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UsE OF MULTIFUNCTIONAL Si-BASED OUGOMERIPOLYMER FOR TIIB 
SURFACE MODIFICATION OF NANOPOROUS SILICA FILMS 

f1R[D OFTHEJNVBNTION 
. . . 

The piaent invention relates to low diClectric constant silica films and to_ improved 

proCesses for j,roclucing the same on substrates suitable foi' use in ·the producti~·Of 
15 semiconductor devices, such as integrated cilcDi~ ("ICa"). · 

BACK:GROUND OF1lJB.JN\1ENTION 

As featme sizes in intepated circuits (ICs) appioach 0.18 mic:ions and below, it is . · 
. . 

believed that electrical iilSUlation layers having a dielectric const&nt ~ 2.S will be 

·20 required furinterlevel dielectric cru?> and i~ diel~c (.IMD) a~Jicati~. 

Nanopoua Silica Films 
... One material with a low didectrlc constant ("k")" is nanoporous silica, which. can be 

. . . 

prepared with relatively low dielectric consianta, by the incorporation of air, With a it.of . . . . 

2S l, in the fonn of minometer-~e pores. · Ninoporous silica is attractive because-it 

. employs similar precursors, including organiC-substituted silanes,"' . . . . 
tetramethox~ ("TM~S") andlm:tet:raethoxysilane ("TEOS"), and/or· · 

. . 
methylme1h0xysilane, as ·me used for the cummtly emp~oYed spin:-on-glasses ("SOG") 

and chemicill vap0r deposition (''CVD~') of silica (SiOJ). Nanop0rom iilicais also · 

· . ·30- attractive· because it is·possibJe10-control-the-poresi1d-beDG.UICHllemlitJirDUlteriial-

3S 

. . 
strength and dielectric constant-0f.lhe.resulting fihn q:mfmial~ ~-~~ .. to a low k,. 

. . 
nanoporous silica offers_ other advantages including: 1) thermal stability to S009C, ·2) · 

substantially "sinaJ] pore size, !&a at•Jeast an order of magnitude smaller in scale than 1he . . . . 
mi~nic fealula of the integrated circuit), 3) ~ n~ ~· pieparation from . 

~als such as ailica an4 TBOS that ire widely uiedin semiconductors, 4) the ~ty 

to "tune" ~ di_electl:ic constant of naOOpomus silica over a wide nmle. and ·s) deposition . . . . . 
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of a nanoporous film can be achieved using tools similar to those employed for 

conventional SOG processing. 

•.. ····.-··----·-----···-·-·. 

PCTIUSOOI01626 

One difficulty associated with nanoporous silica films is the presence of polarizable 

S .functional groups on internal pore sutfaces. Functional groups present in previously 

available nanoporous films include silanol (SiOH). siloxane (SiOSi), ~y (SiOR), 

where R·is an organic $pecies such as, but not limited lOy a methyl, ethyl, isoPJOpyl. or 

phenyl groups, or an ~silane (SiR), where R is as defined ~oUsly. In parti~ar • 

. silanol groups axe highly polarizable and ~scopi~. Since n~us silica ha& a 

10 relatively large (internal) s~ mea associated with its porous stnlcture, the 
- - - . . 

contributiQn of the highly polarizable silan~l groups results in higher than desiled . 

/ dielectric constant v8lues. Adsorption of environmental water by the silanol groups can 

I potentially rai~ the ~electric constant of sueh materials even further. 

. . 

15 Even if the dielectric ~lm is out-gassed by heating befme sub~uent ~the 

piesence of the polar silanols can contribute neiatively to the dieJedric ~t and 

dieleetric loss. Previously employed methods for overcoming this "limitation and · . 

midering the intm;ial pol'C surfaces of nan0porous silica Jess polarizable an~ less . 

hydrophilic include reacting the internal surf~ silanols with smfau; ~ng agents. 

20 ·also referred to in-~ mt as _Silyl~on BF.Dts or capping agents. Such capping agents 

include,.;&, chl~anes or disilazanes • 

! 2S 

! 

. Jn one previously cmployecl method of capping silanol groups on pore surfaces, an 

oriamc reagent such as hexamethyldisilazane (HMDZ) is iri.troduced into the pcm:s ·ot the 

film and allowed to react wi~ ~~ace silanol groups to cap the sil&nols by·f~g 

trimethylsilyl groups. These silylated surface groups are significandy less polarizable . . . 

than the original silanoJs, and ~der the.pore surfaces of the film hydrophobic. One · 

30 

disadvantage in the use of trimethylsilyl pups is that they are not very th~y stable 

~~-oU:i-&U ~iPiOCOs8m8 of ihetc&n-~rcause vra pm~;-· 

~critical .parameter of a i:ianop0rous silica film is its mechanical strength. 

Generally the mechlnica'l strength of a material decreases in proportion to any decrease 

in density In that maieri~. For a nanoporous film to be useful as a dielectric-film hi IC 

devi~ it is important th~ the combination of mechanical stren_. and low diel~c 
2 
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constant be optimized. For a given dielectric constant (which is proportional to refractive 

index and density). the density is fixed. at least for a specific chemical composition. 

With fixed density. the strength of the nanoporous silica is maximized by having the 
. . 

greatest fraction of solid within the skeleton of the film rather than as appended chemical 

. 5 groups on the surfaces of the nanometer-s.cale pores. lhus. in anothei: di'awback. 

. reagents such as HMDZ introduce a significant additional mass, in the form of 

trimethylsilyl groups, to ~e pore surfaces. The disproportionate mass of the 

trimelh:ylsilyl groups is not available to contribute to mechan~cal strength, but it does 
. . 

raise the density of the film and therefore· is an obstacle to achieving the lowest possib~ 
. . 

10 . le. 

For these reasons, and in view of the need for rapid competi~ve &4vanees in ~ art of. 

semicondoctor, ;µid/or microprocessor or IC fabrlcation, there remains a constant need in· . .. . . . . . 
1he art to improve upon previous methods and materials •. Jn particular, there is a need to 

. . 
15 provide silica dielectric fih.m with hydrophobic surfaces, and in particular to provi. . 

20 

nan<>porous silica films with hydrophobic pore: smf~ while desirably enhancing.~­

~hanical strength of such treated hydrophobic films. The.successful solution of this 
. . 

· problem will provide greater materi8l film strength. for a given desired dielectric· 
. . .· ... 

constanL 

SUMMARY OFmBJN\1ENTION 

Suqmsingly, ~ Diethods of the present invention are able to solve these.and other · 

problems in the art by providing surface modification agents that are ab~e to render 

treated silica dielectric films h~obic while also enhancing the mec~cal stmlgth 

2S of the treated films, relative to pRvioUsly employed methods and agents or reagents. 

Accordingly, the invention provides novel processes for forming sili~ dielectric films 0r 
·--------···--- -·-------

coatings on a desired substrate by the stepi of reacting ~ suitable silica film with a . 

surface moQification agent. The silica film ~s present on a·substraie, and the ieacti.oii uc· 
30 conducted under sui~ble conditions, and.for a period of time sufficient for the s~ 

- . 
JDQdification agent to form a hydrophobic coating on the silica dielectric film.· The 

surface modification agent comprises at least one type of oligomer or°polymer reactive · 

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

in~grated circuits with at least one silica dielectric film treated by the processes .of the 

3 
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invention are also provided The processes of the invention are unexpectec;Uy applied~ 

silica dielectric films without si~ficantly degrading the obtainal.)le range of desirable 

dielectric values~ 

S . OptioRany, the silica film is p;etreated with a m0nonier-type surface modification agent 

that can cap or silylate silanols in the dielectric film surface. In a: further opJiOn, the 

silica film is tieated with a c~position that includes both an.oligoDier or polymer 

surface moqification a~t and a monomer-type smface modifi~atioit agent. 

10 1be silica dielectric film to ~ treated may be non-porous,· but is preterably a nanQPorous 
. . . . .. 

·silica film prep~ on the substtate immediately prior tO the time~ ~t, ~may be : 

previousJy ~.and stored or obtained 'from another source.- It should also be · 
. . . . . . . . 

mentioned that·the silica dielectric fi~ to be~ by the novel ~sea of the. : . 

invention are ~puonally aged or ~ll~ although this is not req~ if an agmg step is .. 

15 emplo)'Ed. it can be c~ducted.before or_afmr appli~on Ortru: surf~ ~cation 
treatment as described h~n, but preferably, ~e fihn is aged prior to surface 

modification. 

/ . The ~sses of tlie invention may~ conducted in either a vapor phase or a liquid 

I· 2Cl phase, as ~d. Further, the. pn)ceases ~ oi>tionall~ conducted in .the~~ of~ 
I .solvent or co-~olvent, and it shoUld be a~ted that when ~ ~urface mocBficati~·is. 

30 

· .to be ~ductCd in.the liquid phase, the solvent or co-solvmt is effective~ dissolv~ 

and/or suspend the swface modification agent or agents withc>ut significandy diisolving 

the film to be tteated. 

Any suitable material may·bC employed as a solvent or co-solvent, includini both 

ketones and non-ketones, but preferably,. such solvent or co-solvent is seiected from~ ~ 

group-wnsisting·of'ethers;-esters; ·ketoses;-glycol-ethers,-chlmiDated-selventa, low-· 

viscositY siloxanes, and suitable combinations.thereof •. __ 

While the silica.film to be treated need notbe porous, preferably, the film to be~ is 
. . . . . 

a nanoporous dielectric film having a pOie structure with. a high_ surface area,' mid tbO_ 

surface modification. pmces~ is conducted for a period of time sufficient~ thC_ sui:face 

. modi(ication agent to surface mOdmcation agent to effectively coat the surface of the 
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film. and to produce a treated nanoporous "silica film haVing a dielectric constant of about 

3 or less. Preferably, the smface modification reaction is conciucted.for a time peri~ 

ranging from about 10 seconds to about 1 hour and at a temperature ranging from about 
. . 

lD°C t6 about 300°C. 

. . 

Preferably the film to be treated is on a substrate, y., a wafer suitable for production of 

an integrated ~t. 

The invention also provides for dielectric films and an integrated drcµit or circuits ·that 

10 include at least one dielectric film "produced ~y the ~esses of the invention. 

lS 

. . 
Pmerably, dielectric silica-based films produced by the inventive prQCe~ses reveal no 

sigliificant silanol absorbance in the ~avelengths ~ging from .about 3200 to aboiit l700 

cm·• under Fourier transfonn infrared spectroscopy. · 

DETAILED DFSCRIPllON OFTIIB PREFERRED EMQODIMENT 

Accordingly, in contrast. tQ previously Ieported methods for rendering silica die~c . 

films and materials hydrophobic, the present invention provides for polymer and/or 

oligomer~based reagents for s~ace _modification ticatment. ·This approach has a ~umber 
of advantages ~Ver pieviOUS methods. In particular, surface moowcation Using a ... 

· 20 . ~oJymer-based reagent will provide improved mechanical strength• relative to previ0usly · 

employed reageDts. Without wishing to be bound by any hypothesis or themy as to _how 

25 

the inventive reagents might operate, it is believed that weakest part of the fine strucPne · · 

of a nanoporous silica fi~ is the contaCt point between the particles or grains of the mm .. 
·Thus, a pol~ coating on the film surface, particularly a coating on the surfaces of~ · · 

. . . 

nanometer-acale pores, is believed to.both eJiminate the moisblre absorbing problem, and. 

. . to strength~ the mechanical·pro~es of the film, by overcoating ~~binding together . 

the fine particles or grains that make up the film. Whatever the underlying reasons for · 

: ··~·Positive effect on film~~ .streiigth, tbCexamples provided hereiii&tow ·. 

confinn that the methods and reagents of the invention in fact provide-·Cnhanced :film· · 
30 strength. 

The processes and reagents of the invention are applied to silica dielectric films. A number 
. . . 

of methods for the preparation of nanoporous silica films on substrates me known to the~ . 

as summarized in the "Background of the Inventian", above. In addition, a number of 

s 
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variations and improvement to these generally known methods for the prepamion of 

nanoporous fiJms are. taught l>y co:owned U.S. Patent AP{>lication Ser. Nos., 09/046,475 . 

and 09/046.473, both filed Oil Mareh 2S, 1998; U.S. Patent Applicati~ Ser •. No. 

09/054~2. filed on April 3, 1998; and U.S. Patent Application Ser. Noi. 09/055,244 and . . 

S ·09/055.S 16. both filed on April 6, 1998, as well as co-owned U.S. Patent Applic~on Ser. 

Nos. 09/379,484, filed on 8/23199 •. 091392,413, flied on Septelllber9, 1999, the 
disclosures of which are incorporated by reference herein in their en~es. Jn ~event, . 

the artisan will appreciate that the methods and materiaJs .of the ~vention are readily 

applied to a wide variety of~-known dielectric materials, including ~ganic-based 
. . 

10 dielectric materiatS, and ~ly, to silica-based dielectric materials, and most ~ly . 
. •. . ;. ' . 

to nanoporous di~c silica materials, to provide f~ enhan~ strength and/or a . 
piotective hydrophobic .coaling. 

In on:Jer to better appreciate dle scope of the inven~on, it should be undCrstood that unless 

IS the "SiOi" functional ~up is specifically men~0ned when the term "silica" is emplo~ 

the tenn "silica" as used hemin, for example, With refeience to dielectric films, is 

intended to refer~ .dieleetric films ~d by the inventive -~ethods from an oriame ·or . . . . . . . . 

inorganic glass base material. Q.&. any suitable silicon--baseci material. In addition, "it 

should also be understood .that the use Or siD~ar tei-ms herci~ is not intended to be so 

limited, but, where appropriate, also encompasses the plm8l, y., eXemplary ~sses Qt 
. . .· . . . . . 

the invention may be described as applying to and produciDg a "ftJili" but it is intended that. 
. . . . . . 

multiple films can be produced by the described, exemplified and claimed ~sea, as . 

deiind. 

2S Foither, the use of the terms, ... agent" or "agents" herein should be considered tO be 
synony.n:ious ~th the tenns, "reagent'~ or ''reagents," unless otherwise indicated. Uie ~-the. 

tmn..."integrated.~~" Qr 'le.'.'.ilin~ tg~tany s~cond~~ tOr 
~~ the processes and composition~. ~f the in:vention ~employed, unless othemse · 

30 

. specified. 

Further Still, althOugh the description provided herein generally describes processes 
. . 

employed for tleating nmioporous dielectric materials,~ artisan will readily appreciate 

thit the instantly provi~ mdhods and compositions are readily app]ied to nonpomUs 
dieledric silica films as well. Thus, ·nonporous films applied to a suitable substrate,"·' a 

6 
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semiconductor wafer suitable fat producing· an integrated circuit, as described below, will 

also benefit fiom the methods and materials provi~ h)' the present invention. For 

example, adsorption of environmental water vapor onto hydrophilic silica tilins employed 
. . 

as i~ulatms mid the like in fabricatiiig integrated circuitS will cause problems sucli as Ill': 
. S excessively high dielectric constant, current·leakage and yia poiSoning~ These additional 

problems are solved by the riiethods and compositions ~f the invention. 

Substrates 

Broadly speaking, a "substrate" as described herein includes any suitable composition ·. 

10 formed before a nanoporous silica film of the inventi911 is applied to and/or formed an 
that composition. For example, a substrate is typically a ·silic0n wafer suitable for 

. . 
producing an integrated cirouit, and the base material from which ~e nanopo~s silica 

film is formed is applied onto the su~strate by any me~ods, ll, including. but not 

.limited to, the art-known methOcts of spin-coating, ~cal vapor depOsition or~. · 
. . 

lS and dip-coating. Prior to application of the base materials to fmm the nanoporous silica 

fiJm, ~ substrate smface is optionally picp~ for co~ting by standard, art-known 

~ng methods. 

· Suitable su:i>strates for the ~nt invention non-exclusively inc~ude seinicondU~ 
· .20 · · materials such as pllium arsenide ("GaAs"), silicon and colnpositions ·containing. silicon 

. . . . . 

such as crystalline silicon, polysilic0n, ammphous silicon, epitaxial silicon, and silico~ 
. . . 

di~de ("Si02j mid mix~s theleof •. Oli die smface.of the s~ is mi opti~ · . 

pattern of raised lines, such as inetaJ, oxide, nitride or oxyniuide lines which are formed 

by weJI known lithographic techni9ues. Suitable materials for the lines· include silica, 
. . 

2S silicon ni1ride, titanium nitride,. tan~Um nitride, aluminum. alumi~um alloys. copper. · 

copper alloys, tantalum. tungsten and silicon oxynitride. These lines foim the conductors · 

. . or..insulators.of an.integrated ~~i. _are typically closely s~ from one 

another at distances of about 20 microns or less, preferably 1 microns or less, and mcxe 
·-· ~ . ... . . ·····. . . . ··---- . :._ ·-· ·--·--

preferably from about 0.05 to about 1 microns~ Other optional features of the smface of 

3~ a suitabIC substrate include previously formed nanoporous silica dielectric films 

The starting m8terlals for condUcting the processes of the invention. _als0 include a 

. nan9pomus silica film fonned on the ~ubstrate by ~lying a silica pn:cumor; such~ a 

&P.n-on glass composition onto the su~ and then optionilly aging the film. If an 

7 
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. . 
aging step is applied, this is"tyPically conducted.for example, by treating the coated 

substrate with,"' ammonia and water~. to promotegelation. 

Gen~y, the processes ~~e invention are conducted on the nanoporous ~ whil~·it 

5 is still wet fihn, din:cdy ·aftef aging. In alternative embodiments, the processes of the 

invention are optionally c~ducted on nan0porous silica films not yet subj~ to aging, 

to dried nan~ films and to ilanoporous silica films that have· been stored for a tim': 
period after ~ompleting the aging process. 

10 While a number of altem.Uve aging metlu~ds. are known tO the art,. preferably, ~n ~ 

processes of ttie ~nvention, the film is aged by treatme~t with amm~um hydro~de. ~ 

exemplified hereinbelow, the film·~ agechimcally by exposing the fiJm-be~ng . . 
substrate to lSM ammOIJi~ hydroxjde and water vapor in a·c~ned chamber for a time 

period and un~ conditions effective to·~ow the water~ ammonia· V8pOl'. to diffuse 

· 15 into the film. 

Polymeric/OJigomeric Surface Modificadon CornpOsitions 

In order to optimi~ the densityidieiCetric constant parameters to~ with the need.for . 

. 20 sufficient mechanical stnmgth, die invention provides a smface modi1icatiOll process 
USing one or more polymm:loligc;mier surface modification compositions. able to f~ Ii . 
hydrophobic surface film over the silanol-cQntaining s~sof the silica dielectiic 

films. Thus, wi~n these broad parameters; a smface modification composition incl~ 

· one "or more surface modification agents, prepared in a composition that allows for the . . . . . . . . . . 
2S formation of a hydrophobic coating upon contact with the surface of a _silica dielectric 

film. 

. . 
More particuJarlyt it is contemplated that the surface modificati~ agent is pmparecl mm. 
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.:.·.:.:·:.•., 

hydrophobic coating. This stlrfa.ce modification reagent can be prepai:ed from 

polymerization of suitabie monomer(s), including organosilicon monomers able to f~ 

polymers that can react with silanols, e.g., methyltriacetoxysilane, tris(dimethlyaimino)-
. . . 

~ylsilane, ind tris(die~.ylamino)methylsilane. 

. . 

More typically, the surface modification reagent is prepared from silicon-based monomers, e.g., 

siloxanes, silazanes, silanes, carbosilanes, and the lib, and combinations thereof, y,, by · . · · . 

hydrolysis/condensation or other type of polymerization/reactions .. Simply by way_ of ex~le, 

and without limitation, one such reaction will proceed as follows. 

10 . ~Si(OCOCHJ)·+ H:z{) -+ [-O-Si(Cffs)(OCOCH3)-]n + CH3COOH 

wherein "-+." symbolizesthe proceeding of the pol~zation, in the case, 
. . 

hydrolysis/condensation, and "n" is an integer ranging in value from 2 to about.lo,~. 

or greater. 

15 The ~lar ratio of water to ~on0mer in the reaction mixture is readily ~justed · 

according to th~ particuiar products. "In preferred embo~ments, the water is present 

during the reaction in proportion to the monomer in a ratio ranging from about O.SO:l.S 

to about 1.5:0.5, mo~le. 

20 · While not wishing to be bound by any theory of hypothesis as to how the reagents of the 

invention o~ based on this illlistrative reaction scheme, the polymeric - OCOCHJ 
. . . .. . 

moiety is the functional group that is believed to react with silanols (Si-OH) on the 

porous silica surface. While it is believed that sueh surface modification reagents will 
. . 

primarily Unk to the smface silanols, it is· also c0ntemplated that in certain optional · · 

25 embodiments, a significant amount of cross-linking within· the resulting hydrophobic 

c~ting will take place during formation of that coa1ing. 

Thus, one exemplary class of siloxane p~lymer/oligomcft that have niulti-functioiaal · 

groups that can react with silanol (Si~H) ha~ the following general f~ula 

30 (-SiXR-0-)n · Fonnulal 

wherein R can be H, alkyl, or aryl group and X is, li, se~ected from ~e 0r more of the 
following moieties: H. acetoxy (OCO~). enoxy (CH2=C(CH,)-O-Si), oxhne (RiC=N:; . . . . . . 

. Os-Si), alkoxy(RO-Si), amine(RiN~i) and/or silanol (Si-OH), and Dis an mtegm: 

9 
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ranging, for example, in value from 2 to about 10,000,·or greater. In a futtber option,~ is 

an integer ranging in value from· about 2 ~ about 1000 .. It shouJ,d also be understood 

that, in a given preparation; the sizes of the oligomcrs andlorpQlynler s~es formed, 

and th~fOie the value of n, will typically be dis~buted over a range of values. 

Another general class of suitable surface modification reagentsinclude sil~e 

polymer/oligomers that have mUiti-functional group that can rellct with silanol (Si-OH) 

having the general fonnula: 

Formulall 

10 wherein R1 ~~ R2 are in~pendently H, alkyl, and/or ~1, and is, "-• selected from one 

or mme of the following ino.ieties: acetoxy. (OCOCH3), enoxy (Clli=C(CS.,)-0-Si), 

oxime(R:zC=N-Os-Si), a1koxy(RO-Si), and amine(RzN-Si), and n is defined as for 

formula.~. 

15 It will also be appreciated that since the backbone of silazane pol~ is Si-N, tbis . -.. - ·. 

group can option&µy provide.additional functionality and options for deriviti~~ and . "· 
crosS-linking. Suitable silazane reagents ·include. ,y., poly(l,2-dimethylsilazile), '(1,2-

dim.ethylsilazane)(~-methylsilazane) copolymer, and N-methytsiJ~e resin in ~tuene. 
These silazane polymei_a can be synthesized by the reaction of an appropriate .~ne or 

.20 Nli3 with the desired silaiie reagents .. 

2S 

Yet another general clus Of suitable surface modification reagents include _silane 

polymerloligonien that have multi-functional group that can react with silanol (Si.;OB) · · 

haVing the general formula: 

(-SiXR-)n Fmmutam 

wherein R can be H. alkyl. or aryl group and Xis, y., selected from one or ~ote of th~ ·. 

folloWing ~oieaes: H, acetoxy (OCOcH3), enoxy (Cffi:i:C(CH,)-0-Si), oxhne(R:z6=N- : 

o~:si), ~Y(Ro-si); and amine(R~-Si),_ and Dis defined as for fonnula L .I~. will Bt~ 
be appreciated that since the b8ckbone of Silane polymms is Si-Si, this· group can . . . . ... 

30 . optionally provide addition~ functionality and options for deri.vatization and cross-

lhlking; Typicai silane ~ts that can be ~ed for this application include, Y:t . . 
. . 

polydimethylsilane, polyphenylmethylsilane, and the .like. as.well as combinations 

diereof. 

10 
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Another general class of suifalii~ surface modification reagents ~~ifuie carbosilanes 
polymer/oligomers that have.multi-functional group ~at can react with silanol (Si-OH) 

having the general formula: 

Formula IV 

. Wherein R1 and R2 can independently H, alkyl, aryl groups, acetoxy (OCOCH3), enoxy 

(~::C(~)-0-Si}, oJti:me(R2C--N-Os-Si), alkoxy(RO-Si), or amin~-Si), and R3 

can be substintted or un-substituted Bncylene or mylcne, 

10 . Suitable siloxane polymers having multi-furictional groups and silanol groups, me Blso 
collllDet'Cially available. For example, ·the artisan will b~ familiar with the T-1 l series of 

slloxane reagents available from the Advanced Microel~c Ma~als division of . 

Honeywell (formerly AlliedSignal) (Smmyvale, California). Many suitable silane and: ------· .. . 
silazane polymers are also c~ally available,·'-&, from United Chemical 

IS Technology (J;tristol, J' ~) •. 

~ is also contemplated that combinations of one or more of tbe above. ,w., of reagents 

~ byF~ulas I, l(m ~~'JV, in the form of polymer and/or COP.Ol~ 
combinations, are also usefully empJoyed in the methods ~d ~f:ions of~ 

20 · bavention. 

Pieferably, the surface modification apt· is the hydrolysis/condensation product of a 

spin-on-glass type silica reagent, y., methyltriacetoxysilane (''MT AS"). The 

· h~lysislcondensation product of MT AS has a siloxane backbone stru~ ~th 

2S acetoxy multi-functional groups, formed by mixing a suitable MTAS solution with a 

defined proportion of water Under appropriate conditions • 

30 

.. thods of Reading-· -Sili-·ca-Diel-.. -ec-ctri-.c­
Fllms with Surface Modification AFnts 

Although the exempJified methods for reacting silic~ films with smface modification 
. . 

· a~ts are conducted in the liquid phase, the artisan will appreciate that smface 

modification agent oragcn11 may be delivered into contact with the fiim .to be treated in· 
either.a liquid phase, ~th or without an optiomil co-solvent, or in the vapor phase, with 

3S or_without an opti~al ·co-solvent, as ~bed,"- in co-owned Serial No. 09/111,084, .. . 
11 
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filed July 7, 1998, incorporated herein by reference in its entirety, provided that the 

reaction is conducted with an am~~ or concentration of surface modification agent(s) 
. . 

effective to provide a treated dielectric film having the desired range Of ~electric 

constant and mechanic81 strength to produce a s~table integrated circuit on the s~. 

Jn one embodiment of the invention, the silica film is exposed to a vapor ph~ material 

that incJu~ ~monomer for fonni~g a polymer/oJigomer Surface modification agent as . . . . 

described herein, and o_ptionally in combination with a cmier P.8, in an amount ~d 
. under conditions effective to cap silanol ~edes on the film surface. 

·It will be appreciated that a ~uitable vapor phase mono~ for.produci'11 ':'-

po1ymer/~ligomer surface modification agent will exhibit a satisfactory boiling 
' •·.. . 

point/vapor pressme, reactivity, pmity, and will yield an effective and heat stabie . . ~ . . . 

hydropheme auffaee en the treated film ·;.'itheut eauaing Si~ailt -~~ cffcg&a, · 

15 Monomers for ~orming smf'.ace.modificatf0n agents desinlbly empl~ in the vapor. . . . . . . . 

phase will haye suitable vapor pressures in the iemperature ~ge for conducting the 

surfaC:e modificatioo treatment. Simply .,Y way .of example, and without limitation,.the. 
. . . . . . . . ·. . 

vapor pressure of~ suitable nionome.r will range from about 1 to about 500 tmr. : 

Preferably, the vapor pressure of a suitabl~ surface modificati,~ ~t Will ~ge ~ 

20 about S to about 100 torr. ~ preferably,.the vapor presBUle of a monomer wilJ range 
. . . : 

from ab,out S-100 toa. Most preferably, th~ vapor ~sure ofa inonomer for "fomuui a 

surface modification agent will range from about 10 to about so torr. 

Ai exemplified heJein, the in~omer was mixed. with a suitable solvenilco-iolvent in .. 

2S liquid phase •. Suirable ~lvents ~those solvents in which ~surface m~cation 

agent and any other optional materials ~soluble, but which will not dissolve the . . . 

dielednc ~to be~ or· interfere with the capping ~f the silanols ~the treated 
surface .i which can· be ieadily removed by evaporation_ and/or heating after~ surface 

modification reaction is complete.· Simply by way of exampJe, and without limi~on •. . . . . . . . . . 
30 such co-solvents incJudC ethers, esters, ketones, glycol ethers, chlorinated solYm.ts, 1~· 

. viscosiiy siloxanes and suitable .cQmbinations of the membera of these solv~t ctm.: 

The artisan will appreciate that the term, "low viscos~ty" as applied to siloxanes is that 

which is genemlly un~·in the art, ~d will preferably ~ge from about i ~-~bout 
100 eentistokes and pref~ly have a molecular weight ranging~ about 160 tO about. 

·12 
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3800 Daltons. Bxeniplary I~ ·~scosity siloxanes useful in the i~~fiiive processea are 

commen:ially available, y., fro~ Dow Coming. 

Suitable solv~ts/co-solvents can be employed in concentrations ranging generally ~m 

S ~bout O.S to about 99 percent, or greater, ·by weight of the total solution. Exemplary 

ethers useful in the inventive processes include diethyl ether; diisopropyl ether~ dibutyl 

ether and combinations thereof. Exemplary ethers useful in the inventive processes 

include: ethyl acetate, ~~opropyl acetate. n-butyl acetate, and co~nations·thereof •. 

Exemplary hydrocarbons useful in the inventive processes include: n-hexane, n-heptane, 
. . . . . 

10 cyclohexanes..toluene, and combinations thereof. Exemplary ketones useful in· the 

inventive processes include: acetone, 3-~tanone, methyl isobutyl ketone, and. 
. . . 

combinations thereof. Exemplary glycol ethem useful in the inventive proces~ 

include: tri(eth~iene glycol) dimethyl ether, tetra(ethylene glycol) dimethyl ether,-

tri(propylene glycol) dimethyl ether, and combinations thereof. Exemplary chlorinated 

15 solvents useful in the inventive processes include:l,2-dichloroethane, carbon tetrachl~ . . . 

cbl~fonn, and combinations thereof. As exemplified in the examples below. 3-
. . 

pentanone is ~ prefeaed co-iolvent. 3-pentanone is useful in amoun• ranging from . . 
. . . 

about O.S to about 99 percent. or gmater, or lllO.l'e preferably, in amounts ranging fiom 

about so to 80 pen:ent, by weight of .the total s0lution. 

20 
In the exemplified. embodiments of the invention, the monomer was mixed with i solvent . . 
or co-solvent ~taining water, aiid the sulfaee modification agent is a · 

· hydrolysis/condensation product formed in the presence of water. The water content of . . . . 

the co-solvent ranges from about 0.05 percent or.gieater. Pmferably, ~e water content of . 

2S" the solvent or co-solvent nnges ftqnubout 0.05 percent to about 10 percent, or greater. 

More preferabl)'. the water connt of the solvent or co-solven(ranges from abo°' O.S · : 

pmceni to abolll4.~-

The solution was~ mixed with various~ proportions of~ CO-:SOlvent solution, , 

30 and applied by ~-standanl methods to the dielectric film on the substrate, Y:. -the solution 

or suspmwOn containing tbe hydrolysis/eondensation product was spun onto Vari~· test 
. . . . 

films. The monomer is riiixed with the water contai~ng.solvent/co-solvent in a 

cOncentration (monoiner_to Co-solvent) ranging from about S to about 90 percent, ~ 

sreacer. Pleferably, the ~=ttatii>h of the monomer in the co-solvent ranges froDi 
13 
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about S to about 50 percent. More preferably, the concentration of the monomer in the 

co-solvent ranges from about 10 to about 30 percent The proportion of monomer to 

w~ rimges from about 0.50:1 to about 1:0,50, mole/mole. More preferably. the 

proportion of inonomerto w.aterranges from about 0.75:1toabout·l:0.75. In the 

• · S examples below, the monomer was exemplified by MTAS. 

Thereafter, the substrate and the treated film was heated to a temperature and for a time 

period sufficient to drive off iemaining surface modification agent &Qd solvent. In ~e 

preferred embodiment ·the film is ~cured. Optionally, the heating steps _can be 

10 conducted in a plurality of stages, each st.age utilizing Similar or differing times and . . 

temperatures, or combined into a single process step. For example, the heat ~t waa 

c0nducted under air at 175 and 320°C, respectively. The treated film was th~ 

cured, e.g., at 400°C. 

15 Combinations with Other Methods and ·Reagents -
Monomer-Type Surface Modification Agents · 

·As noted above in the Background of the Invention, one previolisly employed method of . 

capping silanol groups on dielectric filni pore smfaces employed an organic ~t 

20 monomer, such as_hexamcthyldisilazane (HMDZ), that is in~ into the pores of the 

film and allowed to react with the surface silanol groups~ This reaction caps the silanols 

by forming hydrophobic trlme~ylsilyl groups. As nated above. one disadvantage in the 

use of trimethylsilyl groupa is ~at they are not very thermally stable and inay out-gas 

during further processing ~f the~. and cause via poisoning. 

2S 
However, an optional embodiment of the piesent invention provides for a combination of 

this other method, ,Ls;, capping silanor groups With monomers to produce a hydrophobic 

. SUlface.,..with-tlle.metbods.and.compositions..DfJhe. . • vention. · · Advanta _ ly, a· 

combined treatment provide& additional capping of internal silanols, y., on~ 

30 surfaces J~ted inside the pore struct_Um of a J.1811opomus film, which is believed to 

further reduce the film dielectric constant. Further, the oligomer or polymer surface 

modification agent according to the invention seals the film surface, provides added 
. . 

mechaDical strength, improved hydrophobicity !111d is believed to ·inhibit out-gassing 

during IC. processing. 

14 
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";. :· 

·., .. ; ~ '.· : . 

The combined process may be conducted sequentially. by first reacting the film with a 

monomer-type surface modification agent,. and then reacting the film with the oligomer 

or polymer surface modification agent of the invention. Preferably, the reactions are. . 

5 · .conduCted sinlultaneously by (1) forming a.solution of the. oligomer or polymer surfaCe 
. . 

modification agent and then (2) adding an additional quantity of a selected monomer . . 
agent to that solution. The combined solution is then applied to the dielectric filin to be 

~by ~e meth~ previously described supra. 

10 A number of mon~-type_ surface modific~on agents and methods for ~n~ 

hydrophobic, low dielectric nanoporous silica films have been. descri~d, for ex~le, in 
~ed U.S. application serial nll:D1bers: · 60/098,068 and 09/140,855, both _filed On 

. . 
August 27, 1998, 091.234,609 and 091235,186, both filed on January 21, 1999, the 

diselesas ef Whish ue in;erpetatccl by~ hemin in their~· . . 

15 
One prefeued monomer-type surface mOdifica~on agent is a comp~ having a formula 
selected from the group consisting of Fcmnulas V (1)-(6): . . . 
(1) RJSiNHSiR,, (2)RxSiCly, (3) R1tSi(OH)y ' (4) ~SiOSiR3, 

(S) RxSi(OR)11 andlor (6) RaSi~OC~~ 

.. 20· 
·and combinBtions thereof, wherein x ~s an il~teger ranging from 1 ·to 3~ y is an in~ger 
ranging from 1 to 3 suCh that y.=4-x, p is an ·integer.ranging from 2 to 3; each R is an . . 
inctepen~tly selected from hydrogen and a hydrophobic organic ~oiety. The R gioups . 
are pieferably independently selected from the group of organic moieties consisting.of . . 

25 ~l, aryl and combinations thereof. The alkyl moiety is substituted or unsubs~tuted and 

is selected from the group c0nsisting Of straight alkyl, branched alkyl, cyclic aUc:yl and 

com~ations thereof, and wherein said alkyl moiety ranges in size from Ci to about~,: •• : 

· The-arylmoiety-is-substituted-oi'·unsubstiteted-an4-raeges-Dl-sia.fmm-Cs~ about C1i: 

Pmferably the monomer-type surface modification agent is an acetoxysilane such as, 
. . . 

30 · acet_oxytrimetbylsilane, diacetoxydimethylsilane, methyltriacetoxysilane, 

. phenyltriacetoXysilane,. diphenyldiace~ysilane, and/or an alkoxysilane such as, 

trimethylethoxysilane, trlmethylinethoxysilane, 2-trimethylsiloxyPent-2-ene-4-one, n- . . . . . 
(~ylsilyl)acetamide, an~~ one or more of the following: 2-(trimethylsilyl) acetic 

~~-n-(trimethylsilyl~niidazole, trimethyl~lylpropiolate, flim:ethylsilyl(trimethylsiloxy)-

15 
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acetate, nonamethyltrisiJazane, hexamethyldisilazane, hexamethyldisiloxane, 

trimethylsilanol, triethyliilanol, triphenylsilanol, t-butyldimethyls~lanol. 

diphenylsilanediol and combinations thereof. . 

PCTIUSOO/Ol626 

; S The monomer-type surface modification agent 1:D8Y be niixed with a s~table so1vent such 

10 

lS 

.. as acetone, applied to the ~anoporous s~ca surface in the form of a vapor or liquid, ~d 

then dried. 

Additi0nal monomer-type surface modification agents include mUttifunctional surface . 

modification a~ts ~ deacribed bi detml m cc>-owned u.s. senai n-091235,186, 

incoiporated by ~ce herein in its entirety, as described above. Such multi~tional 

slirface modification agents can be applied in either vapor.or liquic;l form,· optionally with 

or withoUt co-sOlvents~ Suitable co-solventi ~lode, "· kCtones, such as ~tone. 3-

pentanone, diis0lpropylketon. and others, as described i~ detail in co=0wnea u.S:· 
. . . . . . 

application serial number()9/111,084, filed on July7, 1998, the disclosure.of which.in 

incorporated by reference hemn in its entirety.~ example, as described in detail ·in · . . . . . . . . . . 

U.S. seri~ number 091235,186, as incorporated by reference a~~ ceitain pmeaed 
surface modification agents will have two or more functional gJ:OUps 8J.ld ~with 

. . 

surface silanol fonctionaJ groups· while minimizing mass p~sent ~tsi~ the structural 
. . . 

20 . framework of the film, and include, s;,&, suitabl8 silanols sucll as 

R1Si(OR.ib Formula· VI 

wheiein R1 and R2.me indepen:dently seleCted moieties, such as H and/0r an organic 

moiety sUch as an alkyl, aeyl or derivatives of tbeSe. When R1 or~ is an ~ the alkyl . . . . . ' . . 

moiety is o~onally substituted or ~ubstituted. and may be straight, branched or cyclic; 

. 25 and preferably ranges in size from C1 to about C11. or ~. and more preferably from 

C1 to ~· C8• When R1 or R2 is aryl, the aryl moiety preferably consists of a single .· 

30 

·· aromatic·ring1batis optionally-substituted··or-unsubslitutedrand·rm~ 

about CtB, or greater, and more preferably trOm Cs tQ about Cs. In a further opti~n. the 

aryl m~ety is not a heteroaryl. 

Thus. R1 or~~ independently selected from H, methyl, ethyl, propyl, pheityl, and/or 
detjvaiives thereof, provided that at least one o~ Ri or ;R2 is organic. In one embodiment, 

16 
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both R1 and Rl are ~yl, and a trinmctional surface modification aPit 1l9Cording to 

Formula VJ is methyltrimethoxysilane. 

In ano~er embodiment, a suitable silane according to the invention haS the general formula of 

S R1Si~)3· Formula Vll, 

Wherein Rt. R2, R3 are independently H, alkyl and/or myl. When any of R1, R2, RJ are . . 
alkyl and/or aryl, they are defined as for R1 and~ of Formula VI, above. In ~ferred 

embodiments according to Formula VII, R.1 is selected from H, CJl3, ~. and R2· and~ 

are both C1i3. Thus trifimctional monomer-type surface modification agents according to 

10 Formula VI include, y., tris(mmethyl~no)methylsilane, 

tris(dimethylamino)phenylsilane, and/or tris(dimethylainino)silane. 

1S 

~ yet another embodiment, a suitable silane i.ccording ~ the invention has the. genetal 

f6iiiiiili 'Of 

R1Si (ON~)3 Fmmula VIll 

wherein RJo Rz, R3 are independently H, alkyl and/or aryl. When any of Ri, R2, R, are . . 

alkyl and/or aryl, they are defi~ as for Ri and Ri of Fonnula VI, above. In one 

piefe.l'red embodiment, R1 and R2 are both Clla, and R3 is ~CH,. Thus trifuncti'onal 

monomer-type surface modific11:tion agen~ according to Formula VIl include, y., 

20 methyltris(dylethylkeoxime)silane. 

In yet a further embOdiment, a swtable silane according to the invention' has the general 

· formulaof 

RtSiCl3 ·Formula IX 

2S wherein Rt is H, alkyl or aryl. ~en R1 is alkyl andior aryJ, they me defined 8s for 

FormulalV, ~ve. In one ~fened_embodiment, R1 is Clfa. Thus trifunctional 

!D~9Jl1.el"~.~e modifi~ation IP-ts ~ng to Formula VIll include,~·· 

meth~trichlorosilane. 

30 · In a more preferred embo~t, the capping reagent includes one or more. 

· organoacetoxysilanes which have the followi~g general formula, 

(R1)xSi(OC0~1 Formula X. 

Pieferably, xis an iJite~ ranging in val~ from 1 to 2, and x and y ~be the~ or 
. . 

diffeient and y is an inte~ ranging from abou~ 2 to about 3, or greater. 

17 
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Useful organo~toxysilanes, including multifunctional alkylaceto~ysilane and/or 

arylacetoxysilane _compounds, include, simply by way of example ~d without limitation, · 

melhyltriaceto:icysilane ("MTAS"), dimethyldiacetoxysilane {DlVIDAS), . 

5 phenyltriacetoxysilane and ciiphenyldiace~xysilane and.combinations thereof. 

· fnmerties of Produced Nan(.W9lPl" Dielecttic Films 
Nanoporous silica films f~ on ~substrate for use according to the invention me 

generally formed with a porosity of about 20% or greater and with Pore sizes that range 
' 10 from about 1 nm to about· 100 nm; more preferably from about 2 nm to about 30 nm. mid 

most preferably from about 3 nm to~ 20 nm. Th~ density ·of the sili~on containing 

composition, including the pores, ranges from about 0.1 to abollt 1.9 g/cm.3• more· 

preferably from about 0.2S to about 1.6 g/cm.3, and most p~ly from about 0.4 to · 

aheut 1:2 glem~. 

IS 
Thus, the nanoporous s~ca films produced by the processes of the invet_ltion preferably 

have a moisture stable dielectric constant that is 1es8 ~· ~t 3. More preferably, the 

nanoporo0s silica films of the_ invention have a .dielectric cOnstant ranging from about 1.1 . . . . . . 

to.about 3.0, even more prefei:ably from about 1~3 to ab_o~ 2.5, and most preferably~ 

· 20 about 1.7 to about 2. 

Non-P010us Silica DielectQc FilQ 

In a further beneficial result of_ the J>R'Sent invention, it will. be appreciated that the 

above-described methods and compositions. can be optionally applied to non-porous . . .. 
25 silica dielectric materials, in order to~~. stabilize such materials against the effects of 

envilOllllle'1tal moisture and _the like, for use as insulatrirs arid dielectriCs in 

microelectrOnic and/or inte~ circuit products, as may be. des~ for utilities whme.a ·. 

verylawmekmitre0nstant11Ddlorl>orosiiyis-not-required.-··sueh-n~-pom~ 
based dielectric materials include, for exampie, films deposited by art-standard l_I1etboda, 

30 .e:&. ch~c&t vapor deposition ("CVD"). dip coating, SPJ'8Y coati~& or any other similar 

ntaterlaJs that have surface silanols which it is desirable to cap. 

. Pn:fetably, such silica dielectric materials are formed by CVD. However, the producecl . . ' . . . 
· filni tends to have free sihinols on the surface that will adsorb environmentll moistme. · . 

18 
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. Thus, application of the meth~·of th~ present invention wilJ ~y cap .these free· 

silanols." even on non-porous diel~ctric silica materials. 

The following 1.1on-limiting examples serve to further explain and illustrate the invention. 

EXAMPLEl. 

This example illustrates the preparation of dielectric films treated with a 25% solution of 

MTAS-deriyed siloxane polymer, that contained an average of 1.5 ieact:ive foncti~ 

10 group per repeating unit 

Pre,paration offfydrolvzed MT AS for Surface Modification 

Methyltriacetox~lane (''MTAS"; purchased from United Chemical Technol~gies, 

Bristol, PA) was pmified by vacuum distillation prior to use. 3~ne(Pacific ~) . . . . 

lS with a In water eOftfellt E~O PPM) was empleyecl 116 g af 3 pentanene was added te 

1.78 g ~ w~ in a S~ ml. flaSk with a _~gnetic stir bar. Th~ 29 g ~f MTAS was . 
. . 

added to the above· 3•pentanone/water mixture-With proper stining. which was continued 

oveniipt at room~ to produce a clear, colorless solution. Gas 

chromatography-111:85s- spectmseopy was used to·anal~ this.product and found no sign 

20 of MTAS. presence in the product, suggesting that all of the MTAS h~ reacte(j. This· 

solution w~ then filtemd ~ugh 0.2 mi~n-Teflon• filter and used for the s~ 
treatment described below. 

2S 

30 

35 

Preoaration otNanpmus Film 

A nanoporo~ silica precursor was synthesiZed by adding l08 mL of tetraethoxysil~~ 
94.mL of triethyleneglycol mon~yl eth~MMB), 16.B mL deiomzed w~, 
and 0.68 mL of lN nitric acid. together in a round bottom flask. The solution w~ heated . 

: . J:Q.•ut S(}_°C ~~ stirring (heating and stining were begun at the same ~me) · 

and tefluxed for 1.5 hours. to form a ~lear solution. The resulting sol~tion was allOwed 

. to cool down to roo.-i temperatw-e and then it was diluted 25% by weight with ethanol, . 

and filtered thro~gh a 0.1 micron Teflon• filter. 

About 2 mL of the nanoporous silica precursor, was dep9Sited onto a 4" silicon wafer 

and then spun at 2SOo rpm far 30 seconds._ 1ben the resulting film w~ gelJed/apl in a 
. . 

vacuilm chamber as follows. 

19 
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1. The chamber was evacuated to 250 tQrr. 

2. 15M ammonium hydroxide wash~ and equilibrated at 4S0G and introciucCd into 

· the chamber to increase lbe ~ h? 660 torr for IO.min~. 

3. The chamber was refilled .with air and the film was removed from the chamber for 
.. : . . -·. , . . . .' . :; ' .. ~ . . . 

next step surface ~tlsolvent ~chanie~ 
.. :"• 

Oligomer/PolyJner Treatment of Film Smface 
. . ··:·.· . '· . 

10 The surface treatment/solvent exchange of the fib~ was canied 01Jt using the following. 

conditions: 

l.. The reagent used for tJie surface tre8tment was prepared al descn1Jed above.. -

2. The aged film was p~ em the spinning chuc~ ~d spun at iso ·ipm. 

IS 3. A-boat 39 .mL of the ~ve MTAs aOiatian w~ spun en thefJ;lm ..-Adieut allewing 

the film to dry for 20:ilt:'¢onds. · · · 
4. Then the film was sp~dry at 2SOO ipm for 10 seconds, and then the film was: 

rem~ved from the chhck and su~~ to~ treaUmmt. ·•· -.. 
·'.: .. ,'. 

20 Heat Tmptmg ; ·. 

The film obtai~ from t¥ above process was then heated 8t 17.5 and 320°C, under m, : . 
for two 60 seeond steps, respectively. Then the film was cured in a funiace at 400°C for . . .. . . . 

30 ininutes under nitrogeft. · .. 

. . 

.The refractiv~ index and thickness of the obtaine~ films were ineasured by WooUam 
. . . ·: :, . : ··: '.. :" . 

2S ellipsometer.by .mndard ~oc1s.· , 

Determination of Dielecti:ic COnstant 
.. The dielectti(:""Cmistant wu-lneoureci'by1he-standard-eY-cur\le-U:cluuque;~· 

capacitor ("MOSCAP") strucblre as foJlows. The MOSCAP ~is formed by : 
. ·•."":; . . . 

. sputtering aillminum on~ the film ~ugh a circular dot mask and an aluminum .blanket 
. . 

30 film is also sputtered onto.the back· side of the wafer. An ~ately biased volrage . 

w~ applieli to the MOSGAf> and the c:apacitance was then measurecl at 1 MHz .. This. . . : . . . 

~od was employed for 4ielectric constant determinations in a1l subsequeiit ~· 

20 
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Determination of FiJ.m Mecbanical Strength 

The force required to brCak the tllni was determined by an art-starl~ stud-pull test. 

The film to be tested was placed ·on substrate wafer, and an aluminum Jayer was pl~ . 

on top of the film to prev~nt penetration of the pore structure by the subsequen~y applied 

S epoxy. An epoxy test stud was then epoxi~ to the top of the. aluminized. film. Once the 

epoxy w~ cured, the stud was pulled aWl!,y from the film, with a measured foree, until 

some component broke. The measured pull force at the moment jus~ prior to ln'eakage 

was reported as th~ st\id pull strength. As described below and in the following · 

examples, the stu~-pull is ~fined as the force exerted on the workpiece, at the~ · 

10 ·of mechanical faillll'ey measured in kilopo~cis per square inch_ ("KPSI"). 

1S 

The measmed film properties are summarized. in the folloWing. table. 

Refractive Index Dielectric constant 
1.221 2.23 

IDW4PJ..E2 

This example illustrates prq>ara~on ofdi~lectric films treated with a 309& solution of 

MT.AS-derived siloxane pQlymer ~contained 1 reactive. functional group ·per iepeating 

unit. 

. . 

20 . J>nu?aration of Hydrolyzed MTAS for Surface Modification 

~AS and 3-pentanone were obtained and prepin:d as for Bx.ample l; above •. 

76.3 g of 3-pentanone was added· to·267 g of water in a 250 mL flask with magnetic stir. 

bar.~ 32. 7 ·I of MTAS was added to the above 3-pentanonelwater mixture with· . 

properstining;which-was-continued"6Vel'Dight at room-tem~.a c~at! 

2S colorless solution. Gas chromatography-mass spectroscop)' was used to analyze this 

·product and found no sign of MTAS ~cc iri the product. sug~g all of the MI'As 
· has reacted. This soluti~ wai then fil~d through a 0.2 micron Teflon• fillt!l' and ~sed 

for smfilce trea1ment described below. 

21 



. :-

W000/44036 PC;I'/USOOI01626 

Preparation of Nanoporous Fihn 

About 2 mL of a nanoporoti& ~lica precunor prepared as desctjb~ in Example 1, above, 

was deposited onto a 4" SiUp00 wafer an~ then spun at2500 J.'l'Ill"for. 30 seconds. Then 

s. the fil~ was Flied/aged i~·: a vacuum chamber using the thtee~$tep method described 

above for Example 1. 

10 

The swface treatment/solvent exchang~ ~the film was canief.i ."1th the above-described 

surface _modification reagent using the four-step ?l>Cess described by Example 1. . . 

. . 

The film obtained from ~e itb<>ve process was then~ in ¥ tw~ process~-~d . 
. . .. : '·. 

cured under nitrogen gas~ ai described ab0ve for Bxlµllple · 1. The refractive index, 

dielectric constant and stud pull test were all conducted as for Ex~le 1. The measmed 

film properties~ shown in the foll~g ~le. · 

Table2 

. BXAMPLB3 

~s example illustrates ~on of di~ecttic fi~ tteated With a 209f, solution of 

20 Mf AS:.derived Siloxane p0ly"mer that contained 1 reactive functional group_ per repeating 

unit. 

25 

Preparation of Hydrolyzed MfAS for Surface Modification 

MTAS and 3-pentanone were obtain~ and prepared as for Example 1, above. 

122 ·g of 3-pentanone was 8dded to 2.5 g of wa• in a 500 mL flask with magnetic stir. 
. . 

bar. Then 30.S g of MT AS was~ to the above 3-pentanonelwater mix.tum with. 

· proper--stiii'iii&"WhldrWasi:mltinued"uvemighntToom·temperature ~ ~uce a clear, -

colorless solution. Gas chrOinatography-mass spectroscopy was. Used to analyze Jhis·. 

product ~d found no sign of MTAS presenee-in the~- suggesting all of the MTAS 

his reacted. This soluti~~ ·was then· filtered through a 0.2 micron Teflon• filter and uSect 
30 for swface treatment described below. 

22 
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About 2 mL of a nanoporous silica pteCUrSor prepared as described in Example 1. above, 

was deposited onto a 4" silicon: Wafer and then spun at 2500 rpm fdr 30 seconds. Then 

the fi]m was gelled/aged in a vaci.ium chamber using the three-step method described 

above for Ex.ample 1. 

The surface treatment/solvent exchange of the film was carried with the above_~bed 

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

The film obtained :from the above process was then heated in the two-step process~ and 

10 cured under nitrogen gas, as. described above ~or Example 1. The refractive i~~. 

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

15 

20 

measmed fllm ProPemes are shown in the following table. 

. . ·Table3 I Refractive lndeX I Film ThickliCSs (A) I Dielectric constant I Stud puµ (KPSU I · 
1.2329 6390 . 2.18 . ' 2.21 . 

BXAMPLE4 .. 

rms example illustrates preparation bf dielectric films tteated with a 10% solution of 

MTAS-derived siloxane polymer that contained 1 :reactive functional group per repeating 

uniL 

. . 
Preparation of ffvdrolned MT AS for Surface Modification 

MIAS and 3-pentanone w~ obtained and piepmed as for Example l, above. 

lsS.4·g of 3-pentanone was added to 1.68 g of water m· a SOO mL ~ask" with magnetic stir 

bar: Then 20:6 g of MTAS wa& addCd to the above 3-pentanonelwater mixture with 

proper stining, which was continDed overnight at room temperature to produce a clear, 

2S colorless s0lution. Gas chromBtography-piass s~y was used to analyze this 

-Prociuct ~d found no sign ot'"MTAS presence m the produet, suggesting all Of_theMTAs 

has re~ 11Us soluti~ was·then filtered through a 0.2 inicron Teflon• filter ~d used 

for surface treatment described below. 

30 Ptg>aration of Nanqporous Film 

About~ mL of a nanoporous silica precursor prepared ai described ~n Bxampie 1; ~ 

was deposited onto a~,, mli~ w* and then. spun at 2500 rpm for 30 secondL ~ 

23 
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the film was· gelled/aged bi a vacuum ch~ber using the three-step method described 

above for Example 1. 

The surface trea.tment/solvent exchange of ~e film was canied with the above-described 

S surface modification ~agent u11ing the tom:-step process described bJ Example 1. 

· The film obtained from the above proces~ was then h~ated 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 i: The 

10 measured film properties m shown m the following table. 

; . 

1S 

Table4 
Refractive Index Film Thickness · Dideciric constant Stud 
1.1933 5871 2.49 1.70 

EXAMPLES 

·This example illustrates_pi.eparation of dielectric fihDs treated Witli a IML solution ~f · . 

MTAS-derived siloxane polymer that contained l.S reactive functional group per 

iepeating "Jlllit. 

Preparation ofHydrolyzed MIAS f6r Surface ModificatioP 

MTAS mid 3-pentanone were obtained and prepar:ed as for Example 1, ·above. 223.2g of 

3-pentanone was ·added to 1.52 _g of water in a-500 mL flask with a ma ... etic stir bar. 

20 Then 24.8 g of MTAS was added to~-abo~ 3-pentanone/water niixture with PmPer 
stirring, which was continued oVemight at roOJll tempemture to.im>cfuce a clear, colorless 

. . . 
solution. aas.chrom8tography-ma8s spectroscopy was used to anal:Yze this product and 
found no sign of 1'.ffAS pICSCDce in the product, suggesting all Of the Mf AS has reacted. . 

This solution was then filtered throµgh a 0.2 mif?10n Teflon" filter 8J!.d used for surface.· 

25. treatment described below. '-' 

. J>m>aration of Nanoporous Film 

· About 2 mL of a nanoporous silica precursor prepared as described in Example 1, ~ . ·• 

30 . was ~ted.onto a 4" siJicQll.Wafer and then spun at 2500 rp111for3o seconds.~ · 

the·fnm was gelled/aged in a vaciimn chamber ~g the three-s~ method·~bed · .. 

above for Example 1 .. 
. 24 
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The ~ace treatment/solvent exchange of the film was cmied with. the above-described 

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

s The film obtaiiied from the .above ~es~ was then heated in .the two-step process, and 
cmed under nitrogen gas, as described above for Example 1. The refractive index, 

dielectric constant and stud pull test were ~ conducted as described for Exa'mple 1. The 

measured film properties are shown in the following table. 

Refractive Index Dielectric constant Stud 
1.1166 2.25 1.54 

10 
EXAMPLB6. 

Thia 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 • 

. Prejparation of Nanoporous fflm 
About 2 mL of a ninoporous silica pieC?Unor prepared as described in Example l, above, 

. . . 
. 20 · ~ deposi~ onto a 4" silicon wafer and theil spun at 2500 :tp.m for 30 &ee:C?Jlds. Then 

. the film·was gelled/aged in" a vaeuum.cb'ariiber. using the ~tep ~thod described 

~for Example 1. · 

The surface treatment/solvent exchange of the film was conducted according to the 

2S method of Example 1, but the reagent~ for the surface modification was prepared by · : · 
. . .. 

mixing·s grams of MTAS with 95 ·~ of 3-pentanone (each obtained as described by . 

Ex~e 1) to form a clear colodCss solution. 

The film obtained from the above proCeSS Was then heated in the two-step proCesS, and · 
30 . cmed under nitrogen gas, as described above for Example 1. The rcfiactive index, 

. di~c c~~t and stud pull test were all c0nducted as described far Example ~. 1be 

measured film properties are shown in the following table. 

Table6 
Refractive Index Film Thickness Dielectric constant Stud (KPSI) 
1.1665 7518 1.98 1.S 

2S 
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BXi\MPLE.7 
5 This example illustrates preparation of di~l~c films treated Wl,t'1 a (monomer) 

silylation sUlface reagent followed by ~t with.a 25% sol\ltibn of MTAS-derlved . . . . . ~ . 
siloxane polymer that contained an average of 1.5 reacti.ve functif:>nal lroup per 

repeating unit. , · 

Prcparatioil of Hydrolvzed MT AS for Surface Modification .. 
. . . . 

MTAS and ·3-pentanone were obtaine~ and prep&Jed ~·for BxamJ>1e 1, above. so: g . of'. 

MTAS was ~ssolved in 150 g of 3-pentanon~. 3~05_ gram of wa~ was~ added~ the 

above solution with proper stirring. The resulted clear colorless ·~lution that included. 

hydrolyzed MTAS was filtered through 0.2 micron filter prior to 1JS8 for surface. . . 

Preparation of NanOJ)orous Film 

About 4 mL of a nanoporous silica piecursor prepared a8 descri~ in Example 1, .above, 

was depo~~ on~ a 8" silicon wak and theD° sp~ at 2500 rpln far 30 seconds. The 

20 spun fi4n was gellcdlaged in a vacuum c~ber ~sing the following c;oDditions: 

' . 1. The chamber was eyacuated· to 250 um .. 
2. ISM ammonium hydroxide was·heated and equilibrated at 4S°C and ~troducecl 

into the chamber to inaease ~~sure to 660 tOlT for S min~. 

3. 1be chamber was evaciJated to 2SO· tmr. . 

25 · 4. ISM ammonium h)'drmti~ was heated and ~uilibrated'at·4S°C an.d intro~ 
intO the chamber to in~ thC pressure to 660 ton' for s.minutes. 

S. The chamber was refilled With air and the aged filDi was lemoved from the 

. chamber. 

30 Conventional Surface Modification.forSilylatingPore Surfaces•. 

'J1te aged~ was then ·subjected tO ~ace~t/solvent.~hange. The solution 
. . . .. . . . . ·.· . ,., , . 

used for surface treatment/solvent exchange was prepared by dissolving MTAS, prepared 

and distilled as descri~ by Example 1, in 3-pentmone to make a S ~% MTAS . · · . . . . . . . 
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concentration in 3-p~tanone. The surface treatment/solvent exchange of tlie film was 

carried out usjng the followi11g:~nditions; 

1. The ag~ film was put 0n the spinning c~uck and spun at 250 rpm. 

S 2. About 30 mL of the above MTAS solution was spun onto the film, without 

allowing the film to dry,. for 20 seeonds. 

3. Then the fibri was spun dfy at 2500 rpm for 10 second, removed.from the chuck, 

and subjected to heat treatment at 175 and 32<r.C, under ·air, for 60 seconds . . . . . . . 
respectively, to produce a baked film. 

10 P0Jymer/olig0mer Surface Treatment 

The baked film res~ting from s~p 3 of the 'above procedure was then treated with the 

hydrol~ MTAS solutii:>n described 

The surface treatment/solvent exchange ~th~ film w.~ carried.out using the followi~· 
15 C?ODditions: . 

1. The baked film o~ed from the above process w~ put on the sphming ch"'* 
and spun at 250 rpm. · . . 

2. About 30 ml. of the ~e described hydrolyzed MTAS s~ution was spiin on the. 

fibri without allowing the film to dry for 20 seconds. 

20 3. Then the fiJin was spun dry at 2500 -~ for 10 second and then the film w8s 
. . 

removed from the chuck and subjected to hem· tteatmenL 

The fiJm obtained.from the above process was then heated at 175 and 320°C under air for 
60 seconds, n;=spectively. Then it was cured i~ a furnace at 400°C for 30 minute under . . .. 
nitrogen. Refractive index mid thickness of the obtained film was measured bY a 

25 Woollam ellipsometer. 

Dielectric Constant Meamremmt 

·Dielectric constant-was measured by the standlrd CV curve technique, as described~ · . 

. ~ 1,_811pl'!L 

Film Mechanical Stren&th Measurement 
30. The cohesive strength of_ the film was ~ured by a stud pull test, as described~ 

~1,mqira. 
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The modulus of the prepared films was measured with Nano Indenter XP (MTS Systems 

Coip., Oak Ridge, TN 37830) •. This measurement provides the .modulus of the films in 

GPa (lo' N/m2). . . 
.: ~ . :: . ; 

• i 

Table7· 
Refracti~ Film Dielectric COheiive· Modulus 
Index Thickness(!) · Constant s~itb (OPa)" 

,•. 

lKPSi) 
, . 

. . · .. " 

Bx. 7Data 1.2565 7823 2.4 8.3.' ·: 6.3 
" 

Multifunction-
., .. 

' 

Polvmer 
Ja,.fiDlll 
Treated by 1.1665 7518 1.98 1.S NIA 
MTAS without " 

ILO (monomer) 

. . 

····: Ai""cln be ~ated fRiili rab}e. 7, m.c>ve, the propertie8" of~e ~im-tieated bf the-······ 
. . . :.·· . . .. 

e~mplified multifunctionalP<>lymer/oJigomer compares are imptoved relative tO the .. 

properlies of the film treate4 withjuitMTAS ~omer. In p~. there is a sre..-. . . . . .. 
. . 

than S-foJ~ increase in the cohf'.sive strength, c0mbined with a relatively modest inCreaie 
; · 10 in thC dieleCtdc c:onstant. 

EXAMPLBB 

This example illustrates preparation of diel~c fdms treated with a solution that . .. . . . . :··:·;:. . . ·. 

contained both a SCJri monomer:ic silylation reagent (MT AS monomer) and a 2SCJri MTAS-

lS derived siloxane ~olymer that co~ned an average of 1.S reactive functioDaI groups per 

repeating unit. 

PreJ?aration of HydroJyzed·M'fAS for Surface Modification 

··· ·MT.A-5-and-S-pentanone-were-obtained-and-p~&F-Bxamp'e ~· aboye. 2s9' . 
20 . MTAS was mixed with 750 g 3-pentanone and then 15.3 g water was added w~e th~ 

. solution wu properly s~ The solution was then stirred oveniight. lS.4 g ~MTAS 
. . 

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

coiorless solution was fiJtcJed through a 0.2 micron filter prior to use for surface 
·. ·., 

· ~tmenL 

2S Preparation of NanmxiouS Film 
. 28 
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A nanoporous silica precursor· was synthesized, spin-deposited onto a 8" silicon wafer 

and then gelled/aged in av~~ chamber as described.by Bxampie 7, supra. 

Polymer/oligomer Surface Treagnent 

The re~ulting aged film was then treated with the h~lyzed MTAS polymer solution, 

S which also included monomer MTAS, as described above. 

The surface treatmeiit/solvent exchange of the fihn was carried out using the followiD.g 

conditions: 

1. _The ~film _obtained from the abo~e proce8s wai put on the ~pinning ~U:Ck 

and spin at 250 rpm. · 

.10 2. About 30 ml. of the above h~lyzCd MTAS solution was spun on ~e film 

without allowing the film to_~ for 20 ~on~. 

·3~ ··Then th~·filni-was spun··dry at 2500 rpm for.lO~dand-then-the ~-was. .. . 
. . . . . 

removed from the chuck and subjected to heat trea~t. . .. . . . 

The film obtained from the ~ve process was then ~eated iat"17S and 320°C un~ air_ for· 

lS 60 seconds respectively. Then it was cured in a furnace at 400°C for·30 minute untfCr. 

~trogcn. Refractive index and thic~s of the obtained film was measured by WoonBni· 

~lipsomelm;-. 

Tables 

Refrictive Film Thickness. · Dielectric Cohesive· 
Index !.."' ~ Constant s ... .. 

I ·~11 

1.3054 .6898 2.38 s.21 

This process demonstrated a simplified co-treatment process (compaied to Example 7) 

with both ~JyJation of smfa silanois by MTAS monomer and by the hydro~ Ml'AS 
·~ . . . . 

20 polymer 09inposi~on. · The result is a film with physical properties (dielectric. ~onstant, 

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

BXAMPLE9 
., . . . 

This example illustrates preparation of dielectric films tre-=ct with a silylation reaP.t 
. . . . 

(MTAS monomer) followed by treatment with a 2SCJ& solution of MI'AS-deriVed · . 
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siloxane polymer that contained an average of 1.5 reactive functional group per 

repeating unit. 

Pr@aration of ffydroJyzed MTAS for Swtace Modification 
. . 

250 g MTAS was mixed with 750 g 3-pentanone and th~ 15.3 g'water was added while 

S the solution was properly st.med. The solution was _then ·stirred overnight. The resul~ 

clear colorless solution was filtered through 0.2 micron filter priQI to use for surface . . . . . .. . . ' ~ ·. . . .. 
• • ! 

treatment. 

. Pigaration of Nanonorous Film 

A nanoporous silica ~or was synthesized, spin"-Cleposi~ ~to a r· silic~ wafer 
• • . ! • • 

10 and then gelled/aged in a vacuum chamber as described by ~le 7, supra. . 

.Polymer/nligomer Surtace Treaqneot 

The surface ueatment/~lvent exchange .of the film was carried out uSing the h~lyzed 

MTA:8 polymer composition of this example applied using the process as described 

above for·Bxample 8. 

15 · ~.film ol>tain~ ~ the.8bove process. was then ~·at l7~ and 320 C m1der·m,rto.r 
. : ~ seconclS res~vel!. Theil it was. cured in a furnace at 4ooc.for 30 minu~ under 

nitrogen. :Refractive indeX, arid thickness of the obtained film was measured by Woollanl 

ellipsometer, as descri~ above in Bx~le' 1 • 

Refra.Ctive 
Index 

. Table9 

Film '.lbickneSs Dielectric 
An. Constant 

COhesive 
Stren 

1..2826 6439~ 2.15 8.29 .... ~~~~--~-~ ..... ~~=====::;:=::=========== 
This process demonstrated a simplified process (compared to •example 8) and p~vide 

20 films with similarphysicilI properties .(di_clectr;ic constant, cohesive strength). 

whue then: have been described what are presently believed to be the preferred 
·.· . 

~ts of the inven~on, those.ikillcd in the art will realize.thatchangea and·· 
modifications may be :inade thereto ~thout departing·from ~spirit of the invention. ·It" 

" . 
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is intended to claim all such changes· and modifications that fall within the '1Ue scope of 

the invention •. Numerous references are cited in the specification. the disclosures of 
which are incorporated by referen~ in their entireties. ' . '. ' 

31 
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What is daimed Is: 

1. A process :for treating a silica ti~ on a subs~. ~hich comprises reacting a suitable 

silica film with a composition comprising a surfac:~ modification agent, wherein said 

silica film is J)resent on~ s~bstrate.andwherein said re&ction is conducted undei 

• ·S conditions and for a peri9'1 of"• sufficient for said swface modification agent to form a 

. hydrophobic coa1ing on said film and ~aid surface m~fication agent c0mprises at least 

one type of oligomer or poiymer reactive with s.ilanols on said siJica film. 
' ' 

2. The process of claim i ·wherein said reaction is conducted in the presence of at least . . '. . . 

one solvent· or ctHOlvent~ 

10 3 •. The ~s of claim 1 wherein said silica :fiJm is a nanoporous dielecf:ric film having a 

pm: structure that comprises silanols, and wherein said ~on is conducted for a pedod 

15 

· of time suffici~t for sai~ surface modification agent to ~ a treated nan0porous 

silica film having a dielectric constant of about 3 or less~· 

. . . . 
4. The process of c~ l ~at p-odoees. a nanoporoui ~ica film-having a dielectric 

CQDStant rangiJ_lg from about 1.1 to about 3.0. 

. s. The prOcesa of chiim l wh~n said reactiori is conducted at a temperature ran~ 
from about le>°C to about 300°C. 

6 •. The process of claim 1 wh~n said reaction is conclucted for.a time period ~ging . . . . . . . 

from about 10 seconds to about 1 hour; 

20 · 7. The process of claim. i wherein said surface uiodification agent is a polymer or . . . ' . . . 

oligomer that comprises functional gioups that will ieact with silanoJs. 

8. ~ process of claim 7 wherein said surface modification agent is p1epmed by ----------·-·---·· . ·- -
reacting a suitible monomer with water in ·a solvent to fonn said surface moditicati~ · 

apnt. 

2S 9.- The process of claim" 2 wheJein said solvent or co.solvent is select.eel from the lfOUI>. 
consisting of ethers, estets. ketones, glycol ethers, hydrocarbons, chlorinated so]Vents~ 

. ' 

low viscosity sUoxanes and combinations the!e9f. . . 
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10. The process of claim 2 wherein ·said co-solvent is selected from the group consisting 

of ethers, esters, Icetones~ glybol'ethers, hydrocarbons, chlorinated solvents, Jow viscosity 

siloxanes and combinations theieof. 

11 .. The process of claim. 8. wherein· said monomer is selecte4 from the group consisting 

S of a siloxane, a silazane, a silane, a carbosilane, and com~ations thereof. 

12. The process of claim 8 wherein said water is present in said CO-$olven~ in a. 

concentratian ran~ng·from abOut 0.05 to about 10 percent, by weight, relative to ~e co­

solvenL 

13. The process of"claini 8 wherein said w~ter is present during said reaction in 

. 10 proportion to said ni~omer in amtio ranging from aoout0;50: 1.5 to about 1.5:~.5. 
moklm.Qle. .. 

14~ The process of cl~ 8· whemn sai<I: monomer compound is selec_ted from the. group 

~sisting of said monomer compollnd is selected from the group consi~g of . 

methyltrlacetoxysiiane, p~nyltrlacetoxyiilane, tris(dimethlyaimino)methyl~lane, . 

is· . tris(dimethylimino}phenylsilln~. tris(dietJiylaniino)methylsilane and combinations 

thereof. 

15. The process of claim l whelein ·the compc)sition comprises ~ oligomer or p~l~ 
surface modification agent and a monomer smface modification apt, whelein said .. . . 

monomer is ieaciive with silanol groups on ·s8id silica film. 

20 i6. The process of claim 1 wherein said silica film is pre-trea~ with a monomer sui:face . 

modification agent, wherein said monomer is reactive with silanol groups on said s,ilica. 

film. 

·~~~~~---~----=====-=-========='"-'==-"=:.:....:""---

17 •. The ~ss Qf Claim 8 fuither comprising adding at least one additional~ to .. 

Said solution ~the water is fully reacted, wherein said monomer is ·ieaciiw with 

25 silanol groups on said silica film. 

18~ The~ of claim 15 wherein the monomer surface modification agent is ~ 
selected from the _group consi~ting of siloxanes, silazanes, silanes, carbosiJanes and 

combinations thereof. · · .. 

. ·· 
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·. . . 

19. The process of claim 15 wherein the.IilonQIJl~ sm:face modification.agenl is selected 

from the group consisting of acetoxytrimethyJgjlane, diacetoxydimethylsilane, 

methyltriacetoxysiJane. p~enyltriacetoxysilane, ctlp~yldi~~~~ilane, 
trimeth}'lethoxysilane, ~thy)methoxysilane, 2-trim~ylailoxypent-2-ene-4-one, n-

S (trimethylsilyl)&cetamid~ 2-:{trimethylsilyl) acetic acld,.n-(triniethylsilyl)imidazole, . 

trimethylsilylpropiolate, ~ylsilyl(trlm~ylsiloxy)-acetate~·il0namethyltti~lazane, 
hexamethyJdiSilazane, hex~ethyldisilome, triJJlethylsiJanol, tiiethyJsilanol, 

. . . . . . . . . . 

ttiph~)'lsilanol, t-butyldi~ylsilanol, diphenyJsilanediol, 

ttis(dimethylamiJJo)methylsilane, tris(dimethylamino)phenylsilane, 

10 . ttis(dimethylamino)silanemethyltrimethoxysilane, mCthyl1ris(methylethylkeoxime)silane. · · 

methyltrichl~lane, and Coml:!inadonS thereof: '• . 

20. A dielectric· film· produced by a ~s coniprisuig the steps of reacting a suitable .. . . .. .. . . . . . . 
silica fiJm with a composition comprising a s~ace.modification agen~ wherein said 

. silica film is piesent on~ substrate and wherein.said reactionis ~under . . ' 
· 15 ~onditions anci far a PmOO.of time.sufficient~ saids~ modification agent to~ a 

h~hobic coating on slid film and slid surf~ ~dification agent c~ses at ~east 

one~ ~f oligomer_ or j>Olynier teaetive with'.silanol groups on said silica film. . . . . . . . . . 
. . 

. 21. The dielectric film of claim 20 wherein a sioo.;test conducted on said film exhibits a · 

film break strenStta of greater than 2 K.PS~ and a ~electric consbnt ranging ftom B.>ut .. 
. 20 1.i-to about 3.0. · 

22. ~ integrated circuit compri~g at leasi one CtieJectric silica film treated by reacting 

said silica~ with a smfice modifi~on agent, wherein said ieaction is conducted 

under conditions and for a ~od of time suffici~ fot s.aid surface modification agent to 

. form a hydrOpb.obic co~~ on said film, and said surface modification agent comprisea· 

· -z-····an-easi one iype Of ollg~5ror=pi>l~tm=Wrtli'"iiliimlgmu~ m&fiih~ 

23. The integrated circuit Of claim 22 wherein said surface modification agent is. . 

~ared by ~ting a suitable monomer wi~ wate.r in a solvent~ form said surface 

modification agent 

. 34 
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. . 
24. The integrated circuit of claim 23 wherein said solvent is selected from the group 

consisting of ethers, esteIS, ketones, glycol ethers, chlorinated solyeJ\?• low viseosity 
.·. ; "'.···. 

siloxanes and combinations thereof. 

~S. The integrated circuit of claim-23 wherein said mon~r is selected from the group 

5 consisting of a siloxane, a silazane, a silatie, a carbosilane, and combinations thereof. 

26. The integrated &ircuit of claim 23 wherein said water is present ~n said co-solvent in -a 

concentration nmging from abOut O.OS to about 10 percent, by weight, relatiive to the co-. . 
solvent. 

n. The integrated circuit of claim 26 wheiein said water is present during said reaction 

· 10 in proporti~ tO said.monomer in a ratio ~ging ~ a~ut O.SO:l.S to aboui 1:5:0.5, 

mole/mole. 

28. The integrated chcuit of cl8im 24 wherein said monomer compound is selected from 
. . . . . . . . . 

the group consisting of methyltriacetoxysilane,. pbenyltri&cetoxysil•, 

tris(dim~thlyaimino)methylsilane, tris(dililethylamino)phenylsilane, 

15 · tris(dicthylanlino~ylsilane ind c0mbinations thereOf. 

29. A pol~er !31 oli~ surfac~ modification reagent pleparect°by re&cting a suitable 

monomer with water in a solvent to fmm said ~urfacc modification a~t. . 

·35 


