1 ' COVPOSI TI ON AND PROCESS FOR FORM NG

ELECTRI CALLY I NSULATI NG THHN FILMS  This invention relates to a
conmposition for the formation of electrically i nsul ating thin
films and to a process for the formation of electrically insulating

thin filnms. Mre particularly, this inveptionrelates to. ‘a conposi tion and
proecess for the formation of insulati ng thin films that have |l ow -
dielectric constants. ' Insulatlngthlnfllm; of silica are
kriown for use as prot ectGOW@SH‘IQMMnPROCESSFORF&RMINﬂTy i‘nsul ati ng
layers-in el ectronic devi conp05|t|ons C
conprising resin and sol m&w&lﬁ%ﬁm{i@ din .

this field. For exanple, U S. Patent: No." 4, 756, 977 teaches a. process_for
coating - el ectronic dévices with a silica thin fil:mby applying a
sol vent .sol ution of Ttusmven&onhyﬂtwg@mmpmmoﬂmfermmrofeEcmcanpst rat €,
evaporating the solvent, and the eating . at tenpératures of

150[ er 1] C to 1 lwéﬁt@gﬂleﬁl@sm {8 Proisess Sonship forrien ekslegirically insulating | | ke
silica . MRS YBicthl A h{en SORRAN © J1AMpoRRR s BHKESS T o

t hese |nsulat|ng Iayers evi ces I.n.Si’zée econe

more hi ghty lntfeguhamthausmbfmmaﬁh@mﬁlmsthatha&etbveﬂiewc&id?coﬁmﬁtsant of 2.7
has” been reported-fqr "a thin fllmafforded by the cure. - - -of hydrogen

si | sesqui oxane resi Ansulaing tféwaeésmﬁs@qeé@wn&rqsmsn@fﬁ&ﬁvsm@tap &5

Applied Physicg N-6. However, . ..
dielectric cons &&&aﬁ%bﬁﬁﬁﬂg&%@%@éﬁ?@aﬁ%@eﬁ%@t he g{&% né% l'y insulating
thin film composmmﬁd@ﬂlpﬁﬁngWEﬂcBﬁdNeml:Iﬂ@hémlly s @idaleemployeédint S W t h

design rules n wer -t ha [err]m To date no process has
been di scoveregﬁ‘f‘gfﬂdt IF@‘EI‘“&WIQ l&ﬁdl’qtfpwgf“% 977 teaches# PrOcRss ¢ PrCogingr at i on

of such | ow di E&s‘map . Il sul ati ng
thin filnms sui ?ﬁfﬁﬁf’&? y£|§1rlllh€g ﬁhﬁlbgﬁ#;]glgﬁxg s%vggtseo)l(lé gn in silica
filmns. " hydrogen sxls&quidmafdmfodmlﬁstrate éva %&mmb sdlvémoand dbat t he -

di el ectric constant of an - insulating thin filmcan be reduced by
executing the hAstngrat tampesaturepof HISC to- 1000°Ct%@ffmﬁmmlwtmnpi0e Uni t ed
St at es Patent Nﬁesﬁ:ic§48 159 has reported the

Lower d1electnc constants have been reqmred from these insulating layers
as devices have shrunlc in size and become more highly integrated. For example,
a dielectric constant of 2.7 has been reported for a thin film afforded by the cure
of hydrogen silsesquioxane resin, 43rd Extended Abstracts of the Japan Society of
Applied Physics and Related Societies, page 654, Abstract 26a-N-6. Howevef,
dielectric constants below 2.7 are required of the electrically insulating thin films

- in the next-generation lughly mtegrated circuits w1th desxgn rules narrower than
0.18 um. To date no process has been discovered for the stable and highly
reproducible generation of such low dielectric constants in the electncally
insulating thin films suitable for hingy integrated circuits, for example, in silica
films. - . _ ' -

On the other hand, it is generally known that the dielectric constant of an
insulating thin film can be reduced by e;;ecuﬁng the thin film as a porous
structure. For example, United States Patent No. 5,548,159 has reported the



fornatron of an |nsuIat|ng thrn frlntmnth a porous structure t hr ough the
use of the baked product of hydrogen si | sesqui oxane resin as the dielectric
| ayer in a highly. |ntegrated circuit. This patent, however, does -not

di scl ose a specific method for the formation of the porous structure. Thus
as -outlined above, a conposition and procgss capabl e of forming an
electrically insulating thin filmwith a | ow dielectric- constant for
exanple, with a dielectric constant materiall'y bel ow 2, have rerai ned -

unknown to datﬁannauonofanmmlaturgthmﬁin}wliha@mquﬁrsgmt!wm%ﬂ}eé‘s?@ Bicovi de a

conposi tion and process oduce eIec
films wWith | owb thlﬁ’gﬁ?ﬁe 2['lsh#"grnven %\rq{rl)g?'?%lﬁ?tsto an

insulating thi ﬂm{ Méir@r, dSWtU&blweaspcclﬁc meth()&\foﬁn
electrically instmati ng cur resi-n selected fromthe group"

clonsr[ sti nlgl of. &bq?mtamrdmembl jsednuumrmrm180uﬂme§ah0@,ﬂ@9m951faiﬂ@a?d N

electrically insulating. cura 9 ni esi sol vent; - an

(O at -l east oh@césél"? ¢ offo %&Fgﬁqﬁ %P%M&@Wé&s%llovent used for

component (B)) g g&a&b fz&nﬂe Wit b ALRCRES dceait dubkeFibRy bAGWRTA)
un erg at

can.generate gas or I-zation in the tenperature range
from 0[err]Ctha\&Q9{nﬂinele‘nknowntodate The .i nsul ating thin filmformng

conposi ti.on. corrprr ses - el ectricall\ | nsul at cur abl e organi-c or
organic resin, (B) I%mé%?cto(iﬁuswe& ﬁ%oﬂﬂogigﬂ ‘g ﬂ%f’ :
subst ance (exc éd}% SO ﬁlmswﬁﬁ'l&@ﬁfél@cﬁﬁ&)&nsiaﬁ&t upon
heating or. by Wer o wth the resr%ﬁ]{mA can. generate gas or
under go vol atili zatThismvenubePemnmanun&ulztmgghmfﬁlmqﬁoﬁpmgrqomppauon S

800[err] C - ..The resin (A can be inorganic or organic and is not

critical as | ofupdsing is solvent soluble, can be cured by heating after

its application and.oy Qvd Uy isth A Eg‘?:ﬁrabﬂl%siﬁ@&ie&e&ﬁ@nmew| ified by

the partial hydrol yggjt’ es lo caﬂy '
_consisting of electncally msulatmg curable inorganic resins and

electrically insulating curable organic resins,

l(B) solvent; and | _ .

(C) at least one solvent-soluble substance (excluding the solvent used for
component (B)) that upon heatiog or by interaction with the resin A)
can generate gas O undet"go volatilization in the -tcmperature range

~ from 0°C to 800°C.

The insulating thin film-forming composition comprises

(A) electrically msula.tmg curable inorganic or orgamc resin,

(B) solvent, and ' '

(C) at least one solvent-soluble substance {excluding the solvent used for
component (B)) that upon heatmg or by interaction with the resin (A) can
generate gas or undergo volatilization in the temperature range from O°C to
800°C. _

The resin (A) can be inoréanic or organic and is not critical as long asitis

solvent soluble, can be cured by heating after its application, and provides

insulation. The resin can be exemplified by the partial hydrolyzates of



3 - al koxysi lanés; by inorganic resins such as silica precursor resins,
e.g., hydrogen si | sesqui oxane resin;- and by polyim de resins,
quorocarbon resins, benzocycl obutene resins, and fluorinated polyallyl

ethers. ;- This resin can take the forn1of a.single resin or a
m xt ur e. of t.wo .of nore resins. Resins t hat 3cure into.. .~ silica are
preferred for the particularly good el ectri cal |nsulat|ng properties

af forded thereby, Am e.sili-ca precutrsor reS| ns
si | sesqui oxane: alkoxy lﬂg?segwag%m@ﬁ% E‘ 5\’/?5'1 gt%’rﬁ?’é%?geﬁr ocess,
are particul arI fﬁ@iﬂh‘é‘i‘csm, mdbygolymdem,ﬂggﬁugmg&gg@&sﬁsl sesqui oxane -

resin.used in t sent i nventio©o polysi | oxane whose nmin

skeleton is cor‘rpamdyclbbxtténcrbmns amtﬂuamﬂtcdspdlynlh'hdbm: ﬂ‘hlsresmcanla_lgtdteerr] _
Subsor i pt 1 |5 A SR RRE RRFHA L B5 b P et s abolfiot . i s

AR R e k%‘%a Py pplcy f'y'pix-a”.es-
pol ysi | oxanes - caﬁ'oiabdthereby Ammtgxhesﬁmdpwmsémsmxwogensmqmdmxyl '_
A I
di met hyl hydr ogensi | Of¥e gg@dgen 81lses§ru10xaneEeglgtused"ﬁtt{i@ﬂr%ﬁélﬁﬁmﬁehﬁdxpfsepar ation

of hydrogen sil sesqui oxa esin own_and_ I n general-'
i nvol ve t'he hydpolyyiioxanefrhbse khihskelsion as\mrqmdedeoﬁhe trifunctional siloxane unit

pol ycondensati op, (see U.S. Patent No 3 61 72 pane Patent

Appl i cation Lai gl é*k%il’gi é&'ﬁﬁ@i&%ﬁiﬂ

(189,126/1984) a d Sho 6042426 (42,426/ 1985 The soI vent -
(B) “used in theSHISEERIAY is 2R IRREGTo %&I’?ﬂgﬁg@ﬁ‘ﬂfdﬁ?@c‘gﬂsmcm thigj ssol vi ng

resin (A) wtho E%jéq

otherwi se criti ici%:f:b sf%uisbgtﬁﬂgent S lgérlg&g;%gﬁp tg@gag lyrsrslg??%neggflvent S
such as cagaJ-mpmpqusay)km Thea terminal sofithe laddlerfmp& palysiloxawssican beich as
hexane, heptane, d sq fort ket one sq| vents such as
met hyl et hyl keP'Hﬁ’&ciFra’}‘r}Pf 250 &r group-amorgaaﬂﬁl% e fych as

al iphatic estergagkde 55&&0 &l{[d{& %?ﬁ‘;”?‘ﬁ?fgaﬁa‘ﬁgﬁa%&t‘ﬁ" and so

forth;. and silicone solfvent's ’has c i ke
dimethylhydroge_nsﬂoxy group.

Methods for the preparation of hydrogen silsesquioxane rcs_m are in fact
known and in general involve the hydrolysis of trichlorosilane and ensuing
polycondensation (see U.S. Patent No. 3 615 272, and Japanese Patent
Application Laid Open (Kokm or Unexamined) Numbers Sho 59- 189126
(189,126/ 1984) and Sho 60-42426 (42,426/ 1985))

The solvent (B) used in the present invention should be capable of
dissolvmg resin (A) without inducing chemical changes therem, but is not
otherwise critical. Usable soivents are exemplified by aromatic sol;rents such as
toluene, xylene, and so forth; aliphatic solvents such as hexane, heptane, octane,
and so forth; ketone solvents such as methy] ethyl ketone, methyl isobutyl ketone,
and so forth; aliphatic ester solvents such as butyl acetate, isoamyi acetate, and §o

forth; and silicone solvents such as chain methylsiloxanes like



4 hexanet hyl di.si | oxane and 1,1, 3, 3-tetranet hyl di sil oxane, cyclic
sil.oxanes like 1,1,3,3,5,5,7, 7-octanet hyl tetracyclosil oxane and 1, 3,5, 7-
tetranmet hyl tetracycl osil oxane, and si.l anes such as tetranethyl silane and

di net hyl di et hyl si | ane. Met hyl .isobutyl ketone and the silicone solvents are
preferred. This solvent ney take the form™f a single solvent or a mixture
of . two -or nore sol vents. Conponent (C) functions to |lower the -

di el'ectric constant ‘of the el ectrically.in bNgt. .t Qi ' ’ onent
(C) exercises t q!@mp&é{&%@m@m&eﬂqg? #ﬁﬂ%‘é&ﬁ%ﬂ%’%’%&%@?%@%ﬁ%i zati‘on
- preferably- ajf qg’y\'?{gmmh%%mmﬁdqm,sgduri ng or after the’
cure of résin (Ay."This'gas generation or volatilization i's induced by
heating or i nt etetremethyltetracyclositoxans; iand §ilgnes Juoh agteteamethylsilane endjas =

SETELA 0 %, G SAE A B R B

thin filmand | BieréRd. TaNRIVeliFmaY Ake fldfofin 6PRShERIsoRbnt G Bk ARG L NI N

film- The tenperature -at which gas is generated from conmponent (C) nust be
conpat i bl e. wi t hottineresobventss for forming electrically insulating thin filns

and will ‘be in the range fr Ojerr]C to-80Q[err] C.and i's, preferaply,from
25[err]Cto '400[.,e'r_r]é@%@@@“ﬁﬁﬁ]‘%nﬁ)’@ﬁ%{‘% ?9%9#‘“‘&6%'8‘8#3% Py,

i mredi-ately af tgkag ﬁh AORRE g&#g elxBrefa s tHefn SESIFBy S drefi T
conmponent ( Q) p@g_ lg?g% 'y_-'ocquggﬁz u 'sgﬁ%asgo thi_.sgn_-st he )?Jénégg{h‘-.ft?lg%?’e?%turé :
f or gas - gener at umiergoingvalatiipratiem+— fieferably plsefwdthedxpylsiondtom thetsysteirhe- boi.l i'ng
poi nt of- the solvent (B). ~ - Vol ati | izi ng substances. engonpassed by -
conponent (O a%ﬁﬁ%f%éﬂr?b’ﬁc%&)nihqg iBeRgralion org : trggbﬁsi ds, such -
as bi phenyl, n 'b@ﬁﬂﬁﬁ@é‘& ' | sk eTh@&edp ¥t B such as
silicone oils gﬁga{hﬁe 't ke. V{h}gﬁ%gg?ggtgghés%ﬁgégu?gxaﬂe %ggdnéss used as
the resin (A), givkerationer golatilizatipn,qireferably dscswith expulsionfromithe sysfem, is to

consi derations., = -, onents tha enger at as_b hei _

oun. deconposi & | BAYCYAISSSERRRISPGeS it elegHieaty tspiafod il £ ot Bhareby 1P des

such as benzoyl gpafelechiCcaBéng {Find inkMating thin film. The temperature at which gas is
generatéd from 'oompdnent (C) must be compatible with the process for forming
electrically insulating thin films and will be in the range from 0°C to 800°C and is

preferably from 25°C to 400°C. Since the majority of the solvent evaporates
immediately after coating on the substfate énd gas géqeratidn from component (C)
preferably occurs sﬁbsequent fo this, the oxiset temperature for gas géneration
from component (C) is preferably higher tﬁan the boiling poiﬁt 6f the solvent (B).
Volatilizing substances encompassed by comi)ohent (O) are exemplified
bjr, but not limited to, organic. solidé such as biphenyl, naphthalene, anthracene, -
and the like, and by oils such as silicone oils and the like. When hydrogen
silses‘_quioxane 1esin is used as the resin (A), silicone oil is preferred based on .
compatibility considerations. | o
Components that generate gas by their own decomposition are exemplified |

by, but not limited to, organic peroxides such as benzoyl peroxide and tile like. .



Conmponents that generate gas. by interaction, with the resinn can be .,
exenplified by anines, e.g.,- NNN;N,N -tetranet hyl -1, 6- hexanedi am ne, when
the resin contains SiH; in whi ch case hydrogen gas is génerat ed. o
Conponent (D) is-used on an optional ‘basi sSwhen. it becones necessary to
prelimnarily induce a partial crosslinking of resin (A) at relativel y

| ower tenperatures. Vhen hydrogen sil sesqui oxane resin i s used as (A)

conponent- (D) is preCem@bngutsthpﬂmemtﬁgﬂébymty@Fu%\YRhﬂ?féﬁnmb? atinfc acid '

or a rhodi um cat al hese cat al en used .at .fr( 0 500 - --
wei ght parts fo?xeeﬁiﬁeﬂ{aeme %W@Xr &@%&ﬁni% aqeﬂlagld‘lﬁt E{tﬁ ‘ :
dependi ng on thesﬂwobta%'mﬁmmeﬁrasen ffoged Pastis Bhiicrdbl., & stabi i zer

such as -surfactant, may.be present he“conposition to aSSI st. the

di spersi on of conpon@n@@@ﬂ@)wmeddﬂmp@@aﬂmn@ensmme&mtm i-s

d A heat t t ul t :
o ect et ca I)y .ﬁé‘ Meﬁﬁ?@?ﬁh@c’%{s kRt isingAl A RO | o s used
herein, silica gaf Wbleh £9 ufoibgeefnmusearag %H(é@ﬁerﬁgbﬁ‘ o

anorphous 5|I|ca in anorphous lca t 1's not -conpl ete y f.ree. o
silanol and/or ismcfegbly a platinue caalgsttsudi as ¢iﬂomphhnncamdafr aghodininccatalyst. .

precursors, the i ca, w |-l -al'so cont S, ndl n ounds.
Substrates that ﬁ%??cﬁ@lyﬁ‘sséﬂeg‘??ef‘#g“ﬁ Zé%gé(g Fl’% EW%@’#Esent
invention are ex q.E?m S e&ge erﬁ}@é“ ubstr at es
and el ectronic dices%%ngaéfsa & e%%?kfonﬂ?’g’ vlecgié%QHﬁl ge process

for formng el ecitounsstdricys, massismm,m;g tahtabﬂimtsnchmsnmfammgbmamglthe '
surface of a suhstrate with an, i gﬁatln thin filmformng
conposi tion co |°Q¥qﬁ’asm°nt° ass‘Eﬁﬂéle t"ifFE'QP?%FnF ul ating curabl e

oo s e W iogen ey ot LS ot ATy eing O =t et
conponent (B), ¢tdmpositpmrehulatn thg fonmabipn iof b ehcﬁncaﬂy insulhtinghin fik,ifof A)
example, a smca thin film. As used herein, snhca refers to s1heon dioxide (5i05)
and includes both amorphous s111ca and amorphous sxhca that is not completely
free of silanol and/or hydrogen. In the event of the addition of ceramic precursors,
the silica will also contain the corresponding eompounds.

Substrates that may be used in the process according to the present
invention are exemplified by ceramic suosuates various metal substrates, and
electronic devices, preferably electronic devices. |

One process for forming electrically insulating tlun films compnses
(I) coating the surface of a substrate with an msulatmg thin film-forming

composition comprising '

(A) an electﬁcally insulating curable inorganic or organic resin,

(B) a solvent, end

(C) at least one solvent-soluble substance, excluding the solvent used for

component (B), that upon heating or by interaction with the resin (A)



6 -~ can generate gas or undergo volatilization in the

terrperature range . fromO[err]C to 800[err]C, .(I1) evaporatlng
the solvent (B); and (1'11) subsequently heating the substrate in order to -
generate gas from conponent : (O durlég the course of -or ‘after the
cure of -the said resin (A. - In thi¥ process the i nsul ating thin

filmfoning conposition. corrpr|S| ng conponent s (A) to (O |s coated.-on the
surface of a substrate, the oS

substrate i 5 ther eaftelca‘hg ?focfr“ég%rg gmlt era %Pg%gé om corrpgnent (0 -
duri'ng the course of oy gqftctmo@.ure of .the'resin (A). Applicable coating
met hods are exenplified by spin coating, dipping; .sprayi ng, and flow - :

coating. - (H)Tbmmhlglthmmlﬁmt (B¥aadr at i ng sol vent (B) :is-not critical
and -can be exe fled b. andi'ng at ambient. or: eI ev ted erature and
drying.in air, m ﬁF‘g’su'BtF'ﬁﬂ’a!QFt rrgo DRAACRY ti me
i's ordlnarlly not _ [ dhe VBER llrhf% é,l &léﬁ, ecoatlng

t echni que si nce. thre@goﬁﬁg% dlel S eigre 98{3“ ng t eﬁliofat [%43 - .. "The
heating tenperature Ixﬁthmpro&ssmemhlaangthmtjlmefomungnmpwmnmcampnm t hat
carn i.nduce gasification of corrponent ( we heat |§g carried
out to-a terrper%&"ﬂﬂ%‘e é&b ?F‘E%“ES A pubstratecthe solvagt (i, i+ s -
desired for theg hiafeef hdafBdtiR ofdk to pRRRS bk t he
substrate. The rreans us@?ﬂdtﬂtgﬁl S tlﬂ{r?g 1S ag% r?ot cor%ém al, gand.the

general |y knommha&bmpenemmhdmmgaheamzsdnﬂorpﬁm&epumtwthm:eziml(Ah can. be
used..in the instant jnvention. In this process, conponent (C) .is

gasified and a ‘ﬁBPlE‘iaB‘?oPﬁ'é%'e@FthPés %’S‘(ﬁﬁ’!‘ﬂ%ﬁeﬂ (FPE QIRRING,APERINEes | t s

in the correspoaﬁ t1ﬁgt|on of voids and por ous structur es or free 'space
in the electric ylnsu ting thin film - Anot her process for
form ng electricall Whmeﬂtﬂquerfgre\rmporahngadvm@)lsmsﬂ@ﬁcyﬂ ammbdanrbg t he -

surface of a substr th i nsul.atin filmform
conposi ti on co pg)? dw at.am! 1entor%levategtemperature andggymgm ait;,

under reduced pressure, or under a gas current. Drying time is ordinarily..not
necessary when spin coating is used as the coating technique since the solvent is
expelled during the rotation. _ .

The heating temperature is not critical as long as a temperature is used that
can induce gasification of component ©. Howe_?er, heating Iilust be carvied out
to a temperature higher than the melting point of resin (A) when it is desired for
the electrically insulating thin film to melt planarize the substrate. The nicans
used for this heatiﬁg is agaizi not, crueial. and the gencrally kann heaters, such as
ovens, hot plates, and so forth, can be used in the instant invention.

In this process, component (C) is gasified and a portion thereof is expelled
from the system, which results in the corresponding formation of vmds and
porous structures or free space in the electrically insulating thin film.

Another process for forming electrically insulating thin films comprises
() coating the surface of a subs&ate with an insulating thin ﬁlm-fonning

composition comprising



7 (A an. electrically insulat i ng curabl e inorganic or organic

resin, (B) a solvent, and . (O at least one solvent-soluble
subst ance, excluding - the solvent used for conponent (B), that-
upon heatng or by interaction with the resin(A) - can gener ate gas
or” unidergo volatilization in the tenperature range - fromOferr]C
to 800[err]C, (11) evaporating the solvent (B); (LIl subsee%uent | y heati.ng.

t he .substrate and ef(m(ahlelegtm:akbyamsulaﬁngeuréblemoﬂ'ﬁéqusqfﬁamc

tenperature | ower than the te rature -that would provide an:
exhaustive gas. gener@ﬂ#éﬁvﬂtog&gorrponent (O;:-and (1V) thereafter - .
conpl eting gas. ge”erﬁ)FEﬁa{%oﬁEﬂs& QBfBle substance, excludinghihe spivestased fanpr i ses

coating a substrate e’ 1.nsu atlng thin fil.m forn ng corrp05|tron

16 A) at a.

conprisi'ng the conponesémpédint (B, (15) upon Inatug orhydntemstion waliBeEsEHA)y o
evaporating the solvent (B), and thereafter at.i n The -
met hodol ogi es f or effeé%’?ﬁ’gj“"%&?r"é ng'df’%P%%?ﬁ%%%?l ng can -
be the sane in this pr%%(ﬁ? he first process, above. - - The '
resin (A) is. then part y cure at a tenperature bel ow t hat WhICh woul d .

cause an exhaus@] &9 mtﬁ@mégﬂee;gqm;ratlon of "gas ‘from conponent (C). Th| s

step i-s foll owed by the conpl eti.on of gas g nera,tlon f rom congonent (C).
Met hods for i no@d) ﬁgb&eﬂﬁ@ﬂﬁdﬁ@mméﬂﬂﬁgw eEaE} F'H‘EPE@&IEflandl ng

for a prescribed peri o ‘%E’ﬂ? tthé&’%&ﬁﬂ nant (A)-
w |l cure, exposurg‘t“t)gEI r*av?&r’iﬁ lration- or ectron beam and. so

forth. Gas generat |eﬁﬂaﬁsmgg§sogmeﬁﬂaﬁ&bﬁ)cmnmwhmpdet ed, for exanple, by
heat i ng the substrate under reduced pressur insulating thin

filmfornng coﬁmehqrmfwrna@pleﬁegmm@s?ﬂ%ge&@ﬂmp@& dielectric
constant “insul ati ng E@%B@ch%fq% %Qgﬁﬁ&%%&m@ﬂﬁﬁhﬂétﬂxﬂm&hose
roper

applications that e conposition according to the

present invent lfbﬁnﬂxfgcoﬂﬁfohmeﬂb&hbﬂsmgﬂfetdmﬂponemh(ek)fto(ﬁhas descriiediabove,| ayer
| nsul ating thin filnms.in sem conductor deyi c%
subsequently evaporating the solvent (B), an thereafter hcatmg the substrate.

The methodologies for effcctmg evaporatlon of the solvent and for heating can be-

the same in this process as in the first process, above.
The resin (A) is then partlally cured at a temperature below that which

. would cause an exhaustive or complete generation of gas from component (C)
This step is followed by the completion of gas genera&o_n from component (C).
Methods for inducing this partial cure of the resin (A) include standing for a

- prescribed period of time at a temperature at which component (A) will cure,
exposure to ultraviolet radi_atibn or electron beam, and so forth. Gas generétion,
from component (C) can be completed, for example, by heating the substrate
under reduced pressure. '

The insulating thin film-forming composition has the ability to cure into
low-dielectric constant insulating thin films and as a consequence is useful for
those applications that require such properties. The composition according to the
present invention is particularly useful for the formation of interlayer insulating

thin films in semiconductor devices.



8 o EXAMPLES - ‘S0 that those skill ed in
the art - can understand and appreC| ate the invention taught herein, the

foll owi-ng exanpl es are presented, it -bei ng understood that these exanpl es -
should not be used to |limt the scope of is invention found.in the
clains. . "The conversion to silica. -eval uated by neasuring the
residual - SiH%in the filmusing Fourier transforminfrared absorption
spectroscopi ¢ anal ysi-s. The-residual - Wﬁle film was cal cul at ed using
100% -for the quantity of SiH after spi'n coating. . - _ The dielectric _
constant was m?aSUV&Sbﬂxfat@l&eﬁkﬂlﬁrﬁﬂ(baltmgmﬂalstandandappreamtpltkemwnm on a

silicon"wafer with .a resistivity of 10[err] [érr].cm, The was
run by -the sanmmhnmm%mﬁélm mwmm%méﬁsmﬁéﬁe&%ée :

analyzer. EXAMPLE, 1 | t hesi zed
by the ‘net hod qu?E}P é&owﬁnﬁ&%ﬁq@ﬂ@[ﬁéﬁ%@ es Pme%rfgmaﬁ%n : :
( Kokoku) - Nunberclgm 47-31838 (U.S. -Patent No. 3,615,272). ‘Anal ysis of t he

hydrogen sil sesqui oxane resin. product .by gel er.meat i.on’_chr onat o aphy .
(GPC) gave a nunber-'Ehfe@Qnyel’Smlt@éﬂm&Wa&ev @W&ﬂ&faﬂ §%{ er age

nmol ecul ar wei gh 7 | ect ed

to a nol ecul ar t&@?%‘ﬂt‘fs g@@ar?%%ﬁ Onﬁﬁé& s{xﬁ% cr| €d in -
Exanple 1 of Jaieaaaeﬂfslﬁ%ﬁrtheﬁmkmaﬂtﬂm&asﬁgm%fbmwuamrtyuns&mtéred) :
Nunber Hei 6-157760 (157, 760/ 1994) (U.S. Patent ‘No. 5, 416, 190) Anal ysi s of

t he hydrogen 5|$p31e9mn§-xane resin in the recovered fractlon ("Hresin-

fraction') by GPC g nunber - av e ml ecul 830 and an
wei ght - aver age mol e?ﬁl?ea‘ﬁ “‘%4"%1‘?9 “ﬁ‘ﬁ%{ ﬁ(ﬂ‘? 3%‘&4% GPC '
reasurement s Wesrarenple formed on a silicon wafer with aresrstrvxty of 10 O-cm. The

-measurer_nent was run by the sandwich method usmg aluminum electrodes and an

impedance analyzer.

EXAMPLE 1 _ | :

_ Hydrogen silsesquioxane resixi was syntheeized by the method described in
Example 1 of J. apanese Patent Pubhcatlon (Kokoku) Number Sho 47-3 1838 (U.S.
Patent No. 3,615,272). Analys1s of the hydrogen sﬂsesqtuoxane resin product by
gel permeatron chromatography (GPC) gave a number—average molecular weight
ot‘ 1,540 and a weight-average molecular weight of 7,705. The hydrogen
silsesquioxane resin was subjected to a molecular weight fractionation 'aecordin_g '
to the method described in Example 1 of Japanese Patent Application Laid Opeh
(Kokai or Unexamined) Number Hei 6-157760 (157,760/1994) (U.S. Patent No.
5,416,190). Analysis of the hydrogen silsesquioxane resin in the recovered
fraction (“H-resin fraction”) by GPC gave a riumber—_average molecular weight of
5,830 and a weight-average molecular weight of 11,200. The condition.s in the ‘

GPC wmeasurements were:



9 instrument: 802A from the Tosoh -Corporaf.i_on . col um, -
G3000/ 4000/ 5000/ G6000 carrier  solvent: toluene. col umy

terrperat ure: 30[err] C nol ecul ar wei ght standard: pol yst yrene
detection: differenti al refractonmeter - . sanple: 2 weight% sol i ds
(tol uene sol ution) 3 The Hresin ‘f?actlon was di ssolved in nethyl

| sobutyl ketone to prepare the 22 weight % (soli ds) solution To- this was

added -bi phenyl at. 10-wei ght % sohutyl ketone solution
B Rty Bt e b

and al so .chl or opl at!‘ﬁ wei ght - ppm based“on t he
Hresin fraction. A @iobo@@burdsmemmboes 400 angstroms was produced

by spin coating the so uti-on on a silicon wafer at a prelimnary rotation
of 500 rpm for 3 secaridssobvebt:t tobuenat a main rot ation of 3,000 rpmfor- 10
seconds fol |l owed by standing for ;ﬁ) nutes at room.tenperature. -The wafer
was baked in a quar f¢" . ir current at 250[err]C-for 1 hour,

removed,. and al l-oweg, % ihlﬂi%né@d.n?él g@ﬁmgt roomtenperature. At thr S.
0 m |'n. met hyl:

poi nt t he solublllty i sobutyl ketone was | ower than
t hat post-spin coat d@cﬁ@ehﬁubnﬁmlmfsacemnm ed for 1 hour..in a quartz oven

at 400[err]C. under ac f _ni co ng 10 ppm oxygen, :
wi t hdrawn and al| ovré't‘}nl’ulﬁ gt“é‘ﬂ&’ "ﬁ‘gﬁ&f’ﬁ’ﬁ @@?ﬁi‘be for 10 minutes: The
residual SiH%in the filmwas.78% -confirning-that eonversion to silica had

occurred. No.abnornalities, i.e., cracks and so forth, were observed in t he
film The dielectri dhemﬁmrﬂ‘acubnm&ssolived:mmﬁhﬁ WQWIM@HQMPIGP&EXANPLE 2

o o epar ot oA mghto R BaP oo o Bt ik ViRl g e oL
tetramet hyl - 1, G eptanRg iy Doty iRl efitioR it BBS Ealorsplidie 45l hy | i 5 obut yl
hexahydrate at 100 welght-ppm based on the H-resin fraction. A film witha
thickness of 6,400 angstroms was produced by spin coating the solution on'a
'sﬂlcon wafer at a preliminary rotation of 500 rpm for 3 seconds and then ata main
rotation of 3,000 rpm for 10 scconds followed by stand.mg for 10 minutes at room

temperature. The wafer was baked in a quartz oven und_er an air current at 250°C
for 1 hour, removed, and allowed to stand for 10 minu_tes at room temperature. At’
this point the solubility of the film in methyl isobutyl ketone was lower than thet
post-spin coating. The wafer was annealed for 1 hour in a quartz oven at 400°C |
under a current of nitrogen containing 10 ppm oxygen, withdrawn and allowed to
stand at roem temperature for 10 minutes.. The residual SiH%. in the film was
78%, confirming that conversion to s111ca had o_ccuired. b_io abnormalities, i.e.,
cracks and so forth, were observed in the film. The dielectric constant of this
silica thin film was 2.4. | |

'EXAMPLE 2

The fraction prepared in Example 1 was dissolved in methyl 1sobuty1
ketone to prepare the 22 weight% (solids) solution. To this was added N,N,N',N'-
tetramethyl—l,6—hcxancdiaminc at 10 weight-ppm based on the methyl isobutyl



10 .ketone solution. Immediately after its ‘preparation this solution was
spi.n coated on a silicon wafer at a prelimnary rotation of .500-rpmfor 3
seconds-and then at a main rotation of 3,000 rpmfor 10 seconds. At this
point" the filmexhibited a | ow solubility in methyl i sobutyl ketone.
Standing at roomtenperature for 10 mnuté@ gave a filmwith a thickness of
6,110 angstrons. The-wafer was baked in a quartz oven under an air current-
at 100[err]C for 1 hour, renoved, and allowed. to stand, for 10.m nites at

r 0om t enper at Urketonasolkios. hmnndmﬁbeafw IM@PWBPQQHS mw?‘ﬁfpérb My in
met hyl .i sobutyl ket one. The Wwas %@&ﬁﬂs rina -
quar%/z oven a?%’é‘f"é’r Wr?&h?ggf fb@@ B erbnldEH :

ogen contal-ni ng.10 ppm
oxygen, Wi thdr %&Qu&lbpymbip@aﬁ:emdewndg omuﬁsqrmmhaﬁhnembuamammut es.

The residual "SiHAin the fi'lmwas 32% confirm ng- that .conve sgé)nto silica
had occur.red. Mnlmﬂnymmcthylsgbutyll@tqnecmgéﬂﬁmwme\é BeS ed i n
the film The di.electric, co stant |I|c

EXAVPLE 3 3 ga"?ﬁéﬂﬁ"f-"f”gé?' ?%énﬁg *Lﬂi Was %I ss& ved

in methyl is’obu(% % ﬁea%soéml%umﬂw&,mmmm@mm To
thi s was -added benzoy perOX| e ‘at 50 wei ght - ppm based on -t he nethyl

i sobutyl ketonelmmimmscamroomtemperammhmmmh@ezﬁlmfexmbm@%smom; Wasl

ot on of socsokuiyeR il iahust ke R ISl G bl E 0" "
for 10-seconds foa':iu%gv&{at%ﬁ‘@ fa%rr@tﬁ ﬁc@ﬁt : 150?;@ re The
5 .

waf er was bake quartz oven un er an.alr current
hour, renoved, ﬁm&hmmémamddfwmommmme fml&mmmeseﬂ‘i;emdnab At

1 LT St o, ke e RSN
OO o OOL S s £ kB B ARSI OTHE e
residual Si H% i ¢onstagt déf thivisiliza thif Flmonas2.4.m ng that conversion to silica had
occurred. No

EXAMPLE 3 _

The Horesin fraction prepared in Example 1 was dissolved in methyl

isobutyl ketone to prepare t the 22 weighi% (solids) solution. To this was added

benzoyl peroxide at 50 welght-ppm based on the methyl isobutyl ketone solution.

A film with a thlckness of 6,100 angstroms was produced by spm coating the

solution on a silicon wafer at a preliminary rotation of S00 rpm for 3 seconds and

then at a main rotanon of 3,000 rpm. for 10 scconds followed by standing for 10

minutes at room temperature The wafer was baked in a quartz oven under an air

current at 150°C for 1 hour, removed, and allowed to stand for 10 minutes at room

temperature. At this point the solubility of the film in methyl isobutyl ketone was

lower than that post-spin eoaﬁﬁg. The wafer was annealed for 1 hour in a quartz

oven at 400°C under a current of nifrogen centaining 10 ppm oxygen, withdrawn

and allowed to stand at room temperature for 10 minutes. The residual SiH% in

the film was 41%, confirming that conversion to silica had occurred. No



abnormalities, i.e., cracks and so forth were observed in the f|In1 The -
dielectric constant of this silica thin f|In1mas 2.4. .EXAMPLE 4 - A
fluorinated polyallyl ether resin was synthesized according to the n®ethod
descri bed:on page 116 of the. 1995 Proceedlngs of the Twel fth International
VLSI NUItlIeveI ‘I'nt er connecti on Conf er encdl Anal ysis of the resin product
by GPC gave a nunber-average nol ecul ar. wei ght .of 2,540 and a wei ght -

aver age nol ecul ar wei ght. of 9,. 90 Th eS| n vvas |-
i sobutyl ket oneahti® r’eﬁit%@ ?‘gwf‘ﬁ%mg{éﬁﬂ was -
added. bi phenyl ﬁ(; éﬁ %ﬁa rret hyI i sobutyl- ket one solution.
Afilmwth a-thickness of angstrom; was' pfepared’ by “spin coating the
sol'ution on a silicon wafer at a prelimnary rotation of 500 rpmfor 3 -

seconds and then_at. a main rotation of 3,000 rpmfor: 10 seconds fall ovved'by-.
standi ng for 10%'&& roomterrperature ‘The wafer was baked for 1 hour .

at 250[err]C in a qugr PW ﬁfes:zédam% @eal loved to -
stand at room tenper%t%ur%e %ﬁ‘é& lﬁﬁ?’ {Xﬁs pol nt the soI ubility of-

the filmin nethgthodesmibed of pageH Gvafshd mmbwdmgabfqhemetﬂhn coat i ng
The wafer was anneal-ed at: -400[-err]C for 1 -hqQur in uar t under -a-

current of - mtrBﬁ@'ﬂa%ﬁlMI tile %M ‘}‘Eﬁﬂ‘mﬁ)‘ifﬁffﬁq Hﬂﬁ e ggsin oom

tenperature for ' Ve Enuiy %E “f’lgp fﬁ%{@yﬂ ut yl
ket one was foun ve u der gone %ﬂﬁ%ymgic |n‘g gki\ﬂ&f%)s m adwééﬂ?-
dielectric consawatutgeqﬁolacxﬂarwemamm msE&aﬁ/ﬁlaEdihsolvedmme‘Ehyi isbbuedi n -

fraction prepared in Exanple 1 was dissol'ved in methyl i'so h@ket ne to -
prepare the 22 ¥gp W@ﬁ@ﬁ“@éﬁhﬁ%@?ﬁ“’ﬁ?@@%m %ﬂE‘{ benylat 5 078

gt one ves SRS Mg oSG BOME AILAD AERME, (T X
of 3,000 rpm f othickBessf 6{120 aﬁgddommdastptemw $pin Eeating thesolutioronad r oom
silicon wafer at a preliminary rotation of 500 rpm for 3 seconds and then at a main
rotation of 3,000 rpm for 10 seconds followed by standing for 10 minutes at room |
.temperature.' The wafer was baked for 1 hour at 250°C in a quartz oven under an
air current, removed, and allowed to stand at room temperature for 10 minutes.
At this point the solubility of the film in methyl isobutyl ketone was less than that
post-spin coating. The wafer was annealed at 400°C for 1 hour in a quartz oven
. under a current of nitrogen wnﬁhﬁng 10 ppm oxygen, withdrawn and held at
room temperature for 10 minutes. The solubility of the film in methyl isobﬁtyl
ketone was found to have undergbne further decline. The film had a dielectric |

constant of 2.4.

COMPARATIVE EXAMPLE i |

The H-resin fraction prepared in Example 1 was dissolved in methyl
isobutyl ketone to prepare the 22 weight% (solids) solution. A film with a
thickness of 6 078 angstroms was produced by spin coating the solutlon ona
silicon wafer at a preliminary rotation of 500 rpm for 3 seconds and then at a main

rotation of 3,000 rpm for 10 seconds followed by standing for 10 minutes at room



12 tenperature. The wafer was annealed for 1 hour at 400[err]Cin a quartz
oven under a current of nitrogen containing 10 ppm oxygen, w thdrawn and
held for 10 minutes at roomtenperature. The residual SiH%in the filmwas
75% confirmng that conversion to silica had occurred. The production of
cracks in. the fil mwas observed. The dielldtric constant of ‘thiss silica
thin filmwas 2.8. - COVPARATI VE EXAMPLE 2- " ‘The Hresin-fraction

prepared in Exanple 1 was_dissol ved i n_methyl i sobutyl. ketone to.prepare -.
t he- 35 wei ght % femglerars. %e&ﬁqmm..mwmﬁhw&t-%ﬁwwOIS?-%I .

rons o SUead b e ARG Ty etmbunf or At
DSt i nary r of AP oF R} Porthiie 6 ppfiforyies willdeRih fhdicd 1010 T, O @
of .2, 000 r pm.f OfpiriflesSit ¢661A Serhpirat@Me dThe YesidiaDSiHY id the filth wasT8%,;s at room

tenpérature. The wafer -was annealed for 1 heur at 400[err]Cin-a-quartz

oven under a cueonfizming thai conversion sosiligs hadepcued phieprpdestiongf crgkainthend - : |
750 cont i rm gt s obieg s I dejeicic SonstuiCof Bl eyt il 285 1 T RS
cracks-i.n the filmwas observed. The -dielectric constant of this silica -
thin filmwas 2.8. - . ' : : - : ' : - 13
S 7 "COMPARATIVE EXAMPLE 2 T .
| The H-fesin fraction prépared in Examplé 1 was dissolved in methyl
" isobutyl ketone to prépare thé 35 weight (solids) solution. ‘A film witha
thickness of 13,200 angstroms was produéed by spin coating the solution ona -
silicon wafer ata prehmmary rotanon of 500 rpm for 3 séconds énd't,hen at a main
" rotation of 2,000 rpm for 10 seconds followed by stﬁnding for 10 minytes at room

temperature. The wafer was annealed for 1 hour at 400°C ina quaftz oven-ﬁnder _

a current of nitrogen ébﬁt'aining 10 ppm oxygen, withdrawn and held for 10~

minutes at room temperature. The résidual SiH% in the film was 75%, |

confil;min g that conversion to silica had occurred. The prgduction of cracks in the

film was observed. The dielectric constant of this silica thin film was 2.8.



CLAI MS: 1.. A conposition for forming electrically insulati.ng thin
films conprising (A) an electrically insulating curable resin selected from
electrlcally i nsul-ating curabl e inorganic resins or electrically '
i nsul ating curable organic resins, (B) solvent, and: (C) .at |east one

sol vent - sol ubl & substance, ‘excl udi ng the solldent used. for conponent (B),

sel ect.ed from an organi.c per oxi ‘de, - an ani ne, bi phenyl, napht hal ene,

ant-hracene, and silicone oils, and said substance interacts with resin
(A) to generat@g‘a@’l% ~under goes - .vol at| Ilzatlon at a tenperature in the
range from O[err]C 10,8 ubﬁ?f&qg mﬁlaﬁﬁgﬂﬁnﬁﬁi\scompnsmg gher
t han- t he . boi |l i ng poi nfk provi de that . t he. corrp05| tj-on conprises-
as. . subst ancqAf ey eROtialRIns alammxahiereshmsle&@dtﬁi@t? leetpicelly IDRRIAIRS pr i ses
(D), a'cure accel erating cataly on as -
claimed in clai meurabledRorEAGiGEssins Pﬁ? C‘F‘E‘CWJPHW %‘F#Biee %ugﬁgggﬁéé fesin.

3. The conposi t@g 38 rred i-n claimi1 wherei n the sol'vent is select ed
fromthe group ﬁ%ﬁ srtitf ng of aromatic solvents; .aliphatic solvents; ketone

sol vents;. al i pR@)atleastions sslotntaoluble sabstamerselestod from s- and si | anes.

4. The corrp05|t|on ‘as claimed in claim]l wherein t . a
ketone solvent. - (i) :substancgs thatypandcaiing 3tadempera Q‘f"’a?%?fg C&‘?ko?n(% .

wherei n the solvent is g&tegﬁ a5t sobutyl ket one. - ... 6.. The:
conposition as cl ai red ¥N C a|$h 1 wherein the sol vent i-s: a. silicone
sol vent . : (11) substances that by interaction with resin (A) generatea gasor

| (m) substances that undergo volauhzatlon ata temperature in the range

f_rom 0°Cto 800°C.

2. The composition as claimed in claim 1 wherein resin (A) is hydroger

silsesquioxane resin.

_ 3. The composition as claimed in claim 1 wherein the solvent is selected
from the group consisting of aromatic solvents; aliphatic solvents; ketone

solvents; aliphatic ester solvents; silicone solvents and silanes.

4. The composition as claimed in claim 1 wherein the solvent (B) is a

ketone solvent.

5 The composition as claimed in claim 4 wherem the solvent is methyl

isobutyl ketone.

6. The composition as claimed in claim 1 wherein the solvent is a silicone

solvent.

A



14 7. A conposition as-cl aimed in-claim1 that additioenal Iy

conprises (D) a ‘cure-accelerating.catal yst. - -~ - ~8. A conposition as
clainmed in claim7 wherein (D) is selected froma "platiaum conpound or.
transition-nmetal conpound. - -7 9. The conposition as clained i'n

cl ai m 8 wherei n.conponent (C) i's.an organil¢ peroxide. -~ = - 10: . The

conposition as claired in claim1 wherein conponent (C) is (ii) a subst ance
that by interaction with resipn (A).generates a . gas,,.... 11. e .
conposi tion as cl ai r?ed.\mmsa}%?fsk?m@fa a%ﬂ\ﬂﬁt f%’u?@“ﬂﬁﬁ?‘gﬁé?f&?a

si | sesqui oxané L 0.a0d:. ent (C).is an amne.r - .. -, 12, The’
conposition as %ﬁ%@%ﬁgc al mEl_ wherei n conponent (C) is.(iii) a .
substance that undergoes volatilization at a tenperature in the range from
Oflerr]C to 800[err]C. . 13 The conposition as_¢|aiped. in claimil2
wher ei'n . conponent (& 4§9§‘_§P§_€ ,&%P‘?Wt‘%%gd’ﬂ?%ﬁ@liﬁsﬁ_ f_‘fﬁ“bﬁenyl .
napht hal éne, - ani it AGeGAAAAY tafilith Rblafcomponnd. - o

9. The composition as claimed in claim 1 wherein component (CYis (i) a
. substance that upon heéﬁng ata teinperattir_tf; of from 0°C to 800°C g¢nerates a’

gas.

10. The composition as claimed in claim 9 wherein component (C) is an

organic peroxide.

11. The oomposiﬁon as claimed in claim 1 wherein coinponexit (C) 1s (ii)
- a substance that by interaction with resin (A) generates a gas.

12. The composition as claitﬁed in claim 11 wherein resin (A) is hydrbaen

silsesquioxane resin and component (C) is an amine.

13. The compoéition as claimed in claim 1 wherein component (C) is (iii)
a substance that undergoes volatilization at a temperature in the range from 0°C to
800°C. |

14. The composition as claimed in claim 13 wherein component (C) is
selected from the group consisting of biphenyl, naphthalene, anthracene and

silicone oils.

e
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15 - 14. A process for formng electrically insulating thin

filrms
conprising (1) coating the surface of a substrate with the electrically
conposition of claim1; (I1) evaporating the solvent (B); and (I11)
subsequent |y heating the substrate:to genelrsﬁte gas from. corrponent (O
during-the course of or after the cure of e said resin (A). : 15.

The process as clal rred i'n cl ai m14 wherein the substrate is an-electronic’

device. - ' lﬂ'{’&% ﬁémgmmmer& rgﬁ@ resin’

(A) is hydrogen Ssil sesqur oxane res process for._formng-
electrically ingyle W@I@uﬂa&rdfmuwwﬂhﬂgde(cmﬁcauyoampmgmmefdm kce of
a substrate with an insulating thin filmformng -- .composition
conpri si ng (WPW@QWIN%I@ mdsul at'i ng curabl-e inorganic or:

organi ¢ resin, |
solgvent sol ubl- e(@ﬁgpﬁ@énﬂei%ﬁgﬁ}eﬁu eteto E e%B &‘)ﬁﬁ}onélﬁ? ():orrponent .
(B), selected from &m@m@&w&mﬁheaﬂwﬂmmm@w C

napht hal-ene, anthracene, -and silicone oils, said substance i nteracts wi 't h |
resin - - (A).-to generate a gas.or undergoes vol atiilization at a -

bor T1na. poi nt. of () Tpo i Biveres o eepRLingh h dogohetedi hl G shlfl e

provi ded that i §lettishi€@EH&Si t1on conpri.ses as subst ance (C an
organi ¢ peroxide, the composition further: conpri ses (D) a cur. e- accel er ati ng
catal yst; - ' (rr) . evaporatr ng the sol vent (B)

17. The process as claxmed in clalm 15 wherein the resm (A) is hydrogen

silsesquioxane resin.

18. A process for forming electrically msulatmg thin ﬁlms qompﬁsing
(@ coating the surface of a substratc with an insulating thin ﬁlm-fo.rming.
composition comprising |
(A) an electncally msulatmg curable i morgamc or orgamc resin,
(B) a solvent, and . |
- (C) at least one solvent-éoluble substance, exeludjng the solvent used for
component (B), that upon heaﬁng or by interaction with the resin A)
can generate gi\s or undergo volatilization in the tcmperatﬁre range
from 0°C to 800°C;
(II) evaporating the solvent (B);
(1) subsequently heating the substrate and effecting a pattxal cure of the resm '
(A) at a temperature lower than the temperature that would provide an
'exhau_stive gas generation from component'(C); and
(V) thereafter completing gas ge_neratidn from component (C).



(1 II) subsequently heat i ng t he substrate and effectlng a part| al cure of
the resin . (A) at a tenperature 'l ower than t he tenperature that
woul d provide an’ _ exhaustive gas generati.on from conponent (O);

and - (I'V) thereafter conpleting gas ggneratl on f.rom conponent (C).
16 = - '18. The process as clained in aim 17 wherein'the substrate is
an el ectroni c device. _ . 19. The process as clainmed in clai m 17

wherein the resin ('A?9 i M?%clﬁh{eﬁqﬁwiﬁ%&&?ﬂﬁsubsmmmm

electromc dev1ce

20. The p'rocéss as clmmcd in claim 18 wherein the resm (A) is hydrogen .

silsesquioxane resin.

—
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