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TI TLE OF THE | NVENTI ON: POROUS LOW DI ELECTRI C CONSTANT
COVPCSI TI ONS AND METHODS FOR  MAKI NG AND USI NG SAME
CROSS- REFERENCE TO RELATED APPLI CATIONS [0001] This
application clains the benefit of U S. Provisiona
Application No. 60/613,837, filed 28 Septenber 2004.
BACKGROUND OF THE | NVENTI ON [ 0002] Low dielectric
constant materials produced by chem cal vapor
deposition (CVD) nethods are typically used as
insulating layers in electronic. devices. The

el ectronics industry uses dielectric material s as

insul ating |ayers bem@ gm:orrponent s of

integrated circuits aSSOCI ed el ectronic’

1 POAGES LOWDIELEETR m%)bﬁﬂl@ﬁbﬁmﬁﬁé R/ ANG MEEFHOBS FOR
i Ncrease %

n1croe|ectron|c devi ces conmputer chips). As the

| i ne di nensi ons decr ease, the i nsul ati ng requirenents

for the interlayer dielectric (ILD) beconme nore

ri gorous. SROESKERERENCETO'BELATEDARPLICATIONS

th90S is Sonicasortdeimedng bSorh of s Exrivbed Areane N

§0/613,037% filedrZacsepemberadoodhe | nsul ating dielectric

interlayer. Cis inversely proportional to spacing and

proportional to the dielectric constant (k) of the

interlayer dielectric (ILD). [0003] Conventi onal

silica (Si ) CVDBACKGRIUND OF THiE INNEHU&@!SI fromSi H4

or TECS (Si(OCH2CH3)4, tetraethylorthosilicate) and

[B02] a\lmmdidleetm@nstanbruammntgroduoeg by shemicahwapor depesition (CVD)
r t

riéfiods b B 3y e Yl Ryl fn@é&hhgepwg ThgRledfonics

|ca base vapor I on
i:q:msny use$ d@le.dﬂdmamls agiinsulatingilayero betwern sircuits@ndiwomponents

o AR Ll (16) b arRBal Soctdhf, Sdiiiden U hbibfare baing

rgani ¢ groups
redureddn pgielrmo increasa thespsed ang. d!avse density @r@%&qwatdevims

%QS%I ?Lt@?élgb%’ éa&sb/tgié ?ﬁ‘é Hh‘n ldeBbass, the RDRANG fddBirements for

roman silicon- contalnlng

tm mt@naygr dielagirie (HD) Secemr yrase rigatus.a Skonkiag ferRpacing requires a
'\ﬁéleélhl: QXAdENt th %iﬁlﬁ’ﬁi&t the 'hé &n@'&oﬁé’thﬁla%eresﬁ mha%manee of

I nCreasl-ng evice densities an

tamm@cﬂu%mewd @.isrms:aaﬁ@g\n@aef the @ﬁ%ﬂb@s@elmmrm@r Cis
ifNersély pibpbrtihal 8 sﬂ&&ﬂ% BRk %p%nYonat ehé aféu&trrcvwﬁa@nt &) of the

turned to various porous materials for |n'prove
'"tﬁﬁ%ﬂﬂdtqiwm@‘p@}tl es. The addltl on of porosity to

[gg?%}maéénietpgéna\é 34:%3 @%g)em?ﬁ zli ¥ "a llq%rsg{l%jlgeg l,ir%g él]H(i or TECS

(SRO@I-QGHg)g‘fteirBéthﬂBWﬂ%ﬁ) aRe Y UavORQisTBHAE bondarit] i greater than
consi der low k. materials becauge its

4. Teere,are seyaraways In whichdadystyy hasatie tqprequcs §ilicg-based
ofi@friiall ﬁépdrrdéﬁbétbém (twm fikps dnth NowéTalisIBELHS Eorstants, tHe pradt

SRR Boine e PG oLbe drastati Hyen bl i s cBetic artis
p"r@\ﬁﬁﬁg idfelectric constants in the range of 2.7-3.5. This organosilicate (OSG) glass is
typically deposited as a dense film (density~1.5 g/cm®) from an silicon-containing
precursor, such as an alkylsliane, alkoxysilane, and/or siloxane, in addition to an oxidant,
such as O, or N.O. As increasingly higher device densities and smaller device
dimensions require dielectric constant or “i" values to drop below 2.7, the industry has
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during the deposition process and renovi ng the porogen
fromas-deposited or prelimnary materil to provide a
porous material. OQher materials properties such as
mechani cal hardness, elastic nodul us, residual stress,
thermal stability, and adhesion to a variety of
substrat es depend. upon the chem cal conposition and
structure of -.the porous material or film

tunigdfto vartious mirgys mateyialsffor impseved; ipwlmﬁm@%& she ﬁd:g;of
porgnin Wagi et e Bl EorA Bl e e o 1

iheavem aisiédia st shiheTRRTAI| FPEURSTSE RS areqongidered to

" be @j@ﬁ?@ﬂaﬁs o6 e bioloBR SRR AL fssithan fat ol the sEndard

, = 100% ., v.iS,f 10 t
maaariammv;'(onmlv 5o iprthe /enGs ua@lfenﬁ’dc%%éfs'?%? (g g‘ﬂ?%'ﬁ%are
LR 5L Yy asidihh BBtelfonhg splcids BFberb§em prbcarsons ds eagents
typaiitormbd by agiding gok Re filmh d a.
dunihigehe cepoaionpresess ANyEMIVING e PRIGGeR TR AR RTages o
pmﬁﬁﬁr@n}‘ Hui&ﬁ %%ro@iﬁé% 85 inhrdal cOBEnmatralspreperied such as

t thod for, duci t h .
mechagice) Serdness colagtis SEodUlS 1RSI FEFStoeBPE\AHINY Bhd adhesion to
a vaHOR i ébﬁsﬁu’téﬂ't:dbeﬁd b &fasm@:m leanipesition and silaturagf the

aseous reagents conmpri sing a easl, one . r +
ook sualedsl o . Unraey BORLFLIPR | PIROHEg SR delterious

eﬁgagg@‘gn %ﬁ?ﬁ&d&ﬂﬁ@aﬁmﬁl aining at |least one Si-H

ond and a porogen precursor; applying energy to the
gaseous reagents in the processing chanber to I nduce
reacti on of the gaseous reagents and provide a
prelimnary fil BRIEF SUMMARY OFTHE WNYENTION he
prelimnary filmconprises the porogen, and  renpvin
@i4]| cpbroas PRjanbsiicaté glake (PBEDHlemcdnsisting kba single PRARE L) 2

[ogu . . ng|
filmt t |
aleql spRebRTLEG By i TarTCIn SLDWEHLET 8 ViR R 5078l from
1&8?&&\&@@@ aif?nau e toeSratiic% onis freambite 30 mprsTeey tftom 10 1o
and precur sor ro.ar n ; _
e ko b R AN SPENEVR Rp 330 ode amcr
cohQ@AT S 7 Gr lebs nusadesdrtsecohgreincess fl ow chart of one

enbodi nent of the process for formng_ a porou
[0005]2NAIS6 Hisaibed flerss lsmehantical vapardarsstion Srethon fof Bsguping the

FIG 2 i i : . |
PR R Rikelh dgpe Al Heiiiny Provkiifs staeIPWERD 7o ehe
cHafbertihpodudrey geseoas reagents ¢oRBHSHD ot 1683t PR RIPFYPPLRRS rom

DEMS) _and ..e| i taining at least one
th% ggmg) WP#%%%’%&%%@% a%lqal\/%) or o"?r?"e g? gc l? rnsgo&rl S th
SIIBORY aftl G paBogenqroclersor applyiog enengy te Hheaaserys FRROSPR{n the

FT-1LR) absorpti . - jovide a
PRERU ST PloS [aElint B thd Gedeous byt B bV
pretimirgenilpT erthessubstratpi@hereim ke RIe @maaléﬂwpggﬂﬁﬂl? porogen, and

af t er r j bRsNirRsary filnd liirbvidé the porous
mﬁ"‘bﬁ'@/ﬁé@%%ﬁ?@#é\%@%@%ﬁ %ﬂagggct r Eg\?or a fi \Inm
filcregumprising poresrand a dielectric constant less than 2.7.
[0006] Also described herein are compositions comprising porogens and precursors for

producing porous OSG films.
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precursor mxture conprising DEMS and CHO In a 22178
by nole percent blend. [00111 FIG 5 provides the
FT-1R absorption spectrumfor a filmdeposited froma
precursor mxture conprising DEMS and DVHD in a 20/ 80
by nol e percent blend. [0012] FIG 6 provides the
hardness vs. dielectric constant for filns deposited

() BHEMDEAGRIPTION ORSIVERAL VIBYS O JHE, SRAWIRES
(CHOx) . DETAI LED DESCRI PTI ON OF THE WENTW}.%BOB%:? tor
[00BT) OFIS. drpyavides & ipeasess flaw shard ptong.emboqipen 945

_ fonﬁjﬂlgi%}c;ﬂ)ﬁg Sr@afl@éilida?é‘%lﬁgs maftil ddRrifesherelred herein.

e porous 1 norgahic S102 materials, the porous OSG
IO N G £ B e
stoichiomstrirafor HEScleposiasLirar 5, AORAFSIARE BCHTY ﬁi‘&;‘}""&‘?”é‘%"“ﬂs"“"e

{ Qi et hHlafohd [CHOFONEL Arttimethyloycidhexaret (TME) poragen
(OEVE) fhd efiner CYbEh LA S T & axhi bi ting SUFTici ent
precusRBi cal hardness, el astic nodul us, tow residual

hi gh th I bi |i d, hi i.
[00853 o i Piovidem Bt Fouet Deretprm R GTaR) Bjipbispdctum for s
Pobth O3 oo e e
precussogp PGt 1S st epeasgh s Lt aite B SV g inutes.
| . In certai di ment .

[0%H03 o G 4 PExfise e FE I sPrBd! trackyll B8 Al debiate fom s
préburSN niliareessniprisingODEMSnd CHQlin aRefahymplenaspitblead,

and relatively high thermal and chem cal stabil |,tyf| n

[omﬂg_rﬁlst § pedvides the BTBmEbsorptien gpectiunyige g filra fgpesiied from &
oxi di zi,n or _reduc i reomtitierid.
présae gt e ORI DRRERR A0S b ol pareet

SQ hese, pr ' db ed f
oGz £, b B s 155 ol iSs [ kit Gorehithdr tth dbpibied from
pmrﬁﬂummmngadphwtdmnﬁﬂﬂe@mﬂ)nlifm“e"@r.(bﬂﬂi pHO, and

carbon, -CH, e X is a nunber ranging from1l to 3,
W@P{‘Wéﬁ@@%{)ti on of the organic carbon is in the

formof -CH3 attached to the silicate network as

term nal nethyl groups through Si-C bonds. In certain

preferr ed enbaiAPBb DESCAIPIIONYR TRE INVERTION, or 75%
or greater, or 0

or greater of the hydrogen
t ai AN na| hodieshddmibsures for making
Wﬁﬁﬁd?d&?gs %&%ﬁ"@? al t Sm%ﬁfg?fam amunt,. of s OSG
sanes averdesciiied hersion diniike poress inasgani¢ S1Qs material; he po[Py
Ln .certal ' bR hirdropheicity bdcaasé of the organic
m@%@@ a&%é@g&%@'g\%%&%gﬁ i -H Egnd, nor r i r a@Wdl lectric
grolpsStortaiBed theiein The pomus Q& materigls Mgy & ‘ﬁ‘o% e
o 3 deisdific Bordeifh 21l G whiig BAniptIng o mcebmechan
hardbes, siastic ohduie, (v residal stess, Blah thampal sy, ;‘ff‘glhriﬁhn%dhes'::
&%{a | L {hem 1tk sunabledoGanety of agplications. The
tofaalfér}n[eﬁg?% ) e%g‘sditt%‘e]%\&éf roma m xture of Jt 535, Hﬁﬁrfe@?tortﬁ
paroup OiSSematsrialscénsctions B‘Ffﬁ!“r@aiéﬁlﬁ"ep%f"ﬁw Sr e@ Sors.’
oFiI%r l63k! SR ofRNr sl NG dertaRLEmissdimantssibd poeousi GSEJmaterials can
reagent that “contains at | eas{s___II one Si__at 3%@*‘%'
bé pradeiaia thin fim thatpahibds pdew diglectc %?‘Egaﬁ‘ SI'T oxane. chal
properties, and relatively high thermal and chemical stability in a variety of environments
(e.g.. oxygen, aqueous, oxidizing, or reducing environments) telafive to ather porous
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"porogen precursors”, as used herein, is a reagent
that is used to generate void volume w thin the
resultant film In the first step, a substrate Is
introduced into a processing chanber. During the
deposition step, the silicon-containing and porogen
precursors are introduced into the processing chanber
and activated by one or nore energy sources before

OSAdjlass matedalsi Htis beliayed thatisame of thesgiippssies may be the result of
th SEfRLivAhCoPBkIGR ] M6 aganbh &'caftion, a@km{, b?&ioﬁmé?lt@‘ln the form of

east a por strate surface O _prov
orgarit catbenr yCHi, where x is a Rembesdenging fromyi t9 305t l@ﬂst a Portron of

thB %Féérfgf‘cﬁéoﬁ ¥8n R fOfHR 1y nc fi26Hedq8 e SilidatdTRARRH aOBrminal

the m nar e appl one Oor nor .
methwt grpupsihreugh %& hona@s I @?rtwamfryewg gmbpgiments, sﬁw&‘rﬂ %) or
gr?&l% Qr 785661 drefter, M V0P UrBA6F 61'the ha@rogeh coitinkd within the OSG
m This tTeatnent na e carried @h’ t one or nP
mptegakdnsstbedieypings PPoRd tacARAN 2. ATl the At gf terminal Si-
H %Bﬂds inHe ﬁrﬁlﬁ?ﬁ‘i&; mlﬂiimiiba' ngoer?ann émd?aimm qfwbnhneaamas at least
he renoval of a st.a portion o ogen
10 SGHlnn fqrieyey %Paa‘ﬁdg?fﬁ.r’e%t?@bﬁﬁ%??@f' Biiis for every one
SiLH B86d,SiNAAGEPRéfErablynROOISIIT IR Eborts fpoevesy dye Si/bond! he
dielectric constant of the resultant filmmy be

-[OGfl 4]8 CFIE] 1providesa phicsss ﬁéwﬁMremmcmlrhmtl of the inethodalisciosed

nerginJoF Botie s L OERmalerial Dive The RN GpapRbRs Fh may be

ddposited trannra mbsrd loﬂﬁarﬁgemsftuattdmmprbesammemtamng apd porogen

oRR085, TR <SOhPS s 3 by Bl B s corane

atdeastphe Si atmham ass fdraixampie; pe ordarestaneoran organasiitxane. A

P 5, D 61, i LS ol koo

wruas me issulland fine.aigethe Sirst etsppaisubsttpte isontragusad ine RiRrogessing

o4 Bikino P sorkBleA Sfbey o lcofconiiing'Bng piSo B racursors are

intrathscedgote the procesaing cmarmbcﬁrargw(lwyd by On@ e Eore energy sources

B e b 4 B, T gt r -

pqiymaw ¢nto iahleastieponion oha substeate swageda pravide 4 Bﬁ"ﬁ\'ﬂafy film. In
thEHRACEES, dﬁgéd&g &1 Fho‘i‘\'&r‘ﬂ‘(n;é +(¥rogéaﬂre%‘r§o Bar} rdmhgfom the

ori ze subli med sol
prefainsry ﬁlrramswmpp inanmrlmter@wvrswmjeﬁsm As.GPut pet fimited to,

thEﬁ'ﬁﬁlC p Bhoto| 8RN, hAd E6MmbRkflord tREELIMRE it fildl @ his treatment may be

n-cont al ni ng precursor and porogen precursor
caried ouicationg|ar ynare pressulesTARGING fremMesHwa o anipent atmesphere, and

”'J"#E an%d% SPNRLERG cBAARSKS. |Thet r@ﬁﬁﬁaﬁd’f%t aled portion of the

he concéntrations of

p@rpger@ easults it the ppwsmrmﬂlggteﬁnatgwc utp §1§,sg embediments, the degree
of s ,@I dridfbrite lelébtrﬁ%nﬂﬁﬁﬁoff th@%s‘ﬁﬂ&ﬁﬂfmwﬁssbmad by a variety

uced into th reaction Co?”@m@ fro dlstlnct
of§aﬁt§r§/1n§lsqwaeb,uta'ﬁallrﬁﬁt%'@ thet AT ot 34 Riscupor to poregen
pl’@bﬁl‘%bf‘wﬁhiﬂ%é mmldf Packifdons, mmmmmumbmmmenm

or mx OVIde a react.i on ur,
i e PR E SR dhENa o st Ao pr s i RO, Thése
aéd.ﬁén‘am&em mbfﬂ,goﬁéhthmﬂé Qartianes certsirs propedizs\sath aa mechanical
ot her tiaqn addl can be delivered a reaction
Smﬁﬁfmﬁgg %ﬁﬁﬁs% %ﬂﬂ source in which their
concentrations In the reactlon chanmber
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are determ ned by the stoichionetry of the m xture,
and the rate of flowinto reaction chanber is
controlled using a single mass flow controller. The
chem cal precursors can be delivered to the reactor
system by any nunber of neans, including but not
limted to, using a pressurizable stainless stee
vessel fitted with the proper valves and fittings to

-{001‘451 OThé sl Foremicalfpricursord” i used heseift tooresaHBRER . reagents

017] .1 n ot her .enbodi Sd S ' of 1]
WM%@ the nﬁ?@ﬂﬂ@%“oﬁ%%ﬁ gﬁd af B%{' hsﬁﬁgﬁg{:r l?g_t are ’a "
additnak reageftsiustrge for filhiag & Bm oma sybstaie.ueh A8, FAET gas(es)”, or

. recursor_and.fh e L L0 Isoftfetime8tused herein to
ot P, bt i e s e uees e

,oand in certain. )
deseribe dihae ptesutsioss, piheogenmse sis ainfended oo eeoQINPassy WiheHt |Igmital10n.
bound, to) the structiines hom Behctdl B6MWeRed as Rl vaptrized diquid, a
reaBBE eIV YL '8 585 16 1R Macdi, BEMIa oo X 2900
subiiifrfeer sofid and/or lranspontetithyrandgert parigpesmipting sors” .

18] FX& ' | Sc@nlDntbifing /et and pbrbGemprecursor
oo PR ampoghigf B et g
ara?ilgail@mw digmt;frjm onp irggmg(:éz; gémainf%r%%ln& ?cgé’afﬁﬁﬁizf'ds- n.
i i ( en
theh it I Hrltdckifini8 AR Bidentritiérioffand stiéctr eintgining eod porog

'S reno ring the arj neal 0CESS, i Ng:
orachseps canybe cantralof By et rapseLlsat sartiols ana By mt? x:e

y ' i Hasdl within tieagreamberi m
oS i S dsens s i tegemor e
withior swdelivenniine pries tg emtm"awﬁew@'a%]‘?sh@é'%é Ff,ﬁﬁoms )

i 1 , Gatanérnadiment, thensilicontaoptaining
m%@%@@é{g&%ﬁe{g‘gﬁe t(ﬂb}g gﬁhﬁn tgsbafec I 89 bolive ction
aniporagandsmesrswesgF ol o6 e aqtone) soae A S onBHE R Byeton
B B G B e o ot o
art Hitindi e SIS, o UGHE: o3} P oLl 16K o reacton
chgﬁﬁgﬂstédﬁﬁoﬁgcﬁ%ﬁa %mgumgﬁ ﬂg?ﬂwrgtaﬂeb Gitu chiemieal iplgecursors can

manner, reaction of one Si-Poroge . . .
belierstito e SERT ST Ry P UL ppa (i ref red to
usﬁr&ea E%Qﬁﬁiaﬁfé dthihiBes AR (éssanittetovith theipropey velvesipne fitings to

0 eferred porogepated precursors include
dlﬂwrtgeﬁémw of iguid "%‘P‘%ﬁ%&? HWE%T ot et r asi | oxane,

1-neopentyl- 1,3,5,7 tetranet I rasi :
R, Amhenesmislysith 3 S ey oG A AREAuncion e
bdiﬁq{@s%cl&drg%rh@ému |paft§g|,enn aoatis] fiststructurvieysingarecussry and the

negpent yl - di -t - but oxysi | an I t
PRIRIOIIG REESUBOT BIRGHIPET AN qﬂﬁqumﬂ;ﬁﬁﬂbgu%ﬁfgﬂg?m .
erﬁgbﬁihﬁh% theipagizen isa pattbﬁ(mgadcq;\(alamlg bouedip) he stﬁgggomng

advant ageous to desi.gn i
oout 1B S A PSP AR i s o
héhraguaﬂe{]é%wwmimﬂafm’efar@m 8ilg | Ip yspnachexyl

rophobjcjty to_t he base
U Rl W P BT ERaE %, s o ve
OSer aFisretandihe bulky alkpigubetiuent neohexy isithe fofe,lemajng species
.term nal, chepi cal rwfg r o attBbHdY 132 Si species that
B.remgye gpﬂ@(%@n&e&i s%. por o gﬁgage Sgnt [, i S:ca iah se e
wilhRaRork info the OSMetruaturetrhay be geqHm ELAqNIRYING % biaher

h ' . . ba
efsfony G p TP of HarolH Iy G g t‘féun%’ﬁt??g;“ e
FuhRemwee itimay alsarbscadvaciageew toaveiwe RATA9RES § SFEra e St
tr?eaérggﬂrsglt, LA ad P ineon SRR tiéxysilane, or two Si's attached to one
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t hernodynam cally be the nost favorable bond to break.

Under proper conditions this would | eave a term na

-CF6 group to satisfy the SI, as well as provide

hydr ophobicity and a low dielectric constant to the

film Exanpl es-of precusors are neopentyl

triethoxysilane, neopentyi diethoxy silane, and

neopentyl di et hoxynet hylsilane [0019] In certain
pogBnkiuck mssn 14k [iethnxysipicylcdhexane wncedbe moshikehpnd to

10 . - %

b g 4 P S 5058 i e
reation of arisoSi Parsgen bonc:prtb plgeme Wik siilkissult ininoqrpoation of the
po%gfﬁg@%@e%%wg h%dgﬁna%tnnﬂﬁag Blpipied o prefepedporogenated

ut 30 atom c% or _about. 5 to about

presutiors vclude ﬁmﬁohmﬂérﬁjﬁﬂgtetﬁmﬂthvlﬁp@pggﬂw% toRgapentyr-
' ' ' ' itane,
14817 B %, N0ttt s abxgslne
- oA
nemWMommqﬂamﬁwﬁnﬂw»%aBﬁénﬁﬂem 6*) “hfexysiane:
oS kel e pguiensmiere s B
il i i that
attaehadkia eTicon ibMeN bS SSHABATSGHRP GESIRN the RorogRR LIS s vay
bl royerm eisains attached to the
DB A1 09 i o e
sl 1 ipat TWERPPRPIRBKI)® B THoROTRErI 1 2 BSEHFof PR ing
SR Hap pdffiin o scmctner 2ot iy o 9
terpiingl gReical areyB oM e ppfogel o %—32&% For ie%gSealrf] fhe porogen
o N IRtk fieik kS
wl o cbrrrogs = $AE T BET o 6 py tEo B Evsen
mggg%dg-fitamgrﬁgrﬁm;aa@t mwsgmagae qpatbrrmmgm‘ben of mc%rlyi group wi
A
woiiekié alt:m?n.ﬂ B 'gtmg&p _sTn_Isfpﬂ'e@l.lyas( Wl @ pravisleyydeophobicity
(0] ar .LO n [
arg ot ponsii 8 o i, ESGBI & Plechifis"8 Reopenty,
manb?snm&, ndbpentyiaiiethoxy silane andsecpentyl giethexyanetbylsianene
as- ae

posited filnms could be even snuller than that
[oo19jerinedrnain emisbairents, the patous §SE Himeomprisas: (a) about 10 1o about

sS993 b high ol 853y RACAHGH, B apBieRren soscion, o s

| 20 eabolsue atomies ioxygen; (¢)febout 16 tolabot 5G gtomie ef alqHl 45y about 40

| I ' : ' .
st bR Su ) 5T 5 I ot obMoricdy 5ol 5 et coémicre
cabdrer Dependirigupondse prestrsprausedather08@ firps desmribed herein may also

woniert . )
oA VB AR ks tmador o o, o
imponwai driecorsnanechi raderipisproperties.n i these ﬁﬁl%p@ﬁép iments, the OSG
fil?aﬁrg%’%_sé 'oéﬁ%indﬁﬁé‘s[sk Pﬁéejohﬁé SodwilpeiBmentensdring, Bérohpnitogen,

, or a rnatively, less than 1.25 g/m
angd piaspbomoen 1. 00 g/ . In certain enbodi nents, the

OSG fil ns descri bed herein have a densit
{0020} | Wndonddksilicargiassgrodiped by R@&%W K%)pﬁ@ﬁ[?e%s has an
inkbdeRPitbe PALMEPTe si2é daferhin@d oy pdSitfoh @dhihilation litetime spectroscopy -
(PALS) analysis to be about 0.6 nm in equivalent spherical diameter. Dense OSG films

produced by CVD of alkyl, alkoxy, and/or sil{oX)ane precursors alone (in the absence of
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[0023] The porosity of the filmneed not be

honogeneous t hroughout the film In certain

enmbodi nents, there is a porosity gradient and/or

mul tiple | ayers having varying degrees of porosity.

Such filnms can be provided by, e.g. adjusting the

rati o of porogen to precursor during deposition or by
treating the filmafter deposition to induce the
pofesiorming porogeh preapsgrelshavieendhherentfeesyalyme pat eizg determined by

St ﬁ&%ﬁhﬁzﬁfﬁ. ofncafliBhiags ®
[O%ﬁ y °ﬁasi*x%°? -?«i}ﬁ%ﬁﬁfﬂ @g%rg? ed hel?lé?nb%asvtzee

deundineuebwtposm‘onmsmdaﬁordﬁeﬂmsweww {AhAnalysis copparable to

i LN B A i om0 vt

spberizatiiametes. In same aesdheoperd sizara! The serdPpasies e Fovid pe even
sridifinat HRE Db HLERY SREAP Bldst 65 emisirpiodilRate glass

materi al s mechani cal har dness as

bedascsrthe peasence eknespericinithe il Tl thig veid SRESE-d re §ize of the
md%mm%wn%l ﬂﬁm@ﬁjta%fdetérhﬂréd%ﬁsﬁ?angl& nahtt@rmuemqj (BANS) or

ater than 1. 0026] I n certain e

PALERs fasedhen B0 in asikalens spRer! ATEIT v REALHEY ja3e fhan 2.0
nnPh e/l bshdrchtdiameter.e- 9. Si-F). Fluorine, when

present IS present in an amount ranging from0.5 to

z?: qmtéll %o r&sﬁ?%fhe'ﬂhﬁ! ﬁlinbﬁﬁayﬂ?fﬁﬁrh@t&&'&?@’d@[iﬁlﬂm ugan the

pafticul ar, preferr after annea

prigres sguiRnising ihe sesid el i prapertisn ko Aie Bfsecbeg herein

haté a‘ighsitedess tNB? 1| mp\mranerﬁaﬂ@t I’If [léssstham efESrgim or less/than 1.00
an average wei 0SS ess n

S/l JpieraRieraRodionte; 18 GG T cietiia] herRl HdvB g densty at least

109X RE$ iHandRAchi eheifakgbus OEGilanpredaaedivithaut porpgefs, or at least
chem cal environnments. Chem cal resistance can be

Ted by changes |n the dielectric constant or the

1of et i i oeal ot hgtetbfiba R ArougAB g A

ceﬂémtéiﬁbcfdudwémtasthemas lar;mdoduy radient qntitm' mme layars having varying
dehive ot DRFed SN oA e o fEHTbY, .o S IshAY i VaBo of porogen to
pre&lﬂmmlnng depoditidn/ordyarentjng thesfilamoifter demsi&;stpdnduee the formation
environ s .t ed In photoresist stripper
°f1309°mﬂ 5?‘?5%’5” %ﬁf@ir %'SH%I asma conditions typically
[ |
il TP BsSlireesdedisptin 1B bl QARTRISGR Sonatant reltive
tox8h®) OSDdatkelsbatidd mat have enginperstl ipoesiy+ In ¢artaif egpodiments,
ni f t
s s R e
anaidgeus £136G fisuplodusedswithasd porogsneamoreinzaigrablysa, eﬁ%éf'/o less.
silicon carbide, hydro%enated silicon carb

[°ﬂ25]r | eertaimambnsiments t e.ppr%rpﬁﬁtﬂimﬂé?s%ipﬁg geﬁ'ﬂ may have

éﬁ%?%%q }a}égru%g hintGOS®! Materitksi dBe mechanical
on|%r| g Iectlvg%?oatln s, photares StF 1
ha;ﬂmas.ag dederniradt alﬁlﬁlélgg%tda&h % s'is greater

thgﬁp%f &GPhSer éﬁ%ﬁ?&tﬁelf§%&t&&h&0mm&EPand al umi num and

fusi on barrier yers
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such as but not Iimted to TiN, Ti(CN, TaN, Ta(CN

Ta, W WN or WON. The filnms are preferably capable
of adhering to at |east one of the foregoing materials
sufficiently to pass a conventional pull test, such as
ASTM D3359-95a tape pull test. A sanple is considered
to have passed the test if there Is no discernible

renmoval of film [0030] Thus in certain enbodi nents,

(0026 mudenammdmmmwdmme flan maytosmaify fyorine, in the form

d| el ec yer, n | n AR o’imtran ing -
RS "'?'ﬁ]?e@ elr:lllug %eﬂgm 02+qu dgﬁgdrll SatTon orond
fm,ﬁbcguosx@mrdgwer a barrier layer or an adhesion | ayer

in an integrated circuit. [0031] Wth these
[00RTP PEHé f.m atrh ehérrdaﬂys stable. dupesigular, mfeae@ﬂmﬁfgﬂf ghneal have an

uses $ No. M ver,
av%‘é@‘ﬁF@ a S e m C on U)é@g ES%S talkagzaéb ¢ um > oreave t
thefiirng prafiérablyyhave an exblage waight dasssf lesg than r@ﬂn isptheymal a

intertayer dielectric Iayer and/or an -8
424? dﬁé?‘gl dielectric layer. The filns can forma

oo, M e e s
environtrenise @lmmmd3’3$lntame canbe measirpd bb’é’@ﬁﬂ%‘f%‘ﬂﬁ%ﬂlaleaﬁc
ﬁz&%ﬁ i i%ﬁm%@%ﬁ? T
' Qﬁﬂl@hmehfs utder hvhh:htﬂaehe films dtsplay
;0
rsﬁﬁii el%fjviogfg{ﬂgétéaﬁ%{gﬁa Fﬁﬁ&@r@&v&ﬂ"@%‘? ﬁ%‘W relative

Ey used in integrated circuits. In certain
pr erre enbodi nents, the substrate is a

oo | GRS GFe cdrilitRle With @ftihital anedhanichipiararizatiorCSBAP) and -
anisnropic efeBingh SR At cappIa Aot ot st Sy AR uches siican,
SidL, SNG! osa) ﬁs@o amgamf@bmaghyaogemd silinon cagride/siicon nitride,
pteparin e products ar i
oo i e SRS e,
bogd?ﬁﬁ SéhglréﬁeG?veaéodtJﬂ tphefmsml,m Srganic palyners; @ggzyls organic and
rerera of stal ess stee
inarkaie esTiAs, Methi pyth 55 Soet And Al 44 yaﬂfﬁt‘%’é ?%'%%y’m
suth S? BUBRGL: Ilnﬁl'ele‘ TIN, THT)H) 'm'm,gr g{CIN; Ulizs WY, WhIra he fitms are
m Xt ures or en an SILLcon
prefera cpeDiepchonne 2t iseL REC o1 6 ToRlOngg *%'Tﬂ#éﬁﬁaénﬂvm

pald§ alioRVentRMal gliltiesthAldhvess as*rm fﬁBQSSfQﬁgdapeipdl test.” A sample is
coiia'a'a?e‘?s?te%égé Barsdine et § e oS Bed i ictaletdinn”

se ar ti 0”58'35 mmﬁ%’}ﬁ?hﬁaﬁ%ﬁ@&lﬁﬂ@g@é& ?‘i‘g\;%rlayer.
dlab&ﬁc Riyjer, arEinRAMERI diolexiricdayena mwwglay@rna chemicgl-mgrhanical
opal b A b RRE V) AR e 1 i meort

cirdutt ure of different organosil anes and/ or
organosil oxanes. It is also anticipated that, the The films are
[opmp gWithm\mprspartleamekfdm% aresuitsble f@f a yarigty of {1388, The

parhcular'iyegt}l RI18988h RIGH S S éeticonductor substrate, and are particulary

suitable for use as, e.g. an insulation layer, an interiayer dielectric layer and/or an
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[0036] In certain enbodi ments, a chem cal precursor or
precursors in addition to the silicon-containing
precursor and the porogen precursor can be delivered
into the reaction chanber prior to, during, and/or
after the filmformation step. Such additiona
chem cal precursors can include, e.g. inert gas(es)
(e.g. He, Ar, N2, Kr, Xe, etc.) and reactive

.ntéméﬁr amﬂuﬁr Thedtine oas forini sneindormal coatingt The reeshigical

propriemsshipled bigBass e flak b bEiay sl ohine HAVZ. -

sutiraefivd feehnglogy artbCe ripmaseshe or diabdarnasashi terbnplogy.
st oi chi onetri C, Or excess concentrations to pr onot e
[nounpl Aitesighathe pfomheofrm methodhand mixture slessribed heggi are iargeiv

e<fiBE bpref 8% iR, bhACi leclodsq Sgﬁﬁﬁgegmﬁe o DFol Simple,
poreus CSGhigtériays cdn benprovidedin any ferm capalge gt lrm geposiied by CVD,
su%? ?rgeﬁl;]oqiigg% rﬁtmtll ?a?ragsé%ﬁlles E?d)&ﬂéﬁgpbglait objédts tHak bfe not

arrier facilitating the
necksisarily planaf octhineodk multiide obehieets nohaegessrly ypd In Integrated

circéghtg”?rﬁé?n di re‘?é\%‘e&é‘mﬁé’diﬁaehégﬁ@@b&@a@ Bh S¥mRoRGIADIET

RSegses an 1 oni zation energy that differs

{o:{z.ﬁl‘frg‘lﬁﬁ t-é%ttheﬁo%}aasm Ll AR filgaRtestiiRedtherainy the process

h | ¢ch he fil
by IbaRethe prochictsgae snasie mqhqdamhgina%ep@ﬁe%gﬁat mpgunds and
co@iﬂgéiﬂéns E&ﬁﬂ?&'ﬁréﬁ%n?fmé Bxdasts e albidescdbiedmerdinanpl es

ases wth I'oni zafi on energy | ower than that of

{o%@) 35%‘?@‘ f ¢88RibelyH3reiftCtan further déimprive, el§ at laast oxe.

i hof -
prossutibin Yassel GrEPRbIL Saes Stery it HT ERHRoR YA
g& b mévptrm:my af poroger piﬂaﬂmr \wilicon-cofitainirg precursos gndlor

for ot her [eaction arrbers
il of FoEIen A GO capInTH PRGEER %sﬂﬁp‘gurg"\%gpnm Farents
of HefvdsBel(l) caf Yelprétnixed. Afterd@tivaly,shd porogemalic siicas-containing

e o e g B4 b 4 g8 g separsr
médrB30ORkintdifing 1ty sbrogerogaiprecesur sapasate daﬁsg;mmswd Sugh

s e e S o b B e
b4 5 S o5 A A ST g o

mikturé bEdifiéent crgbngsilanes amd/er ergangsiioxanesh ét B gﬁeﬁngﬁpﬂﬁa that the

90:50 form the fl%%is%glo?ugﬁg@ﬁéa d@r-ig .?S/mngaun-sa%
{\.cv@ﬁ(j egi:%irg%ﬁls Gf Qkchba ?&dﬂﬁdﬁwﬁ&nﬁl& to the

asta, dnd r ermt pl asnma
snllmhhmltninimm preeutsar ancéwm;hrmn precyrser qandia dalivered inlp the reaction

nﬁgﬂilf?tpbgﬂgd%}ﬁt ﬁh@Sfja&eG tﬁJ‘ﬁ atiirEAom 806h &ddttidnal chemical

asmna ar act eri St I 'cs at

recirsomaan ke e, erkes(asd 5:0. M Nerkt Ko /ey atd ggpciive
s B fiRiEs s A GRG0 UL ROL, VAR sgmme Soathbeel18NHs, H,

capdc rvely couple pl as

CORIE Al D204 R Tbictbi Cd b, S6-ithet °ap|bgaﬁ?ga€¥ﬁﬂg¥ a carrier
g%%%gg eﬁﬂ:ﬁedﬁn‘? be icfthidretric, WiditémBic, & excessedheaniratiods to

based on a surface, area
promote modification of the le formation reactions, ando ﬁenoe%he properties of the
fiims, and/or can be used as post-treatment reagents to improve the properties of

stability of the final film.
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substrate. [0040] The pressure in the reaction chanber
during deposition may range fromO0.01 to 600 torr or
from1l to 15 torr. [0041] The filmis preferably
deposited to a thickness of 0.002 to 10 m crons,’

al t hough the thickness can be varied as required. The
bl lanket film deposited on a non-patterned surface has
excellent uniformty, with a varlatlom in thickness of

(0033} 5 Thaearfamiaswih the st ilepeanias that helum, (5 qRen Lsad &8 a carrier
ga&ﬂi?%ﬂié é&@tdﬁh% khePudiit@sU? dhbRicaiSecis6is 1S i reatliar shamber It

uternost edge of the substrate i
mayibel asvetapaous e eswRley 3 caisr Tes L PORSesrPen ionzatién energy that

dxfféFH &t 'iﬁérb’thfat ditheliR4 a?lsT&?l !@ﬁergﬁe @factred térq_bm’:w? in the plasma,
onpr I sed organosi licate an . The to

whmsrgu ghangs: e ing formation Proes<ans BT EANGR tg andlor
SetticH oA H%eﬁés&ﬁgiﬂﬁ OEIxhllnpﬁheﬂ thés witthlenlzaﬁoremtergy lower
ss or volune O

ﬂ?ﬂﬂﬁbﬂ'tfét*@ﬁ"’ﬁé’&“‘!ﬁ fh? B0, GBS AL Kened Faug I 71 o ©

043] No be b h |
RCLAE T SR L
frogﬁoilr, FBOSVE(ﬁiBmhﬁgl;rg ftlg;ammﬁ? r?g)ar s;.;@e @0Owsy walef. Theflow rates used for
othe¥ seaion EnAmEeS v Sapent rpah el s At Yoacon RRAGEY
co! htic, afd aﬁauh $RIwayi Ititedato 200ahnt siticancvafersvar reactionchambers

thq[tiag%gg 9%5 3l | lh%a}gglg%anfﬁ%gﬁ% the i Yakes for.the organosilicon

and %Hd&en‘ﬁre@lrm'ﬁ (] beleatemo provll:le ﬁasd@&kpdammta‘ 'Dfl qmﬁ!@salcate

functlon th S
oo e SsPSR g R R 3 D B BB ehta
betdeh ah iﬂgmmﬂtdutdatm about h@ substrate. Li kew se,

the armunt of porogen In the as-deposited filmm ght
aippliéd toithe cherisal precurponsde Jmiuge thareastion @nd to form

B

mugbmheptasma hélicongiaso, higtlcdeﬂamplpgmggiaﬁuctwefy coupled

IS A8 Yo Bt D oS BT bifoblifidnfs RS Hretifencies of

ragiaiomoai bé asdctinahe saroe ogasma‘amm keruseddg mradify the plasma
during.the fil
crpfscite o e sl B, SbERty, %*?%ﬁ'é‘r 5 Rty piksma
eraAped efbrhiicaimapor deposition. bt theseambedimests; airepagiiively coupled

recursors th .
plisrmia %goqﬁngﬁwcﬁgpé ﬁ?@iﬂu?:ggg 2:5 EBRirez. plgifaggg Power may range from
0.02 & Amatts/cmif har tlom DoD Sovattsécmo hasachinan RSriacR Area otihe

ﬁ I on containing precursors suitable for use with a
hct porogen precursor. In the chemical formlas

[Opﬁ)]g @ hllegﬂgr@riﬁl e%ﬂon‘-‘dﬁ% g‘éﬂhuﬁﬁb’ daflosBioh iMidyahgelfrom 0.01 to

doc tern ependent I'y" shoul d be
smmmrmdwmwtmote t hat the subject R group i s not

only independently selected relative t

[0048]1 pEhe Bl ismpelarablyqancsiiad 19: tiokness,of o efa Rsons, although
thggﬂ gﬂ?%gg:ﬁh tb\ﬁ‘ vaRk&ak ?éhdirﬁli atl‘ht‘ Q»lahﬁeﬁnm depidiitddosred non-patierned

e sane R Qrou
surface has excellent umformny, \mth a earlation in thickness of less than 2% over 1

standard deviation across the substrate with a reasonable edge exclusion, wherein e.g. a
5mm outermost edge of the substrate is not inciuded in the statistical calculation of
uniformity.
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exanple, in the formula R"(OR2)p(Q(O CR3)4{"1ISi

when n=2 or 3, the two or three R . groups need not be
identical to each other or to R2. [00451 1) chem ca
structures represented by the formula
R1"(OR2)P(O(O CR) 4. pl,.p/si where Rl is independently
Hor C, to &4 linear or branched, saturated, singly or

IR M SRR it gtk gen e e

| AT ass ghibadim Isssuchithatdne pericanf mm ormmllum@lbflyorganosmmte plus

uhe éﬂ}@ﬂf@l B/

?}ngr | E@ﬁ_‘e 6d‘?cl)%rg? bgin %ﬁ ﬁg H nge e’r% éﬂﬁ@o {!?% ‘EX" fgss or
saturated, singly or

| t tiall
Pietdp ?’ﬁiwaé gn $heost 5!'?%@!@53 amounia & axganmsiiatosng porogen
tzmtl'fé, ai-ﬁb@ﬁlte@]ﬂ"ﬁh@ﬂ Ba inflibhstd W rerﬂér%scﬁ HERBIMNing t;3‘511'amet<-ms:

e S A el oo s s

icherajvahprectisgr ibure Gnd Me Gélative R fhatidn lk&fé}rk‘}l?f%noslhcate glass and

BBIel] @Bl o o vk nhers ycrpistie BoLILo! capnomticate in the
as¢lepositegdimant ﬁl}ﬂcﬁon bbthe@mdunear salﬂionbioﬁ%lﬂﬁ@ !/Jrﬁwrsor in the

d
BRI b3 IR oy omellon rake of raeaesiispin on thersbmstrate.
Fikem theGaroLent nﬁﬁapgadmmbmldepssneaanﬁ%ughﬂr@é fufction of the

c yC ﬁm%%ﬁr@éﬁﬁ% #’Egﬁ"éc%%orf rﬂl"{"lvg P%G 88 f;ﬁ%#‘f@?fgﬁgaﬂm rate of

RYeoen anwmsubstmm orms Bis ;ms!sibld?thrb PedladtonQf Qrg'ﬁ\B#li&n and

og t H res r epr £ aand d@’“@&ér‘ﬁ%ﬂe&“% am”gtge"n;fgpos*ﬂms. and

slortyres of Qpardsiate s poﬁgasfdr@é@bﬁ%auﬂam&mg ti% film formation
%{gﬁée Wand R are independently Hor C to 04 |inear or
anched, saturated, singly or nultiply unsaturated,

gl CPoRAscss ?"ﬁ“&g'é%‘fﬂ{ﬁ&e%'fﬁl”é%%%aate%g! D5 e et from o

'BP%ITT@I?éGhememagQrds ospmghmom%tﬂ?ﬁ/cﬂ&ﬁﬂh&eaﬁl%n-comainmg
r

gl Bl L3, 1 ablo b g oo s

GaniRining grecursans sldithplestat useawmluia distingtl porogernpretumby In the chemical

fHﬂﬁtﬂENvﬂfcﬁgolL d&ﬂd i X g%ql naﬁégtuyal hl]\/ l@ fﬁoa}/ment the term

fluorinate rocar

lmu!tmqrsteud o denvtethantméneutiest RGOS it only

é)kt &% é&éﬁ%ﬁﬁg& ?%5!%%? %t%%l%@ygemﬂms but is
néenmndantiv welected rlativerio adg atijorial @pecﬁés &th&4ammeFegfoup. For
eﬁ*ﬁ?&%?ﬂ%& I RACRIOOIR)LomS) i o ot or tree
gRkRsTIesdsioh nticas to each @them‘rtdé-ﬁt ly C, to C6 linear

ér anched saturat ed, sing mul tiply
ﬁ t ;J t ﬁf@@' 'ef}lbwﬁm’mm@ H&}KOREDLGQ(O)?RS)HMP}SI
=Y R HPen A nt
mn% [in e g F eb Foaér'? 'h@(}g 0s at neé%’é (3-,29_@%1 Xr multiply

”Hﬁ‘i’tl‘ﬁﬁ?‘ii CMFF?&P%'F'QHV&T v fisioripated hydeocarbonp&f tsi ladiéppndenﬂy C1 to Cq
hﬁedrlcy bf‘édéﬂéﬁ i@ etedy QF@?SI WIleo{rlnslaﬁ.rr%dt c&mﬁ@ arJ:l‘nQEg ‘partialty or

fL3| ﬁnc?i sat ur at ed,

H§‘H9 nated hydrecarbon, Rpamdeae ntly H, G |tqc4immmrbamued
hydrocarbon, nis 0 to 3, mis O0to 3, qgis O0to 3 and
pis O0to 3, and ntm>_ 1,
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and n+ps3, and mtgs3,; [0049] 5) chem cal structures
represented by the formula (R" (OR2)p(Q(OCR) 4
i,,,p)Sl),CH4, where R is independently Hor ClL to.C4
|l inear or branched, saturated, singly or nultiply
unsaturated, cyclic, partially or fully fluorinated
hydrocarbon; R2 is independently C, to C5 |linear or

bPaHEed singht enmultiply ussaighated foyslic) hioPraitic UREAdIN'oR il fiuornated

ChigdrbSarbar iy or fully fluorinated
hy)“‘dﬁtocarbog'lTig tsS'c'ﬂﬁ,:rd!ésgde*‘fyéntIy H ClLto C5 -12

foous, 7 el O b 00y

ups gt
g%@m(ﬂ(ﬁ’i@ﬂm{ hear\rd'mne Riand Rt ateainaep@wdeﬁﬂPth? G} to @7 Hhhear or

tsl?r}raﬁ%%ﬁ ggtﬂxraetgc?‘ gsé oﬁngltlpfyﬁ-lgtg hﬁi gy%ﬁ‘ parually or fully fluorinated
(W&E@Fﬁ arg ;nde):@nqmmc, o m@mar Br biﬁuched saturated, singty
i

e et T T .
Bgéqrp é{pqee}aeagem& l-¥ yeiftp Cariingar ca'dararyabedmtlkramd SAgly%r multiply

| t
ka1 ) AR ch 003,
3‘55 Xﬂ ‘$§P ﬁ]émﬂ Rl t@ ﬂuwn Fel, 6P ls@hm:bmbtsrﬁ. Fla Is

Qﬁl‘ﬁﬂ rbs H @Y‘ﬁg | i near or branched,
i! at &H‘; ?'{F%erﬁmnrﬁiﬂn}eimmawmmR‘,@BF)L(Q(Q)QW)M Si-
" '“"’1“?’5 3’5"&:{"’%‘%“%’9 R Hrard o B K136 2 e or
Eydm “Uﬁ ﬁw;ﬁg yor m}&tm Mlﬁpbdswmacpat@allgmfully fluonnated
cabe &
i ;r:gga endentﬁilfemd g Iz?‘l)lﬂg%rr or blhgﬂtﬂag'dmted singly
sa S' glyelﬂ‘ RGPy c'mmatm Wﬁ'ﬁ@\é@ﬂfu&t thabrineted hiydrocarbon, R* and

B mte hﬂéyenﬂenﬂdeL g, td QPI‘ ﬁé%?b?gna ﬁ!‘i&l W‘P %@% multiply
re%?%%! {8&‘5{] ;89@? [ 'M(S’gf'-!“élrﬁ em ca ructur es

yetingted hydrécarbon,ais 0to 3, mis 0
(oG, R IRD)IGI3(Rdpis)000 Ivhehe: R ndp £ 48R nﬁﬁé‘ée

i ndependently H C, to 4, Vi near or antched,

948} adpchemical

abb ae Wmﬁﬁf"ﬁﬁ{‘“& by bR MP(O)GH‘)&WSI-R -
| nt'@%’g ¢ ﬁi“]:@ i’lﬂ‘ % ﬂ'ﬂ)lﬁ'&ﬂpﬁm Iy Has Gr§0 fatinear or
bfﬂnd!@h saturatbe, srmconf mambnyms&tma%éd BflecBartially or fully fiuorinated

ila zanes asdfarecursors an
r‘|L§E’r'ogenar? 'B %@d?@?ﬁ”g ently Grig fredingar or hrarghedosaiurated, singly or
2“?"'“‘"““Mﬁ”‘mmfzap“'ﬂ“vz&%'y;ﬁ?rf@sd A9iebliton, 7 ana
t gt ra F@x aWég &]jﬂgs &Fﬁ%’r“%‘"‘?’f@g‘ﬁd!sqa\“ﬂ'ﬁ@ﬁeg"ﬂw o8 naitiply
e, ot i) NP EA AT o
xed w
'Egﬁﬁe%@?uﬁésﬁe& M iiohe Geatirated cychc, partially or ully
fisiorinated hvﬁlnbabnnnglsmwma@tovs Hhé 0 16 h%na?% ®tbaShnd nem= 1,
q.h_ %I'Iqlllf'lli %nt si i con-cont ai ni ng precursors
S"#xcept where n and /or mare fromO
t I
Jgéﬁ'?‘?fgtmiﬁ? g BTl (B (O0ICR

ysintepandenticH dr @0 360, fedt oeﬁh@ﬂhé@ Yafurated, singly
of' ﬁﬁn‘lti IQ @{s%nfr%ﬁra}ché Wrldh§ oP Y Rlerinated’ hyv:}J rocarbon; % 2is

onposi tion
mdependently C1 1o G, linear or branched, saturated, singly or multiply unsaturated,

cyclic, aromatic, partially or fully fluarinated hydrocarbon, R® is Independently H, C, o Cs
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of the organosilicate portion of the as-deposited
film These enbodi nents may al so control the ratio of
porogen to organoellicate in the as-deposited film
enhance one or nore critical properties of the

as-deposited and/or final film or control the size of
in the as-deposited filmor size of the

the por n

lvpfeare@r branched, atucated, lsiﬂgiy dromlmmjfr F?muraﬂa%! eydtie] arBiahie, bartially or

1y SRR Hh b bhbofes PR 5 0 T 16 Ko rep 4,

mt:r @% chREARER AR st b i B Aol
;@vt’@mﬂ d indewar(@ﬁilﬂi of I ta.Cp AIRGESr itaRsHedS Sdturatad, singly

°F“TF'.'“€Ln R s LA T
indegengdanti C1 de Oeéiﬂeﬁrmlbragmha@,ssmmﬁdhﬁdgly Qr hﬁﬂbply unsaturated,
ﬁ‘f‘*ﬁ?ﬁ?f el & ) TGl B8 e Bt B8 dempcanin o, 1 to G
RS 068 saluateringingly onoutiiply wmammed cletid, rﬁhanc partially or
Ry "m"”m“m’b?“'t s 1% %hﬁigp‘g@?é £ i, Sranhe,

tensile striess

OO 7 tans it b B o
U{f?‘ g@&é&bfmﬁ‘?f'&t AR’ are mqwﬂﬂﬂ!ﬂtb\bi <& 16 anlinebeor branched,

satoidtdd, mg@rf orGhutfisy undtl n L er%@l Jﬁ%&ﬁ@%ﬁpﬂgﬂt and x may

reacélk hanber.” There ore
2a°f$ rst silicon-containing precursor wth

l“@#ﬁ. c@ fI \éﬁ 8 O bonds V\Athh;ms&gond fanescof -

RS 4 mw,—@l @I 'ﬁﬁpg
:)?E el(ﬁisﬁl i ive fﬁl I m 0056 gﬁé'&? b’ou%(afﬂI ﬁﬂearor
4S8 PWENL ?fdnul@wlv yngam@éecbeygm partially crr!ully fluorinated,

andngaapbalangaﬁe?glfmsz,bm using a porogen whose size
and shape nay largely deterni ne the size and shape of

[0053] p%ithaugméfenemé 1 rﬁﬁﬂb ﬁ%ﬂo
and anmount Eores |ﬁ§?’he

n nect I Vit
cafticklianed A u1az 8000 66 RarPgRNjedprecwisorss ft shouid be
understaed thatrthe atétivod gnd ﬁﬁﬂs ABDItedthe e, 298 Mdt ot Eﬁ‘ample. other

S"@%’Hgg SUeh. %I@ﬁ%ﬁﬁg &%;,,J@EG oriigggrquzﬂgganes of even greater

lengilhy anryshe alsaused hevelrr.i al may be | nfluenced by
control l'ing the porogen precursor structure,

[0Q544p dbiembove slllmn—omtaihlng [+ Tee hfé@tué Riked %ﬁ%r&d&rﬁﬂi&wmm

d d t t hambe
an A0 SnBF St Siondifibl RHetions Rt o 85645 8%, inclusing siferent
si 1m-deabg i precurbaraiwithin thérclai except Whiefd ﬂaﬁ@?&?‘?ﬁ akd 161 0 to 3,

0 r ecur.sor
@3%2%@%&1@ 10 T BUERRARY. Flete, dalanesideted
K‘! diaestoMysiiangoate. t he final filmw th preferred

o%ropertl es. [0057] The porogen in the as-deposited
tatd contining aeafmo i, SuctirdéCand composition

o e RESRERG Py o oSG b TS ok v oo

The "por ogen
conliphtheaii9 of mqrommmmaswoau in ttie advdepsited fiim, ®hhance one or

GHIIBIBre The poro
mofs; ecursor, the por ogen%quh%&%ﬁhgipfg@r Pl Fﬁﬁ © slzg pf the
$Bdp @ §edopesiied fimwosize ofithe purestiaythe nnalumnmmwam
species, although it Is
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preferable that they all originate fromthe porogen

precursor or mxture of porogen precursors.
Regar dl ess of whether or not the porogen conposition
changes throughout the Inventive process, the term
"porogen precursor” as used herein Is intended to -14
re-formng reagents and derivatives

ss, al | o)
?ﬁﬁ 'ﬁ@%‘ jﬂh f%&k B\Ve:g aﬁamwpd 8im ai e cﬁﬂdﬂotglﬁiohfbf PEARMithe final film,
rldéore:m n.
Emﬁeﬁéﬁ-: ro en rrafp'grl ‘% ’é‘l" ?Ilmformed by the

ep otsdﬁ?ﬁ qtﬂ?ﬁq @191 MS3 end efpomtméclﬂﬁd' rhighf Bt from the
lfﬁd‘.: gt‘l dddmehalwilféoﬁfcohﬁ%ﬁd gen ﬁ{:lﬁ% %%Qg th?%l?p% the @mount of
t @h t?afggcggi/ f%tpw@cmosUem pertioncf treiing tﬁer@by Rreasing the

osp

hatypmirsﬂiyam MR SRS ; ﬂﬂﬂél'&o?ﬂ%saﬁll m,eérﬁ:m\gng Qi or more

anal

ﬁlq_!:USI ngl a 'varl ety 0
& g; aj%ﬁyanddhpr PF::I f;& Mechanical wmm idvmts)l téndllﬁﬂstréss of the as-
fllme y\%bg, n
t&-ﬂw 39‘ technl rtﬁ?s%aﬂ" auar nH b%aarfg(/"efﬁ E’@t'PBWOﬂ of di-
hethViciiane ahdl hofegan arseuser thatrigBtbenesi ikavide from the

mgfedi-tmmkﬁ-d&bafdxﬁéilaﬁg 8 14 fRéFokbidh %éﬁ-@fggjﬁ?m In certain

eﬁtﬁﬂ&:ﬁ%}eﬁat@&yﬁe}%ﬁﬁ? Shoced lican-gandaining precoisax mmnwaroafaw SO
tpﬂdsrwit!e@sewdrﬂ(knm*mtﬂaiw Bréirstf HRNIRSL of Mold &0 bongs, is

The i pcreased car
P 'Bwa e%%%?’?%"'%‘?’!‘ﬁ?’c%‘?‘%@" & thedavantive fillsi ng FT- | R by
k area Iqﬂthe rgglon bet ween 2600
t

[mﬂs 32?‘5& dfﬁ":‘ ik magfion geqweemdﬁrwﬂ a6- H
terglassilm a bﬂ'obbﬁ mﬁﬁ@sﬁ afd E@ y Jarogly determine
‘“@*%mr*‘“?ﬁe A Bof BT S 13imedmcinierremoval (st eidey shape,

regron w

coggmvgy EhcFmaLthef pdres imthe TR Be/Getbirtifibd largely by the

Qr.oge recurso
m Xt ur e%WFﬂg p %s-deposﬂtgdﬁhn aTherefore,
BPEiSAe, Bhans; conriextiaity, any lamht offo g;ggﬁ??,,

st anti aI I y rem)ve
the pogt trea‘{dl ngbg%é'ﬂ%@ ﬁé"’mmw(m)nposltlon
c@ta@remmwmmbg b EInRBAIRH
Nnosi I I cate netv\m”’l? lieﬁgtlion

us or

mmoﬁ"‘a b eRabE ueREledam W'%Sﬁn e subAsajt ageasion chanter

remal ns on t

Fuitharmeertaimegmpostions ans stiucRiréslof poroged i e\
tageous
forhﬁnﬁ | porogen recuggors
aseryj%tﬁga&sgrtﬁgph% Mﬁﬁpﬁéﬁ tepgpws, fim with preferred
@-en on the substrate t he porogen precursor shoul d
atil e enough to be delivered into the reaction

toogﬁanﬁgq poreger in the aisslepesituid filn rﬁisaﬁbﬂé% nét 1 IRAhE 85 form as

e_gas or vapor

act
hai or ai T ar na@ | vef WH% Bte peregen removal
'°€ﬁ?§ 'PP'@F%S Qrdemvmbsmmbnpemg?gdatdg ﬂt,gr10 W%Fg%ﬂﬁagmems of

nareA h e
r% mat | }Jhré\‘g? por (ﬁé@%ﬁ%ﬁ?‘ﬂ'sg} MsRafogen: JF%éF‘qultﬁdef Im, and
© PPERBrEg SPmPvedmey comeyaotbo the damesHad has..l? J‘ is
prefeie her¥hol F biighal o yfihrogel irediraas or .},@{ﬁg ot perhgen

ons colTi1sions

||
Preq%? LS aHeg Iepsggghemaottnmmmrbgémeomp&mcﬁtatﬂ nBes HPdlghout
the infrerﬁﬁe pratRist, tﬂé?em-[ 'I‘Bgﬁédeﬁrbg%%q@cg‘a ggﬁlqd llppzrlpp,'lgs itendegite

reduci ng gas, reac
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network form ng precursor, reaction or collision with
a reactive electron in the plasma, reaction or
collision with a reactive neutral In the plasns,

| oni zati on, oxidation reactions, -15 reduction
reactions, collision with a ion in the plasma,

phot ochem cal reaction or rearrangenent, thermally

eneorhpasstatichore fsiniry velh QACH
fougﬁyxvat eg: and/ or neuﬁtﬁféﬁﬂ@@@?&é@@%aﬁd{ e’ {Qd@%{‘%\ﬂ ’E""’iﬁthwm

Bpglqut the epie pracsss hegint he por ogen

[0 Cor3Qr to iﬁeﬁgfs t on the substrate are consi dered
Vi b \‘Rﬁ%"? ° &bg POrOgeR SRR '!merﬂﬁ-dﬁpdslttdrﬁlmm@ompﬁsed of

carbon age hydogenand at Bhattineadt Hie YBARME sISERGH S IALARG rst:
b RaR eﬁ%é’pin%%ecéﬂpoi. tion of the

groups that

[ooﬁg{(gﬂﬁ‘ %ﬁr%{a?ﬁé@%}%&p Ny funCt '@@? l o therasrepasited film can
bemabsureauemgﬁmtyea‘am wneéﬁ ek, ThE'HS Fodeh%ggﬂoglﬂbn in the

as-Acfica T4 ol Egiﬂ%abﬁéa?f%%ﬁgmm““é%ﬁée detseted by.a variety of

tecly-gquas Including airay phstoeleeiron scaterthg EXPS) shd Rutherfo drd Back

m{# g&% &R%ra%zh%ﬁ@gn rrary secon entofanas-

deppaitqg‘.bﬂlmawﬂhpd i1 08 higmﬂordlbmawlﬁﬁm%ﬂﬂﬁﬁdr ¢ 1H§‘lt &‘E eomparatwe

d, b t
N oA o B ok i, Drcohooo cuon
n{)eo as-deposited filav ogh alsebetrieasupsdBéing FTAR b&%@&%ﬁng the

;":@“‘éﬁ hthe BeiRuBaTERT R ﬁi#ﬁ?fhﬁé%%ﬁéfp«ﬂ@ﬁb&va TerqueRey of the

str@idnl Insthe cabe ofwmgaighydmﬁambnbu @paties, the peak

d
amﬁgl‘e‘ggiﬁdaq reg%%l ons tﬁgﬁ' %?P%%@&Mbgﬁg'ﬁmﬁd
l)(,m deposgitediwithout porbgen pmthor it thepRéctirsor mixture.

gn‘@?sml ons, and/or structures such as other atomc
[006@ gabodinegts, akibasta portioRlef onsudistaritialdsibtipabbgen in the

Mﬁmmeﬂ%urs%ﬂg %e cure prgég&ﬁos?-%gg@]r o%]ﬂ?@ «gihe

postiiiea{jia Ateprs) maycalsqimpact the cpugdmsnrumammmposiﬁon of the
porolio oRaiostodts AEtci thak MAGIRE of YRF HIkHaid BofiPtne fnel porous fim.

significantly affect t or ma

[00611T oBakbsus, NGEA. G Solid %B&E?ﬂéﬁg&l ‘hgagg [Jggﬁa%ﬂquﬁ:g @iSe a8 poragen

certain condltlons coval ent
P’“B‘F&?ﬂa?sﬁem%ﬁ‘@ ohcaktariay dras gesampbytmrrmmronenm theaubstrate
the pRxayEn tecibsbrighioul be RIAIE Bho i beRNESA ithh T Bafe
ch anosi | i cate reg| ons 0 e as-dep 8

‘”%H‘S? a{‘f%ﬁ FHopbambs P@f@gﬁemmm uhdergo reactions

in thegasl opetiot ﬁﬁaéel bﬁhﬂ@rhaw:eﬂpa{ 1! RGBT B} the SubBPate W'bédbme
inco é?éa'f"t{arf]lhﬁ@ t he thermal budget requi renen

'§§ 3§P8f5-'(9§9 Q!mé%that mighpbe waedto promote the
formatimssf paiagfen SW %M%%ﬁhﬁ%ﬁuﬁ fddMbns and/or

inte uld "?'ﬂ i her mal  budget for an process
"Bl at replons Hudie two-hevselisianty Bee-tecy colisionss doligons
with the sidawall] ésictisafith drin6Rgaa] el AIF % mbsa-oifile Bete of an

Si J e at the thermal = budget r an rocess
inert 458, 64e0of Wit i, Qg o Ercyplog;Secastion e callsisawiiathe sicate
netwqritféraning realinsot, GeBdtOATY? CANISIOR With MHeRbtve Wb TR Y Slaltha,

tﬁ desi rabl e t han anal ogous
a reactive neutral in the plasma, ionizatlon oxidation reactions,
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processes requiring high tenperatures and/ or |ong
anmounts of time. Therefore, the -16 porogen precursors
and silicon-containing precursors described herein
form porous organosilicate filnms using certain
process steps in which the thermal budget may be
controlled or even mnimzed. [0065] The porogen is

SRR ke 0 P B
feAERigemeypiheraallyiartvated reactiombi regrrangementy sagtion with activated
0y ey O PR B ke

RArPERNyPregURSAiiocieppsitiar thesubstratecud corsidarad viableewgysdadeposit
BRoGa MR heP AR f@%&%%ﬁbre&ﬁﬁ@ﬁﬂ{gﬁt 58 %Hérjrgé bg%acﬁon other

ﬁlasna exposure to reducing plasmd, exposu
ap caRdessation onythe subgicate o be canvesied 46 pEBAED.
ultraviolet |light under inert atnobsphere, exposure to

10P€21ay T Brugtyrg and graeesition of the pgragen Psecureansan sgntain functional
GRS PEEHAke RUBERIOP tﬂe%mxﬁoavapgrdgaﬁ o lth® BupLiesd. Examples of

vacuu exposure to m crowave di"fati on under 1ne

ypeHospharPups wahmiaht be inplysed vithin e pemaeniRsecuiprrdnclude: ether;
Spokidia? ldBhydRl Rétohe; KL He! E@e@iﬂﬁ%;ﬁﬂ%‘tﬁﬁ’&élﬁh‘? ab®lic acid;

radiatjon froma |laser, exposure t 1 si mul t anéous
ﬂ&aaw : cgrbogylicacid; pnmany seeendacyerdertiaey aming; alto; gano; iso-

SYHRS,dhhiBe  ifhide? unhiride OparB ARy 2ha/SpefiiRihaRl gréfal BEBhitride,
that acts as an initiator to degrade the structure of

hoepic ped paraten PhRphYe RBRSRIte ANYIIPNOEPIRIR And cambinations thereof.
thhsd], Jffteevaii ethn dratiian of paget FBdne PRESRR PIRFUESY sing
mmhat ' Itahﬁa%ncﬁ_ﬂ Cherdleal Va8 _Gel:tbdsﬂioﬂg_écrﬁmé%_ ; ll'ﬁ@yf dépé_ntatoﬁm\éld lectron
wet. etching, efg. integrabiJity, uniform an

it mostatflon P inkianel 6BHRS Bithin e pROES PravLIoR Which oan
inducersetondaty réargory Maniesalt ingioradbriiohatiin. MRERfale, IHSdeMain
%#ﬁ%ﬁﬁﬂT% oq di fferent ans used fgé@gﬁgo en_reanaIf .

Imentg, elempnts, SHoBS F sy [@giqther atomic species
s:ngp as Gllizl Na,ldi? mFﬂSnghf bé Hﬁﬁlrdﬁlftof drihdhié the rﬁféeifgcfltma(ti)@n @f porogen

e asma 0 el ectron, nicrowave, etc.) or

fmm%@%@@%&ea"%? SYEROER: optionally, to

n etrial operti.es. 066] The rogen
IFRT ot T8 g Bofnd e HEBY, i i Besstpie fef percpnt SRRaR fram the
pofogenmreturser, mayhoteignificantly affect the fommationaf akgagiositipse from the
ygelosiiEsH Bloclibo, Hip S lnds Fodr el iatine BRI bontiRg between the
opgarosilisats filrh ahd pesigeh iﬁ_aéy;bd ininirnizedr For OXanWeCﬁ Ialck of covalent

ti ight sensitive or.chem.ca )
CAE FRen 1 Rerbt and biahoifREs frgldhs ) gl ShHSRishdd fim may
makedhe pomgen easiekie retrope fremthe asalepbéited fnmtdsjngq:mst-gyatment
ti e

S99 e v B IS o e vt
Qe ¢fitee priverysconsiinisansemicagizcionptdtessingisthenisg badgetd The
i) bl ABOA SRR Dot e BAGE o ing G BT difporature
regyined4e periorpi thahstep c in certairoinptances, ditmaybedesirable thatthe thermal
bBAG&96 any Précess step is minimizeéd. Therefore processes that can be performed at
low temperatures and/or short amounts of time are more desirable than analogous
processes requiring high temperatures and/or long amounts of time. Therefore, the
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[0067] The conditions under which post-treating are
conducted can vary greatly. For exanple,
post-treating can be conducted under high pressure,

at nospheric pressure, or under a vacuum The
post-treating can al so be conducted at high
tenperature (400- 500C), cryogenic tenperature (-100C
and above), or at tenperatures between these two

ResrafnPreqyaon fed siicanrcppiginingprecursers deserihedthepgin Jorm porous

drgdriceficate fithe DSing eBALIA PRsbeds 9Rps fhn wﬁﬁﬁ"ﬁié‘!ﬁﬁﬁlﬁ Ribget may be

ari %lés pressyre and/ or tenperatures. [0068 her el

\ J
CORMRIET; K SVPR MEYAURSS: ed under the fol | owi ng conditions:
enyi ronnent, can be inert (e.g. _nitrogen, CQO2,
thein S e O ells rePovedEiroriine sasqertsitad fim By, A postirgatment step,
whichocan conyitise thérial annidaling uRderdfdit SiMdshREEEtHefmal annealing under

VBir, el AR S Pt eleing aBoapRere s asiging under
wrmﬁ]mgmpnarés?@u&md fmm@_ﬁrwatremdﬁd ARhic&lreagents,

anc rompti cs), .etc. ). e r Sur | S R
B SHie T oo et PasPh: lposiitsdo Bbiand asme, grpgeure to reducing
pPlaseriee exsyreatonaispisiel lighp usdst wacuuntjoaxposiire 16 ulBvioltlight under

A Pabde RSB b BT et e
EI.FITT'E#Q?IEE&D lexp@ide mﬁromnmUi?ﬁmmum:arlamuﬂtgn.;a?sgsﬂiraittﬁgﬁ@'owave
i el P ptShelt ostd o i BhafiiBoR e g

and/en tetining ctrmosphe@S @xpodure it radkatidn ¢ioeva lasde rexpbeire to the

AP GR35 S v o

€0 gy or chémicactreatinenl thalradtsgs amiritiepdrao degrade thesinssture of and

R 5 R o 50106, P LA & 8

treatmants may belused td ehsinde muisriatsipropariies dke bamdaess, istabiliaf (to

- . TR o} | f Loy I
shidboli o3 BiposySy C LIPHTIC el d6fivg; ol ntsorsbity, unsormiy ane
adhesialr. gSunbdredimants canlbmapaliedie the filthupierdoduting andéor after
PAR0ERYRah Bl itne PR ol 1o B eyl Ths,
therteen “posbtreaiy” an ased hersin tygicaly deriotes treating thenfiltnewith energy

Cipi i
(%g%ﬁgrs@,@ d‘rEe. dm{@é s can '@é@‘%&’%&‘%g@ mi%z%]gé%ae’move
perogensansl, @plienally, tolephanpge magsrialarpropasties.et c. ) |

oxi di zing (e.g. oxygen, ozone, nitrous oxide, etc.),

(0966} o dhe PAEPIEE PERCUsIAr May her scledipd basadandhe incomporation of structure,
cOMEGSHTGH, BPFUQ%&W{JR?SQ thef? hadist id Be W%Mb@d |o# parogen from the

preferabl lent to 500C. The chem cals can al
as-Aeperded filh.gEpr exagiple A parpgan Rrecurserthatresulls indhe incerporation of

th%?ﬁﬁliﬁé\bﬂi[@%,g%%&s&hﬁ%r Eﬁerﬁk;ﬁliyeée?\glﬂlﬁe Hrﬁﬂb:l% %guu"asrin R

ours. Plasnma treatin or renova

PRegeR en thenRHbstaie marmake finossibisde efficlently empisy themmal, light, or
ciinfidRqsadtiond iSrdniove sl B6logen %ﬁﬁgg‘ﬁﬁﬁ. Thérefit e use of porogen

conditions: the environment ca Inert (nitrogen,
Preeyrsorpihaifogn peiegepwithin an ag,depgsitedfilm ingyhich the porogen is capable
ofuriddigdintefiflest arPpiAdtiallptémplefd ferovalbifié Activation of chemical

envi ronnent s, enriched oxygen environnents, ozone,

omMPS gLEekirgs in thepotogens g™ or reducing (e.g. dilute or

concentrat ed hydrogen, hydrocarbons (saturated,
unsat ur at ed,
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| i near or branched, aromatics), etc.). The plasma

power is preferably 0-5000 W The tenperature is
preferably anmbient to 600C. The pressure is preferably

10 nmtorr to atnospheric pressure. The total curing

time Is preferably 0.01 mn to 12 hours. Wafer size

and process dependant. [0072] Photocuring for renoval

of porogen Is conducted under the follow ng
[00671di Theennditions endensvhicm posittreating Bee ¢anguctedcan vary greatly. For

e)&tﬁcﬂlf %%gt-tr%? cafl ki’)'(aecog_aﬁﬁéd (.Ihﬁel' I'gh pﬂégstfr ram?é@g/)henc pressure, or

ute ox
ureigv & vackmd: She mrtmm oalyglsn bomndmtﬁ@nt kigh temperature (400-

AL Ao mpGhled (186 B O G o el o atwoen these
twodields.aThe postdrasting aright |a§s0anma-ehgf a eerieeEtsteps sopdiated under a
combindioh(dt Latidus p& uh agwfﬁmﬁuﬁgr square inch. The

wavel ength I's visible, UV or deep W
e'i'ﬁé?'%h&nﬁea@%) E’@ondJ&Sd hﬁ&&'m& $HilbWehg! dofBitibAs: the environment

preferably O. hours. [0073]7 M crowave

cq@daet ingt &%\gmg% quemh}%yams {bler Bp ¥R K, X@n8igo: eddizing (e.g.
ngﬂairt Eﬁmé %k}qm éiﬁnr@&ﬂdhis' é’r%he& Bﬁygt‘hVérfvﬁﬁﬁEﬂBﬁtspé‘ibnbemtmus

BAGAR rBducig (AP o SPREsTaIRg] MIaESEn hPearbng (sairated,

urRSNARBd AMéaF S BFRaAGHRd, ﬁfb’n‘t&ﬁgﬁ etcOX TBRpresbré %ﬂ:ﬂ‘ﬁﬁtﬂﬂy about t
ozone, nitrous oxide, or reduci ng (

10510 BBAEIDP TOTamOr Bietrab @H&%ﬂ? B dkjevoqpvacuum
arhisiemas alsd/pRssiblefbethamid lan @%Mélmsﬁ&%thgmst-ﬂ'ﬁmg means.

and wavel engt h an abl e cific
THdRmosrE 1 prlrebly 20RO g e IRPeRails P et e 01 to
100 dbg T/hth. NTHe ttal amﬁ&mﬁglmﬁl i§ ﬁfeférabqu P minteaRmenis.

for renoval of porogen and/or inprovenent of film

[0PESP eGﬁérﬁﬁall t%aﬁﬂéﬁil&‘tﬁtﬁosmdmm i$ Benduekddourdag the following conditions:

G S e, R B 35,V SE ey, .t

ch%hﬁcﬁl d @héthﬂﬂlr{ge ofothePeticgsical teatmerts thalt enhanwgeahe properties

o O, U T R, BRI e, oo

ar%}(‘dﬁpbfoﬁﬁﬁiﬂhmmr bons, hydrogen etc.). The
tenperature is preferably arrbi ent to 500C. The

[OBthct smmrehtfmai fluid post-treaengnt forseldutive vamdvad obypotogenssinire an

orp PG berconoUsig bder il ol BReltBof fic fladsal be

caﬁb&rsdldxldé\dehtbt nitmlus ouide aethylene, (@i andfot bther types pbdhamicals.

OBfr BheiAS 2ol 58 Tghd 42 s AUl L EFALIA e Pifcbes. The

' chBmiieais ean B& ingt(8.5) nHrdgen, L334 nolle geses (He, Art Na Kr, Xe), etc )

o8 " Sg08h pobbd Bl o 68,9l ©
cohcentidted bgdrocdrbehs; dydogehestod.t Mtamrawwismrefem grpbient to

pr opgﬁp égm%ﬁ%?egﬁg%t y o#’%‘ m car'{mk‘;teants

Thertoted expabure e ishprofaraibly froms?.69 mietni2 hews: es pondi ngl y
decreased to cause further reduction in the dielectric
[0661ist Blasmaftreating for removal of porogen and possible chemical medification of

the organosilicate is conducted under the following conditions: the enviranment can be
inert {nitrogen, GO, noble gases (He, Ar, Ne, Kr, Xe), etc.), oxidizing (e.g. oxygen, air,
dilute oxygen environments, enriched oxygen environments, ozone, nitrous oxide, etc.),
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material and extending the applicability of this
material to future generations (e.g. k < 2.0). [0076]
I n enbodi nents wherein substantially all of the
-porogen is renoved, the renoval of substantially al
porogen is assunmed if there is no statistically
significant measured difference in the FT-1R

OFZB%M&MGIW{?)&E?SPh droc:ﬁrbon reﬂ 8 sgka od, unsaturated.,

lireag@m@hd Iéhet“@h@nmié?}.hﬁ: Jeqdasma p@ﬂ@ﬂﬁt oWt PEférabiytS000 W. The
formed I.n the reaction,c er_w t hout a
PR e dr PISTEEN ETIHG SRG  TIA RIFaHe B IRty 10 mtorr to
atM@Bpherid freSir€ X T@tctal [dggr;gsr?mg;is p:b&hralbly Dghl reinftor! 2umarsa Wafer
_pOr ogen  precur Sor.s: rocarbon structures
m&ﬁ‘?‘ﬂ?%%@?l’@“@?"‘me al cohol Ig;%/oups and having the
| f l.a CnH2 .
C PonteSihy R epiaL sty okt irtiep Tk Poowig Sonditons:
ma&dvi'{mrh?ﬁ\gaﬁbe?amé% r?itmgét n0Og.moble gasek ¢Heur ble, Kf, Xe) etc.),
at ur at e nds e s n
odfiAR 1.8, GROQRE 4, sile e bt Bp! dpichel Bl btirprymens,

oZohe, mitmmom:ids, eﬂmﬁ or secheingdey. dildedr donmn’damd dwdrochbons,

e b 8RRt A i BB 3l s

prgleyatsy O(1rw500&mw squard)incth cimnuavelengt ispreferabholR, visible,

o oE Uy 5 GREARARRG 0., o i i ey 001 min o
1X mnids. x=1, y==3, z=1), and resorcinol (n=6, W y 3,

z=2), etc. [0079] 2) Hydrocarbon structures containin
[0073] oMicnawavecndsttregimant foraamoval of poroger is g:@dggtgﬂ under the

o oo o ol ANUPLAT oo, O el

cyclic rings In
A!bélew/éerxeo, atad, msidlami (aprcxygen,ialy, diiie nmrerwrronments enriched

oéﬁ%ﬁ%ﬂ%gér@%\lﬁ% WSne,| rl?tr&%e i )UBﬁeﬁgﬁe$ ?T BEHNRES dncentrated

re z'Is er of e |nka es .in

hydnecasivonse hydregem ¢td.k mmra!ur@na peeferghly ammré BRO°C. The

|
p@‘{a}n‘pl e"‘é,a[vé %g@ﬁ?ﬂ ?&rﬁ'ﬂaﬂg# Qﬁem e total curing time is
prefemghiy from G01 mﬁymlﬁmlaﬁ (n= 5 x 1 y= O z 1),

2, 3-benzofuran (n=8, x=2, y=4, 7=1); ethylene gl ycol
[0g743 nl;lecu;@m beam pogl-treatment for removab! parpgrIvand/or improvement of
fil @' conlicidd undarthe ¥aflbwing cbhditiShs: thd Q&ﬁ&hn%‘nt can be

oca on structures contal ni I%;ﬁone or _nore

vaguumamear(a gaammgn GB= ngblecgases {Hg. fAn MoK Xe), GXP ) Oﬂdlzing (e.0.
c»g?;ﬁ eﬂ@ronﬁ\%ﬁts""ﬁﬁﬂl&e& ﬂ&l‘ﬁeﬁﬁﬁhﬁkn&f ozone, nitrous
%hpé "

Slnt he structure an et wee

0 and 4,
apiieinai(ne. Hikie o SoTCenlaRt AVRI0Barbops YErdsn, ). The
k&&hwsg p?H?é’ralbfg BRI 500N ATHe eiaaﬁorvms&y anu enéngg can be

nu er of epoxi ro S|nthestr
vasiethRBe funati 1 specki bonfier The 1otalEyond Hoel Brafelirop0.001 min
to- @ncﬁ% %BQﬂa Se aorﬁmebwmr piiléeck rAdijltidrﬂﬁgtﬁid&’iﬁU regardmg the

g&xe?glp usg ogelgggg@g met ) L%uga{il@é@sfucg S éhaﬁopadhyay et
algxashm&%ﬁa&eﬂéh%érﬁe%s 1) 43243300 Kloster et al., Proceedings of
IS e 5% Sadklsh; 8A © . (285257 55 576,640 B1 and

6,132,814 A1. The use of electron beam treatment may provide for porogen removal
and enhancement of film mechanical properties.
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[0081] 4) Hydrocarbon structures containing one or
nor e al dehyde groups and having the general fornula
C' H2,,.2.2,,,1y.2,,2 where n=1-12, and where xis the
nunber of cyclic rings in the structure and is
between 0 and 4, and where y is the nunber of
unsaturated bonds In the structure and is between O

and where z is the nunber of al dehyde roups
lﬁ‘%hemmse@m%m rvha lspmees e bulkdansh 6oing
Sécradedab e8ha R rthBrraduction in ¥eieldcthid coﬁ‘ét&nt of the
rﬂ[‘EOJF I?é‘g dr ocarbon, structures contal ni ng one

nginguhe agplisahliityioh dhis materigeioditwe geRaratians (e.9. k <
.2.a,. 0z where n=1-12, and where xis the nunber
of cycllc rlngs in the structure and is between 0 and

fao7egn ?n M‘nﬂadt lmdtfjwhbt%gl &ut &ﬂn’agfy annt malp@bg& istefdved, the
r nd, i s _bet ween ere
rhGed| o Sevitlly QLpaaen b ayme ] oete 157 FEp el Alghcan
netsueseidifferanck i, the mli‘-lmwsarptihlf fdfme;l?ﬁima?bm'(h ?WM@-H)(,
5 q n i C npl es: ~hexanedi one
285670100 851 pERy35'H55 bt repBikhnTalin srashomlisate A \hg spalogous
orgahpsilicats ffitny farnied dn theT6actionChambée withrdit a pmtr@ger{ préQikor presant
6) Hydrocarbon structures containing one or nore
[T 0 Apeitellcandnglamgrramdinitinglexamaplesiof miterigle seitable foyusalas porogen
pﬁ% ,2-2"4y. a2( O0H) = where n=1-12, and where x Is
ntimber of cyclic rings in the structure and is

IO o) LpafReen saiCuffaRidbyaihg ohd s AUAPBboR groupe gnd having

thegeneral dermnua Sntden 2 2i 25Oz whenmiet -2 and whers/x [sdhe pumber of
c%!@%?s 'Id"thUbﬁ'u FéJSﬁdes%e né ﬁ@k"ﬁ'ﬁﬂvlﬂera éiqs ﬁm numbed of

cyc pentaneca oxy ic acid

Uemrat%q 'aonqscmm stuctury and ischaiweers® and nuaradswbmaisﬁlnmgumber of
I

a?ﬁ*e‘_ﬁac. unct . P?‘?‘HQ | ty‘&.“é d Betile 1 398140 and S e ish

ﬁ-&'ﬁH dios engogyclia. r@@mnb.ss prapaaot (ne3gaoe ye0, 2=1),

(lnz.ﬂsz-Ib ?XD (£2), hedBRdI1§nds; ka0 ly=0, 306), WiSSrRanidndl (n=5,

enurrber of cr|n3|nthe structlire and I's

*ﬁthﬁQeﬁ-ﬁ bﬁ&ezﬁadlanwm@pb(nysdm»ﬁ@z Zrghiseasobin=7, x=1, y=3, za1),
Mmm|g,¢=@qndwz_i’eeﬁtructure and is between 0

and n where z:is t nunber of anhydride groups
[0079] he) ﬁwm&:bbﬁ sﬁu&ure% obnﬁﬂnl oﬁamb@%m&eéreﬁp&and having the

h d
%&r I eﬁﬁf( Qt-"r’c?etvgr yge@o?ﬁ‘a?%ﬁﬂ‘e Vﬁ??’%&t'%&' gmh?fﬂf g¥elic rings
infthe seraittredand 19 betWeen dand 8, arﬁﬂmhar@? i@ etlibeide lfsaturated bonds

It sty Grans] 1 DRHBENL L T Whesh a i/ ety & gthgr fnkages in
thehrustud ahd ia‘bemsait v aa%t asdaﬁwwﬁﬁrel tﬁe elter nmargucé) kbthﬁ bedR6- and/or
ere. ngne u a ra reco at ed
i EREmplest I pirVIBer sty 5= oOnE= Do arethuk et SiEraturen (o5,
x+=1 yebpz=-n) & sbenioiarany(des, d&zgyﬂ; 1), lt@trtylate;esglymalumel @ther (nuB,
on Struc res
coﬁt'% ﬁ‘%gc'%#q%wﬁ’w g‘f’ 'a‘fﬂ?@oﬁér sting of an

d a Ieast unsatur d bo that is
B30 2Pk BotBan Birucki®R ot 54 4f Rofé epdiide gradps ani having
the general formula CyHznez.2x2y-2:0; Where n=1-12, and whare X is the number of cydlic
rings in the structure and is betwaen 0 and 4, and where y is the number of unsaturated
bonds in the structure and is between 0 and n, and where z is the number of epoxide

groups in the structure and is between 1 and 4, and where the epoxide groups can be
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ester group, and having the general formula

C H2,,1-2,-2y624Q2),. where n=1 -12, and where x is

the nunber of cyclic rings in the structure and -is

between 0 and 4, and where y Is the nunber of

unsaturated bonds In the structure and Is greater than

or equal to 1, and where at |east of the unsaturated

bonds are conjugated with the carbonyl group. of the
attsehed jo anpbliulmg@r a [ineart dhaim UEsempled: 1c2epoxyeR-oefwitivtane (n=5,

w8l o od ey SPABEs P tomgy xpL BT 221 cvelphexepg gyt (s x=t,
y=10 =ty Gmammqsstﬂ]umﬂfm (n@ﬁltx&rl ny=rig Ziabk. Bteet her and a
carbonyl functional groups and having the general

[ﬂﬂa1hu4)dﬂﬂrerarb¢msm4qturezmmab)rw(cmpzonmm atidehyde groupa @and having
thé’{ﬁr%h&al ’mnlnﬁl dé‘,f-l nurrbero %ia&g C12r ﬁg Whl% 4 gﬁhe numbﬁr of cyclic

ucture an ere
ringsrib the stuciure and istheteedn Adadidn amh whete'y isttne emahﬁr ¢fynsaturated

b&ghgfgu i Ie%mt@ﬂ.g g RULNEST 6 ak hsﬁﬁ$ﬁh&@rﬂq e urﬁeémmehyde

ructure I n e car ony group
QTOHDB bldhe REU@HWSIPQM%RCI@WH%SEWG%ere zis the

F,.gﬁ:a% o8 HSS')élﬂgQ).SzUi eture and is 1 or
and where tEe et ﬁer rou c};n be endocyciic or

s vt ot ot
mewarahtqn@ Jﬂaemm%n‘uh%rpdbﬁoﬁ « DG whegssis the pugler of cyclic

@q;ér@ and® l?étﬁlaerfl Gra'iﬂ:l'@aﬁa whére YisdHe number of unsaturated
bQﬂdSc!&/ the

z where n=1-1 d where wis

ure and js hatween @ iae# oy andiyherecz @é@%@ﬁb@r OJﬁJFehvde
groupSRdndLfaGure dmi ik Bswéﬂheémoi AW a{eaebmn@iaup@) can be

the structure and 1s between 'and n, and where %
nd

exch andier apdacyslic. JEegRies: a.ﬁoﬂwnpﬁiomm ¥t ¥le 2=
cybidpefitafioh (i d@xﬂv;{h@r of 20, IESBAOXHEOMRS, =D, Kth%"’ etc.

stricture and is and mhere the et her group(s)
[ms] be) 1aytesaiBbn Stnhurel asmalni oneﬁaﬁmbes%rboxylic acid groups and

haygqgﬁdrox tgr%i{g%l?] drof ran, etc H‘?‘SEQ% 1%%?%%chgthe

mﬂﬁﬁhémﬂ cyénelb &adm&rs&nbﬁ;mgaﬁwilslbmm o aﬁ% 4, akbwhere, y is the
ﬂlgtglilé: |u(r:1:§1 : pmgé‘bon%; %r stl% uré% 18 betv%gen K ngané w?uere 2 is the

el ot datboRic, acid\yroaps mwvﬁa&ummmmmm 4. Examples:

B
b, A Bl B o s e

ard ipodtath mhmd:llﬂfuhaxcﬁ'lhmy% uelwtimted widnna dyelioanhydfdegrbup where

I e R RS S Ly whore i

theruibies bf elic HRgeindhe yelidtarecndds betwaen © a4 antievtqu yisthe

ot 18 BBt ot 3N i R b BS] A Whre 2o the

n&]’ﬁ?rétﬂ)mf@nfbwrmgﬂmﬁs ialmhégtme andds v\lnﬁﬂeEmmﬂes ‘lmpaleic danhydnda
PR LA S 2 [0090] - 13) Fydrocarbon o
l@éﬁf"hﬁﬂﬁfa&%ﬁé%ener of Sriindpafedp) Rl WIS o B mula

Citthaszex 500 2whana deiiie; anc wheree isrtherpumber of cyclic ﬂngs in the
structure and is between O and 4, and where y is the number of unsaturated bonds in the
structure, and where none of the unsaturated bonds are conjugated with the carbonyl
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of cyclic rings in-the structure and |Is between 0 and
4, and where y is the nunber of unsaturated bonds in
the structure.and is between 0 and n, and where z is
the nunber of amine groups in the conpounds and is
between 1 and 4, and where the amne functionality

can be exo- and/or endocyclic. Exanples:

do n ne z=1 etc.
St B B 158 245 ol o SIS ofye I e stlicture and s
sercndary am ne groups and having the general fornula
C'H2 2y.2z(NH), where n=1-12, and where xis the

[0088] e r9) dydeguarban strustises corthiaingtanuiyate famsiohalitp ebrvalsting of an

ik ot ol 0K ofe Umitulatd bR in R0eg Gk iR s carbonyl of the

aster igeoup, Rsd hadng thebgenerd fsmmcau%%am{ whgre r=1-12) end where

4 EREH R0 T Svin rn VTR shufife oo A Rorali Enl i ie v 1o the

raiibeo pf wpsaturaieddohds By the syucturdandis Hreatei then bdageal to 1, and

eze o B sk e éhut S nbiasf v e bl arup of e

esterpandwieretz ia the rumber o@ Bd\ep grcapsl in thestmgturenand)isricord.

é’%@ﬂ]ﬂunﬁﬁm c@é{e’ﬁg T ngé z%hé St ?Bgt\yp:r:ng :2

OR1220) Byt AR Srtaf bl A ey prons
gEoHPSANdimvingtthe genermiforma @mey(md%u véhreye sl 118, and where

vﬂi%‘iHeP ﬁuu'nBert &%H&il‘%a ﬁmeas‘iﬁ.lctu?e BRk Wﬂw&%ﬁﬁ %né : oaﬂé" where x is

wher e lonallty can be ex

ewa%r o unsatyraiecdaendsdin thenstrighira and isdeetwren 0 apdd, and where y is

b T abonfigrbiind H e stniitite i hiontT0 carboi group qar be

k%ﬁ%éﬁ bﬂldgfwd?@t andwherern l§|ﬂhﬁ nigmibercof ethergreupsiin the structure

Y D5 20 WHerBhe Oher GRBIE] bar B BHUGEC Ty exclyclc, Examples:
elffoxymgttiagrolgin firs, w0y el ¥l =t ir@dc.and i s between 0 and

4 nd where y Is the nunber of unsaturated bonds in
[988] < 1) Ko stryctyess qontaining hethiethenand aleghel funptional groups

ahﬂ BalHg ey géﬁerﬁl'f&r’hﬁllﬂ W‘é 2?% P (@2 RReHR-121% ah8 where wis the

etween 1 and 4, functl onal’i ty can
ne@bekep altﬁwrass ia mﬁﬁwmre anghig, Andr4 apd whiees v isbe
n(mber o%n’satdx‘ét@d bénéé m tﬁé rﬂaﬁlﬁzﬁﬂﬁs béﬂveﬁn Oarid n,Yand where y is the

5\&9 et c. %‘g Hydr ocar bon struct ures
ny h@f aiesang! a'mu 'rhthe sawere’ Ppd whehas the sumber atgthargroups in

tﬁehétnﬁ:ﬁ.ﬁé Gl id PoFB dhd where the ﬂ(her rou%s!(oan be eng?cgclic or exocyciic.

EH’ETP‘PE S'QHQF"W@PWW?‘W #%- nunber of cycl ic rings in

str re and | s between_.Q and wher e
tdq881 1 15b G roperBig shistites Fontires Ay RS8Rt Gl fieetiandl aroups
sélacted froreiheGoliMing iistodlcbhl) %ttaarymﬁoﬁw eandLiEMssxylié acid and having

B Q9N TS i e D MO OO PP A2, and where u s
ther eusitser oawblwﬁg@irﬂmswm@ancm%et\bwm @nd 9, Aftbwhere v is the
"B@%{i e Ohgona%dloﬁé tlél?qtﬁrg%n(c:io gtlvjvrégn %ngnd r?, and where w is
the number of alcohol groups in the structure and is betWeen 0 and 4, and where x is the
number of ether groups in the structure and is between 0 and 4 aﬁd where the ether

group(s) can be endocyclic or exocyclic, and where y is the number of carbonyl groups in
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al cohol and/or am ne groups can be exo- and/or
endocyci c. Exanples; 2-(2- am noet hyl am no) et hanol
(n=4, u=0, v=0, w=l, x=1, yam z=1), N rmethyl
nor phol i ne (n=5, u=1, v=0, w=0, x=0, y=1, zm ), etc.
[0095] 18) Hydrocarbon structures having both am ne
and al cohol functional groups having the general
formula C'H2,,.2.m.zv-.,,2,,sri:(NHR2)WNH), (N y(OH),
thdlﬁiﬁfcﬁulé aﬂuti ls?bet\?adn ?\&hﬂ I36in vhiich ﬁ\éeamniﬂgro% caryluﬂ4 ketones and/or
ngs In e strycture, a n
aicpates. 2G4 WhSte 4 e e Buriogt ot salbid FomuRE i P Pirure ana s
bemu@mdaz,and is between 0 and n, and where wis the
number of primary amne groups, xis the nunber of
[0090Y OndpHydratarben gtractp@s contairing e aumber prinhary amineagrpups and

e s R S S e

of dycliceings inahel sintrtore dridds betwesen Goardd 4 and whege yisothp Suoer of

un?agy@gwq# Pﬁ%&%&ﬁfﬂ% ghg [ % Eﬁg@ q%m nyand whers z ig the number of

armrr0groaps in, memmppmmnﬂspemndmmmm thecamine

forgfafy e B AR o dp e qarfIes CHIBRAHRS (ns, x=1, -0,

z=1), alc2, ay. 2Z( NH2) W(NH) x(N)r (O, where n=1-12, and
where u is the nunber of cyclic rings in the structure
00}l i14) Hydracarhon stueluzes contRiNMEERE OKMPEe SasEndRANHAEINGFroups

eSO LA L S £ A 1

nugbepfsyclic fingstin &mme anddbeivvaen § it angmhapsy ishe
nufnbef Qﬁr%ﬂfmﬁgd %&n&@ﬁ%@&ﬁ‘u&ﬁﬂe‘%dgﬁ BofWaen ¥ shdW)ina where z Is the

<WHX+ ere z nber of carbonyl

nu@bgu secandans aoumareHes ithe cempendsandis batween 1angd 4, and
r / or
whitt onea?mﬁ tﬁ'@gan &ﬁlw c e B%- @ﬁﬂlopﬁn@&o@at&/@&}nﬂéﬂﬂ

ere the carhaon and/ or am e
diisapronytareine (n=2fh 476 v=5n ao by BiPead '“%m 'g- =0, 21}, pyhide th=s, x=1,

Tgll}:qbegtaylfornam de (n= 5 u=0, v-0, x=0, y:1,
(di met hyl am ne) acet one (n=5, u= O v 0, w=0, x=0,

15? H}&me%ﬁﬁh?ﬁhﬂ?%:gig?taﬁrlﬁg)ﬁﬁe ?ﬂl‘ﬁEre tertary ur-nihf gredps and
’ etc certa | rentgs
hawnstqﬁm@ wmsimwesrfphéé% ap &l fhe pumber
of g&e ;Ihgﬁfn tgcrI Eﬁuﬁgﬁdeﬁw rﬁﬁeﬂfréég:mmd 4, mrfggwtmﬁgya%r?igamnWer of
S S S
UnSRBPOTS o FcHEE angfs BEwsen0 4R, ahd SBRIE G e number of
ter%g(a@ﬁaé Srdiips |Miﬁ|er(ﬁniﬁouﬁwalhﬂsl mlmnﬂam Hyaﬁd whibrettbe amine

el e S B S b AR iy 0.0 e

z={), wmuﬂ@tpqﬁond% (rBnxbt wd&mmmwpﬁrole (n=61 2=1, y=2, z=1), etc.

I'Tnear or branched, saturated, singly or multiply

' [amm atmq Hyﬂﬁcam)bﬂlstructuwsmmtaming pae br moraynitro gcaunsyand having the

geag ,@%—l s ‘é\"f)‘gﬁ‘ghf"@d?a %hd where x is the number of cyclic
rings u( tﬁaélructsre &hdSk BatwedR 9 snal wcbwlﬁereamtmenwﬁrm unsaturated

bog(g ﬁtﬁ é:ﬁﬂrt;tlgf@rﬂw gpfvfﬁﬂnﬁ %“{/}'u ?ﬂ{rh b 218, éﬂ%qlﬁl‘ﬂaer of nitro groups

in demﬁduylds and isiietwedn Uand dasrdiwh®e the mtmuuawngl@y can be exo-
or eﬁgggy%{]é | gxa%pléél n%clbb&‘ftﬁﬁ fH=5, xm1, y=0, z=1), nitrcbenzene

(n=6 x=1, y=3, z=1), elc.
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branched, saturated, singly or nultiply unsaturated,
cyclic, aromatic, partially or fully fluorinated, n
Is 1 to 3 and mis 1 to 3. - Exanple: 13d|ethoxyl
- neo- hexyl di si | oxane [00100] - R " (OR2);

.nSIi SIR3MOR4)s,,, where R and R3 can. be

i ndependently H C, to Cl2, linear or branched,
saturated, singly or nultiply unsaturated C|J

 [098e8] t 113) Hydrocarbbo IStryctﬂl'QﬁdlﬂVIﬂﬁtt@H‘ amine;a0d atherdurptigaal groups

has Qg ﬁﬁg%is I ngly Ia 012 qﬂﬁ? 21 ur a({Né;SOF%bLQd?elre =1-12, and
whareowis the nupioer Mcuc tngs lm;ﬁ# Fryqhirg and g B%mﬁx baangl 4, gng where
v i{‘ﬂ% rglln(i%%f bR a%urafecﬁﬁﬁﬁ@ hfihe structure and is between 0 and n, and where

oxy neo- hexyldi si | ane 0010&]’ i
w i@mmmben of RriBiaRs ARG OURs: Wit the a@oeawé" ne groups, y

' vaHeP@W’:w-m B rezisthe
s saturat e§ {eisﬁdﬁrny%m% rBup;C%& +le m

or multip unsat ur at

nupler bealbghol gpue 11 the wouaﬂ Al fshptween T pi0 &1 fings the

al&ﬂpw Eu %ﬁ:#ual e.-txlbl 'Qlﬁ’tﬂérng!gitobfdiac Bdr(r;ples. 2-(2-

anmmmreinommfw PO, Y W 1Rl Ve Mo Fopphgne
(n<8 2! Wwﬂogﬂ@rﬁﬁcmie@at urated, singly or nultiply

uﬁ’saturated cyclic, partially or fuI Iy fluorinated,
[Oﬁﬁi W@ﬁ:chhﬁntéfﬂcﬁhﬂﬁ baih aiinelandalSotit tinetisnal groups

i i b LT LB AT .o
M?eﬁ@tt%%dnﬂ%@%ﬁwt g thys Irlthéistrndtura@tﬁ is bietwessn Cpand 4, and where
ranched, saturate i
vig s puembaa opetagplectpondain e Tl 2B B384RG Bhf . and where
w EQ?& hd?ﬁgﬂdﬁ;mdrdy %lﬁ@galﬁtﬂtﬁs. dis mL:mber df secaridery, amine groups,
saturate or multi unsat ur
s D of fearl 2inige aibUps AP Rl Pk afid Wbz i the
ndrﬁbe? gﬂ@ﬂ‘\ﬁ io‘ﬂpé it ﬁeihbompoﬁmamlﬂ s bet\geen 1 and 4, and where the ether
. 2-di etho 0- hex I Si
aricls eying Pipolp oo e & Ay ikl ExTRieR: Kihydofufuryiamine
(n S8 2u=1l, V86, ak="10 k=0 Py=) 2B )l etes at ur at ed singly or
nul t i pI y unsaturated, cyclic, parti aI ly or fully

mﬁh&]or 19)a-lﬁbcaﬁﬂammmxfes hak&:pgamta remiiye &nd Ghrbooyt @;_rg:’aonal groups
b h t t ed
P et PP 22 S LA Rl it 12, anc

wﬁéramnstm ®gmber of Sydlic rings i the siuatuys and is between 0 and 4, and where

SR ARl A0 Py i BhAFTRIR 0, v
w ﬁ@@-&ﬁ&}nbdﬂ deprimalgramige gko:.ﬁs. 1 is tig aumpenef secondary amine groups, y
is *ghe numger’ oﬁe&lgrryaén?uqe g%urﬂlg, And e 1linBkYy<4, and where z Is the
humber of carbonyl groups in the compound and is between 1 and 4, and where the
carbonyl groups can be aldehyde(s) and/or ketone(s), and where the carbonyl and/or
amine groups can be exo- and/or endocyclic. Examples: N,N-diethylformamide {n=5,
u=0, v=0, w=0, x=0, y=1, z=1), (dimethylamine)acetone (n=B, u=0, v=0, w=0, x=0, y=1,
z=1), N-methylpyroliidinene (n=5, u=1, v=1, w=0, x=0, y=1, z=1), ete.

[0097] In certain embodiments, the precursor mixiure further comprises a porogenated
precursor. The following are non-limiting examples of Si-based porogenated precursors,
where the porogen material is one or more of R', R*or R
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unsaturated, cyclic, partially or fully fluorinated;

R2 and R4 can be I ndependently H C, to Cl2, linear

or branched, saturated, singly or nultiply

unsaturated, cyclic, aromatic, partially or fully

fluorinated, nis 1 to 3 and mls | to 3. - Exanple:

1 3- d| acet oxy-l -neo-hexyldisiloxane - R"(Q O CR2) a"
n&%OCR s.mwhere R and R3 can be

[ﬂﬂﬂﬂliepéhd JeySi where R’ eandezindenesdantiyh, Gt ithEnelinear or branched,

sat ulg ﬁ%* Yr ﬁiulﬁBIU Uhddnirateds éyéllbabﬁﬂallyCdrCiuIlﬁ fluorinated; R®

partl -a Tl uori nat ed; can

| ndeg@n@g,ﬂquepﬂer@ly Gido&ra, Impprn@'at?rang}edo F%WW%‘S singly or multiply

sat upaksdratéd, '&%mé %rﬂﬁﬁbtpdaﬁwywammuaﬁmed ayiglito 3.
aromati c, partla g l_lgfluorlnated nis 1lto 3
and m1s-1 Expmple. |ethoxy-neo- xyisilane

diﬁjmplpﬁ (ba? SROMIAKYOR)IE WHeex B! ahd iH*2an be independently H, C: to
"S- O §X

R
i nde&na«eﬂmmﬁnched L oo P Sl oty
sat Ulntiglly flabitbiyd; OFFde iR oanU bé alndegdreientie Y&l toc Ciz, linear or

P e, satitela, S il ottt ey, appmatic, pavtiany or
Z?Zﬁz‘?‘ﬁ’?”‘°"ﬁ?‘??g'¥'fgr‘°wﬁ e or L ed . Re can be
dependént gtrony-| s e ?1%55
[oégn;fj;]‘ﬁgw SBSﬁ:’Q(fORfM whbne Br and Lﬂaaimabe mpem;:gluy H, C, to
ar o arti a u uor J rtially
andnﬁtg,gmgg qaged\ slngy or rﬁﬁl‘ﬁﬁl? nsdtlrite ic, pal
[108(13 & Ohally 3[.u3r|ﬁhtedi Bﬁtmﬂ‘ cane bbeingepercientix B to Cig, linear or
o bt geted, Sl o SB35 Sl partaty or
br anm@dluoﬁﬁ&tuﬁﬁi sl tosafmg:{m ion torBl t i pI y urrl);at ur atbed
cyclic tia can be
[ xdependent lef 1%’8'@ "}e%éar or ranched,
[0STH01) r—ﬂ‘ﬁ(dl#}uﬁgﬂ%[ﬂ%(ﬁfﬂ‘l)w%emrﬁ'mB?m becipdepandently H, C to
" 010 ekl Y DB e, i paray
sat ureat mdy ﬂmﬂgﬁtl;d.oﬁanaﬂld 131] wm:heairdeaewntlry@ te. Cyg, linear or
ar O'Tﬁ:% LS hf@? r%att'graatécy Eﬁ"gﬁ{#] rhMItxpl{/ UA8AHRASE byclik, 'aPorhatic) partially or

and
1- acdtiydjuctinated; RT isbDf x@1) lineae ohbrapkchied; isaturatefipgingly jor multiply

- CR
| ndeﬁ%ﬂﬁ%tp@%%p%ﬁl@ﬁ%ﬁ? Ti??l#é‘@ﬁt@% I';ngr angE@ the two SI atoms, n
sat urigtiad 3 enidmg syt tr3.nul ti pl y unsaturated, cyclic,
tiall
ndependent FPREPR! d %&%?J'ﬁ%ﬁfs"sf&g@%’:?&d
[uom:ranlaco#)afsmﬁf’at@nm wdiers B’ yandriShean ke dedepepdently H, C1 to

" hderenderS k@hwga%ﬁé singii6r AEHBH unSrurRed, cyelic, partially

sat urart Baly ﬂvmgmpdorﬂz and (R pcqn (hes indepandently cGe1pCr linear or
? ' On%réﬁ%{ne%%&ﬁ.@%té&' ,ogﬂ{glJ Y} by \ehiifited, cydhiel diométid, partially or
fully ﬂuorinated nistto3andmisitfo 3.
- Example: 1,2-diethoxy-1-nec-hexyldisilane
[00103] - R's(O(O)CR?)4.,Si where R' can be independently H, C; to Ciz linear or
branched, saturated, singly or multiply unsaturated, cyclic, partially or fully
fluorinated; R? can be independently H, Cy 1o Cy, linear or branched, saturated,
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[001091 [00110] [00111] - Exanple:

acet oxy-t - but oxy- neo- hexyl sil ane -
R"(OR2)p(OOCR4)a.n. pSl-0Si Rsm( (O CR5q(ORB) s, ,,Q
where R and R3 can be independently H Cl to Cl2,
i near or branched, saturated, singly or multiply
unsaturated, cyclic, partially or fully fluorinated;
R2, R6 can be independently C, to Cl2, linear or

br anghifl, orSAliMEIF URSatu et |¢.?fcli&[ awridic ppartiallysmfullyfuednated, n is 1
cyclic, " aromatic, partially or fully fluorinated, R4,
R5cafe Be i ndependently H, Cl. to C 2, linear or

branched,. sgiihgbedacétbRghso-hexyisilahe pl y unsat ur at ed,
lic, tic, tial | ' d,
(031541 -t RBORIFE RSSO g Ypfel P "H 87 can e
ExanphdiipbndertiyaRe 03x- G..3 linkart erbbrenslyed, -saturatedy Isifighy po multiply

xane - ) .
R " ( GRERUEIeS(¥FS f2 Bigllly g %{I%ﬁ, (ﬁzagg) P.‘. c%nqbemmg?%endenﬂy
R ang didoay libear orttanshedesatlsated, sDglvter m;,n%;ly unsatyreted, cyclic,
or branched, saturated ' ol
uns at¥PRERE PE EG@)’ PE{Uﬁ%QP?ﬁ# Ei w ng% 1%?#}?8{?{ Ls o1r }on%t ed;
R2, R6 can leamplic@adiacstoxy-Cneohexyilisioxenpear or
br anch pat [ ' t ndently
R QR R S Y CIDIGR by Hopie) Y pHa B ceh i idapendanty
Rs carH he, forCigfinedeat branthed satticatesl, 3ingly orayiiply unsaturated, cyclic,
branchegd, sat e i Ngk i t€fto Gy, i
0y g 30N Shpap B frd o B b 13 o7k . e
is 1 érior3ncivad, satirated, Bjngly er mutﬁalygxrgﬁtyr@feﬁ,scyth,&rgr_rlat_m, partially

Exampl e; . 1. . 2-di ac - | 7= l1-tR st OXy- |
- neoh@’jkﬂlydfi"‘gqﬂpg@' msﬁ?é #%g%ﬁiggatﬁ?s of the fornula
(OSi RLR$) x, Eaaepie: it,2-diagetmsy-t-neothexyidisiiendent |y H,
0 ORRR! . Wiitie! FL ¥, RSdahtbe irdiopendently H,

[oﬁpé]i b%&@%g‘?‘éﬁﬁ’é&@% parti al I%_ or_full ted, cyclic

f1 uor Cpas €, linesr or branched, saturated cefagly f dﬂV'EP'Vﬂ6‘¥%N. rated, '
Exanpl e ed: be independently H, Cy to Cyg, linear of
1- neoR@?&%P&,ﬁ@,ﬂﬁotmel?tregheﬁtzhcﬂncy%o? etrasi | g@gne1 ic. partially o
EXAVPhiBBchéd) Gataited) singly o mulinht unsatiratede CYGE R mMalc. R Ved
Appl i | | e rdeipafdéntiyt €M tio Ca,, 2liram dix Branched,
chanbgﬂymc{%g@vﬁst@&%ﬁwvance Energy 2000 rf i ially or fully
gener astaratedssinglyaer muiiRhp ssaturated, Gyelics agmaticr pa

reci pg ﬂ&g& faHIRW Ny Pasic steps: initial

set - ugu an &é?‘gﬁﬁ:@?ggﬁiaon of a% fl 0\45 g.ggﬁéig{l&gﬂe

and pur get evExame:chaeatoshAStii-byioxy ey ‘

[0RTP 2 R (O(0)CRR)sSHSIR®A{OR%)sm where R' and R? can be independently H, Cs
to Gy, linear or branched, saturated, singly or multiply unsaturated, cyclic,
partially or fully fiuorinated; R? can be independently H, Ci to Gy, linear or
branched, saturated, singly or multiply unsaturated, cyclic, arometic, partially of
fully fluorinated, R* can be independently C; to Cr linear of branched,
eaturated, singly or multiply unsaturated, cyclic, aromatic, partially or fully
fiuorinated, nis 1to 3and mis 110 3.

-  Example: 1-acetoxy-2,2-di-t-butoxy-1-neohexyldisilane

[00108] - R'n(onz)p(o(o)cna)ﬂmﬁi where R! can be independently H, Ci to Cha, lingar
or branched, saturated, singly or multiply unsaturated, cyclic, partially or fully
fluorinated, R can be independently Cy to Cie, linear or branched, saturated,
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.27 [00113] Post treatnent step(s) with thernal

anneal i ng were conducted In a tube furnace at 425C

for at least 1 hour under N2. Exposure to UV Iight was
conducted using a 6000 Watt broadband ul traviol et

lanp from Fusion W fitted wth an H+ bulb. The

at nosphere was controlled by placing the filnms in a
processi ng chanber equi pped with a 12.52nm t hi ck . s
synt hsibgly oFirhiiltiply pinaateraed, tdyalic, tanomatic, padially @r fdlly fluorinated; R

"0 B, et B o i s sroy o
por ogruitbiNRsatirated; eyclic; arométic, parialyoorfully tirrsatadaapdpis 110 3

of th togen., precursor to the silicon-containing
precuﬁ%‘gﬁ"r’i ﬂfor%'duced into the reaction chanber. As

this ratie iExampescsstoxitt-buivxpneodexydelebgen precursor s
i BaCO ncr 1
ORI B ORG-S SIORERD RIS RGBSR and R can
concehe irstependertiyd,dt: 1@ Ger linems|or bmanshedssaiurategy singly or multiply
: i 6 dently C
ore T pfsandieBel BAA8: iRy Ffl AlodhalsRIRG, ATdn bS'FaSpendentl O,
Nt otz Inesb of Heanahed isahiratRdn BioBly o Muliph UpsRurated, cyclc,

ol ec j b )i © indeperideAtylB] C, to C
The dgtog%élq{cf g%%r téé*@?ﬁ%ﬁ?d; Fg?mv\iﬁach theﬁ‘e Ay ! o

as- dereartascbranched; salutadsipgly @ multiply unsatipated, eyelle, aromatic,
r eact Pﬂﬁgw@mﬁiﬂudrﬁa&a, A% £Id31R6 Dio FRASUtbatarid®ls 1 to 3. |

film ess of the as-deposited.filmand dividin
by the amourxample; h-daeaionyTic-tet w.-ﬂ-"ne%m{dfsggw% ,
[0M3D3 - H'aoﬁeﬁ@ﬁdgcm,;_sisinﬁkecmnﬁgmm&,gg ihefecRtgnd R® can be
Wt h” which the rogen precursor .an . .
sili cmﬁ‘eﬁ%ﬂ@iﬂﬂﬁﬁgcgﬁ‘é&ghsm&aﬂr?&é?'ﬁwga(?ﬂ”m'ns'm‘g or multiply
depos hhés{&ﬂrzﬁéttﬁ@&fc, bartitaw aal ﬁxhﬁﬂu@?ﬁm H;.altﬂﬂcatm be independently Cy
organosilicate, respective 0 e, substr ;
ourf a&® Cig0lness or i feck SatirateR g, U IIRIE pnsaturated, cyolic,
NeasUkgsngis, partiafy oFfulytetninded, R anche neispenderitie H, C1 to Crz,
refractive | ndex of a rmtsrial i s def.ined

- GRal =- .
wher e lipearsor pranchad. satirated,, gipaly pr m B'MLHﬂsgﬁr‘(ﬁa i cs:ycgl#earomatlc,
speed paﬁiahjé ePfully hﬁ&lﬂ%tbd. lh_es ?] it ? mT$¢ o 8fp ?ctto\&a nchg e to 3.

i s nmeasured _usin m lig S |
t hrough t he EP‘P'I“R%: géﬁﬁﬁﬁo’gfﬁ{'gﬁ@i@’@ Sbr%oggﬂgﬂéllap? of
the fil which f h f i
0 asPlely pioasas ot el HEREN JoRAERRY fchd Alend £ can be
of t hmddpgﬁﬁ?ﬂﬂy HhCs tot@dy linazwrarcbranched, sehsaiedbsipgly or multiply
ith th [ ctric consta r ' |
hi ghe unpapTaIet cyEhe RRERD Gty ToHFlEled) St o by toger from 2
di el egdhBi c constant values. In general, the filns
ft t- ti h I f i L Adi ;
than the ascianpe] Bush B FeBhBy-1 34 Aitckfatifidtarasioxane
porogen in the as-deposited filns has been repl aced

with void space, and the refractive index of air is

approxi mately 1. 00029 conpaygf appr oxi mat el y
1.400-1.600 for the porogen. F%g?l?] The dielectric

[0t12] Alt expirimentstwere porformed en ae ApRlisd Materialy Precision-b000 system
in a 200mm DxZ charmber fitted with an Advance Energy 2000 rf generator, using an
undoped TEOS process kit. The recipe involved the following basic steps: initial set-up
and stabilization of gas flows, deposition, and purge/evacuation of chamber prior to

wafer removal.
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C K=C O Were Cls the capacitance of the dielectric
and Co Is the capacitance of a vacuum Capacitances
wer e measured on as-deposited and/or final porous
organosilicate filns deposited on |low resistivity
p-type silicon wafers (<0.02 ohmcm using the nercury
probe techni que. [00118] Mechani cal properties
{nanoi ndent ati on hardness,- Young's Mbdul us)  were
[0049BE mn@@hmnmeﬁa) WEStHsama! dnnéalingweresiondudted incriubpe fumace

o L e egh bR Ao ot g o

watnm’o;dmmdanmnaleﬁanm fiben Fusion Uditted withsm Hepulb. The atmosphere

wa ﬁgﬁlgéi gig%npg?jcl %iﬂ\ﬁé Fo%%ﬁg E%mﬁielg Mipped with 2 12.52mm
i syhaiotiss @%ﬂéﬂﬁgm@wmw&%&mmﬁ peessure in
the Sfarar s fiplelea bfucbi 6 8900 7e0 WP LD SOTS D5 ot
m%‘rﬁl J?:g &%r?@aﬂﬁﬂg rdtic Rthéldiive tholhGonBentAtiRA of the porogen

I'con-contal nl ng precursor
praxunsor o theesliicpn{cooteining WeRwEor introduaeRdadieredeti phamper. As

4o silicon-containin
th'%}%{gﬁoxyrre yrﬁsgf'ane%t%%?/g Bﬁ'é%gfsggﬁgl tion condition g
prewrsoricréasaso Recausedt gl armplar ratiowibe relatdvaisanopairauons are 3n aper

mél&élﬁé b24ls ?Bﬁ%gﬂipié’ fﬂe@gﬁH%&Lmé&s&ah@H 4 nflans tHad teere are four

paci ng carrier gas
mdecuiei‘r ofdhs parogen precursas intiedugediintathe &%&" ‘gg%ml;'e, r Svery one

§ ,&pand DEMS flow rates were
m@g@%&%ﬁ“@gﬁ@%| E‘g ratio of CHO and DEMS

s@?ﬂiétcdéti:ﬁbmbﬁ rétb?.r,l t?\@?lﬁlb'dﬁ%%‘diaﬁ@as-ﬁepbmﬂed fiira és/formged on the
COﬂ an e overa owrate chem
subamgén iheTnectionichmper. it BisteTTnad R %@96@? ity tnifasss o
; E W@'PHH |1di\ﬁﬁ7ﬁ d6 1%-&%&%6’)ﬂmtédmmaammslﬂbmo@rred
m nu Tabl es a an |
over.opes ﬁere@nthnégwerelamép;ﬂ"e ofiepay Wi 351883"? P;”l’ FE:’ and
%&ﬁ%ﬁc@& @@é?% fedctidn invihi ﬁnmm&bﬁa'lbertoformt @
s“%ﬁl&h osition %f ac;?ive Iﬁ&é ' @/rrin)(m
pqmem AchOTDENTIRAIR. TSSPRFINEN) tﬁ@ﬁ@%’@é
1506004. 102001. 480 006002 74230
mummdgwpg»e@m IRV I BB PARIPR Ofa St ek 2000

%i\ | CTR@tefBctivelTRdek & samatenitiliip d@inedasage (%) | ndex
Final) Constant (Final) Mdulus (GPa) (GPa)

RI=%
v

where ¢ Is the speed of light in a vacuum and v is the speed of light through the film.

The refractive index is measured using 632nm light. The speed of light through the film
depends on the electronic density of the film, which for the purposes of comparing and
contrasting the as-deposited and final film properties of the films in this study, correlates
reasonably with the dielectric constant. Therefore, films with higher refractive index
generally have higher dieiectric constant values. In general, the films after post-treating
have lower refractive indices than the as-deposited films. This is because the porogen in
the as-deposited films has been replaced with void space, and the refractive index of air
is approximately 1.00028 compared to approximately 1.400-1.600 for the porogen.
[00117] The dielectric constant of a material, k, Is defined as
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_29 4.16281. 3402.498.01.2 2.78171. 3502. 568. 313
1.94161. 3702.679.71.6 [00122] The data in Table 1 a
and 2a show that a change in the precursor
stoichionetry changes the final properties of the
films. This is because the anount of porogen
precursor and silicon-containing precursor in the
chemi cal feed entering the reaction chanber determnm nes
| ar gel yCt he anount of porogen and organosiiicate,
resffecfdvely, which are deposited on the substrate.
For exarple, at the highest CHO DEMS ratio, the
WHepsEsit te caﬂacﬁadmraﬂ ithe dieleciric and K ite Gapasitasce gha vaguum.

Categﬁ?ﬁg% Dgaé?“arr%r:% ant ¢ %FQ%ES%}??S S ot th s e ﬁﬂr@r.rseé‘r"ghhé‘srlrcate flims

depaosited apdow Téristivity pdype silconiwalersic@,62 th;%mt%"%ﬁ‘e mercury

by the anmount of porogen precursor and the
pr&%%&?h%"%dorgano& [icon precursor i.n th reac“ !pl s) were

[0 8hiddachanisalhireperties(nggen 1"'691‘3
detediiedlusi earﬁm‘smr\bqnaérﬁéma@mm ipRotogdls.t he

porogen precursor nay also be used to control the

[odi1s mﬁﬁarskamyan ipkqiuctsl ware wWatesmiteidsyi theandgravimetric

anglyﬁlggpeas'h@qré\o%@aﬁrﬂ 8%%3@3@{ %ém%%%nﬁ‘g]a% Ware obtained by
x-ray ﬁﬁld&)&{éﬁﬁon Eﬁ&h&:&p@r (xPg) 50 Fb‘wslcatsElsMrll ics ﬁ}%ﬁﬁ_lk\)/gﬂﬂe
rin a n o the
anqupiash yalA® Rperiee s e bl R ingHdRRrdltn, ®, L8 1M e
hed at
@i 00 EPe e fRugnd e p@?o'éé%%?giﬁﬁ';%??h%pﬁ?‘oag"é'ﬂ“'e

Precur sor For mul aH/ C I\/bI ecul ar Density Refractive

Boi ling rati oWwe htg/nLi ndexPoi nt (QQ 155 Cycl ohexanone
(CHO) C8H100L1. 6798. 160. 947 kxdRile 143

124-Tri met hyi cycl Ohexane(TI\/C) H162, 0126. 240. 7861.
4 Vafigtonof therprrogemprsciisghtocsiiegnaoptain J"F%P"*EB %%ﬂ“w

films deposited from TMC and DEM5, or CHO and_ DEMS
R 1 5 ks 14 Sobstdd o 4 AR hehanb () e
diethoxymethylsilane (DEMS). The deposition conditions were as follows: the plasma
power was 450 Watls, reaction chamber pressure was 8 torr, electrode spacing was 360
milli-inches, carier gas was Helium at a flow rate of 210 scem, and the substrate
temperature was 225°C. The CHO and DEMS flow rates were varied to control the ratio
of CHO and DEMS introduced into the reaction chamber, while leaving constant the
overall flow rate of chemical into the chamber. The films were posi-treated by exposing
them to broadband UV light (A=200-400nm) under vacuum for 5 minutes.

Tables 1a and 1b. As-deposited and final film propertles respeciively, for flms deposited
using cyclohexanone and DEMS.

SH0 flow DEMS flow Towml Flow CHODEMS _ Deposition  Refractive Index
{mg/min) (mg/min) {mg/min} ratio Rate {nm/min) (As Dep'd)
450 150 600

4.10 200 :133
400 200 600 2.74 230 .
350 250 600 1.81 260 1.460
i i ' Hardness
CHO:DEMS UV Cure Refractive Dielectric Young's ‘
raio . Shiinkage (%) _index (Final} Constant Final) Modulus (GPa GPa
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has a hi gher deposition rate and as-deposited
refractive index, suggesting that there is a higher
concentration of porogen in the as-deposited CHO film
conpared with the as- deposited TMC film This- higher
anmount of porogen in the CHO fil mcan be readily
observed by exam ning the FT-IR spectra of the
as-deposited films, shown In Figure 2. The spectra in
276 T gg 1T mihickoess of 112
oigCr on. Thgy- 30 por ogessgconcent raggon I n thess 13

1o depositeg fil misitsyet observa8r as an i 1.6
The C FX vibrational stretching between 2700-3100cm .

- [001 ZHETHRURAIiM TASE 1@ ahdhnsiow that a tiangerin the procursprstoigbiometry

1filmls 5.2 il ' 3
changes i fnebRfoperis 3 theflis: Thigde BEGsBHdaBule e piliged,
precif@bearfd $ilkwin-aubtaiting pracassr irgthislcberbicakiesd eatering the reaction

o . , . %
ehangieg cpigries sege B A e E BoideEf P TR cficate, fspadtily
which @fsltépeaitad o epositistrate. rFor exampledal e highest GHOHEME ratio, the
f th - d ' . ' i i
owe el Gt Geiereh conmient S BERTed, AL M THOMENG TN debreases both
the dislactie cordtantandendchanicaBsardhesstof Sielilmg dngragse. Therefore, the

: i L - 3 Qfount of
fim BEPBYER oA B P e oy 8 s B O e a0
orgahbsiliconRreagsor. iDEreagtiorodha®™er 10 Carri er Gas002He

Carrier Gas Flow (scan) 200200 Additive Gas02Qz

Additive Gas Flow (sccm 1010 Deposition Rate

(nm m n) 150290 Refractivexdmgeal. 4521. 616 Fr-1R G Hx
peak area3.275. 25. [0012%}‘ Fi_gur hows the FT-1R

e 38
spectra of the Roacgen BrasunsorFUngtiongbGIUPR, exposure
to broadband UV light for 5 m nutes under vacuum The

spectra show that the C Hx eak areas of both .fj
[00TaR} Sheatnichce aer SARRASRIOR ! B8, Parogeairg oy vB: may slso B used o

con%@%ﬁ@lh@@&&meih éog@’tbgﬁ@ﬁmm Aepusied foneCHO ens2 es

K |
rimabyicygonesane STWIRY. A2 RBUTA homes R P ppatss hoee
prec%.ﬁé‘m@'% b rﬁreéﬁ?ﬁd?fboﬁﬁa%(srdf hltﬁ }ﬁrllsmmgtwm Biketone fumction
grom\/mdﬁl i L%Tomn' [rggéggré}agggslg Sg riplg v@'lgér%%glﬁé}hﬂf?réﬁs attached at
the 1, 2, and 4- positions. :

Table 2. Properties of neat liquid porogen precursars.

H/C Molecuiar Density Refractive B_cuiling
Porogen Precursor Formula .o Weight g Ind Point

947 1.450 1585
Cyclohexanone (CHO) CeHioO 167 9818 O :
1f4-Trimetny|cyc:ohexane (TMC) CgHye 20 12824 0786 1,433 141-143

[00124] The deposition conditions for composite films deposited from TMC and DEMS,
or CHO and DEMS are detalied in Table 3. The film deposited using the CHO precursor
has a higher deposition rate and as-daposited refractive index, suggesting that there is a
higher concentration of porogen in the as-depoesited CHO film compared with the as-
deposited TMC film. This higher amount of porogen in the CHO film can be readily
observed by examining the FT-IR spectra of the as-depostted films, shown in Figure 2.
The spectra in Figute 2 have heen normalized to a film thickness of 1 micron. The
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light for 5 m nutes under vacuumare |listed in Table
4. The data shows that the CHO-1 filmhas a | ower
dielectric constant than the TMC1 film This is due
to the higher porogen concentration, and hence the
hi gher degree of porosity, achieved using the CHO
precursor. Therefore, It. my be advantageous for
certain applications to select a porogen precursor

:t SorbekifLtRIAan Me 24-BEposhed ﬁrm Rkt asmdmm hcmw Gethe C-

recursor that has a ur r
B g bepp 2rchuRoLe! PR P Rkt e
peakQr8a oMk ICHA U il 5325 while thalpeak dreainnisd THMC- filsn isidnly 3.27.

'Thuq:mqqééblrpgz?éq%é’the fllms i n gﬁgéatlvgi@éﬁﬁwﬁg&m

concEntratidn(of i ds%&ﬁfd&ﬁd@ﬁﬁoﬁh& filmk ander Siildrpadesss conditions.
(GPa) (GPa) peak area -TM C-11.4102.6174. 80. 60. 6
CHO 11. 3702-77610. 81.50-9 Exanple 3 [00127] Conposite
films were deposited froma m xture of CE/C| ohexanone
Tablé GHORpasitibn conditibhs)depositiyr mités: asd (@Evye indicgs 2P thpasyy

: I er . ' deposition conditions were as
“%?&%ﬁsﬁ%g'l'égﬁ%&m éeev\%r \a/as 60Q Watts, reaction
Procéss@fisble pr essure  waIME tor €4l ect r ode spaci ng was
Plasm& Bowarl(Walts)ches, carrit@d gas9Bs CO2 at a flow rate of
Charatg) Pesseisre (Toddli ti ve gasBwas 028at a flow rate of 10
Eleﬂtwgﬁ Q"ng("!!lllr i on e wa$e350 nanoneters (nn) per
subst ete rature was 250C. The
flow rat vvere1 ried to control the
;gnd DEMSgigat rodyged Into the reaction
Camis [ e Ieawng gmnst aniet he overall flow rate
camg.femwn nto the znbanberzoc)The films were
Addipedast r eat ed by exposi g then®to broadband UV |ight
Addifver@8Flowi@@m)) under v¥uum fH 5 nminutes and the
Depgsiicn Baedya/mbi} shri nkaglQ 8% Vvari ous
He"‘%ﬁ l86‘?"er|st|cs of t h&43 8% ted and final film
TeHE 8- provided In Table S
[00128] FIG 4 shovvs t he FT I R spectra of the DEMS/ CHO

oot B o H TR S5 UL e AR i r epomr

to b@ﬁéW@VﬁPﬁMbﬁ f‘&?mﬁ&@?ﬁa;rbﬁaaﬂﬂﬁ Eheap?ﬁtrastwmmetmw

ative to e_as [ .
paalag@pgé)gggthggyn%‘ﬁ AYe,985TRAsEA o 8 Eg)'oxfjmﬁglﬁ 0'$hd b. %”}esﬂééwely The
differences between the intensities of the C-H, peaks after porogen removal can be
atiributed to the higher amount of Si-CH, groups in the GHO-1 film, which contribute
some absorption in this region.

[00126] The final film properties for TMC-1 and CHO-1 after exposure to broadband UV
light for 5 minutes under vacuum are listed in Table 4. The data shows that the CHO-1
film has a lower dielectric constant than the TMC-1 film. This is due to the higher
porogen concentration, and hence the higher degree of porosity, achieved using the
CHO precursor. Therefore, it may be advantageous for certain applications to select a
porogen precursor with a ketone or other functional group over a parogen precursor that
has & pursly organic composition to enhance one or more properties of a porous
organosiiicate film.
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Tabl e 5. As-deposited and final film properties,
respectively, for filns deposited usi ng DEMS/ CHO 22178
Propert yAs-deposit edFi nal Refractive I ndexl.4861. 340
Dielectric Constantn/a2.3 Exanple 4 [00129] Conposite
films were deposited froma mxture of DVHD and
di et hoxynet hyl sil ane (DEMS) In a 20/80 by nol e percent
rati o. The deposition conditions were as follows: the
Tabld 4 F5A3 pPAR il PPopgiitias bt the filhe Rtdonsparativerdxample 2ssur e
was 8 torr el ectrode. SRac-0g—ue 50— ncha
Fiim car Retsactya s Qiglectisny WV Gute o,y r offengs o006 i% (R G-y
——addi.t IR el

deX oo Lopstanty > Shiinkage TP

TMC- 1.410 f A o 4.8 5 o &
‘cHo-§UbSt1r0 -j at_u_r sOC .DM—|D_ ang DEMS g9

10

15

20

25

i U U DIVEID

and DEMS Introduced Into the reacti on chanber while
| eavi ng constant the ovdébahipldBow -32 rate of chenical

wot 7], GahrgeiE e pro dokbeli T Frpolf B piddEfim? (GHo) ana
diethm;wmmytauamartnEmso)m ai2R(MEdyy rmolé perenptice Thagieposition
conait 5195 oo 14 AT Uph 200 18} 124 hlpor prossur
was $ tarp teleetrode spaning wae 850 millHrishes,carrigr@gs Gat aflow rate of

3B

- / H
200 G Rl o 5 R SEA Py bl 0 BENE. b aso
nanolrieérs (fra) pér_—rlnhm end thecrubstrelgipmparaliire wes 286G pos HQyand
oev il (8L B0 REREPET s SRR O IO i e
reactieef a(;mmh’ev while leaxing £enstast the everall fipw ratg:of chgmicabiptothe

\/; i ]

chamiar 9268 Bim@ders r@s%@k}é&dm@fp %ig%ﬁﬁdsﬁﬁnﬁowaﬁd WV it Bldz00-

I'TTs contal ni posSited using the )
400nfr)lunder vagupor foy @ minutes and thesperceniage of shrinkage wag-p§ls. Various

1) ! qi,@,g | érgi(rfn &ﬁ& ' OVRfeéthéiRds
chaqﬂ&sg@?g@hte?% ro'gei% . airﬂénc alragédt’deri gi cs of the
provifledhirl Tékleé &, af t er exposure to a W cure for 5 minutes

is provided In Table 8a through 8d. FIG 6 illustrates
001281 FiGo Heatiowsshe FTB snecla ol e RMS/CH Tigsdelere aF s-deposiied

and &t xPBLurb % bloBBB&nd UV Bt fo’s minutes under vacuum. The spectra
show that the C-H, peak area of the pest-UV ireated film relative to the as-deposited film
has decreased by approximately 84%.

‘-I'able 5. As-deposited and final film properties, respectively, for fims deposited using
DEMS/CHO (22/78)

Property ' Ag-deposited Final

Refractive Index 1.486 1.340

Dielectric Constant nfa ' 2.3
Example 4

{00129] Composite flims were deposited from a mixture of DMHD and
diethoxymethylsilane (DEMS) in a 20/80 by mole percent ratio. The deposition

conditions were as follows; the plasma power was 600 Watts, reaction chamber pressure
was 8 torr, electrode spacing was 350 milli-inches, carrier gas was CO2 at a flow rate of
200 sccm, additive gas was O2 at a flow rate of 10 scem, and the substrate temperature
was 300°C. The DMHD and DEMS tlow rates were varied to control the ratio of DMHD
and DEMS introduced into the reaction chamber while leaving constant the overall flow
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Tabl e 7A. Deposition Conditions for DEMS+ATRP WLI Li NN
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7a through 7d. The characteristics of the finai film after exposure to a UV cure for 5
minutes is provided in Table 8a through 8d. FIG. 6 illustrates the relationship between
hardness and dielectric constant for these films.




e Eil Qe~3331 r 31600a4503006601460022000210- 04. 0
327608400300490210002200022802. 3
336006380300490210002200002. 3
3460010350900680145002200021004. 0
357808360350420105002200025004. 0
3676083503504201060022000250- 04. 0
.377508360890420105002200027504. 0

Tablpd'Ag (pesithacCargitionsion PEMSORATRR. 0

0

4d4506B503¢049 09220do225} 02. § - 5| %
447:@sp6g33o 22040250p4. of & g i
adashapsE3goop 1o 2.3 2 8| o |a E
«4378DaB5§sgo 190 2% 3 é
44799 1p3B03 28190 2E 0 $2]3 E
1 - 02 50 - 0 4.0
2: o ‘He~] S00 | O2 | &0 - o | 4.0
3 He| o2 | &0 . o 4,0
474 7 R3O ] ™ %m - | o | 40
s D4 DA%! [ T 911|800 TS08 4T 0y ce | 8 | APC300 | 40
8 30 UX500L 89U 236000 g25o %00 | He | 750 | Oz | 80 | - 0 | 40
7245 1 (ago’ UMAGGE- % 800 | 02 | S0 - 0 4.0
8 34 0TR0 ) T35 112 3600 P B88) coz | 200 | 02 | 10 ) . 0 | 40
9] GWQPOQO 088 1|7 3005 BbCa 200 | 02 | 25 1 - | o | 23
10 760 B S50 | 300 | 680 145 | CO2 { 200 Q2 10 - Q 4.0
11 _Jeos | 6 {350 300 ee0] 148 co2]| 20| 02 w0] - | o [ 40
12 800 8 '350 | 800 | se0 146 | COZ | 200 gﬁc 10 - o 4.0
13 | 460 | & [ 300 | 228 "800 | 200 | He | 480 | 02 | 60 | Co2 | 800 | 40
14 750 8 350 300 760 190 | CO2 | 200 o2 25 - 0 4.0
15 750 8. 350 300.] 780 190 | CO2 | 200 g_ 25 . 0 4.0
16 § 750 | 6 [ 350 [ 200 ] 480 | 210 | co2 | 200 | ©2 | 26 | - | 0 | 23
17 750 B 360 | 300 | 780 190 | CO2 | 200 Q2 10 - Q 4.0
18 750 B - 350 800 760 100 | CO2 | 200 02 10 - (] 4.0
19 oo | & [35 | 300 490 210 coal200] 02 | 26 | - [ 0 | 23
20 800 8 350 | 300.] 420 ] 108 | CO2 ;ﬂ_i o2 25 - 0 | 40
21 {750 | to | 360 | 900 | 490 [ 210 {co2 | 200 | 62 | 28 | - | o | 28
22 800 8 560 ] 300 | &80 148 | GO2 | 800 Q2 10 - 0 4.0
_ 23 800 8 550 800 | s80 145 | CO2 | 600 Q2 10 - ) 4.0
24 750 8 as0 330 420 106 | CO2 | 200 02 80 - 0 4.0
28 760 -] 350 380 | 420 108 | CO2 | 200 02 80 . 0 4.0
| 26 | 750 | & ) 3s0 | 360 | 420 | 105 | cO2 | 200 | o= | 28 | - 0. | 40
27 750 8 S50 | 300 ] 360 | 240 | CO2 | 200 2 25 - 0 23
28 750 -] 380 330 | %80 $0 cO2 | 200 QL &0 . 0 4.0
28 600 8 asko 300 | 490 | 210 | CO2 | 200 Q2 25 -, 0 23
30 600 8 550 800 | sao 145 | COz2 | 400 Q2 10 - 4] 4.0

-



6730886 800880120C02200022605.7 0
66008400200500200002300002S
7750a360300669116. 260022000225- 05. 7
a750835030056024000220002t 0023
9600a350250460160002200021003. 0

Tﬁg%@m4661@&g}2260004 0 TgrFteont)

0

25 0

0 - 0
o408 01 858 4 02 10 - 0 4.0
35 4 ] i i oz | so - 0 4.0
241 aon £ m 200 02 50 - 0 4.0
) i 1° 02 o2 | 78 . 0 4.0
oy o2 | 25 . 0 4.0
i 200 | 02 | so - 0 4.0
15 [ BoZ b By qUoRoPE0] - | 0 | 23
A $30°] 480 | 120 jco2 | 200 | 02 | 80 - 0 | 40
47 19 S300° P Uge” Y Uit booo | 02 | 28 - 0 2.3
0] 1oRdoCP 498 10200 [Scoaplgeo {Bo2lessijti-o o | 23
TOT07s0" Pife mmmmom 200 {[yo8 D 800 _863 o | 23
45 | 780 8 | 350 | 300 | 420 |80 [ CO2| 200 | ©O2 | 26 - o | 23
a8 | 750 | 8 | 300 | 900 | 490 | 210 j co2 | 200 | Q2 | 26 . 0 2.3
47 | 600 B | 550 | 300 | 580 | 146 | co2] 200 | 02 ! 10 - [ 40
48 | 750 8 | 350 | 250 | 480 | 120 | cO2 | 200 | ©2 { 80 - 0 4.0




- 87

{wes) z o

{rwa0e)

(wr0e)

(uwl
MOld SIN3

160 | coz | 200 | O2

{uy
ol oW

(9} sunpesechue, m

- (o) Gurowagl@

10 0 1.1 33 800

' 002 200 02 26 0 5.7 31 760 8 38 300 210 87.5 002
200 02 10 0 1.0 32 600 6 350 300 210 217.8 002 200 02

Table 7B. Deposltion Conditions for DEMS + LIMO
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T R ErpetiRaTARERI AR 100,

3.64'0.41

DEMS + ATRP

2 | -
2 | % |8
. _ 2 2
1311 . = 3
La&11 3.80(. o 2
84 l7em | 21 &
‘ 08| 3|8
) ] 1.71 | 0.09
1621, 49581134636 [1-9205D 10401698 2033740284 | 1.71 | 0.18
171, $0FHEs3SMa4y. [1-D6As9bBe1y24®m0| a7 | 214 | 299 | 0.32
1ql. 16atshed03ad) |L.0382 7&?1% 37113215 | 370 | 042
L5l 195449344 [L017 8503.3840. 295 | 3.54 | "0.41
g?gié %732133 i ﬁi?’_}) 3;:@2: égf:ﬁima 370 | 0.1
i k304 £330 [-0 174 &3&-“2@1% 28 1-217 | 247 | 0.25
zgg.ﬁééwbﬂihgﬁ’Tﬂ#éﬁdiﬂﬂ1\dhﬁn 177|218 | 409 | 050
o8 192774417343 1048kl A9087h 84|08 4221 | 432 | 0.62
250. 4931034830 [1-0336p 32376, 9884|9118 45222 | 251 | 0.25
281. 163065026 [1-na82b 1914 p. g4 | 7@0. 422.28 | 3.30 | 0.40
242. 49%be 3ohade {Lo44d P5719434.186(). 825 | 564 | 0.76
- PUBesJ°Pa k l4ox?45.38U0. 496 | 3.50 | 0.40
14 [1.456| 132¢4]-0132) 727 | 613 | 16 | 220 | 644 | 0868
15 | 1478 | 1.349 [-0120] 1187 | 1037 | 13 | 220 | 653 | 0.95
16 | 1.482 | 1.345 [-0137] 1723 | 1529 | 41 | 2.20 | 3.74 | 057
17 | 1503 1.351 | -0.152] 489 | 414 | 17 | 230
18 | 1.486 | 1.363 | 0103] 948 | 767 | 19 | 230 | 937 | 1.32
19 | 1.483 | 1.344 | 0139] 1007 | 810 | 10 | 230 | 364 | 0.48
20 | 1479 1.333|-0148] 797 | 732 | 8 | 230 | 6.13 | 0.;
21 | 1.463] 1.345 | -0.118] 983 | 8ce 9 | 234 432 | 081
22 | 1494|1360 | 0125| 608 [ 515 | 158 | 234 | 689 | 0.86
23 | 1.495[ 1338 |-0.1567] 385 | ass | 10 | 2.34
24 | 1.493| 1.347|-0.146| 867 | 810 | 7 | 230 ]| 491 | 065
25 | 1.493] 1348 [-0.145] ses | 821 5 | 238 | 491 ] 065
28 | 1.468 ] 1.352 | -0.116] 825 | 791 4 | 242 476 | 0.62
27 | 1.489] 1.355[-0.114] 1081 | 1022 | 5 | 243 | 4.26 | 0.61
28 | 16509 1365 |-0.144| 1035 | 926 | 11 | 244 | 3.80 | 0.47
20 | 1488 1.338 | -0.120] 783 | 748 4 | 244 | 587 | 090
30 [ 1.467 | 1.328]-0.139] 418 | 385 8 | 246




291. 4581. 338- 0. 12078374842. 445. 870. 90

301.4671.328-0.13941838582. 46 Table 8A. Film
a9 m

Properties for DEMS + ATRP (cont.)
t! .2a ,F 311.4521. 3360. 11446343562.

46

321. 4761. 364-0.112104198752. 474. 28054
331.4791. 362-0. 117487402172. 486. 900. 95 341. 4441. 341-0.

Taile BA, i Bmpset N8 TBE MY 64 361 402

1. 378-0.11482478652. 506. 100. 84

a ~—~o0 ~F cws

= 367 ”.121"”733302.—5-@?. 90058

381} 4671|369- .09833985852. 51.651115 9} & | _

1. 4941. 490- 0. 9410 959 1$0. 483 : S

401{4501.357- d. 0931p1 93;%545.08&. 85 4 1§4671=_?37 0.

096{5%844825559. &51{ 3 = & | o > 8

421]441.|338- (. 1686P6 632.%6".4%1.125. & :

21.421. 308- 0l 0§s1b1' 117482 |568. qeo¥ar] € | &
1]4341.|348 0] 08873 83412.567. 191.|118 =

%1.#5@; 38%- 0 _ = .

T406:2. 3083 D0116D 148301 24319 6 238,

T %05 [3heed] 0aiz| 369830887 d0 § | 247 | 428 | 0.5
33 | 1.470 | 1.862 | -0.117| 467 402 17 248 | 660 | 085
34 1.444 | 1.341 [ -0.103| 557 603 10 250 | 1030 1.51
35 | 1.492] 1.378 ) -0.114) 898 842 6 260 | 610 | 0.84
36 | 1492 | 1.378 | 0114] 624 | 786 | 5 | 250 | 810 | 084
37 | 1488 | 1,367 | 0121] 947 | 888 | 6 | 250 | 480 | 058
38 | 1.467 | 1.368 | -0.0981 829 858 S 251 | 785 | 1.16
30 | 1.404 | 1400 0094| 1048 | 954 | 9 | 263 | 416 | 049
20 | 1.450 | 1.857 | 0.098) 1013 | 998 | 2 | 254 585 | 085
41 1.487 | 1.871 | -0.098] 755 694 8 255 | 925 | 134
42 | 1.447 | 1.339 | -0.108| 696 676 3 256 | 743 | 112
43 | 14851 1,392 | 0.093] 1214 | 1174 3 256 | 408 | 047
44 | 1.434 | 1.2346 | -0.0881 743 734 1 256 |1 719 { 1.1
25 | 1502 | 1381 0421] 1318 | 1228 | 7 | 267 | 346 ] 036
a6 | 1.490 | 1.390 | -0.100} 1300 | 1248 4 258 | 384 | 0.40
47 | 1.423 | 1.366 | -0.057) 369 | 330 | 8 | 260 _

25 | 1.467 | 1,386 | 0101| 708 | 683 | 3 | 260 | 738 ) 104

<41 -



481.4671. 386-0. 101706683 32.607.38 1.04 - Table 8B-
Film Properties for DEMS + LIMO -C 2.aa Co. v 1
1.504 1.318 -0.188 898 741 17 2.12 3.26 . 0.41
21.5111. 335-0.176902712212. 121. 980. 14

31.5171. 338-0.179486346262. 136. 400. 74

41.5101. 332-0.178869724162. 142. 580. 28

%e%ﬁég;ﬁg%%épééwéé%gOO 25 6 1.471 1.318

|

71 B [aYe W Natw LaVaVaVe Vo BNV V- PIP-W-N
g TN Z OOk, UL |4IJ9UZ 8

g.
| s 3|3
bod S - - §
s 55|38 |8]85|¢]|¢
x 4 §_ = £ £ = ® 122 l:f
z | &2 | &|5|E]£]|38 |2 S
1 1504 { 1.318 | -0.186] 888 741 17 .12 3.26 | o.41

2 1511 | 1.335 | -0.176] 902 | 712 21 212 { 1.98 | 0.14
<) 1517 | 1.338 | -0.179| 4656 | 346 26 | 213 | 640 | 0.74
4 1510 | 1.332 | -0.178]| 859 | 724 16 214 | 258 | 0.28
5 1516 | 1.361 | -0.185| 918 | 712 22 218 | 250 | 0.25
3 1471 ] 1.318 | -0.153| 484 | 408 17 210 | 275 | 0.28
7 1512 ] 1,362 ] -0.150] 949 726 23 | 220 | 249 | 024
8 1514 | 1.371 { -0.143] 817 | 597 27 222 | 262 | 0.24
9 1.506 | 1.337 | -0.160| 1305 | 889 33 | 223

10 | 1.800 | 1.317 | -0.183| 1445 | 1000 | 3t 223 | 280 ]| 0.32
11 | 1524 | 1.386 | -0.138} 560 | 315 44 226 | 410 | 043
12 {1518} 1.351]-0.185| 885 | 730 15 | 228 | 248 | 022
13 | 1.480 | 1.309 ] 0.171] 1708 | 1269 | 25 | 2.29 381 | 0.55
14 | 1.511 | 1.410] -0.101} 1011 ! 768 o4 | 220 | 2683 | 0.28
15 | 1.484 | 1.355 | -0.129| 1398 | 1251 10 231 | 8156 | 0.85
i6 | 1.823 | 1.388|-0.135| 963 | €10 37 | 232 | 272 | 025
17 1 1485 ] 1.088 | -0.119] 1112 | 917 18 233 | 435 ] 061
18 | 1478 | 1332 [ -0.146] 811 | 669 18 233 | 444 | 0.58

19 | 1484 | 1.383 | -0.131] 1454 | 1300 11 233 | 330 | 044
20 | 1,502 1.288 | -0.204| 420 | 348 17 234 | 770 | 092
21 1.479 | 1.378 | -0.101] 1044 | 856 18 234 | 2,34 | 001
22 | 1.500 | 1.353 | -0.147| 986 821 17 2.34

23 | 1,503 { 1.830 | -0.173] 1316 | 1131 14 234 | 320 | 044
24 | 1527 1.410)-0.117] 1080 | 774 | 28 235 | 2.88 | 0.20
25 | 1.467 | 1.302 ] -0.165] 1117 | 848 24 238 | 5.30 | 0.83
26 ! 1.471] 1.315|-0.156] 868 | 74 23 236 | 440 | 0.68
27 {1471] 1815]-0.156] @66 | 741 23 236 | 3.40 | 0.51
28 1.362 | 1.362 | 1500 | 1238 18 236 | 609 | 0.75
28 | 1.478 | 1.366 | -0.1221 1297 | 1181 g 237 | 394 | 057
30 | 1475} 1.8343|-0.132] 1301 | 1179 8 2,37 | 445 | 0.66




1.514 1.371 -0.143 817 597 27 2.22 2.62 0.2
1.337 -0.169 1305 869 33 2.23 2.60 0.32 10 i go% 20217
-0.183 1446 1000 31 2.23 4.100.43
111.5241. 386-0. 138560. 31544226
121.5161. 351-0. 185885750152. 262. 480. 22
iii g?gi 328 0.17117031269252. 293.810. 56
0. 2 .2
[Eble gl Flad e gﬁ@ﬁ%‘@%ﬁi@%gﬁo. 05
161 52313880 _13 W aksler] N | i o e

TOOT L. V&L, | 2ULD

171. 4851. 38B- 0. 1191114917142. 334} 350. b1

{GPa, post-UV}
post-UV)

8
(post-UV)
EE:

(post-UV)

(nm, as-dap'd)
GPa,

| (as dep'd)
hange in Rl

(nm, post-UV)
kage

31 1.541 | 1.422 | -0.1198] 1171 | 764 36 238 | 300 | O

32 | 1.469] 1.334 | -0.135| 962 848 12 238 | 471 | 068
33 |1483)] 1.355]-0,128] 824 | 662 20 238 | 6570 | 0.78
34 | 1.465| 1.338 | -0.130| 1014 | 900 11 239 | 448 | 085
1.490 | 1.388 | -0.132] 1569 | 1378 12 240 | 3.38 | 044
1.501 | 1.351 | -0.150] 1478 | 1318 11 240 | 838 { 044
37 | 1.464] 1.299]-0.165| 1076 | 856 20 240 | 450 | 0.72

a8 | 1.514 | 1.414]-0.100| 665 | 478 28 240 | 3.65 | 034
39 | 1.497 | 1.410 | -0.087| 1164 | 951 18 241 | 434 | 058
40 | 1.450] 1.341|-0,109] 1184 | 1104 8 242 | 413 | 0.86
41 1465 | 1.321 | -0.144]| 976 { 796 18 243 | 4.00 | 0.61

1461 | 1.338 | -0.123] 1223 | 1148 }. © 243 | 445 | 065
1.476 | 1.342 | -0.133} 1172 | 1085 7 243 | 445 | 066
1.448 | 1223 | -0.122| 1018 | 837 8 244 | 532 | 0.87
1543 | 1.449 | -0.004] 1287 | 779 a9 | 244 | 3.74 | 0.41
1a51 | 1.351| 851 | 733 14 | 245 | 742 | 1.11
13561 | 1.351| 640 | 524 18 | 245 | 8.01 | 1.22
1479 | 1,337 ] -0,142| 878 | 714 19 | 246 | 788 | 1.1€
1.454 | 1.341 | -0.113| 920 | 839 9 245 | 555 | 0.87
1.482 | 1.366 | -0.128] 1479 | 1371 7 246 | 3.70 | 0.54
1.484 | 1.348 | -0.115{ 1188 | 1113 8 246 | 564 | 0.88
1.490 | 1.355 | -0.135| 1253 | 1149 8 246 | 380 | 055
1464 | 1.349 | -0.115] 1043 | 996 5 249 | 526 | 0.83
1348 | 1.348 | 1117 | 978 13 | 249 | 705 | 1.13
1.480 | 1.348 | -0.116] 1303 | 1227 6 250 | 487 | 0.74
1448 | 1.380 | -0.088| 956 | 896 6 252 | 874 | 1.07
1500 | 1.389 | -0.120)| 1889 | 1468 | 13 | 252 | 8.18 | 0.36
1.443 | 1.330 | -0.113| 1058 | 1008 5 252 | 494 | 0.74
1.396 | 1.306 | 1031 | 862 16 | 252 ] 965 | 1.1
1.495 | 1.407 | -0.088] 596 | 476 20 | 263 | 385 | 040

glaigialalzie|o|Bie|s|6|E (25|61 k|6|6




181. 4781.
191. 4941.
201. 5021.
211. 4791.
221. 6001.
231. 5031.

LD %‘&QP%@%?%%%@%”%%’ 33 26 1471 1315

332-0.
363-0.
298-0.
378-0.
353-0.

330-0.

146811669182. 334. 440. 58
13114541900112. 333. 300. 44
204420349172. 347. 700. 92
1011044%$56182. 342. 340. 91
147986821172. 34
17313161131142. 343. 200. 44

0. BBL
363. $00. 51 ) _
75 291. 4781 3 S
10%7 é =<
4%. 46 2 |Tapl e 8§
Ty 0] @ QU Sodva g
B528 3 3. 00288 > | &
3. 711%64 £ 2 =2
Iadd J-253 | 868 1.28
>1sagc 070804 <& |42.54 | 688 | 1.1
63 1355 | 1355 | 8562 727 15 285 | 12580 | 1.10
64 13661 13661 1055 | 901 | 15 | 2.55 | 10457 1.61
85 1.445 | 1.362 | -0.083| 1143 | 1085 -] 255 | 7.31 119
66 1375 | 1875| 1075 | 983 | o | 2.86 | 1246 | 1.61
67 1355 1.355| 773 a77 12 266 | 1089 | 1.65
&5 | 1535 | 1.488 | 0.047] 1114 | 660 | 41 | 258 | 332 | 0.25
69 1.540 | 1.461 | -0.079] 807 536 a4 2.58 3.84
70 1.438 | 1.343 | -0.095| 854 620 4 259 7.16 1.13
71 [ 1454 | 1.3481-0108] 1200 { 1138 | S | 260 | 613 | 0S8
72 13361 1336| 864 | 785 | © | 259 { 661 | 1.35
73 1.374 | 1.574] 734 | 8n 13 | 260 | 1158 1.71
74 13671 1367 | 966 | B2 | 8 | 260 | 894 | 142




361.5011. 351- 0. 15014791318112. 408. 380. 44

371. 4641. 299- 0. 1661076856202. 404. 500. 72 38 1.514 1 414
-0.100 665 478 28 2.40 3.66 0.34

391. 4971. 410- 0. 0871164951182414. 340. 59

401. 4601. 341- 0. 1091194110482. 424. 130. 66

411 4651. 321 0. 144976796182, 434, 000. 61

4Table 8C:  FilesPropetties ornBEMS £SHs 1 450, 65

431. 4751, 342-0.13311721080872 A34. 450 6

41 44%1. 323-0. 142101893782] 44. §. 320487 =

4p1. 5481. 449- 0. 0941287[77939p. 443]740. 41 3| s

4p1. 35]1. 351851733142. 5% 4p1811 il 3

4F1. 36]11.:861640524182. h5& o1 | &1 %

4B1. 47 1%3 - B 142887402 4?. 28],16 2| & 4

4p1. 4541 8473- 081139 89%. 5 50(%7 s | & | &

5p1¥1831.866- 08146157913 E172. a8 | 3 &

511 31641.849- op1151£88h1 . P

1 Thisd 7. 6:238(0.265 | 2.30

1 AT I3 R I8 9P need P 1286]- 89 | 2.

6 t A 0 43¢] 480s U576 ] ok 408.00. 462 (.08

! 4 11802 | 1.380 | -0.152) 1018 | 760 | 26 | 2.36 | 6548 | 0.83
5 | 1.504 | 1.388 | -0.116] 1384 | 1018 | 25 | 2.36 | 548 | 0.83
6 1.472 | 1.342 | -0.130| 947 889 27 237 | 834 | 095
7 1476 1355 | 0.121| 1223 | 890 | 28 | 2.87 | 634 | 0.96
8 | 1.464] 1.320 | -0.144| 807 | 625 | 23 | 240 | 669 | 082
9 1.489 | 1.352 10,137} 814 641 21 244 | 579 | 0,81
10 | 1.533 ] 1.305 | -0.148] 1188 | 923 | 20 | 247 | 422 | 0.60
11 | 1478 | 1.947 | 0131 676 | 406 | 28 | 2.49 | 9.01 | 1.33
32 | 1475 1.360 | -0.115| 014 | 654 | 28 | 2.49 | 9.01 | 1.33
13 | 1,454 | 1.376 | -0119] 829 | 672 | 19 | 251 | 626 | 0.4
14 1457 | 1.328 | -0.129( 826 659 20 252 | 763 | 1.24
15 | 1.474 | 1.368 | 0.108| 548 | 431 | 21 | 282 | 7142 | 1.02
16 | 1465 | 1,346 | -0.199| B35 | 420 | 21 | 2.56 | 8.50 | 1.26
17 | 1477 | 1.987 | 0.090| 601 | 6a7 | 24 | 2.56 | 850 | 1286
18 1459 ] 1.350 | -0.109| 682 563 17 2566 | 830 1.27
19 [ 1.447| 1.348 | 0093] 918 | 755 | 18 | 280 | 813 | 1.34
20 1514 { 1.396 | -0.118| 1131 | 1061 & 260 | 491 0.64
21 1.507 | 1.436 | -0.071| 1291 | 1165 11 2.680 4.91 0.64




4.87 0.74 1.4481, 360. 0. 08895689662. 526. 741. 07
1.5091. 389-0.12018891468132. 523. 180. 36

581. 4431. 330-0.1131058100952. 524. 940. 74

591. 3981. 3961031862162, 529. 651. 41 _
601.4951. 407- 0. 088596476202. 633. 950. 40 Table 8B. Film
Properties for DEMS + LIMO (cont.) d WEFLO Y} C7 C
. TAHB DL Filmfrrbpéfied fGMENS 156898690172, 538. 691. 28
621.4351. 331-0.10474170262. 546. 881, 11

: : 152[5512.p01. 1 <
41. 36p1. 3661055901154 5510] 45' 1} 61 _
51. 44p1. 36p- 0. 043114310856p. §67| 311. ]9 i |3
1.37b1,375107598392./5682. U6 6. @ _ 8 3
1.35p1335 7§6 7122.)56%0. poE 65 & | 2 ; | &
1.63p1 &88- G 047131466841p. 383] 3. 25 5_ g

6P 1n54D1.946 -%o 9887536842| 5¢3. $4 2 % = | &
7P1843B1 - 0966B4629%2. BOE 161.43| =

; 1 1QQ "i" Pt - X 1'1‘,"_ - 492.21 3.60 0.48
7h1 27} 1489 [ 30 A AL A0 L 0,0 95 1228 e ]
op6@0242.5081 11.3ped 0 8p| 10 L €48 137, DE%W foers .'354
DEMVR +| G498 a%__amsa 1236 | 788 1 50 | 230"| 870 O

5 1.496 | 1.366 | -0.129| 881 612 31 231 | 510 ] 071

G 1.490 | 1.336 | -0.184| 1438 | 958 33 2,35 | 3.20 | ©.38

7 1.497 | 1.331 } -0.166| 891 624 30 240 | 520§ 077

8 1.471 | 1.357 | -0.114] 1234 | 835 24 2.48 | 810 | 0.87

9 | 15221 1.408 0118 1411 | 12s3 [ 11 | 250 | 380 ] 055




11. 4851. 339-0. 14616381237202. 30

21.4871. 340-0. 14715681254192. 30 : :
31. 4661-322-0. 1341008764242. 303. 520. 38
41.5021. 350-0. 1521018760252. 365. 480. 83
51.5041. 388-0. 11613641018252. 365. 480. 83
61.4721. 342-0. 130947889272. 376. 340. 95
71.4761255-0. 1211233890282CBAMMSB40. 96 8 1.464 1.320
-0. 144 807 625 23 2.40 5.69 0.92

H.. 488HerRb@vapdBdabslion Fethaiior fremingian organosilicate giass porolis
1015331 3850, G 4 bk Gstant of 2.7 orless,

111 Hmen s%%% . 4%%’.@011. 33 i
121 .cbriptisBE06adting SUpreaursemixhme comprigag: at least one organosians

141 48t Saalg B sndsHHRogh precursor seeciedom T

151 gtadd caedstiog th654843112. 527. 121. 02
161. 4651. 346- 0. 119535420212. 568. 601. 26
171. 4771. 387-0. 1807242, 1.2
181. 45¢). ggbyo?mggggg aglg@qmz .Ogggﬁ.?r&!ﬁ‘?%z"’ more alcohol groups and

191, 4471. 348- 1G AR08, Hid w36 (OH), where n=1-12, and
201. 5141, 39@9‘8@%%%6162. 60, .

%.910..6
211. 5071. 43herepyisibe Dumbenafcyslongsdn élf’ stysiuge g is between 0
Fi | m Proper 4,89, hAd whERSy 1§ td-hmber of unsaturated bonds In the

structure and is between 0 and n, and where 2 Is the number of
aicohol groups in the compounds and is between 1 and 4, and where
the alcohol functionality can be exacyclic and/or endocyclic;

(b) hydrocarbon structureé containing one or more ether groups and
having the general formula CpHans2.2x2y0z Where n=1-12, and where X
is the humber of cyclic rings in the structure and is between 0 and 4,
and where y is the number of unsaturated bonds in the structure and is
between 0 and n, and where 2 Is the number of ether linkages In the
structure and is between 1 and 4, and where the ether linkage(s) can
be exo- and/or endacyclic;

{c) hydrocarbon structures containing one or more epoxide groups and
having the general formula CoHzaezarey2:Vsz where n=1-12, and where
x is the number of cyelic rings in the structure and Is between Oand 4,
and where y Is the number of unsaturated bonds in the structure and is
between 0 and n, and where z is the number of epoxide groups in the
struciure and is between 1 and 4, and where the epoxide groups can
be attached to a cydlic ring or a linear chain;

(d}  hydrocarbon structures containing one or more aldehyde groups and
having the general formuia CuoHane 2x2y2:0; Where n=1-12, and where
x is the number of cyclic rings In the structure and is between 0 and 4,
and where y is the number of unsaturated bonds in the structure and is
between O and n, and where 2 is the number of aldehyde groups in the
structure and is between 1 and 4;

-47 -



10

16

26

10 .20. "Cmap( 49 Y+(O ne43 EE-0C, .. m
54810482 213. 600. 48 1.4991.327721088890362. 294. 200. 61
s1.5051. 338-0. 6710338492. 60024

pl.4931. 325-0. 16812367563. 700. 54

1. 4951. 366-0.129881812M5. 100. 71

1.4901. 3360. 18414389683. 200. 39

é. 49715.931- Aydk8&H0d0 ERMGs Bantaining one or more ketone groups and
1. 471

357, 23493
01, 5221 404084 EPETERL T laypra: yhorg o112, and whore
A chenical yapge ndebes ot tysiic riegsodhe strudtige andds aﬁween 0and 4,

or ganosi | i catg I assﬁsgﬁé%ﬁ J&|Mrﬁe§|ﬂaﬂ§’]ﬁ&ﬁb stmcture and is

having por e8" ric constant of 2,7
conpri si ng bemeiehoan mraelduvm Zig mﬁw@b@bﬁﬁ‘%hyﬂﬁ Oaypein the

| east one or 03|I of | 3haWHePe Hecketone group(s) can
precur sor u &r%gn precuras‘,rg{‘gsel ect ed fromthge e}

group consi séleug- midlor(endac}(qbp (c) (d)
(. hydrocarbon structures containing one or mare carboxylic acid groups

and having the general formula Crlznz-zx2ya:(OOH), where n=1-12,
and where x Is the number of cyclic rings in the structure end is
between O and 4, and where y Is the number of unsaturated bonds in
the structure and is between 0 and n, and where z is the number of
carboxylic acid groups in the structure and is between 1 and 4;

(g)  hydrocarbon structures containing an even number of carboxylic acid
groups and in which the acid tunctionality is dehydrated to form a
cyclic anhydride group where the structures have the general formula
CoHaona2x2pe:(Os): Where n=1-12, and where x is the number of cyclic
rings in the structure and is between 0 and 4, and where y is the
number of unsaturated bonds in the structure and is between O and n,
and where z is the number of anhydride groups in the structure and is
for2; . .

th) hydrocarbén structures containing an ester group with the general
formula CoHense.ax2y-2:{Oz); Where n=1-12, and where x is the number
of cydlic rings in the structure and is between 0 and 4, and where y is
the number of unsaturated bonds in the structure, and where none of
the unsaturated bonds are conjugated with the carbonyl group of the
ester, and where z is the number of anhydride groups In the structure
and is 1 or 2;

{i} hydrocarbon structures containing an acrylate functionality consisting
of an ester group and at least one unsaturated bond that is conjugated
with the carbony! of the ester group, and having the general formula
CoHangaxay2:{02): where n=1-1 2, and where X is the number of cyclic
rings In the structure and is between O and 4, and where y is the
number of unsaturated bonds in the structure and is greater than or
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(a) hydrocarbon structures containing one or nore

al cohol groups and having the general fornula
C'Ha.a,-;(OHyz where n=1-12, and where x is the
nunber of cyclic rings In the structure and Ii's between
0. and 4, and where y is the nunber of unsaturated
bonds In the structure and is between 0 and n, and

uhere z 1S dify vitlers 8t IBERQf ti Gnyaturiiedittivads are conjugated
compounds and 1s B

etween 1 and 4, and ;
al cohol f uneith thesarkanyteroup of MRS ?Q‘Y\@ﬁér%ozr'g% number of

endocycl i c;estép?raulggﬂqﬁégﬁmrmigneszqzont ai ni ng one
or nore ether group

d_ having t "
G 0, @) o bysspesbon SIRgh GONAEIS ot B Ao B functiona
cyclic ringgeolfs hﬁ@n&&iﬁgaﬁg@mmmmme;mmwmmg where
and where y~is the nunber o

of unsat ur at ed. ' Eﬁnl nd
structure afdl-i3, ansbipre W @@%BU'HEG%%@W;" P{séétt grresd
nunber of efgiwkdr b ages, amd where )sis theshumberaf inpaturated bonds
between 1 and 4, and where.the et [ ngﬁé : aumber of
be exo- andfdheSRUGHRAN ?bf&%@odw%idab'bon St rréé’tlﬁrﬁ{eésnu e
cont ai ni ng g&aBoRYl gRaUpS in frestaetuge uwbich thp carbonyh graupsan be
general formula C . AR =4 561 ether groups
where X is k?‘ﬂ@”hﬁ% a'é&(@& ?’&%’%&q? nihetlﬁ%m group
structure apfihbatrociuresmd 8 1eor®, and wher theathengroup(srran be
nurmber of unsgturﬁ%ed b qgé,in the structure and is
bet ween 0 afBOPEYC ‘(’f%ﬁ’g? z is the nunber of epoxide .
gr oups (ki t Mgdroirbun tructurscbontainieg hetbretherand alcohghiynctiona
wher e the epoxide qgrou REA L B By M} IO, where
ring or a l BfRLS a@ﬁcﬂaxﬁa(iﬁ?ﬁ?/ﬁg]cfgr @% st_?"ﬁct ures MO d
cont ai ni ng aRe-12; antwherd w i ihe mumber phovsfie ngmip; the strydure an
general for Ce ;srtné‘ nimberSCunsakirated bonds
X is the nu%@“ﬁ“?yfﬁ’i‘c“?ﬁ%@%ﬁ the stricture %Rgl ber of
i s between Gn thecstrictureand istetwegn P end Reand Whgre Yl the number o
unsat ur at ed bonds._J L AMeteSz isltRé nembelof ether
and n, and ﬁﬁ%&gﬁyhpggFﬁ%ééﬁﬁ%éﬁig?@aldehgge rodps In ) can
the struct wreupsid thessthueture @nd is hef24and 'Féﬁe ethef group(s
(g)  (h) be endogyclic or exocyclic; '

()  hydrocarbon structures containing any combination of functional
groups sefected from the following list: alcohol, ether, carbonyl, and
carboxylic acid and having the general formula CrHonizzv 2vaeay-

3l OH){OK(O){OOH), where n=1-12, and where u is the number of
eydlic rings in the structure and is between 0 and 4, and where v is the
number of unsaturated bonds in the structure and is between 0 and n,
and where w is the number of alcohol groups in the structure and is
between 0 and 4, and where x is the number of ether groups in the
structure and Is betwean 0 and 4 and where the ether group(s) can be
endocyclic or exocyclic, and where y is the number of carbonyl groups
in the structure and is between 0 and 3 in which the carbonyl group
can be ketones and/or aldehydes, and where z is the number of
carboxylic acld groups in the structure and is batween O and 2;
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(1) (e)hydrocarbon structures containing one or'nore
ket one groups and having the general fonnula
C'Hy"2.ftey-nOz where n=1-12, and where x is the
nunber of cyclic rings In the structure and is between
0 and 4, and where y is the nunber of unsaturated
bonds In the structure and is between 0 and n; and

wher e S Sm amine groups
struct Emje and IS between %W and where the keton eg P
group(s) caand havirgthe ganeradforairoEsiehi e 2ya(NHz), where Y X 12, and

() hydrocar Rﬂ@rg%t .L-‘fﬁé Hurﬁﬁeﬁétrbyaidtmag m)ﬂfé @fuctmé &nd is between 0

car boxylic aci avin ner formyl a
CnH2n+z- z. 29@6@@ %mé/r'%tﬂ%fium'i‘% o Ug %Eﬁsf‘é? nH"

the nunber gkudiyreldrd is b@ﬂﬁeh@ drhﬁn Sihtiwens £ isthe ﬂumberofamme
between 0 and 4,  and V\,here

e. nunb

unsat ur at ed9BWRE N the °°f']ﬁ’8”§ %:1’@ f%"‘gét e yhege the
and n, andt %ﬁﬁeﬁuﬁd{oﬁaﬁb%ﬁb@m&@ﬁd]ommdbl c acid

roups in the structure an an

T o ar BHoGbeR BHEaSe SRS Sy Ot eondary amyine
]g:ar b ?xyl i |C 9ﬁiu§s aga ﬁ.ugia Wgeﬁbr?ﬁfomiu“ OeHaGizfhy2.(NH), where n=1-

uncti onal i I s dehydra oLm

anhydri de gﬂé 'é"tiﬁg" @ﬁgéégtr“ﬁe Ste'H%tPg’I and s
.for{nrjll a Sbbhmhzwalﬂﬁa)\uvmmmsmehumyahmaﬂMQdkoﬂds in
is the nu C e

bet ween 0 aﬁﬁﬁ%%ﬁ@r%ﬁ%b%ﬁém n%Jﬂ&H’#Eﬁé‘ﬂuhBerof

unsat ur at ed sbesndani sminbgraupstino the eorepalinks apd iskatween 1 and 4,

T o g i s

struct gsjes hpdroearbbn stracturestcentaining:pnewdt matetertiganamine groups
formul a C' Hzafma X@?ﬁn@%ﬁom&e 1%,&@”%@*@1‘@1 -12, and

xi s the nunf i Ngs ure and
i s between Whareix ié, thandmblesicygiic maun@mmreepdbbetweeno

unsat ur at ed d
t he unsatur&Fgg %&%g@g%s%égﬁgn%@gt& E the car bobey
group of t hetructatesand iabetweesrGand nandehers r of tertiary

_anhydri de groups JOBE% ﬁﬁﬁ%}h&&ﬁ&‘saﬂ‘ﬂ%ﬁv&rﬁaﬁd4 and where

(i) hydrocarbon 3 ures contalning an acryl ate
functional i tiye swineifynstiogality can he exe-candfp "\S‘y Ciat

| east e u { JoH%P@ﬁit and
t he car@onyﬁwﬁ&rpgtp%r%ﬁgmﬁ%g%aw n ro\yrédps
gener al f or inaving tlwsme;at@:rmd@% Henvizeare(NQ2 Vﬂ’"&n&'m and

where x Is 'v%. %}Elic ﬁhﬁ@iﬁ thé‘sﬁ'ur&ureandlsbemeeno
structure and 1S etvveen

wher e
nunber of umsdidyand wemmstw ﬁ'-'!“h@" %ft‘t"ﬁé tégg Py @Sﬁe
greater thanyam e and is between 0 end n, and where z is the number of nitro

groups in the compounds and is between 1 and 4, and where the nitro
functionality can be exo- and/or endocyclic;

(q)  hydrocarbon structures having both amine and ether functional groups
having the general formula CaHaznsz-2u 2v-w-ex-ay2(NH2)W{NH)(N),(OH).
where n=1-12, and where u is the number of cyclic rings in the
structure and Is between O and 4, and where v is the number of
unsaturated bonds in the structure and is between 0 and n, and where
w is the number of primary amine groups, X is the number of
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equal to 1, and where at |east of the unsaturated

bonds are conjugated wth the carbonyl -group of the

ester, and where z is the nunber of ester groups in

the structure and is 1 or 2; (j)hydrocarbon structures

contai ning both ether and a carbonyl functi onal

groups and having the-general fornmula ] )

C'H2, , . 24W. @o8ndaty ShiéYroupdiarie thermuimntiar of tariaryaByiRe groups, and

i s the nunber of cyclic, ri n I & fochBParoliBs in the

bet ween 0 a¥era 1 ﬁ'ﬁ*%%?@g%?%%gﬁ%ﬁ%gg of grouips

unsat ur at ededaqutsipd and is betwsen d cindrée and whete herjgobal gnd/or

and n, and where vy is N 0g%ﬁgpnyl gr oups

in the stru@?ﬁ?@%%h@%{;#ggﬁé{?ﬁ%%dyl_ group can be.

ket onefy) andyairocrberhstietureshavingbets aming apg alealplfunctigpal

et her groups In. t tr o¥: S o] A -Tsle

where the e¥7HPS B?@ﬁ&)ﬁ’se)déggﬁh goﬁ gan%%é% 1°C 5?‘.9 ber of

exocyclic; {(MHJaINH)KOENOH): where priri@sardwhereH e ByRber

et her and al cqhal f ' &l 0'&nd 4)@ntifwhere v is the
G Pt 16 S#Jiles 1658 «

general for

i f1re g;]fée]t%éenOand n,
and wher e wnimmbéshaf unsateatedbongdsdn the strycide AR i,
t t d 5, it fthee b
structure apg %P%Sé%gﬁggﬁg%ﬁpﬂnﬁﬁmwﬂ number

nunber of uﬂg% In the Structyre.and .
bet ween 0 anbisevondary anine groyps,d is e Wréi!&ma%%ﬁ%pmups,

groups Int Eﬁd %@ﬁg{%%aém,damtﬁeéié thet fientRar bethengroups in

ether grou e stracture and is, 1 nd

r. 2
where the etheecompanng @y QWEMQH’SJ@?@S?"@GG%& sther and/or
exocycli c; _rdﬁg}d,lhﬁwm;ai ni ng any
combi nat i ong@@%ﬁg%gﬁ?@eg oups selected fromthe
fol | owi(s)g | iapt mistucasitberecket her, carbonyl, and
car boxylic add and having the general fornula

CnH2naawi v-wsy.  3( wO"(O = te n=1-12,

oLl Tamethod o et hewN B M%@%ﬁ%ﬁ e85 figh v,

structure and |Is between 0 and 4, and where v is the .

nunber of unsaturated bonds In the_structur I

@ Wb mtrastiotilalim:in wharain the,paraus i colfRISS ety Where

91 OURSLL DS Fo diSii %, iird 206 SORRITIC%ANdS troma@duto 45
ere X | e nunber of ether . gyou | e :

st r uatomie%an i fram Bde {8 &iPmic%n Y '%f%ﬁﬁ%\m B’P éalg?rﬂ‘g%eﬁde:f s 0.

group(s) can be endocyclic or exocyclic, and where y

A
ket g6 A0dLIRkeA AN YourdShelstiag of SIFi, NFahEs Q0fxe COaF, end HF
0" = enttis s to ek B8 MepToss UFT i SubkiAviely B E46 8 porous
OF ek iR Yo S E-FHrOURE

5. The method of claim 1, wherein 50% or greater of the hydrogen In the film is
banded to carbon. .

8. The method of claim 1, wherein the porous film has a density less than 1.5 g/mi.

7. The method of claim 1, wherein the pores have an equivalent spherical diameter
less than or equal to 3 nm.
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and having the general formula CH2,,+ t2y.z(NH2)z
where n=1-12, and where x is the nunber of cyclic
rings In the structure and is between 0 and 4, and
where y is the nunber of unsaturated bonds in the
structure and |Is between 0 and n, and where z is the
nuber of amine groups in the conpounds and is

between 1 and 4, and where the a e funct
can The resthod ahdaloy T aMerseinG Feurier H‘?ﬂ?r} 5Dt TR} 2pectrum of
str u[ﬁé H{"% s:f]'i?ﬁ“saé ué’lﬂﬁd&iﬁlc&nb% Wnaaﬁarrefarence fiim
groups an avi ng ner.a ar
H2, ,preparey by ﬂ(nmﬁess\ﬁﬁagfént?"! 'de“iim‘aﬁbe ’i‘r’ﬁ‘é‘r"g except for lack of
n’hj;‘!{yﬁ %éé%rb&ur&br@%tﬂ aseousieagentsr e and i s bet ween

where y is t e nunber of unsaturated
bonds in the structure and is between 0 and n, and

V"Eer'ﬂwezmbﬁtoghﬁ cRif BEWhévein e porus Tim has asdigjectp sonstant at least

€ COo

and ween 1 .
am n‘é%@ﬁ%ﬂ"?fzﬁ&? PTQLV'%E Sﬁ“ BeePaES 8y, % 755 eﬁgﬁ%@l&l CHB:EZI fo the
hy dr fefolUkesHtTerGd ER 8 &g parbgempreowsosin s GAIeOHE f -

am ne groups and having the general formula. C'H2,"2;
e 2y.,z(N)z where n=1-12, and where xis the number of

ol fie FrieRib% df Rlaih @, Wherrt theposonss il Hestawelectyc canyant at least
an

T i BB pParRHREEY Y Sl sty it

nuwb&h,ﬁgmbggk@?nﬁnaaaunefquwpqmgenﬂﬂﬁﬁéﬂwﬁﬂpﬁ@ﬂﬂ?ﬁgﬁﬂEEQGWB'
IS between 4, and where the amne functionality
can be exo- and/or endocyclic; (p) hydrocarbon

StUThE HiiheDetickinmi 1) herain the proous Him has &gy axesage,weight loss of

o1 legs vt S i MR s ke R 0 TS

the structure and |I's between 0 and 4, and where y is

5 A 0 e gt

grouu&slmarthevnmdmtuermat#%s@emd@éﬁifl and 4, and
where the nitro functionality can be exo- and/or

endocyclic; (q) hydrocarbon structures havi ng bot
?”1'316] h%ﬁfci:etﬁbdnefz déziuﬂt,twrmneih the mrpgen RECELIFRGT Hfﬂsvg@h&)@m at least
ormula C'Hen

Mer@nﬁﬂgq‘ff-‘“%ﬂ?oﬂW%'}a no%sfot e 'nunber ogNz:zc(:IGl_?:Z

rings In the structure and |Is between O and 4, and

g bt QRS Bl st bad o bpbsidna drelr

nunb efrg&iosiitxane pyeamsoréds gpm,qgsted,by tgeﬁw@mﬂjﬁ% iﬁ HS(&))CFI 78

Z?nc ﬁgﬂg %9& nh“&dlgéeplépraenﬂgr ti or ENfo BYRRI oP branBhéd, 3aturated, singly

or multiply unsaturated, cyclic, partially or fully fluorinated hydrocarbon; R? Is

" independently C, to Cy linear or branched, saturated, singly or multiply
unsaturated, cyclie, aromatic, partially or fully fiuorinated hydrocarbon, R? is-
independently H, C; to Cs linear or branched, saturated, singly or multiply

unsaturated, cyciic, aromatic, partially or fully fluorinated hydrocarbon, nig 1t 3
andpis Oto 3.



where t<wx+y<4, and where z is the nunber of al coho
groups in the conmpound and is between | and 4, and

~where the al cohol and/or am ne groups can be exo-
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and/ or endocycllc; (r) hydrocarbon structures having
bot h am ne and al cohol functional groups having the

gener al forrrula C'H.. %I 8% neorganosilaneandfor

= 2
nngmg:ggﬁé rbrearrwgs répresﬁré&df,w gﬁ{iﬁo# hOOIER s

bet we i ags I e Mhdré Fi'fd mmmdepéndenﬂy HorCito

uns agSinQxBi tructure
andaﬁ!“ and owﬁ orwe.icatirhte drﬁjmhépf G'Pﬁ'ﬁg’ gﬂtgﬁe%cﬁb partially or

grou X |s t NP aride nderaly §hda s lingar or
IS t HMEQEV‘{]Q%y am ne grou%:: ‘f’%@ d WRRER, bartiaﬂy or
<V\H-x3yaﬁéhe@%tmbﬁdﬁsiuglygr Pl A58 i I‘groups i n

t he conmpound anﬁly rqdﬁﬂnﬂe%demddmth!r Gife Cs linear or
et hefullyrfigpgpated fyer group;é;nanmbe g Sresf g%gr aromatic pa,rtialryor
ando%d 6d, <erateddsinglyton

claim1 hv\,herel 'Q’g?'%bﬁ Fild 103, PRU B, gis 0\M§ ﬂfﬁaﬂﬁi o3,
1.9. faly “H?é‘“ﬁigf’ 2im 1, wherein the porous film
CONPrii4&S1, hlepuuntyra@Ber e v+wix+y+z =100 atonic %

vis from20 to 30 atonic% wis from 20 to 45

atomck X is from5 to 20 atom c% A6 ahdloA0
81 Tié ethod ot siaim 13, wherein ¢ A fpadtong Bﬁémh

I's 0.5 t trmienwlacﬁr (ﬁ’ﬁ’t ),@#{B)CR‘)M
iAo b1 piaiey e B or 0101
NF3. @.,s.ﬁﬂfe(om}iﬁoﬁ Hyﬁe ?ﬁs to ntro uce ially of
Ftofhe poh{%l@h%&dsgiud baﬁmlﬂplyll.;maiufatﬁd qyclig, parualy

n to

por ounesr of I Si-F tolOghinear or
met hogg fRustirted kydrogarpen, rF'% % Sg'@&ﬁr ?heo &

hydro en n t%%r& 53%‘“?' @HWNM” arpatic, partially or
met ho rafcned: s ei ﬁiﬁQ-l a4 to Cg linear or

r
densi Emlylfﬁﬁﬂnatbdhyd_mga@?m #p %n@?‘#ebagf cla mg}il rialty or
wherein the Xifg rbrmmmaumwsmew gy aromatic, pa

di amett&e thSs an or ‘equa okb@ and pisO1o 3,
net hoduuyflmnmnﬂmmé@ﬂn"g(&g{ﬁl er ?rans@gr m

infrared f“‘ fi+gda of the porous filmis

subst I"y dentr cal to a reference FTIR of a
reference film prepared by .a process subst antl al |

i dent.i o56h R80wRareRhe Bbleast m%ﬁ" lgpg, andior

d F‘?@‘ I'n th 1 O(OYCRYan-
por hésowr.;zsé;m:@ c SaEsHEd b rrazzv@r*r ©)

di el ect (D whef Rbgmﬁ are igdependently H or G, 0
aen eéﬁf#ﬁ?ﬁs{bﬁ@&ar e;étuarztigqgr %%?ﬁnuﬁiﬁ%r%&drﬂﬂewcydlc partially or

0 y ]

pranched, saturated, singly or multiply unsaturated, cyclic, !
fully fiuorinated hydrocarbon, R and R® are independently H, Cy to Cg Iineaelllr oor
branched, saturated, singly or multiply unsaturated, cyclic, aromatic, p::n s:\ )
fully fiucrinated hydrocarbon, R/’ is C, to G linear or branched, saet:rat r;ca ':on
or multiply unsaturated, cyclic, arotnatic, partially or fully fluorinat hyd '

< 3, and
nis0to 3, mis0to 3, qrsOto3andplsOt03 and n+m = 1, and n+p

m+ S 3.,
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met hod except for a |ack .of any porogen precursors in
t he gaseous reagents. 10. The nethod of claim8,
wherein the porous filmhas a dielectric constant at

| east 10% | ess than a reference filmprepared by a
process substantially identical to the nethod except
for a lack of any porogen precursors in the gaseous
reagents. 11. The nethod of claim1l, wherein the

Pog. Ot rhisthod béslainm 13nehargio the atjrestapeLreanosiianaand(er, .

1.0 W% hr, | th 1 2 CR®).
of RSB AIE 'ﬁ%‘%ﬁ%ﬁéﬁ%ﬁ?‘ﬁ‘%ﬁ%ﬂmﬂ? 1R

vei %m,si)m wherel R'Sis indeganderdly it 94 G 10 GdPRat
425C under, ai.r, . i | pairiial fiaonnated
t he 5&3‘?’8 nSIBON & ?@"éﬂ P ngnﬂrt féﬁ&t@c}!lf.o% { hlg 021?‘“? eas

one Hydgzoadsir; & ds independentyGntesEe 8RR er bABeRRc, sRUraSd: singly ;I;
The nmEk ' | Partiffy Gt finaied hydrocarbon,
© fﬁ@l&lplsgwggtgﬁ%%:&ao _ aldhRatRi Partilfy dtfullyetstin y

orga f ganosl | oxane precursor, | .
r eprisdredependantiyt HeCf toy G inganpiprang ﬁ)‘("a'ﬂo' 5’5@@49" multiply

| ~+v| S ArofehE paarRd wr fdi fludrinaten IHtirdcarteony;, n is 110 3,
or b‘fnas\r%:lﬁé%?%%rdat ed, 'slbidngllg ‘ orw)rrul tiply

unsap isrGitesd anghtds 2 80 4 AR FY- or fully fluorinated
hydrocarbon; R2 is independently C1 to C5 |inear or

c181 Toe methoskat @i iz, whatein g at Rget o SrgaipiEhe bt

hy dr gean baRxartBplesuisBERMENEesHSY biithedbrmula B PRYLP(GICR )

ye! orShmmahes Rols ey r £ ) & kas Bf baRbsst,

Y ggarhed sigly %rﬁungﬁy Ansatorkbec; eyeie, partislly arsully fiverinated

met hod of ¢l ai .. wherein i he.a BEad i

or gahmidag d$ lﬂd‘*pﬁj‘hﬁkl’é P T%P@@'}%E i%f[g)x ane. ﬁrsggjdartgg,rsmgly ors

I's rw@@rﬁ@ﬂ,mg J?e,lié,qrﬁmhm, RartiaiyRe) fully fluorinated hydrocarbon, R
O SI'R3, n( Ceo

e sy b C o Grgineh;of Jratifot sdfureA, kg dnttoly

sat UjaéAanated, RYEis, romstic] partighyuon fully fluatinated bydrocarbon, nis 110 3,
partially or full uorj nated hydrocarbon; Ft2 and R5

¢
are Pr‘%l@ﬁ%ﬁc?@ﬂt‘l'i/}ltf BB P ear or  branched,

saturated, singly or nultiply unsaturated, cyclic,
aromgtic, partjall r | ' na¥fHreGhdeN,
R 2t RS"GJB%& %@%‘Bﬁhﬁéﬂ}%h h?/e %1'8%?3 l"@gb| near or I
br anghghoskddane prevtirsas iswgipresentediiviayshc silezanas gt the fprmula
cyclic , [.C. . Dar i 201 Al cpes €4 linear of
hydr 6@@1%%“‘@“@'?5 g“l # ?‘ge Batg%é , gwi S 8 to 3 arfml
p |f s lQrérﬁ:hﬁd, Sa\,\tf]“m' singlyB3nultiply unepty ateds cyclifeP | &gty
of claim 13 r el Fim gor ganosi | ane

and/ é'i“"’"'&?]‘ﬁg’rﬁﬂge’f W&gﬁé%g{éﬁéior | gﬁr?epr esented by the
formula RIn(ORE) s, (O 0) CW 31.

21. The method of claim 13, whereln the at least one organosilane and/or
organosiloxane precursor s represented by cyclic carbosilanes of the formula
(C(R'Rz)Si(H‘Rz))m where R'and R? are independently H, C to G, linear or
branched, saturated, singly or multiply unsaturated, cyclic, partially or fuily
fiucrinated, and x mey be any integer from 2 to 8, provided thers is at least one

Si-H bond in the molecule.
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pSi - Si RBM (O CR5) q(OR5)9-,..-g where R and R3 are

i ndependently Hor C, to C. linear or branched,.
saturated, singly or multiply unsaturated, cyclic,
partially or fully fluorinated hydrocarbon; Wand Re
are independently C, to Ce linear or branched,

t t ed | | t {

Z?za%% Getnoniat i §Sopmerpipfind o '?ﬁ%r‘%“%?é’@%“’ﬁ%@o%ﬁ’%’ on
a&ﬁaﬁénama ;irdanemde atrhgmber sgjectes e the,@rgup gensisting of

b t t d pIpRRYTH Bane, di-tert-
C;?Pq]@e I-ngﬁgijh e ﬁ%%{w H Id?-iélbuor i_nat 2%95 e <
hydr aﬁawhwman&, {Bimsﬂﬁiwsﬂmbstﬁeﬂmﬂlan& trdsQpreRPXysiaNg:

Is Ot ShePtri-tef-butoldpsii
Pret ﬁ@&“ﬂ%‘@?ﬁ‘l"%‘é’l'e \/'\Bem@r%ﬁfbﬁgélgngﬂ-easti e Wysiane.

organosi | ane and/or ~ ' ) p( X

%L?%%%S:SI l %#&gfq@ﬁ( g‘%; ?aq $tEsHeStoosiiane émrinul a

are biganpsilosiams precttsor is@ mpdure egf) ?‘@é@%@%@ﬁ?@%&%’ﬁw with
saturate '3‘38'? g%ﬁoﬂﬁ? Wdh tal dek¥nd' Sficiniéatitataing tpysdursnr with three or

IOart uor i nat ed h dr ocay bon
P e EhOmevscard the Gt 1EBroMdRap tajor etiial fimposition of

sat up g ed fﬂe#ﬁ b Yorabiipetive Britaie at tmpet ore SI-O bond.
aro q%ow'bsa"Fpgﬁy or fﬂy hydr ocarbon. R4 and R5

are I ndependently H C, to C6 linear or oy
b;{“f ‘iJg,S‘ii% tﬁé’é &éiﬁ\dw Wh@%iﬂ triéf porogéri @byumusxamraeemed
rorra ic, partiall ful l
hy dr ingedroameRBrIEES OBImAG PRRSF TS albatie? gmf; having btehreof
br ang (&S hi= ambwihereatie the num
gﬁgarom é@&;{;&fomw ph,

cycl g

Py i ayelicings n heissiugture,and J 1epwest; § 4nt . Bid AR o the number o
p I's sﬁﬁr%ﬁ@ggnqﬁﬂ%elﬁﬂ%r@wdﬁbm“ mamd:re and M@gre zis the

| 13, wh
or gamumities obalgehnl g?ou%ls nr]1 #2 compouulahd & dHtwb &P an@dfand where

the alcohol functionallty can be exo- and/or endocyclic.

5. The method of claim 13, whereln the porogen precursor is represented by

hydrocarbon structures containing one or more ether groups and having the

general formula CrHanie202y0; Where n=1- 12, and where x is the number of cyclic

rings in the structure and is between O and 4, and where Y is the number of
unsaturated bonds in the structure and is between 0 and n, and where 2 is the
number of ether linkages in the structure and.is between 1 and 4, and where the

ether linkage(s) can be exo- and/or endocyclic.

26. The method of claim 13, wherein the porogen precursor is represented by
hydrocarbon structures containing one ‘or more epoxide groups and having the
general formula CaHaneax2y-2:0: Where n=1-12, and where x is the number of
cyclic rings in the structure and is between 0 and 4, and where y is the number of
unsaturated bonds in the structure and is between 0 and n, and where 2 is the
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or ganosi | oxane precursor is represented by the fornul a

(Rn(OR)p(OCR4. inn )Si)tCH.t where R is

I ndependently Hor C to C4 |inear or branched,

saturated, singly or nultiply unsaturated, cyclic,

partially or fully fluorinated hydrocarbon ?d!ﬁsaadWh "

Indq-fa@ﬁm il theé eRlictare dndds bamaenslaand 4t ere the
y or%‘rbr%?tl ?r@uﬁ?

par e R ba RGP R 9/l P Bl R

Independently H C to C6 Ilnear or branched,

SEhvi ol i P po TR By
N i syl r&d&rlé’on ﬁr&t@@o@\tanhgtdnSoihmrdawawdﬁympsggdhavmg the

The et h of c m 13, th |
or ga‘iﬁi@ﬁ g‘?@‘%b 2 gng@ﬂeoxangz %ﬁne(ﬁﬁ%?(%@e number of

r epr {eadfingh ihthd amdtmmuas bRweeORZNddopay) Gkerey is the number of

| | ne'g%sgu't‘ Eﬁmﬂ%&eﬁlg ﬁma".ﬁee%%qg %?r%rﬂi taq:“d itibré 2 is the

Ip
uns aguihisérest aidelipdd grpupahtthalstryctme is petwasdrl ﬂé‘e'{
hydrocarbon; R2 is independently C, to C6 |inear or

branched, saturated, singly or nmultiply unsaturat ed,
c sl The matHodedf iclaim 13r wherleinythe pofagieh prequiRariseapessent nted by

or  pivfesaon S Be SNSRARLTIS orindte torfsprithe ntFiing he

uns ageﬁﬁledrmlﬂg &H@ﬂmmm pet-12 re s mp number of

{1 <oyl prigs Wi 84U kol bibeh® ghd £ a‘%"a:f“aef'@ yio mehumoer of

wher ghsatirated:tionde istheatractoreyantbis betwrendhandp, an whére z is the

o  aDameer S ARAHEE Bldpe *h?ﬁ?'ﬁes" ?‘*“%2“”“”)) ol e & g where
and fRe ietane grdap(ehchmhégm-l for epdagyclig.| near or
branched, saturated, singly or nulti pI y unsaturated,

cyclic, partially or fully fluorinated, and x nay. b
199, Thé enptiiod ofclAlD 3 wherelT the TIAEOIRBXANBETBRT I& FRHFSNiSd by

wher gj n! i hg A &ask ogﬂl%j a{p&l rhéreScamsiy e ac:d groups and having

or ga

precur sor resented b
car bt gemees fmfnlﬂmal'ﬂmmb@(o@ﬁl -pt?éwf;dc Wb\ﬁ'@r’%'s the

R and |ett§gtﬁéen bigngay, and where y is the
br anBH& er@{%ﬂﬁ%ﬁﬂﬁ%ﬁ?dﬁaﬁdl tiply unsat urate

cycl humbpaoltumhtuyateﬂ bbnds iyth¢ Bt Angids be Ty and where
any I nt er ?rghg?rhg nWQﬁ_.dt&a%dllsmn 1and 4.
one 54 22. The nethod of

cI aim 13 V\herel n the at I east one organosil ane and/ or

A7 PR S @ET B 1S, Werai e RN %’?9“@* Bopresensaty

d| et mwwmlwumm containlag gp gmgwg wm acid groups and
-t t hydrid
1B R R8s gtdrzﬁa;ﬁwww pcs g

met hywitere thet staictused bave, thengefma pmgm%qw(oahavhefe n=1-12,
tri - @H@%Qﬁﬁp'nﬁmr o?é,an hﬁgmtuli@smfml aridie between 0 and 4,

wher east one “organosi | a d/
and where v is the number of unsaturated bongs In@n s?mcture and is between

0 and n, and where z is the number of anhydride groups in the structure and is 1

or 2.
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or ganosi | oxane precursor is a mxture of a first
silicon-containing precursor with two or fewer Si-0O
bonds with a second silicon-containing precursor wth
three or nore Si-O bonds, and the mi xture is provided
to tailor a chem cal conposition of the porous film
provi ded both said precursors contain at |east one
SI-O bond. 24. The nethod of claim13, wherein trrl)(

9r. qemathed of claim 13 whepeie Shaparagesy PlepUIsgE i reprgsented by

SUr Qe A Bl e?gﬂluimm th@@@blﬂ&l foneiula
B s Marso it o

the d 4 LicMlvdah G EhIBEEPWAEE is R wlibercf unsaterated
el e
al cq "c&%ﬁyrtg}oﬁ;’[ﬂ %Bﬁwuiﬂ vitiste iz9s tetnuesbrer of amhydride

4, an ere o funct| onality can be exo-
and/wmdmwwaﬂ d is TRE2net hod of cl ai m 13,
wherei n the porogen precursor is represented by

hydr ocar bon structures containing one o

GBS method ot P Raiharshdh Potief Rfertia ¥ psufied by

N=1-yhirocitbrt Gflicfred §%ﬁt§ﬂ.ngwmwo ate fm)ctibnaiity mwﬂﬂﬁ’f an ester
e structure and i s between

t he groupend gt legslone Hngatuspt B%Hﬂggﬂ'ﬁn ﬁm%@&r Aticture an cgrbonyl of

i S DRLWRRR o) End haingl e general formutaiSiHznuakps(Qd. where n=1- 12,

et her Irnkagesmthesrutur n i pbtddth d4,

4, oang whered i the numberof cydic 5?33&85&5@%%@ and/ or Oan

endogyivhére Y26 théTimbtidt afsatiratédibondsdn themirusture aRd is greater

por ogen precursor | en ‘Pé‘neﬁ&ﬂﬂ ated

st r U¥PaN o8 §AeY AR A qiﬂﬂ%fﬁé’?iﬂ”mgépom e gr oupsar?otﬁonjug

havi gan iecanssivegroup obtrdsterCand-whereez is dhapumpes of ester groups in

n=1-12, and mhere |s t he nunber of cyclic rings in

t he Hesyuctyeand %etween 0 and 4, and where y is
t he number of. unsaturat ed bonds in the structure and

tve ure and etvveen 1 and
o 108 M4 S o WIS orogor iEora 18 pneserfi by

4 aﬁ gdrabarben kﬁmapmnﬁmﬁmwpsﬂmméem fupcliqnalgroups

cycl [ﬁﬂfe[‘é{}ﬁ ﬁr a Iregg uﬁt M@f@prg@gﬁgﬂ-gﬁ&n@where

hydr matrtmﬁumwm cyaliegingsirt mamrmgtumrencbrs bebveen:p ﬂ%%ﬂd%"d where

O or ks g numiber ur{ﬁr}gtfra&%rb%rnﬁ{s heﬂ’rﬁ u@nt%gtyg‘ofhﬁ 8 tetwebr@ and n,

cli
ri ng&nﬁ thttey it the: atimber aficarbanybgroups in the §H'HCU4¥0 ich the

wh th . ber of
St 7 uethooy iin GAREfeGhes, AAEE dlicyRls MEInG'o 2 e pumber ©
”“”bembrﬂlpﬂmm@mwandistn&.anﬂmqm the.gther group(s) can be

bet wee nd The nmethod of claim 13, wherein
t he Egﬁ’é’ﬁc é@ﬁ}’égr is represented by
34, The methed of claim 13, wherein the poogen precursor is represented by

hydrocarbon structures containing both ether and alcohol functional groups and
having the general formula CrHamo2wary{ OHIHO):2 where n=1-12. and where w is
the number of cycllc rings in the structure and is between 0 and 4, and where X is
the number of unsaturated bonds in the structure and is between 0 and n, and
where y is the number of alcohot groups in the structure, and where z is the

-B7-
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hydr ocar bon structures containing one or nore ketone
groups and having the general fornula ;
C'H2,,.a,a,-az0z where n=1-12, and where xis the
nunber of «cyclic rings in the structure and is
between 0 and 4, and where y is.the nunber of
unsaturated bonds In the structure and is between 0O

and n, and where z is the nunber .of ald I
" ewiptor ot elber wotin oS SEVB A 1 177 S0 el Bhher
the dﬁﬂmrﬁg@{@y@ﬁmhwm and/ or endocydic. 29.

The "net'hod of claim 13, wherein the porogen precursor
is represented by hydrocarbon structures containing

088 ﬂ{el rﬂngd @Fah%xys,i wheaein dhgporopen pragutaay isTghrespated by
genera or nul a "H . 24 L [ lected
S ormydrocs sriiing any GoRbindlén 8t fuhctkoriFerodfitisslecte
and fhem bl foRswing lighalcdhol aethiernharbenyl, and eareoxyiic;agid ang having the
unsat ur ated bon In the st t HS #REN19, and where
and Qﬁneﬁgow&é" ‘??“Wé‘(?mgp'?%mﬁ ggﬁ ic acid o

gr OUPE thé nuinberssirayclicringsdm the strustura.eed Isibetwaen 0 and, and where

;I'g e r\gigﬁt é’ g%@g@y&%@e&’e&ﬁd‘é iA 1 RnRAIS AT iPbGWeEH Orand n,

ocarbon structures containi
an eareiwhersivels thé nombbosfalcahobgroupgindhe Srurtre 1 I Puypen 0
the y%ﬁ % eg,ép@ﬁ;g Qa%]{gtreém{n?}eq ehufleag@eps i the sfuauryard is between

h truct have th |
o Gananre i 45T il TSS9 whr
the nunber of CyCl it Gduss Infthh BRustive didis detwebnitsand 3 in
o UTRg et Skt i s 8 f
e s ol el LRES e b o e

d B | ibe 2.
an ﬂ@@?ﬁﬁ?@?ﬂoﬁwfc Ié&?p@%& kstrQétuRIENEIS ibd wesncarsd

int ure’an or 2. -56 31. The nethod of
claim 13, wherein the paragon precursor is represented

by T [14C WHER thePorbdy i esprgsantes] by
s apa gebet iR dbbgg s

the yd deterdl HSmALICI, DELIRRAL0 whate i 1-a2,canahwhero  I§ the number
ate

t he nunber of unsat ur onds in the r

whor of eyshe iogs ks eiaerm R GBbBNIRAE e 4 AP Yefe y Whe number

}Niht h of %ﬁﬁ%ﬁ%ﬁdﬁ [rPIgIQ sﬁﬁcthl‘b?ar&ﬁibeﬁumcb ahengand where z is the
e nunper o1t annydride droups I.n S n

2 1 nymbsr ofamingtouRe h e KPPREaRR A & B | Bfig 3 tnd where

por ogens RindGuhdtivhality carcBé efenireibriendbgydfiacar bon

structures containihg an acrylate functionality
consisting of an ester group and at |east one

S, g i ety
H2f , hydsecatgeon Eeqmgﬁaﬂp&ﬁ or mo %g&%ﬁg%rg a)%‘ilﬁ%s‘ bfl:hugs and

nu ﬂbg{avﬂg tﬁé/géﬁé?alrfbﬁ&ﬂa COHL, 11865 AN whera nel1412, &t whers X Is the
0 and 4, an '

ponaguniber ALCYSH g nehs SEFRS s ppwedn TPk £/ whero y s the

number of unsaturated bonds in the stricture and Is between 0 and n, and where
z is the number of secondary amine groups in the compounds and is between 1
and 4, and where the amine functionality can be exo- and/or endocyclic.

38. The method of claim 13, whetein the porogen precursor is represented by
hydrocarbon structures containing one or more tertiary amine groups and having

-58 -
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than or equal to 1, and where at |east of the

unsat urated bonds are conjugated wth the carbonyl
group of the ester, and where z is the nunber of -ester
groups In the structure and is 1 or 2. 33. The nethod
of claim 13, wherein the porogen precursor is
represented by hydrocarbon structures containing both

et hg*lr] Qr?e ,_kﬂ unct irNavhetd AYPI2, g{ujwha\elmgmdmumber
o BBierd BRI ISR
and oflegeiio d&.imhaw@uﬁwmem R Vﬁ'\%ﬂ?‘wer {4 Whergy 16 the number
str %gi}l“g% unsa%&‘d%% g%e_g}onﬁt@gqn&|s mﬂeamerand nx and }Ahbze Zis the

nunb rated bonds in the structur |
bet wemben objettisty amRTRHES B the pampands fsis Befwben' tand 4, and
car hanyl ﬁ%b%ﬁétfuﬁbﬁoh&wbéwsé gk dri/omeindboydie car bony!

n

group ca ones and/or al dehydes, and where z is
the nunber of ether groups In the structure and is 1

Obg 2rhefeiniiet Blalm %emaéinm pofogkn paecum:r icnepaspoteddby

or exocyciic. 34. e net hod of cl ai \,\%e Ha\}hl;&the

D Eogeiiramediar SO1cHres PRBRBEB TS BPR P ralhEa

str “@éﬂé‘iﬁ Jorrriid GI,FM..HS ZQgNh)g)%m\ere aerth12) arahwhere X ie the number of

functi onal grou S t he £
CH2, cyzlic ings/indg inestyre \m@:f%l;%w an%?net{ %\%\\ﬂ (g@\rgw ?sthe number of
the m&aﬁéteafboﬁug I the trogard and b betweend amdan.aqm where z is the

between 0 and 4, and. ere x Oén
: 1 d 4, andwherethe
unsaﬂlémh?"é?! “Efﬂﬂ?“%mt\qﬂ P?f‘ﬁﬁ a@gang et ween
and RitroNiKktionklRy Eanybe exd-emdionehdocysiic.al cohol groups in
the structure, and where z is the -57 nunber- of ether

groups In the structure and is 1 or 2, and where the
e140EThe Eelid o clalrar 3)whereitothy glorageppresuresrds repressited by

Th hod, of
'2°, Bptocnsb sy HundPirkn: S0 A et aags tavn e
any  gerdrarvaimula mﬂmmMmmwwmmwmm WwherefTi=gni2, and

the fam |
Casby%ﬂqovﬂsﬁg Isha %ﬁ?&%#ﬂ}gﬁﬁ genera oylsbﬁﬂaenuanddf and
c Fﬂumer&v&thanumbaﬁbfmauyataq Bpndsdn theosrycturgandds fetyeen O

L2, R s, 5y iUy o0 s s

nurTb gcdridaryaminegroust, béritte nurmbehef tettiencamine QAWPS, end where
i dandi
J&Sﬁ%%ﬁq% agfti pﬁg% Wnbér &%dﬁﬁﬂ@%ﬁgﬁfn thb @Qh@bun and is

'S betwee : o/
wher Getwden 1 &l M aridorhare s mhog Aod/psamife graurRs ?45@?%?’89 andior
and |s bet@e 0 and 4 and where the ether group(s)

can ycllc or exocyclic, and where y Is the

nunber of carbonyl groups in the structure and Is

et briEe rastRPR e ath. i fusreih e W*‘*"Fg@*ﬁ@ ,@,@@M o
car bowstocarbeni ugwqunwng hotke ami rFEO Sraups having

0 an QEHOd of cl al( )%(NN’“EN OM)} Where n=1-12, and
§ ooyt PR RO ot m‘% hyd
e e Wb gt o

and Wérg is the number of unsaturated bonds in the structure and is between 0
and n, and where w is the number of primary amine groups, X is the number of
secondary amine groups, y is the number of tertiary amine groups, and where
1<wsx+y<4, and where z is the number of ether groups in the compound and e
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the general fornula Cnf12,.2.212f1 (NH2)z where n=1
-12, and where xis the nunber of cyclic rings in the
structure and is between 0 and 4, and where y is the
nunber of unsaturated bonds in the structure and is
between 0 and n, and where z is the nunber of am ne
groups in the conpounds and I's between 1 and 4, and

where the am,ne f -
enddipeper 1 339 and Wher A epet afder Afe R P exc- endlor
por ogtRfdcipdtiecur sor is represented by hydrocarbon
structures contai ning one or nore secondary am ne

groups and having the general fornmula

CapHriRe mptmgticialmHertesrein The precurear Wi fuﬂ'a.ermewﬂses a
nunber of Irc gs in the structure and Is between

0 an%orgg %"5 is the nunber of unsaturated

bonds in the structure and |Is between 0 and n, and

oo Tk metgd 12, e YRScendek oo aeriber
f uncselectad from thegraup consistinmel breehaxye:815:¢. 38. The '
opr BB e IR e S T ot e

repr rocar bon structures cont ai.n
or nmwawwiempwsamm@eghw&e RAEYS| R%‘t ﬂggxysﬂane
geneﬁgg @ﬂ#W%J ler ﬁ@@*gﬁﬁkmlaumhﬁﬂan@.l 12, and

wher 895RE of cyclic rings in the structure
and is betmeen 0 and 4, and where y is the nunber of

Unsahi’y ?ﬁ-ﬁa mﬂ%ﬂ%_ués@. ﬁoPcﬁ:s?ﬁrh%&ducedwdhé meltesdraf elaird 1, said film

o0 oo e erid B i B A L

wher g {J£+ ginfodepnFik R 0 to/a5 e mie on & framdodo 65 atomic%, X is

33?8% S momicte e P oin ShEgeR o33k i 15 aomics

stru tHeHihndiadipdesdifd dickrtric conslant igss thed ZBd
havi&ggt e general formula C' Ha"+2.2x 2, z(NQ2)z
where n=1-12, and where x Is the nunber of cyclic

\"N'nw Shb fﬁrrnﬁ Bfﬁratnt 4s, n%wrrm.? nds errritCEﬂ 10s3Matomiade, v s from 20 to 45
ere S e nu er__o at.u .
1 T USSP FOM D RSO 1oL {p R Boieot gz e 0

nunber of nitro groups in the conpounds and |Is between

4, and where the , nitr {] i in the
o8 TRl o G Agcpnaraings U6 F bR sl bRy an F in
wher glofoustimRObOERA 18 1St IUBisPgraups. epr esent ed by
hydr ocar bon structures having both am ne and et her

functional groups having the general fornula G Ha

Z- X7.,Tr@ fim, of Bhairh 2 Zdhiniain, 50% bi-yvegtedr of Mr@gemm@alned therein is
n=1-12, and ere u is the number of cyclic rings in

t he §¥W @@ is between 0 and 4, and where v is
t he nunmber of unsaturated bonds in the structure and

Is betmeen and n nd where w |Is the nunber of
QWP%@”UFU' I's the number of secondary h
o n e{agétqwﬂ ong mﬁobﬂaneta:r'hﬂhr angranasiioianeprefirses selected from the

groups, and ere:,f 1.;wx+yc4, and where z is the
numb % del groups in the conpound and is

1) the formula SiR'a(OR%){O(O)CR®) winen) Where R' is independently H or C;
to C, linear or branched, saturated, singly or multiply unsaturated, cyclic,
partially or fulty fluorinated hydrocarbon; R? is independently Cy to Ce
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between 1 and 4, and where the al cohol and/or am ne
groups can be exo- and/or endocyclic. 41 _ The

nmet hod of claim 13, wherein the porogen precursor Is
represented by hydrocarbon structures having both
am ne and al cohol functional groups having the
general fornul a

CHs. .. o 1higar or brdfict nu%g‘raé% &ll\ﬂiﬁimyuhﬁt&ml’ﬂcﬁﬂm.

and where u

clic, rings |
21T Uct U cramatie pepiali et il iprinaled ByRUOGHE: Fy if Dapgndenty H,

nhumber ofg %%tnﬁaa;&obraﬁma batu.tabsu s&gwrwmﬂwdﬂ*mrated
bet ween O , and wh

am ne gr cwslic, aromatia, ﬁgnlﬁweipllgbﬁuong ﬂ{;@er bh'ig' T3 and p:

groups, s ipSo BNgrovidelHerefis ataeddtany S renddn mqnmpleaule,
where 1 <wrx+y<4, and where z is the nunber of ether

groups in the conpound and Is -59 between 1 and 4, and

uhere phang %}RruI@nd,&onz)ﬁmém?@)?‘%m@ﬁﬂsﬂe(@)@‘)d% where
endocycC C

pr ecu¥sor nﬁﬂdﬁaﬁreflﬂ‘i'?ﬂ?@f’e Pfgégaé V@e%:%grr@?&fl saturated,
pr ecur sorgindly or ﬁhuﬁlplﬁrhﬁﬂ.lrﬂéd wwli&npt&nallmheﬁﬂv fluerneted

S?gggeggﬁﬁr ecur%q Z%fﬁ&ﬂn @@{,?ﬁ&&& fih&dPdr BRanched,
t et r amet hadyGiatdd) binglyas imulipy Bmsaturated cyclic, aromatic, partially or fully

neopent yi SHesPRAR ik 5o B A ¥ BT GGyl @1 to.Ca nearor

neohexyl t papkes )g&tutaéd‘, singtgempauﬁplymsdurﬂmm lion aramadic,

e ekt B ey B P 8B 0 o

said fil nand:pmais,ngmm a+psa and ml'l-qﬁ@.mfe‘am &mq;yqt!@st one
formul a SLﬁd C'H F v+wx+y+z = 100% v is from

\Nh .
10 to 35 3 M&"W‘l@ F%ﬁﬁlOto 65 atomic, xis from

5to 30 atomic% y is from 10 to 50 atomic%and z is

fromO to 15 at Qm.G% ez ' Fﬁnﬁ#},ﬂ, here

a diel é’é 3" g]l':g?{gaﬁ ﬁ@ﬁbs? fs',ui"wﬁ)oﬁf)“ m Q v

;:I aim 42, H\?\hﬁd &° are/indepéndantip Qr@13®Caﬂlmfd'%b gd, saturated,

rom20 to 4 % 1 mugﬁ’ﬁatyd

< fr om 187l of @v‘%ﬁv%@dﬁ‘*%ﬁ%@%’“@

cl ai m 42, hlydrec&rbon ZR%and B Bre tdependently Gs ins | neargrbfﬂmed

substanti a aRprie dpdritally or ful

Si in Si- %§ing»‘7&rﬁ|ﬁlgp!yrﬁﬂ5&ii%t&? ﬁl"zz V\,her%zlin y Y

50% or grﬂacbmaten‘hyd;wam R andl B’ rarel indeperdantly &1, Cy 1o Cy linear or

bonded to_car lﬁ&gﬂg li¢, BrorAdtic,

| east oneP tgéaﬁmgﬁﬁ'g@ﬁ’o& I or%%gn%?ceé:ursor

sel ect ed haﬂmlybﬂul!gﬂwmammm@mﬂﬁﬂw3 mis0to3,qisOto3
and p is 0 to 3, n+m=21, n+ps3 and M+qs3, provided there is at least one

Si-H bond in the molecule;

4) the formula n‘.,(oaz),(O(O)cmHSi-R’-SiR“m(O(O)cns),(onﬁ)m
where R' and R® are independently H or C to C, linear or branched,
saturated, singly or multiply unsaturated, cydlic, partially or fully fluorinated
hydrocarbon; R?, R® and are independently C, to Cs linear or branched,
saturated, singly or multiply unsaturated, cyclic, aromatic, partially or fully
fuorinated hydrocarbon, R* and R® are independently H, Gy to Ce linear or
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1) the formula SIRI"(OR2) p(O(O CFh')4.0.0i where R is
i ndependently Hor C, to C4 linear or branched,
saturated, singly or nultiply unsaturated, cyclic,
partially or fully fluorinated hydrocarbon; R2 is

i ndependently C, to Ce -60 linear or branched,
saturated, singly or multiply unsaturated, cyclic,

ar omat i ¢, pantlaliapig, bitolyor rutiily BRsasratecusiardromatic,

e M U s
' 2k - ' j full

aromati c, ’%?’é%é&'?%'w'?’?* (r)rfdtmgl%urféaﬂﬁﬁﬂeai ,[Eysthaicn padiajly or fully

nis 1to 3, provided ther.e s .

| east on@@ﬁnﬂed@udmpﬁwpﬁé‘ﬁrﬂéﬁjl"é‘,s °25°£ﬂels pée ﬁ%t"gp 'SOtO:'
R "(OR)p @% RS Daft £33 QrEiGe (e 15.at apst one Si-
where R ™ and -oérggdpng;fﬁﬁgm ti(Bor C toC

| i near orHiboptinibg majegul®iat ed, singly or nultiply
unsaturated, cyclic, partially or fully fluorinated

hydr ocarbon; R2 and R6_are in en L,y 1

| i near SprthefermuiaR n(@fﬁiﬁﬁ)gﬁ?ﬁ@w%}%“ﬁrﬁ%ﬁﬁ &ﬁgdependenﬂy
unsat ur at ﬁ%r C, &Y &), iifear ¥ BRINched, saturdted, dingly or Multiply unsaturated,
fluorinated hydrocarbon, R4 and RS are

H G to. i el oF fullfigerinated ﬁm&%@?%ﬁﬁéﬁéﬂ%ﬂy Crto
;m: Iti plfly égmbﬁbﬁﬂghﬂ%&m“’rmmﬂ oomultiplyrunsat urated cyclic,
ully fluorinated hydro n,. .

R o A
mgs3, prey'&sgnﬂelaebﬁb&aacmd. katardted) singlySor rrLIpl ansaturated,
the nol ecule; 3) the

fo | a ] . .
" } on,nis1to3,pis0
R " ((OR2) peusicyasrandc, paplaly of fuly flesrisplad s ogaiom, o
where R 1R8Gndl 62 & 4 ahepdestprovidedthet iste legst one Si-H bond
l'i near or branched, saturated, singly or multiply

unsat ur at Bethe Mecules oo a1y or fully fluorinated
hydr ocar bon; R2and Re are independently C, to CO

| i near or branche sin r trht

unsat uréit g fOEV'gP :231"((51%%%3%'?‘!’%?6@* gﬁ%ﬁ ﬁilmdependently
f 1 uor i nat pflorytto @5 AikbaIor béhahed, saBurated, singlyos muklply ynsaturated,
e ol o i By pr tpRRaRSEg hREDHABLARS S iiBpind¥intly C; to
fully fluesiinedrast bratsthed asansratednsingly o maltiply yneegirategdcyciic,

3, gls Oto 3, and p i 0 . SRa H,
mrgs3, pr QB Pﬂ‘gFEV ?'?""gvt ﬁ‘foéé%&eg gﬁgfmlgﬁsﬁf ﬁ_o;%;’tgﬁs:iznr:::!y .
the nol eci@,qs Of linddrer branthéd, saturdeR3inglDPONGHPUNS: -
pSi -R - SI Rs 0O CR~ S ,pls©O
i ndependem%w%%&@fmlw\ggrgﬁﬁp nche ?ﬁ,ei'lis1‘t03 P
sat ur at ed 4o Signgltys Pto Bndi nyipgd, provided theesiis atJagsf ene 8i-H bond in
partially orB{S’rﬂJﬂJ@%ﬁﬂ uorinated hydrocarbon; R2, Re

and are i fR ly C, to C Ilinear or branched,
saturated, singly or multiply unsaturated, cyclic,

aromatic, partiall It | i .

e T B RSk O B oY padhty .1 o
C., linear or branched, saturated, singly or multiply unsaturated, cyclic,
partislly or fully fluorinated, and x may be any integer from 2 to 8;

8) the formula (C(R'RY)SI(R'R?),, where f'and R? are independently H.. Cs
to C,, linear or branched, saturated, singly or multiply unsaturated, cydlic,
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-61 branched, saturated, singly or nmultiply ‘
unsaturated, cyclic, aromatic, partially or fully
fluorinated hydrocarbon, R is 02 to Ce linear or
branched, saturated, singly or multiply unsaturated,
cyclic, aromatic, partially or fully fluorinated
hydrocarbon, nis 0 to 3, mis O0to 3, gqis 0 to 3 and

ey BB S LB By SR o

~. mol ecul e;hereba at ledst orfe) SitHhBond inrthe: rwlecule;

(R"(ORR)o(O(OCR3),.0w,*Si)tCH-t where R is

I ndependently- Hor 01 to C4 linear or branched,

sat urabrdancﬁﬂnﬂmlrﬁsﬂmrm!j tiply unsaturated, cyclic,
partially or fully fluorinated hydrocarbon; R2 Is

i ndependent ly CL to C6 linear or branched, saturated

si ngly agent tislinct (rosethe ehteast, ong,arpancsilang RY/Er grgancsiioxane

t II f b R3
Fﬁéeéra 8%9*%6*@%%@@5’#‘?%‘5‘3‘“ o anched.

saturated, singly or nmultiply unsaturated, cycl iC,

aronmat i X afrt| %%Hggz é-%-lz(b"lr}f J,,,H@,relrp.qt@ ahudfmkimme number

nis il

4, provi deﬁcwh@rims ip the structiwre %ﬁésl %ﬂ”ﬁ%&ﬂ!‘da‘r ﬁ'"a H‘&‘e’e yisthe.

mol ecul e; nds In the structure and is between 0 and n, and
fl(OR2) p( %?ﬂ%)%g @31% NH34 ere

| ndependcwhiere 2 B e et o e e nd'
saturated bgtﬂe;% v arRﬁ gekttiiny tHeNB@sHer finetonalityyasini e, exo- and/or
u

partially uori nated hydrocarbon; If is
| ndependesttigeyClic;t o Ce |inear or branched, saturated,
singly or multiply unsaturated, cyclic, ar omat | c,

partially or fuInyIuorlnatedhdr arb ]

- i ndepek)d & foymula Cnﬂ?m:tmv@a WF%%T gﬁ ?ﬂﬁo\ﬂﬁﬂgg‘ i the number of

saturat ed%éi oY 11Pihe Bkiupd indiiRRtwiser @dnd 4cgned where v Is the

aromatic artrally or full ri

nils 1 toﬂsmbsrP%U'@atWﬂengﬁ@{"LtﬁﬁS{f" %ﬂ%ggm pandn, and

provi ded R,{r-ﬁ % huhﬁ»@ﬁbfansrma@mmmctm@ndlsbetweem
or mu

gl Z?gl ?n@@ﬂé‘m&@ﬂﬂh? "‘Z"i @R%)‘%Hé’g\@@' pyen endogelic

saturated, singly or rrul t| ply unsaturated, cyclic,

Pﬁ{ Eelgglr !3)%/ rt%#%{ay%fl'llzggxwg € Orera 11X JT ek d Whefd'¥ is the number of

cyclic rings in the structurs and is between 0 and 4, and where y is the
number of unsaturated bonds in the structure and is between O and n, and
where z is the number of epoxide groups in the structure and is between 1
and 4, and where the epoxide groups can be attached to a cyclic ring or &
linear chain; -

4) the formula CoHaneanay2:0: Where n=1-12, and where X is the humber of
cyclic Angs in the structure and is between 0 and 4, and where y is the
number of unsaturated bonds in the structure and is between 0 and n, and
where 2 is the number of aldehyde groups in the structure and is between

1and 4;
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8) the formula (R R2)SI (R R2))1, where Wand R, are

i ndependently H C, to C4, |inear or branched,
saturated, singly or nultiply unsaturated, cyclic, .62
partially or fully fluorinated, and x may be any
integer from2 to 8, provided there is at |east one
Si-H bond in the nolecule; 9) and m xtures thereof;

b istjnct f
o1 handal MEEEHE ot area Mhste rt-125 30 wigfe x s the number o
sel ect ed cheliermirigsdn thecsipictuse and isi briwesn 0 endd, and WRRTR s the
C'Ha, .2 : 2 =1, \g’&g&% i twadio®and n, and
of cycli 8“%@%&%%&%@%%0 %ean i_gé(%rz:% f\?/ehﬁn 0 ngn m &
2, and wivenese 3 i¢ hetriwgber etiehysrarawR b SEFS I i hetween

b . . o
the stru c¢ &L&g}@oﬁrg q{man@%@taﬂ(sm cafbé extvridéorandecyclic

t he nunbe groups | e conpounds and is
between 1 and 4, and where the al cohol functionality

can be 3 16t endocy @oa, whdke hBe-1BoamINwAere X Is the
CnH2, +§),e§$%, y aoév\hHeaP’gg'%""% 129jzand ‘\E/vhe_r Xi s t(gere;: J where
number ofnumiet iof cydlic fipgs lrhthpﬁgugtqu}pgemq and 4, and where .

bet . fand is between O
et ween ,g%ﬁrggﬁlé}ﬂof%%ﬁr&e& Bondian theslasiturefan n

unsat ur at’e e structure and s between .

and . arand missdavhere 746 FRAIRRS 6f CHPORHIR 8RR e
In the st dabdiwettoi \Wp@; 1 and 4, and where the
et her |inkage é)gncan EE? exo- and/or endocyclic; 3) the

formul a CH2e,a zx-2,.2,01 where n=1-12, and where x I|Is be

the nu | g [ )/whére rediF12; and evharadx Isshe number

betmeﬁ%ﬁ%&nﬁgﬁiﬁ%ﬁ?}zls H;e nun‘ger % and ere y is the

unsat ur at@@yslsningsiin the,struchyrs apd js.betaen 30d4\80q g

and n, ang, M uRsAtErateEbEHIEIe theodtnenos iard imbetwesn Drand n, and

the structure and I's between, 1 nd 4, a t : .

epoxi de gwbereZ ishe B‘@"'ﬁ?’%&@ﬁgw %o%eﬁc'f‘iq‘ge W%&grﬁg s 1orZ

linear chain; 4) the formula C'H2,,,2,ex ay ftO= where

n=1-12, and where xis the er of .cycli ' '

The st e amaiaCy Hassrwedtdo W N1 1, ArijieRd3 i e number

t he nunbeg %giéjaﬁgg W i SFLdbere Gdiigbétveen Oranck 4, epdavhere v is the

| s between and n, and ere is the n f

al dehyde pursberotiunsaiyEted %Pé"’%ﬁ‘&‘?’i‘%ﬁﬁ@éﬂ% flong of the

\L/t,i;w .83 5? u,t,gh@,h ,,din]éo&r@sﬁfi-e wju?hted @ith tieecarbonyl giclip of e ester,
ere x Is the nunber o cyclic ri

st r uct ur eanghwhete gisthe BHmBeé?fc?"E'yd’é#’gﬁW@? @qﬁe Struetyre andis 1 or

2;

9) the formula CoHanez2voy22(02): where n=1-12, and where x is the number
of cyclic rings in the structure and is between 0 and 4, and where y is the
number of unsaturated bonds in the structure and is greater than or equal
to 1, and where at least of the unsaturated bonds are conjugated with the
carbonyl group of the an ester, and where zis the number of ester groups

in the structure and is 1 or 2;
10) the formuia CoHznszawaxy(O)(O): Where n=1-12, and where w is the

number of cyclic rings in the structure and is between 0 and 4, and whete
x is the number of unsaiurated bonds in the structure and is between 0

- 64 -
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nunber of unsaturated bonds in the structure and is
between 0 and n, and where z is the nunber of

al dehyde groups in the structure and is between, -1 and
4, and where the ketone group(s) can be exo- and/or
endocyclic; 6) the formula C'Ha,.2-az,..sz(0O0H) z where
n=1-12, and where xis the nunber of cyclic rings in

the struc ' st in
the nunb eé‘wo‘f' %%MBE? g?‘éigﬁgpé‘rﬁf Bflotboryt grotipe

in the stru re and
i s bet weewhioh thedcarbonyh grayraaa be ketonesan thses. and where z

car boxyl i ' | in §id lRictiré apd s 1 er 2, and where the
bet ween 1125@%}.%;“9@%{&%%&?6{?%'% C'Ha,, 2. px-Wz(0s)=

wher e n=1sther group( be gndecyelieon RIS of cyclic
rings in the structure and is between 0 and 4, and

where y is the nunber of unsaturated bonds, i.n :

st r uct Unpthedermuia Qeﬁmmd%hﬁ #E "%ﬁ%’ ?"?R“P‘g e WS the
number of ndRBYCStich il tiestiuoture bnd il betweemd and 41and where
or 2; 8) the tornula C" Ha,. a: = -

and wher ex j& the wa@ehehwf%‘PXW#%?Wﬁg‘?&ﬁ#%’#e‘%em" 0
Struct ur exadf, Arid WEEr48AS 1k AnAbet.of alvdholtgroupsyinitise strusture, and

nunber of unsaturated ponds in the stiguc ; 2 and
. wher e nonwhere % i§dhe B\‘@B?U%M QBWS’F@%%%@]WESQ 5t ora.an

with the GRERORE ettisr grdupts) dahdeasidecyclicandxadyelic: 7z is

t he nunber of anhydride groups in the structure and is
1 or 2; 9) the for mula C' Ha"a a sy#n(Oa)1 where

N=1- 12,1596k (RAEIE ChH5ddbEwRITIOH)(D(QHOQH): Whergsn=1nl 2, and
the structure and is between and . § '

Lhe *numbiihers o Fibe FUMBEER DETR QS e SRycitle afais bétween 0 and
I's great eq, hhR#here i@k nurhberlof unsaturdied bongs in dagsstrusfure and is
t he unsaturated bon i

S are conj e .
carbony | BeRSng St Al e e D ol groups n e
nunber~ of spféAfe SHdi betwéan O ded 4} andowhere xde the rumbeg of ether

2; 10) the fornula CHa"za" A

and m}nere%wq%%q%@%ﬂ%gﬂﬁfs%‘%@aﬁﬁgs nt étﬂe?ether

st ruct ur e grsih(s)cahdenaiocyliannd exocyalin) ant ahere ¥ ig the ymber of
nmb f t t ed ds . Ln the . j

nuDer Of ooyt aroups IR SRudtire ﬁﬁ%sépﬁH&EHerﬁhhh the

bet ween 0 CABWNYHROHE & nunber o _
carbonyl gagitpgl group ben bé kewohes and/or aldahydes; anpd where z is the
carbonyl gro

can pe ketone Shiair 4Ra is Bétdeen 0 and 2;

where z &M ﬁ%ﬁﬁ%ﬁ“@@%‘?&gé‘%ps I n tX%e -
structure and is 1 or 2, and where the ether group(s)
can be endocycl i I, exocyeld.G; e Aldifsre % is the number
C'H, , 285\ the ﬂ@‘%ﬁe‘igha’:ﬁéﬁgﬁ?’%‘er e WIs
the numbes coélicaingkirctheistysturaand s hetwern Q aad 4ngnq Where y is the
between 0 and 4, ,and wher k gﬂ{g@ d Rfpetween 0 and n, and
unsat ur at d¥¥ %”W‘l"ﬁ%@ﬁit"ﬁﬁg% S between 0

where z is the number of amine groups in the compounds and is between

1 and 4, and where the amine functionality can be exo- and/or endocyelic;

5

14) the formuia CoHamz 2xey2(NH): Where n=1-12, and where X is the number
of cyclic rings in the structure and is between 0 and 4, and where y is the
number of unsaturated bonds in the structure and is between 0 and n, and

. where z Is the number of secondary amine groups in the compounds and
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and n, and where y is the nunber of alcohol groups in
the structure, and where z is the nunber of ether
groups in the structure and is 1 or 2, and where the
et her group(s) can be endocyclic or exocyclic; 12) the
formula C' H2,,,2.2 .a (OHWMO"(Oy OOH) z where
n=1-12, and where u is the nunber of cyclic rings in

the structure and |s, bet n_0.an i or
the nunbdh PBSASLH St BB LR e SHRBHIRY Cartbb Bxo- and
i's betwesidcRydliad n, and where wis the nunber of

al cohol groups in the structure and is between 0 and

4, and where x is the nunber of ether groups in

t he '
St uct ysphanshmiula OgtaRe, Q(Nawharenml -1 and whese Xisie number of
roup(s) cap he endocycl | bh R % th
DhouPt o) ele s BHRS HiidireHnd T BOWERR 0 dhtth, ehaTMote § s the
bet ween Onw@hiberdtiunsathratéd bonsis it thetipturg aad j bejwesp.0 and n, and
ket ones and/ or_ .al.de ' fids and i
ﬁ?r@ zjg e 'g%gﬁ%sdl 4 ifle Grdups irl'he coHipaands andis

of carbox¥f e structure and is

bet ween ObgtaeeR 1 ahd)4, ehd whereithe amine functionality can be exo- and/or
FQ,"Z.Z,,.§‘§%ﬁk¢Q): where n=1-12, and where x is the
nunber of % I't rings In the structure and is

between 0 and 4, and where y |Is the nunber of

t ig th t 4| whemx 8 th b
and . e N C Pyt if IO ihe fo8 TeraR e

t he conpoaheksliarings is the siidire wﬁgﬁﬁéﬁgﬁ}r&,ﬂﬁ %@atvh@re yisthe
am ne fun ﬁgh%ﬁ&' ﬁ\%amﬁ go&l@ln i sthedture aeiddy bétiwepn 04nd n, and

the formu where n=1-12, and e [

the nunbewhers 2 it PUMpPeFRfNIFGgONES &1‘}‘88%\"8”‘%5’&% bitween 1

bet ween 03@8 %bé'c'f’ @hereVthé hitrotuhdtiohlity canl BB exo-odnd/or endocyciic;
nds

unsat urat e I'n the structure and is between 0O
and n, and where z is the nunber of secondary am ne

01 OUPS 17 thd RrhOERO MR e, Al SNHRNE, IG(OH), aherern=1-12, and

an er e amne tunctionalit an eX0-

endocycl i ahere 1 i theumbey m(j‘l’yé‘l"t“x ntl'\%gtmcyh%eaﬁ?jé bétween 0 and

where n-i -4% and Mdre\VRtRe mémseﬁ dgmnaulntmed béndscip dhe structure and is

rings In the structure a i S between a

where y i detwren Gandhey,angwhere it ia:“a? Eﬂf“gsfn‘gg’ ﬁ?hnan? ﬁ@ine groups, X

struct ur e ;2 dunteR oressdndary Hinife grolfs, yisdhe number oftertlary

nunber of tertiary amne groups_|n the conpo f

'S bet we@mine ampa,,argn\ah%ﬁa&wéarﬂﬁﬁﬁen%[*f*@ﬁﬁPﬁ“ﬁ°

can be ex w%\%u RFle eiabbnd dri) is thiebwéem handi4,3nd where the

FQ,,.$.2"-2~.Z§ 2)z where nzl-lilia andF@Q§F %E§dkhe

nunber  ofalqahe] pRd/en PEegIPYRT LR OB PP E ST

between 0 and 4, and where y is the '

18) the formula CoHens suevsaxsy-z(NHe)u(NH)(N){OH); where n=1-12, and

where u is the number of cyclic rings in the structure and is between 0 and
4, and where v is the number of unsaturated bonds in the structure and Is
between 0 and n, and where w Is the number of primary amine groups, X
is the number of secondary amine groups, y is the number of tertiary
amine groups, and whete 1<w+x+y<4, and where z is the number of ether
groups in the compound and is between 1 and 4, and where the ether

and/or amine groups can be exo- and/or endocyclic;
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nunber of unsaturated bonds In the structure and is
between 0 and n, and where z Is the nunber of nitro
groups In the conpounds and is between 1 and 4, and
where the nitro functionality can be exo- and/or
endocyclic; 17) the fornula C'Ha,,.z.z,,

swx(NH2) , , , (NH) " (My(G$Z\Mmren-£L12 and where u
S the1§%ﬂﬁﬁﬁx&f kdc®. rings In the structure and is
bet ween an 1? and where v |Is the nunber of
unsaturated bonds In the structure and. |Is between 0O

&J?n‘i’pdé’&ﬁh%fwa!rﬁ 4BhGrtyEBRprighgT i mary ani ne

grou I's the nunber of secondary amn
i s t(n)aangmena*@ﬂ pregquryas splecieg &aodi oot |
<w+x+y<4, and where z is t he nunmber of aI cohol groups

in the conmpound ,and ;

Al cooS MR PPRORPOTDE el urys T Jh elipehSerityH or C: to
cEresys brﬁnchekﬁ)saﬁﬁéteﬁ O8i ?ﬁnﬂﬂﬁply unsaturftt-:ld cyclic, partiaily or fully

“XWE, Z(

e oo o B 3 i BBy [ e, 616 B, o, branche
satifdidet sﬂ[’gﬁ%‘%b %L(fjhl;ﬂﬁ @nsﬁturamﬂ oyilie, cararriatic,t pm'uallmbefuuufﬂuonnated

unsat urated bonds I n the structu .
hytararborh s AB AT 7 5 & Kb pRMY ‘EFﬁE* SRR yﬁiﬁgﬁm one of R
|s%h9éiﬁ§ted’6vlﬂ19& ther 1akgeb hydiotarben astwr gorageme  gr oups,

he nunber of tertiary amne groups, and V\,here 1
<vv+x+y<4 and where z is the nunber of ether

in tbﬁ‘tnéonasﬁﬁwaotaawhﬂ)aotre)oa@mps:-ar&!%(o@mmi )um where R’

et he d/ or n
arghgogpecqnﬂepenq?gmigl)o ﬁ?%@ﬁg Hrafched, Qéfgi‘at smgly or Ml;ltlply
ussHiRated! 'tﬂﬂld?fpaﬁdaﬂy mrmuy umnhmteddwpmoamgr R%)R'a R° and R® are

ingparaenfly, ed ESIRSF of Brgfend, LEBMA P & muttply unsaturated,

1o
qﬁluc (QB&u‘aﬁé %G]sm%} Ny fiuohrGitedvhydrocabonsn lsftierdais® ka3, qis 0 to
or CLto Cl2 lipear o aku i@l of R and R®
aépdmpptﬁﬁypm@fjﬁ% CK/@@EQI?S%? Itgrfﬁdﬁfjle?étdiﬁdf an
isf dubsfituteatvilth A4 wmgdamdmeamancasm ao@gen.dependent | y
Cl to Cl12 linear or branched, saturated, " si ngly or

mul ti ply unsaturated, cyclic, aromatic, artlal ,
full B) fthe orbrmaaea'ma?)g(cuom"),,q,swﬁm( QJX where R

b B e W] NED i dined P?rat?%ﬁ&heﬁf gh fifdtbd iRy br muttiply

rocar bpn
uhSRuResd) g?mllc, Partidlly brofuliyl fuorinated hyd ’? Ft‘P £and R are

ol MG B or s TR Tl st

c&d:lreeﬂlbrrMichﬁa'mllyeﬂ fullyefuarinated hydn‘mgtbpngn is@itq Bnys 0103, qis 0 to
uns?[yér At f;hd prcgﬁc?ec‘:ﬁa‘t I%‘%BU ‘Pd-l L4 ¥ k5, bhy at icast &b of A" and R®

ar e "I ndependently Cl
i ﬁ.ﬂ:@iiﬂltéd withaa Ogror largsrd‘tydnhcmm @oragengl y or
mul ti ply unsaturated,

4) the formula R'«(OR?)H{O(O)CR"snsS R7-SiR®n(O(O)CR%)g(OR )smq Where R
and R® are independently H or C, to Cy linear or branched, saturated, singly or multiply
unsaturated, cyclic, partially or fully fluorinated hydrocarbon; R?, R¢, RS, R®, and R are
independently C, to Cy linear or branched, saturated, singly or multiply unsaturated,
cyclic, aromatic, partially or fully fluorinated hydrocarbon, his0to 3, mis 0 to 3,qisOteo

- 87 -
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cyclic, aromatic, partially or fully fluorinated
hydrocarbon nisO0Oto3 milsO0Oto3 gqisOto 3
and pis Oto 3, provided that ntma 1, n+p 5 3, nitq
<_ 3, and at least one of R and R3 is substituted
with a C3 or Iarger hydr ocarbon as the porogen; 3)
the formula R"(OR2)p, (O CR)

(@ R e merdis 3, and aléastane of R, R“and
?%tepgp H o{ri"‘£I tobll(':{gpl i neaé‘[eor br anched,
R’ mﬁwﬂ@ﬂw AdFayor faroat nydregagbon &R ' cyclic,

partially or fully fluorinated hydrocarbon R2,

R, R6
o o ol UGB RLDIHE  5i epgnarty H o

C,% A ﬁnaa?rdP %ﬁ&aadpﬁﬂlﬂaﬂd wirgly. 6ruhhlﬂplylumsaturstad.obydlc partially or

mmfogﬁé‘feg gresartoro i ded T ae epeidoy T d &zt’@ea's"’?b’a"""ed
saﬁuéﬁda c§ §lol RidiplyoURsaviratdd, apcicRarothatic; sstalyoretilly fluorinated
yecathon, n |so‘i té g rpg i%ro tlg 3d ra(r)‘g ?isbf) {2) spréﬂ&d’%mﬁﬁs 4@ndt§ﬁeast one

of ﬂ' i SORRRASY MR CsDr largsi hydécSiaitam( &tk PRBIgRNORG) 9. m g
where R and R3 are Independently Hor Cl to Cl2
| i near or branched, saturated, singly or multip

uns86)Lthat&mula:wumz)mm)cﬁ’)wl).muu yhem@rlpd@ci/emndently Har

hyd b
o TS Bt syl sV o B B B G oty
ful ddrﬁhtéduﬂmmtﬂz and)m are, independently, Cpta &adlmeyr of branched, .
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| east one of R and R2 is substituted with a C3 or

| arger hydrocarbon as the porogen; 8) cyclic silazanes
of the fornmula (NRLSIi RIRs)x, where R and R3 are .

I ndependently Hor Cl1 to Cl2 linear or branched,,
saturated, singly or nultiply wunsaturated, cyclic,
partially or fully fluorinated hydrocarbon, and x is

any..l nt § 2 to 8, provided that at |east one of
RVOAHﬂm&%%I"gyg%g]stitut ed with a C3 or |arger
hydrocarbon as the porogen; 9) cyclic carbosil anes of

t | i Reindmary film with at
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, to Cl2 || b
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part iggh égh?ﬁwﬂleh&rdyl HIRStbR 8hérdy, hetettonanergy, microwave energy and
r

any Int om?2 "to 8, provided that at |east one
of Rehg + is substituted with "a C3 or |arger
hydr ocarbon as the porogen; and 10) m xtures thereof.
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claim 60, wherein the at feast one post-treating agent

i mpraoves a.  property.of the re ' ),

or B metal of Bl So,whese ko iboReiripthg agert removes at
r enDVbA astidradtth@pbiogen fronithe peelipinasg &im-f rom t he
prelimnary film 52. The nmethod of claim50, wherein

an additional post-treating agent renobves at |east a

POBSI THe Mbthod@f plainy oy whersimthé at ipastianeipest-iyeating agentis photon
The net hod | ai.m %' 80 least one post
treat?qﬂgﬁﬂgﬁ?%r@erﬂ%gﬁ%ﬁéer gyhlﬂﬁor?ﬁtg range of from

200 to 8000 nanoneters. 54. The method of clai m50,

\g:w r ﬁl-g%rtn 2 tr %Iﬁﬁ&? %9?’3‘2%{9@% b Bakt dHe pRatféating agent is electron

y an el ectron beam 55. The
met hoshergy piosided by anglestionbeame at | east one
post-treating agent Is a supercritical fluid.

66. The method of claim 50, wherein the at least one posi-treating agent Is a
supercritical fluid.
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