1 DESCRIPTION COLORED RESIN COMPOSITION AND RESIN BLACK MATRIX SUBS IRATE
TECHNICAL FIELD [0001] 5The present invention relates to a colored resin composition and resin
black matrix substrate using the same. BACKGROUND ART [0002] Light-shielding materials presently
have a wide range of applications. In flat 10panel displays (FPD) such as liquid crystal displays
(hereinafter referred to as "LCD" for short) and plasma display panels (hereinafter referred to as "PDP"
for short), light-shielding materials are used iy gaBg @fge}Qring patterns in display areas and in
peripheries of display areas for improving the display property of color filters, and used to form a
light-shielding’ipagr ian Kresside ohopisideiph v DRESISO03 K MoolwafitsrsgorR&Drare generally
produced by a method in which, on the surface of a transparent substrate in which a black matrix is
formed such a&gRsiokialplEslit sheet, different hues of red, green, and blue are sequentially fonned
in a color pattern such as stripes or mosaic. The black matrix used as the light-shielding film 20serves
to prevent thét¥¥ddease in contrast and color purity due to light leakage between pixels. [0004]

Also in_substrates for, touch panels, a bl trix is formed likewi light-shielding film, and i
gonerdiy Tomed witk & DFHIG T DAL EOVE IA<G SF BSeabur THROSENY SLEAELP Ebbstate. On the

other hand, i C ' Increasing demand to lighten the touch panels, techniques to
r]}l;?fl’%? E‘aﬁ%ﬁg& %n%’}ﬁggﬁ‘?ﬁé

simultaneously form a elding film and touch sensors on a cover glass are now being
developed. Iz Rcsucivacage, Atig necessary to form electrodes and the like after forming a black
matrix, and, accordingly, high adhesion and chemical resistance as well as high insulation properties
are required. [Bagti¢ularly, while alkali-free glass is used as the glass substrate in color filter application,
a soda glass substrate containing a large Samount of ionic impurities is used as the glass substrate in
fouch panel applicaliéghtfggigbiing noemantenaniy flms soivideishacrhbeapsgetioas. chibfim, nickel, or
aluminum or a metal compound is deposited have been used as a black matrix, but they have

probléfhs in tRAtCkSHBIER FIE Lih &istbrigu Corh CAtREEHI 5 S I Al YBtHd St Al the

metallized thip, it high eflechive, T hus.en2 methad ihalcan solv ese pioblgms. the pigment
dispersion method which HSes a regdin %gmpos 10N in whic plgmen?s are disperseds currently

predominant jQQG}n e AIARAN dispstsianmetbech AMANGAEAA A PQRIVgrRhotosensive

compositions, negative photosensitive compositions mainly composed
peripheries of display areas for improving the display property of color filters, and

used to form a light-shielding image on the side of outside light in TFT.
15 f0603]
Color filters for LCD are generally produced by a method in which, on the
surface of a transparent substrate in which a black matrix is formed such as glass or a
plastic sheet, different hues of red, green, and blue are sequentially formed in a color
pattern such as stripes or mosatc. The black matrix used as the hight-shielding film
2¢ serves to prevent the decrease in contrast and color purity due to light leakage
between pixels.
[0004]
Also in substrates for touch panels, a black matrix is formed likewise as a
light-shielding film, and is generally formed with a printing ink on a cover glass or
25 cover film facing a sensor substrate.  On the other hand, in accordance with an
increasing demand to lighten the touch panels, techniques to simultaneously form a

light-shielding film and touch sensors on a cover glass are now being developed. In



of acryl polymer, acrylic polyfunctional monomer or oligomer, photoinitiators, solvents, and pigments
have been widely used. As a light-shielding material, carbon black, titanium black such as low-valent
titanium oxide and titanium nitride oxide, metal oxides such as iron oxide, and, in addition, mixtures of
organic 20pigments have been used, and carbon black and titanium nitride oxide are predominant. To
obtain a black matrix having high insulation properties, titanium black or carbon black whose surface is

treated with a {gsin, Q5 1b8 fike, QEIRASeIMEHNMIN AR ORaARIE RIIERE RavsRes B Used as a

light-shielding material (Patent Document I). 25[0007] To promote the adhesion of the black matrix

with the substiateriteehniques g knavn ¥inesain atdeashansl selecind-fiomdhagraup consisting of
amine- 3 containing silane compounds, ketimine-containing silane compounds and

isocyanateconizmirigpsifanparonpoeinuisisdd dBariPalehy, Ddclmabali2ireng ashereirdssithne coupling
agent having an ureido group is added (Patent Document 3). However, in cases where soda glass is

used as the subdFaHbsHEaMcroMidtesBpliceHeR obtatealasa b iHale W BRGEIE S that the black

matrix is peeled by a treatment under a high temperature and high humidity, or by a treatment with a
chemical suct SR QBT BHA FA e ARG BECTHG TG W IROth&PHAHHOR silane

coupling agenédb%\éi g an imido group has been proposed for a hard coating agent in order to promote
adhesion (Patent Document 4, Patent Document 5), the adhesion to the soda 10glass for touch panels

was insufficient. PRIQFR,ARERQSUMENFSRATENERQREUMENTS08kRatept Document 1: JP
2008-260927 A 15Patent Document 2: JP 2006-330209 A Patent Document 3: JP 2010-102086 A

Patent Documenta i 20 a8/066844Ratentddpmitadhtbe Y 20004036056k SLAMNARY OF THE
INVENTION 20PROBLEMS TO BE SOLVED BY THE INVENTION [0009] In view of the
above-describégohavitizekicsisiie thrioferexamplsjdbe oreaespie senphsatptiondsesthravide a colored
resin composition with which a black matrix having a high adhesion with a substrate surface

constittfed by BEHBEACER4 MR BrgaRizcd S fLin is FRHE A High Chsintea medhad i can be

readily formed Tiugugh (e Les.fsuch.a colored tesinscompasitan, 2GS plack matrix and a
substrate for tGUeR pane ehaxlljlrng excelient refiabili y tan be obtained. '

composition in which pigments are dispersed is currently predominant.
[0006]
In the pigment dispersion method, among negative and positive
15 photosensitive compositions, negative photosensitive compositions mainly composed
of acryl polymer, acrylic polyfunctional monomer or oligomer, photoinitiators,
solvents, and pigments have been widely used.  As a light-shielding material,
carbon black, titanium black such as low-valent titanium oxide and titanium nitride
oxide, metal oxides such as iron oxide, and, in addition, mixtures of organic
20 pigments have been used, and carbon black and titanium nitride oxide are
predominant.  To obtain a black matrix having high insulation properties, titanium
black or carbon black whose surface is treated with a resin or the like, or those mixed
with an organic pigment have been used as a light-shielding matg:riai (Patent
Document ).
25 [00071
To promote the adhesion of the black matrix with the substrate, techniques

are known wherein at least one selected from the group consisting of amine-



4 MEANS FOR SOLVING THE PROBLEMS [0010] To solve the problems of the prior art, the
present inventors have intensively studied to discover that the problem to be solved by the present
invention can be 5solved by using, as an adhesion éromoter a silane coupling agent having a specific
structure. [0011] Thus, the object of the present invention is achieved by the following constitution:
10(1)A colored resin composition comprising at least (A) a color pigment; (B) an alkali-soluble resin,

(C) an adhesigmpiameiaraddR) AN Jatim aRNEAkatIR CAMPRILSH &B{HPM&?&H&&C) adhesion
promoter at least a silane coupling agent represented by the Formula (1) below: [0012] 0 A n A-NH

R2-S1R33(1)8rjrkiQ 4ta{e0l3tuecinald eddy henthiesamend 2 §liffidrehtfeams efeheother and
represents a CI-Cs alkyl group which optionally has a substituent(s); n represents 0 or 1; R2
represents a €3utRg aagaldiorg aniergibuprorB inagdee thetesarie omeiffelont Homicsachrother and

20represents a C1-C6 alkyl group,.a C1-C6 alkoxy group, a phenyl group, a hydrox | group or a
phenoxy grodfwhél ‘:'iﬁeégéﬁ 1R g6 s Bl‘?]é‘?‘%ﬁtéﬂffh"é 33*&5}536%8%199 Pt

substltgent(s)gné elf'eea?glorr()% reglf%le%l %1%%% orr?&cf%fdi!?a/t& é&)rj V\éht?re%% ért% (ﬂr%ad esion promoter

is a silane coupling agent represen erei X eils ed resin

composition ageRrding-LoRE DbIeh SPBRIaeSALIRaRH VO SRS COMING, @95%3% igs the (C)

adhesion promoter. (4) The colored resin composition according to any one of (1) to (3), wherein the

(A) color plgmelahISI@@&%@M]&@@M&K@H@@T&Hat)ﬁ)Qﬁ):ﬂlﬁe@@i&l’f@,%@ﬁﬂeﬁﬂm;&%@hﬁccording to
any one of (1) to (4), which comprises at least titanium nitride corhpound particles ancUor carbon
black as the biziokgightshdelgiogmbasdrial proposed for a hard coating agent in order to

promote adhesion (Patent Document 4, Patent Document 5), the adhesion to the soda
10 glass for touch panels was insufficient.
PRIOR ART DOCUMENTS
PATENT DOCUMENTS
[0008]
Patent Document 1: JP 2008-260927 A
15 Patent Document 2:  JP 2006-330209 A

Patent Document 3:  JP 2010-102086 A

Patent Document 4: WO 2008/065944

Patent Document 5: WO 2009/096050
SUMMARY OF THE INVENTION

20 PROBLEMS TO BE SOLVED BY THE INVENTION
[0009]

In view of the above-described drawbacks of the prior art, an object of the
present invention is to provide a colored resin composition with which a black matrix
having a high adhesion with a substrate surface constituted by a metal or an inorganic

25 material, and having a high chemical resistance can be readily formed. Through the
use.of such a colored resin composition, a resin black mat\rix and a substrate for

touch panel having excellent reliability can be obtained.



(6) The colored resin composition according to (5), wherein the weight ratio of the titanium nitride
compound particles to the total weight of the black light-10shielding material is 20 to 80% by weight.
(7) A resin black matrix substrate obtained by applying the black resin composition according to any
one of (4) to (6) onto a transparent substrate and foinling a pattern. EFFECTS OF THE INVENTION
15[0014] Through the use of the colored resin composition of the present invention, a resin black
matrix having afigiNgdi@RiSnBRENGHIGIECARMIBRENSIStance can be easily obtained; and a black
matrix substrate with excellent reliability can be obtained. BEST MODE FOR CARRYING OUT THE
INVENTION 2000045] The present invention will now be described in more details. [0016] The
colored resin composition accordiggﬁo the Present invention comE_rises at least (A) a color pigment;

(B) an alkali-soluble rE&itple yrPEHes A S HSRER 4 19 BIOCAR BYSRINE SaNRmEeRH¥Edmposition

comprises as the (C) adhesion prompter ieast silape cou {én agent having a specific structure.
0017 & The SIS BLNTRe SEERL e B Eoh N By S Rt 70

e Pro
as a structure represe 1e Formu fow: [0018]
HR2-SIR33 Q&i{zéﬁ%ﬁéﬁ@%& (hadhesion promoter, a silane coupling agent having a specific

structure.
[0011]
Thus, the object of the present invention is achieved by the following
constitation:
10 (I) A colored resin composition comprising at least (A) a color pigment; (B) an
.alkali-soluble resin, (C) an adhesion promoter and (D) an organic solvent, the
composition comprising as the (C) adheston promoter at least a silane coupling agent

represented by the Formula (1) below:

[0012]
0
X
A~ R2-SiR3, ()
R1<Q "
15
[0013]

(wherein R' may be the same or different from each other and represents a C;-C

alkyl group which optionally has a substituent(s); n represents 0 or 1; R2 represents a

C3-Cag trivalent organic group; R’ may be the same or different from each other and
20 represents a Cy-Cy alkyl group, a C;-Cgy alkoxy group, a phenyl group, a hydroxyl

group or a phenoxy group wherein each of the groups other than the hydroxyl group

optionally has a substituent(s)).

(2) The colored resin composition according to (1), wherein the (C) adhesion

promoter is a silane coupling agent represented by the Formula (1) wherein n = 0.



5[0019] (wherein RI may be the same or different from each other and represents a CI-C6 alkyl group.
The alkyl group optionally has a substituent(s). n rergresents 0 or 1. R2 represents a C3-C30 trivalent
organic group. R3 may be the same or different from each other and represents a CI-C6 alkyl group, a
C1-C6 alkoxy group, a phenyl 10group, a hydroxyl group or a phenoxy group. Each of the groups
other than the hydroxyl group optionally has a substituent(s)). Here, Rl is preferably methyl, ethyl,
or butyl, and,{#) partitidacl srethybiandeiudias preledies becausenf aemalgfisayatability. R1 may
have a substituent(s) such as alkoxy, aryl, phenoxy, or halogen. R2 is preferably a C3-Cio 15trivalent
organic grouperifiaw vlatkrecsohlbilitydentrgatic €ojvelhtsi¢0GR0fnoterExamples of the silane coupling
agent of the present invention represented by Formula (1) include

3-(tert-butylcafhamoy1d %! &?ﬁ%&%@@w%@aﬁ%ﬂf%wm{g one of (1) to (3), wherein the

tert-butyl 2- -9-(tr t
(28630;%3;? I%%%%Oo)r()?ﬂggy X #X?(% té&é&%%%%e i (2 (|sopropylam|no) -2-
oxoethyl)-5-(tyim eth%xsebfa)ee%@gﬁpso St RRGARAM NS TITIG PRl hexanole acid

2-(2- (|sobutylam|no) -2-oxoethyl)-5-(trimet oxyS| y1) pen ane

(tert-pentylcarbameyi-g- (tispetaaxysivb- e xaneie 3 gaA (2L IR HRPRBAMAINANR 25 the
oxoethyl)-5-(trimethoxysilyl) pentane acid, 3-(tert-butylcarbamoy1)-6-(triethoxysilyl) 7 hexanoic acid,
2-(2-(tert-butpmokingh2sbicdédy hrii<trubthoxysilyl) pentane acid, 6-
(dimethoxy(methyl)sily1)-3-(tert-butylcarbamoyl) hexanoic acid, 5- (dimethoxy(methyps

ly1-2-(2- (tert (ﬁ)ty|arﬁm@0@%@m|§cpén@aﬁ@@@n¢ogimto b@lymmﬁamyw%gmwrﬁxysnyl)
pentane aC| 2-(tert-butylamino)-2- 5oxoethyl)-5- étnmethoxysnyl butanoic acid,

2-(tert-butylcaPH B 2. e(ﬁﬂﬁwwa&gﬁ%@ﬂwsé Bt REheabhieMadelight-
2- (teri (putylc Bt Lelerle c%nrad?e I(1 %tr’%@ys? pcyclohexane carboxylic acid, and the like. [0021]

Among these, ounds of Formul ve wherein n = 0 are 10preferred the effect of

improving ad SIOHAQ&QH%19&%%8[&?&36%&&%\%&&% glﬂ@ﬁﬁ?ﬂf&ﬁy}‘eqm

3-(tert-butylcarbamoy1)-6-(trimethoxys lyl) hexano c aci

(tert-butylamina)baxos iy Bifisiroetosysibflyipentanendcidiransparent substrate and
(isopropylcarbamoy1)-6-(trimethoxysilyl) hexanoic acid, 3-(tert-pentylcarbamoy1)-6- 1
5(trimethoxy§‘¢y111)'maﬁi§¢@moid 2- (2 (tert-pentylamino)-2-oxoethyl)-5- (trimethoxysily1l) pentane acid,
3-(tert-butylcarbamo 1) -6- %rlethox 1) hexanoic acid,

2-(2-(tert- but Eﬁﬁ Zogx &ysnyl) pentane acid, 6-

(dim ony(ﬂsm gsnyl) -3-(tert- butylcarbamoyl) hexanoic acid, 5-

(dimethoxy(me sily1-2-(2-(tert-butylamino)-2-oxoethyl) pentane acid, 3-(tert-

ooy AP eE b PERiNg ARK SUBURER VAR fnvention,

oxoethyl)-5-(trimethoxysilyl) butanoic acid, 2-(tert-butylcarbamoyl)-4

(trimethoxysilyhietB)dieyeiaRexanehe X anenGRIRAxH 6 aCi0hi@AGhemical resistance can be

2-(tertbutylcarbamoy1)-5-(2-(trimethoxysilypethyl)cyclohexanehexane carboxylic acid are included.
25[0023] easily obtained; and a black matrix substrate with excellent reliability can be obtained.

BEST MODE FOR CARRYING OQUT THE INVENTION
20 [0015]
The present invention will now be described in more details.
[0016]
The colored resin composition according to the present invention comprises at
least (A) a color pigment; (B} an alkali-soluble resin, (C) an adhesion promoter and
25 (D) an organic solvent. The composition comprises as the (C) adhesion promoter at

least a silane coupling agent having a specific structure.

[0017]



8 may be added individually, it is preferred to co-use a known silane coupling agent. Although
promotion of the adhesion with the underlying substrate and of the chemical resistance of the coating
can be attained by increasing the amount of the aboYe-described silane coupling agent added, a
problem, for example, in that the fine 5patterns are lost during development with an alkali so that the
resolution is decreased is likely to occur. Therefore, in view of promoting the adhesion with the
underlying material dUtisgithe:-developnest; lids preteniad tepuseiwad by theresiane epupling agents in
combination. [0024] 10The silane coupling agents to be mixed and used in combination are not
restricted and ndfide, but are not limited to, silane coupling agents having a functional group(s) such
as vinyl group&Moxy group(s), styryl group(s), methacryloxy group(s), acryloxy group(s) and amino
group(s). Pref 1apecific examples include 3-glycidoxypropyltrimethoxys lane, 3-
15glycidoxypropyltriethoxysilane, 3-glycidoxypropylmethyldimethoxysilane, 3-
glycidoxypropylmethyldiethoxysilane, 2-(3,4-epoxycyclohexypethyltrimethoxysilane,
3-chloropropylmethyldimethoxysilane, 3-chloropropyltrimethoxysilane, yinyltrimethoxysilane,
vinyltriethoxysiféﬁerv@yluﬁ - thoxy)silane, N-(2- (1)
aminoethyl)-3-arp)nﬁ)rqq)®lmsﬂtﬁyldimethoxysiIane, N-(2-aminoethyl)-3-

20aminopropylﬁimeﬂ10xysila e, 3-methacryloxypropyltrimethoxysilane, 3-
acryloxypropyltrimethoxysilarté, 3-aminopropyltrimethoxysilane, 3- aminopropyltriethoxysilane,
3-triethoxysilyl-N-(1,3-dimethylbutylidene)propylamine, 3-mercaptopropyltrimethoxysilane, 3-
ureidopfopyltriEtbXysilane, 3-isocyanatepropyltriethoxysilane and p- 25styryltrimethoxysilane. [0025]

As a method of preparing these silane coupling agents, a prepayation method 9 by the reaction of a s
lane coupling :@i}ﬁ e&%ﬁtamﬁgbgﬁ&‘ﬁcﬁl}fn \ éeﬁh%oéﬁ HRYI1C E\‘ffnaglf’srﬁ%‘?%‘??éﬁaiﬁ Vit of ease of

preparation. In_thj e, depending on.the structyre of the silane pling agent containing an acid
anhydride, twoaitgge%?%%f%ilai%ecgﬁfgﬁ%og é’ﬁflgré%ﬁ %1{165 gtsﬁ%%%reﬁ%?#meflﬁ Wgés\?%rb: ﬁ%@qéan be used
as a mixture withoyi-seRasation of RHufiratioR A et Altheugh shis swhssis-meied can possibly
cause side production of, for example, a small amount of oligomers, this does not significantly affect
the adhesion-drometiciy effechiahtbpesehnat Op ConBidesadi {02610 0Mkexamoup! ipbengtided is.
preferably 1 to 15% by weight, more preferably 2 to 10% by weight based on the total amount of the
solid céfhponegitein theydoisiégraegirmte pipositiparahnt isiank edtdkeaftheAtheotbapigment and the (B)
alkali-soluble resin. If it is less than 1% by weight, the adhesion-promoting effect is not sufficient, and if
it is more than 6965y #emhepfioedhterhe SR TEuEMiNe development with 15an alkali, so that the
resolution is decreasrﬁ%r LO 27% Thglblac [ nepm oﬁstitilon of the present invg}rég%n an be used
to produce printing in r 751 oof printing

res

S, In jé ﬁ?g?rr%a ena S}%Ot’ep gtomas ’p?‘% l(r:’t%rlf,n%la%rér% S
production, etclhing frsityeSelieL RISty Bulhaeds ol Ripsma display, papal 2O(PDP), dielectric
patterns, electrode (conductor circuit) patterns, circuit patterns of electronic components, conductive
pastes, condugtiveiflima(dighicBhieldingimagessuch asblagksnatrir‘apgdrerliks: Prefergbly, the
black resin composition can be advantageously employed to set a light-shielding image (including
black matrix), aiyslimtbogsmicf acglonvgepatfehe, sabihititporbogs)iandiiritise side of the outside light of
25 TEI to improve the display property of color filters for color liquid crystal displays and the like, and
can be advant&b(lé?@dsly employed for light-shielding films for touch panels. 10

Examples of the silane coupling agent of the present invention represented by
Formula (1) include 3-(fert-butylcarbamoyl)-6-(trimethoxysilyl) hexanoic acid, 2-(2-
(tert-butylamino)-2-oxoethyl)-5-(trimethoxysilyl) pentane acid, 3-

20 (isopropylcarbamoyl)-6-(trimethoxysilyl) hexanoic abid, 2-(2-(isopropylamino)-2-
oxoethyl}-5-(trimethoxysilyl) pentane acid, 3-(isobutylcarbamoyl)-6-(trimethox ysilyl)
hexanoic acid, 2-(2-(isobutylamino)-2-oxoethyl)-5-(trimethoxysilyl) pentane acid, 3-
(tert-pentylcarbamoyl)-6-(trimethoxysilyl) hexanoic acid, 2-(2-(tert-pentylamino)-2-

oxoethyl)-5-(trimethoxysilyl) pentane acid, 3-(fert-butylcarbamoyl)-6-(triethoxysilyl)



[0028] Especially preferably, the composition is used in liquid crystal displays, plasma displays, EL
displays equipped with inorganic EL, CRT displays, and displays comprising a touch panel, as a black
matrix such as black edges formed on 5the periphefal portion, lattice- or stripe-like black portions
between color pixels of red, blue, and green, and, more preferably, as a black matrix formed in color
filters for liquid crystal displays and as a black matrix formed on cover glass for touch panels. [0029]

10The black ﬁlz@&f%i‘@Haﬁgzo(th@r@%%li%%%)Ois%igle'@m%ﬂ%h@tﬁ%ﬁﬁﬁﬂ?&%tﬁrféaa@&\ﬁ(hiCh shields
the light leaked from the LCD panel. To improve the design, the frame may be fowled with a colored

matrix made frincehorignecireSitl dpiviesitionothdrihap pleskndiredd|dred resin composition of the
present invention can suitably used therefor. 15[0030] As the (A) color pigment in the colored
composition éfmetheaseneihviesilidre-Etier HmonganiopigrmerribylAnariengasic pleiisent can suitably
be used. Amongﬁthe pigments, those having an good adhesion and excellent light resistance, heat

resistance artF BAGHRERIGYLiSHARERrexa el BaN e fsirb d - RelrEis MM d@xamples of the

pigments expressed,interms of colar index (CH number include, but are not limited to, the following:
[003 | E%Pneéﬁ’éfl S ﬁ%lr%x ﬁ%@’&cfﬁé&“&&?ﬁe’ﬁf e Fﬁ“ e‘"i%%f%‘élr"?’rel?“e"'ﬁ d to as "PR") 9, PR48,
PRI7, PR122, R FRIAdnDRIAR B R G BLER: KRl 7622 RRd 12 ERES8. £RI92, PR209,
PR215, Pszar, PR21'}:,,> E@zzo?%kzza? PR224, P%iﬁzzes, PR2ST PRB§728,TPR2§(7)3 BBo4 and the like.

[0032] 11 (iEvemplesidfivanpepionents ihehwgiRigneniArmagihereinafter referred to as "PO"
for short) 13, P036, P038, PO43, P051, P055, P059, P061, P064, PO65, PO71 and the like. [0033]
5Examples of§i#lidw pigments include Pigment Yellow (hereinafter referred to as "PY" for short) 12,
PY13, PY17, PY20, PY24, PY83, PY86, PY93, PY95, PY109, PY110, PY117, PYI25, PY129, PY137,
PYI38, PY139, PY 141 1ageptire sompyursts ob ¥ psmubedd e bpwe1elscrriv 585 Giafg the like. [0034]

O Rles O e B LRt Cptoving Raheston o 0da alaas or LR Woptamoted.

[0022]

Specifically, 3-(tert-butylcarbamoyl)-6-(trimethoxysilyl) hexanoic acid, 2-(2-
(tert-butylamino)-2-oxoethyl)-5-(trimethoxysilyl) pentane acid, 3-
(isopropylcarbamoyl)-6-{trimethoxysilyl) hexanoic acid, 3-(fert-pentylcarbamoyl)-6-

15 (trimethoxysilyl) hexanoic acid, 2-(2-(fert-pentylamino)-2-oxoethyl)-5-
(trimethoxysilyl) pentane acid, 3-(fert-butylcarbamoyl)-6-(triethoxysilyl) hexanoic
acid, 2-(2-(tert-butylamino)-2-oxoethyl)-5-(triethoxysilyl) pentane acid, 6-
(dimethoxy{methyl)silyl)-3-(tert-butylcarbamoyl) hexanoic acid, 5-
{dimethoxy(methyl)silyl-2-(2-(fert-butylamino)-2-oxoethyl) pentane acid, 3-(fert-

20 butylcarbamoyl)-6-(trimethoxysilyl) pentane acid, 2-(2-(tert-butylamino)-2-
oxoethyl)-5-(trimethoxysilyl) butanoic acid, 2-(fert-butylcarbamoyl)-4-(2-
(trimethoxysilyl)ethyljcyclohexanehexane carboxylic acid, and 2-(tert-
butylcarbamoyl)-5-(2-(trimethoxysilyl)ethyl)cyclohexanehexane carboxylic acid are
included.

25 [0023]

When the silane coupling agent having the above-described specific structure

is added as the (C) adhesion promoter to the colored resin composition, although it



as "PV" for short) 19, P1123, PV29, P1130, PV32, P1137, P1140, P1150 and the like. [0035]
Examples of blue pigments include Pigment Blue (hereinafter referred to as "PB" for short) 15, PB15:3,
PB15:4, PB15:6, PB22, PB60, PB64 and the like. 15?0036] Examples of green pigments include
Pigment Green (hereinafter referred to as "PG" for short) 7, PG 10, PG36, P058 and the like. [0037]
Examples of black pigments include black organic pigments, mixed color 20organic pigments,

inorganic pigmeatspangidBe ieviExampies piéherblpekargacRigmenitmnehiscanaen black,

perylene black, aniline black and the like. Examples of the mixed color pigments include those made
into pseudo-bladkhbyghixinopdivencr{mieradpigimentitsédleatedefigmgr eshshilate agrbefitheiolet, yellow,
magenta, cyan and the like. Examples of the inorganic pigments include graphite; metal 25particles
such as titaniuPReeBpPdEsifGH cthangaresarsepalbechronfidiy meteabinmEccandum ositber and the like;

metal oxides; composite gxides; metal sulfides; metal nitrides; metal nitride oxides and the like. These
may be used iﬁ%R}%' ,%PWWBWHB%@?%@&@H@}PB@ o CHrRBabN2t0688RC  Carbon

black and titanj itri ompound.are, especijally,pref ly used because,of the high light-shielding
performince. BB} e B e O e

zirconium oxidg, jpaleiumaponaie.bRiLn Satsr sluminayniteqsilicon digxide a&&%ﬁa‘a}ge- [0040]

10The preferred characteristics of titanium nitride compound particles when used as the color pigment
are described indetall dhatioy (1d tavdlopriditids tomdenad ihesern neansentanbichuglintains titanium
nitride as a major component, and usually contains titanium oxide Ti02, low-valent titanium oxide
represented bygentsTinoanttigatiom < 20) and titanium nitride oxide represented by Ti1\1,0y (0 <x <2.0,
150.1 <y < 2.OIL)] as minor components. [0041] The angle of diffraction 20 of the peak originated
from (200) pla @9%tHhe titanium nitride compound used in the present invention when CuKa radiation

is useqbas the X-ray uree IS prefe{ablg 42.510,43.2 mdogedpre?fgrablg 42.5 to 42.8, 20 still more
a IC

preferably 42.5 to 42. .%?/1 ﬁ%?n%oﬂ?alﬁl% eﬁ?‘%?ia%l%:eo%%guna p%sr (B Blélgtéonng'fléeol}o iffraction 20 is

within this range. @GO Kale S RE ARSI el oing R DAL CAOSRVIFA

ion of the
light-shielding material in the black resin composition. Further, since thé composifion has a high UV

transmittance, @axestnh il ackpaidpanine @l ighprecisionvansup@nedapaishape can be easily

formed. 25[0042] As for the X-ray diffraction spectrum of the titanium compound when CuKa
radiation is useckds:tngd oty aysp(racaddhe peak(witndrerstopgest iterisityertiad specific

examples include 3-glycidoxypropyltrimethoxysilane, 3-

15 glycidoxypropyltriethoxysilane, 3-glycidoxypropylmethyldimethoxysilane, 3-
glycidoxypropylmethyldiethoxysilane, 2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane,
3-chloropropylmethyldimethoxysilane, 3-chloropropyltrimethoxysilane,
vinyltrimethoxysilane, vinyltriethoxysilane, vinyltris(2-methoxyethoxy)silane, N-(2-
aminoethyl)-3-aminopropylmethyldimethoxysilane, N-(2-aminoethyl)-3-

20 aminopropyltrimethoxysilane, 3-methacryloxypropyltrimethoxysilane, 3-
acryloxypropyltrimethoxysilane, 3-aminopropyltrimethoxysilane, 3-
aminopropyltriethoxysilane, 3-triethoxysilyl-N-(1,3-dimethyl-
butylidene)propylamine, 3-mercaptopropyltrimethoxysilane, 3-
ureidopropyltriethoxysilane, 3-isocyanatepropyltriethoxysilane and p-

25 styryltrimethoxysilane.

[0025]

As a method of preparing these silane coupling agents, a preparation method



13 angle of diffraction 20 of the peak originated from (200) plane of TiN is seen in the vicinity of 20 =
42.5 whereas the angle of diffraction 20 of the peak originated from (200) plane of TiO is seen in the
vicinity of 20 = 43.4. On the other hand, although th&@ peaks are not the ones with the strongest

intensity, the angle of diffraction 20 of 5the peak originated from (200) plane of anatase-type TiO2 is
observed in the vicinity of 20 = 48.10 whereas the angle of diffraction 20 of the peak originated from

(200) plane obyuiile-beacHOR:is Rhsead: iR e M ekibiAh20m 392 Thvs: 0 18 liapiym compound

with a crystal structure having nitrogen atoms and oxygen atoms, the péak with the strongest intensity
is seen withinathénean gesfeherkitha angleafklddiftpatian0 & lgncd Mg daitheAs g content of
oxygen atoms in the crystal state increases, the peak position shifts to higher angle side compared to
42.5. In the titdricrarfide silide rovatioh 2eenteduttiompymiivid atibmds dastfficigmtsatftained by
nitriding titanium oxide, the peak with the strongest peak is observed at the angle of diffraction 20 of

42.9 to 43.2 (F*BDERDEBICERY, Sesaiea the merimani i wxide thorcndsrtssdad as a minor
compopent, as the peak with the strongest intensity, t le of diffraction 20 of the peak originated
from ar?atase(’aﬁl)}tfr?eu Eﬁg s SN T uélr\}flﬁ:%}ﬁﬂg of%gg%sﬁ%gﬁg%%’&tf@%@%nﬁ?taﬁﬂaction 20 of
the peak origigaled i Kle-Ome TR AL VrS a8 D 20 NN 8 2% 517 enlly Since TiO2 is
white and could t?e th%?a factor%‘ar\%ch deteriorates thé%h’t%%%@lrg\gy Bg?é%ﬁ’é‘ gg,lei S'|"shﬁ)1fe’eferred that
TiO2 be decrdaseddosthe Sxdeny witereitisdhetiohsaoeeRs We-peaki [R044bt be  The crystallite size

can be determined from the half bandwidth of the X-ray 25diffraction peak according to the Scherrer's
formula showepirsidesegguations below (1) and (2). [0045] 14 Crystallite size (nm)) = fi cos 0(2) [0046]
1,1/T7(3) [004@ 5In the formula, K = 0.9, X = wavelength of X ray (0.15418 w), 3: half bandwidth of the
diffraction peé ,%@.}: corrected value of the half bandwidth (0.12), wherein p, f3e, and po are calculated

in radjans. [0048] The crystallite size is preferably not less than 10 tun, more preferably 10 to
501 %n, still more grl}aefél%%‘fi}tltﬁ % 3%&%% W’iﬁ%ﬁ%ﬁ}% hfﬁl&%é&’ﬁﬁﬁ’ﬁ% papteRsiesih?a crystallite

size Is less gy 0 Wy RigAISIs L Ne i shielding perfimance 13 deteriorsied

nd the
dispersability is decreased occur. On nd, when the crystallité size ism Cl ﬁgn 50 tun,

|tohrotblems in thaithehghtishieldinoipadormansets defedniatesand 1hs martisjeslikely ig, precipitate so
: resin. I it is less than 1% by weight, the adhesion-promoting effect is not sufficient,
and if it is more than 15% by weight, fine patterns are lost in the development with
15 an alkali, so that the resolution is decreased.
[0027]

The black resin composition of the present invention can be used to produce
printing inks, ink jet inks, materials for photomask production, materials for proof
printing production, etching resists, solder resists, bulkheads of plasma display panel

20 (PDP), dielectric patterns, electrode (conductor circuit) patterns, circuit patterns of
electronic components, conductive pastes, conductive films, light-shielding images
such as black matrix, and the like. Preferably, the black resin composition can be
advantageously employed to set a light-shielding image (including black matrix), e.g.,
in a gap of a coloring pattern, vicinity portions, and in the side of the outside light of

25 TFT to improve the display property of color filters for color liquid crystal displays
and the like, and can be advantageously employed for light-shielding films for touch

panels.



15shelf stability is decreased occur. In the present invention, it is preferred that the crystallite size be
appropriately small because the reflection is close tq colorless, even though the light-shielding
performance is deteriorated when the crystallite is shiall. [0049] The specific surface area of the
titanium nitride compound particles used in 20the present invention can be determined by BET method
and is preferably 5 to 100 m2/g, more preferably 10 to 100 m2/g, still more preferably 30 to 100 m2/g.
Based on the gpgxific surface area determined by BET method when the particles are assumed to be
completely spherical and have a uniform particle size, the particle size can be calculated by the
equation (4) below. 25{pesalyisdETbhvdhagepprtiviersizafahip HGHS ol IDQNNEW)  wherein S:
specific surface areaémZ/g); d: density (g/cm3); and d = 5.24 ( /cmé\%sin case of titanium nitride, d =
4.3 (glcm3) in RasB AN nE RitHod a%iae00sd pE skt ek Gas vl smRdl specific surface

,l.e., alarg i ticle size,. it is difficul i th ticles finel d bl i
i that the parfERICC BRI P %%“aﬁ%y%ﬁﬁ?ﬁ&s@g%%%%%@% LS black
matrix; and th%h%%@?ﬁfﬁ&f}%%%ﬁ%dﬁﬁ@?@-s&sstyﬁg%%ﬁ‘k@ﬁ% cles hewe adaragspaaifi syrface area .e.,
rticle siz ,t eas

a small primary p e particles are ily 10 aggregated when dispersed, and,

consequently, Rrpbie@s.alise-in thad the fispersianstabiliatandatio: Fewenss sk when used as a
resin black matrix, a sufficient hiding power of light-shielding material may not be provided and the OD

value decreasés; hvpuchciyndt fispleysechd G022 AkArprimaiy padticiecoaer pinsafdrtwiehan aggregate of
a number of crystallites but is preferably constituted by uniform crystallites. In other words, the

relationship betwedh the crystallite size determined from the half bandwidth of X-ray diffraction peak
and the particle size determined from the specific surface area preferably satisfies the expression (5)
below. 20[005 average particle size (nrn) < crystallite size (nm) x 2(5) The titanium nitride

compaypd partiles used i {he piesent venian cantein N A & mAIRL comoneRl A generall
contaln Ssome oxygen atoms resulting from, for example; contaminatiort of o y&én uring syntheS|s and

oxidation of theRauigle 2paHEiacen ML iSReP oM iackedabien hieipricledizggamall. The less
oxygen content is preferred because a higher OD value can be obtained, and, in particular, it is

preferable not feeqantaimdi®e asmadnwaheorvkerenatiowaveritie essdhel béioxygen content is, the
more reddish the reflected color becomes, and thus the particles preferably contain oxygen atoms
moderately. Thempnssiodbryem dlocks islprefelasy Bvnbypuwpightan 0% yesright, and more
preferably 8% by weight to 20% by weight. 5[0054] The content of titanium atoms can be analyzed
by ICP optical B¥f8ERIhcapssitaphesedrfi§eiitent of nitrogen atoms can be analyzed by inert gas
fusion-{%em al [%%ggfctivity method. The content of oxygen atoms can be analyzed by ’

As the (A) color pigment in the colored composition of the present invention,
either an organic pigment or an inorganic pigment can suitably be used. Among the
pigments, those having an good adhesion and excellent light resistance, heat
resistance and chemical resistance are especially preferred.  Representative

20 exampEe:; of the pigments expressed in terms of color index (CI) number include, but
are not limited to, the following:
[0031]

Examples of red pigments include Pigment Red (hereinafter referred to as
"PR™ 9, PR48, PR97, PR122, PR123, PR144, PR149, PR166, PR168, PR177,

25 PR179, PRI80, PR192, PR209, PR215, PR216, PR217, PR220, PR223, PR224,
PR226, PR227, PR228, PR240, PR254 and the like.
[0032]



inert gas fusion-infrared absorption method. 10[0055] For synthesizing a titanium nitride, a
gas-phase reaction method is generally used. Examples of the method include electric furnace
process and thermal plasma method, and the thernhal plasma method is preferred because the
method causes less contamination of impurities, allows synthesis of particles with a unifolin size, and
15shows high productivity. Specifically, the primary particle of the titanium nitride compound
synthesized by the thesmgleRlasmanmethadds fonnedeafisHstantialbe wniferm ety stalliteg and using the
titanium nitride compound synthesized by the thermal plasma method allows formation of a black
matrix havinga 'B@e fudicheetyit X RRIANEOATICh(d hre@s te # (2O{00569, POEXaMBleFigpethods for
generating thermal plasma include DC arc-discharge, multiple-phase arc-discharge, high-frequency
(RE) plasma,F4hd pdriiedikema, among which the high frequency plasma which causes less impurity
contamination from an electrode i5s more preferred. Specific examples of methods 25for producing
titanium nitrio[é? pound particles by the thermal plasma method include, but are not limited to,
reacting titanium tetgachloride with,ammonium gas i lasma.flame (JP 02-2211Q A), synthesis by
vaporiz'%’ ng titanium %\E}vragﬁr%svgﬁlﬁgf}%%ﬁr}}%%u%ﬁ%ygﬁi%%%ﬁaef 15%51@3” aEn %li?ﬁ(%[fzrlfgr %/%v‘?[?w)ef‘ﬁ{?ogen
introduced as, a¢arrigr,gas if) fce8hng Process/R Pkl PAGA)pead RASSING AEMEpiggas through
the peripheral portion of plasma’(JP 63-85007 A). Any production method may be employéd as long
as it produceg Yitamiupy neridecarsppyngopantickss Fraviy PesivedibpropariassVetioys, types of
titanium nitride compound particles are commercially available, and a number of titanium nitride
compound pdhidiel SatistirntthecaRylecsf Biffr&ttiod trditie amount of oxygen atoms defined in the
present invention, and, furthermore, the preferred particle size and specific surface area described
above are alégoéé%mercially available. Such commercially available products may be 10preferably

used jn the present.invention. [0057] . Preferred characteristics of carbon black when used in the
present invention agxﬁgwia%gkoﬂb%g( BRI fﬁ%ggpf %ﬁ% e égifﬁéheﬁ?gaftﬁgéﬁqﬂ‘?ﬁéopresent

invention, it iﬁé)rﬁ(jar@tgll%ﬁgrﬂsg)a ?op\pigcks\pga(yl@g,@mg%;ﬁn ol eg{%gi% veeﬁkt%y surface
treatment. Examples of commornily known treatments to improveé insulation properties ificlude surface
coating with ress(JP 2002-249678 A), wet surface-oxidation treatment (JP 4464081 B), and surface
modification with an organic group comprising a non-polymeric 20group (JP 2008-517330 A)). In the
present invention, itfisgnelesalilelte pseraaihondidtjsilat iBlsedasermndifietbmitht@asorganic group
comprising a non-polymeric group, and through the use of such a carbon black, a resin black matrix
that has high BUlaticRqstbperi&d &ve R Bt hidht fetn BEBrAUPSAe At Behtrbtheddrebe obtained. In
particular, it is_preferable to use a carbon black that is surface-modified 25with an organic group
havin395a sulfg(?ﬁéﬁjcid group, because high insulation properties can be achieved and reduction in

insulation propertiesdug {p Nigh. temperalure HeAimeRLGan PERISVENETa S referred to as
"PG" for short) 7, PG10, PG36, PG5R and the like.
[0037]

Examples of black pigments include black organic pigments, mixed color
20 organic pigments, inorganic pigments and the like. Examples of the black organic
pigments include carbon black, perylene black, aniline black and the like.
Examples of the mixed color pigments include those made into pseudo-black by
mixing two or more pigments selected from red, blue, green, violet, yellow, magenta,
cyan and the like. Examples of the inorganic pigments include graphite; metal
25 particles such as titanium, copper, iron, manganese, cobalt, chromium, nickel, zinc,

calcium, silver and the like; metal oxides; composite oxides; metal sulfides; metal

nitrides; metal nitride oxides and the like. These may be used individually, or two



[0059] For the surface composition of the carbon black in the present invention, it is necessary that
the percentage of carbon atoms be 95% or less, and the percentage of sulfur atoms 0.5% or more.
Further, it is preferred that the percentage of carbonlZatoms be 95% or less, and the percentage of
sulfur atoms 1.0% or more. It is more preferred that the percentage of carbon atoms be 90% or less,
and the percentage of sulfur atoms 1.0% or more. The higher the percentage of sulfur atoms on the
carbon black syrfasg:ist themars sffectivalkanhindglsesin is adsorbed to the carbon black, and the
resulting steric hindrance prevents contact between carbon blacks, 10leading to improved insulation
properties of 8§63k} black matrix. [0060] The sulfur components present at the surface of the
carbon black is present in the form of disulfide, carbon disulfide, and oxide, and to make the effects of
the present invention{prhenrdackeddiuioompoteris peardbsicaisieprdbepicieraidyfosad 150f oxide.
Specifically, it js desirably present in the form of SO and SOx (2 < x < 4). The state of S atoms on the
carbon black At Adhsdbsdidshindiring P&/ gHBB S ectron spectroscopy (XPS), and their
abundapce rai{;} %@(31 be determined by classifying S2p peak components into components assigned to
C-Sand S-S 8 components assigned to SO and SOx (2 < x < 4). 20[0061] In the sulfur components
present at the surfacm&lb%g%msaﬂi@g%ﬂe&mmas@m«ﬁﬁtmxﬁe RaiGenaae piomponents
derived from SO and SOx'is preferably 70% or more, and more preferably 80% or more. The higher
the percentageief@aumponaiiscariived fron 5O wnth:d O indha sulvr campenrats doxpdesent at the
surface is, the higher the insulation properties become, and, further, the less the reduction in insulation
properties dueats! igHitemperature treatment is, which is preferred. The mechanism why a large
amount of components derived from SO 19 and SOx provides higher insulation properties and
thermal stabili{ﬁ%%t clear, but is presumably because the adsorption of a binder resin to the carbon

black becomes stronger. A similar analysis aof the surface state of a surfage-oxidized_carbon black that
is conventionally use%i%' efﬁegt i é?%é‘ﬁfé&%%‘ﬁ%b‘%ﬁb% %% scﬁlé‘ﬁ%agfﬁﬁlﬁl 9458 sox in sulfur

components PSSR A8 SHARER IRILIGRS AL ASABIRE said g e shrface state s

completely different. [0062 e specific surface area of the carbon used in the present

invention is notdesfsietad hepshibe yalvadaasy @A nthe BRmathad.ysing piregsp.adsorption 10is
preferably 10 m2/g to 600 m2/g, more preferably 20 in2/g to 200 m2/g, and still more preferably 20
m2/g to 100 m&id .\¥vhin thetsaddnblack hids Ailasgkspediia stufaoe ardds tepreacamedlbprimary
particle size, the particles are easily aggregated, and, therefore, it is difficult to stabilize dispersion,
which leads toldeteriofdted stafagadtabiiyn\witedethei daropistsiicd had Nsthdl specificlsurface area,
i.e., a large 15 primary patrticle size, the light-shielding effect decreases, or carbon blacks come in
contact with e&ch otheriDAPeRIRESARRP RS Hduce the insulation properties of the black resin coating,
which is not ;:[)Trfofgﬁgd. [0063] To make the effects of the present invention prominent, it is preferred to
use 20titaniunt nitride compound and/or carbon black as the (A) color pigment. The percentage of the

titanium nitride compeyadig thertaialueiahte! thelighk Rigldingmaleighéf\his.Rrefesably 20 to 80%
by weight, and more preferably 30 to 70% by weight. Whenthe percentage of the titanium nitride

compound is sieallutherefircies e daseanashrproatic tolaiibutihenitsKatianipionesties are
reduced. used as the X-ray source is preferably 42.5° to 43.2°, more preferably 42.5° to 42.8°,
20 still more preferably 42.5° t0 42.7°. By using titanium nitride compound particles
whose angle of diffraction 20 is within this range, a high OD value can be attained
while retaining a low concentration of the light-shielding material in the black resin
composition. Further, since the composition has a high UV transmittance, a resin
black matrix having a high precision and a good taper shape can be easily formed.
25 [0042]

As for the X-ray diffraction spectrum of the titanium compound when CuKa

radiation is used as the X-ray source, as the peak with the strongest intensity, the



25which is not preferred. In particular, reduction in insulation properties due to high- temperature
thermal history will be significant, and, further, the dielectric constant will be high, which it not
preferred. The larger the percentage of the titanium! 20 nitride compound is, the higher the insulation
properties and light-shielding effect are, but the more reddish the reflected hue is. Therefore, the
percentage of the titanium nitride compound is preferably within the range described above. [0064] 5In
the present inyention difeRtkalisohhie [Rain(G)iRRA S8R CATRUTENN 208AY.rgRin may be
used as long as it acts as a binder to pigments and is soluble in alkaline developer in a developing
process whenvfommtingfe PattrA “swbhress ahblackl endtditiBaibpbo e sitae sasinstandom
non-photosensitive resins may be used, and, specifically, epoxy resins, acrylic resins, siloxane
polymer-based?8sirlanpelirifibie s@resinbe aiiniie dikedare preterdbhthsederhpadticlitan gicrylic resins
or polyim de r%sins are suitably used because they are excellent, for exam&e, in heat resistance of a

coating and siBFRFEStARTIRG  SRERNE Aukhy G E B BRISRIGRS Bl Herrgir stbeidfragiirn AR &f-soluble
resins are suitably used. beca in ing a pattern such as.ag black matrix, using a.photosensitive
resin 1‘a’glcilitategsIsll e apﬁa(t)tré%n?(%%rln%?ﬁgl 1@?@ né%},? (?ggﬁase'g fasgﬁz%g $ 8@%%?§§g%ﬁ%lglgl%li-solubIe
resins are shwndoelew dyharenellimiic ineiain. 90861200 phoiassnsitive Alkalioluble resin is
composed at least of an alkali- soluble polymer, a reactive monomer, and a photopolymierization
initiator. For thiagiantitative ratinof themctheaweigbtuatiopbihealkalizsolutpia:palymer to the reactive
monomer is generally 10/90 to 90/10, and the amount of the photopolymerization initiator is about 1 to
20% by weighttizsed comrandtalieights28 titeupblymier mgct thre gnoaiome ni@ 08 7idsithaalkali-soluble
polymer, an alkali-soluble polymer having a carboxyl 21 group is preferred, and unsaturated
carboxylic acfdchmSrEfd bt bengsddntcRatyrecsr undunhasereambsapitiaermandiude
monacarboxylic.acids sych as acrylic acid,, mgthacryhe acid, cratonic acid, and vinyl acetic acid;

o) dﬁ%@%ﬂ% %gsiftg%’éﬁi%éagci&? g?a ic a%ﬂjt SRR YRR A S GREEY thereof; and

dicarboxylic ac

Spolycarboxyli aqitroaneasiersash R A AlS Atk Ton iésiﬁgﬁg@%}é&oﬁ'}%@y%smf- In

particular, an acrylic polymer comprising a constituent unit derive meth)acrylic acid is preferred,
and, further, aReaadiGrRQME ARRINEH YT eRCHIL: SRR ARG FORBINaE dEsPNStituent units with
a compound comprising an ethylenically unsaturated group and an epoxy group can 10preferably be
used becauselitiinpddvesithéisensitivity ixaloseredndidestelopingeftpthe atbylemedlly unsaturated
group, acrylic group and methacrylic group are preferred.

the angle of diffraction 20 of 42.9° to 43.2° (JP 2006-209102 A).

15 [0043]

When titanium oxide TiO; is contained as a minor component, as the peak
with the strongest intensity, the angle of diffraction 26 of the peak originated from
anatase-type Ti0O; (101) is seen in the vicinity of 20 = 25.3° wht_areas the angle of
diffraction 26 of the peak originated from ﬂlttile-type Ti0; (110) is seen in the

20 vicinity of 28=27.4°.  Yet, since TiO; is white and could be thus a factor which
deteriorates the light-shielding performance, it is preferred that TiO, be decreased to
the extent where it is not observed as the peak.

[0044j

The crystallite size can be determined from the half bandwidth of the X-ray

25 diffraction peak according to the Scherrer's formula shown in the equations below (1)
and (2). |
[0045]



[0068] These may be used alone or in combination with another copolymerizable 15ethylenically
unsaturated compound. Specific examples of copolymerizable ethylenically unsaturated compounds
include, but are not limited to, unsaturated carboxylié‘}acid alkyl esters such as methyl acrylate, methyl
methacrylate, ethyl acrylate, ethyl methacrylate, n-propyl acrylate, isopropyl acrylate, n-propyl
methacrylate, isopropyl methacrylate, n-butyl acrylate, n-butyl methacrylate, sec- 20butyl acrylate,
sec-butyl methacrylate, iso-butyl acrylate, iso-butyl methacrylate, Levi- butyl acrylate, tert-butyl
methacrylate, hapetaljitacrddtonin-p etharglate, 2- hydroxyethyl acryl ate, 2-hydroxyethyl
methacrylate, benzyl acrylate, and be methacrylate; aromatic vinyl compounds such as
styrene,p-methylstyrene, omethylstyrene, m-methylstyrene, and a-methylstyrene; (cross-linked) cyclic
25hydrocarbor{®%@ps such as tricyclodecanyl (meth)acrylate; unsaturated carboxylic acid aminoalkyl .
esters such as aminoethyl acrylate; unsaturated carboxylic acid glycidyl esters such as glycidyl
acrylate and glxy:igyl!‘ W}em?;;rylate; carboxylic acid 22 vinyl esters such as vinyl acetate and vinyl
propionate; vinyl cydnide compounds sudii)as acrylonitrile, methacrylonitrile, and co-chloroacrylonitrile;
aliphatic conjugated dienes such as 1,3-butadiene and isoprene; and polystyrene, polymethyl acrylate,
polymethylmetftaeryjate, polybutylacrylate, and polybutylmethacrylate, each Shaving an acryloyl group
or a methacryloyl group at its terminal. [0069] In particular, an acrylic polymer comprising
(meth)asrylic acid anéhbbafytifndetlKachyfate tsvparticubanly fokefeyrgd] Buviewnof dispeision stability and
ease of patterning. 10[0070] When dispersing a pigment, adding the acrylic polymers described above
in an amount dfBdy Bbe I phefdiidisstipreatudHageact tirdusigiteatetbbids s fighbhb dispersion in
which the pigment is djspersed in a highly stable manner. [0071] 15Further, in addition to the
above-describ&’&l%{g?ﬁ)lzé%bl é#“&B?aﬁﬁléﬂlﬁg?qé’ééﬁ%rﬁneth)acrylic acid contained in constituent units
with a compou prising an ethylenically unsaturated group and an epoxy group, an acrylic
polymer having an €thylenically unsaturated group in the side chain can preferably be used. Specific
examples thereof inclygle s comaly Bst deserbectintdD3l 2047 B 20and IR 08209484 S8
photo-curing resin "Cyclomer (registered trademark) P" (Daicel Chemical Industries, Ltd.) which is a
commergially awajleblenane/fic:frolyner) andmemalkali-sehible aarie @sipolaQr2idibesalkali-soluble
polymer preferably has an average molecular weight (Mw) 2 50f 5,000 to 40,000 (measured by gel
peimeation chiwviapyraptiyllising ot bisydhofutamas prdzimiey arbat heulaisesisidgng calibration curve
of a standard polystyrene), and, further, acﬁ)olymer having an average molecular weight of 8,000 to

performance is deteriorated and the dispersability is decreased occur.  On the other
hand, when the crystallite size is more than 50 nm, problems in that the light-
shielding performance is deteriorated and the particles likely to precipitate so that
15 shelf stability is decreased occur.  In the present invention, it is preferred that the
crystallite size be appropriately small because the reflection is close to colorless, even
though the light-shielding performance is deteriorated when the crystallite is small.
[0049]
The specific surface area of the titaninm nitride compound particles used in
20 the present invention can be determined by BET method and is preferably 5 to 100
m?*/g, more ﬁreferably 10 to 100 m?/g, still more preferably 30 to 100 m%/ ¢ Based
on the specific surface area determined by BET method when the particles are
assumed to be completely spherical and have a uniform particle size, the particle size
can be calculated by the equation (4) below.

25 100501



23 40,000 and an acid value of 60 to 150 (mgKOH/qg) is most preferred in view of photosensitive
properties, solubility in ester solvents, solubility in alkaline developers, and prevention of residues.
[0073] 5The reactive monomer may be a multifuncii®nal/monofunctional acrylic monomer or oligomer.
Examples of multifunctional monomers include bisphenol A diglycidyl ether (meth)acrylate, poly
(meth)acrylatecarbamate, denatured bisphenol A epoxy (meth)acrylate, adipic acid 1,6-hexanediol
(meth)acrylic ester, ggtﬁg{j&géwym%ggggwﬁge:@y' ex(gpgtmggéylic este(_r4)trimellitic acid diethylene
glycol 10(meth)acrylic ester, rosin-modified epoxydi(meth)acrylate, alkyd-modified (meth)acrylate,
fluorene diacrylate-hasgeloligepeers dasesfeddndepanasadnaisniNm 621483 ondP 08-278630 A,
tripropylene glycol di(meth)acrylate, 1,6-hexane diol di(meth)acrylate, bisphenol A diglycidyl ether
di(meth)acrylégenitimethytodbidpanentn{tridth heryaie/ pehitaecgtoritdlititmet miaddylatederiacrylformal,
pentaerythritol 15tetra(meth)acrylate and acid modifications thereof, dipentaerythritol
hexa(meth)a&%é&é and acid modifications thereof, dipentaerythritol penta(meth)acrylate and acid

modifications thereqf,.2,2-pis[4-(3-acryloxy-2- hydroxypropoxy)phenyl]propane, bjs[4-(3-acryloxy-2-
hydrox%propoxy)ph(é&g}ﬁ%gﬁé ,ng%Y%-%%‘ﬂ%)??—efﬁ%6ﬁ9§?8)@6?0b87(9§%%‘?\§’/ﬂ§%ﬁ%ne,
bis[4-(3-acrylgxy-Z=hydroxypr lale h . o

a-bist (3 e A Bficls finely.and problems ais n tha
9,9-bis[4-(3-agr/RxyANR &WMY&@R%XPQ%@@&@S9@@[@5&@?%&%‘4@&%%@%‘%2'
hydroxypropoxy)phenyl]fluorene, 9,9-bis[3-chloro-4-(3-acryloxy-2- hydroxypropoxy)phenyl]fluorene,
bisphenoxyetitatiohfiimire naddibe nylateiodTbigkiae devtyethanoWher enepdimdtidcrdaléarbiscresol
fluorene diacrylate, and biscresol fluorene dimethacrylate. These may be used alone or in
combination. J00 74} spaface Bedettion snalbprminationide iese poniisttionalesdhomers and
oligomers enables contral of resist sensitivity and workability. In particular, to increase the sensitivity,

use ofh comPERIRERIFAVITRS B S8 SRSt AL RGO seb sEBr AT the SISPFH¥RE functional
i i ticular, 5di t thritol h th lat i tluitol
groups, Is pr%{%@%’t%a%% g,u d@%gﬁg‘é& c?'veﬁ?“ﬂ%%% ag'aorestﬁ‘&’gﬁr&%%“ aas%sfﬁﬁ&?ﬁe%éxg“' °

penta(meth)acry ations thereof are preferr er, unsatura

9fOUp'CO”tai?i&we%‘ﬂ'i'g%?.!%@dﬁfgﬂﬁm&fﬁl‘%{%@iHS%Q%?@%&%B%V%%%‘RM’HQ&QQ%QOmpOU”d

having two glycidyl ether groups and methacrylic acid with polybasic carboxylic acid or acid anhydride
thereof are alghigheferahiyctisestin view of developability and workability. 10Further, combined use
with a (meth)acrylate containing a large number of aromatic rings and having a highly water-repellent
fluorene ring i3 Imolecule is preferred because a pattern can be controlled to a desired shape in
development. [0075] = The photopolymerization initiator is not restricted, and it preferably contains
15an’dikylphenone PHStBIEK PREIRS6R gﬁﬁ&l‘%F%%?@r%ﬁ%ﬁﬁﬁéﬁ%t@?‘ﬁhﬁt@ﬁ6Wﬁﬁ@€i§f‘étion initiator.

BhotopolymeRBagT TS ALy Y S R HAE  20p ot I cns GR T IRERERS, and the
a'aminoalkylB%%ﬂqhgmpﬂﬁwg%ﬂg%nined from the half bandwidth of X-ray diffraction
| peak and the particle size determined from the specific surface area preferably
satisfies the expression (5) below.
20 [0053]
BET average particle size (nm) < crystallite size (nm) x 2 (5)
The titanium nitride compound particles used in the present invention contain
TiN as a major component, and generally contain some oxygen atoms resulting from,
for example, contamination of oxygen during synthesis and oxidation of the particle
25 surface, which is especially marked when the particle size is small. The less oxygen
content is preferred because a higher OD value can be obtained, and, in particular, it

is preferable not to contain TiO, as a minor component. However, the less the



initiators are particularly preferred in view of high sensitivity. Examples thereof include
2,2-diethoxyacetophenone, 2-methyl-1-(4-methylthio phenyl)-2- morpholinopropan-1 -one,
2-benzy1-2-dimethylamino-1-(4-morpho|inopheny1)-1 utanone ("Irgacure (registered trademark)" 369),
2-(dimethylamino)-2-[(4- 25methylphenyOmethy1]-144-(4-morpholinyephenyl]-1-butanone ("Irgacure
(registered trademark)" 379), 1-hydroxycyclohexyl phenyl ketone, and 2-hydroxy-2-methy1-1- phenyl

propan-Il-one. 3800 ¢4htent RPERIF.EXAMIMIASRE RMIMeLLEIRBRIORRIY MR ationdnitiators include
1,2- octanedione,1-[4-(phenylthio)-2-(0-benzoyloxime)] ("hgacure (registered trademark)" OXEQ01),

ethanone,1494ethidiés (Rafietbienzoy b fdrcarhaz okRiywhlell- 5(Dhacehttoxiofextgacure (registered
trademark)" OXEO02), and "ADEICA (registered trademark) OPTOMER" N-1818, N-1919, and "ADEKA
ARICLS" NCI-8®mavaitsfisablind KAdahvoiehkt ROYybykwikigoo 78] mcad arsdrabl 1Hdsdy
photopolymerization initiators, known Ophotopolymerization initiators, e.g., inorganic
photopolymeri?’ﬂi@i‘f it SteIsEEis benzophenone compounds, thioxanthone compounds,
imidazoge com gg?s, benzothiazole compounds, benzooxazole compounds, carbazole compounds,
triazine Compaounds; phosphorus compounds, or titanates can be used in combination. Examples

thereof include benzepghenpng, NNeiaev:S 4 diRminRRERTRRRS B Al emission

154-methoxy-4'-dimethylaminobenzophenone, benzoin, benzoin methyl ether, benzoin isobutyl ether,

benzyldimethydsetaloglchydroryisahistyipiranangethiomntanne, el othiaxanthoneion-
t-butylanthraquinone, | -chloroanthraquinone, 2,3- dichloroanthraquinone,

3-choloro-2-méthyte thraduitivie nR:tbth/|arithe agotoniey g4y praptithogcindreynalyzed by
9,10-phenanthraquinone, 1,2-benzoanthraquinone, 1,4- 2 Odimethylanthraquinone,
2-phenylanthr&&?r&ﬂ%é??%iﬁ%%bmt)‘%@ed&%{enylimidazole dirner, 2-mercapto benzothiazole,
2-mercaptobe zole, and 4-(p-methoxypheny1)-2,6-di-(trichloromethyl)-s-triazine. [0079]

The or&é)nic siﬁﬁe%tja(lC) used for the black resin composition of the present 25invention is not

restricted, and eSterSF&“PﬁﬂHSs?ﬂﬁfg?{ﬁahﬁﬁ%r}ﬁﬁ’i ,ql g%g“gé‘?g%gl‘%%@a"%sﬁg‘ﬂ%%Oéeg@%ﬁCiﬁc

examples of esters include, but are not limited to, benzyl a olling point: 214C), ethyl benzoate

(boiling point: 23&C), yxauiyrelastanadbatintprint 2460 fneibyHasizoaiel (ReHing paita200C),
diethyl malonate (boiling point: 199C), 2-ethylhexyl acetate (boiling point: 199C), 2-butoxyethyl
5acetate (boiling:thoihtatd2ty tBemethaxysd- metinyd-bupyt cethte (haitinige poddiod causes less
contamination of impurities, allows synthesis of particles with a uniform size, and
15 shows high productivity. Specifically, the primary particle of the titantum nitride
compound synthesized by the thermal plasma method is formed of substantially
uniform crystallites, and using the titanium nitride compound synthesized by the
thermal plasma method allows formation of a black matrix having a lower dielectric
constant, which is preferred.
20 [0056]
Examples of methods for generating thermal plasma include DC arc-
discharge, multiple-phase arc-discharge, high-frequency (RF) plasma, and hybrid
plasma, among which the high frequency plasma which causes less impurity
contamination from an electrode 1§ more preferred.  Specific examples of methods
25 for producing titanium nitride compound particles by the thermal plasma method

include, but are not limited to, reacting titanium tetrachloride with ammonium gas in

a plasma flame (JP 02-22110 A), synthesis by vaporizing titanium powders with



188C), diethyl oxalate (boiling point: 185C), ethyl acetoacetate (boiling point: 181C), cyclohexyl acetate
(boiling point: 174C), 3-methoxy-butyl acetate (boiling point: 173C), methyl acetoacetate (boiling point:
172C), ethyl-3-ethoxy propionate (boiling point: 170€), 2-ethyl butyl acetate (boiling point: 162C),
isopentyl 10 propionate (boiling point: 160C), propylene glycol monomethyl ether propionate (boiling
point: 160C), propylene glycol monoethyl ether acetate (boiling point: 158C), pentyl acetate (boiling

point: 150C)apdl pLapYisneaica! MERATSMMLANEL asaiate (Balina PRIDL: 19 RAgAk 15Among

these solvents, acetic acid ester solvents or propionic acid ester solvents such as
3-methoxy-3imgindibistylacatater propylanerglyeal saaneethvheinaracaiaiespiapylene glycol
monomethyl ether propionate, 3-methoxy-butyl acetate, and propylene glycol monomethyl ether
acetate are paetiphtaslyporéaferch! {8082 R GBLEHIET A0lveAts/qtheluthian thetlsalvantshdescribed above,
e.g., aliphatic ethers such as propylene glycol derivatives such as propylene glycol monomethyl ether
(boiling pointePbTyditdlsyiene GRsiusisibetrynatiad rsimy peinanede) hpyaps ety col tertiary
butyl ether (boiling point: 153C), and dipropylene glycol monomethyl ether (boiling point: 188C);
aliphatic estePOBHBPthar tROSHSPEs A dH»ayn Eﬁ{ﬁﬁﬁﬁ?ﬁi’@%@ﬁﬁ@%ﬁ‘iﬁﬁ"’fmiﬁw}é’cetme (boiling
point: 126C), and i ntyl acetate (beiling point: 142C): aliphatic alcohals,such,as butanal (boiling
point: 118C), agﬁ%ﬁﬁeﬁ% o i %(ﬁfﬁénp%:‘%ﬁ%i%ecﬁ?‘gﬁ%“% athy 937-3%‘51?5{%8%?%%’ o (boiling

point: 174C); kaiapes-sHhRS MHEIMRSNINRRE MtheXRRRaxaNaRs: SQMERISaUeR, agxylene (boiling
point: 144C), ethyl benzene (boiling point: 136C), and solvent naphtha (petroleum fraction, boiling

point: 165 to fufBeineare, alsogbersisatipneamniinadiansOo8 3hrfacchusthersabtlebize afsubstrates
increases, coating with a die coating apparatus is becoming predominant, so that the solvent is
preferably a rlixeehsohaspiabyramikiblg. twdioh maorensoerg bierdain opdetud aoiaiebe an appropriate
volatility and drying properties. In cases where the boiling points of all the solvents constituting 10the
mixed SolverR&Fe! My pRRfEnSPHSHRE ISR PBroblems arise in that uniformity of film thickness
cannot be at@f&ggﬂg the film thickness after coating increases; and pigments aggregate at a nozzle part
from where the Coating solution is ejected through a slit, so that streaking occurs in the coated film. In

cases where the migecksplyent,containe many, saly RS NaNing a.nqling BRIt Reklawer fhan 200C, the

15 coated film surface becomes adhesive, and sticking occurs. Hence, a mixed solvent containing 30
to 75% by magsfva&abeidiavieg:d boiling point of 150C to 200C is preferred. [0084] In the black
resin composition of the present invention, to disperse the light- 20shielding material uniformly and
stably in a regiislution, it is preferable to add a pigment dispersant. Examples of pigment dispersants
include polyester-based polymeric pigment dispersants, acrylic-based polymeric pigment dispersants,
polyukBthane-based soRmserhopibharkntsgis persantssyBIVARAEAMING I aseidrpblyieatie dispersants,
pigment derivatjves, catignic surfactants, nonionic surfactants, anipnic 25surfactants, and

carbodiimides bﬂﬂ‘ﬁ ey mgpr@@ggt?e%gnpmved y surface treatment.  Examples

of commonly known treatments to improve insulation properties include surface
coating with resin (JP 2002-249678 A), wet surface-oxidation treatment (JP 4464081
B), and surface modification with an organic group comprising a non-polymeric

20 group (JP 2008-517330 A)). In the present invention, it is preferable to use a
carbon black that is surface-modified with an organic group comprising a non-
polymeric group, and through the use of such a carbon black, a resin black matrix
that has high insulation properties even after high-temperature heat treatment can be
obtained. In particular, it is preferable to use a carbon black that is surface-modified

25 with an organic group having a sulfonic acid group, because high insulation
properties can be achieved and reduction in insulation properties due to high-

temperature treatment can be prevented,



pigment. Further, these pigment dispersants may be used alone or in combination of two or more
thereof Since these polymeric dispersants are not photosensitive, adding them in large amounts may
deteriorate the photosensitivity of a color resist of intéest, and it is desirable to add them in a proper
amount taking into account 5dispersion stability and photosensitivity. Adding them in an amount of 1 to
50 (% by mass), more preferably 3 to 30 (% by mass), based on pigments produces the effect of
achieving highheogg@l?ilized dispersion without deteriorating photosensitivity, which is more preferred.
[0086] 10To the black resin composition of the present invention, a surfactant can be added for the
purpose of providing ceatingspreRerinsmrdismepthnessef Bisalaret cpalaa film andbpreventing
Benard Cells. The amount of the surfactant is generally 0.001 to 10% by mass, preferably 0.01 to 1%
by mass, basedewnspignibatishe/vhenrttag anhoaritas acorsrhalf thecetfsst afdptovidingweating properties
and smoothness of 15a colored coated film and preventing Benard Cells is not produced, and when

the amount is 8 rgE TSI PRdErtid s cBatey afi chibydlsoui qoter Sseehie examples of
surfactants inclyde anionic,surfactants such as ammopium lauryl sylfate and polyaxyethylene alkyl

ether suffate tr ée%ﬁ%%%g? %‘ieo;rl?f@aﬁ%% @%8?1%?8{5?1%5 ggﬁ’fﬁlﬁg %tfggﬁﬁﬁ%ir% H@é?ate%gﬁdr}gffryl trimethyl
ammonium chlgrige; ' [el lamin ' nd Jaurylk
carbox;%ethylgﬁ%%grg%gft}@%nk? gézéo %%?%%esg%%q %g; r%%j nﬁ% %?ﬁ%ﬁ%’%'gﬁ%%ﬁ'gdf %%E/ct)%%e%%ylene lauryl

ether, polyoxyethyigne-sigarnytethekoand qw@ﬂa%wfmq%&%@a%e%Jﬁgﬁnﬁfla&ﬁﬁﬂifﬁ&tams having
polydimethylsiloxane or the like as 25the main skeleton; and fluorochemical surfactants. These are not

limiting exampleshandlwkhapiesentirventoaifthewlyfabiadts caimbeddserbadanealer darigambination of
two or more thereof 29 [0088] In the black composition, of the present invention, the weight ratio
of pigment conisike AtcBresHipErféer ¢hprdrenad BreHake sanget BorRD terhonddaskarder to obtain a
black coated film having.a high OD value. The pigment component herein 5refers to the total of the

light-shididing FALEHA I AT RN ol RISRTTSSIRIStFG B BIaIER  and the resin component

refers to the to tihe alkali-soluble resin (B) composed of polymers, monomers, and the like,
oligomers, and-additives such as photopolyrnerization initiators and polymeric dispersants. If the

amount of the resin campaneptisdeesmalhiieRackcogisdfmnasaagr adbesiondaa spbstrate,

and if 10the amount of the pigment component is too small, optical density per thickness (OD

value/p.m) dectigasess bothsofwbjcharbi prebligdeaticd O89]and thithebinekesin camyposition of the
present invention, the solids concentration, that is, the total of the resin component and the pigment

component is 1Bpreferabini2on poo80ssnanbernoife prefaraixyts Wed @0eb] rpwemohdbatitgoproperties
and drying properties. Accordingly, the black composition of the present invention preferably consists

essentially of 5GRHt, RS cBhiplbAeAEs arRaBgRE tisitiomeht WaelPtHE totaFdount of the
resin componept aud i ol stielding matsra s pLoferably 2% 10:30%, 0 Org preferably 5% to
photoelectron spectroscopy (XPS), and their abundance ratio can be determined by
classifying S2p peak components into components assigned to C-S and S-S and
components assigned to SO and SOx (2 <x <4).
20 [6061]
In the sulfur components present at the surface of the carbon black in the
present invention, the percentage of components derived from SO and SOx is
preferably 70% or more, and more preferably 80% or more. The higher the
percentage of components derived from SO and SOx in the sulfur components
25 present at the surface is, the higher the insulation proﬁeﬁies become, and, further, the

less the reduction in insulation properties due to high-temperature treatment is, which

is preferred. The mechanism why a large amount of components derived from SO



20balance being the solvent. As described above, surfactants may be contained in the concentration
described above. [0090] The black resin compasition of the present invention is produced by a
method such as a method in which pigments are dispersed directly in a resin solution using a
25disperser, or a method in which pigments are dispersed in water or an organic solvent using a
disperser to produce a pigment dispersion, which is then mixed with a resin solution. The method of
dispersing pigmepiigooidesiigiedinutvatiptp engthagds tBE-indluainig thpseusing, ahal mill, a sand
grinder, a triple roll mill, and a high-speed impact mill may be used. In view of dispersion efficiency and
finely dispersingspexfolinzeveoseiingddeidmal ddindsfereaid. tashb eabeadiaitk hecorvadl mill, a basket
mill, a pin mill, a DYNO mill, and the like can be employed. As the beads 5for the bead mill, titania

beads, zirconid BEsls, Ao pesidL hracsufarasiyiaséad Jodearoxidied emprediads the beads
d for di ion i f 0.0 to 5.0 , and ferably 0.03 to 1.0 N

ases whore TR S BAAAANG 215 THTHS G R SR Be L on G S BVes formed by

aggregation afdne 4 3eHMALKRAUclEs A PALNNG AieRerpIan Reads of 3. .0 40 mm are

preferably used. In this case, It is preterred that dispersion be carried out by using a bead mill having a

centrifugal separatar grpabie:ekeeparatingihefigerdispersion beads from a dispersion. In cases
where pigments containing larger submicron particles are dispersed, dispersion beads with a size of

0.10 nun or nhabé2dre 15preferably used because sufficient grinding strength can be attained to
disperse the pigments finely. [0092] An example of the method of producing a resin black matrix

substrate using the blcioeedis eoians sive e bihmheaphesdiidhvsedion hithresené issatigpapparatus will

20be described. Examples of substrates generally used include transparent substrates such as soda
glass, alkali-fPOLTgHEEe nﬁ]'éﬁs%‘?&aé‘l‘ﬁﬁ?w hg!lqiﬁﬁt@%@?@t&?lﬁ%ﬁﬁﬁ%@&f]ﬁ?&%}@coaﬂng

apparatus include the shegt coatin aratus disclosed, for.example, jn Japanese Patent No.
150588 and DA N e R e U e I postion
(coating solutigh): ofheBIESRNHhZ P1H1YSHUTNIS SipRladHEQmBoAPAZIR 133G sibgitaigds moved,
whereby the black resin composition can be applied onto the substrate. In this casSe, since a large
number of sufistiates-ard eQatettdll phieeiriosaniedang: timepaperRiiond esiilisagethpitpinmeants 31
aggregate at the nozzle part from where the coating solution is ejected through a slit, which can be a
coating defedhtoeteigst 1heldftutséasebjiood]sirethisncaduchteads atingtdeteatci golvad to increase the
yield by incorporating 5the step of wiping the nozzle, an ejection port of the apparatus, with a solvent
containing th&'3BBbe-d&&shibs é%‘i‘é‘?%%?@%‘ﬁp%i‘/ﬁ%aaél BRAFHE SUTLST AS0C Dr hlgHer in an amount of

0 .
40% Pé’ masspl_t{fan%%:i p%?tltc g é?ztgl,l tﬁ%lyi%mlsﬁlse 1§gc QB%& 3?8"6’:%@65, or carbon blacks come in

contact with each other in a resin coating to reduce the insulation properties of the
black resin coating, which is not preferred.
[0063]
| To make the effects of the present invention prominent, it is preferred to use
20 titanium nitride compound and/or carbon black as the (A) color pigment. The
percentage of the titanium nitride compound in the total weight of the light-shielding
material (A} is preferably 20 to 80% by weight, and more preferably 30 to 70% by
weight.  When the percentage of the titanium nitride compound is small, the
reflected hue has an achromatic color, but the msulation properties are reduced,
25 which is not preferred. In particular, reduction in insulation properties due to high-
temperature thermal history will be significant, and, further, the dielectric constant

will be high, which it not preferred.  The larger the percentage of the titanium



the black resin composition is applied onto a substrate, and then the solvent is removed, for example,
by air-drying, vacuum drying, or heat drying to form g coated 10 film of the black resin composition. In
particular, by performing a vacuum drying step and additional heat drying with an oven or a hot plate,
coating defects caused by convection are solved to increase the yield. The vacuum drying is
preferably carried out at normal temperature to 100C for 5 seconds to 10 minutes at a reduced
pressure of 50fitiedtQ¢Rppyundie, phefakdialytiat arekticedpressierenind thehrashgddof d bdat 5 (Pa).
15The heat drying is preferably carried out using an oven, a hot plate, or the like at a temperature in
the range of 50tbthooOMRretdisk tbntilastad Mhintites fo0TaT N Esg ParrsasIe OB IReH BYiHe coated
film, and ultraviolet rays are irradiated using exposure equipment. Then, developing is performed using
an alkaline 20d&%86 FPSYRAIBTPRIRHIBELER TS (e ASRANTE8VBI0ping solution containing 0.1
to 5% of a surf@%tﬁ t such as a nonionic surfactant because a better pattern can be obtained.
Examples of alkaline substances used in the alkaline developing solution include, but are not limited
to, inorganic alkalis s4i6ha5 sQAium, BYFERXIHE -RAIRSSIMBI AT XIg RIS fRIRORGIEn ARLaSSIUM
carbonate, sodium 25silicate, sodium metasilicate, and aqueous ammonia; and organic alkalis such as
primary aminegslghy assathylabinesaddsnepropyiaminas sadadeeory @miras sudhsas disthidamine and
di-n-propylamine; tertiary amines such as triethylamine and 32 methyldiethylamine;
tetraalkylammeHiahndijevekigesisucte ad dpingmsttnaamimp hiumihy drpatiden(Juvined)a blaskemary
ammonium salts such as choline; alcohol amines such as triethanolamine, diethanolamine,

monoethanolafiiaX dinfeiPRIHSETHRG! TSHES AR MANABEERSHBIC SPR0e\FERE Biisrss Qitbh as

pyrrole, piperidine,. 1,8- 5diazabicyclo[5,4,0]-7-undecene, 1,5-diazahicyclo[4,3,0]-5-nonane, and
orpholine. [00BE] T RSN EA PR B P AT G R EoGLa 581Dy RALCHa 8006 by mass,

preferably 0,-°%‘é@ifzy MBI O% LN asEHAND NONE PERLRIRRLY.0- 010460 PiasRn faurther, when

the developing solufion is an aqueous alkaline solution, water-soluble 10organic solvents such as

ethanol, y-butyraiactaresitprtvieupamid ehand MNextreidne L f3r Ry IO NE Neayragsappeiiately
added to the developing solution. [0096] Among these developing solutions, an aqueous developing

solution of an aquetug aldaline: gokitiaitity @iréfe edkinesiewonfposikcenvidonthent and waste
15developing solution disposal. [0097] Any development method such as immersion method,
spray method, Brogesdaietvrahiedirely e sy, e i yesis bsaaent; WdsHHyavitepere water or the
like is performed. 20[0098] The resulting coating, pattern O§[ the black resin composition is then
heat-treated (p%@ﬁé@e@?%"ﬁ%ﬁiﬂﬁgﬂ%W@é@ﬁ&é‘fﬁf&ﬁtﬂi aﬁ@eﬁg?%ﬁlé‘%gﬁﬁtgﬂlé%%&ﬁinuously or

stepwiﬁg?, for exam le, in air, in a nitrogen atmosphere, or in vacuum at a temperature of 150 to 300C,
preferably 180802 (.S)'C, for 0.25 to 5 hours.

[0065]

Examples of photosensitive alkali-soluble resins are shown below, but are not
limited thereto.
[0066]

20 The photosensitive alkali-soluble resin is composed at least of an alkali-
soluble polymer, a reactive monomer, and a photopolymerization initiator. For the
quantitative ratio of them, the weight ratio of the alkali-soluble polymer to the
reactive monomer is generally 10/90 to 90/10, and the amount of the
photopolymerization initiator is about 1 to 20% by weight based on the total weight

25 the polymer and the monomer.

[0067]

As the alkali-soluble polymer, an alkali-soluble polymer having a carboxyl



25[0099] The optical density (OD value) of the resin black matrix thus obtained from 33 mm of film
thickness within the visible wavelength range between 380 and 700 urn, more preferably 3.0 or more,
and still more preferably 4.0 or more. The OD valuélis measured using a multi channel photo detector
(MCPD2000 manufactured by OTSUKA ELECTRONICS CO., LTD.) and calculated by the equation
(6) below 5[0100] OD value =1og10 (WI)(6) wherein, 10 represents the intensity of incident light, and |

represents thgram?@H&&H@ﬁpmiﬁﬁgﬁg%&%%@%fa@iaea‘m«?gféiqu@gm%ﬁCity of the resin black

matrix is measuréd on the transparent substrate surface, and the chromaticity values (a*, b*)

calculated byrhenplkslsmathiantaesysiesr yRingithd teliastanee speetiiy foustangdard illuminant C
according to the method of JIS-Z8729 are preferably both -2.0 to 2.0, and more preferably -1.0 to 1.0.

If the chromatioipjivatiésafethdstylaredebsithanic20ida abdproblemetii seslinttbabthelimagdseflected in
the film surface looks bluish and greenish when looking at the resin black matrix through the

transparent stHsStAstEaeHHGRIMSy A FRTd that PubatcheBlieh asibarhiyitiies thererEigadeflected in the

film surface looks reddish and yellowish. [0102] 20The surface resistance value ps (Q/D) of the resin
black Matrix RPFEE 3&%&6&@?@5’.98?%?%1%?@ ?1‘8}31?‘8% B‘Fb‘?&?%ﬁf [012 (STD) or more. The surface

resistance v Hl%tﬁ?&ﬁg%%tf%@?%%ﬁgﬁm&ﬁ%ﬁrm%% Cb[%{()qs%‘s%%i@{dl{ lqvi:c_ording to "JIS K

6911". [0103] 25The t Er at 1 MHzof the re matrix is preferably 10
or less, moreipiairRbidipbiensdand.stihamoRpieiarably fofl8ss MAhendhs relativedielectric

constant of the resin black matrix is more than 10, an 34 non-uniform electric field in a touch panel
can be causeqshlieadingttinredbic ed ansitivitysglia sadsoneleciodeothiruelativasdigtaciric constant of
the resin black matrix is preferably as small as possible. The lower limit thereof is not limited, but
generally notdespetad comprismgAseAmPrbS [oa0dhted STow prasenhtpwv@mionpwidionow be
described in more detail using Examples and Comparative Examples, but the present invention is by

no me8ns linfEGF RPN FSIRGTiNG BRa preRroTsbe S P LR Ao MetHoeps! developing.

As the ethylenically unsaturated group, acrylic group and methacrylic group are
preferred.
[0068]
These may be used alone or in combination with another copolymerizable
15 ethylenically unsaturated compound. Specific examples of copolymerizable
ethylenically unsaturated compounds include, but are not limited to, unsaturated
carboxylic acid alkyl esters such as methyl acrylate, methyl methacrylate, ethyl
acrylate, ethyl methacrylate, n-propyl acrylate, isopropyl acrylate, n-propyl
methacrylate, isopropyl methacrylate, n-butyl acrylate, n-butyl methacrylate, sec-
20 butyl acrylate, sec-butyl methacrylate, iso-butyl acrylate, iso-butyl methacrylate, feri-
butyl acrylate, fert-butyl methacrylate, n-pentyl acrylate, n-pentyl methacrylate, 2-
hydroxyethyl acrylate, 2-hydroxyethyl methacrylate, benzyl acrylate, and benzyl
methacrylate; aromatic vinyl compounds such as styrene, p-methylstyrene, o-
methylstyrene, m-methylstyrene, and o-methylstyrene; (cross-linked) cyclic
25 hydrocarbon groups such as tricyclodecanyl (meth)acrylate; unsaturated carboxylic
acid aminoalkyl esters such as aminoethyl acrylate; unsaturated carboxylic acid

glycidyl esters such as glycidyl acrylate and glycidyl methacrylate; carboxylic acid



[Surface Elemental Composition] The surface elements of the carbon black were measured by X-ray
photoelectron spectroscopy (XPS) using a measuring device ESCALAB 220iXL 15 (trade name)
under the following measurement conditions: excitaté@n X-ray; monochromatic AlKal,2 radiation
(1486.6 eV), X-ray diameter; 1 mm, and photoelectron take-off angle; 90. [0106] [Specific surface
area] 20The specific surface area of the particles was measured using a high- performance automatic

gas adsorption, %E%ﬂssﬁc%%Q%Qﬁ-ﬁ@ei%@aﬂlﬁoﬁfﬁ%%gglﬁé 'c:fﬁlylao?/gﬂzdg EoéHS{uY@sC“ um

degassing at 100C, the adsorption isotherm of N2 gas at a temperaturé of liquid nitrogen (77 K) was

measured andsasriyzed-RyRETE meinediedrigenine henspeeiicisuifare aigpadaom the value of the
specific 25surface area, a BET patrticle size was determined by using the equation (4) described

above. In the caloplgtied, dieecspacifiesgravitytadiens. 24d(gtamBewas] pebd tioetkeptityniatiyhitride
compound particles, and the specific gravity: d = 1.80 (g/cm3) was 35 used for the carbon black.
[0107] [X-Ray Bifatticnlwoeayinndesonalvasohdaslasaybycsmrdre bWaobrethaamiple isreh aluminum
5standard sample, holder % {gg wide-angle X-ray diffraction method (RU-200R manufactured by -

Rigaku Corporatioh§ M&s A8 Jletdnsihad IRLF P RSN Biditions: X-ray source; CuKa
radiation, outptg}}g kV/200 mA, slit system; 1-1-0.15 mm-O 45 mm, measurement step (20); 0.02,
mi

and scan rate; . The angle of diffraction at the peak derived from (200) plane observed 10around

20 = 46 was measureg.faHithess, amHgchaihaadwidinehbheReak denvaedrom (A9 plane, the size

of crystallites constituting the particles was calculated using Scherrer's formula of the equations (1)
and (2) descrilfed-éthorelaie 108 oo sitidarddaty sish/ & Tdepennsantdfilitanniratoais was
measured by ICP optical emission spectrometry (ICP optical emission spectrometer SPS3000 _
manufactured B§tSaik&ZInstruments Inc.). The contents of oxygen atoms and nitrogen atoms were
measured with Oxygen/Nitrogen analyzer EMGA-620W/C manufactured by HORIBA Ltd., and
determifled by[ﬁ)ﬁa’g as fusion-infrared absorption method for oxygen atoms and 20by inert gas
fusion-thermal condug‘t)']\llitég %Setek}(s)igl f%r r}itrrrtl) 1ﬁna%tci)ﬂrpst O%QQJiLAdhesgn (}'est ESA‘ Je%in black matrix
having a film thickness or 1 Bm was foffed on & soda glass, an%o%ﬁlélaaheeglcon befween the soda

glass and the hardened B waseyalHatesh RoPY N8R assauPESIINgest By,affgsion tape according
to JIS K5400 8.5.2 (1990).

pigment dispersion in which the pigment is dispersed in a highly stable manner.
[0071]

i5 Farther, in addition to the above-described acrylic polymer obtained by
reacting {meth)acrylic acid contained in constituent units with a compound
comprising an ethylenically unsaturated group and an epoxy group, an acrylic
polymer having an ethylenically unsaturated group in the side chain can preferably be
used. Specific examples thereof include a copolymer described in JP 3120476 B

20 and JP 08-262221 A,a photo-curing resin "Cyclomer (registered trademark) P"
(Daicel Chemical Industries, Lid.) which is a commercially available acrylic polymer,
and an alkali-soluble cardo resin.
[0072]

The alkali-soluble polymer preferably has an average molecular weight (Mw)

25 of 5,000 to 40,000 (measured by gel permeation chromatography using

tetrahydrofuran as a carrier and calculated using a calibration curve of a standard

polystyrene), and, further, a polymer having an average molecular weight of 8,000 to



In the surface of the hardened film on the glass substrate, 11 parallel lines were drawn at 1 mm
intervals in the perpendicularly crossing longitudinal and transverse 36 directions, respectively, with a
cutter knife such that the each line reached the gla%% plate to folio 100 cross-cut squares each sizing 1
mm X 1 mm. A Cellophane adhesive tape (width 18 mm, adhesive force = 3.7 N/10 mm) was attached
to the surface of the cross-cut surface of the hardened film, and rubbed with an eraser 5 (which

passed the tesf aaearding 46id 191RE058) {9 prheretitaianes HhenRer&daeRfiag tape was gripped to

hold the tape in the direction perpendicularly to the plate and the tape was instantaneously peeled off,
followed by visuatiseostint pgothetivembarbolith e crosssclitcagy ackshitimaimaticn bnetievplaersT he
adhesion was evaluated based on the area of the peeled off cross-cut squares according to the
following critéfigd:PreSpéuled BHidisa 0% 4:peeled off area 1 - <5% 3:peeled off area 5 - < 15%
2:peeled off area 15 - <35% 1:peeled off area 35 - <35% 150:peeled off area 65 - 100% Further, to
evaluate the Wé%ion after a wet heat treatment, a black matrix substrate subjected to a PCT

(Pressgre Cooker T?Eprtre{%‘r]nent was §_1I§1% t%%tgd ‘Zﬁﬁﬂ}ﬁcﬁdﬁa ion in tggusoanle (g@nner as described
aboveThe conditions of the PCT treatment were. emperature i‘?f‘é’f‘hum.&‘ﬁy% b?o, 2 atm, 12 hours.

20[0110] [Chemical Resistanatd eSHAKPRR Hagkmattrdhaving AR hekressphindpm was

formed on a soda glass, and immersed in aqua regia and an organic alkali solution, respectively,

followed by edglyatigh «héhgradhrsionis, heasanemanngtastdesesbachabadesiifiersiconditions of

the treatment with aqua regia were 50C for 5 minutes in a mixed solution of hydrochloric acid/nitric
acid/distilled vpater tn28YBIERM b pdipightid he dondittdivd ohdte)areglimesntenvithtbiabicorganic alkali
solution were 80C for 5 minutes 37 in a mixed solution of MEA (monoethanolamine)/BDG

(bl_JtyIdigchol?nili’%@ﬁ@%%&)’%g}ﬁ%ﬂi’]hﬂﬁ‘éé’gmﬁﬁﬁl]v @@@ﬁ*b% Iﬁ*ﬁ@é‘?ﬁﬂhé’b%{@egbﬁ@éms mask having

e e e kA i sy O um vas ormed o

be formed wa, @RItk Iddrehd R MRl sk Cu SIRUB ARG S UL AR AP AR RGES of 1.O um
3621533 or JP 08-278630 A, tripropylene glycol di(meth)acrylate, 1,6-hexane diol
di{meth)acrylate, bisphenol A diglycidyl ether di{fmeth)acrylate, trimethylolpropane
tri(meth)acrylate; pentaerythritol tri{meth)acrylate, triacrylformal, pentaerythritol

15 tetra(methjacrylate and acid modifications thereof, dipentaerythritol
hexa{meth)acrylate and acid modifications thereof, dipentaerythritol
penta(meth)acrylate and acid modifications thereof, 2,2-bis{4-(3-acryloxy-2-
hydroxypropoxy)phenyl |propane, bis[4-(3-acryloxy-2-
hydroxypropoxy)phenyl]methane, bis[4-(3-acryloxy-2-

20 hydroxypropoxy)phenyl]sulfone, bis[4-(3-acryloxy-2-hydroxypropoxy)phenyl]ether,
4,4"-bis[4-(3-acryloxy-2-hydroxypropoxy)phenyl]cyclohexane, 9,9-bis{4-(3-acryloxy-
2-hydroxypropoxy)phenyl[fluorene, 9,9-bis[3-methyl-4-(3-acryloxy-2-
hydroxypropoxy)phenyl]fluorene, 9,9-bis[3-chloro-4-(3-acryloxy-2-
hydroxypropoxy)phenyl Hluorene, bisphenoxyethanol fluorene diacrylate,

25 bisphenoxyethanol fluorene dimethacrylate, biscresol fhiorene diacrylate, and

biscresol fluorene dimethacrylate. These may be used alone or in combination.

[0074]



glass, and the OD value was detertnined using a multi channel photo detector (manufactured by
OTSUICA ELECTRONICS CO., LTD., MCPD2000) by the equation (6) mentioned above. 15[0113]
[Surface Resistance] A resin black matrix with a<film thickness of 1.0 pm was formed on soda
glass, and the surface resistivity (52/0) was measured using a high resistance meter (Hiresta UP
manufactured by Mitsubishi Chemical Corporation). 20[0114] Also after the black matrix was

heat-treated in an oveplaithadendbininviest thespoigtamerisiviivuasdmeadurgoinassimilar
manner. [0115] [Reflected Light Chromaticity] 25A resin black matrix with a film thickness of 1.0 um
was formed oresddesgkassobithrasibicknesyief dand merkanidtyhe bhpamigtitity tofifigiseseflected from the
glass surface was measured using an UltraViolet-Vis-Near InfraRed 38 spectrophotometer (Shimadzu
spectrophotoni8BsH YN oBE0H @ CAREQETrERABRE B 66 MO SRS AR WAOBRSNEW $ange; 300 to 780

, li itch; 1.0 , : low, and slit width; 2.0 . [0116] 5Synthesis E le 1;
Sy o G B S DG R e T R PRI srycol monomethyi
ether acetate, 41,97.9 (164 Qg (gfe%a§5fé@%\!%9é>@bt9&w@v5@&9&&@@;9&%@%&1&&8 g (160

mrnol) of tbutylamine were added, and the Tesulting mixture was stirred for a while at room

temperature apciiematiHethatdPidOrddauds. Fhereaiatatimmpdrsepianthiieatarslo 80C and

allowed to react for 6 hours. The obtained solution was diluted with propylene glycol monomethyl ether
acetate to a soldubdnoeniration Gft26¢d toy obtaimaanezedisobiitorefaxi) @inpound having two
3-(tert-butylcarbamoy1)-6-(trimethoxysilyphexanoic acid and

2-(2-(tert-butylekyhiy)-othstaseway-s e arsEiraxiisiRpih shta poloasie. qoberyis gy wicxil Example 2:
Synthesis of Silane, Coupling Agent Mixed Solution (a-2).  To 200 g of propylene glycol monomethyl
ether acetate, BTHFEY %%q)%%@(ﬁmﬁth’owﬁﬂybﬁ%wgd% B IS4 (160
mmol)loJ tpentﬁlla ine_ were a ded aﬂg%@gﬁzgltiqgtmix;%re was srtirred forba Wl%ile at room

temperature and %rﬁcs ired a Iﬁs&’?v for 2 hour .Qﬂ%erggﬁera,j lrég‘rraﬂxr %I%/Ivlgls %ro%eaa{?é%a 6080C and

allowed to reagt for & naus T Qﬁi??&@%ﬁ@b@i%ﬂ%@ﬁ@%ﬂm@rﬁBYé@&!‘é glycakmanomethyl ether

acetate to a solid concentration of 20% to obtain a mixed solution (a-2) of

2-(2-(t-pentylaminake axaeihythd b fdoeibited sily pertbsioipatidantbdrient-pentylcarbamoy1)-6-
(trimethoxysilyphexanoic acid. 25[0118] Synthesis Example 3: Synthesis of Silane Coupling Agent
Mixed Solutiori4873) To 200 g of propylene glycol monomethyl ether acetate, 41.97 g (160 minol)

The photopolymerization initiator is not restricted, and it preferably contains
15 an alkylphenone photopolymerization initiator and/or an oxime ester
photopolymerization initiator.
[0076]
Examples of alkylphenoné photopolymerization initiators incfude -
aminoalkylphenone photopolymerization initiators and o-hydroxyalkylphenone
20 photopolymerization initiators, and the a-aminoalkylphenone photopolymerization
initiators are particularly preferred in view of high sensitivity. Examples thereof
include 2,2-diethoxyacetophenone, 2-methyl-1-(4-methylthio phenyl)-2-
morpholinopropan-1-one, 2-benzyl-2-dimethylamino-1-(4-morpholinophenyl)-
butanone ("Irgacure (registered trademark)" 369), 2-(dimethylamino)-2-[(4-
25 methylphenylymethyl]-1-{4-(4-morpholinyl)phenyl}-1-butanone ("Irgacure (registered
trademark)" 379}, 1-hvdroxycyclohexyl phenyl ketone, and 2-hydroxy-2-methyl-1-

phenyl propan-1-one.



39 of 3-(trimethoxysilyl)propylsucc nie anhydride and 9.45 g (160 mmol) of isopropylamine were
added, and the resulting mixture was stirred for a while at room temperature and then stirred at 40C
for 2 hours. Thereafter, the mixture was heated to 89C and allowed to react for 6 hours. The obtained
solution was diluted 5with propylene glycol monomethyl ether acetate to a solid concentration of 20%
to obtain a mixed solution (a-3) of 2-(2-(isopropylamino)-2-oxoethyl)-5- (trimethoxysilyppentanoic acid
and 3-(tert-is «;-)Hylcarbamoyl)-G- (trimethoxysilyphexanoic acid. [0119] 10Synthesis Example 4:
Synthesis of Silane Coupling Agent Mixed Solution (a-4) To 200 g of propylene glycol monomethyl
ether acetate, 41.9%ge(160 srma)QfF-(Himethoxysilyopupysusainic anhysrdgcantt 9.45 g (160
mmol) of npropylamine were added, and the resulting mixture was stirred for a while at room
temperature asfdngrannstifréH- @haodor) ZHoUsnThdreafte)] b gatasrecgaseiSheated to 80C and
allowed to react for 6 hours. The obtained solution was diluted with propylene glycol monomethyl ether

acetate to a $3M5EBHde RO ofbara® bt Frisea stisaaas Wbt-carbazol-3-y1]-,1-
2-(2-0x0-2- lami t -5- (trimeth ilyl tanpj ' d,,
B-Eprgéglca&ﬁrg?rg%%ar?%}%a?{é E)“(‘33/‘13%4{' 5?1%)550%%%(%%?%& %%?%?ﬁ’t%%%ié%%le 5: Synthesis of
Sil Couplj ' i " 0 | : | eth
llane Loup @%@&?&Mé&%&@%ﬁdﬁék N-18120R9 § prany %{%X&%%%}%é}y ether

acetate, 41.97 g(160 mmol) of 3-(trimethoxysilyl)propylsuccinic anhydride an 160 mmol) of

aniline were gelfedh;antkthe reaulinmeixiue waxstirred for a while at room temperature 25and then
stirred at 40C for 2 hours. Thereafter, the mixture was heated to 80C and allowed to react for 6 hours.

The obtained@&wl&tion was diluted with propylene glycol monomethyl ether acetate to a solid
concentration of 20% to obtain a mixed 40 solution (a-5) of 2-(2-oxo-2-(phenylamino)ethyl)-5-(tr
methoxysilyl)pentaridiedaéitpa tel tBegsidaiparrasTsrios - @imtmrokysiphexanoic acid. . [0121]
Synthesis Example 6: Synthesis of Silane Coupling Agent Mixed Solution (a-6) 5To 200 g of propylene
glycot ?nonomléfe%f%%ﬁ%?%{%}%f@?sge(&eWﬁ?&%@é&?ﬁ%ﬂ%@&mﬁfemh #anhydride
and 7.37 g (%69(& eg}ll)ogge angl Wsrtghz,atddegi and. the res%giqgur&ilxg re was stirred for a while at room

‘temperature an R stirred at 40C for lf)ﬁaélurg.nq“ﬁglrne%(ﬁ}élr, fhe mixiure was heated to 80C and

allowed to re@ﬁi&ﬁ%&H@aJ{w@uﬁ&é?‘H&%&S&%&@@d@ﬁﬁ;%ﬂ&@?a%ﬂ%’i@%lﬁ%@g%@@'t}‘ﬁ%ﬁgonomethw

ether acetate to a solid concentration of 20% to obtain a mixed solution (a-

4-ethoxy-4-oxerdirinte thioxysibyieutansioabicoanthAaeth oxy #e wa-3r (stmethosysilyl)butanoic acid.
[0122] Synthesis Example 7: Synthesis of Silane Coupling Agent Solution (a-7) 15To 400 g of
propylene glycaiminschesthyiethuledcarag) gy Y, eotractinl)- 643 damethoxyeiypropylsuccinic
anhydride and 11.70 g (160 mmaol) of tbutylamine were added, and the resulting mixture was stirred for
a whi€ at rodrrehaperandisdhy 4ndnebsPrenbisne Rimaoibienzaie raathet cther misiigeéwas heated to

e B e 2 SSAPRE 1 o 2OP SRS, ! morome
. chlorothioxanthone, f-butylanthraquinone, I-chloroanthraquinone, 2,3-

dichloroanthraquinone, 3-choloro-2-methylanthraquinone, 2-ethylanthraguinone, 1,4-
naphthoquinone, 9,10-phenanthraquinone, 1,2-benzoanthraquinone, 1,4-

20 dimethylanthraquinone, 2-phenylanthraquinone, 2-(o-chlorophenyl)-4,5-
diphenylimidazole dimer, 2-mercapto benzothiazole, 2-mercaptobenzooxazole, and
4-(p-methoxyphenyl)-2,6-di-(trichloromethyl}-s-triazine.
[0079]

The organic solvent (C) used for the black resin compbsition of the present
25 invention is not restricted, and esters, aliphatic alcohols, ketones, and the like can be

used.

[0080]



diluted with propylene glycol monomethyl ether acetate to a solid concentration of 20% to obtain a
solution (a-7) of 1-(tert-buty1)-3-trimethoxysilylpyrrolidine-2,5-dione. [0123] Synthesis Example 8:
Synthesis of Acrylic Polymer (P-1) 25Methyl methacHlate/methacrylic acid/styrene copolymer (weight
ratio: 30/40/30) was synthesized according to the method described in Example 1 of Japanese Patent
No. 3120476, and then 40 parts by weight of glycidyl methacrylate 41 was added thereto. The

resulting mixture wasdigdeRosigd yatopuetirdaiae, flierednantatierio iaineaeryl polymer
(P-1) powder having an average molecular weight (Mw) of 15,000 and an acid value of 110 (mg

KOH/qg). [0124{t=Riagdyetion Hxamplanll Beagvatigboafitgasom bicke Ojspeisient 4Bnt) The surface
elemental composition of a carbon black (CB-Bkl) which surface was modified with sulfonic acid
groups by the thethog p@isbréidgEd IRthyPbogostE7dR0inas 118800, 0), Thisthvhnaderail 5:2%; as for
the state of S element, the ratio of components assi%ged to C-S and S-S hased on S2p peak

components W1 BTSN hE batistBY EemparEAts Redinsarpiatsldahd: SBRBAEEIBN S2p peak
components was 10%: and the BET value was 54 m2/g. [01 The carbon black CB-Bkl (200 g), a
ook by o B T L R A o R R othor aoeiato

2 0% by WeiSIS-RSObUaR (ko i 215 9NSTele oAk B d3pam . 55,2 polymeri

dispersant, and propylene glycol monomethyl ether acetate {675 g) were charged into a tank, and
stirred with a hppen)ixgic(Bhemfacitedhyibekusyt ICURCK oopREe:y tk)iferalahowotagbtain a

pre-dispersion. Thereafter, the pre-dispersion was supplied to Ultra Apex Mill (manufactured by

KOTOBUKI INBWSTRIES )COe 30 bFdoredetip fedling panve n i Fgatrny sé pahator piopediidée with
zirconia beads with a diameter of 0.05 ram (available from Nilckato Corporation, YTZ balls), and

dispersion wadkaitiedbsittat Préthtioptisgdudvbrectiis fn Droerstol 664 BUEHSh black dispersion
CB-1 with a solids concentration of 25% by weight and pigment/resin (weight ratio) .= 80/20. 25[0126]
broduction ExAHIE BB BRI bl TR TG e PR e GIEP B acion 20 of
the peak origi om:.the (&Qggp 42 titan] ity i duced by
thermal plasmr?En%ﬁe{t oltgjgegllléKl, vé%g@%%fo@@gﬂé{%%@ﬁ%ﬁﬁ%%%m%@ﬁﬁcﬂﬁ Iél?%?FP Lot
1320910202) wag-¢3. @%ﬁtﬁ%@%@%ﬂ@ﬁiﬁ'@gcﬁﬁiﬂﬁﬂﬂéﬂ fremphal bandwidih.efdbeasgk was 21 9 nm;
and the BET specific surface area was 85.0 m2/g. A composition analysis revealed 5that the content
of titanium wagherdietayewieidihiy the momt&Rtof nitrogen was 19.9% by weight; and the content of
oxygen was 8.86% by weight. No X-ray diffraction peaks originated from TiO2 were observed at all.

[0127] The titaHid& hitride Ti-Bkl (200 g), a 40% by weight solution of the acryl 10polymer (P-1) in

propylene glycol monomethyl ether acetate (94 g), a 40% b%/ weight L
15 Among these solvents, acetic acid ester solvents or propionic acid ester

solvents such as 3-methoxy-3-methyl-butyl acetate, propylene glycol monoethyl ether
acetate, propylene glycol monomethyl ether propionate, 3-methoxy-butyl acetate, and
propylene glycol monomethy! ether acetate are particularly preferred.
[0082]
20 Further, solvents other than the solvents described above, e.g., aliphatic ethers
such as propylene glycol derivatives such as propylene glycol monomethyl ether
(boiling point: 120°C), propylene glycol monoethyl ether (boiling point: 133°C),
propylene glycol tertiary butyl ether (boiling point: 153°C),' and dipropylene glycol
monomethyl ether (boiling point: 188°C); aliphatic esters other than the above such
25 as ethyl acetate (boiling point: 77°C), butyl acetate (boiling point: 126°C), and
isopentyl acetate (boiling point: 142°C); aliphatic alcohols such as butanol {boiling

point: 118°C), 3-methyl-2-butanol (boiling point: 112°C), and 3-methyl-3-



solution (31 g) of LPN 21116 available from BYK Japan ICK as a polymeric dispersant, and propylene
glycol monomethyl ether acetate (675 g) were charged into a tank, and stirred with a homom xer
(manufactured by Tokusyu Kika Kogyo Co., Ltd.) fo¥71 hour to obtain a pre-dispersion 1. Thereafter,
the pre-dispersion 1 was 15supplied to Ultra Apex Mill (manufactured by KOTOBUKI INDUSTRIES
CO., LTD.) equipped with a centrifugation separator 70% filled with zirconia beads with a diameter of

0.05 mm (avaylehls AR NICK (AFRRRRY9A O TZ AAIS)s A0 SparHON s cayfed out at  rotation

speed of 8 m/s for 2"hours to obtain a titanium black dispersion TB-1 with a solids concentration of

25% by weiglt aiot ZQApigentiresinsweighit valie) (F 3G dat2B8iProductiondaxaraple 3: Production of
Red Pigment Dispersion (R-1) The organic pigment PY254 (R-1, produced by BASF) in an amount
of 120 g, 100(§miiagdBfib by 368(ghtsdkilpemohtpbthefpepolpmariiRddrinhpibipyleomglyEdt@5monoethyl
ether acetate, 100 g of a 40% by weight solution of LPN 21116 available from BYK Japan MC as a
polymeric disb@gggﬁa&rﬁseé’@ g6 prepyrbHEERfE0l monoethyl ether acetate were charged into a tank,
and stirred wi &%ﬂomomixer 43 (manufactured by PRIMIX Corporation) for 20 minutes to obtain a
pre-dis?)ersio . reafter, the pre-dispersion was supplied to Ultra Apex Mill (manufactured by

KOTOBUK1 INDUSE@#E%’ th?eLsT%'é) ng@iﬁgpﬁgsvlvi qe%s%gn%g%%%i{%%s? %rgé(ﬁ{.w% filled with zirconia

beads with a diameter o 5 mm (avai rom Neturen s]f,gcmd dispersion was
carried out ata%ﬁéﬁﬁﬂ@@s#ﬁ%@ﬁﬁﬁ%ﬁﬁééﬁﬁ%ﬁ%rﬁﬁ@QE@Q&Y?Q'%@@‘%%Q%B’?&?EW&Y‘l with a

solids concentration of 20% by weight and pigment/resin (weight ratio) /40. Production Example 4:
Production ofcBingrRiggnent RispeesiomBainiA bl vedpigmssiti eisparsiproprikwasiabiaingdiin the same
manner as in the 10case of the red pigment dispersion R-1 except that organic pigment PB 15:6 (B-1,
available frord"YO¥ OreRKtCO ., IBspsweibens dekdodinigraens. JDAR dicaldentiowExartipte 5:
Production of Yellow Pigment Dispersion (Y-1) A yellow pigment dispersion Y-1 was obtained in the

same-thannel S a5eaka o P & it dfspBrab RIRR LB A&ise iahat yaHR Bidment PY139

(Y-1, available from Clariant) was used as a pigment. [0130] Ex le 1.The carbon black dispersion
Coi (67 9 5 T B S R R T oty TR R eseSoton obtained by
dissolving a 440 BuWRIGhiSAIIaR1A2 5.0) ehie AR hRAMEL Gkl ihRropylgRe glycol monoethy|

ether acetate, a 50% by weight solution ( g) of dipentaerythritol hexaacrylate (DPHA manufactured
by Nippon KayekusEe siltido dstamedlidupctorahmenemed mpropyensgyaetdmmnamethyl ether

acetate, "ADEKA ARKLS" NCI-831 (11.8 g) _
solvent contains many solvents having a boiling point not lower than 200°C, the
i5 coated film surface becomes adhesive, and sticking occurs. Hence, a mixed solvent
containing 30 to 75% by mass of a solvent baving a boiling pqint of 150°C to 200°C
is preferred.
[0084]
In the black resin composition of the present invention, to disperse the light-
20 shielding material uniformly and stably in a resin solution, it is preferable to add a
pigment dispersant. Examples of pigment dispersants include poiyester-based
polymeric pigment dispersants, acrylic-based polymeric pigment dispersants,
polyurethane-based polymeric pigment dispersants, polyallylamine-based polymeric
dispersants, pigment derivatives, cationic surfactants, nonionic surfactants, anionic
25 surfactants, and carbodiimide-based pigment dispersants.

[0085]

These pigment dispersants are appropriately selected depending on the type of



25available from ADEKA CORPORATION as a photopolymerization initiator, a silane coupling agent
mixed solution (a-1) (37.5 g) as an adhesion promoter, and a 10% by weight solution (4.0 g) of
propylene glycol monomethyl ether acetate which is’® 44 silicone-base surfactant, in propylene glycol
monomethyl ether acetate (194.0 g) were added thereto to obtain a black resin composition 1 with a
total solids concentration of 25% by weight and pigment/resin (weight ratio) = 45/55. [0131] 5The black

resin compositipnlaas applied 9{@&?1%9%{9&@%%@_9@@% HSNGASHRNGIRAD mayfactured by
MIKASA CO., LTD. and prebaked at 100C for 10 minutes to produce a coated film. Using a mask

aligner PEM-60 trarutfacherdakdey U NSONORIEGAlyGH; HiEptsdhrscoates filmwwwassaxpgsed (200
mJ/cm2) through a photomask, developed using a 0.045% by weight aqueous KOH solution, and then
10washed witragdire Wsterind aspeaamenpiitamidgtentstates Papthemshity parvéminlpsubsstrafe was cured
at 230C for 30 minutes. In this manner, a black matrix 1 with a thickness of 1.00 pm was prepared.
[0132] Exampl&8e8aBhirs deif ddmisrdddhesniag BoRshap fth e Em &R ARHBI4s in Example 1

except that the silane coypling agent.mjxed solution (a-2) was used instead of the sil oupling
g dfsg%rﬁl?g_%%%%ﬁpho{Oselﬁl IVIE , ngﬁ%)%% \F\%Fﬁl&? a1 amoun(% {%6 F%Pn &6;3

agent mixed sofu la hickness o as prepared

in the same 2 GANAG A0 A 1 4SIngahe ARk R SAMBRBIAN 2, (0134 Fxample 3

A black resin composition 3 was obtdined in the same manner as in Example 1 except that the silane
coupling agentmixegrsehitien daighwasvsed dnstpadiohharhsilanaeouplingrrasehinixeg,solution
(a-1). [0135] A black matrix 3 with a thickness of 1.00 pm was prepared in the sarne 45 manner as in
Example 1 usimgttteiblackergsiferednposition 3. [0136] Example 4 A black resin composition 4 was
obtained in the same manner as in Example 5 1 except that the amount of added silane coupling
agent mixed so#$6h (a-1) was 6.3 g, and the amount of added propylene glycol monomethyl ether

acetate was 225.2 g. [0137 | A black matrix 4 Wiﬁt’ba thickness of 1.00 umfwas E)repared in the
same tanner as in EXaMBRA SRS FRIHGUEPBSA BB RSSGG YRy gation, a surfactant can be

added for the purpose of providing coating properties and smoothness of a colored
coated film and preventing Benard Cells. The amount of the surfactant is generally
0.001 to 10% by mass, preferably 0.01 to 1% by mass, based on pigments. When
the amount is too small, the effect of providing coating properties and smoothness of
15 a colored coated film and preventing Benard Cells is not produced, and when the
amount is too large, physical properties of a coated film can be poor.
[0087]
Specific examples of surfactants include anionic surfactants such as
ammonium lauryl sulfate and polyoxyethylene alkyl ether sulfate triethanolamine;
20 cationic surfactants such as stearylamine acetate and lauryl trimethyl ammonium
chloride; amphoteric surfactants such as lauryldimethylamine oxide and lauryl
carboxymethyl hydroxyethyl imidazolium betaine; nonionic surfactants such as
polyoxyethylene lauryl ether, polyoxyethylene stearyl ether, and sorbitan
monostearate; silicone-base surfactants having polydimethylsiloxane or the like as
25 the main skeleton; and fluorochemical surfactants. These are not limiting examples,
and in the present invention, the surfactants can be used alone or in combination of

two or more thereof.



10[0138] Example 5 A black resin composition 5 was obtained in the same manner as in. Example
1 except that the amount of added silane coupling agent mixed solution (a-1) was 12.5 g, and the
amount of added propylene glycol monomethyl eth%g acetate was 15219.0g. [0139] A black matrix
5 with a thickness of 1.00 um was prepared in the same manner as in Example i using the black resin
composition 5. [0140] 20Example 6 A black resin composition 6 was obtained in the same manner
as in Examplgnta®cept that the amount of added silane coupling agent mixed solution (a-1) was 62.5
g, and the amount of added propylene glycol monomethyl ether acetate was 169.0g. 25[0141] A
black matrix 6 with dritifickress afmposition wixbppegant duysiripthehblackgesatioanpasition 6 in the
same manner as in Example 1. 46 [0142] Example 7 A black resin composition 7 was obtained in

the same maRPfEPYCHY EEREhTEBEL RS PIRET AR dRbGre s aabiRe 2015ma0M%R BiRtegent mixed
solution (a-1) was 5187. nd the amount of added propylene glycol monomethyl ether acetate was
44.0 g. [0143?\g%1nA31§|1§18?§ gﬁ’%ﬁ%&%i %%%%h%%gﬁf‘%%g p%@%&?g@ﬂgﬂ? 4RE Bk resin
composition 7| 1§ I / Dl resin composition
B whs sbtana o e o R b T R hen A 265

3-methacryloxypiapybrimetioxysianecnghnas Radedimadsition asingg.sompling.agent mixed
solution (a-1), and the amount of added 15propylene glycol monomethyl ether acetate was 186.5g.

[0145] A biclomatsicd8 fiith arthicknessmért, @8dotine\liks, prigparess Leidg diaibiaclacR SN
composition 8 in the same manner as in Example 1. [0146] 20Example 9 A black resin composition
9 was obtain@BIWReE BiIE HANRE ARk aptprecs estiseptsais thdfahsourpwit addesirsifane coupling

agent mixed solution (a-1) was 12.5 g, and the am?}mt of added propylene glycol monomethyl ether
acetate was S9TRY gté Qpymall, the black coated film has poor adhesion to a substrate, and if

10 the amount of the pigment component is too small, optical dens.ity per thickness (OD
value/pum) decreases, both of which are problematic.
[0089]
In the black resin composition of the present invention, the solids
concentration, that is, the total of the resin component and the pigment component is
15 preterably 2% to 30%, and more preferably 5% to 20%, in view of coating properties
and drying properties. Accordingly, the black composition of the present invention
preferably consists essentially of a solvent, a resin component, and a pigment
component, wherein the total amount of the resin component and the light-shielding
material is preferably 2% to 30%, and more preferably 5% to ore 20%, with the
20 balance being the solvent. As described above, surfactants may be contained in the
concentration described above.
[0090]
The black resin composition of the present invention is produced by a method
such as a method in which pigments are dispersed directly in a resin solution using a
25 disperser, or a method in which pigments are dispersed in water or an organic solvent
using a disperser to produce a pigment dispersion, which is then mixed with a resin

solution. The method of dispersing pigments is not restricted, and various methods



A black matrix 9 with a thickness of 1.00 pm was prepared using the black es in composition 9 in the
same manner as in Example 1. 47 [0148] Exampleeé_lo A black resin composition 10 was obtained
in the same manner as in Example 8 except that th @mount of added silane coupling agent mixed
solution (a-1) was 562.5 g, and the amount of added propylene glycol monomethyl ether acetate was
161.5g. [0149] A black matrix 10 with a thickness of 1.00 gm was prepared using the black resin
composition 1ehigliliegame:raanparbal niExampleglintel01 %ap e xaiipliél 1dhd a Mehlagkeresin
composition 11 was obtained in the same manner as in Example 8 except that the amount of added
carbon black dispeesion OB was@lg, bndehecddispmeiohadtegnitaandiiptichispsprgon TB-1 was
534.8 g. 15[0151] A black matrix 11 with a thickness of 1.00 gm was prepared using the black
resin compositSHAT M etsitse Rrafmeillds mofsiifple s fnborendhpro P2 e bRk resin

composition 12 was obtained in the anner as .in Example 8 except that,the amount of added
carbon black gf)eerts%lriﬁcaéj-]f\fvnég’ %ﬁé‘jﬂ glrrlﬁi’tﬁ%%athrﬁobnet% a%d%rarﬁ %%m%?a%? g:ﬁsaé(grsion TB-I|

was 40199. [(Lp3e bead milf> IAGK B%@Hg,lef%aﬁ%&éﬁ?%ﬁ&%%@é&&%f&@gﬂ%mﬁ&&sing the

black 25resin composition 12’in the same manner as in Example 1. [0154] mple 13 48 A black
resin compositipmel$ was obtained in the same manner as in Example 8 except that the amount of
added carbon black dispersion CB-1 was 401.9 g, and the amount of added titanium black dispersion
TB-1 was 134.0g. [01B85] Santaaiomatrbedds withl dohitkpeseoidddipablvadprepated tising the black
resin composition 13 in the same manner as in Example 1. [0156]
mm, and more preferably 0.03 mm to 1.0 mm. In cases where the primary particle
size of the pigments and the size of secondary particles formed by aggregation of the
10 primary particles are small, fine dispersion beads of 0.03 mm to 0.10 mm are
preferably used. In this case, it is preferred that dispersion be carried out by using a
bead mill having a centrifugal separator capable of separating the fine dispersion
beads from a dispersion. In cases where pigments containing larger submicron
particles are dispersed, dispersion beads with a size of 0.10 mm or more are
15 preferably used because sufficient grinding strength can be attained to disperse the
pigments finely.
[0092]
An example of the method of producing a resin black matrix substrate using
the black resin composition of the preseﬁt invention with a die coating apparatus will
20 be described. Examples of substrates generally used include transparent substrates
such as soda glass, alkali-free glass, and quartz glass, but are not limited thereto.
Examples of the die coating apparatus include the sheet coating apparatus disclosed,
for example, in Japanese Patent No. 3139358 and Japanese Patent No. 3139359,
Using this apparatus, the black resin composition (coating solution) of the present
25 inventién is ejected from a nozzle, and a substrate is moved, whereby the black resin

composition can be applied onto the substrate. In this case, since a large number of

substrates are coated in sheet form, a long-time operation results in that pigments



Example 14 A black resin composition 14 was obtained in the same manner as in Example 108
except that the amount of added carbon black dispersion CB-1 was 534.8 g, and the amount of added
titanium black dispersion TB-l was 0 g. [0157] A black matrix 14 with a thickness of 1.00 pm was
prepared using the black resin composition 14 in the same manner as in Example I. 15[0158] Example
15 The red pigment dispersion R-1 (160.2 g), blue pigment dispersion B-1 (320.4 g) and yellow

pigment dispetsi 3 xed; ' ' i i % by weight
solution (64.5;gl %?%%?E%Jaé(?%?‘ é@%ﬁ%ﬂ%ﬁ%%%&(%&%%@ %%%%mﬂ?ng o%%ﬁ%ﬁj%élr&éé%é%’, a 50% by

weight solutionii38.dag hefdipantaaeiiitel AexeapMaiedaky-1A manufactured by Nippon Kayaku Co.,
Ltd.) as a multi-functional monomer in propylene glycol monomethyl ether acetate, "ADEICA ARKLS"

NCI-831 (9.7 [¢)0&¥ailable from ADEICA CORPORATION as a photopolymerization initiator, silane
coupling agent mixed solution (a-1) (30.0 g) as 25an adhesion promoter,
3-methacryloxyprop¥iifHicthtsx i saatie gr{Tbigyoly 1w Bytwsiyfesoriddry (nomgputisopylene
glycol monom th% ether acetate which is a silic,one-bagggérfactant, in propylene glycol monomethyl

ether atetate {44 5R)) 8 &8 BIEH T 5T BRITh Y PSARRE AR YRR ¥IKsBbsition 15 with a

total solids co tion of.25% by weight and pigment/resin (weight ratio) = 40/60. [0159] A
[ lﬁ% i ab(g]e (PFgf%%%]eS?er S&‘gemeﬂa‘g%’%a %O{Eggo}i’gé Péﬁ'celséerI ?gﬂ%[position 15 in the

black matrix 15 wit hickness o pm was prepare n

same mannepasdp AMRIuht (F60] GomparaivaBxamnia s HRasK resinieQmpasition 4.6 was

obtained in the same manner as in Example 1 except that 7.5 g of
3-methacryloxypbbpidtriniethonysiiaing (@ppikasadsdedwithadt dQadding.thesilane coupling agent
mixed solution (a-1), and the amount of added propylene glycol monomethyl ether acetate was 224.0
g.[0161]  wblasknfertdxanawithyaathidkinegsvetuuo0deyingas prepdrgdgisidgrthe bisatkdresin
composition 16 in the same manner as in Example 1. 15[0162] Comparative Example 2 A black
resin £®mpositiBhtt Al el sk 0m RS Eatine é’ﬁﬁ&"&éﬂﬁ@?&?ﬁﬁl@%éﬂ@ﬁﬂ%msilane

Counng 20eT4 At USR5 29 et 0 e coupng pget g oion (1)
composition 1740 &,53M& NG, ASdAEXMRIE L B84 cuum drying is preferably carried
out at normal temperature to 100°C for 5 seconds to 10 ﬁlinutes at a reduced pressure
of 500 to 10 (Pa), more preferably at a reduced pressure in the range of 150 to 50 (Pa).
15 The heat drying is preferably carried out using an oven, a hot plate, or the like at a
temperature in the range of 50 to 120°C for 10 seconds to 30 minutes.
[0094]
Next, a mask is placed on the coated film, and ultraviolet rays are irradiated
using exposure equipment. Then, developing is performed using an alkaline
20 developing solution. It is preferable to use an alkaline developing solution
containing 0.1 to 5% of a surfactant such as a nonionic surfactant because a better
pattern can be obtained. Examples of alkaline substances used in the alkaline
developing solution include, but are not limited to, inorganic alkalis such as sodium
hydroxide, potassium hydroxide, sodium carbonate, potassium carbonate, sodium
25 silicate, sodium metasilicate, and aqueous ammonia; and organic alkalis such as
primary amines such as ethylamine and n-propylamine; secondary amines such as

diethylamine and di-n-propylamine; tertiary amines such as triethylamine and



Comparative Example 3 25A black resin composition 18 was obtained in the same manner as in
Example 1 except that the silane coupling agent mixed solution (a-5) was used instead of the silane
coupling agent mixed solution (a-1). 50 [0165] ABlack matrix 18 with a thickness of 1.00 pm was
prepared using the black resin composition 18 in the same manner as in Example 1. [0166]
5Comparative Example 4 A black resin composition 19 was obtained in the same manner as in
Example 1 excgptifaldfesians E@%&'kgﬁﬂﬁ%mﬂﬁ?ﬂ/ﬁ%{ﬁ%‘ dEPhvRE-MREG IR Al Ehe silane
coupling agent mixed solutlon (a-1). [0167] 10A black matrix 19 with a thickness of 1.00 pm was
prepared usingiideokidek TRENHgOqIAASHIAR, LohiAdhRISAMIEs MANNES S i &SRB ahn {k68]
Comparative Example 5 A black resin composition 20 was obtained in the same manner as in
Example 151 excbps thisthheobitane ocdgplimglagent, miseceivintiemine7)wathybadiiostbawbbf the silane
coupling-agent mixed solutlon (g 1). [0169] A black matrix 20 with a thickness of 1.00 pm was
prepared usinGifelistvkerespeismoarbry dbciATHecs sH8 AidnFeY adircEditaple1. 20[0170]

Comparative Exa ck resin comp 5|t| n2 tained in the ame m nner as in
Exampleg 1 exc&e(p%at E’/c/h'}; ﬁ??ﬂ Bacl:g?}y’oxyprtl)aﬁﬁ%n éf\{r@;ycé?l' nléof’éin?)’ \%’as%%l@ga fiStead of the

silane coupllnq t mlxed solution (a-1), and the amount of added propylene 25glycol monomethyl
ether acetate was 224.0 g. [0171] 51 resin composition 21 in the same manner as in Example 1.
[0172] The concentration of the alkaline substance is 0.01% by mass to 50% by mass,

preferably 0.02% by mass to 10% by mass, and more preferably 0.02 to 1% by mass.

Further, when the developing solution is an aqueous alkaline solution, water-soluble
10 organic solvents such as ethanol, y-butyrolactone, dimethylformamide, and N-

methyl-2-pyrrolidone may be appropriately added to the developing solution.

[0096]

Among these developing solutions, an aqueous developing solution of an
aqueous alkaline solution is preferred in view of work environment and waste

15 developing solution disposal.
[0097]

Any development method such as immersion method, spray method, or
paddle method may be used.  After the development, washing with pure water or the
like 1s performed.

20 [0098]

The resulting coating pattern of the black resin composition is then heat-
treated (post-baked) for pattemming. The heat treatment is generally carried out
continuously or stepwise, for example, in air, in a nitrogen atmosphere, or in vacuum
at a temperature of 150 to 300°C, preferably 180 to 250°C, for 0.25 to 5 hours.

25 [0099] |
The optical density (OD value) of the resin black matrix thus obtained from

the black resin composition of the present invention is preferably 2.5 or more per 1.0



Comparative Example 7 A black resin composition 22 was obtained in the same manner as in
Example 51 except that 7.5 g of 3-aminopropyltriethoxysilane (a-10) was added instead of the silane
coupling agent mixed solution (a-1), and the amourof added propylene glycol monomethyl ether
acetate was 224.0 g. [0173] A black matrix 22 with a thickness of 1.00 um was prepared using
the black 10resin composition 22 in the same manner as in Example I. [0174] Comparative Example 8

A black resin corposii e dd e s ahia nrA G thesamedRanagh a5 R ExRaupleh eeeR; that 7.5 g of

3-ureidopropyltriethoxysilane (a-11) was added instead of the I5silane coupling agent mixed solution

(a-1), and thensumopirr@biblgded araprieneglyitohmervaiatniletesagetate Was@B44he {0175] A
black matrix 23 with a thickness of 1.00 pm was prepared using the black resin compaosition 23 in the
same mannerEssw &kesige mA0[CEneE Qiwtpaletive BRI 008 blavkresindbmposition 24 was
obtained in the same manner as in Example 1 except that 7.5dg of _
3-triethoxysiIﬁﬁﬁ%@%@ﬁ&ﬂ%&é%@%ﬁ%@@uﬁﬁ by thyauptnad tSEad of the silane
couplir]ag agegéga'gjed solution (a-1), and the amount 250f added propylene glycol monomethyl ether
acetate was .0-g. [0177] A black matrix 24 with a thickness of 1.00 um was prepared using the
black 52 resin compqsition 24 jggt]taqlsgpe mapger as in Example 1. [0178] The evaluation results
are shown in Table I. It can be seen that the black matrixes formed by using the resin compositions

described in Rirepler hgyesadighoaahesioprand RRtaxarliant @h@g@g&&@ﬁ@}ﬁ%@n g the black
matrix is not peeled easily even after the moist heat treatment and the immersion in chemicals.

transmitted light.
[0101]

16 The reflected light chromaticity of the resin black matrix is measured on the
tfansparent substrate surface, and the chromaticity values (a*, b*) calculated by the
CIE L*a*b* color system using the reflectance spectrum for standard illuminant C
according to the method of JIS-Z8729 are preferably both -2.0 to 2.0, and more
preferably -1.0 to 1.0.  If the chromaticity values (a*, b*) are less fhan -2.0,a

15 problem arises in that the image reflected in the film surface looks bluish and
greenish when looking at the resin black matrix through the transparent substrate, and
it they are more than 2.0, a problem arises in that the image reflected in the film
surface looks reddish and yellowish.
[0102]

20 The surface resistance value ps (£2/m) of the resin black matrix is preferably
10* (€¥/o) or more, and more preferably 10'* (/o) or more.  The surface resistance
value can be determined by making measurements by the method according to "JIS K
6911".
[0103]

25 The relative dielectric constant er at I MHz of the resin black matrix is
preferably 10 or less, more preferably 8 or less, and still more preferably 6 or Iess.

When the relative dielectric constant of the resin black matrix is more than 10, an
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non-uniform electric field in a touch panel can be caused, leading to reduced
sensitivity of a sensor efectrode. The relative dielectric constant of the resin black
matrix is preferably as small as possible.  The lower limit thereof is not limited, but
generally not less than 2 at 1 MHz.

EXAMPLES |

[0104]

The present invention will now be described in more detail using Examples
and Comparative Examples, but the present invention is by no means limited to the
following examples.

[0105]
<Evaluation Method>

[Surface Elemental Composition]

The surface elements of the carbon black were measured by X-ray
photoelectron spectroscopy (XPS) using a measuring device ESCALAB 2201 XL
(trade name) under the following measurement conditions: excitation X-ray;
monochromatic AlKal,2 radiation (1486.6 V), X-ray diameter; 1 mm, and
photoelectron take-off angle; 90°.

[0106]

[Specific surface area]

The specific surface arca of the particles was measured using a high-
performance automatic gas adsorption apparatus ("BELSORP" 36) manufactured by
BEL Japan, Inc. After vacuum degassing at 100°C, the adsorption isotherm of N;
gas at a temperature of liquid nitrogen (77 K) was measured and analyzed by BET
method to determine the specific surface area. From the value of the specific
surface area, a BET particle size was determined by using the equation (4) described
above. In the calculation, the specific gravity: d = 5.24 (g/cm’) was used for the

titanium nitride compound particles, and the specific gravity: d = 1.80 (g/cm’) was
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used for the carbon black.
[0107]

[X-Ray Diffraction]

X-ray diffraction was measured by filling a powdered sample in an aluminum
standafd sample holder by the wide-angle X-ray diffraction method (RU-200R
manufactured by Rigaku Corporation). Measurements were made under the
following conditions: X-ray source; CuKo radiation, output; 50 kV/200 mA, slit
system; 1°-1°-0.15 mm-0.45 mm, measurement step (26); 0.02°, and scan rate;
2°/min. The angle of diffraction at the peak derived from (200) plane observed
around 20 = 46° was measured. Further, from the half bandwidth of the peak
derived from (200) plane, the size of crystallites constituting the particles was
calculated using Scherrer's formula of the equations (1) and (2) described above.
[0108]

[Composition Analysis]

The content of titanium atoms was measured by ICP optical emission
spectrométry (ICP optical emission spectrometer SPS3000 manufactured by Seiko
Instruments Inc.). The contents of oxygen atoms and nitrogen atoms were ﬁeasured
with Oxygen/Nitrogen analyzer EMGA-620W/C manufactured by HORIBA Ltd,,
and determined by inert gas fusion-infrared absorption method for oxygen atoms and
by inert gas fusion-thermal conductivity method for nitrogen atoms.

10109]

[Adhesion Test]

A resin black matrix having a film thickness of 1.0 pm was formed on a soda
glass, and the adhesion between the soda glass and the hardened film was evaluated
by the cross-cut peeling test by adhesion tape according to JIS K5400 8.5.2 (1990).
In the surface of the hardened film on the glass substrate, 11 parallel lines were

drawn at 1 mm intervals in the perpendicularly crossing longitudinal and transverse
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directions, respectively, with a cutter knife such that the each line reached the glass
plate to form 100 cross-cut squares each sizing I mm x | mm. A Cellophane
adhesive tape (width 18 mm, adhesive force = 3.7 N/10 mm) was attached to the
surface of the cross-cut surface of the hardened film, and rubbed with an eraser
5 (which passed the test according to JIS S6050) to adhere the tape. Then an edge of

the tape was gripped to hold the tape in the direction perpendicularlty to the plate and
the tape was instantaneously peeled off, followed by visually counting the number of
the cross-cut squares remaining on the plate. The adhesion was evaluated based on
the area of the peeled off cross-cut squares according to the following criteria:

10 5: peeled off area 0%
4: peeled off area ! - <5%
3 peeled off area 5 - < 15%
2 peeled off area 15 - < 35%
I peeled off area 35 i< 35%

15 0: peeled off area 65 - 100%

Further,‘to evaluate the adhesion after a wet heat treatment, a black matrix
substrate subjected to a PCT (Pressure Cooker Test) treatment was also tested for the
adhesion in the same manner as described above. The conditions of the PCT
trea'tment were: temperature 121°C, humidity 100%, 2 atm, 12 hours.

20 [0110]

[Chemical Resistance Test]

A resin black matrix having a film thickness of 1.0 wm was formed on a soda
glass, and immersed in aqua regia and an organic alkali solution, respectively,
followed by evaluation of the adhesion in the same manner as described above. The

25 conditions of the treatment with aqua regia were 50°C for 5 minutes in a mixed
solution of hydrochloric acid/nitric acid/distilled water = 25/3/72% by weight. The

conditions of the treatment with the organic alkali solution were 80°C for 5 minutes
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mn a mixed solution of MEA (monoethanolamine)/BDG (butyldiglycol) = 30/70% by
weight.
[0111}

[Resolution]

Using a line-and-space patterns mask having a line width to space ratio of 1:1,
a resin black matrix having a film thickness of 1.0 pum was formed on a soda glass,
and the width of the line in the mask pattern with which the smallest pattern was able
to be formed was evaluated.

[0112]

[OD Value]

A resin black matrix having a film thickness of 1.0 pm was formed on soda
glass, and the OD value was determined using a multi channel photo detector
{manufactured by OTSUKA ELECTRONICS CO., LTD., MCPD2000) by the
equation (6) mentioned above.

[0113]

[Surface Resistance]

A resin black matrix with a film thickness of 1.0 um was formed on soda
glass, and the surface resistivity (€2/0) was measured using a high resistance meter
(Hiresta UP manufactured by Mitsubishi Chemical Corporation).

[0114]

Also after the black matrix was heat-treated in an oven at 250°C for 30 minutes,
the surface resistivity was measured in a similar manner.
[0115]

[Reflected Light Chromaticity]

A resin black matrix with a film thickness of 1.0 um was formed on soda
glass with a thickness of 1.1 mm, and the chromaticity of light reflected from the

glass surface was measured using an UltraViolet-Vis-Near InfraRed
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spectrophotometer (Shimadzu spectrophotometer UV-2500PC) (measurement
conditions: measured wavelength range; 300 to 780 nm, sampling pitch; 1.0 nm, scan
rate; low, and slit width; 2.0 nm).
[0116]
Synthesis Example 1: Synthesis of Silane Coupling Agent Mixed Solution (a-1) _
To 200 g of propylene glycol monomethy! ether acetate, 41.97 g (160 mmol)
of 3-(trimethoxysilyl)propylsuccinic anhydride and 11.70 g (160 mmol) of t-
butylamine were added, and the resulting mixture was stirred for a while at room
temperature and then stirred at 40°C for 2 hours. Thereafter, the mixture was
h_lea’_ted to 80°C and allowed to react for 6 hours. The obtained solution was diluted
with propylene glycol monomethyl ether acetate to a solid concentration of 20% to
obtain a mixed solution (a-1) of 3-(tert-butylcarbamoyl)-6-(trimethoxysilyD)hexanoic
acid and 2~(2~(tert~butylamino)—2-0xoethYE)-5—(trimethoxysﬂyl)pentanoic acid.
[0117]
Synthesis Example 2: Synthesis of Silane Coupling Agent Mixed Solution (a-2)
To 200 g of propylene glycol monomethyl ether acetate, 41.97 g (160 mmol)
of 3-(frimethoxysilyl)propylsuccinic anhydride and 9.45 g (160 mmol) of t-
pentylamine were added, and the resulting mixture was stirred for a while at room
temperature and then stirred at 40°C for 2 hours. Thereafter, the mixture was
heated to 80°C and allowed to react for 6 hours. The obtained solution was diluted
with propylene glycol monomethyl ether acetate to a solid concentration of 20% to
obtain a mixed solution (a-2) of 2-(2-(t-pentylamino)-2-oxoethyl)-5-
(trimethoxysilyl)pentanoic acid and 3-(tert-pentylcarbamoyl)-6-
(trimethoxysilyl}hexanoic acid.
[0118]
Synthesis Example 3: Synthesis of Silane Coupling Agent Mixed Solution (a-3)

To 200 g of propylene glycol monomethyl ether acetate, 41.97 g (160 mmol)
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of 3-(trimethoxysilylpropylsuccinic anhydride and 9.45 g (160 mmol) of
isopropylamine were added, and the resulting mixture was stirred for a while at room
temperature and then stirred at 40°C for 2 hours. Thereafter, the mixture was
heated to 80°C and allowed to react for 6 hours. The obtained solution was diluted
with propylene glycol monomethyl ether acetate to a solid concentration of 20% to
obtain a mixed solution (a-3} of 2-(2-(isopropylamino)-2-oxoethyl)-5-
(trimethoxysilyl)pentanoic acid and 3-(tert-isopropylcarbamoyl)-6-
(trimethoxysilyl)hexanoic acid.

[0119]

Synthesis Example 4: Synthesis of Silane Coupling Agent Mixed Solution (a—4j

T0 200 g of propylene glycol monomethyl ether acetate, 41.97 g (160 mmol)
of 3-(trimethoxysilyl)propylsuccinic anhydride and 9.45 g (160 mmol) of n-
propylamine were added, and the resulting mixture was stirred for a while at room
temperature and then stirred at 40°C for 2 hours.  Thereafter, the mixture was
heated to 80°C and allowed to react for 6 hours. The obtained solution was diluted
with propylene glycol monomethyl ether acetate to a solid concentration of 20% to
obtain a mixed solution (a-4) of 2-(2-0x0-2-(propylamino)ethyl)-5-
(trimethoxysilyl)pentanoic acid and 3-(propylcarbamoyl)-6-(trimethoxysilyl}hexanoic
acid.

[0120]
Synthesis Example 5: Synthesis of Silane Coupling Agent Mixed Solution (a-5)

To 200 g of propylene glycol monomethyl ether acetate, 41,97 g (160 mmol)
of 3-(trimethoxysilyl)propylsuccinic anhydride and 14.90 g (160 mmol) of aniline
were added, and the resulting mixture was stirred for a while at room temperature
and then stirred at 40°C for 2 hours. Thereafter, the mixture was heated to 80°C
and allowed to react for 6 hours. The obtained solution was diluted with propylene

glycol monomethyl ether acetate to a solid concentration of 20% to obtain a mixed
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solution (a-5) of 2-(2-oxo-2-(phenylamino)ethyl)-5-(trimethoxysilyl)pentanoic acid
and 3-(phenylcarbamoyl)-6-(trimethoxysilylYhexanoic acid. .

[0121]

Synthesis Example 6: Synthesis of Silane Coupling Agent Mixed Solution (a-6)

To 200 g of propylene glycol monomethyl ether acetate, 41.97 g (160 mmol)
of 3-(trimethoxysilyl)propylsuccinic anhydride and 7.37 g (160 mmol) of ethanol
were added, and the resulting mixture was stirred for a while at room temperature
and then stirred at 40°C for 2 hours. Thereafter, the mixture was heated to 80°C
and allowed to react for 6 hours. The obtained solution was diluted with propylene
glycol monomethyl ether acetate to a solid concentration of 20% to obtain a mixed
solution (a-6) of 4-ethoxy-4-oxo0-2-(trimethoxysilyl)butanoic acid and 4-eth0xy—4;
oxo-3-(trimethoxysilylbutanoic acid.

[0122]
Synthesis Example 7. Synthesis of Silane Coupling Agent Solution (a-7)

To 400 g of propylene glycol monomethyl ether acetate, 41.97 g (160 mmol)
of 3Q(trimethoxysilyi)propylsuccinic anhydride and 11.70 g (160 mmol) of t-
butylamine were added, and the resulting mixture was stirred for a while at room
temperature, and then stirred at 60°C for 2 hours.  Thereafter, the mixture was
heated to 140°C and allowed to react for 6 hours under azeotropic distillation of
propylene glycol monomethyl ether acetate and water.  The obtained solution was
diluted with propylene glycol monomefhyl ether acetate to a solid concentration of
20% to obtain a solution (a-7) of 1-(tert-butyl)-3-trimethoxysilylpyrrolidine-2,5-dione.
[0123]

Synthesis Example 8: Synthesis of Acrylic Polymer (P-1)

Methyl methacrylate/methacrylic acid/styrene copolymer (weight ratio:

30/40/30) was synthesized according to the method described in Example 1 of

Japanese Patent No. 3120476, and then 40 parts by weight of glycidyl methacrylate
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was added thereto. The resulting mixture was redeposited with purified water,
filtered, and dried to obtain an acryl polymer (P-1) powder having an average
molecular weight (Mw) of 15,000 and an acid value of 110 (mg KOH/g).
[0124]

Production Example 1: Production of Caron Black Dispersion (CB-1)

The surface elemental composition of a carbon black (CB-Bk1) which surface
was modified with sulfonic acid groups by the method according to JP-A-2008-
517330 was C: 88%, O: 7%, Na: 3% and S: 2%, as for the state of S element, the
ratio of components assigned to C-S and S-S based on S2p peak components was
90%, and the ratio of components assigned to SO and SOx based on S2p peak
components was 10%; and the BET value was 54 m°/g.

[0125]

The carbon black CB-Bk1 (200 g), a 40% by weight solution (94 g) of the
acryl polymer (P-1) in propylene glycol monomethyl ether acetate, a 40% by weight
solution (31 g) of LPN 21116 available from by BYK Japan KX as a polymeric
dispersant, and propylene glycol monomethyl ether acetate (675 g) were charged into
a tank, and stirred with a homomixer (manufactured by Tokusyu Kika Kogyo Co.,
Ltd.) for 1 hour to obtain a pre-dispersion. Thereafter, the pre-dispersion was
supplied to Ultra Apex Mill (manufactured by KOTOBUKI INDUSTRIES CO.,
LTD.) equipped with a centrifugation separator 70% filled with zirconia beads with a
diameter of 0.05 mm (available from Nikkato Corporation, YTZ balls), and
dispersion was catried out at a rotation speed of 8 m/s for 2 hours to obtain a carbon
black dispersion CB-1 with a solids concentration of 25% by weight and
pigment/resin {(weight ratio) = 8§0/20.

[0126]
Production Example 2: Production of Titanium Black Dispersion (TB-1)

The angle of diffraction 26 of the peak originated from the (200) plane of
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titanium nitride compound particles produced by thermal plasma method (Ti-BK1,
available from NISSHIN ENGINEERING INC., TiN UFP Lot 1320910202} was
42.62°; the crystallite size determined from half bandwidth of the peak was 21.9 nm;
and the BET specific surface area was 85.0 m?/ g. A composition analysis revealed
that the content of titanium was 70.4% by weight; the content of nitrogen was 19.9%
by weight; and the content of oxygen was 8.86% by weight. No X-ray diffraction
peaks originated from Ti0O, were observed at all.

[0127]

The titanium nitride Ti-Bk1 (200 g), a 40% by weight solution of the acryl
polymer (P-1) in propylene glycol monomethyl ether acetate (94 g), a 40% by weight
solution (31 g) of LPN 21116 available from BYK Japan KK as a polymeric
dispersant, and propylene glycol monomethyl ether acetate (675 g) were charged into
a tank, and stirred with a homomixer (manufactured by Tokusyu Kika Kogyo Co.,
Ltd.) for 1 hour to obtain a pre-dispersion 1. Thereafter, the pre-dispersion 1 was
supplied to Ultra Apex Mill (manufactured by KOTOBUKI INDUSTRIES CO.,
LTD.) equipped with a centrifugation separator 70% filled with zirconia beads with a
diameter of 0.05 mm (available from Nikkato Corporation, YTZ balis), and
dispersion w'as carried out at a rotation speed of & m/s for 2 hours to obtain a titanium
black dispersion TB-1 with a solids concentration of 25% by weight and
pigment/resin (weight ratio) = 80/20. .

[0128]
Production Example 3: Production of Red Pigment Dispersion (R-1)

The organic pigment PY254 (R-1, produced by BASF) in an amount of 120 g,
100 g of a 40% by weight solution of the acryl polymer (P-1) in propylene glycol
monoethyl ether acetate, 100 g of a 40% by weight solution of LPN 21116 available
from BYK Japan KK as a polymeric dispersant, and 680 g of propylene glycol

monoethyl ether acetate were charged into a tank, and stirred with a homomixer
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{manufactured by PRIMIX Corporation) for 20 minutes to obtain a pre-dispersion.
Thereafter, the pre-dispersion was supplied to Ultra Apex Mill (manufactured by
KGTOBUKI INDUSTRIES CO., LTD.) equipped with a centrifugation separator
75% filled with zirconia beads with a diameter of 0.05 mm (available from Neturen
5 Co., Ltd., YTZ balls}, and dispersion was carried out at a rotation speed of 8 m/s for
3 hours to obtain a yellow pigment dispersion Y-1 with a solids concentration of 20%
by weight and pigment/resin (weight ratio) = 60/40,
Production Example 4: Production of Blue Pigment Dispersion (B-1)
A blue pigment dispersion B-1 was obtained in the same manner as in the
10 case of the red pigment dispersion R-1 except that organic pigment PB 15:6 (B-1,
available from TOYO INK CO., LTD.) was used as a pigment.
[0129]
Production Example 5: Production of Yellow Pigment Dispersion (Y-1)
A yellow pigment dispersion Y-1 was obtained in the same manner as in the
15 | case of the red pigment dispersion R-1 except that organic pigment PY139 (Y-1,
available from Clariant) was used as a pigment.
[0130]
Example 1
- The carbon black dispersion CB-1 (267.9 g) and titanium black dispersion
20 TB-1 (267.9 g) were mixed, and a solution obtained by dissolving a 40% by weight
solution (122.1 g) of the acryl polymer (P-1) in propylene glycol monoethyl ether
acetate, a 50% by weight solution (94.6 g) of dipentaerythritol hexaacrylate (DPHA
manufactured by Nippon Kayaku Co., Ltd.) as a multi-functional monomer in
propylene glycol monomethyl ether acetate, "ADEKA ARKLS" NCI-831 (11.8 g)
25 available from ADEKA CORPORATION as a photopolymerization initiator, a silane
coupling agent mixed solution (a-1) (37.5 g) as an adhesion promoter, and a 10% by

weight sohution (4.0 g) of propylene glycol monomethyl ether acetate which is a
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silicone-base surfactant, in propylene glycol monomethyl ether acetate (194.0 g) were
added thereto to obtain a black resin composition I with a total solids concentration
of 25% by weight and pigment/resin (weight ratio) = 45/55.

[0131]

The black resin composition 1 was applied onto a soda glass substrate using a
spinner 1H-DS manufactured by MIKASA CO., LTD. and prebaked at 100°C for 10
minutes to produce a coated film. Using a mask aligner PEM-6M manufactured by
UNION OPTICAL CO., LTD., the coated film was exposed (200 mJ/cm?) through a
photomask, developed using a 0.045% by weight aqueous KOH solution, and then
washed with pure water to obtain a patterning substrate. Further, the patterning
substrate was cured at 230°C for 30 minutes. In this manner, a black matrix 1 with
a thickness of 1.00 pm was prepared.

[0132]
Example 2

A black resin composition 2 was obtained in the same manner as in Example
I except that the silane coupling agent mixed solution (a-2) was used instead of the
silane coupling agent mixed solution (a-1).

[0133]

A black matrix 2 with a thickness of 1.00 pm was prepared in the same
manner as in Example 1 using the black resin composition 2.

[0134] |
Example 3

A black resin composition 3 was obtained in the same manner as in Example
1 except that the silane coupling agent mixed solution (a-3) was used instead of the
silane coupling agent mixed solution (a-1). |
{01353

A black matrix 3 with a thickness of 1.00 um was prepared in the same
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manner as in Example 1 using the black resin composition 3.
[01361
Example 4

A black resin cbmposition 4 was obtained in the same manner as in Example
1 except that the amount of added silane coupling agent mixed solution (a-1) was 6.3
g, and the amount of added propylene glycol monomethyl ether acetate was 225.2 g.
[0137]

A black matrix 4 with a thickness of 1.00 um was prepared in the same
manner as in Example 1 using the black resin composition 4.
{0138]
Example 5

A black resin composition 5 was obtained in the same manner as in Example
I except that the amount of added silane coupling agent mixed solution (a-1) was
12.5 g, and the amount of added propylene glycol monomethyl ether acetate was
219.0 g.
[0139]

A black matrix 5 with a thickness of 1.00 pm was prepared in the same
manner as in Example | using the black resin composition 5.
[0140]
Example 6

A black resin composition 6 was obtained in the same manner as in Example
1 except that the amount of added silane coupling agent mixed solution (a-1) was
62.5 g, and the amount of added propylene glycol monomethyl ether acetate was
169.0 g.
[0141]

A black matrix 6 with a thickness of 1.00 um was prepared using the black

resin composition 6 in the same manner as in Example 1,
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[0142]
Example 7

A black resin composition 7 was obtained in the same manner as in Example
1 except that the amount of added stlane coupling agent mixed solution (a-1) was
187.5 g, and the amount of added propylene glycol monomethyl ether acetate was
44.0 g.
[0143]

A black matrix 7 with a thickness of 1.00 um was prepared using the black
resin composition 7 in the same manner as in Example 1.
[0144]
Example &

A black resin composition 8 was obtained in the same manner as in Example
1 except that 7.5 g of 3-methacryloxypropyltrimethoxysilane (a-8) was added in
addition to silane coupling agent mixed solution (a-1), and the amount of added
propylene glycol monomethyl ether acetate was 186.5 g.
[0145]

A black matrix 8 with a thickness of 1.00 pm was prepared using the black
resin composition 8 in the same manner as in Example 1.
[0146]
Example 9

A black resin composition 9 was obtained in the same manner as in Example
8 except that the amount of added silane coupling agent mixed solution (a-1) was
12.5 g, and the amount of added propylene glycol monomethyl ether acetate was
211.5¢g.
[0147]

A black matrix 9 with a thickness of 1.00 pm was prepared using the black

resin composition 9 in the same manner as in Example 1.
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[0148]
Example 10
A black resin composition 10 was obtained in the same manner as in Example
8 except that the amount of added silane coupling agent mixed solution (a-1) was
5 62.5 g, and the amount of added propylene glycol monomethyl ether acetate was
161.5¢g.
[0149]
A black matrix 10 with a thickness of 1.00 pum was prepared using the black
resin composition 10 in the same manner as in Example 1.
10 [0150]
Example 11
A black resin composition 11 was obtained in the same manner as in Example
8 except that the amount of added carbon black dispersion CB-1 was 0 g, and the
amount of added titanium black dispersion TB-1 was 5348 g.
i5 [0151]
A black matrix 11 with a thickness of 1.00 pm was prepared using the black
resin composition 11 in the same manner as in Example 1.
[0152]
Example 12
20 A black resin composition 12 was obtained in the same manner as in Example
8 except that the amount of added carbon black dispersion CB-1 was 134.0 g, and the
amount of added titanium black dispersion TB-1 was 401.9 g,
[0153]
A black matrix 12 with a thickness of 1.00 pm was prepared using the black
25 resin composition 12 in the same manner as in Example 1.
[0154]

Example 13
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A black resin composition 13 was obtained in the same manner as in Example
8 except that the amount of added carbon black dispersion CB-1 was 401.9 g, and the
amount of added titanium black dispersion TB-1 was 134.0 g.
[0155]
5 A black matrix 13 with a thickness of 1.00 nm was prepared using the black
resin composition 13 in the same manner as in Example 1.
[0156]
Example 14
A black resin composition 14 was obtained in the same manner as in Example
10, 8 except that the amount of added carbon black dispersion CB-1 was 534.8 g, and the
amount of added titanium black dispersion TB-1 was 0 g.
[0157]
A .black matrix 14 with a thickness of 1.00 um was prepared using the black
resin composition 14 in the same manner as in Example 1.
15 [0158]
Example 15
The red pigment dispersion R-1 (160.2 g), blue pigment dispersion B-1 (320.4
g) and yellow pign'lent dispersion Y-1 (320.4 g) were mixed, and a solution obtained
.. by dissolving a 40% by weight solution (64.8 g) of the acryl polymer (P-1) in
20 propylene glycol monoethyl ether acetate, a 50% by weight solution (38.7 g) of
dipentaerythritol hexaacrylate (DPHA manufactured by Nippon Kayaku Co., Ltd.} as
a multi-functional monomer in propylene glycol monomethyl ether acetate, "TADEKA
ARKLS" NCI-831 (9.7 g) available from ADEKA CORPORATION asa
photopolymerization initiator, silane coupling agent mixed solution (a-1) (30.0 g) as
25 an adhesion promoter, 3-methacryloxypropyltrimethoxysilane (a-8) (7.5 g), a 10% by
weight solution (4.0 g) of propylene glycol monomethyl ether acetate which is a

silicone-base surfactant, in propylene glycol monomethyl ether acetate (44.3 g) were
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added thereto to obtain a pseudo black resin composition 15 with a total solids
concentration of 25% by weight and pigment/resin (weight ratio) = 40/60.
[0159]
A black matrix 15 with a thickness of 1.00 um was prepared using the black
5 resin composition 15 in the same manner as in Example 1.
[0160]
Comparative Example 1
A black resin composition 16 was obtained in the same manner as in Example
1 except that 7.5 g of 3—metha;:ryioxypropyltrimethoxysﬂane (a-8) was added without
10 adding the silane coupling agent mixed solution {a-1), and the amount of added
propylene glycol monomethyl ether acetate was 224.0 g.
[0161]
A black matrix 16 with a thickness of 1.00 pm was prepared using the black
resin composition 16 in the same manner as in Example 1.
15 [0162]
Comparative Example 2
A black resin composition 17 was obtained in the same manner as in Example
I except that the silane coupling agent mixed solution (a-4) was used instead of the
silane coupling agent mixed solution (a-1).
20 [0163]
A black matrix 17 with a thickness of 1.00 ]J.’I'Il was prepared using the black
resin composition 17 in the same manner as in Example 1.
[0164]
Comparative Example 3
25 A black resin composition 18 was obtained in the same manner as in Example
1 except that the silane coupling agent mixed solution (a-5) was used instead of the

silane coupling agent mixed solution (a-1).
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[0165]

A black matrix 18 with a thickness of I.OO. um was prepared using the black
resin composition 18 in the same manner as in Example 1.
[0166]
Comparative Example 4

A black resin composition 19 was obtained in the same manner as in Example
1 except that the silane coupling agent mixed solution {(a-6) was used instead of the
silane coupling agent mixed solution (a-1).
[0167]

A black matrix 19 with a thickness of 1.00 um was prepared using the black
resin composition 19 in the same manner as in Example 1.
[0168]
Comparative Example 5

A black resin composition 20 was obtained in the same manner as in Example
I except that the silane coupling agent mixed solution (a-7) was used instead of the
silane coupling agent mixed solution (a-1).
[0169]

A black matrix 20 with a thickness of 1.00 um was prepared using the black
resin composition 20 in the same manner as in Example 1.
[0170]
Comparative Example 6

A black resin composition 21 was obtained in the same manner as in Example
1 except that 7.5 g of 3-methacryloxypropyltrimethoxysilane (a-9) was added instead
of the silane coupling agent mixed solution (a-1), and the amount of added propylene
glycol monomethyl ether acetate was 224.0 g.
{01713

A black matrix 21 with a thickness of 1.00 pm was prepared using the black
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resin composition 21 in the same manner as in Example 1.
[0172]
Comparative Example 7

A black resin composition 22 was obtained in the same manner as in Example
I except that 7.5 g of 3-aminopropyltriethoxysilane (a-10) was added instead of the
silane coupling agent mixed solution (a-1), and the amount of added propylene glycol
monomethyl ether acetate was 224.0 g.
[0173]

A black matrix 22 with a thickness of 1.00 um was prepared using the black
resin composition 22 in the same manner as in Example 1.
[0174]
Comparative Example 8

A black resin composition 23 was obtained in the same manner as in Example
1 except that 7.5 g of 3-ureidopropyltricthoxysilane (a-11) was added instead of the
silane coupling agent mixed solution (a-1), and the amount of added propylene glycol
monomethyl ether acetéte was 224.0 g.
10175]

A black matrix 23 \%fith a thickness of 1.00 pm was prepared using the black
resin composition 23 in the same manner as in Example 1.
[0176]
Comparative Example 9

A black resin composition 24 was obtained in the same manner as in Example
1 except that 7.5 g of 3-triethoxysilyl-N-(1,3-dimethyl-butylidene)propylamine (a-12)
was added instead df the silane coupling agent mixed solution (a-1), and the amount
of added propylene glycol monomethyl ether acetate was 224.0 g.
[0177]

A black matrix 24 with a thickness of 1.00 um was prepared using the black
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resin composition 24 in the same manner as in Example 1.
[0178]
The evaluation results are shown in Table 1. It can be seen that the black
matrixes formed by using the resin compositions described in Examples have a high
5 adhesion and an excellent chemical resistance, and the black matrix is not peeled

easily even after the moist heat treatment and the immersion in chemicals.
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APPLICABILITY [0180] The colored resin compasition of the present invention may be utilized for
a black matrix of a color filter substrate for liquid crystal displays. 55 CLAIMS 1. A colored resin
composition comprising at least (A) a color pigment; (B) an alkali-soluble resin, (C) an adhesion
promoter and (DYEASAahic ABRItASHII EEmposition comprising as said (C) adhesion promoter at
least a silane coupling 5agent represented by the Formula (1) below: C-NH R2-SiR33(1) HO (wherein
RI may be the K4+ or different from each other and represents a CI-C6 alkyl group which optionally
has a substituent(s); n.represents 0.or 1; R2 represents a C3-C30 trivalent qrganjc ' R3 may be
the same or different %C(ggﬁ?géfﬁglr%)ﬁ%f)%% 832&%3 ety %WW&P@J&%U&%%@%&%W group, a
Dhvenyt rou: SIREIBIA DI Gl 2 AIANGRN AR5 HORTEE-RRAMRPA 0roups other than the ydroxy

group optionally has a substituent(s)).
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2. The colored resin composition according to claim 1, wherein said (C) adhesion promoter is a silane
coupling agent represented by said Formula (1) wherein 15n = 0. 3. The colored resin composition
according to claim 1 or 2, which comprises at least'two silane coupling agents as said (C) adhesion
promoter. 4. The colored resin composition according to any one of claims 1 to 3, wherein said (A)
color pigment is a black light-shielding material. 205.The colored resin composition according to claim
4, which comprises at least titanium nitride compduddiparticles and/or carbon black as said black
light-shielding material. 6.The colored resin composition according to claim 5, wherein the weight ratio
of said titaniu nitrideCMTFSOIEHY SarRISE IR HRIMBEEINEHIsesT Ghid Briekrigmens6Bhalding material

is 20 to 80% e 7.A resin black matrix substrate O?t; ined by applying said black resin
composition ;a)g%%ﬂrb%%t%e o gpcaf%%t%r IS § ﬁgﬁgr‘éﬁgﬁg ?‘é‘?@ta??ddforming a pattern.
composition comprising as said (C) adhesion promoter at leas.t a silane coupling

5 agent represented by the Formula (1) below:

0O

i —c—nil R2-SiR3, (1)

Ri3-n) "o
(wherein R' may be the same or different from each other and represents a Ci-Cg
alkyl group which optionally has a substituent(s); n represents 0 or 1; R” represents a
C3-Csg trivalent organic group; R’ may be the same or different from each cher and

10 represents a Cy-Cq alkyl group, a C;-Cs alkoxy group, a phenyl group, a hydroxyl
group or a phenoxy group wherein each of the groups other than the hydroxyl group
optionally has a substituent(s)). |
2. The colored resin composition according to claim 1, wherein said (C)
adhesion promoter is a silane coupling agent represented by said Formula (1) wherein

i5 n={.

3. The colored resin composition according to claim I or 2, which comprises at
least two silane coupling agents as said (C) adhesion promoter.

4. The colored resin composition according to any one of claims 1 to 3, wherein
said (A) color pigment is a black light-shielding material.

20 5. The colored resin composition according to claim 4, which comprises at least
titantum nitride compound particles and/or carbon black as said black light-shielding
material.

6. The colored resin composition according to claim 5, wherein the weight ratio

of said titanium nitride compound particles to the total weight of said black light-
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shielding material is 20 to 80% by weight.
7. A resin black matrix substrate obtained by applying said black resin
composition according to any one of claims 4 to 6 onto a transparent substrate and

forming a pattern.



