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RADIATION SENSITIVE COMPOSITION FOR FORMING SPACERS ON 

THE DRIVE SUBSTRATE OF A THIN FILM TRANSISTOR COLOR LIQUID 

CRYSTAL DISPLAY DEVICE, DRIVE SUBSTRATE HAVING SPACERS 
THEREON, PRODUCTION PROCESS THEREFOR AND COLOR LIQUID 

5 CRYSTAL DISPLAY DEVICE 

Field of the Invention 

The present invention re1ates to a radiation 

sens~tive composition for forming spacers on the drive 

10 substrate of a transmission or reflection type thin film 

transistor {TFT) color liquid crystal display device, 

a drive substrate having spacers thereon, a production 

process therefor and a color liquid crystal display 

devl.ce. 

15 Description of the Prior Art 

In the production of a col.or l.iquid crystal display 

devi.ce comprisi.ng·a thin fi1m transistor ( 'l'FT) substrate, 

a oo1or filter substrate for displaying a color image 

is manufactured separatel.y from a drive substrate having 

20 thin f11m transistors (TFT) formed thereon and assembled 

with the drive substrate. However, since the positioning 

accuracy at the time of assembly is low in this system, 

the width of a black matrix must be made l.arge, thereby 

making it difficult to obtain a hi,gh opening ratio (the 

25 ratio of openings for transmitting li.ght). 

Meanwhile, there has been developed a new system 

that a pigmented layer is formed on the surface of a drive 

substrate having thin film 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) el.ectrodes 

formed thereon by sputtering. Since the pigmented layer 

including p~xels and a black matr~x is directl.y formed 
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on the dr1ve substrate in this system, the step of 

asembling a color filter substrate with the drive 

substrate becomes unnecessary and the openi.ng ratio can 

be drasticall.y improved compared with the former system, 

5 thereby making it possible to obtain a bright 

high-definition disp1ay device. 

The spacers used in the 1atter system are genera11y 

formed from a radiation sensitive composition by 

1ithography. The spacers must have light screening 

10 properti.es in order to prevent thin film transistors ( TFT) 

as switching elements from malfunctioning 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 

1iquid crystals for the manufacture of a disp1ay panel. 

However, a rad~ation sensitive composit~on for 

spacers which has satisfactory light screening 

properties and excellent mechanical strength and heat 

20 res1.stance 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 thi.n film transistor (TFT) color 

liquid crystal. display devices, which is capable of 

30 forming spacers having excellent 1ight 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 fai1ure 

caused by a gap difference in a liquid crysta1 1ayer. 
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It is another object of the present invention to 

provide a drive substrate having spacers formed from the 

radiation sensitive composition of the present invention 

and a production process therefor. 

It is still another object of the pX'esent invention 

to provide a color liquid crysta1 display device 

comprising the above drive substrate of the present 

invention. 

Other objects and advantages of the present 

10 invention will become apparent from the following 

description. 

According to the present invention, firstly, the 

above objects and advantages of the present invention 

are attained by a radiation sensitive composition f~o-i: 

15 forming spacers on the drive substrate of a thin film 

transistor color liquid crystal display device, which 

comprises (A) a coloranti (B) an alka11 soluble resin. 

(C) a polyfunctiona1 monomer and (D) a 

photopo1ymer1zation initiator. 

20 According to the present invention. secondly, the 

above objects and advantages of the present invention 

ar~ attained by a drive substrate for thin film transistor 

color liquid crystal display devices. which comprises 

spacers formed from the radiation sensitive compositi.on 

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 crysta1 display device directly or through a 

passivation £1lm; and 

forming spacer·s from the radiation sensitive 
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composition of the present invention on the color film. 

According to the present invention, finally, the 

above objects and advantages of the present invention 

are attained by a thin film transistor color liquid crystal 

5 display device comprising the 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 exampl.e of a thin film transistor {TFT) color liquid 

crystal display device: and 

15 

Fig. 2 is a view taken on 11ne X-X of Fig. 1. 

Detailed Description of the Pref erred Embddiments 

The present invention will be described in detail 

hereinbelow. A description is first given of the 

radiat~on sensitive composition of the present 

invention. 

'1'!\e term "radiation" in the present invention . 
20 includes vi.sib1e radiation. ultraviolet radiation, far 

u1traviolet 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 ( optica1 densi. ty) value, contains a black. 

pigment. or contains a b1ack pigment and has a specific 

OD value is preferred. 

The expression .. specific OD value• means that the 

30 OD value is 2 or more, pref er ably 2. 5 or more, particularly 

preferably 3 or more when 5 µm-thiok spacers are formed. 

The above black pigment can be suitably selected 

according to the appli.cation purpose of the spacers. It 

may be inorganic or organic and a single pigment or a 
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m1xture of two or more pigments. The black pigment is 

preferab1y a pigment having high color developing 

properties and high heat resistance. particularly high 

thermal decomposition resistance, particularly 

5 preferably carbon black and/or a combination of two or 

more organic pigments. 

Examples of the carbon black used in the present 

invention include furnace blacks such as SAF, SAF-HS, 

ISAP, ISAF-LS 1 ISAF·HS, HAF, HAF-LS. HAF-HS, NAF, FEP, 

10 FBF-HS, SRF, SRF-LM, SRF-LS. GPF, ECF, N-339 and N-351; 

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 meta1 

oxides such as titanium b.lack. Cu-Fe-Mn-based oxide and 

synthetic iron b1ack. 

20 

These inorganic pigments may be used alone or in 

combination of two or more. 

Further, examples of the organic pigment used in 

the present i.nvention include compounds cl.assified i.nto 

a group of pigments according to color index ( C. I.; issued 

by The Society of Dyers and Colourists). specifica11y 

compounds having the following color i.ndex (C.I.) 

25 numbers: 

C.I. Pigment Yellow 12, C.I. Pigment Yel1ow 13, C.I. 

Pigment Ye11ow 14, C.I. Pigment Yel.l.ow 17, C.I. Pigment 

Ye11ow 20, C.I. Pigment Ye1low 24, C.I. Pi.gment Yell.ow 

31, C.I. Pigment Yeliow 55, C.I. Pigment Yellow 83, C.I. 

30 Pigment Yel.low 93, C.I. Pigment Yellow 109, C.I. Pigment 

Yel.low 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.r. 
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Pigment Yel2ow 211; 

C.I. Pigment Orange 36, C.I. Pigment Orange 43, C.I. 

Pigment Orange 51, C. I. Pigment Orange 61 and C. I. Pigment 

Orange 71; 

5 C.I. Pigment Red 9, C.I. Pigment Red 97, C.I. Pigment 

Red 122, C. I. Pigment Red 123, C. I. Pigment Red 149, C. I. 

Pigment Red 168, C.I. Pigment Red 176, C.I. Pigment Red 

177, C.I. Pigment Red 180, C.I. Pigment Red 207, C.I. 

Pigment Red 208, C.I. Pigment Red 209, C.I. Pigment Red 

10 215. c. I. Pigment Red 224,, C. I. Pigment Red 242 and c. I. 

Pi.grnent Red 254; 

C.I. Pigment Violet 19, C.I. Pigment Violet 23 and C.I. 

Pigment Violet 29; 

.C.I .. Pigrnent Blue 15, C.I. Pigment Blue 60.--c:t. Pigment 

15 Blue 15: 3, C. I. Pigment B1ue 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.!. Pigment Brown 25; and 

20 C.I. Pigment Black 1 and C.I. Pigment Bl.ack 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 sel.ected 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 

recrystal.lization, reprecipitation, cleaning with a 

solvent. sublimation, vacuum heating or a combination 

30 thereof. 

The colorant of the present invention may oonta~n 

an extender pigment as required. 

Examples of the extender pigment include bar1um 

sulfate, barium carbonate. calcium carbonate, si1ica, 
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basic magnesium carbonate, alumina white. gloss white, 

satin white and hydrotalcite. 

These extender pigments may be used alone or in 

combination of two or more. 

The amount of the extender pigment is preferab1y 

O to 100 parts by weight. more preferabiy 5 to 50 parts 

by weight. much more preferab1y 10 to 40 _parts by weight 

based on 100 parts by weight of the b1ack pigment. 

The above p1gments part1c1es may have opt~ona11y 

10 surfac~ mod1.~ied by a pol.ymer. Examples of the polymer 

for modify.1.ng the surf ace of each pigment particle include 

polymers disclosed by JP-A 8-259876 (the term nJP-A 11 as 

used herein means an °unexamined published Japanese 

patent appl.ica ti on") and oommerc:lal.ly available polymers 

15 and oligomers for dispersing pigments. 

The colorant in the present invention may be 

optiona1ly used in conjunction with a dispersant. 

The dispersant is a cationic, anionic, nonionic, 

amphoteric, si1icone-based or fluorine-based 

; 20 surfactant. 

Exa:mples of the surfactant include polyoxyethylene 

alkyl ethers such as polyoxyethylene lauryl ether, 

po1yoxyethylene stearyl ether and polyoxyethylene oleyl 

ether; polyoxyethylene alkylphenyl ethers such as 

25 polyoxyethylene n-octylpheny1 ether and polyoxyethy1ene 

n-nonylphenyl ether: polyethylene g1ycol diesters such 

as poJ.yethylene glycol d.ilaura te and polyethylene glycol 

distearate; sorbitan fatty acid esters; fatty acid 

modified po1yesters; tertiary amine modified 

30 po1yurethanes; and polyethylene imines. These 

surfactants are available from the market under the trade 

names of KP (of Shin-Etsu Chemical, Co., Ltd.), Polyflow 

(of Kyoeisha Kagaku Co. , Ltd.) , F' Top (of Tokem Products 

Co. , Ltd. ) • Megaf ac (of Dainippon Ink and Chemicals, Inc.) • 
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F1orade(ofSumitomo3MLimited).Disperbyk(ofBykChemie 

Japan Co., Ltd.), Solsperse (of Zeneea Co., Ltd.) and 

EFKA (of EFKA Chemicals. Co., Ltd.). 

These surfactants may be used alone or in combination 

5 of two or more. 

The amount of the surfactant is preferably so parts 

or less by weight. more preferably 30 parts or less by 

weight based on 100 parts by weight of the colorant. 

10 (B) alkali soluble resin 

Any alkali sol.uble resin is acceptable in the present 

invention if it serves as a binder for the colorant (A) 

and is soluble in a developer used in the developing step 

for ·the. fo-rma,tion of spacers, particularly pfEifer'a'b"ly ·· 

15 an alkali developer. Examples of the alka1i soluble 

resin include copolymers of a pol.ymerizabl.e unsaturated 

monomer having an. acidic functional. group such as a 

oarboxyl group. phenol.1.c hydroxy1 group or sulfonic acid 

group and another copolymerizable unsaturated monomer 

20 (to be referred to as •copol.ymerizable 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 

monocarboxy1ic acids such as (meth)acrylic acid, 

crotonic acid, Ol- chloroacryl.ic acid and cinnamic acid; 

unsaturated dicarboxylic acids and anhydrides thereof 

such as ma1eic acid, maleic anhydride. fumaric acid. 

30 ~taconic acid. itaconic anhydride. citraconic acid. 

citraconic anhydride and mesaconie acid; unsaturated 

polycarboxylic acids having a valence of 3 or more and 

anhydridesthereof;mono[(meth)acryloyloxyalkyl)esters 

of polycarboxylic acids having a va1ence of 2 or more 
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such as mono[2-(meth}acryloyloxyethyl]succinate and 

mono[2-(meth)aoryloyloxyethyl]phthalate; and 

mono (meth) acrylates of polymers having a carboxyl group 

and a hydroxyl group at both terminals# such as w 
5 -carboxypolycaprolactone mono(meth)acrylate. 

10 

15 

Out of these carboxy1 group-containing unsaturated 

mqnomers, (meth)acry1ic acid and 

mono[2-(meth)acry1oyloxyethyl]sucoinate are 

particularly preferred. 

The above carboxyl group-containing unsaturated 

monomers may be used alone or in combination of two or 

more. 

Examples of the pol.ymerizable unsaturated monomer 

having a phenolic hydroxyl ·group include 

o-hydroxystyrene. m-hydroxys_tyrene, p-hydroxysty.rene, 

a-hydroxy- a-methyl.styrene. m-hydroxy.:.. a-methyl.styrene, 

p-hydroxy- a-methy1styrene, 

N-o-hydroxyphenyl.maleimide, 

N-m-hydroxyphenylma1eimide and 

20 N-p-hydroxyphenylmaleimide. 

These polymerizab1e unsaturated monomers having a 

pheno1ichydroxylgroupmaybeusedaloneorincombination 

of two or more. 

Exampl.e of the po1ymerizable unsaturated monomer 

25 having a sulfonic acid group include isoprenesulfonic 

acid and p-styrenesu1fonic acid. 

30 

These polymeri.zab1e unsaturated monomers having a 

sul.fonio acid group may be used alone or in combination 

of two or more. 

Examples of the copolymerizable unsaturated 

monomer include macromonomers having a 

mono(meth)acryloyl group at a terminal of the mo1ecu1ar 

chain of a polymer (to be simply referred to as 

•macromonomers• hereinafter) such as polystyrene, 
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polymethyl (meth)acrylate, poly-n-butyl (meth)acrylate 

and polysiloxane; N-substituted maleimides such as 

N-(substituted) arylmaleimides including 

N-phenylmaleimide, N-o-methylphenylmaleimide. 

5 N-m-methylphenylmaleimide. N-p-methylpheny1ma1eimide, 

N-o-methoxyphenylmaleimide, 

N-m-methoxyphenylmaleimide and 

N-p-methoxyphenylmaleimide,andN-cyclohexylmaleimide; 

aromatic vinyl compounds such as styrene, a 
10 -methylstyrene, o-vinyltoluene, m-vinyltoluene, 

p-vinyltoluene, p-chlorostyrene, o-methoxystyrene, 

m-methoxystyrene, p-rnethoxystyrene, 

o-vinylbenzylmethyl ether. m-vinylbenzylmethyl ether, 

p-vinyl.ben-zyimethyl ·ether, o-vi.nylbenzylglycidyl ether," 
15 m-vinylbenzylglycidyl ether and p-vinylbenzy1gl.yci.dy1 

ether; indenes such as indene and 1-methylindene: 

unsaturated carboxylio ac~d esters such as methyl 

(meth)acry1ate, ethyl (meth)acry1ate. n-propyl 

{meth)acrylate, i-propyl (meth)acrylate, n-butyl 

20 (meth)acrylate, i-butyl (meth)acry1ate, sec-butyl 

(meth)acrylate. t-butyl (meth) acrylate, 2-hydroxyethyl 

(meth)acrylate, 2-hydroxypropyl (meth)acrylate. 
I 

3-hydroxypropyl (meth)acrylate, 2-hydroxybutyl 

(meth)acrylate, 3-hydroxybutyl (meth)acrylate, 4-

25 hydroxybuty1 (meth)acry1ate, allyl (meth)aorylate, 

benzyl (meth}acrylate, cyc1ohexyl (meth)acry1ate, 

phenyl (meth)acrylate, 2-methoxyethyl (meth)acrylate. 

2-phenoxyethyl (meth)acrylate, methoxydiethylene 

g1yco2 (meth)acrylate, methoxytriethylene glycol 

30 (meth)acrylate, methoxypropylene glycol (meth)acrylate, 

methoxydipropylene glycol (meth)acrylate, isobornyl 

(meth)acry1ate, dicyclopentadienyl (meth)acrylate, 

2-hydroxy-3-phenoxypropyl (meth)acrylate and monomers 

(to be referred to as •glycerol (meth)acry1ates· 
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hereinafter) represented by the following formula (1): 

1 

CH2~0<>-CH2b:CH20H 
..• ( 1) 

wherein R1 is a hydrogen atom or methy1 group; unsaturated 

carboxylio acid aminoalkyl esters such as 2-aminoethyl 

5 (meth)acry1ate, 2-dimethylaminoethyl (meth)acrylate. 

2 - aminopropy l . (me th) a cry l.a t e , 2 - d.ime thyl.am inopr opy 1 

acry1ate, 3-aminopropyl (meth)acrylate and 

3-dimethylaminopropyl (meth)acry1ate: unsaturated 

carboxylic acid glyoidyl esters such as glycidyl 

10 (meth)acrylate; carboxy1ic acid vinyl esters such as 

vinyl acetate, vinyl propionate,. vinyl butyrate and vinyl 

benzoa te: unsaturated ethers such ·as vinylmethyl. ether. 

vinylethyl ether and ally.lglycidyl ether; vinyl cyanide 

compounds such as (meth)aorylonitrile, a 
15 -ch1oroacrylonitril.e and vinylidene cyanide; 

20 

unsaturated amides such as (meth)acrylamide. a 
-chloroacrylarnide and N-2-hydroxyethyl 

(meth)acryiamide; and aliphatic conjugated dienes such 

as 1,3-butadiene, isoprene and chloroprene. 

O~t of these copolymerizable unsaturated monomers, 

macromonomers, N-substituted maleimides. 

2-hydroxyethyl (meth)aorylate, benzyl (meth)acrylate 

and glycerol (meth}acrylate are preferred. Out of the 

inacromonomers. polystyrene maoromonomer and pol.ymethyl. 

25 (me th) acryl.a te maoromonomer are part icul.arly preferred. 

Out of the N-substituted male~mides. N-phenylmaleimide 

and N-oyclohexylmaleimide are particularly preferred. 

The above copolymerizable unsaturated monomers may 

be used alone or in combination of two or more. 

30 The alkal.:i. soluble resin (B) 1.n the present invention 

is preferably a copolymer of a carboxyl group-containing 

unsaturated monomer and a copolymerizable unsaturated 
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monomer (to be simply referred to as •carboxyl 

group-containing copolymer" hereinafter). 

The carboxyl group-containing copolymer is 

preferably a copolymer of (a) a carboxyl group-containing 

5 unsaturated monomer, (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 glycerol 

10 (meth)acrylate and optionally (c) at least one monomer 

selected from the group consisting of styrene, methyl 

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

(meth)acry1ate. It is more preferably a copolymer (to 

be ref erred to as- ..,,.c·arb'oxy1 group-containing copolymer 

15 (I)• hereinafter) of a monomer mixture containing (1) 

a carboxyl group-containing unsaturated monomer, ( 2) at 

least one selected from the group consist~ng of 

polystyrene rnacromonomer, po1ymethyl (meth}acrylate 

maoromonomer,N-pheny1maleim1de,N-cyclohexylma1eimide, 

2·0 2-hydroxyethyl (me th) acry1ate. benzyl (me th) acrylate 

and glycerol (meth) acrylate and optionally ( 3) at least 

one selected from the group consisting of styrene, methyl. 

(meth)acrylate, ally1 (rneth)acrylate and phenyl 

(meth)acrylate. It is particularly preferably a 

25 copolymer (to be referred to as •carboxyl 

group-containing copolymer (II)' hereinafter) of a 

monomer mixture containing (1) a carboxyl 

group-containing unsaturated monomer ~omponent 

containing (meth}acry11c acid or a combination of 

30 (meth}acrylic acid and 

mono[2-(meth)acryloyloxyethyl]succinate, {2) at least 

one selected from the group consisting of polystyrene 

maoromonomer, polymethyl (meth)acrylate macromonomer, 

N-pheny1maleim1de, N-cyclohexylmaleimide. 

... _ ... -··- -·· .. 
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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 

5 (meth)acrylate. 

Illustrative examples of the oarboxyl 

group-containing copolymer (II) include a copolymer of 

(meth)acrylio acid, benzyl (meth)acrylate and 

polystyrene macromonomer, copolymer of (meth)acrylic 

10 acid, benzyl (meth)acrylate arid polymethyl 

(meth)acrylatemacromonomer, copolymer of (meth)aorylic 

acid. N-phenylmaleimide, benzyl (meth)acrylate and 
styrene, copolymer of (meth)acrylic acid. 

.•. mo.no [-2- (·me th) aoryloyl.oxyethyl l succi.na te·~ ·· 
•_.;"9· •.• - .. _ ,·1.;. -

15 N-phenylmaleimide, styrene and allyl (meth)aorylate, 

copolymer of (meth)acrylic acid, 

rnono[2-(meth)acryloyloxyethy1Jsuccinate, 

N-pheny1maleimide, benzyl (meth)acry1ate and styrene, 

copolymer of <m.et:h)acrylic acid, N-cyclohexylmaleimide, 

20 benzyl (meth)acrylate and styrene, copolymer of 

(meth)acryl~c acid, 

mono[2-(meth}acryloyloxyethyl]succinate, 

N-cyclohexylmaleimide, styrene and allyl. (meth)acry.l.ate, 

copo1ymer of (meth)acrylic acid, 

25 mono[2-(meth)acryloyloxyethyl]succinate, 

N-cyclohexylmaleimide., benzyl (me th) acrylate and 

styrene. copolymer of (meth)acrylio acid, benzyl 

(meth}acrylate and glycerol mono(meth)aorylate, 

copolymer of (meth)acrylic acid, 

30 mono[2-(meth)acryloyloxyethyl]succinate, 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)acrylate and styrene, copolymer of 
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(meth)acrylic acid, 2-hydroxyethyl (meth)acrylate and 

benzyl (meth)acrylate, copolymer of (meth) acrylic acid, 

2-hydroxyethyl (meth) acrylate and phenyl. (meth)acrylate, 

copolymer of (meth)acrylic acid, 2-hydroxyethyl 

5 (meth)acrylate. benzyl (meth)acrylate and polystyrene 

macromonomer. copolymer of (meth)acry1io acid. 

2-hydroxyethy1 (meth)acrylate, benzyl (meth)acrylate 

and po1ymethyl (meth)acry1ate macromonomer. copolymer 

of (meth)acryl.ic acid, N-phenylmaleimide, 

10 2-hydroxyethyl (meth}acrylate, benzyl (meth)acrylate 

and styrene, and copolymer of (meth)acrylio acid, 

N-phenylmaleimide, benzyl (meth)acrylate. glycerol 

mono(meth)acrylate and styrene. 

As the alkali sol:ub1e resin in the present invention. 

15 particularly preferably are a copolymer of (meth) acry1io 

acid, mono[2-(meth)acry1oy1oxyethy1Jsuccinate, 

N-pheny1ma1eirnide, benzyl (meth}acry1ate and styrene. 

copolymer of (meth)acry1ic acid, 2-hydroxyethyl 

(meth)acry1ate and benzy1 (meth)acrylate, and copolymer 

20 of (meth)acrylic acid, N-pheny1maleim1de, 

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 wtt. 

When the amount of the carboxyl group-conta1n1ng 

unsaturated monomer is smaller than 5 wt%, the solubility 

in a_n alka1i developer of the obtained radiation sensitive 

30 composition may lower and when the amount is larger than 

SO 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. 
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The weight average molecular weight in terms of 

polystyrene (to be referred to as nMw• hereinafter) 

measured by gel permeation chromatography· ( GPC. solvent: 

tetrahydrofuran) of the alkali soluble resin in the 

5 present invention is preferably 20,000 or less. more 

preferably 3~000 to 20,000, particularly preferably 

5,000 to 20,000. 

The g1ass transit~on temperature (to be referred 

to as ~Tg• hereinafter) of the aikaLi soluble resin is 

10 preferably llO"C or more, more preferably 110 to 2oo•c, 
particularly prefera~ly 110 to l80°C. 

It is particularly pref erred in the present 

invention to adjust Mw of the alkali soluble resin 

contained-· in··· the radiation sensitive compos·:ttiorf"to- · 

15 20, 000 or less and 'l'g of the alka1i so1ub1e resin to 110° C 

or more. The fluidity of the radiation sensitive 

composition at the time of post-baking for the formati.on 

of spacers is thereby improved while retai.ning 

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 fi1m is rubbed to 

produce a display panel. 

As for a combination of Mw and Tg of the a1ka11. sol.uble 

resin, more preferably 1 Mw is 3, 000 to 20, 000 and Tg is 

110 to 200°c and particularly preferably. Mw is s.ooo 
30 to 20,000 and Tg is 110 to 1ao•c. 

The number average molecular weight in terms of 

polystyrene (to be referred as a Mn• hereinafter) measured 

by gel permeation chromatography (GPC. solvent: 

tetrahydrofuran) of the alkali so1uble resin is 
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preferab1y 1,500 to 10,000. 

'l'he ratio (Mw /Mn) of Mw to Mn of the alkali soluble 

resin is preferably 1 to 5, more preferably 1 to 4. 

In the present invention, the above alkal.i soluble 

5 resins may be used alone or in comb.ination of two or more. 

The amount of the alkali soluble resin is preferably 

10 to 1.000 parts by weight, more preferab1y 20 to 500 

parts by weight based on 100 parts by weight of the colorant 

(A). When the amount of the a1kali so1ub1e resin is 

10 small.er than 10 parts by weight. alkali developability 

may lower. 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 relative1y, whereby it may be difficult to attain the 

targeted co1or strength for the l.igbt screening spacers. 

(C) polyfunctional monomer 

The polyfunctional monomer in the present :invention 

20 is a monomer having two or more po1ymerizable unsaturated 

bonds. 

Examples of the polyfunctional mon9mer include 

di(meth)acrylates of alkylene glycol such as ethy1ene 

glycol and propylene glycol; di(meth)acrylates of 

25 polyalky1ene glycol such as po1yethylene glycol and 

polypropylene glycol; po1y(meth)acry.lates of po1yhydric 

a1coho1s having a valence of 3 or more and dicarboxyl.ic 

acid modified products thereof such as glycerin, 

trimethy1olpropane, pentaerythrito1 and 

30 dipentaerythrito1; oligo(meth)acrylates such as 

pol.yester, epoxy resin. urethane resin, a1kyd resin, 

s11icone resin and spiran resin; di(meth)acryl.ates of 

both terminal hydroxylated polymers such as 

poly-l,3-butadiene having a hydroxyl group at both 
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terminals and polyisoprene having a hydroxyl group at 

both terminals and polycaprolactone having a hydroxyl 

group at both ter'rninal.s: and 

tris[2-{meth)acry~oyloxyethyl]phosphate. 

5 Out of these pol.yfunctional monomers. 

poly(meth)acrylates of polyhydric alcohols having a 

valence of 3 or more and dicarboxylio aoid modified 

products thereof are preferred, as exemplified by 

tri.methylolpropane tri(meth)acrylate, pentaerythritol 

10 tri (meth) acrylate. pentaerythritol. tetra(meth) acry1ate, 

d~pentaerythritol penta(meth)acrylate, 

dipentaerythritol hexa(meth)acrylate and compounds 

represented by the following formula (2): 

15 wherein R2 is a hydrogen.atom or methyl group, out of 

wh1ch trimethylolpropane triacrylate, pentaerythritol 

triacrylate and dipentaerythritol hexaacrylate are 

particularly pref erred because they provide high 

strength spacers and hardly form stains or film remnants 

20 on the substrate and l.ight screening layer of an unexposed 

portion. 

These functional monomers may be used alone or in 

combination of two or more. 

The amount of the polyfunotiona1 monomer in the 

25 present invention is preferably 5 to 500 parts by weight, 

more preferably 20 to 300 parts by weight based on 100 

parts by weight of the alkali soluble resin (B). When 

the amount of the polyfunct.ional monomer is small.er than 

5 parts by weight, the strength of the spacers may lower 

30 and when the amount is larger than 500 parts by weight, 
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alkali developability may lower, or stains or film 

remnants may be existent on the substrate or light 

screening layer of a radiation unexposed portion. 

In the present invention, a monofunctional. monomer 

5 having one polymer1zable unsaturated bond may be used 

in combination with the polyfunctiona1 monomer. 1 

Examp1es of the monofunctional monomer include 

carboxy1 group-containing unsaturated monomers and 

copolymeri.zable unsaturated monomers enumerated for the 

10 al.ka1i soluble resin (B), N-viny1 derivatives such as 

N-vinylsuccinimide, N-vinylpyrrolidone. 

N-viny1phthalimide. N-vinyl-2-piperidine, N-viny1- E 

-caprolactam, N-vinylpyrrole, N-vinylpyrro1idine, 

N-vinylimidazole,N-vinylimidazoli~ine,N-~i~ylindole, 

15 N-vinylindoline. N-viny1benzimidazole, 

N-viny1carbazole,N-vinylpiperidine,N-viny1piperazine, 

N-v1ny1morpholine 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 monofunotiona1 monomer is 

25 prfferably 90 wt% or less, more preferab1y 50 wtt or J.ess 

based on the tota1 of the pol.yfunctiona1 monomer and the 

mo.ofunctional monomer. When the amount of the 

mo:nofunctional monomer is larger than 90 wtt, 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 0£ the above 
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p@lyfunctional monomer (C) and the optionally used 

I 

rnenofunctional monomer by the irradiation of radiation 

such as visible radiation, ultraviolet radiation, far 

ultraviolet radiation, electron beams and X-rays (to be 

5 referred to as •exposurew hereinafter). 

Examples of the photopolymerization initiator 

i.nc1ude an acetophenone compound, biirnidaz oJ.e compound, 

triazine compound, benzoin compound, benzophenone 

compound, a-diketone compound, polynuclear quinone 

10 compound, xanthone compound and diazo compound. 

In the present invention, ·the above 

photopolymeri.zation initiators may be used alone or in 

combination of two or more .. The photopoiymerization 

ini.tiator in the·present :i.n'Vention is preferabiy at least 

15 one selected from the group consisting of an acetophenone 

compound, biimidazole compound and triazine compound. 

The amount of the photopolymeri.zation initiator in 

the present invention is preferably O. 01 to 80 parts by 

weight, more preferably 1 to 60 parts by weight based 

20 on 1 oo parts by weight of the total of the polyfunctional 

monomer (C) and the monofunctional monomer. When the 

amount of the pbotopolymerization initiator is smaller 

than 0.01 fart by weight. it may be difficul.t to obtain 

spacers arranged in a predetermined pattern due to 

25 incomplete curing by exposure and when the amount is l.arger 

than 80 parts by weight, the formed spacers may easily 

fa11 off from the substrate during development. 

Examples of the acetophenone compound out of the 

preferred photopolyrnerization initiators in the present 

30 invention include 

l-phenyi-2-hydroxy-2-methylpropan-l-one, 

l-[4-(methylthio)phenyl)-2-methyl-2-morpholinopropan 

-1-one, 

1-(4-morpholinophenyl)-2-benzyl-2-dimethylaminobutan 
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-1-one, 1-hydroxycyclohexyl·phenyl ketone and 

2,2-dimethoxy-1.2-diphenylethan-1-one. 

Out of thes~ acetophenone compounds, 

l-[4-(methylthio)phenyl)-2-met~yl-2-morpholinopropan 

5 -1-one and 

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

-1-one are particularly preferred. 

10 

The above acetophenone compounds may be used alone 

or in combination of two or more. 

When the acetophenone compound is used as the 

photopolymerization initiator in the present invention, 

the amount of the aoetophenone compound is preferably 

O. 01 to 80 parts by weight, more preferably 1 to 60 parts 

.~&y.wei.ght., 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 aoetophenone compound' 

is smaller than O. 01 part by weight, .it may be diffieul. t 

to obtain spacers arranged in a predeter~ined pattern 

20 due to incomplete curing by exposure and when the amount 

is 1arger than 80 parts by weight, the formed spacers 

mayeasi1yfallofffromthesubstrateduringdevelopment. 

Examples of the biimidazole compound include 

2,2'-bis(2-chlorophenyl)-4,4',S,5'-tetrakis(4-ethoxy 

25 carbonylphenyl)-1,2'-biimidazole, 

30 

2,2'-bis(2-bromophenyl)-4,4',S,5'-tetrakis(4-ethoxyc 

arbony1phenyl)-1,2'-biimida201e, 

2,2'-bis(2-chloropheny1)-4,4',5,5'-tetrapheny1-l,2'-

bi.1midazote, 

2,2·-b1s(2,4-dichlorophenyl)-4,4',5,5'-tetraphenyl-l 

,2'-biimidazole, 

2,2'-bis(2,4,6-trichloropheny1)-4,4' ,5,5'-tetrapheny 

1-1,2'-biimidazole, 

2,2'-bis(2-bromophenyl)-4,4' ,5,5'-tetraphenyl-1,2'-b 
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:ii.midazole, 

2,2'-bis(2,4-dibromophenyl)-4,4' ,5,5'-tetraphenyl-1, 

2'-biimidazole and 

2,2'-bis(2,4,6-tribromophenyl)-4,4' ,5,5'-tetraphenyl 

5 -1,2'-biimidazole. 

Out of these biimidazole compounds, 

2,2'~bis(2-ch1orophenyl)-4,4',S,5'-tetrapheny1-l,2'­

bi.i.midazo1e, 

2,2'-bis(2,4-d:ichlorophenyl}-4,4',5,5·-tetraphenyl-l 

10 ,2'-biimidazole and 

15 

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'~s.5'-tetrap~enyl-l 

,2'-blimidazole is part~~ularly preferred. 

The above biimidazole compounds have excellent 

solubility in a sol.vent, do not form foreign matter such 

as an undissolved product and precipitate, have high 

sensitivity, ful.1y promote a curing reaction by exposure 

with a small amount of energy and do not cause a curing 

20 reaction in an unexposed portion. Therefore. the coati.ng 

film after exposure is cl.early divided into a cured portion 

1nsol.uble 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 predetermine4 pattern. 

The above biimidazole compounds may be used alone 

or in combination of two or more. 

When the biimidazole compound ~s used as the 

pbotopolymerization 1n1 tiator in the present invention. 

30 the amount of the biimidazole compound is preferably O. 01 

to 40 parts by weight, more preferably 1 to 30 parts by 

weight, much more preferabl.y 1 to 20 parts by weight based 

on 100 parts by weight of the total of the poly£unctional 

monomer (C) and the monofunctiona1 monomer. When the 
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amount of the biimidazole co_mpound is smaller than O. o 1 

part by weight, it may be difficult to obtain spacers 

arranged in a predetermined pattern due to incomplete 

curing by exposure and when the amount is larger than 

5 40 parts by weight, the formed spacers may easily fall 

off from the substrate during deve1opment. 

- hy~rogen donor -

When the biim~dazo1e compound is used as the 

10 photopolymer1zation initiator in the present invention, 

it is preferably used in combination with the following 

hydrogen donor to further improve sensitiv~ty. 

The term nhydrogen- donor• as used herein means a 

compoutrd ·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 

hereinbetow. 

The above mercaptan compound is a compound havi.ng 

20 a benzene ring or heterocyo11c ring as a mother nucleus 

and 1 or more. preferably 1 to 3, more preferably 1 or 

2 mercaptq groups directly bonded to the mother nuc1eus 

(to be referred to as •mercaptan hydrogen donor• 

hereinafter) . 

25 

30 

The above amine compound 1s a compound having a 

benzene ring or heterooyc1ic ring as a mother nuc1eus 

and l or more, preferably 1 to 3, more preferab1y 1 or 

2 amino groups directly bonded to the mother nucleus (to 

be referred to as ·amino hydrogen donor• hereinafter). 

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 
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benzene ring or heterocyclic ring# or both of them at 

the same time. When it has two or more of the rings, 

a fused ring may be formed. 

When the mercaptan hydrogen donor has two or more 

5 mercapto groups, if at least one free mercapto group 

remains. at least one of ·the other mercapto groups may 

be substituted by an alkyl, aralkyl or aryl group. 

Further, if at least one free mercapto group rema~ns, 

the mercaptan hydrogen donor can have a structural unit 

10 that two sulfur atoms are bonded together by a divalent 

organic group such as an al.kylene 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 phenoxycarbony1 group or nitri1e·group at 

a position other than the mercapto group. 

I11ustrative examp1es of the mercaptan hydrogen 

20 donor inc1ude 2-rnercaptobenzothiazole. 

2-rnercaptobenzooxazole, 2-rnercaptobenzoimidazole~ 

2,5-dimercapto-l,3,4-thiadiazole and 

2-mercapto-2,5-dimethylaminopyridine. 

Out of these mercaptan hydrogen donors, 

25 2-mercaptobenzothiazole and 2-mercaptobenzooxazole are 

preferred and 2-mercaptobenzothiazo1e is particu1arly 

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 l.east one amino group of the amine hydrogen donor 

may be subst.i tuted by an alkyl group or substituted alkyl 

group, or the amine hydrogen donor may be substituted 
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by a carboxy1 group, alkoxyoarbonyl group, substituted 

alkoxycarbonyl group, phenoxycarbonyl group, 

substituted phenoxycarbonyl group or nitrile group at 

a site other than the amino group. 

5 I1lustrative examples of the am:ine hydrogen donor 

include 4,4'-bis(dimethylamino)benzophenone, 

4,4'-bis(diethylamino)benzophenone, 

4-d~ethylaminoacetophenone, 

4-dimethylaminopropiophenone, 

10 etbyl-4-dimethylaminobenzoate, 

15 

4-dimethylaminobenzoate and 

4-dimethylaminobenzonitrile. 

Out of these amine hydrogen donors, 

4,4'-bis(dimetllylamino)benzophenone and 

4,4'-bis(diethylamino)benzophenone are preferred and 

4,4'-bis(diethylamino}benzophenone ~s particularly 

preferred. 

'l'he 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 

combi.nation of at least one mercaptan hydrogen donor and 

at least one amine hydrogen donor is particularly 

25 pref erred because the formed spacers hardly fall off from 

the substrate during development and have high strength 

and sensitivity. 

The combination of the meroaptan hydrogen donor and 

the amine hydrogen donor is preferably 

30 2-mercaptobenzothiazo1e/4,4'-bis(dimethy1amino)benzo 

phenone, 

2-meroaptobenzothiazole/4,4'-bis(diethylamino}benzop 

henone, 

2-mercaptobenzooxazole/4,4'-bis(dimethylamino)benzop 

·r . . .. 
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henone or 

2-mercaptobenzooxazole/4,4'-bis(diethylamino)benzoph 

enone. The combination is more preferably 

2-mercaptobenzothiazole/4,4'-bis(diethylamino)benzop 

5 henone or 

2-mercaptobenzooxazole/4,4'-bis(diethylamino)benzoph 

enone, particu1ar1y preferab1y 

2-meroaptobenzothiazol.e/4.4'-bis(d~ethylamino)benzop· 

henone. 

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 preferabiy 1:1 to 1:4, more preferably 1:1 to 1:3. 

_when the b-.i-imidazole compound is used in combfnati.ori 

15 with the hydrogen donor in the present invention, the 

amount of the hydrogen donor is preferably 0.01 to 40 

parts by we.ight, more preferabl.y 1 to 30 parts by weight, 

particularly preferably 1 to 20 parts by weight based 

on 100 parts by weight of ~he 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 wei.ght, the eff eot of improving sensi ti vi ty may l.ower 

and when the amount is larger than 40 parts by weight. 
I 

the formed spacers may easily fall off from the substrate 

25 during dev lopment. 

Il1u trative examp1es of the triazine compound 

include tr azine compounds having a halomethyJ. group such 

is(trichloromethy1}-s-triazine, 

2-methyl-4 6-b~s(trich1oromethyl)-s-triazine, 

30 2-[2-(5-me hylfuran-2-yl)ethenyl]-4,6-bis(trichlororn 

ethyl}-s-t iazine, 

-2-yl)ethenyl]-4.6-bis(trichloromethyl)-s 

-triazine, 

2-[2-(4-di thy1am1no-2-methylphenyl)ethenyl]-4,6-bis 
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(trichlor methyl)-s-triazine, 

2-[2-(3,4-dimethoxyphenyl)ethenyl]-4,6-bis(trichloro 

methyl)-s triazine, 

2-(4-rneth xyphenyl)-4,6-bis(trichloromethyl)-s-triaz 

5 ine, 

10 

2-(4-etho ystyry1)-4,6-bis(trichloromethy1)-s-triazi 

ne and 

2-(4-n-bu oxypheny1)-4,6-bis(trichloromethyl)-s-tria 

zine. 

out of th~se triazine compounds, 

2-[2-(3,4 dimethoxyphenyl)ethenyl]-4,6-bis(trichloro 

methyl)-sitriazine is preferred. 

The fbove triazine compounds may be used alone or 

in combinition of two or more. 

15 When the triazine compound is used as the 

photopoly erization initiator in the present invention, 

t~e amoun I of the triazine compound is preferably 0.01 

to 40 parts by wei.ght, more preferably l to 30 parts by 

weight. p rti.cularly preferably 1 to 20 parts ·by weight 

20 based on 00 parts by weight of the .total of the 

polyfunct 

monomer. 

monomer (C) and the monofunctional 

the amount of the triazine compound is 

smaller than 0.01 part by weight, it may be difficu1t 

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 dur1.ng development. 

30 

additi.ves 

The radiation sensitive composition of the present 

invention may contain various additives as required. 

The above additives include an organic acid or 

organic amino compound (excluding the above hydrogen 

donor) which exhibits the function of further improving 
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the solubility in an alkali developer of the radiation 

sensitive composition and the function of further 

suppressing the existence of an undissolved product after 

development. 

-organic acid-

Th.e above organic acid is pre£erab1y an aliphatic 

carboxylio acid or phenyl group-containing oarboxylic 

acid having at least one carboxyl group in the molecule. 

10 Examp1es of the above aliphatic carboxylic acid 

1nclude aliphatic monocarboxylic acids sue~ as formic 

acid. acetic acid, propionic acid, butyric acid, valeric 

acid, pivalic acid, caproio acid, diethylacetic acid, 

enanthic acid and capryl.ic acid; aliphatic dicarboxylic 

15 acids such as oxalic acid, malonic acid, succinic acid; 

glutaric acid, adipic aoid, pimel.io acid, suberio aci.d, 

azelaic acid, sebacic acid, brassylic acid, 

methy1ma1onic acid, ethy1rna1onic acid, dimethyl.malonic 

acid, methyl.succinic acid, tetramethylsuccinic acid~ 

20 cyclohexanedicarboxylic acid. 1 taoon.ic acid, ci traconic 

acid. mal.eic acid. fumaric acid and mesaconic acid; and 

aliphatic tricarboxy1ic acids such as tricarballylic 

acid, aconitic acid and camphoronic acid. 

'rhe above phenyl group-conta.ining carboxylic acid 

25 is, for example. a compound having a carboxyl group 

directly bonded to a phenyi group or a compound having 

a carboxy1 group bonded to a phenyl group through a carbon 

chain. 

Illustrative examples of the phenyl 

30 group-containing carboxylio acid include aromatic 

monooarboxylic 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 
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po1ycarboxy1ic acids having a valence of three or more 

such as trimellitic acid, trimesic acid, mellophanic acid 

and pyromellitic acid: phenylacetic acid, hydroatropic 

acid, hydrocinnamic acid, mandelic acid, phenylsuccinic 

5 acid, atropic aci.d, cinnamic acid. cinnamyl:ldenic acid, 

coumaric acid and umbellic aoid. 

From the viewpoints of alkali so1ubi11ty, 

solubility in a solvent to be described hereinafter, and 

the prevention of stains and film remnants on the substrate 

10 and light screening lay.er of an unexposed portion, out 

of these organic acids, aliphatic dicarboxylic acids are 

preferred as aliphatic carboxylic acids, out of which 

malonic acid, adipic acid, itaconic acid, citraconic acid, 

-fumaric acid and mesaconic acid are particularly 

15 preferred. Aromatic dicarboxylic acids are preferred 

as phenyl group-containing carboxyl.ic aoi.ds, out of whi.ch 

phthalic acid is partioular1y preferred. 

20 

The above organic acids may be used alone or in 

combination of two or more. 

The amount of the above organic acid is preferably 

15 wt% or less, more preferably 10 wtt or less based on 

the total amount of the radiation sensitive composi. ti on. 

When the amount of the organic acid is larger than 15 

wt%, the adhesion of the formed spacers to the substrate 

i5 may lower. 

-organic amino compound-

The above organic amino compound is preferably an 

aliphatic amine or phenyl group-contai.ning amine having 

30 at least one amino group in the molecule. 

Illustrative examples of the above aliphatic amine 

include mono(cyc1o)alkylamines such as n-propylamine, 

i-propylamine, n-butylamine, i-butylamine. 

sec-butylamine, t-butylamine, n-pentylamine, 
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n-hexylamine, n-heptylamine, n-octylamine, 

n-nonylamine, n-decy1amine, n-undecylamine. 

n-dodecylamine, cyclohexylamine, 

o-methylcyclohexylamine, m-methylcyclohexylamine, 

5 p-methylcyclohexylamine, o-ethyloyolohexylamine, 

rn-ethylcyclohexylamine and p-ethylcyclohexylamine; 

di(cyclo)alkylamines such as methylethylamine, 

diethylamine,methyln-propy1amine, ethyln-propylamine, 

di-n-propylamine, di-i-propylarnine, di-n-butylamine, 

10 di-i-butylamine, di-sec-butylamine, di-t-butylamine, 

di-n-pentylamine, di-n-hexylarnine, 

methylcyclohexylamine, ethylcyclohexylamine and 

dicyolohexylamine; tri(cyclo)alkylamines such as 

dimethylethylamine,methyldiethylamine,triethylamine, 

15 dimethyl n-propylamine, diethyl n-propylamine, methyl 

di-n-propylamine, ethyl di-n-propylamine, 

tri-n-propylarnine, tri-i-propylamine. tri-n-butylamine, 

tri-i-butylamine,tri-sec-butylamine, tri-t-butylamine. 

tri-n-pentylamine, tri-n-hexylamine, 

20 dimethy1cyclohexylamine. diethylcyclohexylamine. 

methyldicyclohexylamine, ethyldicyclohexylamine and 

tricyclohexylamine: mono(cyclo)alkanolamines such as 

2-aminoethanol,3-amino-1-propano1. 1-amino-2-propanoi. 

4-amino-1-butanol, 5-amino-1-pentanol. 

25 6-amino-1-hexanol and 4-amino-1-cyclohexanol: 

di(cyolo)alkanolamines such as.diethanolamine, 

di-n-propanolamine, di-i-propanolamine, 

di-n-butanolamine, di-i-butanoiamine, 

di-n-pentanolamine, di-n-hexano1amine and 

30 d1(4-cyc1ohexanol)amine; tri(cyclo)alkanolarnines such 

as triethanolamine, tri-n-propanolamine, 

tri-i-propanolamine, tri-n-butanolamine, 

tri-i-butanolarnine, tri-n-pentanolamine, 

tri-n-hexanolamine and tri(4-cyclohexano1)amine: 
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amino(cyclo)alkanediols such as 

3-amino-1,2-propanediol, 2-amino-l,3-propan~diol. 

4-amino-1,2-butanediol, 4-amino-1,3-butanediol, 

4-amino-l,2-cyclohexanediol, 

5 4-amino-1,3-cyclohexanediol. 

3-dimethylarnino-l,2-propanedio1, 

3-diethy1am1no-l,2-propanedio1, 

2-dimethylamino-l,3-propanedio1 and 

2-diethylam~no-1,3-propanediol; cyoloalkanemethanols 

10 having an amino group such as 

1-aminocyclopentanemethanol; 

4-aminocyclopentanemethanol, 

1-am~nocyclohexanemethanol, 

4-aminocyolohexanemethanol, 

15 4-dimethy1aminocyclopentanemethanol, 

4-diethylaminocyclopentanemethanol, 

4-dimetby1aminocyclohexanemethanol and 

4-dietbylaminocyc1ohexanemethanol:andaminocarboxylic 

acids such as ~-alanine. 2-aminobutyric acid, 

20 3-am1nobutyric acid, 4-aminobutyric acid, 

2-aminoisobutyric acid, 3-aminoisobutyric acid. 

2-aminovaleric acid, 5-aminova1eric acid. 

6-aminocaproio acid, 1-aminocyclopropanecarboxylic 

acid, 1-aminocyclohexanecarboxylic acid and 

25 4-aminocyclohexanecarboxylic acid. 

The phenyl group-containing amine is, for exampl.e. 

a compound having an amino 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-rnethylaniline, 

p-methy1aniline, p-ethylaniline, p-n-propylaniline, 

p-i-propylaniline,p-n-butylaniline.p-t-butylaniline. 
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1-naphthylamine,2-naphthy1amine,N,N-dimethylaniline, 

N,N-diethylaniline and p-methyl-N,N-dimethylaniline; 

arninobenzyl alcohols such as o-aminobenzyl alcohol. 

m-aminobenzyl alcohol. p-aminobenzyl. alcohol, 

5 p-dimethylaminobenzyl alcohol and p-diethylaminoben2yl 

alcohol; aminophenols such as o-aminophenol, 

m-aminophenol, p-aminophenol, p-dimethylaminophenol 

and p-diethylaminophenol; and aminobenzoic acids 

(derivatives) such as m-aminobenzoic acid, 

10 p-am~nobenzoic acid, p-dimethylaminobenzoic acid and 

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)al.kanolamines and 

amino(cyc1o)a1kanediols are preferred as 'aliphatic 

amines, outofwhich2-arninoethanol, 3-amino-1-propanol, 

5-amino-1-pentanoi. 3-amino-1,2-propanediol, 

20 2 -am1.no- l, 3 -propanediol and 4-amino-1. 2-butanediol are 

particularly preferred. Aminophenols are preferred as 

ph~no1 group-containing amines, out of which 

o-am~nophenol. rn-aminophenol and p-aminophenol are 

particularly preferred. 

25 The above organic amino compounds may be used a1one 

or 1n combination of two or more. 

~he amount of the organic amino compound is 

preferably 15 wt-%' or l.ess, more preferabl.y 10 wtt or less 

based on the total. amount of the radiation sensitive 

30 composition. When the amount of the organic amino 

compound is larger than 15 wt%. the adhesion of the formed 

spacers to the substrate may 1ower. 

Additives other than the above include, for example, 

a d1spersion aid such as blue pigment derivative or yellow 
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pigment deri.vative exemplified by copper phthalocyanine 

derivatives: filler such as glass or alumina; polymer 

compound such as polyvinyl alcohol, polyethylene glycol 

mono alkyl ether or poly ( f l.uoroalkylacry1ate); nonionic. 

5 cationic or anionic surfactant; adhesion accelerator 

such as vinyl trimethoxysilane. vinyl triethoxysilane. 

vinyl tris(2~methoxyethoxy)silane, 

N-(2-aminoethyl)-3-aminopropyl.·methyl·dimethoxys11an 

e, N-(2-aminoethyl)-3-am~nopropyl trimethoxysilane, 

10 3-aminopropyl triethoxysi1ane, 3-glycidoxypropyl 

tr~methoxysi1ane, 

3-glycidoxypropyl·methyl·dimethoxysilane, 

2-(3,4-epoxycyclohexyl)ethyl trimethoxysilane, 

3-chloropropyl ·methyl· dimethoxysilane, 3-cbloroprop·yy· 

15 trimethoxysilane, 3-methacryloxypropyl 

trimethoxysi1ane or·J-mercaptopropyl. trimethoxysil.ane; 

antioxidant such as 

2.2-thiobis(4-methyl-6-t-butylphenol) or 

2,6-di-t-butyl.phenol; u1traviol.et i1ght absorber such 

20 as 

2-(3-t-butyl-5-methyl-2-hydroxyphenyl)-5-chlorobenzo 

triazole or alkoxybenzophenone: anticoagulant such as 

sodium polyacry1ate; and heat radical generating agent 

such as 1.1'-azobis(cyclohexane-l-carbonitrile) or 

25 2-phenylazo-4-methoxy-2,4-dime~hylvaleronitrile. 

sol.vent 

The radiation sensitive composition of the present 

invention comprises the above colorant (A), alkali 

30 soluble resin (B), polyfunctional monomer (C) and 

photopolymerization initiator (D} as essential 

ingredients and is preferably prepared as a liquid 

composition by mixing them with a solvent. 

Any solvent is acceptable if it disperses or 

- , . •.. - - -
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disso1ves the components {A) to (D) and additive 

components, does not react with these components and has 

appropriate volatility. 

Illustrative examples of the solvent include 

5 (poly) alkylene glycol mono alkyl ethers such as ethyl.ene 

glycol monomethyl ether, ethylene glycol monoethyl ether 1 

ethylene glycol mono-n-propyl ether, ethylene glycol 

m·ono-n-butyl. ether, diethylene glycol monomethyl ether, 

diethylene glycol monoethyl ether, diethylene glycol 

10 mono-n-propyl. ether, diethylene glycol mono-n-butyl 

ether, triethylene glycol monomethyl. ether, triethylene 

glycol monoethyl ether. propylene glycol monomethyl 

ether, propylene glycol monoethyl ether. propylene 

glycol mono-n-propyl ether. propylene glycol' 

15 mono-n-butyl ether, dipropylene glycol monomethyl. ether, 

dipropylene glycol monoethyl ether, d~propylene glycol. 

mono-n-propy1 ether, dipropylene glycol mono-n-buty1 

ether, tripropylene glycol monomethyl ether and 

tripropylene glycol monoethyl ether; (poly)alkylen·e 
.. 

20 gl.ycol monoalkyl ether acetates such as ethylene glycol 

monomethyl ether acetate, ethyl.ene glycol monoethyl 

ether acetate, diethylene glycol monomethyl ether 

acetate, diethylene glycol monoethyl 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-heptanone ·and 3-heptanone; lactic acid 

30 allty1 esters such as methyl 2-hydroxypropionate and ethyl 

2-hydroxypropionate; other esters such as ethyl 

2-hydroxy-2-methylpropionate, methyl 

3-methoxypropionate, ethyl 3-methoxypropionate. methyl. 

3-ethoxypropionate, ethyl 3-ethoxypropionate, ethyl. 
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methyl ethoxyacetate, ethyl hydroxyacetate. 

2-hydroxy-3-methylbutanoate. 

3-methyl-3-methoxybutylacetate, 

3-methyl-3-methoxybutylpropionate, ethy1 acetate, 

5 n-propyl acetate. i-propyl acetate, n-butyl acetate, 

i-butyl acetate, n-pentyl formate, i-pentyl acetate, 

n-butyl propionate, ethyl butyrate, n-propyl butyrate. 

1-propyl butyrate. n-butyl butyrate, methyl pyruvate, 

ethyl pyruvate, n-propyl pyruvate, methyl acetoaoetate, 

10 ethyl acetoacetate and ethyl 2-oxybutanoate; aromatic 

hydrocarbons such as to.luene and xylene; and amides such 

as N-methylpyrrolidone, N,N-dimethylformamide and 

N,N-dimethylacetamide. 

Out of these solvents, -propylene glycol monomethyl 

15 ether, ethylene glycol ~onomethyl ether acetate. 

propylene glycol monomethy1 ether acetate, propylene 

glycol. monoethyl ether acetate, diethy1ene glycol 

dimethyl ether, d1ethy1ene glycol methyl ethyl ether, 

cyclohexanone, 2-heptanone, 3-heptanone, ethyl 

20 2-hydroxypropionate. ethy.l 3-methoxypropionate 1 methyl 

3-ethoxypropionate, ethyl 3-ethoxypropionate. 

3-methyl-3-methoxybutylpropionate, n-butyl acetate, 

i-buty1 acetate. n-pentyl £ormate. i-penty1 acetate, 

n-butyl propionate, ethyl butyrate, i-propyl butyrate, 

25 n-butyl butyrate and ethyl pyruvate are preferred from 

the viewpoints of solubility, pigment dispers.ibility and 

coatabil.ity. 

30 

The above solvents may be used alone or in 

combination of two or more. 

Further, a high-boiling solvent such as benzyl ethyl 

ether, dihexyl ether. acetonylacetone, isophorone. 

caproic acid, capryl.ic acid, 1-octanol. 1-nonanol, 

benzyl al.cohol, benzyl acetate. ethyl benzoate, diethyl. 

oxalate, diethyl maleate, r-butyrolactone, ethylene 
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carbonate, propylene carbonate or ethylene glycol 

monophenyl ether acetate may be used in combination with 

the solvent. 

The above high-boiling solvents may be used alone 

5 or in combination. of two or more. 

The amount of the so1vent is not particu1arly limited 

but is desirably such that the total amount of al1 the 

components excluding the solvent of the liquid 

composition becomes preferably 5 to 50 wtt, particularly 

10 preferabl.y 10 to 40 wti from the viewpoints of coatabili ty 

and stability of the obtained liquid composition. 

method of forming spacers 
,_ ·- ... 

The radi.ation sensitive composition of the present 

15 invention is used to form spacers on a drive substrate 

(to be referred to as "TFT liquid crystal drive substrate" 

hereinafter) having thin film transistors (TFT) for a 

thin film transistor ( TFT) color liquid crystal display 

device formed thereon by lithography. 

20 

25 

The spacers are formed on the TF~ liquid crystal 

drive substrate having a pigmented layer formed thereon. 

The term "pigmented layer• as used herein means what 
I 

includes only displ.ay pixe1s, on1y a black matrix or both 

of them. 

To form the pigmented 1ayer on the TFT liquid crystal 

drive substrate. a liquid radiation sensitive 

composit~on for a pigmented layer, Which contains (a) 

a colorant, (b) an alkali soluble resin, (c) a 

pol.yfunctional monomer, (d) a photopolymerization 

30 initiator and optionally additive components is 

preferably used. 

The above components (a} to (d) may be ident~cal 

to the (A) colorant, (B) alkali soluble resin. (C) 

polyfunctional monomer and (D) photopolymerization 
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initiator of the radiation sensitive composition in the 

present invention, respect1ve1y. When the pigmented 

layer includes pixels, at least one organic pigment is 

preferably used as the colorant (a) and when the pigmented 

5 layer includes a black matrix, at least two organic 

pigments and/ or carbon black are preferably used as the 

colorant (a). The alkali soluble resin (b) has an Mw 
of preferably 3,000 to 300,000, more preferably 5,000 

to 100,000. an Mn of preferab1y 3,000 to 60,000, more 

10 preferably 5,000 to 25,000, and an Mw/Mn of preferably 

1 to 5, more preferably 1 to 4. 

The additive components used in the radiation 

sensitive composition for a pigmented layer are the same 

as those listed for the radiation sensitive composition 

15 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. 

20 The method of forming the pigmented layer and the 

spacers on the TFT 11qu1d crystal drive substrate w111 

be described hereinbe1ow. 

For the formation of pixels, a 1ight screening 1ayer 

for defining a portion where pixels are to be formed is 

25 first f orrned as required on the surf ace of a TFT liquid 

crystal drive substrate or a substrate having a 

passivation film such as a silicon nitride film formed 

on the surface of the drive substrate and then a 1iquid 

radiation sensitive composition for a pigmented 1ayer 

30 containing. for exampl.e, a red pigment dispersed therein 

is app1ied 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 
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to dissolve and remove an unexposed portion of the coating 

film and then post-baked to form an array of red pixels 

arranged in a predetermined pattern. The photomask used 

has a pattern for forming pixels and also a pattern for 

5 forming through holes or U-shaped cavities. 

Subsequently, a 1iquid radiation sens~tive 

composition for a pigmented 1ayer contain~ng a green 

pigment dispersed there~n and a 1iquid radiation 

sensitive composition for a pigmented layer containing 

10 a b1ue p1.gment dispersed therein are applied, prebaked, 

exposed., developed and post-baked in the same manner as 

described above to form an array of green pixels and an 

array of blue pixe1s on the same substrate sequentia1l.y, 
·- ·~ ~- - ~ 

thereby making it possible to obtain a color liquid crystal 

15 display device having arrays of red, green and b1ue primary 

color pixels formed on the TFT l~quid crystal drive 

substrate and through ho'l.es or U-shaped cavities formed 

therein. 

A bl.ack 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 app1ied to the 

TFT liquid crysta1 drive substrate having pigmented 

25 layers formed thereon as described above in place of the 

liquid radiation sensitive composition for a pigmented 

layer and a photomask for spacers is used. 

The 'l'FT liquid crystal drive substrate is made from 

glassk silicon, polycarbonate, polyester, aromatic 

30 po1yamide, poly amide irnide, polyimide or the like. The 

substrate may be optionall.y subjected to an appropriate 

pretreatment such as chemica1 treatment with a si1ane 

coupling agent or the like. plasma treatment, ion plating, 

sputtering, vapor-phase reaction or vacuum deposition. 
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To apply the liquid radiation sensitive 

compositions to the substrate to form the pigmented layer 

and spacers, appropriate coating such as rotational 

coating, cast coating or roll coating may be employed. 

The thickness of coati.ng for forming the pigmented 

layer is preferably 0.1 to 10 µm, more preferably 0.2 

to 5. 0 µm. particul.arly preferably 0. 2 to 3. 0 µmin terms 

of film thickness after drying. 

The thickness of coating for forming the spacers 

10 ~s preferabl.y O.l to 20 µm, more preferably 0.2 to 10 

µm. particularl.y preferably O. 2 to 8 µm in terms of film 

thickness after drying. 

The radiation used to form the pigmented layer and 

spacers is selected from visible radiation, u1:trav1olet 

15 radiation, far ultraviolet rad1ation. electron beams, 

X-rays and the like but preferably has a wavelength of 

190 to 450 nm. 

The amount of exposure to radiation is pref erabl.y 

10 to 10.,000 J/m2
• 

20 The al.kali developer used to form the pigmented layer 

and spacers is preferably an aqueous solution of sodium 

carbonate, sodium hydroxide, potassium hydroxide. 

tetramethylammonium hydroxide. dimethylethano1amine, 

choline, 1,8-diazabicyolo-(5.4.0J-7-undecane, 

25 l,5-diazabicyclo-[4.3.0)-5-nonene or the 1ike. 

An appropriate amount of a water-solub1e organ~c 

so1vent such as methanol. or ethano1, or a surfactant may 

be added to the above alkali developer. The coating film 

is preferably washed in water after development with the 

30 alkali devel.oper. 

Development may be shower development, spray 

development, dip development. puddl.e development or the 

like. As for development conditions, development is 

preferably carried out at normal temperature for 5 to 
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300 sec. 

Attached Fig. 1 and Fig. 2 show the key section of 

an example of the thin film transistor (TFT) color liquid 

crystal display device having pixels and spacers formed 

5 as described above. Fig. 1 is a sectional view of the 

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

1 and shows the device before an alignment fi1m is formed. 

Reference numeral 1 denotes a substrate (TFT liquid 

crysta1 drive substrate), 2 an el.ectrode, 3 a red pixel, 

10 4 a green pixel. 5 a blue pixel, 6 a spacer, 7 an ITO 

f~l.m, 8 an alignment film and 9 a liquid crystal layer. 

The color liquid crystal display device having a 

pigmented layer and spacers formed as described above 

may be of a transm·issi·on·typ·e or a reflection type. The 

15 radiation sensitive composition of the present invention 

is useful as spacers for thin fil.m transistor (TFT) co1or 

image pick-up tube elements and color sensors. 

The fol.l.owi.ng examples are provided for the purpose 

20 of further illustrating the present invent~on but are 

in no way to be taken as limiting. 

25 

The OD value in the examples were evaluated as 

follows. 

OD value 

The liquid radiation se_nsiti.ve composition for 

spacers was app_lied to the surface of a glass substrate 

with a spin coater and prebaked in a clean oven heated 

at 90" C for 10 minutes to form a coating film. Thereafter, 

this substrate was cooled to room temperature and the 

30 ent~re coating film was exposed to 5,000 J/m2 of 

ultraviolet radiation having wavelengths of 365 nm, 405 

nm and 436 nm using a high-pressure mercury lamp. This 

substrate was then immersed in a O .1 wt% aqueous solution 

of tetramethylammonium hydroxide at 23°C for 1 minute 
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for development, washed in ultra pure water and dried 

with ai.r. Thereafter, it was post-baked in a cl.ean oven 

heated at 220° C for 25 minutes to form a 5 µm-thick coating 

f il.m on the substrate. The OD value of this coating fil.m 

5 was measured with an optical densitometer (McBeth TR927 

of Sakata Inks Co., Ltd.). 

Examples 

Exampl.e 1 

10 (preparation of radiation sens1tive composition for 

pixel.s) 

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

Red 177 and C.I. Pigment Red 224 in a weight ratio of 
- • ··,.. !t • • .• ~ . lo'\ 

6-5/3.S as-the colorant (a), 70 parts by weight 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 so1uble resin (b), 80 parts by weight of 

d~pentaerythritol hexaacry1ate as the polyfunctional 

20 monomer (c). 50 parts by weight of 

2-benzyl-2-dimethylamino-1-(4-morpholinophenyl)butan 

one-1 as the photopo1ymerization initiator (d) and 1,000 

parts by weight of propylene giycol monomethylether 

acetate as a solvent were m~xed together to prepare a 

25 liquid radiation sensitive composition for red pixels 

(Rl) • 

<formation of pixel array> 

The liquid composition (RI) was applied to the 

surface of a substrate prepared by forming a silicon 

30 nitride film on the surface of a 'l'FT liquid crystal drive 

substrate with a spin coater and preba.ked in a clean oven 

heated at 90" C for 10 minutes to form a 1. 7 µm-thick coating 

film. 

Thereafter, this substrate was cooled to room 
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temperature and the coating film was exposed to 2,000 

J/m2 of ultraviolet radiation having wavelengths of 365 

nm, 405 nm and 436 nm through a photomask using a 

high-pressure mercury lamp. This substrate was then 

5 immersed in a 0.1 wtt aqueous solution of 

tetramethylammonium hydroxide at 23°C for 1 minute for 

development, washed in ultra-pure water and dried with 

air. Thereafter. 1.t was post-baked in a clean oven heated 

at 22o·c for 25 minutes to form a stripe-like array of 

10 red pixels on the substrate. 

<preparation of 11.qu.id radiation sensitive composition 

for spacers> 

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

Red 177. C. I. Pigment Bl.ue· 15: 4 ·and C. I. Pigment Yel.low 

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 methacry11c 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 

soluble resin ( B) , 80 parts by weight 0£ dipentaerythri to1 

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 .init.iator (D) and 1,000 

parts by weight of propylene glycol monomethyl ether 

acetate as a so1vent were mixed together to prepare a 

liquid radiation sensitive composition for spacers . 

(BKl). 

30 <formation of spacers> 

The above liquid composition (BKl) was applied to 

the surface of the TFT liquid crystal drive substrate 

having an array of pixels formed thereon as described 

above with a spin coater and prebaked in a clean oven 
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heated at 90° c fo~ 10 minutes to form a 6. O µm-thick coati.ng 

film. 

Thereafter, this substrate was cooled to room 

temperature and the coating film was exposed to 5,000 

5 J/m 2 of ultraviolet radiation having wavelengths of 365 

nm, 405 nm and 436 nm through a photomask using a 

high-pressure mercury lamp. This substrate was then 

immersed in a 0.1 wt% aqueous solution of 

tetramethylammonium hydroxide at 23°C for 1 minute for 

10 deve1opment, washed in ultra pure water and dried with 

air. Thereafter, it was post-baked in a clean oven heated 

at 220°c for 25 ·minutes to form 5 µm-thick spacers on 

the substrate. 

15 
<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 

ma1funct1on and the difference in cell gap was ±0. 19 µm. 

The spacers did not deform irreversibly at the time of 

20 sealing the panel and a display failure did not occur 

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

ot:> value of a 5 µm-thick coating film formed on the surface 

25 

of another glass substrate using the liquid composition 

(BKl) was 3.3. 

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 :zo p·arts 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/ 
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benzyl methacrylate/styrene (weight ratio = 
30/10/35/15/10, Mw = 16,000, Tg = 125°C) as the a1kali 

soluble resin (B), 80 parts byweight of dipentaerythritol 

hexaacrylate as the polyfunctional monomer ( C), 20 parts 

5 by weight of 

2-rnethyl-l-[4-(rnethylthio)phenyl]-2-morpholinopropan 

one-1 as the photopolymerization 1.nit.1.ator (D), 15 parts 

by weight of 4,4'-bis(diethy1am~no)benzophenone as a 

sensitizer and 1, 000 parts by weight of propylene glyco1 

10 monomethyl ether acetate 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 l except that the liquid 

compo~ition (BK2} was used ~n place of the iiquid 

composition {BKl). 

<evaluation> 

20 When a display panel was manufactured using the 

obtained substrate in acc.ordance with a commonly used 

me~hod, the thin film transistors (TFT) did not 

malfunction and the difference in celi gap was :t:O. 33 µm. 

The spacers did not deform irreversibly at the time of 

25 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 µm-thick coating film formed on the surface 

of another glass substrate using the liquid composi ti.on 

(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 
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Red 177, c. I. Pigment Green 7 and C. I. Pigment Blue 15: 6 

in a weight ratio of 60/20/20 as the colorant (A). 75 

parts by weight of a copolymer of methacrylic acid/ 

mono(2-acryloyloxyethy1)succinate/N-phenylmaleimide/ 

5 benzyl methacrylate/styrene (weight ratio = 

30/15/35/10/10, Mw = 19,000, Tg • 130°C) as the alkali 

soluble resin ( B) • 7 5 parts by weight of d1.pentaerytbri tol 

hexaacrylate as the polyfunctional monomer ( C), 6 parts 

by weight of 

10 2,2'-bis(2-ch1oropheny1)-4,4',5,5'-tetraphenyl-l,2'-

bisimidazole as the photopolymerization initiator (D), 

6 parts by weight of 4, 4' -bis ( diethylami.no) benzophenone 

as an amine-based hydrogen donor, 3 parts by weight of 

2-mercaptobenzothiazole 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 mi.xed together to prepare 

a liquid radiation sensitive composition for spacers 

(BK3), 

20 <formation of spacers> 

An array of pixels and spacers were formed on the 

surface of a TFT liquid crystal drive substrate in the 
I 

same manner as in Example l except that the 1iqui.d 

composition (BK3} was used in place of the liquid 

25 compositi.on (BKl). 

<evaluation> 

When a display panei was manufactured using the 

obta1ned substrate in accordance with a commonly used 

method, the thin film transistors (TFT) did not 

30 malfunction and the difference in oe11 gap was ±0. 25 µm. 

The spacers did not deform irreversibly at the time of 

sea1~ng 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 µm-thick coating fil.m formed on the surface 
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of another glass substrate using the liquid composition 

(BK3) was 3.5. 

Example 4 

5 <preparation of liquid radiation sensitive composi. ti.on 

f pr spacers> 

200 parts by weight of a mi.xture of C.I. Pigment 

Red 177 and C.I. Pigment Blue 15:6 in a weight ratio of 

70/30 as the colorant (A), 75 parts by weight of a copolymer 

10 ofmethacrylicac1d/mono{2-acryloyloxyethyl)succinate/ 

15 

N-pheny1maleimide/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 hexaacryl.ate as the polyfuri'citfonal. 
l 

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 cycl.ohexanone as solvents were 

m1xed 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 

surf ace of a TFT l.iquid 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 (BKl). 

<evaluation> 

When a display panel was manufactured using the 

obta~ned substrate in accordance with a commonly used 

30 method1 the thin film transistors (TFT) did not 

malfunct:i.on and the difference in cell gap :was :to. 22 µm. 

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 
I 
' 
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OD val.ue of a 5 µm-thick coating film formed on the surface 

of another gl.ass substrate using the liquid cornposi tion 

(BK4} was 3.5. 

5 Example 5 

<preparation of liquid radiation sensitive oomposi tion 

for spacers> 

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

Red 177, c. I. Pigment Bl.ue 15: 4 and C. I. Pigment Yellow 

10 150 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 aoid/2-hydroxyethyl 

methacrylate/benzyl methacrylate (weight rat1o = 

30/10/60. Mw = 9,500, Tg • ao• c) as the alkali soluble 

15 resin (B), 80 parts by weight of dipentaerythri.to1 

hexaacrylate as the pol.yfunctional monomer {C). 50 parts 

by weight of 

2-benzyl-2-d~methyl.amino-1-(4-morphol.inophenyl.}butan 

one-1 as the photopo1ymerization :initiator (D). and 1. 000 

20 parts by weight of propylene glycol rnonomethyl ether 

acetate as a solvent were mixed together to prepare a 

liquid radiation sensitive composition for spacers 

(BKS). 

25 
<formation of spacers> 

An array of pixe1s and spacers were formed on the 

surface of a TFT liquid crysta1 drive substrate ~n the 

same manner as in Example l except that the liquid 

composition (BKS) was used ~n place of the liquid 

compassion (BKl). 

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 :to. 60 µm. 
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The spacers di4 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 µm-thick coating film formed on the surface 

5 of another glass substrate using the liquid composition 

(BKS) was 3.3. 

The radi.ation sensitive composition of the present 

invent.ion is characterized in that spacers made therefrom 

10 have exce11ent light screening properties, mechanical 

strength and heat resistance. thin film transistors do 

not ma1funct1on, the difference in cell gap is extremely 

small, the spacers do not deform irreversibly under high 
·· at('). ··e's· ... •· 

temperature· and h:l.gh pressure conditions at the time of 

15 sealing a panel in the production of a display panel and 

a display f ai1ure does not occur due to a gap di.fference 

in the liquid crysta1 1ayer. 

Therefore, the radiation sensitive composition of 

the present invention oan provide a high-quality thin 

20 fil.m transi.stor (TFT) color l.iquid crystal display device 

having excellent reliability. 

This Sheet Has .Been .& 1 

/l/811iaced 
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What is claimed is: 

1. A radiation sensitive composition, which comprises 

(A) a colorant, (B) an alkali soluble resin, (C) a 

polyfunctional monomer and {D) a photopolymerization 

5 initi.ator, and is for forming spacers on the drive 

substrate of a thin film transistor color liquid crystal 

d:i,.spl.ay device. 

2. The radiation sensitive composition of claim 1, 

10 wherein the colorant (A) comprises at least one selected 

from the group consisting of an organic pigment and carbon 

black. 

3. The radiation sensitive composition of claim 1 or 

15 2, wherein the alkali soluble.resin (B) has a weight 

average molecul.ar weight in terms 0£ polystyrene measured 

by gel permeation chromatography of 20,000 or' less and 

a glass transition temperature of ll0°C or more. 

20 4. The radi.ation sensitive compos.ition of claim 1 or 

2, wherein the alkali soluble resin (B) is a copolymer 

of (a) apolymerizable unsaturated monomer having at least 

one carboxyl group in the molecule, (b) at least one 

monomer selected from the group consisting of a 

25 macromonomer having a mono{meth)acryloyl group at a 

terminal of a molecular chain. N-substituted mal.eimide, 

2-hydroxy (meth}acrylate, benzyl (meth}acry1ate and a 

compound represented by the foilowing formula (1): 

1 

ca2~oo--ca,b:CH20H 
..• ( l) 

30 wherein R1 is a hydrogen atom or methyl group, 

and optionally (c) at least one monomer selected from 

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

\ \1111\ \\\l~L· IJllJlt\Pl 
* c 
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allil (meth)acrylate and phenyl (meth)aQrylate. 

5. The radiation sensitive composition of claim 1 or 

2, wherein the alkali soluble resin (B) is a copolymer 

5 of a monomer mixture comprising (1) a carboxyl 

group-containing unsaturated monomer. (2) at least one 

selected from the group consisting of polystyrene 

macromonomer, polymethyl. (meth)acrylate macromonomer, 

N-phenylmaleimide, N-cyc1ohexylmaleimide, 

10 2-hydroxyethy1 (meth)acrylate, benzyl (meth)acrylate 

and gl.ycerol (meth) acrylate and optionally ( 3) at l.east 

one selected from the group consisting of styrene, methyl 

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

(meth)acrylate. · 

15 
6. The radiation sensitive composition of claim 1 or 

2, wherein the alkali soluble resin (B) is a copolymer 

of a monomer mixture comprising (1) a carboxyl 

group-containing unsaturated monomer component selected 

20 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 polystyrene 

macromonomer, pol.yrnethyl (meth)acrylate rnacrornonomer, 

25 N-phenylmaleimide, N-cyclohexylmaleimide, . 
2-hydroxyethyl (meth)acrylate, benzy1 (meth)acrylate 

and glycerol (meth) acrylate and optionall.y ( 3) at least 

one selected from the group cons:lsti.ng of styrene, methyl 

(meth)acry1ate, al.1yl (meth)acryl.ate and phenyl 

30 (meth)acrylate. 

7. The radiation sensitive composition of claim 1 or 

2, wherein the polyfunctional monomer (C) is at least 

one compound selected from the group consisting of 
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trimethylolpropane triaorylate, pentaerythritol 

triacrylate and dipentaerythritol hexaacrylate. 

8. The radiation sensitive composition of claim 1 or 

5 2, wherein the photopolymerization initiator (D) is at 

least one compound selected from the group consisting 

of an acetopheno~e compound, biimidazole compound and 

triazine compound. 

10 9. The radiation sensitive composition of claim 1 or 

2, wherein the photopo1ymerizat1on initiator (D) is a 

biimidazole compound and used in combination with a 

hydrogen donor. 

15 10. The radiation sensitive composition of claim 9, 

wherein the photopo1ymerization initiator (D) further 

comprises at least one compound selected from the group 

consisting of an acetophenone compound and a triazine 

compound. 

20 

25 

11. A drive substrate for thin film transistor color 

liquid crystal display devices, which has spacers formed 

from the radiation sensitive composition of any one of 

claims 1 to 10. 

12. A process for producing a drive substrate having 

spacers, comprising the steps of; 

forming a color fil.m conta:tn1.ng a pigmented layer 

on the drive substrate of a thin fil.m transistor color 

30 liquid crystal display device directly or through a 

passivation film; and 

forming spacers from the radiation sensitive 

composition of any one of claims 1 to 10 on the color 

film. 

t lllllll mt\111111111\I \Hiil 
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13. A thin film transistor color liquid crystal display 

device hav~ng the drive substrate of claim 12. 

I '8} llJ IJllll!f 111~ 
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