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DESCRIFTION

TITANIUM BLACK DISPERSION, PHOTOSENSITIVE RESIN COMPOSITION, WAFER
LEVEL LENMS, LIGHET BLOCKING FILM, METHGD FOR PRODUCTMNG THE LIGHT
BLOCKING FILM, AND BOLID-BTATE IMAGE PICKUP ELEMENT

TECHNICAL FIELD
(00017 The pregent invention relates o a titaniom black dispersion, a photosensitive resin
eormposition, a wafer level lens, a lHghi-shielding film and a method for producing the same,
sd a solid-state ireage pickup device,
BACEGROUND ARY
{0002} Inrecent years, sonsll and toao fmage pickip units are (nstalled oo portable terminals
of electrie devices such as cellular phones or personal digital dssistants (PDAs).  Buch image
plekup units generally include a solid-sisie image pickup deviee such as a charge coupled
davice {CCD) image sensor or & complementary metal-oxide zemiconductor ({CMOS) image
sensor and a lens that forms a subject image on the solid-state tmage pickup device.
[0003] Thue o downsizing and thinning of portable terminals and popolarization of portable
terminals, image pickup units mounted therson are also requesied 1o be downsized ad
thinned, and high production efficiency is also requested.  In response to these requests, 3
method for mass production of image pickup urdts is known, whereby a lens substate on
which phusl lenses ave formed is imtegrally combined with o sensor subsizate on which pharal
solid-state image pickup devices are formed, and thereafter the lens substmte and the sensor
substrate are cut such that each of the cut pieces eludes a lens and 2 solid-state fmage pickup
devige.  Hxamples of other production methods include: a method for producing an image
pickup wait whereby only lenses are formed on a glass wafer or the like, which is then cut Into
a size appcopriste for combined use with an individual sensor, and then combined with an
image pickup device provided on a sensor substeate that has heen cul into an appropriate size
in advance; a method whereby ploral lenses are forraed Bomm a vesin by vsing a die, the
formed lenses are attached 1o a sensor subsivate, md the substrate is out; 8 method for
producing frnage pickup units whereby a lens substrate is out into o sive for combination with
in
on 8 sensor substrate that has been out into au approprate size in advance.
[0D04] Bxaaples of koown waler leval leds arpays nclude those having plural lenses
whtaned by dripping 4 coxable resin material onto & surfiace of parallel flat plate aubstreates
formed from a lHght-transmitting material such as glass and curing the resia material in a state

1

an individual sensor, and the oot piecss are combined with an freage pickup device provided
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in which the rasin material is molded in a predetermined shape 1n a die (for example, see
Japanese Patent No. 3926380 and the pamphlet of Intersational Poblication WO2008/102648).
In some cases, light-shiclding regions formed by a black film, a metal film or the like are
formed at areas, other than lens portions, of the wafer level lens, or on a part of lens, fn order
o eonteol the awount of Hght.,  The light-shielding region is generally formed by applying &
surable light-shielding composition or depoziting a metal,

[3005] Other examples of known wafer level lens arvays include a waflir level lens array
obtained by forming plural through-holes through a silicon substrate, disposing a separatsty-
formed sphertoal lens material af each through-hole, adhering the lens material 1o the subsirate
by soldering, sod further polishing the lens materal to form plucal lenses (ses the
specification oI US Patent No. 6426829, The lenses obtalned by this production method
may be provided with a Hghit-shislding region formed by a black filve, & roetal flm or the like
siynilar to the above in axder to sontrol the smnount of Hight, depending on the case,

[(:006] Formation of the light-shislding region by metal deposition bas problems in that the
processes are coplicated, lenses bend after the deposition, or seattering of light ocours due to
reflection by the raeial Bght-shielding filim; accordingly, imnproverment is desired frora the
viswpoints of both of production efficiensy and perfsrmance,

There are cases in which a photosensitive resin composition (Hght-shielding
composition) in which a carbon black for use in, for example, a black matrix of & LOD) is used
is spplied in order to impart lght-shislding property.

{0007} Further, a light-shielding flm is provided on a solid-state image pickup devies such
as & charge coupled device (CCI) image sonsor or & corplementary metal-oxide
serpicondoctor (CMOS) irnage sensor for the purpose of noise preventon and imags quality
raprovement,

[0008] Examples of knowa compositions for forming light-shielding Al for solid-state
frnage piokup devicss include a photorsnsitive resin composition that contains a hlack
colovan such as carbon black ov fitantom black,

Specifically, photosensitive resin compositions that contain titanium black haviag a
specific Xevay diffeaction peal ntensity ratin, and that alms at impeovement of gptical density
(for example, ses Japanese Patent W, 3724269 and pampblel of Interoationsl Publication
WOZO05/0379263, and photosensitive resln corapositions thet contain titsnium black having a
specific nitrogan concentration o a specific crystalline diameter {for example, ses Japanese
Patent Application Laid-upen (JP-A) Mo, 2006-182627, TP-A No, 2006206891 aad JF-A Wo.
2006-209102) ave disclosed. :

10009 Further, a composition for forming a light-shiclding filo that contains titanium black



and a resin component, and that aims at obtainment of high light-shielding property with a
small film thickness is disclosed (for example, see JP-A No. 2007-115921).

SUMMARY OF INVENTION
TECHNICAL PROBLEM
[0010] When conventional light-shielding compositions are used for formation of light-
shielding regions (light-shielding films) in wafer level lenses, residues generated during
formation of the light-shielding films tend to remain on or in the vicinity of lenses. The
residues cause problems such as deterioration of the light transmittance of the lenses, which
have not been mitigated yet.
[0011] A first embodiment of the present disclosure aims at achievement of the following
objects.

That is, an object of the first embodiment is to provide a photosensitive resin
composition for a wafer level lens which is used for formation of a light-shielding film
provided in a wafer level lens, and which has excellent curability, and which is capable of
decreasing photosensitive composition-derived residues in a region other than regions in
which a light-shielding film is formed, and a titanium black dispersion for a wafer level lens
for use in the photosensitive resin composition.

Another object of the first embodiment is to provide a wafer level lens that can
suppress scattering or decrease in transmittance of light in the vicinity of the light-shielding
film, and a solid-state image pickup device provided with the wafer level lens.

[0012] A second embodiment of the present disclosure aims at achievement of the following
objects.

That is, an object of the second embodiment is to provide a photosensitive resin
composition for a wafer level lens which is used for formation of a light-shielding film
provided in a wafer level lens, and which is capable of decreasing photosensitive
composition-derived residues in a region other than regions in which a light-shielding film is
formed, and a titanium black dispersion for a wafer level lens for use in the photosensitive
resin composition. .

Another object of the second embodiment is to provide a wafer level lens that can
suppress scattering or decrease in transmittance of light in the vicinity of the light-shielding
film, and a solid-state image pickup device provided with the wafer level lens.

In recent years, due to downsizing, thinning, and sensitivity increase of solid-state
image pickup devices, it has been more strongly desired that infrared light incident upon a
silicon substrate, which has an image pickup device section on one side thereof, from the
other side of the silicon substrate be shielded.

The reason therefor is that the silicon substrate, which is a base body of a solid-state
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image pickup device, exhibits high transmittance to infrared light, and that the image pickup
device provided in the solid-state image pickup device exhibits sensitivity not only to visible
light but also to infrared light.

[0013] Under these circumstances, a light-shielding film in which carbon black is used
cannot sufficiently meet these requests since the light-shielding film has high transmittance to
infrared light. In contrast, a light-shielding film in which titanium black is used has low
transmittance to infrared light and excellent ability to shield against infrared light, thus being
favorable as a light-shielding film that satisfies the above requests.

However, a study carried out by the present inventor clarified that formation of a
light-shielding film using a titanium black-containing dispersion or a titanium black-
containing photosensitive resin composition tends to leave residues derived from the
photosensitive resin composition in a region other than regions in which the light-shielding
film 1s formed.

[0014] A third embodiment of the present disclosure aims at achievement of the following
objects.

That is, an object of the third embodiment is to provide a photosensitive resin
composition with which a light-shielding film having excellent ability to shield against
infrared light can be formed, and residues in a region other than regions in which the light-
shielding film is formed is decreased when the light-shielding film is formed, and a titanium
black dispersion for use in the photosensitive resin composition.

Another object of the third embodiment is to provide a light-shielding film having
excellent ability to shield against infrared light, and a method for producing a light-shielding
film whereby a light-shielding film having excellent ability to shield against infrared light can
be formed, and residues in a region other than regions in which the light-shielding film is
formed is decreased when the light-shielding film is formed.

Yet another object of the third embodiment is to provide a solid-state image pickup
device in which noise due to infrared light is decreased, and noise due to residues is also

decreased.

SOLUTION TO PROBLEM
[0015] Means for solving the problems of the first embodiment are as follows.

<1> A titanium black dispersion for a wafer level lens including titanium black
particles, a dispersant, and an organic solvent, wherein 90% or more of dispersed objects that
consist of the titanium black particles have particle diameters of 30 nm or less.

<2> A photosensitive resin composition for a wafer level lens including the titanium
black dispersion according to <1>, a photopolymerizable compound, and a

photopolymerization initiator.



<3> A wafer level lens including, at a peripheral portion of a lens present on a
substrate, a light-shielding film obtained by curing the photosensitive resin composition
according to <2>.

<4> A solid-state image pickup device including the wafer level lens according to
<3>,

[0016] Means for solving the problems of the second embodiment are as follows.

<5> A titantum black dispersion for a wafer level lens including titanium black
particles, a dispersant, and an organic solvent, wherein dispersed objects including titanium
black particles contain Si atoms, and the content ratio of Si atoms to Ti atoms (Si/T1) in the
dispersed objects is 0.05 or higher.

<6> A photosensitive resin composition for a wafer level lens including the titanium
black dispersion according to <5>, a photopolymerizable compound, and a
photopolymerization initiator.

<7> A wafer level lens including, at a peripheral portion of a lens present on a
substrate, a light-shielding film obtained by curing the photosensitive resin composition
according to <6>.

<8> A solid-state image pickup device including the wafer level lens according to
<7>.

[0017] Means for solving the problems of the third embodiment are as follows.

<9> A titanium black dispersion including titanium black particles, a dispersant, and
an organic solvent, wherein 90% or more of dispersed objects that consist of the titanium
black particles have particle diameters of 30 nm or less, and the titanium black dispersion is
vsed for formation of a light-shielding film that is provided on one side of a silicon substrate
having an image pickup device section on the other side thereof, and that shields against
infrared light.

<10> The titanium black dispersion according to <9>, wherein the dispersant is a
graft copolymer having a graft chain in which the number of atoms excluding hydrogen atoms
is from 40 to 10000.

[0018] <I11> The titantum black dispersion according to <10>, wherein the graft copolymer
contains at least a structural unit represented by any one of the following Formulae (1) to (5):
[0019]
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[00207 wherein, in Formulae (1) 1o (8, X', X5, %3, 3% %7, and %° each independently
represent a hydrogen atom or a racnovalent organie group; ¥, Y2, v°, ¥, and ¥° each
independently represent & divalent Hnldng group; 21, 72, 75, 7% and 77 ench independently
epresent & monovalent organic group; B represents a hydrogen atom or a raomovalent organis
grovp; and R having different struetores may be nsed o mixie fo the sopolymer =, m, 2, 4,

and » each represent an brteger of 1o 500; sl 7 and & each independently represent an

integer of 2 1o B,

1002171 <12> The titanium black dispersion according to <1 1%, wherein the geaft copolymer
containg 4 structucal unit represented by any one of Formulae (1) to (5) in a mangs of from

0% by raass to Y0% by mass relative to the total mazg of the grafl copolymen

“13% A photosensitive resin composition including the titaninm black dispersion
according to any one of <%= 1o <13>, a photopolymerizable compound, and 3
phetopolymerization initiator, wherein the photosensitive resia composition is vsed for

formation of g lght-shislding flm that is provided on one side of a silicon substeate having an

image pickup device section on the other #ide thereof, and that shields against infraved Hpht,
<14 Alight-shielding il formed on ooe side of 2 silicon substrate having an image

pickup device seotion on the other side thereof using the photosensitive resin composition
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according to <13>.

<15> A method for producing a light-shielding film including;

applying the photosensitive resin composition according to <13> to one side of a
silicon substrate having an image pickup device section on the other side thereof to form a
photosensitive layer;

patternwise exposing the photosensitive layer to light; and

developing the photosensitive layer after exposure to form a pattern.

<16> A solid-state image pickup device including the light-shielding film according
to <14> on the one side of the silicon substrate having an image pickup device section on the
other side thereof.
[0022] <17> The solid-state image pickup device according to <16> including:

the silicon substrate having the image pickup device section on the other side thereof;

ametal electrode provided on the one side of the silicon substrate and electrically
connected to the image pickup device section; and

the light-shielding film according to <14> provided on the side of the silicon
substrate on which the metal electrode is provided, and patterned to expose at least a part of
the metal electrode.

<18> The solid-state image pickup device according to <16>, further including a
metal electrode provided on the one side of the silicon substrate and electrically connected to
the image pickup device section, the light-shielding film being patterned to expose at least a
part of the metal electrode.
[0022a] In an aspect, there 1s provided a titanium black dispersion for a wafer level lens
comprising:

titanium black particles;

a dispersant; and

an organic solvent,

wherein dispersed objects including titanium black particles contain Si atoms, and a
content ratio of Si atoms to Ti atoms (Si/Ti) in the dispersed objects is 0.05 or higher.
[0022b] In another aspect, there is provided a photosensitive resin composition for a wafer
level lens comprising;

the titanium black dispersion as defined above;

a photopolymerizable compound; and

a photopolymerization initiator.



[0022¢]  In another aspect, there is provided a wafer level lens comprising, at a peripheral
portion of a lens present on a substrate, a light-shielding film obtained by curing the
photosensitive resin composition as defined above.

[0022d] In another aspect, there is provided a solid-state image pickup device comprising

the wafer level lens as defined above.

ADVANTAGEOUS EFFECTS OF INVENTION

[0023] According to the first embodiment, it is possible to provide a photosensitive resin
composition for a wafer level lens which is used for formation of a light-shielding film
provided in a wafer level lens, and which has excellent curability, and which is capable of
decreasing photosensitive composition-derived residues in a region other than regions in
which a light-shielding film is formed, and a titanium black dispersion for a wafer level lens
for use in the photosensitive resin composition.

According to the first embodiment, it is also possible to provide a wafer level lens
that can suppress scattering or decrease in fransmittance of light in the vicinity of the light-
shielding film, and a solid-state image pickup device provided with the wafer level lens.
[0024] According to the second embodiment, it is possible to provide a photosensitive resin
composition for a wafer level lens which is used for formation of a light-shielding film

provided in a wafer level lens, and which is capable of decreasing photosensitive
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composition-derived residues in a region other than regions in which a light-shielding film is
formed, and a titanium black dispersion for a wafer level lens for use in the photosensitive
resin composition.

According to the second embodiment, it is also possible to provide a wafer level lens
that can suppress scattering or decrease in transmittance of light in the vicinity of the light-
shielding film, and a solid-state image pickup device provided with the wafer level lens.
[0025] According to the third embodiment, it is possible to provide a photosensitive resin
composition with which a light-shielding film having excellent ability to shield against
infrared light can be formed, and residues in a region other than regions in which the light-
shielding film is formed is decreased when the light-shielding film is formed, and a titanium
black dispersion for use in the photosensitive resin composition.

According to the third embodiment, it is also possible to provide a light-shielding
film having excellent ability to shield against infrared light, and a method for producing a
light-shielding film whereby a light-shielding film having excellent ability to shield against
infrared light can be formed, and residues in a region other than regions in which the light-
shielding film is formed is decreased when the light-shielding film is formed.

According to the third embodiment, it is also possible to provide a solid-state image
pickup device in which noise due to infrared light is decreased, and noise due to residues is

also decreased.

BRIEF DESCRIPTION OF DRAWINGS

[0026] Fig. 1is a plan view showing an example of a wafer level lens array.

Fig. 2 is a cross-sectional view taken along the line A-A shown in Fig. 1.

Fig. 3 is a view showing a state in which a molding material for forming a lens is
supplied onto a substrate.

Figs. 4A to 4C are schematic views showing a procedure of forming lenses on a
substrate using a mold.

Figs. 5A to 5C are schematic views showing a process of forming a patterned light-
shielding film on a substrate on which lenses have been formed.

Fig. 6 is a cross-sectional view showing an example of a wafer level lens array.

Figs. 7A to 7C are schematic views showing another embodiment of a process of
forming a light-shielding film.

Figs. 8A to 8C are schematic views showing a process of forming a lens on a
substrate having a patterned light-shielding film.

Fig. 9 is a schematic cross-sectional view illustrating a configuration of a camera
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medule equipped with a solid-state image pickup device according to one example of the third
embodiment.

Fig, 10 is a schematic sross-sectional view illustrating » solid-state image pickup
device ascording to one example of the third embodinent,

Fig. 11 is 8 schematic cross-sectional view of 2 substrate 3A used in BExaraple 3-2 and
Comparative Exarmple 3-2,

Fig. 12 1y a schematic pross-sectional view illustrating a state ta which o light-
shielding film is forraed on 2 substrate 3A. '

Fig. 13 is a schamatic sroag-seational view of 4 substrate 37 used in Exaraple 3-3 and
Coroparative Example 3-3,

Fig. 14 iz a schematio cross-seotional view Ulustrating a state fn which a light-
shielding flm is formed on a substeate 38,

DESCRIPTION OF EMBUODIMENTS
(0271 Tnthe following, a tianium blask dispervsion for  waler level lons, a photosensitive
resin composition meluding the same, and a walor level lens according to a fivst embodiment,
and a titanium black dispersion for a wally level lens, a photozensitive resin composition
including the same, and a walky leveld lens according to 5 second embodivnent, and a titaning
black dispexsion and photesersitive vesin composition according o a third erebodiment are
described in detail, '
[0028] “Weder Tavel lons” a5 used herein means a lens which ix provided In an tmage pickup
nnit (Lo exaniple, a solid-state image pickup device) and coraprises ao individual lens present
on a subsirate and 3 light-shielding filsn provided af a peripherad portion of the Jens. A group
of such wafer level lenses is referred to ag “wafer level leos array™,
[0029] <Titardum Black Dispersion for Waler Level Lens aud Photosensitive Resin
Composition Including the Same according to Fiest Bmbodinmen

The drardua Plack dapeesion for g waler lovel lons of the first embodioent

(hereinafter sometimes simply referred 1o as “titaniarmn black dispersion™) is a dispersion that
melndes Wtanium black particles, a dispersant, and an organds solvent, wherein 20% or more
of dispersed objects that conaist of the tanium black pavticles have particle diameters of 30
o ox 156s,
{00301 The vhotosensitive resin composition for a wafer level lens of the fivst smbodiment
{hereinafter sometimes simply referred to ag “photosensitive resin composition™) is 2
photosensitive resin somposition that inchides the titantam black dispersion of the Srgt
smbodiment, a photopolymerizable compound, and a photopolyrerization initiator.

g
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[0031] The titanium black dispersion and the photosensitive resin composition of the fist
embodiment are used for formation of a Hght-shielding film of a wafer level levs.

[00321 Respeotive componsnts contained in the titanium black dispersion or photosensitive
rezin composition of the first embodiment ave deseribed below in order.

{G033] - Titaninm Black Particles of First Embodiment -

The titanivm black dispersion of the first embodiraent includes taninm black
particles. The titanjum black particles are contained as dispersed objects in the dispersion,
and, i the first embodiment, 90% or more of dispersed objecis that consist of titanium black
particles have pacticle diameders of 30 o or less,  That is, 90% or more (in termos of particle
nuraber) of dispersed titaninm black particlss have particle diameters of 30 oo or less.

The diameter of a dispersed object in the Ot embodiraent means the particie
diameter of the dispersed object, and the particls diameter iz the diameter of & cirele having
the same area as the projection area of the outer surfsce of the particle.  The projection area
of a particle can ba obtained by ropasiring the sres thereof obtained by taking an electron
raferograph, followed by corention for the magaifivation of the electron wicrograph.

[0034] Hexe, the “dispersed objects that consist of tiantum black particles” in the first
exnbodiment encompasses titanium black particles in the forn of privsary pasticles as well as
titamyum black parteles in the form of aggrepates (secondary prrticles),

(00351 The phetosensitive resin composition of the first smbodiment fncludes dispersed
objects that consist of titanium black particles derived from the tianium black dispersion of
the first enabodivent.  $0% or more of the dispersad objects that consist of titandm black
particies and that are contained in the photosensitive resion composiiion and in a cured film (2
light-shielding film) obtained by curing the photosensitive vesin eomposition have partiels
diameters of 30 nm or less,

[0036] Inthe first exnbodiraent, since 90% or more of the dispersed objects that consist of
titantun Mack particles have particle diameters of 30 nim or less, residues derived from the
photosensitive composition in 8 vegion other than regions in which the light-shielding filmis
formed is reduced when a light-shielding film is formead using the photosensifive resin
composition of the first embodiment.  Here, the residues inclode components derived Som
the photesensitive composition, such ag ianium black particles and resin components.

Althougl the veason why the residues are decreased iz still unclear, it is presumed that
disparsed objects having siall diametsrs contribuie to improvement in removability of
vncured photosensitive resin composition (in particudar, tlanium black particles) duxing the
formation of a lght-shielding flm.

[6037] In addition, stocs titaniam black particles have excellent light-shielding property to
10
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light of » wide range of wavelength regions vanging from ultraviolet to infraved, the light-
shielding film formed using the titaninm black dispersion or photesensitive resin composition
of the firat ernbodiment exhibits excellent light-shielding property.

[0038] In order to determine whether or not 90% of the dispersed obiects contained in the
titaninm black dispersion or photosensitive resin composition of the fizet embodiment have
particle diameters of 30 nm or less, the following method (1-1) is employed.

[3039] In order to determine whether or not 50% of the dispersed objects contained in the
cured {ilm {light-shielding film) obtained by curing the photosensitive resin composition of
the first ernbodiraent have particle diameters 6f 30 o or less, the Sllowing method (1-2) i3
srmployed,

(00407 <Method (1-13>

The titanimn black dispersion or photosensitive resin comnposition is dituted 500-fold
with propylens glyeol monomethyl ether sestate thersinafier sometines siroply referred to as
POMEA™), and dripped onto a carbon thin film and dided, and a photograph for
morphological observation is taken weing a ransmizsion elestron microscope,  The
vrojection areas of the outer surfhces of 400 particles are determined fom the obtained
photograph, the diameiers of circles corresponding fo the areas e caloulated, and the
frequency distribution thersof is evaluated,

[0041] «Method (1-2)

A photograph for raovphological observation and elemental maps for 11 and 51 ofa
cross-seciion Of the flm-formed substrate: is taken vsing a scanning electron microscope (B«
3400 {trade pares) manufachred by Hitacki High-Technologies Corporation), and an
energy-dispersive X-ray snalyzer (GENESIS {trade name) manufachiawed by EDAX Inc.).

The projection sreas of the ocuter surfaces of 400 particles in which T element has baen
detected are determined frora the obtaived photograph, the diameters of clreles corvespomling
to the areas are calculated, and the frequency distribution thereof is svaluated.

[0042] =Titaninm Black Dispersion for Wafsr Level Lens and Photosensitive Resin
Composition Including the Bame ascording to Second Bmbodiments

The ftaniun Wack dispersion for 2 waler level lens of a second embodiment
(hereinafter sometimes simply reforred to ag “danium black dispersion™) ncludes titamim
black particles, a dizspersant, and an organic solvent, and dispersed ohiscl including the
ftardum black particles contain Bi atoms, and the cortent ratio of 81 atoms to T atoros (SVID
in the dispersed objects 15 005 or higher
[6043} Tn addition, the photosensitive resin composition for a wafer lovel Jens of the second
srabodiment (herpinafter sormetimes sinply referred to ag “photosensitive resio somposition”)

11



Received at: 5:38PM, 17/4/2012
T7-04-17; 06 49PM; TATYO, NAKAJ IMALKATO

L)
[SL)
i
s
L2
(g
[}
b
(=3}
[=>]
g
e

is a photosensitive resin composition that includes the (itanium black dispersion of the second
embodiment, 2 photopolymerizable compound, and a photopolymerization initiator. '

That i3, the photosensitive resin composition of the second embeodiment includes
titardum black particles, 8 dispersant, and an organic solvent, which are components of the
titanium black dispersion of the second embodiment, and fusther inchudes o
photopolymerizable compound and a photopolymerization initiator; Further, the dispersed
shiscts, fncluding the titanium black particles, contain S{ atoms, and the content ratio of 51
atoms to 11 atoms (S1/T1; weight/weight, the same applies hersinafter) in the digpersed objests
is 0.05 or higher.

{00447 The titaninn black dispersion and the photosensitive resin vompostiion of the second
syabodiment are used for formation of a light-shislding fil i a2 wafer level lena,

[0045] Respective components contained in the Hiwnlnm black dispersion or photosensitive
vesin composition of the sscond embodiment are described below in order.

mods)  ~Thandum Black Particles of Second BEmbodiment-

The titaniurn black dispersion of the second embodiment Includes titaniun black
particles.  The titaninm black particles are contained sz dispersed objests In the dispersion.
In the second embediment, the dispersed objects, Including fitanium black particies, contain
5% stoms, and the content ratio of 51 atoms to Tl atoms (BVTY) in the dispersed objects is 0.05
oy higher

Here, the “dizpersed objects including titanium black particles™ in the second
embodiment encompasses & case n which ftantum black particles are In the form of prireavy
particles a0d & case in which titanium black partdeles are in the form of aggregates (secondary
particles),

[0047] When the content ratio of 51 atoms 1o T stoms (ST in the dispersed objsots of the
second smbodiment is higher than 0.5, prepaxation of 8 pigment dispevsion using the
dispersed objects is diffienlt,  Agoordingly, the vpper Hmit of the content ratio is preferably
0.5.

An excessively low SUTL of the dispecsed objests tends to cause msidues at removal
regions when a light-shiclding film in which the dispersed objects in the second embodiment
are used is patierned by, for exampls, photelithography.  An exceszively high 81/71 of the
dispersed ohjscts desraagas the ability to shield againgt Heght,  Therefors, S1/T1 of the
dispersed objects is more preferably fom 0.05 fo 0.5, and even more praferably from §.07 o
0.4.

(00487 The following means may be employed o order to provide a 817711 of the dispersed
obigcts of (.08 or higher,
12
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Titanium black having a 81/71 of the dispersed objects of 0.05 or higher can be
obtained by dispersing titanium oxide and silica particles by uslng a disperser to obtain a
dispersion, and subjecting the resuliant mixture fo reducing (reatrent at high temperature,
[0048] Here, a specific embodirent for providing a 31/Ti of the dispersed objects of 0.05 or
higher is explained,

Titawivmn black having a Si/T1 of 0.05 or higher can be prepared by, for example, 2
method described in the paragraphs [00051(8) and [0016] to [0021] of JTP-A Mo. 2008-2660453,
[0030] The photosensitive resim composition of the second embodiment tncludes dispersed
objsets that consist of Hianium black particles derived from the titanium black dispersion of
the second exbodiment.  The dispersed objects, including titanium black particles, contained
in the photosensitive resin composition and in the oured film (light-shielding film) obtained
by earing the pholosensitive regin composition also have the zontent ratio of 5 stoms o Ti
atoms {8171} in the dispersed abjects of 0,05 or higher, and preferable ranges thereof are alse
the sarne a8 those described abovs,

{00517 fu the second embodiment, since the content ratio of 8 ators to T atoms (§/711) in
the dispersed sbjects including titaninm black particles is 0.05 or higher, rasidues derived
from the photosensitive composition in a region other than regions in which fhe Hght
shielding film is formed are reduced when a light-shielding filw 15 formed vsing the
photosensitive resin composition of the second ermbodiment sontaining the dispersed objects.
The residues include cormponents derived from the photosensitive composition, such as
Htsrarn black particles and resin componerta.

Althoogh the reason why the residues ave reduced Is still voclesy, it is presumed that
the dispersed obiects tend fo have small paticle dameters {for example, particle diameters of
30 nm or less), and an increase in the proportion of Bi stom-containing eomponants in the
dispersed objects decreases adsoptivity of the sntive film to an underlying support, ag a vespls
of which the photosensitive resin compesition of the second embodiment ineluding the
dispersed objects has improved developrent vemovability of an uneimed photosensitive resin
composiion (in particular, titanium black particies) during the formation of a light-shielding
fiim.

[0052] In addition, since fitanium black partivles have exeellent liphi-shislding property to
shiskiing film formed using the Gitanivm black dispersion or photosensitive resin composition
of the second embodiment exhibits an excellent Ught-shielding property.

{00537 In order to determdne whether or not the content ratio of Bi atoms to 1 atoms (ST in
the dispersed objscts contalned in the titaniom black dispersion or photosensitive resin

13
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composition of the second embodiment is 0.05 or higher, the fllowing method (2-1} is
ernployed.
[0054] <Method (2-1)>

The titanfum black dispersion or photosensitve resin composition is subjseted to
heating treatment wnder an oxygen atenosphere, and dispersed objects including titaniur
black particles ars taken out,

20 myg of the titaniom black dispersion or photesensitive vesin composition is
weighed out, 0.1 ml of HF, 1 mL of HNO; (10% aa.), | mL of FS0, (5% aq.), and 1 ml of
HEL (3% aq.) are added thereto and subjected to wmicrowave dissolution. At this time, the
tevaperative of the liquid is 180°C.

Then, HaO s added to this miztore solution wntil the tofal voluree reached 100 mi,
ated the resultaat mbxture is subjected o ICP-OES (ATTOM {trade name), reanutbctored by
SIT Co., LAd.) 1o carey out an elemental analysis,  The mass ratin of 87711 s caloulated from
the results obtained.

[C0551 In order to determine whether or not the content ratio of 51 atoms to T atoms 8V
in the dispersed objects contained in the cured filo (Qight-shislding film) obtained by curing
the phatpzensitive resin composition of the seeond emboditaent §s 0.05 or higher, the
following method (2-2) iz employed.
[0056] <Method (2-2)>
A substrate on which the lght-shielding filos is formed is split to prepare a cross-

ction of the light-shlelding film, aod the cross-section s measured with an energy-
dispersive Xay fluomsoence specirometer, ag a result of which the amoumt of 51 atoms and
the araount of T1 atoms at & sorface of the Hght-shiclding flea can be obtained,  The wtio
therebetween is evaluated as B1/T1 in the light-shielding film,

Here, energy-dispersive Xeaay fuoressence specteoseopy can be carried out using, for
exarople, 8-4800 frade name) wannfactored by Hitachl High-Technologies Corporation ag a
seanning slectron mdoroscops and an INCA ENERGY PENTAPETHS (rade name)
manufactured by Onford Corp. as an energy-dispersive Xoray fluoreseence detestor,

I addition, a measursment roethod using an energy-dispersive X-ray fuorescence
spectrometer may be used not only for measurement of the content ratio of Si atoms to T

153,

5

atomes in the dispersed objects contained ia the cored flm (light-shielding fibrd, but also e
caeasuwement of the content ratio of 81 stoms to Ti atoms In powder.  Therefore, the content
ratio of 81 atoms to T1 atoms of the dispersed objects contained in the tanivre black
dispersion or photosensitive resin composition can be measured by carrving oot energy-
dispersive Zray fluorescence spectroscopy oo a powder obiained by, for example, heating the
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titaniurn Black dispersion or photosensitive resin composition.  The measurement may be
carried out according to the following method {2-3).
<Method (2-3)>

The titanium black disparsion or photosensitive resin composition is heated to 700°C
under an oxygen atinosphere using a sraall yotary kiln Granufactured by Motovaras Co,, Lid.)
and matoieined in that state for 30 minutes and then cooled to obtain 2 g of powder,  The
powder obtained is placed on 1 tingsten plate having a thickness of 0.2 mm, the plate is
placed 2 vacown chamber equipped with an electron beam heating mechanism and

subjeated 1o heating treatmment at 1000°C for 30 seconds by electron beam beating at a deares
o Fa Pt

of vacrum of 107 Torr or less,  The 81T wtio is caloulated by obtatoing the smownt of S
atores and the arsount of TV atoms of the powder, whick has been subjeciad to the henting ‘

wemiment, by using a feld emission scroning electron microscope 8-4200 (rade name,
rnarufaciured by Hitach: High-Techoologies Corporation) and an energy-dispersive X-ray
Corp.)

(00571 <Titanium Black Dispersion and Photosensitive Resin Composition of Third
Exabodiment>

The titanium black dispersion of the third embodiment is g titaniurn black disgersion
for use in formation of' s Boht-shielding fito which is provided on one side of 2 silicon
subsirate haviog ao image pickup device section on the other side thereof and which shislds
against infrared light, the Wanium black dispersion including titantwm back partioles, »
dispersant and an organic zolvent, wherein 80% or more of the dispersed objects that consist
of titanhun black particles have particle diameters of 30 nm or less,  That is, 90% or more (in
terms of particle number) of dispersed titanium black particles have particle diameters of 30
mir o less,

In addition, the photosensitive resin composition of the thivd ervbodinent s a
photosensitive resin composition that includes the ttandum black dispersion of the thixd
ernbodiment, a photopolymerizable sompound, and 2 photopolymerization inftiator, and is
used for formation of a Hghtshielding film which is provided on ong side of g silicon
substraie having an Image vickup device seotion on the ofher side thereof and which shiclds
apainst infraved light,

[COSE] To recent vears, due 1o downsizing, thinning, and increase in sensitivity of solid-state
onge pickop devices, there i3 an incvessing reguest that, in a silicon substrate havieg an
mage pickup device section on one side thereof (herelnatter also referved to as “frst main
face” or “fout side”), infrared Hght incident upon the siticon substrate from the other side
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thereof (hereinafter, referred to as “second madn face” or *back side™) be shielded. The
Light-shielding film in which titaninm black 1s veed has excellent ability to shield against
infrared light, thus being favorable as a Hght-shielding film satisfying the request,

However, 55 a result of study on the thivd embodiment, it has been found that, when a
light-shislding flm is fovned using & dispersion or photosensitive resin composition that
includes titanium black, residues derived from the photosensitive resin composition tend to be
left in a region other than regions fn which the light-shielding film is formed,  Although the
reason why the residuss tend 1o be left ie not clear, it 38 presumed that tendency for titanium
black particles t precipitate over time, tendency for titanium black particles to become coarse,
ote. have relation therewith,

Accordingly, a3 a result of further vesearch of the thivd embodiment, it has been found
that the residues can be reduced whils maintaining the ability of taniys black o shisld
agamst wfrared light, by forming a lght-shielding filva by using the titandom black dispersion
or photosensitive resin composition in which 90% or more of the dispersed shjscts that
consist of titaninm black pacticles have particls diameters of 30 nm or less, and.thus the third
embodiment has been completed.

100597 Thus, with the titasdor black dispersion and photosensitive resin composition of the
third ezabodiment, » lighr-shielding Sl baving excelisnt ability to shield against infrared
Eght can be formed, and residuss in a vegion other than regions in which the light-shielding
filin is Tormed can be veduced during formation of the light-ghielding film.

Hers, “Infraved” means o wavelength vegion of from 700 mm to 1200 nem.

In addition, “shielding infrared Heht” means a siate in which tansmittaoce is 10% or
less throughout a wavelength region of from 700 mm o 1200 o,

Fuarther, with the titaninm plack dispersion and photosensitive resin composition of
the thivd embodiraent, curabllity (pattern forvaing properties) of the Hght-shislding film at the
time of forming the light-shielding filre is alzo nnproved,

Although the resmon why the cueability is bmproved is not clear, the reason is
oresumed 1o be as follows: since 20% or more of the dispersed objects fhat consist of titaniv
black particles have particle dismeters of 30 m or less, scattering of ultraviolet Hght used for
curing s suppressed in the Heht-shislding flm w be foumed, aod traveling of the ultraviolst
Hght to the flm thickness direction {s facilitated,  However, the third embodiment is not
Yirnited by this presurption,

00607 The "mage pickup devics section” as used hersin refers to a region in which plual
freage pickup devices (such as CCDs and CMOSs) are aligned (for example, in 8 rasfeix
prafter).
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In this specification, the silicon substrate provided with an image plokop device
section is sometimes referved to as “solid-state lmage pickup devies” or “solid-state image
pickup device subsirate”,  Tn the solid-state mage pickup devics, other elements (such as a
color filter or & microlens) may Ruther be formed.

[00G1] Respeotive components sontained in the titaniuen black dispersion or photosensitive
regin composition of  thivd embodiment aee described below in prdern
[6O062] ~Titantom Black Paroles of Third Embodiment -

The titaniumn Mack dispersion of a third embodiment includes titanium bladk pacticles,

The titanivme black particles are confained az dispersed objects in the dispersion, and,
in the third embodiment, 90% or more of dspesed objects that consist of titapium black
particles have particle darmeters of 30 rom or less,

The particle diameter of & dispersed object in the third embodirnent means the particle
diameter of the dispersed objeot, and the particle diaweter ig the diameter of a circle baving
the satne area as the projeetion area of the outer surface of the particls,  The projection area
of a particle can be obtained by measuring the area thetes? abtatned by taking an slectron
microseops, followsd by comection for the magntfication of the election micrograph,

(00631 Here, “dispersed oblects that corsist of titanium black particles™ in the thixd
embodiment encompasses titaniom black particles in the form of primary particles as well as
titandom black particles in the form of agpregates (secondary pasticles).

[0064] The photosensitive resin composition of the third smbodiment includes disperse
chiects that consist of titardum black particles dedved from the Htanhum black dispersion of
the third mmbodiment,  90% or more of the dispersed obiects that consist of titanium black
particles and that are contained in the photosensitive resin composition and in a cuved filo
{tight-shieldmg fllm) obtained by curing the photosensitive resin composition have particle
dizmeters of 30 nm or less,

[0065] In the thivd embodirnent, sinee 90% or more of the dispersed objects that consist of
titanium black particles bave particle diameters of 30 no or less, residuss derived from the
photosensitive composition in a vegion other thas reglons in which the light-shielding film is
formed I8 reduced when 2 Jight-shielding filo s formed using the photosensitive resin
compoesition of the thivd erobodiment.  Here, the residoes include compansnts dexived from
the photossnsitve composition, such as Hashun black particles and vesia component.

Although the reason why the residues are decreased s still unclear, it is presumed that
dispersad objscts having small dizmeters contribute to Improvement in retovability of
waced photoseositive resin corapositon (n perticulay, Hiasouwm black pacticles) during the
forrnation of the light-shielding filin,
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[006&] In addifion, titanium black particles have excellent lght-shielding property to light of
a wide range of wavelength regions ranging from ultraviolet to infraved, and have exeellent
light-shiclding property to, pacticularly, Infrared light (nfrared lght-shielding property},
Therefors, the light-shieldiag film forsned using the titanium Yack dispersion or
photosensitive resin coraposition of the third embodinment exhibits excellent infrared light-
shielding property.

{6067 I order 1o determine whether or not 90% of the dispersed objacts contatned in the
titanivee black dispersion or phoipsensitive resin composition of the thivd embodiment have
particle dismeters of 30 nm or less, the method (1-1) described above is craployed.

(00681 In order to deterroing whether or not 90% of the dispersed objects contained in the
pared film (ight-ehielding Sim) oblained by curing the shotosensitive resin eotaposition of
the third erobodiment have particle diameters of 30 nm or less, the method (1-2) desoribed
abuve is employed,

[0069] Titenium black pariicles in the first to third embodiments me deseribed in more detail
below,

Iry the fret to third exvbodinsents, the titanivm black particles refer to black particles
having thtaniom ators, and are peeferably black particles such as partially-oxidized ftaninm
or titanium oxynitride,

[0G70T The titanium black particles may be swrface-moedified for the purpose of, for example,
improvement of digpersibility or suppression of aggrepation, i necessary.  The modification
of the particls sarfacs may be, for example, coating treatment with silloon oxde, Sitaniom
oxide, germandvn oxide, aluminum oxzide, magnesinr oxide, zivconiom oxide or the ke, or
gy be treatment with o water-shedding substance such a5 those described in JP-A No, 2007-
302846,

(00711 Bxamples of cornmereisl products of titanium black particles include Haninm black
105, 125, 138, 13M, 13M-0, 13R-N, 13M-T (rade names: all manufactured by Mitsubishd
Materiale Corporatios), TILACK, T3 (trade name: manufached by Ako Kasel Co., Lidd.), ste,
[0072] Methods for preparing tiranium black partieles inchods, but ave not linited to, 2
method in which a mintore of Hizeiom dioxide and raetallic tanium s reduced by heating
wndder a reducing atmosphere (a methed described in JP-4 Wo, 49-3432), & meihod in which
wltrafive fantun digride obtained by high-ternperator hydrolysis of titanivn tetrachloride is
reduced under a reduning siraosphiere containing hydrogen {2 wethod digclosed in JP-A No.
47-205322), a method in which titantum diowide or timnium hydroxide is reduced at high
temperature i the presence of armmonda {a method disclosed o JB-A Mo, 60-65069 and P-4
Mo, 61-201810), s method in which a vapsdium compound is attached to titanium dioxide or

18



Received at: 5:38PM, 17742012

12-04-17;05:49PM; TALYO, NAKAJ IMAZKATO ;03-3355-56 74

titanium hydroxide, and high-temperature reduction is earried out in the prasence of ammonia
(a method disclosed in JP-A Mo, 61-201610), ete.

The titanium black particles employed in the first to thivd embodiments preferably
have g sinall average primary particle dismeter,

(00731 Do the first to thivd embodiments, the tanium black dispersion and the photosensitive
resin composiiion each may elude only one type of Hianivm black particles, or include two
o more types thereofl

(00741 So long as the effects of the regpective embodiments are not impaived, ona type of, o
two or more types of, black pigment made of a compostic oxide of Cw, Fe, Mn, V, NI, or the
like, cobait oxide, ron oxdde, carbon black, aniline black, or the like, mey forther be used as
dispersed objests in combination with the titanium black particles, in ordex to conirol
dispersibility, coloring properiy or the like.  Tathis oase, it is preferable that 50% by mass or
more of the dispersed objects are dispersed objects that consist of {itanbam black particles,
{00751 As described below, so long as effects of respective embodiments are not inapaired,
other coloting agents {such ag organic pigments of dyes) may optionally be used together with
the titaninm black parcticles o order to, for exarople, control the light-shielding propsrty.
{0075] The coutent of titaninm black particles in the titanium black dispersion in the first
embodiment is preferably from 5% by mass to 608 by mass, move prefervably from 10% by
miass to 50% hy mass, relative to the total mass of the disperaion.

The content of titsnium black particles in the photosensitive resin composition in the
first exmnbodiment is preferably from 2.5% by mass to 30% by mass, more preferably from 5%
by mass o 20% by mass, relative to the total mass of the dispersion.

{00777 The content of titanium black particles in the tifanium Yack dispersion in the seennd
embodiment is preferably from 5% by mass to 60% by wass, more preferably from 10% by
mass o 50% by mass, relative to the total wasge of the dispersion.

The content of titanium black particles in the photesensitive resin composition in the
second embodiment 12 preferably from 2.5% by mass to 30% by mass, more preferably from
5% by mass to 20% by mass, refative 1o the total mass of the composition.

07871 The comtent of titanium black particles in the Hitaninm black dispersion in the thivd
embodiment is preferably from 5% by mass to 60% by mass, more preferably from 10% by
mass o 20% by mass, relative i the il mass of the dispersion.

The sontent of titaniom black particles in the photosensitive resin composition in the
thivd ernbodiment is preferably from 2.5% by mass w 30% by mass, wore preferably from 5%
by mass to 20% by mass, relative 1o the total rass of the dispersion.

{00797 Inthe second embodiment, the dispersed objects including titaniom black particles
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contain 51 atoms, and e content ratio, based on weight, of §i atoms to T atoms (8/T1) in the
ispersed objects is 0.05 or higher.

A znaterial used for incorporating 81 atoms into the dispersed objeots in the second
embodiment is described below,  In order to incorporate 31 atoms info the dispersed objects,
& 51 stom~contalning substanes such as silics may be used,

Ewarmples of silica that can be used in the second embodiveent include precipitsted
silica, fumed silica, collpidal silica, and synthetic silica,  Silica appropriately selected fom
these may be used.  Bilioa is available also as commercial produets, sod examples of
commercial products that can be used include FS-101, HE-1407, HE-103, HE-104, HS-105,
HE-106, HE-107, H5-201, HS-202, HE-203, 8204, HS-205, HS-301, HS-307, F5-303, HE-
504, HE-305 (frade names, all manufhctured by Nippon Steel Matexials Co,, Ltd.),
HIPRESICA BS, HIPRESICA TS, HIFRESICA BE, BIFRESICA BB, HIPRESICA FQ {trade
names, all manufhetured by Lbe Nitte Kasel Co,, Lid), CAB-O-BIL {registered trademark)
LM-150, CAB-O-BIL (regisiered trademad) LM-150, CAB-O-BIL (registered trademark) 3~
17D (all manufactured by Cabot Japan K.K.), efe.  Fine particle-type silica is preferable
sivee silica particles fhat have particle diameters comparable to the thickness of the formed
light-shielding film according to the present lnvention cause decrease in light-shielding
property.  Examples of fine paticle-type silica include, but are not limited to; AEROSIL
(registered trademark) 90, ABRGSIL (registered tradomark) 130, ABROSEIL (registered
tradernark) 150, AEROSIL (repistered trademark) 200, ABROSIL (registerad tademark) 300,
ALROBIL (yegistered redemark) 380, AEROSBIL {registered trademark) OX 50, AEROSIL
(registerad trademark) BEG 50, ABROSIL (registered fademark) TT 600, ABROSIL
{zegistered trademark) 200 8P, ABROSIL (registered trademark) 300 SP, ABROPERL
(registersd tradermadsy 30030, ABROEIL (egistered tademarlsy B 972, ABROSIL (regintered

trademariy R 974, AEROSIL {registered trademark) B 104, ABROSIU {registered trademark)
R 106, AEROBIL (registered traderark) R 202, ABROSEIL {epistered wtadernark) R 805,
AEROBIL (registered wadenwdd) B 812, ABRGSIL (reglstered trademark) R 812 3,
ABROSIL Gregisierad trademark) B 816, ABROSIL (registered wademark) R 7200, AERORIL
{registered trademads) B 8200, ABROBIL (registered wademark) R 9200, ARROSIL
{registered trademmark’ MO 80, ABROSIL (registered rademark) MOX 170, AEROEIL
1

<y

(registored adamark) COK 84, ATROEIL (registered radenmay) BY 56, ARROHIL
(registered frademark) WY 50, ABROSIL (registered traderoark) RY 200, AEROSBIL
{registered trademarkd RY 200, ABROSIL (registerad trademark) BX 50, AEROSIL
{registes

(vegistered tradernaricy RO 300, AEROBIL Gegistered rademardk) R 504, AEROFERL

48
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d tradewerk) PIAT 50, ABROSIL (registerad trademark) X 200, AEROSIL
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(registered trademark) 300/30, VP AEROPERL (registered trademark) P 25/20M05; &
MA 1004, MALD0G6, MATOTO, MATOLS, MEEOIOW, MXOS0W, MXI00W, KE-E30, ;{(E -FAD,
KE-E50, BE-E70, KE-E156, KE-P10, KE-P30, KE-P50, KE-P100, KE-£150, KE-P250 (rads
names, all manufactured by JGC C&C); HS-101, HS-102, HS-103, HS-104, FB-105, HE-106
HE-107, H8-201, H3-202, HS-203, HS-204, H5-205, HS-301, HE-302, H8-303, HS-304, HE&-
305 {lrade nawmes, maoufactored by Mippon Steel Materials Co., Lid); HIPRESICA 88,
HIPRESICA TS, HIPRESIC A BS, HIPRESICA BP, HIPRESICA FQ (rads names,
manafactred by Ube Witte Kasel Co., Ll); and CAB-O-8IL (registered twademark) LM-150,
CAB-O-SIL (reglstered tradernack) LM-150, CAB-O-8IL (registered trademmark) §-170 (all
marnrfaciyred by Cabot Japan KUELL
[0080] The following explanations are common o the firet to third embodiments unless
specifically ndicaied otherwize.

(8) Dispersant

Bach of the titaniu black dispersions and phofosensitive resin compositions
seeording to the firat 1o thied embodiments inclodes a dispersant,

Examples of dispersants in the Hest to third embodiments include polyweric

dispersants (for exarple, polyamide amings and salts thereof, polyeurboxylic acid and salts
ﬂwrﬂ@ﬁ Pﬁgmmmoiec whar-weipht nosaturated acid exters, modified polyurethanes, ruodified

polyesters, modified poly{meth) acrylates, Guethacrylic copolymers, and naphthalene
sulfonate formatio condensates), polvoxyethylene alkyl phosphoric esters, polyoxyethylene
alloylamines, allanel amines, pigment derivatives, ate.
THispersants in the first to thind embodiments can fucther b clagsified into atralght-

chain polymers, terminalroodified polymers, graft polyresrs, and block polyrners, hased on
the structure thereof.

0811 The dispersant in the first to third embodiments is adsorbed on the surfaces of the
dispersed objacts such as Htaniuo black perticles and optionally-used pigments, and works to

a

prevent se-sggregation,  Therefore, 2 prefereble structure ’the;mr of may be o terninal-modified

polymes, & grall polymer, ora ‘xﬂwmﬁ: polymer, sach of which has an anchor site for the swrface
of the plgment. '

Fugther, the dispersant in the first to third smbodiments has effect in texms of
provaoting adsorption onto a dispersing resin by modifying the surfaces of the dispersed
objects,

[0082] Spevific exarapies of dispersants that can be used o the first to third embodinments
inchude: DISPERBYE 101 {polyamide amdne phosphate), 107 (carboxylic acid ester), 110
(acid group-containing copelymer), 130 (polyamide), 161, 162, 163, 164, 165, 158, 170, and
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180 (trade names, high-molecular copolymers) manufactured by BYK-Chemic GumbH; BYK-
F104 and P105 (rade names, high-molecnlap-weight unsarated polyearboxylic acid)
manufactured by BYK-Cherme GmbH; BEKA4047, 4050, 4010, and 4165 (trade names,
polyurethane compounds), EFKA 4330, 4340 (trade names, block copolymers), 4400, 4402
{(trade names, modified polyacrylates), EFRAS0LO (trade name, polyester amides), 5765
{(trade name, high-soleculaeweight polysarboxylate), BFKAS220 (trade name, fatty acid
polyester), EFKAGT4S {trade nams, phthalocyanine desivative), and EFEKAGTS) (tade nawe,
axn pigment derivative) manufactored by BEFKA; ATISPER PBE2ZY and PBS22 (hade names)
manuiactured by Ajinomoto Fine-Techno Co., Tne.; FLOWLEN TG-710 (rade name,
urethane oligomer) wamifaciured by Kyoelsha Chemical Co., Lid; POLYFLOW Mo, 508 and
Wo. 300 (rade names, acrylic copolymers) manufaciured by Kyoeisha Chamical Co., Lid.;
DISPARLON K5-860, 87351, 874, #2150 (rade names, aliphatic polycarboxylic acids),
DISPARLON #7004 (trade pame, polyether esters), DISPARLON DA-703-50, DA-705, and
DA~T25 (rade names) manufactured by Kosoraoto Cheteads, Tid.; DEMOL BN, N {trade
nameas, naphthalenesulfonic acid formalin polycondensates), DEMOL ME, ¢, 8N-B (trade
names, sromatic sulfonie actd formalin polysondensates) manufactured by Kao Corporation;
HOMOGENGL 1-18 (rade name, Wgh-molsoular polyearboxylic acid) manufactured by Kao
Corporaion; EMULGEN 920, 530, 935, and 983 {yade nawmes, polvoxyethylens nonyl phenyl
ether) mamufactured by Kao Corporation; ACETAMIN 86 (trade nawe, stearylamine acetate)
manufactured by Kao Corpocation; SOLIPEREE 5000 (trade name, phthalosyanine
derivative}, BOLEPERSE 22000 (frads name, azo pigment derivative), SOLEPEREE 13240
(trade name, polyssier amine), SOLEPERSE 3000, 17000, 27000 (trade names, polymers
having a functional moisty 4t aterminal thersof), SOLSPERER 24600, 28000, 32000, and
34500 (trade names, gealt polymers) manufacted by The Dubrizol Corporation; and
WNHCEOL T106 (rade name, polyvoxysthylene sorbitan monooleats) and MYBE-IEX (trade
name, polyoxyethylene monostearate) manudfactorved Hy Mikko Chemicals Co., Lid.  Purther
exaraples inchide amphotere dispersants such as HINOACT T B000E (manufactured by
Kawaken Fine Chemicals Co,, Ld).

These dispersants may be used singly, or in combination of two or mors thereof,
[R083] The seid value of the dispersant is in the mnge of preferably fom 5.0 meROHz 1o
200 mgK O/ g, more praferably foo 10 mgK O/ to 150 mglOH/ g, and further preficably
from 60 mgl OH/g to 150 g0 e ~

Whent the actd value of the disperssat is 200 mpKOW/ g or less, detachent of 4
pattern duding development for formning 2 lght-shielding Al can movs effectively be
suppiessed.  When the acid value of the dispersant 13 5.0 mgKOH/g or moxe, alkali
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developability is fiether inqprovad,  When the acid value of the dispersant is 80 mgKOH/g or
raore, precipitation of ttanivrn black particles can further be suppressed, the nomber of coarse
partigles can further be decreased, and the stability of the titanium black dispersion or the
photosensitive resin coraposition over Hime can further be fmproved.
[00841 Inthe first to thixd embodiments, the seid value of the dispersant can be calonlated,
for example, from the average comtent of acid gronps in the dispersant, A resin having a
desired acid value can be obtained by changing the content of monomer units contalning an
cid group that are congtituent components of the dispersant.
[0085] The weight average melecular weight of the dispersant in the first to figed
smboditaents 1s preferably from 10,000 to 300,008, raore preferably from 15,000 1o 200,000,
further preferably from 20,000 to 100,000, and partierdarly preferably from 25,0060 1o 50,000,
from the viewpoint of suppressien of detachoment of & patient during development and
developability at the thne of forming a light-shickbing i, The weight average molecolar
weight of dispersant can be vpeasured by using, for example, GPC.
{00847 (Graft Copolymer)

In the first to thivd exabodiments, it is preferable to use 3 geatt copolymer (hereinafter
somnetimes referred (o ag "specific resin'y as a dispersant.  The dispersibility and storage
stability can be fwther improved by using a graft copolymer az a dispersant.

[0087] The graft copolymer preferably has a graft chain in which the mamber of atoms
except hydrogen atoms is in the range of from 40 to 10,000,  Here, the graft chain wforstoa
portion from the main chain of the copolyrer as the hase {6 the termingd of a grony branched
from the main chaln,

The speclfic resin (s 2 dispersing resin capable of mparting dispessibility to titaniuea
black particles.  Since the specific resin bas excellent dispersibility and affiodty to solvent
mnparted by the praft chair, Htanhom black particles are provided with scellent dispersibility
and excellent dispersion stabilizy after a lapse offime.  When a photosensitive wesin
cotaposition is prepared, stoce the specific resh has affinity to & polvmerizable compownd or
snother optional resin that may futher be used doe to the presence of the graft chadn, residues
are Jess liksly produced tn alkaline development,

[0088] Further, the specific resin can be provided with a capability of serviag a3 a resin that
tmparts developability for furming o pettermn by alksline development, by infeoduciog an
alkali-suluble pariial struchre, sueh a5 2 carbexylic acld group, o the specifiz resin,

Therafors, as aresult of te introduction of ag alkali-soluble partial structure into the
graft copolymer, the dispersing resin sslf, which is impertent for dispersing titanium black
particles, becomes i have an adkall solobility in the titaniom black dispersion of each

les,
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embodiment. A photosensitive resin composition that includes such a titanium black
dispersion provides excellent lght-shielding property of a Hght-sxposed portion, and provides
impeoved aliall developability of a portion that has not been exposed to light

(0089 A louger graft chain epbances steric repulsion effects and improves the dispersibility,
However, an excessively long graft ohain decreases adsorption force to titandum black, and
decresses the dispersibility.  Thus, in the grafl copolymer to be used in the frst to thivd
ernbodiments, the munber of atoms except hydrogen atoms per graft chain is from 40 to
14,000, more prefevably from 50 10 2,000, and further preferably from 60 to 500.

[00207 Examples of the polymer structure of the graft chain Include poly(msthiscryiie,
polyester, polyurethane, polyures, polyamide, polyether, ele,  In ovder to improve interaction
of the graft molety and the solvent and thereby increase dispersibility, the geaft chaio is
preforably a graft chain having poly(methlecrylis, polyester, or polyether, and is more
preferably a graft chain having polyvester or polysther,

[0091] The strusturs of a macromonomer having such a polyraer structure as a graft chain {3
not partevlarly limited as long as the macrormonomer has a substilnent capable of reacting
with a polymer main chain portion and satisfies the requirements of the embodiment,
Preferably, & macromoenomsr having o reactive double bond group can suitably be used,
[0082] Exwmples of commercially-available macromonomers sudtable for use in the syathesis
of the specific resin include: AA-G (trade nawe, manufactured by Toagosel Co,, Lid), AA-1O
(trade name, manufactured by Toagosei Co., Lid.), AB-5 {ivade name, manufactured by
Tongosel {o., Lid.), AS-6 (rade name, wanufastored by Toagosel Co., Lad.), AN-G (trade
name, mandhchued by Toagosel Co., Lid), AW-5 (trade names, manufachored by Toagosel
Co., Lad.), AA-T14 (trade nawe, roamufactured by Toagosel Co., Lid.), AY-707 (rade name,
manufachured by Toagoset Co., L), AY-714 (rade naws, manufaciored by Toagosei Co.,
Lid.}y, AX-3 (rade name, manudctured by Toagosei Co., Ltd.), AK-30 (trade nams,
waafactured by Tongosei Co., Lid ), and A¥-32 (vade nare, smanvfactured by Toagosei Co.,
LAY and BLENMER PP-100 (rade name, manafactured by NOF CORPORATION,
BLENMER. PP-500 (rade name, manufactured by NOF CORPORATION), BLENMER Pp.
800 {trade name, manufactared by NOF CORPORATION), BLENMER PP-1000 (trade nume,
manufactured by MOF CORPORATION), BLENMER 55-FET-800 (trade name,
manufactured by NOF CORPOEATION), BLENMER PME-4000 (rade name, manufachred
by MOF CORPORATION, BLEMMER PEE-00 (trade name, manufbctured by NOF
CORPORATION), BLENMER PEE-1300 (trade navoe, menufaotured by NOF
CORPORATION), and BLENMER 43PAPE-800T (rade name, manufactired by WOF
CORPORATION).  Of these, AA-G (lrade name, reamfactured by Toagosel Co., Lid), Ad-
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10 (trade name, manufactured by Toagoesel Co., Lid.), AB-6 {rade name, manufactared by
Toagosei Co., L.}, AS-6 (trade name, manufactuzed by Toagosei Co., Lid.), and AN-6 (trade
name, manufactured by Toagosei Co., Lid,), BLENMER PME-4000 (rade name,
manufactured by NOF CORPORATION), eto are preferable.

[0093] The graft molety (the portion having a grafi chadn) of the specific resin preferably
ineludes at least a steactural unit represented by any of Formulae (1) to £5).

[0094]
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[0095] In Forroulas (1) ta {5), K, KA %2 %5, and K8 ench independently represents a
Iydrogen atorn or a monovalent organic group,  From the viewpoint of the lwmitations on
syntheais, X, 37, %7, 0, and %8 each independeantly repressnt prefembly a hydrogen
atorn or an alkyl group having from 1 ip 12 carbon atoms, and each independently represent
maore preferably 8 hydrogen atom or g methyl group, partioularly preferably o methyl group.
[0096] In Formulae (1) to (53, V', ¥24 ¥, 7%, and ¥* ench independently represent a divalent
linking proup, and the Hnldng group is not perticulady restticted in terms of the stvuctore
therzof,  Specific examples of the divalent linking group represented by Y5, ¥4, ¥4, ¥, or ¥°
inetude Hoking groups (Y1) to {(Y-20) shown below,  In the structures shown below, 4 and B
indicates the positions of bonding to the left end group and the right end group, respectively,

g
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in Formulae (1) 10 (5).  Among the structures shown below, the divalent linking group is
more preferably (V-2) or (V-13} from the viewpoint of ease of synthesis,
[0057]
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mongvalent organic group.  The struchwe of the organic group is not particularly timited.
Specific sxamples thersof include an alkyl group, a bydroxyl group, an alkexy group, an
aryloxy group, a heteroaryloxy group, an alkylthio ether group, an arylthio efher group, o
heteroaryl thioether group, and an amino group.  From the viewpoint of, particularly,
tmprovement in dispersibility, the organie groups represented by 27, 7%, 72, 2%, and 77 each
preferably have a steric repulsion effect, and are each Independently preferably an alkyl group
havieg from 5 10 24 carbon atoms, snd, particularly, are each iﬂdﬁpﬁnﬁfm{ly mors preferably a
branched alkyl group having from 5 to 24 carbon atems or a oyelic slkyl group having from §
to 24 carbon gtoms,
00991 In Formulae (1)t (5), n, m, p, g, and » each represent an integer fromm 1 to 500, In
Forsula (13 and (2), 7 and £ each independently represent an Integer of frova 210 8. From
the viewpoints of dispersion stability and developabilivy, / and kin Formulas (1) and {2) are
sach prafersbly an integer of from 4 to 6, wost praferably 5,
[0100] T the specilic restn, struchural vnits represented by Foomulae (1) to (5) are prefersbly
contained in a range of from 10% by mass to 30% by mass, and mere preferably contained in
a range of frorm 30% by mass to 70% by mass, velative to the total mass of the specific resin,
When struetural units reprasented by Formualae (1) t0 {5) are contained in this range, the
digpersibility of Gtandurs black particles is high, and developability at the time of forming a
light-shielding film is faverable,
[0101] In addition, the specific resin way contain two or more graft copolymers having
different srructures,
01027 I Formuda (5), B represents a hydrogen atom or a monovalent organis group, and the
gtrmetirs of the monovaleat organie group is not particulady Hmited, R is preferably a
hyddrogen atom, an alkyl group, an aryl group, o a heferoaryl group, and more preferably a
hydrogen atom or an alkyl group.  When R represents an allyl group, the alkyl group is
preferably a straight-chain atkyl group baving from 1 to 20 earbon atoras, 2 branched alkyl
group having ftom 3 to 20 sarbon atorns, or g oyelic allyl gronp having from § to 20 carbon
atoras, more preferably a straight-ohain alkyl group having from 1 to 20 carbon atoms, and
particulaxly preferably a straight-chain alkyl group having from 1 to 6 carbon stoms.  Iothe
specific resin, two or mors types of R havieg differend sivuctures may be contained in mixioes.
01037 From the viewpoints of disparsion stability and developability, the stroctural wit
represented by Formuds (1) is reore preferably a strachural unit represented by the following
Formula (LAY, '

From the viewpoinis of dispersion stability and developability, the stoucthiral wait
represented by Formula (2) is more preferably a structural upnit represented by the following
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Formula (24).

[0104]

1
RS
AT {1A)

070

[0105] In Formula (1A}, X', 7Y, @), and o have the same definitions as those of X, ¥4, 25,
and 1 in Formula (13, respectively, and preferable ranges thereof sre also the same,

In Formula (24), X5, Y%, 2%, and m bave the same definitions as those of 3%, Y%, 77,
and m in Formmia (2), respectively, aud preferable ranges thereof are also the same,

[0106] In addition to the graft modsty, a functional group capable of interacting with tHitanium
black particles may be introdeced into the specific resin.

Examples of the funetions] group capable of Interacting with titsniom black particles
include an acid groug, 2 besic group, a coovdination group, and a reactive functional grou,
and these funciional groups can be introduced into the specific resin by using 2 stvactural unit
Baving ag acid group, 8 struelural wnit having a basic group, a stractural unit having a
aoordingtion group, sud a reactive stroctoral woit, respectively.

[0107] Ixavaples of the sold geonp as & fmetional group capeble of interacting with ttadium
black particles include a carbexylio acid group, a selfovic acid group, a phosphoric acid group,
and a phenolic ydeoxyt group, and a particularly preferable exarnple thereof is a carboxylic
acid grovp, which hes oellent adsorbability to titanivm black particles and high
dapersibility,.  The specific resin roay have one type of, or two or rore types of, thess acid
groups

The introduction of the acid group also has an advantage in terms of Improving the
aliali developability of the specific resin,

When inirodneed as a copolymenzation component i the specific resin, the sontent
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of structaral units baving an acid group is prefersbly from 0.1 mol% to 50 mol%, and, from
the viewpolnt of soppression of damage to huage strength cansed by alkaline development,
particularty preferably from 1 mpl% to 30 mal%, relative to the total structural units of the
specific wosin,

{0108] Examples of the basic group as 2 functional group capable of intermeting with
ttandnm black particles include a primary amine group, a secondary acdno group, a tertiary
armino group, a hetero ring having an W atom, and an amido group. A particularly preferable
example is 2 tertdary amino group, which has excellent adsorbability to plgment and high
dispersibility. One type of, or at least one typs of, these basio groups may be Incorporated
into the specifis regm,

When introduced us 2 copolymerization component in the specific resin, the content
of structusl voits baving a basio group is preferably from 0.01 mol® to 50 mol%, sad, from
the viewpoint of suppression of developability inhibition, parteularly preferably feorn 0,01
mol% 1o 30 mol%, refative to the total structiral units of the specific resin,

[0109] Examples of the conrdination group and the reactive functional group as a functional
group capable of interacting with titanium black partivles include an acetylavetoxy group, a
inalkeoxysilyl group, an isccyanate group, an acd anhydeide, and an scid chloride. A
parficudardy prefersble example s an acetylacetoxy group, which has excellent adsorbability
o plgrnent and high dispersibility,  The specific resin may have one type of, or at least one
type of, these proups,

When tntroduced as a copolymenzation component in the specific resin, the content
af stenetuwrad wnits baving a coordination group or reactive struchual undfs is proferably from
0.5 mel¥% (o 30 mol, and, from the viewpohnt of suppressing developability inhibition,
particulnely preferably from 1 mol%s to 30 mol%, relative to the total shouctiueal vaits of the
sperific resin.

(01107 When the specific resin in sach exbodinment has, besides the graft eolety,
funetional group capable of interacting with fitanium black particles, the specific resin may
contadn any of the various funetional group capable of interacting with tHisnium black
particles ag desaribed above,

The rsnmer of the Introduction of these funetional groups i not particularly Trnited.
However, it §s preferalde that such a functional group bas been mitroduced into the specific
resin by Including at least one struchiral unit obtained fom a monomer represented by sny
one of the following Foanulae (1) to () in the specific resia.
011t
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[0112] In Formulae (1) to (i), BY, #%, and B each independently represent a hydrogen atom,
a halogen atom (e.g., a fluorine atom, a chlorine atom, or 4 bromdne ate), or au alky! gronp
having fFrom 1 to 6 cabon ators (e.8., 8 methyl group, an ethyl group, or a propyl group).

B!, R?, and & esch independently represent more preferably a hydrogen atom or an
alleyl group having from 1o 3 carbon atoms, and each independently represent most
preferably a hydrogen atom or & methyl group. R* and B> cach represent particularly
praferably a hydrogen ator.

(91137 X in Forrmula (1) represenis an oxygen stom (-0-) or an imdnn grovp (-NEH-}, and
preterably represents an oxygen aiom,

Y in Forrpuls (i) represents a methine group or a nitrogen atom,

[0114] Lin Formulae (3) to (1) represents a single bond or a divalent linking group.
Examples of the divalent linking gronp include divalent sliphsiic groups (e.g., alkylene
groups, substituted alkylens growps, alkenylens groups, substituted alkenylens groups,
allcynylene groups, and substituled allynylens groups), divalent svoxnatio groups (6.g., arylene
grovps and substiteied arylene groups), divalent heterooyelyl grovps, and combinations of any
of these groups with af least one of an oxygen atoxn (-0, & sulfor atom (8-}, an lodog grovp

. - & s - g - "l . 2 «

(BTHL), & substituted imino group (-INR* -, wherein B represents an aliphatic group, au
B -1
o

-
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aromatic group, or a heterocyelyl group), or & carhonyl group (-CO-).

[0118] The divalent aliphatic grovp raay have a cyclic strusture or g branched structure.

The vumber of carbon atorng in the aliphatic group Is prefergbly from 1 to 20, more preferably
from 110 15, and forther preferably fom § to 10, The aliphatic group {5 roore preferably 2
seturated aliphatic group, as compared to an vosafurated aliphatic group,  The aliphatic
group may have a substituent,  Exavaples of the substituent include & halopen aton, &
hydeoxyl growp, an aromatic group, and a beterseyclyl group.

(0116} The momber of carbon atoms in the divalent aromatic group 15 prefiorably from 610 20
parbon stoms, more preferably fom & to 15 carbon atoms, aad wmost preferably fom 6 to 10
carbon aftms.  The argmatie groug way have o substituent,  Examples of the substitoent
include a halogen atom, a hydeoxyl grou, w0 aliphatie group, an aromatie group, and a
heterooyelyl group.

[0117] 'The divalent heteroovelyl group preferably has a five- or six-membered ring a3 a
heterocyolic ring.  To the heterocyelic ring, at least ong of another heterotyelic ving, au
aliphatic ring, or an aromatic ring may be condensed.  The heteroayelyl group way have
substituent.  Examples of the substituent inclnde a halogen atom, a hydroxy group, an ouo
group (=), 2 thioxn group (=8), an iraine group (= M, 4 substituted imino growp (=N B,
wherein R repgesents an aliphatic group, an aromatic group, or a heterogyelyl group), an
aliphatic group, an aromatic growp, and a hetevocyclyl group,

[Q118] L is preferably a single bond, an alkyiens group, or a divalent lioking group
containing an oxyalkylene structuee,  The oxyalkylens strovturs is more preferably an
oxyeihylene shucture o an oxypropyiene siructhure,  Lomay contain a polyoxyalkyiene
steacirs contaloing 4 repeat composed of two oy more oxyalkylene siroctures.  The
polyoxyaleylene strachure is preferably a polyoxyethiylene structore or a polyoxypropylens
stoucture. The polyoxyethylene stracturs is represerded by ~(OCHCHy ), whersin n
represenis preferably an integer of 2 or greater, and move preferably an Integer of from 2 to 10,
[0118] In Formulae (1) to (1), Z reprasents a fanstional group capable of Interacting with
titandum black particles, which i separate from the graft rooiety, and the fuscticnal group is
praferably a carboxylio acid geoup or a tertlary amine group, aud more preferably a carboxylic
asid group,

0126] In Formula (i), B 2° and R sach indepandently represent 2 hydrogen atom, &
balogen atorn (e.g., fluovine, ohlorine, ot bromine), an alkyl group having frora 1 to & carbon.
atoms (8.4, a methyl grovp, an ethy! group, or a propyl group), -2, or <L-Z.  Here, Land Z
Bave the same definitions gs these of L and 7 described above, respectively, and prelerable

examples theraof sre also the saroe.
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R R, and R each independently represent preferably a hydrogen atom or an alkyl
group baving from 1 to 3 carbon atoms, and more preferably a hydrogen atom,

[0121] In the first to third embodiments, a compound in which R, B2, and B sach
independently represent a hydrogen atom or a methy! group, L represents an alkyleos gronp
or a divalent linldng group containing an oxyalkylens strostore, X wepresents an oxygen alom
oy animine group, and 2 represents a cacboxylic acid group, is prefiable as s monomer
represerted by Formula (1),

A compound in which R represents a hydrogen atom or 2 methyl gronp, L represerts
an alkylens group, Z wepreseats carboxylic acid group, and Y reprasents a methine group, is
preferable as a movomer represerted by Formula (1),

A compound in whish B, 35, and ®® each Independenly represent a hydrogen atom
or a methyl group, L represeots 2 single bond or an alkvlene group, and Z represanis
carboxylic acid grovp, is preferble as a wonomer represented by Forpuala (11,

{0122] Representative examples of monomers {compounds) represented by Formulae (1) to
(111} are deseribed below.

Exaroples of the monomers include: methaseylio scid; crotonic acid; {soorvionie acid;
a veaction prodoct of a comnpound bhaving an addition-polymerizable double bond and a
Irydvoxyl group in 8 molecule thereof (a.g., 2-hydroxyethy! methaorylate) snd a suceinic
sulrydride; & reaction product of a corapound haviag an addition-polymerizable double boud
andd 8 hydroseyl group in a molecule thersof and a phthalic anhydiide; a waction product of &
compound havieg an additon-polymerizable double bond and s hydroxyl grovp in 2 molecdle
thereof and a tettahydroxyphihalic anhydride; a reaction product of a componnd having an
addition-polymerizable double bond and a hydroxy! group in a molesnle thereof and a
wrimellitie anhydride; 2 reaction product of 8 compound having aa addition-polymerizable
double bend and & hydroxyl grovp in 8 molscule thereof and a pyroraeilitie anhydride; acrylic
acid; acrylic acid dimer; scrvlic acid oligomer; maleic acld; Maconic acid; fumarie aoid; 4-
vinylbenzoic acid; vinviphenol; and 4-hydroxyphenylmethacrylamide,

(01231 From the viewpointe of interaction with thacion black particles, disgersion stability,
andd permeability 1o & developer, fhe content of functional groups capable of inferacting with
titaninem black particles, such % @ eonomer haviog an acidic groun, in the specific resin 15
preferably fom 0.05% by mass to 50% by wmass, more preferably from 1.0% by mass o 80%
by mass, and further preferably from 10% by mass 10 70% by mass, relative to the specific
resin. |

(01247 For the purpose of improving various properties snch as Image strength, the specifis
regin sontained in the fitantum black dispersion of esch embodiment may farther include other
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structural units haviog various functions (sech as a structural vnit having, for example, a .
functional group having affinity for a dispersion mediur used {n the dispersion) as a
copolymerization component, w addition o the gradt moiety (the structoral unit having s graft
chatn) and the structural unit having a functional group capable of interacting with titanium
black particles, as long as the effects of the invention sve not impaired,

(01257 Examples of the copolymerization component which can be copolymerized in the
specific resin include radigal polyinerizable compounds selected from acrylie acid esters,
mgthacrylic acid esters, styrenes, acrylonitriles, and raethacrylonitriles,

[0128] These copolymerization components may be used singly, or in combination of two or
more thereof.  The conternt of these copolymerization cormponents preferable for wse in the
specific resin is from 0 mol% to 90 mol%, and particularly preferably from O mol% 1o 60
mol%. Buiflcient pattern formation can be achieved with & coutent within the sbove range.
[0127] Examples of solvents for use in the synthesis of the specific resin include ethylene
dichloride, cyclobexanone, methyl ethyl ketone, acetone, methancl, sthanol, propancl, butanol,
ethylene glveol monomethyl ether, cthylene glyeol monoethyl ether, 2anethoxyethyl acetate,
1-methoxy-Z-propancl, L-methoxy-2-propyl acstate, N,N-dimethylformamids, N,N-
dimethylscetamide, dimethylsulfoxide, toluene, ethyl acetate, methyl lactale, and ethyl lactate.
These solvents may be used singly, or in mixtare of two or more thereof,

[01281 Specific examples of the specifie resin include Exerplary Compounds 1 to 53 shown
below. The munbers added 1o each siractural wnit {main chailn portion) indicate percent by

ass.
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j0143] The content of dispersant in the titavium black dispersion of sach embodiment Is

preferably from 1% by mass to 0% by mass, more preforably from 3 % by rmoass to 70 % by

mazs, reiative to the total solid mass of disp&rs&d objects (including dispersed objests

consiating of tayiom black particles, and other wi@mnp agents).
48

o

p=g]

<>



Received at: 5:38PM, 177472012

12-04-17;00:4GPK; TALYD, NEKES I MARKATO ;03-3355-8074

The content of dispersant in the photosensitive resin composition of each
embodiments is preforably from 1% by mass to 20% by msss, more preferably fom 3% by
mass 1o 70% by mass, refative to the total solid mass of dispersed objects (including dispersed
objecis consisting of titanium black particles, and other coloring agents).

(01443 (C) Organic solvent

The fitanium black dispersions and the photosensitive resin compositions of the first

to third embodiments inelnde an organic solvent.

xamples of the organic solvent include, but are not lmited to, acetone, methyl ethyl
ketone, cyelohexane, sthyl acetate, sthylene dichloride, tetrahydroforan, toleene, ethylens
ghveol monomethyl ether, ethylene plycel menvethyl ether, ethylene glyveol dimethyl ether,
propyiene glyeol manomethyl sther, propylens glyeol monoethyl ether, scetylacetone,
eyelohexanons, dissetone sleohel, etfrvlens glycol monomethyl ether acetate, ethylene glyzol
athyl ether acetate, sthylene glyeol morsisopropyl ether, ethylene glycol monobutyl ether
agetate, S-methoxypropanol, methoxy methony ethanel, diethviene glycol raonoreathyl ether,
dizthylene glycol monosthyl ether, dicthylene glycol dimethyl ether, disthylene glycol disthy]
ether, propylene glycol monoraethyl ether scefaie, propylene glycol monesthyl ether acetats,
J-methoxypropyl acetate, N,MN-dimethylformamids, dimethyl sulfioside, y-butyrolactons, sthyl
aeetate, butyl acetate, methyl lactate, and ethyl lactate,
[0145] The otpanic solvent may be used singly, or in combination of two or more thereof.
When two or more organic solvents ave combined, a mixed solution coroposed of two or more
selected from methyl S-sthoxypropionate, ethyl 3-sthoxypropionate, ethyleellosolve acetate,
ethyl lactate, disthylene glycol dimethyl sther, butyl acatate, methyl 3-methoxypropionate, 2-
heptanone, cyelohexanons, ethyl parbitol acetate, butyl carbitol acetate, propylens glycol
methyl ether, and vropylene glyeol methyl sther acetate is particularly preferabla.

The amount of organic solvent contained in the titanium black dispersion is
preferably from 10% by mass to 80% by mass, more preferably fom 20% by mass to 70% by
mass, god even more preforably from 30% by mass to 65% by mass, relative to the total
amount of the dispersion,

The amount of oxganic solvent contalued in the photosensitive resin composition is
preferably from 10% by mass to D0% by mass, more preferably from 20% by mass to 50% by
miass, even more preferably from 25% by moass to 75% by mags, relative to the total mass of
the corposition.

[0146] (1) Photopolymerizable Compound

The photosensitive resin compositions of the first to third embodiments include a

photopolymerizable compound.

49
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The photopolymerizable compound is preferably a compound that has at least ong
addition-polymerizable ethylenic unsaturated growup, and that has 4 boiling point under normal
presguee of 100°C or higher,

(01477 Examples of the compound having st least one sddition-polymerizable sthylenic
unsaturated group and having a boiling point of 100°C or higher under norraal pressure
include: morofenctional acrylates or methacrylafes such a3 polyethyless glycol
mono{methacrylate, polypropylens glycol mono{meth)acrylate, and phenoxyethyl
{meth)acrylate; polyfunctionsd serylates or methaorylates such as polyethylene glycol
dilmethacrylate, trimethylolethane tilmettnacrylate, neopentyl glycol di{meth)acrylate,
pentasrythritol rifmethlacrylete, pertasrythritol tetra(metidacrylate, dipastasyythritol
hexa(wetbiacrylate, hexanediol (methlacrylate, timethylolpropans ti{acryioyloxypropyD
ether, wi(acryloyioxyethyl) inowyanurate, a product obiained by addition of ethylene oxide or
propylene oxide to a polyfunctional alcohol such as glycerine or wimethylolethane and
gubsequent (meih)acrylation thereof, a product obiained by poly{methjacrylation of
pentaerythritel or dipentaerythritol, wrethans scrylates such as those deseribed in Japanese
Examined Patert Application Publication (JP-B) Mo. 48-41708, JP-B Mo, 50-6034, and JP-A
No, 53-37193, polyvester acrylates such ag those described in JP-A Mo, 48-64183, 1P-B Mo.
49-4319% axsd JP-B Mo, 52-30490, and spoxy acrylates, which are reaction productz of epoxy
resing aud {methjacrylic acid.

Further, photocurable monomers and oligomers deseribed in Maen Secchaks
Eyoukaishi (Jowrnal of the Adhesion Society of Japan), Vol. 28, No, 7, po. 300 to 308 can also
be used.

[0148] Compounds which are obtained by adding ethylene oxide or propylene oxide to a
polyfunciopal aleohol and (reethacyylating the resultant, and which are deseribed as
Formulas {1) and (2) together with specific exarples thereof in JP-ANo. 10-62986, can also
be used.
101437 In particulsr, dipentaerythritol pemia(methiacrylate, dipentacrythritol
hexalmethacrylate, and stroctures in which acryloyl groups of either of these corpounds are
linked to the dipentaeryihritel via ethylensglyeol ar propyleneglycol residues, are preferable.
Oligomer types thereof can alag be nsed.
(01507 Urethane acrylates such as those described o JP-1B Mo, 48-41708, JP-ANo. 51-37183,
TP-B Mo, 2-32253, and JP-B No. 2-16765, and wethane cormpomds having an ethylensonids
skeleton and described in JP-B Nos, 58-49860, 56-17654, 62-39417, and 62-39418, are also
preferable. Photopolymerizable sompositions having excellent photoresponsive speed can
he obizined By using additien-polymerizable compounds having an amine struchire or a

30
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sulfide stucture in a molecnle thereof, which are described in JP-A Mos, 63277653, 63-
260909, and 1-105238.  Examples of commercially available products inchivde: urethane
oligomers UAS~10 and UAB-140 (radenames, manufached by NIPPON PAPER
CHEMICALS CO., LTD); UA-7200 (tradename, manuictuced by Shin-MNakamuora Chemical
Co., Lid.); DFHA-40H (tradename, mannfactured by Nippon Kayaku Co., Ltd); and UA-
J06H, UA-306T, UA-306], AF-600, T-600, and AL-600 (tradenames, manufhetured by Kyoed
Co., Ld.)

{01517 Ethylenic unsaturated compounds having an acid group are also preferable, and
examples of commercially-available products thereof include TO-756 (fradename,
manufactured by Toagosel Co., Lid.), which is a wrifunctional asrviate containing a carboxyl
group, and TO-1382 (manuliotuced by Toagosel Co., Lid.}, which is a pentafimetional
acrylate contsining a carboxyl group.

The polymerizable compound nsed in each embodiment 1s mewe prefomably a
tetrafunctional or higher-functional aerylate componnd,

(01527 The polymerizable compound may be used singly, or in combiaation of two or more
therecf,  When two or more photopolymerizable compounds are wsed in combination, the
manner of the combination may be appropriztely determined in accordance with the desired
properiies of the photosensitive composition.  One preferable emboditeent of the
combination of photépolymerizable compounds is, for example, an embodiment in which two
ot more polymerizable compounds selected from the aforementoned polyfuoctional acrylate
compounds are combined, and ong example thereof is 2 combination of dipentagrythritol
hescaacrylate and pentasryibritol tlacoylaie. '

The content of photopolymerizable compound in the photosensitive resin composition
of each embodinent is preferably frova 3 parts by noass to 55 parts by mass, and more
preferably from. 10 parts by mass to 50 parts by mass, relative to 100 parts by mass of the total
solid content.

[0154) (B Photopolymerization Initiator

The photosensitive resin commpositions of the first to third embodinents include a
photopolymerization initiator

The photopolymerization initiaior s s compouwnd that s decomposed by light or hest
o initiate and promote the polymerization of the ghotogolymerizable compound deseribed
ahove, and preferably shows sbeorphion of light within & wavelength reglon of frora 300 to
500 nem.

[0154] Specific exavaples of the photopolymerization initiator nchude organic halogenated
compounds, oxydiazole compounds, carbonyl compounds, ketal compounds, benzein
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corupowuds, organic peroxide compounds, aze componnyds, coumarin compouonds, azide
comapounds, metaliocene componnds, organic borate compounds, disalfonate compounds,
oxime ester corpomds, onfunm salt compounds, and acylphosphine {oxide) compounds.  OFf
these, oxide sstey compounds are prefemble,

More specific examples inclnde polymerization initators described in paragraphs
[0081] 10 [01007 and [0101] to [0139] of IP-A No. 2006-78743.
[0155] The content of polymerization nitiator in the photosensitive resin composition of
sach embodiment is preferably from 0.1% by mass i 30 % by mass, more preferably from
1% by mass 1o 25% by mass, and even more preferably fom 2% by mass to 20 % by mass,
relative to the total solid content of the photosensitive resin composition.
[0156] () Gther additives

The photosensitive resin composition of the first embodiraent may Ruther include
variety of additives n accordance with the purpose, in addition to the titanhur Black
dizpersion of the first embodiment, the photopolymerizable cormpound, and the
rhotopolymerization initistor.  The photosensitive resin composition of the secund
exnbodiment may further Include a variety of sdditives in acoordance with the parpose, in
addition to the titaninm black dispersion of the second embodiment, the photopolymerizable
compound, and the photopolymerization inftiator.  The photosensitive resin composition of
the third embodiment may forther include a variety of additives in accordance with the
purposs, in adidition to the ttanium black dispersion of the third embodiment, the
photopolymerizable compovmd, and the photopelyrmerization initiator.  Bxamples of
additives that can be vsed in the fivst to third embediments are deseribad below,
[0157] (F-1) Binder polymer

The photosensitive resin composition may further include a binder polyvmer, as
nacassary, for the purpose of, for example, improvement of film properties,

The binder polymer is preferably a linear organic polymer. A known lnear organic
polvmer can be freely used as the "linear organic pokvmer”,  In order to enable development

- with water or a weakly allaline aqueous solution, it is prefexable to select a linear orpanie

polyrmer that is soluble or swellable In water or in 5 wealdy alkaline squeous solution,  The
Hnear grganic polymer way be selected and used in consideration of not only its function as &
film-Foroing agent, but also its function as an agent for development with a developer such as
waler, a weakly allaline aqueous soliion or an orgenis solvent.
[0158] For exaraple, use of a water-soluble organic polymer enables development with water,
Exaraples of the Hoear orgauaic polymer inclode radical polymerization products having a
carboxylio acid group at a side chain thereot, such az those described in JP-A Mo, 59-44615,
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JP-B Nos. 54-34327, 58-12577 and 54-25957, sad JP-A Nos. 54-92723, 59-53836 and 59-
71048, more gpecifically a resin obiained by homopolymerization or copolymerization of g
carbieaeyl group-coniaining monomer, a resin obiained by homopolymerizing or
eopolymerizing an acid anhydride-containing monomer, and subjecting acid anhydride units
thereof i hydrolysis, halfesterification or halfeamidation, a resio obtalned by hydwolysis,
half-esterification or half-amidation of a copolymer of mongmers incloding an acid
anhydride-containing monomer, and an spoxy acrylate obtaived by modifying an epoxy resin
with an vnsatoraied monocarboxylic acid aed an acid anhydride.  Hxamples of the carboxyl
sroup-conirining raongoear include aceylic acid, methacrylic acid, ifacoms acid, grotouic acid,
maleic acid, fomane acid, d-carboxylstyrene, ote.  Exammples of the acid anhydride-
contaioing moncmer include maleie anhydride, sto.

An acidiy cellulose derdvative having a carboylio neld group at a side chain thereof
van be mentioned a8 another example.  Besides, a product obtaived by adding a cyelic acid
anbydride to a hydroxyl provp-containing polymer eto. are useful.

41591 Acid group-contadiing urethane binder polymers, which are deseribed in JP-18 MNos, 7~
120040, 7-120041, 7-120042, md 3-12424, JP-AMos. 63287944, 63-287047, 1-271741 and
Japanese Patent Application Mo, 10-116232, are advantageous in fenng of suitability for low
light-exposure amonnt due o excellent strength thereoll
(01607 Acetabanodified polyvinyl aleohol binder polymers having acid groups, which are
deseribed m Bwropean Patent Nos, 893966 and 1204000 and JP-A Mo, 2001-318463, are
praferable in et they provide an excellent balance between filo strength and developability.
Besides, polyvinyl pyorolidone, polyethylene oxide, ete, are also useful as water-soluble linear
organic polymers.  An aleshol-soluble nylon, a polysther of 2,2-bis-(4-hydroxyphenyl)-
propane and epichlorobydrin, sto. are also useld i terms of increasing the strength of 2 cured
flm,

(016171 Yn particular, among thex, acopolymoer of [benzyl (meth)acrylate / (meth)zorylic acid
/ other optional addition-polvraerizable viny! monomer(s)] and a copolymer of [allyl
{methaceyiate / Goath)acrylic acid / and other option addition-polymerizable vinyl
rnonomer(s)] are preferable in that they provide exvellent balance between film sirength,
sensittvity and developability.

(01621 The weight averags molecular weight of the binder polymer used iu fhe
photosensitive resin composition of each erubodiment is preferably fror 1,000 tw 300,000,
more preferably from 1,500 to 250,000, aven roore peaferably from 2,000 to 200,000, and
particularly preferably from 2,500 to 100,000, from viewpoints of suppression of pattern
detachment during development and developability.  The number average molecular weight

53



Received at: 5:38PM, 17/472012

[2-04-17;00:49PH,; TAIY0, NAKAJ IMAZKATO 03-3355-5674

of the binder polymer is preferably 1000 or more, and more preferably 1500 to 250,000, The
polydispersity {6, weight average molecular weight/number average molecular weight) of
the binder polymer is 1 or greater, and more preferably from 1,1 to 10,

10163] The bindar polymer may be any of a random polymer, a block polymer, a graft
polymer, or the like.

[0164] The binder polymer that can be used I each embodiment can be synthesized by &
convextional known method,  Examples of the solvent used for the synthesis include
tetrahydrofiran, ethylene dichinride, evelohexanone, ete.  These solvents rmay be used singly,
or in combination of two or wore thereof,

Eotaraples of the radical polymerization initiator used for the synthesis of the binder
polymer includs known compounds such as azo Initiators and perougide nitiators.

[0165] Among various binder polvmers, inclusion of a n allkaline-seluble resin having a
double bond at a side chain improves both of the cwmbility of a light-exposed region and the
alkali developability of a region that has not been exposed to lght,

The alkalt-zoluble binder polymer having a double bond af a side chain improves
properties such as removability of non-image regions dus to the possession of an acid group
for imparting alkali solubility to the resin and at least ops unsahwated donble bond In fhe
siructore thereof,  Binder resins having 8 pmﬁaﬁ structure are deseribed in JP-A Mo, 2003~
262538 in detall, and the compounds deseribed therein can be in gach embodiment,

[0166] The weight average melecular weight of the binder polymer can be measured by, for
senvaple, GPRC.

[0167] The coutent of binder polymer in the photosensitive tesin composition of each
srabodinment is praferably from 0,1% by mass to 7.0% by mass, more preferably from 8.3%
by mass (o 6.0% by reass, aud even more prefevably from 1.0 to 5.0% by mass, relative to the
total solid content of the compaosition, from viewpoint of the balance betwesn suppression of
detachment of the Hght-shielding filin and reduction of development residues,

[0168] (F-2) Colorant

In the first to thivd embodiments, the phatosensitive regin coraposttion may further
include 2 colovant other than inorpanie plgments, such as a known organic pigment or dye
with & view to providing desired light-shielding property.

(01691 Bxamples of colorants that may additionally be used include an organic pigment such
ag an organic pigment selected from the pigments described in paragraphs '{{3030] to [0044] of
P40, 2008-224982, and pigments obtained by replacing O substituent(s) of C. L Pigment
Green 58 or C. 1. Pigroent Blue 79 vy O, Among them, pigments that can preferably be
used inelude those listed below,  Howewver, pigments that can be applied 1o the first to third
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embodiments ave not limited thersto.
01701 CI Pigment Yellow 11, 24, 108, 109, 110, 138, 139, 150, 151, 154, 167, 180, 185,
.1 Pigment Crange 36, 38, 62, 64,
C.L Pigment Red 122, 150, 171, 175, 177, 208, 224, 242, 254, 255
C.L Pigment Violet 19, 23, 29, 32,
.1 Pigment Blue 15:1, 1523, 15:6, 16, 22, 60, 66,
€1 Pigment Green 7, 36, 37, 58
U1 Pigment Black 1
[0171] Thers is po particulsr Boitation on a dye that can be used as the colorant, and known
dyes may be selected and vsed, as appropriate.  Examples thereof include dyes described in
IP-A o, 6490403, IP-A MNo. 64-91102, JP-ANs, 1-04201, JP-A o, 6-11614, Japaness
Patent Mo, 2592207, TS Patert Mo, 4,808,501, 1S Patent Mo, 5,667,920, US Patent Mo,
5,059,500, JP-A e, 5-333207, JP-A Mo, 6-3518%, JP-A 0. 6-51115, IP-Alo. 5-194828, Jp-
A DD, B-211599, TP-A Mo, 4-2495498, TP-A Mo, 1041233186, JP-A No. 11-302283, TP-A No. 7-
286107, JP-Ao, 2001-4823, IP-A o, 815522, JP-ANo. 29771, IP-A No. 8-146215, TP~
A, 11-343437, JP-A Wo., 862416, JP-A Mo, 2002-14220, TP-A No. 2002-14221, JP-A Wo,
2002-14222, JTP-A Mo, 2002-14223, JP-A No. 8302224, JP-A No. B-73758, IP-8. 1N, §-
179120, JP-ATo, 8-151531.
[0172] Bxamples of the chermizal strusture that the dye possesses inchude pyrazole azo,
anilinoaze, riphenyimethane, anthraquinone, anthrapyridons, berzylidens, oxonol,
pyrazolottiazolazo, pyrdine azo, ¢yapine, phenothiazine, pyrrolopyrazolazorethine, xanthene,
phthalocyaning, penzopyrane, digo, and pyrromethens chemical structures.
{01731 Inthe photosensitive resin composition of each embodiment, from the viewpoint of
achisving both of corability and hght-shiclding property when combined with the titanium
black particles contained in the composition, the colorant is preferably at least one organic
pigment selected from the grouw consisting of an orange pigment, a red plgment, or a violet
pipmerd is preferable, and most preferably a combination with & red pigraent,
[0174] Orange pigments, rad pigments, aod violet pigrments for cornbined wse with titanium
black perticles in each embodiveent may be appropriately selected, for example, from various
pigments that belong to “C.1 Pigment Crange”, “C.1 Pigment Red”, “C.1 Ploment Viplet™
exernplified above, o accordance with the desired light-shielding property.  From the
viewpoint of improving the Hght-shielding property, .1 Plgment Violet 28, C.1 Pigment
Crange 36, 38, 62, 64, C.1 Pigment Red 177, 254, 255, et are preferable.
(01751 (F-3) Bensitizer

The photosensitive resin composition of each embodiment may include a sengitizer in
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order to improve of the radical generation efficicnrcy of the polymerization {nitiator and in
order to shift the photosensitive wavelength towards the longer wavelength side.

A sepmitizer that sensitizes the polymenzation nttator used through an elesivon
wanefer mechanizm or an energy transfer mechanism is preferable.

Preferable examples of the sensitizer include compounds deseribed in paragraphs
{00857 to [DOORY of TP-A Mo, 20018214395,

The content of senaitizer is preferably i the rangs of from 0.1 to 30% by mass, more
preferably in the range of from 1 to 20% by mass, even more preferably in the mnge of frora 2
to 15% by mass, relafive 1o the tofal solid content of the photosensitive resin composition,
from viewpoints of sensitvity and storage stability,

[0176] (B4) Polymerization Inhibitor

The phatosansitive resin composition of each ermbodiment preferably includes a small
amount of & polyrerization nhibitor fn order to prevent unmeressary thermal polymerization
of the polymenzable compound during the produciion or storage of the composition. A
feoorwn, thenmal polymenization inhibitor may be used as the polymerization inhibitor, and
specific examples thereof include hydroquinone, p-methoxyphenol, di-t-butyl-p-crean],
prrogallol, tbutyleatechol, benzoquinone, 4,4%thiobis(G-methyl-o-t-butylphsnol), 2,2'-
methylens bis{d-methyl-6-t-butylphenol), and M-sitrosophenylhydroxyamine verous salf.

The content of thermal polymerization tnhikitor is preferably from ebout 0.01 10
about 5% by mass relative o the total solid content of the photosensitive resin composition,
{01771 Purther, if necessary, a higher fatty acid derdvative, such ag behenic acid ov
behensmide, or the like may be added such that the higher fatly acid dexivative localizes on
the surface of a coating filo doring a deying process after coating, In order to prevent
polymerization inkibition doe to oxygen.  The content of higher fatty acid derivative is
preferably from about 0.5 o about 10% by mass relative to the entive composition.

1781 (F-5) Adhesion Promoter

The photosensitive resin coraposition of each embodiment may include an adhesion
promaoter in order o improve adhesiveness to a hard sirface guch as a support,  Bxamples of
the adhesion promoter nghude a silane coupling agent, a thanim coupling agend, efe,

(01787 yanethacryloxypropylizmimethoxysilane, y-roethagrylogypropyitdethorysilane, y-
acryloxypropylidmethoxysilane, y-acryloxypropylivisthoxysilane, y-
mervaptapropyltchoethoxysilane, y-aminopropyliisthoxysilane, and pheayvitrirasthoxysilane
sre praferable examples of the silane coupling agent, and v-
methacryloxypropylivimethoxysilane is preferable.

[0180] The content of adhesion promoter is preferably from 0.5% by mass © 30% by mass,
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and more preferably from 0.7% by mass to 20% by mass, relative to the total solid content of
the photosensitive resin composition,

[0181] In the first and second embodiments, when a glass substeate is applied to a wafer
tewel lens having a light-shielding film formed using the photosepsitive resin compostiion, the
photosensitive resin composition preferably includes an adliesion promoter from a viewpoint
of sensitivity Improvetesnt ,

[6182] (F-6) Burfactard

The photosensitive resin compositions of each of the first to third embodiments may
inelude varions surfactenis from the viewpoint of firther foproving coatability,. Exarples of
surfactants that can be nsed tnelnde various types of surfactants such as fluorosurfactants,
nosionie surfactants, cationie surfotants, anfordo surfactants, and silicone surfactants,

[0183] Inelision of a flucrosurfactant in the photosensitive resin soraposition further
impeoves the Hgoid propertics (particalerly, fhaidity) of a coating liguid formed from the
photosensitive resin composition, and farther Joproves the wniformity of the coating thickness
and ligpuid saving properties.

Specifically, in a case in which a fbn Iz formed using a coating Houid n which a
photosensitive resin composition contalndng 2 fuoresataciant is used, wettability of the
coating liguid on a surface o be coated is impeoved due to a decrease in the interfaciad teasion
between the surface to be coated and the coating liguid, as a result of which the coating
properties on the surface to he coated is Improved,  Therefore, a film having a uniform
thickness and raduced thickosss urevenness can more favorably be formed even in a case in
which the film havipg 2 small thickansss of about several ralerometers (s formed with 2 small
liquid amownt,  Inclosion of a fuorosurfactant in the photosensitive resin somposition is
effective i this point.

(01847 The fuorine sontent ratio in the flucrosurfactant is preferably from 3% by mass o
40 % by mess, mors preferably frora 5 % by mass to 39 % by mass, and particaiardy
preforably from 7 % by mass to 25 % by meass, A fluorosurfactant having a flugrine content
ratio within the above range 13 effective in tooms of the uniformity of the thickness of the
coating film and in terms of liguid saving properties, and exhibits & favorable solubility In the
photosensitive resin composition.

[G185] Hxamples of fluoroswrfactants include: MEGAFACE F171, MEGAFACE F172,
MEGAFACEFLT, MEGAFACE FI76, MEGAFACE F177, MEGAPACE F141,
MEGAFACE F142, MEGAPACE F143, MEGAFACE Fl44, MEGAFACE R34,
MEGAFALE F437, MEGATACE F4T5, MEGAFACE F479, MEGAFACE F482,
MEGAFACE F554, MEGAFACE F780, and MEGAFACE F781 {wradenames, manufactured
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by D1C Corporation); FLUORAD FC430, FLUORAD FC431, and FLUORAD FC171
{tradenames, manufactared by Sumitomeo 3M Limited); SURFLON 8-382, SURFLON 8C-
101, SURFLON BC-103, BURFLON 5C~104, SURFLON SC-105, SURFLON 3C1068,
SURFLON 8C-381, SURFLON 5C-383, SURFLON 8393, and SURFLON KH-40
(tradenames, manufactored by Asahi Glass Co., Lid.); SOLEPEREE 20000 {radenans,
mantfactured by Lubrizol Japan Lid.); ste,

[0186] Specific examples of nonionic surfactants include: glyeerol, wimethylol propane,
trimethylol ethane, and ethoxylates or propoxylates thereof (such as glyeerol propoxylate or
glycerin ethoxylate); polyoxyethylene laryl ether; polyoxyethylens stearyl ather;
polyoxyethylene oleyl ether; polyoyethylene ooyl phenyl ether; polyoxyethylens nonyl
phienyl ather; polyethyleneglyeol dilaurats; polyvethylenselyool distearste; sorbitan fatty acid
eaters {such as PLURONIC L10, L31, L61, 162, 10R5, 17R2, and 25R2 and TETRONIC 304,
701, 704, 901, 904, and 150R.1 (redenames, manufuctured by BAGEY): ste.

[0187] Specific examples of cationio surfactants include: phthalocyanine dertvatives
(tradename; EFKA-745 munufactured by Morishits Sangye Kabushiki Gaisha),
organosiloxane polymer KP341 (tradename, mannfactured by Shin-Fisn Chemicals Co., Lid)
(meth)acrylic (oojpolymers POLYFLOW Mo, 75, Ho. 90, and No, 95 {tradenames,
manulactured by Kyoeisha Chemical Co., Ltd. and Kyosishs Yostn Kagaka Kogyo Co., Ltd);
WO01 {radename, manufactured by Yusho Co., Lid.); ate,

[0188] Specific examples of mnione surfactants include W04, WO0S, and W17
(iradenames, manufactured by Yasho Co., Lid,), sic,

[0185] Bramples of sifcone swrfactanis include; TORAY SILICONE DO3PA, TORAY
SILICONE SHTPA, TORAY SILICONE DC11PA, TORAY SILICONE SH21PA, TORAY
SILICONE SHZEPA, TORAY SILICONE SH20PA, TORAY SILICOME SH3(PA, and
TORAY SILICONE 8HE400 (radenames, manufctuced by Dow Corping Toray Co., Lid, and
Toray Silicone Company, Lid.); TSE-4440, TEE-4300, TSF-4445, TEF-4450, and TSF-4452
{tradenames, menufactured by Momentive Perforrance Materiala Tne ), KP341, KFS001, and
RF6002 (tradenarae, manudaciured by Shin-Bian Chernicals Co., Lid.); BYX307, BYK323,
and BYK330 (fradenames, manufachwed by BYE-Chemie); ste.

The swfactant may be used singly, or in combination of two or more thereof,

The content of surfactant is prefersbly from 0.001% by mass w 2.0% by mass, mors
praferably from 0.005% by mass to 1.0% by mass, relative to the total mass of the
photosensitive resin coruposition,

(01907 (F-7) Other Additives
The photosensitive resin composition in each of the first to thivd embodiments may
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further include a cosensitiver, for the purposes of further improving the sensithvity of the
sensitizing dye or the inttiator to actinic radiation, suppressing the inhibition of
polymerization of the photopolymerizable cormpound due to oxyeen, ete.  Further, if
necessary, the photosensitive resin composition may include a knowsn additive such as a
diluent, & plasticizer, or an oleophilizing agent in order to fmprove the properties of a cured
01917 —Preparation of Titanum Black Dispersion of First Embodinent-

The marmer of the preparation of the titanium black dispecsion of the first
erabodiment 13 not particularly limited.  The titanivem black dispersion of the frst
embodiment can be prepared by, for example, subyjecting titanivm black mm ticles, a dispersant,
anc an organic solvent fo dispersing treatment nsing a stireer, 2 homogenizer, s high-pressure
armulsifier, a web-grnder, a wet-dizperser, or the like,  However, the preparation msthod 15
not Hmited thereto.

The dispersing freatment may be carrisd out by carrying out dispersion tweatment
twice or more (multistage disporsion).

(01921 —Preparation of Fhotosensitive Resin Coraposition of Tirst Bmbodiment -

The manner of the preparation of the photosensitive vesin coruposition of the fist
smbodiment is not partonlarly lmited, elther.  The photosensitive resin composition of the
firgt erabodiment can be preparved by, for example, mixing the titanium black dispersion of the
first embediment, a photopolymerization intiator, a photopolymerizable compound, and
gptionally-used various additives.

[61931 -Preparation of Titanium Black Dispersion of Second Frabodiment -

The masmer of the preparation of the titanium black dispersion of the second
ernbodiment 1s not particularly linited,  The titanium black dispersion of the second
smbodiment can be prepared by, for example, subjecting fitandum black pacticles, a dispersant,
and an organic solvent to dispersing freaiment using a stirver, 2 homogenizer, a high-pressure
eraulgifier, & wet-grinder, o wet-lisperser, or the like. Hpwever, the prepamstion resthod is
not Hnited thersto.

The dispersing treatment may be carried out by carrying out dispession treatment
twice or more {multistage dspersion).

[0194] ~Preparation of Photosensitive Resin Composttion of Second Embodiment-

The menner of the preparation of the photosensitive resin composition of the second
smbodiment is not pariiculady imited, etther.  The pbotosensitive resin coraposition of the
senond embodiment can be preparad by, for exemple, mixing the Stanium black dispersion of
the second embodiment, a photopolymerizable compound, a photopolymerization inttiator,
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and optionally-used various additives,
{0195] ~Preparation of Tianium Black Dispersion-

The manner of the preparation of the titaninm black dispersion of the third
sbodiment is not particularly lirited, and the titardum black dispersion of the third
embodiment can be prepared by, for example, dispersing titaniom black particles, a dispersant,
and an organic solvent nsing a stirrer, homopenizer, high-pressure emudsifier, wet-grindes,
wet-igperser, or the like,  Howsver, the preparation method is not limited thereto.

The dispersiog reatment may be carvied out by carrying cut digpersion treatment
toviee or more (multistage dispersion), '

[G196] - Preparation of Photosensitive Resin Composition -

The menner of the preparation of the photosensitive resin composition of the third
ambodiment is not partioularly limited, either.  The photosensitive resin composition of the
thied embodiment can be propared by, for exanple, mixing the tltaniuum black dispersion of
the third exabodiment, a photopolymerization initiator, a photopolymerizalile compound, and
optionally-used various additives.
a7 <Waler Level Lens>

The wafer level lens of the first embodiment has a Hight-shieldmg Slo obtained by
curing the photosersitive resin coraposiion of the frst exnbodiment, at 3 peripheral portion of
alens disposed on a substrate,  Stadlarly, the water level lens of the second embodiment has
a light-shielding Glm obtaived by cving the photosensitive resin composition of the second
embodiment, at o peripheral poviion of s lens disposed on a substrate,

[O1981 The waler level lens is desoribed below,  The description is common to the fiest and
second smbodiments, unless specifically indicated otherwise.

(61997 Fig, 1ix a plen view showing an example of the corfiguration of & waferdevel lens
array having plural wafer-level lenses,

As shown i Fig, 1, the wafer-lavel lons arvay inclodes a substrate 10, and lenses 12
pryanged on the substrate 10, Although the phral lenses 12 ave aligoned on the substeate 10
two-dimensionally in Fig. 1, the plueal lenses 12 may alternatively be aligned one-
diznensionally on the substrate 10,

Fig. 2 is a cross-sectional view taken along e A-A shown in Fig, 1.

As shown in Fig. 2, in the wafer-level lens array, a Hpht-shielding film 14 18 provided
betwesn the pharal lenges 172 arranged on the substoate 10, and prevents light transmission at
reglons other than the lenses 12 :

The wafer level lens of the first or second embodiment is composed of one leng 12
disposed on the subsirate 16, and the lightshielding flln 14 provided at a pevipheral portion
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of the lens 12.  The photosensitive resin composition of the first or second erabodiment iz
used for the formation of the lght-shislding film 14.

[0200] A structurs of a wafer-level lens array in which plural lenses {2 ave arranged two-
dirnensionally on a substrate 10 as shown in Fip. 1 is desoribed below as an example.

[0201] The lenses 12 are ganerally made of the sarne material as that of the substrate 10, and
have been integrally molded on the substrate 10, or molded as a separate structure and then
fixed onto the substrate,  Here, one example has been mentioned,  Howsver, the
configuration of the wafer-ievel lens of the first or second embodiment is not Himited
configumation.  Varlous configurations may be adopted; for example, the lanses may have a
multi-layer structare, or raay have been separated buto Jens modules by dicing,

[0202] The material for forming the lenses 12 is, for example, glass,  Since there are may
types of glass, and plass having high refraciive index can be selected, glass is favorable ag a
roaterial of a lens that s desived to have high optical powes,  Purther, glass is adventages also
in that glass has excellent thermal resistance, and tolerats reflow mounting onto an image
pickup unit or the like.

{0203] Another examople of the material for forming the lenses 12 i3 aresin.  Resing exbibit
excellent processability, and are therefore suitable for stmple and inexpensive formation of
lens faces using & mold op the like,

[0204] it iz preferable to use an energy-curable resin for the formation of the wafer-lovel lens.
The encrgy-corable resin may be either a thermally curable resin or 8 resin which is caved by
irradiation of an actinde energy radiation {for example, heat, ultraviolet vays, or slectron bemm
ircadiation.

In eonsideration of reflow mounting of an image pickup vmit, a resin having a
relatively high softening point, for example 200°C or higher, is preferable, and a msin having
a softening point of 250°C or higher is more preferable.

In the following, resins favorable as lens materials are described,

[0205] Examples of UV-curable resins incinde a UV-curable silicons resin, a UV-cwrable
epoxy resin, and an acrylic realn,  The epoxy resio msy be sx epoxy resin haviag a linear
expansion soefficient of from 40 to 80 [10%K] aud a reftactive index of from 1.50 40 1.70,
preferably from 1,50 to 1.65,

[0206] Examples of thermosetling resing include 4 thermosetting silloone resin, a
thermosetting epoxy resin, 8 thermoseiting pherol resin, and a themosetting acrylic resin
For example, the silicone resin may be a silicone resin having a Huear expansion copfficient
of from 30 to 160 [10°%K] and a refractive index of from 140 1 1.55, Thee ORY TEEN My
be an epoxy 1esin having a linear expansion coeffictent of from 40 to 80 {10%K ] and 2
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refimctive ndex of from 1.50 1o 1.70, preferably from 1.50 to 1,65,

The phens| resin may be a phenol resin baving a Iingar expansion coefficient of from
3010 70 [10°%K] and a refractive index of from 1,50 t0 1.70.  The acrylic resin may be an
acrylic resin having & linear expansion coefficient of from 20 to 60 [10°K]) and a refractive
mndex of fromt 1,40 1o 1,60, preferably from 1.50 to 1.66.
[0207] Comrmercially available products of these thermosetting resins may be used, specific
exarnples of which inclode SMI-TR52 and SMX-7877 (wadenames, manndached by Fugl
Polymer Industries Co,, Lid.), TYSM-4500 Gradename, manufactored by Toshiba
Corporation), SR-7010 (kadename, mosegfactured by Dow Corming Tovay Co,, Lid.), efe.
[0208] Examples of thermoplastic resing tnclude a polycarbonate resin, a polysulfone resin,
and a polyethersulfone resin,  The polycarbonate may be polycarbonats having a Hnear
sxpansion coafficient of from 60 to 70 [10°K] and a refractive index of from 1.40 to 1,70,
preferably from 15010 1,65,  The polysutfbns resin may be a polysulfone resin having a
linear expansion coefficient of from 15 to 60 [10%K) and a refractive lodex of 1.63.  The
polyether sulfons resin may be a polyether sulfone resin having a linear expansion soefficient
of from 20 1o 60 10K ] and 8 refractive lodex of 1.65,
102097 Iu general, optical glass has a linear expansion coefficient of fom 4.9 w0
14,3 [10°%7K] 5t 20°C, and a refractive index of from 1.4 to 2.1 at & wavelength of $89.3 nm.
Ozt glass has 2 linear expansion coefficient of from G.1 to 0.5 {10°%K], aud a refactive
mden of abouy 1,45,
02107 The corable resin conposition that cao be used for forming 2 lens preferably has a
moderate fuidity before curing, from the viewpoint of moldability such as suitability for
transfer of the mold shape.  Specifically, a curable resin coraposition that {s Hquid at nownal
temperature, and has a viscosity of from sbout 1,000 wPas to sbout 50,000 mPars is
preferable,
[0211] The surable resin composition that can be used for forming a lens prefersbly has such
a thermoal resistence a5 to prevent thermal deformation afler curing even when subested to &
reflow process,  From thiz viewpoint, the glass transition tempersturs of the cured product is
preferably 200°C or higher, more preferably 250°C or kigher, and particularly preferably
300°C or higher. (o order to tnapact auch a high thermal resistance 1o the resin composition,
it is necessary to restrain the metion at the moleoudar lovel,  Bxampldes of effective methods
include (13 a rasthod of increasing the cross-linking density per undt volume, (2) a method of
using a resin having a robust ving stracture {for exaraple, an alleyclic steustine such as
syolohexane, norbornene, or teiracyelododecane, an argmatic ring strusture such as benzens
or naphthalene, a cardo structurs such ag 9,9%biphenyl fluorens, a resin having a spiro
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siructure such as spirobiindane, specifically, for example, resing deseribed in JP-A Mo, 9-
137043, TP-ANo. 10-67970, JP-A MNo. 2003-55316, JP-A Mo, 2007-334018, JP-A No. 2007-
238883, erc.), {3} a method of uniformdy dispersing 2 high-Tg material such as lnorganic fine
particles (described in, for example, TP-A 5-209027, JP-A 10-298263, ete), ete.  Two ot
more of these mefhods may be used in combination.  The thermal resistance is preferably
controlled within o vange In which other characteristios such as fluidity, shrinkage ratio, and
refractive index charactedistios are not impaired.

[02172] Prom the viewpolnt of the tranafey accurany of the shape, a curable resin composition
that exhibits & low ratio of volures shrinkege due to ouring reaction is prefacable,  The curing
shrinkage ratio of the wsin composition is preferably 10% or lower, mors prafecably 5% or
lowes, and particularly preferably 3% or lower

{02131 Exsmples of the resin coraposition sxlibiting 3 Jow curing shrinkage watio include:

(1} = resin composition containing a high-molecular-weight curing agent (such as
prepolymer) (described in, for exarople, JP-A No, 200119740, 1A Mo, 2004-302293, TP-4A
Me. 2007-211247, etc,; the number average molecular weight of the bigh-molecolar-weight
curing agent is preferably in the range of fom 200 w0 100,000, move preferably in the range of
from 500 to 50,000, and particudayly prefembly in the toge of from 1,000 10 20,000, and the
value of "the number averages molsoular waight / the mumber of reactive groups for ouring” of
the curiog agent is preferably in the range of from 50 to 10,000, moes preferably in the range
of from 100 to 5000, and particilarly preferably in the range of Zom 200 to 3000),

{2) & resin cormposition containing a non-reactive material (such a5 organic/inorganic
fine particles or o nop-reactive resin) {(described in, for example, JP-A Mo, 6288883, 1P-A No.
2001247793, JP-A Mo, 2006-225434, ete.);

{3) a resin composition rontaining 2 low-ghiriokage cross-linking resctive group,
examples of which include a sing-opentog polymerizable group (such az an epoxy group
{described in, for exampla, JP-ANo. 2004-210932), an oxstanyl grony (described in, for
example, IP-A Mo, 8-134405), sn eplsulfide group {dascribed in, for example, JP-A Mo, 2002-
105110y, or a oyelic cawrhonate o (described i, for exaraple, JP-A Mo, 7-82085)), an
ane/thiol suable group (described in, for example, P-4 o, 200320534, ot a hydrosilylated
curable zroup (described in, for exareple, TP-4 No., 2005-15666); ‘

{4) a resin composition containing 2 resin having a rigid skeleton (such as fluorens,
admpantane, or sophorone (deseribed in, for example, TP-A Mo, 3-137043);

(5) a resin composition containing two types of monomer having respectively
different polyrerizable groups and fornring an nterpenctsting network stroeture (so-called
TP structure) {(deseribed in, for example, P-A Mo, 2006-131868);
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(6} & resin composition coutaining a swellable matenial (described in, for example,
TP-AMo. 2004-2719 and JP-A N, 2008-238417); ete.  These resin compositions can be
suitably used in the first and second embodiments, Combined use of phural curing-shrinkage
reducing means from among the above (for example, combined use of a prepolymer
contgining a ring-opening polymerizable group and 2 resin composition containing fine
particles) is preferable from the viewpoint of optimizing the properiies.

[0214] It ig preferable to use two or more resin compositions having different Abbe numbers,
including a high Abbe-number resin and a low Abbe-tiuraber resin, for forming the wafer-
level lens of the fivst or second embodiment.

The high Abbe-vurnber resin preferably has an Abbe mumber (vd) of 50 or more, mors
preferably 55 or more, sud partdeulsrly preferably 60 or moce.  The refractive index (nd)
thersof i preferably 1.52 or higher, more preferably 1.55 or higher, and particulardy
preferably 1.57 or higher. _ |

The resin contained in this resin composition is preferably an aliphatic vesin, and
particularly preferably a cesin baving an alicyelie stroctues (for example, a vesin having 4 ring
structures such as cyclohexane, norbomane, adantane, tricyclodecane, or
etracyelododecane, specific examples of which include resing described in JP-A 10-152551,
IP-ANo. 2002-212500, JP-A No, 200520334, TP-A o, 2004-210832, JP-A No. 2006- -
199790, P-4 No. 2007-2144, JPA 10, 2007-284650, and JP-A No, 2008-105999).

(02157 The low Abbe-numnber resin preforably has au Abbe mumber (vd) of 30 or less, more
preferably 25 or less, and partionlarly preferably 20 or less.  The refractive index (nd) thereof
is preferably of 1.60 or higher, more preferably 1.63 or higher, and particularly preferably

1,65 o higher

Such a resin is preferably a resin having an aromatie structare, examples of which
include a resin containing & struchurs such as 9,9"-diarylflnorens, naphthalene, benzothiazole,
or benzotriazole.  Specific examples thereof Inclnde resins deseribed in JP-A No, 60-38411,
JP-4 Mo, 1067977, IB-ANo. 2002-4733 5, JP-A Mo, 2003-238884, JP-A No, 2004-83855, JP-
ANo, 2005-325331, IP-ANo. 2007-238883, International Pubdication Mo, WO 2006/005610,
and Japanese Patent No, 2537540,

[0216] 1t is alsoe preferable that the resin composition used for the formation of the waler-
level lens includes an organie-inorganic cowmposite waterial in which inorganic fine partoles
are dispersed in a matrix, i order to increass the refractive Index or adjust the Abbe number.

Examples of the inorganic fine particles in the organic-inorganic composite material
include oxide fine particles, sulfide fine particles, selenide fine particles, and tellunds five
particles,  More spetific examples include giveoniven oxide fing particles, tinniom oxids fine
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particles, zine oxide fine particles, tin oxide fine particles, nloblum axide fine particles,
cerinm oxide fine particles, slurinem oxide fine particles, lanthanum oxide fine particles,
ytirium oxide fine particles, and zine sulfide fine particles.

102171 In particalar, 1t s preferable that fine particles of lanthanum oxide, alumioum oxdde,
zirconing oxide, or the like are dispersed in the resin having a bigh Abbe number,  Ttis
preferable that fine particles of titandum oxdde, ta oxide, zivconium oxide, or the like e
dispersed in the resin having a low Albbe number

[0Z18] Only one typs of inorganio fine particles may be used singly, or two or more types of
ingrganic Bne particles reay be vsed in combination.  The inorganic fine paviicles may be a
somposite of plural componenis.

For various purposes such as reduetion of phetocatalytic activity and reduction of
waley gbsorpiivity, the inorganic fioe particies may be doped with a matal other than the
substance of the inorganic fine particles, the surfaces of the inorgacic fine particles may be
covered with a yaetal oxide, such 45 silica or aluming, other than the substance of the
morganic fine particles, and/or the surfaces of the inorganic fine particles may be modified
with a stlane coupling sgent, a titanate coupling agent, an organic acid (auch as a carboxylic
acid, a snlfonic acid, 2 phosphoric acid, or a phosphonic acid), or a dispersant having an
orgasic acid group.

When the number average particle size of the lsorganic fine particles s excessively
small, the properties of the material alter in some cages,  When the differance in refractive
index between the vesin raafrix and the inorganie fine particles is large, and.the mumber
average particle size of the inorganic fine particles is excessively large, effects of Raylzigh
seattering ave significant.  Therefore, the number average primery particle size of the
tnorganic fine particles may usually be in the range of fom | sa o 1,000 nm. Howsver,
sinee an axcessively small number averags primary particle size of the inorgavic fine particles
alters the properties of the material in some cases, and effects of Ravisigh svattering are
significent when the number average primary particle size of the Inosganic fine particles is
large, the muaber average primary particle size of the norganic fine particles is preferably
from 1 nm to 15 nim, more preferably from 2 nm to 10 o, and partisularly prefemably from 3
nm to 7 o, Purther, 2 navowsy particls size distriboiion of the ivorganic fine particles 13
mors preferable,  Although thers are many ways of defining such monodigpersed particles,
the numerical range defined in JP-A No. 2006-160992 s an example of a preferable range of
particle diameter distiibution.

Here, the yiumber averags prismary particle size can be messvred by, for example,

HRD Keray diffraction), small-angle X-rry seattering (SAXE), K-ray diffuse scattering
&5

18/

i

{



Received at: 5:38PM, 177472012

[2-04-17; 05 40PM; TATYO, NAKAJ IHAZKATO 1 33-3355-5674

(HO8), grazing-incidence small-angle Xeray scattering {GI-8AXK), a scanting electron
amcroscope (SEM), or a transmizsion electron microscope (TEM).

[02197 The refractive index of the tnorganic fine particles at 22°C and a8 wavelength of 589.3
nm is preferably from 1.90 to 3.00, more preferably from 1.90 to 2.70, and particutarly
preferably from 2,00 to 2,70,

{0220] Tn the organic-inorganic composiie matevial, the content of inorganis fine pacticles
relative to the resin serving as matsix is preferably 5% by mass or moze, more preferably om
10 to 70% by mass, and particnlarly preferably from 30 to 60% by mass, from the viewpoint
of transparency and provision of high refractive tndex.

10221 Any of the UVeourable resin, the thermosetting resin, the thermoplastic vesin, the high
Abbe-tumber vesin, or the low Abbe-number resin deseribed as the material of the wafer-lovel
Tens in the above may be used an a resin for forming a wakix, which is used in the organic-
inorganic composite material.  Purther examplés include: a resin having a refractive index
higher than 1.60, described in IP-ANo, 2007-23893; a block copolyiner composad of 2
hydrophobic segment aod a lydvrophilic segment, described in JP-A o, 2007-211164; 2 resin
having, at a polymer terraingd or at 2 side chain, a functional group capable of forming a
shesrdeal Dond with toorganic fine particles, described in JP-A No. 2007238929 and Japansse
Patent Application Nos, 2008-12645, 2008-208427, 2008-229629, and 2008-219952, and a
tharmoplastic resin described in Japanese Patent Application Nos, 2008-197054 snd 2008-
198878,

If necessary, an additive such a5 a plesticizer or a dispersant roay be added to the
orpanic-inorganie coraposite materdal,

{02221 Preferable combinstions of a resin serving as a matvix aud norganic fing paricles
inohude the following combinations.

In 3 case in which a bigh Abbe~number resin, such as those described above, is used
tn form a matrix, it ig preferable to disperse fine particles of, for example, lanthamun oxide,
aluminom exide, or ghoonivm oxide gs inorgauie fine particles.  Ina case in which a low
Abbe-mamber resin is used o form 2 roatrix, it is preferable to digperse fine particles of, for
example, titanium oxide, tin oxide, or zircondur oxide as inorganic fine particles.

[02237 In order to uniformly disperse fine particles in the resin coraposition, the fine

particles are preferably dispersed vaing, for example, 8 dispersant containing a fimctional

group having reactivity with a resin monomer foy s‘:‘errrrﬁ;ng the matrlx (deseribed in, for

sxarnple, working exemples of JP-A Mo, 2007-238884), a block copolymer composed of a

hydrophobie segment and a hydropbilic segment {described in, for exawple JP-A Mo, 2007~

211164), or a resin baving, af a polymer ferminal or af a side chain, a functional group capabls
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of forming a chemical bond with the inorganic fine particles (described in, for example, JP-A
No, 2007238929, TP-A No. 2007-238930, efc.), a3 appropriate.

[0224] Further, the resin composition used for the formation of the wafer-level lens may
include an additive, as appropriate, examples of which inchude kaown release agents such ag
siieone-based velease agents, fluorine-based release agents, aud compounds containing a
lomg-chain alkyl group, and antioxidants such as hindered phenol.

02251 The vesin composition used for the formation of the wafer-level lens roay include 5
curing catalyst or an {ndtiator, 85 necessary.  Specific eocamples thereof include a compound
that proractes a curing reaction (radical polymerization or jonic polymedzation) by the action
of heat or an actinic energy radiation, which are desoribed in, for example, paragraphs [0065]
to [0066] of JP-A No. 2005-92099.  The addition amount of the curing reaction promote
varies depending on the type of catalyst or inftdator, the difference in reactive sites for curing,
or the lke, snd sannot be uniguely Hooited.  In general, the conterd of ouring reaction
promoter is preferably approximately from 0.1 to 15% by mass, and wore preferably
approximately from 0.5 to 5% by mass, relative to the total solids content of the resin
composition,

[0226] The resin composition used in the production of the wafer level lens of the fivst or
second embodiment can be prepared by approprialely mixing the above-described ingredients,
Béeparate addition of a solvent is tnmecessary in a case in which the liguid low-roolecular-
weight monomer (reactive diluent) or the like is capable of dissolving other components, If
this is not the vase, the resin composition ezn be prepared by dissolving the components using
asolvent.  The selvent that can be vsed in the resin composition is not partenlaly Hrodted s
long as homogeeous dissolution or dispersion can be earried out without precipitation of the
somposition, and the solvent may be appropriately selected.  Bpecific examples of the
solvent inchiude ketones (such as acetone, methyl ethyl ketone, and methy! isobutyl ketone),
estars (such 2s othyl acetate and butyl acetate), ethers (such as tetralydrofuran and 1,4~
digrane), aloohols (such as methanol, sthanel, Isopropyl alechol, butanol, and ethylane
alyool), aromatic hydrocarbons (such as toluene and xylene), and water.  When the resin
composition includes a solvent, it is profarable o perform, after casting of the composifion on
a substrate and/or a mold and deying of the solvent, 2 mold shape transfer operation.

The sulstrate 10 may be formed from the same material as the molding material for
forming the lenses 12, However, as long as the substrate 10 is formed from 2 material that is
transparent to visible Rghe, such a3 glass, the substrate 10 may be forwed from s different
matecial fom the molding material of the lenses 12, In this casge, the material for forming
the substrate 10 is preferably a material having a linear expansion cosfficient that iz equal to
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or exiremely close o that of the matexial forming the lenses 12, If'the linesr expansion
ooefficient of the material forming the lenses 12 1s identical or close to that of the roaterda)
forraing the substrate 10, distortion or cracking of the lenges 12 that occurs during heating due
to difference in linear expansion rate can be suppreased when reflow mounting of the wafer-
level lenses on an inmsge pickup unit is carried out.
(02271 Although not shown in Figs. 1 and 2, an infraved filter (R, filler) may be formed on
the light incidence side of the substrate 10,
[0228] The configuration and the production of the wafer-level lens s specifically described
below with reference to Figs. 3 o 80, using an exemplary production rethod of o waferdevel
Imps areay,
(02291 [Configueation and Production of Wafer Level Lens (1)]
-~ Forrnation of lenses - .
First, 2 method of forming lenses 12 on 2 substeate 10 is described with reference to
Fig. 3 and Figs. 4A 0 40, Elements having substantially the same function and zotion are
denoted by the same reference nomeral Swoughout the drawings, and overlappiog descriptions
thexrefor are sometimes omitted,
Fig, 3 is a view showing a state in which a molding rosterial (designated by “M” in
Pig. 3}, which i3 2 yesin composition for lens formation, Is supplied to a aubsteate 10, Figs,
4 10 C are views showing an procedure for forming the lenses 12 on the substrate 10 by
using a mokd 60, ‘
[0230] As shown in Fig. 3, the molding material M is dripped on regions of the subsirate 10
at which lenses 12 are to be formed, vaing a dspenser 50, Here, an amount of the molding
material M corresponding to one lens 12 is supplied o esch region to be supplied with the
molding material.
{02317 After the mwolding materdal M is supplied o the substeate 10, & mold 80 for shaping
lenses 12 i3 disposed at a side of the substrate 10 at which the molding material M has heen
supplied, as shown i Fig, 44,  The mold 60 is provided with depressed areas 62 for fmming
the shape of the lenses 12 by transfer, in accordance with the desired nusuber of the lensss 172
102321 As shown in Fig, 45, the mold 60 is pressed against the moelding waterial M on the
substraie 10, aud the molding matedal M is deformed to conform to the shape of depressed
arcas 62.  While the mold 60 15 pressed agatost the molding watertal M, the molding
material M s cured by irradiating beat or ultraviolet rays fioom the outside of the mold 60 ina
zags in which the roolding roaterial M is a thesmnsetting resin or a UV-curable resin.
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{0234] -Formation of Light-shiglding Film-

Mext, a method of forming a light-shielding film 14 at peripheral portions of the
lenses 12 is described below with reference to Figs. 5Ato 5C. a

Pigs, 5410 5T are sehematic cross-seotional views showing a process of providing a
light-shielding film 14 on the subsirate 10 on which the lenses 12 have been formed.

[0235] The method for forming a light-shieldlng film 14 tuclndes a light-shielding coating
layer formation process of coating fhe photosensitive resin composition of the first or second
embodiment on a substrate 10 to forma s Hght-shielding coating layer 144 {see Fig, 5A), 2
light exposure peocess of pattenwise exposing the Heht-shislding coating laver 144 o light
theough i mask 70 {Ls Fig, i*i'?"%') snd a development peocess of developing the light-shielding
soating layer 14A after the light exposure to remove nocured portions, thereby forming a
patterned light-shielding film 14 (5 & Fig, 5O

{0236] The for *naimm if the Hght-shislding flm 14 may be carried out before production of
the lenses 12 or after production of the lenses 12, as desired.  Here, a method of forming the
Bght-shielding film 14 after the production of lenses 12 is described in detadl,

Tadividual processes of the method for forming the light-shielding Hla 14 are
deseribed below,

[0237] <Light-shielding Coativg Layer Formation Process>

T the light-shislding coating layer formation process, as shown fn Fig. 5A, the
photosensitive resin composition is coated on a substrate 10, thereby forming & light-shieldiog
couting layer 144 formed from the photosensitive vesin composition and exbibiting 2 low

light reflectance.  Here, the light-shielding coating layer 14 A is formed to completely cover a
surface of the substrate 10 and the suwfaces of lens faces 12a and lens periphery poriions 12b
of the lenses 12.

{0238] The substrate 10 that can be used in the present process 1s not particutarly Bemited,
Parnmples thereof include soda glass, alkali-free plass, PYREX (vegistered trademark) glass,
guartz plags, ransparent resins, eto.

As used herein, the substrate 10 refers to & shructure Including both the substeate 10
and the lens(es) 12 i the lens(eq) 12 and the substrate 10 are integrally formed.

Further, an uodercoat layer may be provided on the subsirate 18, ag neceasary, in
arder e wmprove adhesion to an upper layer, to prevent diffiasion of & matenial, or to flatten the
surface of the substrate 10.

[023597 Varions types of coating method such #s slit coating, & spray coating method, an
inlcjat method, spin coating, oast ¢oating, roll coating, and a screen printing method may be
applied ag a method for coating the photosensitive resin compesition on the substrate 10 and
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the lenses 12,

The Hlm thickness of the photesensitive resin composition immediately after coating
thereof is preferably fiom 0.1 pra o 10 pom, more preferably from 0.2 pm fo 5 pm, and still
more preferably from 0.2 pm to 3 pm, from the viewpoints of film thickness uniformity of the
coating film and ease of deying of the coating solvent.

[02407 Drying (pre-baking) of the lighi-shielding coating layer 14A coated on the substrate
10 may ba cardied out af a fernperaturs of from 50°C o 140°C for from 10 seconds to 300
seconds using, for example, a hot plate or an oven,

[0241] The coating file thickness of the photosensitive resin compaosition after drying
{(hereinafier, referved to ag “dey il thickuess” n some cases) may be fresly selected in
consideration of desired performance such ss light-shielding property, and is typically in the
range of from 0.1 pea 1o Jess than 50 .

[0242] <Light Exposure Process>

in the light exposare process, the light-shielding coating layer 14A formed theough
the light-shislding conting laver formation process is subjected (o pattermwise light exposure.
Although the patternwise lipght exposure may be scanning Hght exposare, it is preferable that
the pattenywise light exposure is conducted by light exposure through a mask 70 having a
predetermined mask patiers, as shown 1 Fig, 5B,

(02431 Inthe light exposure in the present process, the patiernwise Hght exposure of the
lighi~shielding costing layer 144 may be cavried out by light exposure through a
predetsrmined miask pattern; a8 a vesult of the Helt exposure, only light-irmadiated portions of
the lght-shielding coating layer 144 are cured.  Here, a mask pattern with which the
surfaces of the lens periphery portions 12b and the surface of the substrate 10 at a region
between the lenses 12 are radiated with light, fsused.  In this manmer, the Hght feadiation
causes curing of the lght-shiclding coating layer 14A only in the other region fhan the lens
faces 128, and the cured region fovms Hght-shielding fils 14, In regard to radiations that
oan be used for the light exposare, o partionlar, viteaviolet radiations such as g-live, h-ling,
and i-line are preferably evoployed,  The light soures for the radiation may be a single-
wavelengih Nght source, or 2 light source that emits Hght containdng all wavelength
components, such as g high-pressucs mercury lamp.

(02447 <Development Proceass

Subsequently, an alkali development treatment (development process) is carried out,
thereby dissolving portions that have not been irmdiated with light in the light exposure
process — that is, uncwred regions of the lght-shielding eoating laver 144 — are dissolved in
an slkaline squeous solution, and leaving only pertlons that have been cured by the Gght
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Speeifically, the developrnent of the light-shiclding layer 144, which has been
expused to Hght as shown in Fig. 5B, results in removal of only the portions of the lght-
shielding coaiing layer 14A thar are foumed oo the lens faces 12a, and formation of the cured
light-shielding film 14 atf the other regions, as shown in Fig. 5C.

[02457 Examples of the alkali agent contained in the developer {alkaline aqueous solution)
used i the development process include organie or inorganie alksli agents, and combinations
thereof. In the lght-shielding film formation in the first or second embodiment, an organic
alkali developer is prefarable from the viewpoint of suppression of damage to, for example,
neighboring circuits,

Examples of the alkali agent wsed in the developer Include prganic alkaling
conponmnds (organic allkeli agents) auch as aguesus aromonis, ethyladne, dethylamine,
direthylethanclamioe, tetrameathylammontue hydeowids, tetrasthylammonium hydeoxide,
choline, pyrrole, piperidine, and L& dazabicyclo-[5.4.01-7-undecens; and inorganic
compounds (inorganic alkal agents} suck as sodivn hydroxide, potassium hydroxzide, sodium
hydrogen carbonate, and potassive hydrogen carbonate.  An alkaline agueous solution in
which an alkali agent is diinted with purs water so as {o have a concentration of from G.001%
by mass to 10% by mags, preferably from 0.01% by mass to 1% by mass, is preferable for use
as the developer,

[0246] The developrment fermperature s uswally from 20°C to 30°C, aed the development
e is wsually in the sange of from 20 seconds 1o 90 seconds.
(02477 In a case in which a dgveloper formed of suoh an alkaline aquecus sofution 18 used,
washing (rinsing) with pore water is generally carried out affer unexposed portions of the
coating film are rermoved by the developer.  Bpecifically, after the development treatment,
surplus developer is removed by sefficient washing with puge water, followed by drying,
[02487 U necessary, a curing process of ciping the fooned Heghi-shielding fitm (Jight-
shieiding pattermn) by heating {post-baking) and/or exposure to light may be caded out after
the light-shielding eoating layer formation process, light exposure process, and development
process described above have been carried out.
(02497 The post-beking is a heat treatment condocted alter development in order to complete
the curing, and 1s usvally a theonal suring wweatment at from 100°0 10 250°C.  Tha
eonditlons thereof such as the temperatire and time of the post-baking can be appropriately
set in accordanse with the material of the substratz or the leps.  For example, when the
substrate is glass, a range of from 180°C 1o 240°0C is preferably employed from within the
above-spectiied mmperature range.
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The poat-baking treatrent may be carded out by thermally cuning the resultant light-
shielding filen 14 after development, i a continuous manner or batchwise manner using &
heating device such as a hot plate, a convection oven (hot air cireunlation type dryer), or a
high-frequency heater under the above-described conditions.

[0250] Inthe above procedure, althongh a case in which the shape of the lenses 1215 a
aoncave shape 1s described as an exarnple, the shape of the lenses is not particalarly Hmited,
and may be a convex shape or o aspheric shape.  In the above procedure, although a wafer-
level lens haviag vlursl lemses 17 formed on one side of the substrate 10 is degeribed az an
example, a configuration in which plural lenses 17 arve formed on both sides of the substoats
10 womy be adopted,  Tn this case, 2 patiered light-shislding Glm 14 is formed on the region
other than the lens faces, on both sides,

[0251) [Configuration snd Froduction of Wafer-level Lens (2]

Fig. § is a view showing ancther configuration exaraple of the wafer-level lens aray,

The waferdevel lens shown in Fig. 6 has a configuration (menolithic fype) in which
the substrate 16 and the lenses 12 are stmultaneously wolded vsiog the same molding material,

When producing a wafer-level lens of this type, the molding material may be selected
from the sbove-described molding materials, o this example, plore] concave lenses 12 are
formed on one side of the substrate 10 (upper side in Fig, &), aod plural convex lens 26 are
formed on the other sids of the substrate 10 (Jower side in Fig. 6).  The repion other than the
lens face 12a of the sebstyate 10, that is, the surface of the subsirate 10 and the surfaces of the
lens periphery portions 120 are provided with a patterned light-shielding film 14, The
protsdues described above may be applied ss the patteming method for forming the light-
shielding Blm 14,

(02527 [Configuration and Preduction of Waler-level Lens (37]

Mext, still another condiguration example of the wafer-level lens acvay and 2
prosedurs for producing the same are described with reference o Figs. 7A to 7C and Figs. 84
o 8C,

Figs, TAt0 7C are schematic views showing ancther process of forming a patiermed
hght-shielding film 14.

Figs, 84 to 8C are acheratic views showing a process of forming the lenses 172 after
the formation of the patterned Hght-shielding fim 14,

(02537 Inthe examples of the waler-level lens aray shown in Figs, 3 w6, a pafizmed Gght-
shislding flm 14 i3 formed on a substrate 10 provided with lenses 12, However, in the
procedure described below, a patterned Hght-shielding filra 14 Is formed on a subsizate 10,
and thereafier lenzes 12 are formed on the substrate 10 by wolding,
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[0254] ~Formation of Light-shielding Filim-

First, as shown in Fig. 7A, a light-shielding coating layer formation process of
forming a light-shiclding coating layer 14A is carried ot by coating the photosensitive resin
cormnposition o a substrate 10,

[02355] "Then, drying of the Hght-shislding coating laver 14A soated on the substrate 10 is
carried out at a ternpevatore of from 50°C to 140°C for from 10 secands to 300 seconds, using,
for example, a hot plate or an over.  The dry film thickness of the phatosensitive vesin
somposition may be selected, as desived, in accordance with the destred perfinmoance such as
light-shielding property, and is typically in the rangs of from 0.1 poo o less than 50 um.
[0256] Then, as shown in Fig. 78, o light exposurs process of patiermwise exposing the Hght-
shiglding coating layer 144, which has been formed thgongh the Hghi-shielding coating layer
formation process, to light through a reask 70 is carcied out.  The mask 70 has g
predetermined mask patfern.  In the light exposure in this process, the light-shislding coating
layer 14 is patternwize sxposed to light, thereby curing only portions of the light-shielding

soating layer 14A that have been Trradisted with Heht,  Here, a mask patters with which only
the other region of the light-shielding conting layer 144 than portions that are 1o become lens
aperturas 144 of the lenses 12 when the lenses 12 are shaped in a subsequent process is
irradiated with light, is used.  In this manney, only the other region of the Bght-shislding
coating layer 144 than the portions that are to become lens speriures 14 of the lenses 12 is
suwed by Ircadiation with light.  As in the above-described procedure, ultraviolet lights such
as g-line, h-ling, and i-line are preferably swployed as vadiativns that can be used for the light
EXPOSULE.
[0257] Bubsequently, an alkali development freatment (development process) is carrded out,
As a result, only the regions of the light-shiclding coating layer 144 that correspond to the
lens apertures 14a of the lenses 12, which are portions of the lipht-shislding coating layer 14A.
that have not been cured in the patternwize light exposure, are dissolved in an allcaline
aqueous solution,  In addition, the photo-cured light-shielding conting laver 14A in the other
region than the portions corresponding to the lens apextuves 14a of the lenses 172 remaing on
the subsirate 10 to forn a light-shielding fkm 14, as shown in Fig. 7C.

The alkali agent contained in the agueous alkaline solution ag the developer may be
selectzd from the above-deseribed alkall agente usable in the above-described provedure,

Afier the development restrnent, surplus developer is removed by washing, followsd
by drying.
02581 Also in this embodiment, 2 curing process of curing the formed lght-shisldiog film
by the above-described post-baking and/or Hght exposure way be carried out, if necessary,
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after the light-shielding coating layer formation process, the light exposure process, and the
development prooess described above have been carried out.

[0259) Next, a process for producing a wafer level lens in which a light-shiclding film 14 is
formed first, and then lenses 12 are formed is desceibed.

10260] Formation of Long- '

Mext, 2 process of forming lenses 12 after the forreation of the light-shielding film 14
iz described,

Az shown in Fig. 84, a molding material M for forming lerses 12 is dripped on the
substrate 10 on which the patterned lght-shielding il 14 has been formed, using 4 dispenser
50, The molding material M iz supplied to regions that partially inelude end portions of the
fight-shielding film 14 that ave adjacent to lens apertures 144 of the lenses 12, 50 a5 to cover
the regions corresponding to the lens apertiwes 14a of the lenses 12.

(02611 After the molding material M is supplied to the substrate 10, 2 meld 80 for forming
lenses is disposed at a side of the substrate 10 at wihdeh the molding materdal M has been
supplied, a3 shown in Fig. 88,  The mold 80 s provided with depressed aveas 872 for
transierring the shape of the lenses 12, in accordance with the desired number of the lenses (2.
102627 The mold 80 iz pressed againgt the molding materisl M on the substrate 10, thereby
deforming the molding material M o conform to the shape of the depressed areas.  In the
state In which the moeld 8018 pressed against the moelding material M, the melding material M
is cured by freadisting heat or ultraviolet rays frow the outside of the mold ina case in which
the melding reaterial M {5 a thermosetiing resin or a UV curable resin

[0263] After the molding material M is cured, the substrate 10 and the lenses 12 are released
frrzm the mold 80, and walbrdavel lenses having 2 patteroed lght-shielding filrn 14 formed on
the substrate 10 is obiatoed, as shown in Fig. §C.

{0264] As described gbove, the configuration of the pattemed light-shielding film 14
provided on the wafer-level lens is not linotied to the configuration shown in Fig. 5 in which
the light-shielding film 14 18 provided in the ofher region than the lens fhoes 125 of the lenses
12, and the configuration shown in Fig. 30 in which the Hghe-stdelding Sl 14 13 provided in
the other region than the lens apertures 14a of the lenses 12 may alternatively be adopted.
(0265] Inthe wafer-level lens, the lipht-shieldiag flm 14 exhibiting s low light reflectance is
formed in pattern on at least coe gurface of the substrate 10, The thus-formed light-shielding
filin sufficiently shields against light in the other tegion than the lens faces 122 or lens
apertures 14a of the lenses 12, and suppresses the generation of reflected light.  Accordingly,
when the walke-level lens is zpplied {0 an image pickup medule squipped with an image
plokup device (e.g., a solid-state mage pickup deviee), cocurrence of problems o {mags
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pickup such as ghost or flare caused by reflected light can be prevented.

[0266] Further, since the light-shielding film 14 is disposed on a surface of the substrate,
there s no need to attach snother Hght-shielding member to the waferdevel lens, ag a resnlt of
which an increase in produetion costs can be suppressed,

[(267] In a confipuration in which a atructure haviug an rregular surface is provided around
the lens such as the configuration disclosed in International Publication Mo. WO Z008/102648,
the Hght incident on the stracture §s reflected or diverged, which may canse a problem such as
ghost,  In consideration of this, a confipguration may be adopted in which 4 patisrned light-
shielding film 14 is provided in the other region than the lens faces 122 of the lenses 172 as
ghown in Fig, 5; this configieation enables shielding of light in the other region than the lens
faces 12a, thereby Improving optical performance.

02681 The ttmivm black dispersion and photosensitive resin composition of the third
srabodinent gs deseribed above may be used for formation of 2 Hght-shielding flm which is
provided on the back side of a silicon substrate baving an image pickup deviee section on the
front surface thereof, and which shields agatnst infrared Hyght (Le., for formation of a lghi-
shielding film that shields agatast infraved light incident from the back sids of a silicon
substrate which s a base substrate of a selid-state image plokuy devies), without particular
Hirnitation,

Awnong the stroctuess of solid-state image pickup devices, the structurs of 2 solid-
state image piekup device according to the structure K described below is a strocture with
Hgh necessity to shield against lofrared Hght incident from the back side and to reduce
development residues on the metal elecirode.

Fuot this reasen, the fianium black dispersion and photosensitive resin composition of
the third embodiment, which exert effects in terms of enhanced ability to shiekd against
indfrared light and reduction of residues, are particnlarly favorable for the formation of s light-
shieldiag film of a solid-state Image plekup devics according to the structare X described
below.

(02697 =<Hght-shielding Flm>s

The light-shielding fhm of the third embodiment is formed usimg the photosensiive
resin eomposition of the third embodiment,

Therefore, the Hght-shislding flo of the third embodiment has excellerd ability to
shield against infrared light,

[ addition, ooerrence of residues in the neighborbood of the light-shielding film of
the: third embodiment {the region on the silicon subsivate at which the light-shiclding film is
not formed} is suppressed, »
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[0270] The film thickness of the light-shielding film iz not particularty Hmited, and is
preferably from 0.1 pen to 10 pm, more preferably from 0.3 i to 5.0 wm, and particulardy
preferably from L5 o to 3.0 wm, from viewpoint of further effectively obtaining the effects
of the third embodiment.  The pattern size of the lipht-shielding film is not particulaly
liraited, and ig preferably 1000 um or less, more prefarably 500 wm or Iess, and particularly
peeferably 300 pm or less, from viewpoints of further effectively obtaining the effects of the
third emabodiment.  The lower Hmit of the pattern size {s desirably 1 pus.

[G271] The spectral characteristics of the light-shielding film of fhe thizd embodiment are not
particulary lmited.  The ratio of the optiesl density (OD200) of the Heht-shielding film at
wavelength of 1200 nro and the optical density (ODsgs) of the Bght-shielding film at a
wavelength of 365 v [OD)200/0D345] 15 preferably frora 0.5 10 3, from viewpoint of further
Imyproving the ability to shield against infrared light, from the viswpoint of the balance in
Light-shielding ability between the visible-light region and the infrared region, etc,

Optical density {OD) is obtained by measuring the fransmittance of the obtained Shn
using & UV-3600 {trade name) manatactired by Shimadzu Corporation, and converting the
abtained rassmittance (97T) according to the following equation B,

05 valug = -Log(W%T/100) ... BEquation B
16272] In the third embodiment, an optical density st a wavelength of A nm is represented by
“ODy".

From the viewpoint of the balance in lght-shielding ability between the visible-light
repion and the infeared pegion, and from the viewpoint of effectively obtaining the effects of
the third embodimnent, the optical density of the lpht-shielding Bl preferably satisfies the
following conditions:

[0131300/0D265] is more preferably from 1.0 1o 2.5, and pachenlarly preferably frow
1.3 10 2.0

The optical denaity (O a0} of the Ught-shislding film 2t a wavelength of 1200 nm is
preferably from 1.5 fo 10, and imore preferably from 2 1o 10;

The optical density (ODs65) of the light-shielding filun at a wavelength of 365 nm is
preferably from 1 to 7, and more preferably from 2 1o 6,

The optical density of the lpht-shielding film in the wavelength region of from 800
nm 0 1300 nm is preferably from 2 o 10, more preferably from 2 10 9, and particwarly
preferably from 2 to &;

The ratio [Ogge/ass] of the light-shielding film is preferably from 1.0 to 2.5, and
more preferably from 1.1 to 2.5;

The ratio [0 100/ O0hss] of the light-shislding Gl s preferably fom 0.6 10 2.5, and
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more preferably frorm 0.7 to 2.5; and

The ratio [DD500/01165] of the Light-shd elding film is preferably from 0.4 fo 2.3, and
mare preferably from 0.5 o 2.0
(027371 A specific example of the Hght-shielding film of the fhird embodiment described
above may be the light-shielding film deseribed above as an application of the titanium black
dispersion and the photosensitive resin composition of the third emboediment.
[0274] <<Method for Producing Light-shielding Fitm>

The methed for producing a light-shielding film of the third embodiment includes
conting the photosensitive resin composition of the tird embodiment on one side of a silicon
subsirate having an image pickup device section on the other side, to form a photosensitive
layer (hereinafter sometines referred to as “photosensitive layer formation process™),
patierowise exposing the photosensitive layer to light (hersinafter sometimes referred to as
“light exposure process™), and developing the photosensitive layer after the Hght exposwe to
form a pattern (hevelnafler sometinmes referred to as "development process™).

Agcording to the method for producing a Hght-shizlding film of the third smbodiment,
# light-shielding film having excellent ability to shield against infrared light can be formed,
and residues (hereinafier sometimes referred t0 a8 “development residues”) in a region other
than regions on in which the light-shdelding film i5 formed can be reduced when the Hght-
shielding film is formed.

Individual processes of the method for producing a light-shistding color filter of the
third exabodiment i described below,
[0275] ~FPhoiosensitive Layer Formation Provess-

In the ghotosensitive layer formation provess, the photosensitive resin composition of
the thicd ernbodbment is coated on a silicon subsirate fo fvm 1 photossusitive layer.
[0276] Varisus coating methods, such as siit coating, ao ket method, spin coating, cast
coating, roll coating, and a sereen printing method, may be employed as a method for coating
the photosensitive resin composttion of the thivd embodiment on the silicon substeate

The coating film thickuoess (dry thickness) of the photosensitive resin composition is
preferably from 0.38 pon to 3y, end more preferably froem 6.50 wen to 2.5 pom, from the
viewpoints of resolution and developability.
{02777 The photosensitive vesin coroposition coated on the silicon substrase is usually difed
under conditions of from 70°0C o 130°C for fom 2 minutes 1o 4 maoies, thereby forming a
photosensitive layer,
{02781 -Light Bxposure Process-

Tn the light exposure process, the phofosensitive Jayer formed n the photosensitive
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layer formation process is patternwise exposed to light, for swample through a mask, 50 as to
cure the photosensitive layer.  When the exposure to light is carried out fhrough a mask, only
the portions of the coating filrm that have been irradiated with Heht are cured.

[02791 The light exposure is preferably carried out by irradiation with a radiaticn,

Preferable examples of radiations that can be used for the lght exposure inelude, in particular,
uliraviolet rays such as g-rays, h-rayg or i-rays, A high pressure mercury larap is more
preferable.  The iradiation Intensity is preferably from 5 ml 1o 3000 mJ, more preferably
from 10 md o 2000 md, and most preferably fom 10 md to 1000 md,

(02807 ~Development Process-

Subseqnent to the light exposure process, the photosensitive layer after exposws fo
Light is developed, for example by alkali developrent treatment, to form g pattern.  In the
development process, regions ol the photosensitive layer that bave not been ireadiated in the
light exposura protess ate dissobved in, for exarple, an agueous aikali sotution, a5 a vesult of
which only the hght-irradiated regions are lefl.

[0281] The developer is proferably an organic alkali developer from the viewpoint of
avoiding damage to, for exaraple, underdying cireuits.  The development temperature is
wsuaily from 20°C to 30°C, and the development time 15 usually from 24 seconds to 240
seconds,

(02821 Anexample of the developer is an aquecus alkaline sobution obiained by diluting an
organic alkaline compound with pure water o a concentvation of from 0.001 to 10% by mass,
preferably from §.01 to 1% by mass.  Examples of organic alkaline compounds that van be
wsed elude ammonia water, ethylamine, diethylamine, diraethylethanolamine,
etramethylammonium hydroxide, tetrasthylarmmonivm hydeoxdide, choline, pyrrole,
piperidine, 1,8-diazabicyclo-[5,4,0}-7-undecene, eto.  When an agueous allealine solution is
used as a developer, washing (rinsing) with pure water Is carried ont after the development,
[0283Y Wrecessary, the method for producing a light-shielding Slm of the third embodiment
may further include a curing process of curing the developed pattern by heating and/or light
exposure, in addition to the photosensitive [ayer formation process, the light exposure process,
and the development process desoribed above,

[0284] <<Holid-state Tmage Pickup Devipes»

The solid-state image pickup device of the third embodiment has the lght-shielding
il of the third embodinents.

That is, since the solid-state image piclorp device of the third erabodiment includes a
Hghi-shielding film formed using the photosensitive resin compasition of the third
exphodiment, nolse generated by indrared light incident on the silicon substrate (base substrate
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of solid-state Image pickup device) from the opposite side to a side provided with an image
pickup device section and noise generated by residues ave reduced.

The structure of the solid-state image plekup device of the third etbodiment ig not
particularly lmited so long as an image pickup device section (specifically, an image pickup
device section composed of plural image pickup devices aligned, for example, in a mairix
patiern) is provided on one side of a silicon sobsteate, and the light-shiclding film of the third
ernbodiment is provided on the other side of the silicon substrate.

The image pickup deviee may be 2 CCD or a CMOS.

[0285] Inparticular, a stousturs of a solid-state image pickup device which has a metal
slectrode for coanention 1o a mounting substrate (hereinafter somatimes reforred to as “cirouit
subshraie”) on the opposite sids to a side on which an image plekup device section is formed,
and which is deseribed in JP-AWo, 200999591 and JP-A Mo, 2000-158863, 15 2 favorabls
strusture of the solid-state lonage pickup deviee of the third embodiment,

That i3, one favorable structurs of the solid-state image pickup device of the third
embodiment (sometimes referred 1o 85 "structure X° in the present specification) is g solid-
state troage pickup device which includes:

a gificon substrate having an image pickop device section on one side thereof
(heremafior sometimes referred 1o as “first main face™);

ametel] electrode provided on the other side of the silicon substrate (hereinafior
sometimes referred to as “second main face”™) and electrically connected to the image pickup
device section; and

g light-shielding filrn of the third embodiment provided on the side of the silfcon
substrate on which the metal electrode is provided, and patterned to expose at least a part of
the metal slectrode,

[0286] First, 2 conventional solid-state image pickup device in which a wire bonding method
iz used is described below, for comparison with the structure K,

So far, solid-state fmage plckup devices have heen connected 1o 2 cireudt substrate by
a wire bonding method.  Spectfically, solid-state image pickup devices have besn disposed
on a clrcuit substrate, and slecteodss for connection provided on the image pickip devics
section side of the silicon substraie have been connected to slectrodes for connection provided
on the cireuit subsixate, by using wires.  In this struetws in which g wire booding method i
sdopted, bonding regions have large areas; thus, downsizing of camera modules 1y diffionlt
with this structore.

[0287] In contrast, the solid-state Image pickup device having the structure K is connected to
a mounting substrate (hereinafter sometimes referred o ag “oircuit substate™) by using a
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cormection matertal such as solder ball, rather than 2 wire,

" Connection of the solid-state image pickup device of the strunture K 1o the cirpuit
substrate is carried out by arvanging the solid-state image pickup devies and the eireuit
substrate in divections such that the metal elecode and & connection electrode on the cirouds
subsivate face each other, and connecting the metal slectrode and the cotpection electrode to
each other by nsing a conuection material (see, for example, Figs, 9 and 10 discussed below).

As in the solid-state image plckup device of the stracture ¥, use of a solid-state image
pickup device of which a metal electrode on the back side is connected to e oirouit substate
{without vsing any wire) allows g wire bonding space t© be omifted, aud enables remarksble
downsizing of a camera module (see, for example, Toshiba Corporation news release " Keitai-
derewa-you CMOS camara module aalseilonivory CMOS image sensor figvouno kyoulani
tsite” (Reirdbreement of CMOS imags sensor business through in-house manufacturing of
CMOS carnera module for cellnlar phoves), fonling], October 1, 2007, [searched on
Moversber 12, 20097, internst
“URLhtp /i wwwioshiba.co Jp/about/press/2007_10/pr j0102.ten=),

(2881 Howewer, when a solid-state image pickup device that 18 sonnested to the cirouit
substrate via a moetal elestrode on the back side is used, a gap (for example, gap 5 in Fig. 9) is
Hikely to be ganerated between the solid-state image plekup device and the oirenit subsirate
due o the thickness of metal electrode or the size of the sonnecton material (such as solder
balls 160}, and infraved light tends 1o be tncideat upon the silicon substrate through this gap.

Fuarther, in the case of, for example, the camera moduale 300 described below,
aithough a light-shielding electromagnetin ghield 144 is provided, it is extremely diffioult, in
terms of processing accuracy, to completely remove the gap § between the light-shielding
electvomagnetic shield 144 and the cireuit subsixate 170, due to the affect of variations of the
volurnes of salder balls 160 or the likes,

[0289] For the reasons desoribed gbove, the structure of a solid-state irnage pickup device
that 1% o be connected 10 2 clrenit substrate via a metal electiode provided on the back side is
a structare for which the necessity fo shield againgt infimred light incident frorn the back side
af the silicon subsirate 18 particnlarly high,

Accordingly, in such a structure, the effecis of the third exabodiment (sffects in terms
of fmproverneant in the ability to shisld against infrared light and rednotion of nolse generated
by infrered Hght) are exerted more effectively.

[0290] Further, the solid-state image plekup device having 2 metal electrode on the back side
thereot has a structure for which the connectability betwean the metal elentrods and the
copmeciion material for connection to the clrcull substrate is requizad,
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Ageordingly, in such 2 struchue, the effects of the third emboediment (the effect in
terms of teduction of residues and the effect in terms of reduction of noise generated by the
residues) are exerted further effectively.

[02811 The struchiwe ¥ raay forther include a protective insulatiog layer, such as a solder
reaist laver, at the lower side (o side nearer to the silicon substrate} of the lipht-shiclding filia
Bt et the upper side {a side farther from the stlicon substrate) of the metal electrods,

In other words, the structure K may have a configuration which has:

a protectove nsulating layer provided on the second main face on which the metal
slectrode has been formed, and patteroed o sxpose at least a part of the metal electrode; and

the light-shielding fibm provided to cover the protective tnsulating layer, and
pathemed 10 expose at least a part of the metal electrode,

10292] Inthe structure ¥, “electrically connected” encompasses direct conoection gs well as
indirect sonnection through, for example, 2 peripherl cironit,

[0293] Specific examples of the structurs K are described below with refersnee to Figs. 9
and 10, However, the thied smbodiment Is not Hudted to the specific examples described
below.

Elsrnents sommon to Figs, 9 and 10 are desipnated by a common reference character.

in the description, “on®, “above” and “upper side™ refers to a side futher foma
silicon substrate 110, and “ander”, “below’” and “lower side™ refers fo a side neaver to the
silicon mmmm 110.

[0254] Fig. 9 15 v schematic cross-sectional view llasteating the configuration of o tamera
modale h&vmgg a solid-state iraage pickup device according 1o a specific example of the
siruciure K.

A camera module 200 shown o Fig, 9 is comnected to a oircuit subsate 170 a8 2
moitting substrate via solder balls 160 a8 a convection material,

Specifically, the camers module 300 insludes a solid-state Image ploekop device
substeate 200 that has an imege pickup deviee section on the first main face of a silicon
substrate, a glass substrate 130 (light-transrnitiing substrate) disposed above the first main
face of the solid-state image pickup device substrate 200, an mfrared cut-off {ilter 142
disposed above the glass substrate 130, a lens holder 150 which is disposed sbove the glass
substeate 130 and the infrarsd cut-off flter 142 and which accomruodates an mage pickup
kens 140 in the interior thereof] and a light-shislding slectromagnetic shield 144 disposed to
surrounds the periphery of the solid-state image pickup device subsivate 200 and the glass
subsirate 130. Respective clements are adhered through adhesives 120, 141, 143, and 145

The caraera module 300 is configured to allow ncident light hy from the outside o
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transmit through the kmage pickup lens 140, e nfraved cut-off filter 142 and the glass
substrate 130 in this crder, and then {o reach the image pickup device seetion of the solid-state
image pickup device subsirate 200,

The eamera raodule 300 i3 connected, at the second main fice of the solid-state image
piclup device substrate 200, to the elrouit substeate 170 via the solder balls 160 (comnection
toaterial). ‘

[0295) Fig, 10 1% an enlarged cross-sectional view ilustrating the solid-state image pickup
devics substrate 200 hustrated in Fig. 9.

The solid-stete image pickup device subsivate 200 includes a sificon substrate 110 as
a base material, irnage pickup devices 112, an interlayer tosnlating film 113, a base layer 114,
a color filter 115R, a eolor filter 115G, a color filter 1158, an overcost 116, micro lenses 117,
a Hght-ghielding Hlm 118, an insulating film 122, a metal electrode 123, a solder resist layer
124, an intermal eloctrode 126, and 8 device-face electrode 127,

The selder resist layer 124 may be omitted.

[0296] First, the configuraiion of the first main face side of the solid-state image pickup
davice substrate 200 iz described matnly,

As shown in Fig, 10, an image pickup device section is provided in which plural
imnage pickup devices 1172, suek ag CODs or CMO3s, are disposed two-dimensionally on the
first main {face side of a silicon substrate 110, whish is a base material of the solid-state fmage
pickug device substrate 200,

The interlayer ingulating film 113 is formed on the image pickup devices 112 o the
imags pickup device section, and a base layer 114 is formed on the interayver insulating fibm
113, Further, a red color filter 1158, & green color filter 11545, and a blue color flter 1158
{(hereinafier sometimes collectively refirred (o as “color filters 1157) are disposed on the base
fayer 114 50 85 to respectively correspond to the image pickup devices 112,

Alight-shielding film (not shown) may be provided on the boundary regions between
the yed color filter 115R, the green color filter 115G nod the blue eolor filter 1158 and 2
reglon surrounding the image pickup devier section.  The light-shielding film can be
produced by nsing, for example, 8 known black nolor resist,

The gvercoat 116 is formed on the color filterg 115, and the micro lenses 117 are
formed on the overcoat 116 so as to respectively corcespond 1o the fmage pickup devices 112
{color filters 115},

(12977 In addition, a peripheral cirenit (not shown) and the intemal electrode 126 are
provided in the vieinity of the image pickup device section at the first main face side, and the
internal electrods 126 is electrically comnented to the Image pickup device 112 through the
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peripheral circuit.

The device-face electrode 127 is formed on the internal electrode 126 with the
imterlayer insulating filra 113 interposed therebetween., A contact plug {pot showa) ia
provided in a region of the interlayer ingulating film 113 positioned between the internal
slectrode 126 and the device-face elechrode 127, and glecirically connects these electrodes.
The deviee-face slectrads 127 is used for electris voliage application, signals reading, ete. via
the contact plug and the internst elecirode 126.

The base layer 114 is formed on the device-fave electrode 127, The overcont 116 i3
formed on the base layer 114, The base layer 114 and the overcoat 116 formed on the
device-taee electrode 127 are removed fo form an opening, 28 a result of which a pad opening
portion is formed, and a part of the device-face electrode 127 is exposed.

(2987 The configuraiion of the first main face side of the solid-state image pickup device
substrate 200 13 a5 desoribed above.

At the first main faes zide of the solid-state 1mage pickup device substrate 200, n
adhesive 120 is provided around the image pickup device section, and the solid-state image
pickup devics substrate 200 and the glass substeste 130 are adbered w0 each other via the
adhesive 120,

(02991 The silicon subsirate 110 has a theowgh hole that peneirates through the silicon
substrate 110, and a through slectrode thaf is a part of the metal electrode 123 is provided in
the through hole.  The twough hole elecirically conuects the image piolup device section
and the cirenit substrate 170,

[0300] Nemt, the comfiguration of the second main face side of the solid-state image pickap
device substeate 200 is muainly described below.

At the second ymain face side, the nsulating filo 127 is fored on the second main
face and the fnner wall of the through hole.

The metal electrode 123, which iz pattermed 10 spread vver a region of the second
main faee of the silicon substrats 110 aad the inside of the through hole, is provided on the
insulating film 122, The metal electrode 123 i5 an electrode for connection between the
image pickup deviee section of the solid-state image pickup deviee substrate 200 and the
elreuit substrate 170.

The through electrode is a portion of the metal elecirode 123 thet is formed inside the
throngh hole.  The through elacimde pensteates through the silicon substrate 110 and a part
of the nterlayver mnsulating flo to reach the lowsr side of the internal electrode 126, and the
through elecirode is electrically connected to the internal electrode 126,

103017 Further, at the senond madn face gide, the solder resist Iayer 124 {protective insulating
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film) which covers the second msin face provided with the metal electrode 123, and which
hag an opening at which @ part on the metal electrode 123 is exposed, is provided.

Moreover, at the second main face side, a light-shielding film 118 which covers the
second main face provided with the solder resist layer 124, and which has an opening at
which a part of the metal electrode 123 15 exposed, is provided.

Az the light-shistding fibm 118, the light-shielding fiim of the thicd erabodiment is
nsed.

As a result, infraced Hght tncident fom the second main face side (back surface side)
to the silicon substrate 110 can be sidelded,  In addition, development residues are
suppresged m the opening of the light-shielding film 118 {(a megion gt which the metal
slectrode 123 is exposed).  Therefors, the connection between the metal elecivods 123 and
the solder ball 160, and the convection between the image pickup device seotion having the
tmage pickup devices 112 and the clrovit snbstrate 170, ace favorably maintgined.

Although the lght-shislding Glny 118 is patterned to cover part of the metal electrode
123 and to sxpose the other part theveof in Fig, 10, the light-shielding film 118 may
alternatively be patterned 1o ¢xpose the entire metal electrode 123, and the same appliss o
patierning of the solder resist layer 124,

The zolder resist Yayer 124 may be omitted, and the light-shielding film 118 may be
dirgatly formed on the second main face provided with the metal electrode 123,

[0302] A solder ball 160 as & connection member is provided on the exposed metal aelectrode
123, and the metal electrode 123 of the solid-state image pickup device substeate 200 s
glecirically comnnected to a connection electrode (not shown) of the cireutt substrate 170 vig
this sodder ball 160,

{03031 The above deseription explaing the cosfiguetion of the solid-state imase pickup
device substrate 200, Elemeuts, other than the Lght-shielding film 118, of the solid-state
jmage pickup device substrate 200 tan be formed by a known method such as a method
deseribed it paragraphs [0033] to [U068] of JP-A Mo, 2009158863 or 2 method described in
paragraphs [0036] to [0065] of IP-A Mo, 2009-99591.

The formation of the light-<hislding filee 118 may be carvied out according to the
wethod for producing a Hehi-shialding files of the third exabodiment.

The interlayer insvlating film 1173 is formed, for sxample, as a 510, film or a 8IN film
by sputtening, chemical vapor deposition {CVD) or the ke,

The color filters 115 (1158, 115G, 1158) are formed by, for axample,
photolithopraphy vsing a known ¢olor cesist,

The overenat 116 and the base layer 114 are formed by, for exaraple,
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photolithography vsing @ known resist for forming an 5rgm3iﬁ interiayer film.

The mivre Jens 117 is formed by, for example, photolithography using a styrendc resin
or the like.

The solder resist layer 124 is formed by, for example, photolithegraphy using a
known solder resist containing a phenol resin, a polyimide rasin, or an amine resin.

The solder ball 160 is formed using, for example, Sn-Ag, Sn-Cu, Sn-Ag-Cn, or the
like as 8n-Fb {eutectic), 95 Ph-Bn (ead-rich higlh-melting soldering), or Pb-fres soldering.
The solder ball 160 is formed, for example, in the form of g sphere having a dismeter of from
160 pra to 1000 pm (preferably a dismeter of from 150 pm to 700 pam).

The internal electrode 126 and the device-face slectrode 127 ave formed, for axample,
as metal electrodes of Cu or the like by cherical mechanical polishing (CME) or by
vhotolithography and etching,

The metal electrode 123 13 formed as, for exaraple, a metal electrode of Cu, A, Al
M1, W, Pt, Mo, a Cu compound, a W cormpound, & Mo compound, or the like by sputteting,
photolithography, etching, snd electwolytio plating.  The metal electrode 123 may have a
single layer strocture or 3 laminate structure coraposed of two or more layers.

The film thivkosss of the metal electrode 123 is, for example, from 0.1 o 10 20 wm
(preferably from 0.1 wm o 10 pm).

The silicon substrate 110 is not particulardy Hdted, and o stlicon substrate of which
the thickoess has been decreased by grinding down the back swmfice of the substrate may be
used,  The thickoess of the substrate is not Hmited,  Por exemple, 2 silicon wafes having »
thickness of from 20 to 200 pa (preferably from 30 to 150 um) may be used.

The though hole of the silicon substrate 110 is formed by, for sxample,
photolithography and RIE (reactive jon eiching).

[0304] In the above, the solid-state image pickup device substrate 200, which s a specific
examiple of the structure K, has been descxibed with reference to Figs. 9 sud 10, However,
the steuchers 1 3% not Hmited to the configuration illustrated in Figa 9 and 10, and the
sonfguration thereof iz not particularly Hmdted 2o long as the configuration has 8 metsl
electrode and the Ught-shielding film at the back face side.

EXAMPLES
(03057 The present tnvention iz described more specifically below, with referencs to
exaoples.  However, the invention is not limited to the following exarmples as long as the
gist of the invention is vetained.  Unless specifically indicated otherwise, “part” is based on
mass,  Pucthern, room temperature refors to 25°C.
a3
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(03061 <Exarmples of First Bmbodiraent>

(Synthesls of Dispersant 13

G00.0 g of s-coprolactone and 22.8 g of 2-ethyl-1-hexanol were introduced inio g 500
ml three-neck flask, and wers stirred and disselved while flowing niftogen thersinto. 0.1 g
of monobutyl tin oxide was added into the flask, and the comtenizs of the flask were heated to
100°C,  AZier 8 howrs, it was confirmed by gas chromatostaphy that the raw materials had
disappeared, and the contents of the Hask were cooled 0 80°C, 0.1 g of 2,6-di-t-butyl-4-
methylphenol was added into the flask, and 27.2 g of me@thaawﬁ@ymxyﬁmyl irocyanate was
further added thereto.  After 5 hovrs, it was sonfivmed by H-MMR that the raw materials
had disappeared, and, thereafter, the contents of the flask were cooled to xoor wmpsrature, 15
a rezindi of which 200 g of a precuysor M1 (having the following strocture) i the solid state
was obtained. 3t was confirmed by 'F-MMR, IR, and mass spectsormetry that the obialned
aubstance was M1,
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[0308] 30.0 g of the precursor M1, 70.0 g of WK ester CB-1, 2.3 g of dodecylmercaptan and
235.3 g of propylene glyeol monomethnyl ether acetate wers added Into & nitrogen-replaced
three-neck flask, and were stiveed with a stivrer (thres-one motor manufaciured by Shinte

Sedsntific Co., Lid.), and were heated 1o a temperature of 75°C wiale flowing nitvogen Into
ﬁfh,., flagk., 0.2 g of dimethyl 2,27-azobis(2-methylpropionate) (“V-6017 (tradenaimne)
ranifactured by Wako Pure Chemical Industries, Lid.) was added thereto, sud stindng voder
heating was carded out &t 75°C for 2 howrs,  After 2 hows, 0.2 g of V=801 was further added
thereto, and stirring woder heating was carvied out for 3 hours, gs a result of which a 30%
solution of the following dispersant 1 waz obiained.

[0309]
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[0310] The composition matio, acid value, rod weight average molecnlar weight (Mw) of th
dispersant 1 were as Ihllows.

Here, the weight averaps molecular weight is 2 value measuced using a gel
permeation chromatograph (GPC) and caleulated a5 4 polystyrene-equivalent value, The
measrement nsing a GPC way carnied out using 2 HIL w@(}r’f) GPL (rade name,
mantfacted by Tosoh Corporation) and using TSEgel SuperHZM-H, TEKgel SuperFZ40600,
and TE¥ gal SupeddZ200 {trade names, m;muﬁwtnmd by Tosoh Corporation) ag colurmns,

Composition ratio: x=35 (% by mass), y=65 (% by mass}

Acid value; 80 gROH/g

Mbwr: 30,000
{0311] [Bxample 11, Comparative Bxampie 1-1}

“Production of Tianium Black:>

160 g of titavinm oxide MT-1504 (irade reme, manufactured by Tayvea Corporation)
baving an average particle dimuneter of 15 nm, 28 g of silics particles AEROPERL (repisterad
tradernark) 300/30 having a BET surface prea of 300 m¥y (menufastured by Bvonik
Industries Ad), and 100 g of & dspersant DISPERBYE 190 (trade name: manufacturad by
BYK-Chemie GmbH} were weighed out, 71 g of lon exchange watey was added thereto, and
the vesudtant mixtue was treated for Z0 minutes using a MAZERSTAR KE-400W
manizchred by Korebo Fodosivies Lid. at an orbital totation macaber of 1360 rpm and & spin
rotation nuntber of 1047 rpm, as & reaudt of which a woform minturs aqueous solution was
obtained. This aquecus solution was filled Into a quartz container, aud heated wnder an
erygen atraosphere ot 920°0 using 2 small Eotary kiln (mamifactursd by Motoyama Co.,
Lid.y.  Then, the atmosphere was replaced with nitvogen, and ndtridation reduction treatrment
was carried out by flowing an armoenda gas af 100 ml/min et 920°C for 5 howrs,  After
vorapletion of the nifridation reduction treatment, the recovered powder was ground with a
movtar, a5 8 result of which a powdery tiantiue black T having an average pmmle digmeter of
30 nm or less and specific a surface area of 73 m’/g was obtained.
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<Preparation of Titantum Black Dispersions 1-Aand -B >

The ingredients Hsted in the fllowlag somposition 1-1 were mixed for 15 minutes
using a stirrer (BUROSTAR (trade name) manfactured by IKA Laboratory), to obiain a
digpersion -z,
[0312] (Composition 1-1)

Titaniurn black T (fitauhim black having an average particle diameter of 30 nen or

lesg): 25 parts
The 30% solution of the dispersant 1: 25 paris

Propylene glycol monomethy! ether acstate (PGMEA) (solvent): 50 paxis
(03131 The resultant dispersion L-a was subjected 10 dispersing treatment using an ULTRA
APREX MILL UAMOLS (teade name) manufactured by Kotobuki Indusides Co., Lid., under
the following conditions.

<Dhspersion Conditions>

Bead dimmeter: dizmeter of 0.05 rmm
Filliog ratio of beads: 75 vol¥%
Circurnferential velpotty of voill: 2 m/fsec

Amount of mixed Houid to be dispersed: S00 g

Circulating flow rate (pump supply amound); 13 kg/hour
Tempeyature of lguid to be treated: from 25 {0 30°C
Cooling water: tap watex

Volume of cireniar path of bead mills 015 L

Mumber of passes; 90 passes

{03141 As aresolt of the above, a dispersion 1-A of Example 1-1 wvas obtained.

[0315] A digpersion i-b was prepared which had the same composition as the dispersion [-a
of Bxample 1-1, exvept that the titeninm bleck T used in Bxample 1-1 was replaced by “13M-
T7 {rade name) manufactured by Mitsubishi Materials Corporation,  The dispersion 1-b was

1-B of Comparative Example 1-1 was obtained,
[0316] <Evaluation of Titaoium Blagk Dispersions 1-A and 1-B>

Bach of the obtained titanium black dispersions 1-4 and 1-B was diluted 500-fnid
with propylens glyool moncmethy] sther acetate (hereinafier somatimes abbreviated (o
PEMEA), and deipped on a carbon thin film and dried, and photographs for morghologinal
observation of titandim blask pacticles (dispersed objects) contained in each dispersion were
taken by & TEM (raanufaotorsd by Hitachi High-Technologies.).  The projection areas of the
outer surfaces of 400 particles were obtaived from the photographs obtained, the diameters of
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circles corresponding to the areas were caleulated, and the frequency distribution thereof wag
evaluated.

Images of 400 particles were smmpled from the TEM photographs, the projection
areas of the outer surfaces of the Individual particles thereof were obtained, the diameters of
wircles conresponding to the areas were cloulated, and the average value thersof was taken as
an average particle diameter of the titaniuz black particles (dispersed ohjects) contained in
each dispersion liquid.

[0317} As zvesuli, the sverage particle dlaraetey of the fiandum black particles contained in
the titanium black dispersion 1-A of Example 1-1 was 22 nm, and the proportion of particles
having particle diametes of 30 oo or less I the tofal titandum black particies was 33%,

The average particle dismoeter of the taniun black pacticles contained e the tianium
black dispersion 1-B of Comparative Bxample 1-1 was 50 nm, aod the proportion of particles
having particle diameters of 30 mra or less in the total fitarior Bank particles was 4.2%.
[0318] [Exavaple 1-2, Comparative Example {-2]

1A, Preparation of black curable composition (photosensitive resin composition)

Ablack curable composition 1-A of Example 1-2 was prepared by mixing the
ingredients of the following composition 1-2 by using a stirrer.

03197 (Composition 1-2)
Benzyl msthacrylate/methyl methacrylate/hydeoxysthyl methacrylate/acrylic acid

eopolymer (50/15/5/300molar ratio]) [binder polymer}: 1.5 parts
Uipentaerythritol bexasorylate [polymerizable compound]: 2.0 parts
Pentesrytheitol triacrylate {polymerizable compound]: 1.0 parts
Polymerization initiator baving the following structure [photopolymerization
initiator]: 0.3 parts
{:f
(5 o R ;"w\%“w‘”g e
2 ﬁ | i
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TRGACURE URED (manufactored by BABF Japan L)

Titantury black dispersion 1-As 24 parts
Propylene glycol monomethyl ether acetate (PGMEA): 10 parts
Ethyl 3-ethoxypropionate (EEP): 8 parts

03207 Ablack curable compenition 1-8 of Comparative Bxamnle 1-2 was prepared in the
’ i e P ! ¢
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same manner as in the preparation of the black curable composition 1-A, except ihat the
titaninea black dispersion 1-A from among the ingredients of the composition 1-2 was
replaced by the ttanium black dispersion 1-8,
f0321] 2A. Pormation of Light-shielding Film for Wafer Level Lens

The black curable composition 1-A or 1-B obtained above was coated on a glass
wafer (CORMING1737 (rade name), manufactured by Corning fncorporated) as a substrate
by spin coating, and heated o0 a hot plate at 120°C for 2 minutes, to obtain a black curable
composition costing layer .

Then, the resaftant coating laysr was exposed to light through a photomask baving a
hole pattern of 50 o at exposurs amounts varied from 100 ml/em® at an increrent of 100
mJ/em®, vsing an i-cay stepper.

The eoating leyer afler exposure o light was subjected to paddie development at
237 for 60 seconds using a (.3% aqueous solution of tetramethyl annosium hydroxide,
Thereatter, the coating layer was rinsed by spin shower, and further washed with pure water,
az 2 result of which patterned Hght-shislding films formed fom the black cursble
coropositions of Example 1-2 and Cowmparative BExavaple 12 were obtalned.
[0322] [HExample 1-3, Comparative Example 1-3]

Patterned Light-shielding filems wers formed in the seme manner as in Exampls (-2
and Comparative BExaraple 1-2, respectively, except thet a flat plate having a thickness of 1
mm and obtained by euring “BR-7010” (frade name) manufactured by Dow Corning Toray
Co., Ltd., which is a thermosstiing resia, by heat treatrneant at 210°C for 1 hour was used as a
substrate, o place of the glass wafer, which was used in Bxarple 1-2 and Comparative
Faxample 142 25 a substate,

The thermosetting resin used in the present exampls ean be used slso a5 a material for
forraing a leng,
(323] <Ewalnation>

In the formation of each of the patiersed lght-shielding filme obiained in Bxamples
12 and 1-3 and Comparative Examples 12 and -3, an exposurs amount with which
detachment ceases 1o opony wag detarmined using sn optical microscope.  Hers, the smaller
the exposure amount obtained i3, the more effective the adbesion between the light-shielding
Him and the substrats is.
[0324] The particle diameters (nra) of disparsed objects in sach of the patterned Hght-
shielding films (cured flms) obtained in Examples 1-2 and 1-3 and Coraparative Examples 1-
2 snd 1-3 were messwed a5 follows,

A cross-section of the substrate on which the Hlm bad been formed was observed by a
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seannifg electron microscope (8-3400N (trade name) manufactured by Hitachi High-
Technologies Corporation) and an energy-dispersive Xeyay analyzer (GENESIS (trade name)
manufactured by EDAX), thereby obtaining photographs for morphological observation and
elemental maps of T and 31, For 400 particles in which Ti element was detected, the
projection areas of the outer surfaces were obtained from the photopreaphs obtained, the
diameters of eireles corrasponding to the aress were caloulated, and the frequency distribution
therent was evaluated.

Ag a result, in each of the light-shielding filwas formed in BExampies 1-2 and 1-3, the
proporfion of particles having particle diameters of 30 rm or less in the dispersed objects
condaiped in the light-shielding fil was 90%.

Farther, in each of the light-shislding films formed in Compeeative Exarples 1-2 and
1~3, the proportion of particles having perticle diameters of 30 nm or leas in the dispersed
objects contained in the light-shislding fim was 6%.

32571 Developed regions of the patterned light-shielding flms obiained tn Exsmples 1-2
and 1-3 and Comparative Examples 1-2 and 1-3 (exposure amounts are shown in Tables | and
2) were observed using a scanning electron microscops {5-4800 (trade name), manofactured
by Hitacht High-Technologies Corporation), and the presence or absence of developroent
residues on the substrate was evaluated.

When residues of 10 nm or larger were not observed on the glass substrate, it is
indicated that the light-shielding film is favorable a3 a Hghi-shielding film for 2 wafer level
lens.  The results obtained are shown in Tables 1 and 2,
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[0328] As demonstrated in Tebles 1 and 2, the black curable composition 1-A of Examples
exhibited excellent curability af any of the exposws wmnounts, as compared to the black
curable composition 1-B of Comparative Examples.  Further, when light-shielding films
veere Tormed vsing the black curable composition 1-A of Examples, development residues
were 1ot observed in any of the case in which the glass substrate was used and the case n
which the resin substeate was uged,

[0325] [Example 1-4]

On the substrate on which the patterned lpht-shislding film had been formed in the
sarye maTmier a8 in Example 1-3, a curable cosin layer was formed wsing g curable resin
eomposition having the following composition 1-3, A gquartz mold having a lens shape was
usexd 1o transfer the shepe to the curable zesin layer, and the curable resin layar was cured with
an exposure amonnt of 400 mlem” using 4 high pressure mercury lamp, as a result of which a
wafer lovel lens array having plural wafer level lenses was produced,

{0330} (Composition 1-3)

Nevinylpymolidone: 35 parts

Epoxy acrylate (spoxy ester 80 MF (trade name), manuiactured by Kyoeisha
Chemical Co,, LI 40 parts

Pentacrythritol tetraacrylate: 70 parts

IRGACURE 907 (trade name, snanufactired by BASE Japan Lid.):5 parts
[0331] The wafer level lens array produced was cut, a lens module was produced thersox,
and imonge plokap devices and a sensor substrate were atiached thereto, thereby producing an
irnage pickup vadt,

[0332] The wafer level lens obtained in Bxample 1-4 was free of residues on the lens
apertures, and had excellent light ansoassion properties; moreover, the waiformity of the
coating suweface of the lght-shielding layer region was high, and the Lght-shielding property
of the waler lovel [ens was high.

When an imege wes obtained using the image pickup unit provided with the wafer
level lens, the image quality was excellent,

(03331 [Bxasople 1-5]

A patterned light-shielding layer was formed in the same manmer g5 in Bxample 1-2,
and 2 watkr level lens array provided with the light-shielding layer was produced in the same
manner g5 in Bvample 1-4, except that the black curable composition 1-4 prepared in
Exaraple 1-2 was coated on a silicon wafer provided with leoses, ‘

The water level lens array produced was cut, 2 lens module was produced thereon,
and image pickup devices and a sensor substrate weve attached thereto, thereby producing an

o4



Received at: 5:38PM, 17/74/2012

P2-04-17; G 49PM; TATYO, NAKAS IMARKATO ; 03-335% F106/1

(e |
[y ]
|
[ |
[l
g
£

image plekup unit,
[0334] The wafer level lens obtained in Example 1-5 was fee of residues on the lens
apertures, and had excellent light transmdssion properties; moreover, the uniformity of the
coating surface of the light-shielding Jayer region was high, and the Hght-shislding property
of the wafey level lans was high,

When an image was obtained vsing the Image pickup wnit provided with the wafer
level lens, the image quality was excellent,

<HExaraples of Second Bmbodiment >
[0335] [Bxample 2-1-1, Qomparative Example 2-1-17
<Preparation of titaniura black dspersions 2-A-~1 and 2.8 >

The ingredients Hsted in the following composition 2-1 were mixed for 15 minutes
using a siicrer (BURDETAR (rade name) manafaviured by KA Laboratory), to obtain a
dispersion Zea,
[0336] {Composition 2-1)

Titanium black obtsined by the following process: 25 paxts

30% solution of the dispersaat 1 described above: 25 parts

Propylene glyeol monometty! ether acetate (PGMEA) (solvent):
50 parts

103371 The resultant dispersion 2-a was subjected to dispersing treatment using ULTRA
APEX MILL UAMO1S [ade name) manufastured by Kotoboki Industries Co., Lid., under
the following conditions.

[0338] —Preparation of ttandum black 2-A-1-

100 g of titanium oxide MT-150A (trade nare, manufactured by Tayes Corporation)
having an average particle diameter of 15 nm, 25 g of silica particles AEROPERL (registered
trademark) 300/30 having a BET surface area of 300 m™/g (manufactured by Evonik .
Tndusiries AG), and 100 g of o dispersant DISPERBYE 190 (rade name: mannfactured by
BYE-Chemie GmbH) were weiphed out, 71 g of lon exchange water was added therste, and
the resulipat wiviuce was treated for 20 nobuntes vweing MAZERETAR KH-400W
marufactuced by Koeabo Indestries Lid. at an orbital rotation speed of 1360 rpm and o spin
rotation speed of 1047 rpin, as 8 result of which a nmiforos mixfirs agqueons solution was
obtained.  This agueous solution was filled in a quarty container, sud heated under an oxygen
atmosphere at 920°C using a small Rotavy kiin (mennfactured by Motoyama Co.,, Tid,).
Then, the atmosphere was replaced with nitrogen, and nigidation reduction treattnent was
carried out by fowing an ammonia gas at 100 mLAnia at 926°C fir 5 hows,  Afier

25
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completion of nitridation reduction restment, the recovered powder was ground with a martar,
a5 g result of which a powdery titaniven black 2-A-1 having a specific a surface area of 73
m.:?'!g was obtained. The titaninm black 2-A~1 was dispersed under the following conditions,
to ohiain a titantum black dispersion 2-A-1 of Example 2-1-1.  In addition, the average
particle dizmneter of the titaniom black particles was obtained a5 follows: photopraphs for
maorphological observation of titanivm black particles (dispersed objests) contained in each
dispersion were taken by a teansmission electyon microscope (TEM) manufactured by Hitachi
High-Technologies Corporation, the projection areas of the outer swrfaces of 400 particles
wexs obtained fom the photographs obtalned, the diameters of vircles corresponding 1o the
arens wers caloulated, and an average valus thereof was obtatned.

{03397 «<Dispersion conditions>

Bead dismeter: dizrneter of .05 ram
Filling ratic of beads: 75 voi%
Ciyeumferential velocity of mills - Binfaec

Aot of mixed Bguid 1o be dispersed: 500 g

Cirenlating flow rate (pump supply amonnt): 13 kp/howr
Termperature of liquid to be treated: Forg 25 1o 30°C
Cooling water: tap water

Yoiume of circular path of bead mill: 1S L

Number of passes: 90 passes

{03407 A dispersion 2-b was prepared which had the same composifion a8 the dispersion 2-a
of Bxample 2-1-1, except that the fitanivem black used o Exavople 2-1-1 was replaced by
“13MWT (trade name) roamufactared by Mitsubishi Materials Corporstion.  The dispersion
2 was subjected o the sane dispersing teatment as in Example 2-1-1, 28 a result of which a
digpersion 2-5 of Comparative Bxavpls 2-1-1 was oblained,

(03417 [Example 2-1-2, Example 2-1-3]

Titardvn blacks 2-A-2 mod 2-A-3 were obinined in the satae manner ag deseribed
above, sxoept that the addition amownts of silica pariicles wsed for the preparation of the
titarshum black 2-A-~1 were changed 1o 30 g and, 12,5 g, vespectively.

In addition, titaniem black dispersions 2-A-2 [Bxample 2-1-2] and, 2-4-3 [Bxample
2-1-37 were obtained in the same manoer 45 in Bxaraple 2-1-1, except that the obtained
ftacivan blacks 2-A-2 and 2-A-3, respectively, wers used ingtead of the Hianivm Wlack 2-A-1
103421 {Comparative Example 2~1-2, Comparative Bxample 2-1-3]

Titanium blacks 2-A-4 and 2-A~5 were obtained in the same manner as described
above, except that the addition amonnts of the silica particles used for the preparation of the
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titanium black 2-A-1 were chzmged to 10 g and 0 g (i.e., not added), respectively.

In addition, titanivm black dispersions 2-A-4 [Comparative Example 2-1-2] and 2-A-
5 [Comparative BExamnple 2-1-3] were obtained in the sare manner as in Example 2-1-1,
except that the obmained titantum blacks 2-A~4 aod 2-A-5, respectively, were used mstead of
the thanium black 2-A-1,

[0343] <BEvaluation of Thaoium Black Tispersions>
Bach of the pbtained titanium black dispersions 2-A-1 to 2-A-8 and 2-B was heated to
700°C under an oxygen atmosphers vsing a small Rotary kiln (manufactured by Mowyama
Co., Lul), maiutained in this state for 30 minutss, and cooled, thereby obtaining 2 g of
powder.  The resultant powdsr was placed on a tungstan plate having a Gockoess of 0.2 mm,
which was then placed in a vacunm chamber orovided with an electron beam heating
mgcimndsmn, and subjecied to heat treatment by electron beam heating at 1000°C for 30
seconds at 4 degree of vacua of 167 Torr or Jess.  The amount of $i atorss and the amount
of Tl atoms of the powder that had been subjested to the heat treatment were obtained using a
field emission seanning sleciron raicroscope 5-4800 (frade numne, manufactured by Hitacld
High-Technologles Corporation), a Si{(Li} detector, and an IMCA Energy PeataFETx3 (trade
pame, Manufactured 'by Owtford Corp.), and the 51771 ratio was calenlated.

As a vesult, the content ratios of 51 atoms to 11 atoms {(S1/T1 ratios) in the dispersed
objects of the Htantum black dispevsions 2-4-1, 2-A-2, 2-A~3, 2-A-d, 2-A-5, and 2-B were
0.07, 04,005, 0.048, 0, and (, vespectively.

Thesa vesudis ave shown in Tables 3 to 4 below,

[0344] [Example 2-2-1, Comparative Example 2-2-1]

3A. Freparstion of Black Carable Composition (Photosensitive Resin Composition)

A blask curable composition 2-A-1 of Example 2-2~1 was prepared by mizing the
ingredients of the following composition 2-2 by using 4 stirrer.

[0345] (Composition 2-2)

Benzyl methacrylate / methyl methacylate 7 hydroxyethyt methawylate / acrylic acld
copolyraer (30/15/5/30 [molar yatio]) binder polymer]: 1.6 parts

Dipentaeryiheiiol hexaacrylate [polymerizable compound]: 2.0 parts

*’*‘ﬁt@ﬁryirm‘m% trizcryiate Ipolymerizable compound]t 1.0 parts

Polymerization initiator having the following stroctors [photopolyraerization
initator]: 0.3 parts
[(3446]
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IRGACURE OXEDT (manudactured by BASF Japan Ltd) i

[0347] The titaniue black dispersion 2-A-1: 24 parts
Propylene glyco!l monomethyl ether acetate (PGMEA): 10 parts
Eihyl 3-ethoxypropionate: & parts

[03487 In addition, a Wack cumble composition 2-8 of Comparative Exanple 2-2-1 was
prepared in the sarme manner as io the preparation of the black corable corposition 2-A-1,
except that the titandurmn black dispersion 2-A-1 from among the componenss of the
sorapogition 2-2 was roplaced by the (anium black dspersion 2-8,

(03497 [Examples 2-2-2, 2-2-3]

~ Titantum black dispersions 2-4-2 [Examaple 2-2-21 and 2-A-3 [Example 2-2-3] were
obtainad in the same manger as 0 the case of the black corable composition 2-A-1, except
that the titanium black dispersion 2:A-1 used in Example 2-2-1 was replaced by the titandom
Hack dispersions 2-A-2 and 2-A-~3, respectively,
[0350] [Comsparative Examples 2-2-2, 2-2-3]

A black curable composition 2-A-4 [Comparative Example 2-2-27 and 2 black cursble
cormposition 2-A-5 [Comparative Bxample 2-2-3] wers obtained in the same roanner g5 in the
preparation of the black curable composition 2-A-1, except that the Htanium black dispersion
2-A~1 nsed for Example 2-2-1 was replaced by the titanfum black dispersions 2-A-4 and 2-A-
5.

[0351] <Bvsluation of Black Curable Compositions>

Fach of the oblamed titaoin black dispersions 2-A-1 to 2-A-5 and 2-B were heated
to 700°C under a0 oxygen stmosphere vsing a small Rotary kiln (manufactured by Motoyama
Con, Lid.), maintamed fn this state Tor 30 minutes, and cooled, thereby obtaining 2 g of
powdar,  The resultant powder was placed on a tungsten piat@ having a thickness of 0.2 mro,
which was then placed in a vacuun chamber provided with an electron beam beating
mechanism, and sublected to heat trestrent by electron beam hesting at 1000°C for 30
seconds at a degres of vasnam of 107 Torrorless.  The amownt of 81 ators and the amount
of Ti atoms of the powder that bad been subjected to the heat treatment were obtained using a
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34800 (trade name, manufactured by Hitachi High-Technologies Corporation) and an INCA.
Energy PentaFETX3 (wade name, Manufactired by Oxford Corp.), and the 8i/Ti ratio was
caleulated.

Az a vesult, the same results as the SVTI mtios of the dispersed objects in the
respective dispersions (the vales describad in Tables 3 and 4) were obtained a5 the SU/T1 ratios
of the dispersed objects in the reapective black curable compositions.

[0352] 4A. Pormation of Light-shielding Films for Wafer Level Lenses

Each of the black curable coxapositions 2-A-1 to 2-A~-5 and Z-R obinined above was
poated on g glass wafer (CORMING 1737 (trade nares), manufactmed by Corning
Incorporated) as & substrate by spin coating, and thersafier heated on a hot plate at 120°C for
2 minutes, to obtain a black curable composition coating layer.

Thep, the resuliant zoating layer was exposed to Hght theoogh a photomask having &
hole patiern of 50 ym at exposure amounts varied from 100 m¥/ere” at ax increment of 100
mi/em?, using an iway stepper. ~

The coating layer after exposure to light was subjecied to paddle developiment at
23°C for 60 seconds using 2 0.3% agueous sohution of tetramethy] sowomoniun hydroxide.
Thereatter, the coating layer was rinsed by spin shower, and fixther wagshed with pure water,
as 8 result of which patterned Hght-shielding fims formed from back curable compositions of
Examples 2-2-1 to 2-2-3 and Cowoparative Bxamples 2-2-1 to 2-2-3 were obiained,

[0353] [Example 2-3-1, Comparative Example 2-3-1}

Pattemed light-shielding {lms of Bxample 2-3-1 and Comparative Example 2-3-1
wizs formned in the same manner a8 in the fopmation of the light-shielding films for wafer
level lenses in 44, except that a flat plade having & thickness of 1 mm and obtained by curing
“ER-FOL0" (rade nawe) manufaehred by Dow Corning Toray Co., Lad., which i a
thermosetting resin, by heat treatment at 210°C for 1 hour was used as & substrate, in place of
the glasy waler, which was used as a substrate n the formation of the light-shislding Slms for
wafer level lans in 4A using the black covable compositions of Bxample 2-2-1 and
Comparative Exarnple 2-2-1,  The thermosetting resin used in the present example can be
used a3 2 material or forming a lens.

[0354] [Bxamples 2-3-2, 2-3-3]

Patternsd lght-shielding fitos of Exanople 2-3-2 and Example 233 were formed in
the saoe manner as in Example 2-3-1 except that the titaninm black dlspersion 2-A-1 nsed in
Example 2-3-1 was replaced by the titanium black dispersions 2-A-2 and 2-A-3, respectively,
(03551 [Comparative Examples 2-3-2, 2-3-3]

Patterned Hght-shielding Olms of Comparative Exaraple 2-3-2 and Comparative
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Example 2-3-3 were formed in the same manner as in Example 2-3-1, except that the titanium
black dispersion Z-A-1 used in Example 2-3-1 was replaced by the titanium black dispersions
At and Z-A-5, respectively.

[0356] In addition, the 5V/T1 ratio of the dispersed objects in sach of the patterned light-
shielding films (cured films) obtained in Examples 2-2-1 to 2-3-3 and Comparative Examples
2-2~1 to 2-%~3 was measuwed in the following manner

The substiate provided with the light-shielding film was split to prepare a cross-
seciton of the light-shiclding film.  The resultant cross-seotion was measured with an 8-4800
(trade name) manufactored by Hitachi High-Tectnologics Corporstion and an INCA Energy
Pental B T%3 (trade name) manufactured by Oxdord Corp., 35 a result of which the amonot of
3i atoros and the amowst of T1 ators were obtained.  The ratio therebetween wag caloulated
ag & Si/Ti ratio.

Az aresult, the same results as the Si/11 ratios of the dispersed objeots in the
respective dispersions (the values described in Tables 3 and 4) wers obtained as the SU/T1
ratios of the dispersed objects in the respective Hght-shislding laver.

[0357] Developed regions of the pattermed light-shielding filmss obtained in Examples 2-2-1
0 2-3-3 and Comparative Exaraples 2-2-1 10 2-3-3 (exposure amounts ace shown in Tables 3
and 4) were observed using a scanning eleciron wicroscops (3-4800 (trade name)
manufactored by Hitachi High-Technologies Corporation), and the prosence or absence of
development residues on the substrate was evaluated.

When residues of 10 mm or laxger were not observed on the substrate, it 12 indicated
that the lght-shielding film is favorable as a lght-shiclding film for a wafey level lens.  The
results obtained aee showa in Tables 3 and 4.
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[0360] As demonstrated in Tables 3 and 4, the black curable compositions 2-A-1 fo 2-A-3 of
Examples exhibited practically sufficient curability at any of the exposure amounts, 23
sompared to the black curable compositions 2-B, 2-A~4, and 2-A-5 of Comparative Examples.
Further, when light-shielding {ilms were formed nsing the black curable compositions 2-4~]
to 2-A-3 of Bxamples, developient residues were not observed in developed regions (regions
other than the regions in which a light-shielding film was formed) n any of the case in which
the glass substrate was used and the case i which the resin substrate was used.

03611 [Example 2-4]

On-the substrate on which the patterned light-shielding filin bad been forroed In the
same manner 45 in Bxample 2-3-1, 8 curable resin layer was formed using a curable resin
composition having the following composition 2-3. A quartz mold having 2 lens shape was
used to transfer the shape to the curable resin layer, and the curable resin layer was cured with
an exposure amount of 400 ml/em® using a high pressure mercury lamp, a5 2 result of which a
wafer level lens array having plural wafer level lenses was produced.

[0362] (Coraposivon 2-3}

N-vinylpyrrolidons: 35 parts

Epoxy acrylate (epoxy ester 80 MF(trade name), manufastured by Kyoeisha
Chemical Co., LTD.): 40 parts

Pentaerythritol tetragerylate: 20 paxts

TRGACURE 907{trade name, manudactored by BAST Japan Lid.): 5 parts
[0263]1 The wafer level lens array prodaced was ooty 2 lens module was produced therson,
and imiage pickup devices and a sensor substrate were attached thereto, thereby producing an
image prekup unit
[0364] The wafer level leng obtained io Example 2-4 was free of residuss on the lons
apertares, and had excellent lght transraission properties; moteover, the waifoumity of the
soated surface of the light-shielding laver region was high, and the Hght-shielding property
was high,

When an image was obtained using the image pickup unit provided with the wafer
level lens, the image quality was excellent,

[0365] [Example 2-5-1 to Example 2543}

Pasterned light-shielding layers were formed in the same manner as the formation of
the light-shdelding films for wafer Jevel lenses in 44, and water level lens arrays provided
with a light-shielding layer were produced in the same mauper as o Bxample 2-4, except that
the black curable compositions 2-A-1, 2-A-2, and 2-A.3 prepared in Bxamples 2-2-1 to 2-2-3
were respectively coated oo silicon wafers provided with lenses.
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Bach of the wafer level lens arrays produced was cut, 2 lens module was produced
thergon, and image pickap devices and a sensor substrate were attached thereto, thexreby
producing an image pickup unit.

[0366] All of the wafer level lenses obtained in Bxamples 2-5-1 to 2-5-3 wers free of
residues on the lens sperturss, and had excellent transmission propertios; moreover, the
uniformity of the coating surface of the light-shielding laver regions were bigh, and the light-
shielding property of the water level lenses was high.

When images were obtained using the Imsge pickup units provided with the wafer
level lenses, the mage quelity was excellent,
<Fxarmples of Third Enbodiments
[0367] <Preparation of Subsirate 3A and Substrate 35

(Preparation, of substraie 34)

A substrage 34 for testing development residues in a solid-state image plekup devies
of the stencture K (having a confignration in which a solder resist layer is not provided on the
back surface) was prepared as described below.

That is, a Ti-plated seed layer was formed on a silicon substvate vsing a micro
processing {photolithography) technique and a sputtering rethod, and a circulsr metal
electrode made of copper (Cu) and having a thickness of 5 pum and a diameter 10 pm was
obtmined using an electrolytic plating method.

As aresult of the above, a substrate 34 having plural circelar metal electrodes 410 on
& silicon stbstrate 400 as shown in the schematic cross-seotional view of Fig. 11 was obtainad.
[0368] (Prepavation of substrate 38)

A subatrate 3B for testing development residues in a solid-state imnage pickup davice
of the structure K (having a configuration in which a solder resiat layer Is not provided on the
back surface) was prepared as described below.

A patterped solder resist layer was formed on a side of the substrate 34 on which the
circular metsl electrodes were formed, by photolithograply using a commercially available
solder resist,

The pattern of the solder resist layer was set to a pattern having openings at which
part of the metal elscixodes was exposed as shown in Fig. 13,

As aresult of the above, a substrate 38 having phual erroular metal electrodes 410
and phural solder resist layer portions 430 on a silicon substate 400 g5 shown in the schematic
cross-sectional view of Fig, 13 was obtained,

[0969] [Example 3-1, Comparative Example 3-1]
<Preparation of Titardum Black Dispersions 3-A and 3-B >
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The ingredients listed in the following composition 3-1 were mixed using a stirrer
(EURQSBTAR. (trade name) manufactured by IKA Laboyatory) for 15 minutes, a5 & result of
which 2 dispersion 3-a was obtained,

6370] (Composition 3-1)
Titanium black: (titaniwm black having an average particle dizmeter of 30 um or less):
25 varts

The 30% solution of the dispersant deseribed sbove 11 23 pasts

Propylene glyeol monomethyl ether acatute (PGMEA) (solvent): 50 patts
[0371] The fitanium black having average particle diameter of 30 rum or less described sbove
was obtained ag described helow.

100 g of titantura oxide MTI-1504A (trade navee) having an average particle diameter
of 15 nm panafactured by Tayea Corporation , 25 g of silica particles AEROPERL (repistered
traderark) 300/30 having a BET surface area of 300 m/g (manufactured by Evonik
Industries ALd), and 100 g of & dispersant DISPERB Y120 (rade name: manufactored by
BYK-Chemie GrobH) were weighed out, 71 g of jon exchange water was added thereto, and
the mixture was treated for 20 minutes using MAZERSTAR KRA400W manufactored by
Rurabo Industries Litd. at an orbital rotation speed of 1360 rpm and a spin rotation speed of
1047 rpim, 85 aresulf of which a ueiform mixiure aqueons golution was obiained,  This
agueous solution was filled into a quartz container, and heated wder an oxygen atmosphere at
920°C vsing a small Fotary kil manutactured by Motoyama Co., Ld.  Then, the
atmosphers was replaced with nittogen, and nitridation reduction treatment was sarcied out by
flowing an ammonia gas af 100 mi/rain at 920°C for S howrs.  After completion of the
nitrdation reduction treatment, the recovered powder was ground with 8 mortar, as 2 result of
which s powdery fitanium black having an average particle diameter of 30 nm or less was
obtained.

(03721 The resuliant dispersion 3-a was subjected to dispersing treatment using an ULTRA.
APEXR MILL UAMOLS (trade name) manufactored by Kotobuki Industries Co., Lid,, under
the following conditions.

<Dispersion Conditions>

Head digmeter: dipmieter of 0.05 mm
Filling ratio of beads; 75 volh
Clronmferential velooity of mills 8 m/sec

Amount of srized liguid to be dispersed: 300g

Circolating flow rate (pump supply amoont): 13 kg/hour
Ternperature of Hquid to be weated: from 25°C to 30°C

o
)
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Couling water: fap water
Volume of circular path of bead raill; 0.15L
Mureber of passes: ' 90 passes

[03731 As aresult, titaniun back dispersion 3-A of Exampls 3-1 was obtained.

{0374] In addition, a titaniura black dispersion 3-B of Comparative Example 3-1 was
obtained by preparing a dispersion 3-b having the same composition as that of the dispersion
3-a of Exampls 3-1 except that the titanium black used in Example 3-1 was replaced by
“13M-T (trade name) manufactured by Mitsubishi Materials Corporation, and subjecting the
digpersion 3-b to the seme dizpersing treatraent 28 in Trample 3-1.

(03751 « Bvaluation of Titauium Black Dispersions 3-4A and 3-B »

Fach of the obtained ttavium black dispersions 3-A and 3-B was diluted 500-fold
with propylens glyveol monomethyl ether acetate (hereinafter sometiones simply referred w as
PGMEA), the dripped on g carbon thin film and dried, and photographs for morphologieal
obzervation of titsninm black particles (dispersed objects) sontained i the digpersion wers
taken by a TEM (manofaebired by Hitachi High-Technologies.).  The projection areas of the
outar surfaces of 400 particles were obtained from the photographs obtained, the diameters of
circles corresponding to the areas were calenlated, and the frequeney distribution thereof was
evaluated.

Imsages of 400 particles were sampled from the TEM photographs, the projection
areas of the outer surfaces of the ndividual particles thereof wegs obtatned, the diameters of
vircles corresponding to the aceas were calonlated, and the average value thereof waz taken as
an average particle diameter of the titanium black particles (dispersed objects) contained in
each dispersion liguid,

- [0376] As axesult, the average particle diameter of the titanium black particles contained in
titanim black dispersion 3-A of Example 3-1 was 12 nm, and the proporiion of particles
having particle diaeters of 30 nm or Jess fo the total ftanium black particles was 95%.

The average particle diameter of the titanivm black particles contained in the titanium
black dispersion 3-B of Comparative Example 3-1 was 50 nre, and the proportion of particles
having particle dizmeters of 30 nm or less in the total titanium black particles was §%.

These results are shown in Tables 5 to 7.

(03771 [Example 3-2, Comparative Example 3-2]

<Preparation of Black Curable Composition {Photosensttive Resin Composition)=

Ablack curable composition 3-A of Bxample 3-2 was prepared by mixing the
ngredients of the following composition 3-2 by using a stirrer,

[0378]
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{Composition 3-2)
Benzyl methacrylate / methyl methacrylate / hydroxyethyl methaceylate / aorylio acid
copolymer (50/15/5/30 [molar ratic]3[binder polymer]: 1.6 parts
Dipentaerythritol hexaacrylate [polymerizable compound]:2.0 paris
Pentacrythritol traerylate [polymerizable compound]: 1.0 parts
Polymerization initiator having the following structurs [photopolymerization
initiator]: 0.3 parts
03791
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RGACURE ORE01 (marmefactured by BASF Japan Ltd.) T
{03807 The titardum black dispersion 3-As 24 parts
Propylene glyeol monomethyl ether acetate (PGMEA): 10 parts
Eihyl 3-ethoxypropionate: £ parts

[0381] In addition, z black curable composition 3-B of Coraparative Example 3-2 was
prepared in the same manoer a5 in the case of the black curable commposition 3-A, except that
the tianinm black dispersion 3-A fror among the components of the composition 3-2 was
teplacid by the titanium black dispersion 3-8
[03872] <Production of Light-shielding Filr>

The black curable compasitions 3-A or 3-1 obtained above was coated, by spin
coating, on & surface of the substrate 3A on which the metal electrode was formed, and
thereafier hoated on a hot plate a1 120°C for 2 meinutes, o obtalo s black wurable composition
corting layer

Subsequently, the coating layer obigsined was patternwise exposed at exposurs
amounts of 100 mlfen?, 200 mlif/cmﬁ, 306G ka;mz, 400 mJ/em?, and 500 ml/er, wsing an i-
ray slapps

Then, the coating layer after exposurs o light was subjected 1o paddle development at
23°C for 60 zeconds using a §.3% agueous solution of tetramethy] arnmondum hydroxide.
Thareatter, the coating laver was rinsed by spin shower, and firther washed with pure water,
as a yesult of which g patterned light-shiclding film was obtained.

The pattern of the Hght-shielding fibm (Hght-shielding film 420 in Fig, 12) was get to
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a pattern having openings at which part of the metal electrodes 410 was exposed as shown in
Fig. 12,
[0383]) [Example 5-3, Comparative Example 3-3]

Patterned light-shielding filras were formed in the same manner as in Bxample 3-2
and Comparative Exarnple 3-2, respectively, except that the substrate 38 was used instead of
the substrate JA uged in Bxample 3-2 and Comparative Example 3-2,

The pattern of each light-shielding film was set to a patiern haviog openings at which
part of the meial elactrode 410 provided on the silicon substrate 400 was exposed a5 shown in
Fig. 14 (specifically, a pattern that overlaps a solder resist layer 430 when viewed in a
direction perpendicular to the substrate; a light-shicliing film 440 in Fig, 14),

[0384) <«Evaluation>

In the formation of each of the paiterned light-shielding films obtained in Examples
32 and 3-3 and Coraparative Bxamples 3-2 and 3-3, an exposure ampount with which
detachment eeases (0 pccur was determined vsing an optical microscope,  Here, the amaller
the exposure amaunt is, the more effective the adhasion between the light-shiclding fitm and
the substrate is.

[0385] The particle dlameters (nro) of dspersed objects in each of the patterned light-
shielding flms (cored film) obisined in Bxomples 3-2 and 3-3 and Comparative Examples 3-2
and 3-3 were measwed s follows.

A cross-section of the substrate on which the film had been formed was observed by a -
seanning electron ruisroscope (S-34001 (frade nare) roanufastured by Hitachi High-
Technologies Corporation) and an energy-dispersive Xeray analyzer (GENESLS (trade name)
manufactured by EDAZX), thereby obiaining photographs for morphological observation and
elemental maps of T1 and 8i.  For 400 particles in which Ti element was detocted, the
projection areas of the ouier surfaces were obtained from the photographs obtained, the
diarneters of circles comespondiog 1o the argas were caleulated, and the frequency distribution
thereof was evalnated, A

As aresult, in each of the light-shislding flms formed in Examples 3-2 and 3-3, the
proportion of particles having particle diameters of 30 nm or less in the dispersed objects
sontained in the lght-shielding filra was 95%,

Further, in each of the Hght-shielding films formed in Comparative Exarnples 3-2 and
3-3, the proportion of partizles having particle diameters of 30 nm or less in the dispersed
objecis contained in the light-shislding flm was 6%.

[0384] Developed regions (exposed swiace of the metal electrode) of the patternad light-
shielding films obtained in Examples 3-2 and 3-3 and Comparative Examples 3-2 aud 3-3
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(exposure amounts are deseribed in Tables 5 and 6) were observed with a scanning electron
microscope (S-4800 (rade name), manufactured by Hitachi High-Technologies Corparation),
and the presence or absence of developmient residues on the substrate 3A or the substrale 3B
was evadoated,

When developrent residues of 10 nm or larger were not obsecvad on the eireular
metal electrode of the substrate 3A or substrate 3B, favorable properties as a light-shielding
film is lndicated. ‘The evalnation resulis of development residues are shown in Tables 5 and
&,
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{0387}
Table 5
Titanium black particles Resulis of ebservation of development residuss (substrate A)
i Proportion of
Black cursble | Average dispersed objects
: 1 2 : .
It " .
COmpasHion particie ving particle 100 mfon? | 200 m¥end® | 300 mlfem® | 400 mi/en? | 500 m¥end
diamet ters of 30 nm
o jess {%)
. e Residues Residues Hesidues Residues Residues
Example 3-2 3-8 1 #3 wers not were not wete not wore not were not
observed observe ohserved observed shserved
Pattern .
Residues
: proparative formation s . .
oy 1B 50 nm P ; Hesidues Residues Residues were ngt
i Example 3-2 Was were present | were present | were present
| ) observed
impossible
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[0385] In Tables 5 and 6, “Residues were riof observed” means that development residucs of
10 num or larger were 1ot observed on the circrdar metal electrode.

In addition, “Residues were present” mueans that development residues of 10 rom or
larger were observed on the cireular raetal electrode, .

In addition, “Pattern forcation wag irepossible” means that curability was insufficient,
and detachment of the pattern occurred.
[0390] As demonstrated in Tables 5 and 6, the black curable composition 3-A of Examples
exhibited excellent curability at any of the exposurs amounts, as compared to the black
curable composition 3-B of Comparative Exsrnples.  Further, when light-shielding films
were formed using the black curable composition 3-A of Examples, development residues
wers not observed in any of the case in which the subsirate 3A was used and the case in which
the substrate 31 was usad.
[0391] From the evaluation resnlis of Bxamples 3-2 and 3-%, it is understood that, when a
light-shielding filn at the back face side of a golid-state image pickup device of the stracture
K is formed, development residues derived from the photosensitive resin composition for
forming the Hght-shialding film can be reduced,
[0392] [Example 3-4, Comparative Example 3-4] .

<Evaluation of Ability to Shield against Infraved Lighi> ,

Light-shielding films of Example 3-4 and Comparative Example 3-4 were formed in
the same manner a8 in Example 3-2 and Comparative Examiple 3-2, except that glass
substrates {1737 manubactured by Coming Incorporated) were used instead of the substeates
3A, andd that entire-surface exposure was carried out instead of the patternwise exposure,
thexeby forming solid lght-shielding films (having a film thiskness of 2 pm) on the glass
substrates.

The transmittance of each of the obtained light-shielding films at wavelength regions
was measured usiog a UV3600 (trade names, manufactored by Shimadzu Corporation).  From
the measuremant resnlts, the maxinmm trassmittance (%) n the wavelength reglon of from
700 am o 1200 vm was obtained.

[0393]
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Table 7

Titanium blask particles Maximum fransndtioncs (%)
Rlack Proportion of
curable Average dispersed objests
composition | particle having particle | 100 mFens® | 200 mJjem® | 300 m¥ont® | 400 m/om? | 500 mlfem?
diameter | diameters of 30 nm or
tess (%)
Exampls 3-4 ZA 1% nm 95 5% 5% 5% 3% 5%
ﬁ &2 ; X k3
omparalive Bxample - - N
O S 3-B 50 nm § 12% 12% 12% 12% 12%
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[0394] As demonstrated in Table 7, the maximum tansmittance in an infrared region was
low in Example 3-4 and Comparative Example 3-4, and it was confirmed that the black
ctrable composition 3-A has an effect in terms of reducing development residues and
improving curability while maintaining excellent infrared light shielding ability of titanium
biack.

[0355] [Examples 3-5 and 3-8, and Comparative Examples 3-8 and 3-6]

First, the black curable compesition 3-A was prepared.

Then, black curable compositions 3-C, 3-I3, 3-E and 3-F having the average patticle
diameters and the proportions of dispersed objects having particle diameters of 30 s or less
shown o the following Table 8 were prepared.

In the black curable compositions 3-C, 3-D, 3-F and 3-%, the sdjustment of the
average particle diameters and the proportion of dispersed objects having particle diameters of
30 nm or less were carried out by replacing a part of the 23 parts of titanium black having an
average particle diameter of 30 nrn or less used in the black curable composition 3-A
(titanium black dispersion 3-A) with a commercially available titanium black {128 (irade
narae) manufactured by Mitsubishi Materials Eloctconie Chemicals Co., Ltd)).

[398] <«Evaluation of Development Residues>

Developed regions {exposed surface of the metal elactrode) of the lght-shielding
filrns of Bxamples 3-5 aud 3-6 and Comparative Bxamples 3-5 and 3-6, which were obtained
by a process similar o the above, were observed with a scanning electon mivroscope (8-
3400 (trade name) maoufactured by Hitacki High-Technologies Corporation) snd an energy-
dispersive X-ray analyzer ((FENESIS (trade name), magufactored by EDAX), thereby
obtaiing photographs for morphologicel observation sud slemental maps of Ti snd 51 with a
size of 10 wnx10 pm.  From the photographs oblaived, the number of particulate matters
having diameters of 10 nm or wore in which T3 atoms had been detected was evaluated, and
the frequency distribution thereof was evaluated.

[0397] From the results obtained, developiment residues were evaluated aceonding to the
following oriteria.  The evaluation resulis are shown in Table 8,
-Bvgluation critenig-

A the number was staaller than 10

B: the nuber was from 10 to sroaller than 50, which was within o practically aceeptable
TGS,

C: the mumber was fom 50 to smaller than 100,

[3: the nuraber was 100 or greater,
[0398] <Evaluation of Ability to Shield against Infrared Light>
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The same processes as in Examples 3-2, 3-5, and 3-6 and Comparative Examplas 3-5
arul 3-6 were carried out, except that glass substratea (1737 manufactured by Corning
Innorporatad’ were used instead of the substrates 34 or 3B, and that entire-surface exposure
was earried out instead of the patternwise exposiwe, thereby forming solid Hght-ghielding
films (having a filim thickness of 2 um) on the glass substrates,

The transmittance of the light-shielding films obtained was messured at wavelength
regions vsing 4 UVIGHD (irade name) manufactured by Shimadzu Corporation,  From the
measursment results, the maximurn transmittance (%) in the wavelength region of from 700
nm to 1200 nm was obtatned. '

[0399] From the results obtained, the ability (o shield against infraved light was evelvated
according to the following criteria,  The evaluation results are shown in Table 8.
~Bvaluation criteris-

Az the maximuin transmittance was lower than 7%.

B the maximun transmittance was from 7% to lowar than 10%, which wag within a
practically scceptable range.

{C: the maximum transmittance wis from 10% to lower than 15%,

Iy the mexinmm transmittance was 15% or higher,
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[0401] Az demonstrated in Table 8, it was confirmed that excellent effects in terms of
reducing development residues can be obtained when the proportion of dispersed objects
having pacticle diameters of 30 nm or less is 90% or higher.

[0402] The disclosures of Japanese Patent Application Mos. 2008-240546, 2010-079581, and
2010-879779 are incorporated herein by reference.  All publications, patent applications, and
technical standards mentioned in this specification are herein incorporated by reference to the
same extent ag if each individual publication, patent application, or technical standard was
specifically and individually indicated to be incorporated by refarence,
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CLAIMS

1. A titanium black dispersion for a wafer level lens comprising:
titantum black particles;
a dispersant; and
an organic solvent,
wherein dispersed objects includiné titanium black particles contain Si atoms, and a

content ratio of Si atoms to Ti atoms (Si/Ti) in the dispersed objects is 0.05 or higher.

2. A photosensitive resin composition for a wafer level lens comprising:
the titanium black dispersion according to claim 1;
a photopolymerizable compound; and

a photopolymerization initiator,
3. A wafer level lens comprising, at a peripheral portion of a lens present on a substrate, a
light-shielding film obtained by curing the photosensitive resin composition according to
claim 2.

4A solid-state image pickup device comprising the wafer level lens according to claim 3.

5. The titanium black dispersion for a wafer level lens according to claim 1, wherein the

dispersant comprises a graft copolymer.

6. The titanium black dispersion for a wafer level lens according to claim 1, wherein a Si/Ti

ratio of the dispersed objects is from 0.05 to 0.5,

7. The titanium black dispersion for a wafer level lens according to claim 1, wherein a Si/Ti

ratio of the dispersed objects is from 0.07 to 0.4.

8. The photosensitive resin composition for a wafer level lens according to claim 2, wherein

the photopolymerization initiator comprises an oxime ester compound.
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ABSTRACT

A titanium black dispersion includes titanium black particles, a dispersant, and an organic
solvent. When the titanium black dispersion is for a wafer level lens, 90% or more of
dispersed objects that consist of the titanium black particles have particle diameters of 30 nm
or less, or digpersed objects including the titanium black particles contains 5i atoms and the
content ratio of 31 atoms to Ti atoms (81/T1) in the dispersed objects is 0.05 or higher. When
the titanium black dispersion is vsed for formation of & light-shiclding film that is provided on
ong side of a silicon substrate baving an image pickup device section on the other side, and
that shields against infrared light, 90% or more of dispersed objects that consist of the
titardum black particles have particle diameters of 30 nv or legs,

119



