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ORGANOSI LSESQUI OXANE- PRECURSORS Background of the Invention Sem conductors
are wdely used in integrated circuits for electronic applications,

i ncl udi ”gwgloﬂﬂfn?zoeed conputers and wirel ess conmuni cat i ppparseargédei Nt €gr at ed
circuits typrcally use multiple transistors fabricated in single crystal
silicon. NARPOSITEQNORBIMSJIISING ORGANOSHSESQUIOXANE!RRECERSORS

nmetal lization for interconnections. A single sem conductor m crochip nmay
have t housands, and even mllions of transistors. Logically, a single

m crochi p namnm_%&dﬁns of lines interconnecting the transistors.
As device geonetries shrink and functional density increases, it becones 10
i nperative to redirmicopdustoraravidelnnwee injetegmtedcinchits forieleeteoniclabplisations, | i ne
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15 functi onaf*™® tﬁéﬁ’t"é"c may, kavg thopsards, agd eysn quilipns of TSSO n i1 ns serve
many pur pos eBogldaHly; huﬁglagqucwmyhlaghavammx@dflmsmfefcbm@ctmg thigei ghbori ng

conductors conduct | I ev agtin Lnsul ating spacer;
preventing c r(‘c’)tgrlso‘%i ‘(i)erv eh%ﬁ"éf“ﬁ&“ﬁ?“%ﬁ%f&f"g as’es’ BY*S®6 ng as a
barrier tb impestvsrtercdird thmhpablamecaneexfthé irien dLigketefiine caazoutame gaps bet ween
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that a | evel on a-film
surface whi cthe fapacitanca within Flysermtdm-levﬂnwaymtfonems rqdmesész@monsgmt hat
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must be fornmed at. relat |veH’¥ell ow tenperatures to avoid destruction of
under | yi ng cHifameipeacare wadiskalectris fayers padge rruns thecantstapgerba®e®h is that such
di.el ectris ffuhdinat bodmposbntiay the deviceW T €l at | ve dielectric 25 const ant k, as
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silicon di o%ﬂ@@uraendog@rle iogg Allipg degp, x@@o\vmh@wqenzlosmscedmwma ectric

ConStantZdesdthﬁndnﬁanfe@%dxﬂgpdgﬂ{)ﬁ ﬂagﬂ@zaﬁeoﬁdue@wdm\éer met hods of

maki ng aerogels require a supercrl i'cal dr step. This step increases
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important consideration is that such dielectric films should have a low relative dielectric

25  constantk, 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 materials, 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, methods of making aerogels require 2 supercritical drying step. This step
increases the cost and the complexity of semiconductor manufacturing.
Films deposited from hydrogen silsesquioxane (HSQ) resins have been found to
possess many of the properties desirable for ILD and PO applications. For example,



WD 01/ 29052 PCT/ US00/ 28689 Hal uska et al. (U S. Pat. No. 4,756,977, July
12, 1988) describe a fil mdeposition technique conprising diluting in a

sol vent awdnoupoesgen sil sesqui oxane resin, applying this Péfmﬁoo%@gi ng to a
substrate, evaporating the solvent and ceram fying the coating by heating ~
the substrate in air. Qhers have found that by ceram fying such a coating

In the prese

5, 320, 868, J&?llgskgﬂf% i%%ap%n‘f 7nsg?§7 g@gld ?%ur%ggggé;}l !Ba (H%ém&ppl i cat | on
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and/ or stabi kg azcﬁﬂmé&aCsQIBEH&EQdapbl@tu@iliﬁmv@rﬁhﬂagmﬂaﬂxfﬁhg’theéﬁ&l’éb?imabﬁ%se patents

di scl oses the use of si L&g q‘lﬂ’ ane, resi na%tlyssol ved i.n a sol ven The
resul ting si IeS®sREd%YhORG B that by ceramifyigg $45h & coatingip e PiEseRs a spi n- on
coating t&chaﬂtqategengasQBhllametead stfmmohsa,szotseagnmduueewdnhmg ds cheni cal
“vapor deposi es 1 c coat .. See, Centle, U S
Pat ent No. SHZ’% giteﬁfgslffgtr 9%%@38 8%‘?“%‘%’%&{}%3‘5% aﬁv‘&yogen

si | sesqui oxabﬂouwmﬂg@tabm@ asmtleétoe:eramf!ﬂmugh Edoegfghesepeenisngs f or m

useful di el egldidsts deUesrSiiiqhidkant Hsih Gﬁsohé&m%b’lb&.‘? The FSsteiy 00" essi vely
mnimze, it 1S necessary to have ava| able dielectric thin filnms having
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and precursor or t ' nto.a substrate
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present i nvephifookh Q&h@aélemxyeglahéﬁuﬁ@dasQsﬁ&u&é%@esg@lﬁﬁmy o The

I nvention It has now been di scovered | sesqui gxanes havi ng al kyl
© groups bondealswecessernéol?r'we&hleételsﬁﬂcW%ng@wﬂ%ﬁw@r@a@e are useful
. precursols fminthﬂptodnuehgeﬁersmﬁ‘plel@&agdnam‘esqhiakaneﬁlrﬁsrrs The al kyl ated

si | sesqui oxane cages S afl o E‘ﬁallf}fm%t% L Uit g art mS [eLo ni zed t echni ques
and fractions of ‘THese nvl ecul 65 Can °" 3e503| PGt o suf) tFates using
CVl). Foll omﬂlmgwmclscadépdmpwwtwhﬁme smzsci\ﬂhweuld lepreseatlalegshdpaed
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In a first aspect, t he: present I nve tlon lF'ﬁa’g des a corrp05|t|on corrprl Si ng

_a vapori zeds“’i’&f'E@YétfepFFé‘Wﬂbﬂ‘f‘?Pe"’?" RS89 [ H Si O, . s]y, wherein x’
+y =n20 is an 30 integer between 2 and 30, x is an integer between |
- and n'andyiﬁn&&w between 0 and n. Ris a C, to C, al kyl group.
~ In a second aspec € present invention provides a nethod of formng a
low k dielectri éth%?%bwcﬁ@fqﬁl t dlsnaprioxages haying aikyl gravgs beadpdéheposi ti ng on a

substrate a #H@dioh &bms tff&ﬁélsﬂ@sqhﬁﬁané Edg8htk dsefulRpré&iutsbrs Sridwiskctic. S| Y, wherein x

+ =
y n, N csons(’%arxlmt tf ?rgs The aq}cylatedtlﬂsesquxoxane cages are easily prepared using art-

ﬁ

25  recognized techniques and fractions of these molecules can be deposited onto substrates
using CVD. Following its deposition ontoa substrate, the alkylated silsesquioxane layer
is cured, producihg a low k dielectric layer or film.

In a first aspect, the present invention provides a composition comprisinga
vaporized material having the formula [R-SiOy s|,[H-SiO, s],, wherein x +y=n,nis an

30  integer between 2 and 30, x is an integer between 1 andnand y is a whole number
between 0 and n. R is a C, to Cypo alkyl group.

In a second aspect, the present invention provides a method of forming a low k
dielectric film. The method comprises vaporizing and depositing on a substrate a material

having the formula [R-SiO s],[H-Si0 s),, wherein x + y =, n is an integer between 2



WO 01/ 29052 PCT/ USOQ 28689 3 and 30, x is an integer between | and n and y
is a whole nunber between 0 and n. Ris a C, to Cop alkyl group. In a
thi-rd aspeWP 012482 i nvention provides a |l ow k diel ectric fecrosemsspei si ng a
material having the fornmula [H,SiGb]jc f3(R )aS b]d[(R2)aSi w]n. In this
formula R and R2 5 are nmenbers independently selected fromd to Cl100

al kyl groups; gdb@ xli€atnddaftieRen PAHahnd s 4 whdke tubibeibededio AR R equal to
1.5; and ¢, d and n are nenbers independently selected fromthe group
consi sting of $HeCALEP®- greater than 10. in a fourth aspect, the present
invention provides Iaithdaspéet, tiaivertios progded a loowk dielecaicdillr® 6dnprisindd | m conpri si ng

a material having.t.he fornul . i RS . S| n. Inthis
formula R and” %’ag}%mﬁgw er ‘@a @%Qg@@&%f“&ﬁ )‘SS?e hﬁc%g'{t’%@ﬁ - C100 al kyl
groups; a i¥ |wswentsmindopendqtipieictted flom G ¢ Cogpllebarenrs;plidessen eggeml  to 1.5;

and ¢, d and “[o*i‘,fbelsgg{{ig%ﬁo}ﬁ%m’}dﬁmlNméﬁkﬁ%ﬁ%ﬁﬁ@é&ﬁd@:ﬁy%é&é@ consi sting

of the integers gr r than 10. These and ot her aspects and advant ages of
the present i ¢ GPRPFOPIIstipgof #15 fnigeem greatef thap My m t he det ai | ed descri ption

that follows. Bri efinese dspi, B8 pledent iventiol pigitid Sn ij@tidotptisidgS Iéw Br oup of
t hr ee- di nensi Z‘EEP sth%ctur.al formu| ae for th‘ga met hyl - substituted

si | sesqui oxaneSeitricfiffRcqmprisiag 3 meenabigvips BePAUA | 5 57 group of

t hr ee- di mei®i qHHIORIROSIOER?).SI0 Wil gds fhrotulatR endsR laselmemberbintdptrdermsigl
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substitute I oxanes “of the

i nvention, whep&Prendadiandn aye membersindepradegilnslegted fram the grpypreapsisting of r om t he
ot her R gr oupsSie idegebdhddiet @sh fgescri ption O The Invention And The Preferred
Enbodi nents Abbreyjati ons and Definitions 30 "CVD," as used herein, refers
to "chemical vapor IPEpHgotherAspects andalyaptages ofthe presept H‘é?’é’?%w‘ﬁzf FpEeRt o
"al kyl at edlshy drdaghedeilédsiretpionxaneliows. " ASQ " as used herein, refers to
"al kyl at ed sil sesqui oxanes." "ASX," as used herein, refers to "al kyl ated
fl.uorinated sil oxanes.” "AHSX, " as used herein,-refers to "al kyl ated
fl uori nat ed hyBticbBesaription OfIheEiguresnd 01/ 29052 PCT/ US00/ 28689 4

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

substituted silsesquioxanes of the invention.
20 Figure 2 is a group of three~-dimensional structural formulae for the alkyl-
substituted silsesquioxanes of the invention.
Figure 3 is a group of three-dimensional structural formulae for the alkyl-

substituted silsesquioxanes of the invention, wherein each R group is the same as, or

different from the other R groups.

25

30 “CVD,” as used herein, refers to “chemical vapor deposition.”
“AHSQ,” as used herein refers to “alkylated hydrogen silsesquioxanes.”
“ASQ,” as used herein, refers to “alkylated silsesquioxanes.”
“ASX,” as used herein, refers to “alkylated fluorinated siloxanes.”
“AHSX,” as used herein, refers to “alkylated fluorinated hydrogen siloxanes.”



The terns "al kyl ated sil sesqui oxanes"” and "al kyl at ed hydr ogen

si |l sesqui oxanes" are used herein to describe various silane resi ns having
t he for nwoeo1f2Bds3i OB. s] x[ H-Si OL. 5]y, wherein x + y’ POTAUS LNt eger
between 2 and 30, x is an integer between 1 and n and y I's a whol e nunber”
between 0 and n. Ris a C, to C oo al kyl group. "Al kylated 5

si | sesqui oxanes" _refer t I U|oxane “ substantial |y every
silicon atom has 'ﬁ‘e"%'?l @Jrﬁ ?:Fi‘@% %‘W@V\IB%\‘}E%CN‘WWH?’@EFShydr ogen

si | sesqui ox ainestd eiretd désmbesaﬂoamlqulresmhe&ghMmgiae[RJSiosTsMHslois], al kyI ated
silicon atong and silicon atons [ O ' sesgul xane" |s used
generically ggaenxf)f orerar %R?%“Fﬂmgylg O\Q/éggergeé‘gcrl Be g &ci es.

Though not dxpwhaé r:msbetrbewes(bqnﬂedey Gi M Gioatkylgrovpr SAlkyldtedse resins nay

contain g ssn?ekciu.osamqsfexqs sxﬁéshﬁn&&ﬁhs%%s‘éﬂkaﬁﬂllb@%?y smct-,,hﬁsm Has@h 2 hydrogen
atons or aIk aﬁ%ﬁq attach hereto due to various factors involved in

their formtd l@hg’B‘H’ gl thetgjo- TW@’af""é|h¥\d§°g°&F‘l§§FH%l?’@EFssief°659ane film' and
"al kyl at ed hﬂ&&@@ﬂﬁeﬁhﬂvﬁgaﬁﬁmﬂ éﬂﬂkylﬁﬁcﬁ Silicon dmé arldBBicdn@fostbedrigg f rom curing
145 Cb] of ( RO A PORi TR HY AP e gFP BORET BFORe ar e member s
i ndependent |dgscsibddepeciesl from C to C, 0 al kyl groups; a is less than or
ndopendht |y 'sZFa%{gféﬁ*“@*?"h"?ﬁp“@&“@&%}“‘“é%tﬁ*s‘.‘“;?‘.hﬁ@%r?mﬂﬂ B s Cors greater
than 10. " Lcmalknembseofsilisen afpms whish %F@Prso L] hadreﬁeepte@f priafkylbgept ant that is
Ibowe(r]I thanhtdag‘#xemmta&eamvasb‘?&‘acidrd nmowem%:rmmm orﬂ_dﬂ&lugl’ eselnt invention is
ased on the dis «Shat fract e te esqui oxanes
and al kyl at ed hy ‘5‘?% %lP’fq eds‘c’&%xlmcl)e %“% k’l'{?)t%dyhﬁ'gﬁ% °x?"brfflﬁ‘ '3%& ngs on 25
various subge ﬁhrtsesuluﬂﬁfeom:@npgﬂbm@sosm@ﬂmmeahﬁ'ﬂmahaae tepsteriat e, such as a
sem condct %nqﬁﬁf[ﬁfx%)/[(ﬁ’)(s%amﬁ?#.éi@m N ru]a(j{emzta}e ke filmis cur eq

to produce a rc roduce the t echni ques
descri bed hé?@%d@FIES%FﬁﬁWEIm&@ﬂﬂ%ﬁ'@%ﬂ%%’ék&ﬂgm&rﬂ“@é‘t bibds | ayers on -
substrates wﬁ:m&k:@ﬁttbww a’ﬁd 6l@\eh& e sre métibers ildepontiéntiii soiicRY frole the Met hods  of
formng | ow k udléa gct r0 emi B, o dgml nally, 30 there is provided an
array of | o RPFITHE 23N Frp OFE ML E Ul for form ng these films. The
Conpounds In a fikatk a@p‘@@ﬂwwmhefﬂptmmcﬁ%mﬁ%hwM@V&d@hﬂtaf conmposition °
conpri sifpg ansupmesl zed material having the formula [R-SiQ .5]x[HSI Q. 5]y,
wherein x + y =n, nis an 35 integer between 2 and 30, x is an integer
between | and n and y is a whole nunmber WO 01129052 PCT/ US00/ 28689 5

The present invention is based on the discovery that fractions of fully alkylated

silsesquioxanes and alkylated hydrogen silsesquioxanes can be used to form coatings on
25  various substrates. The compounds are deposited onto a substrate, such asa
semiconductor wafer by CVD. Following their deposition, the film is cured to produce a
low k dielectric film. The films produced by the techniques described herein are valuable
as protective and dielectric layers on substrates such as electronic devices.
The invention provides methods of forming low k dielectric films. Additionally,

30 thereis provided an array of low k films and compounds useful for forming these films.

The Compounds

In a first aspect, the preseht invention provides a composition comprising a
vaporized material having the formula [R-SiO; s},{H-SiO s}y, wherein x +y=n,nisan

35 integer between 2 and 30, x is an integer between 1 and n and y is a whole number



between 0 and n. Ris a O to Cu alkyl group. Presently preferred nole %
carbon content is from about . 20%to about 90% nore preferably from about
40% t o aboWOo®2%52 The sil'sesqui oxanes of the invention aFusoe/28689

al kyl -substituted nol ecul es that, at higher values of n, exist as cage
"T-n" nmolecules (e.g., T-8, T-10, etc.). Ina preferred 5 enbodinment, nis

an_integer wth, Xﬁl“wﬂ-fﬂgﬁéﬁ]@%@”ﬁ%&'%ﬁ%és’l‘@@g{"&r"g&e%%%gm enbodi nent, n

is an integer W a_val ue ﬁpoun s can be synthesi zed
by a number of cententip fore ghet28% torehont98%, morppreferally frpm aboni®ice rboltdB0%By nt hesi zed

by the hydrolysis afd sfsespiemadior @8 indéntib s alk$BsubstthQmRIddull thad, 22T hYl O a
C2- CEOO al kyl n a preferred _enpodi nent f}n%he al k group 10 is a d

roup. | ed I
to C20 al kyl gg%?’a"?‘*ﬁ%ﬁ‘t‘%éﬁmﬁrgﬁ‘ef"f’ eples o dr ﬂp*,e“’t)hé‘aaﬂr‘?f‘iﬂ'@dgroup is a
C, to Cl6 8l kyhbdgimehtdn is hiinkgér wth Ovdnerfropr2ab e nedhuandpdiergnt , the al kyl
group is G to .. The al ky Lou an he either straight- or branched
chai n al kyl gr8’%’3‘.“%"?ﬁ'é%{cﬁef%ﬂﬁép%fe&?fncfg%lngove, X represents a species
that is elim nated Thasicogpoutrdsdamdiegpwittesize@hy & mmtbenof arpreedgpizedanktbédgr oups are

hal ogens, al ko%&eﬁ{n@%&%@t{%ﬁ% yth%?g Y%%e%&&&%ﬁsanwn&n&'ﬁ&{&*@.l hal ogens and

even nore preferably C. s/ condensation reactions preferably
result in a furhseieB iy s kst Byl SPIDQIHE prefpreed pbRdistapss the allgr rone .
condensati Q) MRY PR C,{HIST fritip! @fhndther profcrad iiboiAtbm 1R alk)Pdrbtp iSAS i ¢ at parti al

hydr ol ysates (containing Si-OR Si- et C. /lor partial_, condensates
(cont ai ni ng Si &K 5?”%5%?"‘3?"@“‘?16?{%8?’"@3@,"’“’? %F%gaﬁ?‘?fﬁ‘g, "@cgs'g‘ﬁ,a rkiv. 20
Kem . 13: 367- gours 1458 pitheBarnightedr bahchedchaiAnlkyl@haps Soc. 77: 4248-52 (1955);

and Dittmar et at ’Inﬂxbfo%gﬂgﬁgetd'abo%, epre El?? %ﬁ%? 'e_s?hgfif gli:l'l%r% 'durln a preferred

enbodi nent, the reaction produces substa y condenséd
si | sesqui oxane®ydross) Grrsntiv-selemhX gTepRPa AR halozges Y BFPuPRBIdearldrEin one

structure qs C%B?@,Sﬁ&éﬁéfemb%ﬂhﬂg&is%&de réferablyl@l. € silicon framework are
prepared by cohydr anot r '

is of,6 25 or i hal osi | angs
or.ganotri al koxysi | gt!‘i‘ggydm?@“idﬁﬁa Bﬁ%ﬂmﬁﬂayrﬁgm@%ﬁ?ﬂwgqém reaction
bear diff erent oraddHS or G bytipalysistand/dreomledsition mapbeGnemiped atax itjahejatet he
cohydr ol i s of e, C54C1 3,306k CHECRS AW b Al daihl SeSU 0xane
havi ng bot h met B an et.F!yP' unctionality o6n the’si |%on atons of the
si | sesqui oxanesondsasates (conptainingFaH groupspare formesd; Seg} for exanpple, Olssainéiat . Chem  483:
33-8 (|199_4)zo T?&i.ﬁbk%b-?&@?@,’ﬂm?@ta?.,@?Arﬁ%@erﬁggc. W@smmg@g; anaﬁmgr:ﬁnt rolled by
nydr ol yei s/ confighd s FER ot st lal (Bs) 9t BrkE S hoG M Mer of di fferent
react ion mli e;a&ﬁaq’pﬂodhmmnmﬁdb'fmﬂycamnse@sﬂmq@mact ion conditi ons is well
Wthin the abilitid ol AleRsudbithhs drihok/iin ool YRS S and

condensation pol ynerization™Is y carrie using conventi onal
equi pnent, by fubstituted ante ¢ pglesflice Fork s Prepasiby sohvaslysRelr (or both nononers

in the casgs of ormfnRhIsMhisoAbhM0talkskydRned GHAONS coripEieltTbS the cohydrolysis
reaction bear different alkyl groups at the silicon atom. For example, the cohydrolysis of
CH;8SiCl; and CH;CH,SiCl; will provide a silsesquioxane having both methyl and ethyl
functionality on the silicon atoms of the silsesquioxane. See, for example, Hendan et al,
J. Organomet. Chem. 483: 33-8 (1994). The alkyl content of the ASQ and AHSQ can be
30 controlied by manipulation of the stoichiometry of the hydrolysis reaction.

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 organosilane

35  monomer (or both monomers in the case of copolymerization) to an aqueous medium,



WO 01/ 29052 PCT/[JSOO/28689 6 The aqueous nedium can be sinply water or it
can be an aqueous al cohol.' Additionally, catalysts such as organic and/or
i nor gani VQE2M520r bases can be added to the reacti‘on PBCHUS6R8s800T

exanpl e, when silane al koxides are utilized as precursors for the -
sil sesqui oxane, it is often desirable to use an acidic catalyst (e.g., HQ)

to facilitatfhehfRou meBRMIchPE: silRf BAY6F it cAWBEIh RudoBBodi@ll WiBSondtfye Uti i zed as
precursors, a basic reactjon_ environment often facilitates thé reaction.

See, for exafalves suphpsagenisandigr norgapieacids g basgs canps addgd fpshe raaghon St enber 10,
1991. The sihixtae. Foriampls when silane alkbiddss &t dtilizklas@iedurseed for the can be added neat
to the hydr LS. m Xt C [ S I Li.zed in a sol vent
(e.qg., hexansgls (?'oxfuﬁ 'Itw%ena%ﬁmg]ﬁ%se %QC,Q‘E {tﬂﬁsﬁgﬂg;’ﬁgﬁ? kmhfrﬁéh rmnorrer(s) i's
preferably arcattion. Mor@‘fcre'a@ms@dehaétd@ areptilized adpyegnnsdry g basiorediianm t 0 obt ai n nore

prect se_oont phorienhes S dkiduidl L RPESABRIVARer o 0, U AR o7 o0

enbodi nent, whereln nore nononers are util |ze;d’D a mxture of the
TONOMEr'S i s Pﬁ%ﬁﬁé‘ﬂ@a’rﬁ}m@ﬁ@ﬁw APY- i xture is added to the hydrolysis

i rt ure. Afldl ti Oﬁa&?m‘sﬂa}ne@teg faﬂ,simgimshm k{é)@dﬂgeﬁ?‘l@tﬂﬁﬂt&@{hbont Cof th

ol ynmeri zation reactions a ou ustment o e
!to err%er ature lﬁ’a""["ﬂé Hﬁt}ﬁ?glﬂiﬁ g §§&5t°f§‘|‘fz"%d’éﬂf°gvﬁ{“?%§/ frxan ﬁ?%‘ﬁ’@ the reaction
t enper at i e dhivritidy methanol erc.pf The lpoodimed(s)@s preferabip added a niEasuied efeas bl y, t he
t t |

enperat ure ?rOh'F\? gﬁiﬁ 8> %&nﬁn&eﬁ%ﬁcﬁs& SUBEGT%%U H}droﬁysﬁ%ﬂéoﬁ&eﬂ&qonatln

tenperature et anot her enbodi nent,

al kyl at ed S|m%fgtfd%miwwh@%mmwm@wrw%@ apgupafiehesi s of

al kenes W t hmdrdmets is)foraawaddahh mlswuftuﬂm&u&a&d &Uﬁﬁdﬂﬁishﬁﬂﬁ&lw oxanes. This
reaction is quite ene hin - et at hesi s of the

vi nyl - subst i t ut ed*® '§‘?’f ‘é’gﬁ% g‘?%\‘ﬁ'g‘é’@s'% °°‘f ?sa ‘3?&’ §rm'l’—"§ﬁ"é‘F“°§T al ., Chem
Commun. LIB: cad 8% bkDBBin¢ditB&igh adjustment of the teknpf:remte}oéﬁae bydmidismeetion t he ASQ or

AHSQ ol ecul s, by BUBSR i Fleb e PUELOS! hudgBr burd -BLARYE ST hYdr ogen

si | sesqui oxane or 'S met access to nol ecul es and
AHSQ ol ecul €s PrEfily. the rperatyre pf the fiydrpfypis feartfon mediuny is “B@B@ﬁ‘ﬂ?‘ﬁg on the
st oi chi onet rmmanhhﬁomaﬁﬁﬁwol&:%&itwe@.n the silsesqui oxane and the i ncom ng

Py oSt Lo 19, S o el e A PRI b el R 01 caoe
si | sesqu2x anetathesis of aﬂkfmswhrqdlly@mlnhlednmbsmmlswwsm |'ancond| tions. In a
presently prefgidieshie phedi aﬁsﬁtunmﬁdaﬁd eﬁseﬁlrae&theapoﬂt& Fpiuséutuwam catal yst,

such as a chl oroplatinic aci n.et al Chem

. Qr _ex y
T or o S sseipyaer. reg f exasalehental 4. Grovafommin 13 18oy c4e o
SI LI CON- OXYGEN mmﬂhl[ﬂ&emhpﬂxm&x? the ABQ), or BHSQ nﬁ@mlewees&ntbdsizc;d byi eweg,

W esbaden, Br%?mﬁﬂ(g%g Eééursor @oéﬁeﬁsregq\u&r&e 311 AK(Sd;eth\ié'me%h E'ﬂforcéCt a 74

1278- 1280 (1

access to ASQ molecules and AHSQ molecules (mono-, di-, tri-substituted, ezc.),
depending on the stoichiometry of the reaction between the silsesquioxane and the
incoming hydrosilating species. In a preferred embodiment, the silsesquioxane cage is
hydrosilated with an alkene. Hydrosilation reactions of the silsesquioxanes are typically
carried out under catalytic conditions. In a presently preferred embodiment, the catalyst

30 s aplatinum catalyst, such as a chloroplatinic acid. See, for example, Bolln et al., Chem.
Mater, 9: 1475-1479 (1997); Bassindale et a/., In, TAILOR-MADE SILICON-OXYGEN
COMPOUNDS; pp. 171-176, Eds. Corriu et al., Vieweg, Wiesbaden, Germany (1995);
Calzaferri et al., Helv. Chim. Acta 74: 1278-1280 (1991); Herren et al. Helv. Chim. Acta
74: 24-6 (1991); and Dittmar et al., J. Organomet. Chem. 489: 185-194 (1995).



74: 24-6 (1991); and Dittmar et al., J. Oganonet. Chem 489: 185-194
(1995). WD 01129052 PCTI USOQO 28689 7 Certain of the starting hydrogen
si l.sesqui XQAE2%M¥ed in the hydrosilation reaction are ceoTVesei28dshy

avai l abl e. For exanple, the T-8 cage i3 commercially available (Al drich
Chem cal Co., Dow Corning, Hitachi). Mreover, various nethods for the

g) ﬂiuctlon 0}‘ hédr&&ﬁﬂoﬁthéme&@ﬂﬁﬁesmm%ﬁeﬁﬂdﬁm%re@& i nstance,
Ins et a In

72, which | orporat ed herein
by reference, a&@mer%@é‘%%c@%mw %‘BF% 'ﬁf@s?mevmﬁwv@a ¥ondensed
hydrogen si | s@ddrith Ganie Coy Do Cormiyg, Hmhxalrﬂoreqyert anoxis(m:t&m;npwn sil anol)
compriSing Ny LRSI PR dLLALLASIEANG L & 080 SRERULLOU fraghd Nvdrate

hydr ol ysi s nedium es Ul or
aqueous  sbl f wU.$ Petcia 3.651.37R4 vandhys in@eppsated hergin by rﬂﬂqrenste,slesoﬁhtt agmgcessio.

5,010, 159, Apaﬂfémaéml@%ﬁly C&Qeﬂe&&h@@ﬁ smqmsseﬁe @,incﬁ Qﬁﬂoﬂgmrﬁﬁw ogen

si | sesqui oxanes conpriSing yzing % dosilanes 1n ah arylsulfonic
acid hydrate W&Pw%sﬂgn%emmns BYdF‘tWH‘S&" IE@F’H“WPEW%W“?%MCOM act ed
PRI et e i i e
cages (e.g., ac‘g g“ 11@%%83& ’zfz QgpPraf?ﬁtaNo 59%8 1231§9L'xarrpl e, partial
rearr angeh@ntdxmfosmdﬁaﬁs ¢f§qugm§adr@gamsxlsagwane3’hmsaesmga&ﬂm@mggenent reactions
are catal yze e, sodium
sul fite %o d%)aar%ggg% §y1s%g L 27 nydsd wa}o%%@énﬁn :o?ﬁ&' S CMARR

e "and_pot asSi um'ca réactions are
general |y carth?néﬁn‘a“ttféfwhﬁnﬁ’ﬁallﬂﬂgagﬁ*’eAéé?f?}@ﬁ?mbﬁﬂm@fmlmﬁne See, for

exanpl e, R kowssah a®d todflane ratibs ayéuegion 16: 3357-3361 (1997). 20 Recovery of
t he sil sesqui oxan eac r.oduct f u react.io medi um may
be carried out us?’ﬁ‘ﬁj‘ ‘#ﬁ’/%ﬁ"t‘"’gﬂ °°F%&{fﬁn}5d§»s‘lfg' Sc‘m B‘F??éﬁqtby’g%raction with
organi ¢ sifi vesamsplé, hatial satranpententzaf ottdsilsesqeiagdne cagesp Mejtaandngmncar e inmm scible

Mt o G Rons S RMA0N /TN oh 3l Lol e Qi arilel AR VAN

reaction produ sesqui oxane r product can
t hen be reco\ﬁélﬁ@dmﬂlymfhb’%’ﬁ@taﬂwtwm@ﬂé’ﬂmtﬁbﬁ%?ﬂs@f?émezﬂgy e%wqdact sol vent

as ap]pl i cabl %utlI&eox@@m&ua%rem:yta&mﬁrseé |f&@x%ie§}ﬁ&%%kpéd3ﬁ cmen in the
art of organi n i'ng chromatography (e-g., gel perneation,
silica gel, %’V’)Véf‘lg”émﬁh%%ﬁﬂhﬁ% FPLC, etc.), crystallization,

pr eci pi taZCI on, fr Redovonefthesilsesquiokanea feadtivn produotfrondth@dqueusreatich t he like. In a

present|y pr etﬁe%fugxq&?%m%d%%mg (o IP 6! blnd Rl DY 30

fractionation an ecl pitat anal ytl ca met hods can be

used to char esegie F°2‘€m°§ Fhet se'ahbmmgmmwéww FFEPW@&FS"I? Yiidh therguegpect r oscopi ¢
techni ques ( Qesdtion melttlum}; 3fiting b9 or MYRiseshitbtand 84dtion pREUS&, and the like. The

silsesquioxane reaction product can then be recovered by filtration or evaporation of the

25  extract solvent as applicable.

The compounds can be purified by techniques common in the art of organic
chemistry including chromatography (e.g., gel permeation, silica gel, reverse-phase,
HPLC, FPLC, etc.), crystallization, precipitation, fractionation, ultrafiltration, dialysis and
the like. In a presently preferred embodiment, the desired material is purified by

30  fractionation and precipitation.

Art-recognized analytical methods can be used to characterize the compounds,
Useful methods include spectroscopic techniques (e.g., 'H, PC, '*F NMR, infrared), mass
spectromeiry, gel permeation chromatography against a molecular weight standard,
elemental analysis, melting point determination and the like. In a preferred embodiment,

35  the compounds are characterized by a protocol involving each of these techniques.



spectronmetry, gel perneation chromatography against a nol ecul ar wei ght

standard, elenental analysis, nmelting point determnation and the like. In

a preferW&PIQHQiédl ment, 35 the conpounds are charact eri PET/US00/286891 Ot OCOl

i nvol vi ng each of these techni ques. WS 01/29052 PCT/ USOQ 28689 8 In an

exenpl ary enbodi ment, a trichlorosilane (- 25g) is added drop-wi se with

ﬁti rring toI di st i thlagéekemplaglembodahdit, ah-)chlamtlaae (RQBg)RLddadd @@LM%{\hth( e.g. foeh
exanes, tol yene) at out, 0 etion of the

addi tion oft ﬁ'm"sg)t? gﬁtg]%d ?’?{ee'q}r;)%g "’ttl'??)n? "GP g?rls%lv\%d(elgopg‘fmf (iﬁ%r%e)ﬁeat ween 10

m nut es and Mpmmnesf abpit 03C.pUpmmicprmpletion of the additipmofitiesilanguthaorestidn isti xt ure, this

m xture can | organi c

sol vent sucﬁ e%??r’r‘gg?@&!t ‘r?enlrlllﬁlgﬁg“(?l h%rs Qg{e&%gtfg&wgg@ eAA\Heorredl um The

resul ting? ni mwetm%mxtwcmiwlaﬂ@rdba ﬁ!qarm %’ aqmrrrfegam Angreanik splventhe extracti on

of the react ueRasheRdd!Btheh ada@a bhRa @&u@&u&nmhﬁrmeﬁbﬁnﬁgmr&sl ayer is
renmoved fromtg h§{= agueou er an(cli hase | S ext racted fiuther

ous .
with three WHZRS fopRtpe sufis 5’“ P@'é?ﬁ’%e?g‘l‘c\} ﬂl”?ac'f??‘)?mf% fefhe The 10 hexane
washi ngs ar eaguenubinediein.viHe lorghiielager isgenmavkd foongdinaquequs biger asdhe adops and t he

combi ned an d&?ﬂ:e;rea?&%%ﬁ&l»%ﬁﬂ \%Jéhxﬂ%s(??ﬂip%mﬁé’&h@rﬁgri‘%dom sodi um

sul f at e, ter er evaporation *he sol vent -
from t hel®r gbsxmwpﬁmsearemmbméw@weome@wémmhaspmm 2 thgcorehined i s dri ed

under high v aﬁwaxsse w&:ehriahk&ﬂe&a&xﬁgt ROk suxmemiartmeladﬁ& itican be
characterize H and 29 ectro and el emental anal ysis.
15 The nol ec %\QF‘Q’H%WBT‘%%Q“E)?IU%“@ OTERENC Ciye TP ative to a
“standard, suekctxa:sprorﬂxctns)dlr;eém)treemgh vaaiuinho yaeldmad@redm‘adud, The)ptbdﬁctdi electric
films with d ! usi ng

copol yners o%ﬁlb %&113 %%@s cop yrrerl ze%p&g&ﬁ&{y ﬁﬁ%g@@g In an

exenpl ar 2 ewwﬁnwe@rpfmwdmséeweﬂéyﬁ?@mﬂwosquq@ SHSIWOI ysi s
~condensat i 0N, gENsHRMe calibratid staktiafy. errbodl ment, the alkyl content of the final
TRy PSR RIS S
_ rre]t hg/l to hyutmggqmlymmtohg&;ﬂsilmht@olm;egd:%ﬂ(iﬂchhmd’séa) Img 1sxen'rplad'yl orosi | arreh( 1
nole) are c rQowi se Wt
Stir7ing fo %*.‘“;‘h‘“r@%aam%m“ O S e B B
t enper at & e‘&hﬂS‘H{'enBthealkﬂfct"E‘Pm ofithe finplprpdyes isregptrolied py thestpicsiometrio m about . 10
mdgqu es tohaiaﬁuﬂfﬂ%fimdmumtotaau&ﬁsgmr qrmﬁabyxep&easpmc:amhdaemmge(- (2150 rr}_) is
added to the eaction Xt r reaction . product from
t he aqueous réal mETIok H‘i}?ﬁ%’ hgﬁ'?clﬁ'}éﬁoséﬁg?( d‘%% d‘sﬂ@ﬁms' ?%rmofe n mnutes. -
The work up ¢ conihined, ardshé @mbmdaomp@em@e 2dded dropyvisgoith stirping to distillsh t he pr oduct

are subst angiial Lysehi dn@h ndnGolabRivest @5 khieshd Sabdub@d) mMPGIAgEr above. 30

In a preferred enbodi ment, the ASQ or AHSQ pol yner is deposited by vapor
for a period of from about 10 minutes fo about 24 hours, an organic solvent such as

hexane (~ 250 mL) is added to the aqueous reaction medium to extract the reaction
product from the aqueous medium, and the reaction mixture is stirred for ten minutes.
The work up of the reaction mixture and the characterization of rhe product are
substantially similar to that described for the homopolymer above.

30 In a preferred embodiment, the ASQ or AHSQ polymer is deposited by vapor
deposition, however, certain of the above-described reactions can lead to the production
of ASQ and AHSQ polymers that have a molecular weight that is too high to allow these
polymers to be vaporized in useful quantities. Although, the voiatile fraction can be
vaporized and used to form a film, leaving behind the higher molecular weight fraction, in

35  apreferred embodiment, the high molecular weight molecules are removed from the more



deposition, however, certain of the above-described reactions can lead to
the production of ASQ and AHSQ pol ynmers that have a nol ecul ar wei ght that
is. too hi MOUBNR| ow t hese polyners to be vaporized i n REIHY288hnt i ti es.
Al t hough, the volatile fraction can be? vaporized and used to forma film
| eavi ng behi nd the hi gher nol ecul ar weight fraction, in 35 a preferred
enmbodi ment,  t fgatili coRpoReast tearodieinirhire piidt © ashhgakesegompaimtifuedpdrr om t he nore
WO 01/ 29052 PCT/ US00/ 28689 9 vol atile conmponents of the product m xture
prior to usingPPH®%e conpounds for vapor deposition. Separation of the

hi gh and | ow nol e@spasatiomefithiighfandlow imolseular aightdractionsoambe astoaplished, a nunber of
means i ncl udi i pub B o P nd: orul}n;jﬁ%%&'p%eﬁiaﬁ EHigH R igh NI ON S

per formance |i‘qu chronat ogr aph H ultrafiltration, fractional
crystal | i zat i paommegce ligyd matqwa%ﬁ BHek Riailtragion, facgipnal rystallization mslds i s wel |
known in the gientdastiohdtioh. SEavH dtitest riditRds iaWell knbies tafart @t iofitkikink| in the art
to devise an appropri at g@ﬁ)url fi \(@%l 0N _prot oco icular m xture

| for.a ar
Wi t hout unduedbdistetopral sidlf indhe art H’seo”t“ﬁ@mp(ﬁ’étﬁB'ﬂﬁﬁt‘(grr‘nprﬁ@f% 68 are utilized,
the vol ati | it yarbiat thiRtufeiwlithoup irtioeexpaimentstidne $&erndtheadepasitive mathods@rel N a
preferred enbodi nent | Ng,. VADROr L] e product mxture is
fractionated ‘ft’g’z%lb %’forl]a%fl tﬁé’gﬁh%@v%r%ﬁcgrgéﬁsj%g \é\%rkaﬁ%‘qs peci es that can be
vol atilizéd in thdnaprefusdiemberdiment gtingsgras fiepositios. theRredycting¥fure Bny convent i onal
techni que for gffigated QB B IdwWiBoleddia} ViR spedd thfeabl 5&bIMRLGInthe Particul arly
preferred, however, is the use of a variettt&/‘ of  .fl yi s .at,. ntgar or above
their criticafePPioRprocesAl SisipysaionsApsecopsaganpl techpiquy ﬁlug?Fﬂa’ﬁﬁ?% § al., 15 U.S.
Pat ent No. 5, golyneba be ubedietredh. Paficularly prfeped) boeserdese nsebbavatitteofei n conpri ses

(1) contacti the Hresin with a fluid af. . 2 OF i critical
point for at 'ﬁr%”& i ?r(’?lg%'ﬁ&mf%mﬁipg"s%#\i}%p rgg?srlggﬁg{nggdr%? Qt?’%’_ganﬁg?lyrrer; (2)
separ at i ngS t hie.Sf RatenicNoc B HI8:0R Timg 21 1982. fihaprogestescribphtheremecorergpdlal  pol yner ;
and (3) recovghi:ife b B-Aashifeduid a8 alak SriboveRSGittdl pethtlfta B Surfici@d€t i onati on
met hod i nvol ves_ ch Ing an extraction ves si | sesqui oxane

_char ¢ %gl 'Wth"zo%
product mi xt ulPdissals 2 Eprtian Hfthepplimera(d) separatiog fie Grid pninips s SBEHPA PRe vessel .
The extract i ofie febidialpoBfer; kid3)3ebveking th gesiedddmnaion.er i stics are controlled so

that only the desiJe egul.ar .. wej . ' ' |.axane are
dirssol ved, - The. ol BETTSHIuE Frep ot Bibdb s i e ob beoglioR FQHMACDE BF B
then renpd@d £ silsasquidrenc produrtnixtuesapi thgn pabsingan sitiaction Huid Bxonghthe Yessgkt | ons not

sol ubl e in t hpefekibhiobn @8id W its s@SoildP thaRbtRficsiaRt T oirdiMdRo BRdRlyitRl ssshgich as gel s
or 25 contam nants. The desired sil sesqui,ox ng: Iﬁ‘r aogtj on.|§1 éhe recover ed
from the sol uPpleRylapyeiehnfractions ﬂgsﬂfe’ﬁ%“°§ﬂ1°gﬁidfsf°?‘ﬁ7 S PRHPR MR Pr g8y ¢ he
sol vent an. . frdosdnebisiisepjuiegdnpistiah rengvedtomtthvevessel dsvingttost silseshwionne These
preci pitates cap, (he0iRf i Bk h&§aeuRY e oBEARSHRSe BbEHIARnGL bd it | on or

centrifugation. o .
contaminants. The desired silsesquioxane fraction is then recovered from the solution by

—

altering the solubility characteristics of the solvent an... thereby, precipitating out the
desired fraction. These precipitates can then be collected by a process such as filtration or
centrifugation.
The extraction fluid used in this process includes any compound which, when at,
30 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
compounds that are functional include, but are not limited to, carbon dioxide and most

35  low molecular weight hydrocarbons such as ethane or propane. Additional methods of



The extraction fluid used in this process includes any conpound whi ch, when
at, 30 near or above its critical point, will dissolve the fraction of

si | sesqu¥sx¥803esi red and not dissol ve the remaini ng PCatisimasse

Addi ti onal consideration, however, isjusually given to the critical
tenperature and pressure of the solvent conpound so that unreasonabl e
Teasures  ar CddfnatlfGRAUNIN i AiSAGN ol ). SAAN. 2480 iithary BATPI €5 Of
specific conpounds that are functional 1nclude, buf are not'limted to,
car bon di oxi #6-and nost 35 | ow nol ecul ar wei ght hydrocarbons such as

]gzt hane or pr 0pan®y§Md,i.etHo@§3aie cﬁfﬁk&w&%e%s_im&ﬁ?ﬂ&@ﬁﬂgg’@ﬂ ASR0/ @689 10

ractionatiog, are djscl os in Katsytoshi et.al. U S Patent :

5, 486, 546, ‘hﬂawa%gs me“fg%‘?wﬁv %’ﬂ@’r{eﬁ”r’«gﬂfgﬁg‘}“%'ﬁeﬁa&‘é?ﬁs ‘;é%'g?f’er ‘the desired

fractio n of i&fe_in‘h_k&@o@oméiﬁ@ted. _Ebrhsraneqmetmb sh asrsamxﬁm:_cfaptidmimuer , Wwhich

resul t in OBLaOGbRE, (EAF (SO LR RS o 7 BELSA, 9. SPle0

cont enpl at ed. For. I nstance, Thods SUZh as solUtion fractionation or

subl i mati on #28Btion herein (See, for exanple, O sson et al., Arkiv. Keni

13: 367-78  (1958)Hen 2 MhBFUeBosiiBR REGAPEE, tHePrfcRd RRdod oF st Rfioxadhbre preferred

fraction of si I_sg;gw oxane ., used .in thecfg[)oc S’E;eﬁf this invention is one

that can be W& iRhe Prosssgofihigiayenignisqms hat T‘é’fﬁi pefermodsiieor vacuum

condi ti orts. tégerinmd dny/or Gucfiin donditidns. Obenerallyesuch fiationsarewlitis€in which ad east about

75% of the species 7§1)?}§§heasg£‘c$’4sﬁ£v‘ékﬁ{ole&ﬁdr%m}%mh%?ﬁ?& %‘613?66‘?‘15¥ef30 0. Preferred
are thos I'ch a a

herei n, however, ractions 1 n eas Bout " 75% of t he

speci es hav ehewin, kayleesarethospfictions it which of leeshabawdath of Boepecipditare & hose fracti ons
i B W[" Zgoat &&e}glgb @Jgé?xk’fessm%b&fwf)@@litﬁ nﬁgdfa&iohﬁmh&ha?w@a%gﬁswveh ght between
abou an . bei ng particula refer n preferre '
enbodi nent s,° fﬁ?&‘”’ﬁﬂ?“é‘i)ﬁ?’&?“iﬂk\"ﬁ?ﬁL"t"é‘?’?ﬁéb"gﬁ%{)“?é%&%geﬂ‘éﬁgm?“&ﬂycorrpounds t hat
are T-2 150 Tpreféhred.alp@sefenied embodinetits,déqracechianweighp raegecwill ectrespadcioes correspond
O ORI oAbl 12 1 Baf bl FV o RlpoSRUT il AL 21 Lons. 112 o
T-30. Additionalty, 1t is conte T abed™t At m sk es. Si | sesqui oxanes
cont ai ni ng cewespesd érompevngs thag e Trige Td S.nd fer spinsrapplisetionn A-18é0 Trdkd herein as’
the source of 20 AgéitisfRfy) iU MEApIAUUEHE mixuPEsIE Likdsilbxlafel céthaifingCh M Xt Ures,
however, can | eave g‘gr esi due i Si .ngseggnv.ol %l | e species. This residue

co

does not corf@PPPETLBaARRFAHY XERTZ R & MBI EREqui oxane mi xtures
cont ai nidy ciswppionads vipay | Vejptiizalionod shich mirgaesoliowerdrngenleave a radigght s. 25
Cheni cal  VaRgfy iR Asivbia@P steliéDirnie R¥id SRBATLE dofiilinfBh RS akMMBmE Bt e art can
be used to produce a filmusing one or_ nore conpounds of the Invention.
Deposi ti on tof&isssAeiereas mixugs raafaiyng Sp/proneds hpvingiaproad range of molecular

weights.

25 ical Vapor

Any deposition method known in the art can be used to produce a film using one

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
30 theart.

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

provides a method of forming a low k dielectric film. The method comprises vaporizing

and depositing on a substrate a material having the formula [R-SiOy s},(H-SiO s}y,

wherein x + y = n, n is an integer between 2 and 30, x is an integer between I and n and y
35 isawhole number between 0 and n. Ris a C, to Ciqo alkyl group.



I nclude, for exanple, spraying (e.g., nebulizer under vacuum), spin-on,

di p-coating, sputtering, CVD, and the like. Qther coating nethods wll be
apparent twobhmssa of skill in 30 the art. As the use of p&visdossds esent !y
preferred, in a second aspect, the invegition provides a nethod of form ng
a lowk dielectric film The nethod conprises vaporizing and depositing on

a substrate a mat e ﬁ)lexgﬁ%irfv\eeﬁiﬁxfrtt,%%ﬂé%%dE’rﬁtnt?ﬁcg’sﬂs% q{ﬂoﬂ'nglsg?) lla}é wherein x

+y =n, nis an In eger 'S an etween | and n
and y 35 is a mms@hqmﬁcmwmsmmaedmdmdswau@a@eaosmomo al kyl group.

WO 01129052 PCRaddePQnBR6R8%he. séxus:ratao BBt mbélr{z%{txoﬁ%?ﬂﬁ'aémﬁﬁhshédm? desired
fraction of silsesquioxane is obtajned, pl aced into a CVD

appar at us, vapi§ping &y silssyuirrps Baaleabeve Pﬁvép%zﬂ’@bb%’?ttq}'é‘}? USEH ZFFBER- B ont ai ni ng
t he substr ai e #yQ ch@bifidion &dhe abMROGEnZANY, GapoiAtionticacameplistipd dtsdnmekatiigs heat i ng

t he sHsesqwax ne s V its va QLi z e use of
vacuum o 5 £ R RN A G P AR R LB bt 0
acconpl i shed a‘oomt-:ermpmta‘c).métsvacumthe range of 50 C - 300 C under

at mospher i ¢ pr ess Ui foufior LisMRTohRTBRE el fipRRAS of AOAREIPELAL UT €) under

vacuum The amount of sesqul oxane vapor _used in the process of this
i nvention is tﬂmhlsmff%ﬁ“?@ep%ﬁ}?eldeﬁ‘%@a‘tné H@W§HW?WéaH@§W%d coating. This

can vary Ouger ﬂ@oxfﬁ&&ﬂ@sulloas%Q%}Qdﬁ&m@&:Jkﬁ&ﬁ €He Sref 16 caated lehe Idesi r ed
coating thi ckne

S r e coated t he vapor ma
be used at nedff Yii‘fl"(??frf{‘?gﬁf PSSt PSR 8% °|°’é°8"mf“f" J&f‘ﬁegdlgd'i)'éepvé?‘” FLto Iobe d
used, it may e ued/imaydd comtiined whrndasty @m yontpatifhegas biclasgarsaruothelign.ai r, ar gon
or hel i um The prO%ﬁegp%ocgisonsfm RS2 bOthed B 3cBEl dSifithe bkl ROSYike desir abl e

coatings in a w de NI cknesses | nstance, coatings in the
range of from"amﬂfﬂacmwl EVWW%CO%ESQH*@ata&eﬁﬁ%a‘é’ﬁtﬁ}{mﬁﬂfﬁ crons are
possi bl e. ﬁfuﬂx&ddﬂbﬁtmﬁh&&ﬁi@%es&bﬁ BREE fidh GridMiRiceare Péksible ®hedd Pl | cat i ons

il ar E“E?eEee«';Ssééépp%%%%m”“m%&e@&%st Maftp bRl HoER ns “or ror o
in thickness,thih Giniateiprafened St premsingreamicifirgs thif bre d eniq@abi mgsinnay al so cover,
or be covered ﬁ&m@srs'??ﬁu ﬁﬁ%s&r&g&a&ﬂx h as Si02 20 coatings, Si02/nodifying

cerani c oxide er’s i con containing coatin silicon carbon
cont ai ni ng coat i ng@eS%W%bﬁaxﬁlsf’P@’g’éﬁfQﬁG?Y@'&ﬂm?{g"'&‘@a‘tﬂsﬁﬁéas S04 i con nitrogen

carbon comt alcﬂéﬂﬂ% smzhbdigﬁxg c&édnb&@d&I@Xrygﬂiaonrbbﬁt&ﬁiﬁﬁbaﬁ@ﬂkmtdﬂlcﬁ&ncOat i ngs,
and/ or di anond | i s. and their nmechani sm of

carb Such coat.
deposi tion ar EBHBHHCOPPES ﬁ’§°°§f‘f“°g°ng%q‘a"g’3<ga°ﬁ%'ln§s’ SIf%ﬁV OECRCF®ght i n Hal uska,
U. S. Pat ent NeontdnifySattigs siliédo veygbrenitrdzen coRtainih® &@tings, and/or diamond like

carbon coatings. Such coatings and their mechanism of deposition are known in the art.
For example, many are taught in Haluska, U.S. Patent No. 4,973,526, November 27,
25 1990.

The formation of the films of the invention is accomplished by a large vurieiy 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,

30 Bunshah ef 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: () chemical vapor deposition, or CVD, in which solid
35 films are formed on a substrate by the chemical reaction of vapor phase chemicals that



The formation of the filnms of the invention is acconplished by a |arge v
riety of techniques, which can conceptually be. divided into two groups:

(1) fil n""Q%R82by interaction of a vapor-deposited speCci/esoozsdsy t he
substrate; and (2) filmformation by l2deposition without causing changes to
the substrate or filmmaterial. See, for exarrple 30 Bunshah et at.

DEPCSI TI ON E&Q‘M%é&c&@u&ﬂs blomas, in WEHhe R dge, " New
ROCES ES, Acadenm.c Press, New-

Jersey, 1983; and V0 et at
Yor k. New vamsles&é*féﬁm%ﬂgg*tv&ﬁw&s Eﬁi“ ﬁﬁefcef% RARPOTOPE prosent
[ nvent | on anwenspértet acbss @ eslucdt priedsare regloin foais: ssbslratk, ardiere &t coddetteqxo firhi on:  (a)

chem cal vaRQ/uiflARRIAd (R BaisRbr dedibs Oeg“@gm;mwcgmgﬁ n biliddTProflf e T O7 T 0N 2

substrate by em ca action 0 hase em ca

01/ 29052 SPCWIGM g G¥len a@mulwsqdnefmqazk—eusw dhinsfilms,fesrprosess (b) physi cal
vapor deDOS'lstthfaﬁd epﬁ’tﬁxyp e folrRatitbeGHin HIRR by PPE GcRifles e phde@sdsBf N filmare
physi cal |y di sl odged froma source to forma vapor which is transported
across a. red?]’(‘i‘é‘ﬂ‘gﬁf“e§’§ﬂﬂ’9é‘°?egl on to the substrate, where it condenses to
form the thin fThe8 ardisreftly xhresandjdr Ggesl cHeliralSidfis depatigongCVb) a | i qui d, whi ch
I's then dr|e o formthe 0 1l m V\h D, process is used to
formsin %F éssse %s%hem Yéﬁm%e hvﬁlgm‘;bc?tlgg ressure eé;vrégn de%lsf"gxy. The

formati di ofeﬂltamedlCVDI(PﬁsCW) ﬁ%@ofﬂi@hm@@smdmbsﬁsye@samtamut tering and

evaporation mJ&%fc@oﬁh%pﬁéﬁnﬁﬁﬁVan&lﬂﬁﬁﬂdgﬁée%r atp\éﬁi&ﬁacr%?lﬁhﬁms%h vapor
deposi tion rocesses, atnospheric pressure APCVD), | ow pressure

(LPCVD) andwﬁp‘&s‘}?égll‘iﬁ°€ﬁ%ﬁf:%“wm PECVD). Each of these met hods has
advant ages and dnmaépbam;a@eﬁec%m)aanaiomtea@pmw&mpﬁlm met hod and

devi ce for g%a %I‘tmlo eualt :Q escc,:tat lmtes % {Wla%\hl n togemgbj lities of those
of skill in e ar eri press evices operate in a

mass trdds pdﬁmsmt?fmemm!ammmh@m ﬁwd%tlcatchﬂmé’npek&tcuﬁ(@sthmm othgsr oxi mat el y 400
T. In MBss- biABRDAkSS uLdsﬁantp%&eslei ﬂ%%%&ampmh&meﬂ&mﬁe CAyihd Ol of the

deposi ti on chanber |s l'ess crjtical than in other nmethods; mass transport
processes afEvYmLReIracktyisg H%WPWHW“Tlé‘HB%‘r“&PﬁPt?m‘bE"FW@kg%ﬂr| val rate of
t he react antmintaingiathembgeyeops cpe@nttatianafireattanty ih die bulk gmadiadentab then in the bul k

gas, maint %ﬁ}s%ﬁgﬁ'%%‘ﬁ&%l&?{}%ﬁ%&.%&k@&s&iosw@&»ra:{é&c?mé st he bul k gas

adj acent_to ers s Crit 0 I nsure uni form
thi cknesd aeteeresated inte mess tpsaert limited regime mugt bs desigpptso shatall waker t he mass

transport ||sdH'aEﬁdrersﬂﬁhémmﬂM§E ubﬁmdeﬁrhaaadm@madaame@héedmteb surfaces are
supplied with an e ? r ed APCVD

react or desGHY dﬁ?’%\?? eld%yﬂ‘rﬂt?%ﬁ“ﬁ?q%ﬁgf?ﬁ?“%‘?y r taémm%ﬁ%)lng# Yizontally

posi ti oni ng wafes andvadwngshemnabdere gasisggeamhem under a gas stream
In contrast to APCVD reactors, low pressure CVD (LPCVD) reactors operate in a

- 25  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
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

30  critical as constant temperature, Thus, LPCVD reactors do not have to be designed to
supply an invariant flux of reactants to all Jocations of a wafer surface.

Under the low pressure of an LPCVD reactor, for example, operating at medium
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

35  the diffusivity at atmospheric pressure. The increased diffusivity is partially offset by the



In contrast to APCVD reactors, |ow pressure CVD (LPCVD) reactors operate in
a 25 reaction rate-limted node. In processes that are run under reaction
rate-1int BP0 tions, the tenperature of the process pcgaiPosgeior t ant
paranmeter. To maintain a uniform depogBdtion rate throughout a reactor, the
reactor tenperature nust be honbgeneous throughout the reactor and at all

vaf er surfacesygy Hthﬁ‘erd&ﬁ?é:aHo&'%hicﬂftlﬁrea&hr{E ﬁx&@dxﬁﬁk@%ﬂé&s&f@ idsf¥@ar i € at which
the deposited species arrive at the surface is not as 30 critical as

const ant terrpesﬂ%‘UP‘é°f%BI§sS“’£F’é€/D’tF§°&E’FS’P'§h%’SH‘BF%%°’ 5o aspiRds gned to
supply an i nvasdréasitin fhk tansgikt of RatdnB It the dubstide kurfacant byeproduok avayidier surf ace.
Under the | ow re%surel_lggi§ an LPCVD reactor, for exanple, operating at

medi um vacuu “or 0.25-2.0 torr) and higher tenperatures (550
-600 C), tHe diff UBCVD repctas art tesigukd powio pentary pefigesions (a) cic@stwbe by a f act or
of approxi mat 0 [ ssure. The
I ncreased di f%a\sétlog/si %9 (b%%ca%“; Pﬁwgﬁa; %Lé%{ry bﬁonzﬁﬁal @\Dﬁ%}% Qg%ggo sg&g / USOCOx 28689
13 fact that tfhfem‘m%lﬂ%‘h Ta‘iﬁv@srsa%ﬁl%ﬁwmcﬁélaéffh?ﬁase%H@Vedcﬂfffuse i ncreases

by less than tdagsi 8, iR nitife, m%nwb&ﬁaiﬂﬁﬁbedgb AIRSL THRY fikGhcd S that there
is nore than an or of magnitude Jjncrease int ehrtransport of reactants

to the subst rabf‘@dgtﬂ‘ EHQ’Q'P&WH'%W%@M@P&MWW QRRPUG IOt e sur f ace.
5 LPCVD r efict thsabametod&smga@dIargbdiamateﬁ(rejgrymwnzﬁpmﬁ"drgurat ions: (a) horizontal
LUDe ] PACLOTS: AN R B kSRl S DAL A SR U SukbEL 20Nt a1 C ube,

hot wall reactors are actors 1n
processi ng. Tﬁeﬁmmuewpthdmm&rfecmmﬁqﬂhw@“ngﬁhwwﬁ c¥afemi tri de, and

undoped and dop&daipltiRed side BPside, tie¥e {nh&%@ lﬂe&mtcmwaaemﬂe%@m ty primrily

because of their superior econony hr oughput , unlformt% and ability
t 0 acconmodat @etitigngfebeprathionedy T‘%‘edgq“a‘qﬁﬁf ‘Hﬁ‘f?as\igé‘?‘@?‘g s PR (’FefF‘t f1 ow

i sot her mal15L P@éaamgactias"ﬂofw Wértially fosit a8 Afectortebes]ittrbugh fhblt:&dp@ﬁﬁmonfs eed

techni que, so that e | an. q%@“ fresh

react ants. V\afpésrtawwaf%é’pamﬁeln setwceﬁs'ﬁte aﬂdmk) d&@&g&t@@%éxg 51'4Ged in

per f or at ed- quaize, rungter end locmet of eegeperfgrations pvesﬁesi itOcm@ml %eﬂ@a@fhear-'twg,

perforated, qlg@ﬁ’eitétﬂe%f%PéuﬁibeQ%pidﬂ %lz%k'%t?per@ﬁﬂontdé L waach 15
reactant gas. Gas fl gws vertlcal %&/‘gesog%?sy i 'njector tu es t hrough t he

cage per f or at i§hRe supphedsrithiqsnticgl.ap ef"é‘i"wtf’(?mt“ﬁé’ I p%ERtt ace and into
exhaust sl2gt s ifjetodwbdsh The aedesiginan awidrthe waferrbeafer rauadntlde;ﬂﬁbm efrctof cage
erforations a al .the f of .reac othe waf er
gurfaces By p f)eenr%% ed%%fmcm"reau"e%nomo%e\r%fmg?g" "0 p%em g eac Twaf er can
be suppl i ed widegesitieharnd spdrtedjvizehieves logpatitulity eogiaminetiont ants from the

vertical ly adj acenheaﬂmlnm&@vg@eaoamemﬁh@asamnﬁanéa%mmmavm d the

waf er -t o- vvafer reactant depl etion effects _of the end- e&iflube reactors,
requires no t HSBFEEL/F eatee ‘??b"nlyp‘?y(?&'ﬁ%‘é"s”ﬂ’?‘b Rytpise i 'Fé‘?‘ﬁ‘l ol energy

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

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 LECVD
processes. Lower substrate temperature is the major advantage of PECVD, providing
film deposition on substrates not having sufficient thermal stability to accept coating by

30  other methods. PECVD can also enhance deposition rates over those achieved using
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.



deposi tions, and reportedly achieves |ow particulate contam nation. The
third major CVD deposition nethod is plasnma enhanced CVvD (PECVD). This
net hod i V@AYV i zed not only by pressure regine, but acamsedzdsiss et hod
of energy 25 input. Rather than relyilAg solely on thermal energy to
initiate and sustain chem cal reactions, PECVD uses an rf-induced gl ow

di scharge to tranBEEYD eqwresyonirvitand dphimizatirnof semdral depmsidon pafaleisj Ng t he

substrate to gﬁggﬁ t LPCVD

processes. Lér\r/‘\:glr%é& errgfllessk n‘ber ’tuée |£y(ate mrheéoglruég@/ant%ge of PECVD,

provi di ng f|dmwdretp@s¢qmpémamms@rp5ndemwomérssemmmrtgs suwliagpem t her mal
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Desirabl e pr@dﬁ@:&&m&&m&mhtlﬁSne@&ﬁhﬂvuﬁéﬁhﬁﬁhﬁimnnhﬁﬁ\kh&kﬁbbm e densu ty, good step

cover age, adequat tr| cal r np th fine-line
pattern transfer EVBO%S us" yh "mgﬁ’ gout%wméc‘f)'ﬁlpmen ng 5f°“f°ﬁ g’gg‘i‘sl lms in
VLSI. WO 01/ Z8@H®s; mmasmm @@Bdiers formemmbgaeeqmtcrtéssmmt(d)d reagiixgh

opt i mi zationg fmgér%vreaa& @%&ﬁ&'f&@eﬂ?%ﬂ?ﬁ&fﬁ%ﬁmo whibfheHiT9iok Power density,

frequency, and deposition process Is ependent. in a

conpl ex 3fd F?W@W@éb‘bﬁé@?ﬁ%?fs&%ﬁe"ish@'s@d‘ﬁ&?déﬁ’é{“’éla@fgyéx offgrimeanss on t he
tlisualh par arreaﬁr(gt@:ipe@ﬁ.ﬁeseﬁsfeosmhvmgdgs/%wmysﬁhgsmctoﬁma?ﬁ:apstmxe, and plressurg
urt hernore t he thod_ is.surface reaction limte
and adequat e }L?ﬁéjfnﬂélfeéedﬁf gvr?ffésl’“étaﬁ%‘E?Stﬁgﬁlgaﬁ"%ﬁ?'ﬁﬁgL&ﬁg‘g%rssary to ensure
uni form fi | m t hi chngsfereQyibodipsntethefilms ofthd ipveptiontazs produbed ufing CEM ng
conponents: (@) a Bafd @RS, (b) gas. feed lines; (c) mass-flow
controllers for netering the gases into the system (d) a reaction - chanber
or reactdr; (e) a nethod for heating the wafers onto which the filmis to
be 10 deposi Cefhg and in some types of systens, for addi ng addi ti onal energy

by ot her neans; erature sen PECVD systens al so
contain punps for™ {da%ﬂectetﬁanvemtl%@m“das ?g‘ﬁﬁd'relggmcgmc ang egfausting the -

gases fromt m!m%lmburthe formula [@S&H(R h%iodrfﬁi%)aﬁxﬁdmln thistfermplaRiandd® t he

i nvention ar %emeagéeﬁﬁ@paaefmgs&e\@dfrumt:bm@,ﬁaﬁﬁgft béﬁers@&ﬁ.orlq'%m@rl ng In a
third as e invention provi eectrlgagllmcorrprlsmga

nat eri al ﬁang SEEFAETPInF &2 I-Bé?(%‘f‘c[i(“l‘-?l‘)aéﬁ?‘?%ﬁeﬁ[ fegsieded | this
formula Ri afrdngroapanmﬂbeﬂ‘rhemuagbmat&emﬂw xse’eg:efeadlyfghemmm to G oo al kyl

roups; & 1 € P gtud 83010, FAPaf hborkeall b B8 o 1han O equal to 1.5
and ¢, d and ers |ndepen ect ed
In a preferred embodiment, the precursor for this film is a silsesquioxane havmg

the formula {R-Si0) s}[H-Si01 s}y, wherein x + y =n, n is an integer between 2 and 30, X

25  isaninteger between 1 and n, and y is a whole number between 0 and n. Risa C;to Cyg

alkyl group. In a further preferred embodiment, R is a C; to Cy alky! group, preferably a
C4 to Cy alkyl group, and more preferably a Cq to Cayg alkyl group. .
This film is formed by curing the film of silsesquioxane molecule deposited onto the
substrate, When the alkyl group is a methyl group, the cured film contains methyl

30 moieties. In contrast, when the alkyl group is a higher alkyl, C, (n =2 - 100), the process
of curing results in the extrusion of an alkene moiety having »-1 carbon atoms. The
extrusion of the alkene moiety from the curing film creates a pore in the film. The size of
this pore can be manipulated by the size of the alkyl group of the film precursor. Thus,
films of varying porosity and, therefore, varying dielectric constants can be formed using

35  the methods of the invention.



fromthe group consisting of the integers greater than 10, nore preferably
greater than 100, greater than 1000, greater than 10,000 or greater than

100, 000. |WOARY0%% erred enbodi ment, the precursor for thper/bstorsiss a

si | sesqui oxane having the formula [R&E(s]" [HSi 0L 5y, wherein x +y =
n, nis an integer between 2 and 30, x 25 is an integer between 1 and n,

and y i s a whol e nTinkei a feirhvasgdat, fie presdntinvedtioh frodidésh miethoddonrepatidgyl group. I n

et B el R el ol PR e i P51 1Y 2

rou group. This
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precursor. Thes,nis i integer bdtweea 2 yad 8(, xioen0stegey beawren 1 trdey ek eomanber ar yi ng

dielectric co e invention.
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than 10. The ﬁﬁ'fé??oggﬁg e”i?}?‘g}e%mgmp%BWHg9&3%%"&@&“% P:Ma&% rogécogglrrglgl sing a
mat eri al Ravi wgsqimaaﬁlmmraorpﬁcgs@ﬁlsx]pxmogMp@]ﬂdeﬁlwnertmn X +y =n, n

i's an integer pRRleWafddgrée rosty witkouk Sndd bx] éﬁhﬁﬂﬁfonbﬁxtalﬂ\/@ﬁﬂx nd n yisa
nunber between the R group is

to .C100 aI k
of a size suf f’?pﬁ'?‘%eﬁiafif[“ﬂf"? "ﬁ?’ﬁ?/‘?f&p?"ﬁse‘sfﬁ"& % g@g‘?é’é oP958r osi ty. The
deposited fi Ivmpuiombﬂahsﬁze af the Rigonp orithefilmipeecurjur. OThucHrsttappeoxiaationjan Row Kk fil m
As used herei f f t | of the pores
. grman f’%ﬂ&@@ra%gdmé}?s?f%ﬁ%é#e sxéé?s eSselt D Bl ﬁm%ﬁa‘&c P

in the film unit’ area. t of any given

R group oR0 th@’aﬁﬁ‘a‘g‘i‘l@e’f@?m\‘“ﬂ?ﬂﬁikp@r Shq‘tagldqfé*"’é'&?idluyprﬂ‘é@’é?ﬁﬁeﬁed Fol | owi ng a

si mpl e exper i pidtet foPésBinRfng the sigd ¥ tHebore kekliting ﬁ%&t&&ﬁm&ﬁheﬁheamceﬁd | m precursor
or series of fllnB,Frecurs 9rs th rOV|de h gpresel%ted degree

of porosity wWPHodP aEKgia derptsye Wéﬁmef eri ment al
protocol, theofsikgiesulptitutrueby eargisg mﬂxemaerofard alkyleubsatumls mepasf afdichmads by t he
orderly vari Bpltke e csrﬁgmﬁa&gepo%s ERS TReFOHH 0Pl KRS isltheh WsRLAGY T SOT - To a

first approximtion
25  inter alia, measuring their density. In another embodiment, the number of pores in a film

is manipulated by varying the number of alkyl substituents on the film precursor.
The following discussion is generally applicable to the two aspects of the invention
discussed immediately above. Prior to initiating the curing process, a film reflow process
can be performed to smooth the surface of the film. After coating, silsesquioxane film
30  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 convenient 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.



group is selected, and the resulting pore size is estimated, on the basis
of the v 0 Waal s radius of the extruded al kene. The van der \Wal s
radi us provi a useful paraneter for estimating the sCraisvbrdslpe pore
resulting fromthe extrusion of the alene group. To arrive at a desired
| evel of porosity, a series of filnms, having the same nunber of alkyl
substituents, butPrigtarysilsesguionanetderived filmsdavetbhen catelt inl vasarb srhbi¢ntsent s i s prepar ed
and cured t | [osity of the -
Rsultin® HAGe é} ibﬁ @r&p@ﬁ:@ Ft‘ﬁésg ImBH O ude afr, Eﬁm‘o;mﬁ:m&g i y

films is then assesse inter alia, nmeasurin elrr Sity. In
anot her enbo'éﬁf?ﬁé'ﬁ‘t‘f&m‘tﬁ’éh)‘di?ﬂ?@’?““&“-“p@?’@?"Y»r‘F“&’eﬁaWFeﬁP abaut AUHCsnd at ed by

varying the éﬂlﬂﬁéﬂtﬁﬁes etaba&dsaImu&tebﬁ,tahhwaﬁesxsmughhﬁ telpibd ! @CpakRMEr, The
fol I ow ng. discu ener.al.| Qllc |.e '[_(? two. agspects of the

i nventio é"’éa g‘ﬁ‘"ﬁk %t"é?‘g/g'&% ‘{;ép'e '8‘1""%’3’ ﬁ*"’t’f’%ﬂnFH'g the curing
process, a- fannmniagfddocss psilivos sxynitidzmypl Ging eud cringid ifeo osmdwoin) t he surface of
the film AfLgLs epeggésmam ol SEREHRBRERdrdn Tt A0 SLE blfle G0, ©F f ect ed by

ra|5|ngthete erature he su toatenpera ween 120 C -
and 200 C, tuypgureddiyfiipgansilsegpioranes mi nutes. This .step may be done in air, or

in the curing anighe sent@ﬂve@xoﬁ%%ﬂ&h&ﬂ&ed&fr‘ﬁ&%‘&ﬁesﬁﬁx&@h&ﬁ}nk YriedbggPspher i c).

Alternately, thl e conbi ned wit ow,.ng curing step
under §4 PR iR éﬁ'h’&etf |“5pl‘§‘"g a*&m*wgé’éﬁrféa%“&ﬁmeﬁ%‘ﬁ{l°%% ffbsition. WO
01/ 29052 16 HEEE’ lESﬁ(HlxﬂBﬁ&Qre chtiefutly curedtunder hm@mm&rﬂﬁmﬂaﬁayved films have
been cured i Di [ es | roperties.
e en‘?’s \ﬁlﬁ% y ﬁ;’e‘dgnea&r%s%%%ms&?e by d}%h ani,Mr ro & ,c%slg%é}p

hydr ogen/ ni tthodgeiee, d@ase!c&#alqz, ortx@memmp@yn@falsamehqw @r\a&nd'lth curl ng tinmes
of about 30 dibdﬂlﬁb@ﬁeth&is it U3O#ce AhdinB bBDprbpvail bathipst, WG aPBt{aBc), 36T - 1 N
partlcul %%&sﬁ been found that curing in air produces a predoninantly
Si-Ofi I Im UM% ni a produces a silicon oxynitride type film and
curing in inert a'hehﬁnhfm6fgsxlmqnbsqnh&irﬂnmﬁmétmylpmcésmhmeWaned:h retain some
Dot o O e R OB b e MAEHE Sl Bick! drggS QUi Oxane.

The present 1nvention IS co use in si sequ|okane films dried
and 10 cur &BFidept elepironbpam '@ﬁ?‘g’eﬂ?hﬁé‘fsﬁFﬂ?‘PPﬁ‘““r’éﬂﬁﬁi‘leﬁ@‘“E?F“‘Ptha anbi ents ot her
than those Ckil&ﬁ‘quﬁ)iﬁﬂ thithin€ This cﬁssﬁmuﬁglcbmiohatcarﬁé@ouearaa{ouhw cured unde(r]I /
non- oxi i ng con e, se i sture and/ or-
oxygen, eolzt hcgr ?HR&SPP M‘Pmﬁaﬁ%aéta °“‘§5 8} eg'angipre%mﬁ?ng packagi ng,
or in use. ‘Iéh@ammg/mmm lﬁﬁndhtyohmdrmteh@ntﬂ@@%fmhﬂvqwldm%e deposi tion

met hods t hatg, ﬁﬁauasﬁnagmyﬂ.wb%au G ht bR OdHete dﬁﬁﬁgawe%am prob&lings Pt (acac) 2,

to- 15 further filmecuring, The forpation of Isesqwoxanethlnfllm

is effected P&SFecb‘ E’ef%‘%h%%@m&dﬁi‘ @’(SF °’5‘U5‘§?‘1”9¥’é’a“k’ﬁ1’é°s?’? dungenly @ at
noder at el y glgivmbfabk greesdues. at ures or with UV irradiation, or an incident

el ect r omgbeam t oy CORKST ol ifisihd AFEHlE BBREARhEEH SsSQRESI i 0N iNto a

nitrogen, argon, helium or the like may be present or reactive gases such as air, oxygen,

U:Q

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 metailized electronic substrates, are generally unnecessary.
Heating temperatures in the range of about 150 °C to about 700 °C are preferable, with
35 temperatures in the range of about 200 °C to about 500 °C being more preferred. The '



sil sesqui oxane thin film This crosslinking conversion is carried out in a
noi sture 20 contai ni ng atnosphere containing at |east about 0.5%relative
humi dity af@%W®%rably containing from about 15% rel at iPCensootisgsot y t O
about 100% relative humdity. The spetified |evel of noisture may be
present in the atnosphere during the entire processing procedure for

formng the ceka@nifipetairdwitlidbpthdin, fackrs @6 b8 the pidhlar SuBdtiniR present during only

a ‘portion of the procedure ition .to,he -.cont ai ni ng

ot mbepher o, MR GGl phhel Hechm i o M SRR TR, Cho | ke
may be presentelgive hupadity), ﬁanmcosmlﬁumesamd coatirg/gemositioh yapogenrs. chl ori de,
amoni @ and. ¢ B Lidon BFoRGRIERERs is b P SRR BhacQbdifth ! Nventi on,
the conversion o} the SIT qu|oxane ecul'e on the coated substrate is
acconpl i shéd ¥ita t her nal pr ocessing, by heating the 30 coated substrate.

The tenperature ennéaayﬁelg&lbﬁxuyrwn&aai :B:eaazmermmmemimm thd RsiteB ikt filll M i S
noderate, preferably bei | east about 100 re preferably at |east

about 150 C. TE?(‘E‘?WF’V“W&% R e e sian o *Wﬁtéh"“éfr &eng WRes@blesst eri ous to
other materi aklﬁnﬁb’omtu's@lg ot 0. lStblhlibﬁﬂ’m&ns adpreferearti cul arly netal I'i zed

el ectronic sub at es re. necessar a t enperatures in
the range of aE nfggnc% (1)5955% Wg‘ﬁ%ga%afnemmrp%sgnéﬁ }m \?Hq'frﬁ 35

t enper at url@s Pwssmhle bmaubgwoslﬂler&bmemomm WCMSWWO@IIQEI PrRgSUres’ e
preferred. TheayQALL23052 RETIHSI0HZEAR Mkl 1EUACts GRRBRABIM © Wi | | depend

on factors such as the particul ar substit or ganosi | sesqul oxane

nol ecul e util Faﬂé‘dheﬂ't‘%ér°&et§%‘t$o‘ﬁﬂi‘%ﬁr%‘ﬁ’“t‘H@%@Yf’ﬁ@ﬁ‘l‘?&ﬂyésREPWudl ng relative
humi dity), heﬁfnbtﬁﬂali THEFate 6fh8dting) gotebvet, K Whsd Rottitkal; BA it ighsRAPASANII ON
conponent s. Fe s&s |ond?f ?E{; priate conditions is well within the
abilities of P’ﬁ & BRI P RP 5 art. Heating is generally conducted
for a ti mdSsuffi cilprtaltemative embadimenthé thisrimvdntioh, the fHrmation of THilsesppiexareng peri od
typically is i, diligs Jcmﬁsh@{)%»wojécenfqtm&e@m&%&&un#sﬁaaum) fafRn Of | €SS

t han about 2 hours, e. abou ours, are pr eferred. The
heating pr ocemﬁnéleﬁ?nﬁmﬁwwm&%@éﬂbsﬁfmﬁmmm?ﬁ“ frefoynd o
at mospheri c 16 effed $o désRgd crdishinkifig damletsion PIiRE tll@es@ﬁdi&&lﬂc&cﬂémaxe[é&tédl al vacuum

or super at nos % gl?resasmlﬁé ﬁregﬁxe%\}secﬁéso be £ w}(ﬁmisuﬁé.n r‘r%gpogtddof heat i ng,

such as the use 0 W& Focessin hot pl ate,
or radi ani0or subteduhe devatadieyperitgesgisaddn &b thyﬂnalfmmb hetlcomﬁimonsa)f e of

heating, nOr eQY ffadiatich afd RPmil Plocdsfihgl theftHents QMid bk EmplisyedBibsied act i cal and
preferred to heat as rapidly'as possible 15 In an al ternative embodi ment

of this inventi on,Thepiisesapiprang thip flmsformedysing ireadigtionsoassd Progesiing 2 | m i s

acconpl i shed Qe,se:swuhﬁedtdnwaiﬁh@mgmgneedmwmm& thiretypicaliy tebultaoimheral ( UV)
irradi ation

-

processing under otherwise identical coating conditions. An advantage of the use of
25  irradiation-based processing is that patterned films may be generated on a substrate by the

selective focusing of the radiation.

al o
Although the properties of a bulk material are well characterized, the same

30  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
by surface properties, while in bulk materials this is not the case. The thin film, by its
very definition, has a substantially higher surface-to-volume ratio than does a bulk
material, The structure of thin films, and their method of preparation also play a vital role

35  indetermining the film properties.



or an el ectron beam Exposure of the coated substrate to such irradiation
has been found to effect the desired crosslinking conversion of the

si | sesquiveen90szol ecul e in the coated substrate. The |r a% t r eat ment
is ordinarily carried out w thout subjgcting the coated substrate to the
el evat ed tenperatures used in the thernal processing, but conbi nati ons of

the irradiation ther mal cess treat coul d | oyed, if
desired. The sil seEGFHENT )F‘ffoaﬁ"?w dfef}?"fﬂ?féf Efsc ﬂ@ct"‘inftf’ﬁg’f"ﬁ'%n based .
processi ng aingudiggspesxiat dng offispecdatxeny and deugron fefectivily, tnegitdispdgiie-raont ent s t han
typically repildiviy @8l bihiTBhecahie 56 ot IR o MifetthfonlIBRLT C2Icoali ng
conditions. An advanta e of use o I rradiati on- rocessing is
that patt er nBiropsopyd 5°B’é‘“gé€%f°&?@ﬂlpt9nL‘ae‘s“6st’t’? 4CEPMYE f"héZ sel ective

focusi ng of Glbﬂ)ﬁﬂ&if@w csmco@tmt;@ssémmmwnsxmmamx tpttees@r operties of a

bul k mat eri aragter teri inits thin -
filmform cg‘h“ﬁ‘}i’g’é%iﬁ%?ﬁsse unsgt g’r%}"ts]g%@f H‘ﬁ‘tr??ﬂtf tft’t#Yé?f%‘HFef rom t hose -
of the bul k nat erFHilal thickdess cantba derermird Ldivgtcominemiallyi dvailable dpseuntenssuchr € st rongly
i nfl uenced p Alesyt his i's not the
case. The th%%@y‘fsﬂﬁ%ggr E?&%ﬁén df Bim &@He& ttr“refpa‘d{t]\}éuﬂi@}& ST ar¥t lally higher -
sur f ace- t o- vdssitahis. Rﬁm@etwf@eﬁlmcmelme@m@wnwe"PFﬁeetgt Pusht ure of thin

films, apgl t&Qicks spRbhercRfy d%ﬁgemtdblgtlyl %h%grn&ﬁ@yeﬁst Wichathetdid € 35 i n

determnlngthefllm I es [ SO0 9 18 There

exi sts an ar%@“&“gwgzt?@dﬁwg‘a’etu&ﬁm‘ﬂ g{f[e gﬁaﬁcgeg'eg §8%% ng thin filns,
i ncl udi ng s pigiefly descrivedbetvivl. Jiipeellividin tiie ablijiessof dnenof sitill dnheragtftd eobse Vi t y,

ener gy- di spe prféte%%%ogf?ﬁéte%&ln I b slrec#c%&rgil.téngt)ﬁ:to?gﬁﬁrkoﬂﬁ gCE X-Tay

fl uorescence I on sca ng atomc torce mcroscopy and elli psomnet ry
See, for exanpl e The pyrefplane thermyl gxpansineaf thafRin fifms cagbemepsyradyginga Wl f et al .
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I nstrument s tetielactuzh sanplelisicknasy.cTheserieasuiments ark typisailyfmake tmdmtdondxtioness for -
refractive igd oiléhﬁﬁxﬁﬂ}'em 'y desirable. Refractive index of thin filns
can be nmeasured using an elipsoneter. Such .10 devices are comercially:
avai | abl e (Rudol P surfeseiaighnepsof i ogskrses a resplcof the sadempessafthe yr f ace
roughgesﬂ% | fdegmtioﬂﬁﬁéhﬁd tgwlu fitthsedirfdst diwdys SHOWShrudt rodghilest, h@en:thdﬁgltml'h?‘se met Pods
are riefly descri el o t t abilities of one o

skill :in thee%f?sfmfo @W%’ggyvy%ﬁlh [lh‘?tg r?erff"gt\fytﬂ ﬁm B?pOSI %tﬂh' I ning a desired
char act er i sttempegftures ténd tashe lesstserfacnmeztmmﬂhlsrihbecem ingreased surigee t her nal
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The sanple is _used to neasure the capaci tance 8 doreC| sion parallel-
valleys. On the other hand, higher temperatures can also lead to the development of _

25  crystal facets, which may continue to grow in favored directions, leading to increased
surface roughness. At low temperatures, the surface rotxghness 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

30  of very fiat films. This has been confirmed by Scanning Electron Micrography (SEM)
examination of these films. Thus, ina prefened.embodiment, the surface roughness of
the films of the invention is investigated by SEM and/or AFM. In a preferred
embodiment, thin films of the invention are characterized further by being uniform and

crack-free when viewed by electron micrography.



pl ate capacitor of constant area so that the neasured capacitance is
inversely proportional to the actual sanple thickness. These neasurenents
are typi ca¥dpiBs@e under conditions of controlled hum dpémso{bggsg;urface
roughness of filns occurs as a result @f the randommess of the 2

deposi tion process. Real films al nost al ways show surface roughness even
fi4m Deposi t1 ons LA R BaEa e LS B s e
roughness. Théxasmpls FDERCspersroscopycaeaedd ﬁumﬁmeegambmelswmteraﬁﬁimshe hi gher
substrate te PERKR A val l eys. On

t he ot her ha% eﬁg%&&n?&petlérg%glﬁegsﬁk%}aeﬁ@gm%p eala; kﬂ%ﬂ H‘g'evel opnent of 25
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to increassed togu&fnﬁﬁg‘ers%gngﬁ&soﬁﬁtth,ﬁgmterrper atures, the surface roughness
as neasured by surface _area, 0 increase wth increased film

thi ckness. Obl i qué”ﬁ%‘ﬁﬂ’éﬁq‘qn&ﬁmfﬁlé’(mt?ésrﬁ’?t‘tus“e ORAMAPRITTIRYC 8PS0 i ncreases

surface rougm&ﬁﬁnedﬁpmgxxiyahffradﬁdn anor phous dep03|ts have shown neasured

surface area nearl al .to eomstrl c Ie he exi stence
30 of very flat f#ﬁgﬂs“ﬂ?fé’ﬂ B‘ ﬂvegm’r‘l‘fcan %%yééc%ﬁérﬁ/ngg ectron

M crography (iBéehdsors. echtdem dging trassinkingiof silsesqui¢xans, mdlesules dyringftee r ed

enbodi menyg t@ﬂn@a{gﬂz Hzg'a%ﬁma& susésasﬁo,efaaé s RlmdwA%o beMEHAdQR | S

|nvest|gated preferred —enbodinent, thin filns of
the inventi oﬁ“&ﬁ@@ﬂ&?‘ab‘t‘%ﬁﬁ@éﬁ af‘W%@f“B‘ﬁ“b%ﬂ‘W@"ﬁﬂﬁi“? BIHEEPRAS r ack free
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I nfrared spectrosc lsS a ful to ch ragte | ms of
the'inventi orf™#8F 08%’535’ r%isrg!&’r?%"?ﬂedcbty F5t %tgf/’ can pftlt(%%/‘l’lgwgt% nf ormati on
regar di ng t hevotmeufiadiine isbrofis fromehe depnsitiontpredessit geherplras Llgwe densiper at ur es.
Different gurg. ﬁ(rrgawi?les wll frequently produce filnms having different
| R spectra. T eover rared spectroscopy can be used 5 to determ ne the

si | anol content offhe fieleqtiicicanstant oz particulan g 7n besreptyppd 8Y be MOSEAP m i nto a

crystalline QﬂeﬁﬂﬂWhi%ﬂi%Lkﬁov&itB biselofskell ifs 46 adh EWhelaliee i iedmpeimd 6f aX- I ay
diffraction. The d, nS| t i nvent| SR 541 be be varl ed by

sel ection of JHE ¥ ‘Ph““%'(‘?&lﬁ’!‘%?%‘“‘"gi’#‘%?ﬁ%’* e menly i De eartied sl i nki ng of
si’l sesqui oxanmt, mbmmieas'usiugamgmsoem wWiGthispacing cpubtstrgpbire. THieer petha@isi ty  of
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tenperature ness and porosity decrease i ncreasing cure
tenperature due to densification. The density of a thin film provides
i nformation q@@g&gits physical structure. Density is preferably determ ned

by weighing the film drreasurl vQl . Itgea ilmi rous from
t he deposition pr abfeé’elce phsuRyete F%%ICW%éssh“ﬁte#gnj%?Y e‘ﬁ%‘{ {Pvgémﬁ abd
chemical stability at the temperature and in the environment of the deposition vessel.
25  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.
In an exemplary embodiment, the substrate is 2 semiconductor substrate (e.g., of
silicon). The substrate is functionalized with conductors which may be, for instance,

30  formed of an aluminum-0.5% copper alloy. The dielectric films of the present invention
need not be deposited directly over a conducting layer (i.e., other dielectric layers may
intervene or a conducting layer may not be present below the dielectric film of the present
invention). In general, the dielectric film is deposited by, £.g., CVD of a silsesquioxane
film precursor over the substrate, followed by reflow and film curing steps, which may be

35  combined to convert the film to a final form. Either during reflow or curing (or between



15 than the bulk material. The dielectric constant of a particular filmcan
be nmeasured by the MOSCAP nethod which is known to one of skill in the
art. WheWOH29062 | mis a conponent of a device with i ntmoTousewessss | i nes, the
| ine-to-1ine capacitance neasurenent0can be carried out, for exanple, by
using a 0.50/0.50 pm wi dt h/ spaci ng conb structure. O her nmethods 20 for
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by the needf‘t’&?“t"ﬂ@%’%ﬁs“@’ﬁ‘(ﬁm?%‘?f%%c%sgfes%"t"émel and enpipse P& perat ure and in
t he envi ronpbmuanbnbt‘rfemdeposrtron vessel . 25 Thus, the substrate can be,
for exanple, k.

particularly pr er rJ%BﬁLtes lﬁbﬂéﬁte&t’nﬂgﬁhﬂ{po&g%gla%e*ﬁsedejfaér{sgendrah devr ces to
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gener al 10t héledtderIOé@tlrerGmﬁPlkWPBtIOQéb@SMPeQ!FeWﬂtéefglrfacemmlcwesr | sesqui oxane
filmprecursor over the substrate, followed by reflow and filmcuring
steps, which may be 35 conbined to convert the filmto a final form Either
during refl r.-curing (or. between WO 01/29052 PCTI USOO 28659 20 these

st eps), the%&wg‘r‘é‘%ﬁ@s subjected to a tenperature between 120 C and
200 C for a period of tine sufficient to produce silsesquioxane reflow and
enhance the pl dnandthepaspest thg inventionproviges amebiest comprsingfrless k Aigledtiiny i nt er connect
lines, a ek, sdi®HR compristhd B Aiatelifl Ua eoradughed to forminterconnect |ines.
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order of 0. Slecte@frén Gi ©Cpnallyl grovpstis lessairn at equilitek héxeseawhihetorequal es by
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formation of | nterconnect, of a filmof the rnvention or
anot her fi | e {niseeys grealsrthap 4, lﬂthels&h&e)ﬂlwqfﬂwawewp&kaﬂesecwmt@ MPe order of
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conpri si ng # asemieendedtorhavi ng the fornul a

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
invention. In a preferred embodiment, the comprises a member selected from Si, SiON,
25  SiN, SiO,, Cu, Ta, TaN and combinations thereof, more prefzrably Si, SiO; and
combinations thereof,
In another preferred embodiment, the wafer is metallized, preferably with a
member selected from copper, titanium, titanium nitride and combinations thereof.
It is understood that the examples and embodiments described herein are for
30 illustrative purposes only and that various modifications or changes in light thereof will
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 claims. All
publications, patents, and patent applications cited herein are hereby incorporated by

reference in their entirety for all purposes.



15 [H S 0]c[(R).SIM]d[(R2)aSip]. In this formula R and R2 are nenbers
i ndependently selected fromCl to Ci(r) al kyl groups; a is less than or
equal to 1; bwosizsater t-han or equal to 1.5; and c, menber s
i ndependent|ly selected fromthe group cagsisting of the I A egg?dé&gr eater
than 10. Although the films of the invention can be incorporated into
essentially any qdguigg or object in which a lowk dielectric filmwould
have utility, in a 20 preferred enbodi ment, the object conprises a wafer,
preferably nmade of a,mate i .ol duc Sem conduct or
waf ers made of a varllety %#0% afm% e%m’% the art and
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substantially all of these wafers are ?Qmmggbgﬂyfor coating with the

films of the inventi n. In a preferre mbodi men the c
selected fromSi, SiS¥F™®5 SiN S, Cu, Ta, TaN and conbmﬂ[l lu ﬁﬂﬁﬂ)ﬂll
more preferabty Si, Si 02 Mb‘ldcxt@@nmaikﬂmmns t hereof. I n anot
enbodi nent, the wafer is feyallized, preferably with a menmber selec ed
fromcopper, titanium titaniumnitride and conbinations thereof. It is
under st ood that the exanpt®® LRy wIHETHi?AEN s described herein are for 30
illustrative purposes onlxisaristegettatweandrandaisndnodi fi cati ons or changes in
light thereof will be sygoeshffudePGhdQNs skilled in the art and are to
included within the spirit and purvi ew of thi S appl i cati on and are
consi dered w4 hin th; scqpe cofh omrmm . n % § 1 FUbl Jcations,
patents, and patent HpplicCations i (ﬁngh"ecagf’ w?”n??é ’B%?s’ WP hor ated by
reference in theRprésirety for all purposes. WO 01/29052 PCTI USO0/ 28689
21 CLAIMS: |. A conposition conprising a material having the formula
[R-SiOl.s], (H Si Ol s}y, Shedomposition acchiding alcladn 1, dhérdid d ik 4 thdrhbibd sbibceli]
Ri saCt t 0C100 al I@é}ntgrgggpcm Ogaof&emége\‘ﬂﬂ)mﬂoiém nﬁ‘}ent eger between 2 and 30;
an

X is an integer between an y I's betmeen 0 and n. 10 2.

The conposition acco‘{dln to claim1 ﬁ Sit ]: isin a
vapor state. 3. The Gonp g'ls'lcf)m%‘) acaﬁcgfdal?f? 3’ gel?ﬁ”ia Q° e%"qn is a menber
sel ect ed 15 from the group consxstmg of the integers from 8 to 12.
5. The composition according to claim 1, wherein R is a C; to Cyp straight-
or branched-chain alkyl group.
6. The composition according to claim 5, wherein R is a C; to Cysstraight-
or branched-chain alkyl group.
20 7. The composition according to claim 6, wherein R is a2 C; to Cystraight- or

branched-chain alkyl group.

8. The composition according to claim 1, wherein about 75% of said
vaporized material has a molecular weight of less than about 3000 daltons.

9, The composition according to claim 8, wherein about 75% of said
25  vaporized material has a molecular weight of less than about 1800 daltons.

10,  The composition according to claim 9, wherein about 75% of said
vaporized material has a molecular weight of less than about 1600 daltons.
11. A method of forming a low k dielectric film, said method comprising;
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fromthe group consisting of the integers from6 to 16, inclusive. 4. The
conposition according to claim3, wherein n is a nenber selected 15 from
the groupvoouzwes®t i ng of the integers from8 to 12. -5. T W@nl on
according to claim1, wherein Ris @22C, to C20 straight " or ed-chain-
al kyl group. 6. The corrposition according to claim5, wherein Ris a C to

Ci sstraight- or branched- rou 0 7..The osition according
to claim6, wherein RQP} %?s%‘g?"g a(%ﬂ)sg%&l CS‘Ppnsﬁlgﬁﬁﬁ’ﬁggwgﬂ ai n al kyl _
group. 8. Théavmzmpcfmlaon according to cl ai m 1, wherein about 75% of said
vapori zed material has a nol ecul ar wei ght of | ess 't han 3000 daI tons
9. The conposition according to cl&¥#HP8HWhi€ndin about 759 ai d

vapori zed nmateri al hasymgrefo! ecul ar wei ght of | ess than a mﬂm H,"'(mm
10. The cgrrp05| tion accordi ng{ to claim9, wherein about

vapori zed“material has a nﬁ cutar weight O 1less than about 1600 tons.
11. A method of form ng a hanintegerdenetnddBd;l m said nmet hod conpri SI ng:

Thi s Sheet Has Been Repl ac LEi] lit [iii WO 01/29052

PCT/ USOQ 28689 22 (a) depggsl |En Lrbe!tw(%gh;ﬁé%%strate a material conprising a
filmprecursor having therS@Mkaaﬂml[eRb@@losr} L[HSiOL.s]r, i wherein
11111111111111111111111111ﬂ{1§a@lt3<¢‘¥oraky[_g,&1p n |s an int eger bet ween 2 and
30; x is an integer between 1 and I s a whol e nunber between 0 and n;

Ris a to C 00,al k t hod..gccarding to claim11,

wher ei ngggu d deporti ﬁja @8‘ ¥, “ga{”lﬂﬁ'tqﬁo‘g%e&sé'g 3’ S goc t deposition,
spi n-on, di pmwedsehgwd fsqor aperrepositiqnépireen, dig caatig, sprayingi sparteringmndt her eof . 13.
The net hod agm% ‘?, R.cl ai m 16, wherein said vapor deposition conprises
a menber selecte rom chem cal vapor deposition, physical vapor deposition

15 and conblnatlons th
T%e method according to claim 16, wherein said vapor deposition
comprises a member selected from chemical vapor deposition, physical vapor deposm'o_n

15  and combinations thereof,

14. The method according to claim 12, wherein said chemical vapor
deposition comprises a member selected from atmospheric chemical vapor deposition,
low pressure chemical vapor deposition, plasma enhanced chemical vapor deposition and
combinations thereof. ' |

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

comprising a film precursor having the formula

[R-8iOys}x[H-SiOs);,
wherein

25 x+y=mn

nis an integer between 2 and 30;

x is an integer between 1 and n;

y is a whole number between 0 and n;

Ris a C; to Cygp alkyl group; and |
30 (b) depositing onto a substrate said vaporized film precursor to form a

deposited film precursor.
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14. The met hod according to claim 12, wherein said chem cal vapor
deposition _conprises a nenber selected from atnospheric chem cal vapor
deposi ti on,wo?wsﬁressure chem cal ,yapor deposition, pl asreresevedssed

chem cal vapor deposition and co nations thereof. 20 15. A nethod of
formng a low k dielectric film said method conprising: (a) vaporizing a
material to forma vaporized film precursor, said material conprising a
fil'm precursor havifg t Te compasitibractoRiifg 1} laim] 18] wheSin@lis shember sale@edei n 25
X+y=n; nis ' r . ' ] i nteger between 1 and n;
y is a whole %ﬁgg%ﬁ%@tc\wggﬁe{%?gﬁét%}%@??lg’d@‘ﬁ?g C 00 al kyl group; and 30
(b) depositing onto a substrate said vaporized filmprecursor to forma
deposi ted film prellir sothe mehod accprdiag to plai Icwhereivanis & pember selestedifiom 11111111111

1111 WO 01129GkZralg coieiftingSPfé RReE3SomlHo 1Zhe conposition according to claim
15, wherein n is a nmenber selected fromthe group consisting of the

I ntegers from6 to.gd6, 4 | A7, .Th t r.di 0 _claim 16,
wherein n is(s) a nen%%r_ siéqgg%?lg%ycgdrr‘gaﬁmflﬁg‘elgg;%f%%g%%g%tﬁ%sgg%#°trhe i nt egers
from8 to 12. bendhed-chpisalirbaréupd according to claim 15, wherein Ris C, to

C20 straight- or branched-chain alkyl group. 19. The nethod according to
claim 18, wherein B.iS TheekthbPacksfingth ElAMAB] wierein FOK @ OLH €T, s@dight-B, al Kyl group.
20. The matho% a%c r.di n ltro claim 19, wherein Ris a Cl to C6 straight- or
10 branched- cKg" e'f*’l?&?lag‘é &WB. 21. The nethod according to claim 15,

wher ei n about 75% of said vaporized material has a nol ecul ar wei ght of

| ess than about 30%0 dalbte owthod Reordingtechkimtlpotherindos o Cntg Csstraightadrm 21, wherein
about 75%jef gﬁ{,éﬂedz@mrajkg%u material has a nol ecul ar weight of |ess than
about 1800 daltons. 15 2 Tﬁe met hod according to claim 22, wherein about

0 . . : :
Igg)oogais?l)gsvapor Iﬁ?d ﬁ?}n%l alccoh u;sgtc?clarxrtgllg,q” Lr%{nag\oezlt‘%%o sz]:id \lraggnsze& han about
material has a molecular weight of less than about 3000 daltons.

22, The method according to claim 21, wherein about 75% of said vaporized
material has a molecular weight of less than about 1800 daltons.

15 23, The method according to claim 22, wherein about 75% of said vaporized
material has 2 molecular weight of less than about 1600 daltons.

24. The method according to claim 15, wherein said vaporizing is carried out
at a temperature of from about 50 °C to about 300 °C.

25, The method according to claim 15, wherein said vaporizing is performed

20  under vacuum.

26.  The method according to claim 15, further comprising;
(c) curing said deposited film precursor.

27. The method according to claim 26, wherein said curing is by 2 member
selected from the group of heat, ultraviolet light, etectron beam and combinations thereof.

25 28. The method according to claim 27, wherein said curing is accomplished

by heating to a temperature of from about 150 °C to about 700 °C.
L
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U. The nethod according to claim15, wherein said vaporizing is carried out
at a tenperature of fromabout 50 C to about 300 C. 25. The net hod

accor di ng"P8V28 m 15, wherein sai.d vaporizing is per f orpAvusog/seggnder
vacuum 26. The nmethod according t© claim15, further conprising; (c)
curing said deposited filmprecursor. 27. The nethod according to claim 26,
wherein said curing is by a nenber selected fromthe group of heat,

ul traviol et |ight29. el &hdmalivdaeaningcl4a 2B, whafeinQsls tempaiteefs rom?5 28. The

met hod accor wherein said curing is acconplished by
heating to a%qgﬂ(}e}%&{ ﬁbr%létr?gg%%rom about 150 C to about 700 C. 1lfthiij

111111 hill Iti LI Il 1111 L N This Sheet Has Been, Replaced |I~~ WD 01/29052
24 PCTI USOQ 286899 294 lovrkdiglgqicdim serppsishe a gateial bpviehelgmulgher ei n sai d

tenperature is from about 2Q@, sﬁ‘og]cggqmgd[(ﬁl)@,d[]m 30. Alowk dielectric film
conprising a material having the tornula
[ HaSi O] J (R ) aSiwbkrpid[ (R2) aSi Gbln. 5 wherein R and R2 are menbers

i ndependent |y sel ect eg ;nﬁ %gmeé&mq&(g?m?%hﬁegpg 8%;??&0% 3 l.ess than or

equal to 1; b is greate han or e kyénd n are
menber s i ndepend@reupsy sel ected fromthe group consisting of the integers
greater than 10. 31. J{g@smmgquaq&prdl ng to claim30, wherein R and R2
are independently selected to C20 straight- or branched-chain

al kyl group. 32. The MSEwge eb?qéﬁ’lr‘i‘bl‘?&“%l aim 35, wherein R and R2 are
i ndependnt |y 15 sel gdiasth dré members ilidependent]pieleatedifidm the glotpdaadistilg chai n al kyI

groups. 33. Thesgf @g%é;s(f:%g&eg%mg{oto claim36, wherein R and R2 are

i ndependent |y 0 C6 straight- or branched- chal n al kyl

groups. 34. The nethod according to claim 37, eregﬂ R and are both
methyl groups. 3B 35Theuethod aqcopfliag osHaim Ay wheseip RuandhR HME‘F’E‘FH said filmis

a porous fi Iserected3@m G BECH stfaighi 6:bPdncihed GhdirDallss grotp. 30 wherein said filmhas a
dielectric

32.  The method according to claim 35, wherein R' and R? are independently
15  selected from C, to Cysstraight- or branched-chain alkyl groups.

.33, The method according to claim 36, wherein R' and R? are independently
selected from C, to Csstraight- or branched-chain alkyl groups.

34.  The method according to claim 37, wherein R' and R? are both methyl
groups.

20 3s. The film according to claim 30, wherein said film is a porous film.

_ 36. The film according to claim 30, wherein said film has a dielectric
constant of from about 0.1 to about 3.

37. The film according to claim 36 , wherein said film has a dielectric
constant of from about 0.5 to about 2.

25 38. A method for preparing a porous low k dielectric film having a
preselected degree of porosity, said film comprising a material having the formula
[HLSiOJL{(R):SiOJal(R):SiOb

wherein I lllllll l"l" III" "I'I " IIII
. * € L M 5§ =
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constant of fromabout 0.1 to about 3. 37. The filmaccording to claim 36,
wherein said filmhas a dielectric constant of fromabout 0.5 to about 2.
25 .38. A n®OBAE%5®r preparing a porous |low k dielectric fROTVOSOaEeR0 a
presel ected degree of porosity, sai®film/conprisin/gpa material having
the formula (HaSl b]e[(R )i SIObld((R2)aSl b]jn, wherein I
I1I111111111111111h11111 11 CL MS This Sheet Has Been Replaced ~II~ |~
~~F1 WD OU29052 25 PCT/RUBHFSAzgmmbers independentirselosied from bt Coo #kidependent | y
selected fromC, to O gmups Kyl groups; a is less than or equal to 1; b is
greater than or equal to l.g‘;ﬂ%and ? g', d and n are nenbers independently
sel ected fromthe grouf ™ SREPLYERE 0 the i ntegers greater than 10, said
met hod conprising: (a) bdegrasr hamg equaftb 1.53apd ecur sor to form a deposited film

PRS0 L 873 (H S O 1 oy inth R meB SRl taP iR Phd e PR bl | DUTV0,
30; x is an int eglfﬁhemgnatqund&midlyethqdc,emmmmie nunber between 0 and n;

15 R 520l 0CLO0A! KY| 01 UlBonib ool 80 BUsboSEPAR) il i PT SCUT SO L0
a

forma lowk dielectric film "w presel ect éd degree of porosity. 39.
The net hod accor di g Pregr3or canprising a mgtaiaiayingths @Mk i ng is carried out using

a nethod sel ected fromthe group.pf..h LJultraviolet Iight and
conbi nati ons 20 thereof. 40. The[lﬁ"é‘f)ﬁ@gﬁ'ﬁ@éﬂ*di ng to claim39, wherein said
curing is carried outng% heating to a tenperature of fromabout 150 Cto

about 7001€&. 41. The ¢reil according to claim40, wherein said tenperature
is from about 200 C to aboyt,2Q0 C.

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;
15 Ris a C; to Cyg alkyl group; and
(b) curing said deposited film precursor to form a low k dielectric film
with a preselected degree of porosity.

39.  The method according to claim 38, wherein said curing is carried out
using a method selected from the group of heat, ultraviolet light and combinations
20  thereof.

40.  The method according to claim 39, wherein said curing is carried out by
heating to a temperature of from about 150 °C to about 700 °C.

41, The method according to claim 40, wherein said temperature is from
about 200 °C to about 500 °C.,

25 42.  The film according to claim 38, wherein said low k dielectric film has a
dielectric constant of from about 0.1 to about 3.

43.  The film according to claim 42, wherein said low k dielectric film has a
dieleciric constant of from about 0.5 to about 2.

44.  Anobject comprising a low k dielectric film, said film comprising a

ot A

-
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25 42. The filmaccording to claim 38, wherein said low k dielectric film
has a dielectric constant of fromabout 0.1 to about 3. 43. The film
accor di ngv@ B129%i m 42, wherein sai g | ow k dielectric filpg@rfiRpormesodi €l €ctric
constant of from about 0.5 to about?®2. 44. An object conmprising a | ow k
dielectric film said filmconprising a 30 material having the formnul a:
Lritrijrarrpagritictrrrtrl |-------------- This Sheet has Been Replaced |
1111111; 1111 WO 01/ 29052 26HSEs)EHEICEERHSIOsh
[FbSiCblc[(R')aSingd[(RQ)aSiCbin, wherein R and R2 are nenbers

i ndependent |y sel"®%F%d fromC, to 0O al kyl groups; 5 ais less than or
equal to 1; b is greaR'end Rlreemarbesdindegendeotiylselotedinon €, to Gopalicyl N ar e nenber s

i ndependent |y selectq§m$gon1the group consisting of the integers greater
than 10. 45. The object dccording to claim44, wherein said object
conmprised a wafer. 180S lew thappeeawtltel: according to clai m 45, wherein said
waf er conprises a nmMybgkastlafeiQtitddmd , SION, SIN, Si®2, Cu, Ta, TaN
and conbi nations thereof. 47. The fer accordi to claim45, wherein said
wafer is a member sdb SEEAFEGT %P@P‘&“@?‘%ﬁb@%ﬁ’?"éﬂﬁ's&%i nations
t hereof . 48. Theofunfimegems@esateckthanot 0 cl ai m 47, wherein said wafer is

nmetal lized. 15 49. The netallized wafer according to claim48, netallized -

with a nenber  sg ectgd il B-GRRPR claink i, Mrtifiaid dbjeRtohiPsbd 4 drgle and
conbi nati ons thereof. Thi's Sheet Has Been Replaced 1 1111111111111 DI |

1111i1l 10 46.  The wafer according to claim 45, wherein said wafer comprises a
member selected from Si, SiON, SiN, SiO, Cu, Ta, TaN and combinations thereof.
47.  The wafer according to claim 45, wherein said wafer is a member
selected from Si wafers, Si0, wafers and combinations thereof.
48.  The wafer according to claim 47, wherein said wafer is metallized.
15 49, The metallized wafer according to claim 48, metallized with a member

selected from copper, titanium, titanium nitride and combinations thereof.

A
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