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SEM CONDUCTOR DEVI CE AND NVEHH#ID A€ED = FABRI CASd: ON EREO: {Pos 4 I.{%\g ;
invention pertains to ajprocess for the for mat i onggf l ePdckeNd YTSL1325
insulating filns havin SiPEPR ¢ PFACE ,‘%ﬂn@ti’an‘f to sem conduct or
devi ces that have an i ‘B;é@?méct ‘gtrttct dr e c8Y r1 s1 g at | east one
el ectrical | y- conductive E/De# vink{sh : aree ~‘|§ -eIoRIS: ul ating |ayer. The

i nvention also rel ates ibstihats f: prgegd f@mag%fhu e of sem conduct or

devices of this_t The—-ReFeas “é et ation of

soni conduct oF EMICHRHUCTORDEVIGE AND MELHOE FOR SHEF ABRIGA DI THEREGE

sem conductor devices) has led to the use of nultilevel interconnect
structures on,sem conductor substrates. In order to reduce parasitic

capaci tance bet wdhis inocitiiontpettsins tPd process forahe forinaticn ofdiednically ifidulitingn oxi de
is generally_.used for the_insulating Iagers i n _such_sem conduct or devices.

| nsul ati ng tf’ﬁﬁnﬁgaws#ﬂweqeegmr@aﬁamé% condycter devices fabbavead | ayers and
as insulgti 'i!&e}cﬁ%ﬁ'er th%gﬁﬂa g&h gatqg%i ﬁfﬁs?lw-m%%%n&;cu%kggp%hgg

conpositions 40 gener a nown r exanple, U S
Pat ent No.. hﬁ@ﬁsﬁfmstﬂamgﬂayera'nhe inveasorf also mmmmcﬂioﬂsfam fabtieationast Wi t h

a silica thln fl| a solvent solution of hydrogen

si | sesqui ox &8 Mﬁeﬁ%ﬂ*&&‘ %, evaporating the solvent,. and then
heating at tenpergy rﬁiﬁ%ﬁﬁiﬁ eﬂ:ﬁ%!?ﬁﬁtﬁ f q-%m.g i on
into ceramc Ilkes |cafg %lgns al'so nov\%{gtel?ul E(fﬁh% w%%gﬂ
constant of &gmepflmmuungpﬂshnmoﬁdﬂcmwhmcbsa haslddce themge okmoltilevey t he

I nsul ati n fllmltself as a rous struct For exanpl e, ,United
States I*gt el’l‘f TREInest Spstureson,semnt F g@»si{rﬁgs %Pﬁ‘éﬁrl% BABSIGE || at i ng
thin fi 1 m WehheRaRQMbeHfoed RIS i abk Ag@;%ﬁrxafof m&ﬂ)&ﬁﬁgmm@ﬂgﬂﬂ' of

hydrogen sil sesquiioxane resin as th yer in a
i nt egr at ed @Std:imrtbcﬂmla;mgdam;n snclweersiconddotos desitesdi scl ose a specific

met hod for the faqr 10 rou ruct ure. cause the -
nminiaturization %E&H ﬁ%’l‘sb ?@W%ESHESWPFW%E? % Hal |

i nter Connecinﬂmgﬁ}drsllﬂ%ke&ﬁm@%ﬁc&l %M%t-b@&ﬁn@%oh@bﬁﬁ&ﬁktoformthc

I nterconnects, large filmthicknesses and an excell ent capacit to fill

bet ween 15 nt dovietsin genesallyr well ksepwm. dibrekample. Us$s Batant Ny 4I=135§De9r7§ te
'ntegrated i feUl 42 cdiihy eleli&iiC ANSS W PP Snilr e Ay B5iile 2 s%IBvent

solution of hydrogen silsesquioXaue resin on a substrate, evaporating the solvent and

then heating at temperatures of 150°C to 1000°C to effect conversion into ce1amic like
sifica.

20 1t is also known that the dielectric constant of the insulating thin film can be
reduced by executing the insulating thin film itself as a porous structure. For example,
United Statos Patent No. 5,548,159 has described the formarion of an insulating thin film
thh a porous structure through the use of the baked prodnct of hydrogen silsesquioxane
resin as the dielectric layer in a highly integrated circuit. This patent, however, does not

25  dssclose a specific method for the formation of the porous structure. o

e Because the minjaturization of semicondnctor elements Icad:; to increasingly small
interconnect gaps and increasingly high éspect ratios between interconnects, large film
thicknesses and an excellent capacity to fill between interconnects are required of the
insulating layers. Highly integrated circuits with interconnect gaps declining belos 0.18

This Sheet Has Been Relilamd

AN

Received Time 2. t Time 27 May. 2:54




05/26/98 14:4% FAX 517 486 6354 DC PALEMRIL VDL . 7 VRV = W WIRS VW -

pm have been designed for sem conductor devices in recent years. Wile
highly integrated circuits of this type require that thepdiihdNd 19,1325
constant of the insulating | ayers be brought below 2.7, even insul ating

| ayers formed from hydrogen sil sequi oxane resin have been unable to achi eve

such dielectric constants. An object of this invention is to provide
a process for formng insulating thin filns that have a |low dielectric
constant. ¢ A further object of this invention is to provide

senmi conduct g hiwe bowxdesigupd fprisemicopductariderisetiprreeamt yearn sWihdle highty ayer s

therein and,to the nmethod f.or the fabricati.qn t.h f . hi

I nvention péii‘?%?lﬁgc{‘%mg- °ﬁ§{‘ﬁ§¥3eﬁﬂm‘? gti'%&%gdiéﬁ%téf ?{)rgsa ‘i’/fﬁhﬁs“l‘ﬁ“%”t@ﬁ?yt"ﬁﬁ n
films wher ehavidught BRIdW d, 7¢ OV ihbfting Qéyers Wnhobfrom Hydegen bileqaiokaierretie Wi th
a conposi tion,.conprising . (&Qx a resin selected fromthe group

consi sting &fvadiess urablefa achieye suahdielgetrip eenstants. curing organic

resins d el’ectrical Fhsul at . = ' ' i C - [2S et

and |57 by augPinclof B afiiod s dRbaE pRes 30k AP MR min
sol vent WhogEnbthiat hdve allow dicl&ttriydtanpr essure curve or affinity-for resin
(A differs fromthat of solvent (B), evaporating at.l|east a

portion of the séifustherobjes obthis invntion ixtopupyde srmicondugiop deVirrs haping low

substrate tg.hi Ve Q] @g]g-!] ole, Tl :ﬁ?(lﬂﬂ ' rs) st e

remai ni ng s%’ec%s uri nuglg"?%al\l%cl@ﬁe?sse of or altﬂléhgr t e(}éﬁirbg 0 reésl n (A"
This invention alThiz iention pertdias 1o arpéthedifdr doring electoicalycinsulathry thin films
insulating thin_ filnm wherein the nmethod conprises coat| the syrface of a
subst r at® wu“thﬁf_eal%qumwaﬁmofa(%ﬁﬁ%%ﬂ%cg@%%% from

" the group Ce&ﬁb dng of electrically insulating, heat- curing
organic resinstand el ectrically insulating, heat-curing inorganit resins;
and (B) a(Ayhyesin seteteaiirem die gtoars cdneisting bhielestdsally ifsllatingnbeat-

o .
curing organic resins and electrically insulating, heat-curing inorganic resins;
and _
15 o (B) a solvent capable of dissolving resin (A) and

(C) a solvent whose boiling point or vapor pressure curve or affinity for resin (A)
differs from that of solvent (B); | |
evaporating at least a portion of the solvents (B) and (C); and subsequently exposing the
substrate to high energy radiation and inducing evaporation of the remaining solvents
20  during the course of or after the cure of resin (A). ’

. This invention also pertains to a method for forming electrically insulating thin
ﬁims wherein the method comprises coating the surface of a substrate with a composition
conprising |

" (A) aresin selected from the group consisting of electrically insulating, h‘eat-
25 B curing organic resins and electrically insulating, heat-curing inorganic resins;
l and
(B) a solvent capable of dissolving the resin (A); and
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3 ' -~ (D) a substance that is soluble in solvent (B) and that can
generate gas in the tenperatyre range of frof,OleNl-Tsiq325
800[err] C by heating or by interaction V\n'lél't’h : resin (A);

evaporating the solvent (B); and subsequently exposing the substrate to

hi gh energy radiation and inducing the generation of gas fromthe substance
(D) during the course of or after the cure of the resin (A). The
processes ofi this invention results in a porosification or dedensification
of the thin #i| mByssubstined thavis solubledn sblednt (B) indl thatrcan generato ghweiadhe 2. 7.
This mekes possible an adequate attenuation in tt}}e? ar a}spi tic capacitance
bet ween i nt effconnedempergirestapgeohfaemlct 8PP Le dyi HPYFREFRTH nect

- structure conpri si ;}gggm%east one el ectrically conductive |ayer'is provided
on the surface of onductor substrate with separation by an

i nt er posed eltqﬁddmgahd $oIveit (B)aind @ibbaeiitly exposing the substratemochigh ederghl y
integrated circuits in which the interconnect gagfi S rovwer .than 0.18 pm
FI GURE 15| s raftistionsand dnducing thg scaoration of g95rom fha i AgeRs e spwseet | n
the fabricatjon.. ' or device that is an exenplary enbodi nent
of the prestg{ﬁ%ﬂuﬁé\%@r{?%qr??%ﬂy%)' The inorganic or organic.resin (A) used
in the present i Mhepidcessed of thistinventivi eatltsin o pangsification o dedsusifieationsitheh| e,

can be cured by heating after_its. application, .an raovi des ins tion.
Resin (A) cégﬁ'»}éém@*@ oroig the,die &HFW&%PﬂngJ'gh%nﬁﬂiﬁWL%&e%hr sor
resins, for, A | 'ag%ie Rt betvcth inteicBfndda for fémiconduct
hydr ol yzat eégo al%%?%ﬁgg%n %tg%ﬂé:rs; g’ﬁd byl?l(!)rltgogni C resi nsm;nughogs
pol yi m d@ r dsvines, infwhich aciatebmmnnect structyrelvomprising lableast one clectsically canductive

~ fluorinated polyallyl ethers. Resin can_take the form of. a,single resin
or a mixtur &W}/ﬁ%‘}/‘@d stuface of ?%ﬁ*’&i‘cfﬂ'é‘dkﬁﬁﬂgg’r%ﬁpﬁ?n?ﬂnb?ﬁnt hei r _

capacity tojg ﬁﬁ&m&u?éah' GRilaBhE 14yerl C&veR dn tHa'cald WH HighdP intedrited GirdtiR\h de
Jﬁg@g I nsul atT ng prople Vel K gty y

particul arly" ties. Anong the silTica precursor resins,
hydrogen si wéacughe intereenncetgapss naveowdr thanD:-beumsed i n a non- et chback

Fesin s a polysETGVRE Haluesrarne dirmpm et dbed s S uppasedth ene
tri f unctsonghpridatin 8 \EseritédndiSiof icidel thfislar exciupity ¥fiboditicnbof the pgsaar al
;im:cntion. _
: The inorganic or organic resin (A) used in the present invention is not critical as
Icng as it is solvent soluble, can be cured by heating after its application, and provides
iustlation. Resin (A) can be exemplified by inorganic resins such as silica preciursor -
20 resios, for example, hydrogen silsesquioxane resin, the partial hydrolyzates of
air'émysiianes, and others; and by organic resins such as polyimide resins, fluorecarbon
* resins, benzocyclobutene resins, and fluorinated polyallyl ethers. Resin (A) can take the
form of a single resin or a mixture of two or more resins. Silica precursor resins {with
theit capacity to cure into silica) are preferred for their ability to provide particulazly good
25  insuiating properties. Among the silica precursor resins, hydrogen silsesquioxane resins,ﬂ
wﬁ':-.icﬁ can be used in a non-etchback pracess, are particularly preferred.
The hydrogen silsesquioxane resin is a polysiloxane whose main skeleton is
ct ~;~1.;;.;osed of the trifunctional siloxane unit HSiO34, and is a polymer with the general
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4 formula (HSI G3/2)n in which the subscript n is an integer. Hydrogen
si | sesqui oxane resins can be categorized,based on theirlﬂﬁh&ﬁ@ﬁ

structure into | adder-type pol ysil oxanes %nd cage-type polysi oig?E%;EQ%e
termnals of the | adder-type pol ysil oxanes can be endbl ocked by, for
exanpl e, the hydroxyl group, a triorganosiloxy group such as the’
trinmethylsiloxy group, or a diorganohydrogensiloxy group such as the

di met hyl hydr ogensi | oxy group. Hydrogen sil sesqui oxane resin can be

synt hesi zed,fofumla IS5, it whidhahé yubsalptsi is anintéger.cHydrogen silsesjuinxanensui ng
pol ycondensat.i-on (see U S. Patent No. 3,615,272 and Japanese Patent

Appl i cat i ons=iing chn(eaategbiised based dinthsia moleeular bMoitwe intShaldeOtyp89126

(189, 126/ 198 nd Sho 60-42426 (42,426 5 vent (B) should
bé capabl e &F’j a F‘H’S‘*’ﬁ& W%‘)ﬁéﬂﬂe‘éﬁ%&&@%ﬂ&hem cal

changes, butyd, %ﬂﬂféne?ké]ﬁﬁé’\énﬁﬁlo‘éﬁé«fﬁf e expabORE BydidAl dtods althbrpiiisuesy (B)

are exenpl i i 6 by aronmatic solvents s s toluene, xyl'ene, and others;
aki phati 6 sgwgntush as tie temethylsiloxy gxlouptamehorgmoam&ogemdoxu fwonp sudbatsshe

sol vents suc ket , Lsobutyl ketone,.and .ot hers;
al i phatic e&?@@b@%ﬂsﬁgﬁ%ﬁt E‘E%iﬂ“é {% &8 SyBfhesiee g‘n%?
others; and e&hﬂnbléoﬁfth‘é Hﬁﬂ}sﬁs@tﬁ Eﬂuﬁﬁ% c%iiééiﬁﬁudd & U.S.
héxaret hyl di si | oxane and 1, 1, 3, 3- tet ranet h | di si’l'oxXane, cycl |d§ si | oxanes
like 1,1, 3, ja&nsNb 3@@2&&@:@4@@3@9@@ ations d.aigpen (Kokai or

tle?r 551mz,t let; h l tﬁ%@éﬁ@@&@gﬂﬁlmﬁﬁgﬁy? ket one and the

si |l i conggsol; uems,qggs;) preferred. Solvent (C) is solvent that has at

| east one characteristic selected fromthe boili nwo[ nt, vapor-pressure
curve, and af fi niSojvend(B)sheulddsicapableef dissplvingresin

Chan'that  ofctoAReLRaRy bYes et urafae RRLA" Sololid i ds bl BolBluithy fed"E)

(the val ue ieR:splifed Beadmatic sdlbents Suehlas tduepe)] xylgre, wtﬁétﬁ;rﬂiphamfﬂmtss such
as anyl benzene 202[ err] C), 1sopropyl benzene (152[err] O,
, 2- di et hy| b Feaehexans byptane, 9cians @R PHers; ketene sobvenisuglcys mcthYle‘thketOHe:

1 4- diet)Byl he %é@ h.@ge et
(177] éé;fl?c) Qﬁgq%b#é& na’paﬁgha ene ']é gg% err] ‘%ﬁggmcli/%en a%@‘& isoamyl 1 or
oi | (160 - LBERey aﬂ@themxﬂndedicona;ﬂivm suth Bs cha20f@hylsiloxanes lzke

' &% b.f,-sdmethyldlsﬂoxane and 1,1,3 3-tetramethyldisiloxane, cyclic siloxanes like

e :.1.3,3,5,5,7,7-octamethyltetracyclosiloxane and 1,3.5,7-tetrameﬂ1y1ietracyclosi%nxane,
&3 silanes such as tetramethylsilane and dimethyldiethylsilane. Methyl isobury- ketone
20 au the silicone solvents are preferred.
 Solvent (C) is solvent that has at least one characteristic selected from the beﬂmg
¢ !..t, vapor-pressure curve, and affinity for the resin that differs from the corresponding
_ ebpcacteristic of the solvent (B). A solveni with a boiling point higher than that of the
% §ﬂ§4?ent (B) is preferred. Solvent (C) is exemjaliﬁed by (the value in parentheses Ls the

e 25 h;:fli-ng point): hydrocarbon solvents si.ch as amylbenzene (202°C), isopropylbenzene
o (i52°C), 1,2-diethylbenzene (183°C), 1,3-diethylbenzene (181°C), 14-diethylbrnzene
) 7184°C), cyclohexylbenzene (239°C), dipentene (177°C), 2,6-dimethyinaphthaleae

(262°C), p-cymene (177°C), camphor oil (160 - 185°C), solvent naphtha (110 - 200°C),

T
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5 cis-decalin (196[err]C), trans-decalin (187[err]C, decane
(174[err]CQ, tetralin (207[err] O, turpen%i ne oil (153 - %]%L
kerosene (200 - 245[err]C), dodecane (216[err]C), branche ec
and ot hers; ketone and al dehyde sol vents such as acet ophenone
(201.7[err]C, isophorone (215.3[err]C), phorone (198 - 199[err] O,
nmet hyl cycl ohexanone (169.0 - 170.5[err]C, nethyl n- heptyl ketone
(195.3[err] O, .and others; ester solvents such as diethyl phthalate

(296. 1[ err ] Gis-dbaMAY1962 ,ttﬁhg-dé&lti $P0),| detane)(1 40y, tetralini (QOP Q) 20dpemiting C)
di butyl oxal a%‘e 2435&3 eth Ihexyl ag?a{ ataene%(l% %rerr]C) e(PhyI benzoat e
dekero 65C). ﬂpﬁw&m

enzene

(213.20), beoikglls d7 %@Izooenﬂﬁcﬁhéla@camﬁzﬂ

sol vents such’,as, di I te er sul.f ol an err and
ot hers; hal &Wm&ﬁgﬁ %ﬁeggkyée(sﬁzﬁoﬁ%t%ﬁb%lm@%ﬁ bsoﬁb%‘)%%ar bon
solvents; c d e 9 cone
sol xent S. a&lﬂ?)ﬁé @glsgqu t he Pﬁkaﬁ tﬁ%blgeh@gé PI lrltr-,;?? o%ﬁ%ﬁ)%
conposi tison ha‘ntyhketohe (l%l’;“Cﬁ A,hdlo&lech sgeal isuctvaswdiiethyl phifjalae @RIGAPC).t he

Rt her X (e warevems)s A0, Ty e”p‘egg&?") B el o bl B
hS Pheul ot | RglisfIRbBre) PTG BB YA Kby QP lnd pigs RS 1

canstant i Nsgindfinifg cé:ﬂ?&nfd'sbﬁemﬁ\sﬁai &rdlétﬁﬁ fﬁs(ms*’cmumwe msv@mnd B)

wi Il evaporate imedi a after coating t he substrate, but portion

wi‘'l I* remain mthemrlaldhyﬂmcanb@nﬁﬁwalu,md@ﬁp@hmﬁed‘m StJb!eflté:r m
voj ds. wever or.der..to eff h tr| c const ant,

sol vent {C) T '@x E‘é ?EgeFﬂ %Hlpb?'b‘# Sivﬂ\‘l%’ aélglsgtcﬁ f@? 5ol vent (C) is
one or a m Xxture Rfthecdlt oftheSnsuliting @i HAFormNay Sompositditin wisith teshh (A it

than the solvent (B), or that have a different vapor-pressure curve from

that of the @&dﬁ?ﬁt’n%ﬁnﬁ@aﬂdﬁﬁhﬂhﬁ@%@)ﬁ )r notsinply spployed as or
Lt have @ g0 Pk LA kb B, 0k O8] B 8l st (9

Sol vent (C) renarns In larger afoun lately arter the
conposiLtion mm@mm o@aﬁéﬂnslﬁuh&tmaﬁebyamdmg\bidsmlrme bp.ceyﬁnhe at ed

2PSCIe>;|peI5I05?m;lhgmthe s%stem duri ng#émg;gtg; &s n cure SoI Vﬁntg Q) |s not
rel ationshi p-mtﬂxﬁigce i Qfﬁxﬁ'ma‘?ﬁ?:%l%n‘?(l?fwﬁf@a{a&iieﬁ %afbéd@ahh e

(D, \I\/(’|I§Ch '8 eneration, 1s one“or a mxtur
nmor e subst arme&ekﬂﬁra&r hxtsqionﬁrbrewﬂhemiwiarthe filiiBandthi residnal compomemer at e gas
in the :

fu;mons to form voids. However, in order to efficiently lower the dielectric coystant,
scl’vent (C) must be added in addition to the solvent (B). Solvent (C) is one or a mixtuye
’ 20  of 2 or more solvents that have a lnghcr boiling point than the solvent (B), or that have a
different vapor-preSsuxe curve from that of the solvent (B), i.e., that are more difficult to
evaporate, or that have a different affinity for the resin from that of the solvent (B).
Solvent (C) remains in larger amounts in the film immediately after the composition has
‘pgen coated on the substrate and will also be evaporated and expelled from the system

&

r‘.imi.ng or after resin cure. Solvent (C) is not crucial, but it should be selected with a vizw
% obtaining an optimal relationship with the curing temperature of the resin. |

Additive (D), which is a source of gas generation, is' one or a mixture of two or
more substances that are soluble in solvent (B) and that can generate gas in the
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6 terrperature range from Oferr]Cto 800[err]C by heating or ‘by
interaction with the resin. "Gas generation" refers to the generatlon of
gas by vol at |‘h|zat|on t he generation of eas by an aut oraskeiNo.: TSL1325
deconposi tion reaction, and the release of gas by chenical react ifon with
the resin. I'n the case of the insulating thin filmformng
conposition |ns\/\/n|ch resin (A) is dissolved along with the substapce (D) in
t he sol vent (B) t hrough heating or by interaction with the resin the

substance ([ 9&%&%&? e B85y 0° Q%?/ Shi te
system during“or afte re5|0necr:t§frsg6 eh%,fﬁ?gct o?’ I'S galgptgé%ﬁﬂétﬁarsl
preferably ofeneration™hrefexptolthe genetatiomof gas lgymlﬂmzamm,t}m geaeration of ghs byranf r ee

spaces in thd insulating thin filmand_ thergb the dielegtric
“constant of {RROmeUS T Feactipnyand the J@ﬁ%é}f d%?P“‘v‘\ﬂJf @%?“Psﬂ“
generated frggythe substance (D) nust be conpatible with the process for
formng insulating thin films and will be in the range fromO[err]C to

800[err]& and is IprtﬁasabfupeﬁnwhnﬁgpnnEpﬁ-fominge?mpm]@nismﬁdlﬂesﬁnem)is

Bl er Coat | g Hlong YO P pibkante (3n 367 a5 () iR R BB nce (o)

soceurs Subs Gpittion Withitheresh e fibShcd MIRBHSHA Bas) Prefdily ARH O/ cxpllsfonOm

substance (D) Is preferably higher th g poi n of the Solvent

(B). e f:)meldwtsystem{ @ln)mgt:raﬂe?mmmree Thesffopt nfcmagashgmanon I&eferably
Apht hal ene, SRVl Spsifpion frf o syefome ds ey pitsior ol et 84 RRMAL thin

and t he fgi kq’umvﬂiﬂ&h&x&rmamy&a@&ﬁ@b@g%eomsmaﬁnyﬂﬁdﬁnﬁ Thewehftaiare
silicone is preferred based on conpatibility considerations.

Addi tives (B sthirk gag dgenarateddrom the suhstancedh mysthernompatiblewith the psasassifor i ed

e, " ™" toliing Srplading B Fof RS o B bk AmEL AR boaR i bt

can be exenpgdgdbeet m/mnsammpﬁmlmmxﬁ%nﬁnmjoﬂ&wmm&:

1, 6- hexanedi am ne, when the resin contains SiH, in whicth case hychogen gas
i's generat edwporatesxﬂh@ﬂphmﬁmrc@ng@ndhp&tﬁ&%bmtgammﬂmﬁeum exposure

';('or gilgh gner. %/ﬁ%?‘%l x on_su h as Bﬁ“t r ?ﬁs @%} ul E r a¥| ol et 3%8 E‘PE? Lypes
of radiatio %aﬁﬁﬂu&‘%w&%{efeﬂbﬁqmdiﬁdnctﬂe bdilifig péifit &fthe solvent ®B).
Additives (D) that generate gas by volatilization are exemphﬁed by. but sot
lted to, organic solids such as biphenyl, naphthalene, anthracens, and the liks:, and by
- ¢ s such as silicone oils and the like. When hydrogen silsesquioxane resin is used as the
20  r3:in, silicone is preferred based on compatibility considerations.
. Additives (D) that generate gas by thejr own decomposition are exemplified by,
' 1;3%5: not limited to, organic peroxides such as benzoyl peroxide and the like.
.'n - Additives (D) that generate gas by interaction with the resin can be exequ:hﬁed by
tmes, for example, N,N.N'N'-tetramethyl-1 6-hexaned1ammc, when the resin contains
25  Sif in which case hydrogen gas is generated.
The resin coated on the substrate is cured by exposure to high energy radiation
s\wh as electron beam, vltraviolet radiation, X-rays, and others. A single type of radiation
¢sm be used or several types of radiation can be used in combination. The use of
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7 exposure to high energy radiation permts resin cure to be induced
while restraining the tenperature to | ow, evels. g:g ¥6§$§

i nduce resin cure at |ow tenperatures th?ough t he use ofDQ‘:j‘ﬁ gh
energy radi ation as described above permts use as the resin of | ow

nol ecul ar wei ght hydrogen sil sesqui oxane resin with a nol ecul ar wei ght <
1,500. Low nol ecul ar wei ght hydrogen sil sesqui oxane resin of this type

of fers the advantages of an excellent capacity to coat and planarize the
substrate o~ cRidah o lcubet %ﬁﬂ@ I

vari ationsa&% ?ﬁg%@s(s%isﬂte?a e cause ,rﬁ?ﬁsrlfeg?arrpl g%%;/&reﬁfgrl%epnnects trﬁéfl t he
sane tine, tojeatne elopaewele t o hi gh tenperatures causes resin ofgthis type

to scatter out, S in cont am nation of surrqgundin ment _and a
et on o 1 TR R oS BT Ko rhtectiti SR e R oA
the case ofpith eﬁa?& rédidtion Gs dbREDEKBEVE Pernhily 138 aPHHR Resin 6f IBWAbIBLNIAF Wei¥ht
renmove the | ow ecul ar wei ght conponéent from hydrogen sil sesqui oxane

‘Fesi n.  Howelsprogenisilsesquiondnearsio sitha moletlarweiphtrl, 500 diow mbcplarmelgmt he
use of | ow ecul r vver ht h dr ogen_si | ane re
*at mospher e %84? g‘h’c‘? ?f? gﬁ%x ff*‘%?’&"&!’“"&ﬁﬁa‘wn

addi tion t ookt S ﬂﬁ%ﬂﬁ‘d&a&ta{ﬁ%ﬂ*&%&ﬁm goifytbHillin aRA b8 By be run
in special at m)sph res such as water vapor ni"a, nitrogen nonoxide, and
~ozone. topustaphical lveridtiagis oemhrsyl}astmdi:alsed)ﬁon@awlet heirftezconngtist i thed ect r on

beam exposure can be carried out.af ,anbi ent ressure r,..Q uc

pfessure. | g fme, howeysr. eXnosyre g‘? F“gﬁ W%Wﬁ'@rogtﬂﬂ? brpe%?] é‘r‘g‘t’—%‘&p her e
i's not pyitieggtingitcomdRfatich FFIRrrOEhdiy Wwadﬁm&mﬁtﬂm&n&ﬁﬁeﬁ

al ready descrr bed above. In the case of I rradi ati on at reduced pressure

the degree 6r<eﬁ@eqmmha§bagamem@m¢aéepfmﬂwm dor xamglos inpan

bt ent pr c2i B PrRRERAY EnbADHe R el Wellh SOm Al iBn galcch ! 7 8
pressdlie andisk-auaahé &yﬁaaﬂomar tlhﬁlss psexpmirew bighlelergy radistivnarmitegrur

I mmedi ately after exposure under a hi acuum the dangling bonds that
have ‘been pRsg e dosw m S%WSEWPF‘M@&H be preserved. Under

R o 2 el ?9#5* Qﬁﬂa@e‘f?‘%&ss.@w@fo&%ﬁﬁzﬂ%ﬁ ) AR Ton
¥ of the danghmngedmﬂdmygcﬁmmegesthaﬁhmmmyMemmcm afoizphéresn Of

post-iyradiatjon reactions for, filmformati do
%4 " guch as water vapor, ammonia, nitrogen monoxide, and ozone.

‘When the high energy radiation takes the form of the electron beam, exposure can

be arried out at armbient pressure or at reduced pressure. In the case of irradiati on at

20  27hient temperature, the atmosphere is not critical and exposure can be carried cut under
ti atmospheres already described above. In the case of imradiation at reduced giessure,
17 degree of the vacuum is again not critical and irradiation can be carried out a: any
pr*ure ranging from ultrahigh vacuums to vacuums near ambient pressure. In Mﬁou,
w!'en exposure is carried out under reduced pressure and in particular when the specimen

25 i3 seld at reduced pressure immediately ::ftzr exposure under a high vacuum, ths dangling .
i»ouds that have been produced in the insulating thin film can be preserved. Under these
cj:_irrmlmstanées, the admission of any of various gases 1o the specimen with a drop in the
t{ééfce of vacuum makes possible bonding or substitution of the dangling bonds with the

a8 molecules and hence the utxhzauon of post-xrrad:ation reactions for film fonnation.

S 1]
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The crosslinking arising fromthe curing reaction can be, for exanple
crosslrnklngTHasw&Iﬁ@B&h @edlensat i on regction of Si'icﬁﬁﬁgﬁﬁﬂ g%g%ﬁg
crosslinking dition reacti ®n between sili - é ogen
and silicon- bo gﬂ ups, and crosslinking based on the condensati on
reaction of aI d silanol groups as seen in the known types of

| norgani ¢ and organr c SOGs Taki ng these into consideration, the |
conposition fd&r formng |nsuI ating thin filnms may contain an appropriately

sel ect ed addit] verfeirodshekifg Emgﬁﬁ%?fr%tﬁ&&ﬂi iR redditiofl chd'Be, Fbi dx@fhplesact i on
adl atl on

i nduced by the. high energy r The cure accel erator. can be,_ for

exanpl e, a preslinking basdonith flicon-Hpudediydragencresslinking

Qfexﬁ.“éﬂrihirb%%&réﬁ;@é'aﬁeﬁgn%%%&%@ﬁ&ﬁ% B v anlf o Rofied iy VP
this invent 'Q&Wﬂ@&osﬁﬁﬂngbaﬁehﬁnwwﬁﬁc&ﬁmfm@t&bsdﬂsﬂ&a As

shown in Figure 1(a), fabrr cation commences with the formation oft a base
i nsul at i §g [81§es a8 sean in thedkRova THPRS 195 rnosmaralt@gmwﬁ%a‘nkmmswm t he

can b done By SHefiah B daiieiith o AERak i ABeg Wl Bl By SBRIIR TC TS

surface of tdperopeiaichyoselicaidadditive forithé purposerof atetidrativigthe tinfisz rfehdmsu ifduced
el ectrically conductive layer is then forned by sputterrn a netal, for
exanpl e, ardvmthehrg SRCTE} & - The Gresracerierpiop 620 be, forsxampleed platinum-

conduct 1 ve. 15y aing Sl shoiPlathldGhiait g hfR LDl ThoRA B BB
i nsul at il@g- Ie@ympnéﬁerasamuéﬂkltypéafrhm&pgmdmumg for exanple, by spin

coating, the.entire ace of the em conductor substrate 1 wi,th the thin
filmforning compd® |‘S¥“cftﬁ ﬁgﬂ‘&eﬂ@w&rﬁew\g& sure to
%ﬁéwn

hi gh ener gy 15;6&&;;%511 8 sentitidrddeko Nty afa!b

i nduced within e insulating *ayer 4 urrng ﬁ ourseo or a ter resin
cure, -ahd thvm@afolgmuenafabasmmuMmg:hﬂeﬂonarsémwhdmﬁorcﬁ:bsm1(siludoat| ng

| ayer 4. This densi ccurs_as,the devel or oS-t n the
i nsul ati ng I"é grS r&& “Eé‘:ea?lfo‘f’%@?éé%%‘cf’ﬂl‘l"% g%gggquithgg Mi ng
layer #4.15  This cadeddR¥By idyidg SBWE forlekimp hiBPSﬁfﬁﬁi&%r?hetcﬁﬁcho the'
exanple, to the | ower IeveI I nter connects a and are then provi ded by
raski ng wit ﬁeanq@nduqembszatahand reflowing this film. Anelccmcally conductive layer is
& then formed by sputtering a metal, for example, aluminum, on the base msulatmg layer 2.
Lower level interconnects 3a, 3b, and 3¢ are thereafter formed by patterning the:
ge nductive layer by known methods.

20 ~ As shown in Figure 1(b), an insulating layer 4 is subscquenﬂy formed by coating,

foi-example, by spin coating, the entire surface of the semiconductor substrate 1. with the

m'h film .fonning composition and subsequently curing the resin by exposure to lhigh

ensrgy radiation. During this process, the generation of gas is induced within the

insulating layer 4 during the coursé of or after resin cure, and this gas generatiop causes a

25  dedensification of the insnlating layer 4. This dedensification occurs as the development

of gorosity in the insulating layer 4 or as an increase in the free space in the insalating
As shown in Figure 1(c), through holes 5 that reach, for example, to the lower

isvel interconnects 3a and 3¢, are then provided by masking with photoresisf nd
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9 selectively etching the insulating | ayer 4 that overlies,

respectivel yrhxstSh&thén uedd | nterconnecgs 3a and 3c. 0 L r
is then forrre Hﬁlm \ﬁ' re surface bygsputterl ng a Jﬁﬁ%r*@&g%ee

al um num Thi y et chback by plasma etching until exposure of
the insul ati ng ch | eaves interlevel interconnects wthin the
t hr ough hol es .5. As shown in Figure 1(d), the upper |level

i nt erconnects 6a and 6b and the insulating |layer 7 are then formed on the

et chbacked sssidcaisly bythingehsmsmatins lApstst Bat ovedtils, respet@vely] thel lowet lovelr | evel
I nt er connect s'*3a to 3c and insulating |ayer 4. The preceding steps result

in the forneibicgrengecty3aand 3q. e&svndwwemnééﬁn &rméw%h%mremfaqsév

| nt er connect égt é@ rlegr Ilm n ?’E&b? %@9 he
seni conduct 0 Jﬁg% rata? v#eaﬂlgr "":' nteiﬁilcsgér)l‘nec & electriccal

i nsul at ed byettigy Gilex E@m& atthélmshlaﬁ@g layeral) Shhidhlcaves aitérfuvel mtdiléﬂnhaéts ng

layers 4 and 7. The fabrication method described herei nabove nekes it
possi bl e X o WR@QW@NSMSH c constant of the dedensified insulating

| ayer 4 to bel,ow r Q ﬁ§ % glg nst ant of
the insul ating | aése@o ‘Bé’r‘%&? E(dg' 'ﬂg sler‘lrgf%s ary i nklﬁ‘e %ﬂréelge i nvention
tonl ower t heipfig ki liyed 7 did)@heh mxudeatonﬂﬂa > dtohtREkSDSuIAcd Pt Bfiné hrvthoas estded Of
free space. However, the devel opnment of this porous character nust not be

acconpani ed ‘B %@%@Wﬂﬂﬂ%mﬁﬁﬁﬂéﬂﬁmgﬁlﬂw lpyer d; dibe presp
breakdown, ag| é’&ﬁ%a&%@éﬁ%‘i@ﬁﬁ%&t %ﬂ@%ﬁi&%fevihe resin

of the |nsulaﬁ ayer 1s preferably hy rogen SI sesqui oxane resin, which

is a si Iumomﬁmndasmwmr lcvehnl&f:éﬁfec&hﬁaﬁ&ﬁb@nsbdmmhdha&rbeen
coated on the sem conduct or substrate and the sol vent has _been repoved, the
resin may besUirated wherein theintersopnects amels@pcﬁbfaml%eé by deibas Bsatig layer

sem conduct ﬁ ?ﬂg r in the
i nsul ati ng Iayer H&% I's calgtgr@mértgg#?s?gge erabl’y used&lfsh E has a
nel ti ng -poi rtieseinalet akes iy ppssiblé to bring the dikeemictcbstint of thesdelersifted idndatingot

cont ai n addi t'i ve (D) gfts generation after the beginning of resin cure wll
he brought T Tad ppe i"H’ dol'vent. Wien the resin sol ution contains additive

(D), gassgener at i fidedir i fedhbith BGAHC KonOthnt i the infilhing faber 18 B1BW L is
r-¢<essary in the present invention to Jower the density of the insulating layer by

‘ 3 uneasing the porosity or free space. However, the development of this porous -haracter
%nm:t not be accompanied by negative influences on the film strength, dielectric
briaskdown, adherence, or moisture absorption. As a consequence, the resin of ﬁ}e

20 igsulating layer is Preferibly hydrogén silsesquioxane resin, which is a silicon dioxide
pre#msor. .
After the resin solution has been coated on the semiconductor substrate and the
sé*vent has been removed, the resin may be melted in order to fill in topographigal
* wiiations on the semiconductor substrate and planarize depressions and elevations in the
25  wsalating layer. In this case, aresin is preferably used that has a relting point ar
¥~ %ening point.
When the resin solution does not contain additive (D). gas generation afer the
hegmning of resin cure will be brought about by the solvent. When the resin sohution
contains additive (D), gas generation after the beginning of resin cure will be baught
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10 about by the additive or solvent. In either case, gas generation

must occur afi.eg t egi.nning of resin cure. Wen the S .generat.i on
process occu];r;“séh 4 et i 1 uncur edl® orm pr obl ensgﬁ?qk%‘ﬁ@\’/&ls%3%%ch
as cracking i , y obtained insulating layer and a failure to
obtain an ins I ith the desired thickness due to dissolution by
the resin. In order to cause gas generation after initiation of
resin cure, chemcal stabilization of the solvent or additive at the cure
initiation Lienp hi &Etdl i f erature
for the initlg't?%ﬁ{eo Sgg%étﬁ‘é%%tﬁﬁgrnﬁ%ﬁggta @ﬁ#‘%& a [gfvavﬂitgénm;erature
for the i nibeginingofxesinearen Whencthe Fiscgenemtion process ioocurp withdheussim inccur s

ener at i on. W RoR Db cunrel ol Hevslescrh AL s Rt FRCRRY SRR, of

porosity i ”ingvﬂﬁﬁﬁé‘ﬁyéﬁhhagﬁﬂﬁﬂobminmmsnmﬁg QR Hetekiodd HR¥nAg gaar 1 i ed

out at reduceg pressure. e execution of gas generation at reduced
pressur é cate dissohition hy ¢hegasingener ati on. In addition to conducting gas

generation by heating, it may al so be carrjed out with t%e i,npr essi on of
ul trasound or m%%&%ﬁ%@.%%’é‘ﬂ?mw‘b%wm_ e.m‘%e_ execut i on
ok. gas genegaiiligioR bf tHeSolvERT %AIRNe af theChreQNifkEsh RIpERtIre cROBSidAlRed O

| ower the treatnent tenperatures in the overall fabrication process. After

gas gener at byoestablisking abighstemperatyae fiw ksl ipisiation of gasgenyygtioneand/argsteblishingsur e
to high energy radiation. .The.treatpent tenmpgrature in.thi cess can be
reduced thr%%y%éﬂwm%fm%wg%%cgﬁ%ﬁ ggner&lonpf%fgﬁég}swa eration
can be, 10 or af@exatiddRrate Sird bl pricktd Sdimplele Wite? ThRDcturfekt 6MNgds g@Athfid-CRidON

reactions such as deconposition reactions and chenical reactions (also
i ncl udi ng r @asHipbae cwp prrmifscanefiertive deyelopmaniaf parosiy in Hadasvlating layat.af t er

| i quef acti on.of lid. diti . ' ashfi ,

deconposi tion .an'g'heT %ag'\#gger%ﬁ&e%%%ﬁegéaﬁ(l% ‘t”'&%? @Wi %&%gﬁ%@h@gﬁéagn are
preferr&d sgeesmtiohayredided picsyire an awgRtite gasi gehérdrmt el addirioh eo seitiactinyiuct or
devi ce. - The dielectric constant of .the | nsul_atigg Ia%«‘slr can_be
brought bel & Zneratign Bbhgating it may alspbe saHed pohwidh ihe dmpregsion ehultz:ognd of on of

or gani gyq esﬁsﬂ:s ANeRe £ LSRR kS atiation). The execution of gas generation b the

. "%w  impussion of microwaves makes it possible to lower the treatment temperatures n the

L/

g oveféll fabrication process. After gas generation, resin cure can be developed furiaer by
heaizag or exposure to high energj radiation. The treatment termperature in this fcocess
c&1; be reduced through the use of high enesgy radiation.
20 The gas generation can be, for example, volatilization (simple gasificatios);
gs: fication reactions such as decomposition reactions and chemical reactions (aiso
irjuding reactions with the resin); sublimation; and gasification after liquefactioa of a
S&i{it_}_; Additives (D) that undergo gasification or decomposition and leave no revidues in
the %stem after gas generation are preferred since they will have no negative infjuences
25 t:-ti:. he semiconductor device. . o
The dielectric constant of the insulating layer can be brought below 2.7 .by', coating
the semiconductor substrate with a solution of organic resin and/or inorganic resit
diésblved in solvent and.forming the msularhng layer by curing the said resin by exposure
té‘high energy radiation while dedensifying the insulating layer through the genciation of

¥
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di ssolved in solvent and formng the insulating |layer by curing the said

resin by exposure to high energy radi atigp whi | e dedensiﬂéégegﬁahﬁ‘I
PR

i nsul ating | ayer through the generation

insul ating layer after the beginning of resin cure. This nakes possible an
adequate attenuation in the parasitic capacitance between interconnects in
sem conduct or . devices in which an interconnect structure conprising at

| east one el ectrically conductive layer is provided on a sem conduct or

substrat e wgadwithipaheinhfriny)/lagdr aftes Be begiasing of fsin cuad. | Thit Bakdsgpossiblelagyer -
even in the case of highly integrated circuits in_which the interconnect
gap i s nar r 8deguateaiipmpnion imihe parasitic capacitance between interconnects in semiconductor

approci at e SRSl b IR e Comalndl SRR LA opffecve
present ed, [ldvebiipheridsictay Sieqficbndictbr §dbesae RihEPpLAIGR UENdnR osé® Used to

limt the scope of this invention found in the clainms as used herein, an

angst rond i sclegicylly inpalating layer -meven in the case pf highly iptegmaped rincyitsin whigh thes

eval uated by, %}ggﬁﬂ Li : 9 ?E'lu i -H bond in the insulating | ayer by
Fouri er transt "ormlin é%gﬁma%%orp%gén Spectroscopy (the val ue i medi ately
after spin coating was used as 100% . ‘The dielectric constant was

nmeasured at 25C/|. MHz on a sanple forned on.a silicon wafer with a
resistivity of 10[err][err]-cm The W&mt was run using an inpedance

anal yzer on the Hﬁegg | #8&88 #Bfeéiﬁﬁtﬁeﬁﬂgﬂtﬁ od
wth al um num el gg?‘;ﬁg es.gﬁnéﬁ;‘\ﬁ%%tm%ﬁ{ uct orgé%a ces havi ng anga mpnum
mul ti| el@l hetimy terfollewing examples are prosemted, driveing umplesstondthatithdse axdmglesir e
hei ght of 0.5, and a feature width d,feature ipterval ,of 0.18 pm each)
base coate dsm‘-‘i)‘ﬂ;“’a‘%ﬁ\?ff‘; @a’%\g\eé"%&f & YRR égncgl_nfhg ﬁ%“%??d’éﬁ’gib?‘?’é‘v
Exanples 1 ggugdrom is equivalent to 0.1 pm..

- The conversion to silica was evaluated by measuring the % residual Si-H bond in

thi ‘nsulating layer by Fourier transform-infrared absorption spectroscopy (the value
45 immediately after spin coating was used as 100%).
,. The dielectric constant was measured at 25°C/1 MHz on a sample formed'on a

¢+ siligon wafer with a resistivity of 10720-cm. The measurement was run using an
inmspedance analyzer on the capécimnce between interconnects by the sandwich method -
with aluminum electrodes. X
’ 20 Semiconductor devices having an aluminum multilevel interconnect structure
(imé;connect pattern with a feature height of 0.5 ym and a feature width and feature
isizrval of 0.18 }m each) base coated with a CVD film were used in Examples 1-7 and
Comparative Examples 1 and 2. |

. 4
25 EXAMPLE]
Molecular weight fractionation was run on hydrogen silsesquioxane resin: with a

piraber-average molecular weight of 1,540 and a weight-average molecular weight of
7,75 (component with molecular weight < 1,500 = 41%, softening point = 90°C) to give

T
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EXAMPLE | " Mol ecular weight fractionation was run on hydr ogen

si | sesqui oxane'resin with a nunber-averagge, nol ecul ar wei ght .of..1, sgﬂ a

wei ght - aver age nol ecul ar wei ght of 7,705 R:onponent W t hg‘ﬁ‘b‘fk@:HP‘a&%gvé' t

[err] 1,500 =.41% softening point = 90[err]C) to give

12 a fraction wth a nunber-average nol ecul ar wei ght of 5,830 and a

wei ght - aver age nol ecul ar wei ght of 11,200 (softening point = 180[err]C).

This h-resin fraction was dissolved in nmethyl isobutyl ketone to give a

sol ution conj g qwhg hBdLe infblecula? wellib® of R0 b WRIFhR&Lpe

cycl ohexyl be%\z-_ened?‘at aﬁ@?‘gﬁ%@%ﬁ%n themwei ght of thgé%ol ution.

The hydr ogennmlecaias weighkaliil, 2005 oftenidg ot 180SCY pThis boasie fraction was

sem conduct or; device usi | i minary rotation of .500,r r seconds

and then a né%w?\'%‘ﬂaﬁ%w?gﬁ"%a@ & W%“‘?é‘&@ﬁ&&%&? E’B‘M 52’33)‘}5\7 was

thoroughly eﬁﬁmﬁoﬁ% %Haéai?&' tbbbfbdidetl RUPSZRT bREALA BiERALMtOE ehedave a

filmwth a thickness agf 8, 010 a%ﬁistrorrs inits doeepest secti%_.:-Usi ng an

ef ect ron beasnhitiomadi ator with an accel erati on voltage of 165 kV," the wafer

was exposed to a | eciron heam.at a dase .of 80 M ad under curren f

e ogen_ that conThs BEPES SRRy T IAcolRpPL Tt oORe 00 B FARieFRtacEe

was | ess sol Ml&ds&g@éﬂniﬂa?ﬂ%ﬁbh Jf SO0 fifin FRi W sebotitR dhd tiRh )4 radih Sitadel oF
waf e

coat i ng. The r was annealed for 1 hour at 400[err]Cin a quartz

fur nace undef,80 rpm fasd@sceands.c After thaisolyenttwgstheroughly pyaperajeds standipg farlan,
and held for .10 mnputes,at roomte e . 1he resi L Si-] cont ent
in the insulﬁ‘ﬁ%?fﬁtg&(’éﬁw °ﬁvﬁgﬁ§§ra%°gg%5/fh&#é%§§8w‘§%d t hat

26% of - t e hy&lihed8ctivh! TREBUHNRIREEN besh IrrdislocRitly 8 hedletfionivoltsge of 165
addition, no abnormalities, such as cracking, etc., were observed in the _
i nsul ating | 3yethe aafeswassapesed taan clectron beamyrat 8 doseref 0dYIradiunder ogurgented i | m

by the vi'a noroeauiii et i St A BRERRRNA nabiaia) UyE WRCE B
i nsul at4 ng | Bymethylissbatyl ket than dmardiacinaieispin cdatiagce was 2.5, and no

abnornmalities in electrical characterjstic re observed. s
" The wafer was anpealed for 1 bour at EOOVA% in a quartz furnace under a nitrogen

%15  cprent that contained 10 ppm oxygen, withdrawn, and held for 10 minutes at rvom
temperature. The residual Si-H bond content in the insulating layer formed oﬁ the wafer

4 ::-.-as 74%, which confirmed that 26% of the hydrogen silsesquioxzane resin had converted
16 ilica. In addition, no abnormalities, such as cracking, etc., were observed i \ the
insulating layer after conversion.

20 °  After the formation of a CVD film on the insulating layer, a multilevel
u1:terconnect structure was elaborated by the via hole contact technique. The dizfectric
¢:y::stant of the insulating layer in the resulting semiconductor device was 2.5, aad no

 ahaormalities in electrical characteristics were observed.

25 ‘EXAMPLE?
The h-resin fraction described in Example 1 was dissolved in methyl isébutyl
kétone to give a solution containing 18 weight% solids. To this solution was :ulded
syclohexylbenzene at 10 weight% based on the weight of the solution.

This Sheet Has Been
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EXAMPLE 2 " The h-resin fraction described in Exanple 1 was dissol ved
in methyl isobutyl ketone to give a solution containing 18 weight% solids.
To this solution was added cycl ohexyl benddne at 10 wei ghp%"'@ﬂ%‘tf PH-13R4
wei ght of the sol ution.

13 Asing the nethod described in Exanple | the hydrogen

si |l sesqui oxane resin solution was spin coated on the sem conductor device
resulting inafilmwth a thickness of 8,020 angstrons in its deepest

section. The waf g¢ Jr@e@kneﬁ m L3, Exanpl e
1. The residual gﬁﬁ%ﬁﬁm&gﬁn In %@%gu at) n% Fgggé}h‘?gﬁréék%% t he
waf er was 7 3ékutiod wak spin cbatedramttheisemicordaocdr delice ngsditingdém a Silinswigoaithickaass
resin had conyerted to silica. In addition, no abnornalities uch a
cr acki ng, et°<§f¥§%’ "G’B%“é?%ge‘?i’ﬁs‘tsﬁ@qnn ﬁ&ﬂ&#@?ﬁ%ﬁ?%@%@*@ﬁ%.
After the fqmRidLOR 4 fixi‘m@f ' t b’ﬁﬁ% | ; k!
interconnec'(tafs'truct l}{r?e wa gl'f%%?zite %It e vﬂénﬁgdgeg%nt act [-Htj'g:%m que.
The di el 8ct vochewafer was 73%, which iconsfirmtlitmag 27 %yefithe hydrbgenrsdseshuionape resin
sen conduct Qr _devi ce_was,.2. 4, d no abnornul.ities in electrical
characteris 'i%@%%d%%]é%iﬁ ﬁ&u@(mlgggo@%ucs,s ETIPKINE P PR E L i on
descri bed i%b@f%%éh?ﬁﬁﬁ:%l%ﬁ&'ﬂ@&dn@eﬁﬁhhy' i sobutyl ketone to give a
% s

sol ution containing 20 weig ol'ids. To this solution was_ added
cycl ohexyl benzenefeer tieCformatismt ol dilmronthe ingdatrg lapér, a maltEevalt i on.

Usi ng the nethod described in anpl.e | the. hydroge | Lsesqui gxane.resin

sol ution MQ%W%%&“SW# ﬁlgégr%@gmmwp 589'%@3“3’&'@& cl'{ﬁﬁgféil € main

rot at i ongWag. Ay Of HaTthduliting Gayef PR SesiRMg lsbiit@ndibtcd dovicBwib 214, and Jid ckness
of 13,200 angstrons in its deepest section. The wafer was exposed to

el ectron beahrmmalitiesinslestiicabchamcrxisties were obsereed: esi dual Si - H bond cont ent
in the insulating |ayer forned on the wafer was 74% which confirnmed that

26% of ‘'t he hydrogen sil sesqui oxane resin had converted to silica. In
addition, nEgxpigpdities, such as cracking, etc., were observed in the

i nsul ating layer ) o
- The h-resin fraction described in Example 1 was dissolved in methyl isosutyl
15 i:'.letane to give a solution containing 20 weight% solids. To this solution was ad led
e#tinhexylbenzene at 10 weight% based on the weight of the solution.
T4 ' Using the method descibed in Example 1 the hydrogen silsesquioxane ) "sin
saiation was spin coated on the semiconductor device except that the main rotar on was
% /500 rpm for 10 seconds resulting in a film with a thickness of 13,200 angstrons in its
20  devest section. The wafer was exposed to electron beam and anpealed as in Exymple 1.
T3 residual Si-H bond content in the insulating layer formed on the wafer was /4%,
which confirmed that 26% of the hydrogen silsesquioxane resin had converted to silica.
& addition, no abnormalities, such as cracking, efc., were observed in the insulating layer

aiter conversion.
~ " After the formation of a CVD film on the insularing layer, 2 multilevel
~ ‘pierconnect structure was elaborated by the via hoie contact technique. The dj-tectric
‘coastant of the insnlating layer in the resulting semiconductor device was 2.4, and no
abnormahues in clectlicai characteristics were observed.
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after conversion. After the formation of a CV/D filmon the
insulating |layeér, a nmultilevel interconnect structure was_el aborated by the
via hol e contact technique. The di el ectri é4constant of th90ﬂﬁ§§&&ﬂi 3¥§yer
in the resulting sem conductor device was 2.4, and no abnornmalities in

el ectrical characteristics were observed.

14 EXAMPLE 4 The h-resin fraction described in Exanple | was
di ssolved in nethyl isobutyl ketone to give a solution containing 18

wei ght % sol i ds.-To this solution was added anyl benzene at 10 wei ght % based
on the wei ght:of the solution. Usi ng the nethod described i n
Exanpl e | t hEXAMPDOBdN sil sesqui oxane resin solution was spin coated on the

senm conductor device.resulting [n filmw th._a thj,ckpness of .8, 0
angstroms in its Bésﬁmm&é#m%mgrm swﬁijbﬁgg’ﬂg%n'@fh&{sg@w]beam
and anneal edk@!%néfb@é‘g%lﬁﬁ%, Gnih 38 WeidntF! solitd Crshbssual fiivh vat B

orned on the wafe

i nsul ating | ayer was 74% which confirnmed that 26% of
t he hydr o§en asivitenzanciabi@weight% basedad thoweight efdhe soletidn.ca. | n addition, no

St et o SRR
I nsul ati ng | 3¥Gfion #aflhpih %ﬁé’d?ﬁn the 's&h i SRMREr d‘é‘vi'b&?ésiﬂﬁﬁg\!@ﬁﬁﬂhaﬂﬂ{ #hR%nbs t he

via hol e contact technique. The dielectric constant of the insulating |ayer
in the resul of 5§08 engstromd in ity deepestiseationaEhowafer wasiexposedinciestion bpug and,

el ectrical characteri.stics rg.observed. MPLE.S5.. . . The ‘h=resin
fraction des@H #ﬁ“m MIQH{SWWWFE%W’%WBW%WB to
give a sqput bRRncRiferwas 145 MhidE caitiriked ot 36% ofthd hydRosfea|silidsqilioxd@fe radifled

bi phenyl at |0 wei ght% based on_the weight of the solution. Usi ng

t he nmet hod dbsﬁwnyenedwmwgnmu@m@ongmmbﬂe% Sohcas GEACKIREneIC s WeTen

sol ution was oﬁf&%ﬁgﬂeﬂsﬁﬁhﬁﬂ%é%c&ﬂ%foﬁf device resulting in a film

with a thickness
' After the formation of a CVD film on the insulating layer, a multilevel

infexconnect structure was claborated by the via hole contact technigue. The diclectric

¥1018/034

15 _ constant of the insulating layer in the resulting semiconductor device was 2.4, and no
ghaormalities in electrical characteristics were observed,

EXAMPLE 5 | .
© The heresin fraction described in Bxample | was dissolved in methyl 1sobutyl
20  Xétone to give a solution containing 18 weight% solids. To this solution was aoded
" biphesyl at 10 weight% based on the weight of the solution.

Using the metbod described in Example 1 the hydrogen silsesquioxane x:esin
solation was spin coated on the semiconductor device resulting in 2 film with a thickness
oi 8,015 angstroms in its deepest section. The wafer wis exposed to electron beam and

25 w.aealed as in Exainple 1. The residual Si-H bond content jn the insulating layer formed
on the wafer was 74%, which confirmed that 26% of the hydrogen silsesquioxane resin
h‘#j converted to silica. In addition, no abnormalities, such as cracking, eic., were
ebserved in the jnsulating layer after conversion.
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of 8,015 angstrons in its -deepest section. The wafer was exposed to

el ectron beanﬁand annealed as in Exanplelé. The residualIﬁkugbﬁpnﬁggﬁﬁﬁent
in the insulating |ayer formed on the wafér was 74% whicC Eon 'Y at
26% of the hydrogen sil sesqui oxane resin had converted to silica. In

addi tion, no‘abnormalities, such as cracking, etc., were observed in the
insulating | ayer after conversion. '

15 After the formation of a CVD filmon the insulating | ayer, a

nul tilevel inter goraekd fofthatitil off CVDYilH e aisalitiby laybe a vidtileedle cont act
techni que. The dielectric constant of the insulating | ayer in th? resulting

sem conduct dntettenness stisturg was elaharated byshe vigdpleqoatact lechmgue; The ficlectric

characteristj ahb . E. . Y. '

fractionati ﬁ%@@‘ﬁ%@%"d@ﬁéﬁ‘%@%’% I‘E@g :}%?élg}?%ssf s%%%%x‘%ﬁie&r eag‘lﬁﬁzt,\%ﬂé ﬁo a
nunber - aver aBgcamilities indlectidal Bhariieristicd Weredbe@vellt - aver age nol ecul ar wei ght
of 7,705, and a softening point of 90[err]Cto give a h-resin fraction with

a nunber5aver;age nol ecul ar wei ght of 743, a wei ght-average nol ecul ar wei ght
of 1,613, a -i'ﬁllﬁ"f ning point of 25[err]C. This h-resin fraction was

di ssol ved i Irﬁ&"m—x?ogsol vent of hexanet hyl di sil oxane/ octanethyltrisil oxane
(30/70 wei ght%) tMolgenlsr weigh frdctiofation wasipeifagned-on/chyginégen silfdsqaiox e redin s
sol uti on was added cycl ohexyl benzene at 10 &gi g‘bt‘% based on the wej ght_of
the sol uti orfvik a numberayprage Molechiar WiEDHeSh1th 8 vaishtayemps molecile waight ofyen

si | sesqui oxae,s god gw%%??%gggﬁ_ ér%@gﬁmﬁaﬂg&ﬁ{aﬁ evi ce

except that tHhe’nmain rotation rpm seconds res gina
filmw tI0 a mhéleailaessigtiof 348, weiphisdverage maleculas weighpofl,65% ahd asofteiiieg waf er

was exposed to el op, .beam.and anneal ed as,i.n Exanple | except that the
el ectron beé}ﬁ*‘%é’g(ig{é'a?%g'é"%’?%E%Wq\ﬁ’?o&s?ﬁ@dﬁ%gﬁmg’lmépnd content in
~the insul atigg. istiekdHefbc ridfb,@he ($0770/ ity 63 Yoddrd t hat 28%

of the hydrogen. siTsesqui oxane résin had converted to silica. In addition,
no abnor mal iconiaining YT Weight% solidsi Ty, thistsolutionwas addsd syclobexylbentaneiah 3@l at i ng

| ayer after canversion. . After the formation of a CVD filmon the
insul ating |~g>}a?t$6 iasg@pgmemghtof%hcso{uuon.

15 Using the method described in Example 1 the hydrogen silsesquioxane resin
scintion was spin coated on the semiconductor device except that the main rotation was

34300 rpm for 10 seconds resulting in a film with a thickness of 8,015 angstrom; in its
déé—pest section. The wafer was exposed to electron beam and annealed as in Example 1
e:.cept that the electron beam was at a dose of 160 Mrad. The residual Si-H bond content
20 inthe insulating layer formed on the wafer was 72%, which confirmed that 28% of the
Lydrogen silsesquioxane resip had converted to silica. In addition, no abnormadities, such
¥-oracking, etc., were observed in the insulating layer after conversion.
After the formation of a CVD film on the insulating layer, a multilevel
Igterconnect structure was claborited by the via hole contact technique. The diclectric
25  uadstant of the insulating layer in the resulting semiconductor device was 2.2, snd no
simormalities in electrical characteristics were observed.
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I nt erconnect structure Was el aborated by the via hole contact technique.

The diel ectri ¢ghicR&IRMBeeRRediddgy | NSul ating_layer in the regulting .

sem conduct or " :e 5 and no abnofraiities in el ?‘Flﬁetﬁg [SL1325
characteristic EXAMPLE 7

16 | ohexyl benzene was added to an organic

spi n-on-glass (OCD- TYPE7 from Tokyo Oyo Kagaku Kogyo Kabushi ki Kai sha)
that was a precursor for silicon dioxide. _ Usi ng the net hod

descri bed i n_ EXAIph guefohid @y A en oo ABhaAS Sm Siatlc - SR Elas{aTID 0! o

on the sem conguctor devic tinginafilmwt hi ckness of 7,520
angstrons i nTYFE7dmenTekys@ye Kogaku KogyedfabnshikiKaishahthatiwasa pleoarsemdor beam
and anneal ed ,?,g- i&eEﬁ%npl e 1. It was confirmed at this point that"

conversi on t 48P} 1024 occurred. In addition, no abnornalities, such as

cracking, etc., Wk RSHEMBH dbdirib&fin BiGHpH 1 8 drPtfd-spih oRl148 BMRIiIeN Rls

After the formation of a CVD filmon the insulating |ayer, a multilevel
i nt er conn&ct suincoatedior theasmisioadusterdsyics yesuliing it 8 filo| vathco thicksessiaf H20que.

The dielectric constant . of the insuylati | ayer in t ultin

seni conduct oF " HEVIES IReepey ,secﬁ'r?a's’#be D Fas Pl ie%%gfr”g @?alﬁlt‘ Aty annealed as

characteri st hﬁ@xﬂ%ﬂ@ 105045\ firmed dMRAPoIRt Wit dolibddSiol 1 silica had octB@edl-IeSi n
e

fraction described in Exanple 1 was dissolved in nethyl isobutyl ketone to
prepare a son@riiﬁm;no@hn@mgfiﬁgs,micanings@cmg:eobservedmube 5 lgehod
descri bed i ndﬁg(racgg{r%ﬂl t he hydrogen sil sesqui oxane resin solution was spin-
coated on t h& Seffreconduct or device resul ti ng in afilmwth a thickness of

8,015 angstrons i Afief thedorpioh of & OVIDfilm bh theiadaringdaysa imaltidelef or 1 hour
at 400[err]C in a quartz furnace under a nitrogen current that contajned 10

ppm oxygen,  SFORnEE SIS Way elahasated by thervia bale gentaciinchnidnp e o diplectrithe
i d | S = L) [ «I i .. - )
o o o ok BB oAb 1D N B e Bl P B 1 BT S

séb ‘stgormalities in electrical characteristics were observed.

.15 COMPARATIVE EXAMPLE 1
' The h-resin fraction described in Example 1 was dissolved in methyl isofntyl
£.5+i  kstone to prepare a solution containing 18 weight% solids.
Using the method described in Example 1 the hydrogen silsesquioxane :zsin
;;;i:.ztion was spin coated on the semiconductor device resulting in a film with a thickness
20 278,015 angstroms in its deepest section. The wafer was annealed for | hour 21 400°C in
». partz furnace under a nitrogen current that contained 10 ppm oxygen, withdrawn, and
.Id for 10 minutes at room temperature. The residual Si-H bond content in the:
:i.as-:-:dating layer formed on the wafer was 75%, which confirmed that 25% of the
b+ Irogen silsesquioxane resin had copverted to silica. In addition, no abnormalities, such
25  a: cracking, efc., were observed in the insulating layer after conversion. '
. After the formation of a CVD film on the insulating layer, a multilevel
interconnect structure was elaborated by the via bole contact technique. The dielectric
constant of the insulating layer in the resulting semiconductor device was 2.8, shd no
ai;normaliﬁes in electrical characteristics were observed.
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hydrogen sil sesqui oxane resin had converted to silica. In addition no
abnormalities, such as cracking, etc. observed in é%%

| ayer after conver5| on. After the Vgrmat ion of a @ﬁt?#ei
insulating layer, a multilevel interconnect structure was elaborated by the
via hole contact technique. The dielectric constant of the insulating |ayer
in the resultiAng sem conductor device was 2.8, and no abnormalities in

el ectrical characteristics were observed.

17 COMPARATI VE EXAMPLE 2 : The h-resin fraction described in

Exanple 1 was di ssol ved I n rret hyl isobutyl ketone to prepare a sol ution
cont ai ni ng 2GOMPARS B EWXa 2 Usi ng the nmethod described in Exanple

iehhﬁoﬂéﬂéfgf“dibﬁ%ﬁ%s Cheten apoeried Riteoni L ARleS Bttt 1o
seconds resukét&ggoﬁ%m aﬁm&aﬁ&nﬁﬁﬁg%%@m%fso&& 100 angstrons in its

deepest section fer was annealed for | hour at 400[err]C | n a quartz
furnace under a nUsmggwmﬁhodMnbmmwh%th@mlmeweﬁhdravvn

and held for Q. minutes at roo ure. The resi Sl - nd_cont ent
Tt he | nsul ST VERSE Soian i SERECaFer dones ersop il e SeBPRRR 5 nat
25% of. the Mdﬁ@ﬂﬁﬂf&'lb%@@dﬂdb%ﬂlﬁgﬁﬁ&ﬁhm@tﬂm&s%ﬂﬂ 206 higsframs ifid hi s
case, the post-conversion insulating |ayer suffered froma substantial -

decline in ffeemestisectione Tbe water avea srnealpdian] borger $OQTG in ardverz fgedosinder 2

lrrﬁ%l'?irl evel | n’t chonnecP&L{ ruc ur@é@%%r%@@%#ﬁw P#ﬁ%&ﬁ"?éﬁ:

techni QU0 ThRntleaipeatire. CTRORSIIAASIH béddcobatinahé Bgultylayérfohhied 6iede! ti ng
sem conduct or device_was_ 2. 8. El ectrl cal contact defects were observed in

parts of the%eywae75%. wiislyppufingied that 25% gfthelyeirogan silsasquirssasresinbad n was
Patent publ i e GRS, 1F BRGNS ‘?“i’*séﬁt R AR T sireqfRRRCEC
3, 615, 272) . subataytil declinetil €l yisiclogsnari desokiiguv spcbservedinl the saldtiag layyr.
After the formation of a CVD film on the insulating layer, a multileve]
15 interconnect structure was elaborated by the via hole contact technique. The diclectric
censtant of the insulating layer in the resulting semiconductor device was 2.8. Electrical
¥ sén-tact defects were observed in parts of the device. |

EXAMPLE 8

20 Hydrogen silsesquioxane xesin was synthesized by the method described in
Example 1 (page 3) of Japanese Patent Publication (Kokoku) Number Sho 47-31838
('ti.S. Patent No. 3,615,272). Analysis of the hydrogen silsesquioxane resin product by
gel permeation chromatography (GPC) gave a nuinber-average molecular weight of 1,540
and a weight-average molecular weight of 7,705. The hydrogen silsesquioxane resin was

25  subjected to 2 molecular weight fractionation according to the method described in
Example 1 (page 5) of Japanese Patent Application Laid Open (Kokai or Unexamined)
Mmber 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

i
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gel per neat i on—ehromatography (GPC) gave a nunber-average nol ecul ar wei ght

of 1,540 and t-average nol ecul ar _wei ght of 7,70 PD%i& / 825
si | sesqui o?hm&e&ﬁa%emﬁe ?ac‘gdgj ected to al®ml ecul ar wei gﬁl rglg'?iyo ation
accordi ng t%[ﬂl‘&ﬂwmﬁ scribed in Exanple 1 (page 5) of Japanese Patent
Appl i cation ai or Unexam ned) Nunber Hei 6-157760°

(157, 760/ 1994) (U.S. Patent No. 5,416,190). Analysis of the hydrogen

si | sesqui oxalgie' resin in the recovered fraction ("h-resin fracti(')n"zaofby GPC

gave . a nunber - aver. GHh @Fweigtit@bérags mbleguler Weigh

wei ght - ave wom%wgﬁ%ﬁ?ﬁggo_ The cor;?eid i %’s in the GPC
measur enent.g e BQﬁ'i&i Gnsif HVGPC measurcmenss AtgFepR ‘fromthe Tosoh
Cor porati orﬁ’% Trhgco uﬁn: G3000/ 4000/ (5000 .‘%6000 carrier solvent:
t ol uene - : qagmm:eﬂwmm@@mﬂhe%}’ nol ecul ar wei ght

standard: pol ystyrene lg&; ippticoc fferential refractoneter _

sanpl e: 2 wei ghtCRAIuBY ﬁémeq/g er@ sol ution) - The h-resin fraction
was di ssol ved i n.aethylveh® Qbikdd ketone to prepare the 22 weight % (solids)
solutiomm. To this solution was added cycl ohexyl benzene at 1 wei ght% based

on the wei ght' of cdliman seshperatse: 38°¢i I mwith a thickness of 6, 040 angstrons

was produced by spin coati ' On a silicon wafer at a
prelimnary rot amols Wﬁ’(%%t m da; seconds and then at a main rotation

of 3,000 rpm,for ;40 &mc ikt refretbnipjerst andi ng for 10 minutes at room
tenperature. $Using an el ectron

of 165 kv, the wedplenasveiatseis GouPelior) ) "Leam at a dose of B0 M ad. .
ese solbl 6 1 methyl i sobutyl ket one than i ATedl &5 hy ALLeL SEIEOR | N
The wafer was:an mlhé@siﬁtifacﬁogrwasdissol‘!ﬁdd{l my%ﬂuﬁfﬁﬁécﬁé&’gﬁ raﬁé%éejzﬁnder g-
nitrogen wéi’ght% (solids) solutidn. To this solution was added cyclohexylbenzene at 1 weight%
wased on the weight of the solution. A film with a thickness of 6,040 angstrox?:s s
-iz,aduced by spin coating the solution on a silicon wafer at a preliminary rotation of 500

15  xpip for 3 seconds and then ata roain rotation of 3,000 xpm for 10 seconds followed by

. . o th an
etznding for 10 minutes at room temperature. Using an electron beam irradiator Wi .

tage of 165 KV, the wafer was exposed to an electron beam at a Jose of

a.i:::elcration vol oot ,
§(. Mrad under nitrogen that contained 70 ppm oxXygen. At this point the filip was less

s:il::b]e in methyl isobutyl ketone than jmmediately after spin coating. .

20 The wafer was anncaled for 1 hour at 400°C ip a quartz furnace under 2 :aifrogen |

4 ;frem: that contained 10 ppm oXxygen, withdrawn, and he}d for 10 minutes at reom
i-H bond content in the resulting insulating film was 74%,

(s aperature. The residual S 4
hydrogen silsesquioxane resin to silica. In addition,

waich confinmed conversion of the
_ ¢o abnormalities, such as cracking, etc., were observed in the insulating film. The

25 «-electric constant of this insulating film was 2.4.

BEXAMPLE 9 - N
""" The h-resin fraction prepared in Example 8 was dissolved in methyl 1so§3uty1
ketone to prepare a 22 weight% (solids) solution. To this solution was added
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current that contained 10 ppm oxygen, wi thdrawn, and held for 10 m nutes at
roomtenperature. The residual Si-H bond ntent in the rgsuylting
insulating filmwas 74% which confirned nver si on of tﬁéoﬁ§%#§ggﬁﬂ4325

si | sesqui oxane resin to silica. In addition, no abnormalities, such as
cracking, etc., were observed in the insulating film The dielectric
constant of this insulating filmwas 2. 4. EXAMPLE 9 The h-resin
fraction prepared in Exanple 8 was dissolved in nethyl isobutyl -ketone to

prepare a 22.yiiahlfedRat hOR) waight%h badaa of thelwidiSht vl thel soRitiond A SHAI6h a

19 cycl ohexyl benzene at 10 wei ght % based on the weight of the sol ution.
A filmwith titieessiof&270chgsraroweanpyoducedby thecopiing des

inoBx
o a1 on and dHEARG At pepost iy HEuRbo R Ao ARORGEARS af Il €77
the resul tingué Rsidudl $i08 bbhd SOni@:E i/ thiGr=s0lting!inulktink FRGY A%, viieln . of t he

hydrogen sil s€squioxane resin to silica. In_addition, no abnormalities,
such as c¥ ackinigmedconversipn of the bydrogen silsesguioxanergsinte siljcs i » IO

in
dielectric constant..of this insulatjng fi 4, 0,. .
The h-resin &r"é\’ ‘r‘Psp?"é’Bé'? Wnﬁﬂg’lfi%ﬁg?‘s oégém%m%slﬂi%geslgﬁl%@%ﬁ%“ﬁe%%ut yl
ket one to prefatme of il ineil fS9ds Zis) solution. To . this solution was
added cycl ohexyl benzene at 10 wei ght % based on t he wei ght of the sol ution.

Afilmwth a-:thickness of 13,500 angstrons was produced by the coating

met hod descr :beq anpl e 8 except that the nmain rotation was 2; 000 rpm
for 10 secongéf"%fer was then exposed to el ectron beam radi ati on -and
anneal edi@s i n ExThpheedn fradtivn/peepasiedin ElampldBwas dissobwedtin methyl ésobatylil ti ng
insulating fitmwas 74% which _confirned, conversjon of the hydrogen

si | sesqui oxake ReGIERAE 877 Perghte(solida) soiwien- 16 i selnfien Mer eddedsch as
e o MBIl GO o ot i i
o “yizkness of 13,500 angstroms was produced by the coating method described in Bxample
_ % sxcept that the main rotation was 2,000 rpm for 10 seconds. The wafer was then
&5 sxposed to electron beam radiation and annealed as in Example 8. The residus! Si-H
FR ::d content in the resnlﬁng insulating film was 74%, which confirmed convesrion of the
it ;  hy-rogen silsesquioxane resin to silica. Tn addition, no abnormalities, such as cyacking,
o , were observed in the insulating film. The dielectric constant of this insulatiag film
wes 24, '
20 '
. EXAMPLE 11
" The h-resin fraction prepared in Example 8 was dissolved in methyl isobutyl
#¢ :>me to prepare a 22 weight% (solids) solntion. To this solntion was added
ylbenzenc at 10 weight% based on the weight of the solution. A film with & thickness
25 '.;_fe's,lso angstroms was produced by the coating method described in Example £. The
v}‘a fer was then exposed to eleciron beam radiation and annealed as in Exampleys. The
tosidual Si-H bond content in the resulting insulating lm was 74%, which consirmed
cﬁhvcrsion of the hydrogen silsesquioxane resin to silica. In addition, no abnormalities,
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EXAMPLE 11 ~---—Fae—h-resin fraction prepared in Exanple 8 was dissol ved

in methyl [sobutyl ketone to prepare a 22 I ght % (sol i ds

this sol ut Aedt B/l benzene at 104@ ght % based %"@Wﬁﬂe%ﬁﬁ@?
the solutio a thickness of 6,150 angstronms was. produced by

t he coating a3l itbed i n Exanpl e 8. The wafer was then exposed to
el ectron beamradi ati on and anneal ed as in Exanple 8. The residual Si-H
bond content in the resulting insulating filmwas 74% which confirmed -
cgnver s: otn Oéuchfmcfﬁéﬂihggétﬂ Wémexmfmsﬁéﬁahcﬁﬁ&%ﬂo@ms no
abnormalities,

such as crackbh’gm&ﬁbnwaa@ﬂe observed in the insulating film The,
dielectric conStant of this insulating filmwas 2. 4. EXAMPLE 12 -

The h-resin fraction prepared in Exanple 8 was dissolved in nethyl isobutyl
ketone to prggaqmpasaz wei ght % (solids) solution. To this solution was
added bi phenyl: at 10 wei ght % based on the wei ht of the solution, Afilm
with a thickness ShebresimiractipniprennsedinExample fwes digsolved in Methy isokayhod

adiati on anS A EsEaed 2 W (i AR RONER shiiaf fa) Ao Bk ar,

the resul ti nmmmk%mdmthwe@m&ﬂ%mm A dibbiwittedithicknesrofi6B000f t he

hydr ogen sil sesqui oxane resin to siljca. In additiaon,_ no abnornalltles

such as cr acﬂﬂ*&?&oméﬁ’@spfm‘bb@éww& thmsmhﬂda@ﬁgmp {8y Lhpyyeafer was

dielectric c i gfé@vphﬁ : :
The h-resin ﬁﬂ' ohegéoréelg%}g @w&h;ﬂdﬁ\}/‘\as di SS(])EIXVG in rretr%gifim}lsso—gjtyl
ket one t 40 pr bpat content ih them}hm (imxlaﬁdgﬁlmo#astmw; thch dohﬁmabctouvemmn\/ﬁﬁe

added N, N, t et amath anedi ne a ht ed on
t he wei ght Obvfftﬁgensl%% egesmto sxFéa Inald 'rt?on,noa suciP Es crac. sng,

ek:., were observed in the insulating film. The dielectric constant of this insulating film
WS 24,

15 EXAMPLE13
The h-resin fraction prepared in Example 8 was dissolved in methy] 1sobatyl
ketone to prepare a 22 weight% (solids) solution. To this solution was added N,N,N',N'-
ietramethyl-1,6-hexanediamine at 10 weight-ppm based on the weight of the solution. A
fiim with a thickness of 6,100 angstroms was produced by the coating method described
20 in¥Example 8. The wafer was then exposed 1o electron beam radiation and anncaled as in

d-ample 8. The residual Si-H bond content in the resulting insulating film was 32%,
;;;f, sich confirmed conversion of the hydrogen silsesquioxane resin to silica. Jn addition,
1 abnormalities, such as cracking, etc., were observed in the insnlating film. The
dsgectric constant of this insulating film was 2.4, !

EXAMPLE 14

' The h-resin fraction prepared in Example 8 was dissolved in methyl mobutyl
k&mne 1o prepate a 22 weight% (solids) solutton To this solution was added benzoyl
peroxxde at 50 weight-ppm based on the weight of the solution. A film with a thickness
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filmw th a t'hickness of 6,100 angstrons was produced by the coati:ng met hod

descri Bgd sjdk l.e 8. The wafer was then exposed to electr b
radi at i AL Rept *s in Exanpl e 8. 2the residual Si Lﬁ'—?‘%ﬁ‘ﬁﬁ“cﬁ%ﬁs in
t he resgw ﬂH ng filmwas 32% which confirnmed conversion of the
hydr oge eresinto silica. In addition, no abnornalities,

such as crackLng, etc., were observed in the insulating film The
dielectric constant of this insulating filmwas 2. 4. EXAMPLE 14

The h-resin fJo-acti i . A8 §:2ipYe th Efaripté BYThd SObUL I
ket one to polf&)%?)teﬁg%sem‘g%ﬁtg%%gg?i gs% so%it%i&c?ﬁ.déTo tﬁif_ﬁs sol uti)cg_%lhmas

ad fJ ed benz ?#fcfﬁmd expﬁs?]rﬁfb kebnghbeqmmadmsmdmdm@bdm iy Fxargple 8y dhe

sol uti on. 4.1 m i t hi ckness o s . ' . ' '_
5 1 O0i Geubul Sk Poneomigabhe prsvling BUIsHRE Bl 35 e PRiSh 9RE e ¢
Exanpl e 8. Jhe ﬁg&p@g RGN I RNi6R db Abhdithalitiek,
anneal ed as&%ﬁ%%%@g&#&gsres %PBQS?@H bondg (?gnt en‘?ﬁi n the resulting

i nsul atisng suichirg vrackifg ¥tc. wére bbseovedi in Meedinsudating flino rThsfdiglertrie penstage of this

si | sesqui oxane resin to silica. In addition, no abnormalities, such as
cracki ng, e@&ﬁ%‘“ﬁﬁe‘#‘@ﬂb&iﬁved in the insulating film The dielectric:
constant of this insulating filmwas 2. 4. EXAMPLE 15 Hydr ogen

si | sesqui oxape resin was synthesized by the nmethod described in Exanple |
(page 3) OfENAMBIEES Patent Publication (Kokoku) Nunber Sho 47-31838 (U.S.

it ol S
vei ght - gy erp oIl 3)) ofhipithdse Phrekt Piblicaisii(KakyRd) Nusster $ho Wgix 88806 f or the

content- of conponent with a nol ecul ar wei ght no greater than 1,500. The

hydrogen si ({5 8sRakns Nim3.618272). inalysisgf s luiregsn silsasquexang resip prpuct by
| 2ct! onel) o Saot Sl ol A Al b R8RS et )
6- 157760 (U, hiGHAETOS, hied a Galdel 6 4190¢ight¥6 fdr e conGdnt bfwmxlipcﬂéﬂgﬁma; -
ms;:iecular weight no greater than 1,500. The hydrogen silsesquioxaue resin was '
15 sabjected to a molecular weight fractionation according to the method described in
Rysample 1 (page 5) of Japanese Patent Application Laid Open (Kokai or Unexarained)
Nismber 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 3 number-
a‘f;"',:ragc molecular weight of 743, a weight-average molecular Weight of 1,613, and a
t 20 Y:aeof 72 weight% for the content of component with a molecular weight no greatex
: da.m 1,500. The conditions in the GPC measurements were the same as report_é'd in
¥ ; mple 8.
This h-resin fraction was dissolved in hexamethyldisiloxane/octamethylrisiloxane
niixed solvent (30/70) to prepare the 30 weight% (solids) solution. To this solnson was
25 aded cyclohexylbenzene at 10 weight% based on the weight of the solution. .. film with
2*Hickness of 6,350 angstroms was produced by the coating method described in
ﬁiample 8. The wafer was then exposed to electron beam radiation and annealed as in
Example 8. The residual Si-H bond content in the insulating film was 72%, which
confirmed copversion of the hydrogen silsesqnidxane resin to silica. In addition, no
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si | sesqui oxane resi A-in the recovered fraction ("h-resin fraction") by GPC

gave a nu er- era e m)l ecuI ar wei ght of 743, a weight-average | ar
wei ght of e of 72 wei ghtz%for the conte °°§F‘ rrgg# Lg
vvrtharmle II greater than 1,500. The conditions in §he GPC
rreasurerrent as reported in Exanple 8. This h-resin

fraction was dissol ved i n hexanet hyl di sil oxane/ octanet hyltrisil oxane m xed
sol vent (30/ 70) to prepare the 30 weight% (solids) solution. To this

| f
sol ution wasygag I m WI t h@%&@@ﬂ%@ﬁeﬁe&eﬁﬂwm&%ﬁ gHimt e WRIGNC O

t he solutron a thickness of 6,350 angstrons was produced by

t he coating mmmpfab\smuhaugﬁhnmame 8. The wafer was then exposed to
el ectron bear{n radi ati on and anneal ed as in Exanple 8. The residual Si-H
bond content ‘in the insulating filmwas 72% which confirnmed conversion of
t he hydrogergsikhMIeIYg oxane resin to silica. In addition, no

22 abnormalTti es, such as cracking, etc., were observed in the

insulati®g film M@Mw@ylmmma@dmmmmgquwmms 2. 2.

sE ;(;AQ/PIC_)E éIGass “Cab r%%é”%m&%@ Wﬁ WWK%% %atg’rfs hi ki

Kai sha). A fmhmwsbhsgmhﬁgsﬁ%ﬂﬁs&s@én&d%?%@mﬁhgmmsérwe&mm lBe,

coating nethod described in Exanple 8 he wafer was then exposed

el ectron bea}ﬁWHMWmﬂ@m&IWEM@MI@dWW A5 t3|- es

The ot ol oot i torEplns. R B PHSRRK oy Pk Oprd RRtta bRl A i ok

Hydr oger10si Isesauemﬁaa&zmumhiﬁumwﬁrmml ecul ar weight =1, 540 and
wei ght - aver age nol ecul ar wei ght = 7,705) synthesized according to t he

met hod described in Exanple 1 (page 3) of Japanese Patent Publication
( Kokoku) Nu[g)erﬂgg% f7/-31838 (U.S. Patent No. 3,615,272) was di ssol ved in
nmet hyl isob to prepare the 26

i Hydrogen silsesquioxane resin (mumber-average molecular weight = 1,540 and

2 ught-average molecular weight = 7,705) synthesized according to the metho¢ described
%15 ' Exemple 1 (page 3) of Japanese Patent Publication (Kokokw) Number Sho 47-31838
| ’3 .3. Patent No. _3,615,272) was dissolved in methyl isobutyl ketone to prepare i;he 26
# ~-.s-:';ight% (solids) solurion. To this solution was added cyclohexylbenzene at 1{) weight%
rwsed on the weight of the solution. A film with a thickness of 6,100 angstroms was
m'-épared by the coating method described in Example 8. The wafer was then exyosed to
P 20 e.:-iron beam radiation and annealed as in Example 8. The residual Si-H berd content in
iz insulating film was 72%, which confirmed conversion of the hydrogen silsesquioxane
2 :umtosilica. In addition, no abnormalities, sich as cracking, etc., were obseryed in the
‘nsalating film. The dielectric constant of this insulating film was 2.4.

25 yXAMPLE18
 The heresin fraction described in Example 8 was dissolved in methyl is utyl
‘+erone to prepare 22 weight% (solids) solution. To this solution was added
cwslohexylbenzene at 10 weight% and polyoxyethylene lauryl ether at 1 Welghl %, in each
r,:me based on the weight of the sojution. A film with a thickness of 6,350 angstroms was
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wei ght % (sol i'ds) “soluti'on.” To this solution was added cycl ohexyl benzene at

10 wei ght Yg,RasRtuRBeda i@l ght of the solytion. A filmw.th. a {hickn of
6, 100 angs&amldmﬂw[ﬁgr ed by the coati nmet hod descri ‘é‘i!‘e?ﬁ"Ejg[rE?%s 8.

The waf er d to electron beamradi ati on and annealed as in
Exanpl e 8. I -H bond content in the insulating filmwas 72%
whi ch confirnmed conversion of the hydrogen sil sesqui oxane resin to silica.

I n addi tion, no abnormalities, such as cracking, etc., were observed in the

i nsul ating fﬁ:ﬁ&%oeﬁ’b?tﬂé&iﬁﬁéﬁc&ﬂ%&iﬁﬁxﬁﬁl&ﬂ%ﬁ&ﬁﬁsﬁ:&&g&&% 4.
EXAMPLE 18 - The h-resin fraction described i n Exanpl e 8 was' di ssol ved -
in methyl i sepwirop bermradiatierandranpealed 2xin Fxamgpieod. (Bhsl regidyal St pond contept 1 s

sol ution was .C X e e L,aht % .

auryl ot hor MAREEIE SRR U oRherich B SRR B BBt oty GG
solution. A feiaftsilich B ddditkessbnefmAlitizs Snoh g5 érecking, BRs, were observed in the |
23 produced by the coating nmethod described in anpl e 8. The wafer was

t hen expdsedigdaingfim. cFherdielactriagprstaus of thisdosilating e was 34- Exanpl e 8. The
residual Si-H bond content in the insulating filmwas 73% which confirnmed
conversion of *the hydrogen silsesqui oxane resin to silica. In addition, no
abnormal i ti esXAMBIIE @8 cracking, etc., were observed in the insulating

film The dielectric constant of this insulating filmwas 2.4. ~ EXAVWPLE 19
The h-resin fract Temb-gesiciagyen dpserbedindixample B way disslyersig methpldsabytyl
| sobutyl ket { SRAL . | 9 i . P Fas his solution
was added cy)g#o °et§f?%’e.nze§8e@g%ﬁ%%v°\gla%§tb 0 g.sgg)ﬂgﬁ%lﬁ% wel g%fﬂe%f the
sol uti ont0 A disloliexylbénzend iti 10kweisin%dSaséd Gl the areight bdte salutivh.s Addapeith asect i on

was produced by spin ting the ,resulting, solution on a polysjlicon wafer
(feature hei —sﬁ’f§’c3§ﬁ13“$ﬁg"8fq§ra§“%\§%ﬁ’ﬁs‘é °nwast°£‘ bYstcgam‘g e

esalting solution on a polysilicon wafer (feature height = 0.5 jun, feature width and

#a.mure spacing = 0.18 pm) at a preliminary rotation of 500 rpm for 3 seconds and then a

: . mm rotation of 5,000 rpm for 10 seconds and subsequently holding for 10 mirutes at

£ 15 vosm temperaﬁne. The wafer was heated under 2 nifrogen current on 2 hot plate using the
s¢ juence of 150°C/1 minute, 200°C/1 minute, and 250°C/1 minute in the order given. |
This resulted in fluidization with thorough gapfilling between the features and thorough
planarization of the resin surface. Using an electron beam irradiator with an «coeleration
vﬁ;lltagc of 165 kV, the wafer was exposed to an electron beam at 3, dose of 80 Mrad L‘m.dm: .

20 nitrogen that contained 70 ppm oxygen. At this point the film was less soluble in methyl

j: sbuty] ketone than immediately after spin coating. The wafer was annealed for 1 hour

a:400°Cin 2 quartz furace under a siitrogen current that contained 10 ppm oxygen,

withdrawn, and held for 10 minutes at room temperature. No abnormalities, such as

3 acking, etc., were observed in the resulting insulating film.

° Afluorinated polyally] ether resin was synthesized according to the metiod
described on page 116 of the 1995 Proceedings of the Twelfth International VI.SI
Mfultilevel Interconnection Conference. Analysis of the resin product by GPC gave a

L)
L]
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feature spacing = 0.18 pm) at a preliminary rotation of 500 rpmfor 3
seconds arirhistﬂhanHaBas&inﬂra&‘dation of 5,00%6rpmfor 10 secgnds
m

d
subsequent | O mnutes at r t enper at ur e. I’Pﬁ’éet%‘%q:sws
heat ed- unde rrent on a hot plate using the sequence of _
150[err]C/ 1 m nute, rr]C 1 mnute, and 250[err]C/ 1 minute in the order
given. This resulted in fluidization with thorough gapfilling between the
features and thorough planarization of the resin surface. Using an el ectron
beam i 1 1 adi Gipbeithiea R InGIES T WEIOR 2:50D bAEE wolghhBVerdd mb BRI EENIES

exposed to an electr eam at a dose of 80 Mad under nitrogen fhat
cont ai ned 7®,399n Thismgsin wasidissolived jpanethylisabutyl ketonato prepase thel A6oveight® net hy |

For 1 bour - SIOURGURBHERC Lo saimket wef pidhl sac Raaioetosnt of 0 Bt Bisel By

cont ai ned 1QnREipRXfARSsolékdd) K BNE widiethisehels bP6,010 akisteins wadlprddvsd by

tenperature. No. abnormalities, such as cracking, etc., were observedin the

resulting i %ﬂ%ﬁnggiethoﬂmscﬂbﬁl!m;ﬁe&T'hewafep\wasmemgtltwoj@hl yl

et her resin_was synt hesi.zed acgor.di t et .descri.bed.qn _page 1 16
of 'the 1005 BB BeREHITBA ST R ERARER & A EROIEdin o wdifprat APt

| Nt er connec i RbIERIvy A ARCiRsul A file. Sn AlditiBe, loLbhomibliGesl GhcHis bR, a

24 nunber -average nol ecul ar” wei ght of 2,540 and a wei ght - aver age

mol ecul ar wayeghebsstved i the instlatingfdmi Thegliclertdeeonstagt ofithisdnsmiating ddinovas|

ket one to pre‘ﬁare the 26 wei ght% (solids) solution. To this solution was
added cycl ofiéXyl benzene at 10 wei ght % based on the wei ght of the sol ution.
A filmwpth a.thickness of 6,070 angstrons was produced by the coating

nmet hod descri:bed in Exanple 8. The wafer was then exposed to el ectron beam
radi ati on adehAMEBEEIZY as in Exanple 8. This resulted in an additional

decline in the s I Ls 2 ' =i ' ; 1L 10, ' '
abnormalities, s%%é%%ﬁggé?&w%% %tk)‘lsagpl\#eﬂvﬁﬂt’ﬁe # rllss({}‘lgg{tll ng
film The dikeiraets prepare aLRandigint (solids) soletidmt Towdis soluonams 2dded  EXAVPLE 21
«yciohexylbenzene at 10 weight% based on the weight of the solution. A filmwzha
15  tuickness of 6,270 angstroms was produced by the coating method described in Fixample

§ ismg an electron beam irradiator with an acceleration voltage of 8 KV, the wafer was
exéused for 10 seéonds to 5 mC/em” of radiation under a vacuum of 10_6 torr. ~T he
s;_a@:imen was withdrawn from the vacuum, pléced in air at ordinary atmospheric
. ssure, and held for 10 minutes. At this point the film was less soluble in meshyl
' 20  jséburyl ketone than immediately after spin coating. -

o The wafer was annealed for 1 bour at 400°C in a quartz furnace under a nitrogen
;i Tent that contained 10 ppm oxygen, withdrawn, and held for 10 minutes at roxm

- xwuperature, The residual Si-H bond content in the resulting insulating film was 75%,

~ wi¢+h confirmed conversion of the hydrogen silsesquioxane resin to silica. In adition,

25 :abnormalities, such' as cracking, etc., were observed in the insulating film. The

(ﬁi:iecuic constant of this insulating film was 2.4.
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The h-resin fraction prepared in Exanple 8 was di ssolved in nmethyl isobutyl

ketone to prepare a 22 wei ght % (solids) lution. To thig soluytio S
added cycl ohexyl benzene at 10 wei ght%ba?gd on the wei ghﬁ"’&?ﬁﬁ%@%%n.
Afilmwth a thickness of 6,270 angstrons was produced by the coating

met hod described in Exanple 8. Using an electron beamirradiator with an

accel eration vpltage of 8 kV, the wafer was exposed for 10 seconds to 5
nC/cnferr] of radiation under a vacuumof 10[err] torr. The specinen was

Wi t hdrawn from t heheVRfsiH RacRbipReared iffikanifle 8/wiis Bsolvad INaOEFIibsbuylessur e,
and held for 16 mnutes. At this point the filmwas |ess sol uble .i'n nethyl

i sobutyl ketkstrmettdprepannasdi weeight(e Golidy) solption. cHathissplution was addete waf er was

U ant ¢ hatosbaeR et st o Welghel ol il eight SARE AR B ARIHAPRT oo o
room t enper af:iikfess 5ﬁ63l@ﬁiﬁ§h‘6ﬂm WasFrthﬁQﬁ& Bdtingindthéd dedéibeldiih Bxample

insulating fil mwas 75% ich confirmed conversion of the hydrogen

si | sesquiSox & e-hecwafer wes exppsed for 1Gminiesitp gliravipletsadigtionawith pointensity: pf 160

cracking, etg,.. pere rved in the,insul ati fi he dieleckfi
constant of Wik s IS REFpissSEy Pl g ol opoialh 16 b aBhE Al b

25 poistitee filni #ad Bsy Johiblé B methglisshinyl ketohy & litniddistdy alftt@inved i n
met hyl isobutyl ketone to prepare a 22 weight% (solids) solution. To this
sol uti on waL“ddd cycl ohexyl benzene at 10 wei ght % based on the wei ght of

the solution. A fy ' ' 0 ?g\%&ﬂﬁ%é’%e by
the coating net hgaie?é%%llr%:aghl n aﬁ%\"gﬂ%ﬁh‘ég‘m er was exposg%R%%g'?O
m nut es 100 whitfeanthar cohtaingdil@tpparoxyiged withdrawrs asd held ébr [DGHinves at fobam a

hi gh-pressure nercury | a in air that contaj ned 10 ppm Qzopne. At_this '
poi nt the fif¥pPHART. cthe regdual Se-H bpodcontppt 1 Wﬂ&&ﬂ#ﬁ%ﬂ&ﬁﬁm‘"@hﬂéﬁ ately

T 7 1P et ool o Bt ABARRRID i o . i1
CE. »* wonormalities, such as cracking, etc., were observed in the insulating film. The
e ¢ic . ctric constant of this insulating film was 2.4.
15 '
E¥AMPLE 23 |
*" The h-resin fraction prepared in Example 8 was dissolved in methyl isok. iyl
keyone to prepare a 22 weight% (solids) solution. To this solution was added -
ey é}ghexylbcnzene at 10 weight% based on the weight of the solution. A film with a

20  tiuczness of 6,280 angstroms was produced by the coating method described in Example
3 Wil residing on a hot plate heated to 250°C, the wafer was exposed for 10 ninutes
t«‘;:;‘: ltraviolet radiation. with an intensity of 160 W/cm from a high-pressure mexciry lamp
i :¢ that contained 10 Ppm ozope. At this point the film was less soluble in me"thyl
Lschatyl ketone than iﬁmcdiately after spin coating.

25 The wafer was annealed for 1 hour at 400°C in a quartz furnace under 2. itrogen -
cxzrent that contained 10 ppm oxygen, withdrawn, and held for 10 minutes at ro>m
ofaperature, The residual Si-H bond coatent in the resulting insulating film wzs 70%,
w‘-.‘*"nléh confinned conversion of the hydrogen silsesquioxane resin 1o silica. In addition,

This Sheet Has Been Re

[T
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current that contained 10 ppm oxygen, withdrawn, and held for 10 minutes at

roomtenperature. The residual Si-H bon ontent in the 25
i nsul ati ng frhik Shettaras BLAR éiij:t&h confirne 6gonversi on of t]%c’%g#rgrggsélﬁls

S|Isequ|oxa ica. In addition, no abnormalities, such as
cracki ng, :ml ed inthe insulating film The dielechric

const ant of t filmwas 2. 4. EXAMPLE 23 The' h-resin
fraction prepared in Exanple 8 was dissolved in nethyl isobutyl ketone to
prepare a g shabshilidel, S0t Seoradkedg) bicqwerd Gbsehiied irs the diisubmingdiimadthed -

cycl ohexyl benzene at 10 wei ght % based on the wei ght of the solution. A film

with a thi ckeleersc genstanp obthisgsilatingfilm®ast-fduced by the coating met hod
described in Exanple 8. Wiile residing on a hot plate heated to 250[err]C
t he waf er was exposed for 10 mnutes to ultraviolet radiation with an

intensity cfQLGARATIVE EXAMPLEgh- pressure nercury Iarrp in air thdt

contai ned 10 ppm ozone, At this point .the e sol Ie |n met hyl
i sobuty® ket one Fhednresinfeastign H‘F"c’@rﬁ’?ﬁiﬂt‘lﬂ%gﬁvﬁﬁ ved In il er was

anneal ed f gfo, 1, QHer gl %%%&ﬁdﬁsﬂﬁtﬁ%zﬁfﬂﬁ{@ﬂ?aﬂﬂéﬁks@oﬁ grpgen

current th ygen rawn, and held for- 10 m nutes at
room t enperalgtiidins Wheprodsiedbythcoating owthodaiesaibed imExdmple 86 The Waler was
insulating fi I'mwas 70% which_confirmed cogversion of .the cxdro en10

SI I sesqw o%@%@dh@éﬁ@cﬁm?ﬁ%@b‘ﬁ a current of nitrogen
26 i ati nS ARRSLYER: kSO B el H6K] Ol roolPicfyRRRGEY e idul

ric constant o this 1 nsu filmwas 2. 4.
COVPARADI VES: E)@\thEréhﬂung insulating fitmrvessi 75 %, wéich confideed thinbeanversioBxdiths e 8

So utl on. A eAIEGRIOTRe SRR Busibfe B orgutiig dtF Srenctiel B SIS EMTS, ¢ ne
ZggE 'em%l] gelti% g a&?ﬁ t!;ﬂ Qsé’alwoﬁg%&' §d1eﬂ8tﬁ1cvébﬁﬁﬁl;t%%1§iﬁﬂﬁﬁt.lﬁgﬂzﬁ liva% gmur at
quartz oven under a current of nitrogen containing
COMPARATIVE EXAMPLE 4 _
15 The h-resin fraction described in Example 8 was dissolved in methy] isotutyl
ku.me to prepare a 35 weight% (solids) solution. A film with a thickness of 13,200
aa,gs:roms was produced by spin coating the resulung solution on a silicon wafer at a
pe umnary rotation of 500 rpm for 3 seconds and then at a main rotation of 2,00(} rpm
far 10 seconds followed by standing for 10 minutes at room temperature. The wafer was
. 20 auxealed for 1 bour at 400°C in a quartz oven under a current of nitrogen containing 10
pp:t;-'oxygen, then withdrawn and beld for 10 minutes at room temperature. The fesidual
Sil % in the resalting insulating film was 75%, which confirmed that conversion of the
by¢togen silsesquioxane resin to silica had occurred. Cracks had also been produced in
tat insulating film. The dielectric constant of this insulating film was 2.8.
25 |
COMPARATIVE EXAMPLE 5
" The h-zesin fraction prepared in Example 8 was dissolved in methyl isobutyl
kesone to prepare a 22 weight% (solids) solution. A film with a thickness of 6,940
_ angstroms was produced by the coating method described in Example 8. The wafier was
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ppm oxygen, then w thdrawn and held for 10 mnutes at roomtenperature. The

residual SiH®%in the resulting insulating,filmwas 75% i gh confirned
that conversi onTgS e‘%ilsesquigiane resinto 2ﬁpﬁ§§%ﬁhéh&3325
occurred. The pr m “ﬂ cks in the insulating filmwas al so
observed. The di nt of this insulating filmwas 2.8. _
COMPARATI VE EXAMPLE 4 The h-resin fraction described in Exanple 8
was dissolved in nmethyl isobutyl ketone to prepare a 35 wei ght % (solids)
solution. A maxmx?@kht@em&tma@ﬁaﬁé@m%naﬂe@amw £ TR RETduADSI IR N
coating the resulting solution on a silicon wafer at a prelimnary rotation

of 500 rpm f Gpndeontens infhe insylating film formnadean the water wap 6%, whisheopBimgdr 10

seconds foll ' ' (o]7 i nut f t une. The. waf er
was anneal ed 6%1'5?&}1@{@? %&gﬁwﬁﬁﬁﬁﬁg%\%n un é‘raﬁoaibgﬁ‘r'r;%ﬁ{ ‘of

ni trogen congddhidsittackiheP&is), FsbedstierveRItheAnshRGAYHLAN The Qlelbctridy cohStasif oIS S
at roomtenperature. The residual SiH%in the resulting insulating filmwas
75% whi ch conflang§mmees 2&nversi on of the hydrogen sil sesqui oxane resin
to silica had pccurred. Cracks had al so been produced in the insulating
film The dielectric constant of this insulating filmwas 2.8. '
COVPARATI VE EXAMPLE 5 The h-resin fraction prepared in Exanple 8 was
di ssolved in nmethyl isobutyl ketone to prepare a 22 wei ght % (sol i ds)
solution. Afilmwth a thickness of 6,040 angstrons was produced by the
coating nethod described in Exanple 8. The wafer was :

27 t hen exposed to el ectron beam radi ati on and anneal ed as i.n Exanpl e
8. The residual Si-H bond content in the insulating filmformed on the

waf er was 69% which confirmed conversion of the hydrogen sil sesqui oxane
resin to silica. In addition, no abnornalities, such as cracking, etc.,
were observed in the insulating film The dielectric constant of this
insulating filmwas 2.8.
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w9 electrically in atingthinfil gl
'mat hoﬁmmll[mﬂs mlﬂl Coating the surfazg of a subst rat é@k@gﬁ tion
L 5

conpri sing: ) a resin selected fromelectrically i nsul ating,

heat - curi ng organlc resins or electrically insulating,

heat - curi ng i norgani c resins, (B) a first solvent capabl e of

di ssolving resin (A), and (C a second solvent selected fromthe

group consi&LaldgSof a sol vent whose boiling poi nt differs from

solvent (B), a solvent whose vapor ressure curve fe from

that of sol vent {33 methed forformingiel gim-ﬂ%' crringths vthoder s from
. that of sol(y , (2) evaporating at Ieast a portlon of the solvents (B)

and (O; nd 5%5 subsequent |y exposing the coated substrate to high energy

radi ation maﬂommaguﬂmmlaaubmwmhheompmuomcmg:pmingents during the
course of or: aft&{ the cure qQf resin (A A nethod for formng
el edtrical l y ins aﬂ"ﬁﬁ”{e ﬁqIW%éélwmmg@%m%M‘g@‘@d&tl ng the
surface of a substrg &l%hnﬁﬂ@ﬁpﬂéa H@gg gfﬁgﬁ# (A) aresin
selected fromthe group consi st ctrically Insulati ng, heat-

curing organic r@i mﬁ:s&sniveﬂteapableaﬁl&syo]ivmrbﬁnmy andeat - curi ng i horganic
resins;

resin (A): and (C) a'm‘("ﬂ)""yﬁnﬁ sﬁgg%ed%f?%?lg’\é%%gﬂ%ﬂ?ﬁ gaﬁ?ﬁ)‘%ﬁ%‘f g‘@hgfgt ed

from oﬁumsbmtm%mﬁwn&e%p&m@r&wms from
O[err]Cto 800[err .generate a gas or;
10 | from that of solveat (B) and a solvent whose affinity for resin (A) chifers from
T that of solvent (B),

(=, evaporating at least a portion of the solvents (B) and (C); and
i {-} subsequently exposing the coated substrate to high energy radiasion and inducing
evaporation of the remaining solvents during the course of or after the cure of resin (A).
15 '
2. A method for forming clectrically insulating thin films wherein the method
cup 1prises coating the surface of a substrate with a eompositidn comprising
(A) aresin selected from the group consisting of electrically insulating, neat-
| curing organic resins and electrically insulating, heat-curing inorgar i¢ resins;
20 _ and
(B) a solvent capable of dissolving the resin (A); and
(D) at least one solvent-solnble substance selected from
(i) substances that upon heating at a temperature of from 0°C to £00°C
generate a gas or;
25 (ii) substances that by interaction with resin (A) generate a gas;
e *sporanng the solvent (B); and subsequently exposing the substrate to high eneigy
racjation and inducing the generation of gas from the substance (D) during the course of

o 2¢ter the cure of the resin (A). T
This Sheet Has Been R lac
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(ii) substances that by interaction with resin (A) generate a gas;
evaporating the solvent (B); and subsequently exposing the substrate to

(o oMM o i e i

m 35 The nethod as clainmed in clains | or 2 wherein the

substrate is an el ectronic device. 4. The method as clainmed in
claims | or 2_wherein the coating of the surface is perforned by sspin
coat i ng. : 5. The nmethod as clainmed in clains 1 or 2 wherein the
hi gh ener gy radiation is an el ectron beam 6. The nethod as
claimed in cl ai 35The Methdd\ab elaithéd incddims ( Ax 2ivehebein thzgabstsitd Sangiscouaice
resin. " 7. The nmethod as clainmed in clains 1 or 2 wherein solvent

(B) is sel #46Y%¥# fromthe group consisting of aromatic solvents; aliphatic
sol vents; ketone solvents; aliphatic ester solvents; silicone solvents; and
si |l anes. ' 8. The nethod as clained in claiml wherein solvent (C
is $selected frommwwmedhﬂmlmmnbmcmgeﬁﬁc;snﬁemme

sol vents; al dehyde sol vents; "ester
perfmmed by spin coating. :

5. The method as cla1med in claims 1 or 2 wherem the high energy radlamn is an

eicx:uon beam.
10
* 6. The method as claimed in claims 1 or 2 wherein resin (A) is hydrogen |
sivx équ:oxane resin. |
| 7. The method as claimed in claims 1 or 2 wherein solvent (B) is selected from
15 - _the 2roup consisting of aromatic solvents; aliphatic solvents; ketone solvents; ali_phaﬁc

ester solvents; silicone solvents; and silanes.
8. The method as claimed in claim 1 wherein solvent (C) is selected fror the
g:sup ounsisﬁng .of hydrocarbon solvents; ketone solvents; aldehyde solvents; ester
- ™0 sotvents; diethyl sulfate; sulfolane; halohydrocarbon solvents; etherified hydrocqrbon
| solyents; alcohol solvents; ether solvents; acetal solvents; polyhydric alcohol sélvents;
ca,x.;ﬁ-.)xylic anhydride solvents; phenolic solvents; and silicone solvents. E

9. The method as claimed in claim 2 wherein compopent (D) is selected from an
25 organic peroxide or an amine. -

- 10. A semiconductor device having an interconnect structure comprising at least
" one electrically conductive layer with an interposed insulating layer having a dielectric

s - Ths&waHmBummﬁ

(AT
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sol vents; diethyl sulfate; sulfolane; hal ohydrocarbon solvents; etheri fi ed

hydr ocar bon sol vents; al cohol solvents; ether solvents S

pol yhydric amﬂmﬂl lﬂu carboxylic 3 nhydri de sol veﬁ"?ﬁe‘gk‘é -gﬁ’ﬁfgn

sol vent s; “m"m 9. The nethod as clainmetl in claim
2 wherein corfpofient (‘D) §s sel ect ed from an organi c peroxide or an am ne.
10. A sem conductor device having an interconnect structure conprising at

| east one electrically conductive layer with an interposed insulating | ayer
havi ng a dicehstaxitiof tess ﬂ:an27whe1emthcmsulaung layer is produced by the method of claim 31
constant of less than 2.7 wherein the insulating |ayer is producéd by the
met hod of d¢ ag,m 1. 11. A seniconductor device having ah

i nterconnectyistructure conprising at |east one electrically condyctive
ayer with an interposed insulating tayer having a dielectric cpnptant of

| ess than 2. 7 widr exsembmmﬂﬂahcmviwmaemonnadmnbwombﬁsm:ghhledstof

claim 2.
ag one Plectncally copductive layer thh an interposed msulatmg layer having a diclectric

conklant of less than 2.7 wherein the insulating layer i is produced by the method of claim
2. i
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