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1 DESCRIPTION BLACK RESIN COMPOSITION, RESIN BLACK
MATRIX, COLOR FILTER AND LIQUID CRYSTAL DISPLAY Technical
Field 5[0001] The present invention relates to a black resin composition
optimum for producing a black matrix gonstituting a display apparatus
with a light source such as a cold-cathode tube and an LED, a resin black
matrix using the black resin composition, a color filter for liquid crystal
displays using the resin black matrix, as g ell as a liquid crystal display.
Background Art [0002] Liquid C@%ﬁjggj Ql\glare apparatuses for
d's%gé’é’%’g%%ﬁ Eﬁﬁ@lﬁé 1S, RRLIORFAYING QUENTIOTIBHOR FILTER
pro [ y utilizing the electro-optical response 15 of liquid crystal,
and are widely employgafon lasgersispiey Bive DI sUch as personal
computers, monitors, liquid display television sets and, in recent years,
also for middle and small display sikeicsdg§addch as cellular phones,
personal digital assistances, and car navigation systems. Such liquid
chf8fdl ldisplays usually have a structure in which a liquid crystal layer is

sandwiched between,a pair of subsiiatss, 20 and canexpressiahband

dark utilizmgpf e electro-optical response of liquid crystal layers caused

by, Sxieinallyanpiliedlecirs ekl Bhaypare alsaabiedondisilayscotersibly as
using color filters comprising pixels having color selectivity. [0003]
Convkhtinthady tubetaidhinfisauthiingackmoaitimioas dif blatkiatdhave

25 been used as a black matrix material. Recently, from the viewpoint of
COSPERAASARB A SON BB FESH B HARIRBL ESTRBHITG FBLiR: o

Ing resins

and light .iek%i)n er'%l are used. The resin black matrix is obtained
i B

resi
Background Art
{0002]

Liquid crystal displays are apparatuses for displaying images and characters
and for carrying out information processing by utilizing the electro-optical response
of liquid crystal, and are widely employed for large display size uses such as personal
computers, monitors, liquid display television sets and, in recent years, also for
middle and small display size uses such as cellular phones, personal digital
assistances, and car navigation systems. Such liquid crystal displays usually have a
structure in which a liquid crystal layer is sandwiched between a pair of substrates,
and can express light and dark utilizing the electro—opticai response of liquid crystal
layers caused by externally-applied electric field. They are also able to display
colors by using color filters comprising pixels having color selectivity .

{0003]

Conventionally, metal thin films utilizing chromium-based materials have
been used as a black matrix material. Recently, from the viewpoint of cost and
environmental polluﬁon, resin black matrices comprising resins and light shielding

materials are used.  The resin black matrix is obtained by coating the black resin
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composition containing a light shielding agent such as the resin and
carbon black on a substrate and drying to form a black coated film,
followed by micro-patterning into lattices by photolithography. For
instance, Patent Literature 1 describesjythe resin black matrix in which a
carbon black is dispersed in a non-photosensitive polyimide 5 resin.
[0004] Yet, along with recent demand for a thinner color filter and a higher

performance, as well as along with higher luminance of a back light use
irFeRePRGiien epitliBEpEgY, Sg&é‘i‘ﬁ‘éﬁﬁjaﬁﬁn&sﬁ %Sr%&’d"\?&}&&‘?s‘:ﬁ%%%agg?ﬁ% on
and Jne, D3l Iner4 conventionalrein RA6k MaiEaSWpRARing into
sOMEIERT. 14 Cases where the resin black mairix is thick; problems arise in
th%f@?&?%ﬁdﬂ&&gﬂ%ﬂﬂem&dﬁi@ﬂ@éaﬁ@eiﬁmrthﬁ&aﬁgmmﬁnt
of the liquid crystal is disturbed due to increased surface steps generated
bylackangbiels rhiting cyeeroblarkte dissivishik anamirh e Wit eEhRahdmide
for a thinner resin black matrix is increasing. 15 [0005) Increasing the
vétiite ratio of the light shielding agent allows the higher OD value and
tf@g&{ film to be attained but, on the other hand, causes a decrease in

th ra%o, of the resin in the black matrix. Problems arise in that the
adhesiorgf thengesim Riack matixdieglasseieeasesiandrihe kegier black
matrix is peeled off and that 20 sufficient resistance cannot be attained.

Therifoenee ightshietding snitbiatlsy lwhishrsighdiecsTsieiring dtdindguid

even if the content is small is needed. [0006) As the light shielding agent
R BT LILER O A oA B e DS R ARG AR eH the

nitride oxide, metal oxid 3%1’?{#%9 B54Irop oxjele. and 125, mixtires af-othe biack

organic pigments are used. The carbon black and titanium nitride oxide
hayghecomerthadprinstieamn [BROTiEedn degrrcbiorthrwashipridasikd lower

various efforts have been made in order to
and thus the alignment of the liquid crystal is disturbed due to increased surface steps
generated by color pixels running over onto the resin black matrix, so that demand
for a thinner resin black matrix is increasing.
[0005]

Increasing the volume ratio of the light shielding agent allows the higher OD
value and thinner film to be attained but, on the other hand, causes a decrease in the
ratio of the resin in the black matrix. Problems arise in that the adhesion of the
resin black matrix to glass decreases and the resin black matrix is peeled off and that
sufficient resistance cannot be attained. Therefore, a light shielding material by
which a higher OD can be attained even if the content is small is needed.

{0006]

As the light shielding agent, carbon black, titanium black such as low
oxidized titanium and titanium nitride oxide, metal oxides such as iron oxide, and
mixtures of other organic pigments are used. The carbon black and titanium nitride

oxide have become the mainstream.

[00071
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obtain a coated film with a high OD value and Patent Literature 2 has
been, for instance, disclosed. Patent Literature 2 describes that the resin
black matrix with the OD value of 3.5 per a film thickness of 1.0 m can be
obtained by defining a 5 primary particte diameter, DBP absorption, and
pH of the carbon black, as well as the amine value and molecular weight
of organic compounds which are concomitantly used. However, the OD
value is not sufficient and the resistant valye is as loyw as _not more

1106, 48 RS QiAo (RS S SR o et
insiiaion perfermanae.s FEArser Q. 0APBLMRanuAG.tank e
oxide obtained by partially nitriding oxygen in titanium dioxide or titanium
hydrexidedsasediin 24esilastraatdasbabénghhighe resistandeniirordeth
to obtain the high OD value, it is crucial not to include white titanium,

ditei @D dualimgofiibeidirey adien vhics ies s Rfdids iMeiaT e acH & fiIRiERE £5
(Patent Literatures 3 and 4). In particular, Patent Literature 4.describe
et o AT RS B0 AT R G T b s e e the
C%ﬁ%%@%%ﬁ%?@ﬂ?%&ﬂ%&ﬂﬁ?Q%ﬁﬂ%@%%% DY WIPIZINGARAING Calssmationy
temperature when titanium oXide undergoes nitriding-reduction. A resin
blagls matrbwwith, ihe OD waliea Ofct.Qiffieteat filnd thicknisssof 418 i colofd as
be reportedly obtained by utilizing the titanium 20 nitride oxide. However,
titaotiummithice lostitle ssometinstalaygameidr it dieapriees s hsing,
K, Mg, and Ca originated from a production method including nitriding
redSRRERIRRTEITEARRES Fa8F8ase in adhesion between the resin black
m@&i&ind glass, and a decrease in the resistance (Patent Literature 5).
Thus, there was a problem in that a procedure for removing the alkali
metals suehasHiangNanBineluding tnaxehanpa vy airidngexrshangs
resin and wash with pure water, was required and hence productivity .
detreasedifepBo)4imdamhrimxidiomercdiammeinbirk Bratisdigriinigh

A ol s S il DS VSRR A A AR whic

titanium dioxide during nitriding, and various studies therefore have been made
(Patent Literatures 3 and 4). In particular, Patent Literature 4 describes that a
titanium nitride oxide with a higher nitriding degree and a smaller crystallite diameter
could be obtained by optimizing a heating calcination temperature when titanium
oxide undergoes nitriding-reduction. A resin black matrix with the OD value of 4.0
per a film thickness of 0.8 pm could be reportedly obtained by utilizing the titanium
nitride oxide. However, titanium nitride oxide contains a large amount of alkali
metals such as Na, K, Mg, and Ca originated from a production method including
nitriding reduction, which causes a decrease in adhesion between the resin black
matrix and glass, and a decrease in the resistance (Patent Literature 5). Thus, there
was a problem in that a procedure for removing the alkali metals such as K and Na,
including ion exchange with an ion exchange resin and wash with pure water, was
required and hence productivity decreased.

[0009]




-
[8]1]

20

25

diameter of not more than 200 nm in the use of solar isolation shielding
has been disclosed (Patent Literature 7). The physical property was
optimized with the aim 5 of minimizing transmittance near the infrared
region (800-2500 nm) and attaining high transmittance in the visible
wavelength region. However, it was not satisfactory in view of minimum
transmittance in the visible wavelength region, in other words, in view of
the degree of blackness which is requi 2k matri

In additi@ﬁ?%" OFf°A Htanidrm rﬁ%tﬁ%ﬂtﬁlﬁ%%é%g? ﬁ%@?{)ﬁncﬁg%ﬁ%)%%em
discloser i) PaientLiteratwadiiQweyatit waridifiapttademithe fiith a
on a substrate because the film is not formed by coating a black
campesitionnd0fibt} tRat@ib iteratiheuts d8palieiw Racarihibling besasn
(pages 1 and 9-11, and Table 1) 15 Patent Literature Z:L%%%angse‘tht i
L disktoech(Petram LAPBREERION (KORAPNGIIORSIY KT RS HePaG e

3. Japanese Laid-open Patent Applicatj <okaih NO- = ini
oSt e soh WHROR,CORAAL NG, R hdfainine

2006-209102, Patentldtgratrebyananessa daidapesrtentadpplication
(Kokai) No. 2004-4651 Patent Literature 6: Japanese Laid-open Patent

Appligation (Kokah) dion B84 08:120: Pateni ey aisitderwasplapgbgegion, in
Laid-open Patent Application (Kokai%\lho. 2005-179121 ,P%t%u Lilﬁrakuret .
g offpsarsds imicpRilsdesea phhiashorsTREKED RIS IFLiGHdRS Mack matix.
Dt?CIH SURE OF THE INVENTION Problems to be solved by the

In (—94 n 25 [0012] In view of the above-described drawbacks of the prior

art, an opjeghafdhacRresentiipvrRRlian-adeiRradecaidcksresiack matrix is
composition capable of forming a black 5 matrix that has the high OD

valiselastd hightadhiesivenes. asHestbe. Higharcditareeo femadhaHlysg
such a black resin composition, a resin black maﬁ% hich is thin and has

a FigHIEDbesRvEcdRs WRICH @trﬁ@‘ﬁi‘f‘/da@h%%%%‘%ﬁ SBRIEE Rsa result,

a &%?hﬁlter having higher flatness without an over-coat can be provided.

Patent Literature 1: Japanese Patent No. 3196638 (pages 1 and 9-11, and Table 1)
Patent Literature 2: Japanese Laid-open Patent Application (Kokai) No. 2004-292672
Patent Literature 3: Japanese Laid-open Patent Application (Kokai) No. 2005-514767
Patent Literature 4: Japanese Laid-open Patent Application (Kokai) No. 2006-209102
Patent Literature 5: Japanese Laid-open Patent Application (Kokai) No. 2004-4651
Patent Literature 6: Japanese Laid-open Patent Application (Kokai} No. 64-37408
Patent Literature 7; Japanese Laid-open Patent Application (Kokai) No. 2005-179121

Patent Literature 8: Japanese Laid-open Patent Application (Kokai) No. 10-104663

DISCLOSURE OF THE INVENTION
Problems to be solved by the Invention
[0012]
Tn view of the above-described drawbacks of the prior art, an object of the

present invention is to provide a black resin composition capable of forming a black |
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5 Additionally, by using such a color filter, a liquid crystal display with
superior display performance can be attained. Means for Solving the
Problems [0013] In order to solve the problems in the prior art, the
present inventors 10 intensively studied to discover that the
above-described problems to be solved by the present invention may be
solved by using a specific titanium nitride compound particles described

below a ight, shieldi 14] The object of the sent|

ﬁfzﬂ Sthe %ﬁg\/@% ‘%g ll%tl h Ei %’X%Iac fesin o %n%%eé%g%n@
CQQNP& ising, akigasta 'maablfé@megemmre%@sm solventviie lightin
shielding dgent containing at least titanium nitride compound patrticles,
whereir heangie of diffracticneR0sdfithey pehksorigimated iremeR004 prarssult,
of the titanium nitride compound particles when CuKa line is used as the

xareglosHlired i ingtiebsHaR e Wighyist ?HS?’é‘fﬁTa‘f?lhEeg’r%‘???The

black res mposition accor (1) e|n th le of.diffraction
%‘?f@“ﬁﬁqe’ﬁ FROHT T %G)CBF I gzo‘fi’rthez1 fitahiam Stnllt%ﬁl él gom‘%éﬁ% ey
pggiglg}; when. CuKa line isaised as the X-ray source is not less than 42.5
and Iess than 42.7. (3) The black resin composition according to (1) or (2),
wherein the crystallite si2d«datetmivéd dgoie Fatfithangdwidth of the peak
originated from the (200) plane 25 when CuKa line is used as the X-ray
sdPP¢dlis not more than 50 nm. (4) The black resm composition according

to any o 1) to her the. specific su ace ar f th nium
nitride cgh%é?(f g P ?:)zi},l% t%v e%{rrﬁ%ﬁ%ﬁl B)? BE e@tﬁ%’%ﬁéﬁess than

5 m2{g;and neLere e 108,30 sl d hesbiRck FReaPesitianed by the
according to any one of (1) to (4), wherein the amount of oxygen atoms
C@iﬂé@ﬁiem@rtﬁeﬂtkﬁa{wﬂmseitrwemenm@m spkpditidiesiismotridocertipannt2
% by weight. 5 (6) The black resin composition according to any one of (1)
tobgBhiclohdpesnipae below as a light shielding agent.

[0014]

The object of the present invention is attained by the following constitutions:
(1) A black resin composition comprising at least a light shielding agent, a resin
and a solvent, the light shielding agent containing at least titanium nitride compound
particles, wherein the angle of diffraction 20 of the peak eriginated from (200} plane
of the titanium nitride compound particles when CuKa line is used as the X-ray
source is not less than 42.5° and not more than 42.8°.
(2)  The black resin composition according to (1), wherein the angle of diffraction
28 originated from the (200) plane of the titanium nitride compound pasticles when
CuKa line is used as the X-ray source is not less than 42.5° and less than 42.7°.
(3) The black resin composition according to (1) or (2), wherein the crystallite
size determined from half bandwidth of the peak originated from the (200) plane
when CuKu line is used as the X-ray source is not more than 50 nm.
) The black resin composition according to any one of (1) to (3), wherein the

specific surface area of the titanium nitride compound particles determined by BET
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titanium nitride compound particles are prepared by thermal plasma
method. (7) A resin black matrix formed of a coated film of the black resin
composition according to any one of (1) to (6), which resin black matrix
has an optical density (OD value) of ngt less than 4.0 per 1.0 m of film
thickness. 10 (8) A color filter comprising the resin black matrix according
to (7). (9) A liquid crystal display comprising the color filter according to

(8) Effects of the Invention [0015] By using t lagk resin composition of
tH@eﬁ?ggéﬁf’?ﬁ\;%Sﬁt}E?f} gﬁlo? Y H]gi Igmi%%%ﬁ]m?()a%ﬁ éack matrix is readily
obgainedphichyresin black matipahas adygh dightnshielding andwndian the
resistant value, is obtained. Brief description of the Drawings [0016]
Fighsark shewvgdhetintensityspediatefithaiangistofdiffraptioni28mofles 1s not
titanium 20 nitride compound particles according to the present invention

amebrst daohyénbivngliditanium black. Best Mode for Carrying Out the
Inyvention, [0017] The present invention.will be further ri below in,
o5, SEOEEL TR BRI SRS EAL et g LIS o e
INVEANAN GRAIRINS AL GRSIAR IGRESBielding BaRknhI $RBaNRarkavent.
The black resin composition 7 needs to contain titanium nitride compound
pamiclestading-biclenstrix SpeadiCopsapeartty Adnhe tightlstlisleimyagentition
Desired properties will now be described below. [0019] 5 The black resin

CcannsOSing P ACACTHT (b ted Hrevaishirsenbigsicad e P dseaty
PIBIG. Tk, Ikighink, matepaLier PRotolPaRK Riiefuglion. material for
(8) A color filter comprising the resin black matrix accérding 1o (7).
(9) A liguid erystal display comprising the color filter according to (8)
Effects of the Invention
[0015]

By using the black resin composition of the present invention, an effect that a
thin resin black matrix is readily obtained, which resin black matrix has a high light
shielding and a high resistant value, is obtained.

Brief description of the Drawings
[0016]

Figure 1 shows the intensity spectra of the angle of diffraction 28 of titanium
nitride compound particles according to the present invention and of a conventional
titanium black.

Best Mode for Carrying Out the Invention
[0017]
The present invention will be further described below in detail.

[0018]

The black resin composition according to the present invention contains at

least the light shielding agent, a resin and a solvent. The black resin composition
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proof 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 10 such as black matrix and the like.
Preferably, the black resin composition can be advantageously employed
to set a light shielding image (including black matrix) in a gap of a
coloring.patern, vieinlty portions, a1 e side ol e aviaide bt
TRFaRaHETRe 0 improve a display property of a color filter for the color
ligrigl Grysiat,d i%@l%é%ﬁﬁﬂ@?@ﬁsmeﬁ%w prefrrablywhadblask desinbed
composition is used as a black matrix used for the black edges formed on
theejperiphery portion, lattice- or stripe-like black portions between color
picture elements of red, blue and green, more preferably, dotted and
lin8&kBlack patterns for TFT light shielding in display apparatuses such as

20 Iiquiqgé{;}gégg%%xéﬁ%%%%%%yé% BLufliSRIayR BRARGAMBe used to

inorganic ays. titanium nitride compound
partigles weed:asitheilightshieldingragent fhotbapieparinientionccantain
titanium nitride as a main component and usually 25 titanium oxide TiO2,
lowartigttitapipmioxite, repheserss.op 020 L. (1dkisad) efrdasimarifmay
nitride oxide represented by TiN.O,, (0<x<2.0, 0.| f,y<2.0é as accessot(rag "
CORIsOARRRD: FHE B BR itk T SIS CIEL L B LTS S
the.angle 8. of diffraction 28.0rigin fr lane; : ]
1S T 0 B e el T gy R e

saurseWsepitheifitanivne nitsidepcosmpountastitlesiastheplighion can be
shielding agent enables the resin black matrix of the present invention to_
attdiratiedrighl 0Dy tohite kEehinhisldoadangatioaeditsebbgpatrix) in a

shielding agent in the black resin composition low. Asa result, the resin
D GER O I HEBGTRIFE3 H BrRSEE GBA EB A EAH S BN HIGH SRELRTF T

ARG HcR, the s Hadl/ BRI/ e QIRRINNE OB Ry
display.
[0020]

Especially preferably, the black resin composition is used as a black matrix
used for the black edges formed on the periphery portion, lattice- or stripe-like black
portions between color picture elements of red, blue and green, more preferably,
dotted and linear black patterns for TFT light shielding in display apparatuses such as
liquid crystal displays, plasma displays, EL displays equipped with inorganic EL,
CRT displays.

(060211

The titanium nitride compound particles used as the light shielding agent in
the present invention contain titanium nitride as a main copponent and usually
titanium oxide TiO,, low order titanium oxide represented by TinOon: (1€120) and
titanium nitride oxide represented by TiNOy (0<x<2.0, 0.1<y<2.0) as accessory

components. The titanium nitride compound particles are characterized in the angle
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thickness, its film thickness at a practical OD value (4.0) is not more than
1.0 m. Consequently, a color filter having a practically acceptable flatness
may be attained 10 even using the resin black matrix without using an
over-coat. [0022] As for the X-ray diffrggtion spectrum of the titanium
compound when CuKot line is used as the X-ray source, as the peak with
the strongest intensity, the angle of diffraction 28 of the peak originated

from (200) plane of TiN i ' haod of 15 28= th
R PO S B AL UTRALLA Rl I00) Hand AT 03 e
sgen ngighbeiapdRfi20s43:4 uRxihe atheehandalinauamhendsakge

are not the ones with the strongest intensity, the angle of diffraction 28 of
thepeakndpginatechirmmiZa0) pldive: ebanatasdet e FOR idacbservedo! the
neighborhood of 28=48.1 whereas the angle of diffraction 28 of the peak
onmmmwmﬁpm@y@iaﬂ@@@bﬂ&w&%@ﬁ@@@%@&%@ﬁbﬁ%a‘@w
28=39.2. Thus, in the titanium compound with a crystal structure havin
TR G P 8 BRL M e SRy DR tack

Smwigai&bfﬁﬁ@egﬁegf&@éﬁm%@m GhdiffractiopBinisat lessrth@Nsince

42.5 and less than 43.4. As the content of oxygen atoms in the crystal
sthterintredsasythe pedicppsitton ishiftsita higharanglB sidecommpanaditon
42.5. 25 [Q0232 In order to express the effect of the present invention, the
atfyrkessgifvabitivrihioEnssesk pEaRISALIRR R Yrdh PO FPhranks Sihd 0 o
titanium nitride co nd patrticles 9 is preferably,notless than 42.5 an
R A58 hORE B edo Ry r T s B R e A
42l HeniumuNide AdeiaRiaingd i idiagitanium oxide, the
peak with the strongest intensity is confirmed within the range where the
amgpedf diffraction 20 is from 42.9 to 43.2. (Japanese Laid-open Patent 5
Application (Kokai) No. 2006-209102), so that it has different crystal
structureden tRar ertitiiarH RIS BEmpOBRd BeEms IR Pradeen Cuka

e e T e AR ot
diffiection 29:aifhe peakeriginried M @NIRSESYIENTIO%en neighborhood of
26=42.5° whereas the angle of diffraction 26 of the peak originated from (200) plane
of TiOs is seen neighborhood of 26=43.4°.  On the other hand, although the peaks
are not the ones with the strongest intensity, the angle of diffraction 20 of the peak

originated from (200) plane of anatase-type TiO; is observed neighborhood of
26=48.1° whereas the angle of diffraction 20 of the peak originated from (200) plane
of rutile-type TiO; is seen neighborhood of 28=39.2°.  Thus, in the titanium
compound with a crystal structure having nitrogen atomns and oxygen atoms, the peak
with the strongest intensity is seen within the range where the angle of diffraction 20
is not less than 42.5° and less than 43.4°.  As the content of oxygen atoms in the
crystal state increases, the peak position shifts to higher angle side compared to 42.5°,
[0023]

In order to express the effect of the present invention, the angle of diffraction

28 of the peak originated from (200) plane of the titanium nitride compound particles
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(101) is seen neighborhood of 20=25.3 whereas the angle of diffraction 20
of the 10 peak originated from rutile-type TiO2 (110) is seen neighborhood
of 20=27.4. Yet, since Ti02 is white and could be thus a factor which
deteriorates the light shielding perforngance of the black matrix, it is
preferred that TiO2 be decreased to the extent where it is not observed as
the peak. [0024] 15 The size of crystallite constituting the titanium nitride
CPRGMISPatidies AR s sl pinea oy e bbb fiRY:
difffaction pea accor(‘%g to the Scherrer's formula shown in the
eguations helowdd iand12). [0028]: Eavtion:(h)e0:Grystalite sizenfom)ng
KA = (1) j3 cos 8 [0026] Equation (2) ,60 (2) [0027] 25 wherein K=0.9,
Ttitathib 4k81nnthd Peahalith drdwicltpesf ikterdiffrastionlipaak WBhiedttaenas
value of the half bandwidth (0.12), wherein (3,é3§, nd R argfc%culatgd int
raharrstbEanEie S8 P HEHRInT IS MitIETonPAdrd: pERAIEE 1€ RThe 2 n
PrESSRL Y RKan, SRRATINGARA MR componstt and ysuplRaTalbm
COMtAINS oxygen atoms resulted from contamination of oxygen when
synthssizeduandifanoxidation Of theih pairiesulfacaimhiciissespaciaty
marked when particle size is small. Since the less the oxygen contained,
thexkigRePihe attaimed ©DvakssdessuxgoRInisasGfepral Wik she titigrEst!
is preferred for the particle not to contain Ti02 as an ﬁ;cessor

intensity, the angle of diffraction 290 o?the peak originated from anatase-type TiO;
(101) is seen neighborhood of 26=25.3° whereas the angle of diffraction 26 of the
peak originated from rutile-type Ti0; (110) is seen neighborhood of’ 20=27.4°  Yet,
since TiO, is white and could be thus a factor which deteriorates the light shielding
performance of the black matrix, it is preferred that TiO; be decreased to the extent
where it is not observed as the peak.
[0024]

The size of crystallite constituting the titanium nitride compound particles can

be determined from the hatfwidth band of X-ray diffraction peak according to the

Scherrer's formula shown in the equations below(1) and (2).

[0025]
Equation (1)
Crystallite size (nm) = KA
v [cosé )
[0026]

Equation (2)

B=pl-B. )

[0027]
wherein K=0.9, A =0.15418 nm, Be: half bandwidth of the diffraction peak, B

corrected value of the half bandwidth (0.12°), wherein B, Be, and B, are calculated in

radians.
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component. The content of the oxygen atoms is preferably not more than
12% by weight, more preferably not more than 8% by weight. 10 [0029]
The content of titanium atoms can be analyzed by ICP optical emission
spectrometry. The content of nitrogenigtoms can be analyzed by inert gas
fusion- thermal conductivity method. The content of oxygen atoms can be
analyzed by inert gas fusion-infrared absorption method. 15 [0030] In
order to make the effects of the present invention prominent, the crystallite
s[?gziglpreferably not more than 50 am, more preferably not less than 20

rim and At ;MeRe.HARRQ ashRyforming dhedelprknagirbenita titatiium

nitride compound particles having the crystallite size of not more than
5w b e transmitted dighpofedanbwoatied it bk hibitab K X&eB e olet
color with the peak Wavelength thereof of not more than 475nm. Tﬁuosf%

blaek BTHRNIRGEPAIGR REAXSHBIARS BEHbIANCE B 5 bBtdingd. o
?rg%g%%gﬁﬂ%a%; eg%ﬂ?%!%)e?%g%yj r%?&% | E?e@%?ar&%@%% IYAdi&Y Since the

Fim an those of the conventional light

Sm%%}goé%‘é?}%oﬁﬁé%m fhercase obphetesesitivadddeksresigen is preferred.
composition, 25 sufficient curing of the film can be attained, and a black

MatgixteingtashigheD8i falire part davirigoasraiiee féht ShAPECAF Y
obtained. Moreover, by using a titanium nit[idegcrﬁom oundﬁgarti les

havingeacsystAIe STerbP hie IBSERAHORY ARPETET IO ' Gre 1 50 ™

nm, a black matrj ving. a_higher r 5{'}5[; Nee §an be formed, which is
prefPed™ t’é%@iﬁ%ﬁ%@%é‘gtc. |8%Lt1$arl}c§e/ar§a of the titanium nitride

COfRR9 nd particles of the 5 present invention can be determined by BET
method and is preferably not less than 5 m2/g and not more than 100
m2/g, mote preferabbyf roadéss thiamd Gan kg andlyisd MprERaPeehongssion
Based on the specific surface area determined by BE'lh/m thod when ttﬁ% ion-

paPsEReMEE asS IR AN HePESHTRTR § SPR BT R ATPRZTE BYUIFEr &S

thermal conductivity method. The content of oxygen atoms can be analyzed by
inert gas fusion-infrared absorption method.
[06030]

In order to make the effects of the present invention prominent, the crystallite
size is preferably not more than 50 nm, more preferably not less than 20 nm and not
more than 50 nm. By forming the black matrix with titanium nitride compound
particles having the crystallite size of not more than 50nm, the transmitted light of
the coated film exﬁibits blue to blue violet color with the peak wavelength thereof of
not more than 475nm.  Thus a black matrix having a high light shielding
performance can be obtained. In addition, because ultraviolet rays transmittance
(particularly i-ray transmittance (365 nm}) is higher than those of the conventional
light shielding agents, even in the case of photosensitive biack resin composition,
sufficient curing of the film can be attained, and a black matrix having a high 0D
value and having an excellent shape can be obtained. Moreover, by using a titanium

nitride compound particles having a crystallite size of not less than 20 nm and not
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particle size, the particle size can be calculated by the equation (3) below.
10 Mean particle size (nm) =6/(S x d x 1000) (3) wherein S; specific
surface area (m2/g), d; density (g/cm3), d=5.24 (g/em3) for titanium
nitride, d=4.3 (g/cm3) for titanium nitrige oxide. [0032] In cases where the
specific surface area is small, in other words, a diameter of 15 the particle
is large, it is difficult to disperse the particle finely. Hence, problems arise

in that the particles precipitate during storage, the flatnes €Sy 1 :
WHEH U0 5 PO IRER A St HE SR VA e Shichi

(;ggeriggggs. On the other hand, in cases where the specific surface area is
large, In other words, a diameter of the particle is small, the particles are
eg® aggregated when dispersed. Hence, 20 problems arise in that
dispersion stability is prone to be deteriorated when the particle  is
dispersédhasrreifie guehs hithag bowErwAT Aot sompRRdRaif ot the
shielding agent leadijng to decrease jj3.the OD value, so that,the lar

SBERTE LUBRE AR TS %%%%ﬁ&?ﬁ?éﬁ%@hdﬁéﬁh%aﬁéﬁf% e e han
ttgniim [tHde,a2s:phase Feactandpathoshis asnREa it eMPIPYednd not
Examples thereof include electric furnace process and thermal plasma
matheehahhermabplaBasadnetiedjsqpficfentade Tiis dstbecmadbyHdhehiddd
causes 12 less contamination of impurities and allows synthesis of

parbiolabaviantislanisraissired A dsHENEAREnSpReBIGERAY RRIE M BRLYS?
generating the thermal plasma include direct-current).arc-discharge,
R DD O I A W ARGy (5 e S i
plasma. m@%@g@g@i&mg;@g@ frequemey plasma yhich has 5 less

contamination of impurities from an electrode. Concrete examples of
methesls Jospatusingditaniarmmiitics demio Gridnirtietdsbietheiiar
plasma method include, but not limited to, a method of reacting the
titdiskipmaitpi 6ide AngramrpAlan R 8 Plitsma flame (Japanese
Laid-open Patent Application (Kokai) No. 2-22110), a method of

va{B%‘ ing titanium powders with high frequency heat plasma and

In cases where the specific surface area is small, in other words, a diameter of
the particle is large, it is difficult to disperse the particle finely. Hence, problems
arise in that the particles precipitate during storage, the flatness decreases when used
as a resin black matrix, and the adhesion with a glass decreases.  On the other hand,
in cases where the specific surface area is large, in other words, a diameter of the
particle is small, the particles are easily aggregated when dispersed. Hence,
problems arise in that dispersion stability is prone to be deteriorated when the particle
is dispersed and adequate hiding power may not be attained as a light shielding agent
leading to decrease in the OD value, so that the large specific surface area is not
preferred.

[0033] |

For synthesizing the titanium nitride, gas-phase reaction method is generally

employed. Examples thereof include electric furnace process and thermal plasma

method. Thermal plasma method is preferred.  This is because the methed causes
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10 nitriding with nitrogen introduced as a carrier gas in a cooling process
(Japanese Laid-open Patent Application (Kokai) No. 61-11140), and a
method of passing ammonium gas through the peripheral portion of the
plasma (Japanese Laid-open Patent Application (Kokai) No. 63-85007).
Any production method may be employed as long as it produces the
titanium nitride compound particles having 15 desired properties. Various
types of the titanium nitride compound particles ar co.g}rmer(:lgtlly i Form size

alaapraannipstipaliey BrRHE R A AIMIRY EORPRURF PSR L™ SaHEIRG
th - ibed angle of.diffracti d ) :
ihe fove-gescrbanandle ofdiliaston a0d e ahey dssariedamenie

efined1n the present ifivention-and, in addition, the

appvernescribed pirferer.particlasize pad-spedificisugicesaraa praaisar)

commercially 20 available. Such commercially available products may be
preferabhnisetnid thenpressitinyeritond (0084 thiedpraseriaveativrcabas
part of the titanium nitride compound may be replaced with oth

]
P SRS G B HAE AT VAIERT S ot HEBEIEETaP 95T methods
adjusting chromaticity. As the piament other t itani itri el
O AR LT e L AL P S o nclude

inQroanie Rigments Arddne dike-eap fe yeed kxamalesiat el blagtonium gas

organic pigment include carbon black, 13 resin coated carbon black,
pandeahiafmantaniise inckp&xRatiples roflitrtico BrokaixiNg- argahid). @
pigment is pseudo black which is a mixture of at least two types of

p@mh?@gé@@%¥méﬁ?m‘§?§%%’ﬁ?h@égwm heg . gpa and
RS A i R CaRmpiRs Abihe e g0l B G Banese

iterand particles, oxides, 5 composité oxides, sulfides and nitrides of

Metals SuE P ASHABIITL AN No NIANJanesensakakthelronmitsming

nickel, zinc, calcium and silver. The pigments may be used individually or
tvematomore gfstheonghalehetseddhpoombinbtiomlmmpditoetarse deikgotta
carbon black enables to minimize the decrease of the OD valuged_aof e

biBateopEHMR ROk AGsP PediiidRce OANIETOHFSIRIEHOSTEFh &iike
of 10 e lack cote g, T0at s, AREAVSR e PR Aomagune
parti ave
desired properties.  Various types of the titanium nitride compound particles are
commercially available. A plurality of the titanium nitride compound particles
satisfying the above-described angle of diffraction and the above-described amount
of oxygen atoms defined in the present invention and, in addition, the above-
described preferred particle size and specific surface area are also commercially
available. Such commercially available products may be preferably used in the
present invention.
f0034]

In the preset invention, a part of the titanium nitride compound may be
replaced with other pigment(s) to the extent that the OD value is not decreased for
adjusting chromaticity. ~As the pigment other than the titanium nitride compound,
black organic pigments, color mixing organic pigments, inorganic pigments and the

like can be used. Examples of the black organic pigment include carbon black,
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a high resistance while the carbon black has a low resistance, the
resistance value of the black coated film can be controlled by the mixing
ratio of these. Moreover, using the one with surface treatment as the
carbon black expands the range wherghe resistance value of the black
coated film is controlled. Meanwhile, as for 15 chromaticity, although it
depends on crystallite diameter of the titanium nitride compound particles

el g D e el SpioL AR AN cotor

&
S ue whéreas ransmissive color

CQ{P&%]QJ ﬂéﬁ%@%%@@ﬂ&hﬁé@ﬁ%@ﬁ@ i Hlack Wit i SRR &Fbes of
(neutral blac

k). In cases where carbon black is used, the content thereof
caizheR0 apprepriatelesehbotpgreamd e hat yeltricter @nthis vswghysapduhe
5 to 75% by weight based on the weight of the titanium nitride compound
plikcle S fouRist AtKeNeEH I eRE T YHe Brasdnt HdRIdHEBitHes,
photosensitive or non-.photgsensitive resins may be.employed. .
S S e G s R R

r%ﬁ@ﬂ%aﬂ@é&i igeresien R thalikemavra prefetahieemaiRytiRnts may

particular, because the acrylic resins and polyimide resins are excellent in
heatredistdndduafithe ceatedfilm oShistfstalyility ofdhe blaokiresimi4 in
composition and so on, they are preferably employed. [0036] The

pERFHitiHacraeing Are IR oLt el e AR PSSR/ TR GRS 2l
B B s R R0 SISt TR Py ek A RIRAUIRRAe ke of

y(amic-aci amic-acid) IS usually obtained by an“addition

PolypeKzatioR deastionhsiwe sa.A OMBPaANF ARG BRARMEHIde8IdPhave
and a diamine compound at a temperature range from 40 to 100C. The

paljipiniesatic)dsvuially shovwrbby iHesepeating tmitchtgingsitence value of
structure represented by the Formula (4) below, The structure of the

pabyiRinss pracdrbe Kas e RISt RY LHuBtirE s HER iiie FONRE'E),

e L S A 18 S T e

shown.in-the lFewPa Kibkbk coated film is controlled. Meanwhile, as for
chromaticity, although it depends on crystailite diameter of the titanium nitride
compound particles to be used, generally speaking, the transmissive color of the
titanium nitride compound particles is blue whereas the transmissive color of the
carbon black is red and mixing both results in black without coloration (neutral
black). In cases where carbon black is used, the content thereof can be
appropriately selected and is not restricted and is usually about 5 to 75% by weight
based on the weiglt of the titanium nitride compound particles.
[0035]

As the resin to be used in the present invention, either photosensitive or non-
photosensitive resins may be employed.  Specifically, epoxy resins, acrylic resins,
siloxane polymer-based resins, polyimide resins, and the like may be preferably
employed. In particular, because the acrylic resins and polyimide resins are

excellent in heat resistance of the coated film, shelf stability of the black resin




10

15

20

Z5

[0037] Formula (4) -[CO-R1-CONH-R2-NH]- (4) 15 (COON) n [0038]
Formula (5) OC-NH-R2-NH-CO R~ Ry (5) 20 COOH HOOCH [0034]
Formula (6) CO R1 N-R2-NH-CO-R, (6) 25 CO ~HOOC 15 [0040]
Formula (7) CO CO 5 R, N -R2- N R11¢7) tCO NCO [0041] In the above
gener_al formura (4) to (7), Ri represents a C2-C22 trivalent or tetravalent
organic group; R2 represents a C1-C22 divalent organic group; and n 10

.represents 1 or,2. [0042] Since a resi matrix obtained by
|ﬁﬂﬁi§3ﬁ88%ﬁﬁ§op[%’?yﬁkﬁ%ﬁg ep‘?%e%ﬁrr%%? é%ﬁéﬁ%ﬁéd to have heat resistance

%@j%ulaﬂon properties, generally aromatic diamine and/or dianhydride
are/is preferably used as the polyimide
The polyimide resins are, in most cases, used as non-photosensitive resins,

and are formed by ring closure imidization by heat of the precursor poly(amic-acid).
Poly(amic-acid) is usually obtained by an addition polymerization reaction between a
compound having an anhydride group and a diamine compound at a temperature
range from 40 to 100°C.  The poly(amic-acid) is usually shown by the repeating unit
having the structure represented by the Formula (4) below.  The structure of the
polyimide precursor has the amic acid structure shown in the Formula (5), and both
of the imide structures with partial ring closure imidization shown in the Formula (6)

and with complete ring closure imidization shown in the Formula (7).

{0037]
Formula (4)
_[CO’_R1“C®NH“‘R2“NH]_ (4)
|
(COOH)n
[0038]
Formula {5)
OC—NH—R, —NH—CQO
/ N
- R{ /Rf""‘“' (5)
COOH HOOC
[003G]
Formula (6)
CO
AN

7
—R, N—R,—NH—CO—R,/~ (6)
N Hooc”

XN
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15 precursor. [0043] Examples of the aromatic diamine include the
following: p-phenylenediamine, m-phenylenediamine,
3,3'-diaminodiphenylether, 4,4'-diaminodiphenylether, 3,4'-
diaminodiphenylether, 4,4'-diaminodiplenylmethane,
3,3'-diaminodiphenylsulfone, 20 4,4'-diaminodiphenylsulfone,
3,3'-diaminodiphenyl sulfide, 4,4'-diaminodiphenyl sulfide,
1,3-bis(4-aninophenoxy)benzene, 1,4-bis (4-aminophenoxy)benzene, 2,2-
bigftHluoromethyl)benzidine, 9,9'-bis (4-aminophenyl)fluorene 4,4'-

j min?diggenylamine, 3,4'-diaminodiphenylamine,

,é’%‘éfar] nodiphenylamine, 2,4'-diaminodiphenylamine,
4,4'-diaminodibenzylamine, 2,2'-diaminodibenzylamine, 25
3,4'-diaminodibenzy@ne, 3,3-diaminodikef2ylaniine,

N,N'-bis-(4-amino 8- niethyl phenyl)ethy%neﬁiamin
4,4'-diarqo,i»mlege|Ra}1 ilide, [ 4~drRuninobihzanilifé 74— (7
3,3'-diaminobenzajilides 4,3'-diaminoberzanilide, 2{4'-diaminobenzanilide,
N,N'- p 16 phenylghgiits- p-aminobenza%N,N -p-phenylene bis-
m-aminobenzamid&, N-,N'- m-phenylene bis-p-amifiobenzamide,
Nibb'zm]rphenylene bis-m-aminobenzamide,

N,N'-dimethyl-N,N'-p-phenylene bis-p-aminobenzamide, X

N, N'-dinfetigl digne gerpstiarfprsnsié) e ShiRo BErzssha C2-Ca trivalent or
NN'-diphenyl-N,N'-p-phenylene bis-p 5 aminobenzami ngd. . ...

R RBHIENNE SRR SR B eeR ey SO
dil%mijé‘%lsqt@f’%bf used individually, or two or more of them may be used
in combination. More preferably, at least a part of the diamine components
ispgueferably a mixture of two or more selected from p-phenylenediamine,
m phenylenediamine, 3,3'-diaminodiphenylether, | .
4,4'-diansimodiphesiy ferHancB matrix gimnsddp et of the poiyimide
3,3'-diaminodiphenylsulfone, 4,4'-diaminodiphenylsulfo e e
9,9@6@@!&%&%}&%49&%3@6 BT b s
M%"é?n Neqigé?ﬁgmﬁﬁo?fdtigﬁh rematic e tracarbaxyiic asidiipggand -
oxydip thalic dianhydride, 3,3',4,4'-benzophenone tetracarboxylic
diaphyeside, 15 pyromellitic dianhydride, 3,4,9,10-perylene tetracarboxylic
dianhydride, 3,3',4,4'

[0043]

\vV

Examples of the aromatic diamine include the following: p-phenylenediamine,
m-phenylenediamine, 3,3'-diaminodiphenylether, 4 4'-diaminodiphenylether, 3,4
diaminodiphenylether, 4,4'-diaminodiphenylmethane, 3,3"-diaminodiphenylsulione,
4.4'-diaminodiphenylsulfone, 3,3"-diaminodiphenyl sulfide, 4,4'-diaminodiphenyl
sulfide, 1,3-bis(4-én1inophenoxy)benzene, 1,4-bis (4-aminophenoxy)benzene, 2,2-
bis(trifluoromethyl)benzidine, 9,9"-bis {4-aminophenyl)fluorene 4,4'-
diaminodiphenylamine, 3 ,A'-diaminodiphenylamine, 3 ,3"-diaminodiphenylamine,
2.4'-diaminodiphenylamine, 4 4'-diaminodibenzylamine, 2.2"-diaminodibenzylamine,
3,4'-diaminodibenzylamine, 3,3'-diaminodibenzylamine , N,N'-bis-(4-amino-3-
methy! phenylethylenediamine, 4,4'-diaminobenzanilide, 3,4'-diaminobenzanilide,

3,3'-diaminobenzanilide, 4 3'-diaminobenzanilide, 2 4'-diaminobenzanilide, N,N'- p-
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diphenylsulfone tetracarboxylic dianhydride, 3,3',4,4'-biphenyl
tetracarboxylic dianhydride, 1,2,5,6-naphthalene tetracarboxylic
dianhydride, 3,3',4,4'- paraterphenyltetracarboxylic dianhydride and
3,3',4,4'-metaterphenyltetracarboxylicl @ianhydride. More preferred
examples include 4,4'-biphenyl tetracarboxylic 20 dianhydride,
4,4'-benzophenone tetracarboxylic dianhydride and pyromellitic
ciaahydride, A polimide PSR SeneamRQsion. WACh Gan s GomaIedi.N -
ifto poffylml e with an excellént'transparency in the shorter wavelength
region £a8 ke Qblanediydsing aNNofneteantaieihy tetradarborglinide,
dianhydride. Specific preferred examples include . o

N hBxraflud OIS Erenhplictne Jelphtrairobradpyddei dVRs -giacthgieY P
These aromatic tetracarboxylic dianhydrides be used.individually, or
RBCBY RSB STHERPARY B eﬁi a%ﬁ%ﬁfﬁ’éﬁb% tBé“i‘%j‘Yf?"%%lFfﬁér, if
DR, AN AU AUNIAERAYER 20 pIpiRic anbilide and plubaliade.
anhydride may be added as a términal sealant To improve adhesion to an
ingrganic SHbstanee sy shasauglassdiateand eilicenwates, Sitcontaimiiy
anhydride and/or diamine are/is preferably used in addition to the .
amedaticeotipatmds. Mopanicltabls at dtekarediahihsd ypifnegayponents 1s

bis-3-(aminopropyl)tetramethyl siloxane dg@n mak%egqgesdon to an

indFRdERL G BUF Rt BERED. Of B 'Sﬁtg fidihinets U Gafy tsedin an
amount.of 110,20 ,@Mi@?ﬁf&%cﬁé@hgﬂ@tﬂyﬂ%i'WQ%H&S@;%}%B&{ the-

siloxane diamine’is'too small, the effect to improve adhesion is not
exhikitesnereRsHhes ampuntotisieane diaming isitos laiehordbidine.
arise in that heat resistance 10 decreases, and the film are left on the
sOisthatet bevanskeof Plledcatkaling . flediatpmelknrzaalissd by too strong
adhesion of a dry coated film to the substrate upon photolithography
pﬂ@@é‘%}s. [0046] To improve optical properties such as low birefringence

using an\pligelc 12 GamBoURE.as aheat Ridhe danmudideiRndlers, -

iamine does not hamper the present invention by any means. A known

alisyligRmBAunthyaayde emplayetophenone tetracarboxylic dianhydride,
pyromellitic dianhydride, 3,4,9,10-perylene tetracarboxylic dianhydride, 3,3'.4.4'
diphenylsuifone tetracarboxylic dianhydride, 3,3',4,4"-bipheny! tetracarboxylic
dianhydride, 1,2,5,6-naphthalene tetracarboxylic dianhydride, 3,3',4,4'-
paraterphenyltetracarboxylic dianhydride and 3,3',4,4'-metaterphenyltetracarboxylic
dianhydride. More preferred examples include 4,4-biphenyl tetracarboxylic
dianhydride, 4,4'-benzophenone tetracarboxylic dianhydride and pyromellitic
dianhydride. A polyimide precursor composition which can be converted into a
polyimide with an excellent transparency in the shorter wavelength region can be
obtained by using a fluorine-containing tetracarboxylic dianhydride. Specific
preferred examples include 4,4'-(hexafluoroisopropylidenc)diphthalic dianhydride
and the like. These aromatic ietracarboxylic dianhydrides may be used individually,

or two or more of them may be used in combination.

160453]
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Specific examples thereof include 1,2,4,5-cyclohexane tetracarboxylic
dianhydride, bicyclo[2.2.2]oet-7-ene-2,3,5,6-tetracarboxylic dianhydride,
bieyclo[2.2.1]heptane-2- endo-3-endo-5-ex0-6-ex0-2,3,5,6-tetracarboxylie
dianhydride, bicyclo[2.2.1]heptane 2 017
2-ex0-3-ex0-5-ex0-6-ex0-2,3,5,6-tetracarboxylic dianhydride,
bicyclo[2.2.1]heptane- 2,3,5,6-tetracarboxylic dianhydride,
decahydro-dimethanonaphthalene tetracarboxylic _dianhydride T
bis[2-(FEHFHIFG prSFEHRT TN SR A4 ‘Eﬁéﬁ%‘gf‘8|‘8?‘éf?am|%%§)ﬁr%8§? phthalic
SEShCHE LRI AR APt v HaRgaN® dnorgani
bis -ammoe%hoxy ethane, I,2-bis(3-aminopropoxy)ethane, triethylene

alysabbis(@Rasaineprmetharijpalyatbyleieontaining anhydride and/or
glycol-bis(3-aminopropyl)ether, 3,9-bis(3 . )
adiinipeapy/iy 2yd{e;dtetaipircd B Hobe anenaiel comiedis Prgisular.
aminopropyl)ether. 18 _[0047] Synthesis of t gol ide? éolrecugsgrni% ake
R AMTBERdP B fectiig (e RORT BB e BRIy

and diamine

Ing,Lalar o ngfég%ll‘{?'s‘&b thaktime. g degres alpolymedzalignuedd in

the obtaine mic acid) can be adjusted by a mixing 5 ratio between
the teireatroxdiodiaphyeits and diamines. Asihenslventyan ofthidgloxane
polar solvent such as N-methyl-2-pyrrolidone, N,N-dimethylacetamide or

Ny roiimecshytomadintivecfegs bdrBesigadhasionia nrsriifRigdereas the
lactone(s) as a primary component or a iolvent.com tga%%% of a chtone(s)

2T afsHBIRAEHEC OF dRY I EnREPR SR SUTS SR R GHEE OF the
pi%r&%g ! ngiil‘(i:(? t?etﬁﬁﬁi%t %ﬁiSHHQSEQ&QQ']&J%%&Q*%{H&QHMEEng a
lac ones(es3’ ast }

he principal component herein refers to a mixed solvent in

whichidhgweighiseatis efshedatalameunsof the daatahsmsoltentissties upon
largest in all solvents. Lactones refer to a compound having the carbon
nphohdithvgeande frewesto 12, which is an aliphatic cyclic ester. Specific
examples thereof include, but not limited to, [3-propiolaetone,
yilggﬁ?rblactone, y-valerolactone, 15 S-valerolactone, y-caprolactone and

o I e € s ey e
exgmpiesdherepdrhasidesidhpyahoyandesctibethe does not hamper the present
invention by any means. A known alicyclic compound may be employed.
Specific examples thereof include 1,2,4,5-cyclohexane tetracarboxylic dianhydride,
bicyclo{2.2.2]oct-7-ene-2,3,5,6-tetracarboxylic dianhydride, bicyelo{2.2.1]heptane-2-
endo-3-endo-5-exo0-6-ex0-2,3.5,6-tetracarboxylic dianhydride, bicyclo[2.2.1]heptane-
7.ex0-3-ex0-5-ex0-6-ex0-2,3,5,6-tetracarboxylic dianhydride, bicyclo[2.2.1}heptane-
2,3.5,6-tetracarboxylic dianhydride, decahydro-dimethanonaphthalene tetracarboxylic
dianhydride, bis[2-(3-aminopropoxy)ethyljether, 1,4-butanediol bis(3-
aminopropy! ether, 3,9-bis(3-aminopropyl)-2,4.8.1 0-tetraspiro-3,5-undecane, 1,2~
bis(2-aminoethoxy)ethane, ],2-bis(3-aminopropoxy)ethane, triethylene glycol-bis(3-
aminopropyl)ether, polyethylene glycol-bis(3-aminopropyl)ether, 3,9-bis(3-

aminopropyl)-2,4,8,10-tetraspiro-3,5-undecane, and 1,4-butanediol bis(3-

aminopropyl)ether.
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polar solvents, include, but not limited to, 3-methyl-3-methoxybutanol,
3-methyl-3- methoxybutyl acetate, propylene glycol-monomethyl ether,
propylene glycol 2 0 monomethyl ether acetate, dipropylene
glycol-monomethyl ether, tripropyrene] gglycol-monomethyl ether,
propylene glycol-monotertiary-butyl ether, isobutyl alcohol, isoamyl
alcohol, ethyl cellosolve, ethyl cellosolve acetate, butyl cellosolve, butyl
c@gggx]lve acetate, methyl carbitol, methyl carbitol acetate, ethyl carbitol,
and ethyl carbitol acetate. 25 [0048] In most cases, acrylic resins are
used INGNGIOSS BSHING HRFIAIA HRESILIANS ¢dALRAY casgd &t by reactin
photosensitive resin composition comprises at least an acrylic resin, 1
phisteapotymerizabhy dndnendeti anthphotqinltiatopasis folamatiofdribentgme, the
these, usually, the weight compasition ratio of the acrylic resin to the

S HERE HBIE OB h B 8P RIned 80/ Y6 a0%145  Brid e Atheistt By tHsixing

0 initiator added is about 1 1o 20.%, by wejght.basedq on the,total
Véae%ﬁ%eé?%ﬁn e qgracar%oxuhc cﬁang%dnd %8\% ﬁi%rﬁﬁeécrgﬁs NNEIAE an

O n .
e polymers and monomers. ic polymer having

AR PEYAFAVEnISsRER TRy ahhidisadhas, thaiachulisr ROYMShy A&eRRlyGT
between an unsaturated carboxylic acid and ethylenically unsaturated
ddipdonmthmfyprefalablydsd. usBdsals thesabryticcpotyimeg hdeimgal(s) as a
carboxyl group. Examples of the unsaturated carboxylic acid include

REIRTAERE P FHER AR TE R SRIMRASHIE 2 BaereBto Rl Aharicgesd in
f i id inyl ic acid. 501 Th 1aV. indivi Il
urmarg %&a[né‘é‘%gglggﬁ §§é§%§gégg[§§%%ﬁ?§%f%%m%T}%%t'%'é’l' ally

or may be also use e ethylenically unsaturated

campounddngombinaianingpesiiend® exampiasoiacralymrRizaEn refers
ethylenically unsaturated compound include, but not limited to,
unsaturatbsbbardoxylibiseitiatkgiebster satthasatabinydadrgiate, acathsd
methacrylate, ethyl ,acrtllate, ethyl methacrylate, n-propyl acrylate,

|SBPITT HeriAses! LBt FREtHERS Y RRRTIEOpPabS AR RAdRE theagion

at%iréfmlgétleinnfgygtg lﬁ[g%ta%gr}/f%hic_h is an aliphatic cyclic ester.  Specific examples
thereof include, but not limited to, B-propiolactone, y-butyrclactone, y-valerolactone,
8-valerolactone, v-caprolactone and s-caprolactone. In particular, y-butyrolactone is
preferred in view of the solubility of the polyimide precursor.

As for a solvent other than lactones, examples thereof, besides the above-described
polar solvents, include, but not limited to, 3-methyl-3-methoxybutanol, 3-methyl-3-
methoxybutyl acetate, propylene glycol-monomethyl ether, propylene glycol-
monomethyl ether acetate, dipropylene glycol-monomethyl ether, tripropyrene
glycol-monomethyl ether, propylene glycol-monotertiary-butyl ether, isobutyl alcohol,
is_oamyi alcohol, ethyl cellosolve, ethyl cellosolve acetate, butyl cellosolve, butyl
cellosolve acetate, methyl carbitol, methyl carbitol acetate, ethyl carbitol, and ethyl
carbitol acetate.

[0048]

In most cases, acrylic resins are used in photosensitive resin compositions.

In that case, the photosensitive resin composition comprises at least an acrylic resin,
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sec-butyl acrylate, sec-butyl methacrylate, isobutyl aerylate, iso-butyl
methacrylate, 20 tert-butyl acrylate, tert-butyl methacrylate, n-pentyl
acrylate, n-pentyl methacrylate, 2-hydroxyethyl acrylate, 2-hydroxyethyl
methacrylate, benzyl acrylate and bengyl methaciylate; aromatic vinyl
compounds such as styrene, p-methylstyrene, o- methylstyrene,
m-methylstyrene and a-methylstyrene; unsaturated carboxylic acid

aminoalkyl esters such as aminoethylacrylate; upsaturated carboxylic acid
A S P A AP S OAn 31, B SRR
cgg@msxliﬁea&@g\ﬁmﬁg@fﬁoﬁ9&&8&&4&@%@?&%@&@@m@gh&r& IONALS:zable

vinyl cyanide compounds such as acrylonitrile, methacrylonitrile and
archlonoadryl0firike Salighatic tenjtgatedtienpsa2finguebradded is about 1 to
1,3-butadiene and isoprene; and polystyrene, polymethylacrylate,
polyinBInyRigsiRaerd aheths dRipLNAEE P BearR] YPotybergl menestslate,
e@%g f which has an acryloyl group or methacryloyl group in the
términus. Especially, in view of the solubility of the polymer in an alkaline

developing,seltionnrefered A1 HINAN Bt B4aHeraaR CRRANMEES Gl ic

those selected from'methacrylic acid, acrylic acid, methyl methacrylate,

Zphiydiexyethybposthacbdateshenzybmethat tylake:ahd sidremeetihRnically
copolymer having an average molecular weight Mw of 2000 to 100,000
sl evarpiet rovimoimgkdrrgydirthboasilis Bedy Bigtdideitgese

ranges, such a polymey is not preferred hecause a rate, of dissolving into
RPN BT SO s e P g e OBt e ar
anagkyigiealymenbayingan eiylrnicallunsatisated- QrouRdia the, side:
chain leads better sensitivity in exposure and development, and thus the
agntic apidlymer having the ethylenically unsaturated group in the side

chain is preferably is used. Acrylic group and methacrylate group are
pﬁ@é?ﬂed as the ethylenically unsaturated group. Such an acrylic polymer

can be ghiained 20 addijon egoton, betviaen the catbomyl group of an

. 1
acrylic ( ng a carboxyl group and an ethylenica

Fgg@@#ﬁ&ﬁ%@@&%&ﬁéﬁﬁyiGgsét@a&ewy&&g&a@{naétﬁxslﬁsegxy SR
examples of copolymerizable ethylenically unsaturated compound include, but not
limited to, unsaturated carboxylic acid alkyl ester such as methyl acrylate, methyi
methacrylate, ethyl acrylate, ethyl methacrylate, n-propyl acrylate, isopropyl acrylate,
n-propyl methacrylate, isoptopyl methacrylate, n-butyl acrylate, n-buty! methacrylate,
sec-butyl acrylate, sec-butyl methacrylate, isobutyl acrylate, iso-butyl methacrylate,
tert-buty! acrylate, tert-butyl methacrylate, n-pentyl acrylate, n-pentyl methacrylate,
2-hydroxyethyl acrylate, 2-hydroxyethyl methacrylate, benzyl acrylate and benzyl
methacrylate; aromatic vinyl compounds such as styrene, p-methylstyrene, o-
methylstyrene, m-methylstyrene and a-methylstyrene; unsaturated carboxylic acid
aminoalkyl esters such as aminoethylacrylate; unsaturated carboxylic acid glveidyl
esters such as glycidyl acrylate and glycidyl methacrylate; carboxylic acid viny! esters
such as vinyl acetate and vinyl propionate; vinyl cyanide compounds such as

acrylonitrile, methacrylonitrile and a-chloroacrylonitrile; aliphatic conjugated dienes
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20 Specific examples of the acrylic polymer having the ethylenically
unsaturated group in the side chain include a copolymer described in
Japanese Patent No. 3120476 or Japanese Laid-open Patent Application

- (Kokai) No. 8-262221, and a photo-cuying resin "Cyclomer (registered

trademark) P" (Daicel Chemical Industries, Ltd.), which is a commercially
available acrylic polymer, and an alkali-soluble cardo 25 resin. In

icul h lic pol ing the ethylenicall
bt U QP Eha B0 ROy RV B ohve e
MSIEHIAL WRIGHL VYY) pE2000140-H9Q Q0P IMAABEEARINGe, each of which

tetrahydrofuran as a carrier by gel permeation 21 “chromatography and
chdsulateeysing cupalirationgloviepeh s stahedartholyStyrepefiadndianiew of
acid value of 70 to 150 (mgKOH/g) is most preferable in view of the
plhetedehditivel prepetiiast Sohibilieplincedtseigpivesedutiny BEisbiidang binary
alkaline development solrt%;t'ons. 5 LOOE%:%#IAS thelmonlomer, A lic aci

QA e EHSRar R MBHSHA élﬁ%sneaieéc‘%’%/ i RGBS B A TisF e B S
usedExpmples af e putiacionamonamerdnsiideispeRdnfstyrene,

diglycidyl ether (meth)acrylate, poly (meth)acrylatecarbamate, denatured
bilsp benol e eipoxyo et acrylatec adipicdgid 116-bEXaieiali0,000 and an
(meth)acrylic ester, phthalic 10 anhydride propylene oxide (meth)acrylic
extish vadvaeififie-adit(aietiyldae glliche riHeeh peicideibestaaneshodtivg

di(meth)acrylate, alkyd-modifi th)acrylate, .
e ALY B0 TS At A DAL PEIERERIS B8 or

JahanesadpidsanenRateatApplication (Kokai) No. 8-278630,

tripropylene glycol di(meth)acrylate, 1,6-hexane diol di(meth)acrylate,
bisphginol A 15 diglycidyl eter di(meth)acrylate, trimethylolpropane
trilmeth)acrylate, penta erythritol triimeth)acrylate, triacrylformal,

pentaeryiisribretes(tisarphas byl besing ge stay SR saHiomme T s e eyt

X T S

pﬁgﬂgﬁ%) HQ@HX"&H@%@%&%&@%@Q@%@@& YOXYide chain is preferably

propoxy)phenyl]sulfone, 20 bis[4-(3-acryloxy-2-hydroxy

preRDXYRhany lethetnd 4ctdisiy(Bagrylparephfdaradyas the ethylenically
unsaturated group,  Such an acrylic polymer can be obtained by an addition reaction
between the carboxyl group of an acrylic (co)polymer having a carboxyl group and an
ethylenically unsaturated compound having a glycidyl group or alicyclic epoxy group.
[0052]

Specific examples of the acrylic polymer having the ethylenically unsaturated
group in the side chain include a copolymer described in Japanese Patent No.
3120476 or Japanese Laid-open Patent Application (Kokai} No. 8-262221, and 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. In particular, among the acrylic polymers having the ethylenically unsaturated

group in the side chain, a polymer having an average molecular weight (Mw) of 2000

to 100,000 (measured using tetrahydrofuran as a carrier by gel permeation
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propoxy)phenyl]cyclohexane, 9,9-bis[4-(3-acryloxy-2-hydroxy
propoxy)phenylfluorene,9,9-bis[3-methyl-4-(3-acryloxy-2-hydroxy
propoxy)phenyl]fluorene, 9,9-bis[3-chloro-4-(3-acryloxy-2-hydroxy
propoxy)phenyljfluorene, bisphenoxyethanol fluorene diacrylate, his
phenoxyethanol 25 fluorene dimethacrylate, biscresol fluorene diacrylate,
and biscresol fluorene dimethacrylate. These may be used individually or

in.combination. [0055% 22 Sensitivity and workability of the resist can be
O BIRREEP Se RGPS HBMARBICGT tH. SUTMFLI fuFf@ngid I Polystyrenc)

MARAMErR e, 21990 e $s 3 iaﬂ?r%}iy Qrder 1o increase he .
sensmwty, use ofacompou %avmgg ot less than ree functiona

gpauRseMbrecpreiasakly Roilass tharivefuastiond anmupsyimRieiemred.
5 In particular, dipentaerythritol hexa(meth)acrylate and dipentaerythritol

pénteimegaeriyatesare preferred. In cases where a pigment which
absorbs ultraviolet rays effective in photo-crosslinking is used as in resin
B[Ig/ﬁﬁﬁladdition to dipentaerythritol hexa(meth)acrylate and

dipe ”ta%rX %HE'%BBS&%@S@%%}%%J@%%%I R rxll%)rrlg L?ﬁ@ﬁ%ﬁgl %I: adi% MOnoImer or

(meth)acrylate containing a number of aromatic rings an aving a

higig waiete peling fluptens MR imthenolacsris merereefarregk bisphenol
because the pattern can be controlled to a desired shape upon

dévEppriehetisd ot ipscay mommiydmalinixtylsestdipeataaisthritet! bisphenol
hexa(meth)acrylate and/gr dipentaerythritol penta(meth)acrylate in an

atBREOY I B Hari By weig HeGherangriiHyaeriate 4ving ahthatic

fl ring.in.an amoumnt.o 0 part ight.is preferred.
T R L S PR G
agnbanzephenqnebasad comaQady dcelanneRane; hasadwaRAuUNd,
oxanton-based compound, imidazole-based compound,
bemzbihiayiote; iasethe dimpplatd bivedz0igoxaas lderaded coMmpownd Pexinhéio.
ester compound, carbazole-based compound or. 20 triazine-base

SEHA A TR
ORI DIREhE LA ek it HIPRRLS (RNe G B U FRIRIESHBIRAD: A
diglycidyl eter di{meth)acrylate, trimethylolpropane tri{meth)acrylate, penta erythritol
tri(meth)acrylate, triacrylformal, pentaerythritol tetra(methjacrylate, dipenta
ervthritolhexa (meth)acrylate, dipenta erythritolpenta (meth)acrylate, 2.2-bis{4-(3-
acryloxy-2-hydroxy propoxy)phenyl]propane, bis[4-(3-acryloxy-2-hydroxy
propoxy)phenylJmethane, bis[4-(3-acryloxy-2-hydroxy propoxy)phenyl]suifone,
bis[4-(3-acryloxy-2-hydroxy propoxy)phenyljether, 4,4'-bis[4-(3-acryloxy-2-hydroxy
propoxy)phenyl]cyclohexane, 9,9-bis[4-(3-acryloxy-2-hydroxy
propoxy)phenyl]fluorene, 9,9-bis[3-methyl-4-(3-acryloxy-2-hydroxy
propoxy)phenyi}fluorene, 9,9-bis[3-chloro-4-(3-acryloxy-2-hydroxy
propoxy)phenyl]flucrene, bisphenoxyethanol ﬂuoréne diacrylate, bis phenoxyethanol
fluorene dimethacrylate, biscresol fluorene diacrylate, and biscresol fluorene

dimethacrylate. These may be used individually or in combination.

[0054]
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benzophenone, N,N'-tetraethyl-4,4'-diaminobenzophenone, 4-methoxy-4'-
dimethylaminobenzophenone, _
2,2-diethoxyacetophenone,benzoin,benzoin methyl ether, benzoin
isobutyl ether, benzyldimethyl ketal, ashpydroxyisobutylphenone, 25
thioxanthone, 2-chlorothioxanthone, I-hydroxycyelohexylphenyl ketone,
2-methyl-I- [4-(methylthio)phenyl]-2-morpholino 1-propane,

2-benzyl-2-dimethylaming 1.-(4- morpholinophenyl )-b hich i
i SASTAI) CHAMERIGTR I ArGH e P9 efetPE D PP 388

2 immethyibsravll2:dimetiviamingd-¢hn ok %'ﬂi%gma&?y%%ﬁmﬂ‘&, in
which is Ciba Specialty Chemicals K. K. CGI-113, t- butyl anthraquinone,

lechioto antbasoihineneiiRdydichlofa anttpaguinange3ehierotznmethyl
anthraquinone, 2-ethyl anthraquinone, 1,4-naphthoquinone, 9,10 5
phesEMRI ZERIABHBI NRigHPLy not less than five functional groups, is preferred.

thraquinone,l,4-dimethylanthraquinone,2-phenyl. anthraquinone,
T S o Croh TSR gy rener
MEREARTON! 12Z2QISr I CARIQREN G ere a pigment which absorbs
oxazole,1,2-octanedion,|-[4-(phenyl thio)-2-(O-benzoyl oxime)] which is
GibarGplecially Shemicalskoi-cilrghichiag (ragistarea teagdemark) '« QXEQI o
ethanone,|-[9-ethyl- 6-(2-methyl benzoyl)-9H 10 carbazole-3-yl
dingregeayitakie (el BibargsberalgeCHebassRMeIDT Y a2
4-(p-methoxyphenyl)-2 6-di-(trichloro methyl)-s-triazine, "Adeka.
R S R
%%ﬂ%ﬁ@ﬂ%&&g%}ﬁ%&%m%ﬁg%% Pyofsafl DRKE KA bause
Two or more types of these photoinitiators can be used in combination, In
paeicatiarn use of eoaanikihatiodafrciskareapypek ofiphatoinitidtorsfthat
is, N,N'-tetraethyl-4,4'-diaminobenzophenone; Ciba Specialty Chemicals

Kneaongra éurex(tag istdipentrstidhriskiesamsihtapaiashadatyloreasaangitol
K. K, CGI-113; and.a carbazole-pased d such as,Asahi
SRR (R PAa e B e KL BTN e
GibamReslaiCheRiaals K dtin&Pbe42 48 praleredAaqauseAired.

photosensitive resin 20 composition having high sensitivity and an
eealignt property of pattern shape can be attained. [0056]

The photoinitiator is not restricted and a known photoinitiator such as
benzophenone-based compound, acetophenone-based compound, oxanton-based
compound, imidazole-based compound, benzothiazole-based compound, benzo
oxazole-based compound, oxime ester compound, carbazole-based compound or
triazine-based compound; or an inorganic photoinitiator such as a phosphorus-
containing compound or a titanate may be employed. Examples thereof include
benzophenone, N,N'-tetraethyl-4,4-diaminobenzophenone, 4-methoxy-4-
dimethylaminobenzophenone, 2,2-diethoxyacetophenone, benzoin, benzoin methyl
ether, benzoin isobutyl ether, benzyldimethy! ketal, a-hydroxyisobutylphenone,
thioxanthone, 2-chlorothioxanthone, 1~hydroxycyclohexyiphenyi ketone, 2-methyl-1-
[4-(methylthio)phenyl]-2-morpholino 1-propane, 2-benzyl-2-dimethylaminol-(4-

morpholinophenyl )-butanone which is Ciba Specialty Chemicals K. K. "Irgacure
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Even in cases where either the polyimide resin or the acrylic resin is used,
an adhesion promoter may be added for the purpose of improving
adhesion to an 25 inorganic substance such as a glass plate or silicon
wafer. As the adhesion promoter, a sijgne coupling agent and a titanium
coupling agent can be used. The amount of the adhesion promoter to be
added is usually about 0.2 to 20% by weight based on 24 the weight of

d I 0057] In the black
”&gsé’ R BT S st InGATBHEIPSHE b B A e

%9905 Ag}yﬁm%l ioht,ghielding & g@&%@ﬁ ”%%50?4%!&%%3% -

e added. As the polymeric dispersant, po leneiminie-bas
pmlyyﬂmmd@amam aobyoreiihanphbased polionesiec sispRERANnRIYchloro-2-

allylamine- based polymeric dispersant or the like can be preferably used.
sn%ﬂmd %Wﬁ@ﬁ@%ﬁs%@h&@i%@%y%&ﬂé@htb%%rﬂ, that the

tose SItIVJ (1 hesion do naqt decreas ftlfeamount of the
ARG A o B RBEr A S5, A P G RSB gy

bﬁﬁﬁ% o 9 Strling AgenL.s [ABRELIN: e blatkurgmpesition

accordlng to the present invention, the weight ratio of the light shielding
ageriieshercomponaispreisrabiynithinzte, napge heiween-[43E&and
40/60 in order to obtain a black coated film having a high resistance and a
1@@@%@@%@@1 optsiEigtielhatic bRIRgIcEAte I@h@lé@éﬁﬁlré@ﬁﬁgawr@

C onent |s pr Iy ithin the ran een 75/25 an 60/40
R RIF SR BATER e Gy HEEoN CSR0Rr BAGarig SRREOhD o
el RS Gl PWQQ&%@%&'Q}H%@% d%ﬁ%&%@kfﬁ%ﬁ@%rﬁek CGI-
monomer or oligomer and the polymeric disparant. If the amount of the

resin coppraentishienipmalldiqahasion iecthel substate ofdhe black26d
coated film are deteriorated. On the other hand, if the amount of the light

shididingk agaatier toe Shlnthd - 0D Yatbislpercthchersds topdvamenmyds

dl%%% S%?re | hyeggeihy\g] Igp I?(gg%) Ii%r’%atl \l.;\(J)CP c5)19 Jnore types of these
photoinitiators can be used in combination, In particular, use of a combination of
three types of photoinitiators, that is, N, N'-tetraethyl-4,4"-diaminobenzophenone;
Ciba Specialty Chemicals K. K. "Irgacure (registered trademark)" 369 or Ciba
Specialty Chemicals K. K. CGI-113; and a carbazole-based compound such as Asahi
Denka Kogvo K.K. Adeka (registered trademark) optomer” N-1818 or N-1919 or
Ciba Specialty Chemicals K. K. CGI-242 is preferred because a photosensitive resin
composition having high sensitivity and an excellent property of pattern shape can be
attained.
[0056}

Even in cases where either the polyimide resin or the acrylic resin is used, an
adhesion promoter may be added for the purpose of improving adhesion to an
inorganic substance such as a glass plate or silicon wafer.  As the adhesion promoter,
a silane coupling agent and a titanium coupling agent can be used. The amount of

the adhesion promoter to be added is usually about 0.2 to 20% by weight based on
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The solvent used in the black resin composition according to the present
25 invention is not restricted. Water and organic solvents can be used
depending on the dispersion stability of the pigment to be dispersed and
the solubility of the resin to be added.,The organic solvent is not
restricted, and esters, fatty alcohols, % (poly)alkylene glycol ether-based
solvents, ketones, amide polar solvents, lactone polar solvents or the like
can be used. These solvents may be used individually or two or more of
thieh el alsbhropristidalntyinssdemlinigtine with a solvent other than
tZS(??Qnay also be preferably used. 5 [0060] As mentioned above, as the
resin according to the present invention, use of the polyimide-based resin

or any|R‘Qﬁ%@dj@%%ﬁ&ﬁi@i?%%%ﬁ%ﬁfg EF%%I@S%%%H@%M%JQE@ purpose.

solvent, use of a solvent that dissolves these resins Is preferre
Syfasifiealygimentisietianwiashitheresin ds:pohdrmidepased paiselvent that
dissolves its precursor, 10 poly(amic acid)s, including amide polar
selvts seh s addatethyiszhsyrebiidene dibisitingtppititcR@d @igimine-based
N,N-dimethylacetamide (boiling point, 165C) and N,N- dimethylformamide
B S resse, PSS 13 BT G aan 6 T

1560 pyibHiielagione (balling ﬂ%@,%ﬁ%élc%)eﬁé}\éﬁl?R?éa&to%%@lod'my%iﬂ&

207C), S-valerolactone (boiling point 58C), y-caprolactone (boiling point
106g2)shbtangrefeaprotatians thetiagmpeiat e@Ghornrdasipraieiabdbanses: do
[0061] Specific examples of the esters include, but not limited to, benzyl

akettdeersgseilinghsoinoznn ol hethyimenizolitegeiing porsided Boyusiitapput |

benzgate (boili oipt 200C), diethyl malonate (boiling point 199C),
2“-%%@%&%@‘16 %%33%3 8]ﬂi%ﬁ?%gﬂ%ri%éﬁeﬁzbutoxyethyl acetate (boiling
pPRINtgh92C), 3-methoxy-3-methyl- butyl acetate (boiling point 188C),
diethyl oxalate (boiling point 185C), ethyl acetoacetate (boiling point

181C), ayalehtxll aceiatd(bolingpniptd #4G)snmethoxh uky acetatetio

(boiling point 173C), methyl acetoacetate (boiling point 172C),

et yhaslisth shie o giaerid (oo RAG RUIRTLLY O erldthyibhisy tiscegge between

(t}g}lﬂlg%nd 40/60 in order to obtain a black coated {ilm having a high resistance and a
high OD value. The weight ratio of light shielding agent/resin component is more
preferably within the range between 75/25 and 60/40 in view of the balance among
adhesion, ease of patterning and the OD value. The resin component herein refers
to the total of the polymer, monomer or oligomer and the polymeric disparant. If
the amount of the resin component is too small, adhesion to the substrate of the black
coated film are deteriorated. On the other hand, if the amount of the light shielding
agent is too small, the OD value per thickness (OD value/pum) decreases, either of
which is problematic.
[0059]

The solvent used in the black resin composition according to the present

invention is not restricted. Water and organic solvents can be used depending on
the dispersion stability of the pigment to be dispersed and the solubility of the resin

to be added. The organic solvent is not restricted, and esters, fatty alcohols,




10

15

20

25

25 point 162C), isopentyl propionate (boiling point 160C), propylene glycol
monomethyl ether propionate (boiling point 160C), propylene glycol
monoethyl ether acetate (boiling point 158C), pentyl acetate (boiling point

. 150C), and 26 propylene glycol monogethyl ether acetate (boiling point

146C). [0062] As a solvent other than the above-described ones,
(poly)alkylene glycol ether- based solvents such as ethylene glycol

ISP R R0, Salere g nerosy

133C) i I thy. Il [ ‘e _
e oyl e ol S8l

ethyl @arbitob(202€ npyaiydene gicabimendmeyliether (hoiling peimbher
120C), propylene glycol monoethyl ether (boiling point 133C), propylene
gl rieseiay rose g PerfrerboHied) point 153C) and dipropylene glycol
nL85| ethyl ether (boiling point 188C); fatty acid esters other than the
above; including ethyl acetate (boiling point 77C), butyl acetate (boiling

point 1%@Q%eli?cﬁ?é&%%@&&@?h@@&ﬁ%&%ﬁﬁnﬁ‘%@@ég?(:'f@%@ GRG0, suGh
as butanol (boiling point 118C), 3-methyl-2-bttanol (boiling point 112C),

Sameitlylr3riaeinedybsitanohdboiing painisihvA@l-kettnpsptssueh ascordingly,
cyclopentanone and cyclohexanone; solvents such as xylene (boiling .
poithe salvent. eusy b aripbrial Huilifigsebint TSsOR R is oRedeirerhSimdsalically, in
(petroleum fractjon: boiling point,165 to178C) can,also. be used

B RO bST iRt O Coben Acs OIS L By

6]

Wit die SEAYNGRARALA bR EOHSRCATINIRG MANHERd. sQhaliGe

solvent preferably comprises two or more solvents in order to achieve an
afhpttipgiatenvalaiity, anN -diyieg oparyddnieates panets 1he) badingN-

points of all solvents constituting the mixed solvent are not higher than
165octyiieproiethel irsaditia Unifdremecerithan ielapfotheding
Sansd e U icores IL0E clna g s esares
solytien is.cietied dHOUMASIhint 58°C), y-caprolactone (boiling point 100°C)
and e-caprolactone (boiling point 96°C) can be preferably used.
[0061]
Specific examples of the esters include, but not limited to, benzyl acetate
(boiling point 214°C), ethyl benzoate (boiling point 213°C), methy! benzoate (boiling
point 200°C), diethyl malonate (boiling point 199°C), 2-ethylhexyl acetate (boiling
point 199°C), 2-butoxyethyl acetate (boiling point 192°C), 3-methoxy-3-methyl-
buty! acetate (boiling point 188°C), diethyl oxalate (boiling point 185°C), ethy!
acetoacetate (boiling point 181°C), cyclohexy! acetate (boiling point 174°C), 3-
methoxy-butyl acetate (boiling point 173°C), methyl acetoacetate (boiling point
172°C), ethyl-3-ethoxy propionate (boiling point 170°C), 2-ethylbutyl acetate (boiling
point 162°C), isopenty! propionate (boiling point 160°C), propylen; glycol
monomethy] ether propionate (boiling point 160°C), propylene glycol monoethyl

cther acetate (boiling point 158°C), pentyl acetate (boiling point 150°C), and
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so that streaking occurs in the coated film. On the other hand, in cases
where the mixed solvent contains many solvents having a boiling point of
not lower than 200C 27 the coated film surface is adhesive to generate
sticking. Hence a mixed solvent contajging 30 to 75% by mass of a
solvent having the boiling point in the range between 150 and 200C is
preferred. [0064] 5 To the black resin composition according to the
present invention, for the purpose of attaining good coating performance
AP RHFSS eSS AEBISTEY € cHith (BRIl @9ERHAG Bénard Cells, a
sig@%ant can be added. The amount of the surfactant to be added is
usually 0.001 to 10% by mass, preferably, 0.01 to 1% by mass based on

the pigmenisolithecapeunthanddesbicteosmall, dhe aifestaiondQ atiaislisther-

good coating performance and smoothness of colored coated film, and
presehtiriyeBerart Gelisxdamgiybel obtaimethyheheatibrgmeintlddded is
too large, physical properties of the coated film, on the contrar

RSB e B R BorBaLiE B bIaL S RHPLSHA AR I gy
2njpnie Suractants sushas DN AN SHIRS and pobypsysiiyiene

a yFre ers e triethariolamine; 15 cationic surfactants such as
steandamipr.agstalaanddauyfimethyrammaniy s shboriss]iapphaiata C),
surfactants such as lauryldimethyl amine oxide and laurylcarboxy methyl
hythndoaesthylliR0a2E b rnpybtadsy oo nioniosuhid ctetd Bibhegeint 120°C),
polyoxyethylene lauryl ether polgoxyethy!ene stearyl ether and sorbitan

SRRk Bkl MAAE B S (RRIERERS Rl g PoR BRSNSy ARE B
the e asaRdfie main skeleion A lURine eauaniGaRdaRtE (g,

present invention; the  surfactants used individually or two or more
of,them 48 baHSRIIRseARRAtION, Mieh vy HRTAMS atenekrest(iaiithe
to those described above. [0065] In the black resin composition according
topthet présennitenticrs, thesalido2s CHriCariseniotythemists theltogpoint
concentration of the resin component (including _monogrcll,er?i and

) t—methyl—z—butanoi

ollgarherinhaticenhrdsseaR RS RRHAEB AUty

(boiling point 112°C), 3-methyl-3-methoxybutanol (boiling point 174°C); ketones
such as cyclopentanone and cyclohexanone; solvents such as xylene (boiling point
144°C), ethylbenzene (boiling point 136°C) and solvent naphtha (petroleum fraction:
boiling point 165 t0178°C) can also be used additionaily.

[0063]

Further, as the substrate increases in size, coating with a die coating apparatus
is becoming the main trend, so that the solvent preferably comprises two or more
solvents in order to achieve an appropriate volatility and drying property. In cases
where the boiling points of all solvents constituting the mixed solvent are not higher
than 150°C, many problems arise in that uniformity of film thickness cannot be
attained; the film thickness in the coating finishing area increases; the pigments are
aggregated at a nozzle part from where the coating solution is ejected through a slit
so that streaking occurs in the coated film.  On the other hand, in cases where the

. P . 8]
mixed solvent contains many solvents having a boiling potnt of not lower than 200°C
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shielding agent, is preferably not less than 2% and not more than 30%,
more 28 preferably not less than 5% and not more than 20% from the
viewpoint of the coating performance and drying property. Accordingly,
the black composition according to thepresent invention preferably
consists essentially of the solvent, resin component, and light shielding
agent, wherein the total amount of the resin component and light 5
shielding agent is preferably not less than 2% and not more than 30%

iSOty HiBtIES AR S8 BTGt THOM tharl 509 “dhd The” ™
balance.is S i _ .
B e R S e R T s

CREMROSILION AGEQIBHNG fPtke-REaseNt invention is produced by a method
such as a method wherein the pigments are directly dispersed in the resin

splgtieh using a disperser, or a method wherein the pigments are
dispersed in water or organic solvent usinﬁ thetgézé)erser,torgroduc a

pigmentidpeRfsh FoTIBWRRRR RRASG WHIRGAR S SBILIDIT R Methbd
of dispersing.the pi IS.no, ict | 4
o o
high:Sheed-ivaacidmlndriiRnsOf disprrsioeleiatdad andhinelyunt of the
dispersing performance, using the bead mill is preferred. As the bead mill,
couofalt tamillichipes ked ashil, ysieriyild. E9Y MO il lbarreiasse HiREtodny b ip byl
As the beads for the bead mill, titania bead, zirconia bead anglf ircon

BT 280 e b HEEP e BEL et dbsereion 18

rsion iIs

%ﬁl{%%ag?' nok '8&&%3%%08.%@5@ ANFs NOLMYE 120150485 AIB, and

preterabfinot less t mm and not more than 1.0 mm. In cases
whesetnadinmatec ol dhenpomanytparidenandstiie dismetedoédhietoo large,

secondary particles formed by aggregation of the primary particles are
sipiatki frl g ogispessidibeerisdHavingrathactoleasizeas hotfsasonsas crogme
mm and not more than 25 Q.10 mm are pre[%riabl used. In this case, gtsis
pRéfSred hRA ErsPRFBRIF I Ba B G b ﬁ@zéoﬁécasd“lfﬁﬁ%%lsng a
SRR GARARIP- Ol SRRRANOG NS INT-RE RS ITND: A AIPRIRSblamine:
a elhnyie 1 v St famine;
sdijaﬁl%%n}lﬁné centr Llﬁgatlon st%égngf On the o?(h’%er hand, in cases where
cationic surfactants such as stearylamine acetate and lauryltrimethyl ammonium
chloride; amphoteric surfactants such as lauryidimethyl amine oxide and
laurylearboxy methyl hydroxy ethylimidazoliumbetaine; nonionic surfactants such as
polyoxyethylene laury! ether, polyoxyethylene stearyl ether and sorbitan
monostearate; silicone-based surfactants having polydimethylsiloxane or the tike as
the main skeleton: and fluorine-containing surfactants. In the present invention, the
surfactants can be used individually or two or more of them may be used in
combination, which surfactants are not restricted to those described above.
[0065]
In the black resin composition according to the present invention, the solid
concentration, that is, the total concentration of the resin component (including

monomers and ofigomers, and additives such as photoinitiator) and the light

shielding agent, is preferably not fess than 2% and not more than 30%, more
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29 pigments containing larger submicron particles are dispersed,
dispersion beads with a diameter of not less than 0.10 nim is preferred,
so that sufficient grinding strength can be attained to disperse the
pigments finely. [0067] 5 Examples okthe method for preparing the resin
black matrix according to the - present invention will be described below.
[0068] As the method for coating of the black resin composition on a
substrate, various methods including methods wherein the co_mposléion IS,

cortisenbly e IFoSIhBRA%ans\ algTfEt s, 0o Bt SR BhiHART coating
method, die coating.method, or method by a wir : o 10
Sl T RSP The GO e P T s«

SQIUURR i SPRAYRR IR aqUHIP B RR; the-sutbstatest imay heng mpieyedpbhent,

substrate is not restricted and inorganic glasses such as quartz silica
glass|iporeisitichte glass valemindsilictteaglasst shilia tivie efamndit yildaght
coa;irilﬁ% on 15 surface thereof, organic plastic film or organi¢ plastic sheet,

apbighBnmesarb SorErErably 1S dess Han & P ERmeEn B LUBsTReE,
tre@@r% nipf\évrfi]gglggs BI;]}E;%/ %ﬁn%%rpl%to%% %H?.%;I %?%%ﬂ%h%%@% %Qﬁ@%oivent.

alumint ng agent, and titanium  chelating agent on the surface of

thessuhstiate sasvimpraveradhasion betvers thelualack matibolitndandbed
substrate. 20 [0069] After coating the black resin composition on a

tramsparesiicgubstrate by the above-described method, the resultant is
dried under heat and cured by air-drying, drying under heat, vacuum
el@fsthtion or the like to form a dried coated film. In order to prevent

cied unsyeRiess O COMBYNNBENNERS MG D e oaiod 251y v

the substrate coated wi e coating composition is preferably heated and
curpRuaitendried ARdelredusrehnessurewihe educedipressyia dryiagn

apparatus equipped with a heater. 30
solution using a disperser, or a method wherein the pigments are dispersed in water
or organic solvent using the disperser to produce a pigment dispersion followed by
mixing with the resin solution. The method of dispersing the pigments is not
restricted and may be various methods including those using ball mill, sand grinder,
triple roli mill, and high speed impact mill. In view of dispersion efficiency and
finely dispersing performance, using the bead mill is preferred.  As the bead mill,
co-ball mill, basket mill, pin mill, DYNO mill and the like can be employed.  As the
beads for the bead mill, titania bead, zirconia bead, and zircon bead are preferred.
The diameter of the bead used for dispersion is preferably not Jess than 0.01 mm and
not more than 5.0 mm, more preferably not less than 0.03 mm and not more than 1.0
mm. In cases where the diameter of the primary particies and the diameter of the
secondary particles formed by aggregation of the primary particles are small, finer
dispersion beads having a particle size of not less than 0.03 mm and not more than
0.10 mm are preferably used. In this case, it. is preferred that dispersion be carried
out by using a bead mill having a separator capable of separating the fine beads from

the dispersed solution in a centrifugation fashion.  On the other hand, in cases where
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[0070] The thus obtained coated film is patterned usually using
photolithography or the like. That is, the coated film is then exposed and
developed into a desired pattern after forming a coating photoresist film
thereon in cases where the resin is a 5f€on-photosensitive resin, or as it is
or after forming an oxygen-impermeable film thereon in cases where the
resin is a photosensitive resin. Thereafter, as required, the photoresist or
the oxygen-impermeable film is removed, and then the coating,

COPOBIGATEOREdAENEITAGI N LY StErHgUTed Btk fragiyih 2

Although the heat curi diti ' t in, i
PR A e e e
tfﬁ@g@&{{gﬁé@gﬂ&@&g@yﬁ@ﬁ@'% gHL@t 200 to 350C for | minute to 60

minutes. [0071] The film thickness of the resin black matrix obtained from
thedyark resin composition according to the present invention is not
restricted as long as it is within 15 the range within which the obtained
black m&evislesabibeagthadiacrrnating MeGyoT PHEOPREAT derhiredbhe
val%of,the resin b@:k &Qatrigﬁgl%te?g\\gd from the black resin composition

aCLBYdhg Y6 prE S SR RVERTOR Preferably is not less than 4.0 per 1 m

offilggihickness, within the visible wavelength region between 380 and 20
700 rim, more preferably not less than 4.5, and still more preferably not
less thamb @e b ddBovahuiig nfehs biad usingcampoltitcharmekphriteie,
detector (MCPD2000 manufactured by Otsuka Electronics Co., Ltd) and
calivasca shodteieebdins mEioBe hFOD WakRENPISH AR eI -

e ST ALpe e g s o

Oflﬁgﬁlfﬁ‘tﬂ? blagk Héﬁt[%tﬁggﬂi%grgﬁ%%bstrate is immersed in the solution; and
methods wherein the solution is sprayed the solution on the substrates, may be
employed. The substrate is not restricted and inorganic glasses such as quartz silica
glass, borosilicate glass, aluminosilicate glass, soda lime glass with silica coating on
surface thereof, organic plastic film or organic plastic sheet, and the like are
preferably used. In case of coating on the substrate, ireatment with an adhesive
promoter such as silane coupling agent, aluminum chelating agent, and titanium
chelating agent on the surface of the substrate can improve adhesion between the
black matrix film and substrate.
[0069]

After coating the black resin composition on a transparent substrate by the
above-described method, the resultant is dried under heat and cured by airudxying,
drying under heat, vacuum evaporation or the like to forma dried coated film. In
order to prevent dried unevenness or CONVey UNCVENNEss while forming the coated
film, the substrate coated with the coating composition is preferably heated and cured
after dried under reduced pressure with a reduced pressure drying apparatus equipped

with a heater.




10

15

20

black resin composition according to the present invention is preferably
not less than 106 (Q cm), more preferably not less than 108 (Q-cm). The
volume resistance is measured by three-terminal method with a guard
ring and can be calculated by the 5 eggation (9) below. Volume resistance
p (0-cm) = (V/1) x (s/d) (9) wherein V; applied voltage (V), I; flowed electric
current (A), s; electrode surface (emz2), d; thickness of the coated film
(m). [0074] 10 The adhesion strength between the resin black matrix
olS¥&iAed from the black resin composition according to the present

vention ang e subsiate i SRRl ok RSANAR BONRAMISA A

contact SUHACE area With the substrate Is 5 mmZ2, more preferably not

legs than SiMRanlf thaadhesionstienpthenithsubsiiated sniemalsirddan
6.0 MPa, a problem arises in that the resin black matrix peels off out of 15

thetglasstfo 6AG] it theoptiegariovesitidHnatioeieriiteraies s Erysealn s a
displays may be produced using the resin black matrix described &Q ye.

TR RIGREHFESUHTCTHY SR A XIS BIEVIGES R BT HREP LORBISIY the
above-described tesinblack X 266ArdingQ thepresent IRVRRTAR,

t
here. 2 Ef%s |
The Golor | fﬁ?g?sc\gmpnses atiiast e transparent substrate, the resin

blackmairixifouped epadartiatregionafiihes ianspdrent sksthate;aing
pixels formed in a region on the transparent substrate where the resin

blackpoaitiix is oot rmiednhidterasivbkick magisesinthiacoogsix.  Although
described resin black matrix according to the present invention. 25 0%7116&6_

IR TR A GIRE HEBHBTS CRIFRAE SBLBFIIRY to HFA SR SLRHE hDRHHISH
N, s production, of H‘&?&%’géi GLi9L g&%iﬂs%f%%%'@am@xanéh@iplmly
MALTX IS 32 formed S u

ormed on a trahsparent substrate, then the pixels having the

colpriselaativinnotsed ofRanesmn(e) et hlua(&), are formed, and then
an over-coat is formed thereon as

[0071]

The film thickness of the resin black matrix obtained from the black resin
composition according to the present invention is not restricted as long as it is within
the range within which the obtained black matrix is usable as the black matrix.
[0072]

The optical density (OD value) of the resin black matrix obtained from the
black resin composition according to the present invention preferably is not less than
4.0 per 1 um of film thickness, within the visible wavelength region between 380 and
700 nm, more preferably not less than 4.5, and still more preferably not less than 5.0,
The OD value is measured using a multi channel photo detector (MCPD2000
manufactured by Otsuka Electronics Co., Ltd) and calculated by the equation (8)
below

0D Value = logio(To/D) &)
wherein g represents the intensity of incident light and I represents the intensity of
transmitted Light.

[0073]




15

20

25

required, as described in Japanese Patent Publication (Kokoku) No.
2-1311. Concrete mateérials of the pixels include inorganic films whose
film thickness is so 5 controlled as to allow transmission of an specified
light alone, and colored resin films Whj h are dyed or in which a dye or
pigment is dispersed. The order of formlng the pixels can be optionally
changed as required. Further, after forming the color layers of three
primary colors or after forming the over-coat film on the color layers of

three pﬁrhfavyiém@@%twsb@érwb%aéﬁ% blskrpatan BefarthBamdhe

ed. As the 1Q trans trode, an OXId thlln fl|e ) SL h as 1T9t§a13
ﬁ gygumlﬁ gﬁﬁfq%a# mﬁh ai‘ﬁ er%%%so out odm |s? rmed
Sﬁ%ﬂm%ﬁ’w&%%{@?&&l?%ﬂ@ss QL b\ thengh th‘thep{@mﬁ:t&w&kﬁ{wr@

used for the pixels of the color filter according to the present invention are
natdestkdted ipigmentmhlavinhoexesientightidd mesistabceplehted by the
resistance and chemical resistance are desired. Specific examples of
repsresomcédveeligiments, which. are referred by their Color Index (CI)

include, but not limi fO||OWI [0078] Examples of the
re%n[f é?ﬁéﬁﬁﬁaqu%lg ﬂ%m nt &%}(heﬂlgaﬂer r;l% rred to as 20 "PR" for
sht) In RR4SIRR O BR 122, 1PRIZS FRAAPRAA)PR 66 RRIGE face
PR177, PR179, PR180, P 190 PR192, PR209, PR215, PR216, PR217,
Pm,dﬂm%@s@aﬂm@aﬁaﬂﬁwmz PR228, PR240, PR254 and the

like. [0079] Examples of the orange pigment include pigment orange
(hé¥&itafter referred 25 to as "PO" for short)I3, P0O31, P036, P038, P040,

P42, P%43 51%533' nPs 1"5 ﬁge{i)} ?Ween ]ércF:)soggl R ?fﬁ_.)atg)g) Z%tﬁgg tﬁ&“'ﬂﬁe black
[0080] 3 xamp es o oW pigmentinc lde pigment yellow

(hetsinafierJefeieddn asg RYhQ-SRAh P E2n XA heRWidu Y & rBl¥i201y
PY24, PY83, PY86, PY93 PY9 PY95, PY109, PY110, PY117, PY125
PY429s PNa3T. (}Mﬁﬁh&ﬂagm’{mt surface area with the substrate is 5 mm?,
more preferably not less than 8.0 MPa. If the adhesion strength with substrate is
smaller than 6.0 MPa, a problem arises in that the resin black matrix peels off out of
the glass.
{0075]

In the present invention, a color filter for liquid crystal displays may be
produced using the resin black matrix described above. That is, the present
invention also provides a color filter comprising the above-described resin black
matrix according to the present invention. The color filter comprises at Jeast the
transparent substrate, the resin black matrix formed on a partial region of the
transparent substrate, and pixels formed in a region on the transparent substrate
where the resin black matrix is not formed, which resin black matrix is the above-
described resin black matrix according to the present invention.
f0076]

In case of using the resin black matrix according to the present invention in

the production of the color filter for liquid crystal dispiays, the black matrix is
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PY147, PY148, PY150, PY153, PY154, PY166, PY168, PY173, PY180,
PY185, and 5 the like. Examples of the violet pigment include pigment
violet (hereinafter referred to as "PV" for short)19, PV23, PV29, PV30,
PV32, PV36, PV37, PV38, PV40, PV%%, and the like. [0081] Examples of
the blue pigment include pigment blue (hereinafter referred to as 10 "PB"
for short)I5, PB15:3, PB15:4, PB15:6, PB22, PB60, PB64, and the like are
used. [0082] Examples of the green pigment include pigment green
(hereindfreriefosredetd sabstRE; tiomsho t?l HEIdg FE 36 aindlehsvikeofisd
[0083] These pigments may be, as required, subjected to.a urfeag '

é Creon as

tréBinw R SEr AL OlBS P BRHER AARIC B AP PERRRNE 0P B
R A herlE T el iR COlIRRRA R ARG Agent

Ithough the x resin used in the pixel of the color filter

aqrarehing taihea praspabinventisnds netdastigied, wesybiresiiskness is so
polyvinyl alcohols, polyamide, polyimide or the like can be used. From the

viewpoititbisioplicityrohshassrodiietiongefbedsighhalance sislambaclightin films

resistance and the like, it is preferred to use resin films in whjch t ,
pia%hgea%e&igﬁ@}%?&?&ﬁ%ﬂé%%ﬁ&fﬁ%%&&&ofs‘%*f%#ﬁfr?f forming the

pagtit%fg%ai% o %g)%{gﬁa d;?g?ug%%?fgw@ &s&sitkv&tﬁa;yﬁﬁe%mﬂlgvm@@oq%@myers

pigments are dispers m the viewpomt of heat resistance an

chamigal presistannssdbisapepfenathianissy arpoimiseoresis dolvyhiglrthe three
pigments are dispersed. 34 [0085] In the substrate color filter for the liquid
crystahuisplays ateosdingntethdugresermtingsation fenedsiasi gngitiad.is As the

arranged between the pixels. The black matrix is also arranged in the .
fré?%@%?ﬁbﬁﬁ%ﬁ%ep%§3%ﬁgﬁd'ma SHepI LRO 1s emp oyeﬁgg(?suarl]ly, Fro film

with a thickness of about 0.1 pm is formed by sputtering or vacuum deposition.
[0077]

Although the pigments which are used for the pixels of the color filter
according to the present invention are not restricted, pigments having excellent light
resistance, heat resistance and chemical resistance are desired.  Specific examples of
representative pigments, which are referred by their Color Index (CI) number,
include, but not limited to, the following.

{0078]

Examples of the red pigment include pigment red (hereinafter referred to as
"PR" for short} 9, PR48, PR97, PR122, PR123, PR144, PR149, PR166, PR168,
PR177, PR179, PR180, PR190, PR192, PR209, PR215, PR216, PR217, PR220,
PR223, PR224, PR226, PR227, PR228, PR240, PR254 and the like.

[0079]

Examples of the orange pigment include pigment orange (hereinafter referred
to as "PO" for short)13, PO31, PO36, PO38, PO40, PO42, PO43, POSL, POSS, PO59,
PO61, PO64, PO65, PO71 and the like.

[0080]
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5 matrix can enhance the contrast of liquid crystal display as well as can
prevent the drive elements of liquid cfystal display from being erroneously
operated by light. [0086] Fixed spacers may be formed on the color filter
for the liquid crystal display according+p the present invention. The fixed
spacer refer to, as described in 10 Japanese Laid-open Patent Application
(Kokai) No. 4-318816, a spacer which is fixed in the specific position on
the substrate for the liquid crystal display and. contacted with the

opposint SRS WhEH (1 R ASHA EIiRigIR IS 5t arBer i igr referred
1S3 PRSI AR IARE RGN 16 03pOSY HORYASR A oy

crystals are injécted into thé gap.’By arfanging the fixed

spacersp s epyahd Srdispersing ey bedl spacer urastap Rifyeading &9,
rod-shaped spacer in an sealing agent in the manufacturing process for
lidUid cryBtal Hisphalo8ah s eniitté a4 {808 PP FonhedidhYdf7the ixéa. $haliey. and
is carried out by a method such as photo Iithog,raphy,‘ﬁa%%?g or

ef8EtHd e JoLHIBYE ST tHE'SpalBBIe At B B foviveh Borih e
PRAUINGES LOP9nT B RaTP e pielaranl IV Tea s pyar Vot

photolithograp spacer may be formed in a laminate structure at the
sagdime RS he pegparation of R, G, and B pixels or may be formed
after the preparation of R, G, and B pixels. [0088] In the present
ink®8tidn, since the resin black matrix can be formed in the 25 form of a

thin film as described ahove, the height of the colagr pixel running over
onto théﬁmﬁaﬁﬁgﬁiélmg% %‘é‘% %@Fﬁﬁt@ﬁ&ﬁ?ﬁﬁ‘?fﬂﬁ% ﬁ%ﬁ%&eéatﬂ &

b%@@gﬁf&%@%}%@@mm QYArsGORtHHR . pYRY IBEASES MEBie arc

higher flatness is'required 35 and in case where holes and bumps
praegssed on the color pixel are flattened, as well as, for the purpose of
preventing components contained in the color pixel from dissolving out
ink@08d liquid crystal layer, formation of the over-coat film is preferred.

Examples of materials for the over-coat fijm include epoxy film, acrylic 5
epoxy fil¥AREHC T, BiERAEOR MR é&@&‘?ﬁ]ﬁ%%)%‘r%ﬁfag’?ﬁ?% referted to

SIIEOBE for short) 7, PG10, PG36, and the like.
[0083]

These pigments may be, as required, subjected to a surface treatrent such as
rosin treatment, acidic group treatment or basic treatment, and a pigment derivative
can be used as a dispersing agent. |
[0084]

Although the matrix resin used in the pixel of the color filter according to the
present invention is not restricted, acrylic resins, polyvinyl aleohols, polyamide,
polyimide or the like can be used. From the viewpoint of simplicity of the
production process, heat resistance, light resistance and the like, it is preferred to use
resin films in which the pigments are dispersed. From the viewpoint of ease of
forming patterns, it is preferred to use a photosensitive acrylic resin in which the
pigments are dispersed.  Yet, from the viewpoint of heat resistance and chemical

resistance, it is preferred to use a polyimide resin in which the pigments are dispersed.
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containing polyimide film, polyimide siloxane film and the like. The
over-coat film may be formed after the resin black matrix is formed, after
the pixel is formed, or after the fixed spacer is arranged. With regard to
the thickness of the over-coat after beé g cured under heating, in cases
where the over-coat is coated on a substrate with 10 irregularities, there is
a tendency, due to the leveling property of the over-coat agent, that the
over-coat is thicker in recess regions (regions lower than the
sUiidings) whereas it is thinner in protruded regions (regions higher
than the_surroundings). Although the thickness of the over-coat according

to the prosBREHRERREP IS ISt SRR DA HBIRS prareiay s
193G RESIGIAANA0 04 10 8i 0 dOOBRN, The RIGRERL InvERlion.,

provides a liquid crystal display comprising the above-"described color

filipstaiecordingiipeinfese Mamegniiann bheliguidisryAataispladhe black
according to the present invention comprises the above-described

coleirfiitean aobondireoahicepres Eqtidversignlismas|et ol @ stdvspratent the
arranged facing 1o, the color 20 filter, liquid crystal alignment films grovided

reSpecay R theetsiter ARl o heldg Sea B PR e S R it

W(gﬂec?érftains a space between these liquid crystal alignment films and a
liquid ctystal filled in the space. [0090] An example of the

above-nieptioned diquidycrystahdispiRyhdsing g aalar@sifified wilkno wileay
described. The color filter and electrode substrates are faced and

lamieadé toregheadigindaystal alighinedtsireeorcttidsissteatasedvitich
Iiﬁuid crystal alignment film was subjected to rubhing treatment for

N GRAAG THeAificr 6 2R <AL G RHE S BN Fot rdfiHing TREERIT P

On {16 5i55908 ubstiate doin U ranssiorTERhclomenis gn s

lemenits, scanning lines, data lines and like may be formed
tocpreRME withhe EpiosGy sidsdiaplanar thE Baliguie ary siah displgye gahen

liquid crystal is injected from an injection port formed 5 at the sealing
refyionteanid, themshati gigchontpordibsegkdbT kppcairsCuRvelca pedtHe liquid
T e e e o P G e MR SV AR step of
dispersing a ball spacer or a step of kneading a rod-shaped spacer in an sealing agent
in the manufacturing process for liquid crystal display can be omitted.
{0087
Formation of the fixed spacer is carried out by a method such as photo
lithography, printing or electro-deposition.  Since the spacers can be readily formed
in the position as designed, the spacers are preferably formed by photolithography.
The spacer may be formed in a laminate structure at the same time as the preparation
of R, G, and B pixels or may be formed after the preparation of R, G, and B pixels.
[0088]
In the present invention, since the resin black matrix can be formed in the
form of a thin film as described above, the height of the color pixel running over onto

the black matrix is lower, and thus a color filter with high flatness can be prepared

without forming the over-coat film.  Yet, in cases where higher flatness is required
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Examples [0091] The present invention will be further described in detail
below based on 10 examples and comparative examples. However, the
present invention is by no means limited to the following examples. [0092]
<Evaluation methods> "X-ray diffractiga” 15 X-ray diffraction was
measured by filling a powdered sample in an aluminum standard sample
holder by the wide angle X-ray scattering method (RU-200R

manufactured by Rigaku Corporation). As for the measurement

cOMHIGHSS BURS Ml asCHMBOYREC S K B I EE, BOKVIZOEMAS Wel!
o Xl ORI d o év%n&gagniéomsfg&ﬁa?#wmﬁ%@opg&%i fom

measurement step (20); and 2/minute for 20 a scan rate. [0093] The
anglpwidiffactiont theipexsariginatad-fremether (R06)-plane: aseikved
around 20=46 was measured. Further, from the half bandwidth originated
frongefethid. (200 piine ofimecteiniitclsizy eoestitiiiingntedsanicied \pagicrylic
calculated using. 25 Scheirer's formula of the above-descri %%r;* uations

¢

(EPaRy b Silgg, SN RSB 02587 i @ YR BRIE “SPsa of

t 1- i 1 L fuak ! tic ver-c 1
O 00T O S 8 RS s i

Aftey vacute degassingah bARE nheirdsarptied iseth@eniatN2 gasdal ar
temperature of liquid nitrogen (77 K) was measured and analyzed by BET
méttodiedised smasrmeathansprbcifiY i rkaceddretie resrmneie ahifeogpttigat after
sge_cific surface area, a BET-converted particle size was getermined b

u

R SRRl SETIFEEa) A P Rica SR GARE Tapre with
t'EﬁQ&Hﬁﬁ‘ﬂfék‘}'%@é@@éf(&(&éﬂg},"é{'ﬁ‘é tldstﬁg 1‘?%1&% property of the over-coat agent,

that the over-coat is thicker in recess regions (regions lower than the surroundings)
whereas it is thinner in protruded regions (regions higher than the surroundings).
Although the thickness of the over-coat according to the present invention is not
restricted, it is 0.01 to § wm, preferably 0.03 to 4 pm, more preferably 0.04 to 3 pm.
[0089]

The present invention provides a liquid crystal display comprising the above-
described color filter according to the present invention.  The liquid crystal display
according to the present invention comptises the above-described color-filter
according to the present invention, an electrode substrate arranged facing to the color
filter, liquid crystal alignment films provided respectively on the color filter and on
the electrode substrate, a spacer which retains a space between these liquid crystal
alignment films and a liquid crystal filled in the space. |
[0090]

An example of the above-mentioned liquid crystal display using the color
filter will now be described. The caolor fitter and electrode subst;ates are faced and
laminated through a liquid crystal alignment film on the substrates, which liquid

crystal alignment film was subjected to rubbing treatment for aligning the liquid
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titanium nitride compound particles as a specific gravity whereas
d=4.30(g/cm) was used for titanium nitride oxide samples a$ the specific
gravity. 10 [0095] "Composition analysis" The content of titanium atoms
was measured by ICP optical emissioRgspectrometry (ICP optical
emission spectrometer SPS3000 manufactured by Seiko Instruments
Inc). 15 [0096] The contents of the oxygen atoms and nitrogen atoms

were measured with Oxygen/Nitrogen analyzer EMGA-620W/C i
neEY N He AN ey IaeS RIE ACTakH ReHEe 68V $aR- at SRS IeRtAg SHOSHR NS thin-

were determin inert gas fusion-infrared rpti e inert
o e R e AR e
valyelidhesesindiaskunalixeyith pdimcthicknesgad d-m P8 mr Wap
formed on a non-alkali glass and an OD value was determined with a
migtiidleayute| dikty. destdiy(iuampitt tsregebieOfisuk aB g ettomesCénrmed
Ltd., MCPD2000) by the above- 25 described equation (8). [00984 "Peak
wiibteisgline f eeapRrAnteBoRghe ISR RS SRS matARAGRN G diier and the

thickness of 0.6.ltm was formed. on.a non alkali gl a peak
vrvlé%ee?é% &ﬂuv%%(si n{;ﬂ 35%% rg?jmvgg%%grﬁ%ﬁrtlll%gnlér?gf%ﬁg%%ector
(@%Iﬁggured by Otsuka Electronics Co. Ltd., MCPD2000). [0099] 5

"Adhesion” The resin black matrix with a film thickness of 1.0 m or 0.8 Itm
wi@gdaotmed on the non-alkali glass. A sealing agent with a film thickness
O e invention Wil be forther Seacribed - Gecai Bl BASe on"
the resultBhPIATESF nvention will be

examples and comparative exampies. However, the present invention is by no

means limited to the following examples.

[0092]

<FEvaluation methods>

"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 scattering method (RU-200R

" manufactured by Rigaku Corporation).  As for the measurement conditions, Cuka
line was employed as the X-ray source; 50kV/200mA for X-ray output; 1°-1°-0.15
mm-0.45 mm for a slit system; 0.02° for a measurement step (26); and 2°/minute for
a scan rate.
[0093]

The angle of diffraction at the peak originated from the (200) plane observed
around 26=46° was measured. Further, from the half bandwidth ori ginated from
this (200) plane, the crystallite size constituting the particles was calculated using -
Scherrer's formula of the abave-described equations (1) and (2).

{0094}

"Specific surface area”
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adhesion between the resin black matrix and the sealing agent, as well as
between the 10 sealing agent and the cover slip became sufficient, the
resultant sample was subjected to a tensile test at a rate of 10 min/min
with "Tensilon" (manufactured by ORIENTEC Co. Ltd., RTM-I00). The
adhesion was determined by the Equation (10) below from the breaking
strength and the torn surface area when the resin black matrix and the
glass were broken. Since a value of adhesion strength tends to be 15

smaller Bhethieerofis surRtsesherf IB9argEICThe ValRe e (HB hvh R FRIREmce

5 2 t th ' { th inth -
ARTaRC K B SRy Db L AR R Japan,
syitfacegiga, St Qko4000L; Resistancevaliyso2Roiaiumemesisiance p

(0 em) was measured with an insulating resistance tester (manufactured
byeltpithigye pstiyniéntedpen, (63 KAy Theawmsid bialcknahgtek yithid filthod to
thickness of 1.0 m or 0.8 m formed on an aluminum substrate was set in a

tedsienixisisdlic(Prasifitasitiess By eiliiney atinrtfdhineneatboy Hace 4rea: 2
al ation voltage.of about seyeral volts,was.applied. A leak cyrren .
RGPV o 28 WA R R o MDA e et Sadon

fe(é')s.taﬂ?ﬁﬁd@&é%,ﬂ}i@é]ﬂ%%ﬁ%ﬁ%Qﬂ{ﬁ&%ﬁl@ﬁ@%@%@ém@%ahﬁeyl
ether (0.30 molar equivalent), p-phenylenediamine (0.65 molar equivalent)
anghhist3raminopropylietariethyidisitoxaie (Ga0Bmdlaraivaksiywereas
fed together with 8509 of y-butyrolactone and 8509 of N-methyl-2-
pwﬁi&vﬁé&ﬁs&h@'ﬁgﬂa@%@%}ﬂ%&%ﬁmﬁlé"le&f%%ic dianhydride

© 97? 5 molar equivalent ) was added and the mixture was allowed to

reésct at 80C for three hours. Thereafter, maleic anhydride (0.02 molar

eqpiy F&%@@gﬁg@%ﬁi and the resulting mixture was allowed to react at
80C tor another orie hour to obtain a poly(amic acid) A-l (polymer
concentregioss R Ay iweightitdak02)s measured by ICP optical emission

spectrometry (ICP optical emission spectrometer SPS3000 manufactured by Seiko
Instruments Inc).
[0096]

The contents of the oxygen atoms and nitrogen atoms were measured with
Oxygen/Nitrogen analyzer EMGA-620W/C manufactured by HORIBA Ltd. The
oxygen atoms and nitrogen atoms were determined by inert gas fusion-infrared
absorption method and inert gas fusion-thermal conductivity method, respectively.
10097]

"OD value"

The resin black matrix with a film thickness of 1.0 pm or 0.8 um was formed
on a non-alkali glass and an OD value was determined with a multi channel photo
detector (manufactured by Otsuka Electronics Co. Ltd,, MCPD2000) by the above-
described equation (8).

[0098]

"Peak wavelength of transmitted light"
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i 0 4,4'-diaminophenyl ether (0.95 molar equivalent) and bis (3-
aminopropyl)tetramethyldisiloxane (0.05 molar equivalent) were fed
together with 1 700g (100%) of y-butyrolactone. To the mixture,
pyromellitic dianhydride (0.49molar e%téivalent) and benzophenone
tetracarboxylie dianhydride (0.50molar” equivalent) were added and the
mixture was allowed to react at 80C for three hours. 15 Thereafter, maleic
anhydride (0.02 molar equivalent) was added, and the resulting mixture
was alloWletresindaatlar80C foithadthe toslabourtd ©biva FoRedmica non-

acid) A-2 (polymer concentration: 20% by weight). [0103] "Synthesis of
A BB PO S AP S b P s Stector
copolymer (weigh pesition . ratie 39/40/3Q) p¥ap gynthesized in
agg%)afxrgﬁ%tér\?vsit t%grggetﬁog described in Example iﬁﬁ: Japanese Patent
Neg@1520476. To the copolymer, 40 parts by weight of glycidyl

methacrylate was then added, redeposited with aqua purificata followed

by Aiftrestiom’ and drying to yield an acrylic polymer (P-1) powder having an

average 25 molecular weight (Mw) of 40,000 and an acid valye of 110
(mgKOHIgy. "{0'E By didbf é‘e&ﬂém&ﬁﬂs%mﬁt@r&mﬁa&x, was formed

-DIS

(3-amingopropytetramne sl i I
S e A A S e

tepninatesinysieauinone megosmethyhethticwese plaesdlimma flaskeand
the mixture was allowed to react at 55C for four hours under stirring,

folldwetbbbarddingl8L-dindf propyleheabdgiye ot alioneavathyt etbasdidvaen the

The mixture was diluted to a concentratign of 50% by massF%Eﬁ furthe%. red
alfsitléte RerBLElhHSHE o W REATS %&ifgféf‘dlhﬁhscﬁﬁ%éf%ﬁ Prrotar” suhiecte

AT DI POl E RIS s 1
ORIENTEC Co. Ltd., RTM-100). The adhesion was determined by the Equation
(10) below from the breaking strength and the torn surface area when the resin black
matrix and the glass were broken. Since a value of adhesion strength tends to be
smaller as the torn surface area is larger, the value when the torn surface area was 5
mm? was set as the adhesion strength in the present invention.

Adhesion strength (MPa) = breaking strength (kgf) x 9.8/torn surface area (m”) (10).
[0100]
"Resistance value"

Volume resistance p (£2-cm) was measured with an insulating resistance tester
(manufactured by Keithley Instruments Inc., 6517A).  The resin black matrix with a
film thickness of 1.0 pm or 0.8 um formed on an aluminum substrate was set in a test
fix chair (manufactured by Keithley Instruments Inc., 8090) and an alternation
voltage of about several volts was applied. A leak current through the coated film
was measured to determine the volume resistance.

[0101]

"Synthesis of poly{amic acid)s”
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diameter of 40 nm was placed in a reactor. By flowing ammonia gas at
linear velocity inside furnace of 3 cm/sec, a reaction was carried out for 6
hours at a furnace temperature of 750C to yield titanium nitride oxide
(BKI, 3.2 kg). [0106] 15 Example 1 Thggangle of diffraction 20 of the peak
originated from the (200) plane of titanium nitride compound particles
(sample 1, manufactured by NISSHIN ENGINEERING INC., TiN UFP Lot
13307412) prepared by thermal plasma method was 42.65. The

crystallitd &iéaménenpanzdethsrd W meas sauwRieR b acpelsrRerps (0.65

17.0.nm and the BET specific. surface.area was 105.8 m2/

oGRS P L B A RS SETRE AT S S 5866 by
WEIgh!- 108 SRR RITOoS MY E® 4 8r % Ry Wisiadie and d56.cantentaly.2-
oxygen was 9.94% by weight. No X-ray diffraction peaks originated from
TiRdZroveksnabseoved afiathrd01 07}, 25T phariplebb (gt gliapyyitaini®. 9975
acid) solution A-1 (120 g), y-hutyrolactone (114 g), .
Nmedthetsiysarsiifonaddesagy A BiietyrRS metek b iRyt i Sa e farbree

g), were fed to a tank and the mixtu as stirred with a homo mixer
A D PR ARG R UG o AT P geaccs and the
Prelignesion L SHOSRAVENtY NS Argodispersian.t WR:PEPVIARMA o
Ultra Apex Mill (manufactured by KOTOBUKI INDUSTRIES CO., LTD.)

equipped natda sentrfilgatiocoseparation /D% filjedensti). zirconia beads
having a diameter of 0.05 mm (manufactured by Nikkato Corporation, 5
YT#RBAls), and dispersion treatment was carried out for two hours at a

revolving rate. of 8 m/s tq yield pigment dispersion 1 haying,a solid
concent?ﬁﬁ%ﬁ‘a&?ﬁ%%?w&%ﬁ@ ‘%%]3185@%? A f‘v%%\i%ﬁ%%tio) =80/20.
[Oéélﬁlogpoﬂel)g@é&m@ﬁwmﬁeaﬁQ (b 652890, Weheadred Rehamicdeidyitn
A-1 (63 0), y-butyrolactone (82 g), N-methyl-2-pyrrolidone (87 g),
3-methyl18avsthoxyhutdiacatate (3%1g) abtuacsyriatatittlc@@mbydride

(manufactured Kusumoto Chemicals, Ltd., | g)
(0.49molar equivalent) and benzophenone tetracarboxylic dianhiydride (0.50molar
equivalent) were added and the mixture was allowed to react at 80°C for three hours.
Thereafter, maleic anhydride (0.02 molar equivalent) was added, and the resulting
mixture was allowed to react at 80°C for another one hour to obtain a poly(amic acid)
A-2 (polymer concentration: 20% by weight).
[0103]
"Synthesis of acrylic polymers”

Methyl methacrylate/methacrylic acid/styrene copolymer (weight composition
ratio 30/40/30) was synthesized in accordance with the method described in Example
1 in Japanese Patent No. 3120476, To the copolymer, 4C parts by weight of
glycidyl methacrylate was then added, redeposited with aqua purificata followed by
filtration and drying to vield an acrylic polymer (P-1) powder having an average
molecular weight (Mw) of 40,000 and an acid value of 110 (mgKOH/g).

10104]

"Synthesis of adhesion promoters”
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to yield black resin composition | having a total solid concentration of 10%
by weight and the pigment/resin (weight ratio) =70/30. [0109] 15 This
black resin composition 1 was coated on a non-alkali glass
(manufactured by Coming Incorporategl, "1737") substrate with a curtain
flow coater, and vacuum-dried at 80C, 10-1 Torr for 2 minutes.
Subsequently, the resultant was semi-cured at 140C for 20 minutes, and
a positive photoresist (manufactured b}/ Shipley Company L.L

"SRC-106"ij43-2Buear il e ety ﬁéﬁiieéa?&ﬁna%amak%ﬁ%ﬁ g5 gmoD:
f . . hot pl d . . crminator
oL adn SRl GBIy B R R MR DO AR AP A nator.

ME@rog@nodeEbdagnelopanant Rt peskiyperesis! antietchingief@as allowed
polyimide precursor were simultaneously carried out with a

tetrapaethyEiierioniion hydroxideratioso Sabiumrdhy afdinadh {feoppsmveene
resist was peeled off with methyl cellosolve acet%tg:g}tF rther, 25 the ,

rediRaP ARSI P B0 Tor 3OTMIMUIGES INETERY BB ATRgBRER " of
My W0 SISO 0 I HOLAE EXAIDIR & 308 linesion
I I‘acﬁgl‘rlnﬂbg OP a

d e peak originated from the (200) plane of titanium

ni}t_,qigi%&@mgggm papticles (sample 2, manufactured by Hefei Kai'er.)
prepared by thermal plasma method was 42.65. The crystallite size

detéfimined 5 from the half bandwidth of this peak was 16.5 nm and the

BET specific surface area was 55.8 m2/g, Composition analysis revealed
that AR EsHeE HEBT ARG PEISBIETE YT weight; the content of nitrogen

was 18080 D elgli @A Wae.can s AfR0R0-Ma% P RO My piahtc

No X-ray diffraction peaks originat om TiIO2 were observed at all. 10

[0 4] xcanicthat $he srewlen2 nstead obthpsampienuas ysed hsear
pigment to be used, the same procedure as in Example | was carried out
tovehteity pigidrefitrmace of 3 cm/sec, a reaction was carried out for 6 hours at a furnace
temperature of 750°C to yield titanium nitride oxide (Bk1, 3.2 kg).
[0106)]
Example 1
The angle of diffraction 28 of the peak originated from the (200) plane of
titanium nitride compound particles (sample 1, manufactured by NISSHIN
ENGINEERING INC., TiN UFP Lot 13307412) prepared by thermal plasma method
was 42.65°.  The crystallite size determined from the half bandwidth of this peak
was 17.0 nm and the BET specific surface area was 105.8 m?/g. A composition
analysis revealed that the content of titanium was 69.9% by weight; the content of
nitrogen was 19.1% by weight; and the content of oxygen was 9.94% by weight.
No X-ray diffraction peaks originated from TiO; were observed at all.
[0107]
This sample 1 (96 g), poly(amic acid) solution A-1 (120 g}, y-butyrolactone
(114 g}, N-methyl-2-pyrrolidone (538 g) and 3-methyl-3methoxybutyl acetate (132 g}

were fed to a tank and the mixture was stirred with a homo mixer (manufactured by
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dispersion 2 and black resin composition 2. [0112] 15 Using the black
resin composition 2, black matrix 2 was prepared in the same manner as
Example 1. [0113] Example 3 The angle of diffraction 20 of the peak
originated from the (200) plane of 20 tggnium nitride compound particles
(sample 3, manufactured by NISSHfN ENGINEERING INC., TiN UFP Lot
13406810) prepared by thermal plasma method was 42.61. The
crystallite size determined from the half bandwidth of this peak was 25.6

nriceyih EBE R epegift abdact aied Rasmme 9y, TREPEABYLdF Pre-
analysis revealed that the.content of titgnium was 69.9% b ight;
cOTRERS o5 A BB Tt B AT B e e
Wf’f‘ﬁé%f?‘%@msv&hgfﬁ%t)f%% LAGHeR Peaks RUginates frem FiO2 aREwith
slightly seen at 25.23 and 27.50. [0114] 43 Except that the sample 3
ingieachaftihelsample 4 Wiasdusedf 404 pignenhidbemaddg, Mildgani@rporation,
procedure as in Example 1 was carried out to obtain pigment dispersion 3
ant ke Sindcd RS BEdFE SO ST SATREPH OB Ik HGH A GrpOSTiRmae
3, black matrix 3 was prepared in the same manner a o o
L AT SHR o ASCIOn PBSTe Pk crerARRE e i

(2093 ?!g&%&fre%&@m;ﬁmﬁiy'd%mmpound particles (sample 4,
manufactured by NISSHIN ENGINEERING INC., TiN UFP Lot 13307215)
prewiargd by thermal plasma method was 42.62. The crystallite size
determined from the half bandwidth of this peak was 29.4 nm and the

BET spedifichitipiassnidisniasns. 'k, 1He ediapastiigimic acid) A-1 (63 2),

y-butyrolactone (82 g), N-methyl-2-pyrrolidone (87 g), 3-methyl-3-methoxybutyl
acetate (39 g) and a surfactant LC951 (manufactured Kusumoto Chemicals, Ltd., 1g)
to yield black resin composition 1 having a total solid concentratioh of 10% by
weight and the pigment/resin (weight ratio) =70/30.
{0109

This black resin composition 1 was coated on a non-alkali glass
(manufactured by Corning Incorporated, "1737") substrate with a curtain flow coater,
and vacuum-dried at 80°C, 107 Torr for 2 minutes.  Subsequently, the resultant was
semi-cured at 140°C for 20 minutes, and a positive photoresist (manufactured by
Shipley Company L.L.C, "SRC-100") was coated with a reverse roll coater, pre-
baked at 120 °C for 5 minutes in a hot plate, and exposed via a photomask using an
exposure apparatus "XG-5000" manufactured by DAINIPPON SCREEN MFG. CO.,
LTD. Development of a posi-type resist and etching of a polyimide precursor were
simultaneously carried out with a tetramethylammonium hydroxide aqueous solution,
and then the positive resist was peeled off with methyl cellosolve acetate. Further,
the resultant was cured at 300°C for 30 minutes, thereby preparing black matrix 1
with a thickness of 1.0 um.

[0110]
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analysis revealed that the content of titanium was 72.2% by weight; the
content of 1.5 nitrogen was 19.4% by weight; and the content of oxygen
was 6.37% by weight. No X-ray diffraction peaks originated from TiO2
were observed at all. [0117] Except thabthe sample 4 instead of the
sample 1 was used as a pigment to be used, the same procedure as in
Example 1 was carried out to obtain pigment 20 dispersion 4 and black
resin composition 4. [0118] Using the black resin composition 4, black
YARBlGAs prepared in the same manner as Example 1. [0119] 25

Exampler§ The angls of diffrastion 40 pliensakariginated f500) Pishe of

(200) plane of "titanium nitride compound particles (sample 5,

maaufastwetiby MBSIN A c ENGINRE RIMEINCENb WHPdidai'er.)
13307218) prepared by thermal plasma meothod was 42.60. The )
crystelitd bizdcioelninsen frstohatraiRgEndwits Grimkisede drigmag!

mp and the BET specific surface area 31.7 m2/ composition
aﬁaq%r&er@e@@adm@fﬁﬁ ek W&ﬁimé%%ﬁs %che}%ﬁ%f*‘f & area
CQpient of pnitrogen was:20- 490 hyweilght £idihe contentpliaxyaarwas
4.63% by weight. Any X-ray diffraction peaks originated from TiO2 were
ngoaisaesy edighalthd 0dehofaapt featwhe Sa6ipley wirigtepehdtithesaephd
1 was used as a pigment to be used, the same procedure as in Example |
wasxesniedssud ohtaingigmat XoaishErarssnsaks wraglskgom Ti0;
composjtion 5, [0121] Using the black resin composition 5, black matrix 5
wRETAPEa4A AR same manner as Example 1. [0122]

[0111]

Except that the sample 2 instead of the sample 1 was used as a pigment to be
used, the same procedure as in Example 1 was carried out to obtain pigment
dispersion 2 and black resin compaosition 2.

[0112]

Using the black resin composition 2, black matrix 2 was prepared in the same
manner as Exampie 1.

[0113]
Example 3

The angle of diffraction 26 of the peak originated from the (200) plane of
titanium nitride compound particles (sample 3, manufactured by NISSHIN
ENGINEERING INC., TiN UFP Lot 13406810) prepared by thermal plasma method
was 42.61°.  The crystailite size determined from the half bandwidth of this peak
was 25.6 nm and the BET specific surface area was 45.6 m%g. The composition
analysis revealed that the content of titanium was 69.9% by weight; the content of
nitrogen was 15.4% by weight; and the content of oxygen was 13 7% by weight. X-
ray diffraction peaks originated from TiO, were slightly seen at 25.23% and 27.50°.

[0114]
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15 Example 6 The angle of diffraction 28 of the peak originated from the
(200) plane of a commercially available titanium nitride sample (sample 6,
manufactured by Wako Pure Chemical Industries, Ltd., Titanium nitride)
was 42.57. The crystallite size deter 'gaed from the half bandwidth of this
peak was 44.6 run and the BET specific 20 surface area was 12.4 rn2/g.
The composition analysis revealed that the content of titanium was 74.3%
by weight; the content of nitrogen was 20.3% by weight; and the content
of oxygererasthaoon Birrleigrsarl ol hesampicl srrpesiabAgisates to be
from TiO2 were not i%bserve at all.léollz?,l 25 E ceP% th%% the sam lle 6
inSEhAMSEATRCRIRTSIET &0 GEATRS & PR Be ULLE RS ame
PIRGRAUER 85 BXRAINRIGHLWRSSATHed out to obtain pre-dispersion 6.
Thereatfter, except that the pre-dispersion 6 was provided in Dyno-Mill
KPE14% (manufactured by Shinmaru Enterprises Corporation) 85%-filled
with zirconia beads having a diameter of 0.40 mm (manufactured by
Toray Indeisgigs, ek msiagesrartipe ddblashdratshret Si6h RFeRAFHHL g game
carried out at a r%volving rate of 11 m/s for four hours, Pigment dispersion
6%%@51&‘8@?‘@%? (Q,olmposition 6 were obtained in the same 5 manner as
E e 1. [0124] Using the black resin composition 6; black matrix 6 was
prepared in the same manner as Example 1. [0125] 10 Example 7 The
anglerplielffraction 20 of the peak originated from the (200) plane of a
commercially available titanium nitride sample (sample 7, manufactured

by Wakd tPareleRédiféearcinnistindshe reakrmeitaihinaelni dh BBERfe
i L L ELTIYE e LT N
Béﬁéﬁ@ﬁﬁﬁlﬁ@fﬁééﬁ?ﬁ Vs 2R mgé@QTg')eprepared by thermal plasma method
was 42.62°.  The 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. The composition
analysis revealed that the content of titanium was 72.2% by weight; the content of
nitrogen was 19.4% by weight; and the content of oxygen was 6.37% by weight.
No X-ray diffraction peaks originated from TiO; were observed at all.
[0117]

Except that the sample 4 instead of the sample 1 was used as a pigment to be
used, the same procedure as in Example 1 was carried out to obtain pigment
dispersion 4 and black resin composition 4.

[0118]
Using the black resin composition 4, black matrix 4 was prepared in the same
manner as Example 1.
[0119]
Example 5
The angle of diffraction 28 of the peak originated from the (200) plane of

titanium nitride compound particles (sample 5, manufactured by NISSHIN
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composition analysis revealed that the content of titanium was 76.2% by
weight; the content of nitrogen was 20.3% by weight; and the content of
oxygen was 1.43% by weight. No X-ray diffraction peaks originated from
Ti02 were observed at all. [0126] 20 Except that the sample 7 instead of
the sample 6 was used as a pigment to be used, the same procedure as

in Example 6 was carried out to obtain pigment dispersion 7 and black

resin composition 7. [Ol,_Z?%?sing the hlack resin composition 7, black
it R v DI AR ed N b S8 A AnBrRE RS AP BB method
Exam 46-AC [ ' itan] jtFi :

e e B VTS o ARG IR P M TN of s oo

with arraverageinaétisterdipmeiesofads Orta Whsm) was/dry-miledapasition
grinding pressure of 1.4 MPa with Nano Jetmizer (manufactured by

Aty SiamveTiedhhol dyias@o oftaduobrein Zafipleygvaielsurmgetet of
diffraction 20 of the sgeak originated from th?%(zo%eglane %f télg gam%eﬁ8
wHYTAEeR 8Y2P70 ErpR e Rl S tRR FIRET O e hiPb &t dwidth 68t
pe as, 5 ] : ifi ace.ar . The
iR S e e A T Y
weighg the content of nitrogen was 19.9% by weight; and the content of
oxygen was 1.78% by weight. 10 No X-ray diffraction peaks originated

from TiO2xerereleb derved e AlinfoxRojEkespnhat thessaasiie Briltsteadiope
the sample 6 was used as a pigment to be used, the sar‘q%e procedure as
0

inYESEHsIS B CRPS DU FS BIRAI YR TERE cHigPe S ioH e A Ak
reég%g%%ggsim%I%Cé{;cgg)l}g&]nb)&ii@gﬁ@g black resin composition 8, black

matrix 8 was prepared Iin the same

[0121]

Using the black resin composition 5, black matrix 5 was prepared in the same
manner as Example 1.
10122}
Example 6

The angle of diffraction 20 of the peak originated from the (200) plane of a
commercially available titanium nitride sample (sample 6, manufactured by Wako
Pure Chemical Industries, Ltd., Titanium nitride) was 42.57°.  The crystallite size
determined from the half bandwidth of this peak was 44.6 nm and the BET specific
surface area was 12.4 m%/g. The composition analysis revealed that the content of
titanium was 74.3% by weight; the content of nitrogen was 20.3% by weight; and the
content of oxygen was 2.94% by weight. Any X-ray diffraction peaks originated

from TiQ,; were not observed at ail.

[0123]

Except that the sample 6 instead of the sample 1 was used as a pigment to be
used, the same procedure as in Example 1 was carried out to obtain pre-dispersion 6.

Thereafter, except that the pre-dispersion 6 was provided in Dyno-Miil KDL
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manner as Example 1. [0131] Example 9 20 To the pigment dispersion 4
using the sample 4 (781 g), were added poly(amic acid) A-1 (31 g),
7-butyrolactone (86 g), N-methyl-2-pyrrolidone (69 g), 3-
methyl-3-methoxybutyl acetate (32 g),4& surfactant LC951 (manufactured
Kusumoto Chemicals, Ltd., 1 g) to yield black resin composition 9 having

a total solid concentration of 10% by weight and pigment/resin (weight

ratio) =75/25. 25 [0132] Using the black resin coméjeosi'tio 9,_@Ia.ck matgx g
OB FEIBER S Y T B FAHE G RSRAHE T SRAA B AP CRRG oo

was carried out such, that the thicke : rix is m
O L e R R e B

ugeshiasAdIKRaBIL0 RanRduseds therfane: procrReuleias tdotampies Gor four
was carried out to obtain pigment dispersion 10 and black resin

campastipneb0 d[ek34 b simerithkdil sk resinissitipb Sitioheld gk i seme
10 was prepared in the same manner as Example 1. 10 [0135] Example
1PEREA EEEP&’(@MAmO", manufactured by Mitsubishi Kasei

Cq{fﬂ{ftion, 96 g), poly(amic acid) solution A-1 (120 g), y-butyrolactone
(TI47g), N-methyl-2- pyrrolidone (538 g), and 3-methyl-3-methoxybutyl

acetate {(ig2.ghwsRieAdR topdsiitank andistinatkvithza hepaestixehe same
(manufactured by Tokusyu Kika Kogyo) for a hour to obtain

preagispersivarbpleThereafter, the pre-dispersion 11 was provided in Ultra

Apex Mill (manufactured by KOTOBUKI INDUSTRIES CO., LTD.)
cdigsed

Example 7

The angle of diffraction 26 of the peak originated from the (200} plane of a
commercially available titanium nitride sample (sample 7, manufactured by Wako
Pure Chemical Industries, Ltd., Titanium nitride with an average particie diameter of
1.0 to 1.5 pm) was 42.51°.  The crystallite size determined from the half bandwidth
of this peak was 67.7 nm and the BET specific surface area was 2.0 m%/g. The
composition analysis revealed that the content of titanium was 76.2% by weight; the
content of nitrogen was 20,3% by weight; and the content of oxygen was 1.43% by
weight. No X-ray diffraction peaks originated from TiO, were observed at all.
[0126]

Except that the sample 7 instead of the sample 6 was used as a pigment to be
used, the same procedure as in Example 6 was carried out to obtain pigment
dispersion 7 and black resin composition 7.

[0127]

Using the black resin composition 7, black matrix 7 was prepared in the same
manner as Example 1.

[0128)

Example 8
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with a centrifugation separator 70%-filled with zirconia beads with a
diameter of 0.05 mm (manufactured by Nikkato Corporation, YTZ balls),
and dispersion 20 treatment was carried out for two hours at a revolving
rate of 8 m/s to obtain a - pigment dispggsion 11 having a solid
concentration of 12% by weight, and pigment/resin (weight ratio) =80/20.
[0136] The pigment dispersion 11 (164 g) and the pigment dispersion 4
using the 25 sample 4 (492 g) were mixed and stirred. To this miﬁ)ur%v K
poly(amit emsidpaciallyGeagiblr siryiemaisile gl (manuiactured by Wako

N-methyl-2-pyrrolijdone (11 3-methyl-3-methox vl

AR U A (BB b AT (e of
were added 19 yield black fesin Gemnagitinaskichavingvptotatisdlicho Jetmizer
concentration of 10% by weight and pigment /resin (weight ratio) =63/37.
[0d37]udsing:theyiagk reéincompositigins 109 bladk matbizin bawwse 8. The
prepared in the 5 same manner as Example 1. [0138] Example 12 The
Samiood dE0B6 R et BEAHRBRRAAGH A5 ) WERgHe) DSIGtBREcY

the acrylic polymer (P-1).(100q9), and propylene.ql iar

(76'655]'51 We)r%BFeﬂ%f tﬁéi Yer (g)%%%rn Pnaend}(r s()trl?re[e% év%ﬁ gﬁw%@gn%&rﬁggﬁmak
(mapufactyred biynlokHsyukiika Kaaye)fen a/hosnteobtaimta composition
pre-dispersion 12. Thereatfter, the pre-dispersion 12 was provided in Ultra
Apexiill fmenedabitrad donie@ FOBUKINNDY 3 RIES GQeht 1D jontent of
equipped with a centrifugation separator 70%-filled with zirconia beads

wititginmetd OGP0 DSwRlEhriaA IS AORERIRS RIKESIED BT Atibh W7D

balls), and 15 dispersion treatment,was ied out for sata
re%’l\%ﬁfﬂi‘gﬁ@f:g%%e%s Sbeam tﬁfig\?ﬁﬁe%(g%ls;’p\gﬁsrﬁ)% i%gvgl%ﬂé solid
cggciggjration of 24.5% by weight, and pigment/resin (weight ratio)
=82/18.[0139]

Except that the sample 8 instead of the sample 6 was used as a pigment to be

used, the same procedure as in Example 6 was carried out to obtain pigment
dispersion 8 and black resin composition 8.
[0130]

Using the black resin composition 8, black matrix 8 was prepared in the same
manner as Example 1.
[0131]
Example 9

To the pigment dispersion 4 using the sample 4 (781 g), were added
poly(amic acid) A-1 (31 g), y-butyrolactone (86 g), N-methyl-2-pyrrolidone (69 g), 3-
methyl-3-methoxybutyl acetate (32 g}, a surfactant L.C951 (manufactured Kusumoto
Chemicais, Ltd., 1g) to yield black resin composition 9 having a total solid
concentration of 10% by wéight and pigment/resin (weight ratio) =75/25.

[0132]

Using the black resin composition 9, black matrix 9 was prepared in the same

manner as Example 1 except that coating was carried out such that the thickness of
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To the pigment dispersion 12 (525.8 g), a solution containing 50% by
weight 20 solution of bis-phenoxyethanol fluorene diacrylate (27.0 g) in
propylene glycol monomethyl ether acetate, 50% by weight solution of
dipentaerythritol hexaacrylate (manufagtured by Nippon Kayaku Co., Ltd.,
DHPA) (27.0 g) as a multi-functional monomer in propylene glycol
monomethyl ether acetate, "lrgacure (registered trademark)" 369 (14.7 g),
Asahj Denka Kogyo K.K., Adeka (registered trademark) 25 optomer"

N{re Ptk By NN tstraethyl- 4,4'-diaminobenzophenone (1.5g) as a
p 8@ itiator, 8.57 g of AP-1 (50% (by weight) solution as an adhesion
promoter, and a 10% by weight solution of propylene glycol monomethyl
etherageiate solution 49 (3.6 g) which is a silicone-based surfactant, in
3-methyl-3-methoxy-butyl acetate (374.8g) and propylene glycol
monomethykptiisn dvetatepld 4. dyjeway Sedethitly Obesindthekaetgment to be
composition 12 having a total solid concentration of 18% by weight, and

il BB AGHE AL L6 7R S, HORHBY AL BN
composition 6%%%%%%%&?%3?%%%%@“3@ glass (manufactured by

Corning Incorporated, bstrate with a curtain flow coater, and
vaeuas)-dried at 80C, 10.1 Torr for 2 minutes. Thereafter, the resultant
was prebaked at 90C for 2 minutes, exposed (200 mJ/cm 2) via a
photomakkingithg biackOesikposumesippardius #X¥GrEE00! tnesufpmirddibine
DAINIPPON SCREEN MFG. CO., LTD., and developed with 0.04% (by
m3RET RO oS EK tion, followed by washing with aqua purificata,
t%@t?éz%l{] a patterning substrate. Further, the patterning substrate was
cured at 230C for 30 minutes, thereby preparing black matrix 12 with a
thicknesgqf 0.8 m. 15 [0141] Comparative example 1 The angle of
diffraction 20 of the peak originated from the (200) plane of a
commerdiatyoaaikib(EnprgriehtrtiaBukac ushpid oy irn ifesiurerbiation,

Mitsubishi Material Corporation) was 42.91. The cr¥stallite size
detemhiRaly BBHS asithsgfution A-1 (120 g), y-butyrolactone (114 g}, N-methy{-2-

pyrrolidone (538 g), and 3-methyl-3-methoxybutyl acetate (132 g) were added to a
tank and stirred with 2 homo mixer (manufactured by Tokusyu Kika Kogyo) for a
hour to obtain pre-dispersion 11.  Thereafter, the pre-dispersion 11 was provided in
Ulira Apex Mill (manufactured by KOTOBUKI INDUSTRIES CO., LTD.) equipped
with a centrifugation separator 70%-filled with zirconia beads with a diameter of
0.05 mm (manufactured by Nikkato Corporation, YTZ balls), and dispersion
treatment was carried out for two hours at a revolving rate of 8 m/s {o obtain a
pigment dispersion 11 having a solid concentration of 12% by weight, and
pigment/resin (weight ratio) =80/20.
[0136]

The pigment dispersion 11 (164 g) and the pigment dispersion 4 using the
sample 4 (492 g) were mixed and stirred.  To this mixture poly(amic acid) A-1 (106
g), v-butyrolactone (76 g), N-methyl-2-pyrrolidone (112 g}, 3-methyl-3-methoxybutyl

acetate (48 ¢) and a surfactant LC951 {manufactured Kusumoto Chemicals, Ltd., 1g)




20 bandwidth of this peak was 29.6 mn and the BET specific surface area
was 20.3 m2/g. The composition analysis revealed that the content of

~ titanium was 70.3% by weight; the content of nitrogen was 17.8% by
weight; and the content of oxygen Was4380.3% by weight. X-ray diffraction
peaks originated from TiO2 were seen at 25.28 and 27.44. 25 [0142]
Except that the sample 9 instead of the sample | was used as a pigment
to be used, the same procedure as in Example | was carried out to obtain
pigrentsel tispersiterlt S sind pRRrISTERIN EhmppsRiEtal soliheorsprstign of
the black resin composition 13, black matrix. 13 prepared in the same
mé%ﬁ&ya‘g%’ﬁ?é’g: B AR Vieégggéﬁttl? at é\?a?fing was carried out
sig@ﬁtjat 5 the thickness of the black matrix is 1.2 m. [0144]

Comparative example 2 The angle of diffraction 20 of the peak originated
from the(R01) thtaslachfrtsi diamicsnioitridettedtenBkik (Sawyslerdfyrodam the
43.01 . The crystallite size determined 10 from the half bandwidth of this
peakvas 283 hFxamdlthe BET specific surface area was 20.7 m2/g. The
camposition analysis revealed that the content of titanium was 70.6% by
wé I?itg,jthe content of nitrogen was 18.8% by weight; and the content of
oxygen was,8.64% by weight. X-ray diffraction peaks originated from TiO2
were seen at 25.30 and 27.42. 15 [0145] Except that the sample 10

instead oftheasgimpig 0wvas Misedias-a-piginenbtoahel 456dbthesgmesolution
procedure as in Example 1 was carried out to obtain pigment dispersion

148 btadkcreeimea tipositiéAc 4210 paeyy Eoa mlitg ke B Gu rdger (700g)

Cov%‘r)g el:t Otgg]ét 'et1? lt%cet( tg‘l t%d%%r%%s\ﬁgggﬂ{gnqg%ﬁgr (manufactured by Tokusyu

Kika Kogyo) for a hour to obtain a pre-dispersion 12.  Thereafter, the pre-dispersion
2 was provided in Ultra Apex Mill (manufactured by KOTOBUKI INDUSTRIES
CO., LTD.) equipped with a centrifugation separator 70%-filled with zirconia beads
with a diameter of 0.05 mm (manufactured by Nikkato Corporation, YTZ balls), and

dispersion treatment was carried out for two hours at a revolving rate of 8 my/s to
obtain pigment dispersion 12 having a solid concentration of 24.5% by weight, and
pigment/resin (weight ratio) =82/18.

[0139]

To the pigment dispersion 12 (525.8 g}, a solution containing 50% by weight
solution of bis-phenoxyethanol fluorene diacrylate (27.0 g) in propylene glycol
monomethyl ether acetate, 50% by weight solution of dipentaerythritcl hexaacrylate
(manufactured by Nippon Kayaku Co., Ltd., DHPA) (27.0 g) as a multi-functional
monomer in propylene glycol monomethyl ether acetate, "Irgacure (registered
trademark)" 369 (14.7 g), Asahi Denka Kogyo K.K., Adeka (registered trademark)
optomer” N—1919. (4.0 g), and N, N'-tetraethyl- 4,4'-diaminobenzophenone (1.5g) as a
photoinitiator, 8.57 g of AP-1 (50% (by weight) solution as an adhesion promoter,

and a 10% by weight solution of propylene glycol monomethyl ether acetate solution
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same manner as Example 1. [0147] Table | shows the properties of the
titanium nitride compound particles or titanium nitride oxide used in
Examples 1 to 12 and Comparative examples 1 and 2. 25 Figure 2 shows
the composition of the black resin compgsition and the results of
evaluation of the resin black matrix prepared using the black resin
composition. Figure 1 shows the spectrum of X-ray diffraction of the
sample 4 and sample 9. 51 [0148] It is seen that any of the resin blac

Mm@ PHEPAT SIS st aritartaRitirie B b aHRSR OB : h
E h high. O | j i i
ARG R AR AR A e esianes, o

P 5t A4 i8R Rsih 08010 8a0:80.Q0M, sotid dhdidd-d o MFO8MBY 7
COCA~~M~~rYN~~-OOo0'30Ra.rir+Coeo0000000:0 20

7 Wanghh Bdmigmentresm v OB 0010)30’85200000 O~ 00 O~ N
h"r"1 N.r M~
{0140]

The black resin composition 12 was coated on a non-alkali glass
(manufactured by Corning Incorporated, "1737") substrate with a curtain flow coater,
and vacuum-dried at 80°C, 10" Torr for 2 minutes. Thereafter, the resultant was
prebaked at 90°C for 2 minutes, exposed (200 mJ/em?) via a photomask using an
exposure apparatus "XG-5000" manufactured by DAINIPPON SCREEN MFG. CO.,

| LTD., and developed with 0.04% (by mass) KOH aqueous solution, followed by
washing with aqua purificata, to obtain a patterning substrate. Further, the
patterning substrate was cured at 230°C for 30 minutes, thereby preparing black
matrix 12 with a thickness of 0.8 um.
[0141]
Comparative example |

The angle of diffraction 26 of the peak originated from the (200) plane of'a
commercially available pigment "13-MC" (sample 9, manufactured by Mitsubishi
Material Corporation) was 42.91°. The crystailite size determined from the half
bandwidth of this peak was 29.6 nm and the BET specific surface area was 20.3 m?/g.
The composition analysis revealed that the content of titanium was 70.3% by weight;
the content of nitrogen was 17.8% by weight; and the content of oxygen was 10.3%
by weight. X-ray diffraction peaks originated from TiO; were seen at 25.28°% and
27.44°,

[0142]
Except that the sample 9 instead of the sarmple 1 was used as a pigment to be

used, the same procedure as in Example 1 was carried out to obtain pigment
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dispersion 13 and black resin composition 13.

[0143]

Using the black resin composition 13, black matrix 13 was prepared in the
same manner as Comparative example 1 except that coating was carried out such that
the thickness of the black matrix 1s 1.2 pm.

[0144]
Comparative example 2

The angle of diffraction 26 of the peak originated from the (200) plane of the
titanium nitride oxide Bk1 (sample 10) was 43.01°.  The crystallite size determined
from the half bandwidth of this peak was 28.8 nm and the BET specific surface area
was 20.7 m¥/g. The composition analysis revealed that the content of titanium was
70.6% by weight; the content of nitrogen was 18.8% by weight; and the content of
oxygen was 8.64% by weight. X-ray diffraction peaks originated from TiO, were
seen at 25.30° and 27.42°.

[0145]

Except that the _sample 10 instead of the sample 1 was used as a pigment to be
used, the same procedure as in Example | was carried out to obtain pigment
dispersion 14 and black resin composition 14.

[0146]

Using the black resin composition 14, black matrix 14 was prepared in the
same manner as Example 1.

[0147]

Table 1 shows the properties of the titanium nitride compound particles or
titanium nitride oxide used in Examples 1 to 12 and Comparative examples 1 and 2.
Figure 2 shows the composition of the black resin composition and the results of

evaluation of the resin black matrix prepared using the black resin composition.

Figure 1 shows the spectram of X-ray diffraction of the sample 4 and sample 9.
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nitride compound particles shown in Examples has a high OD value, adheswn, and

high volume resistance.
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Preparation of the colored resin composition Green pigment (Pigment

Green]36);44 g, yellow

acid) A-2;47 g/ and y-byt
stirred with a homg, mlxp

hour, to obtai Gcﬁlgme‘@tﬁ éfcﬁ

pre-dispersioniGliwas pro
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pigment (Piqment Yellow 5 138);19 g, poly(amic
w > gdded to a tank and

kaisyu Kika Kogyo) for a

whsequently, the

DL| (manufactured by

Shinmaru Enterprises.CG

diameter of 0.40 'ﬁnm TOra

Industries, Inc. am@ ﬂ
;

rate of 11 m/s oPt ‘f
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alx
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concentration Qf7Y
The dispersio]
yield a green r
green pigment
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D
e
LORENE 9

with zirconia beads with a

gnufactured by Toray
airied out at a revolving
Gl having a solid

59 "o: = 59.&4

1895

n
ymer (weight ratio) =90/10.

ig|acid) A-2 and solvent to
g&same manner, instead of

Titanium
content

69.9%
69.8%
73.5%
74.3%
76.2%
76.7%
70.3%

(weight %) § ( o 1@5 %)
70.6%

BET-converted
Particle

diameter
(nm)
10.9
20.5
25.1
31.8
36.1
92.3
572.5
357.8
674
68.7

Specific
surface area
(m’/g)
105.8
55.8

45.6
36.0
31.7
12.4
2.0
3.2
20.3

20.7

Crystaliite
size
(nm})

17.0
i

16.5
25.6
294
383
44.6
67
55.5
29.6
2

8.8

Half bandwidth
derived from
(200) plane (°)

0.517
0.530
0.354
0.314
0.253
0.226
0.174
0.195
0.313

0.320

42.60

42.65
42.65
42.61
42.62
42.57
42.51
42.48
4291

t )
Dgge.z
=] 4
o g
&Sy
] gg 3

o~
EEt o
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43.01

Sample 1
Sample 2
Sample 3
Sample 4
Sample 5
 Sample 6
Sample 7
Sample §
Sample 9

Sample 10

Table 1




pigment (Pigment Red 254);63g was added to obtain R pigment
dispersion RI having the solid concentration of 7% by weight and
pigment/polymer (weight ratio)=90/10. Further, the R pigment dispersion
RI was diluted with the poly(amic 20 agjd) A-2 and solvent to yield a red
resin composition. [0153] In the same manner, instead of green pigment
]IBow pigment, blue pigment (Pigment Red 15:6);63g was added to
tain B pigment dispeision B1 having "erltratlo of 7% ﬂ)y
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in a hot plate at a temperature of 250C for ten minutes. The film thickness
was 0.07 m. Subsequently, a color filter substrate was subjected to
rubbing treatment, 20 coated a sealing agent by the dispense method,
and heated in a hot plate at 90C for teg minutes. Meanwhile, a substrate
with TFT array being formed on a glass was washed in the same manner,
coated with an alignment layer and heated. Subsequently, the resultant
V\f%ﬁﬁrayed with a ball spacer with a diameter of 5.5 m, overlapped with
a color filter substrate coated with a sealing agent, heated under 25
insraagrdipressure at a temperature of 160C for 90 minutes to cure the
sealing agent. This cell was left to stand at a temperature of 120C under
aPpepssta of I8 3darddrefoucdropesitibinien it was left to stand in nitrogen
for 0.5 hours and liquid crystal 56 injection was again carried out under

vacuum- AR Remiis DEREY (rscemahbes Ao sreeud s tedtiosy
1943, 3F2 nﬁ&z&%ﬁﬁ}é@@ﬂ%@éw -%,SMS%%@@HMB&@;W% ATRIETH I oo

port was immersed uid crystals and the pressure was recovered to

oxginaly I essLie Wih Mikkegem iR CoyYing: out Hauwdepystpfd a hour, to
injection. After the liquid crystal injection, the liquid crystal injection port
wtaiol65pdmith arolisouringrredin. Susseetrehtiyhansoldinping plaie was
adhered to the outside of two glass substrates of the cell, therepy )

B wmgeaﬂl%ﬁﬂfeﬁgw%%ﬁ@ RSB 58 fgporeion)
complete liauin srsial dispiaxh PRsIaNSe PhdhsPblainedditkidheads,
crystal display | found that there were no display defects. 10 Contrast was
exealientoue 9 mghliphushielding afiheaispsindlaslamatixvddpgried out at a

hundred liquid crystal displays were prepared in the same procedure.
Betalées miheSiohmes e desimbblaskanyaidaisas HghCthbieingetsHist any

defects includi ling in th li ti ing liqui
R R 0B 5y e B AT e RS G T A SR b
inExampleck3was; sacied Auhio ey calon fiker aXGeRidhab iRrka green

matrix 13 was used as a black matrix to be used. Obtained was a color
filteir2chayingitbe resin black matrix in the edge portions, the OD value of

4.09
[0152]

In the same manner, instead of green pigment and yellow pigment, red
pigment (Pigment Red 254);63g was added to obtain R pigment dispersion R1
having the solid concentration of 7% by weight and pigment/polymer (weight
ratio)=90/10. Further, the R pigment dispersion R1 was diluted with the poly(amic
acid) A-2 and solvent to yield a red resin composition.

[0153]

In the same manner, instead of green pigment and yeliow pigment, blue
pigment (Pigment Red 15:6),63g was added to obtain B pigment dispersion B1
having the solid concentration of 7% by weight and pigment/polymer (weight
tatio)=90/10. Further, the B pigment dispersion B1 was diluted with the poly(amic

acid) A-2 and solvent to yield a blue resin composition.

[0154]
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and the height of the surface pixel steps of 0.35 un at maximum. 20 [0158]
The same procedure as in Example 13 was carried out to obtain liquid
crystal display 2 except that the color filter 2 was used. Observation of the
liquid crystal display 2 revealed that thgere were display defects due to the
defective alignment of the liquid crystal resulted from a large pixel surface
steps/flatness. 25 57 CLAIMS 1. A black resin composition comprising at

least a ght shielding agent o resin. anl & solyan SAICIANL ARG pase

FeS ? $
agent containing a itanfum nitride compound particles, wherein the

apgle.gfdifftactian200hibe.paak arignaiad dram2Ae) piane Saal seid
titanium nitride compound particles when CuKa line is used as the X-ra

saustdenis wot bebiethaindl g6 wridngab foone ipelyiRid: preTisdsipskerderiim.
composition according to claim 1, wherein said angle of g}iﬁraction

Q
OHSIRBRBOFBITE IR DET MR B ARSI FERE RS RS S Es
when CuKaline is Used.as the X-ray;squres is,aot lagsithan, 42,5404 18gseen
LB Sm5g A RealHiri L SRuoa

a resin composition according to claim 1 or 2,

whereindhecstysialitemsizesletesmnerifonshalihanduidinrafithe pe2d0C.
originated from the (200) plane when CuKa line is used as the X-ray

sGamoiisonsl nadredipasis@as e atedrive diadi ve sk do BdosRIBFRREEOTEIMGS

to any one of claims Ito 3, wherein 15 the specific surface area of said
ti%&ﬁﬁ%‘?ﬂfﬁ&@%ﬁlpound particles determined by BET method is not less

t Iil% 2/g and not more than 100 m2/g. 5. The black resin composition
according to any one of claims Ito 4, wherein the amount of oxygen

atoms caomtainedoinsaid Htanitrenitide comphltad particiehisenotiirokematrix
than 12 % by weight. 20 6. The black resin composition according to any

olire thé Craimstrte s, avliddeinivsaif athial s Aifiderbrapeg @ partidres Damess
prepared by thermal plasma method.

such that the highest step of t%e surface pixel of the color filter was not more than
0.15um.
[0156]
Production of the liquid crystal display

The obtained color filter 1 was washed with a neutral detergent, coated with
an alignment layer constituting a polyimide resin by the printing method, and heated
in a hot plate at a temperature of 250°C for ten minutes.  The film thickness was
0.07 um. Subsequently, a color filter substrate was subjected to rubbing treatment,
coated a sealing agent by the dispense method, and heated in a hot plate at 90°C for
ten minutes. Meanwhile, a substrate with TFT array being formed on a glass was
washed in the same manner, coated with an alignment layer and heated.
Subsequently, the resultant was sprayed with a ball spacer with a diameter of 5.5 pm,
overlapped with a color filter substrate coated with a sealing agent, heated under
increased pressure at a temperature of 160°C for 90 minutes to cure the sealing agent.
This cell was left to stand at a temperature of 120°C under a pressure of 13.3 Pa for

four hours. Then it was left to stand in nitrogen for 0.5 hours and quuid crystal
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7. A resin black matrix formed of a coated film of said black resin
composition according to any one of claims | to 6, which resin black
matrix has an optical density (OD value) of not less than 4.0 per 1.0 m of
film thickness. 25 8. A color filter compgising said resin black matrix
according to claim 7. 9. A liquid crystal display comprising said color filter
according to claim 8.

injection was again carried out under vacuum.  The cell was placed in a chamber
and the pressure was reduced to 13.3 Pa at room temperature.  Subsequently, the
liquid crystal injection port was immersed in liquid crystals and the pressure was
recovered to ordinary pressure with nitrogen, thereby carrying out liquid crystal
injection.  After the liquid crystal injection, the liquid crystal injection port was
closed with a UV curing resin.  Subsequently, a polarizing plate was adhered to the
outside of two glass substrates of the cell, thereby completing the cell. Further, the
obtained cell was modularized to complete liquid crystal display 1. Observation of
the obtained liquid crystal display 1 found that there were no display defects.
Contrast was excellent due to high light shielding of the resin black matrix. One
hundred liquid crystal displays were prepared in the same procedure. Because
adhesion of the resin black matrix was high, there were not any defects including
peeling in the sealing portion during liquid crystal mjection at all.
[6157]
Comparative Example 3

The same procedure as in Example 13 was carried out to form a color filter
except that biack matrix 13 was used as a black matrix to be used. Obtained was a
color filter 2 having the resin black matrix in the edge portions, the OD value of 4.09
and the height of the surface pixel Steps of 0.35 wm at maximum.
[0158]

The same procedure as in Example 13 was carried out to obtain liguid crystal
display 2 except that the color filter 2 was used. Observation of the liquid crystal
display 2 revealed that there were display defects due to the defective alignment of

the liquid crystal resulted from a large pixel surface steps/flatness.
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CLAIMS

1. A black resin composition comprising at least a light shielding agent, a resin
and a solvent, said light shielding agent containing at least titanium nitride compound
particles, wherein the angle of diffraction 26 of the peak originated from (200) plane
of said titantum nitride compound particles when CuKa line is used as the X-ray
source is not less than 42.5° and not more than 42.8°.

2. The black resin composition according to claim 1, wherein said angle of
diffraction 20 originated from the (200} plane of said titanium nitride compound
particles when CuKa line is used as the X-ray source is not less than 42.5% and less
than 42.7°.,

3 The black resin composition according to claim 1 or 2, wherein the crystallite
size determined from haif bandwidth of the peak originated from the (200) plane
when CuKe line is used as the X-ray source is not more than 50 nm.

4. The black resin composition according to any one of claims I to 3, wherein
the specific surface area of said titanium nitride compound particles determined by
BET method is not less than 5 m?/g and not more than 100 m*/g.

5. The black resin composition according to any one of claims 1 to 4, wherein
the amount of oxygen atoms contained in said titanium nitride compound particles 18
not more than 12 % by weight.

6. The black resin composition according to any one of claims 1 to 5, wherein
said titanium nitride compound particles are prepared by thermal plasma method.

7. A resin black matrix formed of a coated film of said black resin composition
according to any one of claims 1 to 6, which resin black matrix has an optical density
(OD value) of not less than 4.0 per 1.0 um of film thickness,

8. A color filter comprising said resin black matrix according to claim 7.

9. A liquid crystal display comprising said color filter according to claim 8.




