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9905766 3 AMETHOD OF FORM NG COATI NGS Thi's in&t@nﬂ e&-t?sﬁoﬁ - 3
nmet hod of formng a coating on a substrate by depositin sorutTon~ ol a

resin containing Si-H groups and a solvent in a manner in which solveny 7 NOV 100
remains in the coating followed by exposinpg the coating\Vm;qxqé i c catal yst
and water and then evaporating the solvent fromthe coat'ing. Thé net hod of
the invention is particularly useful for applying | ow dielectric constant
coatings on electronic devices. Thin filmdielectric coatings on electronic
devi ces are known in the art.A PETHQS QM RORNISNPL@AX NGES 749, 631 and
4,756,977, disclose silica based coatings produced by applying solutions of
silicon al koxi des or hydrogen sil sesqui oxane, respectively, to substrates
and then heating the coated substrates to tenperatures of 200- 1000[err]C.
The dielectric constant of these coatings, however, are often'too high for
certain el ectronic deviTless aimveritricot treldi s tRatemst KB4y 162rmnty a
4,842,888 also teach the formation of njtrided silica coatings by heating
hydrogen si| SRk L 3 SHRFERESIRY darosii s 2 reaahicion 9% 2 txegin
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coating has JlsdBrehtoiymaEighin Hidd QERMt i FPOIcdel Bhed8hdking thhe
coating to a basic catalyst and water and then evaporating
the solvent from the coating. The method of the invention
is'particularly useful for applying low dielectric constant
coatings on electronic devices.

Thin film dielectric coatings on electronic
devices are known in the art. For instance, US Patents
4,749,631 and 4,756,977, disclose silica based coatings
produced by applying solutions of silicon alkoxides or
hydrogen silsesquioxane, respectively, to substrates and
then heating the coated substrates to temperatures of 200-
1000°C. The dielectric constant of these coatings, however,
are often too high for certain electronic devices and
circuits.

U.S. Patents 4,847,162 and 4,842,888 also teach
the formation of nitrided silica coatings by heating
hydrogen'silsesquioxane resin and silicate esters,
respectively, to a temperature of between 200 and 1000°C. in
the presence of ammonia. These references teach the use of
anhydrous ammonia so that the resulting coating has 1 to 2 %

by weight nitrogen incorporated therein.



¥

I'n the Journal of Non-Crystalline Solids, 64 (1984) pp. 209-221, the
formation of ceramic coatings by heating tetraethoxysilane in the presence
of ammonia is taught. As with '162 above, however, this reference al so
teaches that the ammoni a shoul d be anhydrous and that the resultant silica
coatings are nitrided. US Patent No. 4,636,440 discloses a nethod of
reducing the drying tinme for a sol-gel coated substrate conprising exposing
the substrate to aqueous quaternary anmoni um hydroxi de and/ or al kanol am ne
conpounds. The nethods of this reference, however, are different than those
di scl osed herein in that the coating requires to be dried prior to heating
and is specifically Ilni@edh@thynnélyQ dNen-paystalLinay8pPdi¢sedb4i | i con

al koxi des and to t u t he process.on _coatings,havi ng
S W bonds. U6l Bt B8 588852507 the' Eo¥matash eBLeRtani sEarbpEiRY
catal ysts to ﬁ@&@fnéh@e&@&@@ﬁé&?éElﬂﬁée§ﬁaEMefQEeEQﬁcEOBYeéﬁh@ﬁlaf1%ar|0US
preceram c materials, including hydrogen si-l sesqui oxane, to ceramc

coati ngs. TheS&ughterehsew;thommﬂérabbeachhbheveenovhhsote§ereene béb@re

the coating is exposed to the basic, catalysts, US Patent 5, 547 aches
a nethod for FRRFRAY FBAF dF BF cBTPPELEOREPHAE Be. QPRYAFEPA Ag9ch |n§ Son

substrates COPQéuft gthggiigg gogggﬁggegrgl#§g§gab8xane resin successively

under wet ammonia, dry ammoni a and oxygen. e resultant coatings have
di el ectric constants asuktoragen?.H3d.at, §36z240Adasn]loBesewemethbids of

reference _
reducing the drying time for a sol-gel coated substrate
comprising exposing the substrate to aqueous quaternary
ammonium hydroxide and/or alkanol amine compounds. The
methods of this reference, however, are different than those
disclosed herein in that the coating requires to be dried
prior to heating and is specifically limited to hydrolyzed
or partially hydrolyzed silicon alkoxides and fails to teach
the utility of the process on coatings having Si-H bonds.

US Patents 5,262,201 and 5,116,637 teach the use
of basic catalysts to lower the temperature necessary for
the conversion of various preceramic materials, including
hydrogen silsesquioxane, to ceramic coatings. These
references, however, teach the removal of solvent before the
coating is exposed to the basic catalysts.

US Patent 5,547,703 teaches a method for forming
low dielectric constant Si-O containing coatings on
substrates comprising heating a hydrogen silsesquioxane
resin successively under wet ammonia, dry ammonia and
oxygen. The resultant coatings have dielectric constants as

low as 2.42 at 1 MHz. Again, however, this reference
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3 teaches the renoval of solvent before converting the coating to a ceramc
‘and the dielectric constant of the resultant coatings are not as |ow as

t hose di sclosed herein. US Patent 5,523,163 teach a nethod for formng Si-
O cont ai ni ng coatings on substrates conprising heating a hydrogen

si | sesqui oxane resin to convert it to an Si30 containing ceram c coating
and then exposing the coating to an anneal i ng at nosphere contai ni ng
hydrogen gas. The resultant coatings have dielectric constants as | ow as
2.773. However, this reference teaches the renoval of solvent before

converting the coating.to a ceramc¢ and th ielectric constant .of the,
resul tant coatiSRGSIeS PﬁbﬁeggvpgwogssPﬂ8§@%d!§§P5?e&CﬁgFgFﬁ39U§h§aF§ﬁ§1ng
5. 618,878 !caghes, CRALMNG CHIPQRY! 4983 coNlRl RGN ogeh Y lagudipane
resin dissolved in saturated al kyl hydrocarbons useful for formng thick
ceram c coati rgetiheyes alrdey ndtydisodanwbass thiosel diedlased hexeim to

dodecane. The reference, however, fails to teach exposure of coated _
substrates to basic cat Sy fesepst &rd23oleSnterchoRamethnd Foas &prmiinge Stior s

have nom1discQy%ggigﬂﬁﬁgpggﬁégﬁggn%naSﬁﬁé@fﬁyygﬂéyﬁgif%ﬁ%ﬁa%%ﬂﬁﬁ%&%h | ow

catal ysts before conple renoval,” porous networ I Ngs

dielectric cow@g%mmlggs@hq@&%&@- reighe cAgReslertt e peseNisii-vent i on
relates to a nethod of formng a coating on a substrate. The net hod

conpri ses dep@sintiaigiag esriang coroatdmgs anst ¢heint lexposing the coating to
an annealing atmosphere containing hydrogen gas. The
resultant coatings have dielectric constants as low as
2.773. However, this reference teaches the removal of
solvent before converting the coating to a ceramic and the
dielectric¢ constant of the resultant coatings are not as low
as those disclosed herein.

US Patent 5,618,878 teaches coating compositions
containing hydrogen silsesquioxane resin dissolved in
saturated alkyl hydrocarbons useful for forming thick
ceramic coatings. The alkyl hydrocarbons disclosed are
those up to dodecane. The reference, however, fails to
teach exposure of coated substrates to basic catalysts
before solvent removal.

The present inventors have now discovered that by
exposing a Si-H containing resin to basic catalysts before
complete solvent removal, porous network coatings with low
dielectric constants can be produced.

In one aspect, the present invention relates to a
method of forming a coating on a substrate. The method

comprises depositing a coating on a substrate with a
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4 solytion conprising a resin containing at least 2 Si-H groups and a
solvent in a manner in which at |least 5 volune % of the solvent remains in
the coating after deposition. The coating is then exposed to an environment
conprising a basic catalyst and water. Finally, the solvent is evaporated
fromthe coating to forma porous network. 41f desired, the coating can be
heated to forma ceramc. In other aspects, the present invention rel ates
to the coatings produced by the above nethod as well as the coating
solution used in the process. The present invention is based on the

di scovery that sic catalysts and water can be used or.m noyel .. por ous
net wor k Zoati%og]g&:'r%rr’n%?@ Jc%h]?%i%iﬂ%sjrréscf%%.agﬁ%??c%%ﬁénﬁssta?eélh_sl-éful on
el ectroni c subsdugy esndesassevdic tHeid hanah el @ Gikich cCansiddé: Jheorm@hdod
of this invention is particularly applicable to the deposition of coatings
on el ectroni ¢& defittes svletrctremingi inuihs eoberng helteandspestt ben.
interlevel dielectric, |layers, doped dielectric quers to Produce,transistor

devi ces, pi grEtt FRAERE bt BideheR yRIRMESL Ot ot thi T STPRETR™ t SOPrbtietes 2
capaci t or a”qﬁ£§9§céééﬁl SV £8§ wé@éél'gﬁﬁﬁaﬂfy50€ﬁe é%f%?ﬁ%'% s, silicon

on insul ator devices and super |lattice devices. However, oi ce of
substrates argvdlgytL£esdtorde clhateshbing heoi fistand powvens i mecwerki mied
only by the need for thermal and chem cal stability of the substrate at the
t enper at ure &REHITRs pHee ccoplebng rcahdopreazied | R ckPFBE PEYIWER, t he

In other aspects, the present invention relates to
the coatings produced by the above method as well as the
coating solution used in the'brocess.

The present invention is based on the discovery
that basic catalysts and water can be used to form novel
porous network coatings from Si-H containing resins. Such
coatings are useful on electronic substrates because of
their low dielectric constant.

The method of this invention is particularly
applicable to the deposition of coatings on electronic
devices or electronic circuits where they can serve as
interlevel dielectric layers, doped dielectric layers to
produce transistor devices{ pigment loaded binder systems
containing silicon to produce capacitor and capacitor
devices, multilayer devices, 3-D devices, silicon on
insulator devices and super lattice devices. However, the
choice of substrates and devices to be coated by the instant
invention is limited only by the need for thermal and
chemical stability of the substrate at the temperature and

atmosphere used in the present invention. As such, the
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.5 coatjngs of the invention can be used on substrates such as plastics

I ncl udi ng, for exanple, polyimdes, epoxides, polytetrafluoroethylene and
copol ynmers thereof, polycarbonates, acrylics, polyesters, ceranics,

| eat her, textiles and nmetals. As used in the present invention, the
expression "ceram c" includes ceram cs suchsas anorphous silica and
ceramc-li ke materials such as anorphous silica-like materials that are not
fully free of carbon and/ or hydrogen but are otherwi se ceram c in character
and the expressions "electronic device" or "electronic circuit" include,
but are not limted to, silicon based devices, gallium arsenide baﬂzi

devi ces, silicortdngsi ¢ Fased nyentden Facdie Mgtk Ar SURSEIGHESE AUt féhi ¢
devi ces, photovol taic cell.s. and optical__dewi ces. I L] N i ng at
least 2 Si-H é’:i&? 4 Fs ety r;nmtgde%tc? es?écr?tmp:ir?\/e%?lyr}%ér%%do%p%gﬁ%c%}l arly
limted so | opg13% dchie fSud? s RN HR1 EHlweas atdof east partially
condensed by the basic catalyst ‘and water to forma crosslinked network

whi ch serves a®lyardionatias,e dany lties ,p@olye stenpr kcer@iasal Ihgatdash
materials have the fornula: [err] wherein each R is independently sel ected
fr om hydr ogen tefitiiyes A0 MA -aryl groups or alkyl, alkenyl or aryl

groups substituted witha helef oAt PR 3 RALAGL, Mid Wefresdldir,

oxygen or silicon and a, b, ¢ an are nole fractions of the particular

unit and the thkeidantiei*alinc ubeaniddrdaniecgprandis@ms amorphous silica and
ceramic-like materials such as amorphous silica-like
materials that are not fully free of carbon and/or hydrogen
but are otherwise ceramic in character and the expressions
"electronic device" or "electronic circuit" include, but are
not limited to, silicon based devices, gallium arsenide
based devices, silicon carbide based devices, focal plane
arrays, opto-electronic devices, photovoltaic cells and
optical devices.

The resins containing at least 2 Si-H groups .
useful in the present invention are not particularly limited
so long as the Si-H bonds can be hydrolyzed and at least
partially condensed by the basic catalyst and water to form
a crosslinked ﬁetwork which serves as the structure for the
porous network. Generally, such materials have the formula:
{R38i07 /2}a{R28102/2}p{RS103/2}{S104/2}q wherein each R is
independently selected frdm hydrogen, alkyl, alkenyl or aryl
groups or alkyl, alkenyl or aryl groups substituted with a
hetero atom such as a halogen, nitrbgen, sulfur, oxygen or
silicon and a, b, ¢ and 4 are mole fractioﬁs of the

particular unit and the their total is 1, with the proviso
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6 that at least 2 R groups per nolecule are hydrogen and the material is
'sufficiently resinous in structure to formthe desired network. Exanpl es of
al kyl groups are nethyl, ethyl, propyl and butyl, with alkyls of 1-6 carbon
atons preferred. Exanples of al keyl groups include vinyl, allyl and
hexenyl . Exanples of aryls include phenyl. ¢éExanpl es of substituted groups
include[err] (where n = 0-6). Particularly preferred in the present
invention are various hydridosiloxane resins, known as hydrogen

si | sesqui oxane resins, conprising units of the formula [err] In this
formul a, each R is as defined above. Wen these R groups are bonded to

silicon throddttt RF o&AfEn AthiTURS BT MA- D1 FoabTEIERPRR | FRENtRe | n

t he above for} L VAR I s ; = %Q%T Ve & =
These resins 'ﬁrga%/ 1e“g(leslssgnétl‘lpfa Ci‘/ye%rtl}'l& Igeo%lcfleél%sedg? I—%%ﬁ né(\/\%%rfeorn'ﬁi?l% or
greater or thiysimed eeidnk paritahd Ved sl A ML diowps Loatmethyl, Sone
Si-OR) and/or partially condensed (i.e., containing sone Si-OH). The
structure of eHwkeyrRwl mnd IPpeeyki cultly alkyiedf The carber reom? the

resin may be wh i.s generally kno | adder-type, c -type or mjxtures
hereof - The HEteRlarty O HE iy Lo S i e hRr e Yherbs 1194
triorganosil oy Koy di ahaanohydlrogans)l OXxin O P Sphdhy Bl Kopyshd P&y of
groups and di al koxysi l'oxy groups. Although not represented by the
structure, thaubssingahygrdbyrs contlilde CEBECE ) yCHECHS 2. (whéessn thabh-@bout
| 0% of :
Particularly preferred in the present invention
are various hydridosiloxane resins, known as hydrogen
silsesquioxane resins, comprising units of the formula

HSi(OH)x(OR)YOZ/Z. In this formula, each R is as defined

above. When these R groups are bonded to silicon through
the oxygen atom, they form a hydrolyzable substituent. 1In
the above formula, x = 0 to 2; vy = 0 to 2; z = 1 to 3 and x
+ Y + 2 = 3. These resins may be essentially fully

condensed (HSiO3/2)n where n is 8 or greater or they may be

only partially hydrolyzed (i.e., containing some Si-OR)
and/or partially condensed (i.e., containing some Si-OH) .

The structure of the resin is not specifically
limited. The structure of the resin may be what is R
generally known at ladder-type, cage-type or mixtures
thereof. The resins may contain endgroups such as hydroxyl
groups, triorganosiloxy groups, diorganohydrogensiloxy
groups, trialkoxysiloxy groups and dialkoxysiloxy groups.
Although not represented by the structure, the resins may
also contain a small number (e.g. less than about 10%) of

the silicon atoms which have either 0 or 2 hydrogen atoms
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the silicon atons which have either 0 or 2 hydrogen atons 7 attached
thereto and/or a small nunber of SiC groups such as [err] or [err] groups.
The above resins containing at least 2 Si-H groups and nethod for their
production are known by U S. Patent 3,615,272 which teaches the production
of an essentially fully condensed hydrogen ®il sesqui oxane resin (which may
contain up to 100-300 ppm silanol) by a process conprising hydrol yzi ng
trichlorosilane in a benzenesul fonic acid hydrate hydrol ysis nedi um and
then washing the resultant resin with water or aqueous sul furic acid.

Simlarly, in U S. Patent 5,6 010,159 teaches_a nethod conprj sing hydrolyzi ng
hydri dosi | ane§titﬁcgﬁ%aFg‘F§&ItPo nd/95 @ W@ﬁ&t é“’i‘fé’&rol‘%ﬁsirg;lcrr@driq?ﬁﬂ%(?uf:& Mca
resin which i syt con i3 i zing agent. O her

hydri dosi | oxa§g3r@§?i3r{§, togﬁc é\glmée@?gg?%!'bed by U S. Patent 4,999, 397;

t hose descri bed by U'S'TB%t%gBV%’%%%i%ngOEﬁ%ﬁﬁgﬂﬁc ycad oy Eg%ﬁg#yé&%% an

al koxy or acyloxy silane Iin an ac c, alco rolysis Iu t hose
descri bed in KekameRabanttoosheid prodadLt iGr 6@1 knanth &3~ N EL2Datenhtany

ot her equival ent hydri dosil oxane, will also function herein. In a preferred
enmbodi ment of 3t k&5 AV@nwhdsh $pechiisc tisl eagdactisingif Braessend:igf vhe

N T R N I e

contain up to 100-300 ppm silanol) by a process comprising
hydrolyzing trichlorosilane in a benzeneéulfonic acid
hydrate hydrolysis medium and then washing the resultant
resin with water or aqueous éulfufic acid. Similarly, in
U.S. Patent 5,010,159 teaches a method comprising
hydrolyzing hydridosilanes in an arylsulfonic acid hydrate
hydrolysis medium to form a resin which is then contacted
with a neutralizing agent.

Other hydridosiloxane resins, such as those
described by U.S. Patent 4,999,397; those described by U.S.
Patent 5,210,160, those produced by hydrolyzing an alkoxy or
acyloxy silane in an aéidic, alcoholic hydrolysis medium;
those described in Kokai Patent Nos. 59-178749, 60-86017 and
63~107122; or any other equivalent hydridosiloxane, will also
function herein.

In a preferred embodiment of the invention,
specific molecular weight fractions of the above hydrogen
silsesquioxane resins may also be used in this process. Such
fractions and methods for their prepération 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
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U S Patents 5,063,267 and 5,416, 190. A preferred fraction conprises
materi al wherein at |east 75% of the polyneric 8 speci es have a

nol ecul ar wei ght above 1200 and a nore preferred fraction conprises
material wherein at | east 75% of the polyneric species have a nunber

aver age nol ecul ar wei ght between 1200 and 180, 000. The hydr ogen

si |l sesqui oxane resin may contai n other conponents so |long as these
conponents do not interfere with the integrity of the coating. It should be
not ed, however, that certain materials may increase the dielectric constant
of the coatin

. K dditi incl ud t al yst | at i hodi
or copper cal APFELSANPERE] ACMEISELLRE TSHE QAPOre SUhE SOKED! (he
resin as desCbE:Q%@ri.rBde§acE’§E>ﬁnéo:ﬂp?%@eé%at@@iéi“vﬂu@f‘éﬂ? A GREY SO S TRY

al so be used I'n conbination with the hydrogen silsesqui oxane resin. The
ceram c oxi detpeepoilgoesiusspatierieawve | anchwuase xx cnpextagks nefl ecarliot sveriethal s
such as alum num titanium zirconium tantalum niobium and/or vanadi um as
wel | as vari oBStWER™ HEPYI PRE :8%1¥MHds such as those of boron or

phosphor aus whi ch may bend! a58kuadn! B; $0LULL 9Bk Y OLYZ S AR LAuENt |y
pyrolyzed at relatively Pow enperature to-form Ceram ¢ oxides. ramc

oxi de precur sethelsebipoRehesNsal Foll§ses | tieské Nedhpgondliat £ bt8AGteIere
5,008, 320 and 5, 290, 394. The above SIi-H containing resins are applied to

t he substrat e¥is® Sbpvéntedriprref obke Switvirgs whi cdhowld he noted,

however, that certain materials may increase the dielectric
constant of the coating. Known additives include catalysts
such as platinum, rhodium or copper catalyst which increase
the rate and/or extent of cure of the resin as described in
U.S. Patent 4,822,697.

Ceramic oxide precursors may also be used in
combination with the hydrogen silsesquioxane resin. The
ceramic oxide precursors useful herein include compoundslof
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 dissolved in solution, hydrolyzed and
subsequently pyrolyzed at relatively low temperature to form
ceramic oxides. Ceramic oxide precursors useful herein are
described in U.S. Patents 4,808,653, 5,008,320 and 5,290,394.

The above Si-H containing resins are applied to
the substrates as solvent dispersions. Solvents which may be
used include any agent or mixture of agents which will
dissolve or disperse the resin to form a homogeneous liquid

mixture without affecting the resulting coating or the
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used i nclude any agent or mxture of agents which wll dissolve or disperse
‘the resin to forma honpgeneous |iquid mixture without affecting the
resulting coating or the 9 substrate. These solvents can include

al cohol s such as ethyl al cohol or isopropyl alcohol; aromatic hydrocarbons
such as benzene or toluene; branched or |irmear al kanes such as n- heptane,
dodecane or nonane; branched or |inear al kenes such as n-heptane, dodecene
or tetradecene; ketones such as nethyl isobutyl ketone; esters; ethers such
as glycol ethers; or siloxanes such a linear (e.g. hexanethyl disil oxane,

oct anmet hyl di si | oxane and mi xtures thereof), cyclic dinmethyl pol ysil oxanes

o Mt ut es oFUBRERERE nelhith oS Gt Car ot e A G h I 7o EB B
in an anount $ i Gh e '§§f1v ' I S&- 4l 1 EH tration
desired for a%g {D}clg!tli%%.i'g}?}gil—ca yaeit%}%g%'l \%’grnt [ sl<'|eoiH s#%@ﬁ%ﬁ%&nt&%ﬁ
20 to 99.9 wiBenpertesvabtylhems Mrdmcldhd wrolhared: @ilkanesvasugit acf n-esin

and solvent. |f desired, other materials can be included in the resin
di spersi on. FRePFABEandede¢Hee RB N dpridhed @ fiineats alksresasish

adhesion pronpters, and the like. Specific methods for | i catjon of
resin disper glg%nnt%ePg%nEUbés?é% %néi)n%ﬁ e e - Ut e (r?fc?tt i tsgl& 8556@5%%1

coating, dip ce8bhbgl RPESYe OBt dHk ; fdtWe DRI asS FIGRDIPRItNRG SF

others. The preferred nmethod for application is spin coating. It is

critical to thélpxaneatsidlyentlioreahate a. hexamethyldisiloxane,
octamethyldisiloxane and mixtures thereof), cyclic
dimethylpolysiloxanes, or mixtures of any of the above
solvents. The solvent is generally present in an amount
sufficient to dissolve/disperse the resin to the
concentration desired for application. Typically the solvent
is present in an amount of 20 to 99.9 wt%, preferably from 70
to 95 wt% based on the weight of resin and solvent.

If desired, other materials can be included in the
resin dispersion. For instance, the dispersion can include
fillers, colorants, adhesion promoters and the like.

Specific methods for application of the resin
dispersion to the substrate include, but are not limited to
spin coating, dip coating, spray coating, flow coating,
screen printing or others. The preferred method for
application is spin coating.

It is critical to the present invention that at
least 5 volume % of the solvent remain in the coating until
the resin is contacted with the basic catalyst and water.
This solvent forms the pores of the porous network coating

as the Si-H bonds are hydrolyzed and condensed. In some
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least 5 volume % of the solvent remain in the coating until the resinis
contacted with the basic catalyst and water. This solvent forns the pores
of the porous network coating as the Si-H bonds are hydrol yzed and

condensed. I n sone 10 enbodi nents, it may be preferable that at |east 10
vol une % sol vent remains. In other enbodimats, it may be preferabl e that
at least 15 volune % solvent remains. In still other enbodi nents, it may be

preferable that at |east 25 volune % sol vent remains. The nethod of
retaining the solvent is not particularly restricted. In one preferred
enbodi ment, a high boiling point solvent is used alone or as a co-solvent
with one of tRBP ggFW@HP§ dégcWFMeHea869§¢rPH1?hFEaﬁaﬁﬁeﬂeaﬁFoéQS§Pﬁ§mﬁhé

resin diSper$§8Tv§ﬁtd§§ﬁ5EH§d aéﬁvstﬂggg%mBBEgagl dakl%gg %" ngbag

| east 5% residual sol vent remai ning erre "boil vents

to be used inthhtsaenmhedsaent ¢bluhe Bnwenikan @céma&h@se Wint btall.nObhhag
poi nt above 175gerr]C Exanpl es of such solvents include hydrocarbons,

aromati c hydr 6® P@éﬁ@ntéstétsmamdbétpéﬁﬁerEbéﬁptbstoﬁtséeestlQSSUD&BNBSo
whi ch can be usg ng %hls enbodi nent of the invention include saturated
hydr ocar bons, SSG¢R™5s *G8a&L8ne, tetradecane, hexadecane, unsaturat ed

hydrocar bons such as dodgeeRgcnbal b2dpeensnixy Egsssoﬁeéhkyhgnﬁot
1- hept anol , di pentene, d-linonene, tetrahydrofurfuryl alcohol, mneral

spirits, 2-ocpamblicudbuodsgardssolicent,. | SopaneHpprefdireblykbmbwdliatat, daanyl
ether, high boiling point solvent is used alone or as a co-solvent
with one of the solvents described above. In this manner,
processing the resin dispersion as described above under
normal conditions allows for at least 5% residual solvent
remaining. Preferred high boiling point solvents to be used
in this embodiment of the invention are those with a boiling
point above 175°C. Examples of such solvents include
hydrocarbons, aromatic hydrocarbons, esters and ethers.
Examples of specific solvents which can be used in this
embodiment of the invention include saturated hydrocarbons,
such as dodecane, tetrédecane, hexadecane, unsaturated
hydrocarbons such as dodecene, tetradecene, xylenes,

mesitylene, 1l-heptanol, dipentene, d-limonene,

tetrahydrofurfuryl alcohol, mineral spirits, 2-octanol,

stoddard solvent, Isopar Htm, diethyl oxalate, diamyl ether,
tetrahydropyran—z—methanol; lactic acid butyl ester,
isooctyl alcohol, propylene glycol, diproylene glycol
ménomethyl ether, diethylene glycol diethyl ether, dimethyl
sulfoxide, 2,5-hexanedione, 2-butoxyethanol acetate,

diethylene glycol monomethyl ether, 1-octanol, ethylene



tetrahydropyran-2-nmethanol, lactic acid butyl ester, isooctyl alcohol,
propyl ene glycol, diproylene glycol nononethyl ether, diethylene glycol

di et hyl ether, dinmethyl sulfoxide, 2,5-hexanedi one, 2-butoxyethanol
acetate, diethylene glycol nononethyl ether, 1-octanol, ethylene gl ycol,
| sopar Ltm dipropyl ene gl ycol nononethyl etiher acetate, diethylene glycol
nonoet hyl ether, N nethyl pyrrolidone, ethylene glycol dibutyl ether,
gama- butyrol actone, 1, 3-butanediol, diethylene glycol nononethyl ether
acetate, trinmethylene glycol, triethylene glycol dinethyl ether, diethylene
gl ycol nonoethyl ether acetate, al pha-terpineol, n-hexyl ether, kerosene,
2-(2-n- but oxy@lviesy) efaapar, LEPbudybrorulens, g@y@p}lmneomathghaeeher

propyl ene gl ycol oph her, diet erne catechol di et hyl ene
gl ycol rmonobut §F€ gDE%r g%é%ﬁY engt § Y%ﬂg BP988 nSEHEHyI &t her

diethylene ol yeotngli pyiybeibae, deppeoyt sieb1 aaﬁpk9gwaeh¥90' gRpgpenzy!

et her, hydroqui none, sul fol ane and triethylehe glyco rocaf bon sol vent s
are partlcularbytprelactede | b, 2- bet@nddpbetediedhymbﬁdlgmpbomfmbhemethyl

i nvention, the agove groce55|ng rlnarlli deposition of the coating
sol ution) is d®hRS¥ n2aRtahGi r%ﬁh@%*fh%%ﬁ g hKFBI t,st§éﬁt;émeéea9évgpﬂ-on

BT o Cocont agimtt b1 DR T 61 COLAI 4BL. BROCUR! REooERLAPXBIRLE (LOE, BRI T

coating can be per in & closet envi Fent Suc
steps of this ahyeattefpihesdl, ﬁOHéﬁfl ¥thBrt hRePaskfeCabalysh-and mater)

can occur before the solvent is conpletely
butoxyethoxy)ethanol dlbutyl oxalate, propylene carbonate,
propylene glycol monophenyl ether, diethylene glycol,
catechol, diethylene glycol monobutyl ether acetate,
ethylene glycol monophenyl ether, diethylene glycol dibutyl
ether, diphenyl ether, ethylene glycol monobenzyl ether,
hydrogquinone, sulfolane and triethylene glycol. Hydrocarbon
solvents are particularly preferred.

In a second preferred embodiment of the invention,
the above processing (i.e., primarily deposition of the
coating solution) is done in an environment which inhibits
solvent evaporation prior to contact with the basic catalyst
and water. For example, the spin coating can be performed
in a closed environment such that the subsequent steps of
this invention (i.e., contact with the basic catalyst and
water) can occur before the solvent is completely
evaporated. -

The coating céntaining at least 5 volume % solvent
is then contacted with a basic cataiyst and water. Examples
of basic catalysts include ammonia, ammonium hydroxide, as

well as amines. The amines useful herein may be primary
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.evaporated. The coating containing at least 5 volunme %solvent is then
contacted with a basic catal yst and water. Exanples of basic catalysts

i ncl ude anmoni a, anmoni um hydroxi de, as well as am nes. The am nes useful
herein may be primary 12 am nes (RNH2), secondary am nes [err] and/or
tertiary amnes (R3N) in which Ris independntly (1) a saturated or
unsaturated aliphatic such as nethyl, ethyl, propyl, vinyl, allyl and
ethynyl, (2) an alicyclic such as cycl ohexyl nethyl, (3) an aromatic such as
phenyl, (4) a substituted hetero atom such as oxygen, nitrogen and sul fur

5 ds.i ich the nit tom | f a h | i
Tl ng such be. qeriBrenekill (oprph@dEr 3yPRer n BT aaaal PonteEhGREF L he
b i d b tjtyted with ot d b d
hetero cont ai ARGEEPodBalt 0P oPREEBrBotficbheRRRraEhE Y AL oo aras BRrkes o
Finally, it is_al { ted that i ch d
o nes” under tHESREUERFSH BoRHIEFbRooHeBaR ROl A BncEr B nSaNBkda: ViR Ehe
manner. For example, aAdCOARPHDY, sysh as aniapepncuBushl kswhich yields an

am ne upon di ssolution would provide the desired catalytic effect. Exanples
of the specificyalbhesylimathyhy 2)usedahemathci authdesnphhpyvani té) a

et hyl am ne, buty| am ne '] yl am ne, cycl ohexyl am ne, aniline,
G et iyl i no. SUPBERG REAANBLCaFBoR b PRASHER AbbaTYPahs nBL CRESRD! BEfy PHAEHE,

saccharin, pipSEiquecoﬁﬁbﬂﬁagyhﬁnuﬂ§chtEh@tﬂ¥£§8§Qﬁ1atom is a member of a
heterocyclic ring such as quinoline, pyrrolidine or
pyridine. 1In addition, any of the above amine compounds may
be substituted with other hydrocarbon and/or hetero
containing groups to form compounds such as diamines and
amides. Finally, it is also contemplated that compounds
which are converted to amines under the reaction conditions
used would function in an equivalent manner. For example, a
compound such as an ammonium salt which yields an amine upon
dissolution would provide the desired catalytic effect.

Examples of the specific amines that may be used
herein include methylamine, ethylamine, butylamine,
allylamine, cyclohexylamine, aniline, dimethylamine,
diethylamine, dioctylamine, dibutylamine, methylethylamine,
saccharin, piperidine, trimethylamine, triethylamine,
pyfidine, diethyl toluideneIethylmethylpropylamine,
imidazole, choline acetaté, triphenyl phosphene analine,
trimethylsilylimidazole, ethylenediamine,
diethylhydroxylamine, triethylenediamine and

n-methylpyrolidone.
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pyridine, diethyl toluidene ethylnethylpropylamnne, imdazole, choline
‘acetate, triphenyl phosphene analine, trinmethylsilylimdazole,

et hyl enedi am ne, di et hyl hydroxyl am ne, triethyl enedi am ne and

n- nmet hyl pyr ol i done. 13 The basic catalyst can generally be used at any
concentration to catal yze hydrolysis of thel3Si-H bonds. Generally,
concentrations of the basic catalyst can be from1l ppmto 100 w. % based
on the weight of the resin, depending on the basic catalyst. The water to
be used in the invention can be that present in an anbient environnent
(e.g., > 25%relative hym dity)., th nbi.ent__envi.r ca

suppl enented wi t h addi twﬁ‘?albﬁcerc (Yrsr‘( é:.aél. ,gerne%nflal{}{a kheu%%?jt yatup?ntyo
1009, water capcRRt¥sRdo?S td Idadd19zed hyRrEARRAWN G MEHD genensymss wat er
under the reaction conditions can bé used. Contact of the coating with the

basi ¢ cat al ysGeardaldlyer coantene racdoms icshddhebyoamic msdesl yatactarc de dirom
desirable. For instance, the cqating can be contacted wth vapors of the

basi ¢ catal ystt BRI W& O &or 5 Aahan Jae welehtc af iths Ve cont act ed
wi th the basi Qe %tngliyﬁ o%”cﬁh‘%tb%{siicn c,IJtl%.ll 'Sq:ui d state. For instance, the
a

coating can be Tnmerséd I n a basic catalyst solution containing water. In a
preferred enbodi ment of T watReerid W Uderl riesithec datvarg ich exposed dhmtan
envi ronment conprising the ) ) )
present 1n an ambient environment (e.g., > 25% relative
" humidity), the ambient environment can be supplemented with
additional water vapor (e.g., relative humidity up to 100%),
water can be used as a liquid, or a compound which generates
water under the reaction conditions can be used.

Contact of the coating with the basic catalyst and
water can be accomplished by any means practical or
desirable. For instance, the coating can be contacted with
vapors of the basic catalyst and water vapor.

Alternatively, the coating can be contacted with the basic
catalyst and water in the liquid state. For instance, the
coating can be immersed in a basic catalyst solution
containing water.

In a preferred embodiment of this invention, the
resin coating is exposed to an environment comprising the
basic catalyst and water in their vapor state. Exposure to
the above conditions can be by any practical means. 1In a
more preferred embodiment, the resin coating is exposed to
ammonia and water vapor.

In this preferred embodiment, the coated substrate

may, for instance, simply be placed in a container and the



basic catalyst and water in their vapor state. Exposure to the above
‘condi'tions can be by any practical means. In a nore preferred enbodi nent,
the resin coating is exposed to amoni a and water vapor. In this preferred
enbodi ment, the coated substrate may, for instance, sinply be placed in a
contai ner and the 14 appropriate environ@ent introduced therein or,
alternatively, a streamof the basic catalyst and water may sinply be
directed at the coating. The nethod used to generate the basic catal yst and
water environment in this preferred enbodinent is also generally not

significant. Methods ,such as ,bubbling.the basic talyst (e.g., anmonia
gas) through \Mpépp&rlmvﬁ’ﬁmild]&r&ﬂautﬁqdor%}e(ri%rboéﬁ’roI t he anmunt

of water vapor RI6$eRkle1Real NG 2 RAYLC 13 HaSile A IBIK Aid RealdGay

wat er and introducing the basic catal yst gas (e.g., ammonia gas) are al
functional hersinply tbd Yirlext ebrite Pleatcechttieg. met hods whi ch generate
basi ¢ catal yst vapors in situ such as the addition of water, to an_ne sal&;

or the addition of waterThe metdiadhzed SR IweneTRbaTRh RS ISy Sh 13D
al so be effect)ye, B MAMGAA3 X5l 'S4 4 dh-LdU eI S0 arhodigrent may
of exanpl e,

be at any condBM T aion "Gesi Fed. e concentration may be from
0.01 up to a spidyraiiad HIORATE cHt eXPRsiH®ld sudh sapnafsliaty the

enbodi nent of 't he
basic catalyst (e.g., ammonia gas) through water or ammonium
hydroxide solutions (to control the amount of water vapor
present), heating a basic catalyst and water or heating
water and introducing the basic catalyst gas (e.g., ammonia
gas) are all functional herein. It is also contemplated
that methods which generate basic catalyst vapors in gitu
such as the addition of water to amine salts or the addition
of water to a silazane such as hexamethyldisilazane will
also be effective.

The basic catalyst used in this preferred
embodiment may be at any concentration desired. For
example, the concentration may be from 0.01 up to a
saturated atmosphere.

The exposure in this preferred embodiment of the
invention can be at any temperature desired from room
temperature up to 300°C. Generally, the temperature is in
the range of from 20 up to 200°C. is preferred with a range
of from 20 up to 100°C. being preferred.

The resin coating should be exposed to the basic
catalyst and water environment in this preferred embodiment

of the invention for the time necessary to hydrolyze the Si-



invention can be at any tenperature desired fromroomtenperature up to
‘300[err]C. Generally, the tenperature is in the range of from20 up to
200[err]C. is preferred with a range of from20 up to 100[err]C. being
preferred. The resin coating should be exposed to the basic catal yst and
water environnent in this preferred enbodi mggt of the invention for the
time necessary to hydrolyze the Si- H groups to formsilanols (Si-0OH)
and for the silanols to at least partially condense to form Si-O Si bonds.
General |l y, exposures of up to 20 mnutes are preferred, with exposures of
at least 1 second up to 5 mnutes being nore preferred. It should qe not ed
that if the coHt Bngypsf tehéormveailrpRlar dSioOHe as8d ey &hg SidéPrile [Fayéer,

it is generall referred have .a_shorter._expasuie «as.l er r
tend to increaisgﬁ_eP8F338§?¥i8°88ﬁ8F8n OQFOF egéogtﬁggpoﬁﬁ an gé?%?%&??Ve
enbodi ment  of takt?plsme@@t b@nupt B8 e0ahiiAAtes @ﬂ:léogﬁéfb@rlé@s;i witdl akpsisuaied
then water in a liquid state. In a nore preferred enbodi nent, the liquid
basi ¢ cat al yst ofindtwdeasti 8 arcandoaputreohpdméxivde ss dednidomoren prigiferred.

enbodi ment, the basic_catal yst and water exposure.is usyally conduct.ed b
merely inmersihg§ EROUdGaPEd QﬁﬁgtFHFE T §§§0F8FF&HQSOP#eFdéqﬁpygﬁ Aen are

methods, - howevel, p3UGReASaEOH! LRUAUELY Ll Yaliehq liRe 1C0RrAG A A ltasieq
catal yst and water solution wou unction as well. InTaddition, vacuum
infiltration may abse beshsedelroeckposazee agelenyeli expoures ltasidc teoat al yst
and water into the coating. _

increase the dielectric constant of the coating.

In an alternative embodiment of the invention, the
coating is exposed to basic catalyst and then water in a
liquid state. In a more preferred embodiment, the liquid
basic catalyst and water is an ammonium hydroxide solution.

In this embodiment, the basic catalyst and water
exposure is usually conducted by merely immersing the coated
substrate in a solution. Other equivalent methods, however,
such as continuocusly flushing the coating with a basic
catalyst and water solution would function as well. In
addition, vacuum infiltration may also be used to increase
penetration of the basic catalyst and water into the
coating.

The basic catalyst solution used in this
embodiment may be at any concentration desired. Generally,
when ammonium hydroxide is used, a concentrated agueous
solution (28-30%) is preferred since the duration of

exposure is thereby shortened. When dilute solutions are to

be used, the diluent is generally water.



_The basic catal yst solution used in this enbodi rent nay be at any
concentration desired. Generally, when ammoni um hydroxide is used, a
concentrat ed aqueous solution (28-30% is preferred since the duration of
‘exposure is thereby shortened. Wen dilute solutions are to be used, the
diluent is generally water. 16 Exposure o the basic catatal yst and
wat er solution in this enbodi nrent may be conducted at any tenperature and
at nospheric pressure desired. Tenperatures of fromroomtenperature
(20-30[err]C.) up to the boiling point of the basic catalyst solution and

at nospheres from bel ow to above at heric. pressyr e npl at ed
herein. From a practi caIE’gzloaﬁJrHi?oitrﬁn?aﬁeO\?RﬁFe]rc‘f) (fat%#sa%lﬁrf e%%d&afoc{;ga]f t he
eXposur e 0CCUTs Sy ¢ 0AMLPIRAIAIHIGAHEA! RYTRNUARASE I GnyThe Tesi n
coating is exposed to the basic catalyst solution in this enbodi ment of the

i nvention for tdwmpdramrecass atymdsphedio|przas siee SledH xpdupsTenpgrrtinres

silanols (Si- OH) and for the silanols to at <>IeaSstu_A(E)arti@llly candense to
formSi-OSi hdsroeaiRa® | t§mPesgidst e Y13 UK tho WP Hours Gr BeRYt

wi th exposures_of, at gaeﬁs%océ%eﬁﬁfé%f%h&Pigé JH U G50 D160 OB S1OF Lo 8] B ads

I n anot her alter n%lfel ve e I'S 1nvention, the coating is exposed
to both a |iquigbRasdtndsdyid sk Nateraen\dI D@t el gt ed e nm

hydr oxi de) and a gaseous basic catal yst and water vapor, environments
From a practical standpoint, however, it is preferred that
the exposure occur at room temperature and at atmospheric
pressure.

The resin coating is exposed to the basic catalyst
solution in this embodiment of the invention for the time
necessary to hydrolyze the Si-H groups to form silanols (Si-
OH) and for the silanols to at least partially condense to
form Si-0-Si bonds. Generally, exposures of up to 2 hours
afe preferred, with exposures of at least 1 second up to 15
minutes being more preferred.

In another alternative embodiment of this
invention, the coating is exposed to both a liquid basic
catalyst and water environment (e.g., ammonium hydroxide)
and a gaseous basic catalyst and water vapor environments
(ammonia gas and water vapor). The exposures in this
embodiment of the invention may be either sequential or
concomitant and are generally under the same conditions as
those described above.

After the resin coating is exposed to one of the
above environments, the solvent is then removed from the

coating. This can be accomplished by any desired means.
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(ammoni a gas and water vapor). The exposures in this enbodi nent of the
‘invention may be either sequential or concomitant and are general |y under.
the sane conditions as those described above. After the resin coating is
exposed to one of the above environnents, the solvent is then renoved from
the coating. This can be acconplished by any desired nmeans. 17 For

i nstance, the coating can be heated to conplete the condensati on of
silanols forned. If desired, the resultant coating is subjected to a
tenperature converting the coating to a ceram c before, during or after

sol vent renoval . Generally, i s, tern | ?EPP o) giyre with
a range of frg]%ﬁ%d[nesﬁa]r&él’t ott}go oearri% %%ég}e eér/cf?e%(? <ﬁrﬁgxﬁer
tenperatures usyddnsdtaiol tofl s iHKEY fd¥ha®r € conpl ete conversion to a
ceram c, but these tenperatures also may have detrinmental effects on

various tenperature sensif idesisesbi rizhescesihe adat¢orfsing el sistupigeted to

subj ected to these terg)eratures for,a tine sufficient to ceramf-.aéhe
coating, generdl¥SMREFIEE HRFET W% G FRE 19 et V\%e%e%a%%tﬁ/‘e CHhd 6

hours being preferied: Al & Ia0GRml RESRED. 1GdhaM Epy At 2s hour s bei ng

nore preferred. T eati ng may be conducted at any effective
at nospheri ¢ presspsea tfumm mcabowd arcup aredpmsphere cwiatnld amndemganyt from

ef fecti ve gaseous environnent such as an inert géa_s (N2, etc.). It is
especial ly 50°C. to 500°C. being preferred. h

igher temperatures
usually result in quicker and more complete conversion to a
ceramic, but these temperatures also may have detrimental
effects on various.temperature sensitive substrates. The
coatings are usually subjected to these temperatures for a
time sufficient to ceramify the coating, generally up to 6
hours, with a range of between 5 minutes and 6 hours being
preferred, and a range of between 10 minutes and 2 hours
being more preferred.

The above heating may be conducted at any
effective atmospheric pressure from vacuum to

superatmospheric and under any effective gaseous environment

such as an inert gas (Ny, etc.). It is especially

preferred, however, to heat under a nitrogen atmosphere.

It is also contemplated by the above description
that the resin coating may be simultaneously exposed to the
basic catalyst and water environment (ligquid or gaseous) and
subjected to a temperature sufficient to convert it to a
ceramic. The time and temperature-for said exposure as well
as that necessary for said ceramification are generally the

same as those described above.



preferred, however, to heat under a nitrogen atnosphere. It is also
contenpl ated by the above description that the resin coating nay be

si mul t aneously exposed to the basic catalyst and water environnent (liquid
or gaseous) and subjected to a tenperature sufficient to convert it to a
ceramic. The time and tenperature for sai d®exposure as well as that
necessary for said ceramfication are generally the sane as those descri bed
above. 18 Any net hod of heating such as the use of a convection oven or
radi ant or mcrowave energy is generally functional herein. The rate of

heating, moreover, is ahag HotyGhi bECALaclHl bhchSaB0EhePLAEt beak and

preferred to heat as rapidly as possi a typical procedure, a
substrate is ggakedtWohhoiba Si- Hag@Bhai Birngiteswavendneebyents gernaradimer
which insure that at |east 5 volune % of the solvent remains in the
coating, the EoactdosaBshexedni.s ThenrakposEdheating bASTEOYELal }§t 23R8
wat er, the solvent i.s.evaporated, and the coated.substrate i ed i
convection ovBRT ?ﬁét&€€ﬂ'e itr Shinefit "PEt PEREG ®Prh 28 Pﬁ&?Fgggg gﬁc egg
nitrogen. The tenpenahy @« BolR§pguen is then raised to the desired |eve
(such as 450[err?%.) and maintained for the desired tinme under inert

at nosphere (such as 5 nilmuesypiZalopreredByet he sbbesnasehdds coatedi with
(less than 5 microns) ceram.c coating is prod%ced on the substrakﬁ

., The
coating smoot ket B¢ -Hr cogtrAniag: £8538 8P SPLYGETs i fr ARDD A ¥PHSR

insure that at least 5 volume % of the solvent remains in
the coating, the coated substrate is then exposed to the
basic catalyst.and water, the solvent is evaporated and the
coated substrate is placed in a convection oven. The oven
environment is filled with an inert gas such as nitrogen.
The temperature in the oven is then raised to the desired
level (such as 450°C.) and maintained for the desired time
under inert atmosphere (such as 5 minutes - 2 hours).

By the above methods, a thin (less than 5 microns)
ceramic coating is produced on the substrate. The coating
smooths the irregular-surfaces of various substrates and has
excellent adhesion. 1In addition, the coating may be covered
by other coatings such as further SiO; coatings,
Si0O5/modifying ceramic oxide layers, silicon containing
coétings, silicon carbon containing coatings, silicon
nitrogen containing coatiﬁgs,silicon nitrogen carbon
containing coatings and/or diamond like carbon coatings.

. Coatings produced by the instant invention possess
low defect density and are useful on electronic devices as

dielectric layers in, for instance, multilayer devices.



.excel lent adhesion. In addition, the coating may be covered by other
coatings such as further Si 2 coatings, SiQ/nodifying ceram c oxide

| ayers, silicon containing coatings, silicon carbon containing coatings,
silicon nitrogen containing coatings,silicon nitrogen carbon contai ning
coatings and/or dianond |ike carbon coatings Coatings produced by the

i nstant invention possess |ow defect density and are useful on electronic
devices as dielectric layers in, for instance, nultil ayer devices. 19
The followi ng non-limting exanples are included so that one skilled in the
art may nore readily understand the invention. EXAMPLE 1 Hresin, prepared
by the nethod of US Pat &fte FEUPWir Rer- Himik P (TP RS ghie pet ed
solids in nethylisohutyl ket ) eS| hyl | i on
was diluted with tts%afbtr a%’eec asn}ée)ﬂteloec% glﬁ"mi e <"'{s]!g!r imgali o+6§%%%éll%§§ ﬁ?ﬁ?ez%ﬁﬂ&
Table 1. 4 inghhdigRi®lidn MOhmcem n- type, silicon wafers were coated
with each of the solutions listed in Table 1 by spinning at 3000 rpns for
20 seconds. TIEXANBLECL silicon wafers were exposed to an anmoni a at nosphere
wi th ambi ent noisture for 30 seconds and. then heated for iputes in
nitrogen at 450[err]C. TS s REPITRI Y e d?et%é?‘ga%%gﬁeﬁ]%%?ﬁ%nt

remaining in thefd [, onddhesf Rxld 119 54 &heaiid perast@lo1 180! £n 1
methylisobutylketone. The H-Resin/methylisobutylketone
solution was diluted with tetradecane to form the series of
solutions listed in Table 1. 4 inch diameter 1 mOhm-cm, n-
type, silicon wafers were coated with each of the solutions
listed in Table 1 by spinning at 3000 rpms for 20 seconds.

The coated silicon wafers were exposed to an
- ammonia atmosphere with ambient moisture for 30 seconds and
then heated for 10 minutes in nitrogen at 450°C. Table 2
shows the effect of'tetradecane content remaining in the

films on the resulting dielectric constant.

Table 1

Solution Parts Per Hundred Weight % Tetradecane
Number Tetradecane Added in Solution

1 0 0

2 5 4.76

3 10 9.09

4 15 13.04

5 20 16.67

6 30 23.07



Sol ution Parts Per Hundred Wi ght % Tetradecane Nunber

“Tetradecane Added in Solution 1 0

0 2 5 4.76 3

10 9.09 4 15

13.04 5 20 20 16. 67 6

30 : 23. 07 20 Table 2 Sol ution Measured Vol une Max.
Theoretical Volunme Dielectric Number % Tet r adecane % Tet r adecane

Constant 1 0 0 3.0 2

15.9 21.1 2.97 3 24. 4

36.4 2.49 4 44.7 Table 2 48. 0

golg 5 So§3t§0n7glefsured Volume5 M T%L El ;l'fo%.jam% Dlele ic

resin,
by the method oNubkepat et TBt@PsiespRe yas d|IUt§EtF@ 6§30 ght per & gﬁﬁ nt
solids in nethylisobutyl ketone. The H Resin/nethylisobutylketone solution
was diluted with 30 parts per hUndred or 23 wei ght fPercent tetradecan®:0Two

4 inch dianeter 1 nChmcm n-t silicon wafers were coated with tgg
sol ution by spinnithg at 3000 # n% for 20 seconds. thelof the wafers g7
than exposed to an, anmoni a atgpsphere with anbi entzgoisture for 2.49
4 44.7 48.0 2.16
5 52.8 57.0 1.91
6 60.5 70.2 1.71
EXAMPLE 2

H-resin, prepared by the method of US Patent
3,615,272, was diluted to 26 weight percent solids in
methylisobutylketone. The H-Resin/methylisobutylketone
solution was diluted with 30 parts per hundred or 23 weight
percent tetradecane. Two 4 inch diameter 1 mOhm-cm, n-type,
silicon wafers were coated with the solution by spinning at
3000 rpms for 20 seconds. One of the wafers was than
exposed to an ammonia-atmosphere with ambient moisture for
30 seconds and than heated for 10 minutes in nitrogen at
450°C. The dielectric constant of the film on the wafer was
determined to be 1.71. The second wafer was used as a
comparative example. It was placed in a vacuum oven at
80°C. for 10 minutes to remove the remaining tetradecane
solvent in the film. After solvent removal, the wafer was
exposed to an ammonia atmosphere with ambient moisture for

30 seconds and than heated for 10 minutes in nitrogen at



30 seconds and than heated for 10 mnutes in nitrogen at 45[err]C. The
‘dielectric constant of the filmon the wafer was determned to be 1.71. The
second wafer was used as a conparative exanple. It was placed in a vacuum
oven at 80[err]C for 10 mnutes to renove the remaining tetradecane
solvent in the film After solvent renoval 2; the wafer was . exposed to an
ammoni a at nosphere with anbi ent noisture for 30 seconds and than heated for
10 minutes in nitrogen at 21 450[err]C. The dielectric constant of the
second wafer was determned to be 2.97. EXAMPLE 3 Hresin, prepared by the

met hod of US Patent 3,615,272, was diluted to 26 weight percent solids in
nethyllsobuty4i@?6ne ThﬁedFBF@@Fﬁlﬁe@%?$¥%%%u@9IRﬁ?oﬁ%chﬂuV?Eﬁrmﬁ§sdlIuted
with differen % b0||tngb§OF % solvents [err] formthe series of
sol utions |ist® %%%I neh di ameter 1 mOhmcm n-type, silicon
waf ers were cgpigpri §h each of the solutions listed in Table 3 by spinning
at 3000 rpns Tor 20 seconds. The coated silicon wafers were exposed to an
ammoni a at nosphere wit hHambsént poepaveéd byrtB6 wetbadsoclndSt Rekenkat ed for
10 m nutes |n nitrogen at 450] err%& FTable 4, shows the effeEt of , vari ous

t

boi | i ng poi nt3s®t et é: offafhei Bk Rg2Bi BPLERF| ReEGRBFaRP Lo t AR fil ns.
Table 3 SO'Uthgghyllsobﬁpbiﬁ@Eoﬁge'g?he/%-Res1n/methyl§9bbh991ﬁ@t8he

solution was diluted with different high boiling point
solvents io form the series of solutions listed in Table 3
4 inch diameter 1 mOhm-cm, n-type, silicon wafers were
coated with each of the solutions listed in Table 3 by
spinning at 3000 rpms for 20 seconds.

The coated silicon wafers were exposed to an
ammonia atmosphere with ambient moisture for 30 seconds and
then heated for 10 minutes in nitrogen at 450°C. Table 4
shows the effect of various boiling point solvents on the

resulting dielectric constant of the films.

Table 3
Solution Solvent (Weight %) Boiling Point
Number
1 100% MIBK 117.4
2 propylene glycol methyl 120
ether (16.6%)
3 propylene glycol n-butyl 171

ether (16.6%)

4 tetradecane (16.6%) 254



Nunmber 1 100% M BK 117.4 2

‘propyl ene gl ycol et hyl 120 ether (16.6% 3 propyl ene
gl ycol n-butyl : 171 ether (16.6% 4 t et radecane

(16. 6% 254 22 Table 4 Solution Dielectric Number
Constant 1 3.0 2 3.3 3 22 3.2 4 1.91 EXAMPLE 4

Hresin, prepared by the nethod of US Patent 3,615,272, was diluted with
met hyl i sobut yl ket one or octanethyltetrasil oxane, as listed in Table 5, to
the concentration listed in Table 5. The H Resin/nethylisobutyl-ketone or
sil oxane solution was then diluted wth ,Jé‘_ﬁg%adgcane in the amount listed in
Table 5 4 inch dianmeter 1 nohmcm n-type; T1Tcon wafers were coated with
each of the s@ditjGanrsh | bstedcipidabl e 5 by spinning at the speed and for
the tine |isteqjibel@b! ecBnsthfcoated silicon wafers were exposed to an
ammoni a at nosphere with an‘gl ent noisture for the tine

1 3.0
2 3.3
3 3.2
4 1.91
EXAMPLE 4

H-resin, prepared by the method of US Patent
3,615,272, was diluted with methylisobutylketone or
octamethyltetrasiloxane, as listed in Table 5, to the
concentration listed in Table 5. The H-
Resin/methylisobutyl-ketone or siloxane solution was then
diluted with tetradecane in the amount listed in Table 5 4
inch diameter 1 mOhm-cm, n-type, silicon wafers were coated
with each of the solutions listed in Table 5 by spinning at
the speed and for the time listed in Table 5.

The coated silicon wafers were exposed to an
ammonia atmosphere with ambient moisture for the time
indicated in Table 5 and then heated for 10 minutes in
nitrogen at 450°C. Table 6 shows the effect of various
boiling point solvents on the resulting dielectric constant

of the films.



dindicated in Table 5 and then heated for 10 minutes in nitrogen at
450[err] C. Table 6 shows the effect of various boiling point solvents on

"the resulting dielectric constant of the filns. 23 TABLE 5 Sol n

Sol ution _ ~Spin X NH3 Tx RESIN [err]
speed: tine time (g) (9) (g¥ (9 (rpm
(sec) (sec) 1 1.8 8.2 - 2 2000 20
15 2 - 2.5 2000 20 15 3
- 3 2000 20 15 4 2.6 7.4 -
2 3000 20 15 BpLE s - 2.5
3000 20 15 6 . - 3 3000
20 18plp Solutigng 7 4 . Spin 3000 NH3 Tx 9g
30 8 RESIN MIBKlOMPS414H30 3aRed time2() time 30 9
- 3 # 3000(g) (g) {(gp0 (@ (x3®) 10 (sec)3. 3 (sec)g. 7
2 3000 20 30 11 - ' 2.5
3000 »5 i.8 83y 12 2 2000 20 3 15 3000
30 30 1 nethylisobutyl ketogne 2 - xgbanet hyl tetrasil| oxane 24

3 - 3 2000 20 15

4 2.6 7.4 - 2 3000 20 15

5 - 2.5 3000 20 15

6 - 3 3000 20 15

7 2.6 7.4 - 2 3000 20 30

8 - 2.5 3000 20 30

9 - 3 3000 20 30

10 3.3 - 6.7 2 3000 20 30

11 - 2.5 3000 25 30

12 - 3 3000 30 30

1 _ methylisobutyl ketone

2 _ octamethyltetrasiloxane



TABLE.6 Properties Wafer
‘Dielectric Constant Avrg St. Dev.

L)

St.

oleolojolololololololololololololololololoNoNe N

.08
11
.02
.03
.04
.04
.02
.02
.04
.04
6- 2
.08
.09
.04
. 06
9-1
.01
.02
.03
.02
.07
.04
.03
.03

Dev

G)U1U1h-$>9)0)h)h)k*
PNFEPNFEPENEFENEREDN

7-1
7-2
8-1
8-2

9-2

10-1
10-2
11-1
11-2
12-1
12-2

1-1

1

fer

ohourrwWWNON R
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5-2
6-1
6-2
7-1
7-2
8-1
8-2
9-1
9-2
10-1
10-2
11-1
11-2
12-1
12-2

11508

11544

Sol n

Thi ckness (A)

Refracti ve | ndex

Avrg St. Dev Avrg
10101 72 ' 1.148 0. 002 1.85
9548 52 1.157 0. 003 1.94
10871 113 1.%921 0. 001 1.69
10699 119 1.124 0. 001 1.63
11189 80 1.107 0. 007 1.56
11586 105 1. 105 0. 001 1.54
11416 728 held 6 0. 065 2.24
11323 290 1.185 0.01 2.04
11283FrorgggLes 1.161 0. 005 2.18
sd1tb03ThicRb8ss (A) RefhaBtive Indék 00SDielectric88onstant
1844. 268 14 003 1.75
5‘8:6 St. Dev.l. 1 VEg Sto.%%' Avri 88 St. Dev
111011010329 72 1. 1163 0.0@2 059 1.85 2 23 0.08
11360 95,322 55 . Pok2 0.086081 1 94 2.23 4.11
11452 ~~ 207 1.185 0. 066 2.17
3116261987443 113 3:3%9 0.09L 004 1-6° 2 25 0.02
1k 119 1.142.124 0.000&2 1.5369 0.03
11894 121 1.139 0. 002 1.75
i1019**18935 89 1Y 0-0%" ppg 1-%¢ o 1o 0-0¢
112101158634 105 1. D64 0.0@L 004 1.54 1.99 0.04
1727 53 . 196 0,004 5 50 2.1 4 os
1474 %60 7?8 %:%%s °-%% 003 *** 2 01
411981132885 290 11878 0.0p. 005 2-0¢ 2. (06 ©0-02
412967128335 133 1. 4647 0.085 011 > 13 1.83 o.04
5 11503 253 1.159 0.005 1.85 0.04
6 11844 268 1.14 0.003 1.75 0
6 11508 200 1.14 0.04 1.88 0.08
7 11101 429 1.203 0.059 2.23 0.09
7 11360 322 1.212 0.081 2.23 0.04
8 11452 207 1.185 0.066 2.17 0.06
8 11626 143 1.159 0.004 2.25 0
9 11544 137 1.142 0.002 1.69 0.01
9 11894 121 1.139 0.002 1.75 0.02
10 11019 235 1.212 0.009 2.12 0.03
10 11210 134 1.214 0.004 1.99 0.02
11 11727 153 1.196 0.004 2.1 0.07
11 11474 160 1.188 0.003 2.01 0.04
12 11198 185 1.178 0.005 2.06 0.03
12 11296 335 1.177 0.011 1.83 0.03
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25 Cainms 1. A nethod of formng a coating on a substrate conprising:
"depositing a coating on a substrate with a solution conprising a resin
containing at least 2 Si-H groups and a solvent in a manner in which at

| east 5 volune % of the solvent remains in the coating after deposition;
exposi ng the coating to an environnent conpi sing a basic catal yst and

wat er at a concentration to cause hydrolysis of the Si-H groups and at

| east partial condensation; and evaporating the solvent fromthe coating to
forma porous network coating. 2. The nethod of claim1 in which the forned
por ous netmorQﬂ%S%&Jng has a dielectric constant of 1.1 to 2.4. 3. The
coating prepare y the nmethod of claim1l. 4. An electronic device
containing a coating prepared by the nmethod of claim 1.

1. A method of forming a coating on a substrate
comprising:

depositing a coating on a substrate with a
solution comprising a resin containing at least 2 Si-H
groups and a solvent in a manner in which at least 5 volume
% of the solvent remains in the coating after deposition;

exposing the coating to an environment comprising
a basic catalyst and water at a concentration to cause
hydrolysis of the Si-H groups and at least partial
condensation; and

evaporating the solvent from the coating to form a

porous network coating.

2. The method of claim 1 in which the formed
porous network coating has a dielectric constant of 1.1 to

2.4.
3. The coating prepared by the method of claim 1.

4. An electronic device containing a coating

prepared by the method of claim 1.
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