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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. Provisional
Application No. 60/613,937, filed 28 Septenber 2004.
5 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 el ectronic-devices. The

el ectronics industry uses dielectric materials as
insul ating | ayers befnaedrCcTiE wiveNRsh-conponent s  of
integrated circuits (1€ and associated el ectronic
FRIROES LOWTSIE! EDTRIC CUNSTANP SOMPOBITIONS AND METHOEYS FOR
to increase the spegfinant ARD USINGESAMEY Of

m croel ectronic devices (e.g. conputer chips). As the

I i ne di nensions decrease, the insulating requirenents
for the interlayer dielectric (ILD) beconme nore
ri gorous. SIROBSIREFERENCEXD RELAGED ARBLICATIOMS!

1088, oFié hErERES) Blimg flebeRbll o 1.5 oMk ALe

606 13:037, filed BFaBentember 2304 he i nsul ating dielectric
interlayer. Cis 15 inversely proportional to spacing
and proportional to the dielectric constant (k) of the
interlayer dielectric I%éLD : {:0003 Convent i onal '
silica (Si ) CvBAGKGREY iTHRINWENUOBY from Si H4
or TECS (Si CI:HZCHS? 4, tetraethylorthosilicate) and,

080321 Jw die ceonstapt pghasialsrodyced hyrchemical vaRar degogftion (CVD)

mdthedS ar iPpisalyalsRt mnaﬂhgwé*&b irl Sl8dtidnic/ad\Videsa tiheradditbnics

imﬁo Broduc_e si'l i ca-based 20 chem cal vapor depositjon

juses fialeciia mategaisasdngyialing layers b {reUg RN ponents
of ieGratRf dvcuRe{I0Yahd 8ssiRRitéelebtrd i€ dévicas, Alind\@infenkiof8 are being

rodiactia et hineirese dEpest] 10 ey density Spiesirigiiiopieiieyices
(elgCE&hp@lenships)s As 1iBiliGd dinverdiieddcRihsasthe ikunaing reduitements for
o R i L ek e i ol shocing requies =
lo\géztouielectﬁb lcevgﬁ_m tointinierizl qu?]c-ﬁmmgmhd avhere Ads _ﬂmbsi&gance of
0 ) reasi n | r .gevice nsi.tLes, an .
e fariusiveging aodt 65 FRapinlntedt el depaE gy ot
inarselpgropattivnsl ocpaciag and pesportiochal tdibeidislecttic yoris&nt (k) of the

_turned.to vapiQus porous materials for inproved
mtf’ﬁ%’(ﬁﬁﬂ%‘%‘ﬂ"‘bb%@trti es. The addition of porosity to

.he ' C a N ren [ b C
S, 80O 5 SRV D o YR P S o Teos
(SitONsLEhit), Abtraéthylodhasiiicate) anBdd thave @Sfisiectric chastantakcreater than
4.5 OFRAHE deVeélal ways in which industry has attempted to produce silica-based
chemical vapor deposition (CVD) films with lower dielectric constants, the most

~ successful being the doping of the insulating silicon oxide film with organic groups

providing dielectric 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 alkylsilane, alkoxysilane, and/or siloxane, in addition to an oxidant,
such as Oz or N;O. As increasingly higher device densities and smaller device
dimensicns require dielectric constant or “k” values to drop below 2.7, the industry has
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be low k materials because its dielectric constant is
| ess than that of the standard 5 materi al
traditionally used in the industry - undoped silica

gl ass. These materials are typically fornmed by adding
pore-form ng species or porogen precursors as reagents
during the deposition process and renoving the porogen

f d d I |
tum@&?aé”@éiﬁﬁ&‘éﬁg}n%@%ﬁw Plraprevadfediafit aiobpabS. e ko o
!l'séql:hégéll / pa(?e&gaﬁlah lﬂmiﬂhwelectesndnﬂantﬁfﬂ&@duces
t stabili and a .
i cmsat o oot B mapoa, Sy OB @i %‘a’"c’e'e" ©

" be low k nidterils Bécaule its Bt coRbtant iBllessr than et of the standard

o e o A L P
el yRidYingfpo T#Eririﬁdihﬁb@l ot pofoQed sFectirsass gggeagents

| t f |

dummq%@Zd"eB%»s*hgf hiockes S {=evinghe BHfERiR i fladigetediond! ©
ppeluﬁhnar?/iﬁtom é?hu&brdﬁmes :@;pm%#?ayenal :Ott@ﬁmatanaﬁgzpefﬁg;fecgi's
mechapgaldprdiespse 'F?t{?rﬂ‘ QRIS T e%%.?aé%fr %Eé ﬁer@hgst 'mg] fr oénkwi onto
a vag@tyljo'i stabﬁfﬁtés ddﬁ&ﬂ&.{pbnuﬂltecﬁemlmllmmm@mee agd @m the

i el ectric 0 I
porais raatRrial ﬁ[’bo gﬁ‘%ﬂf‘g‘g&dé‘g g}’ Bi)thg Eﬁgir"(‘eﬁﬁplg?%g chemi éeatlenous
effettd WHen(Rpasily tis addewstoladdmf or produci ng the porous

organosilicate glass filmconprising: providing a
substrate within a processing chanber; introducing
gaseous reagents corrprl Si n at | east one precursor

sel ected from BRIEF § %WEH@VWJH or ganosi | ane
and an organosi | oxane cont aining at |eas oneIEE Bﬁl - Hofa

[0004]n A pombua opganogilicats glass (Q8E) il ﬁq:ug,qlrﬁ@g a8

’tg T2 B e 4 1B 4%, 0 ES. Qﬁﬁér@@m‘ﬁl@ﬂ’ 100%, v is from
T R S A e v
50 %ﬁ&o}%{lé BNs frblltnrﬁ ﬁol'ﬂtbﬁﬁr%,tvﬂérélﬁ RISl hagsbres andaidiejectric

a portion of the porogen fromthe prelimnary
mnﬁtahhﬂt%?pf(ﬁ;ﬁc&sdmﬂwwgn fil'm conprising pores and

a dielectric constant | ess t han 2. 0006
[000s cAlsb deseribedihereiR is 2 hRsy S%WBPP %%B‘%gﬂ?g“’d“d“g the
por@%do@‘éﬁﬁéiﬁc%% abOfilm o sﬁt@u rdWiirlig)a auisstEf@withinresprocessing

Rl g
charmmptrw@mglgqﬁeew tReGeRs sPEPUSEat IRSLp: FrogHi o goected from
W&%f&m&& 4R BrgahBSIRAG ahdian drgantsiioxamemontaining at least one

rganosi |l icate gl ass materi.al descr.i hed
sa-ﬁtb%ndgngmmgnrﬁ@dfﬁ%'f pERYINg gn ?Wéfé&g? o?gét%\%’gé ge#grggﬁ%"e
EhPhiSEr 16 UG reticBore B thghsemes reagerits knd provide a

eposited fromthe organqgsil ane.precu
mﬁmg'mo MWW@&W/@ B o RRSRE e o™ and
reridvittd atQéask apoitidn 6fTRE Porogye frﬁhﬁhapeelﬁh@y fijyo taoprewide the porous

film: comprising pores and a dielectric constantless than 2.7.

[0006] Also described herein are compositions comprising porogens and precursors for
producing porous OSG films.
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precursors (0009] FIG 3 provides the Fourier
transforminfrared (FT-1R) absorption spectrumfor a
porous OSG fil m deposited fromthe organosi ane
precursor DEMS and porogen 10 precursors CHO or TMC
after deposition and after exposure to W light for 5
mnutes. [0010] FIG 4 provides the FT-1R absorption

ot FRIEECRAGRIRTIONSIR B L B S osb it tiglias

B S5 oo e A HLSBu I s o

_ fomgf)?efﬁér%% offabbilicate @Ik insatéal BesdvibedcthedihD i n a 20/ 80

l e percent blend. 15 [0012] FIG 6 provides the
r ¢S5 pivvidedited AR inaasiontvwo ditferdnt bamgee peraursd

sto:?pm g; ecur sor. m x Waj I fg%,% %gd@ayn%%ﬁ%@&thwwane

(DEM@Z@@ e;ﬂE&BQHbE&dBEB@IFDHﬂ) Gh1 2H-Tirtethylvesohegane (TMC) parogen
[0013] Porous organosilicate materials and filns and
Prec¥E¥¥idds and mi xtures for making sanme are descri bed

ogsy G4 B oo AR frofed 7 Tttt spiirum fre

r&isft?mmlrﬁﬁdpmhdmeﬂm drgarmsiianaprecusob PEME and wrgaﬁ%
cont al e [
pocie o Bl bR SR B0456 ol B Bt

oo ik s uf LB et Spbatln e i tsemin

preciirsarsuixtund gimprisngBEMS and CHOIn Bl 7H Plj]ﬁ" FI%'?FB‘W?
a variety of substrates that allows themto be

[00t:1}i tFIGL 5 pravides the FTdRyatsprRtiop PRI fry 3 imelepggiies fom &
precﬁgo rmi#?l rﬁpﬁs‘?ﬁ& BERES aREOMHD e 20/80 ebyan@ie nerdem bi&nd.

ess,"or 1.25 g/m or less, or 1.0 g/nl
[00‘% ) lelﬁ 'r&n&psr l&n@'hﬁrd?ﬁ@@ J&."Béabatric bbﬁstﬂﬁiﬁ%rn@%posﬁed from

T nadelntoathlnfllmth&@d?wgl Sy

pmmwmmp@lwahm@ﬂﬁﬂ@ (A He lranens n

W&bg%qféé"?& g el atively high thernmal and chemi cal
stabr iy ariety of environments (e.g., oxygen,
aqueous, oxidizing, or reducing environments) relative
to other porous -3 OSG glass materials. It is

bel i eved t h@eAMEDUBESORFTIONPR THEINVENTION t he
result of the selective incorporation Into the film

P41 CRbAR or%h@élﬁéa?@ H-ﬁat@riwﬂm flmstdr;d methbtls afid mixtufes for making

organlc carbon o]
same a1 dpscihecierpion nike gare e SR BRIFTAR: Hidbdrose
nmieﬁta!srhr{t(:lrfﬁﬁ t@éé&rlb%d?ﬂ@l‘ﬁn idyashibi Hyd @ﬁm beceuse of the organic

network as term na S r
grokon MRS EhereiR; 1B O OHC STGTR ALY SR figy etectrc
cor{éf.?nt,ﬁiraﬁadi&&cme bon?&%uﬁcfl 27 t&ﬁbﬁ while exbBitfitng sgﬁbgmeghamcal

ydr ogen contai ned ,w

hargpess: Blastic moduius, Iow resirdyal STEsS: bﬁvﬁﬁ%@%f& d high adhesion
to Rdrftyat subtirttes e alows temvfo biesuitable foba variety of applications. The
porous OSG materials described herein may have a density of 1.5 g/ml or less, or 1.25
g/ml or less, or 1.0 g/mi or less. In certain embodiments, the porous OSG materials can
be made Into a thin film that exhibits a low dielectric constant, high mechanical
properties, and relatively high thermal and chemical stability in a variety of environments
{e.g., oxygen, aqueous, oxidizing, or reducing environments) relative to other porous
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'[0q1dlasﬁ(é bbrovi

H bonds in the final filmis mnimzed. In certain
enbodi nents, the material has at |least 10 Si G4d3 bonds
for every one Si-H bond, nore preferably 50 Si-CHs
bonds for every one 10 Si-H bond, and nost preferably
100 Si-CHs bonds for every one Si-H bond. [0014] AG 1
provi des a process flow for one enbodi nent of the

OS8R matarts 1 peevac el Sies ALiers nbrBles fayBiipe sasut o
theGRigivé Ritofgordtion infothe filn efcen'bm; @réferabtyememmamels the form of
Si {ql con- S_g%ﬁam n and Eor!og r%ﬁ gsg%tn?%mgmmm of

mercsrg@aa tafbioatis dahe a)n'isofl—?sl-&tadaehad todthe smcatatnatwm'hah tersinal

me‘rﬁ'iﬁexa%g%sgglb%agg %@Oérg%&eﬁreﬁ?tg&ihr eage t(56%} or

greiater] ot Hiwsegremergarmbe grealar of tielhyetrogeint dointaindsbwithin the OSG

mailic?eﬁér 8%%31@@ lhﬁ{gén fg%ﬁggg gds {:a;i]'goﬁ Bﬁ %ltn%ﬁiaﬁ ttﬁ@ﬁﬁlokﬁt of terminal Si-
H hbeyds 1 thedimalsi:laps nmitienized. i lo oartaioemtiodimenta.ttie p’tﬁtm?é has at least

10 %ﬁfgﬁgal&?%ﬁ‘? :é ngpq%q inBtLoreliatily 96 240 %oﬁh?@eeﬂfery one

or nDre ener gy SOUI‘CGS ore
Si-Hrhindr and mest pr y1 369 §hChHa bends fémﬁ

precursors déﬂco dep03|t or CO- r‘r’er| ze onto at
agrogess flowt fonere 8 6@*1! of the Fiathpd gisclosed

heRirPlol B Ebtlo(ﬂ; 0sG midisrial ik, ?ﬁ@ﬁamﬁé d%ﬁfate?lal or film may be

ort| on orogen precursor can be renoved from
demed ;!ﬂom 8 mlﬁawe}nfﬂeagﬁrﬁ/thﬁh@ﬂraw'pﬁ%#l@'aﬁ@"@m'm@ porogen

pr&ﬂ%’o@é’ W*sﬂ%n%ﬁtﬁlrﬁﬁ‘g prabiirsb®laslusBd heftin 8.2 rehb@rlitl’(ﬁét contains
hoto, electron, and conbinations thereof, to

at lbAstanerHiiaton sugh A er HRRe FrgERGSiRee 8N a'egaaﬂ%'%?“e A
“ndiBgEh PreBESBIse Sasl e ihReeih, o mraagém et & @usw te @knerate void volume
at nospher e, _and nder. inert, | zin h"%duc'icﬁg i
withip 1 resyfiant fie In stef. agubseie s 1Ry t PiPfrassing
chﬁﬁbﬁ qrurrrgﬁgé gapwn;dnr&emqnﬂaﬁo@fm?ahgmatpemqmmmm are
ese odi nen e degree Or OSi
intpplucal BlouBe A eoea chabes At acibated) tyfiie e Mgl sources
befla'f-é Qﬁdlgﬂafhat iftrodgaittioti yito mfe chasiber. SThepredokisos mayito-deposit or co-
imted to ratlo Qn- GO r
polyireii BB RSEA 2OUIFEST AAPRITISEHESH G AP Rds BIsFaIMAGY fim.
thelxiede Bfeﬁpaﬂgashra ;g&ﬁdr&%ﬁ‘the gbm@termre&rsdr eah berrempesd fremithe
ted,either rin Q o
erelitfns s Ry His S hona R0 sy pftirs Sycds biftimiea o
themml, photo, eleats, mndmhminmnonsmoi torthe Bim. | Bys freatment may be
nechani cal stren
calfil S0 f e o B 1R4Sbenes BBltE b {lim, R 08Ent atmosphere, and
undehr imwmm,:arrmmndmonQeTheMof atdeqst aspm@pn of the
t he a i con W oYol r
ol AP B 50 FBBSRS RpL  RET A HEA! o oo
of porositynandior the dietectric coristnt af ms residtantfiim' may be éffected by a variety
[
o SRR B O e A1 e S SHSS o Ol pcgen
prasbasr mithintthe mixtarenfgredirsarh.e imeartaieomboliiments athes treatments
may BeP R Sted WithdPdlirinky' 4= 4 PBrtion or after film formation. These
additional treatments may, for example, enhance certain properties such as mechanical
strength, residual stress, and/or adhesion.
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reagents delivered directly as a gas to the reactor,
delivered as a vaporized liquid, a sublined solid

and/or transported by an Inert carrier gas into the
reactor. [00161 In certain enbodi nents, the
silicon-containing precursor and porogen precursor

are chemcally distinct fromone another and are not

i nked by any coval ent bonds. In 10 t hese ?mel%e g_‘e reagents

[0018hbTte nehress “chamicainpresursgts” oif sussd herein 1o

com rlténlﬁ %F%ﬂogﬁi% S RSSO “gHrBGe précursur) &€ well as any

ont I St t mass flow control |l ers and ¥, or
additiorial oeagests ﬂ?ﬂldetheﬂh"l'f&% Fin o @rubsisRier P o Siprgastes)”, or

' othe\l?m.u% B%Q(FI Vol Ohi @5k phiddh Mghdsoush nbemetimescasied herein to

t the ch
desciibe/ the prequssars é}%lﬂﬂgﬁé@;? irteiech S (ARRmPESY: o""f"““"“
reag‘éﬂfse&élf‘v%réd“&rm gries ga!sntotthe readter, cﬁlmddrwa vaphnzed liquid, a
I con-cont al ni ng and_ por ogen u 7 wel |
sublimechale NGl USBPOLRSCHY. #4881 31 G5 A i R0
[001"6Ea‘iﬁ b&Rain @r%ﬁohl{n@eﬂ e Qith?]érngérﬁaltﬁhg Rracupsarand porogeni pracursor
eir concentrations in e . .reac
are chareieaily-distingg fromene;asotar gﬁgla‘r%,n%tflppﬁé B&ER,? covart bands. In
esﬁ?ﬁé&%&sﬁbédé@ﬁhatggm cgevai:gurfngsl ?f;t:aa‘smoom-sowﬂﬂgcaﬂddwmgen
precgresss paobe caaIe Y dlTPLTRT: [ pRirolefe b iRed nto e
reacﬁg?i rc]:gagibgf fergrg ﬁgﬁugpgwmswgmxmwminm " mze%:q:mced
withiy & ASIReY Ve o BoHad Mk Sherdger, el 1Ed f prolide @oation
mnxﬂt%hbﬁcﬁ'ftﬁb eﬁgerhgm:lé chdmbsrh én tredater embodmrthe pijoanpontaining
ot her enpodl nents S
and pgrRaaro ORI 85 el ok SotRBECIERiBS oI bl ferdY reacion
mnxlltiaﬁé s sﬁ?latsupply shieesh whichuheir mmt(ghqm’-e@ @E@mmchamber
e or n
are ietermlnenow e St o 16 nblfe] Shd 2 ERAEH oW into reaction
chaﬁibéﬂ@tedbrﬂrslfl@:l psing a eingleangss flow eanteoller.y The pgl)prgqgsors can
Iuc or
be GaeToHe B BRI Syt RLHY i Humei BF HieaRS fncBlihg bt A limited to,
ustrfga pre%aﬁﬁzableaﬂaihless stpehyessd! “”%t‘f‘?"'w‘é?‘?'w‘yﬁ“'@ﬁ laﬁﬁ fiings to
0SSi ﬁ #@%EE as a sin e
alloyﬁg% e Elllqé'lb%/ tﬁé porPeon of the nol egul e
[oniﬁb ;ﬁ?l c&rrl] & Dass gﬁg‘ a EIF'I 108 3f o ulinky futictiont function as

ex1 poreformngsemes Wh'Chdthe
botf3 the m:re*fememndqugﬁe élﬂmé@t thersruetge-fqqEing.pregygor an

porf-tagilig 8%&@‘3?% r‘n{i rdosksarifCdiffiGient Mdleculds | dndif ceaaik

ure may "be advant a

embadinentsitge gotigehds a partif (4.9 eyvaéqnﬂvr'?egr'g&?s)é?? Siugre-forming
pregl?ﬁlﬂ %BrellisBrd (?ﬁltélﬁlthgl'Hdgﬁg vbifd fReMm dré eBmtimes ssferred to

er nor e, e advant ageous tqQ.h ve t WO

herpinatiefoars" paragenhisd RrecURRISS; Foe xampie, s posalie 1o Usr peafexyl
'fsdé%ﬁ gﬂpé%'ecﬂb %@&ébﬁf HeAMAC T pokh Giths maldoakitocné the base

such as in

0S§ stFltmtls'e (ﬂnéttm)wlky alyyl)sgs;ap@tgﬁmexyg is-thg pofe fomming species which
is r%ﬂn%@éé’ il hE%anél‘iﬁ‘JScés% ﬂd%ir%ﬂﬂ@ pd#ﬁgbﬁ@xﬁhhﬁed to a Si species that
wullnwﬂm@k into thelO Bos(ggtsr’ucltgretmgy be advan a geous m achlewng a Ihf‘gher
efficiency of incarporation of porogen into the film during the deposition process.
Furthermore, it may also be advantageous to have two porogens aftached to one Siin

the precursor, such as in di-nechexyl-diethoxysilane, of two Si's attached to one
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reaction of one Si-Porogen bond in the plasma will
still result in incorporation of the porogen in the
deposited film Additional non-limting exanples of
preferred porogenated 5 precursors include

1- neohexyl -1, 3,5, 7-tetranet hyl oycl ot et rasi | oxane,
1-neopentyl - 1,3,5,7-tetranet hyl cycl otetrasil oxane,

neopent yl di et hoxysi | ane neohexyldlethox si | ane,
poragsBheyah as indudrbis(disthaxusiivlicylsahexaney ?‘@%B{%@??té'hﬁ'yé’ﬂad o

oredlifisdhe g ?ﬁé%?%??ﬁ?’?ﬁ@%é*"*m@“ poh. i i maer

feammqf pne SpBetngen bad in.the g v st i89 ﬂ&fbiﬂ“’g fﬁﬁ\?%&“e
rc%ihaﬁ W}t&fmﬁﬁ ?m.d@enmrmmag ebcﬁmﬁle? teo; p&f&wgét: ?diragenated

| |
Preqursors Bicisient -perhexia %;feﬂ 4‘8’5%@’?&# Xegh: 158 7
1,3, Bméﬂ%@biyltlyélﬁt%r@s'ldiﬁné,l riemeﬁﬂyﬂ;sﬂmwgmel, ned'\qt)ayﬂimincsqsllane
on | or o C
neoawhﬁﬁ'ﬁer T, SR BTY P o ST R BRB Vs tagysiane.

[0018]" Th ﬁ:aha:ﬁ Mﬁ&herﬁﬁ oftuhefmatoridll & which gesingls achubiplesporogen is

anap e Sl B B BB ERRERISh g vy o

whehnlthe [iln9 Rasured ot maspci'ss \veopdrticicthe pordgen dEIh)amaladtgel'ia;t to the

smc%gf’ gﬁﬁ%‘@f&& Fﬁ"@gn etpg?ctgeh é%%aternar@

Passdemma¥ b khosenbsuch thajrdeapmppsition cprmuring dgavamiaBiached todhe Sia

tem&:&%ég? ﬁﬁcﬁiaﬁﬁﬁq‘%ﬁg‘%ﬁgﬁ?@ave d;?%ser m na F&FC%E{ d," o the goregen

neopentiykis ghosen, Bils expected thatabemabanmlm dmdph@sum@w ooaﬁ'@ons
wou‘z}:? Lﬁﬂeddo%deb%éﬂaée Gy %t!?-@zlaﬁﬁds {d thE‘Ss ERaTR eSbdHd between

ecusors are ne€eope |et oxyS| ane, neopenty |
the secridarycabomadjacent to ﬁe:wbﬂwwamﬂeam saspeptdh %t-bt&wfsfoup will

M O e e @%ﬁ@g@zﬂars i
wouldleave aemningoBHs graupda satisly thepdues well 88 PERysR hystsophobicity
andy B didfsciit oGl to B iR, EAipIPoriretliselé a@Rpentr)

out 50 atom c or about 15 to ab 4
trietapzwer% ingapendrietheny siBpecars! neepapyl Fiethexyns
bout 5 to about 20 atom c% 25 car bon e
001910 Ipcaeinsanaptisadls, tha oS G3P Hm SepPrRE | Le‘?@ﬁﬁ% about
as %fgagué&. dPab&f %% ﬁb&h%t% Bitidort; g}: Jadeut 1B dicues Yishic%, or about
0

5 to about 7. atom ¢

fluori ne,
20 t@ra@out 45:91505“@% PREGY; ﬂ@@om ptorahaut SO Pt?f?'ﬁé’g@bglﬁ&% to about 40
atorl?l t f Pabot sltttf@b&&@o a}‘tbdumwayaﬁdlu.@s 16 aPb@ti 20 dtbmic%
eas on (0] e 0 oW N el e uorin oraQ
carpon. rRependingypen %Qmﬁ@tﬁgﬁ%%gﬁ] ‘Eﬁ’e&k‘ﬁ’% may also
con%ﬁasoﬁrcpﬂ HE&shURY 5 BtRSE%R QRHbANCES td mut@\maﬂsaﬁ&/ Mfinerige, 10

i nherent free vol une ore_S|z eterm,n sitro
IMPERYEI el TR O FRLENARODR E’b'g* Rﬁ@j SinkBrngni, fe 0SG

film3RayPRI9Y coftafh Atfedsh ofélbi ﬂ‘t@'f@llﬁmﬁg)ﬂeﬁienﬂi fidorims beron, nltrogen,
Derise, OSG fil ms produced by CvD of al kyl, al koxy,

andplipsBRorOPs ox) ane precursors alone (in t he absence of

{onigl Undoped silica glass produced by plasma enhanced (PE) CVD TEOS has an
inherent free volume pare size determined by positron annihilation {ifetime spectroscopy -
(PALS) analysis io 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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pore-form ng porogen precursors) have an inherent free

vol unme pore size determ ned by PALS analysis to be

about 0.7-0.9nmin equival ent spherical dianeter.

[0021] Porosity of the as-deposited filnms has an

i nherent free volune pore size determ ned by positron

anni hilation |ifetine spectroscopy (PALS) anaIyS|s

conparable to 5 undoped silicate glass and dens
poreaiogamsmrmm preglrsers) havsoan inbemnbiree Maljimepasy §izg QF@W"‘@" by

.. e of the
P @*%@s@ A B BB B S e
{0029[?3 ForShyl Jt 408 b4 Fifrfd RetdPmhent 68 &ﬁume pore sxze
ganosiI'ic ate gl ass because the g)ﬁ%’ oro
detgomineddyrpasiteorrannitilation ifelime greg éﬁég arable to
undb s.i.&wpeaby 8ndl dbA%e brghhdsiicatd g '\%b%ﬁt oletey ninm Rdeduivalent

e neutron scatterin r 1 LS is
Sph%ﬂ?éd'ﬁﬁ'@%efs @S?mﬁ.cﬁs%sq*aﬁmreeﬂ? ﬁt@rﬁ?sé% ﬁ%ﬂﬁ@fﬂéﬁ"”‘&b‘? even

smafgbtt] @réflfi ?gallt\bdﬁ%grvb@ﬁﬁuﬁd@ygad %lllemefyﬁssmg?guﬁa&gahbsﬂrl]c:tef ?lﬁ:ls
B3 e pegAsEcs PLARBORDIn oI RINRGoRLR e P B g of the

Inveﬁﬁ@ﬂlh‘lsqf'fﬁlaﬁﬂld\sf)% dEtermiited ﬁy sahll Ahgienpoingresdattesng (SANS) or

Porous filns descrihe ave a de
PALE T3 % than 3 i 3 eyl pfptre) SRS PedfmstyBl osithan 20
nm ¥ eduiierit BpRertaDdiadetey/ Nl . I n certain embodiments, the
OSG filnms described herein have a density at Ieast

10022 %ot ot ik o it filrs rmapbe romss 0ST5°% epeniagiuaanthe
W t hou or %
procksp 0T 0BT g eRieh gt P bropgrih, Plous e dbecitc horein

havé hrcmmgitpoﬁ lessmthah i1L.3vg/milor adterriatively desothiany R5g/mi beless than 1.00

ﬁg ntthg;l'%(? %m@%léécﬂi:%llj hﬁ%ﬁ Jéaé’ﬁ&ﬂ; at least

por o0s]
103@1939 miaerthayof an., agxalcmpa S&fiim h@duegcl witigut pgmgeﬁ qr gt least
zoeg{eggursor during deposition or by treating the film

er deposition.to inhduce the formation .of a

[oo@”p\ﬁﬁ% ;SdrB%] of‘ﬁ‘i%ﬁjlgﬂ%édyn&'b%ave efn@&?s%r&ﬁﬁoﬁ%éﬁﬁn In

SCri herein ower di€électric
certaiprerubodimentsathireds a porositygsadient and(esmudtinle {aysrs bryngoyarying

degfhﬁe\ée?t %l'ﬂﬁgsﬁgeéﬁgl Eﬂfgqﬁntﬁé prbﬁidé@ b ad, ? Kijinh W ko of Bérogen to

escri erern nave el ectric constant

precursorahsing ﬂsw&n@sonwatreqhngﬁh%ﬁlwem&%a ipnstodpgyge; the form
s, nore preferably at | east
of a @%@gnéﬁc%'?% fAf) p y

n certain enbodi nents, the porous

[OU%G Tid perode8eid MR dRetMidy HENInlhave a lsmajieleetnc constant relative
chani cal properties relative to comy

to dense PSR waterils thaldansthave ensenawggwmei%ﬁﬂ%amﬁwmeﬂfs

the ﬁﬁ@&é&éﬁﬂé&hém We@du%éﬁﬁ%ﬂs%&tﬂéﬁt 96% I8s¢ than that of an
reater than 0.5 GPa, or alternatiyvel %{eat%ﬁ_‘ |

an ol o mnaprodvmfcwmut R g less.

fil fl

[oof 3 Olgsée%% enl'abo@u['rrgr%/ts Ct?wgtpglroqjs Og(grdlms descnbteg %erem may have

superior mechanical properties relative to common OSG materials. The mechanical

hardness as determined by nancindentation using standard MTS protocois is greater

than 0.5 GPa, or alternatively greaier than 1.0 GPa.
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of inorganic fluorine (e.g. SI-F). Fluorine, when

present, is present in an anount ranging fromO0.5 to

7 atomic% [0027] The filns are thermally stable. In

particular, preferred filns after anneal have an 5

average weight |loss of less than 1.0 w % hr i sot her nal

at 425C under N2. Moreover, the filns preferabl y have

an average wei ght | oss of | ess than 1. [1 ine. in the form
[0026F olrhesrtaitt embodinests, thedearows PSG BuZBRY %ﬂ%f Lggne, in the

xhi I tryaamount ranging

of in 'ﬁ?ﬂ?é‘gﬁﬁﬁgﬁagr on ‘ﬁuoﬁ’nﬁé \ﬁﬁé“pﬁés&ﬁ @[M’&ér@ 1V ging

nts. Chem cal resistance can be
fromrei T etbMig%changes in the dielectric 10 constant or

. t he appearance or disap earance of vibr 0
[0027h The filreg a@rtbqrr@q#y@ah!& * rﬁ%tfll{g SheP@HLA have an

R Sk s, o
the fmo preSpIRbM e I erReNOBHHCE 7P %gpﬁ ‘a@%ﬂmem‘ a

425 TV 6ddrQfr, Chem cal stability are aqueous acidic or
basi ¢ environments typically used in photoresist

02%] I TRBSHmS SkmTbit ﬂfemueallrdﬁkﬂanee ol mvaniety ofmetrmlgﬁs

pically used |n | asma 15 ashin
enw@mqr@% réh?@'@h@?’ CRicgA dﬂ?%“f % %ﬁ%%r@l ons d Higgeme
conétsﬁta;trl Qfdts;a‘i;’bé‘&nanbé)ﬁﬂ'@!:ra‘ﬁhmlihahds nathe nfrared

| W 1t h
Igg agg%mp cheni caiéqncf%‘iﬁéﬁl a%%n-%%xgur}%gio z3{-:'&19gmt::»'coelec'trr:m
speétﬁi%b;by’l #S). Typieal d'teynloél enmtmeﬂts underovhichs these fittas display

3 d
me“sﬂﬁegﬁﬁd@é?'ﬁ?’%%ﬂy ke cﬂ‘leﬁl lg&a&@fgﬁhﬁ* %’gﬁg?e lly use
in pﬁcbtllatéé&ﬂ stiippéd fdamulaiidrisc omdsWehﬂmma p@adﬂ!m\ﬁd?w grllyatsed in plasma

Silicon carbonitri i
sy o5 Eotn o W sy sABsta st manve
hurfidii§@p8s*@nd | norganic materials, netals such as

copper and al umi num and diffusion barrier |ayers
[0028]C ITHesfilis tare compatitiie with cbemlonl mechanical plasrization (PMP) and

it b i el s e Z?"‘ﬁffs siean,
Si0g SifN¢ O8E, IREG, ilizsn pabidea hydegenated ﬁlaporpgﬁ\rp%pegl )

hycSge D ST aR a8 SRBA cAiohitdda hyarbg8AATBY Siibsn carbonitride,

€ passe he te t ere is

borshitsicies antiobfisctieerceatingsf phqtqarﬁﬂs[soglmpucm))gnq:rﬁ, chpltl%prrgamc and
inorsﬁngggn%‘g%éié ra%tgﬁse lch Bsicdnadt dridailiRinuf) ahaddffusiciibarrier layers

|
such st net icafl dlm'a{l@:w TS EACIN) Tty gV G The fims are
pre%lqaanggé%uza%ié %ﬂenﬁé tafibaR drnd)t the ﬁr%%irfq lﬁhténa!t.@mﬂn:tenﬂy to

STon layer rn an I ntegrated circuit 0031“;'[Is

pasiid wmbemmabpuibteat. sueh ahASTM RE358-35a tape pyfl testy A sgmP
coqs@{e'r%} b 12 lb%@éed Jbg(ieét dtﬂ@reaé Ro diRREHIitNL kérthbyal stiilabl e

ep03| gitoR-on sem conduct or substrate, and are
008G | cleYt?l t‘.;&t?r'nsnlfs%elfﬁﬁ {96 InSuBtio yen sl iateiayer

an e ver dielectric Iaxeg and/gnr an | echanical
daelectnc |ayer an :ntermetal dielectric layer, a capping layer, a chemical-m
planarization or stch stop layer, a barrier layer or an adhesion layer in an integrated
circuit.
[0031] With these properties the films are suitable for a variety of uses. The films are
particularly suitable for deposition on a semiconductor substrate, and are particularly

suitable for use as, e.g. an insulation layer, an intertayer dielectric layer and/or an

-8-
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-8 internetal dielectric |ayer. The filns can forma
conformal coating. The nechanical properties

exhi bited by these filnms nake themparticularly
suitable for use in Al subtractive technol ogy and Cu
damascene or dual damascene technol ogy. [0032]

Al t hough the product of the nmethod and m xture

descri bed herein are largely 5 described herein as |

intermdtaislisledtes leyer. dThacklme san fiemmea gonfermelcopiing. t B mechanical

| e
o1 AR R4 SR Sl 38 o
ubtamve tachohlogy and Sui dagascane of dualdamRaSeRNAIRENIUIY- and

ot her types of objects that are not necess I‘I|¥I
[oo:m arfdthoiagh theiprpduch of thefethed aad mbru are largely

?%?éda lg¥ i njg% WHalis! didc@sHealHRAein ¢4 ﬁ&llltﬂit%d théte®e IFarieRample,
pr e di

erre iments, the substratels

DOf%rﬁ’%@ maRteras can be poyster i any fRIm GapRb ing sisPgHited e CVD,
sudﬁé 8b4 ﬁﬂﬂ?ﬁﬁl{lﬁ%&@ﬁlﬁﬁ%ﬁ afd Btﬂfe@ es?:h Objﬂﬂl@(]:tﬁﬁmre bt

e rogucts are .mde 0 0 Usi .
noctaadl anas 9 i 6 RGN O £ wg&v iR s Fyjpregrated

circlﬂfse nﬁbéﬂﬂnbi’eﬁeﬁé@dmbdmﬁin& Messubdtrate Is hexdriieoneiuntor.
[ 0034] Conpositions described herein can further

{0033] rm? baaig?letcgtfhe@tbrduslaesem'?enMS a?d ﬂlmsz@oabe?bsein the process
refera of stain
e R TS T e

wn@@ﬁﬂﬁﬁluﬁfﬁlﬁw preparirgy the cpmdlmmrnralaisorﬂﬁspnbedm@'em
and/ or m xtures of porogen and silicon-containing

[nosn]ecmﬁfﬁmsndneaiemdheddfweib@an tarther compése., €.9. ¢t !qaﬁbone
pres}ﬁxs‘ 'é %%%?@35%? 'eﬁ%ﬁf g&ﬁg'f@%{? § @%gﬂh&e %@Fnt ai ned

fittings ts ellxm titeedeligaryai pomgen pracussancgikiconecontaining pragyrsor, and/or

NGthe contents
iR oniln AR Hon BHAL Pisclitrs (A QAR The conten
ofﬂadmshlﬂsoe:aHMrmeMMedeen@WE © PotRasn 20d sfiicergpatgining

pre r%;}cs:‘on cogﬁ% ained pr Lepdtate/eb8li8 o M&hﬂﬁ%sel%ﬁﬁng separation

cursor can e Co |se of
memséoummmdgﬂhmnger@)agan@gmsgnggoq;m ing storage. “such

ves&&@ 09 3ish REI0 Friean ¥or rﬁ%@bstﬂe 6h BAH Prdufetr wWHaA desired.

Oor ogen precursor -can co ed of a m xture of
[oo?ﬂbf lg rc%ﬂhm&% etk etﬁél %&%ﬁcon&ﬂ@@ﬁﬁrebmsmdmmpnsed ofa
iments, a em cal precursqr or precursor that the
mixue ot difprerbotRBoSignes m@ehOfaeﬁ?%\'PW drea socpitclpfied
pHREGHESEF cdM 5d-¢d =8P alifixilied bivdiffe@nt pérogédprecursors.
por action chanber ng‘?fsor tg duri ng, andllcﬁ)]dri after the

[0036] MhniRHER dritbbdihEits, PHisdmREirbb@Bad orghedursars in addition to the

priecursors can i nclude, e.g. |nert s(es
sﬂmrlmn@mw pregrsogsed reipmogeLeryEor R daibBiinfding geacton
%Hév l—tlgl HShH ancd&fgr Xtdeahe fith ﬁ:&haﬁbzroﬁgp.n Sug!s abditionat esemical
PFEE!EFE"S cepppcluds, €.9, "telﬁ‘sﬂasé%ﬁAH%%Q éﬁ;ﬁf %o‘%’aé‘o éfsgm d feactiye
sub@t?a?lcetﬁgu&f%{ﬂ §sRBus, Niqaidh oS Vatatild | B@I{iﬂbrtgaﬁlc substances (e.g. NHs, Hz,
stoichionetric, or_excess cent,ration
COmSs TSk B DEF Gt GO PR e HEPBYRES & carrer
gad) BB &fnpidyRdik 8 slcighionidtrit, toichiometric, or excess concentrations 1o
promote modification of the film formation reactions, and hence the properties of the
films, and/or can be used as post-treatment reagents to improve the properties or
stability of the final film.
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films, and/or can be used as post-treatnent reagents
to inprove the properties or stability of the fina
film -9 [0037] Those famliar with the art will
recogni ze that heliumis often used as a carrier gas
for the facilitating the delivery of chenlca
precursors to the reaction chanber. may be

o, Pee? Biiarof AR e Ca”‘§ﬂﬁqi‘*ﬁnﬁ§'ﬂ3%°¥eﬁf'?&%?§a@mef

gas helthe faciliEhing tisadeliveryeof dhemial precursors terthe resctior chambére I

I 5 _Whi h | ]
may ket Aniage R folerffioy a AR Seb et PLRIBSES BB riAubh BRERY thet
cm‘feﬁ froreharsthdepidssiiued This can Ewanmeeejeatfongammmrﬁm the plasma,

3 SR TR Rl b B nd BB LRk

compaklﬂod ofthe as#depbsutdmﬁthgasﬁmml&ﬂtdmaeatk with mna@g? §?ergy fower
warfliil Gifirh PR o 48'8 s t‘?“ mmé &0 R Bs usec

[
mﬂi&ibs—?‘%qu}'lsal?ézfgl:g Peagton cha er Igﬁ&?fggﬁat Fb(;'ﬁbygar\]n s
frones o SDeccwElpr kil fasthedonsingle A00mse walass dhe flgw rates used for

other Q{anﬂ '&g&nﬁggg%% déﬁ@ﬁ Jb‘&hdsuﬁéiP&é %iz%%&tréé’étﬁrﬁ chhfber

[ow rates fo

w"ﬁgtgatm's ami aemin r@nuaxplmﬂyew 2908w, ﬁ@mrswaﬁeés gferﬁéeﬂ%‘ocwbefs
that ‘P:oﬂ:"él e n 3 %‘fé&a %eﬁ%%&dﬂﬁe%%@%w rafealfer tha anosilicon

roge eposited filmto prowdea

andfnommaxre«gsqs areseiested (o pvisiethe degiredamolints, %maﬁ‘??d'wate
and] ?%ﬂhﬁ tHe ds %ﬁo&}é@ﬁw 1oprévick QARA fillNRivitg 4 SieReici eistant

e chem ca ecursors to induce the reaction and
beM@ﬁ@ﬂﬁﬂQﬂW@MWn“ﬁP@"&%@strate Such energy can be

rovi ded by, e. thermal , plasma, puy | as
crinmsisFpRliediio the Pherambn)@%mﬁp gr#s"&s Al °Bﬁ?’5§'?$t° form
the f‘ IREGES iHeVSRip¥trateU I@d&ﬁ enBlgySdn dedby,c. ¢ thewal, plasma, pulsed

met hads. In certajn enbodi ne nt t uen
plasmaimierowAve alasmie. helisen; mﬁ&e@ﬁ’%&n folEefy cotBred
plash?s @nHPeMBEY dlisrhd thafharBBn ceidl émalrﬁént@,stwaﬁreqhmc:es of
substrate surface. Preferabl f|| o&@ﬁﬁl 'i‘a
radiglisean beusechipdie samRPlasm &2
cha%E?éi‘Qﬁ{@%lttﬁte sﬁbét%ﬁhﬁ&dé@'l?femwls ? Qlﬁb ﬂlrﬂ glﬁﬁmm flasma
generated at a frequency. o asna
enhagged efiegeical vaRor | derostiog, b hese erBpBnests. A SRR goupled
plastfd Il &y enem&ﬂawmq@rwa a8 GoMIeA Blhslnhepo%r may range from
substr at e. 9 0] .The p ure. in the reac%qf%rhr%g
0.0t 7 H’@“‘ét’@ﬁﬁbs‘?’ 0349 %ﬁt‘e@:’?r T e or
subbirg® 1 to 15 torr. [0041] The fI|mIS preferably
deposited to a thickness of 0.002 to 10 m crons,

It hﬂ@;b\'esélhe it heckactim chamblee durdng deposition ey rage frAmc0.01 to
bl anket Hmﬂg%po& ted on a non-patterned
600 torr or from 1 to

{0041] The film is preferably deposited to a thiickness of 0.002 to 10 microns, aithough
the thickness can be varied as required. The blanket film deposited on a non-patterned
surface has excellent uniformity, with a variation in thickness of less than 2% over 1
standard deviation across the substrate with a reasonable edge exclusion, wherein e.g. a
Smm outermost edge of the substrate is not included in the statistical calculation of
uniformity.

-« 10 -
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30 surface has excellent uniformty, with a variation
in thickness of |ess than 2% over .1 standard devi ation
across the substrate with a reasonabl e edge excl usi on,
wherein e.g. a 5nm outernost edge of the substrate is
not included in the statistical calculation of
uniformty. -10 (0042] The as-deposited filmls

9642} | Shelasidepogradiinlid :
FRBSS o Vonial uepﬁj_f t he fﬂﬁ?%ag) S?ﬁﬁa?%g?cattggﬁgég@% The total
JOF ShE'edrmes gartbilbat the Reecept mess enwolpme oé ntganosilicate plus

mass or v

the pereent malss vevalimp et | REPEARAIYE j
Jogg.ﬂé L or oPSﬁ’egegf t he asyalgﬁgg?ftggﬁ?ﬁlt% s or
( ?fﬁot t‘espﬁ’g"%’o{{}% by theory, the relative anounts

r il orpgen .in the as-deposited
O0e3] Pt Ehi ol e 6 Fstvelamaing Starommesiicate and porogen
0 $e 2aerpsiad fime might be imfluten_bd By bN@oﬂﬁBh@bﬁh@fc;llﬁmr@fd}amgters;

métiHis -contai ning .precursor _in the

ﬂg‘lsﬁgér?néﬁc%g prec ué*sao}rg%]nxé '%F'éfso%\ﬂ'b‘p?' FEINAIRE PrequAsrinthe
Patical plectrsgambdine; and thegklive RMMatiO® FRESE organosilicate glass and

RIGRRC hd s Lifre rate ere the relatjve
pgnounf _Fégp org Qﬁ ggi | %‘%}%gfenﬁqﬂg%m%uya%ng gborgﬁmﬁilicate in the
aplepositpstilingn adanatine chtrmiamowrtt of silidaretorainingiprédiisor in the

. mxture and [ts relative
PRI Mkl o s eSS 0l B it o RroBslicale pf st substrate.
'—flﬁhm _B“l?, ameint sporegen in therasgtaposited file m!g;nﬂs@a?pdsﬁoqdn of the
At &R [ : unt, .o rogen

Zgr ecur sﬁ%%lﬁg&rg?@é lﬁ‘?és] %’%&r‘n&g?ﬁ'f’@;% F 5 relpliye fpation rate of

'GORACNIRe pustrats. Thus: B gepossivle, itroagi séleetion of Bhgenosilibon and

brogeR prddy Rl ' 0 rganosilicon and 15
pd)Orgo en pk%éirsors it“?é%ﬁ?ﬁ&ﬁd%ﬁ@%%@ﬁ?ﬁ?upﬁsewmm ons, and
5&5’:"15’%610? owannRsilicate and pategen formes onansubstiate diringahe Gk formation
stepganosi | i cate and porogen forned on a substrate

during the filmformation steps. (0044] Porous OSG

h Pb .. . i \ . :
o cma o o it ALy G828 R nabicAP Bloplfiibs 3§ prepared from a
mEﬁ?‘ﬁglﬂf ?‘9“’?[?3?9%% PEPIRSUBAES that eantains one or more silicon-containing
precliisos i pérofem BrecafSoP! $4¢/ f&eﬁﬁpaﬁg nsn-ﬁ’iprfﬂﬂ%e mples.of silicon-

The follow ng are non-Fimting ex

%ﬁﬁ'g’é Sﬁ?"rc‘ib'ﬁft"é‘?' Atitabletos use Witk & distinchprregémpregsesoni Inthe chemical

fodnglas whilch Catafiida ] . |

..io\@hi ch. f lﬁlﬂéﬂvsﬂ'@ Js;:gu e chéﬁ@é’f&%@%ﬁ%@%'ﬁ#gﬁgﬂ?ﬁ’e term
il ﬁf’?"%@' ng'ﬁi”? Be,undasstapd fodenste that iheysubjénd R grob s not only

indepbatietios I . " .

:onil eirgge Iendent I ygst‘s(;elag‘tgtr EP rgi at%@gﬁ)ﬁgﬁgﬁd‘%&&m’ but Is
Tt 8&%&9 QEY fiRjecied relatiierto any addiiengltspecips bf the sameR group. For

exanmgiE) tmthefo X 3 dgi t i I :

eci es, of Wﬁi?nghag{q(?&%h )ég*ip’ts? 'egwgﬁ?) E,glolp !r%??ﬁetw o of three R
9 Lﬁ’rsrﬂﬁeg Rtbe (‘%@ﬁt@?ﬂ?‘tﬁoﬂs) Si , when n=2 or 3,

oups need not be Il dentical to

(0845 Qi LR Ros réprestnied by the Tommuls R'o(OR),(O(O)CR )4 uepySi
where R’ is independently H or C; to C, linear or branched, saturated, singly or multiply
unsaturated, cyclic, partially or fully fluorinated hydrocarbon: R? is independently C, o G,
linear or branched, saturated, singly or multiply unsaturated, cyclic, aromatic, partialty or
fully fluorinated hydrocarbon, R? is independently H, C, to C, linear or branched,

-11 -
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(0045] 1) chem cal structures represented by the

formula R"(ORZ) p(OCR3)q.u,.,p)S1 where R is
i ndependently Hor C, to C4 linear or branched, -
saturated, singly or nultiply 30 unsaturated, cyclic,
partially or fully fluorinated hydrocarbon; R2 is

CB | i near or branched, saturated,

' dently C, .
'glgﬂ,g#}gﬂ -oﬁ?gsﬁx, ?é{ F’Hfﬂtpg'mamta@i,eqychm wsimatic, pardialyt ordully fiuorinated

bydrocamby, mis 1 fod hid plisotd #at ed hydrocarbon, R3 is
i ndependently H C, to C4 linear or branched, -11

0461 a2pdhemicalgittychiresiéprdsehied yShb e i o,
' LAl | Py _ E‘d ) ﬁ&é@ﬁ%’cﬁﬁ)w&'@
S et o o T Ao
rangied, saturatery singiy besuliplyt iR afuPitBd!| el bart fully fluori
. pSi- O S RSNt Oy s Partigly erfully fluotinated
RS AT ey o L) L tootred
oy AN tacatadayolca biciatiel REHiMlydr (01! fohded hydrocarbon, R* and
: I u uor | '
Ao ihlcHendenfiS, ¢ o B ine or Rratedesatinpiag, sinalytap multioly

Ynsplusated, cysfiesartroatic, pattiallpbefilly fidHhkied r%r:%émc}rf’ h¥s 0103, mis o
(G i [ e rtially or full )
s udHed § nﬁ%?éé@?bﬁﬁg% "A‘Poéo:’aﬂéﬂ E‘myﬁ -'hdepend)ént ly

fluorinate
, L turated, sing
%‘ﬁ ﬁ’;y‘)’“&nﬁ‘é% ?’E‘? g B BPFISS by BRPTES Fie OB PR sy
M ;9 ‘IP GRI(BBNed, hyndreoﬁbarhblﬂiaré irid%f@n&géhﬂgﬁ ngﬁ tgtocth th2ar or
. ntmal, n an s3,

i, et i PR oA gy tuormanc

ﬁ&ﬁﬁ nRHgE, p(ecpq;)md)aﬁt_lﬂcgﬁi R(’:s Iﬁbélﬁgrn%rgn%!%egéﬁ?tlurat?_'d, singly

or wher i

Ogr C,@ to CA %@e PGy @F%‘I@%’Ieh&!ly g%'?‘h\‘ ﬂ'ﬂ%ﬂ‘# Eeﬂ Wm: R*and
Rnere ingependently bk & &iCs yasirioc branahéd, shtuyated, Sitdiy ¥r multiply

hsatQrateth cpslic, AMFHAAE A54r0L 6 _ar e | ndependent | .
t;% to C6 i'r?ea,r orEbranc ég@'@g@g&fgﬁtﬁ’ﬁ@pﬁ@‘%n,ﬁm&%&mao
14 B A 19 Arnde HrBiocH n+ov2 I o+p sBamdtieg s@artial |y or

y fluorinated hydrocarbon, R4 and R5 are
[({"%L pé&ﬁ'&‘?ﬁ?w Styuctares figp EEenteddw the forinularR HiR®),(O(O)CH)3 ., Si-RT-

SRl 5 ol { d I
e Ao ¥ S Ryt o
r%.n&% S?{B’m‘;%?d-rﬁ"?%yf or muigply ugisstusated, 3yaitt, partiaby or fully fiuorinated
hyBirocensdn; 8 ) i t t
m Bfges nt e%ﬁ sﬁ?rﬁ?‘%@?ﬁﬂ*g@@cﬁ?w%( S4r et singly or
_9@ i‘ﬁgﬁzf? Fﬁ?@@j“q argreatic, galéfal_wrfelwuoandteﬂmgdgcearbon, R*and R®
arBlllme : n e .
u% a? ed tl"splf'r?';J I@Fog;lr.'e.érrﬁrti :y u’ﬁgs?é‘?’ﬁ‘reg?%@?ﬁ’&ﬂ‘i“&’,'y
SRR, 5ol Ardmite, PRl prfifudtipgtesdybmarbaR R BEG, to G,
fneaeorinde e sited: sirgfy (bl Bhediiraflc? BoHE¢ ¢
) | I " Gy Br’or ully

NTEE T U G o

anB4+prei3 Bind Mg <igndependently H C, to Ce linear or
branched, saturated, singly or- multiply 25

{048 atd) chemital shifhires repr@dEd | 0 |
f&iafl nat ed 53 dr ca? E)eg{} R/ chhéy %gm%fgméekh P{%%%‘bgq)c'#)"

Y gn_cfi‘e hab i\ ¥ﬁ 'agwﬂ@n%ﬁwr&a torGh igsirer brasehed, siatutated, singly

or oyuitiplycunsaturtied) ¢yeliepartisily Yor fully fiuorinated hydrocarbon; R? is

independently C, to Cq linear or branched, saturated, singly or muttiply unsaturated,

cyclic, aromatic, partially or fully fluorinated hydrocarbor, RC is independently H, C,to Cs
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fluorinated hydrocarbon, nis O0to 3, mis 0 to 3, ¢
isOto3and pis O0to 3, and ntm> 1, and n+p<_3,
andm+g53,; [0049] 5) chem cal structures represented
by the formula (R" (OR2)p(O(OCR )4 _ 30 '

,p, Si), CH4dwhere R is independently Hor C to C4
Ilnear or branched, saturated, singly or nultiply

linearayibrarcthed, satymted; ,smgljrrdrlrﬂhlﬂply thétUHtéﬂ g&fér Lo, partially or

I near or

f”'@?ﬂg'?@'ﬁ gﬂg‘é‘t"‘@%’é’f’@u" I Fﬁlg?eﬁem?ﬁr ltamb: l@% Aeshend aes 4,
1OGB0F! f ohHREPU e SR BLlole by LUl 1882058 0y,

% iy Vﬁler%ﬁémhdq;emienﬂy Hioe @t t6 oaglmeapbr tﬁ?éh&ﬁdai )éatu:ated singty

tial
o ?Illnuoﬁl nat g‘ga!ﬁg .8 ,ﬂg?f!?(w%f h@ylﬂgsﬁg‘d b%l 8and
independeptly & 40 Caﬁnleafip bganthed, [@‘&Erﬁiedﬁ&mg Qiﬁtﬁﬂtliply unsaturated,

Eregi-s?-%ﬁ@ ég@&%? ﬁﬂﬂj? %%‘?\lﬁéé % isjindependently H, C, ta C

'i"qgﬁ @aa@eﬂ Isptusaterd, smgty or @ditipiynarsaturatel| b affomatic, partially or

o el s TR

partially “or
‘“""‘pemﬁ"w*‘&ﬁ e By Mol e e o et

or mult
(N Fgﬁﬂ%ﬁélnl wheye R‘m#ﬁ arg mdepanémﬂywir@damplineamr banched,

sat iR ergy it iy y%&% ply 4@ ensa%ll rogt@@ 3791”‘599 and x may

be SALULated,  sin
o'ﬂ&? P""’Ba’l’f\ogeal ly or full y fl uori nated hydrocarbon,

%lslto Is Oto 3 andt is 1to 3, and n+p s 4,
s@%meédﬁp@ﬁ?mw by @ydlceqammwofmye tqrmbla:

C‘?F?‘?‘ﬁ“e‘s’%‘"“’éﬁff“’ iR rdirenenoy 461 & i o
brancheq, q\é’% e‘ﬁ ?ﬁ‘@MP’dP“’PRW unpatyrated &vdmpadialhcqrdhﬂscﬂuonnated

andpanayabhnymegétlf}omélwgrl nated, and x may be any
integer from2 to [ 0052] 8) chem cal structures

[onsagprm,-.eugte cb.fa;enew ede Tﬁrrm 18 &illaes,
ar

%‘g %irzsm g - wher e
‘?1 ‘\F‘ﬂ% 2 Preguesgrs Mmpmate%p@wm it should be
Uﬂd@atqmahmdhe setighd/ared filMLL hoOlniited hatdis aﬂrﬁ%atgf@?'ekﬁmple. other

e an

[ I uorinated, ., and x may )
ﬁbﬁﬁ% % eh s Higtoangl letiaglonafies, ndesionr inescsiwonss of evatgreater
lengtt maydreosiso tbed hereln, f i cation to sil oxanes,

carbosi | anes, and sil azanes as precursors and

[0058b: Ghe mboeeisiicarceontaining précuiSsty nhylise éeé}ﬂporewrsors
sy 5 T o e s 5 oo e

silican-asttaloing lpeecursars within mam exaéiﬂ wheheh ahu ?&% are from 0 to 3.
e al sO use

%lﬁgfﬁéﬁﬁoﬁéﬁxﬁl@ﬁ 3%% -0 ?‘l%'ﬁ"ﬁoﬂ'ﬁﬁ?-rﬁiﬁ@"ﬁr dideftsor s

butomi}eqst;omﬂwa eict h porogen precursors and/or any other
silicon-containing precursors within the above |ist,

[0056} c Bueh embddifrfeatsatilitate controlling the amount, structure, and composition
of the organosilicate portion of the as-deposited film. These embodiments may aiso-
control the ratio of porogen to organosilicate in the as-deposited film, enhance one ot
more critical properties of the as-deposited and/or final film, or contral the size of the
porogen in the as-deposited film or size of the pores in the final film, controf the
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25 sill on-containing precursors within the class
except where n and /or in are fromO to 3. Exanples:
TECS, triethoxysilane, di-tent-butoxysilane, silane,
di silane, di-tert- butoxydi acetoxysilane, etc. [0055]

Such enbodi nents facilltste controlling the anount,
of the organosilicate

ey e e
d'%hwﬁ%‘ﬁ& g’P"ta?qn?Q ‘é&%%@é&gtgd filrmn o th@distebutioh @4l pERBLS the final film
andéoy cahisal 186 posréorsctut) i e mapﬁmm;&g%]mt B ’
t the As- ted Bitn & fiira fyRed by the
ﬁﬁl%%mﬁm:‘:g??s"ﬁﬂg ﬁaéMﬁggfélﬁ measpre . I elﬁp'salh'm@ﬁt benefit from the
S i e or en
o oA 14 15 o i o
“ '-Qaé M. | agﬁ?ﬂ @ prganosticate portiopuaf thenfilnd, thselngiRtrebBing the
i lideteds ticesk-fi @i STt f es |
o o e e M ol KBy ot o
e f"ﬁﬁ?“'g%ﬂ'rﬁw "pethasicahsirengtta o idwer fensite dtrbys, oh the as-
epasifediand finhl fikne! i LR
Ierpﬁ‘ﬁ&y:g&é% %ﬂ aggte g\gﬁ%%@r‘# ?ﬁ@d use %}ﬁgﬂe‘iagﬁ{%o%\g&b" of di-
. ck{s i‘lllﬂ!': don- | rﬁ"ﬁ'ﬂm@e@rﬁow@mm beredit ticewisslfrom the
et dert-botoxp-diseettxpéilan 1O e ﬁmWR }-ﬁg 1 :
f the f ) reform, In certain
oS ARAE. b o % Hf B e s st e
bongisvithea s¢dome sifieon-contairing p@cerRer i R6e bor %8%0§E¢LR%FS' s

K ' i .e. h al
prolited\PERB bidiieqtcofiriostion o Bleayarsve Bmg 1 nal 111 .

tensil e streéss,
a filmfornmed by the

o0ty e Ring AR i B i Tofuniepiat erainesred:popes iogen

reacti on
orggostigateiasstiln using s pbregeh Whobs kwiaRg shaSThialS: de
Pt P - . oxy-di acet o si lane o th 'y determine
o S0 abi Sa o s IS ) BT\ monil it it shape,
conneqivie @nd agtount bf pares #i thedinal figNhdhbe deBHARES #25eib the

size I chrieRbivitdl ith a secon
the %;rg% né é:p nt ‘g@lh F%W%Qgﬁ?fg@fo%"( 'ﬁ the pesdeppsitad filn.STheefore,
e, skapep povnastidiy, end ainlount of ﬁdﬁ%@bor&@%&%‘n&&lﬁ&te
j j [ .0056] Not bei ng bound
ity M ) b e oo
e Aol 2 e et e boroge peolrBPESARaH 18U Mebfon
t he por gﬁtc@%ﬂm%}@é g %éra/rrg &8% BRMASF8 on&pitbgiratern age chamber.

Further, certaln eqrapositionsrancistvictues oipibroga-itec@rsoRhg Be
PZE, S " . o sBvétSgeous
for fdrivitdy pdrbddR Wi r | argely by .the" size, '
sha g e‘? c% nne cﬁta%"1 %t%%pggiﬁg’ fgqrﬂgﬁ%te "g?'%ﬁ g%;o’ﬂ{a«\ filmy with preferred
P ~teposited film Therefore, the pore size, shape,
ectivity, and anount of pores in a porous

0
10054)° iecRarpgehinthe asrepositer fitmamaper ingf hoeos hirE Kame form a
the porgeh i iPodiRaS rser _structure, -

l:cco ogih‘%diugﬁrt'ﬁ}foati 0 ﬁfﬁgr iq?‘F"E@PE REPfPIBN rerpovaie

p %aﬁgrgg#ﬁsp?r;gmgﬁ sibstantilly essdntialyl ¢faRE bb@en Q,Eﬁtaaﬁtsms of
roganc [ .0Lm por oge n a substrate

po T MeRrodPbreblloph 18 Barbats e gwsisppsagifim, and

in a reaction cha

the ParRgen peing femevedmay or plymabbe the same ERSCIRE although it is
prefeatilethaBBe Ui originate from the porogen precursor or mixture of porogen

precursors, Regardless of whether or not the peregen composition changes throughout
the inventive process, the term “porogen precursor” as used herein is intended to
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for form ng porogen in the as-deposited filmthat
endows the final filmwth preferred 25 properties.

[ 0057] The porogen in the as-deposited filmnay or nay
not be In the sane formas the porogen precursor
introduced to the reaction chanber. The porogen
renmoval process liberates or renoves substantially

encanapasstallgidre-fartringfeabRts RNt QaAlatves tHEHSE R ﬁhﬁé\ﬁ{ Jorms they are

romthe film The porogen precursor,
'°”“gg'§'§g§ﬁ°4‘ﬁ“? RN profess desaribedinefginand 30 t he por ogen

i [ may..or may not. he .the sane species,
m"‘?f ¢ Re ﬁ%ﬁ%" %stpé’r%iﬁ"éﬂﬁtﬁaﬁf if #@awp@?te@ filmisscomprised of
carben and hixdrogen agd at astoriessithe lefiohitd Sledéd RBMIHE Following list:

es Regar.dl ess 0 et her or not the porogen
oﬂg%é'n‘%ﬁé?ﬁ'?Hoc a%ag%“-{aﬂ?{,’[] % he inventive process,
+RAr [s as used herein is intended

(0058 CThe el SR oINS ing Wrfigen wilh s aseposited firm can

be mgasyred usings: vavietyeafianalyticatttediaidues! Thetpokddn RhrfposliRl g?i the

[ d i bed h in.
as-derRisRLD s LoD el b Fifn, Wil perhbe Aistepted! by a varicty of
techniquesdpeluding &-ray photioelejctmp séatieing f[XPSPérltiWHu?uBﬁoH%’dlf]éékg en

e elected fromthe -
Sty Py OBl R o S o

deposfird fimaull ke »d 0% highesylaliemately 5R0% Highat IarCHEDS édriParative
. i 1 Qi - deposi t fil b
im S RPB oo B 7 RS Kbl b, Becsse o

usin

neasur ed
-wm%b?fsoﬁb?ﬁ-emﬁﬂsﬂ filry gan alspibe measuteposing £U-1RiJyédsuring the

ak b e - b t ed
Pek e fSoaH bt 2o BT B B0 TSP Wil bscesientnot the
C-H vihrationsy XIpeie gage Ria Insgdly hyidrBearbon Pofehtspetiag, the peak

iyl | rbon
B Nt oy A e 00 ¢rBthef B aTRveh E00HE oatonn thatof
a w“lﬂa’%‘[s"?é'l"ﬂ Seepsitedwithont peregen heacutsonin the peeaesgraniatisie;e
oosoii L m d os*icﬂgsd_ Wi t hout porogen precursor in the
[0060}, In. embedipeants, ph leasha pedion @f orsubstantiatinalbot parbgenin the
as-depssited it imiaychd st i IS - b
Mt,p%gggﬁ’ gﬁ*ﬂ%ﬁ%@@f‘%&%ﬁ%%ﬁ%&& the
and's may.al ﬁ%?aé%lﬂ'!ﬁi qhemied struettjiecantd/jorsdompesitioB of the
Eolgandbitict '

porouotganibiticdte aBBNVOR tiak réhains Bn t g&ﬁ%%%peaké){o g?%"g WP%“’”S film.

{ooeﬂhydrocar bon porogen speci es,
e Giasaowy, liduithcoraloliti eRéh ?%bt,g[e L el
precmégg%a%{ega;ér thar?:fdtjht igféﬁ(?i(ﬁyg%@nif?g?iﬁég [ f%{?%é\égpl‘;mgen

posited \ﬂﬁﬂ?& i 95 exaMmPleo to formperogenanthe substrate
the pordgenuyrecurbQQHRLId te ettlébRoyYe e Bllivsred dito !ﬂ?é‘ﬁehacéon
chamﬂ%?.rgi .no{h or._substanti alté% all of porogen in the
SRR é'%gé. 8&%?*1%‘#&9"%5 BRICIRR PEFGUPSr 6a0 Wadergareangions
in the gareomvapor phasd, ion glterhateh) on tHesudacd Bfihe!suBatta % become

IncorpGrafil i 18 f1r3 a2 Bt dRRs MAthSas Gitraicit be seed fapraonce taat
formaticarnf ipoeogen ttdne a pohsjenairécurSorfifdiid RGafioRLiaP Assns and/or
intermdibbdlhr reactions including two-body collisions, three-body collisions, collislons
with the sidewall, collisions with an inert gas, reaction with the meta-stable state of an
inert gas, reaction with an oxidizing or reducing gas, reaction or collision with the silicate

network forming precursor, reaction or collision with a reactive electron in the plasma,

. feaction or collision with a reactive neutral in the plasma, lonization, oxidation reactions,
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[0061] Gaseous, liquid, or solid chem cals may be
judged desirable for use as porogen precursors based
on a variety of criteria. For exanmple, to form porogen
on the substrate the porogen precursor should be

vol atile enough to be delivered into the reaction 25
chanber. Once in the reaction chanber, the porogen

reBh&iR e AkioRS ENIRHRIith & RAGH ‘H‘%nﬁlasth Hlﬁo?@ﬁ'hk% reZHi6h or

phase, or alternatlveqa% on the sur ‘ace o

rearRRgamANE, hermally aetivated) reaction af warmRgemeeraaction wih activated
arkforo@atial HMRLRIGH the 8lbdWatk) or BRy LERA n{e%da's%tc%uykreau the

formati on of porogen froma porogen precursor |

POrpgesLRBfweer tadepasiton Biesubatiaigrare cansiderst iatieaways to depostt
pof wms the Fitin dihaGhor d&rﬁﬁ@é’urﬁ@ﬂ thight 8188 unH&@SQroti‘egb’hon other

ons collisjo wth the sidewal l

|
“‘%‘gP‘P'? nsation gn the sybstre fo B%\§°"‘f9é'&€tt9 BATAERRN t he

t abl e stat of an reaction with an
o Dl 3o on O tha pBrasienGragtsHH e sRNtG fynctional
grmbps thal makd it uséf&tfwﬂ'lé fbmlidﬂoﬁgaf pbﬁ@éh%rthe Es&!s?ﬁfdt@ NEgdmples of

riiana sl ettt FE cioB S48 peyasentiesiso Mol ether

eppkldde;rNdehydBt R@tbn&ﬂsetemt ldft_ttbﬁﬁ emmh acrolbin; acryllc acid;

uction.reactions, collisi Wi t ion_in

achfiitle: SnbRAiAsHY BlimaRh sl epiy Slinsen ovano; iso-
cyaines; ramué yimiiet, ani@tdﬂde; partisllycihadior p@ﬁamaa@d@mps boromtride

miﬁﬁ%%?ﬁ&“f“ﬂ%ﬁ Y hsfepiEr ity Aesphals gPl Shubiationg erect.

Iog< IS RS atﬁ%m%,i QSRS bnloer EoRins oot Bifreqgasing
pldsmanenhEneeq onergieal vapec dessitioni tgdhnicuesanayndepend ancthe electron

cofi S5 Hiheficbn of MARICHANTBBE WAL 155 obrPGed HREHEgty i can
inducasesdndam re@k:tmmdhpbee in umegnnfsunahmn Thenefara) in certain
erethertS lembing Einchion R ientBErAS sdchl e gt atpmic species

suehae CeoNalB, gr Bbpmimhae desicghie tmeenmgcejtmd'am a:frfmmnatime of porogen

mn[)mgﬁﬂl%d%ﬁgtone #gtqéne ﬁ%y 123?2?& gg;ryl ate;

[omﬁo't\ﬁit'ib b&BbYhd syg%ggrr it &sketg iak eﬁ%rmaﬁgskhsm the

aci d; primary, Se€ecC

POEEA PrequUESPr MAFAERAT ; sigmcaeﬂy affachthe famgtm qt@rgqssmthc@tmfmm the
oriiREMEoSlabiider, lRaued uaae.%aub&mmah% 'ogs‘auﬁnmL igbetween the

aci d, borate; phosphyl hospite

ormsqh%te |*" lmgn@ Perogen mas{tmsmquem Eobe*m.oa mhpf eovalent
boﬁ@sf asma %éggg &@1&;%9 %ﬁ&t@% rbf%'i@&%é&ésu&élﬁm may

vapo e oSitl

mq!@dﬁﬁ pal@ggn gagiettoremgve fromtbe @seclapp@ted f&m uairm pawtreatment
stepsORRich Rty lﬁﬁm?&e {He WL %bdgéﬁsgaaégf?ém Bt pAR-4RaHA G tep(s).

precursor, whi ch can I uce sec reactions t

Onecd e Pﬂmwmﬂagféﬁntsanmm'@wduﬁ% pé?css%ing istheanalhudget. The
thePMAPBdERPior an MBI ProceeSBRY daniE% offiﬁlé’ﬁx% ghti Eé&ﬁ%é&‘aﬁﬁe

such as other atom c species such
required te gefforpethabsiep.a i eerialn BelaaaeS Ry baﬂesi@ﬁble that the thermal

bud et T& driy brodesd A&HI8 inimizéd. 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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20 from the porogen precursor and the cure process.
[0064] Not to be bound by theory, it is possible that
porogen formation fromthe porogen precursor nmay not
significantly affect the formati on of organosilicate
fromthe organosilicon precursor, and that under
certain conditions coval ent bondi ng between the
organosilicate filmand porogen may be mnimzed. For

PO FRCUrSOE 2pd siipon-BoniRiBing precusserg sleperbrdderein éorm porous
orgemosilieste Atk OSI6E BETAIh pFoteSs 5RBS NWhieh tHd WeARaHRBgS! haf'be

fil t he porogen easier to renove fronithe

K

%@‘%%ﬁf@ﬁ“&ﬂ@usi ng post-treatnment steps, which
(o083 . TP pBlchiEnc Brbeifeom HircakSdoriasdony iy § postreatment step,
whohresncampti ¥ ise a:r:errlmamml : Ila@h?lee%fmﬁéit?m. 'sﬁge:iegtﬁerrﬁalr@ineaung under

e [ A U or a 1 nNgl Vi a rroces
vagiit e Gonda}ib HRter o¥iliing, aPomBere armatigneslits viater
rectu.u‘rpatrgosphare;taa:qaesmftp .rt]o bﬁd?zinlgtaﬁdfb' ritré?icﬁfg:d'ﬁemibél ré&jenas

el nh U et, [ or n rocess .

ex A2 e Henlr Balaleh  pealiatd Biicleip ARmE ShoFue o reducing
plageaf emestredo ultraviolétdighturden wamm;nc#xpmhw ultrawiolt lightainder
. , I .
ineht o Bfer S BOAFS 1 Bftaficle? Wb ARk BIne BhERF FftRing

atmgsphereTpxpasucs o michowave adistiaryendep vacuuns,exposurd to microwave

il _ O, ' nerein.form. .
il ABerAOA AN AReRt SEHERE BRI AABA | i i
andforiiesuging @lmespheres exprsunafo ladiation fromya lsser, exposune teettie

) MG . f
a3 Bl B2 oSSR S0 By LRI 4 o o
ensfgy ehchamicad diegimery thatacineas amindialdry degrade thenstructure of and
esh PSP 865t TRy RN U S A ot Bl
trezimeats maybe Herd to enhanes matetiaisphesties likednardoess, stabllity (to
shribkhgl, 4b BE eRpGHLRE, 16 SHMHIG S ROEILAAY, ét@.?g&%&giliy? YRS and

to, el ectron beamradi ath on, exposUre o oXidizZin
adhesisbmpuca Kisaauanis con be aaelisddo thafimpriastp siuding and/or after
poré?érf RYVaPlisihd ﬂﬁtmﬁﬁg&fdiﬂ&@%m%m@%en removal. Thus,

ultraviolet 11ght under 10 |Inert atnosp _exposure
the ferm,[Portiealingt a5 Leptt herriadypieallydlenpieg teasting therflanwithenergy
(.2 tHEMMAL) IR maC PRGBH] dedtfonThiiéeWaye ﬁgﬂb@&ieﬂﬁﬁé‘ tffemave

vacuum & exposure to m crowave radi I on unader I nert

pPoragensande ptionally, 4e gphancs materalg@epanties at i on under
ogéi dﬁ%‘?l n and/ or reducing atnosphere, exposure to
[007%)4; the RroppRRresUisgs By beyssiastadbasgdiondhie gcemoraliaud structure,
confiiltion 26 faRctiRhaPdiuRd thhhSssiit A B Bnpidts herhbwdl @flpoGen from the
%ﬁ%ﬁ to alrg( ormof 15 energy or chemcal ]
as - tFrfExampls. apomgenrecureathetyesidirin de inerporation of
therdially @bhgiive) ligts@nsitiS b¢ dheriicalR S chSiivY fincfdnal BRUBS PSRN
fromthe film Oher in-situ or %%S_t-depOSItl on

Poregen AN bR SUbsEIe MaYRake i Bossia te effigianty enapley Yraspal. dights or
chehriidet r2tiomERTemdVE Hd pdrdgdr ffom the film. Therefore, the use of porogen

precursors that form parogen within an as-deposited film in which the porogen is capable
of undergoing efficient and potentially complete removal by the activation of chemical
groups or structures in the porogen. '
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shrinkage, to air exposure, to etching, to wet

etching, etc.), integrability, uniformty and
adhesion. Such treatnents can be applied to the film
prior to, during and/or after 20 porogen renoval using
t he same or different means used for porogen renoval .
Thus, the term"post-treating" as used herein

tﬁﬁl cal | y denotes treating the filmwth energy (e.g
{005k trae conditianseundenwhish, post-tseatingrare spadusied/ean mgyeadiv For

exdmig] fodt-Frehtthd eemrm&%amef‘ggg gfﬁ?h@ atrhdsphefc pressure, or

enhance rmt erl a S properties he pOI‘ ogen

under aMacyun. g eating el alpshe|cenductes gt fatang (400-
500°8), drydifehi¢ 8m ?a'iu;eqwctahe bod), qu&mea.%lmreé Qéﬂfean these
t hat assi st In ete renoval . por ogen rom

twa pRints o d by esets’frqaéiagfrwghﬁ al%ﬁor@e& RpR een%e rgfcﬁtwewnducted under a

corfBiREIISEvakiod pleSSistelahald? tdhiSerafifslf, por ati on of
thermally sensitive, light sensitive or chemcally

[oo slrﬁemel BHRSlh wb?mawam&dar thedolRAiRg ecm}dlamem environment
SUr rm e 1 0SSl |
can e PRANE.0; MRgen 510 BABIA AR (M BRcK Soh Stk SRARNG (@.0.
oxyggﬁ Qﬂ@ﬂlliﬁt&%@é‘t%ﬁ\h?ﬁhdi@éﬁﬁ@feﬁ 0Ny Uﬁnﬁroafndg.w ogere, gutrous
recur sor.s or oro n a e

oxigl o 1 oo it orrcaeR i aed ystbosn. dy dtations lsmgrated,

unseﬁfrmuemieaaﬁfb:ngbm laairhaucenm)etmd pregsire @yretérably about
ctrvat chemcC S or. structurges in

torels 31080 13, 359 petava b ep e HRNS wiptrRver & Sacuurm

amipieat ishlseqidseiyledbeﬂmndlmw:m well s gnyathiey podidreating means.

TR e 8 phiskishll 4R gPRE: B TR MR el R rom 0.1 10

100Tdeyy 1070 t Tiestota) gnnalingl tiee Isgreferabicirard. 0201 mmirgio 12 hours.
tenperature (400- 500C), cryogenic tenperature (-100C
[o06sd Gbeme:}al treatmaht dfcthe ©SG fimeis coatueted uhdierdbe following conditions:

the 835 B uogPiaind 3. S et ikir 02 sfl Pl 0 0 e,

chendcal dqsng; maethylating od bther therpiealdteatments[ti@ieadhaitethegiroperties

ot A it CRBRRASE Siec Sy il S B0, (o) Giasecus
and(mtﬂwemaﬂmdeatams Ne, Kr, Xe), etc) oxi di zi ng

(e.g. oxygen, air, dilute oxygen envi ronnent s,
[00%0] | Smcrumgfaﬂd postitrastment:for saleaive rempyal of porwgens frem,an

orgﬁltnc%r %’8 %@ﬁ%%?&e’k?ug@ﬁ%ﬂeﬂhﬁd&! m&?&lfb@ﬁﬁ rﬁ%cmdmewa can be

unsat ur at near or

cartmraﬁicndq,, waleo mittdus oxidee ethylensh8Fgp uaadls:u pther typse of eherpicols.
ompa%m#e%wa%eaw&ﬁo%@mﬁew ﬂumb%nﬂéﬁ%ﬁ'@kﬂr&ess The

at nos ressure a vacuum lent Is

- chegigals pmbe ineet (e nitiogenzFOarmeble gaﬁgs AHe\, NegKr, @), etc.),

oo Bt 5P A EBA e U FRIAGCS, o r

concertrted hydrecaron hydmgen eicd. e éemm'awremafeﬁwy gmkient to
5¢C>d"c‘€1 cﬁéﬁ'ﬂal‘s e P@ﬂ;ﬁﬂ‘!@h%l@ﬁ \$hacieb 30&P4As surfactants.
emcal treatnent o

Imis conducted under
The ietal pEpestiR e doprgierpbl from 0.01 min to 12 hours,

[0071] Plasma treating for removal of porogen and possible chemical modification of
the organosilicate is conducted under the foliowing conditions: the environment can be
inert (nitrogen, COg, noble gases (He, Ar, Ne, Kr, Xe}, etc.}, oxidizing (e.g. oxygen, air,
dilute oxygen environments, enriched oxygen environments, czone, nitrous oxide, etc.),
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the use of fluorinating (HF, SIF4, NF3, F2, COF2,

CO2F2, etc.), oxidizing (H2ZOQ2; 03, etc.), chem cal

dryi ng, nmethylating, or other chemi cal treatnents that
" enhance the properties of the final material.

Chem cal s used in such treatnments can be in solid,

liquid, gaseous 20 and/or supercrl t| cal fI UI d states.

or %gﬂé% i(gfé P& bf %ﬂﬂt@& ﬂg&%ﬁ%? Siturated, unsaturated,

renova oro an org NoSI
linefair jorrbamched a;@mam.e@c amaae pleamaipomes is mgfew:mpﬂiw The

e o R e S proSltis b0 mpore o
aﬂf@snbpn@n@ﬁswal ah@éwab@mdme itsmfﬁ @i 81N {9 £3 hours. Wafer

iz& bHi drddesERb {he process. The 25 chenicals can be
. iner? (e.q. ﬁ‘i&tr%ggen CO2, noble gases (He, Ar, W,

[oolﬂq FRdioclfiftg for rerRhal b pEt8géifistonBicted DndéraRe following conditions:
rous oxide, etc.), or reducing (e. g dilute or

the esirenmenk Gan 1e,ined (&8 puitegem (@zo ases (He, ApNe, Kr. Xe), etc.),
m&@ﬁgq&@t Blfgens aif, ALE SGg¥n @th'&?ﬂerﬁ@ enﬁa&fa ox}/gén envircnments,

chenjcals can al'so include |arger chem cal eci es

0Z0\ge AitrRbls SR RlLd rRryeducing(e.gdilitenr soacarirated gydrecarbons,

hyd?§ére edd). YTHe @Mprdtdcets Prdferaby ditbiém to 38010THS p&éﬁga
treating for renpval of porogen and possi bl e che

prefgsab Cchia SHPONENS per ﬂue%ﬁgﬁ pave er'@tadﬂa@?%@gfuﬁ@ewsm

UVidiiekp h\oWavelengitdi<d 200mm). tﬂmts@ywrw@rmﬁa lscp?éfemlyo 01 minto

12 nert (nitrogen, CO02, noble gases (He, , No,

“etc.), oxidizing (e.g. oxygen, air, d|Iute

10 e SO L el SO AR e e
follo\wingtcdnditions rmeeeﬁw:@hménhm bemiert (b nmgenhw,cmsz, noble gases (He,
I hea

r t.ed tur
e, 5 i R e uPRAE A6 T4, 6” rvgehesin e SAGHT ERtienplepts, enriched
oxygeh %Qtermé'rhe oZopeitratisiexide, etq), of amhing {(asgp ditute ok concentrated
ssur.e, | ef er abl o
hydEpKATen R Y roRp Bt T8 e lre s pferilsi arbbiegt to s0o"C. The
povpsredrel wdilejergtitslareivaried add tinablesio sppédific bonds. ZEhedtothl curing. time is
rocess . d ndant 72] Photocuring for renoval of
P’epp%?@gifﬁ"ﬂ @BS&HBEJ%?%E?QQ Rler the fol | ow ng conditi ons:
[oo’rgﬁl gnegﬂ'gg g;n%%éposgﬁe%rﬁ] fﬂ;tre gag &lloggglg Sﬁgop ngprovement of
fiim(@ogerties jspendueted undet mbéoitnmggemmlﬁimsuhmvmmment can be
O | (004 n 0 NiAr
v, S RO e (R T 0 | o o
oxyiged; aicaliibtersxygéd etwichnowads, eatiched oXypen eammmnﬁs @zpae, nitrous
f
odfih FEL WA @Y glite g dnochSielWifodafhorl Rrfbgs Yto. The
tempeedtoresis ipyeferRblinarabishito SORC.oThel ebmmdemardrﬂglem can be
499 |
vare Sefundtls 18 el R Thi et ciofl B @ protefietrckh B.001 min
to 12naurs, andf may be gentirivous ongulsed dAdditienal guidance regarding the
general use of electron beams is avaitable in publications such as: S. Chattopadhyay et
al., Journal of Materials Science, 36 (2001) 4323-4330; G. Kloster et al., Proceedings of
{ITC, June 3-5, 2002, SF, CA; and U.S. Pat. Nos. 6,207,555 B1, 6,204,201 B1 and
6,132,814 A1. The use of glectron beam treatment may provide for porogen removal
and enhancement of film mechanical properties.
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- matelia ghd exadie

15 follow ng conditions: the environnment can be Inert
(e.g. nitrogen, COX2, noble gases (He, Ar, Ne, Kr,

Xe), etc.), oxidizing (e.g. oxygen, air, dilute oxygen
envi ronnents, enriched oxygen environnents, ozone,
nitrous oxide, etc.). or reducing (e.g. dilute or
concentrated hydrocarbons, hydrogen, etc.). The

@ng)mture IS Preferablg anbi ent to 500C. The power
[ & ParRgttn.ef the i san be ingrepsed wilhitee bulk sleBsityhaing
cafERpondingly debledbed 1y ddide filrtHER rddtictici{inthe HRiciYednsimt of the
0l m 2 j&@urs, .. .[0074) El ectron beam .
rapPleRRILY oihissBatatalic Bargenerations (e.g. k <
20pprovenent of filmproperties is conducted under the
followi ng conditions: the environnent can be vacuum

[ODFE} t In(enigpdiments agd@iein SOBstantizily all ob®e potdden idremdted, the

) . xi dizin e. 0., .. 0exygen, air. | yt e,
rolfoval S sunShhitcln o boodkin e el e B o Feenl s Sriican
measured diffietencadn e lﬁSeIFdabsoeptmn)forbthe hyﬂﬁua&bng régiog (aka. C-Hx,

-t { ons drQgen,, .etc. ).
203D B ) BIRGEAH 8 T PG d PO S Buanpa e B e fslogous
organasilicate fimrfeimed intble maetioy chimmbdravithoar 2 pokoged ptacnesor present

to specific bonds. The total curing tine is preferably :
[097dm Theoioliowiing are portlimhing rexamples ofrmatdrialecsuitablefotgseoas porogen

prga}éﬁg: Addi ti onal gui dance regarding the general use
of electron beans is available in publications such

078, S ol b rvn

theggarationguiaSinHzd .6..(Ofth heren=012, andmherax isthe nunsber of

cybid r-inﬁ?qﬁ thePstdletfure and RlbetRedd.and Y, Bid dAdre f istRe ngl:hﬂfr of
Al . provi de

use of electron beamtreatnent ma or

UrSiHGRIER DPRIRIAN SR ANEHS BRMPEN rar N, nFaiesm 7 isthe number of
aldyhepgrolip€ f the %Smhgégcﬂ antd 18 bBRYERM 1 dndPA, dridwildrk M aBo

increased with the bul k density being correspondi ngly

fungtiopality. cen b exen AnSVqrsndreyclic.c Examples: rrapaned (3% xe@ii=0c 2=1),
etiflatil Gipdol (=2, RE0, yIl ££3)2hexdingdl @b AW, 990,129, cyclopentanot (n=5,
_appl caﬂ(l Ié2'¥ of this nmp Frl al to future generations
x=fe¥ap, SRl 1S opiene o) (1a6: e drpredd crmpRI e F X, y=3, 221,
andwbsdraintl (a6, %=al {=%fz=pj)@tdor ogen i s renoved, the

renmoval of substantially all porogen is assuned if

[0079}r ) iHydrozasion i szwbméd'T | Rbt)héﬁhmgito_f]b@a?iore tams Efog@s and kI)ming the
ren [ e - a rption for e hydrocagrbon |
ge) PG Hors a0 0x Vs 910 8, I Wiesa s e pifaber of cysie rings
in thesttruttuea | wisrtmmmf " oagdaganhd wherety 8 iamdri ﬁlh}ﬂbémifh Inb-.mgﬂusated bonds
[ OSI 11 C 11 Mm7Lor | e reactlion C er .
in ReitERre aidihetned A M nd W A S 366 niBuStiT hias inkages in
thef sthictwve bi m?as betasan ltiandt4, agd ewherdthesstitdr |iﬁnégero éi;]gd@lbe exo- and/or
ult (0] use .. a or,0 n precur Sors.
enii bRt Faiest P DRl GRE by 2o7b 2ohetetanEspiyran (n=s,
x={ryslp s=Hng, Hmwrizolyran (n=8, x=2, y=4, z=1), ethylene glycol divinyl ether (n=6,
x=0, y=2, z=2), cineole (eucalyptol) (n=10, x=2, y=0, z=1), ete.

[0080] 3} Hydrocarbon structures containing one or more epoxide groups and having
the general formula CHan,zex-2y-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 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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t he general fornmula CnH2n"2-2x-zy-z(OH) 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 15 unsaturated bonds in the structure and is
between 0 and n, and where z is the nunmber of alcoho
groups in the conpounds and is between 1 and 4, and
where the al cohol functionality can be exo- and/ or

attached g 8 cydic ringans linear gna;rpaﬁmm(ﬂnsgl 2RpOYy-§-ethyibgtane (n=5,
x=CF &%' zﬂﬁg, ﬂhlé%gk é-%%ené‘ﬂ}gg (y—1 =gl1), @%iﬁl’l@%né &Qqé {n=6, x=1,

ope
y=0, zsih@mbw@o@ AT e T R A

y=3, z=1), 20 and resorcinol (n=6, x=1
I00§113 4)zlézqroca:ben sfrewis comaifjag BasPLDRArEAIdeRYdg arauPS and having
the GeRbLAI fBrﬁ‘ﬂlaodj 0%,'&%&9 ﬁrhgl%r n:glLPé' RO R4 the ruftber of cyclic

general fornu mhere n=1-12,

and
fingfyia the stryctureaad iz hptuees 0 fw’da .ae dphegsay is thepmyimber of unsaturated

fﬁisrlh' HestRichRE ahd iPSsweeR 0nd] afld uﬁh@?b YRathe nimiber bhéldehyde
unber of unsaturated bonds In the tructure and Is

gmHB?!NéEﬁSU"‘EtHfPW ishetwans, Land fs ExamPleShber of et her

Cydibpdtadasaitibxdieh @EBUfchuyaoaaad),lacbetmeen 1 and 4,
and where the ether |inkage(s) can be exo- and/or

[ooszp Osylﬁirdrﬁcahtﬁéﬁ Fw?mﬁs%ﬁgwm@bmér fbredketarrdgronps and havmg
etra ur a
the Seabial FrHlA Grtiap s whets o33 AP whbns i B il of oyeii

ringd i ity sineitdre ran(iﬁ@ﬁehneéﬁ@ andﬂ?, and where giigihelrimber of unsaturated

borkeS Sielitiiire P bethesn A 2N Whises 5 & B AUeE 3 fdenyde

Qrcﬂ wﬂﬁe%ﬁdctbﬂa\/ﬂrftﬂus bafivdene! geane; aid ermxh@ketone group(s} can be

exchaAoF eBpshs Tk I heferieold (405520 yls, ABF

cyclapieneon® (sG] x41, g zatlemesiyloxidd tre=snuﬂh%102=1) etc.

unsat ur at ed bonds in the structure and i s between O
[o0&3} &) Hydrdcarhen stracturestcoatainimdpene of meponsarkiexylig acidgroups and

e Ol o LS i 1, Rl e

numberaf leyelieaings lirathe. stitichwe bod is Het@eem0 and 3, and ety isdbe

nur{it[}el of un%tgraé%%ﬁa?]cé )gt]l}%e W%& és'S b&@%@ﬂ% 4 an?gf;:e 2 is the

. "U@bmm@@w@imdgm}m in- the stractUre-and usimtwgefm aaéit) ples:

S SRR T
O e o S8 e i 4 e

andigtwhighnthe aﬂ@mchmﬂtwm delydyated te fesmrauenslie aphydride group where

e S SRl Gl LU s B dre i

theinumties obeydlic ringeindhe stmctb@t amlsiﬁ betvaen Qjand-4cansi Wherey is the
S GHETRABTERA R St i k0 il e

one or
numbereof laabhyririslecarougssindhel simestudegand is 1 or 2. Examplesgmalelc anhydride

(n=2, x=0, y=1, z=1), etc.

f0085] 8) Hydrocarbon structures containing an ester group with the general formula
CrHaonezax2y22(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 where none of the unsaturated bonds are conjugated with the carbonyl
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the general formula CH2,,2-2x_2,ftQ 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 n, and where z is the nunber of al dehyde groups
in the structure and is between 1 and 4, and where the

grisGh BMBe Bl PArR) wikere eigs melfﬁxrﬁwfof an daﬁeg?aszggsa tut&stmc:ure and is

Exanpl es: 3, 4- hexanedi one n=
12| opent anone (n=5, x=1, y=0, z= 1) mesi tyl oxi de

=1, etc 0083] 6) Hydrocarbon
108857, 9 eteogpinfinich ﬁ@%lwqﬁa@quoeam.oens'sﬁng of an
estErQiflsp anflat Ibém ioR@ UnBARUBREE bR ﬁw@f Blﬂoﬁjugated with the carbonyl of the

d
oSIR AP 3 LU 15 p%racaTARUE Coltmpar dOulninees T 18 e where
X i@ﬂwahrﬁberaﬂ@ymh&fr@s)m the stilenPd and-ERAWSdn u%ﬁaWﬁﬂa Qfere y is the

bqQn he stru tur and S bet ween O n
e Bt el HErcl B it e S etfe, 8% I droater a0 o8 gpaia 1, and
whiche atleestadf lﬂneumm&dmwe are dorjuashted w@(&ﬁ&aﬁ‘ﬁonyt group of the

esfeb o e B LS e Sty e BRlef otrios 1 it B Lt e

Examples: ethlylmasthioyate (@=00t=t, g=0,uRd), md in which the
acid functionality is dehydrated to forma cyclic

[008T)y 3O) u&dmm@nmmmMEng bbtlmétbemxdmumbbhﬁ functional

| wh 1-
g aﬁ Srga navi '}H% aﬁ% eﬂromd@agc F‘]*%Z”Pﬁ?@’(&z‘ ereé? r d1c,2t' apd where
w igitle nmbert afsydicoingsdn the singtush and is/betweem 8 anduyiaad whiere x is

I,

e iaaber & ElalAIEPObRie e KT RN etk e BIARAT ol wnere v s
the numbey of cadonyirgrowgpainites atrmtu@ in @hichithe sarbnaylegmup can be
oS ShaBadbhites, 0P undiE’ o3 humB4 ot sbfer ohbalin g spcture
and kel gea@m: wtnere g aﬂtemmpm can b@ endé@eliconrercyclic. Examples:
etRlrndactibh N &bl 2t §1 WIS O1 vl o rings in

structu nd 1S ’Oand4 and where y is

[odshf RY§RGdro rbHﬂ %ﬂh&hf&%a@@ﬁ@ bblgj dthé andtd tﬁgn&m groups

wher e hone o € unsatura S are conjuga

andhaying e z%tt%ftwnm@ @n"‘gtzeupw@H)&(ﬁBz wherern=1at2 andovhere w is the
nuﬂnﬁett &%yﬁk&'ﬁ]ﬁ_{s eh 0 dridGs, ShE Ve § i
008 ocar n structures

"U‘@Bﬂt Ffiumsatyraiad kep 'attbe siuiesnd is betwaendd and nganskwhave y is the
nuRBEESS MHP :%[lﬁ Eltthle%ﬁﬁ uRsn %nH WL§£ #Re n*&FHB@r Bhé’ﬁte} groups in

conjugate car ester

nyl
ﬂwaﬁt'a‘chm an@ ig her @@@rvatpere eﬂvmmar qoHp(s) ambe gn@gyslxmw@cychc
x%@@érg, t nunber of cyclic rings in
the structure an |gh%gfgv\§en 0 and 4, and where y is
[oohb Wc&ﬁoh‘ﬂﬁ@&ﬂn‘e@%ﬂﬁ}ﬁﬁb’%} Borb\ﬁﬁaﬁdr( AR

oo e il i st SR, e b oy havin
theQeRftl RIrmiuRECHan, .20 0.2y 3:( OH)W(O)(O),(OOH), 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 humber of alcohol greups in the structure and is t:etween 0 and 4, and where X is the
number of ether groups in the structure and is between 0 and 4 artd where the ether

group(s} can be endocyclic or execyclic, and where y is the number of carbonyl groups in

.o,
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ester, and where z is the nunber of ester groups in
the structure and Is 1 or 2. 10 Exanpl es:
et hyl net hacryl ate (r=6, x=0, y=1, z=1), etc. [0087]
10) Hydrocarbon structures containing both ether and a
carbonyl functional groups and having the general
formul a CH2,, +2a"2x_2A0 y(O z where n=1-12, and where
wis the nunber of cyclic rings in the structure and
the steudhirewpdiis Betedn 4 ardiBlinvisiciethel carbdnybgroupioan beﬂ(etones and/or

awtefy36, 4hf e & oy Lot of Sl Bp@3fodss R Bl R s

betweentthand2r ucture in which the carbonyl group can be
ket ones and/ or al dehydes, and where z is the nunber of
[0098] he3) bydsarkion structuses containieg oae or imore primagy, areing groups and

havmg He %érna?algénﬁdl? ¢ ﬁ;{,? ( '%fé@i]ﬁk(qﬂ"e% ﬂr‘M 5l %ﬁd @F\ere xois the number

acrol ein’
of cyclit nngsln the snmctum and {somws}emqynd-&mmry is the wrberaof

un%%@d b iR %{ﬁtﬁ.‘dﬁftﬁer Qﬁs ?éﬁ@gﬁ lo i€ ah8 WHlerdz RURS number of

and avi n
amirgHareuRs i mg)@pmgslywaud mtemeettl and 4, anchwherdheamines
fu“c{()'g‘t%v\lllet"gn gé' e X 1S ?ﬁsﬁ ﬁger 5 of (=8, x=1, ¥=0.

z=1)y @bt ur at ed bonds |n the structure and is between 0
and n, and where y is the nunber of alcohol groups In

[0091] ¢ 14} HyetosRmON FHYCHFRS @orJaiNiag ORR oR PR FeqandatyfkRine groups
and BaGHE thd HendrliBofhiH &, Hgﬂ%gp gzéﬂﬂ)z]wtﬂsrre a=1aedaMeheretﬂe the

et her group(s) can be lic or exocyctlc
numbeg ek yryclic nmwdvemewaﬁﬂm Beiwesn 0 and4, angadwre m the
nunﬁ&ﬂ'bﬂ%ﬁiaﬁﬁﬁte&tbbblﬂé i 188 sEOALR Aidig b%ﬁbbe?ﬂﬂbhwﬁ,tmﬁre zis the
functi onal ou‘[:lxs selectedfromﬁyﬁollo?‘ﬁ.gll d
num&eeehsﬁconéw &mine graygs i the geaweyp Lapd 4 an
whehRS4He Hnink Iflih&&ﬁlﬁ arf 66 B%d-&and/or endocyclic. Exam les:

disopropyi (e 3<0) "l o o ST hggw%? R =t

y=-.3$;§=r1l)(‘éwre and is between 0 and 4, and where v is the
30 nunber of unsaturated bonds in the structure and |s
[o0g2gt W!S?Hy&ro%ad:on stmbﬂredwmnmg ®ne bh mone! testiary afind grobps and

vy G505 ohera D3l Fo 2P PAES2. S x €8s cumer
of cydlic wiehs traharsductardommsm_wearmm dpahdnivkere \tik theenuraber of
uns IR BB oA SRS lagBl O3t b ey 2 i umber o
tertianychniine Igenupsemtr@: ampadinds and iscietween ¢ ant dnahd glhg(ﬂdhe amine

fumﬁﬁﬂ%@f oneg%ggg_/ ?r%ngg%ﬂgroupsgwyéﬁr ucw;%e aﬁd=0'

z=1), -miatityipyerolidine (re=52 x£ 0.080) z=1)3N-rhitbylpyrsole dn=% =licy=? es1), etc.

contai ning one or nmore prinmary amne groups and 5

[0028)vi16) Hytmcgemerstiuclusesedntalaingizne 2amope niwENgRYRS Jnthaving the

genfizhiot P L5000, WRELIVIDES prwRIEKIE i fiiber of cyc
rings in thkestmctubeandis between 0 and 4, and where y is the number of uneaturaied
bonds in the structure and is between 0 and 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 exc-
and/or endocyclic. Examples: nitrocyclopentane (n=5, x=1, y=0, z=1), nitrocbenzene
(n=6, x=1, y=3, z=1), etc.
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unsaturated bonds in the structure and is between 0O
and n, and where z is the nunber of amne groups in
the conpounds and is between 1 and 4, and where the
am ne functionality can be exo- and/or endocyclic.
Exanpl es: cycl opentyl am ne (n=5, x=1, y=0, 10 z=1),
etc [0091] 14) Hydrocarbon structures containing one

100843, ) SR Shpar v bl erin and 189 LRI Bl ps

havln§ thé gené}kiff@ﬁ‘ﬁutﬁfc %&w&mwmuhmm,m; whereamsll-12, and

bét weeén and

t he
wheyie 443 meat%@ms&ﬁa@w"sﬁﬁ‘ sy, lé'zg“‘ %3‘%4 ind where
vis %Eéjmﬁlmbé\ﬂﬂ dﬁﬁﬁb&t&d bonddia tHbstructire iandfis beteeed Srandanyiand where

wiokh Ab oLy AR St o B by ale aoups.
is trmdﬁﬁwrldf famﬁyamdzegeoupdu armmereylkwxmc« ang wherd)z is the

ruries ot kg n i o afﬁdﬁatw%grw’&%%é?k@%m the

aledHol 46d/0f &BineQiduisdanthena®- andiop enddayclid. dimnmies: @-(2-

amifpethfmiitietpana 16x).Jgr U, $EHTS4L, - ) Padmetoyt morghotine

(n=ﬁu1ﬂ1$v_00ﬁ=0;yem)&1r zatjseicn the structure and |s
between 0 and 4, and where y is the nunber of

[0095]8 at a)rl-i;tdwbahmrdstructure@ Eamng bothiamine add icoheit fupetiongl groups
N s

whenb erie themurainercd cydlienings imthiel stipctismand isdiedweem® pod 4 and where
d

v isgﬂﬁﬁﬁﬁgﬁfn@t%%%%% ﬁo ‘?%QX{S&ER@%&WS gewéeﬂ 0 3ithn, af@ where

w isNhewtumbep pf privhary(@ming gms ¥ isAhe pumper @tagaconq_lqm gaynegioups, y

B O A oA A0 S0 s it
nurtlidf Bther gralips i thexompaivod @nd s batween | anfifle 24 Whege theether
c'iﬂprﬁlhe %%ov%%?ah ‘Bea DESabPeddY élfcr {5datipies? Eléirdl'l?drofurfuwlamme

etvveen erey he number of
(n=5nm’t o0t el , XeOnyieD, iz 1}, teide. structure and is betvveen O

and n, ‘and where z is the nunber of nltro gr oups I
[0096F wrmxdmm‘ommqu@emea bethsgraing ang fg' al groups

ha@ga&ﬁ JeHEFaE kmilal & 3239,,,2?492,3&O(Ntﬁn,@m;,(mpm,cwﬁéﬂemm -12, and

nitrocycl opentan
wheretu @b@gwnber qfyelic r;ngf in ugml'? angiq:getwggn P 451, and where

v isihe nd ?ﬁitﬂ%rﬁb& pohds RSthE WG@H’%W@W@n@hm where

functi ona rou havi ng t he gener al rmu
wnmaa'ttmber ozpnmaw mnegmm)x'sfgﬂ R%‘%m"a?rx@g"“e groups, y
|stf|‘ arhper &t ma}‘y‘ﬁﬁﬁe‘d} tQﬁd%&fQﬁfﬂxﬁM'af@ wherg 2 is the

%e structure "an

tween 0 and V. IS

number qtmﬁmnykﬂmm@ttm SPmECWSHERd M%%eﬂsfjﬁﬂ%?u?@ wheye the
carbﬁn;ﬁ?&ﬁﬁ d8(3Y andeF Retand: n%%nﬂhﬁuewﬂ‘h&rarﬁnyl and/or
ry am ne gr oups

X is the_nu
| GTOURF e>§o-and!or endocyclic. Examples: 1\9 N-é‘ a¥nide {n=5,
u=0, v=0, w=0, x=0, y=1, z=1), (dlmemwamine)acetone {n=5, u=0, v_o. w=0, x=0, y=1,

z=1), N-methylpyraliidinone (n=5, u=1, v=1, w=0, x=0, y=1, z=1), etc.

[0097] In ceriain embodiments, the precursor mixture 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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is the nunber of tertiary am ne groups, and where

l<wtx+y<4, and where z is the nunber of al coho

groups in the conpound and is between 1 and 4, and

where the al cohol and/or am ne groups can be exo-

and/ or endocyclic. Exanples; 2-(2-

aninoethylan1no)ethano| (n=4, u=0, vim w=l, x=1, yam
nmor phol i ne 10 (n=5

u=1, v= O, x=0
[oogml au(g )seébWh?@d@'s‘}artﬂBﬁ iipRAnsIoRtS b o P G pety O Dranched,

haviggrhebhsiagh rﬁ&lﬂp!ﬁluﬁsimiatéw nfyt:lid; patialy @dpslly flucrinated; R?
havi ng the general fornul a

"1 e ngseaoRpi  foL er e REbianshed; alurged, gingy g multply
tbhe dﬁ%ﬂﬂ%to e@:‘JI br&néﬂmwgmhny dﬂTﬁllyﬁﬂLIdﬂiﬁﬁ}:ﬂ?ﬂ &?tito 3.
et ween n er e the nunber of
unsat ur at e?-"%ﬂr&s [ %QQW6¥!?'E“8 and i s between 0
foogad -m', @n*)mﬁoesh ihsm(wn‘)a?ﬂtm;awwd R caprberiatgpendenty H, C, to
roups,. Xi s the er. o ar
L e b tranoHes) sred iy o DufEy Uselfag v, partely
<V\H'Xor’|]'yféﬂy fﬂbﬁnégﬁﬂr ﬁzzamtﬁ Ft‘h&m rmntmiepeﬁdarﬁlhe@ gooGps linear or
in the nd.a et
et hé?"a"‘i’r‘?gpﬁ‘% '?Itﬁ‘ﬂ r@?yo?fp@ ui‘.gg@gatéd a%ﬁ d"ﬂ?&’hﬁué rb%mally or

enddotiy:ﬂuo@maﬁumm E&iaaadmhydodf urfuryl amine (nom

1 96] 19
Hydr ocar'bo#’:‘@?'P@ct u?é?ghoﬂage%ﬁéﬁddééngﬁ%nd] car %)ont?/
[00100) Gt RY(GR2)USPHR (ORY A gmeme R)amdr &t cdrobenindepengdently H, Cq to

e Gl B UL Bt K G b ated oy sy

and drsfullgtfuetinatedaif dnd i dcama:reeindcpﬁedeﬂi@ ﬁuribe@wof""eaf or

Ak P, B RO S 8 et o

grOUprluomaieﬂhaimUtm@an@fnisddglﬁdary am ne groups, Yy

25 is the %g(%:gl rﬂngcm'., gs, and where 1
<vv+x+y<4 an eré z I'S nu car bonyl

[oote1qups AOH’M&-B&%M@HQM Wlhgfﬂo@ szaraha mepawésnﬂy H, Cito
wher
ot ey ear GPERAR, ﬁ#&éd Wﬁr ﬁhﬁ@@yﬂﬁg@%@ad&@% partly
can dn'eftdlxoﬂuoamdkdr %” ren twx dndepegdently C to? Cuz, linear or
- 1)%%?1%%‘# acerpglrglglytbr%an}fa@d Eﬁﬁc, d&'oﬁbatlb’ ‘Partially or

x= Ofuyyzﬂuonr@tbdz )s cMumquaymbmrmhﬁ@h‘@ﬂem@ Sl!‘ﬂw or multiply
) HA8d) andb Ghéltwo Si atoms, n
enbo [ ner'{?féaoc(’ha{c: é’raé%aa[}s%rﬂﬁ%q?toureg?urtherr?ﬂggn'prl ses a
por ogdrat3sand prigtte8or. The following are non-limiting
exanpl es_ ofE:élﬂFR'a Q'ﬁﬂ c?&’té’xﬁﬁés V\,her e
the porogen nmaterijd one o§ %eﬁ dR~; -
[00102] EBHYER")s S SIRTARES Bm,wfsire Fhegnd ce'a#eb'adepe" ntly H, Ci o
| ndegen d, dihdI§ 8F niAtiph/ @raffgted, cychc partially
sat urﬁt@?g}y n}_a'r' .@a ] y ugsat urgﬁed )écl
par t orafully tb;oringtqdy lﬁ aodi ap@@] bezjndependently t0 Cyp, linear or
branched, saturated, singly or multiply unsaturated, cyclic, a aromatic, partially or
fully fiuorinated, nis 1to3andmis 110 3.
- Example: 1,2-diethoxy-1-nec-hexyldisilane
[00103] - R'(O(O)CRY,.Si where R' can be independently H, C; to Ci, linear or
branched, saturated, singly or multiply unsaturated, cyelic, partially or fully
fluorinated; R? can be independently H, Cy to Cyz, linear or branched, saturated,
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can be independently C, to Cl2, |inear or branched,
saturated, singly or multiply wunsaturated, cyclic,
aromatic, partially or fully fluorinated, n. is 1 to

3. 5 - Exanpl e: diethoxy-neo-hexylsilane [0099} -

R n(OR23.6,Si -0 SiR3N(OR )sm where R and R3 can be

i ndependently H C, to Cl12, linear or branched,
saturated, singly or nultiply unsaturated, cyclic, .
par tsimgly gr maltiplyunisaturateds ¢yehic, adomatic, padialy oefifly figorinated, nis 1
indﬁg ndently C, to Cl12, linear or branched,

sat ted, singly or nmultiply unsaturated, cyclic,

aromati ¢, |Exatmple; diacetoxy-neofhedyigilgneyori nated, n Is 1

ooy B GRS ATl Mo B (G oy

Si - ShdRgrpOR YA HnGAhter €147 lingad ORY e sathERied ¥
H, 2 i ; nﬁ
%qs%&@t%uﬁéé%, rataé@’ror%l@pﬁﬁﬁﬁate&ahuw £ car® b8 Hldépendently

or nultrp Ic, partially r full "
f I uddi Geloclh,, IReanaubrAchat sphiraiRdaRgv onfiuHpluRsgiygisd, cycic,

i egtbrdlic Ilg%?ﬂﬁ@’ﬂu%ﬁﬁété&,tr?ﬁd RidEHd/mas 1Bt i ply
unsaturated, cycClic, "aromatic, partj al_lz@%r fully

f1 uori nat edxamples 153-gigcetogyrd-nee-hexyidisilg Exanpl e:

- dj M tahl aRdhelrd R be independ ‘
[OOM('CE%;&S? i - “%fgghn'fe(gigﬁ )Léz‘ ere w(hgir?d cancan beepe enty

f:atra'?tmgéa?'“!i% of, \fsaturated, cyciic,

i ndeifefdterféizylingar o bragch

sat %@T@@n orfuliHdorikted F2isnkyR Wandie ihabpshdenthe H, C1 to Cy, linear
partially

20 'or fully fluorinated, R2 and-R.ca . :
P oy absherd saturated.ngly Pr MUl AlEs Gyoic SroRiatic, partiall
sat UsifPiluctindfldy n @ 1 @15 hanyisin@.ur ated, cyclic,

aromati ¢, partially or fully fluorinated, R is 01 to
C12, |i nEarE’@F“P?ﬁ:év%ﬁ@@?t%?tﬂWdEﬁ%ﬁég or multiply

[oowgal R'ngémbcﬁ)ggswrsmmdmm"ywmrgmn and AP can beandependently H,
an

bridges the two Si, atons, n . is 0 ' :

to 3C1 3350, @%P%me?ﬁ@‘{aig‘t‘f?ﬁ& RO s‘%’rl VﬁS"“@@% exan%d_' cyelic,
[001 '._aityda" 'fulgcﬁibl)ﬁéﬁ’d; ng&m( mgil)dape_nﬁenw R, Qante &8, linear or
can be i ndependently. t a r ; :

br anbfaeghed, %@Wgtpgdzmgy r?gﬁl'?}“@?ly Hﬁﬁtllnla%he, %kglg:t alr'ogtlaetlg: partially or
cycl qufy mwmawldt )Fg oan fbd Iinydédeudeailtlyamdto o, aliaear en franched,
be i ndependent t Q. ' = Dr , :

e RAGBAR P, 5. ARG, eS0T, panaly o

ar onfbdrinatatnhtis dtd @ and mBOt faB.l y fluorinated, nis 1

! heo- hexyl dPaTRiE -%%%@z-@%%m%&%iﬁ%?ﬂ?@%’%“

. whete Bigndn R can bejingependgntly H, C
oy Ll R S e AP b, HABAY e, oyt
i ndepanidiyiot Yully, filidrdnatedCTZ, can bedndepergeatic b3+ to Cia linear or
sat uBlaatn%géd, saturated, singly or muliiply unsaturated, cyclic, aromatic, partially or

fully fiuorinated, R* can be Independently C, to Cy, linear or branched,
saturated, singly or mwltiply unsaturated, cyclic, aromatic, partiaily or fully
fluorinated, nis 1to 3 and mtis 1 1o 3.

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

[00108] - R'{OR),(O(OC)CRY 4 Si where R' can be independently H, C; to C1z, linear

or branched, saturated, singly or multiply unsaturated, cyclic, partially or fully
fluorinated, R? can be independently Cy to Cyz, linear or branched, saturated,
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-25 singly or multiply unsaturated, cyclic, aromatic,
partially or fully fluorinated, nis 1 to 3. Exanple:
di acet oxy- neo- hexyl si |l ane [00104] -
R"(QOCR2)s1,Si-OSIRBnM OO CR4)3. mwhere R and Rs
can be 5 independently H C to Cl2, linear or
branched saturated, singl y or multiply unsaturated,
yclic, partlally or f IIy uorina_ed; and
be | ROGYEHBHIEPY ungsturst 9, & pashy el e f6cHnated; R
sat uga &, maeﬁ@idenw Hmm R@'Q{g,ulﬁﬁﬁf lmrajrmbhedytslamated singly or

ar omat par full qu I, nat 1s .1 to 3.
and Tty rghidtes! el arombuc, paplay Bt Bl aorrinea, Rahis 1103
- neoahdpyd dikss) oxané 10 [00105] -

R ™" O 3. . SIS CR4)3. mwhere R and R3
can(f)xe ?nd I %mg‘,@?dﬁé}f’m@ ar or

[ooho8e F%HOI%BM(@CB@M-;&H@&R”QCO mJCRFndQH‘Owwhemt BYand R®can

ba°} ke iseRabiipy , Grao 910058, diR08 Ron 8P muttply

sat uuntaturated, cydli, parually dm fpllyﬂmrsated: 8eR® cary b iindependently C;
2 O e, (W57 it S bel] WA ety hednrded, oy

and
1 2- ambopgmwmeowﬂyomaed afh‘eRfcaomqf\dependenﬂy H, Ci fo Cy,

be |ﬁ1gdeep§$§a ?'fﬁ%d- %éﬁé?—(%g%ﬂ [ nea? or %l?% W aromatic,

sat upaitiaty Ol’éﬂ-l“bgﬁl}ﬂm)ﬂteldu his ply3umént ta %.tpev@ 1togandqis 1108,

partially t )
i ndep endentotllixEI nﬁl eﬁ-dié%%%ﬁ 1?\?‘%’&% 1-€chexyidisioxane

(0044011 4O Q@)‘}R’c‘iawﬁ!ﬂlﬁs AR PRD ook waycq Rt and R can be

ar oMMk fiendd F’@ ' £Y 18" G5 15 Oirfed} lof drbiideli) hiflatell AGy S mutiply

"indep I near _or

sat ukasadated, gyle, partialyl o fpllg/ﬂlemmqgk, %ea c@y@g jindependently C,
ar 0”&1 [o* I%&F 'o"f"ﬁr&n&[edf %&PP&*eﬁ' Q%IW@F @rghlt:;ﬂy gﬁxs&tuFQeé eydlic,

and mis . . acet‘oﬁy ut OX)L|
neoﬁmﬂf@r aawa%aﬂreﬂflm@!mw}ated R’ Rcan ‘be independently H, Gy to Cqy,

R (ﬁKeQ\'QB)!?ial%ﬁe%' M) §@I¥’flﬁrrﬁulﬁzlyaﬁﬁaﬁ3&tﬁanc§w‘:. aromatic,

i ndependent |'i near or branch

sat upertialy Ofo{'Fig"%Pf@Ft%Pﬂﬁ I8 RisT IR 3RS T @ﬁqmcﬁq s 1to3.
partially E&aﬁmﬂbi Yzfdumugat 2.41-t-FatoRN-redhexyldisilane

i ndependent |y i near or branched,

(00984 LL adyefilc SHbR&Has of uwltohahm ?osm,as)ax atheré YR! ighd R® can be

aromptjc, partially . or | uor t ed 4 can

o peRaendary &5 ) (0. e SSREian SHturiec, SR or mutiply
sat upAéRorated, Bptiy, Sdrtiany drlfmwlumaaveur @i may\bel dny, integer from 2
arongt | c, partlally or fully 30 fluorinated, nis 1

to 3%%d mis 1 to 3. - Exanple:

1- acet oxy-Exatnpké:- $udilisOkiedhexye DB S tetiatridtiieyclotetrasiloxane

EXAMPLES
[00112] All experiments were performed on an Applied Materials Precision-5000 system
in a 200mm DxZ chamber 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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[00108] - R"(OR2)p(AOCR3)a.("+a)Si where R can be
i ndependently H C, to Cl2, linear or branched,
saturated, singly or nultiply unsaturated, cyclic,
partially or fully fluorinated, R2 can be ‘

i ndependently C, to Cl2, linear or branched,

_saturat ed, -26 singly or nmultiply unsaturated,

cyclic, aromatic, partially or fully quorln% E"Es
[00103hP9€lﬁ'¢ﬂ!@§BTrﬂ!€ﬁ(§] yith thegnalannealing werg cqpdygte ﬁ"a?l §fumace
at 43PEY5A4ARast S HYR Yinddr Nzn}éﬁ)?ﬂlr& WUVEHQW( ﬁé@dondiwfddl l&lng a 6000

Wattal{yggc?gs;g\%djl a\;léletiaslﬁé fr%{'n gusiorEyf lrﬂlgtgél 4+ gﬂ!g E]‘he: atrnosphere
was %S Pty istisy the uipped with a 12.52mm

&o‘ééésiﬂysct{émﬂéi
e G o ot T fstre

the ¢HaRARF Wik rRdiRairea betvwatind.abad 760kdrgl y or nultiply
unsaturated, cyclic, partially or fully fluorinated;

[ooﬁa] : ﬁg?égeh?)EMtQ @%l@idmﬁé tefatiVe mdlar @h?aemrauna@f ther porogen

branche saturate Sl N L. u
precugRer i he siioar gRInEio prapitedy nodiee e Yoo RaBioH Sififper. A<
this ié&‘uo%ﬁags&emerwmg demrbgerkbreeursb?re_taﬁlsz«e to silicgacorsaining

ranghed, saturate Sl n [ | y
procU[ReY rodgesBepatie 18 ATa 708, T (oipfie cegBatioR &Fe on a per
molédulelbdss; Jor éﬁa'rrrplel atporSgerpDEMSIatimof4 medngthad thpr@ gregiour
molgeuies 5f 3hq parogen pECYTSpT iptrgdiped injg fhe reaction ofy exyI g T ene
moleGiiEof the @fliz6-containing precursor.

R"(ORp(AOCR)3..Si-S R3O CR5)q(OR6) 3.,
[00MisE rMheRiepasitiorRiate isrthi eate BEwhict élp%a@dmcps;ted{ﬂrms fp@nqgign the

contf 8 o8 1B Bt Bt TG i tictpocs o
the E@deﬁfsﬁedlﬁlrband divvislireg jctie [amagnt oftu;nmt the; dapgsitigp occurred
br ; 0%1 ep%s 5?’ %Ig%et\? Hbg}f?“;}'%?’% ‘f’ﬁb?( ['uori nat rgd@@gfor and
silioaScantahfmg m‘detm‘eudmdergﬂ reactpn ip @h@igaoslltqop caambegt to o;rln the
R Sk %%Bepar & F‘@e e S or ated,
e

Reflenteatetery | Thegefraciive [llﬂ:@xpi]a matggajus defined@Ranes of the
formul a (OSi RLR3)x, where R and R3 can be
i nd erwlently H Cl to Cl2, l|linear or branched,
sat ‘F singly or multiply unsaturat ed cycl iC,
y O

parti al r fully fluorinated, and x S‘X a/g
where cdgthe Speedoblight i asa@ungg@qrpnseme hghtthro h the film.

P L A T e
depapgs be the\sleeiranid dersity of tedimSetich &y shepyrposes of comparing and
contrasting the as-deposited and final film properties of the films in this study, correlates
reasonably with the dielectric constant, Therefbre, films with higher refractive index
generally have higher dielectric 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 1.00029 compared to approximately 1.400-1.600 for the porogen.

[00117] The dielectric constant of a material, x, is defined as
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30 in a 200nm 17xZ chanber fitted with an Advance
Energy 2000 rf generator, using an undoped TECS
process kit. The recipe involved the foll ow ng basic
steps: initial set-up and stabilization of gas flows,
deposi tion, and purge/ evacuation of chanber prior to
waf er renoval . -27 [00113] Post treatnment step(s) with
t hermal annealing were conducted in a tube furnace at
425C f@r at least 1 hour under N2. Exposure to WIi ght
vvaé‘T:Q;_n'oduct ed using a 6000 Watt broadband ul traviol et
| anp from Fusion UV fitted with an H+ bul b. The

Whest G0s fHecsapacitarcest the delegtiiciapdfods thepcapasitancent 2 ygeyum.

' .ﬁPQgU}&& d%g@éhi ' fihdl PotBld brgahbsilicate fil
Cap%%%f‘ﬁ%%?vg&m Ica pﬁgtgg_s ”ggtér{a{g filmec ulgag?ﬁ] e ms
depdsited ohdews desitivity pitype silicpRovaipsdst02 Q'\'?l‘“?‘ﬁ Hsipg ApRipreury
pmbwqgcﬂm&ljgai ned between g 3 alnd 760 tolrr. [00114] The

porogen: DENMS ratio |s the relatjve no nGgen [
1001481 Mrshagieelgspperin npeiiientaton hardppcs, JRubg RMAH ) Wke
deteRhReH USRI driTrS xR dndétiter ks standdrdrotobalsber . As

this ratio increases, the anmount of porogen precursor

[001%91 a‘his#ﬁalttsﬂatm_ ity hﬁ@laﬂ-fgaﬁﬁmducmgwér@: ' detervinesthy theonegrevmetric
ecause_it is. a ar , e A _
analyg, 667 PRSI PRty HpsP TS bfipBbidl datq were obtained by
x-ragepaafpémtrm mﬁmglsm@E{MBtS} ahiaPhysical Fleghenics §00QLSr e
r ur e ‘ sor

atorfe e Gl a PP S i Bleg I A AR R 200y one

lihé; it i 8ia. is h80S&Rkble.
oot 5 B G G 0Bl e e bt

as-deposited filmis formed on the 15 substrate in

the reaction chanber. It is determ ned by neasuring
the filmthickness of tImxaaptedeposited filmand

VRAtoB A Roa BSOS A T B9 BiSBRps Hoiomenry
efficiency with which the porogen precursor and
ok sSrramesnyEre Stroeled Fomal i gt SASbhanbHe (CHO) and
dietﬁé@?fw&iiagat(gﬁ.s [Fhe tiepedition cumditions webs es follows: the plasma
rfac : .
powE g 480 Wl ot el B FiSEeupb Uatdl o plptfodd gting was 360

millifikengse bamiet gaewasiHelurofat a flowtrats of | 210scams aRd thesubsirgiec

SR e Ty e Wt
of GHOlend DEMS introduceditathe seastionichagmber e fravinafonsiagh the
ove} rfft’:ﬁg&% %ﬁe&dﬁi‘% ﬁ'ﬁ? G‘Feoatwﬁ:e‘?n ThO filn®d Gefd SiditfreiRiBytekposing

or the purposes of conparing and
themaa brasband UVHight =200 <0ne) Lagder VRcHUm fof $ AiBfeHerti es
of the filnms in this study, correl ates . .
Tables 1a and 1b. As-deposited and final film properties, respectively, for films deposited
using cyciohexanone and DEMS. '

CHO flow _DEWS flow _Total Flow CHODEMS __ Deposition  Refractive Index
{mg/min} {mg/nmin) (mg/min) ratio Rate (nm/min} {As Dap'd)

450 180 600 410 200 1.480
400 200 800 2.74 230 1.470
as0 250 600 1.91 260 1.460
i g Hardness
CHO:DEMS UV Cure Refractive Dietectric Young's .
ratio . Shrinkage (%) __ Index (Final}  Gonstant (Final)  Modulus {GPa) (GPa)
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reasonably with the dielectric constant. Therefore,
films with higher refractive index generally have

hi gher dielectric constant values. In general, the
films after post-treating have |ower refractive

i ndices than the as-deposited filns. This is because
the porogen in 30 the as-deposited filns has been
repl aced with void space, and the refractive index. of

a4 T | S amw oxl nat ely34b. 00029 cedpared to 8.0 1.2
2.7ppr oxi mat#l y 1. 400-113800 for tB&Sporogen- 117] Thé3
1.94 el ectriciéconstant B30 npteri 8167 i< defihed-as

-28 C K=C 0 Were Cis the capacitance of the
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ous or ganosi |IrrB deposi ted opn | ow,.
precuqsesami srmocpﬁmgrpl pgﬁqqr%qmn éii)%ffﬁﬂ?ﬂgc‘ﬁf
1RE Arideml of r.ﬂit'@ger[ mﬂdrglanaémaam Iré@lectlvely,
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roperties I ndent ati on hardne You
AT R oA A, e
Iowes??rfé{l‘ ARS dte@cﬁ‘fe‘&%ﬁm isQhkkd.The Iﬂi@CHSI. BEMS ralio dacreases both

as products were determ ned b er np
the dieletri § opasiant adTreRICEAD wam? Hims)Styeach, Therelort, e

film p 8 ickh 88@bnfailed ByRHE ofsbrbyen grécurspegnd the amount of
ot oel ect ron spect co XPS) on a Physi cal
OWIMWW@OGW@”%’%“%B fc% val ues reported in the

tabl es do not include hydrogen. [00120] In sonme of the
follow ng tables, "n/a" indicates that the data is not
avai l able. Exanple 1 1%Exdmple2ion of the por ogen

precursor to silicon.cont
stoi chi onetry #?'85 P %?gﬂ&MFm wer e deposit ed

froma m xture of cycl ohexanone (CHO and

o AR B A s B e s
contrdldhé film propettiesn Cohpobite f:lpman@m Q"é O er ‘é@ﬂ’ ode

e TG (TPE)2F a2 foryidcihe ek i s Bl e
precursuTe.c MiisLCIHOmec 28T Condists atE® gafbommmh %eefynvsﬁw
arou, R1E o EMC G5 4, 8 bfbon Hng il AL MY oroupe attached

the 1 nsidaipositiens.overal | flow rate of chemical into the -

chanber. The filnms were post treated by exposing them
to broadband UV |ight (X200-400onm under vacuumfor 5

Tam?"}.{%%meéét I%{'t.&&m@ ﬁ@ féacur@&ssﬂeppsi ted and final
H/C Molecular Dens Refractive  Bailing

Porogen Precursor Formula —u.  Weight (g/mb)  Index  Point(°C)

1.450 155
Gyclohexanone (CHO) CeHig0O 167 98.156 0.847
1,2,4-Trimethyicyclohexane (TMC) CgHg 2.0 126.24 0.786 1.433 141-143

[00124] The deposition conditions for composite films deposited from TMC and DEMS,
or GHO and DEMS are detailed in Table 3. The fiim deposited using the CHO precursor
has a higher deposition rate and as-depasited refractive index, suggesting that there is a
higher concentration of porogen in the as-deposited CHO film compared with the as-
deposited TMC film. This higher amount of perogen in the CHO film can be readily
observed by examining the FT-{R spectra of the as-deposited films, shown in Figure 2.
The spectra in Figure 2 have heen normalized to a film thickness of 1 micron. The

-30 -



10

15

usi ng cycl ohexanone and DEMS. CHO fl ow DEMS fl ow Tot al

Fl ow CHO DEMS Deposition Refractive Index (nrymn)

(ma/mn) (mmn) ratio Rate (nmmn) (As Dep'd) 450

150 600 4.10 200 1.480 400 200 600 2.74 230 '1.470

350 250.600 1.91 260 1.460 CHO DEMS WV .Cure Refractive

Dielectric Young's Hardness ratio . Shrinkage (%

I ndex (Final) Constant (Final) Mdulus GPa GPa -29
porogeh ddhcaBtratioddn t #DdEp@ited film & best alsetve’dlss an iperegss inthe C-

H, vibréﬁ%rh% %geéhfglé %e?&?}e%j :_9706-311‘0%0519011%%]@@% B3 sRowdthlae the

a chan'gee, I n € precursor
peak ageaindhe GHD-1 film dha.25cwhilerthe fieals Rreqip S TMEST BiM ipply 3.27.

Thws, {e o soEPAQ} dﬁe&ﬁ'& G4$ fndrd Sﬁé&ﬂuﬁirﬁk&ﬁrg&ﬁé‘cﬂ, bond

precur I'con-contal ni ng precursor in thrg0
concentrationsf nfagsiepositast campashe filre i ST FRRRss conditons.
deternmines -l argely the anmount of porogen and
organosi licate, respectively, which are deposited on

the substrate. For exanple, at the hi_ hest
Table ﬁa@ﬁ@ﬂsitm@onﬁ’é‘%tdw n falesRRA &8t Cg)ﬁ'l’?taﬁ'

" deposflé E&HSShiteAfmé eaarigid EMS ratio decreases both the

ielectric _constant Tand..ncec.ha.n.g'_cal har dness of the

Proo&eanﬂ%bla nc film properties can be
P’”’"%ﬁ‘@fvﬁ y the a t of rogen precursor and the
g’ 1 an03| con cursor In the reaction

Ofpggen cursor Functional G oups
Poroge { ., e strucuar_;e an r conposition of the
DEMSFFWJ(G@Wn ecursor mayi2al so hegused to control the
aarrﬁdrbganmmmibes Commssi t e4fiol ns were deposited from
Camier@i#® or 1,2, 4- trineti@lcycl diexane (TMC). Table 2
(scele neat | 9Pd pr@98rties of these

AC“i"t*VslG@éursors The CHO pP@acurso 2consists of a 6 carbon
AdditiveGas Figw (secr) et one f tion 0 group, while the TMC

gm IPs 2 6 ca rifig y\nththree net hyl groups
ET-IR ﬁ Je@t 20 the L_272 argc§54 positions. Table 2.
en precursors. Porogen

Precursor Fornula wC Ml ecul ar Density Refractive
(001280 FiguR9s shals the\ier-fspd il af the'@pro-Pahd M- fiims after exposure
to broadband UV light for 5 minutes under vacuum. The spectra show that the C-H;
peak areas of both films have decreased to approximately 0.9 and 0.6, respectively. The
differences between the intensities of the C-H, peaks after porogen removal can be
attributed to the higher amount of Si-CHj, groups in the CHO-1 film, which contribute
some absorption in this region.

[001261 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 TMC1 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 advanfageous for certain applications to select a
porogen precursor with a ketone or other functional group over a porogen precursor that
has a purely organic composition to enhance one or more propetties of a porous
organosilicate film.
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Cycl ohexanone (CHO) C6H190 1.67 98.15 0.947 1.450 155
1,2,4-Trinmethyl cycl ohexane (TMC) CBH16 2.0 126. 24
0.786 1.433 141-143 [00124] The deposition conditions
for conposite filns deposited from TMC and DEMS, 25 or
CHO and DEMS are detailed in Table 3. The film
deposited using the CHO precursor has a higher
deposition rate and as-deposited refractive index,

Table 2UEiA8ISI0roGs ﬁlhaﬁroﬁémwwrmaﬂlnhmg banpmﬂwmaeeuarmle an of

nnrn n Ln_th ,:,5_ Ro

B a—taea : = Hx
Film as 4 i t *. EA:“L Hu fﬁor
™ H
'ot-lg-:t he ;ﬁ R spg tra of the as- depos.ll0 d fil ms-,sshovvn oy

10

15

20

25

T ya r_ L. ou TITC bpl:L,Lla ||| l‘l QUIl:‘ 4 IIdVl:‘ DeEcCTl
normalized to a filmthickness of 1 mcron. The -30
porogen concentration |Exandpe 8s- deposited filmis best

o2 g BRGS0 g
diethoxyroetbylsiare (QEMS);je al224tgeby malet prscericatip. fTherdepesition s
eondﬂi?!ﬂk lweer% EE f %shﬁl ddifer Wds's0b \‘lhﬁé“réécﬁ@ﬂ lctaRbér pressure

gen pl‘eCUI‘SOI‘ 'S nDre effective at
was 8 rtmreé@z;mdg spa@nm 350 M“'Sﬂfé’l?ﬁc%wfeﬂﬂsdﬂ'ﬁ%@oaﬁ‘ a flow rate of

COﬁ | tl Ongggv@gq)%%tf%ﬂaﬁfﬁl on Couﬁ tions %%35450
nanomﬁ@dm) ber mifues and the SRR PRBeRIPMES 250°CH Ihg GHO and

OEMSIRH )£ 1 Bl U ol SOy CEfIgag st o e
reactiqrrehiaadier philg dqaving cppsiant @egwegllél@wrrg@eofgpg into
chaml%'guh'hé BirhSwn t—%&e?%&%&élﬁ&th%@&dﬁ&d(@ I@QQA;QOO—

Por ogen 435 wé 53‘
400nm)2mdeE vAcLND) for Smf!uigé ﬁnwmera@mg%owfmk%% foe rV rious

m&g@;ﬁsﬂ%)%f ff&ﬂ%éﬁ&@&o&ﬂ@t@@@teﬁﬁﬂéﬁﬂ e
cha s 02 (Ig_ﬂ% A%phb@éedggg FIl ow (scc 10 10 Dgposntllon

med%trbTQlﬂqﬁm n) 150 290 Refractive index 1.452 1.515

T-|R C H' peak area 327 5.25
[00128] FiG. 4 showspthe FT-IR spectra of the DEMS/CHO films before or as-deposited

and after exposure to broadband UV light for 5 minutes under vacuum. The spectra
show that the C-H, peak area of the post-UV treated film relative to the as-deposited film
has decreased by approximately 84%. ' '

‘fable 5. As-deposited and final fllm properties, respectively, for films deposited using
DEMS/CHO (22/78)

Property As-deposited Final _

Refractive index 1.486 1.340

Dielectric Constant nla 2.3
Example 4

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

conditions were as follows; the plasma power was 600 Watts, reaction chamber pressure
was 8 torr, siectrode spacing was 350 milli-inches, carrier gas was CO2 at a flow rate of
200 sccm, additive gas was 02 at a flow rate of 10 scem, and the substrate temperature
was 300°C. The DMHD and DEMS flow rates were varied to control the ratio of DMHD
and DEMS introduced into the reaction chamber while leaving constant th_e overall flow
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10 [00125] Figure 3 shows the FT-1R spectra of the
CHO 1 and TMC-1 filns after exposure to broadband U/
light for 5 m nutes under vacuum The spectra show
that the GHa peak areas of both filnms have decreased
to approximately 0.9 and 0.6. respectively. The

di fferences between the intensities of the C Hx peaks

raf o SheBRARE b BRIt L i 12 bl oo X goPBnino them o

brmanlband bivtlight aﬁmoahmp updiéraaciinm fdti Sminkgisind th@%aﬁhtage of

i.nal I roper s.f.or [T
stk v a0t PRRB e riotRl Al e 5-BPfnfeg ane il i aeer
expestwitn WY drehtreerd s provilled ireTdble he dat a shows that the
CHO-1 filmhas a | ower dielectric constant than the
[00190] F1G| 3 showsnihe RTsiRispectra of the DEMSEMHPTiimg before or as-
por os?%‘g,%hbpﬁwl eve% usi ng Iaﬁe ZOIR'%EB %ﬁ%gjr ndsrvacuom.
Therefore, it may be advantageous for certain
applications to select a porogen precursor with a

Tahle!e) Pe-depostiditindfitaFfilhprd p
E&ﬁ{@ rsor that has a pur eI y chgngg@?‘tg?Bﬁmed using
P @r nore properties of a porous

a_n.g.s+_|_4__gai_g fil =31 Table 4 Final norous film
erties for the Aﬁdﬁﬂomrmmarailvp nple 2. R m

ﬂ%ﬁ!ﬁi’ﬂ% Dielectk 14810 Qure Young' s Hat-8Bess ET-1n

Diejectric Constant (‘nnqmnE’ESh,u_n_k_a_g_L(_%_M)_duL%ﬂl( GPa) (CGPa)

Ha IMC-1 1] %8Q0 2. 61 7 4.8 0.6 009 CHO 1 1.370

ElesticModulls 8 1 5 _ioWExanple 3 [00127] osite filnms

were deposited froma nixture of cycl ohexanone (CHO
and 5 di et hoxymet hyl si | abixareRs) in a 22178 by nole

T )
[ooﬁS’i {3 Pilths E@ﬁthﬁgil aé@ﬁg@% 'rdehgé}teg“t%ﬁ&at{ﬂta g&iwc;?or@gen precursors:
A""%h'alhrb &H%r@é@&r Ehe dgpositionoanditione far eadh filsparsi prgvided in Tables
%&gn Td.| THe \GfSotedstics bPthedial m&safep&q%su?e {d QWW&#@ for 5

200 sccm _additive gas was 02 flowrate

mirgissiis provideda j ablerdadhraughSdndGas hstrias fha w@latioNship between

harfigéssardidiSlectAd GondtentIombsdtiithsl enperat ure was 250C.
The CHO and 10 DEMS flow rates were varied to contro
the ratio of CHO and DEMS i ntroduced into the
reacti on chanber while |eaving constant the overal
flowrate of chemcal into the chanber. The filns
were post-treated by exposing.themto broadband UV
[ight () .00- 400nm under vacuumfor 5 m nutes and the
per cent age of shrinkage was 30% Vari ous
characteristics of the as-deposited and final film
after exposure to UV treatnent is
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15 provided in Table S

spectra of the DEMS/CHO fil ns before or

[00128] FIG 4 shows the FT-1R

as- deposited

and after exposure to broadband WV light for 5 minutes
under vacuum The spectra
area of the post-UV treated filmrelative to the
as-deposited film has decreased by approximately 84%

20 Table 5. As-deposited and final

show that the C Hx peak

filmproperties,
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10 Exanple 5 [001311 Fil s contai ni ng DEVMS were
deposited using the foll ow ng porogen precursors:
ATP, LIM CHO CHOx. The deposition conditions for

each filmare provided In Tabl es

characteristics of the final

Tabie'YAC

lﬁeﬁc&ﬂn&n&ﬁm@

7a through 7d. The
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-0.099 918 755 18 2.60 8.13 1.34 20 1.514 1.31 -0.118
1131 1061 6 2.60 4.91 0.64 21 1.507 1.436 -0.071 1291
1155 11 260 4.91 0.64 -45 Table 8D. Fil mProperties

for DEMS + CHOXj a7 am_aa a>"a CL?o0. a
ar ~aQc ~0 at ndcEsoaCa a ¢c yaoANM
£laimgs1 1.334 -0.147 1548 1048 32 2.21 3.60 0.48 2

1.499 1.327 0172 1086 690 36 2.29 4.20 0.61 3 1.505

k. 3ﬁ%her9rcélﬁ\7a o&fidn %@tl‘%dagr fgﬁﬂng g‘i‘Joro‘bs brgtPdsilcatd lass film on
-0.168 1236 9 231 3.70 495 1.366 -0.129

8812 84strate, 5!163’1‘9@‘3(190'69’761“9 ‘Be $19p86" 1. 336 - 0. 154 1438

958 331t2)d35n§ g3sbods %geﬁtsboﬂﬂ?sﬁg Q%ilecuﬂsoil ﬁﬁd@r@lséﬁére&ﬁrsor
2.40 0,77 %? ¢ ? n]i]} |9 d
6“'%‘6%‘3%9"55'91"“ 5 &”ezﬂfﬁa""@ Edixcs 4’_[?'91?2‘8%‘ ﬁ”ezprgﬁur@"’g%' a
onﬁi@;h en -p?eﬁ:u@;oahaiﬁng a stréctorieaseiecld fmapme guRpabisng of:

met hog_f or _formn oLo 0 |

on o 4ot PasREeHleR s BH 2R SRAPANTE o TS o BET greubfanc

i ntroduci ngagagtewgenerabigentls Coldaqpki 504 )wiere oat-98yand where X
m xture, Sfy ﬁe Hﬂrﬁﬁé’r&l’?%{zchc%é& Mrtﬁ gt?d%rb%h@% @étwé&?@én%m and

one organosilane an n03| oxane precursor _
where y is the number of unsaturated bonds in the structure and is

between 0 and n, and where z is the number of alcohol groups in the
structure and is between 1 and 4, and where the hydroxyl group can be
exocyclic and/or endocyclic;

(b)  ahydrocarbon structure containing one or more ether linkages and having
the general formula CoHznsz-24.2/0; 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 z 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;

(c) a hydrocarbon structure containing one or more epoxide groups and
having the general formula CnHzns2.24-2y-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 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 a linear chain;

(d)  ahydrocarbon structure containing one or more aldehyde groups and
having the general formula CrHan.2.2¢.2y-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 z is the number of aldehyde groups in the
structure and is between 1 and 4;
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por ogen precursor having a structure selected fromthe
group consisting of: (a) a hydrocarbon structure

cont ai ni ng one or nore hydroxyl groups and having the
general formula C' H2"+2.2:-2y- ACHh where n=1-12, and

where x 1is 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 al coho
groupde) n aidrosaibae S{ivGEurg $aNtRIINGaNRS More keigne groypg and having

where the el fc%glerc ﬂgn gzzcﬁm»@.cﬁimza%e%erex.s the
on structure cont al

endocycl i c; droca

or nore eth b% ‘ﬁﬁ&é'@@”%lﬂ‘tﬁﬁﬁr%“retaﬁg 'sgté‘ﬂ@?%ﬂ ‘gﬁtﬁ“}? where y
CH%FHZ ?er&kilé)numb@tf of uﬁsdturbﬁad tonds wWhae Gtrmtﬁretdmd is between 0 and
nunber of cycljc rings,.in the str re an

0 an 4 aRtEngnde 3% the R AR SroRBR i P SRR B i
bonds i n t between dcindide aadwhéers thekaeterengrougsicarmbe enad and/or
where z is h nlunber of ether linkages in the

structure 3 cyg between 1 and 4, and where the ether

| i nkad®( s) adwdrobarben struciurd/containgigameyar Iniace cdrbpxydic acid groups and

g?/gﬁgga;ggﬂa‘ﬂﬁﬁ,*ﬁ%tgdébﬁramﬂﬁg? 3 n% &?gzgfz?omrﬁe?@%-% and where

CnH2n+2- 2xxJsthe Aumber & ayelic-rings inthel stiudvre apdds between 0 and 4, and
number of gyeld s rtl‘lé‘ﬁlﬁnbér‘ Lbr?saﬁl t‘éHbHﬁd—’s iAok étﬁ.lcﬁﬁ'é WRER

0 and 4, an vwher e I'sS e nu unsat ur at ed
bonds in t Retweep Q@tnelrwea%wh?reZ'eﬁﬁm@beoombwvhemd groups in

where z 'Stﬁefb?ruﬁtdx@@rﬁd 1§fbeﬁ\Fé@ﬁ'1déhdgf oups in the
structure and bet ween 4, and wher e

epoxi d® gr a@pfgroeem%étrucévrﬁgeﬁfetﬂ"ng@rae\f@pavwee? ?fng"rQﬂ"Y% acid
| i near chajriupé ehd i \hly@lf meeakmnyletawqﬁ déteydefned & farmlg cyclic

For mil a onpe 8 Srosp Wl P Bl e oo Lol TAERER Gobonaoce

is the nugle, wrﬁereyielme aincngﬁeremstthe nambe::fbfwyelmm@sumthe
bet ween 0

f e
nsat ar at carsHa s paSETD g § BTN plymor
and n, andumseturater biosds indhestrdnture ahd &l mngemo gnaoodiwhere Z is

the structure 4o r uc?of ac'nhgglﬁ#&frguﬂs ﬂ% érucﬂ}e Qﬁa I(sa1 or 2,

hydr ocar bons ure
gr oupghlanda Hnadnongbom atequtga @patlalnfngranﬂséer group W|th the general formula

CnH2n+2- 2x ﬁﬁ“‘ =195, AWK & dﬁﬁe hﬁmbgteof c%cllc rings

nunber of cycﬁ"*zé" e structure an
0 and 4, amhwﬁ@u@ury 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;

N a hydrocarbon structure containing an acrylate functionality consisting of
an ester group and at least one unsaturated bond that is conjugated with
the carbonyl of the ester group, and having the general formula CoHans2-2.
2y-2:(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
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IS the 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; (f) a hydrocarbon structure containing one
or nore carboxylic acid groups and having the genera
formula C' H20.2-2:-2y-s:(00H)z where n=1-12, and

where x is the nunber of cyclic rings in the

structure gamyriotheestascandovhianelz is, the REMbei estey graype [the

nunber of yRgsALRERM Bopds in the structure and is
between 0 and n, and where z is_the number

car bosW i caMraC@'P% Bleugtyre CPWémgtgrwtcaw@mam pidunctional groups
bet ween 1 a&8ctéd frblgl)th@fdw\ﬂth?ﬁarﬁl@tﬁho‘ﬁteltmtwrlﬁ)nyl and carboxylic

t d

Coa T wh i e R e eneraL R D Her e aeed CHMBHAMOOH)
a cyclic ahbed=1de, gn@wpenmas ehet :hﬁntﬁetr pfigyclic Bndsas thehsructure
Shor e 1 oabds helRRD i B whe v Flrfindt of uhGanur¥d boncs
structure artte ssudiere\eneiis etweeh @ andindanderege w is thet iuenber of

b f ' ] ' .
puber Of RARAGHLEA PRI b U8 20 e s
anhydri de gumbgrefiether linkages indbeisleuciung and isibatween 0 and 4 gnd
hydr ocar bo?llhértertH&FH‘lE?I éﬁggé(gjzéﬁf% Qﬂg@ﬁﬁl@ﬁ V\%[e : gﬁlc"\éﬂcﬂvhera yis

t he general Ttornu

and wher e hequmber ﬁ(m@nybgroggﬁdn,t?@ $t|’l.|$§.§e ang,isthipbveen 0 and 3 in
structure gRkhitse (%Bd@?%}ogp aé}dbélketéf'ﬂéjs M%r%ldéhy&st BRd where z is

nunber of unsaturat onds .in the structure,

wher e nonethguiter ptrashonylig aid 9oHPIE the BtryshHp @ngsetl?twee” 0 and
with the cafbonyl group of the ester, and where z |s

t he nzrsb drld%lﬁrouﬁ) nthe structure and i q
1 or Br s ta@tn@rogeeamoa*? R”’H@'Vzﬂ?““e grups an
acryl ate f ummg ma@lenéml formisa SLHAG. Z,Qf, (NHig), @hérern=gr12and where x
and at | east, _one t ur.at.ed b d.t &

nih the: BupeBiipbS cHiE e BIREpRie s KM §Hn 4, and

gener al f owherey i€thdhunibe? of ur&pttﬁat(e@%ndsnh ¢hveestrucfivd And is

d wh , .
Sruetor o BotebdBBHTDE BhorkX s 8 dubiidP of hEBroupg in the
nunber of smgana rad écbdbeeris amd 4, rmdswhem:mrp@inmfwamme groups

greater th d)‘&aqléﬂh!oFQnd]oc @hﬂd where at |east of the

unsaturate are con u ated with the carbonyl 48
gr oup {lbf t ﬁ@y@rgt:aa'bon atﬁwtwa coriaipingoNE [9e MererBRIONGArY @gting groups

groups in LRehaving the general formula CyHanz.zx2y.22(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 structure and is between 1 and 4, and where the secondary amine
groups can be exo- and/or endocyclic;

(m) a hydrocarbon structure containing one or more tertiary amine groups and
having the general formula CoHzn+z.2¢-2.3:(N}, where n=1-12, and where X is
the number of cyclic rings in the structure and is between 0 and 4, and
where vy is the number of unsaturated bonds in the structure and is
between 0 and n, and where z is the number of tertiary amine groups in
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Structure and is 1 or 2; Q a hydrocarbon structure

contai ni ng any conbi nation of functional groups

selected fromthe following list: alcohol, ether,

carbonyl, and carboxylic acid and having the general

formul a CnH2n+2- 2u- 2v-w 2y-3z( OH) W O) x( O y( OCH) z

where n=1-12, and where u is the nunber of cyclic

rings in the structure and is between 0 and 4, and

where v is the nunber of unsaturated bonds in the
structure Hhedtiustueandds ketwegnd and 4aaad wheredhetarliary geine groups

nunber of gﬂgé)g)gg_ QhRHESddcheiiche structure and is
bet ween 0 gnd a V\/nerecgcus t he nunber of ether

li nkad®s i A WW@@P%%WR“EGéﬂwainygt;@p\ﬁé@wr@ngﬁ@@pg@@d having

where the gielifheldl fAOR (@.HzngquZy gﬂ(ﬁﬂd\%k@hﬂc‘l@fand where x is the
exocyclic, and

ar bo
groups in pwgbgr\%?ggcﬁlﬁlngg%wdh? §t"lfpi'frﬁ/@89 'sobei‘ﬁ 8%&‘” and where y

whi ch the csah@amberg:ﬁngatmatbdttmnhetrﬂhestrmmé@hd is between 0 and
al dehydes, and e IS e r hoxyl i .

e es e whiEs € e Purbe ol SR e SRk e Sad s

(k) a hydr betwebmn apt duandiwhkere dirg gitro grogips nan be exaragd/or

primary amni ups and having the general formnula
CnH2n+2- Z%E&C%%m)i where n=1-12, and where x is
t he ndober ad)\ﬁ(droy@'bblm struateys having Atleastione amine faneth'nsl groups and

bet 0
etween b r Cl{(gaé] gn? ﬁmsftrh bﬁer%h@rrﬁmm u 2v-\.é-ﬁc-3)6

unsat ur at e ture and 1 s

and n, andzANhekeNHx(Ng @hevhemm-ew%fanarwheae bjtsdbﬁ§“mhef of cyclic
the str UCFlhﬁseln%'iEjsthﬁtd?@EH@%rbeiﬂeﬂﬂ% é‘nd tﬁ%ﬂd"()dﬁ%r'eev fsrlﬁe number of

primary am ne groups be exo- and/ endocycl

(1) a hydr HRSABIRd SOPIR PR SEUSHIRARY wgbe&ﬁ%erbq afRand where wis

secondary ﬂfé‘ﬁh%lﬂz?@ﬂﬁﬁna aﬁllﬂéagfbu kﬁb&h@ﬂﬂmb@ﬂoffs@wﬂdaﬂ/amme
CnH2n+2- 2x- 2y- 2 {3 qﬁ wher e

Z N n
Che. nunber SEUPRgLR M Mthet of REREAEDF QLU g iare T<wexey<d,
bet ween O andlwhére z8 thehiemter ysf etEertlinEagusﬂfﬁJﬂ'fe ghfucture and is
unsat ur at e

d t h t 0
and n, andgﬁ\sﬁvgg'ﬁfnﬂ ?ﬁde‘%' réelrjétﬁ?ﬂ g@%‘%ﬁ) O\ger?ﬁﬂ%e group(s
gr oups in camie eto-aati/or endoeyclics bet ween 1 and 4, and
\émnggg ); e g‘zﬁcc%ogéﬁﬁ glrucélﬁ'?ggv8§?§t&10 u?é;gr&ogﬁ#l Wf%gﬁonal groups
or nore teand havyngalire generadfopsula BeH 2. hans.- mgaﬁzﬂﬁ‘lg‘dNbir)»ﬂﬂ)y(OH)
formula Cnjig re%-%XTZZXn?‘Q‘ﬁE&De'mWrﬁJ e]'oflfyr cliéhi s"mﬂ’{eestructure

Xis the nu er of ¢ Icrings 1n uct
i s betweenand @rhﬂatmeene(h@d 4izred ewhyra \SIStﬂhﬂsnwmmaf umaturated bonds

unsat ur at egh {19 8lSetlir ahB % SdeiE&H 8hRd ANhd 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<w+x+y<4, and where z is
the number of hydroxyl groups in the structure and is between 1 and 4,
and where the hydroxyl andfor amine groups can be exo- and/or
endocyclic;
(g} and mixtures thereof;
applying energy to the gaseous reagents to induce reaction of the gaseous
reagents and provide a preliminary film, wherein the preliminary film comprises a
porogen derived from said porgen precursor; and
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between 0 and n, and where z is the nunber of tertiary

am ne groups in 49 the structure and is between 1 and

4, and where the tertiary am ne groups can be exo-

and/ or endocyclic; (n) a hydrocarbon structure

containing one or nore nitro groups and having the

general fornmula C H2n. 2-2x-2y-z(N2)i where n=1-12,

and where xis the nunber of cyclic rings in the

structure and is between 0 and 4, and where y
nunbererBevinghatleast aoriop of the RofogeRdros Wam!wn%ma'm §> Prowde the

bet y&8is SrgahshilicBle qiyd iR SR réin isBidipdrous siftatd| gta&Qfllm has a
groups in the structure_and is between and 4, and

mheﬁ"@'ef;*ﬁ'écﬂnstt"f"ﬂ'@séhﬁbzzan be exo- and/or endocycl ic;
(0) a hydrocarbon structure havi ng at | east one am ne

gt 0ngl o0 qups, And isterabLnkags and Bavhag, b

z(NH2),,,(NH)x(I\I)y (Oz vvhere n 1 12, and where u is

tb32te W gxrog ﬁhd%%ﬂc L ﬁ@we V\%I ﬂ% Q/or us ﬁ%r%ﬁﬂiﬁ%té ;é'i:%;?il?ﬁ Ctj.)rﬁprises a
unseampand of tbmrfolrmulmsuh\@xtl;ﬁzuwhe:e o tanmttyite ShEi0vmemics, v is from
andz@to Wome’{% ‘#, fﬂg@'lé b'itfa;é‘m %o;‘( |59Fdn?§rté( Z@QIOHﬁc %, y is from

groups, X Is t secondaty amne gro

i's iﬁ@mw%faﬂd@@%ﬂﬁatﬁnﬁ@?’groups and V\,here 1
<w+x+y<4, and where z is the nunber of ether |inkages

in the structure and is between 1 and 4, and where

tn e T method ichrialge! Whessiusaid resaving sipronytees tre@ting paid preliminary

ex Oﬁlma\mm é&ﬂe&ﬂs'@é?mianhsuon(égbnﬁsém@é@mﬁ Bgrelp bstsistifg of SiF,,
havi ng am_ne and functional

havNﬁg FF I%O':g?e RSBy aqdd-,lF |uo§ed ¥o mtroduce F to the goroug organosdlhcate
CnHpagsilA ary subsExtidlly-al (FNhZhe pdrbl mnNg Bérkddhzo SiineSi€F groups.

n=1-12, and where u is the nunber of cyclic rings in
the structure and is between 0 and 4, and where v is

tsheTmambthiod of clahsa,twrremuedo%cm@seatérmf tHechyeltogeatinthe pamilis
is betwe reW|sthe nunmber of

pru%’&?(}"siﬁf"%eg JdBésab%ng ‘f?éb?ﬂmber of secondary

am ne groups, y is the nunber of tertiary am ne

%r ﬁglpes me@%ﬁ o‘l‘\ﬁgi‘}f1 the\Pg'% [A Ab@l%’@g%ﬂ%% [iEaté g'lagﬁ gfnfﬂ Eas a density

yI’ ‘groups 1'n ctur
betm:eﬂnan%ﬁm{rrﬂ and where the hydroxyl and/or am ne
groups can be exo- and/or endocyclic; (q) and

m xtures thereof; .
7. The method of claim 1, wherein the porous organosilicate glass film comprises pores

having an equivalent spherical diameter less than or equal to 3 nm.

8. The method of claim 1, wherein a Fourier transform infrared (FTIR)} spectrum of the
porous film is substantially identical to a reference FTIR of a reference film prepared
by a process substantially identical to the method except for a lack of any porogen
precursors in the gaseous reagents.

9. The method of ctaim 8, wherein the porous film has a dielectric constant at least 0.3

less than a reference film prepared by a process substantially identical to the method
except for a lack of any porogen precursors in the gaseous reagents.
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appl yi ng energy to the gaseous reagents to induce
reacti on of the gaseous reagents and provide a
prelimnary film wherein the prelimnary film
conprises a porogen derived from said porgen
precursor; and 50 renobving at |east a portion of the
porogen fromthe prelimnary filmto provide the
porous organosilicate glass film wherein said porous
organosilicate glass filmhas a dielectric constant

|1@sEhe mathod of claim 8, wherein theorprers fimdiamadielegids eanstankat least 10%
d' etegg tnrah %1 féPéch@‘ﬁLm bfephiD tJﬁBcéss%ubé’tantEﬁl?id@ﬁﬁm% tﬁt- method

por ous “organosi |l i cate gl ass

c o nﬁ*qeﬁb@f a lack Gﬁ%‘%ﬁﬂﬂogﬁ“ R@‘é‘@%’? ifLthe gasepusrepgents. vvh er e
v+wx+y+z = 100 atomc % v is from 20 to 30 atom c
%WlsfromZOt 45 atomc % is from5
2 obie menod of Sy Sterh 5 oasota i res o SHpE0S Helphyioss of ess
15 A ewdh/hdisothbenarat 4259C ahded Nl m 1 wherein sai d
renoving step involves treating said prelimnary film
with at | east one fluorination agent selected fromthe
gll201]lme methed f claign Ofwisiréid the NF&JS fd, ha€6R 2ver@g2 eighh bsBf less

uce. FE 4 luﬁdgoqurous organosilicate

gI a@% fiqtvﬁji%l ”8053’&"‘{' St Fin the porous film

|s bonded to Si in Si-F groups. 5. The nmethod of claim
. least
A, INERSUDITRE SRR Yorp i TR bt By o ot e
6. dieaneaianmandier Qm%nqwcmanmacersnr t he porous
organ03| licate glass filmhas a density |ess than 1.5
met hod of claim 1, wherein the por o

dﬂgslmawﬁtfmé;t elaig) 13 avhersimhetifastene graRnosi am% osganosiloxane
equféaur@at:s %ﬁ&énf@l byC{hélfB?ﬁl@Ié slﬁammﬂmo C%CRQH Hal whéreR' is

he net hod | aim 1, ein a
t r aﬁg?Rﬂ‘\‘i'?F‘h’f"r' 8F @utO(q‘ant\nR?r %pré%’tcPﬁﬁ’n sgfuratad. Slw %fugulflt’v m

l Sf ﬁﬁgé&lrﬁﬁltc:ll dhic/ phlignt darCflﬁlly fﬁjﬁn@atétﬁﬁﬁfr@dmlﬁ)ri:ﬁ? ] :ﬁ(ﬁe;ﬂandently C,to
re nce

i | mprepare € a
| et 34T of btz stHatr b P Sy trSel R G sromatic
por pareally op filg flusivated hydtdmr@asabismdepagcmms H,oC, td10g linear or
d| e rgg\?tferdc(s:lt@ﬁg%dgﬁlpg ﬁ'lélg gtyhv% %%F#%@S];c'f‘hh ro%%tlg partially or fully
refﬂuaﬂnamdﬂ'nyﬂm@belmaned th ¥ aadpri®@és8. subst ant ially
identical to the method except for a | ack of any
por ogen precursors in the gaseous reagents. 51 10. The
St Flagimethod I0Aclning 13, wiherain thetat éeapmmganqsﬂanwd@r organosiloxane

RS RS i s or BRI GHORT, Sov

| deﬁlﬂ AROIGRS Rr)p.-t. hwhere R and R are mdependently H or C1 to C, linear or
branched, saturated, singly or multiply unsaturated, cyclic, partially or fully fluorinated
hydrocarbon; R? and R® are independently C, to Cq linear or branched, saturated,
singly or multiply unsaturated, cyclic, aromatic, partially or fully fluorinated
hydrocarbon, R* and R® are independently H, C, to Cs linear or branched, saturated,
singly or multiply unsaturated, cyclic, aromatic, partially or fully fluorinated
hydrocarbon, nis 0to 3, mis 0to 3, qis 0 to 3 and p is 0 to 3, ntm21, n+p=3 and

m+gs3.
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except for a lack of any porogen precursors in the

gaseous reagents. 11. The nethod of claim1l, wherein

the porous filmhas an average wei ght | oss of |ess

than 1.0 wt% hr isothermal at 425C under N2 12. The

met hod of claim11, wherein the porous filmhas an

average weight loss of less than 1.0 wt% hr

i sothermal at 425C under air. 13. The nmethod of claim

1, wherein the porogen precursor is distinct fromthe

d6- Teaethgd of clainy it gderein theh ipast onsrasnasiiangaqieler organosiloxane
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rut By St B e g RfRBli e e G bra By séndFbees
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lin r g 5 | Of; |

uno ot REGRFR: R hdleRhétuy H, §91d cfndabbf ydhohed, saturatea

f | uginglyat mditipnly dneatarabasi) cydie, arematind epriaticertfully fluoritated o

C6 | - , f ' [

unsg d:ij‘r%gldtF %@r né%%ﬁ%%%roo% yésaé E?gar g Iislrda fyydtg?i f G‘Hzg Ripks and

f | u®rAsAt ed hydrocarbon, nis 1 to 3 and pis 0 to 3.

15. The nmethod of claim 13, wherein the at |east one

or ganosi | ane_and/ or organogsil oxane precursor is .

A pTI&@ﬁ{h@g of,g,la%p,mefmrp the at least one organosilane and/or organosiloxane

RINgleBas6HiSréarédmled: H?Ji?&orr%la@{f@ﬂ?ﬁd@b@ﬁ‘))&(p@l?ﬁ)-3_, 9

wher e nd R3_are inde dent], r C.t i hear,.
o SRR QR ne WRETEH AP Br ilprargpgty T or & B inear or
unsiandde satuye, sibgly Ramuitiplyl uhsaturdted, lcyclit) peptiallpat ey fluorinated

hydr ocar bon; _-R2 and R6 are independently C. to
1 SRS REanER are rdipRpddity CeRG nek 5 prafera saturated,
unssitgly at edltiplyywabatarateat; oydlit, arompii, padibllyordullyffliotiyated

[ R, Rl R B oc e, B0 e uddaP BPBRNANH Yoturates,

ear or satura
mul singly pr mokiply unsstachted; pydlic,aromatimypaitislly graultyi fiorigated

ful i ga h | o
3, Il&%lrééag&{nb RBFsanzc} ° ?éﬂéé%%i E'%E'?hf{ﬁ E@f%t%ﬁ Sg’lglygl; gﬁ:ltﬂ;llﬁ |
m+-qerBatBated gychith sromatinearily o idlyrfluginateddweiosatbna, mis 0to 3, mis
| eagi; Hnfis 81930 E’l i€0% 8NgHaHenPE 9%45%@.%:1 m+q < 3.

or mu

precursor is represented by the f
Rn(OR2)p(O(O CR4)3-n.pSi- SIiR3M (O CR5) q(OR6) 3-m q
WaeTie Rethdl @f ERinAl & wharSP fRdR Waktord &??rﬁsilér@. Arfd/driofgosiloxane

or branched, saturated, singly, or i pl ] )
IS RGO reREggantad by ihg (iR bfORPIORR s S G+ where R
Ih_y dirscnmbb@dﬁnuma&h gy E%ﬁc?ﬁ@ea'tr Bgﬁrﬂﬁﬂib‘dﬂéétura@d, :-,T?l_%lr multiply

| hear oOr rancned,, a r edq,, SN or |,
UnodrsaRtted ol priahca i berinatSh Hiikgaapbogy R s ifgebendenty 4 to

f | uog lirvat étbranched, saturated, singly or multiply unsaturated, cyclic, aromatic,

partially or fully fluorinated hydrocarbon, R? is independently H, C; to Ce linear or
branched, saturated, singly or multiply unsaturated, cyclic, aromatic, partially or fully
fluorinated hydrocarbon, nis1to 3, pis0to 3, andtis2to 4, andn+tp s 4.

19. The method of claim 13, wherein the at least one organosilane and/or organocsiloxane
precursor is represented by the formula (R',(OR?),(Q{Q)CR®)4 n+pSi¥NH3 where R’
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hydrocarbon, R4 and R5 are independently H C, to C6
i near or branched, saturated, singly or nmultiply
unsaturated, cyclic, aromatic, partially or fully
fluorinated hydrocarbon, nis O0to 3, mis Oto 3, q
is Oto3 and pis 0 to 3, n+nzl, n+p53 and mtqs3.
17. The nmethod of claim 13, wherein the at |east one
or ganosi | ane and/ or organosil oxane precursor is

represented by the formula
R nisdrgepgrdgntly Hen o Ge !ypeqqor branched, saturated, singly or multiply

Si Randatirbde e ey ):ﬁ’c( %)aﬁ‘y 6PffGI &Wu%ﬁ@at& hy’rﬁ?dcd@oraRéls independently C to

i nd endentl

sat o eSO %‘XF’H%JT%’ AR sipgly °Dﬂ%‘[§'?l¥r“é‘?%‘8rat?f{} EY¢lig, aromatic,
par barﬁbﬂy}brwllyfﬂubﬂlr)etéd hiRIFodatBoRdR® Rytdepeaddntin H, B2 ta0gllidéar or
are | n

C to Cg linear qr branched, . .
=5t P, sstrael sl o ittt (reaflt A Beroiptp; pprtaly or fuly
ar ofmtrinated paditocadobly, rois 1ftal3|  isf0 tod@ amidttied to Byadosashon,
R4 and R5 are independently H C, to C6 |inear or
branched, saturated, singly or nmultiply unsaturated,
AocThe methodmiitliaim 1P awhterain the ad teastidrieyorpanasilamesarstior organosiloxane
hyd ?r%groig red%srdni;ed@y ng{a/?hc%#éd’é@ ¥ th%rfoPﬁLﬁ’é‘&ﬂRgﬁSIl(R R?%),, where R’

sat si'n unsat ur at ed

ar omd Rcarepmemﬁawyly(b‘r Cata Cy llneamr brasclat, glaratecusingly, or multiply
n i

L e ot Barfehflrtul) fioRhdlpd ad iy b Shrfnath om 208
wherein the at |east one organosilane and/or

IR et YR BlainP | $ PR tHeSat [&iBf @FLoHG8bsiing ARi/or organosiloxane

s Gk Skl SOl ey e

sat Whé\’lﬂeﬁm and IF«ﬁ @l'e/ mﬂépdﬁldéﬁtlypﬂ )C, to 03 Aineasdramanahipé saturated, singly
partia

or ed ocarbgn; R2 isS .
Pty BH sl cyclig et REpr G fyBERRRE AT a i gy integer
Si nfybiy 20t 8pprtovidpd theren sat leaat e, Sidy/ bonddn tree ometid carbosilanes.
partially or fully fluorinated hydrocarbon, R3 is
i ndependently H C, to C6 linear or branched,
L2t Thamethodif niginy 13 whengin thel at laasteneuorgaxsjlaneyarid/ar,organosiloxane

methe . : . |
ﬁr ?E?@{ibrt%gr 'g?rr%é'ﬁéérée%%te ’Ll‘ljogr%tge lgl-c%ﬁgrdgﬂgét?r%’&ﬁgﬁd&ﬁ@{%ﬁmuane,
4. diethoxyreethysiland, difisopreposymethylsitaae adirtent-hetoxtmethylsitane,

oney iy Y ﬂlahér}ﬁﬁtﬂﬂ)g/sﬁ’éneofrgi@&%bé)&é%ﬂ@ mBhGE R RExysfane,

repres

(R'W@MU%('WED}@R@?W tiderbgoxysp®.t where R1 53 is

i ndependently Hor Cl to C4 |linear or branched,

saturated, singly or nultipl unsat urated, cy cl i

r}’é"r Iheampghos of F'Gl“! ¥ wheigjp Isﬁ'gt% lfaﬁw\edlf%"@éi'\a“e@‘d{ °§ organosnoxane

in dﬁ@eml@n& Iaymﬁuré & a fiebt silicBeabntaihing rpaétmhstfa with mwbarewds Si-0
sin ar onat

unsat ur at ed
oo SO G S4B S AR TR ORI BT O Ragrs SO bonds, and
I ndegenidiary ik Yrdvided.to tzilolGh chentiedl coMpositisrasieeporous film.
saturated, singly or nultiply unsaturated, cyclic,
aromatic, partially or fully fluorinated hydrocarbon,
r24i Shelmethod of plains 18 wherdn thecoroden pteduosod hasa thydreparbon structure

containing one or more hydroxyl groups and having the general formula CrHzn+2-24-2y-
AOH), 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
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20. The nethod of claim 13, wherein the at | east one
or ganosi | ane and/ or organosil oxane precursor is
represented by cyclic silazanes of the fornula
(N(R)SI (RR2))" where RL and R2 are independently H,
Cl to C4, linear or branched, saturated, singly or
multiply wunsaturated, cyclic, partially or fully
fluorinated, and x nay be any integer from2 to 8. 21.
The met hod of claim 13, wherein the at | east one

or gaNbisibERYReN ANt 289 YRR IS GremHEnbes obalgeheh grqugs in the structure
I eP4RFR Heffbe) é‘rbﬂQi lafid GRABROAE h?d?@)‘éyl gfouple@n berelt ahd/or endocyclic.
(AR RS (RR2))" where Wand are I ndependently H,

C, to C4, linear or branched, sat urated, singly or

psg| Th@hﬁtﬁ@ﬂ%ﬁ&idmﬁi@dvhefem tﬂemormtdr@dui'somés &Wltinpcarbon structure
fluorinated, and §t:3 rom

1 CoAnAanS b B o, R Bkac¥s ot Bl e dpnei %@“%\%ﬁ%z 22,0
car Wwheelnane, ari’dthé'rbec mﬂ'l“ehmldwmf ofodyaliomings in thieestractorg drel is

2 bGipakn 83543 HRNRR 30BN REr & FRRABALEEANE in the strucurs

conamd;tmbngve@h Cdandiet, laodyhemerwllssrnd mumeher of ether linkages in the structure
d| eL P S '

AR A Sl R BIRPMIESRN LS A ancer
trlendmxg}lsq | ane, tri-isopropoxysilane,
met hyl tri net hoxysilane, nethyltriethoxysilane, and

tri-tert-butoxysilane. 23. The nethod of claim
WieeTleg methgd @f glaim &é«hecﬁﬁ%tr@rwmr%w@%ﬁa? g,hydrocarbon structure

or JedHRShih§ BAE Br mBFeE&PdkRIR grdups %nﬂhé\hhﬁ ﬁle‘Henéraf fd’rrﬁhla C nHa2ns2-2x2y-
ilicon-cont a| ni nl%awrecursor wtht

bon@g whem N5 1lee BRfivasreixd® Medimder Hﬁ ?Y@"fp?@éd’ﬂ H@rS‘WFR“FP and is
t hr Bgtweén 0BhHE 4 SandvRrE §Ss tha MambeNEr ulsatukHted Ibcmcﬁl‘mtﬂedaﬁdcture

to tajlor . a chem cal conposition of th us f
24. S%e BhieBa B e af AR 2 il PP RLe BB BEAuPs i he stucture
pr eand us@ewma 1aadmyfd aod ahberths bpmmmreups:mttaa attachedtoe cyclic
noyr e groups and having the general fornula

h r
Oﬁl—&'?%‘faz ﬁpé%/adrb—l) where n=1 -12, and where x is the

nunber of cyclic rings in the structure and is

{
%ﬁsﬁiﬁeﬁlﬁg&w g%gcléigns?i? %’{@ﬁh@ﬁ &Jpo‘rc?qak&f?e@% ﬁés 8 y%ro?arbon structure
0 aeantaining nde ahwpre aidehyde bepupsiatehaviig i generial fgmoulp SnHane.2czy
In 1A ‘gﬁ Lfftl W2 an@Rflerb i?ﬁ\te%ﬁ{be;?ﬁ?\ﬂhecﬁr dg;@r?rq h\@fk?r'bgture and is

t he u can exo- and

Th eb%P%G aa¢ wihers y IS/\!IHG MmeMRer efaingeit iRt ?.ﬂdééfm'fhﬁéﬁfucture

hasagy |B)S€f\nﬂééﬁr0bé?ﬂ e bhd GhbieS is SRR BEaIQé}%/ergrtSGb’sQn the
et her 1|inkage s and haV| ng the general formila

Ho" stpucture andis befyrans! apdi4.12 and where xis the nunber
of cyclic rings in the structure and is between O and
he nunber of unsaturated bond

4, and where y |is [

“Re'ke Meihed PEX'a'tha SRR e AR REPGHISOL AR Mé‘i‘@cak’b% structure

t heccmtmfﬁxﬁg ofé oﬁhb@rkeidrﬁ@@.ﬁﬁ and Habifig #ig gedletd! @ormaraC Hs,.2.2x 2y

2)?22 awaars rn-q 1%d8'&‘i/1‘e,’h?r8 ?(rls? thtehn%m%er otr cyclllcnrln%%er( ﬁ?e s?ructupe 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 aldehyde groups in the
structure and is between 1 and 4, and where the ketone group(s) can be exo- and/or

endocyclic.
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26. The nethod of claim 13, wherein the porogen

precursor has a hydrocarbon structure containing one

or nore epoxi de groups and having the general fornula

C'" H2n.2-2x_2y_  2,0: 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 O

and n, and where z is the nunber of epoxide groups in
129 Tk method 1ohclaian 43, iwheprin nscrvragenritiecyrsas has aiydiecarien structure
ep%rﬁﬁmﬁg BHOSr G8R, :%?bcﬁ(%ca&ﬂ?&ohﬁ’s é\1d3Hé3J|dg°the @emaebrma

i near ai n. of claim1l wher ei n

t he
por &g prr?seee@cé'@r where g Inlzd Ao whers '§fneuwm6é of cyBic ings in the
CON§tAidiir8 end i?seoe‘ﬂﬁeémﬂ Sncbd, AR YWIRr4Y BURS naBel i uhsgtuitaiel bonds in

general fornul a

el SruptSre g T Hoipen ﬁ@nﬁycgnwﬁ?rﬁﬁ% et ot Gpgipfe aci
andgriofips ipakysteucte and ivbetwesh noed 4. y is the nunber of
unsaturated bonds in the structure and is between O

and n, and where z is the nunber of al dehyde groups in
t30eThe tnethot wf elamn !IJIS ivehebsin theqordgearpdectrsd? 8as @ thgdnoearhonl structure

Of %n?élﬁhé%n e\/}Qr% tger otF SarB{} gﬂg §8d %Fo‘?.fgg gr‘r?aq rar&@éﬁy@rated to form a

ydrocar St¥ uc con
gr ocmc anfiydride grogp whleregtba ehmtudeaﬁmerage:UErmn@laQ& Hay2-202,62(Oa)z

2. Oy dRGES- 13~ Lad @h r@&qsme ﬁﬂ'?é“ Ef %ﬁ rﬂﬁg(i’r‘? g%ftruEtYlFel A is

rings in the' struc ure an

whebetwgen @ apgé. anshisesre yfis Wﬁwm?ﬁh@fétﬂ\sﬁ*éfﬁi%d bondspipthe structure
st [Tg |‘érb%twéé2 n:? P eh¥aABre’: .@r&% RumBE? &t $ArRde gffo‘élpé fethe

e groups in the structure an
betmrﬁaa‘i’]& 14°f?and where the ketone group(s) can be
exo- and/ or endocycl ic. 55 29. The nethod of claim

3, mhereln e recursor has a dr ocar bo
31, TG Bietbod ShaY F- 0 1o oy POaeD RSB s ¢ Poogerbon structure
gr otgitaifing ah @%ien grolp evith eegerierd] @armMulacC, Han. 2.2¢.2y-2:{ O2). Where n=1-12,
CH2. , 22 -2
Chea iR X3¥ ajLEeT Pl e s e SEbp iR i€ hRyeed 0 and 4, ana
bet where yQs &mmmbeabﬂun&bmaecy borwistih theratnubterre, @hd where none of the
223 sa'i@%t%g mﬁgé]sdgre coguéé;{gd %t cuarr & n?l';?rg 05 oﬁﬁ% \ggtgp ggd where z
gr ogpiise numibdref atimyalcde g@uaﬂ‘ﬂh the sihmtwe@nd]s hnld2 4. 30.
The nethod of claim 13, wherein the porogen precursor
has a hydrocarbon structure containing an even numnber
GX2. The etoptiof claim 4B, gvherRis thetnerogenerensisad has adiyergcarbpmrstructure

a  EHthihi %H%Ef fimst'idh‘é WhEdigink B ars BEHESY Eﬁaﬁé@t lE&lﬁone
fig 87 2L IRy ORItk B &t Uea

genera -ez re n=1
an duRgatrated ,bgn@ that ﬁ@ﬁﬁléﬂatéﬁ WH? ¢he ear Q"Wb@f thq]eqtﬁregroup, ‘and has the
r & forfifth € H,. PELVR th@l%%‘“l 12286d WREMeS( ¥ theSndrer of cyclic
er of unsaturate s in the structur
nngs 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 ester,

and where z is the number of ester groups in the structure and is 1 or 2.

33. The method of claim 13, wherein the porogen precursor has a hydrocarbon structure
containing any cambination of functional groups selected from the the group
consisting of: alcohol, sther, carbonyl, and carboxylic acid and has the general
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and is between 0 and n, and where z is the nunber of
anhydride groups in the structure and is 1 or 2. 31.
The nmethod of claim 13, wherein the porogen precursor
has a hydrocarbon structure containing an ester group
with the general formula C' Ha,.2-2x-2y-2z(Q2)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
t he nunber of unsaturated bonds in the structure, and

whefoamula SoHo#z 2i-ha 2y REMOMR @B nwbergms 1cZn poh wherg U is the
Wit ﬁhrﬁl’gﬁ of @ﬁcﬁ]@ HM%S i rtl‘?élﬂr&furé BRd RYeBleentEhdM1&inG wherd $ |s the

the nu grou ps i n the structure and

1 ovumberﬁunwamtmaeﬁ igtne.plaicra 8N fxhehugan § Fae . and where wis

por ﬂ’u@@ﬂn’fbéﬁ@ﬂ&@dhbl aﬁpﬁn Hl%tﬂfzﬁfr@ﬁlﬁu thetivdanrBand 4, and where x is
contalnlng i onal i ty consis

C o b B SR ikabieg 1 g SR BOWEeR i At Hhere the
c onétueﬂmdge{éﬁdantﬂaeerﬂamwyd ex@tydibeanesitere gisathp humber of

has_t he ner al la C'.

2 Ay HRUGH Brtnd SRtird alid i eBucert a8y 2 e fretafldiv group

t hecast eultories amdbr ablebyiespran Whaxed isithe samochbehefraaroxylic acid
the r n the structure and

S % Hg%)ﬂ th?%tmcmg%Bmsaée(?‘tg%&(pgidn% where at |east of

t he unsat urated bonds are conjugated with the carbonyl
Ha0¥he RAbtHolof aéfnfa 3, wHaPdin W&%o?o%g'p?eéupseor Rugh ‘Flgdl‘af:arbon structure
ester groups In thé structure

et PHRIGING eNePHING®, Priasy aminergreunsandden ther %@r@ ATMNERCoH2ne 2.2
a hydiNpERwWReR: S1 ’P@taHH evheﬁémfsah@hmb@wcmahh@awt@@stﬂfcmre and

fundti onal groups selected fromthe the

con'§|b§f\‘Y9@Q nd 4 japd pbere Lis ke nurg%ﬁr@{)wg,qaturawg bonds in the structure
car i loefwediCari aR@d whe ez ig @Rehiubhbe? Bf érﬂrn@dr@;ﬁ |n the structure

s bebiger i SR B o P A s oo anlr

st r eigdodyeticand is between 0 and 4, and where v is the

nunber of unsaturated bonds in the structure and is

between 0 and n, and where wis the nunber of al cohol
@5oTims miethot o€ clai 1, twheesimthé: posodeatpreceinsdd hamd hadroeartion structure

ot  oatdipd an SOl RAREning SRR opo R R Tes 1k B form v
| i nkage(sl). vetene be1-éamﬂdwdierexaathemumpen df cyclenimgefrethe s{ructure
S %ﬁkﬁs%mgh d &%9%& If%%&ﬁlﬂéorhhﬁns%wryt%ﬁ %ﬁd@.ﬂqhe

the car rou can
ket sirusture aad @rbeaww@mn and whereez is the nembwe)f ﬁem@aWﬁmme

C ar g@ﬁﬁé in%%gﬂrtﬂzturg Ry pssbelt\li?eérhf3 aﬁd ] UrlgWieré e deSondary amine

The met hod of clalm13, wherein
t hegrﬁép%@%‘hb'ip?”@caf'@’@? enfigsy@ichydr ocar bon structure
contai ning one or nore primary am ne groups and has

the_general fornmula C' Hen+2. 2x. NH2) z
mé1 Themetod %‘é%@el“@eﬁﬁ%”}?{mﬁ%ﬂe"ﬁ eca.tﬁqr g P.%@C@"HO“ structure
t hecdHtdiking Bhé oPMmre tertiary amine groups and has the general formula CyHzpiz.2x.

2y-3(N); where n=1-12, and where x is the number of cyclic rings in the structure and
is between 0 and 4, and where vy is the number of unsaturated bonds in the structure
and is between 0 and n, and where z is the number of tertiary amine groups in the
structure and is between 1 and 4, and where the tertiary amine groups can be exo-

and/or endocyclic.

57



IS between 0 and 4, and where y is the nunber of
unsaturated bonds in the structure and is between O
and n, and where z is the nunber of am ne groups in
the structure and is between 1 and 4, and where the
primary am ne groups can be exo- and/or endocyclic.
35. The nethod of claim 13, wherein the porogen
precursor has a hydrocarbon structure containing one

or nore secondary am ne groups and has the genera
133 Hhg method abclaim 132%@“\9%@%@%%&2 hv%fﬁaarbon structure

wh eé&ﬂéﬁhlﬁzbh@ oﬂMHf@ﬁ{ltr@éroGM§ bhEhdvinibe anérBI&oﬁﬁLﬂél CLIY, 8.2 2y

ween 0 and 4
(i< el BRRT Sl A Whe'® e Rt Sl i i yeture and
andisetvadi 0MIRY £ and Whetdeis thenhgnbedfof amdamboam inethe structure

grou in the structure, and 1. and
o oH BB GiAnel T, ot nre e S Bintes O o Mot PG structure
endaad/ie lbetweedd. anthe ang ivhe thé nitroagrenpsTan b @xed and/drendocyclic.
porogen precursor has a hydrocarbon structure
containing one or nore tertiary am ne groups and has
t38eThremethat of daimil3 VmErmthez)Omn@ecglﬁWas amgdrecarbon structure
-12

ha\ﬁrﬁfbd’m ShfheXarld gﬁ%‘igl'?b%%ﬁﬁad%ﬁou‘bg ﬁg{n fig HefEhetdl fcrntngla CoHznez-

stru eand 1s b ere 'S

NUNher2f- (e RN RNIOBhhere A=t-12 andmheraw is t éﬁdmbgr ot cyclic
bet r‘fﬁg%rln %eaﬁﬂlcﬂre ARfis MaRldenD drdl 4, Eﬁd GMHf%eJ is e ﬁlﬁﬁﬁér%r y

am ne In the structure and IS between 1

andu etef' ﬁen@semtheawcm Aed igrhstyrenGand apy &'heéﬁwwwe
endpesdrick pnr'ﬁgry%?mné— B@uﬂ?txhgﬂ'ne(ﬁunrﬂeabmelﬁnddr@ aheiegroliss, v is the

poro en precursor has a gvrocar bon str

conBUN PRI %) e5REY BiNegiredRs: FROVEFE S U Wgere s the number
genenaidrdx o grol |63tﬁbsh2|ctb?e £X4 i8 Yetweleh@2ndwh) ane whade- tha hydroxyl
and ere xis the er of dfzﬁcld'fc rings in the
st r (erraém%groupgc% QB B PYLSd where v is the
nunber of unsaturated bonds in the structure and is

t wee n [ el

€ PefhoBic SRR Bt e e iR Do A ipfobdfon st
whehavirighat ledst e gnnnaﬁsnctﬁamal geoupyend ethred livkage miid deing the general

38. fo-lmﬁ‘la r@ﬁggzdzézov% ﬁ‘(c:flr %@rl]i ’\smﬁ{@f \ﬂhéljé Rqrfgﬁcgwh%re u is the

precursor ure avili n
ami nemberdf hyalie orgs mftluma;ttucrmalan@ ischgbrean anthd, taﬁlé where v is the

genﬁiﬂrﬁ‘ll.ve o@hﬁ%&t@r @d n @ln thesructure and is between 0 and n, and where w is
2U- 2V- W 2X- I\%) z where n=1-12, and

whethe nymber P%@%"ﬁ’rﬁ'@ﬂ‘e(ﬁr OURpcx |scth9 PWHB%!' qf gegqngary amine groups, y is

st rmstdahfbeaaneﬁ.awtmﬁm@gfbugs el wherenevmboes éﬁd'vﬁ'neﬁ'é@ is the
nunber of unsat urated

onds in the struc ure$ “\?P&
bet NBher@f gihar knkagesiniprsteiciure and isbetwranpkandd: a9dwhers the
am EtfeirRbgas) ahdisr ahtiee grw&%arﬂfe %Cﬁﬁwarr ShdaBydIie.
groups, y I's the nunber of tertiary am ne groups, and

where l<w+x+y<4, and where z is the nunber
40. The method of claim 1 wherein the precursor mixture further comprises a

porogenated precursor.
41. The method of claim 42, wherein the porogenated precursor is a member selected

from the group consisting of 1-nechexyl-1,3,5,7-tetramethylcyclotetrasiloxane,
1-neopentyl-1,3,5,7-tetramethylcyclotetrasiloxane, neopentyldiethoxysilane,
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of hydroxyl groups in the structure and is between 1
and 4, and where the hydroxyl and/or am ne groups can
be exo- and/or endocyclic. 39. The nethod of claim13,
wherei n the porogen precursor has a hydrocarbon
structure having at | east one am ne functional group
and ether |inkage and having the general formula C
H2" +2- 2u- 2v- w 2x- 3y-z( NH2) W( NH) X(N) y( O) z V\,here n 1-12,
and where u is the nunber of cyclic rings in
st rru@qhanédIattaxvsﬁartfena@@xwtﬂeﬂmvﬂlanaﬁw v't_r'etthgS'tan% and
nummgmegg|gqqﬁmg®§hﬁg bonds in the structure and is
bet ween and n, "and where wis the nunber of prinmary
am ne groups, xis the nunber of secondary am ne

QI20A PBrouy¥ organokilicaté glabefiimqirodiet ibgthe mathoe oficlaitps,, saliybrous

wh 1 < 4, and [ [ b f h
R
whesigO bl F.eivhee virivmk-age (s)008) d/iofromrfiOrte 3§ rtumgs%cwris foem 10 to

eXoz- and/ Qr en Iy 240, o T ol

oncr PR TR R Cle S0t I R0 % 86 sl sha zis om0
por boatoaticds, whesen thediim has pofEisandet digectid cqﬂsmrttﬁeﬁs than 2.6.
wherei n the porogenated precursor is a nmenber sel ected

fromthe group consisting of ] o .
H3nEasheorps argandsilizatediass i ki ¢laiged4 mereirs v isdrasm 0 to 30 atomic%,

1- nﬁ@@ﬁ&f. gtn& 45 aémﬁ o & s HORT S 2 SbRices, wfrbrw:srts 40 atomic%

neopenty |ethoxyS| ane, 58 neohexyldlethoxy5| ane,
neo®d@/istk i et hoxysi | ane, neopentyltriethoxysilane and
neopentyl di -t-but oxysilane. 42. A por ous

ganosilicate glass film produce e o
driaThe Rorous prganesiGate olessdin RCEeN: é%srea’sé 554 9 7 Somict and
congibstangiyadl Rinikd porbad filia bersdwatte Si inSitFhgrofimy. mul a
Si " ONCXHYF, , where v+wx+y+z = 100% v is from 10 to

35 atomc% wis froml1l0 to 65 atomc% x is from5
t43. Bk pdrons orfangsilicatefglas il of daibD44 wbeteird/a@th dr greater of hydrogen
fro in the filmhas pores and

a d{;noé] %ﬁ?drﬁhg'%&rbﬁgf’g%@tfagésroﬁhan 2.6. 43. The porous

organ05| licate glass filmof claim44, wherein v is
[0 0 % wis from20 to 45 atom c%
46 ﬂ}c&%g}&@t@h O%D%l gm c% y is from15 to 40 atom c%
an d(az at lsag).ong Hrganheiiape rod/or olggagriioxanedueaursfr igwing sirugture
e Be bduB B QdtihgYrand
subst ant | gﬁ% l]'ilgbé\eéteﬂ ot e% up cBhSting

In e porous filmiS bonded to Si
in Si-F groups. 45. The porous organosilicate gl ass

film qf l‘ﬁb%rmuﬁf]&RV\’f@Rﬁ (0 @ﬁfﬁaﬂgﬂw%iﬁé‘rbﬁ‘ |9fndBN@Ho%ﬂ@ﬁH or Cto

contained therein is dto
CoNpoSi tcome@bﬁﬁrp@gr}qg saturated singly or multiply unsaturated cyclic, partially

or fully fluorinated hydrocarbon; R? is independently C4 to Cs linear or
branched, saturated, singly or multiply unsaturated, cyclic, aromatic, partially
or fully fluorinated hydrocarbon, R® is independently H, C to Cg linear or
branched, saturated, singly or multiply unsaturated, cyclic, aromatic, partially
or fully fluorinated hydrocarbon, nis 1 to 3 and p is 0 to 3, provided there is at
least cne Si-H bond in the structure;

2) the formula R',{(OR?),{O(C)CR")3.1.,Si-O-SIR®(O(0)CR®),(OR®)3.m.q Where R’
and R® are independently H or C, to C, linear or branched, saturated, singly or
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(a) at |east one organosilane and/ or organosil oxane
precursor having structure according to a fornula

selected fromthe group consisting of: 1) the fornula

SR" (OR)p((OCR3)4.(,.p) where R is independently

Hor C, to C4 linear or branched, saturated, singly

or multiply unsaturated, cyclic, partially or fully
fluorinated hydrocarbon; R2 is independently C to Co6

i near or branched, saturated, Si ngf %/ or multip )
unsat ur ameliply epsatirateda eysiiatragially ar iullaflyafinated Wérlopyrbon R®and
fluori naﬁegrerl‘ﬂc%rlp ﬁé’e{;ﬂ?@t 1dS; lirat Sﬁi?r@ﬁémlnédt%a{éd Qngl?@r multiply

C6 |inear or sat urat ed, si nﬁ y 4
unsat ur a¢nsaturatpd, ayelic, afosTasie Rartighy o fuly Lgpﬂnatedfhxﬂ'rqyarbon R"and

f 1 uori nagegreliydbpeRdEmIP P, Ctd G, I%ebpor%ré\:ﬁtfﬂieﬂ saﬁﬁurateﬂosﬁgly or

prowdedtherels at | east one P (¥|rh
struct ur’@“ 'E')’ uppiuraady fycic. aromatlc part:alyor ully uormated hydrocarbon,

\Thln( OR2) p(s@ t@)acmbmaapegls@oa ﬂxmm@)scﬁah?( (aggass and en+qs3,
ere ar e.j ndepe 0
| i near o?roﬂaﬁﬁﬁé%l‘s a%%?ﬁtrcg‘ﬁg'w '%dnJ' oﬁimb%@e ‘mul tiply

unsaturated, cyclic, partially or fully fluorinated

Y0 8 e AR R B L R DIy DR whore R
unsat ur aaretiR® arymideoendﬂndyrhltqr@ tcpau tiresar bybrenctfagil, sgturated singly or

fluori tﬂ%@@plpmgaﬁ.%ﬁéaoglrc|.53ﬁﬂgéﬂy fiforinada ga,%egﬁbbx R%and R°

I hear Or
rrul t| pl yargrirdepandanty C1 &3/€4 linear arrltmmheé;sqélaateaawngly 8f multipty

gl“ |qy| fsl M‘%‘éld?ﬁt&& gBI}ﬁdél‘bﬁ?’é’tlQ%maII? ot ﬁjll)g)ﬂtﬁd?mgted'ﬁyul%cgrbbﬁ R* and

m+qs 3, Brwumeﬂmlé H, &+ ta Cq lingat OTdLHén@iedﬁaMﬁ@dr $ingly or
the struglm I%un@étuntath%l Bt Hrdmatic, partially or full Cnguorlnated hydrocarbon,

Rin( OR2) P CR4
R 8 s BB R a9 o, Bores i i meass,

li near oprobitied teasis abRbst dheeShH Sdriagh mecmrucmd,_tl ply
unsaturated, cyclic, partially or fully fluorinated
hydr ocarbon; R2and R6 are independently C to C6

| i neam) omeMrﬁmﬂleH(O&z@JGMCR%n ﬁl-ﬁdJSyRﬁ(O(m)C]E?f’)lgx:QRs)g,mq where R’
unsat urat e u
T oor | nat R R oisep oty B G P Erlidt oY ool sarsy. gt or

H C, t om@fiplyiunsatorated, bycmn,qmat(ally samuyﬁucmdatedlmgnoyanbpn R?and

mul tipl YR ug\%%c{égghﬁequ},@/% %%hnegl: 8@55(8199@5@593@& é’zn@& or multiply

fully fluorina

3 qis ®$mrﬁeamclm aNGtic.ozBljallp endully ﬂlﬁprpa@.dgm’drocarbon R* and
mtqs3, % Qi :

the str u'gt %}ée’iga‘}eﬁ‘?ﬁ“ﬁﬂ g ﬁ{Ce Iﬁ%éF orBtencRed 5 RGaRd! Sngly or

(OR) p( wqj}lgjmypgaturatngpyqlqc -aprelin; prtpibre)fdllydiReinates hydrocarbon,

where RIg7 @i 158, ffcar bﬂ%ﬁme%tbaétéd Ghglfor Frmlti% unsaturated,
i near or branched sat ur at ed a?ﬂ.ﬂy'FW mul tip

unsat ur ag¥etic, a&‘%fﬂ@ﬂccParB%thQ"H{"W'U@?" rqcathon; B ﬁ%@ 3, mis0to
hydr ocar $es 0ff8 3&d p is 0 to 3, and n+m 2 1, and n+p < 3, and m+q < 3, provided

there is at least one Si-H bond in the structure;

5) the formula (R',(OR?),(O(0)CR®)4.(+pSiXCH4: where R is independently H or
C, to C, linear or branched, saturated, singly or multiply unsaturated, cyclic,
partially or fully fluorinated hydrocarbon; R? is independently C, to Ce linear or
branched, saturated, singly or multiply unsaturated, cyclic, aromatic, partially
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R6 are independently C, to C6 linear or branched,
saturated, singly or multiply wunsaturated, cyclic,
aromatic, partially or fully fluorinated hydrocarbon,

R4 and RS are independently H Cl to C6 |linear or
branched, saturated, singly or multiply unsaturated,
cyclic, aromatic, partially or fully fluorinated
hydrocarbon, R is C2 to C6 |inear or branched,
saturated, singly or nultiply uynsaturated ic,.

ar omat i cor fplyflicgnated bvdrﬂ@nrﬁw irdpdensndentiyy Hr éc'@r%wear or

nis O 1gadehdd baﬁu@tédosm&lg oflmuftip Jn@atﬁra?éﬂj c?ch'csargn*hﬂc partially
3, and n+m |

D bt BERe b § b iR b Ay L850 4, and

t he for niHps 4 Rro(iEER (TS Q) IeBs)ohe (SI-HIOR)ih (Fgdstiuctoler e
Rl is independently Hor Cl to C4 linear or branched,
saturated, singly or nultiply unsaturated, cyclic,

par ti @)l thedomfuad (R} (OREINC(OJCRY,. (JlMSImNHa{Mme RI® ingependently H or
;ngf;ngﬁ W.,tqnsfar or&%ﬁn'&& }%&&eg féqq?yngrhrgﬁg%g?}tgat&'é%‘a cyclic,

par ti al | gartiély coffully filubrinatdd fydravatbed; Rijid irdeperstently R3td Gs linear or
i ndepend

sat ur at e@f%ét?’eﬁ#at&atédo sﬁ@y HI%ﬁlh g na?tgfﬁ%f %géim aromatic, partially
ar omat i cor fpafﬂuoanatyd hmmtta:btbry Rallajlodemﬂetdltheo@d%@ﬁar or
nis 1 tg;eﬁche% bétur%téoosﬁ %P%uﬁlﬁlé/%gga&%té’d c?(lﬂﬂ ?rﬁﬁﬁtsé partially

4, provi there is
st ruct ur@’fumﬂqon@atp@hyﬁ[p@arbon nis1to3,pisOto3andtis 1to3, and
(R n( CRZQ,M S ETEY fhe('é“éﬁﬂ @akt dNESi-H BaHRI R tH'lstiudture;
i ndependent!ly H or to C4 |inear or branched,
saturated, si ngl y or nul tiply unsaturated, cyclic,

parti ghl me%rm‘uué dN(Rf)B Rmzn,awardwaﬁmm?Qemdeaand@tly H, C;to Cs,
|ndependentl

nched
Singly. oMeALPR RIS eastyrated, Hadh ey BHREY araiad, cyone, partally or
parti al | flly fuorihgledyarid umay bategintegdr rcardto®; R3 i s
i ndependently H, Cl to C6 linear or branched,
saturated, singly or nmultiply unsaturated, cycl iC,
ar onaté} cthemmulaa(ld([vt 'RASI(R'B )nywhéredﬂmndFé@rﬂydepmdaMh&rH. Cito
nis 1 te :l)“meéjr or%ra%tcﬂ% %a Haqeé s@ly&? wﬁlltgﬂly m?hur&$950ycllc

provi ded~t'here éas one
st ruct ur partiglly or fly flooninated, ang RmagibeRNRIEger fraime? to &provided

and R2 a{hﬁrd Q?@?&gﬁ@tém nd‘ﬁn th%‘ﬁt l'inear or

br anched, ura st ngly t p[y unsat ur at ed,
cyclic, part| ally or fuIIy fI uorinated, and x may be

any i gheged mhdpes thefddr:8: 8) the formula
(C(R R%)Sl (rlpi' R2§% © where R and R2 are i ndependent |y

H Clto (4, |i near or branched, saturated, singly or

mul tg) E'dbrdﬁéﬁa&é'ﬁr%ﬁ f?&n tlfé’él'léa%t on@ér@bh@dilbb(e Qﬁdlértﬂr{;é(nosnoxane
fluorinated, and be an%ﬂlbgtgeger from2 to

pr oRCGE&or; @H@F%V'"%a ﬁi"ucft'é'ﬁﬁm ﬁqmalgﬁosefqg:tqdrfg)m the group
St r ussistiRg of:

1} the formula CoHznez.2x242(OH); 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 hydroxyl groups in the structure and is between 1
and 4, and where the hydroxyl group can be exo- and/or endocyclic;
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9) and m xtures thereof; (b) a porogen, distinct from
the at | east one organosil ane and/ or organosil oxane
precursor, and having a structure according to a
formul a selected fromthe group consisting of: 1) the
formul a CnH2. +2- 2x-2y-. (01- 1)~ 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 0O
and n, and where z is the nunber of hydroxyl groups

It E tEQdSthé L VS of STe g Axakgbalh%eﬁhﬂm and %ereﬂﬂdltk\mmﬁrﬁber of cyclic
e nydro ro can e eX0- r cl1,C
2) the leéf!M &‘eé%f@”ﬁza%ésg eﬂ:ﬂ@ﬂ‘a“ ‘9 ‘_‘L’E reé’rfﬁ“?ﬂw’é%ber of

Xis the mnsﬁmate@bomedh the stlfublmﬁamdﬁtslbbﬁveehrumtdm,endmﬂlereZ|s the
is between O a s th er .0

unsat ur S ePesahae: iikpges 8 iCeihBe AEisEMEER, Lang 4 and where
and n, athd etiteelirkage{s$ carhige exud abeior eridoeydlier | i nkages in

the structure and is between 1 and 4, and where the

et her |inkage(s) can be exo- and/or endocycllc 3) the

f or mui3a the FamuR Oitl2yx 2200, Whese a=h42.-and whenelx isHbe ausaper of

the nu nb%&ll@ﬁ gj%( fHe ds‘frv\'%fu@%d ig b[anﬁeeﬁ t{)rahlm‘at4u rélF‘ld ?)nge' yis the

bet ween
unsat ur anusebes oh drsatysated é'oaq!sf Iuémwwcaﬁej an% Ism\m@rﬂ and n, and

and n, 8\K?I‘?ere‘Q’f?af?{fh% rériber BI"@poQMH’@?dupQﬁn lﬁ@%ﬁhé{ﬁrﬁrﬂqgﬁetmem
the structure and i s between 1

epoxi de ¥k Fed whgretbe 99%%@&%0%9 Qey%tracbeﬁ’ IO&@C\@PC ang ora
| i near cii@bPechatn; the formula C H2n+2-2x-2y-nQO where
n=1-12, and where xi s the nunber of cyclic rings in
the structure and is between 0 and 4, and where y is

the mynbe Iforﬁ'fulamﬁﬂLU{x zﬁfﬂt el A=1-12,tdnd veHereR isithe namtler of
is betmeen 0

L} oty aepioabin e Curs S § phuistn kol BGE kn8 v ig e
4; 5) t heuniter wfilesatiiréiad bandxin 2ye SncChirebrd & hetweehA) arxhnl and

vvhere Xi he. ' [ ' h t
ona 1 s bERtRE L HERRt of deTHE oS nd shIRuBidoH S bfeon 1
unsat ur agret¥d;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

t he k&b othe feyrmolaGdin.can.245& véhete nahd2,candeviese i i the nugper of

the formy r@iﬂéaﬁ‘ﬂ% s%’&];;t%}’e and iPEbweeWdedra 403k Meresdid the

where xi s the nhunb
number of unsaturated bonds in the structure and is between 0 and n, and

where z is the number of aldehyde 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,Hzn.2.2x.2y-3.(Q0H), 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 carboxylic acid groups in the structure and is
between 1 and 4;

7) the formula CyHansz-2¢.2-62{O3). where n=1-12, and where x is the number of
cyclic rings in the structure and is between G and 4, and where y is the
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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 carboxylic acid groups in the structure and
is between 1 and 4; 7) the fornula

C-H2n+2- 2x-zy-e: (B)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 62 nunber of

Unsat ur 2AUEbasohRSSITAEA BORIS in 14 FEICkIRI R SebyRasrD nd n, and
and n, agkbre Whehe ntmbsr SfEMhdHdRYros iR YW Re gidigAor 2;

in the structure and is 1 of 2; 8) the formula
CnH2n+2- 2x- 2y-2z(2) i where n=1-12, and where xis the

B unbe) athe f&mta C qumy A0t h,ae@trfdmzua@d @hereixsis the number of
et ween

unsat ur a‘iy&@g'w&ﬂ?d% ﬁ]er?tTJﬁ%"es?'{qfﬁ i’ a{y@en zgrﬁf' Vo gp@w;qgrﬁev Ighe
the unsaimbietiofdndaturated doedsiatheigaicke, wint lwhehenone of the

car bonyl qr r

number ‘f’%&ﬁ’l@aﬂ’a’é&gﬁ’ %L%i% ug%@?ﬂgh é\@%u &anle& rfh Sfitge TSter’ and
or 2; 9)whdre zfinthewlumbeneizmhgdritie-grgurzzh (@)strughves and is 1 or 2;
n=1-12, and where x is the nunber of cyclic rings in

the structure and i s between 0 and 4, and where y is
the ShnbeforoulaGdhivsatA@)ovhers N7 -12endwhereris thegmmber of

is great clié% @ M@iuret Shdlis be%‘én\ﬁfh?ﬁel ahd WRakly i9fthe

t he unsat’ur at S are conj ugat ed W th'the carbo?/

group of m{fﬁ@f@ﬁm@ﬂl@ﬂed @ﬁmWéW%StQJCFLEe aRdisipgierthap of equal fo 1,
est er grgifighdrd at la8st o‘fiﬂeLLﬁszlru%t@@godo% ake 86nj L?gatécmntﬁ {he carbonyl
formula C' H2"+2-2u- 2v-v, -2 %O_Q‘n&‘fé%"g Péé

wher e n=aroypof tha an gater.and WheEs £ fsdhé, nBEST O £5E[ giopiRs in the

ri ngs i nstideturs brdigtiugree; and is between 0 and 4, and

where v is the nunber of unsaturated bonds in the

structure and is between 0 and n, and where wis the
nurrber Opthe 2orailzoC Hak Q1 RS.-2|. ) GHIR( (O (DOH}E wivede hs1-12, and where u
betvveen. and 4. and re x.s t
[ nkages |"?1 ?"I‘Véb%t F%Cﬁhf'%gs 'QHEF ‘ci’tsucﬁ"e%q\%v@ﬁéﬁ méer?g' dﬁ{d“ and
wher e t heherblvds tHei mkdge ¢B)nseturatédbendddc thel structure and is between 0
exocycl i I,
groups i %nc{ n%ﬁé’wgﬁ% ﬁﬁsefhgng&%ep&@@holﬁogﬁ |pg4byétructure andis
whi ch t hiesteeerb@ppd 4garelyheare m isibe nombaref ethrad lioikages in the structure
al dehyde I Q%M b ©nd I
et d o oS RR R4 s WERRferBnicRic) Ak b gngocyclc o
11) the ¢>mcmll|caar(d whege y s mnggnb@(quayhonw@lmsnalhqszmcture and
and wherg b@&%ﬂ&lﬂ%&fmeey&bhﬁ gfdupEanbd Kefies and/or
structure an t ween , where y is the
aldehydes, and where z is the number of carboxyllc acid groups in the

structure and is between 0 and 2;

11) the formula CpHzns2-2¢.2y-2( NH2). 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 primary amine groups in the structure and is
between 1 and 4, and where the primary 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 primary
am ne groups in the structure and is between 1 and 4,
and where the primary am ne groups can be exo- and/or
endocyclic; 63 12) the formula CnH2n+2- 2x-2y-2: (NH) 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

st ructl Q}fée farmulasCbbi-meen(BHRWheFe Nnahd2, apderhere x jsthe pumber of

nunber of cﬁ@ﬁr@%‘ﬁfﬁé s’iﬂbﬂﬂl% SHdY IBétWe@n ohfhast bHE Wén% yalﬁ ¢he
is betmeen nd 4 d where the secon

gr oups c%Hﬁ“ll!?é oéwbsatlgﬁteﬂwnd%ﬁmfcwc Yee aacgyst ey o, and
CnH2n+2- \BP(era)tas ﬂﬂ)mm&hﬁbf%eﬁeﬁdalﬁamm@@rdmrretml S‘Erubthfe and is
nunber of cil c,rin i n e strycture and b o/
bet ween Q?t'ﬂﬁ %ﬂoa'%ﬂgieéegp 8 Secp "V?mWB&m%PP "can be exo- and/or
unsat ur agrefdejtiods in the structure and is between O

and n, and where z is the nunber of tertiary am ne

groups in the structure and is between 1 and 4, and
wher e 18htbe famulaaCH.anix . (Y).odhese tah1handywderen it/ tbe number of

endocycl %H%A“@g if ﬁ\%étl%[:m;(g @‘ﬁ 'E@Hve% ﬁ%n@ﬁ aﬁ&&ﬁgae:y is the

where n
ri ngs i nhunhizerof uneaturated Snods in tmtmbme endmdnemeealrﬂjand n, and

where 'y \igorb gﬁ’rs thﬁmﬁr & tSMQﬁ/SaWﬁ@g%@p@ RnHs sinﬁbtﬁrléeanﬁ is between

structure an t ween where z Is

nunber of and ﬂ,raﬁdgvhmwe. tertiaryarpe groups eambgiexcs apdieherdecyclic;
1 and 4, and where the nitro groups can be exo-

and/ or endocycllc 15) the fornula

CnH2n441the fartnulg %Hz@gm vzt D). Wherg g L ?\I)dei)ere ¥isthg number of
n=1-12, &rc NWg%ﬁﬁfthethﬂuﬁtuFd'lﬁdw BoRveeAd dhddl, bfd Whasy isfthe

th t t d d 4

the Dunimiter of fisattatad oivga e ol 384 js pehihad Cangn, and

[ s bet vvaelma_re z isihé nambanef nM‘tﬁgreups nl{;&hé Steuchuatad (ljsifetween 1 and 4,
the nu er .nNaar

i ey S iferd Rigs, afélyds balF b $hED By 5?@%%49‘“ Y

groups, and where 1 <wx+y<4, and where z is the

nunber, ﬁ& @%Q,Oéng%gu f’é,f%a';‘ f(hlﬁlle)gﬁsil-cl)m,%ﬁ Hidre }r1n51 -12, and where

bet ween / or
groups cais tb@nmber o ayilio ringsigidiog structure 264 lSthﬁéWQQﬂGraln@‘i and

CnH2n+2- \3 dg\(l |é"’fh%)f1uﬁ%e%% Aﬁ%& H?%Y Qébs%rum% &nd is between 0

n=1-12, wher e cyclic rings in
the str uﬁﬂdm @ndrm@er%wnfethmumbgr fdrmmry %mlae arpeeX ip thegnumber of

t hebn?”bﬁarcoﬁéary' BfeYradRdy RARE RumBer 4t ferfidry 4RTinE §rodps! and where
i s between
1<wtx+y<4, and where z is the number of alcohol groups in the structure and
is between 1 and 4, and where the alcohol and/or amine groups can be exo-

and/or endocyclic;

16) the formula CyHanez-2u-2v-w-2x-ay-2(NH2)W{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, v is the number of tertiary amine groups, and where
1<w+x+y<4, and where z is the number of ether linkages in the structure and
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and n, and where wis the nunber of primary am ne

groups, x is the nunber of secondary am ne groups, Yy

is the nunber of tertiary am ne groups, and where 1
<wtx+y<4, and where z is the nunber of ether |inkages

in the structure and 64 is between 1 and 4, and where

the ether |inkages and/or am ne groups can be exo-

and/ or endocyclic; 17) and m xtures thereof. 47. The
conposition of claim48 further conprising: (c) .a

por ogendt BEMEPBJANdGr athyNerg the etheifinkages iRy gfeYps can be
a formilgosghei@dobycieén the group consisting of: 1)

the formula RIN(OR2) p((O CR3)4.(n.p Si where R is

i ndependently Hor C, to Cl2 |inear or branched,

sat ur aveshd rsiktugdsithereofrul ti pl y unsaturated, cyclic,
partially or fully fluorinated hydrocarbon; R2 and R3

are independently C, to Cl2 linear or branched,

4@t Theatoathosition of glaior 4&fulthermonpisisgt ur at ed, cycli c,

aro, [ b all I i . r

o 1874 bfiroaBlid Bleulieinavids P Rl d W G R s HBed from
and t Hetgrawp tawsistingpk of R is substituted with a C3

or | arger hydrocarbon as the porogen; 2) the fornula

Rln( OR2 O CR4)3,n.pSi-Q SIR3 O CR5 ORG) 3 nl

ahor MBS oRTIA Ron BRI o htenS et Bi IsahdkRongandy H or C: to Cr

l'i near |iQgarlsr BRABREH, sBFHER sRdly HnGhply GHsaturdtbd] dtlic, partially or
unsat ur at ed,

cyclic, partiall'y or fully fluorinated
hyr oc duldioringled huodaepons Reapes i pte indeRepUATRIG 1y Ce inear o
t 0I 012|Hrérr¢ﬂad, s@turélégmrtgﬂaﬁol r aiply aihgturaet Ngllic, Qlfomatic, partially or
mul tip saturated, cyclic,, aromticg, tia or
ful 1y iydRpiatethoretisy bt B ap Bq 8% bridelfigro =4,
3, Qg i san0 thia aBieastbnp of ROstsubtitutpd @ith &ath dr hexgertiydrocirbon as the
n+p 53, meq. 5 3, and at least one of RL and R3 is

substi P Wi th a C3 or | arger hydrocarbon as the
porogen; 3) the formula

R n 2 | ~rs2h R3a1 1
wher S BRI BRI ke P ADRACRTROR B where R

| i near and RSeamicHepbndentiyh at Gdto Gi: fingay oobranghdd, satukated, singly or
unsat ur, j (= 1R I ' P2 pt PS5
o oA B MO oot .
to C12 andRiare ordepandantiyeth toSaz linegt enbrarshed) satwiated, singly or

mul ti playik , j ar ' i
iy fnl)/udﬁép{l‘)?ﬁgétéggétﬁ&dclyglgcg H}og?]a’ue, R or fulhiddriated Hfrocarbon, n

| SQt 0351 & nisg) tock G360 6P St B Bl PaviedHat My 1, n+p 3,
1, n+pS3n+q LB 0N at lead6he?dt R' @R RO ANsubefitulRl vithch S3or Iarger

substituted with a C3 or |arger
hydrocarbon as the porogen;

3) the formula R',(OR?),{O(0)CR*)3.1.;SI-SiR%(O(O)CR®),(OR®)s.1m.q Where R' and
R? are independently H or C, to C; linear or branched, saturated, singly or
multiply unsaturated, cyclic, partially or fully fluorinated hydrocarbon; R?, R, R®
and R® are independently C, to C; linear or branched, saturated, singly or
multiply unsaturated, cyclic, aromatic, partially or fully fluorinated hydrocarbon, n
is0to3, mis0to 3,qis0to3 and pis 0 to 3, provided thatntmz 1, n+p < 3,
m+q £ 3, and at least one of R' and R® is substituted with a C; or larger
hydrocarbon as the porogen;
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hydr ocarbon as the porogen; 65 4) the formula
Rn(OR)p(O(OCR4)3.n-pSi -R7-SIi R3, n(( O CR5) g(ORG), _n
g where R and R3 are independently Hor Cl to Cl2

i near or branched, saturated, singly or nultiply
unsaturated, cyclic, partially or fully fluorinated
hydrocarbon; R2, R4, R5, R6, and R are independently
Cl to Cl12 linear or branched, saturated, singly or

mul ti ply unsaturated, cyclic, aromatic, partially or
fully fluorinated hydrocarbon, n is 0to 3, mlIsOto

3, g 4)-°mé)fohﬁu|a mn@Rﬁ)pecno%R*ya H%Sz-na?-smf*,qteﬁosmq(oﬁ ~q Where R’

n+p R7
P et b of By ol e Pisbaiiit ek sy o

por ogemulfigly Uhsatdratetdyalic, partially or fully fluonnated hydrocarbon R% R* R®,

| ndepetLRtd 5 hegiereiddy o) 1 ibedHE bPaplad. Bajyrated. singy o

sat ur atrmdtlpI$ umgptyrated, eyolid, lapin)etlunmmly@r adly flogririatesd, hydrocarbon, n

e SR b RO 3R pI B e B e Frvp s

are |nd ear d ranc
sat ur atreth = 8i angl a;t least ond ¢ofi )| R® antsRt ia substitited with ia@a or larger

aromat i [ ul Iy fluorinated hydrocarbon,
nis 1'?8m§,9'%%hia§|t%é/ B%Jn and t is 2 to 4, provided

that ntp 5 4 and at | east one of Rl IS substitut ed

Wi th B 1Ky O%UMR?QQZ | t memnsmep@dently Hor

the fornul a

Qe o
R is ﬁd%&eﬁ!ﬂ'@ﬁf ‘P%Pfﬂ‘%' 2@1”@29 oy Prr{EQPplaspﬁsaturated cyclic,

branc h%maﬂ@bmw mbnnétlea %?/dro@érbﬂhl|R2|d$|H)R3laF§ﬁ‘lHld|béﬁdédtly Cq to Cyg
cyclic, uorl@at ed

dro
R2 and i R@,gl'aﬁf b""’f'\”?ﬂé‘i’) éﬁwéq{?qi >;lr@ qr gnyHiply unqaﬁggtpgoqycllc aromatic,
branc hqﬂmaﬂ@bmw fasbrinsted guwfoearbﬂmlms plty 3UMRAT teraanadt is 2 to 4,

cyclic, [ly,or fully fluorinated

Py 0o BrRUEY ey ien 4 5 tndt Bhey ot slpefRlieq B8 Gy oplerger
pr ovi deﬂdmharbonaptr&pbregmﬁ at | east one of Rl is
substituted with a C3 or larger hydrocarbon as the
porogen; 7) cyclic siloxanes of the fornula

(OSi BB formulh dRB(TR")HQD)RR  lar¢)SiliNHbpehererR | iy independeatly H or

O 24 B i AR, <ahRbi asnﬁq% ?%E‘I9$I¥yﬂ§qturated cyclic,

mul ti
fluori rmrtwy nyf@msoﬂmﬂb@tnd hacﬂrecacbors &wdﬁtae@@demr@iﬁnty Cito Cqoz

to 8, REQV r@?ﬁﬁﬁé@éﬁhéf%ﬂglﬁ}%@ﬁcﬂlﬁgg‘%ﬂﬁat@a éy%lhc aromatic,

substitute bon as
por ogerParti@ly ex/fully tuasipatgd ah@'gcajbon Wésf‘é@ fuplgOto3andtis 1to3,

(NR Si grﬁfﬂe}éj  thifRpe £dndideddt ofé Bf RMY SRIHEREH With ald, @F larger

Cl to C12 linear or branched, saturated, singly or

mul ti pIydiRRaRPn A& hecporeaen:

7) cyclic siloxanes of the formula (OSIR'R®),, 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, and x is any integer from 2 to 8,
provided that at least one of R' and R? is substituted with a C; or larger
hydrocarbon as the porogen;

8) cyclic silazanes of the formula (NR'SIR'R?),, where R' and R? are independently
H or C, to Cy; linear or branched, saturated, singly or multiply unsaturated,
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cyclic, partially or fully fluorinated hydrocarbon,

and x is any integer from2 to 8, ©provided that at

| east one of RL and R3 is substituted with a C3 or

| arger hydrocarbon as the porogen; 9) cyclic

carbosil anes of the fornula (CR R3SiR R3)x, where R

and R3 are independently Hor C, to Cl2 linear or
branched, saturated, singly or nultiply unsaturated,
cyclic, partially or fully fluorinated hydrocarbon,

and x icyClignpartialivias Galy fiueriiated hysraparbanodndiels anyntegar from 2to 8,
| east qpsvidid tHat sﬁ%sf@le‘ & F WA RP g4 etitedtwith a €Pokrger

| arger hydrocarbon as the porogen; and 10) m xtures
t her eof"Yd®garbpn s tha RRSROES clai m 1 wherein the
renmovi ng step conprises treating the prel imnary film

N Sl R b bk ASSB T i e

ener gy ,inddpehdantle Riedrdy, to €l Ainleaodr tﬁmmhgu,, samratedvmV@y or multiply

t h 50,
eher o AR, BB, Sagiel o6 B0 AR S hrsla@ol At seny
a  propeteger fmim 2 hes, mesvided that gb trasusnecaf ¢ ang |R3|Is:aﬂ:5tltuted with a

gl ass fA after renoving

subst an |og}l%?gérg{yﬁmgg%?’hggé%%&enf %{'){fn the prelimnary

film 50. The nethod of claim50, wherein an

addi t ating agent renoves at |east a

port |i0ﬁqﬁ#‘twﬁéﬁ1ggp§gen fromthe prelimnary film 51.

The net hod of claimb50, wherein the at | east one

RBStHd ﬁ@ﬁ‘lbb Bgclﬁlﬂﬁmvhé@lrﬂhgt'é?ﬁb\ﬁﬁ{beétgﬂ corhﬁhsb? @reéiﬂ{#}ﬁe Pfeliminary

from 200 to 8000 nanoneters. he net hod
50, 1 VYRt feashene fost Ha%ttngcﬂssmpﬁ?&ciqdr EL | ggrglg%?ﬂ"Sisgng of thermal
el egigrgyn Ia%ﬁ@fe@ﬁégggf Bhot6IEEhdRYy, BlbcebieEhdrey) MiERWavdanerg}iand

met hod of claim wherein the at | east one
postneiedis i ng agent is a supercritical fluid. 67 54.
The nethod of claim| wherein said hydrocarbon

h k
3 50 B BT B0 B TR A BRER pprpe
andpropettyngf tlhehmsulgmglpairahs ﬁrtgamdllica@ glass film before during and/or after
1-12
nalohtig bitarft ol o 8 b OF Foll e SR & '
between 0 and 4, and where x is the nurrber of

%ﬂs'ﬂ{euﬁ'@{hgg mﬁa&.ﬂ?’sd thteP-:iin S EG’cﬁn;ﬁ)&hraP%c%? ﬂ'eét@-ngn Hﬁ%&o@es at least a

car groups
in mmors@frthrep@meen fomithecprelirieaydimony| group can be
ketones and/or al dehydes, and where z is the number of

et her linkages in the
51. The method of claim 50, wherein the at least one post-treating agent is photon energy

in the range of from 200 to 8000 nanometers.

52. The method of claim 50, wherein the at least one post-treating agent is electron
energy provided by an electron beam.

53. The method of claim 50, wherein the at least one post-treating agent is a supercritical
fluid.
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structure and is 1 or 2, and where the ether |inkages
can be endocyclic or exocyclic. 55. The nethod of
claiml wherein said hydrocarbon structure containing
one or nore ether l|inkages futher contains at | east
one al cohol functional group and having the genera
formula C" Hz,,.Z2 Z", 2x y(OHy(O, where n=1-12, and
where wis the nunber of <cyclic rings in the

structure and is between 0 and 4, and where x is the
Réntbermethod ghdairut wherginggithiydrasattion suetyte eantairipg opg or more

beté’lﬁ@rrllnf?ag{ﬁ%tﬂer (ﬁﬂﬂau’{g‘éﬂﬁ@as}'or‘lécérﬂ&yl ﬂH&hﬁ]b! @'Bu@bﬁd’ﬁa‘i\}mg the

roups in the structure where 7 is the hunb
ot rasnerd faRRH G s Heme: z@vmy@w%mﬁ@ a1 @”@l wherew e Almber of

whedyelid Mifyseih therstrubtlkedg(is bettvdBn baand AN EAE WhéreGk i9the number of

exo&r%g{ulractéd ggnds in the structure and is between 0 and n, and where y is the
number of carbonyl groups in the structure in which the carbonyl group can be
ketones and/or aldehydes, and where z is the number of ether linkages in the
structure and is 1 or 2, and where the ether linkages can be endocyclic or exocyclic.

55. The method of claim 1 wherein said hydrocarbon structure containing one or more
ether linkages futher contains at least one alcohol functional group and having the
general formula C,Hznsz-2w2x-(( OH)(O), where n=1-12, and where w is the number of
cyclic 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 alcohol groups in the structure, and where z is the number of ether
linkages in the structure and is 1 or 2, and where the ether linkage(s) can be
endocyclic or exocyclic.
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