DESCRIPTION PHOTOSENSITIVE COMPOSITION, CURED FILM FORMED FROM THE SAME,
AND ELEMENT HAVING CURED FILM TECHNICAL FIELD 5[0001] The present invention relates to a
photosensitive composition which is used to form a planarization film for thin-film transistor (TFT)

substrate of a liquid crystal display device, aaBlg%Wisplay device or the like, a protective film or
an insulation film for a touch panel, an interlayer msulation film of a semiconductor device, a

planarization film prareigiarsRERYRAten fa5R, salifsirterimagsk @ 5an&id dayice, or a core or
clad material of an optical waveguide. The present invention also relates to a cured film formed from
the photosensitive compositidinaiie, ANEl &nEMENIMPASIRGGHRELRESFl BACKGROUND ART [0002]
In recent years, in the fields of liquid crystal displays, organic EL displays 15and the like, there is an
increasing demaFdorf %e%nition and higher resolution. [0003] Furthermore, in recent years,
touch hagels s oRRL e el sann IaA hiegl sRiavand g lke And,  partouiar
touch panels utilizing a cgpacnance system have drawn attention. In order to improve the transparency
and functionalitigenof gdeueh Raneinadranspae M eletiqde membesd TQ, lignaqwked to 20have high
transparency and a highly conductive protective film and insulation film are also required to have heat
resistance for altiRjtyéariperanieeanialih P PRIORAR OGS B MERISHATENR DOCUMENTS

[0004] For example, as a method for realizing higher definitian and higher resolution 25in a liquid
crystal ciopiay, BB I IMBIE) Bt e S LRI P S Binod of increasing
the aperture rafig,pf.a,display.AexicamI s Mmethedsanablesdoouedana datalingwith a pixel electrode
by arranging a transparent planarization film on top of a TFT substrate as a protective film and attains
an increased apsingedeaiie.as comparethdoprioviabol {00064l haveateidal dhsypetspianarization film for
a TFT substrate is required to have properties such as high heat resistance and high transparency and

be capable of SRYFHIAG ANSRYsaR AT ERLOHE SBDETATHM RS MRERSTS B GPMRPEIARr to connect a
TFT substrate e %céﬁo%n Hﬁc #ggnglglgtg%%.fﬁ\%’such a material, a positive photosensitive material
is generally emp oyeg. \%)006 n Patent Documents 2, 3 and 4, as representative positive
photosensitive pratgrENEEARIT obtained by combining an acrylic resin with a quinone diazide
10compound are disclosed. [0007] Meanwhile, polysiloxanes are known as materials having properties
such as high h&§tRdisesere sevashigHe-Saksb afdeyd myPatemnbosnrents BlalepBymaterials in which
a polysiloxane is cgmhined with a quinone diazide compound . used. to provide positive photosensitivity
o diocigsed. THLE b A0 IO AR AL T AL AN TS RO P ratore
treatment doesgﬁwﬁm&g&f&%%&ﬁt%&@%&g aRithaha sied fimhavdng.fighhtransparency can
be obtained. [0008] In Patent Document 7, as a method of improving the wet-heat resistance, a
method in whichqaifnetalatkigialing ageht i&kaddbdntpaaipolysiloxdnsisldigdieset This method is
thought to present a mechanism by which a titanium or zirconium 20 chelating agent promotes

crosslinking of SHEXARRETTRIFTOVE frlana et sidturider [paBB e rdr PP eFbcument 8, a
negative photogensitlye: el alaeniaiing 95595&%9{%1@&%&?&&&%1%%?%69%%%&%&%80”ed- [0010] In
addition, in Patent Document 9, a positive photosensitive material in which metal particles are added
to siloxane is répostedh 2a[8pdthddareoyrighly Paiénitbogtinrentd finamethadcidhimproving the coating
variation of a siloxane composition containing a specific solvent is reported. In Patent Document 10, as
examples of a Aie s $aRIERS diAte heditcasiretdse asiebifpmariatit st Ephthoquinonediazide and

addition of a c@?&%ggg;p%%% arately described. Patent Document 1: JP H9-152625A (claim
1) Patent Document 2: B A (claim 1) 5 Patent Document 3: JP H5-165214A (claim 1)
Patent DocumertdeNT BoR2i3dho2d A (claim 1) Patent Document 5: JP 2006-178436A (claim I)
Patent Document 6: JP 2009-211033A (claim 1) Patent Document 7: JP H07-331173A (claim 1)

10Patent Doculfiétht §'od Px2007%.368088ho(tlaimed)iRagdngiDo deimenOndrh 2007248837 A (claims 1 to
6) Pategt5 Document 10; W02007-049440 (pa,ragraé)hs [0040], [,0041] and

in a liguid crystal display, an organic EL display or the fike, Patent Document 1

discloses a method of increasing the aperture ratio of a display device. This method

enables to overlap a dataline with a pixel electrode by arranging a transparent



[0054]) SUMMARY OF THE INVENTION 15PROBLEMS TO BE SOLVED BY THE INVENTION [0012]
However, since the transparent planarization film of Patent Document 1 is produced by using an
acrylic resin as a material, the film does not have sufficient heat resistance. [0013] Further, those
acrylic resins dgagribed n RetROSHMERS 4,304 4 da0at20hgve.suffigient heat resistance and
chemical resisg%%e;%eregre, ?he%)e are prob]l{fg’?n:f:i In tha]?r?he resulting I<]:ured film becomes colored
and the transpaseney:0hiog it naisoisapairgd by 1@ figh4emperature treatment of substrate,
high-temperature film formation on a transparent electrode or treatment with various etching solutions;
and that the col¥léliViy oetereateSanshglenseion isladmriofatearbjratsgaseaydurihgye
25high-temperature film formation. In addition, since these acrylic materials erally have low
censiity. e P AT BrOAO) B R, SO TR T A A i desired.
Moreoveg, W'th@Qﬂﬁ%‘é@{@@%&ﬁhﬁb‘ﬁ'@&ﬁs@%%ra@l%ﬁé%ﬁ?eﬁ%% b helenRplianRs.anddhe like have been
made smaller year after year and there are now cases where a fine pattern of 3 um or smaller is
required to be fiifihedishawelzetcahrevaliovrel fi@strittedacniicmatenalsradd mpbhiave sufficient resolution
therefor. 5[0014] The polysiloxane materials described in Patent Documents 5 and 6 have high heat

resistance and gREHEFREA I GRcEl Y FIRieE thaterials as well, the adhesion between a
patterned film apdg sybsirate;at fhe Hime tdevelopment Miareinaliar. iafareddgas "adhesion in
development") cannot be considered sufficient and, in particular, the resulting fine pattern is detached
along with a 10gdeneliperanthik thassdhitiomihareiomrrdipasitiveiphotpsensitiseiteaterial having
better adhesion in development is strongly demanded. [0015] In general, in order to attain good
adhesickPin devempsechareidistiniderature of prebaking performed after application is increased.
However, sinc% q\t&)s%‘g iizero iss%%%%!%/aate b “glrllcrelgsgglgaéshg Q}r}gba}koine%esmg&rgture, the
sensitivity 150fthe r sueﬁllng fi |s¥mpa|re(§. Bn'the offer han ,Waher%ﬁweppre%aﬁ(mg tgemperature is set
to be low, the apauRLoftesiduabsoientimibedin is ingraasadentddhe aahesionigidrvelopment is
consequently deteriorated. This trade-off relationship makes it very difficult to satisfy both of the
properties. [0016Mawttharmcibxatsofoptitenadhibatqesisadeedhegepmatenald vannot be
20considered satisfactory; therefore, a positive photosensitive material having superior wet-heat
resistance is stPERGY AEHEGRBAtBHTH PatEh B ethent PPEHRRLERR Y& BEd A th regard to the
amount,of the Ghelaling AgeARIARS AdERd I S0G ARAIGSENSIHYECARRAT tetect [GLR] In Patent
Document 8, calcination Is performed to forma conductive film and 25there is no residual insulating
organic film. [0Q&QknatentHocurent Shdfiefis: -t esespiiencwiti niegstrditedvet-heat resistance. [0020]
In Patent Document 10, there is absolutely no description with regard to the use of a
naphthoquinonEtiide Barnalasemestco atsourdat thenssig e Wetmie iibiar®etent Document 10
offers absolutell}/1 gegcr' t'ﬁ)g fro it can be inferred. that bsy (ﬁlséi{(})

ich : ,
naphthoquinone&?g% eandac gf%aﬁ]téﬁga%%%%ﬁ%ﬁalf ?ﬁéééh(o ¢ por[ﬁ Slmamtl

3 "
e com e same'time, a material which has positive
photosensitivityrapd:satisfigsathive brohaal reaisiansernehaghesiondm deyetopmant is attained.
[0021] As described in the above, despite there is a demand for a positive photosensitive material
having Righ trankglatiegeysitigrmetehemsvegistandsiiag do dradhesionvintdevelepriaent, a technology
therefor has not been established until now.é]OOZZ Thegr@sent invention was made.in view of the

above-describdd LGt FEIRFE IhERE ™ P SSB | Se f SPRREVSIRAURTTIY EHEBR LR SRARE% photosensitive
composition wtylgIallgglﬁgmlilgaaljwg@ém@g&@g&&g%@gﬁe&ansparency as well as excellent adhesion in

development and wet-heat resistance. Another object of the present invention is to provide a cured film
which is formeddoom theddhave id @acsib @ phatnst ngibvie cophposiisiianchased assdijplanarization film
for a TFT 15substrate, an interlayer insulation film, a protective film or insulation film for a touch panel,
a core or clad rivgtalRarBsies e rHatdnslorara sererhject of the present invention is to provide an
element comprisj cured fil uch.as a di el a semiconductor.element, a solid-state
image sge%sing Eﬁjﬁﬁﬁwgbﬁ%ﬁ%ﬁ\%ﬁﬁgg 2%%%%@3%%@60&}}nge'ﬁHaéméROBLEMS [0023] In
order to solve thaabeyerdeserbedpraliams dbanmstivepRbFlosansiiverenpOsitian according to the
present invention has the following constitution. That is, the positive photosensitive composition
according to th&giresBatimeshiidresompdessofaagihark i-soivuldia pretytikeaineosmdibyith alkali-soluble
acrylic resin, 25(B) a naphthoquinone diazide compound, (C) a solvent and (D) a metal chelate
compound, and the (D) metal chelate compound has a structure represented by the following Formula
(1) and the content of the (D) metal chelate compound is 0.1 to 5 parts by weight compared to 100
parts by weight of the (A) alkali-soluble polysiloxane and/or alkali-soluble acrylic resin (hereinafter,
may be referred to as "alkali-soluble resin™). [0024]



- .

[0025] (wherein, M is a metal atom; '"Ws, the same or different, each represent hydrogen, an alkyl
group, an aryl group, an alkenyl group, or a substitution product 10thereof; R2 and R3, the same or
different, each represent hydrogen, an alkyl group, an aryl group, an alkenyl group, an alkoxy group, or
a substitution Pé&&%k%}%”ﬁ HRRIGSENIEANE Yalsnawof tie metalaiom My,gad k represents an

integer of 0to j).  Further, the cured film according to the present invention has either of the
following constideiiemnsi{ieastibé@) That is, the cured film according to the present 15invention is: 1)
a cured film which is formed from the above-described positive photosensitive composition, wherein
the light transmittanc@gs&H fitisuienne ds 6131 6 aldlavelength of 400 nm is not less than 85%; or

(2) a c_ured film WhIChPI?St JI%;B\OeC(}jI Iggmzt:% 35) Ty_ggqlgggﬂgggi%o itive 20photos_en3|t|ve composition,
wherein the content ratic of at least oné metal selected from the group consisting of titanium,

zirconiung, aluminum,pzing, 6eHaH. A9 ybdenus3 lanthaniwm, barium, strontium, magnesium and
calcium is 0.005 to 1 part by weight compared to 100 parts by weight of the alkali-soluble polysiloxane
and/or the alkali-soluBlgcac Bicresinicdhpasitisn 5 26/0026i:THe element according to the present
invention has the foIIovvgig constitution, That is, the element according to the present invention

comprises the above SR BarEd it EEFEE S BRIFHE INVENTION [0027] The positive
photosensitive compq,'sdiggpﬁo%gggﬁ@g:tﬁ,%_@_@ﬁ%gm&qm%has high heat resistance and high

transparency, as well as excellent adhesion in development and wet-heat resistance. Further, a cured
film obtained therefropmatearlbensetita (P 4iEd3as & plagasization film for a TFT substrate, an interlayer
insulation film, a protective film or an insulation film for a touch panel, or a core or clad material of an

optical waveguide. MEE PormmRR YN BEEGERE (ReENTION [0028] The positive photosensitive

composition according to t resent,l lar E?P@ rises (A) an alkali-soluble resin, (B) a
naphthoquinone diaz%aeteggﬁ%%fﬁne }%Cr%gé%?\%%gan %é?lglrsnf\e%él helate compound and, in the
positive photosensitivecompasitieas thewmetakshalaiacomnayoddas@siiugiure represented by

the following Formula (I) and the content of the (D) metal chelate compound is 0.1 to 5 parts by weight
compared to 10005ats by weight of the (A) alkali-soluble resin. 15[0029] R2 (RO)Jk M_0(1) - R3
[0030] (wherein, M is a metal atom; Ws, the same or different, each represent 20hydrogen, an alkyl

group, an aryl &WéﬁglQ&%W?&H%bstitution product thereof; R2 and R3, the same or
different,.each [aRse$8RL ONHLEORN RO GFPHR R/ BRHZERUP, an alkenyl group, an alkoxy group, or

a substitution product thereof; j represents the valency of the metal atom M; and k represents an
integer of O to jjoTix (apalkalssokibletrasiparise dliindiespsaSHnt of Pamko Disaneatysiloxane 25and/or
an acrylic resin which dissolve in an aqueous alkaline solution having a pH of not lower than 8. In
order to expreseredkafdddIypmE AR YESFFHRS R %%@@n@ﬁ‘a@&éi?ﬁﬁéﬂbgﬁdﬂegﬁ‘gﬁﬁ@ﬂch as a silanol
group, a carbogli%%sclisqa%oup and/or a phenol group. Examples of preferred resin include acrylic
resins and polysicl%xanes Which have the above-described acidic functional group(s). From the
standpoint of hegd rgsistaneemisss Riefrrregnthalstim dinalkali:sobbiecfesin bena palysipxane. [0031
]The alkali-soluble acrylic resin used in the present invention may also contain, 5as a copolymerization
comporiht, a gelyemefirativhemitcobancansditierackbassydic terditaelhardirasmdipmed, a
polymerization unit of other radical polymerizable compound (a-2) capable of copolymerizing with the
bbove-describe HHbUKFERKETEF B RERSETASL RF HAHEF, FRTSRIEEDES A6 PBE Fadical

polymerizable QHI{SH?%H’E?"Q_- Q%ﬁéﬁﬁ%@%ﬂ&ﬁ@&@lﬁéﬂtébﬁﬁp ﬁ';g%ﬁﬁgm unsaturated

carboxylic acid (a-1) used in the present invention include unsaturated carboxylic acids having an
ethylenically unkaitunade drdo ublepaemd  [©033} Specifioexanplesiofsuchinnsstukatedehrboxylic acid
(a-1) include monocarbo?@i‘c acids such as methacrylic acid, acrylic acid, crotonic acid, o-

15vinylbenzoic HeidhswonaBey efchecieraiagelrriise i dntcHpisied by digarHpgiene

25 high-temperature film formation. In addition, since these acrylic materials
generally have low sensitivity, their film productivity is.Jow, so that a material

having higher sensitivity is desired. Moreover, with advancements of displays, the



acids such as maleic acid, fumaric acid, citraconic acid, mesaconic acid, itaconic acid,
1,4-cyclohexene dicarboxylic acid, 3-vinylphthalic acid, 4-vinylphthalic acid,
methyl-5-norbomene-2,3-dicarboxylic acid, 3,4,5,6-tetrahydrophthalic acid, 1,2,3,6- tetrahydrophthalic
acid and dimethyliatrabydraphthalicacid JRIeAMang. iR A0R Rk MEhasyiggeid, acrylic acid or
itaconic acid is preferably employed. [0034] Alternatively, in the present invention, as the unsaturated
carboxylic acida«at thed parial esieyiftationproprici-oni3pattial amidatioreqrodiat &f the
above-described unsaturated carboxylic acids in which a carboxylic acid group partially remains in the
free state, sucHug elhbtestsrier ardapmideoramlisisatitatets 2sbiearwkiicecid, may also be
employed. As srgscorfu 1orhatllf1é?§ftoerr or half-amide of an unsaturated carboxylic acid, for example,
“monomethyl itaconate of monobutyl itaconate is preferably employed. These unsaturated carboxylic
acids may be ysedsjngiyisidlioxahdWa eF e tBEAQh Mavmbesisad ik COMP AL fB035] Specific
examples of other radical polymerizable compound (a-2) used in the present invention include epoxy
group-containirgatadicsd ey driatrie cermpouhdy suchathgly cididrizteth yedhyfete, a-ethylglycidyl
(meth)acrylate, a-n-propylglycidyl 5(meth)acrylate, a-n-butylglycidyl (meth)acrylate, 3,4-epoxybutyl
(meth)acrylate 24"458h 8XOHERE PEHFENGIIRN AR, BoubRYiE & RS S eptsr et idcrylate, allyl glycidyl
ether, vinyl glyeiclyl giher, oninvbeneyi alysigyleiben madnvieanzyl wysidvhgtier, p-vinylbenzyl
glycidyl ether and 3-vinylcyclohexene oxide; (meth)acryloyl group-containing radical polymerizable
compounds suehfisdnetiy/itnpatijalarytatecd0ainiimettaciytate;hedibpyl Wideth)acrylate, iso-propyl
(meth)acrylate, n-butyl (meth)acrylate, sec-butyl (meth)acrylate, t-butyl (meth)acrylate, 2-ethylhexyl
(meth)akfylate SRHGHPERTE) ABIA S08 S e AISTHETR) ASRHENE RlielpsBEharitHietisyaetylate,

iso-bomyl (meth)acrylate,. cyclohexyl (meth)acrylate,.2- methylcyclohexyl (meth)acrylate, dicyclohexyl
(meth)acrylate,t% gr%(aﬁ}ﬁsykf%gtme&%gcrﬁéé,s %%ly?a%%ﬂgm%%glate, propargyl (meth)acrylate, phenyl

(meth)acrylate [p@phthyl&esihiachila e, anthracendimneinassyinieneyclapaniv dmeth)acrylate, furyl
(meth)acrylate, tetrahydrofuryl (meth)acrylate, pyranyl (meth)acrylate, benzyl (meth)acrylate,
phenethyl (methfacrydaies peeloyingd efisraamliattion & baréfispskocting ¢matkiaerylate, perfluoroethyl
(meth)acrylate, perfluoro-n-propyl (meth)acrylate, 20perfluoroiso-propyl (meth)acrylate, triphenylmethyl
(methyacrato RSO SRS S R SRAYTE: AR BTOPH (hetacnyite.
amide (meth)agnjale. Mdkdimetaviasids (mehiachiaie. NN-AiRiRpYRBids meth)acrylate, anilide
(meth)acrylate, (meth)acrylonitrile and tricyclo[5.2.1.02.6]decane-8-y1 methacrylate; vinyl
group-containingnigshicateAspalynbe idabteecompouridsseieh eévacrolehe, filtnyk dlhlarste, vinylidene
chloride, N- vinylpyrrolidone, vinyl acetate, styrene, a-methylstyrene, o-methylstyrene,
mmethylstyrené?‘ff)%@éﬁﬁ%ﬂ%ﬁﬁéhé?%@ﬁé%ﬁﬁ@%@?’ﬁ%ﬁﬂ?%éthyTé’t";?r‘é*F@,‘ % butoxystyrene,
chloromethylstyrene, butadiene,.2,3-dimethylbutadiene. isaprene, ovinylbenzyl methyl ether,
m-vinylbenzyl rﬁee?%ﬁgp%ﬂ?e?ap?\sniﬁyﬁ%rﬁ%ﬁ%‘%ﬁ%f até%ﬁér]?fj tcgl-\(}lny rr?gflﬁleét%yl ether, m-vinylbenzyl ethyl
ether and p-vinylbesizyhetbrhatherand uesaiumieddicarboxylic acidciesierssueh as diethyl maleate,
diethyl fumarate 5and diethyl itaconate. [0036] Thereamong, for example, glycidyl (meth)acrylate,
styrenez? &-metleprstigeribsgaistnieonybeyréne, aiepaiop ehvirghaicth aetylathaviethsinsiethacrylate, 2-
hydroxyethyl methacrylate, benzyl methacrylate, hutadiene, isoprene, o-vinylbenzyl methyl ether,
m-vinylbenzyl rﬁ’&{ﬁﬁ?ﬁi{ﬁ%ﬁaﬂ‘f\% ﬁ%%‘ﬁ%ar%&?ﬁf)f’ ther, o-vinylbenzyl 10ethyl ether, m-vinylbenzyl ethyl
ether and p-vinybenzylethyl fibssare prelarabi iRt BN H SR IE $RCRNBRUIIGEAS a
copolymerization component, the alkali- solubility, grass transition temperature, dielectric constant and
the like of the rekeilitng poiymebeahibé toointndiledsamdiconsegueantly, an improvement may be attained
in those performances that are required for a resist, such as resolution and 15noilalized remaining film

thickness, and oK BroplridotEeatd rerieitetors 2 PEmah dhiomh? serdraE & EHegafency and heat
resistange. As lymerization onent; these compounds may be used individually, or two or
more ti%r?eof m%alyg/%oégll}lgég }é‘?tﬂznélggnm%g{%%ic[gfg%?] The alkali-soluble acrylic resin used in the
present inventippocantaeaiiainad:20hyreepalymasiznenthaiaheve desetibed sempainds. The
alkali-soluble acrylic resin contains a polymerization unit of the unsaturated carboxylic acid (a-1) in an
amount of preféPaBf} B sovpsrmenght, prscs i pidicrarpa v iomedd ssewdigtberurther, the
alkali-soluble acrylic resin contains a polymerization unit of other radical polymerizable compound
(a-2) in an amount of preferably not more 25than 9Q% by weight, particularly preferably 20 to 60% by
weight. [0038] When the content of the polymerization unit of the unsaturated carboxylic acid (a-1) in
the alkali-soluble acrylic resin is in the above-described preferred range, the resulting coating film is
highly soluble to a developer composed of an aqueous alkaline solution and has excellent developing
properties and sensitivity. Meanwhile, the resulting coating film does not have excessively high
solubility in an aqueous alkaline solution; therefore, the normalized remaining film thickness of the
5resulting resist pattern is not deteriorated. When the content of the polymerization unit of other radical
polymerizable compound (a-2) in the alkali-soluble acrylic resin is in the above-described preferred

range, the resulting polymer has good balance of solubility in a developer composed of an aqueous
Aallkaline enliition <N that the natternina thareanf ic aacilvy nerformed 1000201 The allkkali—.enlithle acrvlie



polystyrene-based weight-average molecular weight (hereinafter, referred to as "Mw") of preferably 2 x
103 to 1 x 105, more preferably 5 x 103 to 5 x 104. When the Mw is in the above-described preferred
range, the developing properties, normalized remaining film thickness and the like of the resulting
coating fl_Im ar%@&&#é%ﬁ&lﬁ?&ﬁh@&@&&}ﬁ@aﬁa%tl{}gﬂlgh&ﬂoﬁcﬁ?ﬁﬁei{%ﬁ% pﬂtéaﬁpng__hape, heat_ resistance
and the like. Meanwhile, the sensitivity is not impaired and the pattern shape is not deteriorated.
Further, the acsicheesiortidetein thepieset dffentionisaikal taluplsonfenacnyka tesin has an acid
value of preferably 50 to 150 mg KOH/g, more preferably 70 to 130 mg KOH/g. When the acid value of
the acrylic resifd<sasithéfomeg by ssercrpprdtferaw ratigadi sahvehrlaly comretet ehdissolved at
the time of devg_[o ment. Meanv¥hij ,.the film IosSs o‘}‘eth > pon-ex osed &areta' n[g)ttilncr?psed at the time
of development. f 55[)5] The Bbove-t gfséﬁ%e%’?&ﬁc rBSin Used in the p?%éseﬁetsin(\)/en‘ﬁ%n can be
obtained=py copelyregitiaing the snsaiy aedcarhexylic agiddarl) and other radical 25polymerizable
compound (a-2) in accordance with a variety of polymerization methods and a method in which the
copolymerizatidfiz! pérfclasreidd ia dolvbmdndtspifsrésence dbaadtélystmpalymerization initiator) is
preferred. [0041] Specific examples of the splvent used in the copolymerization include alcohols such
as methanol, efPSSESHEaRBIERUBUBN O L FeRtPatkTS E%@ﬁ%@ﬂaﬁvmwﬁadmxane;
cellosolve esters;sueh, a5 metvheslosplumansirie.ARd R10vcelosolus ReRIAlR:pico! ethers such as
ethylene glycol monomethyl ether, 5ethylene glycol monoethyl ether, diethylene glycol monomethyl
ether, diethylerje@lycoheaeeeathyraitier wdiethydene iycol disndihnd-éthetbaiethylene glycol
ethylmethyl ether and propylene glycol monomethyl ether; propylene glycol alkyl ether acetates such
as prop¥fene gﬁ}%@!ﬁ)‘?ﬁéﬁé}nﬁg&étéf BopiRereigfyatrei i efRefasehawadpHropylene glycol
propyl ether acetate; a&omaﬂ&@ggsrgg@rggggsmssgg\ 10a§perﬁzgne toluene anﬁil églene; ketones such as

: 0
methyl ethyl ke?gﬁlg, g&/&%ﬁvexanone, heptanoné1 ana’ -%dr&?%ﬂ?ﬁgﬁﬁl- tcfpentanone; esters such

as ethy1-2- hydsoxyiero RiDRALS: @ iWeZshvdroxd2-aiaib iReRionate aihwdr dthudepme2-
methylpropionate, ethyl ethoxyacetate, ethyl hydroxyacetate, methy1-2-hydroxy-3- methylbutyrate,
methyl-3-methgxgprdpionaten ety PB:vrkthoxypt Sbiondteh etiyindd Fsetbimaipropionate,
methyl-3-ethoxypropionate, ethyl acetate and buty| acetate; and aprotic polar solvents such as
dimethylformarARIERRE MG RERYES S SOPERGEIoa. ﬂ@g%d&il?/@}‘?&aﬁ%t‘r‘?Bnﬁ&Eﬁ%ﬂerg% an amount of 20

to 1,000 parts kyyyeight,compaied 18342801 00Brts DM Qfihs:Aalv AR izahls compounds
[(a-1) and (a-2)]. 2 0[0042] Further, as the catalyst, those catalysts that are generally known as radical
polymerization jaiidiars-raay dedwidelyaeonpliaye th daiabxaiiy oz compolidpruyelt as
2,2'-azobisiso-butyronitrile, 2,2'-azobis(2,4-dimethylvaleronitrile) and 2,2'- _
azobis(4-methdRy<RtipRiniePioNdrctd slfment srgumRipehscaed densushysizbyPiéroxide, lauroyl
peroxide, t-buty pergryplvalale and Ldais(s 2 Fbuiviperoxeraiahexene: and fydraen peroxide
can be used. In Cases where a peroxide IS used as a radicaf polym ization mitia r,at e peroxide may
also be used inyeahifgation with a reducing agent as a redox-type polymerization initiator. Further, in

the above-described copolymerization, a molecular weight modifier such as an a-methylstyrene dimer
may alsothe addéch FOOZIR T A IHdSBREEH-&MYlic resin has an appropriate solubility in aqueous

alkaline solutio rovides a radjatign-sensitive resin composition having high 5sensitivity, high
normalized ren?gsﬂ%%glﬁl?ﬁgﬁ{i&ﬁo&%%ﬁa 8%85?8%@3\%%6%@ Sﬁfgﬁfévsegha%?ﬁ%%fﬂ?é’?Further, a resin
pattern obtaineg, By, 4ging is ARG (ESIdSAXERURRLIMA YAl BRI eBeiRs Shichragheat
resistance, adhesion with a substrate, transparency in the visible wavelength range and chemical
resistance. [0044 {Fehesitikad ipbotuiziespoly stimpaneasad inithe (prhsenistmwénttangontains (a-3) at

10least one organosilane represented by the following Formula (2) and/or (a-4) a polysiloxane

synthesized by 3%eBiF8is 48 Lbplierlubirnrbrieraastyher 8 5ilHBIFSSRELRFRER by the following
Formula (3). [0 R 1iln 2):1310046] In the e|£ n Ser A Qe Formula (2), R4
represe%n%s hydro (lalrgl1 glrllt%ﬁy? ggglc%uépaﬁ?éging to%aO(c rag)ar?itgmgg,r @%ﬁfﬁé@?ﬁ%ép having 2 to 10

carbon atoms afoatpakxli gietd aYiRgeBlontheaharatdmhs andRiurakidsaredptiarally the same or
different. Further, these alkyl, alkenyl and aryl groups are all optionally unsubstituted or substituted

and can be seldetissvinsicordantbandtiherepropertes(B) pothechdripesmioning pelifitcdkamples of the
alkyl group and a substitution product thereof include methyl group, ethyl group, n-propyl group,
iso-propyl group, n-butyl group, t-butyl group, n-hexyl group, n-decyl group, trifluoromethyl group,
3,3,3- trifluoropropyl group, 3-glycidoxypropyl group, 2-(3,4-epoxycyclohexyl)ethyl group,
[(3-ethyl-3-oxetanyl)methoxy]propyl group, 1-carboxy-2-carboxypentyl group, 3- 25aminopropyl group,
3-mercaptopropyl group and 3-isocyanatepropyl group. Specific examples of the alkenyl group and a
substitution product thereof include vinyl group, 3-acryloxypropyl group and 3-methacryloxypropyl
group. Specific examples of the awl group and a substitution product thereof include phenyl group,
tolyl group, p-hydroxyphenyl group, 1-(p-hydroxyphenyl)ethyl group, 2-(phydroxyphenypethyl group,
4-hydroxy-5-(p-hydroxyphenylcarbonyloxy)pentyl 5group and nap hthyl group.



[0047] In the Formula (2), R5 represents hydrogen, an alkyl group having 1 to 6 carbon atoms, an acyl
group having 2 to 6 carbon atoms or an awl group having 6 to 15 carbon atoms and plural R5s are
optionally the same or different. Further, these alkyl, acyl and aryl groups are all optionally
unsubstituted of tj _ ' ith | perties of the
composition. Slf)ae%:%? g@é%%p?é&s% %%?t%giijlggﬁjg% %ﬁ% ?Xé}%‘fg) ?r:tg?h?ﬁ?ga\ﬁéé%%%th%{?group, n-propyl group,
iso-propy! groughaRdRAALM ek BReHie axamplemahirameyt graypdreiutalasatyl group. Specific
examples of the awl group include phenyl group. [0048] In the Formula (2), n represents an integer of
1 to 3. When n'igkelitiseludprgdnosilane represented by the Formula (2) is a trifunctional silane; when n
is 2, the organg 6? e is a bifunctional silane; and when n is 3, the organosilane is a monofunctional
silane. [0049] é citic examples of the organosilane represented by the Formula (2) include
trifunctiopal silanes such as methytAmethoxysilane, methyltriethoxysilane,

20methyltriiso-pro%<%3< silape -tri-n-pytoxysilane, ethyltrimethoxysilane, ethyltriethoxysilane,
ethyltriiso-propoxySilang;k l-¢5i=n-butoxysilane, n- propyltrimethoxysilane, n-propyltriethoxysilane,
n-butyltrimethoxysilane, nbut ltriefROxysilane, n-hexyltrimethoxysilane, n-hexyltriethoxysilane,
decyltrimethoxysilane, vinyltrimethoxysilane, vinyltriethoxysilane, 3- '

25metha‘3ry'OXI};(B%{?%/@FHQ%RW@%% E%%EQ@%EXL%’%R@B}’ E[#?eﬁt%‘ﬁ%%%@ﬁ’r’é?ﬁr@gem

acryloxypropyltrimethoxysilane, pheny ri??n oxysilane, phenyltriethoxysilane,
phydroxyphenyitrsegsaoxy silanerdm pah weropRpeiyetayltirseshesy siletut-iproduct
hydroxyphenyllethyltrimethoxysilane, 4-hydroxy-5-(phydroxyphenylcarbonyloxy)pentyltrimethoxysilane,
trifluorokfethylteretioXyanafa, tfkisre maibprenstaash rprensiy Basm erokshgiedmethoxysilane, 3-
aminopropyltrimethoxysilane, 3-aminopropyltriethoxysilane, 3- glycidoxypropyltrimethoxysilane,
oyt proBS IO Ex LIS T B ey e e e B ermiEreor
2-(3,4-8DOXVCVQ}QJE@&&}{B%Q)&HI&%XEH%%I[&%;%IM'&@%%@MWH%M%M%5‘?.eth0XySi|ane,
[(3-ethyl-3- oxetanyOmethoxy]propyltriethoxysilane, 3-mercaptopropyltrimethoxysilane, 3-
trimethoxysilylpropylstictieictheidir&i mercaptapngpy thpethoxysilaremhas 3ither of the
10trimethoxysilylpropylsuccinic anhydride; bifunctional silanes such as dimethyldimethoxysilane,
dimethyldiethoX§/SA&He ‘Eﬂﬂﬁ@tﬁ%ﬁ‘%&é%@ﬂaﬂg?ﬁilﬁﬁhﬁﬂﬂfﬁﬁlequﬁ%ﬂ% @bt dhethoxysilane,
(3- glyc'ﬂoxypr}q methyldimethoxysilane and (3- glycidoxypropyl)methyldiethoxysilane; and
monofunctional silanes such as 15trimethylmethoxysilane, tri-n-butylethoxysilane, (3-
glycidoxypropyl)dimethylmetboxysilanesn dodrgfioiciaky propyidineihyleiboxysilane. These
organosilanes may be used individually, or two or more thereof may be used in combination. Among
these organosifieEscRBHY¢sespandBINtcsT e the kigbtisaneianse prrdiie dicsperedeulting 20cured
film, a trifunctional silane iﬁ r feéaézix useg. L%?e%glhlz‘;g%s@/OR? (3) 01R8 [0051] In the organosilane
represented by"tlﬁeatl'—ao‘?lr%\ﬁ% o RY'ea8 mdependeohﬁ’y represent hydrogen, an alkyl group
having 1 to 6 carbon gipmsrad ARAGHGrRUBRRYINGR 1R AreRtheRaismsALAR aryl group having 6 to
15 carbon atoms. These alkyl, acyl and aryl groups are all optionally unsubstituted or substituted and
can be gélectedlinteswertancenyithtivre phopertibs whthet cormpodsitiorst Speuifiel exachples of the alkyl
group include methyl group, ethyl group,.n-propyl group, isppropyl group and n-butyl group. Specific
examples of thé“%iwpﬁl%ﬁ‘ﬂpiﬁ%ﬁﬁﬁg"ﬁéég RSP AT SR @ R € Wt 692241 group include pheny
group. In the QIR MhiRARIAGAELA! it Fuldneh B PR LR AHaeaIaRe represented by
the Formula (3), apositive photosensitive composition which has excellent sensitivity and resolution
while maintainipg-isghvbigat cesisianie amljranspareigbyotahecbékobiailbtt udielE3hin the polysiloxane
used in the present invention, the content ratio of the organosilane represented by the Formula (3) is
preferably not [igher Saiabor (R AR T RidtaOFBR $PSi atom compared to the number of moles of
Si atomsJn the polsiipane. as, a.nhole: When the.content rafio ofhe praanosiang fepresented by
the Formula (3}|n polysiloxane’is in the abdve-descrnbed presferrea rang€ in terms 150f molar ratio
of Si atom compased tadhe-pemheraiinalenobsiatomeindie palysionandasa whole, good
compatibility is attained between the polysiloxane and the naphthoquinone diazide compound, so that
the resulting cutesttfihied s dfdalient transparency. The content ratio of the organosilane represented
by the Formula (3) can be determined by a combination of, for example, 111-NMR, 13C-NMR,
29Si-NMR, 20IR, TOF-MS, elementary analysis ang ash measurement. [0054] Specific examples of
the organosilane represented by the Formula (3) include tetramethoxysilane; tetraethoxysilane;
tetra-n-propoxysilane; tetraiso-propoxysilane; tetra-n-butoxysilane; ietraacetoxysilarie; METHYL
SILICATE 51 (manufactured by FUSO Chemical Co., Ltd.); M SILICATE 51, SILICATE 40 and
SILICATE 45 25 (which are manufactured by Tama Chemicals Co., Ltd.); and METHYL SILICATE 51,
METHYL SILICATE 53A, ETHYL SILICATE 40 and ETHYL SILICATE 48 (which are manufactured by
Colcoat Co., Ltd.). [0055] As a mode of the polysiloxane used in the present invention, a polysiloxane
which is synthesized by a reaction of at least one organosilane represented by the above-described

Formula (2) and/or at least one organosilane represented by the Formula (3) with silica particles may
alen he 11Iced Rv allowina the oraanocilanac B tn react with cilane narticlee the nattern recoliitinn ic




10200 mu, more preferably 5 nm to 70 nm. When the silica particles have a number average particle
size in the above-described preferred range, the pattern resolution-improving effect can be sufficiently
attained, while the resulting cured film is not likely to cause scattering of light and has excellent

transparency. Iﬁg@&l? 8§r@p‘gw%gdﬁrtlcle size of the silica particles is determined as follows
¢ 15 surface area metho

when a specifi IS employed: after drying and calcinating the silica particles,
the specific surfage praas@ithe sesuiingRarticign AR MeasHsE dnrkthepartislenszes are then
derived from the thus measured specific surface areas with an assumption that the particles are
spherical, theréiy dghdreninmiagttinecavedrbigh pamtivikesiyeaay ol msrmbetavediyeivalue of the derived

particle sizes. The equipment used for this 20measurement is not particularly restricted and, for
example, "ASAPY OB 408 Vi 8%%?5%%@%&@8 fl\/ﬁc?ﬁ*gﬁﬁie??' §%ﬁ%‘[ﬁﬂﬁléﬁﬁ?‘@6?ﬁ.3%an be

employed. [0057] Ghagificexamniesalihe stca pattieles dndlude: IRASE Whigh,eentains isopropanol
as a dispersion medium and hasa particle size of 12 nm, MIBK-ST which contains methyl iso-butyl
ketone as a disfietrsigronrediarfiland hasmaupdaciddnsioe ofch2idbine, IPAGE dr vidch contains
iso-propanol as a dispersion medium and has a particle diameter of 45 nm, IPA-ST-ZL which contains
iso-propanol adratefighefsiAnsditmiesit¥has a particle diameter of 100 nm and PGM-ST which

contains prop)ﬂ;@g@yﬁﬁl W&%ﬁ@?ﬁﬁ%ﬁ%@%n medium and has a particle diameter of

15 nm (all of w are trade hames and manufact issan Chemical Industries, Ltd.); "OSCAL"
101 which containsyietyselaciaipasalisperaipniiaciie@nd kasahaditmdamgter of 12 nm,
"OSCAL" 105 which 5contains y-butyrolactone as a dispersion medium and has a particle diameter of
60 , "OSCAL" roapvisrsH Spamaitrs idiabetonesalcdhcl ravhildisparsiodisnddicrmpmah S eparticle

diameter of 120 nm and ."CATALOID"-S which confains water as a dispersion medium and has a
particle size of ¥ {5¥FHI AR WL?&%&WF&H@H A 5133&“' REHOTRRITRF ™G C catalysts and

Chemicals Ltd ), QLART QN (B}-stdn LOBGMEWBIRN Goiains-RIRNYERE AloR) Ronomethyl ether as
a dispersion medium and has a particle diameter of 16 urn, "QUARTON" PL-2L-BL which contains y-
butyrolactone dsiadisp@rsianlmeéyiuhibncbhastaphetidk diash ebietaef cbmponnd QUART ON" PL-2L-DAA
which contains diacetone alcohol as a dispersion medium and has a particle diameter of 17 urn, and
"QUARTON" PRt byritetsh-A1mpaishicn! Eo ataintwateiehoh hrsgeraibiriailfieaifd have a particle
diamete?lr_ f 18@%%1] urn (all of which are trade names and manufactured by FUSO Chemical Co.,
Ltd.); SILICA (8i102)'SG-S0100 having a particle size of 100 um (trade name, manufactured by KCM
Corporation); and "REOLOSI
Tokuyama Corporation). Further,
| ti

" having, a particle size of 5 to 50 mu (trade name, manufactured by

ese silica 20particles may be used individually, or two or more
thereof may be us 1@)10_ ME 058}Jn cases where a silica particle is used, the mixing ratio
thereof is not particularly restri ,Jlowever, it is preferably not higher than 70% in terms of molar
ratio of Si atom compared to the numhef of moles of Si atoms in the 25polysiloxane as a whole. When
the mixing fatif{é@iﬂ]%@Rﬁ!@vﬂﬁ%‘%ﬂ@ﬁﬂﬂﬁf@(rﬁq}f@% in el malassatienef Si atom compared
to the number of moles of Si atoms in the polysiloxane as a whole, good compatibility is attained
betweenthe pbjysigxane skl theupaphtndquinpnanditzidé gonpp ouneyistithantedesulting cured film
has excellent transparency. [0059] Further, in the polysiloxane used in the present invention, in order
to ensure suffidféEtdoh inﬂ%ifﬁr‘fﬁéﬂéigﬁrag%éﬁ‘géﬁmﬁiﬁﬁ’fm?&fﬁﬁ@h@fﬂ?g%{b@%ﬁbund and the
like and to for if il it ] he. 19.0fphenyl group in the
polysiloxane irsnal ﬁéﬁéﬁé?&ﬁgﬁﬁé gﬁé{ %%r;gé%%ﬁn%ﬁ%%e%g& nbgt% égsfﬂt]ir(#aqr%l %go rfﬁjol%, still more
preferably not Iggsethnr 8@ malfey particuladyprefarabi nesjessthan 4@:prol%) wifh respect to Si
atom. When the content ratio of phenyl group is in the above-described preferred range, the
10polysiloxane and tHé&htHadicinohte sigzigeeanboiserat@rtikelyasalridergbephase separation
during coating, dgjin , heat curin agd tt}ie Iilie so that the re uI}in fim.do S not beﬁorpe clouded and
the curéd film aRAING BxXcatiehl Tansm aﬁsé’g.vléﬁ?tﬁ%?flfﬁgucsoan entratio %ﬁnp aghnﬁ% ou% is preferably
not higher than,{PiRQivmingre preferalenotighanritamemalisalilangareRegigrably not higher
than 50 15mol%. When the content ratio of phenyl group is in the above-described preferred range,
crosslinking ocecidicsiuffitienthedwpngdheatculhng, soughat dhbredulting euredfilivattains excellent
chemical resistance. The content ratio of phenyl group can be determined by, for example, measuring
295i-NMR of the polysiloxane and calculating the ratio between the peak area of Si bound with a
phenyl group and that 200of Si not bound with a phenyl group. [0060] Further, in the polysiloxane used
in the present invention, the content ratio of epoxy group and/or vinyl group is preferably not less than
1 mol%, more preferably not less than 3 mol%, still more preferably not less than 5 mol%, particularly
preferably not less than 10 mol%, with respect to Si atom. When the content ratio 250f epoxy group
and/or vinyl group is in the above-described preferred range, the photosensitive composition has
excellent solvent resistance. Further, the content ratio of epoxy group and/or vinyl group is preferably
not higher than 70 mol%, more preferably not higher than 50%. When the content ratio of epoxy group

and/or vinyl group is in the above-described preferred range, the polysiloxane and the naphthoquinone
diazide compnoiind are not likelhvy t0 1inderan nhace canaration diirina coatina Arvina heat cririna and




[0061] Further, the weight-average molecular weight (Mw) of the polysiloxane used in the present
invention is not particularly restricted; however, based on polystyrene 15measured by GPC (gel
peimeation chromatography), it is preferably 500 to 100,000, more preferably 1,000 to 50,000. When
the Mw of the polysiloxane isdn the abgve- described. preferr %, ange, go t gilit is attained
while the SO|UbﬁI%/lnIDl’l goc}lg\'/efgé%rrﬂ tthe w%éﬂrf)e{? ﬁa%t%#ﬁggﬁ%g%tl %ler%ylgsgaélo §R%I(%)S %Tglshe polysiloxane
used in the presanhinvantieRuswynheaizeahiichydialysiss20ang pariahcandengatian.ef monomers
such as the organosilanes represented by the Formula (2) and/or (3). For the hydrolysis and partial
condensation, hesbrefisnheussdreetddizaihb e iftdysduire rerabipleolyssivenst, water and, as

required, a catalyst are added to a mixture and the resultant is heated with stirfing at 50 to 150C,
oreforably 90 (001 UL G EISHIGYS (51 AUBHEoE S ARTRS Su S P REd Be nycrolysi
by-produgt (alcahpl sughasimethaaglyandcopdensatanipiodustivalendnayhaistiled off as
well. [0063] The above-described reaction solvent is not particularly restricted; however, usually, a
solvent comparzhl€:ta theallateregesatibed Gk sehventisierptoyedditdsppledenesbtbat the solvent be
added in an amount of 10 to 1,000 parts by weight compared to 100 parts by weight of monomers
such as the orgQHBSHAASS 2EcrpRBIC ﬁﬂ%%?éf@%ﬂ%é{‘f%@W%Yfijg%“ﬁ%?dtﬁ‘ésﬁ%i‘msis reaction be
added in an amount 50f 0, les com 1 f hydrolyzable.group. [0064] The catalyst
added as requi(r:%%?ﬁn%taﬁ%&EP@%@&%&S%%%\#&%E:%ﬁ%&?&g c%@@ﬁﬁ%@gsic catalyst is
preferably empleygduspgcific examples of the acid catalyst include hydrochloric acid, nitric acid,
sulfuric acid, hydrofluoric acid, phosphoric acid, acetic acid, trifluoroacetic acid, foimic acid,
polycarbéxylic H¥lgkl Todedederyoitie oiferabfvenigsiviasiaranygeadsimbospeeifié éxbmples of the
basic catalyst inclyde triethylamine, tr?i%ropylgmine trilgudtyla@ini, trig ntylamine, trihexylamine,
triheptylamine, BSOS i B R T TR A STA R A HiEthS A Nhe 6 8dium hydroxide,
potassium hyd%m&@%@g%{ﬂ@ip&@koxysilanes and ion-exchange resins. It is preferred
that the catalyst be added in 15an amount of 0.01 to 10 parts by weight compared to 100 parts by
weight of mondiers Syetifasctheplgariosihnest{dg6btdbothei; dddiatie stamdipoint of storage stability
of the composition, it is preferred that the polysiloxane solution after the hydrolysis and partial

condensation dBWEEBREAIF triasiheasBsdinsadic atidy atrdifrtit ERfaREPESn Be removed as
20required. The.method of removin talyst is not particwarly restricted: howeyer, from the
standpoﬁler%ts of 8"6‘ r?g%z(r%é% %?%?J%Cit&%ﬁgur@movaéiﬂ%}?%eﬁata yst ?s p’re%?erqﬁgﬁ/ roergoved by washing
with water and/gi@ tieathentiwithcal) ieR-exchaf)gatesiic die, Mashing wil wateric rfers to a method
in which, after diluting the polysiloxane solution with an appropriate hydrophobic solvent and

25washing the testifeaphaxsnr distabaalieraidrosnyirhtedig aeg Sryaniehadiciacebneentrated using an

evaporator or the like. The, "treatment with an jon-exc 2 resin” ref 0 a methpd in which the
polysiloxane sdiif "Fs"%’%ﬁ‘a}%’? fgr%ogé%ﬂ 5&"\’/#/‘&??%%’ ggr?r%%ﬁ%@é‘%ﬁ’-%e’@ Eéfh%% reESThg.I’%OOGG] The

positive IOhOtosﬁe%ﬂﬂ)éﬁo%ﬁ%ﬂﬁﬁ&@%ﬁ@%%Qi!ﬂgi{&rﬂﬂl?c%sﬁﬁﬁli%@&lﬁ01?&%&%}1%@} a naphthoquinone
diazide compound. The positive photosensitive composition containing the naphthoqumone diazide
compouwtd formsanptsitrethdypdiddiim, imwhickdnexposetharés igaemblyednplopedeveloper. The
naphthoquinone diazide compaound to be used is not particularly restricted; however, it is preferably a
compound in Wit hAHRTREHER o h BER STYEHARE: £S UMY A AARSEECHSING a phenolic
hvdroxyl aroup fipleh #a.ESIRLRARL.IANIIEN camAQHGhInG priae.0d pAbBRSItons of the phenolic
hydroxyl group are each independently 10hydrogen, a hydroxyl group or a substituent represented by
the Foimula (4)desd)ed QR6at:fa GHQ LR IN{4) R4 12 (BRG] dartheyhomvid artdp FRHiRK1 and R12 each
independently represent an alkyl group having 1 to 10 carbon atoms, a carboxyl group, a phenyl group
or a substituted IFBREINDgBehsEertHeR a1 IRITLHIR 2 %g&@ﬁir‘oﬁaﬁw%wtf:%g. The alkyl group is
optionallzséeither.un%%gsltitute or substituted rimqle gan be s%leacﬁglg_in acc rg?nce witp aElhe properties of

dicar As s&c

the composition.m§pec |(1:Cé‘>{55m]6]aé’sa5’f3 t %egfﬁy(fygroup include metﬁ%} }Q%up,'g{ﬂlﬁegoroup, n-propyl

group, iso-propih ok RUBAGEOARI, IR BUiMIHEY OHEn dnRiEY] SERUR: A eXYAG@YP, cyclohexyl group,
n-heptyl 20group, n-octyl group, trifluoromethyl group and 2-carboxyethyl group. Further, examples of
a substituent ontthenphenylagrobly iemlkideehy didryt yroapraied saritroky grolimsdecifisilexamples of the
ring which is optionally formed by 12', RI1 and R12 include cyclopentane ring, cyclohexane ring,
adamantane ring and fiuorene ring. [0069] 25 [007Q] When the ortho and para positions of the
phenolic hydroxyl group are each the above-described preferred substituent, since heat curing is not
likely to cause oxidative decomposition and a conjugated compound characterized by a quinoid
5structure is not likely to be formed, the resulting cured film is not easily colored and maintains
colorless and transparent properties. Here, these naphthoquinone diazide compounds can be
synthesized by a known esterification reaction between the compound having a phenolic hydroxyl
group and naphthoquinonediazidesulfonic acid chloride.



10[0071] Specific examples of the compound having a phenolic hydroxyl group include the following
compounds (all of which are manufactured by Honshu Chemical Industry Co., Ltd.). [0072] CH3 7 HO
-V _loss-OH GH3 Bisphenol-A -E'A3 lau C H3 cool' Ho _le tS:' A1 :\ ---OK 77s.," A 7oHa\ I-Ellt-Bu
Ms26B- A C1-1;t. .kr it CH2 CH OHO isP- mak Cb1’43 47-74:: HO -e CH2" CH BisF- B j-MH BHP
CH, DEK O A idgalig g or BRrshriee) By B3 ¥ebin (R e,

[0033] Specific examples of other radical polymerizable compound (a-2) used in the
present invention include epoxy group-contamning radical polymerizable compounds
such as glycidyl (methjacrylate, a-ethylglycidyl (meth)acrylate, g-n-propylglycidyl

5 (meth)acrylate, e-n-butylglycidy! (meth)acrylate, 3,4-epoxybutyl (meth)acrylate, 3.4-
epoxvheptyl {meth)acrylate, a-ethyl-6,7-epoxyheptyl (meth)acrylate, allyl glycidyl
ether, vinyl glycidyl ether, o-vinylbenzyl glycidyl ether, m-vinylbenzyl glycidyl
ether, p-vinylbenzyl glycidyl ether and 3-vinylcyclohexene oxide; (methjacryloyl
group-containing radical polymerizable compounds such as methyl (meth)acrylate,

10 ethyl (meth)acrylate, n-propyl {(meth)acrylate, iso-propyl (meth)acrylate, n-butyl
(meth)acrylate, sec-butyl (meth)acrylate, t-butyl (meth)acrylate, 2-ethylhexyl
(methjacrylate, lauryl (methjacrylate, dodecyl (meth)acrylate, dicyclopentanyl
(meth)acrylate, iso-bomyl (meth)acrylate, cyclohexyl (methjacrylate, 2-
methylcyclohexyl (meth)acrylate, dicyclohexyl (meth)acrylate, adamantyl

15 (meth)acrylate, allyl (meth)acrylate, propargyl (meth)acrylate, phenyl (meth)acrylate,
naphthyl (meth)acrylate, anthracenyl (meth)acrylate, cyclopentyl (meth)acrylate,
furyl (meth)acrylate, tetrahydrofuryl (meth)acrylate, pyranyl (meth)acrylate, benzyl
(meth)acrylate, phenethyl (meth)acrylate, cresyl (meth)acrylate, 1,1,1-trifluoroethyl
(meth)acrylate, perfluoroethyl (methjacrylate, perfluoro-n-propyl (methjacrylate,

20 perfluoroiso-propyl (meth)acrylate, triphenylmethyl {meth)acrylate, camyl
(meth)acrylate, 2-hydroxyethyl (meth)acrylate, 2-hydroxypropyl (meth)acrylate,
amide (meth)acrylate, N,N-dimethylamide (meth)acrylate, N,N-dipropylamide
(meth)acrylate, anilide (meth)acrylate, (methjacrylonitrile and
tricyclof{5.2.1 .02’6] decane-8-yl methacrylate; vinyl group-containing radical

25 polymerizable compounds such as acrolein, vinyl chloride, vinylidene chloride, N-
vinylpyrrolidone, vinyl acetate, styrene, a-methylstyrene, o-methylstyrene, m-

methylstyrene, p-methylstyrene, p-methoxystyrene, p-methoxymethylstyrene, p-t-



Ho sor%-,1".;0H (Cl.H:) 5 OH-4 BisP-OT Chia BisP- AP tosa CH.a. s06;0ss.s0 H Vale (CH2)6 CH2
BSI% NG 71.-as CH.3 OisOTBP- AP OH OH, HO --j7 AH9 BisP -DE CH,3I=, 47r% -% A | -am
-Tht.- p OH TrisP- HAP [0073] CHrk ))s-OH Oro'3\=,1 1'11 pH TeisP- PA OH

butoxystyrene, chloromethylstyrene, butadiene, 2,3-dimethylbutadiene, 1soprene, o-
vinylbenzyl methyi ether, m-vinylbenzyl methyl ether, p-vinylbenzyl methyl ether,
o-vinylbenzy! ethyt ether, m-vinylbenzyl ethyl ether and p-vinylbenzyl ethyl ether;
and unsaturated dicarboxylic acid diesters such as diethyl maleate, diethyl fumarate
5 and diethyl itaconate.
[0036] Thereamong, for example, glycidyl (meth)acrylate, styrene, o-methylstyrene,
p-t-butoxystyrene, dicyclopentanyl methacrylate, methyl methacrylate, 2-
hydroxyethyl methacrylate, benzyl methacrylate, butadiene, isoprene, o-vinylbenzyl
methyl ether, m-vinylbenzyl methyl ether, p-vinylbenzyl methyl ether, o»vihylbenzyl
10 ethyl ether, m-vinylbenzyl ethyl ether and p-vinylbenzyl ethyl ether are preferably
used. By using these compounds as a copolymerization component, the alkali-
solubility, grass transition temperature, dielectric constant and the like of the
resulting polymer can be controlled and consequently, an improvement may be
attained in those performances that are required for a resist, such as resolution and
15 normalized remaining film thickness, and those properties that are required fora
permanent film, such as transparency and heat resistance,  As a copolymerization
component, these compounds may be used individually, or two or more thereof may
be used in the combination.
[0037] The alkali-soluble acrylic resin used in the present invention can be obtained
20 by copolymerizing the above-described compounds.  The alkali-soluble acrylic
resin contains a polymerization unit of the unsaturated carboxylic acid (a-1) in an
amount of preferably 5 to 50% by weight, particularly preferably 10 to 40% by
weight. Further, the alkali-soluble acrylic resin contains a polymerization unit of
other radical polymerizable compound (a-2) in an amount of preferably not more
25 than 90% by weight, particularly preferably 20 to 60% by weight.
[0038] When the content of the polymerization unit of the unsaturated carboxylic

acid (a-1) in the alkali-soluble acrylic resin is in the above-described preferred range,

10



HOOH TekP-4HBP HOOH BisOPP-AP TekP-4HBPA TPM-DP [0074] As the
naphthoquinonediazidesulfonic acid chloride used as a starting material,
4-naphthoquinonediazidesulfonic acid chloride or 5- naphthoquinonediazidesulfonic acid chloride can

be employed. A 4- naphthoquinonediazidesulfonic ester compound is suitable for i-line exposure since
t shows absorAHORTHHRE FRHERAMITEAGHR. SREPTEHS P Heb AR £ S haEAHE inoned
azidesulfonic a&lﬁaﬁﬁﬁoﬁﬁ[&%&ﬁ‘ﬂa&%&’é%ﬂl‘%i@%l_%ﬂ@spkﬁ%éﬂi@s‘%(ﬂé%éﬂ%%i%ﬂgth range since it shows
absorption over a wide range of wavelengths. 5It is preferred to select a
4-naphthoquinddediehitie skiferidtegtesatomibu ddes mat havragittiseiguinbivddicinidésuifonic ester
compound in accordance with the wavelength used for exposure. A 4-naphthoquinonediazidesulfonic

acid ester compatef A tpitROGETHEHe dis AoBatiifsaiteReiias it tispetn aiiisy also be used
i bination._10[0075] E I fth hthoquj lazi _ f | dinth
in comuination resuﬁ%?g éés%ﬁ‘g‘@‘grg eSS IR E‘S&aEe&q“W%%gy é?:é‘%) ‘E%Flﬁgug R%%Klgzeg}? y usedin the

present invention inc compounds represente owing 0076] [0077]
In the Formula (@) R bheRAdical pdtvandiRLR eashda esenidydransaibaiad-igoraup, an alkoxyl
group, a carbonyl group or an ester group, in which groups the R'S number of carbon atoms is
selected from lie 8. tRl®oRtdeseritsdpidiRis arecophonsiihensdrmedrdigaehtlReT Yepresents

hydrogen, an alkyl group or an awl group, in which groups the number of carbon atoms is selected
from 120 5 O rEPENENES &R B FAB R B AR SRS G100 S Hrogen atorm, wih the
20proviso that ?Q&é}uﬁ @SS Ay atomy The letters a, b, ¢, d, e, a, 13, y and 6 each represent
an integer of 0 to 4, with the proviso that a + p + y + 6 > 2. By using the naphthoquinone diazide
compourtd reprigfsaicthbylkiab-bduhielta(B) thersenrdiiivibe andagsolgtiomihapattern processing are
improved. [0078] The amount of the naphthoquinone diazide compound to be added is not particularly

restricted; how&9BrSH e ReASFBRED Y ST ML B e BT BrEREr 8RS 4435 parts by weight,
compared to 10Q part ' f.the alkali-saluble resi /9], When the,ad mount of the
naphthoquinonoﬁé%elgigfg%%@lrfé% r% ig?n?%?e agquﬁlﬁgssc%%é%%%fesggb rgngg} t'hg?iil;{segolution contrast

between an exgespiataa @bdRNoN-axpesekaealishighienaughimalievpshe:gomposition to exhibit
photosensitivity sufficient for practical use. Meanwhile, since the compatibility between the
polysiloxane arftbtielivapreneaunscHe dickoes oo el ol tle Tigeline crebasddersratid, whitening of
the resulting coating film does not occur.and, since, coloring of the cpating film, which.is caused by
decompobiton S TS RS E b R FRSTRE) d0%56: 0 R Pt dbrectfm
maintains color|gss aRgfansRaENRIARSK RS dF Wbl dh RIGE! foRHpRbetesdissolution contrast,
the amount of the naphthoquinone diazide compound to be added is more preferably not less than 5
parts by weightdérededeedo dhtaierathitrachdidmepinighet trdmspasentopy theanroalktlotthile.
naphthoquinone diazide compound to be added is more preferably not more than 20 parts by weight,

particularly pre@ﬁﬁ%ﬁtrﬁﬁﬁrg%ﬁhai’s B WW&_@H?’%@ H%f@ga{f)%%trﬁ%fe than 10 parts by
weight. [0080]#'@%%?& g BRAIPRENSHME: COMRRIHAN AFCRIAING 1. the RresentinygaLon 20contains

(C) a solvent. The solvént to be used Is not particularly restricted; however, a compound having an
alcoholighydroxybgraupcisopigierahi used, Bys usingsyeh solve nhdive Bidlitsaduble tgsin and the
guinone diazide compound are uniformly dissolved, so that even when the composition is applied to
form a film, the ditrislipreaivh s btk frusledasachibgatigirrrapd prarendp! 251808 LEThe |
above-describet%ecgrrgggyéwc‘i] t?gvine%tan alcoholic hydroxyl group is not particularly restricted; however,
it is preferably a compouna ﬁa\?frrllg a boiling point of 110 to 250C under atmospheric pressure. When

the boiling poinfig46 18- aBe¥Edescribed acrylic resin used in the present invention can be
obtained by copolymerizing the unsaturated carboxylic acid (a-1) and other radical
25 polymerizable compound (a-2) in accordance with a variety of polymerization
methods and a method in which the copolymerization is performed in a solvent in the

presence of a catalyst (polymerization initiator) is preferred.
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described preferred range, excessively fast drying does not occur during coating, so that the surface of
the resulting film is not likely to be roughened and good coatability is thus attained, while since the
amount of residual solvent in the film is small, film shrinkage during curing is limited and good

planarization pr y.can be 5attained. |0082] Specific examples of the compound having an

B cohoie hyroRy s O e ARERGH A PR o Lo ERA e |
4-hydroxy-3-meitylsR-QiipNOREman JYERAXYr 3Rp AN aen A=RY I ds G Wsg Rentanone
(diacetone alcohol), ethyl lactate, butyl lactate, propylene glycol monomethyl ether, propylene glycol
10monoethyl etbeshpicpytenenglycokmondios@repethachpropyleriediyedvmaainafdityl ether,
propylene glycol mono-t-butyl ether, diethylene glycol monomethyl ether, diethylene glycol monoethyl

ether, dipropylsibfstrehsrisathyhetistherprgyiestygsroeirohssnsmehd e hemethoxy-1-butanol,
d 3-methyl1-3-methoxyl-but . T. ds_havi hali I b
and s-methy etﬁ%?’e é’g\%co?%{s‘ﬁ‘o%f%ﬁe%ﬁ%%%%g% %%%Y&E‘lgn%”lé‘t'f?q d %%%gﬁ%éﬁfmup may be

used 15individJally; or fw6 or more thereo may be used in combination. er, the positive
photosensitive ggaapasitiontaseeeingaiaibrQesendiinventiondatisereqiain other solvent(s) as
long as the effects of the present invention are not adversely affected. Examples of other solvent

“include esters stichregtetisiheicatdsopilsrsm)y edarnsdipreyravepatenaebignliadicdtate, iso-buty!
acetate, 20propylene glycol monomethyl ether acetate, 3-methoxy-1 -butyl acetate, 3-methyl-3-
methoy bty PIE A Bt BB RN ARG eS8t BERDH S B e, s propy
ketone, diiso-bufylkeione andacaMacsiRRe RINGISIRYGRAR Lk RInGEsliS0sREQRYA ether, di-n-butyl
ether, diphenyl ether, diethylene glycol ethylmethyl ether and diethylene glycol dimethyl ether;
y-butyralactonegsypeRaralardlactond; Sluvalckotacts s ipropylépestatienaie cislrettadpyerolidone;

cyclopentanone; cyclohexanone; and cycloheptanone. [0084] The amount of the solvent to be added
is not particulary @RISR A GRTETY it iR Fefet Y PR FERGSHRGH22000 parts by weight

compared to 1 Wej he, alkali-solub ' 5] The 2psitive composition
according to th%gf)grg%%%?ﬁeﬁ%po%r@ ggr%?%?r%é%@?a%%@éﬁ@éﬁa%%%c%trg;g?u%gﬁrrtg%fease nted by the
following Formearkd)poi08hs R Rtk xyk M4 1oth R By0Rv] ckraibentadtal chedate,compound
represented by the Formula (1), M is a metal 10 atom; Ris, the same or different, each represent
hydrogen, an alk§ihyroufirain mefhprdupcthprsikepingid b amatisstiRorprsdedyifereof, R2 and

R3, the same or different, each re%r(-i-sgetn&]gxdro en, an al@ftlﬁ ro%%)é&pb%% fgcrqu D, glprzialkenyl group, an

alkoxy glr%up, o?t%ms(ﬁ%ré}t?tlﬁﬂ%tﬁ’ﬁ% tict there ;rﬁ) 1eof)ir‘r”‘et%’een &R ency of the'metal’atom M; and k

represents an 'gﬁ%ﬂﬁr e E%llze]_@@n%&is %Mﬂ@@%ﬂ%?&iﬂﬂé'&ﬁcﬁb%&ﬂ@%%&%ﬁi&%ﬁ@' chelate_
compound used in the present invention, the adhesion in development and the wet-heat resistance of
the resulting cuféeséilsnlenes nupnovedhi {0089 [uhrrthrenBanimd20(h) | DD élalvatgm and the metal atom
is not particularly restricted. From the standpoint of transparency, examples of the metal atom include
20titanium, zircHMAHCAIRAIREHIARR PeEbER HHgR R ISR FOBEIHINS K#rdhtium, magnesium
and calcium. Fraqlgl(g]%]s_tandpoints of adhesion in development and wet-heat resistance, the metal
atom is preferably zirconium or aluminum. [0090] Examples of RI include methyl group, ethyl group,
n-propyk group (8231 BRyha D chiikanRutyhgse upaBec-atydrg iuprape b aiewpadientyl group, heptyl
group, octyl group, nonyl group, decanyl group, octadecanyl group, phenyl group, vinyl group, allyl
group and oleyPgtBurZRHERSAIHB AL, BRYCE HiEdy FippGHerbe E6RTES P [R2ORIMROPREferably an
PPrOpy! group. 40 LM GIRUR. AR LiRenl 994p, S0 B heY AR AR oy group, an n-ccty

group, an n-noﬁlfﬁgroup, an n-aecy up, ah'nocta I"group or a pheny!l group- Examples of R2
and R3 include hygigen ey koIpshn SiAY: Gkl N oREARK kiR SacRMAM:GRYP, n-butyl group,
sec- 5butyl group, t-butyl group, phenyl group, vinyl group, methoxy group, ethoxy group, n-propoxy
group, iso-proppxygreuiepreiutoxryidgrouiptsbesbutmiyaipowpd-pemsy-group, n-hexyl group, n-heptyl
group, n-octyl group, n-nonyl group, n-decyl group, n-octadecyl group and benzoyloxy group.
Therearfiong, st RW@’@’@HX&@E}W@%iV%Eﬁ%dﬁﬁ&%ﬁ% s SBREs ¥R ferred that R2
and R3 be each 2 math L0SoUR, AR WYL SIOHR:BARRMVLIERU P BME AR I RURsaN ethoxy group
or an n- octadecyl group. [0091] Examples of the compound represented by the Formula (1) include,
as zirconium campenlnids;@ireomhiumdetiae ngetpoxideozirgpnivnteitiastehubixide, zirconium
tetra-sec-butoxide, zirconium tetraphenoxide, zirconium 15tetraacetylacetonate, zirconium
tetra(2,2,6,6-tetramethy1-3,5-heptanedionate), zirconium tetramethylacetoacetate, zirconium
tetraethylacetoacetate, zirconium tetramethylmalonate, zirconium tetraethylmalonate, zirconium
tetrabenzoylacetonate, zirconium tetradibenzoylmethanate, zirconium
mono-n-butoxyacetylacetonatebis(ethylacetoacetate), zirconium mono-n-butoxyethylacetoacetate- 2
Obis(acetylacetonate), zirconium mono-n-butoxy-tris(acetylacetonate), zirconium
mono-n-butoxy-tris(acetylacetonate), zirconium di(n-butoxy)bis(ethylacetoacetate), zirconium
di(n-butoxy)bis(acetylacetonate), zirconium di(n- butoxy)bis(ethylmalonate), zirconium
di(n-butoxy)bis(benzoylacetonate) and zirconium di(n-butoxy)bis(dibenzoylmethanate).



25[0092] Further, examples of the compound represented by the Formula (1) include, as aluminum
compounds, aluminum tris-iso-propoxide, aluminum tris-n-propoxide, aluminum tris-sec-butoxide,
aluminum tris-n-butoxide, aluminum trisphenoxide, aluminum tris-acetylacetonate, aluminum
tris(2,2,6,6-tetramethy1- _,5-r#e tanedionate), aluminum tris-ethylacetoacetate, aluminum
ticemethylace SRR U FRTRG 0 o AT Ao A & S P Bl i
ethylacetate-difisQ;RIORAMLL) AU BHRURIRGREVIRCRIARAE)di(iso-propoxide), aluminum
methylacetoacetate-di(iso-propoxide), aluminum octadecylacetoacetate di(iso-propylate) and
aluminum mongidélylhcetonatdehisitethytadetoacetatein [0} aurtbrbdixampleswfthe compound
represented by the Formula (1) include, as titanium compounds, titanium tetra-n-propoxide, titanium

tetrg-n-_butoxidéfkﬁigﬁ’i ﬁWf&?&%@&%fé%&é?%@ﬂﬁ’ﬁ??éﬁ&ﬁﬁféqﬂfb%?&é’,oﬁ’c%‘?ﬁd}?wvfﬁr%tylaceyona_te,
10t|tan|ugl_.;n tetr%é%s%i@i@r'tﬁlt%ﬁ%eﬁmfﬂfz’gd§é§1‘%§é§%‘?ﬂi§?%‘fc%e%%&'@é&%}%@%&% ggloacetate, titanium

h
tetraethylacetoacetate; titanium tetramethy onate, titanium tetraethylmalon te‘jgtitanium
tetrabenzoylacgtopatis ikanimikelrapipesz aykmathanate iSRRGV using this acrylic resin
mono-n-butoxyacetylacetonatebis(ethylacetoacetate), titanium
mono-n-butoxyétifelaioacetatstbie{ arwgars rahes)has feakiaronighesintbutdye/ -tris(acetylacetonate),
titanium mono-n-é)utotxy- tris(ace%\glacgltona ), titanffumt (ilgan-buto y bisgetmﬂacetoacetate), titanium
di(nbutoxy)bis(sa%esgﬁzf’(te %%3%3? tahiam ai n?%at‘&f/ S eﬁ%ﬁr%na on%lfleﬁ? fEamiGHT
di(nbutoxy)bis(hrnzpyiRcsiomaislditanandiinuony pisikenzavimehanalalaad fifanium
tetra-2-ethylhexyloxide. 20[0094] Among those compounds described in the above, from the
standpaints of sakiliityoteavasibus spheentedgbe Sihdwitye Hahae:toitipodne (the metal chelate
compound represented by the Formula (1) is preferably zirconium tetra-n-propoxide, zirconium

tetra-n-butoxid 8 BT YAIREHREhBX e s AR dedrasRiay i@ dsAs RIS FEaRsHAne
tetra(2,2,6,6-te%?%%¥&-%,§ﬁg?&[ '%ma%gr)c_onium 25teuumethylmalonate, zirconium
tetraethylmalonate, zirconium tetraethylacetoacetate, zirconium di-n-butoxy-bis(ethylacetoacetate),
zirconium mongaajtoxyacetylacetonate-bis(ethylacetoacetate), titanium tetra-n-propoxide, titanium
tetra-n-butoxide, titanium tetraphenoxide, titanium tetraacetylacetonate, titanium
tetra(2,2,6,6-tetramethyl1-3,5-heptanedionate), titanium tetramethylmalonate, titanium
tetraethylmalonaté?gtit_a%\'iﬁaéﬁ% raethylacetoacetate, titanium di-n-butoxybis(ethylacetoacetate),
titanium mono-n-butoxyacetylacetonate-bis(ethylacetoacetate), 5aluminum tris-acetylacetonate,
aluminum _tris(%%ﬁﬂeﬁa@mgmaﬁgméyéw@@ﬁ&ﬂ@nﬁé%%mi@y,nk‘t&iasﬁ‘ém@%?@@g&i,ate, aluminum
tris-methylacetoacetate, aluminum tris-methylmalonate, aluminum tris-ethylmalonate, aluminum
ethylacetate-di@iselioybpoxitk)y aigiininltrc tazetylavstenatbid il swoprdpoxid €) fcal Grearham
methylacetoacetate-di(iso-propoxide), aluminum octadecylacetoacetate- 10dig$§éﬁro ylate) or

aluminum monBYEEIAIEA AL LIAGIA LA ST R ST ALrEHE A OB hiffepresented by
the Fruula (1) i r bly- ‘ tgﬁggg ive composition

according to th%%r%fe%ﬁ%@htio%%’%%%@%%%%%ﬁi%ﬁé?g Ic?ognaipound Iiltg}\/o.l to 5 parts by
weight comparegstbstiniied @aidsstynseigidtoah thes¢ i} alkal asalubiecsasith. Wéhespthgecoantent of the (D)

metal chelate compound is less than 0.1 part by weight compared to 100 parts by weight of the (A)
alkali-séltible réSfitOtROE iR proRISRISHEHALIRE Wrctlng £ PeBiatdrica kiting Buresion in - -

development are poor, while when the content is higher than 5 parts by weight compared to 100 parts
oy werght of ther TR R B GE D e LS & BrObTRr e B b B irea which
should dissolvedpg, daxelopeiuis Ratdigsaivgdrand the-photesrositiiyistaus mpaired. [0096] The
content of the (D) metal chelate compound is preferably 0.3 to 4 parts by weight compared to 100
parts by weightafitheogropalkativso Riglecdsivrdoviaverpin -<adespuryerelobmetiithid\dngibigh catalytic
activity is used, for example, when the 25 metal atom (M) is aluminum, the content of the (D) metal
chelate compom(f’f yg% %‘T?boiy f?&’?fi%@“%e%&?f}’%?%“ﬁ%@%?ﬂ%r%@.%f parts by weight.

[0097] The con&wﬁaj&wm&@ﬁm}%&g&w%g&%@j%@g}@eﬁ%ﬁ ified by performing a
fluorescent X-ray analysis, a metal quantitative analysis by inductively-coupled plasma mass
spectrometry (ISjReMS kxxmattenid b stirptid arepe etrd medsytiorianpesdact dhanalisidddy gas
chromatography, liquid chromatography, 11-1-NMR and/or I3C-NMR. Further, using the photosensitive
composition and the 5resulting cured film, a metal %Jch as titanium, zirconium, aluminum, zinc, cobalt,
molybdenum, lanthanum, barium, strontium, magnesium or calcium can be analyzed by fluorescent
X-ray analysis, inductively-coupled plasma mass spectrometry (ICPMS) or atomic absorption
spectrometry. The above-described metal is contained in an amount of 0.005 to 1 part by weight
compared to 100 parts by weight of the 10alkali-soluble resin composition. [0098] Further, the positive
photosensitive composition according to the present invention may also contain, as required, an
additive(s) such as a solubility accelarator, a silane coupling agent, a crosslinking agent, a crosslinking
promoter, a sensitizer, a heat radical generator, a dissolution inhibitor, a surfactant, a stabilizer and an

15antifoaming agent. [0099] In particular, in order to adjust the solubility in an alkaline developer, it is
nrafarred that the nocitivie nhotoncancitinvie comnncitinn accardina to the Nnrecent invvention contain a



200f the compound having a phenolic hydroxyl group; and N-hydroxyimide compounds. An example of
the N-hydroxyimide compounds is N-hydroxy-5- norbomene-2,3-hydroxyimide. [0100] The phenolic

compound is not particularly restricted; however, from the standpoint of transparency, it is preferably a
phenol compound Psed as a st?r)t(ri#}% 25Ynaterial gf t_f&le%?é)gv?describled naph@ one diazide '

oquin
bompound. ThalY SO s aeD e Frop andean T et Soe) Cle hydroxy!

groups in the roglaguls is mefaeeburthendomiie siaadpaivisptheals gaisianesand wet-heat
resistance, a phenol compound containing no secondary carbon (-CH2-), tertiary carbon (-CH=) and
cycloallone grogjyispretfariad-Evahmpid gopréferiedphenotndimpolgdase <hown below. [0101] Tri
HAP BisP- APBiSOTEP- AP BisP OPPh- o¢c-APTrisP- PA OH [010%}]{ Surprisingly, by adding a phenol
compound to thE PHERSERSTRE SMBuSTHH ety TS Heosreks JRIERBIHe wet-heat
resistance ther@%ﬁaﬂﬁaﬁﬂﬂﬁ?f' rkap_roved_. It is speculated that the wet-heat resistance is improved
due to the hydrophobic bather effect exerted by the packing property of aromatic rings of the 5phenol

compound. Th¢ooerientiefRhenpheny| Rompetnd isyprefenaklylid Boupartsify Wweight, more preferably
3 to 15 parts by weight, compared to 100 parts by weight of the alkali-soluble resin. When the content

of the phenol ceA9BEHINS i f5e SHRRIAEBETIEd FRETERUAPAN &L SAPEE 18V IBC°farts by weight of
the alkal-soluble tesin, e effestof wetheat sssistance Js suffidanty afainedyahie since the
10dissolution-promoting effect ddes not become excgssweﬁ?farge, pa?{lern ormation’is easily carried
out. [0103] It isals0 prafsnegthat the pesitiveHRoloseRsHvR.CABPasiionBEeRIdingwo the present
invention contain a crosslinlcing agent. A crosslinking agent is a compound which cross-links the
alkali-séluible redlieviadaulderthdapre satt tirvemtionica ASko hobilfysdore | afatsifandk g likefat the time of
heat curing and is incorporated into th% resin. By incorporating such crosslinking agent, the resulting

cured film has HhgH tEGHEE ST 0 B G BoHEE FIaHR HIEPeh EMRIEal TSN EE7BRd the wet- heat
resistance of the, curad-film.are irgprayed.and areductionin the paiten reselutign caused by pattern
reflow during k%af%tﬁﬁ%%%hibﬁepd. 210[010 ] The crosgllir%ansg agentis na(ﬁ%gglcularly restricted;
however, prefegredifxarapigisdbérsoiiyiciude campophes hawing at least two structures selected from

the group consisting of the methylol-based structure represented by the Formula (7), epoxy structure
and oxetane stiPft4trdn s eBrHtAt ST GrepaaBBR Eesefibde Strubtii g i hékgarticularly restricted;

however, the structures to be selected are 25preferably the same. [0105] cy2-0-R ()}7 [0106] In the
methylo#- ased %aﬁoﬁ%o%nﬁdr Wé%?ﬁ‘g%{lﬁiééﬁé? %%\)/rc?lrlﬁgt Ilg}/?b%%%n gt%a([:tsélraensg =r‘é’%?8§elﬁ]t§ e)y the Formula
(7), R18 represapisaithey Rydigaaniai.anaieykgicuphaving hdebaeanhaniatoms. Here, plural R' 5s
in the compound are optionally the same or different. Specific examples of the alkyl group include

5methyl group fethgfugrdapalrsipvaspyl group, iso-propyl group, n-butyl group, t-butyl group, n-hexyl
group and n-degyl group..[0107] Specific examples of the methylol-hased compound having at least
o methylor DAL IR RG4S RO T TIADAgRO B BBt PO BB
46DMOC, 46DMEIRR A AOMORR lioh ISR AL AL AmASHRATG anufactured by Asal
Organic Chemicals Industry Co., Ltd.); DML-MBPC, DML-MBOC, DML-OCHP, DML-PC, DML-PCHP,
DML-PEBP, D kt3A¥XidoMioeRy Dk -RAOR BiA-H0GCyx Binethstioh Bis«hoRyniletizylol-BisOC-P,
DMLBIis0C-Z, DML-BisOCHP-Z, DML-PFP, DML-PSBP, DML-MB25, DML-MTrisPC,
DML-Bis25X-38%y Esthesnmtlants st v pprqamssiente S Brd fpiuienEleshd-15manufactured by

Honshu Chemical | arktd ) NICAL 290 . actured by SANWA
CHEMICAL Copl%flyz}%%é%{(ﬁ%gﬁgxﬁ éﬁ@:{i%ﬁt:%%lg%er%%%%q%ﬁgm%%tﬁrgﬁ%%et yl-p-cresol; and
2,6-diacetoxymaiivptiesesala ikl dhekyipaciic examnplasiekmethyulolyeased compound having three
methylol-based structures include TriML-P, TriML-35XL and TriML-TrisCR-HAP (all of which are
20trade namesdaridiriasibdarsilpad HipHorstoarsisleatmiiusthposilaped ), and specific examples of
methylol-based cihmgoynd havi?tg four metp%llolébas d structures iECIU e TM-BIP-A (trade name,
manufatiured By REERT GYERY R AR TSR S R P L B PO PRIt TML-pp-BPF,
TML-BPA and (Mggl;é-qg} : iIGhigke t NAMSs A n Chemical
Industry Co., LfIci.); 2 an%) IKQAlfeL‘%%BIJ\g}Il)p(d%S gfyd NIKALA%:Qﬁ%g(%%QfXﬁ%EQ% trade names
and manufactubgdrizyySANNACHEWDAL Ch;Hd)xSpecifieexampidsafniwethyldbbased compound

having six methylol-based structures include HML-
14



TPPHBA, HML-TPHAP, HMOM-TPPHBA and HMOM-TPHAP (all of which are trade names and
manufactured by Honshu Chemical Industry Co., Ltd.); and NIKALAC MW-390, N1IKALAC MW-100LM
and NIKALAC 30-HM (all of which are trade names and manufactured by SANWA CHEMICAL Co.,

Ltd.). 5[0108] Thereamong,.in.the present invention, those.compounds having at least two
e R S e e

heat-crosslinkabi grops f¢ AR par fgéﬁgﬂ}frvbr'é erred examples thereof include ones

having two heas inkale-grause ﬁﬁtﬂ@c&i@@n@ﬁ'ﬂ%’%&e@%ﬁﬂﬂ@o sPML-MBOC,
DML-OCHP, DI\/}Iﬁliis‘.ﬁ;?(?:l’}J DML-PCH%@S&@%TBP, DML-34X, DML-EP, D L-POP%imethylol-BisOC-P,
DML-PFP, DML=REBRy ARk ikvihssHE, N RALAOMXCRAD Bethtypalendeoxazine, B-m type
benzooxazine, 2,6-dimethoxymethy1-4-t-butylphenol, 2,6-dimethoxymethyl-p-cresol and

2,6-diacetoxynfERANEIHEEr BRaEsHAN gt B HER EITRSIIEN® droups, such as TriML-P and
TriML-35XL; ing f heat- linkah) h TM-BIP-A .TML-BP, TML-HQ,
NML-33XL; one el B‘Ec’}'ﬁp?%p%ﬂ}f&m%%o%{fﬁféﬂé, ?%gg&%ﬂ%ﬁﬁfgg anegfgx?'f\élﬂgne §(3 M Q

TML-pp-BPF, OM-BP, 15"NIKAL NIKALAC"MX-270; and ones having

six heat- crosslipkailecunauResithias thivisTnRE HB - Mky I RIBARy HMMOMERR HBMA N
HMOM-TPHAP. Further, more preferred examples include "NIKALAC" MX-280, "NIKALAC" MX-270,

"NIKALAC" MWCtoby v -onrrmi e honxiz oy Eraefimrsiine: BHsMIAH of which are trade names

and manufactured by SANWA 20CHEMICAL .Co., | td.). [0109] Among these.(e) ¢rosslinking agents,
for example, a %%‘ﬁ%%ﬁﬁﬁ%%’%ﬁ%o %u&ﬁwy?éysgl%%ep#ﬁmv%ﬁléﬁog ]h@/3éfqrg(l)‘lgntla%fEl é’f‘é’ﬁ%l%ﬁ%a%’rhethylol group or

that of an alcohglictayd yjpgggyg‘jgcgrgpgg{&!tgqrj&cﬁﬁép LRSlOMLCERssalinpkesl by a reaction

mechanism of direct addition to the benzene ring. 25[0110] [0111] The structures of representative
heat crasslinkablmebmpetyidethhtarmipartigdiadty prefermohl sibedsnuitieaphotosensitive composition
according to the present invention are shown below. Particularly surprisingly; by using a methylol-

sbased compofiiRr it TRE BB TE ety khehaTcdmpotime b kiBmatta I8 positive
photosensitive %Bﬁl!ﬂ% ord E%ﬁnpgﬁﬁg Jnvention, the wet-heat resistance of the resulting
cured film is fur%hggs rama%%%aﬂﬁ/ %r’n%ggve};. 0112] 10 158’2% HOH,CZY HO H91-1 HOH,CCH20H
HOH, C-jcirccCrize et RO QlsiladeMAC 46DMOEP DML-MBPC DML-MBOC -1 OH
OH HOH,C* C H20OH HOH,C-1:5-CH20H H OH 2070 H20H

glycidoxypropyhmethyldiethoxysilane; and monofunctional silanes such as

15 trimethylmethoxysilane, tri-n-butylethoxysilane, (3-
glyeidoxypropyl)dimethylmethoxysilane and (3-
glycidoxypropyl)dimethylethoxysilane. These organosilanes may be used

mdividually, or two or more thereof may be used in combination. Among these

organosilanes, from the standpoints of crack resistance and hardness of the resulting

20 cured film, a trifunctional silane is preferably used.
[0050]
=
6yl 9
R'O+ SLI o};—R (3)
OR®

{00517 In the organosilane represented by the Formula (3), R® to R® each
mdependently represent hydrogen, an alkyl group having 1 to 6 carbon atoms, an

25 acyl group having 2 to 6 carbon atoms or an aryl group having 6 to 15 carbon atoms.

15



HOH2C1CH20H DML-PCHP DML-PC DML-PTBP DML-34X 5 9H HOH20O-rOH,0H HO HOH,C Or
HOH2C-,if-CH20H HOH,CCH20H N-CH20CH, C) N-CH20CH, )) CH20H H,COH20-N
N-CH20CH, H, CO 0 CH, NIKALAC MX-280 0 H,COH,C-NN- CHZOCH H3COH20 0,(N-CH20CH,

|\N/|I\/|f//-A\1L(SA(\)C|:_|\'>|/I X 1ese al%cl)lglc?l-ra%y q%rkclnuys gl%)aq ptloxgi{yH gr?su sutute or su s%tt't% a%'c_i' NIKALAC

can be selected in accordance with the properties of the composition.  Specific
examples of the alkyl group inciude methyl group, ethyl group, n-propyl group, iso-
propyl group and n-butyl group.  Specific examples of the acyl group include acetyl
5 group. Specific examples of the aryl group include phenyl group. In the Formula
(3), m is an integer of 1 to &.
[0052] By using the organosilane represented by the Formula (3), a positive
photosensitive composition which has excellent sensitivity and resolution while
maintaining high heat resistance and transparency can be obtained.
iQ [0053] In the polysiloxane used in the present invention, the content ratio of the
organosilane represented by the Formula (3) is preferably not higher than 50% in
terms of molar ratio of Si atom compared to the number of moles of Si atoms in the
polysiloxane as a whole. When the content ratio of the organosilane represented by
the Formula (3) in the polysiloxane is in the above-described preferred range in terms
15 of molar ratio of Si atom compared to the number of moles of Si atoms in the
polysiloxane as a whole, good compatibility is attained between the polysiloxane and
the naphthoquinone diazide compound, so that the resulting cured film has excellent
transparency. The content ratio of the organosilane represented by the Forrnulé (3)
can be determined by a combination of, for example, "H-NMR, *C-NMR, *’Si-NMR,
29 IR, TOF-MS, elementary analysis and ash measurement.
f0054] Specific examples of the organosilane represented by the Formula (3) include
tetramethoxysilane; tetracthoxysilane; tetra-n-propoxysilane; tetraiso-propoxysilane;
tetra-n-butoxysilane; tetraacetoxysilane; METHYL SILICATE 51 (manufactured by
FUSO Chemical Co., Ltd.); M SILICATE 51, SILICATE 40 and SILICATE 45
25 (which are manufactured by Tama Chemicals Co., Lid.); and METHYL. SILICATE
51, METHYL SILICATE 53A, ETHYL SILICATE 40 and ETHYL SILICATE 48

(which are manufactured by Colcoat Co., Ltd.).

16



00 H,COH,CCH20CH,H,COH2CCH20CH, H,0000H20C H20 CO CH, -01 Em ethoxym eth
y1-4-tbu tylp he no 2.6-dimethoxym ethylO-cresol 2,6 ia Cetexym eth yl-p - Cresol 20[0113] Specific
examples of the compounds having at least two epoxy structures or oxetane structures include

"EPOLITE" 40E, "EPOLITE" 100E, "EPOLITE" 200E, "EPOLITE" 400E, "EPOLITE" 70P, "EPOLITE"
200P, "EPOLlﬁEQSL?éOﬁﬁ,a'E‘B%EFEE“%b%[ﬂﬁ%?SEW% G, PEBE TR AG06°4RE "EPOLITE"
3002 (@l of whighaic.1Aeapmas, A0 MARURRTIRAY EaRisha CREREAG By hid):
25"DENACOL" EX-212L, "DENACOL" EX-214L, "DENACOL" EX-216L, "DENAgOL" EX-850L and
"DENACOL" EXb32d tcatiaiifoiahare jradénaniestand maindfdetsregbyeNedbsehChemteX
Corporation); GAN, GOT, EPPN 502H, NC 3000 and NC 6000 (all of which are trade names and
manufactured B"ywb%ﬁdﬁ)m%kbceeé}’tﬁ]&?)fnﬂa’wiéﬁ@ﬁ?ﬂeézs,Bﬁéﬂm@wh%@r}@EM@OAT" 1750,
"EPICOAT" 10%Y 8100- HBOa 1&%&5%54%560 and .E4275 (all of whictf. are t[ia&g[ce ‘rﬁfnes and

ta.

sk B e BR BRR 5es ! PERIELSN P40z,

manufactured by fg{ba‘ﬁ poxy Resins Co.,
"EPICLON" N685105L3E RGBT 206 (3lkafiwhieh aesptndepamesAntmanuiastured by DIC
Corporation); "TEPIC" S, "TEPIC" G, and "TEPIC" P (all of which are trade names and manufactured
by Nissan Cheiriositiorigsiriersurech) st HOHT hipH B sififrardhsamiterndumnmiactured by
Tohto Kasei Cq., Ltd.), 10[0114] Here, the above-described crosslinking agents may be used
individually, or R%B‘F‘I?’H%‘re thereof may be used in combination. [0115] The amount of the crosslinking
agent to be ad(i@é’s? i eﬁ{&%ﬁa{éxegqam%mwwag@@9&@4@@%&@%@%@&1 to 20 parts
by weight compared to 100 parts by weight of the alkali-soluble resin. When the added 15amount of
the crosshinkingégeni, indrehefalabyes desarib@dmprefaied thangeatheattres shntcingraifect of the resin is
sufficient, while the resulting cured film retains colorless and transparent properties and the
composition attaiFeEseaNsH St iadee emiftgescripfrap i HedyaaivEp AUtELEIERiVEBomposition

according to the_present invention 20 also_contain §i| e coupling a . By incorporating a
silane couplinglg%(re%\ﬁ%g éeah%&srﬁoﬁ %’?ﬁiee%lg%agtg}srllﬁo’nWW|tﬁ%aﬂesrﬁ ‘gﬁ%%eg‘%%i%%&%%&[onn Specific
examples of theiisilane covplingagenifinghidedneihylisingthaxysiens, mathy/wethexysilane,

dimethyldimethoxysilane, dimethyldiethoxysilane, ethyltrimethoxysilane, ethyltriethoxysilane, n-
25propyltrimetHoxsastaprstiviqrepyiitethidivg sitardenioigipmmedroXpEian evientsumdei@ehoxysilane,

henyltrimeth ilane, phenyltrieth il diphenyldi silape, diphenyldiet ilane,
RN e S T R R
methacryloxy proRyl eSS SHORIRAGHY SXMRICP YNGR STA MY SHAIRR, zes are

methacryloxypropylmethyldiethoxysilane, 3-acryloxypropyltrimethoxysilane, 3-

aminopropyltrinieshdxysdé fenBiantino prapyitdetioxdys Haria; s thhak ysi ydshin(ki3a that
dimethyl-butylidene)propylamine, N-phenyl-3-aminopropyltrimethoxysilane, 3- '
g|ycidoxypropyﬁeﬁﬁéme}iwraﬁ&egﬁafy&aﬁw&%mgtﬁ JGRERE Brticle size as a number
glycidoxypropyl Idieth llane, C Xy. f Xy $i ;
2-(3,4-epoxycyé?cﬁﬁ%\éy?)agéﬁ%ﬁ%i?g%g%lll%oﬁ%g[%é%tgﬁyI-g}-%é%#}jﬁﬁgt ngﬂy p?éspyltrimethoxysilane,
[(3-ethy}-3- 100xetamyeisathaxprepyitiBthaxysitdnad rneteaplopropyirimeshoxysilane, 3-
mercaptopropylmethyldimethoxysilane, 3-ureidopropyltriethoxysilane, 3-

isocyanatepropyétriethsxysimed Sxntratosysi\Hoppsuceimme emide Rmobugl 3-
(3-trimethoxysilg&zﬁﬁy%ﬁgji{%c\id?ﬁag l%rg%rgosn%ri\ﬁssrﬁ E(%e%i%%y ?gggthcoorpula (S%) 15[0118]

R60Si OR9 (3) erein, 0 RY edch indepénden resenttaﬁlﬁdrogen, an alkyl
group having 10,6,68rR0R AIpMgeRMaRYhOARY BRAYAEdQiS 2L AN S ARREH group having 6
to 15 carbon atoms; and these alkyl group, acyl group and aryl group 20are all optionally substituted or
unsubstituted). cont:Spanifibyd xanbplekkofdineas Kyhnosianenaivessrt écs byptneckeaineulf 1(3) include
tetramethoxysilane; tetraethoxysilane; tetra-n-propoxysilane; tetraiso-propoxysilane;
tetra-n-Bétoxysitghet fstt Adc SfHs) SraRERVhe FLAPERS] R ATRBIOMRETHRAREHHY FUSO Chemical
Co- Ltd ) M SpThidesliC/ATH 48 209 SLIGINE desa(bigh i mandigeiigd by Tama
Chemicals Co., Ltd.); and METHYL SILICATE 51, METHYL SILICATE 53A, ETHYL SILICATE 40 and
ETHYL SILICATE#8 whichsay pamriudaeivrectbyiC alacatl @onMLsd: Jvih2Qhthe organosilane
represented by the Formula (3) is preferably 2-(3,4- epoxycyclohexyl)ethyltrimethoxysilane,
3-ureidopropyltriethoxysilane, N-t-buty1-3- 5(3-trim?tpoxysiIyIpropyI)succinimide, tetramethoxysilane,
tetraethoxysilane, tetra-n-



propoxysilane, tetraiso-propoxysilane, tetra-n-butoxysilane, tetraabetoxysilane, METHYL SILICATE 51
(manufactured by FUSO Chemical Co., Ltd.), M SILICATE 51, SILICATE 40, SILICATE 45
(manufactured by Tama Chemicals Co., Ltd.), METHYL SILICATE 51, METHYL SILICATE 53A,

ETHYL SILICATE 40 10qr ETHYL SILICATE 48 (manufactured by Colcoat Co., Ltd.). [0121]‘The'
o of the SRS TIT BOERP P Mo DB AT BCIARY P BB RS ey X i areferably

in the range of §1.19.1 M3y gl EoRRAIEIL0 dRats g iansolihg.alkali-soluble resin.

When the added amount of the silane coupling agent is in the above-described preferred range,
15sufficient adiiésioivdhipdoving,difést 19aGtainet) Wiilelsiwoaosndensalmmreastion of the silane
coupling agent is not likely to occur during storage, the silane coupling agent is not left undissolved at
the time of devéﬁﬁﬁ%éﬂ‘?ﬂﬁ?@]@ﬁé‘ﬁﬁ&ﬁ?ﬁ@@lﬁﬁgﬁﬁ?ﬁ%% EBmpbitidn 4&esrdily to the present
invention.may alsQ_contain rfactant. By incorporating a surfactant. coating variation is 20improved,
so that 2o R R e tant o a
silicone-based gurfagtantis poeferaklyamploved-{Ok23t Speeificinmplesafithefldorse-based
surfactant include fluorine-based surfactants that are composed of a compound having a fluoroalkyl or

fluoroalkylene gresificis déametat ainl2omna padt 61 A& &I HRINAIS Inchivoekans wpier Side chains, such as
251,1,2,2-tetrafluoroqcty1(1,1,2,2-tetrafluoropropyl)ether, 1, 1,2 2-tetrafluorooctylhexyl ether,
oot oA T P s BT o TR Sy are G Rafhes
(1’1’2’2’33'“%@@%9&@&?%9@%@@@@%@[%%@&%%@@td}j)?’lé‘l)ﬁﬁi"ﬁﬂ}&@@%/-')etheﬂ
hexapropylene glycol di(1,1,2,2,3,3-hexafluoropentyeether, sodium perfluorododecylsulfonate,
1,1,2,2,8¢8,9,9 RGMU-deeafiwarads degaites 1ic2 1218 B-hethatl utrode eaiigersion medium
N43-(berfluorooctanesulfonamide)propylkN,Ndimeth I-N-carbo&methylene-amr_nonium betaine,

perfluoroalkyls@RbHatdda BHrHmAITeth A RN SR pekrftordamiot ssiHtfonyiglycine salt,
bis(N- perfluor -N- !@mmg d Ikyl ethylphosphoric
acid ester. Fur?%%e%;,ygég{r%gés o%%%%mmerciﬁ/&ggﬁﬁgﬁgﬁ?&%%ﬁg%gﬁgﬁg’nts include
"MEGAFAC" F1420R"MBEEAEAC TAIN 2hi MEGAdAQikdidds aMEGAEAdisTeldsh "MEGAFAC" F444,
"MEGAFAC" 445, "MEGAFAC" 10F475 and "MEGAFAC" 477 (all of which are manufactured by DIC
Corporation); "BFf@paEHze B pEETOisnd ahi BEpaP G5ARAPYT Rhich aré @faibfactured by
Shin-AkitE_g Kasei K.K.); "FLUORAD" EC-430 andd'fFLUO AD" FC-431 {both ofg/ 'chgﬁe manufactured
by Sumitdmo 3 f%ﬁn%@xﬁﬁ@@gﬁg@{&%%’ EURFION 82 ? -101,
"SURFLON" SG1 0 oBURALAN - SGrtas 1 mekRERRN: SR80 SHRFEON 1 $£-105 and
"SURFLON" SC-106 (all of which are manufactured by Asahi Glass Co., Ltd.); BM-1000 and BM-1100
(both of which &feImanBfachHied OyvushmCopattidly;seaech NBX i ( tFfiXs218.and DFX-218 (all of which

are manufactured by NEOS Co., Ltd.). [0124] Examples of commercially available silicone-based
Surfactants inclARSEEHFSHA YA BROSHERI AT SREIEN I SHEAPATAIF SR Alch Ere

manufactured ky, Bﬁ%%érﬂi&gej}ﬁﬁﬁb(@ﬂﬁ@@@y%kd?}ﬂ&é @%%&3&33#@%&]@9@5%%). [0125] Itis
generally preferred that the photosensitive coinposition contain the 'surfactant in an amount of 0.0001
to 1% byowveightatdi2z6hiheesiiveiphtoBensiietompositient aesosdingdanthe present invention 25
may also contain a crosslinicing promoter. A crosslinicing promoter is a compound which promotes
crosslinking of #§&BiRafiRBoluble resin during heat curing and, as the crosslinking promoter, a thermal
acid generator ﬁgﬁ%]ecggra%aﬁe%na%ﬁ;gad%\@&g% gul iQ ora Q%?&%% ggrﬁe{ator which generates
an acid at the timé eaceﬁing exposurepper ormed prior t0 heat curing IS empﬂoyed. By allowing an
acid to exist in fhaifilma¢ tha.tineg, abheaticingcandensatipnseastiongiivneacted silanol group and
epoxy group in the alkali-soluble resin is promoted, so that the resulting 5cured film attains a high
degree of crosstinleimatiCorisetue ntiyptireddhdrmivaintesistandes of thevioured: fikn is improved and a
reduction in the pattern resolution caused b)élpatt,e,rn reflow during heat curing is inhibited. [0127] The

thermal%acid geReYigF Bt ts mBEP fsed i RthE p RS R KB AN s RSB HRWRE §enerates an
acid during heatUeiRa A idhpteianed el e dAibaumal aPdeRRPIA(RAQ Aol generate an acid or
generate only a small amount of an acid during prebaking performed after application of the
composition. Thesefrehthothdimatasid gankiaiords@npteilably A aannpobadvednidie generates an acid
at a prebaking temperature or higher, for example, at 100C or higher. When such a compound which
generates an acid at a prebaking temperature or higher is employed, 15since crosslinking of the
alkali-soluble resin does not take place during prebaking, the sensitivity of the composition is not
impaired and the composition is not left undissolved at the time of development. [0128] Specific
examples of the thermal acid generator which is preferably used include "SAN-AID" SI-60, SI-80,
S1-100, 5I1-200, SI-110, 51-145, SI-150, SI-60L, 20SI-80L, SI-100L, SI-110L, SI-145L, SI-150L, SI-160L
and SI-180L (all of which are trade names and manufactured by SANSHIN CHEMICAL INDUSTRY
Co.,Ltd.); and 4-hydroxyphenyldimethylsulfonium trifluoromethanesulfonate, benzyl1-4-
hydroxyphenylmethylsulfonium trifluoromethanesulfonate, 2-methylbenzy1-4-

hydroxyphenylmethylsulfonium trifluoromethanesulfonate, 4- 25acetoxyphenyldimethylsulfonium
trifliinromethaneaciilfonate A- acetovvnbhenvibenzvimethvierilffoninim trifliioromethaneaciilfonate A-



These compounds may be used individually, or two or more thereof may be used in combination.
5[0129] The photoacid generator preferably used in the present invention is a compound which
generates an acid at the time of bleaching exposure, that is, a compound which generates an acid
upon being irradiated at an exposure wavelen Hjof 365 nm (&Ai‘ne) 405 nm (h-line) or. 436 run (g-line)
or with a mixecP G BTEREAR {15 EABRA RSO AL BRI i LTS I §8%8rated during

pattern 10expogiie, where the sams:.light source is used, since the amount of exposure in the pattern
exposure is smaller than that in the bleaching exposure, only a small amount of acid is generated and

this presents ngupsébamhdriithee piigsAcidioedgerier ateckis preteiablin asirongacie such as
perfluoroalkylsulfonic acid or p-toluenesulfonic acid. A quinone diazide compound which generates a
carboxylic acid¥&edenbeaspriality #ith theleiis s abef sbatio wasrisiedis sommyA the above and,

therefore, does not.function as a crosslinking promeoter in the present inventi n.f!t?l 30] Specific
examples of the SR ot e e P T PR 208, e1-106,
S1-109, PI-105,Bd oE9fe Rk ERpMATe HoBisMtAind 00R:NALKORR INALED94 A Inkd NA1-105,
NAI-106, NAI-I09,NDI-101, 20NDI-105, NDI-106, NDI-109, PAI-01, PAI-101, PA1-106 and PAI-1001

(all of which arerafztblyavidssatidum?aradieturd boby dpickirakhgakieschantd0)mgPe077 and SP-082
(both of which are trade names and manufactured by ADEKA Corparation); TPS-PEBS (trade name,
manufactured BTFOY6E SEEFERY E?El.lfjs%fg‘fﬁ Ogﬁ)d‘@ IE?\?PFC(LB%I% B?Whicwg?g #8de names and
manufactured iy G SRR, CIPRIGAR Cbo gkl A4 WRAGDHLINRAC 336, WPAG 335,
WPAG-342, WPAG-344, W AG-3§O, PAG-370, WPAG-372, WPAG-449, WPAG-469, WPAG-505
and WPAG-506(BHibivady ehdtde tigiehnamesadid-danofgetunédbynotViaky RuredGhiemical Industries,
Ltd.). These compounds may be used individually, or two or more thereof may be used in combination.

[01311 FurtherPEassiieraradan ki SPoHistrying e vartestiflids ikerrrdhaichs gankiagor and

photoacid genetator can also be used.in. combination..The amount of 5the crosslinking promoter to be
Baded s not parlt Jea LS e R R e S A L I SRR ot by weigh
compared to 1GQpartsycsightelibeaksiisollepesintWhentibr.amaunt isdnghe

above-described preferred range, sufficient crosslinking-promoting effect is attained, while crosslinking

of the polysiloxexecipreisrdiie potdsbethau i grpleh sidhg can trpiteny exidogbeetb#o[@132] The positive

photosensitive composijtion according to the present invention may alsp contajn a sensitizer. By
oorpotiing bt U e (LR BATRG RABIAGINONE B CER MBI Lsed a6 a
photosensitizeris promoteithe.sensithi efdhacupmesition s ippioved -&urithgraiben the
composition contains a photoacid generator as a crosslinking promoter, reactions in bleaching
exposure are lbprnomotedxsdithatbhmiselventtzesistaiivecangtheipatterherasglatipnanftibe resulting
cured film are improve%aé(?)l?ﬁ] The sensitizer usgd in the present invention is not particularly

restricted; how&gBFHnederiapimpe MR hich S Fapbisa By aeaefbatment and/or a
sensitizer which js discolor ight.rradiation, T NSILZer IS requir ( bsorption at a
wavelength of g%%%ﬁ%%%%%%%%ﬁ%hﬁﬁ&%? ?%%i%% ?n%} hw%%%ﬁg %ﬁ%gg/ga%%%ﬁgth of light
emitted from a Hght saemusa npataraaposure or beaching exposure; however, if the sensitizer
showing such absorption remains intact in the resulting cured film, since the cured film acquires
absorption in tH8GASIHTerhen dichg it hedivnneisebip Hesyesaa! traksparcthie sropattiadootithe cured
25film may be deteriorated. '&herefoie, in order o FH)rlevergElsu%{;lfagf.alteri(i)ﬂr/ation of the qulorless and
transparent pro%@ﬁye%r%?u%%d%flﬁye %ré)ﬁ%i]tsifé?, tHe densitizer 10 he used s %rglfeé%% yy a compound
(sensitizer) whigly isxapgTzarb Ry, aeal L ealmantSHANRS theat QU AR{RL:H compound
(sensitizer) which is discolored by light irradiation such as bleaching exposure. [0134] Specific
examples of therafroatdydesdeiyabbsdAsitidlr, whitctripeeaporizednby Mbeatireatrrantaied/or sensitizer
which is discolored by light irradiation include 5coumarins such as

3,31-cartonylbRi(EREHHFERHHBRbE TN AR it 4t A SRR e Re P aRtHPRgEiMfShe; aromatic
etones such asIENERAT ANGlid: AIMaIRPEnzaRNENARS. OHIANENADEoicn:

4-methoxyacetophenone and benzaldehyde; and condensed aromatics such as biphenyl,
1,4-dimethylnaphibalesex9-dteosendne vikioeae, phesgnibirenea, HighbemyeTempyreneranthracene,
9-phenylanthracene, 9- 10methoxyanthracene, 9,10-diphenylanthracene,
9,10-bis(4-methoxyphenyl)anthracene, 9,10-bis(triql§enylsiIyOanthracene, 9,10-dimethoxyanthracene,
9,10- die tho xyanthracene, 9, 10-d ipropoxyanthrac ene, 9, 10 -d ib u to xyanthracene, 9, 10-
dipentaoxyanthracene, 2-t-butyl-9,10-dibutoxyanthracene and 9,10-
bis(trimethylsilylethynyflanthracene. 15[0135] Among these sensitizers, the sensitizer which is
vaporized by a heat treatment is preferably a sensitizer whose thermal decomposition product
generated by sublimation, evaporation and/or thermal decomposition is sublimated or evaporated by a
heat treatment. Further, the vaporization temperature of the sensitizer is preferably 130C to 400C.
When the vaporization temperature of the sensitizer is 20in the above-described preferred range,

since the sensitizer remains to be present in the exposure process without being vaporized during
nrebakina the cancitivviityy 0of the comnoncition can he maintained at a hinh level Meanwhile <ince the



[0136] Meanwhile, from the standpoint of transparency, the sensitizer which is discolored by light
irradiation is preferably a sensitizer whose absorption in the 5visible wavelength region is reduced by
light irradiation. Further, a more preferred compound which is discolored by light irradiation is a
compound which s %é nerized by light jrradiation. By dimerizing such a compound by light irradiation,
since the moleé?{ﬁ]eLaerr Eﬁé’ﬂf ﬁ\%‘}%&#%&i#c/wea}&g‘e&r%ﬁ%ﬂ&ﬁ{si?ﬂﬁ%‘*@%&%ﬁ%@l’iﬁ‘% Ribilized, effects of

improving the chgmi gﬁlg%ﬁt%g%dd@%@ggWMg%g INgsths Adamewpt of extracts from the

resulting transparent cured film can be attained. [0137] Further, the sensitizer is preferably an
anthracene-basephdampasirdiginide ehiglusé asitivityilcdn thenattagogihan ddeacompaingd is dimerized
and discolored by light irradiation. The sensitizer is more preferably a 9,10-disubstituted

anthracenebasttF&miBingasifcatng Wt hsdilF stasiat Rroresime fibrfiase ubiiseifnts of
ty.of pge senslizerand he reactivity inphotodimerizayon reaction, the
B G A h e B

15impr0\gement1in ahg S%J?ibili
e . felouded ana e )
sensitizeF is stifl more prefera alkoxyanthracene-based compound represented by the

Formula (8). [04si8lyR26RaR1 Bl 8nyREsuR éah B2 d-2010h&Pb1n ihe-taipiel {8kt 9°8-R26 each
independently represent hydrogen, an alkyl group, an alkoxy group, an alkenyl group, an aryl group or
an acyl group, WhiBrohiis polysPocaryod sabswistiog tha vttt geodpeatsedined plSsbbgtidution of these
groups. Specific examples of the alkyl group.include methyl group, ethyl group and n-propyl group.
Specific examp‘f'é@&ﬁ?@’ﬁil%%@g%@ i fﬂ%‘&?ﬂ%ﬁﬁigg 8@&6 te?ﬁ%’%@‘glfgﬁg,%%ﬁoxy group, butoxy
group and pen%@magm vﬁRﬁ%ﬂ%ﬁX@m@Lﬂ%ﬁEfﬂ%'K&Mh%&ﬂpo'ﬁ&!kigyeg{ £@4p. acryloxypropyl
group and methacryloxypropyl group. Specific examples of the aryl group include phenyl group, tolyl
group and napkthyl grompaSpedifieranan plesefsthin@a ofHgRoR puid cladsdBedy bgibepthErom the
standpoints of vaporizability of the compound and 5reactivity in photodimerization, R19 to R26 are

preferably hydrERIEHIOR AN Grepit Gromprhr iy @rere andcaninng hdsietsierdred that R19,

R22, R23 and R26 be Q%?J&%%@n[%}dﬂ-w Formula (8), R27 and R28 each represent an alkoxy
group having 1 to 20 carbon atoms or an organic group obtained by substitution thereof Specific

10examples of [ithis Al kaxy @ empP#BRILce, R 9% Yo GEDH RathOMYGy 0B heiEIPalOk SO U IDUtOXY group
and pentyloxy group; however, from the standpoints of solubility of the compound and discoloration
reaction by photodinpesizationeaieraikosiparaupadyprstasitshhawrogoRsset eupar EIOXy group.
[0141] The amount of %e itizer to be added is not particularly restricted: 15 ver, it is
oreferatiy in (8 EHTE BY b 16 e S GREL GBSl N s 0y e Qh et the
alkali-soluble regip. Mhendhe added Apeunt Wﬁ&?ﬂ%@ﬂﬁﬂ'&?fh@ﬂ@i@ﬁ&%@ﬂ%ﬁ&%@@ﬁrefe”ed _
range, the transparency and the sensitivity are not deteriorated. [0142] A method forming a cured film
using the positisgiietbsefisirdeaon positiorr@Bdicc orditgitd thielptesenumirantion will now be
described. The c&c\l)sitive photosensitive composition according to the present invention is coated onto a

base substrate 55y ARROW T FERo BHEHLETERMHE AP 89t and the resultant is then prebaked using
a heating appa | It | fer 1h] ing.be performed at
a temperature I)?(SSgO§ 1;%35’ ?ol? %%%ggc%dﬁg?%)%%{‘é%%t%%ﬂ&%%%gg@g gflgéﬁbg’rﬁ%ﬁg%isng a thickness of
0.1 to 15aum. [Q243hAEEdhR:-empllienalpeebaking HsingandiliRyipigiysibiolight exposure
machine such as a stepper, a minor projection mask aligner (MPA) or a parallel-light mask aligner
(PLA), the thusFopraiite@)iindier ékpodid thirduigielaseiesifa it sierdeapbipnl D4 Ueeb-J/m2 (based on
the exposure dose, at a wavelength of 365 to form a pattern. [0144] After the exposure, the
fosulting expost BIEL B TG LR by LTI AT R & Koo &S a
development meihRg, itdspieiesrechienmmersa-theuimdR a-devalenariens seeqpdsdecl0 minutes by
a method such as showering, dipping or paddling. As the developer, a known alkaline developer can
be employed. Spefifible2arplé§ hetaoibingl ( deaticbusssoltitonsvbdntaining ensgrrdre of
inorganic alkalis such as hydroxide, carbonate, phosphate, silicate and 1Qborate of alkali metals,
amines $tich ad8-BGtAY NSRRI B AR INE e Dang eRatsassianve aidtquaternary
ammonium sal%&g%tggr&m@&mm&wm hydroxide and choline. Further, after the
development, the resulting film is preferably rinsed with water and, as required, the film can also be
dehydrated andodwepiTiy biskisgl aicaHedipeniin keloé:b0stool bAGCukINg @dtatihhapparatus such as a

20



15hot plate or an oven. [0145] Thereafter, the film is preferably subjected to bleaching exposure. By
performing bleaching exposure, the unreacted naphthoquinone diazide compound remaining in the
film is photo-decomposed, so that the optical transparency of the film is further improved. As a method

of the bleaching exposure, the entire surface 20 of the film is exppsed. at about 10Q to 20,000 J/m2
(based on the SHUBAMAIEE SOTMIELLTARGIH GRS TR g O Sl Rant exposure
machine such i’a?e?ex?éd“thz[@&é%i%ﬁtft&'@&@&@l%PB%@&Q)&B@&'F@FJ‘!@@)G&%%W@@% rgquwed,
soft-baked at a temperature of 50 to 150C for 30 seconds to 30 minutes using a heating apparatus
25such as a hotoplatecdrnaihlOyens Dhersigy cimiogathertbushsofthsakedhfititnatsa tEmperature of 150 to
450C for about 1 hour using a heating apparatus such as_a hot plate or an oven, a cured film used as

a planarization fifhPfsfeErefr bty BBy Gevrcde Andmissiayerahn Psrsidartis a7 a=eticonductor
‘element or a cor. lad material of an optical waveguide.is prepared. [0147] In the cured film

prepared by us?n%]%é gé%%%f (p)) %ﬁqﬁsﬁl}\l}g}%%ﬁ%ﬁ%ﬁ@? ﬁ{éggfesent invention, the light
transmittance geoddmrthickness af@dim ahawavelengiitabdPenmisdnabiessihandd%, more
preferably not less than 90%. If the light transmittance is less than 85%, when the cured film is used as
a planarization St feron alEwe cayatysies orddieldcarisiaddis plespdie visenthe eblbe afithe film is

changed when the backlight passes theretlu-ough, making the white display. to be tinged with yellow.
L0[048] The S SR M LR A T A LREL S BT BoL AU blenath of 408 nm e
be determined by, g following Bethad. 8 OBRRSIIRN iS-SRINGASIeH Qe TEMRAX glass plate
using a spin coater at an arbitrary rotation speed and the resultant is prebaked at 100C for 2 minutes
using atot platedEnbpjddethiepufpostiof-periengringibieadyngfexpesipes tiiehemtise 15 surface of the
resulting film is exposed to an ultra-high-pressure mercury lamp at 3,000 J/m2 (based on the exposure

dose at a wavefdRgiH Br8Es M vemya PrRrTRewud ERbdeadraH mredylbgdstently cured in the air
at 220C for I h j il i thi Itm. Using Multi
Spec-1500 ma%%%ggge’% %&X{ Sﬁéhll\%ﬁé%ple?@g%&%rﬁt%{i,Hgﬁ%%g@g\ll%iIag%%%%%’absorption 20spectra
of the thus obtaipgeésslseddinoarermeasiiad, ipaeiRminerthedbansmitiangs @hawayelength of 400
nm [0149] This cured film is suitably used as a planarization film for a TFT of a display element, an

interlayer insulatisv fitanss anseaticosberge FesiameHtisanalssiadtion Hinsatpyobe eddedim for a touch

panel, or.a core of dlad majerial of an, optical 2qaveauide: (04501 The clement according fo the
present ifventi&h Tefers 63 isplay device, s EhTicohdaetSr eleRiehit or angop?lcal waveguide
material, which,gompises thes aRoye-deserired cured film having excellent heat resistance and high
transparency. In particular, the element according to the present invention is suitable for a liquid crystal
display device, [@AtSidamileE; Lirdis phay dedposarics @rdispial devidéhe quippeulwithtastouch panel, in
which the cured film is_used as a planarization film for TFT. 5EXAMPLES,[0105ﬂ$§The, present invention

will now be desTEEEFHBIERORBEILITARG oM 8R AReH5 QEdAYEs AHRAEA CosR5AESBNt invention is

not restricted to;{he follgwing,examelas.H6Le AMAR%GMRE SomReURds. halwergused, ones that are
abbreviated are listed below. 10[0152] DAA: diacétone alcohol PGMEA: propylene glycol monomethyl

ether acatate GBhiipehutyialacione HDRéidiatyetadiyosinaihyleihyletbeidddM. dipropylene glycol
monomethyl ether 15[0153] Further, the solids concentration of a polysiloxane solution and an acrylic

resin solution abRFEHS WENhtbE FéradRo Yo Rl NaR IR TN D R PO RpsHRHEa e acrylic resin were

determined as follqws. (1) Solids concentration In an athJmi um cur of a polysi oxane solution or
an acryic reon SHTHD BORE ReRed g AR 4 bEHE Al R e late to
evaporate the liguidhcovan. Then;iheselid ceniest remaininoHRdha alwaipkreup after the heating
was weighed to determine the solids concentration of the polysiloxane solution or the acrylic resin

solution. (2) Weittirg\ibegmdy siloleos|seiveiyi25Thengightc dydragie tebigldrankight was
determined by GPC (Model 410 RI detector, manufactured by Waters; mobile phase: tetrahydrofuran)
based ofrpolysHFEHRS {5y RN b BRoRRSEARIES G Hs P B HE B8 Eormulae (2) and (3) in
polysiloxane  ¢qcentrated GR-MVRYARINGARVIRG anth i thevamiintadalvalie. the
proportions of the integral values corresponding to the respective organosi anes were calculated 5to
determine the radimofdizes organeasitdiesv{Rh 4 golsailoplad kquid)wasinjerte@ddrtaact eflon (registered
trademark) NMR sample tube of 10 mm in diameter and used for measurement. The 29Si-NMR
measurement conditions are shown below: Apparafys: JNM GX-270 manufactured by JEOL Ltd.



10Measurement method: gated decoupling method Measurement nucleus frequency: 53.6693 MHz
(29Si nucleus) Spectrum width: 20,000 Hz Pulse width: 12 p.sec (45 pulse) Pulse repetition time: 30.0
seconds 15Solvent: acetone-D6 Reference material: tetramethylsilane Measurement temperature:
room temperature Sample rqtation speed: 0.0 Hz. Synthesis Example I: Synthesis of Polysiloxane
Solution (Al-a) 761?’31’5151%6%?}%h%?g%@l’(%eonﬁsé’%k, 81.72 g (0.60 mol) of methyltrimethoxysilane, 59.49
g (0.30 moll of R’@@@}/ %H%Wﬁﬂ%@m%ﬁi@é & im}&;rding to the present invention

e

2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane and 163.1 g of DAA were loaded. Then, to the resulting
mixture, an aquesuspl®ephgricagidnsetudier contaimingl0. Shhg (0sB%e phovraighitoempared to the

loaded monomer) of phosphoric 25acid dissolved in 55.8 g of water was added over a period of 10

‘minutes while SFRPRFTID AaskiR & he SAPREIPRHERARS AR FHRPTERS AR e MRSITS B POC oil bath and

stirring the resulfing, solution, oy 0. minues. ihe.oll Raifwas peater 1o, ARG uel,a period of 30
minutes. The inner temperature of the solution reached 100 one hour after the start of the heating.
From this pointgthedsestiniee beated mith sliFingator ka-hadrnéihe nneitpraperaiue was 100 to
110C) to obtain a polysiloxane solution (Al-a). It is noted here that the heating and stirring were 5
performed undepmitpege i fidueanzphshewiosdiagite SR B rngnféoreaempamdethanol and water,
which were by-products, were di tiIIecjjout in a total amount of 131 g.. 15%The thus obtained
polysiloxane solfifiB# E(Rh%ﬁoéﬁay;r STt %r%‘ﬁ&%ﬁﬂ%i rh%?ﬁ%%%%“%éﬁtcg RSBy siloxane had a
Weight-avefageom'%ﬁa%ﬂﬂaﬁmoﬂﬁa%q,h%{%&wm;oﬂgfegqegea@é ratioiRhpfsalgroup-substituted
silane in the polysiloxane was 30% in terms of molar ratio of Si atom. Synthesis Example 2: Synthesis
of Polysiloxaneh$iietianaBydnyxy! drova 60Osntistthwee rapekeddlaskihb 4 ¢dngl{G40mal) of
methyltrimethoxysilane, 99.15 g (0.50 mol) of phenyltrimethoxysilane, 24.64 g (0.1 15mol) of
2-(3,4-epoxycyE‘}/Bﬁ%&yDethyltrimethoxysilane and 179.5 g of DAA were loaded. Then, to the resulting
mixture, an aqueous phosphoric acid solution containing 0.54 g (0.3% by weight compared to the
loaded monomer) of pﬁ%’sp oric acid dissolved in 55.8 g of water was added over a period of 10
minutes while stirr rlixtued at room temperature. After immersing the flask in a 40C oil 20bath
and stirring the resu tirplgzsol tion for 30 minutes, the oil bath was heated to 115C over a period of 30
minutes. The inner temperature of the solution reached 100C one hour after the start of the heating.
From this point, t lution was, heatedwith stitring for, 2 hours (the inner temperatyre was 100 to
110C) to obtair{%ggg_g%ﬁ}&g%réms%ﬁfﬁo%m - ).a ﬁ(ilgl ndt ecg ﬁ%%’%%nf%er 1§ Frlilé élna(]li gl#irring were 25
performed undeypitragenNiow a5 aeis AbROS balitely BiLRUine e aactonsmathanol and water,
which were by-products, were distilled out in a total amount of 121 g. [0156] The thus obtained polys
loxane salutionpikb) fracba solidscdtibattatioR Ghatpupbynakightranditiee pBhysilbxane had a
weight-average molecular weight of 3,200. Further, the content ratio of pheny| group-substituted silane

in the polysilox&FERvVASETRtl faihrsuarrheiaisd £5 BhEiushid 3mbrssieEddhple 3: Synthesis of
Polysiioxane SQUiiaR (AT 8 ARG, iR DeckRdickspleat & AAT A i

methyltrimethoxysilane, 138.81 g (0.70mol) of phenyltrimethoxysilane, 24.64 g (0.1 mol) of
2-(3,4-epoxycyglobigd)eibylirine thoxysitavieang, Hom:89 afup A wenerleaslgd nliwen, to the resulting
mixture, an aqueous phosphoric acid solution 10containing 0.54 g (0.3% by weight compared to the
loaded monomé&Rywt piedspioie BeidbaEbe10ee IS5 Forwaidpivas! aawed bhertd period of 10
minutes \6vhile stirring tpe n?ixture t ﬂoom tgt?_ eggturg; ﬂ}gg}_hn&gng%si%giéhe flaﬁk rt'hnera 40C oil bath and
stirring fhe I’eSLﬁfﬁ’lué) SORITOFIOr 30 miny es, the®oil Bath was heated’to 1 15C over & period of 30
minutes. The inngrigmReralreRldhesaldtineraachen Q06 PRe haualas hartart of the heating.
From this point, the solution was heated with stirring for 3 hours (the inner temperature was 100 to
110C) to obtaireeopolySaxiivecsatutionofthe )it whdtestontradhafeecddating & tastring were
performed under, nitrogen flow at a rate of 0.05 L (liter)/min. During the reaction, methanol and water,
which were by-Brodhftee G ePaEmie G u tiF A ISIaSINS A ESI DS SR BIS HFREHTE obtained
polysiloxane solgtian (Al -c) had a solids concentration of 41% by weight and the polysiloxane had a
weight-average molécular weight of 3,000. Further, the content ratio of phenyl group-substituted silane
in the palysiloxane was 70% in terms of molar ratio of Si atom. 25Synthesis Example 4: Synthesis of
Polysiloxane Solution (Al-d)  To a 500-mL three-necked flask, 40.86 g (0.30 mol) of
methyltrimethoxysilane, 99.15 g (0.5 mol) of pheny&tiimethoxysilane, 12.32 g (0.05




mol) of 2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane, 17.63 g (0.15 mol) of M SILICATE 51
(manufactured by Tama Chemicals Co., Ltd.) and 170.77 g of PGMEA were loaded. Then, to the
resulting mixture, an aqueous phosphoric acid solution containing 0.51 g (0.3% by weight compared to
the loaded monomer) of phosphoric acid dissolved in 53.55 g of water was added over a period of 10
minutes while stirring the mixture at room témperature. After immersing the flask in a 40C oil bath and
stirring the resulting-sol tiontfor 30 mmsfl{lgg%il bath was heated to 115C over a period of 30
minutes. The inn Trte:“: peﬁﬁture of thel s/gji;tioﬂ reached 140C one hour after the start of the heating.
From this point, the-golttion W&S&Ohéﬁf/‘ed\j%h stirring for 2 hours (the inner temperature was 100 to
110C) to obtain a pelysiloxane solution (Al <) It is noted here that the heating and stirring were
perfooned under nittogen flow at a rate of 0205 L (liter)/min. During the reaction, methanol and water,
which were by-products, were distilled out in a total amount of 125 g. 15[0158] The thus obtained
polysiloxane solution (Al -d)had a solids concentration of 43% by weight and the polysiloxane had a
weight-averagegomaieavian Weighhoh 5aR. foditiias, dheceniesid aliaehpaeny gewphsubstituted silane
in the polysiloxane was 50% in terms of molar ratio of Si atom. Synthesis Example 5: Synthesis of
Polysiloxane S8iaitber¢Alesyrod oralsosl mibsitsalniekel k4 SR y{egnselpof
methyltrimethoxysjlane, 118.98 .%O.GO moll of phe Itrim‘%té]ox silane, %78 é0.0G mol) of
2-(3,4-epoxycyt %Wﬁﬁgﬁﬁﬁ?ﬁﬁé HSQ%&%%‘?%&?%% g r?%f)a%tﬂ\lff IPYCAHEY (manufactured by

Tama Chemicalg {cRreithdandi} #1398 EMEA WS e lcadad: [T ierdqiihe kssylfing mixture, an

aqueous phosphoric acid 25solution containing 0.60 g (30.3% by weight compared to the loaded
monomer) of phesphoricdcittdissd vedprr&R . SebgpoiewatBewahaddechtvepaperibezal10 minutes
while stirring the mixture at room temperature. After immersing the flask in a 40C oil bath and stirring
the resulting sclOBBRISIERmtiEEctire DB RS HERtsatN 113588 RS R D of 30 minutes. The
inner temperature of the solution ?p g’ﬁj ]F r t ing. From this point,
the solution Wagoﬁlgg%leng \%l?#étﬁﬁ%%% olrce 2 g‘t%%%ﬁl n%%r%%ﬁgé%%éﬁééﬂf%%ﬁ%gﬁoq to obtain a
5polysiloxane sldtigm{Ak-€). It is noted here that the heating and stirring were performed under
nitrogen flow at a rate of 0.05 L (liter)/min. During the reaction, methanol and water, which were
by-produéts, wéde7dishieifsurinmminstal theunpomisegndcusspHiebiiiexabeined polysiloxane

solution (Al -e) h solids.concentration pf 1044% by weight and the, polysiloxane had a
Weight-averagemr%gf%cu a?‘i/\ll ‘?’glﬁ% 8?133?36& qéur g‘e;‘i(ri}l%‘ea%“’ogﬁ é“ra%llf[;rca |§do$3bﬁ§]ﬁ§’/ U‘group-substituted
silane in the pogysilgxant wasn830 indgrms of molar ratio of Si atom. Synthesis Example 6: Synthesis
of Polysiloxane Solution (Al-f) To a 500-mL three-necked flask, 40.86 g (0.30 mol) of
15methyltrimethigxXizsilane, 99.15 g (0.50 mol) of phenyltrimethoxysilane, 49.28 g (0.20 mol) of
2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane and 173.02 g of PGMEA were loaded. Then, to the
resulting mixture, an aqueous phosphoric acid solution containing 0.57 g (0.3% by weight compared to
the loaded monomer)-of phosphoric acid dissolved in 57.60 g of water was added over a period of 10
minutes while 20stirring the mixture at room temperature. After immersing the flask in a 40C oil bath
and stirring the resulting solution for 30 minutes, the oil bath was heated to 115C over a period of 30
minutes. The inner temperature of the solution reached 100C one hour after the start of the heating.
From this point, the solution was heated with stirring for 2 hours (the inner temperature was 100 to
110C) to obtain a 25polysiloxane solution (Al 4), It is noted here that the heating and stirring were
performed under nitrogen flow at a rate of 0.05 L (liter)/min. During the reaction, methanol and water,
which were by-products, were distilled out in a total amount of 139g. [0160] The thus obtained
polysiloxane solution (Al-f) had a solids concentration of 43% by weight and the polysiloxane had a
weight-average molecular weight of 8,000. Further, the content ratio of phenyl group-substituted silane
in the polysiloxane was 550% in terms of molar ratio of Si atom. Synthesis Example 7: Synthesis of
Polysiloxane Solution (Al-g)  To a 500-mL three-necked flask, 20.43 g (0.15 mol) of
methyltrimethoxysilane, 99.15 g (0.50 mol) of phenyltrimethoxysilane, 49.28 g (0.20 moll of
2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane, 17.63 g (0.15 mot) of M 10SILICATE 51 (manufactured
by Tama Chemicals Co., Ltd.) and 170.90 g of PGMEA were loaded. Then, to the resulting mixture, an
aqueous phosphoric acid solution containing 0.56 g (0.3% by weight compared to the loaded
monomer) of phosphoric acid dissolved in 56.25 g gf water was added over a period of 10 minutes
while stirring the mixture at room temperature. After iImmersing the flask in a 40C 15oil bath and
stirring the resulting solution for 30 minutes, the oil bath was heated to 115C over a period of 30
minutes. The inner temperature of the solution reached 100C one hour after the start of the heating.
From this point, the solution was heated with stirring for 2 hours (the inner temperature was 100 to
110C) to obtain a polysiloxane solution (Al -g). It is noted here that the heating and stirring were 20
performed under nitrogen flow at a rate of 0.05 L (liter)/min. During the reaction, methanol and water,
which were by-products, were distilled out in a total amount of 139 g. [0161] The thus obtained

polysiloxane solution (Al -g)had a solids concentration of 43% by weight and the polysiloxane had a
waiaht-avvarane moleciilar weiaht of O EN0 2BE1irther the caontent ratin of nhenvI aroirin-crihetiti ited



To a 500-mL three-necked flask, 27.24 g (0.20 mol) of methyltrimethoxysilane, 99.15 g (0.50 mol) of
phenyltrimethoxysilane, 73.92 g (0.30 mol) of 2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane and 173.02
g of PGMEA were loaded. Then, to the resulting mixture, an aqueous phosphoric acid solution _
5containing 0.60 g (O.% b}.q veight compar;a% toﬁb e@@;zp,hosphoric acid dissolved in
59.40 g of water Wﬁﬁw“‘d@ﬁaﬂperiW“ inutgsWhil&sstifrin xteite at room temperature
After immersing the flask iy 40C oil bath and stifring the resulting softition'fgr 30 minutes, the oil bath
was heated to 115C ovét*R"BErod of 30 minuté&tfie inner temperitliéfthe solution reached
10100C one hour after the start ofithe heatipg, From-this point, the-solitioa.was heated with stirring for
2 hours (the innerggnfﬁ”é %%Joﬁ?ﬁ&ﬁgwﬁg a%%’l"‘ﬁﬂé”@ai}r‘g&lﬁﬁ‘on (Al-h). It is noted
here that the heating ¢ stigrif ’ﬁyvﬁere performed,tinder nitrogen flow &t a rate of 0.05 L (liter)/min.
During the reaction, methanol ,gd;md;‘5 water, whi¢hwete by-products, were distilled out in a total amount
of 15139g. [0162] The thus obtained polysiloX&tie"gdfution (Al-h) had a solids concentration of 43% by
weight and the polysiloxang*had a Weight-average molecular weight oi 9,500. Further, the content ratio

of phenyl group-sypstittiec Sikan 'géth%:[p%@_of@*@%SO%JA;;?“TQ(‘L@%&MPQE@ ratio of Si atom.
ane Sdlu -
18

20Synthesis Example'®«Synthesis of Poly n tion (Al-iju="To,a:500-mL three-necked flask,
27.24 g (0.20 mol) of methytrimethoxysilane, 99.15 g (0.50 mol) of phenyltrimethoxysilane, 26.64 g
(0.10 mol) of 2-(3,4-epo&3é@yﬁmexyl)ethyltrim%ﬁ?é%silane, 29.65¢ éO‘f}_Q@ﬁmol) of vinyltrimethoxysilane
and 164.40 g of PGMEA were loaded. Then, to the resulting 25mixt ‘Fgf%i% agueous phosphoric acid
solution containing 0.54 9 ©.3% by weight gognpa;%%o the loaded menomer) of phosphoric acid
dissolved in 55.80*@@@*@@@%@%@@@& eripd/oP20 mindite$-while stirfing the mixture at room
temperature. After imm”érgihgg.%he flask in a 40C ik,path and stirring theggsulting solution for 30
minutes, the oil bath was hﬁa@téd to 115C over aperiod of 30 minutes.:iﬂ{pé inner temperature of the
solution reached 100C ong-hour after the start@pthe heating. From ghis.point, the solution was heated
with stirring for 2 hours (thegmer Stempetature Wgs 10@.t0 110C) to gé);ain a polysiloxane solution
(Al-i). It is noted here that the feating and §}m in @p formegrunder mitrogen flow at a rate of 0.05
L (liter)/min Duringéthéﬁe%gi_gﬁﬁﬁé%%ar%l é@(va%e , h‘i%{h v&*@é@@,ﬁﬁﬁd&%ﬁere distilled out in a -
total amount of 139 g. [0 %Qg[ﬂhe thus obtaine %Qﬂdlysiloxane solutioﬁi&@l-o had a solids concentration
of 1043% by weight and ggg QPQIysiloxane hag‘g %@ f-average molef:;:,lgllar weight of 8,800. Further, the
content ratio of phenyl group-substituted silane in the polysiloxane was 50% in terms of molar ratio of
Si atom. Synthesis Examgfl%gO: Synthesis of Polysilgyane Solution'gg -j) To a 500-mL three-necked
flask, 68.10 g (0.50 mol) gf Tomethyltrimet} yg;@aq 99.15 g (B-50 gt-of phemyltrimethoxysilane
and 150.40 g of PGMEA wefedaaded. Thé@}t’éj}t@ mg’s”ﬁﬁinaﬁrﬁﬁjﬁg@nﬁqu@gd /phosphoric acid
solution containing™0-50.¢ 10:3%/y Weight cotfipared to the loaded mono :_jé[)}?of phosphoric acid
dissolved in 54.00 g of Wa‘fé?gwas added over ?ﬁﬁeriod of 10 minutes while é:;fs]rring the mixture at room
temperature. After immersing the flask 20in a 40€ oil bath and stirring.the Léé”ulting solution for 30
minutes, the oil bath wa&§'#eRfed to 115C over'a'périod of 30 minutes. The inner temperature of the
solution reachgdd@QC one hour after the start of the heating. From this point, the solution was heated
with stirring for 2 hours (the inner temperature was 100 to 110C) to obtain a polysiloxane solution
(Al-)). It is noted here that the heating and stirring 25were performed under nitrogen flow at a rate of
0.05 L (liter)/min. During the reaction, methanol and water, which were by-products, were distilled out
in a total amount of 137 g. [0164] The thus obtained polysiloxane solution (Al-j) had a solids
concentration of 43% by weight and the polysiloxane had a weight-average molecular weight of 7,000.
Further, the content ratio of phenyl group-substituted silane in the polysiloxane was 50% in terms of
molar ratio of Si atom. 5Synthesis Example 11: Synthesis of Acrylic Resin Solution (A2-a) Toa
500-mL flask, 5 g of 2,2'-azobis(iso-butyronitrile), 5 g of tdodecanethiol and 180 g of PGMEA were
loaded. Then, 40 g of methacrylic acid, 35 g of benzyl methacrylate and 35 g of
tricyclo[5.2.1.02'6]decane-8-ylmethacrylate were loaded and the resulting mixture was stirred at room
temperature. After 10replacing the atmosphere inside the flask with nitrogen, the mixture was heated
with stirring at 70C for 5 hours. Thereafter, to the resulting solution, 15 g of glycidyl methacrylate, 1 g
of dimethylbenzylamine and 0.2 g of p-methoxyphenol were added, and the resultant was further
heated with stirring at 90C for 4 hours to obtain an acrylic resin solution (A2-a). 15[0165] The thus
obtained acrylic resin solution (A2-a) had a solids concentration of 40% by weight and the acrylic resin
had a weight-average molecular weight of 12,000 and an acid value of 91 mg KOH/g. Synthesis
Example 12: Synthesis of Naphthoquinone Diazide Compound (B-a) Under dry nitrogen gas flow,
21.23 g (0.05 mol) of TrisP-PA (trade name, 20manufactured by Honshu Chemical Industry Co., Ltd.)
and 37 62 g (0.14 moll of 5- naphthoquinonediazidesulfonic acid chloride were dissolved in 450 g of
1,4-dioxane, and the temperature of the resulting solution was adjusted to be room temperature. To
this solution, 15.58 g (0.154 mol) of triethylamine mixed with 50 g of 1,4- dioxane was added dropwise
while maintaining the temperature of the system at




25 lower than 35C. Thereatfter, the resulting solution was stirred at 30C for 2 hours. Triethylamine salt
was filtered out and the filtrate was loaded into water. Then, the resulting precipitate was recovered by
filtration. The thus recovered precipitate was dried in a vacuum dryer to obtain a naphthoquinone
diazide compound (B-a) having the following structure. [0166] 2 69 2 Quinone Diazide Compound (a)
5[0167] Synthesis Example 13: Synthesis of Naphthoquinone Digzide Compound (B- b)  Under dry
nitrogen gas flow, 15.32 g (0.05 mol) of T risP-HAP (trade name, @ ufactured by Honshu Chemical
Industry Co., Ltd.) and 26:8#g i desulfonic acid chloride were
dissolved in 450 g of 1,4- ting solution was adjusted to be
room temperature. -To this SO Hne mixed with 50 g of 1,4-dioxane
was added dropwise while rfrai
the resulting solution was stirre ) s
was loaded into water. Then, the 15 resulting preC|p|tate fration. The thus
recovered precipitate was drlga i a vacuum dryer to obtainé naphthoquinohe @idzide compound (B-b)
having the following structure. [0168] 0 2 802 00 2.0:®Quinone D azide Compound (b) [0169]
Synthesis Example 14: Synthesis of Naphthoquinone Diazide Corighbifad (B-c) Under dry nitrogen gas
flow, 15.32 g (0.05 mol)pf Ph-cc-AP tracgq_,name Smanufactured by Honshu Chemical Industry Co.,
Ltd.) and 37.62 g (0.14 mg 5- ng oguinonediazidesulfonic aC|d chlgride were dissolved in 450 g
of 1,4-dioxane, and thgyfermip : ) i sted

i1, d=dioxane was added dropW|se
of the system at 10 lo @ @ Thereafter, the resulting

and the filtrate was loaded
into water. Then, the resulting precipitate was recove us recovered precipitate
was dried in a vacuum dryer to obtain a naphthoqw’one diazide compoun ({B-c) having the following
structure. 15[0170] OQ 0OQO0= N2 H 502 0.2 Quinone Diazige Gagapound (c) [0171] Synthesis

Example 15: Synthesis of Naphthoquinone Diazide Compound (B-
HO OH

CH,
O B S
OFO )
SIS oD

HO OH BisOPP-AP
TekP-4HBPA

TPM-DP

[0074] As the naphthoquinonediazidesulfonic actd chloride used as a starting
material, 4-naphthoquinonediazidesulfonic acid chloride or 5-

naphthoquinonediazidesulfonic acid chloride can be employed. A 4-
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d) A naphthoquinone diazide compound (B-d) having the following structure was obtained in the same
manner as in Synthesis Example 10, except that the amount  of 5-naphthoquinonediazidesulfonic
acid chloride was changed to 33.59 g (0.125 5mol). [0172] [0173] (Example 1) Under a yellow lamp,

15.43 g of the %og@illoxane sglutign%@l-ag obtained in 10S nIthglsi§ Ex_?mple 1, 0.59 ? o/gthe
naphthoquinon i z?ﬁ%né%ﬁ]ﬁ% T 93“) 5B %iﬁ‘é‘apl%“éyﬁ“’t PSS Ex(érrﬁplfée 7?@%69315’ DAA as a solvent
and 9.84 g of RGMEAweresmixeseanth s Rrepassud IR saliiien o Kbe thus obtained uniform
solution was then filtered through a filter having a pore size of 0.45 gm to prepare a composition I.
15[0174] Usingrapsfiogoosted{441i8608n mand fattiured doyiMikasa k. fdritekpatuanimrbitrary rotation
speed, the composition 1 was spin-coated onto a silicon wafer, an OA-10 glass plate (manufactured by
Nippon Electric*tsiageeltahdangnqiacs i sRosrosum Ao 2 WIS RinT5tRERY film, and the
rosutants \werS AIARN AL 0T 2MIeR g & LIRSV CRTR A acred by
Dainippon Screen 20Mfg. Co., Ltd.) to prepare a film having a thickness of 3 gm. Then, using a
parallel-light magialignefothareinriar.ablkreyistagamdrhh AC)RLASOr hnaaurekited by Canon
Inc.), the thus prepared film was exposed to an ultra-high- pressure mercury lamp through a
gray-scale maskdfaarsrivg madsnrehfesporsirddsanéonic PrisredrteonBmg ki datomatic
developing apparatus (AD-2000, manufactured, by Takizawa San 0., Lt 'lg}l the resulting film was
developed by S0 SR O EhAGROH o 5 (e S me e R R 4B hsuBiSHl oas
5CHEMICAL CQmNGiedvhich is a 2.38%-by-weight tetramethylammonium hydroxide aqueous
solution, and then rinsed with water for 30 seconds. Subsequently, for the purpose of performing
bleaching expd$are] themmptéecs drfacpiohoqeinese tiag dil nomwpsieg poded ity asedlinabhigh-pressure
mercury lamp at 3,000 J/m2 (based on the exposure dose at a wavelength of 365 inn) using a PLA
(PLA-501F, 10RO ARYSREG 0 CHITIRNMTEI T TBAAST THEFesEt hErdalimingernT s Soft-baked at
110C for 2 minH}%rsing a hot plate and then cured in the air at 230C for 1 hqur using an oven
(IHPS-222 manufactured by Tabai Espec Corp.) to prepare a cured film [0176] The evaluation results
of the photosensitive praperties and the cured film 15properties are shown in Table 5. It is noted here
that the evaluatioris &?1 € photosensitive properties and the cured film properties were performed in
accordance with the i lleving evaluations (4) to (8) were performed on the

i W&S performed D glass plate. The evaluations
ass SUBSIr#e Pohavin dentim @puttered film. (4)
Measurement of Film Thickness * e @nj—thi@kpess was me 2red using RAMDA-ACE STM-602
(trade name, manufactured by Dainippon 3grgen Mfg. Co., Ltd.) at a refractive index of 1.50.  (5)
Reduction in Film Thickness of Non-exposed Area during Development 25The reduction in the film
thickness of a non-ex%osed area during,development was calculated by the following equation: [0177]

Reduction in fiAAIERREESTErMBRE-EpBsedt arfa 2 tHREHEREERfIRE BTIBbAHEN - film thickness
- of non-gxpose 1%{%?@2%9%\@99939%5@11 RIpInALIOARL BN Which AR g¥POSUre and -
development, the exposure dose at which a’10-um lineand-space pattern is formed at a width ratio of
1:1 (hereinaftempthiseexpaston doss is Seferddhio las DptRTUR &Rpdsuirfose Hpuamadopted as the
sensitivity. (7) Determination of Resolution  The minimum pattern size at the optimum exposure
dose after develspaienevhdassptdl aSTHEPHEITERRSTH N XY TSSO A B HAimum pattern
size at the optir\r}‘;ﬁllghex osure dos§ after curing was. adt?g_t[%g g8 thletggst- 1rrén ggn§sqlution. 10(8) Heat

(10) and (11) were

resistance The Cured i ﬁ?sbreep%% %3? fié method accor Ing 0 ]Il—_lxample was scraped off from the

substrate and ahgut 4 9-mghaidhasiapesiilnmas plagest inaasieminum ¢all.tésing a
thermogravimetic apparatus (TGA-50, manufactured by SHIMADZU CORPORATION), the film sample
was heated to pBOGaAntatniotaderi D5atrmbydieere dbm hebbinlyttareaob10@/min Pricafith? sample was

maintained at . . .
each represent an integer of 0 to 4, with the proviso thata + B +vy +38>2, By using

the naphthoquinone diazide compound represented by the Formula (6), the sensitivity

and resolution in pattern processing are improved.
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150C for 1 hour and then heated to 400C at a heating rate of 20C/min. In this process, a temperature
TdI% at which the weight loss became 1% was measured and compared. The higher the Td1%, the
better the heat resistance. (9) Measurement of Light Transmittance 20First, using Multi Spec-1500

(trade name, manufactured by SHIMADZU CORPORAT]ON), the ultraviolet and visible absorption
spectra of only & DA ATFRIALY Bidhs traiihoine e B aBrquy 2 érdstds Aen, a cured film of

the composition, was farmed,an.an04:10:glass RIRIE DS SEARTUTE MAS Aptperformed) and the

resulting sample was measured with a single beam to determine 25the light transmittance per 3 um of
the film at a wamelergth diADparm Phedifferenapdeatwern thethysdeiaratigedlight transmittance and
the reference was adopted as the light transmittance of the cured film. (10) Adhesion in Development
The minimum gio8W¢ tBEFim pattern which was prepared on a glass substrate having a molybdenum

sputtered filmvaa thod described in Example.1,and remajned, on the gl substrate after
developn%ent @%%c%%ﬁ as %%ea é?éll%tno?n%g(?gegl%%%lgﬂEeﬁ%aez}%ﬁgro Og%%igriﬁlfﬁ’?e more likely the
‘pattern to be detached duriigavelanmeat tbarsiarioa salarnsaieiagansheattaeadnhesion in

development. (11) Wet-heat resistance A cured film was prepared on a glass substrate having a
molybdenum 18spatienedfitrechyrthds ingthowdbceritled ihemmpition Thexhéstlting sample was then
subjected to a test in which the amp:f was left to stand for 10 hours oy 24 hour% in a chamber ("HAST

CHAMBER EHRS9S0i™ 4L 155 e T MaRt it e BFEEBEC S S #ImY ¥ mperature of
121C, a humidify,of. 1000 andp Aes3H e W aph AURLANE"SAEE g Aedles Qf¢aaRgs in color of
molybdenum was evaluated. 15Further, a glass substrate having only a molybdenuin sputtered film
was alspiestedatitheicame tilme:aing tfiehchangminccaiap Glithtbaubstrateneligrénaad after the test
was used as an index to evaluate the wet-heat resistance based on the following criteria. [0178] 5: No
color change weRBHEc/Bg fRate By Bdbtuihcarge PhéeomaeTiinngithe sArEre and after the test.
20[0179] 4: As ¢compared to the.mol num not covered with th red film, the mglybdenum under
e cured i ST e 4 e e the test.
[0180] 3: As cogrpareddadhermelviadenummet coveredowithithe earedsblmidheomelibgenum under the
cured film showed color change in an area of about one-fifth 25between before and after the test.
[0181] 2: As comparédfiithtrarhdlybdernadinotcovensdndith thedsigred filere thefamblylsgdenum under the

cured film showed tElolor change inﬁ ari’? of about four- ern h between before and after the test.
' %*Wifh

[0182] AS compEredan e BN Bt m Hortsvar FB%W??F@WB&%num under the
cured film showgd, color CaROs.ithan Aiaa- ROt de S5 Hiamakeut SiatantRetwesa Rgfore and after
the test. (Examples 2 to 40 and Comparative Examples 1to 4)  In the same manner as in the case
of the compositwonmigthiaai pasiion s 2 ¢t Iawark i epdeedtin mecosdathee Viuthdyespective
constitutions shown in Tables 1 to 4. It is noted here that KBM303, which was used as a silane
coupling agent &ight( Haseprsiarah onbmpsetrintHh et its#e: manufactured by Shin-Etsu Chemical

10Co,, Ltd. Thﬁ]ﬁ%@j‘%ﬂg g&%@ fe;’%‘i%%%’%%%@%&ﬁé%%ﬁ% E@%@@%ﬁ%&%‘%&%ﬁ’%ﬂlﬁ{ i PA and

BisP-FL; all of are manufactured by Hons emical Industry Co., Ltd.) an tlhosecompounds

used aserosslipkingm gentss(NUHALAGMW-39 2 cdd KALAGMXRAD rbath i wbich.are trade
names and manufactured by SANWA CHEMICAL Co., Ltd.) have the following structures. 15[0183]
H3C-C -H2C,;1212up@ES I N fNaHBOEHR I dHrci@2arro-CrRig NIeAL ABY Mive390k [0184] Further,

CGI-MDT (trade pame, manutactured by Cib ecialty Ghemicals Co., Ltd.) and WPAG-469 (trade
name, manufa Vé&‘b@%@%@f&?&?‘bﬁgﬁﬁg t%) ‘d‘&?{%ﬁﬁ@%ﬁ&}ﬂﬁ%{ﬁeﬁ u§£%\gcrosslinking
promoters, werg; it i0g: bl & 40X &GN EAnsktiaN O me RAE Y ﬁﬁrfﬁlﬁ‘{!f QHum
perfluorobutanesulfonate, and DPA (trade name, manufactured by Kawasaki Kasei Chemicals Ltd.)
used as a sensitizienadhsnd b sdiprapioxyahiphacesparency. :

25 [0081] The above-described compound having an alcoholic hydroxyl group is not

particularly restricted; however, it is preferably a compound having a boiling point of

110 to 250°C under atmospheric pressure.  When the boiling point is in the above-
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5[0185] [Table 1] 10 a) Co Co 620-0 Vd0 omo Vd 600'0 Vd0 6EQ0'0 6200. VdO P E S2 co E co -E-
yo 8 8 (8 0 ogo-o law 190 650.0 600.0 1011 TOO 6000 ION -100 5000 1UVJcnczg.L.-"Coo0,8 m

C)

10

15

20

25

described preferred range, excessively fast drying does not occur during coating, so
that the surface of the resulting film is not likely to be roughened and good
coatability is thus attained, while since the amount of residual solvent in the film is
small, film shrinkage during curing is limited and good planarization property can be
attained.

[0082] Specific examples of the conipound having an alcoholic hydroxyl group
include acetol, 3-hydroxy-3 -metﬁyl—Z-butanone, 4-hydroxy-3-methyl-2-butanone, 5-
hydroxy-2-pentanone, 4-hydroxy-4-methyl-2-pentanone (diacetone alcohol), ethyl
lactate, butyl lactate, propyléne glycol monomethyl ether, propylene glycol
monoethyl ether, propylene glycol mono-n-propyl ether, propylene glycol mono-n-
butyl ether, propyléne glycol mono-t-butyl ether, diethylene glycol monomethyl
ether, diethylene glycol monoethyl ether, dipropylene glycol monomethyl ether,
dipropylene glycol monoethyl ether, 3-methoxy-I-butanol, and 3-methyl-3-methoxy-
I-butanol. These compounds having an alcoholic hydroxyl group may be used
individually, or tv?o or more thereof may be used in combination.

[0083] Further, the positive photosensitive composition according to the present
invention may also contain other solvent(s) as long as the effects of the present
invention are not adversely affected. Examples of other solvent include esters such
as ethyl acetate, n-propyl acetate, iso-propyl acetate, n-butyl acetate, 1so-butyl acetate,
propylene glycol monomethyl ether acetate, 3-methoxy-1-butyl acetate, 3-methyl-3-
methoxy-1-butyl acetate and ethyl acetoacetate; ketones such as methyl iso-butyl
ketone, diiso-propyl ketone, diiso-butyl ketone and acetylacetone; ethers such as
diethyl ether, diiso-propyl ether, di-n-butyl ether, diphenyl ether, diethylene glycol
ethylmethy! ether and diethylene glycol dimethyl ether; y-butyrolactone; y-
valerolactone; d-valerolactone; propylene carbonate; N-methylpyrrolidone;
cyclopentanone; cyclohexanone; and cycloheptanone.

[0084] The amount of the solvent to be added 1s not particularly restricted; however,
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10-aEw.Co 0,a)=7?-,aFacr,oo0 0810 COMMA h001419fi a)Co-oa='5=0-000.
-.8 E -7, E ¢ 70 E naphthoquinone diazidecompound (B-a) 0.599 naphthoquinone diazidecompound
(B-c) |

it is preferably in the range of 100 to 2,000 parts by weight compared to 100 parts by
weight of the alkali-soluble resin.

[0085] The photosensitive composition according to the present invention contains
(D) a metal chelate compound represented by the following Formula (1).

5 [0086]

[6087] In the metal chelate compound represented by the Formula (1), M is a metal

10 atom; R's, the same or different, each represent hydrogen, an alkyl group, an aryl
group, an alkenyl group, or a substitution product thereof; R? and R’ ,' the same or
different, each represent hydrogen, an alkyl group, an aryl group, an alkenyl group,
an alkoxy g.roup, or a substitution product thereof; j represents the valency of the
metal atom M; and k represents an integer of 0 to j.

15 [0088] By incorporating the above-described metal chelate compound used in the
present invention, the adhesion in development and the wet-heat resistance of the
resulting cured film are improved.

[0089] In the Formula (1), M is a metal atory and the metal atom is not particularly
restricted.  From the standpoint of transparency, examples of the metal atom include

20 titanium, zirconinm, aluminum, zinc, cobalt, molybdenum, lanthanom, barium,
strontinm, magnesium and calcivm. From the standpoints of adhesion in
devélopment and wet-heat resistance, the metal atom is preferably zirconium or
aluminum.

[0090] Examples of R’ include methyl group, ethyl group, n-propy! group, iso-propyl

25 group, n-butyl group, sec-butyl group, pentyl group, hexyl group, heptyl group, octyl

* group, nony!l group, decanyl group, octadecanyl group, phenyl group, vinyl group,

allyl group and oleyl group. Thereamong, since the compound becomes stable, R'
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0.64g naphthoquinone diazidecompound (B-c1) 0.75g naphthoquinone diazidecompound(B-a) 0.51g
naphthoquinone diazidecompound(B-b) 0.45g naphthoquinone diazidecompound (B-c) 0.64g
naphthoquinone diazidecompound (B-c) 0.65g naphthoquinone diazidecompound (B-c) 0,659
naphthoquinone diazidecompound (B-c) 0.659 E w.-t!," Co a DAA : 3.73g PGMEA : 9.84g DAA : 3.54¢g
PGMEA : 9.84§ 19880 FABY Ef?%ﬂbl}:\bw%%g%ww%a“% AN a 682v103 krz.

V31419c1 DM ;3,519 PGMEA -9, B4GABA YAMAW, Gt A PMcd 599 decy! group, an -

octadecyl group or a phenyl group. Examples of R” and R? include hydrogen,
methyl group, ethyl group, n-propyl group, iso-propyl group, n-butyl group, sec-

5 butyl group, t-butyl group, phenyl group, vinyl group, methoxy group, ethoxy group,
N-propoxy group, iso-propoxy group, n-butoxy group, sec-butoxy group, n-pentyl
group, n-hexyl group, n-heptyl group, n-octyl group, n-nonyl group, n-decyl group,
n-octadecyl group and benzoyloxy group. Thereamong, since the compound is
easily.synthesized and becomes stable, it is preferred that R? and R® be each a methyl

10 group, a t;butyl group, a phenyl group, a methoxy group, an ethoxy group or an n-
octadecyl group.

[0091] Examples-of the compound represented by the Formula (1) include, as
zirconium compounds, zirconium tetra-n-propoxide, zirconium tetra-n-butoxide,
zirconium fetra-sec-butoxide, zirconium tetraphenoxide, zirconium

15 tetraacetylacetonate, zirconium tetra(2,2,6,6-tetramethyl-3,5-heptanedionate),
zircontum tetramethylacetoacetate, zirconium tetraethylacetoacetate, zirconinm
tetramethylmalonate, zirconium tetraethylmalonate, zirconium tetrabenzoylacetonate,
zirconinm tetradibenzoylmethanate, zirconium mono—n—butoxyacetylaéetonate-
bis(ethylacetoacetate), zirconium mono-n-butoxyethylacetoacetate-

20 bis(acetylacetonate), zirconium mono-n-butoxy-tris(acetylacetonate), zirconium
mono-n-butoxy-tris(acetylacetonate), zﬁconium di(n—hutoxy)bis(ethylacetoacetate),
zirconium di(n-butoxy)bis(acetylacetonate), zirconium di{n-
butoxy)bis(ethylmalonate), zirconium di(n-butoxy)bis(benzoylacetonate) and
zirconium di(n-butoxy)bis(dibenzoyimethanate).

25 [0092] Further, examples of the compound represented by the Formula (1) include,
as aluminum compounds, aluminum tris-iso-propoxide, aluminum tris-n-propoxide,

aluminum tris-sec-butoxide, aluminum tris-n-butexide, aluminum trisphenoxide,
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PGMEA : 9.84g DAA : 3.50g PGMEA : 9.84g .G-.a)Wsa)--._Z)6_7......0 Co polysiloxane
solution (Al-a) 15.439 polysiloxane solution (Al-b) 15.199 polysiloxane solution (Al-c) 15.299g
polysiloxane solution (Al-d) 14.219 polysiloxane solution (Al-e) 15.01g polysiloxane solution (Al-b)

15.269 polysilo ane solutjon (Al-b) 15. 50g ol S|I0xan alution (A14 .43g polysiloxane solution
(Al-b) 15.509 8‘“3‘181 Glsa?‘é%acg&“’%a%’ D 519 g &g f} 3

heptanedionate), aluminum tris-ethylacetoacetate, alummum tris-methylacetoacetate,
aluminum tris-methylmalonate, aluminum tris-ethylmalonate, aluminum
ethylacetate-di(iso-propoxide), aluminum (acetylacetonate)di{iso-propoxide),

5 aluminum methylacetoacetate-di(iso-propoxide), aluminum octadecylacetoacetate
di(iso-propylate) .and aluminum monoacetylacetonate-bis(ethylacetoacetate).
[0093] Further, examples of the compound represented by the Formula (1) include, -
as titanium compounds, titanium tetra-n-propoxide, titanium tetra-n-butoxide,
titanium tetra-sec-butoxide, titanium tetrapheno;gide, titanium tetraacetyiace‘tonate,.

10 titanium tetra(2,2,6,6-tetramethyl-3,5-heptanedionate), titanium
tetramethylacetoacetate, titanium tetracthylacetoacetate, titanium
tetramethylmalonate, titanium tetraethylmalonate, titanium tetrabenzoylacetonate,
titanium tetradibenzoylmethanate, titantum mono-n-butoxyacetylacetonate-
bis(ethyvlacetoacetate), titanium mono-n-butoxyethylacetoacetate-bis(acetylacetonate),

i5 titanium mono-n-butoxy-tris(acetylacetonate), titanium mono-n-butoxy-
tris(acetylacetonate), titanium di(n-butoxy)bis(ethylacetoacetate), titanium di(n-
butoxy)bis(acetylacetonate), titantum di(n-butoxy)bis(ethylmalonate), titaniom di(n-~
butoxy)bis{benzoylacetonate), titanium di(n-butoxy)bis(dibenzoylmethanate) and
titanium tetra-2-ethylhexyloxide.

20 [0094] Among those compounds described in the above, from the standpoints of
solubility to various solvents and/or stability of the compound, the metal chelate
compound represented by the Formula (1) is preferably zirconium tetra-n-propoxide,
zirconium tetra-n-butoxide, zirconium tetraphenoxide, zirconium tetraacetylacetonate,
zirconium tetra(2,2,6,6-tetramethyl-3,5-heptanedionate), zirconium

25 tetramethylmalonate, zirconium tetraeth}dmalonate, zirconium tetraethylacetoacetate,
zirconium di-n-butoxy-bis(ethylacetoacetate), zirconium mono-n-

butoxyacetylacetonate-bis{ethylacetoacetate), titanium tetra-n-propoxide, titanium
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tetra-n-butoxide, titanium tetraphenoxide, titanium tetraacetylacetonate, titanium
tetra(2,2,6,6-tetramethyl-3,5-heptanedionate), titanium tetramethytmalonate, titanium
tetraethylmalonate, titanium tetraethylacetoacetate, titanium di-n-butoxy-
bis(ethylacetoacetate), titanium mono-n-butoxyacetylacetonate-bis(ethylacetoacetate),
5 aluminum tris-acetylacetonate; alumioum tris(2,2,6,6—tetramethyl—3,S-
heptanedionate), aluminum tris-ethylacetoacetate, aluminum tris-methylacetoacetate,
aluminum tris-methylmalonate, aluminum tris-ethylmalonate, aluminum
ethylacetate-di(iso-propoxide), aluminum (acetyiacetonate)(ii(iso-propoxide),
aluminum methylacetoacetate-di(iso-propoxide), aluminum octadecylacetoacetate-
10 di(iso-propylate) or aluminum monoacetyiacetonate-bis(ethylacetf)acetate). The
metal chelate compound represented by the Formula (1) is more preferably a metal
complex system.
[0095] In the photosensitive composition according to the present invention, the
content of the (D) metal chelate compound is 0.1 to 5 parts by weight compared to
15 100 parts by weight of the (A) alkali-soluble resin.  'When the content of the (D)
metal chelate compound is less than 0.1 part by weight compared to 100 parts by
weight of the (A) alkali-soluble resin, there are problems in that the wet-heat
resistance and the adhesion in development are poor, while when the content is
higher than 5 parts by weight compared to 100 parts by weight of the (A) alkali-
20 soluble resin, there is a problem in that an non-exposed area which should dissolve it
a developer 1s not dissolved and the photosensitivity is thus impaired.
[0096] The content of the (D) metal chelate compound is preferably 0.3 to 4 parts by
weight compared to 100 parts by weight of the (A) alkali-soluble resin. | However,
in cases where a metal having high catalytic activity is used, for example, when the
25 metal atom (M) 1s aluminum, the content of the (D)) metal chelate compound is
preferably 0.1 té 1.5 parts by weight, more preferably 0.3 to 1.0 parts by weight.

[0097] The content of the metal chelate compound can be identified and quantified
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methyl group methyl group methyl group methyl group methyl group ethoxy group dnctifi fifingi 1C
methyl group methyl group methyl group methyl group methyl group methyl group t-butyl group (D)
Zirconium compound (R10)1-k
by performing a fluorescent X-ray analysis, a metal quantitative analysis by
inductively-coupled plasma mass spectrometry (ICP-MS) or atomic absorption
spectrometry, or an organic analysis by gas chromatography, liquid chromatography,
"H-NMR and/or ?C-NMR. Further, using the photosensitive composition and the
5 resulting cured film, a metal such as titanium, zirconium, aluminuwm, zinc, cobalt,
molybdenum, lanthanum, barium, strontium, magnesium or calcium can be analyzed -
by fluorescent X-ray analysis, inductively-coupled plasma mass §pectr0met:ry {ICP-
MS) or atomic absorption spectromeiry. The above-described metal is contained in
an azﬁount of 0.005 to 1 part by weight compared to 100 parts by weight of the |
10 alkali-soluble resin composition.
.. [0098] Further, the positive photosensitive composition according to the present
invention may also contain, as required, an additive(s) such as a solubility accelarator,
a silane coupling agent, a crosshinking agent, a crosslinking promoter, a sensitizer, a
heat radical generator, a dissolution inhibitor, a surfactant, a stabilizer and an
15 antifoaming agent.
[0099] In particular, in order to adjust the solubility in an alkaline developer, it is
preferred that the positive photosensitive composition according to the present
invention contain a solubiiity accelarator. Exaﬁples of the solubility accelarator
include those phenol compounds that are described in the above as specific examples
20 of the compound having a phenolic hydroxyl group; and N-hydroxyimide
compounds. An example of the N-hydroxyimide compounds is N-hydroxy-5-
norbomene-2,3-hydroxyimmide.
[0100] The phenolic compound 1s not particularly restricted; however, from the
standpoint of transparency, it is preferably a phenol compound used as a starting
25 material of the above-described naphthoquinone diazide compound. Thatis, a
phenolic compound having 2 to 6 benzene rings and 2 to 4 phenolic hydroxyl groups

in the molecule is preferred.  Further, from the standpoints of heat resistance and
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7DC  dnoib n-propyl group phenyl group (D) Type of zirconium compound Zirconium
tetraacethylacetonate Zirconium tetraacethylacetonate Zirconium tetraacethylacetonate Zirconium
tetraacethylaceton ate ateurgeoep(meoeafiet wniuomg Zirconium dibutoxybis (ethylacetoacetate)
Zirconium tetrapropoxide Zirconium tetraphenoxide Zirconium tetra(2, 2, 6, fi- tetramethyl -3,5-

heptanedionate) & BBWH6S81 4 YRIBL ST 1€ 8 B3N RIoACS CarRBTABI 3 (-T2
tertiary carbon (-CH=) and cycloalkane group is preferred. Examples of preferred

phenol compound are shown below.

[0101]
petsza s M
H{}—{L—J}— —{:% O H{:;w a :,\ ,;;? HO c— 4
Ot *Esmf_ s ‘o
Bisphenol-A BisP-AF BisOTEP- &
% & =Bk CHa
N
Hﬂ—-{ %»—CQ&& Huwf» "“\{x Was HO - wu)‘ E#{%WJ’P O
PPl oo 7
By B . b
BisZ6B- A BigP- PR e
OH
1By 18 TrigE- HAP
ﬁ Mz e T, Cikly ;"‘—“i:
w—f R el
B _,s—( —{& ;-mz HO—( }—j YWa
x*«%f %
Bisk. 45 BisldTBP- &P
e o CHy
i f::Hg —
Y 0L =C O
ﬁr;}«{ ‘%wr“ r%wmﬁ i ST W
ﬂ.-' ", ,;;:\_ o, o
;__ : s T’
5 BisF- DF Ph-cc- AP TrigP-Ph

CH

. O
e AW

BisOPP-AP

34



Composition 4 Compositions Composition 6 Composition 7 Composition 8 Composition 9
[0186][Table 2] 6EQ0'0; VdG Sego ; VdCI BootidG 6EQ00;Vr30 =012Cu.Ea,7575U)000
t,co 690'0 101el -100 ogo'o 100

[0102] Surpnsingly, by adding a phenol compound to the photosensitive composttion
according to the present invention, the wet-heat resistance thereof is dramatically
improved. It is speculated that the wet-heat resistance is improved due to the
hydrophobic barrier effect exerted by the packing property of aromafic rings of the
5 phenol compound. The content of the phenol compound is preferably 1 to 30 parts

by weight, more preferably 3 to 15 parts by weight, comparéd ta 100 parts by weight
of the alkali-soluble resin. 'When the content of the phenol compound is in the
above-described preferred range compared to 100 parts by weight of the alkali-
soluble resin, the effect of wet-heat resistance is sufficiently attained, while since the

10 dissolution-promoting effect does not become excessively large, pattern formation is
easily carried out.
[0103] It is also preferred that the positive photosensitive composition according to
the present mvention contan a crosslinking agent. A crosslinking agentis a
compo;md which cross-links the alkali-soluble resin used in the present invention, a

15 solubility accelarator and the like at the time of heat curing and s mcorporated into
the resin. By incorporating such crosslinking agent, the resulting cured film has a
high degree of crosslinking. Consequently, the chemical resistance and the wet-
heat resistance of the cured film are improved and a reduction in the pattern
resolution caused by pattern reflow during heat curing is inhibited.

20 101047 The crosslinking agent is not particularly restricted; however, preferred
examples thereof include compounds having at least two structures selected from the
group consisting of the methylol-based structure represented by the Formula (7),
epoxy structure and oxetane structure. The combination of the above-described
structures is not particularly restricted; however, the structures to be selected are

25 preferably the same.

[0105]

-—fcmz—o-km) (7)
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[0106] In the methylol-based compound having at least two methylel-based
structures represented by the Formula (7), R'® represents either hydrogen or an alkyl
group having 1 to 10 carbon atoms. Here, plural R'%s in the compound are
optionally the same or different.  Specific examples of the alkyl group include
methyl group, ethyl. group, n-propyl group, 1so-propyl group, n-butyl group, t-butyl
group, n-hexyl group and n-decyl group.

[0107] Specific examples of the methylol-based compound baving at least two
methylol-based structures include, as ones having two methylol-based structures,
DM-BI25X-F, 46DMOC, 46DMOIPP and 46DMOEP (all of which are trade names
and manufactured by Asahi Organic Chemicals Industry Co., 1.td.); DML-MBPC,
DML-MBOC, DML-OCHP, DML-PC, DML-PCHP, DML-PTBP, DMI.-34X,
DML-EP, DML-POP, DML-OC, Dimethylol-Bis-C, Dimethylol-BisOC-P, DML-
BisOC-Z, DML-BisOCHP-Z, DML-PFP, DML-PSBP, DMIL-MB25, DML-MTrisPC,
DML-Bis25X-34XL and DML-Bis23X-PCHP (all of which are trade names and
manufactured by Honshu Chemical Industry Co., Ltd.); NIKALAC MX-290 (trade
name, manufactured by SANWA CHEMICAL Co., Ltd.); 2,6-dimethoxymethyl-4-t-
butylphenol; 2,6-dimethoxymethyl-p-cresol; and 2,6-diacetoxymethyl-p-cresol.
Further, specific examples of methylol-based compound having three methylol-based
structures include TriML-P, TriML-35X1. and TriML-TrisCR-HAP (all of which are
trade names and manufactured by Honshu Chemical Industry Co., Ltd.), and specific
examples of methylol-based compound having four methylol-based structures
include TM-BIP-A (irade name, manufactured by Asahi Organic Chemicals Industry
Co., Ltd.); TML-BP, TML-HQ, TML-pp-BPF, TML-BPA and TMOM-BP (all of
which are trade names and manufactured by Honshu Chemical Industry Co., Lid.);
and NIKALAC MX-280 and NIKALAC MX-270 {(both of which are trade names
and manufactured by SANWA CHEMICAL Co., Ltd.). Specific examples of

methylol-based compound having six methylol-based structures include HML-
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cv -S5- a-030ct a a)5685-8,=0ao0coa)=:0N-...-.CO e --- naphthoquinone
diazidecompound (B-c) 0.65g naphthoquinone diazidecompound (B-c) 0.65g naphthoquinone
diazidecompound (B-c) 0.65g naphthoquinone diazidecompound (B-c) 0.65g naphthoquinone |
diaZidecompoulmlng-IBé(Q,. HML-TPHAP, HMOM-TPPHBA and HMOM-TPHAP {ali of which are
trade names and manufactured by Honshu Chemical Indusiry Co., Ltd.); and
NIKALAC MW-390, NIKALAC MW-100LM and NIKATLAC 30-HM (all of which
are trade names and manufactured by SANWA CHEMICAL Co., Lid.).
5 [0108] Thereamong, in the present invention, those compounds having at least two
heat-crosslinkable groups are preferred, and particularly preferred examples thereof
" include ones having two heat-crosslinkable groups, such as 46DMOC, 46DMOEP,
DML-MBPC, DML-MBOC, DML-OCHP, DML-PC, DML-PCHP, DML-PTBP,
DML-34X, DML-EP, DML-POP, Diznethylol-BisOC~P, DML-PFP, DML-PSBP,

10 DML-MTrisPC, NIKALAC MX-290, B-a type benzooxazine, B-m type
benzooxazine, 2,6-dimethoxymethyl-4-t-butylphenol, 2,6-dimethoxymethyl-p-cresol
and 2,6-diacetoxymethyl-p-cresol; ones having three heat-crosslinkable groups, such
as TriML-P and TraML-35XL,; ones having four..l.l.éatwcrosslinkab]e groups, such as
TM-BIP-A, TML-BP, TML-HQ, TML-pp-BPF, TML-BPA, TMOM-BP,

15 "NIKALAC" MX-280 and "NIKALAC" MX-270; and ones having six heat-
crosslinkable groups, such as HML-TPPHBA, HML-TPHAP, HMOM-TPPHBA and
HMOM-TPHAP. Further, more preferred examples include "NIKALAC" MX-280,
"NIKALAC" MX-270, "NIKALAC" MW-100LM, "NIKALAC" MW-390 and
"NIKALAC" 30HM (all of which are trade names and manufactured by SANWA

20 CHEMICAL Co., Ltd.).

{01091 Among these (e) crosslinking agents, for example, a compound having a
methylol group in which a hydrogen atom of a methylol group or that of an alcoholic
hydroxyl group is substituted is, as shown below, cross-linked by a reaction

mechanism of direct addition to the benzene ring.

25  [0110]
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0.65g naphthoquinone diazidecompound (B-c) 0.65g naphthoquinone diazidecompound (B-c) a65g
naphthoquinone diazidecompound (B-c) 0.65g naphthoquinone diazidecompound (B-c) 0.65g Co
649'6 ; V31/10d Bost wo DAA : 3.50g PGMEA : 9.84g 42'6 V3Vled 609E ! wa 1 8E8 6 ' V31/40.d WU
609'E DAA : 3.50g PGMEA : 9.84g DM : 3.50g PGMEA : 9.84g 4 6 V31/119r1 809'E ; \NU DM :
3.50g PGMEA : 9. ?:69 BINE6 V31510d 609E ; wa .s=s0a)< polysnoxane tion (Al-b)

i

CH, OH  OH heat or acid+heat
A

[0111] The structures of representative heat crosslinkable compounds that are
particularly preferably used in the photosensitive compqsition according to the
present invention are shown below. Particularly surpriéingly, by using a methylol-

5 based compound and the above-described phenol compound in combination in the
positive photosensitive éomposition according to the present invention, the wet-heat
resistance of the resulting cured film is further dramatically improved.

[0112]
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15.359 polysiloxane solution (Al-b) 15.359 polysiloxane solution (Al-b) 15.35g ! polysiloxane solution
(Al-b) ' 15.35¢g polysiloxane solution (A1-6) 15.35¢ polysiloxane solution (Al-b) 15.35¢g polysiloxane
solution (Al-b) 15.359 polysiloxane solution (Al-b) 15.35g polysiloxane solution (Al-b) 15.35g 1 _0.a
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2.6-dimethoxymethyl-4-t- 2,6-dimathoxymethyl- 2 6-diavetoxymethyl-p-
butylphenol B-Crasol sresol

20 [0113] Specific examples of the compounds having at least two epoxy structures or
oxelane structures inclilde "EPOLITE" 40E, "EPOLITE" 100E, "EPOLITE" 200E,
"EPOLITE” 400E, "EPOLITE" 70P, "EPOLITE" 200P, "EPOLITE" 400P,
"EPCLITE" 1500NP, "EPOLITE" 80MF, "EPOLITE" 4000 and "EPOLITE" 3002
(all of which are trade names and manufactured by Kyoeisha Chemical Co., Ltd.};

25 "DENACOL" EX-212L, "DENACOL" EX-214L, "DENACOL" EX-2161L,
"DENACOL" EX-850L and "DENACOL" EX-321L (all of which are trade names

and manufactured by Nagase ChemteX Corporation); GAN, GOT, EPPN 502H, NC
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3000 and NC 6000 (all of which are trade names and manufactured by Nippon
Kayaku Co., Ltd.); "EPICOAT" 8§28, "EPICOAT" 1002, "EPICOAT" 1750,
"EPICOAT" 1007, YX8100-BH30, E1256, E4250 and E4275 {(all of which are trade
names and manufactured by Japan Epoxy Resins Co., Ltd.); "EPICLON" EXA-9583,
5 "EPICLON" HP4032, "EPICLON" N695 and "EPICL.ON" HP7200 (all of which are

trade names and manufactured by DIC Corporation}; "TEPIC" S, "TEPIC" G, and
"TEPIC" P (all of which are trade names and manufactured by Nissan Chemical
Industries, Ltd.); and "EPOTOHTO" YH-434L (trade name, manufactured by Tohto
Kasei Co., Ltd.). |

10 [0114] Here, the above-described crosslinking agents may be used individually, or
two or more thereof may be used in combination.
[0115] The amount of the crosslinking agent to be added is not particularly
restricted; however, it is preferably in the range of 0.1 fo 20 parts by weight
compared fo 100 parts by weight of the alkali-soluble resin. When the added

15 amount of the crosslinking agent is in the above-described preferred range, the
crosslinking effect of the resin is sufficient, while the resulting cured film retains
colorless and transparent properties and the composition attains excellent storage
stability.
[0116] The positive photosensitive composition according to the present invention

20 may also contain a silane coupling agent. By incorporating a silane coupling agent,
the adhesion of the composition with a substrate is improved.
[0117] Spectific examples of the silane coupling agent include
methylirimethoxysilane, methyltriethoxysilane, dimethyldimethoxysilane,
dimethyldiethoxysilane, ethyltrimethoxysilane, ethyltriethoxysilane, n-

25 propyltrimethoxysilane, n-propyltriethoxysilane, n-butyltrimethoxysilane, n-
butyltriethoxysilane, phenyltrimethoxysilane, phenyitriethoxysilane,

diphenyldimethoxysilane, diphenyldiethoxysilane, vinyltrimethoxysilane,
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vinvltriethoxysilane, 3-methacryloxypropyltrimethoxysilane, 3-

- methacryloxypropyltniethoxysilane, 3-methacryloxypropylmethyldimethoxysilane, 3-

methacryloxypropylmethyldiethoxysilane, 3-acryloxypropyltrimethoxysilane, 3-
aminopropyltrimethoxysilane, 3-aminopropyliriethoxysilane, 3-triethoxysilyl-N-(1,3-
dimethyl-butylidene)propylamine, N-phenyl-3 -aminopropyltrimethoxysilane, 3-
glycidoxypropyltrimethoxysilane, 3-glycidoxypropyltriethoxysilane, 3-
glycidoxypropylmethyldiethoxysilane, 2-(3,4-
epoxycyclohexyljethyltrimethoxysilane, 2-(3,4-epoxycyclohexyl)ethyltriethoxysilane,
[(3-ethyl-3-oxetanyl)methoxy]propyltrimethoxysilane, {{3-ethyl-3-
oxetanyl)methoxy|propyltriethoxysilane, 3»mercaptoproﬁyltﬁmethoxysilane, 3.
mercaptopropylmethyldimethoxysilane, ‘3 ~ureidopropyltriethoxysilane, 3-
isocyanatepropyltriethoxysilane, 3-trimethoxysilylpropylsuccinic acid, N-t-butyl-3-
(3-trimethoxysilylpropylsuccinimide and organosilanes represented by the Formula

3).

[0118]
i
(3] - g
R ow\Ls‘,n O};~R (3)
OR®

[0119] (wherein, R® to R® each independently represent hydrogen, an alkyl group
having 1 to 6 carbon atoms, an acyl group having 2 to 6 carbon atoms or an aryl
group having 6 to 15 carbon atoms; and these alkyl group, acyl group and aryl group
are all optionally substituted or unsubstituted).

Specific examples of the organosilane represented by the Formula (3) mclude
tetramethoxysilane; tetracthoxysilane; tetra-n-propoxysilane; tetraiso-propoxysilane;
tetra-n-butoxysilane; tetraacetoxysilane; METHYL SILICATE 51 (manufactured by
FUSO Chemical Co., Ltd.); M SILICATE 51, SILICATE 40 and SILICATE 45

(which are manufactured by Tama Chemicals Co., Ltd.); and METHYL SILICATE
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methyl group 1 methyl group methyl group methyl group methyl group methyl group

51, METHYL SILICATE 53A, ETHYL SILICATE 40 and ETHYL SILICATE 48
(which are manufactured by Colcoat Co., Lid.).

{0120] The organosilane represented by the Formula (3) is preferably 2-(3,4-
epoxycyclohexyljethyltrimethoxysilane, 3-ureidopropyltriethoxysilane, N-t-butyl-3-

5 (3-trimethoxysilylprepyl)succinimide, tetramethoxysilane, tetracthoxysilane, tetra-n-

propoxysilane, tetraiso-propoxysilane, tetra-n-butoxysilane, tetraacetoxysilane,

METHYL SILICATE 51 (manufactured by FUSO Chemical Co., Ltd.), M

SILICATE 51, SILICATE 40, SILICATE 45 (manufactured by Tama Chemicals Co.,
Ltd), METHYL $ILICATE 51, METHYL SILICATE 53A, ETHYL SILICATE 40

10 or ETHYL SILICATE 48 (manufactured by Colcoat Co., Ltd.).

{0121] The amount of the silane coupling agent to be added is not particularly
restricted; however, it is preferably in the range 0f 0.1 to 10 parts by weight

compared to 100 parts by weight of the alkali-soluble resim.  When the added
amount of the silane coupling agent is in the above-described preferred range,

15 sufficient adhesion-improving effect is attained, while since condensation reaction of
the silane coupling agent is not likely to occur during storage, the silane coupling
agent is not left undissolved at the time of development.

[0122] The positive photosensitive composition according to the present invention
may also contain a surfactant. By incorporating a surfactant, coating variation is

20 improved, so that a uniform coating film can be obtained. As the surfactant, a
fluorine-based surfactant or a silicone-based surfactant is preferably emploved.
[(0123] Specific examples of the fluorine-based surfactant inchude fluorine-based
surfactants that are composed of a compound having a fluoroalkyl or fluoroalkylene
group at least at any one part of the terminals, main chain and side chains, such as

25 1,1,2,2-tetrafluorcoctyl(1,1,2,2-tetrafluoropropyliether, 1,1,2,2-tetrafluorooctyihexyl
ether, octaethylene glycol di(1,1,2,2-tetraflucrobutyl)ether, hexaethylene glycol

(1,1,2,2,3,3-hexafluoropentyl)ether, octapropylene glycol di(1,1,2,2-
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3t,’a==C a n-propyl group iso-propyl group iso-propyl group (D) Type of Zirconium
tetramethylmalonate Zirconium tetrabenzoilaceton ate Zirconium mono-n- butoxyacetylacetonate- big
(ethylacetoacetate) Aluminum lIris- acetylacetonate Aluminum tris-propoxide Aluminum iris

(ethylacetoacetate) Aluminum ethylacetoacetate di (isQ t%rogomde; Aluminum octadecylacetoacetate di
(iso-propoxide ) CHRIHRTRBHY RS RtERREY R Hinlfadeto fepnyliete

sodium perfluorododecylsulfonate, 1,1,2,2,8,8,9,9,10,10-decafluorododecane,
1,1,2,2.3, 3-hexafluorodecane, N-[3-(perfluorooctanesulfonamide)propyl]-N,N'-
dimethyl-N-carboxymethylene-ammonium betaine, perfluoroalkylsulfonamide
5 propyitrimethylammonium salt, perfluoroalkyl-N-ethylsulfonylglycine salt, bis(N-

perﬂuéroocty}sulfonyi-N—ethyIami:hb ethyl)phosphate and monoperﬂuoroa]kyl
ethylphosphoric acid ester.  Further, examples of commercially available fluorine-
based surfactants include "MEGAFAC" F142D, "MEGAFAC" F172, "MEGAFAC"
F173, ‘.’.MEGAFAC" F183, "MEGAFAC" F444, "MEGAFAC" 445, "MEGAFAC"

10 F475 and "MEGAFAC" 477 (all of which are manufactured by DIC Corporation);
"EFTOP" EF301, "EFTOP" 303 and "EFTOP" 352 (all of which are manufactured
by Shin-Akita Kasei K.K.); "FLUORAD" FC-430 and "FLLUORAD" FC-431 (both
of which are manufactured by Sumitomo 3M Ltd.); "ASAHI GUARD" AG710,
"SURFLON" S-382, "SURI;LON" SC-101, "SURFLON" SC-102, "SURFLON" SC-

15 103, "SURFLON" SC-104, "SURFLON" SC-105 and "SURFLON" SC-106 (all of
which are manufactured by Asahi Glass Co., Ltd.}; BM-1000 and BM-1100 (both of
which are manufactured by Yusho Co., Ltd.); and NBX-15, FTX-218 and DFX-218
(all of which are manufactured by NEOS Co., Lid.).
[0124] Examples of commercially availabie silicone-based surfactants include

20 SH28PA, SHTPA, SH21PA, SH30PA and SH94PA (all of which are manufactured
by Dow Corning Toray Silicone Co., Ltd.); and BYK-333 (BYK Japan K.K.).
[0125] It is generally preferred that the photosensitive composition contain the
surfactant in an amount of 0.0001 to 1% by weight.
[0126] The positive photosensitive composition according to the pi‘csent nvention

25 may also contain a crosslinking promoter. A crosshinking promoter is a corﬁpound
which promotes crosslinking of the allkali-soluble resin during heat curing and, as the

crosslinking promoter, a thermal acid generator which generates an acid during heat
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curing or a photoacid generator Which generates an acid at the time of bleaching
exposure performed prior to heat curing is employed. By allowing an acid to exist
in the film at the time of heat curing, condensation reaction of unreacted silanol
group and epoxy group in the alkali-soluble resin is promoted, so that the resulting
cured film attains a high degree of crosslinking. Consequently, the chemical
resistance of the cured film is improved and a reduction in the pattern resolution
caused by pattern reflow during heat curing 1s inhibited.

[0127] The thermal acid generator preferably used in the present invention is a
compound which generates én acid during heat curing and it is preferred that the
thermal acid generator do not generate an acid or generate only a small amount of an
acid during prebaking performed after application of the composition. Therefore,
the thermal acid g:énerator is preferably a cqmpound which generates an acid at a
prebaking temperature or higher, for example, at 100°C or higher. When such a
compound which generates an acid at a prebaking temperature or higher is employed,
since crosslinking of the alkali-soluble resin does not take place during prebaking,
the sensitivity of the composition is not impaired and the composition is not left
undissolv;ed. at the time of development.

[0128] Specific examples of the thermal acid generator which 1s preferably used
include "SAN-AID" SI-60, SI-80, SI-100, SI-200, SI-110, SI-145, SI-150, SI-60L,
SI~80L, SI-1001., SI-110L, SI-145L, SI-150L, SI-160L and SI-180L (all of which are
frade names and manufactured by SANSHIN CHEMICAL INDUSTRY Co.,Ltd.);
and 4-hydroxyphenyidimethylsulfontum trifluoromethanesulfonate, benzyl-4-
hydroxyphenylmethylsulfonium trifluoromethanesulfonate, 2-methylbenzyl-4-
hydroxyphenylmethylsulfonium triflucromethanesulfonate, 4-
acetoxyphenyldimethylsulfonium trifluoromethanesulfonate, 4-
acetoxyphenylbenzylmethylsulfonium triﬂ.uoromemanesulfonaté,.. 4-

methoxycarbonyloxyphenyldimethylsulfonium trifluoromethanesulfonate and
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benzyl-4-methoxycarbonyloxyphenylmethylsulfonium trifluoromethanesulfonate (all
of which are manufactured by SANSHIN CHEMICAL INDUSTRY Co.,Ltd.).
These compounds may be used individually, or two or more thereof may be used in

combination.

[0129] The photoacid generator preferably used m the present invention is a

compound which generates an acid at the time of bleaching. expaosure, that is, a
compound which generates an acid upon being irradiated at an exposure waveléngth
of 365 nm {imline), 405 nm (h-line) or 436 nm (g-line) or with a mixed light thereof.
Thérefore, although it is possible that an acid is also generated during pattern
exposure where the same light source is used, since the amount of exposure in the

pattern exposure is smaller than that in the bleaching exposure, only a small amount

of acid is generated and this presents no problem. Further, the acid to be generated

is preferably a strong acid such as perfluoroalkylsulfonic acid or p-toluenesulfonic
acid. A quinone diazide compound which generates a carboxylic acid does not
have such a function of a photoacid generator described in the above and, therefore,
does not function as a crosslinking promoter in the present invention.

[0130] Specific examples of the photoacid generator which is preferably used
include SI-100, S1-101, SI-105, SI-106, SI-109, PI-105, PI-106, PI-109, NAI-100,
NAI-1002, NAI-1003, NAI-1004, NAT-101, NAI-105, NAI-106, NAI-109, NDI-101,
NDI-105, NDI-106, NDI-109, PAI-01, PAI~101., PAI-106 and PAI-1001 (all of
which are trade names and manufactured by Midori Kagaku Co., Ltd.}; SP-077 and
SP-082 (both of which are trade names and manufactured by ADEKA Corporation};
TPS-PFBS (trade name, manufactured by Toyo Gosei Co., Ltd.); CGI-MDT and
CGI-NIT (both of which are trade names and manufactured by Ciba Specialty
Chemicals Co., Ltd.); and WPAG-281, WPAG-336, WPAG-339, WPAG-342,
WPAG-344, WPAG-350, WPAG-370, WPAG-372, WPAG-449, WPAG-469,

WPAG-505 and WPAG-506 (all of which are trade names and manufactured by
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Wako Pure Chemical Industries, Ltd.). These compounds may be used individually,
or two or more thereof may be used in combination.

[0131] Further, as the crosslinking promoter, the above-described thermat acid
generator and photoacid generator can also be used in combination. The amount of
the crosslinking promoter to be added is not particularly restricted; however, it is
preferably in the range of 0.01 to 5 parts by Weight compared to 100 parts by weight
of the alkali-soluble resin. When the amount is in the above-described preferred
range, sufficient crosslinking-promoting effect is attained, while crosslinking of the
polysiloxane is not likely to occur during prebaking and patiern exposure.

[0132] The positive photosensitive composition according to the present invention
may also contain a sensitizer. By incorporating a senéitizer, since the reaction of
the naphthoguinone diazide compound used as a photosensitizer is promoted, the
sensitivity of the composition is improved. Further, when the composition contains
a photoacid generator as a crosslinking promoter, reactions in bleaching exposure are
promoted, so that the solvent resistance and the pattern resolution of the resulting
cured film are improved.

[0133] The sensitizer used in the present invention is not particularly restricted;
however, it is preferably a sensitizer which is vaporized by a heat treatment and/or a
sensitizer which is discolored by light irradiation.  The sensitizer is required to
show absorption at a wavelength of 365 nm (i-line), 405 nm {h-line) or 436 nm {g-
line), which is the wavelength of light emitted from a light source used in pattern
exposure or beaching exposure; however, if the sensitizer showing such absorption
remains mtact in the resulting cured film, since the cured film acquires absorption in
the visible wavelength region, the colorless and transparent properties of the cured
film may be deteriorated. Therefore, in order to prevent such deterioration of the
colorless and transparent properties caused by the sensitizer, the sensitizer to be used

is preferably a compound (sensitizer) which is vaporized by a heat treatment such as
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{0134] Specific examples of the above-described sensitizer which is vaporized by a
heat treatment and/or sensitizer which is discolored by light irradiation include

5 coumarins such as 3,3'—carbonylbis(diethylaminocoumaﬁn); anthraquinones such as
9,10-anthraquinone; aromatic ketones such as benzophenone, 4,4'-
dimethoxybenzophenone, acetophenone, 4-methoxyacetophenone and benzaldehyde;
and condensed aromatics such as biphenyl, 1,4-dimethylnaphthalene, 9-fluorenone,
fluorene, phenanthrene, triphenylene, pyrene, anthracene, 9—ph.eny1anthracene, 9-

10 methoxyanthracene, 9,10-diphenylanthracene, 9,10-bis{(4-methoxyphenyl)anthracene,
S, 10-Bis(triphenylsilyi)anthracene, 9,.10~dimethoxyanﬂ1racene, 9,10-
diethoxyanthracene, 9,10-dipropoxyanthracene, 9,1 O-dibuéoxyanthracene, 9,10~
dipentaoxyanthracene, 2-t-butyl-9,10-dibutoxyanthracene and 9,10-
bis(trimethylsilylethynyljanthracene.

15 [0135] Among these sensitizers, the sensitizer which 1s vaporized by a heat treatment
is preferably a sensitizer whose thermal decomposition product generated by
sublimation, evaporation and/or thermal decomposition is sublimated or evaporated
by a heat treatment, Further, the vaporization temperature of the sensitizer is
preferably 130°C to 400°C. When the vaporization temperature of the sensitizer is

20 in the above-described preferred range, since the sensitizer remains to be present in
the exposure process without being vaporized during prebaking, the sensitivity of the
composition can be maintained at a high level. Meanwhile, since the sensitizer is
vaporized during heat curing and does not remain in the resulting cured film, the
cured film can retain the colorless and transparent properties. In order to prevent

25 the sensitizer from being vaporized during prebaking as much as possible, the
vaporization temperature of the sensitizer is more preferably ndt lower than 150°C.

Further, in order to allow the sensitizer to be sufficiently vaporized during heat
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[0136] Meanwhile, from the standpoint of transparency, the sensitizer which 18
discolored by light irradiation is preferably a sensitizer whose absorption in the
visible wavelength region is reduced by light irradiation. Further, a more preferred
compound which is discolored by light irradiation is a compound which is dimerized
by light irradiation. By dimerizing such a compound by light irradiation, since the
molecular weight thereof is increased and the compound becomes insolubilized,
effects of improving the chemical resistance and heat resistance and reducing the
amount of extracts from the resulting transparent cured film can be attained.

[0137] Further, the sensitizer is preferably an anthracene-based compound since a

. high sensitivity can be attained and the compound is dimerized and discolored by

light irradiation. The sensitizer is more preferably a 9,10-disubstituted anthracene-
based compound since it is thermally stable. - Moreover, from the standpoints of
improvement in the solubility of the sensitizer and the reactivity in photodimerization
reaction, the sensitizer is still more preferably a 9,10-dialkoxyanthracene-based
compound represented by the Formula (8).

[0138]

R%® R® R'®

O, e
R24 R21

R23 R27T R22
{0139] In the Formula (8}, R to R* cach independently represent hydrogen, an
alkyl group, an alkoxy group, an alkenyl group, an aryl group or an acyl group,
which has 1 to 20 carbon atoms, or an organic group obtained by substitution of
these groups.  Specific examples of the alkyl group mclude methyl group, ethyl
group and n-propyl group.  Specific examples of the alkoxy group include methoxy

group, ethoxy group, propoxy group, butoxy group and pentyloxy group. Specific
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methacryloxypropyl group.  Specific examples of the aryl group include phenyl
group, tolyl group and naphthyl group.  Specific examples of the acyl group include
acetyl group. From the standpoints of vaporizability of the compound and

5 reactivity in photodimenzation, R" to R*® are preferably hydrogen or an organic
group having I to 6 carbon atoms. It is more preferred that RY R% R and R*® be
hydrogen.
[0140] In the Formula (8), R* and R* each represent an alkoxy group having 1 to 20
carbon atoms or an organic group obtained by substitution thereof. Specific

10 examples of the alkoxy group include methoxy group, ethoxy group, propoxy group,
butoxy group and pentyloxy group; however, from the standpoints of solubility of the
compound and discoloration reaction by photodimerization, the alkoxy group is
preferably a propoxy group or a butoxy group.

[0141] The amount of the sensitizer to be added is not particularly restricted;

15 however, it 1s preferably in the range of 0.01 to 5 parts by weight compared to 100
parts by weight of the alkali-soluble resin.  When the added amount of the sensitizer
is in the above-described preferred range, the transparency and the sensitivity are not
deteriorated.

[0142] A method forming a cured film using the positive photosensitive composition

20 according to the present invention will now be described. The positive
photosensitive composition according to the present invention is coated onto a base
substrate by a known method such as a spinner or a slit and the resultant is then
prebaked using a heating apparatus such as a hot plate or an oven. It is preferred
that this prebaking be performed at a temperature of 50 to 150°C for 30 seconds to

25 30 minutes so as to form a ﬁljiﬁ having a thickness of 0.1 to 15 um.

[0143] After the completion of prebaking, using an ultraviolet-visible light exposure

machine such as a stepper, a mirror projection mask aligner (MPA) or a parallel-hight

49



08755em>aaalt301761 851 E81 487 E67 E61Z OB'Z 197 897 ZWZ .Otato 0off() 0000000

¢ N-c 0, N-)zi

10

15

20

25

ci .ar

mask aligner (PLA), the thus obtained film is exposed through a desired mask at
about 10 to 4,000 J/m” (based on the exposure dose at a wavelength of 365 nm) to
form a pattern.

[0144] After the exposure, the resulting exposed area can be dissolved by
development to obtain a positive pattern.  As a development method, it is preferred
to immerse the film in a developer for 5 seconds to 10 minutes by a method such as
showering, dipping or paddling. As the developer, a known alkaline developer can
be employed. Specific examples thereof include aqueous solutions containing one
or more of inorganic alkalis such as hydroxide, carbonate, phosphate, silicate and
borate of alkali metals, amines such as 2—diethyla_minoethanol, monoethanolamine,
and diethanolamihe, and quaternary ammonium salts such as tetramethylammonium
hydroxide and choline. Further, after the development, the resulting film is
preferably rinsed with water and, as required, the film can also ‘;ae dehydrated and
dried by baking at a temperature of 50 to 150°C using. a heating apparatus such as a

hot plate or an oven.

[0145] Thereafter, the film is preferably subjected to bleaching exposure. By

performing bleaching exposure, the unreacfed naphthogquinone diazide compound
remaining in the film is photo-decomposed, so that the optical transparency of the
film is further improved. As a method of the bleaching exposure, the entire surface
of the film is exposed at about 100 to 20,000 V' (based on the exposure dose at a
wavelength of 365 nm) using an ultraviolet-visible Hght exposure machine such as a
PLA.

[0146] The film subjected to the bleaching exposure is, as required, soft-baked ata
temperature of 50 to 150°C for 30 seconds to 30 minutes using a heating apparatus
such as a hot plate or an oven. Then, by curing the thus soft-baked film at a
temperature of 150 to 450°C for about 1 hour using a heating apparatus such as a hot

plate or an oven, a cured film used as a planarization film-for a TFT of a display
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device, an interlayer insulation film of a semiconductor element or a core or clad
material of an optical waveguide 1s prepared.

[0147] In the cured film prepared by using the positive photosensitive composition of
the present invention, the light transmittance per film thickness of 3 ym ata
wavelength of 400 nm isnot less than 85%, more preferably not less than 50%. If
the light transmittance is less than 85%, when the cured film s used as a
planarization film for a TFT substrate of a liguid crystal display device, the color of
the film is changed when the backlight passes therethrough, making the white display
to be tinged with yellow.

[0148] The above-described transmittance per film thickness of 3 ym ata
wavelength of 400 nm can be determined by the following method. The
composition is spin-coated onte a TEMPAX glass plate using a spin coater at an
arbitrary rotation speed and the resultant is prebaked at 100°C for 2 minutes using a
hot plate.  Then, for the purpose of performing bleaching exposure, the entire
surface of the resulting film 1s exposed to an ultra-high-pressure mercury lamp at
3,000 J/m” (based on the exposure dose at a wavelength of 365 nm) using a PLA.
The thus exposed film is subsequently cured in the air at 220°C for 1 hour using an
oven to prepére a cured film having a thickness of 3 pm.  Using Multi Spec-1500
manufactured by SHIMADZU Corporation, the ultraviolet and visible absorption
spectra of the thus obtained cured film are measured to determine the transmittance
at a wavelength of 400 nm.

[0149] This cured film is suitably used as a planarization film for a TFT of a display
element, an interlayer insulation film of a semiconductor element, an insulation film
or protective film for a touch panel, or a core or clad material of an optical

waveguide.

~ [0150] The element according to the present invention refers to a display device, a

semiconductor element or an optical waveguide material, which comprises the
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above-described cured film having excellent heat resistance and high transparency.
In particular, the element according to the present invention is suitable for a liquid
crystal display device, an organic EL display device and a display device equipped
with a touch panel, in which the cured film is used as a planarization film for TFT.
EXAMPLES
f0151] The preéent invention will now be described more concretely by way of
examples thereof; however, the present invention is not restricted to the following
examples. Here, among those compounds that were used, ones that are abbreviated
are listed below.
[01521 DAA: diacetone alcohol

PGMEA: propylene glycol monomethyl ether acetate

GBL: y-butyrolactone

EDM: diethylene glycol methylethyl ether

DPM: dipropylene glycol monomethyl ether
[0153] Further, the solids concentration of a polysiloxane solution and an acrylic
resin solution and the weight-average molecular weight (Mw) of polysiloxane and
acrylic resin were determined as follows.
(1) Solids concentrz.tt.ion. |

In an aluminum cup, 1 g of a polysiloxane solution or an acrylic resin solution
was weighed and heated at 250°C for 30 minutes by using a hot plate to evaporate
the liquid content. Then, the solid content remaining in thé aluminum cup after the
heating was weighed to determine the solids concentration of the polysiloxane
solution or the acrylic resin solution.
(2) Weight-average molecular weight

The weight-average molecular weight was determined by GPC (Model 410
RI detector, ma_nufactured by Waters; mobile phase: tetrahydrofuran) based on

polystyrens.
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(3) Ratio of organosilane structures represented by the Formulae (2) and (3) in
polysiloxane

»Si"NMR was measured and, from the overall integral value, the proportions
of the integral values corresponding to the respective organosilanes were calculated

to determine the ratio of the organosilanes.

* [0154] A sample (liquid) was injected.into a Teflon (registered trademarlk) NMR

sample tube of 10 mm in diameter and used for measurement. The 2Si-NMR
measurement conditions are shown below:

Apparatus: INM GX-270 manufactured by JEOL Ltd.

Measurement method: gated decoupling method

Measurement nucleus frequency: 53.6693 MHz (2981 nucleus)

Spectrum width: 20,000 Hz

Pulse width: 12 usec (45° pulse)

Pulse repetition time: 30.0 seconds

Solvent: acetone-D6

Reference material: tetramethylsilane

Measurement temperature: room {emperature

Sample rotation speed: 0.0 Hz.

Synthesis Example 1: Synthesis of Polysiloxane Solution (Al-a)

To a 500-mL three-necked flask, 81.72 g (0.60 mol) of
methyltrimethoxysilane, 59.49 g (0.30 mol) of phenyltrimethoxysilane, 24.64 g (0.10
mol) of 2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane and 163.1 g of DAA were
loaded. Then, to the resulting mixture,' an agueous phosphoric acid solution
containing 0.54 g (0.3% by weight compared to the loaded monomer) of phosphoric
acid dissolved in 55.8 g of water was added over a period of 10 minutes while
stirring the mixture at room temperature.  After immersing the flask in a 40°C oil

bath and stirring the resulting solution for 30 minutes, the oil bath was heated to
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100°C one hour after the start of the heating. From this point, the solution was
heated with stirring for 1.5 hours (the inner temperature was 100 to 110°C) to obtain
a polysiloxane solution (Al-a). If 1s noted here that the heating and stirring were
performed under nitrogen flow at arate of 0.05 L (lifer)/mm. During the reaction,
methanol and water, which were by-products, were distilled out in a total amount of
131 &

[0155] The thus obtained polysiloxane solution (A1-a) had a solids concentration of
43% by weight and the polysiloxane had a weight-average molecular weight of 4,200.
Further, the content ratio of phenyl group-substifuted silane in the polysiloxane was
30% in terms of molar ratio of S1 atom.

Synthesis Example 2: Synthesis of Polysiloxane Solution (Al-b)

To a 500-mL three-necked flask, 54.48 g (0.40mol) of
methyltrimethoxysilane, 99.15 g (0.50 mol) of phenyltrimethoxysilane, 24.64 g (0.1
mol) of 2-(3,4-epoxycyclohexylethylirimethoxysilane and 179.5 g of DAA were
loaded. Then, to the resulting mixture, an agueous phosphoric acid solution
containing 0.54 g (0.3% by weight compared to the loaded monomer) of phosphoric
acid dissolved in 55.8 g of water was added over a period of 10 minutes while
stirring the mixture at room temperature.  After immersing the flask in a 40°C oil
bath and stirring the resulting solution for 30 minutes, the oil bath was heated to
115°C over a period of 30 minutes. The inner temperature of the solution reached
100°C one hour after the start of the heating. From this pomit, the solution was
heated with stirring for 2 hours (the inner temperature was 100 to 110°C) to obtain a
polysiloxane solution (A1-b). Itis noted here that the heating and stirring were
performed under nitrogen flow at a rate of 0.05 L (liter)/min. During the reaction,
methanol and water, which were by-products, were distilled out in a total amount of

121 g.
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[0156] The thus obtained polysiloxane solution (Al-b) had a solids concentration of
42% by weight and the polysiloxane had a weight-average molecular weight of 3,200.
Further, the content ratio of phenyl group-substituted silane in the polysiloxane was
50% in terms of molar ratio of Si atom.

5 Synthesis Example 3: Synthesis of Polysiloxane Soiution (Al-c)

To a 500-mL three-necked flask, 27.24 g (0.20mol) of
methyltrimethoxysilane, 138.81 g (0.70mol) of phenyltrimethoxysilane, 24.64 g (0.1
mol) of 2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane and 195.89 g of DAA were
loaded. Then, to the resulting mixture, an agueous phosphoric acid solution

1c containing 0.54 g (0.3% by weight compared to the loaded monomer) of phosphoric
acid dissolved in 55.8 g of water was added over a pen’od of 10 minutes while
stirring the mixture at room temperature.  After immersing the flask in a 40°C oil
bath and stirring the resulting solution for 30 minutes, the oil bath was heated to
115°C over a period of 30 minutes. The mner temperature of the solution reached

15 100°C one hour after the start of the heating. From this point, the solution was
heated with stirring for 3 hours (the inner temperature was 100 te 110°C) to obtain a
polysiloxane solution (Al-c). It is noted here that the heating and stirring were
performed under nitrogen flow at a rate of 0.05 L (1itér)/min. During the reaction,
methanol and water, which were by-products, were distilled owt in a total amount of

20 125 g.
[0157] The thus obtained polysiloxane solution (Al-c) had a solids concentration of
41% by weight and the polysiloxane had a weight-average molecular weight of 3,000,
Further, the content ratio of phenyl group-substituted silane in the polysiloxane was
70% in terms of molar ratio of Si atom.

25 Synthesis Example 4: Synthesis of Polysiloxane Solution (Al-d)

To a 500-mL three-necked flask, 40.86 g (0.30 mol) of

methyltrimethoxysilane, 99.15 g (0.5 mol) of phenyltrimethoxysilane, 12.32 g (0.05
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mol} of 2-(3,4-epoxycyclohexyllethyltrimethoxysilane, 17.63 g {0.15 mol) of M
SILICATE 51 (mamnfactured by Tama Chemicals Co., Ltd.) and 170.77 g of
PGMEA were loaded. Then, to the resulting mixture, an aqueous phosphoric acid
solution contaiming 0.51 g (0.3% by weight compared 1o the loaded monomer) of
phosphoric acid dissolved in 53.55 g of water was added over a period of 10 minutes
while stirring the mixture at room temperature. After immersing the flask in a 40°C
oil bath and stirring the resulting solution for 30 minutes, the oil bath was heated to
115°C over a period of 30 minutes. The inner temperature of the solution reached
100°C one hour after the start of the heating. From this point, the solution was
heated with stirring for 2 hours (the mner temperature was 100 to 1106°C) to obtain a
polysiloxane solution (Al-d). Itis noted here that the heating and stirring were
performed under nitrogen flow at a rate of 0.05 L (liter)min. During the reaction,
methanol and water, which were by-products, were distilled out in a total amount of
125 g

[0158] The thus obtained polysiloxane solution (A1-d) had a solids concentration of
43% by weight and the polysiloxane had a weight-average molecular weight of 8,500,
Further, the content ratio of phenyl group-substituted silane in the polysiloxane was
50% in terms of molar ratio of Si atom.

Synthesis Example 5: Synthesis of Polysiloxane Solution (Al-¢)

To a 500-mL three-necked flask, 24.52 g (0.18 .mol) of
methyltrimethoxysilane, 118.98 g (0.60 mol) of phenyltrimethoxysilane, 14.78 g
(0.06 mol) of 2-(3,4-epoxycyclohexyljethyltrimethoxysilane, 42.30 g (6.36 mol) of
M SILICATE 51 (manufactured by Tama Chemicals Co., Ltd.) and 181.89 g of
PGMEA were loaded. Thejn, to the resulting mixture, an aqueons phosphoric acid
solution containing 0.60 g (0.3% by weight compared to the loaded monomer) of
phosphoric acid dissolved m 62.64 g of water was added over a period of 10 minutes

while stirring the mixture at room temperature.  After immersing the flask in a 40°C
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115°C over a period of 30 minutes.  The inner temperature of the solution reached
}-00°C one hour after the start of the heating. From this point, the solution was
heated with stirring for 2 hours (the inner temperature was 100 to 110°C) to obtain a
5 polysiloxane solution (Al-e). It is noted here that the heating and stirring were
performed under nitrogen flow at a rate of 0.05 L (liter)/min. .' During the reactioh,
methanol and water, which were by-products, were distilled out in a total amount of
150 g.
[0159] The thus obtained polysiloxane solution (Al-e) had a solids concentration of
10 44% by weight and the polysiloxane had a weight-average molecular weight of
11,400. Further, the content ratio of phenyl groﬁp—substituted silane in the
polysiloxane was 50% in terms of molar ratio of Si atom.
Synthesis Example 6: Synthesis of Polysiloxane Solution (A1-f)
To a 500-mL three-necked flask, 40.86 g (0.30 mol) of
15 methyltrimethoxysilane, 99.15 g (0.50 mol) of phenyltnmethoxysilane, 49.28 g (0.20
mol) of 2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane and 173.02 g of PGMEA
were loaded. Then, to the resulting mixture, an aqueous phosphoric acid solution
containing 0.57 g (0.3% by weight compared to the loaded monomer) of phosphoric
acid dissolved in 57.60 g of water was added over a period of 10 minutes while
20 stirring the mixture at room temperature,  After immersing the ﬂésk in a 40°C oil
bath and stirring the resulting solution for 30 minutes, the oil bath was heated to
115°C over a period of 30 minutes, The inner temperature of the solution reached
100°C one hour after the start of the heating. From this point, the solution was
heated with stirring for 2 hours (the inner temperature was 100 to 110°C) to obtain a
25 polysiloxane solution (Al-f). It is noted here that the heating and stirring were

performed under nitrogen flow at a rate of 0.05 L (litery/min.  During the reaction,

methanol and water, which were by-products, were distilled out in a total amount of
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43% by weight and the polysiloxane had a weight-average molecular weight of 8,000,
Further, the content ratio of phenyl group-substituted silane in the polysiloxane was
5 50% in terms of molar ratio of Si atom.
Synthesis Example 7: Synthesis of Polysiloxane Solution (Al-g)
To a 500-mL three-necked flask, 20.43 g (0.15 mol) of
methyltrimethoxysilane, 99.15 g (0.50 mol) of phenyltrimethoxysilane, 49.28 ¢ (0.20
mol) of 2-(3 4-epoxycyclohexyljethyltrimethoxysilane, 17.63 g (.15 mol) of M
10 SILICATE 51 (manufactured by Tama Chemicals Co., Ltd.} and 170.90 g of
PGMEA were loaded. Then, to the resulting mixture, an aqueous phosphoric acid
solution containing 0.56 g (0.3% by weight compared to the loaded monomer) of
phosphoric acid dissolved in 56.25 g of water was added over a period of 10 minutes
while stirring the mixture at room temperature.  After immersing the flask in a 40°C
15 oil bath and stirring the resulting solution for 30 minutes, the oil bath was heated to
115°C over a period of 30 minutes.  The inner temperature of the solution reached
100°C one hour after the start of the heating. From this point, the solution was
heated with stirring for 2 hours (the inner teraperature was 100 to 110°C) to obtain a
polysiloxane solution (Al-g). It is noted here that the heating and stirring were
20 performed under nitro.gen flow at a rate of 0.05 L (liter/min. During the reaction,
methanol and water, which were by-products, were distilled out in a total amount of
139 g.
[0161] The thus obtained polysiloxane solution (A1-g) had a solids concentration of
43% by weight and the polysiloxane had a weight-average molecular weight of 9,500.
25 Further, the content ratio of phenyl group-substituted silane in the polysiloxane was
50% in terms of molar ratio of Si atom. |

Syathesis Example 8: Synthesis of Polystloxane Solution (Al-h)
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mol) of 2-(3,4-epoxycyclohexylethyltrimethoxysilane and 173.02 g of PGMEA
were loaded.  Then, to the resulting mixture, an aqueous phosphoric acid solution
containing 0.60 g (0.3% by weight.compared to the loaded monomer) of phosphoric
acid dissolved in 59.40 gof water was added over a period of 10 minutes while
stirring the mixture at room temperature. After immersing the flask in a 40°C oil
bath and stirring the resulting solution for 30 minutes, the oil bath was heated to
115°C over a period of 30 minutes. The inner temperature of the solution reachedi
100°C one hour after the start of the heating. From this point, the solution was
heated with stirring fbr 2 hours (the inner temperature was 100 to 110°C) to obfain a
polysiloxane solution (A1-h). It is noted here that the heating and stirring were
performed under nitrogen flow at a rate of 0.05 L (liter)min. During the reaction,
methanol and water, which were by-products, were distilled out in a total amount of
139 g.

[0162] The thus obtained polysiloxane solution (Al-h) had a solids concentration of
43% by weight and the polysiloxane had a weight-average molecular weight of 9,500.
Further, the content ratio of pheny! group-substituted silane in the polysiloxane was
50% in terms of molar ratio of Si atom.

Synthesis Example 9: Synthesis of Polystloxane Solution (Al-1)

To a 500-mL three-necked flask, 27.24 g (0.20 mol}) of
methyltrimethoxysilane, 99.15 g (0.50 mol) of phenyltrimethoxysilane, 26.64 g (0.10
mol) of 2-(3,4-epoxycyclohexyljethyltrimethoxysilane, 29.65 g (0.20 mol) of
vinyltrimethoxysilane and 164.40 g of PGMEA were loaded. Then, to the resulting
mixiure, an aqueous phosphoric acid solution containing 0.54 g (0.3% by weight
compared to the loaded monomer) of phosphoric acid dissolved in 55.80 g of water

was added over a period of 10 minutes while stirring the mixture at room
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temperature.  After immersing the flask in a 40°C o1l bath and stirring the resulting
solution for 30 minutes, the oil bath was heated to 115°C over a period of 30 minutes.
The inner temperature of the sclution reached 100°C one hour after the start of the
heating. From this point, the solution was heated with stirring for 2 hours (the inner
5 temperature was 100 to 110°C) to obtain a polysiloxane solution (Al-i). It is noted
| here that the heating and stirring were performed under nitrogen flow at a rate of
0.05 L {litery/min. During the reaction, methanol and water, which were by-
products, were distilled out in a total amount of 139 g.
[6163] The thus obtained polysiloxane solution (A1-1) had a solids concentration of
10 43% by weight and the polysiloxane had a weight-average molecular weight of 8,800.
Further, the content ratio of phenyl group-substituted silane in the polysiloxane was
50% in terms of molar ratio of Si atom.
Synthesis Example 10: Synthesis of Polysiloxane Solution (Al-j)
To a 500-mL three-necked flask, 68.10 g (0.50 mol) of
15 methyluimethoxysﬂané, 99.15 g (0.50 mol) of phenyltrimethoxysilane and 150.40 g
of PGMEA were loaded. Then, to the resulting mixture, an aqueous phosphoric
acid solution containing 0.50 g (0.3% by weight compared to the loaded monomer)
of phosphoric acid dissolved in 54,00 g of water was added over a period of 10
minutes while stirring the mixture at room temperature.  After immersing the flask
20 in a 40°C oil bath and stirring the resulting solution for 30 minutes, the oil bath was
heated to 115°C over a period of 30 minutes. The inner temperature of the solution
reached 100°C one hour after the start of the heating.  From this point, the solution
was heated with stirring for 2 hours (the inner temperature was 100 to 110°C) to
obtain a polysiloxane solution (Al-j). It is noted here that the heating and stirring
25 were performed under nitrogen flow at a rate of 0.05 L (liter)/min.  During the
reaction, methanol and water, which were by-products, were distilled out in a total

amount of 137 g.
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[0164] The thus obtained polysiloxane solution (Al-7) had a solids concentration of
43% by weight and the polysiloxane had a weight-average molecular weight of 7,000.
Further, the content ratio of phenyl group-substituted silane in the polysiloxane was
50% in terms of molar ratio of 51 atom.

5 Synthesis Example 11: Synthesis of Acrylic Resin Solution (A2-a)

"~ To a 500-mL flask, 5 g of 2,2'-azobis(iso-butyroniirile), 5 g of t- .

dodecanethiol and 180 g of PGMEA were loaded. Then, 40 g of methacrylic acid,
35 g of benzyl methacrylate and 35 g of tricyclo[5.2.1 07]decane-8-yl methacrylate
were loaded and the resulting mixtare was stirred at room temperature.  After

10 replacing the atmosphere inside the flask with nitrogen, the mixture was heated with
stirring at 70°C for 5 hours. Thereafter, to the resulting solution, 15 g of glycidyl
methacrylate, 1 g of dimethylbenzylamine and 0.2 g of p-methoxyphenol were added,
and the resultant was further heated with stirring at 90°C for 4 hours to obtain an
acrylic resin solution {A2-a).

15 [0165] The thus obtained acrylic resin solution (A2-a} had a solids concentration of
40% by weight and the acrylic resin had a weight-average molecular weight of
12,000 and an acid value of 91 mg KOH/g.

Synthesis Example 12: Synthesis of Na.phthoquinone Diazidé Compound (B-a)
Under dry nitrogen gas flow, 21.23 g {0.05 mol) of TrisP-PA (irade name,

20 manufactured by Honshu Chemical Industry Co., Ltd.) and 37..62 g (0.14 mol) of 5-
naphthoquinonediazidesulfonic acid chloride were dissolved in 450 g of 1,4-dioxane,
and the temperature of the resulting solution was adjusted to be room temperature.
To this solution, 15.58 g (0.154 mol) of triethylamine mixed with 50 g of 1,4-
dioxane was added dropwise while maintaining the temperature of the system at

25 lower than 35°C. Thereafter, the resulting solution was stirred at 30°C for 2 hours.
Triethylamine salt was filtered out and the filirate was loaded into water. Then, the

resulting precipitate was recovered by filtration.  The thus recovered precipitate was
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dried in a vacuum dryer to obtain a naphthoquinone diazide compound (B-a) having

the following structure.

[0166]

. CHz CHz — G
\\'\ L 1 ;
TETAT o o
= H
&j' ‘
i 50,
o |
28 02
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5 [0167] Synthesis Example 13: Synthesis of Naphthoquinone Diazide Compound (B-
b)
Under dry nitrogen gas flow, 15.32 g (0.05 mol) of TrisP-HAP (trade name,
manufac_‘;:ured by Honshu Chemical Industry Co., Ltd.) and 26.87 g (0.1 mol) of 5-
naphthoquinonediazidesulfonic acid chloride were dissolved in 450 g of 1,4-dioxane,
10 and the temperature of the resulting solution was adjusted to be room temperature.
To this solution, 11.13 g (0.11 mol) of triethylamine mixed with 50 g of 1,4-dioxane
was added dropwise while maintaining the temperature of the system at lower than
35°C., Thereafter, the resulting solution was stiﬁed at 30°C for 2 hours.
Triethylamine salt was filtered out and the filtrate was loaded into water. Then, the
15 resulting precipitate was recovered by filtration. The thus recovered precipitate was
dried in a vacuum drver to obtain a naphthoquinone diazide compound (B-b) having
the following structure.

[0168]
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[0169] Synthesis Example 14: Synthesis of Naphthoquinone Diazide Compound (B-
¢)
Under dry mitrogen gas flow, 15.32 g (0.05 mol) of Ph-cc~AP (trade name,

5 manufactured by Honshu Chemical Industry Co., Ltd.) and 37.62 g (0.14 mol) of 5-
naphthogquinonediazidesulfonic acid chloride were dissolved in 450 g of 1,4-dioxane,
and the temperature of the resulting solution was adjusted to be room temperature.
To this solution, 15.58 g (0.154 mol) of tricthylamine mixed with 50 g of 1,4-
dioxane was added dropwise while maintaining the temperatare of the system at

10 lower than 35°C. Thereafter, the resulting solution was stirred at 30°C for 2 hours.
Triethylamine salt was filtered out and the filtrate was loaded into water. Then, the
resulting precipitate was recovered by filtration. The thus recovered precipitate was

dried in a vacuum dryer to obtain a naphthoquinone diazide compound (B-¢) having

the following structure.
15 [0170]
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[0171] Synthesis Example 15: Synthesis of Naphthoquinone Diazide Compound (B-
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A naphthoquinone diazide compound (B-d) having the following structure
was obtained in the same manner as in Synthesis Example 10, except that the amount
of 5-naphthoquinonediazidesulfonic acid chloride was changed to 33.59 g (0.125
5 mol).
[0172]
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[0173] (Example 1)
Under a yellow lamp, 15.43 g of the polysiloxane solution (A1-a) obtained in
10 Synthesis Example 1, 0.59 g of the naphthoquinone diazide compound (B-a)
obtained in Synthesis Example 7, 3.73 g of DAA as a solvent and 9.84 g of PGMEA
were mixed and stirred fo prepare a uniform solution. The thus obtained uniform
solution was then filtered tﬁrough a filter having a pore size of 0.45 um to prepare a
composition 1.
15 [0174] Using a spin coater {1 H-360S, manufactured by Mikasa Co., Ltd.) at an
arbitrary rotation speed, the composition 1 was spin-coated onto a silicon wafer, an
OA-10 glass plate (manufactured by Nippon Electric Glass Co., Ltd.) and a glass
substrate having a molybdenum sputtered film, and the resultants were prebaked at
90°C for 2 minutes using a hot plate (SCW-636, manufactured by Dainippon Screen
20 Mifg. Co., Ltd.) to prepare a film having a thickness of 3 wm. Then, using a
paraliel-light mask aligner (hereinafter, abbreviated as "PLA") (PLA-501F,

manufactured by Canon Inc.), the thus prepared film was exposed to an ultra-high-
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compositions were each evaluated in the same manner as in Example 1. However, in the evaluation of
the acrylic resin, development was performed by 60-second showering of 0.4%-by-weight
tetramethylammonium hydroxide aqueous solution. The results of the evaluations are shown in Tables

5 5and 6. In CONRISHERE EYHAPR Bggha $Hy @ﬁ@%@%fﬂbﬁ?ﬁi&mﬁﬁﬁ’éﬁ‘?ﬁ“&ﬁexcessiveIy large
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dm:bone:l 000Q:4Q0%3 3T SEARRASAHIO0 alter dey alopananh Y88 rsikatnaesapsna drtnng 3on

3000030 hi 34310044 reastance 10 roo 0300 Orel restotonrsor 24 hro Example | Cnwssitoss1
60-second showering of ELM-D (trade name, manufactured by MITSUBISHI GAS
5 CHEMICAL COQ., INC.}, which is a 2.38%-by-weight tetramethylammonium

hydroxide aqueous solution, and then rinsed with water for 30 seconds,
Subsequently, for the purpose of performing bleaching exposure, the entire surface of
the resulting film was exposed to an ultra-high-pressure mercury lamp at 3,000 J/m®
(based on the exposure dose at a wavelength of 365 nm) using a PLA (PLA-501F,

10 m.anufactured by Canon Inc.).
[0175] Thereafter, the resulting film was soft-baked at 110°C for 2 minutes using a
hot plate and then cured in the air at 230°C for I hour using an oven (JHPS-222
manufactured by Tabai Espec Corp.) to prepare a cured film.
[0176] The evaluation results of the photosensitive properties and the cured film

15 properties are shown in Table 5. 1t is noted here that the evaluations of the
photosensitive properties and the cured film properties were performed in accordance
with the following methods. The following evaluations (4) to (8) were performed
on the silicon wafer substrate and the evaluation (9) was performed on the OA-10
glass plate. The evaluations (10) and (11) were performed on the glass substrate

20 having a molybdenum sputtered film.
(4) Measurement of Film Thickness

The film thickness was measured using RAMDA-ACE STM-602 (trade name,

manufactured by Dainippon Screen Mfg. Co., Ltd.) ata refractive index of 1.50,
(5) Réduction in Film Thickness of Non-exposed Area during Development

25 The reduction in the film thickness of a non-exposed area during development
was calculated by the following equation:

{0177} Reduction in film thickness of non-exposed area = film thickness before
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development - film thickness of non-exposed area after development
{6) Determination of Sensitivity

After exposure and development, the exposure dose at which a 10-pm line-
and-space pattern is formed at a width ratio of 1:1 (hereinafter, this exposure dose is
referred to as "optimum exposure dose”) was adopted as the sensitivity.
{7} Determination of Resolution

The minimum pattern size at the optimurn exposure dose after development
was adopted as the post-development resolution and the minimum pattern size at the
optimum exposure dose after curing was adopted as the post-curing resolution,
(8) Heat resistance

The cured film prepared by the method according to Example 1 was scraped
off from the substrate and about 10 mg of the scraped film was placed in an
aluminum cell. Using a thermogravimetric apparatus (TGA-50, manufactured by
SHIMADZU CORPORATION), the film sample was heated to 150°C in a nitrogen
atmosphere at a heating rate of 10°C/min.  The film sample was maintained at
150°C for 1 hour and then heated to 400°C at a heating rate of 10°C/min. In this
process, a temperature Td1% at which the weight loss became 1% was measured and
compared. The higher the Td1%, the better the heat resistance.
(9) Measurement of Light Transmittance

First, using Multi Spec-1500 (trade name, manufactured by SHIMADZU
CORPORATION), the ultraviolet and visible absorption spectra of only the OA-10
glass plate were measured to be used as a reference.  Then, a cured film of the
composition was formed on an OA-10 glass plate (pattern exposure was not
performed) and the resulting sample was measured with a single beam to determine
the light transmittance per 3 um of the film at a wavelength of 400 nm. The
difference between the thus determined light transmittance and the reference was

adopted as the light transmittance of the cured film.
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{10) Adhesion in Development

The minimum size of the film pattern which was prepared on a glass substrate
having a molybdenum sputtered film by the method described in Example 1 and
remained on the glass substrate after development was adopted as the adhesion in
development. The finer the patiern, the more likely the pattern to be detached
during development; therefore, a smaller value means better adhesion in
development.
{11) Wet-heat resistance

B A cured film was prepared on a glass substrate having a molybdenum

sputtered film by the method described in Example 1. The resulting sample was
then subjected to a test in which the sample was left to stand for 10 hours or 24 hours
in a chamber ("HAST CHAMBER EHS-221MD" (trade name), manufactured by
ESPEC Corp.) having a temperature-of 121°C, a humidity of 100% and a pressure of
2.1 atm. Thereafter, the degree of change in color of molybdenum was evaluated.
Further, a glass substrate having onlty a molybdenum sputtered film was also tested at
the same time and the change in color of this éubstrate before and after the test was
used as an index to evaluate the wet-heat resistance based on the following criteria.
[0178] 5: No color change was observed in the molybdenum under the cured film
between before and after the test.
[01791 4: As compared fo the molybdenum not covered with the cured film, the

molybdenum under the cured film showed color change in an area of about one-tenth

. between before and after the test.

[0180] 3: As compared fo the molybdenum not covered with the cured film, the
molybdenum under the cured film showed color change in an area of about one-fifth
between before and after the test,

[0181] 2: As compared to the molybdenum not covered with the cured film, the

molybdenum under the cured film showed color change in an area of about four-
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tenth between before and after the test.
[0182] As compared to the molybdenum not covered with the cured film, the
molybdenum under the cured film showed color change in an area of not less than
about six-tenth between before and after the test.
5 (Examples 2 to 40 and Comparative Examples 1 1o 4)
In the same manner as in the case of the composition 1, the compositions 2 to
35 were prepared in accordance with the respective constitations shown in Tables 1
to 4. It is noted here that KBM303, which was used as a silane coupling agent, 1s 2-
(3,4-epoxycyclohexyl)ethyltrimethoxysilane manufactured by Shin-Etsu Chemicai
10 Co., Ltd. Those phenol compounds used as solubility accelarators (Phce-AP, TrisP-
| PA and BisP-FL; all of which are manufactared by Honshu Chemical Industry Co.,
Ltd.) and those compounds used as crosslinking agents (NIKALAC MW-390 and
NIKALAC MX270; both of which are trade names and manufactured by SANWA
CHEMICAL Co., Ltd.) have the following structures,

15 [0183]

CHg
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CH ° CHj HC
e ‘ ! OH
c OH HO {13 C OH
8
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Ph-cc- AP TrisP-PA BisP-FL
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NIKALAC MW-390 NIKALAC MX-270

701841 Further, CGI-MDT (trade name, manufactured by Ciba Specialty Chemicals

Co., Ltd.) and WPAG-469 (trade name, manufactured by Wako Pure Chemical
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Industries, Ltd.), which were used as crosslinking promoters, were in the form of a
20% PGMEA solution of 4-methylphenyldiphenylsulfonium
perfluorobutanesulfonate, and DPA (trade name, manufactured by Kawasaki Kasei
Chemicals Ltd.) used as a sensitizer was 9,10-dipropoxyanthracene.

[0185] [Table 1]
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Examp[a 38 0250000535 25 2.0 0.2 200 2 25 2 251
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[0189] The thus obtained compositions were each evaluated in the same manner as in

Example 1.

Ooirpes55tgt33 23

However, in the evaluation of the acrylic resin, development was

performed by 60-second showering of 0.4%-by-weight tetramethylammonium

hydroxide aqueous solution.

and 6.

excessively large amount, even when exposure was performed at an exposuore dose of

The resuits of the evaluations are shown in Tables 5

In Comparative Example 4, since the chelate compound was added in an

3,000 J/m’, resolution was not attained.

[0190] [Table 5]

Pristrsensiies properies Corkid Hin patpestios
—— m?? ?ﬁmgﬁg :li;; cersivety e a::f;‘j;g mzf; Ty | Fahasimin | Viseai | et bl
prebatig gt | deepment | T ey | (93 | qumi | Tems | sms
ity e [$5:°Y -

Exampla ¢ | Composiion 1 g 43 T 2 27 Z % 8 z 3 1
Example & | Compostion 35 448 e 2 &7 4 R 3 2 3 i
Example & | Comavehinn 3 T 005 ] 2 z8 2 FG 3 z i i
Exampde 4 | Composiilon 4 a8 ®15 255 Z &7 2 o] 8 z & 1
Brampizd | Compostion 5§ 58 oz 49 2 27 E 368 & z B i
Exampie § | Composiion § 33 s 335 2 27 2 a5t ) Z & 1
Examgiz? | Compasdion T s 157 345 Z ba 2 e a8 2 & i
Exampie £ | Dowposiion 8 s [ e 2 27 2 = = 2 H :
Erovee ¢ | Compleition § 35 838 ¥ 2 ZF 4 B B z 2
Examge 10 [Compostion ] 28 £l 0 b4 27 2 = % H H 3
Evargpie B | Compusifion 73 35 20 ] 2 23 H 51 23 3 3 1
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Euampie §é {nmprsiion T3 ey L e 2 w i F4 pics z & i
Sammpdy 44 [ Dovpesiiog 14 3% i bl 2 as 2 330 B Z 3 E
Exgriglt 15 Hownposiaen 15 3% [ele:] feradl 2 a7 2 247 e Z 2 1
Exatrple 16 | Covposisn 18] 30 i3 el 2 zi 7 =) ) H 3

Exarple 17 | Compesiton 17 38 (GE ol 2 7 z =4 i Z 3 1
Zxanmpke 18 | Compotiton B 5 ey feriel z T z w3 e 4 2z 1
= & Compnsiion !Ei[ 22 L7 38 2 7 Z 349 «“ H S i
Exagra 20 fComposiion 2 38 6.2 440 & 24 & i3 & £ B 4
Expannie 21 Hoompewton £ 35 it 305 P4 27 Z 342 B 2 3 i
s 22 Compraiion 72| L 1z %5 2 27 2 A = 2 4 1
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INDUSTRIAL APPLICABILITY

.[01 92] The positive photosensitive composition according to the present invention

can be used to form a planarization film for thin-film transistor (TFT) substrate of a
5 liquid crystal display device, an organic EL display device or the like; a protective

film or an insulation film for a touch panel; an interlayer insulation film of a

semiconductor device; a planarization film or a microlens array patiern for a solid-

state image sensing device; or a core or clad material of an optical waveguide.
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2.4 8280505002 (3253505.110E41.1 33 DM 020 2 22 4 351 52 42 Exao 020>044'0, 44 23 9
03000 .- Entatagat grab:3x ass INDUSTRIAL APPLICABILITY [0192] The positive photosensitive
composition according to the present invention can be used to form a planarization film for thin-film
transistor (TFT) substrate of a 5liquid crystal display device, an organic EL display device or the like; a
protective film or an insulation film for a touch p ; ¥h interlayer insulation film of a semiconductor

device; a planafizatiop ﬁlﬁ&t@&e&;ﬁ%kﬁé@l@ﬂﬁz@é@ﬂggﬁ%ﬁ%%ﬁcﬂ solgnsiala impoRAEQ5IRg.device; or a

core or clad material of'an optical waveguide. CLAIM 1. A positive photosensitive composition, which

comprises (A) anlgdlaliageluhlepolyiloxariebinaioliancaikalB e hyiktiacyioredinzi(B) a
naphthoquinone diazide compound, gg a solvent and (D) a metal chelate compound, wherein said (D)

metal 5chelate CHPETh e HAS Al EHtea &) Sprska shslp sy tHP RIMOWIRS EBrimd )1 8RY the

) chelate compound has a structure represented by the following Formula (1) and the
content of said (D) metal chelate compound 1s 0.1 to 5 parts by weight compared to
100 parts by weight of said (A) alkali-soluble polysiloxane and/or alkali-soluble

acrylic resin:

10 (R10) 4 M|

(wherein, M is a metal atom; Rls, the same or different, cach represent
hydrogen, an alkyl group, an aryl group, an alkenyl group, or a substitution product
thereof; R* and R?, the same or different, cach represent hydrogen, an alkyl group, an

15 aryl group, an alkenyl group, an alkoxy group, or a substitution product thereof; 3
represents the valency of said metal atom M; and k represents an integer of 0 to j).
2. The positive photosensitive composition according to claim 1, wherein said
metal atom M in said Formula (1) is any one of a titanium metal atom, a zirconium
metal atom and an aluminom metal atom.

20 3. The positive photosensitive composition according to claim 1 or 2, wherein
said metal atom M in said Formmla (1) is an aluminum metal atom.
4. The positive photosensitive composition according to claim 3, wherein said
content of said (D) metal chelate compound is 0.1 to 1.5 parts by weight compared to
100 parts by weight of said (A) alkali-soluble polysiloxane and/or alkali—soluble

25 acrylic resin.
5. The positive photosensitive composition according to claim 1 or 2, wherein

said M in said Formula (1) 1s a zirconium metal atom and said content of said (D)
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content of said (D) metal chelate compound is 0.1 to 5 parts by weight compared to 100 parts by
weight of said (A) alkali-soluble polysiloxane and/or alkali-soluble acrylic resin: (wherein, M is a
metal atom; R1 s, the same or different, each represent hydrogen, an alkyl group, an aryl group, an
alkenyl group, or a substitution product thereof; R2 and R3, the same or different, each represent

hydrogen, an ai&frLBElpesaBAA §rBdde ArPamdnyiet sompranddRy! dfeaps BY ¥ €gbstitution product

thereaf; | represeqts 16 AISNoH of saif MELa A0 M- AR K iepresenis auyinteger of 0o ). 2. The
Cc

positive photosensitive composition according to claim 1, wherein said metal atom M in said Formula

(1) is any one @f a titRRIFDsMeEg IO AR CORIpERHAa A BIaMAB taroalusn iximsmetal, atom. 203.The
positive photosensitive composition according to claim 1 or 2, wherein said metal atom M in said

Formula (1) is afetrimrifrusnnnstaiEnofphayt Bepoites phodsshsiivdceipdetasniaéeording to claim
3, wherein said ¢ ptenz(gf S g\g é{D metal _cheéate compound is 0.1 to 1.5 parts by weight compared to
100 parts by ngéi{{’ &t i‘&”? § RHATCES IR 1oxane and/or alkali-soluble 25acrylic resin. 5. The
positive photosensitiye CoRes AR ACEATINLIRERIh LALLM RIER S MiiRsaidSormula (1) is a
zirconium metal atom and said content of said (D) metal chelate compound is 0.3 to 4 parts by weight
compared to 10thijsarischyrwesitjhtdofshid A catiali-soiobliepoty sitoxpredandfeyatkalipsoluble acrylic
resin. 6.The positive photosensitive composition accordi 5 to any one of claims 1 to 5, wherein the

n
content ratio ofpHeAy Yl airelsipebry AN S mE DBy SRARS TS BREI9R T 2ol with respect

(0 o atom. 7. 1e PoslvsRIRRRNEILLE FRMRSRIOR ASCorfig 8 A Rs Al Ao &, which s
characterized in'that the ‘content ratio of epoxy group and/or vinyl group in said (A) alkalfi-soluble
polysiloxane is whipp faieSmaiYedith: iespecbiplbbalom, Sunlhepasitiverpheiogensiive composition
according to any one of claims 1 to 7, 10which further comprises, as a silane coupling agent, an
organosilane réprésemtda BY the Formula (3): OR7 R60/ Si &R9 (3) IIn, OR8  (wherein, R6 to R9
each independently represent hydrogen, an alkyl group having 1 to 6 carbon atoms, an acyl group
having 2 to 6 carbon ato®f8 or an aryl 15group having 6 to 15 carbon atoms; and said alkyl group, said
acyl group and saf'}gsér, | qunggﬁmll o(@tjonally substituted or unsubstituted). 9.The positive
photosensitive composition ageording to any one of claims o 8, which is characterized by further
comprising a solubility a@efarator. 10.The positive photosensitive composition according to claim 9,
wherein said ZOSqubiIit%ac,cel ator,is a phenol compound. 11.The positive photosensitive

composition according"F Ly gar{épé?f SR RE R HIIR R h Y RO r b Y F5%8linking agent.
12.The positiveh%b OPENSIENE SOMBRSIHON, C&%ﬁ@ﬂ%‘iﬁﬁ%%&r_b‘?fﬁ?&%ﬁ gid cragslinking agent
m

comprises a methylol-based compound. 2513.A cured film which is formed from the positive
photosernsitive gempRsHion: aceordibantatany. anesefdciiimsibapl 2zivheneirothedigbiitransmittance per
film thickness of 3 um at a wavelength of 400 nm is not less than 85%. 14. A cured film which is

formed from thé&rposiie 35p alouipsitie sebrHprdtoaResYdiHRf Yo any one of claims 1 to 12, wherein

the content ratig of ajicast ane melal selected fiom, e group,consising of fanium. gigconium,
aluminum, zinc; cobalt, n?o?y‘bdge Um: TARthanume banum, rorﬁ%um, rﬂagnesmm an(f calcium is 0.005

to 1 part by weight-comnaradeio 00, rars-PY weiahh of seich{f), alikalis@uble polysiloxane and/or
alkali-soluble acrylic resin composition. 15. An element, which comprises the cured film according to
claim 13 or 14. 10. The positive photosensitive composition according to claim 9, wherein said

20 solubility accelarator is a phenol compound.
11.  The positive photosensitive composition according to any one of claims | to
10, which further comprises a crosshinking agent.
12, The positive photosensitive composition according to claim 11, wherein said
crosslinking agent comprises a methylol-based compound.

25 13. A cured film which is formed from the positive photdsensitive composition
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according to any one of claims 1 to 12, wherein the light transmittance per film
thickness of 3 pm at a wavelength of 400 nm is not less than 85%.

14. A cured film which is formed from the positive photosensitive composition
according to any one of claims 1 to 12, wherein the content ratio of at least one metal
selected from the group consisting of titanium, zirconium, aluminum, zinc, cobalt,
molybdenum, lanthanum, barium, strontium, magnesium and calcium is 0.005 to 1
part by weight compared to 100 parts by weight of said (A) alkali-soluble
polysiloxane and/or alkali-soluble acrylic resin composition.

15.  An element, which comprises the cured film according to claim 13 or 14,
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