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invention relates generally to sem conductor devices, and in particular, to
sem conduct or devices having a dielectric or inorganic material therein.
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To meet the requirements for faster performance, the characteristic dimensions of features

10 of integrated circuit devices have continued to be decreased. Manufacturing of devices with
smaller feature sizes introduces new challenges in many of the processes conventionally used in

semiconductor fabrication.

As a result of the size decrease in these products, the components that comprise the

products must also become smaller and/or thinner. Examples of some of those components that

15 need to be reduced in size or scaled down are microelectronic chip interconnections,
semiconductor chip components, resistors, capacitors, printed circuit or 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

20 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.

25 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



WO 2004/ 068555 PCT/ US2004/ 002252 conmmuni cati on/ dat a- exchange conponents are
conposed, in sone cases, of layers and filnms of materials, such as netals,
netal alloys, dielectric layers, ceramcs, inorganic nmaterials, polyners,

or organonetallic materials. One of the viable solutions to overcone the
probl ens WA 200P@§5at ed circuits nentioned 5 before i PCTAISANS/002259
dielectric constant (k) materials with dielectric constants of |ess than
about 3 for interlevel (ILD) and internetal (I1MD) dielectric applications.
One of the major roadblocks is the nmechanical strength of a - |ow
dielectric constant (k) silicon-containing materials. Typically, nmechanical
strength is proportional to the density of such material. However, the
density does not change for a given chem cal conposition at a gjven
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treatment nay be used on an integrated film Therefore, it would be ideal to

a) i dentidhgmpet ehanged thehusaks ibflesy oiapibley of Mpndliog ethe sitesy placed upon it by the
surrounding metals. The voids are by nature unpredictable in size and shape and are dictated by

15 the amount of stress placed upon the dielectric space as well as the inherent flaws within that

space. These voids are undesirable because they are unpredicatable and will degrade yield and

reliability of the circuit.

US Patent 6,208,014, which ’is commonly owned and assigned to Honeywell International

Inc and also which is incorporated herein in its entirety, teaches a film formation process wherein

20 - asilica dielectric film is reacted with a multifunctional surface modification agent. This patent
teaches that the nanoporous silica film may be prepared on a substrate immediately prior to the
treatment or may be previously prepared and stored or obtained from another source. 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

25  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
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met hods and conpositions to repair identified voiding or "pre-voiding"; and
c) utilize conventional conpositions and nethods that do not increase the
cost or conplexity of the -2 WD 2004/068555 PCT/ US2004/ 002252

sem conduct or production process that taken alone or in conbination would be
desirabl e W 20848%Ee t he producti on of | ayered nateri aPET/US20840022Mi C
conponents and sem conductor conponents. There is also a need to devel op
either new materials with enhanced and i nproved properties, such as 1)

| ower porosity at simlar dielectric constants and 2) contains organic 5
noieties that are nore resilient to the integration process conditions; or a
process that could help to "repair" the danage done to the filns by

rei ntroduci ng carbon-noieties and to "restore" the properties of |low - k
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one of the reactive surface nodification 10 agents. In addition, methods
are described herein for reducing the condensation of a filmthat include:
a) providing a filmhaving 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 |east sone of the reactive sil anol
groups.



15 Met hods of reduci ng condensation of a carbon-deficient film are described
herein that include: a) providing a carbon-deficient filmhaving a
plurality of reactive silanol groups; b) placing the filminto a plasm
chanber; c) introducing a plurality of reactive organic noieties-containing
si |l anes i ntWO2¢0d/06838ber; and d) all owing the sil anes t PATAH2004022R2 at | east
sone of the reactive silanol groups. 20 Dielectric materials are descri bed
herein that conprise: a) an inorganic material having a plurality of
silicon atons; and b) a plurality of organic noiety-containing silane
conpounds, wherein the silane conpounds are coupled to the inorganic
material through at | east sonme of the silicon atons. Dielectric materials

are al so descri bed hefein t hat conprise: a) a lowk dielectric nmaterial
havi ng a =+ atons and b) a plurality of organic
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|nned| 2% O follow ng the ash step in-situ. The nethods decri bed herein
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meani ng spakée: QY fropida OfingiRsing phivalityaf ﬁbﬁttﬁrle sil4m g@updj 8) placingfy fillhese voi ds
i ncl ude rz? Ll%.gri‘la\,/ gllla%;ber; c) introducing a plurality of reactive organic moieties-containing silanes into
the chamber; and d) allowing the silanes to react with at least some of the reactive silanol groups.
15 Methods of reducing condensation of a carbon-deficient film are described herein that include:
a) providing a carbon-deficient film having a plurality of reactive silanol groups; b) placing the
film into a plasma chamber; c) introducing a plurality of reactive organic moieties-containing

silanes into the chamber; and d) allowing the silanes to react with at least some of the reactive

silanol groups.

20 Dielectric materials are described herein that comprise: a) an inorganic 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 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

25  compounds, wherein the silane compounds are coupled to the material through at least some of

the silicon atoms.



pure gases and m xtures thereof. Air, which is predomnantly a m xture of N2
and 02 is 15 comonly distributed in the pores, but pure gases such as
nitrogen, helium argon, CO2 or CO are also contenplated. Voiding causes
include the etching step resulting in residual fluorine; the ashing step
resul ting iWMOBIHOARSHamage, Si-F bond breaking, and sil &EVULSM00HS2 bond
formation due to the loss of termnal nethyl or other al kyl groups (or

ot her organi c groups that make up the 20 organosilicate glass); and the
copper annealing step resulting in stress and thermal energy. The nechanism
is believed to be attributable in large part to the porosity of the
dielectric filns. This porosity allows for greater transport of etchant
gases (fluorocarbons and oxygen or a conbination of nitrogen and hydrogen).
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meaning space occupied by gas in the material. Gases that occupy these voids include relatively

pure gases and mixtures thereof. Air, which is predominantly a mixture of N> and O; is

15 commonly distributed in the pores, but pure gases such as nitrogen, helium, argon, CO, or CO

are also contemplated.

Voiding causes include the etching step resulting in residual fluorine; the ashing step
resulting in plasma damage, Si-F bond breaking, and silanol (Si-OH) bond formation due to the
loss of terminal methyl or other alkyl groups (or other organic groups that make up the

20  organosilicate glass); and the copper annealing step resulting in stress and thermal energy. The
mechanism is believed to be attributable in large part to the porosity of the dielectric films. 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

25  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-CH; — [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



In addition, nethods are described herein for reducing the condensation of a
filmthat include: a) providing a filmhaving 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) al | W AY#E5Si | anes to react with at | east sone PEIT/YREH0ERE | ve
silanol groups. 15 Methods of reducing condensation of a carbon-deficient
filmare described herein that include: a) providing a carbon-deficient
filmhaving a plurality of reactive silanol groups; b) placing the film
into a plasma chanber; c) introducing a plurality of reactive organic

noi eti es-containing silanes into the chanber; and d) allow ng the silanes
to react t S f | ' IO
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enbodi nmen he value of a low dielectric constant material or layer is |ess

than about 2. §n ahgﬁtl&?tmetﬁ&ﬁtfﬁg Hes%ﬁlggdq{éﬁll@r cﬁfgﬁlgthg@&{denstaﬁ&x 3@5 'i'f?melata
dielectric constant material or layer 1s less about 2. Contenpl ated
i nor gani cinbladed) pomdngraitinaimyingra pherality iohtegctive dilamol gonps bpplatieglths film-intn
a plasma chamber; c) introducing a plurality of reactive organic moieties-containing silanes into
the chamber; and d) allowing the silanes to react with at least some of the reactive silanol groups.
15  Methods of reducing condensation of a carbon-deficient film are described herein that include:
a) providing a carbon-deficient film having a plurality of reactive silanol groups; b) placing the
film into a plasma chamber; c) infroducing a plurality of reactive organic moieties-containing

silanes into the chamber; and d) allowing the silanes to react with at least some of the reactive

silanol groups. ‘

20 The materials, films and/or reactive surface modification agents may be provided by any
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 c¢) preparing or producing materials, films and/or reactive

25  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
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i nor gani c- based conpounds and/or materials, such as silicon-based,

gal I i um based, gernmani um based, arsenic-based, boron-based conpounds or
conbi nati ons thereof are contenplated herein. Exanples of silicon-based
conpounds conprise siloxane conpounds, such as nethyl sil oxane, 10
nethylsilsé@&EW%QQﬁgi phenyl si | oxane, phenyl si| sesqui oxdd/US2004/002252

nmet hyl phenyl si | oxane, nethyl phenyl si |l sesqui oxane, silazane pol yners,

di et hyl si | oxane, di phenyl sil oxane, nethyl phenylsil oxane, silicate
polyners, silsilic acid derivaties, and m xtures thereof. A contenpl ated
silazane polyner is perhydrosilazane, which has a "transparent™ polyner
backbone where chronophores can be attached. 15 As used herein,
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hydr Ogenséﬂoiﬁ‘%g £y XANE SRsh o oYY SR QB AAS Hate?f] o layer is less than

hydr oxyhydr oxane. Materials contenplated herein additionally include
organosi | ahd pol yners, acrylic siloxane polyners, silsesqui oxane-based

pol ymers, derivatives of silsilic acid, organohydridosiloxane polyners of
t he general f dCamenapldtédbindrgaBi-BOased -cBmPYuniRandlor giBitédialstand/od xoptempldted spin-on

or ganohydri dosi |, sesqui oxane I rs.of the general .foynul .
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or ganohydri dosi | oxane pol ynmers have the sumof n and m from about four to
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et hyl hydri dosi | sesqui oxanes, propyl hydri dosil sesqui oxanes,
t - but yl hyWheraslypmepipisssan heaitached.

15 As used herein, inorganic-based materials, inorganic compounds and spin-on-glass
materials also include siloxane polymers and blockpolymers, hydrogensiloxane polymers of the
general formula (Hp.;0SiO15.2.0)x hydrogensilsesquioxaﬁe polymers, which have the formula
(HSiO; 5)x, where X is greater than about four and derivatives of silsilic acid. Also included are
copolymers of  hydrogensilsesquioxane @ and  an alkoxyhydridosiloxane  or

20  hydroxyhydridosiloxane. Materials contemplated herein additionally include organosiloxane
polymers, acrylic siloxane polymers, silsesquioxane-based polymers, derivatives of silsilic acid,
organohydridosiloxane polymers of the general formula (Hy.19S101 5.2.0)n(Ro-105101 5.2.0)m, and
organohydridosilsesquioxane polymers of the general formula (HSiO| 5),(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

25 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 Cg-Cjp 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;



phenyl hydri dosi | sesqui oxanes, and conbi nations thereof. As used herein, the
phrases "spin-on material", "spin-on conposition” and "spin-on 5 inorganic
conposition” may be used interchangeable and refer to those solutions and
conposrtrons that can be spun-on to a substrate or surface. It is farther
cont enpl at YO LHASRFE  phrase "spin-on-glass materials" RCGYERL4HIB52 subset
of "spin-on inorganic materials", in that spin- on glass materials refer to
t hose spin-on materials that conprise si li con-based conpounds and/ or
polynmers in whole or in part. 10 In sonme contenpl ated enbodi nents, specific
or ganohydri dosi | oxane resins utilized herein have the follow ng general
formulas: [H S A.5111[ R Si 01551, Formula (1) 15 wherein: the sunrof n and
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sel ect ed P4% ﬁ&%%ﬁ@?kﬁﬁP@ﬁmﬁﬁ&'g '@gﬁr ‘normal and 20 branched al kyl s
(et hyl, ethyI butyl, py pentyl), aIkenyI roups ,

i sopropenyl ), y&qdo%ﬁrr&yr g‘ F@Vé% SRS PR) magnglip S na?%llcgmé %‘%‘/Pylan r SEFBson

benzyl 5 gr feREnic NERMHOSRLEMhayd bOURRd infRIBRAGKE VindItditP T aRcke PRRRAME NirfANY |
groups), and m xtures theredf; and wherein the specific nole percent of

car bon comrmomtlngs thabesn e fprn-an jtas 2 ulfstrpte tor evrfage. dthie furter comsémplated Ambthst s of
starting terr LOSP £.S. r favona

results aP obt % 'OE(flaspfn%%lqﬁls rg%rs %fSS%gseer%gn #‘%&F%’g‘%\%cgﬁ i {haPSp?n'

substi t ueod glagyahagrialsrefeh® thedegpinadn Ibz&ervr@etnatatbmpﬁselsﬁlcmlbeseﬂebmpmindﬁ end/@bout

25 nol e percent, In some HOSP enbodi nents, favorable results are obtained
with the Pﬂﬁm@sBEW@%ﬁ@”BPmEarbon cont ai ning substituents are in the range of
bet ween about 55 nol e percent to about 75 nole percent, -8 WD 2004/ 068555
PCT/ U$2004/ 0029 5messouismplated Rmhogimanisg smrfwrggn%ﬂwcrswaae petswilizdckbone

enconpas sy Jgin hveahdBi16wing general formulas:

[H-S101 5]a[R-Si01 5]m Formula (1)

15 wherein:

the sum of n and m, or the sum or X, y and z is from about 8 to about 5000, and m or y is selected
such that carbon containing constituents are present in either an amount of less than about 40
percent (Low Organic Content = LOSP) or in an amount greater than about 40 percent (High
Organic Content = HOSP); R is selected from substituted and unsubstituted, normal and
20  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
25  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.



silicon and oxygen atons. hi contrast with previously known organosil oxane
resins, sone of the polyners and inorganic-based conpositions and materials
utilized herein have essentially no hydroxyl or al koxy groups bonded to
backbone silicon atonms. Rather, each silicon atom in 5 addition to the

af or ement i JHR A" WA Bone oxygen atoms, is bonded only t o FGYU8YenRtons
and/or R groups as defined in Fornula 1. By attaching only hydrogen and/ or
R groups directly to backbone silicon atons in the polynmer, unwanted chain
| engt heni ng and cross-linking is avoided. And given, anong other things,

t hat unwanted chain | engthening and cross-linking is avoided in the resins
of the present invention, the shelf life of these resin solutions is

enhanced as Coggagtrafsgoql&ncﬁlﬁecp %Séoyn K040 3&9@@9&@5@&%@&@&@ alternate

Furt hernore, since Si on-c bon reactive n SI I con
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oot ns. - SHTENG i B a L SRR ot PHEER, Rer R g, et o ghe
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10/078919 filed February 19, 2002; 15 Honeywel l | nternational Inc.
commer ¢i atddjtioaya rheaﬁﬁqr@nmdé)aﬁk'@aa e%ygemﬁ%ﬁmﬂméedsm tohydipepn gems a@écm by

comonl y s

comer ci al | b va.|a§F&?khﬁ%ﬁf%s§(§?gﬁgﬂg W@ %gé (ggéégagééﬁgéltaught
by connnnbg&bm&sﬂgmmdnﬁﬁhﬂmé@ﬂ@ﬁ@'wmwmkﬂbhmntagmsamamubxamémkmgmgh@mh@
commonl y ned US Pat 0,5 rated her ej

ont 1 roty. At REF e ARFCines dhihiBORRE il Gl e PReSlknEis e Elinng

i ssued pathedstns dM theRREeit Ml eafd, 't}f’e%hélﬂﬁﬁ,ofvﬂébeﬁﬂamﬁé&uﬁtﬁﬂé@d ¢hhhite@aPndiaed by
reference in their entirety: (PCT/US00/15772 filed June 8, 2000; US

Appl i d&t i BrbreEpRshy kngyn opangdoxege resinse furtheprmorg.osinceogkrontyarbap diondsaeiedassser i al
No. 09/ 49 o 6 02; US
cht&ﬁ'e th n%(ﬂng 'ﬁgdré%n b%ggs? ;the%éel@ 11% & tﬂ égaﬂo%g#lﬁgfl%mféo{el% f%latlgrg

6, 268, 457 1 ssue 1 catl 1143
filed Novéamedhex;ele@eahanidB ag\pphpace to pwvﬁesly krhowxichyd@dsdOxahe testis6 fi | ed
January 26, 25 2000; PCT/USOQO 00523 filed January 7, 1999; US 6,177, 199

i ssued Januar S, ofzmelcpntbﬁpla&d%&pkiﬁﬁls ipse/iraely MagntihneéiOare 20.QRt biJSotiniddly, 020

Eref oo TR YA RO T W T
I ssueds NougREREl Tnterd@Rhal 1S LRhrh&relallP Byasighle MOIM®prdRicd hdmABrdub s@ida Mameh 20,
as taught by commonly assigned US Patent 6,372,666; Honeywell Intemaﬁonal Inc.’s
commercially available NANOGLASS®E product; organosilsesquioxanes taught by commonly
assigned WO 01/29052; and fluorosilsesquioxanes taught by commonly assigned US Patent
6,440,550, incorporated herein in their entirety. Other contemplated compounds are described in
20 the following issued patents and pending applications, which are herein incorporated by reference
in their entirety: (PCT/US00/15772 filed June 8, 2000; US Application Serial No. 09/330248
filed June 10, 1999; US Application Serial No. 09/491166 filed June 10, 1999; US 6,365,765
issued on April 2, 2002; US 6,268,457 issued on July 31, 2001; US Application Serial No.
10/001143 filed November 10, 2001; US Apﬁlication Serial No. 09/491166 filed January 26,
25 2000; PCT/US00/00523 filed January 7, 1999; US 6,177,199 issued January 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



1998; and US Application Serial No. 60/043,261). Silica conpounds

contenpl ated herein are -9 WD 2004/ 068555 PCT/ US2004/ 002252 those
conmpounds found 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, 8¥B200¢0¢$8%5 contenpl ated i norganic material s PREUSAWHAGRA2S

Aur oraTM or ganosi | i cate gl ass or carbon-doped oxides; those conpounds in US
Pat ents 6, 383, 955, 6,500,773, 6,492,731 or 6,410,150; Japan 5 Synthetic
Rubber LKDTM sil sesqui oxane product; organosil sesqui oxane filnms taught by
commonl y assigned US Patent 6,472,076; porous Si OC, Applied Mterials'

porous BLACK DI AMONDTM i norgani ¢ product, which contains Si-O Si-C, CH

and Si-H honds): an vel.] M i nor C 1 ali iz O,
Sc o HISRac e o BT 1 TR SPERagt i ParaRi SUa7a S 6 OFAME iRy

her ei n i n60b&I48; e6)116,BBY .6,140,288; 830420021 €208,041h&,316/104 "2 06,319,886. ngltheref er s
to a process in which at |least tw nplecul es,, or two portions of a |ong
mol ecul e, CWEglgrdwraapig sarsialsgcludechvhsron nt eeaopiige slass QurarbapdpPeed: | ons
MY 0CCUT oiBesBibNe bihipGmBin WaYSidnfACA 46hi 938, § 9H(TRII 8149913 Blof 8¥2,§5G; TR,
formati on of hydrogen bonds, hydrophobi ¢, hydrophilic, ionic or

el ect r ost SyrtieticnReblzct LER™  dHsestpexamer produnt| ecgahesilsdsquiexanet fibms rtenghaltyo be

characteri zed an at least t r hysi cal 5 nnecgt,i on be a
ool o tfonlt afPein U Rakat SITEOR: Palit S vantibe RRREL, SraBoblRER 7 o
enbodi menheaMOND PRhotERC G WHEchGBRhRE RBO! GITC,iI(SHANE 398 boadd)f idWALI@N.
Accordingly, there are only very low levels or reactive termnal noieties in

the pol yRORALEY inergpnicamodunie(certgjas Sie@f BrGrdl-Hand SAHOwyds)c dhe &regoitigaratenfs t he

pol ymer bgrglgﬁ%% %l-a?é%ihe%hsﬁr S tntt1aett no unwant ed chai n | engt heni ng
pol yneri zation W RSl P gorutTon, resul ti ng in an 20 extended shelf

life. Each siljcon om of. the pol r.is bonded to at least . three oxygen
Lt ors. 1T Nbi ot 108 S hgne bre i Dokl aBBBE 7 v B By B R e
or gani ¢ ghelpsles] &8s ¢wb RefionH 6f 8iléhg M6lctiSE GrdRiRH RogetHRE by @r dRemhar ide@agion.r ef er s

to a contiguous chain of atons or noieties form n% a polyneric strand that
are coval i iptanstions Q@AY ACQUR it MapYdifferenh aymipclyding fermptionof greovagitdiopdwoul d

resul t ingd RbEnT up tﬂy&%géﬁ bBlt&ﬁ, (hp@rioﬁhobic, hydrophilic, ionic or electrostatic interaction.
Furthermore, molecular interaction may also be characterized by an at least temporary physical

15  connection between a molecule and itself or between two or more molecules.

In some contemplated embodiments, the polymer backbone conformation is a cage
configuration. Accordingly, there are only very low levels or reactive terminal moieties in the
polymer resin given the cage conformation. A cage conformation of the polymer backbone also
ensures that no unwanted chain lengthening polymerization will occur in solution, resulting in an

20  extended shelf life. Each silicon atom of the polymer is bonded to at least three oxygen atoms.
Moieties bonded to the polymer backbone include hydrogen and the organic groups 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.

25 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
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25 As used herein, the term"nononmer" refers to any chem cal conpound t hat
is capable of formng a covalent bond with itself or a chemcally different
conmpound in a repetitive manner. The repetitive bond formation between
nononer s rra% |l ead to a linear, branched, super- branched, or

t hr ee- di mens? dW4P85%oduct . Furt hermore, nonomers may t h&SEAISFULBHor i se
repetitive building bl ocks, and when pol ynerized the polyners fornmed from
such nononmers are -10 WD 2004/ 068555 PCT/ US2004/ 002252 then terned

"bl ockpol yners". Mononers may bel ong to various chem cal cl asses of

nol ecul es including organic, organonetallic or inorganic nolecul es. The

nol ecul ar wei ght of nononers nay vary greatly between about 40 Dalton and
20000 Dal Gi [ : [ r b

bui I di ng. LBt REpafERES, Rldnlrbldihy (HRAPHFBhe IRHLGP shEBEM blkliles o
may al so inclkdingergmiit, biganahetgliotpmorgsnic nodesulgs. 0 Ths makedarf weightr efasdnonletsng. | n
sone contenpl ated enbodi nents, the | ecul ar._wel ght t he i norgani c- based
conmpound FAY BE Brrathe peitser ﬁ’g?)”rtdg)r qangmb ﬁ%éQOQ%QaQ%- &E‘?W"l"f’ﬂr e@pec?qﬁg Weer i al .
In turn, ﬁﬁﬁ&ﬁérﬁ‘gsom?)ﬁ& RREHRE! Bliin Tb16dRE, FMBhdRhr@nalelaPs eV RiRMCAblAdi NY
and increases the planarization abrlity of the material. 10 Layers of the
previ obis| yeigbist Monaukers may glamineludgadditionalgrovas, sheh agigrdups esAtreaesslankingray be
formed by solution techniques, such as spraying, rolling, dipping,

spi n-coat i ng, 1l svne cattemplasd entwdiniants, vihe madgziular cvaglitnef tei myrganisftaseded f or
m croel ectronics. |l n _contenplated enqhodi nents,..... t ingrganic materials are
i ssotved PSE gy Be d AR AL ETEE TE R Doty GRS i Bl oo
m xt ur e otheGbEBNitE of the GiagRial Keligsd/poeventr @adingTRidaintressesTile @latagizatioh abiliar &
volatilized at a 15 desired tenperature, such as the critical tenperature,
or that cH¥™a&ialitate any of the above- nentioned design goals or needs.
The sol vent may al so conprise any suitable pure or m xture of polar and
non-pdPar co raof theprerdeuglyHagrdipped ipprganiemgteriglg atone b Hheombization,gpaydive nt

t hat has . C o) c I y i ter. i olely
of +20 ALTEEE RAM RORRRLL, ke By, ARG B B e R om0 Pt
pure, i nctasthgyitbabin osating beivksprafaed Femaicioglettivaic30 n eontertiplated einbadimasts,t hat

char act er gt 6. O BallBhEGH! Golved WRINGD: ! PRkioSh BRSNS UREHAhy SHRERS.

pure or mixture of organic, inorganic and/or organometallic molecules that are volatilized at a

15 desired temperature, such as the critical temperature, or that can facilitate any of the above-
mentioned design goals or needs. The solvent may also comprise any suitable pure or mixture of
polar and non-polar compounds. As used herein, the term “pure” means that component that has
a constant composition. For example, pure water is composed solely of H,O. As used herein, the
term “mixture” means that component that is not pure, including salt water. As used herein, the

20  term “polar” means that characteristic of a molecule or compound that creates an unequal charge,
partial charge or spontaneous charge distribution at one point of or along 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.

25 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-



partial charge or spontaneous charge distribution at one point of or along
the nol ecul e or conmpound. As used herein, the term "non-polar" neans that
characteristic of a nolecule or conpound that creates an equal charge,

parti al charge or spont aneous charge distribution at one point of or along
t he nol ecul™P 8 ound. 25 Sone suitabl e sol vents i nclPGdASIHH8IR2E2

sol vents, for exanple, cyclic ketones, such as cycl opentanone,

cycl ohexanone, cycl oheptanone and cycl ooct anone; cyclic am des, such asN

al kyl pyrrolidinone wherein the al kyl has fromabout 1 to 4 carbon atons; and
N- cycl ohexyl pyrrolidi none and m xtures thereof. A wide variety of other
organi c solvents may be wused herein insofar as they are able to effectively
control t Q%oéﬁngcs%ﬁftiw. qh JiliP chiebibied G Blitiehtd Nthe Solvent Jor WO RACHLARS

PCT/ US2004/ 002252 a coating solution. In other contenpl ated enbodi nentfs, the
sol vent ocongwise evivents, xtalirae ketayes, sohps aestone,aliatleyh kstone mesithy sthiddtetme sipd thech as
acetone, diethyl ketone, nethyl .ethyl ketone and.th | i ke, al.cohols

esters, et'ffe F@glé%% effndhers ?’Lay%{lesoﬁ%é‘% oil}?ﬁf%ﬁ%?paﬁtgge%?ﬁ%a?% ﬁlfess’,O?vieﬂfeor

sol vent  OgolvenPhi@iitt nily¥bipese ARYmBBBHYN F @nypofaBdddl veals nhtiodedavpi0f t he
solvents nmentioned herein. 5 Qther suitable solvents include acetone,

2- propanol , etd@polsuitdbid aBRkats MRAEING Qletond)r RPdhaRE! dthanol £thaithol, AGb@RAR,
propyl ene glycol nethyl ether acetate, and propyl ene glycol propyl ether,
referred PEPYensas: @thaillaytaaspmpﬂ%@ymbmeawb@fbvl acelptgesnd Rropylgne glycol propyl

di met hyl pgl,ysi , | ac ¥- t = t hyl
3- et hyox ygdru%b ir%)f%g%g?é 6’81"%%‘%{}%%?‘8’?558 %)?’ HFBM %eh?ﬁy‘ﬁeg% ﬁl?ar?l %lﬁ%?%lg%ag?\ngg’gl ycol
met hyl et heyrolctoat, ag-butyiolaviess,, 2-aedammne, sethy. 3-Bihyertyaropiohétes pblyethylenewigtybolhi gh

boi | i ng ppj.nt ugh as ethyl |actate.a propyl l,ycol . propyl er, have
boen f oun i feien Bropye el B “Mies Bl TGMEANfae B, (BilEence
t he pnebagjiVdntsywi® high Wolfig pamtdduchubBInG] fabthid) 6le foeshyFene hl}c&%&;{(ﬁ%ﬁher hower
boiling point solvents ma econme__entrapped below a crosslinked t

b op | ayer
of a fil nbEAdossbiaghiank | | ipbeliryed highi kpshnghroint el vpeth degregse dhe Pf?@aléﬁga(kfi %g
rocess s  AddE & |61 5.0h et S i | Lncl | ene
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off during a baking process step. Additional solvents useful in the invention include ethylene

15  glycol dimethyl ether, alternatively termed glyme, anisole, dibutyl ether, dipropyl ether,
propylene glycol methyl ether acetate, and pentanol.

In some contemplated embodiments, the solvent or solvent mixture (comprising at least
two solvents) comprises those solvents that are considered part of the hydrocarbon family of
solvents. Hydrocarbon solvents are those solvents that comprise carbon and hydrogen. It should

20  be understood that a majority of hydrocarbon solvents are non-polar; however, there are a few
hydrocarbon solvents that could be considered polar. Hydrocarbon solvents are generally broken
down into three classes: aliphatic, 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

25 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,
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I n sone contenpl ated enbodi nents, the solvent or solvent m xture (conprising
at least two solvents) conprises those solvents that are considered part of
the hydrocarbon famly of solvents. Hydrocarbon solvents are those solvents
that conprise carbon and hydrogen. It should 20 be understood that a

maj ority ofWRYHHEe8¥hon sol vents are non-pol ar; however PGTHERMIRPRSY f ew
hydr ocar bon sol vents that could be consi dered polar. Hydr ocar bon sol vents
are generally broken down into three classes: aliphatic, cyclic and
aromatic. Aliphatic hydrocarbon solvents may conprise both straight-chain
conpounds and conpounds that are branched and possibly crosslinked,

however, aliphatic hydrocarbon sol vents are not considered cyclic Cyclic 25
hydrocarbon 'sol v S ol v t S st t car bon
at ons or i ShiE napgnh Hy so Venp tsau‘%‘eﬁi\;\%nte?i Suab s 1g‘zixrgnﬁei é?o %m%rllil Bﬁag? ic

hydr ocar bfishaf®| oéeant, sdodédsa@aea nﬁthmdme; &i’eba@llacans OﬂrMEd'zlhtS; mndédans eysopeneint,s t hat
conpri se enerally three or nore unsaturated bonds with a single_ ring or .
mul tipl e f2Adumsthylpenans. pRETRlEBMFRRSH A1tPeE tRdo hySFashe SHEN G ehiedpte
together . 1, ¢RaBHPR! Akay NHREBERO BBy oM. ﬁnﬁe‘ﬂ‘é}lﬂéﬂfe nt Ol YeNSmeA R e,

p-xyl ene, ‘mxyl ene, nesitylene, 12 WD’ 2004/ 068555 PCT/ US2004/ 002252

sol vent napletaha Sptnt$ollmmame,na}§¢humbe&zenal kmn@shnalﬁma&ﬁnas ﬁhﬁtoelms?, hliégraine,

i sohexane tan gcane | but a ecane
tridec aneParEc"ﬁ rg'd%d@éemé%%yé?l %‘gn aFng q’"g 2N 1Pm£ ent%?ﬂea grang, e%(elp 61 &um

et hers, h@}cmenab e Uelvy o, otiche nﬁylet&uﬁﬂiﬂ asixtubdso b1t mameﬁhatldm diheeaf. borvanous

nltrated hydrocarbons benzene, 2- dlnethylbenzene 4-ti met hyl benzene,
5 mi ner al fa8ikfating Seaggss sughns St%&s%ﬁ/%}ﬁ Hgéﬁaéfber\%ftdﬁwa{&id%merﬁawﬁ%on
ethyltoluene, ligroine. Particularly contenplated solvents include, but are

not |imted tcA Mosheosaplaiedsotient in syslehsranone Eypisaby, daver thisknossaseare besierdne,
xyl eng, ang 11, %b4ii 9% dﬁ‘{ ro%gm;&s%a&laeaﬁc E)e ugée}f or htdd gééﬁomﬁf%e' tag&tt @Enegseéswes

such as stirring an eati ng may to ai e di ut|on
nor e contgmmhﬁYéﬂsﬂmhu@ntzuswnmslBhﬁmmhmm$xwmymt&ahﬂyﬂlkumeﬂmtmwm*meSQes are

between 10.0.1 to bo 15 mcrons. . As a |eIe r er for
i cr ool ectt BRiEEE AR Hylre £ RICRCYs ieeh i Pl < plBU ik Eams doisy-
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inorganic material having a plurality of silicon atons; and b) plurality
of organi @a%glé@ryugh at least some of the silicon atoms. Dielectric materials are also descnbed herein
15  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.

The compositions described herein are applied to various substrates, as mentioned earlier,

to form layered materials, layers used in semiconductor processing, or layers used in electronic

20  components, depending on the specific fabrication process, typically by conventional spin-on

deposition techniques. The inorganic materials disclosed herein may act as an interlayer

dielectric and may be covered by other coatings, such as other dielectric (SiO,) coatings, SiO,

modified ceramic oxide layers, silicon containing coatings, silicon carbon containing coatings,

silicon nitrogen containing coatings, silicon-nitrogen-carbon containing coatings, diamond-like

25  carbon coatings, titanium nitride coatings, tantalum nitride coatings, tungsten nitride coatings,
A 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 ning silane conpounds, wherein the silane conpounds are coupled to the
inorganic material through at |east sone of the silicon atons. Dielectric
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
nniety-conﬂﬁ?ﬁ&“@“gﬁﬁane conpounds, wherein the silane ®$HIEAMNEH2262 coupl ed
to the material through at | east sone of the silicon atons. The
conpositions described herein are applied to various substrates, as
mentioned earlier, to formlayered materials, |layers used in sem conductor
processing, or layers used in electronic 20 conponents, depending on the
specific fabrication process, typically by conventional spin-on deposition

t echni ques

. The inorgani,c material.s.disclosed herein t an .
interl aye?djacalill}eclogg?c}(%cpagﬁao Wrégn%gedc%%tergrga,Oﬁﬁelglf%d?mtgrog% tﬁ%‘gs iﬁ%%&"‘m& her
di el ect r i mateShi0Rdy BOasedriglesifabR2all spadord stecked HlRa¢ taaphtds MigheslE. Biokdag,on
contai ning coatings, silicon carbon containing coatings, silicon nitrogen
cont ai ni n%Péfb%R i Hepked Siilmse o1 AP ke Rickestisen m&&%ﬁh&é&ﬂr@@}’ 2001),
di anond- | j, &;mgﬂ&ggn?gggkh&gﬁﬁsEhﬁggiunlnitride coatings, tantalumnitride
coatings, tuhgsten nitride coatings, ~alum num coatings, copper coatings,

Cant al 0 v . 2o L _ _ ;
anta ym coa 'S}Qiﬁt&%ﬁ%&ﬂa‘té&%% &99%&%&8 ﬁH%g?sEf?%F sh&@a'ﬁtcl%lgjt Q% el NgS

and fluorinate I con ass coat1 ngs ayer I'ngs are taught
in US PaPantulddy. desitatde 3utbiate laieischould compuepiiimat eldssh eereinie, iplastic frestdnae.

And, as a d nstrated, th resent, i nor.gani c. material ma be..eadily
fored ac Pt R ompe ot BpEIEY sbREdrRns fuf it epriabesifich
PCT/ US2004/ £9dfdm ashnfieedié of QRftY 6lrfice, PAbAtka@dit Fidfacé s@hed BURTHY ORbSpedr
sem conductor substrates. The inorganic material may be used in desirable

al | spi n- 8lyes tigkRleer 20l rplatedsleadfiames alpprigr chidase spch Fhinwad in aagispih beprdracked
Fil nms ,for ¢ 1 riGs i : .

i ncor 6§)r a’t)éecgyéﬁé}rﬂé{cﬁ%gd t‘r?ée%: ’edr g%(‘:veaui%g Et?i?esn %ﬁ%@%{@%@&g%é#gtt %ﬁgég%?llélgn(g | at ed
her ei n nalare oopper sl anyxidesy,i a pdljmeershabsit mokagalgl or teaildi idterfaceesuckalas found in a

Particularly desir e supstrate | ayers | d rise filns, ass,
cor am o, Pl feebdsaLhg: SisRier B ol @St b s A 3ty s afld Bffers
pr ef er r edsigraOPIIHBHES , Intrhde préstet dinBoiMBMRE, ItBESubarad ¢onGRiRes DMat@L4] BRI

arsenide die or_wafer surface, a packaging surface such as found in a
copper, In the packaging and circuit board industries such as silicon, copper, glass, and another polymer.

15 Contemplated surface modification agents are any suitable organic moieties containing
silanes that can be vaporized under relatively mild conditions (with or without the aid of a carrier
gas) and react with silanol groups efficiently at the chamber conditions. In some embodiments,
the surface modification agents comprise silanes, such as (R))xSi(Ry)sx where R, is alkyl having

1 to 3 carbon atoms, vinyl or aryl; R, is hydrogen, chlorine, acetoxy, methoxy, ethoxy and other

20  acetoxy groups; and x is 1, 2 or 3.

The term "alkyl" is used herein to mean a branched or a straight-chain saturated
hydrocarbon group or substituent of 1 to 24 carbon atoms (unless otherwise specified 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

25  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 interconnect trace, a via-wall or stiffener
interface ("copper" includes considerations of bare copper and its oxides),
a pol ynmer-based packagi ng or board interface such as found in a

pol yi m de- %9%@4'Bﬁ8l§§5 package, |ead or other netal all oy REIVE@P4M98I2F2 surf ace,
gl ass and polyners such as polyimde. In nore preferred enbodi nents, the
substrate conprises a material common in the packaging and circuit board

i ndustries such as silicon, copper, glass, and another polyner. 15

Cont enpl at ed surface nodification agents are any suitable organic noieties
containing silanes that can be vaporized under relatively mld conditions
(with or without the aigd.of carrier gas) and react. with silangl groups
efficiently at Mgy h%lgé% useg BB 1 e P ﬁ@%ﬁ%&ﬁ“ﬁéﬂ‘f‘%ﬁs oftSria Jsiﬁ%?%‘ce
modi fi cat LigRs 8OLMnTHoRRIMa 8 BuidtwithBshocitUE Brodhtié Hedieshf T8)74asbohBRHR affd is S

al kyl having | to 3 carbon atons, vinyl or aryl; R2 is hydrogen, chlorine,

acet oxy, Weichllyghendt hapkihalyh phenaniiryl, anthrasyleato x Ppiignelip shesp grpugs frg substipitagy 3.
The t "al kyl." d i h j - i
e term ;%er to fOUt, JiBte dxé}grraﬁ'g Bl B @F?&@%F&@?ﬁ;ﬁ%ﬁ@ﬁ% zl?{gnaéugsmtue%g?' n

W
sat ur at ed ocarbon group or sub on atomns (unl ess

ot herwise speci,fied herein). . such.as nethyl, ethyl, n-pr l.. .1 sopr.opyl,

- butyr i st S "B s sefd fetif do JRaeY opapdhediyie Sl Bihin oy SORHRRLi

t et r acosythadNebrtdiging iftod 2 lt6 28 @EMor BloadiNE At FastoABIdeHHE dbell BlckytledGill@ups 25
contain 1 to 12 carbon atons: The term"cyclic allcyl" neans an al kyl
conpound §RBRSeE R eAnfalp & to | cagonplomiser i zed by one or nore closed rings. The
cyclic alkyl may be nono-, bi-, tri- or polycyclic depending on the nunber
of rings preseHie i {aloxy oisyeRdhgrein o wz@mlc%%@uwt%qyslze@mgbo@wzal The
term"aryLjed e J | j.C r&ﬂgﬁf [ 5t0 7
carbon at %)t%%r lglrkg%’ %gﬁg%giﬁguﬁoﬁ%gﬁ?g n‘%ﬁ{ﬁﬂ&@%ﬁfeﬁhds rrgﬁocyc dllc(R ggg%ﬁgfbglg’eﬁi es of
5 to 70caddfmed atoyes and is typically phenyl, naphthalyl, phenanthryl,
anthracyl etc. Optionally, these groups are substituted wth one to four,
mor e pref er abl Gontemeplited tauting krayerials adokiingysolutipolr axdyfjlmanall be utiized ere useful in

Strai ght - PRaPRRHYER oRaPbBH eI, AEUBEATRISRG FHOmeS FaNo A CEPDoR A IS and
at | east engcdduibenkenetd cRt@fsend esHouk k§e¥d materials for electronic and semiconductor
components, including hardmask layers, dielectric layers, etch stop layers and buried etch stop
15 layers. These coating materials, coating solutions and films are quite compatible with other
materials that might be used for layered materials and devices, such as adamantane-based
compounds, diamantane-based compounds, silicon-core compounds, organic dielectrics, and
nanoporous dielectrics. Compounds that are considerably compatible with the coating materials,
coating solutions and films contemplated herein are disclosed in PCT Application
20 PCT/US01/32569 filed October 17, 2001; PCT Application PCT/US01/50812 filed December
31, 2001; US Application Serial No. 09/538276; US Application Serial No. 09/544504; US
Application Serial No. 09/587851; US Patent 6,214,746, US Patent 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
25  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 nmean an al kyl group bound through a single, termnal ether |inkage; that
is, an al koxy group nay be defined as -OR wherein Ris an al kyl group, as

10 defined above. Contenplated coating materials, coating solutions and
films can BEOO#PGBBd are useful in the fabrication of PgT/\PQ?QOé(PVZ%f

el ectronic devices, mcro-electronic devices, particularly sem conductor
integrated circuits and various |layered naterials for electronic and

sem conductor conponents, including hardmask |ayers, dielectric |ayers,
etch stop layers and buried etch stop 15 |l ayers. These coating material s,
coating solutions and filns are quite conpatible with other nmaterials that
m ght be used for. lLayered.materials _and device such as, adanmant ane- based
Conpounds SPe i 4he: HECUTR: Shisl. Tl detry el Btdnn iRl RBsHE

di el ectri esntenaiisled Her¢ia PO GU Slagkifddas inahgdifferemnposifdudiiglaBifRatt@risodetabl y
conpatible with the coating materials, coating solutions and filns

cont enpl afYRPORERE A PASEVE PRBRYSHY PHIVSCTIRNISIIS @ $leriropis cprpeussts sapdhbsef 1| ed

Cct ober 1Zom6299ri]aini_ (ﬁ;ﬁqdﬁ&lﬂl élﬁ?tdsoiih 1_@8%191% %oﬁﬁﬁc’h?, & 41%‘%} Q@ﬁfdgig%ich?ﬂsual 01;

0
US Application Serial No. 09/538276; US Application i al 09/ 544504; US

Appl i cat i caquiBsr a glowo. so0@¢ 587 86 1opetdGoRat Bxampes2 rg, Fipolar WEnstorenfield;effedt, 687;
US Patent, 6,172,128, US Patent 6, 156, 812 S lication Serial No., ..

60/ 350187 RIS 335 Hisgatad oG st o iaenty o SoestoRRt doBiponiia it Rsiatisng
whi ch ar eirpdgeratibg,qleR Ak bi@thaRB i¢aBat®y of £AITRMLA drRsdill@ioh, andusedlly re@lid¢-nolhe
conpounds, coatings, filnms, materials and the |ike described herein may be
used to BeRBNOr dheikchagsteristior gREFHPT OFXaFHOIF ofthh HVETiERa! r BHIFEIse GARASHRL

and/ or seﬁhﬁ &gqﬁ&gg GORORE Rlses. AS used herein, the term"el ectronic
conponent " a so’neaﬁgeany evi ce or part that -15 WD 2004/ 068555

PCT/ US2004/ 00 i Lk cul o Iy e trical
not 1 ont B ect r I preh BSmpiRifinl Baf oB) b SdafBint ARHRs 10 3h iRGGRELT PO
di f f er ent assagisgted witl b wihiglegntegrates cirduitdtICoNchimt An atxdpgravel cicoitplop ¢ypicallphas quassi ve

conponents. Active conponents are electronic conponents c | e of
P 1ts sur%ace a p?urarﬁp[y o%nlayers o? the presen? compos1tr;g%1s ang mul%%f%aﬂyers of metal
conductors. It may also include regions of the inorganic composition between discrete metal

conductors or regions of conductor in the same layer or level of an integrated circuit.

15 Electronic components contemplated herein may also be classified as conductors,
semiconductors, or insulators. Here, conductors are components that allow charge carriers (such
as electrons) to move with ease among atoms as in an electric current. Examples of conductor
components are circuit traces and vias comprising metals. Insulators are components where the
function is substantially related to the ability of a material to be extremely resistant to conduction

20 of current, such as a material 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.

25 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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sonme dynam c function, such as anplification, oscillation, or signal

control, which usually 5 requires a power source for its operation. Exanples
are bipolar transistors, field-effect transistors, and integrated circuits.
Passi ve conponents are el ectronic conponents that are static 1in operation,
i.e., are OYQROAHPEFY i ncapabl e of anplification or osci PCEUSHRAORAE usual |y
require no power for their characteristic operation. Exanples are
conventional resistors, capacitors, inductors, diodes, rectifiers and
fuses. 10 The present conpositions may al so be used as interlayer
dielectrics in an interconnect associated with a single integrated circuit
("IC") chip. Anintegrated circuit chip typically has on its surface a
plurality of lﬁ;’ﬁeﬂlﬁh q_f elgcrt]r%n rcgﬁsgﬁent(é%gm&%élgt%cﬁ esrei%rrlxga r;rwl‘élotble @fag'\ '%e%yeﬁlsscr% t met al
conductors. |t may ar 5o inel dae regi ons e 'norgani c composit1on between
di scret e oeinsdgrat@bndicicet Somponertyiadh devades aha diftsk @he ipartichiar skoEicAlaytepertyr

| evel of an integrated circuit. 1 Elﬁctronic conponent s cont enpl ated herein
may al so emceaiediof pRcpIaes 18 dreeitit &IPS URT S5 CERIFLOTS, GHodeh 2fl FRRREors Her e,
conduct or &t RedCOTPBAGN Sre hAbindnO W SRHHEE ML I8 3n %?dﬂlr?cﬂ: m@ple l.Retians) to
nmove with ease anong atons as in an electric current. Exanples of conductor
conponént propertiesc B g tplace dves caewdt viBxempletprd ditegatedtcatwts Innwhicht mukipker e
conponents where th function i ubstantially related to.th bility of a
v or ol EaRges iiEorab Rk bR aft HBHAR bRt St PP el it hleh %
mat eri al eyipgieyed to el ectrically separate other conponents, while

sem conduct ors are conponents having a function that is substantially
related to the ability of a material to conduct current with a natural
resistivity between conductors and insulators. Exanples of sem conductor
conponents are transistors, diodes, sone |asers, rectifiers, thyristors and
phot osensors. 25 El ectroni c conponents contenpl ated herein may al so be

cl assijfi ed as power sources or power consuners. Power source conponents are
typically used to power other conponents, and include batteries,

capacitors, coils, and fuel cells. Power consum ng conponents include
resistors, transistors, integrated circuits (1Cs), sensors, and the |iKke.
-16 WD 2004/ 068555 PCT/ US2004/ 002252
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Still further, electronic conponents contenplated herein may al so be
classified as discreet or integrated. Discreet conponents are devices that
of fer one particular electrical property concentrated at one place in a
circuit. Exanples are resistors, capacitors, diodes, and transistors.

| nt egr at ed WOMIHABAPs are conbi nati ons of conponents t hECTU$A048%352r ovi de
multiple electrical 5 properties at one place in a circuit, Exanples are
integrated circuits in which nultiple conponents and connecting traces are
conbined to performmultiple or conplex functions such as logic. 10 -17 WO
2004/ 068555 PCT/ US2004/ 002252 EXAMPLES EXAMPLE 1 In application of the
conpositions described herein to ICs, a solution of the present

conpositi Q%M&ﬁppl ied to a sem conductor wafer using conventional wet

coati ng processes such 5 as, for exanple, spin-coating; other well known

coating techni . LiCh as spray coating, flow coating or dip coating may be
utilized in sp@%ﬁﬁ-@—cases. As an exanpl e, a cycl ohexanone solution of the

present conposition (.prepared under anbi ent .conditiqns and . with strict
adherence to a@PQ%?%-gﬁé’ﬁ?ﬁ}ilq ﬁ(ﬁnpd’lsg‘f’%scgﬁsc 85&956\%Fﬂi(??’a%é&ﬁ%?naf’p PSR hat i on
in any coButesitiond appRERtodd sésnicdhavddiGvafier MGy @Bkvahtida] WetdoBtllg précea@a@sh ont 0

a substrate having electrically conductive 10 conponents fabricated therein
and thé cenf@@xaup/s: srin-eoqtisg s welldpewn eepting techpinpes| suglt scwsayi Gegting, flow

Appl i cat i phaf of s SRR O DrikRd R sPacid AXE! ARA SaRhbAN! cyfon
t opogr aph?cé éé)ur ng%%g?%%%st?lat e lrrasgécgcla carri %3 out ao;l}?iaeﬁgi Cr?gloa?lx;?none
convent i opahticamp dregiressnt dompbsitiom(@reparspinmier malient conditaa ased with stricoatihersndel ons
used herein have a.controll ed viscosit uitable for such a coater.

Evapor at + i Brtciae G kR Rpo1 e g BT SRt R oh By S TP SmReh Eererpsor
appar at ushawnmch asn-ttaficnBhRgRiis ddhtd Nghtdd W kit@tr&Pi RavE@aicbigical By conduesw € t o
an anbi ent environnent or by heating on a hot plate up to about 350C. After

appl i At i epmrepenth EbrigaedyHsieen s the repfedrsybiateds diop subipeted topbermahRiosaring.

substrat eApI)ltﬂﬁtion of this composition to form a layer onto a planar or topographical surface or

substrate may be carried out by using any conventional apparatus, including a spin-coater,
because the compositions used herein have a controlled viscosity suitable for such a coater.
Evaporation of the solvent may be accomplished by any suitable method or apparatus, such as
15  simple air drying during spin-coating, by exposure to an ambient environment or by heating on a

hot plate up to about 350°C.

After application of the inorganic material to an electronic topographical substrate, the
coated structure is subjected to a bake and cure thermal process at increasing temperatures
ranging from about 50°C up to about 450°C to polymerize the coating. The curing temperature is

20  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

25  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

i ncreasing tenperatures ranging from about 50C up to about 450C to

pol ymeri ze the coating. The curing tenperature is 20 at |east about 300C
because a |l ower tenperature is insufficient to conplete the reaction herein.
General Iy, WR20040¢85%f erred that curing is carried out attCGl8m3¥t&IHit%es of
fromabout 375C to about 425C. Curing may be carried out in a conventional
curing chanber, such as an electronic furnace, a hot plate and the |ike and
is generally performed in an inert (non-oxidizing) atnosphere (nitrogen) in
the curing chanber. In addition to hot plate curing, the present 25
conpositions nmay al so be cured by exposure to ultraviolet radiation,

m crowave, radi ation. ct.ron I as tau

sl oned Bbgs sBhBirteen PoRepbs PR il St BiEieas %A&vegﬁaﬂy if

6, 080, 526the§ ark elfedt#3 t@echdbct 2dn 35 3he inbtizarlic asteridlncor por at ed herein

reference in their entireties. Any non-oxidizing or reducing at m)spheres
(e.g. argon, hgldnd@nbodikint/\Re 224l AeRPLESINFETEUBRPIALRDRARR:/ashing] RBROBtIRN
nitrogen processing gases) may be used in the practice of the present

i nvent i on thej garboptispleione dampgedt ingrganic fily gl watbor yestorgfians by placing dheyditmcn a
material s A& t e

et chi ngl a ]ﬁllklﬂ% %Fg%"lﬁg}g T aten%cre{lfg% %hta[ﬁi%hagﬁe aﬁ%@é ?%agfrléégh’i %Je?[? ‘%ﬁfn to
car bon r eattodaded mthbsy vathagt they atdhﬁ afcaﬂrlm gn. By dptiplizvghe pheosepndifRescgdsee
organi ¢ noi eties-containin as .descri bed herein, are t

T oducedRIPNELP IR i il et R e gped ety oS R sine!

process CeRfthd k@NBppdasesiockad, eﬁ@hér%&ﬁ&n&a‘ﬁoﬂ'ﬁ FisiRideA 9 thé ackidfihpRshchiRACt
wi th residue silanol groups. ‘After the free silanol groups are capped or

bl ocked, BPUPheRy sonednsing w@rpongnaisties rydiephabyeity jsad Fta@v@udfmfaaw 108 et lpy &

group B ng carbon noieties, hydrophobicity and structural '
i nt egfllot yﬁlrpfarhﬁ‘l% f(e'd lo films are aI so restored. Thus, specific

enbodi ment s a”f'mgpg;e&g\ Sh}%‘ﬁ %Lts 2 bl nf? %8%8%'21&% %{;‘Iﬁp gong%&]glt%%logiof voi d

reparation have ose € apparen owever ose
skill ed i roidhepagation hteabeetraiiselosed. & srhmldfoe aﬁ;har@mshobxesetrﬂmsthbd@(mﬂlealim dmchyt

descri bed are possible t hout. depa mt i nventjve, concepts
herein. THE! m%mqr%méﬁ%fw st tﬁlosetq%@?%f glbe sar%acesmﬁvlf Wihqut depariiiee

from the inventive concepts herein. The inventive subject matter, therefore, is not to be restricted

15 except in the spirit of the appended claims. Moreover, in interpreting both the specification and
the claims, all terms should be interpreted in the broadest possible manner consistent with the

" context. In particular, the terms "comprises” and "comprising" should be interpreted as referring

to elements, components, or steps in a non-exclusive manner, indicating that the referenced
elements, components, or steps may be present, or utilized, or combined with other elements,

20  components, or steps that are not expressly referenced.
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15 except in the spirit of the appended clains. Mreover, in interpreting
both the specification and the clains, all ternms should be interpreted in

t he broadest possible manner consistent with the context. In particular,
the terns "conprises” and "conprising” should be interpreted as referring
to el enents, conponents, or steps in a non-exclusive manner, indicating that
the referenced elenents, conponent g AQgfsteps nmay be present, or utilized,
or conbined with other elenents, 20 conponents, or steps that are not
expresslyweeglg enced. -19 CLAIMS W claim 1. A nethod of nodifying the
surface of a nmaterial, conprising: providing a material having a plurality

of silanol groups; ovi dj. | east one surface nodification agent which
conpriseshat I &@?mghg?ﬁwggﬁﬁgkeWH%@FQ?&Hﬁﬁﬁ?LFﬂBPQ?P%ne conpound; reacting
the at |e?§)‘vid§}[gea RBGAR Hav R & Mra k9] &HoNGroBpd; ane conmpound with at | east
sone of he plurality of silanol groups ; depositing a nmetal conductor onto

t he mat er prwividingwl leagiusjesotipeegnediticarion akent ovhichreompriaescht i¢nst onglorganés gy. 2. The
met hod of claim 1. wherein the &grfaoe modi fi cation agent restores

hydr ophobi C|et)§/ U5 e ShEt e8P 3. The nethod of claim 1, wherein the
material  eQomMg thest [addt bOGrgalt enofdy-ebitaihing4iland@nipuf@dithfat khaisohad of Wher ei n
the inorganic material conprises a silicon-based inorganic material. 5. The

met hod ofﬂ@ﬂﬁﬂﬂﬁipfﬂﬁﬁpb@ﬁuﬁ%e at | east one organic noiety-containing silane
conpound Eﬂi&i‘iibg?%e@a@{?mgﬁ?%n{pﬂ{éHﬁtetrigfaa{wc?rrml a: (Ri)xSi (Rz)4-x where R,
Vi ng to 0]

is alkyl carbon atons, vinyl or aryl; R is hydrogen,
chl ori ne. subdmehgihe meraltthoigss aed Hheryalenergyher acet oxy groups; and x is |, 2
or 3.

2. The method of claim 1, wherein the surface modification agent restores

hydrophobicity to the material.
3. The method of claim 1, wherein the material comprises an inorganic material.

4. The method of claim 3, wherein the inorganic material comprises a silicon-based

inorganic material.

5. The method of claim 1, wherein the at least one organic moiety-containing silane
compound comprises a compound having the formula:

(R)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.

6. A method of carbon restoration in a carbon-depletion damaged material,
comprising:

providing a carbon-depletion damaged material having a plurality of silanol groups;
providing at least one surface modification agent which comprises at least one organic
moiety-containing silane compound;

reacting the at least one organic moiety-containing silane compound with at least some of

the plurality of silanol groups;
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6. A nethod of carbon restoration in a carbon-depletion danaged materi al,
conprising: providing a carbon-depletion damaged material having a plurality
of silanol groups; providing at |east one surface nodification agent which
conprises at |east one organic noiety-containing silane conpound; reacting
the at | east one organic noiety-containing silane conpound with at | east

sone of H%sﬁllng'é%éti%oﬁ(ﬁuc%rloﬂﬂpﬂheg{a%t‘l@ﬁ’and 20 depositing a netal conductor
onto the material; and subjecting the netal to stress and thernal energy.

7. The metwvertiog thel métah 16 strods@néthermbleeneigyf ace modi fi cat i on agent restores
hydr ophobicity, to the material. 8 The nethod of claim®6, wherein the
carbon-depl eti on danaged naterial conprises an inorganic material. 9. The

met hod of 7¢cl ai Mhémethbeoetlain bewhdrein gsuefad@medifidhtionigpiii re@sreg Si | i con- based
inorganic material . 10. The nmethod of claim6, wherein the at |east one
organi c mby&ephebiiyaioihngakrishne  conpound conprises a conmpound having t he
formula: (R )xSi (R2)4-x where R, is alkyl having 1 to 3 carbon atons, vinyl
or aryl; R2 is hydrogen, chlorine, acetoxy, nethoxy, ethoxy or other

acet oxy g®Boups Thamdthed f dlain? 6owhdeinlie cafbomedepetiondamaghdinyatagalt he surface of
a film conprisin roviding a filmhaving a plurality of silanol groups;
pl acing th P‘i‘ﬁeﬁﬁgﬁl"é‘fa&‘cpmﬁ H% chamber; introducing at |east one surface
nodi fication agent which conprises at |east one organic noiety-containing
sil ane conmpound into the chanber in the formof a plasma, wherein said at

| east one Yor gaithe methiodtof cleomBawhéreiy thd inargenic omeriah domprisss ¢ silicpirbaged| east

sone of . . .
inorganic material.

10.  The method of claim 6, wherein the at least one organic moiety-containing silane
compound comprises a compound having the formula:

(R)xSi(Rp)ax
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.

11. A method of modifying the surface of a film, comprising:

providing a film having a plurality of silanol groups;

placing the film into a plasma chamber;

introducing at least one surface modification agent which comprises at least one organic
moiety-containing silane compound into the chamber in the form of a plasma, wherein
said at least one organic moiety-containing silane compound reacts with at least some of
the silanol groups;

depositing a metal conductor onto the film; and

subjecting the metal to stress and thermal energy.

12.  The method of claim 11, wherein the surface modification agent restores

hydrophobicity to the film.

13.  The method of claim 11, wherein the film comprises an inorganic material.
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the silanol groups; depositing a netal conductor onto the film and
subjecting the netal to stress and thermal energy. 12. The nethod of claim
11, wherein the surface nodification agent restores hydrophobicity to the
film 13. The method of claim 11, wherein the filmconprises an inorganic
material. -21 14. The nethod of claim 13, wherein the inorganic materi al

conprises @ siTheARHBRSLHaint MONARNIC HIBAGEARE matkrial c;UﬁﬁirfE@st Qgﬁc&if.bafgg&i m 11,

wherein the at | east one organic noiety-containing silane conpoun

conpri sesimrgaoigpoateniklhavi ng the fornmula: (Ri)xSi (R?)4-x where R is alkyl
having 1 to 3 carbon atons, vinyl or aryl; R2 is hydrogen, chlorine,

acet oxy, nethoxy, ethoxy or other acetoxy groups; and x is 1, 2 or 3. 16. A

met hod of 1s0di Ty Methbief slbint areviRbeimtieak Q@ﬁnﬂ@@%@hicmié@%ﬁ@mﬁg I m
conprising: providing a carbon-depl etion damaged filmhaving a plurality of
si | anol gPiARp SOMPINECORrisesea damnpernchbaying ik &ymalashamber ; i ntroduci ng at

| east one surface nodification agep{ gﬂk@h conprises at |east one organic
noi ety containing silane conmpound Hpb é*chanber; reacting the at | east
one or ganwheml®, ¢t alkyd daviagnita g catboaawnsovipolordrid) Rhisalydiogastchboine, of t he

si | anol gro%ﬁi; dﬁpositing a netal conductor onto the material; and

subj ect i nBCHHY> RENQKY-1HHosy e QUCLAGINN SFIMRPF: WA§Y. 2 A73- The nethod of claim

16, wherein the step of allowing the silanes to react further conprises
restoring hydrophobicity to the film 18. The nmethod of claim 16, wherein
the fil m ¢anpr Aseghehofimodifamd e matfaseiofih carbon-depletion damaged film,

comprising:

providing a carbon-depletion damaged film having a plurality of silanol groups;

placing the film into a plasma chamber;

introducing at least one surface modification agent which comprises at least one organic
moiety containing silane compound into the chamber;

reacting the at least one organic moiety-containing silane compound with at least some of
the silanol groups;

depositing a metal conductor onto the material; and

subjecting the metal to stress and thermal energy.

17.  The method of claim 16, wherein the step of allowing the silanes to react further

comprises restoring hydrophobicity to the film.
18.  The method of claim 16, wherein the film comprises an inorganic material.

19.  The method of claim 18, wherein the inorganic material comprises a silicon-based

inorganic material.
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19. The nmethod of claim 18, wherein the inorganic material conprises a
silicon-based inorganic material. - J J 20. The nethod of claim 16,
wherein the at | east one organi c noiety-containing silane conpound
conprises a conmpound having the formula: (RI)xSi (R )4-x where R is alkyl
having 1 to 3 carbon atons, vinyl or aryl; R is hydrogen, chlorine,

acet oxy, Bl NoxYe nRIHOP6Y cRIm IbNSher& el Yoadl HERBzan® W otéty-Sontainifg Mamd- 21
The nethod of claim 1 wherein the subjecting the nmetal to stress and thermal
ener gy st epmpounrdospsisesrmeaifiongd binengrse dormud2. The net hod of claim 6 wherein
the subjecting the netal to stress&ﬁg&. hermal energy step conprises

anneal ing the netal. 23. The nethod"! ! 23?n1| wherein the nethod prevents
stress-i ndueRMR O4IRYIMGvingd4o 3TRaEORBIMRI vl 61 AVITR] s MARTR chidigeet hod
prevents stress-induced voiding. 25. The nethod of claim1, wherein the at

| east one agitgpanimetheay eathoxyon odien periexyi drekns; andonsduAdr donpri ses an

al kyl acet oxysi | ane, an aryl acet oxysilane and conbi nations thereof. 26. The
nmet hod of claiml, wherein the at |east one orgainic noiety-containing

sil ane canpouftle artdios ekirh rivel{egdimeichybjacingaherrictay tesitteanand thermal
tris(dinmet hyl am no) phenyl si |l ane tris(dinmethyl am no)sil ane,
nethyltri§C%§¥ﬁ§Pé?m9m%§6WFﬁE?%ﬂWéW%¢'nethyltriacetoxysilane,

di et hyl di acet oxysi | ane, phenyltriacetoxysilane, nethyltrinethoxysil ane,

di phenyl di acet oxysi | ane and conbi nations thereof. 27. A material produced
by the pr@Cess Tat netltaidmf tlaim Z8vhefeintiteeubattingrtbe meed tdostreshandpgheromss of cl ai m

6. -23 : ,
energy step comprises annealing the metal.

23.  The method of claim 1 wherein the method prevents stress-induced voiding.
24, The method of claim |1 wherein the method prevents stress-induced voiding.
25.  The method of claim 1, wherein the at least one organic moiety-containing silane

compound comprises an alkylacetoxysilane, an arylacetoxysilane and combinations

thereof.

26.  The method of claim 1, wherein the at least one orgainic moiety-containing silane
compound comprises tris(dimethylamino)methylsilane, tris(dimethylamino)phenylsilane,
tris(dimethylamino)silane, methyltris(methylethylkeoxime)silane, methyltriacetoxysilane,
dimethyldiacetoxysilane, phenyltriacetoxysilane, methyltrimethoxysilane,
diphenyldiacetoxysilane and combinations thereof.

27. A material produced by the process of claim 1.

28. A material produced by the process of claim 6.
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