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TI TLE OF THE | NVENTI ON: LOW TEMPERATURE SOL- GEL

SI LI CATES AS DI ELECTRI CS OR PLANARI ZATI ON LAYERS FOR
THIN FI LM TRANSI STORS This Application clainms the
benefit of U S. Provisional Application No.

60/ 831, 161, filed on July 14, 2006. The discl osure of
this Provisional Application is hereby incorporated
by reference. CROSS- REFERENCE TO RELATED APPLI CATI ONS
[ 0001] The subject matter of the instant invention is
related to U.S. Patent Application Publication No.
2006/ 0097360A1, and U.S. Patent Application No.

11/ 752, 722; both hellEby OMTtE pYENEKWNSY ref erence. 5
BACKGROUND OF THE | NVENTI ON [ 0002] This invention

rel ates to t HOWSEMPERAWJRESRL-&E SILBAES A6
sOPHRECTRICB 2R PLANARIZATION IoAYERAFOFR SHINF M VRANSISTORS
silicate filns at relatively | ow tenperatures. In one
aspect, filns prepared from|ow tenperature processing

of t hdsis Arpiirelionglams thexpenssit o @seaovassor@éﬁaphcatlon No.
66881 861 fiicPo +L'1:¥_"I‘& eid()'ﬁyq{he%ﬂo%ﬁé d)f"}(ﬁla-‘.fl;??1 |§|ﬁ|‘\eﬂ AboblidBtion is

transistors I'n anot aspect
herghy Bcatngrae ﬁvr%fﬁiteg%f these fornul ations may be used
as planarization |layers, for exanple, on stainless

steel foils or substrates (e.g., TFTs on steel foils).

[0003] The gResEIREFERENREUSD HEL!A? EREAEPINGATRONG! Y
processabl e gate dielectric, interlayer dielectric,

[0004] PirRS Qﬁbjéd:tﬁﬂatfér bf‘!hfa‘?rﬁstéﬁ@n\}eﬂtléﬂérrbl%@d' tBQJ hpsteht Apb'ﬁllcatlon

transi stors at 0 er at ur
PBRAIRTNG: 20010098 HaFh a0 s Batp kP Icaton N i11{763.722: both

héreBY FcsfRffted BPY@YRAcet he need for materials
conmpatibility, processability, and good electrical

properties over a w de range of conditions and

deposition techni ques and at terl%eraturﬁé equal to or
| ower than 400C 'ﬁ?%@b’ﬁlpeg':g M pr obl em

Thi robl em has been a very dlffl cult one to .
19982F ; Ehie dpvetionsfelatar foghn e BLRMIRMPRGHLe @éocgsseds Fqhge! siica-

cdr@&iRing @ormnalmwprtowae%)ncm@emms bhRIARSly I tednfIERSURISUNE one
for reaction (i curg_?pls bel ow 180C f or ate

agpegt. &ilps prepgre fm lovsipaiPeratedrecaseingef Hiese f ioRg-gan be
uéh’ﬂi zﬂsl GRé dielediitsicd wﬂérlé%ﬁér B@Ie@Wcs ?&Q@n$ﬂﬂ@aﬁ§§toﬂaa{tl'FTs) In another

dielectric or interla di el ectrlc materi als for
aghochIALST (SATReratu s A g s o BRHIIOBS (T U U 4 Alangrization
Ia@éﬂsnﬁ:r ERAmplEbsrt stainfss fstdel fiid or Slibstraftdr(e @ SHTEUN dteel foils).

devi ces on plastic, other organic, or stainless steel.

[OTJbBE kTh'é‘ eleefrénitd ||nET§st|f§.fr i€ s@éﬁllﬁj‘rdbﬁﬂdﬁ@ceisaﬁie@at@li RIR@tric, interlayer

sol vent resist 3nce rocessin nmperatures at or

d'S@FBW aesheiangyizing i gk yss i dakricatihg I?'B‘rf'"ﬁ'l trapsistors gligw apd high
tenipyfurde Ofarti@ila), Hvagh Aotexdusively, fdprifiedelansiBttfls. aboWéver, the

need for materials compatibility, processability, and good electrical properties over a
wide range of conditions and deposition techniques and at temperatures equal to or
lower than 400°C has presented a significant problem. This problem has been a very
difficult one to solve, particularly for inorganic compositions (e.g, film forming
compositions) where the desired temperature for reaction (i.e. cure) is below 180°C for
gate dielectric or interlayer dielectric materials for TFTs on plastic and is at or below
250°C-300°C for gate dielectric or interlayer dielectric materials for TFTs on glass. A
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5 above 400C for planarizing filns for stainless stee
for other types of TFTs. Processing tenperatures for
silicates used as a planarizing filnms on organic
substrates may occur bel ow 400C but typically occurs
bel ow 250C, or nore typically occurs bel ow 180C

[ 0004] Therefore, there is a need in the electronic

shﬁlduﬁlbbben'f exists lﬂﬂ' plarfariaing fiend fop bubdieites forTIF TS Orrmhéwelectromc
brocesse

t
deYifhrBT PR PR BESBG. SO AREST Papl: MUY LT s 21 of8h needed
(mlt) @fm§|mﬁth\'votvbnﬂ|%%i%fan@b Sproéeslsmgﬂémpémmss;ang below 180°C for

era s that de i.ted via. typical
o BR LA iMoot e, By SR 2ot TauPanaT gl foy staghand ator
al@wefm Omor pl&fdriRMgTilms for siinléds $1gel fé&i dth@gﬁf&i cﬁWT&hBrdicessmg
ocessed, a

verS| ns are t ca 450C
SRl T Bt oG 5 RtATng TUHE A GAAn aptgeirates may occur
belewaDOtE B0t §picaIPi dtcOBBdldvg 250°€; bty pichiyvestars bdlew 180°C.
many TFT applications, the required processing
[00e4peTThérefors, t&éreas a nmaa in thesksctrohidindutHfor\the Feplacement of the

wB Y hion amae s oltesee AOp o ich RIS & aigen iffde-based
mt@ﬂa?éné} %és&cﬁa thatesaldnitiel ﬂml | {alseef |%herdﬂrsmserngttempsratmwmat may
an ca V| e ecr eases |
smﬁlteg Via b cdep el fesipgleeh e SUdh FosPin LRI, FlRbpYrusion,
spraging neri ﬂi“;’ltnﬁg) s.h«smésbammtrerr rﬁﬁdﬂ‘lddhﬁé)’m@iﬁretthf:all?:Ekobessed at
e in ni tro n i e. R
A5 FERTOG arB ThicAIY YRt g e Ena Al Yabor fbs Hom pr ghin coating

tegRhiguEE. e HoRe G fod imanyarraT a;ibﬁbatmflsmﬂé edquired pf(ﬂ:fesélhﬁ fem peratures
ectroni c deyi ces | ac

fi Imtran tor t he
ataniah ARG e ARG Gl i A HETE TR e DB Ler e raiagaments
fdﬂ’EMca Be guteafielbdtriéle apmerra Ml&d&ﬁ@mtald amcahay be dapésited at

are not suffj sslin
%tl:"fersl’%w‘?r‘é?‘ J& Hﬁ Yﬂé%'ft ly pt"PYégecg‘?qr%?ﬁeé '%E&@Ob"'ty and
TE‘D phiforeshnet idagidaatisn sslol théii ppensyde Absstb Wald H@QRey are
nt reS|stance [ | so deS|rabIe

I
wBfCalll Bposssad R ARG [V AT FIcLKIT AT &tGs BORGT that have been

telsteans uﬁteﬂé e&fdr Qe d:é!b@tﬂc 6ﬂ9mnamnonb Akt OB hin fit-driistors or
el .ectr

@Pé‘?’@ﬁ‘(‘?’]"‘cd?‘f'%a% 5 b o Ahstand bR Lo Rk o Yagys that may

bé ﬁ@é’cﬁﬂ@e@dﬂt’@éubﬂs@a@éﬁtllmrs bkb@hsbt IR Wbt é(m’idékﬂ?%rosslmked
tures of to C or, 250C. t

TS @rd?éj'%‘gg‘te TR L g et C"‘PE'a PEOV%%“Q'%%H Wit ?%GFOSS"”‘“”Q

nédtRY tHaie ool \¢BRbnt Bsik&had Realsd uNirBBlest ure absor ption,
and conpatibility 30 with other layers in the TFT.

[d006P 6hisBlagrmtiimbgitg ﬁhth fibn framsistoiRdndatmsistod @frads (also known as
St al nl ess st eel

cessed at or = aboye
baPlangy) rgndiEe ﬂﬁtag%&%gstﬁa flaps. Jptesayar@ndsgte %?'est@f:ﬁl;@%are
tyﬂ%@ @ﬂdlrecﬁmw ldaRage f:tﬂferit léhélﬁﬁ%pﬁigﬂtblﬂéﬁdown voltages, and

R4 Raerel e e bbb & SeciCia bl At ghessTima re cured, s

dé@r&btd tAgikthéyRavdidiveny rdsistditedRRARbIERFE AfsorStivm, ShEBordpatibility
&\eEFsses re ter than 1 p while providing a

VFE 'Y el-of planarization such that the _
[Oilhgi n!:Faﬁgrlzslrﬁge F Imsq‘]or su%strgtegséﬁch as stamlerggssttee ?nsélyrb%bgrgcésfsed ator
above 180°C, but may also be processed at or above 250°C or between 400°C and
600°C when used for low temperature polysilicon (LTPS) transistors. While some
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planarizing filmis self-planarizing neaning that it

needs no additional nechanical 5 processing (such as

chem cal nechani cal planarization or CMP) in order to

be sufficiently snoboth to put a transistor array on

top of it. Planarization layers are required for both
organic and inorganic (eg. netal) substrates. BRI EF
SiBtiNBARYY eObechHiEp OIMART tHENalcA 0 Mostacis therabdliny ioe deposited in

ofip Se5 % BfichArES QBFSELBn b Phik oS fiadisutcBn fRkse B
plaearizatior saetthat the staihlats stebhmintve glhssmieisahost desifdis if the
oo 1503 BB SufRY iR 238 e Byt Gl
pracessingiserch ds eheraical mecianidal plaharization anSMP) o1 srderio )
3B B Beb B eiiondon e BroRiateh Fieroe eaured
fdr botheqrphnyic agd trivegdnie (egl metadrsudstrateéi | min TFTs to be

used for a variety of applications such as the
pl anari zation of stainless steel and other substrates,

h 5 h

et on r et atiiEf SUMBARY QFAREREENTIBN. 1% he
5847 98k G S0P 358280 Vi {5 Bl Palps oy
piogiding sa-gelsificate fonmplation thahsan be progessegen a rakativeha v
S L P e Bl e DG bt o
ugsidafeaiiexamnple, &3 bigate drtinterléydr eieiduadc iralyin fien abhsistois@FYs) or as a
P'Eﬁ% %ﬁﬁzfﬁﬂ of?lr %@%&,dogﬁéﬁtr%ﬁ%gr ’ teg{{n?eil'ti\?% giﬁ%qxﬁl B%éelﬂls%gtg%@fed in
methods fdselpplyingtibe forh@REon as aﬁmdh TgTsIfocke L{lﬁhﬁ for a var;)ety of

. a conpos, tion n be

B .08 s E pBRAAING:  0efs FELER AR BIFRE amons
othedendkgsest hin fil mtransistors or other el ectronic

devices or applications. [0009] Another aspect of the
[0088]e n@he pspeet at ibs inventiomeelated td arcompoyitioh bemprising the sol-gel

i | -gel ,silicat t [
Rt otTeastohd sBvafh afigds Hne bR, Bndpbtoraliy, sbleabt e Tase, a
Ieastmmeabchmtaatsaﬂeasi oagtwlotog'égogt |east @hg )‘Iowlmdilévb@llliag agent, or
t QW 3. a accept.abl e e
ke et B R et 8 e e el iR 8 plenaiaing im.
Thm’élne'uihat mhge be?flaﬁiﬂrel_yqnoqms@se@ or curagpt t;e'rrg:@réth@s%obr @sdve about
I ventlon to t trate via
4ePC ol ol Aok ek SEH ARy Boi B0 et B Gy tgoc,
deppnding ngen fivel applicationo {Fﬁoékmnplle,(#mh ia]Ex_n:imtmat Rish ica® Be employed to
. in e.resulting filmto . .
L TN AR S —————
or@gplicatiabout 250C, or, nore typically, bel ow 180C,

typically with all heating done in air. [0010] Still
[06@R]t Herotier @speeaf the inveritibn rélatestd a arethet for paeidirgea sltrate

wi&oﬁgﬁid%?siﬁcgté bQ%e%fr iAtQH%yer dielectric film (that is processed at a temperature
from about 130°C to about 300°C in air), having a dielectric constant below 3.5, an
acceptable leakage current density, and iow moisture absorption, wherein the method
comprises : applying the sol-gel formulation of the invention to the substrate via either
spin coating, slot extrusion, doctor blading, spraying, printing, or other solution deposition
methods, and heating the resulting film to a temperature at or below about 300°C, or,
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tenperature cross-1linked so]-gel formulation as the

gate dielectric, interlayer dielectric, 5 and/or
planarizing film particularly where the planarizing
filmis self-planarizing. [0011] Further provided is

an electronic device that contains the | ow tenperature
processed sol-gel silicate fornmulation of the

typivatiytbetuw alsola 26a1G; op/ rhevedypicdl§| beiywr 80T, aymedily iwith all heating
dor/and as a planarizing film 10 BRI EF DESCRI PTI ON OF
FRE"DHAW NGS [ 0012] The i nvention will be described in

L LS5 et i 1 P A A i 0% o

tereperamentabs-inkegheahptldsrmwistioni a3 the b@@ldie}led?cn@ intériayeer dielectric,
I st.or

LR PR T e Bat ”ﬁ%if Wt the,oBrerieifl hipS ssk Dinaging.

awi n

1115 i g mneRD R PR hatinsan Mivpjempetaure
pfc&@és‘.'ﬂd dﬁl-gel sflicate farrfulatiomef thé invettionat 2 gdte dr/and intefayar
dﬂ“\?ﬂ' mdtranlstor ntaining the filmof the

I° H:t?rc?ﬁ‘ a[s@O&%TarEfr@ M is a draw ng of a fourth

enbodi nent of a thin filmtransistor containing the

20 filmof the invention. DETAILED DESCRI PTI ON OF THE

| NVENTI ON [ 001 BRIEBF O&SECRIPTION ORsTHE DRAWINGS on

relates to a so[-gel silicate fornulation that can be
[@M&T e be ihventian will batdeserlibed| inwobjengtien atithrtbe faiowaggawings which

L T TN TR A T N T
BN S i

figucfithaimvettionor above about 250C or at or above about

400C and used as a planarizing film The inventive

[CO1H] c hige 2iismy diewisgol 4 setond temnbedinnethe of artige filod transistor containing
ﬂ.%q: q?ﬁ{eelﬁv%ﬁigpusedz for exanple, as a gate or

I'n

ayer ectric or planarizing filmin thin film

[dggﬁjgs F@t grssa QF}J aq oioé %%boﬁgpe% %FL rttﬁlq hl‘l:n ﬁ&ﬁ’é.&&?conﬂir? ing the

osrrtron can o m a m or avin
filrefithariventidneak age current density (e g , a Ieakage
current density of |ess than about 5 x 10$ -4 AlcnR).
[OMEh Eigp# i8/@ drawingblex fouthiembadinent f 5 thimfilastrarsistorf dantaining the

f,|H@rgﬁé§1tvgﬁt§b the silicate can c_orr_pri se a di e! ectric

rial prepared from sot-gel silica-containing
formul ations that may be cured at or bel ow about
300C. In one aspect of the invention, there is
provi ded a cdMpbAILEPIESORIRTICGNLR MYEANYENFIQ@Nel ectri c
or interlayer dielectric fromsol-gel 5
[09117] cBragdivi therinstgntriovantiparelains ta & aol-gel silicate éatmudation that can be

oREAS oF AT ek A e Ay, i

orclzﬁ\qw phew 250 C. or more particularly, at or below about 180°C. This same or a
similar sol-gel silicate formulation may be processed at higher temperatures such as at
or above about 250°C or at or above about 400°C and used as a planarizing film. The
inventive silicate may be applied onto a wide range of substrates and used, for example,
as a gate or interlayer dielectric or planarizing film in thin film transistors (TFTs) or other
electronic devices. The composition can also form a film or layer having a desirable
leakage current density (e.g., a leakage current density of less than about 5 x 10®
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| east one silica source capabl e of being sol-ge

processed and at |east one solvent, water, at |east

one acid, and optionally, at |east one base, at |east

one surfactant, at |east one porogen, at |east one

flow and |l evelling agent, or mxtures thereof. This

conposition 10 may optionally have a nolar ratio of
Aarhowhen esipldyedin aletindric tédces duch as siin fime trafisistors| thesdlicate

about 0.5,

018] l.n. th th nt,di .

PR e 4 PR S Raeafea R Sekad sube Sel R ijaons
th‘aornap ibearedd or bploansiout BOWCL ilh oné aspecs of thgdhvention, there is
o8 SRao 3B R pafiio R oot Bislsclttn Higur BRetlicHom solgel
mmmﬁabl ihihg I‘I‘obrﬂlﬁJlamh”chai are Alred eea'tbeww‘alschdtt Isloa"&,;wrtg@cally less

ca e el n I oc a e one
R RPBH2I0 G G Dl jesi S AE IBEC. Mt Eombdien Rfferises ot
lebstasie gillva sbaﬁ:e caphble @fibkingBel-ged prcfcaes_tamnd attledst o5 solvent,

whiR) ol Feist Ste s cand St BnBest cf pantapt BT be firfpctant, at least
od’imp@'ogemnﬂt &ast aie ﬂbv@énd: tewblﬂnég hgers, drinsieturay thbieof, THie composition

apou

RepliSheTE atice A ALS Prine GrelpR MR B BTR pordfe o o least

abmitlogl of planarizing a substrate using the
conmposition conprising at |east one silica source
[004 pp.bIncarwithdv @ispect of the-igvntion, ctnerssisedroalméd at sifitardr idemtical

o Ratey o Begames pRBaZmE D B porddl ficon PBedimEhtons
thpbamgmred attorlaea?é al?rut}ﬁ ZSOﬂLtV}/ﬁaaﬂor abevelabogt 409201 Thrsrcomposutuon
reo 1S Ne

1585 L e T gica s e lpb 1ok REnb S EerTpraceRag n atfeast one
saleartwaten at ieabtyoref adi d3 andr @ﬂloﬂﬁllyl, &t legstlchiiHaké st léast ane

trat [ OVi a relatively.l.ow
st ferisCand Bibasis o ispil G futibdd feingi dbont Bt Hiies
thbaeuf.ngh“s Qomgdsitdhriay |o§§i@’fa$ly have 8 et ratiibf dagba totdilieon within
or do t tle orh&g further nmechani cal

th%irshr'é%§g?"ﬁ§ Qtfla e abopt-21 0020] Ahcommn measur e t hat
N e X PR

suhishrate’ irgg thEeuinpositom carfprivingy 4thegst i Ioﬁe siliea s@.tra@ daialble of being
' Z val ue r r.ns hnes

sl oopyseR ant f ebsLoha POt gt B Al pPtogaly, o
leagt, oné&déehat%?drt] bnd dudaciie) &t &Rt gne ﬁonbbén aatﬂiéasgenezﬂow and
in.the

e¥lindraatot O Rixeisinied: This oo fofites Brhimg dPeeigsd! pidharizing.

Asalf p%naﬂzm@ﬂfncwmroe%reﬂvérm;r f fbéturemfcfr heegnilammsoﬁ atsthtrate to
ere Ittin or a

PIRVER 2ge PG Y e o aa ens Al e esaled subsifate

witiRAR ha(ﬁﬁg tdadd aaenr layrs @ s6coptl cdatingedTane #lm) @r to litte @R nd further

mechanlca‘?l processing to the film.

[0020] A common measure that is used to gauge smoothness is the rms roughness
value obtained over 25pum x 25um section of a substrate. Route-mean-square (R,) is the
standard deviation of the Z vaiues (or rms roughness) in the image. It is calculated
according fo the formula:
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before and after deposition of the filmon the
substrate. A comon rnms roughness value of stainless
steel substrates that are used for flexible display
substrates before depositing a filmis 200nm rns
roughness and a good planarizing filmis one that
achi eves an rns roughness val ue over this range of
<20nm 10 anot her aspect of the invention,
there is p; ik a substrate to be used for a
variety of éctfgnlc devi ces that contains the
pIané@ﬁ%*&gﬂﬁﬂWWT# the invention. Although a
particul ar exanple of such a device is a thin film

whe B, Sik dfie at‘«érage Zhiatig wwtneqmags. zqé the ¢unetnedam@ of Z; and N is

this t evice. O a es of suc
e R 4 OIS B B pger this valog 4 Rk coeprtpLiIL b plane of the

iR, thepdibid, pRineftohqor Retichmg thé aatbayill deirgeadis vhlua!

panel dlsplays 15 fl exi bl e displays, nmenory devices,
[Onas] C Tysigally, ce ine@sures Heagisroaghridss ©fla panaREh@finRgs a substrate

n or gi devi ces

S BRI 4t Sepas oL b Hirkon, el subs ey A CarBibn e rouatess

v&lué bf:ﬁaifﬁmlsrs R mﬁge% tﬁﬁlt dﬂf Uéd@::c fob ﬂé)ﬁ'ﬂe |d|s|pia(9<‘s©§§tﬂﬁe§ Bé&fore
r|S| oun ecte romthe gro

1”9#”1 fﬂ% '6?88'%8 NeEHL2 APAPIgYariging fﬁ%? o that
acﬁae\td%eanfrﬂisl r@\b%;msé Qéliwb%r théGrahge GSI0nER ) 42, wherein

R i ndependently represents a hydrogen atom a fluorine
[oDR@m Iroainotlﬁ?errmﬁm@f &l&hnﬁrﬂaﬂl ther@li® provided o RiPeRaeNd Be Aised for a

AR S RS ik 2P Rieioh e Hanim eyt 10k GusREn. Atthough
a gandiepiar e“"Ed'nf-bll.e Jof Rﬁih(ﬂ@)lé’e_lb 3 thinfilrPitraREetos afray, ,thd\h@érﬂldh is not

s Ao Bk LU 5 i o B b b e ot e
tothintfive treasmtons, pbloleltAdy, solar celle, @i@ﬁlaﬁdé@é@é’ﬂaﬂﬂiﬁeﬁdﬂ%ays

or, .different and ach is er ran
oS HispBRE e A daiphebestendo & aewﬁ% edtdteate. REID tags,

s@spfsesmart objete bhXirgp Pndliitydevicts. @ group represent ed
-(CH2)n-, wherein nis an integer ranging from1l to

[0@23]ThM&EErlalsCngb|B®§ tﬁ@mn&aesmmaade Blficsoursss é@bb@ of being
| east, one o | east ol ven

t
sqlieLiocdasel] a1 coFprigRg 2centpouas sSieip BARS SIoub consiatg o

camgounas eepradert&pby atdesst DHE iohtHedbllowidd fdnRamst: one
porogen, at |east one flow and |evelling agent, or

i) masv(cuR%,mrmR inddéiAdbnthsrepresite la&iynrcﬁg%ﬁ(‘dmrheéjﬂudrfhé atom, or
rrB ﬁlrtll on can corrg{l se at. | east one sili SOUECG
a‘ﬂ%‘ ¥qlent Argnic, grouR @P@éﬁaﬁ@emem\@m@fgé&cgg'ew, andais an

infeger ¢ 96 20SIEURY),, atherd RF reprédEptsa moBvARopdatid §roup; and
pol ycondensation or simlar means. Mononeric or

iR ERO0HeBERUSIORYELRAL Witadbin Rirghd qafnﬂsgnsameesaﬁmmmgnt and
eglc% repr%serﬂs Iannc1)<.[: an'e%t gr%ralwc%lroup, %nanclil &JB may be the same or different; b
and ¢ may be the same or different and each is a number ranging from 0 to 3; R’
represents an oxygen atom, a phenylene group, a biphenyl, a napthylene group, or a
group represented by —(CH_z),-, wherein n is an integer ranging from 1 to 6. These
compounds can be combined by any suitable method with at least one of

at least one solvent;
water;
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silicon are hydrol yzed and precondensed by addi ng

wat er, and optionally a catalyst, until a sol forns
and then condensation to a gel is conducted usually by
addi ng a pHactive 10 catal yst or other neans. The ge
can then be converted into a continuous network by
treatnment with one or nore energy sources such as

t her mai leagtamieaiciapn, and/or el ectron beam The

conmpogition rise from t 5% 0 % by

el e PPy SCERT o8 268 AR 078 SUGFAR Hhpdst g porogen.
af [eashonbdloiv ahdYeveliinglxgeht, GbPbyrestheybdf. of at | east one
silica source. A "silica source", as used herein,

[a02e]r As peevioustyndesoritsed; tivgednsposgioh Saaicoinpesd atdeastohe silica
St T SR s TR pdbie GEEFE st pRiks<t uR s fr exampie
bBhydolytic pdsigd:ondiensdtnnmr smm@gmean% Zb]?emempr arecaridenbed,
R 2 g denndg USRpO U HaytdG RurgBll B Brom sucn =5

silicom are riyhmlyzec]mp()grécoouemamlddduhghmtm and bptldriady a catalyst, until

h, f
a£fftiend feB foften e dus fhafile|daBpanfty 0t a pRCacive
cétalystegretickermbdans. §helgedcd1ethamdercenmtédtmmeawilauddsatetwork by

b Bl S B o oty S8 heS0blr AR 4 SAlhYort ShH Seron

besampeMbe combesitidruinay sombdse irdild abemcﬂ% td gbowe 10884 ladweight or from

%&h%& ve : OEZ ygngquﬁl S 8%!&12/5}32%‘}(’%5{"?% weig\lhl e°|f1 at least

oli@silicessdlurcd. & “Siliva daugjeﬁ,lmﬁdeﬂrmmtcob'@nselsaalt:omﬁbuﬁd:)compnsmg
ac r..or RL. | d|t|o in the

= Bfchea.T shifn (S8 Avashilob e Gy it drtndl FReRd dstiuents

stich &) ablegstione o H) &) P, boimalied atams wrgedntgrotpo$udhrdseatied troups, or
rch as Si or 0, through a single C bond, i.e., Si-C

al I¥PE.  Exanpl es of nonoval ent organic groups

1G58 The rdinRoide b aitfinoarles.of S spurPth wiianiedpy use inthe
c:@hpmalpticlsmysgntbed |ﬁE|i'e?]!Vluﬂﬂﬂt|'&| drgﬂmal f&?ﬁ?ﬁ:m{ﬂ"l fdllowe andb ngil chemical
ieputps frrfudibur 33 pocy iRl JRe B figepaasiy o Pl itBsigpo to

dénaenttiat the ﬁ:bﬁm R(gnotaa:t BBt smlsz incnsendemtly szleotet eelative to other R

ovEmppaueAerpyl P se:bitis.aRS Midtbendiony Shktief K o any

adxlugmal speapiesLyf tlgagafnrln@mroﬁ@ pdsreemmplsm g frdneriey R, Si(OR )4, when
t an uor C
"SIt PORE B S smaddionpe Htcal S i el TR Kl ek, in the
fcﬂd\bmglftmimh ]leld terrarmanisiialént bajaniigroup welatesto an hﬁgbarﬂbgroup

tom . e, . ne or a ve. . a .
o sh o SgmentigRintdtEd, o0t A5 U Hipudl) & BB P bifig L. si-c or
OetUbt D E?ambb of ntohevaedtloq:@am@gmoas oayphise dreglky gesupedn Byl group,

e 0

a s ralre ] orcuy SRR & RIS ORI Stoftdias it alkoxy,
esten m:ldoc?raomm W\ﬂﬂlﬁtﬁrb?ﬂw fumictionHlipu ril'heFélkyl gd:(ﬂpeﬂﬂetb‘é h¥inear,

re ents a oval ent. o r ais
ofeRBAGE PP piciE AT S BRFviog FIR o B o Bt 55 Rf ol =
m¢hyh @il oropyl, butyl, pentyl, or hexyl group. Examples of aryl groups suitable as
the monovalent organic group can comprise phenyl, methylphenyl, ethylphenyl and

fluorophenyl. In certain embodiments, one or more hydrogens within the alkyl group may
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represented by RBSI (OR )4_a can conprise at |east one

nmenber selected fromthe group of

nmet hyl tri net hoxysi | ane, nethyl triethoxysil ane,

met hyl tri-n-propoxysilane, nmethyltri-iso-

propoxysi | ane, methyltri-n-butoxysil ane,

nmet hyl tri-sec-butoxysilane, nethyltri-tert 10

biesubstitatied avith, an’midhyohalratprhesmob(nsalrﬂn@e atom (i.e., fluorine), or an oxygen

a?&nm/d %,{',é H%qu%’ﬁﬁﬁdr E%feﬁylr"]c& Xa?l ri et hoxysilane, ethyltri-

OXYSI 0- pr opoxysi | ane,

‘%; :Ilﬁ belib Pﬁ]@é%ﬁgﬂ)?ygsln tlc@ésltohff:etrﬁ?e Cp]% Fﬁﬁ%ﬁ% tﬁe following
forr}bliabB,aS(@Rhe; wdheyasin Ranéependepﬂyopwdsentetdmyﬁgdnm@n a fluorine
aEJnP ro‘? erb{ar{dva@nt Qtégﬁgﬁ% ?‘pﬁ'@epﬁndently represents a monovalent organic

gmuopgmd aisan btﬂgex;&nglr@rf&'am 1to 2. Specific examples of the compounds

r%s:eggéq IM iIR %ﬁ@ﬁ? y)gfg'g]lp?ig% gt Ieﬁstfge member selected from the group
Obmtbvyitmmetphwsdmyes mamwmeimwlawIméthmmﬁmpakma@e _methyltri-iso-

#028@393%4 trﬁétﬁ{/{? ﬁxﬁtlglégsg %IB% Fylgﬁ%e butoxysﬂéone Pne)Wyltn-tert—

bUth)psﬂlelwImethyltmpbelmcooyydanleaelteyltrirsetpmmyértet ethyRiGethoxysilane, ethyltri-
B8 SRR A lnd g BRI GA pue
bmtomugmq etredttidery-butoaysiane,- dﬂnmtyibhénoxpsnﬁhempmyhmﬁ@thoiysu|ane
BRSSP BT s b SR e e Eroncpiane, -
pn_ogyltln-btmmooyaianana-prcrpyhu-ts;b-bmoﬂmaﬁé,yrspﬁoayilﬁ'l-tert-butoxyaIane n-
pr%é@fr@H%X#{y%Hﬂ%t SB%’ 'JE‘P ‘fane |so¥ropy r%t#c%(/glIanealggpropyltn -n-
prQQ@xybllaryel tsnprcmghmsm:(mptsdyblme isS®@pyliri-n-butoxysilane, isopropyltri-sec-

bLHb‘%)éL r{é fs%PFBlﬂ)&@@-yez‘L!%%%ygp?% ésopropyltrlphenoxysnane n-
bLgy_ltruTkﬁlllngNysltanet mbntyhuetbawsllér&rmrbmm-n-pro oxysrlane n-

b@ﬁ%&o@&{p@?ﬁgﬂgé {J@gfrf g&?‘g[ E)Vtgﬁr”s gutox;%rl]lgne n-butyltri-

tepmwxytanbarm-butyumhenbxys}lhrﬁé Isewﬂfyﬁmﬂém&kﬂrsﬁﬁ@e sec-
ane tert- l.tri-sec 25

bL@ﬂt{r%g(ngyélﬁ sef: é)lg.(fy Lﬁ/ "RepPXYs {lans, segr Bt)‘( dsqRiproxysilane, sec-
bmsdvltn—butbyvsilamqa men-tb)ﬂnatrdsaﬂ-eutoxyﬁlahéltsdctﬂmynﬁtté%)éﬁixﬂrﬁﬁﬁe sec-
bdtﬁtﬂgh%ﬁq %é ,aﬁébl%ﬁ%;bj' l@&%;%isq alrJnte ytert—butyltrlgthgxyps)l(laf% tear? gutyltn -n-

Fil
pr@lS:O@ﬁltaylbt ieﬁ-trut;bﬂnrtsopmbk?ﬁﬂane tert-butyltri-n-butoxysilane, tert-butyltri-sec-

bu't&gglé@él{e b@gﬁt&g @%\\ijg alng,ntgrt-butyltrlphenoxysdane

lsqbytyutumlhoxysjlbea,oxqmt)blmemoxymlﬁﬁ@tlS/dHutyltﬁ'Eﬁ-ﬁ@isdﬂshélﬁe n-

|scfbﬁgﬁtwts5|ﬁrjpﬁg W;%E%} 0&9@9@'&: g@?@g{g% Wptﬁ;ﬂ(t)rggé(c gtﬂtl::?ynsﬁane
lsqbubdin{bezrybuﬂoa}rﬂan@, |$tmmtwﬁ'|blﬁent§(?§ilahéltrﬂksyrﬁyltrﬁﬁ@hoxysrlane n-

L
pefif W’kﬁfs“%“eenﬁ apitie f°8@85§%’m frrenivitiepRIRpSiaNE, n-pentyltri-
n- taé@cypdmtey htmnﬂﬂth&ny—&utoamlané &t-pentyltri-tert-butoxysilane, n-

peﬂgﬁﬁéﬂeh?bfsq? hvg?tpgwéliane sec-pentyltriethoxysilane, sec-

C-pen
pentyliri- pemogd)dysﬂana Mp?efmalnisabmpoxysﬁane sec-pentyltri-n-butoxysilane,

seSBE IRt bR ine ShBRESF krouiapgiire. sec
pemmpnenomhmor@rspedtaneﬂetn@qsﬂa@@nmﬁéntwbmWs%h@rtsrt-

tert-pentyltriethoxysilane, tert
pentyltri-n-propoxys i lane, tert-pentyltri

i sopropoxysi | ane, tert-pent@ktri-n-butoxysiIane,
tert- pentyltri-sec-butoxysilane,
tert-pentyltri-tert-butoxysilane,
tert-pentyltriphenoxysil ane,

i sopentyl trimethoxysilane, isopentyltriethoxysilane,
I sopentyl tri-n-propoxysil ane,
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5 isopentyltri-tert-butoxysilane,

i sopentyl tri phenoxysil ane, neo-pentyltrinethoxysil ane,

neo- pentyltriethoxysi |ane,

neo-pentyl tri-n-propoxysilane,

neo- pentyltriisopropoxysil ane, neo-
pentyltri-n-butoxysilane,
pélﬁ?ltrpﬁfpt'c}ﬂobwsllaﬁéQBhlpbmyltﬁlsdxﬂﬁﬁoxysuane tert-pentyltri-n-butoxysilane, tert-

PR P bR e et R Y SR leHeRE b iREnonysiane,

|Sbb@fﬂ}’ltrh1ﬁétﬁémml lsapén mtemm&é.mmmsownmmwptdpamnane
1sgﬂgﬂ¥¢r{is‘rc{plrso %ﬁg%g%;& tl"'éﬂﬁ htg)? sﬂér{el isongttyl?r)l(gec—Lt?toxysﬂane
|sbb§ﬂyltfll-feh Hlmiysﬁuﬂkp?srbﬁeﬁtﬁmbhemﬁi}dﬁef hedpestiyimhéttesilane, neo-

pgntyl flef'}%?»'%ﬁgo'zf%y rl:t rt\lél{m rbgeoﬁé?)léshgrqee neo-pentyltriisopropoxysilane, neo-
pdﬁtﬂ&t—ﬁ%h@xﬁ@ifah@%;ﬁml sedibmdxp¥ilahiechéRpsrfiitrngd-butoxysilane,

nep- Hﬁ@tﬁlﬂp&npp@&é %y{trgﬂ%thoxysﬂane phenyltriethoxysilane, phenyitri-n-

p@bﬁﬁ}sha(ﬁéjlphén)bﬂd})sapmbkﬁﬁne phenyitri-n-butoxysilane, phenyltri-sec-
sec- but ox

&b@'% dhepdirirted §||qngn@enyltnphenoxys|Iane 5-
trﬂh&%h@b&@r‘i rﬁﬁﬁg%lﬂ?ﬁgn %riﬁﬂcyo%pﬁ&?%!ngihﬁﬁ%ﬂgﬁé/ ?:i'lrlnéiﬂﬁldlmethoxysﬂane,

di et hyl di et 15 propoxysi | ane,
digegh etboxmpmgtbylﬂlaherommlam diulmethwdmpymmfene

X u . -

B D8R ard: bR o outpsiane Imelyi et putggsiane,
digethyl Wyaﬂangtq@wgimmysnane diethyldiethoxysilane, dtethyldl n-
prgboﬂ/sﬁérr%gﬁleg‘l@fsg@)géw gé}r%édlethy ddl n-butoxysilane, diethyldi-sec-
bLﬁpWa@ |dgaﬂmﬂ@ﬁm-pgtop(mlene dlethyldiphenoxysﬂane di-n-
p%Flemﬁt@c%/F%ngggl%E%I)?{/ngé‘lﬁ%#gl’langr di-n-propyldi-n-propoxysilane, di-n-
prnpw@gprqmoxysélane dinepcgryldismeytoxysilane, di-n-propyldi-sec-butoxysilane, di-

*gk)pgg:’? Eégpy gﬁﬁh%éyg:p}'%?@lprfgoxysﬂane diisopropyldimethoxysilane,
dlﬁpp@@pldtgﬁgqxusr@aod@gpnoamlgL—n propoxysilane, diisopropyldiisopropoxysilane,
dlgbkr%gglpgg-%gix@%\g% gdggéérﬁwair?ec-butoxysuane diisopropyldi-tert-
btﬂpxg@d@;mpysqpropylmnmyﬁllam}al -n-butyldimethoxysilane, di-n-

b%&lhoxys Déhg'm%% Ha E@g%ﬁ{lﬁne . hsﬁﬁklﬁﬁéép%pc&%&ane di-n-

ane, diis enoxy
bldvldrn-bubyysﬂanatdmmwdlm-bumwwlanbudlyn btpld iextybyitoxysitgne, di-n-

bngkldﬁirw %ﬁrngg%tfgegw&iHeg{b%sﬂgbe lsgc—butygile{-thovsﬂﬁne di-sec-

btﬁyldm-pcqppm:laeecﬂ:—bgq—bmykil|$Qmepoxysnane di-sec-butyldi-n- butoxysnane di-
I bt

%bﬁwg%eﬁv:etﬂ%?( S.!i nghg‘-é%yﬁ@ I&m 9*06 sf'rléﬁ ﬁodﬁ?se I'l ane,

btdyld@b@_zcbws@ang; élt-tla[h-)b}agnldtmamoxm|Iaseacii-tert-butyldiethoxysﬁane di-tert-

b\ﬁﬁ{iiﬁ%@{%ﬁ%&’ilgﬁé’S’&é?érr{og%{gldiéslquor‘ag?(ysilane, di-tert-butyldi-n-butoxysilane, di-

tegrbutyddi-seatoutakysilanb udidey-butyldivtg it-blitoxysilane, di-tert-

b‘ﬁf‘a@géﬁ%ﬁ%“gf%gﬁﬁ%?*mgﬁﬁ e dlphgnyfdlethoxysﬂane diphenyidi-n-
Propexysidansh dipbspddilsapropoxiisians, mmemﬁum hetokystigsée, | diptenyldi-sec-

bLgbxst’éJf Bibwhga.%.tﬂ%@&géueﬂs » dipherlyRfidhenoxysilane,

mﬂihy%éﬁmefﬁﬂdm&tﬂlqwﬁaﬂepmgwmleapmtyld|ethoxy5|lane
di -tert-butyl di-n-butoxysilane, di 30
tert-butyl di -sec-but oxysil ane,
di-tert-butyldi-tert-butoxysi9-ane, di-tert-
but yl di phenoxysi | ane, di phenyl di net hoxysi | ane,
di phenyl di et hoxysi | ane, di phenyl di -n- propoxysil ane,
di phenyl di i sopropoxysi | ane, di phenyl di - n-but oxysil ane,
di phenyl di - sec- but oxysi | ane,
dlphenyldl tert butoxy3|lane diphenyldiphenoxysilane,

o g,
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but yl di met hoxysi | ane, i sobutyl di net hoxysi | ane,

n- pent yl di net hoxysi | ane, sec- pentyld i nethoxysil ane,
tert-pentyl di net hoxysil ane, isopentyl di net hoxysil ane,
5 neopentyl di met hoxysi | ane, neohexyl di net hoxysi | ane,
cycl ohexyl di met hoxysi | ane, phenyl di net hoxysi | ane,
nmet hyl di et hoxysi | ane, ethyl di et hoxysil ane, n-

niétrqwmsuhekm:nyé ietHyRii@ethoRyEiang yi-plopyltimetsidysiteae,

PP o Sianx ) SR BE Fosiles e ORI el Rfitans, tert-
bm?iatrwétﬂammy&bbatwam@ta@xypma hepeatyidimgthiokysilane, sec-

eI ey e by timeiopalans  pReriviiEinorssigne.

nétf;ﬁhWﬂnétr@Rméué i rle@héxyldlmyétHoW@laué ciyelbhexyydimethorysilane,

RS BmELSeraTaNS melpsaat ok ob R R EBystane, n-
piobylummf ﬂ&msmbmpyld“emoxmbué wmylb&ﬂmxysﬂane sec-

oy KiSERIREP R P et iepep et o

p@fhty|mietrrdx9§|I@aéyé‘echmdlemm&léme nert-pentgldiethioxysilane,

SRR OBy ISR Ry Shngpeohgsyidiethoxysilane,
cﬁﬁldtﬁx%lﬂiemzﬂﬁﬁéi d:mglmemhdxykntahetﬂrr:hwnmbuane , triethoxysilane, tri-n-
vin ri OXSl | an | € OXVySl |l a
PoRORS G T ROPS PG Ry TalAee. B B Bne etert
b@t@nmf;m&ﬁbhemﬂyénsn@ rauylfrmdhoxysmreu filyttriethaxysilase, of
usert u

B e S A e e e
algitifmetHox)siRng A athoxysiime, wawhmhétmxsaw opYXiethdasitane, and
[ trimethoxysil ape, ysilan

PR B TIRg Bl NI BPhBIRD OTRIRYS! Fahke employed.

sﬁcﬁ&éﬂaﬂl thQPédﬁll b@ﬁﬁaundb %bll‘m)bhgb @ltléaétbﬁe lofpethyitnsiethoxysilane,
ose Wi

n‘temyll\t{:_l?tﬁe&)gﬁg?rpea rﬁ'éethlf"irh rbpqqggg%(ﬁé% emet?\yltrnsopropoxyalane

ewltmﬁetﬁbﬁ}%ﬂéh@ lekrfAethokysiiare) AnedavyiRidisxgsilane,
- but oxysi | ane, ut ox

quthgflggtlho Ia;g, glqtgﬂémeﬁégs@pppqétﬁglgxg&qxgﬂ@ne,[mﬂ?j)se with the
foTllfma|aS|41$|l(c9|a1 )§§Ubh°a% tﬂﬁlﬁtl’@ﬂméhé Qn@thm&mw ¢hi- h@mpﬁmrilhﬂe

ormul a Si (OR2) wher ei n n
‘fl'%’r%@éﬁ%'@%a tHﬂhWﬁﬁ@H?“%%ﬁ?ﬁ eutawaﬂ @',!)L%Y'Pvtexvsﬂane and
tr@ﬁaﬁ&lygﬁar@f t he conpounds represent ed by Si (OR2)4
conprise at |east one of tetramethoxysilane,

[t{(n?] aghbeifiys sowbe Imatyeta*cmnfpntae Eroﬁm%dﬁdl hannfag the formula Si(OR?),

etraj opro I 1 ane etra-n ut. o SI 1 an

wherginR z@éea%c@@% [qREgREN Staemoamff@ RN Gofip o SRgCific examples of
tﬁeeédne@ﬁﬁaeweée@m byasmbR%;z é@ﬁbtmy@ast aneof tesameihoxysilane,

tqt rrFoun |I%Bg:}é¥rg g%opcp%{{;l%ggt ﬁﬁ%{;gﬁ%ﬁg}gsnane tetra-n-butoxysilane,
tét@tge%:m&fy@mysdtﬂaﬂeﬂ,butf%slahsp wétfaa@éwsyshlan@ anar

t et r aphenoxysi | ane 002 The siljca, sou
IlERPRISYSIRNE, HFSTH) GOHRDY %quﬁﬁﬂﬁﬁl%f%[) 6'33 bSi -

tetiR ety S SteGBE RoxydNane, itetrRR-prolsbx{8iladE € tetraisopropoxysilane, or

i ndependently a hydrogen atom a fluorine atom or a
tﬂﬁﬁb?'&?’ﬁfﬁ‘ie”@rgam c group; R4 and R5 are independently

n nt organic -
[oaozrﬁf Q'Ym silica source may corl'n%nse a compound having the formula R*,(R*0)s,,Si-
(R)-Si(OR%);.R®;, wherein R® and R® are independently a hydrogen atom, a flucrine
atom, or a monovalent organic group; R* and R® are independently a monovalent organic

-10 -
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group; b and c may be the same or different and each
is a nunber ranging fromO to 2; R7 is an oxygen
atom a phenyl ene group, a bi phenyl, a naphthal ene
group, or a group represented by -(CH2)1, wherein n
Is an integer ranging from1 to 6; or conbinations
thereof. Specific exanples of these conpounds wherein

gfdlpi B aft comaydanthatsamecst tliffer&ma@ptiicach &ta h@asér ranging from 0 to 2;

penber sel ected fromthe group.of
Rh BalherReR FiArSi4 EREtilens Srdipa atirhiepd anpBRlgne group, or a group
réprestpife o y(@Hs) -, evtePein nls dn htéyeB rarivigaiarh M B; 8r combinations

thgraot) SgeShe A oihese FITRGHNE SPEERIARIS 2N oxygen atom can
cé{m%r,is}a %,Iiasp ené &r&r?}ﬂmsylgateﬁ mba'lnt(jj‘\b@rclmﬂ sbtrRamethoxydisiloxane,

; , 9..0n Pent aet noxy- 3- phen IS ne
hpkap s AR ERYE XU IR Hy | didst Pamethoxy-3-
mibthyldisiBxanss, Maet ,B@iwerﬁa&h@iy@fddwﬂlfﬁiﬁbgmpﬂ, 1,3,3-pentamethoxy-3-
PRVSIEXEER, 1o oSO ERT I RICI o 5.3 fetramethoxy-1,3-
dilnethyddisitoxamé, ok B 3lteBasthoky-1, BRliMythdidRiib:emene,1,3,3-tetramethoxy-1,3-
PG o e SHORhONT T SR OBt 1, 3-imethoxy-1,3,3-
trTnél?’thﬁdibildtxﬁh@.OK l/,sitri%hgxﬁ- 1,8 {ﬂﬂlﬁme{trﬁ/lcﬁ% Ib%lfm 4,1,3-trimethoxy-1,3,3-

- Q1. OXY- , - [ .dlsi1o
wpngnBlnass. T 3 tsteStel S BRIk dimethoxy-1,1.3.3-
telrathettiyidsilonaiye, 1, 3-didthdxy-1eX, 3 3pateanibttligislisxeas el 3aimethoxy-1,1,3,3-
teifgﬁﬁ%n{y%@%gn%g%p i,g?pdétﬁtg)rgﬁg? %{%%gr{a%be:efg}l( r}I%'xan%S. eltléjelfui compounds
cﬁemﬁiémy%assbilw@aﬂiaanimaibiwdémdxaéma@disitoxane,

ex eno | SI n . .
hexaphenaxpisloxang: haxy - etamathuyrh d-dinsthdsisioxane, 11,335
ter@bthasy-h B<dimbinyidiilbRany 1 i, 3,Bltebednéthoxy-1,3-diphenyldisiloxane, 1,3-
d%ﬁeﬁﬁy-ﬁkiﬁ%&%@%&@@qﬁgﬁkEggé}ét%g%\; Iga,lﬂ g’%(:?-?eeffamle’tr%ldisiloxane, 1,3-
dilmednahyet, na8vtefraphehyRtidiloxdrRire s-aiststxgi 1, 03 3aetraghedyldisiloxane.

di met hoxy-1, 1, 3, 3-t et raphenyl di. si} oxane;

SRed PR TR STt ase LTS PHERT B) 4 Gpunepratpnied by -(CHy).:
inclvee] lﬁi"s(@rirﬁé@ﬁﬂﬂsﬁ)ﬂ)nﬁéthé@%&(ﬁ@lﬁ_@%ﬂﬁn&héﬁ@i n R is a
big{tg@{)ernkggg{iIﬁlﬁ%@?ﬁ@ﬁgﬁé%me&h@%I)lljlajn('?éthane,
bib{déthéiyﬁdﬂ@@@i)l!n%{hlhﬁ@,tI:hls'jl(ﬂmnethoxyphenylsiiyi)methane,
bigfe@%&é;{,@[}%&@%ﬁ%aégféj?(?q%@j%g@ethylsilyl)methane,
biE(éirﬁcgd:y&HWh éll??]m}é{hl‘éhé%/&i? ﬁﬂtl’t&ﬁ@@iphenyisilyl)methane,

J I met hoxyphenyl si met hane, |
b'ﬁ%é‘é‘ﬁ'ﬁyg‘gﬁ@lﬁ%ﬁ@ﬁﬁﬁ?p?y{% tﬁgpg']oxysnyl)ethane, 1,2-
biE{tﬁétﬁ@i)Bh myi)démdmt h,lsztﬁéi(irhphéWth y WMethaRs, 1,2-

et hox Si nmet hane,
biﬁ{@%g@p%ﬁ?bﬁgﬁh&%gg,ﬁ1)2-})}%@iﬁlgﬁé\(methylsilyl)ethane, 1,2-
bigidihethByphehpsisNEthahs y1 .iw&]étﬁgxyfhenyisilyl)ethane, 1,2-

1, 2-bis(tripethoxysilyl)ethane, 1,2-
b|5{rge(tﬁpwé!{rﬂg%lgqyj)gf(v)agg,hb%-g!s(ethoxydlmethylsﬂyl)ethane, 1,2-
big(rAethbs/dipheBVISINDShahe Y1, 2-BislétAéxydibhénylsilylethane, 1,3-
b_bétrsfg]dl nmet homgrret hyl si Iglr) et hane

Bt mBthorildyHTeRaIe  RyRISitTelIoysiyhRpPare oL.3-
bibitakrEnaRysIgIREbRTRY H S-biy{dinedthagenethylsilyl)propane, 1,3-
b%{d@ﬁ@ﬁ%&h@&%ﬁﬁ@rﬁ@? ¥ ,:1fﬁ:-!yigafg%gggy%heriﬂéziIyﬁgropane, 1,3-

1, 2- bi s(et hoxydi net hyl silyl) et hane, 1, 2-

bi s( met hoxydi phenyl si |l yl') et hane,

1, 2- bi s(et hoxydi phenyl si |l yl ydflhane, 1, 3-

bi s(tri met hoxysilyl)propane,

1,3-bis(triethoxysilyl)propane, 1, 3-

bi s(tri phenoxysilyl) propane,

1, 3- bi s(di met hoxynet hyl si |l yl ) propane, 1, 3-
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bi s(di et hoxynet hyl si |l yl) propane,

1, 3- bi s(di net hoxyphenyl sil yl)propane, 1,3 -11

bi s(di et hoxyphenyl si |l yl) propane,

1, 3- bi s( et hoxydi et hyl si | yl) propane, 1, 3-

bi s( et hoxydi net hyl si | yl) propane,

1, 3- bi s( et hoxydi phenyl sil yl ) propane, and 1, 3-

Hits(die trloRgphedisind)pydprine y 1 ZB brw(mnﬂmydiltdeﬂfylsilyimonmmn d3- can

b@ﬁ?éﬁ)}';f él'{lﬁ@%é@)‘t rp{,qnp%qgf (Xll ghox)t/ |8ﬁ1e%ylsilyl)propane, and 1,3-
th(emdxydemxI;mm propand. yLUéeitﬂtcbmpeunds can comprise
D LNy
6|ﬁwtm®mmlwwyhsthhlyé,)bi&dihmrthethylsilyl)methane,
@Er@p %Wﬁﬂ%@tﬁ r&nﬁ/,l)qlﬁg&ltﬁ{ﬁﬁgfdhenylsiIyl)methane,
Hg(sbﬂmﬁymmmylshﬁ mdthany Ibjsiethtaamethdsilyl)methane,
I.s(etho cert a| n
R or BB ek AT B'P%@&Mﬂsﬁ el ipSahe
L@%Gﬁuﬁ o) |B%nﬁgzd|8?ér\t%<]éfqp% Plr'ﬁipgt mvervtion,r?i'I1 cﬂ‘ tl"?e ‘ormu?aﬁaSi(ORU%;
R%bf(taa@)r&uta%r(@m)) -aBd (RO@BYBr R Bethe damutBR i (R*0)s.,Si-(R7)-Si(OR®);.
BB die A B NS e LA LR e
ranging fromO to 4. Spemd‘l c exanpl es of these
conmpounds can 15 conprisq| at | east one of
t etraacet oxysi |l ane, net hyIE”I ri acet oxysil ane,
P

et hyl tri acet oxysi | ane, ropyl tri acet oxysi |l ane,
|sopropyltr|acetoxy5|Iane n-butyl tri t oxysi | ane,

sec butyltriacetoxysila rt-but Jacet oxysi | ane,
i sobutyl triacet oxysildne, v,_y)’tvﬂ acet oxysi | ane,
sec-pentyltriacet oxysi | ane
tert-pentyltriacetoxysilane,

i sopentyltriacetoxysilane, neopentyltriacetoxysilane,
whieegily hiis amnbdgex yarigirgieom B0o di r&bbnﬁb éxanﬁéem;/mebeiwnpounds can

{ | t
cHirBhas b ha bt redtfipaialert, MRS AGRLIE ey Sfagsiorsiane.
nebremdtuabetbyﬂsdarm; ;&topmpqltﬁareﬁqusi?nben-butyltnacetoxysﬂane sec-

ace! a i acet qx | an

ol S et S e BRGNS RS th i offne.
pbelyhrmmxgmlganej S?amq:f Mh rigedtbyystiainien tet- pmgltrlaaabxyillaﬂéw]

es of the co
o g A, ndcRan G eSSl e g fn!
dsnétbwdlaeetsxyhsﬂam d(dtlu;&cﬁacpntmylsdhagz ghn-brc]:CpSldld?atoxymne

7 er orat e er
disebiohiidie PRERY, o Rb R RRcatR By et B0 RiadsiiaBhe, diter
bulymlaqetaxglsitmeadl&eﬁjldmmbh wa(meeiriamtbﬂ,tsnlme U$F3 ldompaunds can
e,S source conpri ses at

LR BraoRanaR e and BB Bhed o t he. S
[‘?&é‘gﬁ Oﬁﬁg}%%‘?’:les of tthheessi casslclu}o%amg’y? géngigr?secaqng)r t gﬁe ﬁuorinated silane
or fluorinated siloxane such as those provided in U. S. Pat. No. 6,258,407, hereby
incorporated by reference. Another example of the silica source may comprise
compounds that produce a Si-H bond upon elimination.

[0031] In certain embodiments, the silica source comprises at least one carboxylic acid
ester bonded to the Si atom. Examples of these silica sources comprise at least one of
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-12 tetraacetoxysilane, nethyltriacetoxysil ane,
ethyltriacetoxysilane, and phenyltriacetoxysilane. In
addition to the at |east one silica source wherein the
silica source has at |east one Si atom having a
carboxyl ate group attached thereto, the conposition
may further conprise additional silica sources that

tetragcetotysit@ee sesthyitrigcdtomailare, tetl@rlthehﬁoysrla@bﬁam tached

o the Si_atom [0 SO enbodi. nent s
PhbieerbafiE. 19 8raim 41oS SReR P URBBParce heeei the iica
SMCEd basat lsastoed Si atd\hhaxmmmﬁsnbbxwﬂe gTdilQ) attdched thereto the
r.0 as use I[.ei conpo
LR oo e i Re PR 51158 spries et BRTOl Gesessarly nave
the@adsoxyiStaattazkad ) ¥8 Siatonrydr ophi I i ¢ sources conpri se
al koxysi | anes having an al koxy functionality and can
[0a82]10Inl soast erpbodimahisya combimlatiorkof lydepphilia ahd hetphbit Bilica

. h th toxy, etc.
o8 T8 i BB RS Al B o
cahpovsdamdiesdin thetdliion atam chn omaslink\thregi Fetir ondd. ®dime examples
ot RH BLFBE Ebinrite el Siaines iatha g Al faficispaiiyeand can at
Ieaﬁrnartmdw cgnssm'pksetgha Sicaomadihdodr mathexy, efoky, gropdRy, acetoxy, etc.
" refesto co ere_at. | east

d
g o ISl TP EHRRB BORES pieens o toi el Ster
functidmality Sh-tk: St at&nsFE)eD@‘ah alkoxide. ISiherstiakaths d&hoﬁblwd:rossllnk

S s S P S B s o

tetrh &syelrephobice eefershe cemboamis wizing et l@éﬁ&iﬁel of llhéM!kch(y| fe@sctionalities

i Sipon MIER SLFLST B B s SR s D Pt

cyiclohelg, dreony othér copfippipds eHERVOaIdI ot gémerafévmsut@m |éft€|ghydroly51$
1 COoNn thi s

h
inJ4FesouftEs Be don byl bupdchi Wil 5t vl oiykrids evers whéh futy
crosslinkexhad ¥ rdyuitof hydroliykie afd lcoAdehsatiodf Siab gl‘oupb l¥aRe efinal

oo 5t PR el Bt G o 16" 5110 1 S, tisratio

refairs tocthe wwwaerbuntéﬁorﬂs Bt Qre&ovﬁbhﬂy béw@id t9 tﬁé smcﬁﬁét@ﬂhs rather

o ahy GarBaf 6tk Brtasm Rl bydroyzdiis alkesy Siguphatissedo tHe siicon
atemp Lﬁ)]i‘uooéllys mha:acmwcw With & Eto @) Mdidrsaticidf dr@a’ﬂéi thabe Efare used.

i 3 <0 o 05 o oo ek s

amalnaof sikdal spurdencahesontgrie aﬁl&@lchhmm S .méiderahy, dfr@ﬂ’ﬁyﬁ@lfﬁbm about
ri ses a, met p, att ched t

' the
0.8} #5161 e 01 b e oSeabgtt RS Bpy 2Bl ratio. I certain
erﬁbdﬂ*imﬂit@ lthe hiydropobiesitics sslirdd/ corfissdy ‘“atrhétﬁyl‘?g%ﬁ;ﬁéﬁached to the

ements o fthe fil

SiigRY af%eﬁ?fwbﬁ PUfﬁOé@§Eﬁht'8ﬂhﬁ\éecr?'fmﬂas1d59@m9% @rfﬁ%aﬁ“(?%w

corldsating SontabeargjlemeBsureienid thi cGRAMIMS 6f 1k filnkAst the thvention.
one solvent. The term "solvent"” as used herein refers

[0038] arfhel filrgdbnhing covpeditian dnsa@edeebéuﬂ mayRpEbREY déﬁ{pﬁée at least
orp Bl i B e 238 Bl Bt bl B o -
betides watssthat proyidps avledstone s tHeClolidWing Bbhetitd: i)cdohIbilfty with the
reggoents i) adjusts the film thickness, iii) provides sufficient optical clarity for
subsequent processing steps such as, for example, lithography, iv) may be substantiaily
removed upon curing, among other benefits. The amount of solvent that may be added
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subsequent processing steps such as, for exanple,
I'ithography, iv) may be substantially renoved upon
curing, anong other benefits. The ampunt of sol vent
that may be added -13 to the conposition ranges from
about 0% to about 99% by weight, or fromabout 0%to
about 90% by wei ght. Exenplary solvents useful for the

tb ltﬁendrmcﬁitbg reéngEsdsont albout 02ito Ahp99% G:Jyarteldjmaa'tfromabmﬁ 0% to
bR By e Emeiany 55end uERE o fied o Torgigd fmBesiton can

oeatpass at leastane of alcehols Ret@issamites, alcdhot sihers; glybols Aglgaol ethers,

ﬂk\é? ré @a%énglm:@ Fqﬁ%lagg ! g% Feégérﬂ%gﬁ'%ogal | t%could also have

de:lxgab(yérbmyl cortesterffuntibhalingl Intdeftainsmtodimenttiase solvent has one or

30 Sl i Bodehie S e bt sy edowing
foranuldse HO-CHRE@HRY-CHvTHRIRY GBed R® VRFE RY, BAR R''scam be a CH; or H;

A B SR RO s BroE={ roheb ot dic feervon ataris R s 2

hxdidbichiben adawag efnmi atcys salbos ratdm% oagitichal d:ﬁbn@ﬂlmrsolvents comprise
arpon a

i h

A DT am AR N Roroghd do b Sadoh oo KL omsTs RBing fpm 4 to 8

carbncliets hmdamwrmwmdmbamonmﬁtéslmdw ﬂielwmrbon has from
car bon atons ene  or

B3t it oByiRGe SR EoRHSTR byfeaieTh eyRin ™ SihaRisne glvco

ctuetagbiates. @ther soh@invethbiscdntad quﬂmohﬁ)nuéeﬂleastlmfel f&-@bpanol, 1-

negaidh BB lel, ¢l 2B e, bubl perlendpenispb ARt o) Syt 1
bﬂfamt Whethyllﬁpbmhﬁéloiz-eth%xyahéh& -ZAmiegitikpéthanol, 2-propoxyethanol, 1-

OSSR o SR e RNl B RhSROEL il o

nieth@fybtr@lacetl?ak br@m&xg&stobmﬂ@thyﬁethaeémy qidanwl acatbrl e-tert-
RS S5 S o050 ekt o BRIy 2282 Survana

11teﬁmuttﬁ0f52‘-ﬂrebi¢k%tﬁéne 8- rﬁ@thhlw b@taﬁ@nzmhyl 1 butanol 2-

nietﬁ%yﬁman'éloélwéh %Eptl n@fﬂ@}hﬁ’@qﬁﬁe@ﬂé 1 me%oxy-% propanol, 1-
bataiet, ksmhetaymamaﬁ@ll 5- nietﬂyf@klﬁxbﬁmygbbﬂéﬁe gicoreirbx gthér,

| -
P rErRygtios! methither. BRd s PRRSEGPYR R IRERgn exemplary solvents

cBFn@FIHé %B%tegs' p@lvat@8ldhd disik h?ﬁe sAIvENtY éﬁh‘hwa@éoa@ﬁc%%ay be used
Still further exenplary solvents conprise | actat es,

!gﬂemm &mb'aﬁwmféwe or MeEe sQlyaidnt 16 ceraimaraladimenss waerein the

filfB)s feAnetPBlspiRloRNénraY-oh) rb)&’r%’%h Wdrﬁﬂn@&eﬂdﬁﬂnoﬁr thﬁlﬂrﬁ thlckness of
sol vents. 1n certain embodi ments wherein

B Biblpteqan e Mcreg KLY IGHer g V\RaHA OEFolYar: RfesA i the
c@ﬁ‘gg%éﬁ (Héretiyhl%rééélr’iﬁ ﬂﬁ's%hd?&%téﬁt of EH@;Q‘.O?{%EFEQn or, aitel%natlvely by

strate can be increased by |owering the anount
Cﬁmw%themoe%ﬂms vwdttﬁépmc@Hﬁlogmfpwfyt%ﬂleby i ncr easi ng
he_solids content of the conposition or,

I%?%r fapiterantjve asbodiments; the comBoF RS SHBsiantali free ¢f an added

sERERY, or'c:@Hfbhse@élSUu@b 045y by \W@lgﬁi drksd &&B3Hddka solvent. In this
al ternatijve enbodi nents,” thé conposition is

conRtiatha cogpPesiian Qﬁsca'?ﬁcblaﬁrea dogg ngbneRsAN @ided solvent, for
eR&ApPlel Al BNRE thd chbhifed YedRintéortdindEhareh. e 86HHSSLition,

solvent. In this
however, may generate a solvent in situ {e.g., through hydrolysis of the reagents,

decomposition of reagents, reactions within the mixture, among other interactions).
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connection, the conposition described herein does not
need an added solvent, for exanple, to solubilize the
chem cal reagents contained therein. The conposition,
however, may generate a solvent in situ (e.g., through
hydrol ysis of the reagents, deconposition of

reagents, reactions within the mxture, anmong other

[0035% 1 Tbkifin sc)rmmglébnlj;_ﬁﬁﬁﬁh distskd haneiroiyﬁicalgr cOnrizes Water. In
trgelr%? Ch?éimgn S, h a%%ﬁhtr(fﬂa}lv\ger,cgggo E @%é:‘é’?r{pgmmépangteg ?r%% about
OGGHIIDdeUt GO;/J lﬂ/ﬂg@%htf toiora oot 0. g/oft&’@bmtmw %EjhbyExamples of
or. from,about 0.1%.t o0, about ,.25% i ght
wile Hhe cal be &3 Boibhed ceidi L aaH Wi i el $8fred water,
ddeblp ﬂlsﬂl&ﬂi Wate s iand high' gerformanssalioiid, créhddal (HRKC vgraee water or
i1l ed water i gh performance |iquid

dgﬁgﬁf‘%&a e(rtitﬁﬂ'&? ad?“e(a'éeté\/aﬁ%?e g dei oni zeﬂbvvgt er havi ng
3 - |
(el et FEROGMers: T DB BG hdeE pEERTyof RPgtsg the gate

didleztrizg tnterlayer mblebinay@fplahaedzmgtﬂlm ithiarthe Icamposmomcﬂmd dring
OSI ti.on a eSSI n,
ookt I3 nE Rl T rad Emes orhe PBEED Hrs BEOSRTRaMRs e
comqusmmscdrimns lithe tclfo cmmmamsoal;m &Jrrelsaﬁnpﬁt re(tjam halides,
C nant s e t S al IL.des
iR SR PO I Aty 1t Sha R e Fesh L pBetiSF fume fim. 1n
thedse @hibodimhers, Qmwmﬁdsltwnsmembeldmerélm typicEx&yBeontaln contaminants in
| ONS esc er el.n

AR AR has bt 1D SRS et Ao (PR s A st 1 gam. or less

traincabioufl O Ppimarth ene eﬂwbﬁmhlgnq tofpiant®maly deseduved bylaaoiding the
than, a

. 1
G OER cslainsRients S e 33 baleomy SRBS g RerRL acgs imo the
cﬁdfﬂbéil@ﬂbéﬁa{l@@t‘r‘b@é BontamgntsSmap U@rhrlla?e undesirable ions to the

ogen- cqQ nin m ne I N
Bl AP ELe RSB, Fraian By pafidiced by
using solvents ITrEthermt'rﬁbsmbns ad@f&wmrg@Q)rhﬁselng t%dtmoﬁw ttaminants

ontamnats regquce I N
G D el oG A B i ARPUE T8 Yess ihe doqus 1 pom. or
Ieish mamabmt I apoo 9%&& mﬁmm GppBHaR yﬁ’ﬁérrdtﬁerﬁn%ﬁiﬂhm%*ﬂsct:dmhminants
nts ess an, a or es an a u
st etaisrpy bS Araad Bl sAfind o ths Homposiiph BRRier Gajng diring
p(ocBQéirtIg) ?hdnﬂcmgg:oﬂﬁmgdm&tonﬁmﬁdﬁ étalsde atrmhrsaéssith?ﬁ gbdut 10
as a m e readuc | on

oBRpe o B abatlst P Gisrstbar AgoutreohPebi Tr BERE SrRpfignts, if he

chmt:almonm ngghotie @bﬁml dTr g?é’ﬁtéh“df%ohl@ﬁ'ﬁnéthg nea&le Uthe ERemical may

TS X TR A T

200048080 PRACR s |gmpbnatedqier@m rwasrereaice @d @&@h@d tolth€ assignee

of BF Brssert Srplicaienparaies Rkanps of sHlteBlshemiaio andethods for

p@(&@iﬂg @@4&96& cawbeRed $n hegigh RS EEbrigdsition. by
reference and assigned to the assignee of the present

[003P] | redertain eAboYIMEAS, ﬁhé&ﬂﬁ'lp@@ltl@rf\ nﬁwldpﬂ&haﬁly%Bﬁiﬁhﬁlb $orogen
d .net hods for urlf same th ?H Pe yse

thlaﬂg uFﬁ:e‘pﬁ\_g (ﬂf ﬁ?rﬂb" pf the composi on e term porogen as used

herein, comprises at least one chemlcal reagent that is used to generate void volume

within the resultant film. Suitable porogens for use in the dielectric materials of the

present invention can comprise at least one of labile organic groups, high boiling point

solvents, decomposable polymers, dendrimeric polymers, hyper-branched polymers,
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[0037] In certain enbodi ments, the conposition may
optionally conprise a porogen 30 that is incapable of
formng a mcelle in the conposition. The term

"porogen", as used herein, conprises at |east one

chem cal reagent that is used to generate void vol une
within the resultant film Suitable porogens for use
pblyokyatkythnel oipoundsysirallinadlsculds, aheé combiaatorts thereeht Thapresence

S BRrSBIPF 6 8 R oo B ey B e i

leiaelladm gmltérdillrpdéyniﬁﬂysand mﬁnﬁravbkia"lnmlmbkl mg: iy ﬁmmgté@ equal to or
ol AT pait TR PRSI op PR, o hor ogane i t he

i f e I i i L1y .l i ,
do3ef 17 b9 B e driRd Eifsent sER0Sn, s EoGen may gomrise at
ldastandiabild grganid gnmipss Velveri sbrie labile o@akicigoups dré present in the

300 2SN, el o952 s SBh 8en o comver

tegéreduspradacisfduring ther @se stepi 1Soend éxampléshe gootpogeds comfaining

' | east . 0 [ abil e organic.grqu e
BB fbuns i3 e HibafeR alisho ¥ SipacNETb.171.045
whihds$ inoorpocated sereinoiny, refdrendssihiits entiregani ¢ gr oups may
contain sufficient oxygen to convert to gaseous

[¢238% u &t sordelembgdintentscefitee ptespnt iBamtioeXhepbrgeninay comprise at
AT BN A L BBl REIRILES ponraly

peBenhdwingiat ldasta pprtioa bEtheloeosstimking of #fecnnetniz enateridlt Solvents

B it B0V By GRS g b IERL . s

17 @1Cadi greater b afoubB00°0nar gredtat). Solveaitsuitilyle fdriuse as a porogen

WIS borRBossichYorife EESenid BT o8 pmpedor e figciosed.
forexemplel in \Bdb.\RuttNo. & 331,989, Whichde thcopoedted heremasyereference in its

eé@r&ati on have relatively higher boiling points (e.qg.,
88t 15 170C or greater or about 200C or greater).

. ¢ withi
A Bt BB, Rl P L Bt su s
tholse slesailed émthe refesericestheng, dtal., Syathebis, of MesbporBus Bilita Materials

BB Ol PR 'y SEEGhlRss . g

e in
Oggdrodiatetalymensh 0, f@BoldSr(2080) whichds ircerporated hereirobecfiérence, or

agtdindy anfiiorii B 35S Sl 2%3?@5%uq%%ﬁ“ﬁ@bﬂo§5§f?fei| Zhend o

0 "Bt WESor : .
1941 K8 Stoofn 8L sfZ%dotibiisd &PleBs cTecBIsBBoafic ndvgr. The
da@?nphibablemﬁﬁh)erw{rjé)fﬁe ﬁaﬁia’:inn geq:m?]ﬁsgdlegle{ tzpitszilgyh th:nnally
deGriieRaAbE TRe st ol Flers el PR RaRI SR8 hiedieshe g tgrms

oligopeers enor sepohimdre anskesoaxprdsestystptegiab thee goitnare rRadidtsn
?sable

I be radi ati on deco ,
agRriSERER R B Ao T SR phBRRRLLOH EPEATR IS &R Rizing
radiadion seurte, ag., ultedioled Xeray, elscon bearn grasmpesthéhsouregsisThermally
decomposable polymers undergo thermal decomposition at temperatures that approach

the condensation temperature of the silica source materials and can be present during at
least a portion of the cross-linking. Such polymers comprise those that may foster
templating of the vitrification reaction, may control and define pore size, and/or may
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ol i goners and/ or copol yners unl ess expressly stated to
the contrary. Radiation deconposable polyners are

pol ynmers that deconpose upon exposure to an ionizing
radi ation source, e.g., ultraviolet, X-ray, electron
beam anong ot her sources. Thernmally 30 deconposabl e
pol yners undergo thernmal deconposition at tenperatures

dbb@hpmnmmsetcfm oﬁﬁ@dﬁﬂtﬁﬂbt the abﬁrmﬁaattMTeélanroﬁssintg;.
ur c erial s.and can resen 1.N \
ExapleS o BB P Tisr bRED i R P it DeVS Sl ar 1 Bbt provides &
tm?qmrTmuddwﬂmdMaFuamys fhose ebmtptlﬁfi@ b@gk nq:cwmen’see.g., diblock,

L TritTl eacC on contro an n or e
ok, b RdiBlbck S35 s, TBY nEB barbvdts: a8l ABioBR Soapymers:
grafft tfllr)]mclat:oﬂc{m&n@'smayﬁdfteﬂtdbpblyﬁ%rs rarwoact he?mlymrs demapdrast

0 ese 0 ri se [S a ave
RPN RS otk HPEhTMeS A PPlatienS Bess A tectures. Further

eszérhpl@k oF deédmfiﬂbsabletd@q&%rg eOmplisy the dbbm@EbleWmme disclosed in U.
COpO

NSt BT RZ IR PR IR TN o B phiy SRy, Some
pgrtaﬁrar dxdlhmek otdmhmealse polggre&f éwﬁk_:risem lesgeors ofrandates (e
PO e GacBlE st Rhic SR8 Soiothiiers MBI Paky %ﬁégow(alkwene
cEtb’ohg?S) pﬁ?ﬁfﬁé&h@ﬁs%olﬁb&ﬁ}ﬂé@@ﬁ@b@r@ﬂl yier Snszammreus:arbon based
PRBIGHS FDCoRaTIdTS: RO bRy aal eRonLiBsiis. #if sioRaie.fliotymers).

| ar, exa

t t S
KY8421 58 BT T EP sk SO PRERersred B dendrimeri
palymer.aHgser( BrapichedLénddénaneichiz lpolrives gsrerdly have relatively low

sg@ r?;{ gr?c%;'?éh:y%cgggqsogpg?cgg% %mq&ﬁ%&ﬁg%uﬁace functionality, and

ennémﬂfsxblumw evenlat &thﬁéEﬂ@lethhwmgufsS ?:Bduﬁ@h@rdllmltmg examples of

SR St e R OBt enee Bt Senarimerigpotymers are
dizeleeky n‘i?m%)nprerﬁé?@ﬂ@]PoTﬁﬁerFSU’é?@@ﬂ mMnts?&@trwbleaﬁm -132
er rancn . er

@@A%@& RIP IR heren B T E e/ L R | v

146 ThB bl v g o fesm s edlBositonabascalis Fipritersd least one

pelybwau%rmcﬂou’:wouna 3udvs§1p@lyoﬁyamtﬂlene Aohieniu lsarfastentg Iptcﬁuded that
non m 0 OS

5% v OgRiHERe hornie SETRASHs aese'na?e#% oG ANEAR, g the

cdmﬁoﬁltv@ﬂd)olybxydﬁqmmqimm Ierﬁ:cwmaﬁners,%)woxyalkylene
that is

I t 1996

et T éf‘é%"éweé qf i CompRYE A Gplvalylene oxide
tr[éﬂ@'(bﬁjdeilaa au@ldmeﬁomytrbmmng fremfc,) t0xd, @ubh B pol9shgiehé bribe,

n@ Iso co s at | easf onoz pol yoxyal kyl ene
Pg ﬁ{%’ﬁﬁﬂegﬁ' ?ﬁﬂo 538/%1 ne nonioni ¢ surfactants
Y Gl BB BR3P v afest e
ba@e‘rmlmﬂ'iefsé @mbonmhmylaé kardeeis Qd@éﬂ gy smouyr syffisigal ts)ddRizethe pH

ol yner 0X S, Or . . .

of BRerortier D R a tangb ! T aiour S ASR 2, in Serpip raasgingens, the
bpsd praly Iajdomatalyzel the h?dfrotyblatof sosstitdests fromathé ylliesn eouroe &1 the
preseeﬂé:en gf wétgr ar%or tRe condc’ensatlon onwo )é‘? gclnﬁ'ggs t%xfjonn an Si-O-3i

bridge. Exemplary bases can comprise at least one of quaternary ammonium salts and
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pol ypropyl ene oxi de, and copol yners thereof. [0044] In
certain enbodi nents, the conposition nay optionally
conprise at | east one base. In these enbodi nents, the
base is added in an anmount sufficient to adjust the pH

of the conposition to a range of from about O to about

7. In certain enbodi nents, the 30 base may al so

hyeroaitys, esuth as byronariiys iostedxbnmﬂiydﬁmmdmemﬂwdfmdua ahnines such as

il d/ h
Pinaht BB bt S AP 850 Bl BeReorm an s -0 s
{

O o o BB BB e e SR i Plipr R o i BLigast one

flawnandilavelliog apettrsuck ab yhosercomimercibfydavaiaise froensurzstasitic h
d d amni :
iR M SR e B B A i Pooq BpufE 5uf i are s
repegsentetive Eahmplesmqvmmsmﬂm ahe &stlliog agerit:s ithut anay ble ebrrlmployed are
avai | abl e
o 45t ABRSTmadl F ARGERTT S211Y, 2
d h
ASF | o 08l e RS Bl S o
cordainingifitry fergsetins thirfilm tramsishars e Depenydiah apan thByikn Hhation
3 4 -
b e REESsitin kS (R AR OB s Bk A SO gy i
as usedchereinpderamites mgqtfld phadep a gas @hase, tand wofmbinations thereof (e. g
AR o A A A DS R e ey s
caynpastiticeat tbatas famit betbre Treaditlectric filn oi tHe presast ms@ﬂlon is applied to
aﬁéﬁoﬂn?@gﬁ] ma?g%rﬁgégflﬂ%ed%ﬂaglsé\;éls%lr% {H%P ﬁ'%? be used in conjunction
witto theawresénd inveiitian ¢y conisish it leabedne ﬁ&ﬁﬂﬁ@ldbﬁoematenals such as
{ hat

o8 s s Ratl R A B ROH st Bt s & lees
oreppfl drgsdaliiree sibiood) polyélﬁnoneainorphbhamhmn‘aolsed siligon, epltax|al silicon,

.St . 5.r L. . t
s tde CHER ) e qae bR it Rec 6y bllod Sesaiargpordsiiate
gle$s, sedicombihations thewrenb r Othles soitable substrgiak Ican tompasnatdeast one of
ct{roﬁﬁﬁ'g r%ol}/bc'cleggﬁ-? ﬂlcgﬁegtgp%ggﬁﬁe[ei‘ Ef’q@cegrt %Ig Iﬁgl%monb em;ﬂoyed in
elpdionid déviaes, elactonihidisslags, lsemivonddapsdflatipaheiaisplays, and flexible
gl 59 By, i suoRlet @B foatic boignti b, pEac
cdnductirigl matatials sgblaas pertacereoahd okt Othﬁiuth&_[ mefena@thﬁﬁnclude,
o 5 s B B AP BB e o
capFrositiomenay kse utenmmed yntorm sxmﬂd atervia alveﬂéty ohimeth bl icB@Prising at

m conduct

B ERb 57 BBi g Bisp BRE P Hfon. ot s paip-or

dembwom a;nasng nmbur@ttmlgostgmpwg, pthley s@0tion dﬁp@smgﬁ mert]lwcsaﬁkhd:
) terials such as pentacene, and ot her
oHABS I

con terials that include, but are not
o1 ek e BT S5 5485 =308 o e oo
prdegssedl aiod compasibgie compstmdisatestedframvbs beip cohsistrigsids
co?t%ﬁbé Fe'ﬂ)ges%hted by at least one of the following formulas: R,Si(OR"),., wherein
R independently represents a hydrogen atom, a fluorine atom, or a monovalent organic
group; R' represents a monovalent organic group; and a is an integer 1 or 2; Si(OR?),,
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| east one of dipping, rolling, brushing, spraying,
extrusion, slot extrusion, spin-on deposition,
printing, inprinting, stanping, other solution
deposi ti on nmet hods, and conbi nations thereof. [0047]
I n anot her aspect, there is provided a silica source
capabl e of being sol-gel 30 processed and conpri sing

whetRp mmehew aenbadvaﬂérﬂ mrsidmc @'oontmwmm-a@sqorzs)wnﬁc,
PR a8t BE Beve Y Samb g arlaram on PRer patReRts 5 morovetent

or@mlcegmup saaaadw roge be eosamenof diffierent) ® aati @maybe the same or
ani ¢ grou ent s _a.nonoval ent

n nt or
R} 206 spal s Rnfioer Yot rom B R FefrSadhedBt B Hom, a
phéﬂﬂmegreuﬁk blpmmwwtwwmw emta gwmanapnesentwmy —~(CHa)s-,

“@gr%gﬁg)l%gr?@'t@gm%gf 0:1554{? jﬂRg %Q&ﬁn §ﬂ'geé?ﬂf a“jeas? ohé Yolvent; at

imngn?hmtwater ' @ad) aptighallypat IEBst@hd base nepn&really hae saamiposmn has
ar sane or

a(,m%,ar ratig oF gargorh mlgcronrvﬁﬁé—l fﬁa SfllF% gP¢rce 80@3""@9 thereln otf at least
abeytres engmamn Oml@iﬂﬁy,atha gompositigimay b&b&ogl’aﬁr“@ pomgen, a

hi.ph | ted
SR 70 21a el Adar e e g he F rom 1
19ef 1E Aot e bedt hts'?ee Sghgogta piiats Br BupSiigaim Fmerising a
dizietric copstanhaf dbput 8 5er dnwwnsatﬂeasna baﬁlon af aslbstrat@tomprising:

arbon to con. Wt ca s
o 7 8imb e dpriishie Pbast Sheaiice SuS aSehie gf bging solgel
pfaeessblelgy, in sbmewaspolavinga mﬁat ralﬁdS%f dlaﬂ:ﬂ:tnatl bsilidon within the silica
ow and, | evel j.n

SBTHE R 2 st 2ot & B 6r2Blss B o SaRGoeRt Bchodatetyaripaaly. a
base; rmpm/naugd pOrgenc emadta:m ops@feeileglliagfagem eroniRiuresy thagreof.
NBumel esies S resfied P2 s le g SRR eubigate and
egpasimythe icbated sabstrate & Met ofh radidtiin soDRcesi | 1 ca source

capabl e of being sol-gel processed (e.g., in sone
[00aSE s Imaurthgr aspaet, dliers pmvﬂéd ea_tfah;)meleotrﬁl integlayervdidlédtiic, or

%Bgiﬁa'éllpb ?ﬁ%%gmélggqg B4 e'ﬁ%l"?, rgg?ago%g’.tiprqess and the elements
corppns;mgihi Iyasltaanelkmiasﬂcom panbonahydyo@npaquﬁ,@enswnéractheanm is
ac eve 1 N

rf agent o ures ther
RipRLPrDS R B Sehin s Paiton o TR BEL Y Bl ey be formed at a
resametyrlah/e%mneréme’r(ag cbﬁbmﬁemmgaﬁ\%nw&cmﬁm&m% Szgaes than
strate r.ara ou o

Gt g0 56+ STRehe sieats oo iyl stgul £l aecd:
280°¢)) e Thisifilm or Riyer J:azaaso Hawd ®Riakaga ctﬁl‘enﬁﬂ?rﬁﬂltg@arelsg #dndbout 5 x

bk G ri n gctrjc constant, of about 5 or
1{’ é)ﬂm Z?Tg ﬁgug’é?@ %\F;cmg ﬁ‘b tdin {L‘/‘F ast one of

con ar bon dr nd 0
(G0 7 B st ABhees Vite o pyridbe SYRdon i amng piaste delectri
intérlayemlelleatyle,rorq:ﬂa‘naallzsttorbﬁaﬁ‘eﬂalﬂ‘mﬁmg:]a dielettBit abhstantyof bbwut 3.5 or
t enpe cessing the l ventive

5§ PR L oA péifiodpr o S¥adlia o qRogMposifn Gerising:
atlbastonkistiah soarce aapabip of being eolfgeoproaésseu (.30 Githanadpdiohal molar
ratio of carbon to silicon within the silica source contained therein of at least about 0.5 or
greater), wherein the silica source comprises at least one compound selected from the
group consisting of compounds represented by the following formulas:
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25 250C). This filmor layer can al so have a | eakage
current density of less than about 5 x 103$A/ cnR
(e.g., about 1 x 10-8 A/cnR to about 1 x 10-10 A/cnR).
[0050] In another aspect, there is provided a
conposition for formng a gate dielectric, interlayer
dielectric, or planarization material having a

di el eat IR &(ORﬁ)sL awHeréih mhﬂeﬁenﬂeﬁtlpﬁepréseﬁts a)tﬁyd?égdmsm a
a pogtion cﬁ%o'@a substrate .co

o oo BT Aot MenhiS GG Grald: RiTEREsES Ranguatent

capabtganiafgrbep; rmd 0k agateggratassed (e.g., with an
optional nmolar ratio of carbon to sili con within the

si | i ch. SHORR, whevedRirepresbets @i momdvakint bgasic ghdupiand. 5
or greater), wherein the silica source conprises at

| feast coﬁéb(atmpgsiw-ﬁemmfdc, whmmlm lkléanqmufmmmé shimeor
t t
o AL B EBREE ok o AT ey bo

a hydamgendiffecemt; teand ¢ may ibsehasame oodlffereﬁbameécﬂ!ﬁk a number of
resent

or a6 378 HbresShs FROREEN o £ RERYEnE aup iR o
wher eaftBaleng gm;mnbrsa groap mexsra‘samd w g@qu‘,,o ovtEngin nagen integer of
may’ 00 P18 RGNS PONGTs P LRSI AR, 3 Bp5rcQaRnali 2 porogen.

nmonosarfastant ffogalevelingragept, oRMibaurds Rereaty be the sane
or different; b and ¢ may be the sanme or different and

[00&8h The mvanﬂdmalsménco@nnass&bth%seeps@sgentuscaésh lnx:gamh
a,. bi t hal.en

(o3 Te BORIGRS o BR BBl 4 o E8h BB aFataty; cured by
héatingrio artéragenatuné of diledst abo;139tC) twas&llym’mlelusmmenb Jess than

: t : t o . t.on . ,
il S50 VSl Aok EA0-Clo sBo ARG nEPPligRlY. e Tnking i inguced in
therpeeszoite of S&Stlla]ysﬂ' bededtod Somni mﬁ gai(usmoﬁsifmgkxﬁ?;sa@:id, a8 cor

icates in cure crosslinke

m%‘f{ggheg%f gol gel formulations of the invention can

her pal |

19052 Cf Bhole it SFing SneaBR ot B8 shieoon € TR oo Rer in im

travsiaior &2&@@, Alihlmefilmyraabletmt cdrﬁﬁﬁ‘sdsoa ah!ﬂtrhtelﬁ@@te electrode, a gate
n_.the

iRl Rl 14 s B PEPE # o RIS sy socntliculor BV8Y S an
optiondl, seallrhgaeleenoapsulaunglayefs thlmeo-ﬂ aré 8badinfenes of structural

o R 4ol Sk i BESRR abrbfbusec
thtshnverﬂloh NThesenfiguséoareaneanglyi iatrativesofipds sibleastruatugdl lafrangements
offpE Thiediidevels H5dPipoloted g hafiuleRed infFr FBNG Sy pre cured a
teanperaiures yft Zlohmbw £6ai¢ ag amernemmaptsubieﬁélm 18@ACR I If desired one or

r - Str

i iS s e MR BB e ePayiake!s e dlactronies ppping those
ildstiated indmssesRigures.t hat may be used in this invention.

These figures are nmerely illustrative of possible
[0053JucFigurel 1 Hustategearaidroelectronic device of one embodiment comprising a

thin film transistor (TFT) containing the film of the instant invention. Fig 1 shows TFT 1
comprising substrate 1 over which is applied a gate electrode 2, with the gate electrode 2
in contact with substrate 1. A gate dielectric layer 3 is formed over the gate electrode 2
and substrate 1. Semiconductor layer 4 is deposited over gate dielectric layer 3. Thin
film transistors also include two metal contacts, the source electrode 5 and drain
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of the various |layers and el ectrodes and are not

intended to be limting and are cured at 25

tenperatures at or bel ow 250C or, alternatively, at or
bel ow 180C. If desired one or nore |ayers can be

| ocat ed between the various |ayers and el ectrodes
including those illustrated in these Figures. [0053]
eléicrade 6,1thal draslepaditesl avenihergatd diekecioi Thd dnvientiveofilmasomnprises

di oS B fil .
SRS Rl Frerfi Tm o the instant invention Fig 1
T1..3 I-Si| Sub i,ch is.

U2 Elo 430 B TP BB 8k, 8180 SlalPp coma
with scbsttate 7, and & gatelmidlecttie lafer Pagmbe oderthe substeaté aydthedate
o B R P e SRR B . b
delpadited tonitap bethe ldlie(bctﬂaﬂl'ayetr d.i d)vr]aertaggdnﬁt:\géaemlrtaz tairazi cogtagts 10 and

: . t n . S . . . .
15,60 NEFicOMB i B 26 TP een BT isBy i h S O FguR e
[‘g%gﬁi giﬂ%{gg §'i|fu'fg%t§§?er§1‘&ﬁﬁgéu'gb’ syl{)ﬁljllatr% i? E‘Ecgol ?aeﬁ?:\f/ith Sirce %Iectrode
14 mod ddaim gleatrsde $5.r Theesémicandiator Idjee 46 isitien Sorimed avet thetsource
olotdoc o34 Blel dpePiln s eCaalt SleRhufyas T4 tigp Tornesd over the
semicbaducior [sysrréandltee jatedtecitdand igldeiosited et topasiehel date
RISl T iehlfe by dolbesIbar i Srmves”

i . The i | film, [ .
(FRELPRUHEA Bl AUED THE ik BB B e
ai:tlmablaﬁa’ng eleotrsds, atgatd_@ielen’:ricaatmreagg tlva'tﬁd‘lf_cl_)ﬁneld oer the gate electrode

ec . .
18 S Serhiick? 80 21 e selrERnise 2 anfl}ain alpstroge, 23 that are
débsiee oh thedsenidomdudtat izgien2¢€l ect rode 15. The gate

dielectric layer 17 is then formed over the
[QGOSiF] c bmshue embbdisnentsldd tenprebéret disgiosurd, en opticheal $€aling or

il f.th i el dcl 17. Th
ARSI AR AP phIRTRl Lo Al RS st
insorporatedion tdpusfteaah ebtha triRgistorsiliustratey i Migures Hy or-ahappdf the
ot S0 EL Bt R e 5 g  son
caritaioing dgtdrophsbid thateriad suchcamiskiatmzthyldistiatar] ottesn deslngriggers may

e 22 and drain electrode 23 that are
algégggj%ggd on the sem conductor layer 21. [0057] In

' f di scl .
B SEROSTERks o RS R ey D o
UiSh Hated dppliiation BoblaatiomNal 260540097360 A ehersly inberporated by

[ orated on top of each of the transistors
rellfFTq?Résﬁqrat ed in Figures 1-4 or on top of the 20 gate or

IBSE! Rl BTG el 1 0 R DRl covc
camrtisinghtbe isticoretentaiaings swtgebsorhsositivet lag ldefisdd atxaee In one aspect
ofqﬁg ﬁﬂrveﬁt?cﬁml, iﬂ%‘c%?éc?roﬂ%%ev%g chntg%slfﬁe? gilicon-containing, sol-gel
compositions in cured form as a gate dielectric, interlayer dielectric or a planarization
layer. Examples of such devices include but are not limited to thin film transistors,
photovoltaics, solar cells, display devices, flat panel displays, flexible displays, memory
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[0058] Additional details regarding the TFTs

illustrated in Figures 1-4 can be found in U S

Pat ent Application Publication No. 200610097360 Al;

hereby incorporated by 25 reference. [0059] In

addition the invention relates to any mcro- or

macr oel ectroni ¢ device conprising the

dsvites; basic togiadevicey, intagratge ciradispREID {agsseasodesmae dbjects, or X-

AOGBRH, Beb) ceconcar che o (T
1} £l et g BlSton T BBl RS § rigkness of
apbmrmowbiabnuﬂosm.as?q:h fi!lﬁsan]talaebiﬁyai afaparﬁittdvragé;] g%:tog: g to about
53%’%@?@% gi‘e’rleecérgcio S?ﬁ %@gssdﬁgblaégmode%/i ces, flat ’
| i . . ‘s
(BF R e I BTl G oEARG e e o
PRABIZING G fos piaeanir_.irlag 8 B?lnstrattéaiee@t an apri]pro?{mrateigly ; j1frgzgairra?zing film
. om.t he ) ,
off RS ainle o Rep S s Shitees MEiiche, BUH nBL gl o, staimess
steel P5yreo cabrganic filrbgy . medals hmétal uﬁdesilsgigmhl:i/sﬂiung, s;lirﬁ:on nitride, and
. . t 500N
o8 Gl iiing Stiapes; @93 Mty Mgy 89 op Bkt ermperatures
freinl about 1307Ctdand Highembud iy disp béeured aeaboud 250 ard Bighdreor at or
abi I g_asa planarizing filmfor planarizing a
s%sﬁbg e (e.g., an approximtely 1.1 phpl angrl zi ng
j i . et t
e iR Bl i e St i Sl b oo
fop a‘;)r;nrng the dileaiimiilo ih itherEF T ittestedted inm.ldSalll’gtm't t:!LE}s'olicati(:.n Publication
% ont her
Né: #ngg(%bu%p#;%ﬁ?qahéc{iégrﬁe%@;@ %2 for mul a:j i onshrmy
1Ge8af - 6 b T B s ifreqyh RS B8 i s1p G 1 BF jowing

Examplasdue it400@d bpQddaistdod thatdhé presastipntiof ist i deemed to be

o Lon, the inventive conposition can be enpl oyed
I"#’%%ﬁ%tegﬁnng the dielectric filmin the TFT illustrated

in US. Patent Applicati OEXRWIJ tion 15 No.
2006/ 0011909; hereby incorporated by reference. [0063]
[0084] | LUBMteakageicliremtalenkityistiueamedsurement werdatbédinedrdity the Hg

PFOBE%E?W%&?H%%W?%&!VJ owi ng Exanples, but it should be

under st 0o € present invention is not deened to
| 4 4 N e
108851 £ hftubyBloBl has ad byt EBotolyE Mot AT PR Gortact
anea&f thg mencutyepraer isdl7 desiorithosd 2tadf amcert@0ig5 Thd Ipewer source and
. ) [ el ranics .nodel
o fpterfs RGBT 0FAC TG oy R B4R TER E aregey cgge to
refree thetelectric nalse. dhewnoredtian betweehitbe poviellesand mercandprobe are
BNC cables. The noise level of the system is less than 100 fA.

[0066] Thin films were coated on a low resistant wafer (0.01 ohm) before the
measurement. The thicknesses of the films were about 200nm to 500nm. The sample
was placed face down on the mercury probe so mercury will contact on the surface of
the film and the other metal disk will contact the backside of the wafer. The
measurements were done by applied a constant voltage on the sample and measure the
current through the film. The reported LCDV is the current that was measured 3 minutes
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current neter is a Keithley 6517A. The nercury probe

is placed in a Faraday cage to 25 reduce the electric

noi se. The connecti on between the controller and

mercury probe are BNC cables. The noise |level of the
systemis |less than 100 fA. [0066] Thin filns were

coated on a low resistant wafer (0.01 ohn) before the
aﬂmplledre IWbLtag'Ehe atﬁlm(ﬂi ResiE &e Harging clifréiheWrse® tAB Wafer and the
’ pﬂﬁtéo 599B$1 le was placed face down on

EHEER G 5@“95” -cury will contact on the

surface of 30 the filmand the other netal disk wll
contact the backside of the wafer. The neasurenents
\Bzampleoh eFdbyicatigy] arefiClearactesiatioh of GatelDRleRtricidienteAayr Bielectric

and nmeasure the curr @nThinFipsyPrankR®réi | m  The
reported LCDV is the current that was neasured 3

[onsmpt aslielectdlc filvi was prRPhredthbyeconining 0.94qraméof Mt 0

curr etvve n the fer and the
RS lfmelEare O SR Mo Blsean R daarans of 533
trﬂahbpumyltmnetabﬁys% avd &ddipL 50 Grarhs GEREPE! PhiS Sblutiéh Whs

tenla | T t
13568 i U8 inbisS 1o FeratnieciolPapke GEPrs oD A IR, and 0,026
0008y @e@mamfeoumthyddtmyummbammyme SbifonaesraRombined then

i eth i | 3 f 3,3, 3- ,
a4dacb 8 Yine 38 pRAgt Ry Thetmouiion s sipken or ae ginte and
was hﬁ@@ene'EhSSTImieunltm@sM@ﬁOnl\DaSSﬁma th ggetd?ree@ s (ambient

qu_’rﬁlq% fﬁﬂjJ ‘B’“@QEE ?h}grgé trlaﬁrh gal?elbﬂ@e%rgsefo?e deposlltmg itona

sﬂicemr\mfert Hiwémmrtmmngmt BYO Fhy kol Seebibidd BiBn WBOE® iR fid0edconds.
e silane @ %sol vent mxture The

T flaEfeREC G aler o TARE. SR Nohalts. The Capacitance of
thlammﬁtm@@ﬂﬁ layéhwag Aredbiired @s%ﬂFN:h‘lei& a/\ﬁrér@N QMEQ ah@hade

s ( condi tjans it was
oibBFE By T Rz dhe s e niey PLPRUT oS e Ine jersage
curtenbderssity Yaltie forthig fivaioBra diitoh Mafercnal 8.6& 1@t° D842 pm

for 7 seconds then 1800 rpm for 40 seconds. The

silicate-containing wafer was at 250C for 3 mn. on a

hot plate. TheEgapplei2: IAFEFIPE Tranbtor Fabliddties 0. 6p
| ayer was neasured as 5nF/cnR via a nercury probe and

[onaq arhidfileh eatdistorsena idbalﬁéteﬂfusﬁﬁ%ﬁicaféftﬁeétﬁéér%ldtlﬁﬁs of Example
i.ndex of .t 386. The | eakage current

1&8&81%%?3\)%66‘1196?“”93@%@%% on a silicon wafer was 8.6
x 10-9 AlcnR. 20 Exanple 2: Thin Film Transi stor
Fabrication [0068] Thin filmtransistors are

fabricated uSixagpki3:i Rlahsrizates of StalnieselStédlFags of
Exanple 1 via spin-coating and printing techniques.
[006R]EXR6TY ef rﬁeth?lltrwmwslmwlepﬂwgf; oﬁb&aathemnﬁﬁels Qif lpfopylene

gl*C%P Sébv']%@?{s?”é\ih@ﬁ Jg%trah g{,’f‘ ﬁ%%%;g:%%med ina %g [\?al To this
mixture was added 1.71g of 0.1M HNO,, followed by 0.07g of 2.4wt% TMAH, and the
vial was shaken for 2 minutes. After aging the solution for 1 day, 2mL of solution was
applied via spin coating at a spin speed of 7 seconds at 500rpm and 40 seconds at
1800rpm onto a 6" square stainless steel foil to give approximately a 1.4y planarization
film on the foil. The uncoated foil had an average rms roughness of 101nm over a 254 x
25p square area. The stainless steel foil containing the sol-gel silicate was then cured
by heating the substrate to 90°C for 90 seconds, to 180°C for 90 seconds, and to 400°C
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gl ycol propyl ether, and 1.00g of Triton X-1 14 were
conbined in a 30g vial. To this mxture was added

1.71 g of 0.1 MHNG3, followed by 0.07g of 2.4wt%
TMAH, and the vial was shaken for 2 mnutes. After
aging the solution for 1 day, 2nL of solution was 30
applied via spin coating at a spin speed of 7 seconds
foa3 rﬁiﬁlﬁlbp @naitebt ;ﬂbft@ eTiga dm—@tanaﬂiﬁélﬂéuhﬁtraﬁtrﬁsaoﬁﬁhr&qsl aae an
stain tee oil to give praxi mat e a l. 4p

YT a9t DL ™S [QUGNBRES T AGPP X ZPHSMREAERY ol | had

an average rns roughness of 101 nmover a 25p x 25p
square area. The stainless steel foil containing the
sol - gel dShEtanga ¢: Rast Treaimerth bEFiimswith bpdroplaptideayer
substrate to 90C f dmpfes teakade, Curenl 8@} for 90
seconds, and to 400C -23 for 3 mnutes on a hot
[097@]} eDicldutriafons weam prepassd dombiking 2r2%gramsghness was

oG T Wb MR S0y S pProre
Inhey skrpapdite !sbkutidmayﬁ_a# graﬁlsl offfy v ¢NQ3 ahdg@ZgJOrZﬁqu L(e_b(B
ol BB BB B Do s o
sahent auithiex Ybe salnorawes siikiendortorte rghaiesarmifwﬁﬁﬁnogdmoas. The
o353 B0 oRfavectin ol iR Radl bl PagRe o fl o twes
filtﬂeedab)ctblndnjg#eajo.ﬂh.emteaddfacb aﬂ@:pdslljiag ﬁ}dnamsilimmdﬂdfér mo$pie ndating at
. T ; \ |
Q0 Enhiof g serifiandi 1800 1T eF A B0, 7P it foriiiino water
were spye. le]Irr: 8a day&aﬁedrﬁﬁ mcm;mmtn% ioma)hoﬁg;ﬂatelr gilmotb wds baked
L
(I-fll;‘GIDS)’ lp),nplét_:ing 3 rBIeIE ﬁhd’gd!l-fMiIﬂS ibetb(lhda ﬁh’: &od spi?ia%a’loﬁrﬁtpm for 40
shab€F 47001 B0 S5 P YD B 8N Biked B0 TP P 8 i 5 gt it
Fiiﬁj;gc b?b @ﬁk?}dita?zsow@ﬁvg ;m:]n. Eg m;’ir:g; tplattT. 3iFhm|t40pg? then Eelatgd with
nesamiidisiEand fHBS) B barng S iy HvBS BRf ng i she
s;ﬁrpliimmiat’@Oabrrﬁfﬁﬂm pet fhen 1800 farel0 debe Fiimmémeﬁﬁamt 250°C
fobp e oh Pt ARtE" T8 el cdrer aoteniale e Bor Bk figp 42 on
siqidoat\reafeﬂh-'w:fs(;r? .gicx gzﬁﬁ/tilméghén ;?raigedrew;r?: ih:; an% the LCDV was 8-10 x 107
AT PBBh anis R 28 A rer eSS et hitmily ot bt °F
aricdo42% Bumidity! Tee |ékafe LODVAOr thisclilmMbl on 4 siliverswafeewas 3.1 x 10°
AR g it 0L, % Bonlfr Pl L0k o a2 9100
AlgirF inben nredsarediadl, bnf the LODY wisciPD whof ArgradwiietmieasUigd in air

the LCDV was 5-10 x 10-7 A/cnR when neasured in
‘at constant tenperature and humidity (CTH) set at

71 OF and 42%hum dity._The | age L for this
(1 oy an on o oqiTsetes ob e FHRRGAGEEBE o o
n d jn ., .Th for thi ilmd4c on a
[0\83? : C%g@%:f grlae{nggwﬁpg (=] @%) was welgﬁeJ in aml oZ. poly bottle. 2.50g
Propylene glycol propyl ether (PGPE) or 1-propoxy-2-propanol was added. The mixture
was briefly shaken. 1.25g of a solution containing 96% 0.1M Nitric acid and 4% 0.26M

aqueous Tetramethylammonium hydroxide solution was added. The mixture was

ata

shaken for about a minute. The solution was ambient aged overnight then spun onto a 4
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Al cn2 when neasured in N2 and the LCDV was 4-10 x 10-9
Al cn?2 when neasured in air
Exanple 1 (Hydrophillic Film [0071] 2.25 g

Tetraethyl orthosilicate (TEQCS) was weighed in a 1 oz.

poly bottle.
(PGPE) or

allof

anmet

m was

enq ﬂgnéﬂy

Al

1- propoxy- 2- pr opanol
inghgpripre Rype sOh-ddow resistitiy Sovafar,slahint @)mEIMbRPM s0lntiordéidrge-

S R, 2 e T

at CTH. Conparative

2.50g 30 Propylene glyco
was added.

propyl ether
The m xture

film

was anal yzed on a Sentech SE800 el lipsoneter:

thi ckness-496.89 nm porosity 5 4.5%

4y polbt

pl‘

l_ly
[0

in
4.
6.
0.

Te

was RAGREpared i n

Ex
th
on
se
sp

ver ag

4.5x10-4A/ ch at 1.5 M// m
[QWHlar Tpe &lipwingSformulatioms weere made cisdis tbdvim thetebledystiivwy i ng
le 5 Post Treatnent of Filns with

oltage. Exa

en neasured

refractive

elfa'tljn%\t"@%llkg %ﬂﬂﬁ%ﬁ%ﬁd@;& Ad Eoftdct Angle

in N2. Two

72] The foll

diGsphsistion Laygeba and Cont a¢
it i ons were made as |listed

owi_ ng. f or mul 4

BbAngl e 10

NEasur enent s

n [{MEOS abl e be

| 2@6 Conpost i

75 2.25 MBS 2.25 0.225

é1275a 5b 5c
1.8 TFTS O

AES 2. 25
0 0.45 PGPE

2MIES 6.8 O.
2 0.2 TFTS 5

12.86 HNO3 2. 4

1,1.1 tride¢

D.2252.4 0.2

afluoro 1, 1,

68 TMAH 0. 2
2,2

M&nydr oxyl t
tLr anet hyl anmo

ré et hoxysil a
ni_um hydr oxi

n@ TMAH =
e [ 0073] Ead

0.45
h fornmul ati o

=

anple 15 1.

&a2manner Si
The resultin

6l2ar to that
sol uti ons V

lere filtered

gl@scri bed i

=)

f uigl KNO32

a silicon wafer

24lter (1 m
by spin

| .doef ore deq
coati ng at 5(

@s4ting them

O rpmfor 7

cOrdN THMaKn 1
In from 5a an

am2rpm for 4

D0.2seconds. T

nd 5b The si

2 fil ns wer

i cat e-cont ai

D

ni ng wafers

gfer.rﬂtg film was
calicioed De.hM;ﬂates BbESED fbo_l 5a'hmu18CéCrforrmﬁ enin. Ihen éﬁmd foo® min. The
400k 5 S e o A 1 1B B sy 5

4 850 0efrptiive dralent . 4h 'Eﬁmiilgeyaaﬂheuanalymd orf a neecwag priben Average

R At B R e sl e, Two

othien podigD S dnathe ]N%ermrcuke ddve‘num(@plwig Bvoltage. The

}NregrenTg?ghegﬁ fr&ér 22, ?t%&aé‘gg@ﬁ(yﬂnethgxy%tllaene ATitm

TMAH = Tetramethylammonlum hydroxide

[0073] Each formulation was prepared in a manner similar to that described in Example
1. The resuiting solutions were filtered through a 0.2 p filter (1mL}) before depositing
them on a silicon wafer by spin coating at 500 rpm for 7 seconds then 1800 rpm for 40
seconds. Two films were spun from 5a and 5b. The silicate-containing wafers were
baked at 250°C for 3 min. on a hot plate. A film from both 5a and 5 b were placed on
spinner and 2.5 ml of hexamethyldisilazane (HMDS) was deposited onto each wafer.
The spinner was ramped to 500 rpm for 30 sec then increased to 1500 rpm for 35 sec.
These two films were each baked again at 250°C for 3 min. on a hot plate. The contact
angle of water on each film was measured 5a =92°, 5b = 22°, 5¢ = 120°, 5a plus HMDS
=120, &b with HMDS =57°. In this case, high contact angle values for water on these
films correlates with the film being more hydrophobic.

-25-




spinner and 2.5 m of hexanethyl di silazane ((HVDS) was
deposited onto each wafer. 20 The spi nner was ranped
to 500 rpmfor 30 sec then increased to 1500 rpm for
35 sec. These two filnms were each baked again at 250C
for 3 mn. on a hot plate. The contact angle of water
on each filmwas neasured 5a =92, 5b = 22, 5c = 120,
5a plus HVDS =120, 5b with HVDS =57. In this case,
hi gh contact angle values for water on these filns
orrel at es WSampide Jarhpie Bai nGanplee | h$anplplBabi| Gampdbsc
anpl e Sanp| e 5a SargpdeHNBBSP| € S SamngndeHBIOS a and

—HNVBES—Conrtast—92 120 22 57 120 Angle———
Al 't hougg?dcer t ai Woaspect szzgf t he i‘53venti on '4Pe
i1AM9% r at ed| and described herein with reference to
gi ven enbodi nents, It Is not 1ntended that the
appended clainms be 5 limted to the details shown.
[RFUhenthodgH cerirpsspeetd df itad invertion wse INDsttdtéd aivd destribey herein

iR shoh o pu: PoReampts fls foljSnded el e Aapegiadaiis be
limited Bcthpeietdils shews.| Raimef iSs Bipstted bt Ririoas ehodifichons may be

i ntended that these clains be copstrued accordingly. . .
e i eee Apfats by Tiome gifted T BF et Whigh Glodisaiaeuyay Suivte witin
thill spirtcndiscopeyfthe efairfed Ribjedt mattet 8RB isSih@hded eiatthesé BRIims be

| ayer .conprises a sol-gel silica-containing
C?%%ﬁﬁng&%ﬂmg at has been processed at a tenperature

of |l ess than about 250C. 5 2. The gate dielectric

| ayer of Claiml1l wherein said | ayer conprises a silica

cont ai ni ng sol -gel conposition wherein the conposition

conprises: i) at least one silica source, ii) at

| east one conpound selected fromthe group consisting

of conpounds represented by at |east one of the

following formulas: 10 RaSi (OR )4 _a, wherein R

i ndependently represents a hydrogen atom a fluorine

atom or a nonoval ent organic group; Rl represents a

nmonoval ent organic group; and a is an integer 1 or 2;

Si (OR2)4, where R2 represents a nonoval ent organic

group; and, R3b(R40 3 _bSi-R7-Si (OR5) 3, R6c, wherein R4

and R5 may be the sanme or
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15 different and each represents a nonoval ent organic
group; R3 and R6 may be the sane or different; b and

c may be the same or different and each is a nunber
ranging fromO to 3; R7 represents an oxygen atom a
phenyl ene group, a biphenyl, a napthylene group, or a
group represented by -(CH2)-, wherein n is an integer
ranging from1l to 6; 20 iiigL®Mg east one sol vent;

iv) water; v) at |least one acid; vii) optionally, at

| east. @ngatbamctr&nﬁ mté'rléye) digfdotriviayenyof aathﬂ'uﬁlﬁﬁﬁér@mor wherein

a flow and | eve
R GPmeses A SoEiH sl Sop DI dimminiiay heR o5t Ptcessd ot 2
tetnperatureonéss thanabﬁultl pmcsource with a Cto Si nolar
ratio of 0.5 or greater. 4. A planarizing filmfor
substrates wherein the filmconprises a sol -gel

siliea Thaogaléﬂteﬂ?édmdleyérmf Oididat 1 wheremadaid layéracompnses a silica
anari z eat e{ t han about 1

Cgrgﬁ'f‘lfﬁgs LB%’;F""‘PE?'%S“ %ﬁ"@' heEoPPOSIHgN F?mﬁﬁp%ﬂs Blaéleﬁ?%o”e silica
sburaé, ii) st H&ﬁcbrfleom;imﬁd fsellearea frdRPihe gebupsedrgisting a&omnds
the f| rlsesH1 C osjtion of Cdaim?2. 5 6.
rePﬁ%seﬁ'F r"f‘t 3 ope Phing #°I&%QT<°§“U\H%r ein the film has

val ue of out < 20nm on

an rms ro
of great eﬁgg'(@ﬁs)g@n‘ﬁh‘?fﬁ@ l|Ro'f] mgnt%w TEPFERe gng\fc{rgg%atom, a
film of flabrrienator, loata Iﬁﬁbﬁ@-@“ém BgdiagRIupSR' sémesents Almonovalent

8. The Ianar|2|n fi hat, .phana

o act cTOHE SuPoand /R 8h ifefen hoR SQRRLTRHE T, wpresents a

cured atnoqha()&fent ok§anidgtodtpnand,| m transi stor conpri si ng:

15 a gate electrode; a gate dielectric |ayer

cCIorrpri 2 i nBe'@R“ﬂJ)la LSI«’RTGSIPRiB&RﬁQ v&d?@reigeR"l Gﬁutlwﬁérinhj/ Qﬁgm% same or
aim e electrode; a drai ectrode

205" o HITBEATHA08 GG JoeiPSors & TRRSART, T4 1 oo RS PeR R® may

of cl ai be1ke véae o diffefent, B éricc@mttfeqae kametdn ifepért aﬂa each is a

IoP t Sr I5a ﬁr Bgégallr%ﬂgr tr6m S ?o % B? 8 represen s Saln gx?flggrrl artc?nt'l a phenylene

group, a biphenyl, a napthylene group, or a group represented by —(CH,),-,
wherein n is an integer ranging from 1 to 6;

iii) at least one solvent;

iv) water;

v) at least one acid;

vii) optionally, at least one base; and,

viii) optionally, a surfactant, a porogen, a flow and leveling agent, or
mixtures thereof.

3. The gate or interlayer dielectric of claim 2 that contains a silica source with a
C to Si molar ratio of 0.5 or greater.

4. A planarizing film for substrates wherein the film comprises a sol-gel silica-
containing formulation that forms a planarizing film of greater than about 1 by one
coating step.
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25 12. Athin filmtransistor conprising: a gate

el ectrode; a gate dielectric |ayer conprising the

sol -gel conposition of claim1l a source electrode; a
drain el ectrode; 30 a sem conductor |ayer; wherein the
dielectric |ayer has a dielectric constant of |ess
than about 3.5. -28 13. The thin filmtransistor of
claim12 , wherein the dielectric |ayer has a ‘

i ot ARG T SLaiT 4, Rt ool lr i ipyigansiels substates

add dleddmrdomprisyethelmmpasitioalbtQraim 2. current density of
| ess than about 5 x 10-8 A/cnR. 15. The thin film
transi stor of claim12 , wherein the silica-containing

sot - ge I'I'_hlecpdm‘pb eizing fitom of‘d a%ipf &&ﬁéieirgmeditr? gg@cdnfrring mubgmé@b value of
re il m bei ur et weern, about and about

B0 & 2t P 4 SuBelrte B Grepier YRR iciasS Ly 3. o

and having a capacitance 10 of greater than about

5nF/ 16. A praecess for _preparing a planarizing

fil m‘;'co ‘ﬁ@?%ﬁgqﬁpéﬂ?g@w pctrhegﬂg?q%ps 5&”” eiteglhan

about 3.5 on at |east a portion of a substrate, the

procgss, COMpri.si ng. vi din cQnposi tj on

con‘p?i ir'ﬁglg?'g{mr%ﬁ@ 8{)??@”% I”?%ﬁ@@ﬂ%ﬁ%{ﬁbl e of

bei ng sol -gel processed 15 and contai ni ng sol - gel

conpgsition wherepn the . rials sui l,e as the

si |i@-a*é%apaesﬂzm%bma@%% thatis Gre §}%g)p§bl e of being

sot-gel processed and conprising a conpound selected

fro h r consi sting. of conpounds represented by

at Iniélsg t@ﬂgﬁgfra?ﬂgor?%?ﬁﬁm%g fornul as: RaSi (OR1) 4-a,

wher ei n Raigattapendasf |y represents a hydrogen atom a

20 fluorine_at qQr . a nonoval ent grganic group; Rl -

represent @ gﬁt%rfﬁ%?/tﬁf [BYer CPRIENG2 §'ﬁ?ﬁﬁﬂ“t%iﬂ'gg 50?%9‘ SAmMposition of

i nteger 1CRiIm2: Si (OR2)4, where R2 represents a

nonoval ent _or angﬁ? gr oup; R3b(R4AO) 3_bSi - R7- Si (OR5)

Re0, wher2FRYER CGTHO!® nay be the sane or different

and each &edpnireeRbrsdeaar®@noval ent organic group; R3 and

R6 may 25 be.thglfciarle or different; b and ¢ may be

the sane dPSYIPPRIEN T Nd each is a nunber ranging

fromO to 3; R7 represents an oxygen atom a phenyl ene

rou bi phenyl , napt hyl ene group, or a grou
?epr 1’S eﬂ'ieetgﬁ'b@méltﬁaep%qqp?cla m 10 wi ereinrghe silica so%rce %r the gate or

interlayer dielectric contains a C to Si molar ratio of 0.5 or greater.

12. A thin film transistor comprising:
a gate electrode;
a gate dielectric layer comprising the sol-gel composition of claim 1
a source electrode;
a drain electrode;
a semiconductor layer;
wherein the dielectric layer has a dielectric constant of less than about
3.5.
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wherein n is an integer ranging from1 to 6; at |east

_one solvent; water; at |east one acid; optionally, at

| east one base; 30 optionally, a surfactant, a
porogen, a flow and levelling agent, or m xtures
thereof; wherein the filmis cured between 130C and
250C in air. 17. An electronic device containing the
pl and8i Thathif filmtradsistbredfralaim 12-, 2herein the dielectric layer has a

capacitance of greater than about 5nF/cm2.

14. The thin film transistor of claim 12, wherein the dielectric layer has a leakage
current density of less than about 5 x 10-8 Aicm2.

15. The thin film transistor of claim 12, wherein the silica-containing sol-gel
composition is present as a cured film, said cured film being cured between about 135°C
and about 250°C, having a dielectric constant below about 3.5, and having a capacitance
of greater than about 5nF/cm?,

16. A process for preparing a planarizing film comprising a dielectric constant of
less than about 3.5 on at least a portion of a substrate, the process comprising: providing
a composition comprising: at least one silica source capable of being sol-gel processed
and containing sol-gel composition wherein the materials suitable as the silica source
include silica sources capable of being sol-gel processed and comprising a compound
selected from the group consisting of compounds represented by at least one of the
following formulas:

RaSi(OR").., wherein R independently represents a hydrogen atom, a
fluorine atom, or a monovalent organic group; R' represents a monovalent
organic group; and a is an integer 1 or 2; Si(OR?),, where R? represents a
monovalent organic group;

R®,(R*0)s5Si-R™-Si(OR%)2R%, wherein R* and R® may be the same or
different and each represents a monovalent organic group; R® and R® may
be the same or different; b and ¢ may be the same or different and each is a
number ranging from O to 3; R represents an oxygen atom, a phenylene
group, a biphenyl, a napthylene group, or a group represented by —(CH,),-,
wherein n is an integer ranging from 1 to 6;

at least one solvent; water; at least one acid; optionally, at least one base;
optionally, a surfactant, a porogen, a flow and leveliing agent, or mixtures thereof;

wherein the film is cured between 130°C and 250C? in air.

17. An electronic device containing the planarizing film of claim 4.
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