COVPOSI TI'ON AND PROCESS FORM. NG ELCTRI CALLY ~ o 4 ?00660-4»
L NSULATI NG THI N FI LMB U ~This invention ielates to a conp05|tgﬂﬂ%$or
the. formation of electrically insulating thin films and to a proces

the formation of electrically insulatig thin'films. Mre particularly, thIS
invention relates to a conposition and précess for. the formation of

i nsul-ating thin filns that have | ow di‘él ectric constants. - : Insulatlng_
thin filnms of silica are known for Use as protective ]ayers and as :

electrically |€QMHOSI’Q’ION3!&NDBROS@&FQR|EDBMEL ¥at i'ng of
conp05|t|ons conpri.sing resi: SEYA= ally and ; dely enpl oyed
inthis field. For exanple, W@?Eﬁ?’n‘kﬁﬁﬁ@ 977 teathes a process: for
coating-el ectronic devices with a silica thin film by applyl ng a sol vent’
sol’Uti on ‘of hydrogen 'sil-sesqui oxahe :resi n-on- a-substrate,: -evapor ati ng the
sol vent, and. heatmgmbnumm&tﬁttgn@gnipbﬂﬁ@o{@ﬂqu@mﬁl@@@@m@]lr to-ef fect

conver si.on |,nt cer mgc-1i] SI I ica. 1o ectrdc . ave been
required froff '%H@lﬁs s% @E&V@S ku gﬁ‘&f‘ﬂ%ﬁ?@%lze and
become more g a?dc‘ﬁﬂ\r ﬁmheelmeswwsiﬁanm fodads of 2.7
has -been reported for aq{ hi-n flly I'm afforded by the -cure.of hydrogen

Elhl sesqui. ogaflgeltl(e@fjmasmcém&mgﬂlmﬁhnsfs ﬂmthavhéowtdmm% nstaptsof Appl i-ed _' :
sics and Rela ci rac : :

di gl ectric const aﬁ?‘éla%éﬂ %@@F&%%&%?Wﬁép&%v?hgﬁ? |"'ﬁsu1 ating. =
thin films 'aeédaﬁalﬁmm %ﬁﬁﬁ%l&&eﬁhﬁﬂeh&émtﬁ&-c@hﬁﬁbfts with design- -

rul es narrower than O err]m Nevertheless, to-date no process has been

gl slcovter ed fmmpdsmoss whﬂWGm?hdyohanmﬁmegwhe?pﬁwdmuEhb: owf
ielectric in ric in in films suitable for
hi ghl'y integ’g!ft awgeﬁof I”#W‘P?‘@ﬁg Proggss for coating oy, { e

ot her hand, él&c&o%xéﬂ%smtasﬂﬂﬁﬂnﬁ ﬁ?ﬁs&lﬁéﬁh&lﬁﬁbﬂéﬁe” be

executed as a porous structure i-n. order to uce the dielectric constant
of the i nsulkydrogenisHsesqiokane résin or g awhsirate, monﬁnstMsebeﬁammeaﬁug -

48,1 h :
5,548,159 ast temperatures of 150°C to 1 ,000°C to effect conversmn into ceramic-like smca.

Lower dielectric constants have been requued from these msulatmg layers as
devices have shrunk in size and become more highly integrated. For example, a
dielectric constant of 2.7 has been repofted for a thin film afforded by the cure of
hydrogen sﬂsesqmoxane (43rd Extended Abstracts of the Japan Society of .
Applied Physics and Related Socxetles page 654, Abstract 26a-N-6). However,
dielectric constants below 2.7 are reqmred of the electnca.lly msulatmg thin films
in the next-generauon hxghly integrated circuits with design rules narrower than
0.18 pum. Nevertheless, to date no process ‘has been discovered for the stable and
highly reproducible generation of such low dielectric. constants in the electrically
insulating thin films sultable for highly integrated circuits, for example in silics
films. _

On the other hand, it is known that the insulating thin film can tself be
executed as a porous structure in order to reduce the dielectric constant of the
insulating thin film. For example, United States Patent No. 5,548,159 has
reported the formation of an insulating thin film with a porous structure through



reported t he forrratron of an |nsulat|ng thrn frlmwrth P OH-6H b
‘thirough o HIS SHEEE HAS:BEEN |
t he baked product of . hydrogen si | sesqur oxane resin as tHe di eRERLACED | ayeyf
in-a highly integrated circuit. U S. "' 159, however, does Tor ufstrosea— -
specrfrc et hod .f'or- the formation of the porous. structure Ther ef or.e, a
conposi tion and process. capabl e of form ng. an electrically insulating thin
filmwith a.low dielectric const ant."(a di el ectric conséﬁa} @;‘(’errall bel.ow
2.7) is nOttﬂemmfthebakedpmductoﬁhmzﬁﬁé&SQWPWF?‘? WS 1o provi de

a conposi ti on- and :pfacess that, cap 0 ﬁﬁ&gﬂ&a{sbmséﬂsul ating thin
filmwth alﬂymtégl@&“?‘q’ T33! @Séglggﬁlr caIJI‘y with a dielectric:

const ant beg&g odforthefo&hﬁoddt\tﬁ@poroﬁs stmicare sThepefare, Bnsul at i ng £hin
orrpos

filmformn 1.on. canprising - S d fromthe -
group consi gémpesitidn aidqnwess:eapralyle Sﬁtflcc‘z‘caily ,ﬁa?m ?&m e organic
resi-ns -and el ectricgll | Asul‘a ﬂr[a&?ﬁﬂ 1 w27 ispot.  resins;
and - . withalgwde ae‘ﬁslg#ﬁ?%ér rt%n@ ?beo ) (i) a sol vent"
capabl e of di: @RI Vi ng resr h (A) and . '. (ii) a sol-vent whose

borlrng poi Or” 'vapor. pressure curve or - finity for resin ..

(A) differs fromItlbahobjectsofltluemve(mqnlstOPIOVIMHH’Gﬁ‘HSEP?‘;W usef ul for -
the f t f el ect | | o
e o Bl 0 i T i okt

di el ect ric &
specxﬁcally with. a dtelectnc constant below 2.9.

- This invention relates to 2 an msulanng thm ﬁlm—fonmng composmon
'compnsmg '

(A) a resin selected from the group consmtmg of electncally msulatmg
curable orgamc resins and electrically msulating curable i morgamc |
resms, and

(B) a solvent mixture compnsmg

@) a solvent capable of d1ssolv1ng resin (A) and
(u) a solvent whose boiling point or vapor pressure curve or
afﬁmty for reSm (A) differs from that of solvent (1)

The composmon is useful for the formation of electncally insulating thin

films that have low dxelectnc constants (<2 D. '

The present mvenuon relates toan msulatmg thm ﬁlm-formmg

composmon that comprises ' ' -

(A) a resin selected from the group consisting of eiectncally insulating

curable organic resins and electrically insulating curable inorganic resins;.

and .

(B) a solvent mixture comprising

(i) a solvent capable of dissolving resin (A) and
(ii) a solvent whose boiling point or vapor pressure curve or affinity

for resin (A) differs from that of solvent (i).
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3 S Re5|n (A) can be i norganic or organlc and is npl.cri tlcal

appl i catien and provi des insulatien. The resin- can be exer
partial hydrolyzates of al koxysilanes, by inorganic reS|ns
precursor -resins. such as hydrogen si | se8qui-oxane re5|n ~and by -organic

resi-ns such as pol yi-m de resins, fluorocarbon. resins; benzocyclobutene o i
resins, and Fluorinated. ponaIIyI ethers: “Thi:s resin can take the form of a .
singl e resin. or aRﬂmt(ADeanﬁemmamcmrmﬂn%nﬁmhﬁaS}ﬂﬂ@@é#@&r resins

megtﬁrgelr ab|I|ty urg| |nto d gggﬁﬁrowd rtlaglagﬁ‘é%esgood - Am)ng

the silica p;&ﬁwﬁ gkggsﬁmmgg&gﬁmﬁg Wﬁ,mm, whi'ch can be

used- i n a non-et chba process, -are particul arIy preferred. "The hydrogen
si | sesqui oxalakoxmlanes,lhymorgmﬁmmpsﬁmemsﬂnapmummm@&@@ﬁhﬁd@g@l whose

mai n skelet-on, i-s' gonposéed of :{he trjfunctiopa |]c1 ane u t HSI O err] and -
i s a. pol yrer SUSHHOXANE rEWHERG bY PWF&S“H%F%P% %’ubscrl pt

[err]. is a pQsids ¥&zob rq&mf lcgthegpl-ﬁgy{.@{n&hr ucture,
this hydrogenésgsrsesqﬁxane restn. 1 nctudes o ca I'ed tadder-type, T
pol ysi.l- oxanemkarthbﬁmmfmmlqmsm@rhmofm@rmmmwsssmmn@dder type .

pol ysi'l oxanes .can b -endhl, ocked ‘b exa e hydr éup, a. -
triorganosi| &8P b‘ﬁ G Lo ?‘ngﬁt? Fﬁ’@f’tﬂ'f?‘g 54{9"8?’&(:%““3’3&&‘&5
di organohydr% %g ﬂieQ‘dﬂd&'é‘il’ibr@t%té fefied®t hyl hydrogen5| | oxy group.

Hydrogen sil sesqui e resin is kno anc I.n general . can be’ synt hesi zed ‘by .
t he hydrolysis of Mnonghh@uhsapmsamdsxmahndmgeqmlsgagmmrwwdee us.

nexarm nd)  FHBLHeAiRE a0k RRES ot e kalsiy exriesf oTcRifhosss ~ '

(42, 426/ 1985)j)ges maner&;ﬁ? ﬂ/ﬁetprégbffﬁﬂo&ﬁsﬁ Omymbkﬁesn&sé&iay@nt (B) (1)

and a sol vent (B‘}u The sol-vent *(B) (i) shoul d-be capable. of. dissol ving

resin (A w sknktonidmnqmsedaﬁthe aticnalisilaxanchvaitgBi03 poinddna poger) is .

sel ected fromtol uene (111] err](Hg xyl ene -(138] err]C), hexane (69[err]Q),
with the general formula i03/9),, in which the subscnptn is a positive

long ‘as it i-s sol vent -sol ubl e, “can be cured by heating aft/ TH'TstSﬁ'éEEEX Q@EE';“

J

ica

integer. From the standpomt of molecular stmcture, this hydrogen silsesquioxane
resin includes so-called laddef—type polysiloxanes and eage-type polj}sﬂoxanes
The terminals of the ladder-type polysﬂoxanes cant be endblocked by, for exaiple,
the hydroxyl group, a tnorganosxloxy group such as the tnmethylsxloxy group, or a
dlorganohydrogensﬂoxy group such as the dlmcthylhyd;ogensdoxy group.

Hydrogen silsesquioxane resin is known and in general can be synthesized
By- the hﬁdrblysis of trichlorosilane and ensuing polycondensation (eee U.S. Patent
No. 3,615,272 and Japanese Patent Application Laid Open (Kokéi or . -
Unekanﬁncd) ‘Numbers Sno 59-189126 (189,126/1984) and Sho 60-42426
(42,426/1985)). | |

The solvent mixture (B) comprises a solvent (B)(i) and a solvent (B)(ii)
The solvent (B)(i) should be capable of djssolving resin (A) without the
occurrence of chemical changes, but is not otherwise critical. Solvent BX1)

maybe exeinpliﬁed by aromatic solvents snch as toluene, xylene, and so forth;

—_—
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4" heptane (98C), -octane (126C), methyl ethyl ketone (80C), methyl

(i sobutyl ket one (115C) ‘t et ramet hyl si | ane, (26 - 27C¢), and '
di met hyl di et hyl sil ane (95 - .96C). Met hyl i sobutyl ?{’et one Tyl% ég T Ha BEEN '
Solvent: {B)(ii) iS5 a 5ol vent whose boiling- poi'nt or.vapor-|press e ord -

affinity for ~resin (A dlffers fromtH#at of solvent (B)(i A.sol ver
t
(B)(ii-) with a .boiling pojint higher than that of- solvent((?S)(l) is

generally preférred. Selvent (B)(ii) .is select f n. = .-
garzegt hteﬁeisballphatmob@mslsﬁ@lﬁ#%?n%l‘eﬁw eﬁfﬁ?ﬁa&ﬁ for@h%%&nzene (202(:)

i et hyl benzene 2001 ' .
1, 4- di et hyl. tfg %&%ﬁﬁ) cyclﬁﬂﬁg&fmyn?gﬁg ?%g‘%err] )Slphaucester

2, 6- di met hyl gy h&f&aélem lmnaaeeaxmorf sol '
(187C) tetralwlan (2070 ,. gﬁ)ﬁ%@goo - 30 m?gq?ﬂ% deca|'| n
dodecy! benzmhmmmg’y ilgzanes Blhraame %P&?“el“?glpaﬂg*?one (215, 30),

horone (198 '-"199
Em) hal fe)x ( Wﬁ%&%‘: é}:ﬁn %’fﬁ ?‘?‘Ml“‘z‘“@&?cf"' T bt yr ol act §E2y'< 2040y,
(213.20C), benzyl. for matie ( 283 e???gmwmu?qgfqu ssdhy] benzoate
sul foI ane (mn@ssuwmm tgﬁ@i;ﬁliﬁ' %@gﬁlg I]C) and
ketone and the silicone solvents are prefetred. ' :
' _ Solvent (B)(u) is solvent whose bonlmg pomt of: vapor-pressute curve or
| afﬁmty for the resin (A) differs from that of solvent @Y. A solvent (B)(u) with
a b01lmg point higher than that of solvent (B)(J,) is genera]ly preferred. The
' solvent (B)(ii) is exemphﬁed by the followmg (the value i in parentheses isthe
boﬂmg point of the compound) hydrocarbon solvents such as amylbenzene
(202°C), mopmpylbenzene (152°C), 1,2-diethylbenzene (183°C), 1,3- |
~ diethylbenzene (181°C), 1 4-d1ethylbenzene (184°C), cyclohexylbenzene (239°C),
dlpentene (177°C), 2 6-d1methylnaphthalene (262°C), ymene (177°C),
camphor oil (160 - 185°C), solvent naphtha (110- 200°C) cls-decahn (196°C),
trans-decalin (187°C), decane (174°C), tetralin (207°C), turpentine oil (153 -
175°C), kerosene (200 - 245°C), dodecaric (216°C), dodecyll)enzene (branched),
and so forth; ketone and aldehyde solvents such as acetophenone (201.7°C),
1sophorone (215 3°C), phorone (198 199°C), methylcyclohexanone (1690- .
- 170.5°C), methyl n-heptyl ketone (195 3°C), and so forth; ester solvents. such as
dlethyl phthalate (296 1°C), benzyl acetate (215.5°C), -y-butyrolactonc (204°C),
dibutyl oxalate (240°C), 2-ethylhexyl acetate (198.6°C), ethyl benzoate (213 2°C),
benzyl formate (203°C), and so forth; diethyl sulfate (208°C), sulfolane (285°C),
and halohydrocarbon solvents; etherified hydrocarbon solvents alcohol solvents;

ether/acetal solvents; polyhydric alcohol solvents; carboxylic anhydride solvents

phenolic solvents; and silicone solvents. While the quantity of addition of solvent
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5 mixture (B) is not crucial, solvent- mixture i's in general preferably
added at no nore than 50 wt'% per 100 wei ght parts conponent. (A).. .

Sol vent mixture (B) {is not sinply-enployed in the present invention as a
solvent for the resin.(A). As. discussed..in the follow ng, solvent (B) is
gasi fied and expelled fromthe system dding or after the. cure of the resin
(A); thereby .| eaving.voids or.free spaces in the-elctrically insutating: -

thin fillmand-as a result generating.a | owdieleéegtric constant electrically. |
i nsul ating tPW.JI’E"F?(.m“A°WWEF&§%?‘U%W‘_st‘%%“ﬁﬁimwg}gﬁ&%}mmevaporat e

i mredi ately afien £aad i Fu&“ldOh ge s,gk'g_- SBnordlit (4. Portion remains in the

fil m.and- thi ?é%&%ﬁ%]\'/ent: - éﬁlzkat esgélﬂ%%lggér(l ed above. - However, in
order to efficientSolvenehiixtue (B)és mop singily employedinthe present invehtiemss avi xt ur e :
(B) contains. not just the main:solvent (B)(i), ‘but rather-is g.njxture with
at least™1 seﬂ‘?b@ﬂ*@ﬁﬁﬁ?ﬁﬁ?%)-\é%%c‘{sﬁﬁd(mi‘%?-é’hawmﬁﬁYﬁt agasifiefl | i ng. poi nt

that. ar'e mor dob kit dl kel Mofof ik Miile VARSI SPMERRED VD o0
the. resin (A)leavilg €oidooristtspedd) in the eleetrivally irisnlating thiy filrenddsa fesult he film -

i medi ately after the conposition.has been coated on:.t sybstrate and. will
al so be evap@&?@@&ﬁ@%ﬁﬁ@%ﬂ%?ﬁ?@%ﬁﬂfﬁfmﬂh@%& PYPr cure of- the

resin. -The tyfg' ?'.. \ﬁgﬁg' i o il evabhoRd inkh gﬂ]@{yaﬂgy I d be . _
sel.ected to ob a%oggl%p |sn(g@n&g}l%ﬂl%r?§%pw ‘ -he',c{:Jrl n %?'gﬁrgper_-at’ ure.of ..

the resin.  substrate, bargpartion rénaing in the filmpaithistresiduld Soloentdshaves eonal - basis .
for the purpose of accelerating.,the cure_of resin (A).. Cure accelerator (C

i s used when,desqihed abpves Sinweyer. in pdaetosfidentinachisve teabiectdesaribed with_t he |
gas-generati ; § ik ' o
prelimnaril ;%?%%t%@éggﬁ&?t@?%ggﬁgﬁﬁﬁé%F%ﬂn%gﬁen _ )ﬂ’ﬁ orﬁs/e% '

t enper at ur es.mitbiee widice egstrl selectias framashvents (BYiinthashaveahigier boilipgnent (A),
cure accelerator (O is preferabléa? pl at jpum cat al yst. such as - .
chl or opl at i niROi&hag the main sobyent, OF Bt Bavp &dilfaprt VaRoR s U YR L0 818 (C) i s
used at f romale e i) BhapBRhd, Br HBF naR WhierdrofRRARPro BleIBlinRAY 1 S T €51 1
(A . I'n additron, 1n sonme cases an assistant,."e.g., a stabilizer
such as sur f Sthissvlvent@B)(iaremdinie th targen ambanits irhthe fila pmoediately bfterahes e nt

m xture (B). ' '

composition has been coated on the substrate and will also be evaporated and
expelled from the sy_sterh- during or after cure of the tesin. The type of solvent
(B)(ii) is not crucial, but it should be selected to obtain an optimal relationship
with the curing ternperature of the resin. - |

Component (C) is a componént added on an opt:ional- basis for the purpoese
of accelerating the cure of resin (A). Cure accelerator (C) is used when, based on
) considerations of striking a good balancs with the g‘aé-generaﬁné temperature of
_component (B), it becomes necessary' fd prehmmanly induce partial crosslinking
of component (A) at lower temperawres When hydrogen silsesquioxane resin is
used as component {A), cure accelerator (C) is preferably a platinﬁm cataiyst such
as chloroplétinic acidora rhddi_um catalyst. Such a cure accelerator (C) is used at
from 1 to 500 weight parts for each 1,000,000 weight parts resin (A).

In addition, in some cases an assistant, e.g., a stabilizer such as surfactant,

may be added to assist the dispersion of solvent mixture (B).



6 - - °  \en hydrogen si | sesqui oxane resinis used as resin (A) heat| ng
‘the conposition results in the formation of an el ectrically |nsulat|ng t-hin
film for exanple, a silica filmAs - used herein silica refers to*silicon -

di oxide (Si.derr]) and .incl'udes both am)rphous sili.ca and anbrphous silica
that is not conpl etely free-of silanof 6and/ ar- hydr ogen. : In the event .of the -
addi.ti.on of . cerani.c precursors, the-silica will aI $0 contain the :

correspondi ng conpeunds.” .. Substrat,es t hat 68 used i n t.he- prbcess .
according to the%@f@ﬁ%ﬁdﬁ@ﬁwm@d’ﬁ?f 5 t@ substrat es,

various ngt aI substrat ?nsu‘%ﬁ ﬁﬁ@g @kectronic
devi-ces. B?s@ise'ggﬂ?@?m?ﬁ&’%%%ﬁy g e GC%I’I calh?i'y insul ati ng
thin film g mblfessﬁhammweaue&hﬁsmfmmm@mmmeslezmm a .
conpositi-on Tor formng electrically. “insulating.thin filns that

conpri ses mclﬁlcs IfoﬁQa:ﬁétpﬁéuﬁ%ﬁlIda@ﬂﬂ laitiofphisus. ahd:ﬂbaﬁaﬂndmompl@dlyrfm&@lfect ed :

fromelectrica - lnsulatln |nor ani ¢ resins and gctrlcally -
i nsul at i nig csllgmhandlpebydrggem In the event.of °n°f°°‘?§} BreCYPULERte i xt ur e

conpri sing (L vent, ¢ o corrponent (A and

(i-i) a sal veﬁ‘ﬁ g@s Pfﬂg‘ggéw CHh%apoxyd pressure - : S curve _

differs from thatgg m%ajﬁﬁseﬂlmmcxﬁmswwrdmgtwm@mmm n (A .

differs fromthat -of solvent (B)(i); (1) ‘evaporatin | east. ,a porti-on of
parpin AYDSERIRS g*&!ﬂﬁﬁ‘gb

t he solvent inventiondre(axemplified by c9 nY4ripup S AMPstrate to .
I nduce ga5|ftcat|on of- the Ices'sol vent (B) dur| ng the course of
or after t hePIReHo cﬁeqcﬁ%pgeg?tgfﬁ ge%cﬁ'gxel .. The insulating thin-
filmformng conmﬁm@gsmwmn(oi)el&aﬁanﬂmmﬁn@dimﬂlm the surface of
a substrate and a portion of the solvent mxture (B) is evaporated. .

Appl i cabl e cwsmprises et hods are exenplified by spl n coati'ng, dippi ng,
ST 2 L BBt e RIS b oRiR e e 1o
anbi ent or . msulatmgthmfilmsthatcompnses S
| " (A) an electncally insulating curable resm selected from electnca.lly _
msulatmg morgamc resms and electncally msulanng orgamc resins;
and _ _ o
(B) a solvent mixture comprising (i) a solvent capable of d_issolving
componenf (A) and (u) a solvent whose boiling point or vapor pressure
curve differs from that of solvent (B)(i) or whose affinity for resin (A)
differé frbm that of solvcnt B)(i); |
() evaporating at Jeast 2 portion of the solvent mixture (B); and
(II) subsequently heating the substrate to induce gasxﬁcauon of thc rcmalmng
solvent (B) duting the course of or after the cure of the sa1d resin (A) g
The insulating thin ﬁlm-formmg composition compnsmg 4) and @B)is
coated on the surface of a substrate and a portion of the solvent mixture (B) i is
evaporated. Applicable coating methods are exemplified by spm coating, dlppmg,
spraying, and flow coating. The method for_ evaporatmg a portion of the solvent
mixture (B) is ﬁot critical and can be exemplified by standing.at ambient or
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elevated tenperature and dryrng inair, " under reduced pressure, Or under a -
.gas. .- current. ‘During this step of evaporating a portion of (B) gas is
generated and a .. portion thereof is expelled fromthe systemw th the -
corr espondi ng fornation of hoIIOM/porogp structures or free spaces in the
i nsul ati ng- film. - . The.substrate’is subsequently heat€d in order .
to . gasify- the renalnlng . sol vent M xture (B) during or after{the cure -

f th Th I | =
o e e ey e TP Yo pstint S dlralgad| 2l 25 ong.
mi xtur e ('B) . curiene Iiring Widtstspaf ewggoriingaporiauchf(B) gasis generated atidaper at ure

hi gher . t han-t'he mel-ti- ng pornt of resin’(A) when depending-on.the
particul ar pjréen theesof is expelledrom thefsystom Wé%ﬁ?ﬁ‘?@%‘ﬁ% %H?%g t hi n

filmto-mett | anari ze t mg@ #5gd for heatlngls agaln"
not cruci al hcﬁﬁ &“&?ggﬁg% Genela Q@%e “Such as ovens, hot -
plates; and-so fmlébubﬁ?dﬁeﬁ%ubh%q&nﬂyheatedmordertogﬁiﬁ'thamgg thin
fllmform ng conposition has thé ability to form.|ow - direl’ectric .

constant i nsnsnlmtmycmw(l?t)dﬂtlln@f@rﬁéﬂbem&he*ﬂﬁ(ﬁ)rowléﬁ?BFﬁcat i.ons that

require. such roperties,. for g@ﬁ@ g&“j pr oduci ng. _
| ow - E‘Pé‘gﬁr?to ?Bﬁ &ﬁﬁhﬁgf‘g%g&m M6 0N -~"Subst rtﬁnes such as -
el ectroni c d@‘éiﬂ“cﬁﬁonofsolveﬁfﬂ:&&e@) tHowever,heaungmustbecamedouttoa L
EXAMPLES - - So. t hat those- skilled in the-art can-upderstand-and

appr eci at e tth@pcm&gbﬁthanﬂleﬂl%@“ﬂo &sin (A) W@WP@W‘P&Q" npl es-are

present ed o g pgﬁ E'ah& not be used
to-limt thepagg 8400 Fﬁ s‘ﬁe\g}en f(%rtlﬁ ou?‘é““?( tﬁ ﬁ"ﬁg‘?ﬁnis?ﬂ :

The. conver s. Hndrﬁeﬂidsuﬁﬁrdtél THameans UEddfor henting iscdgaini el chugialieand i ng t he
resi dual Yoin the filmusing Fouri-er- transforrp infrared absorption

spect ros_coplbwwny'alqﬂ#esqcbﬁm heyt plgsasandife ferth, eanbe used: cul at ed usi ng
100% "05 [ o Thectnbithdt 't SRR doRPosiihEnsl L B8ty tsfsmwnt was

measured at 25[er
dielectric constant msulatmg thin films and is useful for those applications. that

require such properties, for example asa commerclal method for producing low-
dlelectnc constant insulating thm ﬁlms on substrates such as electronic devices
and so forth. o

EXAMPLES ,

So that those skilled in the art can understand and appreciate the invention
taught herein, the followmg examples are presented, 1t bemg understood that these
examples should not be use_d to limit the scope of this invention feund in the
claims. | . '

. The conversion to silica in the examples was evaluated by measuring the
. residual SiH% in the film usmg Fourier transform infrared absorptton _
‘spectroscopic analys1s The residual SiH% in the film was calculated using 100%
. for the SiH% after spin coating. The dielectric constant was measured at 25°C

and 1 megahertz on a sample formed on a silicon wafer with a resistivity of 10'2



and "1 negahertz on a sanple forned on a silicon wafer with a resistivity of
10[err] . E [err]-cm The .neasurement was run by the- sandmﬁch
net'hod using al umi num _.etectrodes and an |npedance anal yzer. “EXAMPLE 1
Hydr ogen ‘si I'sesqui oxane r.esin was.- synth§3|zed by the nethod- descrlbed in -
Exanpl e 1 of Japanese Patent Publicatio ( Kokoku): Number  Sha, 47-31838 (U. S.
Pat ent No: 3,615, 272). AnaIyS|s of. the hydrogen S|Isequ|oxane resin '
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The hydrogenebc@éd@gmaum pzekas -subj. ect ed to-a nolecular weight -

fractionation according . to t he..ret. hod descri-bed in- Exarrpl e 1 of: Japanese

Pat ent ~Appl i cati on-Lai d- Open . .(Kokali- Unexami ned). Number - Hei 6- 157760

(U. S Patentgwég 190) .- Anal ysi s of the: hydrogen. si | sesqui oxane -
resin in the fraction ( H-resm_' fractlon ) by .GPC.. gave a-

g(gm by irictivdclengiboai ccul ar

neasurenments are:

number - aver age . m)h? M
wei ght of 11; 200 he “condi-t'1 ons ‘i.n
i nstrument: Eﬂanpbrlmﬁlmemnteubman (Kekoku) Number She| 4731838 (U-S. -

T T UL
?teg Ieﬁte In gnsofig%lf k:hfoﬁfziég%phWGPC) gaveanumbei-&ﬁ&hg‘e malew%we@hds
of 1 548 and a welght-average molecular weight of 7, 705. The hydrogen .
's11sesqmoxane tesin was subjected toa molecular we1ght fracuonatlon accordmg' ' ._
to the. method descnbed in Example 1 ofJ apanese Patent Apphcatmn Laid Open ;
(Kokai or Unexamined) Number Hei 6-157760 (U.S. Patent No. 5416,190).
. Analysis of the hydrogen sﬂseséuiexga_ne resin in the recp\'rered' fraction (“H-resin
- fractien”) by GPC gave-a number-average molecular weight of 5,830 and a
weight-average molecutar weight of 11,200, The conditions in the GPC
Ineasurements-are: ' - | -
instrument: 802A from the Tosoh Corporation. -
column: G3000/G4000/G5000/G6000
carrier solvent: toluene
column temperature; 30°C
molecular weight standard: polystyrene
detection: differential refractometer
sample: 2 wt% soiids (tohiene solution)

The H-resin fraction was d1ssolved in methyl isobutyl ketone to prepare
the 22 wt% (sohds) solution. To this was added dodecylbenzene at 1 wt% based
on the methyl isobutyl ketone solution and chloroplatinic acid hexahydrate at.100
weight-ppm based on the H-resin the fraction. A film with a thickness of 6,060

angstroms was produced by spin coating the solution on a silicon wafer at a



The H-tesin fraction was d| ssol ved in nmethyl isobutyl ketone to prepare
the 22 wt%(sol ids) seoluytion. To this was added dodecyl benzene at 1 wt %
based -on the net hyI t sobutyl. ketone salution and chl'oroplatinic acid
hexahydrate at: 100~ wei ght - ppmbased on the Hresinthe fraction. A film
wi th-a thickness of. 6,060 angstrons vv:?s produced by spr n. coatr ng the
sol’ utron on a silicon waf er at a

9 - prelrm ar rotatron OO'r 3 corrs en mai n-
rotation of ¥r pfteR gf: %‘P ?‘Hﬁ\@ﬁn @ﬁﬂ%ﬁ&“?@#ﬁ% i nut es
at room tenp o lsfutedat 3ot Qéﬁge[ﬂﬁj under -an -
air current’ g-?ﬁlztggf()seoT)%dsffglrl ‘?&’F]%P&ﬂre ﬁ)\%}d . and. at | owed stand for 10
m nutes at rmw&m&wmﬂmmemmderanmcmmh&m{furlham of the

filmdin méthyl .isobutyl ketone was l.gwer -than -t-hat" post - sp&n coat i ng The
waf er was -anempved, aud alloweditp stapd &"d@ﬂﬂ%%"@t

Chnam 0 hd AASANSR AL AR e BECe .Ihre res?'?}‘qg?*?? dto)

i nsul ati ng fldoaﬁxygasrhewaferwa?s_ﬂeﬁineﬂémfdrumoﬁgmt e%ﬁtstomcnmcwl ica had -
occurred. No -abnorrmalities,. i .e. .. .cracks.and so forth," were observed

in the film: cunenmf@rmqgenmml&npnboxmemmwnmdaﬂmtqﬂan ab.

Elx'so\g/g:_\lfeg i ntmmpmre-rtlar F(Z%.Bﬁﬁ%‘ 1{!{ actwgﬂ_ggé%g‘%gn%uﬂ@%ﬁm uas ds),'.

sol ution. To 74b4, %ommgldedoonvemontdemesuh@mﬁee Nb aBhbrialiti&ngegd on the

met hyl isobutyl ketone-solution and - ~ chloroplatinic acid hexahydrat e .
at’ 100 ‘wei ghtcrashsranshsnfortbwereobservessinthe filie t Thsrdiclectric copstant pfihgifibn o
t hi ckness of v$‘> 20 angstroms was produced by spin coating the .

sol ution on adg I'con waf er at a prelrmnary rotatron of 500 rpmfor 3
seconds and :

EXAMPLE 2

The H-resin fraction prepared in Example 1 was dxssolved in methyl
isobuty! ketone to prepare the 22 wi% (solids) solution. To this was added
dodecylbenzene at 10 wt% based o_n' the methyl iso_butyl ketone sqlﬁtion and
chlorgplatinic acid hexahydrate at 100 weight-ppm based on the H-resin fraction.
A film witha thickness of 6,500 angstroms was produced by spin coating the
solution on a silicon wafer at a preliminary rotation of 500 rpm for 3 seconds and
then at a main rotatiorx of 3,000 rpm for 10 seconds followed by standing for 10
fiinutes at room temperature. The wafer was baked in 5 quartz oven under an air
current at 250°C for 1 hour, émoved, and allowed to stén‘d for 10 minutes at room
temperature. At this point the solublhty of the film in methyl isobutyl ketone was
lower than that 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, withdrawin
and allowed to stand at room temperature for 10 minutes, The residual SH% in
the film was 79%, confirming that conversion to silica had occurred. No '



then -at - & main rotation of 3, 000 rpntfor 10 seconds follomed by standrng
for 10 . mnutes at room tenperature.. The wafer was baked in a quartz
oven-under an air " current -at 250[err]C for 1.hour, renoved, and

al l oned.to stand ‘for- 10 mi nutes, at roogis)0 ; tenperature At thiis point
the solubility .of .the filmin nethyl utyI ‘ketone was . . - lower than
t hat post-Spin coating. The wafer was..anneal ed. for 1 hour in a quartz
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The resi dual. c&hd%tbﬂtheﬁlmwastm fil m was 79% confr rm ng that conversr on to

sili.ca had occurred:. No o010 -
abnormalities, i.e., cracks and-'so forth wer.e .observed in the fif'm The
dielectric ¢ 'methefrlmwas 2.4.  EXAWMPLE-3 - . . The Hresi-n-
fraction pre anple 1 was di ssol ved i n methyl: rsobutyl ‘'ketohe to
prepare-the 35 V“t%hémfésﬁsf}acﬁgﬁ b16 1 dsdelved iindety] benzene at-
10 wt % based on-t-he .prepared rre Lsobut ketone solution and

chl or opl at i numbavlhetmm]m@eéﬁmm mlu hisovasradded H: resin

fraction. i th-a ss .Of by Sprn
coating the 98%"@'1% QQWM S"‘Sgﬂggty fﬁgﬁ%m zfgﬁlgiﬁgof 500 :
rpmfor 3 segaqéilo ﬁa@!hﬁhtmlﬂexahymceatmwé -ppim Base 6n HiyHresin 10 seconds
fol | owed by- standing -for. 10 nminutes: at...t oom t enper at.ure.. The waf er was -

baked i n - a -qfaction. ﬁﬂmmﬂ:eathmmﬂsrofé&ﬂ%mgsapmammdp Wyt spin hour
renoved, and ‘al)owed to.stand. m,nut g at u At t hi s
poi nt the soFﬂ?ﬂ"lg 'fmtnh%* ?‘ﬂ"i‘h Fﬁﬁtﬁ;ﬂm %Mt'?%ﬁ]ﬁﬁﬁgﬁﬂ fofgwer t han
that post - Spb&oﬁ@@ﬁmn&tﬁnmfmmmhﬁﬁrtoge&na@mowmayquartz oven
at 400[err] C under.a.current.of nitrogen containing 10- ppm oxygen,

with d rawn an ataadlngi@d(lmmyteg atroem tewperatustpEhcwafcewapbaked & aiuartzes .
oven under an air current at 250°C for 1 hour, removed, and allowed to stand for

10 minutes at room temperature. At this pomt the solubility of the film in _methyl
isobutyl ketone was lower than that post-spin coating. The wafer was annealed
for 1 hour in a quartz oven at 400°C under a current of nitro@n containﬁ\g 10
ppm oxygen, withdrawn and allowed to stand at room temperature for 10 minutes.
The residual SiH%.in the insulating film was 79% conﬂnmng that conversionto
silica had occurred. No abnormalities, i.6., cracks and so forth, were observed in
the film." The dielectric constant of the film was 2.4.

: EXAMPLE 4 . .

The H-resin fractlon prepared in Example 1 was dlssolved in methyl
isobutyl ketone to prepare the 22 wt% (solids) solution. To this was added d:ethyl
phthalate at 10 wt% based on the methyl 1sobutyl ketone solution and " -
chloroplatinic acid hexahydrate at 100 weight-ppm based on the H-resin fractio:.
A film with a thickness of 6,300 angstroms was produced by spin coating the
solution on a silicon wafer at a'prclinﬁnar.y 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



The reési dual "SiH%in the insulati ng filmuwas 79% confir ni ng that’

conversion'to sili‘ca.had occurred. No abnormalities, i.e., cracks and so
forth, ‘were observed-in.thé film The dielectric constant of the filmwas
2. 4. EXAMPLE- 4 * - ' 'The H-resin fraction prepared in Exanple 1 was

di ssol ved in nmethyl "i sobutyl ketone tolprepare the.22 w % (solids) :
sol ution.. To this. was added .di et hyl phthal ate at 10° wt%based on the et hyl !

‘MZ?SEEVLprtW"“e SR, hS et o B A SR at? ¢ 200
angstrons a,,@gfg?éﬁgg?% 0181&8 @%&%ﬁﬁ't&knﬁaf&qmuesmn@fer at a

prelimnary TO seconds and then at a main roetation -

of -3, 000 rp”bﬁ@éraﬁﬂesﬁcﬂﬁdpmﬁﬂhbmgwfﬂaﬂhhngnéthyhmbutylketonewasm nutes -
at “room t enper at ur €. The -waf er -was baked i n. a quar % gven pnder -an--air L
current at 2@@{%&1@@%{66@91@&9@%& a%@‘ﬂé%@il‘t‘ l@f‘%\m ‘@F‘zlo m nut es.-.

at room-t enper at hi s poi, S rret hyl .
i sobut yl ket%Wé‘a\g/ééolcﬁW?m" HQF“%@%‘@EM%%P? % rglwas ;
anneal ed f or o d1RWeditd stindlitAbbih Sikpdtataie (60 0) Aiifdés. meeesmarsmqaaﬁ of -~
ni trogen contalning 10 ppm. oxghg;en W t hdrawn and al'l owed to stand at room

t enper-at ur e monnsnlltlngﬂméreas WWG‘FWHF%S licy\Badd oocwmred-f i | m'was-

78% confir at Fﬁg{ gﬁ, £l y‘o normal i ties, - '
,.cracks nﬁﬂ%’b&f"@kﬁ %@gfgg‘%‘hﬁ@’ @g Tpgctri c constant

of the InSU|&Eleaﬂicfebhmnt@ftlﬁnﬂsu 254 - - Hydragen sil sesqui oxane -

resinm was synt hesi zed by the- met hod described in Exanple .1 of Japanese o

Pat ent Publication( Kokoku) Nunber Sho 47-31838 ( U S.
EXAMPLE S "
. Hydrogen sxlsesquloxane resin was synthesmed by the method descnbed in -
Example 1 of Japanese Patent Publication (Kokoku) Number Sho 47-3 1838 (U S.
Patent No. 3,615,272). _ Analysis of the hydrogen sﬂsesqmoxane resin product by

GPC gavea number-average molecular weight of 1,540,.a wetght-average
molecular weight of 7,705, and a valiie of 41 wt% for the content of component
with a molecular welght_.no greater than 1,500. The hydrogen silsesquioxane resin
was subjected to a molecular weight fractionation according to-the method
described in Example‘ 1 of Japanese Patent Application Laid Open (Kokai or
Unexamined) Number Hei 6-157760 (U.S. Patent No. 5,416, 190). Analysis'of the
hydrogen silSesquioxane resin in the recovered fraction (“H-resin fraction”) by
GPC gave a number-average molecular weight of 743, 2 welght-average
molecular weight of 1,613, and a value of 72 wt% for the content of component
with a molecular weight no greater than 1,500. The condmons in the GPC
measurements were the same as reported in Example 1.

This fraction was dlssolved_ in hexamethyldisiloxane/octamethyltrisiloxane
mixed solvent (30/70) to prepare the 30% (solids) solution. To this was added
dodecylbenzene at 10 wt% l)ased on the

hexamethyldisiloxane/octamethyltrisiloxane solution and chloroplatinic acid



Pat e‘nt'.No'.' 3,615, 272) . Anal ysis of t‘hé hydr ogen -'si'-I'é'esdui;bxéne resin
product by GPC gave a- nunber-- aver age nol ecul'ar wei.ght of 1,540, a

wei-ght - aver age . nol ecular wei ght of- 7,705, and a val'ue [0l loNpEE BEEW
cont erit. of corrponent “with a:nol ecul ar wei ght .no great ey any The
hydr ogen_si | sesqui oxane resin was- subjEeted to a. nol.ecll :

fractionati-on accordi hg-to the nmethod  described in Exanple | of Japanese
Pat ent Application -Lai. Kokai am red). Nu 6- 157760 :
(U.S: . Patent’ h%ahy q?%ﬁclg"itﬂﬂﬁna?ﬁg gﬁﬁé‘“ﬁ\%‘%} Kﬁf’%‘gﬁﬂ]ﬁl oxane -resin
in the recovigy ﬁqﬂ&? a,?pe@a@&kl Rvin éﬁ@s@ﬁﬁ@n@na '
number - aver age rme% Bféar M?u 3 ab&a ght aver ag mol ecul ar vei ght

of 1,613, andﬂﬁoﬂ&daﬁ&raDipx%ﬂmﬂaﬁ@t@aﬂdnfufSﬂﬁmpmMrbﬁeconﬂsmd&ﬂnatWMa '
mol ecul ar wej ght " no_greater th condi.tigns i.n the GPC '
measur ement s Ffatien of O%W@SIS MHPW@X ‘t"‘gg Sm u“’s“ﬁ‘?PE’fractlon_ '

(30 70) o prARrAER AR Hittofie sa@{aﬁ%ﬁmﬁdﬁ. LG Lprcee: Ve

dodecyl henzeggy Eﬁo&oreiﬁo%ﬂaﬁ@dllmdtb%tandforlOmmutcsatmomtem rature; At
hexaret hyl di si | oxane/ octanet hyltrisiloxane sol uti-on and chi oropl.atinic-aci d

12- - héxahyduthis poisit thesolubiity,ef the film immethybisobutil ketone 374 lowerdhanthat A fi|m .

ilh Ton on Rou oG T HReL O wiERRER Ry ol BB ARRC 0T
seconds and i surndF ritrdgeh Soiraminef | (pp brygem Vitidrdu sag Asieod vo! l'oved by

standing for 20 m.nutes at .roomtenperature waf er was baked in a

quartz oven gméntmmetcmp@amfwlamm&lq@mwslHﬁdQ@emm, and
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post - spi n Co%ﬂ&&ahﬁépl&ﬁéﬁéks\&&séfdtﬂﬁh%ﬁbmm%ﬂﬂﬂéﬁlﬁ ‘FThelddldcioven at
400[ err] C under a current -of nitrogen containing- 10 ‘ppm oxygen, w t hdr awn

and al | owed pmstantofthemsulahngﬁlmwas 22.

EXAMPIE6

10 wt% dodecylbenzene was added to an orgamc spin-on glass (OCD-
'I‘ype 7 from Takyo Oka Kogyo Kabushﬂu Kaisha). A film with a thickness of
6,300 angstroms was formed by spin coating the solution on a s1hcon wafer at a
prellmmary rotation of 500 rpm for 3 seconds and a mam rotauon of 3,000 rpm
. for 10 seconds followed by standing at room temperamrc for 10 minutes. The
wafer was baked in an air cu[rent at 250°C for 1 hour i in a quartz oven, withdrawn,
and allowed to stand at room temperature for 10 mmutes At this point the
solubility of the film in methyl isobutyl ketone was lower than that post-spm
coatiig. The wafer was annealed for 1 hour at 400°C in a quartz oven under a
current of nitrogen containing 10 ppm oxygen and withdrawn and allowed to
stand at room temperature for 10 minutes. No abnormalities, ie., cracks and so
fdrth, were observed-in the film. Thé dielectric constant of the film was 27
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stand.‘at’ roomterrperature for 10 m nutes. The resrdual Si Hibin the
insulating filmwas 70% confirm'ng that conversion to silica had occurred

No abnorralities, i.e.,.cracks and so forth, were observed in the fllm The

di el ectric constant of thernsulatrngfrlmwasZZ _
3 T Hydrogen si | sesqur oxane - r eskh (nunber average mol ecul ar. wer ght N
=1, 540 and - wei ght-- aVerage ol ecul ar- merght 7, 705): synt hesi zed-accordi ng

to the net hwd in Exanple 1 of Japanese Pat ent Publication .

( Kokoku) Nunbe 7-31838 (U. S Patent ‘No: 3;615;272) was- di ssol ved in :
met-hyl i sobutyl. ﬁﬂﬂﬁg ﬂ&gﬁ;g ‘(eiggel dculitEight Q;lmthl 'S was -
addéd dodecyl benzene BQ %based on thelo[?‘ret hyl‘ﬂrrﬂsobutyl ketone sol ut.i on

and c¢hl or opl mdmrgh&avmgmdhydammghﬁ-lm)m@mzqdmmmﬂw the resin. A

Lol ot omon” a BRSSPSR RGBTSR S

seconds and %Mﬁ?%lﬁ?ﬁo at@ﬂtﬁb @%Sﬁﬁﬂ)%&ﬂ&l@ﬁ@ﬁﬁ&yﬁ&b&&%‘d by. ho_I di g .

at’ roomterrperature m nAut es waf er was.baked“for 1" hour: at
250[err] C i nkmwwpmpmmm(wbdﬁrmMunr‘mesmadﬂedm -and-al l'owed to

Thorf fm | o Aedasyerannal 10 Vi bosed utbe reed! b REmEsobiou il Cont i ng
The wafer wag ﬂgﬂ'-ﬂinﬁ‘éjaﬁd | RE4claC100HreikhDBpth bhdddn6E¥ekih, AAifln under a

current of. ni tro en contai-ni ng 10- ppm oxygen, ~w thdrawn.and al lowed.to . -
stand at roomrﬂleathu:kaesaro%ﬂmaugsmmwwrepﬂedhyespmmﬁhbl%luuonhe filmwas

ST R T TREAEAY W TR T TR
constant of i&gsdd ofrﬁ U@Grpgr for 10 seconds followed by holdmg at room temperature for

10 mmutes The wafer was baked for 1 hour at 250°C ina quartz oven under an

alr current, withdrawn, and allowed to stand at room temperature for 10 rnmutes

At this point the solublhty of the film in methyl 1sobuty1 ketone was less than that

post-spm coaung The wafer was annealed at 400°C for 1 hourin a quartz oven

under a curreit of nitrogen contammg 10 ppm oxygen, withdrawn and allowed o

stand at room temperature for 10 minutes. The residual SiH% in the film was

15%, eonfirming that eonversion to silica had occurred. No abnormalit_ies, ie.,

- cracks and so forth, were observed in the film. The dielectric constant of the film

was 24

EXAMPLE 8

The H-resin fraction prepared in Example 1 was dlssolved in methyl
isobutyl ketone to prepare the 22 wt% (solids) solution. To this was added
dodecylbenzene at 10 wt% and polyoxyethylene lauryl ether at 1 wt%, based on
the methyl isobutyl ketone solutron Afilmwitha tluckness of 6,450 angstroms
was produced by spin coating the solution on a silicon wafer at a prelnmnary
rotation of 500 rpm for 3 seconds and then at a main rotatiorx of 3,000 rpm for 10
seconds followed by standing for 10 minutes at room temperature. |



EXAMPLE 8 . - _ -The H-resrn fraction prepared in Exarrpl' = s

in nethyl |sobutyl ketone to prepare the 22 wt % (solids)| Eﬁﬁjgﬁgﬁi H% BLEEN
was added dodecyl benzene at 10 wt % and pol yoxyet hyl ene | huryl REPRAGEDt 1
W % based on the nethyl- isobutyl ketone solution.;- Afilmwth a {hicKAEss
of 6,450 angstroms was ‘produced by spi. n1 coating the solution on a si Ircon
waf er ‘at a prelrmnary rotation of 500 rpmfor 3 seconds and then at a main
rotation of 3,000. rpmfor 10 seConds foI | owed " by standl ng for 10 m nutes at

roomterrperature S .14

EXAMPLE 9 Exmnggl-l-resr n fractron prepared in Exarrpl e 1. was disso] ved
in frethyl i sGBUTyT ‘kKet one. 't o ‘prepare the. 22wt % (sol i ds sol utron .-To this
was added cycl ohemmonpﬁpmmﬂm@hwaﬁw et yl ket one

sol uti on. thrckn 0 vced by ~spi n

coating the @Wﬁ&ﬁmﬁﬂoé’ @822 )gﬁg‘? ng@asr ati on of 500

rpmfor 3 Seefa dxgnenieasmmweaWoh%@m lﬁéb&yl(l&&néaaruﬁ@ﬁ ‘A0 seconds
st andi

fol | qwed by g-Tor 10 mnutes at roomtenperature.- The wafer was.

baked. f.or mmﬁxam@smf&mﬂaagmwmsm%uewmmm of nrtrogen

Cemper at uve. SoBoh GX¥ Bfion Sl sl SO HANR Hiefioh S 50 B R Redos AT
conver si on tmeﬁlakhﬁﬁrdrﬁrdaﬂbﬁwsroedrprmo@mwﬁslféuwu aﬁnd:)nf?gfﬁﬁm and so

forth, were-observed in the film The dielectric const the filmuwas-
2.4. nunutesatroom temperamre The wafer wasbakedfor 1 hour at 400°Cma

quartz oven ‘under a current of mtrogen contalmng 10.ppm oxygen thhdrawn and '
held for 10 minutes at room temperature The residual SiH% in the ﬁlm was '
T7%, conﬁrrmng that conversron to srlrca had occurred. No abnormalmes ie.,

cracks and so forth, were observed in the film. The d1e1ectm: constant of the film

was 2.4.

EXAMPLE 10
. The H-resin fractron prepared in Example 1 was d:ssolVed in methyl
' isobutyl ketone to prepare the 22 Wt (solids) solution: To this was added
pentylbenzene at 10 wt% based on the méthyl isobutyl ketone solution and
chloroplatinic. acid hexahydrate at 100 werght—ppm based on the H-resin fractroq
A film with a thickness of 6,500 angstroms was produced by spin coatmg the
solution orr a s_il_icon wafer at a preliminary rotation of 500 tpm for 3 seeonds' 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 ina |
quartz oven in an air current and withdrawn and held for 10 minutes at room
temperature. The residual SiH% in the film was 91%, confirming that conversion
to silica had occurred. No abnormalities, i.e., cracks and so forth, were observed
in the film. The dielectric constant of the film was 27
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EXANPLE 11 The H-re5| n fractlon prepared in ‘Exanpte 1 was d| ssol ved
in net hyl |sobutyl ketone to prepare the 18 wt%(sollds) solution. To this -
was - added dodecyl benzene at 10 wt % based.on the nethyl. i sobutyl ketone

sol ution and-chl oropl atinic-acid hexahy%rate at 100 wei.ght - ppm'based on*the
Hresin fraction. The sol ution was spl coated on a patterned poly'5| i con
wafer (feature height = 0.5 [erflm feature width and feature spacing =

18 [err]r’r) at- a prellmnary rotation .of 500 rpmfor. 3 seconds:and then a
main rotation of 5,000 rpmfor 10 seconds. Thorough evaporation of the-
sol-vent gaveEanE%th a thickness of 8,235 angstrons at-its deepest . -
section. . The wafer was heated under a- nitrogen current on-a hot plate -
using the sequencThoH-resi frctioraprepared:in Bxanmdo | svas fissalved namethyland :

200[err]C/1 m nthe or. d I ation th
tholoug]h gaplsPF‘hyﬁ&"l m&ﬁr@%ﬁﬁﬁaﬁ% Ougllljs Jasr?gllgiz;tlen o:‘Mthe N
resin SUffaCSedeWEeﬂﬁB@ht l@&t’@ﬁi@doﬁ%eﬁeth?ﬁ&ob’&yﬂé&he&éﬂaﬁbnmcﬁ quartz-oven

under an air _.curfrent, renoved, and wed-to stand dat-roomtenperature for.

10 ‘mi nut es. dﬂotdplaunmmdhmby@eeabmwglgbtfpmbaspdpwﬂmﬂmwt;%buty| :
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film EXANsm;Bpmforsseconds\and then amzainotatisingef|S|000 rpmifor 19 sacondspas -
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This resin V\mahoqﬂatb\umﬂglthe seguenge of l;5ﬂ3€11yimnute 200°C/1 minute, and

200°C/1 minute in the order given. This resulted in fluidization w1th thorough

| gapﬁllmg between the features and thorough plananzatlon of the resin surface,
The wafer was baked for 1 hour at 250°C in a quartz oven under an air current, -
reimoved, and a!loWed to stand at i‘oom temperaulre for 10 minutes At this point
the solubthty of the film in methyl isobutyl ketone was less than that post-spm .
coatmg The wafer was annealed at 400°C for 1 hour in a quartz oven under a
current of nitrogen contammg 10 ppm oxygen. w1thdrawn and held at room
temperature for 10 minutes. No abnormalities, i.e., cracks and so foxth, were
observed in the film.

EXAMPLE 12 . : o

A fluorinated polyally] ether resin was synthesized according to the
method described on page 116 of the 1995 Proceedings of the Twelfth.
International VLSI Multilevel Interconnection Conference. Analysis of the resin
product by GPC gave- a number-average molecular weight of 2,540 and a Weight~
average molecular weight of 9,390. This resin was dissolved in methyl isobutyl



ket one to prepare the 26 Wt % (soli ds) sol utlon To this was -added .
dodecyl benzene at 10 wt % based on-thé nethyl isobutyl ketone solution. A

film . with a thi ck_ness of. 6,080 -angstrons was prepared by spin .coating
the solution on.. - a silicon wafer at_ a. prelinminary rotation of 500 rpm
far 3 seconds and then-a.main . rot¥ion of 3,000 rpmfor.. loseconds
fol'l'owed by standing for 10 minut es at. roomni: terrperature The. wafer.. -
was baked fo 1 hour at ven u an air -current, '
removed, and %WW&F%%&PBW@@&? mnutes.. ' A
this point t Richk hi/104n% lsssehldnrihé ﬂemymadutyme&wéxbluﬁ@a oAfilds | ess

t han t hat ost-spi-n coating.. fer was -anneal ed..at 400[err] € for

1 hour ‘in a qnﬂaratthlcknﬁsnof6mom&mw&nm%%ﬁpmmeédﬁﬂmmng 10 ppm -
oxygen, w thdrawn. and hel d eratyure for m_nut.es. The -
solubility of‘s&ﬁ Pg%% W&H’IW ‘?558%0 m £0r, 3 eS Bl ég?e&frﬁ&f‘o have

under gone. fug@a i 31000t 16060 Sdcbiidy eiloRed hpliniding for 10 minusOTHOR! Of 2. 4. |
COVPARATI VE VPLE " eﬂH-reS| n fragct i-on prepared i n Exanpl e-

(1 \Nflsddl) sso: W?ﬁfthﬁagw:;?mzlhmwwmggg;ewmwfmm % -
sol i.ds) sol ution i i-cknes n O Was
produced by %WW&%H@ ‘Gﬁwﬁﬁagmé’ﬂ lan%né o
prelim nary Wtﬁ@ &Qﬁhgpgs ?gﬁomggﬂgﬂﬁoﬁﬁiﬁé&%@vﬁklés kot ation-

of- - 3, 00 secC y standing for 10 m nutes at- -
room - tepm-rspinwoaunngRemﬁferwamnaaiemalwﬂ%ﬁor thmmaqlar&(lﬁrpnrr] Cin-.a
quartz oven ungder ) current of  nitrogen cont ai oxygen o
wi t hdr awn anH“%P‘&“FE‘FtO?GI‘IOE"“"%WH{”@sl aI’LPHFW#F’E’éﬂ‘BQP}%?‘h lﬁ’?‘ﬂl@ resi dual

SiH%in the xhﬂﬁ&ftl?é’@ﬁ&? i ica had -

occurred. ThIedoprogﬁétlon%%rfmc?lgc s in t(ﬁgb slg?vgg The

di el ectric chetofiwhs folnd hﬂhﬁveIuﬁdangene’Zﬁlﬁher decline. The ﬁlmhadadlelectnc
constant of 2.4,

COMPARATIVE EXAMPLE |

The H-resin fraction prepared 1n Example 1 was dissolved in methyl
isobufyl ketone to pfepare the 22 wt% (solids) solution. A film with -a ﬂﬁckness
of 6,078 angstroms was produced by spin coating the solution on a silicon wafer
ata prelxmmary rotation of 500 rpm for 3 seconds and then at a main rotatlon of
3,000 pm for 10 seconds followed by standmg for 10 minutes at room |
temperature. The wafer was annealed for 1 hour at 400°C i in a quartz oven under
a currént of mtrogcn conta.mmg 10 ppm oxygen, withdrawn and held for 10
minutes at room temperature. . The residual SiH% in the film was 75%,
confirming that conversion to silica had occurred. The production of cracks in the
film was observed. The dielectric constant of the film was 2.8.

COMPARATIVE EXAMPLE 2

The H-resm fraction prepared in Example 1 was dissolved in methyl -

isobutyl ketone to prepare the 35 wt% (solids) solution. A film with a thickness



COVPARATI. VE EXAMPLE 2 o - The Hresin fracti on pr epar ed in Exanpl e
I- was--di ssol-ved i n-net hyl -1 sobutyl . ket one to prepare the 35 W%
(solids) solution. Afiimwth a thickness .. :

17 - of- 13; 200 -angstroms was ‘produced by spin coatl ng the soI ution on a
silicon waf er-at aprelimnary rotationl7f.-500 rpmfor- 3 seconds and then’
at a-main rotatlon of -2, 000 rpmfor.-10 seconds followed by st andi ng for 10 .
m nutes at roomtenperature The wafer.. was anneal ed for I. hour- at 400[err]C_'

in-aquartz -Mmmwwpmdumdw@wﬁng&ﬂsaluﬁpngnwﬂpp vefsrgen,

i t hd d h Th dyal SiHWin
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- minutes atroomtemperatme Theres1dua181H% in the film was 75%,
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L filmwasobscrved. Thedlelecmcconstantofthlsthmﬁlmwas28




i nsul at i ng curabl e organi c. resins and el ectrically insul ating_curable
l.norganic resins; and - (B) .a sol'vent ni'xture conpri si n{#ms SHEET HAS' BEEN

a sol vent -sel ect ed from tol uene, xyl ene, hexane, hept ane, 'REPLACED
oct-ane, .met'hyl ethyl ketone, met hyI i'sobutyl ketone, butyl
acetate, - - isoamyl- - - .acetate, .- hexan8thyldi siloxane,
octamethlytrlsHoxane R 1133tetranethyld|5|loxa ; o '

t et ramet hyl sil ané, and di met hyl di et hyl si | ane, .and.: u, a soI vent
sel ect ed fr.oGLIAIMS! et hyI benzene, 1, 3-di ethyl benzen ,"um",?l i .

1, 4- di et hyl benzene, .. . -eycl ohexyl benzeng, S
d| met hyl napht hal ene ‘ci’'s- decal i n, trans decal i n tetralin, ' :
kerosene;  dodecgn fngﬂg&;%mﬁ, comprisin

i sophor one; phor o;iegl e %S“‘jh ketone di-et hy ph%l a;ng _ 2

benzyl. acetate, gmanblewibﬂl ldatmgcdnﬁbhgebmmbbadﬁoneﬂlegmup
et hyl hexyl acetate, . et hyI hzoate, be - formate
sul fate, = and copyistingalele é& ?‘1‘5@%‘; W&’&ﬂ&?ﬁ“ﬁ&a{bﬁn n

film has -a di. . ' The corrp03|t|on' as'- .
clainmed in c[lﬂ“fﬁﬁ@mﬁmf%qﬁa e5| E&E'% Is. hydrogen - .si | sesqui oxane -

resin, 3. . (BYheolventmiixture comprising ai ned in-claim 1 wherein the
conposition : add ti onal I I,NsS cure- accel erating
cat al yst- for~ corrponem asoventcap l%ls!§ sovmglem(Ai and' " The conposition as .

claimed in chaim3 "‘ﬁﬁ %ﬁeﬁ&l&éﬂ?ﬂlﬁ%%ﬁp" éoﬂs@tmg of solvents whose
| : boxlmg pomt differs from solvent (1), solvents whose vapor
pressure curve differs from that of solvent (1) and solvents whose
affimty for resin (A) dxffers from that of solvent (1)..

2. The composmon as clamed in claim 1 wherem resin (A) is hydrogent

sllsesquloxane resin.

- 3. The composition as claimed mclalml wherein the composition
additionally contains (C) a cure-accelerating catalyst for component (A). '

4. The composition as claimed in claim 3 wherein (C) i is selected from a
platinum compound or transition metal compound. '

5. The composition as claimed in claim 1 wherein solvent (B)()is selected
from the group consisting of aromatic solvents, aliphatic solvents; ketone

solvents, aliphatic ester solvents, silicone solvents, and silanes.

6. The composition as claimed in claim 5 wherein the solvent is a ketone

solvent.
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pl ati nunt conpound or transition netal corrpbund 5.'. .~ The conposition

as clainmed in cIalml wherein the solvent (B)(i) - ety '
[ sobutyl ket grme— The corrp05| tiron as cl a| mad [ noﬂﬁﬁsﬁﬁfﬁ%&&ﬁﬁm
sol vent- (B) (i) thyl isobutyl ketone and sof vent REBLACED is
dodecyl benzene”lﬂ"H"I" I“" "Il'rutlmcorrpom tlon.as claimed-in clalrm I wherern

nt (‘B) (i) REt hyl isobutyl ketone and ‘sol vent (B)(ii) is
d| et hyl pht hal ate : ) The conposi tiron as cl ai med in claiml vvherel n

sol vent (B) (i) nethyl i sobutyl - ketone’ .and . sol vent (B)(ii) .
cyclohexylbenzene7

oy Ml where n.,
solvent (B)(i) is _'I‘hgcomposmonE? lﬂFxﬂ%)&;dl}%dﬁo(f'ﬁ'gtone a G’esd(g v%lr"t‘tﬁ&( B) (ii) I -

pent yl benzenigobutyﬂl&tone "~ The corrp05| tion as claimed i-n claim1 wherein the
sol vent. m xture- . (B) i's. present ‘at' no nore than 50 w %.per 100
wei ght -parts resin (A). . 11 - .. A process for.formng eI ectrically.

i nsulating thin f% ﬁ‘ﬁ%ﬁgﬁs%mrbg]plmmedmclmg&hem%ﬁé%dl%twﬂﬁwﬁcace of. a | N

substrate with th

(1'1) - evapor agdipgntat l-east” a portion of .the solvent mxture (B); and
(1'.1) heating the. substrate to i nduce - ga5|f|cat|on of the. remaini ng
conmponent (-B) dur.i ng the course of or-after the cure” of t he :

saidr €s in (A). 9. The composmon as clalmed in claun 1 wherem the solvent (B)(u) ise .
solvent havmg a higher boﬂmg point than solvent (B)(i)

10. Th;e composition as claimed in claim 9 where_in the solveat (B)(ii) is
selected from the group consisting of hydrocarbon solvents ketone solvents;
aldehyde solvents; ester solvents; diethyl sulfate; sulfolane; halohydr_ocﬁbon
solvents; ethcrfﬁed hj'drocarben solvents; alcohol solvents; ether solvents: acetal
solvents; polyhydric alcohol solvents; carbexylic anhydride solveats; phenolie

solvents; and silicone solvents

11. The composmon as claimed in claun 1 wherein solvent (B)(l) is
methyl 1sobuytyl ketone and solvent B)(i) is dodecylbenzene

12. The composxtlon as clatmed in claim 1 wherem solvent (B)(l) is
methyl wobuytyl ketone and solvent (B)(ii) is diethyl phthalate '

13. The composition as claimed in claim 1 wherein solvent @B)(3) is
methyl isobuytyl ketone and solvent (B)(ii) is cyclobexylbenzene.

14, The composition as claimed in claim 1 wherein solvent (B)(i) is

methyl isobuytyl ketone and _solvent (B)(ii) is pentylbenzene.

————-

e

heet Has Been Replaced

i




20 12, The process as clal red in claim 11 wherein the substrate I'S

an - el ectroni c.devi ce. 13. - The process as clai
11 wherei n_the coati ng of the %urface . is by spin co ééh Kg BEEN
The process as clai med in cl ai m 11 wherel n the substrate is h ede—H CED -

o 15 The composmon as claifed in clmm 1 wherem solvent (B)(l) is a
. s1hcone solvent and solvent (B)(n) is dodecylbenzene . '

. 16 The composmon as claxmed m claim. l wherem the solvent mixture ,
B)is present at 50 witd per 100 weight pats resm @) -

17 A process for formmg electncally insulating thm films compnsmg
B ® coating the surface of a substrate with the composition of claim 1; -
I evaporatmg atleasta port:on of the solvent. mlxture (B); and .
' (l'.[I) heating the snbstrate to induce gas1ﬁcat10n of the remammg '
: component (B) dunng the eourse of or after the cure of the said resin (A)

18. The process as claimed in claim 17 wherein the substrate is an

electronic device.

19. The process as claimed in claim 17 wherein the coating of the surface

is by spin coating.

2. The process as claimed in claim 17 wherein the substrate is heated in
(HI) toa temperature higher than the meltmg point of the resin (A).
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