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FLUOROSI LSESQUI OXANE FI LMS Background of the Invention Sem conductors ar
widely used in integrated circuits for electronic appléﬁﬂ% |nclud|ng
hi gh- speed WOHRUWErs and wirel ess comuni cations. Such @gﬁéted circuits
5 typically use multiple transistors fabricated in single crystal silicon.
Many integrated circuits now contain multiple levels of netallization for

i nterconnections. A single sem conductor microchip may have thousands,
and even mllions of transistors. Logically, a single mcrochip may al so
have millions of |inespidiiRbRUFIRHORMEIISESQUIOXAREIFSIMSS. As device
geonetries shrink and functional density increases, it becones 10

i nperative to reduce the capacitance between the lines. Line-to-line
capacitance can build up to a point where delay |inme and crosstal k

hi nders devi c8adkg) i Oreve deu0|ng the capacitance within these
multi-level metallgzation sys ew1 ¢ ed%qH ?edt::rlgltslﬁgcﬁ%ﬁ& @mcanonscr osstal k
vol t age, and power “HeLSPat et yptcally, thin filnms of
silicon dioxi celudinghighspedd @@Pmr@f‘@‘ﬁlﬂ?@@f’m‘a‘y@ﬁ@“s SPl HgralebeisE t he

capaci tancg bgiyse mseln';?amﬁ,raa%lgtambmgarmmmyammh hxaa,gemgﬁed Such

dielectric thi'n fllns ser pses i ncl udi.n e enting unwant ed
shorting of néF@ﬁHBWFﬂﬁm@%ﬁﬁgg?%nggﬁ %ﬁ&ﬁgFﬁﬁacugve g m%y acting as a
ri gid, insul atémigndusipasenchippriheerthiurpgdscod wosiliansof rassigatat i on of net al

conduct ors, bxog&mbqgng@amaoéwn{a*mohs\@m.nmm,wsmmema e ions; filling
deep, narrow gaps

et ween cl ose p cqnductors and planar|2|ng
uneven circui ttERBg,SI5HEF %%ﬂ%%% 'gaTaaéc\‘/’éﬁ"’“gHm@grﬂrﬁﬁﬁsf '%%mé"é:?l t hen be
reliably dEpoShjettveareduct thé dapasiunde agecemih lixles. iLinetoding tapagitdnee b at . A
significant i, g&g aopggﬂ\a}em% timb mIc;aglaikmmaaastd@\r,aemhmmeek@s&«gu c (ILD) and

protective overco be fornmed at g @%IVG|¥ | ow

t enper at ur es t‘@CWEFPfBH@g‘!‘F‘T}E‘E“fl'dﬂ?v%ﬁe‘i‘]m‘é’f‘wwﬂfgw@ﬁeﬁ BEY 87" Anot her very
i nportant CoNSoekRiliaboitRE) akdpotdi Aksipativd hereketheles. Tgpidally, irin fibisolil d have a | ow
relative diel eghpl 22, SNShallicke «A5s COMPAEL LOmahblcan di oxide (k =
3.9), to |l ower power consunption, crosstalk, and signal delay for closely
spaced condfuctfnctionalRemrepnis gt thege¥iérpt s have been made to use material s
other than sili consahe;xuedf}mhm fas it Ranypirgsds ddchidingystverdieg Ungaedensi t y

mat eri al s, SUCSWQEP "ﬂgﬁ“ Qm?mc ﬁ&&gmggggﬁﬁmma;n%mqhﬁk@@tr|c const ant

of a porous dif I'oxI dé aerogel, can be as
spacer; preventmg corrosion or uxldahon of metal conductors, by acting as a barrier 10

moisture and mobile jons; filling deep, narrow gaps between closely spaced conductors;
20  and planarizing uneven circuit tupography so that a level of conductors can then be
reliably deposited on a film surface which is relatively flat. A significant limitation 18 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 1o use materials other than silicon dioxide.
Notable materials include low-density materials, such as acrogels 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.



30 low as 1.2. This |lower dielectric constant results in a reduct\gag iﬁ'ﬂ
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nmet hods of éag aerogel s require a supercritical drysfgsosiiseg- This step
i ncreases t I and the conpl exi ty of sem conductor manufacturing.

Fil ms deposited from hydrogen sil sesqui oxane (HSQ resins have been found
to possess nmany of the properties desirable for ILD and PO applications.
For exanpl e, Bowdsdrumsibadsef making agragelsyequipg s supegaticaldrympaten 7Tpis sigyy| y 12, 1988)

describe a f'Jnmage%nﬁédsta\mecohaembﬂuﬂic&m@mmmnﬁh luting in a solvent a
hydr ogen sil sesqui_oxape

I at i.n 0 a substrate,
evaporating the s5}’%45?05'&33‘0’8W&g‘?“rﬁ?}e%@’&“ﬁéﬁ%‘?’ééﬁs‘f‘% & %eenﬁ%ugg {(’ng t he
substrate in pdstess n@bydahs progevties desmableifot IR andiPD aprdseations f Kr Frgmsl'ach a coating in

t he presen r I m3eposigén  NO. 5, 320, 868,
June 14, 13945*8“5"*‘%%@%‘%S‘*o’("‘@%r’?gihﬁﬁfé“ﬁf o blication 90311008. 8) .

the dielectri GCIEGP@P@PHS'RS)‘l"'“t’%é“?SPW%{‘Fa}fYFrPHfﬁ‘ ﬂléifq“‘%@c f"é)'WéP d“g %/ or
stabilized as asCaQﬂgﬁﬁél@ﬁlsxﬂ:ﬁ‘a@&ﬁa@éﬂﬁnyma@lvbﬂllaxﬂlct’ramlﬁaghe ahtirgbekeetinpat ent s

d I sc | oses t 2|e f_hg &’Sﬁ%{ B%IgLét%%r‘glr OqunQ ﬁmtr efsfell'ag'ifg S%g‘l a cgaqm lg glgFI%Sglllcy ent. Th e

resul ting ron’1s’coa rate by a spin-on
coating technifjéogen gis (Falnerte: hB S LacBa b AHFSS, f"@ﬂﬁ ’l?gﬁPUPef’dP%l ectric layers

after curipg, mpgﬁvat&ew.&% 93 1008 DU ESSdcSlopstai of inBTiZLGIminisy | S nNecessary
to have avallable di e ectrlc

l ectric
constant thanb¢R¥Fe ‘g?fls‘ﬁbétfedo"flcwgedt°°mf“t]$f!ﬁ/'ﬁ%’c)gécr}f°§| Tsc'ggcagl oxane fil ms.
Fil ms conpri sidiagosts themsd ofisiseaghiosink pxmdigoleed mporlesnt Ihdresplting ow di el ectric
constants and 1‘|’i)s~[:n§mmsa{i)tfohgtc&tcﬁ91{tods@ﬁsﬁﬂ{@ta@ﬂn &'cB&ihﬂlEchﬁﬁlﬂ' i cations. The

fluorinated fi are generally forned b%eg 5|I|con cont ai ni ng
conponent and Pém@‘ﬁ’h?‘?se??ﬁ‘l“é’tfm"é‘sﬂf‘}luﬁ‘[’ e YT g“&"“giﬁ FTUEF ne source.
Gener al 1y, 13 hipfogRisRESMmBintiRLE fieeSsatyehavesigaildfe dielector thiningdsvingwhi ch i s both

toxic and corrosi Xgecglcﬁmsgm iﬂ!’rﬁﬂ?&& Ml&gjﬂkc%ﬁpﬁw&ﬁﬂs%sqﬁ ibhe fﬂﬁl@ both a

source of car B uor I ne U. S. Patent No.

5, 660, 895, August Bilns cangpgising flugpingteq sfexans °%f“9ﬁ?°6‘é pavgloy 8‘1‘1"“[“??@"’]5‘8‘95? tenperature
pl asma- enhancegyq Q/Qpﬁf,ﬁnaﬁ iidr inGe@ediiitaprlitations. The Bioriguedifilpiskmpecally a silicon

d ¢ . okl | t hough
precursor an rggbyb%é@ ,con@n%.Qﬁ%&EP@eniL Qgrbanen RAWEprovades Al t houg

limted effort® Trec s chem cal vap OI‘,EHI?SI'[IOI’I of
si | sesqui 02&neflugiing lsaise- rGf@ﬂ“dbdth iepess reqes theusa fif figorinegasgwhighJs bo

5,279,661, Janyal g dddosivel 8 nﬁm&ﬁ Litthsd dagpodBxha fare Bytls @grexdf sarlo eS QUi OXane
coatings on a asnhl Rt?oggeati"gr exa?npr ce el ait % S. Patent No. 5,660,895, August 26, 1997,
discloses a process for the low temperature plasma-enhanced CVD 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, Janvary 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.



construct thin filnms fromfluorinated sil sesqui oxanes have not been
reported. An array of low k thin filnms of different conposition antdf APR 7004
precursors for these 30 films which can be deposited r@‘?ﬂ% ubstrate
using CVD WUIl@Mepresent a significant advance in tﬁ‘gT l Eﬁd woul d open
avenues for continued device mniatufization. Quite surprisingly, the
present invention provides such filnms and precursors. 1 6 APR 2004 WO
01129141 PCT/W@UWH&M of the n It has now been di scover ed
that silsesqui oxanes hayi 0 4,icon atons of
t he sil sesqui oxane%cao‘é'\g%er glscoveegﬁ%sgsre%gg)?agegggg? m\/\}’%% ectric constant
thin films. Thesrﬁcmmmswa@eﬂ%squlosvesam amgeid P@@.’g@fgfﬂa}"%‘ diglggiq y prepared usi ng

art 5 recogni zaghyl nﬁﬁfﬁmsqmu@fmﬂedvsﬁée@;mbylaﬁ‘e & Fgeam éa@%reﬂiodmh@&a- nol ecul es can

be dep05|ted onto substrat es Lité@ 55 ‘ EA °g u(,)SItI on onto a
subst r at e, St hEcosnigdsipigeesgnd volajle 8‘?&?‘3 HEPOlegyrE Fan Pricpifited &1 producing a | ow
k dielectric lubjteteswing EVID.nFolléwingits Beppsitton ersqesolisirate, theﬂqymlsént i nvention
provides a cor 03| n I fRg the formla

[F-Si Ok_5], [H- oxgr]g.laygv\ﬂ:ﬂre& ?Joaﬂlngalow&@wnﬂlﬁyﬂggn nteger 10 between 2
and 30, x is an i e e@féﬂsm@t‘h%@ﬁml'm’awﬂﬂw%ﬁS‘?mi’%m%{‘%\mﬂls'ég%unber bet ween 0

and n. In a S%@Mh@fa@@%mubnﬁs@m&mclsl,nmeahwﬁl =R/na¥inGiggera et hod of

formng alowk dje tric zing and
deposi ? i nd onb%i“"é?ﬁk ﬁglt"é”Bm}Fﬁ?g;f TFMEEMQH lsat e um%giftx%%“d )
[ F-Si OL. 5] x[ HaSi O1_5]y, wherein x + =n, nis an integer between 2 15

and 30, x is an 'g&%@gc%ndbs%&%@&eéemmﬁn&,ﬁd%féesxénieﬁo@erve!ﬂﬂh@naumber bet ween 0

and n. In a third aspect e|nvent|onEOV| esab q I|ectr|cf|Im
conprising a dﬁﬁ‘f‘%‘r‘?"&i The b FORPNSESFERPTRNE R ‘{dﬁﬁ’ﬁ"‘ﬁﬁ’]‘ RPPSE OGS I n this
formul a, a is hbvagshetidimola FrSi@EEISiCH gy, Whereinx 4 5= rgn Bart isteget tebveengdr  equal to 1.5
and ¢ and f% are ib”:? 1§t£ fOﬁggqum&(yy1§?l\lﬁ)¥etn%e§ﬂt\ute9@tandﬁ hey are both

greater than urth aspect esent invention provides an
obj ect conpri SI ng B I“U\Siﬂq?“‘H‘i"é‘l"@&‘t“rpf"&‘dﬁsﬂ%“c?ﬁ?ﬁ?‘i 2P PR BEt eri al  havi ng

the fornula [%&hﬂﬂl&{gﬁﬁﬁimﬁh&[@&%ﬂ[ﬁsmﬂs In fhdfommblg a isdesd tan bg@l than or equal
to 1, bis grela'ltnsgmater n n?rn:qu P%anﬁ? %d?’r’eTgrmgrs%da:@rge:gy?cie@tedﬁoﬁglependent|y

sel ected and they*are
they are both greater than 10

20 In a fourth aspect, the present invention provides an object comprising a low k
dielectric film comprising 2 material having the formula [H,Si0)[F,SiOp]s. In this
formula, 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.

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

25  from the detailed description that follows.

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

substituted silsesquioxanes of the invention.



These and ot her aspects and advantages of the present invention wll be
apparent 25 fromthe detailed description that follows. BrJC DSsctfIApRizem
of lhe Me= Fi ure | is a group of three-dinensional s Msdg formul ae
for the fl1 RPHP¥pstituted sil sesqujoxanes of the invention. 16 APR 2114
WO 01/ 29141 PCT/[1SOOF 28738 4 Detailed Description and Preferred

Enbodi nents of the Inventi on AbbreV| atl ons od Definitions "CVD, " as used
her ei n, r ef er Pethilad Desiod; mid Preig Echbodimentsiobthe Inv@IIBIFHSQ " as used herein
refers to "fluorinated hydr ogen si | sesqw oxanes. "FSQ " as used herein,
ref ers to "fluorinated sil sesqui oxanes." "FSX," as used here| n, refers to
"fl uorinat ed Ablreyjetigibapd Defiitiogs " a5 used herein, refers to quorl nat ed
hydr ogen si | oxanescyp,” Idiged h@EiR Befer é‘tbttﬁdfmxdaaia@dd@bshﬁe'sqw oxanes" and

"fluorinat d hydr q A0 s esgu nes gre dsed nh to describe
vari ous si ane con%&ﬁ"ﬁé%ﬁ*ﬁ'de 8?"atef Jdmfelgs' °5§&§%[H8i OL. 5]y,
wherein x + y = “FsQTasuamharemtEQBM‘IBMNHSESMWCSO X i's an integer

petween 1 and n angs - s SOk frs BB RShMRRLY O and n. - Fluor i nat ed
si | sesqui oxanes” re ‘er to silsesquioxanes in which substantially every

silicon atom has AFHSX, s gsed pegginprefen i "QuanBRiedtrigegh YO8k yor i nat ed hydr ogen
si | sesqui oxanes" rmt efmstfMuofitales SiqyuicRanad el “Havibard byiogm m xt ure of

figori nat ef) sig gs%g&msg”%segg&.ﬂo .%mﬁﬁsn@gﬁn&mmgmwswﬂ%h

"Si | sesqui Oxar fer to both of the
above- descr i b&iSiOspitSiesl, Whﬁamgmn&t“ ig2 joee petvesn 3 BR3P BEEDY t hi s

structure, t h%&@eeh @%ldm%ncﬂﬁya mnhahﬁarbame@mmﬂn nElGdaeded Gifsesqlidxar@®n at oms whi ch
have either 0 or

dro fluor rou ached thereto
due to vari ouget ‘f’éﬁ:"t‘iﬁ%{‘g“”f %“3’&8%"“@1‘.‘ ewglg?ﬁatf?g%ag@%%&h' ing. The terns
"fl uorinat ed sndclwlammfTﬂunﬁnaahhi'dfb£¢§!b¢ﬂl¥mﬁfeﬁ ety eprsthgwpioxenes bvipe fil ni
refer to fi4 n&n{lﬁlﬁ*w’ftﬂh&ﬂat;drsfﬁmngﬂﬁmi A@sikdoeadapasidivdlogn.| sesqui oxane. The

filnms have the enerlcforrma in ais less than
or equal to 1, W‘ﬁq'g""@?‘*eﬁt‘ﬁ?g"f’ﬁ'ﬁﬂ' ?5‘?‘“‘851}5{‘75?‘%{%3%90\* cgE'%nd d are
mdependentlysﬁ@ieect ed and they are both greater than 10.

Though not explicitly represented by this structure, these resins may contain a

small number of silicon atoms which have either 0 or 2 hydrogen atoms or fluoro groups
20  attached thereto due to various factors involved in their formation or handling.

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,Si0y]{F.8i0y )4, 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

5i0; 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



25 "Low k," as used herein, refers to a dielectric constant that iE IW
than that of a SiG2 film Introduction The present invention is zgs gqu
the discovery that volatile fractions of fully 30 flu

si | sesqui oX¥HB&Y4hd | uori nat ed hydrggen si | sesqui oxanes can Be used to
form coatings on various substrates. The volatile conpounds are deposited
onto a substrate, such as a sem conductor wafer by CVD. Follow ng their
deposi ti on, tﬂa@u&ialldmﬂcﬁeldemmd e flmGprodiried QiR AechiiRue e RitedereCTNS 00128738 5

produce a lOW vaﬁi.lab?eagcrtb t:gc P 1mctr|-£tlll?er§cdnsﬁ@mﬂg&%agcupﬁ{c&eh&steChn' ques

descri bed her& R " are’val otective and dielectric |layers on

substrates such a3hedhvsation Uﬁ‘i'@s @E?Wi%?"““fﬂé“’l‘ﬂ?'é‘ﬁﬁﬁ@ﬁ pHERPPH¥s net hods of

form ng | ow kngiehehdel bfarky b6 k faCkng dompahdsyseful foffemtingitiesepitrayi ded an arr ay
of low k filnms and conpounds useful for formng these filnms. 5 The

Conmpounds ¥n a first aspect, the present invention provides a conposition
conprising a Ih&@papaumied nmaterial having the fornul a

[ F-Si OL. 5] X[ H Si & SleRnthvintidh Ries alRorhposifn cogibifer bet ween 2 and
30, X is anlnteoinrsi Wﬂ eﬁen vmnpmv p% whol e nunber 10 between 0

and n. Pr esenfwzﬁir'@feé?‘rh@’d’g‘%equ‘ﬂﬁ?[fﬁ@ éé%?'gh’g” YRS IhBEE" 29 t 0 about
75% nore pr gfegs Bddbeyn 1 ind 00, 2 Banl intcdeDBéveen lbduidnd pBIvhalbmbér| sesqui oxanes of

the invent gonnge Srmh'g Prfs%ﬁg?}efe}f fv/e:ﬂ.oﬁmlc&fchihs%mabﬁtz%ﬁtaboumsgher val ues of

n, exist a{ -8, T-10, etc.). Ina preferred
enbodi nent, nm@ﬂ:&hﬂb‘hf’@'@@“‘ﬂ?%ﬁ%@\ﬂ?ue from6 to 16. In a further
preferred 15 enboehmmeasqmdaarksscmammmgemum dubstimtemblerglefthavm 8 to 12. These

conpounds can be synthesized by..a.n Lol ogaLefstamet hods.  For
exanpl e FSQ ci%"%h PO BE By ﬁ[’t}lﬁ{( ?oﬁ §g|]2 eaﬁlgﬂcgndensatl on of

F-Si-X3. In Ieinlmdenuisa!umgq\mﬁélewhalﬁ‘eﬂ}ém‘ﬁ( pafresppfeeeda species that is
el i m nat ed,sdur, Jnﬂbgnﬂéftq{@in\ﬁﬁég@rm@d‘?ﬂlﬁ%lhyw 1preferred X groups are hal ogens,
an

ore br of erabl y G erreiy B Frdrbi it h A BaRnE 1 Ve
result in a f ol cyanpliFdguaede syﬁ@@zed by the hydrolysis and condensation of F-Si-X;.

In the formula provided above, X represents a species that is eliminated during
hydrolysis. Currently, preferred X groups are halogens, alkoxy groups and aryloxy

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, erc.) 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 (1953); and Dittmar
et al., J. Organomet, Chem. 489: 185-194 (1995). Ina preferred embodiment, the
reaction produces substantially fully condensed silsesquioxanes. The flucrine 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 milieus 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



or FHSQ or the hydrolysis and/or condensation nmay be interrupted ?w 2004
i nterrredi ate point such that partial hydrolysates (containing Si!CGR'
Si-d, etc. \)10?1 g{‘pr partial condensates (containing gfddefss9isps) are
forrred Se exanpl e, dsson, Arkiv. 25 Kem . 13: 367-78 (1958); Barry
et al., J. Am Chem Soc. 77: 4248-52 (1955); and Dittrmar el a!., J.
Organorret Chem 489: 185-194 (1995). In a preferred enbodi nent, the
reaction procmeneseréubeh menomers in e fagt ¢f gorplgRdiEen i 28 pUeWEs B Wy anes. The

fl'uorine contgpbyRfus mbdihn Msﬁ@@vﬂé&ﬂt%me baqeentiEdbll aditryalyani pul ation of
t he stoichionetry of the é@? PI%Sls eac ct on Srae Th&metm

hydr ol ysi s/co??&&ﬁ%%}f}laéﬁgﬂnli I BAEAMESHSHTE af)eéfal"g? 419 e et ber of

di fferent reaﬁﬁ;rconormahple,mtemd:e ilkeidesheivtlizedds prppeoforbat e reacti on
condltlons is.well wt S t,fgmagelm in the art. The
hydr ol ysi s 5 o pijseEauioxane, it 1%&&} Jlgralrh?‘(gluge ab ﬁcﬁﬁ cAiyst P2 SHCIPD i e

ensat 1 on izatton 1s ~generally carried out using
conventi onal weptipp iMsrrover, Wcﬂts'r*?ee@H@FF\”&WZ%PSWEWS}WH&C %ne 1 6 APR 1004
WO 01/ 29141 PLT 4500 428 Ted3fhateihd FRIBGUAESee, (6 Exalipl, IW ke 66 US. Parent he case of
copol yneri zat | on) tg _an aqu medium  The aqueous nedi um can be sinply
water or it cHrSB&HR %ﬂﬁﬂgﬁﬁgq%ltohol Addi tional ly, catalysts such as
organi ¢ and/or i nMQalm:mmmadsegQIFSIb‘asFétﬁOEmrHSEé BHOED. 0 ceHE react i on

mxture. FQr exaithlon &E\ys?s'dnﬁﬂﬁor%leiﬁ&%béiﬁﬁ ﬁiﬁﬁ:zeutdalsblmctegs precursors for
the 5 S|Isequ|oxan | ften desirabple i.c catalyst

(e.g., HO) tbexpngcdia)i F@t“@“‘t"ﬁés) ispesfepaply gqed “I\/b'r“’éwgfate t\’/\ﬁlﬂ'élﬂg?g P'ane halides are
uti | i zed as P R ibh H@btSin mdre pracde Contra afibe bydrolystsnnd comlenysiot. lof preferreflaci | i t at es

the reaction. See. for 24 - aminthredf e Hofdters sNO. 5, 047, 492,
Sept enbor 10, B H%““““%Té’ﬁ'g"rﬁ%\ﬁ’gﬁg’gé’g‘g" S, st(sBEt)3 HSi O 3,

HSi (OEt) 3, et dorpedzadithépahis migrurg i @dded 1p i pydro S‘fﬁ’é‘“ﬁydr olysis mxture or they
can be firgd sol ubidditg@echtd & tis 8 dvoBjaik ard Congensationpelyderagtiovtestigns  The
nmononer (s) is pref hydrol ysi S

medi umto obt & sﬁg?‘gm}??det@?“gleag%%ﬂﬁnf fFEE'%Ppmmq“{gﬁg hy dfo glg llsaﬁéind condensat i on.
I n a pref err ednediemiby diaimeining thovasticsitampergiege tﬂﬂheﬁ?ﬁﬁeé’f#ﬁ‘ﬂ fePabos8 utilized, a

m xture of the C IR, ﬁlelcﬁpcmftﬂdﬁﬁghyaﬂgmimrbnmﬂlﬁnmmiiihﬂlhﬂ ats added to the
hydr ol ysi s mxture 15 Addi t.i onal & ntrol of the hydrolysis and

condensat i on ﬁ?ﬂ‘l’g‘iﬁ@?‘:lf?‘at“‘?"B‘r‘? ¢ B3 Bhs  can al so be obtained though
adj ust nent 20f the Cewjef b sunios intirogen dlstspuibarie yssd i the pgripgtigireaction

are commercially available. For example, the T-8 cage is commercially available

(Aldrich Chemical Co., Dow Coming, 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 agueous
sulfuric acid. Similarly, Bank et 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 2 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.



medi um by maintaining the reaction tenperature in the range of aquEtMCk 2%04
to about 50 T. Preferably, the tenperature of the hydrol ysis reaction
mediumis %onbﬁj“ned at a tenperature fromabout 0 Gé@usaiawe 5 C. 20
Certain of LSt arti ng hydrogen silsesqui oxane used in the fluorination
reaction are conmercially available. For exanple, the T-8 cage is
comercially available (A drich Chemcal Co., Dow Com ng, Hitachi).
Mor eover, vari ous Hightr ﬁ@ET?J'lSFFGF'O’tﬂFFéaEei)(F-&dTréQ-ilé'ﬁfcdfa“l'?‘ilﬁ?%‘é\%" ®r | sesqui oxanes
have been devghenephrisFRsmahddBintsToRasilscbibiamtsaget andllyorinded U. S. Pat. No.
3,615,272, which isS.i ncorpo t ed herei n th rggcg{aﬁgeggymg]eosﬁ% i be a process
25 of fornmi ng®HELFMPESEIES dBRTERaEE Ay Er I CrrseyireXane (whi ch may
contai n up t osuchld EodBDAcqmEnsodinth eyawie) sodiwmpifites sodigm hydehxide and peiggsiem i chl or osi | ane
in a benzegesylfop ﬁ"heﬁ'gicl%ns Mééﬁeﬁil?camé&iguq)h%brrinﬁm\'ehlmr@&%g hen washing the
i

resulting product with water_or aguequs sulf ri i mlarly, Bank et
al. in U S Pyt S‘I‘ikf?’%ﬂ“@’.‘fd}“ﬂ@‘,’eﬂbrpi“‘?’he%’flﬁlgé'i'?%?ﬁf’%él ose net hods of
form ng hydrogen RieloSeséftticGlsesnasare Gaapionh grodug frvy che aduyts mgti@0 hydri dosi | anes
in an aryl sul fonic 26| - bR houb R, Y ehCexdARAidiwin F €SI N whi ch i's
t hen cont act eﬁca\?ﬂ 'ﬁggm%@n{}%{%ﬁn icng%égent. q,&gg%e't e_rre_é er'rbodi ment of this

| atter processreanisseleents fhatselpbilize e wactiopprodpehhut 3¢ ipmisgihls pith e#fuecys 5 ApR 2004 WO
01/ 29141 RGT/ HSSOH RaHa salthg bitghed sil@igtiotansricdctd sgdicou e likades (e.g., T- 10,
-12, etc.) can, be prepared b for . exanpl i genent of

oct asi | sesqui REAR x&'ﬁéeé%m%‘r’{“a% f‘fad'gl?ef' Patat ed%%?ﬁ%ﬁ%%‘éﬁ%?@%ﬁ% cages. These
r ear r angenent exmasdiconsapplicelleat al yzed by conmpounds such as sodi um

acetate, sodi um cyaPalBoundQeH v Fhrdied dyltdchhiquesQethmbMid WebieKérgicand pot assi um 5
carbonate. The reactions are Oggé]‘gr al | i or gani ¢ sol vent,

incl chr " é{pcar r'ine(ﬂica(\) LL{, rclvr}se%;' € )
preferably acksmismpincleging chrprgy i & PR REWSKI™ & 21 P3| yhedron 16:
3357- 3361 [519$P)L.C, FPRE e, eryytalizhtion,pecisilalietagionsm pieafiteatien #ldwsp‘!‘f"oduct from
the aqueous T qaGkl 9&%&&%&'5&% ertRdifmet, itle GlctiBhhanddiBl i Yrif@By €nt i onal
techni ques (e.g., solvent extraction with organic solvents that
sol ubi |'i ze t hdm@stignption apdiPrpstPi¥9tt but are inmiscible with the aqueous 10
reaction nediunm, .s:alreﬁt@gmg:d@utyti@fmmﬂ_odscsiucssm;}lgﬁaoxtahethc@amﬂnéin product, and
the 1ike. The idSEadiaXAG-tEaRH AR A4US "6 R ieRrbE) Fagover ed by

filtration or evaporation o extract solvent a %PE)IJ cabl e.
20 spectrometry, gel permeation chromatography agamst a molecular weight standard,

clemental analysis, melting point determination and the like. In a preferred embodiment,
the compounds are characterized by a protocol involving each of these techniques.
In an exemplary embodiment, fluorotrichlorosilane (~ 25g) is added drop-wise
with stirring to distilled water (~250 mL) and a non-polar solvent (e.g., hexanes, toluene)
25  at a temperature 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



The conpounds can be purified by techniques common in the art of organic
chem stry including chromatography (e.g., gel perneation, silica bé RZ 04
rever se- phagSinetqg HPLC, FPLC, etc.), cryst al lizati on,pqrma’vm’st ation,
fractionation, ultrafiltration, dialysis and the like. In a presently
preferred enbodinent, the reaction materi aI is purified by fractionation
and precipitatiaon. Art-rec n| zed a thods can be used to
characteri ze“{“‘ﬁ@eb'b'ﬁﬁl&ifﬂdé ?ﬁﬁ%h ?rﬁﬁépgaﬁeeeéﬁ dscopi c

t echni ques (Gm@oqvcreﬁ,eacﬁﬂﬁ;oduc@ﬁdrﬂﬂﬂ/ﬁbdenhrghw&mmd) yieldthg desire@d @roduslect r onet ry, gel

per meat i on_ Chy.oUB,00r AP i GRS i TRARRURALpWRL AR, wdicRRA O el ement al

anal ysi s, nel |ng polrnt determ atlon and the like. |In a preferred
embodi nent, anaysis.cClonpelamiaswaghiof the arpdyptiseieaningd ngrﬂ?"&'ﬁéol i nvol vi ng each
of these tsechﬁﬁcﬁUQﬁcha&&oﬁrwenﬁda%ymlﬁMOdl ment, fluorotrichlorosilane (-

259) is added dr Ol?ocv\g @e?ccm%lms w%deglr%glinpq%sﬁc%)p%p%@: Laln &b Q@Z;ﬁg&ed( .250 ) and a

non- pol ar sol vent rature of about O
T. Upon conplusitg @pphfersohfiomelidics ¢opelynsfized wigh @?hl‘)&’ﬁ’ém t"h%l xBRB%i on i s al | owed

to stir for hgtyeamn HGHshMedERR: @]ﬂébargﬁoymlﬂycﬁolysisf:onaenﬁh@ﬁi\epbd aie fornms in the
aqueous mxture, this mxture f{hltratlon or

centrifugati dhs mﬁd"a?ﬂggﬁ.ﬂ&m@8%@%%%&'&‘{“&3 %%%?Q%g I'S then added to the
aqueous I B@C t stofxhionrendk rativof it norogisneltd trighiprositane {Thmsclo preparsiaprofusithat or a ti me

suf {1 ci ent € G|, 0l §191 RbhP il OoloienidSagE DaRIDRAAUCT Trom 30 the
aqueous nedi u e organjc is rempved fromth queous | ayer and
the aqueous ‘pﬁ@é‘é"“ﬁ%“&?le}%f"@é“eﬁﬁ?d(w b FPW%‘%“?/\@%% s

s of the organic
solvent (- 3 withk@ng Whiillediner le250ME) Mdion-pds sdves aomipened o t h t he

original or gan e J Q{;gggy,scmphase sol ution
is dried by con‘%E 6}& S?%'L%\ABFWH @H{Iﬁhﬁhﬂgﬁt ﬁg{gglcpggg APR 2004 WD

01/ 20141 PET WBOBAPETIEH schoieheir 2RmLYf 249¢a tp e H“T"t‘se‘F"é‘tP“ “’Aﬁ“?"éﬂ" evapor ation of
the sol vent féxﬁm&bﬂacﬁcﬁrgﬂjﬂﬁ&fr@’(mmue&)smmﬁ and thehectioempwerisstimedeact i on

product 1s dt ted, der v hcdﬁé%qg‘]:t}of?ra}ﬁhﬁlaﬁjdlﬁch:ﬁargﬁﬁiaﬁcﬁ@ftﬂfOdUCt The

product can b EhETact erize NVR  mass spectronetry and
el enent al anerpiﬂstla@Subima'hﬁlné'é’d‘r'aﬂ‘d‘iﬁ‘/'@f"@m’"’6?‘°”E°ﬂ?§}’”ﬁff Gfct i s determined by
GPC rel ative to a1§a;&&t&ﬁdaﬁuddlmaﬁl@iaFﬁsoraHmﬁmteyxs &peitddy vdperat | on st andar d.

Low k di el CtI‘ICfI|mSWi I a &Scie@n al so be
prepared Hsi AFLEBSPYHES i Oﬁ’fﬂ’%?ggsfrﬁwnesc@%c Pfeﬂﬁiﬁ l!'zre W th

trichl orosil an€rsQland ng{iQ@g]m that gave a molecular weight that is too hlgh to allow these
polymers to be vaporized in useful quantitics. Although, the volatile fraction can be

vaporized and used to form a film, leaving behind the higher molecular weight fraction, in
a preferred embodiment, the high 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

utitized, the volatility of the film precursor is less of a concern.



enbodi nent, an FHSQ nononer is prepared by the hydrol ysis condensation
nethod. In this enbodiment, the fluoro content of the final prodliétARRSI00¢
controll ed“;ym}zﬂg:]_rlo st oi chi ornetric ratio of the fl ugrasidene to

trichl orosilane hus, to prepare a groduct that has an average of 3:1
fluorine to hydrogen, fluorotrichlorosilane (3 noles) and trichlorosilane
(I nole) are combined, and the conbi ned conponents argI added dropw se
with stirring to leierefprred eiebogimens usipe a vopopdepqsiionpeifiod ths godustpxre s o) vent at a
tenperature Qffacidi@dto dBiaik the Rivinflecdr WEight Hecids Gt o o @dlititietd difthef r om about 10

m nutes to about. 24 hour an .15 or ven exane (.- 250
m) is addeddW“t°HB’°%fEf@é@ﬁ§’“’f"3%’c‘?'?y %‘Vcn"?f‘aﬁ L‘l% Porﬁ}%%?:‘?‘ Et Ee reaction
product f r ompéljreer e bewerchensip dPativylarkypet ferrbrohaweves isiths tiseref actaigneefi s stirred for

ten mnutgs. glhe, M&ameﬂéu&{?&] Joﬁ@%is?n@cem@%déﬂlﬁdﬁmmkrh@ e£h@r act eri zation
of the product are subst ant gézS'm ‘{]ﬁt describhed for the

honopol yrer &sboaent g3, é‘sﬁ?oef“é"r% e%Brafeffé‘Ff'f"be é“l:‘g@p'éff HSQ pol yrer is
deposi t ed by cnpng the BQesiheyib s fltid amear iowhev by griti@epoinelors tivfe suffienabove- descr i bed

reactions cap chs[soe}ci :atfr(gcl;[n:nrl1 §t 8&“:? Ei)?%aralfﬁ? mE S ARdnifd QPRI WHEr s that have a

mol ecul ar wefi* Rat 18 100 ow these polyners to be vaporized
in useful qualntms{duaémlwwMﬁﬁ]gqqm’“t’ﬁé"?%!“’dtﬁ?‘i“é“fractl on can be vaporized

and used { f or m ?pe&ﬁdalm thé FR00n4%n Jaaiiud midowehemdginlhemranﬁmh eeutl with wei ght

fraction, in referred enpodi \&j ght nol ecul es
are removed Pt q‘f‘?f@““r?ﬁq%'éct '5‘”“61’ T Ipéss"éga" Boi ﬁ%or{ S O@&l{éh@& product m xture
prior to usi rye éxorgsien fb-dmpxbumd@llwamapms ared@mwﬁq tb%ﬁonbshbpia%@h on of the

hi gh and |°W$Egécﬁ£% tf%bﬂbﬁsﬁ%@@l@ﬁhéﬁ’eﬁi:%d brae aaGaRhitsbated by a nunber
of means i ncl

ng, or exanp e, nmeat.i on hro r.aphy, high
perfor mance |fReHenTe! BTSRRI 5P CHBE ¢ Vegifl] 1'5’“'"fgici Ra- chgﬁxa%?r act i onal
crystal | i gat i ioasdt sSRiblsin khe Guid astwel astamothet inwohyble Faierials E)th BEYSE net hods i s
wel | known in Lhe a?f{stnéﬁguéafs.lsksﬁu.méaﬁe%a.oﬁ Bfhen Blickl bt Qfuiging of skill in

the art to devise an propriate purification proto r a particular
m xture wit hm}E""ﬁWGEPé’b@WﬁWCﬁ‘éﬁ‘ﬁs& ‘ifﬁlvewg'ﬁhefﬂ’ﬁg?“p&é‘ﬁ'ﬁgmﬁ' Fon methods are
utilized, theseM@hfclidnl tryeseGhecibittes Ea khen lpraeusddpr prowsslseh & fisfatien ogoncern. 1 6
APR 2004 WO 011259]141 PCT/ US00/ 28738 9 In a preferred enmbodi nent, using a

vapor deposi tF8R Hethod, the product mixture is fra%?honat ed to obtain
the | ow mdPecul ar Tboa*%@“%‘é&ﬁ“‘é@ thistpepeestiARRdEsEnX ASPRAIRY YR VIFHY he

near or above its critical point, will dissolve the fraction of silsesquioxane desired and not
dissolve the remaining fractions. Additional consideration, however, is usually given 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 1o, carbon dioxide and most
low molecular weight hydrocarbons such as ethane or propane. Additional methods of
fractionation are disclosed in Katsutoshi ez 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, metheds such as solution fractionation or

sublimation function herein (See, for example, Olsson et af., Arkiv. Kemi 13: 367-78

(1958)).



deposition process of this invention. Any conventional technique, far
fractionating the polyner can be used herein. Particularly prefh@rﬁg&m"
however, is the use of a variety of 5 fluids at, near, Q&Sﬁpﬁy@ their
critical pBPAY¥M4his process is desgribed i n Hanneman &t @ U.S. Patent
No. 5,118,530, June 2, 1992. The process described therein conprises (1)
contacting the H-reS|n wth a fluid at, new or above its critical point
for a tinme suffi dlhepr'eferrdi@acdmsﬁs)lsqs@lcaanﬁmﬂtmlﬁmmmvﬁs of ﬁé“ﬁ@l"%ﬁar (2)

separating the .| %%&Qﬂk@ddﬂ&epgo&xg@mtnﬁ@ﬁ&é Qn@/oiv'&éﬂﬂﬂl cdnlliionk.€Si dual pol yner,
and (3) recoverin

desired fracti i call t he
fractionati oﬁﬂ'}?ﬁﬂhé‘ﬂh fraction regose pahish ﬁ%ﬁ%ﬂmﬁﬁp @IE" sBeﬁ'eV§%§e with a
si | sesqui oxaﬂﬁle&laedugn‘t les¥ithidh abbmeatmndPréfh&qumshuwagr,am thesetfmaionsiion f | ui d
t hrough t S £X fol 3PibRdobt Y
characteri stl ggﬁqhe@m%”c‘)"ﬁnﬁ?o ‘Ittﬁ les "Hleg‘\lawgﬁ’é esired  nol ecul ar wei ght
fracti ons of wih thQSMDIGWf@h&H@S‘M@é%\‘?%F 3P°Fﬁé"a§"0‘|"i'j’ﬂ‘i°‘5ﬂ “i{#'h t he desired

fractions of b%geﬁ%gltgb@ggam%&;gtphmmﬂ@mé&d fromthe vessel |eaving those
si | sesqui oxane 15 fractj ogs not wel | as any ot her

i nsol ubl e mat eri aPdre mzjgt éhxsd?o?ecuéaéﬁrfalmn ew1l| C%H%PIO%§E§GSI red
si | sesqui oxaremgonraie thatare Tr290 T-Bﬂaqageﬁeboveqréwoﬁilwbmefcﬁ@%‘@lem| on by altering

the sol ubjdit hife Fe 5 DR, a‘ﬁ@H’ fton SpGkatidnd) &N RRYT30pr eci pi t ati ng
out the ieS| ye%&?ﬁggﬁ%nﬁg% ege tﬁr eci Y ?%sn?gn then. be collected by a

process such as f {ditiogally.dhis coptemplatsd thatimi %ft" FFSAVIGKEFCMERIE . 2ction 1 uid
used in this mﬁﬁa&ahatﬂcﬂoudﬁlsv@mmn@wnuemswmmhefn at, near or above

its critical point 5 glaa%f;umn;ta@scmwm,@aﬁnesus@mul oxane desired
and not di ss%?es%m’t‘aﬁe ak(lerrrgéln‘?nl ractllonrs Add: L i deration,

however, is esmerising nopvajails spegies. gﬁ% "%‘P‘F?qe%'}?fc"f's@%é’?'ﬁ'?ﬁ emq'j “Of essure of the
sol vent C@Sfpoumiesﬁﬂox&;haﬁmuammmaandMg}rb@sdlarmeofmeﬂrh?écessary to reach
the appropriate point. Exanples of specific 25 conpounds that are

functional i ncﬁj but are not limted to, carbon dioxide and nost | ow
nol ecul ar wei ght hydr ocar bons such as ethane or propane. Additional
met hods of f sclosed in Katsutoshi et a!l., U S. Patent

ho. 5, 486, 546, Janu arg%oéﬂéﬁeﬂmg%% Réhe .g&hbﬁﬁédh@ﬂ&mqmﬁn&‘sﬁa@oﬁeecover the

desired fraction al ent_ et hods, however,
whi ch resdt pmmostsomportids of therirycrtipn Dlepogifien teqhiqupsio el FREbablY ar o al so
cont enpl at ed. ;5Qde, fom;,@m@my.ﬁﬁk fadslizteber a8usG spit-brotip£oaB@t | onati on or

subl i mation functio o e arfolr o in Arkiv. Kem
13: 367-78 ( TOEEYE RvBELERME ifer ol nESRNRINDe apphr® @ holor -

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-5i0, s][H-Si0; 5y,
wherein x + y =n, 1 is an integer between 2 and 30, x is an integer between | and n and y
is a whole number between 0 and n.
In an exemplary embodiment, the desired fraction of s:lsesqmoxane 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



1 6 APR 2004 WO 01129141 PCT/ US00128738 10 The preferred fraction of

si | sesqui oxane used in the process of this invention is one thatg aan?ile
vol atilized under noderate tenperature and/ or vacuum gol

General |y, YMUBAMY actions are those jin which at |east a@ﬂlm% ‘@E% of the
speci es have a nolecul ar weight |ess than about 3000. Preferred herein
however, are those fractions in 5 which at |east about 75% of the speci es
have a nol ecuh @ ravge bEfotC | 56 &C iinbl@ amadpherit pras8Oor at lasdet temietamesdnehr act i ons i n
whi ch at Ieast bout mrei%gva {nj&e speci es have a nol ecul ar wei ght between
about 800 and™® articularly preferred. In pref, erred enbodi nent s,
this nol ecul ar mffghmommﬁgeewlqmeEﬁvﬁfﬁ’éﬁépﬁr’mfﬂﬁ%s°f8’éfr’r‘ﬁ61!fﬁ'ﬂ‘§ hithat are T-2 to

T-30 cages. Eﬂl’fch\é@ﬂﬁé‘lendl@%&ltﬁﬂegﬁmd%aﬁiﬁgeﬂ'ﬁ@dn m&ﬁtre&ndb&ngeorrespond to
conpounds that are T-f ] (jg“ﬁ or,.Spin,on a catj ons, T-12 to
T-30. Adoﬁtldﬁl?faq“?%?’“ W“P'SF“:? (o4 F?H‘BI‘:&*‘E’ ‘fﬁ‘ﬁ?ﬁ e 1 Eﬁ)eé:ga gf %" sesqui oxanes
contai ni ng cadiixansnasor e ved @ neady ang amiehtyationaipsired. 2iadiute vaportisdo used herei n as
the source ofye gk iS55 WloRNAR S ARy ARhANL Ll A3) i 0 udde i XL LI €5,

however eave a’resi si ng nonvol at i species. This resrdue
does not consti t ufks peagess ‘ﬁ‘ﬂ’éd’?"ﬁ%‘ﬁ‘tca’ﬂ ??“qugo%@é‘dfﬁm‘ﬂ‘fwé‘inﬁsé%%ﬁ‘ﬂ? oxane ni Xt ures

gggg g: ?: 2 g ﬁe Wﬂ&kﬁb&% e mmm Q&dﬂngrs Aigeangd of rrh 0wtk abnolaneieght s Any
n
20 c mgﬂhﬁg%\éﬁ 4|H1érons are 8ost51blc a@wa&ﬂlﬂ%ﬁc‘ﬂnetssgs apt.r ep%%}llaﬁ:%vhg'e filmusi ng one

20 or I nv ues of general
appl i cabl i t yend wee bphicationt wamaut wushbicler ﬁlg‘ﬁ)r'éﬂli’n'fg"a@eg @P"C‘“ﬁ@bﬁl“i’%r under

vacuum), spi %19ﬂhns%lgreﬁ%tfbrfﬂﬂpanngsdaﬂﬁmkGrnisﬂﬁnarew&ronaﬁldmtchﬁ i ke. Qther
coating nethods w arent to those of skill in the art. As the use

of CVDis pr e‘g’é‘ﬁlﬁswrb'r"&“é?&é‘c?m "% a second aspect, the invention 25
provi des a net hOd'I‘ﬁlafsca‘oﬁtmgﬂmgala:cb‘ommﬂbeeﬁvabmmhﬁeoaﬁ'igﬁWFhSFﬁ@J met hod conpri ses

vapori zing; a A m ifon €bn ot N
[0S G 5T G BEfbbatiy Binf R Bt "ﬁwmkﬁég??’ betueen 3 and
WAGST

30, X is an i9raigias COB‘@SME'éﬁ“ 'rmoaﬁtforrmw&wﬂgs,ﬁ@ma Unber between 0 and
n. In an exen&h@mg @Eﬁ?@dtnmmxygeh hieogehe®ntiisiog chatiagst ander demordiliks esqui oxane i s

obt ai ned, Aol coa(mﬁs %u{ﬂ coa?r?gs ad M P metnndia o ARRRN G abbSnowhdPRE dz €d and

i ntroduced | n‘fa{) a
For example, many are taughl in Haluska, U.S. Patent No. 4,973,526, November 27,

20 1990
The formation of the films of the invention is accomplished by a large variety of
techniques, which can conceptually be divided into two groups: (1) film growth by
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 af., 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



chanber containing the substrate to be coated. Vaporization can be
acconpl i shed by heating the silsesqui oxane sanpl e above its vapdrf zRR ijon

poi nt, by the use of vacuum or by a conbination of t . Generally,
vapori zat i P&t conpl i shed at tenpgratures 1 6 APR 5%%5&6@\{@1129141

PCT/ US00/ 28738 11 in the range of 50 C - 300 C under atnospheric pressure
or at lower tenperature (near roomtenperature) under vacuum The anount
of sil sesqui akeanefimapdic) catig of the subseatpwibedgsd, shicltihthe dicdtefotmtbn i s t hat

W.hi ch is suf fsglﬁi'tﬁph tQVh .}groctegﬁugﬁﬁvifsrﬁlqmﬁga%simpﬂinﬁﬂlilﬁepﬁ_ﬁ&s Vary over a
w de range 5 depending on factors such as the desired coating thickness,
the area to beteEsheiry. Biedormatign of finfilms by P VDincludes e prpeesigdf be used at nearly

any concent r apirefngdftevipdshion) f dil ute vapor is to be used, it nmay be
combined wf th neapi e A GRIRAL N EpdBRnsHG R i Bblion fGPN OF hel [um The

process of” this invention can be’u epo esl e coatings in a
wi de vari et yprastssashimpiahersesure CYP (AKYDA hooreswsACY Y and playme range of from

about a monol @yGLed £OD (FEVES. SRUR thish ARKAVANdvatages MdQlsRRGage POSSi bl e.
Greater filmthicknesses are g)sm bl e .wher endﬁgse F{)gl I.cali ons warrant
such t hi cker Wﬁmwfwwmagc& Jrehadend Apcr LHR PR BPIPIREEG  thin fil ms

ar e pref err edwithrthepbitfeant tiwge o« edilbinibearf.i | s that are 4 mcrons or nore in

thi ckness, gt o n niyi 26 Rl&3R CYDIHIVIY devill SiRuGPAhds KekaspBRImidd SO cover, or
be covere Oby ot her %%gt .t:r::g% sucﬁ as\ﬂ%iegz 1 ceoatiri ’ '021/ nmodi fyi ng

) . S, .S
cerani c oxi dereichignaiode at empertyses obBRPRPHINAY o 'F%sg‘éaPSPgT ¥4 car bon
contai ni Ng COo&bdstigks rempérdnir€@ntranbflitiedepesitios chatnber 8 essgrigzaladan nggher si | i con
i trogen car Dofl ol L Bliddon b0 drd I weaklylabyefis GROYAZANAL hE GOSN Contal ni ng

coati ngs, andT‘(’gr diranon (e ca _coatings. Such coatings and their
mechani sm of #eysbrat of tesrieagtans ix$irseipi Propprijopad todfieyr concepigpiondy e KBS gy ar e
t aught . i nkal Hﬁ‘ﬁﬁnipéi h&no@%ﬁﬁﬁqc&‘&aﬁmﬂgf&z&nﬁﬁﬁhe vhibgaalisent e 20 1990. The
formation of Lhe LiMIE Al lddSuk BEED A LRkASGONPL LaDGhY o | arge variety
of techni que¥¥WRFER caltConceptual 'y be divided 1nto two groups: (1)
fil m growt h byre oieratedin she mriass fransgortdmieg egime vy bsdetiengd sutaligafeni th t he
substrate; angfe)ard suppied aih AR Nuxdy reach@P OFeintob: MMieinich@aPCVIEauUSi ng changes
to the substrate or. fsl I m matnﬁri al . %ﬁ‘f"’ far %gnr% siiemeBdNshah et al .,
DEPOS) T1 O TECHBLIE S KR TP XREEoA R , §°es J T Bar k
20  wafers and moving them under a gas stream.
In contrast to APCVD reactors, low pressure CVD (LPCVD) reactors operate in 2

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  homogencous 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



Ri dge, New Jersey, 1983; and Vossen et al., TH N FI LM PROCESSES, Acadenic
Press, New York, New York, 1978. The second group is nost rel evantg ige e
present inyentign, and it i ncl udes another - three subcg $39ds deposi tion:
(a) chem cal "vapor deposition, or CV3 in which solid 30 filns are forned
on a substrate by the chenical reaction of vapor phase chem cals that
contain the required constituents; (b) physical vapor deposition, or PVD,
in which t he squisaedt efdheqressareThe Rgt pifeptis that thereis prasp drae aaiopdgr afmagnidged from a

source to fOrifdr@se\ViPROFanspbit SFkeadeits 1l theARBRMY shulde AE byOFSIuds MaewmEed pressure
region to the su%strate where it condenses to form1 6 APR 2004 WO

01129141 PCT/'58 "89?§§é 12 the thin film and (c) coating of the
substrate with a LPQND dictomhiedbigne inttheprinni cofigergiofisofyhotideatal el i d thin film

Wien a CVy pr,@&{%?ssana )H:?a%ﬁ ﬂE\psttlQ:an :%dc&!&' ﬁor&ma.@é bt fMiteabibls 8, the process
is termed epitaxy. formation of thin filns by PVD includes the

processes of @W%‘@Fqlﬁﬁﬁﬁm{}e&ﬁ’@r%ﬂ%ﬁmeﬁ"“FH@FYé“’-'éF’él“’(fﬁF"F ently three ngjor
types of chememitlng/@gcm,sm@ﬁemds mmn(o@d@)ddomemeﬁmsrheﬁmpher| C pressure

C\/D ( APC\/D) ﬁima&? MY e (’Ig bCC&US n@'\elr SI.PEI'I om rmo%qw%ﬁt unq\/D PEC\/D) Eac h

of these net hor%as di'sa he chol'ce of an
appropri ate Oﬂﬂ)amlélﬁeﬁowalelbw@@eflfb(ﬂgaﬁﬁmmfm ar application is well

vc\:/iv})hi(gptct}%? agi i t irBSvefital NEWOSRNcRal IPKVD Feadid? filriB@ eddntls thekidmblrpapapher i c prgssure
vjices operate, | e action node at

t enper at ur es %’f‘hﬁ ?“&)??%eaé"wg}?f&ﬁe"@ a‘"I“ge’nt q§'§’p rg]ﬁe%hpr%)aftfmqﬁ |“Frf'1(Ia fed

deposi tion, taejsen aaoktdexdcbmtdp,(bht awplateth v perépted iqeanpesgashbhabages afes | ess criti cal

than in ot her sﬂﬁkmqéthI&E%ﬁfcﬁ&ﬁrﬁﬁd?t.@ﬁ&ch&f%?ﬁﬁc‘i@ﬁ:bérﬁeﬁ&'f&e%&ﬁaw y dependent
on tenperature. As th arrival tants | dlrectly

-
proportional FeeFEpEaYT Catlave stcrlyfep e f“ﬁ‘“‘[”ﬁ‘ﬁ’“b\m" dﬁ?g"ﬁ O ht ai ni ng a
honmbgeneous cmnmvtafc&tpamnelmﬁhemmcsm&m:sd1nnetliatatslhmlbkio\gascaadj'lh¢:ent to the

wafers is crifhe ﬁhwlh&lﬁcanén%fea%%@oﬁumsLﬂzﬁsep& bR BN blackess across a

waf er, reactors t are oper he mass transport limted regine
must be desi gﬁﬂéﬂ‘%‘b"‘ﬁfﬁf““ﬂi"ﬂ Bgroesty oS ppra peepeHeioL gl e t h an equal
fl ux of react aditbe supflied wihSdentichl dezhttied if @eth ARG ror hactioslly ddisengns provi de a

uni or m SuUPP! vl (188 APty AP 8 BELAL A BIRALLARbER, iRgs 20 vaf ers and
J 20 of the end-fecd tube reactors, requires no temperature ramping, produces highly uniform

depositions, and reportedly achicves low particulate contamination.
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
propertics. 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 VLSL.



I'n contrast to APCVD reactors, |ow pressure CVD (LPCVD) reactors obﬁrﬂ&ﬁ’éﬂﬂ
ina reaction r rate-limted node. In processes that are run under reaction
rate-limtegd, g tions, the tenperature of the procgg$ykgp@ts | Mportant
paranmeter. To maintain a wuniformdefppsition rate throughout a reactor,

the reactor tenperature nust be 25 honpbgeneous throughout the reactor and
at all wafer surfaces. Under reaction rate- limted conditions the rate at
whi ch the deposi t BECYhewirnesoniol nd eptimyzatiop ef sevgralidepogitignpamptersas  critical as
const ant t enpéaking ifower Basity, freflichdy, dne ot Pals Tdedeptﬁinoﬂ]ﬂocesstso be designed to

supply an inv t ations. of a wafer surface.
Under the Iowaal Br"ecéls‘ﬁ?comgFXMd'%5@7%&%&% eseﬁ”org%Xarrp esonéhperatl ng at

medi um 30 vaealpargBees 25Es @alP@WOIQﬂ%m@S.:@mPW°) ang pegsspre-giivehermesiper at ur es
(550 -600 ?),ast“hﬁw@liﬁ fHe BEONTS Hecds .stsmced@mﬁmm afREquiSsubstratt NCr eased by a
factor of approxi mat e:équl' ROO over the d t& fﬁSltVI t% at atnospheric
pressure. The®PRrEAecouel iy FpsAgeersey o /osuis vliopy ImH9mss  set by the fact that
t he di stance acr o$¥YDwistcobiusiidilg congachedollowingrospondits faupesoumer @aees by | ess
than the 1 6 ABR200M LIRS A v RERRURALIRe olinigagior 001 Of Che

pressure. The net effect is here 1s an order of nagnitude
i ncrease in tH\%m'?ef%frﬁ?ﬁ?ﬁ(f)“d‘fcth%@blte%{ﬁ@@e‘f’?f"‘i‘ﬂ‘ié’"g‘lﬁf)g’fplé{'t'%c’ghrface and

by- producti® adeisitéd; stiin strinayretuf sseat, @r giding aidigonalleR@yYDy ptbaotars are desi gned
[0 Lo primer v g0 b ALLs0E SLpcUBnd REVB YA i WhGin pifig@Ct OF 8;_and (D)

vertical flow reactors. Horizontal tube, hot wall reactors are
the nost wi depspbkssiagiing wduced pressure andechaysipe e gpsesfop e bamiey. They are enpl oyed
for depositi ng PQh ypréferred Ehbotiifent trifilnisiofkis in@fitidn srosroqued vepdvoped Si 2
films. They fi u‘cdhmbs‘p_qnoad applicability primarily because of their
superi or econBn fr'o ug put uniformty, and ability to accommvpdate
| ar ge di anét er (e g., 150 rum wafers. 10 The vertical flow isothernal
LPCVD react or chihpt her extends the distributed gas feed technique, so that
each wafer receives n |den i.ca f oo Wafers are
agai n stacked si dg n jird ”E?)m‘femm ggp({'eyalg“'kfhﬁlg&qr'ﬁ?oa ﬁsgitgéuartz cages. The
cages are pomatemad)hﬂems lbeh@aliﬂrﬁH-ﬁ@ping S’Bé»r fingtpig fomppla, g igtshan pregialp on- gas
i EJ ector tUbesl;beQ@ﬁteFMhﬂn {0 xo&&?éﬂdcﬁrﬁ&%&ﬂépagaﬁy sefett&d ahd oyBothver t | c?l ly from
the injectgr tube rou ag i e wafers,
paral lel t tﬁf?‘“\’/@q‘%sﬂh?ﬂf éfg%b’émg‘ Pgﬁmgﬁéﬁog‘t"%r}l oetr%gggﬁgtgv?/ H:e cage. The
more preferably 100,000.

In a preferred embodiment, the precursor for this film is a silsesquioxane having

the formula [F-Si0, s],{H-Si0, 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 number between  and n. This film is
25  formed by curing the film of silsesquioxane monomer deposited onto the substrate.

Prior to initiating the curing process, 2 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 2

a0 coﬁveniem pressure (typically atmospheric). Alternately, this step can be combined with
the following curing step under most curing conditions applicable to an ILD or PO

deposition,



size, nunber, and | ocation of cage perforations are used to contrdlf APRI04
flow of reactant gases to the wafer surfaces. By properly optim zing cage
perforation desi each wafer can be supplied w thp-flg@bhgml quantities
of fresh r¥q&y2 H‘?s fromthe verticahdy adjacent injector tubes. Thus,
this design can avoid the wafer-to-wafer reactant depletion effects 20 of
the end-feed tube reactors, requires no tenperature ranping, produces

hi ghly uniform cPelp!@msrﬂSFSem@lanea@ﬁUﬂ‘i@Eﬂﬁf"éﬁ?“f“’&b‘hi"’é‘()‘éé“‘\’g&' particul ate

cont am nat i op %Q%&,&H{&yﬁ?bx@ﬂem@/%ed&%ﬁmm&nﬂleﬂeadilﬁﬂnanﬁtropénasrra enhanced

CVD (PECVD). met'hod 1s ca not on Y ure reginme, but
also by its ﬁﬁ?&?ﬂfﬁfg‘ﬁ‘f 3“6W@Pﬁ?’mtﬁ"ﬁﬂu&ne"@gt‘H“é’rgmt“har{x?og'l4)9%:3&2oI ely on thernal

energy to i nk-.{irlngltnaesaf‘nﬂmsm:sxmmmst@hma:edlsomhreﬁew%m In @ECWD uses an
rf-induce w,di s I fimlddngh£act ant  gases,
all owing t 2’”5’6?" %H&nﬂgm%ﬁ%&ﬂm%%w%% er at urge than i n APCVD or
LPCVD procesm@@lan_r@m?a%‘wmxr"&t'@“@'éﬂﬁ‘eﬂ"&f“ﬂ%‘"l TR or advant age of
PECVD, provi Qhﬂq:herislrésﬁnsdﬂﬂﬂﬁmcm@dﬂmﬁ&n@dhsﬁdfafeeﬁHmumdmmemgl sufficient
thermal stability to ac coating by other nethods. PECVD can al so
enhance depoé‘f“i“f%hy Pﬁ?“ég %“'8xra“those achi eved using 30 thermal reactions.
Mor eover, PECVD CHir preseotduvsision i fomprebeadedl foose iniskseraviedmnliesidisdshs and

propertieg ?E%Aﬁ.ﬁi%ﬁue% QRRibik @@c.sgwmere@nbgaomeadhﬂmmpusmw pi nhol e
density, goo t

covera el ect.r.ical rties, and
conpat i bi I'i t ypewhint Fvep P f'ﬁ’é‘hﬁ‘laﬁé”bfaf %F‘ﬁ“ °r'5’ﬁ§¥' T co?dgglésss have led to
appl i cati on Qfentualecofne kxpesed 1 mlkt@E and/or @ymPRthm‘Mg\f\BhGIPQ@GI’Hf
PCT/ U500/ 2873[? deJIAE d ﬁgg\{)@ckjéﬁﬁ%rfn%e GEhveRion B BIEh c@rﬁﬁr&h@ﬂdlﬁbh@d’wlmf sever al

deposi tion paraneteéers, ' including if cy, and duty
cycle. The dedseasition resshogsythatise Gacs ?“’“‘Ef‘é’ﬁgﬂﬂ‘@h’flﬂiaﬁﬁ% %/dcl)’ i Irt@“qg i

i nt er depenslenfurmspgiseapiokdnesia cragamet ers, as well as on the usual

parameters of gas,Loipos E(;%ﬂsesq&l)ﬂwtlﬁ@ﬁlﬁ%eﬁi&ﬁpyeﬁr&wﬁﬁ@the@ﬂdi pressure.
Furthernore, 5 as Wi th L D net ho reaction

limted, and abﬁéfefadta&mﬁ‘i“%ﬁc’é‘elyf‘é"ﬁ‘b‘%@ﬁﬁem"?ﬁ ‘E,’S’HFPglm‘i'amf‘ KUS necessary to
ensure uni form-:ﬂdni d&&ohbﬁlﬁnms\;en(Ek/ﬁ)ssqubtaemoluslaa1ﬂ1p9sm@mm°al n the foll ow ng

conponent s: as._source . con |s|c ati mdﬁﬁﬁs flow
p (sl Ra08 UL i cRb 9 conl AR RS )

controllers f gases rnto %/ {{,‘ﬂ% é 2y, eaction
chanber 0r20r ecoteiving atms)’hf& CARAITRSE! 'F”&Pb%\é’aﬁﬁfﬂﬂ‘v WEYRIEPS S 0 whi ch t he
filmis to behQinfigRes itofds% RRGNcihinigin MEabivy 96% redifivedymidianEhe f or addi ng
addi ti onal engcgy edgxclgl: Jlloelst}urenn?a?f'%v;:s ;;resent 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,
brydrogen 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 1o other materials present on the

substrate, e.g., particularly metallized electronic substrates, are generally unnecessary.



and (f) tenperature sensors. LPCVD and PECVD systens al so contain punps
for establishing the reduced pressure and exhausting the gases f{grﬂplﬁlm]
chanber. In a preferred enbodi nent, the filns of the{, M are ¢
produced ustAY D with a heated supstrate. 15 wurine Tn as?’ﬁi rd aspect,
the invention provides a low k dielectric filmconprising a material
having the formula [H SIQb][F.Si)d. Inthis formula, a is |ess than or
equal to 1, Heating igupemiues in thhangeof abad LFAIC toeboit 780 “Carvgreferabladviti ar e

i ndependent | Y 56l-f64GOhaARge #0806 @ 12B0@5R3¢E Ging R Prefelled. AR € pref er abl
100, nore pr efee?abl y 1000 err[a)r(g pr eflergtb 0,n800 gﬁd cr'mﬁ‘?e(ra prpef er abl yy

o ly 1 .
100, 000. | n a®BfEmeFtEe™l Amaui R e PEEUISBFINE this fiimis a
si | sesqui oxan&ghasmkcggioxmhﬂoléc@lé tlliked, theFcortpoblisof thédufmisfle®|indludisherein x + y =
n, nis an.nteger ] . 30, i I nl and n, and
y is a whole F\eﬁ eé‘?l_m%‘g'%gﬁaﬂ'%’ggﬁgﬁ?w@ﬁ? Ls_'ﬁf ‘?‘Fhr%c%p%%%rnfc %ﬁ‘}r%emﬁ&by curing the
filmof silse3pstlessionnéanropristeendiens bsicl withinghragilites of haspdekilipde ~prior to
initiating thgqcuring process, a filmreflow process can be perforned to

snooth the surface, of the film, After.coat.i.n Sil i e filmrefl ow
can be effected ﬁ'[ymi’lﬁl's§f"ﬁ'§"'yt°ﬂ"émctméitrfr°15%tr'%ctsﬁéﬁge’g ﬁf"ﬁéh%g%’%étu?ﬁ@% to a
t enper at ur e b&heteating gef@ tDicallyds if HOragge of wpyqrbewhd hoprss Beatingimesof 5ssri nut es. Thi s

;E ggsmig ?1? dﬂﬁ?alb%ntﬁzﬁ(%ufs;e.g‘lﬁb&u{b.ltt@ﬁoﬁﬂﬁduﬂghré}::ﬁﬂn@d]t, at a 30 conveni ent

_ ypi cal at nos ric). ternately. this step can be conbi ned
with the foll ow n%‘e Eﬁ?ﬁgﬁﬁw‘g‘fr‘é‘b%eﬂﬂ@lﬁ“ﬂ‘ﬁgﬁ alé%‘?’?"%“&“&n%‘i’"ti ons applicable to
an | LD or PO aepbsic picsure), bkt sgbaxiofphefio Prgssyr@ pirddadubm®d® PCT1US00I 2$738 Pri or

an silsesqui 0%@%@1@9 L ibksirds hAP a3 Y EnpREQN ARMEBR bifReatA, lubiis mambi ent s,
resulting in wde yﬁvgr%ﬁgsﬁﬁoerti eps?éa"l'h@wé anbj eean?g'ré_ include air,
anmoni a, ni t r 3Eeh? conyssiio BVQ%HP'QPW',P’%W%VH@%%@H?%W BYEN**General | y,

t enper at urgs @herg@lixqeterathdfincGonaln Ohe rotif haatpgt morwser,of alsa o oritic8Putriiinut es t o an

hour ar € al S0 n;oﬁ!ﬂgtﬁcalia I‘eﬂﬁ’eﬁsiicgtrasﬁﬁialyaslp&sisﬁérj[i cul ar, 5 it has been found
that curing in air produces a predomnantly S -Ofilm curing in
In an alternative embodiment of this inventior, the formation of a silsesquioxan

thin film is accomplished by subjecting the coated substrate to ultraviolet (UV) irradiation
or an electron beam. Exposure of the coated substrate to such irradiation has been found
20  to effect the desired crosslinking conversion of the silsesquioxane molecule in the coated
substrate. The irradiation treatment is ordinarily cammed out without subjecting the coated
substrate 10 the elevated temperatures used in the thermal processing, but combinations of
the irradiation and therma! 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 generated 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



amoni a produces a silicon oxynitride type film and curing in in
_ _ erft
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coat ed sufsst rsa;faeerb@hmﬁimprmgshs@levmawmﬁmhﬂm %@F‘Pﬁ‘j‘sa‘by heating the

fgecfﬁ;‘ ﬁd . |S l‘*%&@%&‘@?J Dowt QIIRRE ALK Be SIS Gﬁ’cﬂdofdm ini@ aft fo€hdaeat i ng to form

er at r ef er ab|
preferably atanpepgstiatepRiet f“l@‘ﬁ?“@"“g '?%ﬁ@cgr’% fa?fl of%?%ﬁhc;né? \?\:hl cr:rﬁr gr e
often del eteri ousmc&umﬂghmﬂmaﬁaeaxpmm opﬂlethleﬁhnsembﬁm@“"’éﬂwtar ate, e.g.

particularly netal|i
1 6 APR 2004 %c féFjR sllg@% :%J%guogzgg\.géﬁicaﬁaéﬁmw@ﬂa%mﬁﬂﬂﬂﬁﬁﬁd \Y Unnecessary.

20  plate capacitor of constant area so that the mcasured capacitance is inversely proportional
to the actual sample thickness. These measurements are typically made under conditions
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



Heating tenperatures in the range of about 150 C to about 700 C are
preferable, with tenperatures in the range of about 200 C to abolb ASRQJIC
bei ng noregpyghihyr €d. The exact tenperature w |l depgrsarshact ors such
as the particular substituted organgsil sesqui oxane nol ecule utilized, the
conposition of the atnosphere (including 5 relative humdity), heating
time, coating thickness and coat]ng, . c Qsi tion_conpone . The sel ection
of appropri atkreRdadies gﬂ‘éhafgﬁe'?/@?flfm%b?ﬁf e °%PBM"F{$@@'(S¢@I hose of skill
in the art. kaminhtivgof thesefhine Tauls/ iy a preferctt etedimbmnheaurfatenmughadsof ci ent to form
the desired thin film The. j i i C {s in the range of up
to about 6 h%hﬁgén.sOhg%’{"fmrl{;gmtﬁim&%gé%?ﬂ’l%ggah(g‘gli&t]:%hﬁg‘nﬂ;f%rﬁ% 2 hours, e.g.,
about 0.1 t oecmwdimenthimGims of thedpventipn asf chgracispized forber bybging yifosyadt edure i s

gener al | y scoRguti-ednealienddty athordfi@ss4phe (i . €., atnospheric pressure), but
subat nospheric pressyre or a.parti vacyum or . super at npspheri c pressures
may al so be enpl 0[9%\5“% S’?&ﬁvscﬁ@'t’%os “58@ 'R EBPIRG tg“’s%‘@f‘n&}g'se HE™ (€e of a
convect i on owemple/FAH wectréreapyreeh poyidedeiermption regdnding thelstmcrre opflmg adi ant  or

m crowave 15 (enero¥rire QR MG peththrs, DRChIc@N@bhperallt® wilidcQedfy heat i ng,

noreover, is also_not critical, but jt is _npost practical and preferred to
heat as rapi dogucsfimspaviog ﬂh@?“a}{ﬁpcé'ﬁ" g“’feg‘f’hﬁ‘fr?rfﬂép"éﬁﬁ%ﬁ?'% “S%f this

inventi onlo t hedefeasimalieisitanol odnicat of ¢ bieSlpui oxane thin filmis acconplished by
subj ecting the Coﬁﬁggam%ﬂﬁtfﬁn £ aWlybedIRY bOhBiphdud-Mhcolrd &gl ation or an

el ectron beam Exposure of the coated substrate to such irradi ati on has
been found 20eewingd yswg X-yddbqdm; r ed crosslinki ng conversion of the

si | sesqui oxane notRedtnkis of e fillieof do verdon cantp Siriedityselectidneof ihe filadi at i on
treatnment is ordjnati i AL ' ' 4.8 peoat ed
substrate to pf'“'lﬁ'ge;g ogl g@%ﬁe‘%@tﬁ%ﬁg?g&%ﬂﬁgﬁEggg%ﬂ%ﬁ%ﬁg&%‘:ﬂ& n@? processi ng, but
combi nat i bhs caing sipgse Theppradty a&CP'HWsﬁﬁ'&esﬂﬂ@‘F??éﬂﬂmsbsr]ﬂ&‘H's‘%P‘rfd““f‘r“’@8‘{ nments coul d
be enpl oyed, di tehperitire Goth hlmnes ildpesdy conaneitiiireasifgictraemfectured usi ng

i rradi ation-base ocessi r ral . 1 Lrivzef as having

hi gher Si 2 c‘@?\?gﬁ%}émﬁ%’a?\f'e{h&& cog ﬁ? ﬁ‘r;]rg]gs}ﬁilrm‘t@J 'k‘?@?ﬁ@%@?ﬁg?ﬂﬁﬁocessi ng under
ot her wi se i detreduesa|Densisuis preferebboisimitedbyoveizhing hef)a ATdaRsasudme ' he use of

i rradiation-baped P5OARESTSicRTromdhediBdtioR Fodeal ingakrdll hass lowearyledsiey gener ated on a
substrate (ﬁy h s]FI etcti ve focusing of the radiation. 30 Characterization
Al t hough the ‘Eﬁ“g}f«?? PE$%f a bulk material are well characterized, the
same material i nThedieleetri¢ qenstapyofig Fapiewlar SrrambesasprdiydeMBEAP hat are

subst anti al | ym&hioh lvgiciei0knol @BRe 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. It is
particularly preferred herein, however, to coat electronic devices to provide a protective

or dielectric coating.



those of the bulk material. One reason is that thin filmproperties are
strongly influenced 1 6 APR 2004 WD 01/ 29141 PCT/ US00/ 28738 17 byl 6 WPR a0
propertles\vwgé in bulk materials this is not the c soofdgst hin film
by its er hi ti on, has a substgntially higher surface-to-vol une
ratio than does a bulk material. The structure of thin filns, and their
nmet hod of preparation also play a vital role in determnin the film
properties. $ Thelanesemplary erbpdigentshe supptrageis aspreieondyatprsaistratele B ques f or

characteri zi rwmmlmédb&m,sfudmmhmlmco'ﬁmm@em@@e @dr fnstaREc ul ar x ray and

neutron reflecti ener dis | ectivi t

ext ernal refl% 8‘8’[‘% é 5'8“‘?‘%9&/9# eggllé %%d'f\fﬁvc?llgﬁ"feéd‘f"f"@f'f'ﬁﬁt gtom c force
m cr oscopy andedeioibepqnnmmlyctlyaeeacoﬁducungabuﬂnan ther diefectgit layeks.may Pr oc.  ACS PMSE
77 626 (5199 corﬁhr)nﬁ% Iayer lﬁylnl)t esemldt\é@cd: %E (%[J:sg’ill ERA, Vol une

1 (Process 10 trce ess Sunset Beach lif. 1986),
i ncor por at ed ln‘@P‘é?P)n IW“%ﬂ]EF@H% film fsidepasitecy caén E¥B oFaslseEpuiont er i ned usi ng
comercially mmqnhaéa} @cmﬁtswsw@mcsvesmmowaﬂ film DleinOEpe ehidiTay b&Cor r ect i on of

filmthi cknessf“{) r1ed lcl;t%ml:cg(gle ﬁy (éL P?agf( I %IIJC{:&%HI?F%%OWXT cuﬁéﬁbrr@% Refractive

i ndex of thin & " usin uch devices
are commer ci ahésgstepslathd @mliwcﬂbdﬁt%ﬁqfoawwf‘??é‘t”%d@ B0 characteri ze

- 15 SurfacqorOfdgﬂﬁﬁ&l&)t‘mﬁdshmlbmfo@ﬂﬂdcéMIsesﬂloﬁn?ﬁﬂd'\daﬁd enmsdtmnt and the |ike.
These net hods are °"§{<ﬁ1" y described below It is well within the
1

abilities of WH&BY in the an to choose an appropriate method for
determ ni ng a desilwtbgie shuwptesdedneistriopncg fincs, africtakigyerfis deprsitepdent | on. The

out - of - pl ane {Bef R SeRamMed Rifds. QﬂfnyBMeﬁohh@chnhécﬂﬁesQﬁﬂn@@onHﬁﬁﬁnb'red using a
capaci tance cell. The sa n;pl e i s us paci tance of a

preci si on par BOPETS cafe pEsgitoinispee| q“&‘r“b‘%%&"ﬁ%f’ eghci?ﬁ?iﬁ‘@ S@t hat the
measur ed dapaciddr aficse 2i0sni¢ronead sehizpntgitiigkuess whish zdriesby design batwilial  sanpl e

thi ckness. Th%x@an ?iﬁh'.E ﬁﬂ@%?@zsf&r ﬁm.EerplpmaJ:ﬂcyormﬁﬁl@omd@,ﬁneamﬁtl ons of
controll ed humd The 'surface ro;i%eness Fnrs as a result of

t he randorrnes?)"éf’f“tfﬂ%"f"éfé’ﬁ'&’g‘i‘“t‘?’6’??“‘8 @§ss"‘°ﬁé‘3‘f’“df)i"f"|br§ KOSt al ways show
surface roughmesser o£/RH0 hiongh oftibially bedépositeve e mirccaf thi ghawre.ener gy st ate
than that of a perfectly flat film Depositions at high tenperatures tend
to show | ess surface roughness. This is because increased surface

mobi ity 4% ate tenperatures can lead to filling of the
peaks and In another aspect, the invention provides an object comprising a low k dielectric

film, said film comprising a material having the formula [H,8i0,}[F.SiOsla. In this
formula a is less than or equal to 1; b is greater than or equal to 1.5; and ¢ and d are
members independently selected from the group 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 diclectric 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, SiO,, Cu, Ta, TaN and combinations thereof, more preferably Si, 8$i0; and

combinations thereof.



val l eys. On the other hand, higher tenperatures can also lead to the

devel opnent of crystal facets, which may continue to grow in favbbhedR 7004
directions, ﬁ?}qi pg to i ncreased 30 surface roughnessP‘f‘ﬁJsoh

terrperatures e surface roughness g neasured by surface area tends to
increase with increased filmthickness. Oolique deposition that results in
shadow ng, al so increases surface roughness. Epitaxial and anorphous
deposits have shbpPtiseRIeftiTed ermbodiment ths Wafeametadlized, preferauyithiay t he geonetri cal

area, inplyi ngmbiGel@l G Epfer, Lmﬁuﬁﬂ&&ﬁ%d&@d Eohb@ibAskndel] | USOCO' 28738  1s

of very flat fiI een confl b ni.n | ectron
M cr ogr aphy ( SEM “sé'ﬂtgﬁ*"ﬁg‘?iﬁg’ﬁexﬁ’phfs AR ?dll Xcs%ﬁ% cm'f’%e E’ preferred
enbodi nment , tithetrative fugposs snineghtha saiowimodifigations orichppgesin ligh thereedfwdnt i on i s

i nvesti gatfd o) %M@B%oﬂiskiﬁﬁ%mé{haﬁdﬁét@fn@lwe@dmmpsgin%ﬁlﬁmxwl n filns of
the invention are characterized furthe bei uniformand 5 crack-free

when vi ewed W ‘héla@ﬂ‘[”r“ﬁ‘ha“ﬁfrﬁ?oﬂﬁ‘}“'&ﬁ)ﬁwn ‘f"’rfF‘?P&Pféllf “%pﬁ’?é’&‘f ey i s al so useful

t o char act er i puBlichttoss, pateh@Bndyfateiit Agplidation@cited kerein afeditrebydncorpgdte by FT1 R
spectroscopy ?@%w@h%%k@%d@ﬁ&%ﬁ?@%ﬁ&” regarding the structure of filns
formed at different cure tenpefatures. Different cure tenperatures wll
frequently produce filns having different IR spectra. Moreover, infrared
spectroscopy can be used 10 to determi ne the silanol content of the thin
film The organization of the filminto a crystalline or anorphous
structure can be determned using X-ray diffraction. The density of the
films of the invention can be varied by selection of the film precursors.
Porosity devel ops during crosslinking of silsesquioxane nol ecul es during
the 15 curing stage. The porosity of condensed sil sesquioxane filnms is
known to be a function of cure tenperature: both thickness and porosity
decrease with increasing cure tenperature due to densification. The
density of a thin filmprovides information about its physical structure.
Density is preferably determ ned by weighing the filmand neasuring its
volune. If a filmis porous fromthe deposition process, it generally has
a lower density 20 than the bulk material. The dielectric constant of a
particular filmcan be neasured by the MOSCAP nethod which is known to
one of skill in the art. Wien the filmis a conponent of a



device with interconnect lines, the line-to-line capacitance neasurenents
can be carried out, for exanple, by using a 0.50/0.50 p. mw dt h/]spgqamw
conb structure. Other methods 25 for nmeasuring dielectric constants can be
applied to the filnms of the present invention. Substrate The choice of
substrates to be coated is linmted onl$l by the need for thernmal and

chem cal stability at the tenperature and in the environnent of the
depgsition vessel. 30 Thus, the substrate can be, for exanple, glass,

met ek Mt astic, ceramic or the like. It is particularly preferred herein,
however, to coat electronic devices to provide a protective or dielectric
coating. 1 6 APR 2004 WD 01/29141 PCT/US00/ 28738 19 In an exenplary
enbodi ment, the substrate is a sem conductor substrate (e.g., of

silj con) 4 14ha sy ' j | i ' copduct ers whi ch_may be,
for i nstance, f%r% Frﬁeb %? hs;%frgl@ﬁ% ﬁﬂﬁ% 6%?5%”&%%&?5 %HP%‘;PFO%%V%HOEI"%%H c

fil ms of nmztesiabhsdeppthd foraakai on need not be deposited directly over a
conducting layer (i.e., other dielectric |layers may 5 intervene or a
conducting | ai}érglééy[fn%@bhe present below the dielectric filmof the

pr esent '[]E}%ﬁﬁti on). In general, the dielectric filmis deposited by,

e.g., ovB"8F A sil sesqui oxane film precursor over the substrate, followed
by refl oxisaBg thhh Bt &4ifal fRP1;st eps, which may be conbined to convert the
filmto a final form Either during reflow or curing (or between these
steps), b segreatenthien or ppeadad 1y; smbj ected to a tenperature between 120 C and

200 C 10 for a perjod.of ti sufficient to produce, sil sesqui oxane reflow
and enha%%'é&)‘il e %thﬁﬁsi‘ﬁéﬁﬁcfﬂ‘ﬁ?”gﬁ’ selepled tom the greumseansishing eSthsantepeys

i nterconnect LiAgsha etal layer is deposited and etched to form

i nterconnect Tines. Any nunber of interconnect |ines and interconnect |ine
gechet r i B Gl abeorging d@ ntaim 1nwviceonsaéd filch haes dieypiriaddnytaheofrdn WBsiti c al

t hi ckness on the 15 order of 0.5 - 2.0 micron and a horizontal thickness
whi ch va‘F’i“gg design, but will typically be in the range of 0.25 to |
mcron. After the formation of interconnect, a thin |layer of a film of
the i nv ' Afid eniBhRIk GO0, gi.oxide) with & thigckness on
he or der ol R e el 2 h s i bl oD sl o B4 e
of the sgerabewtd.e. 20 bjects Incorporating the Filns

4. The film of claim 1, wherein the film is formed by chemical vapor deposition.

5. The film of claim 2, wherein the film is formed by chemical vapor deposition.

6. The film of claim ], wherein the film is cured.

7. The film of claim 2, wherein the film is cured.

8. The film of claim 1, wherein the film has a thickness ranging from a monolayer o greater

than about 3 microns.

9. The filin of claim 2, wherein the film has a thickness ranging from a monolayer to greater

than about 3 microns.

10, A method of forming a porous low k dielectric film, said method comprising:
providing a vaporizable material having the formula:

[F-Si0, 51:[H-8i01 5]y,



I n anot her aspect, the invention provides an object conprising a |low k
dielectric film said filmconprising a material having the fornuhq%APRzm4
[H SiOb]r.[F,Si]d. Inthis fornula ais less than or equal to |; I'S
greater than or equal to 1.5; and c and d are nenbers independently
selected fromthe group consisting of th i ntegers greater than 10. 25

Al t hough yihgeifii | M8 of the invention carfZbe i ncorporated into essentially
any device or object in which a lowk dielectric filmwould have utility,
in a preferred -egqgdi ment, the object conprises a wafer, preferably nade
of a material acting as a sem conductor. Sem conductor wafers nade of a
vari ety of namhgsralgegardetvedeh Zkandvd®; i n the art and substantially all of

t hese wafers ar.e appropriate for coating with the filnms of the 30
i nvention. |nXdspF dreser d§ssBdaindenend t he conprises a menber sel ected from

Si, SION, Sil,;gl . T and conbi nations thereof, nore
preferably Si E}J'SSi bgg‘gﬁ'gye“é"o Pr%ﬁil'\lf‘ons thereof. 1 6 APR 2004 WD 01/ 29141

PCTI USOQ! 287 38apcidgntranapbiesabRy RERAY G YaiEka idifef ef i s

nmetal lized, preferably with a nenber selecte romcopper, titanium

titani um nit r AeROSHinE Beneparivel orderiahentoaf subkitate;sandnder st ood t hat t he

exanpl es and glrlmod' ment s .,deﬁsc.ri bﬁd herein are for illustrative purposes
only and t hat “Vat5 O8R4 8ns or changes in light thereof will 5 be
suggested to persons skilled in the art and are to included within the

SpiTit anse REfhOd el X Wh k i aresconsidered w.thin the
scope of the appended cl ai ﬁ@ﬁﬂ&%{ﬁ&'ﬂﬁﬁﬁfﬁ%ﬁgﬁmﬁﬁ%ﬂpgp capfistipgof the
appl i cat intagersclrered thdbeimhaie. her eby i ncorporated by reference in their
entirety for all purposes. 1 6 APR 2004 21 CLAIMS: A low k dielectric

porous filmc ri.sin terial that is formed froma vapori zed
mat]g#i al hl’}% F S’Htoﬁél"f"gll ﬂnﬂng':"flﬁ-nl I8 2ieIpbar seletieth frem thaigeoupi eonsistisg bfshs t han
or equal inte@ers: from 8 10 12.

13. The method of claim 10, wherein about 75% of the vaporizable material has a molecular

weight of less than about 3000 daltons.

14. The method according 1o claim 13, wherein about 75% of the vaporizable material has a

molecular weight of less than about 1800 daltons.

15, The method according to claim 14, wherein about 75% of said vaporizable material has a

molecular weight of less than about 1600 daltons.

16.  The method of claim 10, wherein depositing comprises vapor deposition, spinning-on,

dip coating, spraying, sputtering or combinations thereof.

17. The method of claim 16, wherein vapor deposition comprises chemical vapor deposition,

physical vapor deposition or combinations thereof.

18.  The method of claim 17, wherein chemical vapor deposition comprises atmospheric

chemical vapor deposition, low pressure chemical vapor deposition, plasma enhanced

chemical vapor deposition or comhinations thereof.

19, The method of claim 10, wherein the vaporizable material comprises 2 film precursor.



b is greater than or equal to 1.5, and c and d are nenbers independently

sel ected fromthe group consisting of the integers greater than 1{g A:;BF 2004
The filmaccording to claiml1l, wherein said filmhas a dielectric constant
of fromabout 1 to about 3 3. The filAfaccording to claim2, wherein said
filmhas a dielectric constant of fromabout 1 to about 2. 4. The fil m of

clapgm 1, Thoa{cahdd dM8aikd 1 nviverd; - i qal vapor deposition. = 5. The
filmof claim 2, vvherlgll Lﬂ%@rélﬁﬁﬁ(ﬂ%ﬁ%{%ﬁgﬁw%ﬂg cgmerfg%rﬁcﬂffﬂ’érb%@lﬁi on.
6. The f5H0%d fabobed®C, wherein the filmis cured. 7. The filmof claim 2,
wherein the filmis cured. 8. The filmof claim1l, wherein the filmhas a

thi,)ckness ran(ﬂlmng froma nonol ayer to greater than about 3 mcrons. 9.

The? ki | ml g mefhgdracoordititoaiiaint Hy wWhictam Rasorizidghis pkrfessed @@t V8 uhipM a

nonol ayer to greater than about 3 microns. 10. A nethod of formng a

porpus low k dielectric fil sai d nmethod conprising: providing a

vapic?? i zable™ Ograicﬁ?‘dﬁwf’r‘ﬁ&l » POETRA ¥3POPRINg iopespmeddiingeOtaciiyie 1 6 APR

2004 wherein: x * y =n; 22 nis an integer between 2 and 30; x is an

i ntager ‘pet WedddloraNSmo. A8y il er between 0 and n, vaporizing

the vaporizable material” to ?Cg%/?nlhgng\a/té)grg)gggseﬁl%ﬁﬁ\gﬁih&& eg&@%??”ﬁ‘? A the

vapor i zewrmmnarimalthaasfo a substrate; and curing the vaporized material .

11. The method of claim 10, wherein n is a nmenber selected fromthe group
of integers from6 to 16, inclusive. 12. The met hod of

co%%i sti. t he, . : :
cl &'m 1170Spethed of flaim 2. whetsir cusinzds pesentpliohed thehgtiap o £ enspeiungof t he
from about 150°C to about 700°C.
25, The method of ¢laim 23, wherein said temperature is from about 200°C to abour  500°C.
26. A porous low k film formed by the method of claim 10,

27.  The method of claim 10, wherein the vaporizable material comprises a CVD precursor. |

28. The porous low k film of claim 26, wherein the film has a dielectric constant of about 1.5

10 about 3.

29.  The porous low k film of claim 28, wherein the film has a dielectric constant of about 1.5

to about 2.
30. A semiconductor wafer comprising the film of claim 26.
3l A semiconductor wafer comprising the film of claim 28,
32, A semiconductor wafer comprising the film of claim 20,
33. A methpd of forming a porous low k dielectric film, said method comprising:

providing a vaporizable malenial having the formula:
[HsSi0p)e{F1SiOp]s,

wherein

a Is less than or equal 10 ];



integers from8 to 12. | 3. The nmethod of claim 10, wherein about! 4PR &4
t he vapori zable material has a nol ecul)ar wei ght of |ess than about 3000
daltons. 14. The nmethod according to ¢f ai m 13, wherein about 75% of the
vapori zabl e material has a nol ecular weight of |ess than about 1800
daltons. 15. The nethod according to claim 14, wherein about 75% of said

vapori zabl e matielidke I .ar swei ght of less than about 1600
A damf colf) B g

daltons. 16- The Wherei n depositing conprises vapor

deposi tion, _spimndidige atmbek BIGRALEAL AT Rk g&ilsri"sangrof

conbi nations thereof. 17. The met hod of claim ern vapor t%Feposi tion
conpri ses cheMEgArs gstsr thiwp®si ti on, physical vapor deposition or

conbi nations {hereof. .18- The thod of claim 17, wherein chem cal vapor
deposi ti on cotriwf)‘:r’é”s‘é'%g Q‘Fﬁ%&%@?"@a@ﬁ%ﬁp&m v ApRAT4gd perdsrialon, | ow pressure

chem cal vapo Qs 1k OF SR ce m cal vapor deposition or
conbi nati ons ??}%%20 .lhgggpofﬁlleeanet rgaglao ac&glstﬁ?qg’d’jn%vmgei n the vaporizabl e
mat eri al conprursesthe vipbmacdmegerigor, 16 APR 2004 23 20. The net hod of

cl aim 10, wherein vaporizing is carried out at a tenperature of from about
50DC; to_about 300T. .2 1. The nethod according to claim 10, wherein

vag‘h zi heF methed of slaimd Jundercinahont #5% fahe Tiperinstilb athtaiad hidi Reldcale! ai m

20, whergii i Z1 L f.ormed under vacuum 23. The nethod of claim
10, wher e%%h%égﬂg#gﬁéﬁgn%éﬁgggé ﬂﬁ'[qnﬁvi ol et Iight, electron beam or

conbi nations thereof. 24. The method of claim 23, wherein curing is

accxnpl i Bikestethypd headridng 1b @ladm 3B RRERT ISP 574 >0C t o, about
700C. 25. The net hod 2% cl ai m23, wherei rll1 Z?ai (frfﬁﬁegn‘%grgg%%b&%"\%&mﬂ ﬁ?ﬁaabout

200C t o BpBGeIaspeiaht of lzss thap pbows 00 dattdasf i | m for med by the met hod of
claim10. 27. The method of claim 10, wherein the vaporizable materi al

COMY i S K recyrsaor., .28, The porous_|ow k filmof claim26, wherein
Chetti “Z‘Q%Qﬁf‘)“é °e‘§¥‘|giq%°£aBH§§aWFW6‘r% dhogli{>% of said yapasizableanatedal iehe

porous |mwlekulby Weighi oflesd hd SrouIBEEhLidRe fil mhas a dielectric constant
of about 1.5 ’

3. The method of claim 33, wherein depositing comprises vapor deposition, spimning-on,

dip coating, spraying, sputtering or combinations thereof.

38 The method of claim 37, wherein vapor deposition comprises chemical vapor deposition

physical vapor deposition or combinations thereof.

39.  The method of cluim 38, wherein chemical vapor deposition comprises ammospheric

chemical vapor deposition, low pressure chemical vapor deposition, plasma enhanced

chemical vapor deposition or combinations thereof.
40.  The methoed of claim 33, wherein the vaporizable material comprises a filin precursor.

41.  The method of claim 33, wherein vaponzing is carried out at a temperature of from about
50°C 1o about 300°C.

42, The method according 1o claim 33, wherein vaporizing s performed under vacuum.

43.  The method according to claim 41, wherein vaporizing is performed under vacyum.



to about 2. 30. A sem conductor wafer conprising the filmof cl ai.,né %SR 0
31. A sem conductor wafer conprising the filmof claim?28. 32. A 4
sem conductor wafer conprising the f |2 of claim29. 33. A net pd of
formng a porous low k dielectric film said nmethod conprising: providing
a vaporizable material having the formula: [HLSI Ob] O Si Ob]d, wherein a is

| esgs t ha 3 D i reat.er than or _equal to
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consi st i agnbhafitves thebegers greater than 10. vaporizing the vaporizable

material to forma vaporized material; depositing the vaporized materi al

onto a substrate; and curing the vaporized material. 34. The method of

cl aldm 337 havmeiteidre fatromt 447 5dcudin timeng/apocdrapiinhed h}aheﬂtinglto Rasmperamkesy| ar
according to claim

wei ght of less t about 3000 daltons. 35. The netho

34, wher BPW Q}BBU{?&Q‘J@&EG‘EW@%\QWH zable material has a nolecular weight
of less than about 1800 daltons. 36. The nethod according to clai m 35,
whegei n %-af. . sai i.zabl terial hgs a | ecul ar_ wej.ght of
(ool han iR BBl B sHRRRLAS BB o a2 TR S el

depositing conprises vapor deposition, spinning-on, dip coating,

spralyi ngA papatistiewi nfine foradibyiBé et dtdfereafsa. 38. The method of claim 37,
wher ei n vapor deposition conprises chem cal vapor deposition, physical
vapor deposition or conbinations thereof 39. The nethod of clai m 38,
wheitfei n Ehetethed of slém de psicin br veperprblovatatialospipeistca CEpiccalson apor

deposition, |ow pressure chem cal vapor deposition, plasma enhanced

hegy cal . combj nat | t t. 40. Th hod of cl ai
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to about 3.

50.  The porous low k film of claim 49, wherein the film has a dielectric constant of about 1.5

to about 2.
5t A semiconductor wafer comprising the film of claim 47.
52. A scmiconductor wafer compnising the film of claim 49,
53. A semiconductor wafer comprising the film of claim 50.

54. A method of forming a porous low k dielectric film, said method comprising:
providing a vaponizable material having the formula:
[F-Si0y sh{H-SiO, 5),,
wherein:
X+y=n;
n s an integer between 2 and 30;
*X 15 an integer berween 1 and n; and
y 1S a number between 0 and n;
vaponzing the vaporizable material to form a vaporized material;
depositing the vaporized material onto a2 substrate; and

subjecting the vaporized material to radiation from a radiation source.



41. The nethod of claim 33, wherein vaporizing is carried out at a
tenperature of fromabout 50C to about 300"C. 42. The net hod acqﬁﬁéﬂh@gmzo
claim 33, wherein vaporizing is perfosgred under vacuum 43. The
according to claim4l, wherein vaporizing is performed under vacuum 1 6
APR 2904 25 44, The nethod of claim 33, wherein curing conprises

| t i [ : . nbi nat i t f. 45, .Th t hod
o 57a m G mie At of RIFEM. MhPR IiCh sl e e R PR g e <anpisinir e o o
f r om abottegkPIFok0s RO tinclPée. 46. The nethod of claim 45, wherein said

tenperature is from about 200C to about 500C. 47_ A porous lowk film
formed by the nethod of claim 33. 48. The nethod of claim 33, wherein the

vapit.i zabhemethcedfallainoffviteesn a iVRcpitee iswed okShe ERRpRAASUT Oh& film
of claimA47, erein the filmhas a dielectric constant of about 1.5 to
about 3. !MEREETSRRMAOIO0NS | ow k fil mof claim49, wherein the filmhas a
dielectric constant of about 1.5 to about 2. 51. A seniconductor wafer

co i Si fi f ai.m 47-. 5 sem conduct.or wafer conprising the
£l of ?ﬁ%f“%ﬁ%’&‘lﬁpﬁ‘." %é’“ LA Fé@’%ﬁ?‘é?%&’&%‘?‘ﬁé‘?%i{lﬁjﬁéﬁ ARGl ai m
50. 54. deipht BORsHihah AbHIIB0A DARGAYS | ow k dielectric film said nmethod
conprising: providing a vaporizable material having the formul a:
1F-Sig .s]x[H5i0l.s.1 , wherein: Xx +y =n; nis an integer between 2
and®®0; The mgthed scperdiner tolsdtimesh whegsirdatmut 25 ofyhé sapprinabiberatdrd Ween 0 and

n; vaporizing.the. i zabl e t.eri to forma. vaporized materi al;
deposi ti'HSletcﬁlgr \‘?'aﬂ%‘?g%: S%@Pﬁll%bhﬁfhﬁn%ubst rate; and subjecting the
vaporized nmaterial to radiation froma radiation source.

59.  The method according to claim 58, wherein about 75% of said vaporizable material has a

molecular weight of less than about 1600 Daltons.

60.  The method of claim 54, wherein depositing comprises vapor deposition, spinning-on,

dip coating, spraying, spultering or combinations thereof,

61.  The method of claim 60, wherein vapor deposition comprises chemical vapor deposition,

physical vapor deposition or combinations thereof.

62.  The method of claim 61, wherein chemical vapor deposition comprises atmospheric

chemical vapor deposition, low pressure chemical vapor deposition, plasma enhanced

chemica] vapor deposition or combinations thereof,
63.  The method of claim 54, wherein the vaporizable material comprises a film precursor.

04.  The methed of claim 54, wherein vaporizing is carried out at a temperature of from about
50°C to about 300°C.

65, The method according ta claim 54, wherein vaporizing is performed under vacuum.
66.  The method according to claim 65, wherein vaporizing is performed under vacuum.

67.  The method of claim 54, wherein subjecting to radiation from a radiation source

comprises ultraviolel radiation, electron beam radiation or combinations thereof.



26 1 6 APR 2004 55, The nethod of claimb54, wherein nis a rrenbe:i SA?FJ gﬁﬁt.ed
fromthe group consisting of the integers from6 to 16, incl usivg. § X
The nmethod of claim55, wherein n is?4 nenber selected fromthe gr oup
consisting of the integers from8 to 12 5T The nethod of clai m 54,

wher ei n about 75% of the vaporizable material has a nol ecular weight of

| %8, a0 p8e 03000 PRI LRASy (e gFELRd,accor ding to claim 57

wherei n about 75% o e vaporizable nateriral” has a nol ecular wei ght of
| ess than about 1800 Daltons, 59. The nethod according to claimb58,

whedei n EHeanethds Uf of.irs SdowaRiy he b ABleaf i1dial k8 ginA se LS i ght of
| ess than about 1600 Dal tons. 60. he net hod (l)f cllgi %354113 \/\/n{()elr%éllnlrgi@lI

deposi ti ng conprises vapor deposition, spinning-on, dip coating,

spr8yi ngiheqpaensdomniy fibm of olaim 681 whersintthe finthas 6diclcEvic corishadopiboat ajism 60,
wher ei n vapor, deposition conprises chem cal vapor deposition, physical
vapor dé%BE#QH%M1 or conbinations thereof. 62. The nethod of claim®6l,
wherein chem cal vapor deposition conprises atnospheric chem cal vapor

wherel n ch tion co t mspher
hom cal TEReR BRAE AP S ERRTTE kKR G AERRE L hRTe SHBoTRNIBATES c1 i m

54, whenehbodtt®e vaporizable material conprises a filmprecursor. 64. The
nmet hod of claim54, wherein vaporizing is carried out at a tenperature of
fromabout 50C. to about 300C. 65. The method according to clai m 54,
whéRei n A sgraicppdusier walgeeqraprisieg dnddm ofztaim8. 66. The net hod according to
claim65, wherein vaporizing is perfoned under vacuum 67. The nethod of

cl gim 54, rein.subjecting.to radiation.froma radiation source
co?%’ri s ss%wﬁt%%‘!\ilﬁﬂ%?re‘fif?%‘bqrﬁ T ﬁ"g%’é‘??tqf& #Bm radi ation or conbinations
thereof. 1 6 APO 2004 27 68. A porous low k filmforned by the nmethod of

cl aam 54 séficoddir1draidretcahpridiml ik $dm oMRREQi7). t he vaporizable materi al
conprises a CVD precursor. 70." The porous low k filmof claim®68, wherein

the filmhas a dielectric constant of about 1.5
75. A method of forming a porous low k dielectric film, said method comprising:

providing a vaporizable material having the formula:
[H.SiOy ] [FaSiOp)s,
wherein
a1s less than orequal to 1;
b is greater than or equal to 1.5; and
¢ and d are members independently selected from the group consisting of the
integers greater than 10.
vaporizing the vaporizable material to form a vaporized material;
depositing the vaporized material onto a substrate; and

subjecting the vaporized material lo radiation from a radiation source.

76.  The method of claim 75, whercin about 75% of the vaporizable material has a molecular

weight of less than about 3000 daltons.

77.  The method according to claim 76, wherein about 75% of the vaporizable materia) has a

molecular weight of less than about 1800 daltons.



to about 3. 71. The porous low k filmof claim70, wherein the f“;\rggpgﬁ a
di el ectric constant of about 1.5 top@bout 2_ 72. A sem conducto 04
conprising the filmof claim68. 73. A sem conductor wafer conprising the
filmof claim70. 74. A sem conductor wafer conprising the filmof claim
71. 75. A nmethod of formng a porous low k dielectric film said nethod

COMmRr i Si-wL e AN K r-i9z : b i g i -
FS78h] of PRy e gno (R RELRMTRIRE 19 IR Bt RAn ORI e
or equalmbedlabiveiihtl of icafithad ab&@ 1BB0AENSHsi ndependent |y sel ected fromthe
group consisting of the integers greater than 10. vaporizing the

vapori zable material to forma vaporized material; depositing the

vapidr i zebhemedod &if chinmd Sawbetsit depresiting gdmptibjseapondepobidonapimizgednat er i al
to radiaf.ion froma radiatiaon source. 76. The method of claim 75, wherein
about 7 g?atgq.gesg,rgmﬂlgicgng{ﬁ{%w@pa% therfoh ecul ar  wei ght of | ess than
about 3000 daltons. 77. The nethod according to claim76, wherein about

75%of t [ R o8 v s i.qft 10f - about
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about 75%ysfcakbeiper depusitionady| cermbatatohathehm$, a ol ecul ar wei ght of | ess
t han about 1600 daltons. 79. The nethod of claim75, wherein depositing
conpri ses vapor deposition, spinning-on, dip coating, spraying,

sputit er i T @Pl%eéﬁgpwémi%nyh?%& dwigd vane lcppsi hefc@RPasea RimFspheRther ei n
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82.  The method of claim 75, wherein the vaporizable material comprises a film precursor.

B3.  The methed of claim 75, wheremn vaporizing is carried out at 4 temperature of from about
50°C to about 300°C.

84, The method according to claim 75, wherein vaporizing is performed under vacuum.
g85. The method according to claim 83, wherein vaporizing is performed under vacuum.

g6, The method of claim 75, wherein subjecting to radiation from a radiation source

compnses ultraviolet radiation, electron beam radiation or combinations thereof,

87. A porous low k film formed by the method of claim 75.

88.  The method of claim 75, wherein the vaporizable material comprises 2 CVD precursor.
89.  The porous low k film of claim 88, wherein the film has a dielectric constant of abourt 1.5
to about 3.

90.  The porous low k film of claim 89, wherein the film has a dielectric constant of about 1.5

to about 2.

91. A semiconductor wafer comprising the film of claiim 87



chem cal vapor deposition, |ow pressure chem cal vapor depositioq, @Mﬁﬁﬁ?
enhanced chenical vapor deposition Zr conbinations thereof. 82. f%

nmet hod of claim 75, wherein the vaporizable material conprises a film
precursor. 83_ The nethod of claim75, wherein vaporizing is carried out
at a tenperature of fromabout 50C to about 300"C. $4, The net hod

acgprdin : | P L i | erformed under vacuum 85.
Thgg%etH%SE@ggﬁﬁgghgé?%ﬁgﬁgﬁﬁggé@Ba%@%gﬂ%mbgg%rizing is perfornmed under
vacuum 86. The nethod of claim 75, wherein subjecting to radiation froma
radjzat i of se@itoRBuct6PWRIch $6S pHbIhE AV Pnebr &iag 661 on, el ectron beam radi ation
or conbinations thereof. 87. A porous low k filmfornmed by the nethod of
claim75. 88. The nmethod of claim75, wherein the vaporizable nmateri al
conprises a CVD precursor 89. The porous low k filmof claim88, wherein
the filmhas a dielectric constant of about 1.5 to about 3. 90. The
porous low k filmof claim89, wherein the filmhas a dielectric constant
of about 1.5 to about 2. N. A sem conductor wafer conprising the film of
claim87 29 92. A sem conductor wafer conprising the filmof claim89. 16
APR 2004 93. A sem conductor wafer conprising the filmof claim?90





