DESCRI PTI ON TI TLE OF THE | NVENTI ON: PCSI Tl VE PHOTOSENSI Tl VE RESI N
COWPCSI TI ON, CURED FI LM FORMED FROM THE SAME, AND ELEMENT HAVI NG CURED FI LM
TECHNI CAL FI ELD (0001] The present invention relates to a

phot osensitive conposition for formng a planarization filmfor a thin film
transistor (TFT) substrate of a liquid crystal display device, an organic
EL display device or the like, a protective filmor an insulation filmfor
a touch panel sensor elenment or the like, an interlayer insulation film of
a sem conductor device, a planarization filmor a mcrolens array pattern
for a solid state i nage sensing device, or a core or clad material of a

| i ght wavegui de of a phot osem conduygiegrgewce or the like;, a cured film
formed fromthe photosensitive conposition, and a device having the cured
film BACKGROUND ART 000%} In recent years, for exanple, in liquid
crystal disﬁﬁﬁ§gp£ﬁﬁwgﬁﬁ£ Ne PEBI THESTHQRASENS Tt RERINT or  enhanci ng t he
aperture ratOWPOSITEDNICORERYILHEGRAED f&%dﬂ\WM@Sﬂ@EQANﬁE%r\T@-ﬁA\ﬁﬁ i eving
further hig@@ﬁapﬁﬁﬁision and hi gher resolution (refer to Patent Document
1). This is a nethod which enables to overlap a data |ine and a pi xel

el ectrode each other by providing a transparent planarization film above a
TFT substrate as a protective filmand increases the aperture ratio

conpared withg cﬁ@?: ntigpal techni que. [0003] The materials used as
t he planarizat?on %?ns or TFT substrates are required to have

characteristicggsuch as high heat resistance and high transparency, and to
be provided with a hole-pattern of about 50 Amto several mcroneters to

retain electrical aastpRéehy heleneesn aclblesuRshraiagbesitiede and an |1 TO
el ectrode, and therefore positive photosensitive materials are generally
used t heref or compstiypo dbr pheintingea Hicheseriivh vid inmf &f laatisin &ipmt eri al of
an acrylic resin conbined with a quinone di azi de conpound (refer to Patent
Docunents 2, gr%sg?r i(8FkhswhRstrate. of a liquid crystal display device,

an organic EL display device or the like, a protective film or

an insulation film for a touch panel sensor element or the like,

‘an interlayer insulation film of a semiconductor device, a

planarization film or a microlens array pattern for a solid

state image sensing device, or a core or cladmaterial of a light

waveguide of a photosemiconductor device or the like; a cured

film formed from the photosensitive composition, and a'device

having the cured film.

BACKGROUND ART
{0002}

In recent years, for example, in liquid crystal displays
and organic EL displays, a method for enhancing the aperture
ratio of a di.splay device is known as a method for achieving

further higher precision and higher resolution (refer to Patent



[ 0004] In recent years, a touch panel is enployed in |liquid crystal
displays and the like, and in order to inprove the transparency and the
functionality of the touch panel, attenpts of heat-treating a transparent |
el ectrode nenber such as I TO at higher tenperature or to forma filmof the
transparent el ectrode nenber at higher tenperature are made for the purpose
of increasing the transparency and the conductivity of the transparent
el ectrode nenber. Wth this, heat resistance to high-tenperature treatnent
is required of a protective filmor an insulation filmof the transparent
el ectrode nenber. However, since the heat resistance and chemi cal j
resi stance_of an_acrylj.c resin are.insufficient, this .materjial has probl.ens
s G S 20y oG H R P a4 PEST et “BF°a oubst rate.

t hat a_cur%%“FFPnlls col"ored "by _ ,
formatlon olagaddbimol, dubranseacencelecliade aldl gblamerature or -

treatment wth various etching |iqui és to
t he conduchiMmidry-0fi@ncelgchbhosla t8r deberiarated py.degassisagyduring the
filmformation at high tenperature. [0005] Al so, these acrylic
mat eri al s ard igensrsalsl yhd epetturprodict caidayeBedause cofivdrowosensi tivity, and
therefore a material having higher sensitivity is required. Mreover, wth

t he progresscofiadespl ay, an opening size of a hole pattern or the like is
made finer year after year and sonetines formation of a fine pattern of 3 m
or less is! %Qfdi red, but the resolution of the above-nentioned acrylic

material is notygnough, [000GL, .. oo ON.LhE gLher hand.. polysi | oxane is

h..%PO
known as anot her naterial  havi ng characteri strcs such as hi gh heat

resi stance;angd bt g £LaNSPALERCYH, nahd AFRLELIalk;0f fhe polysi! oxane
conbined with a qui none diazide conpound (refer to Patent DoCunments 5 and
6) for inpesdtd Agsatphot esansighi enppapaerdy ofd 8o pesitdwiesd ypeni s publicly
known. This material has high transparency and enables to attain a cured
filmw th hinghetpanspareneycisi BT emi s sévanspatenaytéss notredeteri orat ed even
in high-tenperature treatnent of the substrate. However, also in this

mat eri al , P CAARdE CRRESHIIGYIIRAMSSRASIHY YRS raFesdrat 1wt deehen cal

i st d t iti . ph it terial havi
i gher SenETt FVITY hl GRRFNF EXBIERGH CARHHT GTHeF >CHEih TRI°CF 807 st ance i s

strongly regui.r F , jti j . e ial (Patent Docunent

7) using p%‘%ygieﬁgﬁ%ln%r hggcirl ntél%éggﬁﬁl 'no%% %Jipéglég;b C)sstqr% %‘g{ ure i s publicly known,
Thi's mat erjalcRags o ROk emithal 2 nstepidOlor BEOIRQE atingqui none di azi de
into a polynmer structure is added and the process becones conplicated, and
t ranspar eneyniahea withed &kidvnesdlideFasigtend, (Befa@sStdineest| oxane materi al
(Patent Docunent 8), in which polysiloxane having a phenolic hydroxyl group
i n a pol ynescurentori pednditthia krapht-hoqui none di azi de conpound, is
publicly known. This material has a problemthat a step for incorporating
phenol int6°®4%pol ymer structure i added and the process becones

conpl i cat ed, ang transparency of a gur ed fiilmis |ow, Ttli,s ig a materi al l
for a two-layer PSSP ahtfE’ clr S Fi PRADF PhE IR ate 4885 not remain on

a device. crystal displays and the like, and in crder to improve the

transparency and the functionality of the touch panel, attempts
,of heat-treating a transparent electrode member such as ITO at
higher temperature or to form a film of the transparent
electrode member at higher temperature are madel for the purpose
of increasing the transparency and the conductivity of the

transparent electrode member. With this, heat resistance to



[ 0007] From the foregoing, there are str iti
ggﬁtpfgnsltlve_naterial, which satisfies all ofOR?gﬂgpa??ZnLB;rgnQOSIL:Vﬁ
se s: ivity, higher resolution and hi gher chem cal resistance and zén bg o
Pafgn¥ Eéoduced. 'PRIOR ART DOCUMENTS PATENT DOCUMENTS [ 0008] ©
ol o 1 cunent 13 Japanese Unexam ned Patent Publication No. 9-152625

) Pat ent Docunent 2: Japanese Unexam ned Patent Publication

No. 2001-281853 (claim 1) P
: _ at ent Docunent 3: J '
Patent Publication No. 5-165214 (claim1) Pateﬁfaggiﬁnggfxih]ned

Japanese Unexam ned Patent Publicati
; on No. 2002-341521 (claim
Pat ent Docunent 5: Japanese Unexam ned Patent Publicatign No. %%06-178436

ﬁg!a58532211033gp5€%§%;i%§ﬁ3ggghmgg%é%ﬁ%%@ggﬁgﬁﬁﬁgglﬁﬁQxﬁaEQﬁ&mRﬁblication
Pat ent Publ i cation 5?..2003r 33125, Rat eatodde apanese Unexam ned
Appl i cation P FBaY 542 R0t Soks) s HA edenemmtrigr. US Pat ent
However, since the heat resistance and chemical resistance of
an acrylic resin are insufficient, this material has problems
that a cured film is colored by high-temperature treatment of
a substrate, formation of a film of a transparent electroae at
high temperature or rreatment with variocus etching liguids to
deteriorate transparency and that the conductivity of an
electrode is deteriorated by degassing during the film
formation at high temperature.
-[0005]
also, these acrylic materials are generally low in
productivity because of low sensitivity, and therefore a.
material having higher sensitivity is regquired. Moreover,
with the progress of display, an cpening size of a hole pattern
oxthelikeisnﬁdefineryearafteryearandsometimesformation
of a fine pattern of 3;ﬁnor less is required, but the resolution
of the aboﬁewmenticned acrylic material is not enough .
[0006]
On the other hand, polysiloxane is known as another
material having characteristics such as high heat resistance
and high transparency, and a material of the polysiloxane
combined with a guinone diazide compound (refer to Patent
Documents 5 and 6) for imparting a photosensitive property of

a positive type 1is publicly known. This material has high

3



SUMVARY OF THE | NVENTI ON Probl ens to be Sol ved by the Invention [0009] The
present invention was nade in view of the above-nentioned situations, and
it is an object of the present invention to provide a positive

phot osensiti ve composition which has characteristics such as hi gh heat

resi stance and hi gh transparency, can forma pattern wth high sensitivity
and high resolution, and is excellent in chem cal resistance. It is another
obj ect of the present invention to provide a cured filmformed fromthe
above-nenti oned positive photosensitive conmposition, such as a

pl anarization filmfor a TFT substrate, an interlayer insulation film a

protective filmor an insulation filmfaor a tOUQQ:P§n9|iu9h98£e or clad
material andrehepdidhey ardl s@ebitedohabiHy £hE ETT ed i l'm such as a displ ay

devi ce, a sem conductor device, ,a_solid te . nage Seaskiy devhce, and a
li ght waveguidésPMERTY ?mcest%/itﬁan%%aerEB?%%I%#é’ [ 0010] In order to

sol ve the above: mentioned problens., bheqpL esgptrddventderehasithe fol | owi ng
constituti om™ iH FePe positive photosensitive resin conposition

contai ni ng (g) .pal ysid9xane, ctMoronapht tioaus aonie idiazi desdowpeund, and (c)
a sol vent, erein (a) the polysiloxane contains an organosil ane-derived
structure represephathibyethe gencaal sfegwtea ate) 2 ¥PAN dfount of 20% or
more and 80%or less in terms of the ratio of the number gf}§& at om nol es
to the nunbephdfosShsatiom netes adf naHSIMABIE PSEYET HoXkare, “shd “wher ei n (a)

the polysiloxane contains an organosil ane-deri.ve & J-epresented by
t he general fmquﬁ:'aoz( Qz)u;l hf@(ﬁl?l‘}he’f“eﬁéhfe‘ilﬁt]ance is sdcr%EmH:'?txH& 2

Further, a positive siloxane material (Patent Document 7) using
polysiloxane having a quinone diazide structure ig publicly
kncwn. This material has a problem that a step for
incorporating guinone diazide into a polymer structure is added
an-d the process becomes complicated, and transparency of a cured
£ilm is low. Further, a positive siloxane material {Patent
bocument B), in which polysiloxane having a phenolic hydroxyl
group in a polymer is combined with a naphthdquinene diazide
compound, is publicly vxnown. This material has a problem that
a step for incorporating phenol into a polymerx structure is
added and the process becomes complicated, and transparency of
a cured film is low. This is a material for a two-layer resist
and a cured film of the siloxane does not remain on a device.
[0007]
From the foregoing, there are strong demands for a

positive photosensitive material, which satisfies all of higher
transparency, higher sensitivity, higher resolution and higher

chemical resistance and can be easily produced.



/[ 4 -n (1) RI) n S cOR2 [ 0012] In the formula, R

represents an

aryl group having 6 to 15 carbon atons, plural Rs may be the sane or
different, R2 represents any of hydrogen, an al kyl group having 1 to 6
carbon atons, an acyl group having 2 to 6 carbon atons and an aryl group
having 6 to 15 carbon atons and plural R2s may be the sane or different,

and n represents an integer of 1 to 3. [0013] [Chem
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SUMMARY OF THE INVENTION
Problems to be Sclved by the Invention
[Q009]

The present invention was made in view

cf the



OR4 R30/ Si-0\R6 (2) \ 1c'm OR' [0014] In the formula, R3 to R6

i ndependently represent any of hydrogen, an al kyl group having 1 to 6
carbon atons, an acyl group having 2 to 6 carbon atons and an aryl group
having 6 to 15 carbon atonms and mrepresents an integer of 1 to 11. Effects
of the Invention [0015] The photosensitive conposition of the
present invention has characteristics such as high heat resistance and hi gh
transparency and is excellent in chem cal resistance. Further, the
resulting cured filmcan be suitably used as a planarization filmfor a TFT
substrate, an interlayer insulation film or a protective filmor an

i nsul ation fil n1fort%o%gy51tu Q%ns BRIEﬁrQE%&E%ETh&)EfﬁthéeQRQMVNGS (0016]
Fig. 1is a LORERTT ¢ BB i bhal Virew oW ng an e of" "8 touch panel

devi ce. 1nve§££bnA%o ﬁr&%f&@hgna5§ﬂ%ipéaﬁhd@o@@h§i¥¥@e”90£ﬁb§§%§&Ple of a
touch panel devi ce.

which has characteristics such as high heat resistance and high
transparency, can form a pattern with high sensitivity and high
résolution, and is excellent in chemical resistance. It is
another object of the present invention to provide a cured film
formed from the above-mentioned positive photosensitive

composition, such as a planarization film for a TFT substrate,
an interlayer insulation film, a protective f£ilm or an

insulation film for a touch panel, a core or clad material and
the like; and devices having the cured film such as & dispiay
device, a semiconductor device, a solid state image sensing

device, and a light wavegulde,.

Means for Solving the Problems
{0010}

In corder t¢ solve the above-mentioned problems, the
present inventicn has the following constitution. That is, a
positive photosensitive resin composition centaining {a)
polysiloxane, (b) a naphthoquinone diazide compound, and (c)
a solvent, wherein (a) the polysiloxane contains an
organosilane-derived structure represented by the general
formula (1) in an amount of 20% or more and 80% or less in terms
of the ratio of the number of Si atom-moles to the number of

51 atom-moles of the whole polysiloxane, and wherein (a) the



MODE FOR CARRYI NG OUT THE | NVENTI ON [ 0017] The phot osensitive
conposition of the present invention is a positive photosensitive resin
conposition containing (a) polysiloxane, (b) a naphthoqui none diazi de
conmpound, and (c) a solvent, wherein (a) the polysiloxane contains an
organosi | ane-derived structure represented by the general forrmula (1) in an
anmount of 20% or nore and 80%or less in terns of the ratio of the nunber
of Si atomnoles to the nunber of Si atom nol es of the whol e pol ysil oxane,
and wherein (a) the polysiloxane contains an organosil ane-derived
structure represented by the general formula (2). [0018] The
positive photosensitive conposition of the present invention contains (a)

pol ysi | oxane, syt Nesd zedo by ihxde ol ¥z.Res andcondensi RE-REGAROSI | ane _
cont ai ning one or nore kinds of organosilanes represented by the follow ng

general formHdm@e6cdprandyotiee @enabde fdoiridsa of2)or ganosi | anes represented by
the followi ng general formula (2). [0019] [Chem 3] (R1)n Si (OR2) 441 (1)
[ 0020] [00141t he organosil ane represented by the general fornula (1),

R1 represents an aryl group having 6 to 15 carbon atons and plural R s may
be the sane Hﬁe&+f¥grent. In addition, these aryl groups all may be an

unsubstituted group or y be a
(R‘}-Si’{og% o @
f -n
[0012)
In the formula, R' represents an aryl group having 6 to
15 carbon atoms, plural R's may be the same or different, R?
represents any of hydrogen, an alkyl group having 1 to 6 carkbon
atoms, an acyl group having 2 to 6 carbon atoms and an aryl group
having 6 to 15 carbon atoms and plural R?s may be the same or
different, and n represents an integer of 1 to 3.

00131

[Chem. 2]}

?R“

3 . 6

R ofV:‘s: o}m—R 2)
OR?

10014]

In the formula, R’ to R® independently represent any of
hydrogen, an alkyl group having 1 to 6 carbon atoms, an acyl
group having 2 to 6'caxbon atoms and an aryl group having 6 to

15 carbon atoms and m represents an integer of 1 to 11.

Effects of the Invention



substituted group, and can be sel ected according to characteristics of a
conposition. [0021] Pref erabl e exanples of the aryl group and a
substituted group thereof include a phenyl group, a tolyl group, a naphthyl
group, an anthracenyl group, a phenanthrenyl group, a fluorenyl group, a

fl uorenonyl group, a pyrenyl group, an indenyl group, an acenaphthenyl
group and the |ike. These aryl groups are particularly preferred in view of
the high transparency of a cured film since they do not have a phenolic
hydroxyl group in their skeletons. The aryl group is furthernore preferably
a phenyl group, an anthracenyl group, a phenanthrenyl group, a fluorenyl
group, a fluorenonyl group, or an acenaphthenyl group, and nost preferably
a phenyl gtoups.] [ 0022] R2 in the general fornula (1) represents any
of hydrogen, an al kyl group having 1 to 6 carbon atons, an acyl group
having 2 to 6 cirdeRChePSiARTE apMRESHLLIGE CUptavERRfere tw7erSiear bon at ons
and plural, R2s may be the sane or different. In addition, these alkyl

h _ [
groups, acyi® §_Paa SNt T Y IS UG dtfp AR Py rﬁél%‘ﬁ“&ﬁsﬁ‘b%thiltgﬁt ed group or
may be a .Syba%tsllsogg%necgz %@k‘?@x?@ﬂe%@ 'nbgn%u?Jc%Etree%i?%rpcred' A8

charact eri Sti¢ conposition. Specific exanplés of the aFﬁyI gr oup

include a pgt Pé@ul@iﬁ’?‘@ur@@ £€1¥hn 9L QURL 218, Bsd QDY lo18h QM5 @Bn 1 SOpr opyl
group, and an n-butyl group. Specific exanples of the acyl group include an

acetyl grotirm Speai TFr sexatpltes of ihherarwl pioupciacltude, arphenyl group.

[ 0023] In the general forrmula (1), n represents an integer of 1 to
3. Wen n pmtectivre Gigaposi anslrgpresthntredobya tthrecgepmredl fornmula (1) is
a trifunctional silane, and when n is 2, the organosilane is a difunctional
silane, and when n is 3, the organosilane is a nonofunctional silane.

[ 0024] fo%ﬁﬂFgBI?%ngf{é?ﬁ’?'Tgﬁ %thggs organosi | ane represented by the

gener al trrfunctional silanes such as
phenyl tri (ﬂ%4ysilane, phenyl tri et hoxysil ane, 1-naphthyltrinethoxysil ane,
1- napht hyl tri et hoxysi | ane, 1-naphthyltri-n-propoxysil ane,
2-napht hyl tri meghoxysid angsnekadid Beacesdit vispishe¥ysl bRGxample
9-ant hracenyl tri met hoxysi | ne, 9-phenant hrenyl tri nmet hoxysi | ane,
of a touch panel device.
Fig. 2 is a schematic plan view showing an example of a

touch panel device.

MODE FCR CARRYINGV QUT THE INVENTION
[0017]

The photosensitive compdsition of the present invention
is a positive photosensitive resin composition containing (a)
polysiloxane, (b) a naphthoquinone diazide compound, and (c)
a solvent, wherein (a) the polysiloxane contains an
organosilane-derived structure represented by the general
formula (1) in an amount of 20% or more and 80% or less in terms
of the ratio of the number of 51 atom-mocles to the number of

8i atom-moles of the whole polysiloxane, and wherein {(a) the



9-fluorenyl trimethoxysilane, 2-fluorenyltrinmethoxysilane,

2-fluorenonyl trinethoxysil ane, 1-pyrenyltrinethoxysil ane,
2-indenyl tri met hoxysil ane and 5-acenapht henyl tri net hoxysi | ane;

di functional sil anessuchas di phenyl di met hoxysi | ane, di phenyl di et hoxysi | ane,
di (1- napht hyl ) di met hoxysi | ane, di (1-naphthyl)di et hoxysi | ane,

di (1- napht hyl ) di - n- propoxysi | ane, di (1-napht hyl)di -n-butoxy sil ane,

di (2- napht hyl ) di net hoxysi | ane, 1-napht hyl net hyl di net hoxysi | ane,

1- napht hyl et hyl di met hoxysi | ane, di (1-ant hracenyl ) di net hoxysi | ane and

di (9-ant hracenyl ) di net hoxysi | ane; and nonofunctional silanes such as
triphenylneth0é¥sijane and trigggﬂylet59§¥§ilaQ§. Thgsqﬂp&ggggsilanes may

. ¥S_Lloxa e contal %CI] ane-~ rive u .
be used singly of nay be used’in co nation of t'Wo Or Hore species

t her eof . Annngegg§§§ﬁgag Nasiel gNes.1ardtidfiungti onal silane is preferably
used in view of the crack resistance and hardness of a cured film and
phenyl tri met hgxyssl ane and 1-naphthyltri nethoxysilane are preferred. [0025]
In (a) the polysiloxane used in the present invention, for the purpose of
form ng a uniform civeedediitine witchoatncadse ngpmphas ei sepdriatd pnedantr et ai ni ng
adequate conpatibility between the pol ysil oxane and a napht hoqui none

di azi de Comoﬁﬁﬁemq‘ﬁ@éip%ﬂéf potfyg loxane synthesized by hydrolyzing

rat i oof anor ganosi | ane- deri vedstructure represented b¥ t he gen ral_formula

(1) in (a) thE BoFSAITOXUNS & 20IRTE THOFE HADT 60% 6F Tes TPt &ms of the
ratio of the nuibel..of Sl LOMNOLES, 0.t e uIDeL oL S catomamles of the
V556 oF S

whol e pol ysi | oxane, prefera nore an o or l'ess, and noreover
preferably 30%Qroi@ie AL G3¥0Tod 888and0028)s represedi@NulhenLcontent of

t he organosil ane represented by the general formula (1) is nore than 60%in
terms of the rsatiowiofy theeruiniermafs $2) at om ndl es, crosslinking at the tine
of thermal curing does not adequately occur and the chem cal resistance of
a cured filmiig0deteriorated. Further, when the content of the organosil ane
is less than 20% the conmpatibility between the polysil oxane and the

napht hoqui nond “8Ffzi‘de compound i s deteriorated and the transparency of a
cured filmis deteriorated, Wen the content of the organosilane

represent ed byﬁige ggnggﬂygfor ad) isless than 20%in terns of the
ratio of the n ef “of \SI' " géem nol es, phase separation occurs between the
pol ysi | oxane and t he napht hoqui none di azi de conmpound during application,
drying or thermgakogcuring of the conposition, and this nmakes the fil m cloudy
and deteriorates the transmttance of the cured film [0027] The
content of the organoshtangadesilved siprecturel of tire ggeastialtofarinul a (1)
can be determ ned, for exanple, by measuring

(1}, R* represents an aryl group having 6 to 15 carbon atoms
and plural Rls may be the same or different. 1In addition, these
aryl groups all may be an unsubstituted group or may be a
substituted group, and can be selected according to
characteristics of a composition,.
[0021]

Preferable examples of the aryl group and & substituted
greup thereof include a phenyl group, a tolyl group, a naphthyl

group, an anthracenyl group, a phenanthrenyl group, a fluorenyl

group, a fluorenonyl group, a pyrenyl group, an indenyl group,



2 9 SI-NWR of polysiloxane and calculating the ratio of the peak area of
Si, with which an aryl group is coupled, to the peak area of Si, with which
an aryl group is not coupled, in the general formula (1). Further, in
addition to 29Si -NVR, the content can be determ ned by using H NVR C NWR
IR, TOF-M5, an elenental analysis nmethod, ash neasurenent and the like in
conbi nation. [0028] [Chem 4] OR4 | R30SI-0O)mR6 (2) ORIl g [0029]

In the organosil ane represented by the general fornmula (2), Fe to R6

i ndependent|ly represent any of hydrogen, an al kyl group having 1 to 6
carbon atons, an acyl group having 2 to 6 carbon atons and an aryl group

having 6 to _15_carh atons. These,al kyl,_groups, acyl groups _and aryl
groups all ﬁﬂymﬁgwﬁﬁ@%ﬁ?h JtT it ag%ﬁékgf ﬁ%?sgearlsggg¥?¥ﬁ¥gd group, and

can be sel eghed; aGGRE diNG L0, &hALAGI A LSt i1eS nObn & GRRPYSI 0P Specific
exanpl es of the al kyl  group include a nethyl group, an ethyl group, an
n- propyl gr Quped @ik SQPEOMHeyGEOHPt hakd Apnéndilityhyv@rayp. gr9pecid i ¢ exanpl es
of the acyl group include an acetyl group. Specific exanples of the aryl
group i ncl udéear pirehytorgr.ouphe kayl herogener dhrfopmdra X ferabtepr esents an
integer of 1 to 11. Wien mis nore than 11, it is not preferred since there
i s a possi biPhEEYL RAEP dEFeRRPHERENY eSirdtR: May PR B0 FICHYi & preferably
an integer of 1 to. 8 and nore preferabhy an integer of 3 to 8 in view of
the conpat | BPPTSP B EEN "CHITF EaT™ ¥ ot SPardes Ad- SEREPETUA E52°T 0030]
Specific eX%QEH%%¢9%r£ng&hQaQ%ﬁk%gEQﬁ&%B(ese”ted by the general fornula

s

(2) include tetrafunctional “silane ch™as tetranet hoxysil ane,

t et raet hoxysighape, tetrapropoxysilane, tetra-n-butylsilane and

t etraphenoxysil ane as exanples when m= 1; and silicate conpounds such as
Met hyl Silicate 5 ipmie denaverage)lé producedsby:Fuso ofheni-cadn,Co., Ltd.),
MSilicate 51 (m= 4, average), Silicate 40 (m= 5, average), Silicate 45
(m = 7, averagedkylprodudediby ITAMR CHEVRGALSSCAn aETDIyouiveetls Silicate 51
(m=4, avera%e ,thh%l Silicate 53A énn?, average), Ethyl Silicate 40 (m=
5, average), 8 cerhst 5P 83t 8P 48 VERTED PAZYRY &g Lt FRFPYUBTEF by COLCOAT

Go., Ltd. ) a% pe_\L)é%‘QPIRBSSmX\@%Q the same or different. In additicon, these
alkyl groups, acyl groups and aryl groups all may be an
unsubstituted group or may be a substituted group, and can be
selected according to characteristics of a composition.
Specific examples of the alkyl group include a methyl group,
an ethyl group, an n-propyl group, an isopropyl group, and an
n-putyl group. Specific examples of the acyl group include an
acetyl group. Specific examples of the aryl group include a
phenyl group.

[0023]

In the general formula (1}, n represents an integer of
lto 3. Whennis l, the organosilane represented by the general
formula {1} is a trifunctionel silane, and when n is 2, the

organosilane 1s a difunctional silane, and when n is 3, the

10



mis 2 or nore, and silicate conpounds are preferable fromthe viewpoint of
hi gh sensitivity. [0031] By using the organosil ane represented by

t he general fornula (2), a positive photosensitive conposition having

excel l ent chem cal resistance while nmaintaining high heat resistance and
hi gh transparency can be obtained. In the photosensitive conposition of the
present invention, (a) the polysiloxane preferably contains the

organosi |l ane represented by the general fornmula (2) in an anmount of 5% or
nore and 80% or less, nore preferably 12% or nore and 60% or |ess, and
furthernore preferably 25% or nore and 60%or less in terns of the ratio of
the nunber of Si atomnoles to the nunber of Si atom noles of the whole

pol ysi | oxane. oMymeeveingprief ermablofantthionapperlddenit of the ratio is |ess
than 60% Wen the ratio is nore than 80% the conpatibility between the
pol ysi | oxane &nek4lhe napht hoqui none di azi de conpound may be deteriorated
and the transparency of a cured filmnmay be deteriorated. Further, when the
ratio i s |ess thanSBoglSEEtaRees Che "eIHFGEPE T AT SCETRTSE SBRHT BY tRi gh

chem cal resi stancz. fThe con%ent Pgéé_qt of. L he organosilane represented by

the general f&FMii% MdEn b *JECET T Hed  F oroéxanpl 6. by feasuri ng

29Si - NWVR of pgl ysi)l.0xaNne, a06; calecubatiNg vt bend:atdi9.0f, t he peak area of Si
derived froma tetrafunctional silane’in the general fornmula (2) to the

peak area of SBinfherthartSixdanbred f-naphenietnatumnoisionsd, silane in the
general fornmula (2). Further, in addition to 29S1-NVR, the content ratio
can be det er niAecbhbyylsiing-2dodo:hvR] arle20<NMRyh 1hR L t TOR IMBx yahi agleenent al

anal ysi s nethod, ash nmeasurenent and the |ike in conbination. [0032]

As an aspect bfeqtayactrypsiystiovanene pdrysthmesnsl tuhistRor sy At hesi zed by
reacti ng organosil ane cont ai ni% one, or nore kinds of organosil anes

represent ed by PHEAGENETH FOPHUIPAYF1)*%nd one or more kinds of
or ganosi | anes_represen o ;i ral_ her
cont ai ni ng oraaﬁlousﬁrﬁg%}éterﬁe%%%&s nt gggﬁ’yaét ﬁ”feLQ%%%nH ré%g%\%t?r?rou&ggz%%rg ) may be

used. [0033] LChEMrepbnORB(RLtdO34 ane, 1-pyidhiR@iREGRRQSE1ANe represent ed

by.-the general formula (3), R7 represents any of an al kyl group having 1 to
10 carbon at opsimngyabraldtany)sigraadpattavi ng 2 to 10 carbon atons and pl ural
R7s may be the same or different. In addition, these al kyl groups and

al kenyl groups-atdnaphylenyvanrimsiiesty st lared dgrfonptornatesi lseea sgabsfi t ut ed
group, and can be sel ected according to characteristics of a conposition.
Specific exanﬁﬁ@&efﬁfld%fﬁ@hé?‘b(%lfﬁ"reougl%*f?d‘yédk‘ﬁ%"iyts&%%‘&'group t her eof

b?gtg,de a met QYl(l—%ra%ggﬁyla)%igteméxygagggé,V %r:! (T:ggp%)élylgcriioeq:%bxgspilia%gpr opyl
di(l-naphthyl)di-n-propoxysilane, di{l-naphthyl)di-n-butoxy
silane, di(2~naphthy1)diﬁethoxysilane,
l-naphthylmethyldimethoxysilane,
l-naphthylethyldimetheoxysilane,
di(l-anthracenyl)dimethoxysilane and
di(9-anthracenyl)dimethoxysilane; and monofunctional silanes
such as triphenylmethoxysilane and triphenylethcezysilane.
These organosilanes may be used singly or may be used in

combination of two or more species therecf. Among these

crganosilanes, a trifunctional silane is preferably used in

11



an n-butyl group, a t-butyl group, an n-hexyl group, an n-decyl group, a
trifluoronethyl group, a 3,3,3-trifluoropropyl group, a 3-glyci doxypropyl
group, a 2-(3,4-epoxycycl ohexyl)ethyl group, a

[ (3-ethyl -3-oxet anyl ) met hoxy] propyl group, a 3-am nopropyl group, a

3- nmer capt opropyl group, and a 3-isocyanat epropyl group. Specific exanples
of the al kenyl group and a substituted group thereof include a vinyl group,
a 3-acryl oxypropyl group and a 3.-nethacryl oxypropyl group. [0035]

Rein the general fornmula (3) represents any of hydrogen, an al kyl group
having 1 to 6 carbon atons, an acyl group having 2 to 6 carbon atons and an
aryl group having 6 to 15 carbon atons and plural R6s may be the sanme or

di fferent. Mieaddi thonrathosel dlapgk apdopsinegeydt growgs dnd aand groups al l
may be an unsubstituted group or nmay be a substituted %Foup, and can be

sel ect ed acé@?ﬂY%ﬁflﬂémaﬁﬁFééﬁ%ﬁi%?FiX§n%ﬂht§Y%Eﬁﬁﬂﬁ§PPFEﬁﬁ 88feti%i c exanpl es
of the alkyl LOu dinclude a nethyl group, an ethyl group, an n-propyl
group, an i§5gr%ﬁfﬁ'group, and an n-butyl group. Specific exanples of the
acyl group Q@g£$pe an acetyl group. Specific exanples of the aryl group

i ncl ude a phenyl group. [0036] In the general formula (3), 1
represents an intmges) ahel503siYoeie Sed, int BrRe (:@38ASIImARLIANr esent ed by
the general fornmula (3) is a trifunctional silane, and when 1 is 2, the

or ganosi | an€gorrsha wirbuse bi Oivaini sy laame, fcandunherfilmivs t3put keugirganosi | ane i s
a nmonofunctional silane. [00371 Speci fi cexanpl esof t heor ganosi | ane

r epr esent edippehe sgeagEIonf BY rgraltb)d PAGIWdE FeiHGAELL bhabes¥$xnes such as
met hyl t ri nmet hoxysi | ane, nethéltrietho&¥silane nmet hyl trii sopropoxysil ane,

methyl tri- FPBUR DR SPTHIe 2 8t hy1PPH i %W?%iﬁii&?éfiee?mowijet hoxysi | ane,
ethyltrii SORL ggﬁ%%ill]la%@g; &L @Xl:l(g F% éH_oQﬁgga%yil%lnleg@&rived stlructure

n- propyl tri et hoxysilane, n-propyltriethoxysilane, n-butyltrinethoxysilane,
n-butyl trietRoxysiafey ﬂiehﬁéﬁ/éﬂd'l' PRLRAXYSI| aneq) nnRexyl sk i sthexysi | ane,
decyl tri met hoxysi |l ane, vinyltrinmethoxysilane, vinyltriethoxysil ane,

3- net hacr yl @xygaropytddd dret hoxysilkanern 2raethacieyt oiypsopyd thimetrhoxysi | ane,
3-acryl oxypropyl trimet hoxysilane, trifluoronethyltrimethoxysilane,
trifluoronmebliy$i mitenoxdypsi tarde Buded- fifil abroprdpyl ¢F itmet Woddgsi | ane,

3-am nopropyl tri met hoxysi | ane, 3-am nopropyltriethoxysil ane,

3- gl yci doxyprépstiorppet MFLY ST Haie 2°3- o FErao3&Hripy Pt ricéehnosd/si | ane,

2- (3, 4- epoxycycl ohexyl ) et hyl trj.net hoxysil an

2- (3, 4-epox§/7’8§?:‘f“‘6ente§? ?%ee‘tag F’t%é%etoﬁo% E?Iagﬁe%% or less.

[ (3-ethyl-3-gxetanyl ) met hoxyl propyl trinethoxysil ane,

[ (3-et hyl -3-oxetanyl ) nmet hoxy] propyl tri et hoxysil ane,

3- mer capt opr opy! tyhi. ABt-ROXYSHhang: aRd 3yhhbiBlhexysidoybpEopyl sueci nic aci d;
di functional silanes such as di et hyl di net hoxysi |l ane,

di et hyl di etthaxysi Fane;ladi metiByhekicacetoxysi 1anermdiotntbautiak dd regt hoxysi | ane,
(3-gl yci doxypropyl ) met hyl di net hoxysi | ane and

(3- gl yci doxype opybsnef byladcethobepsi dragel imndgngndtauhotd ohahewidlanes such as
tri met hyl met hoxysil ane, tri-n-butyl ethoxysilane, ‘

(3- gl yci dox¥BF &1y [9pas ﬁéﬁhﬂ%@ﬁ@%ys‘?qcéﬁea“éjnahe chemical resistance
(3-gl yci doxypropyl ) di.net hyl et hoxysi | ane. 38] | n addi tion, these
organosiIan@g'%géx%gfgg%&géﬁﬁﬁfﬁg%?x%%yI%%gggﬁﬁwpﬁnégﬁbmﬁnggﬁfof two or
mor e speci espLhereat; Amng, tﬂ&%éetﬁrngaaggsltlh@nsénpa%iuiﬁeénsuml silane is
preferably used i'n view of the crack resistance and hardness of a cured
film and netbyddirisaeshoxyshé aie, ndp@tnehdaxydropyt id i@hboxysiilkane,

2- (3, 4- epoxycycl ohexyl ) et hyl tri nmet hoxysi | ane and

3- net hacryl dexypriopyktdietthoxy sidaanpaassreypatta cudrandl §ilpr eber abl y used.

detericrated. When the content of the organoslilane

represented by the general formula (1) is less than 20% in terms
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[ 0039] In the case where the organosilane represented by the general
formula (3) is used, the content ratio of the organosilane is not
particularly limted, but it is preferably 50% or less in terns of the
ratio of the nunmber of Si atomnoles of the organosilane to the nunber of
Si atom nol es of the whole pol ysil oxane. When the content ratio of the
organosilane is nore than 50% the conpatibility between the pol ysil oxane
and t he napht hoqui none di azi de conmpound is deteriorated and the
transparency of a cured filmmmay be deteriorated. [0040) As an
aspect of (a) the polysiloxane, polysiloxane, which is synthesized by
reacting one or nore kinds of organosilanes represented by the general
fornmul a (1),°breedrataprd kindsmetr Gfgahasrrares sy eprasseptid aiyot he genera
formula (2) and silica particles used. By reacting, the

I | es,. may be :
or ganosi | ane%c‘?)ﬁrtsIF%T’“'F?@&%EPHEJB%‘,&X? ES61 U HPTGFOPAtErE 524 % npr oved.
The reason f .S 4S.tha . . he SsiLLi ticl i por at ed
into the poI%%%%g§§ﬁ%§ﬁ%€f%%ggc%ﬁ%QEI%%ggﬁfgkéﬁgfggif%%ﬁggé?ﬂgégof the film
and theref or &$4BPE LSS R 8L D dBdlomatsithe tdo® o hbesMalacusing. [0041]
The nunber average particle dianeter of the silica particles is preferably
2 to 200 nm ttendrande tpeedercabkye Sodr@d76inm  When t he nunber aver age
particle dianmeter is snmaller than 2 nm the effect of inproving the
resol ution ofégsdtterns is not sufficient, and when the nunber average
particle dianeter is larger than 200 nm the resulting cured filmscatters
| i ght and the trahshareicy of Lihereined AP TRIE VAR SEFPOFHeE tiHerei n, as
for the nunber avera a ticlqﬁdianeter f _the silicg) articles, in a

; i y

speci 1 ¢ Surfats area et Hod: "t e 8117042 par tF 688 4 WP ed “ahd 1 red,
speci fic surbacgareas,o sﬂlr&ﬁéﬁf%ﬂbté%%uﬁ?%fdgfc!tﬁé ALE, TRasyl ggakand then

particle dianmeters are derive romthe specitic surface areas assum ng
that the pardsdecl es Arewsphehi€alant orfeteblh nes 2BuaVLS,a86 parbhot e diameter
in ternms of a nunber average val ue. Equi pnent used for neasuring the
aver age partdmceeodi sinetvéth ivhindt apandtyi.catard y sl hon teedpland ikhorhexanpl e,
ASAP 2020 (manufactured by Mcroneritics Instrunment Corp.) can be enpl oyed.
[ 0042] gengpati fqrauexanpl-esTuotthehe i lBdat par tiocl 85-¥¥el tde | PA- ST
usi ng isopropanol as a dispersion nmedi um.and hay;ng a particle diameter of
12 i M BK- ST HEF RGPS K1 FaDBEY | S KSEONEER, & CaMpersr GiRmish um and
having a particle dianeter of 12 |_PA- ST- L _usi i ropanol as a
di spersi on ﬁ%ﬁ?%%?%ﬁ Hﬁ%@% al%nﬁggg%tﬁgﬁ I ANEL 8T 0 aﬁé%ﬁﬁllﬁﬁ S8T- ZL usi ng
i sopropanol ag.angispersion medi umand having a particle dianmeter of 100
nm PGW ST usi ng propyl ene glycol nononethyl ether as a dispersion nmedium
and having ajquasticle dianeter of 15 nm (these are trade nanmes, produced by
Ni ssan Chem cal Industries, Ltd.), OSCAL 101 usi ng ganma- butyrol actone as a
di sper si on niEdieam 4nd having a particle dianeter of 12 nm OSCAL 105 using
ganna-butyrolactone4as a di spersion nmedium and having a particle dianeter
of 60nm OSCAL 10Risi ng di acet one al cohol as a di spersion nedi um and
havi ng a partgcleidia t erg of %20 nm CATALO D- S usi ng water
R o{—sl:moﬁ-R (2

m

OR®
[0029]

In the crganosilane represented by the general formula
(2y, R® to R5independently'represent any of hydrogen, an alkyl
group having 1 to 6 carbon atoms, an acyl group having 2 to 6

carbon atems and an aryl group having 6 to 15 carbon atoms.
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as a dispersion nmedium and having a particle dianmeter of 5 to 80nm (these
are trade nanes, produced by Catalysts & Chemcals Ind. Co., Ltd.),
Quartron PL-2L-PGQVE using propyl ene glycol nononethyl ether as a dispersion
medi um and having a particle dianmeter of 16 nm Quartron PL-2L-BL using
gamma- but yrol actone as a di spersion nedium and having a particle dianeter

of 17 nm Quartron PL-2L-DAA using di acetone al cohol as a dispersion nedi um
and having a particle dianeter of 17 nm Quartron PL-2L and GP-2L using

wat er as a dispersion nediumand having a particle diameter of 18 to 20 nm
(these are trade names, produced by FUSO CHEM CAL CO., LTD.), Silica (Si02)
SG SO 100 having a particle dianeter of 100 nm (trade nanme, produced by KCM
Corp. ) , ankREQBLL-RaVi Begyagpaitd che £ianeiffps0fi Dk ROaAM (trade
nane, produced by Tokuyama Corp.). Further, these silica particles may be
used si ngl ynomwsichtcobpnaid on efy beve enbsmitetspecices, taner @of be[ 0043] |
In the case where the silica particles are used, the mxing ratio of the
silica par#tldadedt ocadrdipol ysichoxaHeigthet ofart fowcaityed-imted, but it is
preferably 50% or less in terns of the ratio of the nunber of Si atom nol es
of the silPREFIFaFt FEAELSE Pt RS furfBer ITFPSH 6 AotedsY ofI4HB” whol e

pol ysi | oxane. nthis ratio is.more than.50% the_ conpatibility between
Phe” pol v, ToRSHE: SRACThe T ARRERGAOTITORe B A3TRoRYOnBOun T 38t eri or at eq
and the transpan pOf &oeui ed ofdddNcl:S; det eni-0f atedy, :LOO4H an The

wei ght average "nol ecul ar "wei ght (Mn) of the polysiloxane used in the
present i ny&dyi108rdsp Nodpeakt t caaplys ldfmttedrybudrddp LScpraef erably 1000 to
100000, and nore preferably 1500 to 50000 on the pol ystyrene equival ent

basi s neaspirteed lbyrGRC (Gelthpegaeatciiofoohrlentt bgmaphy)ssevhenat he Mv i s

smal l er than 1000, the coatability of the conposition beconmes poor, and
when it isit@RIgerot hdw 10000R" FHRE TUIeuBial ty of isheetceipfésiceion in a

d I duri tt [ IS deteri ted 0045] . T | ysi l

0 The’ or cSHIfE FRESheRon HHestS it POt Sy IPO Y TG e pr ol Ty | o
condensin rs_st il represent.e J.he general

f or mul als ?R%D&%g)g aﬁdyg%&%ﬁgémﬁl rkret %05 ggnPb“ZJ Esgncfp%loggt hg hydr ol ysi s

and partiafrcondensald QReedlr o€XANBI 8,1 A58k WBNL e V@h@étikﬁﬁ.@tﬂ catal yst as
required are added to a m xture, and the obtained m xture is heated and

stirred atodfivdeq IHOG capredarsabhye 2hhd e<A30Cviter about 0.5 to 100 hours.

Further, during stirring, as required, the hydrol ysis by-product (alcohols

such as net®&®dl ) and condensati on by-product (water) may al so be distilled

of f. [0046] A solvent for the above-nentioned reaction i s not

particul arly |i APEEFicnitraledPidRe SidPratians 1¥reaesovid/enhth8escri bed

| ater is conmmon dd'iti vect amount of the solvent is preferably 10
4Pectts

Ly _used. a

to 1000 paft¥ By &%?mqta \f\‘ng)t hore TG *58Ft oy el Gttt 8fF nononer s
such as _Orgwﬁlekm_siégn@,ddee%g&@ma@J, \e@fc%pz_tog&ysﬂ%%g for a
hydrolysis reaction s preferably 0.5 to 2 noles wth respect to 1 nole of
a hydrol yzabl @ -grops1silane and tetraphenoxysilane as examples when m

=1; and silicate compounds such as Methyl Silicate 51 (m = 4,

average) (produced by Fuso Chemical Co., Ltd.), M Silicate 51

{m =4, average), Silicate 40 (m = 5, average), Silicate 45 {m

= 7, average} (produced by TAMA CHEMICALS CO., LTD.), Methyl

Silicate 51 (m=4, average), Methyl Silicate 53A (m= 7, average),

Ethyl Silicate 40 (m = 5, average), and Ethyl 3Silicate 48 (m

= 10, average) [(produced by COLCOAT Co., Ltd.} as examples when
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[ 0047] The catal yst added as required is not particularly limted,
but an acid catal yst and a basic catal yst are preferably used. Specific
exanples of the acid catalysts ,include hydrochloric acid, nitric acid,

sul furic acid, hydrofluoric acid, phosphoric acid, acetic acid,
trifluoroacetic.acid, formc acid, polyhydric carboxylic acid or anhydride
thereof, and an ion-exchange resin. Specific exanples of the basic catalyst.
include triethylamne, tripropylamne, tributylamne, tripentylan ne,
trihexylam ne, triheptylamne, trioctylam ne, diethylan ne,

tri et hanol am ne, diethanol am ne, sodi um hydroxi de, potassi um hydroxi de,

al koxy silane having an am no group and an ion-exchange resin. An additive
amount of themciat alorsticrss prefétabite Go@ibunds lreppraferbyladirghtthei t h
respect to 100 parts by weight of nonomers such as organosilane. [0048)

In view of th§isww¥%§e0§ﬂéwglF@Vﬂéﬁv%ﬁé conposition, it is preferable that
a pol ysil oxane sol ution obtained after hydrolysis and partial condensation
does not contdf#*the above-mentioned catal yst, and the catal yst can be
removed as required, The hod f or Vi t i t
particularly Iinit% ,u ﬁFPF%efggﬁgg?%fredr?gr%$%%%at exégtg%§§?lby washi ng
with water andfog, th, an i@8: ex&haRge-JLSk B v bnBWs Ofi RaseyBfy operation
and renmovability. Washing with water is a nmethod in which the polysil oxane
solution is diekdéerknini therginaadesiiat endy dimophobiintaohienthighdhdas washed with
wat er several tinmes and the resulting organic |layer is concentrated using
an evapor at or resittrncki ked higkatamenravkitdy aanioh-obkehegthe FediA is a met hod
in which the polysiloxane solution is brought into contact with_an adequate
i on- exchange PE8FPEeT 50040y compositippelinbBE (RAAS PRt ISBAST i V&' ddifposi ti on

e hhof bearabel JEANEL00 SONALNS Lk <2, 0RO IONG dgel deaampound.

The phot osensif ai ning ap oquin I azi de

conpound forng a. pOSLELME tYAE LN MWiiGh, ARLEYROSeds AlRanl.S LeATNed by a
devel oper. The napht'hoqui none di azi de conpound to be used is not

particularly lj-mied, nbut dderbsapryeties add yodeCcomp@ondohawisag and

napht hoqui nonedi azi desul f onat e- bonded to a conpound having a phenolic

hydr oxyl gr oupguranskrareonedandg;lv hSWoeicctptehendEbherpbsit Lorfeand dthe
para-position of the phenolic hydroxyl group are, respectively

i ndependent | y thectaipicedt byreanyrhsfr af Hidpbgertaesnto &PRyRPeF °gridup and a
substituent represented by the general fornulasN%5% to %6gf i%iused as the
napht hoqui nonét@ra3side ebnPgGuibcle POOBDILJ"CHEM MBfSover preierably,

the upper limit of the ratio is less than 60%. When the ratio
is more than 80%, the compatibility between the polysiloxane
and the naphthoguinone diazide compound may be detericrated and
the transparency of a cured filmmay be deteriorated. Further,
when the ratio is less than 5%, sometimes the composition cannot
exhibit high chemical resistance. The content ratio of the
organosilane represented by the general formula (2) can be

determined, for example, by measuring %51 -NMR of polysiloxane
and calculating the ratio of the peak area of Si derived from
a tetrafunctional silane in the general formula {2) to the peak

area of Si other than $i derived from a tetrafunctional silane
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[ 0051) In the fornmula, R Rl5 and R independently represent any of
an al kyl group having 1 to 10 carbon atons, a carboxyl group, a phenyl
group and a substituted phenyl group. Further, R14, -15 R and R16
may forma ring with one another. The al kyl groups may be an unsubstituted
group or may be a substituted group, and can be sel ected according to
characteristics of a conposition. Specific exanples of the al kyl group

i nclude a nmethyl group, an ethyl group, an n-propyl group, an isopropyl
group, an n-butyl group, an isobutyl group, a t-butyl group, an n-hexyl
group, a cycl ohexyl group, an n-heptyl group, an n-octyl group, a
trifluoromethyl group and a 2-carboxyethyl group. Further, exanples of a '
substi t-.uent iontiteheephmiyfordap!d)nclBydéhar hydr 3dAtigrdisp aAd & et hoxy
group. Further, specific exanples of the ring in the case,were R14, R15
and R16 for g $9HG R T3 Oneranst BT ThttUdy 8531 opEiranE g, a

cycl ohexane rin an adanant ane. rin and flugrene ring. [0052] [Chem 7]
[ 0053] IR’ﬁﬁjﬁMgafﬁ gﬁﬁﬁﬁt%%aﬁﬁgy%%%ﬁ8gﬁﬁgiﬁf%ﬁmsﬁl %5L53F§ posi tion
of the phengggclgydgﬁxg&mgﬁgggbg§ ot her than the above-nentioned groups,
for exanple, a nef%y group, thermal curing causes oxidative deconposition,
and a conj ugabesgh conpound typified by a quinoid structure is formed to
color the cured film thus |owering the transparent and col orl ess property.
These napht hoqui rrenen ds@zitdef conpoundsy Cdrwxbee synthesiozede byhahpubl icly
known esterification reaction of the conmpound having a phenolic hydroxyl
group W th raphtibgei rshedirazdegud FEmire s Cehl BPrge one or moregpecifjc

For T owi g copBbes PO  THORAg SR BIRE e by FEFfants CHUM bl | ndust ry
Co., Ltd.). [Q054] Lhem Bl ABGEIERi1anes represented by the

general formula (2}, and further containing organcsilane

represented by the general formula (3}, may be used.

[0033]

[Chem. 5]

(R—si—OR )44

[0034]

In the o:ganosilane represented by the general formula
(3), R' represents any of an alkyl group having 1 to 10 carbon
atoms and an alkenyl group having 2 to 10 carbon atoms and piural
R's may be the same or different. In addition, these alkyl
groups and alkenyl groups all may be an unsubstituted group or
may be a substituted group, and can be selected according to
characteristics of a compesition. Specific examples of the
alkyl group and.a substituted group thereof include a methyl

group, an ethyl group, an n-propyl group, an isopropyl group,

le



HO aCOH HO6OH HOW CH CI H3I CF3CH3 | t-Bu-Bu Bi sP- AFBi sOTBP- A Bi sphenol A
f-Bul-OuCH3CH3 HOCOH HOF I OH HO aOH i CH2cH2 CH3, CHCH3 t - BuuH3C CH3
6| S266- ABi sP-B

an n-butyl group, & t~butyl group, an n-hexyl group, an n-decyl
group, a trifluoromethyl group, a 3,3, 3~trifluoropropyl group,
& 3=-glycidoxypropyl group, a 2-{3,4-epoxrycyclohexyl)ethyl
group, a [{3-ethyl-3-oxetanyl)methoxylpropyl group, a
J~aminopropyl group, a 3-mercaptopropyl group, and a
3-iscocyanatepropyl group, Specific examples of the alkenyl
group and a substituted group ;bereof include a vinyl group,
a 3-acryloxypropyl group and a BLmethacxyloxypropyl group.
[0035]

R® in the general formula {3) représents any of hydrogen,
an alkyl group having 1 to 6 carbon atoms, an acyl group having
2 to 6 carbon atoms and an aryl group having 6 to 15 carbon atoms
and plural Rasrnay'be the same or different. In addition, these
alkyl groups, acyl groups and aryl groups all may be an
unsubstituted group or may be a substituted group, and can be
selected according to characﬁeristics of a composition.
Specific examples of the alkyl group include a methyl group,
an ethyl group, an n-propyl group, an isopropyl group, and an
n-butyl group. Specific examples of the acyl group include an
acetyl group. Specific examples of the aryl group include a
phenyl group.

[0036]

In the general formula (3), 1 represents an integer of

Ltoc 3., Whenlisl, the organcsilane represented by the general

formula (3) is a trifunctional silane, and when 1 is 2, the
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Bi sP-M BK CH3 cH2CH3CH HO a COH HO aCOH HOCOH || CH2COOHCH2 i CH3CH2

Bi sP- PRCOOH Bi sP- DEK Bi sP-LV OH HO

organosilane is a difunctional silane, and when l.is 3, the
organosilane is a monofunctional silane.
[0037]

Specific examples of the organosilane represented by the
general formula ({(3) include trifunctional silanes such as
methyltrimethoxysilane, methyltriethoxysilane,
methyltriisopropoxysilane, methyl tri-n-butoxy silane,
ethyltrimethoxysilane, ethyltriethoxysilane,
ethyltriisopropoxysilane, ethyl tri-n-butoxy silane,
n“propyltrimethoxysilane, n-propyltriethoxysilane,
n-hutyltrimethoxysilane, n-butyltriethoxysilane,
n-hexyltrimethoxysilane, n-hexyltriethoxysilane,
decyltrimethoxysilane, vinYltrimethoxysilane,
vinyltriethoxysilane, 3-methacryloxypropyltrimethoxysilane,
3-methacryloxypropyltriethoxysilane,
3-acryloxypropyltrimethoxysilane,
triflucromethyltrimethoxysilane,
trifluoromethyltriethoxysilane,
3,3,3~trifluoropropyltrimethoxysilane,
3-aminopropyltrimethoxysilane, 3-aminopropyltriethoxysilane,
3-glycidoxypropyltrimethoxysilane,
3-glycidoxypropyltriethoxysilane,

2-{3, 4~epoxycyclohexyl)ethyltrimethoxysilane,
2-(3, 4~epoxycyclchexyl)ethyltriethoxysilane,

[{3-ethyl-3-oxetanyl)methoxylpropyltrimethoxysilane,
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Tri sP-TO [ 0056] As the napht hoqui nonedi azi desul fonic acid chl oride
to be used as a raw material, 4-naphthoqui nonedi azi desul fonic acid chloride
or 5-napht hoqui nonedi azi desul fonic acid chloride can be enployed. A

4- napht hoqui nonedi azi desul foni c ester conpound is suitable for i-beam
exposure since it has an absorption band of light in i-beam (wavel ength 365
rim region. Furthernore, a 5-naphthoqui nonedi azi desul fonic ester conpound
is suitable for exposure in a wi de range of wavel engths since it has an
absorption band of light in a wide range of wavelength region. It is
preferred to sel ect the 4-naphthoqui nonedi azi desul fonic ester conpound or

t he 5-napht hoqui nonedi azi desul foni ¢ ester conpound, depending on the

wavel engt h used @51 EXRASUELy1 MeMh Xk iR oBl1t M thokysilane,

4- napht hoqui nonedi azi desul foni ¢ ester conpound and the

5- napht hoqui penedizazédesyl £ omearhesyeriaaenpodind can al so be used. [0057]
Exanpl es of the napht hoqui none di azi de conpound preferably used in the

present i nvedtiomethetisde ytonpolndscivpr esemt el fthyctivmafiobllowisag gener al

formula (4). [0058] [Chem 10] (R13)d ( C ,
such as dimethyldimethoxysilane, dimethyldiethoxysilane,

dimethyldiacetoxysilane, di-n-butyldimethoxysilane,
{3-glycidoxypropylimethyidimethoxysilane and
{3-glycidoxypropyl)methyldiethoxysilane; and monofunctional
silanes such as trimethylmethoxysilane,
tri-n-butylethoxysilane,
{3-glycidoxypropylidimethylmethoxysilane and
{3-glycidoxypropylidimethylethoxysilane.

[0038}

In addition; these organosilanes may be used singly or
may be used in combination of two or more species therecf. Among
these organosilanes, a trifunctional silane is preferably used
in view of the crack resistance and hardness of a cured film,
and methyltrimethoxysilane, 3-glycidoxypropyltriethoxysilane,
2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane and
3-methacryloxypropyltriethoxysilane are particularly
preferably usead. |
[0039]

In the case where the organcsilane represented by the
general formula (3} is used, the content ratio of the
organosilane is not particularly limited, but it is preferably

50% or less in terms of the ratio of the number of 5i atom=-molies
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oc:1) 8CH (R10)a g (R')b - R----10C (Q atE0Q C (R12)7 [0059]

In the fornula, RO represents hydrogen or an al kyl group having 1 to 8
carbon atons. R10, Rl1l, R12 and R19 represent any of a hydrogen atom an
al kyl group having 1 to 8 carbon atons, an al koxyl group, a carboxyl group
and an ester group. Resr RIs, R19s and R19s may be the sanme or
different. Q represents either a 5-naphthoqui nonedi azi desul fonyl group. or.
a hydrogen atomand not all the @ are a hydrogen atom a, b, c, d, e, a,
O, y and 64 represent an integer of O to 4 and satisfy a relationship of a
++2. When the napht hoqui none di azi de conpound represented by the general
formula (4) is used, the sensitivity in pattern processing and the

resol uti on @t €nd Hﬁ@dﬁdﬁdlane to the number of 51 atom-moles of the whole

polysiloxane. When the content ratic of the organosilane is
more than 50%, the compatibility between therpolysiloxane and
the naphthequinone diazide compound is deteriorated and the
transparency ¢f a cured film may be deteriorated.

{0040}

As an aspect of {a) the polysiloxane, polysiloxane, which
is synthesized by reacting one or morg kinds of oxganosilanes
represented by the general formﬁla (1}, one or more kinds of
organosilanes represented by the general formula (2) and silica
particles, may be used., By reacting the crganosilanes with
silica particles, resolution of patterns is improved. The
reason for this is thought to be that silica particles
incorporated into the pclysiloxane increase the glass
transition temperature of the film and therefore suppress
pattern reflow at the time of thermal curing.

[0041]

The number average‘partﬁcle diameter of the silica
particles is preferably 2 to 200 nm, and more preferably 5 to
70 nm. When the number average particle diameter is smaller
than 2 nm, the effect of improving the resolution of patterns
is not sufficient, and when the number average particle diameter
is lerger than 200 nm, the resulting cured film scatters light
and the transparency of the cured filmis deteriorated. Herein,

a5 for the number average particle diameter of the silica

20



[ 0060] An additive amount of the napht hoqui none di azi de conmpound is
not particularly limted, but it is preferably 2 to 30 parts by weight with
respect to 100 parts by weight of a resin (polysiloxane), and nore
preferably 3 to 15 parts by weight. [0061] When the additive anount
of the napht hoqui none di azi de conpound is less than 1 parts by weight, the
phot osensitive conposition.does not. exhibit photosensitivity sufficient for
a practical use because of too | ow a dissolution contrast between an
exposed area and an unexposed area. The additive anmount of the

napht hoqui none di azi de conpound is preferably 5 parts by weight or nore in
order to attalp.a ke exGellent:di ssoldi 9he£ apichds] -cidnsibgcat her hand,
when the addi tive anobunt of the naphthoqui none di azi de conpound is nore
than 30 partsghy: weieghtre heed ranspareant spad a0l ardfess preaopentythef a cured
filmis deteriorated since a coating filmis whitened because of

deteri orat ed cespatidy pattyched weemeeherpbl yad [toramartante Chamsi@Fht hoqui none
di azi de conmpound or coloring due to the deconposition of the guinone

di azi de conpownd GEurdifgRdEe FRELHEF T TEER i 3TGEF LPFBUNE G2 HE addi ti ve

anount of the naphthoqui none diazi de conmpound is preferahly. parts by
wei ght or -1 es®3Fhordef t oszjgtefh‘f&ﬁ gof g?tmrﬁlfjﬁ i gher “tr %g%zla%}gency. [0062]

The posi tive pROLOSENSL!LNGCOMRORLILAN 0L 418 I ESENEadAALT Aacont ai ns

(c) a solvent. € solvent to be used is not particularly limted, but

conpounds havifg ,ansat cohold s dge Qayt: @rogpme rasafarghit cused.y Wen
t hese sol vents are used, polysiloxane and the qui none di azi de conpound are

uni formy di ssakveei, and sverxafier, ther corposkdiwiactsrapplvied to forma
film the filmcan achieve high transparency w thout being whitened. [0063]
The conpounds Miavbneridncal Tolohieithydroxy|cagr buEwaleyadt particul arly
limted, but they are preferably conpounds having a boiling point of 110 to
250C under an @ABspheric pressure. Wien the boiling point is higher than

250C, an anount of a sol.vent remaini in, the filmincr ilm
Tpﬁ.&g o@ nge SLlecaggaJatJTcllef, LE3R&S I?.&l—dSTf

shrinkage in curing®i¥é<tt FiT HCreases, “and goo atness 1 s not achi eved.
On the other hand, WhgBolNe el LidgpPel iy kSl @Vels hidihgldQGr cbecause
00

drying in coating’is ast, coatability is deteriorated, for exanple, a

filmsurface ig§ peughened: nnl, 00GALsT using methyl isobutyl ketone as a
dispersion medium and having a particle diameter of 12 nm,
IPA-ST-L using isopropanol as a dispersion medium and having
a particle diameter of 45 nm, IPA-ST-ZL using isopropanol as
a dispersion medium and having a particle diameter of ZOG-nm,
PGM-ST using propylene glycol moncmethyl ether as a dispersion
medium and having a particle diameter of 15 nm (these are trade
names, produced by Nissan Chemical Industries, Ltd.), OSCAL 101
using gamma-butyrolactone as a dispersion medium and having a
particle diameter of 12 nm, OSCAL 105 using gamma-butyrolactone
as a dispersion medium and having a particle diameter of 60 nm,

OSCAL 106 using diacetone alcohol as a dispersion medium and

having a particle diameter of 120 nm, CATALOID-S using water
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Speci fic exanpl es of the conpounds having an al coholic hydroxyl
i ncl ude acetol, 3-hydroxy-3-nethyl-2-butanone,

4- hydr oxy- 3- net hyl - 2- but anone, 5-hydr oxy- 2- pent anone,

4- hydr oxy- 4- met hyl - 2- pent anone (di acetone al cohol), ethyl |actat
| actate, propylene glycol nononethyl ether, propylene glycol nonoethyl

et her, propylene gl ycol

group

€,

but yl

nono- n- propyl ether, propyl ene glycol nono-n-butyl

et her, propyl ene glycol nono-t-butyl ether, diethylene glycol nononethyl
et her, diethylene glycol nonoethyl ether, dipropylene glycol nononethyl
et her, dipropylene egcoI nonoet hyl et her, 3-nmethoxy-I-butanol,

3-nethyl-3

group may beuse

netho

sed i n" conbi nati on of two or

Fngly

and

no

&%gers lé}nax@é)éngaﬁé %99@%9%%@\@ AfL.AR 2l GoBolj ¢ hydr oxyl

re

speci es the&@Q&n(££¥M¥ﬂréﬂﬂ%d%thQ%eQ&b@h&@d%anﬁgﬂyb@@&Qﬁmhheapgesent_ _
invention may contain other solvents as |ong as the sol vent does not inpair

an ef fect ofinthecqr.eseat), guentioonPLEXapHMESusfnoivhepybolevghysol ncl ude
esters such as ethyl acetate, n-propyl acetate, isopropyl acetat
acet ate, i solpopysthacetdte, a@rﬁo@yﬂwﬁélgﬂlw@éﬁum@mg atHieE L gkt at e,

3-net hoxy-1-butyl acetate, 3-nethyl-3-methoxy-|-butyl acetate, and ethyl

acetoacetatéhaﬁ%¥%m8§lédﬁhC§§rﬁé? §F ?%6%u¥?¥“&%%%ﬁbb“8¥?§85F8%?| ket one,

di i sobut yl
diisopropyl

k t d t | t t
e

ethyl met hy'Qu%&fe%n P%ngL%P@.t Gxir@%lg!:y@&le %e‘sﬁwlasegh@ispe%@%n

y- but yrol actone, y-val erol actone, 8-val erol actone, propylene carbonate,
N- et hyl pyr el doneq wehopepianene, ciekekohecanona, ardreyed ohept anone.

[0066] An additive anmpunt of the sol vent

e,

her ,

n- but yl

en€ glyco

is not particularly limted, but

it is preferabdl gpyvdit hisin@ waangeafa 808p¢:12000epamt snynaveinghe Wi th respect
to 100 parts by weight of a resin (polysiloxane). Mreover, the
phot osensi t insatéehpobindten o5f16t e hredentss AVRAE PN Tt/  @SguEDht ai n

additives such _as a sil ane cougllng gent a crossl nklnqquent

crossl i nki ngP¥pFBtfoEFHIGHL 0.y

TD. ¥, Iicd (510,) SG-50 100 having &
particle diameter of 100 nm (trade name, produced by KCM Corp.},
and REQLOSIL having a& particle diameter of 5 to 50 nm (trade
name, produced by Tokuyama Corp.). Further, these silica
particles may be used singly or in combination of two or more
species thereof.

[0043]

In the case where the silica particles are used, the
mixing ratio of the silica particles to the polysiloxane is not
particularly limited, but it is preferably 50% or less in terms
cf the ratio of the number of 81 atom-mecles of the silica
particles to the number of Si atom-moles of the whole
polysiloxane. When this ratio is more than 50%, the

compatibility between the pelysiloxane and the naphthoquinone

diazide compound is deteriorated and the transparency of a cured
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sensitizer, a thermal radical generating agent, a solubility enhancer, a
di ssolution inhibitor, a surfactant, a stabilizer and an antifoanm ng agent
as required. [0067] The phot osensitive conposition of the present
invention may contain a silane coupling agent. \Wen the photosensitive
conposition of the present invention contains a silane coupling agent, the
adhesi on of the photosensitive conposition to a substrate is inproved.
Speci fic exanpl es of the silane coupling agent include

met hyl tri met hoxysi | ane, nethyltriethoxysilane, dinethyldinmethoxysilane,

di met hyl di et hoxysi | ane, ethyltrinethoxysilane, ethyltriethoxysilane,
n-propyl tri net hoxysi | ane, n-propyltriethoxysilane, n-butyltrinethoxysilane,
n-butyl tri et haxysiilsadefeplranaykdri net hoxysi | ane, phenyltriethoxysil ane,

di phenyl di met hoxysi | ane, di phenyl di et hoxysi |l ane, vinyltrinmethoxysilane,

vi nylt let hoxys$Pa&hle, 3- met hacryloxypropyltri nmet hoxYsll ane,

3-nmet hacryloxypropyltriethoxysil ane

3- met hacr yloxypr opy et fyAt ABT HoXyEPTSfear weiaht (M) of the

3- et hacryl ox ¥l l.di;athaxysi i nde@CE ¥h 9% YRR Ol Eh metilyoxysi | ane,
3-aninopropyl%@?ﬁ%ﬁﬁ%&%giSgﬁg%'3-a§?%%ggabyltriethoxYS?%gLe, g
3-triethoxysi Lyks Ned, 113+ di raishytefutyly dene) ps opydoani neyd. more

N- phenyl- 3- am nopr opyl t ri met hoxysi lane, 3-gl yci doxypropyltrinethoxysil ane,
3- gl yci doxypr @Ry 1é rdmtyhpxs ith ase,0 03ey Itiei mobnssropyd meth¥d dingt PasdPsi | ane,

2- (3, 4- epoxycycl ohexyl ) et hyl tri met hoxysi | ane,

2- ( 3, 4- epoxycyekemesdy by 6FFy [ 94l pEIRPEYs P FhEomatography) . When the Mw

[ (3-ethyl-3-oxetanyl) nmet hoxyl ropyltrim_ethOX%SSQanefn  t1on becomes

[(3- o hyL- 3- oxelHny 1§ et HoXYabr Oy T FELHORY ST FaREoTPositio

3- mer capt opropyltri net hoxysjl.a 3- (o) hytdi pethox¥si | ane,
3-ureidopropy|oPFefﬂ%&Q%?%é é?nﬁgﬁfgocfgﬁggg%Pépy P?%ethoxggilane,

3-trimet hoxysi l.s I & ), d38P00hg patterning is deteriorated.

N-t - but yl - 3-(3‘4-0%4‘%3?%% %gxggi%lﬁv%rlg%ilgfsuccg‘l hi de. [0066] An additive
anmount " of the giglbane coupling agent is not particularly limted, but it is
preferably within a range of 0.1 to 10 parts by weight with respect to 100
parts by wei ght of zhe psiysifasand it thesirasenpohysiliorareiyMien-the
additive amount is less than 0.1 parts by weight, the effect of inproving
adhesi on i s noty aueeriatzens ais Wﬁéglatlﬁé SRATIPHEY MBWAE ST S°H16r 8%t han 10

parts by weight, a condensation reacti occurs, wi thin.t sjd.a coupling
agent during sqr@raa@%l,lad‘&asﬁ%ﬁ’gea%%ﬁ%o%gﬁ? Irestaus’d u“lt%ksi’ent(:%i'rrg)o?rﬁi

devel oprrent . | %869]2% common m%@%d%gtb% S fd.hrvﬁq&f?miyg.!'LQ@anpat:hf«'alpr esent

i nvention may coritai i a surfactant. en the conposition contains the
surfactant, appligcationunexgnpessicans heivenediedeandna anistarpwcoat i ng

fil mcan be obtained. Fluorine-based surfactants and silicone-based
surfactants args pegherabkye usRddass thei:surbacdanthe obtained mixture
| is heated and stirred at 50 to 150°C, preferably 90 to 130°C,
for about 0.5 to 100 hours. Further, during stirring, as
required, the hydrolysis by-product (alcohols such as methanol}
and condensation by-product {water) may also be distilled off.
[0046]
n solvent for the above-mentioned reaction is not

particularly limited, but a solvent similar to (c¢) a solvent

described later is commonly used. An additive amount of the
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[ 0070] . Specific exanples of the fluorine-based surfactants include
fluorine-based surfactants fornmed of conpounds respectively having a
fluoroal kyl or fluoroal kyl ene group at | east at any of the ends, nmain chain
and side chains thereof such as
1,1,2,2-tetrafl uorooctyl(1,1, 2, 2-tetrafl uoropropyl) et her,
1,1,2,2-tetrafl uorooctyl hexyl .ether, octaethylene glycol

di(1,1,2,2-tetrafl uorobutyl)ether, hexaethyl ene glycol

(1,1, 2,2, 3, 3-hexaf | uoropentyl ) et her, octapropyl ene glycol

di (1,1,2,2-tetrafl uorobutyl)ether, hexapropyl ene glycol

di(1,1,2, 2,3, 3-hexafl uoropentyl)ether, sodium perfluorododecyl sul fonate,
1,1, 2,2, 8, 8219104 Pddeath oiddodéethears b2veidhi3vhgxafPrfitodecane,

N- D- (perfl uorooct anesul f onam de) propyl1-N, N1-di ne hyl -N-ca

r boxymet hy| éfel dnparEaRhEE AT e Of pBYTFGEF oKy PEUPFGRAN tS: A7

propyl trimet hyl apmoni um sal.t, perfl uoroal kyl - N yl cine salt,

bi s(N- per f | FGFObEES PR TRy 1* eét%oyﬁgﬁlmr?ge%/%ryla) )?%%3%%%%% g:@é{:]gi%

monoper f | UOfi%aFMer%Eby | phospheri b cach & 1estebectrult hefg1commercial |y
avai | abl e fl'uori ne-based surfactants include Megafac F142D, Megafac F172,
Megaf ac F173,,Megpf8¢e Fd&3p.and Megafac F475 (all produced by Dai ni ppon Ink
and Chemcals, Inc.), Eftop EF301, Eftop EF303, and Eftop EF352 (al
produced by $hiant Akita Kasei K K. ), Fluorad FC- 430 and Fluorad FC- 431 (both
produced by Sumtonmp 3MLtd. ) , Asahi Guard AGr10, Surflon 5-382, Surflon
SC-101, Surflon SBelo2taSwtf PededS@s108uiSaRf | &M oSCP2DE “USaEEY on 50- 105, and
Surflon 50-106 (all produced by Asahi d ass Co,, Ltd 3M 1000 and BM 1100

y
(al | produced™byedushb Tn.2cidl FEALYSRERAS, PR 255 b DX 218 (all
produced by Jﬁgggkég%y’u%égs)5p5%¥%iEh§xiﬂgi§s $£x¥%£]acid catalysts

include hydrochloric acid, nitric acid, sulfuric acid,
hydroflucric acid, phosphoric acid, acetic acid,
trifluorcacetic acid, formic acid, polyhydric carboxylic acid
or anhydride thereof, and an ion-exchange resin. _Specific
examples of the basic catalyst include triethylamine,
tripropylamine, tributylamine, tripentylamine, trihexylamine,
triheptylamine, trioctylamine, diethylamine, triethanolamine,
diethanclamine, scdium hydroxide, petassium hydroxide, alkoxy
silane having an aminc group and an ion-exchange resin. An
additive amount of the catalyst is preferably 0.01 to 10 parts
by weight with respect to 100 parts by weight of monocmers such

as organosilane.
[004g]

In view of the storage stability of the composition, it
is preferable that a polysiloxane solution obtained after

hydrolysis and partial condensation does not contain the

24



Commercially avail able silicone-based surfactants include SH28PA, SH7PA,
SH21PA, SH3OPA, and 5T942A (all produced by Down Corning Toray Co., Ltd.),
BYK- 333 (produced by BYK Japan KK), and the |ike. Generally, the content of
the surfactant is 0.0001 to 1% by weight with respect to the anmount of the
phot osensitive conposition. [0072] The photosensitive conposition of the
present invention may contain a. crosslinking agent. The crosslinking agent . .
is a conpound which crosslinks an acrylic resin or polysiloxane at the tine
of thermal curing and is incorporated into a resin, and a degree of
crosslinking of the cured filmis enhanced by containing the

cross! i nking, agent... INELEDY .t D8 Gherlfal, I8y 818008 Oh Lt cplied Tilm1s

i nproved and the reduction inr on of patterns due to pattern refl ow
during thermal..cuiidlg ifhe RBEDLY €8s removing The: Gheaslinkisngo,@gent is not
particularly limted, but preferable exanp?es of the crosslinking agent

i ncl ude conpouynds: hawirng 1twoted, bt et briefuresd selteetedhé ramulye group
consi sting of groups represented by the general formula (7), an epoxy
structure and arvwapketamnétstwatet gne/oAvEYUNB n@n-onciofngehee siabigvelavent i oned
structures is not particularly limted, but structures to be selected are
preferably theisam Of CFPSRtithént tErpvakildly - - Glaghipyyiith water is

a method in which the polysiloxane solution is diluted with an
adequate hydrophobic solvent amd‘ is washed with water several
times and the resulting organic layer is concentrated using an
evaporator or the like. Treatment with an ion-exchange resin
is a method in which the polysiloxane solution is brought into
contact with an adequate ion-exchange resin.

[0048]

The positive photosensitive composition of the present
invention contains (b) a naphthoguinone diazide compound. The
phot.osensitive composition containing the naphthoguinone
diazide compound forms a positive type in which an exposed area
is removed by a developer..- The naphthoquinone diazide compound
to be used is not particularly limited, but it is preferably
a cempeound having naphthoguincnediazidesulfonate-bonded to a
compound having & phenolic hydroxyl group, and a compound; in
which the ortho-position and the para-positicen of the phenclic
hydroxyl group are, respectively independently, occupied by any
of a hydrogen atom, a hydroxyl group and a substituent
represented by the general formulas (5} to {6}, is used és the

naphthogquinone diazide compound.
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[0074] In the conpounds having two or nore groups represented by the
general fornmula (7), R' represents either hydrogen or an al kyl group
having 1 to 10 carbon atoms. Further, plural Rns in the conpound rmay be the
same or different. Specific exanples of the alkyl group include a nethyl
group, an ethyl group, an n-propyl group, an isopropyl group, an n-butyl
group,--a-t-butyl .group, -an-n-hexyl .group, -and an-n-decyl group. [0075]
Speci fic exanpl es of the conpounds having two or nore groups represented by
the general fornmula (7) include the foll ow ngnel am nederivatives and urea
derivatives (trade name, produced by SANVMVA CHEM CAL CO., LTD.). [0076]
[Chem 12] %$E904QQ,OQ-O-OB N " N NH3C-0-H2C, ).N ,CH2 -0 -CH3 H3C

I

0-H2C,, , r EH2-0 -CH3N N N ", 7 N (
[Chem. 6]
R
é-—R’S &)
[00511]

In the formula, R, R'™ and R*® independently represent
any of an alkyl group having 1 to 10 carbonr atoms, a carboxyl
group, a phenyl group and a substituted phenyl group. Further,
r', R ang R*® may form a ring with one ancother. The alkyl groups
may be an unsubstituted group or may be a substituted group,
and can be selected according to characteristics of a
composition. Specific examples of the alkyl group include a
methyl group, an ethy_l group, an n-propyl group, an isopropyl
group, an n-butyl group, an iscbutyl group, a t-butyl group,
an n-hexyl group, & cyclohexyl group, an n-heptyl group, an
n-octyl group, a triflucromethyl group and a 2-carboxyethyl
group. Further, examples of a substituent on the phenyl group
include a hydroxyl group and amethoxy group. Further, specific
examples of the ring in the case where R, R™ and R'® form a
ring with one another include a cyclopentane ring, a cyclohexane
ring, an adamantane ring, and a fluorene ring.

(00523

[Chem. 7]
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I,NN /NNH3CG 0-H2C, CH2 -0 -CH3 H3C-0-H2C C H2 -0-CH3 NI KALAC MM 30HWNI KALAC
MX-270 0 H 3G0 --H2C, A ,CH2-0 -CH3 N N H3C 0)<0-CH3 NH CH2- 0-CH3 0=C,
"NH - CH2. 0- CH3 NI KALAC MX- 280Nl KALAC MX-290 [0077]

O O
N2 N2
O ) ®
or

§02 §oz

O o

| |
{0053}

When sach group at the ortho position and the para
position of the phenolic hydroxyl group is other than the
above-mentioned groups, for example, a methyl group, thermal
curing causes oxidative decomposition, and a conjugated
compound typified by a quinoid structure is formed to color the
cured film, thus lowering the transparent and coclorless
property. These naphthoguinone diazide compecunds c¢an be
synthesized by a publicly known esterification reaction of the
compound having a phenolic hydroxyl group with
naphthogquinonediazidesulfonic acid chloride.

Specific examples of the compound having a phenolic
hydroxyl group include thé following compounds (all of them are
produced by Honshu Chemical Industry Co., Ltd.}.

[C054] |

[Chem. B}

27



Speci fic exanpl es of the conpounds having two or nore epoxy structures or
oxetane structures include "Epolite" 40E, "Epolite" 100E, "Epolite" 2005,
"Epolite" 400E, "Epolite" 70P, "Epolite" 200P, "Epolite" 400P, "Epolite"
1500NP, "Epolite" 80M-, "Epolite"4000, and "Epolite"3002 (these are trade
nanes, produced by Kyoei sha Chem cal Co., Ltd.), "DENACOL" EX-212L
"DENACOL" - EX- 214L,--".DENACOL" -EX- 216L, "DENACOL". EX-850L, and "DENACOL" . . ..
EX-321L (these are trade nanes, produced by Nagase ChenteX Corp.), GAN,

GOT, EPPN 502H, NC 3000, and NC 6000 (these are

t radenanes, producedbyNi pponKayakuCo., Ltd.), "EPICOAT" 828, "EPI CCAT" 1002,
"EPI COAT" 1750, "EPI COAT" 1007, YX8100 3H30, E1256, E4250, and E4275 (these

are trade name gl ed by v--\ Resi ns A , .."EPI CLON"
EXA- 9583, Pﬂ-@d‘c P r; O”and"’%h %00 (these are
trade nanes, produdéd y Da| ni ppon I‘Fr‘k and Chem,gal s wsu TEPIC' S,
"TEPIC' G and " TEPI C* P (these arBiskide names, pr BlaQR’ﬁé’dAby Ni ssan

Cheni cal Ind@t Frade nl?tldn‘ and "EPQIOHTO" YH-434L Itrcalde name, produced by

TOHTO KASEI LTdR, g ot hepalove-g1m 0pgd
crossl i nki ngioa @ eH used may be —' nbl nation of two
or nore specie hefn-e An ag itive anount of cIH e crosslinking

agent is not *Barticul arl¥linited,H®ucrit is prefera lvamthl n a range of
0.1 to 20 parts BP®R@Efght with respeetisko 100 parts BY wei ght of a resin
(pol ysil oxane + acr I|c resin). When the additive anount of the

crosslinking agent | ess t han 0 1 Q arts by weight &;ossl i nki ng of the

resin is ins, Ot,heH I @S, B!‘-; is small. On
t he ot her hand -- addltlv mb of the cr sd,rg ng agent is nore
than 20 parts by wed ht t he transpa FRAT and col orl esscngroperty of the
cured filmis det erlgé'Kat ed, or theBsbPdifage stability afodkthe conposition is
deteriorated. [O The photosensitive conpo®st-i.én of the present

i nventi on may cont a| n a crosslinking pronoter. The crosslinking promoter is
acorrpoundthat rcmaa t he cro ||q ” of the pg s‘i**la ne at the tine
of thermal co phier tatd‘P 'é@éo'an acid at the
time of thermal ~Turind or aphoto ac generator tog rate an acid at the
time of bleachlnge ésure prior to $fmal curing is éd as the
crosslinking pronotef. Wien the acid |°s present in the tfilmat the tine of

thermal curing, &Bi#bABensation reaBsPd® of an unreacPEdPSi| anol group in
t he pol ysi | oxane |s ronot ed ansh a de r ee 8¢ crossl i nki ng of the cured film

is incr eased T. he chem 'ﬁ‘ %f_@_ [Imis .
i nproved and’ eu ot nYe Ut f pat*t a pattern refl ow

during thernal cur@nyg i s inhibited. @79} ermal acid
generator used in ¥ i present inven is a conpoun at generates an
acid at the tinme gip-ppermal curi ngisoTdreat hermal acid erator preferably

does not generate an acid or generates only a small ggmupp of acid at the
time of prebaking after application of t corrposi tion. Therefore, the
thermal acid gener %

2gr is pref ¥Ha npound 3 =N acid at a
pr ebaki ng terrper at or hi gheﬁ%@w@ HGy @ / i G PF an acid
_e@__ or | ower, kg of the
o Lo

IS generate
pol ysi | oxane t -e- r during baki ng and thereforessgnsitivity may
be deteriorated orf'd@vel opnent residue nay be produced at the time of

devel opnent. [0080T~%Specific exanpl & of the thermal amfg gener at or
BisP-DP Phec-AP iris

[0055]

[Chem. 9]
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preferably used include "San-Ai d" SI-60, SI-80, 5I-100, SI-200, SI-110,

51 -145, SI-150, SI-60L, SI-80L, SI-100L, SI-110L, SI-145L, SI-150L, SI-160L
and SI-180L (these are trade names, produced by Sanshin Chem cal Industry
Co., Ltd.), 4-hydroxyphenyl dinmethyl sulfoniumtrifluoromethanesul fonate,
benzyl- 4- hydr oxyphenyl met hyl sul f oni um tri fl uor onet hanesul f onat e,

2- met hyl benzyl- 4- hydr oxyphenyl met hYl sul fonium trifl uoronet hanesul f onat e,

4- acet oxyphenyl di net hyl sul fonium trifl uoromet hanesul f onat e,

4- acet oxyphenyl benzyl net hyl sul foni um tri fl uor onet hanesul f onat e,

4- et hoxycar bonyl oxyphenyl di net hYl sul fonium trifl uoronmet hanesul fonate, and
benzyl- 4- nethoxycarbonyloxyphenYInethYIsquonlunltrlfIuoronethanesulfonate

(these are trade pr odticed byO.gan heftical I ndustry Co., Ltd.).
Further, these co y be used may be used in conblnatlon
of two or noresspeel gsltherest. [008 The photo acid generator used

nerates an acid at the tine
of bl eachi ng exposur e~and gener ates an 7 irradiation of a ray with an
exposure wavel engt Bis6fg3g5 nm (i - bean), sd®51nm (h-beam) or 436 nm (g- bean),
or irradiation of a mxed ray thereof. Therefore, there is a possibility
that an acid ”g)generated alsochn pattern exposure idy which a simlar

i ght source is\used, but sip the. pattern exposure

is smaller than ng @ ¥ syal | amount of acid is
produced and thRs Se a prd R wA-her=“the acid to be
generated is prefer y rong aci d “ﬂ!b as—ert uoroalkylsulfonic acid
or p-tol uenesul f&#| i i NONEF that generates a
carboxylic acid fun pn of the p aci d generator

referred to heré [ i fferenygfrom:t sI| ng pronoter in the
present |nven5{on (ougsfBeP " S%eC|f|Ede3ﬁ%$ s of the photo acid
generator preferably used include 51-100, 5I-101, 3I1-105, 31-106, SI-109,
Pl -105, PI-106, PI-109, fAI-100, NAI-1002, NAI-1003, NAI-1004, NAI-101,
NAI - 105, NAI-106, NAI - NDI - 101, NDI -105, NDI-106, NDI-109, PAI-O01,
PAl-101, PAI-106 and PAl-13001 (these are trade nanes, produced by M dor
Kagaku Co., Ltd.), SP-077 and SP-082 (these are trade nanes,
pr oducedby ADEKACor p. )H:C— @8 PFBS (trade name, produced by Toyo Gosei Co.,
Ltd.), CE-MT and CG - (these are trade nanes, produced by G ba
FRIVWPAG 281, WPAG 336, WPAG 339, WPAG 342,

ARA O WRAG 372, WPAG 449, WPAG 469, WPAG 505 and
WPAG 506 (these tr%ﬁieﬁsﬁa ngr oduced by Wako Pure Chenical |ndustries,

Ltd.). Furtherﬂothese ﬁﬁgppuno Ybe used singly or may be used in
conbi nati on of two or (%peC|es t her eof .

[0056]

As the naphthoguinonediazidesulfonic acid chloride to be
used as a raw material, 4-naphthoquinonediazidesulfonic acid
chloride or 5-naphthogquinonediazidesulfonic acid chloride can
be emploved. A 4-naphthoquinonediazidesulfonic ester
compound is suitable for i-beam exposure since it has an
absorption band of light in i-beam (wavelength 365 nm) region.
Furthermore, a 5-naphthoguinonediazidesulfonic ester compound

is suitable for exposure in a wide range of wavelengths since.
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(1) 083] Further, as the crosslinking pronoter, the thernmal acid
generator can also be used in conjunction with the photo acid generator. An
addi tive anount of the crosslinking promoter is not particularly |limted,
but it is preferably within a range of 0.01 to 5 parts by weight with
respect to 100 parts by weight . of a resin (polysiloxane). \Wen the

addi tive anmount is less.than 0.01 parts. by wei.ght, the effect of ..
crosslinking is not adequate, and when the additive anmount is nore than 5
parts by weight, the crosslinking of the polysiloxane may occur during
prebaki ng or pattern exposure. [0084] The photosensitive conposition
of the present Invention may contain a sensitizer. Wen a sensitizer is
cont ai ned, &triegcan o UPtE e PrapIREhEGHIt idhe Ydida A age © Bnpindras a :
phot osensitizing agent. is pronbted to .increase sensitivity, and when a
photo acid d@ﬁéi?%\t of ¢ i’ 86%?%1?1}?3&855%@5%0%%% nki ng pronoter, a reaction at

the time of bleaching: SXROSUL el SuRLANDIEE LOCLARhaRsE, e sol vent

resi stance and the resolution o patterns of the cured filmare inproved.

[ 0085] S—nlmh%§ﬂ§ﬁéﬂ&ﬁ%2§_@esp.ﬁf@§§g elsBet haRheseNliebBVER &0 | snot
particularly limted, but a sensitizer which is vaporized by heat treatnent
and/ or di scaher egrhynbtightseidr Fatiatpoenrd s pref:arakl yfused. This sensitizer
needs to exhibit absorption at a wavel ength of 365 nm (i-beam, 405 nm
(h-beam) or 486pmrhoQgibemdi anhiictlifonac viprereagrrriald and itdist source in the
pattern exposure or the bl eaching exposure, but if the sensitjzer renains
as-is in a GgPeRRTIANH NP YGiERS TS AR CEFoF PBRENS 6Fertly ot a cur ed
filmis deteriqrated because an absorption wavel ength is present in a
visible |ight®f'egi on. Therefore, in order to prevent the reduction in the
transparent[%@?7Folorless property due to the sensitizer, the sensitizer to
be used is preferably a conpound (sensitizer) which is vaporized by heat
treatnent such as;theldBloCUht NhpaRdLQE: insCcal 9 0d Rymbdght irradiation
such as bl eachi ng exposure. [0086] Speci fic exanpl es of the
sensitizer whiechrdis ywapediizedhbyphaattt frestnent and/ide dirgechos ed by |ight
irradiation include coumarins such as

3, 3' - car bonyiebirs§ditethyyy atfien dedblreimiony enerftlh faguiorids - such as

9, 10- ant hr aqui none; aromati c ketones such as benzophenone,

4, 4' - di met ho¥yBBhzophenone, acet ophenone, 4-met hoxyacet ophenone, and

benzal dehyde, . and lqndensed aromati cs such as bi phenyl,
1,4-dinethy|%§6ﬁth§ﬁene, 9-fl uorenone, fluorene, phenanthrene,

tri phenyl ene, p{gsne,
9, 10- di phenyf anthrégan
9, 10- bi s(tri jphghyhsil
9, 10-di et hox agen
9, 10- di pent ago@ant hrad

ant hracene, 9-phenyl ant hracene, 9-net hoxyant hracene,
, 9, 10- bi s(4- net hoxyphenyl ) ant hr acene,
I)ant(F%& efRﬂgzlo-dinethoxyan'hracene,

Val N2but oxyant hr acene,

56¥yanthracene S -4

[G059]

In the formula, R® represents hydrogen or an alkyl group
having 1 to B carbon atoms. R, rY, R and R™ represent any
of a hydrogen atom, an alkyl group having 1 te B carbon atoms,
an alkoxvl group, a carbéxyl group and an ester group. R's,

r*s, RY¥s and RYs may be the same or different. Q represents
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2-t-butyl -9, 10-di but oxyant hracene and
9,10-bis(trinethylsilylethynyl)anthracene. [0087] Anong t hese
sensitizers, a sensitizer which is vaporized by heat treatnent is
preferably a sensitizer which is sublimated, evaporated or thermally
deconposed by heat treatnent and a thermally deconposed product of which is
subl i-mat ed or..evapor at ed by . heat. treatnent. The vaporization tenperature of
the sensitizer is preferably 130 to 400C and nore preferably 150 to 250C.
When the vaporization tenperature of the sensitizer is |ower than 130C
there may be cases where the sensitizer is vaporized during prebaking and
is not present in an exposure process, and therefore the sensitivity is not
i ncreased. Fuethedr atheayBposduzabhed dzeapeiiaidiye @fodpher sehgéitdgzer i s
preferably 150C or higher in order to suppress the vaporization during
prebaki ng as tacmasidpossisblethadgst hee ot hpdrduwmvdatwhenat he ¢apdr izat i on
tenperature of the sensitizer is higher than 400C, there nay be cases where
the sensitizer: il notnd/@poeizeednatan Hateyeme off Ot herhenCeettifgyt®d remain in
a cured film causjing the trapsparent and colorless property.to
deteriorate. Fﬁlﬁ?ﬂﬁﬁhf%OEBﬁbWégéﬁya%apHP?&Eh?HépEE% ‘?ﬁ?@?xéﬁmTﬁe tinme of
thermal curin % i I t e ensitl.ger: s
%W%&%ﬁoggg Fs%%%%cg?y ENPeLAL Ue Qfn,1he SeDsitkaerire

preferably 25 On the other hand, the sensitizer
which is di scakggspd Byy!ighttiiradi-atbe & igSaps efir abkyl @ ssansid i zer in

whi ch absorption in a visible light region is discolored by |ight

irradi ation. Euwptdeyd. a nore preferable conpound which is discol ored by
light irradiation is a conmpound which is dimer zed by light irradiation.
When the sensiitPger is dinmerized by light irradiation, since the nol ecul ar
wei ght of the sensitizer is increased and the sensitizer becones insoluble,
the effects of i npr&AdRtEHRATRET Tttt o gnth W11 4%e8F SPEREE Yand
reduci ng an anount. of an extract .from.the transparent,. cur f] are

achi eved. [Ooéﬁ]nqj—;ui?et%éF?f?%lé’ SERSPET 28F 3itslSprpéfgg(ralérl:il %ﬁggir?t J“r%@gene- based
conmpound since_thi (o] hi ikgh Ik Vi £ V2 4 S dinerized
qnq_discolore%ybgé%¥§h?99$?gégggfg%,hgﬁgmgﬁgtﬁgﬁa?ﬁgksgaéﬁ??ger i's
preferably a 9pi0pdisubsd )i t ubethant pracensihased comMmeuadbsivacet.he

ant hr acene- based conpound in which 9th and 10th positions thereof are
occupi ed by a (bydrogen atomis thermally unstable. Mreover, the sensitizer
is preferably a 9, 10-di al koxy ant hracene-based conpound represented by the
general formula (8)"hfeporhe RBAVEiaRpeFTtatoP L | hsr BYRHENEYERPEoFabi 9%t y of the
sensitizer and the reactivit¥ of a photodinerizatigp_rg ction.twk0090)

[ Chem 13] |Q2§@ﬁ§%pq§185 less Than 1 parts by weight, the photosensiti

composition does not exhibit photosensitivity sufficient for
a practical use because ©f too low a dissolution contrast

between an exposed area and an unexposed area. The additive
amount of.the naphthoquinone diazide compound is preferably 5
parts by weight or more in order to attain a more excellent
dissolution contrast. ©On the other hand, when the additive
amount of the naphthoguinone diazide compound is more than 30
parts by weight, the transparent and colorless property of a
cured film is deteriocrated since a ceoating film is whitened

because ¢of deteriorated compatibility between the polysiloxane
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R19 R20 [0091] R18 to R25 in the general fornula (8) independently
represent hydrogen, an al kyl -group having 1 to 20 carbon atons, an al koxy
group, an al kenyl group, an aryl group, an acyl group and an organi c group
replaced with them Specific exanples of the al kyl group include a nethyl
group, an ethyl group and an n-propyl group. Specific exanples of the

-al koxy group-i-ncl-ude -amet hoxy group,..an..et hoxy group, a propoxy. group, S
abut oxy group and a pentyl oxy group. Specific exanples of the al kenyl group

i nclude a vinyl group, an acryl oxypropyl group and a nethacryl oxypropyl
group. Specific exanples of the aryl group include a phenyl group, a tolyl
group and a naphthyl group. Specific exanples of the acyl group include an
acetyl groupndprbz ftﬂPhRQQQWHSrféfaéﬂ%lcfmﬁ%ﬁdo@ér?oéprh?ﬂ 6Pgafi €%gr oup havi ng

1 to 6 carbon atons in view of the volatility o ound and t he
reactivity 81906‘?&&568?%??2%&%“0%%86%‘?& cﬁ{@““ﬁﬁccu%?n% "R’ are nore

D Y iR 1 LI0I8] proaucen. TaRSENGL AL Qublie general Tor mila (8)
car

represent  arr afRoxy “grotp *hBVi g on atons and an organi c group

replaced thg ﬁwqfhnm%fam@%b@% ofs bheraldaxy19raunsi pel ude a

met hoxy group, an et hoxy group, a propoxy group, a butoxy group and a
pentyl oxy greupat it 1tHe i@l kexyr groouptiis pr ef et alley Bi@reapoxy group or a
but oxy group in view of solubility of a conpound and a di scol oration
reacti on t hrowugéeptotpdi meri zati on. An additive anmount of the
sensitizer is not particularly limted, but the sensitizer is preferably
added in an [@fBEnt within a range of 0.01 to 5 parts by weight with respect
to 100 parts by weight of a resin e addltlve anount

of the senS|t|zeﬁ”?a??%“ﬁu?§?ﬁ%°?ﬁ%£1P§ﬁg%§é$%g%%@éﬁ§p§F%ﬁé?s% the cured
filmis deteriorated or. the sensi thvdd i srfleteriarated,. [Q093);

not particularly limited, but compounds héving an alccholic
hydroxyl group are preferably used. When these sclvents are
used, polysiloxane and the quinone diazide compound are
uniformly dissolved, and even after the composition is applied
to form a.film, the film can achieve high transparency without
being whitened.
(00631

The compounds having an alcoholic hydroxyl group are not
particularly limited, but they are preferably compounds having
a boiiing point of 110 to 250°C under an atmospheric pressure.

When the boiling point is higher than 250°C, an amount of a

solvent remaining in the film increases and film shrinkage in
curing the film increases, and good flatness is not achieved.
On the cther hand, when the boiling point is lower than 110°C,
because drying in ceoating is too fast, coatability 1is

detericrated, for example, a film surface is roughened.
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The photosensitive conposition of the present invention may contain an
acrylic resin. The adhesion of the conposition to an underlaid substrate
and pattern-processability are sonetines inproved by using the acrylic
resin. The acrylic resin is not particularly limted, and preferable
exanpl es thereof include polynmers of an unsaturated carboxylic acid.
Exanpl es--of -t he -unsat urat.ed. carboxylic acid.include.an acrylic acid, a.
nmet hacrylic acid, an itaconic acid, a crotonic acid, a naleic acid, a
fumaric acid and the |ike. These unsaturated carboxylic acids may be used
singly or may be used in conbination wth another copol ynerizable
ethylenically unsaturated conpound. Exanples of the copol ynerizable

et hyl eni cal | y famé4tt ur at ed conpound i nclude nethyl acrylate, nethyl

met hacryl ate, ethyl acrylate, ethyl nethacr n- pro acryl.ate,

| at e, I
n- pr opyl nethacrylé@é?i-%bﬁﬁﬁHVFSaEFYVﬁt%?“¥§8ﬁF6ﬁVP“ﬁe$¥§&F§Féﬁ@, n- but yl
| at e, n-butyl th | - but yl | at ¢ -l 0 h | at e,
Sohutyl | acr v PHPEC R hern AE Tt 2Ry o Tes B E bR JpeT Y 8t

i sobut yl acrypﬁ acryldte, ate,

methacrylate. ,05Pentyl-sagioale.ndReaLyls HeLbagy Yl-8tecadodaydr oxyet hyl
acryl ate, 2-hydroxyethyl nethacrylate, glycidyl acrylate, glycidyl

met hacryl at e, jogpaydxaqrysaie -2 hbenrphonet haecytaie alsbysene ethyl

p- met hyl st yrene, o-net hyl styrene, m net hyl styrene, a-nethyl styrene,
tricycl o[ 5. 2. La@2:64 decane-iB<cyktacmoaybend pileyel gfcdorehigR'e6fefecane- 8-yl
met hacryl ate and the |ike. [0094] Further, the weight average nol ecul ar
wei ght (Mn) oferbhelersr ghieok ashac iy ingt par Preaysisy SLyrtted, but it is

preferably 5000 to 50000 on the pol ystyrene equival en i asured by
GPO, and nor e PRer BTRIFY L 800G It %%%66¥8V£@’° h@oﬂﬁfﬁé“Pq§§ ngh 5000, the
reflowof the pattern occurs at the .ti thert urin d resolution is
deteri orat ed. FOTPY %Nbﬁﬁé?o and; ﬂﬁ%ﬁgﬁhg&Wﬁﬁigg%%Pg tha%“%%boo, si nce

phase separati c s beivnean.the Hel ysidaxapgc.and it henaerylic resin,'and
this makes thé&%fﬂnﬁg@bﬁdy andlaéggiiorgt%s t he ?ransnittance of the cured

film The acrydiggop@sddt E0yhe usechdthytherpnesenprémuenti grycos

monoethyl ether, B;methoxy—l~butanol, and
3-methyl-3~methoxy-l~butancl. These compounds having an
alcoholic hydroxyl group may be used singly or may be used in
combination of two or more species thereof.

[0065]

The photosensitive composition of the present invention
may contain other solvents as long as the solvent does not impair
an.effect.of the present invention. Examples of other solvents
inciude esters such as ethy; acetate, n-propyl acetate,
isopropyl acetate, n-butyl acetate, isobutyl acetate,
propylene glycol monomethyl ether acetate, 3-methoxy-1l-butyl
acetate, 3~methyl-3-methoxy-l-butyl acetate, and ethyl
acetoacetate; ketones such as methyl isobutyl ketone,

diisopropyl ketone, ciiscbutyl ketone, and acetylacetone;
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preferably al kali-soluble, and the acid value of the acrylic resinis
preferably 50 to 150 ng KOH g and nore preferably 70 to 130 My KOH g. Wen
the acid value of the acrylic resin is |less than 50 ng KOH g, devel opnent
residue tends to be produced at the tine of devel opnent. On the other hand,
when the acid value of the acrylic resin is nore than 150 ng KOH g, film

|.oss of  an unexposed.-area increases.at..the tinme of devel opnent increases. .. . .

[ 0095] Further, the acrylic resin is preferably an acrylic resin
having an ethylenically unsaturated group added to its side chain. Wen an
ethylenically unsaturated group'is added to the side chain of the acrylic
resin, crosslinking of the acrylic resin occurs at the tinme of thernal
curing and thbeechevickats résitsvarmddcst tHeoruPrY AT SSiwpPBYEd. Exanpl es
of the ethyl enical unsat ur at ed gro p inciudg_a vi nyl group, _an al Iyl

I :
group, an a&FVFFccﬁ¥Bﬁiﬁl§ﬁﬁaﬁ fret haeryr § %ﬁ’_eﬁ%ﬁnﬁﬁés“%F a“ et hod of
addi ng an et hylenical.ly unsaturate o] Q Si i the acrylic
resin incluﬁgﬁagﬁﬁi &8X?HQVﬁfgﬁ%gm%Sg%ﬁﬁnégéoﬁggﬂh%ﬁgégj%ﬁg?%%nal gr oup
such as ahydroxyl, GLotfhe a5-ATRQ: GEQUR , Obrébdlevel dydngreup, and an
et hyl enical I'y unsaturated group is used and the functional group is reacted
with a carbenyktgyauprbbiddie, acyyldpent esime., Exabplessnofe tdre
conmpoundcont ai ni ngaf uncti onal group such as ahydroxyl group, an am no group
or a glycidydycgrlegarane- an et hylenically unsaturated group, referred to
herein, include 2-hydroxyethyl acrylate, 2-hydroxyethyl nethacryl ate,
2- am noet hyl @€f§i ate, 2-ani noethyl nethacrylate, glycidyl acrylate and
gl ycidyl methacry] ate.. . 0096%% met.hod, of _f.arnj : film by
use of the photo§3h§FF?€€m?8 8¥if¥oﬁ§%fs]ﬁgnﬁr%§éﬁFn%%%€%F?%% will be
descri bed. g, PO 8308 LIS COMPOSIIOR Dl ANE PLESEDLObAYERLI ON 1S

S e

applied onto a base substr y a’publicly known nmethod such as a spinner
or a slit and peebakedthyraaeatidngoapparal by secdhtasras hatsipl ate or an
oven. The prebake is preferably carried out at a tenperature of 50 to 150C
for 30 secon@®lieiBikamenutes to forma filmhaving a thickness of 0.1 to 15
pm after the prebake. After conpletion of prebaking, the filmis
patterned and expézwdvehr ¢hglrhatdesyidd vReSRPasialsoutt TOStRF<4BBUt 4000 J/ nR
(on the exposure amount at wavel ength 365 nm equival ent basi wi th an
uItravioIetJéﬁﬁ“9+%ﬂBP%aﬁ?@ﬁ?“@iﬁbéﬂ?btﬁﬁﬁh?ﬁﬁ‘@ﬁ@ﬁ“&?nﬁ‘§F@§é@?, a nirror

projection mask aligner (MPA) or _a.parallel_.l.igh i gner (PLA).
[ 0097] 29eRt &F gcéfﬁaéﬁl}ké, ga%gee%(ﬁogear%srseléngéélg %g%ﬁ?gésgdl \ged by

devel opment tQ.0btai,n @ PRSELL e Rahl &fdhe rA81 @ deVet ORNeAtuBLbed, it is
preferred to enploy a method in which the exposed photosensitive

conposi ti on drsahBEES Sed dsi1at fdevehonarokora bursecands ot etdflidkzaut es by a
met hod such as showering, dipping or paddling. As the devel oper, publicly
known al kal iznel develdfersiwamrgbet enplreyeddredSpeci fi c exanpl es of the

al kal i ne devel opers include aqueous sol utions containing one or nore Kkinds
of inorgani cltaI®kal i s such as hydroxi de, carbonate, phosphate, silicate and
borate of alkali netals, am nes such as 2-diet§¥lanino t hanol

monoet hanol ami ne, T3 A" F SERANG Snt HE2O S d oY P4t BIhEF S Dmbhi Ui 83l ts such as
t et ramet hyl ammoni um.hydr oxi { i filmi I rably
ri nsed mﬁthIVHE%?%%ﬁfegsggegfggg %ﬁgpg%%%asA?%%L??%é%OFE%Qg%fgggfiIn1can

al so be dehydyateds: df b edhapde haked ahaot eppesalll 8 0fnShi0:4§0C in a
heati ng apparatus such as a hot plate or an oven.

agent, the adhesion of the photosensitive composition to a
substrate is improved.

Specific examples of the silane coupling agent include

methyltrimethoxysilane, methyltriethoxysilane,
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[ 0098] Thereafter, bleaching exposure is preferably performed. By
perform ng bl eachi ng exposure, an unreactednapht hoqui none di azi de conpound
remaining in the filmis photo-deconposed to further inprove the optical
transparency of the film Exanples of a method of bl eaching exposure
include a nethod in which the entire surface of the developed filmis
-exposed to ultraviolet light at about. 100 to about 20000 J/n2.(on. the
exposure anpunt at wavel ength 365 nm equi val ent basis) with an ultraviol et
and visible |light exposure machi ne such as a PLA The fil m subjected
to bl eaching exposure, if required, is soft-baked at a tenperature of 50 to
150C for 30 seconds to 30 mnutes with a heating apparatus such as a hot
plate or an oygR,:hangiddeBxisi1GHEpdiadetayl @lperaysfmmef, 150 to 450C for
about 1 hour with a heating apparatus such as a hot plate or an oven, and

t hereby, a cusediftringtisughibmea ptafariizab¢arsiflebtn for a TFT in a display
device, an interlayer insulation filmin a sem conductor device, or a core
or clad nat errz@rdoylarinahesvEdiegar dePLoBY b HREROXY i ¥8Eent years, it is
desired to forma Si filmor a SINfilman thg{curggafeilmat 280C or hi gher
by a high tenﬁé?‘&%Y&Féllﬁﬁfﬂoﬁié?Hc?d‘,e’a?ﬂo‘?ﬁygﬁrh%a ®*¥851%tdnce and hi gh

t ransparency ich, stand thi i_gh I I sired. [00991

In the cured Fr¥m 6rré%ea%e0§g6§s‘/l%}{sa?n8£t eetrg%?%%{e}%éig??%e conposition of the
present inven&%%n&lﬁ?méém LT AR ML AranGe dpefrakykiLamd, hi ckness of 3 nm at
a wavel ength of" 4 nmis 90% or nore, preferably 92% or nore, and nore
preferably 95% @1 tmkethddystibend,i ghhyinarshbtysiiceeof the cured filmis

| ower than 90% when the cured filmis used as a planarization filmfor a
TFT substr at e3efiendcirguixirorystalindcsptwnildesi ce, backlight changes in
color at the time of passing through the planarization filmand takes on a
yel | ow tinge BrmsWiaceydpsyiirayy: Poe6by*ysitane, The transnmittance per a film
t hi ckness of 3 pmat a_wavel en nmis,determ ned by the follow ng

th.of 400
net hod. The c8“ﬁ‘B%%‘“taﬁxéﬁoﬁ‘%pr&Bﬁg‘i‘ele]t&Ygﬁf%e%Ofé%ﬁmgI ass sheet by

spin-coating .at_an arbitrar h B9 5REeSd ;s byndising a spin coater, and
the applied cgrrrﬁ%%}aﬁrggo%gazﬁ%ggrgéa%gg a? 10%le o? 2 mnutes with a hot

pl ate. Thereahl gLy 13% Bl &ACRI-NG @RYEUI£ne, t he entire surface of the filmis
exposed to an ultra high pressure nercury lanp at 3000 3/nR2 (on the

exposur e anountaainsmaselengtds 365 sareequi dralénbpbayilsFidynougE e PLA and
the exposed filmis thermally cured at 220C for 1 hour in the air with an
oven to prepasetaiuredsiiiimithaviitgiae thylclnsgdiGmedrprRY A& M t r avi ol et
and visible absorption spectra of the obtained cured filmare neasured with

Mil ti Spec- 1500PRemi ac E0H PRy Y SHEE2 0  X59r58Fati on to determine a
transm ttance at, a vavel endif, ofe 4008 ane,
3~glycidoxypropyltriethoxysilane,
3-glycidoxypropylmethyldiethoxysilane,
2-1(3, 4~epoxycyclohexyl) ethyltrimethoxysilane,
2-(3, 4-epoxycyclohexyl}ethyltriethoxysilane,
£{B*ethyl—3—oxetanyl)methoxy]propyltrimethoxysilane,
E(B—ethyl—Bmoxetanyl)methoxy}propyltriethoxysilane,
3-mercaptoprepyltrimethoxysilane,
3-mercaptopropylmethyldimethoxysilane,

3-ureidopropyltriethoxysilane,
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This cured filmis suitably used for a planarization filmfor a TFT in a

di splay device, an interlayer insulation filmin a sem conductor device, an
insulation filmprotective filmfor a touch panel, or a core or clad
material in a |light wave guide. [0101] The device in the present
invention refers to a display device, a sem conductor device and materials
for a light wavegui de, having.the. above-nmentioned cured film havi.ng high
heat resistance and high transparency, and is particularly suitable for a
liquid crystal display device, an organic EL display device and a displ ay
device with a sensor elenent for a touch panel, which have the cured film
as a planarization film for a TFT. EXAMPLES [ 0102] Hereinafter, the
present | nveniicyanktépheydesortinbedsiiunepre detail by way of exanples, but
the present invention is not limted to these exanples. Further, conpounds,
for which aa- abhmﬂvbay$hmﬂbsomﬁédCCbﬁitﬁéiéd#vbunds used in exanples are
shown bel ow. [0103] DAA: D acetone, al cohol yl ene gl ycol

mononet hyl &rheiutadetatd t@ﬂet@%“b]&rﬁ%?hﬁﬁé‘&ﬁﬁﬂp Di et hyl ene gl ycol

met hyl ethy%ggé@Fr

on additive amount of the silane coupling agent is not
particularly limited, but it is preferably within a range of
0.1 to 10 parts by weight with respect to 100 parts by weight
of a resin {acrylic resin + polysiloxane). When the additive
amount is less than 0.1 parts by weight, the effect of improving
adhesion is not adeguate, and when the additive amount is more
than 10 pérts by weight, a condensation reaction occurs within
the silane coupling agent during storage, causing development
residue at the time of development.

[0069]

The photosensitive composition of the present invention
may contain a surfactant. When the compositibn contains the
surfactant, application unevenness can be remedied and a
uniform coating £ilm can be obtained. Fluocrine-based
surfactants and silicone-based surfactants are preferably used
as the surfactant.

[00701

Specific examples of the fluorine-based surfactants
include fluorine-based surfactants formed of compounds
respectively having a fluorcalkyl or f£luorocalkylene group at

least at any of the ends, main chain and side chains thereof
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DPM Di propyl ene gl ycol nonoether nethyl [0104] Further, the solid
content concentration of the polysil oxane solution and the acrylic resin
sol ution, and the wei ght average nol ecul ar wei ght (Mv) of the siloxane and
the acrylic resin were determ ned according to the follow ng nethods.

[0105] (1) Solid content concentration 1 g of a polysiloxane
solution.or.an acrylic.resin solutionwaswei ghed, putinanal um nuncup,
andheat edat 250C for 30 minutes by use of a hot plate to evaporate a liquid
content. A solid content left in the heated al um num cup was wei ghed to
determ ne the solid content concentration of the acrylic resin solution or

t he pol ysil oxane sol ution. [0106] (2) Weight Average Ml ecul ar

Wi ght STIIhéV\éEEightaveragem)lecularweightvvasdeterninedonthe pol ystyrene
equi val ent basis by GPO (410 t ef ect or factur Wat ers Corp.,
fluid bed: tetréh%xd%&FﬁF%’FP)““f’ felsehS te€§ ‘%‘”8’: \%egxe%'he

or ganosi | ane strugtyires, &%@9{@%@@5 g generalodoiml as (1) and (2) in

t he ponS|onahe asur ene was pertforned, and

proportion Ofcﬁ.Y?Luﬁ20EetﬂhQ96§&mQ&1¢a@thrgaﬁa§ﬁba@eew@§mdeternlned from
a value of overall integral and the ratio was cal cul at ed. A speci nen

(l'iquid) was put 1} b 28 3Tethonf(neghsiney 2k theademar &)roNVRe samplyect ube with a
di aneter of 10 mm and used for measurenent. Measurenent conditions of
29Si - NVR ar e shdwnl bol2owetrafluorobutyl}ether, hexapropylene glycol

di(l,1,2,2,3,3—hexafiuoropentyl)ether, sodium
perfluorododecylsulfonate,

1,1,2,2,8,8,9,9,10, 10-decafiuorododecane,
1,1,2,2,3,3~nexafluorodecane,

N- {3~ (perfluorcoctanesulfonamide)propyl] -N,N'~dimethyl-N-ca
rboxymethylene-amnonium betaine, perflucroalkylsulfonamide
propyltrimethylammonium salt,
perfluorcalkyl-N-ethylsulfonylglycine salt,

bis (N-perflucrooctylsulfonyl-N-ethylaminoethyl) phosphate
and monoperfluorcalkyl ethylphosphoric acid ester. Furtherx,
commercially available fluorine-based surfactants include
Megafac F142D, Megafac F172, Megafac F173, Megafac F183, and
Megafac F475 {all produced by Dainippon Ink and Chemicals, Inc.),
Eftop EF301, Efﬁop EF303, and Eftop EF352 (all produced by
Shin-Akita Kasei K.K.)}, Fluorad FC-430 and Flucrad FC-431 {both
produced by Sumitomo 3M Ltd.), Asahi Guard AG710, Surflon §-382,
Surflon SC~101, Surflon SC-102, Surflon 8C~103, Surflon 3C-104,
Surflon,SC~105, and Surflon SC-106 {all produced by Asahi Glass

Co., Ltd.), BM=1000 and BM-1100 (all produced by Yusho Co.,
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[0106] Appar atus: JNM GX- 270 manufactured by JECL Ltd., neasurenent

net hod: gated decoupling net hod Measur enment nucl eus frequency:

53. 6693MHz (29Si nucl eus), spectrum w dth: 20000 Hz Pul se width: 12
ilsec (450 pulse), pulse repetition tine: 30.0 sec Sol vent :
acetone-d6, reference material: tetranethyl sil ane Measur enment

t enperatur.e:...room tenper.ature, sanple rotating speed: 0.0.Hz [01091 .
Synt hesis Exanple 1 Synthesis of Polysil oxane Solution (a) Into a

500 nmL three-necked flask, 40.86 g (0.30 nol) of nmethyltrinethoxysilane,
99.15 g (0.5 nmol) of phenyltrinmethoxysilane, 12.32 g (0.05 nol) of

2- (3, 4- epoxycycl ohexyl )ethyl tri nmet hoxysilane, 17.63 g (0.15 nol) of M
Silicate 51 ¥td.mr MBX-aveFdgedithr oot @Ed Dy TANAPCHENMSCAPLSYNELS oL TD. ) and
170.77 g of PGVEA were charged, and to the resulting m xture, an aqueous
phosphori c akit’sotift it8R ai-ng 0.51 g (0.3% by wei ght with respect to the
wei ght of chgd'og% nononmers) of phosphoric acid dissolved in 53.55 g of

wat er was adde ver 10 minutes while stirring the m xture at room

tenperature. Thergaftet;aiNe hhaskmas;:iamisedséd Ancattahath of 40C the
resulting mxture was stirred for 30 mnutes, and then the oil bath was

heat ed up t o0irkhsEe@rerrB0smisytasirihauterpesad ares of (4hepsolugtiion reached
100C after a lapse of 1 hour fromthe start of heating and the sol ution was
heat ed and sby boedCéorinhucrheCo2, Redr 5 BYFred Ienpecarad &y Ktda@asol uti on
was 100 to 110C in the neantine) to obtain a polysiloxane solution (a). In
addition, a ®itroegénthfaditds flowed at a flowrate of 0.05 1 (liter)/mn

during the heating and_stirring. During .the reaction, in.total of
met hanol and wat e e%%“aﬁfzyprt&au%’t%eﬁérog esf‘i”ffaecgaélgtl.s ¢ “h& obt ai ned

pol ysi | oxane, 50l.ut,0n,.(8) D 2 0!Il GROLENt, CORSENIJALLON Ql,e 43% by
Re 4

. e
wei ght and t oFFysi I oxane a wel ght average nol ecul ar wei ght of 8500.
I'n addition, .{hescent.ent ratio of the organosilane represented by the
general fornmula (1) in the polysiloxane was 50%in terns of the nole ratio
of Si atons, (@wdithe content ratio of the organosil ane represented by the
general formula (2) in the polysiloxane was 15%in terns of the nole ratio
of Si atons. The photosensitive composition of the present invention

may contain a crosslinking agent. The crosslinking agent is

a compound which crosslinks an acrylic resin or polysiloxane

at the time of thermal curing and is incorporated into a resin,

and a degree of crosslinking of the cured film is enhanced by

containing the crosslinking agent. Thereby, the chemical

resistance of the cured film is improved and the reductien in

resoluticn of patterns due to pattern reflow during thermal

curing is inhibited.

The crosslinking agent is not particularly limited, but
preferable examples of the crosslinking agent include compounds
having two or more structures selected from the group consisting

of groups represented by the general formula (7)), an epoxy

structure and an oxetane structure. A combination of the
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[0110] Synthesis Exanple 2 Synthesis of Polysiloxane Solution (b)

Into a 500 nL three-necked flask, 24.52 g (0.18 nol) of

met hyl tri net hoxysil ane, 118.98 g (0.60 nol) of phenyltrinmethoxysil ane,
14.78 g (0.06 nol) of 2-(3,4-epoxycycl ohexyl)ethyltrinethoxysilane, 42.30 g
(0.36 nol) of Msilicate 51 ((%=4, average) produced by TAMA CHEM CALS CO. ,
LTD.) and. 181.89 g of PGVEA were charged, and to the resulting m xture, an
aqueous phosphoric acid solution having 0.60 g (0.3% by weight with respect
to the weight of charged nonomers) of phosphoric acid dissolved in 62.64 g
of water was added over 10 m nutes while stirring the m xture at room
tenperature. Thereafter, the flask was immersed in an oil bath of 40C the
resul ting m Xtbupe Wastsbidd edrfioru:38 m nutteparaihlihen tirétedll Myt h was
heated up to 115C over 30 minutes. The tenperature of the solution reached
100C after a lsapsecwfeslthidwr stierhadherstrnetebpbhedtrnie%nd t he sol ution was
heated and stirred for further 2 hours (the tenperature of the solution was
100 to 110C i M9he! meantine) to obtain a polysiloxane solution (b). In
addition, a nitrogen gas was flowed at a flowrate of 0.05 1 (liter)/mn
during the heéFﬁﬁg' g stirring. During the reaction, 150 g in total of

nmet hanol and water as by-products were distilled out. The obt ai ned
pol ysi | oxane SO|Hﬁ}QﬁRﬁ ) h@d a solid content concentration of 44% by

wei ght and the poliysil okane had a wei ght average nol ecul ar wei ght of 11400.
In addition, the content ratio of the organosil ane represented by the
general fornmul@zfd) in the polysiloxane was 50%in terns of the nole ratio
of Si atoms, and the content ratio of the organosilane represented by the
general formula (2)In nhthenpohydd hexane tWasoBOWEF i t¥Pfs: HIEeERB Stbl e rati o
of Si atoms. (0111) Synthesis Exanple 378¥nthesis of POIXQ%%pégnﬁ.Solution
( c) It 6h@ BOO ML foRPeE Héekdd FRBERESAS79 § o0 035 91" of

met hyl t ri met hoxysi e, 69.41 .9 (0.35 nylt ri h iJl ane, 8.62
g (0.035 nol) aél‘f’?n,,%%%é‘@’. ggl%ﬁgx%/?;)éé&%rﬁg{’taﬁ%ﬁgfhoﬁfy%lstl a’ngfwgéz.go g
(0.28 mol) of M Silicat 4 rage) q edeeadihy BAWAI £H4EM CALS
CO., LTD.) aan%biPSQg%?xbéﬁ%X&ggg ?%3¥§éd, and to the resE?ting m xt ure,
an aqueous phospheiibs ACHEe SOkl i Rrrubavidlgdd. HeghiD. by awieghtl wi t h
respect to the weight of charged nonomers) of phosphoric acid dissolved in
35.91 g of wat@foupassnadgedpelgrodd) A netesopwhi dmust gt YtVhETAPRt ure at
roomtenperature. Thereafter, the flask was imersed in an oil bath of 40C
the resul ting aitcbutel wasust i#y adneorl IO nitrdsa? JHECHETI N8 0i | bath was
heated up to 115C over 30 nminutes. The tenperature of the solution reached
100C after a | Ef5€Jof 1 hour fromthe start of heating and the solution was
heated and stirred for_ .further o) t r thensal ution was
100 to 110C in the %%%ﬁﬁ?fﬁﬁx%ﬂgﬁggfgfﬁhg %%F%%?Fgf%ﬁgagoﬁﬁifgn (c). In

addi tion, a nitrogen,gas  wased oweds aferdrkl omwiate of) @nBbude Eheter) /min
during the heating and stirring. During the reaction, 97 g in total of

met hanol and wedglowasy hy: frieadurRts viere stingitudele@ roubtives (trade nane,

produced by SANWA CHEMICAL CO., LTD.).

[0c7¢]
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[0112] The obt ai ned pol ysil oxane solution (c) had a solid content
concentration of 42% by wei ght and the pol ysil oxane had a wei ght average
nol ecul ar wei ght of 12400. In addition, the content ratio of the
organosi | ane represented by the general fornmula (1) in the polysil oxane was
50%in ternms of the nole ratio of Si atons, and the content ratio of the
organosi-l ane represented by the general. fornula (2) in the polysiloxane was
40%in terns of the nole ratio of Si atoms. [0113] Synthesis Exanple 4
Synt hesi s of Pol ysil oxane Sol ution (d) Into a 500 nL three-necked
flask, 99.15 g (0.50 nol) of phenyltrinmethoxysilane, 58.75 g (0.50 nol) ofM
Silicate 51 ((m = 4, average) produced by TAMA CHEM CALS CO., LTD.) and
158.59 g of [(DA#fmwer2é charged, and to the resulting m xture, an aqueous
phosphoric acid solution having 0.79 g (0.5% by weight with respect to the
wei ght of charged noners) of Hhﬁ ric acid dissolyed in 49.5 g of water
was added o “foHeyt es, whi |81 Y g the-H-Hw e Jat cegm-t@nperature.
Thereafter, the A1 ] eghigpan oil bath oOf , the resulting
m xture was i-sli{tlerc; e%ﬁ(oﬁokﬁ ngﬁég? c<|§;1]—r]13d then, the oi ath was heated up to
115C Over 30 minutes. Théytenperature of the solutign ached 100C after a
| apse of 1 hour fromthe gtart of heating }q:g@_qq,@%cg ep, WescHgeat ed and
of the [

stirred for furtmhe;r-oﬁlq-ggm‘s;}-gt(hecﬂ@nperatur luti on was 100 to
110C in the neantine) to obtain a polysiloxane solution (d). In addition, a
ni trogen gas was fhowedrn@tuwwazfirow rate of 0. 05 mrkglit er-LiAtn during the
heating and stirring. During the reaction, 123 g in total of nethanol and
wat er as by-products were distilled out. [0114] The obt ai ned

pol ysi | oxane solution (d)@had a solid content concentration of 39% by

wei ght and t heHpoigysiix ahe BHg-C-Gid ght aver age NBIFg8ld @rCitei ght  of  13500.
In addition, the contenN rtio of the organosi Hne re reae t'_{ad by the
general formula (1) int ol ysi | oxane was 50%iﬁlHt_€cﬁ_llT% 6? Bhe nole ratio
of Si atons, and thgCeOntenO—1Gi3 o of the organosil ane represented by the
general fornmula (2) in the pol ysil oxane was 50%..n tgrms_fgf the nmole ratio

of Si atoms. [O0115FIXYACHESTZ80Exanpl e 5 Synt hedlE45fC Pl Pl oxane Sol uti on

[0077]

Specific examples of the compounds having tworor more
epoxy structures or oxetane structures include “Epolite” 40E,
“Epolite” 100E, “Epolite” Z00E, “Epolite” 400E, “Epolite” 70P,
“Epolite” 200P, “Epolite” 400P, “Epolite” 1500N8P, “Epolite”
BOMF,“Epolite"éOOO,and“Epolite"3002{thesearetradenames,
produced by Kyoeisha Chemical Co., Ltd.), “DENACOL” EX-212L,
“PENACOL” EX-214L, “DENACOL” EX~216L, “DENACOL” EX-850L, and
“DENACOL” EX-321L {these are trade names, produced by Nagase
ChemteX Corp.), GAN, GOT, EPPN 502H, NC 3000, and NC 6000 {these
aretradenames,producedbyb&pponKayakuCo.,Ltd.),“EPICOAT”
g28, “EPICOAT” 1002, “EPICOAT” 1750, “EPICGAT” 1007,

YX8100-BH30, E1256, E4250, and E427% (these are trade names,
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(e Into a 500 nL three-necked flask, 79.32 g (0.40 nol) of

phenyl tri met hoxysilane, 70.50 g (0.60 nol) of MSilicate 51 ((m = 4,
average) produced by TAMA CHEM CALS CO., LTD.) and 118.96 g of DAA were
charged, and to the resulting m xture, an aqueous phosphoric acid solution
having 0.90 g (0.6% by weight with respect to the weight of charged
nononer s)...of ..phosphori c aci.d..dissol ved.in 48.60 g of water. was added over
10 minutes while stirring the mxture at roomtenperature. Thereafter, the
flask was imersed in an oil bath of 40C, the resulting m xture was stirred
for 30 mnutes, and then the oil bath was heated up to 115C over 30

m nutes. The tenperature of the solution reached 100C after a | apse of 1
hour from thepstantedby Fenti Agoandeties Sol ubtdn rvva%m%%'ééxénﬂf’es% rred for
further 4 hours gthe tenperature of the solution was ; % N %QCm t he
meantime) to "GBLEFN aEptlsi IBREHE sHPUL i GRY( g)PICWF aﬁﬁ? A% i t r ogen

flowed at Liter)/mn t d
Stirring. %u“’f.aﬁ% PRE-PRREL et rae g %m%%éoaﬁeﬁ cAdfisasy! BFchest ing ar

by-products werg distd | heghQut g ang wrzdhe @bu%gg%dagelyﬁdeoxm sol ution
(e) had a soli g content concentration of 41% by wei ght and the poI ysi | oxane
had a wei ght avenage: Bplecubarnuei ght 1odusk4900, hka. additiwrorbhEo cont ent
rati o of the organosilane represented by the general forrmula (1) in the

pol ysi | oxane was 4402 itnatiermmeof ptdimcrdl ey rI@HITe ¥ESESI CatofsP-and t he
content ratio of the organosilane represented by the general formula (2) in
the pol ysil oxane wa® 68%5iAnt ERfrELeTEe tHFE tABN R FARETT 16 l@ 29802y 0116]

Synt hesi s Exanpl e 6 Synthesis of Polysiloxane. Sol ution Into a
500 nl three- MEcREAAFiAGKkY Poras f (‘%eiiSlrr‘ch}“bb? t?‘?e‘inhyft? o et hOXy'si | ane
99.15 g (0.50 nol yltrimethoxysilane, 12.32 g (0.05 nol) of

2- (3, 4- epoxycyct] exyrllfet ﬁyl tri met hoxysilane, 45.67 g (0.30 nol, nrl) of
tetramet hoxysil ane gnd 228: ve 3R0eh 10 rDARe VIR sChatigRd agéi itsonéhe resul ting
m xture, an aqueous phosphoric acid solution having 1.067 g (0.6% by wei ght
with respect tgnrichesweiight:mfteehargedtnonenersjamoly phospheriangaced

di ssolved in 60.30 g of water was added over 10 m nutes while stirring the
mxture at rooml enper astreby Trrepbaftish, redrect] bk Ohamrrtisnperséelt n an oi |
bath of 40C, the resulting m xture was stirred for 30 mnutes, and then the
oi| bath was helateteup ﬁﬁ’lﬂs@?’(ﬁ\ﬁér*?G’-’fffﬂhﬁtr%m*rhew’ﬁ%%ﬁéfeaatq?llél%? t he

sol ution reached 100C after a_| aps fromthe s%art of. Q eating and

u
the sol uti on WYWedted™® ‘?ﬁ?sé%ﬂ’&éﬂ afg(?F‘tflli%teﬁgrth&nﬁdurps t Re "Cafver at ure of
e e oat o0 82,100, 0.106nL Do LIe, BANLLAR); L0 A Al 200 ysikoxane

solution (f). a nitrogen gas was flowed at a flow rate of

0.051 (liter)/mdysdupitg Lherdheat big: :andostuner | bﬂgar Buréngieheskeacti on, 129
g in total of nethanol and water as by-products were distilled out. [0117]

The obt ai ned padgssiik-exanenseok uhkanreét)itiacgaaolti i sore emn gomweeht rati on of
39% by wei ght and the pol ysil oxane had a wei ght average nol ecul ar wei ght of
9000. In addithomeigite émteﬁtsmawb agfl Qﬁ@rg?@%ﬁé‘é@qféﬁe@ épr és&fted by the
general formula (1) in the polysiloxane was 50%in ternms_of the nole ratio
of Si atoms, afth™® Hé E%Trﬁréﬁfa‘“'reéitl 8% o ﬁé%?%%r?&é?“r]alﬁé( PEpr¥sent ed by the

g]?ngira;tgg‘r;rml a!((pzo)Slt:ar.]OrE hl% RS, ey |Olrg%<acpe was 30%in terns of the nole ratio

[ce78l

The photosensitive composition of the present invention
may contain a crosslinking promoter. The crosslinking
promoter is a compound that promotes the crosslinking of the

polysiloxane at the time of thermal curing, and a thermal acid
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[0118] Synthesis Exanple 7 Synthesis of Polysiloxane Solution (Qg)

Into a SOO nL three-necked flask, 40.86 g (0.30 nol) of

met hyl tri net hoxysil ane, 69.41 g (0.35 nol) of phenyltrinethoxysilane, 12.32
g (0.05 nol) of 2-(3,4-epoxycycl ohexyl)ethyltrinmethoxysilane, 35.25 g
(0.30 nol) ofMSilicate 51 ( (nmr4, average) producedbyTAMACHEM CALS CO.,
LTD. ), -140..-37- g of PGVEA.and 15 ....60 g of nethanol .were. charged,. and to
the resulting m xture, an aqueous phosphoric acid solution having 0.63 g
(0.4% by weight with respect to the wei ght of charged nononers) of
phosphoric acid dissolved in 52.20 g of water was added over 10 m nutes
while stirring the mxture at roomtenperature. Thereafter, the flask was
| mrer sed i n @&neoitorbat lpeokra®@Can talved rads ihe ithgem Xt Eatali S8 Ert%ed for 30
m nutes, and then the oil bath was heated up to, 115C over, 30 minutes. The
t enper at ur e SoPheke 5§6F‘u?‘?rt?ﬁaF@éctr?e&e%%eaﬁge?“ad 13p&_® of 't 'ﬁgur fromthe

start of heati ng}Pand t he sol ution t\é\)/a%hheat ed an

g 1 f th 2
hours (the tERPERHIUFEPSISThET ST (i 6R° Was faﬁlrg%slfllgég?nas?%%(g lrjnreant(:air me) to

obtain a pol ysi S ian ( IR add] & 110Ny dNtt £ QOE8R gas: Was fl owed
at a flow ra%és%?ﬁg{lgglgéﬁo;tg?)/fqnhﬁn dﬁglrei %git he ﬁeati ng and stirring. During
the reactiony 14d QrkNot Ghakndf coeihanal canknsatesn asaby:pr oduet s were
distilled out. The obt ai ned pol ysi | oxane solution (g) had a solid
content conoenteatédnidindd29tdy weitget pandifheapoliysijoorane arad a wei ght
average nol ecul ar wei ght of 12300. In addition, the content ratio of the

or ganosi | anetegepe e§enpedl Byinael geASHAP FoHREF A C15295%% -t ' °p6PYssi | oxane was
35%in ternms of the nole ratio of Si atons e content rﬁggo of the

d.th
or ganosi | ane-FeePrBEEAL ef Hy LEHE §Ereral V5t ?rg?% LV ERE 5ol ysi | oxane was
30%in terms of Lhe Err?[rgsé%ét:i&%ﬁ%ﬁ?{r&r@ue £9g3;94e1§ygﬂ%ﬁ‘iﬁ_i%r§@”pl e 8

Synt hesi s ofrelgblfym oxane utio nto a 500 t hr ee- necked

flask, 44.95.9.60; 33,/Rk) i Of: nieb L r | met hoxysi | ane, 54.53 g (0.25 nol) of
phenyl tri nmet hoxysi |l ane, "13.55 g (0. 055 nol) of

2- (3, 4- epoxygygkbohexyl ) et hyl tri net hoxysil ane, 25.85 g (0.22 nol) of M
Silicate 51 ( (m 4, average) produced by TAMA CHEM CALS CO., LTD.), 51.55
g (0.22 nol) of The thermal acid generator used in the present invention
isacompoundthatgeneratesanacideﬂ:thetimeofthermalcuring.
The thermal acid generator preferably does not generate an acid
or generates only a small amount of acid at the time of prebaking
after application of the composition. Therefore, the thermal
acid generator is preferably a compound that generates an acid
at a prebaking temperature or higher, for example, at 100°C ox
higher. If an acid is generated at a prebaking temperature or
lower, crosslinking of the polysiloxane tends to occur during
prebaking and therefore sensitivity may be deteriorated or
development residue may be produced at the time of development.
[0o80]

Specific examples of the thermal acid generator

preferably used include "San~Aid" SI-60, 5I-80, $I~100, 5I-200,
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3-acryl oxypropyl trinmethoxysilane, 173.23 g of PGVEA and 19.25 g of ethanol
were charged, and to the resulting m xture, an aqueous phosphoric acid
solution having 0.95 g (0.5% by/weight with respect to the wei ght of
charged nononers) of phosphoric acid dissolved in 58.41 g of water was
added over 10 mnutes ,while stirring the mxture at roomtenperature.
Thereafter, .the flask was immersed in an oil bath of 40C, .the resulting.
m xture was stirred for 30 mnutes, and then the oil bath was heated up to
115C over 30 minutes. The tenperature of the solution reached 100C after a
| apse of 1 hour fromthe start of heating and the solution was heated and
stirred for further 2 hours (the tenperature of the solution was adjusted
to 95 to 105Ck;iQqobtaitysa polyssi | oxane, setddgnsth)ood, nsaddioti on, a
nitrogen gas was flowed at a flowrate of 0.05 1 (liter) /mn during the
heati ng and ski+r4sng.sDusing sthesfieact isdn;8UBE tyes¢ rreotraldegfanget hanol and
wat er as by-products were distilled out. The obt ai ned pol ysi |l oxane .
sol ution (h) hadhaesoby Bavehierfirerdnedndntton (6 - 42%8 By wei ght and the
pol ysi | oxane had a wei ght average nol ecul ar weiug)ht of 9100, .1 n _addition,

the content rAtPEEEYPRRDGAGRAGSIFANE TEPr BEEIEd OBy 1HE S JerEPAF for mul a
(1) in the polysiloxane was 25%.i n r .the nole ratio of Si atons, and
t he content rg¥?%yl6 —?%dercé{lyaé%nm gﬁelsg}gggéls&erpnt ed by the general fornula
(2) inthe pOk¥§HM%Q%M§g§Q%Aa’%eE erns of the nmole ratio of Si atomns.
[0120] Synthesis Exanple 9 Synthesis of Pol ysil oxane Sol ution (i)

Into a 500 nlthsagrReskad i-haskoxybdén Bhegn{Ds@F omalyp of

phenyl tri net hoxysilane, 59.61 g (0.4 nol) of MSilicate 51 ((m = 4,

aver age) produeeth doy oA e rGHEM @AILS, CO.acekFRYYhenyd d18FLIFZ syl GIMIPAA wer e
charged, and to the resulting m xture, an aqueous phosphoric acid solution
havi ng 1. 07 gt¢0fBo%rispeiedrgittivtadter espect to the wei ght of charged
nononers) of phosphoric acid dissolved ig1 50.40 g of water was added over
10 m nut es whi‘gréc%’i‘i"ry??ﬁ@ylﬂ’?ész?&tﬁ?’gsﬁlt “Fodth t enperature. Thereafter, the
flask was i m@r%ﬂ%&t@)ﬁ%ghoi lsu??%nh Qf 40C, the resulting mxture was stirred

for 30 m nut es; The ol ath was heated up to 115C over 30

m nutes. The yepparatune,of, bhessolubianreachesh:1L90C after a | apse of 1
hour fromthe start oOf heat’ing ana’ the solution was heated and stirred for

further 4 hours;¢tha cheopaiaturenaf,t hed sol ution was 100 to 110C in the
meantine) to obtain a polysiloxane solution (i). In addition, a nitrogen
gas was fl owedeatya d-movheatce rofnyd.c85ah{dviltretdyYavlfodind ng t he heating and
stirring. During the reaction, 131 g in total of methanol and water as

by- product s wérefHiasorptepesyt fonate (thepRe iEpt B BAHR YRIIWKEREYs0l uti on

(i) had a solid content concentration of 37% by wej ght d_t he pol ysil oxane
had a wei ght &¢8Fage AETETH arP Wi ‘ght® of 1%61 0. Fflrrllcg%rdi t%lg%?]% t he content

ratio of the organasid ane JLeRESeMAd By o 02a8Ea, bR  bdlod N the

pol ysil oxane wa oin terns of the'nole ratio of ' Si atonms, and the
content ratio @Qf the.QLoanosisame@plesented by the general fornula (2) in

t he pol ysil oxane was 40%in terns of the nole ratio of Si atons. [0121]
Synt hesi s Exanpkeil0 Synt hesis of Polysil oxane Sol ution (j)
The photo acid generator used in the present invention
is a compound which generates an acid at the time of bieaching
exposure and generates an acid by irradiation of a ray with an
exposure wavelength of 365 nm (i-beam), 405 nm {(h-beam} or 436

nm {g-beam}, or irradiation of a mixed ray thereof. Therefore,

there is a possibility that an acid is generated also in pattern
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Into a 500 nL three-necked flask, 47.67 g (0.35 nol) of

nmet hyl t ri met hoxysi | ane, 99.15 g (0.5 nol) of phenyltrinethoxysil ane, 12.32
g (0.05 nol) of 2-(3,4-epoxycycl ohexyl)ethyltrinethoxysilane, 11.75 g (0.10
nol) of Msilicate 51 ( (m= 4, average) producedbyTAMACHEM CALS CO., LTD.)
and 170.77 g of PGVEA were charged, and to the resulting m xture, an
aqueous -phosphoric.acid solution having 0.53.g.(0.3% by weight wth respect.
to the weight of charged nononers) of phosphoric acid dissolved in 54.00 g
of water was added over 10 mnutes while stirring the m xture at room
tenperature. Thereafter, the flask was i ”Mmersed in an oil bath of 40C the
resulting mxture was stirred for 30 mnutes, and then the oil bath was
heated up t@x3daGe0Mekn3éh A Autiesr fhettemperatuneeof bthesisok uti on reached
100C after a lapse of 1 hour fromthe start of heating and the sol uti on was
heat ed and skposwed hovurftupt hgre Qah@MmE6¥mdﬂ§rﬁeh®ém@ﬁé¢%f@ﬁntﬁENSOIution was
100 to 110C in the neantine) to obtain a polysiloxane solution (j). In

addi tion, a cfitheageindgasewes of | Gwed? éf“aél PROWt &fef D 85 §5°4°(iter) /nin

durlngthe heating and stirrin Dur| ctio 123 in total of
met hanol an@nﬁ\/aT ﬁgeﬁﬁloﬁr%‘ﬂ%tf teb]‘ﬂr%%ﬁr’ou e [36‘1%%] e The

obt ai ned pol ysi| n ] i ont.ent concentration of 43%
by wei ght aﬁ%ﬁ %%%o y?g%%Egﬁgdﬁgdsgg%EfSE?&é%gﬁag% nol ecul ar wei ght of
8500. In addietEOhrok ey 6RNEeR]c rRkuooofp-theudganesil aneiaepresent ed by the
general fornula (1) in the polysiloxane was 50%in terns of the nole ratio
of Si at ons,quanehd b HeRtariponat ithadfyethen esganesbbarie cr apredent ed by the
general formula (2) in the polysiloxane was 10%in terns of the nole ratio
of Si at ons.nof 0B aSHmtdtésn sobExXduepblotlol asyhit Fragirgtof rpmeyg?.ql 6>@ane Sol uti on
(k) Into a 500 nL three-necked flask, 47.67 é | ) of
net hyl tri nethﬁéﬁ%lapéﬂé dpEfepsny (TSR NGFYS DI RBANTOPP et FIB il ane, 12.32
g (0.05 nol) &3 4- epoxycyclohexyl)ethyltrlnethoxy5|1ane 15.22 g (0.10
nnl m = 1)56Fs?%ﬁ BFEYHSRYsi | ane and 170.77 g of PGVEA were charged, and
to the resu%% m xture, an aqueous phosphoric acid solution having 0.52 g
(0. 3% by melght %nth respect to the weight of charged nononers) of
phosphoric acid dissotvedxifbi1%6. 0t photRbela wase addedeeradyy m nut es
while stirring the m xture at roomtenperature. Thereafter, the flask was
i mer sed In1@Bd0hkﬂbaéhﬂGﬁOGO@J—EhE,EESN@&JBg—hﬂ&l@ﬁel@%5E§t1®%ed for 30
m nutes, and then the oil bath was heated up to 115C over 30 m nutes. The
tenperatureEﬁﬁlﬁhePEﬁMﬁmﬂ@ﬁ ﬁ@%cﬁéﬁ*i@@CNéﬁté@U% ¥%b§@06fN§IﬁHUr fromthe
start of heating?and t he solution was heated and stlrr urther

hours (the ﬁ@ﬁp at Ve 18P the- %%%u??%ﬁﬂ&a§aibbs'oN%ﬁ6& rND h%éﬁeantlne) to
obtain a po éfxgﬂgsﬁJl“%if%ﬂ%KLuibgb%Q%ﬁt{ o8 QU LLogen gas was flowed

at a f|0er er)y/mn ring e heating and sti'rring.

During the %gs&&&@b %128093. kDohat b of-aet hapolARLs wat 652 asndye product s
were distill*ed out The obt ai ned pol ysi | oxane sol ution (k)

had a solid Ggeni:aak n@ﬁémemd@tdearmy@m&ﬂ%by weT ggHerand tthée pahesi | oxane had
a wei ght average nol ecul ar wei ght of 8500. In addition, the content ratio
of the organosihenebyepyeserteedChy, Lhe. lgeAF-AIPT and CGI-NIT (these

are trade names, produced by Ciba Specialty Chemicals Inc.},
and WPAG-281, WPAG-336, WPAG-339, WPAG-342, WPAG-344, WPAG-350C,
WPAG-370, WPAG-372, WPAG-449, WPRG-46%, WPAG-505 and WPAG~506
(these are trade names, produced by Wako Pure Chemical

Indusfries, Ltd.). Further, these compounds may be used singly

or may be used in combination of two or more species thereof.
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formula (1) in the polysiloxane was 50%in ternms of the nole ratio of S
atons, and the content ratio of the organosil ane represented by the general
formula (2) in the polysiloxane was 10%in ternms of the nole ratio of S
atons. [0125] Synthesis Exanple 12 Synthesis of Polysiloxane Sol ution (1)
Into a 500 nmL three-necked flask, 54.48 g (0.40 nol) of

met hyl.trimet hoxysilane, 99.15 g (0.50 nol) of phenyltrinethoxysil ane, 24.64
g (0.1 nmol) of 2-(3,4-epoxycycl ohexyl)ethyltrimethoxysilane and 179.50 g of
DAA were charged, and to the resulting m xture, an aqueous phosphoric acid
solution having 0.54 g (0.3% by weight with respect to the wei ght of
charged nononers) of phosphoric acid dissolved in 55.8 g of water was added
over 10 mnutegoshile stirring the mxture at roomtenperature. Thereafter
the flask was inmmersed in an oil bath of 40C, the resulting m xture was
stirred for 30 ni niw§heandstHencEHe ORI BAP RONRS heted 0@ 15C over 30

m nutes. The tenperature of the sol ution reached 109Ct'2t roa Q9Q§e of 1
hour from t he SPEFEEYF CARALFAPANTST HE SBIUPT R WEE “heafed and St i rred for

further 2 hourg (DGt ETREL Al UiGeOhn e SOl LO% AR A0 oL gnd b0 It he
olysi add|F

meantinme) to obtain a p oxane solution (1). In [

ion, a nitrogen
gas was flowed, at & d:l-ovariat @i @f Q. 05:cli€ liist 8rd£d by diirthig 4 hendreat i ng and

stirring. During %he reaction, 121 g in total of nethanol and water as

by- product s weseo disste bldreuty. weight withhesghtaitveh ppéytsi boxabh@itsol uti on
(1) had a solid content concentration of 43% by weight and the_ polysil oxane
had a wei ght avierayesimol edisatonrigght Ber3ED. adAt HFRIIAPBRt #°he®tont ent
rati o of the organosilane represented by the general forgula,%%%)in t he

pol ysi | oxane WHS"5898% R2tet My B Tre P 6 TFaET $Tof QS 4P6MY At he

content ratio of the organosil.ane_repr.esent Y. ral. farppla (2) in
the pol ysi | oxatWas®0 o?ﬁgfaﬁﬁﬁ %?galgeﬁ%PEQFasi%gg g§%§aﬁ%ﬁ§. 0126)

Synt hesi s EX&‘”PAi%h%? t‘ﬁ)énérl?)%%&§n19jfngpg£ M:?xielﬂﬁ%gg}_%ﬂg 1‘(193'7' occur during

prebaking or pattern exposure.
T0084)

The photosensitive composition of the present invention
may contain a sensitizer. When a sensitizer is contained, a
reaction of the naphthoguincne diazide compound as a
photosensitizing agent is promoted to increase sensitivity, and
when a photo acid genexator is contained as a crosslinking
promoter, a ;eaction at the time of bleaching exposure 1is
promoted to increase the solvent resistance and the resolution
of patterns of the cured film are improved.
[0083]

The sensitizer to be used in the present invention is not
particularly limited, but a sensitizer which is vaporized by
heat treatment and/ox discblored by light irradiation is

preferably used. This sensitizer needs to exhibit absorption
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(m Into a 500 nL three-necked flask, 54.48 g (0.40 nol) of

nmet hyl t ri met hoxysi | ane, 29.75 g (0.15 nol) of phenyltrinethoxysilane, 12.32
g (0.05 nol) of 2-(3,4-epoxycycl ohexyl)ethyltrinethoxysilane, 23.50 g (0.20
nol) of MSilicate 51 ( (nm= 4, average) producedby TAMA CHEM CALS CO.,

LTD.), 46.86 g (0.20 nol) of 3-acryl oxypropyltrinethoxysilane and 196.26 g
of ORA were charged, . and. to the resulting m xture, an aqueous_phosphoric
acid solution having 0.33 g (0.2% by weight with respect to the wei ght of
charged nononers) of phosphoric acid dissolved in 53.10 g of water was
added over 10 mnutes while stirring the m xture at room tenperature.
Thereafter, the flask was imersed in an oil bath of 40C, the resulting

m xture was aiSkihdRdehofn 3@ Mnpkes.-baad) t hes idenobbadhabh sasnheated up to
115C over 30 minutes. The tenperature of the solution reached 100C after a

| apse of 1 hpgHbehmprmnt bie istaavdvedfenheldtoifng lamdt thersolutiherravasrheat ed and
stirred for further 2 hours (the tenperature of the solution was 95 to 105C
in the neant$¥RoFure obitak eleapblysigEranes souGt Ldr-EnfFeniH-igddi ti on, a

nitrogen gas was flowed at a flowrate ofl (liter) /m.n during the heatin
ond SC Tt P gt STBRRF e Te F aGeTah, 110 § THOEBEAT o et PEHFSAnd water ac
by-product S(}%’\%&%ggk%tfl% lcggecpyilm is.deterTg'x.eat% t@é&%gepa% Xi%c!r%)\(ﬁgg sol uti on

(m had a s ohtent concentration of 43% by wei ght and the pol ysil oxane

had a wei ght,axacage, MRl geddat Weiaght s 0f1:9508nt IR gagdi t remse ddhe, cont ent
ratio of the organosilane represented by the general formula (1) in the

pol ysi | oxaneimascdb%d préesdts tbé tduwmcmdbe iratthe ofarSipaatonmndand t he ,
content ratio of the organosilane represented by the general formula (2) in
the pol ysi | oxdreleas 2006ty dur he tof tseipblerr Ab¢ geofiGizeatonge [0127]

Synt hesi s Exanple 14 Synthesis of Acrylic Resin Solution (a) Into a
500 m flaskuss §5 preseabliyHPERPEsh it Sroniert] &)ick i§ Birorized

tert-dod t hi d 18 f P h T fi 30 f

ot hacry o S Pt SRRt R BRI P TR Aoy TREBRAST %0 0 ©

tricyel of 5. 24,021 b} 486a0s 8-yt NEL NAGLYL AL dpbe.charged, the resulting
an

m xture was stirred at roomtenperature he 1 nside of the flask was
repl aced w t fpgdetir ogen, and then the mxture was heated and stirred at 70C
for 5 hours. Then, to the resulting solution, 15 g of glycidyl

met hacryl ate, 1 gspécidiipedtybbenzy ant nenandi D:r2whicf is vaporized

p- met hoxyphenol wer eadded, and the resulting m xture was heated and stirred
at 90C for 4ohdges toadbeat moddonctiddodoresiny sova ilgnagaytion

include coumarins such as
3,3'-carbonylbis{diethylaminocoumarin}; anthraquinones such
as 9,10-anthraguinone; aromatic ketones such as benzophenone,
4,4'~dimethoxybenzophenone, acetophenone,
é—methoxyacetophenone, and benzaldehyde; and condensed
aromatics such as biphenyl, 1,4-dimethylnaphthalene,
9~fiuorenone, fluorene, phenanthrene, triphenylene, pyrene,
anthracene, 9-phenylanthracene, 9-methcoxyanthracene,
9,10-diphenylanthracene,

9,10~bis {(4~methoxyphenyl)anthracene,

9, 10~bis{triphenylsilyl)anthracene,
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The obtained acrylic resin solution (a) had a solid content concentration
of 40% by weight, and the acrylic resin had a weight average nol ecul ar

wei ght of 12000 and an acid value of 91 ng KOH g. [0128] Synt hesi s
Exanpl e 15 Synthesis of Quinone Di azide Conpound (a) In a dry
nitrogen stream 21.23 g (0.05 nol) of TrisP-PA (trade nane, produced by
Honshu Chem cal I ndustry..Co., . Ltd.) and 37.62 g (0.14 nol). of

5- napht hogui nonedi azi desul fonYlic acid chloride were dissolved in 456WQ”Of'
1, 4-di oxane, and the solution was kept at roomtenperature. To the
solution, 15.58 g (0.154 nol) of triethylamne mxed with 50 g of

1, 4-di oxane was added dropw se while keeping an internal tenperature of a

system at | over ; bhan 358G, Afchekcdde 6onplatiap:pfrcdiopmise addition, the
resulting mxture was stirred at 30C for 2 hours. Triethyl am ne salt was

separated by fd htratdreBorpuhchirhtdrat e onas-dhargeghdtntreceat.er. Thereafter,
the formed precipitate was collected by filtration. This precipitate was
?LI e](cj }/v: th a ovacudrpedithexyandhobtedien a qui none di azi de conpound (a) having

e follow ng structure. [0129] [Chem 14] Qui none di azi de conpound (a)
[ 0130] 28?n?%@§r§rE&éﬁﬁP£m@@“§9ﬁfﬁ%§i§n8f Qui none Di azi de Conpound

(b) 9,10-bis (trimethylsilylethynylianthracene.
(G087
among these sensitizers, a sensitizer which is vaporized

byheattreatmentispreferablyeasensitizerwhichissublimated,
evaporated or thermally decomposed by heat treatment and a
thermally decomposed product of which is sublimated or
evaporated by heat treatment. The vaporization temperature of
ﬁhe sensitizer is preferably 130 to 400°C and more preferably
150 to 250°C. When the vaporization temperature of the
sensitizer is lower than 130°C, there may be cases where the
sensitizer is vaporized during prebaking and is not present in
an exposure process, and therefore the sensitivity is not
increased. Further, the”&aporization temperature of the
sensitizer is preferably 150°C or higher in order to suppress
the vaporization during prebaking as far as possible. On the

/ other hand, when the véporization temperature of the sensitizer
is higher than’400°C, there may be cases where the sensitizer
is not vaporized at the time of thermal curing to remain in a
cured film, causing the transparent and colorless property to
deteriorate. In order to completely vaporize the sensitizer

at the time of thermal curing, the vaporization temperature of
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In a dry nitrogen stream 15.32 g (0.05 nol) of TrisP-HPA (trade nane,
produced by Honshu Chem cal Industry Co., Ltd.) and 26.87 g (0.1 nol) of
5- napht hoqui nonedi azi desul fonylic acid chloride were dissolved in 450 g of
1, 4-di oxane, and the .solution was kept at roomtenperature. To the
solution, 11.13 g (0.11 nol) of triethylam ne m xed with 50 g of

1, 4-di-oxane.-was-.added dropw.se.while keeping an . internal tenperature of a
system at |ower than 35C. After the conpletion of dropw se addition, the
resulting mxture was stirred at 30C for 2 hours. Triethylamne salt was
separated by filtration and filtrate was charged into water. Thereafter,
the formed precipitate was collected by filtration. This precipitate was
dried with a ' Ler. A, a kN i.azi de conpound (b) having
the fol | owi %Egstg%tg%%? T%?ﬁ%%‘%&%érﬁ%ﬁt 99%@%?01. 0 Qui none di azi de
conpound (b)rop0482] Synt hesi s Exanpl e 17 Synthesis of Quinone

Di azi de Conpound (c) In a dry nitrogen stream 15.32 g (0.05 nol) of
Ph- cc- AP- MF (trade herethpr bdudedh b\ cHoRsie rOeigic Ay diRaesITey ©o., Ltd.)
and 37.62 g (0.14 nol) of 5-naphthoqui nonedi azi desulfonylic acid chloride
wer e di ssol Ve@hF nt uBgigtein 154240 GXaREY G thet 01 ofi Bh Ras kept at room

tenperature. To the solutiagn, 15.58 0..154. . i et hyl ami ne m xed
with 50 g of®PECARHiWxahe® was* Jé%é&gago%e Se \%\g?(%gescgég%%dhgﬂaﬁkﬁ er nal

tenperature of a:systematLower, Lhan 39Cer MiLrchhsuonmhetion of dropw se
addition, the resulting mxture was stirred at 30C for 2 hours.

Tri et hyl ani ng ssat sraas, separatradi Hyidni 14 & abiwsurane ifchl itsr @ite rwasd char ged
into water. Thereafter, the forned precipitate was collected by filtration.
Thi s preci pidyatigshwas redied oni t Whan vae sans drizer isoligistaked By §udHone di azi de
conpound (c) having the follow ng structure. o

irradiation, since the molecular weight of the sensitizer 1s

increased and the sensitizer becomes inscluble, the effects of

improving chemical resistance and heat resistance and reducing

an amount of an extract from the transparent cured film are
achieved,
[0089]

Further, the sensitizer is preferably an
anthracene~b§sed compound since this compeound can achieve high
sensitivity and is dimerized and discolored by light
irradiation, and further the sensitizer is preferably a
9,10-disubstituted anthracene-based compound since the
anthracene~based compound in which 9th and 10th positions
therecf are occupied by a hydrogen atom is thermally unstable.
Morecver, the sensitizer is preferably a 9,10-dialkoxy
anthracene-based compound represented by the general formula
(8) from the viewpoint of improvement in solubility of the

sensitizer and the reactivity of a photodimerizaticon reaction.
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[0133] [Chem 16] OQ s02 002.8:0.2 Quinone diazide conpound (c) [0134]

Synt hesi s Exanple 18 Synthesis of Quinone D azide Conpound (d)

gui none di azi de conpound (d) having the followi ng structure was prepared in
the sane manner as in Synthesis Exanple 10 except for changing an additive
anount of the 5-napht hoqui nonedi azi desul fonylic acid chloride to 33.59 g
(0.125 nol).....[0135) [Chem 17]... . _

00907
[Chem, 13]

st R26 R1B
R24 R19

SOOI
RZS RZD

R22 R R
[0C91}

R'® to R*® in the general formula (8) independently
represent hydrogen, an alkyl group having 1 to 20 carbon atoms,
an alkoxy group, an alkenyl group, an aryl group, an acyl group
and an organic group replaced with them. Specific examples of
the alkyl group include a methyl group, an ethyl group and an
n-propyl group. B8pecific examples of the alkoxy group include
a methoxy group, an ethoxy group, a Propoxy group, a butoxy group
and a pentyloxy group. Sp’ecific'examples of the alkenyl group
include a wvinyl group, an acryloxypropyl group and a
methacryloxypropyl group. Spgcific examples of the aryl group
irnclude a phenyl group,-& tolyl group and a naphthyl group.
Specific examples of the acyl group include an acetyl group.
RY¥ to R*® are preferably hydrogen or an organic group having
1 to 6 carbon atoms in view of the wolatility of a compound and
the reactivity of photodimerization. Moreover, R*®, R?Y, R*® and
R*® are more preferably hydrogen.

[00921
R?® and R*" in the general formula {(8) represent an alkoxy

group having 1 to 20 carbon atoms and an organic group replaced
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[0136] Exanple 1 21.88 g of the polysiloxane solution (a) obtained
in Synthesis Exanple 1, 0.98 g of the quinone diazide conmpound (a) obtained
in Synthesis Exanple 9, 2.92 g of DAA as a solvent and 3.96 g of GEL were
m xed and stirred under a yellow lanp to forma uniformsolution, and then
filtrated with a filter with a pore size of 0.45 kmto prepare a
conposition. 1. .......The conposition 1 was. applied onto a silicon wafer _
and an OA-10 gl ass sheet (manufactured by N ppon Electric dass Co., Ltd. )
at an arbitrary rotating speed with a spin coater (1H 360S manufactured by
M KASACO., LTD.), and it was pre-baked at 100C for 2 mnutes with a hot

pl ate (SCW 636 manufactured by Dai ni ppon Screen Mg. Co., Ltd.) to forna
pre-baked fitnadhaving soddiltart HiadenesseDfhd kmroskherpueparceddéid m was
exposed to an ultra high pressure nercury |anmp through a gray scal e mask
for sensitividthorpasovenentetivhih gacyar aldreboky ghtupmskevdlor g sepup
(hereinafter, abbreviated to a PLA) (PLA-501F nmanufactured by Canon Inc.)
to forma pattelnPeryécsX pos¥d- f P miRgs2 el GpedP by §ﬁ8§\%rrqb¥réf df ELM D
(trade nane, produced by MT?UEI SHI _GAS W%MegAléfQS%r blﬁlcc ,Ofv\gi chis a
2.38% by wei YHPEYUESYE LoIUCI SR I8 r Ahet 1Y Srmbni um hydroxide, for 60
seconds usin t i G i ng rat 2000 manufactured by
Taki zawa San%i%%&gg,a%ﬁ?é.%&%%gk?%eﬁ fiéﬁg%dc}%vm%tﬁﬁg% er for 30 seconds.
Thereafter, astheachi-ag;&xposure, the entire surface of the filmwas
exposed to an ultra high pressure nercury |anp at 3000 J/n2 (on the
exposure anount atnawayeliergiltudto hmeqehyvalient basbspanttideiarPr A ( PLA- 501F
manuf actured by Canon Inc.). Thereafter, the filmwas soft-baked at 110C
for 2 m nut esimnditel, duliotipt aresitimdt he P RAST Tureddded 230€ fae tthour in the
air with an oven (I HPS-222 manuf actured by Tabai E}s{gec Cor p.% tﬁ prepare a
cured film VoRdrE range of Q1 tasp RSt H Vel Ukt 10s “6F P Piiotddéhsi ti ve
properties and cured filmproperties are. .s in l.e 2, . val uati ons
P Fhe. t abl VP part Bl Tmen Secorai Raol o TRSIRb [ ehEh s eetFia FThe

fol I owi ng evallati 9ASne4)ei 0 (8L Wer1e sPehfpryzednby usiag a,silicon wafer
substrate and evaluations (9) to (11) were perforned by using an OA-10

gl ass sheet . ¢ {Hk38dency of (e Maasaraments ofethirk ardhd chonesse

sensitivity is detericrated.
[0093]

The photosensitive compositidn of the present-invention
may contain an acrylic resin. The adhesion of the composition
to an underlaid substrate and pattern-processability are
sometimes improved by using the acrylic resin. The acrylic
resin is not particularly limited, and preferable examples
thereof include peclymers of an unsaturated carboxylic acid.
Examples of the unsaturated carboxylic acid include an acrylic
acid, a methacrylic acid, an itaconic acid, a crotonic acid,
a maleic acid, a fumaric acid and the like. These unsaturated
carboxylic acids may be used singly or may b-e uéed in cembination

with another copolymerizable ethyvlenically unsaturated
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Randa- AceSTM 602 (trade nane, manufactured by Dai ni ppon Screen Mg. Co.,
Ltd.) was used to neasure the thickness of a pre-baked filmat a refractive
i ndex of 1.50. [01391 (5) Calculation of Normalized Remaining Film

Thi ckness The normalized remaining filmthickness was determ ned according
to the follow ng formul a. Normal i zed remaining filmthickness (% =
( filmthickness. of .unexposed area.after devel opnent)/(filmthickness after. ..
prebake) 100 (6) Determ nation of Sensitivity After exposure and
devel opnment, the exposure anpunt at which a 10 pmline and space pattern is
formed at a wwdth ratio of 1 : 1 (hereinafter, the exposure anount is
referred to as an opti mum exposure anount) was taken as the sensitivity.

[0140] (7) Deter ncimrxll%t.i %a&{:l@?%@l letdé.egzgfagllo%erizggje.e r@ﬁ?liywm@ﬁtﬂ(er n size at

t he optinun1ef8%%ure amount™ after nt was reférred to"as a

resol ution af {65, deveb@rRpbund ntheadriRicAYM pattiges, siaayat the optinum
exposure anmpunt after curing was referred to as a resolution after curing.

[0141] (8) HeaktResiyshancethyl acryAatay ednfl |metpraepat&ce by-phepyiet hod
described in Exanple 1 was scraped off the substrate and about 10 ng of the
scraped fil m pcegktwasniriopiyh mathakam atigm cebPpropBy ageyisftea
thernogravi netric apparatus (TGA-50, nmanufactured by Shinmadzu Corporation),
the film pi ecéSRRECHYEale T Y2 HealT Ny HafE” BF2FOCPHPHHp to 150C in a
nitrogen atnosphere, .nmaintai ned gﬁ 150C for 1 hour, and thep heated at a
; ¢ - . ~ 1 metnac a

heating rate 8Ff AU hE U *FoCA00C A A s°FF e Y plack]
at enper at ur el tibpatyhichinerat] 0.6, welahtcLoss. das B3 nescipasy ed and
conpared. A higher df %1 ndi cates that heat Tesistance is good. [0142]

t-putyl methacrylate, n-pentyl acrylate, n-pentyl

methacrylate, Z2-hydroxyethyl acrylate, 2-hydroxyethyl

methacrylate, glycidyl acrylate, glycidyl methacrylate,

benzyl acrylate, benzyl methacrylate, styrene,

pwmethylstyrene, o-methylstyrene, m-methylstyrene,

g-methylstyrene, tricyclo[5.2.1.0%'°]decane-8-yl acrylate,

tricycle(5.2.1.0% %) decane~-8-yl methacrylate and the like.

16094)

Further, the weight average molecular weight (Mw} of the

acrylic resin is not part’iéuiariy limited, but it is preferably

5000 to 350000 on the polystyrene eguivalent basis measured by

GPC, and more preferably 8000 to 35000. When the Mw is less

than 5000, the reflow of the pattern cccurs at the time of thermal

curing and resolution is deteriorated. On the other hand, when

the Mw is more than SOOOD,‘ since phase separation occurs between

the polysiloxane and the acrylic resin, and this makes the £ilm

cloudy and deteriorates the transmittance of the cured film.

The acrylic resin to be used in the present invention is
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(9) Measurenent of Light Transmittance First, the ultraviolet and
vi si bl e absorption spectrum of the 0OA-10 gl ass sheet al one was neasured as
a reference with Multi Spec-1500 (trade name, manufactured by Shinmadzu
Corporation). Next, a cured filmof the conposition was formed on the 0A-10
gl ass sheet (pattern exposure was not perfornmed), and this sanple was
neasured wth-a single beamto deternmne a light transmittance. per..3

p. nt hi ckness at a wavel ength of 400 nm and the difference between the
light transmittance and the reference was taken as the light transmttance
of the cured film [0143] (10) Chem cal - Resi stance Test The cured
filmused in the neasurenent of |ight transmttance was heat-treated at
300C for 250.s8c0Rd$,a1aRd: liNes1spasedtie Muiapaituanetectienscribed on the
cured filmwth a cutter to prepare 10 x 10 squares. Thereafter, the cured
filmwas | mressedsipreaaridQ® 60 chi ngo InaiPd/  hydrootsl préeaeld/ Yot assi um
chloride/water = 5/7/98 (weight ratio)) at 50C for 300 seconds, and
thereafter &oceld vphdidyadiash eet ape WasUadtieFed 4°¢Ythe *$qbards, and a
state of the squares renaining at the tine of peenl&'sn ggi s Lkape of f was

observed. TR&S? &PPB 58109 HE/Sq 58S OPRHHI AT Hig™ Vi THGGL " DeT g peel ed was

eval uated according to_the fol i g, orhtelda, Xind00% oftkhe-squares were
peel ed, AX: aFa?r?eotig)‘f‘e toﬁederve‘g“r%ﬁf”%l%\r?g' S%ﬁé:r es was aérés t han 40%l LL: ratio of

the remini ng; SOYRrES NAS 100t kesS < hane 40% and ress id)ar §0%ssL: ratio of
t he remai ni %gisquar es was. notrelsess than 60% and | ess than 80% O: ratio of

the renaini RG SPYUAECRECNAS 2ROF eS8 abbaMBAY anidhd eSsdetrivr®8% o: ratio of

t he remai ning squares was not |ess than 95% - (11) Measurenent of

Li ght Transnanttesxes .After H gh Tenperature Heat Treat nent First, the
ultraviolet and visible absorption spectrum of the 0A-10 gl ass sheet al one

was neasuredO883h reference with Multi Spec-1500 (trade nanme, manufact ured

by Shi madzu Corporation). Next, .a cured filmof, th sl tLon was forned
on the 0A-10 gl as¥r&RgRt “RpATTErT SXp6str Ie\r/?/éa’sfaﬁ% gﬁ(eé%;ggr?rre%i), t he cured

filmwas he t?rgrl::e.aatnedt )E)le%%g&lffrun%QQuJ@ﬁ?e%ngfou@r&%dEHetd’ asyl tiqg sanple was
measured w AR ngl'é beamto determne a light transmttance per 3 vm

t hi ckness at..a;wavalengt 9§ 4000y vapdcdhe «di firpanceidet weere t he | i ght
transmttance and the reference was taken as the light transmttance of the
cured film 4JiQ34d]ain of the acrylic resin, crosslinking of the acrylic

resin occurs at the time of thermal curing and the chemical

resistance of the cured film is improved., Examples of the

ethylenically unsaturated group include a vinyl group, an allyl

group, an acrylic group, and a methacryl group. Examples of

a method of adding an ethylenically unsaturated group to the

side chain of the acrylic resin include a method in which a

compound containing a func.*.tional group such as a hydroxyl group,

an amino group or a glycidyl group, and an ethylenically

unsaturated group is used and the functional group is reacted

with a carbonyl group in the a;rylic resin. Examples of the

compound containing a functional group such as a hydroxyl group,

an amino group or a glycidyl group, and an ethylenically
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Exanples 2 to 13, Conparative Exanples 1 to 3 Conpositions 2 to 16
were prepared so as to have the conpositions shown in Table 1 as wth the
conposition 1. In addition, KBM 303 used as a silane coupling agent was

2- (3, 4-epoxycycl ohexyl )et hyl tri met hoxYsi | ane produced by Shin-Etsu Chem cal
Co., Ltd. and KBM 403 was 3-glycidoxypropyltrinethoxysilane produced by
Shin- Etsu . Chem cal Co., . .Ltd. "N KALAC' MX-270 (trade nane, manufactured by
SANWA CHEM CAL CO., LTD.) used as a crosslinking agent is a conpound havi ng
the follow ng structure. Further, Cd-MDT (trade name, produced by C ba
Specialty Chem cals Inc.) and WPAG 469 (trade name, produced by Wako Pure
Chem cal Industries, Ltd.), which were used as a crosslinking pronoter,
were a 20% PGMEAasotateidarroob, 4efretind phéwykdh phenihdul flarfapmyechyl

per fl uor obut anesul fonate, and DPA (trade nane, produced by Kawasaki Kasei
Cheni cal s Lt d.3cziibeld o Ty dsengthy s de thast 10,216+ dipropxydntirdcee. (12)
Preparati on Method of Touch Pane| Device . re i.on thod of a

t ouch panel de%/"iaﬁ‘é“‘@ﬁ“lhlylb%e’c&?%ﬁrébteed ﬂn£¥%ldryéf 8?5@0%% (%g%%}l %é%g?e. A thin
filmof a net "’}Jet éic{iﬁ]actgmmnl y used, such as indiumtin oxide (ITO or tin
antinonate, or a netdal such as gold, silver, copper, or alum numwas used
for the transpapenai el ectrode. These transparent electrodes are forned by a
met hod hitherto used, for exanple, a physical nethod such as vacuum

deposi tion, sputterangthbOrpplatting ar cooni lFéam idepoesi ¢f ome or a chem cal
vapor - phase deposition nethod. [01451 | TO was deposited_by vapor
deposi ti on on mhagbasssisibstrapeshavirngfatihirgieress greabbiit “£1fmiY° a resi st
materi al was patterned thereon by a,FhotoI i tho r,aphﬁ terfhni ue tand

chenical |y et cHedriBsA t hEaBBo 25t bﬁ%d?oﬂ?e)sgti‘corﬁ § Fi%dira>*dnd a rhonbus

pattern was forned b%/%ggealgiipgg ) getcg%s}@)%%e g&&%&q%\l ﬁﬁp?ﬁd’u%g%gy angl.ass

substrate haviHy 4t ansparent” & eetro i ckness. [0146]

The conposi tigl J,was,applied 0Nt 8-Skt where hbgatdanspaneatied ect rode
intersects with a transparent electrode to be forned |ater by spin coating,
and it was preshakeeuatsutQ05 fo0no? sliatet es i thea. hahe phatte ke SOV 636

manuf act ured by Dai ni pponScreenMg. Co., Ltd.) to forma pre-baked film
having a fil mphiskaess catri®d bat atThecgmpepared biEl 7 wast ¥Xposed3t o an
ultra high pressure nercury |anmp through a mask with the PLA (PLA-501F
manuf act ur ed byeGadertd A Miotees 6f moaTpatitef haviRe expodedsfi ¢ im’was

devel oped by showering of ELM D (trade nane, produced byM TSUBI SH GAS
CHEM CAL CO., ¥NGY) pviiteR FRe &2°8%8% by wei ght aqueous sol ution of

t et ramet hyl ammoni u droxi de, . for S 1S] Lkc

devel opi ng appar at H}é‘?{eﬁﬁ% tjr’r%%ﬁff grte%rggi) 'yt%(tlflg;%\rf%g %&ﬁg%%&%a Ltd.),
and then rinsed, Wdih Wal8hnfPbe 30 3L6006%: Thareabtes apast llbeachinhg
exposure, the entire surface of the filmwas exposed to an ultra high
pressure nmercuryn kasrxpbs3R0malinfPai( 0avd e gex REsSutre egniDuritengtbasavel engt h
365 nm equi val ent basis) with the FLA. Thereafter, the filmwas soft-baked
at 110C for 2niwvntit es wiitthvialleotangl wisdpland sheskpREasre dreding sp30esfor 1
hour in the air with an oven (I MS-222 nmanufactured bX Tabali Esﬁeg Corp.)
to prepare an BrEEPERT R MEFT PR Projection mask aligner (MP } or a paralle

light mask aligner (PLA).
[0087]

After exposure, an exposed area can be dissolved by
development to obtain a positive pattern. As a develcpment
method, it is preferred to employ a method in which the exposed

photosensitive composition is immersed in a developer for o
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[0147] | TO was deposited by vapor deposition on the insulation film
as with the case described above and the ITO filmwas patterned to prepare
a transparent electrode. The conmposition 1 was applied onto the entire
surface of the ITO as a transparent protective filmto prepare a touch
panel device. Ends of a group of el ectrodes conposing each transparent

el ectrode were respectively connected to a resistance. [0148] .. . .. .
Exanpl es of a material of the transparent protective film in addition to
pol ysi | oxane, include thernoplastic resins such as an acrylic resin,

pol yvi nyl chloride, polyester, polyam de, polycarbonate, and a
fluorine-containing resin; thernosetting resins such as pol yurethane, an
epoxy resin,seaRdaPaloyimdencphaiyopotatieei 2add asr sisdrsisychiiaging
ultraviolet-curable acrylic resin, ultraviolet-curable epoxy resin,

ul travi ol et «cupabde ngr. etdranee rasiedoper + ravil 0t &Y -fowrabdiecqdohyest er resin and
ultraviolet-curable silicone resin; and silicon-based CVD inorganic
materials, aitdeapreiforapht reLPRd -y $R9RIEEE. S EFBRTT RE VitepGint® of

transpar ency and visibilihr of a touc? anel , i% IS pre&g&&ego£o enpl oy a
conbi nat i on EFELHETE MBELITaPEeTH RATBh The “AiHerdfce™T W a "Fet racti ve

i ndex between_t.he | [ . I ngd. t.h part rotective film
is 0.02 or ﬁ%@gsdﬁ%q%§%§£%$% g?% Ei%%?gfgaFy%ééégﬂ?o%ﬁg?&wﬁféble

Pal ysl i Q(an%h%giai%&é&ns?@fmléngmf epreseedl by f @Bl & amines such

as 2-diethylamincoethanol, monoethanclamine, and
diethanolamine, and gquaternary ammonium salts such as
tetramethylammonium hydroxide and choline. A cured film is
preferably rinsed with water after development, and as required,
the cured film can also be dehvdrated, dried and baked at a
temperature of 50 to 150°C in a heating apparatus such as a hot
plate or an oven.
[0098)

Thereafter, bleaching exposure is preferably performed.
By performing bleaching exposure, an unreacted naphthoguinone
diazide compound remaining in the £ilm is photo-decomposed to
further improve the optical transparency of the film. Examples
of a method of bleaching exposure include a method in which the
entire surface of the developed film is exposed to ultraviolet
light at about 100 to about 20000 J/m? (on the exposure amount
at wavelength 365 nm equivalent basis) with an ultraviolet and
visible light exposure maéhine such as a PLA.

The film subjeéted o bleaching exposure, if reguired,

is soft-baked at a temperature of 50 to 150°C for 30 seconds
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conmpound represented by fornula sol vent Naphthogui none diatide conp ound
Si | ane coupl ing aaen! pppyii"osip solution Croasti n6, 88 8088

to 30 minutes with a heating apparatus such as a hot plate or
an oven, and then is cured at a temperature of 150 to 450°C for
about 1 hour with a heating apparatus such as a hot piate or
an oven, and thereby, & cured £ilm, such as a planarization film
for a TFT in a display device, an interlayer insulation film
in a semiconductor device, or a core or clad material in & light
waveguide, is formed. In recent years, it is desired to form
a Si film or a SiN film on the cured film at 280°C or higher
by a high temperature CVD method, and high heat resistance and
high transparency which stand this high temperature are
desired.
100991

In the cured film prepared by using the photosensitive
composition of the present invention, the light transmittance
per a film thickness of 3 um at a wavelength of 400 nm is 90%
or more, preferably 92% or more, and more preferably 95% or more.
If the light transmittance of the cured film is lower than 90%,
when the cured film is used as a planarization film fox a TFT
substrate of a liquid crystal display device, backlight changes
in color at the time of passing through the planarization film
and takes on a vellow tinge in white display.
[0100]

The transmittance per & £ilm thickness of 3 pm at a
wavelength of 400 nm is determined by the following method. The

composition is applied onto a Tempax glass sheet by spin-ceating
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CrosslIn k"g 98084t" ponsi titer, Conposition 1 pol ysi | oxane
901446. 441 al 15. 014 009 158 08. A: 10. 039 P16146: 3, 464 napht hogui none di e ai de

at an arbitrary rotating speed by using a spin coater, and the
applied composition is pre-baked at 100°C for 2 minutes with
a hot plate. Thereafter, as bleaching exposure, the entire
surface of the film is exposed to an ultra high pressure mercury
lamp at 3000 J/m* {on the exposure amount at wavelength 365 nm
equivalent basis} by using a PLA and the exposed film is
thermally cured at 220°C for 1 hour in the air with an oven to
prepare a cured filmhaving a thickness of 3 um. The ultraviolet
and visible absorption spectra of the obﬁained cured film are
measured with Multi Spec-1500 manufactureé by Shimadzu
Corporation to determine a transmittance at a wavelength of 4¢0
nm.

This cured film is suitably used for a planarization film
for a TFT in a display device, an interlayer insulation film
in a senmiconductoer devi;e, an insulation film/protective film
for a touch panel, or a core or clad material in a light‘
waveguide.

{0101]

‘The device in the present invention refers to a display
device, a semiconductor device and materials for a light
waveguide, having the above-mentioned cured film having high
heat resistance and high transparency, and is particularly
sultable for a liguid crystal display device, an organic EL
display device and a display device with a sensor element for

& touch panel, which have the cured £ilm as a planarization film
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conpound(a)0, 479 Conposition 2 pol ysl i oxane sol utionl bi 15. 019 509
300 8QVEAEar|, OPM 4

for a THFT.

EXAMPLES
(0102]

Hereinafter, the present invention will be described in
more detail by way of examples, but the present invention is
not limited to these examples. ‘Eurther, compounds, for which
an abbreviation is used, of the compounds used in examples are
shown below.

[0103]

DAA: Diacetone alcohol

FGMEA: Propylene glycol menomethyl ether acetate
GBL: Gamma-butyreclactone

EDM: Diethylene glycol methyl ethyl ether

DPM: Dipropylene glycol monoether methyl

[0104]

Further, the solid-content concentration of the
polysilokane_solution aﬁd the acrylic resin sclution, and the
weight average molecular weight (Mw} of the siloxane and the
acrylic resin were determined according to the following
methods,

[0105]
{1} Solid content concentration
1 gof a polysilo#ane solution or an acrylic resin

sclution was weighed, put in an aluminum cup, and heated at 250°C
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na phrhogui none di azade conpound 1610. 599 Conposition 3
pol ysi | axone sol ution(0)15. 729 509 407 60481li:it.a9

for 30 minutes by use of a hot plate to evaporate a ligquid content.
A solid content left in the heated aluminum cup was weighed to
determ@ne the solid content concentration of the acrylic resin
solution cr the polysiloxane solution.

{0106}

(2) Welght Average Molecular Weight

The weight average molecular weight was determined on the
polystyrene equivalent basis by GPC (410 type RI detector
manufactured by Waters Corp., fluid bed: tetrahydrofuran).
[0107]

{3) Ratio between the organosilane structures
represented by the general formulas (1) and (2} in the
polysiloxane

Measurement of *°Si~NMR was performed, and a propertion
of a value of integral of each organcosilane was determined from
a value of overall integral and the ratio was calculated.

A specimen {liguid) was put in a Teflon {registered
trademark) NMR sample tube with a diameter of 10 mm and used
for measurement. Measurement conditions of ??Si-NMR are shown
below.

{0108}

Apparatus: JNM GX-270 manufactured by JEOL Ltd.,

measurement method: gated decoupling method
Measurement nucleus frequency: 53.6693 MHz (**5i nucleus),

spectrum width: 20000 Hz
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0061:1.560 DM 7, 990 napht hoqui none dXam de conpoundl c; 0. 589

Conposition 4

pol ysi | oxane sol utionN | 14. 93g 50t

Pulse width: 12 psec (45° pulse), pulse repetition time:
30.0 sec

Sclvent: acetone-d6, reference material:
tetramethylsilane

Measurement temperature: room temperature, sample
rotating speed: 0.0 Hz
[0109]

Synthesis Example 1 Synthesis of Polysiloxane Solution

Into a 500 mL three-necked flask, 40.86 g (0.30 mol) of
methylirimethoxysilane, 99.15 g {0.5 mel) of
éhenyltrimethoxysilane, 12.32 g {0.05 mol) of
2-(3, 4-epoxyeyclohexyl) ethyltrinethoxysilane, 17.63 g (.15
mol) ofMSilicate 51 ({m=4, average) produced by TAMA CHEMICALS
co., LTD.} and 170.77 g of PGMER were charged, and toc the
resulting mixture, an agueous phosphoric acid sclution having
0.51 g (0.3% by weight with respect to the weight of charged
menomers) of phosphoric acid dissolived in 53.55 g of water was
added over 10 minutes while stirring the mixture at room
temperature. Thereafter, the flask was immersed in an oil bath
of 40°C, the resulting mixture was stirred for 30 minutes, and
then the oil bath was heated up to 115°C over 30 minutes. The

temperature of the solution reached 100°C after a lapse of 1
hour from the start of heating and the sclution was heated and

stirred for further 2 hours (the temperature of the solution
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was lﬁﬁ to 110° in the meantime) to obtain a pelysiloxane
solution (&). In addition, & nitrogen gas was flowed at a flow
rate of §.05 1 {liter)/min Quring the heating and stirring.
During the reaction, 125 g in total of methancl and water as
by-products were distilled out.

The obtained polysiloxane solution (a) had a solid
content concentration of 43% by weight and the polysiloxane had
a weight average molecular weight of 8500. In addition, the
content ratio of the organosilane represénted,by the general
formula (1) in the polysiloxane was 50% in.terms of the mole
ratic of Si atoms, and the content ratio of tﬁe organosilane
represented by the general formula (2) in the polysiloxane was
15% in terms of the mole ratio of S§i atoms.

[0110]

‘Synthesis Example 2 Synthesis of Polysiloxane Solution
(b}

Into a 500 mL three-necked f£lask, 24.52 g (0.18 mol) of
methyltrimethoxysilane, 118.%8 g (0.60 mocl) of
phenyltrimethoxysilane, 14.78 g (0.06 mcl) of
2-{3, 4-~epoxycyclohexyliethyltrimethoxysilane, 42.30 g (0.36
mol) of MSilicate 51 ({m=4, average) produced by TAMA CHEMICALS
CC., LTD.) and 181.89 g of PGMEAR were charged, and tc the
resulting mixture, an agqueous phosphoric acid solution having
0.60 g (0.3% by weight with respect to the weight of charged

monomers) of phosphoric acid dissclved in 62.64 g of water was
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added over 10 minutes while stirring the mixture at room

temperature. Theréafter, the flask was immersed in an oil bath
of 40°C, the resulting mixture was stirred for 30 minutes, and
then the oil bath was heated up to 115°C over 30 minutes. The

temperature of the solution reached 100°C after a lapse of 1

hour from the start of heating and the solution was heated and
stirred for further 2 hours (the temperature of the solution
was 100 to 110°C in the meantime) to obtain a polysiloxane
solution (b). In addition, a nitrogen gas‘was fiowed at a fiow
rate of 0.05 1 (liter)/min during the heating and stirring.
puring the reaction, 150 g in total of methancl and water as
by-products were distilled out.

The obtained polysiloxane solution (k) had a sclid
content concentration of 44% by weight and the polysiloxane had
a weight average molecular weight of 11400. In addition, the
content ratio of the orgaﬁosilane represented by the general
formula (1) in the polysiloxane was 50% in terms of the mole
ratioc of Si atoms, and the content ratio of the organosilane
represented by the general formula (2) in the polysiloxane was
30% in terms of the mole ratio of 5i atoms.

[0111)

Synthesis Example 3 Synthesis of Polysiloxane Solution
{c}

Iﬁto a 500 nl three-necked flask, 4.77 g {0.035 mol} of

methyltrimethexysilane, €9.41 g (0.35 mol} of
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phenyltrimethoxysilane, 8.62 g (C.035 mol) of

2-(3, 4-epoxycyclohexyl)ethyltrimethoxysilane, 32.90 g (0.28
mol) of M Silicate 51 ({m=4, average) produced by TAMA CHEMICALS
CO., LTD.) and 104.8 g of PGMEA were charged, and to the resulting
mixture, an aqueous phosphoric acid solution having 0.69g (0.6%
by weight with respect to the weight of charged monomers) of
phosphoric acid dissolved in 35.91 g of water was added over
10 minutes while stirring the mixture at room temperature.
Thereafter, the flask was immersed in an oil bath of 40°C, the
resulting mixture was stirred for 30 minutes, and ther the oil
bath was heated up to 115°C over 30 minutes. The temperature
of the solution reached 100°C after a lapse of 1 hour from the
start of heating and the solution was heated and stirred for
further 4 hours {the temperature of the solution was 100 to 110°C
in the meantime) to obtain a polysiloxane solution (¢). In
addition, a nitrogen gas was flowed at a flow rate of 0.05 1
(liter)/min during the heating and stirring. During the
reaction, 97 g in total of methanol and water as by-products
were distilled out.

i0112]

The obtained polysiloxane solution (c) had a solid
content concentration of 42% by weight and the peolysiloxane had
a welght average molecular weight of 12400. In addition, the
content ratio of the organosilane represented by the general

formula (1) in the polysiloxane was 50% in terms of the mole
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ratio of $i atoms, and the content ratio of the organosilane
represented by the general formula (2} in the polysiloxane was
40% in terms of the mole ratio of 5i atoms.

[0113]

Synthesis Example 4 Synthesis of Polysiloxane Solution

Into a 500 mL three-necked flask, 99.15 g (0.50 mol) of
phenyltrimethoxysilane, 58.75 g (0.50 mol) of M Silicate 51 ((m
= 4, average) produced by TAMA CHEMICALS CO., LTD.) and 158,589
g of DAA were charged, and to the resulting mixture, an aqueous
phosphofic acid solution having 0.79 g (C.5% by weight with
ﬁespect £o the weight of charged monomers) of phosphoric acid
dissolved in 49.5 g of water was added over 10 minutes while
stirring the mixture at room temperature. Thereafter, the
flask was immersed in an oil bath of 40°C, the resulting mixture
was stirred for 30 minutes, and thenvthe 0il bath was heated
up to 115°C over 30 minﬂtéé. The temperature of the solution
reached 100°C after a lapse of 1 hour from the start of heating
and the solution was heated and stirred for further 4 hours (the
temperature of the solution was 100 to 110° in the meantime}
to obtain a polysiloxane solution {(d). In addition, anitrogen
gas was flowed at a flow rate of 0.05 1 (liter)/min during the
heating and stirring. During the reaction, 123 g in total of
methanol and water as by-products were distilled out.

[0114]
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The obtained polysiloxane solution (d) had a solid
content concentration of 39% by weight and the polysiloxane had
a weight average molecular weight of 13500. In addition, the
content ratio of the organosilane represented by the general
formula (1) in the polysiloxane was 50% in terms of the mole
ratio of Si atoms, and the content ratio of the crgancsilane
represented by the géneral formula {2} in the peolysiloxane was
50% in terms of the mole ratic of Si atoms.

[0115]

Synthesis Example 5 Synthesis of Polysiloxane Solution
(e)

Into a 500 mL three-necked flask, 7%.32 g (0.40 mol) of
phenyltrimethoxysilane, 70.50 g {0.60 mol) of M Silicate 51 ((m
= 4, average) produced by TAMA CHEMICALS CC., LTD.) and 118.9¢
g of DAR were charged, and to the resulting mixture, an aqueous
phosphoric acid solution having 0.90 g (0.6% by weight with
respect to the weight of charged monomers) of phosphoric acid
dissolved in 48.60 g of water was added cver 10 minutes while
stirring the mixture at room temperature. Thereafter, the
flask was immersed in an oil bath of 40°C, the resulting mixture
was stirred for 30 minutes, and then the oil bath was heated
up £o 115°C over 30 minutes. The temperature of the solutién
reached 1006°C after & lapse of 1 hour from the start of heating
and the solution was heated and stirred for further 4 hours (the

temperature of the solution was 100 to 110°C in the meantime)
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to obtain a polysiloxane solution {(e). In addition, anitrogen
gas was flowed at a flow rate of 0.05 1 {liter)/min during the
heating and stirring. During the reaction, 135 g in total of
methanol and water as by-products were distilled out.

The cbtained polysiloxane solution (e) had a solid
content concentration of 41% by weight and the polysiloxane had
a welght average molecular weighﬁ 0f 14800. In addition, the
content xétio cf the organosilane represented by the general
formula (1} in the polysiloxane was 40% in terms of the mole
ratio of 3z atpms, and the content ratic ¢f the organocsilane
represented by the general formula {2) in the polysiloxane was
&0% in terms of the mole ratio of S5i atoms.

{0116]

Synthesis Example 6 Synthesis of Polysiloxane Solution

Into a 500 mL three-necked flask, 20.43 g (0.15 mol} of
methyltrimethoxysilane, 2%.15 g (0.50 mol) of
phenyltrimethoxysilane, 12.32 g (0.05 mol) of
2~ (3, 4-epoxycyecleohexyl)ethyltrimethoxysilane, 45.67 g (0.30
mol, m=1) of tetramethoxysilane and 228,35 g of DAA were charged,
and to the resulting mixture, an agueous phosphoric acid
solution having 1.067 g (0.6% by weight with respect to the
weight of charged monomers) of phosphoric acid dissolved in
60.30 g of water was added over lﬁ minutes while stirring the

mixture at room temperature. Thereafter, the flask was
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immersed in an oil bath of 40°C, the resulting mixture was
stirred for 30 minutes, and then the oil bath was heated up to
115°C over 30 minutes. The temperature ¢f the solution reached
100°C after a lapse of 1 hour from the start of heating and the
solution was heated and stirred for further 4 hours {(the
temperature of the seclution was 100 to 110°C in the meantime)
to obtain a polysilexane solution (f}). Inaddition, anitrogen
gas was flowed at a flow rate of 0.05 1 (liter)/min during the
heating and stirring. During the reaction, 129 g in total of
methancl and water as by-products were distilled out.

[0117]

The obtained polysiloxane solution {f) had a solid
content concentration of 39% by weight and the polysiloxane had
a weight average molecular weight of 9000, In addition, the
content ratic of the organosilane represented by the general
formula (1) in the polysiloxane was 50% in terms of the mole
ratio of Si atoms, and the content ratio ¢f the organosilane
represented by the general formula (2) in the pelysiloxane was
30% in terms cf the mole ratio of 31 atoms.

[0118]

Synthesis Example 7 Synthesis of Polysiloxane Solution

Into a 500 mL three-necked flask, 40.86 g (0.30 mol) of
methyltrimethoxysilane, €9.41 g (0.35 mcl}) of

phenyltrimethoxysilane, 12,32 g (0.05 mcl) of
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2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane, 35.25 g (0.30
mol) of MSilicate 51 {{m=4, average) produced by TAMA CHEMICALS
¢G., LTD.), 140.37 g of PGMER and 15.60 g ocf methancl were charged,
and to the resulting mixture, an agqueous vhosphoric acid
solution having 0.63 g (0.4% by weight with respect to the weight
of charged moncmers) of phosphoric acid dissolved in 52.20 g
of water was added over 10 minutes while stirring the mixture
at room temperature. Thereafter, the flask was immersed in an
oil bath of 40°C, the resulting mixture was stirred for 30
minutes, and then the oil bath was heated up to 115°C over 30
minutes. The temperature of the solution reached 100°C after
é lapse of 1 hour from the start of heating and the solution
was heated and stirred for further 2 hours (the temperature of
the solution was 100 to 110°C in the meantime) to obtain a
polysiloxane solution (g). In addition, a nitrogen gas was
£flowed at a flow rate of 0.05 1 {liter)/min during the heating
and stirring. During theé reaction, 141 g in total of methanol
and water as by-products were distilled out.

The obtained polysiloxane solution (g} had a solid
content concentration of 42% by weight and the polysiloxane had
a weight average molecular weight of 12300. In addition, the
content ratio of the organosilane represented by the general
formula (1) in the polysiloxane was 35% in terms of the mole
ratic of Si atoms, and the content ratio of the organosilane

represented by the general formula (2) in the polysiloxane was
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30% in terms of the mole ratic of 3i atoms.
[0118]

Synthesis Example 8 Synthesis of Polysiloxane Sclutioen

Inte a 500 mL three-necked fiask, 44.95 ¢ (0.33 mol} of
nethyltrimethoxysilane, 54.53 g (0.25 mol) of
phenyltrimethoxysilane, 13.55 g (0.055 mol) of
2-{3, 4-epoxycyclohexyl)ethyltrimethoxysilane, 25.85 g (0.22
mol) cf MSilicate 51 ((m=4, average) produced by TAMA CHEMICALS
Co., LTD.}), 51.535 g (0.22 mol) of
3-acryloxypropyltrimethoxysilane, 173.23 g of PGMEA and 19.25
g of ethanol were charged, and to the resulting mixture, an
agueous phosphoric acid solution having 0.95 g (0.5% by:weight
with respect to the weight of charged monomers) of phosphoric
acid dissolved in 58.41 g of water was added over 10 minutes
\while stirring the mixture at room temperature. Thereafter,
the flask was immersed in an oil bath of 40°C, the resulting
mixture was stirred for 30 minutes, and then the cil bath was
heated up to 115%°C over 30 minutes. The temperature of the
solution reached 100° after a lapse of 1 hour from the start
of neating and the solution was heated and stirred for further

2 hours (the temperature of the solution was adjusted to 895 to

165°C) to obtain a polysiloxane solution {(h). In addition, a

nitrogen gas was flowed at a flow rate of 0.05 1 {liter)/min

during the heating and stirring. During the reaction, 156 g
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in total of methanol and water as by-products were distilled
out.
The cbtained polysiloxane solution (h} had a solid

content concentrétion.of 42% by weight and the polysiloxane had
- a weight average molecular weight of 3100. 1In addition, the

content ratioc of the organosilane represented by the general

formula (1) in the polysiloxane was 25% in terms of the mole

ratio of 8i atoms, and the content ratio of the crgancsilane

represented by the general formula (2) in the polysiloxane was

20% in terms of the mole ratio of Si atoms.

[0120]

Synthesis Example 9 Synthesis of Polysiloxane Solution

Into a 500 mL three-necked flask, 118.98 g {0.60 mol) of
phenyltrimethpxysilane, 59.61 g (0.4 mol) of M Silicate 51 {(m
= 4, average) produced by TAMA CHEMICALS CO., LTR.) and 1397.57
g ¢f DAA were charged, and-tc the resulting mixture, an agqueous
phosphoric acid solution having 1.07 g (0.6% by weight with
respect to the weight of charged monomers) of phosphoric acid
dissolved in 50.40 g of waﬁer was added over 10 minutes while
stirring the mixture at room temperature. Thereafter, the
flask was immersed in an oil bath of 40°C, the resulting mixture
was stirred for 30 minutes, and then the oil bath was heated
up to 115°C over 30 minutes. The temperature of the solutién

reached 100°C after a lapse of 1 hour from the start of heating
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and the sclution was heated and stirred for further 4 hours (the
temperature of the solution was 100 to 110°C in the meantime)
to obtain a polysiloxane solution (i). Inaddition, anitrogen
gas was flowed at a flow rate of 0.05 1 (liter)/min during the
heating and stirring. During the reaction, 131 g in total of
methancl and water &s by-products were distilled out,

The obtained polysiloxane solution (i) had a solid
content concentration of 37% by weight and the polysiloxane had
a weight average molecular weight of 14100. In addition, the
content ratic of the organcesilane represented by the general
formula (1) in the polysiloxane was 0% in terms of the mole
ratio of Si atoms, and the content ratio cof the organcsilane
represented by the general formula {(2) in the polysiloxane was
40% in terms of the mole ratio of Si atoms.

[0121]

Synthesis Example 10 Synthesis of Polysiloxane Sclution
(3

Into a 500 mL three-necked flask, 47.67 g {(0.35 mol) of
methyltrimethoxysilane, 98.15 g (O.5Imol) of
phenyltrimethoxysilane, 12.32 g (0.05 mol) of
2-{3, d-epoxycyclochexyl)ethyltrimethoxysilane, 11.75 ¢ (0.10
mol) of MSilicate 51 ({(m= 4, average;} produced by TAMA CHEMICALS
CO., LTD.} and 170.77 g of PGMER were charged, and to the
resulting mixture, an agueous phosphorié acid solution having

0.53 g (0.3% by weight with respect to the welght of charged
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monomers) of phosphoric acid dissolved in 54.00 g of water was
added over 10 minutes while stirring the mixture at room

temperature. Thereafter, the flask was immersed in an oil bath
of 40°C, the resulting mixture was stirred for 30 minutes, and
then the oil bath was heated up to 115°C over 30 minutes. The

temperature of the solﬁtion reached 100°C after a lapse of 1
hour from the start of heating and the solution was heated and
stirred for further 2 hours (the temperature of the solution
was 100 to 110°C in the meantime) to obtain a polysiloxzane
solution {3). In addition, a nitrogen gas was flowed at a flow
rate of 0.05 1 {liter)/min during the heating and stirringf
Dﬁring the reaction, 123 g in total of methanol and water as
by-products were distilled out.

[0122]

The obtéined polysiloxane sclution (j) had a solid
content concentration of 43% by weight and the polysiloxane had
a weight average molecular weight of 8500. In addition, the
content ratio of‘the organosilane repxesented by the general
formula (1) in the polysiloxane was 50% in terms of the mole
ratic of Si atoms, and the content ratio of.the organcsilane
represented by the general formula (2) in the polysiloxane was
10% in terms of the mole ratio of Si atoms.

[0123]

Synthesis Example 11 Synthesis of Polysiloxane Solution
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Tnto a 500 mL three-necked flask, 47.67 g (0.35 mol) of
methyltrimethoxysilane, 99.15 g (0.50 mol) of
phenyltrimethoxysilane, 12.32 g (0.05 mol) of
2-(3, 4-epoxycyclohexyl)ethyltrimethoxysilane, 15.22 g (0.10
mol, m = 1} of tetramethoxysilane and 1706.77 g of PGMEA were
charged, and to the resulting mixture, an aqueocus phosphoric
acid solution having 0.52 g (0.3% by weight with respect to the
weight of charged monomers) of phesphoric acid dissolved in
56.70 g of water was added over 10 minutes while stirring the
mixture at room temperature. Thereafter, the flask was
immersed in an oil bath of 40°C, the résﬁlting mixture was
stirred for 30 minutes, and then the oil bath was heated up to
115°C over 30 minutes. The temperature of the solution reached
100°C after a lapse of 1 hour from the start of heating and the
solution was heated and stirred for further 2 hours (the
température of the sclution was 100 to 110°C in the meantime)
to obtain a polysiloxane solution (k). Inaddition, anitrogen
gas was flowed at a flow rate of 0.05 1 (liter)/min during the
heating and stirring. During the reaction, 129 g in total of
methanol and water as by-products were distilled out.

[0124]

The obtained polysiloxane solution (k) had a solid
content concentration of 43% by weight and the polysiloxane had
a weight average molecular weight of 85300. In additicn, the

content ratio of the organosilane represented by the genersl
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formula {1} in the polysiloxane was 50% in terms of the mole
ratio of 8i atoms, and the content ratio of the organosilane
represented by fhe general formula (2) in the polysiloxane was
10% in tezms ¢of the mole ratio of 5i atoms.

[0125]

Synthesis Example 12 Synthesis of Polysiloxane Solution

Into a 500 mL three-necked flask, 54.48 g (0.40 mol) of
methyltrimethoxysilane, 99.15 g (0.50 mol) of
phenyltrimethoxysilane, 24.64 g (0.1 mol} of
_2-(3,é—epoxycyclohexyl)ethyltrimethcxysilane and 179.50 g of

777777 DAA were charged, and to the resulting mixture, an agusous
phosphoric acid solution having 0.54 g (0.3% by weight with
respect to the welght of charged monomers) of phosphoric acid
dissolved in 55.8 g of water was added over 10 minutes while
stirring the mixture at room temperature. Thereafter, the
flask was immersedjjlan-oii bath of 40°C, the resulting mixture
was stirred for 30 minutes, and then the cil bath was heated
up to 115°C over 30 minutes. The temperature of the solution
reached 100°C after a lapse of 1 hour from the start of heating
and the solution was heated and stirred for further 2 hours (the
temperature of the sclution was 100 to 110°C in the meantime)
to obtain a polysiloxane solution (1), In addition, anitregen
gas was flowed at a flow rate of 0.05 1 {liter)/min during the

heating and stirring. During the reaction, 121 g in total of
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[Chem 18] 0 H3C 0-H2C , CH2- 0- CH3

methancl and water as by-products were distilled ocut.

. The obtained polysiloxane soluticn (1} had a solid
content concent_ration of 43% by welight and the polysiloxane had
a weight average molecular weight of 3200, In addition, the
content ratio of the crganosilane represented by the general
formula (1) in the polysiloxane was 50% in terms of the mole
ratio of Si atoms, and the content ratio ¢f the organosilane
represented by the general formula (2) in the polysiloxane was
0% in terms of the mole ratio of 351 atoms.

[0126}

Synthesis Example 13 Synthesis of Polysiloxane Solution

Into a 500 mL three-necked flask, 54.48 g {0.40 mol) of
methyltrimethoxysilane, 29.75 g (0.15 mol) of
phenyltrimethoxysilane, 12.32 g (0.05 mol) of
Z2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane, 23.50 g (0.20
mel} of MSilicate 51 ({m=4, average) produced by TAMA CEEMICALS
CO., LTD.;, 46.86 g (0.20 mol) of
3-acryloxypropyltrimethoxysilane and 196.26 g of DAR were
charged, and to the resulting mixture, an agqueous phosphoric
acid selution having 0.33 g (0.2% by weight with respect to the
weight of charged monomers) of phosphoric acid dissclved in
53.10 g of water was added over 10 minutes while stirring the
mixture at room temperature. Thereafter, the flask was

immersed in an o0il bath of 40°C, the resulting minture was
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The results of evaluations are shown
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Tabl e 2.

stirred for 30 minutes, and then the o1l bath was heated up to
115°C over 30 minutes. The temperature of the solution reached
100°C after a lapse of 1 hour from the start of heating and the
solution was heated and stirred for further 2 hours (the
temperature of the solution was 95 to 103°C in the meantime)
to obtain a polysiloxane solution {m). In addition, anitrogen
gas was flowed at a flow rate of 0.05 1 (liter)/min during the
neating and stirring. During the reaction, 120 g in total of
methanol and water as by-precducts were distilled out.

The obtained polysiloxane solution (m) had a solid
content concentration of 43% by weight and the polysiloxane had
a weight average molecular weight of 3500. 1In addition, the
content ratio of the organosilane represented by the general
formula (1} in the polysiloxane was 15% in terms of the mole
ratio of Si atoms, and the content ratio of the organosilane
represented by the general formula (Z) in the polysiloxane was
20% in terms of the mole ratio of Si atoms.

[0127]

Synthesis Example 14 Synthesis of Acrylic Resin Soiution

Into a 500 ml flask, 5 gof 2,2'-azobis (iscbutyronitrile;},

5 g of tert-dodecanethiol and 180 g of PGMEA were charged.

Thereafter,30g;ofnmthacrylicacid,35g;ofbenzylmethacrylate'

and 35 g of tricyclo[S.Z.l,Okﬁ]decan—8~yl methacrylate were

charged, the resulting mixture was stirred at room temperature

75

in

in



roperties ofcurecifilm Conposition Fil mthickness after Prebaking 4im
Normal i zed remaining filmthickness (Rl Sensitivity ii/nm2 | Resolution

and the inside of the flask was replaced with nitrogen, and then
the mixture was heated and stirred at 70°C for 5 hours. Then,
to the resulting solution, 15 g of glycidyl methacrylate, 1 g
ofdimethylbenzylamineand0.2g;oﬁpumethoxyphenolwereadded,
and the resulting mixture was heated and stirred at 30°C for
4 hours to obtain an acrylic resin solution {al.

The obtained acrylic resin solution {a) had a solid
content concentration of 40% by weight, and the acrylic resin
had a weight average molecular weight of 12000 and an acid valus
of 91 mg KOH/g.

[0128)

Synthesis Example 15 Synthesis of Quinone Diazide
Compound (a)

In a dry nitrogen stream, 21.23 g (0.05 mel) of TrisP-PA
(trade name, produced by Honshu Chemical Industry Co., Ltd.)
and 37.62 g (0,14 mel) of 5-naphthoquinonediazidesulfonylic
acid chloride were dissoclved in 450 g of 1,4-dioxane, and the
solution was kept at room temperature. To the solution, 15.58
g (0,154 mol) of triethylamine mixed with 50 g of 1,4~dioxane
was added dropwise while keeping an internal temperature of a
system at lower than 35°C. After the completion of dropwise
addition, the resulting mixture was stirred at 30°C for 2 hours.
Triethylamine_ salt was separated by filtration and filtrate was
charged into water. Thereaftex, the formed precipitate was

collected by filtration. This precipitate was dried with a
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vacuum drier to obtain a quinone diazide compound {(a) having

the following structure.

[0129]
[{Chem., 14}
' {?Hs CHs o)
Qo ? C OQ N,
CH -
: “ OQ H
. 50,
oQ %
2.8 0.2
Quinone diazide compound {a)

[0130]

Synthesis Example 16 Synthesis of Quinone Diazide
Compound (b}.

In a dry nitzrogen stream, 15.32 g (0.05 mol) of TrisP-HPA
(trade name, produced by Honshu Chemical Industry Co., Ltd.)
andZG.éng(O.lnmﬂJ of 5-naphthoguinonediazidesulfonylic acid
chloride were dissolved in 450 g of 1,4-dioxane, and the
sclution was kept at roantemperature. To the solution, 11.13
g {0.11 mol} of triethylamine mixed with 50 g of 1,4-dioxane
was added dropwise while keeping an internal temperature of a
system at lower than 35°C. After the completion of dropwise
addition, the resulting mixture was stirred at 30°C for 2 hours.
Triethylamine salt was separated by filtration and filtrate was
charged into water. Thereafter, the formed precipitate was
collected by filtration.l This precipitate was dried with a

vacuum drier to obtain a quinone diazide compound (k) having
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the following structure.

101317
fCham. 15]
§Hs o
Q= OQ H
50,
0Q f
2.0 X 1.0
Quinone diazlide compound (b)
{01321

Synthesis Example 17 Synthesis of Quinone Diazide
Compound (c)

In a dry nitrogen stream, 15.32 ¢ (0.05 mol) of
Ph-cc~AP-MF {trade name, produced by Honshu Chemical Industry
Co., Ltd.) and 37.62 g (0.14 mol} of
5-naphthoquincnediazidesulfonylic acid chloride were
dissolved in 450 g of 1, 4-dioxane, and the soluticn was kept
at room temperature. To the soluticn, 15.53 g (0.154 mol) of
triethylamine mixed with 50 g of 1, 4~dioxane was added dropwise
while keeping an internal temperature of a system at lower than
35°C._ After the completion of dropwise addition, the resulting
mixture was stirred at 30°C for 2 hours. Triethylamine salt
was separated by filtration and filtrate was charged intowater.
Thereafter, the formedprecipitate was collected by filtration,
This-precipitate.was dried with a vacuum driexr to obtain a

guincone diazide compound {(c) having the following structure.
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[0133]
{Chem. 16]
0Q a

.qHa ' N, : ,
O o O
. ?02

oa 28 @ 02

Quinone diazide compound (c)

[0134]

Synthesis Example 18 Synthesis of Quinone Diazide
Compound (d) |
- A guinone diazide compound (d) having the following
structure was prepared in the same manner as in Synthesis
Example 10 except for changing an additive amount of the

5-naphthoquincnediazidesulfonylic acid chloride to 33.5%9 g

(0,125 mol}.
F0135]
[Chem., 17]
. o O
CHy N,
OLCm o O
o
oa 25  : 05

Quincne diazide compound {d)

[0136]
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Example 1

21.88 g of the polysiloxane solution [(a) obtained in
Synthesis Example 1, 0.98 g of the quinone diazide compound (a)
obtained in Synthesis Example 9, 2.92 g of DAA as a solvent and
3.96 g of GBL were mixed and stirred under a yellow lamp to form
a2 uniform solution, and then filtrated with a filter with a pore
size of 0.45 um to prepare a composition 1.

The composition 1 was applied onto a silicon wafer and
an OA~10 glass sheet (manufactured by Nippon Electric Glass Co.,
Ltd. ) at an arbitrary retating speed with a spin coater (1H-3608
manuféctured by MIKASA CC., LTD.}, and it was pre-baked at 100°C
for 2 minutes with a hot plate {SCW-636 manufactured by
Dainippon Screen Mfg. Co., Ltd.) to form a pre-baked filmhaving
a film thickness of 3 um. The prepared film was exposed to an
ultra high pressure mercury lamp through a gray scale mask for
sensitivity measurement with a parallel light mask aligner
(hereinafter, abbreviated to a PLA) (PLA-5C1F manufactured by
Cancon Inc.) to form a pattern. The exposed f£film was developed
by showering of ELM-D {trade name, produced by MITSUBISEL GAS
CHEMICAL CO., INC.), whichis a 2.38% by weight aqueous solution
of tetramethylammenium hydroxide, for 60 seconds using an
automatic developing apparatus {AD-2000 manufactured by
Takizawa Sangyo Co., Ltd.), and then rinsed with water f-or 30
seconds. Thereafter, as bleaching exposure, the entire

surface of the filmwas expcosed te anultra high pressure mercury
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lamp at 3000 J/m® (on the exposure amount at wavelength 365 nm
eguivalent basis) with a PLA {PLA-501F manufactured by Canon
Inc.}. Thereafter, the film was soft-baked at 110°C for 2

minutes with a hot plate, and.then was cured at 230°C for 1 hour
in the air with an oven (IHEPS-222 ﬁanufactuzed by Tabai Espec
Corp.) to prepare a cured film.

[0137]

The results of evaluations of photosensitive properties
and cured filmproperties are shown in Table 2. The evaluations
in the table were performed according to the following methods.
The following evaluations {4) to (8) were performed by using
a silicon wafer substrate and evaluations (9) to {(1l) were
performed by using an OA-10 glass sheet.

[0138]

(4) Measurement ¢f Film Thickness

Ramda-Ace STM-602 (trade name, manufactured by Dainippen
Screen Mfg. Co., Ltd.) was used to measure the thickness of a
pre-baked fi;m at a refractive index of 1.50.

(0139]

(5) Calculation of Normalized Remaining Film Thickness

The normalized remaining film thickness was determined
according to the following formula.

Normalized remaining £film thickness {%) = (£ilm thickness

of unexposed area after development)/(film thickness after

prebake;) x 160
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{6} Determination of Sensitivity
. After exposure and development, the exposure amount at

wnich a 10 pum line and space pattern is formed at a width ratic
of 1 : 1 (hereinafter, the exposure amount is referred to as
an optimum exposure amount) was taken as the sensitivity.
[0140]

{(7) Determination of Resolution

The minimum pattern size at the optimum exposure amount
after development was referred to as a resolution after
development and- theminimumpattern size at the optimum sxposure
amount after curing was referred to as a resolution after
curing.
[01417

{B} Heai Resistance

A cured film prepared by the method described in Example
1 was scraped off the substrate and about 10 mg of the scraped
film pilece was put in an aluminum cell. By use of a
thezmoggavimetric apparatus (TGA-50, manufactured by Shimadzu
Corporation), the film pilece was heated at a heating rate of
10°C/min up to 150°C in a nitrogen atmosphere, maintained at
150°C for 1 hour, and then heated at a geating rate of 10°C/min
up to 400°C. At this time, a temperature Tdl% at which the ratioc
of weight loss was 1% was measured and compared. A higher Tdl%
indicates that heat resistance is good.

[0142]
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{9) Measurement of Light Transmittance

First, the ultraviolet and visible absorption spectrum
of the Oh~10 glass sheet alone was measured as a reference with
Multi Spec~1500 (trade name, manufactured by Shimadzu
Corporation). Next, a cured £ilmof the composition was formed
on the OA-10 glass sheet {pattern exposure was not performed),
and this sample was measured with a single beam to determine
a light transmittance per 3 pm thickness at a wavelength of 400
nm, and the difference between the light transmittance and the
reference was taken as the light transmittance of the cured
film;
10143]

(10} Chemical Resistance Test

The cured f£ilm used in the measurement of light
transmittance was heat-treated at 300°C for 250 seconds, and
lines spaced 1 mm apart were inscribed con the cured film with
a cutter to prepare 10 x Iﬁrsquares. Thereafter, the cured film
was immersed in an ITO etching liguid (hydrochloric
acid/potassium chloride/water = 5/7/98 (weight ratioc)) at 50°C
for 300 seconds, and thereafter a cellophane adhesive tape was
adhered to the squares, and a state of the squares remaining
at the time of peeling this tape off was observed. The ratio
of the squares remaining without being peeled was evaluated
according to the following criteria. x: 100% of the sguares

were peeled, Ax: ratic of the remaining sguares was less than
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40%, AA: ratio of the remaining sguares was not less than 40%
and less than 60%, A: ratio of the remaining squares wasdnot
less than 60% and less than 80%, o: ratio of the remaining squares
was not less than 80% and less than 95%, @: ratio of the remaining
squares was not less than 35%.

(11} Measurement of Light Transmittance After High
Temperature Heat Treatment

First, the ultraviolet and visible abscrption spectrum
of the OR~10 glass sheet alone was measured as a reference with
Multi Spec-1500 (trade name, manufactured by Shimadzu
Corporation). Next, a cured film of the composition was formed
on the OA-10 glass sheet (pattern exposure was not perfqrmed),
the cured film was heat-treated at 330°C for 300 seconds, and
the resulting sample was measured with a single beam To
determine a light transmittance per 3 pm thickness at a
wavelength of 400 nm, and the difference between the light
transmittance and the reference was taken as the light
transmittance of the cured film.
{0144}

Examples 2 to 13, Comparative Examples 1 to 3

Compositions 2 to 16 were prepaféd so as to have the
compositions shown in Table 1 as with the composition 1. In
addition, KBM-303 used as a silane coupling agent was
2-(3, 4-epoxycyclohexyl}ethyltrimethoxysilane produced by

Shin~Etsu Chemical Co., Ltd. and KBM-403 was

84



3 318 98 96 0 Exanple 9 C''diti" 3.0 95 280 2 2.7 2 360

3-glycidoxypropyltrimethoxysilane produced by Shin-Etsu
Chemical Co., Ltd. "NIKALAC" MX-270 (trade name, manufactured
by SANWA CHEMICAL CO., LTD.) used as a cresslinking agent is
a compound having the following structure. Further, CGI-MDT
(trade name, produced by Ciba Specialty Chemicals Inc.) and
WPAG*469(tradename,producedkanakoPurechemicallndustries,
Ltd.), which were used as a crcsslinking promoter, were a 20%
PGMEA solution of d-methylphenyldiphenylisulfonium
perfluorobutanesulfonate, and DFA (trade name, produced by
Kawasaki Kaseil Chemicals Ltd.) used as a sensitizer was
9, 10~dipropoxyanthracene.

(12) Preparation Method of Touch Panel Device

A preparation method of a touch panel device will be
described with xeferenée to an example. A thin film of a metal
oxide commonly used, such as indium tin oxide (ITC) or tin
antimonate, or a metal such as geld, silver, copper, or aluminum
was used for the transparent electrode. These transparent
electrodes are formed by a method hitherto used, for example,
a physical method such as vacuum déposition, sputtering, ion
plating or ion beam deposition, or a chemical vapor-phase
deposition method.
[0145]

ITO was deposited by vapor deposition on a glass substrate
having a thickness of about 1 mm, a resist material was patterned

thereon by a photolithography technique and chemically etched
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bytheabove~menti0nedITOetchingiiquid,andaarhombuspattern
was formed by peeling the resist material to prepare a glass
substrate having a transparent electrode of 200 A in thickness.
[0146]

The composition 1 was applied onto a site where the
transparent electrode intersects with a transparent electrode
to be formed later by spin coating, and it was pre-baked at 106°C
for 2 minutes with a hot plate (SCW~636 manufactured by
Dainippon Screen Mfg. Co., Ltd.) to form a pre-baked filmhaving
a film thickness of 3 um. The prepared film was expoesed to an
ultra high pressure mercury lamp through a mask with the PLA
(PLA~501F manufactured by Canon Inc.) to form a pattern. The
exposed film was developed by showering of ELM-D (trade name,
produced by MITSUBISHI GAS CHEMICAL CC., INC.), which is a2.38%
by weight aqueous sclution of tetramethylammonium hydroxide,
for 60 seconds by using an automatic developing apparatus
(AD~-2000 manufactured by Takizawa Sangyc Co., Ltd.), and then
rinsed with water for 30 seconds. Thereafter, as bleaching
exposure, the entire surface of the film was exposed to an ultra

_ high pressure mercury lamp at 3000 J/m? {on the exposure amount
at wavelength 365 nmequivalent basis) with the PLA. Thereafter,
the film was soft-baked at 110°C for 2 minutes with a hot plate,
and then was cured at 230°C for 1 hour in the air with an oven

(IHPS-222 manufactured by Tabali Espec Corp.; to prepare an

insulation f£ilm.
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[0147]

ITO was deposited by vapor deposition on the insulation
£ilm as with the case described above and the ITCO film was
patterned to prepare a transparent electrode., The composition
1 was applied onto the entire surface of the ITCas a transparent
protective filmto preparea touch panel device. Ends of a group
of electrodes composing each transparent electrode were
respectively connected to a resistance.

[0148}

Examples of amaterial of the transparent protective film,
in addition to polysiloxane, include thermoplastic resins such
as an acrylic resin, polyvinyl chloride, polyester, pelyanide,
polycarbonate, and a fluorine-containing resin; thermosetting
resins such as polyurethane, an epoxy resin, and polyimide;
photopolymerizakble resins such as ultraviolet-curable acrylic
resin, ultraviolet-curable epoxy resin, ultraviolet-curable
urethane resin, ultraviciet-curable polyester resin and
ultraviolet-curable silicone resin; and silicon-based CVD
inorganic materials, and are not particularly limited. From
the viewpoint of transparency and visibility of a touch panel,
it is preferred to employ a combination of these materials, in
which the difference in a refractive index between the
insulating material and the transparent protective £ilmis 0.02
or less and more preferably 0.01 or less.

[0149]
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[Table 1]

N compound compound - £ilang . Crasali fCrosslinf .
Faly;*z:““e represented| reprasanted Solvent Naphthoz:).nz::ddia_xde coupling Acr:’:l‘\i:::in nking limg ii’::t
satution by formule] by formula e agent sgent |premeter] oo
Composition polysiloxane 504 153 OrA: 10,135 pnaphthoquinons diazide . . _ _ "
1 asolurion {a) 15,21g PMEA: 3,48q]  campound (a) ©.47g
FGHEA: 1.204 B
Composition polysilorane Bah 108 EOM1 4,56 naphtheguinone d¢fazide . _ " .
2 solution {ip} 15.0lg aEMe 2'28 compound (B ¢.5%y
1 “35g
Compasition polyailaxnne 108 L o4.5 naphthoquinane diacids . - _ -
3 salution () 15.739 sk EEL‘_ ;7:2 compound (e} 0.5%g :
Compadition] polyailoxang 80y 504 DAR: 3.42¢ {naphthoquinone diazide _ . - ~
aplution (o] 16, %3g. FGHMEA: B.B6g compound _f¢) 0.59g
Compositian polysiloxane re a0 DRE: d.23g |naphthoguinene diazide - R _ .
5 aolution (el 16.33y PGMER: §.86g| compound {c} 0,539
Composaition palysiloxane 508 308 DRAY 5,105 inaphbhoguinens dlazice - _ N _
6 sojutien (£} 16.%3g POMEA: £.5%g compound (¢} O.58g
Compoalbion polyailanang 155 104 DAR: 11,275 jnaphthoquinons diszide _ R - ~
I sclution {g) 15.72g PGMER: 1.%0ai compound (&) D.53g
Lomposliion polysiloxans 254 S0% DAry 11,275 jnaphthoguinone diacide - = - -
& eolution (k1 15.71g9 " POMEA; 1.90g compound {¢) O.59g
Composition polysiloxane &0% 108 OAR: 2.5ig jnaphthoquinons diazlde - _ . _
El salutlon L) 17.Bdg PGMEA: 6.0fg| cempound (s 0.509g
Composition)  polysilaxane son 208 p]éﬁ’g;,i’éggg naphthoquinane diazide| KBHI0H: _ _ feez-mpr:l op
10 sclutlon (k) 14.0dg G_§,_L'.O {wqg compound (d) 0.80g 0,184 £.06g {0.03g
Composition]  polysilaxsne a4 308 DAR: 7.9Zg |nephthoguinons diazide| KBMAOL: ~ ﬁih’;;‘g“ R ~
11 zelution (b 13.83g PRMEM: 0.78y| compound (d] ©.93g 0,13y 5 agh
Composition polysiloxans a4 10% DA 10.133 [naphthoguinone diazids
12 solution (31 13.21q! PGMER: 3.4Gg corpound (a] 0.47g
Compesltion polysilioxane 508 108 DA 10.13g |naphthoquinone discide
13 saiution tk} 15.2%g PEHER: 3.48g)  compound {2} 0.1%g
Compoaition: polystloxane 508 oh DAA: 4.57g [naphthogquinone diazlde - . . - _
14 solution 13} 15.3%g pEERns 8,85g1 compound {cl 9.5%y
acrylic resin _
Composition ~ DAA: 5.9y |naphthoguinone diazide| KEM3G3: | selution Is) i)‘('f’z‘g‘gc RERE | v
15 sateht 0.71g| compound [ki 0.96g o.18g 25,919 o1me | p.oag |00
M= 12000} ‘M 09
Composition palyailoxane 15% 208 DAR: 4,97 |naphtheqguincene diazide . . - _
16 aplutian (m] 15, 3bg! PGMERA: £.889 compound (e} 0, 5%9¢

g8
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[0150]

[Chem. 18]

0
HGC—OWHZC\N JJ\N,CHZ-OMCHg

—

N_ N
HC-0-HaC” Y[ THp-O-CHg
o)

NIKALAC MX-270

(01511

The obtained compositions were evaluated in the same

manner as in Example 1. However, in the evaluation of

Comparative Example 2, development was performed by showering
for 60 seconds with a 0.4% by weight aqueous solution of
tetramethylammonium hydroxide.

The results of evaluations are shown in Table 2.

[0152]
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conparati ve Exanple 2 Conposition

[Table 2]
Phctcszﬂsitlve ptDDErtiEE repeihies of cured fiim
ELdm Hormalized Eilm . Light
thickness] xemaining | Resolublon Iy Crness| ReFOlution Lignt transmitrance] ..
Sensitivity. aftar after Tdlal transmittance Chamleal
Composltion after fim (d/sz) development after curin {"CYi of cured film after heat reslstance
prebaking] thickness o ; m}' et ing lum}q ) Treatment at -
{umi it " (i : 330°C 13
Eranple 1 [STTERRIEIOND 5 g 34 360 4 2.7 4 162 99 96 A
Erample 3 |POMEASiHIenE g g a5 3z 1 2.1 3 350 38 95 @
sxampie 3 {OMOIETION 5 96 320 2 2.7 z 158 T 97 ®
Brample 4 {CTTPRSAEIORL g g 96 280 2 2.7 z 358 98 97 o
Exampts 5 |CUPSSRIORE 3 g 97 280 2 2.7 2 360 98 97 ®
Exauple & |COFPOSItiNE 5 4 95 160 3 2.9 3 155 98 35 @
Erample 7 |CUEISILIORE 5 g 95 320 3 2.7 3 155 98 386 @
Exanple B | CPTROSitIOn] 5 4 94 320 3 2.6 3 318 58 96 O
Brapmle 5 (COMPIIIEION] 3 g 95 280 2 2,7 2 160 28 97 ©
Exampis 10 “f’"‘mlsﬂ‘“"" 3.9 33 480 1 2.6 1 340 97 a7 )
Example 11 C“'"Wfl’“““ 3.0 92 500 2 2.5 2 338 95 35 @
gxample 12} OO 30 93 400 $ 2.6 5 335 98 7] AL
Example 13| CPTISIHON g g 32 Q40 5 z.6 3 aso 97 o4 A
Camparstive|Composition 3.0 95 440 I 2.7 20 345 98 91 x
Example i 14 " . i
Comparative!Composition
ampazatiy e 3.0 71 440 8 2.4 8 }z80 91 50 A
ComparativeiComposition| 3 g 92 440 6 2.6 8 352 a1 89 x
Example 3 16 " "
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INDUSTRIAL APPLICABILITY

{0153}

The photosensitive composition of the present invention

is used for forming a planarization film for a thin film

transistor {(TFT) substrate of a liquid crystal display device,

an organic EL display device or the like, a protective film or

an insulation film for a touch panel sensor or the like, an

interlayer insulation film of a semiconductor device, a

planarization film or a microlens array pattern for a solid

state image sensing device, or a core or clad material of a light

waveguide of a photosemiconductor device or the like.

EXPLANATION CF REFERENCE NUMERALS

01541

i:

glass substrate

transparent electrode (lower ITO)
transparent iﬁéﬁiation film
transparent electrode {upper ITO)

transparent protective film
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CLAINMS

1. A positive photosensitive resin composition
containing {(a) polysiloxane, (b) a naphthoguinone diazide
compound, and (c} a solvent,

wherein (a) the polysiloxane contains an
organosilane-derived structure represented by the general
formula (1):

{Chem. 1]

(R‘};Si—(ORZ) o

wherein R' represents an aryl group having 6 to 15 carbon
atoms, plural R's may be the same or different, R? represents
any of hydrcgen, an alkyl group having 1 to 6 carbon atoms, an
acyl grouﬁ having 2 to 6 carbon atoms and an aryl group having
6 to 15 carbon atoms and plural 2%s may be the same or different,
and n represents an integer of 1 to 3, in an amount of 20% or
more and 80% or less in terms of the ratio of the number of Si
atom-moles to *he number cof Si atom-moles of the whole
polysiloxane, and

wherein (a} the polysiloxane contains an
organcsilane-derived structure represented by the general
formula (2}: l

[Chem. 2}
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The photosensitive conposition of the present invention is used for formng
a planarization filmfor a thin filmtransistor (TFT) substrate of a liquid
crystal display device, an organic EL display device or the like, a
protective filmor an insulation filmfor a touch panel sensor or the like,
an interlayer insulation filmof a sem conductor device, a planarization
filmor a mcrolens.array pattern for a solid.state inage sensing device,

or a core or clad material of a |light wavegui de of a photosem conduct or
device or the |ike. EXPLANATI ON OF REFERENCE NUVERALS [0154] 1: gl ass
substrate 2: transparent electrode (lower I TO 3: transparent insulation
film4: transparent el ectrode (upper 1TO 5: transparent protective film
CLAI M5 1. Axgaﬁitive phot osensitive resin conposition containing (a)
pol ysi | oxane, (b) na hthﬁgU|none di azi de conmpound, and (c) a sol vent,
wherein (a) tH@(b 85&5&%& o@? ai ns an organosi | ane-derived structure
represented by th gwg formula (1): [Chem 1] (W Si

wherein R® to R® independently represent any of hydrogen,
an alkyl group having 1 to 6 carbon atoms, an acyl group having
2 to 6 carbon atoms and an aryl group having é to 15 carbon atoms

and m represents an integer of 1 to 11.

2. The positive photosensitive composition according to
claim 1, wherein (a) the polysiloxane further contains an
organosilane-derived structure represented by the general
formula (3):

[Chem. 31}

(RH-si—{OR®) 44 @)

wherein R’ represents any of hydrogen, an alkyl group
having 1 to 10 carbon atoms and an alkenyl group having 2 to
10 carbon atoms and plural R’s may be the same or different,
R* represents any of hydrogen, analkyl group having 1 to 6 carbon
atoms, an acyl group having 2 to & carbon atoms and an aryl group
having 6 to 15 carbon atoms and plural R’s may be the same or

differsnt, and 1 represents an integer of 1 toc 3.

3., The positive photosensitive composition according to

claim 1 or 2, wherein (a) the polysiloxane contains an
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(OR2\ (1) / 4-n wherein R2 represents an aryl group having 6 to 15
carbon atons, plural Ris nmay be the sane or different, R2 represents any of
hydr ogen, an al kyl group having 1 to 6 carbon atons, an acyl group having 2
to 6 carbon atons and an aryl group having 6 to 15 carbon atons and pl ural
R2s may be the same or different, and n represents an integer of 1 to 3, in
an anmount of 20% or. nore and 80%or less.in terns . of the ratio of the. .
nunber of Si atomnoles to the nunber of Si atom noles of the whole

pol ysi | oxane, and wherein (a) the polysiloxane contains an
organosi | ane-derived structure represented by the general fornmula (2):
.[Chem 2] oR4 \ R30 all9,6(2) ORS wherein R6 to R6 i ndependently

r epr esent any (@hoflyidnegessi@n atiodruge otqphavinngs bt @n6 gachen atons, an
acyl group having 2 to 6 carbon atons and an aryl group having 6 to 15

car bon aton&&andlmuaepﬂe&eamsmanOfﬁﬂégewm@ﬂeinﬁéﬁiprlﬂsslﬂt@rmﬁhe positive
phot osensitive conposition according to claiml, wherein
ponS|IoxaneﬂfGh?ﬁéﬁléoﬁﬁéﬁﬁ§“€#eér@%ﬁ%sFFﬁﬁémﬁéﬁlV%&h§t?ﬁ%Fﬁr%frepresented

by th neral formul
y € gene §3 atgmf%gf%s(gg the[cgo e poLysxloxane.

4, The positive photosensitive composition according to
any one of claims 1 to 3, wherein in (a) the polysiloxane, R
in the general formula (1) 1s any group of a phenyl group, &
telyl group, a naphthyl group, an anthracenyl group, a
phenanthrenyl group, a fluorenyl group, a fluorenconyl group,

a pyrenyl group, an indenyl group and an acenaphthenyl group.

5., The pesitive photosensitive compesition according to
any one of claims 1 to 4, wherein in (a) the polysiloxane, m

in the general formula (2) is an integer of 2 to 1l.

6. The positive photosensitive composition according to
any one of claims 1 to 5, wherein the amcunt cf (b) the
naphthoquinone diazide compound is 3 to 15 paxts by weight with

respect to 100 parts by weight of (a) the polysiloxane.

7. The positive photosensitive composition according to
any one of claims 1 to 6, wherein (b) the naphthoguinone diazide
compound is a naphthoguinone diazide compound represented by

the following general formula {4):

G4



wherein R7 represents any of hydrogen, an al kyl group having 1 to 10 carbon
atons and an al kenyl group having 2 to 10 carbon atons and plural R7s may
be the sane or different, R6 represents any of hydrogen, an al kyl group
having 1 to 6 carbon atons, an acyl group having 2 to 6 carbon atons and an
aryl group having 6 to 15 carbon atons and plural Ras nmay be the sane or
different, . .and 1 represents an integer of 1 to 3.. 3. .The positive
phot osensitive conposition according to claim1l or 2, wherein (a) the

pol ysi | oxane contai ns an organosilane-derived structure represented by the
general formula (2) in an anobunt of 12%or nore and 60% or less in terns of
the ratio of the nunber of Si atomnoles to the nunber of Si atom noles of
t he whol e polyégggx%@e. 4. The positive photosensitive conposition
according to ény one'of claims 1 to 3, wherein in (a) the polysiloxane, in
t he general fornwlg(%l) i s7any group of a phenyl group, a tolyl group, a
napht hyl group, g ,group, phenant hr enyl qgoup, a fluorenyl
group, a fluoriengn ﬁ#gmﬁﬁ‘ Poup, an indenyl¥group and an
acenapht henyl \gr [ oH pgktive phot osernsi N2
conposi ti onacc ﬂ&)@gto i d
pol ysil oxane, min the gen¢oal,f
6. The positive photosensitive cQr con accordi ngozo any one of clains 1
to 5, wherein the amount of (b) tHe&tmapht hoqui none di azi de conpound is 3 to
15 parts by weight with respect to'l d parts by weight of (a) the

pol ysi | oxane. wherdin H€ROSEL Mer PRQIREEHSIah ¥Bx 00gRAS hhdmgaccor di ng
to anyone of clains 1 to 6, wherein (b) the naphthoqui nonedi azi de conpound
i s a napht hoqui Rene di-8&h de:eenpRand’t epesant Bd byptdsent oddyowEng gener al
formula (4): [Chem 4] SO2

hydrogen atom, an alkyl group having 1 to 8 carbon atoms, an

3 in (i) 4 he
(2) i's an i nty of 2 to 11.

alkoxyl group, a carboxyl group and an ester group, &%, rMs,
R*s and R*’s may be the same oxr different, Q represents either
é 5-naphthoquinonediazidesulfonyl group or a hydrogen atom and
not all the Qs are a hydrogen atom, and a, b, c, d, e, &, B and
v represent an integer of 0 to 4 and satisfy a relationship of

a +p+y+dz 2.

8. A cured film formed from the positive photosensitive
composition according to any one of claims 1 to 7, wherein in

the cured film, a transmittance per a f£ilm thickness of 3 um

at a wavelength of 400 nm iz 90% or more.

9. B device comprising the cured film according to claim

10. A device, wherein the device according to claim 9

85



Ri z) wherein RO represents hydrogen or an al kyl group having 1 to 8
carbon atons, R19, Rfl, R12 and R19 represent any of .a hydrogen atom an
al kyl group having 1 to 8 carbon atons, an al koxyl group, a carboxyl group
and an ester group, R19s, Rus, Rl12s and R13s nay be the sane or different,
Q represents either a 5-napht hoqui nonedi azi desul fonyl group or a hydrogen
atom and . not..all the Q. are.a .hydrogen atom and a, b, . c, d, e, a, p.andy
represent an integer of 0 to 4 and satisfy a relationship of a +p +y + 8
2. B. A cured filnfornmedfronthe positive photosensitive conposition
according to any one of clainms 1 to 7, wherein in the cured film a
transmttance per a filmthickness of 3 pmat a wavel ength of 400 nmis 90%
or nore. 9. A device conprjsing the cured .filmaccordj .cl.aimB. 10. A
devi ce, wherdi APY KBS d¥vitc l‘é%@o?ﬁﬁtgﬁt SRRt %%S&éﬁ‘glﬁfﬁa li qui d
crystal display, dPvi6ee. a1 QLORN Gola dictRhay.davisegsol device for a touch
e

panel sensor, m conduct or device, a solid state image sensing device
and a phot osgnl CONAUEL O AdE¥ELE: solid state image sensing device and

a photosemiconductor device.
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