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The present invenPSH* Y ates to | ow dicel ectric constant sili cBCYPIREIh

to i nproved processes USHORMOULIFUNCTIORAE SIBASED SLGONMER FOLYNER POR THE use

in the production of 15 s&URFATHMODIFIOSTIONGH NANOPOROUSSIERAKTENSCI I CUi t's
("1Cs"). BACKGROUND OF TIC INVENTION As feature sizes in integrated

circuits (1Cs) approach 0.1 g mcrons and below) it is believed that

el ectrical insulgtion |ayers having a dielectric constant < 2 i | | 0
required for interlevel dielectric (ILD) and internetal diel @"‘WH@@HH‘E‘N
applications. Nanoporous Silica Filns One material with a lo

constant’ ("k") is nanoporous silica) which can be prepared with refetively
| ow dielectric constants, by the incorporation of air, with a k.of 25 1) in

the form of nanoneter-scal e pores. Nanoporous silica is attr i e
it enmploys simlgr precursors, including organic-substituted gm"mﬂw ’m’mmg
t et ranet hoxysil ane ("TMO3S") and/or tetraethoxysilane ("TEGCS")) an or

met hyl tri et hoxysilane, as are used for the currently enployed  “6%00%

spi n-on-gl asses ("SOG') and chemi cal HEHIZOF FHEINVENHON "CVD') of silica

(Si 02). Nanoporous Sl | j 30 e i @l‘@ﬁi i {ble to
control the porosi t?/t!epgérgl%tﬁzcr?gle’ﬁ?ﬁ‘ee?%el%‘g?][ﬂ%&ﬁ Err%t\/lgt?'?gﬁ S rer?gﬂ?%gﬁﬁﬁga

di el ectri c const ant prodessehiior predugingithegsare dmsubsitates suitable fon usedal ihei poodutiionaof | ow k)
nanopor ous sili o] . DG PREsm1) thernal stability
to 50000 2) suggt a;r'f |C<rg 1"39/&2%3 CFQ%{)‘%IH%?@IE;%MI . e. Qﬂ:sl)éast an order of

magni tude smaller in scale than tho mcroelectronic features of the
integrated circuit), 3) as noted BAGKS HOF AREANVENBIONS mat erial s such
as silica and TEOS Ain@Usa ifinflahles URGHs 180 I5HbAEABIY GHGEMs and belahCie RO! |11V
to "tune" the dielectric constanf of nanoporus sifica over a w de range,
and 5) deposition beliesed thavelgeaisalinnylation layersdaming & digleptriecangtantst 21§ wilbby s

simlar to thosgyenplaxefl ntnet B ANY) andiierRECEaSHROIMBY Spticitiohe Ul Ty
associ ated wi th nanoporous silica filnms i's the presence of polarizable 5

functional groups on internal pore surfaces. Functional groups present in
previously avail abIMMéﬂ&gﬂﬂ | ms include silanol .(SiOH), siloxane
(SiGSi), alkoxy (Si@Rmateissith dlow AiehkBtrie cABaht IS GhrRPordbkCsNicASwhiBhtanbet
limted to, a nmethyl, ethyl, isopropyl) or phenyl groups, or an, al kylsi| ane
(SiR), where R is dJEcraef pikeslatvely oy dislgetriccanstants, Wc'g‘f ineorperpion ff jairgv i kofar e
hi ghl'y pol ari zaps e Ridhd ¥k SiRfdtheter-sSlld ores " NRRPOro0S klick id dredttiléBecauss §t
relatively large (internal) surface area associated with its porous
structure, the contSHPIYE Filarprecyrsers, incipding organic subsityied silanes, g8 1 oups
results in h: gher tmem@kmf('Wg’:mm’mymh"“@"' afdrepr ption of
envi ronnment al wat er t.he siJ ano roups.can pqgtentially raise thy "
di el ectric constant™ yh@%&’iy‘?}é'ﬂ‘eﬁ ‘Sg %S%@é#ﬁwﬁﬁ%?@‘&!sdéé@mr “WQ%OG)
dielectri Cf fi Ihm i Slﬁdléhe_ﬂlitﬂ%lﬁbrldypdﬁﬁaﬁ ("agptg)aff@mea melq?ﬁpbmﬁiﬁﬁ@g_sﬂfug, the
resence of the_ polar silanols.can .contribyte negativ t e. dielectric
(I? onstant and di®l edfEfye M?F T4 Wf’@ﬁ&?"m%’?@g'wdﬁﬁ?*ﬁﬁéﬁﬁwmf]hg
this limtation andmnghded dislgetfid\conbtadt of thedesyltighilmuiifiaik SInaldidoneRpdow ks
silica |l ess polarizable and | ess hydrophilic include reacting the iInternal
surface sil anol s winespporgusisilice offieseivtheriadypniagns incindingpl) thesmal stability ocfOPRC.i2h t he
art as silylation | & : ' .S
o g. " chl of osi 1 ancaBAnGPkp SRR 54, F0R NS an SHERoGARING SFAE o7 scdfdthdf o
cappi ng sil anol gr ceigselestoniciesturssioffthaiptegratad cipuiph A) &5 noted gbone, prapanation from

hexanet hyl di si l.aza . | & -ﬂlg;}_l,gc I fi:h00 and
al l owed to reac wqﬁh&p%ﬂgr é:%gﬁcfm an@ﬁ%ﬂ%gnt&gﬂg{fﬁﬁoﬁ? s@f'é‘ﬁ?s'i‘b‘w
forming trimethyl sit Stmetpthodiglectriqérostent of hapbporany silics ¢vere widegangs, and§) deposition
significantly | ess polarizable than the origi,nal silanols, and render the
pore surfaces of the film hydrophobic. One di'sadvantage in the use of
trimethylsilyl groups is that they are not very thermally stable and may
out-gas during processing of the IC and cause via poi soning. 30 Anot her
critical paraneter of a nanoporous silica filmis its nechanical strength.
Cenerally the nechanical strength of a material decreases in proportion to
any decrease in density in that material. For a nanoporous filmto be
useful as a dielectric filmin IC devices, it is inportant that the

conbi nati on of nechanical strength and |low dielectric 2




constant be optim zed. For a given dielectric constant (which is
proportional to reybaghioee | ndex and density)) the density is fixed) ZétJUL 2003
| east for a specific chemcal conposition. Wth fixed density, tRe@USOVU6RGt h
of the nanoporous silica is maxi m zed by having the greatest fraction of
solid within thgrskabies fikh cinftR ablidved tsiig Rols siddlr Rhdap pePee fohem cal 5
groups on the surfaces of the nanoneter-scale pores. Thus, in another

dr awback, reagefn¥endigpal SRS BIRASSEMENt  oduce a significant additional mass, in
the formof trinethylsilyl groups, to the pore surfaces. The

di sproporti onat §nd@#full¥ askGtfatddviikBlambpbdhs dilica@ilAsia Shel presefide cRpalhrzablk e t O
contribute to nechanical strength) but it does raise the density of the

filmand thefef Bingtiqnal E0VPS BR neEabPoresuEfages-cANAEPIELEIOYRS RESEN! FORYIBNY 10 k.
For these reasons;aidithnbpbrits B ShcibddQilHoe@idiD), silcﬁ&leftsm(‘g}?ﬁkbﬂ @ordvances
in the art of sem conductor) and/or m croprocessor or | C fabrication) there
remai ns a const where Rdeah arganicispecigs such gs, bpynoblimiteddors 1petex); o, ispprapled and
materials. Inp i 1l {0 i i 11 Lhel ectric
1o wi th hycr Bl or pOB0RiE P Aot b Rkl autl, MORIAE 20 s
silica filns wi silandl\grhuppire highly pelerizable pidhygroscopisi Sincelparioperonssilicaihaseci ng t he
mechani cal r enat. Al cessful

sol ution of ﬁ{)hi Jslg%ge]%f;ar&gp@%ﬂ)gﬁaggﬁagge&gragg@r&lﬁgx{ggsr ?%;_Fﬁ,ﬁ? Fl%”l strength for
a gi ven desi r edcairibuantof ithe hightypolanizableSUnmalRvuidFestiEn igherthadiessed pri si ngl y)
the nmethods of . Linv.entil on. @i%: r
problens in the&'gﬁr&f %@%%%J%ngsh%hgoﬁébfog%% f’?é'?ﬁﬂ‘%ﬁb%g’gﬁﬁ%" t aug’gg&ﬁ abl e
to render treatpdentiallyreise e dicleettie ¢apstantiofisnchyndiedpls ovsndusiker] e al so enhanci ng
t he mechani cal strength 25 of the treated filns) relative to previously

T (e o0 A RER: O SR SR B ph AL 87

ectri ns or- coatings on
a desired . subspresgtas obthe phier silenglsran tontribaetriegagively sithe distestrisicopstzatnd mwith a
surface nodifi caliLQE e : by ' j R thi A trate, and
the reaction i s&%%&ﬁ(}c}?\%h?#gg%ﬁ@wgﬁﬁea {jggb}(:%r?_glgibti ons,s?%%uwaa period of
ti me suffici entrendsring theintamal pere susigess pf ranppases siliemless pelarizable andigssr ophobi ¢
coating on the jshldhfifc SbeeidihSmt inkdRal i facoiahds Rk dck ReRNt
conprises at | east one type of aligonmer or polymer reactive wth silanols
on the sili#h fasoFsferesdipipdictartandlylafiopasenis orGaRping agents Wch CARPING 22575 and
integrated cirghiihde, b !dhicdsibRastdifBAng. | 1 ca dielectric filmtreated by the
processes of the 3 invention are al so provided. The processes of the

i nvention are unexpectedly ag’gl ied to silica dielectric fil wi t hout

significantly dBGPERIFHRpshisaPoytdmethadol *&?&é‘%‘?ﬁéﬁ’é’ﬁ ape EcAhric
val ues. Opt i onalrparic rédaént Sichia€RexhridthpldisilaRine (FINENZ) 6k iirbducad {1y W Brestoy the
surface nodification agent that_clﬁn&‘(-‘:_tap Q iI({LI ate silar.\%l?q? ir} t he
diel ectric # | fiimsnd ajfolved [qreact with the syriagssilang] graups.togap the:silangls hy tarming., o o ¢
Wi é _hf a conposi tv}iﬂ&hfdhlgl grot] m&%ilh%@sﬁﬂcférj)ﬂﬁ ng?ﬁﬁ%ﬂ)’l&ipoﬁﬁb&i 8 -
modi fi cati on agent and, a nononer-type surface nodificatiqn agent. e
silica dielect %L@%_Q’ﬁfﬁfgoﬁ'@?st ?‘E‘é’f’%‘ RO riagss. H’r"éﬂg’,hy&}?ﬁ&’é"’ bP'ef erably a
nanopor ous si | igsadvahtagdif BRRES  tihdihyldie] SOpS i thit@hdyrenbiaesthenpillyatable0 t he
time of treatnent, o+~ ma b_e-gr.evi_ousl yﬁgrﬂfate_d~a11d_§t.or ed or obtai ned
f rom anot her s.@ﬂ?&’é’.’m‘l“tga‘)s/q‘l‘ﬂm ocessing of the i 3pd CAYERIVIE RYFOMIAR silica diel ectric
filnms to beggreated by the novel processes of the . invention are
optionally aged or gelled) although this is not required. If an aging step
is 15 enpl oyedAnothercaiicah parameterof # BanopRrpesysiic film fs ismechanicd sksngth- of t he
surface nodi fi qRhi@ly thd Réthirkdal stﬁﬁgt?&ﬁ&hbt@xﬁﬂldaﬁéaﬁésmﬂ pRifortithed Siyaldnse t he

[

filmis aged prior to surface no ication. The processes _of_ the_ invention
may be conduct éwidnpitydn thatapaterial; Jien namepereusdiimdo be Biefy] 25 @ digleetric filmin e r ed.
Further, the prGEsSASinionsn 2R heBaibiNaieR Biheharlcd Rridlh iAswarRagé a

sol vent or co-solvent, and it shoul d be preci ated that when the surface
nodi fication is to be conducted in the Iifuid phase) the solvent or
co-solvent is effective to dissolve and/ or suspend the surface nodification
agent or agents without significantly dissolving




the filmto be treated. 25 30 Any suitable material nay be enpl oyed as a
sol vent or co-sol weaboudosic! udi ng bot h ket ones and non- ket ones, ﬁ t 8/3 JUL 2003
pref erably) such solvent or co-solvent is selected fromthe gro %"USO 1626
consisting of ethers; esters) ketoses, glycol-ethers, chlorinated solvents,
| ow vi scosity sikcomsaarEeptipnrgd. sEdraaib¢reiidmicnwtain0(vd1i¢hheprepmﬁonal toyWrativet he
silicafilmto b ref o] mto be
treated is a naH%poroda%gﬁtygﬁggf"@?%’sﬁ?I’n he?\k;tlsf?lraos ec’ % mi/ruc (r’Jém%/’\lnth a high
surface area, aithifixeddensitgcle sm@hfdfﬂmhmmporpmscsﬁms manmmthydtmdg ther a
period of tinme sfficient f t.he surface qdj f cat agent to surface

modi fi cation ag8FEe fagian 2?‘1"93?1{}‘"?&3?&?%%%@5’65 8'fthaf’%§a]’4?°“&d CHCI"‘P‘faﬁ\ and
to produce a5trgﬁhﬁscbmammace@uﬁhesnahmﬁaerfsbdlmdfavn@,ﬁ:adbtﬁéreﬁw‘daac const ant of
about 3 or less. Preferabl urface_ nodification reaction is conducted
for a time peri GaEPEMYFHY }?5\418%1“3 ?“?E@“g“éﬂ‘d‘ﬂﬁ‘?mf Aot and at a

t enperature ranginﬁa@,yﬁyilgr@atp@uémw@eh@faadacrme&m@onﬁhﬁmmbmet he filmto be

treated is on a subs er suitable faor tion of an
i ntegrated circhimeth Ytﬁq éﬁ?‘P‘&ngﬁ\@H’cﬁPWP‘B&mwmﬁﬁ'&‘é@Hr?%‘ P¥ns and an

integrated Cir Chisk tHefdefdity@Fliht filnt 4@ thedecforé 13 Gh UbkeacRito hdVing @iRSoWésepasiblei ¢ film
produced by the processes of the invention. Preferably, dielectric
silica-based®fikns produced by the inventive processes reveal no
significant silanol absorbance in the wavel engths rangi ng from about 3200
to about 370D cpgrindddftBons; Qb ih Sewlol B SéeaFePrhpid & m;ﬂdm‘t‘e&@%&&&ﬁﬁﬂ!n oft5

DETAI LED DESCRI PTI. ON . OF THE PREFERRED ENBCDI TMENT Accordingly, in contrast
to previously rSBHOPERFIrARAGERICroBTocessqn GG Takyicatiqn, there erpains s qopgtant peedin o g

mlat erial Sbhyd(r]I Ombﬁbkﬁlmphhe uﬁUnQﬁfﬁhs mauaﬁ?ﬁdm@iw i16 patiéubdr, :ﬁatir?rmfee@xad/ or )
ol i goner - ba rea, S ac ification treatnent. Thi s approac
has a nunbe ofp"aﬂ {i?fd‘{%‘g 8\‘/‘3.‘5 g\)lngﬁg habic; sEgees. apd;inparticplar jo provi dgurface
modi fi cati on usmgpcmaeuipmﬁmem B 6obic pe Sirfadds| Whily davirably enhgaeiny e
mechani cal stren rel ati to preyiously. | gyed reagents., Wt hout

wi shing to be b8 ﬁ"’ﬁ‘k‘i“’éﬁ‘?ﬁ'&'ﬁ Pt 'ﬁ%?ﬁgy‘g?p?‘f’%égﬂ% %‘et“ﬂfc?fégf#@ PV\(;/ tive
reagents m ght gmpisiémnmell piovide redoe imaevialdilin bdngiefokegiveniesitedaieldchiz - f i ne
structure of a nanoporous silica filmis the contact point between the
particles or graffiaof the film Thus, a polyner coating on the film
surface, pa2@icularly a coating on the surfaces of the 25 nanoneter-scale
pores, is believed to both el i nSUMMAR JE BN VENTIONS or bi ng problem and to
strengthen the g{ﬁﬂ% I C and

bi ndi ng t oget her Ictﬁéﬁém%ﬁ 4’ o'gr? né’%glﬁr’é&t ﬁgf‘p E%‘%&?tﬁg‘ il

What ever the urlddmrn)qmgwmh)smadxﬁmmfmenqdd‘wmwwsthetamdﬂehrtndplrrechani cal

strength) the exanp & ﬂ%ﬂ)& el gp&,@% and
reagents of the |nvgﬁ§ﬁ‘gr{&ﬁl l(;VI de’giegn ance%’%#ﬁ’g% strengt The
processes a#fd rafthydreated mtmbuverwynwpuﬂv empioyehetheds and agsinisjor seaghinisl ect ri c
films. A nunber of nethods for the preparation of nanoporous silica filns

b f th
on Substrat ezb%cgoﬁﬁ{ﬁ%fﬁvénﬁgﬁﬁé&ﬁeﬁﬁveﬂ&%%&qﬁn@néma&?&Kﬁrfgfﬂpgr of the

i nprovenent to wﬂmseorgemmmhlaﬁmbmhe ﬂmslwﬁ(tsctﬁmra spiteblepilicp SimWitha of

061 046, 475 and "B Petipiich agbh, B UM pleschrBs SRR pfodhd kel N
Appl i cat i orB0Serconduicted OBieOBitaticn dlﬁmisedd fm aApmd of &m@gﬁ'rcleatfar e Sirfapat ent

Appl ot on Ser . S AR AR A i P ekl . e 0

6, 1998) as mell as Co-0 ication
. surface modification agent comprises at least one type of oligomer or polymer reactive

with silanols on the silica film. Compositions, including silica dielectric films and

integrated circuits with at least one silica dielectric film treated by the processes of the
3



the di scl osures ofvonougBs are i ncorporated by reference herein ig. 1626
entireties. In any event) the artisan will appreciate that the net s and

materials of the invention are readily applied to.a wide varjety o
art-known di el gBYSPEn 375 plsp P’é{’lv‘gfd'?ﬁﬁlpl%ﬁ% %F*ﬁ&ﬁ?’&‘%é’f@ﬂ“ﬁc‘%ﬂlﬁ%ﬁ?‘{‘?c
materials, and gi@liRleaticilms withdut iignfikagpeaegfidhk Gfeloblamabliangd ¢fldsgiraBEd NDSt
preferably to nanoporous dielectric silica materials) to provide for
enhanced st rengi'ﬂ%abFs-a protective hydrophobic coating. In order to
better appreciate the scope of the invention) it should be understood that
unl ess 15 the ﬂ'éﬁ&%&qyf tHE SHELRR is ekt d WithR6 o Fbe MirfiRMdaNatondaeR t he
term"silica" is enp oyed_k the term "silica” as used herein, for exanple,
with reference tha cefi eap exsibyiate silanaksin thedigleptricfmauniase.r srdprthepoption the t r i ¢
films prepared ol J: " i ni c gl ass
base materi al, S@?éga?’?}ggr%{}ggg%ﬂégfe é%@@%f@%%b%?@@?g&fﬂ?ﬁrﬁ@%ﬁi on) it
shoul d al so be surfahempdifisationagent pirba menpmef-1ype suyiaFeamodifiqatien ageptei n i s not
intended to be so 20 limted, but, where appropriate, also enconpasses the

plural, ~.),ex | &ry .. ' i . (o

appl yi ng tomancei[[]%rs 10%%19%%hq§ﬁﬁﬁ%lb%fmigglfmﬁ%ﬁ@1 ?Q@gﬂg‘éd%fg?ﬁlﬁﬂlntgﬁ F’gﬁsfi | ms
can be producedilioy filnnpreparerbon thestbstated mpiedfaiebtpriantd thel timhenf trementeeramry be as
desired. 25 Further I . . T gﬁqi s oherein
shoul d be consipaegfoé’gyi’%ﬁggé%&qtsoﬁl%gfh‘%ﬂ?%w%qﬁgﬂ%&ng? rle‘gsgoedr%t "oor
"reagents," unimsntonet thet the sidica dieleatrd Blths ta betreafed bjthe mevehprocesses efjthat ed

circuit,” or "IL.C' §s. j ranne is 6T ﬁ@@g . t for
whi ch the pr oce"%vsegésonaaﬁéd‘mggnrrﬁggéd%ﬁgg&ﬁﬁﬁéegh i%%les?l'tl oh ar ;ﬁ; %'s)n%ﬁl @%/sgcg?scunl ess
ot her wi se skSeciefriptaged, fEgan beegondicteq befogel ar hfserghplicationé the sirface modificasion ded

herei n general | I f S I opor ous
el ect - rmt GFRERES BB B Brefdti Yt agkd it kel OPD 0

i nstantly provinslificatienhods and conpositions are readily applied to

nonporous dielectric silica films as well. Thus, nonporous films applied to
a suitabl e Subsht Al esses ofithe ifeflion may FREBhRRE MR a"\ﬁﬁtﬁ?h&b‘b{@f?%ﬁ‘d for .
producing an integrated circuit, as  described below, will also benefit from
t he met hods20ana@hssetas fesitpd Fawrden the gropsssesiaes qptienally condpsied ip therpreseree of3 anpl e,

adsorption of gpvid GigRBivent, #RiRho@POippRidfaRd MetwRdAthd suffadtithddiffcatidni§®
enpl oyed as insulators and the like in 1Pabr| cating integrated circuits wll

cause probl ens tabraendnsted ip the ligyid.phase, theysolyeny 9r ¢a-sofvaptis effectivitedissive cur r ent

| eakage and vi gnei sieiditie suHaSBodfichtibn Al or REARIvATBuATgRifR@htMaTksslYing he

met hods and conpositions of the invention. Substrates Broadly speaking) a
"substrate" astheddRie UGy oi n i ncl udes any suitable conposition 10 forned
before a nagoporous silica filmof the invention is.applied to and/or

formed on that AqQsREBE MaRHal fribe @AHPIEPédds aBolveHd 6f dodobvehtsinthfing 8bthy a silicon
waf er suitable for produg(i ng a@éi ntegrated circuit, and ,th? ﬁ:ﬁ%‘% mat eri al
from whi ch t he ketanes prshnonetonss; tut preferghly, su d?lﬁﬁl'j°'|"’s°‘§9§ﬁ1“i‘%§f°6 e
substrate by apyupednbiowh of 8@drs;ichels Uettdigkgltdl-cters; chiofindtedsolvehts{b® art - known
met hods of spin-coating) chem cal vapor deposition or CVD) 15 and

di p- coati ng. PMSEHS“X%'%%B*PE%"I% bingtionsestedint erials to formthe
nanoporousagilica film the substrate surface is optionally prepared for

coating by st aRg@gak the sAks il 1Q\WE tréd1QPieEd Sot '8 hHYOskS preferibly ile #il% Wb BE tredie@fs f OF
the present invention non-exclusively include sem conductor 20 paterials

such as gal | i ufrpenoparptsdislectriciim hyving pre spcFRIvidbh{Yel sirfagheea 8P B ni ng
si licon such ag,fkyald¥idalitfprodets is ohiuded 168 h bdrfoR Of tiRERIREE Forthd dufaig)

epitaxial silicon, and silicon dioxide ("Si0=") arid m xtures thereof. On
the surface of mofificationagentie surfage madifipation agant Watfeaivaly spat the sydareiof thes, such
as netal, oxide) nitride or oxynitride lines which are forned by well known
| it hographic techniques. Suitable materiads for the lines include silica,
25 silicon nitride) titaniumnitride) tantalumnitride, alum num alum num
al | oys, copper) copper alloys, tantalum tungsten and silicon oxynitride.
These lines formthe conductors or insulators of an integrated circuit

Such are typically closely separated from one anot her at distances of about
20 mcrons or less, preferably 1 mcrons or less, and nore preferably from
about 0.05 to about 1 microns. Oher optional features of the surface of 30
a suitable substrate include previously forned nanoporous silica dielectric
films The starting materials for conducting the processes of the invention
al so include a nanoporous silica filmformed on the substrate by applying a
silica precursor, such as a spin-on glass conmposition onto the substrate
and then optionally aging the film If an 7

Nos. 09/379,484, filed on 8/23199, 09/392,413, filed on Septenber‘%{?ga 129903
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aging step is applied, this is typically conducted, for exanple) by 5 JUL 2003
treating the coat edovokasd ate with, e.g., amoni a and water vapi;’{5 0162
pronote gelation. Generally) the processes of the invention are HRILeaYy
on the nanoporous filmwhile it 5 is still wet film directly after aging.
In alternative eifogidiaptoduceiaiisated sanerpseus siliea filmchaying eieleenc ongans pf sbeptal | y
conduct ed_on NaNpRaLRUPrefeldblCde birtabPmfcak Gt reatBl § Ebflo PoPDiiderbl 0ri ed
nanoporous films and to nanoporous silica filnms that have been stored for a
time period aft grngirgfpineationyl 0seeondsfioabpupl bevs ard at 3 Emppraiuge Tangingitoay abot
alternative agi ngeRRf ResS0ece known to the act, preferably) in the
processes of the invention, the filmis aged by treatnent with amoni um
hydr oxi de. As$ exenplified hereinbelow, the.filmis aged statically by

exposi ng t he fi |Rrefexsbiyithedilmudbe treated istap akBitratenergniawwafen yuitablg fad produrtionat er
vapor in.a confi C .for atime period and under conditions
effective to al Iag\?v'ﬂfgg%‘?@rt' and ammoni a vapor to diffuse 15 into the film
Pol ynmeric/Aigoneric Surface Mdification Conpositions In order to optim ze
t he density/ di elThetnventionalss providegpiar dinfedtds Sims egdnlintegraved ¢irctiber airedt thavr 20

sufficient chani,cal stren t invention provides . a.surface
o {1 cat | ot R ot i G hclecsic i oBbah o7 e Bt L et
nodi fi cati on corRpeferably,aliedectritisiliea-based Hinmpeodhged by e drivienti ve pracessss révedlmoover t he

si | anol - cont ai ni ng..sur.fac of, the.sitlica dielectric fil u LEhin
t hese broad par aﬂ’éi@?’g s ﬁ%g]:at???r%aé’ge Hb‘h'f ?’?"S}ﬂ‘?‘g"‘n '}ﬁfgog? ?ﬁ°g‘ﬁ32?‘1§|a§é"é§‘7@e or
more surface noenf’iundériFouriengemsfam igfrasgdapedoicopya conposition that allows for

the 25 formation of a hydrophobic coating upon contact with the surface of
a silica dielectric fihm SERRI %%ﬂﬁﬁﬁkﬁﬁmﬂﬁ%that t he
surface nodiTication m;e#‘pr%%mvmbnomr
precursor, that Asaordinglyiindergest t¢ preyjousiyreportieémethodsforoesiclingsiic8 Gielertrib i t sel f
and/ or other ty LNt : jo i forma
aur f ace modi i s R AnloBP SRE pkidnd b G AR b e 1 2
for exanpl e) a wligimardased sagintsdbnsddace giadifioationdpatmént. This kppreack has@fnumde or
fewer repeat uni aﬁg%é ; < A Jt@@: r epeat
units. This sur g?:aev nmodi ?feég{ait"éﬁ%oﬁhﬁn%%]ﬁgiﬁgﬁﬁ e ‘i?gof1 ‘gp’?ﬁ ica

di el ectric 201 mpplymeickasedgeagsrictill prouide iremievedmeehanical sipprigth, relative topeeviguely,
i.e.) cap, a subﬁ.h%g%d rédgerE, ONRhdut QRnAE totel BB by%fwmkﬁﬂrmefytae «d KW @

desired hydr oph c coating. This surface nodification reagent can be
prepared from péleypepiiveieasens Hishteperigpit i bebiryssibetvepkest pasy of the fge stucture

organosi | i con meppRRbsoréRsitick finf QWCM&F&&%M the Bihié16dt lgraifs lofNthé ilrAN Ol S,
e g, nethyltriacetoxysilane, tris(dinethlyaim no% met hyl si | ane, and

tris(di et hyl am TBYSRPeliFpLicpating on ths figm syrface, apmigulariyacoatingron the spgrees ofeha i on

reagent is [5epaimphelef-8lle Porek,GOBABRE SSIbINPARTRALS the fhoisturdabsorbif pRYRAS End
sil azanes, sil anes, carbosilanes, and the |ike, and COHbInSIIOHS t her eof ,

~" by hydr ol ysi 9 $spmbm e meshanigal preprgics of the filty, by gyerenating and Pinding togetety s
i

Sinply by way ofhe@n &9s o RRinditahRbie Upitie AL VOHMeveiRe widedVingdadbisdor Wi | |
proceed as foll gws—4 = HZ70 -~ [. : ) =ln +
CH3COOH wher ei nthe pasitiveefectop B%Fﬁ‘é‘ab‘%é'é’é‘&hn'&cﬁ“@#épﬁ’dl%ﬂ&g%mg“bn) in the

case, hydrol ysi sdrtipm dRnhaineMbds b cbagdhts of the HvehtiinSHfREL fréigh eiBankéd Mal ue from
2 to about 10,000, or greater. 15 Tﬁe nolar ratio of water to nononer in

the reacti oROni RfHEW- i s readi| y adjusted according to the particular
products. In preferred enbodi nents) the water is present during the
reaction in propgyfrbfled ad rdBenERNAETverltion fre hplie@rosAoR HiBlecrfid ffs. AR Attnber
0.50:1.°5 to about 1.5:0.5, nole/nole. 20 Wile not wshing to be bound by
any theory of hofyaethadsfoxthg prepasation af Raneporans §lica filmgen subgrales e kngvayio s éftat e,
based on this 'Hﬂﬁﬁr{aﬂiehw?ﬂnéeﬁ&k%gﬂhd%?ﬁemenﬁdﬂ@.aBéVe}’H'%HﬂiEon‘,am@f_ moi ety
is the functional group that is believed to react wth silanols (Si-OH) on
the porous silica surface. Wiile it is belsgeved that such surface

nodi fication reagents will primarily link to the surface silanols, it is
al so contenplated that in certain optional 25 enbodinents) a significant
amount of cross-linking wthin the resulting hydrophobic coating will take
pl ace during formation of that coating. Thus, one exenplary class of

si | oxane polyner/oligomers that have nmufti-functional groups that can react
with silanol (Si-OH have the follow ng general forrmula 30 (-Si XR-O)n
Formula | wherein R can be H) alkyl) or aryl group and X is, ~.) selected
fromone or nore of the followng noieties: H) acetoxy (OCOCH3), enoxy
(CH2=C(CFi 3)-O-Si), oxinme (RzC=N Gs-Si)) al koxy(RO-Si), am ne(RzN- Si)
and/or silanol (Si-OH, and nis an integer 9




5 ranging, for exanple, in value from2 to about 10,000, or greata&dln ﬁ‘]
further option, n \lvaogmobéﬂ eger ranging in value fromabout 2 to a L2
1000. It shoul d al's6 °Beé Under st ood that, in a given preparati onPCT/HE008162¢s
of the oligoners and/or polynmer species forned, and therefore the val ue of
ni wi Il ftle! CaL:%ﬁhﬁnghﬂlﬁbb;ﬁ:?ﬁt@wﬁfe g@n&ﬂ?ﬁ%w@fmeﬂﬂ?dfgﬁhcﬁﬂﬁﬁdﬁeﬁ ofener al
class of suitable surfage nodification r nts inclu siJ azane

pol ymer/ ol i gome MEneReERUS AR Y gh —Vfcﬂ‘ﬁl‘:’f“idg‘ﬁgs ‘&P‘&Eg’%‘?ﬂ?ﬁse{:g‘? @éﬁf’? 4%t h

silanol (Si-OH) Javo0es 4Mebaemed & Mirey 2511988; us %&Rmﬁlf&auaﬁ&%rml all 10
wherein R1 and R2 are |nde endentI%/%H al k andl or ary and is, e~.

sel ect ed from orf9/054.26% filedgp APRIS, { iaﬁé\pﬁgg%%ﬂi Appligation §%’e¥‘é§x99 05dtens) )
epoxy (CHZ= C(SCH?dQ 514, b&ﬁ 'ﬁmﬁ()%ﬁﬂl\d‘ {998.3k el élcg—g'm{édm $at)mt ﬁ;ﬂﬂcamn Ser.

am ne( RZN-Si ), n 1s defined for formula I. al so be

appr eci at ed thatN<§| PR 4 fmﬂtﬁéﬁwwﬂﬂﬂlézﬁlﬁé%ﬁﬁpsﬁﬁ@ﬂs%lg”SﬂEN this
group. can opt1 oNgciohurbl df Whfef aR Woipheddb .]@fa,@%'&&m,muame&ptmnfemr
der|V|t| zation and cross- I|n Swtayb e silazane reagents Include

_.g., poly(1, 2-thhmmatny«lilk¢ppmafe t the mekiidsrendimpresiels efzbgrinyentiomase tepdilyi | azane)
copolyner and ol pol ymer s
can be synt hesi Z'X'gﬁiﬁg léik?ég %ﬁﬂg gﬁlegﬂé #Aé&@xﬁls{,j@ﬁ%ﬁg&é&@%ﬁ%ﬁd NH3 with
the desired i | ahmcmammh and/mefeahb,tthshcag:enédalectoct matenial, and oshipieferablyr f ace
nodi fication re nt I 04 | QONEI S

nuf ti - functi ona?ggr oﬁorb‘{}#é’t%g%g?\m%ag%%nm\%%ﬁ%’éﬁ Yot G4 %‘lh-"%; Ravi ﬁg t he
general fornul apr&&uye@qubw@mwl alll V\/nerel n R can be H, alkyl, or
aryl group and X is) e.g.) selected from one or nore of the follow ng

noi eties: H acg} %ﬁ%g ): ' Bﬁ&: Si)
al koxy(RO-Si ), ang%%(trﬁgne ! ,BIQ n |sr§{§e I'n “sgbéai)?%r #{g‘rsérru anﬂ plst Wi
so be apprediSat dhe "SHqf' functienal EM!MMIHWIOMQmeﬂ}s&lmreﬂisa"iisﬂ@lom this
group can 30 opthda 'lsMicP‘raQ\ﬂﬁeq(ﬁe@ﬂdl'o“ ‘f,mfem&%muecaeﬂuﬂpu ons for
derivati zation and crosslinkin }/ |ca ane reagents that can be used
for this appli cantensed twreﬁeu'eé)eleemgf ﬁb!ﬁ?!@ﬂ"é(ﬁ@eﬂmds from an organic or

pol yphenyl met hy'ﬁc{rgam ClasPBie ﬁ,ﬁemh 12 an PRt dilidp-baedhhRakl Adatibgieof . 10

Anot her gener al ass of suitable surface nmodification reagents. i'ncl ude

car bosi | anes polshawd aisoibe gessmiond thidhe yspofainglarierms borein isorbintepiedipbetat can

react th | a s e
For nul \z,im |V ?bvwg?gﬁgm %J}%bﬁ%nmlﬁﬁcgependgént{ligiﬂu_gl kx@ ﬁﬁ&tﬁﬁ?ﬁs

acet oxy (OCOCHS}'“’ ipNsBGp may prrdeseribeebas applying to apd pr -‘W"QE’“‘S‘ i5 yntended that
al koxy(RO-Si ),  qiultipld f1#é BéMe SlofucedBydndRschiped, HRmphitpaland eikiadd Fibcesscs,
un-substituted al kyl ene or arylene) 10 Suitable siloxane polynmers having
mufti-functi onald“'ﬁ‘gﬁups and silanol groups) are also commercially
avail abl e. For exanple, the artisan will be famliar with the T-11 series
gf si | oxanfe 25eag=gﬂtesl lﬁﬁ\b}?&dfﬁbhﬂnﬁ Zlﬁglmt Jggag%ﬁwa}il ws}l%mwe‘*fﬁ(;ﬁ?ﬁ& Material s

i vision of Honeywe or I edSi,gnal ), (Sunnyval e I . Ivany
suitable sil anesﬁﬁﬂy‘%‘?"gﬂ 'HE b JFASFAL Qédgagﬁ?%' S'ﬁ ‘F’E’l'sél"ﬂf%‘a ,

, from United Cheqj mégmie‘acmmhrwhqgién(tBrdecs:beApmsm\)nysbﬁucbﬁduadosﬁoaanfoenpl at ed
t hat conbi nati ons, of one or npre of, the above Fﬂﬁg

represented by Poichihegecsses Fﬂd°°1“P‘i’s‘"3PﬁﬂfH}°“}V9"“q“ﬁ’“tcﬁ‘B]°P'6‘}’ 5 0ferGF‘Yh°’f"v3r and/ or

copol ymer conbi ggtifed)s, are al so usefully enployed in the nmethods and
conposi tions of the 20 invention. Preferably) the surface nodification
agent is théohydroly5|s/condensatlon product of a spin-op-glass type silica
reagent) ~., meFughet stillealthqughthe desgrintion proyided heremngeperally describes processes

employed for treating nanoporous dielectric materials, the artisan will readily appreciate

that the instantly provided methods and compositions are readily applied to nonporous

dielectric silica films as well. Thus, nonporous films applied to a suitable substrate, e.g., 2
: 6 ,



hydr ol ysi s/ condensati on product of MIAS has a sil oxane backbone strzgwﬁkgmn
W th 25 acet oxy muybiog/degsict i onal groups) fornmed by m xing a suitab
solution with a defined proportion of water under appropriate c¥fridySoPei§as
Met hods of Reacting Silica Dielectric Films with Surface Mdification
Agents 30 Al t hoyghicérd@ctersediishifable dor RkbtgSin intdgrate@ aigduit/ g dstriied Belbw,wiB Wi t h
surface nodification g ent@ g%@&%?n uct e ing%he *i ui d.phase, _the artisan
wi || appreci at e 2SABEeRFm, 08 and muteriais PROyidsd byfpe IRsERtdvenian. B gel i ver ed
into contact W Raniphg adsbiptiod 6f cRrohmend Gter \Qp&iohtb(ﬂ%dréphhi'b guchIe amployedi t h or
W t hout an optional co-so]vent) or in the vapor phase, with 35 or w thout
an optional co- @bingusters andthefikedn fah‘éfa?"gl’!wwdgﬂ?w&&“@éPT"QF”N&‘.‘C”GWlll, 084,
11 10 &il egeediiely hY%h dS28k chiRGA RAEA 1aRhgh BldSkd polininge IRERREBdA 1t S
entirety) provided that the reaction is conducted with an anount or
concentration oProbleps assolnesthyr the metherds andgempasjtions gf ghedpveiopo provi de a
treated dielectric filmhaving the desired range of dielectric constant and
mechani cal streQgidi.e® Produce a suitable integrated circuit on the
substrate. In one enbodi ment of the invention, the silica filmis exposed
to a vapor phas8roadlyspsaking:agebsirsie’] ay deseribed herpin inshudesany suileble pepmpesition

pol yner| ol i ggne ggg% I Cadkl PG ; : i i d
optionally ?g cgﬁgyﬁgﬁﬁgﬁ W &bgﬂ%ggﬁfer gégaﬁrﬂﬁgﬁ&gﬁgﬁﬁ?&gﬁﬁﬂﬂﬁgﬂr

candi tions ef f ethat eanppsitiens gros eXampls) a sybitrateiisiypieally misilicen watersuitabledor 1t wi | |
be apprect at ed_plygheifp i@k cittdR Ghd BEBRE mERAAHRM J1ith (X AHLHrOS sifca

pol ynmer/ ol i goner surtace ifrcation agent wll exhibit a satisfactory

boi | i ng poi nt/ v&pwis fermsd is appliedropipdd spbstrgte by amy reeihods, g, iicluding tagt gotg n

ef fective and hggahefloaht &-Wdihqmgrsﬁﬁl%%&@. ea@micmeva%&dwmmﬁc\mr

foam ng surface nodification agents deSirably enployed in the vapc_)(' phase

wi || have sudft aprddipgening. pirios ta apalication of the besempatsrials 49 form ths yanoperoussilit@uct i ng
the surface nodif GRshBitrale sERdcER Yptionally Biphred Yor¥BMin® by Q¥R f-lwgh W t hout

limtation) the vapor pressure of a suitable nononer w Il range from about
1 to about 500 flsing methader ably, the vapor pressure of a suitable surface

nodi fication agent will range from 20 about 5 to about 100 ton. Mbore

preferably, thesyvapRsuRrRESHf @ie Pleseht iRRRAGSTEIonWdthsiveRiftTude s&iicatiattbr 5- 100
ton. Most preferably, the vapor pres f nmonqQner fqr for&]ni@ . surface

m Qf |

o 11 ot | HAS agEAETY 19Eh Fe SRR arsrice s 6ech S5 GUTPoRGoRs FPAAG sticon
exenpl i fied her Qich as drjsealliiR R, ph¥eslicth, a8drphbiisiyilizors dpitagial slicon, and silicon

sol vent/ co-sol vent, .i 5] .qui d phase ui.table co-so] vent.s are those

sol vents in whi ﬁ"‘f‘h@s’g’a?iﬁa‘g@"ﬂﬁ%‘?ﬁ’ t&'bﬁ’"é T°efh'(f“gmad‘fﬂ'e?p“8 i onal .
mat eri al s are sSpdtehl of yaised linasfwucinashdtdl, onide, nitidsa] ox gnitiielinks @lhévhtate formedt er i al
to be treated oy interfere with the.cappi. of the.si,lanols on the treated
surface and whi %W‘EL]QWOB@Lﬁ’@%?’??‘%%ﬁﬂ?fe@”%@"&?gﬁgf 5‘1’?’5%’"&%87’8& ikt i ng
after the spsf asiBconmilfidel, dtahinmmittides cihtalnm ritside ahiplireme alufBinu allops copper, Of
exanple, and without limtation) 30 such co-solvents i.nclude, ether

cotors. ket onestorayle e R estn ppttiidp R RoRGike e RGO E ke

sil oxanes and seritsalatoes af anbitagediddaisuin Sutheee typickilyrcloself seplveed fromonent
classes. The artigan w || appreciate that.the te "l ow vi.scosi,ty" as
appl 1 ed o o | caneiet Hetapork PPN ol mherbd 3t ek Pl R A Rt B PRIE () ano
wi | | preferabl yprefanble frlomcibout 0@S to dbottd mibsond. Ciéi opriaial fedtarieesf thasurfacedfer abl y
have a nol egul ar ib,ght rangi.ng from.apout, 160 to abouf ,12. 3S00

ol tons. Exi: SRR prt R it AR S Ei e e
processes are commercially available, e.g., from Dow Corning. suitable

sol vent s/ co- sol iRRtafting fatekifls foRFUnayctfk the prodeiecdtitiedhiventivn alsangludgageneral |y
from5 about 0.5 to abqut 99 _perceni, or eater, by weight of the total
Sobt o, Exen SRRt Hika SR SEPH on e sipirae iy SRR AiPb RS St B e

di ethyl ether) ghin-eh@sdesiposiidn®hto thb sGbitrite afd e optioakllg agihp the HlMNK ah her eof .
Exenpl ary ethers useful in the inventive grocesses include: ethyl acetate,
i sopropyl acetate, n-butyl acetate, and conbi nations thereof. Exenplary
hydr ocar bons useful in the inventive processes include: n-hexane)

n- hept ane) 10 cycl ohexanes, toluene) and conbi nations thereof. Exenplary
ket ones useful in the inventive processes include: acetone) 3-pentanone,
met hyl isobutyl ketone, and conbi nations thereof. Exenplary glycol ethers
useful in the inventive processes include: tri(ethylene glycol) dinethyl

ether, tetra(ethylene glycol) dinethyl ether) tri(propylene glycol)
di net hyl ether, and conbi nations thereof. Exenplary chlorinated




15 solvents useful in the inventive processes include:l,2-dichloro r]ﬁggm
carbon tetrachl or owodlo@sof orm and conbi nati ons thereof As exsﬁgﬁ qn
t he exanpl es below) 3 pentanone is a preferred co-sol vent. 3-pent o162
useful in amobunts ranging fromabout 0.5 to about 99 percent, or gr-~eater)
or nore prefer atzlg;ng siep isapplind exisrianygéaﬂgcdndmdaﬁooatm@&, bytrddfingthe cented, by

wei ght of the tot sol.utio n thte exe rtrlbodl ments of the

i nvention) the rFBﬁ%‘ \ﬁﬂs&ma%d"?/\ﬂnf’h’aﬁr‘sag?g‘gmon?)oﬁ € &0~ S0l vent cont ai ni ng
wat er, and the surface nodi fication agent is a hydrol ysis/condensation

pr odu?:t formed iGentraRy, Wc@ﬁ@ﬁﬁs&s afthe\rnateﬁﬁon aEEh.enduat:ebn th@ﬁiﬁbp?rofﬁ flijrhhemle rt't

co-sol vent range rom 5 rc reater Prefera t he wat er
content of 25 t'hﬂ‘t“s'bq'g dil%?"g'cag'e %eﬁt"’} %‘m?crdd?ﬁ“&bg‘ﬁtprqscﬁgy%g}ccent to
about 10 per centipveRtiondfedptidhall Mbrdacxwaxfxﬁﬁ@b}oys silidadilmBhe fyetGabe&ted toQging,he

sol vent or co-sol vent rang)as fyrom about 0.5 ~percert to about 4 percent. _

The sol ution wado fPedapgpe WWW@QH’PWREWB%‘F]I%@H"ﬁ)‘l“ﬂﬂﬁ\“’tl?eﬁﬁ‘l§‘°’8f‘ f‘t’r‘i‘é‘me
co-sol vent sol utﬂegmaﬁ%;)cm@gmeragﬁlglmce@srt standard nmethods to the
dielectric filmon the subst rate) the solution or suspension containing

the hydrolysis/condensatio roduct was spun onto various test filnms. The
nononer is m&edNWetawumhe wpativesgingimitheds geknpamtp ths a8 cprelsrebly; i the

concentration ( %&rofﬁﬁzﬁﬁnﬁ&xl M@ﬂﬁﬁxsa?d&%&ﬂ&t&x&ﬁmnﬁlﬁ%onﬁxﬁﬂd?&%t A0

percent, or greater. Preferably) the concentration of the nmoriomer in the

co-sol vent r angesemplifigd beseinbelovy s ilm i aged sty bB(P"B@P‘Eéh‘t filmybagingr ef er abl vy,

the concentrati QRsghte i ISMRAMBREM h*ﬂ:&x‘ﬂﬁ APWRE ViE&in & BtEREd E}{aﬁi&ﬂ’ﬁf)&'ﬁméo to
about 30 percent. The proportion of nononer to water ranges from about

0.50:1 to about PFHqs aaeun%wﬂwerseff%reqt}%#emrﬂryndtfweorrsr VAPOF tojdiffusg f
mononer to W efimb de%@s, from about 0.75:1 to about 1: 0.75. In the 5
exanpl es bel ow) the nononer was exerrplifi ed by MIAS. Thereafter) the
substrate and the treated frlmvvas heated to a tenperature and for a tine
period suffici edl 5 1 gion Lompositions, i f i cati on agent and
solvent. In one pref erred enbodi ment the f| |mis then cured. gtr onal l'y,

t he heating steﬂ's“é%mo%‘"ﬁf‘B‘E)Ffdﬂe'fdéeéfcmca"sﬁﬁﬂa&l"ﬁ?"85""%‘{’&3@ e negd frrst age

utilizing sizo | ksficientclictKaicangredgi) s ua,admhgmé@t sbirface, mEdifiCdliBiprocéts i Nt 0 a
singl e process ste For exa%{ﬂe/?)lthe heat gat ment was conducted under

air at 175 and 3% “°r°é'§‘B§cpt° IBORRH S catiop pompositpRs, phletofam a o neq
e~.) at 400C. 15y£cpnbmamﬁmmmvema,rm¢mmgmma oRﬁﬁgﬂithaxcMsmrrer- Type

Surface Modification,Age ot ed above t he round

| nvention, one E‘ﬁ%ﬁdﬂsw é‘ﬁ@s‘b % PAEERSE: 'b ﬁca?dﬁ?‘ﬁzcag '3‘?'6[1‘5@""0%
dielectric fil mowrmmuffmesodﬁ'mpﬁonygdmammngamaCommgmnthaiﬁtllmrfme) such
as hexanet hy, za i S Lntroduc ores. of the
filmand al I’t‘;dwezm ghorn gg?:(‘ %hblf hoag%rptp%ceh‘snl 'gh‘ﬁf s"rpacgogas‘ ‘ﬂ"?"r“&‘é’ctr on
caps the silanolfitm.by foam ng hydrophobic trinmethyl si I yI gr oups. As noted
above, one disadvantage in the use of trinethylsilyl groups is that they

are not very th bl.e a furth [oce ing o
the 1C) and cau m%ulart]g ont 5 c@%@@%g'%%enmg I é‘ﬁ'éf‘g"“ (gg: ?'ro t he
present i nventi @mommr,y;es nfooOmapmn‘kancarbedxidwbdtspolyhmnzcraidrmds-lmk e.,

cappi ng sil rs-to produce._a r ophobi urface, with
t he met hods w@%?ﬁfgs °ro°nrb‘s”§?estnc1ﬁ5’°ﬁ?’"é§£ 'ﬁé’hf‘t 6?1’% %@&gﬁg%%ﬂery, a
conbi ned treat rramacmmﬁodm magdmt Mhnddapmacmgmdfﬂcnﬁdnetmht is,iforoexainple, a~) on
film30 surfaces, Ioc edr eth strtyélltogreo g‘&orocysfrlm
which is believ@i¥g U?‘ij %’Hﬁ‘é PIgmeR0 I°é£etwr’f82p8 2Rt Fur t her,

t he ol i goner f)r pﬂﬁh@l‘?m_:'g_ ﬂnmi‘n&ﬁe)f f mmrtnos?emmnagems aﬁmh édioﬂiﬁchtﬁbnh%em

i nvention seals_ the fi surfa vi des a nmechani st

i mproved hydr opﬁM@PH‘\?énE?ﬁcf‘]lcégﬁ@fqe‘e nnged;of g3 |tf°a'81?f“\§§ {' ng I C
processi ng. 354 with, ie.Jé4, mmﬁcbr@bﬂﬁESﬁsﬂWgﬂ%ﬁpﬂﬁMﬁﬁ‘dnﬁSWI ally, by
first reacting the filmwith a nononer -tyge surface nodification agent, and
then reacting the filmwth the oligoner or polyner surface nodification
agent of the invention. Preferably, the reactions are conducted
sinmultaneously by ( 1) formng a solution of the oligonmer or polyner
surface nodification agent and then (2) adding an additional quantity of a
sel ect ed nmononer agent to that solution. The conbined solution is then
applied to the dielectric filmto be treated by the nethods previously
descri bed supra. 10 A nunber of nononer-type surface nodification agents
and net hods for produci ng hydrophobic, |ow dielectric nanoporous silica

films have been described, for exanple, in co-owned U. S. application serial
nunbers: 60/098, 068 and 09/140, 855) both filed on




August 27, 1998) 09/234,609 and 091 235, 186) both filed on January 2@]&9%3
the 15 20 One prefworeedsosgononer -t ype surface nodification agent is

conpound having a fornula selected fromthe group consisting of PEGPHO0LI6 v/
(1)-(6): (1) R3SINHSIR3, (2) RxSidy) (3) RxSi (01~y , (4) R3S OSiR3, (5)
RxSi (OR)y) and/ myd:@ﬂ)obmqm}fyceammmmrmimbﬁtmmsbctﬁtmedfrpMer ein x is
an i nteger rangl n frorp xtsuna%)cnYo fg ncgz hp Organcm on&x?em lto Spsuch

t hat y=4-x, i (T 8&8 rangi r’i'&m'fr i df ggn Ah? ae%mndently
sel ect ed from hx;dryﬁgfsnhaada reachwidi siipiofshe.€, mg&namms:hﬁqms]'dmcﬂygmms art

preferably independ tIy sel.ect from roup of organic noieties
consi sting of 23""?@7 %}E} S(g'ﬁ'gd] ﬁ‘ﬂe‘gﬂg thereof. The alkyl noiety is
substituted. gr unsubst i t ut ed and is selected fromthe group consisting of

strai ght al kyl) m;ra@gfaaw fhe KyHae ﬁb&ﬁdaﬁon&kdﬁbﬂt:ﬁﬁi&baféﬂmdoﬁ%eﬁ ARh&@Adrs, ed)d
wherein said alk¥ noi et ran}ggﬁ; in size fromC ﬁ(?) out, Cte. The aryl
moi et y- i s- subst iSHeXERG: BlrzanristiBees; catipitiancs, #nd ths like an c%?bi'@"f"l'sdhﬁrﬁﬁft% by

about - G- Pr ef er abdr¥iytieondBHIQIIR or dibep §pSsiipoRferiZiadh/fdaéidhi. OBmﬁng} wiySof @Xample,
acet oxysi | ane such as, 30 acetoxytrinethylsilane, diacetoxyd methylsilane,

met hyl tri acet oxy9 Vithput I’Eﬂaé‘ﬁﬁrl%"r‘i“%@f‘ﬂ%/!’l"lp&??éid%ﬁ RSy | di acet oxysi | ane,

i ot ! ot Rox SebACOCHS R af o SO EbR R her Sy

n(trinmethylsil y%aemt"aﬂ@mbolmdk@foc&aﬁg ef th ﬁnafzamemfzﬁﬂ dase)i ng:
2-(trimethylsil %b‘% acetl acj d, cﬂ (Lri rreth Si léV{I zri i dazol e)
trimethylsilylp ?éS"i‘ﬁ?"é‘ TSqLiOBnaRg, o1 I 4niegeF rapgip 2‘:95‘1’"“‘ 19000 ot e,
nonamet hyl tri si bpgad&, hexanet hyl di sil azane) hexanet hyI di si | oxane,
trinmethylsilanol, triet hyI silanol) triphenylsilanol,

t - butyl di rre I | anol hen | si |l anedi ol and conbl nations thereof. The
mononer - t ypé uﬁ’%{’i’f’g ﬂ?'f’ ?ldﬂ""gﬁ‘é’ﬂ? the ERPCYR xR s tgadify adiustef; o) e

sol vent such asagomlingnethe papidulae grothmtst h\eprelanmmumﬁnﬁtsl the datetiishprsat i N t he

formof a vapor .0 ried. Additional urface

rodi 1 cati on ag8ine BelEiin R Rrpbmet e emimamaidt s radarE i ot RS agent <

as descri bed i nteebbwill5:0.5 nole/melred U. S, serial nunber 09/ 235, 186,

i ncorporated by reference herein inits entirety) as descri bed above. Such

mul ti functional surface nodification agents can be applied in either vapor

or liquid fdﬂn’) Whilt natrvashing tevbe Houmd byany theary ofdrypetbésisss i hovSthe reaigénts of the

co-sol vents inc . ~ n non

di i sol propyl ket J(?ﬁ%' a?lgaeg{g%‘e’fggc?&aw?gﬁ&a%c '%&%%’98&%'";‘;%%‘3" 159%)6}}% cation
serial nunber Oab@mismnwbdabglvmhalplbyheﬂd (CER withgladels (Sid¥rap ttef whi ch in
| noor porat ed by phlsShRA RN IR i fhihq A bR kb rack baRKRAIR KapendiufieSC! | Ded

in detail in U seria as I ncor por at ference
above, certain mremmdomsm@ﬂm.himicorneragendﬂnamlctmmomo or nore -
functi onal OUlShAANE (€28 ki hodt AmSih: bASEs-ThkiAd @l Ghduftid whi | e

m ni m zi ng %gss preseRt ou St’ﬂhré tE%mstruséturgé] ﬂe)'i'?ﬂarre’v\o %?%E% film
and incl ude, ~,costing vl |take platecdypingfognation efshaReGALR?) 3 Forrml a~Vl wherein Ri
and RZ are independently sel ected noieties) such as H and/or an organl c

noi ety such as Anks ¥ Das®Sf sHEGahe <) S is an
al kyl, the al ky rmlnet%f"}g@c/) zis?)c}rr‘?a eﬁ%@tasé ?‘f%tm ﬁr%‘r’f%@sﬂtuw ed, and may
be straight, brm@aéﬁt@nwwméﬂmﬂsaﬂﬁ) kave thefellgwing gengrekfomulsi ze from Cr
to about Cr or greater) and nore pr fromCr t Ce. Wien Rr
or Rz is ar§?) the aryl noiety prefergﬁﬁhaagnsmts of a%s?ﬁg fe aromatic
ring that is opwhensimR can t&dbsﬂc'}'lt artacyli grovp and XL ils,et. 4. ¢ seletied frommuie pemere of the

size-fromGC5 to 0 about
C8. In a furt he’?ﬁ%{%b g&én e Y ﬁ%ngégv@mﬁg{yg{g‘?{z%ﬁél?g?%%¥ ﬂ&{'&%ﬁ?ﬁjs

or Rz are mde@saﬂiézmlkbyy(ﬂ@sécmub(kﬁ‘&ﬂﬁ)ﬂmlmyl (,S:-éimwmnpsapylegerphenyl)
and/ or derivatives thereof, provided that at |east one of Rl or RZis
organic. In one enbodi nent, 16 both gt and RZ are nethyl) and a
trifunctional surface nodification agent according to Fornula VI is

met hyl tri met hoxysil ane. I n another enbodinment) a suitable silane according
to the invention has the general fornula of




5 R Si(NRZR3)3 Fornmula VII Werein R, Rz, R3 are independently H) %L@/I
andl or aryl. Wienuyay.efs R~ R~ R3 are alkyl and/or aryl, they ar d i B
as for R, and RZ of Fornmula VI, above. In preferred enbodi ment sPGEW/elicH6g
to Formula VI1) R~ is selected fromH, CHs, CSHs, and RZ and R3 are both
CH3. Thus tlri fuaﬁ@ﬁg):ﬂﬂl;xﬂﬁp‘laﬁiﬂalﬁe)fﬂﬁuSéﬁszaﬁlﬁo,mlﬂjblf@'wérjDll‘hlfaglliﬁilbﬁtioapxci@r di ng
to 10 Forrmula VI include) e~. ..) iris(dinmej 1 o silane) .. .
tris(dinethyl arﬁ“db‘)’%é’?ﬁ“&’? ‘éﬂ\‘@)ﬁoa}ﬂi’f’é‘rz 'Pﬁl’%‘%@ﬁjeﬂﬁﬁﬂ%%&fé’f‘ %Pd I'n yet
anot her embodi nR4tfin aegn&ubfephhﬁonsnhéaﬂ@ (ﬂ@fé@h?{bm dn/ot Pyrhe ¥edick MAméRS t he
general orn hu?a 15 R~Si g,qglzcg% For mu VI wherein R~) R2, R3 are

i ndependent | y Hnd ghegsfere thy Pl ‘WéW‘?frﬂs"?h“‘eﬁe‘?yerPeZ"“g‘F@f"é} S-al kyI and/ or
aryl, they &e deflned as for R and Rz of Fornula VI) above. In one
preferred enmbodi gt henblal AR o€ sAESMbdReati Ydagdeis intluGEGfekihe Thus
trifunctional nonomer-type surface nodification agents according to Fornul a
VIl include) p)olyz@rfﬁbﬁqﬁwtthatgemqﬁw@cnw%r@mthvémm@fh@tb Flhm%g i-GHY ur t her
enbodi ment, a i aeGertidi dgwACCOr ding to the invention has the general
formula of R-Sid 3 Fornmula I X 25 wherein Rt is H, alkyl or aryl. Wien R~ is
alkyl and/or aryl, they are defined ad-Si8Ri-MBriul a |V) disgpdalll n one

pref er ned o] r face
modi fi cati ?r@ag&eﬂr%g“ I?;1'(:‘1(:3& ?’ﬁg%t% %enF%*rdﬁuPF ““WM Q@F%wéutymmﬁm
met hyl t ri chl or @simiogeraf theollqwingmoieties: p¢@¢xal(®6@(:gm$ +C(QHB)-0pi ng

reagent includ 2Ry, t foll ow ng
general formul gﬁ’ 2 §3@N @d%?%ogﬂﬂ nE aﬂ&% e?gmhﬁmx@éaa%bﬁnt eger
rangi ng i n val dermpaladm 1 t o 2) and x and y can be the sanme or different and
y is an integer ranging fromabout 2 to about 3, or greater. 17 Usef ul
Organoacet quy i giPsiso belphiddlhBiinulrkt w@sékbsmk skt bBBERRGIN age andl or
aryl acet oxysi | ane conpounds, include, sinply way Of “exanpl e and w t hout
limtation, nmeEmppesm %P@E‘!@)ﬁ(?&vldaﬂ@'eﬂﬂﬂmﬂmﬂahwQ!'idr?él*?l‘ilf%d&’é@%'@k%mdane
(DVDAS), pheny ofk. m@ﬁgowmmmezaama% Ocﬁewdedglécp%mwaﬂeaﬁfsnmd) (1.2-

conbi nati ons thereof. Pr ogertl es of uced No~0r ous | ectric Filns
Nanopor ous si | Gimetpsiazane)d- methyldlazanekenpalyman andNymethylsilazarcyesin ingolenes he

invention are Qﬁ&@l’sﬁ’dzhdépB@H%B@aﬁ\béJ}n@aeR%QijkﬁcYea@&omwﬁ HalamiHe@at e and
with pore sizes_that ran 10 from about 1 nmto about nm nore

e
pr ef er abl y 201 oRfHapdH) thegesired silpne FaRANtS30 nm and nost pref erably from about 3
nmto about 20 nm The density of the silicon containing conposition,

i nc:c udi BIg t][le W%Sthcﬁg%ﬁﬁﬂ%laﬁiam:&bw&ﬁﬁhe;hadlr}gicamgéagant&mgﬁméf@hnmref
preferably from abo : out c and nost ef er rom
about 0.4 to - BY¥AE y"i’@ﬁ?’%%ﬁ@o“ '??L‘#Hsf}m‘iuﬁgal WHBB‘BW?‘H?“&‘Y'BE‘A’”I‘?] r oduced
by the processhavinyfthé geeralfommila: on preferably have a noisture stable
dielectric gonst ant that is |ess than t 3. Mre preﬁ:erau? ﬁrs t he
nanoporous2 ilica films of the inventf ve a diel ect FPE"EBRSt ant rangi ng
from about 1. 1whéreiaRuah bSHalkyd\oe arylgrosp @idof B o)) syleétedfivm oneidr Morsoftthe about

D1 ol cctri ¢ Fi | RUOYRERSlr Heroeen B rerticiiaraRr ot besetihetin i on.

it will be appOSSi).adlle:dy(Rh)asx),taheamhemeNﬁ)sﬂfdlrhedemsed hyfdsfoanula LORpaS alid ons

can be option app. dto 5 sili fric materials, in
order to) gg~a4’°s¥ PRISH '1" 'Z'atssmfﬁg‘ﬁgf‘g‘g % éﬂ’élpﬂ]%'{"e?l‘fgé g”f‘gélgg"“Bf
envi r onmenggl d?flﬁoﬁzt]lyrpﬁ)vﬁlﬂ ddditienal fulitionflity andscptios fomierlaizatich and crosk el ectri cs

L N ke
I s-not-requir epdlymr&mjmmp@?hamnahwhme,mwhm ,@5 @6l A donibatitrisal S
i ncl ude, for exanple eposited by art-standard nethods) 30 e _.g,,

chem cal vapor‘hﬁfé‘i?f05| tion ("CVvD'), dip coating) spray coating, or any other
simlar materials that have surface silanols which it is desirable to cap.
Preferably, such silica dielectric materiials are fornmed by CVD. However)
the produced filmtends to have free sil&Rol's on the surface that will
adsorb environnmental noisture. 18




5 Thus, application of the methods of the present invention will Zl&émullﬂl}}
cap these free si WA Rla3036€VEN ON non-porous dielectric silica nateria

The followi ng non-11m t| ng exanpl es serve to further explain ad&™ NSPO(Péf‘Pate
the invention. EXAMPLE 1 This exanple illustrates the preparati on of

di el ectric fil nmeAnothengendrahlasy obsuitaile syrfhqetrasiificationymaaantyiaelidesarbasilaust ane

pol yner, that c D flecibrs b AR St fuhconkI GRS AP e WAE i \Bhnof @3 BHHUP Per
repeating unit. ci%r};gﬂﬁ:aradl?’{(%'r? oa? 1@52"“ H’zggm ASEJforCSurfac'e 3iL&| cati on

Met hyl tri acet oxywivingths geteral fgulapur chased from United Chemi cal

Technol ogi es) Bristol) PA) was pur vacuum di ion prior to
use. 3-pentanone(Pacific Pac) nee~- %iﬁfé ﬂ}é of wat efo%lHLgt'SOO m. fl ask
with a magnetSc stir bar. Then 29 g of MTAS was added to the above

3- pent anone/ wat M.XUr e i
over ni ght at rog‘m"trgﬂpé%dt “EWS‘% a"r"(y!fl a%mu cetw es%ﬂf“c’gx Gas
chr omat ogr aphy- r(ensﬂ(ammassmyem@&wee&)t xbkoay(alo,@m ot hmse(an}liJ cénddd f ound

no sign 20 of cf ) esting that all of the MIAS
has reacted. Thi ngg?“ﬁf‘i%% 'SPl'he‘B'Hg fﬂ%?ée?ia‘fy%s%‘ugh 0.2 micron Teflon
filter and used for the surface treatment descri bed beI ow. 25 Preparation
of Nanoporo Fil m A nanoporous I ca . precur nt hesi zed addi ng
208 ntof t ar aduliy SRR BoTa Rengmy B EEHRLHRNR Sl e BhE fy Ao

et her (TIEGWE) , cdmmdrcidlly deiilable. Znﬁlemipﬁﬂ; theaﬂ:darﬂwﬂ&e fﬁmllﬁli‘ withlthie T 11 seriescf d
together in a roynd bottomfl The t.0 .about .80C with
vi orous stirri fRRSAFNRY 2 M {’f"i“rﬂ? H‘S‘P %Rﬁ%\éﬁ‘?‘f"&t‘a}%‘ﬁ‘é"?&%‘sﬂ‘ﬁ&) 30 and
refluxed for 1. 5idnqwe$1)(fdmerfyoxlmds:gaﬂpaunwmuldmmnna)hMahesmlable simeaddut i on
was ,allowed to oLy WT 0 roomte rag §e 2 and thel51 .%ci?@ liglluted 25%
by wei ght. wi t b GURATEROY RS fq epmaialy By akbls S from Cs CHIREAL, 111 ¢ er
About 2 nlL af t Techalogp@risted PA)) | ca precursor, vvas dep05| ted onto a 4"
silicon wafer 35 and then spun at 2500 rpm for 30 seconds. Then the

resulting film N g.v

The chanber was\i\@\%algﬁ% %q(pg %93'%%“%#@8%%%%%@%@ dT%ISS(?fdgh %en was heat ed
and equi | i br at edepndsent&dbyFroanulas I, Sclilzed/or Y, in mh@mh&mermﬂ/mrmp@ﬂm t he
pressure to 660 _"gt!ag ed with
air and the fil &aﬁmg’éa‘{og%oaéedg}'%&ﬁt% ﬁ'glog d:l%hegr or %ﬁe&% " g’ﬁggﬁﬁr#ace

t r eat nent / s@vemmvestiamhange. O i goner/ Pol yner Tr eat ment of Film Surface 10
The surface treatnment/sol vent exchange of the filmwas carried out using
the follow ng C@Péﬂ‘l[rsuép%&su&accma.ﬁem%@m u%%&erys,w&mamﬁ%%dh&%%m%‘nt was
prepared as descri "above . The aged | mwas put on the spinning chuck
and spun at 250spxw-giamatmsplmamzmy.zf,awﬂrzbn@eemd@e<MTﬁ$1énTh°he filmwas

spun dry at 2504 &amlbwnaéﬁa&ﬁgﬁuadéLfmsisthla@ps.fommiahdkﬂan\eeﬁudhﬁmmd fromthe
chuck and subj ec?ed to_heat treatnent. 20 Heat Treatnent The fil m obtai ned

fromthe abdde peeRxyIwltirfactional groupn farmea by mianeafyitaplTA ﬁﬂd%@“ﬁ’lh)a for two
60 second st eps gef§iR8 pRPbAYFHvatel Bfder ifpfophiate BbndfongUr €d in a furnace at 400C
for 30 m nutes under nitrogen. The refractive index and thickness of the

obtai ned fil ns were—neasw-ed hy Whollam 25 el lipsoneter by standard

net hods. Det er niMeshorsef Reecting Silica Pielegticonst ant
Films with Surface Modification Agents

30
Although the exemplified methods for reacting silica films with surface modification

agents are conducted in the liquid phase, the artisan will appreciate that surface
modification agent or agents may be delivered into contact with the film to be treated in
either a liquid phase, with or without an optional co-solvent, or in the vapor phase, with

35 or without an optional co-solvent, as described, ¢.g., in co-owned Serial No. 09/111,084,
11



The dielectric constant was neasured by-the-standard CV curve-techni 3ue;
-usi ng MOS capaci two ob/4dfkgSCAP") structure as fol |l ows. The MOSCAP s fubk Jii3
is formed by sputtering al umnumonto the filmthrough a circul BETHS0/03626 k
and an al um num bl anket 30 filmis also sputtered onto the back side of the
waf er. An appr opﬂéawylm&medpmabﬂm&nwasfeap@hﬁ eobnhm)t,pwvnﬂ@&ﬁﬂﬂhand t he

capaC| tance was nductcéj l‘?han

dielectric constrﬁiﬁ '°’H’§f‘ér A Aat | onsa"i’oﬁmé’lrfo“ﬁfg uoaﬁgﬁﬂ&ﬂ?f%fceagxn %m?s)V\D
001 44036 Det er mieffattiveio pbvide 4 mealdd clivieotrie film Bivfnglﬂgtdbsueﬂ'mgéﬁfI‘MechmJUI red to

break the filmwas determ ed an art standar st ud- The film
Do be tosted whaOpRLAN TRRthCHE AR R § S ATCHREATIRHPY Ry SPosis
pl aced on to of the fllmto prevent penetration of the pore structure by

the subsequent | iy 3pPdntREimeniEdd ee)inveAonSRO K Ncalff s expdted W0aSvapdiPhase pidrarl t 0
the top of the alumnized film_Once the epoxg was cured, the stud was

pul | ed away f r orthat fsludss afpongmerfor forming o pelyner(gfigomer prtacq m%‘bﬁ@“%ﬁ&?ﬁ??ént

broke. The neasegsibiiteteir, efd-cpridhallly HecolBmBIbn wWith3lcarBEr 35, id £h BhAAKA@E WasS
reported as the stud pull strength. As described below and in the follow ng.

exanmpl es, the st“ﬂélﬂfﬁmdF“W%ef&é\‘YcﬁEHa%a‘Ph@‘F‘éﬁs6@“‘5?’8?P‘E@c‘bn t he wor kpi ece,
at the m)menfo 10 of mechanical failure, neasured in kilopounds per square

inch ("KPSI") Th@wmaﬁwx&me‘dutmwxaectsﬁoﬁama&rrﬁonammf%aﬁfé; gl the follow ng
table. Table 1 Refractive Index ~ Fil mThickness el eCtric constant

Stud pul | (KPS| polymsgaligamersggacs wfmwosaserswﬁmmazsfmw beiliagpl e
illustrates pr e%fn%d Gf'pré%ﬁmg'ré‘dcﬁﬁty" bty hﬂd@ll&feﬁ%%ﬂe&ﬁ‘vé thaheaQpoRo! ution of
MIAS- deri ved sil oxane_ pol.ynmer that cont ai, ned reactl ve functl onaI group
per repeating UWP"EE"F’F%&W Pf PR EHGINE ABcabyndeHfapecse

Modi ficati Omswmﬁﬂ@s%rm.@rm&emcmt ﬂéeﬂ@%ﬁ@ﬂy %ﬁB?Jd‘%ﬁ’ﬁﬁsvaf:&r Exarrpl e
1, above. 76.3 of 3-pentanone was added to 2. wat er in

flask with rragné’l"?sé “’s‘{ have gyitable Yapopprassures ip "lS"f‘WR‘FT”W%%\%E‘éF"P& tl1‘=he above

3- pent anone/ wat @grfdek iﬁb&lﬁﬁmbﬁb muam [ipl$ by Wiy dT@xample, and without limitation, the
whi ch-was- cont i nued- over nhg -room tegger ature-to~roducc,. a-clear~. 25

t

col orl ess sol ut iVBRPT PREssure Oh{ Shitablg grongsmes wilkiaaeedrmm abpuidltg abruh 20 198ed t o
anal yze this prqreumf blﬁlhdvﬁ;ﬁiﬂﬁﬂsdﬂﬁ:d’hﬂﬁmﬂé;MEéﬁnflﬁﬁ&ﬁ&C&eﬁWﬂ#hﬂ)ggml Ct-d : '
suggesti ng o t A C Thj s sol ution s then tere
Theough a 020 maepba ol Sp0\BR) MEPS bbby voBfe i e s ol BB | bed
bel ow. 21 Pr o abbuit 6:10@forrNMappreferdbly,ithd vapor phéssuné of2: midnofder for f@ AR OUS
silica precursor d.as described in Ex le 1 ove, was deposited
onto a 4" sili cé‘ﬁpﬂﬁﬁg‘g‘;‘tecgﬁﬂ"tgﬁ'étw'gﬁﬂﬁefé?m%’ﬁgﬁﬂﬁmo?&@ﬁ seconds. Then 5
the filmwas gelled/aged in a vacuum chanber using the three-step nethod
descri bed above Ak exeniplificiliesin] the bibnorhéravas mixXed ovith i seisblesolvémmibselventé change

of the fil mwas,.carr, ed ove-desc ur,f ce dlf atlon'
agort usi A8 AR B il 0 BRONE R SR B B SR bR
obtained fromt hgenadmdwopreomal\mnhkmsbleued:dtwhwh Wwidl rtum:ssmwhan ocess)
and cur e under RiebiOBER S Rve Ao GIRLIREN A BR phtior BE I ohpd

refractive i ndext - ric_caons est were a T conduct ed _
as for Exanpl e iurfaddund whisk candet réadﬂympnqudzyteva@smﬂmmﬂ!mhnungaﬁdmhe‘mﬂhmm ng
tabl e. Refractive,l.ndex cknpe Dielectri 0 d ull
(KPSn 1.3144 61T‘gdl§ a% @%8};‘}3 comp}é{} §1mp§fby way o?e p?e, gndrl wﬁhoui lumta on,

30 such co-solvents include ethers, esters, ketones, glycol ethers, chlorinated solvents, low

i,

viscosity siloxanes and suitable combinations of the members of these solvent classes.
The artisan will appreciate that the term, "low viscosity" as applied to siloxanes is that
which is generally understood in the art, and will preferably range from about 1 to about

100 centistokes and preferably have a molecular weight ranging from about 160 to about
12



This exanple illustrates preparation of dielectric filns treated with a 20%
sol ution of 20 MIAGHQGhdeyEd sil oxane polynmer that contained 1 reagti 3
functional group per repeating unit. Preparation of Hvdrol vzed W&@S%Fggg
Surface Modification MIAS and 3-pentanone were obtained and prepared as for
Exanpl e 1, abov@800iR4dtogs. dExeBipfaeriow missvsitysiexands ceefultimthe iryenfivefpravessesrare n a 500
mL flask with magneti I ar., 30.5 g of MITAS was added to the
above 3-pent anoﬁg'gr\f\]/%;tmga]r]?Er’r‘l;aggfﬁugg‘gwﬁ?rﬁggr%o%ﬁgrm& s wing, which was

continued' overnight at roomtenperature-to produce-a-clear; colorless

sol ution. Gas clSoiabix solyestp/by-saoteests caybe emplogd rpsonvamgatiohe chngiog genataliy éromhi S

product and found n i gn MIAS presence in t duct. su sting all
bt *Lhe. MIAS Has Hposbs Bbouite SeEeT F pERe B et Fr BREop FitR 0°
m cron Tef | onf f ielhtre usefir) Gn the mli‘eﬁi{oe ﬁmcss%méle&eiidtﬂwahﬂ?mtsoﬂﬁmédhbxedibbnyl Iow.
Preparation o nopqQr ous Fi 22 oyt 2 .0f @ nanoporous silica
precursor prepaf 8”%8" L@Bﬁoﬁg‘}i“ﬂfr %F%G%ecﬂfs “ﬁ‘%\]&,‘he\h?a"§mb"éﬁ’6%ﬁefs§ﬁ onto a
4" silicon waf efnchidét etyPitetaR}isoprdpylaéifle, nidityl stetaRDande6mbidationd thereof.he fil m

was gel |l ed/aged_in vacuum chanber, using the three-step t hod descri bed
above for Exarrpﬁé““l;}“%ﬁyﬁtﬁl‘éca%bﬂ?sf‘ﬁ?ﬂé' ip he IV ERLiNE Prgmsvéﬁxc?“s%clﬁg%jee’afhetnﬁ%fi I'm

was carried W t BycldhexapiPiohesks 96 doRBiairs thaes. ERethlarg Rétbs nichaGRthe USIi Ng the
four-step process described b 1. The fil mobtajned fromthe above

) Exanpl e

process was thelVFEle BEEP"?SFFSt"?ﬁ’é’df‘vﬁﬁgtg’l"e?ipﬁaaﬁ’é‘s%’)’“‘&ﬁ"t?b'.‘i'éfl ketmeandnder
3! tlrogen_ gas) aSoxﬁEﬁdﬁbﬁsllﬁdtogb(Eta?ﬁlﬁy gllﬁmwméreusl%ful i‘ﬁhﬁedihainﬁge:ﬁrw&' dsdsnd?)g, J
ielectric constant and stu ull test were conduct ed as described for
Exanmpl e 1. The 1"°ﬁ3%is‘ﬂ&@’(¥‘°f’?$l§?°brdﬂwy fher, tefra WYF@@%&%@WM ng table.
]'cl'a:ol e 315 EXAIVEi(ﬁh opylehd g gl‘&b:bll;diﬁmamhfer, hrideﬁ%ihﬁioﬁStél%ﬂlpaﬁﬁﬁpﬁﬂy ETll oritla@l Eth tric
ilnms treated w a 1o sol ution of MIAS-derjyved sil oxane pol yner that
contained 1 eaﬁ"ﬁYe\?E &t &'SHB'F""Q? B’B‘ﬁ?ssﬁﬁﬁ"c'f"g‘bie% "W@mﬁﬁf“f".’ °°§€°é‘ﬂ§?’&%lf’6’n of
Hydr ol yzed MIAScHiarbfofn,rahd cambimutionsitifdof. QAs vriglified ¢h (Be Qariphs belowy®r e obt ai ned
and prepared as f% ExanPI %anL‘% ablovei\. | 85. 4 q of . 3- pent anone. was added to
1.68 g of wat er PR EeabbPIRETFE RIVRt: FPepgmst pecly fnampupts Fpging 1591 6 g of
MIAS was added ttwutitozbont 89 Beryrer,) brgrare, /onmbe prefératily) iramouns rpmghpefrorst | rri ng,
whi ch was conti gue i oom tenperature to produce a clear, 25
col orl ess sol ut %ﬁ&oggar%gﬁgf%a"hgﬁﬂ@?tr?{ans)?iugﬁg'ctroscopy was used to
anal yze thi 20product and found no sign of MIA presence in the product,
suggesti ng al | fthe dxemplified ASbodirentsad the duyentibh,i the moaier was mixed Withra sblivériter ed
through a 0.2 njGr« A r ' ..tLreat ment descri bed
bel ow. 30 Pr epg%rgg’?@ﬁ;g%dnﬁﬁlﬁz ‘g{t%hagaggf#ﬁﬁgg'g&t%ﬁﬁﬁg%ﬁgggnanopor ous silica
precur sor pr epabydeblysis/condsnsati¢reptoduet fehmasinl the presends®f watenaBhedeatas spnteobnt 0 a
4" silicon wafe JeRE oS PHEm &Xo ﬁﬁ? ﬁiﬂ wae t he
filmwas gell edilhfagdg%li n ag\ilacuum g a e{c&ﬁ‘g{%‘éﬂ%’iﬁg&?ﬁ%g_ﬁgﬁ ep ngﬁrggf '
descri bed aBdvethe enlvepharaprsadvent ramise:from syt @05 pesentie sbout 4P perernt.ox exveiplye of
the filmwas Caybrefrbly, IS PEhEnl SR bR orcos kT angEPHbibiabst 03" 1 eagent
using the four-step process described by Exanple 1.

percent to about 4 percent._

The solution was then mixed with various defined proportions of the co-solvent solution,
30 and applied by art-standard methods to the dielectric film on the substrate, e.g., the solution
or suspension containing the hydrolysis/condensation product was spun onto various test
films. The monomer is mixed with the water containing solvent/co-solvent in a
concentration (monomer to co-solvent) ranging from about 5 to about 90 percent, or

greater. Preferably, the concentration of the monomer in the co-solvent ranges from
13



The fil mobtained fromthe above process was then heated in the two S}Uip
process) and cur edwongsdosdi trogen gas) as descri bed above for LK
The refractive index) dielectric constant and stud pull test vver%"&f&"’mm
conducted as described for Exanple 1. The 10 neasured film properties are
shown in the foldbowistg abaio 5@ perdenb| Moré prefeFably; the toncenttariokeof thel thanomhlar ia iieess ()

D el ect tant, Stud ul 871 9 MPLE 5 Thi
RS T (ENENA IN TEM T G e SR
solution of 15 MaAdrages frad abodt 05N & mtymo imbiimelerViere prferdblyo theeact i ve

functional group per.re eatln unit. Pre tio MTAS f or
Surface Mdific RS’H’WK@"H?}‘B 40 BRI ARSI ali’%“@ﬁ? él‘&%’&"’gna%gd’@ﬂéﬁ' ed as for
Exanpl e |, abpdvexadpes béibwothe Indacmiéraaod@mpifedddieAs. 0 1. 52 g of water in

a. S00 nL flask with a magnetic stir bar. 20 Then 24.8 g of MIAS was added
to the above 3- pentanone/water m xture with proper stirring, which was

conti nued over niTgereafiar the,RibstraisARd ths treated film Was braled do tempesaivre andfprtines 5

sol ution. Gas Cf};@%ﬁﬁfeﬁﬂb)ﬂn@&ﬁtﬁﬁﬁﬁé LRGN BRor e addRoRER! WiRe t Di S
product and found no si of MTAS presence in the product, suggesting all

of the MIAS has brefered et derﬁ tbfoﬁlmw@nw Pa@naﬂy,meéﬁa@ag HePs 6 a 0.2
mcron Tefl ofp fichidubedinG ;}}ﬁﬁﬁy m&gés%éme aé.ﬁﬂg%ﬁhmmm@%ﬁgﬁm&%ﬂd bel ow.

Preparati on of Nanoporous F a nanoporous Silica precursor
prepared as desdePRSERNIFS, orEa@mbﬁ%mP a sawb\mcess Slepvalor gxampls; the beabimagnent was

silicon. waf er arghdubed wnidt'fr #1175 2200 b REvily. S WRAlSH flTE R ihebddfier| | | M WS
gel l ed/ aged in a vacuum chanber using the three-step method descri bed above
for Exanple 1. zured, ey $9°G4036 2 ~ JUL 2QD~ PCT/ US00/ 01626 The surface
treatment/sol vent exchange of the filmwas carried with the above-descri bed
surface nodification reagent_ usin he four-step process described by
Exanmpl e 1. S5Th&omp !W%t“aﬁh%" RepRsp6 -pr ocess was then heated in
the two-step prosdeBIEr-g 'i RS gen gas, as described above for
Exanple 1. The refractlve |ndex d| eI ectric constant and stud pull test
were all conduct"é(!fm&g“UH%H‘P'E)E%F“S’GP""B(W‘P‘@“W“' W%%UPE’&'W?"F erties

are shown in the |sfaton ﬁ [oh Qielel @il fifin porEedf 64 ¢ daleorg zE\id Bagliti ckness
(A Dielectric c?)ﬁrll)g!tg;nt OS%D 6&149%;}45KP8% 501766 ~ éﬂeﬁbﬁ 3 g

MPLE
6 Thi s exanle MOTDRG L e, VY, ot Srdoseq fuid o apeor o |
pr:apar a}i Io_n of il hedlloved a‘og&mwﬁmamﬁca?hﬁbly&bs Mm&em:&om$ thﬁlakiﬁmols
pol yner/ ol 1 gone Lo ese T1 ar at n .o nopor ous
Pl about 5t PR R SRRl SIS Bty A8 B R PER LR NAR B |
Exanpl e 1, abovaseo?&mlﬂgmmﬁ&dmmcpmanét vesy thefilly wetfl€indam oulyga® spun at
2500 rpm for 30 . sec S. Then t%ﬁ?“djg m,was eI | edl.aged in a vacuum chanber

usi ng the threed‘é'ﬂg 23 leto o[5S da"gﬁ?)‘{f‘é BEOSEYRBn ¢ 1. The surface

treat ment/s@vent exchange of the filmwas conducted according to the 25
met hod of ExarrpHew&\)er,lambptidnd embadjseit ofithe gresent xﬁvb:mmlprdvaiaefmdd»xﬁﬁnm‘bﬁm was

prepared by m xj MIAS with 95 grans of 3- ano C
obt ai ned as des@%&%ﬁ%@gw&)ﬂ%gq an' Lﬁé‘foé'g?m“ 4“5%%9%%‘1(1’3?‘?“% The
fil mobtained fsuwficd with-themethods. axiesmposiions dfahe. ismshm_dnnoﬂ hAdvanapainsp a

process, and 30 cured. under nitrogen. as describ bove fqar Example 1.
The refractive f?ﬁ%’é’ﬂ?ﬂ "B?Q’EF’:}@{%“?‘{SS %@ﬂ?ﬂ%ﬁ%l’!’w é‘f'fmalﬁﬁﬂ"%t%%’to e all
conduct ed as0desatfatdsdutattdinsitix tepore sttuctufdief amAcporad film) whighrio pdievedas ar e

shown in the foll .Tabl.e 6 Refractive lIndex Film Thi ckness (A
Di el ectric const® ’%“Sffdgbhﬁ d’f’%“’f“%ﬁé"’%’iéh“ Oloes of pefymer surface A

modnﬁcauon agent according to the invention seals the film surface, provides added

mechanical strength, improved hydrophobicity and is believed to inhibit out-gassing .

during IC processing.
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25 WD 00/ 44036 EXAMPLE 7 2 0 JUL 200 _ PCTIUS00/01626 5 This exampie]yl 2003
illustrates prepawatdassef dielectric filnms treated with a (no Clororeze
silylation surface reagent followed by treatment with a ZS% sol'ution o
MTAS- deri ved sil oxane pol yner that contained an average of 1.5 reactive
functional group per repeating unit. 10 Preparation of Hydrolyzed MIAS for
Surface Modifi ca'httmmm?u'ﬂ?fﬂ%prem!dwewﬂ'eﬂnmmgﬂc@ﬂ@eﬁ%@p‘é‘héd as for
Exanpl e 1, abov i i = . 3.05
aram of vt or vaErTRamE ke AR RhaBaL WG ekl e flm Euf B oBpARE,
The resul ted cl eapolywirewifass modificaion agent ¢fahe inyeotiond Eoelemblly, Hieyeastiony®AS was
filtered thrQugh 1. j i far 1 Serifaed NU. -
Preparation gf ﬁ%‘%g%%({r%%gﬂ F%drsr!ykggll}{? S%Q%Jsg}uﬂgﬁ%féﬁoog J?%%?E?’Y‘P%’é“’%ﬁ’éecur sor
prepared as desaevilifieationragéat anishen (2) adding we additivpal daquotyiof e sklestrdancno®ér si | i con

waf er and then spun at 2500 r for.3 conds. Th fil

gel l ed/ aged in 3&)‘&83@%@%‘5’%2& °d’é’l"h“§9fﬁg"‘}“dgﬁ’%wﬁ‘g"dg%‘r‘?g?{%%8%15 ﬁ iTr}i%,get‘%’he
chanmber was evateatdddsy theom2botstpaviously destriet asprmni um hydr oxi de was heat ed and
equi librated at 45C and introduced into the chanber to increase the

pressure to 660,ton.for. 5 mnputes. 3. T chambe s evacuated to 250
S S At VY A e i R S R
i ntroduced i nt ohjdasphebie e dielectric nmopades slive fiimsimedireen descriis, foraxample in 5

m.nutes. 5. The cha was.refilled with 3 t i S renoved
fromthe chanbe?”‘%%gg%ﬁvagﬁlﬁag?{'asfngﬁ?% B @6@???@"&’9?@%@%& gi“‘*‘ 51"@?'? ng. Por e
Surfaces The agadgist 2719285 09/284609 ] 05¢235 86, bothifilddaa daruary 20 NOAY,Itieo| vent
exchange. The sol ytion used for surface treatmpnt/saqlvent. exchange was
prepared by di sSO0TVIi hg MIAS, prepat ~ed and di stilled ) ri bed by
Exanmple 1, 18 3-pentanone to make a 5 wt.% MIAS 26 WD 00144036 2 5 JUL
2003 PCTNS00/ 016a&preforredmbnanter-gipe surfage pedificatiomagent Thecanpohrtiaving a formula

treat ment/sol ven fil roey out using the follow ng
conditions: 1. ﬁ%”é"e"ég‘g’W:‘aﬁ’%&%‘%@Sﬁ‘ﬁ‘ ogir:l%ﬁlé'ggélﬂﬁ(ﬁﬁng chuck and spun at 230
rpm 5 2. About (13B:SiNHS#s, (2)&.3i6h@) RIBNOHE ol (XR:8iPSilss spun onto the film
w thout allow n r . seconds. 3. Then the fil mwas spun
dry at 2500 rpﬂﬁi&%ﬁ&%ﬂ%&gﬁ%&?ﬁ%@%@? Pom t he chuck, and subjected to
heat treatmdft at 175 and 320C) under air, for 60 seconds respectively, to
produce a bakedandicompinatipnpthereats Wheskin adsey inkgerranging fipmditadny is Thimtegerked film
resul ting from stens BoMfl b 5 euch BaAVE=4D!, pGEAURRet R ginp BBm 263! &th Wislal T he
hydrol yzed MIAS sol ution described The surface treatnmenUsol vent_exchange of
the filmwas cainfepepdegily selesied fomhudrpgan aadhp hypraphobie prgenis paisty. The Rigoupsked

film obtained f&@ﬁ?e?e?ﬂv&ﬂh@b&:&ﬁ@%@%&ed\ﬁ&nm&tgp of Sfarfidh bl Gomsfitifgorand spun
at 250 rpm 2. About 30 nL of the abqgve descri bed gdrol-yzed MI'AS sol ution

was spun on2§ healkyly agyl\apd enmbinations theraod, The atiyl mojety i sppsiitutedior spsubstitipdaad oo 3.

Then the film \gSeisdiddTro the Soup G stingf bedight kPRt Hedrie)] lchait alkyFanlli | M was
removed fromthe chuck and subjected to heat treatnent. The fil m obtained

from the above ¢mbinsten et Whigeip a¢jd alkyl maiety rees shvize frRme 1 ©japoyt G- 60

seconds, I espeCitie't®}i Ynoiehf e Substituld@or SishtRBtuted-and fahifed ACizeFHonlONG b C30 i nut e

under nitrogen. Refractive index and thickness of .the obtajned filmwas
nmeasured by a Preferably the monomer-type surface modification agent is an acetoxysilane such as,

30 acetoxytrimethylsilane, diacetoxydimethylsilane, methyltriacetoxysilane,
phenyltriacetoxysilane, diphenyldiacetoxysilane, and/or an alkoxysilane such as,
trimethylethoxysilane, trimethylmethoxysilane, 2-trimethylsiloxypent-2-ene-4-one, n-
(trimethylsilyl)acetamide, and/or one or more of the following: 2-(trimethylsilyl) acetic
acid, n-(trimethylsilyl)imidazole, trimethylsilylpropiolate, trimethylsilyl(trimethylsiloxy)-
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25 Wool lam el i psoneter. Dielectric Constant Measurenent Di el ect rkg
const ant was neasuwedolssg he standard CV curve technique, as desc H%ZW
Exanpl e i, supra. Film Mechanical Stren~~th Measurenent 30 The EGHSq0{pa6zs
strength of the filmwas neasured by a stud pull test, as described by
Exanpl e 1, supr &cetgte, nonanstindirisilegane, lexanetyidisiges. mepneinddisitvxers The nodul us
of the prepared,fi : j K MIS Syst ens
Corp., GCak Ri dgé‘?h%‘ﬁf‘%%gloﬁg’?ﬁ?@g’h@ Iéél}ry Eﬁ@%ﬁ‘l%m’?’g%gé{%ﬁ@’ nodul us of the
films in GPa (1@phhiyidpnedicl grdcombinations thereof.

Refracti veFi | nDi el ectri cCohesi veModul usl ndexThi ckness() Const ant St rengt h( GPa
) (XxPSnEx. 7 Datal.256578232.48.36.3Multifunction-Pol erEx. 6 DataTreated

byl . 166575I 85. 9gbe GidhaxnrAResutfice aiodifiCationegeoimaay b mixed Adth@anitdble sapentsochat ed
from Tabl e. 7, abhov i f the film . ex ified
mul tifunctional g%%ﬁ%?r?ge’g ? %ﬁd3§%?5“§§°&§‘grs‘té’§a sé’# geimrr%% g@égﬁ'?g é’E ?@éq%faggﬂw
properties of tenfdrikdntreated with just MIAS nononer. In particular, there
is a greater than 5-fold increase in the cohesive strength, conbined with a

relatively nodest,.j.ncrease 10 in the dielectric constant.. EXAMPLE 8 This
exanple illustr Z‘tdg'é'ofﬁ" BFRPRE g?ﬁ sgx?acarngp@eat of gectp 1"ﬁ’2’§? V’Q’éf“é‘&“%“‘/r 2%ol uti on
t hat cont ai ned hmtificeidn%gemswms desctibedin degdilih c@owred B0 Bérial Mdbiter 09/235)E86) and a
25! 0 MTAS 15 derived si.l oxane | yer. t hat cont ai.ned, an gveraqge.of . 1.5
reactive functi Bﬁa’iPmaF{}L‘fﬁ??%‘é’Fgﬁﬂégm’fsrfa“'aﬁi“EQ"sﬁ!?‘EgaP%\Vﬁ g'r‘F?’dT“gPﬁ’PWBfﬂvzed
MTAS for Sur f aceurfdoelmbtifiedtion Agents can be applied in either vapor or liquid form, optionally with

MTA- S- ands- pent ano e~=bt ed- and~ I -~cat.npl ~, - abg_\/e~, 25~0

- i ~par. ed- as- #'
N 0" MIAS ws ot G- ebBoS oL r R o, iy NPT Sach 4 AP B Sy
added whi | e t hepednohe, diisolyaspylkeopand ythak, aiédcribédim deGll o cosswned 3 B.nen stirred

¥ om provi odd. s pabySaseltaanal AiFer Il b e Gy 1 058 e FRIoH5 BEwRRh PG
t hrough a 0. 2 mnincorporafed by mfergm¢ lmereit in issatirtyFosexafnplecastdeesibertintdetall tn
Pttparadon of Y QaPYntict 69B333 56, asyﬁf%g&é‘é‘&i%méc& veo Elddinpedrbin’ 0, 026

A nanoporous silica precursor Was 's Sized, “sSpI n-depbsi nto a 8"
silicon waf er asufatdwedifjeatibmapentswill have ewovn owoerfunchond groupssand esctrwiked by

Exanpl e 7) supr . [Qkd I : | g1 aged
filmwas then t?“éfa"?% fol ol Jt"h’g‘o%%’rs gﬁ{‘/z‘g"g‘ﬁﬂfr‘k@po %&“}%Pﬁﬁﬁuéﬁ whi ch

al so incl udade nfsaroereark Miheliim, endfaclede; tup csuisdblesianolsisuchsasr f ace

treat nent/sol vent exchange of the filmwas oRLEd out ysidgiatiie fol | ow ng
conditions:- 1. The aged fil m obtai ned fromR%ﬁ_(e'hg)gove roce-sgla\}\t\gs put on the
spi nni ng chuck ahracregw_um@z%uﬂwmnﬂr@elngmmwhmﬁ dfonan ergenje
hydrolyzed MIASpgfalydhét a¥@Ry1SNABr 8ivhi\Rs b thef2. When R, or Ry is an alkyl, the alkyl

moiety is optionally substituted or unsubstituted, and may be straight, branched or cyclic;

25  and preferably ranges in size from C; to about C;s, or greater, and more preferably from
C, to about Cs. When R; or R; is aryl, the ary] moiety preferably consists of a single
aromatic ringthatis optionally-substituted or-unsubstituted;-and ranges-in-size-from Csto—
about C,s, or greater, and more preferably from Cs to about Cg. In a further option, the
aryl moiety is not a heteroaryl.

30
Thus, R; or R, are independently selected from H, methyl, ethyl, propyl, phenyl, and/or

derivatives thereof, provided that at least one of R; or R; is organic. In one embodiment,
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wi thout allowng the filmto dry for 20 seconds. 3. Then the fil mwa;z SRR
dry at 2500 rpm f owobosescond and then~the filmwas . renoved fromt é

chuck and subjected to heat treatnment. The fil m obtained from t Heluddisze
process was then heated at 175 and 320C under_sir for 15 60 seconds
respectively. TRERK@n “%{?F‘g?ﬁl"? agrfpmtionatsuriage madiieation Reesh asePidinede under

ni trogen. Refragbinfta VIelfthglatmdiiixgdiaRss of the obtained fil mwas neasured
by Wholl am el | i psonetcr. Tahle 8 Refractive I ndexFilm Thi ckness (An

stornDi el ectric Constant Cohesive Siren (IBS1.305468982.388.27 This process
denonstrated a $ fMdtnef dnfddment, b QRLEIEHlneREQE@RG0 (IeAMNRAf R That e BRFP FPmih of
with both silylation of surface silanols bé MITAS nononer_ and %){ﬁ t he
hydrol yzed WAS 20 pol ymer conposition. Th 1S QReR s | s a_FPF‘I'% t h physi cal
properties (di e'\@&}eﬁdl@l,ﬁﬂ'ﬁhﬁﬁﬂd}ﬁaeﬁéﬂﬂﬁﬂ\’aﬁcﬁgﬁﬁdﬁ D)Wienghy 6FR, Ry, Rp@ee

obt ai ned .by. theali;])(;locess of Exanpl e 8." EXAMPLE 9 This exanple i ustrates
preparation of | aad/orary, they sy dafipedses fon RypndR 281 Eormplaf]; ¥bave: dp gesferred MTAS
monorer ) f ol | owedlp DiminSREIERE 10HotbllAVE RY1s30k4Ld Rl A CAT O eNd NEHdRY 2 O
JUL 2003 WO 00/ 44036 - PCI/ U$%8/_01626 Si I{oxane pol yr_re?i.ﬂtrﬁg?gcontzgﬁneg an
avexage of 1.5 pedehiCHa. Thysdrifupsianal moenmsr-pee surapranedifrgtionvgents mcersinga® i on of
Hvdrol vzed NBASEEGhaSHIiAR, I dhddaRhihian hOisMEAS was m xed with 750 ¢

3- pent anonel\{gnd t @uﬁl 15, 3 J‘\)\%t Qr( vvas} ada&esgﬂv\gisl e 5 the sol ution was
pr-oper |y sl i medtrs@iretydamine)phenylgilang, pedfor gis(dimethylagine)silaghit . The resul ting
clear colorless solution was filtered through 0.2 mcron filter prior to
use for surfacep]yealolfB HmboliRRAE Qi kite LERBROG MtInvehtidh nas HR LR OUS
silica precursor ‘was synthesi zed) spin-deposited onto a 8" silicon wafer 10
and then gel | edfOBB@AS n a vacuum chanber as described by Exanple 7, supra.

Pol vier /ol i ggner Surface Treatnent The surﬁlgp@ﬁq%?gggn%%ym exchange
of the f Imwas carried out using the hydrglgg;zed AS pol yner_ conposi tion

of this exanpl eVBEEP RedRisrgnicrendpmly Hedky! sad/erand, Mherany9bBe Redfs 8canpl e 8.
15 The fil m obt Ak @aérapi) thédyRred RV aPfoPR M3 RVBSFrMBIA VIQBbRI Ifbnel 75 and 320

C under air for 60 secaonds regpectively. Then it was ﬁured in a furnace at

400C for 30 mi nPrefemedfabediment Byang Rz pre poth CHsapad Ry s GHGHa Thys Eifietionals ¢ he
Baampl o 1. ot Tab 0 et Ve Ladere | T e e ees (AN T o el ect i
ample' 1._' Ta ct.lve l.ndexFi | mThicla~ess n fro electric
Const ant Coh&2i v’@e‘gﬁf”éﬁ’f“&z[@ﬁ F%‘?@%ﬁ@‘g ~2.15 (L8.29 This process
denonstrated a sinplified process (conpared to exanple 8) and provide 20
filns with sinminget gfinger erabodimenp @ kiitables sifadé /lcerding toctheimmattiamhas thogeacrial e
strength). Wi I@ t‘ﬁﬁ{{fg have been descri bed what arse presently believed to

be the preferned™® iments of the invention, those skilled in the art
wll realize that changes and nodifi cati oRgSithy be nadeFormmiadXo wi t hout

departing 5o a,Lhe, 8Pl 8, bucilor LHe WY RIS R anbr 33, ey e 644 230or
FormulaIV, above. In one preferred embodiment, R; is CH;. Thus trifunctional

‘monomer-type surface modification agents according to Formula VIII include, e.g.,

methyltrichlorosilane.

30 In a more preferred embodiment, the capping reagent includes one or more
organoacetoxysilanes which have the following general formula,
(R)):Si(OCOR2), Formula X
Preferably, x is an integer ranging in value from 1 to 2, and X and y can be the same or

different and y is an integer ranging from about 2 to about 3, or greater.
17



Z 5 JUL 2003 PCTNS00/016~6 is intended to claimall such changes anplj ]U\_ m
nodi fications thatwdadidsossi t hin the we scope of the invention. Wﬁrr%h .
references are cited in the specification, the disclosures of f S%?foém

i ncorporated by reference in their entireties. 31 2 5 JUL Z003 What is

clained is . rocess for treatlngasulcafllmonasubstrate whi ch
conpri ses reactpﬁ‘ig’l areannaccipnyeilaags) inglyding mpltifineienal Alylaseterysilang audiorpri sing a

surface nodifi Cﬁ&lh&{bx ‘é‘ﬁHoon%ﬁﬂ?'zﬁblu%l@'sﬂnpiy i))‘ &@y Jf'ckﬂﬂlém{arvﬁﬁ@ﬁlthnﬁﬂuéh
substrate and wherein said reaction i s conducted under conditions and f a

period of ~ti ne mybxlriacetaxysikepy ("MIAS s dimethydiapgionysiiana (PMPASY)ent to form a
hydr 0phobi ¢ £ 08kbifkifRioh Hifind dnl BpAtioR@kiehyHint SifcomialibhHerdf agent
conprises at |east” one type of oligoner or polyner reactive wth silanols
on said silica f|Im 2. The rocess of clalml wherein said reaction is
conduct ed i n t hzogenties e ' d XNt or co-solvent. 3. The
process of cl a'ﬁgné%%%rsﬁk ﬁmlf&m%augam&&z{tmo} se AR liGl g1 1 F11m
having a pore stnr Ture that conprises silanol's, and erein sald reaction

i s conduct ed f genellydonmed with alpomtysoﬁﬁlboucﬂtl%br greaterand with pore sices thav céngé cat i on

agent to prpduce u tri

const ant of Rgboufn %bto ar[@%ﬂ&ﬁ?%@ﬁ %gega%l flr(mlm‘z’il m%n@ﬁ%b%&]odﬁ%&&a
nanopor ous si | |mt ﬁmfznbllydmhmyotawinedoebaut Q@nmdﬁstdammoamgmhgquonmmbout 1.1
to about 3.0. r. claiml vvhe |en |s conduct ed
at a tenper atuc°mP S%OR l%ﬁ&gﬁﬁg Bomst’mﬂféﬁiog Otrjbflstgﬁg%“? °ﬂ1e pr ocess of
claim 1 wherei rpmfmldy freaebmmo.ﬁwabundlﬁﬂtan? dndmast pmﬁabbdrmmcutaﬂnglong from
about 10 secon_qm 1 hour. 7. The process of claim1 wherein said
surface nodification~agent is a polynmer or oligoner that conprises
functional HYroups that will react with silanols. 8. The process of claim?7
wherei n sai d sUihtsats nawgpioptdica dilmegrediced by the proeesesd obthe invention peferabdyii t abl e
nonomer wth r ) ﬁgﬁ gent. O
The process o:‘N% ar}’&m{éir’glﬁﬁfe?g?asng{aﬁv@%hsq%%%cat]oqg&(;']tgle)g‘j{ofr% S sePQct?ed from
the group consingnopprguegslice fifray of thednventien haye: diplectyic ghnstant rangingdram about 1.1

hydr ocarbons, GBS0 bt s pEfRIaBIY eloipltheIoNBlabohn 515l ARARG oAb

conbi nati ons thereof. - M l§'Ul?mé\1i003t (133883_'%% process or?ﬂ%bgl mnb
wherein said® C(Bb%WWF@ sel ect ed fromthe group consisting of ethers,
esters, hetones, glycol ethers, hydrocarbons, chlorinated sol vents) Iow

Vi scosi ty sil ow_]_g%ma&?&s thereof. 11. The process of claim8
wher ei n sai-d nobnoner S sel ecte romthe group consisting of a siloxane, a
sil azane, a si ihfrthes benshigjalapsult qfthe gresentipkemtiant Willbe2parpeiged thatthe T

process of cl aipgve-a¥agedintihoad £hd\6Bhpdsitionis ébh B8 Bptionklly Srplied fé@\o&@bﬁé@dﬂt ina
concentratign rangl ng from about 0.05 to about 10 percent, wei ght

rel ative t @t haligasliciecricpatenpls, in-prler 19 ez wabilize SE?HPW’?'WP& efieftfofater is

present duri ngeﬁbﬂnéxﬂﬁabﬂsﬁfbdnauﬁﬂﬂt@%ﬂs@&:ﬁﬁﬂﬁ&bdnmmfﬂiésmn aratio
ranging fromabout0.50:1.5 to about 1. . nol el ol e. [ 14. The process of

cl ai m 8 wher ei H”“é’%ﬁ]‘iﬂ“ﬁ’ﬂb‘iﬂ?ﬂ@F inegratrg GiTenis W%@&MW@M@’W’B&%W%& sting

of said NDNONEkerf RARB M cicEnstt-idld? Porbsif M- ﬁdaequfm&ﬁmsﬁ -BdrbudGilith-
met hyl tri acet oxysi | ane, phenyltri acetoxysila

tris(di met hl yabstedisieRuramaterials inclade for %'@awwefélﬁwdamfﬁeﬁ Dharhsindand pethods,
tris(di et hghangpodheRiclinesdr degsitanCyDidpabiiipsSspriledotg, orla'af, otheesimilgcess of

claim1l wherein the conposi tion_conprises an ol igomer or ynmer surface
nodi fi cati on afeetialgth havespdasaailancls whichdt ifdrgirpble 1198Bn agent ,  wherein said
nmononmer is reactive with silanol groups on said silica film 16. The

process of cl apglefabGEIRdilka AR 2 nateridlsiate Binted BYICOVID.” BBWER:, Mel frodhcd@PNONEr
surface . nodificati'on agent, wherein said nononer is reactive with silanol

groups on sai dfils tends #0 lave faee simolsTaahesurfacedhat 34l adsarhAngirpnmeneb moisB¥dr i i ng
addi ng ai | east one additional nmononer to said solution after the water is
fully reacted) wherein said nononer is reggmctive with silanol groups on said
silica film 18. The process of claim 15 wherein the nonomer surface

nodi fication agent is an selected fromthe gnup consisting of siloxanes,

sil azanes, sil anes) carbosil anes and conbi nations thereof. -33




rs5 ~u~ zoo3 19. The process of claim 15 ~x~herein the nononer suﬁ ﬂﬁezuna
nodi fi cation ageniyd @useRkected fromthe goup consisting of

acet oxytrinethyl sil ane, di acetoxydi methylsilane, methyltriacet oXy<yPYNE.
phenyl triacet oxysil ane, di phenyl di acetoxysilane, ttimethylethoxysilane)

t ri met hyl met hoxiheis,| agpléication qfthermathngs of theppssaninventien ‘éﬂwsqﬁtﬂg! cap these free
n(trlnethyIS|IyI r Ve cetic acid,
n-(trinethylsil ﬁfﬁ@&%mogﬁxgn a%rﬁsndé &'Fsﬂh%}’%&%‘ﬁl?m ate,

trimethylsilyl (trimethylsiloxy)-acetate, nonanethyltrisilazane)

hexanet hyl di si |'Thedelwingsrondimiting lexkingpilds soreate further explainlagd iistrata die invention.
triethylsil %Ol ) triphenylsilanol) t-butyldinethylsilanol,

di phenyl si |l @nedi ol , tris(dinethylann il ane,
tris(dinethyl atni no) phenyl si | ane, Oé%

tris(dinethyla Sil trimethox ne .

met hyl tri s( et Eb\’ %" Egggﬁ‘r%%/é? ?%at" ﬂé@ﬂﬁ%’??l&ﬁ 8arl%lsvf' aﬂnze5 % %’#\uémn of

conbi nations t hﬂ’msfdem’zw sildkameoyobynier, Qb citdinezianfavérape pf il weaedvetfynctiomal ocess
conpri sing e steps of reacting a suitable silica filmwth a conposition
conprising ¥ s &FURPET KRS WU i on agent, wherein said silica filmis
present on a substrate and wherein said reaction is conducted under

condi tions and g@araaogem@médmmm&ﬁaee Mfotiifitaion sai d surface

modi fi cation agent form a .hydy, .said surface
nodi fi cation aﬁ?’r’t‘ E‘GFF(B?"P’%’E‘E {;1 B‘ea'ﬁ?gg"’i"ﬁ%?ht& %% ymer
reactive with $risﬁiD,Q’IA)g\ra9pqﬁﬁ'ledby saudnajshnmﬁpnbm us213-pehtagone@nmoifio Pac)s sil i ca
filmof claj : f%%%afllm
break strentith 'Of greater t ST ant ierectriy S gi ng
fromabout 1.1 1t'13 @fmr&ﬂmmﬂa%hwﬁmhmmdumar dhent29cgmﬂM‘rss wgs at | east
one nanoporous siliJ ¢ treat ed | faslom v Lh
surface nodifi c?g g'gate’%“t”pmeﬂ%?oé‘ldrvfaéafud‘ reagtglpm rsum%% d“'g't%ﬁc%n
condi tions and ofvenmgat qmmrodmpmtummepmdﬁcéaclcmcolérbss whitioh. Sas f ace

nodi fication agent aid
surface nodifi %a ren aé@r np#ugésg gﬁéﬁgﬁﬁquﬁﬁ?gapéggggpg pol ymer
reactive with f MIiAS P!’gﬁmﬂsrystheproslmt,dumcmruahmﬁll pithe MTAS TipgreaqtedeThisit ed
circutt of ¢l alsfhiden WASHeR! dhedf ot D23HiErol Tdhb“TRHel £ 0813 ind SufRfcPal ed by

reacting a swta e nononer wt In a solvent to formsald surface
nmodi fi cati on adrsatmentigscripebejom- egat ed circuit of claim 23 wherein said

solvent is selected fromthe group consisting of ethers, ~esters, ketones,

gl ycol ethers, ﬂﬂgﬂ{;gm’qﬁgo&?ﬂﬁﬁﬁs, | ow vi scosity sil oxanes and
conbi nat i ong t hereo e Integrated circuit of claim23 wherein said

nonomer is sel %ﬁﬁdp&mmlitme&%pw&qpﬁm&meagy Qcidm% 208 M&Qaetﬁox%bxiaﬁaane a
silane, a carbaosil ane, onbi nations thereof. 26. The integrated circuit

of claim 23 whéf@Lo é%ﬁ“&‘%&‘wl ?’gnﬂ&?té%ﬂ’eefmﬁgw)cl? 2} Jeippized vater,
concenvati on rxhd QSHLIF mhﬁmld ;Gge%r i rOBRBordf RG TRY Solutioy wiEheaial

relative to the cosol yeni -~4 5 JUL 2003 27. The integrated_circuit of
cl ai m 26 wher eith2 iﬂ%&&dﬁ%‘ﬂfnﬂ%”*&ﬁm eSEMES®Aor t i on

t0 sai d~MDrYTelnd ffidxedHr 165 HoBROo M § OBAraBIAbn. OHe Qésditifg dofutidhoib alfovkd 0. 5,
nol eJnmol c. 28. The_ integated circuit of c]aim24 wherein, said n@
Yihe Wgel ane,

conpound i s sel‘%@éﬁ?“f“r‘%fﬁ%é‘“%ﬂfﬁ%‘ﬁ%ﬂ’éﬁaﬁgﬂ%ﬁd%WW"E

phenyl t1i acet 0%y sfihedihrobgh o PinfBRin FeyighMilae) net hyl si | ane,

tris(di methyl am no) phenyl sil ane, tris(diethylanino)methylsilane and

conbi nations thereof. 29. A polyner or oligoner surface npdjfication
reagent pnepanddoph? mlagfithe Regoperayy siligaprecurORAYE derpsited opieEdr slifomWalel vent t o

form sai d surf apembPeh 42360 PB 8K Yecondd) Thdi e ?@meﬁg)ﬁmassgbhéga?eé jnlam of

claim 20 wherein the surface nodification agent conprises oxane
pol yner / ol i gonwacugm chagpheripefollowss si | azane pol yrer/ ol i gomer of Formula I, a
sil ane pol ytner/oligomer of Formule~ Ill,190r a carbosilane pol ymer/oli gorrer

of Formula 1V, wherein: said siloxane polymner/oligonmer has the formula:
(-SIiXR-O-)n Formula 1 wherein Ris selected fromH, al)cyl, or aryl group
and J~ is selected fromone or nore of the follow ng noieties: H acetoxy
(OCOCH3), epoxy (CHzZ=C(CH3)-OSi), oxinme (RFC=N-Gs-Si), al koxy(ROSi),

am ne(RZN-Si) and/or silanol (Si-OH), and n is an integer ranging, from2
to about 10,000, or greater; said silazane pol yner/oligoner has the
formula: (-Si XR~-NRZ-)n Fonrola Il wherein Rt and Rz are independently
selected fromH, alkyl, and/or aryl, and X is selected fromone or nore of
the foll owi ng noieties: acetoxy (OCOCH3), epoxy (CHz=C(CH3)-0-Si),

oxi me(RRC=N-Gs- Si ), al koxy(RO-Si), and amne(RZN-Si), and n is an integer
rangl ng, from2 to about | 0,000, or' greater; sald S|Iane poI yrrer/ollgorrer

o " I Vs ~ NI/~ \ p— I "] I L T |



33. The nanoporous silica filmof claim20 wherein the surface 'lfJL' ion
agent conprises awobysaomt oxysilane, a poly(nmethyltriacetoxy) S|]> /%?;
conmbi nations thereof. 34. The process of claim1 wherein the sur
nodi fication agent conprises a siloxane pol yner/oligoner of Formula I, a
sil azane pol ynerloligonmer of Fornula 11, a silane pol ymner/oligomer of
Formula IIl, orl.a ’Bwrdbembtravaeewaqumlf)()o])mgoner of Formula IV, wherein:

wherein RS sorcloRhenrsiibpgs, daGedl S basl B Ml B

one or nore of thehédiahwmg:cmseehﬂmssuwio(ﬁ»ﬂml (rBapeH3) , epoxy

Si1anol (9 oy T8 <hiFes ShERI R aanf B b rhrer PR T R, “or

greater; said sil azststepsuifacericimentgolnent exvhange.ne fornmul a: (- S| XR~- NR2- )n
Formula Il wherein R~ and Rz are independently selected fromH alkyl,
and/or aryl, a X ed fromong or nore of tile follow ng noieties:
acet oxy 0000 RORELLOIYIeT (Ieatment GhIIR ayriace . ; ma(RzC—N-CB Sl)

aIkoxy(RO : and ani ne |d ninte from2 to
about | TF Sufetn petmealspabit e Bubs BT yorrgane oWy | a:
(-Si XR-)n For m&bﬁdlﬁdds wherein Ris selected fromH, al kyI or aryl group
and X is selected fromone or nore of the follow ng noieties: H acetoxy

S
e00 26

(OCoCH3) , epoxy (CHZ -0-Si oxi me( RzC=N- Cs- S al koxy(RO-Si ), and
ar ni ne( R2N- Si ) CgF’g usgq f ’ﬁ'f")éﬁg ce Hgvas P‘F%ﬁ“'z%f'ifca‘b’&&%"fo 000 or
greater; and sal dmaamlhmpmhmpmhgmmd}m z&hﬁoifpﬁr mul a:

(-Si R-Rz- R3-) " For, arid. R2 are independently selected
fromH, al oot BE O 7 COCOCHS) YOV ( CRZ=CHCREY =0T )

oxi me( RzC=N- Os- Si )Lhcfaiﬂﬁ@(yibms&o)lds or am ne( RzN- Si ), arid R3 conpri ses a
substituted or un-.substituted al kyl e ene. Th ocess of claim
1 wherein the $ur % fwa&ﬂiul’g‘ﬁ t’p’P °’§QF"§ &"?Fﬁﬁﬁ\’%ﬁ%up

consi sting of pol yshewet fipinshd chinek anp elbjeeted myheabtdayiesi. | ane,

pol y(1, 2-di net hyl sil zane), (1, 2-dineihyl silazane)(Jnethyl sil azane}

copol ymer, N-rnethylsilazane resin, and conbinations thereof. 36. The
process ~!'20c| #EemnTreasinemtei n t he surface nodification agent conprises a

hydr ol ysi s/ conggr B4 Btk o8 FRERY ot bAPELEX %S BP0 unddiinPT OCCSS

n
of claim1l wherér ?ﬁ%ﬂe sur ace no I'cation agen
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U c*aU] caU] ca] ca] ca] ca] caU] ca] ca] c*a] ca] ca] ca] ca] caU] ca] ca_SgM z{ H54Uhi Xk
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U c”aU] calU] ca The film to be tested was placed on substrate wafer, and an aluminum Jayer was placed
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20 Preparation of Hydrolyzed MTAS for Surface Modificatio

MTAS and 3-pentanone were obtained and prepared as for Example 1, above.
76.3 g of 3-pentanone was added to 2.67 g of water in a 250 mL flask with magnetic stir
bar. Then 32.7 g of MTAS was added to the above 3-pentanone/water mixture with
properstirring, which-was-continned-evernight at-room temperature-to-produce -a-clear,
25  colorless solution. Gas chromatography-mass spectroscopy was used to analyze this
product and found no sign of MTAS presence in the product. suggesting all of the MTAS
. has reacted. This solution was then filtered through a 0.2 micron Teflon® filter and used

for surface treatment described below.

21
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4T109JU& () --)w2a?uV7! #@@l0% h h& ()-@ 10% h& ()-1 @0% h& ()-1 10%

h& ()-!10% h h& 4bouy? mL vHampdnapqryus i aEBecUTsoFprepadhah desciibed 10 Bs dnglq ), 2bovE1 0%

h& ()-St.. & 10%\9&%0@6&%&0 a 4" silicon wafer and then spun at 2500 rpm for 30 seconds. Then

5  the film was gelled/aged in a vacuum chamber using the three-step method described

above for Example 1.

The surface treatment/solvent exchange of the film was carried with the above-described

surface modification reagent using the four-step process described by Example 1.

10 :
The film obtained from the above process was then heated in the two-step process, and
cured under nitrogen gas, as described above for Example 1. The refractive index,
dielectric constant and stud pull test were all conducted as for Example 1. The measured
film properties are shown in the following table.
I3
Table 2
Refractive Index | Film Thickness (A) | Dielectric constant | Stud pull (KPSI)
1.3144 6115 3.13 3.96
EXAMPLE 3

This example illustrates preparation of dielectric films treated with a 20% solution of
20 MTAS-derived siloxane polymer that contained 1 reactive functional group per repeating

unit.

Preparation of Hydrolyzed MTAS for Surface Modification
MTAS and 3-pentanone were obtained and prepared as for Example 1, above.
122 g of 3-pentanone was added to 2.5 g of water in a 500 mL. flask with magnetic stir

25  bar. Then 30.5 g of MTAS was added to the above 3-pentanone/water mixture with
proper stifring, which was continued overnight 2t Toom temperature-to-produce-a-clear,—-
colorless solution. Gas chromatography-mass spectroscopy was used to analyze this
product and found no sign of MTAS presence in the product. suggesting all of the MTAS
has reacted. This solution was then filtered through a 0.2 micron Teflon® filter and used

30 for surface treatment described below.

Preparation of Nanoporous Film
22
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The film obtained from the above process was then heated in the two-step process, and
10  cured under nitrogen gas, as described above for Example 1. The refractive index,
dielectric constant and stud pull test were all conducted as described for Example 1. The

— measured film properties are shown in the following table.

. Table 3
“TRefractive Index | Film Thickness (A) | Dielectric constant | Stud pull (KPSI)
1.2329 6390 2.18 2.21
15 EXAMPLE 4

This example illustrates preparation of dielectric films treated with a 10% solution of
MTAS-derived siloxane polymer that contained 1 reactive functional group per repeating
unit.

aration of Hydrolyzed MTAS for Surface Modification

20
MTAS and 3-pentanone were obtained and preparcd as for Example 1, abovc

185.4 g of 3-pentanone was added to 1.68 g of water in a 500 mL flask with magnetic stir
bar: Then 20:6 g of MTAS was added to the above 3-pentanone/water mixture with
proper stirring, which was continued overnight at room temperature to produce a clear,

25  colorless solution. Gas chromatography-mass spectroscopy was used to analyze this

~ product and found no sign of MTAS presence in the product, suggestiig all'of the MTAS
has reacted. This solution was then filtered through a 0.2 micron Teflon® filter and used
for surface treatment described below.

30  Preparation of Nanoporous Film

About 2 mL of a nanoporous silica precursor prepared as described in Example 1, above,

was deposited onto a 4” silicon wafer and then spun at 2500 rpm for 30 seconds. Then
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The film obtained from the a ove process was then heated in the two-step process, and
cured under nitrogen gas, as described above for Example 1. The refractive index,
dielectric constant and stud pull test were all conducted as described for Example 1. The

measured film properties are shown in the following table.

Table 4
Refractive Index | Film Thickness (A) | Dielectric constant | Stud pull (KPSI)
1.1933 5871 2.49 1.70
EXAMPLE 5

This example illustrates preparation of dielectric films treated with a 10% solution of
MTAS-derived siloxane polymer that contained 1.5 reactive functional group per

repeating unit.

Preparation of Hydrolyzed MTAS for Surface Modification

MTAS and 3-pentanone were obtained and prepared as for Example 1, above. 223.2g of
3-pentanone was added 1o 1.52 g of water in a-500 mL flask with a magnetic stir bar.
Then 24.8 g of MTAS was added to the above 3-pentanone/water mixture with proper
stirring, which was continued overnight at room temperature to produce a clear, colorless
solution. Gas chromatography-mass spectroscopy was used to analyze this product and
found no sign of MTAS presence in the product, suggesting all of the MTAS has reacted.
This solution was then filtered through a 0.2 micron Teflon® filter and used for surface

" weatment described below.

Preparation of Nanoporous Film

About 2 mL of a nanoporous silica precursor prepared as described in Example 1, above,
was deposited onto a 4” silicon wafer and then spun at 2500 rpm for 30 seconds. Then
the film was gelled/aged in a vacuum chamber using the three-step method described

above for Example 1.
24
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dielectric constant and stud pull test were all conducted as described for Example 1. The

measured film properties are shown in the following table.

Table 5
Refractive Index | Film Thickness (A) | Dielectric constant | Stud pull (KPSI)
1.1766 6694 2.25 1.54

10
EXAMPLE 6

This example is provided for comparison purposes and illustrates preparation of

dielectric films treated only with MTAS monomer. No polymer/oligomer was applied to
15 these films.

Preparation of Nanoporous Film

About 2 mL of a nanoporous silica precursor prepared as described in Example 1, above,

20  was deposited onto a 4” silicon wafer and then spun at 2500 rpm for 30 seconds. Then
the film was gelled/aged in a vacuum chamber using the three-step method described
above for Example 1.

The surface treatment/solvent exchange of the film was conducted according to the
25 method of Example 1, but the reagent used for the surface modification was prepared by
mixing 5 grams of MTAS with 95 grams of 3-pentanone (each obtained as described by

Example 1) to form a clear colorless'solution.

The film obtained from the above process was then heated in the two-step process, and
30 cured under nitrogen gas, as described above for Example 1. The refractive index,
dielectric constant and stud pull test were all conducted as described for Example 1. The

measured film properties are shown in the following table.

Table 6
Refractive Index | Film Thickness (A) | Dielectric constant | Stud pull (KPSI)
1.1665 7518 1.98 1.5
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10  Preparation of Hydrolyzed MTAS for Surface Modification
MTAS and 3-pentanone were obtained and prepared as for Example 1, above. 50 g of

MTAS was dissolved in 150 g of 3-pentanone. 3.05 gram of water was then added to the
above solution with proper stirting. The resulted clear colorless solution that included

hydrolyzed MTAS was filtered through 0.2 micron filter prior to use for surface

-15 —treatinent.

Preparation of Nanoporous Film
About 4 mL of a nanoporous silica precursor prepared as described in Example 1, above,
was deposited onto a 8" silicon wafer and then spun at 2500 rpm for 30 seconds. The
20  spun film was gelled/aged in a vacuum chamber using the following conditions:
1. The chamber was evacuated to 250 torr. .
2. 15M ammonium hydroxide was heated and equilibrated at 45°C and introduced
into the chamber to increase the pressure to 660 torr for 5 minutes.

The chamber was evacuated to 250 torr.

25 4, 15M ammonium hydroxide was heated and equilibrated at 45°C and introduced
into the chamber to increase the pressure to 660 torr for 5 minutes.
5. The chamber was refilled with air and the aged film was removed from the
chamber.

30 Conventional Surface Modification for Silylating Pore Surfaces

The aged film was then subjected to surface treatment/solvent exchange. The solution
used for surface treatment/solvent exchange was prepared by dissolving MTAS, prepared
and distilled as described by Example 1, in 3-pentanone to make a 5 wt.% MTAS
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' 3. Then the film was spun dxy at 2500 rpm for 10 second, removed from the chuck,
and subjected to heat treatment at 175 and 320°C, under air, for 60 seconds

respectively, to produce a baked film.

10  Polymer/oligomer Surface Treatment

— The baked film resulting from step 3 of the above procedure was then treated with the
hydrolyzed MTAS solution described

The surface treatment/solvent exchange of the film was carried out using the following
15 conditions:
1. The baked film obtained from the above process was put on the spinning chuck
and spun at 250 rpm.
2. About 30 mL of the above described hydrolyzed MTAS solution was spun on the
film without allowing the film to dry for 20 seconds.
20 3. Then the film was spun dry at 2500 rpm for 10 second and then the film was

removed from the chuck and subjected to heat treatment.

The film obtained from the above process was then heated at 175 and 320°C under air for
60 seconds, respectively. Then it was cured in a furnace at 400°C for 30 minute under
nitrogen. Refractive index and thickness of the obtained film was measured by a

25 'Woollam ellipsometer.

Dielectric Constant Measurement
Dielectric constant was measured by the standard CV curve technique, as described by

Example 1, supra.

Film Mechanical Strength Measurement
30 The cohesive strength of the film was measured by a stud pull test, as described by

Example 1, supra.
: 27
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Refractive | Film Dielectric | Cohesive | Modulus
Index Thickness(A) | Constant | Strength | (GPa)
(KPST)
Ex. 7 Data 1.2565 7823 24 8.3 6.3
Multifunction-
Polymer
Ex. 6 Data
Treated by 1.1665 7518 1.98 15 N/A
MTAS without
H,0 (monomer)

" "As can be appreciated from Tabie.7, above, the properties of the film treated by the
exemplified multifunctional polymer/oligomer compares are improved relative to the
properties of the film treated with just MTAS monomer. In particular, there is a greater
than 5-fold increase in the cohesive strength, combined with a relatively modest increase

10  in the dielectric constant.

EXAMPLE 8
This example illustrates preparation of dielectric films treated with a solution that
contained both a 5% monomeric silylation reagent (MTAS monomer) and a 25% MTAS-
15  derived siloxane polymer that contained an average of 1.5 reactive functional groups per

repeating unit.

Preparation of Hydrolyzed MTAS for Surface Modification

MTAS-and-3-pentanone -were-obtained-and-prepared-as-for-Example-1,-above.-250.g —
20 MTAS was mixed with 750 g 3-pentanone and then 15.3 g water was added while the

solution was properly stirmed. The solution was then stirred overnight. 15.4 g of MTAS

was added to 185 g of clear solution obtained from previous step. The resulting clear

colorless solution was filtered through a 0.2 micron filter prior to use for surface

treatment.

25  Preparation of Nanoporous Film
28
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t10% & ()- Slocy’@e(rgsulmgegg}lg}lxp)w_as then treated with the hydrolyzed MTAS polymer solution,

S which also included monomer MTAS, as described above.

The surface treatment/solvent exchange of the film was carried out using the following

conditions:
1. The aged film obtained from the above process was put on the spinning chuck
and spun at 250 rpm.

10 2. About 30 mL of the above hydrolyzed MTAS solution was spun on the film
without allowing the film to dry for 20 seconds.
3. Then the film was spun dry at 2500 rpm for 10 second and then-the film-was .

removed from the chuck and subjected to heat treatrent.

The film obtained from the above process was then heated at 175 and 320°C under air for -
15 60 seconds respectively. Then it was cured in a fumace at 400°C for 30 minute under
nitrogen. Refractive index and thickness of the obtained film was measured by Woollam

ellipsometer.
Table 8
Refractive | Film Thickness Dielectric Cohesive
Index (Angstrom) Constant Strength (KPS])
1.3054 6898 2.38 8.27

This process demonstrated a simpﬁﬁed co-treatment process (compared to Example 7)
with both silylation of surface silanols by MTAS monomer and by the hydrolyzed MTAS
20 polymer composition. The result is a film with physical properties (dielectric constant,

cohesive strength) similar to those obtained by the process of Example 8.

EXAMPLE 9
This example illustrates preparation of dielectric films treated with a silylation reagent
(MTAS monomer) followed by treatment with a 25% solution of MTAS-derived
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treatment.

Preparation of Nanoporous Film

A nanoporous silica precursor was synthesized, spin-deposited onto a 8" silicon wafer

10  and then gelled/aged in a vacoum chamber as described by Example 7, supra.

Polymer/oligomer Surface Treatmen

The surface treatment/solvent exchange of the film was carried out using the hydrolyzed
MTAS polymer composition of this example applied using the process as described
above for Example 8.

15  The film obtained from the above process was then heated at 175 and 320 C under air for
60 seconds respectively. Then it was cured in a furnace at 400C for 30 minute under
nitrogen. Refractive index and thickness of the obtained film was measured by Woollam

ellipsometer, as described above in Example 1.

Table 9
Refractive Film Thickness | Dielectric Cohesive
Index (Angstrom) Constant Strength (KPSI)
1.2826 6439 2.15 8.29

This process demonstrated a simplified process (compared to example 8) and provide

20 films with similar physical properties (dielectric constant, cohesive strength).

While there have been described what are presently believed to be the preferred
embodnments of the invention, those skilled in the art will realize that changes and

mod:ﬁcauons may be made thereto without departing from the spirit of the invention. lt
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hK[ z%?HL hydrophobic coating on said film and said surface modification agent comprises at least

one type of oligomer or polymer reactive with silanols on said silica film.

2. The process of claim 1 wherein said reaction is conducted in the presence of at Jeast

one solvent or co-solvent.

3. The process of claim 1 wherein said silica film is a nanoporous dielectric film having a
pore structure that comprises silanols, and wherein said reaction is conducted for a period
of time sufficient for said surface modification agent to produce 2 treated nanoporous

silica film having a dielectric constant of about 3 or less.

4. The process of claim 3 that produces a nanoporous silica film having a dielectric

constant ranging from about 1.1 to about 3.0.

5. The process of claim 1 wherein said reaction is conducted at a temperature ranging

from about 10°C to about 300°C.

6. The process of claim 1 wherein said reaction is conducted for a time period ranging

from about 10 seconds to about 1 hour.

7. The process of claim 1 wherein said surface modification agent is a polymer or

oligomer that comprises functional groups that will react with silanols.

8. The process of claim 7 wherein said surface modification agent is prepared by
reacting a suitable monomer with water in a solvent to form said surface modification

agent.

9. The process of claim 2 wherein said solvent or co-solvent is selected from the group
consisting of ethers, esters, ketones, glycol ethers, hydrocarbons, chlorinated solvents,

Jow viscosity siloxanes and combinations thereof.
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11. The process of claim 8 wherein said monomer is selected from the group consisting

of a siloxane, a silazane, a silane, a carbosilane, and combinations thereof.

12. The process of claim 8 wherein said water is present in said co-solvent in a
concentration ranging from about 0.05 to about 10 percent, by weight, relative to the co-

solvent.

13. The process of claim 8 wherein saiJ water is present during said reaction in
proportion to said monomer in a ratio ranging from about0.50:1.5 to about 1.5:0.5,

mole/mole.

14. The process of claim 8 wherein said monomer compound is selected from the group
consisting of said monomer compound is selected from the group consisting of
medw&lt.riacetoxysﬁane, phenyltriacetoxysilane, tris(dimethlyaimino)methylsilane,
tris(dimethylamino)phenylsilane, u'is(dielhylanﬁno)memylsi]anc and cbmbinations

thereof,

15. The process of claim 1 wherein the composition comprises an oligomer or polymer
surface modification agent and a monomer surface modification agent, wherein said

monomer is reactive with silanol groups on said silica film.

16. The process of claim 1 wherein said silica film is pre-treated with a monomer surface -
modification agent, wherein said monomer is reactive with silanol groups on said silica

film.

17. The process of claim 8 further comprising adding at least one additional monomer to
said solution after the water is fully reacied, wherein said monomer is reactive with

silano} groups on said silica film.

18. The process of claim 15 wherein the monomer surface modification agent is an
selected from the group consisting of siloxanes, silazanes, silanes, carbosilanes and

combinations thereof.
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21. The nanoporous silica film of claim 20 wherein a stud-test conducted on said film exhibits a film break
strength of greater than 2 KPSI and a dielectric constant ranging from about 1.1 to about 3.0.

22. An integrated circuit comprising at least one nanoporous silica film treated by reacting said silica film with a
surface modification agent, wherein said reaction is conducted under conditions and for a period of time sufficient
for said surface modification agent to form a hydrophobic coating on said film, and said surface modification age
comprises at least one type of oligomer or polymer reactive with silanol groups on said silica film.

23. The integrated circuit of claim 22 whercm said surface modification agent is

prepared by reacting a svjtable monomer with water in 2 so}vent 10 form said sur[ace

modification agent.

24. The integrated circuit of claim 23 wherein said solvent is selected from the group
consisting of ethers, esters, ketones, glycol ethers, chiorinated solvents, Jow viscosity

siloxanes and combinations thereof.

25. The integrated circuit of claim 23 wherein said monomer s selected from the group

consisting of a siloxane, a silazane, a silane, a carbosilane, and combinations thereof.

26. The integrated circuit of claim 23 wherein said water is present in said co-solvent in a
concentration ranging from about 0.05 1o about 10 percent, by weight, relative to the co-

solvent.
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XR-O-)n Formula ]

wherein R is selected from H, alkyl, or aryl group and X is selected from one or more of the following
moieties: H, acetoxy (OCOCH3), enoxy (CH,=C(CH;)-0O-Si), oxime (R,C=N-0s-8Si), alkoxy(RO-Si),
amine(R;N-Si) and/or silanol (Si-OH), and n is an integer ranging, from 2 to about 10,000, or greater;

said silazane polymer/oligomer has the formula:
(-SiXR;-NRa-)n Formula 11

wherein Ry and R; are independently selected from H, alky), and/or aryl, and X is selected from one or more
of the following moieties: acetoxy (OCOCH3), enoxy (CH,=C(CHj3)-0-Si), oxime(R,C=N-Os-Sj),
alkoxy(RO-Si), and amine(RoN-Si), and n is an integer ranging, from 2 to about 10,000, or greater;
said silane polymer/oligomer has the formula:

(-SiXR-)n Formula 111
wherein R is sélected from H, alkyl, or ary] group and X is selected from one or more of the following
mojeties: H, acetoxy (OCOCH3), enoxy (CHz=C(CHs)-0-8j), oxime(R2C=N-Os-8i), alkoxy(RO-Si), and
amine(RyN-8Si), and n is an integer ranging, from 2 to about 10,000, or greater; and
said carbosilane polymer/oligomer has the formula:

(-SiRjRy-R3-)y Formula IV
wherein R and R; are independently selected from H, alkyl, ary] groups, acetoxy (OCOCH3), enoxy

(CH2=C(CH3)-0-8i), oxime(R,C=N-0s-8i), alkoxy(RO-Si), or amine(R,N-Si), and R3 comprises a
substituted or un-substituted alkylene or arylene.
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wherein R is selected from H, alky), or aryl group and X is selected from one or more of the following
moijeties: H, acetoxy (OCOCH;), enoxy (CH;=C(CH;)-0-8i), oxime (R,C=N-Os-8Si), alkoxy(RO-Ei),
amine(RyN-Si) and/or silano} (Si-OH), and n is an integer ranging, from 2 to about 10,000, or greater;

said silazane polymer/oligomer has the formula:
(-SiXR)-NRz-)n Formula 11

wherein R, and R; are independently selected from H, alkyl, and/or aryl, and X is selected from one or more
of the following moieties: acetoxy (OCOCH3), enoxy (CH;=C(CHj;)-0-Si), oxime(R,C=N-Os-Si),
alkoxy(RO-S1), and amine(RyN-Si), and n is an integer ranging, from 2 to about 10,000, or greater;
said silane polymer/oligomer has the formula:

(-SiXR-)n Formula I11
wherein R is selected frem H, alkyl, or ary] group and X is selected from one or more of the following
moieties: H, acetoxy (OCOCH3), enoxy (CH=C(CH;)-0-8i), oxime(R2C=N-Os-Si), alkoxy(RO-8i), and
amine(RoN-Si), and n is an integer ranging, from 2 to about 10,000, or greater; and
said carbosilane polymer/oligomer has the formula:

(-SiRjRs-R3-)p Formula IV
wherein R; and R; are independently selected from H, alkyl, aryl groups, acetoxy (OCOCH3), enoxy

(CH2=C(CHj)-0-8i), oxime(R2C=N-0s-8i), alkoxy(RO-Si), or amine(R;N-Si), and R3 comprises a
substituted or un-substituted alkylene or arylene.

35. The process of claim 1 wherein the surface modification agent is selected from the group consisting of
polydimethylsilane, polyphenylmethylsilane, poly(1,2-dimethylsilzane), (1,2-dimethylsilazane)(1-
methylsilazane) copolymer, N-methylsilazane resin, and combinations thereof.

36. The process of claim 1 wherein the surface modification agent comprises a hydrolysis/condensation
product of methyltriacetoxysilane.

37. The process of claim 1 wherein the surface modification agent comprises a polyacetoxysilane, a
poly(methyliriacetoxy)silane, or combinations thereof. :



