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of the integrated circuit), 3) as noted above, preparation 35 from
material s such as siNafgorauFillfgCS t hat are wi dely used in seni conductors,
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One material with a Jow dielectric constant are nanoporous films prepared from silica, je.,
silicon-based materials. Air has a dielectric constant of 1, and when air is introduced into

25  asuitable silica material having a nanometer-scale pore structure, such films can be
prepared with relatively low dielectric constants ("k”). Nanoporous silica materials are
attractive because similar precursors, incliding organic-substituted silanes, ¢.g.,
tetraethoxysilanc ("TEOS"), are used for the currently employed spin-on-glasses
("S.0.G.") and chemical vapor disposition ("CVD") of silica Si0,. Nanoporous silica

30  materials are also attractive because it is possible to control the pore size, and hence the
density, material strength and dielectric constant of the resulting film material. In addition
1o a low k, nanoporous films offer other advantages including: 1) thermal stability to
900°C, 2) substantially small pore size, j.c., at least an order of magnitude smaller in scale
than the microelectronic features of the integrated circuit), 3) as noted above, preparation

35  from materials such as silica and TEOS that are widely used in semiconductors, 4) the
1
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Nanoporous silica films have previously been fabricated by a number of methods. For
example, nanoporous films have been prepared using a mixture of a solvent and a silica

precursor, which is deposited on a substrate suitable for the purpose.

25 When forming such nanoporous films, e.g., by spin-coating, the film coating is typically
catalyzed with an acid or base catalyst and additional water to cause
polymerization/gelation ("aging") and to yield sufficient strength so that the film does not
shrink significantly during drying.

30  Ancther previously proposed method for providing nanoporous silica films was based on
the observation that film thickness and density/dielectric constant can be independently
controlled by using a mixture of two solvents with dramatically different volatility. The
more volatile solvent evaporates during and immediatety after precursor deposition. The
silica precursor, typically partially hydrolyzed and condensed oligomers of TEOS, is
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Protecting the Surfaces of Nanometer Scaie Pore:
As the artisan will appreciate, 2 useful nanoporous film must meet a number of criteria,

25  including having a dielectric constant ("k") falling within the required value range, having
a suitable thickness ("t") (e.g., measured in Angstroms), having an ability to effectively fill
gaps, such as, ¢.g.. interconductor and/or intercomponent spaces, on patterned wafers,
and having an effective degree of hydrophobicity. Ifthe film is not strong enough, despite
achieving the other requirements, the'pore structure may collapse, resuiting in high

30  material density and therefore an undesirably high dielectric constant. In addition, the
surfaces of the resulting nanometer-scale pores carry silanol functional groups or
moieties. Silanols, and the water that can be adsorbed onto the silanols from the
environment, are highly polarizable and will raise the diclectric constant of the film. Thus,
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Broadly, the dielectric nanoporous films of the invention are prepared by mixing a non-
volatile thermally degradable polymer with an organic and/or inorganic silicon-based
materia] or mixture of such materials suitable for forming dielectric films. Such suitable

25  organic and/or morganic silicon-based material or materials are referred to herein, for
convenience and without limitation, as spin-on glass ("S.0.G.") material(s). The
resulting mixture of the base material, j.., one or more $.0.G. materials, and the
thermally degradable component can optionally form a co-polymer, but, in any event, this
mixture is applied by any ari-known methods to a substrate suitable for use in preparing

30 anintegrated circuit. The thermally degradable component is then is then subjected to a
process of thermal treatments, leaving behind nanometer-scale voids in the solidified base
material. The incorporated nanometer scale voids reduce the density of the base material
to provide the desired low dielectric properties.
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and processes of th@dbm@nﬂjbﬁrd@mb,enﬂﬁlﬁﬁloﬁsbﬂmmm&%}%ﬁm about 200 to
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he = ’ ,

Dahons. W thin & Y At b&0conponent for use in
the conpositions and nethods of the invention includes one or nore of the
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value of n ranges from about 100 to about 800. Other suitable S.0.G. materials for
preparing the dielectric films of the invention can include, simply by way of example,

20 hydrogensiloxanes, hydroorganosiloxanes, alkylsiloxanes and polyhydridosilsesquioxanes, to
name but a few.

Further, a thermally degradable polymer or mixture of polymers suitable for the
compositions and processes of the invention range in molecular weight from about 200 to
25  about 2,000,000 Daltons, but preferably from about 1,000 to about 30,000 Daltons,
Within these general parameters, a suitable component for use in the compositions and
methods of the invention includes one or more of the group consisting of a polyalkylene
oxide, an aliphatic polyester, an acrylic polymer, an acetal polymer, and/or combinations
thereof.
30
When the thermally degradable component is selected for solubility in a nonpolar soivent
system, a suitable component includes one or more of the group consisting of a
polyalkylene oxide, a poly(caprolatactone), a poly(valeractone), a poly(methyl
methacrylate}, a poly (vinylbutyral) and/or combinations thereof Preferably, when the
5
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di el ectric nanoporo filnms a suybstrate.
PREFERRED ENMBCDI NEl\ii"m}i‘(?%?}reB‘r%erW?“YFéﬁ'B%ﬁ‘th Si I ica dielectric filns
having a dielectric constant, or k value, 30 ranging fromabout 1.5 to

about 3.8, can be mﬁ@ﬂo&éﬁf&?ﬂﬁ%ﬁﬂ%ﬂm&r}%ﬂ%ﬁ@ 'cﬁ-ﬂ:F E&‘w{ages over

produced by the 0Drocesses of the invention have a
heating the baked film at a temperature of at Jeast 400°C and for a time period ranging

from about 10 to about 60 minutes.

The invention also provides for a substrate, e. g., an integrated circuit, that includes at
least one Jow dielectric nanoporous film formed by the processes of the invention.

25 Further, the invention provides for methods for producing the above-described low
dielectric nanoporous films on a substrate,

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Accordingly, nanoporous silica dielectric films having a dielectric constant, or k value,

30  ranging from about 1.5 to about 3.8, can be produced by the methods of the invention.
The films produced by the processes of the invention have a number of advantages over
those previously known to the ar, including improved mechanical strength to withstand
the further processing steps required to prepare integrated circuit on the treated substrate
and a low and stable dielectric constant. The property of a stable dielectric constant is

6
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‘those previously known to the art, including inproved mechani cal gr [ﬁﬂeﬂ
to withstand the further processing steps required to prepare int d 03
circuit on the tregigehesssstrate, and a | ow and stabl e di el ect rpcgusoenozi4

constant. The property of a stable dielectric constant is 6 14 OCT 2003 WO

00/ 61834 PCT/ USOQ' 10Zi4magbsady aﬂﬁ%@mﬁmﬁg&%mtmm&mom&% Qéps to Tender
further surface nodification steps to render th | m surface hydrophob| cC,

t hus confirming t hat the fibm sirfareckydgepbpbie.tthyscopfirming th@ ﬂ}?rsémué@dcmbfjhﬁ pecproduced

Formed. 5 s summri D PRePRE o Redh it iSRRI oG Wl

nunber of nmethods for the preparation of nanoporous silica filns on
substrates are knbwnAs suntriegized in.thd HDeactgtivn ofthe Briormanftabovep munber aitrietbods o tise

| nprovenent to these_gen ral knovvn t s for the tio f.

nanoporous fil ns are‘"?@r‘g'ﬂ 'Iér%ﬁ%mé’ s\‘jﬁ{“&?ﬁ A%'B?”F?% q’%@’mf\ﬁs
09/ 046, 475 and 09/ owammmﬂhmbmmmwﬁmwuﬁmﬁaﬁrmtp@mn
Application Ser. No. 9/ 054,262, 10 fjled on L1 3, 1998;. d U S P t
Application Ser. fo gﬁ‘& “'B‘%@jé Ilﬁtﬂ"n‘&ﬂpgﬁaé‘ﬁc‘a%ﬁ%r@fmgﬁy
1998, the discl osure&xd@b/ouambbc&nmeampmﬁmnm 0)5. PRER APPIRAION SEENG 09/054,262,
their entireties, In_order to bett er arﬁgremate the scope of the |nvent|on

it shoul d be undd? st Hefion Apgl atgnt Applicgion Ser, et PYPRH244 s 03/05 516,

speci fically nenti on%m&mstmmmb%&mm& bd"6y 1Bk herein in
“silica" as used herein, for exanpl e, with reference to hanopor ous

dielectric filns, smtmd to refer to dielectric filns prepared by the
i nventive met hods from an organlc or inorganic glass base material, LL.

any suitable sili conI”RﬂE Er‘%ﬁ;FEL ﬂ]’ﬂ
use of singular terms hereinis %%‘teg% eL to %&&b lem te g{fdfmwhnéér%&e
20 appropriate, &$ so"%ﬁﬂdmmemsrquhﬁqpmiﬁtauymtgnqd \dmmmtmy"sﬂ:mmwedothc
t he invention may be de Lh rod cin
it is intended that r?u"fltl %&Fgﬁng@hoﬁém%ro cré:% egﬁe{éwm%gggﬁg%eﬁﬂgm
exenplified and cl ai nmhdﬁmcdssmsd;elmm«ﬂm prephredyahdlinyentitd vaethods femarn srgadic or
the invention are conduct.ed, by m xin first C0 ne f o
suitabl e base materi JPTEARGE lfs%mgﬁeﬁ?]% %‘55@8 @fﬁnbaﬁ@[ ‘T’E‘F Ibsﬁm"lﬁ%ﬁg’eof
materials, wWth a seasitoed hanheide of frjulal R heR RN fobinfended td b MRdted, but, where
degradatlon after the fllm't;aiqpmn m Xt ur has been applied to .a substrate
and the resul tindg®fi PRAFQRERIS mw of fhednventign.pjay be
bel ow. Further, the Q&M HPRRE S ind! fill bANEis fend kGt MRtFA it be
non- votatile, but thernmal L% degradabl e, llEgj{yrrers copol ynmers and/ or

and gipperhrntesh

oligoners, and is ni & ¥mrdsol vent s,
ens., polar or nonpolar, that may be enployed in

Broadly, the processes of the invention are conducted by mixing a first component, formed of

25  asuitable base material, such as a silicon-based S.0.G. material or blend of materials, witha
second component that is susceptible to thermal degradation after the film-forming moature
has been applied 10 a substrate and the resulting film is heated according to the processes
described below. Further, the second component is formed of one or more relatively non-
volatile, but thermally degradable, polymers, copolymers and/or oligomers, and is miscible

30  with the first component and any solvents, e.g., polar or nonpolar, that may be employed in
that mixture. Further still, the thermally degradable component is preferably substantially
nonvolatile at typical ambient environmental temperatures, ¢.g., from about 20 to about
200°C, so that no significant evaporation from the applied film will occur prior to heat

induced volatilization and solidification of the surrounding film composition.
7




that mixture. Further still, the thernally degradabl e conponent is 14 (T 7003
preferably substantially nonvolatile at typical anbient environnental
tenperatures, e.g., fromabout 20 to about 200C, so that no significant
evaporation from tﬁgo%bal"? ed filmw Il occur prior to heat indf€E&S00/10214
vol atilization and solidification of the surrounding filmconposition. 7 14
OCT 2003 WD 00/ 61834_PCT/ USO0/ 10214 Thus, once the filmformng mxture is
appl i ed by art-st andaau e thede-ferningranusgrisapplisd by are siandard miothvdsdto eheambbtratecthe
resulting filmis hegbage AL f &QE:-Q“ erio ffidci ent
to thermally degrade and}amé)}ﬁf/aporl zﬁgﬁ?#%l?gg%n corrpgﬁﬂfaége%g Sﬁméeég{é]’
behi nd nanoneter 5 Weraply dsgrade asd/prnaperize the isgsondrempanenhso hsto deaee tehind asroa@ter

enbodi nent the fid mJ " i e, heat i te can be
conducted in a pldur adlciél%%&g% st aggls{wc%%cﬁ{%%fe U ?F’?%%Qg%éﬁ"ﬁp'%?“ﬁab
differing tines and @piepadly.abairewng siops @obdiondated hia@hialitiof ghes RadCRpe vEkER.
In a further option, & atitri}]gesst s can al somge conducted so as to
conbi ne the curing step an@ U Te vapotrgllngeﬁ%orcff’ e Wi 2 SIRgls prycsse grm dapfigth
second conponent . 10opfibee thedeqping itépis oasalsa e cqlREASS 830 Smbieahd |

SitPhd Wi
described in further detail, t@g fol | ons. ARTI NG MATERI ALS Su sﬁ)at es 15
Broadl y speaking, a ‘eEQfawpef Lhﬁ'?“"h’é B SMROBeRe | udes any suitabl e
conposition formed before a nanoporous silica filmof the invention is
appl i ed to and/or f orERemRRiibahd pre 08 thd iARnioh e JEXAR rfurafty SHEE bl AlGvd. S
typi.cally a silicon wafer suitable for producing an integrated crrcurt,”
and the base material from which the nanoporous silica filmis forned is
appl i ed onto the subxkARMNGMAIERIAG i onal nethods, gg, including, but not
20 limted to, the ag!%?.l- kpawn net hods of spin-coating, dip coating,
brushing, rolling, and/or spraying. Prior to application of the base
materials to forkh t Hiroadnspeaking,s "whitated af ddseribed heeein iclbddsiany uiiable tamposition

optionally prepared ' t andard, .art-known cl eani ng t hods.
25 Sul bl o subet r at' 2o P8} Kkafor i AMDRE o BE v s amp o aiyor Temise ha
sem conduct or  mat erdoalpesitinc Foreuaple] 4 substalsieRhiddly @ sBediSwafer sitdHIC R pRidbcing

conpositions containing silicon. S;ﬂﬁn— as crystalline silicon, polysilicon;

anor phous silicon, €pitaRtal bﬁ'ﬁd"“é‘%’q‘q whigh (b nanopprous sifiea filmis)

m xtures thereof. Ofoind isappheiictotthe tubQralsdoh@hfonaSmdhbde .'.Oiﬂahdmg’,%{&ﬁ“
of raised fines, sucih ag ”ﬁ}eal’ oxide, nitride or oxynitride lines whic
20 to, the art-known me

are formed thods of spin-coating, dip coating, brushing, rolling, and/or
spraying. Prior to application of the base materials to form the nanoporous silica film, the
substrate surface is optionally prepared for coating by standard, art-known cleaning
methods.

25  Suitable substrates for the present invention non-exclusively include semiconductor
materials such as gallium arsenide ("GaAs"), silicon and compositions containing silicon
such as crystalline silicon, polysilicon, amorphous silicon, epitaxial silicon, and silicon
dioxide ("Si0O,") and mixtures thereof. On the surface of the substrate is an optional
pattern of raised lines, such as metal, oxide, nitride or oxynitride lines which are formed

30 by well known lithographic techniques. Suitable materials for the lines include silica,
silicon nitride, titanium nitride, tantalum nitride, aluminum, aluminum alloys, copper,
copper alloys, tantalum, tungsten and silicon oxynitride. These lines form the conductors
or insulators of an integrated circuit. Such are typically closely separated from one
another at distances of about 20 micrometers or less, preferably 1 micrometer or less, and

8



ILnes

‘30 by well known |ithographic techniques. Suitable materials for thz
include silica, silicon nitride, titaniumnitride, tantalum nitridé,0CT 2003
al um num al um nuny, I | O’é@“ copper, copper alloys, tantalum tungsten and

silicon oxynitri de lines formthe conductors or insul at B¢EUSMNG4
Integrated circuit. Such re i cal é cl osely separated from one anot her
at distances of aboorepre o%‘i‘é? 05 faahgui bm@fcematm (ther opitionab feefuess o0 lthe

less, and 8 14 OCT 2&%%%&@1&%&%@9&8&%@ preferfﬁaég;,,fgrom .

about 0.05 to about | micrometer. Cther opiional Pastires g
of a suitable subst Pa%te&aﬁémmeafarrmemq:enqrapneferabwmhslesommfdﬂnddayenmca]

formed by heating @aﬁirldhﬁd%i?xo}%fﬁkhm %I t%n%ragfag’r efeliab an Si 02
0Si

oxi de | ayer forned by chem cal vapor n| zed
materials as, tma@nmm&mﬂls"lmhmmﬁdam&sadﬁﬁﬁo& tﬁ?éEE@w}u gdn@ge

oxi de and conblnatl S, wel | as gne.or .npre previously forned
nanoporous silica dlﬂg’F %@ﬁ?]&ﬁﬂi{oﬁ m‘f??é’"ﬁ’éﬁ@ffo‘?‘ﬁfﬁmsm -ca filmof the
i nvention can be applied so as to cover and/or lie between such optional

el ectronic surface ﬂ'hahaﬂbﬁﬁmussﬂkhlﬁ&hlbfthehﬁémﬁh&zﬁﬂ%ﬂfed%QQﬁ&Wep%d}th
pat hways t hat may h%e been]égrew oregly formed features of the substrate.

Such optional subsPyEFE toni¢ W%&l_&cam!t\ﬂ&ntemm%mdmﬁm
silica filmof the pﬂh@ﬂ}sltm mﬁh@%éﬁﬁ%oﬁﬂffoﬁ%'féa&&&aolfﬂwﬁbsé}%fSgyt fat.
nor e

Iowdlelectrlcfllm ?tomsulate one or

electrically and/or$ "Gﬂﬁfﬁmwml@rﬁ@vﬂthymméustsm& ﬂlms;ﬂﬂabmgnnonm
integrated circuit. aliBdsbonetadditiBRd laPlrSsot t I nvention optionally
includes a 15 silicon nateri al tha?él s Pﬁﬁﬁnéellg&%\'/eﬁeer%mgrhﬁﬂ W@&‘ﬁwm
nanoporous silica f?WWW%ekMﬂmrel@uom@yﬁmmmﬁmmé feslfingd

mul tilayer and/or ndo-GOIRR ed circ a further option, a
substrate bearing a nanoporoﬁlg Sl | i'ca %'i’%'ii-teac F‘M&’ %%Pﬂ?mﬁ%mh@esa

i nvention can b fu$¢mmwethddsWwoﬁqac&mwmﬁmeﬁﬁk%ﬂfem
layer,, a 20 glassy 4 9¥§ufa¢Fnée tt Cﬁ@onent - Silicon-Based Polyners In

one enbodi nent, the sE% i ng A MW&“@?@WMMP&CW silica
starting material (s) for conducting the processes of the i nvent I on,

i ncl udes organic anwmnhﬂmpganh@uﬂs&aebwi@&hﬁioﬁom@ﬂ 39&1 d
coating a substrate. These %ﬁwgl caIIy materi al s tshat are suita {ﬁg& "jrﬂe

use as spin-on- gl aZgELen payered vithgnyartknowgy nengprohsioslatianslayer, c.g., a
di el ectric mat e20 al glagskeap laggre prepared in a solution formto be used for
i nsul ation, planarization and gap-filling in the fabrication of integrated

circuits on a swtaaple substrtatse (9&, v(\i/afer) S.O0G solution materials
First Component - Silicon-Based Polymers

Inoneembodnnent,thesmingmatcrh]s,j&,theﬂ'stconqaonem,orsi]icastartingmateﬁal(s)

fbrwndmﬁngﬂwpmcmsofthehwnﬁommchdcsorgmﬁcandforhmgmkbasemeﬁak
25 suitableforuseinooalhgasubstrate.T}meamtypimllymterh]sthatamsuimbleforuseas

spin-on-glasses. Spin-on-glasses (S.0.G.) are silicon-based dielectric materials that are

prcparedhasohstionfonntobeusedforinmlatiomplanarizaﬁonandgap—ﬁllinghthc

fabrication of integrated circuits on a suitable substrate (¢.g., wafer). S.0.G. solution materials

mnbeapplbdomoasubsmtebymym-kmwnmﬂnd&mchﬂingdippmg,bnmhmg,mﬂhg,
30 spraying,butarennsttypimllyappliedbyspin—coaﬁng.

Suitabie 5.0.G. materials for use in the methods of the invention are silicon-based materials

Mcmbepmparedﬁomappmpﬁateﬁnnﬁomlmitghnhmmg,tbrmmk,atmomof
the following.



can be applied onto a substrate by any art-known nethods, including

di ppi ng, brushing, rolling, 30 spraying, but are nost typically appl il édCby003
spin-coating. Suitable S.D.G materials for use in the nmethods of the

i nvention are sili#wowewded materials that can be prepared fromcrusesnos
appropriate functional units, including, for exanple, at |east one of the
following. 9 1 4 OCT 2003 WO 00/ 618034 PCT/ Uafddlhfy14 S SiQ2 (silica unit)
QLSi B2 (silsesquioxane unit); QA§8H,2 (s(gﬂs%@gﬁng%w.; and Q@S O
(end group) wherein Ql, Q, B, Qq,tdioand (%xﬂe%mq}r.g&m’c, and can be the

sane or different. The term 'org . C any suitable
organo-noi ety, ingluding al kyl, vmq?lc?%%gg ggﬂﬁ;ﬁ?@ ght, branched and/or

cyclic alkyl, as well, as §r¥%aékél any of which can be substituted or
unsubstituted, and COMEThHEienY. @hids261Qsarrpezanioyapd aarche thesamendrstifferent. The term

enconpasses aryl andorgafichatengasey hny s&iﬂb&tdréau&%m%cwﬂﬁglﬁ&%%ﬁc%@anbe igh
organ-noi eties. Thu ' : ' of nt he i nventi on, en anmgf b
1, @ Q & & an?’amﬁb“a”ﬁ%p@’é;f‘e@??q% B aRtattyl B B i o e e etieiakir e

are, organl.c, ]
an al kyl, preferabl utgd, ang &%O%Mrmé'mmmnma@wmm
@B, AU, & and B canteroaddebstiond apd reulatitued ydrgadifdidties. 15 preferably a C6-C
12 aryl. In yet a still further enbodi nent of the invention, the base

material is a hydri g li$aRtHe ARG inRh ' Lt h the er
structure of Formulg |..as. follous, 2%“&%5" i%ﬂ%%ﬁ?%@) Bﬁ» %ﬂ%@bd‘?
]., Formula | wherei ﬁgaﬂf:' Wé‘ﬁﬁe\gsﬁ?‘ﬁdé ety be ap alkylepreferabin a Cagadleyb dn agpther
organi c noi ety, but egbodimenttany 0fi@:, &%, B)Q:, and QY citBindeperdentRy & &1 @llnoiery,he
organic noiety IS aprefbrihly a €pleg@d so that the base material is suitable
for use as an S.O G material, as understood by the art. Mre preferably,
the base material is a C1-C6 alkyl; and 25 x, y and z each independently

57950 o o e et Sk P21 itk
yi el di ng a nol ecul ahydridosiloxane with the general structure of Formula I, as follows.
' 20 [(Si02)s - (RsSi0y 5)y - (R:R3Si0), ], Formula ]
wherein R, R; and R; are independently seiected from H and/or an organic moiety, but at least
one of R;, R; and R;is H. Preferably, the organic moiety is an alky] selected so that the base
material is suitable for use as an S.0.G. material, as understood by the art. More preferably,
the base material is a C,.C; alkyl; and .
25 x y and z each independently range in value from 1 to zero, Le.,
12x20,12y>0;1>2>0
provided that x+y+z is 1.0, _
In a preferred embodiment, n ranges from about 100 to about 800, yielding a molecular
weight of from about 5,000 to about 45,000. More preferably, n ranges from about 250
30 to about 650 yielding a molecular weight of from about 14,000 to about 36,000.

Fm'ﬂ'ler,paxﬁcuhrtypesofbasenuteﬁa]seach}meapmiénedmngeofvahmsforﬂnabove
described parameters of Formula I, as follows.

35 When the base material is a polyhydridosilsesquioxane ("PHSQ), yis1 and R; is H.
When the base material is a silica, x is 1.
Whenthebasemateria]isapolyntthyisi]scsquioxmc,yis 1 and R, is methyl

10



wel ght of from about 5,000 to about 45,000. Mre preferably, n ranges from
about 250 30 to about 650 yielding a nolecular weight of from abougll ﬁﬁl‘ %ﬁ
to about 36, 000. Ry 65{)@@354 particul ar types of base materials each h \’} !\

preferred range of for the above described paraneters ofCHOWMMZY |
as follows. 35 When the base mat eri aI is a pol yhydri dosdsesqui oxane
("PHSQ, y is 1 and |sH e base material is a silica, xis 1.
Wen the base materi *Eba*am tdtydridosisssapexans, ¥ is 1 andiRs ®Rmiuse of H
met hyl . 10 WO 00/ 61iBkethyt OCT 2003 PCT/ US00/ 10214 When the base materi al
is a polyrnethyl hydridosil sesquioxane, y is 1 and R, is a mxture of H and
nmet hyl 5 When the base materi aI |s a net hl}/I sil oxane such as, ens., AWb12B,
(Accugl ass T- 12B%), Yhenghehase materiatys a methplsiloxme suetsRRe.aAMMBIBY | . Wien t he

base material is a gﬂa%i . ccugl ass
T-11(r)), x, y >0 gﬁ%éﬁ = Tl0 angeﬁ?%dsqz%étaﬂ@ﬁgkiénwgﬁ ‘ticul ar
enbodi nent of the invention, as exenplified herein, the SO G materials

i ncl ude nethyl si | oxawleathdlﬁ.&fmdterﬁnﬂi)m&ik&ﬂ&netshéiascé) t gdNiM3l 1,1 nCl ude
met hyl sil oxanes, and that are suitable for use as 5.0 G base material s,

are readily avail abk8cceglassdrHi Al %y > 0 2aéhd = OeoH By és métbyl. exanpl e, such
products as AWM §11 (Accugl ass T-11*); and 512B 15 (Accugl ass T-12B*)

S.OG naterials. available fr vanced
M croel ectroni c Mat er? a St%%@?t%ﬁfmfrﬁ’émﬁs&éw@ﬁ“é ¢ §{QC. materials
Di vi.si on of Honeywell.dcludé]mempimhkaxm UsSuheompatitions Qe cbmiin ofincludd BetBRsilok Rt

properties of AMM 31 ndA 512B ar t forth in Table 1, oIIows
11 14 OCT 2003 WO 06’1 hé@&ﬁ?ﬁmr@tmwsmwmm raially,
311AMVB12B Obt ai nablafy ke & SeadpR WA 0ducts28 AR0% 311 (Accuglass T-11%); and 5128
15 (Accuglass T-12B®) §.0.G. materials. These are commercially available from Advanced
Microelectronic Materials, a subsidiary of the Electronic Materials Division of Honeywell

Corporation (Sunnyvale, California). The pertinent properties of AMM 311 and AMM
512B are set forth in Table 1, as follows.

11



Thi ckness Range Met al

and 2500C, in uence. In a further enbodi nent ?Ibl£

@les 8f B

materials usthl fbr the

i nvent pope

e invention,

faity Agyﬁ&g Rl lagkgnes polynmers

base

I mpurities_< 10 b< 20 b Shelf-Life6 Months at 40 C6
Months at 4 CC Filtration0.1 nD.1 pin % solidl0.514.7 O ganic Content1fLT 200
w94 wt% Di el ectrjc Constant3.83.1 Refractive Indexl.391.38 Sol vent Svste
wt % et hanol , 2332 W2 U%IH opanol , 3630 -- acetone, 1814 -- wat er 81FCTUSHRAHEs:
Si 0258. 0 nol e % CH3Si O1342. 046. 3 nol e % (CH3) 2Si C046.7 7.0
Enpirical SiOlL_78(CH3)0.42St 01. 7(CH3) 0.6 conposition after baking at 80, 150

whi ch have the structure

Nidterial Properties

vt

4

1I_UII

L
'

ulra T

ol

. 512B

hydr oor ganosi oxanes whi
[(HSIA.s)(.)QbARS] O . s

1:IJ(J.

W C

and I'11), (a) ranges fr

T

} nof d
0-

P# e%}gﬂ‘&gf f

IoI yﬂ@P"fsgﬁ)%l ae

es 10 fraom abo

I
it |

es frpaph o ab

to about 3, (c)
4,000, and each R (in Fg
al kyl or Ca-Cl2 aryl TH

ranges ff

8 about A9 PPB_r and

n51Ylonths st dilipe

1defidMopthisiat 451C C3

& Igation +

averag

ol eGhpar _wei (

jht mag.lnamge fr

(
t
ut

[@]

om

about 1,000 to about 24

Geewdid 1 n a pref

erred ¥xbodi mer

it , fori14ormul as

Il and 111, n ranges frqg
wei ght of from about 5, (

fargioucCork &0
(QHeltariaConstand 5, P00. Mopg 15 preferably,; n rang

to

about108a6, vyi el

di ng a4 Wk ecul al

from about 250 to about

Gafastivelisierg a ol ecul pgo Wer ghy of TTpRR
Solvent Systern{wt%})

-- ethanol, 23 32

-~ 2-propanol, 36 30

-- acetone, 18 14

- water 8 10
Siloxanes: SiO- 58.0 mole %
CH;8i0 ¢ 42.0 46.3 mole %
(CH;),Si0O 0 46.7

7.0

Empirical 5i0, 78(CH3)o.42 510, #{CHs)os

composition after
baking at 80, 150 and

2500C, in sequence.

1,

r
S

In a further embodiment of the invention, base materials useful for the invention also include:
hydrogensiloxanes polymers which have the structure of,
[(HSiO: 5)wyOwln
hydroorganosiloxanes which have one of the following formulae,
 [(HS10,.5)wyOm(RSiO1 s)e)]n

Formulall ;

Formula HI

In each of polymer formuiae (II and III), (a) ranges from about 6 to about 20, (b) ranges

10

from about 1 to about 3, (c) rangés from about 6 to about 20, n ranges from 1 to about

4,000, and each R (in Formula I1I, when n>1) is independently H, C,-C; alkyl or Cs-C);
aryl. The weight average molecular weight may range from about 1,000 to about
220,000. In a preferred embodiment, for Formulas I, Il and 111, n ranges from about 100
to about 800, yielding a molecular weight of from about 5,000 to about 45,000. More

15

about 14,000 to about 36,000.

12

preferably, n ranges from about 250 to about 650 yielding a molecular weight of from



about 14,000 to about 36,000. 12 14 OCT 2003 WO 00/ 61834 PCTIUSOOLéﬂﬁlﬂwﬁn
a still further enbodi nent of the invention, the al kyl sil oxanes c ]

i ncl ude hydrogen wablgykssd oxanes, such as, sinply by way of exaqgkﬁ

hydr ogennet hyl sBoxane,  hydr ogenet hyl si | oxane, hydrogenpropyl si FoXKA10214
hydr ogenbut yl si | oxane, hydrogentert 5 butyl sil oxane, hydrogenphenyl sgoxane

and conbi nati ons the . hut few In yet a still father

enbodi ment of the i nf\?g"‘%{“? %‘ﬁ%’%@?&“@ﬁt“‘ﬁﬁ%}“ﬁm suloxaesicrp alsqrigeidg ydrogen
processes of the i nvakisloands suthiddesimplo by @aamplaply HyRgRADE l.oxane,
hydr ogennet hyl si | ses ioo>e<a e i]h dr a%gth Isi,lsesqﬂ:foxane, %%E%k’

hydr ogenpr opyl si | ses%w oXAng, ﬁ’é’&?’gg mpéapgwcg‘é%eqm%ﬁ@ewwmgummm
but yl si | sesqui oxahe amsiloyheigarpestichyidibaas s &ﬁﬁﬂﬁt&o&%e?oeo@@mrbgpa o

enbodi ment of the invention, as exenplified below, the S. materi al's
I ncl ude pol yhydridaogl | se I oxane ("PHSQ') base nmaterials. Porous
pol yhydri dosi | sequi ﬁaﬁéﬁ%&n@%&eﬁmm@qm@mmmmmu on
of the thermally de a&@bé&ﬂwmm&m&ﬁmf}% ' ilsesqui
o p Hy'ﬁ'f}%fgleﬁgsse ﬁuéoé%'ﬁr oxane is

pol yhydri dosi | sequi oxane/ or gani ¢ syst em The
prepared from the hyllesuneihylsilsesqpioxane hydrogenetbylsilsesqniogdtepr osi | ane in a

control I ed reactjpn naRdidkd H“!Pﬁ L&l sition qf the

pol yhydri dosi | sesqui oxar_lgdpg e e%’?gggg%‘ﬁge%f”&b%‘@%“%ﬁ%ﬁ}xﬁwyﬂrﬁw| a: 20
(HSIi O )" Formul a |V hudsiledsquioxane amhhyidrigenphenylsisegijuitgake; om about 10 to about
4,000. In a preferred enbodinent, n is an integer ranging fromabout 20 to

about 1, 000. Second nent - .. MeUM& De able Polyners 25 The second
conponent is a thern@?@?ﬁ%%ﬁ”g NERRE- 3 Grenplfied belowy the $0 & materials ingfude
the ‘invention. The polybydeidédilsesqlirgrmd2PHIN"s REPRREDL. | FordlspbHhARIdsaTlEGaRd ©

with the first nm, and can optiognally forma co-polyner therewth.
The thernal Iy degr)acfggsgs Gimy s pesdurrd %ng‘ﬁgwmﬁl‘?@ioémcltwmlc organic

degradabl e under theoh@adeni aGRRAYdridOSBed iR RYELhnicAGH d?ﬂ' g N
invention, for for rri_ng a usef ul ngno orous_ di eléﬁtﬂc%c%i' m o??%‘é&'@gsgéeﬁ‘rugfaé'?
so as 30 to be usef Uf Prepared fiem thehydeodysis oftriglkormilang oxmichlowsilans in@ woritrolldreaction
thermal |y degradabl eof@ifiid T8O Ehendicl & A6 & ed. t o be .sol ubl e
in either a polar or nonpolar sol ventn.ig'sl"ﬁe ter%,ﬁy@é)?%asgﬁlp’éamﬁ?bﬂememmﬁ
"thermal |y degr adab|tyth liesvipe Bymulaherein, in reference to the conponent

that is to be thgymally degraded Lﬁ:g% he heating conditions of the
i nventive h Formula v

wherein n is an integer ranging from about 10 to about 4,000, Ina preferred embodiment,
I is an integer ranging from about 20 to about 1,000.

Second Component - Thermally Degradable Polymers

25  The second component is a thermally degradable component for use in the processes of the
invention. The thermally degradable component is preferably miscible with the first
component, and can optionally form a co-polymer therewith. The thermally degradable
component is also sufficiently thermally degradable under the heating conditions employed
according to the invention, for forming a usefial nanoporous dielectric film on a substrate, so as

30 to be useful for the manufacture of an integrated circuit. The thermally degradable component
is also optionally selected to be soluble in either a polar or nonpolar solvent.

The terms, "degradable” or "thermally degradable” as employed herein, in reference to the
component that is to be thermally degraded under the heating conditions of the inventive
13



13 14 OCT 2003 WD 00/ 61834 PCT/ US00/ 10214 process, includes both phyzﬁ]ﬁ 00
evaporation of a relatively volatile fraction of the thermally degr (g

conponent during thgedkeali Ng step(s) and/or degradation of the (s)
into nore volatile nolecular fragnments. Wt hout W|sh| ng to be E:gﬂ}r%g ﬁlgiany

or gant ¢ pol yer  confinesn Pl B RAEA efahih 0Fy BERe) 1B Efion e amely

di sruption of the pdigpadeie cbmpbmmfmpmthehbaﬂngatbp(s)mdfﬁh c&g:umlb@dﬁ‘tﬁé cdniP@nent(s) into

pol ymer by any reactlve species.ipduced the f.ilms ure by the
applied heat. In anJ°¥ molpqpiar g#é?mﬂww thsaR & byrathesis,
conponent for s nanibmmedsmﬂemgisepbaeg}&leﬂmbﬂghmﬁﬁw 9’{ dither diredtl SO
i mportant that the thermally degragdable conponent be substant i al

nonvol atile priot YBTHWPIS on ¢ WWWHB@PE"@MP@%QI@FF@P“@W%
the thermal |y degr agahhebrayRARRE 1§smﬂt9e§d f g@q;
evaporate prior to the tine durlngthe heatlng of t he |Im% Mlh er

silicon polyner(s) %WW@HP@W@%@WW@WDMD@MM&S@;WHQmW
Exanpl es provided gl f significant evaporation does take place too
early in the process, the resulting film 15 density, and therefore the
dielectric constant, will be higher than vvoul d ot hervm' se be produced in

that film Thus W § ni 0 be ry, or ot hesls as

to how the mvenUo%%gxﬁﬁm;}g"%w ggxe[cﬁ% MV@ nvolatile prior

"significant" pre- hmahahagmgmamd)eammmmpem«aﬂmsaﬁ:eﬂﬁnﬁdﬂ Heé-ﬂiﬁﬁl%o@hﬁ&ﬁm

prior to the cross- I|nk|n of the. S O G materlal af such a rate and

such a proportion of° l:%b‘ fe’ﬁﬁﬁ“’% WWWM%W

an undesirably 20 dﬁaasiﬁ:odpﬁ}:ﬁﬁsjbe@néiola&hev?&sslhﬂ&ﬁ@ tﬁé};,ﬁﬂ? g,%dided
oI yrrers un

herein al so encorrp%efz the terms oI i gorrers and/or co
expressly stated to preeess: the aesuiting fim

pol ymers accor difg aﬁs@wmw&m& Mwﬂ%ﬁg&lr wiBd BlERvide Be e
that is effective to be thermally degraded in the rrpﬁélrlature range gford%g
heating steps, but ®iatfis db Hﬂ%ﬂm@%m“@dmﬂmworhWasmhdww

significant evapor t:?oef:r]hzﬁl El e gg %Emﬂ[ the reas ns
di scussed above. Preferably, therma egr adabl™e po )?9‘:- ye

according to the |n%mm9nﬁmﬂﬁhmtnﬂhwwmmmommaﬁgwﬁiﬁmm

ol yror wi 1. have SoAERoRbe s B kiR ok it ipia st ﬁr"’d%%eﬁv

30, 000 Dal ton, &¢ @n@rdmmnﬁhbout 2,000 to about 10, 000 Dal t on.

The term, "polymer” as employed herein also encompasses the terms oligomers and/or
copolymers, unless expressly stated to the contrary.

25  Preferred thermally degradable polymers according to the invention will have molecular
weights in a range that is effective to be thermally degraded in the temperature range of the
heating steps, but the molecular weight should not be so low as to allow significant
evaporation prior to the baking step(s), for the reasons discussed above. Preferably, thermalily
degradable polymer(s) employed according to the mvention will have a molecular weight

30  ranging from about 200 to about 2,000,000, or more, Daltons. More preferably, such a

polymer will have a molecular weight ranging from about 1,000 to about 36,000 Daltons, or
even from about 2,000 to about 10,000 Daltons,

14



~14 OCT 2003 WD 00/61834 PCT/ USOQ 10214 Nonpol ar Sol vent Systens Ther nal li
Degradabl e Pol ymers 5 For processes enploying a nonpolar solvent or sohEnt2003

system the thermawbyegagr adabl e polynmer is soluble or m scibl Db 14
enpl oyed solvent and is, for exanple, a polyal kylene oxide. Preterably,

t he pol yal kyl ene oxide includes an al kyl Ry 1¥So g' kg., fromC, to
about Q More preferably, when the first SQ the

degr adabl e comonentﬂﬁ%WWe oxide ("PPO'). Oher suitable

thermal | y degradabl e po S , 10 without limtation, aliphatic

pol yesters, incl udi L. e, poly(caprolactone) and

pol y(val er al act 0;52) W%égipg{s?eg%r@m%%f Ph@?"e?tﬁs)‘eé&glﬁdh@?ﬂﬂﬂﬁﬁﬁﬂﬂﬁw

methacryl ate) and gebimet is saibblensscible intheLethiploged sbvent @xPRIThicexariblh, ¥ polyalkylene

(vinyl butyral), to nogurr{,e %{mag]?f W. %he Srlr%hlly degr adabl e pol yners can

al so be chemically bdnde R o dg%ﬂﬂg&ym,m@gnfymam

copol yner, i ncl udi ngbowsiCxpMyrelpyefnstly, @hen &% ERPéoRupo RS PRISHHE BYdr &8I oea&g,ogk& i

copol yners, PHSQ poln’?lq% rol.act one cocs)gl nmers and/ or conb?lrgl)ations tﬁereo . s
f&b"ﬁ

Nonpol ar Sol vents | TOPHS GBS ETRO” guitable thermadiy degradsbie tnebmsrssnshydent
or cosol vent optjonaliuSRhR% Sk b4 el @g ] |
applied to the subst ratltlat wi | | ﬁ' b?oaaF{/}fmgé’O%&é]do bgolqaer of’m#(%ﬁ%%&%%ma
boi | i ng poi nt of, , PPbxacmiactans); acrylisdolymers.dnciisling, fon exapapild, ipoly(methyh ethadrilate)
range from about 80 ' f anpl e, and w t hout
i mitation, nonpol ar agglgcve%m s! usg%&i g’?@%r | %‘\Q?}é’ (t%ﬁgg?rﬁ@hﬁngﬁ'%ﬁt&%ge

acetates (ethyl acetate, isopropyl acetate, butyl acetate), ethers

(di butyl ether), andikebamely degmdebbyelymentchydlsoctichhbmisallytdadedte theysilichs bazed V|
ketone). 25 In Ihie r_enbodi nent .the acetate solvent is_an organic
acetate or m xt 8&3 acg g?%lsa.coﬁq%%qdﬂg’ yg}’ &’B%P{EEWQW%Q'PPWWﬂm‘
organi c acetate is axidecomhfiterg PHSQ;polcabiblatione ¥ hnd@ScomtbindBdrs (itrdof €S
or conbi nati ons thereof As shown in the exanples below, the enployed

pol ypr opyl ene oxi deISPPg% ig dj ssolved in ethyl acetate and/or a m xture of
30 ethyl and n-butyl M%he useful ratios of ethyl- to n-butyl

acetate range genel’%Uﬁmﬂdﬁﬁbﬁﬁﬁ%@ﬁf%ﬁ%ﬁm¥&c@%ﬂﬁﬂé&ﬁ*&ﬁ%&yﬁ%ﬂﬁ
and nore prefer Iydlfhﬁ m about 50:50 to about 60:40. As exenpliTl ed bel ow,
aratio of ethyl<¥t W%@t@ﬂﬂ@ﬁ@ﬂ%@%%ﬁ#p@m@&mmm

enpl oyed. 15 14 OCT 23Qf#8s point of, e.g., 200°C or less, and preferably the boiling point will range from about 80
to about 160°C. Simply by way of example, and without limitation, nonpolar solvents useful
according to the invention inchide acetates (ethyl acetate, isopropyl acetate, butyl acetate),
ethers (dibutyl ether), and ketones {(acetone, methyl ethyl ketone, methyl isobutyl ketone).

25
In one particular embodiment the acetate solvent is an organic acetate or mixture of

acetates. Preferably, the organic moiety of the organic acetate is a C; to Cs alkyl, a Cs to
Cy; aryl and or derivatives or combinations thereof. As shown in the examples below, the
employed polypropylene oxide (PPO) is dissolved in ethyl acetate and/or a mixture of

30  ethyl and n-butyl acetate. The useful ratios of ethyl- to n-buty}! acetate range generally
from about 20:80 (wt/wt) to about 80:20 (wt/wt), and more preferably from about 50:50
to about 60:40. As exemplified below, a ratio of ethyl- to n-butyl acetate of about 70:30
(wt/wt) is readily employed.

15



WO 00/ 61834 PCT/ US00/ 10214 The thermal |y degradabl e pol ymer is dissolved in
the solvent in a percentage ranging, sinply by way of exanple, fron aien003
3 Wm%to about 50 (6/%68&4n0re particularly in a percentage ra& from

about 5 wt%to abou % 5 Polar Solvent S errs Thermally 8014
Pol ymers For processes. enployi | ar nt or solvent system the
thermal |y degradabl HBF rif”rh?fa/ﬂﬁg @ \g‘ﬂm’%‘%&%&éiﬂb@ésqlwmﬁ@ Pef¢pMtageaanging,
solvent, and is eg, sifiplpolway ky&mpleomdebouwammu%w&o%f

i ncl udes an al kyl noi etéﬁ rangi ng, g s fromC2 to about C6. &Em%kg%%umbma

of exanple, in one BYff8 FEAREDS (A %P Jo #hoyt Hwitee conmponent  wi II
include a polyethyl ene oxide and pol ypropyl ene oxi de and copol yrmers
thereof. Qther thernally degradable polyners suitable for use in polar

sol vent - systens Pnclude, without |initati onPolarSolventiSygémsal cohol and wat er
sol ubl e pol yet hyl ene oxi de/ pol royI ene oxi de copolyners 15 and m xtures
t hereof . Pol ar SChvhkesmaly Degradoble Polymensent , a suitabl e sol vent or co-sol vent
optional ly enpl oyequrmromeesmlnymg DPIHATIsolverit vt solvent spmém, itlse mﬂﬂlauﬁdeg‘rﬁam@Solymer

substrate will, bro nt, that .has a 0|I|ng i nt of

200C or |ess, and p?%%a%ﬁﬁ%ﬁ%%%%%w aﬂﬁlfsl—gr’ﬁﬁﬁé"lkﬁ °é15‘& OCto

about 160C. Si iy bolyalirenobdxidedartipdes an alikgl ndibty Orahgihd, @igt, %h;qltoﬁgg,ﬁts Slmply by
a

sol vents usef ul accorde 8 i!o the invention include water cohol s g,

et hanol or i sopropali®y® T dkone & Yighe rﬁﬁl@ﬁ’ﬁ’ﬁg{@@%h‘wmma»ﬁﬂ mﬂﬁdea

Process Parameters ﬁdiyetﬁyﬁnaéﬂ&easna loRMERAd Rk e mat
SSOG ie., sili conge based poI ynere‘(ﬁ)%%%e t her na%lygﬁegrad%gl e poI y"rer(s)

and/ or ol gorrers an ujtable fogyusg in ne p%iV@GiS){Swmamclnda wathowe Hirrithtion,

The prepared m xtur gy ﬁn@h@anamtesieaﬁasi &h nd/ AlneOklgomers and
optional sol vent(s) |§sajmgpp lied to a sul tagﬂg sﬂgﬁs%ér;gc{e@o@? "56’&?‘%6?? hymers
art - known neans 1° 30angieduzes therepfct ure i s applied to the substrate by
centrifugation, ie., when it is spun-on, the conditions are those

conventional ly “SedPJI.QrS;%H@E application, ens., the substrate is spun at
about 2,000 to 4,000 1p e artisan wll appreciate that specific

condi tions for applinghis érobodinbent, a seitdbitsobient osichisobeRPordMOGnIdyRd $Hthe fled

mat eri al s, substratﬁ and_desi ind nanoscale pore 35 structure, as is readily
det erni ned by routing ReRPHar f‘h@ﬁ te Pall.broadly s a polar solvent that has a

20  boiling point of 200°C or less, and preferably the boiling point will range from about 80°C
to about 160°C. Simply by way of example, and without limitation, polar solvents useful
according to the invention include water; alcohols, €.2., ethanol or isopropanol; ketones,
£.2., acetone, and mixtures thereof,

25  Process Parameters
In the processes of the mvention, a mixture of the S.0.G. Le., silicone-based polymer(s), and

thermally degradable polymer(s) and/or oligomers and optional solvent(s) is prepared in a
suitable ratio. The prepared mixture of S.0.G. and degradable potymers and/or oligomers and
optional solvent(s) is applied to a suitable substrate by an appropriate art-known means.

30
WlmthcmisappﬁedtoﬂBMebycmuifugaﬁon,Lg,whmkisspm}omthe
oonditionsmetboseconvenﬁom]lyusedforsmhappﬁmtbmg&,theMehspmm
about 2,000 to 4,000 rpms. The artisan will appreciate that specific conditions for application
to a substrate will depend upon the selected materials, substrate and desired nanoscale pore

35 structure, as is readily determined by routine manipulation of these parameters.
16



‘14 OCT 2003 WO 00/ 61834 PCT/ USfl 0110214 The applied film broadly has; BocT 200
conposition that includes a thernmally degradabl e polyner conponent In g

W % rangi ng from apgudeisld W % to about 80 wtlo, nore particular }fT/E!Ed%an
about 15 wt%to about 70 wt% and even nore particularly from abou Wt %

to about 5 70wt % The applied filmis then baked and thereafter cured to
form the nanoscal e 8 I i thin.the fil by thernally induced
evapor ation or deco%%@o@gw@ﬁgﬁyﬁéﬁﬁnw%ﬂwﬁﬁﬁfmH?ﬁ‘ﬁé%blﬁ t.
Baki ng/ curing i s dorempinen it eweraaging foraaisbuf 1 wit foiabBut B w0 Gnokd pfickR) frone
to degrade and/or vaporize e.d adabl e conmponent, PPO PEO _etc., and
cause such nanorreteragés{?:!i ‘é’“%g’r“é’%‘?‘?’@‘%r?n%ﬁm%&wm TR abput 3yize tegloug o
conducted on a HKot 7pwig4.e and/or in a oven, and optionally on a conveyer
belt noving through a suitable hot =zone. In a preferred enbodi nent, baking

tenperatures range from about 60C to about 350C, nore preferably from
about 70C to about %@@%WM%W@Mt@%&wmlmmm
wi | depend upon t hG#RURHia/tY i ltked Spbiords SbdoBflo SRR U b el W !

generally range from about 30 seconds to about 10 m es in out 60C
to about 350C t enpdrgrrdible pplymgecomppeny. Baking/coring it doneds @uemperatireant &s a time pdnied

about 70C to abgygt %@Qﬁ‘vet&g@%ﬁg“;éﬁﬁggﬂg , om about 0.5 t bout 3
m nutes in the about 80C to about 25 ﬁ'etd e;%ﬁ%%.&?h& 1 &%
wi || appreciate thatauspmchianometenspale priresite foran Breferablycthbhdaiinpgitepislé eondetbdong
conditions wll de uRen el ect ed terials, substrate and desired
nanoscal e pore struc§ :]%(Iae asr%lg%v%%?i’gﬁpsm&&a‘gﬁﬁoﬂ‘éea&t;ﬁh%ﬂ?ﬁ “ﬂ’e@rﬁ“‘ﬁ?ﬁ?&?‘i on
of these pararr eet erene. Bayrefeirddyembbdiment) baking tefiprRurb rafgy fin 65 60%0h akeh 30T,
baked filmat a tenperat of at | 4Q0C for a tine period ranging
from about 10 to aggﬁp%%éﬁ%%?%gm“gﬁgééQ&gg%%%W%@Wﬁ@%?@%@‘%us
Silica Filnms Nanéporous dielectric filns formed on a substrate according to

the invention are gmﬁﬁgﬁﬁejwﬂﬁ&p&ﬂhmdm%ﬁ@ﬁas&%&ia%ﬁ%d&ﬁéﬁm&ﬁ&m%
about 1 nmto about 100 rug, nore pref erablba/ fromabout 2 run to abolt

nm and rost pr ef er Z585Fqm nds tp about 40 miues n tig aboit 60°Crieaheut 3P0y of
nm and most prefer: ab . . t
e silicon-contai nnwm,wmmﬂ%&ﬂa%&g{%m&%ﬁtaﬂ@%ﬁo&bou

0.1 to about 1.9 g/cnB, nore preferably from about to a cnB,
and nost  pref er abl JeoPFAREeIpREGt and frgmiabous B S te abbut? mitutasin the About 80°C to about 250°C

20  temperature range.

The artisan will appreciate that specific temperature ranges and baking and/or curing conditions
will depend upon the selected materials, substrate and desired nanoscale pore structure, as is
readily determined by routine manipulation of these parameters. Generally, the curing step

25  comprises heating the baked film at a temperature of at least 400°C and for a time period
ranging from about 10 to about 60 minutes.

Properties Of the Produced Nanoporous Silica Films

Nanoporous dielectric films formed on a substrate according to the invention are generally
30  formed with a pore size that ranges from about 1 nm to about 100 nm, more preferably

from about 2 nm to about 30 nm, and most preferably from about 3 nm to about 20 nm.

The density of the silicon-containing composition, including the pores, ranges from about

0.1 to about 1.9 g/cm’, more preferably from about 0.25 to about 1.6 g/cm’, and most

preferably from about 0.4 to about 1.2 g/em’.

17



14 OCT 2003 WD 00/ 61834 PCT/ US00/ 10214 Thus, the percentage of the
nanoporous dielectric film produced by the nmethods of the inventi dnk §TTag(f)
are represented by vod'[ogngace, i.e., nanonmeter scal e pores, can range,

g.g9.. from about 9 out 70 percent, or greater, and prefePEblU§o0f1023m
about 20 to about 50 5 percent. The refractive index is another indicator

of the relative dens'ﬁtﬂ{vs of-dielectric filns produced fromS. O G

materials. The di el ey e Biregntage plthe nangrerpascdislesirisxdm eroducery khelmethods of the
si | sesqui oxane st art jnkhtiBHRILel dr& WE; LifJ herein range from
about 2.5 to about 10 3.3. The t%?e%%%ﬁib\?ggﬁd%@%‘r BElé’lge & %FE‘”F?’IC range, €.£..
produced by the i nvefieakouid tocdbeut, 78 pereenitor greatey end prefiamabl drotn abodt20tte aBER SO
1.4, and nore prefer fromabout 1.9 to about 1.31. Gven the |ow
densities achieved by the nmethods and conpositions of the invention, |ow
dielectric constant or k values are attainable, ranging fromabout 1.5 to
about 3.8, preferabl Jhersfdctigninddxdanoeingicarartudihic rélatle d@Rily MUidediEhigs 3R)d¥ced

fromabout 1.8 to a . EXA S.20 Exaples 1-6_For Exanples 1-6,

bel ow, the exenpli fibﬁe)é’d%:%oéd‘g%’éﬂgﬁﬁ@égf‘&@péf Eydflﬂ%*ﬂﬁﬁé&ww rameinds,  AMM
512B and the AWM 31lsisaipSeussashindaerils the s ermlitdd RfbaALGR |
pol yet hyl ene oxique (3? ‘). . The artiz n w !l appreciate t_ha?%@%’gﬁgéﬁéﬁ
mxture of PECs O areserdeiasve glexof delertric flonsiprduendiby thepmveniins sasshads range in
thermal |y degrade i rvalue Hom B50aT Bty aBouf 2RISdRAL ofl Y& d QUpsompar ed
to the thermal tol erances of the errpluoyegﬁsubst?rgit%rgglgﬁg’t@%té‘dtr?aatbg?tﬁg S,
to be soluble in polar solvents that are conpatible with the inventive
processes, and to bdoMFLe lowedepsities achieuedshy! themesbodS ail @mpositidrs bf the Snvention, low

Processi ng steps i Nididlrictoms: ¥ Pehid RES | the S Qgﬁ“i an appropriate
amount, then casting the mxture ont o‘&ptslﬁéi Su b%’ffaﬁ'f%g%@)“ |hﬂﬂ?ga,b°‘§2’ds’i’1’?§#bly
baki ng and 30 op#ti orfeim abowi2: tn gbauh28, apnd mork iptefirably famiabrp ER & k6@ XENge and

for a tine period or periods appropriate for the selected SO G material.

The follow ng non-limting exanpl es serve tB il] istrate the invention. 18
14 OCT 2003 WO 00/ 61834 PCT/ US00/ 10214
Examples 1-6
20

For Examples 1-6, below, the exemplified S.0.G. base materials are the methylsiloxanes,
AMM 512B and the AMM 311, discussed above. The exemplified organic component is
polyethylene oxide ("PEO"). The artisan will appreciate that PEOs and/or a mixture of
PEOs, are selected for use in the inventive processes to thermally degrade in a

25  temperature range that is relatively low compared to the thermal tolerances of the
employed substrate and S.0.G. materials, to be soluble in polar solvents that are
compatible with the inventive processes, and to be miscible with the selected S.0.G.
materials. Processing steps include dissolving the PEO in the $.0.G. in an appropriate
amount, then casting the mixture onto the substrate by spinning, and then baking and

30  optionally curing the spun film at a temperature range and for a time period or periods
approprniate for the selected S.0.G. material.

The following non-limiting examples serve to illustrate the invention.

18



“EXAMPLE | Filns Formed by the Rermpval O Polyethylene Oxide Material $4 (8] 7003
Base Matrix Materials 5 Base matrix materials that formthe backbone of the

nanoporous foams WeipQemssd G et hyl sil oxanes AMM 512B and 311. EﬁW %f
below, lists the properties of the AMM nethylsiloxanes. Table 5 § AI\/I\/I

512B % sol i d10. 514. 7 % wat er 810 Organi ¢ Contgm %4 wt% Di el ectric
Constant 3.83.1 Refractive | ndex#ﬂg‘.‘ggﬁr’: dwé L onal I v.an sl so eopyl
Ol ace ;

al cohol, ethyl isopr .al coholarc ) acetone 10
A) Thermal |y Degr ada%h%%rrponent s Three pol yethyl ene glycols with

di fferent nol ecul ar MeBgsetMatvie Mataralsd: (i) MME 200 (PEO 200) - liquid
(UTMAE600 ( PEOC 600) - X (1ii)MM--75 (PEO 7500) .- crystalline solid
(nmp=72C) 15 A) Prge)paral W%’ﬁ‘é"j’éb'z’ﬁ‘g%?'g%%g‘?%ﬁgf@mwﬁﬂsEammcge%P-G-
PEO were enpl oyed, in ety Eﬂ@caﬁeammglﬁm&mﬁ}.t?atﬂgz,%bﬂeﬂﬁsmbgrdﬁhﬁbbﬁhe
relative to the nethylsilaoxane solutions. To di ssolve PEOQ 7500, 't he

sol ution was heated t o®ddvmetBdmoxanss.  he other two PEQs, stirring at room

20 tenperature was sufficient to conplete dissolution. Synbol designated to
describe the coating solutions is (base matrix)-(MNof PEO-(wt. % of PEO

in as-spun form For exanple, 512B-7500-26 Faheresents a conposition of 26
wt % of PEO- 7500 and 74wt % of 512B iPrepeites ef Mathylsiofapesm (sanple "1" iln
Tabl e 3, below). For cpnvenience in ddMBilbtion, eachAsMbiamtion i 4 al so
gi ven an al phabetic dep¥gebdi on. The [2AB.5f ol | owi ng sanpli&® were prepafed, as
listed in Table 3, bel p¥. water 8 10

Organic Content 10 wi% 14 wt%

Dielectric Constant | 3.8 3.1

Refractive Index 1.39 _ 1.38

Additional Solvents | Isopropyl alcohol, ethyl { isopropyl alcohol,

alcohol, acetone ethyl alcohol, acetone

10 A) Thermally Degradable Components
Three polyethylene giycols with different molecular weights were used:
@) MW= 200 (PEO-200) — liquid
(i) MW=600 (PEO-600) — wax
(i) MW=7500 (PEO-7500) - crystalline solid (mp=72°C)

15

A) Preparation of the Spin-On Solutions

Diﬂ’erent amounts of PEO were employed, in amounts ranging from 1 to 22 percent
by weight, relative to the methylsiloxane solutions. To dissolve PEO-7500, the
solution was heated to above 60°C. For the other two PEQs, stirring at room

20 temperature was sufficient to complete dissolution. Symbol designated to describe the
coating solutions is (base matrix)}-(MW of PEO)-(wt. % of PEQ) in as-spun form.
For example, 512B-7500-26 represents a composition of 26 wt% of PEO-7500 and
74 wt% of 512B in the as-spun form (sample "I" in Tabie 3, below). For convenience
in description, each combination is also given an alphabetic designation. The

25 following samples were prepared, as listed in Table 3, below.
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Properties of Methylsiloxanes 19 14 OCT 2003 WO 00/ 61834 Table 3 14 0CT 2003
PCT/ US00/ 10214 Sanpl eBaseW Base(Summary) No. Matri xSol uti onW of PEO

Sol uti onMWV PEQ( gr aws po/ed&1110. 102000. 55311- 200- 34 B31110. 212001. 333400498251
C31130. 006001. 71311- 600- 35 D31130. 676003. 153 1 1-600-49

E31130. 0575000. 34311- 7500- 10 F31121. 78750G%1358311- 7500- 49
(31116.9975002. 61311- 7500- 57 H311109. 50¢a8864 Mixakds 7500- 65 N
1512B30. 0075001. 5551280 (®Bas?® kAL - P8 /5002 1751287500 BSH%%@WPh
K512B28. 9775004. 35512R: 750012148 LSLRBey- 1075006. 405&%}31,—5%)5) e
prepared sanpl es, ag descdlslaﬁ]qopy (M)?. BV : en Spun O.nt Eh
suitable test subs FaRes, Wi Ch Ve g TR FghC a” f \::J; ELlu,ZOOG"; C
oxi de-coated silico W tlb3“:)_325m2\rw 3 % fo ..o: il . ate -
tenperatures were 80; 6501 a3 2996, rh_ 1 .'-LIC“ a fmpr o rgke e
- films were rezy—HhHd he+3-H—beecatt-¢ 2 _ .
Hovever, there was sroli-nd cibl ng 0071oh a6A025dc naWA st LAH-60041T} i ng
E 311 30.05 7500 0.34 311-7500-10
F 311 21.78 7500 2.31] 311-7500-49
G 311 16.99 7500 2.6} 311-7500-57
H 311 19.50 7500 4.43 311-7500-65
I 512B 30.00 7500 1.55 512B-7500-
26
J 512B 21.68 7500 2.17 512B-7500-
39
K 512B 28.97 7500 4.35 512B-7500-
43
L 512B 29.10 7500 6.40 512B-7500-
56

The prepared samples, as described by Table 3, above, were then spun onto suitable
test substrates, which were flat wafers of about 4 or 6 inch oxide-coated silicon

wafers,
5
Bake/Cure les

Hot plate bake temperatures were 80, 150, and 250°C for 2 minutes at each
temperature. The as-spun films were hazy, but the films became clear after the 250°C

bake. However, there was smoking during the 150 and 250°C bake steps, resulting
10 from the volatilization and removal of the PEG. The baked films were then cured at

400°C for 30 minutes in flowing nitrogen.

EXAMPLE 2
Analysis of Films by Fourier
15 rmed "FTIR™ Spectrosco

The film samples were prepared as described above in Example 1 using the F and J
starting materials. The spun-on films were then treated with 80, 150 and 250°C, as

20




10 fromthe volatilization and renoval of the PEG The baked filns were
then cured at 400C for 30 minutes in flow ng nitrogen. 15 EXAVMPLE12 OCT 2003

Anal ysis of Filns 69 rier Rarad-orned Infiwed R Spectroscopt\; The film
sanpl es were prepar eoP 2% descri bed above in Exanple 1 using thePET/HsI0n4
starting materials. e spun-on filnms were then treated with 80, 150 and

250C, as Coatin M xt ur @eﬁﬁ“’&iﬂe’?mc‘?@%ml%hsmmwSbgmaﬂsamh]g

- steps and were subj eclt,&g,g FXI the ft..er ch 1
bak| ng step. A broad absor t|§{te| o% H&%kr}%v\%éﬁogta ﬁ’ggd&w\%eeﬁ wg%p O 1o 0
cm' that confirmed tha M&@M@fdmmmmeﬁummebmk:ﬂihﬁnﬁeak
Intensity, i.e., anpl t PEO nal , remaj ned essenti all
constant until the 25Oal('.'f"’ptl!kg{%l ﬂgmgggpmwwquﬁmdﬁlwﬁ‘%GMB
Table 4 FTIR Analiysi s sfgabs ikregbrdBiin TubRet, baigw, Peaks at 2830 cm to 1050
cm ' Baking StepSample F Sanple J (311-7500-49) (512B-7500-39) Peak Hei ght
Anpl i tude* Peak Anplitude* 80 Deg. C0.3220.243 150 Deg. Q0. 3320. 257 250
Deg. CO**0** *Absol ute val ue above DbaselT g, or —bomp— i rearty—t+evel
curve at approximatelly 2970 cn - this i;snkrﬁa%gglve of the organid noiety

fromthe 311 or 512B %ak Jneasurenpnt s
confirnmed that PEO Y

ount s

after the bake at 150} ol etely Sample J
t 49) (512B-7500-39)
Peak Height Amplitude* Peak Amplitude®*
80 Dep. C 0.322 0.243
150 Deg. C 0.332 0.257
250 Deg. C O** 0**

*Absolute value above baseline
s Mmor bump in nearly level curve at approximately 2570
cm’ - this is indicative of the organic moiety from the 311} or
512B

As shown in Table 4, above, peak measurements confirmed that PEO was still present in
the film in substantial amounts after the bake at 150°C, but was almost completely

10 removed after the last bake at 250°C. Therefore, it is believed that the porous structure
took shape during the third bake step, |

Additional FTIR of the films produced from F and J, after they were cured at 400°C,
showed virtually no trace of the PEO component in the 2800 cm” to 3000 cm” band

15 (except for a miniscule blip at approximately 2970 cm™). Thus, the 400°C cured Sims
yieided FTIR spectra for both the 311 and the 512B derived films which are essentially
the same as those of pure AMM311 and AMMS512B.

EXAMPLE 3
20 _ Measurements Of Thickness Of Produced Films

Film thickness was measured using Nanospec, Tencor, and Gaertner instruments. Data
from Nanospec and Tencor appeared to give inconsistent results. A more reliable film
thickness can be obtained from the Gaertner machine in double-angle mode. Thickness of

one selected film was measured in SEM. The SEM thickness was in line with the result
21



10 renoved after the | ast bake at 250C. Therefore, it is believed thaéﬂthe
porous structure took shape during the third bake step. Additional Bl g80df
the filns produceqvf)?gfrl},%ﬁ and J, after they were cured at 400C,_ showed
virtually no trace o e PEO conponent in the 2800 cm1 to 3008 VY
15 (except for a m nibscul %'blé‘{) at %pe%roxi mately 2970 cm ). Thus, the 400C
cured films yiel ded®PEFIRIeRARs Gepringr clipspmster., Themajor shrnkegecocourns inithei2§e°C bake
filnms which are esse jmhéy}ﬁc@bg@ma@ﬁ,o .
AMVB12B. 20 EXAMPLE f:?’m O Thi ckness Pr odﬁﬁgﬁpﬁ‘&%ﬁﬁgﬂ%&%&%@%@ using
measur ed using Nanodpures ¥apdbrespeatjelsaes listedin Tablent, os follewsa  f r om Nanospec
and Tencor appeared to give inconsistent results. A nore reliable film

t hi ckness can be obtained fromthe Gaertner machine in doubl e-angl e node.
Thi ckness of one selected filmwas neasur ediablns SEM The SEM t hi ckness| was
inline with the result 21 14 akgjOgre WibnQ ThBk@3<lin B@pitlokd®O0 10214 obt hi ned
fromthe Gaertner ellivwieet Eotal ThSpimj |0Thi<$ch¢sisnl(ﬂgﬂmasl§cuﬂﬁdkﬂeslsn Th&neR0C
bake step. The thi dkM®ss psolidhe aifier'$0°Ci 1 afiet hat Fasispul t ed| afef er epch
processing step usirg mixjwres F(amd J, respefcisoyel v, Ape i s Kidodn Thbl e
5, as follows. SanplleTot al Bpelatidhiicknes|sThi ckneissThi cknlessThi ckness
No. sol i dSpeedafter gO0Caftefafwerdfter i n(rpm 150C250C400C Sol ut i

19. 1300012860 A1235(Q FA/ 770} 19/156 |A0oid. 12860R1Z5pY 5k 2 {0874 RF00

EXAMPLE 4 Measurengnts O kest1 Jgohd %sﬂdJARe]fml v XeS
measur ed using asGaertner efrpsonerer and are ia?}y}at cgéb"?lg + —65 | ow.

The refractive i ndexes of the cured base material s

EXAMPLE 4
Measurements Of Refractive Index
10 Refractive indexes ("R.1."} were measured using a Gaertner elipsometer and are
tabulated in Table 6, below. The refractive indexes of the cured base materials
AMM311 and AMMS512B were determined by this method to be 1.39 and 1.38,

respectively.
EXAMPLE 5
15 M nts Of Dielectric Co t

The dielectric constant (k) of the cured films was caiculated from the capacitance of
each film with thickness (t) under aluminum dot, using a Hewlett-Packard LCR meter
model HP4275A. The dielectric constant (k) was calculated according to the

20 following equation:

k = Ct/(E, A),

where A is the area of the Al dot (cm”), C is the capacitance (Farad), t is the film
thickness (cm) and E, is the permittivity of free space (3.85419 x 10" F/cm).
Dielectric constants with an error bar of about +0.1 are listed in the last column of

25 Table 6, as follows.
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~AMMBI 1 and AMVb12B were determ ned by this nmethod to be 1.39 and 1. 38,
respectively. EXAMPLE 5 15 Measurenents O Dielectric Constant The 14 (CT 2003
dielectric constan%&@ﬁl f the cured filns was cal cul ated fromthe

capaci tance of eac *wi th thickness (t) under al unm num dot FPCHAISPR{I0214
Hew ett - Packard LCR neter nodel HP4275A. The di el ectr| c constant (k) was
cal cul ated according to the 20 foIIovm g equatiablad k = Ct /(E A), where A

is the area of the Al dot—{chR), Vﬁhﬁ%ﬁ!ﬂé}\d@lﬁd@m&t t isthe film
t hi ckness (cm) and E. id _the perni tW\V%t) of fr eRefmpisednde’. 85419 XDERCA
Flcm. Delectric const| &#Rle i Wh AnPE@ror bar of about 0.1 are | | Sér@ehnt N
the last colum of 25 Table FPE@| flplas-ofs. Tabl e 5 Bake/ Cure Fil n -
Thi ckness in Angstrons 22 14 OCP 2(0@ #®)00/ 61834 PCT/ US00/ 10214 Table 6
Refractive I ndex and Di eLect risOQhst ant {W %Refracti ve | ndexDiel e¢tric
Sanpl eW PEQ,, --#-+ No.li_%PEQIn _ast J i n5i9pns00{811-p00]31 808P 7549 P31 1- 6003
11-7500 S. O G A5.1341. 372AB10.%4b1[L 3314 37 —

B 104 51 1.314 _

C |54 ] 35 1.268 =

D | 95 | 49 1.224 "

E 1.1 10 1.326 -

F1_| 95 | 49 1186 | 232

F2 | 95 | 49 1202 | 243

G [135] 57 119 | 219

H [185] 65 1173 | 211

I 4.9 26 1.309 2.73

J 9.1 39 1.235 2.36

K-1 13 48 1.228 2.18

K-2 13 48 1.214 : 2

L 18 56 1.197 2.02

* ".." no data
Analysis

As can be seen in Table 6, above, the resulting films have dielectric constants ranging
from 2 to 2.73. The degree of porosity of each film can be estimated from the weight
5  percent of the thermally degradable component (PEQ), in the as-spun film by assuming

that the densities of the base material and the thermally degradable component are the
same and that no loss of the evaporative component either through evaporation or
degradation mechanism occurs before the crosslinking of the base material. The weight
percent of the PEO in various films is listed in the third column of Table 6 and can be

10 used as an indicator of the degree of porosity of the film, with the exception of the PEQ
200 samples, where there was evidence, as discussed below, that the more volatile PEO
200 evaporated prior to the 200°C heating step. Thus, Samples ], J, K-1, K-2 and L,
prepared using AMM 5128, and which had PEO (7500) weight percentages in the as-
spun films of 26, 39, 48 and 56, respectively, were determined to have dielectric constant

15 values 0f2.73, 2.36, 2.18, 2 and 2.02, respectively (two different films were produced
and measured using Sample K). Within this series, it can be appreciated that as the PEOQ
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CF5.435. 1. 268 D9. 5491. 224-- D9. 5491. 2192. 63 El. 1101. 326-- F19. 5491.é€ﬁ& ?ﬁ
F-29.5491. 2022. 43 G13.5571.192.19 651.1732. 11 261. 3092. 73 391. 2352 3

K-113481. 2282. 18 Kpgdordl 2142 L18561.1972.02 --" no data Ana ' e
seen in Table 6, above, the resulti ng filns have d| el ectric con"fl%?ogmlp
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material and the theAmdly (:1.1 0, nent are the sanme and that no
AR F R TR Siiat eerssess S, 57 and 65, with

| oss of the evaporative coﬁ‘pon

degr adati on mechani s messoed dislelafié arrﬂaﬁtheccﬁﬁlﬁéﬁjomm 2f1
The wei ght perceglt E t.h PEO i arious frlnms is |ist e%hﬁeﬂ@?ﬁﬁp?%&ﬁ%@&hf
col um of Table 6 ang 9 f&s-Spn @%ﬁs“‘ég ﬁéﬁhvmnéamasﬂ@feﬂ’mﬁem@fem instant

porosity of the fil Nneihbdsh ThBERXCE BHouRIbe Abrelil ﬁata'{:eqmgcqg é %i.:tbewg% terials

t here was evidence, as di scussed bel ow, that t nore vo

evaporated prior to fOECoaet31hand $12B ae bp andrhustesBativdhes 1 J K-1, K-2 and
L, prepared using AWM 512B, and whi ch had PEO (7500) wei ght percentages in

the as- spun fil s OofhefielecdR cofkBinRor tﬁ@ﬁ%?ﬁgﬁ@% IYS%lg{Lge, rsgﬂ'%et : g'?, ng_g sén%s,

have dielectric constant 15 val ues of
respectively (two di#fsbpwhin Teblg fswenepletigshagdinstabic weight mﬁtﬂf@lﬁbﬂﬁiﬂﬂpﬁﬁﬁpl e

Q)OSWV\E)hi)B/ ES?.I8§ 4 Pgr&%ggg’i&%%hp&ow I5g! a;tlﬁ-,d pg% of the 'I'ar})% f dEam go%ﬁrﬁthat dielectric
films produced using both the AMM 311 and 512B methylsiloxane S.0.G. materials
exhibit reduced dielectric constant properties in roughly linear proportion to the weight
percentage of the thermally degradable component of the as-spun film. The plotted data
also confirms that the nanoporous films produced using AMM 512B base material

15 exhibited k values that were lower, by about 0.3, than the k values of the nanoporous
films produced using the AMM base material 311. This lower range of k values seems to
be consistent with the lower dielectric constant of the unmodified 512B base material,
Since the exact degree of porosity is not determined, quantitative analysis of the
relationship between dielectric constant and porosity for these systems cannot be

20  established. However, as confirmed by the tabulated data, the dependence of k on the
percentage of PEQ in the as-spun film is understood and controllable.

The refractive index vs. the weight percent of PEO, as shown in Table 6, was plotted
[figure not shown] for the films produced using both the AMM 311 and AMM 512B
series of base materials. The plotted data confirms that the refractive index for both film
25  series falls into the same line. However, when the refractive index data for the film
produced using the PEQ 200 starting mixture is compared to the linear plots of the other
data, the PEQ 200 refractive index falls substantially outside of (and above) the values
predicted by the linear relationship between the refractive index and PEO weight % of the
other films. Without meaning to be bound by any theory or hypothesis, it is believed that
30 this non-linear elevation in refractive index confirms that the film formed using PEQ 200
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~wei ght percentages in the as-spun filnms increases, the nmeasured dielectric
constant decreases. Analogous results were seen with sanples F-1, A-20CTQ003
and H, prepared USMMA&%A 311, and which had PEO (7500) weight PE_*@rcenta es

of 49, 57 and 65, asured dielectric constants decli ni ngPfFGM02%
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shoul d be noted that tfiiephired Redition ofBepbrRRnknRls. t he base materials 400C
cured 311 and 512B are 3.8 and 3.1, respectively. The dielectric constants

for the filns produceg usi ng the 311 series and the 512B series, as shown
in Table 6, were pl ot nst the wei ght percent of the PEO to produce ]

O [plotted figuressnofnshordikne s ' . Tabl e 6 dat
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range of k val ues 19eemspdctve fikgs, sicesths tefriidtivilintidked SBhd W HashfbSaS ik Glso very]glose
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constant of the unnodi f#ed P B base material. Since the exact degre
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est abl i shed. Homever,élgls‘}fiﬁo firnmed b¥ t he_t abul at ed gat g@tlﬁglggﬁe%en eﬁggm

ofk on the percentag erthanithat gkthe 31 serigs|when the pespentive flow aseichmpared at the
control l able. The ref saetFR(RI0AdMEE XM Sing £ ' gre‘m of.P s. sho

in Table 6, was plotted [fi 0ur_e notagﬁlovm]rég@dgr '%Thtgg*l ml'piagdgg%‘awcﬁﬁmm
both the AVM 311 dfd AR me fpading pf REO 640 dnd 2800 similir dével of Pamsivy Btobeahablafram
confirms that the refgaetiMGnd 9 [ bm 25 series.falls ipnto the
sane |ine. However, when the_re%@?&é%ﬁgxu@ﬁogsﬁwwqfﬁﬁ“%ﬁ%gdm
usi ng the PEO 200 st afleetaghedifferences in bascmatpdal.ed t o the |inear plots of the

ot her data, the PEO 2Q0 r@f&[ t.ive index. falls substantially outside of
(and above) the val ue§’ pr 42 BsFoRtauid; with appreciable vaperamessurs at 20056, The

refractive index and fefatiweingbies 8618¢ twiolims iR o BSPEY) ﬂ]@ﬁp' o
be bound by any tlgorwﬁrz‘é] ot;esi s,. it is believed t%eg\:zbgg}é{-ehl tdf e
n F“ﬁ‘tet

non-1inear el evat based on thene-less avumption: Withough thef diglentficocamstent of
using .PEO 200 24 14 CihseiwidBotLdrdP is reasonable to conclude that if a substantial amount of

the PEO 200 evaporated during the baking step due to its volatility, then the final porosity
will be much less than the value calculated from the proportion of PEQ 200 present in the
as-spun film composition.

25 The absolute volume fraction in the porous film is not known, but the weight fraction of
PEO is believed to be proportional to the volume fraction, or the degree of porosity,
although the exact value of the porosity has not determined to date.
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conposi tion. 25 The absol ute volume fracti 8WdiPullgeg porous filmis not
known, but the ig%&#‘éaction of PEOis believed to be proportional to

the vol une fractiomh%dghlﬁteﬁk&%%&n%&egqgﬁéigﬁt;@‘g@&@}ggh the exact value
of the porosity has not determned to date. 003 WO 00/ 61834
PCT/ US00/ 10214 EXAMPAlm 18 be Geted ifi plagedpreobstone wafer. asd ememoxy Si\udarepndid ©hhe
of FilmSurface top of the film. Once the epoxy has cured, the stud was pulled away from the film, with a
measured force, until some component broke. The measured pult force at the moment

20 just prior to breakage was the stud pull strength.

Al

Tests

The stud pull test was performed on 7500-8000A films spun from the PEO 7500-

containing formulation. A 6” silicon wafer with a 500A thermal oxide layer was used. In
25  addition, a I Om layer of aluminum was deposited on top of the film prior to attaching the

stud to the wafer. Stud pull results are shown in Table 7, below.

Table 7
Stud Pull Results
AMM/PEG Stud Pull Strength, { Standard
Mixture Kpsi* Deviation
F 1.5 1.0
G 1.1 0.5
H 1.6 1.1
J 2.4 1.1
K 1.5 1.2
*kilopounds/inch?
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5 A nanoporous filmwas prepared using sanple K (512B-7500-13). 'A 140
sufficient quantity of sanple K was spin-coated onto a substrate, V\:{’]i gﬁ 2003
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performed on 7500-8000A filnms spun fromthe PEO 7500- contai ning

formul ation. A 6" si]jicon waegber with a 500A thernal oxide |layer was used.
In 25 addition, a | BF‘%?F"P’QV I SfPCHMERRlAeRYSRECe Bibs esiedmplas ssqpepafed tabve fthd M

prior to attachiyg dfctrioiiues wQe BlRsHal &l ¢ e 2ol U530 Spown 1 1
Table 7, bel ow. AMM PEG Stud Pul | el angth Sl o b 5 s By on
F1.51.0 GL.10.5 H1. §ply heatingtheisificon svafe irt 4if.| Boraerdal provubion b ft@raed ol art-
Pull. Results known chemical vapor deposition ("CVD") materials are preferably employed, such as,
€.2., plasma enhanced CVD tetraethoxysilane oxide ("PETEOS") or silane oxide and
ci)mbinations thereof, to form the layer between the wafer and the applied nanoporous
15 dielectric film. With these alternative materials, the adhesion between the oxide layer of

the wafer and the nanoporous film is significantly enhanced.

=+

Conclusion
Porous methyisiloxane films were produced by heating a thermally degradable component
of a methylsiloxane precursor/polyethylene oxide blend, leaving behind a foam structure
20  with the methylsiloxane as the skeleton. A conventional, art known coater and furnace
were used for the processing. In this example, dielectric constants ranging from 2.8 to
2.0 were achieved by adjusting the amount of thermally degradable component in the
polymer blend. When methylsiloxane 512B was employed, the as-spun film, containing
50 wt% polyethylene oxide, produced a k value of about 2.1. Films with a k lower than
25 2.1 can be prepared by increasing the amount of polyethylene oxide at expense of further
decreasing the mechanical strength of the film Of course, the above-described stud pull
test confirms that the nanoporous films produced by the process is internally cohesive, at
least in the tested ranges of PEO weight percentages. In conclusion, the foregoing
examples demonstrate that polyethylene oxide is an exceflent thermally labile, thermally
30  degradable component for making low-k methylsiloxane spin-on dielectrics.
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26 14 OCT 2003 WD 00/61834 PCT/ US00/10214 Anal sis of Stud Pull Reﬁglnéﬁ a‘ﬁ@e
tested filns all failed at the interface between the thermal oxide t
film not in the whlsrisisel f. However, it should be appreci at efiabadhe
stud pull tests obtained even under the interphase failure conditions are
still significantly Righgt dfan respective porous 5 nanosilica filns at the
sane k val ue. For exanpleg, e stud pull test result for sanple N having a
k of 2.11 was 1.6 Ksj | I ' r n the.propected stu
bull of T ecs than of& S S phSuHERANL IS cod BB DSARERRRRR e Bb I of,
having a k of 2.1. Fathelmallydegadabler organicecampentna fromarfine pieparaifrorh & nfihrére to€ at

sanpl es as prepargd e, t lel,ectric.filns were deposited.on the
substrate over a ?hesgg?ﬁ‘ iaﬁewé&e$?%?W§%WMW¥%i£@vﬁe% l'i con
Wﬁfe!‘ ir air. Fgr acttepipﬁﬁs@og.ibm@cﬂmtf@ghﬁoﬂ&ﬁﬁ%é 'r|e§arear|t- kgown )
chem cal vapor deposition. mat e[ al s,.are prefer enpl oyed, sug
as, e .g., plasm eﬁﬂ?ﬁl?yg@é“%f?‘%%ﬁ?:ézp%gfsﬁqﬂ H@eﬁﬂpéged(‘xﬁ'@gﬁad@}?‘e polymer
sil ane oxide and coptpoRpidpPias: dxitR(FPO"S. OTHeQMkd B dpFréSite RET PRSI unll3F a Watiele

and the applied nanoB rous 15 dielectric film Wth these alternative

materials, the adhesf _%M&ﬁ@h@e ®9ed P AY ppobmersyusefud for the inxgntive precesses,
nanoporous film g Sk@RekieARBUhtmARRAGE N 2 FOMGktRE ﬂﬁgT lﬁélrigﬂﬁtiveéyalgrwecompared 1o

met hyl sil oxane filns were produced by heat iang a therma degra

conponent of a nmet H?IW)@&‘PI@R%FQE‘& eroploynd| sybstraty arch% Ok imdterigls.c ik PRQ and/orcp
pehi nd a ! oam St ruCt iifug 3 BOAEDAGreTRD Witcidd (8 X2 0SS hllho Bl SHEhS Thay e
conventional, art known coater an arnace were used 1o € processing.

In this exanpl e, dietempatible withitlstiaventivermongsses) ahd orbe hiBibleovithdbdseleeted S.0.G.
achi eved by adj usti ng.. he, anmount of thermally degradabl e conponent in the
pol ynmer bl end- When nethylsil oxane 512B was enpl oyed, the as-spun film
containing 50 w8 pol yet hyl ene oxide, produced a k value of about 2.1.
Films with a k | ower Ptdeessing Steps ifichadentissslving sypedpeite aaritities’of asd. PRt BRY At

of pol yet hyl ene oxid expense of further decreasing the pechanjcal
strength of the fil rT?HgQ E"é‘gi" her} Gagtmg the: RRIXBESOM $) Ry asHitable rpethqd, such as

confirms that the namw%m&ﬂﬂ&ﬁdﬂg}%ﬁdﬁ%ﬂﬁ&?mh&ﬂp@ﬁw%ymd
wel

cohesive, at l|east iin the tested ranges of ght Ppercenta es. In
concl usi on, the forefBiatEredened praeriodspppropriate for the selecied RASQmat oxi de is
an excellent thepgully labile, thermally 30 degradabl e conponent for
maki ng low -k nmeth | sil oxane

EXAMPLE 8

tion o dridasi uioxane

160 gm of tricthoxysilane was mixed with 800 gm acetone. 11.7 gm of water and 14.6 -
25 gm of 0.02N nitric acid were added to the triethoxysilane/water solution. The final
solution was stored at 22°C for 10 days.

After a 10-day reaction at 22°C, the by-product ethanol was vacuum distilled off at
temperature between 22 and 25°C while ethyi acetate was continuously adding to the
30 sohution to replace the leaving ethanol. After distillation, n-butyl acetate was added to
adjust the final composition to be 10 wt% PHSQ resin, 63 wt% ethyl acetate, and 27
wt% n-butyl acetate. This is the PHSQ solution. These proportions are equivalent to
70 wt% cthyl acetate and 30 wt% n-butyl acetate, if the 10% PHSQ resin is omitted.
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For exanples 8 and 9, porous nethyl siloxane coatings are produced

renoval of a thernedbosigiggr adabl e, organi c conponent froma fi

froma mxture of an 5 S.OG and a thermally degradabl e organic polynmer in
a no nMsolvent. The exenplified S.O G basgxARipggioal s for the follow ng

exanpl es are pol yhydri dosi | ses@pwm4asesmd(CoRESE bnbof A& LLPE, € pl i fied

"Y spin-on dielectrics. 27 14 OCT 1003 WO 00/ 61934 PCT/ US00/ 10214 E :
oIt Al
d

thermal | y degradabl e polynmer s polypropylene oxide PO € artisan
wi || appreciate that ﬁ@%ﬂ@‘—gﬂﬁﬁa xture of PPO and pol yet hyl ene oxi de
("PEO') copol yners  usdiyydddesiistiiokdhy itk i £ QadhiSoneh soted 19
thermal |y degrade in al%ﬂgrrperat%rg range a%lﬁae?&?dglﬁr%e t‘i%‘é\' é?%&/c‘imﬂ"fm
the thermal tol er ahcedhydaceiarand bptybaretdtednibatio of 19: 30y Seight Gas nmider i al s.  The
PPO and/or a m xture of PPO PECs are al so selected to be soluble in

nonpol ar solvents thad ®&&m b th the inventive processes, and to
be mscible.wth the selecte . O erials. 15 20 Processing steps

i ncl ude di ssol vi ng apishwpryisneoxidsaresidissaded if gthy] acataleROfun lifferenttperd?mS S, 10, 15,
solution, then casti ' Q.a.substrate._by a suitable nmethod,
such as spi nning, a%d?’ﬁ%n{ hah#gge%%%H%WEFW"E‘WEWW}%FPWWWM a
t enper at ur e r angeltandprepared imEtampie 8)@rd Soc50qw/pOrtRds appropriate for the

sel ected PHSQ naterial. EXAVMPLE 8 Preparation of Pol yhydri dosil sesqui oxane

160 gm of triethoxysiJane was mi xed.with 800, gm acetone. 11.7 gm of water
and 14.6 25 gm of O.-Ja’f'ﬁ pﬁ%ﬂpgm?&x@e\%g@“éﬂﬂgﬂmkﬂ'@h@‘gms of 425, 1000 and 4000,
triethoxysil ane/ wat errespedtivéliyOnfere Us2€. Thie Polypromidat bAM RS IAEH el for 10
days. After a 10-day reaction at 22C, the b@/y-product et hanol wa %%SUm

distilled off at _tenperature between 22 and 25C whil e ethyl acetate was
conti nuously addilnsg t repl ace the | eaving ethanol.

After distillation, reyRmblyb bdioSieV@Pe 8 U6find Sntiagl tl;h AN}
conposition to be 10 wt % PHSO resin, 63 vvt%et%ylhmgléﬂeﬁ e, %rﬁ'ax)ﬁ*w\ﬁf%e”o}
n-butyl acetate. Thi W% phRPIHEsmexasmnle, PHAQ- 1900363 rspropratst 13Gnst. & ef polypropylene
equi val ent to oxide of molecular weight 1000 and 66.7% PHSQ in the as-spun film. The following six
samples were prepared:
20 PHSQ (contro})

PHSQ - 425-50%
PHSQ - 425-66.6%
PHSQ - 1000-33.3%
PHSQ - 1000-50%
25 PHSQ - 1000-60%
PHSQ - 4000- 50%
PHSQ - 1000-66.60%

4. Spin and Bake/Cure Cycles

30  Samples were spun at 3000 rpm for 20 seconds, baked at 80°C/150°C/200°C for 60
seconds and cured at 400°C for 30 minutes in flowing nitrogen.

5. Refractive Index and Dielectric Constant

Refractive index and film thickness was measured by a Woolam elipsometer and dielectric
35 constant was calculated from the capacitance using a Hewlett-Packard LCR meter (Model

HP4275A). The PPO%, and the measured thickness, refractive index and dielectric

constants of the cured films are listed in the following table,

29




70 wt % et hyl acet at
omtted. 28 14CCT10

Conposi tion of thewg\igiisne Sol utions

Pol yhydri dosi | sesqui
m xture of 5 ethyl
wei ght was used. 2.
di ssol ved in ethyl

(wvt/w). The PPO so
prepared in Exanple
polymers with nol ec
used. The pol ypropy
sition of the as- u
solutions are (base
PHSQ | 000- 33. 3 repr
wei ght 1000 and 66.

were prepared: 20 P

1000- 33. 3% PHSQ -

1000- 66. 60% 4. Spin
for 20 seconds, bak
for 30 mnutes in f
Const ant Refractive
el i psoneter and die

10

15

20

e and 30 wt % n-butyl
03 WD 00161834 PCT/ USOQ 10214 EXAMPLE 9 Preparati

acetate, if the 10% PHSQresr

Al ite
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Deconposabts OrEen e %8
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[utions were |[ERER APCl RATHUP ‘
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hWPHSQ25066%1|s dd€i gn pd 166-6descyi heS47Re cioh28&b -
REBRII0- ( MWVjof He P Ga3. % ¢f PROP. Hor.2®xheplle,
pdbaltes 33,3 Wt. %of p varopvlene oxi de of nol eculfar
[ PEPRIS0G-70% he asSspun| fil n50 The fiol | 3n80ng |si.x37 sasml es
ABSQA000-609b )]  PRASO - 1425- 5600 PHSQ -33985- §61.8%6 | PBISQ -
L PABG3006-548 PHSQ 5 1000- 60%0 PHSQ - 45%0@' 5‘“?@27"’ |-
pHSQRawe/ Curle Cyel es [30 Syl €S \er & af”gtug pm
bels &4, 80C/ 15(0C/ 200C for 60 seconds an cured at '8(C
ow ng nitrog eﬁeﬁive*fﬁ&-{g“lb%&thﬂ ﬁsg@i”l D ”,' f!“l e

| ectric
6. Discussion & Conclusion

It can be appreciated from the data presented by Table 2, above, that when the PPO
molecular weights are 1000 and 4000, the refractive index ("R.1.") and dielectric constant
("k™) of the produced PHSQ films decrease proportionately as the amount of the PPO in
the initial composition is increased. Thus, a porous film with dielectric constant around
2.0 can be obtained at 66 weight percent of PPO in the solid of the as-spun film.

It should aiso be noted that the refractive index measurements for the PPQ 425 series are
about 0.1 higher than the measurements obtained from similar loading with higher
molecular weight PPO. This increase corresponds to an increase of 0.5 in the measured
higher dielectric constant. This can be attributed to the partial physical evaporation of
volatile species in the low molecular weight PPO during baking steps, resulting in actually
less degradable component in the post-bake films.

Based on the same principle, it will be appreciated that films with a dielectric constant of
less than 2.0 can readily be obtained by incorporating a higher loading of the
decomposable polymer. This approach can also be applied to other low k silsesquioxane
films with a general structure of R $i0;,; where R can be chosen independently from
hydrogen or alkyl or mixture of both.
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35 constant was cal cul ated fromthe capacitance using a Hew ett-Packard LCR
nmeter (Model HP4275A). The PPCOY% and the neasured thickness, refrﬂgtﬂity%ﬂ3 '
i ndex and dielectric constants of the cured filns are listed int

following table. 29 14 OC T 2003 WD'00/ 61834 PCTI US00110214 Table 7 W . % of

W % of Fi PO .in SOG n as-spun filmrhickness, R I.*** A
PHS@O32W§§§WW§BI 25-50965039801. 341-- PHS -425-66. 6%4066. 650701. 286
PHSQ 1000- AZoﬁ%ﬁel%ﬁ@%o%@ﬂ& f‘ﬁlﬁx%o?;ga 5@,—1{% ll%% 2,0HS
-1000- 60%. 56033001. 2262. 3 PHSQ 400 %‘?‘:%@g%@ ?rga’ls%ng 3%@6’5
1066. 652@&.91Mc®bﬁsmmmg/ﬁmlmf Di el ectric Constant 6.

Di scussi&g & Concl usj on II. can be appreciated fromthe data presented by
Tabl e 2, %WSH&F%H %Héaﬂbpecsmr@talaasmr@ngmghamrm@mqmﬂamoo t he

refragti :ﬂggqﬁ ngdl el ectric constant 5 ("k") of the produced
PHSQ fi | ecrease proportlohatel y as the anount of the PPOin the initial

conpos | 1 {bprapplyingithe AR of BidfS(a) dnROE SSstiatd 1B Pibldted afGldibGrat NSt Nt
aroun
(c) heating the coated substrate of step (b) for a time and at one or more temperatures

effective produce the desired low dielectric nanoporous film.

2. The low dielectric nanoporous film of claim 1 having a dielectric constant ranging from
10 about 1.5 to about 3.8.

3. The low dielectric nanoporous film of claxm I havmg a refractive index ranging from
about 1.15 to about 1.40.

4. The low dielectric nanoporous film of claim 1 produced ﬁ-omaspm-on glass base
matena.lofFormulaI

15 [(Si02) - (Rlsi()l.s)y - (RaR3Si0), 1, Formula |
wherehx,y,z_andnarepositiveimogezsofhdcpmdem values, R;, R; and R; are
independently H or organic, and at least one of Ry, R; and Ryis H; and
12x_>_0;lzyzﬂ;lzzzo,providedthatxwisl.o.

5. The low dielectric nanoporous film of claim 4 wheremtheorgamcnmcty:saC,Q;
20 akylLandn ranges from about 100 to about 800,

6. The low dielectric nanoporous film of claim 1 produced from a hydrogensiloxane spin-
on glass base material of Formula I

[mSi()]_s)(.)O(b)]u Formula II ’
wherein (a) ranges from about 6 to about 20, (b) ranges from about 1 to about 3,(c)
25  ranges from about 6 to about 20, and n ranges from 1 to about 4,000.

7. The low dielectric nanoporous film of claim 1 produced from a hydroorganosiloxane
spin-on glass base material of Formula I

[(HS10, 5)(0)0u)(RSiO01 5)e)kn Formula I11
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2.0 can be obtained at 66 weight percent of PPOin the solid of the as-s
film It should also be noted that the refractive index neasurenenl%ﬁﬁbﬁ'[iﬁ.’i
the PPO 425 series are .10 about 0.1 higher than the measurenents obtained
fromsimlar |oading with higher ndl ecular weight PPO This increase

cor r espopstein (@) PhgtNfomrmouDs aliut Q0] (3 ranges foscsbowi teeaboat 3) ekt ri c

constant. This can be attributed to the parti al si cal ev“ﬁorg n of
vol at i | renggrefromabbut § neaqum;ﬁnédmaages/@rg Httorab@tcﬁ\bq

resulting j actu dabl e conponent in the post-bake films. 15
Based df % ‘;'!%ﬁngl'gf gréﬁﬁb Eappreci ated that films with a
dielectric constant of Iess than 2.0 can readily be obtained by

| nCor POg 2irhDl? AAIBR! ndBBSIORS 155 of Dim J $FOUTRES BOhANABLKTBYane Hihonapr oach

can al so be applie ow k silsesquioxane fikns with a general
strgct lﬁssiiasRuﬁl@Rsalbmecbﬁ&mhagm odmszstm aftlpieogtemethylsiloxane 20 hydr ogen
or al ky m xture of both. 30 | 2003 V\HATIS AIMED IS; 1. A low

di el ecthydcom&dgwes hY‘#PEWI?YéﬁﬂﬁW Byiraeenhutylsd YFogEnrers ai g il m
havi ng be b LOCESS n teps of (a) preparing a
i xt ur e Eﬂ?‘?z’r“é‘d@[ %%Bﬁ})&ls 8?5&“&33@5%?5#" %é} ﬁ a thermal |y degradabl e
5 polyner in a conpatible solvent, (b) applying the mxture of step (a)

onto a §U%ter1@w1a&tﬁé %@sx@smwelﬁﬂbqﬁm&d fof) anhiBalsilogme bsinonat ed

substrate of step (b) for a tinme and at one or nore tenperatures effective
produceglaheba:hesnatmhllsdﬁctdd &oecthe grouparnnsisting of Hydtogensiisesquioxansw di el ectric

nanqpor film | ai m 1 havi.n ectric constant ranging from 10
abc}??t ﬁ%‘f"? ﬁyls ﬂl’df‘%ﬁ“ﬁ‘ggﬁt%ﬂq PM%noporous filmof claim1l
havi ng 15@% %IEP@%@&*%'@%H hydiogebut 1.40. 4. The
| ow di e ((E:rt% nopor us fil clalml roducedfroma spi n-on gl ass

base nbussilstsqaloxies, iyiimgenphihylfilsSiqBixane, (AR Sobinatjons ther¢2R3Si O) Z J,

Formula | wherein x, y, z and n are positive integers of independent
5 S el RS oS ER S g it 01! o et L
s 1.0. poMydndgsi]s&squiomspm—onglassbasenmtcna]ofFormuhN
i5 (HSi032)a Formula IV
wherein n is an integer ranging from about 10 to about 4,000.

11. The low dielectric nanoporous film of claim 1 wherein the thermally degradable
polymer ranges in molecular weight from about 200 to about 2,000,000 Daltons.

12. The low dielectric nanoporous film of claim 11 wherein the thermally degradable
20  polymer ranges in molecular weight from about 1,000 to about 30,000 Daltons.

13. The low dielectric panoporous film of claim 1 wherein the compatible solvent is a
nonpolar solvent, and the thermally degradable polymer is soluble in the nonpolar solvent
and miscible with the spin-on-glass material.

14. The low dielectric nanoporous film of claim 13 wherein the thermally degradable
25  polymer is selected from the group consisting of polyalkylene oxide, aliphatic polyester,
acrylic polymer, acetal polymer, and combinations thereof.
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5. The low dielectric nanoporous' filmof claim4 wherein the organic noiety
Is a CL.C6 20 alkyl, and n ranges from about 100 to about 800. 6. The | ow
di el ectric nanoporous filmof claim1l produced from a hydrogensil q&ap[]q 2003
spi n- on glass base material of Formula Il [(HSI O .s)t.AbA. Formul a ;

Bbout 3, o) MEBERRERHRR ARG Mol B B 1S rherdt SRR RERERR 0o

‘about 4, PORmer is sEloeted GonTthe Rfp tbisidh eqmﬂuﬁpramam&é),&,ggi(w&a%aéyced from

a hydroorganosi | oxane spin-on glass base material of romula 111

f (HSi O . Boly(methy metdeiconste), pojy (viEibutyral)d 11 31 14 OCT 1003 wherein (a)
ranges fromabout 6 to about 20, (b) ranges from about 1 to about 3, (c)
ranges f ut .6, t 0. about 20 nd.n.r es foroml t bout .4, 000, and
when > 16" TRERY afiebeicaBborius A Of fie Perri e pataislemonidé . 5. “The
low & el geihprises TN AP WAL E, biklam of claim 1 produced from an al kyl sil oxane
spin-on 5 glass base material selected fromthe group consisting of

hydr ogennet hyl si | oxane, hydrogenet hyl si |l oxane, hydrogenpropyl sil oxane,

hydr ogenblit Yhe lavodiaketricmadoparent Sinh of daitnyl 6swhepeiaties thbyraillygizgpdtiablel si | oxane
and conbi nati ons tg’%}eo . 9...,The low di el ectric nanoporous filmof claim1l

9
pr oducedP? 154 PAPRIAPYIENG, QRS- pi n- on gl ass base material selected from
t he group consi sting of hydrogensi | sesqui oxane, 1

0
hydr ogenggt W BASGHE gaﬁﬂ,g lete SR Y :
hydr ogen;i)rf'o-l;%/gl lg}vl('ﬁ;fgsqui oxa efO%ﬁ‘?’E}gg%Eﬁ%:@ﬁcsesqu%iogé(g%g%o%%/%}soagnent ert-
but yl si | ergaici asstateconiprisingge@ploalydllyt) 5€swuC0 xAh and esttbinsidrsaali ons t her eof
15 10. The_low diel ectric nanoporous filmof claiml produced froma
pol y¥dr %‘éﬁ“ﬁ@‘é@%gxane spi n-on gl ass base material of Formula IV (HSi Oy
Formula 1V wherein n is an integer ranging fromabout 10 to about 4, 000.
11. The | BlvaBdiEd BARR fid 1 | | hermal | y
degradab?gymf)golﬁynerl&rtg%ges ig&%lﬂh“ ecdﬂ°§ﬁa%9ﬁ°m%%§%’%¢% 0 about

2, 000, 008el&etd from thgrotpeohsistingi ofletifl adetaté) AVPRspyDacetdte, facedad, m 11
wherein the thermal |y degradable 20 pol ymer ranges in nolecul ar wei ght
f r om abofitoutyl giher. peetans methyd ethybkesape, gaeshyl isobutyl ketone and combinations

thereof. ‘

15 20. The low dielectric nanoporous film of claim 1 wherein the compatible solvent is a

polar solvent, and the thermally degradable polymer is soluble in the polar solvent and
miscible with the spin-on-glass material

21. The low dielectric nanoporous film of claim 1 wherein the spin-on glass comprises a
silicon-based polymer comprising a subunit selected from the group consisting of, SiO,.

20 QiSi0;; QQ:Si0y; and QMQsQ6SiO and combinations thereof, wherein Qu, Qs, Qs, Qu, Qs
and Q4 are independently organic, | :

22. The low dielectric nanoporous film of claim 19 wherein when any of Q1, Q2, Q3, Q4,
Q5 and Q6 is organic, the organic moiety is a C1-6 alkyl.

23. The low dielectric nanoporous film of claim 4 wherein the spin-on-glass base material
25  comprises an $i02 moiety, and x is 1.

24. The low dielectric nanoporous film of claim 4 wherein the spin-on-glass base material
comprises a polymethylsilsesquioxane, and y is 1 and R, is methyl
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13. The low dielectric nanoporous filmof claim1 wherein the conpatible
solvent is a nonpolar solvent, and the thermally degradable polymer is

sol uble in the nonpol ar solvent and mscible with the spin-on-glpssgli 7003
material. 14. The |low dielectric. nanoporous filmof claim13 wherein the

ther el | y 292 OTIRlahl delect: FBh KiBing oF P BN B LHEALAE 1SQNLRELNY of

pol yal kyl ene oxi de, aliphatic polyester acry
and conbi nempnmat]eestmé aR¥lsilodaf¥’T 2003 15. The | Qv dielectric nanoporous
filmof claim13 wherein the thermally degradable polynmer is selected from

the group_.consi sti of . pol y(capr ol at act on pol y(val er act one),
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| ow di %l e27y i TherlowaRcaritndhbhbots fkh afwzmeﬁeﬁ thd e lRAENAe mepvent |
ary

an organl c acetate conprising a C, to &nd
conbi nat i W@Qggp |Foanwlaéswmremew ahd z a‘fbeﬂ@m@h hhe ko, ﬁndlaﬂq{lpf ous
filmof cla R] relnthe nonpol ar solvent is selected fromthe group
consi st n@“‘i) 3 &€ ﬁcet ate, isopropyl acetate, butyl acetate, dbutyl

et her, acetone, nethyl ethyl ketone, nethyl isobutyl ketone and

conbi natl S 20. The low dielectrjc nanoporous film of claiml
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are i ndepe%%ﬁ?g;n g%'ﬂ\‘% b mﬁ'ﬂﬁ”%%%‘@?@@&h@ﬁb’ﬂ%s filmof claim
19 wher ei A, & and B is organic, the organic
noiety is a C 1-6 al kyL 2390 The Iow di el ectric nanoporous fi I mof claim4
wherein the %"ﬁén on-gl ass base material 25 conprises an S i02 noiety, and

Xis 1. low dielectric nanoporous film of claim 20 wherein the polar solvent is selected
from the group consisting of water, alcohol, ketones and mixtures thereof.

15 31. The low dielectric nanoporous film of claim 1 wherein the heating of step (c)
comprises a baking step and a curing step.

32. The low dielectric nanoporous film of claim 30 wherein the baking step comprises a
plurality of heating steps, ranging in temperature from about 60°C to about 350°C, and
each heating step is for a time period ranging from about 0.5 to about 10 minutes.

20 33. The low dielectric nanoporous film of claim 30 wherein the baking comprises a first
heating step of about 800C, a second heating step of about 1500C, and a third heating
step of about ZOOoC, each heating step being applied for a duration of about 1 minutes at
each respective temperature.,

34. The low dielectric nanoporous film of claim 1 wherein the substrate comprises a J;
25  semiconductor material selected from the group consisting of gallium arsenide, silicon, |
and mixtures thereof.
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- 24. The low dielectric nanoporous filmof claim4 wherein the spin-on-glass
base material conprises a polynethylsilsesquioxane, and y is 1 and R 1is
methyl 33 1 4 OL i 2003 25. The low dielectric filmcoating of clal i 2)p3
wherein the spin-on-glass base material conprises at |east one

al kyl si | n e la i el ectric.nanoporous.film.of claim25 wherein

t he al ky?jsS?I @(%%gqlégéncﬁé%%@ﬁ Iﬁ}ghqfecqmg: %W%?Wéf’ the Ribgenmateriai is r anopor ous
fi1'm of cl iesied ol BE By dbnsiig W Sy DMAL Siti Tubbrierdsdegg to
Formula 1, wherein x?i.yptand z 5%1% 02?’% gr eat e‘?&t@gﬁn@ér o, éﬂgﬁgﬁ and R3
are met hydpitagd silitbey and\silitor Hiexidei c nanoporous fil mof claim20 wherein the
thermal |y degradable polyner is a polyal kyl ene oxide. 10 29. The | ow

di el ectrif gﬁ{el?(ﬁoro s filmof claim 28 wherein the polyallcylene oxide is
sel ected & W dicfestis Ranqeetous Al of clain jdrwhareindhesubsteate semprises et hy | ene

oxi de/spr opwh ] The | o ielectric nanopor.ous .fil m of
cl ai m520 wher el r?P ??@Ego%&%?&%o@(/‘zaﬁ? l?’lggpossgﬁ)&?g&ged%%%w%p Sﬁ%'sélﬂﬁgfsti ng
of wat er , phisime@hlinced eéwartho:giing] silaié 6%idk RRA e6fnbinkRord therdhle | OW diel ectric
nanoporous filmof claiml wherein the heating of step (c) conprises a

baki ng Stﬁi and a curing step. 32. The |ow dielectric nanoporous fil m of

cl ai m 30 WhAnastegraed cyawit aomprising atdeqst ione dow dightctriahinbporohs firaof ¢lginst eps,
rangi ng il? tenperature from about 60C to about 350C, and each heating step
is for atinme period ranging fromabout 0.5 to about 10 m nutes. 20 33. The
| ow di el ectric nanoporous filmof claim30 wherein the baking conprises a

first hess iQmetb8Rfpfodil tal&%le&ﬁéﬁﬁ&ﬁﬁ:r@%aﬁ]h{% 5&,9?-91 H.L,,-ng50001
and a third heating 9stepmgf about 2000C, “eac ea |$1g S efﬁc’gg@ng pplied
for dOdurthestepsaff about 1 nminutes at each respective tenperature. 34. The

| ow di el ectric nanoporous filmof claiml wherein the substrate conprises a
25 seni co@gmm°g§éb%t@& spiopR-glass gatanial wish ajsuitablathesmally| | um
ar seni de, degiadhifl® lg;m&n B &1%5!55% eoh 1 4 011 2003 35. The | ove
dielectric nano.pg? us %‘Fgm g#gc I m ?ﬁ\}%e;ﬁ?’ei n the silicon material is

(b) applying the mixture of step (a) onto a substrate to produce a coated substrate,

(©) hwingtheooatedsubstralcofstep(b)foratimeandatoneo;morctcmpcratmes

15  effective produce the desired fow dielectric nanoporous film.
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selected fromthe group consisting of crystalline silicon, polysilicon,
anor phous silicon, epitaxial silicon, and silicon dioxide. 36. The |ow
di el ectric nanoporous filmof claim34 wherein the substrate conprildeliaif

¢ . al . ) . I q
Sonc P AR Ao ATA BR FRLAR B s
cpnbga q)%% taf}r%x&? of S ,tAn inte_gr_a&ed circpit coppri iag at | east one | ow
di el Et rﬁ%lcﬁg%%trgg F5 PN BpC WMy PRRgiass gp_ategxgl_ with fﬁﬁﬂilﬁ cgrpdablcpolymsr | ow

di el ect’? ®ft 1 mon a substrate conprising 10 the steps of (a)
preparing a mxture of at |east one spin-on-glass material wth a suitable
t her (Paapplyingdhe misyrecfsten/(aonto ol substeate to produsrpapated sutsehteent , (b) appl yi ng
the m xture of step (a) onto a substrate to produce a coated substrate, (c)
heat (cheating thoedatell sibbisite af step (b) Toreptitb hnd & or@ driniBe BntheRdtu@s SFEtIvEDS €

t enpeodoce the desifed ¢bW didléctic RuRPLRASs Blig, desired | ow di el ectric nanoporous
film 35 14 OC | zoo 39. Alowdielectric nanoporous filmconprising a

R o pug 16 A OPOIRS 1R Df s STHBYREH ooty B R TR bl 83

(
wth a tﬁtejr?gr‘al | y degradabl e polyner soluble in a polar solvent, (b)

appl%/i tlhe m'lxture of stegg(aak onto a substrate to produce a coated
substr ,O‘Séemﬁ nangPeTous by ok glayn B2 having a dielentiipoqristant wngiag fromeabow 1 8t
one '8 k3 tenperatures effective to produce the desired |low dielectric

nano‘& rous film 40. The |ow dielectric nanoporous film of claim39 having
a di®. dbelow disterticammopanogs fitn bf olina B9 iavidg & refravtie® hidex fangingdiom 1B6ut 1040 to

di elabout 1.d0nanoporous filmof claim39 having a dielectric constant ranging
fromabout 1.8 to about 3.0. 42. The | ow dielectric nanoporous fil m of

cl ai4B. Jhe hew dittechid @inbpsiony Airh BEEMin 39 Gidadedd ﬂéﬂl%g&‘ﬂﬂlt on}]%}é%&ﬁ%e m@fHf ofl - 10-

43. Pl di el ectric nanoporous filmof claim pr o roma spin on
gl ass base material of Formula 1. [(SIQ2) - (RSIOL5yYy - (RR3SSIOZ].

Formula | wherein R/, Rﬁ@@k?@ﬁﬂglswftﬁgﬁz‘%%jﬁl y sel %Fotrr%glaflr om t he group
I - Z Jn

consi sting of an organi

wherein R,, R; and R; are independently selected from the group consisting of an organic moiety and
combinations thereof and 1 >x>0; 1 >y>0; I >z> 0, provided that x+y+z is 1.0.

44. The low dielectric ranoporous film of claim 43 wherein said organic moiety is a Cy¢ alkyl.

45. The low dielectric nanoporous film of claim 43 wherein the spin-on-glass base material comprises an
Si0; moiety, and x is 1.

46. The low dielectric nanoporous film of claim 43 wherein the spin-on-glass base material comprises a
polymethylsilsesquioxane, and y is 1 and R, is methyl.

47. The low dielectric film coating of claim 43 wherein the spin-on-glass base material comprises at
least one alkylsiloxane.

48. The low dielectric nanoporous film of claim 47 wherein the alkylsiloxane is a methylsiloxane.

49. The low dielectric nanoporous film of claim 48 wherein the methylsiloxane has a formula according
to Formula I, wherein x, y and z are all greater than zero, and Ry, R; and R; are methyl.

50. The low dielectric nanoporous film of claim 39 wherein the thermally degradable polymer ranges in
molecular weight from about 200 to about 2,000,000 Daltons.

51. The low dielectric ranoporous film of claim 50 wherein the thermally degradable polymer ranges in
molecular weight from about 600 to about 30,000 Daltons.
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! combi nations thereof and 1 > x > 0; 1 > y>0; 1>z >0, provided that
X+y+z is 1.0. 44. The |ow dielectric nanoporous filmof claim43 wherein
said organic moiety is a C .6 alkyl. 45. The |ow diel ectric nanoporiduCH pjgm
of claim43 wherein the spin-on-glass base material conprises an Si Q2

B R

pol yr’rg‘rf.i g’élafn oxane, and y is 1 and R is met hyI 47. The | ow
dielectric filmcoating of claim43 wherein the spin-on-glass base materi al
conpr PAddedew diclepiric aanoparony film of slaive 52 adereiththe polyatiiybine oideds selemabfromsthe
fi | m gHoup censistiag ofipelyethylent oxidelagd polycthplore Dxide/propylent skidoxepslymé®. The | ow
di el ectric nanoporous filmof claim48 wherein the nmethylsiloxane has a

f or mub4: Tae dow diehgtrid manbposus Al of Wik 89 Wh¥rein/the heatingddated! (b) HfiHsts a Bstaﬂ

zer o, stepghdh curlig stepd R3 are methyl. 50. The |ow diel'ectric ‘nanoporous f Fm
of claim39 wherein the thermally degradabl e pol ymer ranges in nol ecul ar

wel ghss fmem@a%@%g?@g%amﬁ%& e

nano

ety v%‘%ém &ﬁ%h Aepisriorgos
52 TWB g’é‘ JPBE%“ #l’T‘WPE?F cI a| m 50 wherein the thermally
degradabl e polyner is a poI | ene oxide. 53. The low dielectric
nanopdt dtig 1 iglestricianpperaps ﬂéﬂwm b whereinathi haking comprises adirstdicatingstep obHm
the ahout8P Cormsiesendpating plop pEatopk d5@°Gxande third hgatingestepydfabeut 250 °C., each
oxi ddieptingoste being applzd dopotiymtosof dbdut T emitevit dach regpeciive t&ﬁﬂh@m{r@US film of
claim 39 wherein the heating of step (c) conprises a baking step and a

cur i gy, Thefow GRlecitiReahGybrdiShiResf dSn1SORRGERUAe birkdp &J nfrSes Reaiip il Bukel®
baki rlﬂnﬁét%ﬁerﬁﬁéi’ﬁﬁﬁé@ﬁt%a@i 40020 had RF a i0d %B&ttrt th %b&ﬁ %ﬂxwefse
from about 60 to about 300 C and heat I'n ste |

peri og ow d| el ect
nano Q{P@R&%; el Eﬁ-ﬁ? w%%ﬁ’in %pg%'gflégé %"P’i‘iﬁgs E’QPl
step Ssu = ; 24 PR}
heat i aQZa pa%ngfeap‘!ﬂpﬁé@nﬂﬁ IOI@IIIC
duratlon of about 2 m nut es at each respectlve tenperature. 57. The | ow

di el &8 Thelomadielsotriowsndporonsdilmedfailaim5® wihereiniwhenhey ofiQ) /1, :6Q; Qoamt Qg és
heat ionganid) ehelafg@dc mvidtyrisad Ca, dleytper at ure of at [east 400 T, and for a tine
period ranging fromabout 10 to about 60 m nutes. 58. The low dielectric

nanomr%1 W diBlefific DhAbpBr {
siligq opeg ltrgﬁi §rrer coén%r%@%ns%%#%lﬂ ﬂ?ﬁn % t?%é B S%E[Rtlt;lﬁ 191 ursg i producing
consi Stl n%-2 07 QLS B ; S x2; and
61. The low dielectric nanoporous film of claim 60 wherein the substrate comprises a semiconductor
material selected from the group consisting of gallium arsenide, silicon, and mixtures thereof,

62. The low dielectric nanoporous film of claim 61 wherein the silicon material is selected from the
group consisting of crystalline silicon, polysilicon, amorphous silicon, epitaxial silicon, and silicon
dioxide.

63. The low dielectric nanoporous film of claim 60 wherein the substrate comprises a surface layer
applied by chemical vapor deposition selected from the group consisting of plasma enhanced chemical
vapor deposition tetraethoxysilane, silane oxide and combinations thereof,

t54. The low dielectric nanoporous film of claim 39 wherein the thermally degradable polymer is soluble
in a polar solvent selected from the group consisting of water, alcohol, ketones and mixtures thereof.

65. An integrated circuit comprising at least one low dielectric nanoporous film of claim 39.
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ADBQES O and conbi nations thereof, wherein QI, @, B, 4, b and b are
i ndependently organic. 59. The |ow dielectric nanoporous filmof claim57
wherein when any of Ql, @, @B, &4, & and Q6 is organic, the orghnilél 2003
noiety is a Cl-6 al kyl. 60. The Iowdlelectrlc nanoporous filmof claim 39

: wher eigp A ﬂﬂfﬁsﬁpﬁ_ digsa[l%w&lgilgétgcn Oglésegllfhinf)mdu ;;gTyran |nte %%P%?HE

circuit I'C. han
subst kahp e conﬁ)amne({s%“%o ch'c?t'%‘} T‘%tl rghaugs soluble
consi é‘t Rb1i um ar sen| de, silicon, and m xt ures thereof. 62 The | ow
dielectric nanoporous filmof claim®6l V\,herel n the silicon material is

sel ec{i@rplyng themixtgrenfistapdakente asgbstitec toyodideianeatsil isilsstrate, pol ysi | i con,
anor phous silicon, epitaxial silicon, and silicon dioxide. 63. The |ow

di el et heatingahometal subktrataodites (b ifon HEmBART & dhe bR fobdRaipeAinfes MRIVEES 2

surfapmdh@ytaedemahmealdmeuemiﬁoﬁﬁouyﬁﬁﬂbngﬁaeﬁtguiaen sel ected fromthe group
consi sting of plasma enhanced chem cal vapor depositi on t et raet hoxysil ane,

silan ) J t Qr ous
4 mggg:*lgge@gm% Eﬁﬁtme e o ) B R bR
pol ar ven ngthng 8t cons| st| n er, al cohol, ketones
and ni P] nE SPIRANs%ass g r'aiegr@a*alem vdheh isow
di el e ‘ttl %‘“r?a?ﬂi‘;?& a%'vm nqnpg] Qiéentm 14 OCT 2003 66. A method of
producing a |l ow dielectric nanoporous filmon a substrate conprising the

st eps(bdAPPIyiag the mpdreod step fahanty @sublstrate suptoditca epiad-substgitgss material with
a thermal ly degradabl e polyner soluble in a polar solvent, (b) applying

t he nicxheatieg dfe ated sbstratnbfstep BY IS andicand ® ofé 6EMER t&nﬁ@aﬁ@ds &TRRAVE Bloluce
(c) hhedeshed tdve didatrichaopsionsfibnof step (b) for a tine and at one or nore
tenperatures effective to produce the desired |ow dielectric nanoporous

fil
i A Bl ctiRopdidus fin) PRURLC TRl BRROR BlRors el BBl ol 3

conpri si ng t he steps of (a) prepari ng a mxture of at |east one
spin rlal ath adabl mer which. is_ soluble in
a norf?)(n)ggr %ﬂgpoé %o ﬁ‘&bnt?fla‘il‘}/‘ @fﬁﬁﬁl%ﬂ’ﬂ@tf?@‘m fromyaboyt 1.8
step E lB t'o a substrate to produce a coat ed substrate, (c) heating the
coated substrate of step (b) _for a tinme and at one or nore tenperatures
ef f ech %hﬁ feleetricmgroppseys il oflaion 61 haying arefrastivedndaxsrapging frobsaboiih é.40dw
di el @b@‘ﬂtﬂc hanoporous filmof claim67 having a dielectric constant ranging
fromabout 1.5 to about 3.0.
;l. TI;;: l(I)w dielectric nanoporous film of claim 67 produced from a spin-on glass base material of
ormula 1:

[(SiO2)x - (R;Si0y5)y - (RaR3SiO); Jn Formula I

wherein x, y, z and n are positive integers of independent values, R;, R, and R; are independently H or
organic, and at least one of R;, R;and R3isH;and 1 >x>0; 1>y>0;1>2>0, provided that x+y+z is
1.0.

72. The low dielectric nanoporous film of claim 71 wherein the organic moiety is a Cy.¢ alkyl.
73. The low dielectric nanoporous film of claim 71 wherein n ranges from about 100 to about 800.

74. The low dielectric nanoporous film of claim 67 produced from a hydrogensiloxane spin-on glass
base material of Formuia II

[(HS1O 5)@Owyln Formula II;
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69. The |l ow dielectric nanoporous filmof claim67 having a dielectric
constant ranging fromabout 1.8 to about 2.8. 70. The | ow di el ect r,i EH(U
nanoporous filmof claim 67 having a refractive index ranging from 4 utzm]3
1.40 to about 1.15. 71. The low dielectric nanoporous film of claim67
produced froma spin-on glass base material of Fornmula I: [(SiQ2), -

(55 e R 0 M ) T B

organi c, an |"'east "one 0O °, d RBisH and 1 >x >0; 1>y >0 ;

|1 >z.2 ,Eq Bro ilded t hat X‘ﬁé?ﬁﬁni 1.0, 72. The |l ow diel ectric nanoporous

film g?- <P, dalectre nangpor glzﬁlaenrﬁaipé?qp%%ﬁam@ hyglregrganosilg:gne shig-dmglass

di el eCtir2ten obspapdladlll m of claim 71 wherein n ranges from about 100 to
about 800. 74. The | ow dielectric nanoporous filmof claim®67 produced
from a hydrogensi | oxand(H8ihsuOg(RSiO; slagse mat er i Bdmeia ADrnul a | |
[(HSI01.5)(a)Q(b)]n Fornmula I1; 38 14 OCT 2003 wherein (a) ranges from
about wheietn @peimpesRom(@but GBS T00(B) 3PS frdnf boBPPH abdut § L) £ oth'288t 6
about 1fabob2(3 ARYh rethes Hdth ﬂtJaiiaqﬁémgg aHa 0 n%)en Qg&ﬁﬁo‘ﬁf

L Host 1 afaRa

spi n-on gl ass” base material of Fornula Il

di el eg{ e ngpopor ous filmof claim 67 prgglgggd%?{:%rﬁnlaﬂhy roor

[ (HSI BRSO . 5 1n_.For a H rein (a) .ranges from about 6

to ab%fﬁ.‘gé{ 1 cfric P?P@%ﬁl{ﬂéiﬁflﬁngtp@ﬁm\@%m@Eﬁ&%ﬁ%ﬂqw&w& base

to agg%—ﬁe" CleRIR PR IRFFESUR PORTisng cybilozang. hrdspgensthylsiloganeR i s

i ndepBYHegrapIePysilexaneshydreganbutylsilexane, bydsegentertyntytyitkexane,iiydregespheniytsiloxane

nanopdidsembinatiensthegqodi m 67 produced from an al kyl si | oxane spin-on gl ass

base material selected fromthe group consisting of

hydr oGk ditre ldw Higldctricanmmoptmpds filpe nf¢laiym 67 prodaced, frorh il alkg Bilpkafe)Spsi-b® gRBEbase

hy dr ogetetiaitsglesietl droam éhe dryuly apsisting of Hydrogesisilsesquitiand) W aRgeMABEIISesh s e,

and clodeogeatthplilsdshaibeaie, hydfogehpopyRilsedip@bosie] hflroRABRHMYSqhickaof ¢l ai m

67 pripdvsgsteithyisidesqlibying] hydrceap Ry RiIqaibASR, RRE@MUIRIRMS Mlersst! ect ed

fromthe group consisting of hydrogensil sesqui oxane, _

hydr ogg [ ' ; i j e . . .

e %ségm@ldw El?léﬁgf@%'ﬁ q%iﬁhlh %@%@#@cﬁilﬂg@ g%ﬁ%@gﬁg&sﬂsesqmoxane spin-on
ogent er bu

hydr tyl'siTsesqui oxane, hydrogenphenyl sil sesqui oxane, and
conbi nati ons thereof. '

(HSiO31)q Formula IV

wherein n is an integer ranging from about 10 to about 4,000.

79. The low dielectric nanoporous film of claim 67 wherein the thermally degradable polymer ranges in
molecular weight from about 200 to about 2,000,000 Daltons.

80. The low dielectric nanoporous film.of claim 79 wherein the thermally degradable polymer ranges in
molecular weight from about 1,000 to about 30,000 Daltons.

81. The low dielectric nanoporous film of claim 80 wherein the thermally degradable polymer is
selected from the group consisting of polyalkylene oxide, aliphatic polyester, acrylic polymer, acetal
polymer, and combinations thereof.

82. The low dielectric nanoporous film of claim 81 wherein the thermally degradable polymer is
selected from the group consisting of polyalkylene oxide, poly(caprolatactone), poly(valeractone),
poly(methyl methacrylate), poly (vinylbutyral).

83. The low dielectric nanoporous film of ciaim 82 wherein the polyalkylene oxide comprises a from
Cy. alkyl.
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| 78. The low dielectric nanoporous filmof claim67 produced froma

pol yhydri dosi | sesqui oxane spin-on glass base material of Fornula I\4t 0

(HSi @8n)" Formula IV wherein n is an integer ranging fromabout 10 1[ %\ ?ﬂﬂ

4,000. 79. The |ow dielectric nanoporous filmof claim®67 wherein the

't her g Bhedearddladtie nBRIPSFRE HABYEHirhR3 WHRHER Heah rifah) bR p to
about pg] ByleRPofaktons. 80. The |ow dielectri c n%no rous Ti E@gﬂer Fs% m 79

wher el n ther mal | y degradabl e pol ymer ranges in m)l ecul ar wei ght from

of ol & ‘ggﬁo‘&ﬁéeﬁ%ﬁé paewP iR o Clim PLrdTe [ ot SSion) Gamitper Rbakime |

group 8 P poI yaI kyl ene oxi de, aliphatic pol yest er, acrylic

pol ymer, acet aI poly and conbi nations thereof. 82. The |ow dielectric
nanop®®-dis lew |drﬁl%ﬂm%mowms filre o Flaing B2 whesimtie Ibakidg gtepaetipeisgsal plumlity of
sel echesting stops, ranging intpmpemirsfromaboit 95'Cy & 4bpuedi®) °6X, 2 each heating step is for a
pol y(tme potfied mogingdiom pladug 0\5ab ebadtiOmeihutes.pol y( met hyl net hacryl ate), poly
(vinyl butyral). 83. The | ow dielectric nanoporous filmof claim82 wherein

the p8i. Tak kow diefectrid AbthopOdRs filk 6f élaf 85Twherkirftha bitlihg caf ﬁé’esm&l bpe
| oW Citheg . Caﬁﬂﬂd)ﬁéa‘ﬁfii s!‘eb'o%gjﬁutqg@"@n" iMBﬁ g.bsti godhafab
POl Y Medari® stp bR ¥PAIRRN ﬁggﬁg ab%ﬁu S %tegr?&?a?&; tep an d 3
CUI‘I% Powﬁ The | ow di e |c ngﬂgﬁ fllmof cIa|m8 V\[nerel
bak| ﬁgj el l’é‘ﬁ?@?

1 om i ﬁ% ?ﬁ% m&a@e @?’@ﬁ%% ahout Q0 fpinutes.
perio n _fromabout 0.5 to. about 10 minutes. 87. The |low dielectric
nanop@r 8'8% estriccagppergus feekslaim GEwherrinthe suhvpate sempises a semicanduitoy

st ep rmten%lﬁemteé@m@ the grenpreonsistingof gallivm ansenide, slison, ab8aniguressthereaf.t hi r d
heating step of about 200 C., each heating step being applied for a

dur at90ohelovadislectric nenoparess i efxddinr s whatinvhe titiogemateriakis s@8cted o thw

di el egroup consisting of aystallink siliobn, pobisiticsh, ankuepleius siliten,cpithkigl sk, GRIRGEGES
heat idigkilhhe baked filmat a tenperature of at least 400 C. and for a tine
period ranging fromabout 10 to about 60 mnutes. 89. The |low dielectric

nanomrqfﬁélofw Jh@le%chaﬁbﬁBr&Ys ﬂﬁ%%ff‘dlzﬁmtébewﬁé%% ald HEB&?:‘%& rﬁg‘f%&@?&uct or
0

mat er con
and r{é ?Sl ;ﬁd :§| g.i] r?c nanopor usﬁ]Z E iim
wherern t eS| |con erla |s se romthe

ai m 89
92. The low dielectric nanoporous film of claim 67 wherein the thermally degradable polymer is soluble
in a solvent selected from the group consisting of nonpolar solute compatible organic acetate, ether a
ketone, and combinations thereof.

93. The low dielectric nanoporous film of claim 92 wherein the solvent is selected from the group
consisting of ethyl acetate, isopropyl acetate, butyl acetate, dibutyl ether, acetone, methyl ethyl ketone,
methyl isobutyl ketone and combinations thereof.

94. The low dielectric nanoporous film of claim 92 wherein the solvent is an organic acetate comprising
a C; to Cs alkyl, a Cs to C,; aryl and combinations and derivatives thereof.

95. An integrated circuit comprising at least one low dielectric nanoporous film of claim 67.
96. A method of producing a low dielectric nanoporous film on a substrate comprising the steps of
(a) preparing a mixture of at least one spin-on-glass material, a suitable thermally degradable polymer

soluble in a nonpolar solvent, and a nonpolar solvent,

(b) applying the mixture of step (a) onto a substrate to produce a coated substrate,
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group consisting of crystalline silicon, polysilicon, anorphous silicon,
epitaxial silicon, and silicon dioxide. 91. The | ow di el ectric nanoporous
filmof claim90 wherein the substrate conprises a surface |ayer dpdiiled03
by chem cal vapor deposition selected fromthe group consisting of plasma
enhan t RN conblna ions ther 92.. The
| ow g%g%gfndl}ﬁi%ag&% %ﬁggﬁf ?t%% 3 li}cl ai rr? %‘??WQF 8 i of %, mcpﬁE“F‘I’fﬁ? ?&W@@P%‘BF e
polyner I's solub PBIE Mt sel ected from the group consi sting of
nonpo te conpatlble or?anlc acetate, ether a ketone, and

conbi tTEhB ij 43 nangporoyh, il gficlaine 6 2 whetein the selstrata confpirises oenstaiduc®?
mherémﬁmﬂﬂe solvent is selected fromthe group consisting of ethyl

acetate, isopropyl acetate, butyl acetate, dibutyl ether, acetone, nethyl

et hy| 9% é miveoelectminivydevice @buipyikink @t oA 08 d)ﬁ@ﬁi@cﬁﬁ:tdaﬁﬂ?orbﬁkﬁﬁﬁ%f cliith 67he | ow
dielectric nanoporous filmof claim92 wherein the solvent is an organic
acetate conprising a Cl to C6 alkyl, a C5 to C12 aryl and conbi nati ons and
derivatives thereof. 95. An integrated circuit conprising at |east one | ow
di el ectric nanoporous filmof claim67. 96. A nethod of producing a | ow

di el ectric nanoporous filmon a substrate conprising the steps of (a)
preparing a m xture of at |east one spin-on-glass material, a suitable
thermal | y degradabl e polymer soluble in a nonpol ar solvent, and a nonpol ar
solvent, (b) applying the m xture of step (a) onto a substrate to produce a
coated substrate, 40 14 OCT 1003 (c) heating the coated substrate of step
(b) for a tinme and at one or nore tenperatures effective produce the
desired |l ow dielectric nanoporous film 97. The |ow dielectric nanoporous
filmof claim®67 wherein the substrate conprises a sem conductor nmateri al
98. A mcroelectronic device conprising at |east one |ow dielectric
nanoporous filmof claim67. 41
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