20 July 2004 1 ELECTRI CALLY | NSULATI NG RESI N COVPCSI TI ON e%E&Q%%ﬁQD FOR
FORM NG THI N FI LM THEREFROM Havi ng the inventors: Takashi nur a,

Ki yot aka Sawa, Aki hi ko Kobayashi, and Katsutoshi Mne, all citizens of
Japan. FIELD OF THE | NVENTI ON The present invention relates to an
electrically insulating thin-filmformng resin conposition, and to a

met hod for formng an electrically insulating thin film Mre

particularly, it relates to an electrically insulating thin-filmformng
resin conposition wth which it is poSsible to forman electrically
insulating thin filmhaving a low dielectric constant, and to a nethod for
efficiently formng an electrically insulating thin filmhaving a | ow
dielectric constant on the surface of an el ectroni c device BACKGROUND OF
THE | NVENTI ON Exanpl es of a nethod for formng an electrically insulating
thin filmon the surface of an electronic device include a nmethod in which
the surface of an electronic device is coated with a hydrogen

si | sesqui oxane resin solution, the solvent is evaporated off, and the

surface is then heat (fﬁﬁﬁ L= n Pat ent
Appl i cation S63-14452@%?62%39%£%%#ﬁ§§&fh mhléﬁgﬁﬁgigﬁkéggggﬁf an electronic
device is coated w tANB MBTHODFOSf FARMINICOUHIN $T1 SESISRBFROZ €si n and a

pl ati num or rhodi um 20 July 2004 2 catal yst, the solvent is evaporated off,
and the surface is then heated at 150 to 1000C (see Japanese Lai d- OQpen

Pat ent Application S63-144524) As}gyg%qhyﬁhéﬂﬁégn and integration have
increased in electronic .devices in recent years, there has been a need for

a nethod for form ng an el ectri cal Tykashigvdlatriung | ayer with
Kiyotaka Sawa,
Akihiko Kobayashi,
and
Katsutoshi Mine,

all citizens of Japan.

FIELD OF THE INVENTION
The present invention relates to an electrically insulating thin-film-forming resin
composition, and to a method for forming an electrically insulating thin film. More
particularly, it relates to an electrically insulating thin-film-forming resin composition
with which it is possible to form an electrically insulating thin film having a low
dielectric constant, and to a method for efficiently forming an electrically insulating thin

film having a low dielectric constant on the surface of an electronic device.

BACKGROUND OF THE INVENTION
E){a:nples of a method for forming an electrically insulating thin film on the
surface of an electronic device include a method in which the surface of an electronic
device is coated with a hydrogen silsesquioxane resin solution, the solvent is evaporated
off, and the surface is then heated at 150 to 1000°C (see Japanese Laid-Open Patent
Application 863-144525), and a method in which the surface of an electronic device is

coated with a solution of a hydrogen silsesquioxane resin and a platinum or rhodium



a lowdielectric constant. More specifically, there is a n Juﬁ nod et hod
for formng an electrically insulating layer with a | ow di'electrtic
constant (a specific inductive capacity of less than 2.5) in a highly
integrated circuit with a next-generation design rule of 0.15 pm or |ess.
Accordi ngly, Japanese Lai d- Qpen Pat ent Apggl i cation H10-279687 proposes a
met hod in which the surface of an electrenic device is coated with a

sol uti on conposed of a hydrogen sil sesqui oxane resin and two types of
solvent with different boiling points or affinity to the resin, after

whi ch part of the solvent is evaporated, and the surface is heated to
evaporate the solvent either during or after the crosslinking of the resin,
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formation of the thin film such as the_ nultilayer wiring of an electronic
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aspect, the invention provides an electrically insulating thin-
forni ng redPrnias mporius elsatricattpinselpting capsimkpg thiv§bn. si | sesqui oxane resin,
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boi | i ng poinxchadicatstrbmemls ind BS30Cepiiblh té hefilpativg sidatthdkaly 4 eTcly dfchahidaBast
one equi valag(ril tthe?gforsei Jahgc%gﬁﬁﬁ?e%%g stand up to the next-generation of multilayer wiring
processes, and particularly to a copper dual damascene process, making such films
impractical. Also, to form an electrically insulating thin film with a low dielectric
constant, a relatively larg(;: amount of silicon atom-bonded hydrogen atoms must be
present in the hydrogen silsesquioxane resin, and consequently the silicon atom-bonded
hydrogen atoms in the thin film react due to the heat, various chemicals, or plasma
encountered in the various steps following the formation of the thin film, such as the
multilayer wiring of an electronic device, which further raises the density of the thin film
and drives up the dielectric constant.
It is an object of the present invention to provide an electrically insulating thin-
film-forming resin composition with which it is possible to form an electrically insulating

thin film having a low dielectric constant, and to a method for efficiently forming an

electrically insulating thin film having a low dielectric constant on an electronic device.



hydrogen atons in conponent (A) per reactive group in conponent (B) and (C)
an organic or siloxane solvent in ang@nount of at |east 5@pvgh3bsparts
per 100 weight parts A In a second aspect, the invention provides a
method for formng an electrically insulating thin filmconprising coating
the surface of an el ectroni cSURMARYVWOF NgENTORCtrically insulating
thin-filmformng resin conposition conprising (A) an electrically
insulating thin-filmformng resin having silicon atom bonded hydrogen

atons, (B) a c o] i 0./ . W -l con
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al koxy groups and having a boiling point of at |east 250C wth the
provisio PAdsAthere is at |east one equivalent of silicon-bonded hydrogen
atons in conmponent (A) per reactive group in conponent (B) and (C) an
organi c or siloxane solvent in an anount of at |east 50 weight parts per
100 wei ght par fi3a fecdrdRGicat, itmnad:dtioagar@aﬂés @rhethBe fSobMenE aakikcaicags! i nki ng
the conposition by a nmethod selected fromthe group consisting of heating
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conponent per reactive group in conmponent (B
si | oxane of at least 250°C and (C) a solvent; comprising the steps of evaporating all or part of

the solvent, and crosslinking the composition by a method selected from the group

consisting of heating and irradiation with high-energy rays.

In a third aspect, the invention provides a method for forming an electrically
msulation thin film comprising coating the surface of an electronic device with an
electrically insulating thin-film-forming resin composition comprising (A) a hydrogen
silsesquioxane resin (B) a compound comprising at least one reactive group selected
from unsaturated hydrocarbon groups, silanols and alkoxy groups and having a
boiling point of at least 250°C with the provisio that there is at least one equivalent of
silicon-bonded hydrogen atoms in component (A) per reactive group in component
(B) and (C) an organic or siloxane solvent in an amount of at least 50 weight parts per
100 weight parts A evaporating all or part of the solvent and crosslinking the
composition by a method selected from the group consisting of heating and irradiation

with high-energy rays.



solvent in an amount of at |east 50 weight parts per 100 wei ght parts A
and a nethod for formng an electrically insulating thin filmtherefrom
First, the electrically insulating thia-filmform ng resin2puuRaogioki on of
the present invention will be described in detail. The electrically
insulating resin of conponent Ais an inorganic or organic electrically

i nsul ating resin havi ng sDESHRIPEAI@GOIHTHEANVENIPIONEN at ons, exanpl es of
whi ch include inorganic resins that are silica precursor resins such as a
hydr ogen sil sesqui oxane resin or a partial hydrolyzate of an al koxysil ane
having silicon pi0prR@i dgdedioall ROSD MBIy ARELIALGA Hif- FiRShASinD a¥kiAg
silicon atom bonded hydrogen atons, such as polyimde resins, Tluorocarbon
resins, womposyiohotnmpitsing €4) s hyflitogen i sacsquiopatey asing| (Bt hecommminds, and
m xtures of two.or re of these. Beca of its superior electrical

| nsul at 1 ortopieERisat S onedeqquds Bonprienled dipf ypsotuy st By drprarbey eieas upon
curing is siaedierablfkag gBepLbRChhviag!d Yoiling Wosk i dTtat 164t P509C we@npenent A,
and a hydrogen sil sesquioxane resin s particularly favorable. This

hydr ogen SIP¥siedihirotharfeis dsienst aeseguivalaat lof sticendgadast hydreganeatbms rinl a
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mol ecul ar sohehninta@ramouat sf stfledsh56 welphdpageser 100 s paxancaridesmdthoac! ude
t he hydroxyl .group, the trjmethy]silox gtr oup and other triorganosil oxy
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groups, arf8r forEnE aslereAlyBRAER)| BEIBIraMd ot her

tri organohydrogensil oxy groups. An exanple of a nethod for preparing this

hydrogen si | ses@ittpthaBRctiiesly tnsultidd WilHIeL RkMB Sest WbniRkMePPO@RSat i on of
trichlorosilane. The conpound of conponent (B) "has groups able to react

with the si PFEHH HERHR BivaesHyetsgent atbmdedtiralionpitioatesi®i  Exanpl es of
these groupgo@Pbéent A if GAGLroWAL By o@ﬁr!i& 80%iah aﬁ@%@%&ﬂa%%%ﬁgona&og{s : ncl ude

al i phati c unsaturated hydrocarbon~groups, oxy*“=groups, “and silTano
groups, W t hordeddiydtogen unmategarapledofiwhichoodndoinogipupsinbtiange §i®0 Jul y 2004

particularly f rable .The ound of . conponent (B) .al so has boi I'i ng
poi nt under ¥Ie§€t\rér§’:srﬁq%srsiu8h f)sr%lg@ﬂn? Be) DR a1 53 il .at%ﬂs}éif’@zaﬁ%%%&‘se a
conpound whelkexysitink ihagn@eiidoh atdidended hiRSpRLIbiGs; A& SHHHE rdsiis hm&?’ than 250C
wil | evapor%e bef ore fg%;ly reacting wth the silicon atom bonded hydrogen

atoms in co GietipmAon  ifeeash e e etirolpimissasitns, fupvesatbosneseannot ~ be
173G hexemy L h L St ol T by By TAPIRRe R s HEEE S e 815000
of these. Because of its superior electrical insulation propetties, a silica resin precutsor
that forms silica upon curing is preferable as the electrically insulating resin of
component A, and 2 hydrogen silsesquioxane resin is particularly favorable. This
hydrogen silsesquioxane resin, described by average structure formula (HSIO, ,,), is a
polymer whose main skeleton consists of trifunctional siloxane units expressed by

formula HSiO,,. ExJamples of the groups at the molecular chain terminals of this

hydrogen silsesquioxane resin include the hydroxyl group, the trimethylsiloxy group and
other triorganosiloxy groups, and the dimethylhydrogensiloxy group and other

triorganohydrogensiloxy groups. An example of a method for preparing this hydrogen

silsesquioxane resin is the hydrolysis and polycondensation of trichlorosilane.

The compound of component (B) has groups able to react with the silicon atom-
bonded hydrogen atoms in component (A). Examples of these groups able to react with
silicon atom-bonded hydrogen atoms include aliphatic unsaturated hydrocarbon groups,

alkoxy groups, and silanol groups, with aliphatic unsaturated hydrocarbon groups being



1, 3,5,7,9-pentavi nyl cycl opent asi | oxane (b.p. = approximtely 261C), |inear
met hyl vi nyl si | oxane ol i gonmers, and ot her such sil oxane conpounds;

1-oct adecene (b.p. approximately 3136 and ot her al kenes;Z20 July 2004

trimet hyl ol propane nonoal Iyl ether (b.p. = approximtely 253C), and

pol yal kyl en i Lhal lyl  ethers, There are.no restrjctions on  the

speci ficP %ﬁﬁ@%ﬁ?{ ga:“’g%’g%c?( S-GP ogg%gﬁomonfg)(,l} YRlse %ﬁa#%'hfﬁ BYIBEWIE t o
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dielectric constant of the resulting electrically insulating resin can be
further hodgsratrdospiipres presguee isdowershan 2%0°6nsillemadnge heforefully reastingithonponent
(B) is cogntained.in, the present conposition, but the amount is preferably
such ¢ hatb RARR Abopteaidrest el 1B Gatmpominh A S oS 16 presish

at om bongia@dntiyité D@61 beddchEved NELAFI EMhis cHnphirddof coRPBRGE Blifcihde groups
able to react with silicon atom bonded hydrogen atoms in conponent (B). An
anount sdehdibgrenyk hése3-teframgthyldasiboraris (bep- E@ppieaineatels 389°®i | i con at om

bonded hydr n._at ons, i n _conponent (A) _per reacti Lraups i n conponent (B)
i's parti){?ﬂf’g’gTpfn{aglwgkgglllogerﬁsél?éa%_r(é' nb"_aB%rPf‘ﬁ_“&q?]‘fl(y#&r g:é’tf ®tions on the
sol vent  efetigovinABigKanECoBgorh@Bhindditek sud sitbxdHe T8 RpYErdNE oM End B, EOned
conponents A and B w t hout causing any chem cal changes in them Exanples

of sol vesprroximatelyPp &£3°49 and aihenalienes inmsithydiel prophnesmenocaliyl edhee (b.pand ot her
aromatic _solvents; ne,. h ane, octa and ot her aliphatic sol vents;
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sol vent s ineigboific m&@&eeqalpaéiwa}nf@g@% ﬁ!’é}?buﬁf‘g p?éf@x%le% biRfRLhC ester-based

sol vents; hexanet hyl di si [ oxane, , 1,3, 3-tetrarnet hyl di sil oxane, and ot her

| i near meempdwid vwidam oy spetific, i8J8ti8e Bapacify besavasshdgikleytcc oomstardof thexane,
1,3,5 7-tet %arregéél c%(,:l otf[%grasi | oxane %%dl ot her cyclic siloxanes; and
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20 July 2004 There are no restrictions on the anount in which conponent (C

i s cont atheadesept compositioaslr theangins is nrefsrabbiauck Hat desunil! teat fpastfasr abl y at

| east 50 ' | aht rts.of component. A~ .Fhis is because
i 11 ¢l o o Rlcohator YEhaU nBRlek s SPRANTN Aeiesul ¢ ng
resin comgpsdtto the geoids ableeo sdacl @itk silitoratbmsinded BydrédenSuttdhs ias an
el ectroni c device if conponent f]C) content is_belowthe lower Iimt of the
above r afgfaponent (B). An amount such that'there are at least five equivalents of silicon atom-

bonded hydrogen atoms in component (A) per reactive groups in component (B) is

particularly favorable.

There are no particular restrictions on the solvent of component C as long as it
will dissolve the above-mentioned components A and B without causing any chermical
changes in them. Examples of solvents suitable as component C include toluene, xylene,
and other aromatic solvents; hexane, heptane, octane, and other aliphatic solvents; methyl
ethyl ketone, methyl isobutyl ketone, and other ketone-based solvents; butyl acetate,
isoamyl acetate, and other aliphatic ester-based solvents; hexamethyldisiloxane,
1,1,3,3-tetramethyldisiloxane, and other linear methylsiloxanes,
1,1,3,3,5,5,7,7-octamethylcyclotetrasiloxane, 1 ,3,3,7-tetramethylcyclotetrasiloxane, and
other cyclic siloxanes; and silane compounds such as tetramethylsilane and

dimethyldiethylsilane. Methyl isobutyl ketone and siloxane solvents are particularly

favorable.



It is also favorable for the present conposition to contain (D) a catal yst
which acts as a crosslinking accelerator to pronote the reaction between
the silicon atom bonded hydrogen atomé in conponent (A) amb iuhe2@i4oups in
conponent (B) capable of reacting wth the silicon atom bonded hydrogen
atons. The addition of conpanent (D) allaows, K  conponent (A) in the present
composi tion to [BEreArpRYTesHcHansAn eiie P@Paﬁtifvmﬂ% Wﬁoéﬁﬁié{:ét%ﬁoé@@%ﬁpl es of
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chloroplatinic acid, an al cohol soluti'on of "chloroplatinic acid, an olefin
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conpl ex of platinu d ot her such platinumbasged, catalysts: . .rhodium .
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other such titaniumbased catalysts. The ampunt in which conponent (D) is
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conbi ned. sensitizer may a adde the present conposition is to
be crossl| ihpdedesabmsyn tynpaneaidiAg tahnd thevgroups imtghpamet (B3) capabde offieactimgt hod  of

the present invention for form an electrically insulating thin film
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i nsul at i ngombhhdht (A} MthSpehak ashfdsitoado b8 cididinkel &t S11diR€% 188 an el ectronic
device is coated with the above-nentioned electrically insulating

t hi n-fi | mtéroperatngg. riaginples offus¢atalpn oderinponentl) inelnde peticubaie plstivemt i s
evapor at ed,, after .whi.ch the.el ectricall,y insulati Q ni c resi
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I s produced on the electronic device- Preferably the coatings have a

t hi ckness ogher such plainunpbased catalypp) rhedinm catalystsg dibubiltindiasstate dibylinect r oni c
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conposi tion T herdde Spin coatl ng, di coat'ing, - spray ‘coating, and fl ow
coati ng Thad etire tucharddiymibasadl catalysg. T8 iamolunt ihvehictbeymeporent (D) hed
conposition is _¢raosslinked by heating apd/or irradiation w.th high-energy
rays. \Whesortamed & fhepresgnt compesiipr i) nfgfeﬁaﬁweé‘w%‘ A4 1008 yekg, BT o bo

snmoot h, it r A i 5 dvhe
high-energy rays.

The method of the present invention for forming an electrically insulating thin
film will now be described in detail. The method for forming an electrically insulating .
thin film is characterized in that the surface of an electronic device is coated with the
above-mentioned electrically insulating thin-film-forming resin composition and all or
part of the solvent 1s evaporated, after which the electrically insulating organic resin

contained in the composition is crosslinked by heating and/or irradiation with high-

energy rays. By .the above method a thin (less than 2.5um) coating is produced on the

electronic device. Preferably the coatings have a thickness of 0.3 to 1.2pum.

Examples of methods for coating the electronic device surface with the
electrically insulating thin-film-forming resin compostition include spin coating, dip
coating, spray coating, and flow coating.

The electrically insulating resin in the above-mentioned composition is
crosslinked by heating and/or irradiation with high-energy rays. When the resulting
electrically insulating thin film needs to be smooth, it is preferable to heat it at a

temperature higher than the melting point of component (A). Examples of heating



met hods i nclude the use of a heating furnace or a hot plate.’ Wen
irradiation with high- energy rays is enpl oyed, exanples of hi Ph-energy
rays that can be used include ultraviblet rays, infrared R8y&ly 20¢ays, and
an el ectron beam The use of an electron beam is particularly favorable
because conponent A can be thoroughl crogsl I, nke
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residual .Si H.i hg el ricall i nSul ' ' 1 ourier transform
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percentage in the electrically insulating thin filmis based on the anount
of silicon atom bonded hydrogen atons remaining in the cured electrically
insulating thin filmwhen the anodi%amlesi | i con at om bonded hydr ogen atoms

contained in the 1&{;&%@5 lofsin Aok RS o pBAifioh HAd e bl
conposition I nmedl ate arter gspln coating  on a silicon wafeer I's 100% The
speci fi ¢ fonfboaing\wa ebapially insolttingwhirefilac of the prdsyntiimentian ilgnowheén fil m was
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silicon Jeaf@ineWivh hedsileUnBpdrbdnt bERLALAISI YN He cl&itrically insatiAg thi@ss.
Exanple 1. An elecCtrically insulating thin-filmformng resin conposition
was  pr efdmdy Bomiposadion Y aksoptiondpeefeaeraphicanalisiso daagciceripgf descri bed by

average _st.ru e fornul.a..(HSI O3t %y :
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resin togiheReeNihostt QU BSchbRatbRl BoredRONSRLn atdmd tontaned #3nwt %
1,1,1,3,3,5,5 5-octanmethyl trisil oxane_ i s conposition was then spin

coat ed orleatrizally gwnlatingther-filrorfomnigg eesHeonafosgoaimpiediitdy atBopin ¢gpafingind 10

seconds of LN _spi-nni ok 3 r . r ' i ;

i rradiat &4 a\%ﬁfcﬁna f%l‘%@@%‘nqggs ecﬁ%&dﬁ@gfﬁ%ﬁgf@?%%eggﬁtgw%ggﬁﬁ% form ng
an el ect rhiadlinywdsnasdsadet by ah Hinpelancaamalyter fsahbvickaeslambiunt BBctrsdem  a
residual SiH content of 70% and a specific .inductive capacity_of 2.5.

Exanpl e Zypehat 2i°ecndilddHreypsingenictecirtglly msplating Huis Bmifomeogiasili®rposi ti on
\lezr agree%&%&@g%&ﬁ&gﬁﬁrﬁ%ﬁgy‘ggﬁw@gﬁ&?ielsss_esqw oxane resin described by
1, 3- di hexenyl gkahph B- A€ tlkanRAlDYindhiatidOkaP Bl Porkhing resin composition was

prepared composed of 22 wt% hydrogen silsesquioxane resin described by average

structure formula (HS1032), 5 wi% 1,3-dihexenyl-1,1,3,3-tetramethyldisiloxane (b.p. =

approximately 300°C; molar ratio of silicon atom-bonded hydrogen atoms in the

silsesquioxane resin to the hexenyl groups in this component: 7.7), and 73 wt%

1,1,1,3,3,5,5,5-octamethyltrisiloxane. This composition was then spin coated on a silicon

wafer for 5 seconds of pre-spinning (500 rpm) and 10 seconds of main spinning (3000

rpm), after which the coating was irradiated with an electron beam (300 Mrad)

accelerated at 165 kV, forming an electrically insulating thin film with a thickness of 750

nm, a residual SiH content of 70%, and a specific inductive capacity of 2.5.

Example 2. An electrically insulating thin-film-forming resin composition was

prepared composed of 22 wt% hydrogen silsesquioxane resin described by average

structure formula (HSiO3p), 5 wit% 1,3-dihexenyl-1,1,3,3-tetramethyldisiloxane (b.p. =

approximately 300°C; molar ratio of silicon atom-bonded hydrogen atoms in the

silsesquioxane resin to the hexenyl groups in this component: 7.7), and 73 wt%

1,1,1,3,3,5.5,5-octamethyltrisiloxane. This composition was then spin coated on a silicon



approxi mately 300C, nolar ratio of silicon atom bonded hydrogen atons in
the silsesquioxane resin to the hexenyl groups in this conmponent: 7.7),
and 73 wt% 1,1,1,3,3,5,5,5-octanet hyl 8risiloxane. This co®pdsiyt3iood was

then spin coated on a silicon 8 20 July 2004 waf er for 5 seconds of

re-s |nn| 500 r nd 10 .se ds of i n 3000 after
P ch 1 havata by b pi afbr oy g Co e nd PSP e toitigneA I
accel er aigd) ahedWRick Ve RBGhaSs inhaRtdaaatesh desirdn HRaWoOMIaguart z furnace
(4000 under a nitrogen atnosphere, formng an electrically insulating

thin fil aceeldritedat H5ddhand wes thepteatadford homs irdaigiar@ifmeen(d@iC)omdat®y and a

speci fic inductjve | ect | ati
Chine i1 | BEERAIRPReEortis s elrbira i e Tatas bRt uip ekl o5 o O
hydr ogen ngj h%@s’i&.\&l O BOStéR BF ﬂo%eﬁﬁf d éiﬂgif '@Yncﬁx\éﬁ{}@%am&ldﬂ&q ure fornula
(HSiG8/2), 5 wt% 1, 3-di hexenyl - 1,1, 3, 3- tetranmet hyl di sil oxane (b.p.

appr oxi mately Esanole 3rm$la¢16¢ta§¢lbf 1@$u1@tmgi thignlila-Errmingrgeid chpdeHdehwat ons i n
the silses oxane_r hex r QURS..:I onent: 7. 7, 73
woo 11 P RS o2 ot ot BT R e B SRRSO el
hexahydr atrecturktfosnule (AHIEsLY, ﬁo’vt%/vh,é dllhﬂmn}slpl h3c30t§tremeﬂmldaslbmn€dbﬂ? waf er for
5 seconds of pre-s (500 0 s of main I nni ng (3000
rpn), af eewomﬁaéﬂy Bh&r&lc&%}l?rrfﬁu éspﬁ%%f’éam#w‘ (igjffgﬂgml%orﬁs ﬁ'tf‘gé)t z furnace
(250C) Uefi&@ nUE?{?%tﬁ&HB&H r@uﬁ’sﬂﬁ tﬁlgeambﬁ@nedﬂzpm wpether hour in a

quartz furnace (4000) under a hi rogen at nosphere, forning an el ectrically
i nsul ati g,k Bl,|3;ﬁ 5 ﬁ4omamcthyltasddnamk,meésl 08 ppmichlozaplatinie agiddesahydiaie. cBris ent  of

40% and a specific nductlv aci of ~2. rically

i nsul at i FPATTHY WF‘TJ} %F‘H‘Pﬁ&a ?cggﬁ?ﬁsglgézbwgfetrlfgré g%’g% Oefé’éeé r'e lﬁ%ﬁ%ﬁ} ed of 22
W % hydr egeiasd 1(PREMIsOFalieh §|ﬂ&hﬂg elmo rhia§, diftey whlth tiRgeatiag wds heutel foer nul a

(HS|CB|2) 62 W % 1, 3-di hexen 3,3-tetranet hyl di si] oxane (b.p. =

appr oxi nrltl@hyll@O@@ftermna% (ﬁé@y(B llljtﬂéfsf} miregen mepphsehandher bsatrgddar at oms i n

the silsesqguioxane resj X 1 oup onent: 0.6),
and 16 wﬁ%tﬂ r houy In;a quaglz L a‘b%@ﬁﬂgf% %rr?gt‘iogx%?ltgwsﬁlhere %‘%%% 'tion was
then spin 5_ &ﬁ":taﬁﬂlrﬁﬁiaﬁnéihlld ﬁE{E‘Wlﬂ‘z@aftﬁfckﬁé&"s 09 7 5@ HANE fesRiuaPSiBF SidtdanbnNg (500
rpnm) and 10 seconds of main spinni ngz(SOOO rpr‘r) after which the coating

was i rradi0d, end Mi@dﬂ?ifmnéll@!dﬁ caecieah?- 4300 Mad) accelerated at 165 kV, and
e S
of 750 prepared composed of 22 wt% hydrogen silsesquioxane resin described by average

structure formula (HS1037), 62 wi% 1,3-dihexenyl-1,1,3,3-tetramethyldisiloxane (b.p. =

approximately 300°C; molar ratio of silicon atom-bonded hydrogen atoms in the

silsesquioxane resin to the hexenyl groups in this component: 0.6), and 16 wt%

1,1,1,3,3,5,5,5-octamethyltristloxane. This composition was then spin coated on a silicon

wafer for 5 seconds of pre-spinning (500 rpm) and 10 seconds of main spinning (3000

rpm), after which the coating was irradiated with an electron beam (300 Mrad)

accelerated at 165 kV, and was then heated for 1 hour in a quartz furnace (400°C) under a

nitrogen atmosphere, forming an electrically insulating thin film with a thickness of 750

nm, a residual SiH content of 30%, and a specific inductive capacity of 2.3.

Example 5. An electrically insulating thin-film-forming resin composition was

prepared composed of 22 wi% hydrogen silsesquioxane resin described by average

structure formula (HSiOs5), 5 wt% 1-octadecene (b.p. = approximately 313°C; molar



nm a residual SiH content of 30% and a specific inductive capacity of
2.3. Exanple 5. An electrically insulating thin-filmformng resin
conposition was prepared conposed of 22 wt % hydrogen si | s@8guiy@0ade resin
descri bed by average structure fornmula (HSIiG3/2), 5 w % 1-octadecene (b.p.
= approximately 313C, nolar 9 20 July 2004 ratio of silicon atom bonded
hydr ogen ratipafsifigon stemdiondeshydrageantmeipithe sibesduoxanasatnmaked groups in

this conpgi .ol and 73 wt % n | | sobutyl t.one. .This gnposi tion
was then ap%tlnll‘aé%? %ga%sdp ‘T GHTR g™ veygni?fl“%%’ﬁn%glf é?O%PFYIIIS“’g"eC 8s of pre-
spi nni ng dofidsitipfjwas febn LEpIsA8 e QfatifR oVerHNilibn Bt 3BP9 séddis offrker Whi ch
the coating .was irradiated wwth an electron beam (300 Mad) accel erated at

165 kv, aREHRE(OPR M) #dd0sgcands of mamapinning(3§00rpm), Aliemelich (50@jnginder a
ni trogen f.or teically insu i thin filmwth a
t hi ckness@%%%gégsmh%%@glgﬁggﬁmgm%dﬁt%%cn er%tleé a44 qkq’gr?é‘géf"agbl&&i fic

i nduct i védicatgg dari It joupfin 2 quartzCunpae 615006) Exdenp Iniirdgen Ammeaspaede) foedingyan

i nsul atin hin-film.form resi n,.conposition was prepared conmposed of 22
Wt % hydr §§& ‘Q?ﬂyé'bgé' P%Qaﬁ@%}‘é@ha ﬁ%@%f%ﬁ’?&boﬁ'?é\f%%“é‘&é Y1 PoRieniod f or nul a
(HSI @8n) 4894 248 a Wb &iflc ihddetReTaPachty DFOCL amet hyltrisiioxane. This

conposi tion was then spin coated on a silicon wafer for 5 seconds of
pre-spi nni ng Gosa@ratpymExampleld 4aebkatisally insplating fiimdilmcfo(8i@@esimpm) , af t er

which th d for Lnute each on 150C, 25QC,, an 50C hot
pl at es, gﬁﬁ'%\%glg&?%g 'ﬁ’gga}t% gég?gésedflg%%\a % deo%fﬂﬂ S GFFIE N ABSEPedinder a
ni t r ogen bytaveaphaneiuré Grfiulg(H810e) emdr7iscals ¥,1, 1,73 Bl 535 bo@methyliridildxamav th a

t hi ckneszl_ of 520 nm a residual Si|l content of 70% and a specific

i nduct i vehEsgpaosifiogwvag then span eqateg na sibienn welar fs Sisepends & prerspawing,

i nsul ati -3-abi Bk ] b Lt i S1.N4; . a hydrogen
sil sesqu ?%(dalﬁ)lgnraielg il ﬁgf(‘éé)?lagbg%ﬁ%%%@]@mw lg{mllr?é) g%‘?%% P{BOQ% %m}é‘gc ive group
sel ect ed htatednforinmatereaatie dn NI QA0MT and B60TS hotgplhtas) ahs wan thea lhkasy f@r oups

and having a _boiling point of at least 250C with the provisio that there
is at | ddeur B’n%q‘é?ﬁ‘ﬁi%V‘E‘P‘éﬁﬁ(f‘OB?C)ﬁqu%ﬁmﬁéﬁd@&lqﬁ%ﬁf@d@WlagGWGIGFWC@'@h‘ponent

(A) per i eaGkinY il FaHRvit s SOIREASIHS26 Rl 33kidual SiH content of 70%, and a

specific inductive capacity of 3.0.



(© an organic or siloxane solvent in an anount of at |east 50 weight parts
per 100 weight parts A :2.The electrically insulating thin-filmformng
resin conposition of Gaim1 further ¢8nprising (D) a cataf§duly 8304
crosslinking accelerator. --3.The electrically insulating thin-filmformng
resin conﬁwn of Claim2, wherein the catalyst is a platinumbased
catal yst electrically insulating thin-filmformng resin

conposi tion of Caim1l, where conponent (B) is selected fromthe group
consi sting of 1, 3-dihexenyl-1,I - tetramet hyl di si |l oxane,

1, 3,5, 7, 9-lpent é&nﬁwt@%lyow&ﬁt@gutm{mfommam corapegjtion qoppgisingkane;

1- oct adecene I(A met hyl,ol pr opane.. mnoal lnyl et her, and polyal kyl ene oxi de

diallyl ethers. dr°§ BEFIEY U El§llelrer§lsul ating thin-filmform ng resin

conposi tion of (Q) al @cbmpﬁﬂ&f@xﬁﬂiﬁtxi‘g@t?@@ﬁoﬂe&ezﬁ:ﬁbegfoﬁﬁ sélecsd fom group
consi sting of toluene, xylene, hexane, heptane, octane, nethél et hyl
ket one, et hyl |sob@f“g‘ﬂtmk@flBM@TOC%’Q?F}'BTO&EMSHWIS qndl lrARy SHQUE AN

hexanet hyl di si | oxan I r
met hyl si | oxanes, T.agﬁgﬁgggx%gt@ 9 lg%h Ogg/:c ﬁf&gpawoggﬂglem 1%?4 5,7-
t et ranet hyl cycl ot et riasu dmmuwalchemfrsamhhmhded Iayleo gen chtahhsnidtcbydpdnait hy| si | ane.

11 20 July 2004 G ﬂethodfor form ng deSCtrlcally|nsulat|ngth|n
film conprising coalf @ertrFl@“"gﬁYoPHé’éc?ﬁlP‘éW“ @ oni c device with an

electrically ipgyl atahaggahlyd}sﬁbmbfsme&mﬂanmém o?‘anﬁgﬁlsbwgrffpaﬁeg' sing (A)

an electrically insulating thin-filmformng resin having s con

at om bonded hydr ogement®nmesiglitBjarta Aconpound havi ng groups able to react with
the silicon atom bonded hydrogen atons in conponent (A) and having a

boi | i ng point under atnospheric pr essure of at |least 250C, and (O a

sol vent ;  canpribsiclg tﬂtcﬂlaf ugﬂubpgg -Blgafssmingirestp ednposition phEkimf fettersol vent ,

and crossl i nklcﬁglg%1 ﬁ%%@cpé'ssl%kﬁe'[a@%gr%el ected from the group

consi sting of |rr atTon W e energy rays. 7. A method for

formng an el ectrlcally insulating thin fllmcorrpr|5| ng coating the

surface of an | ectronjc device with an electrically insulating thin-film
ee ectuc:my msuﬁttng Sun%lm -forming :es(x;n composlﬂgn of Claim 2, g

whetein the catalyst is a platinum-based catalyst.

4. The electrically insulating thin-film-forming resin composition of Claim 1, where
componen.t (B) 1s selected from the group consisting of 1,3—dﬂ1exen5;1—1,1,3,3-
tetramethyldisiloxane, 1,3,5,7,9-pentavinylcyclopentasiloxane, linear
methylvinylsiloxane; 1-octadecene; trimethylolpropane monoallyl ether, and

- polyalkylene oxide diallyl ethers.

5. The electrically insulating thin-film-forming resin composition of Claim 1, where
the solvent is selected from the group consisting of toluene, xylene, hexane, heptane,

octane, methyl ethyl ketone, methy! isobutyl ketone, butyl acetate, isoamly acetate,
hexamethyldisiloxane, 1,1,3,3-tetramethyldisiloxane, and other linear
methylsiloxanes, 1,1,3,3,5,5,7,7-octamethylcyclotetrasiloxane, 1,3,5,7-

tetramethylcyclotetrasiloxane, tetramethylsilane and dimethyldiethylsilane.



formng resin conmposition conprising (A) a hydrogen sil sesqui oxane resin.
(B) a conpound conprising at |east one reactive group selected from
unsaturated hydrocarbon groups, silanolts and al koxy groups 2andyhasisng a
boiling point of at |least 250C with the provisio that there is at |east one

equi val ent of _shlj ded ;hydr ogen.at o i conponent (.A) per reactive

g(r:]oup inr‘ébo(rgr&prcr)lr%ﬂ(lalﬁ%l ?O?Esﬁggrﬁian( %Séﬁgcﬁﬁgjﬁa%%ng% @PICS'%EH%“%‘Eﬂaé%%@‘Ei n an anount
of at |east stfaceel ghtlequanicslepies witheh vweitghilly pailkgngAhBVaRObahinpg al | or part
of the solvent and crosslinking the conposition by a nmethod selected from
the group CORSTOGRORGORFORRES NS 2 gleptrically wewlaingdhirnfilm-gormingr gy rays. $.

A nethod f orrediohavingsifidoreAte@tBdnaad hydrbgsWighi @) thin filmaccording to
claims 6 or 7 conggi.si ng (D) a pl a%/i n%?#iba_se’g %at_al yst. 20 July 2004 12
ELECTRI CAL L YorRSudAmyRGsRER: ablopveasivith dé siidon MerHODdeBEGRIBERM NG THI N FI LM

THEREFROM ABGTRACT b calk ' | ating.thin-filmformng resin
conposi ti ongct%or'rpr i %‘?ﬁ%“%@%ﬁa ?%%)A aaﬂr’ﬁglfs':rlLé ?’Enérugger{iagméﬁpié TRy i nsul ati ng
resi n havi ngf ailedstZi°Graoh(@onasbadnbh yompgdns thgt gféxﬁ,‘paﬁtiﬁgﬁnagnd havi ng
roups able t act. with.the silicon atom.bonde ydrogen atons in
gorrpgnent (lef?gﬁ%leﬁg]\‘}?%gﬂﬂg FSFTEHG ﬂgeo?‘%’ilff’oaﬁﬂé Y apoedgsiislerted fpBssure  of at

| east 250C, tafydokgQonsistif 0f@Rting P thrAiadBA WA HighlenkRY WY an el ectrically
insulating thin filmtherefrom

7. A method for forming an electrically insulating thin film comprising coating
the surface of an electronic device with an electrically insulating thin-film-
forming resin composition comprising (A) a hydrogen silsesquioxane resin.
(B) a compound comprising at least one reactive group selected from
unsaturated hydrocarbon groups, silanols and alkoxy groups and having a
boiling point of at least 250°C with the provisio that there is at least one

' equivalent of silicon-bonded hydrogen atoms in component (A) per reactive
group in component (B) and (C) an organic or siloxane solvent in an amount
of at least 50 weight parts per 100 weight parts A evaporating all or part of the
solvent and crosslinking the composition by a method selected from the group

consisting of heating and irradiation with high-energy rays.

8. A method for forming an electrically insulating thin film according to claims 6

or7 corﬁprising (D) a platinum-based catalyst.





