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DEVI CE, DRI VE SUBSTRATE HAVI NG SPACERS THEREON, PRODUCTI ON PROCESS
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The present invention relates to a radi dtion sensitive conposition for
form ng spacers on the drive 10 substrate of a transm ssion or reflection
type thin filmtransistor (TFT) color liquid crystal display device, a
drive substpabe NGNS BREEEIVE (EUEPOS I8 IOND ROR iIRORMPNGC SPACERS eOBr and
a color liquid cr st al dISE device. 15 Description of the Prior Art In
a3 @
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transistor (TFT) color liquid crystal display device,
a drive substrate having spacers thereon, a production
process therefor and a color liquid crystal display
device.
15 Description of the Prior Art

In the production of a color liquid crystal display
devicecomprisingaithinfilmtransistor(TFT)substrate,
a color filter substrate for displaying a color image
is manufactured separately from a drive substrate having

90 thin film transistors (TFT) formed thereon and assembled
with the drive substrate. However, since thepositioning
accuracy at the time of assembly is low in this system,
the width of a black matrix must be made large, thereby
making it difficult to obtain a high opening ratio (the

25 ratio of openings for transmitting light).

Meanwhile, there has been developed a new system
that a pigmented layer is formed on the surface of adrive
substrate having thin f£ilm transistors (TFT) formed
thereon directly or through a passivation film such as

30 a silicon nitride film and this substrate having the
pigmented layer formed thereon is assembled with a
substrate having ITO (tin doped indium oxide) electrodes
formed thereon by sputtering. Since the pigmented layer

including pixels and a black matrix is directly formed



i ncluding pixels and a black matrix is directly fornmed 2 5 JAN 2005 2 on
the drive substrate in this system the step of asenbling a color filter
substrate with the drive substrate becones unnecessary and the) pgeRililg
ratio can be drastically inproved conpared with the former system 5

t hereby naking it possible to obtain a B¥ight high-definition display
devi ce. The spacers used in the latter systemare generally formed froma
radi ati on sensitive conposition by |ithography. The spacers must have

l'i ght screefi ngnl0 4 PPET Livess £ Pa®kdaln tPn Pt &M, Nthid ME&ansisstors
(TFT) as swtching elenents from mal functioning by light incident upon
the thin fidsenbdigigtar solTRT) fiThespaees s ratsd wbEh bchadfs¥de strength

and heat resjstance to stand high te rat i S in the
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for spacers which has_satisfactory Jifht screening properties and

excel | e nekazsbFimakiaggtit aReSkdRIootPesittizhee2h®E it been found.

Ther ef or e, gigﬂgdecgiﬁglﬁr&?le &fsgligi} | Ul flogrystal layer is nade by the
r

I rreversi bl'e def ormati on of spacers when the panel is sealed, thereby
causi ng a di spl ayThai $ paeer2buSienrauny tofe Lhd tawems ogm|are gemrevdlddt of
t he present inveg%hgn to _provide, .a radiati qv§ensi%i%%jﬁgl ng ion for
form ng spab@FReHELOR, A F AN TIPSR S i TR PSR 52 6r CETFT) col or
liquid crysiakndpdpiiydeviress, sphcelrs meapahlaereofl 8ghtomdrgespager s
havi ng excellent 1i t_screening properties and such high nechan'%§{
strengtiP anBrREArt{egiint grée i RAPFREGRFI R Btha 113§§|°§isow ) the

time of sealing.A PeRehq@uh dhEA s ¥BSmUhsAlfAnéRibUifg by light
incident upon the thin film transistors (TFT).
The spacers also need mechanical strength and heat
resistance to stand high temperature and high pressure
15 in the step of sealing a panel after the injection of
liguid crystals for the manufacture of a display panel.
However, a radiation sensitive composition for
spacers which has satisfactory light screening
properties and excellent mechanical strength and heat
20 resistance has not been found. Therefore, a gap
difference in the liquid crystal layer is made by the
irreversible deformation of spacers when the panel is

sealed, thereby causing a display failure.

25 Summary of the Invention
It is an object of the present invention to provide

a radiation sensitive composition for forming spacers
on a drive substrate for thin film transistor (TFT) color
liguid crystal display devices, which is capable of

30 forming spacers having excellent light screening
properties and such high mechanical strength and heat
resistance that they do not deform irreversibly at the
time of sealing a panel and free from a display failure

caused by a gap difference in a liguid crystal layer.



caused by a gap difference in a liquid crystal layer. 25 JAN 2005 3 It is
anot her object of the present invention to provide a drive substrate
having spacers fornmed fromthe radiation sensitive conposition9df JANH0S
present invention and a production process therefor. 5 1t is still another
obj ect of the present invention to prowide a color liquid crystal display
device conprising the above drive substrate of the present invention.

O her objects and advantages of the present 10 invention will becone
apparent from t hep f ol Lowia nh&€SE6hHRIGON £ ACRET BirkGdot t DRVBLRSEM to

I nvention, firstly, the above objects and advantages of the present

i nventi on prevadeienddile subsdizaterh8¥adic FPAEHIPIATRSA FHPmI1ENLor i ng
spacers on the.drive substrate o isn £l nsi I L gHL.d
Crystal di SHRas SR Ee i EhTectalpbdat 19§ Br YRROPLERn i hderdt HU

sol ubl e resina a( @redaneltyfomncstooals sTaytoeeefand (D) a photopol yneri zation
initiator. 20 According to the present_ invention, secondly, the above

obj ect s5and advant iges Filhaany ERER OPAGSH PSnthE BTESEE MERURP BL8M ve
substrate Top By {abma W S! 98 quad] Gbrbhuid e1ypialy deplay devices,
whi ch conpriseS spacers fornmed fromthe radi ation sensitive conposition

25 of the pcesentisiwegntihen.abever doigre ostvhstgrasenefi fhrentpoasenti rdly
the above obbects,and advant ages of the present invention are attained by
a process fboF g a drive substrate having spacers, conprising the
steps of: 30 fornphéer Cob P&ctisl rardchadiang: £ges goEntdt: | pyeserdn the drive

substrate of a thin filmtransistor color quyid CEKSt%] Q£3£Ia% devi ce
direcﬂkporiFMQﬂEﬁP% will become apparent rfrom e followin
description.

According to the present invention, firstly, the
above objects and advantages of the present invention
are attained by a radiation sensitive composition for

15 forming spacers on the drive substrate of a thin film
transistor color liguid crystal display device, which
comprises (A) a colorant, (B) an alkali soluble resin,
(¢) a polyfunctional monomer and (D) a
photopolymerization initiator.

20 - According to the present invention, secondly, the
above objects and advantages of the present invention
are attainedby a drive substrate for thin film transistor
color liquid crystal display devices, which comprises
spacers formed from the radiation sensitive composition

25 of the present invention.

According to the present invention, thirdly,. the
above objects and advantages of the present invention
are attained by a process for producing a drive substrate
having spacers, comprising the steps of:

30 forming a color film including a pigmented layer
on the drive substrate of a thin film transistor color
liquid crystal display device directly or through a
passivation film; and

forming spacers from the radiation sensitive



passivation film and form ng spacers fromthe radiation sensitive 25 JAN
2005 4 conposition of the present invention on the color film orﬂi

to the present invention, finally, the above objects and advantag%gJé Zmﬁe
present invention are attained by a thin filmtransistor color liquid
crystal 5 display device conprising thet above drive substrate of the
present invention. Brief Description of the Drawings Fig. 1 is a sectional
view of the key section of 10 an exanple of a thin filmtransistor (TFT)

color 1iquideng d/s%t@ioﬁ' SB! fkhe §¥Le%%n@r1%€éﬂtl%d DA tHiee Wol1ake e Diiml.i ne
X-X of Fig _,i Detail ed Description of the Preferred Enbodi nents 15 The

present |nvent|onchHrdmn@eSormb@dmnesﬁmﬁlLnWﬂﬂtiﬁbel5wn@4kﬁmth9t|on
is first given_ of the radlat |t V, |
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visi bl e radh2tl #0t atinideyid ehmrfaﬂmttums iatowalarum@uamps taﬂ.
el ectron beans and X-rays. (A) colorant The col orant used in t ent

i nventi ¢h i QlﬁéllaQHi?VﬁfPFeGQ‘@%lﬁéPﬁl theamRRYSrdbdvea SE&%’%FQV\H ch has
a specific a? %q;égghtdq_r}!s&é%):lggl.ue contains a black pigment, or

contains a pr gnent and has a specific OD value is preferred. The
expr essi on "speC|f|c D val ue" neans that the 30 OD value is 2 or nore,

preferably 2.5 o riicularl ef er. 3 or nore when 5 pm thick
spacers ar egfdﬁéogv?ﬁglé’gco*/ an%cI?ﬁpET\ g6nen %gngbe suitably sel ected
according to the gpg.l Cﬁtignapubmmmiltheespmrshe key mmctieonnefgani c
or organic and a S|qg Eignent or . a
10 an examp thin film transistor (TFT) color liquid
crystal display device: and

Fig. 2 is a view taken on line X-X of Fig. 1.

Detailed Description of the Preferred Embodiments
15 The present invention will be described in detail
hereinbelow. A description is first given of the
radiation sensitive composition of the present
invention.
The term “radiation” in the present invention
20 includes visible radiation, ultraviolet radiation, far

ultraviolet radiation, electron beams and X-rays.

{A) colorant

The colorant used in the present invention is not
25 limited to a particular color but a colorant which has
a specific OD (optical density) value, contains a black
pigment, or contains a black pigment and has a specific

0D value is preferred.
The expression "specific OD value” means that the
30 ODvalue is 2 or more, preferably 2.5 ormore, particularly
preferably 3 or more when 5 pm-thick spacers are formed.
The above black pigment can be suitably selected
according to the application purpose of the spacers. It

may be inorganic or organic and a single pigment or a



2 5 JAN 2005 5 m xture of two or nore pignents. The black pignent is
preferably a pignent having high color devel oping properties and hi gh heat
resistance, particularly high thermal deconposition resistance, 75 JAN 2005
particularly 5 preferably carbon black and/or a conmbination of two or nore
organi ¢ pignents. Exanples of the carbory black used in the present

i nvention include furnace bl acks such as SAF, SAF-HS, | SAF, | SAF-LS,

| SAF- HS, HAF, HAF-LS, HAF-HS, NAF, FEF, 10 FEF-HS, SRF, SRF-LM SRF-LS,

GPF, ECF, N-339 and N-351; thermal b|acks such _gs FT an%nNrI' and, acetyl ene
bl ack. The@éx@élrrlﬁ)rp%lﬁ’ﬂsoﬁa?‘%’?ee REINEPGTe ot 1% ROAGFNRABH BF ?%0

more. Exanples «QAfr ddhify! RO h&En L] %Knm?nﬁmghot&teiot:ha@velﬁoﬁﬂhlgon bl ack

used in the present 1nhvention iInclude oxi des such as titanjium bI ack
Cu- Fe- Mh- bapedp@mteeandnds;nmgmem;at rmsbﬁé@lﬂcel'he%%riihé’r"dﬂ%Yp]ﬂg

may be used, al one or_in_conbi exanples
of the orgaﬁﬁ@ ﬂ}ag]ne?l?cﬁg'é)c?ﬁjhgja}%’ fe presew?nl nve 1i‘zgﬁglgzng'l%{]!éii?corrpounds
cl assi fized [T_Bb(felaalglj?uﬁa&fbdh QEatR aadordl ng ¢embahert iowext (€wol or;

i ssued by The Society of Dyers and Col ourists), specifically conpounds
havi ng t he m@meomm@aeél%rmgfﬂ%;et@c |.) 25 nunbers: C |. Pignment Yellow 12,

C.I. Pignment Yell I ngg shl eWaltd sedl RingTEs e ¥ehltow 17,
C. | . Pignent %elamé?% of, B Pllrgmant \?ellow e4 18 I egmant

Yel | ow 31, 1ﬁvedtloﬁ|gmaﬁud@lfgwﬁa;e(plapks H%ﬁ%n@3Y§WﬂxN$ﬁf S, | .
- P gmont Y8ATow AT “ES THE e Chan i st eRedIRE L P o,
C.1. PigpenrerelHow 908, sﬁ:Fl-.LruP; @Rt LYl G8W,154F CN-3 PP geedt NY8ISllow 155,
cl thermal blacks such as FT and MT; and acetylene black.
These carbon blacks may be used alone or in
combination of two or more,
Examples of the inorganic black pigment other than

15 carbon black used in the present invention include metal
oxides such as titanium black, Cu-Fe-Mn-based oxide and
synthetic iron black.

These inorganic pigments may be used alone or in
combination of two or more.

20 Further, examples of the organic pigment used in
the present invention include compounds classified into
agroupof:ﬂgmentsaccordingtocolorindex(C.I.;issued
by The Society of Dyers and Colourists), specifically
compounds having the following color index (C.I.)

25 numbers:

C.I. Pigment Yellow 12, C.I. Pigment Yellow 13, C.I.

Pigment Yellow 14, C.I. Pigment Yellow 17, Cc.I. Pigment
Yellow 20, C.I. Pigment Yellow 24, C.I. Pigment Yellow
31, C.I. Pigment Yellow 55, C.I. Pigment Yellow 83, C.I.

30 Pigment Yellow 93, C.I. Pigment Yellow 109, C.I. Pigment
Yellow 110, C.I. Pigment Yellow 138, C.I. Pigment Yellow
139, C.I. Pigment Yellow 150, C.I. Pigment Yellow 153,
C.I. Pigment Yellow 154, C.I. Pigment Yellow 155, C.I.
Pigment Yellow 166, C.I. Pigment Yellow 168 and C.I.



Pigment Yellow 166, C. 1. Pignent Yellow 168 and C. 1. 25 JAN 2005 6 Pi gnent
Yel l ow 211; C. I. Pignent Orange 36, C.I. Pignent Orange 43, C. |I. Pignent
Orange 51, C. | . Pigment Orange 61 and C. 1. Pignent O ange 71, 2559&“005
Pigment Red 9, C. 1. Pignent Red 97, C. 1. Pignent Red 122, C. |. Pignen
Red 123, C. |. Pignent Red 149, C. |. PFgnent Red 168, C. I. Pignent Red
176, C.I. Pigment Red 177, CI. Pignent Red 180, C. |I. Pignent Red 207,
Cl. Pignent Red 208, C. | . Pignment Red 209, CI. Pignent Red 10 215,

C.I. Pignenp;gabtreRdve®ilow Proprent Red 242 and C.1. Pigment Red 254; C . |
. Pignent Violet 19, C. | . Pignent Violet 23 and C. | . Pignent_ Violet
29: C. |. PtgdentPBguents Ooxange BiggnehitIBl BégmEnt, Orangenkht CLoL Bl ue

15:3, C 1,.Pi : d,¢. . P grgﬁns | u . B; R gnent
G een 7, C. Pﬁ'.d"%r%%rﬁrg%ésﬁl 3@8% .P%g.melﬂiggen %}%eleﬁn?g%%' gncfg(?q‘{nenlgl gnent
G een 210; Grlandd gment Brown 23 and C. 1. Pigment Brown 25; and 20 C.I.
Pignent Black 1 and C.I. PRignent Bl ack 7. These_organic Ei nents are

f.

sui t abl y? seFedt-ed tg@ents&Fq o obfailnr tHhiedBeBt &FTof br ‘he PEESS. In

the present piglvenbi O 1t e ;Qfr ROEAEN! d ST, NAY fhenkarkby phefecahly a
m xture of C. 1. Pignent Red 25 177 and at | east one selected fromthe
group consi Btligment RKed. 1PBgnentl BRUagmeny Bad €76, Q.gnredi@heatiBedd The

f‘gove pr_gan%[_c”pi garept ﬁér@ee?ﬁ”ﬁ%i GPY cf gor pstahdheake@ 207, c.1.
precipitation, Cleaning w a solvent, “subli ron, vacuum heating or a
conbi nati onPifndémerredl. 20Be callor antgménthRedr 298nt d.riverttigmemdy Reaht ai n
an ethﬂyer2@5?“%?Ifﬁ§{§ﬁghEegéd 224, C.I. Pigment Red 242 and C.I.
Pigment Red 254;
C.I. Pigment Violet 19, C.I. Pigment Violet 23 and C.I.
Pigment Violet 29;
C.I. Pigment Blue 15, C.I. Pigment Blue 60, C.I. Pigment
15 Blue 15:3, C.I. Pigment Blue 15:4 and C.I. Pigment Blue
15:6;
C.I. Pigment Green 7, C.I. Pigment Green 36, C.I. Pigment
Green 136 and C.I. Pigment Green 210;
C.I. Pigment Brown 23 and C.I. Pigment Brown 25:; and
20 C.I. Pigment Black 1 and C.I. Pigment Black 7.
These organic pigments are suitably selected and
used to obtain the desired color of the spacers.
In the present invention, the organic pigment is
particularly preferably a mixture of C.I. Pigment Red
25 177 and at least one selected from the group consisting
of C.I. Pigment Blue 15:4 and C.I. Pigment Blue 15:6.
The above organic pigment may be purified by
recrystallization, reprecipitation, cleaning with a
solvent, sublimation, vacuum heating or a combination
30 thereof.
The colorant of the present invention may contain
an extender pigment as required.
Examples of the extender pigment include barium

sulfate, barium carbonate, calcium carbonate, silica,



Exanpl es of the extender pignment include barium sulfate, barium carbonate,
cal ci um carbonate, silica, 25 JAN 2005 7 basi c nagnesi um car bonate, al um na
white, gloss white, satin white and hydrotalcite. These extender 2;5 JﬁIbm
may be used alone or in conbination of two or nore. 5 The anount of the

extender pignment is preferably 0 to 10 parts by weight,
to 50 parts

by weight, nmuch nore preferably 10 to 40 parts by wei ght

based on 100 parts by weight of the black pigment. The above pignents
particles ngyshavaLpidonah varkbsatéacalmmdidiaefhbyed pAog®rwhExanpl es

of the polynmer for nodifying the surface of each pignent particle include
pol ymer s di ssltdgedvibyt¢Pan®B-lprd82¢ alidiet€erm "JP- A" as
an "unexam ned pu@hi
avai | abl e pol yners T
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formodifying the surface of each pigment particle include
polymers disclosed by JP-A 8-259876 (the term "JP-A" as
used herein means an "unexamined published Japanese
patent application™) and commerciallyavailable polymers
and oligomers for dispersing pigments.

The colorant in the present invention may be
optionally used in conjunction with a dispersant.

The dispersant is a cationic, anionic, nonionic,
amphoteric, silicone-based or fluorine-based
surfactant.

Examples of the surfactant include polyoxyethylene
alkyl ethers such as polyoxyethylene lauryl ether,
polyoxyethylenestearyletherznuipolyoxyethyleneoleyl
ether; polyoxyethylene alkylphenyl ethers such as
polyoxyethylenen-octylphenyletherandpolyoxyethylene
n-nonylphenyl ether; polyethylene glycol diesters such
aspolyethyleneglycoldilaurateandpolyethyleneglycol
distearate; sorbitan fatty acid esters; fatty acid
modified polyesters; tertiary amine modified
polyurethanes; and polyethylene imines. These
surfactants are available from the market under the trade
names of KP (of Shin-Etsu Chemical, Co., Ltd.)., Pelyflow
(of Kyoeisha Kagaku Co., Ltd.), F Top (of Tokem Products
Co., Ltd.), Megafac (of Dainippon Ink and Chemicals, Inc.},

nore preferably 5

used herein neans

ing pignents. The col orant
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nanes of KP (of Shin-Etsu Chemcal, Co. , Ltd.) , Polyflow (of Kyoeisha
Kagaku Co. , Ltd. ) , F Top (of Tokem Products Co. , Ltd. ) , Megafac (of
Dai ni ppon I nk and Chemicals, Inc. ) 2 5 JAN 2005 8 Florade (of S 'tggz gM
Limted) , D sperbyk (of Byk Chem e Japan Co., Ltd.), Sol sper se%f’ W ca
Co., Ltd.) and EFKA (of EFKA Chenicals8 Co., Ltd.). These surf act ants
maybe used al one or in conbination 5 of two or nore. The anount of the
surf actant is preferably 5 0 parts or less by weight, nore preferably 30

parts or | egsokuddibddulRasetcomMifinpaety hyivpeghylof offeykaioemnt. 10
(B).alkali soluble resin Any alkali soluble resin is acceptable in the

present indapeinoef . btderhvesSabspemisfietofofeMRET I drantt@y) aRd is
soluble in give(loo eﬁFRieq:ﬂ%Tﬂg%égeveé‘?Ei ngegtep, for the formation of
I y 1

spacers, particularTy prefera an al kal 1 devel oper. Exanpl es of the
al kali soluble rehesd satfideteopns ywaerseofs ed paloyreeer AgbComipigna tit aned
m)nomergmvi ng an acidic functional group such as a carboxyl group,
phenol i @ hy@fof© PBuP°&® sul f onlc acid group and anot her

copol yneri zabl e upgat 4habed BENOREr sderklct diet rief etk £obAY 50 parts
*copol yneri zabl e unsaturated nononer' hereinafter). Exanples of the

pol ynmeri zabbs desc rntedigbfomBor falF G el sV oRarddy oxyte§Folty in
the mol ecul ¢ Gt ¢ b$?rg§;dergr?d169 BR 2T BOXYle16IR £ CRBeAI U N ripsl ur al ed

w :
25 nmononer W' ierel ha include Gnsatura nonocar boxyl i ¢ aci ds such as
(meth)acrylic acid, crotonlc acid, Ll-chloroacrylic acid and cinnam c

aci d, ;a}%rate g' arbo Iig aci ds and anhydrides thereof such as
mal ei c |dT—ﬁaﬁéﬂﬁ—iihﬁﬁﬁﬁéér—ﬁﬁﬁéﬁﬁ% acid, 30 itaconic acid, itaconic
anhydride, citracaniyca®khdi sélubaeonssianhydricag toall edsatbeigrasiedt
unsaturatEdinvention if it serves as a binder for the colorant (A)
and is soluble in a developer used in the developing step
for the formation of spacers, particularly preferably
15 an alkali developer. Examples of the alkali soluble
resin include copolymers of a polymerizable unsaturated
monomer having an acidic functional group such as a
carboxyl group, phenolic hydroxyl group or sulfonic acid
group and another copolymerizable unsaturated monomer
20 (to be referred to as "copolymerizable unsaturated
monomer”™ hereinafter).

Examples of the polymerizable unsaturated monomer
having at least one carboxyl group in the molecule (to
be referred to as "carboxyl group-containing unsaturated

25 monomer” hereinafter) include unsaturated
monocarboxylic acids such as (meth)acrylic acid,
crotonic acid, @-chloroacrylic acid and cinnamic acid;
unsaturated dicarboxylic acids and anhydrides thereof
such as maleic acid, maleic anhydride, fumaric acid,

30 itaconic acid, itaconic anhydride, citraconic acid,
citraconic anhydride and mesaconic acid; unsaturated
polycarboxylic acids having a valence of 3 or more and
anhydridesthereof;mono[(meth)acryloyloxyalkyl]esters

of polycarboxylic acids having a valence ¢f 2 or more



pol ycar boxylic acids having a val ence of 3 or nore and anhydrides thereof;
nmono[ (nmeth) acryl oyl oxyal kyll esters of polycarboxylic acids haviq? a

val ence of 2 or nore 2 5 JAN 2005 9 such as 2 5 JAN 2005
nono[ 2- (et h) acryl oyl oxyet hyl ] succi nate and nono[ 2- (net h)

acryl oyl oxyet hyl ] pht hal ate; and nono(nmeth)acryl ates of polyners having a
carboxyl group and a hydroxyl group at both termnals, such as Ca 5

- car boxypol ycaprol act one nono(neth)acrylate. Qut of these carboxyl group-

cont ai ni ng nsat %%atmeodno angﬁrmgggggfog{a&gat%}fh ahdcranal2- ARRt h)

acryl oyl oxyet uccl ha par refeérred. 10 The above

~car boxyl gmtae ¢cant(aiat hyavasaiay bdege tionbhphshedya be; usad al one or in
conbi nation of two or nore. Exanples .of the $O| nerizablg ungftqégﬁgd
monomer  hdWeme (ReforRF T ¢ LFRrDRA PEoURtT Act Bdad 6 2o AY 885 19T 2HE,
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10 The above carboxyl group-containing unsaturated
monomers may be used alone or in combination of two or
more.

Examples of the polymerizable unsaturated monomer
having a phenolic hydroxyl group include

15 o-hydroxystyrene, m-hydroxystyrene, p-hydroxystyrene,
o-hydroxy- ¢-methylstyrene, m-hydroxy- ¢-methylstyrene,
p-hydroxy- ¢-methylstyrene,

N-o-hydroxyphenylmaleimide,
N-m-hydroxyphenylmaleimide and

20 N-p-hydroxyphenylmaleimide.

These polymerizable unsaturated monomers having a
phenolichydroxylgroupmaybeusedaloneorincombination
of two or more.

Example of the polymerizable unsaturated monomer

25 having a sulfonic acid group include isoprenesulfonic
acid and p-styrenesulfonic acid.

These polymerizable unsaturated monomers having a
sulfonic acid group may be used alone or in combination
of two or more.

30 Examples of the copclymerizable unsaturated
monomer include macromonomers having a
mono(meth)acryloyl group at a terminal of the molecular
chain of a polymer {to be simply referred to as

*macromonomers” hereinafter) such as polystyrene,



nononer i nclude macronononers having a nono(neth)acryl oyl group at a
termnal of the nolecular chain of a polynmer (to be sinply referrf?Jhﬁ2®§
"macr onmononers" hereinafter) such as polystyrene, 2 5 JAN 2005 10

pol ynmet hyl (nmeth)acryl ate, poly-n-butyl gneth)acrylate and pol ysi | oxane;
N-substituted nmal ei m des such as N—(suB tituted) aryl mal ei m des including
N- phenyl mal ei m de, N-o-nethyl phenyl mal ei m de, 5 N-m net hyl phenyl mal ei m de,
N- p- et hyl phenyl mal ei m de, N-o0- et hoxyphenyl mal ei m de,
hkn}nethoxypbe@mdmh?lnMdetandcﬁ?xnnethpiyghmmthWéihdehkautylate

N-cycl ohexyl mal ei mi de; . aromati ¢ vi ( ng épd uch repe, a 10
_met hyl st yr8RE, RRLYRileHalme H}§H%%FBFB f 1f%+ﬂ9 he!

p- chl or ost ygeng ¥ fELRVE! YA LPEma 1B 1R §AXY Std PR&1 nk- rret hoxyst yrene,

o-vi nyl benzyl methyl ether, mvinyl benzyl nethyl ether, p-vinylbenzyl methyl

et her, o- w Nypmwlgagnemwd@t h¥r- or@ertwhpmémljmgllyemﬂe et her and
p- V|nyI cid eth nden S dene;
unsat ur g‘r %'b%&li%é PRSI WL Jé‘rag'ms:l'uc ﬁﬁﬁ;ﬁ% ?ég:nray efm'heat "hyl

(”Pth)acry|ﬂta,m&tm@nybhdﬂgih&aémﬁfde, i -propyl (meth)acrylate, n-buty
20 (meth)acrylate, i-but (neth acrylate sec butyl (neth)acryl ate,

t-butyl (rreNh)TH'é'F%/ﬂaPiSY W’Bi‘ edmide (ABOh) acryl ate, 2- hydroxypropyl
(meth)acryl gt g_%ﬁgégwuxﬁ%m ﬂiéc @H@hecy%fwﬂéﬁﬁm&:yélmae

(met h) acryl at Yacrylate, 4725 hydroxybutyl
(neth)acrylat@maﬁiylv@m&lﬂemmpbahﬂs benhbylag netpreaoreyl ate, cycl ohexyl

L i o (LT Lkl
met hoxyt ri ephyligingl gbyei@ine, p- chlorostyrene o-methoxystyrene,
m-methoxystyrene, p-methoxystyrene,
o-vinylbenzylmethyl ether, m-vinylbenzylmethyl ether,
p-vinylbenzylmethyl ether, o-vinylbenzylglycidyl ether,

15 m-vinylbenzylglycidyl ether and p-vinylbenzylglycidyl
ether; indenes such as indene and l-methylindene:
unsaturated carboxylic acid esters such as methyl
(meth)acrylate, ethyl (meth)acrylate, n-propyl
{meth)acrylate, i-propyl (meth)acrylate, n-butyl

20 (meth)acrylate, i-butyl (meth)acrylate, sec-butyl
(meth)acrylate,t-butyl(meth)acrylate,2—hydroxyethyl
{meth)acrylate, 2-hydroxypropyl (meth)acrylate,
3-hydroxypropyl (meth)acrylate, 2-hydroxybutyl
(meth)acrylate, 3-hydroxybutyl (meth)acrylate. 4-

25 hydroxybutyl (meth)acrylate, allyl (meth)acrylate,
benzyl (meth)acrylate, cyclohexyl (meth)acrylate,
phenyl {meth)acrylate, 2-methoxyethyl (meth)acrylate,
2-phenoxyethyl (meth)acrylate, methoxydiethylene
glycol (meth)acrylate, methoxytriethylene glycol

30 {(meth)acrylate, methoxypropylene glycocl (meth)acrylate.
methoxydipropylene glycol (meth)acrylate, isobornyl
(meth)acrylate, dicyclopentadienyl (meth)acrylate,
2-hydroxy-3-phenoxypropyl (meth)acrylate and monomers

(to be referred to as "glycerol (meth)acrylates”



, 30 (neth)acryl ate, nmethoxypropyl ene glycol (neth)acrylate,

nmet hoxydi propyl ene gl ycol (neth)acrylate, isobornyl (neth)acrylati,

di cycl opent adi enyl (meth)acrylate, 2-hydroxy-3-phenoxypropyl 5 JAN 2005
(meth)acrylate and nononers (to be referred to as 'glycerol
(meth)acrylates” 2 5 JAN 2005 11 herei nahter) represented by the foll ow ng
formula (1): R CH27~ -c00-CH2IHCH20H ... (1) H wherein R is a hydrogen
atom or nethyl group; unsaturated carboxylic acid am noal kyl esters such

as 2-amnoethyl . 5 th)acryl ate . 2-dinethyl amnpethyl (neth)acr te,
2- ami noprop§?¥8r’r§'taf‘é€§¥3| 5?8%%%‘?%%&%%1%0%;30];@ Wlégr %Ioﬂré"?fa Vast
3-am nopropyl (neth)acryl atgiand 3-dinethylam nopropyl (neth)acrylate;
unsaturated carboxylic acig glycidyl esters such as glycidyl 10

(meth)acryl ate; carboxyCH —O0Q1GH, PY such as vinyl acetate, vinyl
propi onate, vinyl butyrate and vinyl nzoate; unsatllated ethers such as

vi nyl net hyl ether, vinylethyl ether allyl glycidyl ether; vinyl cyanide
conpounds swhbras i R2tihy achyHawiger ladon otSmethiydr gaomny ;onnisrE 4 wraned

vi nyl i dene cyani de;_ . unsaturated anj des such as (neth)acryl am de,
ehi or oacr yF ARDOK BRSNS AOAA ST BRI S T YP R Bos AL HE S BRAE: o
conj ugatged @dihgRes) éafglla%% 1, 3- BRI tami HRRMANEL A0t L OPYeR&e 20 CQut

of these copol yneri zabl e unsaturated nononers, nacronononers.

N-substitut édamdinedpyapyl Quenl) eyt hdt e nét i re yhalenigeepyepy 1

(meth) acryl ate v 13 91 4S8 n d FELBIACT Yhatf ) AT PLGEE" W§G Qut of the
3-dimethylaminopropyl (meth)acrylate; unsaturated
carboxylic acid glycidyl esters such as glycidyl

10 (meth)acrylate; carboxylic acid vinyl esters such as
vinyl acetate, vinyl propionate, vinyl butyrate and vinyl
benzoate; unsaturated ethers such as vinylmethyl ether,
vinylethyl ether and allylglycidyl ether; vinyl cyanide
compounds such as (meth)acrylonitrile, «

15 -chloroacrylonitrile and vinylidene cyanide;
unsaturated amides such as (meth)acrylamide, «
-chloroacrylamide and N-2-hydroxyethyl
{meth)acrylamide; and aliphatic conjugated dienes such
as 1,3-butadiene, isoprene and chloroprene.

20 Outofthesecopolymerizabieunsaturatedmonomers.
macromonomers, N-substituted maleimides,
2-hydroxyethyl (meth)acrylate, benzyl {meth)acrylate
and glycerol {meth)acrylate are preferred. Out of the
macromonomers, polystyrene macromonomer and polymethyl

26 (meth)acrylate macromonomer are particularly preferred.
Out of the N-substituted maleimides, N-phenylmaleimide
and N-cyclohexylmaleimide are particularly preferred.

The above cepolymerizable unsaturated monomers may
be used alone or in combination of two or more.

a0 The alkall solubleresin (B)in thepresentinvention
is preferably a copolymer of a carboxyl group-containing

unsaturated monomer and a copolymerizable unsaturated



macr onononers, polystyrene macronononer and pol ynmet hyl 25 (nmeth)acryl ate
macr ononomer are particularly preferred. Qut of the N-substituted 75 JAN 2005
mal ei m des, N-phenyl nal ei mide and N-cycl ohexyl mal ei mi de are particularly
preferred. The above copol yneri zabl e unsaturated nononmers nay be used

al one or in conbination of two or nore. 130 The al kali soluble resin (B) in
the present invention is preferably a copolyner of a carboxyl
group-containing unsaturated nononer and a copolynerizable unsaturated 2 5

IAN 2005 12,000008r (£Q RS L IRbY YT S&FERHehO 135 doar bamtoxyl
gr oup- contalnlng copol ymer erelnafter) The carboxyl gr oup- cont ai ni ng

copol yner |grqﬁp#eoab@ﬁmim@pobyméwmﬁr(apeaﬁﬂﬂéi&9F)group containing 5
unsat ur at ed nono (b ast_one e t group
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consisting of a group at a

term nal of %éﬂ%ﬁ&yh?ra c@iﬁuymélrmsu)tumm?mﬂeuﬁcmmmng
(meth)acryl ate, benzy (neth)acrylate and gl ycer ol acryl ate nd

net h
optionaldy @msaturaisd mmﬁmeﬁ sél%é@é’cﬁ?r%?tﬂ@g‘(j’ o §F’§te| g of
styrene, Wet*}y' @r{gt DALY 8 @bl‘{ﬂﬂ%(aﬁt@%df@h%nmlphﬁQ%ﬁn

(neth)acryl 's~ore pre era copolynmer (to be referre to as
"car boxyl ghﬁiﬂb chet hi)aidigy topal ygrm:ru];iSa(:I a" tiegmei malt of) aoMmel aondmet

m xt ure contalnlng ar boxy cant ai ni urated nononer,
(2) at | eaSh@kRers I'éé’ttb'ﬁt’f'FBﬁletAné'g%fﬁgﬁll%orfS|i;tfl;l H‘%ﬁﬁ} pol ystyrene
”HC“““monermé%ﬂYHEE@NaK@EtBk@ﬁyda(ﬂeth)acrylate and glycerol
macr onononer, N- phenyl mal ei m de, N-cycloheXﬁynE93|n1d 20 2-hydro

g

d
(et h) ak@ y| dtme tihdagyy Yate 3Bdr §P&IORSh ePdl 1EMET H)WR 8P “b
optlonally a e Ra i OdP &% 'éﬁéng eft1siyrene,
met hyl t(“%))acry}sgt gtmr{pneﬁ.é(ge%ﬁ]@;gc%ﬁg?g arg’i hen I@?Irret h) ar([:‘ryllg{e It
S pm1|cuIaMQmmDebmmﬂﬂyea allyl (meth)acrylate and phen

(meth)acrylate. It is more preferably a copolymer (to
be referred to as "carboxyl group-containing copolymer

15 (I)" hereinafter) of a monomer mixture containing (1)
a carboxyl group-containing unsaturated moncomer, (2) at
least one selected from the group consisting of
polystyrene macromonomer, polymethyl (meth)acrylate
macromonomer,N-phenylmaleimide,N—cyclohexylmaleimide.

20 2-hydroxyethyl {(meth)acrylate, benzyl (meth}acrylate
and glycerol (meth)acrylate and optionally (3) at least
one selected from the group consisting of styrene, methyl
(meth)acrylate, allyl (meth)acrylate and phenyl
{meth)acrylate. It is particularly preferably a

25 copolymer (to be referred to as “carboxyl
group-containing copolymer (IT)" hereinafter) of a
monomer mixture containing (1) a carboxyl
group-containing unsaturated monomer component
containing (meth)acrylic acid or a combination of

30 (meth)acrylic acid and
mono[2-({meth)acryloyloxyethyl]lsuccinate, {2) at least_
one selected from the group consisting of polystyrene
macromonomer, polymethyl (meth)acrylate macromonomer,

N-phenylmaleimide, N-cyclohexylmaleimide,



25 copolyner (to be referred to as "carboxyl group-containing copol yner
(I'1)" hereinafter) of a nononer mxture containing (1) a carboxyl?5 JAN 2005
group- cont ai ni ng unsat urat ed nonomer conponent containing (nmeth)acrylic
acid or a conbination of 30 (neth)acryllc acid and

mono[ 2- (et h) acryl oyl oxyet hyl ] succi natel3(2) at |least one selected from
the group consisting of polystyrene macronononer, polynethyl
(meth)acryl ate macronononer, N-phenyl nal ei m de, N-cycl ohexyl mal ei m de, 25
JAN 2005 1322n§? WHOyetAyh ((n@éflmabwyeﬂteetebebéyﬂzx(lretin)aitdﬂﬁcar?laatmd

gl ycerol (nmeth)acrylate and optionally (3) at |east .one selected fromthe

group consianfinglytesiaf dietipapPyliheidacepFarealdy i3] mt I‘F)%Er‘r'frl ate
and phenyl snEnpd fbatid @&%m #bbﬁ%ag@exsn%&wﬁé ¥ st & Dot hy

gr oup- contalnlng copoly a copol yner of (nethjacryllc aci d,
benzyl (nethmamhm&nfymade;xdykyyrdmathtaommiaﬁﬁ apép@hemey 1 of
(neth)a%byllc 10 acid, benzyl (meth)acrylate and polynethyl (nmeth)acrylate
macr onononek ReEIRASHELAER (et h)acrylic acid, N phenyl mal eim de, benzy

(meth) acryl ate ang) ) QW e4€i vEORMN MBI e 8f oETel g 2Bk T d,
nono[ 2- (et h) acr yl oyl oxyet hyl ] succi nate, 15 N—phenylnale|n1de styrene and

al lyl (met hyaomp-amntae@pmg/mp@f-ym H)IaTc)rer%laéleda FORSI DY PREL R
acryl oyl oxyet hyl. J ph g§¥% acrylate and
styrene, g c‘)a)%l/'1 érjgg#ﬂﬁmat i\l%cr3E/\)Ir')=\"?ﬂc aC| %1) clo %x&%r&im de, 20
benzyl (netbbay&dg&enenmaﬂqmmoapmanxﬂquDMﬂNQme@ﬁ)dm@ﬂhbaagwdlc

nDno[Z:éfe(ﬁégcryloglOXﬁthXliﬁyggf} Ste an é{@ﬁgkg§|e|n1de styrene

and all
(meth)acrylate macromonomer, copolymer of (meth}acrylic

acid, N-phenylmaleimide, benzyl (meth)acrylate and
styrene, copolymer of (meth)acrylic acid,
mono[2-(meth)acryloyloxyethyl]succinate,

15 N-phenylmaleimide, styrene and allyl (meth)acrylate,
copolymer of (meth)acrylic acid,
mono[2-(meth)acryloyloxyethyl]lsuccinate,
N-phenylmaleimide, benzyl (meth)acrylate and styrene,
copolymerof(meth)acrylicacid,N-cyclohexylmaleimide,

20 benzyl (meth)acrylate and styrene, copolymer of
{meth)acrylic acid,
mono[2-{meth)acryloyloxyethyl]lsuccinate,
N-cyclohexylmaleimide,styreneandallyl(meth)acrylate,
copolymer of (meth)acrylic acid,

25 mono[2-{(meth)acryloyloxyethyl]succinate,
N-cyclohexylmaleimide, benzyl (meth)acrylate and
styrene, copolymer of (meth)acrylic acid, benzyl
(meth)acrylate and glycerol mono(meth}acrylate,
copolymer of (meth)acrylic acid,

30 monol[2-{meth)acryloyloxyethyllsuccinate, benzyl
(meth)acrylate and glycerol mono{meth)acrylate,
copolymer of (meth)acrylic acid and 2-hydroxyethyl
(meth)acrylate, copolymer of (meth)acrylic acid,

2—hydroxyethyl(meth)acrylateandstyrene,copolymerof



copolymer of (meth)acrylic acid, 25
nono[ 2- (et h) acryl oyl oxyet hyl | succi nate, N-cycl ohexyl nal ei m de, benay

I
(meth)acrylate and styrene, copolynmer of (nmeth)acrylic acid, benZﬁL’N2m5
(meth)acrylate and gl ycerol nono(neth)acrylate, copolynmer of (neth)acrylic
acid, 30 nono[ 2-(neth)acryl oyl oxyet hyl ] 8dcci nate, benzyl (neth)acrylate
and gl ycerol nono(neth)acrylate, copolyner of (nmeth)acrylic acid and
2- hydroxyethyl (nmeth)acryl ate, copolyner of (meth)acrylic acid,

2- hydr oxyet bgz.gtg{ls‘}w%?}g%lr At 107 SHYRIey CORGY e O ) 2Byt 208RaL4

(meth)acrylrc a oxyet hyl (neth)acryl ate and enzy
(et h) acryl Beazybfalettey acty(lastid,) axopyd igmeaci df (®ethydroxyktihyacidet h)

| at d ph I h | at I f t | i Ld,
2 Ty oxyet Ry BYSR ST RERINY | BHS D AFE YR ARt n A dne ARa ATt TP EGe
MACT ONDNONMBE o peARRMY FEL £Of( {dBh hhasrmlie aehd, 2-Rydeoxyeityyl
(nmeth)acryl ate, benzyl (nmeth)acrylate and polynethyl (neth)acrylate

nmacr onodonef meddpbrgrElate, (herkydcrlys eh herdy 1y hedy R nBPdivf terens

2- hydr oxyet hyl h ryl I Gf : ~angd, st yrene, and
copol yner OFX ﬁ%ﬂﬁ§%§géf¥cq% %}gﬁ%é%H%%g?hg%gﬂ§¥%€?iﬁgnE§T§§heth)acrylate,
gl ycerol nureyretbxgetysdt e( matdhytaamnkatds e zy kal{imesdi Wbt eydedtian i n

the present inventjon, _15 partjcularl ef erabl y area copal yner_ of
(ot h) acr yl PES R WY RASHITL (REtR) 26 L3 T xPeERMICtehe gt oPOLyRer
N- phenyl mal %Ifm(dﬁetﬁga@kl (1@t hrae .,y it phang 15ia1€naidecopol yner of
(nmeth)acrylic acid, 2-hy roxeeth | (meth)acrylate and benz

|
(et h) ak@ y| 3-&y dnexyesdi¥hel met iR GREL AFSer\RGRZHe| dmat ﬁ%ﬁw&ﬁ%?m de,
2- hydroxyet hyls (JBLRLAG VI AL E: cBYYAYmé FELR) G &4 RS Bcryid StYESRE.

N-phenylmaleimide, benzyl (meth)acrylate, glycerol
mono{meth)acrylate and styrene.
As thealkalisolubleresininthepresentinvention,
15 particularly preferably are acopolymer of (meth)acrylic
acid, mono[2-(meth)acryloyloxyethyl]lsuccinate,
N-phenylmaleimide, benzyl (meth)acrylate and styrene,
copolymer of {meth)acrylic acid, 2-hydroxyethyl
{meth)acrylate and benzyl (meth)acrylate, and copolymer
20 of (meth)acrylic acid, N-phenylmaleimide,
2-hydroxyethyl (meth)acrylate, benzyl (meth)acrylate
and styrene.
The amount of the carboxyl group-containing
unsaturated monomer contained in the carboxyl
25 group-containing copolymer of the present invention is
preferably 5 to 50 wt%, more preferably 10 to 40 wt#d.
When the amount of the carboxyl group-containing
unsaturated monomer is smaller than 5 wt%, the solublility
inanalkalideveloperof the obtained radiation sensitive
30 compositicon may lower and when the amount is larger than
50 wt%, the solubility in an alkali developer becomes
too high, whereby the spacers may easily fall off from
the substrate during development with an alkali

developer.



The amount of the carboxyl group-containing unsaturated nononer contained
I n the carboxyl 25 group-containing copolyner of the present invention is
preferably 5 to 50 w% nore preferably 10 to 40 w% \en the ardoudhN 305
t he carboxyl group-containing unsaturated nonomer is smaller than 5wt %t he
solubility in an alkali devel oper of th& obtained radiation sensitive 30
conposition may | ower and when the anount is larger than 50 wt% the
solubility in an al kali devel oper becones too high, whereby the spacers

may easily fall frmghoe Atfo G Hoyel ghrentn W bhman @ kal i
developer. 2 5 JX?f‘S&S‘%%%@h%ﬁ%%%t a?/erage nol ecu?ar V\Ierll ght in ternms of

pol ystyrenepblysheyreher (o the ase ERWT dreP nast eMw " neaseddrbyegd|
permeation chromatography.(GPC _saqlvent:.  t r Qf ur, of. I kal
soluble r es‘f‘ﬁa?ﬁ’ﬁ%rbgpggéfs%ﬁfmieﬁv‘elncm Sﬁ‘ﬁ%fg‘p‘?gaé%é’gw (gg%cdog Oolrhﬁ?lgéé, nor e
preferably Be@@RHPI20£0@Gn Pasti enkard kol ef sodliyle Sr8@dn ci20rB@0. The
glass transition tenperature (to be referred to as Tg hereinafter) of the

al kal i ol upresedst n1p¥entd.qf ot &r BFQF 880 LYr 200r00 nBFe 15%F er I8P 110 to
200C, part{)gglfaerll%/bggegerﬁﬁj ¥£d190t, @ 0lB0G 2kt iié;P@fi'gcﬁlﬁfé’rﬁbeyer red in

the present® I nventioh t6 adj ust Mv'of the alkali soluble resin contained
i n the radi atoa® semskDi,Wwdonposition to 15 20,000 or |less and Tg of the

al kali soluble resin tq 110 C _or .nore. I uidi t rads ati
sensi tive corrposﬂ‘leoﬁ’ S hfer?f’ﬁér{g O%oggﬁgaelfi%ntg‘{%%r ?{;ﬁeggorlfr%{%%g%of
spacers i s Ebe@gbwﬁ%?ﬂméedfdaﬁ&bfetafnth@ ada ki asbdup lleeate s £8i dtsance

so that the spacers becone 20 tapered in a normal direction an pobtain
mechanildl psefaiaRland lRES OfefiPden P TR ESF 2 he lsla(ﬂet‘?id%‘r‘:ggt c.

particularly preferably 110 to 180°C.

It is particularly preferred in the present
invention to adjust Mw of the alkali soluble resin
contained in the radiation sensitive composition to

15 20,000 or less and Tg of the alkali soluble resin to 110°C
or more. The fluidity of the radiation sensitive
composition at the time of post-baking for the formation
of spacers is thereby improved while retaining
satisfactory heat resistance so that the spacers become

20 tapered in a normal direction and can obtain mechanical
strength and heat resistance thereof at the same time
with ease. If the spacers are tapered in the opposite
direction, they can hardly obtain mechanical strength
and heat resistance thereof at the same time and may be

25 caught and removed when an alignment film is rubbed to
produce a display panel.

As for acombination of Mwand Tgof the alkalisoluble
resin, more preferably, Mw is 3,000 to 20,000 and Tg is
110 to 200°C and particularly preferably, Mw is 5,000

30 to 20,000 and Tg is 110 to 180°C.

The number average molecular weight in terms of
polystyrene(tobereferredas“Mn"hereinafter)measured
by gel permeation chromatography (GPC, solvent:

tetrahydrofuran) of the alkali soluble resin is



with ease. If the spacers are tapered in the opposite direction, they can
hardly obtain nmechanical strength and heat resistance thereof at Bgﬁaﬂﬁ@ﬁ
time and may be 25 caught and renoved when an alignnment filmis ru

produce a display panel. As fora conbingéion of Mv and Tg of the alkal
soluble resin, nore preferably, Mvis , 000 to 20, 000 and Tg is 110
to 200C and particularly preferably, Mvis 5,000 30 to 20,000 and Tg is
110 to 180C. The nunber average nol ecular weight in terns of polystyrene
(to be refepredeasa " Lh&0dl nad t €P) O®Basured by gel perneation

h t hy (GPC lvent: t h i
T 575 JAN bobs T ERGei ety b RO HoRh Fe tRE, Bk A Een D"
M of the abkglin S upkerdryi § poef®s abbyel greHerablig [ eferahly 1 to

4. In the present invention, the above al kali soluble 5 resjns % be used
al one or in conbi hattBA PFEERE ol NVGNE 10ThethRDARP VEr 2L K@ Lt 1B URbPUDI e

resin i pr &l 0 r r g=1a] to 500
parts b? vve‘lgrge%tqlbasea;L gﬁ%dbgg?§%b§§ﬁ§¥5ﬁﬁﬁ%?ﬁ?ﬁggggPgrg&? @%£§93Q When t he

amount of the al kahie anobuhlteofdshm aildcallQi smuuleletmrldqoameﬁdﬁyahénrght,

al kal i devel gpabi | i ins ar fil

exi stent oh%t /& %@Q?aﬁ’ér&s\ﬂﬁy me]sqsz?genfnﬁd-el Ret %ani 22 AtT D §00
unexposed pﬁ&&'@by%ﬂghh&a@@@amn ieolpiges ﬁ}hﬁlﬁ:l_'blﬂﬂef métc&]bcyrwaltght
the concentration of the colorant |owers 15 rel ativel rer it may be
di fficult téAdttaﬂhﬁmethﬁaﬂﬂﬁ%ﬂtceﬁoﬁnﬁr%%ﬁ?ﬁ%cﬁ°¥%€lﬁl §S £ &&ni ng

spacer (Clm%flfélflcﬁheﬁahoﬁg'&% ey SOhUk uraqtkamachemn@rﬁbinﬁtbe
pr esent |nvent I on s a nobnoner Having two or nore pol ynerizabl e

unsaturatedmawomnmer or stains or film remnants may be existent

on the substrate or light screening layer of a radiation

unexposed portion. When the amount is larger than 1,000

parts by weight, the concentration of the colorant lowers

15 relatively, whereby it may be difficult to attain the

targeted color strength for the 1ight screening spacers.

{C) polyfunctional monomer

The polyfunctional monomer in the present invention
90 is a monomer having two or more polymerizable unsaturated
bonds.

Examples of the polyfunctional monomer include
di(meth)acrylates of alkylene glycecl such as ethylene
glycol and propylene glycol: di(meth}acrylates of

25 polyalkylene glycol such as polyethylene glycol and
polypropyleneglycol;poly{meth)acrylatesofpolyhydric
alcohols having a valence of 3 or more and dicarboxylic
acid modified products thereof such as glycerin,
trimethylolpropane, pentaerythritol and

30 dipentaerythritel; oligo{meth)acrylates such as
polyester, epoxy resin, urethane resin, alkyd resin,
silicone resin and spiran resin; di(meth)acrylates of
both terminal hydroxylated polymers such as
polf—l,3—butadiene having a hydroxyl group at both



Exanpl es of the pol yfunctional nononer include di(neth)acrylates of
al kyl ene glycol such as ethylene glycol and propyl ene glycol;
di (neth)acryl ates of 25 pol yal kyl ene gl ycol such as pol yet hyl ene pﬁxmﬂqmmnd

pol ypropyl ene gl ycol; poly(neth)acrylates of pol yhydric alcohols having a
val ence of 3 or nore and dicarboxylic &é&id nodified products thereof such
as glycerin, trimethylol propane, pentaerythritol and 30 di pentaerythritol;
ol i go(nmeth)acrylates such as pol yester, epoxy resin, urethane resin, alkyd
resin, silteenBd£bsNannd paliy Bopeeing a¢imghpadrydoerylogrdoyhat

term nal hydroxyl ated polynmers such as poly-1, 3-butadi ene hayi a_hydr oxyl
group at bobRt¥5 Uermipneds1 ARG RPHECS ?)6F9P§oé'fae‘ﬁ:bnﬁa9i yi‘é'r}gr%§§)r{'oxyl
group at b rain a ol one having a hydroxyl group at
bot h terning%gf&gﬁﬁtt?F§ 2?%#§?%§83%{ylgﬁ?oxyethyI]phosphate. 5 Qut of

t hese pol yf urdis ohal mawhdmersy 1L opdlop(yweet iy 4d piogmsaBe -pol yhydric al cohol s

havi n val ence_of 3 or, nore and djcar | i ' | fied roduct s
theregf a%re pr ef eplué'fd,°’gst%§§ﬁplﬁqdjf%%u8§t%qﬁ%#étlﬁ%‘% propane P
tri(neth) aCF)b'l%} EGne PRNbRGYId¥ 60bflpdIvhpRtt)acaytahelspdndving a
aerythritoltetra (nmeth)acrylate, dipentaerythritol pent (netgé% r¥{ate,
di pent aer yt Neikencaers( Fetdh d&???a@@%n@lﬁﬁﬁﬁ&ﬁﬁlcréﬁ ahe Er;? he
fol | owi ng figylgég%ég) &% JEPRDE" P £ EREGOOAH o2 EHBAIIFELHBEOOH 2000

H2 2 ... (2 erein R2 1s a hydrogen atom or nethy _group, out of
whi ch tri nethyilms phppaiprnapaceytatid neidh) asryliatig ol PepEraaRiar it odd

dipmﬂéfﬂytqgf(%epg§%%%'ﬂé%g,%é%taerythritoltetra(meth)acrylate,
dipentaerythritol penta(meth}acrylate,
dipentaerythritol hexa(meth)acrylate and compounds

represented by the following formula (2}):
2

R? H,0COC=—CH,
H,C=CCOOCH ;—C—CH,0COCH,CH,COOH

H,0CO H,
2 ce-(2)

15 wherein R? is a hydrogen atom or methyl group, out of
which trimethylolpropane triacrylate, pentaerythritol
triacrylate and dipentaerythritol hexaacrylate are
particularly preferred because they provide high
strength spacers and hardly form stains or film remnants

20 onthesubstrateandlightscreeninglayerofanunexposed
portion.

These functional monomers may be used alone or in
combination of two or more.
The amount of the polyfunctional monomer in the

25 present invention is preferably 5 to 500 parts by weight,
more preferably 20 tec 300 parts by weight based on 100
parts by weight of the alkali soluble resin (B). When
the amount of the polyfunctional monomer is smaller than
5 parts by weight, the strength of the spacers may lower

30 and when the amount is larger than 500 parts by weight,



particularly preferred because they provide high strength spacers and
hardly formstains or filmremants 20 on the substrate and |ight screening
| ayer of an unexposed portion. These functional nononers may be u?ﬁ%ﬂﬂ”@ e

or in conbination of two or nore. The anpunt of the polyfunctional nonomner
in the 25 present invention is preferab8y 5 to 500 parts by weight, nore
preferably 20 to 300 parts by weight based on 100 parts by weight of the

al kali soluble resin (B). Wien the amount of the pol yfunctional nononer is

smel | er thap ar ' he oSt rESEL R, ofo ot N sPAGE TGS NRY 1hower 30
and when th%l]é%ﬁ'nt&fégg gﬁ?ﬁ%&% 5033’t parts by Owei ght, 2 2 5 JAN 2005 18

al kal i deveLepakint$ ymagy Heovexistenst amstbe siubstramgans haghite

exi stent on the supstrate or |jight creening |la a_radi atjon
unexposed pBFEESM1TH Pﬁgﬁﬁe%tn? ﬁ%ﬁﬁﬁ?%ﬂ? gqﬁﬁﬁﬁgégtﬁﬁggf%%ﬁoner 5
havi ng one pol ynegj,zghh 6 Hegah4 2he@oéh My mym disetlc tivo rolikidwbmer Wi t h

the pol yfunctional nononer. Exanples of the nonofunctional nononer include
car boxyl5 grbepdicuntenei ngliymerizabde WhodkrEakas RDE| Fagr ibapreed

unsat ur at ed m%o%fng@#@ga&ﬁgef Q%Qts[}goﬂgfgh@ﬂoﬁghumﬁdn@@fp (B,

N-vi nyl der%?atfbes suc I n cihimde, Nvinylpyrrolidone,
N-vi nyl pht hal i m dexaMpiey| oZ- gihgermdnogun¢tienal Ronaeeroiactksge
N-vi nyl | RPGIRERE b HPHA CEOBFRGTE & WP AFEURAT RS PENETRRS PR i ne.
N-vi nyl benzip@idazphérizable unsaturated monomers enumerated for the
N-vi nyl car bazol e,'N-vi nyl pi peri di ne, N-vi nyl pi per.azj ne N-vi nyl nor phal i ne
and N vihy| pRdseEkhzf AAUb TREERBE) adt yFoPF ooV AEL VAR, Sach as
monof unct i opaly ; IPPOIRG irbi RY k!, AN &/ { A pIbiha JIBL&6heynder the trade nanmes
N-vinylphthalimide, N-vinyl-2-piperidine, N-vinyl- €
-caprolactam, N-vinylpyrrole, N-vinylpyrrolidine,
N—vinylimidazole,N-vinylimidazolidine,N-vinylindole,
15 N-vinylindoline, N-vinylbenzimidazole,
N—vinylcarbazole,N—vinylpiperidine,N—vinylpiperazine.
N-vinylmorpholine and N-vinylphenoxazine; and
N-{meth)acryloylmorpholine. The monofunctional
monomer is available from the market under the trade names
20 of M-5300, M-5400 and M-5600 (of Toagosei Chemical
Industry Co., Ltd.).
These monofunctional monomers may be used alone or
in combination of two or more.
The amount of the monofunctional monomer is
25 preferably 90 wt% or less, more preferably 50 wt% or less
based on the total of the polyfunctional monomer and the
monofunctional monomer. When the amount of the
monofunctional monomer is larger than 90wt%, the strength
of the spacers may lower.
30

(D) photopolymerization initiator

The photopolymerization initiator in the present
invention is a compound which can form active species

capable of initiating the polymerization of the above



20 of M 5300, M 5400 and M 5600 (of Toagosei Chem cal Industry Co., Ltd.).
These nonofunctional nononmers may be used alone or in conbination of two
or nore. The anount of the nmonofunctional monomer is 25 preferably fOMNEH
or less, nore preferably 50 wt % or | ess_ _based on the total of the

pol yfuncti onal nonomer and the monof uné®i onal nononer. Wen the anount of
the nonofunctional nononmer is larger than 90 wt% the strength of the
spacers may |ower. 30 (D) photopol ynerization initiator The

phot opol ynmepbzgifiviic t Dbhiadt Glonomehe (0 esant tivevemp tdoniast iy coapdund whi ch
can formactive species capable of |ni %'gat I, N t&na gol ryt?me? z%td]{)n Qfont he
above 2 5 JmRnpdomabipaak MRRIBea P¥o ﬁef"r%(ﬁ LAGLPRe OGpfitShat Fy s ed
monof unct i OQﬁ'ch”‘%[Bor@is% the- 4 f adiiatd 0N Df ragdicatd @nraguelt 1asn vi Sakl e
radi ation, ultraviolet rad‘l ation, far wultraviolet radiation, electron

beans and Xulaysav¢iolbé Faddfadrien.telestro&pias®s Mgk nhr¥ér X Lo RSl es
of the otopal ynerization initiator. 4 gtophenone conpound,

bi i ni dazbl eT&S % 1a"lot Az %}épgosr?ﬁoeungﬁgggﬁ'?%égo%pound, benzophenone
conpound, O-di ket gr@amgI@ousd, tHod yphokeyo lpmaone alili emnpodid,atent hone
conpound and di azo conpound. In the present i%ent i.%nr?,zot ecaobncl)vguncl
phot opol ynmeAngdiy @ amhaG el QP ReRQN HE TRY A onft: P AT 2T ¥

inatiron df two

or more. The a0l 0pgl LERIJ @ BN b diAt eonipb e, poasendpheueni on i
preferably at least 15 one selected fromthe group consisting of an

acet ophenoneonqwpndnd, @ bilii kiedarme ecommsoiird. aRe VM EG1 AaTc SRS  The
amount 55, SRR RiRRS WEH LAhEOT ddbhAkOhild) 408201 sipobfuanti on 1 s
In the present invention, the above
photopolymerization initiators may be used alone or in
combination of two or more. The photopolymerization
initiator in the present invention is preferably at least
15 one selected £from the group consisting of an acetophenone
compound, biimidazole compound and triazine compound.
The amount of the photopolymerization initiator in
the present invention is preferably 0.01 to 80 parts by
weight, more preferably 1 to 60 parts by weight based
20 on 100 parts by weight of the total of the polyfunctional
monomer (C) and the monofunctional monomer. When the
amount of the photopolymerization initiator is smaller
than 0.01 part by weight, it may be difficult to obtain
spacers arranged in a predetermined pattern due to
25 incompletecuringbyexposureandwhentheamountislarger
than 80 parts by weight, the formed spacers may easily
fall off from the substrate during development.
Examples of the acetophenone compound out of the
preferredphotopolymerizationinitiators:hlthepresent
30 invention include
1-phenyl-Z-hydroxy-z—methylpropan—1-one,
l-[4-(methylthio)phenyl]-z-methyl-2-morpholinopropan
-1l-one,

1—(4~morpholinophenyl)-2-benzyl-2-dimethylaminobutan



wei ght, nore preferably 1 to 60 parts by weight based 20 on 100 parts by
wei ght of the total of the pol yfunctional nononmer (C and the

nonof uncti onal nonomer. Wen the anount of the photopolynerizatio?SJANZWS
initiator is smaller than 0.01 part by weight, it may be difficul{ t0
obtain spacers arranged in a predetern,ged pattern due to 25 inconplete
curing by exposure andwhen the anount is |larger than 80 parts by wei ght,
the formed spacers nay easily fall off fromthe substrate during

devel opnment. Exanpl es of the acetophenone conpound out of thq? preferred
phot opol ynerilzati®n tnhyidRorscyRlomey bsRRENY0 FAYEAE d Y ncl ude

1-phenyl - 2- ydy oxy- 2= Y1 Propan k- than-1- .
1-[4-(nethy?fﬁgd¥%%éﬁ§? -ZJ%b?hgﬁPZF§§$B%OI?ﬁopréggﬁ - 1- one,

1- (4- nor phol i nophemyt! Jo£2-teasyl d-alt ephkploat nrepuPards, JAN 2005 20

-1-one, 1-hydroxycycl ohexyl phenyl ket n oy :

2, 2-di met ho y:hﬁ2(%?BﬁaﬁﬁﬁﬁﬁﬁgﬂﬁFpgﬁgﬁp%ﬁﬁegPYPhé%emgg g%%%%%%ﬁgoég#bounds,
1-[ 4- (e hyl.tthi 9 @hgRwl ] - 2- met hyl - 2- nor phol i nopropan 5 -1-one and

1- (4- nor phol i nophenyl ) - 2- benzyl - 2- di net hyl am_nobut an - 1-one, ar%

parti cul ar| y préfmerpho o phe vy ldced vPRBATHe LoRPBETEY 1AL BRPYIAP al one

or in conbi nat] o, of LW, AL [08arkd, WieBskhe Afet ophenone compound s used

as the photoﬁHP§ner|z lon‘Tnrtiator 1n the present invention, the anpount
of the acet ophenomée ampotscdest ppbeacals gomp@unds BeYphetBsby adoga |

arts by verghtin 189BRIM G208 oA E By WXt of e total of the -
pol yfunghi onal nopged €6 aretdehsnbafeunodmpoand nononwsed Wrenthee anount
of the acetophenone conpound . , . .
photopolymerization initiator in the present invention,
the amount of the acetophenone compound is preferably
0.01 to 80 parts by weight, more preferably 1 tcoc 60 parts
by weight, much more preferably 1 to 30 parts by weight

15 based on 100 parts by weight of the total of the
polyfunctional monomer (C) and the monofunctional
monomer. When the amount of the acetophenone compound
is smaller than 0.01 part by weight, it may be difficult
to obtain spacers arranged in a predetermined pattern

20 due to incomplete curing by exposure and when the amount
is larger than 80 parts by weight, the formed spacers
mayeasilyfallofffromthesubstrateduringdevelopment.

Examples of the biimidazole compound include
2,2'-bis(2-chlorophenyl}-4.,4',5,5 -tetrakis(4-ethoxy

25 carbonylphenyl}-1,2'-biimidazole,
2.2'-bis(2-bromophenyl)-4,4",5,5 -tetrakis(4-ethoxyc
arbonylphenyl)-1,2‘-biimidazole,
2,2'—bis{z-chlorophenyl)-4,4'.5,5'-tetraphenyl-l,2'-
biimidazole,

30 2.2'-bis{2,4-dichlorophenyl)-4,4’',5,5 -tetraphenyl-1
,2'-biimidazole,
2,2'-bis(z,4,6—trichlorophenyl)-4,4’,5,5'-tetrapheny
l1-1,2'-biimidazole,

2,2’—bis(2-bromophenyl)-4,4',5,5'—tetraphenyl-1,2'-b



Is smaller than 0.01 part by weight, it may be difficult to obtain spacers
arranged in a predetermned pattern 20 due to inconplete curing by exposure
and when the amount is larger than 80 parts by wei ght, the forned &gakais
may easily fall off fromthe substrate during devel opnent. Exanples of the
bi i m dazol e conpound i ncl ude 21
2,2"-bis(2-chl orophenyl )-4,4",5 5" -tetraki s(4-ethoxy 25

car bonyl phenyl)-1, 2' -bii m dazol e,

2,2'-bis(Z-Qﬁgﬁ%ﬂggg%E)-4,4',5,5'-tetrakis(4-ethoxyc
-1, 2" -Dbi

ar bonyl pheny i'm dazol e,

2, 2' - bi s(2- ehl2dr-ophefiyl, 14 ¥ romd'phtety aphdnyd - 15 25- -ietw alph eng, 1 3D,

2,2 -bis(2,4-dich] orqphenyl)-4,4",5 5" -tetraphenyl-1 ,2'-biimdazole,
2,2'-bis(2,3,61¥%+%ﬁﬁgﬁ PE-4,4' 5,5 -tetrapheny 1-1,2' -biinidazol e,

2,2' -bi s(2- br omophesyh) -4, 6- ¢ Pibrdnd pREAGIV -4, 2 . B |3 5 JrdPPe il
i imdazole, 2,2'-bis(2,4-dibronmophenyl)-4,4",5, 5" -tetraphenyl-1,
2' - bi i nidazolte Andb2imidazgPed, 6-tri bronophenyl)-4,4',5 5 -tetraphenyl 5

-1,2'-biimdazol e t_ of e .bj i m. C

2, 2" -bi s(2-chl or ogﬁgycf?- 5¥1§§§5,‘€i§%tﬁ%§%€%yﬁg§?’%®%ﬁ mi dazol e,

2,2 -bis(2,4-,d chbosgphatyldrdpherty b) - tedr'aphehyt t &t rHdplRénipili-ti dazel e and
2,2 -bis(2,4,6-trichl qrophenyl)-4,4" 5,5 -tetrapheny 1-1,2'-biim dazole
are preferr&d1%h az?3‘?‘-bis(2,4--dichlorophenyl)-4,4',5,5'-tetrapheny|-1

, 2" -bi i mdazole igipant,icudaehy oifdiieehed.) -1b, Fhesalsover bt i Aptas) B- 1

conpounds have excellent solubility in a solvent, do not formforeign

matter Ech.2'-biimidazole and
2,2"-bis(2,4,6-trichlorophenyl)-4.,4",5,5'-tetrapheny
1-1,2"'-biimidazole are preferred, and
2,2'-bis(2,4-dichlorophenyl}-4,4',5,5"'-tetraphenyl-1
,2'-biimidazole is particularly preferred.

15 The above biimidazole compounds have excellent
solubility in a solvent, do not form foreign matter such
as an undissolved product and precipitate, have high
sensitivity, fully promote a curing reaction by exposure
with a small amount of energy and do not cause a curing

20 reactioninanunexposedportion. Therefore, thecocating
filmafter exposureisclearlydividedintoacuredportion
insoluble in a developer and an uncured portion having
high solubility in the developer, thereby making it
possible to form fine spacers not undercut and arranged

25 in a predetermined pattern.

The above biimidazole compounds may be used alone
or in combination of two or more.

When the biimidazole compound is used as the
photopolymerization initiator in the present invention,

30 the amount of the biimidazole compound is preferably 0.01
to 40 parts by weight, more preferably 1 to 30 parts by
weight, much more preferably 1 to 20 parts by weight based
on 100 parts by weight of the total of the polyfunctional

monomer (C) and the monofunctional monomer. When the
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as an undi ssol ved product and precipitate, have high sensitivity, fully
pronote a curing reaction by exposure wth a small anount of energy and do
not cause a curing 20 reaction in an unexposed portion. Therefore, 72tSheAN 7005
coating filmafter exposure is clearly _divided into a cured portion

I nsol uble in a devel oper and an uncured“gortion having high solubility in
t he devel oper, thereby naking it possible to formfine spacers not

undercut and arranged 25 in a predeterm ned pattern. The above biim dazole
conpounds naone usell Hienel 1vi diar conit emp pomn dofi st wnaoklemriehawhén Otlhe

bi i m dazol e_co und 1S ed as the hot opol. rjzatiop,initiator in the
present i nvgﬁltrir?(;g?y gallgﬁ‘zt ‘anloﬁnlflagf b{)%eéjbff?ﬁ%g@ztol%o cgﬁﬁggﬁ’d FR2BF&er abl y
0.01 to 40 parizhdyawenght predetprafiared| yattearBlaparts by cowpybite much
nmore preferably 1 to 20 parts by weight based on 100 parts by wei ght of
the total ofUfHEPOPYf BHAATHEE 2RENHHRAD (Efeafd et ndfol@fdesnthan
nmononer .5 W 22 ygog fq t L@ I o] S
smal | er qhaﬁﬁo%%%@%g?f%g%gﬁg'h& It ?r%?%t‘)ie %ﬁ?%iég]l g‘%ty(; e(;%bsflgl ggg&er S
arranged i no&fpricdenethienealipait rertre dueriogi weonplepmenduri ng by exposure
and when the anount is larger than 5 40 parts by weight, the formed spacers
may easily fall off fromthe substrate during devel opnent. - hydrogen
donor \Wen-t hgdtdgedaddmoconpound is used as the 10 photopol yneri zati on

initiator in the present invention, it is preferably used in conbination
with the fol | ow ngh%&%ﬁeﬁlérmafﬁlﬁuﬂ%@°?ﬁﬁrd\?e uedi gsvithe The term

"hydrogen dgheft'o@s1ymed N €isnERDs 1a t FOIROYRG ¥Rk (L2l nRFOYE €6 na
hydrogen atomto a radical 15 formed fromthe biim dazole conpound by
exposure. Th& hFdpsgdemondy nAedhénpresdninahiem wath &he following

hydrogen doner to further improve sensitivity.

The term “"hydrogen donor”™ as used herein means a
compound which can provide a hydrogen atom to a radical

15 formed from the biimidazole compound by exposure.

The hydrogen donor in the present invention is
preferably a mercaptan compound or amine compound defined
hereinbelow.

The above mercaptan compound is a compound having

20 a benzene ring or heterocyclic ring as a mother nucleus
and 1 or more, preferably 1 to 3, more preferably 1 or
2 mercapto groups directly bonded to the mother nucleus
(to be referred to as "mercaptan hydrogen donor”
hereinafter).

25 The above amine compound is a compound having a
benzene ring or heterocyclic ring as a mother nucleus
and 1 or more, preferably 1 to 3, more preferably 1 or
2 amino groups directly bonded to the mother nucleus (to
be referred to as "amino hydrogen donor” hereinafter).

30 These hydrogen donors may have a mercapto group and
an amino group at the same time.

A detailed description is subsequently given of
these hydrogen donors.

The mercaptan hydrogen donor may have at least one



preferably a mercaptan conpound or am ne conpound defined hereinbelow The
above nercaptan conpound is a conpound having 20 a benzene ring or

het erocyclic ring as a nother nucleus and 1 or nore, preferably 1259Aﬁ?%5
nore preferably 1 or 2 nercapto groups directly bonded to the nother
nucleus (to be referred to as "nercaptéﬁshydrogen donor" hereinafter). 25
The above am ne conpound is a conpound having a benzene ring or

het erocyclic ring as a nother nucleus and 1 or nore, preferably 1 to 3,
nmore prefer&ginzangr riagmmnohgtesyscyiiéct Inironded bo ttthes frothem raic! eus

(to be referred to as."am nq. hydrogen dongr" hereinafte&). 30 These
hydr ogen do%tl)]res Y havd % m??%éBt &%g:}’(ﬁfb gﬂ& I BRFfo Ofr dUHE af 1S sane
tinme. A detal lRibél@seiing imayi sesuseneant!y given of these hydrogen

donors. The nercagtan hydr ogen donor may_have at |east one 2 5 JAN 2005 23
benzene ring or h#b&HLERE iReFrARtan htdrogen KORRF hasctwanert mexe Wien

it has tyo @l @45 of EQR1 Engs e A fusgdqri e he
mer capt an hy(?rogelﬁtdor%or I:';as'two or nore tSJn}g?gg%te(% S];e%éggtf)ywbgbﬁgast
one free nercamingroap leawmi nepeatf] thst odrtee nf melreagithergnengaptma@r oups

may be substituted b n al kyl, aralk or_ ar roup. Further, if at
| east one f?’(?e Sr%‘?%'éﬁfy'é&&%uéy'r Efui kyit hgrrﬂa'%lﬁ%gt gﬁplﬁﬂf gdf%%hor can
have a strugudrtetni G £1Q ¢ hBéakwo ohid f e 8t @i Si Pt HOBIRG P 08hhAeM Py a

dival ent organic group such as an al kyl ene group or a structural wunit
that two suft MAIGTRP A8 BIFRIEBJIPARE FATY RAVE Gt MidTuat¥radl findet

Furtheryo t he nzRr Q3RS &l DY Ar0geRdnflo e MBYnBE gl oistd Ui £y Y1 825 POXY!
group, al koxycarbonyl group,
organic group such as an alkylene group or a structural

unit that two sulfur atoms are bonded together in the
form of a disulfide.
Further, the mercaptan hydrogen donor may be

15 substituted by a carboxyl group, alkoxycarbonyl group,
substituted alkoxycarbonyl group, phenoxycarbonyl group,
substituted phenoxycarbonyl group or nitrileigroup at
& position other than the mercapto group.

Illustrative examples of the mercaptan hydrogen

20 donor include 2-mercaptobenzothiazole,
2-mercaptobenzooxazole, 2-mercaptobenzoimidazcecle,
2.5-dimercapte-1,3,.4-thiadiazole and
2-mercapto-2,5-dimethylaminopyridine.

Out of these mercaptan hydrogen donors,

25 2-mercaptobenzothiazole and 2-mercaptobenzocoxazole are
preferred and 2-mercaptobenzothiazole is particularly
preferred.

‘ The amine hydrogen donor may have at least one
benzene ring or heterocyclic ring, or both of them at

30 the same time. When it has two or more of the rings,
a fused ring may be formed.

At least one amino group of the amine hydrogen donor
may be substituted by an alkyl group or substituted alkyl

group, or the amine hydrogen donor may be substituted



substituted al koxycarbonyl group, phenoxycarbonyl group, substituted
phenoxycarbonyl group or nitrile group at a position other than the 5 JAN 2005
mercapto group. Illustrative exanples of the nmercaptan hydrogen 20 donor

i ncl ude 2-mer capt obenzot hi azol e, 2-nerchtobenzooxazole,

2- mer capt obenzoi m dazol e, 2,5-dinercapf%-1,3,4-thiadiazole and

2- mer capt o- 2, 5-di net hyl am nopyri di ne. Qut of these nercaptan hydrogen
donors, 25 2-nercaptobenzot hi azol e and 2- ner capt obenzooxazol e are

preferred any 2 rmacapiybegzaidp azalkokycparionylaghhpupr efeb s d tufthed am ne

hydr ogen dongr, may have at.|east one . benzene rin r heterocyclic ring, or
both of thef Oxgﬁafkgﬁﬁﬁngfﬂﬂ?'V&%ﬁnPFﬁ%ﬁF%ﬂgﬁ;'QEﬁ%pof the rings, a

fused ring naybdeitarrer pénbeasdavnenali e QIPUSToh ittie B e ompirpgen
donor may be substituted by an al kyl group or substituted al kyl “group, or
t he ani ne hydroked 8é8&T nﬁi}laﬁe EHsAPEfCe@TOBPIAN 2005 24 by a car boxyl

group, agkoxyca. rtﬂ.’]}’dsQEQQQJVé@%gﬁ&gdofakhgxﬁﬁfﬂp@w d%{)B'é.%’ dgnor

phenoxycar bonyl group, substitute enoxycarbonyl ‘gro nitrile group
at a site drwlufihad tdh'e-ansidigretipy 1 5mhinlckh e atioph axanpl, es of the am ne

hydr ogen donor, , inc¢cluyde 4, 4' -bi s(di pet hyl am no) benzophenone,
4,4'-bis(die'Hbléﬁgﬁg%ﬁﬁﬁyaﬁﬁgﬁﬁﬁg?Pgﬁg%PQ K mnoacet ophenone,
4- di met hyl ani nDpé ORYARAENOHECc e X i diybné- di met hyl am nobenzoat e

4-di met hyl ami nobenzoate and 4-di net hyl am nobenzonitrile. Qut of these
ani ne hydr oderfl Aty laminopromdi TR AYPARI-n0) benzophenone and

10 ethyl-4-dimethylaminobenzoate,
4-dimethylaminobenzoate and
4-dimethylaminobenzonitrile,

Out of these amine hydrogen donors,
4,4’ -bis({dimethylamino)benzophenone and

15 4,4"-bis(diethylamino)benzophenone are preferred and
4,4'-bis(diethylamino)}benzophenone is particularly
preferred.

The amine hydrogen donor serves as a sensitizer in
the case of a photopolymerization initiator other than

20 a biimidazole compound.

In the present invention, the above hydrogen donors
may be used alone or in combination of two or more. A
combination of at least one mercaptan hydrogen donor and
at least one amine hydrogen donor is particularly

25 preferred because the formed spacers hardly fall off from
the substrate during development and have high strength
and sensitivity.

The combination of the mercaptan hydrogen donor and
the amine hydrogen donor is preferably

30 2-mercaptobenzothiazole/4,4'-bis(dimethylamino)}benzo
phenone,
2-mercaptobenzothiazole/4,4 ' -bis(diethylamino)benzop
henone,

Z-mercaptobenzooxazole/4,4 ' -bis{dimethylamino)benzop



15 4., 4" -bi s(di et hyl am no) benzophenone are preferred and

4,4' - bi s(di et hyl am no) benzophenone is particularly preferred. Thezﬂﬁéxen
hydr ogen donor serves as a sensitizer in the case of a photopolynerlg Fg%
initiator other than 20 a bil m dazole ggnpound. In the present invention,

t he above hydrogen donors may be used one or in conbination of two or
nore. A conbination of at | east one nercaptan hydrogen donor and at | east
one am ne hydrogen donor is particularly 25 preferred because the forned
spacers har®®)ong [oHff from the substrate during devel opnent and have

hi gh strengjh LELVi onpi naj i .of .t he_nmercapt an_hydr ogen
donor and 9%hge%%?g@ﬁﬁ@%bgég%M%%%gg/?gqgr2?%?3%%? Fahtihs enzo%%

2- mer capt obemenehi afdiee/ dombinias(ido nekhydcarg np o enzab 1 phenone

2- mer capt ob nzothiazole/4,4'-bjs%diethylanino)benzop henone,

2- mer capt oben2EGERRT P ANF0 R R 8P k& I hni ROFES&IAPhy1emine PoeBze® henone
or 2-ngrcapipbarzepxazol e/ 4,4' -bi s(di et hyl am no) benzoph enone. The
conbination is nore preferably

2- mer capt obénRérigiaiod een z9oxd 3¢ Hedhyl anh he ) BdeAdpy L miemorizenzoph

2- mer capt ob xa 4..4'--his(d] yl.and No) benzoph enone, particularly
preferably ggé%r'c?é%ééﬁé&ta%%O#g)g’%,eﬁ%?%(di et hyl am no) benzop henone.
10 The wei ghtmeatdap oébéhe otdricapbae /hy,dt vgebsddicrthydamie b aEgzbydr ogen

donor in the conbination of the mercaptan hydrogen donor and the am ne
hydr ogen doh®P®™®s preferably 1:1 to 1:4, nore preferably 1:1 to 1:3.

10 The weight ratio of the mercaptan hydrogen donor
to the amine hydrogen donor in the combination of the
mercaptan hydrogen donor and the amine hydrogen donor
is preferably 1:1 to 1:4, more preferably 1:1 to 1:3.

When the biimidazole compound is used in combination

15 with the hydrogen donor in the present invention, the
amount of the hydrogen donor is preferably 0.01 to 40
parts by weight, more preferably 1 to 30 parts by weight,
particularly preferably 1 to 20 parts by weight based
on 100 parts by weight of the total of the polyfunctional

20 monomer (C) and the monofunctional monomer. When the
amount of the hydrogen donor is smaller than 0.01 part
by weight, the effect of improving sensitivity may lower
and when the amount is larger than 40 parts by weight,
the formed spacers may easily fall off from the substrate

25 during development.

Illustrative examples of the triazine compound
include triazine compounds having a halomethyl group such
as 2,4,6-tris(trichloromethyl)-s-triazine,
2-methyl-4,6-bis{(trichloromethyl)-s-triazine,

30 2-[2-(5-methylfuran-2-yl)ethenyl]-4,6-bis(trichlorom
ethyl)-s-triazine,
2-[2-(furan-2-yl)ethenyll]l-4,6-bis(trichloromethyl)-s
~-triazine,

2-[2-(4-diethylamino-2-methylphenyl)ethenyl]-4,6-bis



When the biim dazole conpound is used in conbination 15 with the hydrogen
donor in the present invention, the anount of the hydrogen donor
preferably 0.01 to 40 parts by weight, nore preferably 1 to 30 par?ﬁcmN2W5
wei ght, particularly preferably 1 to 2Q_parts by wei ght based

parts by weight of the total of the poIgPunctional 20 nononer (C) and the
nmonof uncti onal nononer. When the anount of the hydrogen donor is smaller
than 0.01 part by weight, the effect of inproving sensitivity nmay | ower
and when t hétzmsunkoremedigek) t hafir4d@pnes by weight, the forned spacers

e ek T AL ST N bt e

halonethyl ge@WgEnwh ta&é&fh@ trls(trlchloronethyl) s-triazine,

2- met hyl - bls(trlchlorone |)-s-triazine,

> 12 (5 ot By AT BOSTRRATHEDY T 18- bE LI QP ome LB 15 s tEdiazi ne,
2-[2 (fqyanlgeyl)ethenyl] 4,6-bis(trichloronethyl)-s -triazine,

2-[ 2- (4-di et hyl'am no- 2- net hyl phenyl ) et henyl ] -4, 6-bis 25 JAN 2005 26
(trichlmwn@tﬁﬂﬁetﬁoxvammnyl) -4,6- bls(trlchloromethyl) s-triazi
2-[2-(3, 4- d ge yphenyl ) et henyl ] -4, 6-bis(trichloro nethyl)-s-triazine,

2- (4- met hoxyphenyT) -4, 6-bis(trichloronethyl)-s-triaz 5 ine,

2- (4- et hoxygtyiyn -Bubokiyp(ienebl) orqreetthys | £s-itdh baromeeaild) -s-tria

2- (4- n- but ox Bhenyl) 4,6-bis(trichloronethyl)-s-tria zine. 10 Qut of these
triazine coﬁ% &rds 2-[2- (3, 4-di met hoxyphenyl ) et henyl ] -4, 6-bis(trichloro

met hyl )1-0s-tri azi n@uits d¥ efReEed.triazine compounds,
2-[2-(3,4-dimethoxyphenyl)ethenyl]l-4,6-bis(trichloro
methyl)-s-triazine is preferred.
The above triazine compounds may be used alone or

in combination of two or more.

15 When the triazine compound is used as the
photopolymerization initiator in the present invention,
the amount of the triazine compound is preferably 0.01
to 40 parts by weight, more preferably 1 to 30 parts by
weight, particularly preferably 1 to 20 parts by weight

20 based on 100 parts by weight of the total of the
polyfunctional monomer (C) and the monofunctional
monomer. When the amount of the triazine compound is
smaller than 0.01 part by weight, it may be difficult
to obtain spacers arranged in a predetermined pattern

25 due to incomplete curing by exposure and when the amount
is larger than 40 parts by weight, the formed spacers

may easily fall off from the substrate during development.

additives

30 The radiation sensitive composition of the present
invention may contain wvarious additives as redquired.

The above additives include an organic acid or

organic amino compound {(excluding the above hydrogen

donor) which exhibits the function of further improving



The above triazine conpounds nmay be used alone or in conbination of two or
nore. 15 When the triazine conpound is used as the photopol ynerization
initiator in the present invention, the ampbunt of the triazine co 00%
preferably 0.01 to 40 parts by weight, _nore preferably 1 to 30 parts by
wei ght, particularly preferably 1 to Zozﬁarts by wei ght 20 based on 100
parts by weight of the total of the polyfunctional nononer (C) and the
nonof uncti onal nononer. When the anount of the triazine conpound is
smal | er thahhe. 8blpdyilbyyweinglin altkahy Beveilfdpenl 6f theoltaaitaspamers

arranged in_a_pr.edet erm ned ffern 25 due tq inconplete curing by exposure
and when t h@eﬁﬁt}&rﬁvei gof“é’rog%rat{‘ﬂﬁn aps p’gﬁl‘fs%W%ngﬂt ?%t tfé“FBﬁ £d spacers
may easily §apbréffsingraidesubsénabe fan agadewt) PPEBYrodddicti¥ear 30
The radi ation sensitive conposition of the present invention may contain

vari ous addfevedPRReRrEquired. The above additives include an organic acid
or organic am no conpound (excluding the above hydrogen donor) which
exhibits the function of further inproving 2 5 JAN 2005 27 the solubility
in an al kal +odgeeliopeacdfl-t he radi ation sensitive conposition and the

f ti f furt ' th ISt di |.ved duct
aitor devel oprontResAbBNE RS SR i AR Cilove S UhRb cPe PLRRRELSDIy an

aliphatic earbowylifcaacd ®loPheh¥hyldl GHoE®ntantdith LAEeAHE Exyasid
having at | east one carboxyl group in the nolecule. 10 Exanples o¥ t he

above al i ph3FLE8 BAVERG 1At 1eAt QHRIGRIED ARV Ph AP RdRoéenBRyli g @udgi-ds
such aggformc  agkdmpAcsd | 6£2¢h® DEOHPLORIG piCh €i cPUM B ExPELYL @181 C

include aliphatic monocarboxylic acids such as formic
acid, acetic acid, propionic acid, butyric acid, valeric
acid, pivalic acid, caproic acid, diethylacetic acid,
enanthic acid and caprylic¢ acid; aliphatic dicarboxylic

15 acids such as oxalic acid, malonic acid, succinic acid,
glutaric acid, adipic acid, pimelic acid, suberic acid,
azelaic acid, sebacic acid, brassylic acid,
methylmalonic acid, ethylmalonic acid, dimethylmalonic
acid, methylsuccinic acid, tetramethylsuccinic acid,

20 cyclohexanedicarboxylic acid, itaconic acid, citraconic
acid, maleic acid, fumaric acid and mesaconic acid: and
aliphatic tricarboxylic acids such as tricarballylic
acid, aconitic acid and camphoronic acid.

The above phenyl group-containing carboxylic acid

25 is, for example, a compound having a carboxyl group
directly bonded to a phenyl group or a compound having
a carboxyl group bonded to a phenyl group through a carbon
chain.

Illustrative examples of the phenyl

30 group-containing carboxylic acid include aromatic
monocarboxylic acids such as benzoic acid, toluic acid,
cuminic acid, hemellitic acid and mesitylic acid:
aromatic dicarboxylic acids such as phthalic¢ acid,

isophthalic acid and terephthalic acid; aromatic



acid, pivalic acid, caproic acid, diethylacetic acid, enanthic acid and
caprylic acid; aliphatic dicarboxylic 15 acids such as oxalic acid, nmalonic
acid, succinic acid, glutaric acid, adipic acid, pinelic acid, supgumgzms
acid, azelaic acid, sebacic acid, brasg%lic acid, nethylmalonic acid,

et hyl mal oni ¢ acid, dinethylmalonic acid? nmethylsuccinic acid,
tetranet hyl succinic acid, 20 cycl ohexanedi car boxyli cacid, itaconicacid,
citraconic acid, maleic acid, fumaric acid and nesaconic acid; and

al i phatic tprdardRyPkylds dscbdishhaying @artzel ¢ yEecofatihd;e acani mbeeaci d

o o exanne A8 e R Y L B € B Bl kRS b e d A o o
phenyl grouand@ pgreM@DUNY iRAGICIE ; PIEa PLAYle t @ L DANALYH Gl 2 PHSRK!

group through ,a carbon chain. Illustrative exanples of the phenyl 30
gr oup- cont aPfitfly BIHRG PRABLU2FAS uBSNGOkEE i3C L doRReridendelndicds
such as $enaeh agldodpbWL1aC! dinpBiidihG AF] &1 diiRLL il & AE! £ 20Y
nmesitylic acid; aronatic dlcarboxyplc aci ds such as phthalic a0|%, ’

i sopht hal i ccagimhmiel aedidplarhdl unbadild,c amoidt.ic 2 5 JAN 2005 28

pol ycar boxyl i c acids _havi ng_a val ence of .three or nore_ such as trinellitic
acid, trimesic ac#ﬁ?ﬂégﬁ%pﬁéﬁm?%iﬂEﬁ gﬁdﬁgﬁ%ﬁﬁlFPHWP%&+H?'phenylwxﬂic
aci d, hydroablauLliagiin hydioednband ©adiakcrapdal heragink£olenyhsucci nic

5 acid, atrogic acid, cinnanmic acid, cinnanylidenic acid, coumaric acid
and unbel | i ERERTEVEASHAMRES bR And 54 141 RarpadgiuBpIthe substdteity in

a sol vamt tgnbe 19986t | YeFeBaNGIQafdPEr §Rdant 18U FYSBET BB S 2l §3rand
filmremants on the substrate 10 and |ight screening |ayer of an..
unexposed pBfttbasecargasiq peddor gdiirhatigsdigrinhey bidiaaiBexgriec
acids are preferred as aliphatic carboxylic acids, out of which
malonic acid, adipicacid, itaconic acid, citraconic acid,
fumaric acid and mesaconic acid are particularly

15 preferred. Aromatic dicarboxylic acids are preferred
as phenyl group-containing carboxylic acids, out of which
phthalic acid is particularly preferred.

The above organic aclids may be used alone or in
combination of two or more.

20 The amount of the above organic acid is preferably
15 wt% or less, more preferably 10 wt% or less based on
the total amount of the radiation sensitive compositioeon.
When the amount of the organic acid is larger than 15
wt%, the adhesion of the formed spacers to the substrate

25 may lower.

-organic amino compound-
The above organic amino cempound is preferably an
aliphatic amine or phenyl group-containing amine having
30 at least one amino group in the molecule.
Ililustrative examples of the above aliphatic amine
include mono{cyclo}alkylamines such as n-propylamine,
i-propylamine, n-butylamine, i-butylamine,

sec-butylamine, t-butylamine, n-pentylamine,



preferred as aliphatic carboxylic acids, out of which malonicacid,

adi picacid, itaconic acid, citraconic acid, fumaric acid and nesacg%lc
acid are particularly 15 preferred. Aromatic dicarboxylic acids are+ ® JAN 2003
preferred as phenyl group-containing carboxylic acids, out of which
phthalic acid is particularly preferred29he above organic acids may be
used alone or in conbination of two or nore. 20 The anount of the above
organic acid is preferably 15 w%or |ess, nore preferably 10 wt % or |ess
based on theletyl antownt ©f héepe ylathbheon nsest ¥ LuRie@Tposi tion.  \Wen

t he amount of the or anic acid is _larger than 15 wt- W the adhesion of
the formed Sp&HtEle Hﬂﬁ?sﬁbgﬁF&ﬁ?m%EenaFIqﬂQﬁCYléﬁiﬂﬁc ani no conpound

The above ohg%@e@guggllq%rpogﬁglb%é}ggj_g{,@lgllé/ an aliphatic am ne or
phenyl group-containi ng am ne havi ng O at |least one am no group in the

mol ecul e. IPPMﬁﬁhleEQQQhﬁmﬁéamﬁHdmembmﬁéhﬁ1?&aﬂpbaxylmm1nnalude

nnno(cyq%o)glﬂ@gg@gggﬁ éﬁ% yl?mlﬁéwlanln%yl?%ﬁi Bé n- but yl am ne

i -butylamn Sec am ne vl am ne ﬁgeJAN 2005 29

n- hexyl am ne,- etrhpptyba.rﬁmynamh}é adpdep - ettrfyowyambh%x dRxyleam ne,
n- undecyl am_ne, dec | ani ne, cycl ohexyl ani ne,_~ o- net hyl cycl ohexyl ani ne,

nwnethylcycﬁﬁ&ﬁ&@% E%?Wﬁﬁ?ﬁw%ﬂ&ﬁoﬂéx%%ﬁﬁ%%Etﬁméﬁﬂﬂ%?clohexylan1ne
m et hyl cycl Qﬂ@%@ﬂhﬁ&n@dmﬁt@iyllyhcb&ldﬁ‘ﬁ%é{hi'ﬁ‘é"eethq('l(ﬁ¥ r@ﬁtha{ﬂé‘es

such as nethyl et hyl am ne, diethylam ne,” nethyl n-propyl a
n- propyl ani Ad,- D R T APFHERA @i ndl -di- Pr®Pﬁéﬂmﬂﬁme ddrnnunmylamﬂmg 10

di-i-buly| aghne . ghe§IGniHy] 281 1% Alpbe ' AR NCas -4yl 7 RbHAML e
di - n- hexyl am ne,
di- n pentylamine, di-n-hexylamine,
methylcyclohexylamine, ethylcyclohexylamine and
dicyclohexylamine: tri(cyclo)alkylamines sﬁch as
dimethylethylamine, methyldiethylamine, triethylamine,

15 dimethyl n-propylamine, diethyl n-propylamine, methyl
di-n-propylamine, ethyl di-n-propylamine,
tri-n-propylamine, tri-i-propylamine, tri-n-butylamine,
tri-i-butylamine, tri-sec-butylamine, tri-t-butylamine.
tri-n-pentylamine, tri-n-hexylamine,

20 dimethylcyclohexylamine, diethylcyclohexylamine,
methyldicyclohexylamine, ethyldicyclohexylamine and
tricyclohexylamine; mono(cyclo)alkanolamines such as
2-aminoethanol, 3-amino-l1-propanol, l-amino-2-propancol,
4-amino-1l-butancl, 5-amino-l-pentanol,

25 6-amino-l-hexanol and 4-amino-l-c¢yclohexanol;
di(cyclo)alkanolamines such as diethanolamine,
di-n-propanolamine, di-i-propanclamine,
di-n-butanolamine, di-i-butanoclamine,
di-n-pentanolamine, di-n-hexanolamine and

30 di{4-cyclochexanol)amine; tri{cyclo)alkanolamines such
as triethanolamine, tri-n-propanoclamine,
tri-i-propanolamine, tri-n-butanclamine,
tri-i-butanolamine, tri-n-pentanolamine,

tri-n-hexanolamine and tri(4-cyclcohexanocl)amine;



met hyl cycl ohexyl am ne, ethyl cycl ohexyl am ne and di cycl ohexyl am ne;
tri(cyclo)al kyl am nes such as 25 JAN 2005
di et hyl et hyl am ne, net hyl di et hyl am ne, tri et hyl am ne, 15 di net hyl

n- propyl am ne, diethyl n-propylam ne, nethyl di-n-propylamne, ethyl

di -n-propylamne, tri-n-propylamne,tri30.--propylamne, tri-n-butylam ne,
tri-i-butylamne, tri-sec-butylamne,tri-t-butylamne. tri-n-pentylam ne,
tri-n-hexylam ne, 20 di nethyl cycl ohexyl am ne, diethyl cycl ohexyl am ne,

met hyl di cyclaghay agba%)ﬂxbahga%soh@whawe and tricycl ohexyl ani ne;
nono( cycl o) al kanol aim nes such

2- am noet haﬁ(rlaﬂg’-la@rr ho-ZI mr@pangldlpm Zmamlpra)phnél propamedaoll- but anol ,

5-am no- | - pgnt JloF I and 4 |- cyc ohexanol
di (cycl o) al %an an neé %54 qﬂ{ egl ec% ‘glﬁ f‘g}! ﬁ”ﬁﬂd%% P &mi ne,

di -1 - propandl-amieo - 1d|2——n:ja¢llal‘i@|xaﬂenhonjl - - but anol am ne,
-n- pen%anol am ne, n- hexanol am ne_and 30 di (4-cycl ohexanol ) am ne;
tr| (cycl ) altk AT BT ﬁeé “SEhl oBg XN &A h@dhel ani ne, tri-n-propanol ani ne,

tri-i-pr 0pa'30-|cﬁrﬁé‘€hy§ra'm1rh$m§.aQleEirBﬁ@nedﬁéJ | - but anol ani ne,
tri-n-pentanol am ne tri-n-hexanol am ne and tTi (4-cycl ohexanol )anmine; 2 5

JAN 2005 303arﬁ1rﬂ)*(hyélam)la1CKaheal-@IISJm@dasl,3 am' no- 1, 2- pr opanedi ol ,

2-anmi no- 1, 3»p %EE 4a 0o-1, 2-but ane 4amn013butaned|ol,
4- am no- 1, 2- cf/ﬂl g o° ?2 gnlidorpoarleg 8yc|aolﬁ%xaned| ol ,

3-di net hyI am—rdléLtRpramﬁanedl 0B - prubaheﬂlnybllamdﬂpcloalikram;aﬁl@ﬂh@nols

2-di methyl agi_no- 1, 3- Br%%. nedi ol and 2- %bet hyl am no- 1, 3- pr opanedi ol ;

cycl oal KaneR8ridhd| & Qi BG°HR ST §Foup such as

l-aminocyclopentanemethanol,
4-amincocyclopentanemethanol,
l-aminocyclohexanemethanol
4-aminocyclohexanemethanol,

15 4-dimethylaminocyclopentanemethanol,
4-diethylaminocyclopentanemethanol,
4-dimethylaminocyclohexanemethanol and
4-diethylaminocyclohexanemethanol; and aminocarboxylic
acids such as fB-alanine, 2-aminobutyric acid,

20 3-aminobutyric acid, 4-aminobutyric acid,
2-aminoisobutyric acid, 3-aminoisobutyric acid,
2-aminovaleric acid, 5-aminovaleric acid,
6-aminocaproic acid, l-aminocyclopropanecarboxylic
acid, l-aminocyclohexanecarboxylic acid and

25 4-aminocyclohexanecarboxylic acid.

The phenyl group-containing amine is, for example,
@ compound having an amine group directly bonded to a
phenyl group or a compound having an amino group bonded
to a phenyl group through a carbon chain.

30 Illustrative examples of the phenyl .
group-containing amine include aromatic amines such as
aniline, o-methylaniline, m-methylaniline,
p-methylaniline, p-ethylaniline, p-n-propylaniline,
p-i-propylaniline, p-n-butylaniline, p-t-butylaniline,



1- am nocycl opent anenet hanol, 4-am nocycl opent anenet hanol ,

1- am nocycl ohexanenet hanol, 4-am nocycl ohexanenet hanol, 15

4- di met hyl ani nocycl opent anenet hanol ,  4-di et hyl am nocycl opent anemetZNamN 2005
4- di net hyl am nocycl ohexanenet hanol and _ 4-di et hyl am nocycl ohexanenet hanol ;
andani nocar boxylic acids such as $-al ant ne, 2-ani nobutyric acid, 20

3-am nobutyric acid, 4-am nobutyric acid, 2-am noisobutyric acid,

3-am noi sobutyric acid, 2-am novaleric acid, 5-am novaleric acid,

6- am nocapr b+ napditthy lamimeqcy ehaphdpjgneemibexylli - ddmakthylaniline,

| - am nocycl ohexanecar boxyl.i.c acid and 25 4-am pocycl ohexanecarpoxylic acid.
The phenyl %rgﬁf}-lfoqﬂ%}ﬂﬁﬁd‘lé}ﬁ n%nasP'f‘EﬁééigﬁBI'g'Aﬂnﬁgﬁgg‘&ﬁlﬁfﬁé?ﬁg an
am no groupadihetid iz PondeddibBs BAEHY la HrOLEmMAN cb £REPRURL dWlybDg an

am no group bonded to a phenyl group through a carbon chain. 30

|11 ustrati vie- agdmsiteen 2y 1t lad qsead| - Pgradin eBAPZIYH nylaahed .i ncl ude
aromat i 3 an Dﬁim%ucﬁ&ﬁ%ni%'ﬂér{‘fylOaii‘@BH)S'lthh' ﬁﬁg,i@trfﬁ;fyrl'&ﬂlolb'e%zyl

p- et hy I NE, p ani line,” p-n-propyl ani

p-i-propyl aal tbh® Ip- nahihypdde he, pulctbuy| anamimmpRebholAN 2005 31

1- napht hyl am ne, 2-naphthylam ne, N, N-dinethylaniline, . N_N-diethylaniline
and p-nethyP?NWNHﬂQEﬁH?FamHTQE%HOBH%ﬁﬁ%nZ§F%% #hﬁ%a?&ﬂ?ﬁgen%l

0- ani nobenzy} gal,Cd £ hy TadlidPeE8Z ¥l ;3 £H0M0hm iRrce MobeBz W B sohol , 5
p- di met hyl am nobenzyl a?’cohol and p-di et hyl am nobenzyl al cohol;
am nophenol 6degéivaisivean sosHends, M -AERARPRENGC pCafi-nophenol ,

p-di ey ] 41 QARG n z82¢. Rich &1 Ny| AT NARNPR G Kk AELIRPAELAC ARG dS
(derivatives) such as m am nobenzolfc acl d,
p-diethylaminobenzoic acid.

From the viewpoints of solubility in a solvent to
be described hereinafter and the prevention of stains
and film remnants on the substrate or light screening

15 layer of an unexposed portion, out of these organic amino
compounds, mono{cyclo)alkanolamines and
amino(cyclo)alkanediols are preferred as aliphatic
amines, out of which 2-aminoethanol, 3-amino-1l-propanocl,
5-amino-l-pentanol, 3-amino-1,2-propanediol,

20 2-amino-1,3-propanediol and 4-amino-1,2-butanediol are
particularly preferred. Aminophenols are preferred as
phenol group-containing amines, out of which
o-aminophenol, m-aminophenol and p-aminophenol are
particularly preferred.

25 The above organic amino compounds may be used alone
or in combination of two or more.

The amount of the organic amino compound is
preferably 15 wt% or less, more preferably 10 wt% or less
based on the total amount of the radiation sensitive

30 ccmposition. When the amount of the organic amino
compound is larger than 15 wt%, the adhesion of the formed
spacers to the substrate may lower.

Additives other than the above include, for example,

adispersion aid such as blue pigment derivative or yellow



10 p-am nobenzoic acid, p-dinmethy-|am nobenzoic acid and

p- di et hyl am nobenzoic acid. Fromthe viewpoints of solubility in a ;glmﬁ%m
to be described hereinafter and the prevention of stains and film
remmants on the substrate or |ight screening 15 | ayer of an unexposed
portion, out of these organic am no coﬁﬁounds, nmono( cycl o) al kanol am nes
and am no(cycl o)al kanediols are preferred as aliphatic am nes. out of

whi ch 2--am noet hanol , 3-am no-1-propanol, 5-am no-I-pentanol,

3-am no- 1, 2ppgogariedieat i v20ifeamkaopl I3f pedjanedippe ampHt hal @ yanine

-1, 2-butanediol. are, particularly preferred, Am nophenols are preferred as
phenol grouggfﬁm%ﬁ+ﬁﬁa’aﬁ#%%froﬁgcﬁfQﬂﬂ%$asﬁ-8ﬁfﬁﬂﬂﬁﬁhﬁﬁflﬂQﬁﬁﬂﬁﬁhenm
and p- ani nopbRRp@ured &udildd %W+Yn9&eﬁiﬁﬁibl?$pJP§e€ﬁ9\i%rpé Qfl_!i‘ﬁvéoim no
conpounds may be used alone or 1n conbination of two or nore. The anount
of the orgaRPBoadilspl edhrued Pelydrickepapily ksl a0y da tiedsspomokenic,
preferalyly % .0 SS, . 1 l, . of the radiatiaon
sensiti@é Séggg%§%$t+gn§' eﬁF hgﬁéﬁgﬁﬁﬁg%?'t%gﬁﬁaéﬁﬁ?caﬁﬁﬁler@%ﬁﬂbund S
| ar ger thansibhwa% viilngy ladhesnetheofktdiel dnenedinyladarise tRokhe iSLbsEr at e
may | ower. Addi ives_ot(her t han t he_above include, for exanple, a

di spersi on BFB¥ducF L (prae th QFERt PeXY VSt 168 yel | ow 25 JAN 2005 32

pi gment derjvabi-ven £x68Rh ﬂmmeQWoﬁf'lhﬂquﬁﬁiﬂ 88meded VL 1eh
filler such as glass or alum na, golyrr_er conmpound such as polyvi nyl
al cohol, potyelmliZnemgngedihy hbndapmineprepydr fgolyethoxysilane,

accel orst or - Eaan RO P R O e R TaRE o AP e L Ty

tris(2-nmet hoxjeeidxyygsidane,

N (2-am noeg hyh b~ 3 805 §BR0LIRM - HELRYT B IREIRNS d Mlane
2-{3,4-epoxycyclohexyl)ethyl trimethoxysilane,
3-chloropropyl -methyl-dimethoxysilane, 3-chloropropyl

15 trimethoxysilane, 3-methacryloxypropyl
trimethoxysilaneor'3-mercaptopropyltrimethoxysilane:
antioxidant such as
2,2-thiobis(4-methyl-6-t-butylphenol) or
2,6-di-t-butylphenol; ultraviolet light absorber such

20 as
2-(3-t-butyl-5-methyl-2-hydroxyphenyl)-5-chlorobenzo
triazole or alkoxybenzophenone; anticoagulant such as
sodium polyacrylate; and heat radical generating agent
such as 1,1'-azobis({(cyclohexane-l-carbonitrile) or

25 2-phenylazo-4-methoxy-2,4-dimethylvaleronitrile.

solvent
The radiation sensitive composition of the present
invention comprises the above colorant {(A), alkali
30 scluble resin (B}, polyfuncticnal menomer (C) and
photopolymerization initiator (D) as essential
ingredients and is preferably prepared as a liguid
composition by mixing them with a solvent.

Any solvent is acceptable if it disperses or



e, N-(2-am noethyl)-3-am nopropyl trinmethoxysilane, 10 3-am nopr opyl
triethoxysil ane, 3-gl yci doxypropyl trinmethoxysilane,

3-gl yci doxypropyl nmet hyl di et hoxysi | ane, 2-(3,4-epoxycyc|ohexyl)eg@thgwg
trimet hoxysil ane, 3-chl oropropyl - net hyl di met hoxysi | ane, 3-chl oropropyl 1
trimet hoxysil ane, 3-nethacryl oxypropyl 88inme thoxysilane or
3-ner capt opropyl trinethoxysilane; antioxidant such as

2, 2-t hi obi s(4-net hyl -6-t-butyl phenol) or 2,6-di-t-butyl phenol; ultraviolet

|'i ght absor 2 S e

2-(3-t-but y?fés%%? -gl-’l%ytfroom@% SH%S) @ %thr cgtl)) nzaondt Fldéizlo e 6r

al koxybenzopbmponen tat i toaguiantreach asthsodesm pohpaaiyh8keandndakeat
radi cal generatinq:a ent uch_fs 1, 1' -azobi s(cycl ohexane-| -carbonitrile)
or 25 2- pheﬁ?Pﬁ?@-&%ﬁ?hHQ&-@,ﬂ-ﬂFﬁet hyl val eronitrile. solvent The

radi ation sensiti¥e)qayost 8N eHant Br gsentin d ny | CORRR I t he
above colorant (A), alkali 30 golaublfferesi n (B). gglnrf?{}:nct i o%a nonomner

(O andd phbpepyl ey kanieoalleial sogrog Drydse sbearst saich iamgeddiheseand is
Ay sof vent J1-2ERa skt iq e n g CRORh i A e 1 PR S obd SR e Brods The
conponent s ¢#hyllend)gapadodddidnyen -@araPnent s hedoese HRY LeeRCt g Wskdd 1t hese
conponents and has . appropriate volatility. Illustrative exanples of the
sol vent incfgBe % '(tb‘b€§}a‘ﬁi’§}1a€nedb?}@éﬂl?%ﬁ(%*???lél‘%’é%‘estdﬁ%t%?ﬁyl ene
gl yc?l _mnoaféla}alylaéxh@r 1 | ef6nBLYER} 1 n?ﬂge&hyldfé@ﬁwen% qh?%ﬂl ycol
nono nlpropyl et T:e—r’rc?t { eneh g]I__ycoIie rLDn](-) n- butyl ether, d_l e:t ylene gl ycol
nononetlfy| BeRern-propyl ether, diethylene glycol mono-n-butyl
ether, triethylene glycol monomethyl ether, triethylene
glycol monocethyl ether, propylene glyccl monomethyl
ether, propylene glycol monocethyl ether, propylene
glycol mono-n-propyl ether, propylene glycol
15 mono-n-butylether, dipropylene glycolmonomethyl ether,
dipropylene glycol monocethyl ether, dipropylene glycol
mono-n-propyl ether, dipropylene glycol mono-n-butyl
ether, tripropylene glycol monomethyl ether and
tripropylene glycol monoethyl ether; (polylalkylene
20 glycol monoalkyl ether acetates such as ethylene glycocl
monomethyl ether acetate, ethylene glycol monoethyl
ether acetate, diethylene glycol monomethyl ether
acetate, diethylene glycol moncethyl ether acetate,
propylene glycol monomethyl ether acetate and propylene
25 glycol monoethyl ether acetate; other ethers such as
diethylene glycol dimethyl ether, diethylene glycol
methylethyl ether, diethylene glycol diethyl ether and
tetrahydrofuran: ketones such as methyl ethyl ketone,
cyclohexanone, 2-heptancone and 3-heptanone; lactic acid
30 alkylesters suchasmethyl 2-hydrcxypropionate andethyl
2-hydroxypropionate; other esters such as ethyl
2-hydroxy-2-methylpropionate, methyl
3-methoxypropionate, ethyl 3-methoxypropionate, methyl
3-ethoxypropionate, ethyl 3-ethoxypropionate, ethyl



di et hyl ene gl ycol nonoet hyl ether, diethylene glycol 10 nono-n-propyl

et her, diethylene glycol nono-n-butyl ether, triethylene glycol g&qﬁ ﬂﬁ%
ether, triethylene glycol nonoethyl ether, propylene glycol nono gﬁﬁ

et her, propyl ene glycol nonoethyl ether, propylene glycol nono-n-propyl
et her, propylene glycol 15 nono -n-buty?4ether, di propyl ene gl ycol
nononet hyl et her, dipropyl ene glycol nonoethyl ether, dipropylene glycol
nono- n- propyl ether, dipropylene glycol nmono-n-butyl ether, tripropylene
gl ycol rmnoerehbytlyaectéleatand d iyl ohylderex ghyetla tonoetdhy &t her ;

(pol y)al kylene 20 gl ycol nonoal kyl ether acetates such as ethylene gl ycol
nononet hyl &t ¥ atemedthg A B1E2GRAAIS - nonoet hyl et her acetat e,

di et hyl ene gLMg@hf@mgnﬁgmﬂoﬁ%@@fyyygg@g@e di et hyl ene gl ycol nonoet hy
ether acetate, propylene glycol nbnomethyl éther acetate and propyl ene 25

egcoIrnmo%thywnﬁheB w@ﬂhnxybutMépnﬂnﬁwsa§@ohQﬁhyalepwﬁaﬁe gl ycol
dinethyl ether hyl e | ycol vl eth I t he ethyl en | ycol
di et hyl et h&r gr?c? e‘{ e%‘r-‘ of ut aHrOIPé{lonié )séuc asﬂ rr% eatcfﬁ/faggt'one
cycl OhexanOﬂebuH‘[Bp&aaQIaﬂ:ea,nCh3pbﬁ|ﬂy&.ﬂ0ﬂ@rmh&@t | uapedtgr(l adataesters
such as nethyl 2 -hydroxypropi onate and et hyl dr ox Eroglonate ot her

esters such?aBYdithly IPToPhPaA%S) - -@WWFBVG&%at% utyrate,

3- met hoxypr ppjpo ShiYrakdTBLROBYR SatkBt mvéth 1ehhaxuRL ppi onat e,
et hyl 3- ethgxgp?@%f%nate¥&ethy1 25 JA 2005 %4aethoxyace atg et hyl

hydr oxyacet at by Inptyiryiva e hyair X9 PIInBYmAVRt ander thyl acetoacetate,
ool 2 ERDRORIHLAEA e B 2 IBLBOU I PR DI 1Y
acetate, n- mdtrydcyéﬁbaatsesubhpast'g/blaeateataad xrle:ane/J amm[amuzrmee,s@chyl
butyrate, agr%pme€%§xg¥féolidone N,N-dimethylformamide and
N,.N-dimethylacetamide.
Out of these solvents, propylene glyccl monomethyl

15 ether, ethylene glycol monomethyl ether acetate,
propylene glycol monomethyl ether acetate, propylene
glycol monoethyl ether acetate, diethylene glycol
dimethyl ether, diethylene glycol methyl ethyl ether,
cyclohexanone, 2-heptanone, 3-heptanone, ethyl

20 2-hydroxypropionate, ethyl 3-methoxypropionate, methyl
3-ethoxypropionate, ethyl 3-ethoxypropionate,
3-methyl-3-methoxybutylpropionate, n-butyl acetate,
i-butyl acetate, n-pentyl formate, i-pentyl acetate,
n-butyl propionate, ethyl butyrate, i-propyl butyrate,

25 n-butyl butyrate and ethyl pyruvate are preferred from
the viewpoints of solubility, pigment dispersibility and
coatability.

The above solvents may be used alone or in
combination of two or more.

30 Further, ahigh-boilingsolvent suchas benzylethyl
ether, dihexyl ether, acetonylacetone, isophorone,
caproic acid, caprylic acid, l-octanol, l-nonanol,
benzyl alcohol, benzyl acetate, ethyl benzoate, diethyl

oxalate, diethyl maleate, Y-butyrolactone, ethylene



| -propyl butyrate, n-butyl butyrate, nethyl pyruvate, ethyl pyruvate,

n- propyl pyruvate, nethyl acetoacetate, 10 ethyl acetoacetate and e;ﬂﬁl

2: oxybut anoate; aromatic hydrocarbons such as tol uene and xyl ene; JAN 2005
am des such as N-nethyl pyrrolidone, N, N-dinethylformm de and

N, N- di net hyl acet am de. Qut of these sol¥&nts, propyl ene glycol nononethyl

15 ether, ethylene glycol nononethyl ether acetate, propylene glycol
nononet hyl ether acetate, propylene glycol nonoethyl ether acetate,

di ethyl ene glygehatd Mephybyatdies . cdireidnd €aeog! waaly nehbylgieidyl et her,
cycl ohexanone, 2-heptanone, “3- hept anone, ethyl 20 2-hydroxypropi onate,

et hyl 3- nethoxyphepwhathienmegtats saokgpisphohht eompipation with

3- et hoxypropi onat e, 3:-nethyl - 3- net hoxybut yl propi onate, n-butyl acetate,

i - butyl acef%?e?o VShtyl formate, i-pentyl acetate, n-butyl propionate,
ethyl butyrate, iPpéogybvieuhWdH €ho2dimdoutollvéntyr may bedustdd/|apgnevat e
are preferred from the viewpoints of solubility, pignment dispersibility
and co&t ab?Fi R CARPERBFd b YENF¥ONRF HROEEed al one or in conbination

of two or more. EWddieit 3 L HB- Wi L b AE SOhvepasuse e bepaylet bgla
et her, di hexyl ether, acetonyl acetone, isophorone, caproic acid, caprylic

aci d, 1-octhntl isldesrianably lsarcly|tkétokbe, tiediry | ameundt €Ff ahl| the
benzoate, diethyl oxalate, diethy I - y. agtiong; gethylene 2 5
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and stability of the obtained liquid composition.

method of forming spacers

The radiation sensitive composition of the present

15 invention is used to form spacers on a drive substrate
(tobereferred1x)as“TFTliquidcrystaldrivesubstrate"
hereinafter) having thin £ilm transistors (TFT) for a
thin film transistor {(TFT) color liguid crystal display
device formed thereon by lithography.

20 The spacers are formed on the TFT liquid crystal
drivesubstratehavingzapigmentedlayérformedthereon.
The term "pigmented layer” as used herein means what
includes only display pixels, only a black matrix or both
of them.

25 To form the pigmented layer on the TFT liquid crystal
drive substrate, a liquid radiation sensitive
composition for a pigmented layer, which contains {a)
a colorant, (b) an alkali soluble resin, (c) a
polyfunctional monomer, {d) a photopolymerizatiocn

30 initiator and optionally additive cemponents is
preferably used.

The above components (a) to {d) may be identical
to the (A) colorant, (B) alkali soluble resin, (C)

polyfunctional monomer and (D) photopolymerization



but is desirably such that the total anmount of all the conponents

excluding the solvent of the liquid
W% particularly 10 preferably 10 to 40 wt% from the vi ewpoi nts of 2
coatability and stability of the obtained |liquid conposition. nethod o

form ng spacers The radi ation sensitive3éonposition of the present 15

I nvention is used to form spacers on a drive substrate

as TFT liquid crystal drive substrate" hereinafter) having thin film

transistors;ikDafOF & thHeNrhEh DI SAOLtETETL o) 941 Ligw dnckyst al
di splay device fornmed thereon by |ithography. 20 The sgacers are formed on
the TFT |igpireseyst dhvedrtiden substsne et hdelady aWiemeh

The term”"

t her eon.

pi gnent ed | pyeiferabhg Jiddld €thk coystaint davendubisénatiee i gmenited
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a col or

preferably use
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1 to 5, more preferably 1 to 4.

The additive components used in the radiation
sensitive composition for a pigmented layer are the same
a2s those listed for the radiation sensitive composition
of the present invention. Examples of the solvent used
for the preparation of the liquid radiation sensitive
composition for a pigmented layer are the same as those
listed for the radiation sensitive composition of the
present invention.

The method of forming the pigmented layer and the
spacers on the TFT liquid crystal drive substrate will
be described hereinbelow.

For the formation of pixels, a light screening layer
for defining a portion where pixels are to be formed is
first formed as required on the surface of a TFT liquid
crystal drive substrate or a substrate having a
passivation f£ilm such as a silicon nitride film formed
on the surface of the drive substrate and then a liquid
radiation sensitive composition for a pigmented layer
containing, for example, a red pigment dispersed therein
is applied to the substrate and prebaked to evaporate
the solvent to form a coating film.

Thereafter, the coating film is exposed to light

through a photomask, developed with an alkali developer

at



colorant (a). The alkali soluble resin (b) has an Mv of preferably 3,000
to 300,000, nore preferably 5 000 to 100,000, an Wnh of preferably 3,000 to
60, 000, nore 10 preferably 5,000 to 25,000, and an Mw~ Mh of prefer%§£j %
to 5 nore preferably 1 to 4. The additive conponents used in the n JAN 1085
sensitive conposition for a pignented |3ayer are the same as those listed
for the radiation sensitive conposition 15 of the present invention.
Exanpl es of the solvent used for the preparation of the liquid radiation

sensitive £OPOSESLOR 4R FombIBRIN hd:AYEE e@l S0 £ 08 03288 @%e IdtAS€inki St ed
for the radiation sensitive conposition of the present invention. 20 The

met hod of fHikiingndh&hsingmens bdbekpsd thdahe agpacepy of oed THExelgui d
tal dri t i j i nb E f ti
crysta r'%f‘r?lé%@sec{ %eam%%dﬁg%gﬁﬁ%gb%@s&%&n %erélvpihéﬁfo heyfQLaRti on

of pixels, SCreé I'ning a por ere prxels are
to be formgaksa Ratftiersi ffor boras nrgeguixelsoantha lsur haga tofe anTES Tl i qui d

crystal _drive substrate or a _substrate havingﬁa passivation filmsuch as a

siiicon®ni t$PHBINY FREPHIE L ERe OTut atRaBES 1A YF Fd&Ssubst rate and t hen

a liquid radiati99,s@RAidd¥eyCOMPOSi&hon HQldfaPigredtsiayse 30
containing, for exanple, a red pignent dispersed therein is applied to the
substrat e apdmposiidkednt §oavapdphgmented sbayeat qontaimiadoat gmgen | m

oL p i 08 S segsed dga et gibiouth s elghomee

an unexposesle perittiiore ofothpe sddatemgE oti &np ageetrisnd pbayelrakech izl hdng an
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t hrough hol @gpeisdéd shtpedleped a8 post-baked in the same manner as
described above to form an array of green pixels and an
array of blue pixels on the same substrate sequentially,
therebymakingit possible toobtainacolorliquidcrystal

15 displaydevicehavingarraysofred, greenandblueprimary

color pixels formed on the TFT liqu;d crystal drive
substrate and through holes or U-shaped cavities formed
therein. _

A black matrix may be formed in the same manner as

20 the above pixels.

The spacers can be formed in the same manner as the
above pixels except that the liquid radiation sensitive
composition of the present invention is applied to the
TFT liquid crystal drive substrate having pigmented

25 layers formed thereon as described above in place of the
ligquid radiation sensitive composition for a pigmented
layer and a photomask for spacers is used.

The TFT liquid crystal drive substrate is made from
glass, silicon, polycarbonate, polyester, aromatic

30 polyamide, polyamide imide, polyimide or the like. The
substrate may be optionally subjected to an appropriate
pretreatment such as chemical treatment with a silane
coupling agent or the like, plasma treatment, ionplating,

sputtering, vapor-phase reaction or vacuum deposition.



Subsequently, a liquid radiation sensitive conposition for a pignmented

| ayer containing a green pignment dispersed therein and a liquid ri ?
sensitive conposition for a pignmented | ayer containing 10 a bl ue pi %ﬂ 00

di spersed therein are applied, prebaked, exposed, devel oped and post-baked
in the sane manner as described above 3% forman array of green pixels and
an array of blue pixels on the sane substrate sequentially, thereby
making it possible to obtain a color liquid crystal 15 display device

havi ng arrays of Tedap@nigenieadlblque @ri g6y t icoh 08 episial isyd or med on the
TFT liquid crystal drive substrate and through holes or U shaped cavities
formed the?@PROSALIRR tRtHSSHRY et tertRdamm the BafFaRi®Rrl 2¥eT20 t he

above Pl Xelgnq TP aARACET S qg@g&&ri%@e%d&mgl SAIBL "RANSL 135 £ R ar2bOVeE

pi xel s except t radi ation sensi conposition of the
present inveosatdamd.s cppti edatdnher TFI1L qalad:Jarg'smaY dei empdubpedat e

haV|ng igmented 25 layers forne thereon | bed ove.in C
the " Ti Buld rad: iR Brt NERERAA/S O RR0H {7 brE OF B e naub HeRAh E&fl
photomask fpayéaat‘ﬂ préesugablyhe. TFEol ilquigmer molred ghteFerawisirate is

made from glass, silicon, polycarbonate, polyester, aromatic 30
pol yami de, P9I eMivie. inanbicydian (Pé-"?ﬁefﬁé’lﬂﬁ Re 2 tRe3 sObRMr bR & $EPShe

optionally SbEgalPckAfcRRe asfﬁora)ﬁ{eeet @rpigyleatment such as chem cal
treatment wth a silane coupling agent 'or tThe like, plasma treatnent, ion

pl ati ng, smﬂteﬁThg th&@kn@hasefr@&ﬁﬁxmgofova@nnmﬂhpothﬂ(ﬂPaQGSSJAN
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such as rotﬁrhl,opah:tmalaﬂgy pagifeacit 1 g0 OB tol 8 woatn ey df £iployed.
thickness after drying. 7

The radiation used to form the pigmented layer and
spacers is selected from visible radiation, ultraviolet

15 radiation, far ultraviolet radiation, electron beams,
X-rays and the like but preferably has a wavelength of
190 to 450 nm.

The amount of expesure to radiation is preferably
10 to 10,000 J/m*.

20 The alkalideveloperusedtoformthe pigmentedlayer
and spacers is preferably an agueous solution of sodium
carbonate, sodium hydroxide, potassium hydroxide,
tetramethylammonium hydroxide, dimethylethanolamine,
choline, 1,8-diazabicyclo-[5.4.0]-7-undecane,

25 1,5-diazabicyclo-[{4.3.0]-5-nonene or the like.

An appropriate amount of a water-soluble organic
solvent such as methanol or ethancl, or a surfactant may
be added to the above alkali developer. The coating £ilm
is preferably washed in water after development with the

30 alkali developer.

Development may be shower development, spray
development, dip development, puddle development or the
like. As for development conditions, development is

preferably carried out at normal temperature for 35 to



5 The thickness of coating for form ng the pignmented |ayer is preferably
0.1 to 10 pm nore preferably 0.2 to 5.0 pm particularly preferably 0.2
to 3.0 pmin terms of filmthickness after drying. The thickness of
coating for formng the spacers 10 is preferably 0.1 to 20 pm ng@riejAN 200
preferably 0.2 to 10 pm particularly poeferably 0.2 to 8 pmin terns of
film thickness after drying. The radiation used to formthe pignented

| ayer and spacers is selected fromvisible radiation, ultraviolet 15

radi ation, %?b wWdLaviolet radiation, electron beans, X-rays and the |ike
but preferably has a wavel ength of 190 to 450 nm The anount of exposure
to radiation is pAd!ftarcﬂhéq Fig.td 4040DQ@gl/ 22sh2® Thhe Hdemlseceiehopdr used

to formthe ment y spacers s prefer ueous sol ution
0 Cocium aB SRRRede oRifhe FOARERaE Srah sl At rhR Tl Rl Bt BaBd
tetranmet hyl apRpd My, Qélydaev(ild@tl'fﬁ‘\lfﬂﬁba@i)kamsnand chAdd®s formed

1, 8-di azabi cycl o-[5. 4. 0] - 7-undecane, 25 1, 5-di azabicycl o-[4. 3. 0]-5-nonene

or the I3 keaSafefsF bbeHap®ospuntt b8 -alndtSerd SR Ebienglgaiew 86| tB&t such
as met hanol ;?.Ee i dangh, 9{ a fuiga%t%rit axB% 334969158 5(h appve gl kali

devel oper. coat ng I's pref era y washe n wat er ter
devel opnment 1lvan & sﬁwsaﬂualdmricdeh/efoperan Belviegopeartt £ id;n bs dmomed .
devel opnent

pray_ _devel o Sii devel opnent uddl ,IgE?i(le#_o man(i or the
Ko, AS foR AR BE e e TR { FoREnIETEI ApTotS T 65 i drEor9SRad i o0 out
at normal terpgeyEdUr@rive SubgtZzdJAN 200D eI SPPogeC. 3ARtBeAEsikeg., 1 and
Fig. 2 showthe key section of an_exanple of the thin filmtransistor
(TFT) ad or4 | BqEReen pixel, 5 a blue pixel, 6 a spacer, 7 an ITO
f£film, 8 an alignment £ilm and 2 a liquid crystal layer.
The color liquid crystal display device having a
pigmented layer and spacers formed as described above
may be of a transmission type or a reflection type. The
15 radiation sensitive composition of the present invention
is useful as spacers for thin film transistor (TFT) color

image pick-up tube elements and color sensors.

The following examples are provided for the purpose
20 of further illustrating the present invention but are
in no way to be taken as limiting.
The 0D value in the examples were evaluated as
~follows.
QD value
25 The liquid radiation sensitive composition for
spacers was applied to the surface of a glass substrate
with a spin coater and prebaked in a clean oven heated
at90°Cfor lOminutes toformacoatingfilm. Thereafter,
this substrate was cooled to room temperature and the
30 entire coating film was exposed to 5,000 J/m? of
ultraviolet radiation having wavelengths of 365 nm, 405
nm and 436 nm using a high-pressure mercury lamp. This
substrate was then immersed ina 0.1 wt% agqueous sclution

of tetramethylammonium hydroxide at 23°C for 1 minute



crystal display device having pixels and spacers fornmed 5 as descri bed
above. Fig. 1 is a sectional view of the device and Fig. 2 is a visnmbﬁken

on line X-X of Fig. 1 and shows the device before an alignnent fi 003
formed. Reference nuneral 1 denotes a substrate (TFT liquid crystal drive
substrate) , 2 an electrode, 3 a red plﬁél, 10 4 a green pixel, 5 a blue

pi xel, 6 a spacer, 7 an ITO film 8 an alignnment filmand 9 a liquid
crystal layer. The color liquid crystal display device having a pignmented
| ayer and sfacerdevelapdeast desashiedd iabovkt ramy viee obafietr asdri dsiied t ype

or a reflectl type. e .15 . radiation sensitive conposition of the
present i nv%é’ﬁ;%i%oﬁg‘%s' uye}f% egéf t&fac s YPSt Ptorﬁm"??f(ﬁg{)?ﬁngi%fﬁﬁn( FEPR col or
i mage pi ck- Hpattdhk agl 2PONCSE 8RR 5 @lioTu €5V Foriha 4 Q-0 DEkXGAR gy are
provi ded for the purpose 20 of further illustrating the present invention
but are infAdMaR tBepBubPStSRER- | i TREI Q. Vahee of it iR 9oat hBgeRadpl es
were evy ua&zgg ﬁaasﬂpﬂé&w@itﬁlﬂax%ﬂgi%%ﬂﬁ%rlgﬂgbﬂert%g P cHL EATIFRb 2
conposition for spacers was applied to the surface of a glass subSfrate
with a spi nofo&adtatadIpkebaked,i htal.cl ean oven heated at 90 C for 10
mnutes to forma coating film Thereafter, this substrate was cooled to
roomtenperature and the 30 entire coating filmwas exposed to 5, 000
J/n2 of ul tEsemyladsradi ati on havi ng wavel engt hs of 365 nm 405 nm and 436
nm using a high-pressure nercury |lanp. This substrate was then i mersed in
a0 1 mﬁ@bﬁﬁgéﬁﬁgesﬁlution of tetranethyl anmoni um hydroxi de at 23C for 1

mnute 14 5 §HANetl0Oa #90holo sdevehORan ¥BAREG e ULDRE €1 YR §loand
dried with air. Thereafter, it was post-baked in a clean oven heated at
220 C for 2Bipedutks to forma 5 pmthick coating

100 parts by weight of a mixture of C.I. Pigment
Red 177 and C.I. Pigment Red 224 in a weight ratio of
65/35 as the colorant {a), 70 parts byweight of a copolymer
15 of methacrylic acid/N-phenylmaleimide/benzyl
methacrylate/glycerolmonomethacrylate/styrene (weight
ratio = 15/25/35/10/15, Mw = 30,000, Mn = 10,000) as the
alkali soluble resin (b), 80 parts by weight of
dipentaerythritol hexaacrylate as the polyfunctional
20 monomer (c), 50 parts by weight of
2-benzyl-2-dimethylamino-1-{4-morpholinophenyl)butan
one-1 as the photopolymerization initiator (d) and 1,000
parts by weight of propylene glycol monomethylether
acetate as a solvent were mixed together to prepare a
25 1ligquid radiation sensitive composition for red pixels
(R1).
{formation of pixel array>
The ligquid composition (R1) was applied to the
surface of a substrate prepared by forming a silicon
30 nitride £ilm on the surface of a TFT liquid crystal drive
substrate with a spin coater and prebaked in a clean oven
heatedat 90° C for 10minutes toformal.7nm-thick coating
film.

Thereafter, this substrate was cooled to room



-

filmon the substrate. The OD value of this coating film5 was neasured
with an optical densitonmeter (McBeth TRO27 of Sakata Inks Co., Ltd.).
Exanpl es Exanple 1 10 (preparation of radiation sensitive conpoigquzgyn
pi xel s) 100 parts by weight of a m'xturg of C.1. Pignment Red 177 an .
Pigment Red 224 in a weight ratio of 6 }35 as the colorant (a) , 70 parts
by wei ght of a copolyner 15 of nethacrylic acid/ N phenyl mal ei m de/ benzyl
nmet hacryl at e/ gl ycer ol nononet hacryl at e/ styrene (weight ratio =

15/ 25/ 35/ 10t dbpeiatui3d, 804, tite <30LA0d) Sslmhwasalexepoésed| ¢iol € r@80n (b),

80 parts by, yeiqht of  dipentacs vLhg Lk PR YL 621 il yE gL ona

20 nononer {

2-benzyl - 2-gi meylay 3Rk nenh- (@b dronRhehiryapfieny! Pl téma ke us iasg t e
phot opol yneri zation initiator (d) and 1,000 parts by weight of propylene
gl ycol nondwkghypateRsureacBei@uEy dasd verfhwBr sulAsSER togWaifertRenpr epare

a 25 ligquid. radiatipn sensiti.v J L1 I d. pixels (R1).

<f or mat |gon Jblfmﬂsi":feeléjalrrr1 a?> OThleeY?gglﬁﬁﬂeoén%%s%tBilé{nte)(ﬂ) 6?@5 applied to the
surface of gesvhsidtai€l anmparaom byyiebminde aatsi23tan£ o0 Inmtuniutee f £okbm on
the surface of a TFT liquid crystal drive substrate with a spin_coater and
prebaked i rdavelepnentn WASHSY i whtre-Pare oV atfint 88% diGda¥ithy

pmthi ck coati.ng Il e IS S{ibs t 25
DAN 2005 410 EErmer Bt BT Ero: aost Pog 1 o e Sonosed o " 6ot C3me of

ul travi ol etatadraricorf diavz Hgmiawnd] e gt disLofm365 s i P4 05 ikwe @arcageofm
througqoa 9?85°g¥¥éi§i8ﬂ %he substrate.
¢{preparation of liquid radiation sensitive composition
for spacers>
160 parts by weight of a mixture of C.I. Pigment
Red 177, C.I. Pigment Blue 15:4 and C.I. Pigment Yellow
15 150 in a weight ratio of 60/20/20 and 20 parts by weight
of barium sulfate as the colorants (A}, 70 parts by weight
of a copolymer of methacrylic acid/
mono({2-acryloyloxyethyl)succinate/N-phenylmaleimide/
benzyl methacrylate/styrene (weight ratio =
20 30/15/35/10/10, Mw = 19,000, Tg = 130°C) as the alkali
solubleresin (B), 80 parts byweight of dipentaerythritol
hexaacrylate as the polyfunctional monomer (C), 50 parts
by weight of
2-benzyl-2-dimethylamino-1-{4-morpholinophenyl)butan
25 one-1 as the photopolymerization initiator (D) and 1,000
parts by weight of propylene glycol monomethyl ether
acetate as a solvent were mixed together to prepare &
ligquid radiation sensitive composition for spacers
(BK1l).
30 <formation of spacers>
The above ligquid composition (BKl) was applied to
the surface of the TFT liguid crystal drive substrate
having an array of pixels formed thereon as described

above with a spin coater and prebaked in a clean oven



hi gh-pressure nercury lanp. This substrate was then 5 immersed in a 0.1
wt % aqueous sol ution of tetranethyl amoni um hydroxide at 23C for 1 mnute
for devel opnent, washed in ultra-pure water and dried with ai r. 95 JAN 2009
Thereafter, it was post-baked in a clean oven heated at 220C for 55’
mnutes to forma stripe-like array of 4® red pixels on the substrate.
<preparation of liquid radiation sensitive conposition for spacers> 160
parts by weight of a mxture of C. X Pignent Red 177, C. | . Pignent Blue

15: 4 an ' i YES AW 120+ bPPa WeIORE - ki O @lo 0! #G/ 20
and 20 parﬁ?sg%izle\%e?%%ogoquggrlf%mqsulf%a?e as the col oiriantsl(A) ,o 70 pgrts by
wei ght of sitmpol ymer of nethacrylic acid/

nono( 2- acryl oyl oxyet hyl ) succi nat €/ N- phenyl mal ei mi de/ enzy.
met hacryl at e/ st yr %rtx‘\‘f\’éit@ﬁ' rg%‘il& :gp“gbséﬁg%ﬁ iﬁﬁo?ﬁf&a% 1L°1§985b, Tg =
130C) as th@exﬂlb_giuaituﬁé’l yhke tiesi Ko Bl ng 0 DA sbywagiedéd to 5,000
of di pentaerythritol hexaacrylate as the pol yfunctional nononer %C% 50

I

parts By weightobfultbanipllet diadiafisn AEVLiNA-wayphemciopheny| 3Bt an
25 one-1 as_the ot opol rizatign_injtjato ) 0QQ. ; .parts by
wei ght of p‘?’prld‘g)%’e ﬂﬁy@é?#{%@ﬂ%‘ﬁhﬁ'f& r 5ag)(ll;:gtoaie %%ka%%o r\%n% wer e
m xed togetmg?ht_g,ﬁg@@gfg thedd@ityyd laa at iTHI Sepaibis tiea ten@ess tiloanf or

spacers (BKl 0 <formation of spacers> The above |iquid conposition
(BK1) was appmeasad iRha Surk #EFoPIIRPUETSPGE PR 98t al drive substrate

having an ' U R APELBN AS 4eSeii bedoralow@ i fogpin
coater andaﬁ)%g%gliﬁgedﬂ:‘%fgﬁlgﬁoealn ove? 2 5 JAN 2005 42 hgat ed at 90 C for 10
m nut ed 0t 0 devemlaBue Ot pnwalsingd coat e hraf piype water and dried with

air. Thereafter, it was post-bakedin acleanovenheated
at 220°C for 25 minutes to form 5 pm-thick spacers on
the substrate.
{evaluation>
15 When a display panel was manufactured using the
obtained substrate in accordance with a commonly used
method, the thin film transistors (TFT) did not
malfunction and the difference in cell gap was *0.19 pm.
The spacers did not deform irreversibly at the time of
20 sealing the panel and a displaylfailure did not occur
due to a gap difference in the liquid crystal layer. The
OD value of a 5 npm-thick coating £ilm formed on the surface
of another glass substrate using the liquid composition
{BK1l) was 3.3.
25
Example 2
{preparation of liquid radiation sensitive composition
for spacers>
160 parts by weight of a mixture of C.I. Pigment
30 Red 177, C.I. Pigment Blue 15:4 and C.I. Pigment Yellow
150 in a weight ratio of 60/20/20 and 20 parts by weight
of barium sulfate as the colorants (A), 70 parts by weight
of a copolymer of methacrylic acid/

mono(2-acryloyloxyethyl)succinate/N-phenylmaleimide/



Thereafter, this substrate was cooled to room tenperature and the coating
filmwas exposed to 5,000 5 3/nR2 of ultraviolet radiation having

wavel engt hs of 365 nm 405 nm and 436 nmthrough a photomask USin25§A

hi gh- pressure nercury lanp. This substrate was then inmmersed in HZWS%
aqueous solution of tetranethyl ammoni ué®hydroxide at 23C for 1 mnute for
10 devel opnent, washed in ultra pure water and dried with air. Thereafter,
it was post-baked in a clean oven heated at 220C for 25 minutes to formb5

pm t hi ck S%ﬁﬁ§l°%efﬁ§c§%%f@?§tgi@f@ UghE9Qht lea¥¥ign -2 di splay panel

was manufactured using the” obtal ned substrate™ n accordance with a
comonl y us®/ 13 otl5f ke .t Mwn f il @0 AnsTg or L ITFT) disdthet aldedldncti on

and the difference in cel a s Q.19 pm. The spacers,_did _not deform
M rever s bigSHEbURLPrag b2t LBt BrE pafd o S RAEE R epFu Had Fafe o o
not occur Mah@rﬁzﬂﬂﬁecﬁéftﬂ{@@ﬁl*ﬂuhbtﬂdm%&ﬂdxﬁé@'(d:ﬁye:!e pdet sCOD
value of a 5, pmthick coating filmforned on the surface of another glass

substraﬁe_d%YnUeﬁﬁéfﬁi%ﬁid_conposition (BK1) was 3.3. 25 Exanple 2
ot by wel g i £ LR R L LG i 6OTNE% S pno T iBEsbER 100

parts by welg a mxture o i gnent
Blue 1 5 : ¢nand &s.the.pltb yopotl yiedt dwa tliwh timist et glet (D3t i D5 dab0E620/ 20

and 20 art gy by e B0t c ol BT LU gl pept 1S el oL el s (o L0 o
nono( 2- acr y4 @xkexueidiy | arsace] 0ab ep A pBepy | Wil §hw d¢/ pRop AN LQP5,dg1benzyl
et hacrlgl atn?érslg%/nl;a%:r}leyl(.vfgrggi e{caé;:gte as a solvent were mixed together
to prepare a liquid radiation sensitive composition for
spacers (BK2).
{formation of spacers>
An array of pixels and spacers were formed on the
15 surface of a TFT liquid crystal drive substrate in the
same manner as in Example 1 except that the liquid
composition (BK2) was used in place of the liquid
compoesition (BK1l}).
{evaluation>
20 When a display panel was manufactured using the
obtained substrate in accordance with a commonly used
method, the thin £ilm transistors (TFT} did not
malfunction and the difference in cell gap was £0.33 pm.
The spacers did not deform irreversibly at the time of
25 sealing the panel and a display failure d4id not occur
due to a gap difference in the liguid crystal layer. The
0D value of a 5 pm-thick coating £film formed on the surface
of another glass substrate using the liquid composition
(BK2) was 3.3.
30
Example 3
{preparation of liquid radiation sensitive composition
for spacers>

200 parts by weight of a mixture of C.I. Pigment



30/ 10/ 35/ 15/ 10, Mwv = 16,000, Tg = 125C) as the alkali soluble

resi n(B), 80partsby wei ght ofdi pentaerythritol hexaacrylate as the

pol yfunctional nmononmer (C), 20 parts 5 by weight of %SJANZWS
2-met hyl -1 -[4- (et hyl t hi o) phenyl ] - 2- nor phol i nopropan one-1 as t

phot opol yneri zation initiator (D), 15 pb%ts by weight of

4, 4" - bi s(di et hyl am no) benzophenone as a sensitizer and 1, 000 parts by
wei ght of propylene glycol 10 nononethy]. ether acetate as a solvent were

m xed togetges 149, PECRAT @lgdéxﬂy'dké@ﬁlﬁtam @eﬂswwﬁeqmmsuélp@ Bor
spacers (BK2). <formation of spacers> An array of pixels and spacers were

fornmed on tim alwediglftaceadfica o‘ﬁ:TG(D!am/@%r%t’ahedpp\l@%@btt r(a@t)e |715t he
sanme nmanner

used in p a&af‘a'fs”ﬂoﬁéa%api S osPBoay Ty d BRHEERIaRe Totion o

di spl ay pangbn¥l$ - ?}(Qb@ﬁré@h?ﬂl)%&%cﬂ@éﬁbﬂ@;ﬁt@ﬁ?&ﬁh&éﬂnﬂ@@m dance
with a commonly used net the thin filmtransistors (TFT) did not

mal f uncPi orb‘aﬂGYtlhéﬂQﬁlW@Fé’ﬁﬁ@hs'éﬁFlengaap(m;*ngtS?ftﬁﬁ-o FThe spacers did
pot deform {5 ¥arsy Py 30 iR U 1 Hog> 38aLI 4G ¢Ne) pagelnand, Acdh 3p! ay

failure di due ‘to a gap elnthellqw crystal | ayer.
The OD valsielabla bepmnt B3k THphimss bylw&ighmn:f dn pleltet seraderibbl

Banple 3 SHPERAFRTCHCSIAF | CAF PP hIF A SBAYI FPORTEG Ll {| DS bF
spacer s> 200y pRetigy oeight of a mxture of C . Pigment 2 5 JAN 2005 44

10 2,2'-bis(2-chlorophenyl}-4,4",5,5 -tetraphenyl-1,2"-
bisimidazole as the photopolymerization initiator (D),
6 parts by weight of 4,4'-bis(diethylamino)benzophenone
as an amine-based hydrogen donor, 3 parts by weight of
2-marcaptobenzothiazole as a mercaptan-based hydrogen

15 donor, and 700 parts by weight of propylene glycol
monomethyl ether acetate and 300 parts by weight of
cyclohexanone as solvents were mixed together to prepare
a liguid radiation sensitive composition for spacers
(BK3).

20 <formation of spacers>

An array of pixels and spacers were formed on the

surface of é TFT liquid crystal drive substrate in the
same manner as in Example 1 except that the liguid
composition (BK3) was used in place of the liquid

25 composition (BK1l).
<{evaluation>

When a display panel was manufactured using the

obtained substrate in accordance with a commonly used
method, the thin film transistors (TFT) did not

30 malfunction and the difference in cell gap was £0.25 pm.
The spacers did not deform irreversibly at the time of
sealing the panel and a display failure did not occur
due to a gap difference in the liquid crystal layer. The

OD value of a 5 pm-thick coating film formed on the surface



Red 177, C. |I. Pignent Geen 7 and C. | . Pignent Blue 15: 6 in a weight
ratio of 60/20/20 as the colorant (A), 75 parts by weight of a JopdAl 65
of nethacrylic acid/ nono(2-acryl oyl oxyethyl)succinate/ N-phenyl mal ei m de/
5 benzyl methacryl ate/styrene (weight ratio = 30/15/35/10/10, M~ = 19, 000,
Tg = 130C) as the alkali soluble resi n4?B) , 75 parts by weight of

di pentaerythritol hexaacrylate as the pol yfunctional nononer (C), 6 parts
by wei ght of 10 2, 2'-bi s(2-chlorophenyl)-4,4",5,5" -tetraphenyl-1.2"-

bi si m dazol ®f asndbhepghatleps wibs tabitenuisiing ather 1(iuid Gceapbs iyl eei ght
of 4,4'-Dbi s{di et hyl am no) benzophenone as an am ne-based hydrogen donor, 3
parts by we %ﬁﬁ)of"’asz-?re capt oben- zot hi azol e as a ner capt an-based hydr ogen
15 donor, and 700 parts by wei ght of propylene glycol nononethyl ether
acetate and 300 parts by weight of cyclohexanone as solvents were m xed
together tcEpampdree 4a liquid radiation sensitive conposition for spacers

BK3). 20 <f ti f . f _pixel d A f d
on the Ssur TREBEER A her D qhdoary S L £oa” ehBa Sl e EHReS LB n rmnner

as in Exanpferlspe@dtsbhat the liquid conposition (BK3) was used in place
of the liquid 25 conposition (BK1l). <evaluation> Wen a di sg}l‘ay panel was
manuf act ured usi ngOPheastisitedvedsdtt ffe 3 Maxtsr®arle G In &iHwedEl v

used neth t thiny fd Iyt ' By dd A1 . gi g net 1) fltfp,fc_{j_.,ogfand
the differ gﬁ%g ?‘]ﬁ?cle%nlrh gda'pfni/vaifga%%ttgm L{el'he spacrelrs vél'igggnot eform
i rreversi bl Y0480t &g tthereodforaetl(idng 7hep panelbiandighdi eflaagofpailymerdi d

08 UG o 6¥5e EhREYRt bSO L A oS LU B
N-phenylmaleimide/benzyl methacrylate/styrene (weight
ratio = 30/10/35/15/10, Mw = 16,000, Tg = 125°C) as the
alkali soluble resin (B), 75 parts by weight of
dipentaerythritol hexaacrylate as the polyfunctional

15 monomer {(C), 10 parts by weight of a triazine compound
as the photopolymerization initiator (D), and 700 parts
by weight of propylene glycol monomethyl ether acetate
and 300 parts by weight of cyclohexanone as solvents were
mixed together to prepare a liquid radiation sensitive

20 composition for spacers (BK4).

{formation of spacers>

An array of pixels and spacers were formed on the
surface of a TFT liquid crystal drive substrate in the
same manner as in Example 1 except that the liquid

25 composition (BK4) was used in place of the liquid
composition (BK1l).

{evaluation>
When a display panel was manufactured using the
obtained substrate in accordance with a commonly used

30 method, the thin film transistors (TFT) d4id not
malfunction and the difference in cell gap was =0.22 pm.
The spacers did not deform irreversibly at the time of
sealing the panel and a display failure d4id not occur

due to a gap difference in the liquid crystal layer. The



45 of another gl ass substrate using the liquid conposition (BK3) was 3.5.
Exanple 4 5 <preparation of liquid radiation sensitive conposition for
spacers> 200 parts by weight of a mxture of C.I. Pignment Red 1775 gfei2005! .
Pigment Blue 15:6 in a weight ratio of 70/ 30 as the colorant (A) , 75
parts by wei ght of a copol yner 10 of 46

nmet hacryl i caci d/ nono( 2- acryl oyl oxyet hyl ) succi nat e/

N- phenyl mal ei m de/ benzyl nmethacryl ate/ styrene (weight ratio =

30/ 10/ 35/ 15430, 5 Mie D £ 8, HP0h - 91 ok 1205 18Y £ Nem AbkAbia SR & UreBhBe(B)

75 parts by weight of dipentaerythritol héxaacrylate as the pol yfunctional
15 nononer ¢£)and@hear gd ax/s veeilght reft eauisdingy itriee cohgoiiddcomp oigdict ion

phot opol ymafrééﬁtion in:’,tsator (D), and 700 parts by weight of propyl ene

gl ycol nono JI %dher -dcetate and 300 parts by weight of cyclohexanone
as solvents were mxed together to prepare a liquid radiation sensitive
20 conposition for spacers (BK4). <formation of spacers> An array of pixels
and spa®er sE¥@R@Yeored on the surface of a TFT liquid crystal drive

compos: t1 ont PERBP VRS ocae, h:BRAd =g TRL Eph SXER e 108 DB 48 P

<eval uat i onporWagra@edsspl ay panel was manufactured using the obtained
substrate in accordance with a commonl yodﬁsed 30 nethod, the thin film

transistors (TFT)IAPdPARGS nRY  HRE N Hha? t Ad*¥ &5 %r@hck - fn EHI™YRS was

0.22 m Theegpagerscdifd nofgdeher B aversidiy @t 1t hpigmahofye S84 N
the panel and a display failure did not occur due to a gap difference in
the |id®id tBPsial alegeshtThatie g R0D8/20 and 20 parts by weight

of barium sulfate as the colorants {a)}), 70 parts by weight
of a copolymer of methacrylic acid/2-hydroxyethyl
methacrylate/benzyl methacrylate (weight ratioc =
30/10/60, Mw = 9,500, Tg = 80°C) as the alkali soluble

15 resin (B), 80 parts by weight of dipentaerythritol
hexaacrylate as the polyfunctional monomer (C), 50 parts
by weight of
2-benzyl-2-dimethylamino-1-(4-morpholinophenyl}butan
one-1 as the photopolymerizationinitiator (D), and 1,000

20 parts by weight of propylene glycol monomethyl ether
acetate as a solvent were mixed together to prepare a
liquid radiation sensitive composition foxr spacers
{BKS5).
{formation of spacers>

25 An array of pixels and spacers were formed on the
surface of a TFT liquid crystal drive substrate in the
same manner as in Example 1 except that the liquid
composition (BKS5) was used in place of the liquid
compassion (BK1l).

30 <evaluation>

When a display panel was manufactured using the

obtained substrate in accordance with a commonly used
method, the thin film transistors (TFT) did not

malfunction and the difference in cell gap was #0.60 pm.



46 OD value of a 5 umthick coating filmfornmed on the surface of another
gl ass substrate using the liquid conposition (BK4) was 3.5. 5 Eé%gﬁxl e %
<preparation of liquid radiation sensitive conposition for spac N1
parts by weight of a mxture of C.1. Piggent Red 177, C. | . Pignment Blue
15:4 and C. | . Pignent Yellow 10 150 in a weight ratio of 60/20/20 and
20 parts by weight of bariumsulfate as the colorants (A , 70 parts by

wei ght of a copolyner of nethacrylic acid/2-hydroxyethyl )

net hacr yl at ERBeAPACSHET had Ay P&tte ‘Wé?@‘ﬁt1F§teiV@F—Sl?)gh’19FGG,hWH“9,QGOi Tg
= 80C) as t l5 i | ubl e 41 sLngls r;t 0 f

di pent aerytﬁlfgia'?&(g':&9d h%?(gaglraﬁeealf 2alzlia§ thhg(lp%ﬁlyﬁngtgil&ﬁla n%%gngﬁot?cgccgé- parts
by wei ght oflug-berzdap-ddifiee hghae ho-theé4l hgupldoticysplmhlayer an Thee-1 as
t he photopolynmerjzation Lnitiator. (D .and_1., 000 2 arts b i ght of
propyl ene g#éé’o?i%nooﬁr&%ﬁm"e éf:ka%%?ﬁf‘é‘gaglgtmsg?ﬁg‘ﬁ% &Br?%%ﬂ\?@?gﬁet her
to prepd e af Ahgithdr adiad s ubShFaltie/ @ sEHPatié i DIqhoH PRI $it £BKD) -
<formation of spacers> 25 An array of pixels and spacers were fornmed on the
surface of BBXED |Wa®id-Srystal drive substrate in the same manner as in
Exanple 1 except that the liquid conposition (BK5) was used in place of

the liquid conpassion (BKl). 30 <eval uation> When a di splay panel was
manuf act ur ed usi nfheheaddlatts owed egubst L ¥Eec bnpacTior danoef ilid par esaminl y

used method Vth JEhi nfi mtratnsi stzgrs.lg}iilg did 2ot mrgaéé‘ ‘%?fetrié) rggd t he
di fference f‘ﬁ 83&1 %’éﬁ"c\/\/ﬁ 43.%0 eﬁ?‘h 545 1-26(15’?

10 have excellent light screening properties, mechanical
strength and heat resistance, thin film transistors do
not malfunction, the difference in cell gap is extremely
small, the spacers do not deform irreversibly under high
temperature and high pressure conditions at the tima of

15 sealing a panel in the production of a display panel and
a display failure does not occur due to a gap difference
in the liguid crystal layer.

Therefore, the radiation sensitive composition of
the present invention can preovide a high-guality thin

20 filmtransistor (TFT) color ligquid crystal display device

having excellent reliability.



47 The spacers did not deformirreversibly at the tinme of sealing the
panel and a display failure did not occur due to a gap differencg i@gg@@
liquid crystal layer. The OD value of a 5 pmthick coating film gr n
the surface 5 of another glass substrate using the |iquid conposition

(BK5) was 3.3. The radiation sensitivesgonposition of the present

invention is characterized in that spacers nade therefrom 10 have excel | ent
| i ght screening properties, nmechanical strength and heat resistance, thin
filmtranst8gbrisSdelaaBednaffunction, the difference in cell gap is

extrenely jsmal b, dhe,spagaist 4@ ok odef gpimi riaver srbhyivnder bbybr
tenperature and high pressure conditions at the tine of 15 sealing a panel

in the protlugtidncofystadi sl syl pandevimes. awbishl Hps TP HoESTRBE occur

due to a gap difference .i.n the |li.quid crystal. l.ayer e nth

radi ation gEﬁ@iF&@eﬁﬁﬂﬁﬁiﬁQﬁ(ﬁ?Qﬁl yﬁ%(ﬁy §§ﬁ¥#§%ﬁ§ﬁ%§§{%gﬁép#%iige a

hi gh-qual i £¥15bEAL, 20 fighm t pansi siRE1E TFTctoble | i geedncryst(a) di spl ay
device having excellent reliability. 2 5 JAN 2005 48 What is clainmed is:

1. A drivepslsunateohei t momchierm targhsi Stlor ol BROLPPELYRSELFELAP i spl ay
devi ces, which.has_spacers formed fromthe radiation sensitive conposition
conpri si ng*PAF*8*°Col orant, (B) an alkali soluble resin, (O a

pol yf.uncti onal nononmer and (D) a photopol ynerization initiator. 2. The

drive substrate gf claiml mhg{ i n p$e col orant (A) conprises at |east one
- %0 /
sel ected ffom tjﬂ'ée ﬁ%ﬁe COHE al%neg Gt HiF S gani ¢ pi gnment and car bon
bl ack. 3.- Theedetivetrebsbnratanaf (ah)attmbprdrses at least one selected
fromthe group consisting of an organic pigment and carbon

black.

3. The drive substrate of claim 1 or

2, wherein the alkali soluble resin (B) has a weight
average molecular weight in terms of polystyrene measured
by gel permeation chromatography of 20,000 or less and

a glass transition temperature of 110°C or more.

4. The drive substrate of claim 1 or

2, wherein the alkali soluble resin (B) is a copolymexr
of {a) apolymerizableunsaturated monomer havingat least
one carboxyl group in the molecule, (b) at least one
monomer selected from the group consisting of a
macromonomer having a mono(meth)acryloyl group at 3
terminal of a molecular chain, N-substituted maleimide,
2-hydroxy {meth)acrylate, benzyl {meth)acrylate and &

compound represented by the following formula (1):
1

R
CH24——COO-—CH2EHCHZOH
(1)

H
wherein R! is a hydrogen atom or methyl group.
and optionally (c¢) at least one monomer selected from

the group consisting of styrene, methyl (meth)acrylate,



2, wherein the alkali soluble resin (B) has a weight average nol ecul ar
weight in ternms of polystyrene neasured by gel perneation chronmatography
of 20,000 or less and a glass transition tenperature of 110" C or hHrjaN 2805
The drive substrate of claiml or 2, wherein the alkali soluble resin (B)
Is a copolyner of (a) a polynerizable Egsaturat ed nonomer having at | east

one carboxyl group in the nolecule, (b) at |east one nononer selected from

the group consisting of a macronononmer havin mono( met h) acryl oyl group at
a terninal2blvad rdiekh) acrans ke M&Q?Pﬁgez%ﬂésﬁcggl E‘ghydroxy

(meth)acrylate, benzyl (meth)acrylate and a conpound represented by the
followng formula (1): R CH2= --COO-CH2 HCH2OH wherein Rl is a hydrogen
atom or nethyl grieepdrane spbborakkyofckiatm east one nononer sel ected from
the group consisting of styrene, nethyl ﬁget h) _acre/#ﬁte , _25JAN2005 49

al lyl (net r?)acY’E}leéftee“hnU‘%h%H?Ial(lrre?‘Pg‘dE’ | ZES 1% (Bpheddr AV ERDSIPEFe of

claiml or 2 Whef& fintperaldaliesedmles £885n (1B) dScarerneyyner of a
nmonomer mi xture conprising (1) a carboxyl ~gfoup-containi ng unsat urat ed
mononer, (2)ratpl-easttaneinseluctadufredm d fwnewap .cdis) At nkeast one

pol ystyrene cronpnoner, .pol ynet hyl (neth)acryl at 8 n L,

N- pheny! mal %t ﬂ?&&emgﬁgf“oﬁg%l %Pé%m%%’?sj'%%ﬁ?&r o&gegﬁ%yos(npn%?gﬁgcr yl ate,
benzyl ( ety aeiowl cxi eéme 2nd p@leee oh y(ITHIMY t oL s ¢ bgties a@dmapticonat biye £3)  at
| east one selected fromthe group consisting of styrene, nethyl

(et h) acryII‘hTB?‘eéHHJ;FPa%ﬁéFH-)daFcryﬁétcé’%ilﬂ’%ﬁ@gg'laletjr%% fracrylate. 6. The
drive substjyahga@fo£y8tAYh Qmeth)acrylate, benzyl (meth)acrylate

and glycerol (meth)acrylate and optionally (3) at least
one selected from the group consisting of styrene, methyl
(meth)acrylate, allyl (meth)acrylate and phenyl
{meth)acrylate.

6. The drive substrate of claim 1 or

2, wherein the alkali soluble resin (B} is a copolymer
of a monomer mixture comprising (1) a carboxyl
group-containingunsaturatedmonomer component selected
from the group consisting of (meth)acrylic acid and a
combination of (meth)acrylic acid and
mono[2-{meth)acryloyloxyethyllsuccinate, (2) at least
one selected from the group consisting of polystyrene
macromonomer, polymethyl (meth)acrylate maGcromonomer,
N-phenylmaleimide, N-cyclohexylmaleimide,
2-hydroxyethyl (meth)acrylate, benzyl (meth)acrylate
and glycerol {(meth)acrylate and optionally {3) at least
one selected from the group consisting of styrene, methyl
(meth)acrylate, allyl (meth)acrylate and phenyl
(meth)acrylate.

7. The drive substrate of claim 1 or
2, wherein the polvfunctional moncmer (C) is at least

one compound selected from the group consisting of



2, wherein the alkali soluble resin (B) is a copolyner of a nononer

m xture conprising (1) a carboxyl group-containing unsaturated nononer
conponent selected fromthe group consisting of (meth)acrylic acid and a
conbi nation of (meth)acrylic acid and nono 25JAN2M5
2- (met h) acryl oyl oxyet hyl | succi nate, (2) at |least one selected fromthe
group consisting of polystyrene macrom®nomer, polynethyl (neth)acrylate
macr onononer, N-phenyl mal ei m de, N-cycl ohexyl nal ei m de, 2-hydroxyet hyl
(et h)acr y|t&t:@ne@ﬁ%)611§ﬁ3bﬁh%cr%ﬁé@r and egl ysen ok ity i oyl ate and
optionally (3) at least one selected ¥r0n1the group consi sting of styrene,
met hyl (neth)acrylatte ahfyldipesttd acyybatid ahdhphe@dr Y hetf) acrylate. 7.
The drive substrate of claim1 or 2, wherein the polyfunctional nononer (C)
is at |least one conpound selected fromthe group consisting of 25 JAN 2005
50 trimet hy ol prigpans-itvd agiyd et &5 ReNtaed M hrigol  triacrylate and

di pentaerythritol hexaacrylate. 8. The drive substrate of claim1 or

wher ei n t hé .phdtepelynihie sth ¢ t@RCLME Tt b} t { PP |l§leFtla’F‘éJéstdnésc@eround
sel ected frq e _gro ti n qgnﬁn (e]pao¥elV]

bi i m dazol e E%%gou% %pdﬁggébngggﬁéﬁ%guﬁ o Qﬁ?ﬁ@é subggfgﬁg of
claim1l or of dmeaeendﬂﬁkpbnbop@mgmumdatbaamxﬂazaﬂerqﬁmpwsné and

bi i m dazol e conpound and used in conbination with a hydrogen donor. 10.
The drive ddbs?fafl& SFORPEPRY9) wherein the photopol ynerization initiator
(D) further conprises at |east one conpound selected fromthe group

consi sting of an acetophenone conpound and a tr|a2|ne conpound.
9. The drive substrate of claim or

2, wherein the photopolymerization imnitiator (D) is a
biimidazole compound and used in combination with a

hydrogen donor.

10. The drive substrate of claim 9,

wherein the photopolymerization initiator (D) further
comprises at least one compound selected from the group
consisting of an acetophenone compound and a triazine

compound.

11. A process for producing a drive ‘substrate having

spacers, comprising the steps cf:

forming a color film containing a pigmented layer

on the drive substrate of a thin f£ilm transistor colorxr

liguid crystal display device directly or through a

passivation £ilm; and

forming spacers from the radiation sensitive
composition comprising (A) a colorant, (B) an alkali
soluble zresin, (C) a polyfunctional monomer and (D) a

photopolymerization initiator.



11. A process for producing a drive 'substrate having spacers, conprising
the steps of: formng a color filmcontaining a pignmented | ayer ZPDAffmS
drive substrate of a thin filmtransistor color liquid crystal disp
device directly or through a passivation film and form ng spacers from
the radi ation sensitive conposition conprising (A) a colorant, (B) an
alkali soluble resin, (C a polyfunct?bnal monomer and (D) a

phot opol yneri zation initiator. 25 JAN 2005 51 12. The process of claim 11,
wher ei n thezcol ghanbrofke GOMT iGies mt1 il east one selected fromthe group
consi sting of an or%?ni c pignent and carbon black, 13. The $rﬁce$t}‘)£f
claim 11 oFPEX&ieridih IheCarRd i AdoFaBRF Y2eFn2EB)eRas A RePGHES rage

mol ecul ar %@iothien%{shgsc b <R 8t ¥ BN e ' BRAS WS phYrEa] t ReYdTRaAkh
chromat ography of 20,000 or less and a glasS transition tenperature of

110C or nobkéackd. The process of claim1l or 12, wherein the al kali soluble
resin (B) is a copolyner of (a) a polynerizable unsaturated nononer having
at | east one carboxyl group in the nolecule, (b) at |east one nononer

sel ected foam tiTeegpevpecenNfStdNginofl 1a gcr onononmer havi ng a

nmono( net h) acryl.oyl gro at termnal _of a nolecular chain. Ns tituted
oo e 8, e e 30 he e DA a T hp s, SR Bty JFas e Sl S8RE Lot o
represent edvly 4 h€ rfcdl & ewi R fermai ft WerRb o £gd Ty SOPreGld2m HEH2GHE iN

...(1) wherein Rl is a hydrogen atom or net hyl fgroup and oE)LtionaI '3{ (c)
at | east oR¥ SSToRSTBERAGHUY Fhpamatography of 20,000 or less an

a2 glass transition temperature of 110°C or more.

14. The process of claim 11 or

12, wherein the alkali soluble resin {B) is a copolymer
of (a) apolymerizableunsaturated monomer havingat least
one carboxyl group in the molecule, (b} at least one
monomer selected from the group consisting of a
macromonomer having a mono{meth)acryloyl group at a
terminal of a molecular chain, N-substituted maleimide,
2-hydroxy (meth)acrylate, benzyl (meth)acrylate and a

compound represented by the following formula (1):
1

R
CH2=(IZ——COO—CH2EHCH20H
(1)

H
wherein R' is & hydrogen atom ox methyl group,
and optionally (c) at least one monomer selected from

the group consisting of styrene, methyl (meth)acrylate,

allyl {(meth)acrvlate and phenyl {(meth)acrylate.

15. The process of claim 11 or

12,wherein the alkali soluble resin (B) is a copolymer
of a monomer mixture comprising {1) a carboxyl
group-containing unsaturated monomer, {(2) at least one

selected from the group consisting of polystyrene



t he group consisting of styrene, nethyl (neth) acrylate, allyl

(meth)acryl ate and phenyl (meth)acrylate. 15. The process of claim 11l or
12, wherein the alkali soluble resin(B)is a copolyner of a nononer g%)g?wr@é
conprising (1)acarboxyl group-containing unsaturated nononer, (2) e;
one selected fromthe group consisting of polystyrene 2 5 JAN 2005 52
macr omonomer, pol ymet hyl (meth)acryl at> macr onononer, N-phenyl nal ei ni de,
N-cycl ohexyl mal ei m de, 2-hydroxyethyl (neth)acrylate, benzyl

(et h) acr ylsatomand g wcep ol y(vestth) act ¢ ahe sfay 9?@0%%0%4?}“ O%¢H east

one selected fromthe group consistj f ; hyl nmet h) acryl at e,
al |yl (nei“h)ﬁb‘??b’éf’@la%ﬂmbﬁgnyﬁ& ?%?%F%&Aﬁ%{égegﬁl@%hg pr(()cess) of %:/I ai m
11 or 12, whelehpotRe @hkal i meadiifd eryesite (Bpensyd copetprEcrvt @i nononer

m xture conprising (1) a carboxyl _group-contajnin nsat Lnomer
conponent agel actede ridodmeid? Y7 65 *Eds et T rfngB:I‘OF%éI g‘c#@la%gqa%d and a

conbi nati on, of CE¥hi i consisting of styrene, methyl
mno[z-(né)tqﬁ g’ceg{/?%g?egx{/%%hﬁ?gu%ﬁgte, (2) at %east one se#ect ed from
the group (eoeshdiomy bétpol sty bnbmerdcrafbhioRde $BF. F%eetrf‘?f/

(meth)acryl ate rsracr ongngrrer, N- phenyl mal ei m de, N-cycl ohexyl nelei m de,

2- hydroxye(t“h"g’/'Fh( r‘?&rﬁ’f (5 ﬁl’ate, benzyl (nmeth)acryl.ate and glycerol (neth)
acrylate and optionally (3) at |east one selected fromthe group

consi sting of styrene, net h& émst h%gcrc&l ate. allyl (nmeth)acrylate and
phenyl (nth) He¢yPaPreces37°<The®pPotesS of claim 11 or 12, wherein the

pol yf unctipnal,,eenonert $€) ahkzati lseastblene ecoimpolBd sl @ctea@P ?+BReEhe
group consisting of | LrimethylolPropane H{Ecrd Ate: syt hritol
group—containingunsaturatedmonomercomponentselected
from the group consisting of (meth)acrylic acid and a
combination of {meth)acrylic acid and
mono[2-(meth)acryloyloxyethyl]succinate, (2) at least
one selected from the group consisting of pelystyrene
macromonomer, polymethyl (meth)acrylate macromonomer,
N-phenylmaleimide, N-cyclohexylmaleimide,
2-hydroxyethyl (methj)acrylate, benzyl (meth)acrylate
and glycerol {(meth)acrylate and optionally (3) at least
oneselectedframthegroupconsisting(xfstyrene.methyl

{meth)acrylate, allyl (meth)acrylate and phenyl

{meth)acrylate.

17. The process of claim 11 or

12, wherein the polyviunctionel monomexr (C) is at least
one compocund selected from the group consisting of
trimethylolpropane triecrylate, pentaerythritol

triacrylate and dipentaerythritol hexaacrylate.



triacrylate and di pentaerythritol hexaacrylate. 2 5 JAN 2005 53 18. The
process of claim1.1 or 12, wherein the photopoiynerization initiator (D) is
at | east one conpound selected fromthe group consisting of an

acet ophenone conpound, biim dazol e conpound and triazine corrpourzd'j. JAB05The
process of claim 1l or 12,wherein the photopol ynmerization initiator (D) is
a biimdazole conpound and used in c ination wwth a hydrogen donor. 20
The process of claim 19, wherein the EhOt opol yneri zation initiator (D)

further copri®es mtodesastobnela nef sel ected fromthe group

consi sting of an acetophenane a &1 P2k ARG atcoPONNdis2at A thin
filmtranstst®dRecs St %ﬁ%%%@@%%‘gggﬁé devi ce havi ng the drive

substrate pf anRy HE Obmpbain deltotk@ from the group consisting

of an acetophenone compound, biimidazole compound and

triazine compound.

19. The process of claim 11 or
12, wherein the photopolymerization initiator (D) is a

biimidazole compound and used in combination with a

hydrogen donor.

20. The process of claim 19,

wherein the photopolymerization initiator (D) further

comprises at least one compound selected from the group

| iazine
consisting of an acetophenone compound and 3 tr

compound.

21 A thin film transistor color 1iquid,crysta1 display

ims 1
device having the drive substrate of any one of clay

to 10.





