1 DESCRIPTION Black Resin Composition, Resin Black Matrix Substrate, and Touch Panel
TECHNICAL FIELD [0001] 5The present invention relates to a black resin composition, a resin black
matrix formed using the same, and a resin black magrix substrate using the same. BACKGROUND
ART [0002] Color filters are generally produced by a method in which, on the surface of a
10transparent 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 mosaic. The
black matrix used as a light-shielding film servie At the decrease in contrast and color purity

due to light Ieakagegkﬂgt en pixels, [0003].15Alsg in bstrate for a to Cih |, a black matrix is
formed likewise as a |§]\§/§§ﬁ}§gﬁ%n§pllrh%0anﬁdl% Sihce ﬁ%a%%:% Xrﬁ%?ﬁ%%tg’ |?§c I(flg\(}al}gvﬁvaélalthrough glass,
the reflected hygdgrequiedige achromatic. Further, depending on the constitution, it is necessary
to form electrodes and the like after forming a black matrix, and, accordingly, high adhesion and
chemical resista@fgé]as well as high insulation 20properties are required. [0004] Conventionally,
films on which a metal such as chromium, nickel, or aluminum or a metal compound is deposited have
been uséd as a blacklRfaRFEecBUTHEY PravdaRoBIehEH; TRED fFOFeRaiPhe 2 tseipRdEss is complicated

and costly, and 25th(=f surfa%%igésﬁe metallizgd thin fg)l acis higrfill Al flective.. Thus, as a method that can
i S

solve these prc%gflér%sf){ﬁlg pigm %”?gpmeersa}%narﬁ%s[ Yo w]ﬁlrg U388 BTSN EBmpoatich in which

pigments are dispersed ds suyently predominant. 2 [0005] In the pigment dispersion method,
among negative and positive photosensitive compositions, negative photosensitive compaositions
mainly compogédoaf acryl polymer, acrylic polyfunctional monomer or oligomer, photoinitiators,

Color filters are generally produced by a method in which, on the surface of a

10 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 mosaic.  The black matrix used as a light-shielding film serves to
prevent the decrease in contrast and coler purity due to light leakage between pixels.
[0003]

15 Also in a substrate for a touch panel, a black matrix is formed likewise as a
light-shielding film, and since the black matrix is directly viewed through glass, the
reflected hue is required to be achromatic.  Further, depending on the constitution, it
is necessary to form electrodes and the like after forming a black matrix, and,
accordingly, high adhesion and chemical resistance as well as high insulation

20 properties are required.

[0004]

Conventionally, films on which a metal such as chromium, nickel, or
aleminum or a metal compound is deposited have been used as a black matrix, but
they have problems in that, for example, the process is complicated and costly, and

25 the surface of the metallized thin film is highly reflective.  Thus, as a method that
can solve these problems, the pigment diSpersioﬁ method which uses a resin

composition in which pigments are dispersed is currently predominant.



- Bsolvents, 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 pigments have been used, and carbon black and titanium nitride
oxide are predominant. To obtain a black matrix having high insulation properties, surface- 10treated
carbon black and titanium black, or those mixed with organic pigments have been used as a
light-shielding material. [0006] As a technique for providing a carbon black with high insulation
properties by siHdek treatment, oxidizing the surface of the carbon black, for example, with 03 1
5(Patent Document ]l)ﬁr sin cogt;ncg bg graft tr%la(;(é[ngnto PatenagtDocucrlnent t2)é and modifying the
surface of the carbon blacK Wit an SPgan‘.’é" gI]TF(e)up hat does o 1\clzeo‘?rrfprPs{"'es'la{VpoIymer, such as a
carboxylic acid.grown ane.a SHaniGiard:uRe (PRISRLROCUMERL R RAHERLRAFUMaRL4: and Patent
Document 5) are known, but there has been a problem in that when a resin black matrix is
heat-treated atod fugh ZOiemperailicpa finhots] iheresistancBglecre adesii0fftdls, When titanium
nitride oxide or a titanium nitride compound is used as a light-shielding material in a photosensitive
resin material, ¥ Vesiis At RigvatHR haviiy e stifidientii highsre Sighimbieldingeneiiipe readily formed,
and the resistance value will 25 not decrease eyen when the resin hlack matrix is heat-treated at a
pigh temperat R ORIt R PR G TALE A AT TR AR S R or a staniom

nitride compou&g@ﬁégr&g[@ys@m&mg %H@,@HB‘?%'L@Q&E&Q%&%&'% Qn‘i@e 3 reflected light is

colored red. Patent Document 6 describes adding carbon black to titanium nitride oxide, but there have
been problemspiithat\hentiening:s pefforrned hiycadding:eatbonibiack tadétamium nitride oxide, the
OD value decreases, and, in addition, a sufficient resistance value cannot be obtained. A resin black
Smatrix havingritghrrewistande ahidireleliveladhrohastic bitbriprdpbetias camtiss. sbtiiered by using a
titanium nitride compound with a sn%‘r?ll particle size aﬁﬂa light-shielding material (Patent Document 7),

but for tSlich pAAEICH SATRGALIBRS SARETVRIRA ROl tiFd Ve CTBEPY R ME Gy, a more

achromatic colgggﬁ%&e@aq&%@%ﬁgﬁi [0008] ,Further, when a material mixed with organic pigments
is used as a light- shielding nvaterial (Patent Document 8), a black matrix having high insulation

properties can fpe@htained, but there has been a problem in that because of a low light-shielding effect
per unit film thickness, the film thickness needs to be thick in 150rder to produce a desired
light-shielding effect, Mhicltdeieriofatasthd figtmesdbot theck with high insulation properties

by surface treatment, oxidizing the surface of the carbon black, for example, with O3
15 (Patent Document 1), resin coating by graft treatment (Patent Document 2), and

modifying the surface of the carbon black with an organic group that does not

comprise a polymer, such as a carboxylic acid group and a sulfonic acid group,

(Patent Document 3, Patent Document 4, and Patent Document 5) are known, but

there has been a problem in that when a resin black matrix is heat-treated at a high
20 temperature, e.g., 250°C, the resistance decreases.

[0007}

‘When titanium nitride oxide or a titanium nitride compound 1s used as a light-

shielding material in a photosensitive resin material, a resin black matrix having a

sufficiently high resistance value can be readily formed, and the resistance value will
25 not decrease even when the resin black matrix is heat-treated at a high temperature.

However, the resin black matrix obtained using titanium nitride oxide or a titanium

nitride compound has a problem in that the transmitted light is colored blue and the



boundary with openings of the black matrix. PRIOR ART DOCUMENTS PATENT DOCUMENTS
[0009] 20Patent Document 1: JP 11-181326 A Patent Document 2: JP 2002-249678 A Patent
Document 3: JP 3692601 B Patent Document 4: JP §1464081 B Patent Document 5: WO 2006/044676
25Patent Document 6: JP 2008-260927 A Patent Document 7: JP 2009-58946 A Patent Document 8:
JP 2009-75446 A 4 SUMMARY OF THE INVENTION PROBLEMS TO BE SOLVED BY THE
INVENTION [0010] In view of the above-described drawbacks of the prior art, an object of the
Spresent inventidledtctblishdvide lambibiek redSinteshisssition (videswiiehaadleckahatriXidrdving high
insulation properties even.after_@ieat% treatm%%gt{ at a high temperature and further having achromatic

reflection prop&BL BRI HETEXMTy ToHASE. B ol MeXRBSIP Sh"2BtdeR A8k composition, a resin

black matrix haying exeelleQiBALISITIANGS Naan kISR B RAINGY AOMEANS FOR
SOLVING THE PROBLEMS [0011]

and, in addition, a sufficient resistance value cannot be obtained. A resin black
5 matrix having high resistance and relatively achromatic color properties can be
obtained by using a titanium nitride compound with a small particle size as a light-
shielding material (P_atent Document 7), bat for touch pane! application and the like
which strictly require reflected light chromaticity, a more achrométic color has been
necessary.
10 [0008]

Further, when a material mixed with organic pigments is used as a light-
shielding material (Patent Document 8), a black matrix having high insulation
properties can be obtained, but there has been a problem in that because of a low
light-shielding effect per unit film thickness, the film thickness needs to be thick in

15 order to produce a desired light-shielding effect, which deteriorates the flatness of the
boundary with openings of the black matrix.
PRIOR ART DOCUMENTS
PATENT DOCUMENTS
[0009]
20 Patent Document 1: JP 11-181326 A

Patent Document 2: JP 2002-249678 A

Patent Document 3: JP 3692601 B

Patent Document 4: JP 4464081 B

Patent Document 5: WO 2006/044676

25 Patent Document 6: JP 2008-260927 A

Patent Document 7: JP 2009-58946 A

Patent Document 8: JP 2009-75446 A



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 solved by using, as a light-shielding material,
a mixture of a particular carbon black 15and tltanlungl nitride compound particles as described below.
[0012] Thus, the object of the present invention is achieved by the following constitution. (1) A
black resin composition comprising (A) a light-shielding material, (B) an 20alkali-soluble resin, and (C)
an organic solvent, the composition comprising (A-1) a carbon black and (A-2) titanium nitride

compound parﬁél%héé%(ﬂﬁtﬁfﬁﬁﬂe‘ﬂdtﬁ@m@t@rial (A), wherein the carbon black (A-1) is

surface- treated é gu%f@@? éﬁ) rface composition, the percentage of
carbon atoms %/E%SM Ll]ts ?ﬁiaﬁt%ﬂgelrﬁwéé é?\! ??#ijls 0.5% or more. 25 (2) The black
resin compositjgp, %jcordlng to (1), wherein in sulfur components in the surface composition of the
carbon black (A-1), the percentage of components derived from SOx (wherein x is a number from 2 to

4) and/or SO is 70% gt vmaKkesf Be(@olbaiblacksesiacampasiting aasending t0;6k) or (2), wherein when
CuKcc radiation is used as an X-ray source, the angle of diffraction 20 of the peak derived from (200)
plane ofthe titantsentnitrviciéicom popny idadiblesk(X2) ARG itoon3vRhaviddne blystalieisize
determined from the half bandwidth of the peak derived from 5(200) plane is 20 nm to 50 nm. (4) The
black resin corfipy8#iBHABHa! wtawﬁﬁémtﬁ%%t SirbreH the Jﬁt&tﬁawpﬁrﬁtaré &8npound

particles (A-2) rﬁh@{%‘% ceda&){rt) 2Ima, é%eg}ecp% @995 Fa#e%%ga%%u% |n eolu] ng ﬁpn according

to any one of ( 'erein the welg t per en age o nltrl e compound particles (A-2)

based on the tatal kQwaightiafithesiokirshielding Mmaterisloh) sl %mnwelgblida:ded by weight. (6)

The black resin composition according to any one of (1) to (5), comprising a polymeric dispersant,
wherein the polyssériceispegsantisas]ay leasbadeiapgd.amino group as a pigment-adsorbing group.
(7) The black resin co 1:posmon accordgé% any one of (1) to (6), which is used for 15a touch panel.

(8) A rédin bladdrdd Qb strHed TN Wi bick matrix is formed, the resin black matrix

substrate bemg ?‘t ined by applying the black resin composition according to any one of (1) to (7)
onto a transparent substrate and forming a pattern. (9) A touch panel comprising the resin black

matrix substrate accorging{e 48 pZAiiRkAmethed:offonmipg a-esithlackmatiie£queRrising applying
the black resin
studied to discover that the problem to be solved by the present invention can be
solved by using, as a light-shielding material, a mixture of a particular carbon black
15 and titanium nitride compound particles as described below.
[0012] |
Thus, the object of the present invention is achieved by the following
constitution.
(1} A black resin composition comprising (A) a light-shielding material, (B) an
20 alkali-soluble resin, and (C) an organic solvent, the composition comprising (A-1) a
carbon black and (A-2) titanium nitride compound particles as the light-shielding
material (A), wherein the carben black (A-1) is surface-treated with a sulfur-
containing compound, and in the surface composition, the percentage of carbon
atoms is 35% or less and the percentage of sulfur atoms is 0.5% or more.
25 {2) The black resin composition according to (1), wherein in sulfur components in

the surface composition of the carbon black (A-1), the percentage of components

derived from SOx (wherein x is a number from 2 to 4) and/or SO is 70% or more.



composition according to any one of (1) to (7) onto a transparent substrate and forming a pattern.
EFFECTS OF THE INVENTION [0013] 25Through the use of the black resin composition of the
present invention, a resin black matrix having high irgsu_lation properties and achromatic reflection
properties can be easily obtained; further, a resin black matrix that does not cause 6 reduction in
insulation properties due to thermal history can be obtained; and a black matrix substrate with
excellent reliability can be obtained. BEST MODE FOR CARRYING OUT THE INVENTION [0014] The
present invention Wik hisgkiyestieseribesi tinmaeterdeaiis (1) oA biskiresieeiposition of the present
invention comprises (A) a light-shielding material, (B) an alkali-soluble resin, and (C) an organic

solvent, and it IEHERAL LRI FH AT A TARSPTES ar Aapb At SRR gl A5 &iifur-containing
compound andy(A=2) HANILM. NiFjee, compouad pAIlcles Ay %ﬁ%@ﬁ'%@lg@?g@' (A). The

desired properties of thé black resin composition will be des ] The bldck resin

composition of fhe:peaseatinuention-cambrdises i Praduce prrRingite pakdatinledmatarial for
photomask production, material for proof 15printing production, etching resist, solder resist, bulkheads
of plasmia displa{PaelqROP peidrvative. pattern, electrode (conductor circuit) pattern, circuit pattern
of electronic component, conductive paste, conductive film, light-shielding image such as black matrix,

and the like. Préfetabiy e Bcic Fesirl EehiSESTtiHe dan B avantadeblistermmdlied to seta
ight-shielding %P?%t%&n('9&%&@%0]%%%3%1@%%1e§§u£%{é e‘%&g?bpffé B‘ﬁ%'é%%y@@ S hefligdy Porians,

. . 1 .
and in the side of the outsi to improve t property of a Color Tlter for a color

quuit:] crystelll digplayamddhe:bkes ansheridba ashiantagany sh-anplipied for R lightashielding film for a
touch pane weight percentage of the titanium nitride compound particles (A-2) based on the total
10 weight of the light-shielding material (A) 1s 20% by weight to 55% by weight.

(6) The black resin composition according to any one of (1) to (5), comprising a
polymeric dispersant, wherein the polymeric dispersant has at least a tertiary amino
group as a pigment-adsorbing group.

(7) The black resin composition according to any one of (1) to (6), which is used for

15 a touch panel.

(8) A resin black matrix substrate in which a resin black matrix is formed, the resin
black matrix substrate being obtained by applying the black resin composition
according to any one of (1) to (7) onto a transparent substrate and forming a pattern.
(9) A touch panel comprising the resin black matrix substrate according to (8).

20 (10) A method of forming a resin black matrix, comprising applying the black resin
composition according to any one of (1) to (7) onto a transparent substrate and
forming a pattern.

EFFECTS OF THE INVENTION
[0013]

25 Through the use of the biack resin composition of the present invention, a

resin black matrix having high insulation properties and achromatic reflection

properties can be easily obtained; further, a resin black matrix that does not cause



[0016] 25Especially preferably, the black resin 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 formeq3 7 on the peripheral portion, lattice- or stripe-like
black portions between color pixels of red, blue, and green, and, more preferably, dotted and linear
black patterns for TFT light shielding. [0017] 5In the black resin composition of the present invention, it
is important to use at least the carbon black (A-1) surface-treated with a sulfur-containing compound
as the light-shi&tdisgan aicnen gaiprapanartise Sirfacbeso fospiorcat seobiibet maadids necessary

that the percentage of %atrbon attgms b? 95°/ci.or. ess, aq)d t%e ercentage of sulfur atoms 0.5% or
more. Preferab’fg/“,1 TR EHace c%‘i%gﬁf&ﬁ i&bf & &P 2 E B k, the percentage of carbon atoms is

80% to 95%, apgaraleTseieERlY: RRYAI Y P Fefarakiy iR thegurface composition of the carbon

black, the percentage of sulfur atoms is 0.5% to 5.0%, and more preferably 1.0% to 5.0%. In addition,
it is important tppos€] the titanium nitride compound particles (A-2) as the light-shielding material (A);
the titanium nitride compound contains titanium nitride as a major 15component, and generally
containsitanium oxidehT 2sdownvakinttivaHinnvdxidesreipsbameddyehd02n4 (1 si n 20), and
titanium nitride oxide represented by Ti\Tx0y (0 <x <2.0, 0.1 <y <2.0) as minor components. [0018] To
produce the effects ogﬁ?ebﬂffé%@sfﬂr’?\%‘?ﬁi’ﬁﬁf%igfim%B??é?ﬂttBlmlﬁnc%ﬂ’BBﬁsﬁéE)’i\a?&(hr%&\tflng insulation

propertes ImPaYachy AUASE eAMADARRIEA of cRMTOIb RN ealmens @ mprove

insulation properties include surface coating with resin (Patent Document 2), wet surface-oxidation

treatment (Pateptd2aeymant4), 1and curagemoedification witk-aRm0anie JuRCORRNSHI a
non-polymeric group (Patent Document 5). In the present invention, it is preferable to use a carbon

25black that is sunfeedhiodifidelwithzEnorgane groppredmprisiley @ Horlipoiyeldmgroup, and through
the use of such a carbon black, a resin black matrix that has high insulation properties even after

high-tetiperatUPéfed: Ndatntdftcab demmabinselifed hakrssiacamagsiétarabidto use a carbon black
that is surface-ggg&%ﬁg&lggw@n organic group having a sulfonic acid group, because high insulation
a

properties can be achieved and reduction in insulation properties due to high-temperature treatment
can be preventegi s an organic group having a sulfonic acid group, aryl sulfonic acids and salts
thereof are preferred, and specific examples thereof include phenyl sulfonic acid and salts thereof,
naphthyl sulfonic acidlandlsekseahe reatpasit duiptidmybsuifonicvasithanandaltsstdeogotidmat are not limited
thereto. [0019] | ) i
printing ink, ink jet ink, material for photomask production, material for proof
15 printing production, etching resist, solder resist, bulkheads of plasma display panel
(PDP), derivative pattern, electrode (conductor circuit) pattern, circuit pattern of
electronic component, conductive paste, conductive film, light-shielding image such
as black matrix, and the like. Preferably, the black resin compositien can be
advantageously employed to set a light-shielding image (including black matrix), e.g.,
20 in a gap of a coloring pattern, vicinity portions, and in the side of the outside light of
TFT to improve the display property of a color filter for a color liquid crystal display
and the like, and can be advantageously employed for a light-shielding film for a
touch panel.
[0016]
25 Especially preferably, the black resin 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



For the surface composition of the carbon black in the present invention, it is 10necessary 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 carbon.atoms 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
15carbon black surface is, the more effectively a binder resin is adsorbed to the carbon black, and the
resulting steric M @noehsrelpprisoso Hicebetwaiea- thebdrchpeksnehelingetocimprpvels ifsulation
properties of a resin black matrix. [0020[ The sulfur components present at the surface of the carbon
black is presenftih e 7 O RIS 55 BT s 11U B8 AR B FRAIRE HE fects of the

present inventiggh%%‘gmﬁ t, the sulfur components are desirably present in the form of oxide.
Specifically, it isTdesirably present in the form of SO and SOx (2 < x < 4). The state of S atoms on the
carbon black sywtage can be determined by X-ray photoelectron spectroscopy (XPS), and their
abundance ratio can be determined by 25classifying 52p peak components into components assigned
to C-S ahd S-S and cortiporietits assigheebtaiSOoa e SCexiR invertid, [0B2%ipS tmthewsalfur
components present at the surface of the carbon black in_ the present invention, the percentage of

components déflEAHSTSHNGEOR 19 prERsBRAPOMNIBE it B0 a AIBIRE SASRERYBR B0% or more.

The higher the Rereantag &)f compone degvethr(gm_ Q and §Q{x in the sulfur c onents 5
t - eI! . YLt ?1 ‘
present at the suer;é%e |szt: e Pﬁg er t elafﬁjéu ation pf?o%léerlﬁeéé: Igléosrhle({naon&?‘%ukrltﬁé{)r{l t% ess the

reduction in insylaties:proRekties sluectapiobriempgrabime teasmentiss whichds,prefeed. The

mechanism why a large amount of components derived from SO and SOx provides higher insulation
properties and ¢hienthal sstalvlihyb 3% notchear, Putisprgsunhebiy becausposeiadsdtistioniafa binder resin
to the carbon black becomes 10stronger. A similar analysis of the surface state of a surface-oxidized

carbon Black tHA#5E-bhpeiasrignPlsedunyratint (e lpercantad arsreprmfseRentddeitved from SO
and SO n sulfycomponents resentat e surface s 10% or lessy and ivean be said that the surface
state is completely di erent. %O?Z%fgﬁe SpecIfic surface area of the Carbort Blaek tsed in the
present inventiogN i atoms is 0.5% to 5.0%, and more preferably 1.0% to 5.0%. In addition, it is
important to use the titanium nitride compound particlf_:s (A-2) as the light-shielding
material (A); the titanium nitride compound contains titanium nitride as a major
15 component, and generally contains titanium oxide TiO,, low-valent titanium oxide
represented by 11,091 (1 <n < 20), and titanium nitride oxide represented by
TiN,Oy (0 <x < 2.0, 0.1 <y <2.0) as minor components.
[0018]
To produce the effects of the present invention, it is inﬁportant to use a carbon
20 black having insulation properties improved by surface treatment. Examples of
commeoenly known treatments to improve insulation properties include surface coating
with resin (Patent Document 2), wet surface-oxidation treatment (Patent Document
4), aﬁd surface modification with an organic group comprising a non-polymeric
group (Patent Document 5).  In the present invention, it is preferable to use a carbon
25 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

msulation properties even after high-temperature heat treatment can be obtained. In



not restricted, and the value measured by the BET method using nitrogen adsorption is preferably 10
m2/g to 600 m2/g, more preferably 20 m2/g to 200 m2/g, and still more preferably 20 m2/g to 100
m2/g. When the carbon black has a large specific s%rface area, i.e., a small primary particle size, the
particles are easily aggregated, 20and, therefore, it Is difficult to stabilize dispersion, which leads to
deteriorated storage stability. When the carbon black has a small specific surface area, i.e., a large
primary particle size, the light-shielding effect decreases, or carbon blacks come in contact with each
other in a resinpes&ting.t6 repkeéerthils nsiitionrpoo hatiethaf theuliimekmredifiasbaithgnwhich is not
preferred. 25[0023] .  For the powder volume resistivity p of the carbon black used in the present

invention, the VBHIFHE PESIBRAK Gt B bFelsdt & Birs D RGeS IBRERH 4B 26 18 GFErFor more, and
more prEfefab'Xc%%%&&@ﬁeﬁ‘u‘%{%ﬁTH%@lﬁﬁ%&%%é%ﬂ%%ﬁg%sﬂéc’%'qﬂl_t%g‘ee %glr%bt?%?rll%%lt( 'S, the higher

I;a
the surface resistance is when used as a resin black matrix, which is preferred. The carbon black

surface-coated with-ar@&intis knawarteBave aveineFesistivitniasdiohas 189 odiem;er more (JP
2001-207079 5A). The powder volume resistivity of the carbon black can be determined in such a
manner that electdodes st placed atpothcendsaof apeylindeicahpamplecelifitledopithrgamples, and a
load is applied to the electrodes to measure the resistance value between the electrodes. [0024]

10The carbon BrAERG ket edte dhaitAla sairirbaHtamrRF Kot St Rl 291 HIBREPH the present
invention is commercially available (see Examples pglo! nd it is also preferable to use
commercially ai/ug?lé%fea%%ﬂ: g?tf(}é%fgﬁg@agﬁfgrﬁ%?}%)% %§F %)h black (A-1) based on the total
weight of the Iigb@ﬁ] 5shielding material (A) is preferably about 20% by weight to 80% by weight, and
more preferably about 45% by weight to 80% by weight. [0026] To make the effects of the present
invention prominent, the grgler Gt diffraction @0 ditheepbak idecivadtiropre200hptanemfitie titanium
nitride compound 20 used in the present invention, when CuKa radiation is used as an X-ray source, is

preferably 42 506545 M@ RsTeFERLAS SBBABNERE SHPhiGr6rardrdspaeesi#8u4Z 7. Through

the use of titanium nitride compound particles haying an. angle of diffraction 0 in these ranges as a
ight-shieding SAEAAT S gD ae A B AEh U R Ao e ESALERalon of he

Ii?rr\]t_-sr?ielding metesist ixiheZeblagkresinsompgsitionlaw s Noadditionra 9aqd kesin black matrix
o 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
15 carbon black surface is, the more effectively a binder resin is adsorbed to the carbon
black, and the resulting steric hindrance prevents contact between carbon blacks,
leading to improved insulation properties of a resin black matrix.
[0020]
The sulfur components present at the surface of the carbon black is present in
20 the form of disulfide, carbon disulfide, and oxide, and to make the effects of the
present invention prominent, the sulfur components are desirably present in the form
of oxide. Specifically, it is desirably present in the form of SO and SOx (2 <x <4).
The state of S atoms on the carbon black surface can be determined by X-ray
photoelectron spectroscopy (XPS), and their abundance ratio can be determined by
25 classifying S2p peak components into components assigned to C-S and S-§ and
components assigned to SO and SOx (2 <x <4).

[0021]



definition and taper shape can be readily formed because the titanium nitride compound particles have
high ultraviolet transmittance. 11 [0027] For the X-ray diffraction spectrum of titanium compounds
when CuKa radiation is used as an X-ray source, as.the peak with the strongest intensity, the peak
derived from (200) plane of TiN is observed in the vicinity of 20 = 42.5, and the 5peak derived from
(200) plane of TiO is observed in the vicinity of 20 = 43.4. Further, the peak derived from (200) plane
of anatase-type TiO2 is observed in the vicinity of 20 = 48.1, and the peak derived from (200) plane of
rutile-type TiO2 is obdethedulitheovipinieploProeny. hethigdiane tHdhseakboarklemdt théhones with the
strongest intensity. Thus, in titanium compounds with a crystal structure having 10nitrogen atoms and

h
oxygen atoms_,ﬁ"i‘?éeﬂé’aﬂy Wfﬂﬁ%@%ﬁ%ﬁa&%‘fﬁgﬁ%‘ﬁ?%%g?\'}%%ﬁﬁfh%9 “Where the angle of
diffraction 20 '?%ie?aﬁ?ér%% é%@&ca%rat%trg}p@%%%@m%mn%}gcrﬁg{l%tﬁ%gtl}pé:reases, the peak

position shifts to the higher angle side compared to 42.5. In titanium nitride oxide with insufficient
nitridationredugtien@htaipecbppilsiding ttanisahesdentheperkvith the &ropaestdntensity 15 is
observed within the range where the angle of diffraction 20 is 42.9 to 43.2 (JP 2006-209102 A). When
titanium oxide PR gohtaimeeass atlmihigheotnponeht] asithwpeakwitnibeastohgst.ititensity, the
peak derived from anatase-type TiO2 (101) is observed in the vicinity of 20 = 25.3, and the peak
derived from rdfifé-BpEedIess T 11 Gy BESeRPHHE Gt bieser e oiPr. HaHRaRissIREETIO? is

white and 20 thus can | Cg_US%{{Q?n gc cre%%g“;g tg a|1i~ Qg&%@lgi{%ggect of a %%% d%%tﬁéd'iiizsepg;eferred

that TIO2 be deécfeased to the extent that it is not observed as a pé)é)l?.e [8%

crystallites congtifuling the fifaniunepitride.compopndpartigles can hewsetermined fom the half
bandwidth of X-ray diffraction peak according to the 25Scherrer's formula shown in the equations (1)

and (2) below. (6628]aiAb&rystallite:Bizeinmyl = [OBOF{in [0031§Bhotlidaelbationss K = 0.9, X =
0.15418 nm, Pe: half bandwidth of the diffraction peak, po: corrected value of the half bandwidth
(0.12), WhereirsBoraT and PBHEE Balysia e dhn yadsn s e a2 surface-oxidized carbon black

that is conventionally used shows that the percentage of components derived from
SO and SOx in sulfur components present at the surface is 70% or less, and it can be
said that the surface state is completely different.

[0022]

15 The specific surface area of the carbon black used in the present invention is
not restricted, and the value measured by the BET method using nitrogen adsorption
is preferably 10 m*/g to 600 1n2/g, more preferably 20 mzf’g to 200 mz/g, and still
more preferably 20 m*/g to 100 m*/g.  When the carbon black has a large specific
surface area, 1.e., a small primary particle size, the particles are easily aggregated,

20 and, therefore, it is difficult to stabilize dispersion, which leads to deteriorated
storage stability. 'When the carbon black has a small specific surface area, e, a
large primary particle size, the light-shielding effect decreases, 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.

25 10023]

For the powder volume resistivity p of the carbon black used in the present

invention, the volume resistivity under a pressure of 50 kgf/cm2 is preferably 20



The crystallite size is preferably 10 nm or more, more preferably 10 nm to 50 10nm, and still more
preferably 10 to 30 nm. If titanium nitride compound particles having a crystallite size of less than 10
urn are used, problems arise in that the light-shieldifyg effect of a black matrix decreases, and, further,
the dispersibility deteriorates. If the crystallite size is more than 50 nm, problems arise in that the
light-shielding effect decreases, and, further, the particles are likely to precipitate to 15deteriorate
storage stability. However, when the crystallite size is small, the reflected hue nears achromatic color
though the ligHt:SHilEiRGreffdc et dxdesbhnd0 fRarererend nod rdita)es v VeizEs preferred in the

present invention. J0033] The specific surface grea of the titanium nitride.compound, particles in the
Dopresent inve T Cort b aSEET TS by e T DAL T A RSt ANy B R 28 200 milg

more preferably.401h2/ca 00 ARIg AREkSULITOIEDIEIBialY. 0 M4 AIAIga Rased on the

specific surface area determined by BET method when the particles are assumed to be completely
spherical and heeaunifasine padiclasizasiha particie sizencan-he calsuiated byotheoFgaation (3)
below. 25[0034] BET average patrticle size (nm) = 6/(S x d x 1000)(3) 13 [0035] S: specific surface
area (m2/g); dAdendiby pvA ) AwaresBDAYGIEMS Fiteaddask anigrfctitrtacdie Wai@/cm3) in

case of titanium nitride oxide. [0036] SWhen the titaniym nitride compound partic ave a small
cpocifc sutacB B! SIETASE bHEAT PLFHE LOEPIE GHIECRTY RSP I & BArttibe finely, and
problems arise,jfhat the: partialRs.praciPitpe dwing $otge: e aesadresasrs when used as a
resin black matrix; and the adhesion to glass decreases. When the titanium nitride compound particles
have a large spesitierstidate@sdes.i.e., 10a small primary particle size, the particles are easily
aggregated when dispersed, and, consequently, problems arise in that the dispersion stability tends to
be worse, and[0024] :

16 The carbon black surface-treated with a sulfur-containing compound
preferably used in the present invention 18 commercially available (see Examples
below), and it is also preferable to use commercially available products.

[0025]
The content of the carbon black (A-1) based on the total weight of the light-

15 shielding material (A) is preferably about 20% by weight to 80% by weight, and
more preferably about 45% by weight to 80% by weight.

[0026]
To make the effects of the present invention prominent, the angle of
diffraction 26 of the peak derived from (200) plane of the titaniom nitride compound

20 used in the present invention, when CuKa radiation is used as an X-ray source, is
preferably 42.5° to 43.2°, more preferably 42.5° to 42.8°, and still more preferably
42.5°1042.7°.  Through the use of titanium nitride compound particles having an
angle of diffraction 6 in these ranges as a light-shielding material, a high OD value
can be achieved while keeping the concentration of the light-shielding @ateriai in the

25 black resin composition low, and, in addition, a good resin black matrix of high
definition and taper shape can be readily formed because the titanium nitride

compound particles have high ultraviolet transmittance.



when used as a resin black matrix, a sufficient hiding power of light-shielding material may not be
provided and the OD value decreases, which is not preferred. [0037] 15A primary particle can be said
to be an aggregate of a number of crystallites but is,preferably constituted by uniform crystallites. In
other words, the relationship between 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 (4) below. 20[0038] BET average particle size (nm) < crystallite size (nm) x 2(4) [0039]
The titaniu nitri#82dmpound particles used in the present invention contain TiN as a major

component, and gen allﬁé:(%ntain S@me.OX\éggcr% resulting from, 25for ex ‘rﬁgle, contamination of

ato
oxygen during synth S5 6’3%%{ RORIY paFﬁgfeggaF gé%r}lvc\?ﬂlin Olusnessﬁveg% y marked when the

particle size is small.,,] 16,658,049 RCAIEAL IS RILTBURARECAUSE NGNGBRIV alue can be

obtained, and, in 14 particular, it is preferable not to contain TiO2 as a minor component. However,

the less the oxygen-¢anientis) theumsecnistdishstiecelietied caloy berpmes sandidhis the particles
preferably contain oxygen atoms moderately. The content of oxygen atoms is preferably 5% by weight

to 20% By weighekatedivae reopréREEaNABe S b iOWe ighersed 0o sy weaighto1604013-4°. The content of
titanium atoms_can be analyzeéi hy 1&;P og:tfi | emission s ectrom%tr . The content of nitrogen atoms
can be analyz QY indht GRS oA RO T D2 BHE 57 0 i atoms can be
analyzed by 1Qipekgas fysiofinfrased:ahsaipian methar 180 HL.. PRk R/IhestEng.a ttanium

nitride compound, a‘gas-phase reaction method is generally used. Examples of the method include

electric furnacepecessmand thenmabplasmepmethod ARt hetharnalplassnas mathed is preferred
because the 15method causes less contamination of impurities, allows synthesis of particles with a

uniform size, astthsevitsightprodiictvity tiSpauifieatpotel prittancpastictit whtheldanium nitride
compound synthesized by the thermal plasma method is formed of substantially uniform crystallites,

and usiriy the fi’ﬂé‘?‘?%ﬁﬂ HAMIS RO A SERAT SIS BB B TS REReI HIER S RS RS ws formation
of a black matr%it%%qﬂg range where the angle of diffraction 20 is 42.5° t0 43.4°.  As the content

of oxygen atoms in the crystal state increases, the peak position shifts to the higher
angle side compared to 42.5°.  In titantum nitride oxide with insufficient nitridation-
reduction obtained by nitriding titanium oxide, the peak with the strongest intensity
15 is observed within the range where the angle of diffraction 26 is 42.9° to 43.2° (JP
2006-209102 A).  When titanium oxide T10O; is contained as a minor component, as
the peak with the strongest intensity, the peak derived from anatase-type TiO; (101)
is observed in the vicinity of 28 = 25.3°, and the peak derived from rutile-type Ti0;
(110) is observed in the vicinity of 20 = 27.4°,  However, since Ti0; is white and
20 thus can cause the decrease in the light-shielding effect of a black matrix, it is
preferred that TiO, be decreased to the extent that it is not observed as a peak.
[0028]
‘The size of crystallites constituting the titanium nitride compound particles
can be determined from the half bandwidth of X-ray diffraction peak according to the
25 Scherrer's formula shown in the equations (1) and (2) below.

[0029]



20a lower dielectric constant, which is preferred. [0042] Examples of methods for generating
thermal plasma include DC (direct-current) arc-discharge, multiple-phase arc-discharge,
high-frequency (RE) plasma, and hybrid plasma, among which the high frequency plasma which
causes less 2 5impurity contamination from an electrode is more preferred. Specific examples of
methods for producing titanium nitride compound particles by the thermal plasma method include, but
are not limited to, reacting titanium tetrachloride with 15 ammonium gas in a plasma flame (JP
02-22110 A), synthesis by vapaorizing titaniugvipowders with high-frequency thermal plasma and
nitriding with nitrogen iR h’i?e%‘?s(’é‘@éﬁm in a £doling process (JP 61-11140 A), and passing
ammonia gas through the peripheral portion of plasma (JP 63-85007 A). Any production method 5may
be employed a&!%@? as it produces titanium nitride compound particles having desired properties.
Various types of titanium nitride compound particles are commercially available, and a number of
titanium nitride compogind ﬁgﬁiclggf satisfying the anglgpf diffraction and the amount of oxygen atoms
defined in the present invention, and, furthemiore, the preferred particle size and specific surface
10area describéédbove are also commercially available. Such commercially available products may
be preferably used in the present invention. 0043g The percentage of the titanium nitride

compounid (A-2) in thE ar e FRe g res Rl Ratbribridrrdpidte Blf 209 by weight to
80% by Weightdﬁ‘ﬂgcgigﬁﬁer%f’éﬁf %5%%'&3&0\94&%%?1%9 ﬁa%g/ 55%%%%}%5@9 ll\étgfm%%?% g%les [l more than

70% by weight, and still more preferred is not more than ent efcentage of the
titanium nitrideompaund & smatdihgsreflected hue has an achromatic color, but the insulation
properties are reduced, which is not preferred. In particular, reduction in insulation properties due to
high-temperatut#Bérmal 20 history will be significant, and, further, the dielectric constant will be high,
which it not preferred. The larger the percenta%?e of the titanium nitride compound is, the higher the

insulation properties afd figistadhie fifsgseretaraly, YLither mors. reathidhctie bbbt e kudis. Therefore,

the percentage of the, titanium nitride is, preferahly within the range described %Qoye. 5[0044] In
the preggnt invlél?'ll'fi%Ir]w(;1 %ﬁg Jﬁlé? r%%l% a% @I%%/%cﬁ% blgﬁzﬁp%%lgfg%ﬁﬁ? 306’%& B tRe Carbon black (A-1)

and the titaniurp,itide comPAURg, (AR 08¥ D0 1 are used, problems arise in that the light-

shielding effect of a black matrix decreases, and, further, the dispersibility
deteriorates. If the crystallite size is more than 50 nm, problems arise in that the
light-shielding effect decreases, and, further, the particles are likely to precipitate to

15 deteriorate storage stability. However, when the crystailite size is small, the
reflected hue nears achromatic color though the light-shielding effect decreases, and,
therefore, a moderately small size 1s preferred in the present invention.
[0033]

The specific surface area of the titanium nitride compound particles in the

20 present invention can be determined by BET method; its value is preferably 5 m*/g to
100 m*/g, more preferably 10 m%/g to 100 m*/g, and still more preferably 30 m¥/g to
100 m%g. Based on the specific surface area determined by BET method when the
particles are assumed to be completely spherical and have a uniform particie size, the
particle size can be calculated by the equation (3} below.

25 [0034]

BET average particle size (nm) = 6/(S x d x 1000) (3)



replaced with other pigments to the extent that the OD value is not decreased. Examples of pigments
other than the carbon black and the titanium nitride compounds that can be used include black organic
pigments, mixed-color organic pigments, and inorgqgic pigments. Examples of black organic pigments
include 5perylene black and aniline black. Examples of mixed-color organic pigments include pseudo
black pigments obtained by mixing at least two or more pigments selected from red, blue, green, violet,
yellow, magenta, cyanogens, and the like. Examples of inorganic pigments include graphite; and
particles, oxide®idbmposite oxides, sulfides, and nitrides of metals such as titanium, copper, iron,
manganese, 10 cobalt, chromium, nickel, zigc, calcium, and silyer. These may be ysed alone or in
combination of two oSAIBFSHHETESHA/ASH Erpt 8t @ﬁ%sgé&%ﬁxbﬂaéﬁ‘wi)s%d)éﬁé“ﬂ}éfﬁium nitride
compound (A-2) is replaced with. other pjgments;.the content of.the other pigments is usually not more
than 2006 by wiiGH) S BAEAAR) ot TorL P Lo, WAHE, SHEZH DR total weight of he
light-shielding T@@g@jial. 15[0045] In the present invention, the alkali-soluble resin (C) is an
essential component, and any resin may be used as long as it acts as a binder to pigments and is
soluble ia alkaline deVélepehdniandewetopiigjpropessiwheitformingspatieprciichmte black matrix.
Both photosensitive resins and non-photosensitive resins may be used, and, 20specifically, epoxy
resins, acrylic r&&isCsifoREgfePpERdRBEde dedis WHBIMs veiawis thpaatisliréngly preferably
used. In particular, acrylic resins oy, polyimide resins are suitably used because they are excellent, for
example. in hoStHELLLSIEe 0T LMt LA Loh LS B O Ehd BTG TS Eoposition. Further
photosensitive gliali:soluhle [RsIns are-suitaRIK Hasskbacase dRQrNipgaRaleMLesUCh as a black
matrix, using a photosensitive resin facilitates the pattern-forming process. [0046] 17 Examples of
photosensitive alkati thohufaiguesinsi dre shpwinbpione] duiaateanatdiviadiibenetee arcal he.,
photosensitive alkali-soluble resin is composed at least of an alkali-soluble polymer, a reactive
monontet, and asplBtBPEIgN SAZEHD A TSIt g HelesHecianY rRER/eaH S whendmperiednaight ratio of the

alkali-soluble polymer to the reactive monomer is generally 10/90 to 90/10, and the amount of the
Photopolymer REHIAP UL SO0k g5 G ELeE BTG SRt bolymer and the

monomer. [0047} J0Asdhe alkali-selubls polymetran.alallioliale PAmSLARYIRg,a carboxyl group is

preferred, and unsaturated carboxylic acid can preferably be used. Examples of unsaturated
carboxylic acidsinghatiemoenotamoxidieiasidis s adwrayie:agid vhkihacsyltie:agigegrotonic acid, and
vinyl acetic acid; dicarboxylic acids such as itaconic acid, maleic acid, and fumarie acid, or acid
anhydrides thete®t7hnd 15polycarboxylic acid monoesters such as phthalic acid mono(2-

(meth)acryloyloxyethyl) ester. In particular, an acrylic polymer comprising a constituent unit derived
from (mieth)acrylic acid R BraterEHC N tah%%%&%%f%ﬁhwéwéﬁ i carboxylic

acid contained i, GORSIHUSNT WAS WithA,GAMRRUNY COMRLS NG AR RIPY/GCally unsaturated group and

an epoxy group can
relationship between 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 (4) below.
20 [0038]
BET average particle size (nm) < crystallite size (nm) x 2 4
{0039]
The titanium nitride compound particles used in the present invention contain
TiN as a2 major component, and generally contain some oxygen atoms resulting from,
25 for example, contamination of oxygen during synthesis and oxidation of the particle
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



20preferably be used because it improves the sensitivity in exposure and developing. As the
ethylenically unsaturated group, acrylic group and methacrylic group are preferred. [0048] These may
be used alone or in combination with another copolyperizable 25ethylenically unsaturated compound.
Specific examples of eopolymerizable ethylenically unsaturated compounds include, but are not limited
to, unsaturated carboxylic acid alkyl esters such as methyl acrylate, methyl methacrylate, ethyl 18
acrylate, ethyl methacrylate, n-propyl acrylate, isopropyl acrylate, n-propyl methacrylate, isopropyl
methacrylate, paitylaacryianes incboig haidtrastylatéi(des-bunyhacryharensec-bbiyiavethterylate,

iso-butyl acrylate, iso-butyl methacrylate, ten-butyl acrylate tert-bu%l methacrylate, n-pentyl acrylate,
n-pentyl methad&Ry RSP S Ethy BT dh%%&gﬁ}?ﬂfé} 3 OsaReshardrudRAate, and
benzyl methacrylate; aromatic vinyl compounds such as styrene,.p-methylstyrene, omethylstyrcne,
ety st e L R e

tricyclodecanyl(gaethyaesdate, unsaluratachcarbexybe reighaminoaliod sstersssH e, as aminoethyl
acrylatc; unsaturated carboxylic acid 10glycidyl esters such as glycidyl acrylate and glycidyl
methacrylate; canlgbxidie(@cibyviveykisters such as vinyl acetate and vinyl propionate; vinyl cyanide
compounds such as acrylonitrile, methacrylonitrile, and a-chloroacrylonitrile; aliphatic conjugated
dienes such ad®¥butadiene and isoprene; and polystyrene, polymethyl acrylate,

polymethylmethacrylaftltleIé Po%l%%'tn fl%grxlﬁ;[g,a nd %%I}/gélt Ié{p(éyt@ﬁ%@}@b 1&& ch having an acryloyl

group or a methacryloyl group at its erminat. n particu ar,ydn a@{yllc payme?ré%srsﬁ(ﬁ?ising (meth)acrylic

acid and benzyl,(meihlagrylate dspadigwesly-peefelassinuiew ol dispersionstahilifand ease of
patterning. [0049] When dispersing a pigment, adding the acrylic polymers described above in 20an
amount of 5 totb%aipredénablyty toedRbo, bHsecborethefpxypentpravicesta piginent idispersion in
which the pigment is dispersed in a highly stable manner. [0050] Further, in addition to the
above-8escribdeFEEIAt pelyMERsHaReP By rEsERt (meth)acrylic acid contained in constituent units
with a compour comprising an ethylenically unsaturated group and an epoxy group, an acrylic
polymer havin(yg)n thylenically unsaturated group in the side chain can preferably be used. Specific

examples thereof inclyge & GaROIMISHARSEHNGH Ik JBRABESE, a gas-phase reaction method is

generally used. Examples of the method include electric furnace process and
thermal plasma method, and the thermal plasma method is preferred because the

15 method causes less contamination of impurities, allows synthesis of particles with a
uniform sizé, and shows high productivity. Specifically, the primary particle of the
titanium 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

20 a lower diefectric constant, which is preferred.

[0042]

Examples of methods for generating thermal plasma include DC (direct-
current) arc-discharge, multiple-phase arc-discharge, high-frequency (RI} plasma,
and hybrid plasma, among which the high frequency plasma which causes less

25 impurity contamination from an electrode is more preferred.  Specific examples of
methods for producing titanium nitride compound particles by the thermal plasma

method include, but are not limited to, reacting titanium tetrachloride with



19 Patent No. 3120476 and JP 08-262221 A, i.e., an acrylic copolymer obtained by addition reaction of
the carboxyl and hydroxyl side chains in an acrylic copolymer comprising styrene, unsaturated
carboxylic acid, and an ethylenically unsaturated compound as copolymer components with an
acryloyl- or methacryloyl-containing 5compound having a glycidyl group or acrylic acid chloride, a
photo-curing resin "Cyclomer (registered trademark) P" (Daicel Chemical Industries, Ltd.) which is a
commercially available acrylic polymer, and an alkali-soluble cardo resin. [0051] The alkali-soluble
polymer preferaiblydiagragasve eagjesmaidecurat WEGRE NV L 0or SO0 4000 MéasUred by gel
permeation chromatography. using tetrahydrofuran as a carrier. and calculated using cegibration curve
of a standard g8l ‘r*ew@,éé%, HBFY A 5B/ hek iy 4H H a}%afétmré%%ﬂae%@ﬁe 8,000 to

40,000 and anagid yalue,of 910,150 GnakQyaxis oss refeiied nviey glphotgsensiive

properties, solubility in ester solvents, solublility in alkaline 15developers; and prevéntion of residues.
[0052]  Theyeagtivememomesl payibe o pritifynationaimonafuncionalaricnmeaamer or
oligomer. Examples of multifunctional monomers include bisphenol A diglycidyl ether (meth)acrylate,
poly (méth)acrylayeearbaneatd, ddmagwed bispiven tit20pepoxy reethjaor fam cidibiviaeid
1,6-hexanediol (meth)acrylic ester, phthalic anhydride propylene oxide (meth)acrylic ester, trirnellitic

acid diethylend GHyESIIoRIIETcry NEHRYS Y RSSIAL A GBIHBLIEP O AIRREIR & &ikyd-modified
(meth)acrylate, flugrene giacryiate-based aligomers described i Japanese Patent No. 3621533 or JP
g DO il e

2S .
08-278630 A, tripropyle ycol di{meth)acrylate, 1,6-hexane diol I(met acryfate, bisphenol A
diglycidyl ether,giingtb)aeryate ofrimativdelpiapane.tritmethiachiaten haniasntaritoiisi(meth)acrylate,
triacrylfonnal, pentaerythritol tetra(meth)acrylate and acid modifications thereof, dipentaerythritol 20
hexa(metWacrytatenand acidmmodifitethens the rdefpdiperthpayihtitelpentb{pethyacnyiate and acid
modifications thereof, 2,2-bis[4-(3-acryloxy-2- hydroxypropoxy)phenyl]propane, bis[4-(3-acryloxy-2-
hydroxyBropox3ffisHiigihiatrEaTE, BisFieq SURMAEAI L. Pé?cyp?é‘ﬁ%ﬁ?}}ﬂﬁ’é@ﬁgﬁl?ﬁﬁ’é?ble

bis[4-(3-acryloxy-2-hydroxypro henyllether . .
0 a-bisT (3 2 o TP ASESRES ENS6%: s o
acryloxy-2-hyd[wpfopoxy)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]fluorene,
bisphenoxyethanol fllidrepe chizepy atehd Ghisphe ndxivethanpbiind (ARe) dimetihachylaiehbiscresol
fluorene diacrylate, and ] ] . _
the light-shielding material (A) is preferably 20% by weight to 80% by weight, and
15 more preferably not less than 30% by weight.  More preferred is not more than 70%
by weight, and still more .preferred is not more than 55% by weight. When the
percentage of the titanium nitride compound 1s small, the reflected hue has an
achromatic color, but the insulation properties are reduced, which is not preferred.
In particular, reduction in insulation properties due to high-temperature thermal
20 history will be significant, and, further, the dielectric constant will be high, which it
not preferred.  The larger the percentage of the titanium 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 is preferably
within the range described above.
25 [0044]

In the present invention, to adjust the chromaticity of a black coated film, a

part of the carbon black (A-1) and the titanium nitride compound (A-2) may be



biscresol fluorene dimethacrylate. These may be used alone or in combination. [0053] Selection
and combination of these polyfunctional monomers and oligomers enables control of resist sensitivity
and workability. In particular, to increase the 55ensit{ ity, use of a compound having three or more
functional groups, more preferably five or more functional groups, is preferred, and, in particular,
dipentaerythritol hexa(meth)acrylate, dipentaerythritol penta(meth)acrylate, and acid modifications
thereof are preferred. Further, unsaturated group-containing alkali-soluble monomers obtained by
reacting a reacteiesTdaiil Bpgkyrcosnpin Heiateavth20blyoibytdtees grodpscandimethacrylic acid
with polybasic carboxylic acid or acid anhydride thereof are also preferably used in view of
developability %rﬁgf’ﬁ e SR e TR BT A bR YR B8 aining a large number
of aromatic rin ' [ {er- t ing.in i ule is preferred because
98:ApSLRaYIag: 2 NigDly WAl IePellen J%%%ﬁrﬁd;ﬁ é@%a@{%&%ﬁ% %%a‘%]m

I
a pattern can be controlled to a desired shape in devel 1 olymerization
initiator. [0055]pigmExanmies@talkyinbeeane photenmlymerzationnitiaiars MelufGude
aaminoalkylphenone photopolymerization initiators and a-hydroxyalkylphenone 5photopolymerization
initiators? and thés deamiadlkyib hshion&lptiotopolymerizafion-initiatorsoazenpapticutarty preferred in view
of high sensitivity. Examples thereof include 2,2-djethoxyacetophenone, 2-methyl-1-(4-methylthio
pheny1)-2- mo%BﬂﬁBﬁ%‘ﬁ%ﬁk}%g‘?ﬂ?&ﬁ?}ﬁ?@GiPHe‘inﬂ&ﬁﬁﬁg‘iﬁsl(ﬂ’!ﬁw%rrﬁr%ﬁd’é%ﬁé??ﬂ)- butanone

("Irgacure (registered trademarky” 369, BASE), 2-(dimethyla inc%;Z- 4-1 .
Omethylphenylg%netiyl 1145 4-§mugf r%??ﬁﬁ}%%’tényé Ybnﬁ% rel%]tr&%é &?é’ggﬁ%cﬁ{}%&gﬂéiégd trademark)"

379, BASF), 1-hydiprycyeiabexvippemdetanedancgniydrexyaainnethiphenylpigpan-l-one.

[0056] Specific examples of oxime ester photopolymerization initiators include 1,2- 1

5octanedione, b4 iti¢phehiyitti o) =d-(0:bln zd yiexit e)ict g acureregisperedaracemadcic OXEO01, BASF),
ethanone,119-ethy1-6-(2-methylbenzoy1)-911-carbazol3-y1]-,1-(0-acetyloxime) ("lIrgacure (registered
tradematk)" OXENL BB EnploATh ERE, (dgiureraupdyeimak)esPrOMERe (PSS L1919, and

DS L PRI A R T SR, i e
photopolymerizasign ifiptaESHERARI (A-2) is replaced with other pigments, the content of the
other pigments is usually not more than 20% by weight, and preferably not more than
10% by weight, based on the total weight of the light-shielding material.
15 [0045]

In the present invention, the alkali-soluble resin (C) is an essential component,
and any resin may be used as long as it acts as a binder to pigments and is soluble in
alkaline developer in a developing process when forming a pattern such as a black
matrix. Both photosensitive resins and non-photosensitive resins may be used, and,

20 specifically, epoxy resins, acrylic resins, siloxane polymer-based resins, polyimide
resins, and the like are preferably used. In particular, acrylic resins or polyimide
resins are suitably used because they are excellent, for example, in heat resistance of
a coating and storage stability of the black resin composition.  Further,
photosensitive alkali-soluble resins are suitably used because, in forming a pattern

25 such as a black matrix, using a photosensitive resin facilitates the pattern-forming
process.

[0046]



benzophenone compounds, thioxanthone compounds, imidazole compounds, benzothiazole
compounds, benzooxazole compounds, carbazole compounds, triazine 25compounds, phosphorus
compounds, or titanates can be used in combination.,Examples thereof include benzophenone,
N,N-tetraethyl-4,4'-diaminobenzophenone, 4-methoxy-4'-dimethylaminobenzophenone, benzoin,
benzoin methyl ether, benzoin 22 isobutyl ether, benzyldimethylketal, a-hydroxyisobutylphenone,
thioxanthone, 2- chlorothioxanthone, t-butylanthraquinone, 1-chloroanthraquinone, 2,3-
dichloroanthraquinonEx3xsheicrorhofnethgilaritiatstiiiriowes 2ean fan thraguinbne, liarpaphthoquinone,
9,10-phenanthfaquinone, 1,2-benzoanthraquinone, 1,4- 5dimethylanthraquinone,

2-phenylanthr aﬂﬁ?gntg?’f-t?o-chIorophenyl)-4,5- diphenylimidazole dimer, 2-mercapto benzothiazole,

2 mercaptobenzooxazgle,and.da(RMetamany Rk G iirienioramelivly s tiggne. [0058]

The organic solvent (C) used for the black resin composition e present 10invention is not

restricted, and gsters paliphatic aleehalsnketongsaand the dikeanbeesadi [00R 9] jregific examples
of esters include, but are not limited to, benzyl acetate (boiling point: 214C), ethyl benzoate (boiling

point: 218C), yabemjiteiactorieo 18 {bwilinbepoifgh204C ) ihethidabenddateptviliengpoint: 200C), diethyl
malonate (boiling point: 199C), ‘2-ethylhex3gbacetate é?oilin oint: 199C), 2-butoxyethyl acetate
(boiling point; T95EY CAHRARGKY $5HEHI-bURH Ledt @?Sé?iﬁ ARt £88¢€), diethyl oxalate (boiling

point: 185C), eé%@@%ﬁ%‘ﬁg@%é%@m%?%‘é@tﬁlt%)@%%%\%gk?%%&@ %ﬁ?ﬁé}%%f’gﬁin%gic),

3-methoxy-but oiling 20point: 17 methyl acetoacCetate (bolling point:
ethyl-3-ethoxy @ropienate ARG 7/0C), 2-ethyl butyl acetate (boiling point: 162C), isopentyl
propionate (boiling point: 160C), propylene glycol monomethyl ether propionate (boiling point: 160C),
propylene glyct{midhoethyl ether acetate (boiling point: 158C), pentyl acetate (boiling point: 150C),
and propylene glycol monomethyl 25ether acetate (boiling point: 146C). [0060] Among these solvents,
acetic &6{1 ester solvéritd B AEpRIME s dieh wagsr ap glkali-Soluble polymer having a carboxyl

group is preferred, and unsaturated carboxylic acid can preferably be used.
Examples of unsaturated carboxylic acids include monocarboxylic acids such as
acrylic acid, methacrylic acid, crotonic acid, and vinyl acetic acid; dicarboxylic acids
such as 1taconic acid, maleic acid, and fumaric acid, or acid anhydrides thereof; and
15 polycarboxylic acid monoesters such as phthalic acid mono(2-
(méth)acryioyloxyethyl) ester. In particular, an acryiic polymer comprising a
constituent unit derived from (meth)acrylic acid is preferred, and, further, an acrylic
polymer obtained by reacting carboxyiic acid contained in constituent units with a
compound comprising an ethylenically unsaturated group and an epoxy group can
20 preferably be used because it improves the sensitivity in exposure and developing,
As the ethylenically unsaturated group, acrylic group and methacrylic group are
preferred.
[0048]
These may be used alone or in combination with another copolymerizable
25 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



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
monomethyl ether acetate are particularly preferredI é{00611 5Further, solvents other than the solvents
described above, e.g., aliphatic ethers such as propylene glycol derivatives such as propylene glycol
monomethyl ether (boiling point: 120C), propylene glycol monoethyl ether (boiling point: 133C),
propylene glycol tertiary butyl ether (boiling point: 153C), and dipropylene glycol monomethyl ether
(boiling point: 288E&YeatipbiaticatardasthePthan teey o veostuty bacstie deetare!(boiling point: 77C),

26 butao! (ORGSO 1580 IR Bt (b BEOTACY B PRy s

methoxybutangl (boiling poit; 4G ketonessuch. ssoyslonsnianone and.aycipfisxanane; solvents
such as xylene (boiling point: 144C), ethyl benzene 15(boilirig point: 136C), and solvent naphtha

(petroleum fradfioy, Leiling, peinbutdmielt8dicanriselbe yiad incombinatiac,[@R62] Further, as the
size of substrates increases, coating with a die coating apparatus is becoming predominant, so that
the solvént is prederabtihal arixddteoiveriroacshprisithgawor baorel coripenentstisnartier to achieve an
appropriate volatility and drying properties. In cases where the boiling points of all the solvents

constituting thd"FksE SBfeRt A hOt igiBIAAH 1B ity Hrdb eSS that uniformity of film
(hickness cannat ieaiAned, hied WG are ATISLAORINGDGEASeR, A0A RIgMents adgregate & a

nozzle part from whereé the coating ‘solution’is ejecte through a slit, so tha st}%aking occurs in the
coated film. In gasesaherethpmixecsalveblcepiainsmaaysavents davingd:-hoilipg;point not lower
than 200C, the coated film surface becomes adhesive, and sticking occurs. Hence, a mixed solvent
24 containing 30t 7896dbyyhvats oftalsehennhebiriga Yailingpointofl H500x200Q is preferred.
[0063] As an adhesion promoter that can be used for the black resin composition of the present
invention, silar@SSlPIRE SgRitss s 5 Yot Strd i drhastftfy gty e acid
3-glycidoxypropyltimethoxysil lyCi ltriethoxysilane, :

T olcidopron e o et compounds
vinyltrimethoxysilang, adniiethonisiarey ane e ivecom pralasedintermsiatiraw material
availability. The above compounds used in the present invention exhibit an adhesion-improving effect
even when usewipigaiallaeneunish Thérdforedadditivhimarge anguihtstjsenot mepestary, and their

amount is preferably 0.2 to 20% by mass, and more preferably 0.5 to 5% by mass, based on the total
solids of a colFFEE: }rgb@gﬁthylmethacrylate, polybutylacrylate, and polybutylmethacrylate,

.15 each having an acryloyl group or a methacryloyl group at its terminal.  In particular,
an acrylic polymer comprising (meth)acrylic acid and benzyl (meth)acrylate is
particularly preferred in view of dispersion stability and ease of patterning.

[0049]
When dispersing a pigment, adding the acrylic polymers described above in
20 an amount of 5 to 50%, preferably 7 to 40%, based on the pigment provides a
pigment dispersion in which the pigment is dispersed in a highly sfable manner.
[0050]
Farther, in addition to the above-~described acrylic polymer obtained by
reacting (meth)acrylic acid contained in constituent units with a compound
25 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 Japanese



15In the black resin composition of the preserit invention, to disperse the light- shielding material
uniformly and stably in a resin solution, it is preferable to add a pigment dispersant. Examples of
pigment dispersants include polyester-based polym%ic pigment dispersants, acrylic-based polymeric
pigment dispersants, polyurethane-based polymeric pigment dispersants, polyallylamine-based
polymeric 20dispersants, pigment derivatives, cationic surfactants, nonionic surfactants, anionic
surfactants, and carbodiimide-based pigment dispersants. [0065] There are various polymeric
dispersants: disptgarts Hadint only ErP&raid3lalud cdispersahts hizeiing s mljizineddid value,
dispersants havipg an amine valye angﬁ?S n acid value, and dispersants having neither an amine
value nor an addVAIESFE M & é‘é;j‘sf”B‘i1 ﬂ%’%ﬁé@éﬁ@iﬁb@ﬁﬁéﬁ P BARHS ORI Preferable to use
2 dispersant having.an anneXaliR. AR i mote ElRIARIE 8 URS B iaRetaRNAARUNG 25 only an
e, the carbon blac

amine value. Through the use of a dispersant having an amine va ack of the present
invention which isnputiates odiesnithpsiienicacid greuwp can hedinaly dispersadiiy a more stable

manner, and a coated film having high insulation properties can be formed. 5[0066] Specific
examples of polymigrindizpergantdy halying omyarcamineidalbieidelidehDISRERBN K02, DISPERBYK
160, DISPERBYK 161, DISPERBYK 162, DISPERBYK 2163, DISPERBYK 2164, DISPERBYK 166,
DISPERBYK 167Y PASPHEB RIS AP ERE YREOOPETSIERBPRI Y56 DISPRREY K 2150,

1ODISPERBYP%&%§%%I§)(P5§EX§!rg Q?p %QISPI%&I%X%%\%%}Q% QISPERBYK LPN21234,
D m -

DISPERBYK 9075, and DISPERBYK 9077 (available fro emie); EFKA 4015, EFKA 4020,
EFKA 4046, EFff{A 14047, EFKA 4050, EFKA 4055, EFKA 4060, EFKA 4080, EFKA 4300, EFKA 4330,
EFKA 4340, MCA 4400, EFKA 4401, EFKA 4402, EFKA 4403, and EFKA 4800 (available 15from
BASF); and AJISPERIP8# kdli(aviaitédle fyorer AjirfornidiohRine: Techpor@decina: yvbighafelwpt limited
thereto. Among the polymeric dispersants having only an amine value, it is particularly preferable to

use a polymeri@ i< - RV imeeat sk aae ey SR S Y rovEoaralspediE examples thereof

nclude DISPERRYKC LENGR1S 200 DISEERBYIC LENSLLG, A0I000T - Spedifc xamples
polymeric dispersants having an amine value and an acfd value include 1S 142,

DISPERBYK 145, RISRERBYK:2004, DISRERBYK R RISRERBY 2028, R SRERBYK 2025,
DISPERBYK 9076, and Anti-Terra-205 (available from BYK-Chemie); Solsperse 24000 (available from

25Lubrizol Corposatiomd amdcil ISRERRBE2 1 s ANBRER BB 8yaptAHSPERIABEB1 (available from
Ajinomoto Fine-Techno Co., Inc.).
photosensitive properties, solubility in ester solvents, solubility in alkaline
15 developers, and prevention of residues.
[0052]
The reactive monomer may be a multifunctional/monofunctional acrylic
monomer or oligomer. Examples of multifunctional monomers include bisphenol A
diglycidyl ether (meth)acrylate, poly (meth)acrylatecarbamate, denatured bisphenol
20 A epoxy (meth)acrylate, adipic acid 1,6-hexanediol (meth)acrylic ester, phthalic
anhydride propylene oxide (meth)acrylic ester, trimellitic acid diethylene glycol
(meth)acrylic ester, rosin-modified epoxydi(meth)acrylate, alkyd-modified
(meth)acrylate, fluorene diacrylate-based oligomers described in Japanese Patent No.
3621533 or JP 08-278630 A, tripropylene glycol di{meth)acrylate, I,6-hexane diol
25 di(meth)acryiate, bisphenol A diglycidy! ether di(meth)acrylate, trimethylolpropane
tri{meth)acrylate, pentaerythritol tri{fmeth)acrylate, triacryiformal, pentaerythritol

tetra(meth)acrylate and acid modifications thereof, dipentaerythritol



[0068] 26 These pigment dispersants are appropriately selected depending on the type of
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 5a color resist of interest, and it is desirable to add them in a proper
amount taking into account dispersion stability and photosensitivity. Adding them in an amount of Ito
50 (% by mass), more preferably 3 to 30 (% by mass), based on pigments produces the effect of
achieving highlestabititeddikpersid aowithodt{detariorhting pdatoseasithvty) which is more preferred.
10[0069] To the black resin composition of the present invention, a surfactant can be added for the

purpose of proVidif§RSanE Bisparrd braUffsomsdaseiaeotbild-thasd M aind preventing

Benard Cells. The amount of the surfactant i ierally 0.001,to 10% by mass, preferably 0.01 to 1%
by mass, base yc?rrloér‘ﬂjrﬁ)gﬁfg} %ﬁ%ﬁ%‘%ﬁ%ng%%ﬁg'??sat%%qu all, the effect of providing coating

properties and smeatihness«9h i eolpraeccartad dimand.psgyenting Benard Cells is not produced, and

when the amount is too large, physical properties of a coated film can be poor. Specific examples of

surfactants includecaionjosyibetaiitsSoch as@ritrenidmmstaliyliduliatecandypalyoxyetivylene alkyl
ether sulfate triethanolamine; cationic surfactants such as 20stearylamine acetate and lauryl trimethyl

ammonium chiddgisktrigrstetr st fadsmizrsgemayhamignalotiiengite ok -ahd lauryl

carboxymethyl hydrox imidazolium betaine; nonionig surfactants, s as polyoxyethylene lauryl
ether, poIyoxyeﬁ%ﬁgﬁggﬁ“ﬁﬁ%ﬁgﬁOéqﬁgp SOrBi §rg1mr%%lﬁb%‘t%é?sa[{%%?ﬁ"c‘gﬁ%@éas%@%%ééants having
polydimethylsilgyang 55&%&@%{1@@@%’sggl_%tl@[y_aggrgﬁﬂ@gepglggijgﬁl surfactants. These are not
limiting examples, and in the present invention, the surfactants can be used alone or in combination of
two or more théseioé{Oerph:2 Trhenyt flherblackicgmpositibn af theopresanicinieation, the weight ratio of
pigment component/resin component is preferably in the range of 80/20 to 40/60 in order to obtain a
black cééted filbispaasipy alban Orvardimybasiylrentisoisivo Nuatare rdirr refdes aodthe total of the
light-shielding material (A) and color, pigments for adjusting Schromaticity, and the resin component
refors 10 the BTG hb RO HESTL) TS BRb RSO BRETS! o ROHAER i the e,
oligomers, and{gggijﬁives such as photopolymerization initiators and polymeric dispersants. If the
amount of the resin component is too small, the black coated film has poor adhesion to a substrate,
and if the amount of theligmeint compbiaent isftdessrpallfoptitaldensitoper Ahickness{©D

10value/um) decreases, both of which are problematic.
enables control of resist sensitivity and workability. In particular, to increase the

[
[

sensitivity, use of a compound having three or more functional groups, more

preferably five or more functional groups, is preferred, and, in particular,

dipentaerythritol hexa(meth)acrylate, dipentaerythritol penta(meth)acrylate, and acid

modifications thereof are preferred. Further, unsaturated group-containing alkali-

soluble monomers obtained by reacting a reactant of an epoxy compound having two

20 glycidyl ether groups and methacrylic acid with polybasic carboxylic acid or acid
anhydride thereof are also preferably used in view of developability and workability.
Further, combined use with a (meth)acrylate containing a large number of aromatic
rings and having a highly water-repellent fluorene ring in its molecule is preferred
because a pattern can be controlled to a desired shape in development.

25 [0054]

The photopolymerization initiator is not restricted, and it preferably contains

an alkylphenone photopolymerization initiator and/or an oxime ester



[0071] 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 preferably 2% to 30%, and more preferably
5% to 20%, in view of coating properties 15and dryi@ 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 balance being the solvent. As
described abovkoktmdbctaioayiibEdentained in the 20concentration described above. [0072]

The black resilco position of the present invention is produced by a method such as a method in
which pigment re ispersed directly in a resin solution using a disperser, or a method in which
pigments are dispersed | r i | % i disperser to produce a pigment
dispersion, which is tf%g%&rﬁiyfggkv%ﬁ? %%Igﬁ%@s%ﬁ%%ﬁ&% %r}f%%e{?ﬁa%ngf (l?srf’)g}%&r]l%%&gments IS not
restricted, and yMaRURMSIBeSR INAUHDE oo usingif.nal Ml carsandgrrdsihadiple roll mill, and a
high-speed 28 impact mill may be used. In view of dispersion efficiency and finely dispersing
performance, usintpeobwaatimifios preférredindshih e -beanbaill aheodnalphvilbrelyaskesathitl, a pin mill, a
DYNO mill, and the like can be emfloyed. As the beads for the bead mill, titania beads, zirconia

beads, and ziréBHHESRREPrRRL BN Feed, i@'f’ﬁ"ewd?émEk’e?eﬁi?iﬁ‘i‘éﬁﬁfeagé‘%gﬁ%’f}?e&?@éersion is
ferably 0.01, 0 f 3 . N h th '
preterably ;rﬁé@d&%—dﬂ%xﬁ@ %@Sél‘lzggngb%,%[%?%g%ng%%etﬁfgﬁﬁgpg}% [} £.@s€s where he primary

particle size of the pigments and t secon es v ggregation of the primary

particles are srﬂﬂlpﬁi@]%gﬁggggi@rm@@§&§9Q%mggl%gm@@0%ﬁf§{@¥kg§gd. In this case, it is
preferred that dispersion be carried out by using a bead mill having 10a centrifugal separator capable
of separating thetfimmdispersior bepde:fedrivadispeysitn?, BAASES Wherglpigments Lirtaining larger
submicron particles are disggrsed, dispersion beads with a size of 0.10 mm or more are preferably

used béfause BFHhEIBREGHTARRY SeektiH-canimielivedinbenid lalsperestad ' Biginits finely. [0073] 15An
example of the,method doé ﬁgdgr ?.%%eﬁ&%ﬁﬁkhra%gé% ggjct?ggéa%tg[ d%%rhgltﬁetglac# I ,Zt;in composition of
a ‘apparatus will escribed: Ex 1F8

; { .
the present mv@%ﬁ&?ﬁnt coafing appa scr mples of substrates generally

used include tfﬁﬁﬁ%@ﬁ@&%ﬁﬁjﬁk@mmm&ﬁ!%& alkali-free glass, and quartz glass, but are not
ie

limited thereto. Examples of the coating apparatus include the sheet coating apparatus disclosed,
20for example [ Idpanese Patent No. 3139358 and Japanese Patent No. 3139359. Using this
apparatus, the black resin composition écoating solution) of the present invention is ejected from a

nozzle, and a substrat®qs MGV SYeb e BOR PASIMIEBIFPEEINBANERN & Bped Snto the
subsrie.In i 555 e ise bl o tbscs S pmeRIn e gm alonsde
ejected througly Rsshif-rieingan he s eoalinchdsioctda eause YinleHnaeRasen 90 dlbazol-
© 3-yl]-,1-(O-acetyloxime) ("Irgacure (registéred trademark)" OXE02, BASF), and
"ADEKA (registered trademark) OPTOMER" N-1818, N-1919, and "ADEKA
ARKLS" NCI-831 available from Asahi Denka Kogyo K.K.
20 [0057]
In addition to these photopolymerization initiators, known
photopolymerization initiators, e.g., inorganic photopolymerization initiators such as
benzophenone compounds, thioxanthone compounds, imidazole compounds,
benzothiazole compounds, benzooxazole compounds, carbazole compounds, triazine
25 compounds, phosphorus compounds, or titanates can be used in combination.
Examples thereof include benzophenone, N,N'-tetracthyl-4,4'-diaminobenzophenone,

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



29 In this case, the coating defect is solved to increase the yield by incorporating the step of wiping the
nozzle, an ejection port of the apparatus, with a solvent containing the above-described ester solvent
having a boiling point of 150C or higher in an amou %of 40% by mass based on the total solvent. As
described above, 5the 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 a coated film of the black
resin composition. In particular, by performing a vacuum drying step and additional heat drying with an
oven or a hot piateuigbating Hefertdivatisdi:y, cohyéstiorsabetshivette.ititeeasdthe Qield. The
vacuum drying is_preferably 10 carried out at normal temPerature to 100C for 5 seconds to 10 minutes

at a reduced prediFRISKEEBWY 10U G Bt d bl STt BEABfestive in the range of 150 to
50 (Pa). The heat drying{s preferably garried .out using an oven, a hot plate..or the like at,a
g chﬁioyé)agﬂllr?% non 2%/—&%)férf-ﬁ%aeﬁ#&gl%rg%\émdne B—et%‘g%ﬁhiﬁﬁ}él)?%}eé?4

temperature in the range o to or 10 seconds to 30 minutes. rhask is placed

on the coated fHEﬂhﬁﬁﬂ&ﬂﬁ%‘é!@ﬁ@@ﬁ@rﬁ%ﬁ@&i@ﬁ@ usingexRasuHe awRMent. Then, developing is
performed using an alkaline developing solution. It is preferable to use an alkaline developing solution
containirig 0.1 tor58th pharksufactant, Sudheas anthomjomorsu fdotahiobadausd & better pattern can be
obtained. Examples of alkaline substances used in the alkaline 20developing solution include, but are
not limited to, iSRRIk s HErr a.s JBEREARLPEPERIGE A tas i FRaRiRTsIGaR &8 IfuCarbonate,
potassium carbﬁgpq%%ét%%giurﬁegillz_ te, sodium metagilicate, and aqueous ammonia; and organic alkalis
such as primary amines SUeh ad ylamine amfn-prc‘f%@?amlne; Secondary amines such as
diethylaminc arpgoggp-propylamine; tertiary amines such as triethylamine and 25methyldiethylamine;
tetraalkylammonium hydroxides such as tetramethylammonium hydroxide (IMAM; quarternary
ammonium salts suclhiias chohinesdicohl amines stichbasitriethanetgmineyndiéthapadamine,
monoethanolamine, dimethylaminoethanol, 30 and diethylaminoethanol; and cyclic amines such as
pyrrolelBiperidiREEtian Hiashmcyieish MORTUihdetbate slsehpsdisiopeiom s Or5ksonane, and
morpholine. [00791 The concentration of the alkaline substance is 0.01% by mass to 50% by mass,
5preferably 0.02% by mass to 10% by mass, and more preferably 0.02 to 1% by mass. Further, when
the developing@@g_t}jon Is an aqueous alkaline solution, water-soluble organic solvents such as
ethanol, 7-butyrolactone, dimethylformamide, and N-

Specific examples of esters include, but are not limited to, benzyl acetate

(boiling point: 214°C), ethyl benzoate (boiling point: 213°C), y-butyrolactone
15 (botling point: 204°C), methyl benzoate (boiling point: 200°C), diethyl malonate
(boiling point: 199°C), 2-ethyihexyl acetate (boiling point: 199°C), 2-butoxyethyl
acetate (boiling point: 192°C), 3-methoxy-3-methyl-butyl acetate (boiling point:
188°C), diethyl oxalate (boiling point: 185°C), ethyl acetoacetate (boiling point:
181°C), eyclohexyl acetate (boiling point: 174°C), 3-methoxy-butyl acetate (boiling
20 point: 173°C), methyl acetoacetate (boiling point: 172°C), ethyl-3-ethoxy propionate
(boiling point: 170°C), 2-ethyl butyl acetate (boiling point: 162°C), isopentyl
propionate (boiling point: 160°C), propylene glycol monomethyl ether propionate
{(boiling point: 160°C), propylene glycol monoethyl ether acetate (boiling point:
158°C), pentyl acetate (boiling point: 150°C), and propylene glycol monomethyl
25 ether acetate (boiling point: 146°C).
[0060]

Among these solvents, acetic acid ester solvents or propionic acid ester



methy1-2-pyrrolidone may be appropriately added to the developing solution. [0077] 10Among these
developing solutions, an aqueous developing solution of an aqueous alkaline solution is preferred in
view of work environment and waste developing so?éion disposal. [0078] Any development method
such as immersion method, spray method, or 15paddle method may be used. After the development,
washing with pure water or the like is perfamied. [0079] The resulting coating pattern of the black
resin composition is then heat-treated (post-baked) for patterning. The heat treatment is generally
carried out 20cthtiRitiose af 3tesilive-fomelampreyincaiaton Haitloaeal sphosprstbylor in vacuum at a

temperature of 150 to 300C, preferably 180 to 250C, for 0.25 to.5 hours. [0080] The optical density
(OD value) of tﬁ%%@‘fﬁ%ﬁﬁﬁﬂﬁﬁ? @%go B ShT e BISRIORa dBRBBSIHBIYSF the present

invention is preferafly. ¢ 95 pse: src;lﬂ%ﬁot&ﬁ@tﬂwié@ﬂ&hg%&%wygmcmgrﬁg%'}l%g%%ve'ength range

between 380 and 700 nm, more pretérably 3.0 or more, and still more prefer or more. The OD
value is measur@m Using a multi channel photo detector (MCPD2000 manufactured by 31 OTSUKA
ELECTRONICS CO., LTD.) and calculated by the equation (3) below [0081] OD value = logio (1A)(3)
wherein, 2o represent§uhigdantensityioinident thgisolbenid deprasahtbote frensithasicStiansmitted light.

0082
[ ] 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
10 as ethyl acetate (boiling point: 77°C), butyl acetate (boiling point: 326°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-methyi-3-
methoxybutanoi (boiling point: 174°C); ketones such as cyclopentanone and
cyclohexanone; solvents such as xylene (boiling point: 144°C), ethyl benzene
15 (boiling point: 136°C), and solvent naphtha (petroleum fraction, boiling peint: 165 to
178°C) can aiso be used in combination.
[0062]
Further, as the size of substrates increases, coating with a die coating
apparatus is becoming predbininant, so that the solvent is preferably a mixed solvent
20 comprising two or more components in order to achieve an appropriate volatility and
drying properties. In cases where the boiling points of all the solvents constituting
the mixed solvent are not higher than 150°C, many problems arise in that uniformity
of film thickness cannot be attained; the ﬁiﬁ thickness after coating increases; and
pigments aggregate at a nozzle part from where the coating solution is ejected
25 through a slit, so that streaking occurs in the coated film. In cases where the mixed
solvent contains many solvents having a boiling point not lower than 200°C, the

coated film surface becomes adhesive, and sticking occurs.  Hence, a mixed solvent



The reflected light chromaticity of the resin black matrix is measured on the transparent 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 accotding 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 than -2.0, a
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 if they are more than 2.0, a problem
arises in that terigeeref ected ib tHeafim ESslivine ddublesarbeidish el yEASWISHO[DTBS]  The
surface resistance value ps (QM of the resin black matrix is preferably 1010 (U/p) or more, and more
preferably 1012 @75 5" more. The surface resistance value can be determined by making -
measurements[gx%gHe method according to "ES 20K6911. [0084] The relative dielectric constant Er
at 1 MHz of the resin black matrix is preferably 10 or less, more preferably 8 or less, and still more

preferably 6 or less. \Wben fapseiative disleettccanstantoithe sesibibiack aalbsigsnere than 10, an
25ununifoim electric field in a touch panel can be caused, leading to reduced sensitivity of a sensor

electrodé. The tslativsidisiecttiononstentoobthe resirislackaratrixiis preferalysidmsmall as possible.
The lower limit thereof is not limited, but generally 32 not less than 2 at 1 MHz. EXAMPLES [0085]
The present in\98}‘ﬂ't.’ilb‘hg\ﬁ/ﬁi3’f’|b\%f%@%@&WS@W?HWB@E&%WS'r°ﬁg Examples 5and Comparative

S b ARSI s s plege ggrats 0000
were measuredibyidrkalropylmethyldiethoxysilane, vinyltrimethoxysilane, vinyltriethoxysilane,
and the like are preferred in terms of raw material availability. The above

10 compounds used in the present invention exhibit an adhesion-improving effect even
when used in small amounts. Therefore, addition in large amounts is not necessary,
and their amount is preferably 0.2 to 20% by mass, and more preferably 0.5 to 5% by
mass, based on the total solids of a color resist.

[0064]

15 In the black resin composition of the present invention, to disperse the light-
shielding material uniformly and stably in a resin solution, it is preferable to add a
pigment dispersant. Examples of pigment dispersants include polyester-based
polymeric pigment dispersants, acrylic-based polymeric pigment dispersants,
polyurethane-based polymeric pigment dispersants, polyallylamine-based polymeric

20 dispersants, pigment derivatives, cationic surfactants, nonionic surfactants, anionic
surfactants, and carbodiimide-based pigment dispersants.

[0065]
There are various polymeric dispersants: dispersants having only an amine
value, dispersants having only an acid value, dispersants having an amine value and

25 an acid value, and dispersants having neither an amine value nor an acid value. To

make the effects of the present invention prominent, it is preferable to use a

dispersant having an amine value, and it is more preferable to use a dispersant having



photoelectron spectroscopy (XPS) using a measuring device ESCALAB 220 XL (trade name) under
the following measurement conditions: excitation X-ray; monochromatic AlKal,2 radiation (1486.6 eV),
X-ray diameter; 1 nun, and photoelectron take-off aﬁgle; 900 . 15[0087] [X-Ray Diffraction] X-ray
diffraction was measured by filling a powdered sample in an aluminum standard sample holder by the
wide-angle X-ray diffraction method (RU-200R manufactured by Rigaku Corporation). Measurements
were made under the 20following conditions: X-ray source; CuKa radiation, output; 50 kV/200 mA, slit
system; 1-1-0. 28120048 iifiieme st e st pl(@dsIooantEnd isean panEe2/ang. thie angle of
diffraction at the peak deri\{g: from (200) plane oti)segrved ound 20 = 46.was measured. Further, from

the half banciBtAOSH e R GRIRT HSFT 200 FiReS HHASBCGY s st S LRGitthg the
partcles was el G yRGSEheuers HITMAOK e tualons ) andi2) deserbad sbove

[0088] [Composition Analysis] "33 The content of titanium atoms was meaSured by [CP optical
emission speciRmainn (loB-epticakemissiapdgspectrometer SPS3000 manufactured by Seiko
Instruments Inc.). The contents of oxygen atoms and nitrogen atoms were measured with
OxygenMNitrogEWenalyzer EMGA-620W/C manufactured by 5SHORIBA Ltd., and determined by inert
gas fusion-infrared absorption method for oxygen atoms and by inert gas fusion-thermal conductivity

method for nitrogen atbffis!6889P[SRdE SiHacE )" DTHS PRI 3K tfea of the particles
was measurea g BYARRRYICTHASRAHIANALY A TASPRIBNOR ARRABMPLRBFISOR ™ 50)

manufactured by BEL Japan, Inc. Atter vacuum degassing at 100C, the adsorption isotherm of N2 gas

at a temperaturgQf iiguidioitege N (IFHRRvas measureeranshaoabraoi By sk redwd to determine
the specific surface area. From the value of the specific
DISPERBYK 168, DISPERBYK 2000, DISPERBYK 2050, DISPERBYK 2150,

10 DISPERBYK 2155, DISPERBYK LPN6919, DISPERBYK LPN21116,
DISPERBYK LPN21234, DISPERBYK 9075, and DISPERBYK 9077 (available
from BYK-Chemie); EFKA 4015, EFKA 4020, EFKA 4046, EFKA 4047, FFKA
4050, EFKA 4055, EFKA 4060, EFKA 4080, EFKA 4300, EFKA 4330, EFKA 4340,
EFKA 4400, EFKA 4401, EFKA 4402, EFKA 4403, and EFKA 4800 (available

15 from BASF); and AJISPER PB711 (available from Ajinomoto Fine-Techno Co.,
Inc.), but are not limited thereto.  Among the polymeric dispersants having only an
amine value, it is particularly preferable to use a polymeric dispersant having at least
a tertiary amino group, and specific examples thereof include DISPERBYK
EPN6919 and DISPERBYK LPN21116.

20 [0067]

Specific examples polymeric dispersants having an amine value and an acid
value include DISPERBYK 142, DISPERBYK 145, DISPERBYK 2001,
DISPERBYK 2010, DISPERBYK 2020, DISPERBYK 2025, DISPERBYK 9076,
and Anti-Terra-205 (available from BYK-Chemie); Solsperse 24000 (available from

25 Lubnizol Corporation); and AJISPER PB821, AJISPER PB880, and AJISPER PB881

(available from Ajinomoto Fine-Techno Co., Inc.).

[0068]



15surface area, a BET particle size was determined by using the equation (3) described above. In the
calculation, the specific gravity: d = 5.24 (g/cm3) was used for the titanium nitride compound particles,
and the specific gravity: d = 1.80 (g/cm3) was usedjfgr the carbon black. [0090] 20[Powder Volume
Resistivity] Electrodes are placed at both ends of a cylindrical Teflon (registered trademark)
sample cell filled with samples; a load is applied to the electrodes using AUTOGRAPH manufactured
by Shimadzu Corporation; and the resistance value was measured using Low Resistance Meter 3540
manufactured by HIOKIEEE BIPBOORPORAT IONPPHEP Uil ectesididrppdian petttébmined from the
measured resistance valueﬁ? the %%uation below, and the vaIHe mecfslured at a pressure of 50

kgficm2 was efigiyEd as e BEWISP S BIETHE LRI S FRe Wainle 1984 $5¢81] Powder volume
resistivity p [12:6ml5.Ro% SR SAMIRIE LRSS S%@QQ%&E%%&@:%@%&Q@%RE%@ {§092] 5[OD Value]

A resin black matrix with a film thickness of 1.0 um was formed on an alkali-free glass, and the OD
value was deteghinechsising alomitichannelpheteodetestor (RansiastiieshbyoQASUKA of
ELECTRONICS CO., LTD., MCPD2000) by the equation (3) mentioned above. 10[0093[ [Reflected
Light ChPomatigiegjor resistesimistasik andttiss wWithrablitrip thidkhessioh DO remavasforrhied on a 0.7-
mm-thick alkali-free glass, and the chromaticity of light reflected from the glass surface was measured

using an UltraVIBASREN S5PSFHAREPLHE QRO PROIOTHEYEY 15 (SHrTABS (PSPeE S HB SR Sler
UV-2500PC if] : X 1Q..780 , li itch; 1
) (easyy /r% 4 Itﬁﬁ%‘:ﬁQggﬁ%ﬁ?&%ﬁ%@@?ﬂ?%i&@goeasg’c%gn i£8Q.nm, sampling pitc

0 nm, scan rate; low, a urfacé Resistance] 20Aresin black matrix with a
film thickness gfddQcumnvasieraedigdaialikaliy stabilized dispersion without deteriorating
photosensitivity, which is more preferred.
10 [0069]

To the black resin composition of the present invention, 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

15 the amount is too small, the effect of providing coating properties and smoothness of
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.  Specific
examples of surfactants include anionic surfactants such as ammonium lauryl sulfate
and polyoxyethylene alkyl ether sulfate triethanolamine; cationic surfactants such as

20 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 stearyi ether, and sorbitan monostearate; silicone-base
surfactants having polydimethylsiloxane or the like as the main skeleton; and

25 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.

[0070]



free glass, and the surface resistance (n/o) was measured using a high resistance meter (Hiresta UP
manufactured by Mitsubishi Chemical Corporation). Also after the black matrix was heat-treated in an
oven at 250C for 30 minutes, the surface resistance,yas measured in a similar manner. 25[0095]
[Relative Dielectric Constant] A black matrix with a film thickness of 1.0 um was formed on an ITO- 35
deposited glass, and the relative dielectric constant (Er) at a frequency of 1 MHz with no voltage
applied was measured using an impedance analyzer (HP4192A manufactured by Agilent). [0096]
5Synthesis of Acryl Poijradlagiegmpositisehgf ihetbraceyidtanbaiatiyeciditirstigeneiemsalymer (weight

ratio: 30/40/30) was synthesized according to.the method descri in Example 1 of Japanese Patent
No. 3120470, SHVERENHO SAASY AR G PR RS UL BdURD et e reauting
mixture was regapasIeR Il pUIHEd m@@t%m&f@g A e dRlain.am A nolmer )

powder having an average molecular weight (Mw) of 20,000 and anacid value of 110 (mgKOH/qg).
More specificalyfeaftersy athe sizingithe-methyhinethecatlate/methacryicacifdshrenasgapolymer
(weight ratio: 30/40/30), the addition of 40 parts by weight of glycidyl methacrylate was carried out as
describetl belovhrTioadi i008nddlfo vrsreckeg diusk rafs g 00thedbisbpidpytikidoholuaseiarged. The flask
was held in an gil bath at 80C, and under a nitrogen seal and stirring, 30 %of methyl methacrylate, 40

g of styrene, 367t BIHRAHNACH /e HER Sl P B P NEN- BEOiSi SIS FOMif HkEU St were
added dropW|s§gi§z[)8 &%@9@3&%%@ %g[ri%ﬁgﬁj\ll?l ﬁ;egé) ﬁgﬁ%@?ﬂf{%}e{i action %ﬁg%gﬁntmued for 3

hours, 1 g of h ne monomet then the temperature was brought

back to normaltenpeaeatuestoseampiaie the pelipastizatiandheaeBiehihusmebtangsiwas taken as
Polymer A. Next, 100 g of isopropyl alcohol was added to Polymer A, and while holding the resulting

mixture at 75C{h4Qugaing hyicidy brpethdcyiaterantli 8 igoomirb! tepltver Zigkemynomilme cldsr{i@®were added
and allowed to react for 3 hours. 25[0097] Preparation of Carbon Black Dispersion (C-1) The surface
elemental comBRJERIBAY 5 1e86° P UBRpBRER S ERMENHEC-S 36 and S-S to components assigned
to SO and SO>£ ng S2p peak components, the powder volume resistivity, and the BET value of a
carbon black (CB-13k1 available from Cabot Corporation, "TPX-1291") surface-treated with sulfonic

acid groups are showq {Re IR sin composition of the present invention, the solids
concentration, that is, the total of the resin component and the pigment component is
preferably 2% to 30%, and more preferably 5% to 20%, in view of coating properties
15 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
balance being the solvent.  As described above, surfactants may be contained in the
20 concentration described above.
{0072]
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
disperser, or a method in which pigments are dispersed in water or an organic soivent
25 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

including those using a ball mill, a sand grinder, a triple roll mill, and a high-speed



5[0098] The carbon black CB-Bkl (200 g), a 40% by weight solution of the acryl polymer (P-1) in
propylene glycol monomethyl ether acetate (94 g), a 20% by weight solution of DISPERBYK
LPN21116 (polymeric dispersant) having a tertiary @g]ino group and a quarternary ammonium salt as
a pigment-adsorbing group (31 g), and 10propylene glycol monomethyl ether acetate (675 g) were
charged into a tank, and stirred with a homomixer (manufactured by Tokusyu Kika Kogyo) for 1 hour to
obtain a pre-dispersion. Thereafter, the pre-dispersion was supplied to Ultra Apex Mill (manufactured
by KOTOBUK INBY STRIES t0yisedTDLYy sigiifspetsnith e cdfigitngation Sepdaditbe70% filled with
zirconia beads with a diameter of %05 mm (available from Nikkato Corporatiol YTﬁ balls), and
dispersion wadCamBd it AR bt et?gﬁ% &&l's ?ﬁ/s f‘éﬁ R ﬁ?g f%%’bﬁfﬁ%ﬂéé?bl i black dispersion

C-1 with a solids gangentration,ofi 259bygyeight, And.piarenlfresin (eiaht ratiq) #89(20. [0099]

Preparation of Carbon Black Dispérsion (C-2) Z0A carbon black (CB-BKk2) surface-treated with sulfonic
acid groups wasireparechatcdrainghiadhe mettaddescineditok vanapledpéLatant@cument 5.
More specifically, 550 g of Regal (registered trademark) 250R carbon black (available from Cabot
Corporation), 31l ¢asheiaifahtfieduiad] aergd B0t deinipedarale e rauaddedlintmaplow mixer

jacket-heated to 60C. Into 10(% Lg of deionized 25water, 12.6 g of sodium nitrite was dissolved to
prepare a solufié® AFATHE Sl oA WA 'abEREY to therriixiIker i tHE" BT ks 1 fidBfion mixture

was mixed at 60, 01,2 iou &t 2bouLA0IHD anden llawsd 000k oy BP L EIpsIature. 37 The

resulting carbon dispersed product was diluted to a solids concéntration of 15% and treated by
diafiltration at pdimasswebniusing dejenizedhwatess Dhs finalidisnersed progdurtwas wked at 75C
overnight and ground with an experimental blender to produce a powder of a phenyl sulfonic acid
group-binding mdtifiegsspigmantciGUob)t disfRirssubtacaraidmdritaisompdsitibmiliHevatip of
components assigned to C-S and S-S to components assigned to SO and SOx among S2p peak

compoh8nts, tREPBIESA SRS SRR T aTRE B JHIE dip e R d SRbtvn in Table 1. A
10carbon bl i ' - in.th se of th bon black
carbon ac‘éiféﬁé?%%mﬁ%ﬂ%ﬁ&%@ﬁgﬁg@%&%@%ﬁa”f%%_@é[fg\{%gﬁa IEpaATcied arac carbon biac

dispersion C-1 except that the carbon bl k2 was Us reparation of Carbon Black
Dispersion (C-3jsheprhamspaskitispession & s3wasoliained miie samemmanyelas in the 15case of

the carbon black dispersion C-1 except that DISPERBYK LPN6919 having a
because sufficient grinding strength can be attained to disperse the pigments finely.
[0073]

15 An example of the method of producing a resin black matrix substrate using
the black resin composition of the present invention with a die coating apparatus will
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,

20 for example, in Japanese Patent No. 3139358 and Japanese Pateﬁt No. 3139359,
Using this apparatus, the black resin composition (coating solution) of the present
invention 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

25 aggregate at the nozzle part from where the coating solution is ejected through a slit,

which can be a coating defect to cause yield decrease.

[0074]



tertiary amino group as a pigment-adsorbing group was used as a polymeric dispersant. [0102]
Preparation of Carbon Black Dispersion (C-4) 20A carbon black dispersion C-4 was obtained in the
same manner as in the case of the carbon black dispersion C-1 except that DISPERBYK 2001 having
a quarternary ammonium salt and a carboxyl group as a pigment-adsorbing group was used as a
polymeric dispersant. [0103] 25Preparation of Carbon Black Dispersion (C-5) The surface
elemental composition, the ratio of components assigned to C-S and S-S to components assigned to
SO and SOx among 8pfiiseakccBinporvrtdeted IS powdeinstam eesidgvity neatbtiet BET value of a

surface-oxidizeefcarbo? black (CB-Bk3 available from D?i%? Chemijcal Cqrporation, "9930CF") are
shown in Tabld"f SR EDERBREK AT EE WAL DSt tP R HESs 3ie MNHEY as in the case of

the carbon b'a‘él&%}?ﬁ"gﬂféé‘ S exeenhinat dae Saban Nack GRiBK3 WAR Hispehel91p4] Preparation of

Carbon Black Dispersion (C-6) The surface elemental composition, the ratio of components

assigned to C-Bigid o teampanentsassignesia SORNGRIRXamONAS Apspeki cemponents, the
10powder volume resistivity, and the BET value of a surface-oxidized carbon black (CB-Bk4 available

from Coflumbiati@arlssh 1emn cRAMENCTIOB0LHLR pare shdwitadis. Pabldicn hecardvon black dispersion C-6
was obtained in the same manner as in the case of the carbon black dispersion C-1 exc%pt that the

carbon black CEISREWEY GEREP!s Y105 B IRBaFATBR G e 4h Oh BRAOHIg A SR 1e2Ed  The
surface elemenigl g%e%%&é%&&%% OQﬁisﬁm%q%g@qaﬁg%p%%géﬁzrﬁ%z%mc%m%&ﬁrgf,{gpo”e”tS

assigned to SO and SOx among S2p peak compo der voltime resistivi nd the BET

value a surfacetuntieatadiGarapnlagkifc BB 8Bkaavailakie fram Mitsybishé hemisabGorporation,
"MA100") are shown in Table 1. A carbon black dispersion C-7 was obtained in the same manner as in

the case of thecoarisonoblasksdispétsiow€ss dxeppidhatlthe warnvondojank i€ B<BkBhigas used. [0106]
Prepar?'gon of ggg&%ﬂt?ﬁr&%&zﬁE)eenrlzggu(lla-:tl-cz 100°C for 5 seconds to 10 minutes at a reduced

pressure of 500 to 10 (Pa), more preferably at a reduced pressure in the range of 150

to 50 (Pa). 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.

[0075]

15 Next, a mask is placed on the coated film, and ultraviolet rays are irradiated
using exposure equipment. Then, developing is performed using an alkaline
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

20 developing solution include, but are not limited to, inorganic alkalis such as sodium
hydroxide, potassium hydroxide, sodium carbonate, potassium carbonate, sodium
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-»-propylamine; tertiary amines such as triethylamine and

25 methyldiethylamine; tetraalkylammonium hydroxides such as tetramethylammonium

hydroxide (TMAH); guarternary ammonium salts such as choline; alcohol amines

such as triethanolamine, diethanolamine, monoethanclamine, dimethylaminoethanol,



25The angle of diffraction 20 of the peak derived from (200) plane of titanium nitride compound
particles (Ti-BKI available from Nisshin Engineering Inc., TIN UFP Lot 13307215) produced by thermal
plasma method was 42.62. The 39 crystallite size dgtermined from the half bandwidth of this peak
was 29.4 nm, and the BET specific surface area was 36.0 m2/g. A composition analysis revealed that
the titanium content was 72.2% by weight; the nitrogen content was 19.4% by weight; and the oxygen
content was 6.37% by weight. X-ray diffraction peaks derived from 5TiO2 were not observed at all.
[0107] TheAdAiEHY Hitrde Compband STREIEDE gl aomsTHysvBigtHiEsfutleh of the acryl polymer
(P-1) in propylene glyco n thyl ether acetate (94 q),.a 40%.by weight solutian of DISPER_BYK
LPND1116 (ol TR SRy RS (O oo ol B S B montunt sa
as a pigment- gg?ing group (31 g), and propylene glycol monomethyl ether acetate (675 g) were
charged into a tank, and stirred with a homomixer (manufactured by Tokusyu Kika Kogyo) for 1 hour to
obtain a pre-dispersidhclcohbeteafies, dhipibdisparsiamtanas . supphe chinslibt i Apsxaddil,
(manufactured by KOTOBUKI INDUSTRIES CO., LTD.) equipped 1 5with a centrifugation separator
70% filled with e AMYHEES Ritinassfanete Pohoosartinervaiabie by Nikichto e apperation, YTZ

balls), and dispersjon was carried out at a rotation speed of 8 m/s.for 2 hours to obtajn a titanium black
dispersion T-1 WS SBIGR REHEEAPRIL CrISHA L ARIGRE SR DIGhISHIIZS B Sio) = 80/20.
2010108] Prepayalin o TR0 Bleck DISPRISIRRAT-ae (T ANdIe aflirapisn 20 o the peak

derived from (200) plane of titanium nitride compound particles (Ti-BK2 available from Nisshin
Engineering IngeihiN 2 FRrbitda2091 0203 pretuaeddicthermatiplaimagmetbashwas 42.62. The 25
crystallite size determined from the half bandwidth of this peak was 21.9 nm, and the BET specific
surface area wH¥'85.0 m2/g. A composition analysis revealed that the titanium content was 70.4% by

weight; the nitrogen content was 19.9% by wejght; 40 and the oxygen.content was, 8.86% by weight.
X-ray difffaction peakS HERGHF IR “FIER WEPSHOR HBBARIEE Wt 4t SHRIMAGH 188k Hlspersion T-2 was

obtained in the, same MANNEL 9&1&%&9%@@1‘%@@&@& Hap im%]ﬁ%mﬁm{é&%%-&%ept that the

titanium nitride compound particles Ti-Bk2 were used. 5[010
developing solution disposal.

[0078]
Any development method such as immersion method, spray method, or
15 paddle method may be used.  After the development, washing with pure water or
the like is performed.
[0079]
The resulting coating pattern of the black resin composition is then heat-
treated (post-baked) for patterning. The heat treatment is generally carried out
20 continuously or stepwise, for example, in air, in a nitrogen atmosphere, or in vacuom
at a temperature of 150 to 300°C, preferably 180 to 250°C, for 0.25 to 5 hours.
[0080]
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
25 wm of film thickness within the visible wavelength range between 380 and 700 nm,
more preferably 3.0 or more, and still more preferably 4.0 or more. The OD value

is measured using a multi channel photo detector (MCPD2000 manufactured by



Preparation of Titanium Black Dispersion (T-3) A titanium black dispersion 1-3 was obtained in the
same manner as in the case of the titanium black dispersion T-1 except that DISPERBYK LPN6919
having a tertiary amino group as a pigment-adsorbig group was used as a polymeric 1 Odispersant.
[0110] Preparation of Titanium Black Dispersion (T-4g A titanium black dispersion T-4 was obtained
in the same manner as in the case of the titanium black dispersion T-1 except that DISPERBYK 2001
having a 15quartemary ammonium salt and a carboxyl group as a pigment-adsorbing group was used
as a polymeric @ispershntl. [ATHRPEXEMpre. 1LThe Jcanbeoridolatkl dis parsipri@{§2 Mievy) and the
titanium black dispersion 20T-1 (274.2 g) were mixed, and to the mixture, a 40% by weight solution of
the acryl polym@p%lﬂl) in propylene glycol monomethyl ether acetate (117.3 g), a 50% by weight
solution (polyfunctionamopu%n;qg of&ii ntaeryaritol hexaacrylate (DPHA available from Nippon
Kayaku Co., Ltd.) in propylene glycdl Hohometiyl ether acetate (92.7 g), "ADEKA ARKLS" NCI-831

(photopolymerizatipminiiaines 2aavailable fFoprARRKA GRRBARAFIAM 1468k BMF03 (adhesion
promoter) available from Shin-Etsu Chemical Co., Ltd. (7.5 g), and a solution obtained by dissolving a
10% by weighttsoisttiotedfiphopylene glycol monomethyl ether acetate, a 41 silicone-base surfactant,
(4.0 g) in propylene glycol monomethyl ether acetate (218.5 g) were added to obtain a black resin
composition 1 WA total solids concentration of 25% by weight and pigment/resin (weight ratio) =

46/54. [0112] 5The blagk (oRiIn SPARPRINON A WASFRRlicdione analkaliiree Alaes ANs0
transparent 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
10 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 than -2.0, a
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 if they are more than 2.0, a problem arises in that the image reflected in the film
15 surface Jooks reddish and yellowish.
[0083]
The surface resistance value ps ({2/c) of the resin black matrix is preferably
10 (/o) or more, and more preferably 10" {£3/0) or more. The surface resistance
value can be determined by making measurements by the method according to "JIS
20 K 6911".
[0084]
The relative dielectric constant €r at | MHz of the resin black matrix is
preferably 10 or less, more preferably 8 or less, and still more preferably 6 or less.
When the relative dielectric constant of the resin black matrix is more than 10, an
25 ununiform electric field in a touch panel can be caused, leading to reduced sensitivity
of a sensor electrode.  The relative dielectric constant of the resin black matrix is

preferably as small as possible.  The lower limit thereof is not limited, but generally



substrate using a spinner | H-DS manufactured by MIKASA CO., LTD. and prebaked at 100C 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/cnélg) through a photomask, developed using a
0.045% by mass 10aqueous KOH solution, and then washed with pure water to obtain a patterning
substrate. Further, the patterning substrate was cured at 230C for 30 minutes. In this manner, a black
matrix 1 with a thickness of 1.00 pun was prepared. [0113] Example 2 15A black resin composition 2
was obtained inatiessarae hianndHas in Example 1 except that the carbon black dispersion C-1 (137.1
g) was mixed wijth the titanium black dispersion T-1 (411.3 g). Further, a black matrix 2 with a
thickness of 1.5&6%%§§prepared in the same manner as in Example 1 using the black resin
composition 2. 20iQ314] Example 3 A black resin composition 3 was obtained in the same manner
asin Example& except that the carbon black dispersion C-1 (411.3 g) was mixed with the titanium

black dispersion T-1 {2 hdeghtFuwrthebrovhlaskwisdidxs3rwih @ thicknres 1afs1h 0@ 2akmmewas prepared in
the same manner as in Example 1 using the black resin composition 3. [0115] 42 Example 4 A

black res§in compbSitimpaaivesiotatairied ittt sersenmarmeoassihBxamplesliexcdpo tihat the
composition ratio in diluting a dispersion was changed to pigment/resin (weight ratio) = 43/57. Further,
a black matrix PURHZEHIERIESS of 51.00 um was prepared in the same manner as in Example 1 using
the black resinfﬁgg%ﬁ)osition 4.[011 6] Example 5

<Evaluation Method>
{Surface Elemental Composition]

10 The surface elements of the carbon black were measured by X-ray
photoelectron spectroscopy (XPS) using a measuring device ESCALAB 220iXL.
(trade name) under the following measurement conditions: excitation X-ray;
monochromatic AlIKal,2 radiation (1486.6 ¢V), X-ray diameter; I mm, and
photoelectron take-off angle; 50°.

15 [0087]
[X-Ray Diffraction]

X-ray diffraction was measured by filling a powdered sample in an aluminum
standard sample holder by the wide-angle X-ray diffraction method (RU-200R
manufactured by Rigaku Corporation). Measurements were made under the

20 following conditions: X-ray source; CuKa radiation, output; 50 kV/200 mA, slit
system; 1°-1°-0.15 mm-0.45 mm, measurement step (20); 0.02°, and scan rate;
2°/min. The angle of diffraction at the peak derived from (200) plane observed
around 26 = 46° was measured. Further, from the half bandwidth of the peak
derived from (200) plane, the size of crystallites constituting the particles was

25 calculated using Scherrer's formula of the equations (1) and (2) described above.
[0088]

[Composition Analysis]



A black resin composition 5 was obtained in the same manner as in Example 10 1 except that the
titanium black dispersion T-2 was used in place of the titanium black dispersion T-1. Further, a black
matrix 5 with a thickness of 1.00 um was prepared i§13the same manner as in Example 1 using the
black resin composition S. [0117] Example 6 15A black resin composition 6 was obtained in the same
manner as in Example 1 except that the carbon black dispersion C-2 was used in place of the carbon
black dispersion C-1. Further, a black matrix 6 with a thickness of 1.00 um was prepared in the same
manner as in Exampléht esitantieé rkredimoonposiiond! 101(8] ao0Esbenpksi?n A black resin
composition 7 was obtained in the same manner as in Examé)le 1 except that the carbon black

dispersion C-3RELOREHIH 5B B S sHB SER LSSV - aanip e st driSRkBlack dispersion

T-3 was used |f1n£)[;f%%%%f tﬁ%_é!taql%ncgll é:ég{sd(lgpersmn -1, Fug@l%,oaeblggk maitrix 7 with a thickness of

[4 alomis a . .-
1.00 25um was prepared in the same manner as 1 Examplé 1 using the black résin composition 7.

[0119] 43 Exampieuid with biackresin-compeasition 8vasa abteinad inthe.samea glanner as in Example
| except that the carbon black dispersion C-4 was used in place of the carbon black dispersion C-1,

and the fitaniud{GRGAdigpemsiddefednias! bsedan pladesohtieBiitdnivrrbiackedispdriion T-1. Further,
a black matrix 8 with a thickness of 1.00 um was prepared in the same manner as in Example 1 using
the black resin%@ﬂfﬁ’o@ﬂﬂﬂﬁ%{d[bigﬁﬂr@ﬁﬁﬁ’éfaﬁﬁg@émﬁﬂéhicﬁw Bretbrtdeinieepbsition 9 was
obtained in thea,&rrpse manner as in Example | except that the carbon black dispersion C-1 (548.4 g)
was used as a pigment dispersion. Further, a black matrix 9 with a thickness of 1.00 um was prepared
in the same mapngsjas in Example | using the black resin composition 9. [01211

[Specific Surface Area

10 The specific surface area 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

15 surface area, a BET particle size was determined by using the equation (3) described
above. In the calculation, the specific gravity: d = 5,24 (g/cm3) was used for the
titanium nitride compound particles, and the specific gravity: d = 1.80 (g/cm®) was
used for the carbon black.
[0090]

20 [Powder Volume Resistivity]

Electrodes are placed at both ends of a cylindrical Teflon (registered
trademark) sample cell filled with samples; a load is applied to the electrodes using
AUTOGRAPH manufactured by Shimadzu Corporation; and the resistance value
was measured using Low Resistance Meter 3540 manufactured by HIOKI E.E.

Z25 CORPORATION. The volume resistivity p can be determined from the measured
resistance value by the equation below, and the value measured at a pressure of 50

kgflem? was employed as the powder volume resistivity of the sample.



Comparative Example 2 A black resin composition 10 was obtainedin the same manner as in
Example 1 except that the carbon black dispersion C-5 (548.4 g) was used as a pigment dispersion.
Further, a black matrix 10 with a thickness of 1.00 | Im was prepared in the same manner as in
Example 1 using the black resin composition 10. 20?0122] Comparative Example 3 To 437.8gofa
carbon black dispersion C-8 (CF Black MP-108 available from MIKUN1 COLOR LTD., solids
concentration = 30 wt%, pigment concentration = 25 wt%) used as a pigment dispersion, the surface
of the carbon blg@kibeing 25resinified, a 40% by weight solution of the acryl polymer (P-1) in propylene
glycol monomethyl ether acetate (126. Oé%ga 50% by wei ht solution (polyfunctionai monomer) of
dipentaerythritd RSN Rt BIINVR AT fr dm\%é WA RGBS TGO Y Bropylene glycol
monomethyl et&%ég%% %)% 4 g), "ADEKA ARKES" NCI-831 (photopolymerization initiator) available
from ADEKA CORPORATION(12.1 g), KI3M503 (adhesion promoter) available from Shin-Etsu
Chemical Co., [gghA¥.5 g), and a solution obtained by dissolving a 10% by weight Ssolution of
propylene glycol monomethyl ether acetate, a silicone-base surfactant, (4.0 g) in propylene glycol
monomethyl ethePacetate (316.3 g) were added to obtain a black resin composition 11 with a total
solids concentration of 25% by weight and pigment/resin (we I'?ht ratio) = 46/54. Further, a black matrix

Il with a thickness of 1085 G\%S‘Tb?r‘éﬁa ihfike dirkesaidet e |W3E>f%’i‘6fé%‘ Gglﬁlé"‘t}h‘e black resin

locomposmon 11% 123 m ve Exa A black res in.com was obtained in
the same manner Salsﬁ g?mhpl exgg& hatlgtﬁmf?gcrilﬁjsrlﬁgo?amﬁ |sl§ersi% %lo ?ﬁ;ﬁ?tﬂ g) was used as

a pigment 15digpgfsiapuFriiensbirekmairix i@ ity a thicknpss\ef: 2i9hpoysyas prepared in the
same manner as in Example 1 using the black resin composition 12. [0124] Comparative Example 5

equation (3) mentioned above.

10 [0093]

[Reflected Light Chromaticity]

A resin black matrix with a film thickness of 1.0 pm was formed on a 0.7-
mm-thick alkali-free glass, and the chromaticity of light reflected from the glass
surface was measured using an UltraViolet-Vis-Near InfraRed spectrophotometer

15 {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).

[0094]
[Surface Resistance]

20 A resin black matrix with a film thickness of 1.0 pm was formed on an alkali-
free glass, and the surface resistance (€/02) was measured using a high resistance
meter (Hiresta UP manufactured by Mitsubishi Chemical Corporation).  Also after
the black matrix was heat-treated in an oven at 250°C for 30 minutes, the surface
resistance was measured in a similar manner.

25 [0095]

{Relative Dielectric Constant]

A black matrix with a film thickness of 1.0 um was formed on an ITO-



A black resin composition 13 was obtained in the same manner as in Example 201 except that as a
carbon black pigment dispersion, the carbon black dispersion C-5 was used in place of the carbon
black dispersion C-1. Further, a black matrix 13 with, a thickness of 1.00 um was prepared in the same
manner as in Example 1 using the black resin compJosition 13. [0125] 25Comparative Example 6 A
black resin composition 14 was obtained in the same manner as in Example 1 except that as a carbon
black pigment dispersion, the carbon black dispersion C-6 45 was used in place of the carbon black
dispersion C-1deprthied, Aastackdtiztrid i evith ecthickeetsdf )00 adreaqwas pre das&idznvitie same
manner as in Example 1 using the black resin compaosition 14. [0126] 5Comparative Example 7 A
black resin con‘?ﬁd’éi%ﬁ%f@%ﬁg Bﬁ%éﬂ%ﬁqﬁdtﬁé‘%%ﬁé‘ﬁ%ﬂﬁ’é?efélﬁly%{a{ﬂwép ¥éxcept that as a carbon
black pigment disgg g,(i:%@e%})e o rll?gnq black dispersion C-7 was used in place of the carbon black
dispersion c-1. Furt er, a ac %natr?)'( 15 with a thickness of 1.00 mm was prepared in the same
manner as in Exgnle 1 using 10the black resin composition 15. [0127] Comparative Example 8 A
carbon black dispersion C-8 (219.1 g, CF Black MP-108 (trade name, available from MIKUNI COLOR
LTD.)), the surfacelekthefchrhdrdackriBihy 15 resinified, and the titanium black dispersion T-1
(273,9 g) were mixed as a pigment dispersion, and to the mixture, a 40% by weight solution of the

acryl polymer (P-1) inf8pyEsEaResismembraatiy reif s s st ey (gri ahs 59y weight solution

(polyfunctional r) of dipentaerythritol. hexaacryla I-1A ayailable from Nippon Kayaku Co.,

e in promyien e A R P R R o

(photopolymeriggiiganitaianayaiable romARE A QRATIONI(L1 NKBMQ3 (adhesion
able

promoter) avalil from Shin-Etsu Chemical Co., Ltd. (7.5 g), and a solution obtained by dissolving a

10% by weightisadutidadothpretpylehieghsmdt monomethyiethipacetdte;th siifbnewaase surfactant, (4.0
g)in propylen%fs\;ycol monomethyl ether acetate (267.5 g) were added to obtain 25a black resin
composition 165fc4 techiseflde SabertrRishrel B, Byl weigiica HavBig HieAtrdsh (weight ratio) =

46154, Further, & badl Mot S0 AIANESE. 2/ 90D 15 PISRRBRID e pame manner as in
specifically, after synthesizing the methyl methacrylate/methacrylic acid/styrenc
copolymer (weight ratio: 30/40/30), the addition of 40 parts by weight of glycidyl
methacrylate was carried out as described below. To a 1000-cc four-necked flask,

15 100 g of isopropyl alcohol was charged.  The flask was held in an oil bath at 80°C,
and under a nitrogen seal and stirring, 30 g of methyl methacrylate, 40 g of styrene,
30 g of methacrylic acid, and 2 g of N,N-azobisisobutyronitrile mixed therewith were
added dropwise thereto from a dropping funnel over 30 minutes. After the reaction
was continued for 3 hours, 1 g of hydroquinone monomethyl! ether was added, and

20 then the temperature was brought back to normal temperature to complete the
polymerization. The polymer thus obtained was taken as Polymer A. Next, 100 g
of isopropyl alcoho! was added to Polymer A, and while holding the resulting
mixture at 75°C, 40 g of gl.ycidyl methacrylate and 3 g of triethylbenzylammonium
chloride were added and allowed to react for 3 hours.

25 [0097]

Preparation of Carbon Black Dispersion (C-1)

The surface elemental composition, the ratio of components assigned to C-S



46 composition 16. [0128] The evaluation results are shown in Table 3. It can be seen that the
black matrices footled using the resin compositions shown in Examples show high surface resistance,
and what is more, they show high surface reS|stanoe even after heat treatment at 250C. However, in
cases where a carbon black is used alone as a Ilght shielding material, and in cases where a carbon
black with a low percentage of sulfur atoms on the surface and a titanium nitride compound are used
in combination, the reduction in surface resistance after heat treatment is significant. Furthermore, 10it
can be seen thtdFeSiacRAPAREES FtERed @ﬁﬁb%ﬁb&@gimﬂ@@m&ﬁmﬁs eshepeRdntEemples have

reflected light chro atlc values (a 2 2.0, indicatin |ma e reflected in the film
surface is achr%?ﬁ’égtr%e V8 Fﬁ’?es}l%g%agdlg\’ﬁ gogfe%? HHe SRR f?%f 9 ¥Eaple 9 c. SE tag
ScVe Z 09 00k yokuns: Corporation, "TPX-1291") surface-treated with sulfonic acid groups are
shown in Table 1.
5 [0098]
The carbon black CB-Bk1 (200 g), a 40% by weight solution of the acryl
polymer (P-1) in propylene glycol monomethyl ether acetate (94 g), a 20% by weight
| solution of DISPERBYK LPN21116 (poiymeric dispersant} having a tertiary amino
group and a quarternary ammonium salt as a pigment-adsorbing group (31 g), and
10 propylene glycol monomethyl ether acetate (675 g) were charged into a tank, and
stirred with a homomixer {manufactured by Tokusyu Kika Kogyo) for 1 hour to
obtain a pre-dispersion. Thereafter, the pre-dispersion was supplied to Ultra Apex
Mill (manufactured by KOTOBUKI INDUSTRIES CO., L'TD.) equipped with a
centrifugation separator 70% filled with zirconia beads with a diameter of 0.05 mm
15 (available from Nikkato Corporation, YTZ bails), and dispersion was carried out at a
rotation speed of 8 m/s for 2 hours to obtain a carbon black dispersion C-1 with a
solids concentration of 25% by weight and pigment/resin (weight ratio) = 80/20.
[0099]
Preparation of Carbon Black Dispersion (C-2)
20 A carbon black (CB-Bk2) surface-treated with sulfonic acid groups was
prepared according to the method described in Example 1 of Patent Document 5.
More specifically, 550 g of Regal (registered trademark) 250R carbon black
(available from Cabot Corporation), 31.5 g of sulfanyl acid, and 1000 g of deionized
water were added into a plow mixer jacket-heated to 60°C. Into 100 g of deionized
25 water, 12.6 g of sodium nitrite was dissolved to prepare a solution, and the solution
was added to the mixture in the plow mixer. The reaction mixture was mixed at

60°C for 2 hours at about 50 rpm and then allowed to cool to room temperature.
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The resulting carbon black-dispersed product was diluted to a solids concentration of
15% and treated by diafiltration at 7 times volume using deionized water. The final
dispersed product was dried at 75°C overnight and ground with an experimental
blender to produce a powder of a phenyl sulfonic acid group-binding modified
5 pigment,

[0100]

The surface elemental composition, the ratio of components assigned to C-S
and S-S to components assigned to SO and SOx among S2p peak components, the
powder volume resistivity, and the BET value of CB-Bk2 are shown in Table 1. A

10 carbon black dispersion C-2 was obtained in the same manner as in the case of the
carbon black dispersion C-1 except that the carbon black CB-Bk2 was used.
[0101]

Preparation of Carbon Black Dispersion (C-3)
A carbon black dispersion C-3 was obtained in the same manner as in the

15 case of the carbon black dispersion C-1 except that DISPERBYK LPN6919 having a
fertiary amino group as a pigment-adsorbing group was used as a polymeric
dispersant.

[0102]
Preparation of Carbon Black Dispersion (C-4)

20 A carbon black dispersion C-4 was obtained in the same manner as in the
case of the carbon black dispersion C-1 except that DISPERBYXK 2001 having a
quarternary ammenium salt and a carboxyl group as a pigment-adsorbing group was
used as a polymeric dispersant.

[0103]

25 Preparation of Carbon Black Dispersion (C-5)

The surface elemental composition, the ratio of components assigned to C-S

and S-S to components assigned to SO and SOx among S2p peak components, the
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powder volume resistivity, and the BET value of a surface-oxidized carbon black
(CB-Bk3 available from Daido Chemical Corporation, "9930CF") are shown in
Table 1. A carbon black dispersion C-5 was obtained in the same manner as in the
case of the carbon black dispersion C-1 except that the carbon black CB-Bk3 was
used.

(0104}

Preparation of Carbon Black Dispersion (C-6)

The surface elemental composition, the ratio of components assigned to C-S
and S-S to components assigned to SO and SOx among S2p peak components, the
powder volume resistivity, and the BET value of a surface-oxidized carbon black
(CB-Bk4 available from Columbia Carbon Inc., "RAVEN 1060Ultra") are shown in
Table 1. A carbon black dispersion C-6 was obtained in the same manner as in the
case of the carbon black dispersion C-1 except that the carbon black CB-Bk4 was
used.

[0105]
Preparation of Carbon Black Dispersion (C-7)

The surface elemental composition, the ratio of components assigned to C-S
and S-S to components assigned to SO and SOx among S2p peak components, the
powder volume resistivity, and the BET value a surface-untreated carbon black (CB-
BkS available from Mitsubishi Chemical Corporation, "MA100") are shown in Table
1. A carbon black dispersion C-7 was obtained in the same manner as in the case of
the carbon black dispersion C-1 except that the carbon black CB-Bk5 was used.
[0106]

Preparation of Titanium Black Dispersion CT—I)

The angle of diffraction 20 of the peak derived from (200) plane of titanium

nifride compound particles (Ti-BK1 available from Nisshin Engineering Inc., TiN

UFP Lot 13307215) produced by thermal plasma method was 42.62°.  The
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crystallite size determined from the half bandwidth of this peak was 29.4 nm, and the
BET specific surface area was 36.0 m’/g. A composition analysis revealed that the
titanium content was 72.2% by weight; the nitrogen content was 19.4% by weight;
and the oxygen content was 6.37% by weight. X-ray diffraction peaks derived from
5 TiO, were not observed at all.
[0107]
The titanium nitride compound 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 of DISPERBYK L.PN21116 (polymeric dispersant) having a

10 tertiary amino group and a quarternary ammonium salt as a pigment-adsorbing group
(31 g), and propylene glycol monomethyl ether acetate (675 g) were charged into a
tank, and stirred with a homomixer (manufactured by Tokusyu Kika Kogyo) 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

15 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
carried out at a rotation speed of 8 m/s for 2 hours to obtain a titanium black
dispersion T-1 with a solids concentration of 25% by weight and pigment/resin
(weight ratio} = 80/20.

20 [0108]
Preparation of Titanium Black Dispersion (T-2)

The angle of diffraction 26 of the peak derived from (200) plane of titanium

nitride compound particles (Ti-BK2 available from Nisshin Engineering Inc., TiN
UFP Lot 1320910202) produced by thermal plasma method was 42.62°. The

25 _crystallite size determined from the half bandwidth of this peak was 21.9 nm, and the
BET specific surface arca was 85.0 m*/g. A composition analysis revealed that the

titanium content was 70.4% by weight; the nitrogen content was 19.9% by weight;
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and the oxygen content was 8.86% by weight. X-ray diffraction peaks derived from
Ti0; were not observed at all. A titanium black dispersion T-2 was obtained in the
same manner as in the case of the titanium black dispersion T-1 except that the
titanium nitride compound particles Ti-Bk2 were used.
5 [0109]
Preparation of Titanium Black Dispersion (T-3)
A titanium black dispersion T-3 was obtained in the same manner as in the
case of the titanium black dispersion T-1 except that DISPERBYK LPN6919 having
a tertiary amino group as a pigment—adsorbing groﬁp was used as a polymeric
10 dispersant.
[0110]
Preparation of Titantum Black Dispersion (1-4)
A titanium black dispersion T-4 was obtained in the same manner as in the
case of the titanium black dispersion T-1 except that DISPERBYK 2001 having a
15 quarternary ammonium salt and a carboxyl group as a pigment-adsorbing group was
used as a polymeric dispersant.
[0111]
Example 1
The carbon black dispersion C-1 (274.2 g) and the titanium black dispersion
20 T-1(274.2 g) were mixed, and to the mixture, a 40% by weight solution of the acryl
polymer (P-1) in propylene glycol monomethyl ether acetate (117.3 g), a 50% by
weight solufion (polyfunctional monomer) of dipentaerythritol hexaacryiate (DPHA
available from Nippon Kayaku Co., Ltd.) in propylene giycol monomethyl ether
acetate (92.7 g}, "ADEKA ARKLS" NCI-831 (photopolymerization initiator)
25 available from ADEKA CORPORATION (11.6 £), KBM503 (adhesion promoter)
available from Shin-Etsu Chemical Co., Ltd. (7.5 g), and a solution obtained by

dissolving a 10% by weight solution of propylene giycol monomethyl ether acetate, a
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silicone-base surfactant, (4.0 g) in propylene glycol monomethyl ether acetate (218.5
g) were added to obtain a black resin composition 1 with a total solids concentration
of 25% by weight and pigment/resin (weight ratio) = 46/54.

[0112]

5 The black resin composition 1 was applied onto an alkali-free glass AN100
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/cmz) through a photomask, developed using a 0.045% by mass

10 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 um was prepared.

[0113]
Example 2

15 A black resin composition 2 was obtained in the same manner as in Example
1 except that the carbon black dispersion C-1 (137.1 g) was mixed with the titanium
black dispersion T-1 (411.3 g). Further, 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.

20 [0114]

Example 3

A black resin composition 3 was obtained in the same manner as in Example
1 except that the carbon black dispersion C-1 (411.3 g) was mixed with the titanium
black dispersion T-1 (137.1 ¢). Further, a black matrix 3 with a thickness of 1.00

25 wm was prepared in the same manner as in Example 1 using the black resin
composition 3.

[0115]
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Example 4
A black resin composition 4 was obtained in the same manner as in Example
1 except that the cbmposition ratio in diluting a dispersion was changed to
pigment/resin (weight ratio) = 43/57. Further, a black matrix 4 with a thickness of
5 1.00 pm was prepared in the same manner as in Example 1 using the black resin
composition 4.
[0116]
Example 5
A black resin composition 5 was obtained in the same manner as in Example
10 1 except that the titanium black dispersion T-2 was used in place of the titanium
black dispersion T-1. Further, 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.
[0117]
Example 6
15 A black resin composition 6 was obtained in the same manner as in Example
1 except that the carbon black dispersion C-2 was used in place of the carbon black
dispersion C-1. Further, a‘black matrix 6 with a thickness of 1.00 um was prepared
in the same manner as in Example 1 using the black resin composition 6.
[0118]
20 Example 7
A black resin composition 7 was obtained in the same manner as in Example
1 except that the carbon black dispersion C-3 was used in place of the carbon black
dispersion C-1, and the titanmum black dispersion T-3 was used in place of the
titantum black dispersion T-1. Further, a black matrix 7 with a thickness of 1.00
25 pm was prepared in the same manner as in Example 1 using the black resin
composition 7.

[0119]
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Example 8
A black resin composition 8 was obtained in the same manner as in Example
1 except that the carbon black dispersion C-4 was used in place of the carbon black
dispersion C-1, and the titanium black dispersion T-4 was used in place of the
5 titanium black dispersion T-1. Further, a black matrix 8 with a thickness of 1.00
um was prepared in the same manner as in Example 1 using the black resin
composition 8.
[0120]
Comparative Example 1
10 A black resin composition 9 was obtained in the same manner as in Example
1 except that the carbon black dispersion C-1 (548.4 g) was used as a pigment
dispersion. Further, a black matrix 9 with a thickness of 1.00 um was prepared m
the same manner as in Example 1 using the black resin composition 9.
[0121]
15 Comparative Example 2
A black resin composition 10 was obtained in the same manner as in Example
1 except that the carbon black dispersion C-5 (548.4 ¢) was used as a pigment
dispersion. Further, a black matrix 10 with a thickness of 1.00 um was prepared in
the same manner as in Example 1 using the black resin composition 10.
20 [0122}
Comparative Example 3
To 437.8 g of a carbon black dispersion C-8 (CF Black MP-108 available
from MIKUNI COLOR LTD., solids concentration = 30 wt%, pigment concentration
=25 wt%) used as a pigment dispersion, the surface of the carbon black being
25 resinified, a 40% by weight solution of the acryl polymer (P-1) in propylene glycol
monomethyl ether acetate (126.0 g}, a 50% by weight solution (polyfunctional

monomer) of dipentaerythritol hexaacrylate (DPHA available from Nippon Kayaku
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Co., Ltd.) in propylene glycol monomethyl ether acetate (96.4 g), "ADEKA
ARKLS" NCI-831 (photopolymerization initiator) available from ADEKA
CORPORATION (12.1 g), KBM503 (adhesion promoter) available from Shin-Etsu
Chemical Co., Ltd. (7.5 g}, and a solution obtained by dissolving a 10% by weight
5 solution of propylene glycol monomethyl ether acetate, a silicone-base surfactant,
(4.0 g) in propylene glycol monomethyl ether acetate (316.3 g) were added to obtain
a black resin composition 11 with a total solids concentration of 25% by weight and
pigment/resin {weight ratio) = 46/54. Further, a black matrix 11 with a thickness of
1.00 pm was prepared m the same manner as in Example 1 using the black resin
10 composition 11.
[0123]
Comparative Example 4
A black resin composition 12 was obtained in the same manner as in Fxample
1 except that the titanium black dispersion T-1 (548.4 ¢) was used as a pigment
15 dispersion. Further, a black matrix 12 with a thickness of 1.00 um was prepared in
the same manner as in Example 1 using the black resin composition 12,
[0124]
Comparative Example 5
A black resin composition 13 was obtained in the same manner as in Example
20 1 except that as a carbon black pigment dispersion, the carbon black dispersion C-5
was used in place of the carbon black dispersion C-1.  Further, a black matrix 13
with a thickness of 1.00 pm was prepared in the same manner as in Example 1 using
the black resin composition 13.
[0125]
25 Comparative Example 6
A black resin composition 14 was obtained in the same manner as in Example

1 except that as a carbon black pigment dispersion, the carbon black dispersion C-6



9101< oL:>E 9E E E EEOT CL OTrm VECL

190

15

20

45

was used in place of the carbon black dispersion C-1.  Further, a black matrix 14
with a thickness of 1.00 pm was prepared in the same manner as in Example 1 using
the black resin composition 14.
[0126]
Comparative Example 7

A black resin composition 15 was obtained in the same manner as in Example
1 except that as a carbon black pigment dispersion, the carbon black dispersion C-7
was used in place of the carbon black dispersion C-1.  Further, a black matrix 15
with a thickness of 1.00 pm was prepared in the same manner as in Example 1 using
the black resin composition 15.
[0127]
Comparative Example 8

A carbon black dispersion C-8 (219.1 g, CF Black MP-108 (trade name,
available from MIKUNI COLOR LTD.}}, the surface of the carbon black being
resinified, and the titanium black dispersion T-1 (273.9 g) were mixed as a pigment
dispersion, and to the mixture, a 40% by weight solution of the acryl polymer (P-1)
in propylene glycol monomethyl ether acetate (121.7 g), a 50% by weight solution
(polyfunctional monomer) of dipentaerythritol hexaacrylate (DPHA available from
Nippon Kayaku Co., L.td.) in propylene giycol monomethyl ether acetate (94.6 g),
"ADEKA ARKLS" NCI-831 (photopoiymeriza‘zion'initiator} avaiiable from ADEKA
CORPORATION (11.8 g), KBM3503 (adhesion promoter) available from Shin-Etsu
Chemical Co., Ltd. (7.5 g), and a solution obtained by dis.solvi.ng a 10% by weight
solution of propylene glycol monomethyl ether acetate, a silicone-base surfactant,
(4.0 g) in propylene glycol monomethyl ether acetate (267.5 g) were added to obtain
a black resin composition 16 with a total solids concentration of 25% by weight and
pigment/resin (weight ratio) = 46/54.  Further, a black matrix 16 with a thickness of

1.00 pm was prepared in the same manner as in Example 1 using the black resin
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composition 16.
[0128]
The evaluation results are shown in Table 3. It can be seen that the black
matrices formed using the resin compositions shown in Examples show high surface
5 resistance, and what is more, they show high surface resistance even after heat

treatment at 250°C.  However, in cases where a carbon biack is used alone as a

light-shielding material, and in cases where a carbon black with a low percentage of

sulfur atoms on the surface and a titanium nitride compound are used in combination,

the reduction in surface resistance after heat treatment is significant.  Furthermore,
10 it can be seen that the black matrices formed using the resin compositions shown in

Examples have reflected light chromaticity values (a*, b*) of -2.0 to 2.0, indicating

that the image reflected in the film surface is achromatic, and further have a low

dielectric constant.
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INDUSTRIAL APPLICABILITY
[0132]
The black resin composition of the present invention can be used for a black

matrix in a color filter substrate for liquid crystal displays.
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50 INDUSTRIAL APPLICABILITY [0132] The black resin composition of the present invention can
be used for a black matrix in a color filter substrate for liquid crystal displays. 51 CLAIMS LA black
resin composition comprising (A) a light-shielding material, (B) an alkali-soluble resin, and (C) an
organic solvent, the composition comprising (A-1) a carbon black and (A-2) titanium nitride compound
particles as the light-shielding Smaterial (A), wherein the carbon black (A-1) is surface-treated with a
sulfur- containing compound, and in the surface EdmPYsition, the percentage of carbon atoms is 95%

or less and the percentage of sulfur atoms is 0.5% or more. 2. The black resin ¢ osition according
(o caim 1. whehorn i SIS CETHBIGRES 9 SHHAEE Con b BRI e EAIDOH AR (A, the

percentage of 1peAmpARRS ety e e AP MBRIGN K 4% APUTIRGH LambAdad aqdlor SO is 70%
carbon black and (A-2) titanium nitride compound particles as the light-shielding
5 material {A), wherein the carbon black (A-1) is surface-treated with a sulfur-
containing compound, and in the surface composition, the percentage of carbon
atoms is 95% or less and the percentage of sulfur atoms is 0.5% or more.
2. The black resin composition according to claim 1, wherein in sulfur
components in the surface composition of the carbon black (A-1), the percentage of

10 components derived from SOx (wherein X 1s a number from 2 to 4} and/or SO 1s 70%
o1 more.

3. The black resin composition according to claim 1 or 2, wherein when CuKa
radiation is used as an X-ray source, the angle of diffraction 20 of the peak derived
from (200) plane of the titanium nitride compound particles (A-2) is 42.5° to 43.2°,

15 and the crystallite size determined from the half bandwidth of the peak derived from
(200) plane is 10 nm to 50 nm.

4. The black resin composition according to any one of claims 1 to 3, wherein
the titanium nitride compound particies (A-2) are produced by thermal plasma
method.

20 5. The black resin composition according to any one of claims 1 to 4, wherein
the weight percentage of the titanium nitride compound particles (A-2) based on the
total weight of the light-shielding material (A) is 20% by weight to 55% by weight.
6. The black resin composition according to any one of claims 1 to 5,
comprising a polymeric dispersant, wherein the polymeric dispersant has at least a

25 tertiary amino group as a pigment-adsorbing group.

7. The black resin composition according to any one of claims 1 to 6, which is

used for a touch panel.



or more. 3. The black resin composition according to claim 1 or 2, wherein when CuKa radiation is
used as an X-ray source, the angle of diffraction 20 of the peak derived from (200) plane of the
titanium nitride compound particles (A-2) is 42.5 to 43.2, 15and the crystallite size determined from the
half bandwidth of the peak derived from (200) plane is 10 nm to 50 nm. 4,The black resin composition
according to any one of claims 1 to 3, wherein the titanium nitride compound particles (A-2) are
produced by thermal plasma method. 205.The black resin composition according to any one of claims
1 to 4, whereinfthe weightipéreehtageoreheataniuviishidecampdumatpanidiesgl. 2ybased on the
total weight of the Iigpt- hieltdjng @?t(%ri I A%i%tZO%d%wei%ht t0.5 %gﬁ/weight. 6..The black resin
SRt A P S AR e B b &R s BSIRLE ARERPRL i ¥herein the

composition aggordlng 0 any one o cfa
polymeric dispgrsanthag,ak\Past a2 iRIRRY 2RO HHAHY,3%.4 RiBmentAdserhing group. 7. The
black resin composition according to any one of claims 1 to 6, which is used for a touch panel. 52 8.A
resin black magrixiqubstrate in which a resin black matrix is formed, the resin black matrix substrate
being obtained by applying the black resin composition according to any one of claims 1 to 7 onto a
transparent suBstrate/afi¢oPaieg @ panant ho msoldpcaresoniptising therdsinobliek matrix
substrate accoyding to claim 8. 10.A method of forming a resin black matrix, comprising applying the
black resin corﬁposition according to any one of claims | to 7 onto a transparent substrate and forming
apattern. 10 ;45 A method of forming a resin black matrix, comprising applying the black
resin composition according to any one of claims 1 to 7 onto a transparent substrate

and forming a pattern.



