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METHOD OF PRODUCI NG COATI NGS ON EL-ECTRONI € SUBSTRATES KTMPIe GORY
ifivention provides a method.of formng coatings on electronic substrates
. By' applying to said substrate a hydrogen silsesqui oxane resin (Hresin)

| and thereafter curing said resin at a tenperature of |ess than 375[err]C -
 for a time sufficient to convert the r;%ﬁn into an insoluble coating
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to produce ceram c coatings on electronlc devices is known in the art. For
exanple, U S. Patent 4,756,977 describes a nethod for producing ceramc
coatings by curing FLreS|n In an air enV|ronnent U S Patent 5,370,904

di scl oses a nethod for odu0|n cera r inin an
inert gas at a tenperatﬁﬁ% ot 5 %?P &%%ﬁ§3ﬁ$¥rﬁ?ﬁgﬁgght&ﬁ§ of the
Si -bonded H i pobRengk! bA0818&tHENDE w&mtfwseg &qclapialhﬂrrg] &0¥safidt he

Si -bonded H in the starting_hydrogen. sil sesqui oxane., U.S. Patent 5,370, 903

di scl oses a msubstrate prbn@%@%gnc%#%ﬁﬁ%ﬂ%&ﬂﬁ44ﬂx¥Qﬁ}QnﬁﬁﬁﬁﬁsHpPeépﬁ in an
at mosphere coq a'g%ggs é%ygﬁéosg Caégﬁﬁ{ éﬁ%léﬂﬂ$é¥l€d}e<%go1&QEWEHABV099”

at tenperatur [erT unt i e content of the Si-bonded H
in the silicog7ertcd€opr aduthe hasffbabder feraddtitofthenhaesiinbdngedanl in t he

starting hydrogen_silsesqui oxane, T t 1 t h mh
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These coatings show improved film stress over coatings
containing <80% SlH '

_ The use of H-resin to produce ceramic coatlngs on
electronic devices is known in the art. For example, U.S.
Patent 4,756,977 describes a method for producing ceramic
coatings by curing H-resin in an air environment.  U.S.
ﬁatent 5,370,904 discloses a method for producing ceramic
coatings by curing H-resin in an inert gas at a temperature
of 250 to 500°C. until the content of the Si-bonded H in the
silicon oxide product has reached <80% of the Si-bonded H in
the starting hydrogen silsesquioxane. U.S. Patent 5,370,903
discloses a method for producing ceramic coatings by curing
H-resin in an atmosphere contaiqing >0% up to 20 vol% oxygen
and 80 to <100 vol% nitrogen at temperatures of 250 to
<500°C. until the content of the Si-bonded H in the silicon
oxide product has reached £80% of the Si-bonded H in the

" starting hydrogen silsesquioxane. These patents all teach

methods wherein the object is to produce SiOy ceramic

-

coatings from the H-resin.



It has now been-found-that Hresin can be cured to an insoluble state even "~ ~

 though the cured coating contains >80%of the Si-bonded Hin the starting
. Fesin. Unexpectedly, the cured resin with >80%retai ned SiH content has

| been found to exhibit desirable properties such as reduced film stress

" which make the coatings suitable for use in various electronic devices.
This can be achieved w thout sacrificing @&her properties such as
dielectric constant. Additionally, the coatings are | ess dense (nore
porous) than those produced by known curing nethods. Thi s

I nvention pertains to a nethod for producing a coating on an electronic

substrate by heating H.yesin at a,tenperatuyre of .37 ] | f a
time sufficient such t %Fﬁenf?ﬂr B3=Ho ?1‘%‘3 g%arll{" a?n%éé%(%% (I%{e Ict?ﬁ%gs%%een
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heated to 375[err]C. or less for a tinme sufficient such to produce an

i nsol ubl e coat8Qfy aforithe Himdpondeds Bi in the startingdresidtant invention
pertains to g netho roduci | Ng; I ' hek8it
wherein the ?Rﬂ ﬁofcg:oe(rapl i'sggl%aﬁggﬁangggsdﬁpﬁ:é&gubs fa’%&%ﬂ%(gfmsgg?%on
conpri si ng HuAs iveandEduner &of eehibsat dagitdiel dypramertisid saxjuiasxane at a
.temperature of 375[err]C or less for a period of tjnme sufficient to

‘convert the HRflusesh ilms sdxessxhichaurke; Hre SoptIRGT B oy use
cont ai ni ng_>8Q9%.S.4,  288% Shbk . | | ddr0Tbd Quctildvern waendad
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carbon, Slleux)dféiégghly{'the coatings are less dense (more porous) than

those produced by known curing methods.

This invention pertains to a method for producing
a coating on an electronic substrate by heating H-resin at a
temperature of 375°C. or less for a time sufficient such
that the cured coating contains >80% SiH. It has been found
that the film stress of the coating is reduced when the:
resin is heated to 375°C. or less for a time sufficient such
to produce an insoluble coating containing >80% SiH.

The instant invention pertains to a method of
producing a coating on an electronic substrate wherein the
method comprises applying to the substrate a composition
comprising H-resin and thereafter heating the hydrogen
silsesquioxane at a temperature of 375°C. or less for a
period of time sufficient to convert the hydrogen
silsesquioxane resin into an insoluble coating containing
>80% SiH, preferably >85% SiH. In addition to silicon
bonded hydrogen (SiH), the insoluble coating may contain

amorphous silica (SiOy), amorphous silica-like materials

‘that are not fully free of residual carbon, silanol (SiOH)



3. : and/or. additi-onal ceramc material-s: By "insoluble" it is meant~a S H
; containing coating that is not soluble in the solvent fromwhi.ch the

i hydrogen sil sesqui oxane resin was di spensed to formthe coating.

. The hydrogen silsesqui oxane resin which may be used in this invention
~includes hydridosil oxane resins containing units of the fornula

HSi (OH)[err] (OR[err]Qz/2, in which each3R is independently an organic
group or a substituted organic group which, when bonded to S|I|con t hr ough
t he oxygen atom fornms a hydrol yzabl e substltuent x =0to 2, y=0to 2
z=11%to3, x+y + 2z =3. Exanples of R include aIkyIs such as nethyl
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they may be only- partlally hydrol yzed_(i.e ontaln n sone Si- OR) and/or
partial ly corgdNsell from. which theimgiarn qqAPF Gghendt Y&Present ed

by this strug&g Snsb8CE8 £ contaln a small nunber (e.g., less
than 1099 of ?I%gn at ons qﬁ% have either 0 or 2 hydrogen atons attached

@tﬂeret? or a snall Eunthm mfdSigerh mridsedquiosanarresin il maynbs| ved in
“their formation_or ndl e. H-r.esins and.net hods for
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organic group which, when bonded to silicon through the
oxygen atom, forms a hydrolyiable substituent, x = 0 to 2, y
=0to2, z=1to3, x+y+ z=3. Examples of R include
alkyls such as methyl, ethyl, propyl, butyl, etc., aryls such
as phenyl, and alkenyls such as allyl or vinyl. These resins

may be fully condensed (HSiO3/3)p wherein n is an integer

having a value of at least 8, preferably 8 to 1,000; or they
may be only partially hydrolyzed (i.e., containing some Si-
OR) and/or partially condensed (i.e., containing some Si-OH).
Although not represented by this structure, these resins may
also contain a small number (e.g., less than 10%) of silicon
atoms which have either 0 or 2 hydrogen atoms attached
thereto or a small number of SiC bonds due to various factors
involved in their formation or handling.

The above H-resins and methods for their
productioﬁ are known in the art. For example, U.S. Patent
3,615,272 teaches the production of a nearly fully condensed
H-resin (which may contain up to 100-300 ppm silanol) by a
process comprising hydrolyzing trichlorosilane in a

benzenesulfonic acid hydrate hydrolysis medium and then



4+ washing the resultant -resin with water or aqueous -sulfuric acid.
- Simlarly, US. Patent 5,010,159 teaches an alternative nethod conpri sing
. hydrol yzi ng hydridosilanes in an arylsulfonic acid hydrate hydrol ysis
"mediumto forma resin which is then contacted with a neutralizing agent.
O her hydridosil oxane resins, such as those described by Frye et al. i
- U S. Patent 4,999, 397 those produced by hydrolyzing an al koxy or acyl oxy

silane in an acidic,

59- 178749, 60-86017 and 63-107122, or any other equival ent
hydri dosi | oxane, will also function herein. It is noted that

f d enbodi f the.i ' ifi : ' i
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al coholic hydrolysis medium those described in JP-As

in a
ons
and

5,416,190. A preferred fraction conprises material wherein at_|east 75% of
t he pol yrer i altgereitive mpthednrsreptlaingdryyitolyzdng hydyidagilanes o
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The hydr ogenré&sis aaitlpX¥aneheas confayte@ Nt A nehatialixinghagéemtm or copper

cat al yst.

, EBPS®i num
described by Frye et al. in U.S. Patent 4,999,397 those

produced by hydrolyzing an alkoxy or acyloxy silane in an
acidic, alcoholic hydrolysis medium, those described in JP-As
59-178749, 60-86017 and 63-107122, or any other equivalent
hydridosiloxane, will also function herein.

It is noted that in a preferred embodiment of the
invention, specific moleculaf weight fractions of the above
H-resins may also be used in this process. Such fractions
and methods for their preparation are taught in U.S. Patents
5,063,267 and 5,416,190. A preferred fraction comprises
material wherein at least 75% of the polymeric species have a
molecular weight above 1200 and a more preferred fraction
comprises material wherein at least 75% of the polymeric
species have a number average molecular weight of from 1200
to 100,000.

The hydrogen silsesquioxane resin may contain a
platinum, rhodium or copper catalyst. Generally, any
platinum, rhodium or copper compound or complex which can be
solubilized will be functional. For instance, platinum

acetylacetonate, rhodium catalyst RhCl3[S(CHoCH2CH2CH3) 213,

obtained from Dow Corning Corporation, Midland, Michigan, or-

cupric naphthenate are all within the scope of this

Cenerally, any platinym rhodiumor copper ¢onpoupnd or conpl ex
“whi oh’ can be sol ubi | i Kb MYIEASOEHAPKBASI TeHH A FHCHnaS



acet:yl acet onat e, rhodi um cat al yst
_ RhCI[err][S(CH[err]CH[err]CH[err]CI—|[err])[err]][err] obt ai ned from Dow
. €orning Corporation, Mdland, Mchigan, or cupric naphthenate are al

. within the scope of this i nvention. These catalysts are
“added in an anobunt of 5 to 1000 ppm pl ati num rhodi um or copper based on
- the weight of Hresin. The Hregin alternately, may al so contain

an organic or inorganic peroxide. Oganic and inorganic peroxides useful
in the instant invention may be exenplified by, but not limted to barium
per oxi de, trontiun1peroxide aIC|un1perOX|de [err], err] bis tertiary

per oxydi i sopr, . benzene, dICU perOX|d d, benzo ro

Ct her " cer ani &“%PBP F ectRERS £ §It§o apg ﬁg‘gﬁgl’ﬁl "’Hbr%‘f%g'[%l 8% %Fﬂ t he
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herein include conpounds of various metals such as alum num titanium

zirconi um t &ntcebdm ni obi um and/ or vanadi um as wel | as various non-
nmetal | i ¢ conpounds sucl, as,.t hose of boron p p ich may be :
di ssol ved in sol ution, QH?dVd??%%ﬂi%ﬁ] ?ggﬂeﬂgﬁjgﬁérC)%ﬁﬁg}n I;n'relatlvely
| ow t enper at bi-ganie 6ﬁrm@ﬁg&m& p@ﬁo@k&&e Thergsei ®fadddmaianie oxide
precursors is described in U S Patents 4,753,855 and 4, 973, 526.

The above cePsRPEigesdusefek isdhe dassrat| inveRelah@adr beoeEempdibiodanl e
groups bondegw%obhg EQOth{EQé“ Cbarium peroxide, strontium peroxide,

calcium peroxide, o, o-bis tertiary peroxydiisopropyl-
benzene, dicumyl peroxide and benzoyl peroxide.

Other ceramic oxide precursors may also be used in
combination with the above H-resin. The ceramic oxide
precursors specifically contemplated herein include compounds
of various metals such as aluminum, titanium, zirconium,
tantalum, niobium and/or vanadium as well as various non-
metallic compounds such as those of boron or phosphorous
which may be diséolved in solution, hydrolyzed and
subsequently pyrolyzed at relatively low temperatures to form
ceramic oxides. The use of the ceramic oxide precursors is
described in U.S. Patents 4,753,855 and 4,973,526.

The above ceramic oxide precursors generally have
one or more hydrolyzable groups bonded to the above metal or
non-metal, depending on the valence of the metal. The number
of hydrolyzable groups to be included in these compounds is
not critical as long as the compound is soluble or can be
dispersed in the solvent. Likewise, selection of the exact
hydrolyzable substituent is not critical since the
substituents are either hydrolyvzed or pyrolyzed out of the
systemn. Typiéal hydrolyzable groups include, but are not



non-net al , depending on the val ence-of -the retal. The nunber of-
hydr ol yzabl e groups to be included in these conpounds is not critical as
Fong as the compound is soluble or can be dispersed in the sol vent.

Li kew se, selection of the exact hydrol yzable substituent is not critical
- since the substituents are either hydrolyzed or pyrolyzed out of the

- system Typical hydrol yzabl e groups incluygle, but areé not

6 limted to, al koxy, such as methoxy, propoxy, butoxy and hexoxy,
acyl oxy, such as acetoxy, other organic groups bonded to said netal or
non- netal through an oxygen such as acetylacetonate or am no groups.

Speci fic conpounds, therefore, include zirconiumtetracetylacetonate,
titanium di %&ﬁ%i%e@}#&a‘& ofi4fR a5 MeFHATH -« PrIPorYy aleé'f??ﬁétaéf -

tetrai SObUt'ggé%ér | C'ﬁriys r dLLER(EET &é%dﬁ);{ﬁ IdtHe®’ bkganic groups PHRIRE

ceran c oxi IS conbi ned w the Hresin, 1t Ts used in an
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added. The adhesion pronoters are exenplified by, but not limted to,
dibutoxy diacetylacetonate, aluminum triacetylacetonate,
tetraisobutoxy titanium and Ti(N(CH3)3)4.

When a ceramic oxide precursor is combined with
the H-resin, it is used in an amount such that the coating
composition contains 0.1 to 30 wt% ceramic oxide precursor
based on the weight of the H-resin.

Other materials may also be present in the coating
composition. For exaﬁple, adhesion promoters, suspending
agents and other optional components may be added. The
adhesion promoters are exemplified by, but not limited to,
silanes such as glycidoxypropyltrimethoxysilane,
mercaptopropyltrimethoxysilane and vinyl triacetoxysilane.

The H-resin may be applied to the substrate in any
manner, bu£ a preferred method involves producing a solvent
dispersion of the H-resin and any optional components and
applying the solvent dispersién to the surface of the
substrate. Various facilitating means such as stirring
and/or heating are used to dissolve or disperse the H-resin
and create a more uniform application material.

Solvents which are used include any agent or
mixture of agents which will dissolve the H-resin to form a
homogeneous liquid mixture without affecting the resulting

coating. These solvents include alcohols such as ethyl



si.l.anes such.as gl yci doxypropyl t-ri net hoxysi | ane, ST e
mer capt opr opyl t ri met hoxysi | ane and vinyl triacetoxysil ane. - The
. Hresin may be applied to the substrate in any manner, but a preferred
. nmethod involves producing a sol vent dispersion of the Hresin and any
. optional conponents and applying the solvgnt di spersion to the surface of
" the substrate. Various facilitating nmeans‘such as stirring and/ or heating
~are used to dissolve or disperse the Hresin and create a nore uniform
application nmaterial. _ Sol vents which are used include any agent
or m xture of agents which will dissolve the Hresin to forma honogeneous
liquid m xtuggcehbhode akbseébyU éi&bﬁd&ﬂﬂdrdmaum@ahydgocihbsnsssuchnas
i ncl ude al cohols such as et hyl
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tol uene; al kanes suc he nopgne; ketones; esters;
gl ycol et her§l %n%dl #%?ﬁngp %/)és oxarte Satgl(r)elr\fen'g5 I S present i n an
anount suf f i gii@ethylpoleslyeanée. HTies | solverithd sc prespntatihoandesouet f or

application. Typically the _solvent is present in anount 99.9
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The H-resin may be applied to any substrate such
as metal or ceramic, however, it is preferred to apply the
hydrogen silsesquioxane resin to an electronic substrate.

By “electronic substrate” it is meant to include silicon
based devices and gallium arsenide based devices intended
for use in the manufacture of a semiconductor component
including focal plane arrays, opto-electronic devices,
photovoltaic cells, optical devices, transistor-like
devices, 3-D devices, silicon-on-insulator devices and super
lattice devices. To further exemplify, electronic
substrates include wafers resulting from the fabrication of
integrated circuits and semiconductor devices. Typically
the devices are completely fgbricated up to the point of the
interconnect system, usually bond pads, while still in the
wafer stage. It is desirable and economical to apply these
coatings to the electronic devices while the& are still in
the wafer stage as an electronic substrate. Such coated -
devices are then separated from each other and contiﬁhed
into the packaging and assembly.stages.. Alternately, the

electronic substrates are the actual'separated'semiconductor-



based devices and gallium arseni de based devices-intended for use in the -« -

manuf acture of a sem conductor conponent including focal plane arrays,
opto-el ectroni ¢ devi ces, photovoltaic cells, optical devices,

- transistor-like devices, 3-D devices, silicon-on-insulator devices and

- super lattice devices. To further exenplify, electronic substrates include
~wafers resulting fromthe fabrication of 8ntegrated -circuits and

- sem conduct or devices. Typically the devices are conpletely fabricated up
to the point of the interconnect system usually bond pads, while still in
. the wafer stage. It is desirable and econom cal to apply these coatings to

~the el ectronje,deuices YhEsSritey @il ldevikesepa@bee s-agetes ahe
- electronic substrate. Such Coated devices are then separated from each

ot her and codhteuednneacts tdee peadeadio rael estyonicy asesggedy- Al ternat el y,

the electronic substrates,are t tual  separ.at enkc u

devi ces or integrated g??%hf}cdggﬁgﬁ ,q%E?SFgﬁﬁfaggPérgkhgﬂginég?%%%nects
are made to QQS?E§§16ﬁniﬁcP§§éJﬁﬁdt_are_not lim3ped tb¢ spihodsatidig,
application of the solvent dispersion include, but are not limted to,

spi n coat i ngdidi poabing nEPERY seatdRg nfloM eRaEdRgi N§CreeR RELRFING 9%y or
I e e
evapor ati on csate@dsebstrase Stemikiaig idr tiheg depoeipdenr ef t tharH-aids Emt
enV|ronnent,Ag¥ ;Qgtable means for evaporation is used such as simple
air drying by exposure to an ambient environment, by the
application of a vacuum, or mild heat (£50°) or during the
early stages of the curing process. It should be noted that
when spin coating is used, the additional drying method is
minimized as the spinning drives off the solvent.

Following removal of any solvent, a coating of
H-resin is formed on the substrate. Said coating is
subjected to an intermediate heating in an inert atmosphere
to melt and flow the H-resin. Typically, this intermediate
heating is carried out at a temperature of from 150°C. to
400°C. and for very short periods of time. Due to thé short
periéds of time that the coating is heating, there is no or
incidental curing of the H-resin.

The coating is converted to an insoluble SiH
containing coating by exposing the H-resin to a temperature
of 375°C. or less, preferably at 350°C., for a time
sufficient to convert said coating to an insoluble coating

| containing >86% SiH. The coatings are heated for a ﬁériod

of less than 10 hours, preferably from 0.5 to 1.5 hours to

produce coatings having >80% SiH.



application of a vacuum or mld heat ([err]50[err]) or during the early
stages of the curing process. It should be noted that when spin coating is
used, the additional drying method is mnimzed as the spinning drives off
t he sol vent. Fol | owi ng renoval of any solvent, a coating of
Hresin is formed on the substrate. Said coating is subjected to an

I nternmedi ate heating in an inert atnnsphePe to melt and flow the Hresin.
Typically, this internediate heating is carried out at a tenperature of
from150[err]C to 400[err]C and for very short periods of time. Due to
the short periods of tinme that the coating is heating, there is no or
incidental curing of theeHheasifg preferably Tk« aild® iin eanyaered to an
i nsol ubl e Si H containing coating by exposing the Hresin to a tenperature
of 375[ err] Catiospbeze. pprdtbryg yOEFeBwfreq#ql@r,es H2ya be wsedyf f TBRERL- to

convert said 1 ' C j i1 >8Q%: SLH. .. The

coatings ar eaﬁt&%ﬁs@%@}xgg ggsg{rliigiagg%f?e%g&f%' 0 ?#8?1%& egﬁgﬁﬁytﬁ om 0.5

to 1.5 hours ditrioged,chetdain angd apyomg padPerZibly nitrogen. The amount

The heating preferably takes, plage in an, inert atnosphere, although other
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of SiH bond density in the final coating iIs determned based on the anount
of SiH bond deasiing.i astappibeédbdr the enibstomdte.ng, as applied on the
substrate. Any method of heating such as the use of a
convection oven, rapid thermal processing, hot plate,
radiant or microwave energy may be used herein. The rate of
heating is also not critical but is most practical and
preferred to heat as rapidly as possible.

By these methods, a thin (less than 2 um)
insoluble SiH containing coating is produced on the substrate
having improved film stress. The coating smoothes the
irregular surfaces of the various substrates and has
excellent .adhesion properties.

Additional coatings may be applied over the

insoluble SiH containing coating if desired. These can

include, for example SiO; coatings, SiOp/ceramic oxide

layers, silicon containing coatings, silicon carbon
containing coatings, silicon nitrogen containing coatings,
silicon oxygen nitrogen containing coatings, silicon
nitrogen carbon containing coatings and/or diamond like
coatings produced from the deposition (i.e. chemical vapoxr
deposition, plasma enhanced chemical vapor deposition, etc.)
of amorphous SiC:H, diamond or silicon nitride. Methods for

the application of such coatings -are known in the art and



Any net hod of heating such as the use of a convection oven, rapid thernal
processing, hot plate, radiant or m-crowave energy may be used herein. The
-rate of heating is also not critical but is nmost practical and preferred to
“heat .as rapidly as possible. By these nethods, a thin (less than
2 pm) insoluble SiH containing coating is produced on the substrate having
i nproved filmstress. The coating snoot heW t he irregul ar surfaces of the
~various substrates and has excel |l ent adhesi on properties.
- Addi tional coatings may be applied over the insoluble SiH containing
~coating if desired. These can include, for exanple Si(ferr] coatings,

Si Qlerr]/ cer aiHed q@Kldenohay 263, R FON GO A NEa <Rl 01936, 57y aRE car bon

contai ni ng coatings, silicon nitrogen containing coatings, | con oxygen
ni trogen conBaDﬂ&nQOéoatlngs silicon nitrogen carbon contalnlng coatings

and/ or dianond |ike co ed fron1the deposj tiqn che ca
vapor deposition, plas éﬁﬁgﬁﬁgdﬁiﬁﬁﬁﬁgﬁpgvﬁﬁo?g by (ﬁ# tap, n#

anor phous Si ggHg 39 aBRNCaAS1Ed |1s¢91@tnb§:5t§€al Nbéﬁwcb&lé}p&:aamsngapéaﬁaﬁ;éon of
such coatings are known in the art

10 are deeppilbed, bYoan:emze:alu wagos depesift o terdingemeasuch5a911, 706.
Ihe et hod O ARALY, SRRV BERTLLRD PGl Al oy £R1 ol
deposition t a@baeﬂﬂﬂoﬁuCﬂma’ﬁnﬁi kehaBteahehbmidal apgord Gepdist tdon ( TCVD) ,
photochen1ca| ggD), electron cyclotron resonance (ECR), and jet vapor
deposition. It could also be applied by phy51cal vapor
deposition techniques such as sputtering or electron beam
evaporation. 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.

So that those skilled in the art can understand
and appreciate the invention taught herein, the following
example is presented, it being understood that this example
should not be used to limit the scope of this invention
found in the claims.

“Soak Temperature” and “Soak Time” represent the
temperature the furnace was heated to for curing and the
amount of time that it was held at this temperature during
the cure. _

“Thickness After Cure” was determined by using a
NanoSpec™/AFT Model 2100 Automated Film Thickness
Instrument. Thickness was determined by a method of ’

reflection spectroscopy whereby visible light is reflected

from the surface of the measurement sample into a specially



deposition, plasma enhanced chem cal vapor deposition (PECVD), electron
cyclotron resonance (ECR), and jet vapor deposition. It could also be
appl i ed by physical vapor deposition techniques such as- sputtering or

~electron beam evaporation. These processes involve either the addition of

- energy in the formof heat or plasma to a vaporized species to cause the
desired reaction, or they focus energy ortla solid sanple of the material to
cause its deposition. So that those skilled in the art can
understand and appreciate the invention taught herein, the fol | owi ng
exanmple is presented, it being. understood that this exanple should not be

used to |im g.the,sq0mEcrbsddpes. | AN itdidkoiess 68 B8Eefhmined. from the
Soak Temperature"” and "Soak Tinme" represent the tenperature the furnace

was heated tmeasuredrimgenferodrammafumeidection iREENFitYas R HGtY9H s

tenperature dyrin he cure. ' ' Thi SGs 3

det er ni ned b9¥y§?ﬁﬁiﬁnﬂéﬁo@p% [tgﬁ ]Wsﬁf%d&%%%ogl%%g%%%%ﬁmi ckness
Instrunent._%@bggaggsbnghékﬁéﬁdaﬁﬂed by a nethod of reflection spectroscopy
whereby visible light I1s reflected fromthe surface of the neasurenent

~sanple into a special |Jielectric ConstaptsiofnérenfeRpsEbEe. cP# Y MAkness
o ono UM RIS SRR phraelhechishipheres on = o
by the vendofmetal-insulator-semiconductor (MIS) capacitors. MIS

capacitors were formed by depositing aluminum electrodes of
approximately 0.15 pm in thicknéss onto low resistivity (p <
0.0250 cm) silicon wafers coated with a thin film of the
insoluble coating. A shadow mask was utilized to férm
aluminum electrode dots of diameter ranging from 3 to 10 mm.
Impedance measurements were made across electrode dots of
same diameter over frequency range of 0.1 - 1000 kHz using a
Hewlett-Packard™ 4194A Impedance Analyzer. The impedance
data was fit to a series RLC model from which the equivalent
parallel capacitance and dielectric constant were
calculated. Since impedance was characterized across the
surface dot electrodes, twice the dielectric thickness was
ﬁsed for dielectric constant measurements.

_ $SiH remaining after cure was determined by
Fourier Transform Infrared Spectroscopy. This method
comprised using a Nicolet™ 5SXB FTIR Spectrometer. A
transmission sampling mode of operation was utilized. Prior
to the spin coating of the wafer with the coating )
composition, a background spectra was collected on bare

silicon wafers. The background was subtracted from a wafer

having the insoluble film thereon to obtain spectra of the



Dielectric Constant of the converted coating was determ ned by performng
di el ectric constant neasurenents on netal-insul ator-sem conductor (MYS)
Capacitors. MS capacitors were formed by depositing al um num el ectrodes .of
~approximately 0.15 pmin thickness onto low resistivity (p [err]
-.0.025[err] cm silicon wafers coated with a thin filmof the insoluble
coating. A shadow mask was utilized to fd2m al um num el ectrode dots of
~diameter ranging from3 to 10 nm | npedance neasurenents were nmade across.
el ectrode dots of sanme dianeter over frequency range of 0.1 - 1000 kHz
using a Hew ett-Packard[err] 4194A Irrpedance Anal yzer. The inpedance data

was fit to a,ser del, from whi he e Ien raJlfI

capaci t ance éﬂ8°%$%}% fiin)9§%¥ﬁza Rﬁ?%é EC&FX%P éfﬁ@ nce was
characteri zegnase86své Nef std 381 BnelRakiegesn tneceom@r@b&l mnr.l Ca

t hi ckness was used for. dielectric constant neasurenents. %S H

remai ni ng af ratieue® Hiaks daads wuesd peyr fRdmr thickpeasf be el e St

Spectroscopyflilnit ofE % eWhll%%e% Qg oguoﬁg#‘g#gréé s%%“rl e ri or

Spect r onet er AnsSNTssT 6N sanpli ron wa

to the spin seghalized $iw bmf&ﬁeushltyt.he coating conposition, a background
spectra was col |l ected on bare silicon wafers, The background was
subtracted from a waf etF H&YiStFassd WasorAgsrEmined, bY,cRethe D THRSAST Erectra

of the 1 Long Scan Profilometer. Stress watcalculated from the
change in wafer curvature as measured over the center 90% of
the wafer diameter. The following relationship was utilized
to calculate stress based on thin film stress modeled by a

beam bending method.

o= (1/6R)*(El(l—v))*(t,zlt,)

where c film stress

R radius of curvature
E/{(1-v) = substrate elastic constant

tg = substrate thickness
tg = £film thcikness

"Film Density” was determined by separately
characterizing mass and volume of the film on wafer. A
gravimetric method was utilized to determine mass with a
Metler™ AE240 mass balance by subtracting the wafer mass
from the wafer'with film after thermal processing. Volume
of film was determined from the product of film thickness
and film area on wafer. Reported density is an average of

-

three films.



insotuble filmonly. A peak at wavenunber 2260 cnrierr] is indicative of = =i

the SiH bond density in the converted film A ratio of this peak area per
filmthickness to an as spun filmpeak area per thickness was quantified
to determine the nornalized SiH bond density. : "Film Stress" was
~determ ned by using a Tencor[err] P- 1 Long Scan Profilonet er. Stress was
~calculated fromthe change in wafer curvddure as neasured over the center
90% of the wafer dianeter. The following relationship was utilized to

cal cul ate stress based on thin filmstress nodel ed by a beam bendi ng

met hod. [err] = (Y/6R*(E/(1-v))*(t[err]/t[err]) where
[err] = filmatheasE 1 R = radius of curvature E/(1l-v) =
substrate el asti ¢ const ant t[err] = substrate thickness .

t[err] = filmthciknesfample wafers wprm %ﬁ%ﬁ@y‘"l%sa RaatiAched by

t I d
oot metryc i Sack] ARIRRE S0t onPbr bt 04 BRI Besin, 4
nmass bal ance (BsigRAIF(t lpﬁ@phh-edwabebrdﬁﬁg térons i Mausaite 3, 616H2721 imafter

t hermal processing. Volune of filmwas determ ned fromthe product of film
t hi ckness andndtilyh drssdbudly lnddegoneRbpoat predenséed ythickness @fade 58f umt hr ee

tilns. on a SEMIX™ 6132U spin coater followed by sequential bakes

on three open ended nitrogen purged hot plates at 150, 200,
and.3SOQC. for one minute each. The wafers were then heated
in a quartz tube furnace heated to 350°C. under a nitrogen
atmosphere. Results are given in Table 1. These results
demonstrate that when there is 280% SiH in the final

coating, the film stress is significantly improved.



13 .- EXAMPLE 1-- - - Sampl e waf ers -were coated wth a coating- - - -
~conposition conprising 22 wt % hydrogen sil sesqui oxane resin (HSi G8/2)n
-prepared according to U.S. Patent 3,615,272 in nethyl i sobuty] ketone to a
_pre-cured thickness of 0.52 [err]mon a SEM X[ err] 6132U spin coater

-foll owed by sequential bakes on three open ended nitrogen purged hot plates
at 150, 200, and 350[err]C. for one mnute each. The wafers were then
heated in a quartz tube furnace heated to 350[err]C under a nitrogen

at nosphere. Results are given in Table 134 These results denonstrate that
‘when there is [err]80% SiHin the final coating, the filmstress is

'significantly inproved. 14 [err]
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d ains: S 1. A nethod of -formng an insol uble coating on a

substrate wherein said nethod conprises (A) coating the substrate
Wi th a coating conposition——eonprising a soluble hydrogen silsesqui oxane

‘resin (H oluble Hresin coating on the substrate;
E(B) heat i rﬁmma"mm[lﬁﬂmmqem n coating to a tenperature of 375[err]C or
‘less for a perdod ok tsnessufficient to ddnvert said Hresin into an

i nsol ubl e coating retaining in the insoluble coating >80% of the

si li con-bonded hydrogen fromthe soluble Hresin.

Claims:

1. 2 ﬁethod of forming an insoluble coating on a
substrate wherein said method comprises

(A) coating the substrate with a coating
composition comprising a soluble hydrogen silsesquioxane
resin (H-resin) to form a soluble H-resin coa;ing on the
substrate;

(B) heating the soluble H-resin coating to a
temperature of 375°C or less for a period of time sufficient -
to convert said H-resin into an insoluble coating retaining
in the insoluble coating >80% of the silicon-bonded hydrogen

from the soluble H-resin.



