2 f JAN 2004 SPECI FI CATI ON RADI ATI ON SENSI Tl VE POLYSI LAZANE COVPCSI Tl ON,
METHOD OF FORM NG PATTERN BY USI NG THE SAME, AND METHOD OF BURNI NG I TS
COATI NG FI LM Technical Field This invention relates to a nmethod of formng
a patterned polysilazane filmby using a radiation sensitive Rol yaAN @giane
conposition, a nethod of formng a silica type ceramc filmby burning a
patterned radi ati on sensitive polysilazane coating film and a radiation
sensitive polysilazane conposition to be used preferably in these nethods.
Background Art In various fieldsgsprchpdcagromnuf acture of sem conduct or
devices and |liquid crystal displays, positive or negative worKking

phot oresi sts have been used for fine processing or patterning. As such
phot oresi sts, there are conventionally known a positive working radiation
sensiti vRADDAPOAN t SENSITANEr POL YIS IaA 720WF0 ICQMPOS T TOMN (METHORUORORGRMINGZ | de
phot osensitizer, a chemcally anplified positive or negative working

radi at i oRATEREN tBY SJOGpTEE t SAME, AND METHEQR2AtGR BURNONRI HES ICOATSNGSHELM as a
pol yvi nyl ci nnamat e- based radi ation sensitive conposition, a

bi sazi de-rubber-based radi ati on sensitive conposition, and a
photopol%neri;ation_type radi ati on sensitive conposition, etc. In such
phot or esT§FBNieRbrEedde required various characteristics dependi ng on

their intended use. For exanple, in processing of sem conductor devices,
there are reun‘Péﬁ jnvyention relates to a method of forming a patterned

polysilazane film by using a radiation sensitive polysilazane
composition, amethod of forming a silica type ceramic £ilm by burning
a patterned radiation sensitive polysilazane coating f£ilm, and a
radiation sensitive polysilazane composition to be used preferably

in these methods.

Background Art

In various fields including manufacture of semiconductor
devices and liquid crystal displays, positive or negative working
photoresists have been ﬁsed for fine processing or patterning. As
such photoresists, there are conventionally known a positive working
radiation sensitive composition comprising a novolak resin and a
quinone diazide photosensitizer, a chemically amplified positive or
negative working radiation sensitive composition, and a negative
working resist such as a polyvinyl cinnamate-based radiation
sensitive composition, a bisazide-rubber-based radiation sensitive
composition, and a photopolymerization type radiation sensitive
composition, etc. In such photoresists, there are required various
characteristics depending on their intended use. For example, in

processing of semiconductor devices, there are required



9, JAN 2014 characteristics such as high sensitivity, high resolution and
etching resistance. On the other hand, various patterned filnms including an
inter-layer dielectric have been used in sem conductor devices, liquid
crystal displays, printed circuit substrates, etc. These patt: N 28 m i s
formed generally by applying filmformng organic or inorganic materials
or depositing these materials froma gaseous phase to forma coating and
then etching the coating through a patterned photoresist. If there is
necessity ragtafhgticd i suech past bighbwenkitsietighi nyjglyasesobkatetonhiarg i s
general ly used. However, the gaseous etching is problematic because an
appar at us §$€B1ing resdsh@ioge and the rate of processing is low Further, in
t he production step of sem conductor devices or the like (e.g. a vapor
deposi tion step &R ihee dFpervbpnd, hyagdpheepatiprned pbibus t ondluging an
tenperaturegs_at higher_ than 400C. Accordingly, when organic materials are
used as aniPhftil g?%rd%ﬁ%9q§6ﬂPiBaVﬂ bren HeQd cHy HEPEGUESOE udeViiash

resr ot ance L iBakd, SEVeR e RRE. “Beuid [eigan eunatEAtan < e  dcBiased as
1 T B B0 35 kSR R b S O b
T Saer ) OF Dbl LIS HEYBRIRE Bt AP  SEL SR
onvent onghlge BUCoRASCaRtn |46 ONAF SSIRILE b PG OB o,
et chi ng mapkttapfled SprRAFREISA! | Y rpRk-engti flecessity for forming a fine
pattern by this etching, gaseous etching is generally used. However,
the gaseous etching is problematic because an apparatus used is
expensive and the raté of processing is low.
Further, in the production step of semiconductor devices or
the like (e.g. a vapor deposition step of wire by CVD), the devices
are exposed to high temperatures at higher than 400°C. Accordingly,
when organic materials are used as an inter-layer dielectric in the
devices exposed to such high temperatures, it can not be opposed
satisfactorily in respect of heat resistance. Because of this, the
use of inorganic materials is desired as the materials such as an
inter-layer dielectric. As the inorganic materials, silica type
ceramic films are often used by the reason why it has superior not
only in heat resistance but also in abrasion resistance, corrosion
resistance, insulating properties, transparency, etc.
Conventionally, such patterned silica type ceramic film is
formed generally by etching Qf a ceramic film using a patterned

photoresist as an etching mask, and is economically problematic.

Accordingly, there is a demand for a method of forming a finely



Accordingly, there is a demand for a nmethod of formng a finely 2 2 ~' JAN
20,n,4 patterned inter-layer dielectric without using gaseous etching. For
this demand, a nethod of formng a ceramic filmpattern is proposed which
conprises applying a radiation sensitive polysilazane conposid bQiN gggf orm
a radiation sensitive polysilazane coating film exposing and devel opi ng
the coating filmto forma patterned polysilazane film converting the
patterned polysilazane filminto a silica type ceramc film For exanple,

JP- A 5- 88pdBtextest rinies - dapet Nk 10fctroE MriithéutC &samgC ghsésudaltcar Agwhi ch
conprises applying a polysilazane -containing coating solution onto a
substrate to fBomthizodemagdfid methedesh foriinhgr ava@micr adimtjangerhe
coating filmwth LTV rays in an oxidizing atnosphere to cure the portion
exposed t s U\prapesedr enbicing compoisesn apptlydxposed da@idVivay sserdidive
converting the patterned polysilazane f ilminto a silica type ceramc

fil m ThePpbysishdzangnecmpasittdioni tyfoomta ngd sotidn senslesiord pelysallazanecan be
regarded as a negative worki ng photoresist because the exposed portion
cures andCP@bihd idim.eexgesin®mnshidevehopirg otheercdadndg filmetqprfocesai ng of
sem conductor devices or the like is advancing. As a result, a positive
wor ki ng nBektgzed padysilazang filp: KoRVeRting dhet pakternednboly sitlezang

resi stance, such . as oxygen plasnma resistance is desired. Further, when the
pat t er ned 1@6&’}% g §1ﬁg€8 g:gp% AR Adllnt o gFepPdeel E-tA i% 88373 s

desired hat_the coatin erials satisfy not only the aforenentioned
r eqlui r erre?ti]?%c“f 5 ?ﬁ'éetbpﬁc‘g%f)ﬁﬂl’b%ﬁ ‘é‘?%“%‘xﬁéjr‘f' é’ﬁ’F¥EFBﬁ@1FPé‘s°“§’E&ﬁesas

hi gh heat o f o8} SPLER1yL YA shfl S8t En £ 25 EhA0 g 0d, L A0S BALE WY ibstrate
to form a coating film thereon, patternwise irradiating the coating
film with UV rays in an oxidizing atmosphere to cure the portion
exposed to UV rays, removing a portion not exposed to UV rays, and
converting the patterned polysilazane film into a silica type ceramic
film. The polysilazane-containing coating solution described above
can be regarded as a negative working photoresist because the exposed
portion cures and remains after development.

On the other hand, fine processing of semiconductor devices
or the like is advancing. As a result, a positive working material,
as a resist, with high resolution and high etching resistance such
as oxygen plasma resistance is desired. Further, when the patterned
coating is used as a remaining inter-layer dielectric, it is desired
that the coating materials satisfy not only the aforementioned
requirements for fine processing but also excellent properties such
as high heat resistance, low dielectric constant and transparency
required for the inter-layer dielectric. For these demands, the
present inventors proposed a positive working radiation sensitive

polysilazane composition comprising a polysilazane and a photo acid



required for the inter-layer dielectric. For these demands, the present

i nventors proposed a positive working radiation sensitive polysilazane
conposition conprising a polysilazane and a photo acid 3 2 9 JAN 2004
generator; a nmethod of formng a patterned polysilazane film wg#gOaN 2004
conprises applying said radiation sensitive polysilazane conposition to f
orma coating f ilm patternwise irradiating the coating film dissolving
and renmoving the irradiated part of the coating filmto forma patterned
pol ysi | azarfeEragpram methedhetl fshmihgraripag terpad tmrived liazauk af i Ingwhi&in
whi ch conprises |eaving said patterned polysilazane f ilmin the anbient
at nospher e GIMPEdERFng APRAY1NG| | riaifer etadicdrivar t i srpdittivet o polyislileaane pe
ceramic f ilmin Japanese_ Patent Application No. Hei 11-283106 (JP-A
2000- 18106989“‘F’Pﬁ1’éag?t FOnfoxmea preatdmy ifivant prstprowerdizragdstingethe
wor ki ng radi_ation_s nsgijve pol ysi | azane conposition having inproved

st or age staf’ﬁal%ing bi s ISl viiBgi pRe dreving [theedgtindiakrd naxt 9fpthrse

Pat ent Appl | cat.ion . ,Hel 12-108023. In the nethod of _using these positive
wor ki ng r ad:loéi‘t%ﬂgﬁ f@&?\%f’t #%“ &P?EW%B"&WH&O%%%%%P“ér‘?“%c?d“qtélofi f med

i h [ i - i .0f the. radi i . iti | il
coating 1 EaEB R P 1B AF1 S #%S:@&SC ﬂghltq'# el 5 eI Afesakd e
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i nkages. Rerepyeadsysuste bt cTPSHLLAS s phl BillosBBRre % AT inateyr  or
art techni gyam tPEBYondd® 1hgeal IBfY amhhed t&ﬁ)@?éx%?ﬁbc SPRELE 'J?xﬁgllé(séﬁs a

met hod of deconposing the polySilazane is a metho rrngl ng € éexposed
radi ation sefehti xppPRarsidrazenNentii1nid®i®e (Jp-a 2000-181069).

In addition, the present inventors proposed a positive working
radiation sensitive polysilazane composition having improved
storage stability by use of a modified poly(sil sesquiazane) in
Japanese Patent Application No. Hei 12-108023.

In the method of using these positive working radiation
sensitive polysilazane compositions, an acid is formed in the
light-exposed portion of the radiation sensitive polysilazane |
coating film. By the acid formed, Si-N linkages in the polysilazane
are cleaved and then react with H,0 molecules to form silanol (Si-OH)
linkages, whereby decomposition of the polysilazane occurs. In
these prior art techniques, however, the treatment method described
specifically as a method of decomposing the polysilazane is a method
of bringing the exposed radiation sensitive polysilazane film into
contact with water.

These proposed positive working radiation sensitive
polyéilazane compositions have higher resolution than that of the
negative working radiation sensitive polysilazane compositions, but

it is necessary to improve the resolution in order to cope with fine



contact with water. These proposed positive working radiation sensitive

pol ysi | azane conpositions have higher resolution than that of the negative
wor ki ng radi ati on sensitive polysilazane conpositions, but it is necessary
to inprove the resolution in order to cope with fine 4 2 9 JAl%g’)_ggﬁ 2004
patterning. Further, the |ight-exposed radiation sensitive polysilazane
conposition is contacted with water to deconpose the polysilazane.

Possi bly because the deconposition ok the polysilazane proceeds only in

t he vici npayterninye surfuadmeaf, thieef liidght-ekpbbed r adicakit®6n S ensidiitige

pol ysi |l azane conposition, the coating filmin the exposed portion is not
suf fi ci enpPyysiclanaee¢ coupostoinn ideconmpastidd enthowaslidr aasdbyompdrsegrant
devel opnment with an aqueous alkali solution, and devel opnent residues nay
remai n onPPhes@zaden af Pessilelel dmuamtse | thaddidecompoditeion | efanahber
problemthat the adhesion of the radiation sensitive polysilazane coating
f il mto PREYSKiaAreneaprogGeedsopnyfinitdieevitcinidaoeflithgl surfacesithobe ¢film
deconposin a radjation sensitive polysilazane filmfree of aforementioned
pr obl ens Pg e Faddgaiargsersiting polshlarene imposdticrnsihe \avating

pol ysi | az?n c,oagthng filmis converted by burning into a silica type
ceranmic i WExFB&tSERPSEA PRELER yi§i Pt s fdsdenhdy Zawoved wrdes sopeoceed

by nerely eat ion LLhe ola/si.l azape coating film As a consequence of this,
the resul ?gn? BATHER ™ S Jct_e’roéﬁa.gyfﬁul eRYSNL dqvslgEmRREthofn §aURONEnKkages
o L1 BRAIE b 1, S0k B Lickfpe! B B RR Lpdu PR ffonm 2
inter-laygerdl @le9eibbfient NeHG addition, there is another problem that the
adhesion of the radiation sensitive polysilazane coating £film to the
substrate is not sufficient. Accordingly, a method of decomposing
a radiation sensitive polysilazane film free of aforementioned
problems is also regarded. Further, when the radiation sensitive
polysilazane coating film is converted by burning into a silica type
ceramic film, oxidation of the polysilazane does not sufficiently
proceed by merely heating the polysilazane coating film. As a
consequence of this, the resultant silica type ceramic film has a
large number of Si-N linkages of polysilazane in the coating f£ilm,
thus making it difficult to form a film having a sufficiently low
dielectric constant required for an inter-layer dielectric. There
is a further problem that when a large number of Si-N linkages remain
in the silica type ceramic film, the film easily absorbs moisture
to form a film having unstable physical properties. Accordingly,
when burning the radiation sensitive polysilazane coating f£ilm, a
method of burning a radiation sensitive polysilazane coating film
is also demanded, wherein the polysilazane in the coating film can

be converted easily and sufficiently into silica type ceramic film



is a further problemthat when a | arge nunber of Si-N linkages remain in
the silica type ceramc film the filmeasily absorbs noisture to forma
fil mhaving unstabl e physical properties. Accordingly, when burning the
radi ati on sensitive polysilazane coating film a nethod of bBronjkig 2604

radi ati on sensitive polysilazane coating film is also demanded, wherein
the polysilazane in the coating f ilmcan be converted easily and
sufficiently into silica type ceramic film5 2 9 JAN 2004 and give a silica
type cerani enf givmastblidaehype cerhaiadtidm etdedd eaticin clasrat tdr€atice such
constant and f ree of residual Si-NIlinkages in the f ilm In view of these
ci r cunst anc@s dighegbFieconstami snflfirestdonesidualoSpiolinleagesreh thd fifl mf,
ormng a patterned polysilazane coating by use of a radiation sensitive
pol ysi | azane conpbivtieynof vihess irchmsponges | anapkject tofe thadi wivesrtion
sensitive polysilazane conposition after exposure can be deconposed in a
short time $93 1§ PEOXidea BefBad folfipsmiagan oatiternek aslysiflazanadivediiog t o
a substrate _and free of _devel opnent residues on the pattern after

devel oprent PY Afi& Rdr @ Taflidriien: Sepsikive inplasiiarane cogppsatice. ahesehnd

of burning ghradiati n sensi%kve Ql¥silazane coating fil mwherein
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pol ysi |l azane coating, an urning ara
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di el ectric constant, excellent in hea
Further, an object of this invention is to provide a method
of burning a radiation sensitive polysilazane coating f£ilm wherein
oxidation of the polysilazane sufficiently proceeds even by simple
heating so that no or few Si-N linkages exist in the film.
Further, an object of this invention is to provide a radiation
sensitive polysilazane composition, a method of forming a patterned
radiation sensitive polysilazane coating, and a method of burning
a radiation sensitive polysilazane coating film, wherein a silica
type ceramic film with a low dielectric constant, excellent in heat
resistance, abrasion resistance, corrosion resistance, insulating
properties and transparency and useful as an inter-layer dielectric
can be formed.
‘Further, an object of this invention is to provide a radiation
sensitive polysilazane composition having high resolution.
The present inventors made extensive study for achieving these
objects, and as a result, obtained the following knowledge. That
is, when forming a patterned polysilazane film by use of a positive

working radiation sensitive composition such as a radiation



resi stance, abrasion resistance, corrosion resistance, insulating
properties and transparency and useful as an inter-layer dielectric can be
formed. Further, an object of this invention is to provide a radiation

sensitive polysilazane conposition having high resolution. The Qpﬁgﬁbtg
inventors made extensive study f or achieving these objects, an

result, obtained the follow ng know edge. That 1is, when formng a

patterned polysilazane filmby use of a positive working radiation

sensi ti ve seospbsve ipmlysidhzase aampdisation donprdsdA 206dysensidrie/and a

pol ysi | azane conposition conprising a polysilazane and a photo acid

gener at or pholte awid/geharaber c&hebpoldecidazasedcamba d&dumntposkeidnn aasitbrt

devel opment residues do not remain on the pattern after devel opnent by

cont act i ngiMge angoirvelopuentivesisbres doveot poimadnl amatke qedtteng &dftem wit h

a water vapor-containing gas, that 1is, subjecting to noistening treatnent;

t he decomS§¥eLPBRERY nEbE arForf@ctinghettheedespasey irmtieddiong shestuimeent of

wat er vapor .in the gas used or by heating the radiation sensitive

pol ysi | az@RYE6LRFIRE qotAngt f1He Wiithe aoVaker a@Rrngor Faknimhigast hehagdar ti al

pressure qf %@éer vapor in the atnosphere f or noistening treatnent can be
¢r

further i IF VG P BRdStening trratoendit tim despmresEtion tdBAd@sat i on
on the surface af the fi I(q]in heating the fil whereby the tinme required
f or _deco:brﬁos'ilfﬁb‘?{ SPAPREI g ﬁé‘lclr_&?ﬁ%’é? e GERteRt ik WateHEARPT dRdththe
e A R LSRR A
ound that pdlgNat hghd 390Bt bPMmoistening treatment; the partial pressure of
water vapor in the atmosphere for moistening treatment can be further
increased by relaxation of the conditions of moisture condensation
on the surface of the film in heating the film, whereby the time
required for decomposition of the polysilazane can be further
reduced; and the adhesion of the polysilazane coating film to the
substrate is also improved by heating during development.

Further, the present inventors found that when the radiation
sensitive polysilazane coating film is burned, conversion of the
coating film into silica type ceramic film can be conducted easily
and sufficiently by exposing the coating film and subjecting the
resultant film to the moistening treafment before burning, to give
a silica type ceramic film excellent in properties and free of Si-N
linkages thérein.

Further, the present inventors found that resolution can be
increased by adding a water-soluble compound as a shape stabilizer
to the radiation sensitive composition comprising a specific
modified poly(sil sesquiazane) and a photo acid generator, and this

radiation sensitive composition can form a finely patterned



sensitive polysilazane coating filmis burned, conversion of the coating
filminto silica type ceramc filmcan be conducted easily and
sufficiently by exposing the coating film and subjecting the resultant
filmto the noistening treatnent before burning, to give a s?kigaybype
ceramic filmexcellent in properties and free of Si-N |inkages therein.
Further, the present inventors f ound that resolution can be increased by
addi ng a wat er-sol ubl e conpound as a shape stabilizer to the radiation
sensitive dorpeasilayen dedprtsitgxaeipent fiincdiemnatitii edopeitynt siinsulating
sesqui azane) and a photo acid generator, and this radiation sensitive
conposi ti orpromertiem and inesihanpatl eprnepe7t 2P aFARr2adning.er - | ayer
dielectric excellent in dielectric constant, insulating properties and
mechani cal properihiesiavertiduris bgse@hps theemtiiimdingsbased on these
findings. Disclosure of the Invention This invention relates to a nethod of
formng a polysilazane film a nethod of burning a radiation sensitive
pol ysil azane coating film and a radiation sensitive polysilazane

conposi t i oPiRFeRURavel hee IngERsdPRg constitution: [1] A method of form ng
a patterned polysilazane fi| mby_ exposing and then_ devel oping a coating
filmof a radiatiOSstREEREIAR TRLRIRT |t&aﬂée@tﬁép8§i€q18ﬁpgm%é}og1¥ﬁltlﬁéane

ex_posed_ ra 'jgtg{ion s%gsi tifvewﬂiorlt%si I ane::Locoaéti n ifi | m_i g_igb' ect edttg

noi st eni ng tPOeEhgRPE P Gl e | NEEdISofaF FaCRg tEng

patterned F}‘?JJX\SI ér‘?& %nf‘aéni.alit@on sensitive polysilazane composition which ha'\}e
the following constitution:

[1] A method of forming a patterned polysilazane film by
exposing and then developing a coating film of a radiation sensitive
polysilazane composition, wherein the exposed radiation sensitive
polysilazane coating film is subjected to moistening treatment and
then developed.

[2] The method of forming a patterned polysilazane film
according to item [1] above, wherein the radiation sensitive
polysilazane coating film is heated at the time of the moistening
treatment.

[3] A method of burning a radiation sensitive polysilazane
coating film, wherein the steps of exposingwith 1light and moistening
the radiation sensitive polysilazane coating film are provided as
pretreatment steps for burning.

{4] The method of burning a radiation sensitive polysilazane
coating film according to item [3] above, wherein the radiation
sensitive polysilazane coating film has been patterned.

[5] The method of burning a radiation sensitive polysilazane

coating film according to item [3] above, wherein the radiation



according to item[1] above, wherein the radiation sensitive polysilazane
coating filmis heated at the tinme of the noistening treatment. [3] A

nmet hod of burning a radiation sensitive polysilazane coating film wherein
the steps of exposing with [ight and noistening the radiatign agﬁgﬁ@lye
pol ysilazane coating filmare provided as pretreatment step 3 Br'ni ng.
[4] The method of burning a radiation sensitive polysilazane coating film
according to item[3] above, wherein the radiation sensitive polysilazane

[ ' d. T haod of burni . radi atjon
Consi t Pve BT ENie PETEBTBETE ottimn Ll R b o ERY GSVEE WHE i n

the radiatj . 4 10 sensitive polysilazane coating filmis heated
at the tiﬁ%?%vﬁFﬁéﬁéggﬁg %%%hg treatment. [6] A radiation sensitive

polysi1 azane CopPRAR SO SSe ATodL 1L e SRS sy

havi ng a nunber average nolecu

a basic canmddicdealpdly (i)l SBEAILNLATE Phab g WCHERE %I?Q’[?Fy%ﬁzmdle[cuﬁg o

)1.51 1.5 ] - and o constrtuent units presen e genera

formul a: welghi BE2NBE Lo 296!/ €60 -arda SoREA1ANR )L 12kid ég’ﬁ%ﬂéﬂ%t} DRt

af orenentioned fornul ae, R6 Independently repfesents a yl "group or
a substi t yéprespntednbyb e WeddrahedmdI #UP-284 RR(KR'Ydependgat l¥her

represents a hydrogen atom a Cl1-3 al kyl group or a substituted or

unsubst i t coeskiglvenyl units represented by the general formula: - [SiR%NR"]-
and/or ~-[SiR%(NR’),,]- (in the aforementioned formulae, R°
independently represents a C;_; alkyl group or a substituted or
unsubstituted phenyl group and R’ independently represents a hydrogen
atom, a C;_; alkyl group or a substituted or unsubstituted phenyl
group) in a ratio of 0.1 to 100 mol-% to said basic constituent unit,
a photo acid generator, and a water-soluble compound as a shape
stabilizer. |

[71 The radiation sensitive polysilazane composition
according to item [6] above, wherein the photo acid generator is ones
selected from fhe group consisting of a sulfoxime type compound and
a triazine type compound.

[8] The radiation sensitive polysilazane composition
according to item [6] or [7] above, which further comprises a
dissolution inhibitor.

[9] The radiation sensitive polysilazane composition
according to item [8] above, wherein the dissolution inhibitor is
ones selected from the group consisting of t-butoxycarbonylated
catechol, t-butoxycarbonylated hydroquinone, t-butyl ester of
benzophenone-4,4"'-dicarboxylic acid, and t¥butyl ester of 4,4'-

oxydibenzoic acid, and is contained in an amount of 0.1 to 40% by



group) in aratio of 0.1 to 100 nol-%to said basic constituent unit, a
photo acid generator, and a water-sol uble conpound as a shape stabilizer.

[ 7] The radiation sensitive polysilazane conposition according toitem]|[ 6
] above, wherein the photo acid generator is ones selected Egﬁ @Eﬁﬁgroup
consisting of a sulfoxine type conpound and a triazine type” ﬁ% iKf. [ 8]
The radi ation sensitive polysilazane conposition according to item|[6] or
[ 7] above, which further conprises a dissolution inhibitor. [9] The

radi ati on SRS e AOlStd BRABEASATPATLLN 001 AOBOLALI A dSBkOL: BROve:

wherein the di'ssolution inhibitor 1s ones selec rom

consi sting of t-hQutgaxyeaebopyhaietdn CabREhPlve t _ﬁgggaﬁgnyéoﬁgggétion

hydr oqui none, t-butyl ester of benzophenone-4, oxylic aci and

t-butyl estsicorldifigd to oxi Bg8ZeEC aehd @D S ¢ONt abBed, | Gnefe AR Of
0.1 to 40%by 9 2 9 JAN 2n weight relative to the radiation sensitive

pol ysi | azaneateewgesublencompciiila Thear 8ehpdurf waaMhs ht hyer@cgbﬂpl.azane
conposition according to any one of itenms [6] to [9] above, erein the

wat er - sol ubl e corfaaundThe arsdigoiond wehbigiveé t i 1gsalAzahd 1]cohpeshagdbmt i on
sensitive polysilazane conposition according to any one of itens [6] toO

[ 10] above,actlmanddng ttoe anyatare sof ubtems cpépotind [i16 ]a aborpouriehein ngha
carbonate. [12] The radiation sensitive polysilazane conmposition according
to any one Witerr-eedupse. comporgid disoaecompmrmel haviieg a carbonate.

[12] The radiation sensitive polysilazane composition
according to any one of items [6] to [10] above, wherein the
water-soluble compound is a polymer.

[13] The radiation sensitive polysilazane composition
according to any one of items [6] to [12] above, which further
comprises a sensitizing dye or pigment (hereinafter, refer as to
“sensitizing dye).

[14] The radiation sensitive polysilazane composition
according to item [13] above, wherein the sensitizing dye is ones
selected from the group consisting of coumarin, ketocoumarin,
derivatives thereof and thiopyrylium salts.

[15] The radiation sensitive polysilazane composition
according to any one of items [6] to [14] above, which further
comprises an oxidization catalyst.

[16] The radiation sensitive polysilazane composition
according to item [15] above, wherein the oxidization catalyst is
palladium propionate.

[17] The radiation sensitive polysilazane composition

according to any one of items [6] to [16] above, wherein the radiation

sensitive polysilazane composition is used as an inter-layer

10



wat er - sol ubl e conpound is a polynmer. [13] The radiation sensitive

pol ysi |l azane conposition according to any one of itens [6] to [12] above,
which further conprises a sensitizing dye or pignment (hereinafter, refer
as to "sensitizing dye). [14] The radiation sensitive polys%hgﬁﬁ I
conposition according to item[13] above, wherein the sensitiz gjﬁwe IS
ones selected fromthe group consisting of coumarin, ketocounmarin,
derivatives thereof and thiopyryliumsalts. [15] The radiation sensitive
polysilaéﬁngﬁpg osition according to any one of itens [6] to [14] above,
whi ch f ur®ifs Cofipri ses an oxidi zation catalyst. [16] The radiation

o Lvsil i or . . 151 _ab .
the oxi di zat1 o 1E1AMGERONEr SaFTaas dhEar OB SR8t P T IT g PR e b

Sensi tive,okys 'mﬁ%i‘é‘ee% CPo%‘lgl'gt 1201k 0aRH r?gi}ﬁ Y & a N%18h 'skﬁg’ftix{eG ] to
[ 16 ] above, efelrn the radration Sensitive polysilazane conposition is

used as apiaenzhaYer HAGIAN b -4 ekeELiC. o 16hody FRINOVpBE (oI NG @

_patterne ter-layer ectric, conprises formng a coating film of

a radi atiQi$835hhé Y ShaPley H RABRS SQEPASE thOTeSAMRY LRl BAL 2o£0HH4 | €4
poly(sil sesqui azane) having a nunber average nol ecul ar "wei ght of 100 to

100, 000 oy dobl RBndaDRBAS &0P8S1E UESHs titderteRinGEe HepPebintde bR al

formula: -[SIR 6 (NR 7) 1.51- and other constituent units
general formula: -[SiR®(NR’), ;]1- and other constituent units
represented by the general formula: -[SiRGZNR7]— and/or
-[SiR% (NR’), s1- (in the aforementioned formulae, R® independently
represents a C,_; alkyl group or a substituted or unsubstituted phenyl
group and R’ independently represents a hydrogen atom, a C,_; alkyl
group or a substituted or unsubstituted phenyl group) in a ratio of
0.1 to1l00mol-% tosaidbasic constituent unit, a photo acid generator,
and a water-soluble compound as a shape stabilizer, patternwise
irradiating the coating £film, dissolving and removing the irradiated
part of the coating £film, and leaving the residual patterned coating
film in the ambient atmosphere or burning the coating f£ilm.

The patterned polysilazane film formed by the method of this
invention can be used directly as e.g. an etching resist or a patterned
coating of a constituent unit in devices such as display device.
Because the radiation sensitive polysilazane composition to be used
in the method of this invention is a positive working composition,
it has higher resolution. Further it has also higher resistance to
oxygen plasma than that of conventional resists based on organic
materials. In addition, the silica type ceramic film formed by the
burning method of this invention is a film excellent in heat

resistance and having low dielectric constant and high transparency,
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represented by the general forTnula: -[SIR6 2NR 7 ] - and/or -[SIR 6 3
(NR7 )0.51 -(in the aforenentioned fornmul ae, R 6 independently represents a
Cl-3 al kyl group or a substituted or unsubstituted phenyl group and R7

i ndependently represents a hydrogen atom a Cl1-3 alkyl group or a
substituted or unsubstituted phenyl group) in a ratio of O. 218 WJ4NID0: ol - %
to said basic constituent unit, a photo acid generator, and a

wat er - sol ubl e conpound as a shape stabilizer, patternwise irradiating the

coating f 1466, di a5al thlg aRd EAMOKENGSERC Odgﬂtighi%\?f% Babkefintfieagoghi ng

film and | eaving the residual patterne tin e anbi ent

at nospher e ofitdwiveg he160atidg film The patterned polysilazane film
formed by the method of this invention can be used directly as e. g. an

etching resist oraccq@ihgr ngsl tE0at iiRgeAtidn COBFL idddaRY %ifzaﬁéﬁ-%‘ihﬁfé

such as display device. Because the radiation Sensitive polysilazane

conposi ti oncémpdimdiaead shapd BeaBEl 1t 06 d Phd®id tiveNsé R iy e2pHREd la%8ne
wor ki ng conposition, it has higher resolution. Further it has "al so higher

resi stance ¢empamitgen quimpaiis ihhanspraif ief medipieat peiAls inasd tfus aRased afa
organic materials. In addition, the silica type ceramc filmformed by the
bur ni ng nethetodd adidsgenersritoroms idesaribédniaxicedn pAl abbvBeahe reasilsitanse
and having | ow dielectric constant and high transparency, 11 2 JAN 2fr ,
etc., and tPhPattegapngebyskibhjarits sabnifycartdiyedappvad. an inter-|ayer
dielectric. Accordi rg\@to this invention, by adding a water-soluble
compound as a shdp¥Fidezbi Py Asaviadaferdi dphant Wen ot byengsblayspabizendilm
conposition_co ising a specific nodified poly(sil sesquiazane) and
al formrEpJ Eron’ci’ thep radiation sensitewey(polysilaqzane coanosition
described in items [6] to [17] above, a patterned silica type ceramic
film suitable as an inter-layer dielectric and having excellent
properties such as high heat resistance, low dielectric constant,
and high transparency can be obtained.

In addition, a sensitizing dye may be contained in the
radiation sensitive polysilazane composition thereby enabling
patterning using an inexpensive light source such as a high-pressure
mercury lamp.

Moreover, an oxidization catalyst may be contained in the
radiation sensitive polysilazane composition containing the
sensitizing dye, whereby the sensitizing dye can be decomposed at
the time of burning the patterned coating film, and a colorless and
transparent silica type ceramic film useful as an inter-layer
dielectric in a liquid crystal display or the like can be obtained.

Furthermore, by adding a pigment to the radiation sensitive
polysilazane composition in the present invention, a color filter

and black matrix superior in heat resistance, insulating properties

and hardness and excellent in accuracy of pattern can be prepared.
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a photo acid generator as described in item|[ 6 ] above, the resolution of
patterning by light is significantly inproved. Further, by leaving for a
long tinme or burned a coating film formed fromthe radiation sensitive

pol ysi | azane conposition described initems [ 61 to [ 171 above, a

2

patterned silica type ceramc filmsuitable as an inter-layZéﬁdﬁ%@&%tric
and having excellent properties such as high heat resistance, |ow
dielectric constant, and high transparency can be obtained. In addition, a
sensitizing dye may be contained in the radiation sensitive polysilazane
conposition thereby enabling patterning using an inexpensive |ight source

such as aBhigh-HRSSHreonBf Bfawingep. Mreover, an oxidi zation catal yst
may be contained in the radiation sensitive polysilazane conposition

cont ai ni ng the Fsgnsl tiiszangetibyvt ivhseebyoridie vaensshowd M tAgeskape F a

deconposed at the tine of burning the patterned coating film and a

col or | esssadel wall L afsppaerdrissddician ¢pehe eadiheidn kensisefvd paBysilazane

inter-layer dielectric in aliquid crystal display or the like can be

obt ai ned. cémpesictivor ehidly daesineg cordiagmea tvattert helulaldi adbmpoursktasishape

pol ysil azane conposition in the present invention, a color filter and

bl ack mat gt&bBLaL.or in heat resistance, insulating properties and

hardness and excellent in accuracy of pattern can be prepared. 12 2 ~j JAN

Bri ef Descripti®bhdof? BFadi FReMAtdC sectienask ydewt showiag itbgashapewishow ng

the shape of a _side wall of a pattern section of the radiatjon sensitive

pol ysi | azSihde wall of a pattern section of a radiation sensitive polysilazane
composition containing a water-soluble compound as shape stabilizer
according to the present»invention.

Fig. 3 is an IR absorption spectrum of the modified poly(sil
sesquiazane) used in the radiation sensitive composition of the
present invention.

Fig. 4 is an IR absorption spectrum of a burned film formed
in Examples in the present invention.

Fig. 5 is an IR absorption spectrum of a burned film formed

in Comparative Examples.

Detailed Description of the Invention

Hereinafter, this invention is described in detail.

A method of forming a patterned polysilazane film according
to the present invention comprises, but is not limited to;
(a) a coating film-forming step of forming a coating film on a
substrate by applying or printing the radiation sensitive
polysilazane composition onto the substrate,
(b) an exposure step of irradiating the coating film with patterned

light,

13



conposition which does not contain a water-sol uble conmpound as shape
stabilizer. Fig. 2 is a schematic sectional view show ng the shape of a
side wall of a pattern section of a radiation sensitive polysilazane
conposi tion containing a water-sol uble conpound as shape st aldi 4 JaARroo,
according to the present invention. Fig. 3 is an IR absorption spectrum of
the nodified poly(sil sesquiazane) used in the radiation sensitive
conposition of the present invention. Fig. 4 is an IR absorption spectrum
of a burned(¢) | awoasreding RrExaMPh €S tep JMBrPi@ERNthE PUERE AR sdiedkpoBelS an
| R absorption spectrumof a burned filmfornmed in Conparative Exanples.

Det ai | ed Deswlrs ftaterhexdteidhief hawesddrgn iries ebneddiewith Bigas dotaftin@Agiwater
described in detail. A nethod of form ng a patterned polysilazane film
accordi ng Yapdrhe tor dseanpose eiitel polgshpazaes, dand is not limted to; (a) a
coating filmformng step of formng a coating filmon a substrate by

appl yi ng or(®)iat dayeldpmerddi stémnos eddissoleingobydi lremaméng orthesiltiighn-ont o
the substrate, (b) an exposure step of irradiating the coating filmwth
patterned 3I¥gAfiated poghkerr G the) caatbingt®himmg treat ment step of bringing
t he patternw se-exposed substrate heated if necessary into contact wth a
gas contai ni ng wltieingser; the getbapost faramipel g patieaned peysilazane

film according to this invention is described in detail by reference
to this exemplified method.

First, in the method of forming a patterned polysilazane film
according to this invention, there are used, as a radiation sensitive
composition, a radiation sensitive composition functioning as a
positive type such as a radiation sensitive polysilazane composition
comprising a polysilazane and a photo acid generator.

Typical examples of the polysilazane used iﬁ this positive
working radiation sensitive polysilazane composition are as follows;
(A) A polysilazane having a number average molecular weight of 100

to 50,000 having a skeleton represented by the general formula:

) (1)

wherein R*, R? and R® independently represent a hydrogen atom, an alkyl

group, an alkenyl group, a cycloalkyl group, an aryl group, other

groups wherein an atom bound directly to the silicon or nitrogen is

carbon, an alkylsilyl group, an alkylamino group or an alkoxyl group,
or a modified product thereof.

(B) Apoly(sil sesquiazane) having a number average molecular weight

14



(d) a devel opnment step of dissolving and removing the light- irradiated
portion of the coating film Hereinafter, the nethod of formng a patterned
pol ysilazane filmaccording to this invention is described in detail by
reference to this exenplified nmethod. First, in the method oé f@énbgg a
patterned polysilazane film according to this invention, the 3 %_ Sed,
as a radiation sensitive conposition, a radiation sensitive conposition
functioning as a positive type such as a radiation sensitive polysilazane

conpositio risj ol ysil azane _and a photo acid _generator. Typica
exanpl es 8? %‘ﬁ‘g"g% ;@@?Oa@i%éa%s'\@d 3 FkeAPLOPoEPPT SR RS IHYnd:rﬁeadieQ?iféi
sensitivefg ¥ il azane conposition are as follows; (A A polysila;ane
havi ng a nunpber ‘aver age nol ecul ar wei ght of 100 to 50,000 having a

skel eton represented byat serah fornul a: 1 | Si- R N R3 (I)
wherein R, R2 and R3 ?ﬁ%@gégge %F;“represen§§£$hydrogen atom an al kyl

hor o n- e K HEHRT AdYShABh O, -EpPHRenE G Fro bl Wion” A O00

wherein an at om boun I con or gen car ~an

al kyl si | yhr&iOUan AkedyyhATP0 a%iiRalky 2R o953 Wkoup fin feRdyf | ed
product thereof.
have a substituent group, other groups wherein a atom bound directly
to the silicon or nitrogen is carbon, an alkylsilyl group, an
alkylamino group or an alkoxyl group, and n is an arbitrary integer,
or a modified product thereof.
(C) A polyorganosiloxazane having a number average molecular weight
of 300 to 100,000 containing -(RSiN,)-, -(RSiN,0)-, -(RSiNO,)-
and - (RSiO,;) - as main repeating units, wherein R is an alkyl group,
an alkenyl group, a cycloalkyl group, an aryl group, an alkylamino
group or an alkylsilyl group.

Preferable examples of the modified product of the poly(sil
sesquiazane) described.in (B) above include a modified poly(sil
sesquiazane) represented by the following (D).

(D) A modified poly(sil sesquiazane) having a number average
molecular weight of 100 to 100,000 containing a basic constituent

unit represented by the general formula:

-[SiR°*(NR"), (]- (I11)

and other constituent units represented by the general formula:
-[SiR°,NR’] - (IV)

and/or
-[SiR%(NR’), ]~ (V)

(in aforementioned formulae, RGindependentlyrepresentaCl_3 alkyl

group or a substituted or unsubstituted phenyl group, R’

15



(B) A poly (sil sesquiazane) having a nunber average nol ecul ar weight 14 2
9 JAN 2004 of 100 to 100,000 having a skeleton represented by the general
formula: -[SIiR4(NR5)1.5]n- (I1) wherein R4 and R5 independently represent a

hydrogen atom an al kyl group, an al kenyl group, a CyC|0a|§¥éngV£ﬁﬁ4
aryl group which may have a substituent group, other group a atom

bound directly to the silicon or nitrogen is carbon, an al kylsilyl group,
an al kylam no group or an aIkoxyI group, and n is an arbitrary integer,

or a modi f'lﬂﬁepéx‘?&é'ﬁh h{}%f SI?BS {%ngé,g%g%' | Oﬁza%ﬁk?gsg%ﬁ Qurper

average nol ecufar wel 0 cont ai nitf

(RS N20) uPstiﬁﬂé@@r in eﬁyf?); g?k %tl'nnghé“?iotn%ep‘é“’t?f el n

Ris an alky group, an a eny gro : group, an ary group,

an al kyl amirpg oar@yre;o%taeu%ﬁ'&rﬂtytegﬁwo 1 E’aeicﬂr ﬁege%e%e%bg{,

nodi fied product of the poly(sil sesquiazane) described in

include a wadid med-PAn(dte pﬁéﬁ%ﬁﬁ%ﬁﬂ% S ERbESELEhdBak e cfo%{:%é}gt (D).
(D) A nodified poly(sil sesquiazane) "havi ng a nunber average nol ecul ar

wei ght of 1@@tto 100, 000 containing a basic constituent unit represented
by the general fornula: -[Si R6(NR7)1.5]- (111) and other constituent units

represented by the genehedifidapbay(sil SeRe2NYdme )(,| Me aBHéDIconstituent
units are bound at random to the basic constituent units. In the
modified poly(sil sesquiazane), specific groups of R® and R’ can be
selected independently, and therefore these groups may be the same
or different between the basic constituent units or between the basic
constituent unit and the other constituent unit in a polymer. For
example, in the basic constituent units, a part of R® groups may be
methyl while the remainder may berphenyl, and a part of R’ groups
may be hydrogen while the remainder may be methyl; R® group in the
basic constituent unit may be methyl while R® group in the other
constituent unit may be methyl or phenyl and R’ group in the basic
constituent units may be hydrogen while R’ group in the other
constituent units may be hydrogen or methyl; and so on. Preferably,
R® groups in both the basic constituent unit and other constituent
unit are methyl or phenyl group, most preferably methyl group.
Preferably, R’ groups in both the basic constituent unit and other
constituent unit are hydrogen.

In the modified poly(sil sesduiazane) described in (D) above,
when the constituent unit of the general formula (IV) only is
contained as the other constituent units, the ratio of the constituent
unit of the general formula (IV) to the above basic constituent unit

is preferably 0.1 to 100 mol-%, more preferably 1 to 20 mol-%. When
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-[ SIR63(NR7)0.5]- (V) (in aforenmentioned formul ae, R6 independently
represent a C1_3 alkyl group or a substituted or unsubstituted phenyl
group, R7 15 2 9 JAN 2004 independently represent a hydrogen atom a Cl1_3

al kyl group or a substituted or unsubstituted phenyl group), reilhn the
content of the other constitution unit being 0.1 to 100 rmlzﬁ;\,@%fgwgr ably

0.5 to 40 nol-% and nore preferably 1 to 20 nol-%to the basic constituent
unit. In this nodified poly(sil sesquiazane), the other constituent units
are bound at randomto the basic constituent units. In the nodified
pol y(si| Seaqpangrafepnt syl fofc theosgnensfl Rermuth RV )canlieis eloataéned
i ndependent|y, and therefore these groups may be the same or different
bet ween t#® Higsiothesnensiidiventinnpit ortheeraban ethdhigaspostiorent unéhs unit
and the other constituent unit in a polyner. For exanple, in the basic
const it ueft e gsnenabaarmilapdVyr bogderapoBe bafsich@ondfiiteerhandgnds nder
may be phenyl, a%gd 6 g rt %f R7 groups nay be hydrogen whil e the renmai nder
may be mePhySTaR6Ygl otip 9 81l pasiMOTEoREE S §IANY AnP ttored? Belnkt hiNemni| e
R6 group [n the.other. coO st‘ituen&l, nit may be nethyl or phenyl and R7
group in Pﬁeer ‘i%f’cogctgﬁs?ﬂ?%r‘ftonﬁ %gge%ynﬁg 1 des§ethahia-¢ ’Fgl'gai"oﬁlbei n the
ot her cog&;g.t ec%t % e, hydrogen .or thyl: a SO . Preferably,
R6 groups In ]blloit ?ﬁgh %@éﬁ&ggﬁg |°;1 a@%f l&ﬁfag‘gedﬁdi/%“zeﬁeerr}ﬂc %EP?@Qﬁrweﬁnit
are et o Mdieithy $ethbeu BLGSL BRI ALY 1 EQYR. o BLELRRLY. R
groups 1 n bot t he SI ¢ consti ent uni and otmnher const | tnuen uni ar e
hydrogen. hand, when the ratio of the other constituent unit is greater than
100 mol-%, the molecular weight of the resultant polymer is not
sufficiently increased, and thus its coating is undesirably
fluidized.
The number average molecular weight of the modified poly(sil
sesquiazane) described in (D) above is in the range of 100 to 100,000,
preferably 500 to 5000. If the number average molecular weight of
the modified poly(sil sesquiazane) is lower than 100, the coating
film is fluidized, while if the number average molecular weight is
greater than 100,000, the poly(sil sesquiazane) is hardly dissolved
in a solvent, so either case is not preferable.
In this invention, as is mentioned above, the word
"polysilazane” is used as the one containing poly(sil sesquiazane),
polyorganosiloxazane and the like.
In this invention, the polysilazane may naturally be one kind
of polysilazane or two or more kinds of polysilazahe, or may be a
copolymer of a polysilazane with another polymer or a mixture of a
polysilazane and another polymer or compound. The polysilazane used

includes the one having a linear, cyclic or cross-1linked structure,

or the one having a plurality of these structures in the molecule,
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In the nodified poly(sil sesquiazane) described in (D) above, when the
constituent unit of the general fornmula (IV) only is contained as the

ot her constituent units, the ratio of the constituent wunit of the general
fornula (1V) to the above basic constituent unit is preferably 8 é Q 100
nol -% nore preferably 1 to 20 nol-% Wen 16 2 JAN 29,4 the" o% % t

unit of the general fornmula (V) only is contained as the other constltuent
unit, the ratio of the constituent units of the general fornmula (V) to the

above basi Caﬁ@”éﬂe‘s@“ﬁ@i¥é’:ﬂézdn%s LLETS ¥ Q1dnd @rO8s Phii % uPR' fhereof .
preferably 0.5 to 20 Wien the ratio of the other constituent unit

I's less thans Otﬂeé@|pc%y§ﬂ1%zaﬁb§b' béiﬂy&rfoﬁdl%rsrﬂéb!hﬁé@t aP®! yP&ferdpie! fin! S
| owered, and the polymer nolecules may be miutual |y pol ynmerized during

storage. Onrédgect e thBandrandsd dnfde dedbefess dhernd Rekutoast i £ient aHai t
is greater than 100 nol-% the nol ecul ar wei ght of the resultant polyner

is not suférgarspdlysinazeasedarangridfesable Goatidipecs WHesisatbBity.
fluidized. The nunber average nol ecul ar wei ght of the nodified poly(sl
sesqui azanedepstimdoen the {Dembml ases selddidonhanfjeéhefe il yisd1408ne0An
preferably 500 to 5000. If the nunber average nol ecul ar wei ght of the
modi fi ed pobg(eandusdedquisnibar)y ihy Ithwse shahlddOin tthe eohting filmis
fluidized, while if the nunber average nol ecul ar weight is greater than
100, 000, t he pol yIke podpsilazanasejeseritmdiaho aseknewn dmcan bel peatucedo
either case is not preferable. In this invention, as is nentioned above,
the word "PBI%JMomamethpd. usiecid icaa lyncPEodiciionngfpBpYysilazanes is

SeSqUIazane&éscribedin e.g. JP-B 63-16325, JP-A 61-89230, JP-A 62-156135, D.
Seyferth et al.: Communication of Am. Cer. Soc., C-13, January (1983),
Polym. Prepr., Am. Chem. Soc., Div. Polym. Chem., 25, 10 (1984), etc.

Further, the polysilazanes having a cross-linked structure
in the molecule may be those reported in JP-A 49-69717, D. Seyferth
et al.: Communication of Am. Cer. Soc., C-132, July (1984) or
polymetalosilazanes containing a metal atom in the structure.

Besides, the following polysilazanes can be similarly used:
the polysiloxazanes whose repeating units are represented by
[ (SiH,),(NH),] and [(SiH,),0] (wherein n, m and r each represent 1,
2or 3) as reported in JP-A 62-195024; the polyborosilazanes excellent
in heat resistance produced by reacting a boron compound with a
polysilazane as reported in JP-A 2-84437; the polymetalosilazanes
produced by reacting a polysilazane with a metal alkoxide as reported
in JP-A 63-81122, JP-A 63-191832 and JP-A 2-77427; the inorganic
silazane polymers having high molecular weight or modified
polygilazanes having an increased molecular weight as reported in
JP-A 1-138108, JP-A 1-138107, JP-A 1-203429 and JP-A 1-203430, or

having improvements in hydrolysis resistance as reported in JP-A
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pol yor ganosi | oxazane and the like. In this invention, the polysilazane nmay

naturally be one kind of polysilazane or two or nore kinds of

pol ysi l azane, or may be a copolyner of a polysilazane with another polyner
or a mxture of a polysilazane and another polyner or conpoygnd.JARNZE04

pol ysi | azane used includes the one having a linear, cyclic or cross-I|inked
structure, or the one having a plurality of these structures in the

nol ecule, 17 2 g J A N 2 GOI4 and these polysilazanes can be used al one or

as a m xtureghher egh - gp. ﬁ?t h2%§%1§9' ySih&Z ZBSHQ’% o é&%&&é@ﬁ&f are

preferable 1T™n " respect o hardnéss and Ness resu film

and organapgly ﬁgbbﬁé 5‘%&-&1859{ AP'e 1ok &Sr{%%%go% gfgérfiﬂz aolmgBMents

Dependi ng on t i nt ended "use ection of these can

conduct ed; sidaalby Pytd *Beﬁ%s'i‘i %ﬁes'ﬁstf@po?cfttad IHermi y25J1|7%Z79@eSJﬁ-e§C“ bed

above are known or can be produced Known met hod. Specifically,

product i ofn gy20R0! ¥BLA aszamagbsandeﬁﬂm @e@m@s €.dhd %ﬁeBp@fyéiQ%%énegPtoA
61- 89230, JP-A 62-156135, D. Seyferthetal. : Conmunicationof Am Cer

Soc., C Ik cheatid(1888)cerdivldgnatPriRiver, téiipefdteiPesS@hd cabayle Pot ym
Chen1, 25, 10 (1984), etc. Further, the polysilazanes having a cross-I|inked

St ruct ur eapplidait@ofinbetd! |l a¥ry clge okhstal € pichedsi alubirfun,9-t69%hIch a
Seyferth et al. : Comrunication of Am Cer. Soc., C 132, July (1984) or
pol ynet al @stidlytdce compotindnhng dewnt alddeidorfiom prosmosingctonger8ewm defs, t he
foll owi ng pol ysilazanes can be simlarly used: the polysiloxazanes whose
repeat i ngpakyistid aanpes epnes eeeraniys, [as( SieERyted NH) . JP-@dnd {2388i2f2) ¥BHA
(wherein n, mand r each represent 1,

6-122852, JP-A 6-299188, JP-A 6-306329, JP-A 6-240208 and JP-A

7-196986.

The polysilazane which can be used preferably in this invention

is poly(sil sesquiazane) having a number average molecular weight

of 100 to 100,000, preferably 300 to 10,000 and having mainly a

skeleton represented by the general formula (II) above, or a

derivative thereof. Further, more preferred poly(sil sesquiazane)

is polymethylsilazane wherein R*is a methyl group and R’ is a hydrogen

atom in the formula (II), or polyphenylsilazane wherein R'isa phenyl

group and R’ is a hydrogen atom in the formula (II). Such

polysilazanes can be easily obtained by using R"SiCl3 as a starting

material in ammonolysis in synthesis of usual polysilazanes. For

the ammonolysis in synthesis of polysilazanes, reference is made to

e.g. JP-B 63-16325.

The polyorganosiloxazane mentioned in (C) above is also a
polysilazane wused preferably in the invention. This
polyorganosiloxazane can be produced by reacting an organic

halosilane represented by the general formula R SiX, . (wherein R

is an alkyl group, an alkenyl group, a cycloalkyl group, an aryl group,
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2 or 3) as reported in JP-A 62-195024; the pol yborosilazanes excellent in
heat resistance produced by reacting a boron conpound with a polysilazane
as reported in JP-A 2-84437; the polynetal osil azanes produced by reacting
a polysilazane with a netal al koxide as reported in JP-A 63 iﬁﬁ
63-191832 and JP-A 2-77427; the inorganic silazane polyners &@ |gh
nol ecul ar wei ght or nodified polysilazanes having an increased nol ecul ar
wei ght as reported in JP-A 1-138108, JP-A 1-138107, JP-A 1-203429 and JP-A

1209430, 96n g ERMETBR LS LIDYSL BV BB e 75 30 B0 GEOh. Shd "
pol ysi | azangs; s adyAN PG eH Sankidn 150 %r‘i‘a Rttt Ckefdy ?bilggrgﬂﬁbcﬁq% gég%%%é'm

conponents introduced into polysilazanes as report

JP-A  5-86280ve HPblrhed3A%3w R ol Do Bredk336+i canishd tpewlf'wh ey be

converted into ceramcs at |ower tenperatures and capable o application
onto plasti&s WighaiealperatGhess 3 4 ﬂé‘rﬁhséﬂll"’@a@ﬂléul&ﬂﬂla)ét h CpimisRd
has been added for pronoting conversion of polysilazanes |nto ceram cs, as
reported i nofP- Anie23882¢r JRiA1e6t228852, JEhdtHer29938BantHyeA 60806322
JP- A 6-240208 and JP-A 7-196986. The pol ysilazane which can be used pref
erably in tbokyorpenisidoxazangalsy (thialt BgSchamganRe thbayoigrit BENdLygayanage
nol ecul ar weight of 100 to 100, 000, preferably 300 to 10,000 and havi ng
mai nly a skhke araim chgrissethedeipntie ghabeatricorconbaait Iof aheveeswirtant
derivative thereof. Further, nore preferred poly(sil sesquiazane) is

pol ynet hyl SPREReth 61l <1a8) be Regulates heriohieyecugdeaineRrélative dielkeararc

constant easily. For a detailed description of such
polyorganosiloxazane and a method of producing the same, reference
is made to Japanese Patent Application No. Hei 10-528633
(WO98/029475).

In this invention, the modified poly(sil sesquiazane)
described in (D) above can be used particularly preferably as the
polysilazane. This modified poly(sil sesquiazane) can be easily
obtained by using the starting materials RGSiCl3, RGZSiCl2 and/or
R63SiCl in ammonolysis in synthesis of conventional polysilazanes,
wherein the latter two materials are used in a molar ratio
corresponding to the content of the other constituent units. For
example, when the unit of the general formula -[SiR®,NR’]- is
contained in an amount of 20 mol-% as the other constituent unit,
starting silane materials containing 20 mol-$% RGZSiC12 mixed with
Rf’SiC13 may be subjected to ammonolysis, and when the units of the
general formula - [SiR63(NR7)0,5] - are contained in an amount of 10
mol-% as the other constituent units, 10 mol-% R63SiCl may be mixed
with RSSiCl3 . For a detailed description of ammonolysis in synthesis

of polysilazanes, reference is made to e.g. JP-B 63-16325.
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atomin the f ormula (I1), or polyphenylsilazane wherein R4 is a phenyl
group and R5 is a hydrogen atomin the fornmula (Il). Such polysilazanes
can be easily obtained by using R4Sj _C 3 as a starting material in

ammonol ysis in synthesis of usual polysilazanes. For the amgg IS 1N
synt hesi s of polysilazanes, reference is made to e.g. JP-B- ngéég@ﬂ The

pol yor ganosi | oxazane nentioned in (C) above is also a polysilazane used
preferably in the invention. This polyorganosil oxazane can be produced by

reacting an or gad modh ek O8iJAYe st € %%ﬁﬂ]ta%%nex dé&%ﬁ%@ﬁ;ﬁ é@l(?ramgvae Rosi x4-n

(wherein R is an al kyl group, an al kehyl group, a cyc group, an

aryl groupigHsS; %tb%léA%aO%mﬁlimwtﬁ@egmﬁp At eriéy@g&%ht%ﬁup, X

is a halogen atom and nis 1 or 2) Wth amonia and wa

pol yor gangsiimx azdiagednsodive molutued fidighw t8 préamidel ek beisgnst ant
even when treated at high tenperatures, so it is useful particularly as a

pr ecur sor inctesdany eThaligt @otr béund\nst kespadyaid agR ¥y, t B8e reason for
pol yor ganosi | oxazane is that by changing the content of oxygen in the nain

chai n, thprewmtinge adi Bh@cdasec inotisé andleefulaews Bghtl loEnthi HUsdighelr i m can
be regulated to achieve a desired relative dielectric constant easily. For
a det ai | egistamaredptaonfollewch Fbhey@odamesi |maianéngneéxaelueivary obf
producing the same, reference is made to Japanese Patent Application No.
Hei 10- SZBBE@JHC(WQQAM¢5)QHSN:M:UEH§ uniyedtasom large nonder b€disdloyted |
sesqui azane)_ . described in (D) above can be used particularly preferably as
t he cyClic structures in the molecule, thus permitting the structures

to be cleaved during storage and the cleaved sites to be bound again

to other similarly cleaved molecules to increase the molecular

weight; however, when the bifunctional and/or monofunctional

constituent units are introduced into the trifunctional basic units,

the distorted cyclic structures are decreased thereby making

occurrence of such cleavage and re-binding difficult, to prevent an

increase in the molecular weight of the polymer.

The radiation sensitive composition of this invention or used

in this invention includes a photo acid generator. The photo acid

generator is excited directly by irradiation with light in its

inherent radiation sensitive wavelength range, or when a sensitizing

dye is used, the photo acid generator is excited indirectly by light

in a wavelength range where the sensitizing dye is excited. It is

estimated that by the photo acid generator in an excited state, Si-N

linkages in the polysilazane are cleaved, and the cleaved Si-N

linkages react with water to form silanol (Si-OH) linkages. Because

the silanol is soluble in a developing solution described later, and

thus only the irradiated portion of the coating film of the radiation

sensitive composition is dissolved and removed to achieve positive
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pol ysil azane. This nodified poly(sil sesquiazane) can be easily obtained
by using the starting materials R6SIiC 31 R6 2Sid. and/or R 6 3Sid in
anmonol ysis in synthesis of conventional polysilazanes, wherein the latter
two materials are used in a molar ratio corresponding to the2gomsientyof
the other constituent units. For exanple, when the unit of the general f
ormula - [ SIR6 2NR 7] _ is contained in an anount of 20 nol-%as the

ot her constituent unit, starting silane materials containing 20 nol-%R 6
2 SiC, 2 mxgse WdthterRifigSi C13 may be subjected to ammonol ysis, and when
the units of the general f ornmula - [ SSR6 3 (NR) 0. 51 - are contained

in an amount of I$pedi@icHiay, tHie phbes LARSLEASEM oM sk, inl @B p%iRiGe
3SiCl may be mxed with R6Sid 3 For a detailed description of

ammonol ysi sworkisynra@satiomwikepsl ¥ 5vé aoapeslas&ie conpssi tismdaci @iés @ gJP-B
63-16325. 20 2 o JAN 2004 The nodified poly(sil sesquiazane) described in

(D) above iperdxigiesy retpiiiihegatdosedstandé ahll yohsee, hiorobatdylaister, etc.

pol ymeri zation during storage, so its nolecular weight is prevented from
bei ng i ncrBasdwr,.Thenghimdiodydand by adsepeseful. t bebey ,uddialr gastan abod
preventing an increase in the nol ecul ar weight of this polymer is

estimat ed ageRIdtows. imkduge| pirkrokenmyilstsudgonicl| asidel yomfum tgalftandEbonal
basic constituent units has a | arge nunber of distorted cyclic structures
in the nol e¥A@Lle.hiiks (fertmbutiyAghenel sdpder e salt @ndetximwned siifiondgum
storage and the cleaved sites to be bound again to other simlarly cleaved
mol ecul es t$°tor8hSe LAPSRASSEENartWaRr gREe AHollkeee Phatenaifgasieratersonal

and/ or nonofqp&;i%pgl .constétqut units are introduced into the
trifuncti onat® B %Eednipscombination.

Hereinafter, the photo acid generators of peroxide type,
naphthoquinone diazide sulfonate type and nitrobenzyl ester type are
enumerated. However, the following examples are listed for merely
illustrative purposes, and the photo acid generator used in this
invention is not limited to those enumerated below.

ner

3,3',4,4"'-tetra(t-butylperoxycarbonyl)benzophenone, t-
butylperoxy benzoate, methyl ethyl ketone peroxide, cyclohexanone
peroxide, methylcyclohexanone peroxide, methyl acetoacetate
peroxide, acetyl acetone peroxide, 1,1-bis(t-hexylperoxy)3,3,5-
trimethyl cyclohexane, 1,1l-bis(t-hexylperoxy)cyclohexane, 1,1-
bis(t-butylperoxy)3,3,5-trimethyl cyclohexane, di-t-butylperoxy-
2-methyl cyclohexane, 1,1-bis(t-butylperoxy)cyclohexane, 1,1-
bis(t-butylperoxy)-cyclododecane, 2,2-bis(t-butylperoxy)butane,
n-butyl 4,4-bis(t-butylperoxy)valerate, 2,2-bis(4,4-di-t-
butylperoxycyclohexyl )propane, p-menthanehydroperoxide,
diisopropylbenzene hydroperoxide, 1,1,3,3-tetramethyl Dbutyl

hydropentyl peroxide, cumene hydroperoxide, t-hexyl hydroperoxide,
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the distorted cyclic structures are decreased thereby nmaking occurrence of
such cl eavage and re-binding difficult, to prevent an increase in the

nol ecul ar wei ght of the polynmer. The radiation sensitive conposition of
this invention or used in this invention includes a photo a%Lg generator.
The photo acid generator is excited directly by irradiationéw ¢ANIZght in
its inherent radiation sensitive wavel ength range, or when a sensitizing
dye is used, the photo acid generator is excited indirectly by light in a
wavel engt b _ ensi i zj.ng.dye. is excited. It is _ estinated
that byt el EREFnPEEsSEAdA ROl d | -BaRR e HEH B b0 Bl apbroty) FRUAAE T ¢ ne
pol ysi |l azgk and: t ved- Sl N, b .t h wat er
to form sialglgﬂngf( %P%Yﬁl n{gsgéi&%eéielgguggs %Jh%tsilb}'lgﬁg}gg]?%*@g%u e'iﬁ a
devel opi nguspidlindn deschiibed |aliet.n@fh s,y thesipiadihed Bortion
of the coating filmof the radiation sensitive conposition s dissolved
and removedst e- IS oRgFhekye 2L 11308ud Py PO dARR Pl 55 I Nhe thyl
Specifically, the photo acid generator used in this positive working

radi at i onhegasél tReroXinsi, | aZedeoEoReskiieN 14&didepe@odide PESRHE9S.
napht hoqui none di azi de sulf onate, nitrobenzyl ester, etc. Further,
benzoi n tpsybaide, suadtnicdiaefdiber&ki®y, msed1dy1PHet £oyACHEro:ERIRE NS 1

i ncl ude nitrobenzyl sulfonic acids, oniumsalts [for exanple,

bi s(4-t-bpeybphdnyl ) | ddenrpropylt angerokplbegtbadtiegni um dsiddgropgtic. | f
necessary, two or nore of these photo acid generators can be used in
conbi nat i paroxEdidarkonaite. t heiphbtto butivdicyebehartydr)s glerpaydicaibdnate,

di-2-ethoxyethyl peroxydicarbonate, di-2-ethylhexyl
peroxydicarbonate, di-3-methoxybutyl peroxydicarbonate, di(3-
methyl-3-methoxybutyl) peroxydicarbonate, a,a’-
bis(neodecanoylperoxy)diisopropyl benzene, cumyl

peroxyneodecanoate, 1,1,3,3-tetramethylbutyl peroxyneodecanoate,

l1-cyclohexyl-1-methylethyl peroxyneodecanoate, t-hexyl
peroxyneodecanoate, t-butyl peroxyneodecanoate, t-hexyl
peroxypivalate, t-butyl peroxypivalate, 1,1,3,3-
tetramethylbutylperoxy-2-ethyl hexanoate, 2,5-dimethyl-2,5-
bis(2-ethylhexanoylperoxy)hexane, 1-cyclohexyl-1-

methylethylperoxy-2-ethyl hexanoate, t-hextylperoxy 2-ethyl
hexanoate, t-butylperoxy 2-ethyl hexanoate, t-butylperoxy
isobutyrate, t-hexylperoxy isopropyl monocarbonate, t-butylperoxy
maleic acid, t-butylperoxy 3,5,5-trimethyl hexanoate, t-butyl
peroxylaurate, 2,5-dimethyl-2,5-(m-toloylperoxy)hexane, t-butyl
peroxyisopropyl monocarbonate, t-butyl peroxy 2-ethylhexyl
monocarbonate, t-hexyl peroxybenzoate, 2,5-dimethyl-2,5-
bis(benzoylperoxy)hexane, t-butyl peroxyacetate, t-butylperoxy-

m-toloyl benzoate, bis(t-butylperoxy)isophthalate, t-butyl peroxy
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napht hoqui none di azi de sul fonate type and nitrobenzyl ester type are
enuner at ed. However, the follow ng exanples are listed for nerely
illustrative purposes, and the photo acid generator used in this invention
is not limted to those enunerated bel ow. Peroxide type photao, %21%3”
generator: 3,3 ,4,4"-tetra(t- butyIperoxycarbonyl)benzophenon% AN 2004

but yl per oxy benzoate nmet hyl et hyl ketone peroxide, cycl ohexanone

per oxi de, met hyl cycl ohexanone peroxi de, nethyl acetoacetate peroxide,

acetyl acetangipeafisnddd@bohate bi S:(—bub%ﬂrﬂﬁéﬁ@a)s'iﬁﬁ perokABENY 1, 3-ai(t-
cycl ohexane, 1, 1-bis(t-hexyl peroxy)cycl ohexane,

bi s(t- butynﬁﬁnox&kaxﬂdfbéﬁbdﬁguhbbnﬁyﬁéohg&ane dl-t but yl per oxy- 2-net hyl
cycl ohexane, 1, 1- bls(t butylperoxy)cyclohexane 1,1-

bi s(t-but yINzxhik afficiEdanen. 1 P E§
4,4-bi s(t- butylperoxy)valerate 2, 2- bIS(4 4- d|-t-
butylperoxycycloHeﬂyhhphthmqulnqmeﬁQaDhamahymb{ﬂuyuatbdec atidophapylidenzene
hydr operoxi de, 1,1, 3,3-tetramethyl butyl hydropentyl peroxide, cunene

hydr oper oxilde -naph&Refuinareoden edideide24 JAN 2054 dcilithilbytide pgmmxiodey

a, a' - bi s(t-butyl peroxy)diisopropyl benzene, dicunyl peroxide,

2, 5- di net hyiti) segteqs - betwegrer éxy)hemdltoxybanyd)mimmnqoeamm dediazo-
di-t- butyl peroxide, 2,5-dinmeth 5- bis(t-butyl peroxy)hexyne-3,

i sobutyryl %éré}mer%wﬁ@ﬂapﬁébﬁwnehb@ﬂ@msmﬂ da@oneckahiny) epbexsi de,

| aur oyl perOX|de stearo J yer oxi de, succinic acid gerOX|de m_ t ol oyl

benzoyl perHGED Bedzd AragyPenzephansme aper bxgIR%rhdnadeydro-
d||sopropy% A@%r%éﬁﬁkhéie°“%F%u1?b§£c aCl&nyI%yclohexyl) per oxydi car bonat e,

r e ph i ner

:N-but yl

Nitrobenzyl tosylate, dinitrobenzyl tosylate, nitrobenzyl
chloride, dinitrobenzyl chloride, nitrobenzyl bromide,
dinitrobenzyl bromide, nitrobenzyl acetate, dinitrobenzyl acetate,
nitrobenzyl trichloroacetate, nitrobenzyl trifluorocacetate, etc.

The content of these photo acid generators in the radiation
sensitive polysilazane composition shall be a suitable amount
depending on the type of the photo acid generator and the use of the
radiation sensitive composition, and the amount of the photo acid
generator is generally 0.05 to 50% by weight, preferably 0.1 to 20%
by weight, more preferably 1 to 20% by weight relative to the weight
of the polysilazane. If the content of the photo acid generator is
less than 0.05% by weight, the rate of decomposition reaction is
significantly decreased, while if the content is greater than 50%
by weight, e.g. the resultant modified poly(sil sesquiazane) may
hardly give a characteristic dense film derived from modified
poly(sil sesquiazane).

When the radiation sensitive composition comprising the
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di - 2- et hoxyet hyl peroxydi carbonate, di-2-ethyl hexyl peroxydicarbonate,
di - 3- net hoxybut yl peroxydi carbonate, di (3- nethyl-3-nethoxybutyl)

per oxydi carbonate, CL, a' - bis(neodecanoyl peroxy)dii sopropyl benzene
cunyl peroxyneodecanoate, 1,1, 3,3-tetranethyl butyl peroxyneoaﬁ
1- cycl ohexyl - | - net hyl et hyl per oxyneodecanoate, t-hexyl peroxyné anoate

t-butyl peroxyneodecanoate, t-hexyl peroxypivalate, t-butyl
per oxypi val ate, 1, 1 3, 3- tetranet byl butyl peroxy-2-ethyl hexanoate,

et hyl ot i eiaszalls eSS ANONLREE Sy O AR, s QYA Sd bhe
t-butyl pesses Ze£d axhebee&neﬂ&@la be RUioHeR ﬁ@wa pkégeeéf,{.) e§q timde¥¥her oxy

i sopropyl™ nonocarbonate, t-butyl peroxy el ¢ aci peroxy

3,5, 5-tripmity ladiaxgBRét Ssorts, DY ex&ﬁﬁ%)ﬂﬂﬁo@%ﬁzyl sulfonate, may be
2,5-di nethyl -2, 5-(mt ol oyl peroxy)hexane, t-butyl peroxyi sopropyl

monocar bawdcmpotsealnyyé VEEY ey 1 2 afblit ey, rdTeaseatkomahe pdry¥aN¥kzane
per oxybenzoate, 2,5-dinethyl-2,5- bls(benzoylperoxy)hexane t - butyl

per oxyaceimtie rhdbatycbrpEéﬂxytnm tohpydithienz@atitg storage. In this case,

bi s(t-butyl peroxy)isophthal ate, t-butyl peroxy 23 2 JAN 2004 allyl

nonocar botted storadeltsithbi i irey A shé WHadiardrwhdenslit3vdiddmposition can be

but yl per oxydi car bonyl ) benzene, etc. Napht hoaui nonedi azi de sul fonate type

phot o aci dngrvedaipseledt ihgaplaliked i nesbs (@)t phela deidbgenefandx. afhe

chloride, 1,2-naphthoqui none-(2)-diazide-4-sulfonic acid chloride, (nono

to tri) abtaddsresigeant 2, Bhater | Agddox gearzaphenohechndes- dhako- only
iminosulfonate derivatives, disulfone derivatives and diazomethane
derivatives, but also sulfoxime type compounds such as 4-
methoxy-a-((((4-methoxyphenyl)sulfonyl)oxy)imino) benzene
acetonitrile and triazine type compounds, for example the following

compounds.

HiC. _N_ _CCh

or

CCl

CLC. _N_ _CCh

TOr

N N

OCH;

By adding a water-soluble compound as a shape stabilizer to
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5, 6 -dihydro- 5 - oxo -naphthalene - 1-sulf onic acid, (nono to tri)
esters between 2,3,4,4'-tri hydroxybenzophenone and 6-di azo-5, 6-di hydro-
5- oxo- napht hal ene-I -sul fonic acid, etc. N trobenzyl ester type photo acid
generator: Nitrobenzyl tosylate, dinitrobenzyl tosylate, nitwqﬁggﬁﬁg%

L%

chl oride, dinitrobenzyl chloride, nitrobenzyl brom de, dinitr:
brom de, nitrobenzyl acetate, dinitrobenzyl acetate, nitrobenzyl

trichl oroacetate, nitrobenzyl trifluoroacetate, etc. The content of these
photo acid generators in the radiation sensitive polysilazang congosition
shal | be atReregBrEiAmEERTLtHEDBALY Sl BPARhEOTRASE tdPIy Hbeptfsiod Udd P can
generator and the use of th di ation sensitive conposi.tiqn, and the
amount of THECRTORE SBPTPYGhne RIS He ganB ity CHLOBLY & 1559 ol B,
preferably,0.1 tqo 2Q% _by wei ght re preferab 1.10 20%.by_we{ ght

el ati ve 151 R Tesrdreant Mo Nt P8 FaBbiisd BRLY ] et Fhowm o
aci d gener at of y Ss a 9 j e e I tign
reaction i g]tl Q)l)g%PP!lvgant % %‘é%?%%fg%l%{a??#feg@hgé %é’n?gé?g?)?g}r}%g‘%tetbgt han

50% by V"egﬂg'é’\ﬁglﬂ'of he 5 eaggcggghfkgﬂn@&'ﬂ gg&nqomguwfﬁga {B¥q

hardly give a characteri nse m derive fred oly(srl

sesqui azangyr+ Weedl el AdEAT QPRGN tl}® COMposi tion conprising the 24 2
0 JAN 2004 polysilazane, for exanple the nodified poly(sil sesquiazane) and

the photo acid gENEEsbed ApodehesSLAr efnYRYs AnPredepsl ik sz dridiresonme

photo acid generators, for exanple nitrobenzyl sulfonate, my be

deconposedchyaved ayyy isH&ad1 a taivn ahd ot hMiHFeaek erbad watem i@ heoh irddsinare
to form silanol linkages. By this reaction, formation of silanol
linkages rapidly occurs in the coating film near to the surface in
contact with a hydrous atmosphere. However, the polysilazane e.g.
the modified poly(sil sesquiazane) shown in (D) above is highly
hydrophobic so that the amount of water permeating into the coating
film via the surface thereof is decreased at a site nearer to the
interface of the substrate coated, and thus formation of silanol
linkages hardly occurs in an internal part of the coating f£ilm not
contacting with the hydrous atmosphere. Accordingly, the
sensitivity of the modified poly(sil sesquiazane) coating film is
decreased from the surface of the coating film to the interface of
the substrate, to bring about a difference in sensitivity
therebetween. The present inventors found that this difference in
sensitivity causes the following problem.

As shown in Fig. 1, a modified poly(sil sesquiazane) coating
film 5 has not only a part irradiated directly with light via an
opening of a mask 1 but also a part 4 irradiated indirectly due to
irradiation “oozing” into the modified. poly(sil sesquiazane)

shielded by the mask 1. Now, when the difference in sensitivity
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in the radiation sensitive conposition during storage. In this case, the
storage stability of the radiation sensitive conposition can be inproved
by selecting an alkali - resistant photo acid generator. The

al kal i -resi stant photo acid generator includes not only i-mnosulfonate
derivatives, disulf one derivatives and di azonet hane derivatd gaiN Bt al so
sul foxi me type conpounds such as 4-

met hoxy- a- (( ((4- met hoxyphenyl ) sul f onyl ) oxy)i mi no) benzene acetonitrile and
triazine type conpounds, for exanmple the follow ng conpounds. H3C N CC13
YNOTN Y desrzribsd, abayve Griru@sHI nByha daeaiging Wdday - sdlamtle ldo¥BE0RdIAER a
shape stabilizer to 25 9 JAN 2C4 the radiation sensitive polysilazane
conposi t ifaFmedhmoreseasitibAncansiteMaEeThE| thf Sredacenpls tdrer septing
particularly significant _when the_polysilazane used is the difie
pol y(si @éwizaﬁé)e@H&M1Sﬁﬁ.lv%)angbr&?@ye@w %W’&P&MQVQQP“‘PB ers to
o At Y e, STAEoEL 'y OF SR, RS AR 10 o1
ke kS Polgelhazans AL GLERRARY b BALI O b eRstER
formati OrfLiontitS_Linlga%gl]e patterning or improvement in resolution.
The present inventors found that when a water-soluble compound
is added as a shape stabilizer, the side wall of a pattern section
can be made steep to improve resolution. That is, by adding the
water-soluble compound, the hydrophobicity of the radiation
sensitive coating film is decreased, thus promoting the access of
water from the surface of the coating £ilm in contact with the hydrous
atmosphere to the inside of the coating film. Accordingly, the
difference in the rate of formation of silanol linkages between the
vicinity of the surface of the coating and the vicinity of the
interface of the substrate , that is, the difference in sensitivity
is decreased. Thus, the irradiation energy necessary for
sufficiently dissolving and removing the region ranging £rom the part
of the coating film corresponding to the opening of the mask to the
vicinity of the interface of the substrate can be reduced, and in
consequence, the energy of "oozing light” into the part shielded by
the mask can be reduced. In the part where the energy of "oozing
light” is reduced to be too low to cleave Si-N linkages in the modified
poly(sil sesquiazane), as silanol linkages are not formed, the part
4 irradiated indirectly with “oozing light” is not dissolved or

removed at the time of development. As a result, the range of the

coating film dissolved and removed in the part shielded by the mask
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| i nkages rapidly occurs in the coating filmnear to the surface in cont act
with a hydrous atnosphere. However, the polysilazane e.g. the nodified
poly(sil sesquiazane) shown in (D) above is highly hydrophobic so that the

anount of water perneating into the coating filmvia the sur%gg@?@geof
is decreased at a site nearer to the interface of the substr ed

and thus formation of silanol |inkages hardly occurs in an internal part
of the coating filmnot contacting with the hydrous atnosphere.

Accordingly, the sensitivity of the i fied pol il _sesquiazane) coating
filmis ddér £898aef rBIRLaRY ¥B?f%ﬂ:%e ﬁhé egaﬁ%é(agitfaﬁ?t%g%ﬂemﬁ ntefi%ee of
the substrate, to bring,about a.difference in sensitivity h .
The present® Wfile nft“'b‘{ g‘og&wfite}@tbqgh%ge cﬁﬁr%?’%%i @r%l"iﬁtds s‘%"’rﬁs&lgpftv% % %%gﬁg:grg t he
foll owi ng &L0b|gnl As shown in Fig. 1, a nodified poly(sil sesquiazane)
coating fi'™% 5°has not only a part irradiated directly with light via an

[ f 1 _but al sQ. j j gt iAdi i
T adi ot on " ooz g Mo R ReRRERFESBA A, Fhie cler S0EE XeCtR bireemp |
the mask 1.ouoowhen bhendhbf eteagerblasaiiid 96 ihe Sehslhiv20plodensd | bed
above occurs in Che coati ng i?m gifaﬁo’fs I nkages are forned nore easily

inasite [i8tibR {4 URkacEmPds HIOCOoaThAY isf, WhéR thRdséhsts RA%l| of
di ssol ved and renoved by subsequent devel opnent. As a result, a side wall

3 of the paleLria SAGIIOSeRs OBk 86MHYLtHidn SAANe Vivinigy Jt thedubbisate
phenonenon was found to be one factor limting fine patterning or

i Nnprovenmentid Aneesoted ) ahe dhde pa@sest tihavpatbem fsectindn titamadbertepviay er -

sol ubl e conpound _
decreasing the energy of irradiation as described above. When the
sensitivity of the radiation sensitive composition is reduced as a
whole by adding e.g. the water soluble compound according to this
invention, the energy of irradiation necessary for sufficiently
dissolving and removing the region ranging from the part of the
coating corresponding to the opening of the mask to the vicinity of
the interface of the substrate should be increased in some cases,
but the energy of "oozing light"” necessary for cleaving Si-N linkages
in the mask-shielded portion of the modified poly(sil sesquiazane)
is also increased. Therefore the side wall of the pattern section
is made similarly steep in the case that the difference in sensitivity
of the coating is low. In short, regardless of the sensitivity of
the radiation sensitive composition, the side wall of the pattern
section is made steep by reducing the difference in sensitivity
between the vicinity of the surface of the coating and the vicinity
of the interface of the substrate.

The water-soluble compound even if insoluble in neutral water

is useful insofar as it is soluble in acidic water or alkaline water.

This is because when the water-soluble compound is soluble in acidic
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is added as a shape stabilizer, the side wall of a pattern section can be
made steep to inprove resolution. That is, by adding the water-soluble
conpound, the hydrophobicity of the radiation sensitive coating filmis
decreased, thus pronoting the access of water f romthe surface of the
coating f ilmin contact with the hydrous atnosphere to the 2 §sJAN208% t he
coating f ilm Accordingly, the difference in the rate of formation of
silanol |inkages between the vicinity of the surface of the coati ng and
the vicinity of the interface of the substrate , that is, the dif erence

0 el oot 3, S50, ¢l gt no E*ieTSP?ZZ?%’?:“’Zﬁﬁ?awd“@@*gi?fpz:t
o o i g P o il e Eie
ﬁggieg;ﬁn‘ﬁ% erré hk Eﬁ’&rxﬁ'ﬁaﬁ} %?? 5?&?‘1 aping 8O¥Wél%?’§ Psfﬁ‘“&@a%c? tPe 4 he
reduced t o be %@W‘S&P%‘*’% gpsﬁt where Lt‘]k:}lgaggglin OJOlu(Egé#ln 1p b%{lyfm I
sesqui azane), tﬁﬁa 3%399'0 : %&?Qﬁ:onﬁfr?e gﬂhé? %gq:het&?atﬁ%” éhé &h@%@t ed

indirectly w 00ZI Ng 0 I'SSO reno at the tinme of

devel opne g f 0, i l5 d
renoved |ﬁft Sg?‘f'f‘z |ltesl 8£§‘€%€/@h§nﬁatrw%7th% gi%%%é‘zdgg? ?s@gg‘ggngMer eby

the side ﬂ\@év}eél Qﬁetx}hﬁzlﬁﬁtt?%f‘ t38CEHHhdeS ofBEl: coheeRy AMAttHOScRheter ably
the side wall stands upright as showmn in Fig. 2. It can be easily

under st oogr tihad inftershde o@ldhedlsubBerged tay redmeeli.on can be nade steep
regardl ess of the sensitivity of the

The water-soluble compound in this invention may be a single
compound or polymer. The solubility of the water-soluble compound
may be about at least 0.01 g./ 100 milliliters in neutral water, acidic
water or alkaline water, and it is not always necessary for the
water-soluble compound to be readily soluble. As described later,
it is preferable that the water-soluble compound is uniformly mixed
with the radiation sensitive composition, and thus it should have
sufficient compatibility with the polysilazane and the solvent.

Examples of such compounds include 2-nitroaniline, 3-
nitroaniline, 4-nitroaniline, 2-nitro-4-aminotoluene, 3-nitro-2-
aminotoluene, 3-nitro-4-aminotoluene, 4-nitro-2-aminotoluene, 5-
nitro-2-aminotoluene, 6-nitro-2-aminotoluene, 4-nitrobenzene-
azo-orcinol, 1-(4-nitrobenzene sulfonyl)-1H-1,2,4-triazole, 5-
nitrobenzimidazole, 4-nitrobenzyl acetate, 2-nitrobenzyl alcohol,
3-nitrobenzyl alcohol, 4-nitrobenzyl alcohol, nitrocyclohexane,
l-nitropropane, 2-nitropropane, nifedipin, 2,7-dinitrofluone,
2,7-dinitro-9-fluorenone, 3,3’ -dinitrobenzophenone, 3,4"'-
dinitrobenzophenone, propylene carbonate, ethylene carbonate, amide

compounds such as trifluoroacetoamide, trifluoroacetate ammonium
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radi ation sensitive conposition. That is, when the sensitivity of the

radi ation sensitive conposition in the vicinity of the substrate is

i ncreased, the side wall of the pattern section is nade steep by
decreasing the energy of irradiation as descri bed above. Wen,the
sensitivity of the radiation sensitive conposition is reduce d9JAN hol e
by adding e.g. the water soluble conpound according to this invention, the
energy of irradiation necessary for sufficiently dissolving and renoving

t he region rﬁngin fromthe part of the coating corresponding to the

openi ng of SBHE: L-§OtHBLG | 3P BPLYPRE. iWRtEFT S2EURTE (RO uRt e
shoul d be increased.in so cases but the, ener f "oozjng light"
necessary f" ?eET%% Bis PN aBRLYMG Ty tﬁEcnasg%%ﬁilg\lgﬁﬁi%on?%?Fa&let he
modi fied pol il uiazane) . is alsg increased. Therefore the side wall
of the pat VerRTseefiot” FEREhaes ol Pl ClEli e na-BaltSeitinhe tlT
erence in of t aying s | In s regar t he
sensi t i vi t?ﬁg?béﬂtl%ieﬁ?/ea'di L2 BeE8al, fldtornne, #(;éyhlemgi Gelafindle | e

pattern Sethyothd SdilhatECRRa e f SIUCINGIENSCHY LLOnRAGRLD. Sensi Livi Ly

between th cinity of the surface of the coati vicinity of the
interface of therfdhadfedl @o1dBe HRIousR E?'a%d‘elﬁnﬁé’%ghﬁ%érbﬁafbﬂﬁl%f uhl e in

neutral water is useful insofar as’it is soluble in acidic water or

al kal i ne wahesmounthbf hsudBGAHSE1 WEBokhSy Watight S&t 4hlkepsBpPaLREnkS i ubl e
in acidic 28 2 9 JAN 2004 water, the |light-exposed part is made acidic by

an aci d geegamped the onddieigehqiolydeid gesguaaddne and Thieedptimué BwLtiiy e in
al kaline water, the perneability of an devel oping solution is pronoted at
t he ratio is varied depending on the characteristics of the individual
water-soluble compounds, but if the content is less than 0.01% by
weight, the effect of improving the slope of the pattern wall is not
sufficient, while if the content is greater than 50% by weight, there
occurs problems such as defects and insufficient strength in the
physical properties of the film after development. The amount of
the water-soluble compound added is preferably 0.05 to 40% by weight,
more preferably 0.1 to 30% by weight relative to the polysilazane.
The radiation sensitive composition is prepared by adding the
photo acid generator and the watei:-soluble compound as the shape
stabilizer to the polysilazane. The photo acid generator and the
water-soluble compound are preferably uniformly mixed, and for this
mixing, it is preferable that the polysilazane, the photo acid
generator and the water-soluble compound are mixed under vigorous
stirring, or the respective components are mixed after dissolved in
a solvent described later. In particular, when the photo acid
generator and the water-soluble compound are solid, it is preferable

that the components are once dissolved in the solvent and then mixed.

When these components are added, the temperature and pressure
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time of devel opnent with an aqueous al kaline solution. In either case, the
access of water f romthe surf ace of the coating to the inside of the
coating is pronoted, and thus the dif f erence in sensitivity between the
vicinity of the surface of the coating and the vicinity of the interface
of the substrate is reduced. The water-sol uble conpound in tIgs  JANENLi oNn
may be a single conpound or polyner. The solubility of the water-soluble
conmpound nmay be about at least 0. 01 g/100 milliliters in neutral water,
acidic water or alkaline water, and it is not always necessary for the

wat er - Sglﬁ \al %o%oﬁie Wa,EJtlgr? O&‘i@ﬁ‘tébﬁ, S%ln'dblc}ﬂ’xega‘scﬁfsﬁé' Redehaker .rodnt IS

prefera hat er- e conpoun ormy mxed wth the

radi at§ o8B0zt LS oFATRABLLHARS 0 4A4ShNS, | bioBOULd thauSroclibs! i

conpat i bi y Wt ySi[azane and the solvent. Exanples of such

corrpound%h'en%a_d&lgnnb%égaebl ke, advahbpmemt | 508y degbtiveanildtes, are
2-ni tro-4-am not ol uene tro-2- am notol uene, 3-nitro-4-an notol uene,

4-ni tro- Zoadh80L@|deeReab Dy iR i rbridntel gbtiesftabnitid 10gRt aivaagoiheene,
4-ni trobenzene- azo-orcinol, 1-(4-nitrobenzene sulfonyl)-1H1,2,4-triazole,

5- nitroheRzkeidnzedmsitdval %@@myﬁh afettake phat i ddicbejengradbe oberd,
3-nitrobenzyl al cohol, 4-nitrobenzyl alcohol, nitrocycl ohexane,

1- ni t r oppeEBeably Nirt ofaskapiace) fiadbpder t&y prdivent refditatdon of the
2, 7-dinitro-9-fluorenone, 3,3 -dinitrobenzophenone, 3,4'-

di ni t r obgmoapheobdegerarappicene car bonat e, et hyl ene carbonate, am de

conmpounds such as trifluoroacetoam de, trifluoroacetate amonium 29 2 9 JAN
2004 The radiation sensitive poly51lazane composition comprising

the polysilazane and the photo acid generator used in this invention
may contain a sensitizing dye if necessary. For example, there is
a photo acid generator such as 3,3',4,4"'-tetra(t-
butylperoxycarbonyl )benzophenone, which is excited at a wavelength
shorter than about 330 nm. When the photo acid generator whose
radiation sensitive range is in such a short-wavelength range is
irradiated with light by an excimer laser such as KrF type (248 nm),
ATF type (193 nm), etc., the photo acid generator is directly excited
by the irradiation, thus making it unnecessary to use a sensitizing
dye. However, when an inexpensive light source such as a high-
pressure mercury lamp (360 to 430 nm) is used, the photo acid generator
can be excited indirectly by combining it with a sensitizing dye to
be excited in the corresponding wavelength range, and the exposure
can be conducted using an inexpensive light source such as a
high-pressure mercury lamp (360 to 430 nm). The sensitizing dye
includes coumarin, ketocoumarin and derivatives thereof, pyrylium
salts, thiopyrylium salts, and dyes such as cyanine dyes,
carbocyanine dyes and styryl dyes. These sensitizing dyes are used

in an amount of usually 0.05 to 50% by weight, preferably 1 to 20%
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salt, water-soluble acrylic polyner, water-soluble epoxy polyner,

wat er - sol ubl e nel am ne polyner, etc. Particularly preferable water-soluble
conpounds are 2-nitroaniline, 3-nitroaniline, 4- nitroaniline,

2-ni tro-4-am not ol uene, propyl ene carbonate, ethylene carbonate and

wat er - sol ubl e acrylic polymer. The water-sol ubl e conpound is aiflehNadilh
shape stabilizer in an anount of usually 0.01 to 50% by wei ght of the

pol ysi l azane, for exanple the nodified poly(sil sesquiazane). The optinmm
mxing ratio is yarie geﬁendin n he_ﬁharacteristics of the individual
wat er - sol ubP® WeodpsuRasathre ¢ POOHPLNEZ3 1 ess than 0.01% by wei ght,
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relative t zane. The ra n sensitive ositiron’is

prepared by, @G 29k iRy 1L5GhQ-AF) ,%Qﬁﬁﬁ\é‘cf?{rl—aﬁ-%ﬁ NRh8EoGRURI, € 2cpground

as the shape stabilizer to the pgﬁ ysil azane. The photo acid generator and

the water -@gﬁétmyqaﬁgﬂggg?gyﬁy%ﬁi@fyqr ably updfigam y m xedgi@nd for this

mxing, it is preferable that the polysilazane, 'the photo aci d_ gener at or
and the wat@iet3gi1uhl 8o6etmarE, aﬁedﬂétq?dlwﬂl@@r-wmgﬁﬁﬁl@oun&tﬁihtl ng.3,8 6t he

respective conponents are m xed after dissolved in a solvent described

| ater. |n pHEi td-wearahyblieo- § e fhdiquiacl ddigener aaqn -ghcolitansat, er - solzubl e

conmpound are solid, it is preferable that the conponents are once

di ssol ved idgieathylaplinent - bnif 1eromathgdcoifiemnin hese cofpdmseatlsylsamdnadded,

the tenperature and pressure
trifluoromethylcoumarin, 7-amino-4-trifluoromethylcoumarin,
2,3,5,6-1H,4H-tetrahydroquinolidino-<9,9a,1-gh>coumarin, 7-
ethylamino-6-methyl-4-trifluoromethylcoumarin, 7-ethylamino-4-
trifluoromethylcoumarin, 2,3,5,6-1H,4H-tetrahydro-9-carboethoxy-
quinolidino—<9,9a,Vl—gh>coumarin, 3-(2'-N-methylbenzimidazolyl) -
7-N,N-diethylaminocoumarin, N-methyl-4-trifluoromethyl-
pyperidino-<3, 2-g>coumarin, 2-(p-dimethylaminostyryl)-benzo-
thiazolyl ethyl iodide, 3-(2'-benzimidazolyl)-7-N,N-diethylamino
coumarin, and 3-(2'-benzothiazolyl)-7-N,N-diethylaminocoumarin,

as well as pyrylium salts and thiopyrylium salts represented by the

following formula:
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30 2 g JAN 2004 are not particularly Iimted, and they can be added at room
tenperature and at nospheric pressure. However, the procedures from the
addition step to the devel opnment step described |later are conducted
desirably in environnents not containing |light having the radiation
sensitive wavel ength of the photo acid generator used, pregﬁé ghy gn a
dark place, in order to prevent excitation of the photo aci § é@ or

The radi ation sensitive polysilazane conposition conprising the

pol ysi -l azane and the photo acid ggnerator used in this invention may
contain a sensitizing dye if necespary. For exanple, there is a photo acid
generator such as 3,3',4,4' -tetraft~_butyl peroxycarbonyl) ben zophenone,
which is excited at a wavel engt rter t han about 330 nm When the photo
aci d generator whose radiation!gengjtive range is in such a

short-wavel ength range is irradiafed with |ight by an exciner |aser such
as KrF type (248 nm, ArF type (1P3 nn), etc. , the photo acid generator
Fation, thus making it unnecessary to use
a sensitizing dye. However, n anlii nexpensi ve |ight source such as a

hi gh- pressure nercury | anp p_ i s used, the photo acid
generator can be excited niiﬁfining it with a sensitizing dye
to be excited in the cor ygt h range, and the exposure can
be conduct ed usi ng angi . poht 3edrcersuch as a high-pressure
mercury lanmp (360 to 430 nn). The Sensitizing dye includes coumarin,

ket ocoumarin and derivatives thereof, pyrylium salts, thiopyryliumsalts,

and dyes such as cyani ne dyes,

X R, R, R, Y

S OC,H, H H BF,
S OC,H, H H BF,
S OC,H, OCH, OCH, BF,
S H OCH, OCH, BF,
S | N(CH,), H H Cl0,
0 oC,H, H H SbF,

Other examples of the sensitizing dye include the following

compounds:
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car bocyani ne dyes and styryl dyes. These sensitizing dyes are used in an
anmount of usually 0.05 to 50% by weight, preferably 1 to 20% 31 2 9 JAN
2004 by weight relative to the polysilazane. Specifically, the sensitizing
dye used in the radiation sensitive polysilazane conposition includes
p-bi s(o- nethylstyryl)benzene, 7-dinethylani no-4-methyl qui nol og-23anN 2004

am no- 4- net hyl coumarin, 4, 6-di net hyl -7-et hyl am nocounmarin, 2-(p

di met hyl am nostyryl)-pyridyl methyl iodide,7- dlethylanlnocounarln

7-di et hyl am no- 4- et hyl coumarin, 2, 3, 5, 6-

1H, 4Ht et r ahydr o- 8- net hy, nol i di no-<9, 9a, | - gh>counarin, 7-

di et hyl am no-4-trifl uor @ | coumarin, 7-dinethylam no-4-

trifluoromethyl courmarin, am no-4-triflu

onet hyl counarin,

) : ] e ui| rin, 7-
et hyl am no- 6- et hyl - 4-t r\f | gor onret gy %{T&yl am no- 4-
trifluoronethylcoumarin, 2,3,5,6-1H, 4FLte rahydro 9- car boet hoxy-
qui nol i di no-<9, 9a, 1-gh rin, 3-(2'-N-nethyl benzi m dazolyl)-
7- N, N- di et hyl am noco nmet hyl -4-trifl uoronet hyl -
pyper | di no- <3, 2- g>cougQe 2 (p- di net hylkari nostyryl) -benzo- thiazolyl
ethyl iodide, 3-(2'- benZ|Hﬁdazr}ﬁL? ‘ o'eqﬂnh%nlno coumarin, and
3-(2' -benzot hiazolyl)-7-N, N-di et am ny Ar i as well as pyryliun1
salts and thiopyryliu al represented by the following fornmula: 32 2 9
JAN 2004 XR1R2R3Y | A

~
N
CH=CH—CH=CH©— N(CHs),

Prr

COONa

HsC,00C

I >:CH CHj: >:s

C2H5

H,C
L/HzCOOK

@ Ne=CH- CHT s

CI{
2Hs C2H5
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SOCQHOHHBF4 SOCAH9HHBF4 SOCAH9OCH3OCH3BF4 SHOCH3OCH3BF4 SN( CH3) 2HHC102
O0OCAHOHHSbF6 Ot her exanples of the sensitizing dye include the follow ng
conmpounds: 33 2 C JAN 20D4 CH=CH K\ ,}-N(CH3)2 N(CH3)2 H3C N(CH3)2 N(CH3) 2
CHCHS ONCGCHCHS CH2COOK S (41- N | CZHSCI—I=CI—I—CI—I=CHG§|=%
HSCZOOC~) S £ JAN 2004

Particularly preferable sensitizing dyes are 7-
diethylamino-4-methyl coumarin and 7-diethylamino-4-
trifluoromethyl coumarin.

When the sensitizing dye is used, the resultant coating may
be colored. When the coating is used as a resist such as an etching
resist, the resist is removed after desired patterning processing
is finished, and thus coloration of the resist is hardly problematic.
However, when the patterned coating is burned and used without
removing the coating after patterning, fbr example when the burned
coating is used as an inter-layer dielectric in a display, there are
some cases where the burned coating should be transparent to visible
rays. In these cases too, the coloration is hardly problematic
because when the coating is burned, the sensitizing dye is generally
decomposed by the photo acid generator contained in the radiation
sensitive polysilazane composition, tomake the coating transparent.
However depending on the intended use, there are some cases where
the coating should be further transparent and colorless. In these
cases, an oxidization catalyst capable of decomposing the
sensitizing dye during burning of the coating but not participating
in the photo-reaction may be added rseparately to the radiation
sensitive polysilazane composition. Examples of such oxidization
catalysts include organic metallic compounds and fine particles such
as palladium propionate, palladium acetate, acetyl acetonate
platinum, ethyl acetonate platinum, fine palladium particles, and
fine platinum particles. When the oxidization catalyst is added,
the amount of the oxidization catalyst is generally 0.05 to 10% by

weight, preferably 0.1 to 5% by weight relative to the polysilazane.
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1' H3C-- -N CH5 S 34 |1 S JAN 2M Particularly preferable sensitizing dyes
are 7- diethylam no-4-nethyl coumarin and 7-diethylam no-4- trifl uoronethyl
coumarin. \Wen the sensitizing dye is used, the resultant coating may be
colored. Wien the coating is used as a resist such as an etcglj resi st,
the resist is renoved after desired patterning processing i %sﬁN§W@d, and
thus coloration of the resist is hardly problematic. However, when the
patterned coating is burned and used without renoving the coating after
patterning, for_exanple when the burned coating is used as an inter-|ayer
di el ectric Bh adding|the entigatien sghdl¥akestibetNeIsssaay nddec6aki R§
shoul d be transparent tq visible rays._ In these cases too, the coloration
is hardly ﬁ@?ﬁﬂ&%ﬂ%ﬁdcange@éﬁgelﬁﬁ%%'t?ﬂ?(ﬁiﬂﬁ%ﬁ?“FQUBEYn%QEquiéogeﬂgiPﬁ?ing

dye is generally . deconposed by the photo acid generator contained in the
radi ati on Eéiﬁ#%%Qﬁ?nﬁgR9§?l%. 9?09683P?i9ﬁﬁmé£? ke the coating
transparent. However. depending o he, .l nt ended.use, there S cases
where the coati GG 5@%58??#&%Fté%g:ﬁgﬁgﬁf‘ogp%encsoﬁ &P’F%@Yﬁ%ﬁ%tz ese

cases, an ot zalion oy alysl, capable of dSGaRPRSaG! Nepoens! Lhzhagedye

during burning o ing bu icrpatin O-reaction

may be addeﬁe%ﬁsfa{ﬁépqacgggl éﬂ.}ptsglta fné?%]}:@é.ﬂﬂess SRS hia¥8nkos Yahd & 1ent in

conposition. such o ation
accuracy of pattern can be obtained. Examples of pigments that can

be added to the polysilazane composition include graphite, carbon
black, titaniumblack, iron oxide, copper chromium black, copper iron
manganese black, cobalt iron chromium black, etc. The amount of the
pigment added is generally 0.05 to 1000% by weight, preferably 10
to 500% by weight relative to the polysilazane.

To improve the efficiency of development, a compound known
as the so-called dissolution inhibitor in this technical field can
be added to the radiation sensitive polysilazane composition. The
general dissolution inhibitor can, owing to its hydrophobicity,
prevent the polymer in the unexposed portion of the coating film from
being dissolved in an alkali developing solution, while in the
light-exposed portion, the dissolution inhibitor itself is rendered
hydrophilic by degradation by exposure to light or by the photo acid
generator, thus promoting the decomposition of the polymer. As
described above, the polysilazane is not dissolved in the developing
solution, and thus the advantage of the ability of the dissolution
inhibitor to prevent dissolution of the unexposed portion is hardly
en jéyed, but the ability thereof to promote dissolution of the exposed
portion was found to act advantageously. That is, the rate of

dissolution of the light-exposed portion is increased by adding the
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catal ysts include organic netallic conpounds and fine particles such as
pal | adi um propi onate, pall adi um acetate, acetyl acetonate platinum ethyl
acetonate platinum fine palladiumparticles, and fine platinumparticles.
Wien the oxidization catal yst is added, the amount of the o 'gbé&t'gp
catalyst is generally 0.05 to 10% by weight, preferably 0.1%4 %@

wei ght relative to the polysilazane. 35 r~ 2 9 JAN 2004 By addi ng the

oxi di zation catal yst, the unnecessary dye can be deconposed and

di scol ored, and sinultaneously conversion of the polysilazane into

ceram cs gara1gelr oaRs sshutBoraddinRgbacdy grent the theaiaeici | gensensvd i ve
pol ysil azane conposition, a color filter or black matrix superior in heat
resi st ancgolyidigakahengoppePeridrgs anad ihacdnssguantk exar ledfticiiancyacefir acy
of pattern can be obtai ned. Exanples of pignents that can be added to the
pol ysi | azaselopmpasi tecan ibec| ixdergregiphi t Exanpldéon ofbl ankh tditssoilubidn ack,

i ron oxi de, copper chrom um bl ack, copper iron manganese bl ack, cobalt

i ron chr omhiniltoask inetude Thewmwaynaridnytlhd hepegnefitendosbni $ogeaeitt | y
0.05 to 1000% by wei ght, preferably 10 to 500% by weight relative to the
pol ysi | azB@®") Tociatprbek. t het €00 ci brdyomfingmee| optrebutyh c@gsstnd Rhown
as the so-called dissolution inhibitor in this technical field can  be
added to be¢rzaphenanpoh. erdiqanhexydigsiacithne tebippdi teo¥eT Tfe 4géneral

di ssolution inhibitor can, owing to its_hydrophagbicity, revent the

pol ymer |9¥X4kPQEﬁéﬁp6§E@ FRﬁQ| oﬂh%ﬁdﬁﬁﬁélegé??r&PﬁqutﬁF FRBNR in

di ssolved in an alkall devel solutjo in_t
the range of 0. APOD% % weight, pre era%ly 1 po 30% by welght

relative to the radiation sensitive composition.

When a solvent is used in the radiation sensitive polysilazane
composition, it is preferable to use as a solvent, for example,
aromatic compounds such as benzene, toluene, xylene, ethylbenzene,
diethylbenzene, trimethylbenzene and triethylbenzene; cyclohexane;
cyclohexene; decahydronaphthalene; dipentene; saturated
hydrocarbon compounds such as n-pentane, iv-pentane, n-hexane, i-
hexane, n-heptane, i-heptane, n-octane, i-octane, n-nonane, 1i-
nonane, n-decane and i-decane; ethylcyclohexane; methylcyclohexane;
p-menthane; ethers such as dipropyl ether and dibutyl efher; ketones
such as methyl isobutyl ketone (MIBK); esters such as butyl acetate,
cyclohexyl acetate, butyl stearate and ethyl lactate; ethylene
glycol monoalkyl ethers such as ethylene glycol monomethyl ether and
ethylene glycol monoethyl ether; ethylene glycol monoalkyl ether
acetates such as ethylene glycol monomethyl ether acetate and
ethylene glycol monoethyl ether acetate; propylene glycol monoalkyl
ethers such as propylene glycol monomethyl ether and propylene glycol
monoethyl ether; and propylene glycol monoalkyl ether acetates such

as propylene glycol monomethyl ether acetate (PGMEA) and propylene
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| i ght - exposed portion, the dissolution inhibitor itself is rendered

hydr ophili ¢ by degradati on by exposure to |ight or by the photo acid
generator, thus pronoting the deconposition of the polyner. As described
above, the polysilazane is not dissolved in the developing solution, and
thus the advantage of the ability of the dissolution inhibit28 JAN ﬁﬁ%vent
di ssol ution of the unexposed portion is hardly enjoyed, but the ability
thereof to pronote dissolution of the exposed portion was found to act
advant ageously. That is, the rate of dissolution of the |ight-exposed
portion is 9HEGdaBeROByhEEHGT: AeeBELS: JHNEROdIpSSoSe YRk aresetat.i WO
inhibitor to the radiation sensitive _polysilazane 'conposition, and in
consequence T {r&e FPFX?%FI%J“E’@T bed@&é?%pﬁhrﬂrd@éfnt%er%ﬁi%@eﬁhe ESQipHds tef
such dISSO|L¥ éﬂ] 3 b#tors i ncl yde t- butoxgcarbonyl (hereinafter refer to
as "t- Cafe PROY S LaERRe R tdurAbReOt t YﬁH%HatégPe?fcﬁhe solvents.

benzophenone 4, 4 dlcarbo y)ic aci butyl ester of 4,4'- di benzi c
acid, etc. The le&olaﬁl?PBﬁ hﬁﬂpﬁ’lrfc&Pnia‘ﬁtut% Yenthused ds Qﬁb negl int o

Ooob f 30% b | h
sl ive! S ReFL TR e 2ol IndBE Y BRHELGn i Bhe " Foriiata BrDR oblye
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cycl ohexane; cyclohexene deca ene; di pentene; saturate
hydr ocar borcenparaunds suehrrs tﬂi@ﬁﬁ@@é‘%f the&A%g P1lifXadRe do1uBRAREG

n- heptane |-heptane n- oct ane, i-octane, n-nonane, |-

is also varied depending on the average molecular weight, the
distribution of molecular weights, and the structure of the
polysilazane used. The solvent is used desirably in an amount such
as the concentration of polysilazane being made usually 0.1 to 50%
by weight, more preferably 0.1 to 40% by weight in consideration of
the stability, production efficiency, coating property and so on of
the polysilazane.

The radiation sensitive composition of this invention can
contain suitable fillers and/or extenders if necessary. Examples
of the fillers include fine powders of oxide type inorganic materials
such as silica, alumina, zirconia and mica or non-oxide type inorganic
materials such as silicon carbide, silicon nitride, etc. Depending
on the intended use, metallic powders such as aluminum, zinc, copper,
etc. can also be added. As these fillers, there may be used ones
having various forms such as needle (including whiskers), granular
and scale forms singly or as a mixture of two or more kinds thereof.
Further, the particle size of these fillers is desirably smaller than

the thickness of the coating film which can be applied once. The

amount of the fillers added is in the range of 0.05 to 10 parts by
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nonane, n-decane and i-decane; ethyl cycl ohexane; nethyl cycl ohexane;

p- ment hane; ethers such as di propyl ether and di butyl ether; ketones such
as nethyl isobutyl ketone (MBK) ; esters such as butyl acetate,

cycl ohexyl acetate, butyl stearate and ethyl |actate; ethylen% ¢%I %@h
nonoal kyl ethers such as ethyl ene glycol nononethyl ether and % ﬁél %

gl ycol nonoethyl ether; ethylene glycol nonoal kyl ether acetates such as
et hyl ene gl ycol nonomethyl ether acetate and ethylene glycol nonoethyl

et her acetate; propylene glycol nonoal kyl ethers such as propyl ene egcoI
nmonomnet hyWeégfhfe«r P&A glﬁ?b@lﬁ@%ﬁ?é@ﬂy Horide RprIetHe©: 2ahtl HiARHSe

gl ycol nonoal kyl ether acetates such Yyl ene gl ycol nononet hyl ether
acetate (PEMER) PSTdPBFEPYY eviait oot ﬁﬁhpghléa 1372786 nonoet hyl et her

acetate. Wen these s | vents are ?sed nDr o| vent srﬁgy be m xed

in order to regtfat® %ﬂ?%?&lﬁﬁpﬁ} §VecﬁéT9R§%iSPQSP 1R Hve é OPaf"8Y of
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used. heaset by A dfhesachopamanent Ludhecadiatl an sensiddnser.
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and the tAhi EKQ%ﬂ?chzfert he C(m%:ﬁ} Zﬁ’ HohBe heaﬁﬁegll?' (L:lh{::Y-%élﬂi_xl ﬁs %aki gg

depending o € average wei ght drstri nol ecul ar
wei ghts, gpdeddig~structure of the polysilazane used. The solvent is used
desirably in an anmpbunt such as the concentration of polysilazane being

nmade usual ly 0.nd @addd%riby y&iditiveps By RiARNabEmpbsh tienddodnpiveght in

consideration of the stability, production efficiency, coating property

and so onofAto an arbitrary substrate such as silicon substrate, glass
substrate, etc. by a known coating method such as roll coating, dip
coating, bar coating, spin coating, spray coating, flow coating and
brushing, to form a coating £film thereon. A printing method may be
used in place of the coating method. 1In this invention, the coating
film encompasses a film formed by a printing method. If necessary,
the coating is dried and pre-baked (heat-treated) in order to decrease
the amount of gas to be removed. Pre-baking can be conducted at a
temperature of 40 to 200°C, preferably 60 to 120°C, for 10 to 180
seconds, preferably 30 to 90 seconds on a hot plate or for 1 to 30
minutes, preferably 5 to 15 minutes in a clean oven. If necessary,
the radiation sensitive composition may be applied repeatedly until
the desired thickness coating is obtained. The desired thickness
is for example 0.05 to 2 pm for photoresist, 0.5 to 4 um for an
inter-layer dielectric, or 0.3 to 3 um for color filter or black
matrix.

The coating film formed from the radiation sensitive

polysilazane composition is then exposed with 1light. In this

exposure step, a light source such as high-pressure mercury lamp,
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t he pol ysilazane. The radiation sensitive conposition of this invention can
contain suitable fillers and/or extenders if necessary. Exanples of the
fillers include fine powders of oxide type inorganic materials such as
silica, alumna, zirconia and m ca or non-oxide type inorganiiﬁ%gg&ﬁyials

such as silicon carbide, silicon nitride, etc. Depending on : ded

use, netallic powders such as alum num zinc, copper, etc. can also be
added. As these fillers, there may be used ones having various forns such
as needl e (including whiskers), granular and scale fornms singly or as a
m xture of leworreessore nanwmiyyt Aempofmetalriedhde, lanip penphclanpsi gEcHnex hese
fillers is desirably smaller than the thickness of the coating filmwhich
can be appllaEeron&erayhe ele@iAn diavtshe efficl| €p8 beldesrq sAgnendRadr ahgehef
0.05 to 10 parts by 38 2 9 JAN 2004 wei ght, par;icularL¥_preferably in the
range of 0.28d4iat30psensigyivegppae Perthearedbytifn sensétivaPaisydnranane.
The radi ation sensitive conposition_of this invention nag further contain
a | evel i ng SRIRPSItioRer FARYSFPHGERt 11Nt abtrakiatien i§ertndurtsd 4pustber, a
pH adj uster, .a dispersant surf ace dif jer, _.a plasticizer, a.drying
bromot er, Al BRTCOadiAT agirionY T He eked Finen#Lesar Ao SdhstT | ve
pol ysi |l azane co si%ion is applied,. onta an _arbitr.a ubsirate 5 S
silicon subd n}léjt%g], ua %rssproscﬁgsprngt’ejzh%]t—%.1sn>9535k%01 l’hxcéog’ Vﬁ%ér‘rvev égﬁ th as
roll coati @ioPr o SO LY i i t i | ow
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coating and ~ brushi ng, bo ?oﬁﬂia coatin %ﬁ:n1t ereon.Iipprlgf?%b net% d
may be as the irradiation 1light. Particularly, a light of 430 nm in

wavelengthisbftenusedforailiquidcrystaldisplay. In these cases,

a combination of the radiation sensitive composition of this

invention and the sensitizing dye can be advantageously used as

described above.

The amount of light energy irradiated in exposure is varied

depending on the light source used and the thickness of the coating,

but is usually 0.05 mJ/cm2 or more, desirably 0.1 mJ/cm2 Oor more.

There is no particular upper limit, but it is not practical that a

dose of irradiation is set in too high levels because of possibility

of halation and from the relationship with the treatment time. It

is usually preferable that the amount of light energy irradiated is

not greater than 1000 mJ/cm?. Exposure may be conducted generally

in the ambient atmosphere (in the air) or in a nitrogen atmosphere,

but an atmosphere enriched in oxygen may also be used in order to

promote decomposition of the polysilazane.

By exposure of the radiation sensitive polysilazane
composition containing the photo acid generator, an acid is generated
in the 1light-exposed portion, whereby Si-N 1linkages in the

polysilazane are cleaved and react with moisture in the ambient
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used in place of the coating nethod. In this invention, the coating film
enconpasses a filmformed by a printing nmethod. |If necessary, the coating
is dried and pre -baked (heat -treated) in order to decrease the anount of
gas to be renoved. Pre-baking can be conducted at a tenperat ;%%y&{ﬁ)ﬂ@ to
200' C, preferably 60 to 1200C, for 10 to 180 seconds, prefer (’5
seconds on a hot plate or for 1 to 30 mnutes, preferably 5 to 15 m nutes
in a clean oven. |If necessary, the radiation sensitive conposition may be
applied repeatedly until the desired thickness coating is obtained. The
desired tlideppese. i Inf @bnexqEce 8idnd1o (8ipoH f QhinpaGEOLesi fdrmed. &nd 0 4 pm
for an inter-layer dielectric, or 0.3 to 3 Vmfor color filter or black
matri x. Thee poaybNladdreni§ademihgdosed.t het nadpat t crulsenygi désirabiel yisal azane
conposition is then exposed with light. In this exposure step,-a |ight

sour ce sugie asatighiqr esengictiver cpolydidmzand9 expdséAN i2004ubimetmdestur e
mercury |l anp, netal halide | anp, xenon | anp, excinmer |aser, X-rays,

el ect r on maishendng. treatnen tus edhele patdimngsofed lontiadpuslyritsdhsi £1e range
of the radiation sensitive polysilazane conposition. Patternw se |ight

i rradi atilm thg souridifendug usieaitmgntusthwyagigce eericitm@iedpto C4PAVRES a- fi ne
processi ng such as sem conductor processing, there is used a |light having
wavel engt®f S¥-N3bbnkages38chen re(gqadqqily r @¥nch C4RIPIRG Satelist c’iﬂ PIPAAHS
general ly asthelrradlatlonllg Particularly, a._li ht 430 n n
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conbi nati l())g c%fnttaggeé adlt%t 4:1(1)&[,] rS %ri%'t'ib}{ eseCn0 erolgletf)o(?Lqu?Lflatz ane composition

a

is increased, the rate of decomposition of the polysilazane is also
increased. But when the humidity of the gas is too high, there is
a danger of condensation of the moisture in the gas on the surface
of the film formed from the radiation sensitive polysilazane
composition. If moisture condensation occurs, there are instances
where decomposition of the polysilazane proceeds in only a surface
area of the film. The reason is estimated as condensed water can
move only as an apparently large molecule due to hydrogen bonding.
Further there are instances where a part of the light-exposed region
cannot be removéd by development with an aqueous alkaline solution,
that is, development residues may also occur. The Vreason is estimated
as the rate of decomposition of the portion to which condensed water
adheres is decreased. Accordingly, the humidity of the gas should
be regulated in such a range that moisture condensation does not occur
on the surface of the coating film. The humidity of the gas expressed
in terms of relative humidity to the temperature of the substrate
is 35% RH or more, preferably 40% RH or more and more preferably 50%
RH or more. There is no particular upper limit of the relative

humidity, but moisture condensation may occur at too high humidity
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invention and the sensitizing dye can be advant ageously used as descri bed
above. The anpunt of light energy irradiated in exposure is varied
depending on the light source used and the thickness of the coating, but
is usually 0.05 M/CW or nore, desirably 0.1 M/CM2 or nore. There is no
particular upper limt, but it is not practical that a dose of 2i% JANi288% on
is set in too high |evels because of possibility of halation and f rom
the relationship with the treatnment tinme. It 1is usually preferable that
the amount of light energy irradiated is not greater than 1000 M/CWV .
Exposur e megs sesconbadtakpusonandl fyom jthisheiewibdiatt, atgasphéhea (Wedatheeair)
or in a nitrogen atnosphere, but an atnosphere enriched in oxygen nmay also
be used in Bttty ofpPBEORE ed@fsoseni B BFa¢HEeaddlyssedzane. By exposure
of the radiation sensitive polysilazane conposition containing the photo
acid generator, afibig sienyehdcdsdgning threPPiyhtlazanss < 9p6r4andRinkAgr eby
Si-N linkages, in the g%iial{&azane are cleaved and react with moisture in

the anbi ent "AEFDVEPIAR; tRE LB e 11 BRALBg RIPSE T f andPT P& 1TEP

i nk f d d t | ysi i S d, .1t i ticul arl
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Si OH. Accordingly, " hum ne gas
radi ation sgapsddive PRl JdR%438n U REsA 1P 1aced in a moistening treatment

apparatus, and a gas containing water vapor may be introduced

continuously to this treatment apparatus. If necessary, the
humidity of the gas to be introduced may be increased by increasing
the moisture in the gas to be contacted with the coating film. If
the capacity of the treatment apparatus is large and the apparatus
contains water in an amount enough to decompose the coating film,
the gas containing water vapor may not be continuously supplied to
the treatment apparatus, and only water vapor may be supplied to the
treatment apparatus instead of the gas containing water vapor. From
the viewpoint of prevention of moisture condensation, it is preferred
that the substrate is placed on e.g. a heating plate and heated during
the moistening treatment. By heating the substrate, the adhesion
between the substrate and the radiation sensitive polysilazane
coating film is also improved. The substrate is kept in the
aforementioned state for a predetermined time such as preventing an
excgss of water vapor from contacting with the substrate, and then
the substrate is brought out and returned to room temperature.
As the heating temperature of the substrate is increased,

moisture condensation hardly occurs on the surface of the coating
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is increased, the rate of deconposition of the polysilazane is also

i ncreased. But when the humdity of the gas is too high, there is a danger
of condensation of the noisture in the gas on the surface of the film
formed fromthe radiation sensitive polysilazane conposition, |f ﬂg&ﬁture
condensati on occurs, there are instances where deconpositionzéﬁdé‘

pol ysil azane proceeds in only a surface area of the film The reason is
esti mated as condensed water can nove only as an apparently |large nol ecul e

due to hydrogen_bondi ng.. Further there are instances where a part of the
[ ght - expbHir 1 BEFORALIRHTnoL L HE PESHREED §hab ReoRsR Nt PAPSHA ttethis
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substrat gnols, Bt e%“ci@ﬁr&oﬂdeﬁé[ﬁ%l'dy at @ Qfa{m_reeoﬁ%d@gf& Reed erably
a the re

50% RH or nore. ere is no partic r upper mt of ative

hU”idity1bé&ﬁuégﬂﬁ%kub%r@@&ﬂeﬁ§é§§d¥b,EEYm%QQQryﬁ?oiOeaﬁﬂéﬂlﬂéﬂﬁdgﬂé&séi 2 JAN
2004 as described above, and fromthis viewoint, a gas with a relative

hum dity @f t126% &bl R§ al Peesst@inghditaaiaalilat fised. FurthBes at €6 8figh
noi steni ng the polysilazane, a gas containing water vapor is contacted
W th the téhpetddes, SSATH Fateed by mi $ thgiinhg mayde coitergdosetb Sibeiof t he
radi ati on sensitive polysilazane conposition into contact with the gas
cont ai ni ninselwrlesapoan affheous alkaline solution. Accordingly, the upper
limit of practical temperature is about 100°C. The moistening
treatment has been described in detail by reference to a mode wherein
the substrate is placed in the treatment apparatus, but can naturally
be conducted in the air without using the treatment apparatus.
Heating of the substrate may be conducted in an arbitrary manner,
for example by heating it on a heating plate as described above or
by previously heating a gas to be used in the moistening treatment
and then introducing the gas into the moistening treatment apparatus.
After the step of promoting decomposition of the polysilazane,
the film of the radiation sensitive polysilazane composition is
developed with an alkali developing solution by a known development
method such as paddle development, dip development and shower
development. By this development, the light-exposed portion of the
£ilm of the radiation sensitive polysilazane composition is removed
while the unexposed portion remains on the substrate to form a
positive pattern thereon. Since the unexposed portion of the

polysilazane film is not swollen by the alkali developing solution,

the pattern of the irradiation light coincides almost completely with
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substrate having the |ight-exposed filmof the radiation sensitive

pol ysil azane conposition is usually placed in a noistening treatnent

apparatus, and a gas containing water vapor may be introduced continuously

to this treatnment apparatus. |If necessary, the humdity of t@e gﬁl égg be

i ntroduced may be increased by increasing the noisture in th %g 1 %e

contacted with the coating film If the capacity of the treatnent

apparatus is large and the apparatus contains water in an anount enough to

deconpose the coatjng film he gas_contai ni ng water vapor nay not be
h—%’%‘t Bl
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is increased, noisture condensation hardly occurs on e sur

coating 42 vadiclANc3Ra4tibhdnsudhCat dimdinhtedrliaiStored ich@dopbdl dree rAeati ng
tenperature of the substrate is higher because the absol ute anmount of

wat er vaporof dentabpesht BPefhiEregsSress g 6t ed. hbghehel B%ehS.dekRaoheali ng

tenperature is nmade at roomtenperature or nore, desirably 300C or
solution used as the standard in the industry, that is, about 2%
aqueous TMAH, is conveniently used. When the polysilazane film is
used as an etching pattern for semiconductor devices or as an
inter-layer dielectric after conversion into silica type ceramics,
an aqueous alkali solution free from metal ions is preferably used
as the developing solution. The time necessary for development is
varied depending on the thickness of the film and the developing
solution used, but is generally 0.1 to 5 minutes, preferably 0.5 to
3 minutes. The temperature for development treatment is generally
20 to 50°C, preferably 20 to 30°C.

After development, the patterned polysilazane film is rinsed
with pure water as necessary, dried and used directly as an etching
mask, or rinsed with pure water and left for a long time e.g. 1 day
Oor more or subjected to burning thereby being converted into a silica
type ceramic film usable as e.g. an inter-layer dielectric. The
burning temperature and burning time are varied depending on the
constitution of the radiation sensitive polysilazane composition,

the thickness of the coating film and the heat resistance of the

substrate, electronic parts, etc. But the burning temperature is
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nore, but attention should be paid at a tenperature of 1000C or nore
because the partial pressure of water vapor cannot be increased wthout
using a pressuring heating humdifier. Further, at too high tenperatures,
SiOH f orned by noistening may be converted into SiGSi  insol uble %g @n
aqueous al kaline solution. Accordingly, the upper I|imt of pr*éﬂb peo
tenperature is about 1000C. The nvistening treatnent has been described in
detail by reference to a node wherein the substrate is placed in the
treatment apparatus, but can naturally be conducted in the air wthout

usi ng t hersuaddyndfttaappan st .upreferahlindonfte HO0HBs mozeePFrieIadl¥oh?fict ed
in an arbitrary manner, for exanple by heating it on a heating plate as
descri bedt@f?V € .or Thepupping §iB¢ i SHeNeLRd 1y YRSV DT (1988 ipﬁegﬁéably

noi stening treatnment and then introducing the gas into the nniite i ng

tr eat mentIGFEaVEESsOr Aoy THE BUEHIRE PAMOFRNPRE BRE PHASEF8h ¥)f&36he
polysilazane, the f ilmof the radlatiqy sensitive gol%sggﬁgang.
conposi t | BPieat ALPeFBRRRe viith thR atkhi iPHe W) GHMRGPRGFLMTTR By a9R%Hown
devel opment t hod such as paddl e devel o nt. dip devel opnent. an hower
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i ght “col fgl dgétt?éfmﬁi ﬁ@f%"l;ﬂa%laﬁev"iftiw:gis 258pédteaBOdot BeppSEt€r An@f the

pol ysi | azane deconposed and renoved, thus achieving excellent pattern

accuracy.moistening treatment, whereby a silica type ceramic film with a low
dielectric constant excellent 1in heat resistance, abrasion
resistance, corrosion resistance, insulating properties and
transparency and suitable as e.g. an inter-layer dielectric can be
easily formed. That is, as the radiation sensitive polysilazane
composition comprising the polysilazane and the photo acid generator
is a positive working composition, the radiation sensitive
polysilazane coating film remaining as a pattern contains the photo
acid generator in the initial amount. Accordingly, when exposure
and moistening treatment of the radiation sensitive polysilazane
coating film are conducted in the pretreatment step for burning, an
acid is formed in the coating film in the same mechanism as in
patterning of the radiation sensitive polysilazane coating film as
described above, and by the catalytic action of this acid, Si-N
linkages in the polysilazane are cleaved, and the conversion thereof
into Si-OH is promoted by the moistening treatment. The polysilazane
film thus converted into Si-OH is easily converted by burning into
Si0OSi togive a silica type ceramic film having no or few SiNH linkages

in the f£ilm after burning.
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The al kali devel opi ng sol ution includes e.g. an aqueous solution of
tetranet hyl ammoni um hydroxi de (TMAH), choline, sodium silicate, sodium
hydr oxi de, potassi um hydroxide or the |like. The concentration of the

al kali may be determned in consideration of various conditngpdﬁmeMas
the material to be devel oped, the rate of devel opnent required,
resolution, etc., but the alkali developing solution used as the standard
in the industry, that is, about 2% aqueous TMAH, is conveniently used.

Wien the pol ysi | £i0mi q M ' used
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preferably 20 to 300C. After devel opnent, the patterne ol ysilazarie film

h
I's rinsed ghdih d3UEnWghEpraSsas aRTiyy ﬂé:h;j&d ﬁ&ﬂfﬂg@@gugérrﬁéﬁé_d&yaiaﬁﬁ,l

etching mask, or rinsed with pure water and 1eft r along tine e.qg.

day or norgetdl BHDj &€ Neehpt, OxdnsmilBgp} Reiceh¥r DRI, CRIVEFd ed1bBt forraiki ca
type ceramic filmusable as e.g. an inter-layer dielectric. The burning

t enper at ur eolarttheblit ke rgart beeuse@ dependdngdepenrtiengad@iativn senasstitaltrange of
the radi ation sensitive polysilazane conposition, the thickness of the
coating filof drie rhdihbtbon regisittaneepofydiiazasabsompd sl tignect TorExpopartes,
etc. But the burning tenperature is 44 2 9 JAN W4
in the pretreatment step for burning, it is preferable that the
substrate is wholly exposed once to light, but if necessary, only
the patterned portion or a part of the substrate may be exposed to
light once or several times. The intensity of light exposed is varied
depending on the light source, the thickness of the film, and the
sensitivity of the radiation sensitive composition used, but it is
usually 0.05 mJ/cm® or more, desirably 0.1 mJ/cm® or more. There is
no particular upper limit of the intensity, but 10000 mJ /cm2 or less
is practical. The atmosphere in exposure may be the ambient
atmosphere (in the air) or a nitrogen atmosphere as is the case with
exposure for patterning, but an atmosphere enriched in oxygen may
also be used in order to promote decomposition of the polysilazane.
Further, the moistening treatment as the pretreatment step
for burning may be also conducted by bringing the light-exposed
radiation sensitive polysilazane film into contact with a water
vapor-containing gas in the same manner as in the moistening treatment
after patternwise exposure of the radiation polysilazane film. In

the moistening treatment as the pretreatment step for burning of the

radiation sensitive polysilazane film of this invention, when the

46



usually 50 to 10000C, preferably 100 to 10000C, nore preferably 150 to
4500C. The burning tinme is generally 5 mnutes or nore, preferably 10

m nutes or nore. The burning atnosphere may be generally the anbient
atmosphere (in the air), but an atnosphere with a higher content of oxygen
and/ or a higher partial pressure of water vapor may al so be adiAN200% der
to pronote oxidation of the polysilazane. In the pretreatnent step for
burning this polysilazane film the patterned polysilazane filmis

subj ected to exposure and npistening treatnent, whereby a silica type
ceram ¢ fmédimtwntingattentmegitebécthe cradidastant senadidalivenpolys leetaneefibit ance,
abrasion resistance, corrosion resistance, insulating properties and

t r anspar el gxpnduseliindiilecepasteegtment for durhaped sdcendstedcby aibtureasi |y
formed. That is, as the radiation sensitive polysilazane conposition
conpri si nip tthe potgspheaganchangishenprdtyeatnenyaickhe drimej of £xpesuxe ve
wor ki ng conposition, the radiation sensitive polysilazane coating film

r emai ni ngCas ad spatardienas dieamass feringhsreatpentd ipethe REsETeatnenE FRER | al
amount . Accordi ngly, when exposure  and noistening treatnent of the

radi at i onf Qe MIPLP8- pSrY the Hewredat ity Shrrkeaieg dbsdbEeatme ™ thge-

pretreatnment step for burnin

t he same PR 's’?ﬁ%'gojr%terﬁé‘c%i E’?Qﬁ“ﬁ%?%‘?oé %lléef’ ggg;gﬁ: %ﬁ%@&%&?&gr&bw min
201V L5300 SCRLATE, bl S AERRRLES, 0PSB 00 BRR et "
oot Pt 185" 4 Besba it SRR IL SR (LSRN O AR -
gﬂ\ﬂ' p?nLg%g%t@nﬁ%gqﬁgﬁaaﬁazerA,'bﬁ@}ﬁ%oﬁ%@eﬁ& pb1ysM A InpO sebuf ew

is promoted as same as the case of the moistening treatment of the

radiation sensitive polysilazane filmafter subjected to patternwise

exposure. Accordingly, the method of moistening treatment is

preferably a method wherein the substrate having the light-exposed

radiation sensitive polysilazane film is placed on a heating plate,

and the substrate is contacted in a heated staté with a highly humid

gas.

The burning temperature, burning time and burning atmosphere

for the radiation sensitive polysilazane coating film after

subjected tomoistening treatment may be a range or conditions similar

to those of the film not subjected to moistening treatment.

This invention has been described in detail by reference to

a mode wherein a patterned coating film of the radiation sensitive

polysilazane is formed and then this patterned coating f£ilm of the

radiation sensitive polysilazane is burned. But the coating film

of the radiation sensitive polysilazane may be burned directly

without subjecting it to patterning, thus permitting the whole area

of the coating film to be converted to silica type ceramic film. 1In
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45 ;2 8 JAN 2004 Exposure as the pretreatnent step f or burning of the
radi ation sensitive polysilazane coating f il mmay be conducted in an
anal ogous manner to pattern exposure of the radiation sensitive

pol ysilazane <coating film That is, as a |ight source used E@r Qﬁgre,
any one such as a high-pressure nmercury |anp, |ow pressure gd@?@

nmetal halide | anp, xenon | anp, exciner |aser, X-rays, electron rays or the
| i ke can be used depending on the radiation sensitive range of the

radi ati on sensitive polysilazane conposition. In exposure in the

pr et r eat metist epse dioohukhe mpndiitipes piefedPabREe t me hetersiiKk trapEmet
whol | y exposed once to light, but if necessary, only the patterned portion
or a part &F the EH%E??%&W@Q&B?tSE EQPORWRIRY MaYgRe HHEelasr tOeFBPEE 3%res.
The i nt ensi ht exposed_is varied Eg endln on the |light source,

the thi ckné’é%néf’gt fr&et |Harﬁte£H8dt reatipgsfiiyi of &'P t ﬁé‘dﬂéé'l%a?u SANSEhLT] i ve
conposition ysed, but it is usually 0.05 mi/cm2 or nore, desirably 0. 1
M/ CMV2 or ﬁﬁﬂ@Sl%ﬂé?%91s no particular upper linit of the intensity, but

0000 / 2 h
anbi ent &t mosphBYe T B? ]ée%ﬁ“}e)n%o?n%sHb?%%%eé&hg@f%'n%h38? BR5EE ol ”
wih exposueeign ARld SBAG. Pl SALERSRRELE AR Gk OXVORRLRY

al so be used in ord promnot composi |on of t azane

Further, thg gois %y&gsbﬁ@@%rﬁ%aﬂta aie%QEtH(‘?tcr g@kaﬁﬂt fstae@ oéqeéoyaﬂarw may

be al so conducted bringin t - expose radi ati on sensitive
pol ysi | azanesfikkii B o€ At aGlas\ lb“agﬁinﬁl’canVB@Ochtrﬁ%@ﬁal ning gas in the

same nmanner as in the noistening treatnent after patternw se exposure of
the radi ation polysilazane film In
Examples
Hereinafter, this invention is described in more detail by

reference to the Examples, which however are not intended to limit

the scope of this invention.

Reference Example: Preparation of modified poly(sil sesquiazane)

A gas inlet, a mechanical stirrer, a Dewar condenser were
attached to a four-necked flask. The atmosphere in the reaction
flask was replaced by deoxygenated dry nitrogen. Startingmaterials
CH,SiCl1, and (CH,),SiCl, and/or (CH,),SiCl (about 50 g in total) were
charged into the flask in a predetermined molar ratio, and mixed.
Then, degassed dry pyridine was introduced thereto such that the
concentration of the starting materials was reduced to about 10% by
weight, and the mixture was cooled on ice. While the mixture of the
starting materials was stirred, a mixture of ammonia (NH,) and a
nitrogen gas was introduced to it until the reaction was completed

After the reaction was completed, the solid product was

separated by centrifugation and then removed by filtration. By
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the noistening treatnment as the pretreatnent step f or burning of the

radi ati on sensitive polysilazane filmof this invention, when the 46 2 9
JAN 2004 noi stening treatnment of the radiation sensitive polysilazane film
in exposure in the pretreatnent for burning is conducted by isture in

t he atnosphere, the noistening treatnment at the tine of expogﬁ?dANd&M al so
serve as the noistening treatnent in the pretreatnment step for burning.
From the vi ewpoint of shortening the treatnent tinme, however, the

noi stening treatnent of the filmis conducted preferably wth a highly

hum d gasrexitiaigNithg 8ol véMEundeRuntdetedab@issitantiem tHe rdasrdsed 4n
exposure. Wien the filmis subjected to noistening treatnent in a heated
state, camxEfdiednpoliy{sel pdsymiibazaae wad wbTa@hedl s pronoted as sane as the
case of the noistening treatnment of the radiation sensitive polysilazane
filmafter subjBut ethttio pdt tthenwossetitxgus wrelt AckSi ((CHg) JNH]1 hetoethed of
moi stening treatnent is preferably a method wherein the substrate having
t he |i ghtcangiddagntr aaiist iolSE6GE}; {j (NH pok¥si liazame fiddhfiedplbadedisbh a
heating plate, and the substrate is contacted in a heated state with a

hi ghl y hwsgsfiuigganeTiramhbe dietgrmingd batidreSiiMhspgctiume afdrthemi ke

at nosphere for the radiation sensitive polysilazane coating filmafter

subj ect ecCasIdddieni af theaoddhieddelyd silr aps@inzapendran dits ToRANLAr to

those of the fil mnot subjected tQ noistening treatnment. This_invention has
been desc‘?r}%’dbii’nc%‘faaff‘}eﬂditﬂéf%?cétFﬁlb‘ét LRNEFEiNSaPPRLs dindds

coating {h i Sleet D], SRR CHRAR, ALY RURER0C s hor B AR e
the modified poly(sil sesquiazane) containing 20 mol-% of -
[Si(CH,),NH]- as the other constituent unit is shown in Fig. 3.
From these measurement results, it was confirmed that the ratio of
the various constituent units in the modified poly(sil sesquiazane)
almost reflects the molar ratio of the corresponding starting

materjals.

Example 1 and Comparative Example 1

According to the procedure described in the Reference Example,
amodified poly(sil sesquiazane) containing —-[SiCH;(NH), ] - as the
basic constituent unit and about 10 mol-% of -[Si(CH,),NH]- was
prepared. To this ‘modified poly(sil sesquiazane), a sulfoxime
derivative [4-methoxy-a-((((4-methoxyphenyl)sulfonyl)oxy)imino)
benzene acetonitrile] represented by the formula (1) below was added
as a photo acid generator in an amount of 5% by weight relative to
the polymer, and a coumarin dye represented by the formula (2) below
was added as a sensitizer in an amount of 10% by weight. The whole
of the mixture was diluted with xylene such that the polymer

concentration was adjusted to 15% by weight.
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radi ati on sensitive polysilazane is burned. But the coating film of the
radi ati on sensitive polysilazane may be burned directly w thout subjecting
it to patterning, thus permtting the whole area of the coating filmto be
converted to silica type ceramc film In 47 2 9 JAN 2004 thi CRSE 200$0.
the conditions of exposure and noi stening treatnment as the pretreatnent
step for burning may be simlar to those for burning the patterned coating
filmof the radiation sensitive polysilazane. By the pretreatnent and
subsequent burning as described above, a silica type ceramc film
characterized by a dielectric constant of 5 or |less, sonetines a

diel ectric constant of 3.3 or less andd

IIa h\stivity of at least 1013 (cm
can be obtai ned. Exanpl es Hereh@gjbel -t ventd on is described in nore
detail by reference t 8 appl es, iC ver are not intended to

limt the scop@Hgd ion. ReDere Exanpl e: Prephtation of
nodi fi ed poly(sil ses #7/ane) M gas inlet, a mechanical stirrer, a Dewar
condenser were attached to a f -necked flask. The atnosphere in the
reaction flask was replaced by deoxygenated dry nitrogen. Starting
materials CH3SI A 3 and (CH3) 2S1Cl12 and/or (CH3) 3SiCl (about 50 g in
total) were charged into the flask in a predeterm ned nolar ratio, and
m xed. Then, degassed dry pyridine was introduced thereto such that the
concentration of the stanti mat eri al\s reduced to about 10% by

wei ght, and the niXturgaﬁégﬁg ab_ VV?ﬁ\/\hile the m xture of the

(2)

CH;,

This solution was divided into two solutions, to one of which
2-nitroaniline was added in an amount of 2% by weight relative to
the modified poly(sil sesquiazane). The other solution to which
2-nitroaniline was not added was used as Comparative Example 1.

Each solution was spin-coated on a silicon substrate at 2000
rpm (coating thickness:10.4 um). This coating film was exposed
through a mask having a 0.5 um isolated pattern with 40 mJ/cm?
irradiation amount by a KrF excimer laser exposure device. Then,
the coating film was developed with 2.38 weight-% aqueous TMAH
(tetramethylammonium hydroxide).

The resultant silicon substrate having the patterned film
thereon was cut, and the cleaved surface was observed in the direction
of the section under an electron microscope (SEM) to determine the

angle of inclination.

Example 2
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starting materials was stirred, a m xture of ammonia (NH3) and a nitrogen
gas was introduced to it until the reaction was conpleted After the
reaction was conpleted, the solid product was separated by centrifugation
and then renoved by filtration. By 48 2 9 JAN 2004 renovi ng t?iégg\éﬁ@t
under reduced pressure fromthe filtrate, a nodified poly(si zane)
was obtained. The ratio of the constituent unit - [ Si (CH3) 2NH] - to the
constituent unit - [ Si (CH3) 3 (NH) 0.5 ] - in the nodified pol y(si

sesqui azane) can be determined by its Si-NWVR spectrum Further, the
constitution ofThéehesamedbfoeelyrs ySsih Exaplicalawey nepeahedrexagpty thkbhown by
characteristic peaks attributable to various bonds inits infrared (IR
absor pt i ohnsplaster g 2 Fvktroaadgdiiae , ap- MR OPEFOPADe WS addednbaliar aiopbt y( si |
sesqui azane) containing 20 nol-%of - [ Si (CH3) 2NH ] - as the-other .
constitueff lhiky nghgmﬁelﬁtlﬁeg.t%ﬁheljﬁ% inss @oABhs Ut cTRSHUIRERDRY s, it
was confirmed that the ratio of the various constituent units in the

nodi fied pol y(sil sesquiazane) alnost reflects the nolar ratio of the
correspondi ng starting nmaterials. Exanple 1 and Conparative Exanple 1
Accor di ngEf‘@%QJI'Fe 3pr ocedure described in the Reference Exanple, a nodified

| il [ i i - L .SLCH3 (NH )1 5 - h basi
Cont i tuent - uni TGt Bir bt g Broratpis 1 beyrepga E et Bhabar ca
constituent u ibBht " 18 i P
[- mot nowy ECEE (R At RaosBRaT ) ShPPrer b by BAlehh B amomnt, | ¢

represent gd by ﬁw%efighquféllééﬁvé)eéoo‘ﬁ’h\é’aﬁo@% poly(sil sesquiazane).

Example 4

The same procedure as in Example 1 was repeated except that
in place of 2-nitroaniline, a water-soluble acrylic polymer (acrylic
polymer “"Alon A-20P" (trade name) produced by Toagosei Chemical
Industry Co., Ltd.) was added in an amount of 10% by weight relative

to the modified poly(sil sesquiazane).

[Comparison of the angles of inclination]
The inclination angles of the patterned films obtained in

Examples 1 to 4 and Comparative Example 1 are as follows:

Example ngl f inclinati r
Example 1 90
Example 2 90
Example 3 90
Example 4 90
Comparative Example 1 70
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as a photo acid generator in an anmount of 5% by weight relative to the

pol ynmer, and a coumarin dye represented by the forrmula (2) below was added
as a sensitizer in an anount of 10% by weight. The whole of the m xture
was diluted with xylene such that the polynmer concentration.yas adjusted
to 15% by weight. 49 2 JAN 2004 CH3O (C2H5)2N 0 11 N-OS-{ ( g 0 O C
CN (1) (2) CH3 This solution was divided into two solutions, to one of
which 2-nitroaniline was added in an anount of 2% by weight relative to
the nodified poly(sil sesquiazane). The other solution to which

2-ni t r oani | iGrmpazs sant of ddwl chasragsediatichmfalthei perms@fpil@si. Each

sol ution was spin-coated on a silicon substrate_at 2000 rpm(coatin

t hi ckness: 0.4 mThemhi $heo@EtAgrni EhlNgs cb%pbRRY 1R hEHYHHLES naske h‘hv‘g’h‘éj a
0.5 misolated pattern wth 40 nmJ/cn2 irradiatign a Ent,bg a Kr.F.excinmer

| aser expoﬁ@ﬁ@?qgéﬁﬂﬁé.EﬁQNﬁie 1 were burned under the following conditions.

The burned films were measured in the following manner for their
dielectric constant and film hardness and evaluated for their

usefulness as inter-layer dielectric.

(Burning conditions)
Each patterned film was pre-heated on a hot plate at 150°C for

1 minute and then placed in a burning oven at 400°C for 30 minutes.

(Method of measuring dielectric constant)

An aluminum specimen having an area of 1 mm® was formed on an
upper part of the burned film, to prepare an upper electrode. An
alloy layer was formed on the silicon substrate to form a lower
electrode, and a MOS capacitor was constituted as a whole.
Capacitance of the MOS capacitor (C-V character) was measured with
an HP4192A impedance analyzer (made by Hewlett-Packard Co.) by
applying bias voltage across the capacitor, and from this character,

the dielectric constant was calculated.

(Measurement of hardness)
Film hardness of burned films was measured by Nano Indenter

XP produced by MTS Systems Co.

(Comparison of characteristics)

The measurement results are as follows:
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the coating filmwas devel oped with 2. 38 wei ght-% aqueous TMAH
(tetramet hyl ammoni um hydroxi de). The resultant silicon substrate having the
patterned film thereon was cut, and the cleaved surface was observed in
the direction of the section under an electron mcroscope (SEMp JAN 2004
determine the angle of inclination. Exanple 2 50 2 9 JAN 2004 The sane
procedure as in Exanple 1 was repeated except that in place of
2-nitroaniline, 2-nitropropane was added in an amount of 1% by wei ght
relative to the nodified poly(sil sesquiazane). Exanple 3 The sane
procedure as in Exanple 1 was repeated except that in place of
2-nitroaniline, propylene carbonate was added in an amobunt of 5% by wei ght
relative to the nodified poly(sil ®adegactribme). ExdlaydeedsThe sane a

procedure as in Eﬁé&ﬁh% 1 was repea pt that kgggjace of -
2-nitroaniTine, a water-soluble acrylic polyner (acrylic polyner "Al on

A- 20P" (trade nanez produced by Toagos%i %h m cal I&dustry Co., Ltd. ) was
added in an a 0% by wei ght rel*8tfv to the nodified pol y(si

sesqui azane). b%g rigon of the angle%oog égclinaiiqn] The inclination
angl es of the ed filnms obtained "n” Exanples"1 to 4 and Conparative

Exanple 1 are aéxéﬁﬂﬂeOWS: Exanpl e Angl%oog gnclinaii&n (degrees) Exanple 1
90 . .

Example 4 to 2.2 0.7

Comparative Example 1 to 2.6 1.0

The results of dielectric constant and hardness indicate that
the burned films obtained according to this invention have useful

characteristics as an inter-layer dielectric.

Example 5

According to the procedure described in the Reference Example,
a modified poly(sil sesquiazane) comprising -[SiCH,;(NH), ]- asa
basic constituent unit and 5mol-% -[Si(CH,),(NH), ]~ was prepared.
To this modified poly(sil sesquiazane), a triazine derivative

represented by the formula:

CLC. _N_ _CCh

TOr

N N

OCH,
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Exanple 2 90 Exanple 3 90 Exanple 4 90 Conparative Exanple 1 70 51 2 JAN
2004 [ Conparison of the characteristics of the burned filns] Then, the
pattern filns obtained in Exanples 1 to 4 and Conparative Exanple 1 were
burned under the follow ng conditions. The burned filns wer@ gpaRupRd 1 n
the follow ng manner for their dielectric constant and fil m hardness and
evaluated for their wusefulness as inter-layer dielectric. (Burning
conditions) Each patterned fil mwas pre-heated on a hot plate at 150C for

1 mnute anhd hadepl @sed photd U1 qihedW@Braln 480 Gnicdht 36f M Nwyeseifiet hod
of measuring dielectric constant) An al um num speci nen having an area of 1

M2 was foraredthis rextubppeis fartted wihe promedne §Igcdlomphenattsylasthgper
el ectrode. An alloy |layer was forned on the silicon substrate to forma
| ower el ecdaedee §PEMEBA MSBchaphat titie watadonslid wiondeas wasvedj@sted to
Capaci tance of the MOS capacitor (CV character) was neasured with an
HP4192A i npddante weaghzer t6 mpoepbyeHa radid@ickarsen@d.tivby podypliyamndi as
vol tage across the capacitor, and fromthis character, the dielectric
const ant waPmpgisdtian ed Thikesiiaddontsasfs itdvemesysikatand apupesstign vas ned
filnmse was nmeasured by Nano Indenter XP produced by MIS Systens Co.
spin-coated at 1000 rpm onto a silicon substrate, and then pre-baked
at 90°C for 90 seconds to form a coating film of 0.4 pum in thickness.
The substrate having this coating film of the radiation sensitive
polysilazane composition was exposed through a mask having 1 : 1 line
and space patterns having various line widths to varying variation
in a step of 15 mJ/cm® from 10 mJ/cm? to 1000 mJ/cm’ by a KrF excimer
laser exposure device. Then, the coating film was subjected to
moistening treatment at 25°C at 60% RH for 5minutes, and the substrate
was developed with 2.38 weight-% agueous TMAH for 1 minute, and then
the substrate was rinsed with pure water. The resultant pattern was
observed under SEM. The amount of irradiation by which the exposed

part of the coating film could be completely removed was defined as

sensitivity, and the results shown in Table 1 were obtained.

Comparative Example 2
The same procedure as in Example 5 was conducted except that
the moistening treatment conditions were those described in Table

1, and the results shown in Table 1 were obtained.
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(Conparison of characteristics) The neasurenent results are as follows: 52
2 JAN 2004 Exanple Exanple 1 Exanple 2 Exanple 3 Exanple 4 Conparative
Exanple 1 Dielectric Constant to 2.6 to 2.6 to 2.6 to 2.2 to 2.6

Hardness (GPa) 1.0 1.0 1.0 0.7 1.0 The results of dielectric constant and

har dness

i ndi cate that
i nventi on have usef ul

the burned filns obtained according t&3wHiNs 2084

characteristics as an inter-layer dielectric.

Table 1
Moistening treatment conditions
Temperature Humidity Treatment Sensitivity
time (mJ/cmZ)
(°c) (% RH) .
(min)
Example 5 25 60 5 70
Comparative 25 35 0 >1000
Example 2

As can be seen from the results in Table 1 above, the sensitivity
of the radiation sensitive polysilazane composition is improved by
increasing the humidity in the atmosphere at the time of treatment,

whereby the treatment time can be shortened.

Examples 6 to 8

According to the procedure described in the Reference Example,
a modified poly(sil sesquiazane) comprising -[SiCH,(NH); s]1- as a
basic constituent unit and 10 mol-% of -[Si(CH;),NH]- was prepared.
To this modified poly(sil sesquiazane),

a sulfoxime derivative

represented by the formula:
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Exanple 5 According to the procedure described in the Reference Exanple, a
nodi fied pol y(sil sesquiazane) conprising - [ SSICH3 (NH).,. 5] - as a
basic constituent unit and 5 nol-%- [ Si (CH3) 3 (NH) 0.5 ] - was

prepared. To this nodified poly(sil sesquiazane), a triazi ne2dpdANa20fte
represented by the formula: CL3C, , NCC13 OCH3 53 2 JAN 2004 was added as
a photo acid generator in an anount of 1% by weight, and this m xture was
diluted with propyl ene glycol nononethyl ether acetate (PGVEA) such that
the total s@hd hdaat 8Bt aVasotddjadst efed @ratfi%oiby anCifitiint b® P aPARRidht,

radi ati on sensitive polysilazane conposition. This radiation sensitive

pol ysi | azanen® cimpesinkairen @esivafive- eepradented O8O thenFenh@a Silicon
substrate, and then pre-baked at 90C for 90 seconds to forma coating film
of 0.4 min thickness. The substrate having this coating filmof the

radi ati on sensitive polysilazane conposition was exposed through a mask
having 1 : 1 line and %ggﬁﬁéﬁatterns havi ng various line widths to varying
variation in a step of ‘15 P y

exci mer | aser exposure device. the| coating fil mwas subjected to

noi stening treatnent at 25C at 5 mnutes, and the substrate was
devel oped with 2. 38 wei ght-% aqueous TNAH for 1 mnute, and then the
substrate was rinsed with pure water. resultant pattern was observed
under SEM The anount of irradiation by vihi ch t he exposed

was added as a sensitizer in an amount of 10% by weight. The mixture
was diluted with butyl acetate such that the total solid content was
reduced to 10% by weight to prepare a radiation sensitive polysilazane
composition. This radiation sensitive polysilazane composition was
spin-coated at 1000 rpm onto a silicon substrate, and then spin-
dried to form a coating film of 0.4 pym in thickness. Then, the
substrates were exposed through a mask having 1 : 1 line and space
patterns having various line widths with an irradiation amount of
0.1 mJ/cm2 step from 0.1 mJ/cm2 to 1 mJ/cmz, an irradiation amount
of 1 mJ/cm? step from 1 mJ/cm® to 10 mJ/cm®, an irradiation amount
of 10 mJ/cm® step from 10 mJ/cm® to 100 mJ/cm®, and an irradiation
amount of 100 mJ/cm’ step from 100 mJ/cm2 to 1000 mJ/cm2 by an i-
ray exposure device respectivelYu The exposed substrate was placed
on a heating plate in a moistening treatment apparatus, and then
treated under the moistening treatment conditions described in Table
2, developed and rinsed in the same manner as in Example 5, to give

the éensitivity shown in Table 2.
Comparative Example 3
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part of the coating filmcould be conpletely renoved was defined as
sensitivity, and the results shown in Table 1 were obtai ned. Conparative
Exanpl e 2 The sanme procedure as in Exanple 5 was conducted except that the
noi steni ng treatnent conditions were those described in Tabl 9 Banagnh t he
results shown in Table 1 were obtained. 54 2 JAN 2M4 Table 1 h%l steni ng
treatnment conditions TenperatureHum dityTreatmentSensitivity time(ml/cn)
(O(%%RH (mn) Exanpl e 52560570 Conparative25350>1000 Exanple 2 As can be
seen fromthe results in Table 1 above, the sensitivity of the radiation
sensitive pol yshazsame pyopedute @s is Bxgmpdeed vns conduetzs] egcepe thard dity
in the atnosphere at the tinme of treatnment, whereby the treatnent tinme can
be short et8g MEQERIIIAY sreatmenc condihions weire phowedar Bakles @r i &rdl the t he
Ref erence Exanple, a nodified poly(sil sesquiazane) conprising.

-[ Si CH3( NHpsuLfs ghovyp %a?ﬁél@ogs‘ﬁlt%é’@ftaéﬁﬁﬂ-and 10 nol - % of

-[Si (CH3)2NH] - was prepared. To this nodified poly(sil sesquiazane), a

sul foxime derivative represented by the formula:

Table 2
Moistening treatment conditions
Temperature Humidity Treatment Sensitivity
time (mJ/an)
(°C) (% RH) .

(min)
Example 6 25 60 5 70
Example 7 50 50 3 10
Example 8 90 50 1 0.2
Comparative 25 35 0 >1000
Example 3

As can be seen from the results shown in Tables 1 and 2, the
treatment time can be reduced by heating the substrate during the
treatment. Further even if the treatment is conducted at the same
humidity, the sensitivity is improved by the moistening treatment
under heating conditions, whereby the treatment time can be further

reduced.
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CH3 CH30O 55 2 JAN 2004 was added as a photo acid generator in an anmount of
5% by wei ght, and a coumarin derivative represented by the fornul a:
(C2H5) 2N CH3 was added as a sensitizer in an anount of 10% by wei ght. The
m xture was diluted with butyl acetate such that the total zb% gqﬂf'ent
was reduced to 10% by weight to prepare a radiation sensitiVve* "6 azane
conposition. This radiation sensitive polysilazane conposition was
spin-coated at 1000 rpmonto a silicon substrate, and then spin- dried to
forma coating filmof 0,4 min thickness. Then, the substrates were
exposed thréﬁi?awlgsnﬁsﬁoh%i ng 1 : 1 line and space patterns having various

i i dt h ith i.rr.adi.atj t_of 0. A f 0.1 m)/cnR
to 1 mijome, an ARCSHCALPAR HROBRPCSBr RSP ERE S LapF heE o ROT ERETPLE 10
ml/ cnR, an j Fafj t . hC . f r oMl t10. 100
ml/ cng, anda gn%a???% ?‘;abtlﬁ’g%ﬂa%%ui‘%ljag?%&o%ﬁl%% e;rgrst4L ?zggﬁanﬁﬁ c#% fo
1000 m/ it ABohs:§ AlerfX RATH EndIDY 611 £/} ¥ ) T €XPARCHheny1
substrate was placed on a heating plate in a noistenin§ trfeatnen

tus, H . . Dl
doser bed {5 OPER) S, PrBREfarCofS i MRy Bty EoLIT e agkhb 1%

Exanpl e 5, groivie rbpPeSONEdd ivY ttheShOWRL1A: Table 2. Conparative Exanple 3
56

0 0
(CH3);COOC COOC(CH3);
0
(CH3)3COOﬁ C COOC(CHs)s
0 0

was added as a photo acid generator in an amount of 1% by Weight.
This mixture was diluted with PGMEA such that the total solid content
was reduced to 30% by weight, to prepare a radiation sensitive
polysilazane composition. This radiation sensitive polysilazane
composition was spin-coated at 3000 rpm onto a silicon substrate,
and then pre-baked at 60°C for 60 seconds to form a coating film of
0.8 pum in thickness. The substrate having this coating film of the
radiation sensitive polysilazane composition was printed by exposing
it to an irradiation amount of 80 uC/cm2 by an electron ray exposure
device as the exposure device through a mask having 1 : 1 line and
spacé patterns having various line widths. Then, the substrate was
treated under the moistening treatment conditions shown in Table 3,

and then developed for 1 minute with 2.38 weight-% aqueous TMAH, and
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2 9 JAN 200% The sane procedure as in Exanple 6 was conducted except that
the noi stening treatnent conditions were shown in Table 2, and the results
shown in Table 2 were obtained. Table 2 Mi stening treatnent conditions
Tenper atureHum di tyTreat ment Sensitivity tinme(m/cnR) (OC)(% Z@?S@h
Exanpl e 62560570 Exanpl e 75050310 Exanpl e 8905010. 2 Conparat i ve ?LOOO
Exanple 3 As can be seen fromthe results shown in Tables 1 and 2, the
treatment tinme can be reduced by heating the substrate during the

treat ment Fur her Eggretlfé v;a@e S@&”@?g{h ;ﬁlrceor\}%%%Eeda% tlh%e 28{Ftant

hum di ty,tl%ef‘ue SensSitT Vi mpr oved oI St ehi treatmen uhder
heatin 0 t b r d d. 57
2 9 JAN 3%8% i %%to ﬁ“ic SR, opFEef el a%‘éf%%?eﬁ 854S t ne
Ref er ence, e Rdid | erhdp! ¥ Stf)esﬁgﬂﬂhﬁ"rﬁan s hotl 3

(NH) 151 - as a' baS|c constituent unit an 2NH] (Ph:

%o fSI(
phenyl destructed is shown in Table 3.

Table 3
Moistening treatment conditions Minimum
pattern not
< as Treatment
Temperature Humidity . destructed
time

(°C) (% RH) (min) (pm)

Example 9 25 50 10 0.5

Example 10 30 50 3 0.3

Example 11 70 50 3 0.075

As can be seen from the results shown in Table 3, the destruction
of the pattern hardly occurs by development treatment under heating
and moistening conditions,

that is, the adhesion of the pattern to

the substrate is improved.
Example 12

According to the procedure described in the Reference Example,

a modified poly(sil sesquiazane) comprising -[SiCH,;(NH); ;]1- as a
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group) was prepared. To this nodified poly(sil sesquiazane), a peroxide
represented by. the formula: 00 Il Il (CH3)3000C COOC(CH3)3 0 11
(CH3)3000C C U COOC(CH3)3 ~U~ 11 11 O O was added as a photo acid
generator in an amount of 1% by weight. This mxture was dil &\%N’\mﬂp
PGVEA such that the total solid content was reduced to 30%%

prepare a radi ation sensitive polysilazane conposition. This radiation
sensitive polysilazane conposition was spin-coated at 3000 rpmonto a
silicon substrate

baked 60 d f
coating filAA°6F C@“%t’{}‘lqeﬁni A ri‘%ﬁegg’“g#h‘gt%ubgﬁg?%g 9N 'ﬁlat?gc&)g‘{‘ﬁﬁ‘g% film
f th t ol | t
exposing 16 TR A T | BRSAnBE R 50 CHang Ry aoetsts ofef |ll
d h
andspace xaierhineLyif g Rk Bec St R AR %%Prgﬁgﬁtseq R’é( iR

treated under the noistening treatnent conditions shown in Table 3, and
t hen devel oped for 1 minute with 2.38 wei ght-% aqueous TMAH, and 58 .2 ~
JAN 2004 then the substrate was rinsed with pure water, and the resultant
pattern was observed under SE F—AI to confi rm he destruction of the pattern.

The line width of the m ninu {(ﬁ;j{f\ﬁba S not

o—/

was added as a photo acid generator in an amount of 1% by weight,
and this mixture was diluted with propylene glycol monomethyl ether
acetate (PGMEA) such that the total solid content was reduced to 10%
by weight, to prepare a radiation sensitive polysilazane composition.
This radiation sensitive polysilazane composition was spin-coated
at 1000 rpm onto a silicon substrate, and then pre-baked at 90°C for
90 seconds to form a coating film of 0.4 um in thickness. Then, the
coating film was wholly exposed once with an irradiation amount of
100 mJ/cm’ by a low-pressure mercury lamp. The coating film was
subjected to moistening treatment at 25°C at 50% RH for 5 minutes
and burned at 400°C for 30 minutes. The resulting burned f£ilm was
examinedforitsdielectricconstantandforthepresenceofremainhu;
Si-NH linkages. The results are shown in Table 4.

The presence of remaining Si-NH linkages was determined by
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destructed is shown in Table 3. Table 3 Mistening treatnent

condi ti onsM ni num pattern not TenperatureHum dityTreatnent destructed tine
(O(%RH)(mn)(m Exanple 92550100.5 Exanpl e 10305030. 3 Exanpl e
11705030. 075 As can be seen fromthe results showmn in Table 3, ln‘fA
destruction of the pattern hardly occurs by devel opnent treathe FQ‘M%r
heating and noistening conditions, that is, the adhesion of the pattern to
the substrate is inproved. Exanple 12 According to the procedure descri bed
in the Reference Exanple, a nodified poly(sil sesquiazane) conprising

-[ Si CH3( NEpkifng -amsIR &% ptidANspeOirimasoL tlesbutnesntfilm twith aml I% of
-[SI(CH3)3(NH)0.5]- and 1 nol-% of -[Si(CH3)2NH - was prepared. To this
nmodi fi ed pBEgtEIRhotomegarazdive) IRaakbsdrAiivn deectaun wf thpresemedibp t he
‘formul a: Cl3C N~CC13 was added as a photo acid generator in an anmount of 1%

by wei ght 15 @&RewWn Hins Figxtfire was diluted with propyl ene gl ycol nononethyl
ether acetate (PGVEA) such that the total solid content was reduced to 10%

Comparative Example 4

The same procedure as in Example 12 was conducted except that
the wholly exposure and the moistening treatment were not conducted,
and the results shown in Table 4 were obtained. An IR absorption

spectrum of the burned film formed in Comparative Example 4 is shown

in Fig. 5.

Table 4

Example 12 Comparative

Example 4

Pretreatment condition for Low-pressure

burning mercury lamp Not treated

(wholly exposure) 100 mJ/cm®

Pretreatment condition for 25°C at 50% RH

burning Not treated

for 5 minutes
(Moistening treatment)

Burning conditions

400°C for 30

400°C for 30

(IR spectrometry)

(see Fig. 4)

minutes minutes
Dielectric constant 2.7 3.8
Remaining Si-NH Absent present

(see Fig. 5)
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by weight, to prepare a radiation sensitive polysilazane conposition. This
radi ati on sensitive polysilazane conposition was spin-coated at 1000 rpm
onto a silicon substrate, and then pre-baked at 90C for 90 seconds to form
a coating filmof 0.4 pmin thickness. Then, the coating filrgmwgﬁ}fly
exposed once with an irradiation anount of 100 nmd/cn2 by a |lo S e
mercury |lanp. The coating filmwas subjected to noistening treatnent at
25C at 50% RH for 5 minutes and burned at 400C for 30 m nutes. The

I ti b d. fil i f ' di el I d f h
or esence of 1 omaPi G 68 SRE 1 AHAGBE. FHRELTLERPTS U doBRB I TaRT e,
The presengs ,of, LGl 0 g, Sio L1 nkagss uas det e nadsbud 2, JAN, 2004

t aki ng an sorpti on spectrumor “the mwth an |
t h ter. The | i ] f 4 i i S:.sh
Spect T OPNOLA ey g, L QBOERRK! H). SARHRLMTH, chie (aua gt | Lol rahow

conduct ed ; ; (A wl 1 e | ni :

wer e not c?ﬁgggééé?%%ﬁggﬁﬁ%@?éslﬁ‘l?s S O&Erﬁgg%ggl%@%eﬁeé%{ngﬁﬁg%. n IR
absorption +2RembAYM of the burned filmforned in Conparative Exanple 4 is
shown in Fig. 5. Table 4 Exanple 12Conparative Exanple 4 Pretreatnent
condition forLow pressure burningnmercury | anpNot treated

Examples 13 to 15

According to the procedure described in the Reference Example,
a modified poly(sil sesquiazane) comprising -[SiCH;(NH), ;]1- as a
basic constituent unit and 20 mol-% of -[Si(CH,;),NH]- was prepared.
To this modified poly(sil sesquiazane), a sulfoxime derivative

represented by the formula:

i
/N—O—ﬁ CHj;

CN

was added as a photo acid generator in an amount of 1% by weight,
and this mixture was diluted with PGMEA such that the total solid
content was reduced to 10% by weiéht to prepare a radiation sensitive
polysilazane composition. This radiation sensitive polysilazane
composition was spin-coated at 1000 rpm onto a silicon substrate and
dried by spin-drying, to form a coating film of 0.4 pum in thickness.
Then, the coating film was wholly exposed once to an irradiation

amount of 100 mJ/cm2 by a high-pressure mercury lamp. The exposed
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(whol |y exposure) 100 mJ/cnR Pretreatnent condition for25C at 50% RH
burningfor 5 m nutesNot treated (Moistening treatnent) Burning

condi ti ons400C for 30400C for 30 minutesmnutes Dielectric constant2.73.8
Renai ni ng Si - NHAbsent present (IR spectrometry)(see Fig. 4)(se@ FgN &Pk 61 2
0 JAN 2004 As can be seen fromthe results shown in Table 4, the burned
filmhaving a | ow dielectric constant and free of Si-NH |inkages in the
filmcan be forned by subjecting the radi ati on sensitive polysilazane

coating film before burnin toe ure o steni ng, tr.eat mpl es
13 to 15 MSSFAtRg" D le?é:eglr BI&eEbI &Egcﬁ]%‘% Th& ﬁOl%e ey nggg mrrpi e, a
nodi fi ed oI ui,aza ]+ S¢ C
constitue %ﬁ% angﬁ%b r{‘?)dan i%a]e%%’\t%gde%alpgg t?'om?flﬁls

modi fied €hood, sgpt heqf or fpald At 18 gSthhfoed me
derivati v@%% %egmgéﬂeg%%gd)‘lgg Ceg:.ro o?g gg{lgyegsténer at ol:%gi n éngarmunt of 1%
by wei ghtfllm was examined in the same manner as in Example 12 for its

dielectric constant and for the presence of remaining Si-NH linkages.

The results are shown in Table 5.

Comparative Example 5
The same procedure as in Example 13 was conducted except that
the moistening treatment conditions were those shown in Table 5, and

the results in Table 5 were obtained.
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and this mxture was diluted with PGQVEA such that the total

was reduced to 10% by weight to prepare a radiation sensitive

conposition. This radiation sensitive polysilazane

conposi

solid

ti on was

cont ent
pol ysi |l azane

spi n-coated at 1000 rpmonto a silicon substrate and dried b $spAN-Ayi ng,

to forma coating filmof 0.4 min thickness.

whol | y exposed once to an irradiation
hi gh-pressure nmercury | anp. The exposed 62 2 JAN 2004 substrate was pl aced

on a heating plate in a noistening tregy®nts apparatus,

Then,

anount of 100 mJ/cnR by a

the coating fil mwas

then treated under

t he noi stgning conditions $hown in _ Tpbl € 5 and [purned at 400C for 30
m nutes. The resulting burnagkampid MwWAsxexsIE 1e8d ERaddie 5@@@%%@?1"&5 in
Exanple 12 for its dielectric constapt and for |the preseng¢e mfanp@&® ni ng
Si - NH | i nkages——TFhetresults-are showp-in Table 5 Conparatlive Exanplel|5
The sane procetkitreadseritn Exanphewl3 was cosguct ed exggpt that the -
noi st eni ng tre%tdrirggt %ondi tions were those shown in Table 5, an(% t he
results in Table 5 Wer8 obf aPAEE ™63 D FARFIEE4 TaBTE 8 Exandi'e H4EEnp! e
14Exanpl e |15Conmparetrgve ExanpherchrPr ef r estroeny | ow Imewedbmww- {condi ti on
f or pressur CRIRASYT BRISTSY eNot lgnqpeat ed buiar}lllpngrrer cur arlrn%r curlymercury
100 mJ/cm® | 100 mJ/cm® | 100 mJ/cm’
Pretreatment
condition for 25 ¢ 30°C 70°C
burning at 50% RH at 80% RH at 50% RH Not treated
(Moistening for 1 minute | for 1 minute | for 1 minute
treatment)

Burning conditions

400°C for 30

400°C for 30

400°C for 30

400°C for 30

minutes minutes minutes minutes
Dielectri
Lelectric 3.3 2.7 2.7 3.8
constant
Remaining Si-
ining Si-NH Present Absent Absent present

(IR spectrometry)

As can be seen from the results shown in Table 5, the burned

film having a low dielectric constant and free of Si-NH linkages in

the film can be formed by the moistening treatment at high humidity

or by the moistening treatment under heating, as opposed to the

moistening treatment at low humidity and at low temperature.

As can

also be seen from this result, the process time can be shortened by

the moistening treatment at high humidity under heating.
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(whol 'y Exposure)l anmpl anpl anp 100 mJ/ cn2100 nd/ cnm2100 miJ/ cn?

25C30C70C condition for burningat 50% RHat 80% RHat 50% RHNot
(Moi steningforlmnutefort mnuteforl mnute treatnment) Burning
condi ti ons400C for -30400C for 30400C for 30400C for 30

m nut esm nut esm nutesm nutes Dielectric 3.32.72.73.8 constant
Si - NH Present Absent Absent present (IR spectronetry) As can be

results shown in Table 5, the burned filmhaving a |low diele
and free of Si-NH linkages in the filmcan be fornmed by the

tr eat mrentEffiedti gif lhei tatention by the noi stening treatnent un

Pr et r eat nent
treat ed

28Aal g

seen fromthe
ctric constant
noi st eni ng

der heating,

as opposed to the npistening treatnent at |ow humdity and at | ow

tenperature. AsAzahllusitgatbd sbevef r thet ivslowingd teffielggspogee
shortened by the npistening treatnent at high hum dity under

obtained can be
heating. 64 2

9 JAN 200acEifddag 6P the presenti dpvertion.yustrat ed above, the fol | ow ng

effects are obtained
(1) The treatment for promoting decomposition

of the

polysilazane after exposure of the radiation sensitive polysilazane

composition is conducted using a vapor water-containing gas
the moistening treatment can be conducted in a short time.

by increasing the humidity of the gas, the sensitivity can be

. whereby
Further,

improved

and the treatment time can be shortened. Further, by the moistening

treatment of the coating £film on a substrate in a heated state, the

treatment under higher humidity conditions is feasible, to achieve

the effects of further improvements in sensitivity, an increase in

the rate of processing, and improvements in the adhesion between the

substrate and the radiation sensitive polysilazane composition.

(2) When the radiation sensitive polysilazane coating film

which was patterned or not patterned is burned, the radiation

sensitive polysilazane coating £ilm is subjected to exposure to light

and moistening treatment in the pretreatment step before
whereby a silica type ceramic film with a low dielectric

excellent in insulating properties, heat resistance,

burning,
constant

abrasion

resistance, corrosion resistance and transparency and free of Si-N

linkages derived from the polysilazane in the burned film can be

formed by heating at low temperature in a short time. Further, a

highly humid gas is used in the moistening treatment as the

pretreatment step for burning, or the radiation sensitive

polysilazane coating film is heated during moistening treatment,

whereby shorter time conversion of the polysilazane in the
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according to the present invention. (1) The treatnent for pronoting
deconposition of the polysilazane after exposure of the radiation
sensitive polysilazane conposition is conducted using a vapor

wat er - cont ai ni ng gas, whereby the noistening treatnent can D¢ JAha@Bsted in
a short tinme. Further, by increasing the humdity of the gas, the
sensitivity can be inproved and the treatnent tinme can be shortened.
Further, by the noistening treatnent of the coating filmon a substrate in
a heat ed state, the treatnent under higher hum dity conditjons is

feasi bl e, tYOHCRFRGReAS heant fther $TBRITERY Hmej FAR oLE iUt aSefisMINAty,
botveon the  subdoiabe i nehe wakhs ”3a,nb£ ASROGE %n%iﬂ‘%&%réi BT 5"

t h di at t |
i b ves 8 CBPnEATE R Rt I(F)fgdsg R REbPaGFTE sarbkidung
pol ysi | aza r%e%%%“ ng balmd tsu{iérg d 1O SXROSULS V\Flljléghélff%.nfg gpi sgeni ng

treat nent e pretrea nen efore urni ng, a Si |ca:%ype

ceranic i1 gy e QO Ohel sl SRR vo SXAELEN o] BRULATL DG

properties, eat reststance asion resistanc corrosion resistance and

transparen fﬂﬁn ftmgkﬂé?é%aﬁ b% sBE@Q&S wﬂ%&w drfer oMad Be1PYsyehd saea&m n

t he bur ned m can or ned eating at om1tenperature in a short

time. Furt @:‘erotlan i ghé Yaheerd fq&ﬁea%wéﬁﬁbg&et@&l BRinERN kg t&anPES¥e aS

the pretreatnent step for burning, or the radiation sensitive
pol ysi | azanmateeghi Resbihtibs. heairthedyr the PRSI BN GiHdiARILTRG £1lmhedeby

shorter tine conversion of the polysilazane in the filminto 65 2 9 JAN

2004 serve as a finely patterned film having a low dielectric constant,
excellent in mechanical characteristics such as abrasion resistance
and excellent as an inter-layer dielectric.

(4) The patterned polysilazane £ilm obtained according to the
method of forming a pattern or the novel radiation sensitive
polysilazane composition of the present invention can be used
directly as a resist such as etching resist or as a coating
constituting displays, and the film can also be converted into a

silica type ceramic film which can be used as an inter-layer

dielectric or the like in semiconductor devices or LCD.
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Si OH proceeds, and the treatnent tinme can be reduced as a whole. (3) By
addi ng a wat er-sol ubl e conpound as a shape stabilizer to the radiation
sensitive polysilazane conposition conprising a specific nodified poly(si
sesqui azane), the difference in sensitivity of the radiation sensitive
conposition in the direction of filmthickness can be sol veg, ey the
side wall of the pattern section in the pattern forned by expoSurée can be
made steep to inprove pattern resoon. Further, the resultant
insulating filmcan serve as a f Inely patterned film having a | ow
dielectric constant, excellent in mechanical characteristics such as
abrasion resistance and excellent as an inter-layer dielectric. (4) The
patt erned pol ysi | oz &d@diptianoiangi kb OG6EAZIHC COMPAHA LioRePising orming a

pattern or tdhfodidued goddi Al S8kqweAsdrel) ieviRglaySinlbdz A& ReRchign of the
present invention can be used directly as a resist such as etching resist
or as a coatweaght ©dn3@0 ttet 10Q 04D spidayentaindng Rebisiarcerstisthad beitconvert ed

into a silica t%fe ceramic filmwhich can bi uﬁaaugzDa? i nter-|ayer

diel ectric JPPFRRFILPREPY nie APROTRIucPEF devmdBaRo NI ¢ps ! 5623 9thelN 2004
CLAIMS 1. A doadiAldeQR wn8PS b eeseBQéd’ﬁ&'tﬁé%%gefaQ%hiéPU[ Qﬁp[\rkﬂm. a
modi fi ed pol y(si|T sesqui azane) having a number average nol ecdl ar” wei ght of
100 to 100, Ga/end-EShRY(NRAY, a] basic enasafdrepsirtionbd fompnasenked by the

general fornmula: - [SIR6 (NR) 1 51 and other constituent units
repr esent ed EependiegEhe regPresants| a: Cr-s WL 28R OF adydyubstityted ®63 ( NR7 )

0. 5] _(i r].mtst]gsta.l.ftu&gf {)]ﬂt?er}}gl%gggp Lr% Hulnadeeper%egtly represents a hydrogen

atom, a C;_; alkyl group or a subsvtituted or unsubstituted phenyl
group) in a ratio of 0.1 to 100 mol-% to said basic constituent unit,

a photo acid generator, and a water-soluble compound as a shape

stabilizer.

2. The radiation sensitive polysilazane composition according
to claim 1, wherein the photo acid generator is ones selected from

the group consisting of a sulfoxime type compound and a triazine type

compound.

3.The radiation sensitive polysilazane composition according

to claim 1 or 2, which further comprises a dissolution inhibitor.

4. The radiation sensitive polysilazane composition according
to claim 3, wherein the dissolution inhibitor is ones selected from
the group consisting of t-butoxycarbonjlated catechol, t-
butoxycarbonylated hydroquinone, t-butyl ester of benzophenone-
4,4'-dicarboxylic acid, and t-butyl ester of 4,4 -oxydibenzoic acid,
and is contained in an amount of 0.1 to 40% by weight relative to

the radiation sensitive polysilazane composition.
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i ndependently represents a C, -3 al kyl group or a substituted or

unsubsti tuted phenyl group and R 7 independently represents a hydrogen
atom a Cl-3 al kyl group or a substituted or unsubstituted phenyl group)
inaratio of 0. 1 to 100 nol-%to said basic constituent unid 9 JAN pigpt O
acid generator, and a water-soluble conpound as a shape stabilizer. 2. The
radi ati on sensitive pol ysilazane conposition according to claim1, wherein
the photo acid generator is ones selected from the group consisting of a
sul foxi me type conpound and a triazine type conpound. 3. The radiation
sensitive polysilazane conposition according to claim21 or 2, which further
conprises a dissolution inhibitor. 4. The radi ation sensitive polysilazane
conposition according to claim3, wherein the dissolution inhibitor is ones
selected from the group consisting of t-butoxycarbonyl ated catechol, t-

but oxycar bonyl at ed f1yfHeo0rdidiaton tsdauidve egotysiabzRNZORBENRNGT
4,4" -di carboxylic acid, and t-butyl ester of 4,4'-oxydibenzoic acid, and

i s cont ai nedadoardimgatrany oné of. alalms 40%9 Wy whergin thewatqrygokuple t he

radiation sensiiives Pol ysbbazenenComest Lkal, 67 2 JAN 2004 5. The
radi ati on sensrtive pol ysrlazane conposi thiorn  according to any one of
clains 1 to 4, wherein the water-soluble conpound is a conpound with a

nitro group. 6. The radiation sensitive polysilazane conposition according

to any one of clain® Tha oradiafifly effst HiyewRBYSHSFHS eCoBBRthd is a
conpound CO”L@dOQh{}Q o 9@} QQQ%Eeclams 1 to 4, wherein the water-soluble

compound is a compound containing a carbonate.

7. The radiation sensitive polysilazane composition .
according to any one of claims 1 to 6, which further comprises a

sensitizing dye.

8. The radiation sensitive polysilazane composition
according to any one of claims 1to 7, wherein the radiation sensitive

polysilazane composition is used as an inter-layer dielectric.

9. A method of forming a patterned inter-layer dielectric,
which comprises forming a coating film of a radiation sensitive
polysilazane composition comprising a modified poly(sil
sesquiazane) having a number average molecular weight of 100 to
100,000 and containing a baslic constituent unit represented by the
general formula: -[SiR®(NR’),  ]- and other constituent units
represented by the géneral formula: -[SiR‘zNR7]- and/or
- [SiR%(NR’), 51~ (in the aforementioned formulae, R® independently
represents a C,_, alkyl group or a substituted or unsubstituted phenyl

group and R’ independently represents a hydrogen atom, a C,_, alkyl
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7. The radiation sensitive polysilazane conposition according to any one
of clains 1 to 6, which further conprises a sensitizing dye. 8. The

radi ati on sensitive polysilazane conmposition according to any one of
claims 1 to 7, wherein the radiation sensitive polysilazane c.grgosi tionis
used as an inter-layer dielectric. 9. A nethod of formng a pa#t vAN 004
inter-layer dielectric, which conprises formng a coating filmof a

radi ati on sensitive polysilazane conposition conprising a nodified
poly(sil sesquiazane) having a nunber average nol ecul ar weight of 100 to
100, 000 and containing a basic constituent unit represented by the general
formul a: -[ SERSP RRA sujtitnirfl or pesuksiisutedigpenydraredp) ivgrextdated by t he
general for . - LSi R71.-. .and/ or - SIR63 (NR),0.51 - (in the

af orenenti o ébﬁ‘?&t"hﬂ‘f’ﬁ%z W%W@@g‘éﬁﬂ%ﬁﬁ[tye"? ‘é‘bﬁ%?ﬁ%y 30%1?6’?&5?%' group or
a substitut gglqos WRHbSdivbs e&n?@@tﬂi’ las @I Ohdbe2Beatiiitdidependentise :
represents a hydrogen atom a Cl 3 al kyl 68 2sJAN 2004 group or a

substi t ut ed iotradienhgtthé coadinglfing) dgssolyling andremiviiog tfie 1Bcaiitvedl00 nol - %
to said basic constituent unit, a photo acid generator, and a '

wat er - sol ub|RETE SFpFRPARING L SHpRSlemiire A8e regiduad mifFa@ediGophifitt i ng t he
coating film,,di fnSShX'JﬁQ»iW afcﬁ%% 08 D% LE{R0LA ???tnif?x?#jt { the coating

film and | eaving € resrdua erned coating e anbi ent
at nosphere or burning the coating film 69
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