41 SILICON M(JXIDE CONTAI NI NG COATI NG This invention relates to ﬁ' gwg&%
fledee corf ai ning coating formed from pol ysilastyrene and a met'hod for, its
preparation. The resultant coating has utility on substrates such as {ﬁﬁf

el ectroni c devices. Various silicon-containing materials are used as
precursors to silicon dioxide, such as silsesquioxane resins, silicate
esters, polysilazanes, polycarbosilanes and conbinations or hydrolyzed
products thereof are all known in the drt. Methods of forming conplete
silicon dioxide ceram c coatings are known in the art and are generally
represented by U. S. Patents 5,336,532 and 5, 318, 857. These net hods conpri se
formng a coating of a ceram c precursor on an electronic device and then

heati ng sai d precursor teIBItENPRIGKIDE CONTRXNING nNEC. in the presence
of ozone. The ceramic precursor in U S Patent 5,336,532 conprises hydrogen
si | sesqui oxane resin. The ceram c precursor in U/ Patent 5,318,857 is a
hydrol yzed or partially hydrolyzed silicon al koxide. Simlarly, U S. Patent
5,262,201 discloses a nmethod of making ceram c coatings wherein a ceramc

precursor is heated toh28 iRvEROLi&H rddlatds ab al MAIpkenedGoRRAESI Ng aqueous
ammoni a or ammoni um hydroxi de. Methods of form ng ceram c-like coatings
cont ai ni ng Septedpinpospaeling efarmes ovih BN sid agtyrengr and @ method

for its preparation. The resultant coating has utility on
substrates such as electronic devices.

Various silicon-containing materials are used as
precursors to silicon dioxide, such as silsesquioxane
resins, silicate esters, polysilazanes, polycarbosilanes and
combinations or hydrolyzed products thereof are all kncwn in
the art.

Methods of forming complete silicon dioxide
ceramic coatings are known in the art and are generally
represented by U.S. Patents 5,336,532 and 5,318,857. These
methods comprise forming a coating of a ceramic precursor on
an electronic device and then heating said precursor to a
‘temperature of 40 to 400°C. in the presence of ozone. The
ceramic precursor in U.S. Patent 5,336,532 comprises
hydrogen silsesquioxane resin. The ceramic precursor in
U.S. Patent 5,318,857 is a hydrolyzed or partially
hydrolyzed silicon alkoxide.

Similarly, U.S. Patent 5,262,201 discloses a
method of making ceramic coatings wherein a ceramic
precursor is heated to 20 to 500°C. in an atmosphere
comprising agqueous ammonia or ammonium hydroxide.

Methods of forming ceramic-like coatings

containing silicon dioxide are also known in the art; for
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exanple, U S Patent 5,290,354 describes a nethod of formng a ceramc or
ceramc-li ke coating on a substrate, such as an el ectronic device, as well
as the substrate coated thereby. The nmethod conprises coating the substrate
with a solution conprising a solvent, hydrogen silsesqui oxane resin and a
met al oxide precursor. The solvent is then evaporated, thereby depositing a
pre-ceram c coating on the substrate. The pre-ceram c coating is then
ceramified by heating to a tenperature of 40[err] and 1,000[err]C. That
coating may be covered by additional pasilvatlon or barrier coatings. US.
Patent 5, 145,723 reveals a nethod of also formng a silica coating on a
substrate. Said nmethod conprises coating a substrate with a silica
precursor having a nelting point between 50 and 450[err] C. Therein, the
coating is heated to a tenperature above its nelting point in an inert

envi r onnent exampl ¢ oW t e Rﬁmﬂmg':,t%ﬁonéﬁt‘l dedctlibes Fheethipdd eoff comtriimg i s
next heated_in_an environnent, f a sufficient tine to facil
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coating of a silica precursor resin and filler onto an integrated Circuit
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to forma silica, containi cera The si.lica precursor resin typically
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thereby depositing a pre-ceramic coating on the substrate.

The pre-ceramic coating is then ceramified by heating to a
temperature of 40° and 1,000°C. That coating may be covered
by additional passivation or barrier coatings.

U.S. Patent 5,145,723 reveals a method of also
forming a silica coating on a substrate. Said method
comprises coating a substrate with a silica precursor having
a melting point between 50 and 450°C. Therein, the coating
is heated to a temperature above its melting point in an
inert environment to allow the coating to melt and flow.

The melted coating is next heated in an environment for a
sufficient time to facilitate conversion to siliéa.

U.S. Patent 5,399,441 claims a method of forming
opaque coatings on integrated circuits. The method
comprises applying a coating of a silica precursor resin and
filler onto an integrated circuit and then heating the
coated circuit to a temperature of 50 to 1000°C. to form a
silica containing ceramic. The silica precursor resin
typically comprises hydrogensilsesquioxane resin and
hydrolyzed or partially hydrolyzed alkoxysilanes which is

heated in either an oxidizing or non-oxidizing atmosphere.



U S. Patent 5,710,203 shows a nethod of form ng a tanper-proof coating on
“an electronic device which conprises applying a coating of a silica
precursor resin and filler onto said el ectronic device. The coated

el ectronic device is then heated at a tenperature sufficient to convert the
silica precursor resin to a silica containing ceramc matrix. The filler
therein is one which reacts in an oxidizing atnosphere to |liberate
sufficient heat to danage the electronic device if it is tanpered wth.

U S. Patent 5,508,062 is a nmethod of forging an insoluble coating on a
substrate which conprises m xing a conposition conprising an al koxysil ane
and a titaniumcatalyst to forma coating m xture. The coating m xture is
then applied on a substrate and exposed to atnospheric noisture for a tine
sufficient to forman insoluble coating. Finally, the substrate having the
i nsol ubl e coating is tieat eHagénta 3 gryeraiurshdiet weerthod andiébhiwgra C. for
up to 6 hours. U S. Patent 5,6 711,987 also provides a nethod of formng a
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filler; (2) RereaPt er ceran?fylng sald:p e-ceram c srlicon-contal ning
material ; avato3paagpbyesgrontt ddigidesulthengoatednetetoyehia geales | ayer

produced froma col |l oidal inorganic-based sil oxane resin, benzocycl obutene
based resi nispShgnnhgatedsath, a sienperrtyssl wukfdedenndtpacynenet el (4)
finally éilica precursor resin to a silica containing ceramic
matrix. The filler therein is one which reacts in an
oxidizing atmosphere to liberate sufficient heat to damage
the electronic device if it is tampered with.

U.S. Patent 5,508,062 is a method of forming an
insoluble coating on a substrate which comprises mixing a
composition comprising an alkoxysilane and a titanium
catalyst to form a coating mixture. The coating mixture is
then applied on a substrate and exposed to atmospheric
moisture for a time sufficient to form an insoluble coating.
Finally, the substrate having the inscluble coating is
heated at a temperature between 100 and 600°C. for up to 6
hours.

U.S. Patent 5,711,987 alsc provides a method of
forming a tamper-proof coating on an electronic device by
(1) applying on said device a composition comprising pre-
ceramic silicon-containing material and filler; (2)
thereafter ceramifying said pre-ceramic silicon-containing
material; and (3) applying over the resulting ceramic layer
a sealer layer produced from a colloidal inorganic-based
siloxane resin, benzocyclobutene based resin, polyimide

resin, siloxane polyimides and parylene; and (4) finally



4
curing said overlain resin. The ultinmate coating may further conprise
optional third (anorphous SiC H, dianond, silicon nitride or parylene) and
fourth layers (sane as second | ayer). However, none of the foregoing
met hods di scl ose pol ysilastyrene as a precursor to silicon dioxide.
Therefore, it is an object of this invention to provide a nmethod of using
pol ysilastyrene to forma silicon dioxide containing coating on a
substrate, such as an electronic device. It is a further object herein to
provide a nmethod of formng a nulti-layer coating on a substrate, wherein
at least one layer is a silicon dioxide containing coating made from a
coating conposition conprising polysilastyrene. This invention relates to a
met hod of forming a Silicon dioxide containing coating. The nethod
conprises heating a coating conposition conprising polysilastyrene in an
oxi di zi ng atumispherA d eveelmihheesihi conhei Wkt thea o rdaatiingg magat i ng. The
silicon dioxide containing coating_can be used in hernmetic coating systens,

as an i nt erfHeTiTOELSEc oBEaPrAY BRIES LAPPERRAYT IS Eoatiingonthe’
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invention relates to a net ormng a I con e contai ni ng
coating on seciHastlagtes) ." Sil i con di oxi de containing coating" means

anor phous silicon dioxide that may contain residual carbon,_ silanol,
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polysilastyrene as a precursor to silicon dioxide.

Therefore, it is an object of this invention to
provide a method of using polysilastyrene to form a silicon
dioxide containing coating on a substrate, such as an
electronic device.

It is a further object herein to provide a method
of forming a multi-layer coating on a substrate, wherein at
least one layer is a silicon dioxide containing coating made
from a coating composition comprising polysilastyrene.

This invention relates to a method of forming a
silicon dioxide containing coating. The method comprises
heating a coating composition comprising polysilastyrene in
an oxidizing atmosphere to form the silicon dioxide
containing coating. The silicon dioxide containing coating
can be used in hermetic coating systems, as an interlayer
dielectric coating or as a planarizing coating. The silicon
dioxide containing coating is used on electronic devices.

This invention relates to a method of forming a
silicon dioxide containing coating on a substrate. “Silicon
dioxide containing coating” means amorphous silicon dioxide
that may contain residual carbon, silanol, hydrogen or

combinations thereof. The method of forming the silicon



di oxi de containing coating conprises applying a coating conposition

* conprising polysilastyrene to a substrate and heating the polysilastyrene

in an oxidizing atnosphere to formthe silicon dioxide containing coating.

Pol ysi |l astyrene conprises units with the fornulae ((CHerr])[err]Si) and

(Jerr]Herr]SiCHerr]). The ratio of silicon-bonded nethyl groups to

silicon-bonded phenyl groups in the polysilastyrene is typically 1:1 to

4:1. Polysilastyrene is known in the art and can be prepared by net hods

known in the art. For exanple, Encyclopedia of Polynmer Science and

Engi neering, 2[err] ed., vol. 13, pp. 324-327, 1988, describes a nethod

conpri sing sodi um de-chl orinati on of di nethyl dichlorosilane and

met hyl phenyl di chl orosi | ane. De-chlorination can be carried out by heating

t he di net hyl di chl orosi | ane and net hyl phenyl di chl orosilane to a tenperature
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oxi de precursors,” fillers,” silané coupling agents, catalysts, flux agents
and conbi nafoxmst Hdhesiddfconl il codaei rgncampdagt coat imy. conpri se one or nore

nodi fyi ng ceram ¢ oxi de precursors. "Mdifying ceram c oxide precyrsor”
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methyl groups to silicon-bonded phenyl groups in the
polysilastyrene is typically 1:1 to 4:1.
Polysilastyrene is known in the art and can be

prepared by methods known in the art. For example,

Encyclopedia of Polymer Science and Engineering, 2™ ed.,

vol. 13, pp. 324-327, 1988, describes a method comprising
sodium de-chlorination of dimethyldichlorosilane and
methylphenyldichlorosilane. De-chlorination can be carried
out by heating the dimethyldichlorosilane and
methylphenyldichlorosilane to a temperature greater than
100°C. in the presence of sodium and toluene.
Polysilastyrene polymers are available commerciaily from
Nissho Iwai American Corp., New York, NY.

The coating composition further comprises optional
ingredients. The optional ingredients include modifying
ceramic oxide precursors, fillers, silane coupling agents,
catalysts, flux agents and combinations thereof.

The coating composition may comprise one or more
modifying ceramic oxide precursors. “Modifying ceramic
oxide precursor” means metal and non-metal compounds having

one or more hydrolyzable groups bonded to the metal or non-



titanium zirconium tantalum niobiumand vanadium Exanples of  suitable
non-netal s i ncl ude boron and phosphorous. Exanpl es of hydrol yzabl e groups

i ncl ude al koxy, such as methoxy, ethoxy and propoxy; acyloxy such as

acet oxy; and other organic groups bonded to the netal or non-netal through
an oxygen atom The nodifying ceram c oxide precursor nust be capabl e of
bei ng di ssolved in a solvent, hydrolyzed and subsequently pyrolyzed. The
amount of nodi fying ceram c oxide precursor used in the coating conposition
is typically selected such that the siligon dioxide containing coating
contains 0.1 to 30 wt% of the nodifying ceram c oxide fornmed fromthe

nodi fyi ng ceram ¢ oxi de precursor. The coating conposition may further
conprise at |least one filler. "Fillers" are finely divided solids
distributed within the silicon dioxide containing coating. Fillers are
unreacti ve WREALt heExdmykes af ygudiahle mesadsainggudenpbeninwm. Fillers may

b [ ' ic. | ic. fill W th ' f hol ogi
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filler morphehegvedndf Paiidd e Sicke nideR@Rd i081LAE b¥BEnOdndi |l er and _
desired thickness of the coating. The filler can have a small particle size
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abrasi on regtét@®y; and other organic groups bonded to the metal or
non-metal through an oxygen atom.

The modifying ceramic oxide precursor must be
capable of being disscolved in a solvent, hydrolyzed and
subsequently pyrolyzed. The amount of modifying ceramic
oxide precursor used in the coating composition is typically
selected such that the silicon dioxide containing coating
contains 0.1 to 30 wt% of the modifying ceramic oxide formed
from the modifying ceramic oxide precursor.

The coating composition may further comprise at
least one filler. *“Fillers” are finely divided solids
distributed within the silicon dioxide containing coating.
Fillers are unreactive with the polysilastyrene in the
coating composition. Fillers may be organic or inorganic.
Inorganic fillers with a variety of morphologies can be
used, including flakes, particles, powders and
microballoons. The filler morphology and particle size
depend on the type of filler and desired thickness of the
coating. The filler can have a small particle size in the
submicrometer range (i.e. 5 to 150 millimicrometers) up to a
large particle size such as 100 to 500 micrometers.

* Suitable fillers include optically opagque, radiopaque,



magnetic and conductive fillers. Optically opaque fillers are fillers that
‘render the silicon dioxide containing coating inpenetrable to visual |ight.
Optically opaque fillers include oxides, nitrides and carbides of silicon,
alumna, netals and inorganic pignments. Preferred optically opaque fillers
include plasma alum na mcroballoons having an average particle size of 6

m cronmeters, silica mcroballoons having an average particle size of 5to
40 mcroneters, silicon nitride (Si[err]Nerr]) powder or whiskers, silicon
carbi de powder or whiskers, alumi numnitrjde powder and bl ack inorganic

pi gnents such as black FERR(J err] F6331 Having an average particle size of
0.4 mcroneters. Radiopaque fillers are fillers that render the silicon

di oxi de containing coating inpenetrable to sound waves and radiation such
as x-rays, ultraviolet, infrared and visible |ight. Radiopaque fillers

i ncl ude” heavhP"H@esicenduchxadardan nadittmyst ebmrd dmeelsikitansal t s of heavy

nmetal s such r.i u I silver..gold, cadmum antinony, tin,
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nitrides and carbides of silicon, alumina, metals ‘and
inorganic pigments. Preferred optically opaque fillers
include plasma alumina microballoons having an average
particle size of 6 micrometers, silica microballoons having
an average particle size of 5 to 40 micrometers, silicon
nitride (Si,N,) powder or whiskers, silicon carbide powder
or whiskers, aluminum nitride powder and black inorganic
pigments such as black FERRO® F6331 having an average
particle size of 0.4 micrometers.

Radiopaque fillers are fillers that render the
silicon dioxide containing coating impenetrable to sound
waves and radiation such as x-rays, ultraviolet, infrared
and visible light. Radiopaque fillers include héavy metals
such as lead and fungsten and insoluble salts of heavy
metals suclk as barium, lead, silver, gold, cadmium,
antimony, tin, palladium, strontium and bismuth. The salts
can include carbonates, sulfates and oxides. Tungsten is
preferred.

Luminescent fillers are fillers that render the
silicon dioxide containing coating capable of absorbing
energy and emitting electromagnetic radiation in excess of

thermal radiation. Luminescent fillers can be phosphors;



sel eni des; sul fosel eni des; oxysul fides; oxygen dom nate phosphors such as
* borates, alum nates, gallates, silicates; and halide phosphors such as
al kali metal halides, alkaline earth halides and oxyhalides. Sulfides are
preferred and zinc sulfide is nost preferred. Activators nmay be added to
t he phosphor conpounds. Activators include nanganese, silver and copper;
and rare earth ions in the formof halides. The activator is generally
present in amounts of 0.1 to 10 nol e% based on the wei ght of the phosphor.
Oxidation resistant fillers are fiIIersEghat render the silicon dioxide
containing coating resistant to further "oxidation by thernmal radiation.
More specifically, oxidation resistant fillers are fillers that react in an
oxidizing environment to |iberate excessive |localized heat to the
under | yi ng substrate, thereby inhibiting further exam nation of the
substrate. Bunelabl sudliidesi sncludinganingi subfidd rasididmdrdug sudfidheas
magnesi um iron,. silico al.um num an éénc; Abrasigf r.esi st ant
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the phosphor compounds. Activators include manganese,
silver and copper; and rare earth ions in the form of
halides. The activator is generally present in amounts of
0.1 to 10 mole% based on the weight of the phosphor.

Oxidation resistant fillers are fillers that
render the silicon dioxide containing coating resistant to
further oxidation by thermal radiation. More specifically,
oxidation resistant fillers are fillers that react in an
oxidizing environment to liberate excessive localized heat
to the underlying substrate, thereby inhibiting further
examination of the substrate. Suitable oxidation resistant
fillers include metals such as magnesium, iron, silicon,
tin, aluminum and zinc.

Abrasion resistant fillers are fillers that render
the silicon dioxide containing coating difficult to remove
by frictional means without damaging the substrate.
Abrasion resistant fillers are exemplified by diamond,
titanium nitride, tungsten carbide, tantalum carbide and
fibers of graphite, KEVLAR®, NEXTEL® and aluminum oxide.

Energy resistant fillers are fillers that render

the silicon dioxide containing ccating impenetrable or



vapor or liquid borne reactive species and plasmas that could cause damage
:to the substrate. Energy resistant fillers include heavy netals such as

| ead, tungsten, tantalum antinony and others. Magnetic fillers are fillers
that render the silicon dioxide containing coating magnetized by a magnetic
field having a net magnetic nonment. Magnetic fillers include carbon all oy
ferrites, iron carbonyl and alloys of netals such as iron, nanganese,
cobalt, nickel, copper, titanium vanadium nolybdenum nagnesium

al umi num chromum zirconium |ead and zinc. Exanples include
Fe[err](JQerr], MiZn, N Zn and CuZn. Condlctive fillers are fillers that
render the silicon dioxide containing coating thermally or electrically
conductive. Conductive fillers include gold, silver, copper, alum num

ni ckel, ZnCr and cobalt. OQher suitable fillers include secondary fillers
nanely synt heactiwad omthotd, et emeadgy soclrcas exchess oxdme des, bori des,
carbides and_sul fides of petals and non- netals such_as glass, alum na,
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net al s suchfiilers vErcldmihRaRY dS5eds seshcrEm R cEERISRRIY as

tantalum, antimony and others.

Magnetic fillers are fillers that render the
silicon dioxide containing coating magnetized by a magnetic
field having a net magnetic moment. Magnetic fillers
include carbon alloy ferrites, iron carbonyl and alloys of
metals such as iron, manganese, cobalt, nickel, copper,
titanium, vanadium, molybdenum, magnesium, aluminum,
chromium, zirconium, lead and zinc. Examples include Fe,O,,
MnZn, NiZn and CuZn.

Conductive fillers are fillers that render the
silicon dioxide containing coating thermally or electrically
conductive. Conductive fillers include gold, silver,
copper, aluminum, nickel, ZnCr and cobalt.

Other suitable fillers include secondary fillers
namely synthetic and natural materials such as oxides,
nitrides, borides, carbides and sulfides of metals and non-
metals such as glass, alumina, silica, titanium dioxide,
zinc oxide, tungsten oxide, zirconium oxide and ruthenium
oxide; titanates such as potassium titanate and barium
titanate, niobates such as lithium niobate and lead niobate;
barium sulfate; calcium carbonate; precipitated diatomite;

silicates such as aluminum silicate; pigments and dyes such



wol | astonite; mca; kaolin; clay; talc; organic materials such as

cel lul ose, polyimdes, phenol resins, epoxies, polybenzocycl obutanes;

fl uorocarbon pol yners such as pol ytetrafl uoroethyl ene, vinylidene fluoride
and hexafl uoropropyl ene; high dielectric constant materials such as
titanate, niobate or tungstate salts of nmetals such as strontium
zirconium barium |ead, [anthanium iron zinc and magnesi um The choi ce of
fillers will vary depending on quality and characteristics desired in the
silicon dioxide containing coating. The ghoice of filler also depends on

t he intended use of the coating. The anount of filler will vary based on
the quality and characteristics desired in the silicon dioxide containing
coating and by the ability of the polysilastyrene to bind the filler.
Sufficient polysilastyrene nust be present to bind the filler. Typically,
the anmount a# €ryseal vialety @8l qyEnipesed pbaspheraei ghtabs such as
ponsiIastyreTe. Fbrever snaller_annqnts of . LIIErs ﬁ%he. 1to5 wt%based
on the wei gﬁf’ ‘6?rp% %Jrrf%{%‘t ycroé??e FiaE - SdiftasrtetFakcsd a?)?)l i cations.
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conposition. The coating conposition may yﬁrther conprise a silane to
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hexafluoropropylene; high dielectric constant materials such
as titanate, niobate or tungstate salts of metals such as
strontium, zirconium, barium, lead, lanthanium, iron zinc
and magnesium.

The choice of fillers will vary depending on
quality and characteristics desired in the silicon dioxide
containing coating. The choice of filler also depends on
the intended use of the coating.

The amount of filler will vary based on the
quality and characteristics desired in the silicon dioxide
containing coating and by the ability of the polysilastyrene
to bind the filler. Sufficient polysilastyrene ﬁﬁst be
present to bind the filler. Typically, the amount of filler
is 1 to 96 wt%, based on the weight of polysilastyrene.
However, smaller amounts of fillers (i.e. 1 to 5 wt% based
on the weight of polysilastyrene) are suitable for some
applications. Preferably, the amount of filler is 80 to 96
wt% of the coating composition.

The coating composition may further comprise a
silane to modify the filler. Generally, suitable silanes

have the formula A, ,SiY,, where A is a monovalent organic



carbon atons, an al koxyal koxy group .of 2 to 8 carbon atons or an acet oxy
group. The subscript 'n' is 1, 2 or 3; preferably 3. Suitable silane
coupling agents include 3- nethacryl oxypropyltrimethoxysil ane,

3-gl yci doxypropyltri- nethoxysilane, 3-nercaptopropyltrimnmethoxysilane,
vinyltriacetoxysilane, vinyltriethoxysilane, vinyl-tris(2-

nmet hoxyet hoxy) si | ane and 2-( 3, 4- epoxycycl ohexyl)- ethyltrinmethoxysil ane.
The coating conposition can conprise 0.1 to 10 wt% of a silane coupling
agent. The coating conposition may furthgr conprise a catalyst to increase
the rate and extent of conversion to silicon dioxide. Conplexes of

pl ati num rhodi um and copper that can be sol ubilized are exanpl es of
suitabl e catal ysts. Exanples of suitable catal ysts include platinum
acetylacetonate, Rhd[err](S(CH err]CH err]CH err]CHerr])[err])[err] and
cupri ¢ naphghanat suchies 3 AYstls Edifrepylagdedrvh aroWROLPE HFIOTQ]L 1, 000

ppm of plat| . i 0 r. b Qn-th Lght.of the
pol ysi | ast ngﬁglgf‘ﬁgﬂcﬁﬁlg&c@%&i"{%lscgl%cr %'f ﬁ‘?‘ %gr}%%ﬂié;re PFix Yagent .
"Flux agent$s arpydBbBEyiathle thi@upgiuchadg taaalkvkyhgpberof ngresients in
the coating conmposition resulting in a silicon dioxide containing coating
havi ng i npr 68cEcRAdHERMDN athdikaxmidoxy Brenpl of 8f to| dixcageon s2tiang ude

boron oxi de angnphosghorouslpent i de, 12 The coat%ng?conppsition can be
r fe

applied to Phe®BubsTrate 977 aPn'y n P}Osﬁg\*&;er‘?'al%r r€d et hod

conprises ppedpstagiy $0! WiihIRMYilshed cblip1€a3t A§ents include 3-
methacryloxypropyltrimethoxysilane, 3-glycidoxypropyltri-
methoxysilane, 3-mercaptopropyltrimethoxysilane,
vinyltriacetoxysilane, vinyltriethoxysilane, vinyl-tris(2-
methoxyethoxy)silane and 2-(3,4-epoxycyclohexyl) -
ethyltrimethoxysilane. The coating composition can comprise
0.1 to 10 wt% of a silane coupling agent.

The coating composition may further comprise a
catalyst to increase the rate and extent of conversion to
silicon dioxide. Complexes of platinum, rhodium and copper
that can be solubilized are examples of suitable catalysts.
Examples of suitable catalysts include platinum
acetylacetonate, RhC1,(S(CH,CH,CH,CH,),); and cupric
naphthanate. The catalysts can be added in an amount of S
to 1,000 ppm of platinum, rhodium or copper based on the
weight of the polysilastyrene.

The coating composition may further comprise a
flux agent. “Flux agents” are materials that melt and react
with other ingredients in the coating composition resulting
in a silicon dioxide containing coating having improved
adhesion and toughness. Examples of flux agents include

boron oxide and phosphorous pentoxide.



conposition and a solvent, coating the substrate with the solution and
renovi ng the solvent. "Solution" neans a solvent containing the coating
conposition, wherein the polysilastyrene is dissolved and the optional

i ngredients of the coating conposition are dissolved or dispersed, or both,
in the solvent. The solution is prepared by conbining the sol vent,

pol ysil astyrene, and optional ingredients by various nethods. Stirring and
heating may be used to dissolve the polysilastyrene in the solvent. \Wen a
filler wll be used, the solution can belg:epared by m xing the

pol ysi |l astyrene and optional ingredients % th a honogeni zer, sonic probe or
colloid mll. The solvent can be any nmaterial that wll dissolve the

pol ysilastyrene without altering the silicon dioxide containing coating
produced t hereby. Suitable solvents include aromati ¢ hydrocarbons such as
benzene, toluene and XsHeenmatkietgorespoestéos; camdcbetdmplsieslicio ahe
tetrahydrofuran and glycol ethers. Typically, the ambunt of saolvent is

sel ect ed suchPHE2thet s ANt MBRIESnt FPHEVEH  t B @@@%?Qﬁ sﬂﬂRhﬂﬂz preferably
S0 to 99 wt %spbvens SHhey %aE%lEEEOQeCSHﬁfoiH&tJhé N&£984 N9

conposi tion by any known nethod, such as spin coatinhg, spraying, flow ng,
di p coati ng, colnogs coiadn rd S Idolvent3 soaegngnghe seulesiyrgird meiithg thet enci |
printing, meniscus coating, wave sol der _coating, doctor blade drawdown

t echni que antPBHHERT anshiremaydnEn§hengodventoat IR dien” means a

solvent containing the coating composition, wherein the
polysilastyrene is dissolved and the optional ingredients of
the coating composition are dissolved or dispersed, or both,
in the solvent.

The solution is prepared by combining the solvent,
polysilastyrene, and optional ingredients by various
methods. Stirring and heating may be used to dissolve the
polysilastyrene in the solvent. When a filler will be used,
the solution can be prepared by mixing the polysilastyrene
and optional ingredients with a homogenizer, sonic probe or
colloid mill.

The solvent can be any material that will dissolve
the polysilastyrene without altering the silicon-dioxide
containing coating produced thereby. Suitable solvents
include aromatic hydrocarbons such as benzene, toluene and
xylene; ketones; esters; and ethers such as tetrahydrofuran
and glycol ethers. Typically, the amount of solvent is
selected such that the solution contains 20 to 99.1 wt%
solvent, preferably 50 to 99 wt% solvent.

The substrate can be coated with the coating
composition by any known method, such as spin coating,

" spraying, flowing, dip coating, drop coating, silk



preferred when the coating conpasition does not contain a filler. Screen
cprinting is preferred for coating conpositions that contain fillers. After
solution application to the substrate, the solvent is renoved, |eaving a
coating conprising polysilastyrene and optional ingredients on said
substrate. The solvent is renoved by evaporation under anbient conditions
or by applying heat (up to 50[err]C. ), vacuum or both. Wen spin coating is
used to apply the solution, the solvent is partially renoved during
application. The polysilastyrene is then ?eated to formthe silicon dioxide
contai ning coating on the substrate. Fbaf ng is carried out at 50 to 1, 000,
preferably 50 to 450[err]C. in an oxidizing atnosphere. In one nethod of
heati ng the polysilastyrene at |ow tenperature, the oxidizing atnosphere
conprises ozone at a tenperature of 50 to 400[err]C. After heating in the
presence of smeninde ssirkenoprinbinde $vemell yimgamtgai menésicdsal sil anol .

Resi dual sil anol, can be rengved bé heating in t esence of aqueous
anmoni a or éﬁﬁﬁﬁﬂﬁh]ﬁ?dﬁofp gegr cgatbR%i n ???ﬁftgiégéﬂdraNngﬁpreferably,
heating is caldHBdnRULRL o%hle%gper%i'ﬁec&{l%ﬁ?g th o A0l rcbk@irlg”a?g oxi di zi ng
at nosphere conprising air. However, atnospheres contai ning w | evel s 14
of oxygen (ipmfexrddehendeheotodding ocdfopinjort alquys amoctaxyganadnubkd al so
be used. As t. | evel of oxygen in the atnpsphere increases, the tine
required for q.ngScreen printing is preferred for coating
compositions that contain fillers. After solution
application to the substrate, the solvent is removed,
leaving a coating comprising polysilastyrene and optional
ingredients on said substrate. The solvent is removed by
evaporation under ambient conditions or by applying heat (up
to 50°C.), vacuum or both. When spin coating is used to
apply the solution, the solvent is partially removed during
application.
The polysilastyrene is then heated to form the
silicon dioxide containing coating on the substrate.
Heating is carried out at 50 to 1,000, preferably 50 to
450°C. in an oxidizing atmosphere.
In one method of heating the pclysilastyrene at
low temperature, the oxidizing atmosphere comprises ozone at
a temperature of 50 to 400°C. After heating in the presence
of ozone, the silicon dioxide formed may contain residual
silanol. Residual silanol can be removed by heating in the
presence of aqueous ammonia or ammonium hydroxide or a
combination thereof.
More preferably, heating is carried out at a
temperature of 50 to 400°C. in an oxidizing atmosphere

comprising air. However, atmospheres containing low levels



decreases. The tinme required for heating is typically 1 to 3 hours. Heating
i s conpl ete when FTIR anal ysis shows that the polysilastyrene has been
converted to a silicon dioxide containing coating. "FTIR' neans Fourier
TransformInfraRed. Generally, the silicon dioxide containing coating wll
be less than 1 to 500 mcroneters thick. However, the thickness of the >
silicon dioxide containing coating depends on the types and anounts of
optional ingredients. Wien the coating does not contain any filler, the
coating thickness is typically 50 to 1,q O mllimcroneters. Wen the
coating does contain a filler, the coatinig thickness is typically 0.1 to
500 mcroneters, preferably 0.1 to 100 mcroneters. The silicon dioxide
containing coating is used for protecting el ectronic devices agai nst
oxi dation, excited energy sources, radiation, light, abrasion, vibration
and aci di c pftexyaés. (Bubstorattdse @mrdsr of e sbl 5ednppimbxieeumant ai ni ng

coating can be used eferably el ectroni c_devices. "El ectronic devices"
i ncl ude sil Pt‘,ﬁﬂe’aa‘é‘é‘g{‘geﬁi‘é S s &9t Snlﬁ/’éf%r%’? %’FY&ﬁrhal%LFﬂ?c rates,
gal i um ar sephdeohaseds doMaes . fiapale ipleARe AL LaYStopPRORL B TONI C devi ces,
photovoltaic cells, optical devices, flat panel displays and integrated
circuits. deédbedbessi|Tiortihoxiadmiced fiom hgatbagi g ofpiddkly nveamnrt i on
can be used_as a planarizjing coating, an interlayer dielectric coating or

as a layer PnRauRsltiHealg deaGamy hen BL AR a2 31 ¥R BRIy thfdans a

layer of the polysilastyrene has been converted to a silicon dioxide
containing coating. “FTIR” means Fourier Transform
InfraRed. '

Generally, the silicon dioxide containing coating
will be less than 1 to 500 micrometers thick. However, the
thickness of the silicon dioxide containing coating depends
on the types and amounts of optional ingredients. When the
coating does not contain any filler, the coating thickness
is typically 50 to 1,000 millimicrometers. When the coating
does contain a filler, the coating thickness is typically
0.1 to S00 micrometers, preferably 0.1 to 100 micrometers.

The silicon dioxide containing coating is used for
protecting electronic devices against oxidation, excited
energy sources, radiation, light, abrasion, vibration and
acidic materials. Substrates on which the silicon dioxide
containing coating can be used are preferably electronic
devices. “Electronic devices” include silicon based devices
such as silicon wafers, alumina substrates, gallium arsenide
based devices, focal plane arrays, optoelectronic devices,
photovoltaic cells, optical devices, flat panel displays and

integrated circuits.



material that has a surface that is less irregular than the surface on
*which the planarizing coating is applied. Wien the silicon dioxide
containing coating of this invention will be used as a planarizing coating,
the silicon dioxide containing coating is prepared by a nethod simlar to
that disclosed in U S. Patent 5,145,723. The method conprisés coating a
substrate with a coating conposition conprising polysilastyrene. The
coating conposition is heated to a tenperature above its nelting point to
allow the coating conposition to nelt angsflow. The melted coating is then
heated in an oxidizi ng atnosphere at a tenperature of 50 to 1,000[err]C.
When the silicon dioxide containing coating of this invention wll be used
as an interlayer diel @perstléoahi dgoxide caddingeoreesingostt yaisal Iy will
‘not contain a filler. Wien the silicon dioxide containing coating of this

i nventi on witvestiggegagsbg ragaras na sphanarizingcoasaningant he nul ti- | ayer
coating is %f%%%ﬁ%&e@ydEQEEXEngcadd't'onal coathg§ Qn .t he sugétrfég ei t her

over or under ayer Icon I OX?CPG COI’]t al ni ng CO&PI ng he

addi tional cRatdimgs s@%lﬁeb«e sr\mg@@rﬂz@%d&éwfr@;ﬁ me@Xisd8 38k
si | i con-cont ai ni ng coatlng si li con-carbon containing coati ng,
si | i con-ni t Meg@riedntiaki hgscaasinfpce tha sis ilems dawegulait £bgenthe

G arona. 1 k@ L4 BolDERD. CHF o KA 34t S HOE! ORaPPEBAEFng | o sel ect ed

fromthe When the silicon dioxide containing coating of

this invention will be used as a planarizing coating, the
silicon dioxide containing coating is prepared by a method
similar to that disclosed in U.S. Patent 5,145,723. The
method comprises coating a substrate with a coating
composition comprising polysilastyrene. The coating
composition is heated to a temperature above its melting
point to allow the coating composition to melt and flow. The
melted coating is then heated in an oxidizing atmosphere at
a temperature of 50 to 1,000°C.

When the silicon dioxide containing coating of
this invention will be used as an interiayer dielectric
coating, the coating composition typically will ﬁot contain
a filler.

When the silicon dioxide containing coating of
this invention will be used as a layer in a multi-layer
coating, the multi-layer coating is prepared by applying
additional coatings on the substrate either over or under
the layer of silicon dioxide containing coating. These
additional coatings can be silicon dioxide/ceramic oxide
coating, silicon-containing coating, silicon-carbon

containing coating, silicon-nitrogen containing coating,



group consisting of silicon-containing coatings, silicon- ‘carbon contai ni ng
-coatings, silicon-nitrogen containing coatings and silicon-carbon-nitrogen
cont ai ni ng coatings. Various nethods can be used to apply the additional
coatings. Such nethods include chem cal vapor deposition (CVD) techniques
such as thermal CVD, photochem cal vapor deposition, plasma enhanced CVD,
el ectron cyclotron resonance and jet vapor deposition. Physical vapor
deposition (PVD) techni ques such as sputtering or el ectron beam evaporation
can al so be used. These processes invoIngeither the addition of energy in
the formof heat or plasma to a vaporized species to cause the desired
reaction; or they focus energy on a solid sanple of the material to cause
its deposition. Thernmal CVD conprises depositing the coating by passing a
stream of a desired precursor gas over a heated substrate, when the
precursor g&sldepnacersbohenhorogen fewd aintineacasiagd dépdsphsoxygemoati ng.

Substrate tenperatures in . the range of 25 to 1,000[err]C. are suffjcient to
formthe co&ggﬁﬁgﬁﬁ SQUER L1 Tk EQQQ)%ﬂ§u§%ﬁm°ﬁgﬁﬁéged8ﬁﬁhaPnﬁo%%9?$e

precur sof _0g-cRlablilckBRs Sa @i { {n£0UddKinBACLLYRRBLAL Sofimbe used i
this process to facilitate deposition. In plfasma enhanced CVD, a precursor

gas i s reacgedupycpassisngngtof hs bugiorae qurasimihigecdatRagst | sl spect es are
17 formed and hocused at the substrate where the¥ readi |y adhere. The
advant age ofF2fRPE FPBERIRLIRY FORE INMEF metl AR NI EETSRs CPRER P L@

substrate a@@aﬂ&ﬂﬁgséhagsifqggﬁégégﬁgh—nitrogen containing coatings.

Various methods can be used to apply the
additional coatings. Such methods include chemical vapor
deposition (CVD) techniques such as thermal CVD,
photochemical vapor deposition, plasma enhanced CVD,
electron cyclotron resonance and jet vapor deposition.
Physical vapor deposition (PVD) techniques such as
sputtering or electron beam evaporation can also be used.
These processes involve either the addition of energy in the
form of heat or plasma to a vaporized species to cause the
desired reaction; or they focus energy on a solid sample of
the material to cause its deposition.

Thermal CVD comprises depositing the céating by
passing a stream of a desired precursor gas over a heated
substrate, when the precursor gas contacts the hot surface,
it reacts and deposits the ccating. Substrate temperatures
in the range of 25 to 1,000°C. are sufficient to form the
coating in several minutes to several hours, depending on
the precursor gas and thickness of the coating. Reactive
metals can be used in this process to facilitate deposition.

In plasma enhanced CVD, a precursor gas is reacted

by passing it through a plasma field. Reactive species are



(i.e., 25 to 600[err]C.) can be used in plasna enhanced CVD. Precursor
~gases used in the CVD processes include mxtures of silanes or hal osil anes
such as trichlorosilane in the presence of tetraethylorthosilicate,

al kyl sil anes such as trinethylsilane and sil acycl obutane. An optional
overcoating that provides additional protection fromerosion, delam nation
and separation may be applied over the silicon dioxide containing coating.
Sui t abl e overcoatings include colloidal inorganic-based sil oxane resins,
benzocycl obut ene based resins, polyimdeg, siloxane polyimdes, parylene,
phot or esi st pol yners, siloxane roomtenperature vul canizabl e conpositions
and sil oxane gels. Colloidal inorganic-based siloxane resins are preferred
as the overcoating. The overcoating nay be applied by any known nethod. The

overcoating _nay he applied froma solvent. Suitable nmethods include flow,
spin, spray terfed; ﬁnéog‘??‘ﬁﬁe‘iﬁ“es‘@%%ﬁﬁt&@% ¥hpreehbey ¥%a‘ihr]rﬁﬁst rate the

i nvent i on aﬁﬁh&?ege”g@%técgé%lr r?é %f NG5G ?é?oce d Lhekhg @ﬁérmé]{]

fol | ow ng exanp represen po yS|Iastyrene W

si |l i con-bongedcarthys thaphbowdr gnisr vaatel @ndf pi:o&:ebelﬂgltemﬁ}ﬁurf&’ins
Fouri er Transform | nf r aRed. 18 Example 1 A 5 wt % sol ution_of PSS-400 in
hept ane was {dpfn- céat e PO D), 52‘5"1’}:#@ 31989 dn Wéﬁéf“aa?nha@@@d rSYR f or 20

seconds. The coat ed “@ié%u#ﬁgit§5¥£4“ﬁ§éﬂj1%9t%25&€br£§éééésé% include

mixtures of silanes or halosilanes such as trichlorosilane
in the presence of tetraethylorthosilicate, alkylsilanes
such as trimethylsilane and silacyclobutane.

An optional overcoating that provides additional
protection from erosion, delamination and separation may be
applied over the silicon dioxide containing coating.
Suitable overcoatings include colloidal inorganic-based
siloxane resins, benzocyclobutene based resins, polyimides,
siloxane polyimides, parylene, photoresist polymers,
siloxane room temperature vulcanizable compositions and
siloxane gels. Colloidal inorganic-based siloxane resins
are preferred as the overcoating. The overcoating may be
applied by any known method. The overcoating ma? be applied
from a solvent. Suitable methods include flow, spin, spray
and dip coating.

These examples are intended to illustrate the
invention and to demonstrate it to those skilled in the art.

In the following examples, PSS-400™ represents
polysilastyrene with a silicon-bonded methyl to phenyl group
ratio of 1:1 to 4:1. “FTIR” weans Fourier Transform

InfraRed.



hours in an atnosphere, containing 4.1 to 4.4 % ozone. FTIR analysis
~confirmed that the resulting coating contained silicon dioxide and a small
anount of silanol. The coated wafer was then heated to 175[err]C. for 3
hours in an atnosphere, containing agqueous anmoni a vapor. FTIR anal ysis
showed that the silanol was essentially renoved fromthe coating. The
coating thickness was 50 mllimcroneters and the refractive index was
1.442. Exanple 2 A 30 wt % solution of PSS-400 in toluene was spin coated on
a 2.54 cnR silicon wafer and a 2.54 cn® :ilgurri na substrate at 3,000 rpm for
20 seconds. The coated wafer and alum na'Substrate were heated in a

Li ndberg Box Furnace[err] at 800[err]C. for 1 hour under an air atnosphere.
The coatings on the wafer and substrate were then anal yzed by FTIR Each
showed conpl ete conversion of the PSS-400 to silicon dioxide. The thickness
of the coatiBExsmpis .82 microneter and the refractive i ndex was 1.439.
Exanple 3 A coating conposition was prepared by m xing the follow ng
ingredients with a sorft@ r&‘f%b@oflb‘tt1PBqu2§S§éﬁ§?ld“bet|‘¢thfs’¥e was| gpinss g
PSS-400, 11.11 g tin (6.97 mcroneter), 6.53 g lead (5.0 mcroneter), 3.0 g
di anond (0 -SAYEL Pt &)°2 $N0 §ldisrBndaEer -a i Whmamefpr 20

seconds. The coated wafer was then heated to 175°C for 3
hours in an atmosphere, containing 4.1 to 4.4 % ozone. FTIR
analysis confirmed that the resulting coating contained
silicon dioxide and a small amount of silanol.

The coated wafer was then heated to 175°C. for 3
hours in an atmosphere, containing aqueous ammonia vapgor.
FTIR analysis showed that the silanol was essentially
removed from the coating. The coating thickness was 50
millimicrometers and the refractive index was 1.442.

Example 2
A 30 wt% solution of PSS-400 in toluene was spin

coated on a 2.54 cmz silicon wafer and a 2.54 cm2 alumina

substrate at 3,000 rpm for 20 seconds. The coated wafer and
alumina substrate were heated in a Lindberg Box Furnace™
at 800°C. for 1 hour under an air atmosphere. The coatings
on the wafer and substrate were then analyzed by FTIR. Each
showed complete conversion of the PSS-400 to silicon
dioxide. The thickness of the coatings was 0.82 micrometer
and the refractive index was 1.439.
Example 3

A coating composition was prepared by mixing the
following ingredients with a sonic probe for four 25 second

periods:



3.0 g dianond (8 - 12 mcroneter), 0.5 g titaniumdioxide, and 3.0 g

xyl ene. The coating conposition was applied to a 29 cn2 alum na panel using
a 0.0051 cmdraw down bar. The coated panel was allowed to air dry for 2
hours and 15 mi nutes. The coated panel was then heated at 400[err]C for 1
hour in an environnment conprising air. The coating fornmed had no cracks
visible at 400X magnification with a m croscope. The coating had a penci
hardness of 6H and a thickness of 30.3 microneters. Pencil hardness is
measured according to ASTM D 3363 by plgging the coated panel on a firm
hori zontal surface and pushing a pencil Wth a known hardness at a 45 angle
on the surface away fromthe operator in a 6.5 mnstroke. The test is
started with the hardest pencil and repeated with pencils of decreasing
hardness until the pencil will not cut into or gouge the coating. The
hardness of the first pencil that wll not cut or gouge the coating is

reported as pencjl_har 55 ,@f the sanple. 20 Clains for Asia: 1. A
nmet hod of forniﬁbigﬁéiﬂggiaogroxide cont ai ni ng coating conprising: 1)

appl yi ng a coating 100PeSint i(@N 9@ORRELShBLePP] YySil astyrene to a substrate,
and 2) heating said coating in an oxidizing atnosphere at a tenperature of

50 to 1,000[err]&G.52 @ fleath 44i-@ wiikrowateibxi de containing coating. 2. A
method of form %Q6iéﬂé¥g%gn iQ% go%tkggrggegér),

3.0 g diamond (4 - 6 micrometer),

3.0 g diamond (8 - 12 micrometer),

0.5 g titanium dioxide, and

3.0 g xylene.

The coating composition was applied to a 29 cm?
alumina panel using a 0.0051 cm draw down bar. The coated
panel was allowed to air dry for 2 hours and 15 minutes. The
coated panel was then heated at 400°C. for 1 hour in an
envi;onment comprising air. The coating formed had no
cracks visible at 400X magnification with a microscope. The
coating had a pencil hardness of 6H and a thickness of 30.3
micrometers. Pencil hardness is measured according to ASTM
D 3363 by placing the coated panel on a firm horiéontal
surface and pushing a pencil with a known hardness at a 45°
angle on the surface away from the operator in a 6.5 mm
stroke. The test is started with the hardest pencil and
repeated with pencils of decreasing hardness until the
pencil will not cut into or gouge the coating. The hardness
of the first pencil that will not cut or gouge the coating

is reported as pencil hardness of the sample.



substrate conprising i) applying to said substrate, a coating conposition

<conprising polysilastyrene, where the polysilastyrene has a nelting point;
ii) h g in an inert atnosphere to a tenperature greater

than ﬁﬂl“ﬂ%" l“ﬂ“ﬁtﬂ“‘ of the polysilastyrene to allow said polysilastyrene
to nelt« and klo%; ®nd thereafter iii) heating said coating in an oxidizing

at nosphere at a tenperature of 50 to 1,000[err]C to formsaid planarizing
coating. 3. The nethod of claiml where the substrate is a flat panel

di spl ay.

20

Claims for Asia:

1. A method of forming a silicon dioxide
containing coating comprising: 1) applying a coating
composition comprising polysilastyrene to a substrate, and
2) heating said coating in an oxidizing atmosphere at a
temperature of 50 to 1,000°C. to form said silicon dioxide

containing coating.

2. A method of forming a planarizing coating on a
substrate comprising i) applying to said substrate, a
coating composition comprising polysilastyrene, where the
polysilastyrene has a melting point; ii) heating said
coating in an inert atmosphere to a temperature greater than
the melting point of the polysilastyrene to allow said
polysilastyrene to melt and flow; and thereafter iii)
heating said coating in an oxidizing atmosphere at a
temperature of 50 to 1,000°C. to form said planarizing

coating.

3. The method of claim 1 where the substrate is a

flat panel display.



