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Backgr ouwo cai29tdhe | nventi on Seni conductors are widely usedGHUS28F8at ed
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transistors fabricated in single crystal silicon. Many integrated circuits
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sem conductor microchip may have thousands, and even mllions of
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I nterconnecting the transistors. As device geonetries shrink and
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Such di e ectypically wemultinis,gansistorsdabrcated j singde erystal; sHEP’ﬁrdMﬁ'ijV igtegtatet i ng
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si gni fi g@ant jdpemdtivatd Rfuck thelddpdcitaric Bétoadd the limkdse Lh@st@-hmalea@la@ﬁﬂdelcan (ILD) and
protective overcoat (PO filnms nust be fornmed at, rel aéol vely | ow

t enper at ur e?“‘ldd’PéVGIPG'“HEET'? ﬂ?,lf)f Hhe gd crosstaliihindse devirgprriogpance. A&?ﬂ“ﬁ‘éﬁ very

i nportant cepshsheitaict FithinShds®MultiSIerd) midtafllz8Gdn dyStets tedBices HRRCednaue, a | ow
relative dielectric 25 constant, k, as co ared to SILQ’I%’&’gﬁdI %;‘(I de (k =

3.9), to | ofersia¥Ritase 3nd AR d&ﬁpatw&gwsn e ligesg Typigal or closely

spaced condtitd doxifteae el ¥s digleétAIRYérs BRI r&ﬁx@@thgaﬂﬁcﬁéﬂcémwmt erials other
t han si I | con diioxide. Notable materials include | owdensity materials,

such aslaer @é?@abW@PT’%“e%fd'Eﬁ‘@?X&ﬁes The dielectric constant of a porous

dielectric, suchsag delddthié ﬁnﬁﬂﬁlﬂis@éﬂéjﬁa@%@ﬂﬁbs ineRidind Preventin@ vhomites 1. 2.
This |l ower dielectric constant results in reduction in_the .delay tine.

VO 01/ 29141 sherting 9Smeigblpring conductors or conducting levels, by acting as a rigid, insulating
spacer; preventing corrosion or oxidation of metal conductors, by acting as a barrier to

moisture and mobile ions; filling deep, narrow gaps between closely spaced conductors;
20  and planarizing uneven circuit topography so that a level of conductors can then be
reliably depositéd on a film surface which is relatively flat. A significant limitation is that
typically interlevel dielectric (ILD) and protective overcoat (PO) films must be formed at
relatively low temperatures to avoid destruction of underlying conductors. Another very
important consideration is that such dielectric films should have a low relative dielectric
25  constant k, as compared to silicon dioxide (k = 3.9), to lower power consumption,
crosstalk, and signal delay for closely spaced conductors.
Recently, attempts have been made to use materials other than silicon dioxide.
Notable materials include low-density matérials, such as aerogels and silsesquioxanes.
The dielectric constant of a porous dielectric, such as a silicon dioxide aerogel, can be as

30 low as 1.2. This lower dielectric constant results in a reduction in the RC delay time.



However, nethods of naking aerogels require a supercritical dryj st ep.
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as a fluorine %‘?H&%&ngx%ﬁng‘}idohﬂémxrbkﬁbh&ﬂpﬁéﬁ@ﬁdve s aiBREfC SRk ed t owar ds

chem cal vapor deposition of | sesqui oxane_di el ectric coatin ﬁ See,
Gentle, Uasd axpapmmnamdor igtegratpd sipquit appliggtiens- The fluorigatad g} ‘%%ﬁ“b%‘?“ﬁ'g VD of

hydrogen %J{rﬁﬁ%?@W&*&%ﬂ&@ﬁ-&éﬂﬁﬂﬁ@&@&&bﬁﬁd@&ﬂl fléclettBatipRovide®ast r uct - t hi h
films fromtluofinated silsesqui oxanes have not been reg g&ebd An array of

| ow k 20hi rflupfinenourse. Qerrerallythis Prasess sasuiresshe usA §f fiyazing gasywaich fboth, o5 e
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significan vance in the art and en avenues for Q7ont| nued devi ce

ni ni at ur i zad AeerineQhprexamplgrleeiesd/n Y3, Pa‘F‘Hé\T% BRI, ARERSHAS &% 7pr ovi des such
films and fReda$REcess fMhOibwdSifekatiie blabin 8iHaRced EVD of silicon oxide films

using disilane as a silicon precursor and carbon tetrafluoride as a fluorine source.

25 Although limited effort has been directed towards chemical vapor deposition of
silsesquioxane dielectric coatings. See, Gentle, U.S. Patent No. 5,279,661, January 18,
1994 disclosing CVD of hydrogen silsesquioxane coatings on a substrate, efforts to
construct thin films from ﬂuorinated silsesquioxanes have not been reported.
An array of low k thin films of different composition and precursors for these
30 films which can be deposited onto a substrate using CVD would represent a significant
advance in the art and would open avenues for continued device miniaturization. Quite

surprisingly, the present invention provides such films and precursors.



3 .Sunmary of the Invention It has now been discovered t
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si | sesqui oxane cage are useful precursors for |ow dielectric constant thin
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substrate agtRlGiokde Ia Pﬁ'cﬂﬁ\c}éﬂ?@d&ﬂ%%@khﬁl%ayﬁﬁﬁlﬁ& OL. 5]y, wherein x
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conprising a nat &ra sdcorvkasperty thetpresertrinnentior] oGS neqtRISI Gying 4 lawtkhi s
formula, a igfd-fR%uhNHe %Emﬁ@b@ﬁsprfs& vh céﬁ}id n%@@a&ﬁ‘ih bl @ SutRtatSHRerib0 1. 5,
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These and ohining the frewul [BSiOatihSiGgleovhsrein kg Y57 b 8dhan integeveiwsan i | | be
appar en 2 . ' el iRt I ' Descri ption
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for the fluoro- 3ubthindmspect theilivsptiopriresidasedowk dicleetricfilmspmprising®D 01/ 29141
PCTI USOO/ 28 fifiahalil hd Bl RE SIOY4FO00AN S FeRhAh STROMRAE gt 1 De

| nvention reviatrons an
1, b is greater than or equal to 1.5 and c and d are members independently selected so that

they are both greater than 10.

20 " In a fourth aspect, the present invention provides an object comprising a low k
dielectric film comprising a material having the formula [H,SiOp]c[F.SiOp)s. In this
formula, a is less than or equal to 1, b is greater than or equal to 1.5, and c and d are -
independently selected and they are both greater than 10.

- " These and other aspects and advantages of the present invention will be apparent

25  from the detailed description that follows.

Brief Description of the Figures
Figure 1 is a group of three-dimensional structural formulae for the fluoro-

substituted silsesquioxanes of the invention.



"CVD," as used herein, refers to "chem cal vapor deposit HSQ " as‘
used heVOW2Plers to "1 uori nat ed hgdrogen si | sesqui exahg'gﬂmm%ﬁg

used herein, refers to "fluorinated Sil sesqui oxanes." "FSX," as used
herei n, refers to "fluorinated S|onanes " "FHSX," as used herein, refers
quor e £ e it nvdntidn’ | Nat ed

S|Isequ|oxanes’ uor|nateo yorogen 10 silsesqui oxanes" are used
herein to describe various silane conmpounds having the formla '

[ F-Si O . S|Rthbldviatiéls-an §fsein X +y =n, nis an integer between 2 and
30, xisaninte .oetmeen 1 and n and y is a whol e nunber between O and
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"Fl uori nat ed hydrogen si | sesqui oxanes" refer to silsesqui oxanes having 15
a mixture of fl SR sanwed herein; refess taf Bnaringled silsesquiasanest ons beari ng hydr ogen.

" Si | sesqui oxane stayﬁﬁqhg@ﬁe{ef%h%ug}ﬁﬁ@hgﬂaxgné’s@fel’ to both of the _
above- described species. Though not explicitly represented by this
structure, thesBHSES anysedsreinorefins 1o “Huorssied hydroggseflongness| | i con at ons whi ch-
have either 0 %e?erﬁ&'dﬂ&ﬁﬁﬂeﬁlﬁéﬁﬁmgiantﬂ”%ﬁ%ﬁﬂ&?@h eAt tached thereto due
to various factors i1nvol ved heir formation or ing. The terns

" f | uorlPnatsBepsayiioxenash erewpqdrheremfe desrcnbwnﬁa% %lanﬂrmpew% hé‘f‘%%&f@“??l m  refer

to films n L O, 910 vitiekeir Y0+ %q@mﬁh& bStWeSES £ 30213Gn intéper i | ms have
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1, b is grbetyeen ! pndmandyyis whe!# n’enaber bstwaﬁuO gndgn o Fipogipgted silaespuipepasit | v
sel ected aogh bRfies &aﬁ@ﬁrhwﬁEﬁﬁfb%nﬁah?@v&@mhgoﬁ atdnPHésh fluoSgréiped herein,

refers to a dielec ric constant that 1s lower than that of a  Si02 fllm
| nt r oduct iagachedtheretn: SEmarinated hygropesilsesapigxanes’ é?fe'ttﬁé‘lﬁﬁf%’t%@’&sya‘t“l‘ﬁ’at volatile

fractiigns QOhixfurd dfudlndiddifichi AbME arid HiIBH Gee bSHMRE hidifgen! UOT i nat ed hydr ogen
si | sesqui oxanes can be used to form coati ngqﬂpon vari ous substrates. The

vol atil'e cOHfsstnimanerizused pensrically hersindo grferimeth gt e abaverdpsopledy seni conduct or
waf-er by GYRiesFol | owi ng their deposition, the filmis cured to WO 01/29141
PCT/ USOQ' 28738 _5 produce a low k dielectric film The fil rrstaérﬁroduced by

the techni ques Theughnas expligitly gspresenied-by this stapatuze. these resips gy ¢RRBY (i el ect r i c

| ayers on SiilshnBires sifttnhidiss vHi@Hako&iner 6levd gen dt0Ms bNfIAG grotpspr ovi des

met hods of formng low k dielectric filnms, A d|t|onal”}/_
~ 20  attached thereto due to various factors involved in their formation or haridling

The terms “fluorinated siloxane film” and “fluorinated hydrogen siloxane film”
refer to films resulting from curing the deposited silsesquioxane. The films have the
generic formula [H,Si0]c[F.SiOs)s, Wherein a is less than or equal to 1, b is greater than
or equal to 1.5 and ¢ and d are independently selected and they are both greater than 10.

25 “Low k,” as used herein, refers to a dielectric constant that is lower than that of a

© 8i0, film.

Introduction
The present invention is based on the discovery that volatile fractions of fully
30 fluorinated silsesquioxanes and fluorinated hydrogen silsesquioxanes can be used to form
coatings on various substrates. The volatile compounds are deposited onto a substrate,

such as a semiconductor wafer by CVD. Following their deposition, the film is cured to



there is provided an array of low k filnms and conpounds u orm ng
t hese f1W@012981The Conpounds In a first aspect, the presZﬁé%ﬁ@éﬁﬁson

provi des a conposition conprising a vaporized material having the formula
[F-SiO1l.51 [HHSiO.s]y, wherein x +y =n, nis an . integer between 2 and
30, x is an it HEGH gl dicddyheBtnfuBs dGibed Bttt Ween 0
and n. Presen “|°§gg°5"é gitrere g%ﬁ'l_ﬁ%r?ﬁgrﬁgoon%en 'S frgqr% about 2% to about
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n, exist as cageﬁefl’ﬁ&l?r%ﬁgg@fzée%%@g., T- g T-10, etcc.n-l..s In a prgferred
enbodi ment , there ispravidédrnegray oflfowtk felms and confpownds @sefial forsforming thes filmse
preferr 15 enbodinent, nis an integer with a value from8 to 12. These
conpounds can be synthesized by a nunber of art-recogni zed nethods. For
exanpl e FSTledfonpmungsnt hesi zed by the hydrol ysis and condensati on of
F-Si-X3. In the,fornul Vi . HER, -SonkoBRGheEs that is
el i m nated duri ng' any %6 ?gﬁl%.ﬂ%g&rlenﬁ{%pr%%&e Ef’?@ﬁgg‘ﬁ& 83’85 ar e hal ogens,
al koxy gr ouysporized nzateriabiavingaBbe fproulp EE-SiehsldHp%iOf.dy, abergintiat yFems isaid even

nore preferabl T r | S/ ' ' rably result
ina fully g'geﬁérel?%'ée ngébglg‘grx q%ﬁébégé}%? ﬁ%@ﬁ?é#ﬁ%dﬁ?ﬁgﬁ? %rrmé%%gensat I on may
be i nt el0 upberateantO and ni Prasentiygireferecd % Siorinesontentiisifiom pbout 2% to Byt B¥%sat es
(containing_Si- | --Cl- )artial condensates (containing

Si OH groups5"°%?rpg§?r3§¥1§d)fﬂ@gét,cm}%’ofraqgé(‘g?r% e, Osson, Arkiv. 25 Keni. 13:
367-78 (1958); Bahe silsesquinkanes df the\imvenGior ate f8oro-supstitutabmglegesthaiss) . and
Dittmar et,al., J. an I : 194 ) eferred
ermbodr ment , MEHE v PEs ey SHAA bise L8 efles (RO TAGREY) 1 f ot

si | sesqui ox ambalimdiym i i ontegeewithavaus frah 6 tq Ife Ing@uthetprafaged can be
controlled b ni pul ation q o4 chi ry of the hydrolysis

reacti oL.f 35'¥%m?{5ﬂ}13ﬁ'§/lsqt%gf{:%§ﬂ§% #ﬁk?&erg%t ions can be perforned in a
nunber of diff er &hése compaindocanibe synthesizedol 4 enbehof arlercedgnizeg motedsat e

reaction conditio oS, Wel | wilt hi [1d.ck L1 og;.gKill in the
art. The hy Pr(ﬁx%'i}%lzg a%é%s ens é%‘%aobh'qg%]?}@gdgs?szagtg?%@e?%agggnﬁgélaI Ty carried
out using conveni tha &rmabugirgvidedtabovey X ir¢rzesantsla species that is pliminpted deringl ane WO
01/ 29141 PCJ/ USOQ 28738.. 6 [RNONE ' fase of
copol ymer | ch%,#a]ﬁls't uréerr]ltlg, cﬁﬁeous nér&(lﬁgn%rpﬂél&e@ QRO%Y grobpgd aLngy y

20  groups, more preferably halogens and even more preferably Cl.

The hydrolysis/condensation reactions preferably result in a fully condensed FSQ
or FHSQ or the hydrolysis and/or condensation may be interrupted at an intermediate
~ point such that partial hydrolysates (containing Si-OR, Si-Cl, ezc.) and/or partial
condensates (containing SiOH groups) are formed. See, for example, Olsson, Arkiv.

25  Kemi. 13: 367-78 (1958); Barry et al., J. Am. Chem. Soc. 77: 4248-52 (1955); and Dittmar
et al., J. Organomet. Chem. 489: 185-194 (1995). In a preferred embodiment, the
reaction produces substantially fully condensed silsesquioxanes. The fluorine content of
the ASQ and AHSQ can be controlled by manipulation of the stoichiometry of the
hydrolysis reaction.

30 The hydrolysis/condensation reactions can be performed in a number of different
reaction milicus and the choice of appropriate reaction conditions is well within the
abilities of those of skill in the art. The hydrolysis and condensation polymerization is

generally carried out using conventional equipment, by the addition of the fluorosilane



The aqueous nedi um can be sinply water or it can be an agueous al cohol .
Addi t i 3YRAPYEBI41 cat al ysts such as organi ¢ and/or i norganr%%?%éz bases
can be added to the reaction m xtur For exanpl e, when ‘sil ane al koxi des
are utilized as precursors for the 5 siIsesquioxane it is often desirable
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Mbr eover , es are utiliZed as precursors, a_ basic reaction
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hexanes _Clifiedquiolle, FRUABFAGHbIE & e & RIAOLAIALLSL 1Y) & MaREIARA rate (o the
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and condeNeal 04792 Neptember 1. reacti ons can al so be obtai ned t hough

adj ust ment  of e dm by

mai nt ai ni ng thgﬂgselfggfﬂgﬁﬁégrﬁ fgS{lﬁ]ngixgﬁ 3,¥I§i(?13, mmbg%ﬁct)w% to about 50
T. Prider aane;tpeatmem bydoelysis mi xen@orthmahpqﬁtsrgn&u ized e sobysntfe g um i s :
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starting oge sesqur e used In luorination'reaction are
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her ei psby T ef engRGiGnal A6l bﬂﬁe drdt ﬁchﬁle{?;atl&f)éd?}rﬂ&zmrr&étl&r&' l'y
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(Aldrich Chemical Co., Dow Corning, Hitachi). Moreover, various methods for the

production of hydrogen silsesquioxanes have been developed. For instance, Collins et al.
in U.S. Pat. No. 3,615,272, which is incorporated herein by reference, describe a process

25  of forming nearly fully condensed hydrogen silsesquioxane (which may contain up to
100-300 ppm silanol) comprising hydrolyzing trichlorosilane in a benzenesulfonic acid
hydrate hydrolysis medium and then washing the resulting product with water or aqueous
sulfuric acid. Similarly, Bank ef al. in U.S. Patent No. 5,010,159, April 23, 1991,
disclose methods of forming hydrogen silsesquioxanes comprising hydrolyzing

30  hydridosilanes in an arylsulfonic acid hydrate hydrolysis medium to form a resin which is
then contacted with a neutralizing agent. A preferred embodiment of this latter process

uses an acid to silane ratio of about 6/1.
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with stirring to distilled water (~250 mL) and a non-polar solvent (e.g., hexanes, toluene)

25  atatemperature of about 0 °C. Upon completion of the addition of the silane, the reaction
is allowed to stir for between 10 minutes and 24 hours. If a precipitate forms in the.
aqueous mixture, this mixture can be clarified by filtration or centrifugation. An organic
solvent such as hexane is then added to the aqueous reaction medium. The resulting
mixture is stirred for a time sufficient to allow the extraction of the reaction product from

30 the aqueous medium. The organic layer is removed from the aqueous layer and the
aqueous phase is extracted further with three washings of the organic solvent (~ 3 x 100
mL). The hexane washings are combined with the original organic phase extract, and the

combined organic phase solution is dried by contacting it with sodium sulfate, and
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vaporized and used to form a film, leaving behind the higher molecular weight fraction, in
a preferred embodiment, the hi gh molecular weight molecules are removed from the more
25  volatile components of the product mixture prior to using these compounds for vapor
" deposition.

Separation of the high and low molecular weight fractions can be accomplished
by a number of means including, for example, gel permeation chromatography, high
performance liquid chromatography (HPLC), ultrafiltration, fractional crystallization and

30 solvent fractionation. Each of these methods is well known in the art and it is within the
abilities of one of skill in the art to devise an appropriate purification protocol for a
particular mixture without undue experimentation. When other deposition methods are

utilized, the volatility of the film precursor is less of a concern.
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car bon di oxi nmost | ow nol ecul ar wei ght hydrocarbons, such as et hane
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met hods, one can recover t desired fraction of an
dissolve the remaining fractions. Additional consideration, however, is usually glven to

the critical temperature and pressure of the solvent compound so that unreasonable
. measures are not necessary to reach the appropriate point. Examples of specific
25  compounds that are functional include, but are not limited to, carbon dioxide and most
low molecular weight hydrocarbons such as ethane or propane. Additional methods of
fractionation are disclosed in Katsutoshi ef al., U.S. Patent No. 5,486,546, January 23,
1996.
By such methods, one can recover the desired fraction of an FHSQ or FSQ.
30  Other equivalent methods, however, which result in obtaining the fractions described
herein are also contemplated. For instance, methods such as solution fractionation or
sublimation function herein (See, for example, Olsson et al., Arkiv. Kemi 13: 367-78
. (1958)).



30 O her equival ent net hods, however, which result in obtaining the

fracti O¥ROHEEY i bed herein are al so contenpl ated. For. i HSVHPOL873¢et hods -

such as solution fractionation or slblimtion function herein (See, for

exanple, Osson et al., Arkiv. Kem 13: 367-78 .(1958)). WO 01/29141

PCT/ US00/ 287 381y 1. el i0& ' ' e . din the

process of this eﬁ‘%/ent |f(%{rtﬁ{ngé;t%ﬂ&s(];‘{1 é%gg%mét&?&?% '@'&mo eg noder at e

t enper at urmetmmwmm@dnnmoammempMemwm@nGmm| ons are those

i n which wei ght |ess
Glnetaf ShoP P Bl i %ﬁﬁ BEEAsPabolP75% fr el Bt haiE o

t hanabout referre owever, are |ons in 5 which
at | east ladwtlarmmblessmm abpu,tépe% Breforedshenin, é:owbw, apgethgdetfraciions it han about

1800, 5.1 Jloll B b5 hd Pectlinglh Aok SR APl 5Bl &pgrspem es have.

a nol ecul ar wei g et ween about el ng par I'cu

pr ef er r edwith ﬂloqyrf@?@mmadwbmbddmm 75Viofshespeaesiiavg a meleghiar wwhge wll
correspo 0 cages. For . vapor deposition,
preferreg%spegfae gflr‘sg@%‘% g&%ﬂ%&%g that are T-2 to T-16, and for
spi n on appl i capredersed embodiments, Thig Golecylairiieighs mangk will ¢arrespond ent enpl at ed t hat

m Xt ures [ e are not easily
vapor i Zed&&gﬁﬁ%@ﬁ%ﬁ%ﬁ?@?ﬁ%&%@ét t}:gHngﬁrr g o? @HS?E %{JI oxane vapor.

Vol atll i zeormespandfo compbunds shatare-2 th Fwksyand, forspin dneapplicationseTilaweT-38.0npr i si ng
nonvol atile sp ediment to the
use 15 of sil s%gdnﬁ?%gg(;arnw IECJH?QA ?&g&si tg%n E‘P‘%E ?IP&Q& 1%%%\1&@0&%1% a broad range
of nol ecmoatponmtgattasnomﬂuwbnzﬁpmbmpbhmm anth¢ oude ofny depositi on ,
compoundeanalnl S, vaRR AR TSGR RS, b A b0 | B0 P T
i ncl ude, ¢om1memanwtvelatﬂspp@}qsn§h1§ tesigue dage heflicppstituteardimpedimentueihe uspi n- on,

di p-cpat i @,@d;&ﬁ har, t hods wi II be
apparlcesﬁt éi%ﬂgteﬁ se of xﬁgfsc nggmd“m he usem%?%%%gflg&presently '
pr ef er r edweights.a second aspect the invention 25 provides a nethod of
formng a low k dielectric film The method conprises vaporizing and
deposi ti ng on a substrate a materlal having the formul a

[ F-Si OL. nis an integer between 2 and

30, x is an i “Aﬁﬁgépoé?%ﬂ’tﬁaﬂod m@&ﬂ lﬂqth@Qﬁica)‘l be uSeddo \M&%& awmﬁfng Bt ween O and-

n.

20  or more compounds of the invention. Deposition techniques of general applicability
include, for example, spraying (e.g., nebulizer under vacuum), spin-on, dip-coating,
sputtering, CVD, and the like. Other coating methods will be apparent to those of skill in
the art.

As the use of CVD is presently preferred, in a second aspect, the invention

25  provides a method of forming a low k dielectric film. The method comprises vaporizing
and depositing on a substrate a material having the formula [F-Si0 5],[H-SiO; s}y,
wherein x + y = n, n is an integer between 2 and 30, x is an integer between 1 andn and y
is a whole number between 0 and n. '

In an exemplary embodiment, the desired fraction of silsesquioxane is obtained,
30 and it is placed into a CVD apparatus, vaporized and introduced into a deposition
chamber containing the substrate to be coated. Vaporization can be accomplished by
heating the silsesquioxane sample above its vaporization point, by the use of vacuum, or

by a combination of the above. Generally, vaporization is accomplished at temperatures
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FI LMS ARD Q@ad. NGS, Noyes, Park Ridge, New Jersey, 1983; and Vossen et

al.., THIN FILM Pﬁ%%%l? ﬁoﬁﬁea P f‘ra'ns o(fthe mveguon is accomplished by a large variety of

techniques, which can conceptually be divided into two groups: (1) film growth by
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interaction of a vapor-deposited species with the substrate; and (2) film formation by
deposition without causing changes to the substrate or film material. See, for example,
25  Bunshah et al., DEPOSITION TECHNOLOGIES FOR FILMS AND COATINGS, Noyes, Park
Ridge, New Jersey, 1983; and Vossen et al., THIN FILM PROCESSES, Academic Press,
New York, New York, 1978.
The second group is most relevant to the present invention and it includes another
three subclasses of deposition: (a) chemical vapor deposition, or CVD, in which solid
30 films are formed on a substrate by the chemical reaction of vapor phase chemicals that
contain the required constituents; (b) physical vapor deposition, or PVD, in which the
species of the thin film are physically dislodged from a source to form a vapor which is

transported across a reduced pressure region to the substrate, where it condenses to form
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be In contrast to APCVD reactors, low pressure CVD (LPCVD) reactors operate in a

reaction rate-limited mode. In processes that are run under reaction rate-limited
conditions, the temperature of the process is an important parameter. To maintain a
uniform deposition rate throughout a reactor, the reactor temperature must be
25  homogeneous throughout the reactor and at all wafer surfaces. Under reaction rate-
limited conditions the rate at which the deposited species arrive at the surface is not as
. critical as constant temperature. Thus, LPCVD reactors do not have to be designed to
supply an invariant flux of reactants to all locations of a wafer surface.
Under the low pressure of an LPCVD reactor, for example, operating at medium
30  vacuum (30-250 Pa or 0.25-2.0 torr) and higher temperatures (550 -600 °C), the
diffusivity of the deposited species is increased by a factor of approximately 1000 over
the diffusivity at atmospheric pressure. The increased diffusivity is partially offset by the

fact that the distance across which the reactants must diffuse increases by less than the
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cont am nat i %ﬁ.&’ ng’ i i:l“'rréxalfor q%%ghﬁgpollsa{lﬂ?t?éoﬁmér@;ﬂﬁo i s plasma _enhanced CVD
(PECVD) . : The third major CVD deposition method is plasma enhanced CVD (PECVD).

This method is categorized not only by pressure regime, but also by its method of energy

input. Rather than relying solely on thermal energy to initiate and sustain chemical

25  reactions, PECVD uses an rf-induced glow discharge to transfer energy into the reactant
gases, allowing the substrate to remain at a lower temperature than in APCVD or LPCVD
processes. Lower substrate temperature is the major advantage of PECVD, providing
film deposition on substrates not having sufficient thermal stability to accept coating by
other methods. PECVD can also enhance deposition rates over those achieved using

30 thermal reactions. Moreover, PECVD can produce films having unique compositions and
properties. Desirable properties such as good adhesion, low pinhole density, good step
coverage, adequate electrical properties, and compatibility with fine-line pattern transfer

processes, have led to application of these films in VLSI.
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In a preferred embodiment, the precursor for this film is a silsesquioxane having

the formula [F-SiO, s][H-SiO; s),, wherein x + y =n, n is an integer between 2 and 30, x
is an integer between 1 and n, and y is a whole nufnber between 0 and n. This film is
25  formed by curing the film of silsesquioxane monomer deposited onto the substrate.

Prior to initiating the curing process, a film reflow process can be performed to
smooth the surface of the film. After coating, silsesquioxane film reflow can be effected
by raising the temperature of the substrate to a temperature between 120 °C and 200 °C,
typically for about 5 minutes. This step may be done in air, or in the curing ambient, at a

30  convenient pressure (typically atmospheric). Altemately, this step can be combined with_

the following curing step under most curing conditions applicable to an ILD or PO

deposition.
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specified level of moisture may be present in the atmosphere during the entire processing

procedure for forming the ceramic thin film or, alternatively, can be present during only a
portion of the procedure.

25 In addition to the moisture-containing atmosphere, and inert gases such as
nitrogen, argon, helium or the like may be present or reactive gases such as air, oxygen,
hydrogen chloride, ammonia and the like may be present.

In one embodiment of this invention, the conversion of the silsesquioxane
molecule on the coated substrate is accomplished via thermal processing, by heating the

30 coated substrate. The temperature employed during the heating to form the thin film is
moderate, preferably being at least about 100 °C, more preferably at least about 150 °C.
Extremely high temperatures, which are often deleterious to other materials present on the

substrate, e.g., particularly metallized electronic substrates, are generally unnecessary.
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substrate to the elevated temperatures used in the thermal processing, but combinations of

the irradiation and thermal processing treatments could be employed, if desired.
The silsesquioxane thin films formed using irradiation-based processing are
25  generally characterized as having higher SiO, contents than typically result from thermal
processing under otherwise identical coating conditions. An advantage of the use of
irradiation-based processing is that patterned films may be generéted on a substrate by the

selective focusing of the radiation.

30  Characterization

Although the properties of a bulk material are well characterized, the same
material in its thin film form can have properties that are substantially different from

those of the bulk material. One reason is that thin film properties are strongly influenced
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properties are strongly.influen 0 { 17 by
surface pr 6@3?)6 i%‘&?e’\%ﬁi IEWH%H&%W&S@?%&%?‘1’#?@%&%@? { ﬁﬁ%c ¢ase. The thin
film by itrechnelpy) (leditePresspBunsétBrach, Salifs 1986), iimdotppratéddivenin byrefeaanee.t 0- vol une
ratio.-than does.a bulk materjal. The.structure of thin fjl d their
met hod of pr epai:lalm tg‘r‘fl“éﬁs‘%‘@“Bﬁegﬁteﬁm{}?‘{]‘ﬁ“gf&m@emfaﬁly3&’%&%‘%‘%’6%&%& il m
properti es as bNIhwpe AKX, SCareatiorasify thitkresstfor refragive indelx isdishwingues f or
characterizing, thun filns,. ineludin ecul ar, an ff- I x-ray and
neutron r eéf’%‘g?]lev %Ctlgﬁg‘flaﬁ/gfgﬁlgg‘lg“r‘%g"\?zbgﬁeras Aied u%é’glag(?{'?s\%ﬁg @ép %? al external
r ef | ect ancdeviedgsaye dolmteraallycavaitably(Rudalph)s Odlter methods existtn chafaciexdz® m cr oscopy
and el l.Lpsonetry. See ar. .ex L Lin et 21 0 77. 626
(1997) 15Vg| @f@gﬁvesgﬁifrwﬁg%éﬁgwﬁa*%ﬁmﬁe @Ees&hﬁéﬁet%l%ﬁe 1 (Process
10 Technol oggfly ddsaxiticld belowr dsis welbwitbinttheBabilities ofCale iof skill B389 art torvboospor at ed
herein by reference. i | ckness.can - ' | rcially
avai | abl e iaﬁquIPR@ﬁﬁIge[E&ﬁ} E% rmmﬂ%?\%essg%dc&iﬁ%%%?gg?ﬂ?g?#h(g)?n v? ;IS{fEﬁth hi ckness
for refractive iThdext-ofplinechpmanitexyansicie of the iirefilnikehn bemeasgredmefega of t hi n
firl ms can be asur si_ng .an eljnso Y omrercially
avai | abl e @%@%ﬁf&fi&fﬁ& fﬁwugﬁjstg&ﬁ%gg{llgcﬁggagg (ge*?‘lﬂzr%%i?%saﬁ‘ru? 1(a)me
roughn@gs, plité eapaditoegf dohstant diee sethat themezsnst aapiacitande isrhe{ets:ka10p15ﬁ®9é met hods
Skl bir 'neI lﬁé ugﬁfst%{lg%gﬁnggg'g&‘évss. Hhede neifilrdmeitstald GptAlfy Ae uhlidr Sndiionde OF

of controlled humidity.

The surface roughness of films occurs as a result of the randomness of the
deposition process. Real films almost always show surface roughness, even though this
25  represents a higher energy state than that of a perfectly flat film. Depositions at high
temperatures tend to show less surface roughness. This is because increased surface
mobility from the higher substrate temperatures can lead to filling of the peaks and
valleys. On the other hand, higher temperatures can also lead to the development of
crystal facets, which may continue to grow in favored directions, leading to increased
30 surface roughness. At low temperatures, the surface roughness as measured by surface
area, tends to increase with increased film thickness. Oblique deposition that results in
shadowing, also increases surface roughness. Epitaxial and amorphous deposits have

shown measured surface area nearly equal to the geometrical area, implying the existence



an appropriate nethod for determning a desired characteristic of a film of
the | nWO¥29ME The out-of - pl ane thernal expansion of t h&GTHNRBEs can be
nmeasured using a capacitance cell. lgﬁe sanple is used to nmeasure the

capaci tance of a precision parallel- 20 plate capacitor of constant area so

that 'the o5y e amghés%gr?mhﬁnﬁéa\ﬁ?rs%ﬂﬂnﬁlgdg@fxyiﬁﬂgnggpmghﬁﬁ act ual

sanple thic hese neasurenents-are ty er “condi tions
of cont r ckdmidationof thesefilmyhThus, infapeeferred cryihadimentothe sunfaes ravebnessofas a resul t

of 1he RGPS fvedddf ﬂggﬁgtﬁ@%%wmﬁemaw al nost al ways show

surface roughness, "even though-t represents a_ hi gher energy state
t han t hatembbdimentething@imis pf the invertionare changesetized drtherby baingnnifesmpandat ur es t end

to shew I 3 &l{@f}m ThiS.ohs because increased surface nobility
from hecﬁigr%g%%ﬁ‘gf‘&at t@ﬁr;%nerrn;alé?{???gﬁcan lead to filling of the peaks and
val | eys. On t Hefrartdspecttpaenpy isalspvseful te shasacterize the filmmotthe wventign For t he

devel opng _ b ' ct&% ik favored
directi on%#@éé’&?%&%@ﬁ@fﬁgé’é’&% sur g%lceég{}}gtlgﬁ%es{srg ???g\% t enper at ur es,
t he sur f dommedetjfferentsuresempenaturcs ADiffprent auretemperatnres will Gequentlyo i ncrease with
i ncreased fil I N e 556 ;ﬁ i d bid ?mteg. boused hadow ng,

al so incrpééidélgés’rh]gﬁl}rhfc‘g'g%&roug nhesggt.%a_Eg%?%%yé an g%ﬁgé% o)tcs%n'degsoesi ts have
showrl Ore de deterthina thé silmolsprtentiofthe thin illal to t he geonetrical area, inplying

the existence : m"ﬁ’gp ahbt M. This has
been confirnme fgé%:léﬁnkﬁn%éﬁryﬁggé\%crggrap h\(bgéE%\%uaug%fam nation of these
films. Thietermingd usingXefayrdiffrdctionbodi ment, the surface roughness of the filns
of the inventi o Seil ' iVent?bn\ ' ledtidf oPeigH I €d -
enbodi nment , thﬁ%ﬁﬁ"k@’g‘?ﬁ'ﬂ%ﬁdgﬁﬁ on agr%g&c egr‘bgcly%géri zed fu_lrt her by being
uni f or m ametufsors Rotosifyr dewelopsaduriog erpsstinkine of sdessquierans welsgessiyying haf r ar ed
Spectyis0 Scﬁ%ﬁ?{ k02RO pbtoify Ut cordesb@LiREIgBlokAR fiMSisikhdwPtoe altiiRtibyeNt i on. For
exanple, g'Pect rgsco.y can provide information regarding the structure
of filns cufetrmpetatate: hhthﬂmkmﬁarefp@ﬂ%ﬁwe& ‘MF‘E@S’@W&@T@H@W’@ -
tenper at uggs &nkihgﬁtfoﬁ.QMelnﬁgd? b AEH Bfin probidBs iRfYhatfn dbdut RS YsichiR spectr a.

Mor eover, ‘nltare spectroscopy can be used 10 to determ ne the silanol
cont ent oftructiws. Diehsityfis praferablydetsrained Baveighingthe filleand measiringdtsa crystal line
or_amy phgigst theUEhtibh PRAcYUSE fherstty 8 adblériaegdyon. The . -
density of t %Irgﬁﬁn@fﬁﬁ?ﬁ?ﬂg&?n\%néi cgn ?anegg’e gég?i e%l b; selrectitzn of the

fil m2Gr cbarthobuk npigriglsi t y devel ops during crosslinking of silsesquioxane

mol ecul es duri g didi&tric constant of a particular film can be measured by the MOSCAP

method which is known to one of skill in the art. When the film is a component of a

device with interconnect lines, the line-to-line capacitance measurements can be carried
out, for example, by using a 0.50/0.50 pm width/spacing comb structure. Other methods

25  for measuring dielectric constants can be applied to the films of the present invention.

Substrate -
The choice of substrates to be coated is limited only by the need for thermal and

chemical stability at the temperature and in the environment of the deposition vessel.
30  Thus, the substrate can be, for example, glass, metal, plastic, ceramic or the like. Itis

particularly preferred herein, however, to coat electronic devices to provide a protective

or dielectric coating.



15 curing stage. The porosity of condensed silsesquioxane filmes is known to
be a fun™a®@RIM cure tenperature: botﬁ t hi ckness and por oGS @é’@?%ase

Wi th increasing cure tenperature due to densification. The density of a
thin filmprovides information about its physical structure. Density is
preferably deterg t volwme. If a
filmis porous f@%ﬁi?ﬁ?ﬁ%ﬂéﬁ@osﬁ@%ﬁ ﬂ?%%éégsﬁ ﬁ'ﬁ@aﬂ}gﬁ@gﬁgﬁ F&hb aazegﬁood\fver
density 2Gilichek 'Iﬂlheuhmatklﬂfumwdize Witk catidugters which mﬂarbs;fsmmsf@ncea particul ar
filmcan b .];”p@: %};’ f skill
in the artqﬁ %E%%Y%ﬁgu? m | g ‘a orrpo tﬁ'gq em&ﬁgér\b§%§ﬂ%%&?lﬁtgée@cgnnect

| i nes, t he negdmotibe dépositedatinoettyi mwndma nlae'n!e(ne sotherdidiestricdpysrsmay out , f or
exarrpl e by . r

et hods 525 FisMeRCord condllie erhiiy ot he)nBRATIIA, BORRILOHE #Eh Whfe phdl” |
of the presaventiomy &ngdnenal, theslﬂismcaﬁlm i¥ Idepoamdlbweeg)f C@Maﬁéﬁtewlmnd)e coat ed

e at ur ot Wr BEGhel e, AR IRy, B o1 e LA Y ue "

substrat e ommbined td @mvwﬂwﬁm to affird SormmEithér duphgreflow or awingifordbebveenhe | i ke.

It is part tH8b [@jo devi ces
to provide tggspg)rta ~ipf}e %Hggﬁbi c?eldctgg F{r?éuré W%?/‘Zgﬁ% / US00/ 28738
19 In df exferrpbeno;i oénmomfﬁEMt to pﬂoéucxuﬂ%ma%m sflow sadrenbematitt or substrate
(e.g., of qanan Q) of&p’fe substrate is functionalized with conductors which
may be, forPiSEENCe ormed of an al um num 0. 5% copper alloy. The

di el ectric fil nmsinghost hubspatesteming iinteresrineaiines) e edtahbyerbedagpeptediandd directly
g\(;ﬁziugt IC(r)]gde[ ayleig'(gfom%fér%&%ne& hne tAr}& nggﬂlngj o?(f\r‘térbcg}nLﬁqmﬁ S an@%er?odn@%ﬁ%%ene or a
present i ngeemeiriongan blerpregerlehx&drconnm livesaymcAlly havefa terticakthitkpass ot thd by, e. g.,
CVD of i50 fi e I owed by

refl ow 1(’agnd +r§‘fefm gur )é%qg'c{on ahﬁna\/\#ll%"(z)w’aﬂ?1 k'g sg{;vhlcggar%eg§§%1£s oﬁl\l/tert the filmto
a final fortypicallyttiedn thdmangngf @éStmmmrommﬁen@e(maWNMuconmaseﬂm eps), the
filmis ty I C 10
for a peri 813%%19 k%{ﬁ%&;ﬁﬁ&gﬂ%ﬁf 9%“8‘%@5%% gfl{zgéaé\{g’gﬁg}ﬁ%eaq}l eﬁqB nggrg d
enhance t hethpbmioeefi02a3.0 aricrof cdni dptmnalllm be ucwstedwbmthmcmvhmucmteer connect
li'nes, a netal layer is deposited and etched to forminterconnect |ines.
Any number of interconnect |ines and interconnect |ine geonmetries can be
pr esent20 | nDbiectohwenporatingthe Filwpi cal | y have a vertical thickness on the

In another aspect, the invention provides an object comprising a low k dielectric
film, said film comprising a material having the formula [H,Si0,].[FaSiOp}s. In this
formula a is less than or equal to 1; b is greater than or equal to 1.5; and c and d are
members independently selected from the groﬁp consisting of the integers greater than 10.

25  Although the films of the invention can be incorporated into essentially any device or
object in which a low k dielectric film would have utility, in a preferred embodiment, the
object comprises a wafer, preferably made of a material acting as a semiconductor.

| Semiconductor wafers made of a variety of materials are well known in the art
and substantially all of these wafers are appropriate for coating with the films of the

30 invention. In a preferred embodiment, the comprises a member selected from Si, SiON,
SiN, Si0,, Cu, Ta, TaN and combinations thereof, more preferably Si, SiO, and

combinations thereof.



15 order of 0.5 - 2.0 mcron and a horizontal thickness which gri es, by .
desi gnWOO129%#1 | typically be int range of 0.25 to 1P%’H§°8ﬁ.73ﬁ\fter t he
formation of interconnect, a thin I[|“Gyer of a filmof thé invention or
another film(e.g., silicon dioxide) with a thickness on the order of
0.2-5.0 mcro 'f?%l Safef ﬁ@(gf of the
structure. Zgn%ég%é ncgb%géiglfﬁgggt he %i mlﬁeg’rg%%{iﬁlfg?ﬁglsapect, t he

i nvent i ormemtey selestedfromotsipper; titariwpy titartivm nidridespd gombiastions thereof. f i | m said film
conprising a ' ' mh@ iR tefdrélfor | N this -
formula a is [ﬁg&gﬁgﬁ%@&g&u{ﬁﬁ{ﬂgﬂ; . io_sl gr e%%ﬁﬂi{a@ne or g)aqal to 1.5;
and c andllustiatiee pumes¢semnty mﬁgépmwﬁwmfﬁwmlﬂh@hﬁﬁwlconsi sting’
of the inf g%ege@{o%}sgﬁs diirA ixﬁle arf ahd"rd 10GhIRiel Rithinl théSirRtfand P&viewventi on can
be i ncorpora Into essentially any device or object in ich a low k

di el ect r i of this applicatioh @nchare eongideteql wijthinithe sgopsraftherappendediglaims,dllt . the obj ect
conpri ses_a.. &Q%“y : (o : sem conduct or .
Sem cond&%%g%&gs; gartél{tseﬁ%%{ 0 aaﬂ@gﬁog{?égga %‘gtaléﬂ%ﬁ%gt‘dacg%os\dgd?yknom in the
art and msfebemtainithedr dngiregy for ali purppsese waf ers are appropriate for coating with
the films of the 30 invention. In a preferred enbodi nent, the conprises a
menber selected fromSi, SION, SiN Si02i Cu, Ta, TaN and conbi nati ons
thereof, nore preferably Si, Si02 and conbinations thereof. WO 01/29141
PCT/ US00/ 28738 20 I n another preferred enbodi nent, the wafer is

nmetal lized, preferably with a nenber selected from copper, titanium
titaniumnitride and conbi nations thereof. It is understood that the
exanpl es and enbodi nents described herein are for illustrative purposes
only and that various nodifications or changes in light thereof will 5 be
suggested to persons skilled in the art and are to included within the
spirit and purview of this application and are considered within the scope
of the appended clainms. Al publications, patents, and patent applications
cited herein are hereby incorporated by reference in their entirety for
all purposes. 'WD 01/29141 PCT/USCQO 28738 21 CLAIMS: 1. A conposition
conprising a material having the formula: [F-Si O 1.s]x[H Si QL s]y,

wher ei n: '



X +y =n; This Sheet Has Been Replaced 5 n is an integer Db and 30;
L T WOk [ 11ikllllll xis an%i nt eger between 1 d’rﬁ’ﬁ?ﬁéﬁésy is a
nunber between 0 and n. 2. The conposi Y on accordi ng to claim1, wherein n
is a msnbemgﬁtgcted fromthe group consisting of the integers from®6 to
16, inclus . 3. The conposition according to claim2, wherein nis a
menber selected fromthe group consisting of the- integers from8 to 12. 4.
The conposition accoddi ng A epmposition dcomprisingaimateriabbavi frmulgai d vapori zed
materi al has a nol ecul ar weight of |ess than about 3000 daltons. 5. The
conposi tion according to clai m 4F-SiekBi-8iQislput 75% of 15 said vapori zed
material has a npl.egul ar wei ght of |ess than about—1800-dattens—6-—The

efe
conposi tion accor di ng to claimb5, wherein about 75%0of .. said hZgd
mat eri al has a nol ecHay=®wei ght of |ess than about fg hef P 1!I&A
method gf formng a | ikdinflbliRfikdeh S ahd sl Sai d met hopljipk mim l 20 (a)
ofo

vaporizing a material to fofma vapori zed filmprecur ri al
conprising.a film predsesintegerhetwrgnd aad piaandul a [F-Si O 1. 5] x[ H- Si OL. s] y,
wherein: x+y=n; 25 n,i i en 2 and 30; x is an integer
between 1 and n; vy i lgﬁaﬂg'féé%%tﬁg e?ggfel)t{'\eween 0 and n; 11'11QJ '
11111111112212111 111111 N s WO 01/29141 PCT/ US00128738 22 (a) depositing
onto a substrate sai c-vapcFhezewpesitionagecsding toslaimd, whereina igapsmbeed fil m
precursor. (G %Me%&g@gﬁﬁﬁﬂk Bt gmgﬁ@'ffan?e to¥Cghlivel IS a menber 5

selected fromthe gro nsistrng o e integers from6 to 16 inclusive.

10 3. The composition according to claim 2, wherein n is a member

selected from the group consisting of the integers from 8 to 12.

4, The composition according to claim 1, wherein about 75% of

said vaporized material has a molecular weight of less than about 3000 daltons.

5. The composition according to claim 4, wherein about 75% of

15  said vaporized material has a molecular weight of less than about 1800 daltons.

6. The composition according to claim 5, wherein about 75% of

said vaporized material has a molecular weight of less than about 1600 daitons.

7. A method of forming a low k dielectric film, said method
comprising:
20 (a) vaporizing a material to form a vaporized film precursor, said material

comprising a film precursor having the formula

[F-SiO1s]x{H-8i0 5y,
wherein:
x+y=nm;
25 n is an integer between 2 and 30;
x is an integer between 1 and n;

y is a whole number between 0 and n;

O



9. The net hod acc_o_rdi ng to claim8, wherein n is a nmenber_selected from
the gr S¥@ORMdl sting of the int egers#rom 8 to 12. 10: THe/HaW8H8accor di ng
to claim?7, wherein about 75% of sai vapori zed nmaterial has a nol ecul ar

wei ght of |ess al t The od acc ing to

cl ai m 10, wher@ 5%"8’8 “F’% "g’]s Y\ va@%&f%@ﬂmﬁ‘ﬁ%?‘?g ﬁéiagpoﬁﬁe | ecul ar
wei ght  of filymécutsoan about 1800 daltons. 11. The method according to claim
11, wherein about 75% of said vaporized material has a nol ecul ar wei ght of
| ess than about 1600 daltons. 13. The method according to claim?7, wherein
said vaporizing is 15 carried out at a tenperature of fromabout 50 Cto
about 3]90 T. 12. Th& net hametbobacdordipg taclaiindl, mhereinatie p giembemi d vapori zi ng
S or n vacuuym 3 OBt c oclaim7, further
corrprl Si nsﬁﬁgte‘egrf %’ﬂ‘é"%°é‘?‘a‘]"§e°6§%raﬂ‘ | mggor&ﬁ%@%r'et 20 14. The method
according to clai m 13, wherein said curing is by a nenber selected from
thehgroup of heat, &Itra‘ic)mahOdaonglnaMclumﬁ;wha@mGnsamebf 17. The

met hod acg (o) §§3\¢%ﬂ g is acconplished by

heat i ng toe?eglg{lg‘grrgler%&ﬁ?%moéé?nﬁomﬁgﬁgg% g:ltl{iofabout 700 T. 18. The nethod
according to claim17, wherein said tenperature is 25 from about 200 Cto
aboijt 500 T. * | 111K | The¢ methodacearding toelim 7, whetejn sbout FA%aofstidet Has Been
Repl aced -] Qo I I SOO 28738 23 19. A
ow k- af ol Bt syl Mstm“k%cgf.a*ng&gﬁwgle‘é%a R Rt ol

[ HaSi Ob] c[ FaSi Ob] d, wherein Is less than or qual to 1;
10 11, The method according to claim 10, wherein about 75% of said

vaporized material has a molecular weight of less than about 1800 daltons.

11. The method according to claim 11, wherein about 75% of said

vaporized material has a molecular weight of less than about 1600 daltons.

13. The method according to claim 7, wherein said vaporizing is

15  carried out at a temperature of from about 50 °C to about 300 °C.

12. The method according to claim 7, wherein said vaporizing is

performed under vacuum.

13. The method according to claim 7, further comprising,

(c) curing said deposited film precursor.

20 14. The method according to claim 13, wherein said curing is by a

member selected from the group of heat, ultraviolet light and combinations thereof.

17. The method according to claim 14, wherein said curing is

accomplished by heating to a temperature of from about 150 °C to about 700 °C. .

18. The method according to claim 17, wherein said temperature is

25  from about 200 °C to about 500 °C.

-
et Has Been Replaced

T

—
0y g



S5,bis greater than or equal to 1.5; and ¢ and d are menbers 'ﬂ dently
sel ect edWO®@/R941e group consisting of - ghe integers greatef T’Hﬁ

The filmaccording to claim19, vvherel?ﬁ said filmis a porous fllm 10 21.
The filmaccording to claim19, wherein said filmhas a dielectric

constant of from abouigo 1At19w lag)el]lécn_ﬁ:ﬁlg} ﬂigggﬁ?%eﬁg@%@hgg&&ﬂ aim 21,

wherein said filmhas édlelec rirc cons roma to about 2.
23. An object conprising a low k dielectric film _,said film 15 conpri sing
a material having the formil a [HaSi Ob] BL.8¥%1:E3i@s1s: Wwherein a is | ess than
or equal to 1; b is greater than.or equal to 1.5; and 20 ¢ and d are
menbers i ndependwhertip sel ected fromthe group consisting of integers

greater than 10. This Replaced " 1.1 FHEEED LI
LTI . ||||||||||?§”%§&ﬁa§?§‘ﬁgf%ﬁ MB* 11
5 b is greater than or equal to 1.5; and
c and d are members independently selected from the group consisting of

the integers greater than 10.

20. The film according to claim 19, wherein said film is a porous
film.

10 21. The film according to claim 19, wherein said film has a dielectric

constant of from about 0.1 to about 3.

22, The film according to claim 21, wherein said film has a dielectric

constant of from about 0.5 to about 2.

23. An object comprising a low k dielectric film, said film

15  comprising a material having the formula

[H,SiOp)[FaSiOpla,
wherein
a is less than or equal to 1;
b is greater than or equal to 1.5; and
20 c and d are members independently selected from the group consisting of

integers greater than 10.
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