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COVPOSI TI ON AND METHOD FOR FORMATI ON OF SILICA THI N FI LVB Woossene I

Jhis.invention relates to conpositions that formsilica thin filnms and to

nmet hods for their formation. The resulting product has an excell ent
performance as a planarizing 5 coating for substrates and that are
converted by exposure to high-energy radiatjion into a ceram c-1i ke

silicathin film This invention also relates to sem conductor devices that
contain an electrically insulating |layer and to a nethod for fabrication of
such devi ces. Sem conduct or devi ces, such as DRAMs and | ogic
Integrated circuits (an I nt erconnect structure conprising such

2 varor (oubet r HOyPOSHEIQN AR IHAROB RGN FonATiON GEBHACA PN LIRS 7

insulating layer on the circuit surface. In a nmultilevel interconnect
structure, forned by stacking a plural nunmber of electrical circuits
in such a device, afThisinventionmelatedte¢ampositions that forn} siljearthin films ang td engthofsr
exanpl e, betwe he.i nt er cqonn I« i R V. ' N ..
cnder | yi ng- | evae Sgoroa” FRRESHIARE Broales Bk ARG e HoraiACe 4 Az
protective @& icoattgdor substablsatidthhdre converteddlyegpasorite highehagy radiatisiineea For
exanple, U S. Patent_ 4,756,977 teiﬁhes a.ne

a4, | ) ) hod for ] coat,in
el ectronic deviCE@ugikesilicathip film. ?W?Fq%aﬁsﬁr%ﬁ?%ﬁsﬁm%?wdg‘ﬂaﬁﬂ%n of

hydr ogen COhaHOR LN ARBInGBRind 1dyer £ & thedd Por TabRRhticALdF sudhhRviedY, vent
is then evaporated, and heat’ing to.lSOI errJ]Cto 1, OOQ[efr%C S
performed to effect Sewicprdustosdeviees.suele ogic|integrated gircuits (an

However, hydro |l se ' L:eS] ] ' ' bl e
anount osPhneR U SBiRP iR leBhE B el ouBuGRATHERUR
t enper at ur e} C adsducts) formed on a prafep (sabstraged, ate photettadiby providingfah kelectribaliyjk ness
and the generat.iop of interpal, stresses in th . film Nbrepver

vapori zati on arBFUAing fa¥pr AR the cipchis S\‘}gﬁt M@@Bﬁiﬁ%h‘&?@@ﬁﬁ S{r(s, formed by
contami nati on Qtackidg k plubdl nBEb& P EIREEDE ciretfts in such a deviceVii MRHSyer Aleldc@FOVI NG

| ow nol ecul ar-wei ght conponents of hydrogen Si | sesqui oxane resin have
been proposed. l#sF ispreyidsdefor examplephetwgen ‘gb!nt%?%!ﬂﬁ’}‘ﬂ?%nép 4ppeg level and in 30
renoval of suc s by addition of solvent to said resin.
Unfortunately, hltnﬁ(igg : B, met hod yi el ds hydrogen sil sesqui oxane resin that
has a poor Ierf or nafbeusof gerpiigdikeisitica hin films as g petéctiye oianlatipg layers fom

substrates. |n gdditl Qé‘viceQ LA R! %&%lx%lﬁl\é{eﬂl SMbarlly gﬁ?@,&’?l teaches a method for

coating electronic devices with a silica thin film in which a solvent solution of hydrogen

silsesquioxane resin is coated on a substrate, the solvent is then evaporated, and heating
to 150°C to 1,000°C is performed to effect conversion into ceramic-like silica.

20 However, hydrogen silsesquioxane resins typically contain a considerable amount
of volatile components. As a consequence, exposure fo high temperatures cause such
problems as a diminution in film thickness and the generation of internal stresses'in the
film. Moreover, vaporization and expulsion of the volatile component can cause
contamination of surrounding equipment.

25 Methods for removing low molecular-weight components of hydrogen
silsesquioxane resin have been proposed. For example, U.S. Patent No. 5,416,190 claims
the removal of such components by addition of solvent to said resin. Unfortunately, this
method yields hydrogen silsesquioxane resin that has a poor performance as a planarizing

coating when applied on substrates. In addition, high molecular-weight hydrogen



2 si | sesqui oxane resin perforns poorly as a planarizing coating
_for substrates, because it has a high softening point (at |east
180[err]C). Thus, its use for substrate planarization requires
heating and nelting at high tenperatures (at |east 200[err]C). High

nmol ecul ar - wei ght hydrogen sil sesqui 6xane resin also has a poor
capacity to fill the topographical 5 irregularities on substrates for

el ectronic devices having a nmultilayered structure; and as a

consequence, thus may not be fully satisfactory in sone applications.

It is therefore an object of this invention is to provide a silica thin
filmfornming silsesquiskan®gih perforind pborly a3 @rplanpiiting edatiffor Subtrated) bédaideqt _
performs well as a planarjzing coating and is easily converted by
exposur e 1o hi §s Sheh stcnia PRt @hicnss L 8°6)-sThus it tsh o SROSFAE BlanRAzaRoR

excel lent el ecty] '@ﬁﬂﬁ | ; %ﬁﬁﬁﬁﬁ o < | SO0 an
obj ect of thi s%\%nl%e:ao tgﬁ%c?t%\%%giéxfggf tho esf%trlm%s %O%S)r'n%ﬂl})nr?i%?ﬂsuch
silica thin fi lweighthydrogen silsesquioxardetresis als¢ bas amoondapanity tofill theitspagrapbictli on t o
provi de seniconduct ar. devices that,contain. . an electrical ]y insulating
yer ¢ hat " SxniEpELss SauBTiash ot leSEe Yviss baying MrniESied St piT 35 o
t he i nt er connegbnssiueréd, thus MaPhotttd ulBANAGSFiAGS in some applications.  The present

i nvention provides a_conposit IO:%JD for the fornmation_ of silica thin

films, said conposi HipHereioman abjestofthis inygrjondtie repvidsastilifadiin flm fI®ing ¢ hat
contains at R lthaf upYE b acin Y 815 bSEAle, EHSRRWHIOX AREink I bottidd) 2
nmol ecul ar wei gﬁ?m cf grelzlaz'éé’elP tﬁg"ri]i 1,500 and (B) solvent. 'I'*Tg(rabopruréészent
i nventi on al soandisaastly convertedbyt ¢xpdsufeto higheentrgy madition ingé 2 gidica thi filocwith & n
films, whergin said t .CONMPris oating the surface of a substrate
with lﬁheeﬁﬁﬂﬁﬁg§?€$§é¢?ﬁﬁﬂﬁ?éﬁﬁ%iﬁﬁ%ning conposition; evaporating the
sol vent (B); and t hRis 4169)an object ofaliifit&eiitiongo provide asiethd ferthd foFmafonlol fuch
hydr ogen sil sesqui gxape resin (A) to silica by exposi ng said coated
substrate to hFﬁH@ B?-radiation. The preferred substrate is a

seni conduct or devi CR id dlsoMaiobjeci dThiS ivERIBR t@proVvie seh¥dnatctbidevitbs titicBh@RNNect
structure 25 conprising at | east one electrically conductive |ayer.

The hydrogen siahsleettcallyyingulatinglayer teat exhibitsan sxeefenticapagity tfodeth epajasdy si | oxane

\AHgioaeerr] | lf{r?ég?gglgglgﬁtig%ﬁn&pg&@u&ggnme sh&ﬁafe.ri functional siloxane unit

The present invention provides a composition for the formation of silica thin
films, said composition comprising (A) hydrogen silsesquioxane resin that contains at
least 45 weight % hydrogen silsesquioxane resin with a molecular weight no greater than
1,500 and (B) solvent. The present invention also relates to a method for the formation of

20  silica thin films, wherein said method comprises coating the surface of a substrate with
the above silica thin film forming cbmposition; evaporating the solvent (B); and then (C)
converting at least a portion of the hydrogen silsesquioxane resin (A) to silica by
exposing said coated substrate to high-energy radiation. The preferred substrate is a
semiconductor device in which the surface of the device has an interconnect structure

25  comprising at least one electrically conductive layer.

The hydrogen silsesquioxane resin of the present invention is polysiloxane whose

main skeleton is comprised of the trifunctional siloxane unit HSiO3/, (i.., a polymer

with the general formula (HSiO39),, where n is an integer). Based on differentiation by



with the general fornula (HSi O3/2)n where n is an integer). Based on
. differentiation by

3 nol ecul ar structure, the hydrogen sil sesqui oxane resin includes
| adder pol ysil oxanes and cage polysil oxanes. The term nals of the
| adder pol ysil oxanes are endbl ocked by, fo3 exanpl e, the hydroxyl

group, a triorganosiloxy group such as trinethylsiloxy, or a

di or ganohydr ogensi | oxy group such as di et hyl hydrogensil oxy. 5

The hydrogen sil sesqui oxane resin (A) must contain at |east 45 weight %
and preferably contains at |east 50 meight % respectively of

hydr ogen sil ses ane res nol e.cul 0, greater than
7 500° Vnen + hioIeE A Betreo g bpdsmecnatrentine oot incidey RSkt poli kARS8 | ng
performs poorl Iéag%%o@s@dthﬁésr ThSteithiaflabf thé RAdG Polybilands ArekAlblbsked ey,, fot he
resin (< 45 wt% Mv < 1, 500) evidences a poor capaC|ty to fill the

t opogr aphi cal ¢xmple, FW#@KY‘ISF%’ igloszapestlox groun wich af Waetylsilexyiend ces

havi ng a nul t| ﬁlP:th evel interconnect on
an upger | evel &g' *Waﬁ“’d’ sgnnot %h%drbﬁ? In silica thin
fil m havings excel | €The hyldmgexréﬂsahummlmin #9 npsogatain @ deast 45 weight %, and

Hydr ogen sil ses ane [ es rally kno n.the art and is

synt hesi zed byP‘%IIenﬂ’y ‘E‘I‘I?“IWHI;?)’I‘ 32%% % ‘FII Iﬂ%ﬂhwgﬁée”asﬁﬁesgﬂg{ﬁnﬁ&m

pol ycondensat i Qith b shofculReieight d, ghohbor 843.1,50. Waieel thloofienbid ISR UBGrek k@A) OF

60- 42426 (1985) Conmponent (A) can_al so be prepared by
provi ding a knB\esHian septing performs poasly s psubsiate glangriringroating: |18 paticnlyxthae

resin with a f ad;
nmol ecul ar - wei ght cér?%or%%g ﬁs%éﬁ?%cgm%ﬁ%dp%%ty%ggt%ﬁtowhf%m) . This
resin 10 ( A)rregallanﬁasrmrmbstﬂues for elpctronit deyicedtpaingtaimytilayesed stwicture, ie., a

I I I f t t d
11 Sosaul oxanclPEE LM FRARRSCt a9 tn BT S rogatcnt ohd e omCy Wik e

nol ecul ar wei ghtin fildBdviggibrédlien deetrRalShiufatig plopedied by dl ssol ving the
al ready synthesized resin in a nonpolar solvent, and by then addlng a pol ar

sol vent to the Hydrogen sisepayiorgne fesip i generally kniown in theﬁﬁ apd istsypehgsiged by
restrictions aﬂelhyd&@sﬁ QFtréﬂI%@iﬁI(nz)QﬁI e hhg@x%@&:k&% (Uts. %Qtﬁhk' slePeaAS

capabl e of dissol vVing conponent 'nduci ng chem cal changes in
component 15  andJRyAs 5%&%1%@69&4)5@6%%% @98)-exenplified by aromatic

sol vents such as tqg e%%C&éAi(ie%g’ 0 ven?IéI) IIﬁIII %I&gIVIIE‘I/AIh%d§&Ch as

hexane, octane, and tan ton as e
synthesizing hydrogen silsesquioxane resin with a means for increasing the production of

low molecular-weight components (molecular weight no greater than 1,500). This resin
(A) can further be prepared by separating the low molecular-weight component by

20  molecular fractionation on a hydrogen silsesquioxane resin already synthesized by a
known method. This molecular weight fractionation is easily performed by dissolving the
already synthesized resin in a nonpolar solvent, and by then adding a polar solvent to the
resulting solution.

No particular restrictions apply to the solvent (B) other than that it should be

25  capable of dissolving component {A) without inducing chemical changes in component
(A). Applicable solvents are exemplified by aromatic solvents such as toluéne or xylene;
aliphatic solvents such as hexane, octane, and heptane; ketone solvents such as methyl
ethyl ketone or methyl isobutyl ketone; aliphatic ester solvents such as butyl acetate or

isoamyl acetate; and silicone solvents such as chain methylsiloxanes (e.g., 1,1,1,3,3,3-



ethyl ketone or methyl isobutyl ketone; aliphatic ester solvents such as

. butyl acetate or | soanyl acetate; and silicone solvents such as chain
nmet hyl si | oxanes (e.g., 1,1,1, 3, 3, 3-
4 hexanet hyl di si | oxane or 1,1, 3, 3-tetranethyl di sil oxane), cyclic
si | oxanes (e.g., 1,1,3,3,5,5,7, 7-oct gnet hyl t et racycl osi | oxane or
1,3,5 7-tetranet hyl tetracycl osi | oxane), and sil ane conpounds (e.g.,
tetramet hyl sil ane and di net hyl di et hyl silane). The silicone sol vent s
are preferred. 5 Qur silica thin filmform ng conposition
typically contains 5 to 50 wei ght percent of hydrogen sil sesqui oxane

resin (A, preferably 1Q to 40 V\%ithtqiEeé;,: nt , be)lsed,orj t he conbi ned
W_ei _ght s of (A h%c(.lg}qlsﬂoxaneor 1,1,3,3-tetrgiget I%gﬁ%gq ,tqyﬁllquﬂgxmgﬁ.gﬂ prepared by
m Xi ng C0WDOne'ih%,:(,ﬁls,v?ﬂ&iztaﬁxﬁlhyit@trzltcyclosilohﬁig%@,Bg',ibéua&tﬂﬁfetrﬁé&%&i&%é such

as ceranic oxide precursors may al So be adm xed 10 insofar ‘as the objects
of the present andsilane campoynds (ag4 tekmmethylsidhne Thbdimethy Kinthydstlase).aThe silicone
exenplified by tetra-n-propexyzirconium tetraisobutoxytitanium
trispentanedioﬁgﬁ?ﬁﬁvﬁaﬁ%mggntaethoxytantalun1 tri propoxyvanadi um

pent aet hoxypi obi um Opeyilicatis ifii EatiningosvhipaRitiGnepically contains 5 to SO weight percent

di but oxybi spent anedi oxofitani um A platinum catal yst or

r hodi um cat al ygfhs@a*?sebéﬁ%m&&a%%ﬁ (A)s prefezably 1) tg 4Piweight percent, bajed gn the
conposi tion tochRnhapesehidsr (s3bka @)d extent of formation of the film These
catal ysts are exenplified by chloroplatinic acid or the conpl exes of

chl or opl ati ni ¢ aci dThis compasiiign issimplsprapyted by mixingitonmpoosaid) aih@Ydo cat al yst s
wi |l generally,be [ t i art or
each one mlli 8‘?’“9%?‘5’& (%gértlgmggﬁggr%%hnaé r??tfa{n%g.’&de p?wﬁggrs%y glmﬁ%’g adm&eg
conposi ti onoof irdsbfasas they ebjédtef theoprasenrinedntioc are nbt imphirddnThbsepreeyposack t 0

hi gh- 20  ener radiation. As used here, the expression "silica" refers
to silicon di 021? 1‘?‘3%%@?‘?‘]“)?‘0?“””8%%%36?3’& EWAYPP,  anor phous sil i ca
and anor phous  gispértahetifofbaliufin@] peafBbt@italurh tHfropoxyvanadfumsi | anol groups
and/ or hydrogen atons. Wen a ceram c_precursor is added, this

addi tive may aPetachoxprigbium; pentanedioxozirconium, 3pddibptgrdhispaaansdioxptifagium. net hod
are exenplified by ) cgtgg t | : es, and
el ectroni c devices éﬁ%@?bgnlc gé%?%ggmg%%ﬂ%fgﬁg%§g§@Q§Bﬁ%ﬂ&&QﬁﬁﬁﬁﬁCUr

met hod f or 15 or femingcogiposifién todncrédasethe rdterandeatept of Sematipn ofabe filmg Theee sur f ace
of

catalysts are exemplified by chloroplatinic acid or the complexes of chloroplatinic acid
and tetramethyldivinyldisiloxane. These catalysts will generally be used in the range
from 1 to 500 weight parts for each one million weight parts of component (A).
The composition of this invention forms a silica thin film when exposed to high-
20  energy radiation. As used here, the expression “silica” refers to silicon dioxide (SiO,)
and encompasses both amorphous silica and amorphous silica that is not completely free
of silanol groups and/or hydrogen atoms. When a ceramic precursor is added, this
additive may also be present.
Substrates usable in our method are exemplified by ceramic substrates, various
25  metal substrates, and electronic devices Electronic devices are preferred.
Our method for formation of silica thin films comprises: 1) coating the surface of
a substrate with the silica thin film forming composition; 2) evaporating the solvent (B);
and thereafter 3) converting at least a portion of said hydrogen silsesquioxane resin (A) to

silica by exposing the coated substrate to high-energy radiation.



a substrate with the silica thin film forni ng conposition; 2) evaporating

.the solvent (B); and thereafter 3) converting at |east a portion of
sai d hydrogen sil sesqui oxane resin (A to silica by exposing the
coated substrate to hi gh-energy radiation.

5 -The coating techni que Por applying the silica thin film
form ng conposition onto the substrate is not critical as long as it
can generate a uni form application of the silica- form ng

conposition. Suitable coating techniques are spin coating, dip coating,
spray coating, and flow coating. 5 The techni que for

evapor at i ng conponemhe c&)ing sschiique fandpplying the silicazhil fild forming corxgositibn bated by
standi ng at anmbjent or elevated t erature, on by . drying ipn air, under
reduced pressurt@s _F“'atﬂﬁ’&é‘f’“’&m(jgésW%ﬁf@%&‘ﬁt?ﬂ%ﬁ%’gﬁﬂgﬁﬁlmg%é@cﬁs t he
coating tRahing BdtEposkibR. SBla¥Rbating tRRIGhdsAek il dodfing, B ot ipsy and
drying tine is mnimzed. ] After coating the substrate surface,
at | east a por tqoatingpand fipw ¢patilEgen 10 sil sesqui oxane resin (A) thereon is

converted ta silica i o - | gh- ener gy
radi ation. %he hi ghﬁgﬁé"r%%&?"a‘g‘%é’% Fogﬁtﬁgg&glgf’%%@é L?a%%r#oefré%%alr%nrqq{)eam

ul travi ol et r adixedplified by-stadding atrsinbieneor alavelied tantperatuae) dn by dfyingpiiair] @lieat i On;
preferably el ectron beam Exposure hi gh-energy radi.atiop is
preferably effé’E‘E"_é‘fﬁ‘_ﬁ’rﬁ"’s(’al’f"r°"c}1n r?‘gagcumnbx @’r\sl’gb‘???’é‘i‘grfgﬁﬁed@égh.e"@%%s ot her
than oxygen- conbdhniiué) dhdBRAt ifBipeRé AR tHeT6@tion1hd diying A IsRfNFRPgases are
exenplified by nit ro%en or. argon. Hi gh-'energy radiation
acconpl i shes conver éfshcqarpgthe sybistrate pyrfage af leagt p pertipm ef the hydroggin| | con- bonded
hydr ogen at i i i : ' t '

oxi dat on b ¢ Fasalgely REAIRTuslR EAGHHOERAIAD) Brnch R e i plbermere |,
duri ng eXiglsencegytradistive. Whehigh-erergyradiatiomsis selertcalfdm Electronrbean.si on i nt o

silicais preferably at.a 20 tenperature that provides.the i_um

i nhi bition of e‘%ﬂf‘é‘?‘éﬁd‘%‘r‘f& ’S'Wﬂf‘"ﬁ%? fedfigg, 4 prorowave Fiiuan praes i ght
hydrogen si | sesfpdtronbeagn. Expbsire t3Mikhicheidy eddaitioR ivpréfBrablyeffeaebia afropan 10[ err] C
to 50[err]C. .. FIGURE 1 contains a schematic diagramthat shows
the various prXEESonaininggas. Gases othepshanogygegrroprinipesasgsamydliebs usededbee of

this i nventison.noddxygen gases are ekdriptifed By aRBE& HargonCr 0SS section showi ng the
hydr ogen sil sesqui oxane resin
High-energy radiation accomplishes conversion into silica by activating the

silicon-bonded hydrogen atoms in the hydrogen silsesquioxane resin, resulting in
oxidation by the gaseous oxygen in the ambient atmosphere. The temperature during
exposure to the high-energy radiation and the conversion into silica is preferably at a

20  temperature that provides the maximum inhibition of expulsion and outmigration of low
molecular-weight hydrogen silsesquioxane resin, and is preferably in the range from 10°C
to 50°C. _

FIGURE 1 contains a schematic diagram that shows the various processes in the

fabrication of a semiconductor device of this invention.

25 FIGURE 2 contains a cross section showing the hydrogen silsesquioxane resin
thin film produced in Example 7 by spin coating. ,

FIGURE 3 contains a cross section showing the silica thin film produced in

Example 7.



thin filmproduced in Exanple 7 by spin coating. FI GURE 3

. contains a cross section showing the silica thin film produced in

Exanpl e 7. 6

FI GURE 4 contains a cross section show ng the hydrogen sil sesqui oxane resin
thin filmproduced in Conparative Exanple by spin coating.

FIGURE 5 contains a cross section showing the silica thin film produced
Conparative Exanple 2. 5 As shown in Figure 1(a), the
fabrication of sem conductor devices conmences with the formation of
a base insulating layer 2 on the surface of a sem conductor substrate

1. An electrically conductive layer is then fornmed by sputtering a netal,
for exanple HIGRIRE theontsfnstateeosh sestion showing thaltydregpe silsesquicars resiny el

I nt erconnects [ gaf rped by patterning the
conductive Iayt’t%'?}ux%@n o‘%ne‘i%ﬁl Hc?}’&mlvigxgmhﬁeggyggmﬁéa%nﬁom In Figure 1(b), an
insul ating |ayer 4 FIGURBSemtaiistalcyoss sectivwistowiig thhisibe thin film pratiesd | evel

i nterconnects 3a, 3b,and 3c. The surface of this insulating |layer is then:
masked with a S%PW|E\>XFHLPI§@C1 hol es that reach, respectively, to'the | ower
level ~  sinterconngehs m°’ﬁFé’c€‘i(a?%é‘fa@néaﬁ%8Pdéﬁﬁﬁoh&u&l{r%h€§%ﬂhenc s

sel ectively etching the insulfatin | ayer that overlies said | ower

| evel i nterconwibths f@maaﬂmomasﬂnsdmmylev%m theenrfics Oiﬁsennmud'e@ombstratc

sputtering a netal ., far .exanpl W { these ho S, 1S
foll oved by pl st elsripaifyc S8Rl ueiate <1 syl “8%66‘?%1’@} grapple

i nsul ati ng | ayslamihum, on the bwd&u@smahﬁgalay&z otvet Rvéllinterostnests 3a, 3b\and Bé dresai d
hol es (see Figure 1(c)). per |l evel interconnects 6a and 6b

and insul at i ngthF%fé‘?’fqm’&iiéyPﬁ@H“?&)'P?ré‘&Fdﬁ?FVFPé’“by °Wét“£‘14§’65back surface by
the same mgghods asAs“s?x@QnﬁtPFBﬁr@‘iggeanlﬁk%lajuﬂﬁ‘ﬁ%xjﬁgﬁlbséd%kﬁ[ rhée 34

and 3c and the insulating | ayer (see Figurée 1(d)) he “precedi ng st eps
result in the lowerlevdldnteraoringsts 3m 3bland 3o riThesndacetod thissinpdating fayedis dfena

mul tilevel int u ects 3a and
3c and upper %‘6%‘?8%5 Pc%tﬂ%g(g:tt 4 %i%%h’ mw&‘ﬁyqﬁm‘a%ﬁeﬁe gt erconnects
are electri cal inxerddﬂﬁws&iézeﬂdﬂyatbhﬂ)sb@&ﬁtly provided by@lekaedy etchigptle trld@lating

i nterl ayer di el ectric I%X 4 and 7.
layer 4 that overlies said lower level interconnects 3a and 3c. A conductive layer is

15  formed by sputtering a metal, for example aluminum, within these holes. This is
followed by plasma etching to effect etchback until exposure of the insulating layer 4,
which leaves interlevel connects § within said holes (see Figure 1(c)).

Upper level interconnects 6a and 6b and insulating layer 7 are then formed on the
etched-back surface by the same methods as used to provide the lower level interconnects

20  3aand 3c and the insulating layer 4 (see Figure 1(d)). The preceding steps result in the
formation on the semiconductor substrate 1 of a multilevel interconnect structure of lower
level interconnects 3a and 3¢ and upper level interconnects 6a and 6b in which the
interconnects are electrically insulated by the base insulating layer 2 and the interlayer
dielectric layers 4 and 7.

25 The base insulating layer 2 and the interlayer dielectric layers 4 and 7 is a thin
film that is mainly silica and which is produced from the silica thin film for;ning
composition. To form the base insulating layer 2 and interlayer dielectric layers 4 and 7,

a coating is first formed by application of our silica thin film forming composition on the



25° The base insulating layer 2 and the interlayer dielectric

.layers 4 and 7 is a thin filmthat is mainly silica and which is
produced fromthe silica thin filmformng conposition. To formthe
base insulating |layer 2 and interlayer dielectric layers 4 and 7, a

coating is first formed by application of pur silica thin filmformng
conposition on the

7 surface of the sem conductor substrate | (Figure 1(a)), or over
the | ower | evel i nterconnects 3a, 3b and 3c (Figure 1(b)), or over

t he upper |evel interconnects 6a and 6b (Figure 1(d)). The solvent is
then renoved fromt applied coatin yevapor.ation. Duri ng
coating for mat % %35%3%%%9“8‘&‘%8%%‘83@ cﬁga)gé’f Pyithedorericyel he 5

t opogr aphi cal  ¥akdophdc@Ba, BRadd B (FRUICIOBY e bRir dfeUppériéVePintdreoBnects €¥and 6b
depressions forned anong the |l ower | evel interconnects 3a, 3b and 3c

and between upfiguré Kdpl Thesalveabiscaremoved fromghe applicdepatingly eviaperaten. of t he

coating itself als I =1 ating

condition. To eli mﬁ%‘gr{ng(l?ﬁ[e}%gg%%gé&ggn% Eﬂe ﬁ%fiﬁ%ﬁt%bgﬁ??‘%%deg}ggﬂﬁdi tion,

E Eet _ da:ppl ulopa:igrf;ﬂmm: _vayiaﬁmgﬁu ﬁ?ef:?hbgduh?gmbshmde.nmbﬁqm:ssionﬁ]dmaper ature
at avoids volatiljzation 0 e,c | no greater an

S0Ler 1] Q) -t o iene the ey BimsEenmetiess. ap ot S A defet bopet i imtpioammecting

planarize the @pplsighd THE §irk8of the coating itself alsoEhbhdhily Afsu@b a WIAIAGR
si | sesqui oxane resin coating is conducted by exposing the _applied
coating to hi gindelstinggonditienaT eliminykithese gaps padthe pndulasing sirfase songlitians thet
| east a PP : ; , . N
t her eby fornihg)ggggﬁ?@%gﬁgﬁgd%gﬁ |ng§ g@%ﬁgﬂﬁayg? , ggggkg%ﬁP%%hhﬁﬁm
i nterl ayer 1@l edfahd coating @ymor grdatarthah 60°C), to thus fill and chtbed dieaopogrhphicali ca t hin
filmformng conposition provides excel | ent performance as a
pl anari zi ng comaﬂ‘b“sfaﬁgplg‘gﬁgf%a&@&ﬁﬁgﬁ%n excel l ent capacity to fill the
uneven topographi ¢abucng df Sir@§didPerssilassiiiox @8 rdsR cotlirpGé é&ﬁh&edﬁ@/élﬁ_eﬁng’\thb h
mul til ayered . Structures, and js, converted by exposure to high-energy
radi ati on to aapplied eogtingtohighrqngray;radiation. Thig gesulty i the convession ofpf least@y| at i ng
properties. Thig:&GOiRegrlsidiai &@ﬁée& tih B irfAPlidaC BB PorRthE A silica base@S an
i nterl ayer diE#ECtFIC ?iﬁn1in %%I ilajhrggﬁgenicondg%tér ge&f%ﬁs?m
So that thtse ighilitingdayen2,tohe silica intedlaydndieleetricdaydesd st and and appr eci at e our
I nventi on, t foll ow.n X l.es.ar resented. it being understood
that this inventi o%sc Pafnﬁﬁlgflh(% tﬁin?iﬂgg?r?r%r&]c%lmﬁyofxﬁ%n% g‘fier?s che'llexﬁ

performance as a planarizing coating for substrates, has an excellent capacity to fill the

uneven topographical features on substrates for electronic devices with multilayered
structures, and is converted by exposure to high-energy radiation to a silica thin film with

20  excellent electrical insulating properties. This composition is useful in applications such
as an interlayer dielectric film in muitilayered semiconductor devices.

So that those skilled in the art can better understand and appreciate our invention,
the following examples are presented; it being understood that this invention is fully
defined in the claims.

25
EXAMPLES ’

“Parts” in the examples refers to weight parts. The conversion to silica in the

examples was evaluated by measurement of the % residual SiH in the film by Fourier

transform infrared absorption spectroscopié analysis. The measurements in Examples 2



25 EXAMPLES
C"Parts" in the exanples refers to weight parts. The conversion to silica in

t he exanpl es was eval uat ed 'by nmeasurenment of the %residual SiH in
the film by Fourier transforminfrared absorption spectroscopic

anal ysis. The nmeasurenents in Exanples 2 8 -

8 to 6, and Conparative Exanple 1, were perforned in transm ssion
node, while the nmeasurenents in Exanple 7 and Conparative Exanple 2
were done in reflection node. For reference, the refractive index was
measured in each exanple on the hydrogen si | sesqui oxane resin thin

filmapplied by, snifcs eqet,,g{%e il GlinshliEH
R R g

exposure. was neasure permaatl on
chr omat ogr aphy nfe@R@ments in Examplag ahdnéohpdrhmﬂxgmpbasw:emnn mﬂachohlxmals

i nstrunent: from Tosoh. Cor por.at
G3000/ G4000/ GBS@ fgEens® therefractv 9#?*8%@%%%1“%’6?’@8&”“hydf"ge&ol um

t enperat ure: 3Qfi@kduidxane resin thin iR By sﬂf@é&hﬁg &@B&@fe‘iﬂd R U REYSEREm

detection: differential refractoneter anple: 2 wt% solids
(t ol uene sobPut iesppsures EXAMPLE 1: Resin Pr epar ation

lljygr Olgag.?ef]![ | g,eg(]:l.gl, (2) ana#@m S O%ﬁﬁxﬁggﬁgﬁ?xgen SI1Sesg lﬁg&%eﬁgegl ﬁ °

product gave usmgﬂteﬁdldvdhgmmmgmbmhdlﬂonsrrenber aver age nol ecul ar wei ght
of 1,540, weight ,avera r WE‘.I ht of 7,705,41 wt% of this
conponent with a A% T“é‘tegﬁ é&gﬁ&"&h’*‘ %C?’ ratior? 1,500. The softening point
was 90[err]C column: G3000/82060/GSS00FGoEAS t hen subj ected to nol ecul ar

wei ght fractionation by the nethod of Exanple 1 of U. S. Patent

5,416, 190. 18PC armaries palvent: lWeng esul ting hydr ogen
column temperature: 30°C

molecular weight standard: polystyrene
detection: differential refractometer
sample: 2 wt% solids (toluene solution)
| ]
EXAMPLE 1: Resin Preparation

Hydrogen silsesquioxane resin was synthesized by the method of Example 1 of

U.S. Patent 3,615,272. GPC analysis of the hydrogen silsesquioxane resin product gave
the following results: member average molecular weight of 1,540, weight average

20 molecular weight of 7,705, 41 wt% of this component with a molecular weight up to
1,500. The softening point was 90°C.

This resin was then subjected to molecular weight fractionation by the method of

Example 1 of U.S. Patent 5,416,190. GPC analysis of the resulting hydrogen
silsesquioxane resin fraction gave the following results: member average molecular

25  weight of 743, weight average molecular weight of 1,613, and 72 wt% of this component
with a molecular weight up to 1,500. Its softening point was 25°C. -



Si I'sesqui oxane resin fraction gave the follow ng results: nenber average
.ol ecul ar 25 wei ght of 743, weight average nol ecul ar weight of 1,613, and

72 wt % of this conmponent with a nolecular weight up to 1,500. Its

softening point was 25[err]C ' _
EXAMPLE 2 The hydt ogen sil sesqui oxane resin’

fraction prepared in Exanple 1 was dissol ved ‘in a mxed sol vent

conprising 30 parts of hexanethyl di sil oxane and 70 parts of
octanethyltrisiloxane to give a resin solution containing 30 wt% solids. 5
A hydrogen silsesquioxane resin filmwth a thickness of 652 mm (6, 520
angstrons) was EXAMPHE® a silicon wafer by spin coating the solution onto

t he wafer usi 386% religinary rotation of 500 rpm for 3 seconds and a
main rotation of 3, Y{hgen silsesquigxang pesig fpagtiopopreparediin Examaple 4 gray dissolved

evapor ati on wasj & hRedsdIvehtt@mpHsing 30 parts of hexameth}{MEsilbLai ahd a?ﬂslor con waf er
was exposed to an el ectron beam (dose of 160 Mad) 10 from-an electron

beam i rr adi at oroctametiwitrsitoxpnsrto give naepin solutivg Somkaining 30 et %rsblidsogen gas t hat
cont ai ned 7Q ppm oxy, Jhe. hydrogen si l.sesqui ne resi nverted to
Slica ot S P houPtoath Bl BRE R R p HAREH FRi At o

post - conver si oranfittomsyvas formel anfa silicon water b¢ kpin Goating tHetsBRfiorBHIG theRaltdri €S.
Results are reported in . Table 1. S LE ) . A hydr ogen

si | sesqui oxane W%iaﬁrﬁlﬁ‘mm‘)&qﬁ&%THEéQQ/PWO@GﬂﬁmIB@ﬂOH of 3,086 pm
angstroms) was fb01086o0ds A tidrdighQBIv¥R e PdpoRifios RaditheR &lrkidouy dr 0gen

si | sesqui oxane resin sol ution prepared as described in Exanple 2 onto

the wafer using a prh¢ respteg silicasveaterayas exposed tofan 8lBctronheninddoss of Eedvidsl) and a
i tati . . t
main rotati @ GondaldifoRBbdimabfiecr BOHM o Vol §468 kgmdgrgmgggep &gt o

evaporation was then carrie e res

was exposed t o cantaipbd?d ppmotyeam Tikdydrogbn dlesqioashe resin was don®sfied o Gli@ct r on
beamirradi ator . accel.erifa [

cont ai ned 70 ppHESRyAAET ‘éfﬂgfﬁi}l%lrits A ﬁgﬁ];lﬁné‘%g 1 g_ﬁn&e‘%@gﬁlnt d%g&]@%gg%ﬁ Pgél to
silica WickdeRid} agd Sthefabhdrialities R&bits\@e epodtéd ifThbie gkness. The
post -conversion filmwas free of

15 EXAMPLE 3

A hydrogen silsesquioxane resin film with a thickness of 650 nm (6,504
angstroms) was formed on a silicon wafer by spin coating hydrogen silsesquioxane resin
solution prepared as described in Example 2 onto the wafer using a preliminary rotation
of 500 rpm for 3 seconds and a main rotation of 3,000 rpm for 10 seconds. A thorough

20  solvent evaporation was then carried out.

The resulting silicon wafer was exposed to an electron beam (dose of 240 Mrad)
from an electron beam irradiator (acceleration voltage of 165 kV) under nitrogen gas that
contained 70 ppm oxygen. The hydrogen silsesquioxane resin was converted to silica
without a significant decline in film thickness. The post-conversion film was free of

25  cracking and other abnormalities. The results are reported in Table 1.

EXAMPLE 4
A hydrogen silsesquioxane resin solution containing 40 wt% solids was prepared

by dissolving the hydrogen silsesquioxane resin fraction prepared in Example 1 in a



25 cracking and other abnormalities. The results are reported in Table 1.
.EXAMPLE 4 A hydrogen sil sesqui oxane resin solution containing
40 Wt % sol i ds was prepared by di ssolving the hydrogen sil sesqui oxane
resin fraction prepared in Exanple | in a

10 m xed sol vent conprised of 30lfparts of hexanet hyl di sil oxane
and 70 parts of octanet hyl tri sil oxane. A hydr ogen

sil sesqui oxane resin filmwith a thickness of 1,322 nm (13,215

angstrons) was fornmed on a silicon wafer by spin coating the solution onto
the wafer 5 using a prelimnary rotation of 500 rpmfor 3 seconds and a
mai n rotation : : : S 4: o) h.solvent

evapor ati on mg‘{‘ﬁ%g&gegg %&ﬁ%du?fsfo%n&& lég&gémdflﬁ{e&%%s%@? |8 Rﬁ&s‘ffl i con waf er
was exposed to eomnekhydtisibmadeeam (dose of 160 M ad) froman el ectron

beamirradi ator (accgleratiaon voltage qof 165 kV) .under nitrogen gas that
contai ned 70 ppm OXQMN%S i H"P’%&fﬁﬁ“f&é‘ém éthla“??sl%lﬁﬁ?efk‘r(&gl%ccurred
and the 10 hydmgs §Wh§ﬁﬁﬂé&d&@dﬂ?coﬁ%fé?by\@ﬁn€%}{§fﬁe%§luﬁ&l t6 € Jrafef NE
post-conversion filmwas free of cracking and other abnormalities.

The sil i con Swafusingapsclisnipay ratasioniod Sehupn for 3 secandsfapd amiainf rotatieniof-3R06mpini on
spectroscopic | t 153 . .Spin coating and
after exposureq?f)lio/éb&dg't ﬁ@g@??@%t%ﬁ%ﬁa%%@%%?ﬁ%ﬁ@?H nol e % per unit
filmthickness was Jd&b casultiogsilitop wafér wadiexpodéditg ah blection beamifdask 62560 Maidp t he

absor bance of the absorption pegk, at 2,260 cnferr ssigned to_ the
Si H stretching t&%?‘h@?‘: Pbmﬁwgﬁgfﬁe%%%%ﬂéﬁé%k‘m T YBpaTn Eatibang,
the results shquwpginad %0 fn boyg8h INa bighifical 86O M MBAMCRIROS M Sed MAiuE

confirmed the | oss of SiH groups and thus the occurrence of curing.

I n addition0 t Hydmeebiilsesaviaxane ggsin was conyested tpfilisas She prst-sin@ersion &ilro ias free
vibration appegjefciahd fid ot Ibdon@hligeg. @s a single peak at 20 1,125
cnferr] originating wth the cage T|err] structure, but after el ectron beam
exposure the The silicon wafer was submitted to Fourier-transform infrared absorption

spectroscopic analysis (transmission mode) both after spin coating and after exposure to

the electron beam. The relative SiH mole % per unit film thickness was calculated by

15  dividing the film thickness into the absorbance of the absorption peak at 2,260 cm™1
assigned to the SiH stretching vibration. Assuming 100% for the value after spin coating,
the results showed a drop to 80% after electron beam exposure, which confirmed the loss
of SiH groups and thus the occurrence of curing. In addition, the absorption peak
assigned to the SiO stretching vibration appeared after spin coating as a single peak at

20 1,125cm’! originating with the cage TH structure, but after electron beam exposure the
peak at 1,125 cm1 was reduced in strength while a peak at 1,070 em! also appeared.
This latter peak originated with the random network TH structure or SiO, structure.
These observations confirmed that a portion of the film had been converted to silica by
exposure to the electron beam. The results are reported in Table 1.

25 .
EXAMPLE 5

A hydrogen silsesquioxane resin film with a thickness of 652 nm (6,520

angstroms) was formed on a silicon wafer by spin coating hydrogen silsesquioxane resin



peak at 1,125 cnferr] was reduced in strength while a peak at 1,070 cnierr]
. al so appear ed. This latter peak originated with the random network
T[err] structure or SiJerr] structure. These observations confirnmed
that a portion of the film had been converted to silica by exposure
to the el ectron beam The results are repdited in Table 1. 25 EXAVPLE
5 A hydrogen sil sesqui oxane resin filmw th a thickness of 652
nm (6, 520 angstrons) was fornmed on a silicon wafer by spin coating
hydr ogen sil sesqui oxane resin solution prepared as
described in .Exanple 2 onto the wafer using a prelimnary rotation of
500 rpmfor 3 &ﬁ&fbﬁ%&pﬁ&da@dea&medwsﬁﬂm%oam%@ah%%waﬁ&éf&%@ﬁ- A

t hor ough sol vént evaporation was then carried out. The

resul ting sil i eo¥W0wpm&er 3sgeondxansaarain sotationaf 3900 tm fos ddsqcausise Aghorpagh M ad)
5 froman el r I i ccel eration voltage of 165 kV) under
nitrogen gas t%%%enp&agg cé‘n‘{*‘%?‘ﬂ"é‘%%d%%tm oxygen and was then annealed in a
quartz oven at 400[Fher¢sultingsilidodmoafer was exposedihean efectron baage(doseWwr 160 Mrad)

cont ai ning 100 ppm of oxygen. .. . The exte f conversion into
silica was SonEW é{‘°’§F‘§§i‘g?‘nﬂqﬁ%ﬁ‘?‘?rr{aq§§‘ﬁﬁﬁ%vfa?gﬁ?éI_GQ_S‘V?‘“‘ hBIOERREs &1t | | no
signi ficant degndiiedi70 pf)h'&%éeﬂ!aﬁ&w&mn Afh@albd A quidts dved af 4U0PC i IMBowRs al so
10 free of cracking and other abnornalities. The results are reported in
Table 1. undeEpquiyPEeR cgrrent containing 100 ppm pfekygefen si | sesqui oxane resin

sol ution contai ni .ngl‘h%%xé%t%f%&l\)]pg%n% stch R s%ﬂlgwhat éftﬂ%h%riﬁkﬁﬁdw%}bﬁf

hydr ogen sil sesqui oxane resin fraction prepared i nExanple I'n net’hyl 15

i sobut yl ket onthere was still no significant decline in film thickness. The final silica thin film was also

10  free of cracking and other abnormalities. The results are reported in Table 1.

EXAMPLE 6

A hydrogen silsesquioxane resin solution containing 30 wt% solids was prepared
by dissolving the hydrogen silsesquioxane resin fraction prepared in Example 1 in methyl

15  isobutyl ketone.

A hydrogen silsesquioxane resin film with a thickness of 663 nm (6,631
angstroms) was formed on a silicon wafer by spin coating this solution onto the wafer
using a preliminary rotation of 500 rpm for 3 seconds and a main rotation of 3,000 rpm
for 10 seconds. A thorough solvent evaporation was then carried out.

20 The resulting silicon wafer was exposed to an electron beam (dose of 160 Mrad)
from an electron beam irradiator (acceleration voltage of 165 kV) under nitrogen gas that
contained 70 ppm oxygen. Conversion into silica occurred without a significant decline
in film thickness. The post-conversion silica thin film was free of cracking and other
abnormalities.

25
EXAMPLE 7 .

A hydrogen silsesquioxane resin solution containing 25 wt% solids was prepared
by dissolving the hydrogen silsesquioxane resin fraction prepared in Example 1 in a

mixed solvent of 30 parts of hexamethyldisiloxané and 70 parts of octamethyltrisiloxane.



A hydrogen silsesqui oxane resin filmwth a thickness of 663 nm (6,631
.angstrons) was fornmed on a silicon wafer by spin coating this solution onto
t he waf er using a prelimnary rotation of 500 rpmfor 3 seconds and a
main rotation of 3,000 rpm for 10 seconds. A thorough sol vent
evaporation was then carried out. 20 12 The resulting silicon wafer
was exposed to an el ectron beam (dose of 160 M ad) froman electron
beamirradi ator (accel eration voltage of 165 kV) under nitrogen gas that
contai ned 70 ppm oxygen. Conversion into silica occurred without a

significant decline in filmthickness. The post conver si on silica
thin filmwas free of cracklngghgothe normal ities,
EXAMPLE 7 8 élW‘g’és'&W’SR@ﬁ'é‘c‘F% ‘?fsé%f"&t(?’égp cont ai ni ng

25 wt % sol i ds %r&ﬁ%@%?&medonap%n@diﬁ%ﬂi&lﬂwiﬂ%@&%ﬂfr@ﬁ tJb3q3gui oxane

resin fraction prepared in Exa m xed solvéent of 30 parts
of hexanet hyl distowidteofis (1o apéfqaslr@$pagog af® 18w} byi spidl eortimg:this solution on

S am (8, 120 e water3iad §BRka] iy Bt i ot LB TRA UE BB SKgesS of

3 (feature fei gJuooqufhﬂo[;&mﬁdsmAthomughioe&hwmpmmhvaeiheﬁc&&e&eﬁtr Msid and
feature spacing of [err g(‘l by spin coating_ this solution on t he
q

waf er using a Ergéﬂnﬁ “ﬁ&erm idjzation WE}’#P‘F s slicen wafen Wagheated opgibgt
rotation of latesfop.ggmfu&g'a{ @“C%Qd&%%ﬁf&én clﬁretnboﬂﬁ’éj@nﬁdﬁﬁioﬁ?& é&f’nﬂ&or ation

was then carribgd out. Void regions 2 were present. I zation
occurred when thoraugh ﬁlllmoﬁmmwwamgmanmamz&wn@f theresm SuFfa@te for 3

h f di | t ed
2 S Morough 11 THUMon el RRBRePALD P ool (0o of Bondel ivap L e

resin surfage. electronbeammadxat&l(sccslbiausmolta@éem@ man@xﬁm&g& daothan el ectron
beam (dose of 160 Ma? from an&;}P g[ ectr eam i rradi at or (accel eration

vol t age of 165“9ANGHEIPPDAXYEDy ngps et era normaliieswere gbseryed Brbe xy gen.

No cracking ormgﬁlhggs,ﬁmnmnutdsg&n\mpmgbser ved in the resul ting
silicathin film4 as seen in FIG

COMPARATIVE EXAMPLE 1
15 A solution with a solids content of 35 wt % was prepared by dissolving the

unfractionated hydrogen silsesquioxane resin whose synthesis was described in Example
1 (41 wt % content of component with molecular weight up to 1,500) in methyl isobutyl
ketone.
A hydrogen silsesquioxane resin film with a thickness of 1,278 nm (12,780

20  angstroms) was formed on a silicon wafer by spin coating the above-described solution
onto the wafer using a preliminary rotation of 500 rpm for 3 seconds and a main rotation
of 3,000 rpm for 10 seconds. A thorough solvent evaporation was then carried out. The
silicon wafer was then annealed in a quartz oven at 400°C for 1 hour under a nitrogen
current containing 100 ppm oxygen.

25 The hydrogen silsesquioxane resin was converted into silica although a substantial
decline in film thickness was observed in this case. Cracking was also observed in the

post-conversion silica thin film. The results are reported in Table 1.



COVPARATI VE EXAMPLE 1 15 A solution with a solids content of 35

W % was prepared by dissolving the unfracti onated hydrogen

si | sesqui oxane resin whose synthesis was described in Exanple 1 (41
wt % content of conponent with nol ecular weight up to 1,500) in nethyl

i sobut yl ket one. A hydrqgen silsesquioxane resin film
with a thickness of 1,278 nm (12,780 20 angstrons) was fornmed on a
silicon wafer by spin coating the above-described sol ution onto the
wafer using a prelimnary rotation of 500 rpmfor 3 seconds and a nain
rotation of 3,000 rpmfor 10 seconds. A thorough solvent evaporation

was then carrie o l.Li con waf er was then annealed in a quartz
oven at 400[err X ni t rogen current containing 100
ppm oxygen. 25 A solutiohN it W HiQ0& et SERSRY disdBiTing RILV ET t ed

| e Bty il ping

into silica although a substantial decline i'n SS was
observed in t hi Snfesdenatediydiopangilorsquiotano resinsdosesynihesis tes described in Example

RSt OMVET ! O bl el e A SRS S ey o

content of 28 wk&onsas prepared by dissolving the unfractionated

hydr ogen sil sesqui oxane resj ose synthesis was described in Exanple
1(41 wt % content of &ﬁ?ﬁ‘bﬂﬁ&%l‘Wﬁ?Péﬂﬁf‘&WW@mlﬂﬁhﬂmfﬁmﬁllﬂilmesﬁef hyl

i sobutyl S #(ﬂtxﬁxﬂ?,(\)zﬂaﬁgsu‘oms) was forniéd on & érﬂeﬂo@sih%o@w%ﬁj ﬁ?ﬁaﬁ){i}g height

si | sesqui oxane film a maxi mum t hi ckness of

angstrons) was 9idkhied, forfurg widthiof 048 dmpand feathiesparingaif €118 jux) by apiu ceatingitght

of 0.5 [err]m r i .err . an eat yre spacji ng, of 0.18
[err]m by spi ngogg{gt} Pﬁé‘wi‘ﬂ”téé} u?i;lggpgeglg# i %’rﬁgn% OE%JQ 'Rﬂ‘#gr% ﬁ.?g‘?"ﬁ’@ a main
prel i m nar yl¢ ot mtatiomof3,0BGPmrfpri(f seconds.S A elwnelzh 36ldert evapbtiod Yas thert i@ Of
3,000 rpmfor 10 segonds. A%t horougqh sol vent evaporation was then carried
out. Void regi ot oe@gchoﬂsr wergpresenty, Fiyidization pecyired iwheadhis silipon wafer was i con

waf er was heatd@ 8k 8 BoGilaréfod 3 imiRktad £ 60U undiefd MHbES cAlreOffthisLizeunder a

nitrogen current. In this case, _however, thé fluidization did not
achi eve a t hor JiRy§ven: the flyigizgtion did noteckieveathonoughyfilling efithe interfeature gaps or

planarization of the resin surface.

15 The silicon wafer 3 was then exposed to an electron beam (dose of 160 Mrad)
_from an electron beam irradiator (acceleration voltage of 165 kV) under nitrogen gas that
contained 70 ppm oxygen. The hydrogen silsesquioxane resin was converted into silica.
As seen in FIG. 5, the post-conversion silica thin film 4 was free of cracks, however the
undulations in the resin surface were no-t eliminated and void regions 2 remained. The

20  results are reported in Table 1.

EXAMPLE 8
A hydrogen silsesquioxane resin solution containing 15 wt% solids was prepared
by dissolving the hydrogen silsesquioxane resin fraction prepared in Example 1 in a
25  mixed solvent of 30 parts of hexamethyldisiloxane and 70 parts of octamethyltrisiloxane.
This solution was used to produce the electrically insulating layer between
interconnect levels in a semiconductor device having a multilevel aluminum interconnect
structure (pattern with a feature height of 0.5 ym and a feature width and feature spacing

of 0.18 um each) fabricated on a silicon substrate. The base features were coated with a



pl anari zation of the resin surface. 15 The silicon wafer 3 was then
_exposed to an el ectron beam (dose of 160 M ad) froman el ectron beam
i rradi ator (acceleration voltage of 165 kV) under nitrogen gas that

contai ned 70 ppm oxygen. The hydrogen sil sesqui oxane resin was converted
into silica. As seen in FIG 5, the gost-conversion silica thin film
4 was free of cracks, however the undul ations in the resin surface
were not elimnated and void regions 2 remai ned. The 20 results are
reported in Table 1. EXAVPLE 8 A hydr ogen

si | sesqui oxane resin solution containing 15 wt % solids was prepared

by di ssol vi ng drogen siJ) sesguj gxan esin fraction.prepared in

Brampi o 11 n a O ChiiedRadidaiiog) St oo hS LR g PG Foiine and
70 parts of ockaBMBMiihg & FrelificaiErotation of 500 rpm for 3158édhdSid\ haR roMfonbEed t O
produce the electrically 1nsulating | ayer between I nt erconnect |evels

in a sem condud08P mre{ar 4@ secandsn 4 Boreugh soleptgvaparafianvanthen caried avtde form a
structure (pat Egitﬂé%&xrltﬁc O&rfg,‘P&i(g ho 8§, 0.5 [errImand a feature wi dth
0 . err

and feature spacin m each) fabricated on a silicon
substrat e. Fhe baseTiembitraeswassuiseqeatyekposddito a dose of 160 Mrad from an electron

14 D (chenm cal vapor deposi.ti fil m.and the solution was then
spin coated o%ﬁ?&:‘m tor ??ﬂ%é??%ng%%36§%@dFﬁﬁ‘ﬁm thateonfaingd 70PPBIOO r pm
for 3 seconds apghed CBhversidaloRtiedyd@fen silsesquidxdde PesiiiHeQbatkiy 6 SRS A

t hor ough sol vent evaporation was then carried out to forma coating

with a thi ckneé&enfismedsNo eigcking orathepgbnormalities were observeddn the pestogrversignsfilm

subsequently e f 160 Mad froman el ectron beam
i rradi at or (acgeg eratb?%ﬁa?/tglgﬁég “of 165 kV) under nitrogen that contained

70 ppm 10 oxygenA (3t fibm weoferroéd ddtbisleledriogbyrinsildting tagern apd ammultilesdln i n t he

ti t il fi d. ' th h [iti
nere observed RS speturs RELTLI GRS hrehBT b B gk oS bR st | g
layer). 10  abnorMal¢Dwhiclobseras if tieeRotiosl prdpefties bithé ressleig devicasul at i ng

| ayer and a nmultil evel I nt erconnect structure was subsequently
fabricated by the hole contact technique. No
EXAMPLE 9
15 The solution described in Example 8 was used in this example to produce the

electrically insulating layer between interconnect levels in a semiconductor device having
a multilevel aluminum interconnect structure (pattern with a feature height of 0.5 pm and
a feature width and feature spacing of 0.18 um each) fabricated on a silicon substrate.
The base features wére coated with a CVD film and the solution was then spin coated on
20  the substrate using a preliminary rotation of 500 rpm for 3 seconds and a main rotation of
3,000 rpm for 10 seconds. A thorough solvent evaporation was then carried out to form a
coating with a thickness of 653 nm (6,530 A).
The substrate was subsequently exposed to a dose of 240 Mrad from an electron
beam irradiator (acceleration .voltage of 165 kV) under nitrogen that contained 70 ppm
25 oxygen. Conversion of the hydrogen silsesquioxane resin in the coating to silica was
confirmed. No cracking or other abnormalities were observed in the post-cSnversion film

(electrically insulating layer).



abnormalities were observed in the electrical properties of the resulting

_devi ce. EXAMPLE 9 15 The sol ution described in Exanple 8 was
used in this exanple to produce the el ectrically insulating |ayer

bet ween interconnect levels in a sem condugtor device having .a

mul til evel alum numinterconnect structure %pattern with a feature height
of 0.5 [err]mand ' a feature width and feature spacing of 0.18 [err]m
each) fabricated on a silicon substrate. The base features were

coated with a C/D filmand the solution was then spin coated on 20 the

substrate using a prelimnary rotation of 500 rpmfor 3 seconds and a main
rotation of 3,4 0VDr fiim wasforiged 96 dsielectrigally insnigtinglayesland a mubiilesebr at i on

was then carri out ' ' 4 hi .653
(6530 Ay CleRShadoPsch ¥ Bos iR bl by i B EREE 2o 0T
240 M ad from adbneineditiesOfere observed kethe eledtdchl piopertiéanfaind resudbingadevicel t age of
165 kV) under nitrogen that contained 70 ppm 25 oxygen. Conversion of the

hydr ogen sil sesqui oxane resin in the coating to silica was confirmed.
No cracki ng @r gkﬂ@&iquornalities were observed in the post-conversion
film (el ectrrcalTy insulating | ayer).

15 A Céhytirogen silsesqfioxansdesimsolution containing 26 aitfoysolidsswrsat i ng

| ayer and a multil evel .. . lnt.erconnect structute ubsequent |
fabricated by té‘f%pa\rfl'dgby t%c’ls%lv%‘g ht{éahé'? %g %ﬁ%?s §‘8’.r‘a°|%k§&m ﬁ%&é ngﬁwﬁ]@l"v&er e
observed in t heinalnfiRéd sob@ht ¢130 parts dfdsxamietiiyldisiloraielahd AQ palawice. 5 EXAMPLE
10 hydr ogen sil sesqui oxane resin solution containing

25 wt % sol i ds v@gtamethyltrisi ared by dissolving the hydrogen sil sesqui oxane

resin fractj@n prepgmadolufiorwad e o produce thelelbcRicilyifhlaal Y58 bebleed0 Parts
of hexamet hyl di si oxane and 70 parts of octanethyltrisil oxane. 10

Thi's sol ution viagrogaeest levelpingdemicondystos desdceriaging pynultievel alumingm iateeqontrst ween
structure (pattern with a feature height of 1.0 pm and a feature width and feature spacing
of 0.18 um each) fabricated on a silicon substrate. The base features were coated with a
CVD film and the solution was then spin coated on the substrate using a preliminary
15  rotation of 500 rpm for 3 seconds and a main rotation of 3,000 rpm for 10 seconds. A
thorough solvent evaporation was then carried out to form a coating with a thickness of
1,324 nm (13,240 A).
The substrate was subsequently exposed to a dose of 160 Mrad from an electron
beam irradiator (acceleration voltage of 165 kV) under nitrogen that contained 70 ppm
20 oxygen. Conversion of the hydrogen silsesquioxane resin in the coating to silica was
confirmed. No cracking or other abnormalities were observed in the post-conversion film
(electrically insulating layer). )
A CVD film was formed on this electrically insulating layer and a multilevel
interconnect structure was subsequently fabricated by the via hole contact technique. No

25  abnormalities were observed in the electrical properties of the resulting device.

4



i nterconnect levels in a sem conductor device having a nultilevel alum num
_interconnect structure (pattern with a feature height of 1.0 [err]m
and a feature width and feature spacing of 0.18 [err] m each)
fabricated on a silicon substrate. The base features were coated with a
CVvD filmand the solution was then spin coMied on the substrate using a
prelimnary 15 rotation of 500 rpmfor 3 seconds and a nmain rotation of

3,000 rpmfor 10 seconds. A t hor ough sol vent evaporati on was then
carried out to forma coating with a thickness of 1,324 nm (13, 240
A) . The substrate was subsequently exposed to a dose of 160

Mad from an elégm?%% i beamirradiator (acceleration voltage of 165

kV) under nitr cont ai ned 70 ppm 20 oxygen. Conversion of the
hydrogen si | sesqui ofaasolutienidescribed ih Exampiti8rvepstugedsin khiicexample to produceahaf i r med.
No cracking or h.er a.bn ties were observed i.n the

film (el & ?tﬂgkﬂl.‘fgﬁem nnect\f vels in a semi nﬁsw[é: B S' o
formed on thi sathﬁﬁrewa&hhﬁﬁmmoahwgudm a@é}ﬁ'vﬁthri‘fbit&rl:ﬁ&@ﬁtofo,s and

i nterconnect structure was subsequentl fabrl cated by the via hole cont act
t echni que. Mo 2deaturgvidth aed featnrespaninecof Qidaimyeagh) fabricated op e silicomsubstmteper t i es

of the resulti
16 ;ﬁﬁ/g%é f%%ms were coated with al'ﬁe SO u |(t)hr‘13 saléltsl?:nr W%se%en sl? gggted |°e 8
was used in thltbesakm%;dmntgmgmimﬂnmyrdthQnofSOOxpaifecB secomdslaydanmﬂmfanagoﬂ ayer

bet ween interc l.evel s i S conduct evi ce hav

ol 5 Tovel ol e £ e o8 SUEE GPR CpRUEHE Preoaat o 1 GXmA 92 ght
of 0.5 [err]mm@atﬁcmsgth&(msdomand feature spacing of 0.18 [err]m
each) fabricated on_a silicon substrate. The base features were

coated wi tH0 cvD fMwmuhwwmhwe%mﬁ@ﬁt%bﬁweémraérﬁromm t he

otation of et il (o5 BBl Ol U0 Al S RE IR oRBlhef 10

evapor at ed of f ppm dxggam Loowatiomef the hydrogan silsesguioxrekmas in thé codbug torsilics wasg 0

M ad froman  CoRaCNpPaROREY R iR B e YRS B il Pt s

kV) under nitr ggedtridaliginsalamipdbyeex] 70 ppm oxygen. Conversion of the
hydr ogen SI I sesqw o] ne resin in the si]Jica was confirnmed.
No cracki ndor ot hezrf‘ SRRV s sHReqHE %gg‘?r\}gﬂ’ufﬂat%‘zp%ﬂ“"cﬁm&l on
film under a current of nitrogen with an oxygen concentration of 100 ppm.

The extent of conversion to silica was slightly advanced over that in Example 8,
but again no cracking or other abnormalities were observed in the film (electrically
insulating layer).

20 A CVD film was formed on this electrically insulating layer and a multilevel
interconnect structure was subsequently fabricated by the via hole contact technique. No

abnormalities were observed in the electrical properties of the resulting device.

EXAMPLE 12
25 The fraction described in Example 1 was dissolved in methyl isobutyl ketone to
give a solution that contained 15 wt% solids. ‘

This solution was used to produce the electrically insulating layer between
interconnect levels in a semiconductor device having a multilevel aluminum interconnect

structure (pattern with a feature height of 0.5 um and a feature width and feature spacing



(electrically insulating | ayer). 15 The substrate was subsequently

. baked for 1 hour in a quartz furnace at 400[err]C under a current of
nitrogen with an oxygen concentration of 100 ppm The extent
of conversion to silica was slightly advanced over that in Exanple 8,

but again no cracking or other abnornalitilds were observed in the film
(electrically I nsul ating |ayer). 20 A CVD fil mwas forned
on this electrically insulating |ayer and a multil evel - I nt er connect
structure was subsequently fabricated by the via hole contact techni que. No
abnormalities were observed in the electrical properties of the resulting

devi ce. @MP{E t 1
was dissol ved in nethyl |§b§§atx§/{10 aestx%%g%ug&a& “ﬁgb?gz&?‘%ﬁl’ﬁ%. gﬁéﬁﬁﬂiae

cont ai ned 15 wCW¥D:Gin il the solution was thensmncmt@cdnuhe&nbstvmsugaprelumpmduce t he
electrically insul ati bet C evel s

sem conduct or &gé}f fﬁ@%ﬁpﬁét%é?’?ﬁff’? 5% %F‘”‘éﬂ‘H% ﬂﬁ]@ ?fn@ r']s A
structure (pat %Mgwsélber@e\ta@m:ewmhgmamv‘d Ht fbmu&dn@gduaahﬂa&:ws%fw dth

and feature_spacing
17 5 of48nmg6485 Ak m each) fabricated on a silicon substrate. The

base featur es vere #AAMa i sibeementy QY1) FHARr A BPVERI M ARSI oD

spin coated on the substrate using a pr rota
for 3 seconds hmwhammawn@nGﬂammmnt§¥8$@G@Kmeﬂﬁnnmw@nﬂsmqmﬁmxdnoppm

t hor ough sol vent ev ation he arrled out.t.o.forma.caating wwth a
hicknass of | BriEy G ProRa i hyddah Rhubhnl e € meBoMid S Rt Wik

subsequent |y ex&ﬂﬁﬁ&h t No&rddﬁ&goﬂdth&&ﬁndﬁmﬁhet WRF8 dber@édsi ieQfdst-conversibgam
i rradi ator (accel er atjon vol t(@g of 165 kV) under nitrogen that contained
70 ppm 1 oﬁ% (lectnieghiy igsuating layet he hydr ogen sil sesqui oxane resin in the

coating to silica V@%VDﬁlmwQ@BﬁhédBﬁ%s%QctﬁEﬁﬁ‘ihéﬁ&uﬁé1a9£J5|ﬂ&a?:QﬂﬂFJEP' i ties

wer e observed in the post-conversion 10 film(electrically insulating
| ayer). interconnechstegire washsuhsequéntly fabdicaied byths vialbeletcontaetit¢ohnigns UNait i ng

layer and a rruli!;dol'rﬁz}ﬁ:ﬁles were observed in the electrical properties of the resulting device.

1S EXAMPLE 13
A hydrogen silsesquioxane resin solution containing 25 wt% solids was prepared
by dissolving the hydrogen silsesquioxane resin fraction prepared in Example 1 in a
mixed solvent of 30 parts of hexamethyldisiloxane and 70 parts of octamethyltrisiloxane.
This solution was used to produce the electrically insulating layer between
20  interconnect levels in a semiconductor device having a multilevel aluminum interconnect
structure (pattern with a feature height of 0.5 pm and a feature width and feature spacing
of 0.18 yum each) fabricated on a silicon substrate. The base features were coated . with a
CVD film and the solution was then spin coated on the substrate using a preliminary
rotation of 500 rpm for 3 seconds and a main rotation of 3,000 rpm for 10 seconds. A
25  thorough solvent evaporation was then carried out to form a uniform coating with a
thickness of 823 nm (8,230 A). .
Fluidization occurred when this substrate was heated on a hot plate for 3 minutes
at 60°C under a nitrogen current. This fluidization resulted in a thorough infilling

between the features and planarization of the coating surface.



i nt erconnect structure was subsequently fabricated by the via hole contact

~techni que. No abnormalities were observed in the electrical
properties of the resulting device. 15 EXAMPLE 13 A

hydr.ogen sil sesqui oxane resin sol ution coqéaining 25 W % sol i ds” was

pr epar ed by di ssolving the hydrogen 'Sil sesqui oxane resin fraction

prepared in Exanple 1 in a m xed sol vent of 30 parts of

hexanet hyl di si | oxane and 70 parts of octamethyltrisil oxane.

This solution was used to produce the electrically insulating |ayer between

20 interconnect levels in a sem conductor device having a multilevel

al um num i nt er conn€efte substrate vais exposed to a(doset afd 60 Mued from ah elrttroncbehmiigtiataf 0. 5

[errfmand a feature.w dih a t ur.e spaci . 0.18 [err] meach)
fabricated on ‘TW&Y"&%é’??ﬁ@W“{S nﬂ%&‘f"&%‘%"d&élpgmc% B4 with a
CVD filmand tenvesidaidf @i hidHgdd ¥ilesGiioRane @aintidl dtobey 6 wilisd was @nffhdly a
prelimnary rotation of 500 rpmfor 3 seconds and a main rotation of

3,000 rpm for Nocrekingarothes abnprmalifics Wigen Pbseryedd thegostronyarsionfilihs t hen
carried outﬂod&m&;ﬂgﬁtﬁgﬁgg_ati ng with a t hi ckness of 823 nm

(8,230 A). tion occurred when this substrate was
heat ed on a hot pl aA €EViDfilnBwas fomtedon this electeitallyGfisalatihglayerchad a multilevebgen

current. This fluidization resulied i t.har infi)li . __between
Che ont ur ob afntesnA R brBRed S5 bty St iR kilble coftos technique’ 8
18 abnormalifiBEweérd BbdervRl & the sleeriipd) pespeittios of thorRsultdg defeeM ad from an

el ectron beami rradi ator (accel eration voltage of 165 kV) under
nitrogen that contained 70 ppm oxygen. Conversion of the hydrogen

si | sesqui o¥@neﬁmﬂg the coating to silica was confirmed. No

cracking or other abnornalities were observed in the post-conversion film
5 (electrically insbydogengildesguigxpne resin solution containdngO#vi% $okidsveres prepanesd on

this electrically.i |.at i I [ an ' - nect

S ucture we. BASoHE B bitoacRYieeditalh Jih boicl Bhopared i AR £ 01
abnormal ities utded scloae bf/3Mparts of Ixambibpldisiloahe fdoiOqatts eSoctimettydtrisikauade. i NQ
devi ce.

This solution was used to produce the pre-metal layer in a semiconductor device
15  having a multilevel aluminum interconnect structure (pattern with a feature height of 0.5
pm and a feature width and feature spacing of 0.18 pm each) fabricated on a silicon
substrate. The solution was spin coated on the substrate using a preliminary rotation of
500 rpm for 3 seconds and a main rotation of 3,000 rpm for 10 seconds. A thorough
solvent evaporation was tt;en carried out to form a coating with a thickness of 700 nm
20 (7.005 A).

This substrate was exposed to a dose of 160 Mrad from an electron beam
irradiator (acceleration voltage of 165 kV) under nitrogen that contained 70 ppm oxygen.
Conversion of the hydrogen silsesquioxane resin in the coating to silica was confirmed.
No cracking or other abnormalities were observed in the post-conversion film

25  (electrically insulating layer). The substrate was then additionally baked for 1 hour at
700°C in a quartz furnace. Although the extent of conversion to silica at thig point had

reached 100%, no cracking or other abnormalities were observed.



10 EXAMPLE 14 A hydrogen sil sesqui oxane resin solution

_containing 18 wt% solids was prepared by di ssol ving the hydrogen
si | sesqui oxane resin fraction prepared in Exanple 1 in a m xed
sol vent of 30 parts of hexanethyl disil oxane and 70 parts of
octanet hyl tri sil oxane. Thi's €8l uti on was used to produce the
pre-netal layer in a sem conductor device 15 having a nultilevel alum num
i nterconnect structure (pattern with a feature height of 0.5 [err]m
and a feature width and feature spacing of 0.18 [err]meach) fabricated on
a silicon substrate. The solution was spin coated on the substrate

using. & Prel LM nar Yl 8hbled hedlomees sruciif kP ety GEALE 28 @ 121 1

rotation of 3,000 rpm secon evapor ati on
was then carri eHctficﬁlIytmsutwngdaycrmsmg thm@omawmahdidfmhanasdmmfue /N6 nm 20

(7,005 A). suhst rat exposed.to a dose of 160 M ad
from an el ect ral;pogg%eswerco ?‘F‘f"’gd‘?ﬁ‘f’(ﬁ PEpRETUGS Pife ‘Flf%‘g"‘v&ﬂe 165 kV)
under nitrogen that contained 70 ppm oxygen. Conversi on of the

hydr ogen S|Isequ|oxane reS|n |n the coating to silica was confirmed.
No cracki ngSor ‘ RAMBPLES wer e observed in the post-conversion

(25 (ol ect ok B R PSG olB Bnt

Al t hough the eiJSéﬂhandﬁwmgtnwmgmolb@ﬂaMelghaomﬂﬁsncmnmemmthathlecular reached
100% Kk t h ' b

1o " O B P T 41 OB D00 1 el ved b bt 1 y

fabricated on isbb&ylketonetoqirs;ﬁ}adsamtﬂoucbﬂ&uinm@@%Isamar using the
contact/via hole contact technique. abnormalities were observed in

t he el ectril@al propElis sabeiogfwas H@dﬁ@mﬂqeﬁ@: leotrically insulatingdoePhEnTnVE EXAVPLE

m)l ecul ar wei gﬁ{%ra%lqw wlls ?i %%8& %‘?‘J\%‘EI’ gﬁﬁé‘&h\f\gr&élggg‘r{r% Ildiel;(%gﬁl{a{?ﬁl\?\%&gﬁ tof
7, 705 ( conponesttuctuire (paaemdlth@tfdtme height of W§iyghandradfegure stidth andifeatute, @@@ng: 41%

S Of tening poi ngf 0:189 ILI%iI;.Ch; %n‘"@s o%' ass ?c!o\x{%t?bshgte mf‘ﬁehyase features were coated with a

CVD film and the solution was then spin coated on the substrate using a preliminary

15  rotation of 500 rpm for 3 seconds and a main rotation of 3,000 rpm for 10 seconds. A
thorough solvent evaporation was then carried out to form a coating with a thickness of
1,278 nm (12,780 A).

The wafer was then baked for 1 hour at 400°C in a quartz furnace under a current
of nitrogen with an oxygen concentration of 100 ppm.

20 A substantial reduction in coating thickness occurred and conversion of the
hydrogen silsesquioxane resin into silica was confirmed. Cracking was observed in the
post-conversion film (electrically insulating layer).

A CVD film was formed on this electrically insulating layer and a multilevel
interconnect structure was subsequently fabricated by the via hole contact technique. In

25  this case defective electrical contact was observed in portions of the device.
COMPARATIVE EXAMPLE 4

The resin described in Comparative Example 3 was dissolved in methyl isobutyl

ketone to give a solution containing 22 wt% solids.



i sobutyl ketone to prepare a solution containing 18 wt% solids. 10

. This solution was used to produce the electrically insulating |ayer between
i nterconnect levels in a sem conductor device having a nultilevel alum num
i nt er connect structure (pattern with a feature height of 1.0 [err]m
and a feature width and feature spacing 99 of 0.18 [err]m each)
fabricated on a silicon substrate. The base features were coated with a
CVvD filmand the solution was then spin coated on the substrate using a
prelimnary 15 rotation of 500 rpmfor 3 seconds and a main rotation of

3,000 rpmfor 10 seconds. A t hor ough sol vent evaporation was then
carried out to forma coating with a thickness of . 1,278 nm (12, 780
A) . Th&higaelution¥as vserttn PrudNesthe glectgically ipsulgtinglaigrdetieeni n a

quartz furnace iifrl@xg%ne@t 169 iR @ Semiconduct8f de}iéemaﬁ%a Whujelleve e interconnect
concentration of 100 ppm 20 A substantial reduction in coating

t hi ckness occustradure (patteoywith asfeatnredieightef 0.5 pm andhy fenwpemidthi dnd dsaiure spacing

resin into sili s confirmed. Cracking, wa served in the .

post - conver si or?gﬁil Hf“(%?‘@é?‘ﬂ“&%‘? pRe f’ﬁ‘é‘ﬁ’l %P‘ﬁ% ﬁgﬁgﬁa?eatures were coated with 4y
filmwas fosmedvanfitdhd e SshitionGals khenispin dbaéd ditkhé subetrat@iinga praliminkgyv el

i nterconnect structure was subsequently fabricated by the via hol e contact

techni que. | n 2%atiqnnf908 gumfondsecopdsand @ ma rotatign ok m 3510 wendsadd in
portions of th ?ﬁj@%&ﬁ{vcnt evaporatiof e tﬁgf%gn\i@ St Molra Soating with athicknessTcgﬁt Jl

resin describe nparati've Exanple 3 was dissolved 1h nethyl 1so
ketone to gi ve 848 swl@#8®A).cont ai ni ng 22 wt % sol i ds.

20 Thi 0 I I L ically
i nsul ating | ayer bep\)\%men% tie ‘J&wltm%%fl ge@%tglr{l’ﬁgag}& ﬁ 3@5&?@%“%%&% éggﬁéfﬁgt or
devi ce havilog aitfogki edreesedid adsultinfluidization, buointhis tase a thorouphlinfilling Betgeatther n

with a feature height of 0.5 [err]Jmand a feature dt h ,and feature spacing
of 0.18 [err] mf%a&lf?ﬁanfiiii’f“fu??éf‘&ﬁ"é cpating § gﬂﬁ&?‘%& edThe pase features

were coated with a rhe subSMe whd tHirPdxfodell B £@dsHbf F5D MBA flolfh c3Rtbn 68&1 €d on
the substrate using a prelimnary
irradiator (acceleration voltage of 165 kV) under nitrogen that contained 70 ppm oxygen,

conversion of the hydrogen silsesquioxane resin in the coating to silica was confirmed.
15  While no cracking or other abnormalities were observed in the post-conversion film
(electrically insulating layer), the undulations (waves) in the surface were not eliminated.
A CVD film was formed on this electrically insulating layer and the fabrication of
a multilevel interconnect structure was subsequently attempted by the via hole contact
technique. However, in this case, microfabrication proved to be impossible due to the

20  frequent elevations and depressions in the surface.



rotation of 500 rpmfor 3 seconds and a main rotation of 3,000 rpmfor 10
_seconds. A t horough sol vent evaporation was then carried out to form
a coating with a thickness of 848 nm (8,480 A). Heat i ng
the resulting substrate on a hot plate for 3 mnutes at 60[err] C under a 10
nitrogen current did result in fluidizatian, but in this case a fhorough

infiling between the features and pl anari zation of the coating
surface were not obtained. The substrate was then exposed to a
dose of 160 Mad from an el ectron beam irradi ator (acceleration

vol tage of 165 kV) under nitrogen that contained 70 ppm oxygen,
conversion of the hydrogen sil sesqui oxane resin in the coating to silica
was confirmed. 15 While no cracking or other abnornmalities were observed in

t he post-conversion film electrically insulating |ayer), the
undul ations (jwaves) 1 n fhe dqurface ywere] not{ el jm nat ed A CVD
filmwas forrfed on thisSelegtrigal Ly igpulgting |ayerand,fhe fabrication
. .ol [®) 2 2 jo]
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[err] 22 1.
.A conposition for the formation of silica thin filnms, said conmposition
conpri si ng (A) hydrogen sil sesqui oxane resin that contains at | east
45 wei ght % hydr ogen si | sesqui fane resin with a nol ecul ar

wei ght no greater than 1,500 and (Bf“ sol vent 2. The
conposition of claim1 wherein there is 5 to 50 wei ght percent (A) based on
(A and (B). 3. The conposition of claim1 wherein the hydrogen

si | sesqui oxane resin conprises | adder polysiloxanes and cage pol ysil oxanes.
4. The conposition of claim1l wherein the hydrogen sil sesqui oxane resin
conpri ses | adder polly# ¢ompasicon fon dielforedecion v silicaahig filwif) ssiétanpasidiohr om t he
groups consi st icgglpg;inghydroxyl , triorganosil oxy, and di organohydrogensi | oxy.

(A) hydrogenilsesquioxane resin that contains at least 45 weight % hydrogen

silsesquioxane resin with a molecular weight no greater than 1,500

and

(B} solvent.

2. The composition of claim 1 wherein there is 5 to 50 weight percent (A) based
on (A) and (B).

3. The composition of claim 1 wherein the hydrogen silsesquioxane resin

comprises ladder polysiloxanes and cage polysiloxanes.

4. The composition of claim 1 wherein the hydrogen silsesquioxane resin
comprises ladder polysiloxanes endblocked with a group selected from the groups

consisting of hydroxyl, triorganosiloxy, and diorganohydrogensiloxy.

5. The composition of claim 1 wherein the solvent is selected from the group
consisting of aromatic solvents, aliphatic solvents, ketone solvents, aliphatic ester
solvents, and silicone solvents.

6. A method for the formation of silica thin films, comprising

i) coating the surface of a substrate with the silica thin film forming composition
of any of claims 1 -5;

ii) evaporating the solvent (B), and

ili)-converting at least a portion of the hydrogen silsesquioxane resin (A) to silica

by exposing said coated substrate to high-energy radiation. .

7. The method of claim 6 wherein the substrate is an electronic device.

T



5. The conposition of claiml wherein the solvent is selected fromthe
.group consisting of aromatic solvents, aliphatic solvents, ketone solvents,
al i phatic ester solvents, and silicone solvents. 6. A nethod for the
formation of silica thin filns, conprisin%q i) -coating the surface of
a substrate wth the silica thin filmfor 3ng conposition of any of clains
1 -5; ii) evaporating the solvent (B), and iii) converting at
| east a portion of the hydrogen silsesqui oxane resin (A) to silica by
exposing said coated substrate to hi gh-energy radiation. 7. The
met hod of claim6 wherein the substrate is an el ectronic device.

23 8. The nethod of claim6 wherein the hydrogen

si |l sesqui oxane resin i s converted in an oxygen-containLng gas, envi ronment .

9. The method as cl&i Fedmethodafslaim & wheesinsth hydrogeastesquiorgne Tesin ipfonyered
hydr ogen si | segpdﬁi& EcohbBtis Lovidngemverted to silica by exposing the
surface of sai coa?g%‘sugg?#géél%o ﬁﬁdﬁ-energy radi ation at a tenperature
of from10[err]C to 50[err]C
9. The method as claimed in claim 6 wherein at least a portion of the hydrogen
silsesquioxane resin (A) is converted to silica by exposing the surface of said coated

substrate to high-energy radiation at a temperature of from 10°C to S0°C.

W



