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ORGANCSI LSESQUI OXANE- PRECURSORS Background of the | nvention Semi conduc?%?g
are widely used in integrated circuits for electronic applications,

i ncl udi Rgp fiir@es2speed -conputers and wirel ess comuni crtrgNersesHuUCh
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si ngl e crBERGSTHON MEKSING ORGANGSIESESQUIOXANE-ERECAIRSORS t i pl e

| evel s of metallization for interconnections. A single sem conductor

m crochi p may have thousands, and even mllions of transistors- Logically,
a single mwmmve mllions of lines interconnecting the
transistors. As device geonetries shrink and functional density increases,
it becomes i nperHPEYPEUEYs FRYIFEE vieh B ipegiaed Aretie ©r pHetRREe #PPPREONS nes.
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the capacitance between fpunctl onal onents of the device. Such

di el ect ri c LOREHYF3 ynge WEphp may Ao kﬂXF ious of lingSdTEf@PAEfiPE B ent i ng unwant ed
shorting ofrafisi@haritvig geattits sHnGand furtQinaldedsinnigerbResplt Becony acting as a

rigid, IOHSL’II ge:[raltwg%o reRaSE c’apagﬁa%gceongr-'e rghg 1%';:5" Sulle 9 llr?crc Oa)élltag(?c} Lpn of netal
conductors, ac as a nol's €' i ons; filling

deep, narr cbwlcga?psa wtwéenddiwd@@layd wﬁatelédimémm»aequsrmaquhﬂuamn zi ng
uneven Cir Guddhp atei@agagm.ﬂhyesmumr@a nﬁmlu&mh syRfemS RBRGHGHOKS condtbht,! hen be
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prot ect i ve siiverdioide afcREd) 2§ di¢lermicnaysds edilao feducaed capbcitance batéeuel y | ow
terrperaitsur%nca&alac\%%&mq?é{ﬂ{elﬁ%;i&on of underlying conductors. Another very

i nportant consideration i's that such dielectric filns should have a | ow
rel ative di el ecfrdhdiclegtgpthingims serve manygarposs-auivdiae BeTerEBindingdi de (k = 3.9),

to | ower pqm&ﬁng&@nﬁglmdgemmudacrrpm&rﬁhdfmgmci!s Sjﬁﬁﬁklasdﬁb@,)hsfxl@ﬂingd osel y spaced
conduct ors. F{ecente?\llﬁllg I}avef ‘ﬁ‘§ gﬂt o gsesngaegrltéals ot her than
silicon di S8 é%rf"é“’ t°é‘r‘ifia?f’§’i‘ CUGE oW GerT £y et eri al s, such as
aer ogel s ambissirt and gqbileasrayfdling decphramolv edpe bitwien cle@hsspaamcomuctar-'»por ous

di el ectyyl C.an@plefiriAng eveh lecq@mp@&a% Q%a@@fe%@f'cond@@:&s%ﬂ@ﬁ bé ow as 1.2. This
| ower dielectric cgonstant resul i.n a reductiq RC. del ay ti ne.

Honever | metHE SerS e i T S OYRTAE BHURES of Siems HARBR 8 o7 g ot ep.
Thi s step ypivalhciastsltdeeceiodLDpand pioteative oveplogXPQ@)ilrod mselr foonrdact or

manuf act uri_ng.. .Fi i f i HSQ resins
have been f %ﬁﬁgﬁowm %E%géotasr%ﬂ d&g@@,ﬁg}f,&gg o I’f‘%ngs %ﬁs@?ggﬁé&for | LD and
PO appl i catinpsmant c%qder@;paﬁsﬁ]laésu:h dlclecmc films shouId havealow relative dielectric

) 25  constant k, as compared 1o 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 acrogel, 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 a 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,
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1 4 APR 2004 WD 01/29052 PCT/ US00128689 Hal uska et a!. (U.S. Pat. :
4,756,977, July 12, 1988) describe a filmdeposition technique comrﬁipgiz%
di | uti ngwiomassnl vent a hydrogen sil sesqui oxane resi npcapBbiyssesd this as a
coating to a substrate, evaporating tthe solvent and ceram fying the

~coating by heating the substrate in air. Qthers have found that by

ceram fying figR, é’}aPRﬁé iPRONd. Fﬂ7§6"9$7 Mlﬁ&em% d@Jcntl%)éqliir@@:@&nQﬂS (Bal I ance et
al., US. Pat. 20, 868, June 1 i nert lIng‘ﬁlEuropean

Pat ent Appl .tsﬁwquog‘e@méwﬁmwﬂ?‘ﬁ@‘ aﬁ‘i"é‘f’%&f‘ TS&UI%‘gﬁﬁs’g e final film
may be IO\A/e;tsadoaﬁﬁgﬂo@rsubs&a&bevhpom@tﬁeasobmmﬂrcedmfyug@emmg‘t;mhmyng n air. Each
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sol vent. The' sesqul oxane so onto a substrate
by a spiné onofdlwdmgemgast@dimvr qaerS PitiNot BROEES dne 14 S IpeBE & r ect ed t owar ds

chem cal VaP@o }?ﬁéént A.Sbnca%n 9o§nbm§wdmeém@coeig[@l &‘iHelnth fifPAd ngs. See,
Gentle, US No. 279, 661, Januar i scl osi ng CVD of

hydr ogen si I%Cé%‘tﬁﬁdd%gmé‘“?ijdfﬁ? $5/5078P3f5f| to£ 2y ‘lgr“ébeEac 1% ﬂ’&sﬁﬁﬁmfshese coat i ngs
formuseful gdiceke@icnicnf linysgicaafrdsprdiseimed ing soleest. dbeewlingi zes progressively

mnimze, | bl S dGRSSRANY SAIRYE BUAlLAPLE HiGhRpkihGud hin Ti M having

a |l ower dielecC C constant t c1;é)row he s npl e hydrogen
si | sesquitdxane f iliimied effgst fa%lreaw“&fwdn%w clemica! VEROF $FROSTIR 8 £ f er ent
conposi tion ﬁl@éﬁqﬁx@ﬁﬂ[&&&hﬁcoﬁtﬁl@s sdapGeatle, Uisl Peenniiui. £27966N Jdaeandidposi ted onto a

\jgglsgfglto e USIdgaRARBYL L i SRS S RliBa! Bhlnkd osqmbmadxm&méeethe art and
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sur pri si ngl yecoatidgefopn @s@m‘elﬁcm@m@ﬂ cBTnBvEs device sigrs Aoy BNy ecur sor s.

Summary O Thﬁ néﬁééﬁ?tdmabixlaﬂi@cﬁclda@awthhﬂﬁms Kivisg OMeer@iethadonsind Sesqui oxanes
havi ng al the s con apons of the silsesqui oxane

!
cage are E ?‘81836?’388?%’5%SIF'Bleh)(dm\%/e"asﬂscf rrc constant thin filns. The
al kyl ated sil sesqmwmaqféo“dayeﬂﬂapédi@ﬁ@i¢°§71Pﬁr"ébﬁ’tdé{i°‘us§fsrf§ﬂﬁ§ct recogni zed

techni ques aﬂlq\sivﬁi%ﬁ&ah@@&p&ftedtoh@wlbmleaﬁhg@m&ajm rbpeese}epagmﬁcad onto
substrates using osi rate t he

1 d l‘ll
al kyl ated si ?dé’@‘g‘(‘]’ﬂlﬂﬁfﬁﬁ‘@ "‘f"é@@?e“chg“eéﬁ’F%ﬂ Tl c° m'ma e wn BF(' ‘diel ectric
| ayer or fi | saprikinglg tHeipresdnt :asme:obrow{ldaeucpf@semprﬁcwmt | on provides a
conposi thbgn conprising a vaporized material having the fornula
[RRSIOL.s],[HSIiOL.s]y,. wherein x +y =n, nis an integer between 2 and
30, x is an and n and y is a whole nunber between 0 and
n. Ris a C, to Grienna tesd disgevenadihat ilsesquigraesd haying glisd gtovpstbprdedyp esent
i nvention pr EWL‘ fleR atammtll'ngﬂes‘a\ilmim%rc%er&g usefil Qr\ééuksors dﬂr Q:kaﬁéﬁeEdnE film The
met hod conprises vapori zi ng ? g ositing on bstrate a material
constant thin films. The alkylated silsesquoxane cages are casﬂy prcpare using art-
25  recognized techniques and fractions of these molecules can be deposited onto substrates
using CVD. Following its deposition onto a substrate, the alkylated silsesquioxane layer
is cured, producing a low k diclectric layer or film.
In a first aspect, the present invention provides a composition comprisinga
vaporized material having the formula [R-Si0, 5],[H-5i0y 5}y, wherein x + y=n, n is an
30  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 C; to Co atkyl 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-Si0; s],[H-Si0; s, wherein x + y = n, n is an integer between 2



having the formula [RRSIQ .5],[H S OL.s]y, wherein x +y =n, nis an

i nteger between 2 1 PC [USOO/ 28b89 4 APR 2064 WO 01/29052 3 and B3@pR 10i s
an integ¥e0¥eseen | and n and y is a whol e nunber befPGBYRNRSEHd N. Ris a
Cl to C100 alkyl group. In a third asSpect, the invention provides a tow k
dielectric filmconprising a material having the formula

(H.Si O], ((Ryd 300k Qalq&e@gbltwgnqh}dnand}ﬁathb]Sann{bEﬂﬂdMermanamleZ 5 are
menbers i nde endently Selected fromCl to Croo al kyl groups; a is |less

t han or equafﬁ“t%mflkylf"?“@ greater than or equal to 1.5; and ¢, d and n are
menber s |ndependenatthuydﬁpﬂcemtmclenucfnrpmndtSHéOng@dﬁf‘f(?cfﬁslcmnﬂm}ﬂaof the integers

greater than i ,Sb IS ENn hiDaRld 1R cmZow des an
obj ect conprT%ﬁfnﬁl hawnqathifaﬂﬁutla;[}l%‘?’(?ﬂg e {]ﬁﬁRIrg% co? I‘nl Sll {%g a ma? e[l al having

the formi a a[rd-lla@nb@la]ndfr(ell@c)‘“YSF’afﬂéPTﬁ??&@i"ﬁfv’]‘F'f i REER Ml a R and R2
are nenbers bnq,qpﬁgg;@mai, yreq@ﬁbestaedc ijuQimaﬁ,mdrr(berﬁnd(peraierklylselgrtd)ups ais

| ess than or equa X f@' l(%rez%st . ttg%q or equal to 1.5; and c, d and
n are nenber@“?ﬁhﬂ@ﬁ@ﬁﬂ‘?ﬁf"?%” &SRR S The group consisting of the

i ntegers great er It dvaontlGpectThemeen mdenbanperidssp epiecs coftrdsizef/ant ages of the

present i nvemlécg{g iYth LdmpRSn PR nﬁamgmgfmeqmnhlhe det ai | ed descrl ption that
follows. Figure onal Glur formul ae for
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the met hy? - %’Lﬁ)@ﬂi‘?l){sé?}?@ g@s]qd]i‘ Wg%'é HBan?hear? rPl?/"énis ihd or. - ﬁure 2 is a
group of thrgRciel fERNGitO0ad aligt gravps, aisdess thaponaahalee i brSquﬁ'e”@PF’I@Wq"a‘substl t ut ed
si | sesqui oxa of .t DR defeh @My el el o 1@ eRMPcafisibddree- di mensi onal
structural tnrmﬁndc dpg?htﬂggl al% Ey E!J:subsyt.lstut ed sil sesqui oxanes of the
i nvention, V\#hemesgwm@hthﬂi Woup is the sane as, or different fromthe
ot her R groups. I@&E&hdcﬁﬂrst%@ﬁﬂdpﬂuaﬂﬁgcmfﬂtelpesehnmmmnmﬂlbmpbatem Preferred
Enbodi rren Abbr evi at itions "CVD," as used herein, refers to

" cheni call aﬁﬁ?m&gﬁaﬂ' ‘? "anhaaill%% as used herein refers to "al kyl ated
hydrogen sil sesqui oxanes. "ASQ " as used herein, refers to "al kyl ated
si | sesqui oxa Yescr herein, refers to "al kylated fluorinated

si | oxanes. used orrfla Juorinated
hydr ogen si | oxan ég"" 61‘71’23%5*5’8‘? %Ié %%gSréﬁllgw,&%ERﬁ%}g4

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
Detailed Description Of The Invention And The Pref | Embodi
Abbreviati | Definiti
30 “CVD,” as used herein, refers t “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.”
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4 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 ng ,pﬁtpﬂ A,
t he for mMiDa129msSI OLls] K[ H Si OL, S]r, wherein X + y = npCcnusm/ 28689 Nt eger
between 2 and 30, x is an integer bejween 1 and n and y is a whol e nunber
bet ween 0 and n. R is aC to Cao alkyl group. "Al kyl ated

si | sesqui oxanes” fer“ ally every
silicon atom has an aLkg]faé“rﬂgeg%%g%ntga‘gﬂoegk%ﬂem%&ﬁ%%? %éesd hydr ogen

si | sesqui oxarasrd hereif @rdetcobc vaiiquE BIaREISHX BAYEE ‘hhéwr‘%[RaS %Sk%/'ﬁ iQusbf al kyl at ed

silicon at onBeaRd+$i-n, £R0n Rl BertRAL ind G0, xhy4l kG betwesdl Il H&SsHdlyoxane” i s
used generical ly herei n to efer t%}&)g}# lg)[lthe q?g(vl descri bed speci es.
Though not &@JTHPEMTEFT PEHF @ﬂf]eﬁ's  rfiio k! B9ER AR e esi ns may
contain & smﬁaﬂq{mnuﬁberermfsumqhmxama irpthiasubaiwticly dvety sli@n ttmhas@nor 2 hydr ogen
atoms or alk [ cl}gﬂ Ut Qané@ldri@ys factors involved in
their format %{%lr%% Ek{ﬁ&ed?&&@ Iat(ela dr?}ign quo t

| ated siloxane filni and

"al kyl at ed h'}ﬁdﬁqwg’@nﬂé’iﬂi“@%dﬂé"fr" P’TaHV“"F%?”é’P“ ‘“?’Ef *nq 11bFE" HRRUETITRg from curi ng

t he deposi t%?d exll S8 ARLHuRXANEs usdd@nehitdllBerdidre @efdr Rebog@nae itove-f or mul a

[ HLSI Ob], [( %dj (R2),Si]Ju. In this formula RL and R2 are nenbers

i ndependent 14 %béféué '®d fromCs to Goo alkyl groups; a is |less than or
equal td0l; b i sThogghewmt explicithizanrcesntcdpibiF STUEUS, mse regind may coft2igid n are menbers

i ndependent |s¥a|§r%ln%€rfo€§|hcf>£ Q5mstigh hﬁe exuhpr m@@sydsdghmn@for fRegroupk €ger s great er
than 10. "Low as used herts;i\it ﬁ $ Z}h ?Omamne EGLd ¢ constant that is
| over than tHaspedgereiodie &veus fqioR inyolved iR he priesent invention is
based on the di sTevemy akyakd flowst flohgdGilkfaddhydregekglogne@msrdfeses qui oxanes
and al kyl at edlshy Aoy @mé'cl.rﬁlgﬁlq Qeﬁe&ﬂ&scﬁ]ﬁssamberwﬁm hbv2 tfeQEqB€0at i Ngs on
vari ous substrates, @&H{\g are d 15{ pto a substrate such as
a sem condd¥rsp %‘P@r{(“b)ys Pd{}vfhf'f THaT por% FISR, the filmis
cured to pr okbeedearty seleameddrooi G koalid lkyd goigsm is Wéa@lalﬁprlcﬂ@“prlmieuced by the
techni ques %Ee S/ thad@Feq t]ﬁlioeﬂ D afdlcCs Math MRk Boersdfiefdhddht gakiea RRGhedi el ectric

S

| ayers on s trates such as el ectronic devices. The invention provi des
met hods of BERAFRYSPHH I Hresr &Lt F i 14 | ns. Additionally, there is

provi ded an arr ayLoefk, 1aougekhefein, nirsagaididaimo owstels thatselpudr tHapthatfobr m ng t hese
films. The GpappHpds In a first aspect, the present invention provides a
conposition corrprl sing a vaporized material having the formula
[RRSiQs]z[HSIO.s]y, wherein x +y =n, nis an integer between 2 and
30, x is anmﬂﬁm@f between | and n and y is a whole nunber } WO 01/ 29052

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 as a
[ 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  there is provided an array of low k films and compounds useful for forming these films.

Ihe Compounds
' In 2 first aspect, the present invention provides a composition comprising a
vaporized material having the formula [R-8i0, s)y[H-Si01.s]y, wherein x +y=mn, n isan

35  integer between 2 and 30, x is an integer between | and nand y is a whole number



PCT/ USO0/ 28689 between 0 and n. Ris a C, to C o0 al kyl group. Presently
preferred nmole % carbon content is fromabout 20%to about 90% nPL PR 100
pr ef er ablWO P¥¥PR2about 40% to about 80% The sil sesqui oxcwesioedsss he
invention are aI kyl -substituted nol ecgyles that, at higher values of n,
exi st as cage "T-n" nolecules (e.g., T-8, T-10, etc.). Ina preferred
embodi Ment, MedySen®nd NEEPSE, Y} hsll@l éefaquFre{sﬁt%e?m%@m%@%cL on@ T Ur ther

preferred embodi ment, n Is an Int e romg to 12. These
conpounds carOmREt is {Fer AR 20%d0 15gut 80%n meRrdYelsRlvffom about Ml hio oyt 898 hods.  For
exanpl e ASQ can b&esquh\eﬂhesedtmymm aftyltyiabpssed asnetueomgdansat i on of

R- Si - X3, in Rl a royp. | preferred
enbodi nent , %H” TS Pfs" ex's‘ B Caggof "Cf"gzcmes(g Fbﬂo %?)oﬁﬁpfffn *4not her
preferred 5en190bhdm!;ntl;n !Slﬂrhletemr kil a ahuo fpm 2 & 1§ B2 farther@refedred al kyl group. In yet

anot her pr ef %ﬁﬁ:ﬁﬁneﬁ:ﬁpf?mx%ﬁ&wn}li\ﬁtu@h&%mgrzoup is C to C6. The alkyl
groups can be either straldgét- or branched chain al kyl groups. In the

formula provi ded HB5BFETPOR rbé%ﬁfséze%b@ﬁé’m’eé%faf‘ﬁ‘%&f’g"fzéd B4 nat ed during
hydr ol ysi s. @Jﬂe&&rrpﬂd%QcpﬁRfsgn}reetbde Ope bndpdysiane chrakmgenstR-silkoxy groups and

aryl oxy 9f OURRe Rl iRl 412 %}];Jgﬁgp&gfegfag%ﬁqc&mqm GeBidiaRa0 Y O The

hydr ol ysi s/ condensat i o react| resu I'n a &H“&’/ condensed

ASQ or ARSQiGC: fafes W&ﬁfﬁipyﬁﬁ@ml&ﬁw%ﬁmdéﬁmﬂ’m‘aﬂif B! grayp ibeCitmEer rupt ed at
an i nt er nedi anqagropplmpmmﬁ,aptrémkd @tioliimed:, dtatkiy o ate s d,Combaiini ng Si - OR

Si-d, etc.) and/or rtial S ontalnlng Si OH groups) are
formed. See, SP&F B b&%‘““““@ﬂ‘ °’9”“°E% E‘"“ﬁ"'f&%‘ 13: 367-78 (1958); Barry et

al., J. Am Chem Iﬂ S@éonanm\dozﬂf@osez X(rros®)s;2 spepich UBi tsekraipatedgipning| . |, J.
Og an omet . Oﬂﬁiﬁlysﬂ8@uncﬂ{§5pr@f91ﬁd é(jggc& Qare Haldgehs, E&@y%uﬁ?dn@dm @gi ment, the

reaction Eroduces sub% nt| sesqui oxanes. ASQ and

AHSQ havi'ig SRR ™Y BTipe ]}bl?"%ﬁﬁ%la“dfheﬁﬁm%ﬁg céatgr@%gt ure or conposition
substi tuted ont o Te bydmiplsie’camiénsationredcticnypnioraldy esut ipr flhasoedtndey AB@hydzol ysi s

?L or gﬁngt r: b@hmjAra@gﬁr@,rm%mma%ngaabm)s@lnle aM%QmLJLf‘ehcorrplonent s of
e cohydrolysis  reacti ear differ e silicon
atom For exﬁ Fh ﬁ’f"ﬁ’é"'ﬂgﬁ‘if‘g}‘%ﬁf‘é‘i“?m&’ﬁ %Sﬁiﬂ?f] “ﬁ%ﬂrp pﬂ‘—@CHZ& a3 will
provi de a si Iccs:éqsxqmw Gaavengd TaOH prgupsiotrdformed. hSeé, @ rrdmele I Bidson, Hkivct | onal ity on

the siliggn @mrﬁ% 3st7 7§ ﬁssg'Bla%eéSWUW@ﬁem 8L HosXRePLA pidiepdan et al .
J. Organonet. ent of the ASQ and

994) I
A0 San e webt spione: G AN BIAIOG B AR ST RRRT Ly ot e
hydr ol ysi s r eagibi meduced bugstimidily dillly sergdénsaisdkensiatanon reacti ons can be

performed in a nuHeehd lels@hafvfnﬂl%%rouﬂs%ﬁ%ré Q%oﬂlinﬁ:%o&@ﬂp&m& choi ce of
appropriate reaction conditions is | 1 the abilities of these of

skill in theSgpiued "Fﬁ‘%“ﬁ%’sﬂﬁ’[bffag’“‘é‘ﬁﬁ“%rﬁﬁ@ﬁE’é"t"f”ﬁifaf’ Belmeri zation is
gener al | 25 cabmginegibdatianesDr srgencosikoeysilameneliereaigebrppedts,of thy cdhrizolagdddi t 1 on of t he

or ganosi | aneremawmffe% A9 PouPRPRRRASn bibln. | R GARE oo @BQLYIET | Zation) to

ant aqueous nedi u
CH_-,S:CI; 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 er al,,
J. Organomet. Chem. 483: 33-8 (1994). The alkyl content of the ASQ and AHSQ can be
30  controlled 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.



14 APR 2004 WD 01/29052 6 PCT/ USOQO 28689 The aqueous nedi um can be sinply
water or it can be an aqueous al cohol, Additionally, catal ¥sts suchy APR 2004
or gani c Yh¥/28%52j nor gani ¢ aci ds or bases can be added ¥ Y$I¥248% ¢ i on

m xture. For exanple, when silane altkoxi des are utilized as precursors for
the silsesquioxane, it is often desirable to use an acidic catalyst

(e.g., HO)TeQqfeamineiimte tk imply eaetdr oran biver mpseeyalcobthemidgiondine hal i des are
uti I i zed as recursor s K mmcrgtaogn facilitates

the reacti o?fglygéé“" s ofga%man%rm&g{nﬁ%ﬁ&s‘o@@%ﬁ%&vﬂc e Patent No. 5,047,492,
Sept enber  18ixmnitd For exFipe, yhdnaﬂ?ée H‘é?ﬁ@??éﬁé“‘k"éd@fpm'ﬁ%éf”d‘% HSi Cl 3, etc. ) can
be added neg& énﬁo:&:lﬂ:en is WG aedirdstd 16 usdlaxdcitic@amlyst (elpe YIChanfabidaré ihe st sol ubi | i zed

in a solven , hexanes |, etc.). The
mononer ( §) rescum ] ‘S‘/“‘&Ef[ﬂ%‘gg%‘{]yﬁ‘" lzedﬁsr%%fwsgggh%%trt ﬁmhydr ol ysi s nedium

to obtain m{vﬁozﬁi’cﬂ(‘dﬁaﬂa@mmsnmlreaafontS‘fe, forpeampleyWpokergivd ESrfd€Msation. In a
preferred e t r YWo or nore nonomers are utilized, a mxture
of the gb ?dgg?és]} ‘:Bt':"rnger?d ng(; then th g m xt ure &2 a(:ildtet to the

hydr ol yS| s mi xt uFre silaagiipromernle- EBM T olS Gk 4eHE Y 4191 41'S™and condensat i on
pol yneri zat h%lfsﬁ%ﬁitﬁr@mheyeame ak&emhmmb@aﬂmd@h@vsgﬁs mdhxkt nent of the
terrperature of . 1 roI Y. fe .;gngmu 1V gmameabm ng the

react i on'% efYei% 't'Tﬁ“’é‘Xq P ﬁemé’?log%ﬁ%f %Ebout Cto a HF;[Q‘ 50 C Preferably,
t he t enper atwirayssfmethe mwmwrw?@a‘&' Pighe W&'iyﬂsrﬁ“ ErFHt NI hed at a
tenper at ur e ,f 1 o ABQinthy, Ghbdin Bk minomen a etlizahie here disodi ment

al kyl ated si P sesqui oxanes ar e Sl S Sixuidet at hesi s of al kenes
wi th readi | yoaomay Bigmesd \?’i‘drf%"erg%bé mfsa?‘ﬂem(t]j)%sﬂlgel esgw oit;nes This reaction
is quite general Aadibnilsonualvf thelbydetysibgndsendensiigs %fﬂ’ﬁ'@gfag"’b‘i’ac?%é

vinyl - suhst | e l a%aﬁkﬁﬁothQﬁh crft@E ofabedmipblesis theetirer et al ., Chem
ﬁf?), 5’1%‘?% tﬁdulﬁ%\%‘;la@ thSRSp

Comun 86(1 In a s pbedi mente the ASQ or
AHSQ ol eculeedivay Y W&‘Pﬂ'}‘l‘@é}i’eiﬁﬁfmﬂfmpﬁméff g'sﬂ:l'elqé%?(gﬁb% a ?)‘?Bgca?sor hydr ogen

si | sesqui oxaueP.@femlslﬁs@:erﬁmsrewémhb’dmbﬁl! st medpRdERaRieAdd np| ecul es and
AHSQ nol ecul g %mp‘,}rq]g,mabgumomgggmsubstl tuted, etc.), depending on the
e

st oi chi orretry 0 reaction b e.Si g ahe the incom ng
hydrosi | ating spé’l‘)ieé@"‘h?rﬁm%f’d‘ﬂ‘re@fawﬁ %ls'fs??%uloame?g?&waﬁg il sesqui oxane cage

i's hydrosi | péuidsivbftalkermiviad regineavailaiclvinsd ubstintefilseEmioranen dhint t he
sil sesqui oxanes are.l é’e‘%&%@{mﬁ :é’unhfﬁﬁ’c‘}erd'b?@lf!?&tathwkdﬂmceﬁylahtyﬁmted conditions. In

a presently BFeterfe ment, the ?ﬁ akym - f)llﬁgpgw cat al yst,
such as a chiilenseyistxenes. et foaBREPLe E8T ¢ fy npl e Bol al’., Chem

Mater. 9: 1475- 1479si( 508 embBasst mdasczeoréﬁsmmolewl% arem‘hf‘cﬁ RADE
SI LI CON- OXY%MOS:M%J@J%%HMR%TU&X drselffoxaredSAHIQD Mhisthedbd dlords Vi eweg,

Wesbaden access to AS molecilés and AHSQ molecules (meno-, di-, tri-substituted, etc.),

depending on the stoichiometry of the reaction between the silsesquioxane and the
| incoming hydrosilating species. Ina preferred embodiment, the silsesquioxane cage 15
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 a platinum catalyst, such as a chloroplatinic acid. See, for example, Boiln et al., Chem.

Mater. 9: 1475-1479 (1997); Bassindale ef al., In, TAILOR-MADE SILICON-OXYGEN
COMPOUNDS; pp. 171-176, Eds. Cormiu et al., Vieweg, Wiesbaden, Germany (1995);
Calzaferri et al., Helv. Chim. Acta 74: 1278-1280 (1991); Hetren et al. Helv. Chim. Acta
74: 24-6 (1991); and Dittmar et al., J. Organomet. Chem. 489: 185-194 (1995).



Cal zaferri et al., Hely. Chim Acta 74: 1278-1280 (1991); Herren et1%

Hely. Chim Acta 74: 24-6 (1991); and Dittmar et al., J. Organonet. (',ﬁrﬂgr%ﬂm
489: 183wd@49¢52995). 14 APR 2004 1 4 APR 2004 WO 01/ 2BORAZSOPESHUISCr | 128689
Certain of the starting hydrogen silisesqui oxane used in the hydrosilation
reaction are conmercially available. For exanple, the T-8 cage is

comer ci al |y avaihahdrehe sﬁyﬁh@ﬁyﬂ@ﬁbﬂ@h&ﬁhﬁﬂhe@ in thEmproSlaKieni rergtionHi t achi ) .

horcaver " var o T DR B g, AU Aol iR 1 sesau xanes
3, 615, 272, mhirichCliesiichalriog Dpe Catpgl Hiteghi Morogrer; eakigysanstheds fefdkecr i be a process
of formng NSR t!f% Slf }gh agengﬂ&qﬁ%ﬁeg hﬂygu’eﬁ)&eaop%!i |I909ﬁ§lhﬂcé)l(3@m% ek hi ch may

contain up Fy" m silanol) conpri si ng %d‘[‘f éZl ng trichlorosil ane
in a bengene&id Padioe3, é‘él- WH‘;?H&S%%PW‘WF’HWEH’E R fidn washing the

resul ting pyrodumg m\Mi} Ruly\eoh@thse bydagtnadissuiost fubiich oiapoingin uSioni | ar |y, Bank et
al. in U S Patent

f Or ni ng hy d1r08 68%’951 srlgngg &ﬂnpgsdé%]:llggrbléﬁg tmlh]o?o%ﬁan%%% zéansuﬁbéccalcgse met hods of -

resing yzing hydridosilanes in
an aryl sul flgniae hpdrélghishyediumtaed thspdfamrwesesmmmw 8'“1‘ ‘d?‘?h"%fql“'@%% n which is

then contacggael b hslﬁknﬂ@%a'h@lnlallnmgs agentio. sﬁlqorsef@hr:edigenbodl ment of this
| atter process uses an acid to silane ratio ﬁltamwtm 11. Hi gher order

si | sesqtf oxHIEsTRRods fldorging hypropey silsespyionages Cm).‘pm be prepared by, for 15
exanpl e, pakydiidkilahear mang;eummtac:@hyd@t;tha@vwsge@%mw%w eHHEEch iSThese

rearrangemept, coEEc‘?e(&RJuB Qﬁeu@glﬁlng%ﬁl X%ﬁ@ngym@)@im@lum}ﬁs StEfro@s Sodi um
acetate, sodium c%ana e, sodium sulfite, sodium hydroxide and potassium

carbonate. Weeaneg t?tsll%‘h?“%l?féb‘b‘éﬂbral ly carried out in an organic solvent,
preferably acet Q{]er@&eSlIsdcs@foxﬁieai@d (eg.. Rik o\t ) cert begfiepared bpdbryhedr on 16:

3357 33G1 (13304 part ReCgm%n%fsﬁmﬁjtg‘amé,zahéc@gegurh@eaa@aﬁg%tl on product from
t he aqueous C'lpl on e ‘carried out . usi n%l conventi onal

t echni ques (cect!gls aresashlyasthby ORPIU ts‘i‘"'BFF spipaceEGatiiR YeHY BT ¢ hat
sol ubi I'i ze fue, E&&ﬁiﬂy%mwaeaimsnmﬂarbaﬂae Trertasiixinpireganirelly caied aqueous

reaction nediu i fdde i kS BSMHh Guane beact i on product, and
the |ike. TR&™ Ofggnécssoh'f'g g%téabgégct?on produ!(a:llt can then be recovered by

filtration Gelvedrapth &57'é¥fﬁ‘é\‘99¥)he 25 extract solvent as applicable. The
conpoungg can be}{e?d%ﬂyfofﬁdsﬂhbyqutoe&hfbiamueﬁodwmmnmciam:cbheeaaion of organic

chemstry | nccllulx'lngl CL}W us og%Xllo(ﬁmghmqu&%g PEhaRBlrh@bn wii | | ca gel ,

rever se- pha%é . crystallization, lSrhec itation,
fractionat i ompniasplvengsfthat i%ﬂliﬁﬁt}# reagiioR|PIPERCE DU HE TIHES Dfe B the PRECS b esent | y

preferred e@&i@ﬁ HEdm), sBl'ﬂﬁg ﬁe&hﬂe@ﬂked’cﬁiﬁﬁﬁd rédetidnprodust,iafid thekikhyThe 30
fractionati glnscs%\ﬂgx rrSa%tll n pro%uct ¢an 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, °C, °F NMR, infrared), mass
spectrometry, 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.



Art-recogni zed anal ytical nethods can be used to characterize the
conmpounds. Useful nethods include spectroscopic technC@Hesﬁgﬁ% g. ] 4 AR %
19F NVR WO#HI%$%ed), nass spectronetry, gel perneatioR bgr aph y

agai nst a nol ecul ar wei ght standard, 8 el emental analysis, nelting point
determnation and the like. In a preferred enbodi nent, 35 the conpounds
are charact eri zeth daygxenpprycinbeidheni, nviohlarpsigne ¢atis) iotddedysepewiseaothni ques. 1 4 WO
01/ 29052 PCT]. USOY 2 t, a
trichlorosil gn ngtodm@@é%aﬁp%sﬁgﬁgan&§n$r{1pv?nﬁgséo%ﬁ?m a‘é%?érg??ﬁégh?gﬁdl stilled
water (-250 tﬁm)malmfabm@nCpHPQﬂP"‘ERM“Q'é?ﬁ“‘(“@"‘E?“ of helanghe recitnjene) at a
tenperat ure Qo fo@beFveeWﬂmﬁ@ﬁMZ@hb\ﬁﬂ 1o pr&cfpﬁatﬁiﬂﬁhshn Btaqedoud he sil ane,
the reactjon is allowed to utes. and 24 hours. If a

mi
preci pi t at e PR H“"t“ﬁeem%ﬁfz“f}h bﬁg[lﬁa“‘i"ﬁf CeCm"f” ﬁ?Q'gn n‘? Xtere 50&‘5?\‘ be clarified
by filtrati ofchos haxemtisthduadiad ioow. aqmwsmagammedusmlRhem‘"“mgmwra@ hexane is
then added ts(Plrr?ne T aqql‘és@ﬂécnq £ R ex RS Mhe B o ﬁ&i&!l:ttfioﬂghem xture is

stirred for I'me su cilent to allow the extraction (g the reaction
product f r oravdees mediviie SBOTEIBIE AT ToFIPEC IO WILHYEF ai“%‘ FEWER2d from the
aqueous | ay gghasdidxtdIRd RELLE ALESthrepRAaBiSgsioStheottangstled (FArtifbnLiwileech t hr ee

washi ngs, f the organic so JRE akinNEXAHG Washi ngs are
conbi ned Qc/)vl I PRE*ETEGTNHa !)me%qvaﬂrjnghf:op Reé{ls%ggﬁweex and the combi ned

or gani ¢ phasesai Ipbﬁm sghltlimss e @bFOW“E%'h‘E"ﬁ’d'Pi"W@ syifpee. 3pd Hereafifiiniin sul f at e, and
thereafter ifyeld Afdr l':\taﬁ:l'rﬂﬁn ofﬁ!fetsavene%&pwcagmm mha@a‘extrdte&seﬂcmdj fromthe
organi ¢ phase extract e vered i ed under high
vacuum t o yi "E1°4°M “ﬁéssdlnfdeuﬁdcr E:O]%juc ml'ﬁgg& tlpjo({3 ﬁﬁ]bg’%d\ﬂ{ar acterized by
'H and 29Si VR characssizesive 01 mrréntwk a1 seqcmﬁr end clREa) &12451s- 15 The

nol ecul ajs V‘B‘T}Q%Icgflaxuai@htlaftﬁéj;&i%cthssdetdﬂﬁﬁﬂB?Gmirciat;&e@%tahahamcwa to a
standard, such_ as styrene calibration standard. Low k dielectric
films with d‘b%’ﬁ]yf%’l‘ce“'@“ﬁ?'é?‘é%fj”%ropertl es can al so be prepared using
copol ymer s of al lyw gidleremasilvopol dpsmeble pragicalprenstiey e HichE 88PF4ne. I n an

exenpl ary chG@ﬂErs ofh @Hﬁ@céﬂ@iyﬁﬁﬁk@mlh&n&fc&ﬁ&hﬁdn Byextdipanhydr ol ysi s
condensati on t

I n this enbo of the final
product is 0‘6‘??91118}"1‘éHAH§QPﬁ'é°"§et‘Hr?ﬁﬁe§{lFenFpfygmltys1%ft°nden3¥+ont"ﬁ{e%§Iq{i silane to
trichl or 0&i | wisembolimest, tht Dkypropiesothafinglroedugt is cpvglied iy the &ﬁ‘%%ﬁt&ge of 3:1
methyl to hygﬂcp&%alkﬁ%ﬁﬂé’lo%chﬁl&!u@ﬁeoihdsaﬂSm;(aaz APRJd6S JhaBchntatdragh| Or osi | ane (1

nol e) are conbl ned, and t i ne ropwi se with
stirring to efidmeyha hy‘\/\‘iéf%?“?y?m’%ﬁqﬁﬁrm&g) E%Ckﬁ&gﬂl?hg?]er% vent at a
tenper at ure B¢ conidiaed, a 1.conifites rongponents b gldpdreRytise ét“‘ibé‘r”im@éP tillgdr om about 10

mnutes to a@ﬁgt _24 m%éanoﬁ’- olQEQ@cﬂia@a ﬁ:ﬁﬂ;e\’a@ﬂ&oﬁ%ﬁm”@SAﬂh@%ﬁﬁge (- 250 nl)
is added to the aquequs reaction meg o extract the reaction product
éﬁl‘ solventsuch

f r om t he 2aquibtRenpARTITGFHAO A TR PR WrE RN QTR

reis stirred for ten
m nutes.  Thexue (k250 mLDE addedto ﬂemquemmwv@rl@ 1o fidraqt i reediat act eri zati on of

the/product Frgtﬁlct from the aqueous medium, and the reaction mixture is stirred for ten minutes.
The work up of the reaction mixture and the characterization of the 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 reactians can lead to the production
of ASQ and AHSQ polymers that have a molecular weight that is too high to aliow these
polymers to be vaporized in useful quantities. Although, the volatile 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



substantl ally simlar to that described for the honopol yner above(b 430 In a
preferred enbodi nent, the ASQ or AHSQ pol yner is deposited vap r§ AP
deposi t YUM1288%ever, certain of the above-described r&aé¥io8 Fl'é ea(;q Z{U!(])‘
t he pr oductl on of ASQ and AHSQ pol ygmsrs t hat have a nol ecul ar vvel ght t hat
is too high to allow these polyners to be vaporized in useful quantities.
Al t hough, t idatiechapdntres of fha giofustmisirs pixe to wapties sepoudefonsed to forma film
| eavi ng behhé@ﬁs tgoﬁe hi gher nol ecul ar wei ght fractl on, in 35 a preferred
enbodi nent h nol ecul ar wei g]ht nmol ecul es ar rermgﬁld fromthe nore
i 4 APR 2004 MCW'MS?E hrap PR S8 aer i (ASYRE 730 8¢ EEWPOHENt s of the
product m Xbyd gmPérioDieahOindhglingJortchespe, popepouatiashibonogvapohigh deposi ti on.
Separ ati pn of .t he h .and be

acconpl i heﬂermﬁ"an“mﬂg%mmamigm gi% Let\f;lrﬂ:tﬁ%] I 9}2%18};;! ﬁ%’r‘%ﬁ%"g‘g"g per neat i on
chr omat ogr aptment fmtghﬂnﬁn (Faelf of thosgme iods |’5q1ﬁi(ﬁ-”%“ﬁ AR A HGHhip HPLC) |

ultrafilt raEﬂu%sorfoE@&Tsmpmle 2R fo)ﬁ@wh@'ah h@@bhmu :0n$ﬁlo\dﬁﬁﬁraf ractionation.
Each of these nethods i s,wthin the

abilities oferiflr ‘B‘F‘mg’k‘i"ﬁ‘?‘“ W‘?“ete’ﬁ%e“ﬁl?'im"f’?j Vb]ée\[}f’%merd ﬁm%ﬁgﬁeg‘ #°%t e purification
pr ot ocol f outilged, pavdatitylofithe finpteguredr rlestrdatontardue experi ment ati on. Wen

ot her quOSI t I Ory, ggx';eaxqgscm@SﬁnenPHll'lg va%Fjdepcgsnl@n \Halpﬁallc{ hikdregf the film

precur sor | ess a_concern In a re erreg ?ndg ‘#jmant usi ng vapor
deposi ti on, ffF%é“aHFE?d’HE‘t“ theilget g gsulpraveight speste ‘Bﬁé‘i”é’a“i YUEBERH the | ow
ol ecul ar Mép@ﬁﬁou%ﬁ&ﬁd & Shid iha@ditios. amnylzenverdiond iethbigedori frctioheing tleposi ti on

process of Lk HAYERL Rl M SODERLLONRL,L SIS vk of  2CL] Onali ng

t he pol ymeP0 “Pe© Use preferred, however, is the
use of a valﬂlné&ay neg or 2pgvg thyis criical P?i@‘af"h‘b?f°°&ﬁ('f\iiés°’ﬁtﬁélnrﬂaﬂ?ef"ﬁ €&l point. This
process 1i5S WS Bdudnbed] 5,1 18,338 N DAISE tTheprocess EbcribeBheratoemptiseNd) 5, 118, 530,

June 2, 1997, Theﬂgép%sgnsamda 3 O;,Qg rfa&%éﬁs'cnu&pdmuofﬁﬁm(slancmﬁont acting the

Hresin wt ﬁontactfnlg ove Its critica oint for a tine
suf fici ent tqcbssqjves@@weofahemoa@m @hseppfatipgiae fid sppraiping Q’?ﬁmgﬁ*&?fﬂatu ng the
fluid contaifirdd@ud pdynief; aﬁd(Bp&oH@g’me debird fresbrdual pol ymer; and (3)

recovering the d%SI #xlcagy),({hr gac wn(gtr:]on mc{?&% OIIV%%LL%E%)%QM { CQQ/QSQ 0 i on met hod

i nvol ves chargin EtTon vessel sesqui oxanc product

mi xt ur e 28nd asiffexuipassiodec aixesdnd Ben fasine Pt BFFITHISUYPPER e VP¥sel . The
extraction fﬂéuxdacaamuidtaﬁd &leuhm& I:Hax)ﬂctﬁﬁﬁd’s&:ﬁb@frhl&ﬁ booBat aftethedsitedol | ed so t hat
only the desire ul ar ht fra i e are

di ssol ved. LF %Wﬁ'ﬁrftgrﬁcuﬁﬁasoﬁs "R 'oéaengmre ORFdsggislogl#sns‘%?%éldF%ng\qU| oxane is

t hen r enpvedradtiow pf sikwsquicxenses then gempl eddrom sy esse fepangdipsh e r act i ons not
sol ubl e in tR&iohdndi sdlulﬁ&:n\ﬁﬁmhndaﬁwﬂmyanpbinaﬁnsmmﬁohmmemms@ﬂsad s such as gels

or 25 caontam nants. .Ih esired. si en recovered
from t he®s ol IR Fy The g‘fsir?éirﬁlsﬁsg?m%e SO %g&lt gﬁ%&cﬁgrﬂgﬂhg%hg?? %:32 of the

sol vent an. .altdrin ethe#yjpbxhpm@mcpm{n@tqf g sligRt 25-H éaereby, precipitating out the

J 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 lemperature and pressure of the solvent compound so that unreasonable
measutes 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



desired fraction. These precipitates can then be collected by a p{ﬁcﬂgﬁﬁ "
such as filtration or centrifugation. The extraction fluid used t igﬂ
process VAOMEs any conpound which, when at, 30 neaPCHPSWE#I2 its
critical point, will dissolve the frlaction of silsesqui oxane desired and
not dissolve the remaining fractions. Additional consideration, however,
is usually gi¥ENutre difdRsedkd Rdise@dhi & SATNES. Pt Ko. 4486, 596 dmay 8. of the sol vent
conpound so that unreasonabl e neasures are not necessary to reach the
appropriate!$8int. Exanples of specific conpounds that are functional

i ncl ude, but ar eBywath thétiidd, et ctroecovsa thb deyiredifrastioeief 3B AHSRFBE45Q-35 | ow nol ecul ar
wei ght hydr acar bon ORANEx thABiidnk @B@bedTet hods of 1 4
APR 2004 V\iD?J 7?5'632??%8{9%@?%%%8‘%@%8%3%ra t?go ation.are disclosed in

Kat sut oslii  étreinbre alsd gogempri¢de fipT YErceSNSES S ié? 509‘8%‘%?&?“2‘5"? °1996. | By such
met hods, 0oNg,Hiakkich AGOWRA hertil @5ed @stictefllefOlaat dr on Addv. Bami AHSJ-Br ASQ. Ot her
equi val ent net hods, however, which result in obtaining the fractions
descri bed 5(7&¥kin are al so contenpl ated. For instance, nethods such as
sol ution fracti owatn ;ompadepostiohrthestis used. PeprefeTdir2iap &f shseji8E e f or exanypl e,
A sson et aly irﬁﬁﬁr&cﬁssminlghiionaﬁ%eﬁ&car{ﬁkgaﬁ)li}.ed uMee moderaeapor deposi ti on
met hod is useeg, the preferred fraction of .silsesgufoxangi,ysed in the
process WOF temperauisFRRierivei R EongHEs + YRR duin e Vol at 111 zed under moderate 10
t enper at ur e |aRAbAl 75¥ad thd specicridierimyivenlar @eipfs foas thag abast R9A0-thredeied ons are t hose

in which at, |east, ode 20115 if VBchSPRE! Bsut MY 6f the spRlecmd &r wei ght | ess

t han about erred herein, however, .are.th f uions in which
at least abowplecHBoEight 'fsh@ars"‘ﬁ%‘t’:ilsé?g*“ﬁ‘ﬁg'gy‘\’gms'ﬁff)sluégdfhaart R\%g?bgoﬁ? 9% ess than about

1800, Wi th tdn@s gpefidsdbiciaGvieulsn weiit biwe etioutd8Q and hepQbeimmmstcdityt he speci es
have a ecular , vel 1s BROKE IR0 AR Crardge Ol agtsp@dpar ticul arly 15
pr ef errg@ . |PﬁEf°ﬁF%¥i§P'r%§§e°g°ﬁ’%¥}ﬁﬁnS'm S, this e?régl ecul ar _wej ght range will
correspond teompayedyatait2 it cager FFLVPY PSR ERGIES™ For vapor deposi ti on,
preferred spggisHid wkohpRARaackd B2 ©OMpouh iisspintoaerpdipations. R1419TF0.16, and for

spin on appli catons, T i Zorlhpli e mdflsof ABB Hanel domsing Ont enpl at ed that
m xtures of silsé qui BXanes coht ai ni

) tal nlrgbg ggrr%onentsgurteryfit are not easily
vapori zed caampmenissbatshap &istly rergrEaug et 8t 252 2 1°Sesqui oxane vapor
Vol ati |'i Zat | 9Qsqfoxsmbl Gdpotriveiatilizain ofsaheniesurss, Ipaaver, caVeaveR 1°98F due  conpri si ng

nonvol atile spect es JMS &Sl S A0PRNAlcof ARl ifkananitmedi ment o t he
use of sil SRS gRENe i XtUres cont al ni ng cqonmpounds havi g a broad range
of nol ecul arof silsesquicxane mixtures containing compounds having a broad range of mélecula

weights.

25  Chemical Vapor Deposition (CYD)

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
inchude, 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, ina 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-5i0) s):[H-8i0, 5]y,

wherein X + y = n, n is an integer berween 2 and 30, x is an integer between ! and n and y

35  isa whole number between O andn. RisaC, to C,00 alky] group.



wei ghts. 25 Chem cal Vapor Any deposition nethod known in the art m #R\’
used to produce a filmusing one or nore conpounds of the inventi 2004
Deposi t ivwa0r29e3ini ques of general applicability i ncluderuswzsaxanpl e,
spraying (e.g., nebulizer under vacuum, spin-on, dip-coating,

sputtering, CVD, and the |ike. O her coating nethods will be apparent to
those of skill iy ardQedhdty @bbdimé, telBirbtSuc@n omﬁs%&xﬁﬁﬁ%ﬂﬁhéd}/ preferred,

in a second aspect, the inyvention r.o of formng a | ow k
diel ectric fif#hsPHqed ifge Frg 2816115 ald @Egzegggdr}tﬁ"%cﬁdm& ‘& U8Positing on a
substrat e a dmbier taalaining iemgpsttarao feapamd dajoReaBprQan be|azdorpBhd@bys]y, wherein X
+y =n, ni | : tween 1 and n
and y 35 is %at\i/%vg @ﬁ&%ﬁ:&&@%}@@%@% ;@Q%oﬁgt:?%ofn§bﬁmdspstt%gc%%rﬁgg al kyl group.
1 4 APR 1904bnacemhingignsfshe pyovpceneityoy2pBBRign isAccamp!Eied AFapepEirbodi nent, t he
desired frachitangd of30 ISLTYET @aAtnokHerRptesiuit @t lowaitempetantednepl aced into a
CVD appar at us, ﬂlgorl zeddan i ntroduced into a deposition chanber

contai ni ng tRE" EFRYPPABIF BT coat ed. Vaporization can be acconplished by
heating the sil s&bguoxafisisssauigyine vefoowed i ths proespsf thisditvenyon pdeint , by t he use

of vacuum ogyc lpéﬁfiﬁleEKQMp&ﬁtlHeQalrgifcogtlhE BReY¥ B G@é?@&ﬂiel‘a){ e vaporl zation is
acconpl i shed at tenperatures he range of nder

at mosphef? c ??P@g@EuPréfa‘(‘ﬁ?’s Syehgs H\Ré?s“'fdéﬁﬁéﬁ Gk tb‘?f‘éeélm berc% "f erature)
under vacuunaddifibre thamapdintayGk usd it s@gy| ey oxangativapoiredu ddu vapdrivgo process of

this inventign Sy LAk comeﬁt}nﬂ r?earﬁ%f eo&bﬁmk gssqu&leapg,s brbonloPR1iGHE S| 1 ed

coating. This cah vdary over de range 10 dependi ng on factors such as
the desired coat |7ﬁgprf"ﬁfsc9ﬁﬁé§§’“““?’hfé“ 5?‘@"’{9 19 P d??lﬂ%\’f"é&“ ingsita Wiy, addition,
t he vapor naganhgaomsdesa&s e aisthge, aowyings dnbromige aft froorebaesnerelyerfof di | ut e vapor
S 0 D8 USElhier oo I %Q%‘mﬁ'r TR PO &bl B iR o QR L gas such as

air, argon o this invention can be used to deposit
desi rabl e cowmdpsgeplicsions Wﬂésu"‘%ﬂaﬁ%f‘?’s OYMultipls ERYT8 SRpUCAtions ghlaxerid t ance,
coatings in hiihisardRefeied fof pEpaaipaetmia finmal @yemicioss or kbregr eat er t han about
2-3 mcrons ar ﬁe?sos%'ml?m.ecsu%ﬁ?ztkh filmthi cknesses are possible where end
use applications wa i cker films. Multiple coating applications
of layered thi nThesr prstings Baylse PRy e FOFehY OBt HGETU®ARYE: fi | ms that are
4 m cronggor coﬂiﬁﬂ’gﬂ SIoafmoalﬂvhdgkﬁessoxzdsahym Bilievh Z@tGrijrgesingsy skt cagon These

coatings na L L RAther c such as Si 02 20
' ng yﬁﬂf el siti@dn S B QO ﬁg {?% AR HORL Ags, Su !

coatings, Si Yi n cera C OXI ers, silicon containing
coatings, siforesie quprtg@,ﬁlhcon oxygen nitrogen contammg coatings, 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 verieiy 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 er al., DEPOSITION TECHNOLOGIES FOR FILMS AND COATINGS, Noyes, Park
Ridge, New Jersey, 1983; and Vossen et a/., 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



contai ning coatings, silicon nitrogen containing coatings, silicon
nitrogen carbon containing coatings, silicon oxygen nitrogen conf aiAARrgy
coat i ngsWOoaW»®r di anond |i ke carbon coatings. Such eoBU3MEBNd t heir
mechani sm of deposition are known in2the art. For exanple, many are
taught in Haluska, U S. Patent No. 4,973,526, Novenber 27, 25 1990. The

formation Otontamhefrkdumaaasua% (bf‘%?mal @&ru@o@mmvnsmemcmyc a large variety
of techniques, which can conce

‘il be divi d(god into ﬁ/\%groups (D)

£i 1 m growt hsAs§ies of the E‘F"d'é'f’l"ﬁﬁhyé’f"’”éd\?lé% R b oRrT 8 ”Eﬁé%f’" h the
substrate; asEponddacfosd ateduced prisine regivtyto t}depmmtd; wizre ivdondyouss todamsi ng changes
to the substrate or film nateri L ghah et al.
bopOn 1 o e AR R o bt Bl a ey AT ?‘edgghqcﬁgw R dge, New
Jersey, 3988lidaircfilvio$Semn @YD prpeess isTuspdip hmmWBSEélmSAE%FﬁSc Press, New

York, New YQrtJﬁmed]e%zﬁ TR GoraR&0 BTniQiIak Py P \ED MEISdes theprodéaiioft 0 t he present
|nvent|on and it |ncrudes anot her three subcl asses of deposition: (a)

cheni cal vaffoPeTEBHESIPPBYP™ or CVD, in which solid 35 filns are formed on a
substrate by theTrekerticaadntly eachij@nypesfol shapoy! viphadspostipe@V®al s that 1 4 APR

2004 WO 01/ a skr 8ok 8dssmonst i tuents; (b
physi cal va %?egs O%%&%&@%B&&\%”L@br@sﬁb&P%géﬂCI gs of the thin f| I(m)

are physitcakibpnced QY éf’d‘:@él'Dﬁ?r%FH of thess e beds ha5 3¢VapPReRanG ATV BT ch i s
t ranspor t ed TRCIhESSof an SppRpriecCVIr vdisd bl devigifon pirtcutzhepbratistiyvedle, where it

condenses tQ d (c) coating of the substrate with a
liquid, whi CHI‘T%MPWL"ES‘c’flthoscdpf%ﬂlﬁ %ﬂhe%‘t he 5 solid thin film Wen a CVD

process is used Awofpberinprshsiig CYDEASSDY devigs GRETRIF (Mpgnasy TRPHT %‘&gs is terned
epi t axy. TheafiRk hBded aoiam antréalonapfnbhﬂaeljawol'-’{VDn imagimaghest trhied pr ocesses of

sput t er '1’39 nd evapor a e cox(nre %?hc%pp%g gon%”arrrrbg'qglLsx chan%ﬁn mhgrr types of

cheni cal FP R SR esses, atnospheric pressure CVD
( APCVD) , | owepp@saw @n(mpmysewnbl“&wepw#“@w’éﬁ&féﬂfﬂc&ﬁhf PECVD). Each of
these net hodgiviiase cﬁ%\é@@&tﬁﬂaﬁdn@@]@i pﬁbcﬁ'ﬁiﬂé&&i’lhﬁgﬂ&cntf{m icthobulegaf an

appropriate CVD nethod and d L SGation is well
within the gﬁinfaﬂ’ﬁgé§'°'6?ge‘l°ﬁ‘5§(§’c%'fm§ﬁ| agl ht hqe&h'ﬂfa mél ﬁlgerl c pressure CVD

(APCVD) devivafes iopaeaht oy, o imurmefilss otmémphmes* QCF?F%"é‘éFf‘”’rf@&&‘ﬁ "®n node at

'([jerrper atger e%:e%f:er{ﬁ&nﬁ ﬁ’xg}nﬁgegrﬁllsﬁénﬁglged@‘eguﬁd]nd}ﬁﬁﬂestgﬁﬁlﬁs mﬁtl‘all whfedml t e|d 15 |
eposi ti‘on, tefperature contro LQr is less critica
than in ot hé\"fac‘?‘fﬁ‘ﬁ‘é’ag‘d Vi &eapy g‘ﬁ‘s&? c’?antp(ra[g%ne’%sge's q)é'?sg?on weakl y dependent

on tenper at u¢aetor dsgrts hvidea unifarasupplobreagfanty hehoriga e aRee §oning "‘dl rectly
propor ti onaly,fa aLJnﬁMng%mﬁ&H@E iR N the bulk gas, nmaintaining a
homgeneous conc I?lrlzgrll‘tr%rt,t ItoO}!\’]PC%D nl;a%t%l% tlc?i’!;] %rgsmlrep C\tflg &PEV}DB(WQ:%?S O%Q'Ltgglq nt to the
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-
Jimited 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 1o
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 mediem
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



wafers is critical. Thus, to insure filnms of uniformthickness across a
wafer, reactors that 20 are operated in the mass transport limted iPﬁ'P?
nmust be We8i/zpesed so that all wafer surfaces are suppPEBUSOR2848% an egugl 004
flux of reactant. The nost w dely uséd APCVD reactor designs provide a

uni form supply of reactants by horizontally positioning the wafers and
novi ng them{)@ﬂﬂa‘?ﬁm FistRS achdst WA thd rébc@MNInEsAGiTTust DerdBEYPDiessgrotior s, | ow

pressure CVD (LPCVD) reacto p & lgellmted node.
Bt ocess e seue ! Qe PRg R STEL S LTl (ERk Pl e T el 0

t enper at ur e iRfeade HARQRBHESSE réastarayto IAPBFTaLLAAHANE RERTENICS 1Y f8Pntain a

uni form depgrgl tbl on rate t hroughout a reactor, the reactor tenperature nust
be honogendSI¥ T8 UGHout the reactor and at all t Syrfaces. Under
reactionsrate- | Llfﬁ\ffé@“t?ﬁr?tﬁdﬁ'@ﬁ%’“t“?i’e"”l"ﬁfyé"@'?m e ﬁ%ﬂqﬁ’ deposi t ed speci es
arrive at thg SNIL@GSRaiMOw isdferhl r@tibis] Haizoraad;mb@hrgtﬂalhtcacmﬂrﬂrﬁer ature. Thus,

LPCVD reactors do not h . TheyH¥mp! fbnvarl ant flux of
reactants t dheapgst igrbarsd %gvhfﬂ’cwr\?\/ﬁlﬁg’rﬁ fsn ndgbrbo r | qw pressure of

an LPCVD r easpositing dogrSi,eiienmpitrde, aoﬁ)mdemeﬂﬂﬁ’daﬁedﬁ’é’df% '?Fé@llﬁﬁﬁ(BO 250 Pa or

0.25-2.0 tor&}ad gcaggu,, ﬁ,l;,a,-ﬁye&a%{e%ffm&:ﬁﬁxp{rﬁwomﬁﬁﬂu@);hput g fornaliyf f usi vity of
the deposite |es |s I ncreased bé au[)mmg % e 2f approxi mately 1000 over
35 the de‘fu*sq‘l%ﬁ“tf)y“’a‘tc"'a‘f’?i“d@b‘ﬁérdla@“ﬁr( &suré. ’ The i ncreased diffusivity is
partial |y of f set Thyvehise NWOsGHchR OBV BamE urths@oisBEBUsHRE 88hat  t he

di stance acr éél?v%samkﬁ% i &ﬁpgs,efrdsmﬁﬁmsemﬁw | ess t han
the square P%Zﬁcﬂ]?ucqﬂ&m“ég?ﬁe he. netlc of f ot is th gre is nore

t han an or deare agfin ptechedisidg ‘d"i‘?‘l‘&?’%ﬁ%‘é PREOREIPPIAEES: ¢ "0 react ants to the
substrate sufiages @ﬂgmbmnﬁﬁdﬂﬁt @amgcmﬁrrgaﬂwtqtﬂédbsmmtmrbaf“é“é‘ur face. 5

LPCVD reagtors are Phie DB scmfbtg}gwoagdpe;mﬁanoﬁsa) hori zont al
tube rektt ¥R él Sver?élai(}atf Ihovdcl sotﬁ eE}}g&g}ors dor i zont al

tube, hot wepest treaatstsopaelie foghe "falff’és‘ﬁfﬁ"s‘ta“?/\ﬁ"ﬁéfl?“h T 5*feaCtors in VLS
processi ng. ;m%mgg,em@mklw@ehgé perrforaﬁl@p@rs hed mgorgellﬂy—fsr“ of gpdadcon nitri de,

and undoped and dope ey 8. e ion REsRAGachpRter cabi [ ity
primarily be%aé‘iﬁé"eth%’faq"trﬁel s Jd)e frngB clgrr;(% ge]?thrhm%c% dace@ formty, 10
and ability ¢t baspmkdwitdeatiabueitigiohfissh g %5 1 rﬁﬁj ers The

vertical 5§ oy ehtﬂdagﬁﬁmd thisE’SS}éDcerneaﬂd e whferng-wefer r@mrém,&r“'th"éf“éﬁ stributed gas
feed techni que egd—fegq ‘g"’éﬁjg‘“ﬁ requg o%ﬁgﬂé&?%ﬁﬁh brd@RdsinGely usitoppl y of fresh

reactants. ?/ de, but are placed in
per f or at ed- qa@bditbnsagesmmmed@agé%” Rertisulat (ROPPIRIBD beneat h | ong,
perforated, quar t-ﬁle &@r@gﬁjbmvmgosinm aeahdars flabeshangd EVDUBECYYr each 15

reactant gas, Gas flows vertica gbhmg gr thedsererdgynr ough t he
cage perforaﬁ‘&ﬁé‘h"d’sp‘ég%""f‘ﬁémm ¥%mg’%g}re&aP’ i 9} > waf er. surface and

i nto exhasst imphtoRahdy teromlying eledy-agshermphgnergy 10 mniatc and sust.aln chemital
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

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 VLSL



si ze, nunber, and | ocation of cage perforations are used to control thtgp
flow of reactant gases to the wafer surfaces. By properly optim zi F}é gd&”
per f or atw@er2deégi gn, each wafer can be supplied with ?%\%W@&?S’ quantities
of fresh reactants fromthe verticalfy adjacent 20 injector tubes. Thus,
this design can avoid the wafer-to-wafer reactant depletion effects of

the end-feed tubmgveaeduaEontbegdsmiagativo of sereseteatsivRPYA@MF*ng, produces

hi ghly uniform_  depositio 56 86l dhe DM PRcdsOW particul ate

cont ani nat i g rzg?%efgrlcﬂsﬂtsa[{cg%p%\/ﬁ ﬂ%{oggsi tion nethod is plasma enhanced

CVD ( PECVD) depeiidaitsn axmblexiani éntezdspeadratyay a4these Pl By pfeSstire regi me, but
al so by its method.of oSaelkmYosiidh 1bwRI, tempastirerand pressue dluthernprsol el 'y on

thermal energy to Initiate and sustain chenm ¢ bd: ORGP ECVD uses an
rf-inducéd gw\mleﬁcé’&ﬂﬁiﬁB%C%mft?ogr‘fﬁrgferéaﬁgﬁgfqt?dﬁ?@%ﬁetr eact ant gases,
Ri

al | owi ng t hQersyelamtelcaiu@! it Gudretvesbm weensuge vhifyme him BlfFEat ure than in APCVD or
LPCVD  pr OCGSSGSCV#(QV\S,%rmS §5H9§tc£n"f]atme[hetf§1m§lr %rﬁﬂoﬁknisﬂa)tghﬁoﬁmdsﬂb) gadvant age of
PECVD, providing R deposition on substrat ({a\sthenso%1 npgtéiag% sufficient
ther mal st abfeedilibey; (lanasicRospspriebat PHEF By B0t e et g ds . D can al so
enhance depogidueR rea@dcSE) Mvetiod fohinsidng de lvaien eto whichie filmiiep Fal  r eact i ons.

Mor eover, PECVD can, produce fi| 1408 2840 0Bl Encf9 BPESIr teRS and
properti . dopssitepe 8 SYPSTHEH ljlslés{sg%égogﬁ dagasgt_géd]is%cgheg?gg . h-0W pi nhol e

density, goodd &} tepperaponsersery el PCY B ERCY Dy ETE AR BPEPErti es, and
conpatibilit e\g?wsgipg thd Bz ddiphesu aldeRtiatstibg taufee from e de@8Bes, have led to
application of these filns in I . odceBREmed8? WO 01/ 29052
14 PCT/ U80012868§"ﬁE‘t‘ﬁﬂﬁdF’B?fﬂwr\é{éécﬁé%%b?g@g?n%g%?%m zation of several
deposi ti on paitharreserssysratd. ncl udi ng rf power density, frequency, and duty
cycl e. T?g deposition process is dependent in a conplex and
i nt erdependent way on these paraneters, as well as on the usual
par anet ers ofuras conposition, flow rates, tenperature, .and pressure.
Furthermore, 5 agnhirdashdeOubinventre pREGYD a6t HOWTT SIRPFPEYE % dact i on
limted, andm%g%ﬂrg%g ggﬁﬁﬁ;[ﬁk%” EIRONARYISEO,L Onthighrmiug R ek’ necessary to
ensure unifofmtilm R Ckness: D yts%:e T Yal.laYs 169mERdBqueine fol | ow ng
component s:  grapenpss indgpepdendy. sl '&'5?‘ ° é’ggkyr?nes’; (c mas?-f%ow
control | @ys foafb icREritngoteyel gasasd i A e naprancgPet ’éi‘ﬁpe’%‘iﬂ)ﬂyée ¥'&iction
chamber or ¥ £as kol 'ma)(c%ksas o B Al icaiBin Dgrekhactusthepicontro whi ch e
e e , an

filmis to b osite I one t oSystens, for adding
addi ti onal eh@rg;ﬂteb?a'bloﬂ%lg“ﬁﬁém%}0?00§?f(§‘°ftf‘§/ﬂ?at%2%%@r'ature sepsors. LPCVD and

PECVD systens al Sigag@fiaiembimepsthé preurserserai M5 s imie*PetAi®ed pressure
and exhausti "}? he ﬁéﬁs,’%},g{.ﬁmj} NeecRABYem, n ik ih iategr efveen 2ehdddbodi ment, the
n on

fiim o 2tShe isan \'L/n?cger bcmee?; I andp nI: glddlirl?seaq.vhag ku%er%\!tgeen Oandn. RisaCitoCio

alkyl group. In a further preferred embodiment, R is a C; to Cyo 2lkyl group, preferably 2
C. to Cag alkyl group, and more preferably a Cy to Cy alkyl group.

This film is formed by curing the film of silsesquioxane molecule deposited
a methy! group, the cured film contains methyl

=2 - 100), the process

onto the

substrate. When the alkyl group is

30  moieties. In contrast, when the alkyl group is a higher alkyl, G, (n

of curing results in the extrusion of an alkene moiety having n-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
rosity and, therefore, varying dielectric constants can be formed using

the film precursor. Thus,

films of varying po

15  the methods of the invention.



with a heated substrate. 15 Curing a third aspect, the invention provides
alowk dielectric filmconprising a material having the fornula 14 APR 2084
[H Si Comaogbos2 Si Qo] d[ (R). Si Gb],,. In this fornmul a RPCIASIFREB69ar e nmenbers

i ndependently selected fromC, to Cloo al kyl groups; a is less than or
equal 20 to 1; b is greater than or equal to 1.5; and ¢, d and n are
menbers i ndependgit 4,,)“&&})Qg&cedaep:fesremmv‘mengp@d:pamgh@ifsrtpimginm t he integers
greater than 10 r abl e ter than 1000,

gr eat er tha??"’l’?)i"ﬂé(f‘eget“‘?‘@flg Fer %/%gdec%gégb%g%m&gygz%cr%%%%d enbodi nent ,

t he precur sofmuliafH,S E(RT)JSIQG]\’[(@).&O@I lns‘blsfj’m“’éﬁ(%ﬁéd lfﬁé(ﬁ’ﬁ‘fﬁ’ %t he fornul a

[R-Si Os]dHy @Hgde,a?s ec}@@ﬁsrﬁtno&m’fau&l grouds; a B 1dsSthabr bdﬁh]&gﬁbzsbet ween 2 and 30,

X 25 is an et ween r between 0 and
n. Ris & (}fﬁaﬁ%‘@ Ut Ry P a@ﬁ’ bﬂﬂnd “I“ﬁe r&e"gd%/{"ﬁ%’e[%cw eeleraredegmetﬁrf)odl ment, Ris

aCtoQ begycbnsgﬁw;heMe@érﬁg‘r&bl'lylalalo mw@o@wa#ekgﬂposgmsublm and nore

preferably a LOUR f',l;mlastg HQr, iBdeiby+guring the film
of silsesquiBREREBIE éﬁ'lma% é%&g oG T m mzsdbls{yrat . \hen the al kyl

group i s a fetrhydn iggegsulsrveertieand 8k étﬁl a’l‘ i"leﬁﬁ‘%ﬁ‘teal A e FADY™50 noieties. In
contrast, WoRReh H&nddl K¥la Cgfo@,lpaihﬂigrauﬂ”hh@‘ﬁeﬂ gahikiy bfa s@mvffiviem2o - 100), the

process of curing results in.the { al.kghg ety having n-|
car bon éponﬁm"‘%ep’%sﬁlf?ﬁs‘?f%cﬁ offorcp! He)ﬂéel %gﬁ(epéanfg}t Fe}rt@{}mf rom the curing film

creates a ppgiduct e pdh@stawkfilnThe size of this pore can be nanipul ated by

the size of the ﬁé&éﬁ'heﬂfn%&m%fﬂonaryf belfeh® uDbBICtE S rof thel s jn theffiths of varyi ng
porosity and, therefore

var formed using
35 the net héﬂﬂ‘éhedlfmf'%éftli"m/%ﬁﬁt‘ toaﬁ': ﬂ&b %ﬁ%@’sgé‘%iﬁ%% US 5%289 Thus, in a
fourth aspe@ly podiy ioesiehtmire.cilpvone werN esgimsnehatred For 8 eparing a
por ous 'S’Wh%an@lf@&?ﬁmr&mfsdru&myﬂm pRcRbR 8l el dinteghee Iof por OS:Cty lThe
il mhas”the nthis formula
R and R2 apeseetrbisgise °fpﬂ’8%t5§’hlg"gh‘fnfl€7 e’sq’eT'mlnga[ﬂ(gfma% an%k%\ﬂa?y o C, o0 alkyl
groups; a i sxperGétal framcod the sigpurei the pagess vatiedjozer sgieweh filsns by (g frd &P equal to 1.5:
and ¢, d and?nq ﬂuro?xh@‘?gpcﬁ'hé Rl %F&Qﬁmﬂfp}ebﬁuﬁﬁ|'Ia@tfesdapiaromnmtioln,em Rgr oup

consi sting 0 i nt egers greater . CQPr i ses
deposi ti ng aTOPP15ﬁﬁ1°°51’*é&‘h'f‘°sr6?ﬂ“8%lf?f)°rsfz§ls cs"matc gﬂ %?B{:umwang the formul a

[R-Si O sjo" [WiaSiddius sfjthe endn@edsitkane Theyvan dﬁrWaalhfaii'gs Pafh"diesrﬂ‘é?jc@r bet ween 2 and
30, x is an '“,F]ﬁg%eg%ﬁ\ﬁ%s&emﬁ Bre reVulting fromfHdRREion dfetiewiterd O and n, Ris

a C to Cl08*3 group, and ent to 10
provi de the gﬁ’t“és FRed gt ey’ ?ff"”ﬁsg‘?‘ 3§B}°sL’S”%ué%ég%égfa?‘gg‘jn%bﬁ m pr ecur sor

i's then cur efal@ subpim@esider viripisg porersofthgalickl splisyitpgnts is prepared and cured

to produce the corresponding porous fi films. The porosity of the films is then agsessed by,

95  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.



As used herein, "degree of porosity" refers to both the size of tHet AER 208,
inthe film and the nunber of pores per unit area. The effect of any

gi ven RYPBUKIBn the degree of filmporosity is easi PGTHIORHH ned.

Fol I owi ng a sinple experinental proﬂ%col, one of skill 15 can select a
filmprecursor or series of filmprecursors that provide films with a
presel ected degrreier asilpapiosine-gerivadtitsheve paAsweER SERFARRER  on. I1n an

exenpl ary experinen [ DG THeR@mSieEindide biemparigsitbgn,vari ed over a
series of fi mgb“yw'fi%}?ag%groﬁy “Vari ation of the sizeoef jhe R group on
the film pr eicegesagon, Fd hedragerakoes SEBRANETTSIR) 4R R group is selected, and
the resul tipg: PARK (Bl 30 Minded b BEoadye BN EUdheinfRSTie 26f InpPREcuian der 20 Waal s
radi us of the extruded al kene. The v o1 . Waal s skadinkginpr ovi des a usef ul
par amet ef f #besdeqnifonad [hafguEngd’ aéripﬁoléucgsfaeyi?ﬁg Bg}/\g resultjng fromthe extrusion
of the al keaamorgpednces Tolican piyvigidatpefilfesd FEae PEGRP ' C’E%r osity, a series
of films, having th RURDEE12in Himegbdiyd of 814958 bindiegingsrenbut varying in
the size of “tHe %{fsléc;sfﬂ%gﬂ@rsnti tuentz:ng is prepared and cured to produce the
cor r espondi muFusdRSEREeT SHEIO% e porosity of the filnms is then assessed by,
25 inter alia, NMRASHkdEvehiRiscot@asidedfor yspinalreaHeRHBGIHENt | t he nunber
of pores in a film is MRINRYIRLEE oRtertbabihinghd then thaserienssal  al Kyl

subst it u¥nt §“’5‘{1‘" iﬂ]aembfwlnfs'rﬁ [1)rdg‘ urscorg.o T;he f ol L.owi JBgdit?Uﬁ&‘éSSi on is generally
appl i cabl e therein-hEven ils ahsprsctes Y A AN EHPERY '6F “°di scussed | medi atel y
above. Pri of.,dy@allyteddndipd@d foliistittrahdie) opyEeT eithsr, duanefrthes ArSEFIBRPIpr ocess” can

be performeg {0 ROt M aiiens ol inv £ bikdBompfifefded G0 asE Wity
sil Sesqui oX é'i‘féi"‘f“?“tr%“%"afkéﬁlr%\% Cgs%.eghgﬁn Hﬁ@n 1 mﬁ f

e effected r ai si t enperature
of the substm@siéodmﬂwditmﬁeﬂcam@’““B@t%@ﬁﬁ?ﬁ%Sé’l%’ Sg@aga%hgtypi cally for
about 5 (4 nui8s usthis c&igP My be done in air, or in the curing ambient,

Can’be. conbi ned SFAEIRE o b P e TRERIEL6) pe e BB Y g P

W ng curing step u .__npst i ng

condi tions sapphé,calxkandoat maderaety fgﬁa‘%"&l’éﬁﬁﬁﬁ’ riwd‘ﬁ.%%rl‘ﬁad}f%ﬁ‘ %364 1 4 APR
2004 VO 01/ 29052 L6 POdSnedtireMiBQuibahanclanlt caipbgiiesdid xane- deri ved
films have been cured_ in var.i ous. anbi S, : Litih DoikreW del y varyi ng
properties. streRE IS ‘%%Tsfﬁjﬂén%clo?‘{%grﬁﬁé%ﬁ?? pitrogen.
ni t r ogenp@r g@msiniag smbspbhrogesiking 3t feastbaut 0GZIEFHF P "?é@?%ﬁ ures of about
400 C and c%ga-ngg{:rj)mmqfs%mwhu&&itfﬁoabﬁuemo%meleejmemeiﬁiw-éf#’e al so taught in
the prior arf. _linn particular, 5 it tqﬁﬁeQS&thfe%Mtl‘ie*'éﬂt‘ireﬁrwﬁﬁsﬂig in air
produces a pedsdicid af PSRt M3 F PSR "ThF i ng | n aﬁifmmni a,prodyces a silicon
oxynitride typedddé forfomampdherenini in fAm oh Bremayelyr BT NG “AthDspheres resul ts
in filns whi gorhiorngmwoém portion of the Si-H bonding inherent in

25 In addition to the moisture-containing atmosphere, and inert gases such as

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

hydrogen chloride, ammonia and the like may be present.
In one embodiment of this invention, the conversion of the sil

¢ is accomplished via thermal processing, by heating the
m is

sesquioxane

molecule on the coated substrat .
30 coated substrate. The temperature employed during the heating to form the thin fil

moderate, preferably being at least about 100 °C, more preferably at jeast about 150 °C.

Extremely high temperatures, which are often deleterious to other materials present on the

substrate, e.g., particularly metallized electronic substrates, arc 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



uncured hydrogen silsesqui oxane. The present invention is conprehended for
use in silsesquioxane filns dried and 10 cured in all anblents i c% F'
reduci nYOM2PHert anbi ents other than those di scussedCTHEPUEES Even # %@ﬁ4
that are carefully cured under non-©xidizing conditions may eventually
becone exposed to noi sture and/or oxygen, either during further processing
of the dewy&gmmg#&mﬂﬂmeﬁkagumgwsmmasmemmemNTﬁémWHbent|on is also

conprehended for use with = f«k&éuh@ eH: Relbdigce anounts of a
group VIII %%P%ﬂ%?%qf"mmmﬁ g%@t%d%lgg H!%&JHQ 5 fu gh E( %C | m curi ng.

to
The f or mat i relative hureidis), lheAtiBgimcosealTE t}thlquﬁs ofl FeY! ‘Ig§°’8'f°f'é%"t°§rd‘p BY"pr ocessing t he
coated s Ubﬁ‘h k@deBon of hiprobfiRAbLITRIS inw ekt aeliyes of lesatielillinthper at ur es or
with UV irradiation, or an incident electron beamto convert the
si | sesqu-‘l ox@ne nol ecul e conposition into a silsesquioxane thin film This
crosslinki ng comegingis@eeiay @adurtedoidr aime spificient BT EtifesiddH-ai ni ng

at m)sphere ont al ni n%,%)]&? Hhe%gy&u{?toi%uwtoatsl Meusikgamedbtiyss and pref erably
cont ai ni ng om g\ o atl ve to about 100% rel ative

humi dity. Tihen sbep@biufs @t 2pad/e| ‘°d?°“}‘?o'i°§rtsiffe U5 be present in the
at nospher e ﬁk&rhhangg SrhRARdE peh@alPratassiangpbieprrosutifies 2T M ng the ceranic

LA al e DRLLYGLY, SN, DB FSEHIn dubiGiogRirk passupor L on of L he

procedurlg] %'BSS‘FH ooy ol st Ur e- cont af ni n c,%nn&ﬁphere and inert
gases such asyalsaibt eremigred: Agy method ohBaaingnaigy s {PR&% 1 K& TRy Be present or

reactive gageR ifGNpraessp, hot pmey(geda;ant oh:yﬁdfo@gemne@dxlwcﬁem@y ammoni a and the

li ke may be present. In of critildl § |rg\4§d3¢ﬂr&naa|atnhe conver si on
of the sil sBegigPhxHRET %gﬁaénéurp{éreogﬁn?ﬂgeo Coated substrate is acconpl i shed

vi a t her mal pefeosies biaragrepidy stwogtibieng t he 30 coated substrate. The
t enper at Flr e enplQyefe i aﬂ)oa.hlem bt infgtidnothé ommtieneé a silsispuidxatem i s noder at e,

preferably being. at |ea n y W ESloRNUY) AadibiRast about 150
C. ExtreneF’V‘tI"ﬁ“ggr?“E%‘H?fg?de?f’ﬁ‘gEm g\%ﬁm ﬁdg}r%geﬁg ften del eterlhéutsd to ot her

material s poesemtrooheanhExposurys the gaated substggte 1o iy t?ﬂ'i’“aﬂ‘f St 1 zed

el ectronic ?&U?%& (R U&Red c%&m&%&&{vaishyoﬂmmmamsmymolccHeatthervga“c‘de nmperatures in

the range o out 150 C to about 70 ngelenakhe th& h:d35
t enper at ur e SUHFER %“Fﬁ%”é@%‘f‘mc%'”fd’%lég%ﬁgd%ua bout 5 }21 "heing more

preferrem. TFiewddo 0t JRIGERmacTanPE ¥/ Ty HEBs 98t “fcé’ é?t1°{1ur e will depend
on factors %#M}lmgﬁontaﬂ@m%mtp}o‘ééd!u?grtre&ﬂbﬁidoﬁltubmplomdgamwl sesqui oxane

o ey hont s fi st oban iy ey e FefhIR RN Rbp& L0 NG, el ative

Ss and coati ng C&g‘?ﬂOFl tion
conponent s. gex%hﬂy anheatzids h:ﬂfng highsr 8B toaters EEIEGHE! FEMHEM® wi thin the
abilities Ofprécpsgﬁgungir okl ialrfcal fBtingRomAltibns. An advantage of the use of

25  irradiation-based processing is that pattemed films may be generated on a substrate by the

selective focusing of the radiation.

o .
Although the properties of 2 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 butk 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 {ilms, and their method of preparation also play a vital role

35  in determining the film properties.



Heating is generally conducted for a time sufficient to formthe desired
thin film The heating period typically is in the range of up to Bbgeg )f
hours. Heabimgsti mes of | ess than about 2 hours, e.gpcrbRgis®. 1 to about
2 hours, are preferred. The heating, ?rocedure is generally conducted at
anbi ent pressure (i.e., atnospheric 10 pressure) but subat nospheric
pressure or a partial vacuum or c may al so be
enpl oyed. Any nefiEdrf Hgat PIARG recggggfpaégﬁ) ?Lﬁ harac?%%gﬂé{')ﬁ\%ctl on oven,

rapi d ther na,llcluprng)gpeaﬁdrmg ofihpkutylxatyend mtrcmadieqmty orergidisPara¥EYener gy i s

gener al l'y Lﬂggt\% toEilal extcrﬂ?reﬁé%ﬁﬁceq yhﬁé\%éc&go MEDHR QY RFing dihidfo®® NOt
critical, bUfsFH™ s

nost practi cal pr ef erre t.as rapidly as
possi bl e. 15n1¢rpﬁcm apg el lippqmEETY- A8 éﬁ‘rﬁ‘iﬁ‘ﬂ?‘ﬁéﬁie‘ﬁ[f ’foﬁl”g‘gf&\‘fggf%sa the formation
of 2 si | %esqml%?‘%ﬁexdlmlﬂcduﬁnmasmmmnwmmed Vbly;futijr@cﬁsl gg the coat ed
substrate to ultravyi irra ARGl 1,Qflri@m  Exposur e
of the coat &C}‘@[’}B%VI)FL&?@“PH%% IBi"'arcra ?% :90rp been found to effect the
desi red crossl i nkilmgickesswer idermirfed ‘Pslﬂvé C@W%%%‘éﬁﬁ‘i“ﬁ%@&h@“ﬁbﬁ“@é‘ﬁre in the

coated substry Ln%s eg_ﬁ?r'do‘?x@c%rﬁ&fiﬁﬁﬂmkﬁﬁ@&mﬁctubsln@kdifnarehrlyy carried out
W t hout subjéc coated 2 subibtrate 0. the chﬁé’t t ggdytenperatures

used in the *ﬂ'@?'ﬁgeffﬁfr“&%‘é@éf’ﬁ g eands mThst PERE ¢S e irradiation and
thermal pr oc&s;sasagcarﬁrenammn\tastabl;@mddlpbeOélnmeéy@dmll“? chgrgdiiized. The

si | sesqui oxane thin fil r?ﬁ‘m %{t{ﬂaﬁle&{éé aagstdn%a@lb alel PisdragiRds 44 ocessi ng are
general ly char act erlze

avin ts typically
result from 'Ifiqlﬂ-)r‘#ﬁﬂ“bedﬁ’ﬂéﬁe’é§P”ﬁ'§bw%rhﬂ*bgabg'f‘ﬁé’lf e OP&qd"etﬁ I'c ‘% ht%(E:'s(‘gatl ng
condi ti ons. AQP@EB{,&B&Q@&I forf detergnings@eshtd AFadteriptigdf Bt ehthHEEBEP pr ocessing i s

that patterned fikr u:.”PI}fanQﬁ% cﬁ’ eneLAL&dr A fﬁﬁéQﬁiﬁea{c&uByuﬁx@@ sel ective
focusing of the ra at |0 aracterization . g Igrgct!swnpgfﬂmOpert' es of a
a

bul kK nat & i a¢apmwécwell ITfEﬁa&rpkidsc"é‘?dl‘%'é‘Efs‘"‘t "ecagazi’r’ra8°°§ ST | Iinits thin
filmform Caﬂat@é}‘@mﬂ'bﬂ&ﬁ{tﬁlt@ﬁsﬁ hatheareusdidpiciants inihyepeldipop®tadMt from t hose

of the bulk materi a h@&% bR byBichily mduduneg edntiiti@s are strongly
i nfl uenced §°ma?sam8%l%kﬁe§sr ff?%g Wil e | nb)gm '[I materials this is not the

case. The thpfmﬁmllqﬁhumyﬂﬁts very defl nition, has a substantially higher
surface-to-vol umerhsafrna&rsu@msdmasacmaskresmmrgptaadomnephef@tructure of thin

filns, their. method of -pr Al 5Pl @swcﬁa]bghﬂhse 35 in
det er mi n?ﬁ feResition Porssy Sgar sk gm&w”’%h & Bl b {@4 WO 01/ 29052 18

PCT1U80012868¢9r=§EWeF bgi@str@sstﬁwh@rﬂrﬂagf aa?ff"ﬁkytﬂa‘r%‘ﬁoﬁwsz'""&*’ hni ques for
characteri zi R@pdritires trdhdBhow leis D@ atectourtnessp Eoisis secagmidcresddsefiecul ar x-ray and

neutron refl ecblllt\y/ '&EM the %.ln l?err g.%sn'q}c %&%E&hrl{secaﬁ(lé{day filling of the peaks and
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 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

30  of very flat films. This has been confirmed by Scanning Electron Micrography (SEM)
examination of these films. Thus, in a preferred embodiment, the surface roughness of
the films of the invcntién is investigated by SEM and/or AFM. Ina preferred

embodiment, thin films of the invention are characterized further by being uniform and

crack-free when viewed by electron micrography.



reflectivity, total external reflectance x-ray fluorescence MV ion
scattering atomc force mcroscopy and ellipsonetry. See, for exaTnP

Lin et avomAsc. ACS PVBE 77: 626 5 (1997); VI T et brusiohblsgON | ¥ APR 2004
PROCESSI NG FOR THE VLSI ERA, Vol une 4 (Process Technology) (Lattice

Press, Sunset Beach, Calif. 1986), incorporated herein by reference. Film
t hi ckness can b eterm ned usjn vallabl e.i nstrunents such
as a Nanospec AE‘]"d e dSPFESEPER 28 il g?f%] “r’nnﬁgrwerl%ﬁlhggﬁ Hhem DYt fe i ndex i s
frequently eb@sxplp.efb'lllbswﬁe:fcma’cr@nw@idemﬂremat@ﬁreghﬂmgth@$rnqureefrﬁlrme measur ed usi ng

an el i psometgfed aﬁﬂﬁ@ent&petgrﬁﬁél‘aﬁl% @me&m&ﬁérﬁdﬂ:sﬁlﬁﬂﬁhénﬁpl e (Rudol ph).
O her methods exist to characterize surface roughness, Tilmintegrity,

diel ectric RSt ams haying diffsny R ppacaTHereey B AELBePIoPY S Beited descri bed
bel ow. 16 IE)déﬁlrﬂlnc\Metshdnﬂlcbrhenﬁmheltﬂntﬁ]e:s of one of skill in the art to
choose an appr haracteristic of
a filmof the i g@en@%’%ﬁ 8gr]tﬂq£m ?%ﬁ?gﬁ%waﬁg?ﬁ.ﬁl ﬁgjﬁ{p’rgg?ﬁon of the thin
filnms can béetmasdﬂmslxwi%acaﬂﬂ 15 capaci tance cell. The sanple is used to

neasure the Capaﬁlbaﬁl&%rm ﬁmlsprtﬁeqh@mmﬂc@ae adrie@tyselpénaﬁa:&amcn tor of
constant area so t

hat, . hie measr ed, capaci tance s, LOVRr sel v, propor t i onal
to the act uBf*Eqp oéosf%f Té?f’é e P R ST EENT S oar 6 §B¥8al |y made
under cdAdi turiongage.oThepomsity of doaddnskd sitsegkiufopane Tihwes isupiaie be ¥ Duyenréss of fil ns
occurs as acm&%e;anpé bbth RickRAAPIRSE d@a‘reagmmmmd@rrgqmetcwammocess Real

films al nos show surface ro ugh thi.s represents a
hi gher ener éﬂ? ‘%,\la%[fzca't’%a SHALY Y thp fﬁ'@lp ﬁfsl °'7f"f“éﬁ" F‘i"f %\ph)ﬂéﬁom tions at
hi gh t enpestathie eBersignicpreferatg heriembies by weighingdke film amhrrenigng ifhi s i s because

i ncreased Swl.fr@ecefaﬂmk&lpk;oas»ﬁo&rmwom@onmog&em gﬁ&ﬁﬂ}ﬁ@%%whﬁimﬁi atures can
Ieadtoflllln e, peaks and vall eys. t he ot her hand, higher

t enper at'or e&? 'gﬁbuﬁﬁ@%e"laead to the devel opnent of 25 crystal facets, which
may conti nue to e dwlectnic coseorofdpadicrlgdiim o e measaet hyghetMOSOAET eased surface

roughness. RtmddQWich & BIAD be®BskinliflBe S MIRE fie HRAVIDARDS A fEasured by
surface area, tends to increase with increased film tgﬁckness ol i que

deposi ti on BE WHkasTopwegt [ines, dhs LpfiPrfaPagifaass MEARIERENE ifpT sk e 1 oughness.
Epi t axi al aad, farfmnﬂireob;&lsﬂgmmm/aﬁ phiaxi@t/spadb@uambrieastue ctthaurethase area nearly

equal tapl Ny SERITRL e BBy caggpflggﬁeeqnhmﬁgam ROGSnAfkiaal very flat

n con I rmed anni ng ect crography ( SEM
exam nation of these fil ns. Thus, in a preferred enbodl ment, the surface
roughness ofupsgtde films of the invention is investigated by SEM and/ or

AFM I n a preferpe o.ccr@‘%&gws%ccéapm..LlutLJ(}%%;meE kPUEALIQn are

characterized furt elrng unirorm an ree en vi ewed by
el ectron mi erpitlaphiliy 2 ‘EEL!F‘Z%E}‘Z’ i) the PTG S BB &EosTign WR- 2d04 | nf r ar ed
spect r 096 0pYhus,ShealitatelEe b bor Examglé) gaaohedil ipkaic daamfciot tslikef ittshe i nventi on.
-For ) particularly preferred herein, however, to coat electronic devices to provide a protective
or dielectric coating.
In an exemplary embodiment, the substrate is a 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 2lloy. 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, e.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



exanpl e, FTIR spectroscopy can provide information regarding the structure
of filmse fornmed at different cure tenperatures. Different cure

t enper atVP8529523 | frequently produce filns havi ng di PEPUSIRBEER sbééPR 2004
Mor eover, infrared spectroscopy can2be used 5 to determ ne the silanol
cont ent of the thin film The organization of the filminto a crystalline
or anor phouﬁzesﬁsl‘éﬁé‘f’f(ﬂérﬁﬁn Q%&hch@sutﬁt@k@foﬂdﬂ@datﬁﬁbdﬁ@eﬁ@ﬁﬂa&amm@‘r(‘,‘aCti on. The
density of ?he fi g ‘{, ntllo . e(;\mwmdeeh b){hesel ection of the
film precufsdpgiod pldimssy 5}3“8‘8\‘?’8 Ep¥ edq"rma "CrossiTnking of silsesqui oxane
nol ecul es dpissarigatibthe filnkO curi ng st age. The porosity of condensed

si | sesqui oxane fﬁ'xlt shb%trMQWBgtuﬁergﬁne@t 1‘1&!%6{2@1&){&& dégebid hgmper at ur e: bot h
t hi ckness and por osi ty decrease with increasi n? cure tenperature due to

densi fi cat i efphed PHermgaipreqnpsst Iges. £y h‘i"ﬂ’eﬂ‘qfl“fﬂcﬁ’f"ﬁ‘i? Braand; ‘ﬂ?rﬁ’Pi’Fﬁ‘tII“Bn about its
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and rreasurln afllmls LQ deposi tion
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conpone of a |nter nect. ne l'ine

capaci tghcethﬁﬁgg ?‘r’gﬁf"écr%’efﬁ" ?ggonalayrr 8’85“"‘! Ut u?: surtface O'Jtﬂeqﬁu EJPeby using a
0.50/0.50 pm wi dt h/ spaci ng conb structure. Ocher met hods 20 for neasuring
dielectric constants can be applied to the films of the present invention.
Substrate iRl therist rates to be coated is limted only by the
need for thermal and cheni cal st abi lity at the tenperature and in the

envi ronment of tﬂﬁno@ﬁpﬁﬁé& éhQi'Hve\-i@o%%ﬁJvmesaZ&JEEhuﬁlpnstnEelmenJcaf&e can be, for
exanpl e, gl ass, | astic, ceram the like. It is particularly

preferred héP’éF%ﬂﬁWPgaﬁﬁer@Uﬁf‘“@h% 'E“P“ nic devices to provide a
protectirge BOBIOHEH RSIONL®")SER).i Inhis formula R’ @ 8hpt membersindentideetht | t he

substrate i § el Oﬁ@:’logatl ‘gr&lﬂrp%tl lég ﬁari(o?ecﬂalﬂo 0b i 1s g&'atkﬂtﬁfﬂ@) equaiNe substrate
is functlonalze conductors whic nstanfe 30 forned of

an al um nun¥ot- %%dcfo‘bﬁé p 23§ MegPers indspendenidy séléct‘%lf’(?mfﬂielgf?gp YRR pr esent
invention gRedgaobrele tee MOSithagh de flee bf the ipvwion en bondaericddtd ayer (i.e

other diel egfy tlﬁl éJ c?c(&%e m%ectf Whﬁ:ﬁ }(QQQ dQ.rcctﬁc ARRNGUE hivegullnaisar may not be
present belo W electrig fil

@Bnt gnventallgm}’ I n general,
the di elct PT"&‘“Fq ?"??P‘i"@”(‘;lé"ﬁ@@ﬁ%‘pﬁif“‘éafﬁ , pref ¢ 2IPREEG TR oxane film
precur sor ove&dseinftendseddstrate, foll owed by reflow and filmcuring steps,

whi ch may be 35 e afers 2 LdriTs 6@ Wil doRaln dfe@rrm  Ei t her
during refl ow orgglﬁbﬁg%&% ch(Palaé\/l\(/sl:‘aretrﬁrhl: %(f)&/tizg 52. E%QT}%D% 39128689 14 A PR

2004 20 and substantially al lhese wafers are appropniate for coatmg wit
invention. In a preferred embodiment, the comprises a member selected from 5i, SION,

25  SiN, Si0,, Cu, Ta, TaN and combinations thereof, more preferably 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.



these steps), the filmis typically subjected to a tenperature between 120
C and 200 C for a period of time suffizjent to produce silsesquiogﬁﬁpR 004
refl ow and enhance the planarization of film In those substrates aV|%8

interconnect lines, a netal layer is deposited and 5 etched to form

i nterconnect .lines. Any nunber of interconnect |ines and interconnect |ine
geonetries can be present. Interconnect |ines typically have a verti cal

t hi chédMSen the order of 0.5 - 2.0 micron and a horizontal thickness

whi ch varies by design, but will typically be in the range of 0.25 to |

Tﬂékﬁﬁvﬁg%eﬁﬁ%vgﬁlgigﬁﬁﬁﬁkﬁg F%*%%f?%?lfag@gﬁﬁé?‘ﬁm%%%i‘! de) wth & thickness on
10 0.2-5.0 mi [ i &:
< dHisgba 0 T LA RBruP 188 S0 rREb sor Al 6 AEEN BT aE,

aspect, the invention provides an object conprising a low k dielectric

f iwhereisai d fil m conprising a material having the formula 15

[HaSj Ob)c[ (R ), Si w1d[ (R )aSiJ,,. In this formula R and R/ are nenbers
i 'Rlegehded Rl snp.2sak ectelbrs mdepaidenty selemsechfrrin C.avlnd e C.sb; 100jallad Bropps: or
equal to 1; b is greater than or equal to 1.5; and ¢, d and n are nenbers
I noigpeRdrnt érveqmel teci;ed from the group consisting of the integers greater
than 10. Although the filnms of the invention can be incorporated into

es§grgrg§hlma@aye.ﬂ@ywp_sp@@bj ect in which alowk dielectric filmwould
have “utility, in a 20 preferred enbodi nent, the object conprises a wafer,

Pr &1 Yre &f ifiepBiRhike18akd BIm @ pPoupRIBnsietifiki6f thie.intSgers gryatkychiao 10.

waf'ers nmade of a variety of materials are well known in the art and

substantLal by &l hindfo LGRS, WkRiPRAUE. 13RBTORIY. 2hR ih@penaditly@lemddré€ sub.1 to

fi ‘ihc Re 27 m§“ : @}1 r?ed enbo&ji ment, the conprises a nenber
iéBPg s ?‘(ﬁ%‘@r& 1BREC éﬁgl Ri% |

se , Cu, Ta, TaN and conbi nati ons

t hereof |, rre preferab j ' [ ' RLART sub.1 to
pr fﬁ'i“’r o4t P%S%?r tﬁj r@?ﬂé‘{?}%"%%@gt!aﬁﬁ@gﬁﬁ pr e§ g%&@?gm i %6?1&5 renber
sefeubd@ Stratgnt-ep Branehed-thamh AYM P PSini um nitri de and corbi nati ons t her eof .

It is understood that the ex l.eg and e di nent s. descr,i er ef I

f oft: Bloe TEThogaCSATIVE 19 HISLAY ;;g*ami TR ST SRR selfiicd o Caub.1 to
ch&ybsd strpightairancedehaialky P&uggested to persons skilled in the art
and are to included within the spirit and purvjew othgg% ap | i cation and
ar §. Tonpicthadatcording i dHm 4 vdpEeiBR $upd ABRE 3§ Bethamethy) er ‘%ﬁbl i cati ons,
patents, and patent applications cited herein are hereby incorporated by

r efeeTha fibmiancardisigrio staiinrlewherein sz filpus pperoys m. cLAIMS @ 1 4 APR 2004

7. The film according to claim 1, wherein said film has a dielectric constant of from about 2 to about 3.

8. A method for preparing a porous low k dielectric film bhaving a bresclected degree of porosity, said film
comprising a material having the formula

[H.sub.a SiO.sub.b ].sub.c [(R.sup.1).sub.a 8i0.sub.b ].sub.d [(R.sup.2).sub.a SiO.-sub.b ]-sub.n,
wherein

R.sup.1 and R.sup.2 are members independently selected from C.sub.1 to C.sub.100 alky] groups;
a is less than or equal to 1;

b is greater than or equal to 1.5; and

¢, d and n are members independently selected from the group consisting of the integers greater than 10, said
method comprising:

(a) depositing a film precursor to form a deposited film precursor, said film precursor comptising a material
having the formula

[R--5i0.sub:1.5 ].sub.x [H--810.5ub.1.5].sub.y,
wherein N |

L XHy=D;



1. Alowk dielectric filmconprising a material having the fornul 4 APR 2004
[H.sub.a SiO sub.b ]J.sub.c [(R sup.1).sub.a SiO sub.b ].sub.d

[ (R sup.2).sub.a Si O sub.b ].sub.n, whetkein R sup.1 and R sup.2 are
menbers i ndependently sel ected from C.sub.1 to C. sub.100 al kyl groups; a
i s, 1; b is greater than or equal to 1.5; and c, d
anglﬁ%{i}ﬂé@%&@ﬂ%@{&& e‘tpacebr‘ldently sel ected fromthe group consisting of t he
i ntegers gﬁe&ter tgl 2. The nmethod according to claim1, wherein

R Edpap g %F%“vr ndependent |y selected from C.sub.l to C. sub.20
straight- or branched chain al kyl group. 3. The nethod according to claim
2, Yahamdiole musber betwierh Rardip,. 2 are i ndependent |y sel ected from C. sub. |
to C. sub.16 straight-or branched-chain al kyl groups. 4. The nethod

ac ®ois éi Q.gult. d te ICautn 130 alihdigedup; Badup. | and R sup. 2 are i ndependently
selected fromC. sub.1 to C. sub.6 straight-or branched-chain al kyl groups.

5. @haring tshﬁﬂde%@@@écﬂﬁlﬁ@gfe@uﬁbﬁidﬁ’oﬁn a"!@ﬁﬂ@d@le&n@@ﬂ’m WitleR ﬁre@el%b'ﬁd ae € oPPérdsity.

nmet hyl groups | maccording to claiml1l, wherein said fiTmis a

gfgﬁggggﬂégg gﬁgz it 1d élj‘fhgi Q%éﬁ?bﬂﬂ% ltdocu?lgl ésg&a]-rg d"@ﬁrug\ln%easﬁkg Psk]@%t?ggrg?x} trllls group

a porous ectrrc havrng a presel ected degree of porosity,

sa;gg;fftié% ﬁﬁ%gg% I(%fd L‘%ﬁ é r| a| haVJ n L h?s[{a%ﬁ%%?}, hga%gg&% %@SH’[{"HC )£ from

up 2 are menbers i ndependently selected

fr sub.1 to C sub.| Oalkyl gr.oup ais less than or equal to

s gh? B}et‘%%cerd%@aﬂ?a%l% Véﬂer%rﬂ ghig terapferwarqrs omn akavh 2PQ. degree ferlg éh?lrty
seI Qtdéarqergmthe group consisting of the integers greater than 10, said
met hod conprising: ( c% _dreﬁposr ting a filmprecursor to forma deposited
fi g pheéilmaseordoyitd claiinrg, prherain sod low kpli¢leditrig film dras @ dieddctrihaatistagt ofiffom about 2
f ortorabent{R- - Si O sub. 1.5 ].sub.x [H-Si QO sub.1 5].sub.y, wherein 1 4'APR
2004 22 nis an integer between 2 and 30; x is an integer between 1 and

. iAss dbjedt obmprisimparlotrdt dielentrR filng s&id MRnicerariGinguhmdietisl Havaighd GQnalikyl
group and (b) curing said deposrted fil mprecursor to forma low k

di qHequbtd $i0.5ubb Wb HRAUGIGIsEH. b SO dei9b §ulnl [(ROAPSI)iskb.a SiO.sub.b ).sub.n,

wherein

R.sup.1 and R.sup.2 are members independently selected from C.sub.1 to C.sub.100 alkyl groups;

a is less than or equal to 1;

b is greater than or equal to 1.5; and

¢, d and n are members independently selected from the group consisting of the integers greater than 10.

14. The object according to claim 13. wherein said object comprises a wafer.

15. The wafer according to claim 14, wherein said wafer comprises a member selected from Si, SiON, SiN,
SiO.sub.2, Cu, Ta, TaN and combinations thereof. |

16. The wafer according to claim 14, wherein said wafer is a member selected from Si wafers, S10.sub.2
wafers and combinations thereof.

17. The wafer according to claim 16, wherein said wafer is metallized.

18. The metallized wafer according to claim 17, metallized with a member selected from copper, titanium,
titanium nitride and combinations thereof.



9. The nethod according to claim8, wherein said curing is carri edT 9 Uibp 004
using a nethod selected fromthe group 8% heat, ultraviolet Ii ght and" *
conbi nati ons thereof. 10. The nethod according to claim9, wherein said

curing iggcarried oyt .rﬁﬂn% . fr t o
150. degr gge. C. to a%ort?t?ﬂl ?gg&géegre ?P%oﬁwgﬁie&ér?&‘ﬁ% ’asglcol%]%ﬁﬁgc?%p%’iug ‘m
10, wherein sgrovidingpeupdridable atkerislhasim@uhe 2Putkegree. C. to about
500. degree. C. 12. The filmaccording to claim8, wherein said |ow Kk
dielectric filmhas a dielectric conft-anddifHi$ibsfabout 2 to about 3. 13.
An obj ect corrﬁ;i si.tng a low k dielectric film said film conprising a
mat eri al havi élefeﬂlé' formula: [H sub.a SiOsub.b ]J.sub.c [(R sup.1).sub.a
Si O sub.b ].sub.d X O sub.b ].sub.n, wherein Rsup. 1
and R sup.2 are rrerr[ﬁf)iegra?lﬁﬁ?elgoen eI%nﬁ 'selected fromC. sub.l to C sub. 100
al kyl groups; a ix+essmthan or equal to.1; b is greater than or equal to
1.5; and ¢, d and n are_ nenbers independently selected fromthe group
consi sting of the ibifapineseybetiesn 2ta8830:10. ~ 14. The obj ect according
to_claim13. wherein_sai ' c hises a wafer. 15. The wafer
according to cl ai mhﬁagn%ﬂgéjeg{bﬁﬁiegpﬁ?ﬁgper conprises a nenber selected from
Si, SION, SiIN S @isdbumhbefbetwisn 0 Zad\h:and conbi nations thereof. 16. The
waf er according to claim 14, wherein said wafer is a nenber selected from
Si wafers, Si®2penging theykpeszabledmatenddite farnonvaponigedmbteritl. The waf er
according to glaim 16, wherein said fer s netallized. 18. The
netal | i zed M%SPDSA%¢8W%OQZ§HH§7W \é\gf‘ %ng%alt?;f@ﬁ with a nenber sel ected
from copper, ifigpideNapotitdd@Rityzni tride and conbinations thereof. 23 1 4
APR ?004 19 A nethod SP formng a porous low k dielectric film said
met hod conpri sing: roviding a vaporizable material having the formul a:
[R Si OL. 3 x[ H Si O1. Shewprthed of claig 15 whein 1 és Guembed defdciegi footp;the groypn; n
is an integer between and 30;. x.s.an integer between | and n; y is a
number bet vveer?oﬁs’é\%ﬁ?‘f;%h?/ W%Gttﬁég’v‘ﬁﬁlﬁl?’ able material to forma
vaporized materi al ;

21 The xethod of claim 20, wherein n is 2 member selected from the group

consisting of the mntegers from 8 10 12.

22 ~ The method of claim 19, wherein R is a C; 1o Cyp straight-or branched-chain
alkyl group.
23 . The method of claim 22, wherein R is a C) to Cy4 straipht-or branched-chain
alkyl group.
24 The method of claim 22, wherein R is a C; to Cg straight-or branched-chain
alkyl group.
25 The methed of claim |1, wherein about 75% of the vaporizable material has a

molecular weight of less than about 3000 daltons.

26 The method according to claim 25, wherein about 75% of the vaporizable
material has a molecular weight of less thar zbout 1800 daltons.

27 . The method according to claim 25, wherein about 75% of said vaporizable

material has a moolecular weight of less than about 1600 daltons.

28 The method of claim 19, wherein depositing cornprises vapor deposition,
spinming-on, dip coating, spraying, sputtering or combinations thereof.



depositing the vaporized material onto a substrate; and curing the

vapori zed material. 20 The nethod of claiZh 19, wherein n is a nenber

sel ected fromthe group consisting of the integers from6 to 16, 14 APR 204
i nclusive. 21 The nethod of claim2Q wherein n is a nenber selected from

the grotfp consi st iy woethodief tlainedhrehdreinvaBortdepdBtioR onififeSEidigidalafapg! @i M
19, wherein Ig is.a C.ta 0 straight-or branched-chain™ 'l group 23 The

|
met hod of cl SPRYSSEON. physieal yapos asipn preamegnagionaihgeofor br anched- chai n

al kyl group. 24 The nethod of claim 22, wherein Ris a C to C6

strai ghtsor brancheg; i rqve.. 25 The, net hod of. cl aim_ 11,

wher ei nﬁ%bout 75% 0 eﬁﬁ%%ggélﬁﬁa%ﬁgﬁ%?ﬁfﬁwcﬁlavﬁﬁf STBF’BEEF%PWSQM of

| ess than abeuhosphefc dhdrhiekl vap6r JeresiB hod; b3 2R | n
about 75% of t heéii\l}apor i zabl e aiz’m':ltégri al ﬁ,ngg ngb%rm c%%%e#’%%ﬁ%&@&@ﬁ%an
about 1800 d&nhEcsd chemirplvaper Aendsition or dombintiiomsithéreaf25, wher ei n about 75%
of said vaporizable material has a nol ecul ar wei ght of |ess than about
1600 dajjtons. 28 The net og gf]cl ima11,. \Afggrei n, depositing conprises
vapor deposition, §p Bfa0m1 b weeEeinihe vanonizghle materislicarpprises adiim

conbi nati onspidtareef . 24 1 4 APR 2004 29" The nethod of claim 28, wherein
vapor deposition conprises chem cal vapor deposition, physical vapor
deposition or conbinations thereof, 30 The nethod of claim 29, wherein

g hemi cal? vapor depdSietnghodofiglrins\s w}mtai!gsa]iwiz{rg i§bﬁﬁ}a@6ﬁté{aﬁ&{ﬁpemn%e of
eposi tion, 5L, che b-vapor deposition, plasma enhance

chem cal vap?%\ﬂfjgﬁpoggigpigho%pﬁtg@opnati ons thereof. 31 . The nethod of
claim 11, wherein the vaporizable material conprises a film precursor. 32

. The n& hod of cl alhe dethodhAeEq iRy VPR Fl Nohdrsin $ahdid

tenperature of from about 50C thggabout 30’&%@%& Qﬁ%&k’r@ﬁm‘gﬂc rdlrng to
claim 19, wh&Pe¥-vaporizing is perfornmed under vacuum 34 The met hod
according to claim 32, wherein vaporizing is performed under

34 . The method according to claim 32, wherein vaporizing is performed under
vacuoum.

35-  Themethod of claim |9, wherein curing comprises ultraviolet light, electron beam or
combinations thereof,

36 - - The method of claim 35, wherein curing is accomplished by heating toa

temperature of from about 150°C to about 700°C.

37" The method of eluim 36, wherein said temperature 1s from about 200°C 1o about
500°C,

38 . A porous low k film fonned by the method of claim 19.

39 . Ihe methed ol claim 19, wherein the viporizable material comprises a C'VD
precursor,

40 . The porous Jow k Gilm of claim 38, whercin 1he il hes a dielectric constant of
about 1.5 1o abow 3.

41 . Fhe porous low k Iilm of ¢laim 0, wherein the filim has a dieleciric conslani of

ahout 1.5 1o about 2.



vacuum 35 The nethod of claim 19, wherein curing conprises ultraviol et
light, electron beam or conbinations therteof 36 . The nethod of clai m 35,
wherein curing is acconplished by beating"to a tenperature of from about
]50C to gbout 700C. 37 .. The nethod 01 claim 36, wherein said tenperlat dPR20)
is from'about 2000C ‘t “HIESHEVGOON IR c@BpBsipgtloulih ofclkinhddn f or med by t he
nmet hod of claim19. 39 -The nethod of claimwherein the, vaporizable

mat eri al,,conpri ses VI) precursor. 40. The porous |low k filmof clain8g,
wherein Hirc flru ha‘a' %?caﬁ‘é'i"gﬁlt‘?’i”&' EYHE AR Ui laboltlaita 0.t 0 about 3

41. The ponous low k filmt,f i:1;rim40, wherein the frhrr has a

di el ectyyc constant pdémp 1 wirle out 2. .42 sem conduct or
waf er conprising the thi nhf‘ﬁl“:“rlﬁ%o\? ﬁ‘é{ %f'ﬁf’%ﬁ&b %Zt %5\'\‘”2(5@21‘463. A
si,t~ic~~n(iuc:l(tr walkr Conmprising the 1111, 101. claim40. 44. A

senl i cofdit I LI o1 wal & me€thdd apforiimga ph@uf idwk Gldeotri € kal,m 41, .45. A net hod of
forming a porous. low k dielectric fitl ml sai d rré%cﬁggh@%h%‘f‘%g'ieﬁb“,‘é“ﬂ?mﬁi”’tﬁ ng

a vapori zabl PTREALN 4 aneLizeble remerig dupplzabe [dR1S1OL, s1K(H Si OL. s]y wher ei n:
RisaCG toC Q:,Il:yl gr(u p; x4y=n; nis in integer between 2 ;aid
30; x is an integer hctweertp L. Hr t4; is a nunber between 0 alll. |
n; vapori zing the vapori zabI%JSr‘rétgﬁﬁég'qld vforma vaporized material ;
deposi ting thehwraporized matrial onto a substrate ; and

R is a Cq 1o Cianulkyl group;

XN +y=n;

N 1S an integer between 2 und 30:

X 15 an integer bolween ) and n;

Y 18 a number botween 0 sind n,
vaporizing the vanarizahle material 1 form a vapartzed material;
depositing the vaporized maerial onto a suhstrude; and

subjecting the vaporized maerial to radia o from a radiation source

46 . ' : “claim 45 inni
Ihe method of claim &5, whurcin nis » member selected from the group
consisting of the integers from 6 10 16, inclusive,

47, . —_ .
I'he method of ¢luim ‘}6, wherein 0 is & member selected from the group

consisting of the integers from § to 12,

4 . . . . o i N .
8 he method of claim U5, whorein R is a €y 1o Cag straight-or branched-chain

alky] group.

49 ! 5 . "ol { 1
he method of el 8., wherein R 150 C fo Cig straight-or branched-chain

alky! group.

50. he method ol claim ¥4, wherein R is 4 €, to Cg straight-or branched-chain
alkyl group. )

51. I'he method o) claim 45, wherem about 75% of the vaporizahle material hus i

| AL i AT bids 1i 4

molecular weight of less than abou 3000 Daltons.

52. Ihe method according tw claim 5, wherein aboul 75% of the vaporizable

matental has a molecular weight of less than about 1800 Daltons.



subj ection the vaporized mitcrial to radiation froma radiation source.
46. The nethod of claim 45 wherein n is a.,nenber selected frci, 7z 14hePR 2004
group consisting of the integers from®6 t2(§ 16, inclusive. 47. The nethod
of claim46,wherein nis a nenber selected iic,rrt the group consisting
of the g%le egers frq:pﬁugﬁ 41]2 48. The nothnd ol'el.til,t 45, wherein Ris
a C, 10720 strai ght- 6/ BPEhusRselizas nlaimBRywheenumout9sy, THe. ELR9S, B -
el :tin, 48, whasietin Iﬁsin%n'l%cﬁl"-i”(l‘ ,?tGl.F‘t‘r‘vaﬁght -(tr branched- c'Illai n aﬁ(yfl
group. 50. 1'he rrethod OF “clal t oBhE! Fewy YR ubpul| 1608 Datioas O to Cb
straight-or brranclfed..ckijn alkyl group. 51 The nmethod of claim
45, wher 8-n about 75%hofethihg o apes,il eJgmherial has a nolecul ar wei ght
of less than uh+out 30Q0 Dalt oE@Fll}gwhﬁtﬂwﬁ{uﬁﬂi’ﬁd&“%ﬁﬁ\’iiﬁﬂngenms«'li(&i,m 51,
wher ei n aboutP P8k coutinas, bpaping, spuiEigk iAok -]l e_cétlar wei bJt |
Of less than athout 1800 t)altons. 26 14 AP%? 2904 ég -’[I]shg”ﬁ'é hod accor di ng
to claigp 52, whereig ahnl iﬁ 5% 05 sai d vaporizable material has a
mol ecular wei ght of | e8% PHh&AkpBat, &’B@'@Da1'£l]1onéep(5i4imﬂlhﬁ1,{FEE§19§:H%H]c‘Ja%‘i)rm
45, wher ei n depssitio) g hoarR M. \ r deposition, spinning-on,dip '
coati ng, spr ay?}:g, sput@ t gr P:ﬁd dgfr?ts'(l:%’?rjg?'ﬁ’ﬁt"lr ﬂ’é’ht"l‘ﬂé?'esdf\!-‘rcas. The nethod of
claim SSi%, wher ei n val or d}?posi tion conprises chem cal vapor
deposi t3°0n, physi cal! heapghodiepasing ESPwREreGFRLMAT LoDs t.hereof . The method
of claimb55, .wherein gherical vapor tl ep%?tﬂ}”l]]&a‘]g)\rﬁn’cfé%‘ﬁ"é‘@b'—‘““‘ﬂ“scﬁ
at lsgﬁ |Pﬁ§| mleia ADOF e i mai

56. . at nosphefi ¢ enem 4 PEPOHdesitulolow prownRr @SSR Vvap&' d luglgl vapor.
deposition, plasERY 9&%[}?% mSP%ﬁ cal vapor deposli |00 or' combl nati ohg=m
Lhereol' 57.,me method of ¢l al MPeAsON apcapbinatiprathewotiri z. thi ¢ |
itcrcog‘gri ses a filmprecursor. The nethod ofclaiill 45, whereial

[

vapori 2Vng i s carriBe wethodir alt#PenALAY, 9% 081- fr omabout 50C to about
300C er t p a_ urer~t Ire}rn abort 50C to”glﬁ'ﬁivtwu'gﬂ% uilerial comprises u film
precursor.
58 The method of ¢laim 45, wherem vaporizing s car

‘ arricd out at g tem erature ol
from about 50°C 10 abon 300°C. - |

59 . The method according Yo elaim 45
vicuum.

whorein vaporizing is performed under

60 -

The method aceord im 5
‘cording 1o claim 58, wherein izing |
» WARECH vaporizing is perfo

. £ 15 perlormed under
61 . The mell “cloam §

| h : "

od of claim ¥5, wherejn subjecting 1o radiation from a radialion sousce
comprises uliraviolel radiag
p Neaviolel radiation, electrop bean radiation or combinag ions thereof,
6 A- + "~ o
62 A porous low k film formed by the method of claim 45
63 . The metha “elaim Y
Woolelaim ¥5, whoeres !
5, m the vaporizable mater; i
I ¥ atertal comprises &

Precursor. e

64 The porous low k 1 “claim 6
vk ilm o clapy 62 ere| )
f » Wherein the G has a dielectri
telectric :

ol about 1.5 to ahout 3, o

65 .

The porous Jow k fiim ofclaim €4 | wherein he !

m has a dielectric consy
of about )5 10 abour 2. I constant



59- -vacuum The net hod accc)rdinb to clai m45. wheruiu vaporizulg 1S APR 7004
perfoniie(l under 60.vacuum The nmethod acecrl-(J1n, tit (:1;]1111 5$.,
wherein v.ip()rizing is perfOrned udder 61 . 62'. 63 . 64'. The Method of
claim 45, wherein subjecting to rndiatiar- froma ratlialinn source
colllpriscs u%é]_r aviolet ratlialion, electrumLearn radiation or

conbi nations Yhercod: A JobusOnBIdrov kel donBQising thebMnt s 1RE BRD of cl am,
45. The net hod ol' cl ainr 45, wherein the vaporirahk nl;aleriral c¢onprises a
("VI) prec or. The (}bro |low k filmoCclairrl 62, wherein iilG WII
has a di el ecft??c const an%s gLCIKE%ET"I."ﬁ”'E'd‘@WtSS(g B¢ [16%. o ThempF ous | ow k
lima tol'clairll 6r} ., whlerCn the filmhas ;1 dielectric cnnslant of
about J.5 to &fwout 2. 1 A ARR: .66 A _Scn. hl col.nLlucl or walir
c.~mll~ri in the filmal’ c15?%1%9%{21[."2&6"?"(%.L'W@é"‘lgﬂﬁﬁﬂ'm‘l*‘( clmi & wal | ¢
conprisil ?52 t he | 1111\1 of claim®64 68 A scmcorlduct(-r -aal'ei

enrl | pri g the 111M¥%yof degismiorire@fsoinMeR ofl EROSI tinn prec, ,lrsor
nlaterizi! c.nplld-risilxb a vapo??zed c?r%lgﬂﬂd'oﬁl ‘\}E’H}j“ YROred gesngound having
Wherein: y K j e forglpy (100 ;,lkyl group, . +y =n; 11 r7 Un 1lilleger
hc; lwell 2 arul 30; an integer helwgen 1 ;1i1ll n; and y iti a nunber
hetwecc:t1 0 and rl. 70. 'tihC v:ipt a\r,\ﬁtre"pél-ﬂi][l“-s\@le],ei nll ra a menber

sel cel : ecl frwmrtine group consisting of the integers ii-om6 lo 1 b,
inclusive. 71. The val or deposilictrl precursor of slain: 70, wherein nis
a menber selected IBd¥ mlhhe Cgnalip)gangi sting c}!' the iatubers (nrn 8 in
12. 72- The vapor c,!gp.)yosi linrl ftir-ecursor of claim69 , whercirl Ris a

C, to C70 straight-or Tfanel | eci-chal I r al kyl group.

015 un integer belween 2 and 30-
X5 an nleger belween 1 and n; and

Y 18 @ number between 0 and n.

70 . Thi.‘. Vi c N 4
v de Qs BEUEST G e C] : . .
P 1 Precursor of cimm € s wherein nais g member selected

from the group consisting of the integers from 610 16 inclusive

71. The va Siti '
por depasition precursor of caing 70, wherein n is g member selecled

from the group consisting of the integurs from 8 1o 12.

72. The vi sHion pr i
| apor deposition precursos of claim 69 s wherein R is a €, 1o Cyy straighi-or
branched-chain alky) group. |
73. The vapor depositi "claj
apor deposilion precursor ot claim 72 wherein R is a G, 10 Cyg straipht-or
| ‘ . . ] ¢ -
branched-chain alkyl group.
74 . The vapor deposit ; "elad
v vapor deposition precursor of ¢laim T2 wherein R is a Cy 1o C,, straight-or
. - - -h -
branched-chain alk yl group. ]
75 The vapo in 4
Fdeposition precursor of clai in
of claim 65, wherein y is ;
. Y is a number betwee
and n, -
76 . The v

4por deposition precursor of claim 69 » wherein y is a number berween 2
and n. )



73. 74 75-. The vapor depo-Silit}Jl precursor of claim71, wherein]Rppg 204
C,, to CA straight-or hrinchecl-chairsyal kyl guilip. The vapor

clepositiojl prectrrsnr of clamll) 72. |, erein KisaC, to C,,
straiblii-or branched-thrill alkyl group. :old n. The vapor deposili &l41l
precursor of clans 69, W zereili y is |i Unber bawcol, i agar uroslmmon

precurstr of cl ai i@ apomildiishizin: dreddiri§ ‘-"iﬁtﬂ en, 2 dij. 14
APR 1004 28 77. The vapor (Jeposi ili'f J[gre(?éurrcgll(')l]r ) 'gﬁ[é'?éﬁhé}"%’é-"?&vﬁéh%i n

ghoul_75% oPrEEWOr Brabetal s 1 medemilahwia Smessil A b Dbt of 1 ess
t han about 30110 Daltons. 78. The vapor deposition I')recurs4jr ()f claitni
77, whcrei,) aboul ., 75% of the  precursor material has a Inoleetrl,rr

wei ght ‘8f 1cas t hdRea1BoR deppaidonareconsr of 8laiTnE? MeRQEREnRSI hEan,mpgcur sor

of cl ai n178 | LD 1..759%or 11lo precursor material has @r
| - nol ecul : t#re%g bﬂbg ’%I?g%ss" frW(r];\‘r‘r"h'éd‘LFt'Sll‘G’(ﬁd}"Seléhimdt’m)ql 180, dBibns 82. The

vapor dcpositictin frcelrrsor of Caim®69 , wherein vapor deposition
conpri ges chenlic; e Vi@dBPheds 410Nl )ltysi-gal vapor depositing) or
combi nat i ons t her eof . %ﬁeaf}agggﬁdﬁ%g‘?‘f’i%ﬁs‘, ?‘ﬁul"éé’i"“b#@%ﬁ'm ahe

wher ei n cheffeeusonmpariat Bpas ol GRIN b &S AL er,i “heni cal uapur
(deposl 1()n, |ow Pressure -cheni cal vz?”p(’)r Rﬁ%g@ﬁ?’f‘?@n{m@#@apﬂ?‘g cnh: ur ccd
chem cgh vapor de;?ﬁfs;i tion or conbinations thereof. The vapor depo it.iou
precur§88r c)f cl ai ¥ 88POr dihesivpm prdiersunpbelaine b3S ivilicpen) uﬂﬁﬁc‘wgﬁﬁﬁioﬁoﬁpri ses
al-, Jill dodorfiGs@ Jporous | ow. k filmproduced by the Vapor

del ) OSI t i on pr%r%u?gg?n@r’lg?‘g)lnﬁ?’L%ﬁw.'“”sl?l.'ys"fql vapdyatepasitibow kombinaidyd wkab n
83 , wherein the filmhas a dielectric constant of about 1.5 to about 3.
85. Th&l.porous | oth&vipdridepbsiGon glec@sSdaf o)) pein 1l)e 11, 1nl has a
diel ectric consiant. of about b tOsaﬁ%qjt.tlj‘l@?%%'_wq}&:m?\Lhdmmapvahordt‘:posmon
seni ¢: unducCHRIELE AERRRphERS Wnopiballvopsi daposition) RwhiSsure chemical vapor

deposition, plasma enhanced chemjea) vapar depasition or combinations thereof

82. . he vapor deposition precursor of claim 69 » wherem

Precursor comprises a 11m precursor.

the vapar deposition
8 A porous low k film produced by the vapor deposition precursor of claim 69

84. The porous low k film of ¢laim 83
of about 1.5 10 about 3.

. wherein the film has a dielectric consland

85. The porous low k ilm of claim 8% » whercim ibe i
ul about 1.5 10 ubout 2.

Im has u dielectric constant

86.
A semiconductor wafer comprising the film of claim 83
7. A semiconducior walcr comprising the film of ¢laim S% .
88. A semiconductor wafer e maprising the (i of claim 89 |
89.

A vapor deposition precursor material

comprising a vaporized compound having
the fonnula;

[H;SiO L (R'), 8108 Ll (K?),Si 0,



87. A semic;onduct.ur walla cnn)i)risillb the File) of clailt) gl 14 8% 6
sem carl cduc' lor wafer cdinipri,i))b the 1), 10 fclail)) $5. 89. A vapor
cl eposition precursornmal erial conprising vapori zed conpound having the
fonnuLi: H SiO k CRI): Sl Ca~d~~ 2~YSi Qy~n 1 4 APR 1004 29 wherein R and
It" are nenbers independently selected fromCl to C100 al kyl groups; .a
is less Than or e q@L-to 1; his greater ihar, or equal to 1.5; and ¢, d
and n are nenbers |n6%BendentIy sel ected fromthe group consisting of the
inlegers greater that 10. 90. 1'hc vapordepositi,}rt precursorol'C aim89

, Wherciii R an®'Rnd Rirge niehiRRSAME Wutted iio, tt 10 CN,

strai ght-or hranchad-c-haitt alky) g@%ﬁg&‘@ﬁlﬁﬂi’ﬁg’ 'VHB;'d%&l@ting‘li&BWl)siep
ursnr f claimqg0 | .1, wherc,in R and R2 are independently selected
Irout C, to C16 sPrtilehlIhangy egwaldehied- chain al kyl groups. 92. The vapor
deposition precursor of claim90,wherein RL and R2 are independently
selected from Cl KQs ted R @ht, 9, Branched- chai n al kyl groups. 93. The
vapor deposition przégfjcr@sor @f‘g%g’ﬁﬁ?gﬁ\%‘érei n Rl and R2 are indepently
selected fromCl ‘tsobc&astrai gh% or branched chain al kyl groups. 94. The
vapor dept, silic, & pEREuRrEINEBbok dndeptn@RivRekced fron §h %ol Lha
pr ecur sor materia;nl S, :,i 1nt_gl_ec;:l ur weigh( O Iesé”% hg%ﬂ%lﬂ%ﬁtﬁ%ﬂgwé(s?lhu
Dal | ons. 95.- 'rhe ¥ ipord&pb¥iilon | p1' eCursor ofctairn 94, wherein
ahexit 75" Y~ of tltc precursor rnatctial has :t illolacular weight of

less t19%-u', about The 8tkdr depadlaildBewid6: of JHE |RPQE,.dEPRSiLipa | uecurscu
ctl c.laiin "?a : ﬁherei‘q abow 75% of .the priecurg’(':}rm#g[iep@(g RS 4
niolec:ul:,r GHERY Sqberded irpyrC g€ saigog Hatalehenehaif Gk yT REo PO
del)itsiti,)n IVWeCU snr or claim89 , wherein vapor deposi‘tion

91. I'he vapor deposiiion precwrsor of ¢laim CIO' wherein R! and R?

independently selected from, C,

are
10 Cy g straighi-or branched-chain alk vl groups.

92. ' : Apyac i -
The vapor deposition precirser of ciaim 91

m o wherein R and 82 are
mdependenily selected from €, 10 Cé strangh

-or branched-chain alkyl groups.

93 The vy i
. upor depnsition precursor of ¢lai I
i precursor of claim 92 | wherein Ry and R? are both mcthyl
groups.
94. The vapor it i
The vapor deposition precursor of claim 89 s Wherein about 75% of 1he
Py . . 1e :
precursor material has o molecular weight of less than about 3800 Dalions
95.. The vapo i
. rdepo eCurs aj [
‘f: Posiion precursor of claim qq‘-, wherein ahout 78% of ihe
precursor material has o molecy lar weight of less 1han about 1800 daltons
95.. The vapor depnsiti . "elat
il JS) CCHrSO) i H i
‘p position precorsor ol clahn Q5,‘ wherein about 75% of the
precursor material has a molecutar weight of Yess than about 1600 daltons
97.

The vapor depositing precursor of claim $9 » wherein vapor deposition

comprises chemical v; Si
p hemical vapor deposition, physical vapor deposition or combinations thereaf,



Conprises chem cal vapor cl t.pc~silinn, physical vapor depositi on1qrApR 2004
conbinations i.hereo f 1 4 APR 2004 30 g§ The vapor deposilioui precursor
of -claim 97 , wherein chem cal vapor deposition conprises atnospheric
chentiical valityr dean| Lion, | ow pressure chem cal vapor deposition,

pl asme_ enhancct | cn | aI | .vapor dJclicssi tég ai conihirialions
t hereof® 99. The @H‘pb‘}*’o& BB%H”t""'bW‘*b‘Fféktlimsf‘d‘ﬂn 1a«ilnrtmsghqmmbiearaﬁtmdqioeumn

vapor depo ses mprt;cuisc"-. 100. A porous
low k fil m%Br d'ﬁ‘é”e@thgﬂ{ﬁg ﬁx'g'g‘qp"&r‘Bb' ‘??l‘f"“é'SH ‘Biwel?f&%mbltsfmwammrgl 101.
"rile porougphsinbk ﬂl@nﬁﬁﬁcrﬂfmﬁu k , | | ectric
const ant ofpabout ‘1 5to aboufdg]"g'?g NMF' e“‘?’f)’%#'%ﬂg' {:'H'J,"I?ag‘i"?sitﬁ: "¢l ai ni
101, wherein the filmhas a dielectric Constant of about 1.5 to about 2.
103. A9%en i cul ut ihe vapordzfesition pidcorsbe b élmin: SﬂthHc': SR ve oi”‘?%wﬁ%@n 104.
A scmi conduel cor wafer, c:unul-risiag tlhe filmof claim 10 .

sem conduc IPEFCUREF C@MPHIsesH fimgidsgrsone filmof c.laitli 102.

160.

A porous low k film produced by the vapor deposition precursor of claim 89 |
101. The porous low k 1ilm of ¢laim 100, wherein e 1ilm has 2 dielectric constant
ol ahout 1.5 10 about 3.
102. . The porous low k filin o cluim 1), wherein the film has a dielectric constant
ol about 1.5 to about 2.
103. A semiconductor wafer comprising the film of cluim 100,
104, A semiconductor walvr comprising 1he film of claim IOV
105,

A semiconducior wafer comprising the fitm of claim 102,





