1 COATI NG COVPCSI TI ON AND LOW DI ELECTRI C SI LI CEQUS
MATERI AL PRODUCED BY USI NG SAME TECHNI CAL FI ELD 5
[0001] This invention relates to a coating
conposition. The present invention also relates to a
process for producing a |lowdielectric siliceous
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wiring in semiconductor devices. An example of this
technique is the formation of groove wiring by
embedding of a wiring material such as copper (Cu) in
the inside of the groove, for example, by a sputter
reflow method or a CVD method and further removing a
wiring material deposited the outside of the groove, for
example, by CMP (chemical mechanical polishing). By
virtue of the advance of the groove wiring techniqgue, in
semiconductor devices, the fineness of internal wiring
can be increased, and, further, in cooperation with
surface flattening by CMP, a higher level of multilayering
can be realized.

[0003] The enhanced integration density of the integrated
circuit has led to a demand for further lowered dielectric
of an intermetal dielectric present between wirings, a
demand for mechanical strength high enough to



CWP, and further a demand for chem cal resistance to
various chem cals, for exanple, chem cals used in CWP,
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studied. fQr 4 polyorganosilazane is considered effective for

preventing the increase in specific dielectric with the
elapse of time. The organosiliceous film thus obtained
has such a structure that an organic group is attached
to a silicon atom in the silica. Therefore, a siliceous
film can be produced which has high water repellency,
can suppress a moisture absorption-derived increase in
specific dielectric with the elapse of time and, at the
same  time, possesses heat resistance and
environmental resistance required as an insulating film
for semiconductors.
Patent document 1: Japanese Patent Laid-Open No.
75982/2002
DICLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0007] In order to meet the above demands for siliceous



exanpl e, the present inventors have found that a
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3 T Ry bRl g Bt oGS h2he fring in

met hod di scldwsedatimopph@re, the polysilazane films are treated
either in the atmosphere for a long period of time, for
example, for 24 hr, or in a humidified atmosphere, for
example, under conditions of 50°C and 80%RH for 30
min. In the treatment in this humidification step, the
conversion of the alkylsilazane to an alkylsilanol is
accelerated. When this humidification step is omitted
in the conventional method, it is difficult to form a good
porous siliceous film. The addition of this
humidification step lowers the production efficiency and
requires business investment for additionally providing
the humidification device. Accordingly, the
development of a method for producing a good-quality
siliceous film not requiring this humidification step has
been desired.



docunent | but also in the production of a
conventional siliceous film a siliceous filmis
formed by treating the coating filmat an el evated
tenperature. This elevated 5 tehperature treatnent has
hitherto been generally carried out at 400C or above.
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Lo ot o0 e EAERS Y thils Y o BRIS0f ot formes
di fficultin the siliceous film is smaller, and that pore diameters
are uniform. This is because, when the porous
insulating film is exposed to an etching gas, a removing
agent or the like used in forming the multilayer wiring
structure, the gas or the removing agent sometimes
enters large pores and attacks the film. Further, in
some cases, stress or heat applied in forming metal
wiring or other thin film formation on the porous film
triggers expansion of pores. Further, these sites
function as a leak path, and, consequently, the porous
film does not function as an insulating film. For the
above reason, the pore diameter of the porous film is
preferably not more than 2 nm. In the conventional
method, however, the formation of a porous film with
pores having a uniform pore diameter of not more than



MEANS FOR SOLVI NG THE PROBLEMS [ 0011] According to the
present invention, there is provided a coating
conposition characterized by conprising a 5

pol yal kyl si | azane conpound, an gcetoxysilane conpound,
and an organic solvent. [0012] Further, according to
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EFFECT OF THE INVENTION

[0015] The present invention solves the problems
involved in the production of the above conventional
25 siliceous materials and can provide a coating

composition that can simply produce a siliceous material

which has mechanical strength high enough to

withstand the advanced high integration process

including a damascene process, has a low level of
30 dielectric, and are resistant to various chemicals.

[0016] Further, in the present invention, the
humidification process which is required in the
formation of a siliceous film using a silazane compound

_ can be omitted, and, thus, the production process can

35 be simplified.
[0017] Further, according to the present invention, the



This can reduce the thermal budget, the stability of
the netal wiring in the electronic material can be

i nproved, 5 and, at the same tine, the energy
consunption can be reduced to Gower the production
cost. [0018] Wien a pore formng agent is used in the
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[0020] Polvalkyisilazane compound
The polyalkylsilazane compound according to the

present invention has an alkyl-substituted silazane bond.
Although the structure is not Ilimited, preferred
polyalkylsilazane compounds comprise repeating units
represented by general formula (1):
[Chemical formuia 1]

ot o
T

[0021]wherein R' represents a hydrogen atom or an alkyl group
having 1 to 3 carbon atoms, provided that all of Rls of
the whole compound do not simultaneously represent
hydrogen;

R? to R* each independently represent a hydrogen
atom or an alkyl group having 1 to 3 carbon atoms,
provided that all of R? to R* do not simultaneously



[0022] In general fornmula (1), when R represents a

met hyl group and R2- to R4 exist, preferably, all of

R2 to 5 R4 represent hydrogen. [0023] The

pol yal kyl si | azane conpound according to the present
invention may contain in its structure any one of or
bot h groups represented by forpulae (2) and (3):

[ Cheri cal shyeaant bydyoge Hpas Ro 4 sSi R 0) RIL1 (3)
[0024] wherein Roqgt @il epch aredgrendeavid Y0 ke;wmes:pm r<3.

car 233 o, T 0pReEt riardelh” Ko arifes db nepresents a
Si mul t aneoprsdthyi ejnfoeﬁperahdﬂwr pg e’ @l%iista breflerBB1y, 0aR1df R? to
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repr esent [ag[.re hyl oup. In the present

i nventi on, SBV§§|E9W§Pﬂ conpound conpri si ng

units represented y gener al fornul a (1) and units
represented by ei tRher general 25 fornmula (2) or (3),

or all of units $PLQ§ ted by gener&k) fornulae (1)

to (3) is partic |%rly seful because gelation during
storage of the co®&i ri@ conmposition can be prevented.

In this case, the nunber of repeating wunits

represented by gengralsfornmula (1) is preferably 8 not

| ess than 50% by %D nnr preferablé not less than
80% by nole, p Ne-usaf-l °§ ot
90% by nol e, of t'he tbisal

ref erabl y! | ess than
unber of units represented

10Py general forrrul ae (1) to (3). Wien the nunber of

[0024] wherein R® to R!! each independently represent a
hydrogen atom or an alkyl group having 1 to 3 carbon
atoms, provided that both R®> and R® do not
simultaneously represent hydrogen and all of R® to R!

i5 do not simultaneously represent hydrogen.
[0025] Here in general formula (2), preferably, any one of
R> and R® represents a hydrogen atom with the other

representing a methyl group, and R’ represents a
hydrogen atom. In general formula (3), preferably, R®

20 represents a hydrogen atom, and all of R® to Rl

25

represent a methyl group.

[0026] In the present invention, a polyalkylsilazane
compound comprising units represented by general
formula (1) and units represented by either general
formula (2) or (3), or all of units represented by general
formulae (1) to (3) is particularly useful because
gelation during storage of the coating composition can
be prevented. In this case, the number of repeating
units represented by general formula (1) is preferably
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5 repeating units represented by general formula (1)
is not less than 50% of the total nunber of repeating
units represented by general fornulae (1) to (3),
probl ens of unfavorabl e phenom®na such as repelling
or uneven coating are less likely to occur during
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Dol YAl kY, AR 878 S AR B, B A S eBeating units

chl orosi | aepsesentdée chye dermerml ydfokyisial aZane and units
represented by general formula (2) and/or general
formula (3). Further, in the present invention, the
number average molecular weight of the
polyalkylsilazane compound is preferably 100 to 50,000,
more preferably 1,000 to 20,000.

[0028] These polyalkylsilazanes may be produced by
using, in  ammonolysis used in the synthesis of the
conventional polysilazane which is self-evident to a
person having ordinary skill in the art, as a starting
material, an alkyltrichlorosilane (R'SiCl3) in the case of a
polyalkylsilazane comprising repeating units represented
by general formula (1); & dialkyldichlorosilane
(R’R®SiCl;) in the case of a polyalkylsilazane comprising
repeating units represented by general formula (2); a



5 conprising both the above repeating units. The
proportions of the individual units in the

pol yal kyl si |l azane are determ ned by the m xing ratio
of these chlorosilanes. [0029]gAcet oxysil ane conpound
10 The coating conposition accordlng to the present

i nvention conprjses an, aceto ound,, This
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I necessHI¥roSiidsést utn ontrha/ otded OHPURS I§0N§Ry15|lazane
£OSSI bl e. [0030] In thﬁ} I%_’gsent i nventi on,

onsi derec;qrﬂarls"agonb@ e { RBOXBet EXRRFTIAGe UNits.  The

conpound | otdw:imisly @reconmestedng&w?dual atiygitg lom  the
al abou gl

terrperature 0 exa 00C,

an acet oxyPQ vaﬁ@flﬁﬁaéﬁnfeuﬁee.%%enmw@%%étté]eymxmg ratio of

capabl e ofthageetlorbkNenas,.reaction through which the

pol E/al k%iSI | azane conpound is cured to forma

si | MM%MHQQng t enperature
1gnecessary for t1ge CesatiagCainifodienR %Q:c%fﬁdﬁﬂji to the present

further, the diameter of "the mcropores in Eorous

filmcan HOVESHIRRCOMPriges N t@éﬁ’@l‘@é‘ﬁed:om gund.  This

the sili Coé‘c@t‘@f%y@:rﬂr@ demopBaRH! | @Omprashict 10ftd hef acetoxy
acet oxysi |l ane Coﬂgttél.cb per se stays in the thin fil

to strengdiPS &4l itakithg slifarn [@Mer riiheR three or

the 30 curjierg Qaétd)@y@\{ﬁlﬂ%%rbhgtfddﬁ‘@@t Fsﬁ'b%‘tftue'rﬂs such as
this case, et oxysi | ane co ound nar|5|n

1%an al kyl @Muparagt@@ﬁw g8ouPS; Ty e @iacheRctasiyeon.
gggug s tr{xéfé@é%’ahrgyofﬂ%tgl{tgﬁ%\f 'O'Bﬁl'-:r R_ﬂ’fm fS bm@%,sszbie
AcCTORRgI y, t HE e cRIESERS |!3N@rttt%ouﬁdl%h%@ma'dr@éed that,

properly sgheft B¢tindCapredi gkt h%n@@&ﬂ?'o%ﬁrﬁﬁ s thermall
appl i cation of th:am‘!?il ve 31] | Y

th deEoMPAFay 3'%5‘90?%3 Ranegly a&m tefmtp@raawe for
e prl or u en |1 C

20 s formed awampitheapohpality peig-azang ¢eueOMRd, acét%xy group

descri bed a ove, the hum dificatign st ep oul

ich functions like a catalyst capasbq Pacceleratmg a

reaction through which the polyalkylsilazane compound

is cured to form a siliceous film, and, thus, the firing

temperature necessary for the curing can be lowered

25 and, further, the diameter of the micropores in the

porous film can be reduced. It is further considered

that the silicon-containing decomposition product of the

acetoxysilane compound per se stays in the thin film to

strengthen the crosslinking structure formed in the

30 curing and to increase the film strength. In this case,

when an acetoxysilane compound comprising an alkyl

group attached to silicon is used, the alkyl group is

likely to stay in the final porous film and, consequently,

the film strength is likely to lower. Accordingly, the

35 acetoxysilane compound should be properly selected

according to the contemplated application of the



5 provided. This humdification step is provided to
convert a part of the polyal kyl silazane to a sil anol
compound. In the present invention, by virtue of the
presence of the acetoxysilane d0npound, the

pol yal kyl sil azane is converted to the silanol conpound

10 in a shgy. ' i t providing the

hum di fi c}tqr'%ﬁabgeéy\gtgw refore, when the coating

cormﬁﬁd 31hﬂ on acdor dtih“egfponﬁrt fthrtplteshntqu@vewﬁecm tise siliceous
used, the pr { um I

form ng ¢ HEALF a8 f8rmid € usinG &ie holva K SieFang compound,
Furt her, vdnsercfeasmmtnedfabweg g urkhd ifihg activo $tle|:beshould be
escrlbed | ater, i,S us the s [ 0SCOpi C

e of
phase sepdt A Bfther aiths | AUBIRERSIon ngteloda: Riyided to

the matri marwez’meaepbrtzedflm@ plody sl iyl sitazd 9€32d lan silanol
t he conventj onal rIB IEt t echni
0

wh h .
humi di 11 oATBRG V81 RIS aKEnTOna BYsyirsue of the

the 20 armwstemfe t hefSI Ithl&ol sooouglldeeomzdmpound,  the
excessi ve. Furﬁ when hum di fi 3at| 20 s carrie
f

out
for a Iongo Ib’g k\él&ifazaplenés ‘Eﬂfév‘? u?d?lﬂ?ngp qorll‘gpound
10al kyl si | anal a stompdtintk &ﬂthouatprnm,ldtdgethba!semudmcatlon step.
separatlonl_fro t he qre, rmn ent _exce sweg)f/:
progr esses,, |rﬁg whess t CFQQ CHRROSTHERa ALEPERING tO

whi ch di sat@\eanpmml‘ﬁverrtmnea@swbd dtlaaetpebvimon of the
gores fo”]fq@né{f@thq:‘ﬁa%t'eoﬁﬁgof‘ &otre [\ .nﬁs- aterial is
gent n YrBIG: the,RLHEEEHS; @
char acterlrmdlmmsbleatsatﬂ?e stRirthet, widn Rlpore formlng agent
15{7,C1 05000l PRASE R *hLo063 Nrd s 7l o “state of
al kyl si | amicmﬁb@wqah@s@@e@métm ﬁeﬁwt-érolth@ berg forming
(mcr oscofi4emt,AREeTE SHAL Koo B ﬁ%ecadneafsa%t@me
agqi033] | ess Ihi kiekycdventisnal Theof etotedihidue swisen the
Do S aS et AR ohAIRYR AL FRCexcessive, the
20fluidity efmbhetaldfythel ateindd tonipodAd2hecomes excessive.
Further, when humidification is carried out for a long
period of time, due to the fiuidity of the alkylsilanol
compound as a matrix, the phase separation from the
pore forming agent excessively progresses, leading to
25 macroscopic phase separation which disadvantageously
increases the diameter of pores formed by sublimation
of the pore forming agent. On the other hand, the
present invention is characterized in that the state of
optimal microscopic phase separation can be realized in
30 a short time and, further, even when the produced
alkylsilanol compound is allowed to stand for a long
period of time, excessive phase separation (macroscopic
phase separation) from the pore forming agent is less
likely to occur. The reason for this is believed to reside
35 in that the acetoxysilane compound-derived silica
component inhibits the fluidity of the alkylsilanol



30 35 [0033] [0034] 11 conpound to suppress

macr oscopi ¢ phase separation. Further, in the
conventional method, when the formation of a siliceous
mat eri al by using a conbinationq of an al kyl sil azane
compound with a pore formng agent is contenpl ated,

the silica conponent is forned only by .a dehydration .
reaction tFOBIREH PG L0 SPBFESH MR KASSaRiAdhase seaaRation.
In ppg8B]to fa@urthke sin i Eife CeoPRRENIoNS ahetdUNtwhen the

| arge enough to, regulate . the fluidity of the, . .
o st aarmagRn b A SiiaRats s tarial hybeSing & gembination

oﬁ't at arbfeaﬁvatl?,ﬁstlaﬁaﬂe?ém_ dﬁn@&@{@h% @&@b ¢%rrhlill?g agent

is case, e ore fornj.ng agent is burned out,

he  al Kyl i FaREEMAIAERRNANEI Slist: GRHRANENS I dotmed only by
portion aadelppncRumeeaxtiddPtRPo@gR Meatiher oFan alkylsilanol
Accor di ngl%/, the use_of a o&e form H% agent havin .
heat T esi stURROUM g IBrREART £8 faV] ANBLs HeguEOmPaTFRAt in an
ltenpteratur%rlmﬁmtz ndirgeersailgh i pe uﬁt@v?weagwwﬁtw of the
imts usable, pore form ng agents. . cont r , in
t he preserﬁlkyliﬁ'@%ﬂ?lroﬁ,eaz;{rgg r@@@&ﬁéél?'ﬂ%\%?‘f be carried out

1¢ enper at urgt G eledatdPempéritineasetIBORE Id@bove. In this
conmpound, the m roscci_gé CFf hase separatiogn, between

the matri xCaf Bok rem?ﬂlj"rﬁﬁ n29edtajs Lidyed, out, the

subst ant i adlliky|SivaRbEeepstiatefloWy ik the burned-out portion
m croscopi cal,l y phase arated state is_ maintai

se ned .
even in o Ae SANSRAUE Y ARESALE 10 fBERRM | nAccordingly,

whi ch the ww‘eowi@q;@me%rmag_ eénBttRiing heat resistance
Therefore i ch sub

15 ol ati vel i re@%ﬁ%ﬁbg%f‘%\?&l Bt On' Ghwinaloltetoparature is
wei ght thandi§genssbld.or NMhgs adesd dVsRERdSo LS Plikdts usable
art may be used Speci fi c conpounds exanpl es of
i nclude Pore forming agents. By~ contrast, in the present

invention, at the decomposition temperature (around
190°C) of the acetoxysilane compound, the microscopic

20 phase separation between the matrix and the pore

forming agent is already in a substantially completed
state, and this microscopically phase separated state is
maintained even in a subsequent high-temperature
process in which the pore forming agent is sublimated.
25 Therefore, pore forming agents which sublime at a
relatively low temperature and have a lower molecular
weight than the pore forming agent used in the prior art

may be used.

- [0034] Specific examples of preferred acetoxysilane
30 compounds include tetraacetoxysilane,
methyltriacetoxysilane, ethyltriacetoxysilane,
ethoxytriacetoxysilane, isopropoxytriacetoxysilane,
n-butoxytriacetoxysilane, dimethyldiacetoxysilane,
diethyldiacetoxysilane, diisopropyldiacetoxysilane,

35 di-n-butyldiacetoxysilane, dimethoxydiacetoxysilane,

diethoxyacetoxysilane, diisopropoxydiacetoxysilane, and



met hyl tri acet oxysi |ane, ethoxytriacetoxysilane,
n- but oxytri acetoxysila ne, diethyldiacetoxysil ane,
di - n- but yl di acet oxysi | ane, di et hoxyacet oxysil ane,
preferred acetoxysilane tetrad2etoxysilane,
ethyltriacetoxysilane, isopropoxytriacetoxysilane,
di net hyl d

MEPUS e Sy b 0B cboxyal acet oxysi | ane,

di met hoxydi

and{ 23 8 -@rdan x goiverdisoxysi | ane. [ 0035] O ganic
| ts Th i i ti . di to t.h
present i nvent ik CtiBor etk ifipRGREsBRd ity tF thpepresent

above

onpound
5(c:iescribed

t he

sol vent
sol vent s
as benzeneyrganitusobyentylisngrefdrapllybanzénert organic solvent

di et hyl be

triethylb
10as cycl ohdrahale aronodtixemed roctataly dodwaptd salcengs benzene,

andd pentOENE | moAWIR)S, of neEbRNEertE cuord isthylbenzene,

15

20

25

30

35

di propyl

i nvent i
5 goveation sid aaamsolabimyouod @hispersiboxysf | Hne above

ARV, ST AR inostan

or gardiampoluwehtand ppéfcaraibloghan adelitivesgatiich will be

A SRR 16, o G e SHER R T i gase, the

JFe8ndrol] | BELVE, MY, bosuehy arpanig e folvents

drimethpibemiidneyl eamedr; kdeomelraemgs  alicyclic

such 25 T BV v o 2o b4 roperene,

[ 0036] Po
accordi ng
formng a

[0036]

rdedalvyd mgnagfetitaléhe, coat i ng conposethyeyclohexane,
d@%{ﬁ?fca&rlrsﬁg%ne', nverﬁt-l"noenntrm%e(fom 3na @ pglrpeentene
(limonene); ether solvents such as dipropyl ether and
dibutyl ether; ketone solvents such as methyl isobuty]
ketone; and ester solvents such as propylene glycol
monomethyl ether acetate.
Pore forming agent

The coating composition according to the present
invention may contain a pore forming agent from the
viewpoint of forming a larger number of smaller and
even micropores in the siliceous material after curing.
The use of the pore forming agent can further lower the
dielectric of the siliceous material formed using the
coating composition according to the present invention.
Such pore forming agents include polyalkylene oxides,
acrylic polymers, or methacrylic polymers. Preferred
are (i) siloxy group-containing polyethylene oxide
compounds or copolymers comprising them as monomor
units, and (ii) homo- and copolymers of acrylic esters or
methacrylic esters in which a part of side groups
contains a carboxyl, hydroxyl or siloxy group.
Regarding carboxyl group- or hydroxyl group-containing
acrylic ester or methacrylic acid polymers among them,



vi ewpoint of formng a |arger nunber of smaller and
even mcropores in the siliceous material after
curing. 25 The use of the pore form ng agent can
further lower the dielectric gf3 the siliceous
material formed using the coating conposition

ent invention pore f

di to th
roents | oo as SR AD R idondad JhPeugh! iesd Broups

or methacryy Itchdocdbfms oWaﬂk?rsfFa%a?nQe acfcﬁnbbhrﬁdlwmmut the
gr oup- cont ai ni n ”g é I'ene” oxi de n‘Eounds
|

copol yner sSeRmist ttlh‘@mp&é'e ﬁEﬂ%?g aRens aﬁ\%“(‘ rgsult, a

horo- and @@fmid/s'mbﬁ OfmaCf\NhlcSh estigss @epafBtiBACIYiki Cin  a
esters in which a of side ouPs contains a
R Separais

Xar boxyl , WMYEFASGAPIEa!IK IPbhaseyr aedR3ate mnd does not

carboxyl ogrue Gt'héWQﬁQ?SVJJs@:E;ﬂW ePRisR n'sé%aré@zbﬂ'@:an be
ester or nethacrylic yners anon t he

pore for niRPUgER: |S§HQHMec9"t0MR)G§W ?H’g@& g?%ﬂék‘: ggters or
the above méth%'ck\yhé'é@laaﬁély@m@QUSF’e taz:lxbarm*gédlﬁs m that,

separatio t 0 a resul t
conposi ti glp,em:]s\yﬁq @ﬂai"ﬁ’é‘ l’?ﬁg%&p ngrgupnccan%tltutmg a part Of
107 CT 05CODi iRl Y| pHRSESERAAITRIER BoRy ey | Wz alReTird film as the

cause the mBcr osGopi ¢ phase separation can
provi ded. THALRY G AUPAUSGS A gﬁ@%%/lm@tﬁgftaérgab'ing higher

rret hacryl igxrapigghpol ynmers are advantageous in that, in

i mati on, the siloxy group constituting a
fﬁﬁi pol yrGrest ApEMiRda e 'JsKyn@fucAyarfyq. Rarticularly

f' | mas therefépidd x 1® ptﬁéuc sé'n't' C@ﬁUénBi@irﬁ“é}e silioxy
havi ng hi gher strength

. (ﬁ form agent s
L5ahi ch are $UR (ﬁﬂrlilal"?'n‘.:bré* we&lav EH"Q h@ﬁagsegempounds or
i nventi on @ Eoiginh&PXorApridf vy AcHEmt 85 hidthomer units. These

pol yet hyl ene oxi de co ounds or copol risin ,
Phem oo nOHIRBOLIIS S BrandSich ¢ Shabadie PANSDIRNEnagxide is

a pol yethydcﬂﬂ%méud%n@ mherneﬂl@wﬂ t—guEhe(rslo bond) is
si | oxy grou $| - g cont ai ned i

struct ure. “XY ”’e% ﬁpﬁ@'é’%?“’%i I cﬁ@ﬁ‘ég‘c examples of siloxy
209r oup- cont du ogft@mm ncI%adﬁJ pg | rretrmvuéel oXYrimethylsiloxy,
di met hyl bu ox?élé dr'os @y
di net hy!3| Yﬁ? HU!F Yyl ethyhy %M,Slql&§thy|SI|0xy,
met hyl vi nyLbh"éhQ?fMethyisﬂoxy, diphenylsztoxy, methylvinylsiloxy,
phenvlvinylsiloxy, 2-(trimethoxysilyl)ethyl (meth)acryl,
y-(trimethoxysilyl)propyl (meth)acryl,
25 2-(trimethylsiloxy)ethyl (meth)acryl,
y-(trimethylsiloxy)propyl (meth)acryl, trimethylsiloxy
methacryl, and trimethylsilyloxysiloxanyl groups. The
term “(meth)acryl group” as used herein refers to either an

acrylic group or a methacrylic group.

30 [0038] One example of such siloxy group-containing
polyethylene oxide compounds may be represented by
general formula:

HO-(CH2CH20)m-L-(SiR',-0),-SiR'3 (A)
wherein R' represents hydrogen or any substituent

35 such as an alkyl or alkoxy group, and, in one molecule,

a plurality of types of R's may be present in combination,



phenyl vi nyl si | oxy, 2-(trinmethoxysilyl)ethyl
(meth)acryl, y-(trimethoxysilyl)propyl (neth)acryl,
25 2- (trinethylsiloxy) ethyl (meth)acryl,
y-(trinmethylsiloxy)propyl (metH¥acryl, trinethylsiloxy
met hacryl, and trinethyl silyloxysiloxanyl groups. The

e ther an SN ity ok, & rHNiRREARR: GFgRBuyRich may be
[0038] Onepelyanprieedf withcbthel onpngneep-usity;ai ni ng

et oreut  PEeF R Sy BRI SroE SV bl 4 sinate
wher ei n Rbomrgrarsantalkyyenegamuy; ang substituent 35

ol ecure a ol dndyRoeaqhedfe: Srdumbee Fepessenting the
in conmbi nadegiee b4 polgnitrinayiope a pol ynerizabl e group
repBuiBY s s | e o BFEGstinh, eRiFiATE, a8 ngl E1e © siloxy
bond or argraupHcemtadmiog poandtivylerendxideactncumd used in
nunber reg;esentlngpihe. eqree of po%%nerlzatl

d n. o
[0035] Thet Mol REEPEPEucIYRITRT His Sy paftichfarty limited.
10gr oup- contRriefierablyy| hetwevene thei daotenpavndveiged ii® 100 to

the present.ifvention is not pariicyl arl imted. 10
Pr ef er abl &O'MVQ}QF% Hée%ﬂa@@\ﬁlgﬁbt@i gfﬁoés 100 to
10|,[G)IID40]TDr e pref Ehebwoﬁﬁlogmf]ﬂl:@ﬂﬁ)t-aihi}@gl%ollyrethbeene oxide
sil oxy group-contajn t ene_oxi conpaun .
the struct pr"”ﬁ‘ol ;Eghsﬂ U&éi (92 pgi(yl%%ylene 3xide is not
parti cul arldamtldut'ﬁrl@d.limumu.t heFﬁdlﬂVVFthien:\ﬂ@mejinﬁthlf%/properEy
15 maintaining the vigcosity, howeyer e ight.o

15 ne et hy rEABGS  + 7€ “pistosith: HosteNer ofte MAeight of the
tﬂe vv_e: glﬁthtyﬂenbexvobapmliehpr@ﬁeltml!yi SUWQo}feDQ’ltsltb@éed on the
the silox rQup.part in the poly structure /i s
pr ef er abl ﬁe%(b &f4gboe 28° %ﬁlf] SB%U&F%& & W@gﬂbtf of the
preferr Sd_s$llolxqrxg rogp pertciontiae np oy spolxyestryicenee ogigteferably
conpound i

| ud
a-[3-[1,1}gf§9f@?%%nethyl-I-[(trinethylsilyl)oxy]disi
200x400417] Specific examples of preferred siloxy

group-containing polyethylene oxide compound include
a-[3-[1,1,3,3-tetramethyi-1-[(trimethylsilyi)oxy]disiloxa
nyl}propyi]-o-hydroxy-poly(oxy-2,3-ethanedyl),

hydroxy(polyethyleneoxy)propyl polydimethylsilicone,

o

25 and MCR-C13, manufactured by Gelest, Inc.
(Pennsylvania, US).
[0042] Further, compounds, which are selected from the

group consisting of homo- and copolymers of
(meth)acrylic esters and contain a carboxyl or hydroxyl
30 group in a part of side groups, may also be used as the
pore forming agent in the present invention. Such pore
forming agents include acrylic ester homopolymers, for
example, polymethyl acrylate and polyethyl acrylate;
methacrylic ester homopolymers, for example,
35 polymethyl methacrylate and polyethyl methacrylate;
acrylic ester copolymers, for example, poly(methyl



nyl] propyl]-o-hyd roxy-poly(oxy-2, 3-et hanedyl ), hyd
r oxy( pol yet hyl eneoxy) propyl pol ydi nethylsilicone, 25
and MCR-Cl13, manufactured by Gelest, Inc.

(Pennsyl vania, US). [0042] Furtqy®er, conpounds, which
are selected fromthe group consisting of honp- and

copol yners of nmet h) a lic est rs and contgin a_,

car boxyl ?CFWéi%XSR e.i%\%roupa?rry atebr t omgﬂ?ﬁcryltc ester
groups, nmayopbRmepsused asrotrhe PO airApE,Ng agelibtolynnethyl
the present |nvent| on. Such pore fornng

i ncl ude acMgthacsyl ate- ﬁ@ﬁ%ﬂbY'yﬁﬁ@"aqrbﬂateéxéﬂfﬁ gopolymers of
pol ynet hyl aaefyd abstamrd Mﬂwemeﬂha%(‘rﬂ/%ate%ters for example,
Egethacryllg‘é}gtter honopol yners, for éxa 35
0

| ymet hyl QFHSF'W'aF@"\éIﬁ(Hep‘é‘P‘;@thWIm nﬁﬁﬁ@fw@le

acryhpasgster capfdy e pofrer fEAImg Sagdet Mér@tdﬁ/dol;}'%er the
acryl ate-co-ethyl acrylate), nethacryllc ester

copol ymer sARRMSFan@it@ngesNgntetify| Not limited, and random

et hacryl aggp6RrAkhy] BRIdkaTIEAY ﬁ%er@%&oﬁﬁhéﬁeéﬁyo‘cdeswed
acrylic esters with methacrylic esters for exanple

5 pol y( et MANGRKES| ET@NASBEME Mt RSWSESt ). [ 0043]
10Mepgphg]pore fapHJtEepgelisalbied fEPPRoERItutidY (meth)acrylic

nononer arrangenent 1s not limted, and random
copol yrrerse-"*‘iﬁfod'l@"@@m ymers ofPReIVARgreeIglugde, but are

monomer ar RaRIRARRd &Y nhetiiacthetHadrORAL], PRAWethacrylate,

usabl e for constltutl ng (neth)acrylic’ ester
honopol yneRsbehd copeiiamydatec iduut vdutnmt@acmate t-butyl

limted tomdmdnr |4 h?f‘?ém;fit %crﬁléﬁé’ @Qh{)ﬁcédﬂy%ﬁa n-butyl

butyl met hacr Iate i - but acrylate, t-buty
19,et hatr yI s@6Y IABE hyl-bH{ | ALEY(Abeny ANy by Ackviaie.  In

15 acryl atﬁarﬂm@lﬁr}" aﬁﬁdﬂh’?le %th‘a*&wbdteacr%ﬁ@e n-buty!
In particul ar nmet hacryl ate and n-b

net hacr yl afiet ha"r?inﬁt@ut@'ﬂ aBr?P'éY'e a&ﬁ‘dlqtebéﬂﬁl ' butyl acrylate

acrylate gfe rfipie BF@ffeﬁ‘Péﬁdflfdrﬁ”’clﬁéew\é'vﬂ!W?itnbf Qfompat.bmty
conpati bili yal kyl si l azane. 20 [ 0045]

In the pre‘é’é‘%\ hﬁ\m{vaﬁﬁy Isil ﬁéa(‘@et h)acrylic ester
2000l Epmswsabl qnaghiehgrieeied tf @h%h@;@qe&hecqmétm@ync ester
oX

car ggoo%ngpddsogblae tgaysdlrt )éylpogrreo%gnl'nqngt alg%arl']st contains a
carboxyl group and/or a hydroxyl group in at least a
part of side groups contained in at least one polymer
structure. The carboxyl group and/or the hydroxyl

25 group may be previously incorporated in the monomer
for constituting the polymer. Carboxyl group- or
hydroxyl group-containing monomers include, but are
not limited to, acrylic acid, methacrylic acid,
2-hydroxyethyl methacrylate, 2-hydroxypropy!

30 methacrylate, and 2-hydroxybutyl methacrylate. In
particular, acrylic acid, methacrylic acid, and
2-hydroxyethyl methacrylate are preferred from the
viewpoint of easiness on a reaction with the
polyacrylsilazane compound.

35 [0046] Alternatively, the carboxyl and/or hydroxyl group
may be introduced later into side chains in the homo- or



part of side groups contained in at |east one pol yner
structure. The carboxyl group and/or the hydroxyl 25
group may be previously incorporated in the nmonomer
for constituting the polyner. @&rboxyl group- or

hydr oxyl group-containi ng nononers include, but are
not limte

acrylic acid t hacrylic acid,
2- hydroxyé%ﬂ@?lﬁg?ﬁacré?at%xaaﬂﬁfﬁr@xﬁﬁvgﬁ%wlsﬁrouD may be
met hacryl amtro@uded hmtir OKNQUts}'dienEhla@ﬁrblgat@t least partially
particul ar ﬁ |IC acb and
2- hydroxye@“@ {%% ?I%?BF 2 8 @?F@ €krom t he
Vi F@@@ﬂﬁlﬂ olf eanineas s tao gorearnblren Iw?éhectomplonents are
ol yacryl sil aza ou ernative
e’ car oSSl A peraEpceoPbse basboky| Brpua.dbd/or the
IFater i nt lohwmwh@mp nnt het Heemt @helﬁchgh@er”EUtfﬂces for
or exanpl e car box r oduced jnto
the si dgp B T"?E)\'ieqye'é‘%uolg Tti a‘MSprdﬂ [\bl yri Ayxthee of a
pol ynet h?&Wﬂp@Lﬁﬁd ed:onlfatfia % Heethdma charfmb@ipg'riﬁﬂpf nor a
conponent s_ar, e resen sence
carboxyl . PEUPABETInEOr EXABIE. o BelyRHIAIC esker With a

10one of t hecoraplofirees cfm’fta:ﬁm‘g engpl aia&@obcﬁﬁwgmup and/or a
Accor di ngl m xture of f§|_rrpound cont ain

neither a %\éﬁi BB gQBQIBpnor hy 8X8RP!Syr ouBOle(cEF'ethach“C

exanpl e, aestelrywmbthaeﬁﬂ% acdy hmayl®ecagpdusd the polymer
cont ai ni ngceoa car bo group and/or a hydroxyl group,

for exanpl thacryl ic ester-co-net hacryl [ c
aci 400owg] be used aante @aHymvl gesupnemd [HABIxyl group

The car box ro 5 ai ned
15(he (anenibardTed 2 She (it atbalf estar® Pﬁé/ra&reusab'e as
formng aghet, poget heﬁorm’frigth%gemﬁ yalfagedtlezangiith  the
a ,crosslinki bon Thi s crossl.inkin

Fencti on’ SONERIRYIEHEZERE chBRTP G UG uRe CESTIHRRING: bond.
final fil mh@ndcrdssnmmgher@axftﬁ@nt affelche &%@afsl@@éﬂbth or
2, Yot O L9455t e TRSY HERL ahd, HeTesn e EGRERA of the
20t he car boxgrbergl! e owx rogfo P U Ps #E ahepeRlantNotin order to
| ess form a satisfactory crosslinked structure, the content of
the carboxyl and hydroxyl groups is preferably not less

than 0.01% by mole, more preferably not less than

0.1% by mole, based on the total number of monomers

25 constituting the polymer component. Further, from the
viewpoint of preventing gelation caused by excessive
degree of crosslinking, the content of the carboxyl and
hydroxyl groups is preferably not more than 50% by
mole, more preferably not more than 30% by mole.

30 [0049] When the (meth)acrylic ester polymer is used as
the pore forming agent, the molecular weight of the
polymer is preferably not less than 1,000, more
preferably not less than 10,000, from the viewpoint of
causing sublimation, decomposition or evaporation of

35 the polymer at a proper temperature to form a porous
film. On the other hand, in order to prevent the



than 0.01% by nole, nore preferably not |ess than

0.1% by nol e, based on the total nunber of nononers 25
constituting the polynmer conponent. Further, fromthe
vi ewpoi nt of preventing gel ati g caused by excessive
degree of crosslinking, t he content of t he car boxyl

and hydro erably nore than, 50%
by nole, ?r%?lé'q' r bl‘ﬁ’ﬁ "'-\ﬂ)cleat eé'@% by nfhina. strength
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as the pore formn ent
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[0050] In ISRETRFIY 'énta‘?'ﬁv@ﬂéonﬁelﬁ oERNGrE acFQ“é?rﬁP‘md'ng to

10 socr ot ommeqeala@r?ﬁcsamacwaaltsI@Q@?ﬁ snal asbhBerhitraced in
acid are recognized C1_UI valents of methacrylic

acid. Accdt&iSREPE, Ok sed Ve ot oni ¢ acid

andg 0503rotear gdaﬁtﬁegnd their esters correspondl ng
O nmethacrylic acid and its esters

bobraced in. LIS ARG COMBOSRTateHaBoko the present

[0051] O theaﬂilbrﬁl yeay The. ﬁ@@bb@grﬁoﬁl@ﬁ%m OBther additives.
L gaccor ding %@F resent %I on necessary
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[0052] Coating composition

The coating composition according to the present

invention is prepared by dissolving or dispersing the

above polyalkylsilazane compound, acetoxysilane

25 compound, and optional pore forming agent or other
additives in the above organic solvent and reacting the

formulation components. The sequence of dissolution

of the components in the organic solvent is not

particularly limited. However, the following sequence of

30 dissolution is preferred. Specifically, the alkylsilazane
compound and the acetoxysilane compound are mixed

in the organic solvent. The mixture is then heated with

stirring and is if necessary cooled. Thereafter, a pore

forming agent is mixed with stirring. The temperature

35 at  which the alkylsilazane compound or the
acetoxysilane compound is mixed in the organic solvent
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invention is prepared by dissolving or dispersing the
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compound, and optional pore form ng agent or other
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[0053] A method may also be adopted in which, after a
reaction of the mixing components, the solvent may be
replaced.

[0054] The mixing amount of the acetoxysilane compound
is preferably not less than 5% by weight based on the
weight of the polyalkylsilazane compound in order to
effectively attain the catalytic action and film strength
increasing effect. The mixing amount of the
acetoxysilane compound is preferably not more than
40% by weight based on the weight of the
polyalkylsitazane compound from the viewpoints of
preventing the precipitation of the polyalkylsilazane
compound, maintaining the compatibility of the
composition, and preventing uneven film formation.



[0053] A nethod may al so be adopted in which, after a
reaction of the m xi ng conponents, the solvent may be
25 replaced. [0054] The m xi ng anount of the
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Ib; %Pgﬁft 3 Ib%l/ V\%B %nt épegrﬂ%a Y, tn genera? fhe solid

content is preferably 5 to 50% by weight, more
preferably 10 to 30% by weight, based on the whole
coating composition. In general, when the solid
25 content is 10 to 30% by weight, a generally preferred
film thickness of, for example, 2000 to 8000 angstroms,
can be provided.
[0057] Production process of siliceous material
A siliceous material may be produced by coating
30 the coating composition according to the present
invention onto a substrate or filling the coating
composition into a frame or a groove, if necessary then
drying the coating to remove excessive organic solvent,
and firing the coating. When the siliceous material
35 according to the present invention is applied to
electronic components such as semiconductor devices,



preferably 10 to 30% by wei ght, based on the whole
coating conposition. In general, when the solid 25
content is 10 to 30% by weight, a generally preferred
filmthickness of, for exanpl e202000 to 8000
angstrons, can be provided. [0057] Production process
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e S 0T S A0 P N g0 water
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noet oxysi InDYe et o dhEnAsRIOXY A 18he E8mpoynd contained
conposi ti on daheorabiating ocbhﬂlaclmsit&ggtoacd:@mggﬁgibd.}m tHee present
firing tenper re i eper a 3 ar . el ow, o
nore pref 2‘858%%@300 grHB'&%#%e’ﬁggrSt'ﬁegenﬁg%Y :F%O Cor
20order to redbingensate gfraeralylyf B50TE ior bebdwrt Ohi tiwe other
the firi n%atnedfp%aa%gr'tso pr%%fli%%a%|a¥is%ggpc)cryorfiring in a short
time, the firing temperature is preferably 250°C or
above, more preferably 300°C or above. The firing

time varies depending upon firing temperature and

25 formulation components. In general, however, the
firing time is 1 min to 1 hr.
[0060] The humidification step which is indispensable to

the conventional method for siliceous material formation
using an alkylsilazane compound may be omitted when
30 the coating composition according to the present
invention is used. This can simplify the process or can
realize a reduction in production cost. If necessary,
however, the humidification step may be combined.
When the humidification step is used in combination
35 with the production process of a siliceous material
according to the present invention, a method is



above, nore preferably 3000C or above. The firing
time varies depending upon firing tenperature and 25
formul ati on conmponents. In general, however, the
firing tinmeis 1 minto 1 hr. pQ060] The
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I cep filpmcontainin
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formed SiH and SiR bonds is formed. Thus, in the formed
siliceous film, the SiO bond formed by selective

oxidation of the SiN bond and the unoxidized SiH and

25 SiR bonds can be allowed to exist, and, consequently, a
low-density siliceous film can be provided. In general,

the dielectric of the siliceous film lowers with fowering

the film density. On the other hand, when the fiim

density is lowered, the adsorption of water which is a

30 high-dielectric substance occurs, often leading to a
problem that, when the siliceous film is exposed in the

air, the dielectric of the film is increased. On the other

hand, in the case of the siliceous film according to the

present invention containing SiH and SiR bond, since

35 these bonds are water-repellent, the adsorption of water
can be prevented despite the low density. Accordingly,
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25 Si R bonds can be all owed to exist, and,
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of Si present as the SiN bond is not more than 5
atomic%. The thickness of the siliceous film obtained

after firing may vary depending upon the application of

the surface of the substrate. In general, however, the

thickness of the siliceous film after firing is 0.01 to 5 um,
preferably 0.1 to 2 um. In particular, when the

siliceous film is used as an intermetal dielectric in
semiconductors, the thickness is preferably 0.1 to 2 um.

[0063] In firing the coating composition according to the
present invention, in particular, when a pore forming

agent is used, micropores mainly having a diameter of

0.5 to 3 nm are formed within the siliceous film.
Therefore, the specific dielectric is very low. Thus, in
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siliceous gi Materinls Y $iMPe 3Nkl resiStaawes to various
material hasentdlsTeeRanisiadeo$s I eitiehidli @:Enefl@élghséﬁ as an

wi thstand the step,of renoving mat er | al

rin
15cwp and réﬁtgfmﬂté't%eb%@ﬁr%sco@ﬁéﬁitﬂﬁl W'ﬁ?r@ advancgd high
siliceous |mégfaﬁbncﬁfbé!%91ﬁ@@u@$ngrb H%mﬁéééﬁét[ﬂocess
die é c conpatible wt dvance 9
mt&%ﬁs on prd:dé@ ernéiu th‘s' C@QHﬁs‘E‘?ﬁ@ I ogecarding to the
[ 0065] Furﬁ:@entl NifvEnt§bhi C%0U§atr%\‘§éﬂ agaMsdhng dfo water
t he present ntion, a satisf aéto nt of %[‘ei .
repel | ent 'Ejf'r ﬁv)%maegr%anr IV 6P§7%1I Igﬁjley PQ ylsilazane
2020 conpouneh@pduted TR the ﬁrwgnwnﬁgﬁ@m KevrRiTAVEeAremoved
after firin f% erefore, j’!\‘/ﬁer when the siliceous

g
material i@fL8F| JWEA9t o stldHRrafArene eyien c&fﬁ%nmtﬁ@ siliceous
wat er material is allowed to stand in the air containing water

vapor, the specific dielectric does not substantially
increase. Thus, according to the present invention, a
25 lowering in density/imparting of water repellency can be
realized by the bonding component (SiH, SiR) in the
siliceous material. Further, when a pore forming agent
is used, in cooperation with a lowering in density of the
whole film by micropores, a porous siliceous material
30 which can stably maintain a very low specific dielectric
of less than 2.5, preferably not more than 2.0, in some

cases about 1.6, can be provided.
[0066] As described above, advantageously, the siliceous
material according to the present invention has low
35 density, and the crack limiting film thickness, that is,
the maximum film thickness necessary for the formation



vapor, the specific dielectric does not substantially
i ncrease. Thus, according to the present invention, a
25 lowering in density/inparting of water repellency
can be realized by the bondi ng4conponent (SiH SiR)
in the siliceous material. Further, when a pore

formng a Ny ' ) atign wth_a |lowerin
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e ot oo e BE A UUREBES W By SEL ARG Ny e present
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cracki no, et PRppfeliEyn dfetter Chdmital ¥histatte nd higher

convent i omalkechialni calosts-efidti ahUemethg&cdn'THrsitabm rhalribain the

t hi ckness i.s, ako <D to.l.5 . u as ,

conpar ed \AAO?“n Fl?gégﬁ?&em ilgnapg&'W%é'ouLheSSm‘f%‘?‘i'%l ,materlal

10t he sili cemmordatgricathacpogsimy iheehtionpiesreferably applied
o er" s onabe a8t SEfElEiPcs 5L, LPRR, B eics i
hi gher rrmelmh rtfmad%wolrre@ewcw)dasfpedibﬁv i;marustet;]bllwie!ectrics.
mai i o the w di.electric, Ln particular, the
o IREREL o el 45 BB, dnaberlT: nechrdbgn td the present
i nvention ihsepgi&frercmb'l }elrag@hti:edthe Qsilinbartrahaént.d This is by
di el ectri and p a ielectrics in __sem condugtor

15§evi ces, g’i[)téflﬁ al(ﬁr‘yenﬁheer HBERIPATatiae: r iofs. apoatgeterysilane
si | i ceous cmmhpouald.acthudi nduéotd hﬁ_aomghn!;ilidg\vmt@nt, the

S IS virtue

Con, e SRS bR AR E IS A Bheshhedivdition is
Thus, due chartlbtetizgd byl havingohigineér dthengsh! tiv@ausiliceous
i ncter IAERIR Al eEhSs B8k, ANl Tmethod using 2
20si | i ceouspolyatlerlsHbzapeoduced by the conventi onal
e R 19 g BRSPS A8 Bsiveg witn
Exanpl es. refetarata ono ofExamipdes. Evaluations of various
properties of siliceous films will be described at the end
of Examples at a time.
25 Reference Example 1
[0070] (Synthesis of polymethylsilazane)

A stainless steel tank for raw material supply was
mounted on a stainless steel tank reactor having an
internal volume of 5 L. The air within the reactor was

30 replaced by dry nitrogen. Thereafter, 780 g of
methyitrichlorosilane was placed in the stainless steel
tank for raw material supply and was pressure fed and
introduced into the reaction tank by nitrogen. Next, a
raw material supply tank containing pyridine was

35 connected to the reactor, and 4 kg of pyridine was
pressure fed by nitrogen and was introduced into in the

%5



properties of siliceous filnms will be described at the
end of Exanples at a tine. 25 Reference Exanple 1
[0070] (Synthesis of polynethylsilazane) A stainless
steel tank for raw material sup®y was nounted on a
stainl ess steel tank reactor having an internal
volunme of 5 L. The air within the r%actor

s
repl aced bYW MPPPEHFS Gbovyo ¢ Ner pressure of the
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that the tegRguat Hir‘i‘eO\fvast Bgelﬁetectosvéwtet%éw;smwraeof the
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the m xed '&ﬂqplroﬁr\ﬁrtwb%ﬂpﬁﬂ , QiYd NITHesen weas rl)lown into
1(pressure ofhd hmdlaa%ﬁér 'fSﬁCd‘t?é* hﬂt@ KOV edt®ss ammonia.

I f d. An h I
oboncy Lo TORCPIetech thusnobtainehovapotiitesed HRer pressure
subsequent thro Lty d"ﬁr’fe@%fﬂe\’\ﬁ&é?' AW idhoniGolgeh atmosphere
liquid |ayer for one hr é] Egve excess  amoni a. he
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product t hifs 96%€ a3 4ed ’Wésof frageundridpnes Wae removed by
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ine was renove

o give 3 trate, ri
5Eevagoratl o% 48y9 r?gd?éyé‘ﬂe'é’ﬁylﬂ@ﬁgyﬂﬁ or to give about

5 pg979]of pO"W@tMﬁ\'ﬂe&zaé\?era{g(@7ﬂol'5&!ﬁkm’ﬁ}@élght of the
average nol ecul a ymet hyl si | azane

h
t hus obt ai lfh%larrmﬁ{% &r@é’%@ bugaggtaﬂﬁl asyMagAgured by gas
usi ng chl agipfgrnat ré’pﬁ?V@é@ﬁj &ﬂ!ét‘di@'rﬁh asAé @e\l}éﬁiﬂihg liquid.

e T R e e 00 o B el verage
20absorpti omm@@@uraﬁm@ﬂghewaé B0 GhelerRts oF B6lystyRene. An
spectrunt), n?ltartet}lea %lorptlor%/lssblelc%gt?rr}ne(i\qg?elr;zea%ter r%ferred to as
“IR spectrum”) of the polymethylsilazane was measured.
As a result, absorption attributable to N-H bond was
observed at wavenumbers 3350 cm™ and around 1200
25 cm’l; absorption attributable to Si-C bond was observed
at 2900 cm™ and 1250 cm™!; and absorption attributable
to Si-N-Si bond was observed at 1020 to 820 cm™.

Reference Example 2
[0072] (Preparation of siliceous film using only

30 polymethylsilazane)
Polymethylsilazane (5 ¢g) synthesized in Reference
Example 1 was introduced into and was thoroughly
dissolved in 15 g of propylene glycol monomethyl ether
acetate (hereinafter referred to as “PGMEA") with a
35 stirrer at room temperature under a dry nitrogen
atmosphere. Subsequently, the solution was filtered




As a result, absorption attributable to N-H bond was
observed at wavenunbers 3350 cm 1 and around 1200 25
cml; absorption attributable to Si-C bond was

observed at 2900 cm 1l and 125Q6cm 1; and absorption
attributable to S -N-Si bond was observed at 1020 to

820 cm 1. . Reference le 2.10072]...(Preparatipn  of
siliceous tﬂ%ﬂ%si%g Eﬁ?gp cichl ?rre%'mﬁrsi I g}%mégactured by
Pol ymlst hy | AdVauz bae) ((jv&itb?j asxfntim%nedcttm%a?gf em’ﬁ:r@:.@ um. The
Exanpl e | s Jntroduced int n s_thqrou .

di ssol ved HITAE §Va3 By FOaREdgOPER) analltshll RyFfek thaving a
aget ate (hHaensadt of 1@f2ched 4 dnds ahdPEVEAickn@sishof 0.5 mm
stirrer at_roomt. er at.u nder ry nitraog ,

St s pher &1dsh SHMAEBHE SrhLSobr tBm/2dised) phdPEhe,goating
though a R¥&E dnlednge Hodrheterperataed foed3bmin.,  This silicon

Advantec) with a filtration

W ; curacy of, 0.2 ~t .The -
(il trate whard ias diatedom e atiieghnsis dreltivaghymidity
gi arrgter (#%‘_’Id)_.a?t B8 iagblsaﬁ%gotrm#nazanﬁff them ON a hot
under cCO t1 o ° pm. Sec, an t he at |
vas dr ed Hlate hecissedar s STiara8anias eHped fshind for
10\2/81;/er t wgg measntm‘%i abtsb]?pa'bgmnp@rdgépek@@mq rbtaﬁtidet Numidity
0 a cQ),.,a ) an en qQn a,.ho .
pl ate of @)%C %rsfg%n% %roén&%' al ME@H st%@nﬁ'ﬁﬂd fig silicon
ﬁo _mgi stumg%gfhsqwggioﬁneani@ el Eﬁrv rr??@g(err{elatrmgphtere under
um |ty .at [ r.. er standl n
ol o nAitarE P Baticdb Bip £ robyen SiikacHecEn.
?UF[QOT%%ggilti mféafsﬁé?mra?‘om 1{hhé @ilicf&duﬁfﬂhif !vf@@la% shown
Irm . n spectrum.T or SIliceous_T111m
1585 shown [R5 FIGr Hg ADSOMBSR: PEAksesies NG | Uoant s bond
Si 60428nd wwf cophssiat hial r@Edeﬁﬁgtc% QZQQQCﬁCr:méland 450
an chm Lk, absor 1 on e S er.l Ve rom .,y - on
were obséflUed Qgsﬁgboﬁnﬁeajﬁ% g%ﬁ"@ﬁ’} 'f,ro'ghdéﬁrg bong were
gg;gr pti 2mb25@&|edgﬁt i:.\%ofa:rﬁrﬂ &nd ggodcttwé, ‘abﬁ:EE\neéb@brption
cml. e er n sorption pe .
Gorivod 1 PEAMIRNEH IO £ Bbandorasrohsan et 2950 cm ™.
201200 cm 1 Onli tdappeheednaBds esb sorpthen | feskscd étived: Pom N-H
ratio of pond were observed at 3350 cm! and 1200 cm™
disappeared. Based on the IR spectrum, the ratio of
the area of absorption derived from Si-O bond at around
1050 to 1200 cm™ (P1) to the area of absorption
25 derived from Si-C bond at 1280 cm™t (P2), that is, (area
P1)/(area P2), was calculated by a peak division method
as shown in Fig. 2 and was found to be 17.0.

[0074] The siliceous film thus obtained was
evaluated. As a result, it was found that the specific
30 dielectric, the density, the internal stress, and the crack

limiting film thickness were 2.90, 1.41 g/cm?, 50 MPa,
and not less than 3 um, respectively. The film was
allowed to stand in the atmosphere under conditions of
temperature 23°C and relative humidity 50% for one
35 week. Thereafter, the specific dielectric was again
measured and was found to be 2.90, that is, remained



the area of absorption derived from Si-O bond at

around 1050 to 1200 cm1 (Pl) to the area of

absorption 25 derived fromSi-C bond at 1280 cm1

(P2), that is, (area Pl)/(area7P2), was cal cul ated by

a peak division rret hod as shown in Fig. 2 and was

found to be 17 [ 007 Thesllce us filmthus .

obt ai ned wW48¢ @VQIe&iat eﬁ&rﬂlg"% fjl' g3yt moqglé-'?f Singlasticity as
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i nt ernal séress and the crack imting filmthi ckness

were 2.90, EXamplgy &V | 50 MPa, and not less than 3
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the speci fRéf@ﬁ*eﬁic@tE”)da%WPé BIaha tﬁ@Wkﬂﬁ@%Mated in a
found to be, 2 t unchanged.

ned 2
this film nttﬁggﬁﬁd@mgsafweéeaé& OO G tar 3RelyDr edew gplution

nanoi ndent ghiso@orekhefhteas vértﬂ Qﬁaev be Jan[OOQﬁ%] solvent
Tetra acet oxysi a ne added to 100

. of
a 5% xyW@ﬁer%%lal‘}@idoW'é? % th IndihiaLase, the amount of

103)/nt hesi ZeP'G'MEARW@i epge gxanglh @ shquasitty hetHs Xbéalftpaon was
was heat ed ni trogen at rmsphere at_1500C for

mn. This § relﬁeﬂowr cokodik rsatréagwﬁlkean(manufactured by

evapor at orAdeafté g wndhveantfntvmohe@lceaealcxgn bh @B, The
In this ca t he anount of 10 PGVEA

Subsequentﬂsvraﬁfhe‘/@él BRI Faded fqntpeﬁeéflﬂwfbu@'l@fﬁr having a

PTFE syri ngiarhetéerof(MBMfGAt WU 98, PYand & #AT@Ge b'F @15 mm
filtration accuracy of 0.2 ~tm The filtrate was

130at ed ontén e§|¢‘?'&@'r‘i'Q/!ih‘-’r &f ﬂé\ﬂ%g’pﬁn/%@aﬁﬁﬁeﬁr& tb@ goatmg

cm (4 in.)wasddaediatkirnh eéntp&ratlivrd fgdemin. Thls silicon
condi tions of 1500 rpnt 20 sec and the coating

dried at r¥8fef dperhgaked f8rthe Atmosahsre; (reé@ﬂve humidity
1157, 25 o i o TopoT s il o »
plate of 1 @f@@fflgg%é; nﬁoq{‘ gﬁ@’%“&%@%cﬁ@ﬁ@@“?”“&cﬂred in a

20in a 20 dryryiditegssh aétfi‘ﬁﬁﬁbﬂ@?eUﬂﬁ@ércééﬁdim@ﬁé} &f 350°C/30
3500C/30 mn to_forma S|I|ce Im [0076] For an

IR spect r UMiRJO fHana silierpns ?Hmn
[0076] For an IR spectrum for the siliceous film,

absorption peaks derived from Si-O bond were observed

at around 1050 to 1200 cm™ and 450 cm™?, absorption

25 peaks derived from Si-C bond were observed at 1280
cm™t and 780 cm™, and an absorption peak derived from

C-H bond was observed at 2980 cm™. On the other

hand, absorption peaks derived from N-H bond at 3350

cm™? and 1200 cm™ and an absorption peak derived

30 from the acetoxy group in tetraacetoxysilane
disappeared. Based on the IR spectrum, the ratio of

the area of absorption derived from Si-O bond at around

1050 to 1200 cm™ (P1) to the area of absorption

derived from Si-C bond at 1280 cm™ (P2), that is, (area

35 P1)/(area P2), was calculated and was found to be 22.4.
[0077] The siliceous film thus obtained was
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absor ption peaks derived from Si-O bond were observed
at around 1050 to 1200 cm 1 and 450 cm 1, absorption
25 peaks derived from Si -C bond were observed at 1280
cm1l and 780 cm 1, and an absoppti on peak derived from
C-H bond was observed at 2980 cm 1. On the other

hand, absor |on eaks _derive m N- H bon t 3350 e

cm1 and @ rfg zﬁ%‘ﬂl: d’ﬁaf) QU r&@éda@% specific
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absor ption bond 1280 ¢
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the fact tdw@isigpy pore form ng agent is not used the
f|| ity is lo reason for thi
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scattere Lrin Ing to sli
6 dens: Ly Dfa)ots] ORRoTiEkyAHoY 3% P el VEEASH St pecific
ﬁt ang It n melearrmsph\ere créguugract Wa#s Feumhdhzgl @FﬁeV§peC|fi
umdity or one na was agal sure
150p0ei 110 QPG was 28D, i 19 WaecdiaindneRgesed, but
the speci figs Ltiltlicad @;@fch' Q B 2t didatot %ms‘eaény practical
slightly increased stll on s P fee
That i o [BODIEAE  ARprpFalS TURT, theoBn et o fasticity was
film the rﬁedywedobyeé WQMQIﬁd’eNWIOWhQ@ bhdawas found
nanoi ndeniatl O&)%ﬁt} ?d and was found to be 6.2 GPa.

20 Exanpl et raacet oxysilane (1.25 g) was
added to Eorapdé 2 a 5% xyl ene sol ution of the

pol[{%gcﬂyl st azr%'l??aacetoxysilane (1.25 g) was added to 100 g of
a 5% xylene solution of the polymethylsilazane
synthesized in Reference Example 1, and the mixture
was heated in a nitrogen atmosphere at 150°C for 30
min. This solution was concentrated with an evaporator,
and the solvent was replaced with PGMEA. In this case,
the amount of PGMEA was 95 g. Further, 3.2 g of
hydroxy (polyethyieneoxy) propyl-terminated silicone
(MCR-C13 (tradename), manufactured by Gelest, Inc.)
was added thereto, and the mixture was heated in a
nitrogen atmosphere at 80°C for 3 hr. The mass of this
mixture was measured and was found to be 98 g. The
mixture was then concentrated with an evaporator to
evaporate about 31 g of PGMEA as the solvent and
thus to give a PGMEA solution having a solid content of
about 15%. Subsequently, the solution was filtered



synt hesi zed in Reference Exanple 1, and the m xture
was heated in a nitrogen atnosphere at 150C for 30 25
mn. This solution was concentrated with an
evaporator, and the solvent wag replaced wth PGVEA
In this case, the anount of PGVEA was 95 g. Further,
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1gec, and t&r% ﬁg@?dc_?@ré O%@ﬁo@?'h%?eahnﬁ%?”tbﬁﬂm?ﬁkubﬁ 350°C/30

for 3 mn er was heated in
at nospher eMiRfafera deiieeeys flol at 23C) at 100C for

3 NM@oa0qd then myy aghot 1Rp! §if%cgﬁuﬁ190‘f‘oF0ftr% Mg IS film,
was subséquently fired in a r%/_gnltro en at nosp

under conc@PseFtion peaks serived frem Sinabendi w&ﬁasobserved
film [008% gl 1'03@58‘:12@37 epi- ltﬁﬁdsh 'OCSH’\*Q’ absorption

film absorption peaks derived from$S
1%bserved Beaksodnativedefrem oG bend mrmszbs,eﬁvpd at 1280

absor pti onegdt Bﬂ@k?SéeémVEdaﬁﬂoﬁhSébgoﬁﬁ“Qn &k derived from
observed at 128 nd 7 g sorption
9

peak deri vietHf P@ﬁﬁd ®l¢$ b@%emegd o@ga%@ s 3080Bnthe other
On the ot hgan h%or@ﬁw éaﬂfg F&l%’?flf\%éef’frb}’ﬁq\!fﬂ%h\h"bt 3350

bond at 3350_, cm 1 and 0.cm1 and an absorption
peak deri V& Zoamqoﬂfgque cm and an absorption peak derived

20hydr oxy ( pofrie hytt@@eowbPéfaw;bowtwleﬁéssiy)ﬁrcbmﬂOB@rmmated
and an absaorption peak’ derived fro

t et r aacet oXVi§PN&ne NG appBar @bSCB'eE:té@n on PERK | pderived  from
tetraacetoxysilane disappeared. Based on the IR

spectrum, the ratio of the area of absorption derived
from Si-O bond at around 1020 to 1200 cm™ (P1) to the
25 area of absorption derived from Si-C bond at 1280 cm™
(P2), that is, (area P1)/(area P2), was calculated and
was found to be 22.7, indicating that the absorption
derived from Si-O bond was larger than that of the
siliceous film prepared in Reference Example 2. The
30 reason for this is believed to reside in that the Si-O
bond derived from the decomposition product of
tetraacetoxysilane was incorporated in the formed film.

[0081] The siliceous film thus obtained was evaluated.
As a result, it was found that the specific dielectric, the
35 density, the internal stress, and the crack limiting film

thickness were 2.24, 1.29 g/cm?®, 51 MPa, and not less



spectrum the ratio of the area of absorption derived
fromSi -0 bond at around 1020 to 1200 cm1 (Pl) to the
25 area of absorption derived fromSi-C bond at 1280
cml (P2), that is, (area Pl)B0area P2), was
calculated and was found to be 22.7, indicating that
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reside in that the Si-0 .%ond g%r'évfedfromthgﬁ% .

deconposi t3 @%HM&"HF“' {1 PR [OF RN ¢ aMgelgnd was again

}nfor?gratmﬁdmmge fbargpélcuffidt ndiel 868id. Thes sa| 'r@;f{m'u,s it was
il mthus a s eval uat ed. .ares o | S

t ound t hat!OUNS EBQ& & Sesiiey 'ieé‘?CAfisfh% W%%Lﬂdér?si‘ifiﬁ\,%a'sr was

the interngigistlyeisereasdd) itc wank stillmohi Bdchi & Mevel that did

t hi ckness wer e 1 MPa, and not | ess

2.24, 1.29 /?an,

30 than 3 BONPOSESARKHIBELIEAT BIOBIEM,  hus for med vas

al | meiz%p st ﬁrﬂbﬁ nth@o%l@spbﬁée m@dlr(mmsgt ofe @RGticity as

and rel ative hum di or. one week and, was agai

measur ed f%‘reaéb’é'gaf f’}é/ a‘%lr@d'lcf'inéj.e%\é\%apr} é@ﬁﬂ??gi“f’gﬁag-z GPa.
105 found tagrthiee, sthrci pore diriraeter cofaghe. giliceodt film was

is, was slightl |Bcreas)gpl, but_was still on such a

| evel thatM& urégt ¥oRR AH@Ypditfsgapcatishingnmethed; As a

For this frdsmit,t iteweedidwsd ahae! €5d isfidragasporeativngdter was

by the nangjndentati on nmethod was 5.2 GPa. 10

Further, tHe 3PWEET8Meter of the siliceous filmwas
nmeasur ed IFx&mpferay diffuse scattering nethod. As a

re [t wa pf*eundthi,' t he average re dianeter
15,a90083 Lnget PomtCaBm e 328 POBBSTEA 8 (théosagre manner
film }/\thragsemttﬁﬁ)@bﬂtnrp!é h@,t éﬂ@@p?&hmrmeftﬁyllﬁ‘r(ij@@%?dﬁél%ne was
excep a Iacet oxysi | ane S us 1 NS a .
of totra asAbltaahdt G daetPiraane: | For e farmed film,
f’ﬁe‘:t r urkn ;253 {F_Ea§plé@ﬂ'urﬁ~3 meatsr a?iﬁdsuﬁeu.msa\zsofﬁm%m!ﬁ,atit was
e peak ROSi s,were quite the sane as those in
Exanpl o 2 1085 NPEATS Poak RASKIORpANEFaHIE thRcsame as
20si | i ceous thidse irpEx@imple2, pesseciecd INedfd @M IR sPectrum for
bond were %bser.ved at around 102Q.to 1i08 CBn 1 andd ,
the siliceous film, absorption peaks derived from Si-O
bond were observed at around 1020 to 1200 c¢cm™® and
450 cm™, absorption peaks derived from Si-C bond were
observed at 1280 cm™ and 780 cm'*, and an absorption
25 peak derived from C-H bond was observed at 2980 cm™.
On the other hand, absorption peaks derived from N-H
bond at 3350 cm™ and 1200 cm™, an absorption peak

wn

derived from the
hydroxy(polyethyleneoxy)propyl-terminated silicone,
30 and an absorption peak derived from

methyltriacetoxysilane disappeared. Based on the IR
spectrum, the ratio of the area of absorption derived
from Si-O bond at around 1020 to 1200 cm™ (P1) to the
area of absorption derived from Si-C bond at 1280 cm™

35 (P2), that is, (area Pl)/(area P2), was calculated and
was found to be 20.6.



450 cm 1, absorption peaks derived from Si-C bond were
observed at 1280 cm1 and 780 cm 1, and an absorption
25 peak derived from CH bond was observed at 2980
cml. On the other hand, absompti on peaks derived
fromNH bond at 3350 cm1 and 1200 cm 1, an

n peak_ derjved fr

abs i 0
hydf@&éﬁiol yet hW%néBW%ﬂmt thusi phtaimed | va@snevaluated.
30 and an gROPEELAN |I€9@l§sdﬁﬂm/d3(ﬂé|fa'todﬁe specmc dleiectrnc the

met hyl tri acet oxysi | ane di sappeare Based on
spect rum ‘g?]'ésh&t |t5’eofmiq{é‘a§r%td'e§5: tg\ﬂ &ﬁa@'érll“\TBHng film
from Si - O epnaksayerad 1§I§E01t211§ﬁ>&ném416 (NP taChd hﬁ)t less

area of absor tlon deri ved fromS|- bond at 12

535 (P2), tWERN |3, Wr dESPECLM¥a PEpE VHE tiics, fargaed was

and was fé’!‘l‘@ﬂe'dotbest%%cﬁ in3thé O98Absphers tﬂéi‘ﬁﬁké?ature 23°C
filmthus obtai ned was eval uated.  As a result

found t hataRéharedabiver humiditye &%, fornane guReki qndt\r@s again
i nt er nal Srﬁ'fe%%%re@ln‘?oPhgﬁéEﬁfd‘ biefetirhd fiAgna result, it was

t hi ckness were not |ess

5 than 3 nﬁowr&ﬁé@&. ﬁpem@cwiuamm@’ww r?egama%hat is, was

108l | ovned togipgiRAY :'nrtrteageat rm?uo'w&dse sﬂlﬁwgatws 1&¥e| that did

and rel atlve hum dity for one week and was again
measured fiopt §|9§@|$P‘é Qraélt&ﬁﬂrﬁ”@b‘%na result, it was

f ours ?’t the mpecithie fﬂlﬁ*\eCtthleC WeGd g2 otfhaéldsf’uaty as
was 10s |ghtly|ncrease but was still on suc

level thatM@asurge byothe Hanpingdantaiionprosted ‘[V@§8§]1 GPa.

For this fi|fhdrheH®dybes eiarﬁle%étrl 6%%@%.1%%& &Glm was
by the nanoi ndent atl on net hod was 5 GPa. _Further,

15 he pore dingasuéedobytan Xr'ra%éhffélsﬁ srptigsing method. As a

measured byasqyit Xt %sdféuﬁéeth%{aiﬁéfaw&a@%t hede dareter was
result, it was found that the average pore di amet er

was 19 anb2 @Y TOM&npl e 4 [0086] A siliceous film
was prepar@gamiplehg same manner 20 as in Exanple 2,

exce t that a pol yet hyl ene gl ycol nethyl ether havi n
Uf@)% blaver dysinefies akrnmagﬂqtpreaﬁrgdofm@t@%%me fhanner

20' nstead ofas in Example 2, except that a polyethylene glycol

methyl ether having a number average molecular weight
of 550 was used instead of
hydroxy(polyethyleneoxy)propyl-terminated silicone.
For the formed film, an IR spectrum was measured. As

25 a result, absorption peaks derived from Si-O bond were

observed at around 1030 to 1200 cm™ and 450 cm™,
absorption peaks derived from Si-C bond were observed
at 1270 cm! and 780 cm!, and an absorption peak
derived from C-H bond was observed at 2980 cm™. On

30 the other hand, absorption peaks derived from N-H

35

bond at 3350 cm™ and 1200 cm™, an absorption peak
derived from polyethylene glycol methyl ether and an
absorption peak derived from tetraacetoxysilane
disappeared. Based on the IR spectrum, the ratio of
the area of absorption derived from Si-O bond at around
1030 to 1200 cm™ (P1) to the area of absorption



hydr oxy( pol yet hyl eneoxy) propyl -term nated silicone.
For the formed film an IR spectrum was neasured. As
25 a result, absorption peaks derived from Si-0O bond
were observed at around 1030 82 1200 cm 1 and 450
cm1, absorption peaks derived fromSi-C bond were

observed t 1270, cm 1..apd,_78Q cm.'..,.and an sor.pt.i on
peak deri@%'av?pcfﬁtpg-' 'Bgntaoﬂgsag}l}gér@é:g‘ at(%ot%ﬁ S (area
On 30 the RL)YarbarmrR),avasrqdlicaneErhks ddardsvaslihd am be 21.9.
benO08S, Tea rHie DBl MR BRYSopBRafif arorvaluated.
and an ab&@rao:r'esultpg_akfvdsrﬁowgﬂ ftgamtgle spteﬁificI gielectric, the
t etraacet oxysi.lan | Sappear . as e e e eas "
spect rum dHRSI Deo BENEhehRES, e id6: pTagh limiting film
?grli) vted Irm&eﬁgoegbaﬁ.%,omr%g g}tﬁﬁﬁ@%ﬁ@%g&ﬂg not less
0 ar 0 apsorptiL.on 1V rom -
bonti ar 12861 R(bay eSpRetiY. afbe" Tl /S ormed was
%32) . ;N_as awdwfe_tl?t@?stam \i\?srﬁ@ta“tdnbgphelrél(it%mb@%ﬁ]re 23°C
e Sili1ceou L1, m us Q al eval uat eq. a .
Tocut 1 g selamun atidit. 8% Hor o e sfeck;and whs again
10?_ ;ﬂenfih_t y,mtelaeuirederf@aISsSpégwﬁ%,di/er@tttrltengﬁ/@PkaI ir@s'alit,n?t was
Irm I C €ess r . , . an 0
less ¢ hatound fiaf dfisaperifly defRctrls Wanis3orthat s, was
was al | oviglithy Shehdased | heitaivazs phiglr en( seohes devee that did

230C and rel ative hum di & ?00@ for one week and was
2gain 10 MAPSA 30¥ RPEER! PTABERL i c. As a

r2€13%[8lﬂ(]8t8h]: was Fo‘foum’ils.t hﬁitlrlmi,hethéecmoaalgistel eft rél;as}mﬁty as

. , a 1S, Wa Sl I.NCIreaseq, u wa STI

150 o S MEBSHPER Y diNE NaRo BUEBiaE P et Tad Was 5.3 GPa.
p:r Oblt em t [FQQQB]EE,EQhet here i dgmntﬁtﬁh@r nofiuths ?ﬂ'litc_eous film was
el astli Cli y as nmeasur . nanol enratl on
L rnod wedmBasuEsd BV i chrdy dhEuSer SEaREMA MBtherle As 3
si l'i ceous reislh, Waswagefat i dhby te W@m?éi i)gﬁfﬁhtjitan't}ehter was

oun a e

scatterin dg%&%?@s}s.a result, it was
average p was 19 angstrons. 20 Exanple 5
20[ 0089] A dHxdrmpdess fil mwas prepared in the sanme
nar[rb%BQ]as 'nAE)sfﬁlr?eloeusl’fi!%)a(cv%gts E)pg;taatrgg iarl1m% rét sg}c’ne manner
as in Example 1, except that the amount of
tetraacetoxysilane added was changed to 1.65 g and the
amount of the
25 hydroxy(polyethyleneoxy)propyl-terminated silicone
added was changed to 1.65 g. For the formed film, an
IR spectrum was measured. As a result, absorption
peaks derived from Si-O bond were observed at around
1040 to 1200 cm™ and 460 cm™, absorption peaks
30 derived from Si-C bond were observed at 1250 cm™ and
750 cm™, and an absorption peak derived from C-H
bond was observed at 2980 cm™l. On the other hand,
absorption peaks derived from N-H bond at 3350 c¢m™
and 1200 cm’!, an absorption peak derived from the
35 hydroxy(polyethyleneoxy)propyl-terminated silicone,
and an absorption peak derived from

o



tetraacet oxysi |l ane added was changed to 1.65 g and the
anount of the 25 hydroxy(pol yet hyl eneoxy)

propyl -term nated silicone added was changed to 1.65
g. For the forned film an |R33pectrumwas neasured.
As a result, absorption peaks derived fromSi-O bond
wer e observed at around 1040 to 1200 cm 1 and 46

cm 1, absd’ﬂﬁ hittriacatepasT e Baappeared. c Baseawar: the IR
obser ved éf%'f‘gn‘fmtﬁearfgh  fF ?Hélaréé‘doﬁr‘a@égiﬂ%hoﬂenved

peak derived was observed
On the ot HEPM&IAO bapdoabareHngdeiRdOdta L2020 farem (B to the

bond at 33a%acwlab§@.%t1890d@méd ABrabSietPbood BEa280 cm!

derived fromthe 3

%ydroxy(poﬂw htym@hdéxy()qme@pﬂl){éarrﬁaua&?eb ¥was @reulated and
and an abs\ﬁégtﬂo%qaggkb@qg; yed from 33

th Itr|acetox si | ane |saapeared Based on the IR
spe t he rER€osbicaaus dilea bhuspebipinesh was w@luated.

from S' - OA’@'@P‘ rébuft’ Q‘H'\Qgéof?)?loﬁncfg gqbr?ggbe(:ﬁjré dl@i:énc{t?lc the

area of absorption deriv at 128

5 (P2), tHEENsitY, theeintered sstegspoandeibe sragkatigiting film
1end  was fﬁHEQnE@shﬁefua edi 099@17 Jﬂfh’ug' 'GZ%P%féﬂd“not less

t hus obt ai ned was™ eva f
found t hatthate 3,psm,f|r@5cme@técelvi c Thﬁe filgenthys, fareed was

i nternal Sél'l&?a%d ggdsttd?'?d %aﬂ'feult'ﬁﬂ)*r\sgﬁefré' ('?é!ﬂtperature 23°C

t hi ckness were 2. a, and | ess
than 3 m a@@g@éatlvel %;lunwdétw BI0%0) Higs e ngekaand was again

al | owed t%a%ﬁh‘i*egn bees@éerﬁ'é‘Peéttr %ﬁuéergé”@lt, it was

and rel ative for one wee was a?b@
15veasur ed f@rU ébla'ltl lesél%?éflﬁl@em@trécwééﬁllz 534 k& is, was

15 found t*?éhﬂl?ﬁr&@@é‘séucéﬁtﬁh% 54 W%Sfacﬁ%. feh@l that did

i nCreasé ut was still on such a
I eveI thathﬁ Qosﬁo@nkﬁd@'@%fﬁﬂ REREER  probl em [0091]

FOVEG@Q? 1film pdie pReul ‘fﬁnﬁ’f %héSth%dldlL%S dfeangs%fic.ty as

by the nanoi ndentation nmethod wa .
6 [0092] Anﬁalsluéégugymh&rﬂ@@@l%d@ﬁ&@@@nl WQH‘T@%&W&S .5 GPa.

20menner asE*évm@@r@Ie 1, except that the tenperature
'n fdéég A siliceous film was prepared in the same manner
as in Example 1, except that the temperature in firing
the composition was changed from 350°C to 400°C. For
the formed film, the peak positions of the IR spectrum
25 remained substantially unchanged from the siliceous
film prepared in Example 1, and the ratio of the area of
absorption derived from Si-O bond at around 1050 to
1200 cm™ (P1) to the area of absorption derived from
Si-C bond at 1280 cm™® (P2), that is, (area P1)/(area

30 P2), was calculated and was found to be 17.0.

[0093] The siliceous film thus obtained was evaluated. As
a result, it was found that the specific dielectric, the
density, the internal stress, and the crack limiting film
thickness were 2.21, 1.31 g/cm?, 54 MPa, and not less
35 than 3 um, respectively. The film thus formed was
allowed to stand in the atmosphere (temperature 23°C



the conposition was changed from 350C to 400C. For

the formed film the peak positions of the IR spectrum
25 renmi ned substantially unchanged fromthe siliceous
filmprepared in Exanple 1, an@4the ratio of the area
of absorption derived from Si-O bond at around 1050

o 5 - AR saTvE AR Bodh) RN LPelrihd Hes again

T%)/o (ar 88 mé©$82éd }ﬁaﬁ spég%ﬂicatdaél@atdmév?s ﬂ(sptwdréﬂjlbe it was
n

eval uaE ed%glﬂlg'ajihﬁtst{m%(eous #\}\%g'?g@&d’%{ N‘Z‘—'Ifs Szng\gﬁ that is, was

speci fic dlgjiaty rincredbed, drnsivags stillbohnsechad level that did
stress, and .the crack I| Ilngmfllm t hi ckness were

2.21, 1.31719} RRA8E Iy Wac OP1eRLs 35 than 3 m
resjga94yel y. Foe fihist Humetﬁed mesduldlsl oved élasticity as

stand in the_atnosp ertue23C34
rel ative HUﬁf"an?a % agﬁ%‘ afied \'f\%\%tl'é%‘il‘ﬂas 5.0 GPa.
measur ed fRUrthEECIthIeC wkbﬁé edidarheteAsof Mf@uéﬂicelohsv\ﬁﬁm was
found that_the sga fic djel ectr c was %ﬁ% t hat

e

was sl i giPFFSHABH B e Jtangé WBE| $CRt ekt raetfé%| As a

10t hat did résnﬂi iROF @ safo i abkit e RLePhgen pr@QﬂhnF@Eer was
this film m%dulus of elasticity as neasured by

t he nanoi AGSLBAT et hod was 5.0 GPa. Further, the

por[@0f 5net er Aotohhea ﬂsbnc:@@ushé i He@m ofméﬁEerEBéhl’ﬁbles with
an X-ray %ffuses atte E%S Pod alOr sult, it
ag

was found "HRat (¢ tEy D i dmefBPWRsthag When the

angst r ons coh@@@@itm?n C@é@ﬁdlﬁ?nt@fthbhgré%r#t tigventidh $s used,
Exanpl es th shows

Ies
15 hen the tDEnAOREIGn e cofing teipREApE d 350°C, that is,
i nvention béowseﬁe flﬁn hm@ﬁ@’ewﬂe off 400PCi 88 above adopted
t enperat ure @{ 350C, fla& '3 bel ow t he ine
t enper at ul® Y€ RBRF RrabeoRN gL €N PROV p&%}'cﬁpys film
t echni que hasﬁngppwpéetuessmn@ﬁoasefsumtehﬁ\iang the same as
properti e% whi ch. are su?s't anti a e sa %
si|i ceous PP n? HIGERYUP b H?jorfplrﬁbgqh ¥ird 9 he firing
20: errﬁe_r at urcenqjenﬁlﬁs@egof A aﬁoabegel Gdb?@eﬂf irPithar prior art
echni que en the in nperatyre o
coati ng CS%V%QIQW%n ig‘%}ﬁ/@rig? theatingr ntﬁmlﬁ’l?tﬂag't'r%aﬁf the
coating composition is lowered, the thermal budget can
be lowered and, at the same time, properties
comparable to those of the siliceous film formed by the
25 conventional method can be realized. Further, energy
consumption can be reduced, and the production cost
can also be reduced.
Comparative Example 1
[0096] An experiment was carried out in which the
30 acetoxysilane compound was not added. Specifically,
100 g of a 5% xylene solution of polymethylsilazane
synthesized in Reference Example 1 was heated in a
nitrogen atmosphere at 150°C for 30 min. This solution
was concentrated with an evaporator, and the solvent
35 was replaced with PGMEA. In this case, the content of
PGMEA was 95 g. Further, 3.2 g of

(%5



be | owered and, at the sane tinme, properties
conparable to those of the siliceous filmfornmed by
the 25 conventional method can be realized. Further,
energy consunption can be reduged, and the production
cost can also be reduced. Conparative Exanple 1

[ 0096] An experinent was carried out in which the

30
acet oxysi | Rydreenivetilenpaxuiiepy i gareninatged vy,  silicone
100 g of ggﬁ?éqaxwd@w@a@ﬁamn%)ofnwwf%t%a' W@@est Inc.)

synt hesi z I'n Reference heated i'n
ni trogen av@sspgHeies dherste fard e mixtinies was uh?@hed in a

was Conce”ﬁft%gén"\éﬁho ‘fépé’t' éb@t f@nd hRe $RkVATHss of this
35 was repl ace his case, the content

of PGVEA dxtige gva$lmﬁnéwre@ @né wasatpund to be 95 g. The

hydr oxy(p h X r t Sk
LERC L IO B el SO b LA porator o

was added €viepetate ab@uthtOng afuPe aedhedselyesit and thus
ni trogen af d"g%’@ed @@ﬁEﬁOQQJth? dnthQ%leﬁ%oﬁfcehf”o? about
5 m xture oun

neasured
m xt ure wakSPhen dieasenti¥d thet ﬁoﬁﬁ'%ﬂa\ﬁéﬁaﬁ'&ﬁrﬁg though a

1(Fvaporate @JPPEt siﬂngeo‘cﬂlf’ é‘ﬁuFés"%u?rgH‘égm A@:l%ﬁt'é‘é:% with a

to give a P tion alnga ent of
about  15%iltsatigaquRsRUracYt K6 Boluti@n wASe ifilteateg was spin

t hough a 1(90%1-@:@ oﬁ?(t’fd %Q%Hfltd)rﬁeﬁva@@?%@ﬁdérae%@metﬁr of 10.2

Advantec) wt tration accurac'_y
filtrate vei® £Aiin.)candea Wicknassiof foh MHNeHNHAY; gRnditions

a di anmet ergpof 1 §802 rpﬁﬂ}’flé Idt0) é’rf?dé’o@véi“ Shgﬁ\ﬁéd ofo OsPand for

mm under condi fi ons 1500 r sec an
1%l | owed t oMEXiSHEE cabsmpﬁmrstlara gledr poosn (nelativeehemidity

room (rel ajphyg EE‘”E@"EY 6'100’?4“ h?3gﬁhnﬁﬂfif|%étl|6rn step). This

(humdification ste n wafer was heated
in the at n®SEREr N@ M@Seheﬁﬁﬂﬁi din ythgoatmospherearelative

1000C for fufiRiaNdosesr 08-2) foL0Bkal forob ARG then on a

3 mn. Subse uent’l y, i con waf er

fired in d QIF)D'ﬁtQ erg%ﬁOa@rft%'pﬁéPén u@QS%ﬁ%{NWoﬁEe heated
200f 35000 38 |itbh Wafed” Was Sfitégepiisa By Mitrogen atmosphere

under conditions of 350°C/30 min to form a siliceous
film.
[0097] For an IR spectrum for the siliceous film,
absorption peaks derived from Si-O bond were observed
25 at around 1020 to 1200 cm™ and 450 cm™, absorption
peaks derived from Si-C bond were observed at 1280
cm™t and 780 cm™!, and an absorption peak derived from
C-H bond was observed at 2980 cm™. On the other
hand, absorption peaks derived from N-H bond at 3350
30 cm and 1200 cm’? and an absorption peak derived
from the hydroxy(polyethyleneoxy)propyl-terminated
silicone disappeared. Based on the IR spectrum, the
ratio of the area of absorption derived from Si-O bond
at around 1020 to 1200 cm'! (P1) to the area of
35 absorption derived from Si-C bond at 1280 cm™ (P2),
that is, (area P1)/(area P2), was calculated and was



[0097] For an IR spectrumfor the siliceous film
absor ption peaks derived from Si - O bond were observed
25 at around 1020 to 1200 cm1 and 450 cm 1,

absor ption peaks derived from 38-C bond were observed
at 1280 cm1 and 780 cm 1, and an absorption peak
derived from _ C.H bo S observed at 2980 cm1. On
t he ot her fool'r'ﬂfgtoal%%g%p ron peaks derived fromNH

bonﬁO%@S_?BSCd) 3]9T|¢®‘r Eiillqmeﬁ)u?(fﬂn@ntﬂugndtbﬁailrﬁél‘ﬁow%i @valuated.
peak deriv ro 0X . eneox ro.
pyl -termllfs &{Samtsi'sivg%ﬁe{%‘irééggégr@lﬁ %nggrgc 6%%’(&@“@ the
IR spegt ][ Ldensi_hv,otget Lr@tecrf'na'l hsacresg,it a%d t&b@fclﬁétlanlirlniting film
erive r,om ol - on rou cm
(Pl) to tH '?Eﬁsﬁfwééeagéo@pirﬂg @&W%%ﬁl ﬁ‘ggﬁsﬁ'@ not tess
bond alt 1|2I:$\(21r8n$1u(“t’P,2)ne?s:,pt=:}@a|”tveioilxji.i ("ghea;ﬂg’)/l(?g{)%gfo‘?%ed was
was cal Ccu e n S .Toun 0 e . 4. e
ST coous aldtetnte "Sond thothe Aoarahfie (ferapgrature 230C
:jesu! : ;o :ahrv@_sreltla)tmél hb?‘tidttlvesalg/gyitfbir%rﬁié Qhélé_kréu?d whBS§ again
ensity, e_ |1 ntern Sstiress, a e. CracC Imtl .
films thi’EEHé%eGle?%rz?%ﬂ?'?E fgeb‘%’{%ﬁ,- 3R, resilt, it was
10not less folad 3that rigrpespévieiey . dighectrid mvialkus fear,methat is,
was allowed tp stand,in the atnosphere (tenperature

23C and rf&MF Mﬂﬁhﬂfigﬁ 0% for one week and was
a?aﬂowﬁr](:;a?uregfo{rorttlsit@ecifmng d}g!ﬁéegmcjlmsitu%_s @freélzlalsgifity as
it was oun e specific dielectri s 2.
that 1s, TERaLAEd Bk iRenga00 1e8e6 et mathet wag 4.2 GPa.
t he nodul Gomfpaaiadbtd Extampke 2nmeasured by the
15na 'rtgéegtatio nmet hod was At.z GPa. Conparatjve .
Ex 15 [ GYDOEXRETENSEN nWi@S welridgd i @dt olip jwhich no
whi ch no aeebaygHiangne cormpoiddwaswapded atted he and  the
hum di fication &te.vvas omtted. Secflﬁallﬁ a] .
sol uti on TWIBIdFiceltiell SRR weeamitieds ( Rpeelialhanasolution
as Igo Conpag apltre@afet?n@h@ _ﬁllt_e?'éelf eﬁ;tﬁé, sthgef Mdn@ée as in
was spin coated onto a siligon er ving a ..
di anet er omf@.rég'é’rﬁ ('ﬁx?'ﬁ‘ﬂieaﬁrd a%ﬁ@@gg%% g*ﬁeoflﬁstrﬁﬁ? was
20under congihi onated dSRP 4 MIi2OnsMafernBalviv®gcaallid@eter of
nas 10.2 cm (4 in.) and a thickness of 0.5 mm under
conditions of 1500 rpm/20 sec, and the coating was
dried at room temperature for 3 min. This silicon wafer
was heated in the atmosphere (relative humidity 40% at
25 23°C) at 100°C for 3 min and then on a hot plate of
190°C for 3 min. Subsequently, the heated silicon
wafer was fired in a dry nitrogen atmosphere under
conditions of 350°C/30 min to form a siliceous film.
[0101] For an IR spectrum for the siliceous film,
30 absorption peaks derived from Si-O bond were observed
at around 1020 to 1200 cm™ and 450 cm™, absorption
peaks derived from Si-C bond were observed at 1280
cm™t and 780 cm™, and an absorption peak derived from
C-H bond was observed at 2980 cm™. Absorption
35 peaks derived from N-H bond were observed at 3350
cm™ and 1200 cm™ and broad absorption peaks derived



dried at roomtenperature for 3 mn. This silicon
waf er was heated in the atnosphere (relative humdity
40% at 25 23C) at 100C for 3 min and then on a hot
plate of 190C for 3 mn. Subseguently, the heated
silicon wafer was fired in a dry nitrogen atnosphere
under conditions of 350C/30 min to forma siliceous

film [O010MPNEci-k prnhaere,pbssrvedataroued @20 cm™ and
film 30 3bpor RIHON PERKStIIET bMest fHé’ﬁTﬂiS'arﬁ) QB@Qrﬁ\ﬁbﬁ peak

observed at around 1020 to 1200 cm and 450 cm 1
absor pti ondep¥8ks derived from Si - Ere@hd vvere observed the

at 1280 c 2k
at 1280 cRyargpg F%&gg@%genmveﬁog%ﬁmég silicone

Sabsor pt i ondERPREAEAder i ved from N-H bond were

obsgg Qggat 335ﬁh%e” %‘ﬂ% 1f§|‘?ﬁ Qﬁbé %‘Eﬁahﬁé’dﬂdwas evaluated.

absor pti on peaks romsS wer e
obser ved ahSaa deslbothe mPEGHig d@?@@trmmm@dlatwéy after the

other handg g RSS! B, 68N PE erd%’téﬁﬁ%%rw‘ﬂﬁ‘é atmgsphere

hydr oxy( pol yet'hyl eneox propyl —-term nat i cone
di sappear e@ie"['D@O@‘]U"ﬁ} SCy iredativer humidits 485604 fined3 h" the

1gnas eval uag yﬁé?f[cAS lé éiaseégeg'fupfsd' ehg§iddting that

I medi at el ter the r|n After standi ng
in the atndgmmbeant meigteratapsorSeN QgakTed. hunidity

409 3 | [
ol 3y etk eagtens o il e i
occurred ﬁDEQ%J_QLﬂﬁiﬁﬂQfor eval uation of properties
of siliceous fi e h
”i’ng %P gﬂérgugt&‘eﬁi ec‘i'bﬂb‘ﬁné‘rlf’y rREnufactured by

(registered tra actured b

15Cor ni ng) gPaws GAraieg) tgﬁa@ﬁn@baiel(thfp?i@egé %cmﬁ'm siges®0 mm

) was wey | s@aghs %%*\Néll”ﬁ}#ﬁd %‘tﬁrgeﬁ‘éutﬁhl detergent, a

dilute aqueous Na ution ut e_aqueous
H2SO4 sol udilgke ﬂQﬂRQUSONﬁ@%rﬁP Nﬁ&ﬂ:heﬂﬂ@lrﬁeé‘"uﬁﬁ aqueous

al um num T3l gy, ShRIEIEA AN thiat whake é‘ﬁ&a\/\%fs tthbﬁ gried. An

gl ass 20 pl ate by vacuum deposition (thickness:
pn) . A saadneirgRhbim iohoeved penthawbpie a(f@ét%ﬁthls glass

2¢0nto this EHtéSfbyp'\%@Juﬁ] f@spositidd MthibRABISL €0.2 um). A

four corners of .
sample composition solution was spin coated onto this

glass plate to form a film. Thereafter, four corners of
the glass plate were rubbed with a swab to remove the
film from that parts for drawing signals from an

25 electrode (3 mm x 3 mm). Subsequently, the film is

30

35

converted to a siliceous film according to the method
described in each Example. The siliceous film is
covered with a stainless steel mask, and an aluminum
film is formed by vacuum deposition. 18 patterns in
squares of 2 mm x 2 mm and having a thickness of 2
um are formed. The capacitance is measured with a
4192 ALF impedance analyzer (manufactured by
Yokogawa-Hewlett-Packard, Ltd.) at 100kHz. An M-44
spectroscopic ellipsometer (manufactured by J. A.
Woollam Co., Inc.) is used for the measurement of the
film thickness. For all the 18 patterns, the specific



the glass plate were rubbed with a swab to renove the
filmfromthat parts for drawing signals froman 25
el ectrode (3 mMmm x 3 mm). Subsequently, the filmis
converted to a siliceous film &8cording to the nethod
described in each Exanple. The sili ceous filmis

covered with,a stainless steel_ nask an al

fimis FolmacHd B dtin caveedtont H5Tuet, Sbfdinedhy the
squar es offoliowing équatkne having a th| ckness of 2 m

are formed,. The cap cita ured with a .
ALF i npedamRedhis yaéﬁ"' (:E'ﬂﬁbf act u?(é@pgytance [plél]]) x (Film
Yokogawa- HthlehEsﬁ’E[@hﬁ])dSSLﬂd ) at 100kHz. An M 44

peﬁgqqi |c someter (manufactured by J. A 35
used for the nmeasurenent of the

fi1mthickness. TtF@rw@Idhtt bﬁ algllp@dr'i ey afer hBeuﬁ@%?ldfameter of

38 di el ect S the ver es, obtai n t he
fol | owi ng £¢]L;Eél 6 Q:n‘éh é‘l e ickpess O? 0. g mm  was

(Capaci t anereaspired XV\(!Eh' fTBnt higtéaaobdightée3s. 4 $he sample
[0104] Filmdensit ht of a sili cgn waf e

havi ng a quloélltlép S?b"\/ﬁ%ﬂcmeﬁ $RiM coRded pﬁ,tek];]I@gSSlEtcon
100f 0.5 mmwafer reasyred a/\ﬂﬂiﬁnaﬂviﬂtﬁﬁwa@atl’?éwecoﬁ\h@rted to a

ST con 10WHaRRrS HRdnthe! MEaH de SR each Example.

convert ed Tipe aNeSgM ofotise fdiligpBY wdfer nwitodhdesitii Ress then
in each Exa f the silicon

fe
the film Ph@?\e %&&ﬁl‘ﬁ%@ésé\??e@% W\b%'@ncem Phe"tiitference

el ectrobalmno\eeugﬁlnebétvafe@rrﬁrtﬁ% rh@awalrébt mgmea{tmﬁe wafer
or nat.l

d t er 15 hefore f
150md the. mBRIOTEaT B SRETGIAmeandater mAasUreR MEIONt of the
formation wafeuegatedeﬂn@sfbh@\am@ms pégatded fasl rfheTlme|ght of

ol 11 peomutBe (ilel  viag. RQ&@'&P%GCHOSCO gsured with a
Wool | am) . s‘fmttfrmém;d@n@mwsamet@lr Fﬁhﬁicﬁéﬁ W—441em3ﬂufactured

f,\g: Igg}M Fg] engltﬁl ﬁ!'{n\lqo&r quss e y is c(alcuiated by the
20 following equation.
(Film density [g/cm®]) = (Film weight [g])/(Film
thickness [pm])/0.008
[0105] Internal stress
A warpage of a silicon wafer having a diameter of
25 20.32 cm (8 in.) and a thickness of 1 mm is placed in a
laser internal stress measuring device (FLX-2320,
manufactured by Tencor) to measure the internal stress.
Further, the sample composition solution was spin
coated onto this silicon wafer to form a film which is
30 then converted to a siliceous film by the method
described in each Example. The temperature of the
wafer is returned to room temperature (23°C), and the
internal stress is again measured with the above laser
internal stress measuring device. The film thickness is
35 measured with an M-44 spectroscopic ellipsometer
(manufactured by J. A. Woollam Co., Inc.).



[0105] Internal stress A warpage of a silicon wafer
having a dianeter of 25 20.32 cm (8 in.) and a
thickness of 1 nmis placed in a |aser internal
stress neasuring device (FLX-2330, manufactured by
Tencor) to nmeasure the internal stress. Further, the

| e composition solution was spin coated onto this
SI| @Luo6 \]\/E@J_bm&ﬂtﬁ_é_m_l_muﬁls 30 then

converted o o shhisROUSNTBOIIN SBRITBRNAGS SsiTPebledd onto

in each Exanp he n‘gerature 'S
returned t@ $'b§ﬁﬂt é\fﬁf&ra aving z@cylaraﬁaeitm 110n16r gEr (4 in.)

stress s aQai4 yRaRYESS of b1 i ABOFEha8Im which is then

internal stress neasuring devi ce. il mthicknes
5s 35 neastRrdedtedhta o megtp%étfrrb@/oﬁhe r@|e4thggloﬁ§§@’ffbed in

(manuf act Ué§81 beémﬂ] e Vool afﬂigocasbncsém@%s[ %Qﬁ] the film

Crack limti g I ckness anpl e caonpositio
sol uti on w‘é“gc PERS ARiNgdVvanies fr@muab@@h Opf lef ﬁg@b@ut 5um

a di aneter, .cgfpﬂrlg%gmﬁlag?]{,f\éa@ﬁ}gﬁ grﬂég s%l?d"t:%'ﬁ'ﬁéﬁ@ d?"ftrQe Tample

mmto forma n > onverted
si | i ceous €9MPAsitioResptution aesdrg yedating @d?@f'-d of the spin

anple. | rt fol |
gFxanp %téaliﬂrlligrs\ilrgflﬁ'ged Whgbou g fifinlg, fﬁe > film surface is

t hi ckness 5 mto ab 5
are prepar@@Sepvahrynder taqénscapﬁaoa@n{mgmfiqaﬁ@n 120><) for

sanpl € CORRRYist FOP éé&ﬂ”éeﬁﬂg‘?é thleh(? Qﬁ'l%t)dlﬂﬂ.lﬁp‘?ﬁﬁ'n 0cﬁ'nckness

the spin 10 coater in the coating. After |r|nE
filmsurfaldee Sroabseraeks uifdefederded odéopgeac ltmltmg film
(magni fi ca,leeg e320x) for cracks for each sanple. The
maxi mum f r}ess free from cracks |s rearded

15%s t@HEK]I Meduily H
of elasticity (A‘agghﬂ’ﬁl%mc%m?&s”ﬁbho%iﬁtl%ﬁ”ﬁhﬁs sp|n coated

conposition solution was oated ~ onto a silicon
waf er havi @gta leséhé@@rWMGQdW@‘ﬁnﬁna( gdiameterapl 20.32 cm (8

thickness gof y14m éotrfu‘&'k'ﬁe%sf 'o'f”l"‘ﬁ*\r?\htbsfoﬁrheﬁ film which is

converted to a stliceous filmby the nmethod 1 n each 20
Exanpl e. Fdten consiarted dies 2f Sl FEOMSSFibPL By e mekhod in each

20mdul us of E@hARIECT { YFdiS tRASHINRE NS Fifnt RhDsf idHfained, the
mechani cal property eval uation system (Nano | ndenter ,
modulus “of elasticity i5 measured with a thin-film
mechanical property evaluation system (Nano Indenter
DCM, manufactured by MTS Systems Corporation, US).
[0108] Measurement of pore diameter

25 A sample composition solution was spin coated
onto a silicon wafer having a diameter of 20.32 cm (8
in.) and a thickness of 1 mm to form a film which is
then converted to a siliceous film by the method in each
Example. For the siliceous film thus obtained, the pore

30 diameter is measured by an X-ray diffuse scattering
method with a multifunctional X-ray diffraction
apparatus for surface structure evaluation (model ATX-G,
manufactured by Rigaku Industrial Corporation).
INDUSTRIAL APPLICABILITY

35 [0109] The present invention provides a siliceous material
which has good balance among stable low dielectric,




DCM manufactured by MIS Systens Corporation, US).
[0108] Measurenent of pore dianeter 25 A sanple
conmposition solution was spin coated onto a silicon
waf er having a dianmeter of 20.3» cm (8 in.) and a
thickness of 1 nmto forma filmwhich is then

converted fo Si.| | eosfllm the nmethod.in h

Exanpl e. F'%\recﬁ?é-' c?dytfh I wqmu§w nd8, \yﬂ:@stand the

pore 30 dlmaﬂcedemea\‘&'lurﬂﬁg bVO@éls% 212Y ﬁbélfstléﬁce to various
nctj.ona

tt met h
i 11 ot SORUCARa: ubhe oiSS 91 B8 Slicaeus, Braterial according
:evgl u?t| olrto( lrbdeﬂardt‘s_'@htan\{%%t&gﬁglaitﬁﬁggf?ncﬁgﬁﬁrg:eEectric or a
naustri a I L gn
0300] TP EBBEAC iRk kricOR 3SR NIRANGUSHT dEKice can realize

material highar h&st@rad:dml mlﬂﬁo%@t@| higeer level of

di el ectric I’Higl nmechani.cal st rgﬁ‘?é h enough to

i ther ana OIEVERRAB UG 1RO TERER fytfbeese. “and

rels[GsIB{DE:e t? \#&r: O@Iescﬂgeﬂl Casitﬁo\{ér:he thee Osflllté@ust material

siliceous nmaterjal accordi e pr.esen ventian,

as an i nt #RAEING; @9 33\ pd%éle“g 'g'ﬁ%?af:aal EFeHF?Bc'” the
10i n a seni dandusietal delefecter) rsgl Iwell haghah the premetal

i ntegrati (fgeq}{lty an hlgher | evel % ,

mul tilayer9'f G nt egr ci FcuiPde [ dei@)ings material s

descri bed iakovporatea iﬂhltlh@e@t;latnﬁ?t Gbl‘rﬁiosmﬁfrph@tﬂﬁdirﬁg to the

t he present |nn§nt| on can be_ use

i nt er met alP ctpventian V\éppcrggqrﬁst R@rmcgnm afhe siliceous

dielectri ?ng‘t%alatlﬁarﬂer Q?Eﬁémé@ @ﬁttdteftr@é U$eiectr:c is further
|ncorp0ra e I N e coatl OSI U1 accorail n
15 e Do R AR Fone S uSERs 4 sikeats material which is

si | i ceous panticrlaaly preferrederseth@nftéifetablpsiecteic can be
is further_15 | owered and, consequently, a siliceous

mat eri al WhECH |ds partlcul arly preferred for the

i ntf@Ietpl di elWhtehl Qh@%dﬁlnge@bhiﬁdsn[&llé]:cwmlhg to the
the coatin Qs tlr&n accor di

i nvention ?5321£ng§ PR dEHREG Prﬁ'BﬁﬁoHépﬁ;'&Fn%" bg) formed

200n el ectr @m celeatr@rnualmate&aw@} lasafedn ag 66 adscﬂw!fﬂﬁﬁ?ace of
of various materi aI i’-ﬁh as . netals, ceram cs,

woods.  TRETIIES ARETEAGLASUSH BEomerals meeEamics, "&nd woods.

substrat eTHd opresent invention provides metal substrates (for
example, silicon, SUS, tungsten, iron, copper, zing,
brass, and aluminum) having a siliceous film formed on
25 their surface, and ceramic substrates having a siliceous
film formed on their surface (for example, metal oxides
such as silica, alumina, magnesium oxide, titanium
oxide, zinc oxide, and tantalum oxide, and, further,
metal nitrides such as silicon nitride, boron nitride, and
30 titanium nitride, and silicon carbide).

—+1



exanple, silicon, SUS, tungsten, iron, copper, zinc,
brass, and al um nun) having a siliceous filmfornmed on
25 their surface, and ceram c substrates having a
siliceous filmfornmed on theiyqsurface (for exanple,
nmetal oxides such as silica, alum na, magnesium
oxi de, titanium oxide, zinc_oxide, and tantal um
oxide, and, further, nmetal @F&IM&s such as silicon
nitride, boron nitride, and 30 titaniumnitride, and
silicon carbide). 41 CLAIMS [1] A coating conposition
chatkkteri zed c6apting ng: CAMPOISYEPRyY| siqharagberized by
conpoung, - t oxysi | ane ] an YedYshd:  an
sol vent Eoﬁrl%ﬁg&coaﬁsng co B%EM%*%%%@?& n(%gtg’rb| !
cl ai m 1aceldxysilanet¢un i 88d anpyiganiersalNgnt.
age [3] The ti Hq;p R AL 0k & i Al Maim 1
2, EEV\Jnerei_n sai-@Q%orcggFor_ 'ggh{aﬂgﬂ%@?\g %ag%%}gjc;r@ngdr ! ’
conpr i sMyjchafusithexcoroprisiesi adp @@ fEtmine Rdend. de
co nd or a b L OXW- alFpi l-y-et X i
co%%‘ﬂnd as rmm%re;&l’ggﬁ&stﬁt{“ |ﬁg'°\£§af§i¥%‘g%“a e claerIIZ,
conposi Whereiscerigh pgre Joamyingnagent ig|aioed olymerzcomprising
wher ei N ,Sad; ]| ida n ; i
repeatiralqaédﬂ?)@g %@pﬁé@rﬁ eéal}%ggneﬁgl ﬂ?%un})%dﬂ(i%t{nd or @
[ Cheni cailokyraantainingrr-pelyethyjene N gxide{ 13compound  as
Pr N- R3) i epresents a hydrogen atom or an
al kyl gm%\ﬁsr'ﬁ%eyﬁét% to 3 carbon atons, provided that
al |fl43} R s of tHee ¢patingcenpuudsition micording to any one of
sinmulta Y4 I eprase r ;
i ndepen E‘ﬂ I%'/_ %eggegénwhzf%i‘grggg p@%gtr%%&laa%%a y(iompound
group h&ohmgrisesorepeatingnuditentepresantakdy egneal formula
of R2 t@15{4 do not sinultaneously represent hydrogen;
and '

[Chemical formula 1]

wherein R! represents a hydrogen atom or an alkyl group
having 1 to 3 carbon atoms, provided that all of R's of the
whole compound do not simultaneously represent
hydrogen;

R? to R* each independently represent a hydrogen
atom or an alkyl group having 1 to 3 carbon atoms,
provided that all of R? to R* do not simultaneously
represent hydrogen; and

p,q,and reachareQorlandO<p+ g+ r<3.

[5] A siliceous material characterized by being
produced by coating a coating composition according to
any one of claims 1 to 4 onto a substrate or by filling a
coating composition according to any one of claims 1 to 4
into a frame or a groove, and firing the coating



p, g, and r each are 0 or 1 and O<_p+qg+r_3. [5] A
siliceous material characterized by being produced by
coating a coating conposition according to any one of
clainms 1 to 4 onto a substrateggr by filling a

coating conposition according to any one of clains 1
to 4 into a frane or a groove, and firing the coating
42 conpb8MRPYHLION6] A semi conductor device

chaf@prterized hy cog@mnicom@uetdr | | eRRyse Mt hdmdcterized by
accordin laim5.as an internetal dielectri

128
A pr oce§8n'f%“5m%®csl'lh%e%u%lm?E%BQ argosding to claim % as an

char act gftegetety ¢eetrdé.Ng heating a coating
co ition according to an one, of clains 1 to 4 at

a tlefmerature df PIBGESS l9é| REFBICING oB6BIHCAOUS material,
characterized by comprising heating a coating composition

according to any one of claims 1 to 4 at a temperature of
350°C or below for 1 to 60 min.



