I PHOSPHORUS- CONTAI NI NG SI LAZANE COVPCOSI Tl ON,
PHOSPHORUS- CONTAI NI NG SI LI CEQUS FI LM

PHOSPHORUS- CONTAI NI NG SI LI CEQUS FI LLER, METHOD FOR
PRODUCI NG PHOSPHORUS- CONTAI NI NGLSI LI CEQUS FILM AND 5
SEM CONDUCTOR DEVI CE TECHNI CAL FI ELD [0001] The present

I nvent e i ng A fizon for
pr oﬁ@ﬁggg%ﬂaglﬁd%g;@gﬂﬁai ni nW’é{“ [ ceousCQNIPrQSIJION’
phoPHOEREIERUEaCOMTASNINGeous fil mSIAIEE@WSNnduct or  FILM,
RS PRI s ROl IRED el ROy aLTER I EREED FOR
pho HROD UCING t RiHOISRH ORU $1 @O NAMONING | SN CEOUSa FILM, AND
ho 3 1Y m croporous filler.
Acmw&?%%\fﬁ% abrication of electronic
devi ces such as sem conductor devices involves the
step of f ' j ating filmcalled PMDs
(prenet al ?E&ﬂgg’l’g"c@;ag%tv\een 20 transistor elenents
and[@001]l i nes, Phewepresennsiinventicl emmtatesando a coating
oo - R B nifores BBV S bBRSpbeBfs gontaining
1%0r:rri ng asilicepw satfilny, fa Iqﬁo&ﬂh@ms-mtéimn@m@teou? film, a
ielectri . metal lic, W.rings, or_t . 0
25 errbeddgﬁé“gswﬁgz:ggfi on gr c%?\yégg Sili ce‘iﬁ@m%'g'gi al s the
are genephbkphosed-tcontdiaifigr netliceouy diloeddi partdcularly a
the insulati.ng, fil hods for insulatin ilm -
format i onsgwggngé'cg?/bwﬁéf’h%s‘,"s@cﬂ r%b? pr%gbg’rugh%ontalmng
si | oxane fiprol yaneer PMidsit oon IbtD$ | ngndetahophosBhor0868intaining
@n i ncreage in int egra}fi on density of electronic
evi ces hHYCT@ROLH ﬁ' &er easi ng tendency toward an
i ncrease BACGKGRMESNDOARTr ooves on a substrate. For

o B4 "0°5 uhhE TG IR0 Bt PE G GiRVIeE SBkn as
(her ei naf semicehduceor taevices asvibaedher gtep"” pf oformoing an

| ess  thap, 2, 18tRCARRIESHed PMDY ) 1diRERYP diBietthds) Petween

2
20 transistor elements and bit lines, between transistor

elements and capacitors, between bit lines and capacitors,
or between capacitors and metallic wirings, the step of
forming an insulating film called IMDs (intemetal
dielectrics) between metallic wirings, or the step of

25 embedding of isolation grooves. Siliceous materials are
generally used in the formation or embedding of the
insulating film. Methods for insulating film formation
include CVD methods, sol-gel methods, and siloxane
polymer solution coating methods.

30 [0003] An increase in integration density of electronic
devices has led to an increasing tendency toward an
increase in fineness of grooves on a substrate. For
example, when fine grooves having a groove width of not
more than 0.2 pym and a ratio of depth to width

35 (hereinafter referred to also as “aspect ratio”) of not less
than 2 are embedded with a siliceous material by



hi gh-density plasma CVD which can forma good film
quality at a relatively |ow tenperature, due to
conformal properties inherent in CVD,

di sadvant ageously, voids are Idkely to be forned
within the fine grooves. In order to 5 avoid this

unf avor abl e henonenon fil i ah- ' .
pl asma VN HhE )5 '%@%&m b, n bgbaﬂpg:{@o&a/ film
ggmfamrnt n%tﬁhﬂ,rfagets ﬁe!tlbm/e!yl lohi s%mmm'adiurehdmm ,conformal
ge to e substrate is.un
change i P Eﬂ%%rj:ée%ﬁﬁ erent in CVH, &%B?jgéiﬁ?g@ugﬁlgolds are
hlnghl dtens;;keiypt@fslm f@trrmecbherthmmhm fieve weobudsf odn order to
sulati n ] OfﬁH i on I D
unde BLZEW?OHQ %Yo'iaé? tIpV rﬁ%&% K‘E io&bgeﬂlon by
zgg nconvmgh@mis(;w qﬁaa?ftereawmyaaddopemrr@dnsﬂ;‘cmng should
| is_ carrie t
o2k 9 ¥ SueCeLbaSid  the, B UiASERE F4L° 1Tls, megnos,

in tenpeh@WeererpHatrhagarmelae sdl@méteAsrmuaWdzdame such as
sol ving suc [

bl h

ot hot o BaCeRNGEaTE gsPovEr Soark it wiadrid WBhssties by

?Mnt\f/]ml ch Flgﬂv*t@ﬂsﬂtye psma hltnm)sgpmes 2notharoanethod for
a So

bt e cistiatnad i SrPatie 8 Fad? iR cyfidittied out

:f] tﬂleg Rgtntr:]leg fc;mrncnblrmw sobnrekatafdyl iltigbustenmperatwte and
(0] or ,ex

mat er i al sCERKEREIONA! R slqnahdgp '585%% qgrm:‘tcefst&té?%é baking is
25 a dehydanﬁeandcctaal abhtzil hegiﬁt |tempematwed i nThis i caethod,

onversi o 'S | Ndl spen :

ul ly errbgﬂ“i‘;ﬁ’éa Tf EE“&?’% \f@?e\-ﬁn esef’g@}f%?)# ut| Lféaﬁ@\k’%hﬁg In
Sg‘ged thegémrp@frat@o?/@&f the puobesas 55 manner that the

| uni rmi,,o i

bot fwddf the f1 n@%ﬁjkpﬁl @’?’ éh)\ﬂg%ursﬁ%g'ecfj me%/QﬁP6$8nt N
en{)ﬁddt hec\s\nhmars]ga oswlege!l pakthbd docwrmtﬁxanergm@bgeer asolution
met hod i n ch a e j. - i

o g8 B eI ARG 5 STEBREHR0HAYIBE 3¢l boves
20erns of BS qudtest ywithe a ssclogeedliquic ar sabsiloxaae polymer

having Ting, @reovesy thE B3I iss dHibgIchOBES thE fine

fine groo
grooves and is then heated for conversion to a siliceous

material. In this method, for example, the solution of

these materials generally has high viscosity, and, further,
25 a dehydration-dealcohol reaction involved in silica

conversion is indispensable. These make it difficult to

fully embed the fine grooves with the solution and to

embed the fine grooves in such a manner that the

density is uniform from the film surface toward the
30 bottom of the fine grooves.

[0005] In order to evenly embed the fine grooves, patent
document 1 proposes a method in which a
perhydropolysilazane solution having a weight average
molecular weight of 3000 to 20000 in terms of

35 polystyrene is coated onto a substrate having fine
grooves, the coating is dried to embed the fine grooves



wi th the perhydropol ysil azane, and the

per hydropol ysi | azane is then heated in a water
vapor - cont ai ni ng at nosphere to convert the

per hydr opol ysil azane to a silicgous material which has
5 uniformdensity fromthe filmsurface toward the

bottom of .fhe fi gr ooves 06] ,. On the other d,
for the aWd des:,lﬁebed PP/BEhLaFI %’Wﬁél Zé"r'i"?'ncreagri8 the
speed of pbehplespoRvilazderd cds anHean itwateadse inn a  water
i ntegration _densit led,to a 10 demand for_further

h
| over ed p¥P ﬁPfTW)?'{%’ 199 ¢ he StETRFRAETE | ntBarti QML o the

permtti Vpéyhvﬂr@pblmrafzatrmrt& P s‘lht:eght'? na@tzémalatwbm has
0

d t t
ggpl ?cgtelr[ﬂnﬁ I VI 'F‘é%tro'fhéﬁleeﬂﬁ'ﬂns\"Bfracteanwagd the bottom
for IOhOSIOBﬁIthé f&ﬁedgm\t@ ning sil | ca (PSQ or bor| c 15

For RADHE, P cvn, “Ofcther akhah Der; torg ERer dbpykdtorited PMDs

than 4. 2zaddIMDS0ER n&;?reﬁseomlsqmed femthe deredth@mc device

per hydr opol ysi | azane-derived, sili c ous film.descri
in patenf éoﬁﬂmmcrfas?hénpé‘?t}ﬁqrﬁ (A ydeas gyoj-f?cy% led to a

@h?t ISI a@rﬁ%ﬁ&fmﬁ Fill i tc?heee@fpemmgn:cty @ﬁpltheemaena!
materi als an perm V. re P r
"D apol 1 airaitulaina e Bu i atGiot (5858 Yaan Rep. for PMD

as descri hpglicativonpatirehta @@nﬁ\emﬂt%/ ofnnoPVisrettiean 2.5 for
presence ? mobi | e i ons ngr&l cul
f

even when!MiEaRROALIQNR ‘?%r%‘ir y)ﬁ-sl}%lr?asi)@s@ rt@ i5 {s that,
unst abl e gdecphosplhoriar acidrdsitatsirand sileta alfPEiA)y. oA boric

ool sR 4 HeE 2Bl SR LB S prDs
nobi | e i ofisrmkd BgrevD, thikopeverittivity isdgeheenl pindOless than
DhOSENOT G 3 1shd PR AAE" LR Mol "BEE Mm% yuin the
whi ch caugeshfzdropclysﬁrarzame-ﬁerraa@@nsnlmome fitent habglscribed in
oot avel BRESE Sk Rt e pelRTRIEN *Shduna 4, that is
2(@er hydr opal perhdtiavigy shre \Mfemq:ﬂgrasmhosnllceaulsdnmerlais, and
added Safgl deS'pré(?ﬁ’u‘c)Heﬁ:%h%rés?reaac f%r il\ﬂﬂg yIléllD applications

cannot be achieved.
[06007] Further, as described in nonpatent document 1, in
PMDs, the presence of mobile ions, particularly Na* and
25 K*, even when the amount thereof is very small, results
in unstable electrical characteristics and reliability. A
conventional method for overcoming this drawback is to
incorporate phosphoric acid for electrically trapping
mobile ions. In general, however, the addition of
30 phosphoric acid (pentavalent) to an inorganic
polysilazane has a fear of producing monosilane (SiH4)
which causes firing. For this reason, in the method
described in patent document 1, phosphoric acid
(pentavalent) cannot be added to the
35 perhydropolysilazane. Even when phosphoric acid can
be added safely, since phosphoric acid is highly



5

10

15

20

25

30

35

hygroscopic, it has been generally considered that the
addi tion of phosphoric acid is di sadvant ageous for

| owering the permttivity. Doping of phosphorus after
conversion to a siliceous filmthrough the utilization
of an 5 ion inplantation nmethpd as described in patent
docunent 3 and patent docunent 4 is al so considered.
In this nethod, however, doping cannot be unifaqrmni

carri ed y@ros60BIC,t e hasobeesi |geresalys Fpﬂﬁ'@!ﬁﬂh&lﬂgt ithe

this mtémﬂtlonanoﬁd%'ﬁds?)'FﬂncPr 9%?&53 id S dMELPFFRAG edser for
filmformation. his 1 s disadvanta

ge
t hr oughgawermg e‘i’ﬂe cR?d'@Pr\stﬁ‘f‘”ti’ JRORINRY e© g’éfs@?ﬁphorus after
Lai d- OpegprNersiol 89 WEARRb URafigntthtoaghetiie 2tilizagrrese an

P R o b Pan et RN oS 22 SRl oBBEH TR bufent
ﬂgﬁugfgﬁ 4and apateatte déxenent A4 dtsQagso tansu?.evesadaO/ A002his
e el PRy YUl an by Bl tarAla out

Technol cayer EBE WbBlelesilicesussfitmedifursher, Kiyyiis method

Chs3e M, P o8ty W T i

SOLVED BNhisHE CIIEWEKHF@\GG?'@)@G)@]WA%@F'BPEQI y, an Obj ect

of the maec%%rﬁt dJR(@AEREN 1:S JdpantseP! paterevildadaOpen No.
siliceous f gm ch can realize uniform enbeddi ng of

a sili ce%@% PP4& in fine grooves which coul d not
have beepatedts idstuerent thoutapdirfdsiec Patieet AtaidyOpea No.

above py%$§§§%%oé§chni ques and can realize

permtti | ow | evel which could not have

hi t her t oPatesn doxhireeall & algpeossieor Ratardnt laaidr@gen No.
i nsul alvg ggz {% PMDs. 35 MEANS FOR SOLVI NG THE
PROBLE ?8 Q' € present inventors have nade

ext ensi vRatend Flogumensi ve starfingsen Patentyilaidr@pen No.

sol vi ng %gggggyggozprobl ens of the prior art and, as a

result,
Nonpatent document 1: Tokuyama, “Erekutoronikusu

Gijutsu Zensho (Complete Collection of Electronic
Technology) [3] MOS devices” b5th edition, Kogyo
Chosakai Publishing Co., Ltd., August 10, 1979, pp 59-64

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0008] Accordingly, an object of the present invention is
to simply provide a siliceous film which can realize
uniform embedding of a siliceous material in fine grooves
which could not have been carried out without difficulties
by the above prior art techniques and can realize
permittivity on a low level which could not have hitherto
been achieved as a phosphorus-containing insulating film
for PMDs.

MEANS FOR SOLVING THE PROBLEMS
[0009] The present inventors have made extensive and




conpl eted the present invention by a conbination of an
organi ¢ polysilazane with a phosphorus conpound. That 5
is, the present invention is defined by the follow ng
matters. [0010] [1] A phosphoru§-containing silazane
conmposi tion conprising a polyal kylsilazane and at

| east one, hos hor conmpou in an or ven
[0011] [2{" UG gEFf?%ﬁ"‘%lE‘%o %quﬁl]sm othe above
sai d phoap@bremscwfpome iprisel mtedahrid ogashea grrespit have
consistin osphoric esters and.pho zene
conpounds COMRIEFar e reSEitn Ry AN B Ros drfiGbidetion of an
Mher?In sar%annhfs Ia@aﬁ@ﬂpﬁhnddgggspharus compound. That
ris(trinmet Si sphat e

é:onposml bh éb@or%’e}ﬁ’ 'QH?“&W&({ of [%ﬁ"{'?%d[ﬁy W%r c?lil]owmg
said phosnhﬂﬂassconpound i s contained |n an 15 anount

d on_sa H alk%IS|Iazane
CooRd i me. BonphosiriocaRtsiniPlo” SHptale orofaposition
to [4], wm;ﬂugnrgaldapowwaqkmﬂazm cangri $&s least one
repeati ng nlt r epr esent ener al fornula (1) and

R o R or A S TR

fOf[OD’ﬂf](EZ] or ‘ﬂﬁeetélmpbgrtmhaatafbr@ mg has [dnunidegrein said
aver age np| ecul ar wei t éuO %B?Cg gj f th
(SlR‘(NREL"ﬁ?SQ OFt’&) Pe(?lh” 'a?nols §6n from the group
i ndependetbhyistirg esefit ghogphbyidr ogssteas omaad aptaddptazene
é%oup havi n 1 to 3 carbon atons, excluding the case
1Qhere RL SR @?nultaneously represent a hydrogen

at 0[‘001[2@?3'] Cal Ther wonapdsitidi3 4BtoMin@)to FAY Wherein said

wher ei n and R5 each i ndepe nt | resent a,6

hyar ogen BhBRPBOTIS Ao i i et iiShvaERsshnate.

at 0[@13?X[34]Jdl The bengpesitidreaecBidang tB4any one of [1] to [3],

S'HU|taneo¥ar%lﬁegéﬁfﬁgho ﬁ396$géﬁh$ﬁodﬁd is contained in an

15 amount of 5 to 100% by mass based on said
polyalkylsilazane.

[0014] [5] The composition according to any one of [1] to [4],
wherein said polyalkyisilazane comprises repeating units
represented by general formula (1) and at least one type

20 of units represented by general formula (2) or general

formula (3) and has a number average molecular weight

of 100 to 50,000:

-(SIRY(NR?)1.5)- (1)

wherein R! and R? each independently represent a

25 hydrogen atom or an alkyl group having 1 to 3 carbon

atoms, excluding the case where R! and R?

simultaneously represent a hydrogen atom;

[Chemical formula 1]

—es.-u—} (2)

R“ R5

wherein R3, R* and R> each independently represent a



[Chemical formula 2] R6 71 R -ENs R3) (3) 5 RO
wherein R6 to RO each independently represent a
hydrogen atom or an al kyl group having 1 to 3 carbon
atons, excluding the case wherefall of R7, R8, and R9
represent a hydrogen atom 10 [0015] [6] The

conposi tign accordl [5 [ e

formul a (%’d fge PeB s b H\mﬁkﬁ gPBUEaXﬁﬁaR;% 3 carbon
regresentat@nlsydrmhdjatrtgﬂ tive gervarsal wamJéa ®), s8d R*
and R4 represent rogen _at r a roup and

R5 repres wgﬁgqm% JFaﬁ{]?%g'ydirﬂagbnéb&%'for mul a

15 (3), R|_7Ch8&uaa(jf6§}nu¢a)r23]sent a nethyl group and R6
represents a hydrogen atom [0016] [7] The conposition
according to [5] ,er [6], wherein said

pol yal kyl si |l aza copprises not |ess than 50%

preferably not g@-sst-haﬁ280%(3jased on the total nunber

20 of wunits represent y general formulae (1), (2)

and (3), of repeat| units represented by general

Lormi e Chhiargh @0 181, A POSIN AN ALY represent
phosphor upydpdgbei aﬂoﬂw eguaed ablyy! lrbupg haviingmioto a3 carbon
[00%8] [ opterms: prstiiirds B8 Casns kS8 LR 1Ry, and R°
accor di ngreplces{@']t, avmm‘mgen ¢ospeci fic permttivity is
B (AT, hg, dsPRaBLifiash 4 BPARRISHYS K500, AU, i
IOhOSIOhOIr ugeaedabedmpubs (dycRF byprdsdntsng methypgsoupoand R
ahi oh therepeasEns anBvabanebr atdin: J8 Selelfamhh @, ®
0.2 m andahberf &EWesént hﬁh@dmbbeinoatdm or al\nndethyisgrmnp and
o0 e RIS 54 A7 hod L) AeRERSE e
1gonpri si ng3yoR1,nR% am:trpag i tépresasorali methyl group and R°
represents a hydrogen atom.
[0016] [7] The composition according to [5] or [6], wherein
said polyalkylsilazane comprises not less than 50%
preferably not less than 80%, based on the total number
20 of units represented by general formulae (1), (2) and (3),
of repeating units represented by general formula (1).
[0017] [8] A phosphorus-containing silicecus film comprising
0.5 to 10 atomic% of phosphorus and being produced by
baking a film of a composition according to any one of
25 [1] to [7].
[0018] [9] The phosphorus-containing siliceous film according
to [8], wherein the specific permittivity is not more than

3.5.
[0019] [10] A phosphorus-containing siliceous filler comprising
30 0.5 to 10 atomic% of phosphorus and being produced by

filling a composition according to any one of [1] to [7]
into grooves, in which the width of the deepest part is
not more than 0.2 pm and the ratio of the depth to the



to any one of [1] to [7] onto a substrate to forma
filmb5 which is then prebaked at a tenperature of 50 to
300C and is then baked in an inert atnosphere at a
tenperature of 300 to 7000C. [0©21] [12] A

sem conduct or device conprising a

phosphor us-ggntai ni.ng siliceaus_filmaccoy.di to [8

B 0 an AR5 ap o3t rcp a4l 1R KRR EES TR

| NVEMAGPN[ 1 99224 phecess | feropsotiukcmgr@vpiedphyrubecontaining
present | nventiop,can real.ize a phosphorus-containi rk% .

i nsul at | nazhcg@ufq |}ﬁn Egmp@mrgmc};:agmé)a compaosition according
phospppfuﬁo@ﬂ{t&jﬂé{m’ [D}Sttloi’:l{wlg):ﬁﬂd ) ftshbt;ti’aite &0 fohrm a film
pecific rmjttiwvi on.,a low level of not nor n o
S5 whi chIUGNdSnEReH TRkt ot naTaky IR 57,0 B 300°C
PVD. Furthed, ishetRehi cbakedfiimm agcoinertg honidsphere at a

present nvent i gn car}n?ﬁ e%e?bbo nmbedded in fine

grooves 2BENIRSHBEMTE & 3RE to nd thus is

par fagaq]a[1 3] usaf ul easmiedndotest ayedevicall at igignbirising a

for sem copductor devicgs .conpatible t h _an _advanced

hi gh- densPO9SPHOSYS 26 9 BFR INiRG CICeOkS: ey ACCAEI[RA oy (8] as
1@ccor di ngahointbe ayessierRulatifgefifmon i s al so

advant ageous in that, in conversion to a 25 siliceous
film there is no need to provide the step of

hum di fi cation, and t h@FRHET fof MHRINVERDIOBD at a
|l o tenperature thap that 1n, the prior, art
te% es. BRIU-B:-*EDES qﬁﬁmr#éﬁ“ T %F&ﬂﬁ_%NGé’Vsotﬂ’@ozﬂrese“t
[Fig. 1] kiveentlohScansSed@lidé & PHeSshered-icombivirgviabulating
é substrme with, a SI‘ICGO s film illu tratlngnanI ) fil
13nmbeddi ng' By RRFUGUIGHIY e PRSRRRAKS CONAHYEG Hsdlating Him
the preseftiat h@%e@tSﬂt%ifiprégmzﬂthﬁ'ttg-c%riei _&%\ﬁ leaie¢ et hot more
Cross-sect,onal view a substrate, w )
sili c.eo.ush??'ﬂﬁiﬁ I"Yrﬂj@?‘r &pluillé et g]ﬂ}’@d('ﬂ'%ertﬁr gﬁ@ﬂ yegtized as
the silicppys, f FurtiReE atd Bdideb i €iliT @zedrdfg to the present
invention, [Fig. 3] Fig, 3 is a SChenBtiﬁ persrPeti;.tive
vi ew of all PPat@ O ac¥EN%eSiabeddsd | ine€ grooves
20 | 'ust r at ivghaux €6bedeigngoids caned tohed ishpaptitukAdysuseful as
fllmaccordingt?the present 5r,inv'(_antion.. .
an interlayer insulating film for semiconductor devices
compatible with an advanced high-density integration
process. Further, the method according to the present
invention is also advantageous in that, in conversion to a
25 siliceous film, there is no need to provide the step of
humidification, and that the film can be formed at a

lower temperature than that in the prior art techniques.

BRIEF DESCRIPTION OF THE DRAWINGS
30 [0023] [Fig. 1] Fig. 1 is a schematic cross-sectional view of a
substrate with a siliceous film, illustrating an embedding
property of the siliceous film according to the present

invention.
[Fig. 2] Fig. 2 is a schematic cross-sectional view of a
35 substrate with a siliceous film, illustrating an embedding

property of the siliceous film according to the present



BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON [ 0024] The

pol yal kyl si | azane according to the present invention
preferably conprises repeating units 10 represented by
general formula (1) and units r&presented by genera
formula (2) and/or units represented by genera

formul a gﬁ? |ts nol ecul ar chain and has a nunber
aver age * wei ght of 100 to 50, 000:

-(SIR (NFPBI% SR Fl@ 1% whes esoh8matid Rarspettive view of a

aroup haveRstrats W endficehis B, SRR H1RBy En cdpedding

where Rt eRZ:y oif Ntith & aptivedlus IfEM eserdrdangy do otfem present
tom [Che forrrula 3] R3 -{ Si-N} (2) R4R520

Cheni ca|'”r"&’ﬂ?m Rf i -EN-Si--RB) (3) '1y R

[ 0025] wherein R3, R4 and R5 each independently 25

represent E “ Egﬁhﬂngto

3 car bon #Ea3 "\
gaaipeousl y TKP@Y g%ﬁvana/lbuatagen a:tcmrmna@d tB6 tlh@ Roresent

eac |ndepend ntly re sen ah en_atom or

al kyl gr oY erT&W'ﬁg 1P F% a@inonXQ'f'Hﬁé C2xcl 'Pﬂe units
180 case V\fajrfés%ldteafb erﬁ@ralaﬁUinﬁ@Far €py esrhUumMts represented

hydr ogen at om

be rrentlla)ﬁe@eé‘:? @ﬁe%g?/wlgt Rél)p aﬁfﬂ’é) pﬁg’;ﬁg&%sspg)fsd by
parti cul agéuemtefferﬁﬁﬂaal(laal igr ftgp. mélelinal khbm | amdndas a
ST unt uitheavesdasdnatech b velont BTl Br Pt dsT
excessi velos.Ré(Nsz'pg)-pol(ygl kyl si |l azane defi ned by
15 wherein R!' and R? each independently represent a
hydrogen atom or an alkyl group having 1 to 3 carbon
atoms, excluding the case where R' and R?
simultaneously represent a hydrogen atom;
[Chemical formula 3]

—(s.-—m-}- (2)

20 RO RS

[Chemical formula 4]

RS r’
! /
-(-N—Si—Ra) (3)
\Rg

[0025] wherein R3, R* and R® each independently

25 represent a hydrogen atom or an alkyl group having 1 to
3 carbon atoms, excluding the case where R® and R*
simultaneously represent a hydrogen atom; and R® to R®

each independently represent a hydrogen atom or an

alkyl group having 1 to 3 carbon atoms, excluding the

30 case where all of R7, R®, and R® represent a hydrogen



general fornula (2) is particularly preferably such
that R3 and R represent a hydrogen atom or a nethyl
group, excluding the case where Rl and RZ

simul taneously 10 represent a hgdrogen atom and R5
represents a hydrogen atom The pol yal kyl si |l azane
defined b ener al

or mul ) is particu|arl
pr ef er abl $tQTeh tﬂﬂ@{wl; %@ﬁnda r BpPR¥ ntgrﬁuﬁét hg1ay be
glrloupI ﬁn;irrﬁ;ﬁqtﬁsﬁéaaﬁgt Ehé ahydr gﬁ@llﬂpalto'ﬁhelﬁ‘}ét@ﬁ/l%rdih@ is a
pol yal kyl si |l azape ich is particular preferred, in.

t he pr eseﬁ?ft’ﬁV&ft’YOHr%ﬁﬁFﬁgas@ kyl (@roud. n&eeg{yﬁkygllazane
chain, r eesﬁtéimﬂgrém alkebyesept kdving deoemabre faarmoraatoms
1) and has a ?u er,_.average nol Eﬁm ar i ght of 100f‘1 ,

0 50, 000'S THBfa\REIHEr PEEHISE | sNEhES tRRrY¢e HimM s
g_u”bgr a:’ék@%simé'iw?chtﬁoﬁft. vei ?_hlte ipon,zalkvgﬁmztam EQ@ined by
I Sadvant ageous , 1 tan fi 1S, not orne t ni | 3
parti cul aﬁgiﬂeﬁggﬂ?rfmé'iﬂt(g\)h'énp??q%c%@a{& rpd'e?%r’%g&r?lé@" that R
out by sahd RIatrepeRsemtid ehydviager hetomnber aaneathyd group,
nmol ecul ar wei ght exceeds 50, ogo tlgte_ nurggeh;of imul |
crossl i nkPX§lu ﬁggra’lﬁ)s‘:%esd"' gFge R haNGeRar i BMYiLpagously
10! Iacei k[|09é3 ledént ha pPhgdesgennvatdmgn,aad R°> represents a
pol yal kyl sil azane conpri si repeat i nj_t.s .
repr esent é(dl59988ne@§q’ f or ﬁihﬁ (R?ryﬁqugﬁ'%negeﬁ!&fmed by
f or rrulla ]gg,)en@lrrawggm@n% (3 p%a?iﬁmcuramls %&QE@MMCMﬁhat R’,
gener a Ayl an 0 eneral for e
and (3) i%Spﬁ‘?‘aiéulr§Hr§SGQEf%Imegléxlfx@g@uae?gﬁi i %@F?ﬁ&"ts a
storage ohydfegeanaaemt i on can be prevented. In this
as not Iess an 50% ref.erably not .l ess than 9
1§mri°?1¥@ferabl yﬁ'Hgt |%§l}’a|?}€§‘iﬁ|%§@%€yof WHIERE ot nagﬂé%“'a”y
of ﬁnits beéfeflfrf@t‘.lt eidxl bm(éiéSpgesegtal irﬁ\oemiﬁa (dmpmites, in its
el t her gener or a or ) r the tot n I
of uni o PepiesulAt dhap: gl T ounfls, fefie fted Y Beneral
geneLal f o6 rrade (12) anddh&s) a isusbdrablgrage comaleedldroweight
y the nunber . of repeating pnits _ repr
gener al fg?n{QQ t@&%,@hps i hgeﬁfgﬁfsmﬁﬁﬁﬁ?ﬁat, when the
20r opor ti opurabaptaveragd molddffar wéightr eblnotsmore than 100,
phenonena such as, repel|ing or ven coat | e
likely t '%%@Yﬁ”tﬁﬂ“rp%s'ffnm‘?o ¢ T 18" h8¥ Rbfmed (this is
particularly significant when the coating is carried out by
spin coating), while, when the number average molecular
weight exceeds 50,000, the number of crosslinking
25 groups is so large that gelation takes place.

[0027] In the present invention, a polyalkylsilazane
comprising repeating units represented by general
formula (1) and either general formula (2) or (3), or
repeating units represented by general formula (1) and

30 both general formulae (2) and (3) is particularly useful
because gelation during storage of the composition can
be prevented. In this case, not less than 50%,
preferably not less than 80%, more preferably not less
than 90%, of the total number of units represented by
35 general formula (1) and either general formula (2) or (3),
or the total number of units represented by general



[ 0028] These pol yal kyl sil azanes may be produced by
using, in amonol ysis used in the synthesis of the
conventional polysilazane which is self-evident to a 10
person having ordinary skill id0he art, as a starting
material, an alkyltrichlorosilane (R SiCl3) in the case

Cepr esont K MBI g2deRlR GERRIACHPHPLIGEX 2 Bt (5T is suitably
di f" k?/'kd: abtaunted anfor( RBRASEIRE2) nunmbehe afaseepeabing  units
Popy asont Pl et 1GeRRrd RGNS 1) " Hhis is because,
”: agm‘ le”TﬂmihbangpRﬁR?;m& ﬁ_lolkslh'?ondpbhaaSEO%, ainfavorable
Senoral” PoEREAES D) B bRl SFRUREEhcRating are likely
chl orosi | enescun dutiagckiba fofrnaatiohyal kyl si | azane

co

ng bot h.t he above 20 repeating units, Th
o OBz s ot ThESendreivafiy SREALERT My be' "Broduced by
pol yal kyl gasiragana ararombechysied used He rthe rgynttasie of the
of these chlorosilanes. [0029] Preferably, t .
ol ya kyl SonEEaTlc ol Y SEanenenifes dsc SEiiavidgRt to 2
10 s dissol peesam havaegi ved mahyogskilif teeth@5airherds a starting
organi ¢ sgl.vent_,before, use.  Such .organiG ent
Thetude: " HaRHale 3 Ao s e TSI M B crase of a
t ol uenﬁ, I Wlmkylﬂtd%drh@mnpirigkjl;hgt hypbdatingnaenits represented
trimet hyl benzene triethyl nzene:. alicyclic Spde:
hydr ocar b 4 %%q!%@?@or uEk’ ggycfcﬁ@ﬁgygq{gﬁll%rﬁ/ ’Lﬁﬂﬁéﬁes SiCh)
30 decahyity ahaphiahel efea @obhyalkydsidhexasecomprising repeating
t hyl cycl ghexane - ment hi ne, and_di pent en )
1$Fi noneney™ heFé%'?ﬂg?éﬂlegl subl as98n F%IFJyI ?%'E'ﬂé’llaano(z)’ a
Ei but yl etﬁgancylkletmnlsi|aode/er(wﬁ\§aési@s) n}i!hhyth?sobfdﬁel of a
etone; and, ester .solvents such.as pr.opyl ene C 5
mononet hypobEIYIsiEAANE OraBgs) MGl Bk sBERsFhlEd by Beneral
?CCOV di ngfdrﬁnuhﬁ (@)esenta Jﬁ\ixtm\eerdfidﬂme cwlgbgénshbdrosilanes in
east one ospnorLus co nd.., As escribe oV, e
ndd i on H1e GRSenbA: BN RV silad e S3hbpRtagHEH L theabove
20at om g) itepéahﬂn'gnulhglmi cThaoby?paha‘jane beatie fwdaviteal units
of produci ng,monosi | ane, 5 (Si H4 [ causes, firi .
o’ Thudt S B SelREisla 7Btk FesS TR by, e amixing
conbi nat i eatiofoftitrese chlorosilanes.
[0029] Preferably, the polyalkylsilazane according to the
present invention is dissolved in an active hydrogen-free
25 inert organic solvent before use. Such organic solvents
include: aromatic hydrocarbon solvents such as benzene,
toluene, xylene, ethylbenzene, diethylbenzene,
trimethylbenzene, and triethylbenzene; alicyclic
hydrocarbon solvents such as cyclohexane, cyclohexene,
30 decahydronaphthalene, ethylcyclohexane,
methylcyclohexane, p-menthine, and dipentene
(limonene); ether solvents such as dipropyl ether and
dibutyl ether; ketone solvents such as methyl isobutyl
ketone; and ester solvents such as propylene glycol
35 monomethyl ether acetate.
[0030] The composition according to the present



phosphorus conpound with a pol yal kyl sil azane per se.
Further, it has been considered that, even though the
safety has been ensured, due to hygroscopicity of the
10 phosphorus conpound, the stahilization of electrica
characteristics and IOM/pernltt|V|ty of PMD cannot be
si mul t anepusl vy, .sati sfied by .t hosphor us

dd .
Comtt ey a0 B, sabtaihs, 2 leadl e PhpEpRBERE! Cobound.
the prespagt dé‘s)@mémsah@w f ehed admmdﬂneoad@uhbusgwmfc acid

a 15 phos horus compou ol K azane
Shicn ¢ nEvalate oRBuphesthufheatoBts: 5)dqh Hat " inorganic

resgl It I n bh,esnazzam?lcteaus On|°0 nﬁ“ﬁ@a& apf pmkiluhlaié_; ltdnmnosﬂane
tabiliza el ectrical .characteristics ,an
%er mtti v&ﬁ"‘b‘f which” causesofisng, @ %b there' Ridve been

si nmul t ane u@lsy,oﬁat igdod hyafebyr egnl ati ng;o(mbtham@;ms of the
for baki n &ﬁ" conposi ti OE §seC| fi h%/ I ﬂgsg

t he prese OSHSs pROPRUNERH VI ylpazane “per se.
provi ded FMrtﬁ@r present bevrentdsiderad shabJ yevari thaiugh the
t he SpeCIflf ermtt|V|ty on a low | evel not

than 3.5 WA et e fhu B, s 1, NS rily of the
1(as been Bh@"sb@idr@%' ecd)ﬁddlm@flﬂﬁeafsltabﬂmmque of electrical

[0031] The, phosphorus co n accor

pr esent ﬁbg '$téc%r§'f‘ (E)‘f"y pe?rﬂﬁ'gtﬂﬁw Q:ftg:gvlg cannot be
conmpound E%UW@@.@EIWS@@@&E@ tfyorthilé @ddlﬂ@)ﬁE#Ophosphorus
whi ch the _val ence of . the Bfé%l%ghoru tomis

50 above FOMERG: thaheaBRSRET,OF e Bilar gt tcfifBue, the

di fflerkertpregéﬁhhrmremi@t sz&omgmd aghatmbheumdglitiop, of a
n a roup havin to ar bo
gubst i %/ut e oép%c’lfh@ukg 99953 %Pyla d’r‘gbfﬁnﬁﬁl\ﬁﬁéaget oM gvhich

car bon at pive, a|¢<fyl @rdup ﬁgbéttlath@eldtelsyl doegupot nrestuiithn the
the substitu

e st kR, roBabdfes AL T, SReBh ddtion of
i nclude, Bléctricalnathdrattéddtitd dmd pbesppermttieity, of the
phosphat eS GaaR vifilBhospAa: ebe”( SBLIe e pnseLisied by
20ris(tri ITBé@NI&tlnhgl )cm*dlsnrolmt eforandaking of the composition.
Lol SPESRN) PIREERE, Roed HALEcc G PRRGERRELTs, the
phosphazepgicgtueh fiEma provnded by the present invention can
stably maintain the specific permittivity on a low level of
not more than 3.5 which is desired in PMD applications

25 and has been unattainable by the prior art technique.
[0031] The phosphorus compound according to the
present invention is preferably a phosphoric acid
compound represented by general formula: (RO)sP=0 in
which the valence of the phosphorus atom is 5. In the
30 above formula, Rs, which may be the same or different,
each represent hydrogen, an ammonium group, an alkyl
group having 1 to 5 carbon atoms, a substituted or
unsubstituted aryl group having 6 to 10 carbon atoms, or
a trisubstituted silyl group in which the substituents have
35 1 to 4 carbon atoms. Specific examples of pentavalent
phosphoric acid compounds include, but are not limited



conmpound having a structure represented by - Rz2P=N-
wherein Rzs, which may be the same or different, each
represent a hal ogen, an al koxy group having 1 to 5 10
carbon atons, or a substitutedl@r unsubstituted phenoxy
group having 6 to 10 carbon atons. In particular, i

n
the presgnt in Bébﬁ ,ﬁéﬂa ug ﬁ%”ﬁ cli oéﬁﬁ?@ﬁa%?ﬁﬁethyi
or a pho hd%%ﬁg 30 s g? U .[gge 1fic’
exanpl es phosphabephagpddmdnephosphate, tributyl phosphate,
hexachl orgcycl o 15.. ' z
e R SR W
presen aro (633 ced using cyclic
ho enes a starti conp e an
|i8ﬁﬁ§ﬁ prodﬁﬁ%ﬁ b@ﬁPéaﬁgfﬂg ré&ﬁﬁhﬂ%ﬁ%cy%ﬁggkﬁgghag%
ne with 2frdseeneinvdrtion | exaynebensy phespbazesed wiltaty is a
may al so _be used | co f 0 f ol p—
Chom LoosamAsEAtnBrRute RSt (i tastnB HiLRi-P=
of the pwmmnu&lsa,twhmh faydeidiheg samal &yldifferent, each
phosphlte also h e
In the pr I%Sliﬂlﬁg&ﬂ’l, ??H‘L %@)g? gﬁoeu@bﬁgg'ﬁ& 1 to 5
1@hosphori lt caﬂ;mud ahtmmmpmmda |$Jhstemﬁededrfu|msm|?mtuted phenoxy
Vi evvp0| nts . o nnancl ng [ : :
Sili ceousgfw ?‘6'5\905’ t%;ﬂbeﬁégﬁhﬁ %Oﬁg 3[21 pafticular, in the
conposi ti presawit $aveatiact, othé yuse idfi ai nyclicaplogphazene or a
action that contribut roc | if '
ahi ch i | BhaSBRazERAEoPh e ¥ PR e SRECIRORxdMptes of
conmpound ggclar thgphazlelnms pnehﬂm Inexanhlamdyszlophosphazen,
ontained_in the Ltion in such t that is
1 equi red Pﬁo%?¥$PﬁPg§H% N& fect of éﬁggﬁ52¥§1ly and
trappi ng phenlosypdosphaderss Naligangets: 35 (bettehéngpresent
effect) in th fl 0
Lo attai nMYER 5@ idar st GRIMESLb' §7¢iiq gho¥itiizenes
atom Cff a?efare]rabd;}st:ﬁgatagmpﬁiunmrefqa*reémaerhilgAan oligomer
atomcvq O 0 ru . .
paied 11 1 RTo®NCEReBYY RepCHat Mefadfidtes RipnSiizene with
cghpsphor uhegan}wuln,dda‘asjtazaﬁm,gm@ytaisomesmac;.i nWbatyi lgray also
IS excessli ve la | e
per i 1 vbEard ind BBt n idr paERARIGR O therh
Accfoad3ljal y, Phosphorus compounds in which the valence of the
phosphorus atom is 3 including trialkyl phosphite may
also be used in the present invention. In the present
25 invention, the use of the above phosphoric acid
compound is preferred from the viewpoints of enhancing
the residual content in a siliceous film produced by
baking the above composition and satisfactorily utilizing
catalytic action that contributes to process simplification
30 which will be described later,

[0034] The phosphorus compound according to the
present invention is contained in the composition in such
an amount that is required in attaining the effect of
electrically trapping mobile ions such as Na* and K

35 (gettering effect) in the baked film of the composition.
In order to attain this gettering effect, at least 0.5



the content of the phosphorus (P) in the baked film
should be limted to not nore than 10 atom c%
preferably not nore than 8 atom c% based on the total
10 nunber of atons. [0035] In d&m3der to realize the
above content of phosphorus in the baked film the
content of ,the pho

S rus,conpound i.n.the
phosphor uth%HF(g?rniRBehpeé'F’f’Qéa @gﬂ%g?}?d owg&opﬁ?f@ably 4
t? t5hte prlag@ﬂigcw,vejﬂ ip%sb?wdmggqm?gapbwigggéggresege in the
0 0 o by..mass, . prefer 0 MRSS
based on Bﬁgedpgr'%;‘al @Ps{h%féﬁg,ry%?@ﬂow?\e? r%e\éam%&ﬂ?t of the
varies depaadph@ ruspesmiget b reesirting tof thdpresapoundention
%20036] In, mxi ng t he phﬂsphor u% con‘goungqs]| 3|ccor di ng. t.E th
0 the priseRXCEASMAY orlaT9Rey A8 KR ARiefYSTPEEPPIFIDYy the
L he dgogygbkwstii{/lwy?cﬁ tﬁt@lhbbk@]pl, gi@m &’fﬁﬂtf@ée@J yAxaprdingly,
e added .as a solutio ere ssol ved., i n_ an orgapi .
sol vent tEN€y ﬁ@ng%ﬂglapﬂyﬂ'éﬁ I EggﬁBhQEFEt gg% n nﬂ?%eaﬁea film
| at ge{ C?ﬁﬁouldﬂe beor giamiteds ot/ emotmayidre t tigasankd aatomic%,
used In the

25 preparation of the polvalkylsilazane

sol uti on. p[‘@fﬁ;’?‘]bl?}'f’?@"e@?é%,t%@rbgr @Egnﬁg%d bgslq%(z:ggughe total
1011 mcan begmber htayngddi ng a polyacrylic ester or a

pol acrylic__ester described.in patent _docunment

to i{éﬁ%aphospho}ﬁhs-‘& fai ﬂ]‘ong rgial"éfangh@onﬁ OMEG or;on%ent of

?CCOf di ngphesphorbe pireseinée ibuleed | (fnlm,ortﬂgaf aﬁ:ditegh;tatof the

east one Qrgani c resin conpgnent ect om t he -

group conQ?@gPﬁ‘@rHﬁ ﬁ%ﬁb"-oﬁg c'fL pgﬁﬁmpsoﬁph%?‘?ﬁ@tam'ng

esters andjlgghhaceyiposieRireraccogtony tdC@Rd prdsent invention

roup - CH, bei ng coHt ai.ned,  in at |east gart]ﬁgéo Si ge
1%roups coht aPREEAHY at!N| E)‘?h‘(l)‘—:’§5°typil P MG g8 Mmass,

res: n conpeafdtablys mle/scw beﬂoﬂ% Jla'pan?msl?at bfascled on the

Application . 126381/ 2003., The siliceous_ fi .

whtch nas BPLYRISYES oz S SO dh ihe TomsEERctaries Uepending

perm tti V}me?thietdwprsmm@mtdfmi@mbynFeehul., for

exa or a J.cal,l on efe a | ow per Lt .

of We;]rmre th rg_%gnigs he i?%%hoguf%?oﬁﬂ%aé%ﬁw%mg to
2@sters or thel yregdracinverntion ehey desgrbdedided phtertly to the
document %owgllk%]/ s?ilgzoallﬁ/gestoq&:ion, or alternatively may be added
as a solution thereof dissolved in an organic solvent to
the polyalkylsilazane solution. In the latter case, the
organic solvent may be the same as used in the
25 preparation of the polyalkylsilazane solution.

[0037] If desired, a porous baked siliceous film can be
formed by adding a polyacrylic ester or a polymethacrylic
ester described in patent document 2 to the
phosphorus-containing silazane composition according to

30 the present invention, or by adding at least one organic
resin component selected from the group consisting of
homo- and co-polymers of acrylic esters and methacrylic
esters, group -COOH and/or group -OH being contained
in at least a part of side groups contained in at least one

35 type of the organic resin component, as described in
Japanese Patent Application No. 126381/2003. The



acryl ate, polyethyl acrylate, polybutyl acrylate,

pol yp-i ethyl nethacrylate, polyethyl nethacrylate,

pol ybutyl nethacryl ate, polyisobutyl nethacrylate, and
10 their bl ock copol ymers and agher copol yners. The
pol yacrylic ester or the polynethacryllc ester has a
nunber avelfge nol cular ht of 1,000, to 800

pr ef er abl §/ °G'(§Of 8 686 O ar?osrte’]éjreé'ieélr a%‘?'ﬂp%qg%% fyrther
300 008 dlb'ivé&QB eﬁhrtﬂ:hﬂitfy ?ﬁ@aﬂ?@s rigs partieufangnuseful, for
escripea I n ne al en | ca

196381/ 2098AMAIE p39r51§1§ SR ABNS W BETE b o PEUNivity of

rraterl al spot MAGRORhERAER 5 0§ raguyted. esters, for
exa e, pol ymnet

I cry and o yet
ho 8 ner s ofp(géaﬁé‘t’wécr)?ﬁf%rsest ¥s, pPW‘“&Eﬁ%W@ esters
pol y:rret hyﬂeggﬁnbéar yirat pat@mi ﬂ@:cc]aﬁﬁémt et h&ﬂwbatmglgmethyl
copol ymers of acrylic es or anp
acryl at e- 860K acﬂ%}yﬁ [a\j:ﬁe B?ly}ri)é‘lt&i\ %’réliate
eS:fher }‘pm @mye rﬂetuéawsbyé m?tdtﬂveylh‘,ate me'd’udwﬂyiate,
met hacry

met hacryl P@F\Q%myﬁsm?ma&é(i%gﬁilri Qj’( Iﬁmee %rC?yygtteh and

1@cryl at e- ggeiet fbdbcHEtdeWﬂi@)s ah@oddlhewlamﬁﬂqmers The
organic r

oy s BeIRATIR Galar i Bl DithpErafd Epfe, phas a
copol ymer ﬁuﬁﬁl@eﬁ@nﬁémr@r gnofemherwe@memt aemionmmmo 000,
seguence ma Se rs consti tu

ho?m- andpﬁ%fﬁd'law% ]gj (9%0% é'er?/wng@@t &pes r'?d'e&r% arpggr§Pf%00 to

esters ingppdepobut are not linited to, nethyl

met hacryl ate, e nmet hacr Jate ut vl . .
t | ate, 'E%&ﬂﬂr BEoRR by | sdn tcoﬁﬂ%g?Pe%s described in
met hacryl %Gané@éh}datéﬁtyhﬁpmcafttdwl Nacr W6381R200Bylinclude

Zﬁm 2tulea? ?nl;: yﬁbﬁﬁdﬁé’?w ZB u‘%%/lyl mi@yl a&g{g”afs

n-butyl apoyhepelyaners druawylmredtat'.e, foe exaraple, polymethyl

Dol yacry| 81 daRe. 384 ooBdyCthdl, SR nangerblyiners of

20 are Cﬁiét&iaft??l:lcnestﬁrsl éastex«arppie, pbt\sm@ehgr oupkhacrylate

contal ned I iyeet% tI mré%hacrylate; copolymers of acrylic esters,

for example, poly(methyl acrylate-co-ethyl acrylate);
copolymers of methacrylic esters, for example,
poly(methyl methacrylate-co-ethyl methacrylate); and

25 copolymers of acrylic esters with methacrylic esters, for
example, poly(methyl acrylate-co-ethyl metharylate).

[0040] When the organic resin component is a copolymer,
the sequence of monomers is not limited, and random
copolymers, block copolymers and copolymers of other

30 desired monomer sequence may be used.

[0041] Monomers constituting homo- and copolymers of
acrylic esters and methacrylic esters include, but are not
limited to, methyl methacrylate, ethyl methacrylate,
n-butyl methacrylate, i-butyl methacrylate, t-butyl

35 methacrylate, methyl acrylate, ethyl acrylate, n-butyl

acrylate, i-butyl acrylate, and t-butyl acrylate. In



type of the organic resin conponent. G oup - COOH
and/or group -OH may be previously contained in
nmononers for constituting the organic resin conponent.
10 Mononers contai ni ng group - @8CH or group -CH
include, but are not |limted to, acrylic acid,

met hacryl i ¢ _aci 2- hydr,ox ac ,
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t he vi evvpﬁ'ioﬁf' of t Si nggwgﬁiéyr eaglfi on %rﬁhgl’tmﬁ‘t@ with

poldyacr yl polyeranésildZdH8] Al ternatively, group - COCH

n roup - na {,htroduced into side ' .

o ers ororauBoroRas PAALS Gegliet T afd fllighhed in

- COCH Wyabﬁeaat:mtpMUoéosiFletgrei;de chataiscdy imtal daast one

partially r zing_a_pol ynethacryli er, 4]

When two BYp%mPg %@%aﬁrgaﬁ&iwséenﬁgﬁgl?\&QSﬁ&'e E{fgg'i’m ,COOH

lthe preseand/of group - COBH andyorbgr arevidhslyi ncantained in
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pol yacryl pardstar, acrypia okt haneyhacrydit ecidy Ditpattioxyethyl
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or gani ¢ r easmeszpanenreadbicaddddhipoliassylsiazad® by

mas e pore romation,in th fi [ _
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pr ef er abl 0 .120% - articular, the
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[0044] When two or more organic resin components are
present, the presence of group -COOH and/or group -OH
in at least one type of the organic resin components

25 suffices for contemplated results. Accordingly, a mixture
of an organic resin containing neither group -COOH nor
group -OH, for example, a polyacrylic ester, with an
organic resin containing group -COOH and/or group -OH,
for example, poly(methacrylic ester-co-methacrylic acid),

30 may be used as the organic resin component.

[0045] The amount of the above polyacrylic ester or
polymethacrylic ester or organic resin component added
is 5 to 150% by mass based on the polyalkylsilazane
used. When the amount of the organic resin component

35 added is less than 5% by mass, the pore formation in the
film is unsatisfactory, while, when the addition amount



20 to 100% by nmass provides optimal results. [0046]
When the organic resin conmponent is used, the content
of group -COON and/or group -OHin the 10

phosphor ous-cont ai ni ng sil azanééconposition is
preferably 0.01 to 50 nol % particularly preferably 0.1
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mixture. In this case, when the amount of group -COOH
and/or group -OH exceeds 50% by mole, crosslinking
with the polyalkylsilazane excessively proceeds and, thus,

25 gelation easily occurs. On the other hand, when the
amount of group -COOH and/or group -OH is less than
0.01% by mole, the degree of crosslinking bonding is
excessively low and the desired effect cannot be
attained.

30 [0048] Further, when the organic resin component is used,
the number average molecular weight of the organic
resin component is 1,000 to 800,000. When the number
average molecular weight is less than 1,000, the organic
resin component is sublimated at a very low temperature

35 during the formation of a baked film and, consequently,
no porous film is formed. On the other hand, when the



and, in particular, a nolecular weight of 10,000 to
200, 000 provides the optimal results. [0049] In the
case of the group -COOH and/or group 10

-OH cont ai ni ng organi c resin cdfyponent, attachment of
this conmponent to the pol yal kyl sil azane |n t he base

mat eri al thro h the _grou and/ -

festri ot sNERRDEE A¥eredsn BpltIan aidtt: Feb#Rds 800,000, the
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stl rred. PoOLOOS pﬁ@fdeﬁhﬁﬁ@@m;rgla?ae:sahsol venlt as used
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di ssol uti b?llsi 4'RPY anqoc ?v@r??yaltki&igigﬁégnfﬁ thg, base
of the ?f Memaci)lg/ilgﬁougrﬂp(th@tgflfmm lb{I:OlﬁH)ughd/OD group -OH
range o nmass refe y 10 . 40%
mass. [OO t "iftee h%hﬁ?%"cﬂt?‘?%noﬁ ﬁE?eBFQa'%"r?e'ﬁ?&!} é'méonent
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20 0054] Ther@hns:prwluentonoalpmepgrel Bazsammloompblsiet isohution is
added to a polyalkylsilazane solution, and the mixture is
stirred. In this case, the same organic solvent as used
in the preparation of the polyalkylsilazane solution may
be used. Specifically, the above active hydrogen-free

25 inert organic solvent may be used as the organic solvent
for dissolution.
[0051] In the dissolution in this organic solvent, the

concentration of the organic resin component may be
brought to a range of 5 to 80% by mass, preferably 10 to
30 40% by mass.
[0052] After the addition thereof, the mixture may be
- physically stirred for 1 to 24 hr to give a homogeneous
reaction solution in which a crosslinking bond has been
formed. Further, ultrasonic dispersion treatment on a
35 hot-water bath of 30 to 80°C for about 5 to 90 min is
more advantageous from the viewpoint of accelerating



as the reaction product thus obtai ned nay be used,

ei ther as such or after concentration regulation, as a
coating conposition for coating onto the surface of a
10 substrate. The coating conpd8ition may be coated
onto the surface of the substrate by conventi onal

met hods, f0 X | e, spin coating, dip coating, spray
coati ng, {ﬂer r?SSﬂ@B [ 0055] The coated film fornmed on

the[eostaace of Ihethiss commatiare, it tlakek dve t hated hehat the

al kyl the ne..r r
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as, or he 1 lé rga Further, preferably, the baking is
arried o H dry 20 atm)sphere fromthe vi ewpoi nt
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1Q@ourse thanbﬂabteg ddre eating icinpositiontmay be coated onto
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phosphor usxanilei nspin scobatiage déprpoatinigyn spceyr dioading, or
to the pr€sen i nvention, the phosphorus conpound

functi ons''88'S4 i st ure absor ption acceleration
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elimination of carbon contained in the polyalkyisnazane.
Baking in the dry atmosphere is advantageous in that
damage to the electronic device structure can be
reduced.

25 [0056] The baking temperature is 50 to 600°C, preferably
300 to 500°C, and the baking time is 1 minto 1 hr. 1Itis
a matter of course that baking can be carried out in the
atmosphere so far as the alkyl group remains unremoved
in the baked film.

30 [0057] In the phosphorus-containing silazane
composition according to the present invention, the
phosphorus compound functions as a moisture absorption
acceleration catalyst. Therefore, when the step of
coating is carried out in a conventional clean room

35 atmosphere, moisture necessary for conversion to a
siliceous material (replacement of nitrogen of silazane by



[0058] If desired, prior to the step of baking, in
order to renove the solvent contained in the
phosphor ous- cont ai ni ng pol yal kyl silazane coating film
10 and to scatter a | ow nol ecull wei ght conponent
contained in the coating film the coating filn1nay be
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accor di ngfle3trl'ifﬁnptﬂ)esemovm‘thetsal%nt and then heated at about

250°C for 3 min to remove the low-molecular weight

component. The heat treatment can further improve the

25 guality of the resultant siliceous film.

[0059] In the above step of baking, among SiH, SiR (R:
alkyl group) and SiN bonds in the polyalkylsilazane, only
the SiN bond is oxidized and is consequently converted to
Si0O bond, whereby a siliceous film containing SiH and SiR

30 bonds remaining unoxidized is formed. Thus, SiO bond
formed by selective oxidation of SiN bond and the
unoxidized SiH and SiR bonds can be allowed to exist in
the formed siliceous film, whereby a low-density siliceous
film can be provided. In general, the permittivity of the

35 siliceous film lowers with lowering of the density of the
film. On the other hand, when the density of the film is



containing SiH or SiR bond, since these bonds are water
repellent, the adsorption of water can be prevented
despite the | ow density of the film Therefore, the 10
siliceous filmaccording to th&0Opresent invention has a
great advantage that, even when the siliceous filmis
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35 hardcoating of substrates (netals and gl ass), heat
resi st ant ’aegﬁdﬁ'éﬂltw g?(io(f&l“irbn coating, antifouling
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can be embedded in grooves in which the width of the

deepest part is not more than 0.2 um and the ratio of the

25 depth to the width is not less than 2 without significantly
lowering the density of the siliceous material within the

grooves as compared with the exterior part of the

grooves. An improvement in homogeneity of the density

of the siliceous material within the fine grooves can

30 facilitate the subsequent formation of through-holes.
Such applications include, for example, undercoating of

liguid crystal glass (such as Na passivation film),
overcoating of liquid crystal color filters (insulation

flattening film), gas barrier of film liquid crystal,

35 hardcoating of substrates (metals and glass), heat
resistant and antioxidation coating, antifouling coating,



dianeter of 5 to 30 nmare fornmed within the siliceous
filmas a result of sublimation of the polyner. By
virtue of the presence of the pores, the density of
the siliceous 10 filmis | owered and, consequently, the
specific permttivity of the siliceous filmis further

| onered. Further, when the, phosphorus-.contaipin .
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1Qrganic [) Ei$hN Ci@”DQﬁﬂfetrledS: krmfj,al wressjuehtlyg bl i specific
present between .the a si |l azang, and _t nj
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-OH, nacr ppheiser, sepsemt i ehedoghosphaamssconbairinghe silazane
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or gani ¢ 1 €8P EVRIREHCO |18 Lh Pertrd Ay SR pentains
porous si kheegbsvéi brgénicregsinugbnypohenty ggrare thesbaking of
onponent , since.very, fine. pores _can. ed,  t
1gnschani calthgr¢Qaghe 'lgme){E@?’PQﬂ{?Sﬂ%%"Sﬁ’obgﬁg a ‘difmeter of
particul aQ,$ eot@dnhhadrd ferpmduwithihi tleeusilicebms36ilm as a
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consi der athenco@ingtfilh. i By vatue obthenpredence ofighie pores,
of not le than 3..GPa_. a i n_.$. as not. | n
5 GPa in iéPnBSSPSNMDdBTUEHSf %ﬁ%%?ygitﬁﬁgg h%agéﬁghggy and,
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mat eri al IyicEdPores apsiforaned isobelieved to reside in that, in
addition to very good compatibility of the
polyalkylsilazane with the organic resin component, in
25 the case of the organic resin component, since a
crosslinking bond is present between the
polyalkylsilazane and the organic resin component
containing group -COOH and/or group -OH, macrophase
separation does not occur until the time immediately
30 before the sublimation of the organic resin component.
[0062] In particular, in the porous siliceous film formed
using the organic resin component, since very fine pores
can be formed, the mechanical strength is excellent, It
should be particularly noted that the porous siliceous film
35 has significantly high mechanical strength when the fact
that the material is porous is taken into consideration,



various chem cals and thus can be used as an interlayer
insulation film suitable for advanced high integration
processes including a danascene process. 10 [0063]
Further, in the siliceous film&ccording to the

present invention, the water repellent group in the
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[0064] ReBETRRM i 'BPOpEﬁ%i é%gB‘?}?E‘LeB%@%Es%IYSSB in the
Zi i _c;eou_SpraTk&tsitHzﬁmg tas t beepresdmix | moenpobantt hemains
ensity is

denst ! Srdatoldh el BERind! Ff & BhtafadeHy. dpfpunt anc,
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to 2 m |of phet siideyus ilem arid, porthes case of the porous film,

further lowered density of the whole film derived from

the pores in cooperation with each other, a very low level

25 of specific permittivity of not more than 2.5 which is
desired in IMD applications can be stably maintained.

[0064] Regarding other properties of the porous siliceous

film according to the present invention, the density is

0.5 to 1.6 g/cm®, preferably 0.8 to 1.4 g/cm?, and the

30 crack limit film thickness is not less than 1.0 pm,

preferably not less than 5 um, and the internal stress is

not more than 80 MPa, preferably not more than 50 MPa.

The content of Si present as SiH or SiR (R: alkyl group)

bond contained in the siliceous film is 10 to 100

35 atomic%, preferably 25 to 75 atomic%, based on the

number of Si atoms contained in the film. The content



siliceous filmis used as an interlayer insulation film

for sem conductors, the thickness is 0.1 to 2 m

[ 0065] The enbodi ment of the present invention will be

10 described in nore detail wt3Breference to the

following Exanples. In the fol |l owi ng Exanpl es,

properties of.. siliceous £l re evluatedb .

fol I owi ng ﬂgﬁioaéesﬁ'g‘oéé] N-'I tP%\Ag gs@oéﬁdth n atomlc%

refractiveThel tilekhe$beof claen@@:rdusnrsm@éws cfﬁmvaﬁ:@mned after
silicon wafer I ameter. .of

coat ed ontg E g
in. (10.16 e%n%nwaynﬁ%meeea “'095 RO d’f’%’r‘ﬁ%{of‘ﬁl @f the
whi ch was ghefaceorsferthed $wbstrasel i cenusgénémlpyhbhmver the

t hod acc | es and tlve
g‘ned masurﬂh‘&kﬂg\ﬁésoaﬁgé’&mbﬁt SWC( H@Et P%a@g Eo > pm,
el | i psomet sl‘eﬂd\/hbﬂy @24 vanufael urby ﬂIM'tLhuIAt‘, Vet :tme porous
for 39 poi n , h_n nmeasur ed dat e avera]%% ch :
ot ormi o SlieaLl: Bl (s eed Peoan Inteh Ay ar Mediation fim for
f|oer mttivi §?/m1:gé/nda@wwsert¢m t ik n e r295e?:1v;tP{/2qua
re y O measurin
dev%(g&%ssw%) Hﬁn@ﬂiﬁ?&'ﬁ@&mﬁ ok ghes Piesgpt invention Wil be
10/kasur enedescribeel speridrec degbm Witlyi rtefev\@ﬁcect&j thleafedowing
by the fo Iovvln equa

b el - FAOE
capaci t an é(a\mP S sottwhPe 4P QK\HQ& eaevpggpertles of
The film hmccém.eﬁﬁlmed:ere é\h@lmb@ubatur@fava’@w&@g methods.

th t 11| t
Tl b oy (B " GDERRERs " @it Telaskia t i ndex) The
(CapaCl gaﬁﬁmﬁ@ﬁli)on( sbiuthﬁh %vblsC%@ﬁﬁ%obﬁéd/@rﬁﬁtodrtaTbﬂlcon wafer
(0] e.Lspeci erm 1 VI S Ol
iéclnverage vblaé{én ["1'36{3 ‘%ﬁrl?r{ deHsi X}b llﬁ p 8 q)ftﬁéckness of
Si |dl COthfsrnhﬁvft@gfoa% a ﬂlmmmrcrpfwalsltrher( Ifbrivcerced to a
an a | CKNess O ure
ol ect r obaphHEDuSTAUT: npaber Tasthag ateasdinds 8 ramples and

coat ed onCarhparstivec Bxamabess,t andr measdtdmeanti wasvasarned
t hen conver edtoaS|I|ceousf|Imbéthe rreth

accor di ng®H5 WY es &nd M&?QWQ F%g'e e (M-44,
20wi ght of miaweufddtuced vef er A Whobhani) Ifer 39 points, and the

measured data were averaged to determine a measured
value.
[0067] (Specific permittivity) CV measurement was
carried out at a frequency of 100 kHz with a mercury
25 CV/IV measuring device (SSM495) manufactured by Solid
State Measurements. The specific permittivity was
calculated by the following equation based on the
measured capacitance with a software attached to the
device, The film thickness used in the calculation was
30 measured with a spectroscopic ellipsometer (M-44,
manufactured by J. A. Woollam).
Specific permittivity = (capacitance [pF]}) x (film
thickness [um])/35.4
The value of the specific permittivity is a 17-point
35 average value.
[0068] (Film density) The weight of a silicon wafer having



was then again neasured with an el ectrobal ance. The

di fference in weight between the neasured wei ght of the
waf er and the neasured wei ght of the wafer with the
film10 was regarded as the wei2ght of the film The
film thickness was neasured with a spectroscopic

[1i , 4 . ,

Same dovi 8 iate e of 3 SCLY LR A e HBRKEERK 9L 0%5 mm

Egr][n'c)lt |t L)tha;s anaasmrédnwlletnsahyem:strohbwmee.edTun)e chenposition

oS Lol PR BLLEREESIY LBEedBaT WERF o form

(E?/alt Iugtnlsﬁlmowmfgl wtaantle?ﬂgczllawr?mmj zquaﬁffem?hflm by the
u .

ﬁe deepeé'l FEE‘aPr‘f $8€9‘3&0gs (tlohe fﬁgmggf &pgtveé]?nﬁﬁ%ratwe

theI fi It deggh}aplﬁsgas”ﬁhiewesglmasjﬂ the silicbhowafeeveith the film

eval uat e

eval uat edw%§ £ 2824 &}ﬁ%ﬂﬂﬁ"iw&% @?%&?‘&btall]alace The

];'dl I)tratl ggﬁ;ammr O%Drﬁ?%é_gmglgg?ﬁlb?weﬂ?égel mwarh%swgflduwmghcz)f the
was ili

i et or BETEO BTG thih megsyred wiloBt o e ST vty the film

10/\/: ?Eeaeg.%spmetdm@ed Sa§N4hehlweng|tmoénmé1aﬂ|mE i tFThe film
surface gﬂgoy(i]s whi ch _ were rectan ular.n its

| ongi t udi ESSi on"Atd hEEESUGYen WP n 8 oSBepHROSCOPIC
ang Eozr éﬂuﬁcﬂnetew(mmmfrrihrﬁl&fantwlaﬁ l@yJJ pAY VGoallanm), the
an pm (asp rati os specgtive
and 1. 0) TAMEDIEYicen A5 s dovade salkAYn 1 the; Specific
spi n coat pagmittieitycondibg ofisnoidersdity | nassrdduld1@d0 by the
15rspm and \r/\glg?ntion tc{@ZO sec. Next, the coated
ilicon WIS & 8- by vari ous nethods, which
will 35 brildesgendied [grem’]te f(@Him awgighteflyfilid mhickness
The subs%l%tj qjmgi@a siliceous filmthus obtal ned was
cut in a 1/ on at a right angle to the
Iong](mql: nal di (Edluertiof dbrhe resmwe atel terious aqueous
sectiona I‘ ove Ser\v r a,scannin
el ectron Wn 6@@0%@ %%S) R@éﬁ:ﬁnc@ 9833' e sHH&HS n?%erlal in
20y Hitachihe ldekpest pard ofagrobivest (e dhsﬂtﬁ@Qﬁngwes) and
|nad|ret|o'npe edicutjartothe sectlh sure
the | engt f rface” to aqueous "was mg YolGfidns® were
evaluated as follows. A polymer solution to be evaluated
was filtered through a PTFE filter with a filtration
accuracy of 0.1 um. The polymer solution (2 mi) was
25 dropped on a silicon wafer that had a diameter of 101.6
mm (4 in.), had a surface covered with a 0.05 um-thick
SisN4 thin film, and had on its surface grooves which
were rectangular in its longitudinal section and had a
given depth of 0.4 um and four levels of width of 0.08 um,
30 0.1 um, 0.2 um and 0.4 um (aspect ratios: respectively
5.0, 4.0, 2.0, and 1.0) (a substrate with grooves; see Fig.
1), for spin coating under conditions of rotating speed
2000 rpm and retention time 20 sec. Next, the coated
silicon wafer were heated by various methods, which will
35 be described later, to form a siliceous film. The
substrate with a siliceous film thus obtained was cut in a



before etching shown in Fig. 1. [0070] Next, the
substrate with a siliceous filmcut at a right angle
to the longitudinal direction of the grooves 10 was
imersed in (1) an aqueous sol ws on containing 0.5% by
mass of hydrofluoric acid and 40% by mass of anmmoni um

i3 R o o b bn o
EKC640 ( mpmalfreioviead dyd Bie sekbioMdlcirotve Watelwasssisserved

as an etching residue peeli ngc liquid

,_respecti
75C for 28NEEH, BatS iNGr ECHAN MHRECE %d%EWZQIMODEL

mn, follguedopy thanenFacv@sdd Ng by t Hifidta, watied. pndat  a
drying. In the sanme nmanner as__descrihed above,

he .. .
Secti onal MADIFCARR W obkePQRE 20t0HRr HEM E@t eadtrectlon

magni fi cahbepPeAliABPOR tih@sddtic tion rﬁeaghr@qﬂ@nength (a)
perpendi cular to the section to neasure the I|ength (Db)
after etchefyegEaRinthshoyn 3N Mandequently, the

sectad@tgl 9r OOVReRA! tthien subStARRPFLhPAT §ilivedusobiser ced at a
under SEM at a magnific

ation of 300000 .tines 25 _fr.om an
el evat i onrigh§ angre 4tp d&@jgggé igaf rdizectione of Ej?]e grooves
1@er pendi ey i9nidi@edieGhi q)anth Waguebiet agasibed. containing
Based on t_he length on th I%Q'Ot ogragh, . the Igag gbsscr)n
after etcRinHo dWbVRash ¢ gy rie A¢d apdd )/0 ass of
t[iﬁ_ngul afénfiﬁid?gamSif{mﬁiatée afteFﬁobc(cferQ)reé_tmin, and was
etching o e deepes r e groove varie
depend?ngirﬂ‘ﬁ&ﬂr-‘t%pﬁ?o&SS ﬁ(élf'@%%sg@ﬁnlﬂf@tq%f‘?g by Ashland
neasur enerh e icd A e KO 6 9' 998 eEK Ch AP Ymah didctuewd! By EKC),
éOO?l] (Elementary quantitative anal ysis E%&X.P%ﬁ,é[he I
1% enent ar WHRRI PEs Widalve Usedmas @he &df i 18K E REeling
ggoggpt h Wwasigaresgaciavelyvat v 59T Xgp 20evies {tMPBEC for 30 min,

manuf acf ured by Physical_ FEl ectronics). 26 .
[0072] Reaa_ﬂeﬁ&eﬁﬁxénm% 2 "8y fedloved DY forctigh washing
pol ynet hylhsth agare whatkl Angt dirplegs Streehet méomanner as
mat eri al supgl,){)gﬁas nounted on,a stainl ess steel tang d
react or hd@PREDET aBovey dseFbialial 8F0%Ve Pafkewas observe
20M thin thandeRCEeM RS ar AR GSiEdodirof N500WEtimes first in a

Thereafter, 780{9 of , .

direction’ perpendicular to the section to measure the
length (b) after etching shown in Fig. 2. Subsequently,
the sectional groove part in its deepest part was
observed under SEM at a magnification of 300000 times
25 from an elevation angle of 40 degrees above in a
direction perpendicular to the section and was
photographed. Based on the length on the photograph,
the length (c¢) after etching shown in Fig. 3 was
calculated by a triangular method. Since the length (c)
30 after etching of the deepest part of the groove varies
depending upon the groove width (aspect ratio),
measurement was made for grooves of four width levels.
[0071] (Elementary quantitative analysis by XPS) The
elementary analysis of the film in the direction of the
35 depth was carried out with an xps device (MODEL 5600ci,

manufactured by Physical Electronics).



methyl trichl orosil ane 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
10 raw material supply tank comtéai ni ng pyri di ne was
connected to the reactor, and 4 kg of pyridine was

pre nitrogen .in .t S nanner a .
des@qu@jdaﬁg%ﬂé"c h%x%p@gurieh]fﬁyrslﬂgeslgagfopofmethybllazane
regul ated(iy) 1.0 kg/cn2, and the tenperature was 15

regul at ed sotht thete the m xed sql utio
within the reac o$ tajple ngE%%t g?ﬂk etg Ssupppy was
bl own i nt gdlveted x@d 20ldthi MRy tsheetlta“mngreat:td)r Wering an
éhe pressure of thqe!Hreact r rea

ipply of kDA WGBTS okl AMREXAUIEp(hang, €agtor was
opened t oré PR edthgyprlwurmtﬁé%me reqfieveafeey, 780 g of

subsequent | nitrogen was to the li,qui

| ayer fom%ﬁ\é’qﬁydﬁl@rpéﬂﬁﬁg éf)@%sg ni'h. hFheS%ﬂ’ gQFét steel
thus obt gimiedforasali hﬁ@re&daluewprprsﬁaumg lprevgbre fed and
pressure  filter in

t t
3200 ni ofntiogdycef {n é}gegy?éga &BSESEM%E*J gﬁ . “Next, a

10;‘4’{8p0r a]E| %Wbyrﬂ'@t@?%l OEUBQI‘?VWI@t cnrortte:@inge apaidine was
g o

ylsil azane. The nu
nol ecul ar € Fﬁgofzot ﬁaepé'??r%?ﬁylas'?na)a%a Espyrrdme was
obt ai ned p@éssmfeasrlé@d Hay G‘?&o(gtavehnplm I samel manner as
CHCI 3) ana was, 30 found to 800 in mgcﬁj@p
pol yst yr eABSCHIRedhcabaye | n ‘?e(ﬁ’rQE%F%tl n)th&pe@actr was
of the Pordg‘fiﬁla‘t\éUSlﬂcﬁzam %}’Q‘m?,ptaﬁd amrerlbelnﬁiérewoe was
§H was observed at % g ers nh{;?'%\dgf)g and .ar I t;
15200; abskeriatgd 8Pt thatutBs EBW%? BSMES a?o ution
2900 gnd Mﬁﬂg ané Béa@t*@frgtzr\?s Qi‘ro@tzgorftl gct aﬁ;ﬂ% gmmmonra was
i - N-Si 0] serve at 1 4 7
Ref er enc\gg%&i §yﬁ‘f‘H@§, sscgf-' E;?g—“ af@d, when
(2)] Pol yfﬁéhwrésé@@n@f (ﬁt@ureéc?tfbrg)re\a@ﬁe@/rmmskgﬁﬂnz the
in the sane n'fmne as in Referem‘tto Exa%gp 21 I
that, insPeBANGOT7EMNP YN R ITOPAADr o qaﬁ?@' ine was
2am xture oppéA@dy & Iewey! tthlechbﬁes)ﬁjrﬂeanef(itheutreflac&or and,
nol) with g
subsequently, dry nitrogen was blown into the liquid layer
for one hr to remove excess ammonia. The product thus
obtained was filtered under pressure through a pressure
filter in a dry nitrogen atmosphere to give 3200 mL of a

25 filtrate. Pyridine was removed by evaporation by means
of an evaporator to give about 340 g of
polymethylsilazane. The number average molecular

weight of the polymethylsilazane thus obtained was
measured by GPC (deveioping liquid: CHCi3) and was
30 found to be 1800 in terms of polystyrene. In the IR
(infrared absorption) spectrum of the polymethyisilazane,
absorption attributable to N-H was observed at
wavenumbers (cm™) 3350 and around 1200; absorption
attributable to Si-C was observed at 2900 and 1250; and
35 absorption attributabie to Si-N-Si was observed at 1020
to 820.



g of dinethyldichlorosilane (about 0.5 nol)
(methyltrichlorosilane : dinethyldichlorosilane = 95 :
10 (rnol/pnol)) was used as the starting material. The
10 nunber average nol ecul ar wegpght of the

pol ymet hyl sil azane thus obtai ned was neasured by GPC

(devel oping liquid: CHC13) and was found to be 1400 i

ter [B078] Referengeemxampléend [RY(tResis &f Qﬂgﬁmdﬁ?%ﬁﬁaza“e

spectrum @@Jt he pol ynet hyl sil azane, absorpti on 15

attributa to N-H was observed at wavenu t(JE) d
esize

3350 and ar oundPalyotethwisdapanenahaut Bdlag éN?é %fn
was obser; e‘ﬂh?tsﬁ‘@éﬁﬂe %%|nap.@féi*%§ﬂféﬁE)@mpie 1, except

attri but a'b was served at 1020 to
50074] Extirat, énstead onw&@tg.%mgnrmltryqﬂylog;ﬂ@gaﬁ&t g mixture

(4.8 g) ;?15 %h@dﬁdof Pneﬂ%lgneﬁlcﬁfo%ﬂ%@(w@twmsemiI)’CW)tlth 65

rmnorreth acetat'e (hereinafter r

"PGVEA") " gol uof on dimeplyldishioypsil ﬂﬁ?ane?ésﬂy esi egsl nmol)
Ref er ence mH?L@.dqu vadilag&or G%@tﬁ?lmthm}osnlane 95 : 10

Subsequen 'y, e so ution was tered t hr ough . a

PTFE Syri bg@lfmiolsr wiash used | 8% athen Stalting af)absrigl-o  The

1(?1 manuf agi uj gy by 3‘@%@8@@0 Toyeleédliazha L\Néigﬁihe of the
[trate was spin coated”onto a sjl.icaon wafer_hay
di anet er Dﬂlﬂmekh\zflﬁ”(a@aﬂ? fhﬁﬁdoﬁtaiﬂﬁﬂcwf?éws?s'dr%gw GPC

&égoﬂegt’e A e?‘gt mgﬁfqhe‘rtgﬂglrgaaﬁ@tmg ﬁodma]gm e @400 in
0
and t hen E@U@Seaﬁhpﬁbﬁ'stgr@ﬁ‘ﬁ TH the IIIRD @Bgfangé%%%ﬁrgmn)

dry nitr h 0
lél nfrar eSQEESﬂWSp §f ¢ aheo Ogoi‘ﬂﬁ‘leiﬁylsﬂazaﬁ%),r t BbsbRotion

tion ectr th d
bsor pt i oﬁtﬁ'ﬂwgﬁlﬁ]?aiﬂ @Pt"b V’S’:“Jsmé "Mgge {J?Hfg‘?én"é@b(ecrﬁ\ Scm R
\%/;\c/)ce)n"a%e??%’(ocwm i réjﬁg@\%\?l%ﬂé‘é%@%@%@ &ttﬁbiltable to Si-C
n and ,a 8
attribut abias ¢ ebeery e P q”}fﬁ’g ?W:?f absorption
rral nly Obﬁgfbeﬁétatw@ ﬁ@samosrnpv\na@noméwewaamwz@aomm

wavenu rs, (cm1) 3350 and 1200 disappeared. A
peaI{OQHHEEﬁalE%Pkﬁé ‘to P=O at a wavenunber (cm1) 5

2tégougd_ (1)100 \é\ﬁSTh'sdﬂﬁmethwaylalt;ﬂwmhm 6418 ig)uwalsl added to
t he | 0’ ao%houl ]C.ig[’/o ropw?engl 'g?y&)ly r?u%?‘ﬁfﬁ‘l%ghgp ether
acetate (hereinafter referred to as "PGMEA") solution of
polymethylsilazane synthesized in Reference Example 1
with thorough stirring. Subsequently, the solution was
25 filtered through a PTFE Syringe Filter with a filtration
accuracy of 0.2 um, manufactured by Advantec Toyo
Kaisha Ltd. The filtrate was spin coated onto a silicon
wafer having a diameter of 10.2 cm (4 in.) and a
thickness of 0.5 mm (2000 rpm, 30 sec). Subsequently,
30 the silicon wafer was heated in the atmosphere on a hot
plate of 150°C and then 250°C each for 3 min. This film
was baked in a dry nitrogen atmosphere at 500°C for 30
min. For the IR (infrared absorption) spectrum of the
product, absorption attributable to Si-O at wavenumbers
35 (cm™) 1100 and 450, absorption attributable to Si-C at
wavenumbers (cm™) 1270 and 770, and absorption



hi gh wavenunber side. [0075] The filmthus obtai ned was
evaluated. As a result, it was found that the specific
permttivity was 3.20 and 10 the density was 1.3
g/cnB. The filmwas allowed to28tand in the atnosphere
under conditions of tenperature 23C and relative

hum dity 50% f or  one, week hereafter, the s i
permttl\ﬁttt{]'mda@bg% £ ﬁe@smﬂedv av@uRe, foﬁﬁﬁﬁaﬁl 2@30 were
?nggealga&hgw blb%eW@al fwgg]elébsv@ 1®hlarttt'bbuma$3fle to N-H at
r
et o s SupBHEHR S (e 13356350 HALD! Hbdlpggred. A
gfgm”ggsgg%l@ntattﬁﬁt@aﬂﬁémﬁo dPl&@ larce%]r;nmvﬂhnmmﬁr Acm™)
0 m was obser,ve t
£ et T IoST HEYER 15 (62 Anla AR 6L S8 e 1o
subst r at egi-0) andi aeshban&f pée wad dightly idbserved on the
t hi ckness Accor di ngl it, can be said that the
si | i ceoushgh H‘i%ﬂ-ﬂ@i’@ﬁ%‘dﬁw s Exanpl e can exhibit the
?rgf][ndeor@@ageggglﬂge gflfn?(thus[ @El?a’helNIeWas e?atdgatesdarreAs a result,
ribed,i ion. o
on resi sti&nWast {hﬂt g‘aﬁeﬁﬁgm Wa?ﬁlrﬂatég%y %r‘?s)%' 20 and
dg pgosggvgtnﬁe Ldé@ﬁt@ mmmatae /ctrmfhte Tlselbﬁtmaﬁ/eaﬁaallowed to
i ac a t
the aboveSt@tthyy e Pgmﬂ q’@rlel ol §§I(? °Sn15nf%g t%?\’\[?grature
siliceous28¢tm wpd obskitived undatid8yV lBOCVche 80 nenhbodweek.
as described in_the sane s

found t hat NEFeAE8ketNE] ?Pﬁ?\é&c pﬁi’pﬁ%’@%gﬁﬁéﬂlét i’algamellﬁaesasured

i nsi de of ghfe gaoo¥eandanth voieds3 80, t hahatkeisperthenospecific
ibserved Furt her,, neither void, nor ?{ tion was
bser ved B%'E%"éh\”hﬁé"’??|'HF5%%G‘%‘?1@W’Y§®F he film 35

thi moress etcheph@}ﬁ:gﬂﬁbgummm ingssodrus ensment andhis film

25 1 coul 1S sl da BN S RgasH g ilacdus 4 Tedult, the
\Q?iﬂleggf i ?ﬁrﬁsénhﬁlkcfg)abdtw 4a|dbto:1hﬁ:°/§r opvie afadhhsvag lebserved
and, regaf¥Fh fé‘&meg?‘? \ﬁé‘gﬁﬁy : Ittb W%ﬁ%ﬁ:}@o&g (face of
GEthChed flt@mtdntcma’fassﬁsvx@stfaﬂeq Bﬂaamigs&crtm of lepths pf the
the fil myyﬁ‘n '%?ncknéjsbsSt an 'c%(l)}'e(:n%tiff,hel‘g can be said that the
siliceous film produced in this Example can exhibit the

desired gettering effect.
[0077] Next, in the same manner as described in the
25 section of (Evaluation on resistance to various aqueous
washing solutions), the above filtrate was coated on the
substrate having grooves on its surface, and the coating
was heated by the above method to form a siliceous film.
This siliceous film was observed under SEM by the
30 method as described in the same section. As a result, it
was found that the baked film was fully embedded in the
inside of the grooves, and voids and the like were not
observed. Further, neither void nor separation was
observed between the film and the liner. The film
35 thickness etched by aqueous washing solutions (1) and
(2) {(a - b) and c} was measured and calculated. As a



[0078] Exanple 2: A solution of 15 g of a

pr opoxyphosphazene ol igonmer (nolecul ar wei ght 1500)
di ssolved in 35 g of 10 PGQVEA was added to 50 g of a
30% PGVEA sol ution of the pol ymethyl sil azane
synthesi zed in Reference Exanple 1, and the m xture

was thoroughly stirred. Subsequent the sol ution
filtered reFy Eghltaw Omﬁlﬂw,p.rﬁﬁerqu raqueous Washing

filtratio 0 P | Bhel 3 rovnel apdunsd the etched film
Advant ec ﬁﬁ ?/)a{ fof-al hrﬁe fﬁrtrate was spl n coat ed

onto a si tllé-'dfﬂe\ﬁéfé{'af’n&wlbﬁéaﬁ i@llynét @ngstrony 8ngm (Q]Qa"d'ng

in.) and Qﬂhgb%”ﬁﬁ%rﬁﬁgoséldﬁ%ﬁz@ﬂo tlﬁnet%ﬂedsmm thickness
Subsequent

he silicdn wafer was eated
At nospher lél3c$n @ Ret 40 apBastramse &hatt hen QB%C 'Z@chwéﬁ not

for 3 m nsuEEténflbII?‘é&%eQﬁked in a dry nitrogen
atrms(g{lere at 500C for 30 min. For the IR (infrared

abs 0Mt8loRXaspela 2im of the product, absorption

attributabl e toaSigdhgforayenymoegs dfcnd) pkdpox @hos hazene
440, absorption atstcfplub{?t ab}ée to t_Z] p]: 3 yp 3

(cm 1) 129098Raer 7Aanolef! éBsW@égthl%Sbam’alﬁsQEY% é%ﬁ g of
16t wavenupeieACial) adfeld wer son?I of ¥a @MJ\P@I\’IEMBbmtlon of
a

absorption attributable to venynbers

3350 and lf:z@cp@ygaﬁﬁb\dﬁﬂazaﬂep%mt%w? dt”aé?éé%"qﬁ?—éxamp‘e
at a wavegumbeinfcmihe ar gHpetLEE20 Wass hi dderoughiyne 86irred.

absorptlon attrlbutabletoS Q, and a _shoul e

was sl i ghubsesnentiyd the &R Wﬁpﬂh%gﬁgﬁ‘iﬂf%rg g% a PTFE
[007|91 Thsﬁtﬁg&}{W%@Eags% Wﬂ&r&tﬂf@huaéed;r_at‘é?_ aof 0.2 pm,
resu | s foun a e specifi ef m vi ,
16as 3. 35 HANUTAIUAEASDY AduENtes BYhKdIsha id-m Tlle filtrate
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16080] | ThatEIaRANGAR Phnd dTob ALY S0l Gl TR 25Q°C each

20iI'm 5 wagr i Bvepin gat Eﬂﬂ\i@yﬁwﬂs wessWek@ht in Aa ary nitrogen

ng:u,ed a?m(f)spensgrréc%togo%lg&u or3 Oﬁqiﬁ% Olgo:'-3 t%teo'fhw?ﬁnfrared
absorption) spectrum of the product, absorption
attributable to Si-O at wavenumbers (cm™) 1120 and
440, absorption attributable to Si-C at wavenumbers

25 (cm™) 1270 and 770, and absorption attributable to C-H

at wavenumber (cm™) 2950 were mainly observed, while

absorption attributable to N-H at wavenumbers (cm™)

3350 and 1200 disappeared. A peak attributable to P=0

at a wavenumber (cm™) around 1120 was hidden in the

30 absorption attributable to Si-O, and a shoulder peak was
slightly observed on the high wavenumber side.

[0079] The film thus obtained was evaluated. As a result,
it was found that the specific permittivity was 3.35 and
the density was 1.3 g/cm®. The film was allowed to

35 stand in the atmosphere under conditions of temperature

23°C and relative humidity 50% for one week.



evenly fromthe surface to the | owernost face (face of
contact with Si substrate) in a direction of depth of
the filmthickness. Accordingly, it can be said that
the 10 siliceous film produced3bon this Exanple can
exhibit the desired gettering effect. [0081] Next, in

t he same nner_as described in the, .section of _.
( Eval uat i-gﬁefﬁ\afrt§§/i E?%n%%e@'gcvﬁﬁr'augt"égﬁfe\ﬁ@é aggérp]irﬁl&asured
sol utionsjpdt hgagbasank | to abe vesE.0at athatn ishe the specific
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the |Iike were not gg&i]erve

d, Further, neither yoid n
Separ at| ofVARY ToRgLries SHEtaRearior Fae rikeRast nace tface of
i Pe'tr_- Th@offit)édf‘ wli Eth ggin??@seﬁaglegdirgxa ageeection vels diepgh of the
sol utions_ n - b). and c} was neasure
cal cul at eﬂf Aﬁ‘ég?@é?)esul‘??c?fa‘\ﬂ&é%f d%n&aphﬁg Sa‘dd W the
10 egar di ngsidgeseus finas o u e uhi eiis( Exarhpte atdn tdehibit the
groove w dths, the etched ,Eéﬁlfm t hi ckness was
subst ant | aEplyed aRt&rIelted: regarding aqueous
rﬂsggoeﬁolt ut i om&ﬁ) Jint fmelehséifﬂ_él frharmehi tak;nggascrim Oin the
0 angstrons, i.S, e filmwas no .
subst ant igéf-"FS’O@t eﬁe&tvqiﬁéﬁ'ﬂ” &Xh ﬁs'at:g:nce to various aqueous
Tris(tri ”WtaIEWiﬁg' | y utdresphigie dbldy e filteteaddsdcoated 0in the
1§ of a 12%
y

o s Zebsiher BoVing aeBasacoR LB HEE, B781Fe, ggating
35 thorouglsyhehtéd asiy therdbheve m(?sbbdtﬁmﬁcr)]nh glsjlioéous film.
et hacr y1 khis (SUiEaos UBnrtAScPPSEEVRl; (depopEyt by the
having a @l as Besahbedf irbbeesadrBe0ddctiohly As a result, it
e ve b oo o BT s F019, Bhgdtited in the
2@ubsequenidgidet be t4@ Wricovesasahtl veidsl ard otigh likePTWere not
Syringe FLLLer Wit q1htr 2 h@RnAFCYAREY M QépdRation was
observed between the film and the liner. The film
thickness etched by agueous washing solutions (1) and
(2) {(a - b) and ¢} was measured and calculated. As a
25 result, it was found that, regarding aqueous washing
solution (1), for all the groove widths, the etched film
thickness was substantially 0 angstrom, and, regarding
aqueous washing solution (2), the etched film thickness
was 0 to 20 angstroms, that is, the film was not

30 substantially etched.

[0082] Example 3:

Tris(trimethyisilyl) phosphate (15 g) was added to
100 g of a 12% PGMEA solution of the polymethylsilazane
synthesized in Reference Example 1, and the mixture was
35 thoroughly stirred. Further, a solution of 4 g of
poly(n-butyi methacrylate (68 mol%)-co-methyl



manuf act ured by Advantec Toyo Kaisha Ltd. The filtrate
was spin coated onto a silicon wafer having a di aneter
of 10.2 cm (4 in.) and a thickness of 0.5 nm (2000
rpm 30 10 sec). Subsequently, ¥he silicon wafer was
heated in the atnosphere on a hot pI ate of 150C and

t hen 280C 3 baked
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t hi ckness baeEBtAM C];%,—,B Ekﬁﬁegﬂs {"d atr%hg\fa\f%ur@bers (cm™)
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desired get e( T)% ejfect. methacrylate-co-methyl
methacrylate co-methacrylic acid) disappeared. A peak
attributable to P=0 at a wavenumber (cm™) around 1100
was hidden in the absorption attributable to Si-O, and a

25 shoulder peak was slightly observed on the high
wavenumber side.
[0083] The film thus obtained was evaluated. As a resuit,

it was found that the specific permittivity was 2.24 and
the density was 1.0 g/cm®. The film was allowed to

30 stand in the atmosphere under conditions of temperature
23°C and relative humidity 50% for one week.
Thereafter, the specific permittivity was again measured
and was found to be 2.30. That is, the specific
permittivity was increased only by 0.06.

35 [0084] The distribution of phosphorus element in this film
was investigated by XPS measurement. As a result, the



[0085] Next, in the sane manner as described in the
section of (Evaluation on resistance to various aqueous
washi ng solutions), the above filtrate was coated on
the 10 substrate having grooves2on its surface, and the
coating was heated by the above nethod to forma

siliceous film This, siliceous fi ohserved _under
SEM by t heresgiafPrfagdbgidc i@gﬂm'ﬁl})fﬁhg?épa Oé'@cWiaénp%%\?rved
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filtration of the solution, Coati?ﬂﬁOf t he iltr

f te, .
andO08SIheat tr¥8Xkedn dNet $EEBaARNGEr 85 95:563@&%[}{" the
in :_he Saﬁcﬁ?@?”@f élgaﬁw _rrdrﬁtrﬁsistmﬂﬂ to%h?tiogafaqueous
coati ng, e step of subjectin e ting film 0
moi st ure WISRSHIRE; I UklP )hLﬁthedi%lhoé‘fe icfﬂ?@tﬁumaéi F?@Eea on the

1(%t rmspheg guggﬂ%&ﬁf@ﬂdmd @g@g%%ﬁ@ﬁ ﬁf@?s@ﬂ%tcﬁt' afr:U theneoating
r was additiona rovi : er er e ste .
baki ng ma@’aéaﬁ"??ﬁ%‘yéﬁt g'l"ﬁ Qet?ﬁvgam@%ﬁﬁﬁn@ fom; & sific&us film.
%anp! |e 1't|'tr']lps pg#it%@ro@sg fakedvas | b;b@aemeggli Itmdénﬂl £60B7by the
e filmthus optained was ,evaluat ed. .resu | \
was foundMe&0q RE gﬁgg’;/l\gﬁé '&LWt§QWﬁ §e%dgn2_ 9%9 gnaésult, it
the densi {yaswpsuid Ihafciffe Pakdd fiimnasasifuliveembedded in the
stand in the at g?s here under conditi

> ns_of te r at
123C and rE14dRy ATPPVEGo, FBA YR netikd Q_Benqﬁ(e wefe not
Ther eaf t eppskPgedPeCiFrghBEr M&ithert wolds ragai separation was

cpecific aBSepUsdatinery thcriMcrad it BREY by o. os
[0088bskgxt . | nCohepapitevaEE@NpAe tlescribed in the
neshi ng S0l Ut oSOty Skt BT Ed: bt RHE' LR ARITRER s in
20 he 5 subpikaatgldhayiaaptotivats tas(ttimethylsitd) @mospihate was
coating nas RSGeq? Phe MirAnos SPHRR%4RIS McBating of the
filtrate, and the heat treatment of the coating were
carried out in the same manner as in Example 1, except
that, after coating, the step of subjecting the coating film

25 to moisture absorption by a humidifier in a humidified
atmosphere under conditions of 50°C and 80% RH for
one hr was additionally provided. Thereafter, the step of
baking was carried out in the same manner as in
Example 1 to prepare a baked siliceous film.

30 [0087] The film thus obtained was evaluated. As a result,
it was found that the specific permittivity was 2.90 and
the density was 1.3 g/cm®.  The film was allowed to
stand in the atmosphere under conditions of temperature
23°C and relative humidity 50% for one week.

35 Thereafter, the specific permittivity was again measured
and was found to be 2.95. That is, the specific



This siliceous filmwas observed under SEM by the

nmet hod as described in the sane section. As a result,

it was found that the baked filmwas fully enbedded in
the 10 inside of the grooves, aad voids and the |ike
were not observed. Further, neither void nor
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hat, after coating, the step of Ebﬁﬁecﬁbl nrg?the coatin
u fi

film to pbeerved. abdotshesn meithe r ,:-‘he%aratlorq was

hum difie P eEh&0 i g8 ahebOfhend 8Pke film
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the step BnickngssngtelRedchyrpEHERUS WRSTHPIsS tr’rﬁﬂﬁeti) and

as in t ] réucm@ScaﬂL-Umt d. As a
{0050 Th??’ﬁmhﬁg"%@ﬁ}ﬁgﬁaﬁé%si i ©

1hesult,  Tesubls fowestfaitnd nthabe el chad nPAREAUS, Washing
was 2. 20 ngPhuéﬁ g )7 qsrlsamth@sQrbdi/@/wr&hsThméuétrnhed film

was allo to st in the atrmfx“ﬁre under conditi ons

of tenper hRigkaess Vm%#hﬁtla&th?t rﬁJWEI'irPymB@}ﬁ ,orregarding

one week. aq[fRiRAWAhingh8oRpEehf E)E),p@h@ stdhed ilnasthickness
again rreasured and was found to t he

speci fic WaS nPt ttovi 4§ Mﬁtﬁg%set&‘q;nl'ys bgﬁg (famSWBS not
26 0091] Ne?[, Stgnf,gﬁ yS@fthgmnner as described in the

sectlon o Eval uatlon on resistance to various aqueous
] Comparative Example 2:
A solution was prepared in the same manner as in
Example 3, except that tris(trimethylisilyl) phosphate was
not added. The filtration of the solution, coating of the
25 filtrate, and the heat treatment of the coating were
carried out in the same manner as in Example 3, except
that, after coating, the step of subjecting the coating film
to moisture absorption by a humidifier in a humidified
atmosphere under conditions of 50°C and 80% RH for
30 one hr was additionally provided. Thereafter, the step of
baking was carried out in the same manner as in
Example 3 to prepare a baked siliceous film.
{0090] The film thus obtained was evaluated. As a result,
it was found that the specific permittivity was 2.20 and
35 the density was 1.0 g/cm®. The film was allowed to
stand in the atmosphere under conditions of temperature



washi ng solutions), the above filtrate was coated on
the substrate having grooves on its surface, and the
coating was heated by the above nethod to forma
siliceous film 10 This siliced4s fil mwas observed
under SEM by the nethod as described in the sane
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to the pTE@éﬁ?hier'fver‘i‘f'&gﬂugogz‘eno%UQBI'\%HE@F'?“ freatment, the
coating was immediately heated in the atmosphere on a
hot plate at 150°C and then at 250°C each for 3 min.

This film was baked in a dry nitrogen atmosphere at

25 500°C for 30 min. As a result, the film has many defects,

suggesting that, during baking, the coating component in
the solution was scattered without causing conversion and
crosslinking reaction.  Further, the film thickness was
only about one-third of the baked film formed in the

30 Example 1. IR spectrum showed that, in addition to the

35

spectrum of Example 1, many peaks derived from Si-N
existed at wavenumbers (cm™) 900 to 1000, and that
broad absorption attributable to Si-OH existed at
wavenumbers (cm™) around 920 and 3700. The specific
permittivity of the resultant film was 3.85 as measured
immediately after baking, whereas, after standing in the



affect the permttivity and enbeddi ng property of the
baked siliceous film Specifically, the specific
permttivity of the siliceous filmprepared in
Conparative Exanple 1 10 was 2.3%0 (2.95 after

standi ng), whereas the specific permttivity of the

siliceous film.prepared in ample 1 33. .3
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A phosphor us-contal ni n nposi tion, co
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[2] A ph6§tﬂ1oﬁ9§1%ﬂﬁﬁtnidl"?@ss| 10 clbl149 | SEGHr ﬁgﬁﬁgptlon
0.5 to 1%% Ggit¢ue of coPﬁBﬁPl@%rnuéf%?ar‘h?ﬁ@% m&ﬂueadnbaratwe
filling a conposition according to claim into

grooves mmnle:ﬂ the width of the deepest part is not
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Is'not |less"than 2, and baking the film [3
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si | i ceougiahliidg RYEXArPIErI RYeD e 3thep haht, &/ Gpecific

phosphor us-contd@i ni ng_ si | | ceous
permittivity of PMD in a PSG or BPSG system by the

conventional CVD is not less than 4.2, demonstrating that

25 the present invention can provide PMD having a
significantly low specific permittivity.
[0095] Further, Comparative Example 3 demonstrated

that the addition of the phosphorus compound according
to the present invention can eliminate the need to provide

30 the step of humidification in the conversion of the
polyalkylsilazane to the siliceous film.



filmis produced by baking a filmof a conposition
according to Caiml and conprises 0.5 to 10 atomc %
of phosphorus.

36

CLAIMS

[11 A phosphorus-containing silazane composition comprising a
polyalkysilazane and at least one phosphorus compound in an organic
solvent, wherein said phosphorus compound is tris(trimethylsilyl)phosphate.

[2] A phosphorus-containing siliceous filler comprising 0.5 to 10 atomic % of
phosphorus and being produced by filling a composition according to claim
1 into grooves, in which the width of the deepest part is not more than 0.2
um and the ratio of the depth to the width is not less than 2, and baking the
film.

[3] A semiconductor device comprising a phosphorus-containing siliceous
film as an interlayer insulation film, said phosphorus-containing siliceous
film is produced by baking a film of a composition according to Claim 1 and

comprises 0.5 to 10 atomic % of phosphorus.



