10

15

20

25

WD 2004/ 068555 PCT/ US2004/ 002252 REPAI R AND
RESTORATI ON OF DAMAGED DI ELECTRI C MATERI ALS AND FI LMS
wWo-ba D635 THE | NVENTI ON 5 The present inventi oPCT/@5200€802252
generally to sem conductor devices, and in particular,
to sem conductor devices having a dielectric or
inorganic material therein. BACKGROUND OF THE
I NVENTI ON To neet the requirenents for faster
performance, the characteristic dinmensions of features
10 of integrated circuit devices have continued to be
decr eas REPAYRUNBRESTORATIONG DadsA GED D IE W TRIC
feature sizes introduces new chall enges in nmany of the
processes conventi oMATERIMSAND F IbM%lconductor
fabrication. As a result of the size decrease in these
products, the conponents that conprise the products
FIELnust akﬁg EgégﬂE smal | er and/or thinner. Exanples of
conmponent s t hat 15 need to be reduced
in.size or.scaled down are mcroe
| B EHRG L POHG. Tl BOHALE LD PO EBREHERY Gnd in partiular, to
senuJoﬁ%cﬁ&&fe%kceéCW 4 BERetriB b MbMBEANIG nfafdHal tHRfeitM i NG
boards, w ring, ~ keyboards, touch pads, and chip
packaglng When el ectroni c and sem conduct or
conponents are reduced in size or scaled down, any

BAcﬁgﬁéﬂﬁﬁ% tHEIN%EﬁTRﬁFSGnt in the |arger conponents are
———gvrng—to—ue—exaggerated in the scaled down 20

O{H)rggeg gﬁe;rlg%%lgeﬁl%entst fg{ %gt% e%fo%mglnr%%t hel ﬁar?crt%%ggﬁl é‘x?eglgions of features

r er cohponen

of integ@iddi ditcatl @Rites Qﬁﬁeecdrﬁﬂuedbﬁflﬁrr gecidreed oivinEturing of devices with
scal ed down for the snaller electronlc products.
smaller fepiuFesiagsABEoquses pRveghadlentss &1 pany phthy peoceesas E%Helete?naﬂy used in

Smmﬂgghgﬁggﬂmﬁgml _15n1|n future generations of devices,

ens such as RC del ays and signal-crosstalk\MII

be Osoge es%lt dfO%'e fsaze d&?e%?é %m[}{e R}o'&ué’[_ﬁ, dt?lg bk gbﬁie%@st {haV aorﬁpnse the

rrec ects ine Sem conduct or

plodlf‘cwﬂ’fhmlaﬁatbeedlﬁe sragiiep andoi inneh eEcaipandisbse of lflﬁ)se components that
mat eri al s used and the nanufacturlng processe
need nigk PR greditsds &) <HiPpShetielsd sHB A b eMBrSIEERoHD l%rﬂatemonnectmns

semic@ B¢ Gip TOAFIAR! Cesishil GHIRAYE! PlintBd dircuitlor wiring boards, wiring,
keyboards, touch pads, and chip packaging. ‘

When electronic and semiconductor components are reduced in size or scaled down, any
defects that are present in the larger components are going to be exaggerated in the scaled down
components. Thus, the defects that are present or could be present in the larger component
should be identified and corrected, before the component is scaled down for the smaller
electronic products. As feature sizes in integrated circuits are reduced to below about 0.15pm in
future generations of devices, problems such as RC delays and signal-crosstalk will become a

dominant problem.

In order to identify and correct defects in electronic, semiconductor and communications
components, the components, the materials used and the manufacturing processes for making

those components should be broken down and analyzed. Electronic, semiconductor and
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com nuni cat i on/ dat a- exchange conponents are conposed,
w0 poogoessstases, of layers and filns of nateri BEHFUSHOQ002252

as netals, netal alloys, dielectric |ayers, ceramcs,
inorganic materials, polyners, or organonetallic
materials. One of the viable solutions to overcone the
problenms with integrated circuits nmentioned 5 before
is to use low dielectric constant (Ic) materials with
dielectric constants of |ess than about 3 for

conumntietiveeta-ck¢Habye eordpdnetis rapeeaiposedvil) seiherFases, rq‘f dayers and films of

applicatio e r oadhl ock
matof R Euroder o flogh el iParRetes Boldpicolferspotmers
or or@nbm@gnmqgﬁ@,@ml ng materials. Typically, mechanical
strength is proportional to the density of such
e, dBthe Vf'@l‘é%‘éﬁlﬁonst R WRBR e f8BRmsRAth &haneRl diRbitémentioned
gi ven chem cal conposition at a given dielectric
before omtotuaatow dlnlepunlp sopdad (k)tm@erj_e@s with éw@qcﬁw@nqtmjs of less than about 3

|
o RSB e PGbl SRR BY W Y0 AL L R ook i
the m&ahAida] .\J‘ﬂdn@thl oTar-gaRidiel bued @fbiahiok) sileomechniamiids niaemee Mypically,

the copper lines. These voids form because of th
mechgpiedrstrgngth deprongrtiosalrte 4hq dengidy pt sishmaterealt @OW@H@ﬁ}@a‘ienSﬁY does

not cﬁ 9GP ol é‘;@é J@ﬁ&caﬁ t Ilngéﬁucﬁ?w gﬁleﬁ) fdle'i‘é'%ﬁw &cﬂﬂtaﬁheln Hus case, the
Ss pI ced upon 't y the rroundi ng nmeta
strength iofl hearagooyous atligh & mmpimextd bl Abvieg the highes degete sflap&s -linking.
and are dictated by 15 the anobunt of stress placed
US3Aglt e Dinefab fitfehfedi‘xﬁaa”éle vith iBlghniadlidldeaids Bhewahtoids between the

flaws within t space. These voi ds are undesirable
coppgelinass eTh%éwoad&efompbe@amS@aqfa@P dnaifripl\fepfing de igaeangs disglf due to
| f tranHicPRkE Qbén it by th
cherrf3F HERES Ul il 8 lon GBI UL e B oo padpy tpn i by the
surroimithmg mataisorigde VO[dS@I@hﬁHHhEMMﬂ@Wbl@HISFX@@Hﬁ) chapeadd are dictated by
herein in its .. teaches a fi far i O s
the agipystporiare oD S Bl FEE hen wove] b FTRITEN faws withn tha
spacd. €PIds€ Yotk b BhdBltabld bHIGtsk MBI aré UnprBGiSatiBIE bhd %A Heade yield and
agent. This patent teaches that the nanoporous silica
reliatfility o theeycidowit.pr epared on a substrate i nmedi ately prior
to the treatnment or may be previously prepared and
st(68 Batenr6, 200850 Hneblich isoronametiy ewnsiomd esigibd o Hanemdl International

aches that the flJ
tne o S5 R AT R BOAIEAERT Bl TFROr BE IO PR ioR g oess wherein
a siliEONRMEic fIREs PR twitP£ suletndRagutthe MedidtAbnRiok! eThis patent
or that such surface 25 nodification treatnent may be

teachgséxat the nanororaus gilive ddmf npyrbe pigprred or @, sub&trawolmlaedwely prior to the
treatrrden% mta? bg)pr go%nlgllpfréi)ape%ta%ﬁ {o?éd ociaol’é’?a?ﬁc‘edq{oﬂ Qﬁoqhé}%om}aé. The patent

also teaches that the film may be aged, e.g.,, further cross-linking/condensation, prior to

modification. However, the patent does not teach the voiding problem or that such surface

modification treatment may be used on an integrated film.

Therefore, it would be ideal to a) identify potential causes of voiding; b) developing
methods and compositions to repair identified voiding or “pre-voiding”; and c) utilize

conventional compositions and methods that do not increase the cost or complexity of the



nmet hods and conpositions to repair identified voiding
or "pre-voiding"; and c) utilize conventiona
W@ 09068555 ons and net hods that do not i ncreaseP€ESmO$002252
or conplexity of the -2 WD 2004/ 068555
PCT/ US2004/ 002252 sem conduct or production process
that taken alone or in conbination would be desirable
to advance the production of |ayered materials,
el ectroni ¢ conmponents and sem conductor conponents.
There is also a need to develop either new materials

semiddh8itt@NPRACADN Afttlodsniiad tadn Addreper inl ednbisatioh weuld)be desirable to
| ower porosity at simlar dlelectrlc constants and 2)

advaneenhgi REodypléahiot BYFred Spfedals.n glectipnic nompopedt |§ndnperpigonductor
n
compbhi, " ¥ 4187 LRSS SovAADE et 809 myBhiaf FPERARIAN improved
propebiyesr eucht aody ¢d>wrg pmosimyrat rebigdri disleatnid donstimte sndr2g"contags organic
di el ectri

m01etgq§d e‘[&g%%ggeolf U(J@% 41;1’[8@2%12 &%*}&@i@sgﬁggmcess that could help

to “répWEMél &hhdvetdends Bk e bl heiake®RIngQaronldiBtied @A th Tekstore” the
the formation of voids in a nmaterial are described

propentggseif how hatdi¢lettieflens. a) providing a material having a
plurality of reactive silanol groups; b) providing at
| east one reactive surface nodification agent; and c)
chem cally capping 5 at | east sone of the plurality of
reactive silanol groups with the at |east one of the
reactive surface nodification agents. Methods of
carbon restoration in a material are al so descri bed
that include: a) providing a carbon-deficient
material having a plurality of reactive sil anol
groups; b) providing at |east one reactive surface
nodi fi cati on agent; and c)chem cally capping at | east
some of the plurality of reactive silanol groups with
the at | east one of the reactive surface nodification
10 agents. In addition, nethods are described herein
for reducing the condensation of a filmthat i nclude:
a) providing a filmhaving a plurality of reactive
silanol groups; b) placing the filminto a plasm
chanber; c) introducing a plurality of reactive
organi c noi eties-containing silanes into the chanber;
and d) allowing the silanes to react with at | east
some of the reactive silanol groups.
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15 Met hods of reduci ng condensation of a
carbon-deficient filmare described herein that
WO p@i0ass5 a) providing a carbon-deficient filPCTrasiong002252

a plurality of reactive silanol groups; b) placing the
filminto a plasma chanber; c¢) introducing a plurality
of reactive organic noieties-containing silanes into
the chanber; and d) allowing the silanes to react with
at |l east sone of the reactive silanol groups. 20
Dielectric materials are described herein that

SumnMoRYOF SHBE INMENTHON nor gani ¢ material having a plurality
of silicon atons; and b) a plurality of organic
mViehydscapraitreathgens ioff fid roveptog des, formhtioredf voide in a material are

s JoS YRS 20 COUBL o L0 L1, Loy Ba0L, PRYSELRle st
grougd B) g ABaSr bl BacdiE sIfRE nilfRISRdatife Hodh® -8l }) EldMically capping
conprise: a) a. lowlc dielectric nmaterial having a ‘
at leaptl sonloff the pdiirakitiy|of ceantivet silasol geavirs Bjthahquat deagt eneyof ge reactive surface

o PR e R0 S Q0L FRERTALLP KRR e
a) providife g barBén-t&fsdnt SRR aDliavideheplialilyadeaati englanol4roids; b) providing
2004/ 068555 PCT/ US2004/ 002252 DETAI LED. DESCRI PTI ON
at leagpemorsactivaverieenodiaigmeatany aicherealbt fapRREE @stsome of the
i denbhd)l thAht LRYSES ofthe YQIAINGurfRl modificati
plura%%fg%t%\% %%(gr%qglggo%gﬂnsﬂés%tt I ons, roepa?3 rs Ci dentifi ércljo foation
agents.oi di ng or "pre-voiding"; and c) utilizes
conventi onal conpositions and nethods that do not.
i 116 raddision,t iethodss hre atesdibed ipleax for yredfcirtghthe sendensatbuctfar film that
) roduct | on process that takep alone _or in conbinatia .
includg) PO IS Beties P oY p frasteg starok ﬂ%P%TE? plicing the film into
a plaGhEGlah Rt Q:P Mﬁaﬁgﬁ%hﬁﬁlﬁy D& MLERRMIGIAE NP REBLBGMifing silanes into
Specifically, the Subject natter described herein
the clpmnder;ced dreitdvdug thefsilames & reaetgvithoit dieast soniered ﬁ;]@qqaque silanol groups.

terials that, copprise the steps a hem. cal | v. .
Mot O TG AUTH ShB G BOPRC T VRET AP QR horin that include:
a) prcmiaiﬁ% l @hfhoWidehcit&a@lid N plagditBchichdtiasilgibl @eRipk;sh) placing the

and b) m nim zing condensation inmediately 10, o .
film i polsiyg ehambers I¢) dnteqeluping @ nlypalityref eeatiye PEeascpKEgs-containing
.. herein a especi al | v, .
st S58 SO RAA ARESOIS cREPAT, e pr g restiv
silandlip@oupor gani ¢ dense or porous film As used herein,

the term"void" includes voids and cells in a materia

amdicRBYic pididiald £8 RscABATcRdn ShapcenRreup) af iByrg@as ndderial having

the material. Gases that occupy these voids include
a plupadifsg i s;}étp(yl atoms; and b) a plurality of organic moiety-containing silane compounds,

wherein the silane compounds are coupled to the inorganic material through at least some of the
silicon atoms. Dielectric materials are also described herein that comprise: a) a low-k dielectric
material having a plurality of silicon atoms; and b) a plurality of organic moiety-containing silane
compounds, wherein the silane compounds are coupled to the material through at least some of

the silicon atoms.
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pure gases and m xtures thereof. Air, which is
predom nantly a m xture of N2 and 02 is 15 commonly
wale@uiosdses ed i n the pores, but pure gases suchP@BUS2004/002252

nitrogen, helium argon, CO2 or CO are also

contenpl at ed. Voi di ng causes include the etching step

resulting in residual fluorine; the ashing step

resulting in plasma danage, Si-F bond breaking, and

silanol (Si-OH) bond formation due to the |oss of

term nal nethyl or other al kyl groups (or other
DETAMLGEDESCRIPTIONS t hat nmake up the 20 organosilicate

gl ass); and the copper annealing step resulting in

StMi@R&dsaade bhwardendlogydemgare ddseribadtreteamn i) idertifics @VEdtial causes

to be attributable in large part to theﬁ r os g i
of voidies; d) etleng: Witk descrihed COFHIP%I“O&&I&E@W dgyitEe Ad? or“pre-voiding”;
and %r QAL 50'11@&&3%@ c%ﬁt%@%dgﬂé%di fh 4 OdP GRE BRISasdNle cost or
geén or a co ni trogen and hydrogen).

comp]]éh&y effi tl&me&nboddxidtorqn «)xtucn@s pllot@s ithet t4ken glege or By Q?hﬁbﬂgﬁtlon advance

not only desi r.ed eas.but al so ar as t.hat
the pradugiiop af" n ayeéeﬁl mAteria =hg]§‘°t£&“é° ﬁPIBP%Itepfég A, Semig dﬁca:mﬁ_ﬁomponents

Specifieal B | tH@%ﬁMJ ebBR L 8dsalibAeRdin poviles iethoBgofl 18pditiy voids in inorganic
renoval of the organic capping group, such as nethyl

matergals)tlnpsc:oniﬂme ﬂ@rﬁtﬁpa pf ®fchemicsBy eanpinggeactieeisilagol groyps m the inorganic

materbaé%}vi} geaf: ace pr{lf)(?]lﬁ(éatlgll’l a&r&@s {;) dm@(l) I r%a}?% cgﬁﬂﬁfﬁttbn immediately

follovﬁfh? Wied 4shate rlﬁi-@itli | Tied mensdsafectibddsherdie atereapegiaiiy atlvamtageous because
m shrinkage in unconstrained filnms. Since these
they Testpieshysfophelipist andithreaiisiyiral iegny Obtha Aipegrsiselense or porous film.
PCT/ US2004/ 002252 the cappi ng hard mask, as wel
t Hes wsed Apreino Hgiempvoid Heclﬂ@%irmais@@ﬁéﬂl%m.aﬁn%tﬁéal and any other term

mean@%nsygpeecgcc@ E}réngas 1? arﬁéla%g%l\é ﬁagec‘s Jh%{% | nglilcrlﬁc{&elatlvely

pure @hsepl@ui @ixdged thef@ifer A whashi mgpradqminnamlyl dt ym&fure of N, and O; is

reactjve silanol groups; b) prOV|d st _one
commpauhy: distributedrin Arepores, REHPYE @236 SHoM pogeéxn 61 , argon, CO, or CO

cappi ng at | east some of the plurallty of
zweﬂ&pgﬁﬁ&ggh%d anol groups with the at |east one of the

Eh'n\@é %ralztééér dn a dlegtlri])lg eftd ﬁ?g]t‘mt?ﬂ;}%gﬁlﬁ firel rgﬁq gﬁgfg{lﬁa the ashing step

resulﬂiﬂgain plﬁb@ialkﬂmqaga,)&m’ lﬁnﬂddnwkn%, amt fibneld@i- OrH)émtld lﬁ(m'r&tlolaldue to the
having a pluralit

active I | gr ;
loss pt derahgnethy]) e sthep ol SRR et SU querge? gy BAke wp the
orgarﬂ?ﬂj?ﬁt 2PRY; ELRETLGRE hiinaRRP! bt@}g r@ﬁlﬂh@%ﬁtre%@ﬁﬁl Merrhd1®nergy. The

a ity of reactive silanol ~ 10 groups with the at
mechbmamtls beieved to teaatiribaebleve lags Pacte thoplirpsitant |thmdlalg@tﬁf> dilms. This

porosity allows for greater transport of etchant gases (fluorocarbons and oxygen or a combination

of nitrogen and hydrogen). The enhanced diffusion results in the gases etching not only the
desired areas but also areas that are masked off, so that they are protected from etch. The
primary manifestation of this etching is the removal of the organic capping group, such as methyl
groups. The removal of these groups results in an unstable network (Si-CHz — [Si] — Si-OH),
which desires to end up in a Si-O-Si bond formation. The structural ramifications of this

rearrangement are film shrinkage in unconstrained films. Since these films are constrained by
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In addition, nmethods are described herein for reducing
the condensation of a filmthat include: a) providing
w@2doslossskavi ng a plurality of reactive sil anol PQro8me4/002252
b) placing the filminto a plasma chanber; c)
introducing a plurality of reactive organic
noi eti es-containing silanes into the chanber; and d)
allowing the silanes to react with at | east some of
the reactive silanol groups. 15 Methods of reducing -
condensation of a carbon-deficient filmare described
the catppingi hard inagk, anwkllidethe neefal perslyciar, ke wamengomantd &f fhe cenfined system
f.ilmhaving a plurality of reactive silanol groups; b)
resul Pé(?,]idﬁg the filminto a plasma chanber; c)

i nt roduci n%m? g,lq‘?q& '1%}/11183% g%c egcr{%qglilgli‘?g‘n‘%%ﬁmdg‘il?d g)providing a

matel@a{lllﬁ%ggt PGS J)ﬁ@&:%vte Qﬂzﬁfé@@ltougé tt? pAdvilliga et 1ea@e Qbactive surface
he reactive “silanol groups he materials, filns

modlﬁmlbo ragega end v)eclguncradiwam #j leagt isome @ééhﬂ}gluwhgy Qfereactlve silanol

grou;{g)t \{lé atb%ﬁé n%i]@ C{%h eé ?re% tz\f :‘rﬁfrﬂgg%noldﬂfcaﬁ% fl%ern gffgr%o@g of carbon

restotib szemat”@ldl fre QRbideseribge tasinkiuden £ psexidihg @rcarbbp-deficient material
prepari ﬂg, or producing at |east sone of the materials
1

havingj p ngfuighly of teesdivei endupiogRs Woateiding .%r%e%s@e%lesrqaﬁwe surface
n bEMHeAlSraliy VA& silanol
oS8 R n S UETLARLE, OGO LB At el s
grouparmlﬂr thabsleast bhevsf thetbhctive sediateimeliGtion pgcatse
nodi fi cati on agents in house using chem cals and/or
neh ediigibs, Abthodpaedits@ibedheiniirdediciignthi @us@neertioatof a film that

the_ |l ocation. The t hods, d d.h
includes ) GNP TBEEE APEIEEY Pl s ol grouws, ) fieine the fim o

a la&%{]&lﬁ?meﬁ ?gntfﬂh ﬁ&lﬁ%%%\ﬁflg‘gfo? féa@tllv% Ghhil BRRBied- E‘é}ftalﬁﬁlg silanes into

consi ere avi dielectric const ant.
the chesbdr;lad d) allowihg theestlaes towadivathea fleadstsopmmd tlzmtesctive aﬂmlol groups.

e o BT e BB
a) pl’d\tldlhg a%Qfﬂoﬁflﬁhé‘l%ﬁdﬁlhhﬂéwﬂgﬂﬁpl‘ﬁﬁdh%eoioxfeaéth@ st bl @ﬁdulpls O) placing the

constant of a lowdielectric constant materi al
film macyerplasmal dumben ) ivisueing 2 nlwablyorfiepctiys e @@@HGS containing

silaneg 1{1todtk1g‘r§ﬂ§mb h&d"(ﬁ' alfl%?;vgf St‘ﬁ ffe\ll\{eg kGG V(/i;l‘f fl(r%gs} tg?l'ﬂte of the reactlye

a er Ran about
silandlRedupe.r contenpl ated enbodi nent, the value of a
dielectric constant material or layer is less than 5

abiétmaderide) HILERh@bLfattive sgEieiniii&fios apRMIMES baptbvited by any

_ materials and/or contenplated spin-on )
suitable method, including a) buying at least some of the materials, films and/or reactive surface
modification agents from a supplier; b) preparing or producing at least some of the materials,
films and/or reactive surface modification agents in house using chemicals and/or other materials
provided by another source and/or ¢) preparing or producing materials, films and/or reactive
surface modification agents in house using chemicals and/or materials also produced or provided

in house or at the location.

The methods described herein are useful for dense or porous dielectric materials.
Contemplated dielectric materials are those that are considered as having a low dielectric

constant. As used herein, the term “low dielectric constant” means those dielectric constants that

-6-
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I nor gani c- based conpounds and/or materials, such as
silicon-based, galliumbased, germani um based,
wa@em@ensssshased, boron-based conpounds or conbi PEI/US2984/002252

thereof are contenplated herein. Exanples of
silicon-based conpounds conprise sil oxane conpounds,
such as nethyl sil oxane, 10 nethyl sil sesqui oxane,
phenyl si | oxane, phenyl sil sesqui oxane,
met hyl phenyl si | oxane, net hyl phenyl si | sesqui oxane,
sil azane pol yners, dinmethylsiloxane, diphenylsiloxane,

are lavet thehph equzl &i dboxtahel} issioniepplasedibitytheyaue af the fielestriggonstant of a

o SEITB SR L Bt RSP oS0 o, A6 comemped
embodirh@RSRAVARS of PR ATElctbd ChReME mawhiel & 1er BTeRhbiEsoaBNS5. In yot
be attached. 15 As used herein, inorganic-based

anothenecantémplated prbedjmante theohie of d sieastricsonsiaggjprad or layer is less than
aboun;aterials al so i nclude sil oxane polynmers and
%'ockpolyners, hydr ogensi | oxane pol ynmers of the

fhrsgenle Pt Seinlechear oy ittt s on mtemplated spn-on
inorgh@6Heed cofdpSintdl-andifer mAeial, ¥uchSas §llRah-Bset gllivabdeded, germanium-

four and derivatives of si|silic_acid. Al so included )
basedz jatsenig bpesdy heses-bated ppmperrds S Icombahiene dhaeefrte spntemplated herein.

oxyhydr i dosi Y bORR & Gnethylsiloxane,

R

meth@kileppsodanxane phaolylorare, acphehylsilssquizang pometletphenylsiloxane,

si | sesqui oxane- based pol yners, deriyvatjves of silsilig.

methylphepylsilggsgupdngdr i ﬂgé’i“}eo x Bty rréiirgethids Ré&Gen ﬁ%enﬁsﬂoxane,
th{1Bh. £448; 1108k Qolpmers OMMIRRO-2did0ifhiids, 2ar@) MixtRY thereof. A

e %?dgﬁ%ﬁﬁd%?dogiIsgga%?oxane 5of§hers o# the genera

contefrpiated silagaSipOlynEy i RehyStosiprane ek han 4 ‘Srangpagent epolyrheibackbone
her2 &0, 2 d the uniio%‘F and mis greater than about four

WRETS FRFOROPIOTE] G83)10° A @I. Sonme 25 usef ul

or ganohydri dosj | oxan ol yners have the sum of. n d_.m
et et PORSRADBUE. SOBOIonAE B (<GTRREs (3 pifton-glass

matef1& ¥lso Qloxshe Rlfries 3 bloBERdMRnerd M drogensiloxane polymers of the
or ganohydr i dosi | oxane and organchydri dosi| sesqui oxane

genepb fymela (g e SH) tsenpabydredopsitiesqvioxdns pplymsrs, palighhiavg, the formula

. i fi I Lncl | kyl hydri.dosi.

s GE B PTG SRR SRy BT o e
copoRERRY | hydr i degirdgexdresidxaiit yladaydr i gosi | akcxgksgiridosiloxane or
phenyl hydri dosi | oxanes; -7 W) 2004/ 068555 . .
hyde gy SR 25 2 D8 er el BRI i1ty dselissorgamosiloane
poly@%&%c@%@égﬁeﬂég@aegg %;(lgeﬁgugwng%@&ﬁ%olymers, derivatives of silsilic acid,

orgarphpdridvgideiade polysescof teagemstal formula (Ho.1.051015.2.0)n(Ro-108101.5.2.0)m, and

t-butyl hydri dosi | sequi oxanes, . . .
organohydric%sfl]s}gsquioxane polygners otatﬂe géneral formula (HSiO 5)n(RSiO1 5)m, where m is

greater than zero and the sum of n and m is greater than about four and R is alkyl or aryl. Some
useful organohydridosiloxane polymers have the sum of n and m from about four to about 5000
where R is a C;-Cy alkyl group or a Ce¢-Cj, aryl group. The organohydridosiloxane and
organohydridosilsesquioxane polymers are alternatively denoted spin-on-polymers. Some
specific examples include alkylhydridosiloxanes, such as methylhydridosiloxanes,

ethylhydridosiloxanes, propylhydridosiloxanes, t-butylhydridosiloxanes, phenylhydridosiloxanes;
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penyl hydri dosi | sesqui oxanes, and conbi nati ons thereof.
As used herein, the phrases "spin-on material"
WO 2@i68385 conposi tion” and "spin-on 5 i nor ganPCT/US2004/002252

conposition” may be used interchangeable and refer to

t hose solutions and conpositions that can be spun-on

to a substrate or surface. It is further contenpl ated

that the phrase "spin-on-glass materials" refers to a
subset of "spin-on inorganic materials", in that spin-

on glass materials refer to those spin-on materials )

and t hatallgdmdridesdisesqiosanssbasedudbrmoustls anaebylhydridosieesguioxanes,

in whale or in part. 10 ln,SQME CO | at g .
ety bR et oS50t P Byt oS FRRLET o, A E nutdgslsoquiorancs
phen %}éfdﬂdé@i@sescﬁh@dx@h@, havenitie:ibed thewbNg general formul as:

F Si O155]"[R-SiOL.5],,, Formula (1) 15 wherein: the

SUM QfedhéBel. kb pRhsds"RpRLR Rlatokial”y “shiilod dofnpb&ilBh” and “spin-on
about 8 to about 5000, and in or y is selected such
inorgatiat campdsiiond omeni s niged dnistchengsphle ande rgfere d@nthope, solutions and

ei t.her .ap anpunt of |ess.than about 40Q. .
comBy b0 nALeABh kS SRR LR s o ASAERTonlh et ot e
phras@ b‘@plh-oﬂ%leﬁ;@ fGestalsC ek to Qrsgiaset 6f Spit@ninorpaiOBkeriaR”] # that spin-
sel ected from substituted and unsubst.ituted, nosnal
on glagsdnaterialy wefe e thosg sj-en ermgqr}q%m tl;xatgpwm@e %]lhqog;lrb’as?d: qunds and/or
| groups (vinyl, allyl, isopropenyl),
pﬂw@@%%ﬁ%ﬁ%ﬁﬁgﬁﬁgébloalkenyl groups, aryls (phenyl
gr.oups, henzyl ., gr.0 . t I . . I
oS TR AR BRRRL LA MR scsogmg resins wilved

hereiffh¥tethe folloh@ice@herabfodnuwlaer ei n the specific nole
percent of carbon containing substituents is a
function.of the ratio of the ampbunts of starting °
materials. In sone LOSP enbodi nents, particularly

fa[‘gpgi@j?lsﬁ R-8®)l1,s are obtai ned wihhatne mole 25
percent'o; carbon contai ning substituents being in the
range of between about 15 nole percent to about 25
nol e percent. I n sone HOSP enbodi nents, favorable
WhmIFSU|tS are obtained with the nole percent of carbon
%8htaining substituents are in the range of between

e 3R oL SeBPEERL BB ) BB gy ¥ st
such PRk ABOS c6fERipS@natitRetty BRI préRek RO the BE aMpa®Sdigss than about 40
perce?l!c t(I?orvsr/] Z%)trganic Content = LOSP) or in an amount greater than about 40 percent (High
Organic Content = HOSP); R is selected from substituted and unsubstituted, normal and
branched alkyls (methyl, ethyl, butyl, propyl, pentyl), alkenyl groups (vinyl, allyl, isopropenyl),
cycloalkyls, cycloalkenyl groups, aryls (phenyl groups, benzyl groups, naphthalenyl groups,
anthracenyl groups and phenanthrenyl groups), and mixtures thereof; and wherein the specific
mole percent of carbon containing substituents is a function of the ratio of the amounts of starting
materials. In some LOSP embodiments, particularly favorable results are obtained with the mole
percent of carbon containing substituents being in the range of between about 15 mole percent to
about 25 mole percent. In some HOSP embodiments, favorable results are obtained with the

mole percent of carbon containing substituents are in the range of between about 55 mole percent

to about 75 mole percent.
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silicon and oxygen atons. In contrast with previously
known organosi |l oxane resins, sone of the polyners and
WO p@ngessst- based conpositions and material s utPCT/BE04/002252
herei n have essentially no hydroxyl or al koxy groups
bonded to backbone silicon atons. Rather, each silicon
atom in 5 addition to the aforenenti oned backbone
oxygen atons, is bonded only to hydrogen atons and/ or
R groups as defined in Fornula 1. By attaching only
hydrogen and/or R groups directly to backbone silicon
at¥averal nomth@plpwdypvgwmera ipeaIntiesd 2 ekinger [baglore FnergnRAsEng alternate

s R DR B S P n POGOhSin, some o e

polyrfié® $ad | ihetghriigbhsed 6aipdsilohNand hateriglsimidizaf hedeim haves@sdntially no
invention, the shelf |ife of these resin_sqQlutions_is .

hydrasiyh o ab@xa Srapmbandad PobackbenesiliconsAtgmicn Srer, each silicon atom, in

additfhd8 ﬂ%saifé)rgfﬁb@ﬁ?onrgg ﬁ%@cﬁ%l} e&{yggigﬁt&%,% b(?ﬂd@& Slﬁlg to hyqrgl) %egnatoms and/or

St11con-carbon reactive than si
R gréwdr azgdafinbd i Fornilde 1s hBy fattheHiep ofilytiydrogen and/or R groups directly to
or ganohydri daosi | oxane resin solutions .described. . . .
backlaf SliroN SogHNA e R BRI S | G B S RRolRking is svoided

And gﬁ(fgﬁ,i AR | BRER BN F:C oD SnwRiEHRIn LB SR MARKEE GRhking is avoided in

onpounds previously mentioned are taught by common|y
the resgsiof thedpreiSnPavention Shd 43186 of thysqesidisplygti)s isenhaaped\s. compared

o ST SRR 0, i BREEbbon onts e e
reactiORREN Reba Aydro3an BRRIs OhS shélf 1ifedofIHE broaohlydtidiitlotine resin solutions
commonl y assi gned US Patent 6,372, 666; Honeywel |

descrftyed diexeitt is shkancechas compared imrierionsly ynemhydagp@loxane resins.
NANOGLASSCE product; organosil sesqui oxanes taught by
c dyommn by theacsmteg@ajedﬁ@a@pﬁ@@@@mvi(mqld' mentioned are taught by commonly

st DS OP 508 AT el MBS, i QPR AR 2y 19,2002,
Honc§Well TRedhatibAal @hc. '8 Qﬁhﬂf@éiﬂgﬁﬁvaﬂﬁ’cﬂ'@mlﬂbﬁmdaﬁaﬁbﬁ&eﬁk silica such

in 20 the followi ng issued patents and pendin . ,
as taght iyatcpomonlywbsignedr ESh&etsnh. 6. Wedfor r@awgig International Inc.’s

f. ' [ rety: (PCT/US00/ 15772 fil
SIS S R R P A5 s commrs
assighéd 00 JUM®038, ankPAf6robiBefpiixhhicat faGfht I8 écthmMly assigned US Patent

09/ 491166 filed June 10, 1999; US 6,365,765 1ssued on _ .
644000, Incorpopatbhersis insthpis gnisty. | Qibgregnigpplatadycogpoundspre described in

e i 10) .
e 500 ISR il ot AR ) BB byt
in thdinettieyy: 2@CT2GSOMEY72 B3 HEEW, R06@3US iAppiicatian Beriyl Ko. 09/330248
1999; US 6,177,199 |ssued n 3,..2001; US

filed gy 0,565 IS A sl censors! Npo S UBSHISS dis ) 1999;ekdS 6,365.765
; i U 1; - | 6 : -

B
10/0014 4% édedVioedmiied , 1020001; WH Applidauisn SsEali Neued4Ndverfiled January 26,

2000@@28%@9/6&2’3“%25 a2 759658 8% 1 GRS ahti&Y 23, 2001; US
6,358,559 issued March 19, 2002; US 6,218,020 issued April 17, 2001; US 6,361,820 issued
March 26, 2002; US 6,218,497 issued April 17, 2001; US 6,359,099 issued March 19, 2002; US
6,143,855 issued November 7, 2000; US Application Serial No. 09/611528 filed March 20,
1998; and US Application Serial No. 60/043,261). Silica compounds contemplated herein are
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1998; and US Application Serial No. 60/043, 261).
Silica conpounds contenpl ated herein are -9 WO
WQ2MMIEB8H55 PCT/ US2004/ 002252 t hose conpoundBCT/os29d4/002252
in US Issued Patents: 6,022,812; 6,037,275; 6,042,994;
6, 048, 804; 6,090, 448; 6, 126, 733; 6, 140, 254;
6, 204, 202; 6, 208, 041; 6,318,124 and 6, 319, 855. O her
contenpl ated i norganic materials include ASM s
Aur oraTM or ganosi | i cate gl ass or carbon-doped oxides;
t hose conpounds in US Patents 6,383,955, 6,500,773,
those5 ¢8R4 found6indWB, 1880 Phtgptsn 6,039,812)e4,937, 245 1660421 9RET £1048,804;

oo LSRN P B ISR M ISl o555 Ot

contdXW 1S indrSdaic HRBIAIS theli AINMsAurBAFO biafsfieiite glass or carbon-doped
DI"'AMONDTM i nor gani ¢ _product, which contains Si-O

oxide; £i@se Compawnsls In-U$ Balenls)0,3 BRI SNGIEN.T (s 6.4BALTV 6,410,150; Japan

s 40865, BORCULSIUATD G Fofor Sl i i v

comM6Hi1Qi Asibedt 81 Patditd 421076; Hrods SUSEI ARSI Matdria®’ tpefdils BLACK
"crosslinking" refers to a process in which at |east

DIAM@ND Hihesgetie sroduet, whish potteine fisOo$i-@, ¢-Shandrstiébends); and Novellus

re,J.0i ned together_ b ' I nt tiaon. ch .
CORK Py Repts e iy (it SOy GrPlretl gl The8Eoig patnts
are all edoHsbr 416 AR heR eBifiredy. COval ent bond,  formation of
hydr ogen bonds, hydrophobic, hydrophilic, ionic or

el REtLAPtRlhE thd tti%ﬁ"@‘gliogﬁinkingu rERES ﬂpﬁ‘g@rog@h SR WRICh at least two

interaction nmay al so be characteri zed an at | east

molet@ap ardwy pEjeisadla lohd nodemds; tireojvinedt togadirer oyna Eleemgika interaction.

and itself or between t or nore. mpl.ecules..Iln sone
SuChCIBEFfaé;hﬁFSaF@H oéﬂﬁolailﬁ?ﬁ% g\g?fe’feﬁgwﬁ%ﬁ Wgﬁ’f‘lf‘&a’flé?%%}?é‘ ofs covalent bond,
form&H OF NBld2en | onds, CRERopheBi! iHgiophillieN ionf\ GRT flédh@sidtic interaction.

there are only very low |l evels or reactive term nal i
Furthgshere; welopwlar faéeragion ywmralscelks shaggicieeiaed bie ar aiglsast temporaty physical

om0 BB 130 GO R0, B el

| engt heni n I rizatio i 11_occur. in soluti.on, .. .

r Aot Gortrplated crradimentlsy T dioP AT bl Coutiiiagipn is  cage
configti@idbf A dBRIIMDY, WABE aks okl N@BMIok0letdls be asbtitdWeaRinaX @eifics in the

atons. Moieties bonded to the pq%%ner backbone

polymercietitl &iviep dheotpen comfarmiaiono ryease corferumsion ¢é diq pakuger backbone also

ensm%? higt Bo uhNarktSE a8 %ﬂentirg;ﬁol};ﬁ&@aﬁ%hp%ﬁ inrsgfu‘ﬁ()ﬁ, rEé:hlting in an
a conti guous chaln a or noleties ormng a

extenjded yiaf life. Ebdhagiliconhadm af ehecpalpheant byndedundt kustithtebakygen atoms.

Moichify Bodsgp S Bk bakag mciode hjdrogen'and the Grgatie Eroups described

herein. As used herein, the term “backbone” refers to a contiguous chain of atoms or moieties

forming a polymeric strand that are covalently bound such that removal of any of the atoms or

moiety would result in interruption of the chain.

As used herein, the term “monomer” refers to any chemical compound that is capable of
forming a covalent bond with itself or a chemically different compound in a repetitive manner.
The repetitive bond formation between monomers may lead to a linear, branched, super-
branched, or three-dimensional product. Furthermore, monomers may themselves comprise

repetitive building blocks, and when polymerized the polymers formed from such monomers are

-10-
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25 As used herein, the term"nononmer" refers to any
chem cal conpound that is capable of formng a
W@ o00aloessss bond with itself or a chem cally di f PEF/ER1004/002252

conmpound in a repetitive manner. The repetitive bond
formati on between nononers may lead to a |inear
branched, super- branched, or three-dinensiona
product. Furthernore, nononers nmay thensel ves conpri se
repetitive building blocks, and when pol ynerized the
pol yners formed from such nononers are -10 WO

then 2004 06I8EIGH 1RETE USAOGMNMGS 225 Delonp ém vargyumehemical classes of molecules

1nclugﬁ%?ﬁ%§§$é Bérlrgagxg@gta an%rﬁégﬁﬂqgém??ech@?g - g 61)1/03%051% %veight of monomers

may %9;@\ ?%ét\lvé‘enoébduf‘ Q0OBRIih ARd 200HE Daltdh eHawlw&u |e§}f601ally when
wei'ght of nononers nmay v greatly between about 40

monglaérs cronpmide zwgovmuﬂcbng b&&ev@pmr@@pé@amhw g rhigher molecular

we1gﬁ1§§lel§§(5}§7rg§;éa 3 élh ﬁt?dje%tdii elglﬁéﬁ £I0 Is ds'ucr:] Q@F/Elﬁ%dr?é? gllsgsrlﬁlkmg
” SHBESoTRIRGEd COCURE ot r%#%ﬁuéﬁs\g%ﬁﬁtﬁ BR iy Shorganic-based

comﬁdﬂﬁd nRlyaseh@basee '1195'1"(1&310(3:0 dhBfel RO k&l akilif AR thatesi@l PRUGE, changing
may be’increased in order to change the solubility of

the splybilitapé teahatetial helps rio pesivamigioiding erbingrspiepithe phnasizatiprp ability of
ial helps to prevent voiding and increases the
thenﬂﬁaanﬁ%rlzatlon ability of the material. 10 Layers of

t revi ousl ed .i.norgani c
| oAt PEHoTTagReRRo s Bt Dy bR O 1 4B ARTHEdon may be
form8d 6} sSIBtiow fMhifEhs, §uehlak BEayidpPRIIRG, d@ping, §atoAmg, flowwoating or
coating or casting with spin coating being preferred

castifg ithi spitoedaiing being eseferred o8 mlémlle@tr@éme nBanigapaied embodiments,
the 115%2%%%%{ ge?% e s%l é’%f i aa oq 'tsﬁ%h‘}éﬁﬁj) a!tegil Q)lvc‘eﬁlcs 1?1@1tude any suitable

Ven S |nC € any Ssul
pure B Xiixtuee of orgrganincrganio G\n@/afl brganmndétaliic Gmicgamtmﬁhail drd: aolatlhzed at a

.mpl ecules that are volatilized at a 15 des]
desirg, ﬁ%?eawree Sch hg TR EFPRRE o df etk @ate #n3t Hafhe above-

mentﬁfi'l@ %1{ %&a@st & n%&ﬁe @fhe ts@l%l?c% ‘lso%ﬁ‘fph%‘ 58, A8M18Bure or mixture of

goa eeds sol vent al so conprise any
polarsuidtrabipelap gompamdsi As used hefein, p:hfl tarm gpute’ hmnaq@dha icomponent that has

C erein, the term r
2 corg BGOSRt RGPS T SEhe CORBSCIREIe Pt TEG) A 1R herein, the
term EXREH L mdaks BaV\enfonk:tt BATPAS Glres HcldingOdalt Weker. A us8@Herein, the
herein, the term™mXxture" nmeans that conPonent t hat
term j“golad tmqym that ¢heedciediiingoliganeleqie e conpoupd Bigt ¢rastey n unegeal charge,
partlﬁ ha%zen?)r ot?on%ﬁ%dgeﬁgis%e & 1b81hé}[ ggglg‘% lpgﬁnﬁeq%ltj g{ aq%% the molecule or
compound. As used herein, the term “non-polar” means that characteristic of a molecule or

compound that creates an equal charge, partial charge or spontaneous charge distribution at one

point of or along the molecule or compound.

Some suitable solvents include aprotic solvents, for example, cyclic ketones, such as
cyclopentanone, cyclohexanone, cycloheptanone and cyclooctanone; cyclic amides, such asN-
alkylpyrrolidinone wherein the alkyl has from about 1 to 4 carbon atoms; and N-
cyclohexylpyrrolidinone and mixtures thereof. A wide variety of other organic solvents may be

used herein insofar as they are able to effectively control the viscosity of the resulting solution as

-11-
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partial charge or spontaneous charge distribution at
one point of or along the nolecule or conpound. As
W@ e@d/obsssei n, the term "non-pol ar” neans that PCT/US2004/002252

characteristic of a nolecule or conpound that creates
an equal charge, partial charge or spontaneous charge
distribution at one point of or along the nolecule or
compound. 25 Some suitable solvents include aprotic
sol vents, for exanple, cyclic ketones, such as
cycl opent anone, cycl ohexanone, cycl oheptanone and

a coatyg| wbioan ohneqth@ngmtempéaﬁ:dj embodiments athi-solvent or solvent mixture may

com R L0 N0 EELD L BN e O e o e

like, Blcykal1s, @stetsh 868 fand AmiMes € Invpdt ioeey coifteraplpRd epbgdifictts, the solvent or
solvents may be used herein insofar as they are able

solvephmésftpre andyicemprisomequaiinativa of pryceishe solvmispaitioped hareing
solution as -11 WD 2004/ 068555 PCT/ US2004/ 002252 a
c dathengrugahlert sabvents| fncdudse acaione epropeeal, etisool newerpl, methanol,

h | | t m [
s 5l SLERS LU, G R MRS e
ether/TeéfBdbd &b Naomk&tioe aaEtopdR6l-P,| Hibatyl adtiephoydic dgtetyipolysiloxanes,

ethers and am nes. In yet other contenplated
butyreleions.nehtyrolegiencs Grivepfnons, ethy| frekyorpranignstegplyethylene glycol

' iy \ ! o ¢ _ ,
T, A AR 0y EANED o . Dt
solveasedith @ighZbgiliappsinds ,suet haethll, labiateamd| propyidnk o] propyl ether have
been Bowiel DABERL oIt GribBr b oL B Sorpth docgaspuhe Brobability of
form&tRIn€ bf SHphHIe ﬁlﬁmﬁ@fe%@l LY c8&rdY, 0BR SO bofing dhddit ¥ivedkh &lay become

cyclic dinmethyl pol ysil oxanes, = butyrol act'one, . )
entragpddiitelovo lacessheked 20th aptraafon@lm enchsibsequently produce voids when driven

o L PURHBLSRLNALE, ARBAEH I S0F s E e LALMIB Bt o

glycoRN@inRHHyS dtlger, itbrdbtanty téneal yiorks awisbls, Riitgiylbethéd, ndlpropyl ether,
poi nts such as ethyl |actate and propyl ene glyco
propylenspsiycobagty] efhrecetpiecmdmsidaolbeneficial . It is
bel i eved high boiling point solvents decrease the
prioisatviel dontgmptateds embyagliments, dlfic $litsint er salvent suttaes omprising at least

oo GRS Shirrb S RS0 PRl RS, BTy AR ey tmity o

solvestsb FBAuAIYoY sPIvatgR thede dslvinkte thatltdnygise carbbn aud hydgogen. It should

baki n 1groces_s step. Additional solvents useful in_the

be undg i bt 4 meiotitheokkysyocarhon s9lvents @B nef-PRItTh P Ve Ghethere are a few
) 2o . :

by B 3o LR i B0 Blioe b il Pomeraly broken

dowmaingd dires chsds:peidiplatio) cyclic and aromatic. Aliphatic hydrocarbon solvents may

comprise both straight-chain compounds and compounds that are branched and possibly
crosslinked, however, aliphatic hydrocarbon solvents are not considered cyclic. Cyclic
hydrocarbon solvents are those solvents that comprise at least three carbon atoms oriented in a
ring structure with properties similar to aliphatic hydrocarbon solvents. Aromatic hydrocarbon
solvents are those solvents that comprise generally three or more unsaturated bonds with a single
ring or multiple rings attached by a common bond and/or multiple rings fused together.

Contemplated hydrocarbon solvents include toluene, xylene, p-xylene, m-xylene, mesitylene,

-12-
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In some contenpl ated enbodi nents, the solvent or
sol vent m xture (conprising at least two solvents)
W@ o856 t hose sol vents that are consi dered PEr/USmh4/002252

t he hydrocarbon famly of solvents. Hydrocarbon
sol vents are those solvents that conprise carbon and
hydrogen. It should 20 be understood that a majority
of hydrocarbon sol vents are non-pol ar; however, there
are a few hydrocarbon solvents that could be
.consi dered pol ar. Hydrocarbon solvents are generally

solvent oitha Howsivenitmaphtha ée ad;kaasss esch a3 pphate bexapg.cisplexama heptane,

aromati c hat rocar ban sol vent s
non e ey S0 A G R BT S SR gy & opentane,
2,2,40FARERRANARE POSSiEh Veth&k omlogaka@éa Hy@eMBéns, aducRhat ldhlormated
hydrocar bon sol vents are not considered cyclic, Cyc

hydrczsrblmr visrates obydsesiathons, sbapeney Hozemahxlagizane; Had: 4-tr1methylbenzene

np st . on te

ninefPROTE SErb R VBRSBTS OB, et i

Partuhﬂﬁl}o eataplaea| svBBhIS . indduydtu ardyelr irafed an peﬁ’aaheé gleisne, heptane,
are those solvents that conprise generally three or

oycloftage. heBacnr.atdBeSofaleng K anigfuig) 87 Gombgaipsnipepeft ¢ Various
facili a't1ﬂ e@gt{r asbs)ﬁgnn%:m Re R340 1REQ {3Uid InRh&dikioNdon.

toget enpl at ed "hydr ocar bon sol vents

s A RS A s e

0.1 tsabaants mapdishaddh d&ﬂﬂcmmtdﬁ]apéﬂfoﬁnﬁcrodédtmnﬁs,, the Umyler deckness is
pent ane, hexane, .i sohexane, hept ane, non Qct ane

geneiglj besh i 2bovel Ww%m ThielectHe gaptstalnise dpyneLigFan thal comprise: o)
an 1n8 ﬁl@qﬁﬁ@?ﬁ’l 9%% %ﬁ&]ﬁh en’sﬂu%n?afccﬂﬁ Fah %) Qﬁlﬁ@l%%?%rgamc moiety-

r ol eun1et er ated hydr ocar bons, such
contauzhhg; rsilauget edmpdnyxds owhebionthe silane atosghotmydsir are ambp]né tO the inorganic

matelilrglﬁéﬁoggh atjlgaﬁf §qr?%tﬂﬁ%§1g§qzn%goerh§ 1]8%&‘#9{0' s aqg also rcleScnged herein
that JORIpAX¥E: NARNbRA GBRCtrie niiydriaPhai@ipen plhjaﬁfycﬁf@ﬂlcon atoms and b) a plurality

Part|cularly cont enpl at ed sol vents include, but are
of orgaic mqa.‘?ty-@wtm@lngrﬁélﬁmap@npq’q@ﬁ%n@erehlé ,gteaﬂ]@ne compounds are coupled to

themayrfigopgﬁ? u%ﬂ%tle? grgggfth%/gllhg&{]ﬁo ylene and m xtures or

rons I OUs aCI [itati ng nmeasures

h h
t h ecﬁ%ggjgfﬂh{nirl %:gcr nggFrglnC%%%gﬂ%flgéﬁwus ISED g'ftteso a8 in%m!l&led earlier,

to fofhy ¢dyeR@xANENas, 1R €sedl i senhiddyiRluctoh bfisBRBgLsr lay@s used in electronic
between 10 0.1 to about 15 microns. As a dielectric

componenss,| deperding pu the sessifisclabismtion, pregess, |t§31‘éarHYth eygRonal spin-on
depoér%g?ne 8?&1&(1%%4 y ees fho %ﬂ'@ ﬁlgféﬁgls (ihﬁa(ge@ %relﬁ" rﬁéf (ﬁgtr he an interlayer

S are esc ri
dieled:tfi@ ragammay deo&enealbyhﬂh/ar regaténgp) suchlas bjheoﬁwmc‘trlcc(SrOz) coatlngs SiO,
and b plurality of organic npi g
modlﬁed ceralmc oxide layers silicon containing coatings, silicon carbon containing coatings,
silicon nitrogen containing coatings, silicon-nitrogen-carbon containing coatings, diamond-like
carbon coatings, titanium nitride coatings, tantalum nitride coatings, tungsten nitride coatings,
aluminum coatings, copper coatings, tantalum coatings, organosiloxane coatings, organosilicon
glass coatings and fluorinated silicon glass coatings. Such multiplayer coatings are taught in US
Patent No.: 4,973,526, which is incorporated herein by reference. And, as amply demonstrated,

the present inorganic material may be readily formed as interlined dielectric layers between
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contai ni ng silane conpounds, wherein the silane
conpounds are coupled to the inorganic naterial
wo booeessat | east sone of the silicon atons. DPEr/E81004/@02252
materials are al so described herein 15 that conprise:
a) a lowk dielectric material having a plurality of
silicon atons; and b) a plurality of organic
noi et y-contai ni ng silane conpounds, wherein the silane
conmpounds are coupled to the material through at
| east sonme of the silicon atons. The conpositions ) _
adjace sonilipsor prshedn f2brisatap glerisenie or vemicondictoy subsitatess  Thgsinorganic
rentioned earljer t r [ -
mato dyo RS St Botative e sp Bl fEn Hp A flued By MAEI 8. Thomas
“SpirfrE thdkell CFilR 6P MANank ShictePrEi i Srdih eleapatodi ¢July 2001),
_ fabrication process, typically by conventional spin-on
incorplespigd ihelenbit ietererice elds SNTFE- i nor gani ¢ materi al s
di scl osed herein may act as an interlayer dielectric )
arfuibsteatesherntrpvBated hirgingnaeeonansise iany desivgbiersubgantaly solid material.

.dielectric (§.02 oat ' i fj ' .
rrs 4567 S0, B0 L B SRR, o
coate@ A NorcRRipakifd M@tefNAi pigferred Smbbdigrnts] the egtrate comprises a silicon
cont al ni ng_coatings,_ siljicon-nitragen-carbo Lo
or gegwpRiEMNAARRIdeodie| OF eI UEREM i PACkRSDE SK, BGHOR: aafqumgsn a copper,
silver 'nﬁ&@it UMt élh%& 16Q8LHMB IS coﬁp%?tsﬁ'llfm Jukh Tk $6urRI0At 4 B8Suit board or
f UNgst en“nitti de coatl ngs, ' al um num coati ngs, copper
packapeditervgsnect andeak win-edhoi siffenenintraos( teppariencloddsi aogsiderations of

1T AT e AR .
polyifl}lllﬂieqﬁseci:> ALLBhcB: eatt: o bthep Sftal WIbE Bollis HallGRFRQY, 8lagfland polymers

erein by referéence. And, as anply denonstrated, the
such py palgimide. nbr marsi peefmmedeernkadiments, fee subslante gorprisee d napgerial common

. interlined dielectric |ayers, het. n. -
in eI o PO 8558t A R sor e g apggnother polymer
aths on fabricated .el ectronic or semcgnductor . . ..
e b LA St St ) o TSR b mpies comaning
silan&d@Bat’caR be vAldrizSP P ol a5 hat édnﬁﬁﬁnﬁ@iﬂﬁﬁ@ﬁthoﬁythe aid of a carrier
M chael Thomas, "Spin-on Stacked Filns for Low

gas) &t faddivaltesianplegoupsssfidientistai the cheahaotongijiops uinsoppeembodiments,

e <5250 EF Pulle SLPEE IS RIL S8V B ot i

1 to FegbéhbaissubdtantilaR] ¥ hy@lopeh, Bhlogine, aketoxPafdthoxy) ethdxyy and other
desirabl e substrate | ayers would conprise fil ns,

acetoyy geoyps; @BA XA &2 P3astic, nmetal or coated netal, or
conposite material. In preferred enbodi nents, the
sUlhst teame "adlathris seed dewsin e opeanct byEchethion srdgirchain saturated

die or wafer rface ' I . . .
hydr(}cg{e?ﬁa %r%upaac%u%g%t}l:aﬁ of 1%0%&%}1”%0&1‘5‘ (tf,uﬁgsﬁ o‘?ﬁé‘?@m@%pemﬁed herein),
such as methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, t-butyl, octyl, decyl, tetradecyl,

hexadecyl, eicosyl, tetracosyl and the like. In some embodiments, contemplated alkyl groups
contain 1 to 12 carbon atoms. The term “cyclic alkyl” means an alkyl compound whose structure
is characterized by one or more closed rings. The cyclic alkyl may be mono-, bi-, tri- or

polycyclic depending on the number of rings present in the compound.
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silver, nickel or gold plated | eadfrane, a copper
surface such as found in a circuit board or 10 package
WO niogfessahect trace, a via-wall or stiffener i PCEUR0€002252
("copper” includes considerations of bare copper and
its oxides), a polyner-based packagi ng or board
interface such as found in a polyimde-based flex
package, |ead or other netal alloy sol der bal
surface, glass and polyners such as polyimde. In
nore preferred enbodi nents, the substrate conprises a
mellR tedh "SOIMIDNsed Ieréiheo prak agil(mg)cﬁﬂnd atomatiei dpediesoflS to 7 carbon
i ndustries such as slgicon, fogg gl ass, Egéanother
atormp, g1 3 sRERPOURS T ki i BRSPS MET o ER PT I HEbRsaioms and i
[ [
typiof R, SRy RSN IR GF, DRI e SRS subsituted
with 6md tbHfont mokd frefetabishencae tvoodlky, dkowyi, hydrogagr)d/ endire eubstituents.
with silanol groups efficiently at the chanber

COTH#i feirpalkehyl" $00SRd dieietidiomeirs 2 branbkedsorr 4 agight-chain hydrocarbon
nodi fi cation _agents conpri se i i | anes,

chaln( <|zqn}a1nlgg (f;@l) y t9,24v\%§1?(g1 gpms and p stﬁg\gl cﬁ&&e%opg Preferred alkenyl
grouﬂ‘sa}femc&ﬁﬁﬁﬁ o Y2 @éﬂ‘l)mﬂétoﬁﬁ.yl R2 is hydrogen, chlorine,

acet oxy, nethoxy, oxy and other 20 acetoxy groups;
a " n 1
rren%lr?xtg ra:tllﬁ%ﬁ/ dsr %srgd gc;l;s tB ﬁ{e a@lﬁ@fl ngoﬂdrﬁg q’g@@é’hei fnd1© terminal
etherittta gx; alidd A4) agrﬂmy(g?omﬂlnsy bé defiriedofs -ORt wh@4indRiiamalkyl group, as
atons (unl ess otherw se specified herein), such as
definghphye, et hyl, n- propyl |sopropyl n- but yl , isobutyl
t-butyl, octyl decyl , tetradec adecy

ei Caymp] aﬁeétcp%twslwe%% cp¥Eg| sp an %Pds@ﬁ’é CéPn?S diiligsshare useful in
the gatgfgérfagirgﬁlrﬁg ed Vacthgtxfl of re?ét’:H&[ugSTl&l?&"sa'nﬂc& etlé?:tl%r’ﬁccé&}?&@, particularly

term“cy means an al kyl conpound
semicdndeeosintagetred (ﬂrcults amimnaust kaya:rzé thatpyialy fer eﬂectnmmcemd semiconductor

closed r.in The |c al kyl - trnis
compgpenty, JpGEGEE e P B R P PYsfgand bhid cich stop
layer®’ e‘f’ﬁé&% doBtidd BratBHROMENg sdittie ﬁﬁ%&r@@ﬁ@ gﬁlte compatible with other
PCT/ US2004/ 002252 The térm " arf is used herein to

materiga rthat Mdsﬁcused far depstddcmeisee Se@do*ﬂeVEﬁeﬁ oSUPh.car prdsimantane-based
comp%%,ug%itqo '%mgnﬁ%]%l gge ]gortgpc?utgds, s&%,og £ore, cgn gounragcgrgmlﬁg dielectrics, and

nanoptBhLdibledried) e0¥hpoudp fHahak ¥ bnsideiehpsdpayible vt the aﬁyting materials,
etc. Optionally, these groups are substituted, wt

coating esqlfiqngurand niias pwte@%r&m kareing gra vilisceseg| in aP@Bxy‘\Pphcaﬂon
PCT@%‘%&@%@, ‘ﬁ:ﬂegi/ 8&05‘ L0 284S U EﬁéangE Pnﬁﬁﬁugﬁf/?bs 12 filed December

hefern’to ne ra
31, 20t aUghApplha'twh ISyﬂaﬂoNar 0sB32G6:alUs Appitcaiioni Beridl rdden @/543504; US
24 :
Appl:p@gq?rg [S?ggl Ig\Itog g)ﬁéﬁl%%% l?tUé %’%?etnt %?261 497918;blU% ?gtggt 6,171,687, US Patent
6,172,128; US Patent 6,156,812, US Application Serial No. 60/350187 filed January 15, 2002;

and US 60/347195 filed January 8, 2002, which are all incorporated herein by reference in their

entirety.

The compounds, coatings, films, materials and the like described herein may be used to
become a part of, form part of or form an electronic component and/or semiconductor

component. As used herein, the term "electronic component” also means any device or part that
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groups herein contain 1 to 12 carbon atons. The term
"al koxy" is used herein to nean an al kyl group bound
wo booaiogissa single, ternminal ether |inkage; thBCT/US2008002252

al koxy group may be defined as -OR wherein Ris an
al kyl group, as 10 defined above. Contenpl ated
coating materials, coating solutions and filns can be
utilized are useful in the fabrication of a variety
of el ectronic devices, micro-electronic devices,
particularly sem conductor integrated circuits and

can barysodisn| ayareid toreetdain sdogef desired end¢otidnal actiond Electronic components

seni copductor , ¢ nts, | udj ng_har sk. | ayers, . .
con G EE PR Py TRBRER' Sl Ol SenieBieclssSYHn nto active
compon@its hhd bayBlTompbases. CAaive REmPBARIE b Slect®@d bdtfiponents capable of

solutions and filnms are quite conpatible with other
someyglyRanyia| fynetiear swilght apeliieatians eicillasiper e sigatlepdntivl wirigh usually
requf b rer BT SETRRA0E RS AT TR et ldetfct
transistaysinang ideghied tircwis, Pastve doampopanoas clicedie b(ﬁrhlﬁﬁlerrl]ts that are static
. Compounds that are,consjiderably conpatible with_ the )
in Op@%nfgp’ﬁge-=naé? QFdingrdy mcela%%q Hgydifigationar ogpidation, gad usually require no

& Otk B AIBEACRBER! Bo@borlli SElA%Rd | &g%%r Gk i
T R e R o, capacitors,
induotgrp)] diedes) wotifRET AdWIIs50812 fil ed Decenber 31, 2001

US Application Serial No. 09/538276; US Application

SeTheapreddnt cORpEsiidbR4nayUBso B pbddcat intanlag@rdielbctiies in an interconnect

assocg%é \fx(gc gtlsmgg,slj};%{ra%g%nr%wé%é{g{)ﬁfp g%g%%%t% cGi’{éi?t]éhi%St;};)ically has on
its sOPRE &%Qﬁrgﬂtﬁsé‘if 'la?rlals'\gf th@oﬁrgég‘;%Zmiabélﬁ&s‘]ﬁié&ggfzul‘up\}i il%yﬁrs of metal

2002; “and US 60/347195 filed January 8,
condugtersallf maycadsopimchide degdiensaifrthbynargdngr eongmositiont Yetiveen drete metal

' . Th ti f.il teri.al
condfsof ebjont af RIS B Tivene e eb B bate
P PTBRREL SPBRASAnERAR ReY (A Tcs Io0, R conductors,

semidd@fiRtoR] GGhERbG. TRIDBRRALorLdrs BolBARAI MY 26¥ (B eOFarriers (such
part that -15 WD 2004/ 068555 PCT/ US2004/ 002252 cgn be

as elegdrets)ita nzovei widugase tamoop plaing as dmren glsiricedrerl dixamiptealof conductor

com LR S5V S OMEBRFR B p B, R BBt

functidind$s SithsiageillyoRlatadtte tiacbilite of £LRBRANEDHS eRiténdINsEisaL to conduction
conponents. Active conponents are el ectronic .
of ctgg;% off6ht &8 aapatsrial employed to electrically separate other components, while
semiconductors are components having a function that is substantially related to the ability of a
material to conduct current with a natural resistivity between conductors and insulators.
Examples of semiconductor components are transistors, diodes, some lasers, rectifiers, thyristors

and photosensors.

Electronic components contemplated herein may also be classified as power sources or
power consumers. Power source components are typically used to power other components, and
include batteries, capacitors, coils, and fuel cells. Power consuming components include

resistors, transistors, integrated circuits (ICs), sensors, and the like.
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some dynam c function, such as anplification,
oscillation, or signal control, which usually 5
WO e@uio6ssss a power source for its operation. EXBOPUSH04/002252
are bipolar transistors, field-effect transistors,
and integrated circuits. Passive conponents are
el ectroni c conponents that are static in operation,
i.e., are ordinarily incapable of anplification or
oscillation, and usually require no power for their

characteristic operation. Exanples are conventiona
r eXfill fugihst, e@g@@m«p eq@nrenenty gentemplpted heieiguay alpels ¢lagsidied as discreet

or 1@%?%@&13%13 ereer a oﬁérﬁ§%ﬂ>t SRR Gkt J)&Qr oéragara‘élﬁar gectncal property

elec rics 1n an
concasmoLl Atoad plice h1 acisduig EEamlebﬁgE adsixdore, dapatiitors( diodes) and tran51stors

An integrated circu chip t caIIy has. on
Inte%aé?(f SRUBPOReHS @],eaqqn@lyna@pnq ogents ﬁ@t Bk g@njprovide multlple electrical
propéi’f*lé@j Qp 'o'hb NS B amithduitP! Eixhid ﬁﬁ Ofin fggxta%h citeRIUE 1WASh multiple
may al so 1 ncl ude regions e 1 norganic

commmmp@snd comebigtgieres gie sombined lmp@rfonmnmldpletmrcsmptex functions such
o reglons of conductor in the same |ayer or |evel of an

a5 08t egrated circuit. 15 El ectronic conponents
contenpl ated herein may al so be classified as
conductors, sem conductors, or insulators. Here,
conductors are conmponents that allow charge carriers
(such as electrons) to nove with ease anbng atons as
in an electric current. Exanples of conductor
conponents are circuit traces and vias conpri sing
netals. Insulators are conponents where the function
Is substantially related to the ability of a materia
to be extrenely resistant to conduction 20 of current,
such as a material enployed to electrically separate
ot her conponents, while seniconductors are components
having a function that is substantially related to the
ability of a material to conduct current with a
natural resistivity between conductors and insul ators.
Exanpl es of sem conductor conponents are transistors,
di odes, sone |asers, rectifiers, thyristors and
phot osensors. 25 El ectronic conponents contenpl at ed
herein may al so be classified as power sources or
power consuners. Power source conponents are typically
used to power other conponents, and i nclude
batteries, capacitors, coils, and fuel cells. Power
consum ng conponents include resistors, transistors,
integrated circuits (1Cs), sensors, and the like. -16
WD 2004/ 068555 PCT/ US2004/ 002252
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Still further, electronic conponents contenpl at ed
herein may al so be classified as discreet or
w0 nioggesased. Di screet conponents are devi ces tPEr/usioh€002252

one particular electrical property concentrated at
one place in a circuit. Exanples are resistors,
capacitors, diodes, and transistors. Integrated
conmponents are conbi nati ons of components that that
can provide nmultiple electrical 5 properties at one
place in a circuit. Exanples are integrated circuits

EXAMPLEShi ch nultiple conmponents and connecting traces
are conbined to performmultiple or conplex functions
suExamMeiE 1 ogic. 10 -17 WD 2004/ 068555
PCT/ US2004/ 002252 EXAMPLES EXAMPLE 1 In application
of Int dpplicaivposi the @osmpddtarsi duadited ierdin tte IC@ 9, sofution of the present
soluti.on of .the prese osition is plied to a

compogiiop d aRRlEd o gefraico tCH)é %Vg \P§W5|08Pl‘éﬁntl “@6 53ty processes such
as, f({‘/}vre e{%ﬁﬁé@e SpiR 6 ing? 0@ wER k&R @PAti%ﬁ tSRhRueLalch R ’s?l‘ag Reiting, flow

_ nown coat i ng techni ques such as spray coat
coatifig ow dipabitmg wey dhepltﬂagd imgpeseic basesit iAsi zedxdmple, a cyclohexanone

e T T —

to a @ELIRAlLOPdcoDRSprandlt whden@ilrdoditanaskiioh ef ety cdr@eional apparatus
cl ean- hand q protocol to prevent trace netal
havingo gt aﬁm—ﬁ&taﬂéﬁn imngnis eeritde PfoasubEpier Aeving ql‘%cmqaay aconductive

comﬂez)ﬁ ?'%b?%clr)t{e&‘ tlllércgﬂa QY e co%%ﬁtsﬁgsh%&t 9 tl?enr sl‘dlgf%‘tstre&tt@ C}{éﬁ}ﬂéﬂgocessmg

rrcally con Ive conponents
Applichgsreiofi this dcotnl[lﬁsm()ﬂtte dfosni s layat entosa tplemar stilipetaptichib surface or

t her mal . processin plication of this co 05|t|o
subsigze fRnba Cﬁlag?éw% ﬁ%u%nqa PR SPISRLPRG) @@P%{E%Fang? ugingr & spin-coater,

beca®e thé 4BS 5@&&13”@@ BRreiRhiveCs cOittolRY HSoHE, &B¥ble for such a coater.

convent i appar atus, 1ncluding a spin-coater,
Evapbetion € tltmlmhplaslblelaocmnplshaﬁ e P mlﬂableenﬁih@bm apphtagw, such as
oat er Evapor ati o

Vi Scosi sui tabl e for such a
o5 36 SR g BB BT BTP B P By ahig G PRt Rbphgting on 2
hot piie @PRALBEBS0°GUCh as 15 sinple air drying during
spin-coating, by exposure to an anbient environnment or

bya f&at, Pﬁ&ti‘aﬁ oF th@ Hor PRl BateRallig aﬂb&é&roﬁéqu phfdal sybstrate, the

appllca i'-on of the |norgan|c material to an €l ectronic
coatetl oypmgiuzep e sdijectadbtot £ dielkse andeure thermal process at increasing temperatures

ranging from about 50°C up to about 450°C to polymerize the coating. The curing temperature is
at least about 300°C because a lower temperature is insufficient to complete the reaction herein.
Generally, it is preferred that curing is carried out at temperatures of from about 375°C to about
425°C. Curing may be carried out in a conventional curing chamber, such as an electronic
furnace, a hot plate and the like and is generally performed in an inert (non-oxidizing)
atmosphere (nitrogen) in the curing chamber. In addition to hot plate curing, the present
compositions may also be cured by exposure to ultraviolet radiation, microwave radiation or
electron beam radiation as taught by commonly assigned patent publication PCT/US96/08678
and US Patents 6,042,994; 6,080,526; 6,177,143 and 6,235,353, which are incorporated herein

by reference in their entireties. Any non-oxidizing or reducing atmospheres (e.g. argon, helium,
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coated structure is subjected to a bake and cure
thermal process at increasing tenperatures ranging
wo camioetseit 50C up to about 450C to pol ymeri zeP€hES2004/002252
coating. The curing tenperature is 20 at |east about
300C because a |l ower tenperature is insufficient to
conplete the reaction herein. Generally, it is
preferred that curing is carried out at tenperatures
of from about 375C to about 425C. Curing may be
carried out in a conventional curing chanber, such as
hydregenesind mitragen @rocremrmga@eS) may e uptdimgthe prictideeof] thé presamdl invention, if
S ner II or e n_an i.nert .(.non-oxi di zi nQ)
they % Gt oo iR s e B Eranber - 1
| ate curjn rese

%%ﬁbts @qu%aﬁg%P@ﬁnB@e@aa@&V@ye E:bg[}fﬂga £tghing/ashing, subjecting

the dakBonaibRtish daffibaf ifdRzant® ﬁfn@W@\éﬁleﬁ‘qjeﬁ&'aﬁ& ‘BS/ placing the film in a
el ectron beamradi ation as taught by comonl ¥ "assi gned

plasrpatcmbeputﬂwac‘avq orgaﬁi@’ﬁhdus%f@BQMg sitedhes)Ss Ries@ihed herein, are then
171,143 and .6..235,.353, which...

mtmg?"ééu“ﬂ oV Pt ggierﬁé‘? af %barﬁ‘y‘ §81 &P ELTIFRS fHiedirpoess tdilitions, gases

are 28B¥Wed & di€fBse MRY thRANmOddbatt Rth Q6sidiRMilghd] GreipdD HFRE HRSfree silanol
(e.g. argon, helium -18 WO 2004/ 068555

GrOUECHE YBPPRUPIDblRglsd, fiher Sepiensatian i mingEredpnbedasingt any reactive

f

sroufE 87 e B iind Bided BolchEs BASARR S ont Mo SP By of the low k

filmd healsoesgaed.c materials. In one enbodi ment, the
present methods involves after plasma etching/ashing,
SUDBCédedidic dnfitediadntomdigpliedtiond otinongaid doﬁipb@iﬁﬂﬂlsﬁand methods of

~filmto _carbon nestoration bg placing the filmin
void ensegiien diyyerbesn disdesed I shaidy hmpepasatciqrey et %f@ﬁ%?lﬁﬂed in the art
[

that Seh{ERe nARNGRGH R TG Mo Lok ARl B0 PALHAE Raltbhacparing

frompheomesrmve @nnlieptsdrsein. g?hsaszenmeesuhjebtammtbr,tthexdfo&é usmot Itmb@restricted
the fil m and react t.h. resj due si |l anol 0

exceptyp the g)érltsci)fd the, appenat%ﬁi)g}ﬁlgls rquﬁrpgal%qrprﬁﬁ% E&B the spemﬁcatlon and

the cldithb, NEr 1eGANIERTRLE %eﬂp?eté@i‘ iRi e BRAALY phiig1d AakndfcoRddtent with the
reactive groups. By re-introducing carbon noieties,

- contexy: dopiniadwilazi thy temd "semprisesiraall "eompgiig’ phafld be @ntérpugtad as referring

10 filns are also restore ec i fi
to Sl ITROAT TN JFPS Hof &8’&1"%5‘&%% AR lcﬁﬁgg g@{nﬁgd?ﬁrme‘l
elemélts, c6@ipdnérfes)a atdpe Mndyepoant) ofiusitizas @ combins Quthdother elements,

apparent however, to those skilled in the art that
compeaexyis. e SEPHBEL 47 Be xpressipEdvrercedt hose al r eady

descri bed are possible without departing fromthe

inventive concepts herein. The inventive subject

matter, therefore, is not to be restricted
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15 except in the spirit of the appended cl ai ns.
Moreover, in interpreting both the specification and
wo b@4obsssss, all ternms should be interpreted iPCT/82004/002252
br oadest possi bl e manner consistent with the context.
In particular, the terns "conprises"” and "conprising"
should be interpreted as referring to elenents,
components, or steps in a non-exclusive nanner,
indicating that the referenced elenents, conponents,
or steps may be present, or utilized, or conbined wth
ot her elenents, 20 conpon€nimis or steps that are not
expressly referenced. -19 WO 2004/ 068555
PCWVeUB204/ 002252 CLAIMS We claim 1. A nethod of
repairing voids in a material, conprising: providing a
meh @idtiidd dTa¥panehedyvdRdsuh alnhdietiablcofpaghgve silanol
groups; 5 providing at | east one reactive surface

“Dﬂb laGRtd i B eadtlv¥ sHARP at | east
sonezggéfkggﬁﬁﬁsgﬁfg3%ggﬁggaéti&g gilangﬁggfoups wi th

t £y : b r, e di fication
oo e Ry s bR Sl T of

chemi | y._cappi rther. c ey .est-Qr .
P OBl iSRRI R PR e i

t her eoftht et I&xe oddofiths RattBl suBace Tielificatibodgents. cl ai m 1,
wherein the material conprises an inorganic material.
4. THN@ethBd bPslaiaf 1,6H1Rtdi the s SF Ehdit IS dapsih@Biher comprises
material conmprises a silicon-based inorganic

nmetegipting hydsophphisitieseiyrab inteariy on a1comifeation thereed teythe
Iqﬁ%%ﬁgne reactive surface nodification agent 15
conprisés a reactive organi c noiety-containing silane

. Wherein the

. .6, .Th d.of cl ai ) .
reftoboobtann AaE o Eonf el B B Bl
' . jayi ng the f la; . -
S R e e e T T

atpf%ani¥ nitYdria@r aryl; R2 is hydrogen, chlorine,

The method of claim 1, wherein the at least one reactive surface modification agent

comprises a reactive organic moiety-containing silane compound.

The method of claim 5, wherein the reactive organic moiety-containing silane compound

comprises a compound having the formula:

(Rl )xSi(R2)4-x

where R is alkyl having 1 to 3 carbon atoms, vinyl or aryl; R, is hydrogen, chlorine,

acetoxy, methoxy, ethoxy or other acetoxy groups; and x is 1, 2 or 3.

A method of carbon restoration in a material, comprising:

providing a carbon-deficient material having a plurality of reacti‘{e silanol groups;
providing at least one reactive surface modification agent; and

chemically capping at least some of the plurality of reactive silanol groups with

the at least one of the reactive surface modification agents.
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20 acetoxy, nethoxy, ethoxy or other acetoxy groups;
and x is 1, 2 or 3. 7. A nethod of carbon restoration

WO pooa/oesss®eri al , conprising: providing a PCT/US2004/002252

10.

11.

12.

13.

14.

15.

16.

carbon-deficient material having a plurality of
reactive silanol groups; providing at |east one
reactive surface nodification agent; and chem cally
capping at | east some of the plurality of reactive
silanol groups with 25 the at |east one of the
reactive surface nodification agents. -20 WO
2004 1068556 PGH 1)SARGA he 225 2f cl@middily cappihg firidfr aingirises
7, wherejn the step of chemcally capping further
c dﬁﬁpfl%éyqr%@%wmgﬂfﬁ%{ﬁﬂ R iRl Heiol o the
I nhe@r4ity or a conbination thereof to the material.

. The nmethod of claim7, wherein the carbon-deficient

. . r 7 .

el ORGLEE SRR BOESB Sl forsic
canperigdes a silicon-based inorganic material. 11. The
met hod of claim7, wherein the at |east one reactive
S UTlicaaethodof dlaiaed, iwirregthe inorgmimpmatsed campeissstal sil@on-based
organi c. noi et y-cont ai ni ng silane conpound. 10 12. -The
néPW@@mépﬁ@F5¥n1ll, wherein the reactive organic
noi et y-contai ni ng silane conpound conprises a_.

coRsouetohalalig T eeredt tarbleast Rng readiverpyfaceynodifigatign pgent
it RN bt R Mgy 21 P2

n, chl t oXYy, et hoxy or
other et oxXy .gr pups.. . a X 1.8 1 . Of
et ioueaR Pl B Serlfedeb B bopi oy obitps lapg compound

Prévipiiseda énhpoufitl Radhdghe dorplutir al i ty of reactive
silanol groups; placing the filminto a plasma
chanber; introducing a plugq%gyybp% reactive organic
noi eti es-containing silanes into the chanber; and

where R; is alkyl having 1 to 3 carbon atoms, vinyl or aryl; R, is hydrogen, chlorine,

acetoxy, methoxy, ethoxy or other acetoxy groups; and x is 1, 2 or 3.
A method of reducing condensation of a film, comprising:
providing a film having a plurality of reactive silanol groups;
placing the film into a plasma chamber;

introducing a plurality of reactive organic moieties-containing silanes into the chamber;

and
allowing the silanes to react with at least some of the reactive silanol groups.

The method of claim 13, wherein the step of allowing the silanes to react further
comprises restoring hydrophobicity, structural integrity or a combination thereof to the

film.
The method of claim 13, wherein the film comprises an inorganic material.
The method of claim 15, wherein the inorganic material comprises a silicon-based

inorganic material.
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20 allowing the silanes to react wwth at | east some of
the reactive silanol groups. 14. The nethod of claim

wao4mbsssei n the step of allow ng the sil anes POI/D&EA01/002252

17.

18.

19.

20.

21.

22.

23.

further conprises restoring hydrophobicity,

structural integrity or a conbination thereof to the
film 15. The nmethod of claim 13, wherein the film
conprises an inorganic material. 25 16. The net hod of
clai m 15, wherein the inorganic material conprises a
silicon-based inorganic material. -21 WO 2004/ 068555
P@hdﬁ@@@dbb@aﬂﬁm whereinTthe phadlitoef refctivk afganit3noivireretiaining
the ﬁluralitﬁ reactive o%'anlc ngt ,@ cont ai ni ng
R ﬁ%mB’aWﬁraFg’é‘BO% ’8?4‘66%6 HaVfng t he
fornula: (RI)XSi (R2)4_X % E% is alkyl having 1 to
3 carbon atons, vinyl or ak 1( )ik s hydr ogen,

chlorlne 5 acetoxy, nethoxy, et hoxy or ot her acetoxy.
gr 6bpe Ri s hpging 1193 garben ategs, vinyhet pah Rafis astaegen rylorine,
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plasma ¢ duc ng a plur

rgani,c noietie cont silangs i.ntao.. th chanmber ;
oqugwahnmc chgefifien ﬁw%?gﬂigtadﬂ% of feg iy et e LS
of t reactlve Si groups. 19. The net hod of
pGing e éW@Fﬁ”FH@C ng Tof "al | owi ng the silanes to
react further qprlses restoring hydrophobicity
stinfreduging aplmaatyr qfggacgye %rg@aﬁmowgﬁt eﬁmfvﬂ@gé neg Hlt? fhg chamber;
filmp 15 20. The nethod of claim 18, wherein the film
conprises an inorganic material. 21. The met hod of

0W1 0 e \Qﬁa & tonreltét %wthnd? {egggbt%e %P{hg rééa%}.luﬁec Qﬂ%l'r%@ﬁag?

ase nor anic nmm
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comprises restoring hydrophobicity, structural integrity or a combination thereof to the

film.
The method of claim 18, wherein the film comprises an inorganic material.

The method of claim 20, wherein the inorganic material comprises a silicon-based

inorganic material.

The method of claim 18, wherein the plurality of reactive organic moiety-containing

silane compound comprises a compound having the formula:

(Rl )xSi(R2)4-x

where R is alkyl having 1 to 3 carbon atoms, vinyl or aryl; R, is hydrogen, chlorine,

acetoxy, methoxy, ethoxy or other acetoxy groups; and x is 1, 2 or 3.
A dielectric material, comprising:

an inorganic material having a plurality of silicon atoms; and
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sil ane compound conprises a conpound havi ng the
formula: 20 (R1)XSi (R2)4 X where R is alkyl having 1

wo 0003/06885H0n atons, vinyl or aryl; R2 is hydr oBEnUS2004/002252

24,

25.

26.

chl orine, acetoxy, nethoxy, ethoxy or other acetoxy

groups; and x is 1, 2 or 3. 23. Adielectric material,
conprising: an inorganic material having a plurality

of silicon atonms; and -22 WD 2004/ 068555

PCT/ US2004/ 002252 a plurality of organic

noi et y-contai ning silane conpounds, wherein the silane

c aaulgf om’amcﬁmiﬂiy@dnﬂanﬁngﬁélamermmg@nhﬁ wherem thé silane compounds

t hrough at st _sonme of the 0

mat er i &f° (‘@pp]@ﬁ & the ?@rgwgqeﬂa tt 8“%? %}j%spés € c%%he 51Pcon atoms.
reactive orPanlc noi et y- cont ai_ni ng si| ane conpound
cOrhsraieial o dampdt veheray the §IuHEY pPhieatiive orgagic moiety-containing

(RISl 4epcoma¥;g% gc%pmdggvgx%m@q .1 to 3 carbon

atons, vinyl or gen ‘orine,
acet oxy, nethoxy, ethoxy 0 r, acet oxy groups; and
X is 1, 2 or 3. 25. A dielggy;gg)ﬁhterlal conpri si ng:

2,"{/&%\% Mﬁavglﬁﬁal %qqﬁl%%%/ It ?)%%? %}/ 2%5' ﬁy%rogen chlorine,
MDic&bYy, Mo%fnétﬂ&ysdr'oﬁ{é@a&mw& an\ﬂ‘iﬂg ginothe silane

conpounds are coupled to the materi al through at

|%@§&k§&ﬁﬁn££zﬂh§ ingon atons. 26. The material of
cl aim 25, mhé%elnnﬁhgnglurallty of reactive organic

ConSite GORLDL el B P SRR G TR Zﬁ’? "15 where
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ot her agedothed @b idmsaterth throughsit least2ome oBthe Eﬂhceﬁ &oms

The material of claim 25, wherein the plurality of reactive organic moiety-containing

silane compound comprises a compound having the formula:
R1)xSi(R2)4x

where R; is alkyl having 1 to 3 carbon atoms, vinyl or aryl; R; is hydrogen, chlorine,

acetoxy, methoxy, ethoxy or other acetoxy groups; and x is 1, 2 or 3.
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