added to a pol ypropyl en ott|e t
al so contained one or nore solvents. The anobunt and identi tﬁ'\gqve@g%rﬁwé
chem cal reagent added to the mxture are provided in Table |Va. The
initial m%turdhRadisyse ahegim éﬁbi‘ﬂ?ﬁretfbﬁg‘?t'i‘%ﬁref dHrtheh fAnPnsesk@  one
or nore porogens and water, were added to 10 the m xture that was then
agi t at ed aarboxykade f selebted rfronas theAfgreupacdssisting r ofc aactatbaryic @bithdat o t he
m xture to catal yze the hydrolysis of the silica sources. The m xture was
agi tat ed gafbox@Re Plorh AtAbbe§lic heidtdsyer, ancombiratipndithemfwas added to
m xture. Once "all of the reagents have been added, the m xture was
agitated for approximately 2-3 mnutes to ensure that the m xture was
honogeneous. The resulting solution was then 15 aged for 12-24 hours at

room tenperatu pLior t i ting. .. Af i - 0N s then
i rerod iR ougneantus ARt A2 Pt 8 e ARt Sriesiicel o B HoriiselS
within the mxture contained |ess than 1 ppmof netal inpurities. [00107]
The sol ut ?BW%@"&%‘W&WGSQrIbWﬂﬁﬁé?ﬁglb@WP type <100> Si wafer
spinning at 500 rpmfor 7 seconds to spread the formnul ati on across the

waf er and then 20 accelerated to 1800 rpm for 35-40 seconds to evaporate
the solvents and dry the film The filmforned during the spin coating
process wddg.t hdihehpakiede asf adaimt1 plviliereit tRO Gt least @Neseloemital ré8géntf or 90
seconds, and 400C for 180 seconds in an air or nitrogen atnosphere to
remove theaRQ  R@eA impifity\Rivel bksy §Qned under ambi ent conditions. The
properties of each frimare provided in Table V. Exanples 1 through 8
reconfirmthe 25 array results of the effect of the carboxylate, the weight
percent EOQ and the pAcid values of the m xture have on the nornalized

wal | el astic ulus. -6 7. er 2006. .Exanples 9 through 11:

Pr epar at i 4 o?q-%ﬁirﬁix&fﬁté§j[@im'\%?@ri‘?f OFARI1S{ag WdPB‘&ﬁqC{'t&VG' Silica Source
[00108] In the foll ow ng exanples 9 through 11, an initial solution,
solution A, containing the hydrophilic silica source (TAS), water, and one
or nore solvents was prepared and 5 agitated for about 1 hour to initiate
hydr ol ysi 46and Adimixblinee df hansat ileasts amec @heffieabreagent dod prodotingy aof each
reagent added to the solution are provided in Table |IVb. The initial

M xture WasriRERENEE dREteRH IRNinG endicié@ne dovistdrd- @4abeut 8.7 Artiess,swleuti on A
was aged, the solution was passed through a 0.2pm Teflon filter. [00109]

Next, sol ut. Wﬂﬁ‘ pared containing one or nore hydrophobic silica 10
sour ces, \*/tﬁ/a| @?‘?%ﬁl rlsgﬁéci d, and 3.4 grans of solution A The anmount and

identity of eachg reia ent..added to the solution are provided in Table | Vb.
Sol uti on B wa® alfeas ég]ei%.'{"é%lSPHFce'Z-B m nutes and aged for about 1 hour.

Af terwards, additional reagents were added to ,
an at least one porogen wherein the at least one porogen comprises about

75 weight percent or less of ethylene oxide groups;

an ionic additive; and
a strong acid catalyst that has a pKa that is 2 or less and a strong base
catalyst that has a pKa of its conjugate acid of greater than 12 in an
amount sufficient to adjust a pAcid value of the mixture to a range of from
22109
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solution Bin the follow ng order: porogen dissolved in a solvent; a
solvent; and the ionic additive TMAH to provide a m xture. Once all of the
reagents have been added, the 15 mixture is agitated for approxi mately 2-3
mnutes to ensure that the m xture was honogeneous. The re tlrl’rllger%éé ure
was then aged for 12-24 hours at room tenperature prior to NRTEB4T ng.
After aging, the solution was then filtered throu a 0.2 mTeron filter.
[0100] The SBTQ}'ﬂq’%tb@slfJMp%tn?@ét SReochemisgl ﬁ'@@ﬁl%ﬂtl 0% @ BI§lhaMRYAY> S
waf er 20 spinning at 500 rpmfor 7 seconds to spread the formul ati on across
t he waf er andlevedof 1guwelargieateritben 800 at |east one gBemirad eragemd ig pudigdpor at e
the solvents and dry the film The filmfornmed during the spin coating
process was t pgor ficaddidg emtiie Mattup.ate at 90C for 90 seconds, 180C for 90
seconds, and 400C for 180 seconds in an air or nitrogen atnosphere to

renove thQ7p0r99§ﬂrxftJrlée OMRLRT aVa8560 YA dﬁ@ﬂﬁbararréa@@ht GeRdblodeBmg &5 The

properties of ea I'mare provided in Table V. Exanples 9 through 11

fi | t h | ht
ber cent | BeTaEAPRE PR ol e FeRai nolbtl S B0 S ner et o
wal | el asti.c nodul us, .-62 17 Novenber 2006 TABLE |Va: COWCSI TION OF SPIN
COATED FI UWWG’PHHH@'“Q: Hydro- Sol vent (g) Porogen Water Nitric TMAH Si

Source (g) phobic Si (g) (g) Acid (g) Ex. Source (g) (g) 18.6 EEA;, 5.8 0.2
1 6.0 TECS & @t lgpesone siliReewcs; 2 L101 5.7 0.2 M2.4 ww% 23.2 PGPE;, 5.4

8 0 TECS 5.3 RS b mtopel] Wit ihoobieg3t S popdarh ol Tl 02

TECS 7. 1 MIASdd St Shbutowdiht ofbchit 02GirIchelontoordups Qa5 6.4 Yeos
6.4 MIES 36.0 PGPE 3.9 L101 3.8 .025 M2.4 wt9% 3.9 0.33 6 4.5 TECS 8.8

MIAS 43. 8 FEstrong@cid oatatyss thatdmss MD%MW%ZQI lessgand astiong @aser 7.7 TEOS
7.7 MIES 25. \] % pol y- TECS
5.7 MIES 45, PIRLPE tadbiag 1 opits oplldatd i br ghedeqtifian 12 i <h
amount sufficient to adjust a pAcid value of the mixture to a range of from
22109
provided that if the at least one chemical reagent has a metal impurity

level of 1 ppm or greater then the at least one chemical reagent is purified

prior to adding to the mixture.

18.  The performance film formed by the mixture of claim 1.

19. The semiconductor device comprising the performance film of

claim 18.

20. The performance film formed by the mixture of claim 7.

21.  The performance film of claim 20 wherein the normalized wall

elastic modulus is 16 GPa or greater.

22. The semiconductor device comprising the performance film of

claim 21.
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Solution A Solution B gramgrans grans grans grans Grans grans 21.9 grans
granms Ex s TAS water solvent sol'n A MIAS water 0.025 M wt % porogen in
PGPE 1.2 HNB PGPE % TMAH 9 2.5 0.8 9.3g 3.4 1.1 1.1 0.33 1.6 Triton X-
5.6 0.06 PGPE 45 10 7.4 4.5 25.59g 3.4 1.1 1.1 0.33 2.0 Ter a\SOI g.%oﬁ 06
PGPE 15-S-5 11 9.0 5.0 16.08 3.4 1.1 0.0 0.33 2.2 Tergitol B A
15-S-5 -63 17 _Novenber 2006 Table V: Propertles of Spin-Coated Fil ns EXx.
Silicate 23 adiwnmivireEclam:dvhereintas paad vatmal NIESKIE #0 1.8 2. 09

2 05 2 01°1% SR FELI TS IO Sytiing oy 5°5°15°) 5 rece wres Liot 10
3.4 1.92 1. (41)5 @Ac&i—-ﬁo@ﬁﬁi@ﬁlw&ﬁtklw Birohgd éc@?ed,uﬂéléﬁlsS of 7 SEEORY MTES

L101 10 2.0 17 2. 3 10 2. ?613147 TEOS/ MTES 9
TAS/ MTAS X- 4'5359)/@(%@@&3“'2“8' h“ﬁh e Airais of :asivalenty of Strepd > o 19, 7
11 TAS/ MTAS vention has
been descri b%@d %Jgtgg%tﬁa%c}ﬂé I"?I,H‘ﬁ ﬂgl; gﬁgg%gﬁgspéﬂ?#rgnb%%%pl es thereof,
it will be (éppdcidt14e[logéesgkivhlentsi of $ﬂnengrhasd"+&qumleot&30f:Bt;mggs and 5

Scope { her ecrCitINE TelH TP Be AN TRET ARGl P hEloS. 1 A
m xture of ap,gh |é§<’%ébté>mﬂqéwﬁﬁré ‘?ﬁlm!’)ér'igﬁBbuf\%leﬁfsogﬂ@.tr%@igaamlerafrﬁf mance
material having a dielectric constant of about 3. l'ess, the mxture
conpri si ng:(iilgnpAcid=dasthennthes nuimizersolueqeivalents of strong acid equals the

number of equivalents of strong base.

24. The mixture of claim 7 wherein the pAcid value of the mixture is
one selected from the group consisting of:

(i) pAcid=-[(log(equivalents of strong acid-equivalents of strong
base)/(kg total mixture)] when the number of equivalents of strong
acid is greater than the number of equivalents of strong base;

(i) pAcid=14+[log(equivalents of strong base-equivalents of strong
acid)/(kg total mixture)] when the number of equivalents of strong
base is greater than the number of equivalents of strong acid; and

(iii) pAcid=7 when the number of equivalents of strong acid equals

the number of equivalents of strong base.

25.  The mixture of claim 11 wherein the pAcid value of the mixture
is one selected from the group consisting of:

(i) pAcid=-[log(equivalents of strong acid-equivalents of strong
base)/(kg total mixture)] when the number of equivalents of strong
acid is greater than the number of equivalents of strong base;

(ii) pAcid=l4+[(log(equivalents of strong base-equivalents of strong
acid)/(kg total mixture)] when the number of equivalents of strong
base is greater than the number of equivalents of strong acid; and

(iii) pAcid=7 when the number of equivalents of strong acid equals the
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an at | east one porogen; a carboxylate selected fromthe group consisting
of a carboxylic acid, a carboxylate anion, a carboxylic acid ester, or
conbi nati ons thereof; a strong acid catalyst that has a pKa that is 2 or
| ess and a strong base catalyst that has a pKa of its conjugate cizg f
greater than 12 in an arount sufficient to adjust a pAcid Vg{ﬁﬂ'&m § H§
m xture to a range of from 2.2 to 9; and an ionic additive, provided that
if the at | easnbenel eguiMatentsrebgiéangi@sen netal inpurity level of 1 ppm
or greater then the at | east one chem cal reagent is purified prior to
adding to the mxture. 2. The mxture of claim1l wherein the at |east one

porogen cE@pITixesnixtireust Slawpi thivheaeiretie pdcidoalue bf tiee ghixtyer sent
et hyl ene oxi de grouqlps. 3. The mixture of claim1l wherein the at |east one
por ogen cOmBrielested HampbatgrouReremiishiRg@ht to about 55 wei ght percent

et hyl ene oxi ¢de ~ L 1.xt u ai.m; ' h ' ratio
of \>/lvei ght )()Y‘If'fi Bé?’gdg}g_ﬂ%lgo (tehq-em\?\?ellggﬁ (E))f %f)rrog] enéeé%ag&leg?g E{ht%f %é%%anges
from0.9 to b8sd)/(Kgy tothemiktxire)] avieén thainunibevhet equivatentatof| sestg enie silica

source conprises at |east one car x%ll*i C agt:i d.ester bonded to the Si atom

oxyl.

-65 17 NovenSe9restenthan thepumber Hf e BHVaIeRS P SHRE9PA ¢ he at | east one
il o Ol ] i th
stirca Sour(?gr:Eacngﬂ?ﬁﬁgééﬁ?f&él?ﬁtsg,rd?\‘ljﬁtr%fngc%@ﬂﬁ|\feﬁ§ﬁ%3€lﬁt a@-dpy t he

fol |l ow ng N erei’n Ris independently a hydrogen
atom a fl uoacide/(kgttotal noixturepowbealtbatnuwmbanpt eguingbent®iof strongdssedent |y

a nonoval ent., organi roup; and a is an integer of 1 or 2, ii. Si(0OR2)4,

where R2 is 5%@'@%@%&% &'%hHBﬂWa‘P%e QUW%%'%SCO%?%BBQ agigi and

R3b( R4O) 3_hiy pRela=F WHZH the nBAber ¥h8GBIvEIEHs2BHsTBNg! £cid sglemengient |y a
hydrogen atom a fluorine atom or a nonoval ent organic group, R4 and R6

ar e i ndependeutiberofinemdivalents afrgjeeng bgseup; b and ¢ may be the same or

different and each is a nunber of 0 to 2; R7 is an oxygen atom a

phenyl ene group, or a group represented by -(CH2) 3 wherein n is an

integer oR71 t OTHE mikturendh SiAimoNs wiheretwfthe pAddWalLer ef tHe amixtire Bast one
chem cal reagent for producing a performance material having a dielectric
const ant @neagpigcted frasp thesgroup consisting of:

(i) pAcid=-[(log(equivalents of strong acid-equivalents of strong
base)/(kg total mixture)] when the number of equivalents of strong acid
is greater than the number of equivalents of strong base;

(i) pAcid 14+[log(equivalents of strong base-equivalents of strong
acid)/(kg total mixture)] when the number of equivalents of strong base
is greater than the number of equivalents of strong acid; and

(iii) pAcid=7 when the number of equivalents of strong acid equals the

number of equivalents of strong base.

28. A mixture of an at least one chemical reagent for producing a
performance material having a dielectric constant of about 3.7 or less,
the mixture comprising;
an at least one silica source;
an at least one porogen,; and
a strong acid catalyst that has a pKa that is 2 or less and a strong
base catalyst that has a pKa of its conjugate acid of greater than 12 in
-71-



conprising: an at |east one silica source; an at |east one porogen wherein
the at | east one porogen conprises fromabout 5 weight percent to about 75
wei ght percent ethyl ene oxide groups; a carboxyl ate sel ect ed fromthe group

consi sting of a.carboxyfic acid, a carboxylate anion, car R\EFE’ I i C?‘-Q‘%
ester, or conbinations thereof; and a strong acid cat aI yst t7 pKa
that is 2 or less and a strong base catal yst that has . a of its

conj ugat e ad@'Hagoyrenifbiciandn adiusha fAGfv@ENe ftf"iecFB’fﬁtt‘Jr? O'888%a pAci d
val ue of ”}ﬂ‘f?c‘[)%té't‘t')@uttﬁzacfaBBEf@f from2.2 to 9; -66 17 N_overrber 2006

wherein the at [east one c em cal reagent has a netal inpurity |evel bel ow
1 ppm 8. Wreenginthie eAdidolalue of thieendkiuretie are Isebexttedrieosi the grogpur ce
conpri ses at Ieast one carboxylic acid ester bonded to a Si atom 9. The
m xture of GISIPHNMMrein the at | east one porogen conprises from about 5

wei ght._per ¢aiadia=aRMbaBREh@ISF RO Hoidiclith RNt Y] Sofp Wi (kY.  The

m xture of ‘¢cllaim7 e at [east one Pporogen conprisSes a non-ionic
surfactant. téfal rmnimmet)]mmmtrwﬁnamheealftemmealen&méatron@a@édtlsfgrﬁeatﬁfodum ng

a performn erial, hav | ectrjic constant of about 3.7 or |ess,
t he mxture%gﬁﬁgﬁ'?ﬂ%beﬁﬂi{ ﬂ“l" % At Stg??g%g S€ource; an at |east one

porogen; ang) apA&rdmmqwg(éeaatv@lé/r&% tohakirbng dazkaedhiobldrits200r slrefg and a
strong base "cataly has a pKa of its conjugate acid of greater than

12 in an am@)/(@fdtﬂbﬂmtﬂlreﬂ vehguthe auprgraofiequisalemts i stiond.baseo a
of o =i m 11 iesafal trAn e BBYY o siVaB st RYEIRHo BERE AT ac o sel eot ed
from the grpyprcasrsihes Bt GuedePofdduivarings of strong acid equals the
number of equivalents of strong base
provided that if the at least one chemical reagent has a metal impurity
level of 1 ppm or greater then the at least one chemical reagent is

purified prior to adding to the mixture.
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car boxyl ate anion, a carboxylic acid ester, or conbinations thereof. 13.
The m xture of claim 12 wherein the at |east one silica source conprises
at | east one carboxylic acid ester bonded to a Si atom 14. The m xture of
claim1l wherein the at | east one chem cal reagent has a ngtal i B'éoy
| evel below 1 ppm 15. The mixture of claim14 further conp i"Z‘iVﬁ@g@{H ni ¢
additive. 16. A mxture of an at |east one chem cal reagent for producing a
performance nmaterial having a dielectric constant of about 3.7 or less, the
m xture conprising: an at |east one silica source; an at |east one porogen
wherein the at | east one porogen conprises about 75 weight percent or |ess
of ethylene oxide groups; an ionic additive; and a strong acid catal yst
that has a pK® that is 2 wpecessder farmiing astariongamasiem resinglay/dielettiat has a pKa
of its conjugate acid of greater than 12 in an amount sufficient to adjust
a pAci d val ue ofonshantief {7werdessotre pracage cofpfisio;y 2.2 to 9 -68 17 Novenber
2006 provided that if the at | east one chem cal reagent has a netal
inmpurity lev : t . chem cal reagent
o pur 1 ea. Thfind aBRTLAK olkir A Bt bE BubriEaPbab SR Sn BRGNS O on ot T eaet
one chem cal reagent for producing a performance material having a

di el ectric constant of aboutarGatfeast ohesiica sdwrce;ni xt ure conprising: an at

| east one silica source; an at |east one porogen wherein the at |east one

Oxi do groups: and a otrong. SbIARHboth | AR orARl ARBerd ofA DY P ecs
~and a strong base pﬁ@, : tah%rb i CQni e.acid of greater
than 12 in an amﬁ?nt Lcﬁtlt'ddl en %ﬁéﬁ?@gﬁ %E%Hxéggg\%g#%@éfor?he m xture to

a range of from 2.2.4049° pEOV that if the at | east one chem cal
reagent has a net aPa}bnpgrg??@e%’ve of 1 ppmor greater then the at | east

one chem cal reagent is purified prior to adding to the mxture. 18. The
performance filmformed by tdneatigast ghepotogen abmprising GomEpeuszmweighhduct or

devi ce conprising the performance filmof claim18.
percent to about 75 weight percent ethylene oxide groups;

provided that if the at least one chemical reagent has a
metal impurity level of 1 ppm or greater then the at least one chemical

reagent is purified prior to adding to the mixture;
depositing the mixture onto a substrate to form a coated substrate; and

curing the coated substrate to one or more temperatures and for a time sufficient

to form said performance film.

30. - The process of claim 29 wherein the at least one porogen
comprises from about 5 weight percent to about 55 weight percent ethylene

oxide groups.

31. The process of claim 28 wherein the temperature of the curing step

s 450°C or less. 73-



20. The performance filmformed by the m xture of claim?7. 21. The
performance filmof claim 20 wherein the normalized wall elastic nodul us
is 16 GPa or greater. 22. The sem conductor device conprising the
performance filmof claim?2l. -69 17 Novenber 2006 23. Thgég}xtur @?
claim 1 wherein the pAcid value of the mixture is one sel ect ¥ imAhP
group consisting of: (i) pAcid=-[log(equivalents of strong acid-equival ents
of strong base)/ (kg total m xture)] when the nunber of equival ents of
strong acid is greater than the nunmber of equival ents of strong base; (ii)
pAci d=14+[ | og(equi val ents of strong base-equival ents of strong acid)/(kg
total mxture)] when the nunber of equivalents of strong base is greater
than the number of equirkahRitbss of ciihy Wndtinthe 8 drtid dupfGdric aghen the
nunber of equivalents of Strong acid equals the nunber of "equival ents of
strong basges 8ftesdne mxture of claim7 wherein the pAcid value of the

m xture is one selected fromthe group consisting of: (i)

pAci d=-[ (| og(equi val ents of strong acid-equival ents of strong base)/ (kg
total m xture)] when the nunmber of equivalents of strong acid is greater
t han the nunmber of equival ents of strong base; (ii)

pAci d=14+[ | ogiequi val efps pRfcesd HAUMIMBASER GBI IMeHPRlR erfthértcroﬁﬂﬁusesaﬁh d)/ (kg
total m xture)] when the nunber of equivalents of strong base is greater
t han t hggriuadpiiveof equival ents of strong acid; and (iii) pAcid=7 when the
nunber of equivalents of strong acid equals the nunber of equival ents of
strong base. 25. The m xture of claim 11l wherein the pAcid value of the
m xture 1is one selected fromthe group consisting of: (i)

pAci d=-[ | og(equi val ents of strong aci d-equival ents of strong base)/ (kg

total mxturey] when thgs P%@Q@d’ ofiaifid WiRdrinttRe of le8dt/PRGilicBSblrcks Oreater
than the nunber of equivalents of strong base; (11i)

pAci d= 14:6&1()}19&(:&%3\’811@B&r%o@hc%fd%r%ﬁ@é@%&@n gfhe of strong acid)/ (kg
total m xture)] when the nunber of equivalents of strong base is greater

t han the nunmber of equivalents of strong acid; and (iii) pAcid=7 when the
nunber of equival ents of strong acid equals the -70 17 Novenber 2006

35. A process for forming a performance film having a dielectric

constant of 3.7 or less, the process comprising:

providing a mixture of an at least one chemical reagent comprising an at least
one silica source, an at least one porogen, and about 5000 ppm or less of an ionic

additive;
depositing the mixture onto a substrate to form a coated substrate; and

curing the coated substrate to one or more temperatures and for a time sufficient

to form said performance film;

provided that if the at least one chemical reagent has a metal impurity level of 1
ppm or greater then the step of purifying the at least one chemical reagent is conducted

prior to adding the at least one chemical reagent to the mixture.
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nunber of equival ents of strong base. 26. The m xture of claim 16 wherein
the pAcid value of the mxture is one selected fromthe group consisting
of : (i) pAcid=-[log (equival ents of strong acid-equival ents of strong
base)/ (kg total m xture)] when the nunber of equival ents of 7sﬁrong az%béj IS
greater than the nunber of equival ents of strong base; (ii)'?Novemoer

pAci d=14+[ | og(equi val ents of strong base-equivalents of strong acid)/(kg
total mxture)] when the nunber of equivalents of strong base is greater
than the nu of equ a ents of str aci. and =7 when the
nunber of egttlrﬁ/al ents eﬂ?ﬁ?ﬁﬁ L‘é‘?'ﬂ" gﬁ%&??"ﬁ?@ puH[}'ﬁH?esrtg% O'Baruﬁ?al ents of
strong basg The xture m 1 A al ue of the
i xture | s ConsAdingang ol A e et FAgE LU R L ol RetarB g xchangs

pAci d=-[ (I o% ch val ents of strong acid-equivalents of strong base)/ (kg
total m xtf ?T Nthen the nunber of equi val ents of strong acid is greater
than the nunber of equivalents of strong base; (ii) pAcid

14+[ | og(equi val ents of strong base-equival ents of strong acid)/(kg total
m xture)] when the nunber of equivalents of strong base is greater than

t he nunber of qU|vaIe s of str and AcCi en th nunmber
of equi val ent - of Stroﬂbeggchsaaﬂagya%ghe éIatHas %"B?ﬂ §e‘?ﬂ‘e trong
base. 28. A mxt | east one, chem ﬁg rea ent [ne R gum ng a
perforrranc@'%?é?“é hé‘?“ aﬂﬂ?@ 25t g8 (WA ‘H'BHP"'B NPt B IeAshPng oss,
the m xturg co r|5|n an.,at | east one silica source; an at |east one
por ogen; alfg & émg) Ugdcat al yst that has a pKa that is 2 or less and a
strong base catal yst that has a pKa of its conjugate acid of greater than
12 in -71 17 Novenber 2006 an anount sufficient to adjust a pAcid val ue
of the mxture to a range of fromabout 2.2 to about 9 wherein the pAcid
val ue of the gy xture ig, one ected u nsi stin

bAci d=-[1 0g( Gl val ent SEPrREEFB AR < BERiefne Rotioe R e iese) 1 (ko
total m xture)] when the nunber of equi val ents of strong acid is greater

t han t he ndietvingtheestueash bratiseroicalseaged ihaselyvertito provide a solution;

pAci d=14+[ | og(equi val ents of strong base-equival ents of strong

passing the solution through an at least one ion exchange column

comprising an at least one ion exchange compound to provide an effluent; and

removing the solvent from the effluent to provide at least one purified

chemical reagent.

39. The process of claim 38 wherein the removing step comprises

rotovapping the effluent.

40. The process of claim 38 wherein the removing step is conducted
under vacuum pressure and at a temperature that is within about 20°C of the boiling

point of the solvent.
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acid)/ (kg total m xture)] when the nunber of equivalents of strong base is
greater than the nunber of equivalents of strong acid; and (iii) pAcid=7
when the nunber of equivalents of strong acid equals the nunber of

equi val ents of strong base provided that if the at |east on ﬁhenhcaz:o
reagent has a nmetal inmpurity level of 1 ppmor greater theH NHEM8E P8%st
one chem cal reagent is purified prior to adding to the m xture. -72 17
Novenber 2006 29. A process for formng a performance filmhaving a

di el ectric copstant of, 3. r . the process. rising, providing a

m xt ure of anﬂat Ieasfa‘ %Hées%ﬁgnlmf%ﬁﬁhgrae%{eé@ﬁrﬁgr&%en%&ﬂﬁrw :adigﬁcﬁP GageM™ one

silica source; rboxyl ate sel ected fromthe group consisting of a

car boxylic aci d,%f gﬂ(?i%k%X@Fﬂ%cegﬁic8WP”§;1m%‘ar boxylic acid ester, or

conbi nati ons thereof; and an at | east one porogen conprising fromabout 5

wei ght  per cqmbvitliog abointure bf aveatgasst pee chatnicat feagemeoorigizggr oups; provi ded

that if the at |east one chem cal reagent has a netal inpurity level of 1

ppm or greater then the e Q chem cal, reagent is purified prior to

adding to the m xture; ad‘g%déﬁ??’hss{'}ﬁ%s?#%mﬁ“é‘ onto a substrate to forma

coated substrate; and curing the coated substrate to one or nore

t enper at ures and fasratdeast mee pofohes wbetein the dtdeast spg dorpgeh comprgss fforhm  30.

The process of claim?29 wherein the at | east one porogen conprises from

about 5 aheufghto ghmut éhweight pboant d'=tiwierghdxidecgroeps et hyl ene  oxi de groups.

31. The process of claim?29 wherein the tenperature of the curing step is

. 450C or less. -73 : . Jhe process,of _claim29 wherein the
dﬂ’é\gé\@&/ t%%@&ezaqugas{ g%e cher}wgglsrfaa X hritFI 2 rrﬁ&gl?glggnfg?

time of the curin ep is m hut es” or claim 29

3’%‘6%%?{%&%@#@{0‘3 gf%ééﬂﬁéfg A3 SRR e, S i E’f@'@%f 8 cast one
2% . f .
per 1 or miniadtiof pERACRadRE IR East e eheleBllemde W ARERI oS 1 he br ocess

conpri si ng:

depositing the mixture onto a substrate to form a coated substrate; and

curing the coated substrate to one or more temperatures and for a time sufficient

to form said performance film.

42. The process of claim 41 wherein the mixture further comprises an
ionic additive.
43. A process for forming a performance film having a dielectric

constant of 3.7 or less, the process comprising:
providing a mixture of an at least one chemical reagent comprising:
an at least one silica source;

an at least one porogen; and
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providing a mxture of an at | east one chem cal reagent conprising an at

| east one silica source, an at |east one porogen, and about 5000 ppm or

| ess of an ionic additive; depositing the m xture onto a substrate to form
a coated substrate; and curing the coated substrate to one nor
temperatures and for a tine sufficient to formsaid perforﬂéﬂ%@”ﬁFVﬁPG
provided that if the at | east one chem cal reagent has a netal inpurity
level of 1 ppmor greater then the step of purifying the at | east one

chemi cal reagent is con

: u% nd ; h‘ﬁé’o addi i‘ﬁ ttI east on chem cal
reagent to the m xture. g_La}c Pafcﬁ%o Sttt 8 &5’&3 el ai m 35
wherein the purifyi r| ses con i st one chem cal
reagent with an at qq%agﬁtﬁgﬁeﬂ Oe%{@H%‘?‘la &‘?ﬁ%ﬂr}g‘ he process of
claim 36 wherein the at | east one chem cal reagent is passed t hrough an at

| east one i ondepositiagffe Lokwanmoarpubstiategtotitien aicobtedsubstrate; amn exchange
conpound. 38. The process of claim35 wherein the purifying step corrpri ses:

Sorution © pad %ﬁétte Aed PR e b Rath et ket B RERE Cot um

corrprl s an_at ast Qne i on exchange conpound to provide an effluent;
and 8?%“{'%89&%5? omthe effluent to provide at |east one

puri fi ed chemi cal reagent. 39. The process of claim 38 wherein the

removi ng step conprises rotovapping the effluent. 40. The process of claim
38 wherein the renoving step IS conduct ed under vacuum pressure and at a

: b he.b f th I )
it e e B ke 35k Sl bRy o
di el ect rH @p&ur& 'egﬂé E%W ﬁ@%r t he pr ocess conpri sing: provi ding a

m xture O reagent conprising: an at |east one
silica source, and an at | east one porogen wherein the at |east one porogen
conprises from about 5 to about 75 wei ght percent of ethyl ene oxide groups
provided that if the at | east one chem cal reagent has a nmetal inpurity

level of 1 ppgp or greafy ot D@0 B ShifPaPlnBMi fhd'mMigutd Eirbr LdtfiHseO2R

chem cal reagent is
ionic additive.

46, The process of claim 43 wherein the providing step comprises:

decreasing the pAcid value of the mixture to a range of from about 1 to about 2.2

to at least partially hydrolyze the at least one silica source; and

increasing the pAcid value of the mixture to a range of from about 2.2 to about 9

to at least partially condense the at least one silica source.

47. The process of claim 43 wherein the providing step comprises:

preparing a first solution comprising the at least one silica source, water,
and an at least one solvent wherein the at least one silica source is at least partially
hydrolyzed;
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conducted prior to adding the at |east one chem cal reagent to the m xture;
depositing the m xture onto a substrate to forma coated substrate; and
curing the coated substrate to one or nore tenperatures and for atinme
sufficient to formsaid performance film 42. The process | ai mczié
wherein the mixture further conprises an ionic additive. NWeB‘PBr € for
formng a performance filmhaving a dielectric constant of 3.7 or less,
the process conprising: providing a mxture of an at |east one chemi cal
reagent conpri sing an at east one

bor agen: and - 76  PPPRB0ERSEFO B oR CorRERGO 1 B 13 AreSiioR ROURSanount
sufficient tg adjust a d val ue of the a _range of from about
2.2 to BB *beSfa%q)agrﬂFAtfrbSt 803 Bk PG OLne T SPRHET PHSHESt e coat ed
substrate; and B coat ed substrate to one or nore tenperatures and
for a ti el ’E'\ﬁcf‘ t@&gt's 5SPEHINMAE  per f or mance film 44. The process of
claim43 wherein the at |east one chem cal reagent has a netal inpurity

I evel below 1 ppm adding Hecath22E 666 pologeh ahdaAforih&dditive th ke 8doshdr e furt her
conprises an ionic additive. 46. The process of claim43 wherein the

provi di ngolstictoGOmpihesRiRture WRGTERPIBE 2 IcabEorRsdrégetais wptiéHally BiRssB¥d W e to a
range of fromabout 1 to about 2.2 to at |least partially hydrolyze the at

| east ongeoldest source; and increasing the pAcid value of the mxture to a
range of fromabout 2.2 to about 9 to at |east partially condense the at

| east one silica source. 47. The process of claim43 wherein the providing
. Step conprises: preparing a first solution conprising the at |east one
silica source, water, and an at |east one solvent wherein the at |east one

silica source4gs at |eddle pracdssal biim Bg dWheleiz e’ providing étddosceipriaes: 2006
preparing a second solution conprising the at |east one silica source,
wat er, the strong acid.ca

nd i f
sol ution wherein tREPALRY %ﬁﬁ' a?JP%Oafb%‘tr@‘rft?&g qr‘saﬁ?g“gé%ggwgw ﬁtﬁgﬁg addl ng

]the at Iea t onﬁ gﬁro en and an ionic additive to the second sol ution to
formt he'®AY n the at | east one porogen is optionally dissolved
'n preparing a second solution comprising the at least one porogen and at
least a portion of the first solution wherein the at least one porogen is optionally
dissolved in an at least one solvent;
adding water to the second solution to provide a third solution;
adding the strong acid catalyst to the third solution wherein the strong
acid catalyst is dissolved in water prior to adding to form a fourth solution;
adding the ionic additive to the fourth solution to form the mixture whereio

the ionic additive comprises a strong base and is dissolved in water prior to the third

adding step.

49 A mixture of an at least one chemical reagent for producing a
performance material having a dielectric constant of about 3.7 or less, the mixture
comprising:

an at least one silica source;
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the solvent. 48. The process of claim43 wherein the providing step
conprises: preparing a first solution conprising an at |east one sol vent
and the at |east one silica source; preparing a second sol ution conpr|5|ng
the at | east one porogen and at |east a portion of the flri} sol %§
wherein the at | east one porogen is optionally dissolved i N g}e gt
one solvent; adding water to the second solution to provide a third

sol ution; adding the strong acid catalyst to the third solution wherein the

strong acid Q@bﬁbﬁ&todeﬁndﬂbﬁﬂdﬁ(ﬁﬁlsk@ s Bholl's Vdightpercht Ratdut F9r m a

fourth soluhlon adding the ionic additive to the fourth solution to form
t he mi xt YP@ WP%’?tr?thw?f@ e ¢OHBRli ti ve conprises a strong base and is
di ssol ved i n wat prior to the third adding step. 49. A mxture of an at

| east one chefi@ °W'€‘§g%’|'ﬁ°t9fdoff°"ﬁF*&UW@PH@O'&S'S%‘Q# arereirxdliorgidd al having a
di el ect r tgrb6aé aRlon04 c%@k’ﬁhc?&cﬁ &terl BSSOmBiRAions Mefes; conprising: an at

| east one silica source; - Novenber 2006 an at | east one porogen
conprising f rﬁﬁér@bﬂé‘hoﬁr%cﬂ&ﬁth@@ér%@ﬁlat&% RO leakP oMELINEY sAPESARe S Nyl ene
oxi de groups; ,a carboxyl ate selected Tromthe group consisting of a

car boxy| PEYEiIY0- 107 Jpeeteio29d at e ani on, a carboxylic acid ester, or

conbi nati ons é?@ reof; wherein a nolar ratio of the carboxylate to the at
| east onRO¥Aed that & the sldeas| opgchemical ipagentdag aimefal imrasitydevel ghd PBFYRA ded

that if gleaterthdnans bt RES cHRQIFeRMdal FRRBRNE pb@%@pmt@éddm@wthaymhareel of 1
ppmor greater then the at |east one chemcal reagent 1S purified prior to

adding to the mxture. -79
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