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invention relates to a titanium black dispersion, a phot osensitive resin

conposition, a wafer level lens, a light-shielding filmand a nethod for

producing the sane, and a solid-state inmage pickup device. BACKGROUND ART

[0002] In recent years, small andpghpmrRese pickup units are installed on

portable termnals of electric devices such as cellular phones or personal

digital assistants (PDAs). Such image pickup units generally include a
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nmount ed_t hereon are al so requested to be downsized and thi nned, and high
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control the anmount of Ilght dependlng on the case. (0006) Fornation of
the light-shielding region by nmetal deposition has problens in that the
processes are conplicated, |enses bend after the deposition, or scattering
of light occurs due to reflection by the netal light-shielding film
accordingly, inprovenment is desired fromthe viewpoints of both of
production efficiency and perfornmance.




There are cases in which a photosensitive resin conmposition
e e conposition) in which a carbon black for use in, for
¥ gwedga 5§m L?'/%% matrix of a LCD is used is applied in order to inpart
I i gm-UQhIEIOﬁI%@MpMOﬁ)@rNWAJ IMEOIT] Further, a light-shielti«3g55ikm i s #13/11
provi ded on a solid-state i nage pickup device such as a charge coupl ed
device (CCD) inmage sensor or a conplementary netal-oxide sem conduct or
(CMXS) image sensor for the purpose of noise prevention and inmage quality
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waf er % g‘?s for use in the photosensitive resin conposition. Another
the

obj ect I rst aspect is to provide a wafer |level |ens that can
suppr cfQ008] Examples of known compositions for forming light-shielding films for solid-state

image pickup devices include a photosensitive resin composition that contains a black
colorant such as carbon black or titanium black,

Specifically, photosensitive resin compositions that contain titanium black having a
specific X-ray diffraction peak intensity ratio, and that aims at improvement of optical density
(for example, see Japanese Patent No, 3724269 and pamphlet of International Publication
W02005/037926), and photosensitive resin compositions that contain titanium black having a
specific nitrogen concentration or a specific crystalline diameter (for example, see Japanese
Patent Application Laid-open (JP-A) No. 2006-182627, JP-A No, 2006-206891 and JP-A No.
2006-209102) are disclosed.

[0009] Further, a composition for forming a light-shielding film that contains titanium black
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scattering or decrease in transmttance of light in the vicinity of the
Rec gd t-ShIP§| d;éngl film and a solid-state image pickup device provided with
e Warer™ &€ ens. [ 0012] A second aspect of the present invention ains

at a@mev:ememgmmmw ifs@h ) oMk g oobj ects. That is,sanipbjsers of the 14/1
second aspect is to provide a photosensitive resin conposition for a wafer

| evel lens which is used for formation of a light-shielding film provided
in awafer |level lens, and which is capable of decreasing photosensitive
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fil m iimdzepiskip 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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Yet anot her object of the third aspect is to provide a solid-state inmage
0 g_i ckup device in which noise due to infrared |ight is decreased, and noise
YUE To PEYi (€S9 s al so decreased. SOLUTI ON TO PROBLEM [ 0015] Means for

sol vig-thes proph| Bmeo, ofi ki heisfiaret aspect are as fol | ows, gxh3sgAsh4ani um g (5/1
bl ack dispersion for a wafer level lens including titanium bl ack

particles, a dispersant, and an organi c solvent, wherein 90% or nore of

di spersed objects that consist of the titanium black particles have
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tit ani photobenskivdiresie cempasition or alregiprt atherSthan egidns o pdiichnthe liphbitdeldimgpound,
and a pmtigpehaegeri zation initiator. <7> A wafer level lens
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conposi ti on Eeatds, dnedjacbokde thirBaspactsiete providatacplionasgesiive teain abeviosiion

i ncl udiith whieh WipRE-shieMBlg FRNBaARE SKCUIBEL dbMits {5 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 aspect is to provide a light-shielding film having excellent
ability to shield against infrared light, and a method for producing & 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 aspect is to provide a solid-state irage pickup device
in which noise due to infrared light is decreased, and noise due to residuas is also decreased.

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

<I> A titaniumn black dispersion for a wafer level lens including titanium black
particles, 2 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 & wafer level lens including the titanium
black dispersion according to <12, a photopolymerizable compound, and a
photopolymerization initiator.



[0017] Means for solving the problens of the third aspect are as foll ows.
| ack dispersion including titaniumblack particles, a
““ﬁ““at é§% 7%E%Pan organi ¢ solvent, wherein 90% or nore of dispersed
obj eptis-1hat: ONsTAS 0, ot Kk NelALiATani um bl ack particl es haye3asi-set e 16/11
di anmeters of 30 nmor l|less, and the titanium black dispersion is used for
formation of a light-shielding filmthat is provided on one side of a
silicon substrate having an inmage pickup device section on the other side
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the phot osengulA ¥8id Qe ina QI PRELD 18cd HicHRGth Q' Wafer level lens according to

<7,
[0017] Means for solving the problems of the third aspect 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
used 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
infraved 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] <I1>The titanium 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]



formation of a light-shielding filmthat is provided on one side of a
i Ld gon..sub havi ng an i mage pi ckup devi ce section on the other side
Ra% %ﬁ%b f ghﬁﬁéﬁ%f shi el ds against infrared |ight. <14>A
| i ght=hi 21001 4G4 fTAIHD, PNAKhEdABK: TOne side of a silicon subsi+iateshavi ng ang 17/11
i mage pi ckup device section on the other side thereof using the
phot osensitive resin conposition according to <13>. <15> A nethod for
producing a light-shielding filmincluding: appl yi ng the
phot osensi { yve resin conposition according to <13> to one side of a
silicon ate having an i mage pi ckup devi ce secty.@n on the other side
t hereofto rma photosensitive |ayer; patternw sing the 4
phot osensi tij ve | ayer to Iigﬁwj and devel oping t p sensitive Iaﬁég
after ex@osuble to forma pattern. <16> A solidjstate inmage pickup
device inclugnng~the Li -sRhielding filmaccordi gt 0(x14> on the one
si de of theu?fﬁgékﬁil B%S%E%E havi ng an i mage pi ckup dq%j e sectijon 2on t he
other side thereof. [(§022] <17> The solid-state i mage Wi 0 dewi
according to <16> including; the silicon substrate having\the ] e pi ckup
devi ce section on the other side thereof; a nmetal electro priovi ded on
t he oneysi of the silicon substrate and electricabkﬁ connected to the
i mge pi devi ce section; {Znd the |ight i"el ¢ ng filn1accg§?ing
to <l 4> prqvided on the side of the silicon sub n which the al
el ectrodg® sgprovi ded, and patterned to expose at st a part _of the
nmetal el ectrgdes <18> The sal [d-state inmage pickudevike ccXPdi n
<16>, furthel r%é? Tﬁ%kﬁ:ﬁ%Ekal el ectrode provided on] i
silicon substrate d electriMcally connected to the iﬁXbe pi ckup depice
section, the light-Shielding filmbeing patterned to expose
part of ,th tal el ectrode, ADVANTAQEOUS EFFECTS OF | NVE
Accor di he first aspect, it is possible to provide a photosensitive
i np ion for a wafer |evel If@f which is used for formation of a
i ght-shielding filmprovided in a wa I evel |ens, and which has
excel | enQTur@bi Lity, whi ch is capabl e of decreasing photosensitive
conposi tion- %Léfd regidueg in a region other than regions in which a
| i ght - shi el di (O

d, and a titanium black dispersion for a

wafer |evel |lensMor use/pn the photosensitive resin conposition.

According to the first aspect, it is also possible to provide a wafer

| evel |l ens that can suppress scatteriqgmgrxgecrease in transmttance of
4

li ght {9020hewhéreingin Forotulae@) ite (Ft XSHTe X} aurd X4 pathdndaicndentlyat e i mage
pi cku 8re§iﬂé§cﬁtea wcgyg;é‘heﬂom dr[)h thBBo Wi b:égﬁié%ﬁlﬁ RS, Y8 0P24) fccetdichg to the
Second, o) e B2 e B2 2 SR e et
| i ght - Epresens swgonpyalens oagandegroun; B represants| adydrogesratomand nmavalentorgapabl e
of decprap) a9 RYBEAHES AreOstruBREe MeFhathsedTh akMre t'thdcdPRdidmer; n, m, p, g,
and » each represent an integer of 1 to 500; and j and k each independently represent an
integer of 2 to 8.
[0021] <12> The titaniurn black dispersion according to <11>, wherein the graft copolymer
contains a structural unit represented by any one of Formulae (1) to (5) in a range of from
10% by mass to 90% by mass relative to the total mass of the graft copolymer.
«13%> A photosensitive resin composition inchnding the titanium black dispersion
according to any one of <92 to <13>, a photopolymerizable ¢compound, and a
photopolymerization initiator, wherein the photosensitive resin composition is used 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 nfrared light,
<14> A light-shielding film formed on one side of a silicon substrate having an image
pickup device section ont the other side thereof using the photosensitive resin composition

6



12-04-17; 05:49PM TA |1 YO, NAKAJ | MAGKATGQ, 03-3355-5674# 16/ 11
recSOIPOsL LI ON-der i ved residues in a region other than regions in which a
Fi'ght - S e d’(ﬁg'fi Imis forned, and a titanium black dispersion for a

vaf er-(lievells | dng; TAoro, useal ML higophot osensi tive resin conppsiiti-on7. B18/10
According to the second aspect, it is also possible to provide a wafer

| evel |l ens that can suppress scattering or decrease in transmttance of

light in the vicinity of the light-shielding film and a solid-state inage

pi ckup sdexidg toqyi-ded with the wafer Ievel lens. [0025] According to the

third aspect t . s possible.to provide, a.phqatosensitive resin conposition

with which a”"ﬁ"qﬁt@f‘éﬁ?‘if‘)&imgd‘m Tsﬁﬁ’?ﬁﬁ%g‘ﬁméﬁau%m ity to shield

agai nst i nf r appdvingithgphatesenbiéive visineempmitionestadery torela>teghosidodher t han

r egi ongilicon Witbhsehtd BSidg @ imagt Hidkugidegict !sédﬁah%nftﬁf, H&;Erg eﬁr%?éo??éfc?m%e“ the
C or

l'i ght-shiel di filmis formed, and a titaniumbla I sper si on use in

t he ph??%tg‘%%éi}%ﬁ}@mf’tasi n_conposition. According to the third

aspect, it iBatigrowseepnshigthe phptossnsifioe daver htighgharal di ng fi | m havi ng

excgl | ent abidwetqsiﬁ@ha d_@kﬂg@?ﬂﬁ}gylﬁ%{@{;@%hﬁmm @P%l"t@n.”e.t Ihodhf or

produci ng a - S din ik er.e N -shi el.djn m havi ng

excel | ent -abi 1%{%‘5@2‘?"&?% %&&éﬁ%\é\{&}uﬁ? ?ijﬁ?"gié"g %H’tg?‘kgwe@g%f ‘Eﬁ’,‘)“ﬁ%

resi dubs=147 en thegms sidsrafdhe sitigen subgiraa davingwhilmhge pickup dhicestsciordomtpef i | m

i s for oedr side dredofased when the light-shielding filmis forned.

Accor dj { | s . 1S,akso i bl e.to.proyide a

sol i d- L({E%?Llen%ereﬁ%oglgusgagg\%%eeb’fg%@ Vit heBdialie e{.ltég ifelp BRed Iight is

decreased, JA®SHGPR Bulsirate pvingthe iraazs rickpsdevireseetineen therRiEr sidedomed T ON

OF DRAW NGS { fi6@b¢lebirgie prowided oflditnons stde GihbwkiligoR BulRiariing cRitrialipf er

| evel 5&‘?@01@3?%& i\%iage p%ki.lﬁ dEviﬁé 9%%3_%@ onal view taken along the |line
Fig. 318

A-A shown 1n F.g [, % *a view showi ng a state in which a
mol di ng nat &RY L{ghtr%'ﬂel‘ﬁl&srﬁ%acaomwi%14&1759?1#@@0@ theride ofithe siliger .

Fi gs. sbhstrate 4G vehich theheetal electwide\s plritlati ngndpapieamddo egpask af astiagd ehses
on a sybshdiAtefcipifg a nol d. Figs. 5Ato 5C are schematic views

show ng a prgge of .formng a tterned light-shieldipg filmop a

substrate orﬁ&ﬁ ?@’ﬁ Sf’_gﬂ?&e Hg%gé’ FB mcgrgmg tp;<g 6> e‘émgf“dmg a

cr oss-wetat ¢lostedeirevided onitheyomasidxafitht siliobn subsaherandeleetridaip sommacayd toFi gs.

7A to (heiRhg SIERGEdvice HeaYSE, (RO RMMNGIANAE T &fﬂggsa'ﬂzﬁ{am bxBosRPRESS Of

formn o%ﬁglﬁt - @hLe?:Ldi ng film Lokt Flggs 8A to SC ar eas}éﬁoesﬁrg?%c VI ews

show n%drg ¢ Pg‘?'m' ng a lens on a substrate having a patterned

light-shielding film Fig. 9 is a schematic cross-sectional view

illust i i } Eﬁ%gs 12-04-17; 05:49PM TA | YO,

NAKAJ | gﬁ&%ﬁ%@%ﬁ%ﬁ? mo uf\g equi pped with a solid-state inmage

pi ckud08&l dccaing i the Trs aspret.diismersiblsito praviday phbtesensitivetesin

Fig. Xonimsitiondenwafe 1eved st Rnsbd ﬁr%ﬂti&ﬁﬂa&i%ﬂ%@l&@ figh state

i mage ph& indﬁ\q{rh-fé [ : ~t.he G enbodi.nent .

Fig. bflg\g_ﬂg S errgtkﬁ%f g%’s@s%%ﬁ 9@% a%&g?g‘lv%/%ggbghg’t%@t %&é%fﬂp%%lgag in

Exanpl4scrasing ﬁgomgv&quﬁiegvgd pesidues in a region otber 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 aspect, 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,

[0024] According to the second aspect, 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
7




Fig. 12 is a schematic cross-sectional viewillustrating a state in which
! Ii%gt 3shl elding filmis fornmed on a substrate 3A Fig. 13 is a
et Pe cl'6é¥!%Sect i onal view of a substrate 3B used in Exanple 3-3 and

Conmparat i ve5 Exanpliey@-@Kas (MagkaTeFi 9. 14 is a schematic cppsgisgeti onal ¢ 19/1(
viewillustrating a state in which a light -shielding filmis fornmed on a

substrate 3B. DESCRI PTI ON OF EMBODI MENTS [ 0027] In the follow ng, a
titanium bl ack dispersion for a wafer |evel |lens, a photosensitive resin

conposi th l evel |ens

e CoEiRebfety e hrdted BT sl %@?{@ﬂ%&}f@f&h@ b i B fy e

a phot deuAed. @ng & titeniwn blaskslispiersiemtaracyafen laveldens fonnss, inAhaiplotosshsitive evel

| ens aaesindbmgosidos second enbodi nent, and a titanium bl ack dispersion and

phot 0senoTt 1 ek BB oSRUARhS baRsP iAol h B?*‘S%*ﬁﬂ b TRRE B B8t | ons
whi ch %80 SRRRY Fﬁ?é&an&rPf idgarsaseindragpmitianee of t@kﬁml‘@mthogﬁimhﬂh‘fst ate

i mage phixkding fibuj owl)a silid-canpnbgesica deavibeprovided WeihThPwate MveDins

substr ib@zangcé?fdh%% éﬁ%ﬁjdcyfsg&ﬁ it ls{ﬁo@ 181\@1;9 gg)v@&e QpﬂtﬁBéeg&%;QLesﬁfr ti on of

the le
| evel ICBH@"%‘ ;YB th vioigh 9]Ilgh1i‘§}§15¥|{i“—'iﬂﬁ19¥ %ﬂﬂ@wgﬁ%t@bﬂﬂf & Slvﬂﬂ@gﬂ@étvel Lens
and Phanﬁ:ammhgh‘umbﬁdemd;an@mndue@mdmgﬁmmmq thixer a:rmmwﬁmﬂh@ﬁghto First

Enbodi @’@g ﬁﬂﬁmt ohﬁ@r!l L&g& Qhapﬁaﬁigﬂpsﬁlgau%f;ﬁ; 8}11?%%&59 the

first ereln sone o’as anium

bl ack @F’Eﬁﬁ’ﬂ OFES% @P%ﬁ‘t’c"ﬁzl?mi‘ﬁ%mﬂ%%m% i tani um bl ack particles,
a di sper sant Acadingrio ﬂuegandmspmt,\aemalsovﬂmslblcrto PES0ide a tiphteshddldidp imar sed

obj ect patinglexsdRal ﬁ:ﬁh@fto hizld AdAmk HRPL OGP Hbfdd Wﬁoﬁ@ﬁag & 1Eht-

di amet @fu@ld%g A Wﬁm%"by a%g%t—shmldmg 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 aspeet, 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. 1 is 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 Iens 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

8



[0030] The phot osensitive resin conposition for a wafer |level |ens of the
N stt enbod . n'g (hereinafter sonetines sinply referred to as
e'°'3”’?"|joe’t Rty H’\/Eé] Yesin conposition') is a photosensitive resin conmposition
thanzwmelucﬂesmmmemtwma«lmkmmlamm@ di spersion of the first(pibpgliseent, a ¢ 20/1
phot opol yneri zabl e conpound, and a photopol yneri zation initiator. |
2-04-17; 05:49PM TA | YO NAKAJI MAGKATO, 03-3355-5674# 21/ 1E [0031] The
titani um bl ack di spersion and the photosensitive resin conposition of the
first emnbdesguippad ®ithiaedlid-atatd Dhdpa pidkip dbvide hé@Rling kb ShélenGnglé bfthe khiad
waf er | eyellens. [0032] Respective conponents contained in the titanium
bl ack di'spersjon _qr photosensitive resin conposition of the first
embodi ment afée-d84e 2 peeaabis cevssisactnmgbyiew]ibusizfing aFplidnsiateitBIes ECkPRr ti cl es
of Fi r sdevicfaoctirtintio one example bfiehd third eiibotipdeack di spersion of the first

enbodi ment negﬁ,{dq@'g;a Lol T ACI AT Jib 75 sl ed 44 A0 Rl B! €5

are con sperse cts 1n I Sper sion,
enbodi angple @-Zof dlspersed obj ect s that con5|st of titanium
bl ack part | cF@ mém?sqlﬁrﬂahe leoseHsadthingl wiewfillBdraritiy) aQtatd RSwhichhdight-s, 90% or

nor e ('sﬂwﬁcﬁfx Hﬂfls %Ea%f sgggﬂ)a%ngf di spersed titani um bl ack particles

have partic

i eperaen obf i 12 FEA finieptie Srosbiebbal % s subrme H bt Sl 3 ang

t he di {purprestivediample 313 the particle dianmeter is the dianeter of a
circle havingig he 1§@meﬂqraﬁa cAfsssbRionaDyiew il @kathea sike &ﬂ@hi@h!h@fghﬁ-ur face of

the par; ctl Qn f a particle can be obtaine
measur i Iﬁig%tlﬁ%ﬁg;gisp 881"1“‘3 B%?l%%%lg by taking an el ectron m crograph,
fol | owed by correction for the magnification of the electron m crograph.

(0034) He'r'e_, t he "di sper s%o 1184 Nté’ﬁ‘ENf f)'lﬁlﬁa t| t ani um bl ack

particl inthe first e enconp asses ani um bl ack particles in

the f olfo2 Iy thedelowing.a Wagium, blagk fiSpersiontoea pater brvet lenso phatossasitive ¢ he
f or m ofreshggnepetim ihskdinpdhe garparand cl vesr el €085 actheinhot oBsnambbodienesi n
CONPOSiahd Qﬁb&ﬁurhlﬁ?aci{ 5@&9'3%1‘1 Daliges Pﬂbtﬁ?fﬁ{]e e ?a%?ﬁ%rl?% 1&5’]:5<

consi st f tl anium b arti er Vea rom

di sper Inud [PAME; a‘éf ﬁﬂws awé%sf%ﬁféoaé embedipmens tﬁ‘b‘}”é’ct s
t hat coblsk §tSpgthI¢m a;ndrplmtnsbimt;ke pain donipesitian dotdrdingdo e thmdmmlbnda(hmmam he
phot osg@@hbgd/ﬁld&gin corrposi tion and in a cured film(a Iight-shielding

fil th t t z h

b 1 PR AR V8 1B dn sl DR RaTeRts TS TR e BRVIGR 0 SRR RERTR nce
90% or upibffer example, alsdidestatedmeaps pickep derice) cod somprisds ani individual lehs present
parti chea shet@tdard ﬁgtﬁ-smeaamgm bvided ia ﬁnﬂh@z&f ﬁa&m I FRSIeHe " Iﬁﬂu Er om

t he ph Sidive 0si <re tNer than regions in t he
l'ight- §I?:|$ F(W# Ircjf?l?r‘rsgs*sorf#gﬁ’dltgaF ﬁ%@g‘wﬁﬂgﬂ - ght-shielding filmis

f or red[Q¥2Ph g@t@% SlankdPispernsipn fpék\rafpré@mo@nmanﬁ PbptosensitiverResiembodi nent .
Her e, Cbmpbﬁﬁbﬂﬂhﬁﬂudxﬂgﬂwmlﬁ@émﬁﬂﬁﬂ fo FeéBrssbdirmenp:t he phot osensitive

COMpOSI L1 ON, pyRUGh, A% 1a&1€ sBéPs%'n f(a Rz%f&'le%’e??én?ﬂf'@e‘?ﬁ%&n?ﬁﬂ%”&“ ear

Al t hough t he Treason F esi es are _decrease

presu %ﬁerapslﬁm@aﬂaﬂy srfegedingsn ditanyem blagk sispeesien™ de dismrﬁ@ntﬂaﬁt

| npr ovewbues titimiemblaabphiticjespd dispensaiganshot aganis solvert, whstemn 8efimosidre on
(in papt digptrady ob;,eé@ma HEB R B Bl tHRMthil i AT ckabHidiEs HRVE phRicIBRiaRitRd of30

i ght-shie dlng (0037) In addition, since titaniumblack particles
have eWRSEIEHt | i ght-shiel ding property to 12-04-17;05: 49PM TAI YO
NAKAJ| m&@meqﬂmmﬁsiﬁﬁamﬁwqmpdsgm fof a svafiir devel hamg@fdfta ﬁwat/ehbmrgmhnt

regi on@efmeegoﬁl&myh npla%ka‘e&éd i;d)dgw@hmgaﬁmvte*}esxh telbosifib@hdiag film

f or med e titaniu er osensi.tiv
cormosPRIBTAHVE st fPpssiisn it RS fedfbutim Pk Beryion e R oi ng

pr oper embodineagp phatapplyererizabltcosmound, mdewh@tomiymmzaggwmﬂamne di spersed
obj ects contained in the titanium bl ack di spersion or photosensitive resin
conposition of the first enbodi ment have particle diameters of 30 run or

| ess, the following nethod (1-1) is enployed. [0039] In order to determ ne
whet her or not 90% of the dispersed objects contained in the cured film
(light-shielding film obtained by curing the photosensitive resin
conposition of the first enbodi ment have particle diameters of 30 nm or

| ess, the follow ng nethod (1-2) is enployed.




[ 0040] <Method (1-1)> The titanium bl ack di spersion or

phot osensitive resin conposition is diluted 500-fold with propyl ene gl ycol
RecRtatet ISP E(44@P2 acetate (hereinafter sonetines sinply referred to as

" PGVEAL) 17,39 odi i sl napt o vaggaobon thin film and dried, jandsasphot ograph /i

for norphol ogi cal observation is taken using a transnission el ectron

m croscope. The projection areas of the outer surfaces of 400 particles

are determ ned fromthe obtained photograph, the dianmeters of circles

e SSTBPE T b SR BBt A8 S RS LSS ) B
mor phole8iodimens geaised fordRraRipplenbghtzphi fijrg of giwafgrdevsl legs. 5
cr oss- §8033]oRenfectiecdmponchrovathirmdlia thedtenium bladkedispesiog oaphaasenkitige

el ectrQp,: 2 : AL W by Hitachi

Hi gh- T%%%%%ﬁ@woéﬁgéﬁggﬁo Hfr%%@ an eérélé%g# ﬁ%ﬁé@%ﬁe X-ray anal yzer

( GENESIY 33 r 3 ’émﬁ‘é“gél siet of HStb@aF“ CHltc. ). The projection areas of
t he out er sufThatsiunt bk dizaetsionl afthe Airshambidifientineheled titaabibblank det ect ed
ar e depaftizidaed The GAnGE bRk FanblesthotOsARN as diBFersbdaBpicdd & tBE di3hérslogs

' | .t he, f . di-St Ej but |
her 2Z%9%3*1@%ﬁ‘uﬁ%@ﬁ@ﬁé&?‘@rﬁﬁé&%ﬁ%ﬁ%@Bﬁrg Yoat GRS Sy ip vl
Lens aRartiolsthavepatiche srspiGompe of leson That isuBvHprimare Satermaceliedidey t o
Secondnibed)iofdi¥persed titaniubh 8lack haniclnhal @ pariidicshar@bRb Bomnaorrier | evel

| f . ] . . L
it ant um bi S gEERe O FAtbelsaEbRlcHAN'E A BRbLIFRAPRIBINE Baftelecd 1O @S
di sper gieteraf thadisprripd phiedAngddhe partigle diaapler 5dbe dppster of p sErldiamipst he
titani tredahmciteddrthe phfectionnie of the oatkosEfaca of tHeharttudat eTlic frojdetdon hrebi
t 3 . .

7 0043 Of 8 PhrRledh toObaed taful Mocthls IRELSE theRle Sl Jalig Oh cllcBOET |
| ens omlelﬁgra@éc%ﬁaws%x &pwsﬁfon(ﬁéﬂ*& pagnication el ihelectonictograler red to as
" phot of¥)3d| t Here, the Siispersepoljetts drit konshe of itivemilin black patiehs” 1 the/fikex] 2
12-04- ; -3 y H i

dhbidntEAl éﬁé&ﬁiﬁ%ﬁ lﬁ%os 1\:;11{1t i O'lﬁﬁ%ﬁit ?agtﬁc?cgs 1?3%05’1@ cﬁ’ﬁ%&r{ﬂ Pﬁrﬁ@les as well as

phot osg si.t|¥ia kem & udes the,tl um bl ack

di sper Si2gHm plack patticles iy paichepereses, SW@BTYWWE bl e compound, and a
phot op_EQO_ﬁﬁh elerptoteransinie mtrmon_aposition_ of Phafirsk smbodim_ephimbdemdispmgl resin
COMPOShE;keE 11 cbiiEst S BRMGLE TRRM PR Med (¥eived Bdnd thb FRindh MARIRFGdLIES, a

di d c sol i ch ts of the fit

bl ack. deapi SreEest DB oRarclune ool ety MR R aftipput plate ™
phot oppryislss andiiacarg sopbined ke phqsersnsifive yashecomposition andiin azvwed filmuat her
t he di g@arhaddiadira) abmjﬂaalwuﬁg%&ﬁ@pﬁdtémgmm RsaCdontisition RSe pa@Rieai N S

at ons, e ratio of Si atons to Ti atons (Si/Ti;
wei ght?i%eﬂl%tc%{lg %sogtrlreessappl ies hereinafter) in the dispersed objects is

£
0. 05 oEO0RE,Hajthe firsbeahpdintent sincaOlnPOIatIotihe fispermeshobinats tHasconsist of
phot osgtasiin Wack paiiales faROprticRifhetcRo 3000 dr RE) ockid®e dedve] fiodhé or

f > : o8 AEROpartioleianet : | / .
rospect e boaROFIh A s B ralin in WENE b BB bt B i
phot os@rErd isiedyeed; whengpdehirshiedding filmys formed nging thw phatefensiive 1efs cr i bed
bel ow ¢omsitein of[thOAf embolimminum Bers kheRasitlialindudd cnsairdtskithiodd freni -

bl ack SEBHESASRRE Sty faclas I GHIK JBRRAS) R Mo %é%tﬁgﬁ&a%éé%‘;:?
obj ects in tHEusk S spem why, tharssiduessng desreeas h’e‘i‘i’ﬁl, uqcir@r:dr isupsiggd that
obj ectdispdrsewl abfiecnghavin@amnalindzinsetdes pentributeds impmvement iBirembeatslityasfd t he

conte ' | o3 hfiidt e I??Hﬁﬂ LBGts IS
0.05 2& o |§ erO ?&5?&1&'@% féﬁ%ﬁ&ﬂ%gﬁfp&ﬁ%gﬁ%@% (})]gjlngjé{l lg Ellcﬁ u |%gg'fnﬁ%ﬁlﬁum

bl ack %&P@'@*%@ahgh’r"% 8ab®d enbodi nent enconpasses a case in which
titanilGo8B) doladdision, dhesitanien blatlhpardiclkeshade gucetent Yightshieldiresprapetyatocase

I n which titanium black particles are_in the form of aggregates (secondary
particles). [0047] When the content ralio of Si atoms to Ti atons (Si/Ti)
in the dispersed objects of the second enbodi nent is higher than 0.5,
preparation of a pignent dispersion using the dispersed objects is
difficult. Accordingly, the upper Iimt of the content ratio is preferably
0. 5.



An exce55|vely low Si/Ti of the dispersed objects tends to cause residues
r enoval ions when a light-shielding filmin which the dispersed
R“BBT et 33 Fﬁgmgbcond enbodi nent are used is patterned by, for exanple,
phot ot hoge iy T4AN) exxeesisisyedy high Si/Ti of the di spejsedsphpects ¥/
decreases the ab|I|ty to shield against light. Therefore, Si/Ti of the
di spersed objects is nore preferably fromO0.05 to 0.5, and even nore
preferably from0.07 to 0.4. [0048] The followi ng neans may be enployed in

o os. 1R EPY . AndLRr Sy it L ORI AR ES B0l pifacd B0y

bl ack Hisdigs Almifprmedgpsingthe ditagsumdiask shispsesion @TPhotesnBHvhiegaoTpanitioe
obt ai nedf thyfidk smbsdiegt &b enveDsitdiehrsideldinkipeepepit ti cl es by using a

di b t
r educi ?ﬁﬂ%%le“?ﬁf@% ffe“%”ﬁ%e@%%%r ol B9 3h b ol Bt Lt Wéf%%&?neﬁt
for prd isgersion o% plpteseasitive gﬁnbmn&qsgwafof@h%ﬁr%ﬁmhp imept haye

expl ai r]md:cle diameterd of Hnnmrarlidsacihe Hallowigg ancthddTil-Dfis Bmpoyed. hi gher can be

p;]epar ,n{ gﬁa@é(ﬁ‘ Sy oncg;g%s % &% %amcagp@éw)
?egi LOMf{ ﬁ%ﬁ HE%I @avmmﬁ%ﬁggg@ﬁa%gﬁg@ﬁéﬁéé t hat

consi stthofirst emaodimenbhavelpaiideie dneterd of 5¥ a0l driles) thh doliewiaginwthdl @eX) is

di Sper%ﬂﬂb fi the second enbodi nent. The di spersed objects, including

ti tam wlﬁ“ E ﬁ?rtdld es, contained in the photosensitive resin

conposi 9 Qrig> cured flint (light-shielding filn) obtained by

curing the plbe tikmiven blagk dispsisivrcanpboisensitiveatsin chanpesitine icdihtteh§00-fold 0 of

Si at OREtH o yleﬁé El%o[&ﬂ)ﬂoﬁéth&l%tﬁé}%c%ﬂﬁééﬂiﬂ&bdo%tﬁné%'fsn@ fhrelirRET
dedc

and pre ther eof " are S ri bed above.

[ 0051] i}ﬁ ﬁ&’ ﬁﬂiﬂ%%@@ﬁﬁf@ﬁt 153 %'aBl? %l atons to Ti
at ors @Strphm?glmﬂ Qbhﬁvaﬁltyp@rtsbidl usif e ransonissionélegjran mismdacaps| aBe particl es
is 0. Oﬁr@éctmnm,ofmlﬁmeég Nerhof jaiBtdd19e BACLOREN Siohl MR JbRFRASI tion in

a regi |05|nv\/mchtell ht shleldln filmis formed
2 e 7 e eBhRh e Bhencicts 3 ﬁir%‘rﬂaf%ewv%lg 1 P8 Pire G T Bsens: i ve
resi n Esapsydigibuionthereabisevaluaitdodi nent - cont ai ni ng the di spersed

obj ect gooﬂmeammodqe&)}ncl ude conponents derived fromthe photosensitive

conposi tion, 4 }H g?a%htﬂnt %%gﬂml%xgeﬁ l%b?earvétm%l ﬁ e 59&[&%%{13]?5%81’ r L %rgl ofa
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Y 48 efdlve
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P?BH CEHm e di n{gijI i e 510 If§r q;%%@%ﬁléém#’ﬁg{?@wtme%?%ar“ cl es
have ekesppefion M@mﬂmsﬁlee‘ieanm@ccprd;patq cogd Exdtedimenta wi de range of

wavel engt h rBg @asiuielecdspésitnubt 4 Wafep |I@Jcl lefis bk Eédoad enibddiment

li gh
bhot os st Sombriflls %22 riPRY tﬁ?‘ﬁ%*ﬂé@%%‘%%% SRS et
excel | Biaek pagples.srispeasand andAserragnic pofyerd) and digneged oﬂveﬁ%méluﬁhngéhv\het her

or not titahune blatle phrtichk icontain § ateing) @dithe donté@itonto 4B atohs tdTT dtems (SipEy sed

obj ect g bl ack di spersion or photosensitive resin
Recei ved‘ﬁgpﬁséﬂg‘gﬁwct&%/b‘%’@i#g} 04-17; 05: 49PM TA | YO,

NAKAJ | MRg&iInTegdditionsths phatessusitiye r@@#ﬁ@&mﬁ@ﬁn & & wates lvshisne ahgiseeond i s
0. 05 oemboditment (heteindfter kometipeneinipy rdferrdd toi a3 “phgbsateilive rO4h 4pmpdditidioy
(2-1)> The titanium bl ack di spersion or photosensitive resin
conposition is subjected to heating t idat nent under an oxygen at nosphere,
and di spersed objects including titaniumblack particles are taken out. 20
ng of the titanium bl ack dispersion or photosensitive resin conposition is
wei ghed out, 0.1 niL of RR1 nL of HNO3 (10% aqgq.), | md of H2ZSO4 (5%
aq.), and 1 niof I-1ClL (3% aq.) are added thereto and subjected to

m crowave dissolution. At this tinme, the tenperature of the liquid is
180C. Then, H20 is added to this m xture solution until the total
vol ume reached 100 m, and the resultant m xture is subjected to | CP-CES
(ATTOM (trade nane), manufactured by SU Co., Ltd.) to carry out an

el emental analysis. The mass ratio of Si/T1l is calculated fromthe results
obtai ned. [0055] I'n order to deternlne mhether or not t he cont ent ratlo

Y s o e o N




[0056] <Method (2-2)> A substrate on which the light-shielding film
RechiS fagrggégmlﬁlﬁzglzlt to prepare a cross-section of the light-shielding film
and The ¢ross’Section is measured with an energy- dispersive X-ray
fI udt-dgdeende: IIpeciian ohrdi ) | Magkaor esul t of which the anouii-30§5-Sb74at ons ahd3/1i
the amount of Ti. atons at -a surface of the light-shielding filmcan be
obtained. The ratio therebetween is evaluated as Si/Ti in the
light-shielding film Here, energy-dispersive X-ray fluorescence

spect r ds e phytosansithe resin comgogitibn that hgludbotheeXaiiphdlack A&Rsidd HBEe satanm)

manuf a ning -
ot i el IR G A
manuf act ur ed tegrnsitivg Zesin CURBYSE PRI B sesoid exbpdiment tshude ence
det ect ditanium black panticelr b tdispersaat, ashauogariisolveht adidhsira gomponents of the

energyxﬁarﬁmrﬁa&%%&%&m%s‘&ﬁa QBREGH! LI rfiﬁa.ﬂ g 4'sed not only for

rreasurelljlrE@ [3' content@g&l at Qs, atons 1n the dispersed
obj ect $LGRP P}?@&abfﬁ CPRBOR #PIPQFPI(’? Vlaﬁrflzastwpéwaﬂm Fyriher, thedispgreed f or
measur ehjeats, wiludineg the titanitm rbdackpadicld, cattaim$i ttonds, and tirscohtenpavidef Si

Ther ef g, I

obj ectgcgfi@sﬂ%%;gmﬁqﬁe@%%m ﬁ%’g%t a%%ﬁdaﬁj g%%grhsc?%lﬁﬁgr %1? ?1 h‘?lg%&@e resin
corrposnlst e neasured by carrying out energy- di sperswe X-ray
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the | embaddintent bl usé@fbrrfohﬁslnon dM 11éhY~sh1|eich§ filh in HPwafdledd lenk1- It CU | C

titani n or hot o 1tV r Qsition. The
reacur SRR REpeHER Pl atl spadisd ot et ek fiFRs o oF SRR Sve)
<Met ho#srxogyposition of thersrsond ewhipdiment amldemrdqad tbsloonimoerdphot osensi ti ve
resin m@sn-ﬂtﬂﬂmme@mdml@ of $@ord B bodithepixygeN at nosphere USI ng a

smal | rotar tured b and nai al ned in
that state %*léli:étgtgm ] nu? %lggaﬁ%fsﬁoﬁeox tlbeong%rH{mrB&gdb?’ﬁ?ﬁniﬁlae%w F‘ K The
powder PHHelgF-neBhy Htagivae black podiclay @g@@@ﬁamcbwmmedgabwquméswwno 2

mm  t hin thk 8¢c@nd enfHodireeht] the alispamud sbiebabeludr@uidiash Mhddpaicles, @6htaRHN beam

econdd %Eﬁgqaﬂéféftﬁ%ﬁ&ﬂ%%% (85 S1b e R HADR (0P JER lnshlhistls 98,

| ess. 1Ti ratio is calculated by obtaining the amount of Si atons
and the anoigreghe Tdispdrsedboliiéets h&lmhngiﬂfammhblabk bmmhe’ern thekisdatied to the

heat i AEHe Qsﬁnf cope
S- 480(%(5(%%% om%)ﬁséﬁ gct ur edtﬂ ﬁmt%?:hﬁglﬁ?%@i%%ﬁ:nﬁltgg%s rporgtl gn)
and arP @Pw E??éﬁ’% %@ﬁaag}mb é‘f@%@%&éﬁde o5 qlIQERrEARs {ppcondary

Pent aﬁﬁmﬂe{)trade name, Manufactured by Oxford Corp.). [0057] <T| t ani um
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g.h gpte'ﬁ&f’?r;"r#’ ?185) Cﬁ?&ﬂ? ﬁﬁ@}eﬁéﬁdﬁ dﬁrm%?r?#' r wm&ﬁaﬂﬁwwm ack

pr ovi déspessedmbgectd idalifficuld, sﬁdccm‘dméjulﬂmmmmeldm\nfm@e eontentagiio mprcbfﬂmbljew ce
sectigpson the other side thereof and which shiel ds agai nst | nfrared

light, the tjitanium FSion in tltanlumbl rt|

i Sper sant AMERFHIRS R SO BERE SRaisPE p o6 Sons 1S s aidhes abeseib g
obj ectrsgionswher adight-shielding Glm imwhichdhe fhispared abgectminghp amqnd Iembddmm ers
of 30 B ik paternddIBY, Thbex A0, qm mmﬁb eAmseﬁéss@@w h 1@31,*‘1'1' gpek) of

di sper t S artJ | ers 0 nm or
ogs. Al ?ﬂecé%%e%ke%%é‘s e Rbiigy 6 %g%ﬁes%‘ dapb; TSRO STAT B P8r ¢ he

t hi r d disaseer wbivcts is Prp brsfereblysrem 005 o). 5, a@é epersnoropreféraily ifrom 08840 t he
ti tanlo,km bl ack di spersion of the third enbodi nent, a photopol yneri zabl e

of ”‘3° ?ﬁl "‘é. i 0519&135194&@#&@?&@&&(% ol SUTER b aRgr

subst robf ﬁhge pi ckup device section on the other side thereof
and mhlch shlelds agai nst infrared |Ig§t. [0058] In recent years, due to
downsi zi ng, thinning, and increase inSensitivity of solid-state inmage

pi ckup devices, there is an increasing request that, in a silicon
substrate having an i nage pickup device section on one side thereof
(hereinafter also referred to as "first main face" or "front side"),
infrared light incident upon the silicon substrate fromthe other side 15
thereof (hereinafter, referred to as "second nmain face" or "back side") be
shiel ded. The light-shielding filmin which titaniumblack is used has
excellent ability to shield against infrared light, thus being favorable
as a light-shielding filmsatisfying the request. However, as a
result of study on the third enbodinment, it has been found that, when a
light-shielding filmis fornmed using a dispersion or photosensitive resin
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i ncludes titani um bl ack, residues derived fromthe photosensitive resin
conposition tend to be left in a region other than regions in which the
ReoPivght': &A™ H7%T'% i Imis formed. Al though the reason why the residues tend
to be-(ieft; tbstompiTaAGk@amKad Al ieTpr esuned that tendency fop3tsgtmmpwm Mack ¢ 24/1¢
particles to precipitate over tinme, tendency for titaniumblack particles
to becone coarse, etc. have relation therewth. Accordingly, as a
result of further research of the third enmbodinent, it has been found that

th id G i intainihg.t Weity.of tit.ani

bl 'ack & o aht ATARUBELIAACHRRL: LB bEo L DBLOLE ik IS 0PRbb ot Hicher bl &0 ™ 1 m
by usi riRptaiped by dispgrsing Hitandwm exidsand sicamartisiestbygising a dispersesdd pbbnposi ti on
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di sper sensitive resin conposition of the third enbodi nent, a
| i ght - shi el dilftgnifnin bindkehavivgz £S0T df0105 edhiphéryeah e phipated By RirRshmpR{ £ ar ed

| i ght i - Do ; ; eaa e
the I *ﬁi’?&ﬁd&%gﬁpmff?%mﬁé%ﬁiﬁ@?8?@223@?2@&@i@%&_&?ﬁ% Ry 8265085 he
i ght - $KY34 dffﬁapfﬁ?tgﬁnanw oS CopeFgen of e secopd m@e‘ﬂ@@% kneludes dispersed r om

700 nu obfectabdl consist of titanium bladkdshirticleslerivel ifntihegitanifmail sk digghdion oans a

Cate i : o ¥ o ) . ' : .
o1 ol Mo ORIB | Rt Sahutl BB Nt o
di sper & Bty RRAIPSHIRIE et corpesitigniand énths surad tom Gight-shiclding fmdabsinsdent |
cur abi by eyring trernhotoseasiiyawgsireopmosition alsefhave thel dogtent stiogi{ @i atpnfs torfiat t he
time ottdngy ($U/TY) ih e dikgttedsibj@iteloM@Os bk Iﬁgh_@r,_ M@ﬁkﬂfdﬁﬁ]@k‘ﬁ@ﬁs thereof are1&d10uUgh
the re Ow%tﬁékstd%y{r%%'abwe is inmproved is not clear, the reason is

Ol T OWs:

presunmed 0 be as . since 90% or nore of the dispersed objects that
consi s10BH 1 knthe perend erdrdisnant Snceshe senteraptie of & atpramtq Bratows (ST iom or
| ess, sweaditperded@bpdetsintliditgaitaiivin gk peteled RO.06H HighdrSresMpey @ased i n the

i ght - shiehdi ' ing:0f i he viol et |ight
|t he EpPH pllthoscrsitveonfpos oA » 1An bl fish ehifhls h 4alh e, C
enbodi fEfUeilS PR g reduced whep adighishielding flopisdprmedusingtige pi ckup
devi cepb®osdneitive aminsatpditiai of the tevond tembadedit aouinininghihe Higpkied bbjct@ge

i cku | S SMESS [0l ‘ in a
LT gmgﬁsgﬁaﬁmﬁéﬁ% -ﬁll%-l _13?%: 48Pﬁ%&t%?9@?gﬁﬁ+%?‘ﬁ&?gﬁ+lﬁ%sf Khi LI ;
uD- SDE%HBU'[’ I particles and pesit pFAMBORENIS | cation, the silicon substrate
provi ded wi tAltrughribgeeaginciwhy thieresideesae rédmed & stiinetlene §t is pfanmed thad as
" sol i ditigtadRrdeABER AR EMLIS WY sEATl Pfticls Bahilicid @bPelatRIE dAEIL BialRYCEF
substrg@e". hn Lhe sol.id-state ima e.Blc% devi ce,. ot her elenentél(such
as a ci BP iRl ARG AR ingredse &b HieusrORaRion gf ShaiPmstenidiniog FomppeA o the
Res pe clispasesomieniedgcseasenadsorsivityoftheentire filidorab hoddlyihs pmpsitons oresult

phot ozmm:h ViR }i@i@rﬂ&?ﬁﬁ?@%id &d?r?(p%ﬁtitﬁ; 6f:1;i1é ch?ﬁ@%&ﬂbgﬁfé{en@ﬁﬁm@xﬁgﬁﬂ& gﬁd bel ow
I n or I - -anlum aC. alll Cl es | r I nent .- e. '
e ans St s B el pRl st ion o i R R AR e ok
part i ctasaposition (in partieulay, tizaniumbinckaartieles) idyring therformasiunasfrrelighishigidiner sed
obj ectflm.n the dispersion, and, in the third enbodi ment, 90% or nore of

G anot QO Bl 8k SRR bialk phichl iR SRR Bk Refiiod BeReRR (cy®

obj ectlight i s widevange efpavelsegth regiansrengiag fiom plitagiolet dpinfearedthe Light-

ﬂ;i ?ﬁrshwdiﬂ@jmmtfmﬂaﬂuﬁhg ﬂm&ithhiﬁbﬁbl_dﬂamap&&iog 9r ?E\%ogﬁunaimteer gﬁsril]?g(():lgpﬁiﬁ?ih:
g?fétﬂé sﬁ%%ﬂ& c&%%@[n?egn ERGLRE %11; SgéeE)lg{r&t l?%l’ﬁ%lngg:{ri]n%mgg ;

particle, e proje n area | . i ned by neasuring
t he arl®853Hacscsar togetarming Whetheliar sgt the ceptent e of St atemsdpd] atoms GudD iny

cor r eahe divpéeed dhiectseaniafnedan denihividisiact ei@%d‘rﬁiﬂn of phigtgsameitive rbiR63] Here,
"di spersed objects that consist of titaniumblack particles” in the third
enbodi ment enconpasses titaniun1b|ack1%articles in the formof primary
particles as well as titaniumblack particles in the form of aggregates
(secondary particles). [0064] The photosensitive resin conposition of the
third enbodi nent includes di spersed objects that consist of titanium bl ack
particles derived fromthe titanium black dispersion of the third

enbodi ment. 90% or nore of the dispersed objects that consist of titanium
bl ack particles and that are contained in the photosensitive resin
conposition and in a cured film(light-shielding film obtained by curing
t he photosensitive resin conposition have particle dianeters of 30 nm or

| ess. [0065] In the third enbodi ment, since 90% or nore of the dispersed
obj ects that consist of titaniumblack particles have particle dianmeters



Al t hough the reason why the residues are decreased is still unclear, it is
presuned that di spersed objects having small dianeters contribute to

RecP S By et T14%?%%enovabi l ity of uncured photosensitive resin conposition
(i nlMatuWEaJQPMtMtW@'MAmJJ'M@MTQaFt' cles) during the forpauioncefsthe 4 95/
light-shielding fil 12-04-17; 05:49PM TA | YO, NAKA)
| MAURTQ03- 3355- 5674#29/ H [0066] In addition, titanium black particles
have excel | ent |ight-shielding property to Ilght of a wi de range of

vvavele n mulitr olet to ar.ed, haye

excel | e ﬁﬁf‘ Eﬁ? aﬁgqﬁﬁgaﬂ%@@ppyspgﬁ %&?&ﬁ%&hﬁ?qﬂg?mwegwgc@%%t

(i nf rar@mplm’@ht shiel ding property). Therefore, the light-shielding film
for med [pgs4)9-<Mnehdd zar)bum bl ack di spersion or photosensitive resin

t h h di ment exhi bi.t |l ent. intrared
[T Ght -shi ol af %&%e) e OB TP Bl et SR SPRCGRE TS ot o0

of t he heptifmiresinp @@@’geammmphnreu ped dispersidohjdritainkludingpédtagivon or
phot osmt%ay&]éﬁe@-bmﬁggpm tion of ht ge third enbodi)mént bhave parti I(:I e od.
di aneters o nmet ho ed above . s.enpl oye
longel 1 oraé%“&'t% i plaffiin bl e Sl BT B8 BRRSHeR i ob) ot o
cont ai edghed qubd). b oreef HF,| lnmf) of gAY Os 0§08 aqmgl k| offF 260k £ %ed JognccLimlnef t he
phot os #1¢li (B @})ymlaﬂd@mw indosbpderdd® didtdwhve aReeuiBA! RAaMfs fRkithe! €

di anet r..l.e he et hod (1-2) described above is enployed.
[ 0069] (%EI':S é)rm un?%tﬁﬁbgu aﬁ?g%l sinthe first to third enbodinents are

descri bed i nThen, &b addledtteltwamxture solutipn tultd tl‘la: tcml vbbhintdwenchednt@Gdnlyent s,

;Pgrr;[sl hﬁdlthéghﬁﬂﬁ%{e(f er ab I%ﬁ%géctﬁ& ﬁ{IGP:)té){Eﬂg‘. such as Vin%ﬁ& I Ué,m
£ Cani u??{‘zds? frﬁfﬂ.cam’yb%? Flefii iy ‘Pi’%séﬁ‘i“ﬁﬂf ik R oy
be sur figdesytsdbtaiegd. f or t he pur pose of for exanpl e, inprovenent of
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oxi de, theRhetasFakivadesia comnosision ot segendempedimentds 0. Qﬁrorriaghqsethe r eat ment
With afmngaimdﬂﬂi(ﬂgzmﬂhapmye@. such as those described in JP-A No.
20073065}%@ Iﬂg% ( | es of commercial products of titanium black
particrles ? e tt umblack 10S,. 128, 13R 13M 13MC, 13R- N, 13MT
(trade hanmpeAs ”'?ammwa@bmhgwbm@@emﬁﬁ fqpmed is snll toprapares Gra¥y

' TI LAGK¢elipn of thediphtaliieldimgfile amidithe crosy-seitibn id@sasurédowith bh@ngrgyet c. [ 0072]
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ti t ani seanmpg eleeirde misrosenhecad aatNGAYENERGE PENTAFETXG (‘tmd@mameblce of
amoni gafFadratddds; Okfed @%ﬁsi ak Bn ¢Rerdy NespeRPvSRGEY ﬂﬁ&@seh'ﬁté’\déi@etogl 201610),

a net hod in . whi |umc dIS attach to, titani i oxi de or
12 04- 17; 05: Iﬂ&éﬁ% AR B o8 shaEn Spp St X 38y Hibedes
hydr oxdPgeiTorasiar miay va:tuewbmtemtn' formaengureiment pEthe gentenidratoof Shatoms tpTesence
of anmmeing ir mera@éﬂméd% tsomaehihed iBRhdchied fBh(BOKGHMIdin tfﬁm), but also fghe

tit t | t fo t
or ef or STy Bl canfins G AP Sraris o B s Weovﬂfeanef%ﬁre e ”e”ﬂ?ﬁna the
first mgo Pﬁ St atomsie di aemsof thhdispersechoRipsts Fergringd inhe sitamum

phot osdigisrsibl 6r pRSRbEENSINE @&l Larh @B’iﬁdih o@Ybd MEASUER wﬂam@igeoﬁtmer
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type of or two or nore types of bl ack4pi gnent nmade of a conposite oxide
of Cu, Fe, WMr, V, N, or the Iike, cobalt oxide, iron oxide, carbon bl ack,
aniline black, or the like, may further be used as di spersed objects in
conbination with the titaniumblack particles, in order to control

di spersibility, coloring property or the like. In this case, it is
preferable that 50% by mass or nore of the dispersed objects are dispersed
obj ects that consist of titaniumblack particles. [0075] As descri bed
below, so long as effects of respective enbodi nents are not i npaired,

ot her coloring agents (such as organic pignments or dyes) may optionally be
used together with the titaniumblack particles in order to, for exanple,
control the light-shielding property. [0076] The content of titanium black




[0079] In the second enbodi nent, the dispersed objects including titanium
bl ack particles 19 contain Si atons, and the content ratio, based on
Recqisqdnt 2:380. B4/At2oms to Ti atons (SUTO in the dispersed objects is 0.05 or
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[ 0080] The foll ow ng explanati ons are;gommon to the first to third
enbodi ments unl ess specifically indicated otherw se. (B) D spersant
Each of the titanium bl ack di spersions and photosensitive resin
conpositions according to the first to third enbodi nents includes a
di spersant.




Exanples of dispersants in the first to third enbodi nents include
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thereof. [0083] The acid value of the dispersant is in the range of
preferably from5.0 ngKOH g to 200 ngKOH g, nore preferably from 10
ngKOH/ g to 150 ngKOH/ g, and further preferably from60 ngl COH g to 150
ngKOH g. When the acid val ue of the dispersant is 200 ngKO1-1/g or

| ess, detachnent of a pattern during devel opnent for formng a
light-shielding filmcan nore effectively be suppressed. Wen the acid

val ue of the dispersant is 5.0 ngkOH g or nore, alkali dcvelopability is
further inproved. Wien the acid value of the dispersant is 60 rngKOH g or
nore, precipitation of titaniumblack particles can further be suppressed,
t he nunber of coarse particles can further be decreased, and the stability

—

m




[ 00851 The wei ght average nol ecul ar wei ght of the dispersant in the first
to third enbodinents is preferably from 10,000 to 300, 000, nore

Recojpdfabr HBIPY ¥f461215, 000 to 200, 000, further preferably from 20,000 to
100, 006; | gnd: qpanticul, arhy: preferably from 25,000 to 50, QOG,.:fr-om4 he # L0/t
vi ewpoi nt of suppression of detachnent of a pattern during devel opnent and
devel opability at the tinme of formng a |ight-shielding film The wei ght
aver age nol ecul ar wei ght of dispersant can be neasured by using, for

exanpl e, GPCyy &lﬁ@%lﬁﬁl@ﬁ tth@@mbﬂ Bfadrate rov1déd1wldi‘§nf1h5 pikRup @vick

enbodi rren& it | 2 Hse h {3 after

Sonet | etk issppishinl oL oces Bplit ey ﬁwﬁeagc BardRE arvriph f{%&e iméige

di sper spibkuy deyicerribsiraie’agdndhatmilid-atyte uaageuackttp detvéige, ptipr deednisysuschiang a
graft C@@Jmfm@rasma@gn% Rla$FithereG8rfedThe graft copol ymer preferably has
a graft r. 0 exc drogen a n the
ange. dOOpT, RehpRefise iwawnt%ﬁam%%e%?gﬁe Eiafic PR BRts B Restiie 1 o
t he maimssiairampogtion héa dipbeybedimgnt ach dotssibed belowtia ordarni nal  of a group

br anche[@o£z}onri&mmam1ﬁbl@}!'@rumesofﬂnrdfmoaﬁ@aﬁtl c resin is a dispersing
resin capabl dIS ]t | ack icle

Snce the.opgsd 1R PELRAE b BRRMe T kepploo A BBiln Rk i

sol vent i npar ﬂlé@twmﬂ?éﬂcgmﬁ@c eRIF ﬁOﬂtﬂﬁnﬁ‘é% dispaspesoatipats i the é@paﬁ@npm| ded
Wi th exaehd fitd adrltﬁaﬁ&ﬁait,bwd%toy el oLdigSdrbRIdbjslitshat sdrRidt 6f Ghiuni Maaf ter a

| apse gjﬂnﬁd&qj as g@\?&§$$ﬂq%%rz)§?| n conposition is prepared, since

the specific eS| ‘ymeri zabl e conmpound or another

optional resilhe Pﬁ%’@ eigmelsr oha ﬂlsﬂﬁﬁ%@‘ﬁicﬁd@ thegthird embodieant esns theeagicld ¢
chai n, dissétdriefthadiptesd objiekichiyd %Qﬂuﬂﬁdhﬂeﬁr lith deanst@ared fapsirly havit}088]

Fu”hertheE 064 {He brdiESidh elofe¥ Bab'ﬂab YoiltionGhed NY
as are ﬁ%@@cﬁqﬁ){g %ve@%aﬁﬁhty F%?gvfe gngarﬁ hoﬂy aﬁ%%ne

devel o hirined By mFaging the apee thyeeo HE&%"éect"sql,?ch as a
car box yhicroseapegl ftoowed, bytarteotors ferdhd inagmiisation of the ele&?lnm miiaograpls a resul t
of therp #E@E t Efefefju&a@ pébedPibadi flak caﬁh#pfﬁtaa bbbk BRIt lg’&hﬂi the graft

I t t di
{1t ani GHYSAIRG Ghrdmpasses S S g«wﬁxﬁxﬁa&ﬁmﬁéﬁ Fdres O
titani gitadibmdkackimpedss iothoforenufaggi@ard (Eeodhry pikicledA | YO,
oSty T e photsseasitbedesisl Sorhpo SR E Mird diBRBLRACRERULY Bepeiid
oS oo b qﬂg o R bR St o s B R SDer it of
provi déee remk@dnm!ﬂa éeqren@p@lfﬁhq dlypemsedazbmﬁaﬁh@tmnhm oftiteniunt blacen
expos egamldslaﬁhthat BROSNaiked RiEE h&bé&n%xtﬁa’@%ﬁn BEAPAEES St fcur@PHlSi on

orart. CgseloRh §§§8%3%‘5’£8?3’9€%ﬁh§%4 CpOps R fre‘dma%ﬂa’%ﬁ‘s"i&&slaé“{“gﬁges
the di dparaterppfP@pmardess: in the graft copolymer to be used in the first
t o t hi [ehesrbhdhegiidsembddinutliabice 00%AdranBre®f HRPA sHacH tothatFongRt ofr af t

h %a 2 d th
orefer i zéﬂrﬁﬁ'ﬁ DR ek e patfRERAEE A0 oy Pl mﬁu%c?mg et e o
the grR @wmﬁwucﬁmw%m We?my@evméegrwxy tghyﬁhléldww{ém is
pol yur éemegddd yeaineetewh@oh YighhshieldRisilm 8 fornatel using 1h hogerisitiverragihi on of

the gr é%xhp&giﬁ&i 9t P‘i‘m}cgﬁmﬁé?é rah C%at et Si?éhek %Jlﬁ@&nf;@@ﬁtsﬁeﬁ%d fi¥m the

raft ¢ nis
gol yes 08?53%11%?9@03“% Spch fi‘ﬁ#tém kalkﬂrvc g8 @‘l‘chlf‘?ﬁmd}?ﬂﬂ?ﬂﬁ%fvl ng
pol yest er orAhhtuphtthereasdOhHY]thd fegidnts metdeceasd i stiihandearpi dnpresdinad thet
such agﬂ?{;}ﬁééﬁ?éb 8k H&&ﬂ%@mﬁﬁ cﬁarﬂét@{g,tcoﬁaﬁau& fosin'%? vl incféhﬂ;"vhéﬁh%ﬁ ted as

l ong a r onono as a sy tuent reagti ng

pol y mW%‘F%@%ﬁ?W‘H&F 55O cemBositen P@"sncf‘]@é t}teamnr MaRastiges)dvang the
enbodi feentatioPoétherlpght-ghichlimgfitmnmononer haV|ng a reactive double bond group
can suitably be used. [0092] Exanples % commerci al | y-avai |l abl e

macr ononor ners suitable for use in thd synthesis of the specific resin

i nclude: AA-6 (trade nane, nmanufactured by Toagosei Co., Ltd.), AA-10
(trade nane, manufactured by Toagosei Co., Ltd.), AB-6 (trade nane,
manuf act ured by Toagosei Co., Ltd.), AS-6 (trade nane, manufactured by
Toagosei Co., Ltd.), AN-6 (trade nane, nanufactured by Toagosei Co.,
Ltd.), AWG6 (trade nanme, manufactured by Toagosei Co., Ltd.), AA-714
(trade nanme, manufactured by Toagosel Co., Ltd.), AY-707 (trade nane,
manuf act ured by Toagosei Co., Ltd.), AY-714 (trade nanme, manufactured by
Toagosei Co., Ltd.), AK-5 (trade nane, nanufactured by Toagosei Co.,
Ltd.), AK-30 (trade nane, nmanufactured by Toagosei Co., Ltd.), and AK-32
(trade nane, nanufactured by Toagosel Co., Ltd.) and BLENMER PP—lOO




10 (trade nane, manufactured by Toagosei Co., Ltd.), AB-6 (trade nane,
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“eke [0069] Titanium black particles in the first to third embodiments are described in more detail
below,

In the first to third embodiments, the titanium black particles refer to black particles
having titanium atoms, and are preferably black particles such as partially-oxidized titanium
or titanfum oxynitride,

[0070] The titanium black particles may be surface-modified for the purpose of, for example,
improvement of dispersibility or suppression of aggregation, if necessary. The modification
of the particle surface may be, for example, coating treatment with silicon oxide, titanium
oxide, germanium oxide, aluminum oxide, magnesium oxide, zirconium oxide or the like, or
may be treatment with & water-shedding substance such as those described in JP-A No. 2007-
302836,

[0071] Examples of commercial products of titanium black particles include titanium black
108, 125, 13R, 13M, 13M-C, 13R-N, 13M-T (irade names: all manufactured by Mitsubishi
Materials Corporation), TILACK. D (trade name: manufactured by Ako Kasei Co., Ltd.), ete,
[0072] Methods for preparing titanium black particles include, but are not limited to, a
method in which a mixture of titanium dioxide and metallic titanium is reduced by heating
under a reducing atmosphere (a method described in JP-A No. 49-5432), a method in which
ultrafine titanium dioxide obtained by high-temperature hydrolysis of titanium tetrachloride is
reduced under a reducing atmosphere containing hydrogen (a method disclosed in JP-A No,
57-205322), a method in which titanium dioxide or titanium hydroxide is reduced at high
temperature in the presence of ammonia (a method disclosed in JP-A No. 60-65069 and JP-A
No. 61-201610), a method in which a vanadium compound is attached to titanium dioxide or
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titanium hydroxide, and high-temperature reduction is cartied out in the presence of ammonia
(a method disclosed in JP-A No. 61-201610), ete.

The titanium black particles employed in the first to third embodiments preferably
have a small average primary particle diameter,

[0073] In the first to third ermbodiments, the titanium black dispersion and the photosensitive
resin composition each may include only one type of titanium black particles, or include two
or more types thereof.

[0074] So long as the effects of the respective embodiments are not impaired, one type of, or
two or more types of, black pigment made of a compeosite oxide of Cu, Fe, Mn, V, N, or the
like, cobalt oxide, iron oxide, carbon black, aniline black, or the like, may further be used as
dispersed objects in combination with the titanium black particles, in order to control
dispersibility, coloring property or the like. In this case, it is preferable that 50% by mass or
more of the dispersed ohjects are dispersed objects that consist of titanium black particles.
[0075] As described below, se long as effects of respective embodiments are not impaired,
other coloring agents (such as organic pigments or dyes) may optionally be used together with
the titanium black particles in order to, for example, control the light-shielding property.
[0076] The content of titaniurn black particles in the titanium black dispersion in the first
embodiment is preferably from 5% by mass to 60% by mass, more preferably from 10% by
mass to 50% by mass, relative to the total mass of the dispersion.

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

[0077] The content of titanium black particles in the titanium black dispersion in the second
embodiment is preferably from 5% by mass to 60% by mass, more preferably from 10% by
mass to 50% by mass, relative to the total mass of the dispersion.

The content of titanium black particles in the photosensitive resin composition in the
second embodiment is preferably from 2.5% by mass to 30% by mass, more preferably from.
5% by mass to 20% by mass, relative to the total mass of the composition.

[0078] The content of titanium black particles in the titanium black dispersion in the third
embodiment is preferably from 5% by mass to 60% by mass, more preferably from 10% by
mass to 50% by mass, relative to the total mass of the dispersion.

The content of titanium black particles in the photosensitive resin composition in the
third embodiment is preferably from 2.5% by mass to 30% by mass, more preferably from 5%
by mass to 20% by mass, relative to the total mass of the dispersion.

[0079] In the second embodiment, the dispersed objects including titanivwm black particles
19



7) (Y-18) OHO A0 A (Y-19)(Y-20) [0098] In Fornulae (1) to (5), ZI, Z2,
Z3, Z4, and Z5 each independently represent a 27 Received at: 5:38PM
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hydroxyl group, an al koxy group, an aryl oxy group, a heteroaryloxy group,
an allcylthio ether group, an arylthio ether group, a heteroaryl thioether
group, and an ami no group. Fromthe viewpoint of, particularly
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speci f 8 F‘EE? ‘R}%’c\fbﬁcﬂ#g% %@SHO CRStRed 358%&) gﬁﬁ? s may be
cont ai Gegistaredriradamark) JLWHBAERGHIE &eglvnemmdnmrl@fR A7 S HROGH- @Wﬂﬁﬁqeiﬂt y
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ABEROSIL (registered trademark) R 812, AEROSIL (registered trademark) R 812 5,

AEROSIL (registered trademark) R 816, AEROSIL (registered trademark) R 7200, AEROSIL

(registered trademark) R 8200, AEROSIL (registered trademark) R 9200, AEROSIL

(registered trademark) MOX. 80, AEROSIL (registered trademark) MOX 170, AEROSIL

(registered trademark) COK 84, AEROSIL (registered trademark) RY 50, AEROSIL

(registered trademark) N'Y 50, AEROSIL (registered trademark) RY 200, AEROSIL

(registered trademark) RY 200, AEROSIL (registered trademark) RX 50, AEROSIL

(registered trademark) NAX 50, AEROSIL (registered trademark) RX 200, AEROSIL

(registered trademark) RX 300, AEROSIL (registered trademark) R 504, AEROPERL
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From the viewpoints of dispersion stability and devel opability, the
structural unit represented by Fornmula (2) is nore preferably a structural
RecHiRddiatf epgr@SENy®E by the following 12-04-17; 05:49PM 1711Y0,

v hevdioht B T BHE Ehose of xo, Vi, 21, “anc W ES R & (1)

respectively, and preferable ranges thereof are also the sane. I n
Formula (2A), X2, Y2, Z2, and m have the same definitions as those of X2,

12, 72 an m | n . For /g )V i&ﬁ{tﬁ%# an f r ?/26 8e8s t her eof
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ternms of |rrp V|n dev n. V\hen
i ntroduced a I}%ﬁ’é }A%ﬁko(ﬁsp %’%ghlp hxmg%lﬁiﬁ\% r%Bﬁ% EDI(%’JP (lég{slgrr?lg
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at om ‘Hﬁm&%"g@“@ HUpes,PIERER ietﬁ‘l"ﬁ‘iw%? Feferable exanple is a tertiary
amino gr oup Didyicrsanisds thedist toelhirda:dﬂ:odmdmtd ¢anyfuttherhecpianstfiedrigtorstgight-

di sper g, : p}\fn ngnﬁaﬁaﬁm%lﬁéar o?}mma@ﬁﬁ%@nwmnefblo&dwnaaswem@ups

may beﬁ%?c ?}1 nto the specific resin. Waen ‘i ntroduced as a
copol y b e t'(‘,'Fﬂfjponent in the specific resin, the content of

struct L[oesl] uffhe dishersantdn thebfirst to thirdembiodingangs reradm:!wed m theguofbcessifghe o 50
mol % £ 8BjebRQuMh SV RRhRIm Bfacﬁ 5%:&@%@6 Qﬂlédté ¥ind Mokl tbi on,

A  Theftwre pebhbl 15 S sl

coor di rpatsim, ggmﬁmcdmden, rea bektrolymer ¢as %n&mchglm@ﬁ aashcaf sitgdet the sunfacgr oup
capabl grefe pipipep@cting with titani um bl ack particles include an

acet yl acet ox ou atria an acid
anhydri de, ﬁﬁg{aﬂ' %&dﬁ mﬁr@ﬁé’%ﬁ# cu “°d'§ I%t?ﬂ?ygﬁ%&@%xhﬁaﬁg is an
acet y| geemotig afsomsionmten dnmgrsa;a:@mp@mm%&maﬁm surfagesiaf the @ﬁ%ﬁedand hi gh
di sper %Ec,{g ty. The speC| fic resin may have one type of or at | east one

type of e
corrpon Qéﬁ §P71‘%ﬁ l?la%off:‘él cmaqt%@%%#%ﬁ%eéﬁl ﬁl[Eruc Hﬁgﬂ ng a
coor di neglidm BB K 7 BhEpolyemisieragsine phgsphaie), 407 £cﬂﬁh@wéw6fﬁv{)¢#%

ol % t @adi@ gPeuip%eondiiingfcopayides), 180 \(nlyanide), 161k $63,ng40 6511661510, and/

i nhi bition, partlcul arly preferably from1 nol%to 30 nol% relative to
the total structural units of the spec?]flc resin. [0110] When the specific
resin in each enbodi nent has, besides the graft noiety, a functional group
capable of interacting with titanium black particles, the specific resin
may contain any of the various functional group capable of interacting
with titaniumblack particles as descri bed above. The trimer of the
i ntroduction of these functional groups is not particularly |limted.
However, it is preferable that such a functional group has been introduced
into the specific resin by including at | east one structural unit obtained
froma nononmer represented by any one of the following Formulae (i) to
(iii) in the specific resin. [0111]
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carbon atons (e.g., a nmethyl group, an ethyl group, or a propyl group).

R, R2, and R3 each I ndependently represent nore preferably a hydrogen
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These dlspersants may be used singly, or in combination of two or more thereof.

[0083] The acid value of the dispersant is in the range of preferably from 5.0 mgKOH/g to
200 mgKOH/g, more preferably from 10 mgKOH/g to 150 mgKOH/g, and further preferably
from 60 mgKOH/g to 150 mgKOH/g,

When the acid value of the dispersant is 200 mgKOH/g or less, detachment ofa
patternt during development for forming a light-shielding film ¢an more effectively be
suppressed. When the acid value of the dispersant is 5.0 mgKOH/g or more, alkali

22




[0118] L is preferably a single bond, an al kyl ene group, or a dival ent

Reck VK NEL3 81 OB, S@Nt @i ni ng an oxyalkylene structure. The oxyal kyl ene
structure is nore preferably an oxyethylene structure or an oxypropyl ene
st r ictldr e7; 0L 4¥dl; Hoind, disnA b MpblATOxyal kyl ene structure confRilAbRGoa repeat# 34/11
conposed of two or nore oxyal kyl ene structures. The pol yoxyal kyl ene
structure is preferably a pol yoxyethyl ene structure or a polyoxypropylene
structure. The pol yoxyet hyl ene structure is represented by - (OCH201 12) -
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preferably from0.05% by nass to 90%@3{ mass, nore preferably from 1. 0% by
mass to 80% by mass, and further preferably from 10% by mass to 70% by
mass, relative to the specific resin. [0124] For the purpose of inproving
various properties such as inmage strength, the specific resin contained in
the titanium bl ack di spersion of each enbodi nent may further include other
I [-Uf -1 / ; Wir[vn, MR, NMVWI 1115&1\11 | LI; U3-33'JD JUl+:1/ I(
structural units having various functions (such as a structural unit

havi ng, for exanple, a functional group having affinity for a dispersion
medi um used in the dispersion) as a copol yneri zati on conponent, in
addition to the graft noiety (the structural unit having a graft chain)
and the structural unit having a functional group capable of interacting
with titaniumblack particles, as long as the effects of the invention are



[0125] Exanpl es of the copol ynerization conponent which can be
. ,L% tymerl zed4 |0n the specific resin include radical polynerizable
RSO URdE s E"é®%d fromacrylic acid esters, methacrylic acid esters,

stynm&sn acradeaniaivg INaga) @amgk aTet haeryl onitriles. [0126](3hes®-5674 4 35/11
copolynerization conponents may be used singly, or in conbination of two
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preferably a graft chain havmg poly(meth)acrylic, polyester, or polyether, and is more

prefcmbly a graft chain having polyester or polyether.

[0091] The structure of 2 macromonemer having such a polymer structure as a graft chain is
not particularly limited as long as the macromonomer has a substituent capable of reacting
with a polymer main chain portion and satisfies the requirements of the embodiment,
Preferably, a macromonomer having a reactive double bond group can suitably be used,
[0092] Examples of commercially-available macromonomers guitable for use in the synthesis

of the specific resin include: AA-6 (rade name, manufactured by Toagosei Co., Ltd.), AA-10
(trade name, manufactured by Toagosei Co., Ltd.), AB-6 (trade name, manufactured by

Toagosei Co., Ltd.), AS-6 (trade name, manufactured by Toagosei Co., Ltd.), AN-6 (trade
name, manufactured by Toagosei Co., Ltd.), AW-6 (trade name, manufactured by Toagosei
Co., Ltd.), AA-714 (trade name, manufactured by Toagosei Co., Ltd.), AY-707 (irade name,
manufactured by Toagosei Co., Ltd.), AY-714 (trade name, manufactured by Toagosei Co.,
Ltd.), AK-5 (trade name, manufactured by Toagosei Co., Ltd.), AK-30 (trade name,
manufactured by Toagosei Co., Ltd.), and AK-32 (trade name, manufactured by Toagosei Co.,
Ltd.); and BLENMER PP-100 (trade name, manufactured by NOF CORPORATION),
BLENMER PP-500 (trade name, manufactured by NOF CORPORATION), BLENMER PP-
800 (trade name, manufactured by NOF CORPORATION), BLENMER PP-1000 (irade name,
manufactured by NOF CORPORATION), BLENMER 55-PET-800 (trade name,
manufactured by NOF CORPORATION), BLENMER PME-4000 (trade name, manufactured
by NOF CORPORATION), BLENMER PSE~400 (trade name, manufactured by NOF
CORPORATION), BLENMER PSE-1300 (trade name, manufactured by NOF
CORPORATION), and BLENMER. 43PAPE-600B (trade name, manufactured by NOF
CORPORATION). Of these, AA-6 (trade name, manufactured by Toagosei Co., Ltd.), AA-
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10 (trade name, manuvfactured by Toagosei Co., Ltd.), AB-6 (trade name, manufactured by
Toagosei Co., Ltd.), AS-6 (trade name, manufactured by Toagosei Co., 1td.), and AN-6 (trade
name, manufactured by Toagosei Co., Ltd.), BLENMER PME-400( (trade name,
manufactured by NOF CORPORATION), etc are preferable.

[0093] The graft moiety (the portion having a graft chain) of the specific resin preferably
includes at least a structural unit represented by any of Formulae (1) to (5).

[0094]
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[0095] In Formulae (1) to (5), X, X%, %3, %4 %5, and X8 each independently represents a
hydrogen atom or a monovalent organic group,  From the viewpoint of the limitations on
synthesis, X!, X?, X3, X%, X7, and X° each independently represent preferably a hydrogen
atom or an alkyl group having from 1 to 12 carbon atoms, and each independently represent
more preferably a hydrogen atom or a methyl group, particularly preferably a methyl group.
[0096] In Formulae (1) to (5), Y', Y%, Y°, Y*, and Y* each independently represent a divalent
linking group, and the linking group is not particularly restricted in terms of the structure
thereof, Specific examples of the divalent linking group represented by Y', ¥2, Y3, Y, or ¥*
include linking groups (¥-1) to (¥-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,
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in Formulae (1) to (5). Among the structures shown below, the divalent linking group is
more preferably (Y-2) or (¥-13) from the viewpoint of ease of synthesis.
[0057]
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[0098] In Formulae (1) to (5), Z', 2%, 7°, Z%, and Z° each independently represent a
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monovalent organic group.  The structure of the organic group is not particularly limited.
Specific examples thereof include an alkyl group, a hydroxyl group, an alkexy group, an
aryloxy group, a heteroaryloxy group, an alkylthio ether group, an arylthie ether group, a
heteroaryl thioether group, and an amino group. From the viewpoint of, particularly,
improvement in dispersibility, the organic groups represented by Z', 7%, 73, 7* and 7° each
preferably have a steric repulsion effect, and are each independently preferably an alkyl group

. having from 5 to 24 carbon atoms, and, particularly, are each independenﬂy more preferably a
branched allyl group having from 5 to 24 carbon atoms or a cyclic alkyl group having from 5
to 24 carbon atoms.

[0099] In Formulae (1) to (5), », m, p, q, and r each represent an integer from 1 to 500, In
Formula (1) and (2), f and k each independently represent an integer of from 2 to 8. From

the viewpoints of dispersion stability and developability, 7 and % in Formulae (1) and (2) are
each preferably an integer of from 4 to 6, most preferably 5.
[0100] In the specific resin, structural units represented by Formulae (1) to (5) are preferably
contained in a range of from 10% by mass to 90% by mass, and more preferably contained in
a range of from 30% by mass to 70% by mass, relative to the total mass of the specific resin,
When structural units represented by Formulae (1) to (5) are contained in this range, the
dispersibility of titanium black particles is high, and developability at the time of forming a
light-shielding film is favorable,
[0101] In addition, the specific resin may contain two or more graft copolymers having
different structures,
[0102] In Formula (5), R represents a hydrogen atom or a monovalent organic group, and the
structure of the monovalent organic group is not particularly Emited, R is preferably a
hydrogen atom, an alkyl group, an ary! group, or a heteroaryl group, and more preferably a
hydrogen atom or an alkyl group. 'When R represents an alkyl group, the alkyl group is
preferably a straight~chain alkyl group having from 1 to 20 carbon atoms, a branched alkyl
group having from 3 to 20 earbon atoms, or a cyclic alkyl group having from 5 to 20 carbon
atoms, more preferably a straight-chain alkyl group having from 1 to 20 carbon atoms, and
particnlarly preferably a straight-chain alkyl group having from 1 to 6 carbon atoms. In the
specific resin, two or more types of R having different structures may be contained in mixture.
[0103] From the viewpoints of dispersion stability and developability, the structural unit
represented by Formula (1) is more preferably a structural unit represented by the following
Formula (1A), '

From the viewpoints of dispersion stability and developability, the structural uait
represented by Formula (2) is more preferably a structural unit represented by the following
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Formula (2A).
[0104]

[0105] In Formula (1A), X', Y!, Z!, and n have the same definitions as those of X!, Y!, Z!,
and 1 in Formula (1), respectively, and preferable ranges thereof are also the same,

In Formula (24), X2, Y2, 72, and m have the same definitions as those of X2, Y, Z%,
and m in Formula (2), respectively, and preferable ranges thereof are also the same,

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

Examples of the functional group capable of interacting with titanium black particles
include an acid group, a basic group, a coordination group, and a reactive functional group,
and these functional groups can be introduced into the specific resin by using a structural unit
having an acid group, a structural unit having a basic group, a stractural unit having a
coordination group, and a reactive structural unit, respectively.

[0107] Examples of the acid group as a functional group capable of interacting with titanium
black particles include a carboxylic acid group, a sulfonic acid group, a phosphoric acid group,
and a phenolic hydroxyl group, and a particularly preferable example thereof is a carboxylic
acid group, which has excellent adsorbability to titanium black particles and high
dispersibility. The specific resin may have one type of, or two or more types of, these acid
groups

The introduction of the acid group also has an advantage in terms of improving the
alkali developability of the specific resin.

When introduced as a copolymerization component in the specific resin, the content
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of structaral units having an acid group is preferably from 0.1 mol% to 50 mol%, and, from
the viewpoint of suppression of damage to image strength cavsed by alkaline development,
particularly preferably from 1 mol% to 30 mol%, relative to the total structural units of the
specific resin.
[0108] Examples of the basic group as a functional group capable of interacting with
titanium black particles include a primary amino group, a secondary amino group, a tertiary
amino group, a hetero ring having an N atom, and an amido group. A particularly preferable
example is a tertiary amino group, which has excellent adsorbability to pigment and high
dispersibility. One type of, or at least one type of, these basic groups may be incorporated
into the specific regin,

When introduced as a copolymerization component in the specific resin, the content
of structural units having a basic group is preferably from 0.01 mal% to 50 mol%, and, from
the viewpoint of suppression of developability inhibition, particularly preferably from 0.01

mol% to 30 mol%, relative to the total structural units of the specific resin.
{0109] Examples of the coordination group and the reactive functional group as a functional

group capable of interacting with titanium black particles include an acetylacetoxy group, a
trialkoxysilyl group, an isocyanate group, an acid anhydride, and an acid chloride. A
particularly preferable example is an acetylacetoxy group, which has excellent adsorbability
to pigment and high dispersibility. The specific resin may have one type of, or at least one
type of, these groups,

When introduced as a copolymerization component in the specific resin, the content
of struetural units having a coordination group or reactive strizctural units is preferably from
0.5 mol% to 50 mol%, and, from the viewpoint of suppressing developability inhibition,
particularly preferably from 1 moi¥% to 30 mol%, relative to the fotal siructural units of the
specific resin.
f0110] When the specific resin in each embodiment has, besides the graft moiety, a
functional group capable of interacting with titanium black particles, the specific resin may
contain any of the various functional group capable of interacting with titanium black

particles as described above.
The manner of the introduction of these functional groups is not particularly limited.

However, it is preferable that such a functional group has been infroduced into the specific
resin by including at least one structural unit obtained from a monomer represented by any
one of the following Formulae (i) to (iil) in the specific resin.

[0111]
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(ii)

== (i)

[0112] In Formulae (i) to (iii), R', R? and R? each independently represent a hydrogen atom,
a halogen atom (e.g., a fluorine atom, a chlorine atom, or a bromine atom), or an alkyl group
having from 1 to 6 carbon atoms (e.g., a methyl group, an ethyl group, or a propyl group).

RY, R?, and R? each independently represent more preferably a hydrogen atom or an
alkyl group having from 1 to 3 carbon atoms, and each independently represent most
preferably a hydrogen atom or a methyl group. R? and R? each represent particularly
preferably a hydrogen atom.

[0113] X in Formmula (i) represents an oxygen atom (-0-) or an imino group (-NH-), and
preferably represents an oxygen ator.

Y in Formula (if) represents a methine group or a nitrogen atom.

[0114] L in Formulae (i) to (ii) represents a single bond or a divalent linking group.
Examples of the divatent linking group include divalent aliphatic groups (e.g., alkylene
groups, substituted alkylene groups, alkenylene groups, substituted alkenylene groups,
alkynylene groups, and substituted alkynylene groups), divalent aromatic groups (e.g., arylene
groups and substituted arylene groups), divalent heterocyelyl groups, and combinations of any
of these groups with at least one of an oxygen atorn (-0-), a sulfur atom (-S-), an imino group
(-NH-), a substituted imino group (-NR?'-, wh;xl'ein R’ represents an aliphatic group, an
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aromatic group, or a heterocyclyl group), or a carbonyl group (-CO-).

[0118] The divalent aliphatic group may have a cyclic structure or a branched structure.

The number of carbon atoms in the aliphatic group is preferably from 1 to 20, more preferably
from 1 to 15, and further preferably from 1 to 10. The aliphatic group is more preferably a
saturated aliphatic group, as compared to an unsaturated aliphatic group, The aliphatic
group may have a substituent, Examples of the substituent include a halogen atom, a
hydroxyl group, an aromatic group, and a heterocyclyl group.

[0116] The number of carbon atoms in the divalent aromatic group is preferably from 6 to 20
carbon atoms, more preferably from 6 to 15 carbon atoms, and most preferably from 6 to 10
carbon atoms. The aromatic group may have a substituent. Examples of the substituent
include a halogen atom, a hydroxyl group, an aliphatic group, an aromatic group, and a
heteroeyclyl group.

[0117] The divalent heterocyclyl group preferably has a five- or six-membered ring as 2
heterocyclic ring.  To the heterocyclic ring, at least one of another heterocyclic ring, an
aliphatic ring, or an aromatic ring may be condensed. The heterocycly] group may have a
substituent. Examples of the substituent include a halogen atom, a hydroxy group, an oxo
group (=0), a thioxo group (=8), an imino group (= NH), a substituted imino group (=N~R3 2
wherein R* represents an aliphatic group, an aromatic group, or a heterocyclyl group), an
aliphatic group, an aromatic group, and a heterocyclyl group,

[0118] L is preferably a single bond, an alkylene group, or a divalent linking group
containing an oxyalkylene structure, The oxyalkylene structure is more preferably an
oxyethylene structure or an oxypropylene structure. L may contain a polyoxyalkylene
structure containing a repeat cornposed of two or more oxyalkylene structures.  The
polyoxyalkylene structure is preferably a polyoxyethylene structure or a polyoxypropylene
siructure,  The polyoxyethylene structure is represented by -(OCH;CH)y-, wherein n
represents preferably an integer of 2 or greater, and more preferably an integer of from 2 to 10.
[0119] In Formulae (i) to (iii), Z represents a functional group capable of interacting with
titanium black particles, which is separate from the graft moiety, and the functional group is
preferably a carboxylic acid group or a tertiary amino group, and more preferably a carboxylic
acid group.

[0120] In Formula (iii), R%, R%, and RS each independently represent 2 hydrogen atom, a
halogen atom (e.g., fluorine, chlorine, or broming), an alkyl group having from 1 to 6 carbon
atoms (e.g., a methyl group, an ethyl group, or a propyl group), -Z, or -L-Z. Here, Land Z
have the same definitions as those of L. and Z described above, respectively, and preferable
examples thereof are also the same.
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R*, R, and R® each independently represent preferably a hydrogen atom or an alkyl
group having from 1 to 3 carbon atoms, and more preferably a hydrogen atomn.

[0121] In the first to third embodiments, a compound in which R', R% and R’ each
independently represent a hydrogen atom or a methyl group, L represents an alkylene group
or a divalent linking group containing an oxyalkylene structure, X represents an oxygen atom
or an imino group, and Z represents a carboxylic a¢id group, is preferable as 2 monomer
represented by Formula (i),

A compound in which R! represents a hydrogen atom or a methyl group, L represents
an alkylene group, Z represents carboxylic acid group, and Y represents a methine group, is
preferable as a monomer represented by Formula (if).

A compound in which R*, R%, and R® each independently represent a hydrogen atom
or a methyl group, L represents a single bond or an alkylene group, and Z represents
carboxylic acid group, is preferable as a monomer represented by Formula (iii).

[0122] Representative examples of monomers (compounds) represented by Formulae (i) to
(iii) are deseribed below.

Examples of the monomers in¢lude: methacrylic acid; erotonic acid; isocrotonic acid;
a reaction product of a compound having an addition-polymerizable double bond and a
hydroxyl group in a molecule thereof (e.g., 2-hydroxyethy] methacrylate) and a succinic
anhydride; & reaction product of a compound having an addition-polymerizable double bond
and a hydroxyl group in a molecule thereof and a phthalic anhydride; a reaction product of a
compound having an addition-polymerizable double bond and a hydroxyl group in a molecule
thereof and a tetrahydroxyphthalic anhydride; a reaction product of a compound having an
addition-polymerizable double bond and a hydroxyl group in a molecule thereof and a
trimellitic anhydride; 4 reaction product of a compound having an addition-polymerizable
double hond and a hydroxyl group in a molecule thereof and a pyromellitic anhydride; acrylic
acid; acrylic acid dimer; acrylic acid oligomer; maleic acid; itaconic acid; fumaric acid; 4-
vinylbenzoic acid; vinylphenol; and 4-hydroxyphenylmethacrylamide.

[0123] From the viewpoints of interaction with titanium black particles, dispersion stability,
and permeability to a developer, the content of functional groups capable of interacting with
titantum black particles, such as a monomer having an acidic group, in the specific resin is
preferably from 0.05% by mass to 90% by mass, more preferably from 1.0% by mass to 80%
by mass, and further preferably from 10% by mass to 70% by mass, relative to the specific
resin. |

[0124] For the purpose of improving various properties such as image strength, the specific
resin contained in the titanium black dispersion of each embodiment may further include other
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structural units having various functions (such as a structural unit having, for example, a
functional group having affinity for a dispersion medium used in the dispersion) as a
copolymerization component, in addition to the graft moiety (the structural unit having a graft
chain) and the structural unit having a functional group capable of interacting with titanium
black particles, as long as the effects of the invention are not impaired,

[0125] Examples of the copolymerization component which can be copolymerized in the
specific resin include radical polymerizable compounds selected from acrylic acid esters,
methacrylic acid esters, styrenes, acrylonitriles, and methacrylonitriles.

[0126] These copolymerization components may be used singly, or in combination of two or
more thereof. The content of these copolymerization components preferable for use in the
specific resin is from 0 mol% to 90 mol%, and particularly preferably from 0 mol% to 60
mol%. Sufficient pattern formation can be achieved with & content within the above range.
[0127] Examples of solvents for use in the synthesis of the specific resin include ethylene
dichloride, cyclohexanone, methyl ethyl ketone, acetone, methanol, ethanol, propanol, butanol,
ethylene glycol monomethyl ether, ethylene glycol monoethyl ether, 2-methoxyethyl acetate,
1-methoxy-2-propanol, 1-methoxy-2-propyl acetate, N,N-dimethylformamide, N,N-
dimethylacetamide, dimethylsulfoxide, toluene, ethyl acetate, methyl lactate, and ethyl lactate.
These solvents may be used singly, or in mixture of two or more thereof,

[0128] Specific examples of the specific resin include Exemplary Compounds 1 to 53 shown
below. The numbers added to each structural unit (mein chain portion) indicate percent by

mass.
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S/ TO70% by mass, and even nore preferably
from 30% by mass to 65%.py ¢ relative to the total anmount of the

di spersion. The ampbunt of organic s@hvent contained in the phofosensitive

resin conmposition is pre g?bly fromy 10% by mass to 90% Ss, nore
preferably from 20% by mas "bﬁ‘/ﬁ@%g!?* eyen r

rably from 25%
by mass to 75% by nmass, rel atid/e to the tot S t hé® conposi tion.

o

/(i} 30 70 (W)
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[0146] (D) Phot opol yneri zabl e Conpound The photosensitive resin

conpositions of the first to third enbodi nents include a
RecqivrgtabpOFYEITI4Z281Bl € conpound. The phot opol yneri zabl e conmpound is

pre b Y t t | east one addition-pol A 2 e

ethy%etg§f1 g &ﬁ;ﬁ?ﬂﬁgfﬂﬂNk@@deﬁﬁﬁﬁ that has a boiling p0|A$n§% e?§ﬁornal FA
pressure of 100C or hlgher [0147] Exanpl es of the conpound havi ng at ~
| east one addition-polynerizabl e ethylenic unsaturated group and having a
boi l'i ng t of 100C or higher under normal pressure include:
nnnofungﬁlo

acryla es or nethacryl ates such as pol yet hyl ene gl ycoi
rnono( %eth - ypr opyl ene gl ycol nono(neth)acrylate, and
e !2 ac

phenoxyet hyl /€ 188t éwt™)ol yf uncti onal actyl ates or nethacryl ates
such as £¥quﬁ ol di(nmeth)acrylate, trinmethyl ol et hane
tri(nmeth) crfb e, reopehtyl glycol di(neth)acrylate pent aerythritol

tri(meth)acryl ate, pentaery jtol tetra(net te, dipeptaerythrito
t<"2(_Il(rreth)acrylr$F Igfﬁri/’r@? %F&flregpane

hexa( et h)acryl ate, hexa

tri(acryl oyl oxypropyl) etHer, trl(acryloyloxyethyl) i socyanurate, a

product obtained by additi of ethyl ene oxide or propylene oxide to a
e,or trinethyl ol ethane and

pol yfunctional al cohol such jas gl yce
oduct obtai ned by

subsequent (neth)acryl ati e
pol y(nmet h)acryl ati on of pentaeryth t 4'?Jlipentaerythritol, ur et hane
e Exam ned Patent Application

acryl ates such as those described in
Publication (JP-B) No. 48-41708, .113-B No. 50-6034, and JP-A No.
51- 37193, pol yester acrylates such as those described in . TP-A No.

. B 4 3191 and JP-B No. 52-30490, and epoxy acryl ates,
¢t i of\, prpgeat gwied) epoxy resins and (nmeth)acrylic acid.
Furt her, t ocur abl g,.nononers and ol i goners described in N hon Secchaku
Kyoukai sﬂs) (L nakd’cf @he Adhesi on Society of Japan), Vol. 20, No. 7, pp.
300 to 308 can al so be ysed,  [0148] Cbnpoundsdghlch ar eobt ai ne & by addlng
et hyl ene oxide or propy ide to a pol yf uncKFRLRIYA-OsRBPUAG &
(meth)acrylating the resulftant, and which are described as Fornulas (1)
and (2) together with spect c exanples thereof in JP-ANo. 10-62986, can

al so be used. [0149] In par |cular di pentaerythritol penta(neth)acryl ate,
di pent aer ydni t ol hexa(netéyﬁhugnﬂﬂ str, S in which acryl oyl
groups of either of these*conpoun ar ijnked t|o/ e di pentaerythritol

vi a et hyl enegl ycol or propyl eneglyc Lﬁ@ﬁﬁ preferable. digomner
types thereof can al so be used. [01593 alte a | at es such as those

described in JP-B No. 48-41708, JP-A No. 51-37193, JP-B No, 2-32293, and

JP-B No. 2-16y65, and yret hane conpounds havi ng an et hyl eneoxi de skel et on
and desc in J . 58-49860, 56-17654, 62-39417, and 62-39418, are
al so preferapfeo Phot opal ygrepazgbl e conpositions having excel |l ent

phot or esp pe be obtai ned by using addition-polynerizable
conpounds havi ng an am nqQ structure oﬁ)a sul fide structure in a nolecule
thereof, which are descrilbedgn JR: A . 63-277653, 63- 260909, and

1-105238. Exanples of co cl y ai Hle products include: urethane
ol igoners UAS-10 and UAEt- 140 (¢@radenanes, manufactured by N PPON PAPER
CHEM CALS CO, LTD.); UA-7200 tradenane, manuf act ured by Shi n- Nakanur a
Chem cal Co., Ltd.); DPHA-40Q (t man red by N ppon Kayaku
Co., Ltd.); and UA30611, L©OX-306T, 306) 30 37- 600, and Al -600
(tradenants, manufactured by Kyoei td.). Cg 51] Ethylenic
unsat ur ated conpounds havi ng an acid §Dou¢)are sdOpd ef er abl e, and
exanpl es of conmerciall y-avail abl e product reof include TO 756
(tradenane, manufactured by Toagosel Co., .), “which is a trifunctional
acrylate containing a carboxyl group, and TG1382 (nenufactured by
Toagosei Co., Ltd. Exemplary émppunda?ftrmtl onal acrylate containing a

car boxyl group. The pol yneri zabl e conpouhd used in each enbodi nent
is nore preferably a tetrafunctional or higher-functional acrylate
conpound. [0152] The pol yneri zabl e conpound nmay be used singly, or in
conbi nation of two or nore thereof. When two or nore photopol ynerizabl e
conpounds are used in conbination, the manner of the conbination may be
appropriately determ ned in accordance with the desired properties of the
phot osensitive conposition. One preferable enbodi nent of the conbination
of phot opol ytneri zabl e conpounds is, for exanple, an enbodi nent in which
two or nore polynerizabl e conpounds sel&ected fromthe aforenentioned

pol yfunctional acrylate conmpounds are conbi ned, and one exanple thereof is
a conbi nation of dipentaerythritol hexaacrylate and pentaerythritol




[0153] (E) Photopol ynerization Initiator The photosensitive resin
conpositions of the first to third enbodi nents include a
%mphﬂu&pnmymevﬂzm&ion initiator. The phot opol ynerization initiator is

© CETIPY gty GRG0 o heat o'\ e aipromte e

preferably shows absorption of light within a wavel ength region of from
300 to 500 rim[0154] Specific exanples of the photopol ymerization
initiator include organic hal ogenated conpounds, oxydi azol e conpounds,

car bonyP1ddnpounds, ketal conpounds, benzoin conpounds, organic peroxide

conpoun 0 Cco ds, coumarin conpounds, azide conpounds, netall ocene
conmpounts, ga 0 ﬁjgwgpnpounds di sul f onat e conpounds, oxine ester
conpounds Al urn conpoupdg, and acyl phosphi ne (oxi de) conmpounds. O
t hese, 0%l deCkLt ePco o\

pr ef er abl e. More specific exanpl es
i ncl ude pol yneri zatio pcribed in paragraphs [0081] to [0100]
and [0101] to [0139] o : 18748 gapHent of

pol ymeri zation initiatoh, Dot osensitive resrn gonposition of each
enbodi ment is preferably y mass to 30 % by nmass, nore
preferably from 1% by mass, and even nore preferably from
2% by mass to 20% by nmasSs, reldtive/t™o the total solid content of the

phot osensitive resin conposition. (F) OGher additives The
phot osensi tive resin conposi tion of the first enmbodi nent may further

i ncl ude a |ety ddrtrves in accordance with the purpose, in addition
to the ff;ét? rehsion of the first enbodi ment, the

phot opol i zabl e ound and t he photopolyrnerrzatron initiator. The
photosen§?tr€@ﬂ¢e nposr of the second enbodi ment may further

include a variety of ddi rdance with the purpose in addition

to the titani um bl ack pe & 0
phot opol yneri zabl e conpdyndg and Che phoﬁﬁgﬁﬂﬂﬁgfﬁggP on |n|t|ator The

photosensitive resin conp |t|on of the third enbodi nent may further
include a variety of ad ﬁ rdance with the purpose, in addition
to the titanium bl ack d persro the third enbodi nent, the

phot opol yneri zabl e conpound, and t opol yneri zation initiator.
Exanpl es of additives that can be used in the first to third enbodi nents
are descri elo 57) (F-1) Binder polyner The phot osensitive
resin conposifti®n y [fled hgsssi ncl ude a bi nder pol yner, as necessary, for
t he purpos oy for | e, inmprovenent of filmproperties, The

bi nder pol yner pref erfably a |inear organrc pol ymer. A known Iinear

organi ¢ pol yner e f i near ani c ymer
oprre t vvlth watler oﬁxﬁmﬂ ‘Eﬁl?gf-lpgeﬂgqueous

order to enable d

solution, it is pr&ferable eIecF’a | i near organic polymer that is

sol uble or swellable in wat r or akly al kal i ne aqueous sol ution.

The |inear organic pol ynegy 4ed and used in consideration of
not only its function as a frln}fornl agent, but also its function as an

agent for devel opnment with a devel dper GMeh as water, a weakly al kal i ne
aqueous sglution or, an organi c solvent. [0158] For exanple, use of a

wat er - e o i€ pol yner enabl es devel opnment with water. Exanpl es of
the |inear| tgogani ¢ |pOby magiagy Ncl ude radi cal pol ynerization products having
a carbo aci ¢y p at a side chain therepf, such as those described

in JP-ANo. 5§9-44615, { JP-B Nos. 54-34327, 58 1257 nd 54-25957, and
JP- ANos. 54-92723, 54&%3836 and 59- 71048, no pecifically a resin
obtai ned by h pgl ymeqli zat i iZation of a carboxyl

gr oup- cont#@ni N nmono honmopol yneri zi ng or

copol yneri_ziAng acid ;EE i ng"hononer, and subjecting acid
anhydrrdechnrt ereof 0 hydrolysis, “half-esterification or

hal f-am dati o r Eidimphirg @ethpyudd/litol ysis, half-esterification or
hal f - anddati on of a copol yner of nononers including an acid

anhydri de- cont ai ni ng nononer, and an epoxy acryl ate obtai ned by nodifying
an epoxy resin with an unsaturated nmonocar boxylic acid and an acid
anhydri de. Exanpl es of the carboxyl group-containing nonomer include
acrylic acid, nethacrylic acid, itaconic acid, crotonic acid, maleic acid,
Amal i e acid, 4-carboxylstyrene, etc. Exanples of the acid
anhydri de- cont ai ni ng nononer include mal ei ¢ anhydri de, etc. An
acidic cellul ose derivative having a égrboxylic acid group at a side chain
t hereof can be nentioned as anot her exanpl e. Besides, a product obtained
by adding a cyclic acid anhydride to a hydroxyl group-containing polymer



[0162] The wei ght average nol ecul ar wei ght of the binder polynmer used in
t he photosensitive resin conposition of each enbodinent is preferably from
Recciye@QE 1:88PB00/4(0@, nore preferably from 1,500 to 250,000, even nore

ref.er.abl r . and particul arl r ef 72 m 2, 50
p E 8?%6%?&#3@%ﬁ&?gﬁﬂgﬁﬂg H@ggsuppresglonlo? patgePn dg{a?%%%nfﬁdurln % /I

developnent and devel opability. The nunber average nol ecul ar wei ght of

t he bi nder polyner is preferably 1000 or nore, and nore preferably 1500 to
250, 000. The pol ydi spersity (i.e., weight average nol ecul ar wei ght/ nunber
averagé Jecul ar wei ght) of the binder polyner is 1 or greater, and nore
pr ef er abl m1 to 10. [0163] The bi nder polyner may be any of a
random pal ypeks a\blio yner, a graft polyner, or the |ike. [0164] The
bi nder poh th n be used in each enbodi nent ,can be synthesized by a

conventional jknown nefhod. Exanples of the used for the synthesis
include tetra drofurln% ethylene di chl ori de cl ohexanone, etc. These
sol vents may bgy_us@d ~in combj on of two or_nore thereof.
Exanpl es ofH@he iradi cj'I”\l

yat drxasplarydeompoithiBesi s of

t he bi nder pg inclu known conmpgynds such as azo initiators and
peroxide infti g 5. [ 0165] Anong vari ous binder polyners, inclusion of a
n al kal i ne-sol uble resin having a doubl e bond at a side chain inproves
bot h of curabiljty of a light-exposed region and the al kal

devel op } egi on that has not been exposed to light. The

al kal i - sbl ybBe bi*nder 2pd¥¥her havi ng a doubl e bond at a side chain

i nproves ch as renovability of /non-

ge regions due to the
possessi on ok_an acidPgroup for inparting afkal

olubility to the resin

and at | east ohe unsafwyrated double bond structure t hereof . Bi nder

resins having tigN. stm ar, @Comptifiidt 1262958
in detail, and tlhe conpojinds de cribedf t E“?n each enbodi ment,
[0166] The wei gh averagb nol ecul ar wai ght of the binder polyner can be
measured by, for agg GPC. [0167] The content of binder polyner in

t he phot osensit e in conposition of each enbodi nent is preferably from
0.1% by mass to 7.0% by mass, nore preferably fromO0.3%by mass to 6. 0% by
mass, apd jeyven r referably from1l.0 to 5.0% by nmass, relative to the

t ot al I"tyd] ;gonte ddag conposition, from viewpoint of t he bal ance
betmeené; ?SSSé detachgent o{ the]Ikght shleldlng filmand ]
reduct i o] evel offde resi dues 0168 F nggh n the
first to third enbod|nents, the photosenS|t|v?‘?e Sl conp gFﬁgeﬁinay
further include a colgrant other than inorganic pignents, such as a known
organi ¢ pignent or dy mﬁth a view to providi ng/desi]

property. [0169] Exanpl of colorants that may
i ncl ude an organic pigne ﬁuch
pi gnents described in paraghﬁp

d |ight-shielding
Itionally be used
gnent selected fromthe
46 of JP-ANo. 2008-224982,

and plgnents obt ai ned by rep C|ng C subgtituent(s) of C. 1. Pignent
Geen 58 or C. |. Pigment Blue 79 by OH, Anhong them pignents that can
prefera |y be u ed, {nclude those |isted bel ow. However, pignents that can
be ap rst to third 1Z-U4-1;UD: frdrivi; IhI | LL, 14/11\frU
113- 33 1 EP 4|t Bnbodi nents are not limted thereto.

Exemplary Compound 15
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[0170] C. I. Pignent Yellow 11, 24, 108, 109, 110, 138, 139, 150, 151, 154,
167, 180, 185, C. 1. Pignent Orange 36, 38, 62, 64, C|. Pignent Red 122,
Recdli,at:15%48p, 117 B 20077, 209, 224, 242, 254, 255 C.|. Pignent Violet 19, 23,

o ety b YO MR 151 37T O o151 Bher o i PR 50/

limtation on a dye that can be used as the colorant, and known dyes nay

be sel ected and used, as appropriate. Exanples thereof include dyes

described in JP-A No. 64-90403, JP-A No. 64-91102, JP-A No. 1-94301, JP-A

No. 6- 19634, Japanese Patent No. 2592207, US Patent No. 4,808,501, US

Pat ent Nog. 5, €67, 920, Patent No. 5,059,500, JP-A No. 5-333207, JP-A No,
Mo. “B- 1R, WA No. 6-194828, JP-A No. 8-211599, JP-A No.

4- 249549, JBE-ANo. 10-423316, JP-A No. 11-302283, JP-A No. 7- 286107,

JP- ANo. 26¥1- 23,‘3P—Aﬁﬂ;. 8- 15522, JP-ANo. 8-29771, JP-A No. 8-146215,

No

JP-A No. 11-348437, JP- . 8-62416, JP-A No. 2002-14220, JP-ANo.

2002- 14221, JP- ANo. 200244222, JP-'A No. 2002-1 , JP-A No. 8-302224,
JP-A No. 8- H@5ELJP-A Ny 8-0+£9120. I AND—PB="151531. [0172] Exanpl es of
t he chem cal ${®@ucture thatTthe\dy& possesfes /mcl ude pyrazol e azo,

ani linoazo, triphenyl methan®, anthraquinoge, anthrapyriclone, benzylidene,

oxonol , pyrazol otri gxg gwymyﬁhgbﬁﬁdqu, cyani ne, phenot hi azi ne,
pyrrol opyrazol azonet hi ne, xant hene, phthal ocyani ne, penzopyrane, indigo,

and pyrrprnethene chem cal structures. [0173] In the photosensitive resin
conposi ¥{ 0 e odi nent, fromthe viewoint of achieving both of

f
curability gn#light sﬂﬂﬂeﬁﬂpﬁg property when conbin ith the titanium
bl ack par®dTciMdid cabt'ar@ed in the conposition, the dolorzant is preferably

at | east oggghLﬁanic pilgnent selected fromthe grou

nsisting of an
orange pig t,ya red phgnent, or a violet pi I's preferable, and npst
preferably acegui nati Wi té red pi gnenty 74] Orange pignents, red
pi gnent s, anqg5i63et pﬁg r 20+ usg¢,W th titani um bl ack
particles in‘each enbodi mefit nay be apprdpriately selected, for exanple,
fromvarious pignents that belong to "C. I~ Pignent Orange", "C. |. Pignment
Red”, "C.I. Pignent EVeslfibry bihigd above, in accordance with the
desired light-shielding property. Fromthe viewpoint of inproving the

| i ght - shiyel di\ng pr epe , Cl1. Pignent Violet 29, C I. Pignment O ange 36,
38, 62, 44, . P Red 177, 254, 255, etc are preferable. [0175]
(F-3) SensitljZ& The t?@ﬁo@@ﬁ@itive resin conposition of each enbodi nent

may inclu a[senstlzém in order to inprove of
efficienc

g radical generation
t he polynerization initiator and ier to shift the
phot osensi ti wavel eng towards the |onger waverenigth side. A

sensitizer thgt sensiti t ol yneri zati g M tiator used through an
el ectron trgnsfpr nmecha nerfe an ger mechani smis preferable.
Prefer abl@zexarmbgg of the gensitizer incliude’Conpounds described in

par agraphs [ 0085] "t %ﬁﬁ -éﬁq. 2008- 214395. The content of
sensitizer is prefée §§ gﬁyt(gnggﬁge of fromO0.1 to 30% by nmass, nore

pref er y in the.r e of from1l to 20% by mass, even nore preferably in
t he rarge éér 15% hy mass, relative to the total solid content of
nsytive

t he photo estth osition, fromviewoints of sensitivity and
st or age @t alfdHi t yO'[ 6] (F-4) Polynerization Inhibitor The

phot osensitive resin ¢onposition of each enbodinen
smal | amount of a pol yrgrizatign inhibitor i

thermal pol ynerizatio f tgf ol yneri zab
or storage of the congj r'on.

may be used as the polynme/H zation inhibifor, and specific exanpl es thereof
i ncl ude hydroqui none, p-rnethoxyphenol, di-t-butyl-p-cresol, pyrogallol,

t - but ykat echol , benEmquiplame CatnponndHti% (3- net hy1- 6-t - but yl phenol ),

2,2 -net hyl ene bi s(4-nethyl -6-t-butyl phenol), and

N- ni t r osophenyl hydr oxyam ne cerous salt.

preferably includes a
r to prevent unnecessary
ound during the production
spPol ymeri zation i nhi bitor
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The content of thermal polynerization inhibitor is preferably front about
0.01 to about 5% by nass relative to the total solid content of the
RecgIRO 2O SRR, /P40 RESI N conposition. [0177] Further, if necessary, a higher

f at ci-d,derpvat i we eheni c acid or behenam de, _ i ke

be Q%&@d7s&§ﬁ5%%3§‘%%QA@@gﬁ@ﬁathty acid derivative Iocgﬁiggg gﬂgthe Ll
surface of a coating filmduring a drying process after coating, in order

to prevent polynerization inhibition due to oxygen. The content of higher
fatty 3cid derivative is preferably fromabout 0.5 to about 10% by nass

rel ati W81¥d the entire conposition. [0178] (F-5) Adhesion Pronoter The

phot osensi iG@dlrlesi n conposition of each enbodi nent may i nclude an

adhesi o not e rder to i nprove adhesiveness to a hard surface such
as a suppofts Exanp {«iefshe adhesjon pr.onoter incl a silane coupling
agent , iu §Fﬁng}agent, eh@?nﬁﬁﬁﬁb cnnpouna%ﬁ)

y- met hactyl oxypropyl tf¥i net hoxysi | ane, y-nethacryl oxypropyltriethoxysil ane,
yacryl oxypropyl tri metQoxysil ane, y-acryl oxypropylAriethoxysilane, y-

mer capt opr opyl tri met hoxlysi | ang, y-am nopr. I hoxysi | ane, and
phenyl tri met hoxysi | anél Cbr%ﬁq;athﬂqgéﬁp
agent, and y- nethacryl odiypropyl tri met hjpxysi

er

of the silane coupling

$ine is preferable. [0180] The
content of adhesion pro is preferdBly fromO0.5%by nmass to 30% by
mass, 56 and nore preferably fromO0.7% by nmass to 20% by mass, relative
to the tptal, soli optent of the photosensitive resin conposition. [0181]
In the and d enbodi nents, when a glass substrate is applied to
a wafer 1eyéelgol en sngwidsyl i ght -shielding filmformed using the
phot osengy*t I'ge reg) nposition, the photoseng=N ve resin conposition
preferably iQF%udes ar] adhesi on pronoter from ipewpoi nt of sensitivity

i nprovenent . itive resin conpositions
of each of thegyirot tah\{ hi pd gnbodi ment s i nclude various surfactants
fromthe vi ewpoi i i i jul i ty. Exanpl es of
surfactants tha an be Jggd i ncl ude vard ous types of surfactants such as
il uorosurfactany noni oni'c surfactants,” cationic surfactants, anionic
surfactants,_ apd skligcone surfactants. (018%2 I ncl usi on of a

f 1 uor osur f alPaMt i e phixemsplary GompovadZonposi tion further inproves
the liquid profddt®Pls (particularly, fluidity) of a coating liquid formed
fromthe photosensitive resin conposition, and further inproves the

uni formt f, t he ;coati ng/th ness and |iquid saving properties.

Specific ‘in e i ¢ OMM i s formed using a coating |iquid

i n which olosensj f i40e rekj Aogo MAieOn containing a fluorosurfactant

i s used, i1l iOf ad tHe cdAting Ioyed on a surface to be coated is

i nproved due to a decrpase in the interfacial tenspon between the surface

to be coated and the c ing liquid, as a resul f which the coating
properties on the surf tg.b¢ coated is @ ved. Therefore, a film
havi ng a uniformthick dir C ckrlgss unevenness can nore
favorably be formed even i a case in ch e filmhaving a small

t hi ckness of about sevE%&%P

amount. Inclusion of a fi

conposi {4 S € f Vgt

in the Nl udvqgurhactang \

nore pre ky f e

IﬁN\“,Cki%\\,ﬂxwfxwﬁa_j—/r_<<
O 20

o
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aE%Ql‘@h bands2Z orned with a small liquid
osurfactant in the photosensitive resin
higeapey Nt . [0184] The fluorine content ratio
ﬂ#era 'y, from 3% by nmass to 40 % by nass,

. % by mass, and particul ar
o 0 DY p y

40



preferably from7 %by mass to 25 % by mass. A fluorosurfactant having a

fluorine content ratio within the above range is effective in terns of the
Receitd faor TvBsby 10fi/203e t hi ckness of the coating filmand in terms of Iiquid

savj ng, properLtiess, anda.exhikhiks,a favorable solubility jn-the-uos UL/

phot osensitive resin conposition. [0185] Exanples of f1 uorosurfactants

i nclude: MEGAFACE F171, MEGAFACE F172, MEEGAFACE F173, MEGAF ACE F176,

VMEGAFACE F177, MEGAFACE F141, MEGAFACE F142, MEGAFACE F143, MEGAFACE F144,

MEGAFA 1 0, MEGAFACE F437, MEGAFACE F475, NMEGAFACE F479, MEGAFACE F482,
VEGAFACE F554, NEGAFACE F780, and MECAFACE F781 (tradenanes, manufactured
by DI C ati &), FLUORAD FC431, and FL1JORAD FC171
(traden

SC 101

sranvf a¢t/ugped b ofd 3M Limted); SURFLON 5-382, SURFLON
s@l g\t_r_r%ﬂjﬁ LTRFLON SC- 105, SLTRFLON SC1068,
- 3381, RFL - 38 393 sURFL ONKH- 40
(tradenanes, nmanufactuyed by Asahi &ass Co. ¥, SOLSPERSE 20000
(tradenanme, manufactured by Lu r|zoI Japan Lt d. etc. [0186] Specific
exanpl es of nonionic N cerol, trinethylol propane,
trirnethyl ol ethane, andtﬁghox Ia es or rop,mglates t hereof (such as
gl ycerol propoxylate or glycerin ethoxyl@te); poryoxyethylene |auryl
et her; pol yoxyet hyl enE‘,xe heplayy Gumpoungddyoxyet hyl ene ol eyl et her;

polyoxy t hyl,ene * ct phenyl et her; pol yoxyet hyl ene nonyl phenyl ether

pol yet gl ye Iaurate polyethyleneglycol clistearate; sorbitan

fatty acidjes®er 19 At URONI C L10, L31, L61, L62, 10R5, 17R2, and
RN ©30

25R2 andg@ 701, 704, 901, 904, and 150R1 (tradenanes
manuf act ur ed by BASF)LhietC (0187] Specific exanples of cationic
h

SURFLON

surfactantsg 2l ude hal ocyani ne derivatives adenane: EFKA-745

manuf act ur g | Mori s a Sa o Kabushil ¢y ha) ; organosi |l oxane pol yner
| CP341 (trad&hane, na A emcals Co., Ltd.);
(met h)acryl i g4 co) pol yner PCL FLOW No. . 90, and No. 95

(tradenanes, manufacture y Kyoei sha Cﬁanlcal Co., Ltd. and Kyoei sha
Yoshi Kagaku Kogyo CoExehipiary Wshpotind@shane, nanufactured by Yusho Co.
Ltd.); etc,,[0188] eci fic exanples of anionic surfactants include V®04
W05, 7 hanes, manufactured by Yusho Co., Ltd.), etc. [0189]
Exanpl es of/snliton sur@au@ants i ncl ude: TORAY SI LI CONE DC3PA, TORAY

S| LI CON S| LI CONE DC1I PA, TORAY SI LI CONE SH21PA, TORAY

SILICCNEDSHZ PA, SI LI CONE Sl -129PA, TQRAY SI E SH3OPA, and TORAY
SI LI CONE SH8 (tradeganes, manufactured by Dow @orning Toray Co., Ltd.
and Toray Siligone Conphny, Ltd.); TSF-4440, \T#F-4300, TSF-4445, TSF-4460,

and TSF4452 ¢t adenaméty ‘ﬁaa g&ntive Performance Materials
Inc.); KP341, K F6001, anltl | CF8002 (fradenand 8nanufactured by Shin-Etsu
Chem cals Co., Ltd.); 3YK307, BYK323, afd BYK330 (tradenanes, manufactured

by BYK—Chenie) etc I used singly, or in conbination
of two or nore thereeégsnﬁha£?$%gﬂégﬁﬁ 2Eﬁof surfactant is preferably from
0. 001% by nass to 2. 0@6by mass, nore preferably from 0. 005% by nass to

1. 0% by i tih total mass of the photosensitive resin
conposi ) (@ﬁgltlves The photosensitive resin

conposi ti tEh t to third enbodi nents may 12-04-17;

05: 49PM ] & 3-3355-5674#70/ H furtjder include a
COSEHSItIZEF$El]F t hg _purposes of further inpryqvi he sensitivity of the
sensitizing dye or theyinitiator to actinic i on, suppressing the

i nhi bition of Lyner tigH ti zabl e conmpound due to
oxygen, etc. Further, | ecessa Fensitive resin conposition
may include a known additpve such as a | uent, a plasticizer, or an

ol eophilizing agent in order to inprove the properties of a cured film
Exemplary Compound 2
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[0191] -Preparation of Titanium Black Di spersion of First Enbodi nent-
The manner of the preparation of the titanium bl ack dispersion of the
Recdiveri 9t: BFEROAVMEAL 1S not particularly limted. The titanium bl ack

di sper, f nt can be prepared by, far a |
sub e@? ﬁg fﬂ@“ﬂt’%“%ﬁ&&@ﬁ%ﬁ@l es, a dispersant, and a{ﬁ’ gﬁgaWc sol ven#t /1
to dispersing treatnent using a stirrer, a hom)genl zer, a high-pressure
emulsifier, a wet-grinder, a Wet-disperser, or the Iike. However, the
prepar?éfg%i method is not limted thereto. The di spersing treatnent

may be ied out by carrying out dispersion treatment tw ce or nore

(mul ti SM ) n). (0192] -Preparation of Photosensitive Resin

Conposi th onj 0f gshedh ment - The manner of the preparation of

t he phey it| dﬁsm conposi tion of the first empodinent is not

particulanly/linmte ei ther. The phot osensi in conposition of the
first enbodiment canLQg prepared by, for exa

/ mxing the titanium

bl ack dispersion of the fir enbodi nment ot opol yneri zation initiator,
a phot opol yneri zabl e KN Wﬁal I é used various additives.
[0193] -Preparation of T t ani um Bl ack spef?' ion of Second Enbodi nent -

The manner of the prepar Qt i on of the t & ani um bl ack di spersion of the
second enbodi nent is NBEkeRHl @cﬁﬁbﬁuﬁdfﬁ& ed. The titanium bl ack

di spersj onf of the gacond enbodi ment” can be prepared by, for exanple,

subj ecty I tamn bl ack particles, a dispersant, and an organi c sol vent
to dispersind treafl ¥t W%ing a stirrer, a honogenizer, a high-pressure
emul si fi@T, "G wed’grOnder, a wet-disperser, or the Ifke. However, the
preparation thod i$ not Iimted thereto. e di spersing treatnent

may be carried out b arryi ng out di spersion eatnent twi ce or nore
(mul tist qqgmlsfper SI . (@1 - Prepar afy of Photosensitive Resin
Conposi ti qqeqf The zmanner of the preparation of

t he phot osensi t|ve reS| rbcorrp05| tion of4 the second enbodi ment is not
particularly limted, elther The photdsensitive resin conposition of the
second enbodi ment can Baeppl W&Dmpouﬂdrz%xarrpl e, mxing the titanium

bl ack di spersion of the second enbodi nent, a photopol ymeri zabl e conpound,
a photopolyrnerjzation initiator, 12-04- 17 05: 49PM TAI YO,

NAKAJ -5674# 71/ 11 and opti onal | y-used various additives.
(0195) APr ani um Bl ack Di sper si on- The manner of the
pr epar atq') m bl ack di spersi-on,of the third enbodinent is
not partTcul i ted and the titanium bf ack disSpersion of the third

enbodi nent ¢ be pr ared by, for exanple, dispersing titanium black

particles, a sp saft, and,an organic solvgnt using a stirrer, .
honogeni zer, e‘:Brlel e [ t4gri nder, wet-disperser, or the
i ke. Hov\ever rati on nethod [fs n limted thereto. The

di spersi ng treat maSD be carried oUd by carrying out dispersion
treatnent twice orlnorg (mnultistage dlSﬁ ion). [01963 - Preparation of
Phot osensi tive Resin Baplary t-ompoun eﬂ"lqs]e manner of the preparation of
the photosensitive resin conposition of the third enbodi ment is not

parti cul m ither. The photosensitive resin conposition of the
third e i can|bBespipeared by, for exanple, mxing the titanium

bl ack dis i o third enbodi nent, a photopol yneri zation initiator,

a phot opol yneri zable ¢ rrpoctirllld, and optiopal | y=used various additives.

_'(\/\/_)0
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[0197] <Wafer Level Lens> The wafer |evel lens of the first
enbodi nent has a light-shielding film obtained by curing the
recplrOt-O:SERRSN, tirMeo®ESi N conposition of the first enbodi ment, at a peripheral

porijon af I .S n substrate. Simlarly, the waf.er.-1,evel |an

P 4 dL R g ET T B BRIy ght - shi el di ng film obt Qlu%ngg’f’b@“éuri ng her/!
phot osensitive resin conposition of the second enbodi nent, at a peri pheral
portion of a lens disposed on a substrate. [019811 The wafer level lens is
descri bed bel ow. The description is common to the first and second

embodi kH7%, unl ess specifically indicated otherwise. [0199] Fig. 1 is a

pl an vi efn.shawi n xanpl e of the configuration of a wafer-1evel |ens
array hayi ng/ gl uial Lhatkgvel |enses. As shown in Fig. 1, the
waf er-1ev {f

t he substat I

I ncludes a substrate 10, and | enses 12 arranged on
t hgugh the plural lenses 12 are aligned on the
substrate 10 two-dinengignp{ly in Fig. {*_Lhﬁ_plural | enses 12 may
alternatively be aligneyf one-di mensional/y on the substrate 10. Fig. 2 is
a cross-sectional view en 0 |4 A-A shown in Fig. 1. As
shown in Fig. 2, in the -léevel 1 éns array, a light-shielding film 14
is provided between the plufhl |enses 12 arranged on the substrate 10, and
prevents |ight trandfxenpbaryaComppunt38dt her than the | enses 12. " The
waf er | eyel hens offyxthe first or second enbodi nent is conposed of one |ens
12 di spefe n bstrate 10, and the light-shielding film 14 provi ded
at a pgbi phaf 3% ‘porlt/ieen (w¥D- 04-17; (15:49PM TA |1 YO NAKAJI MASKATQ,
03-335 2/ B 00 the lens 12. The photosensitive resin conposition of

the first second nbo&; nt is used for formati on of the

l'i ght-shielding fil mi- 5'{78200] A strquu(thgf a wafer-|level lens array
in which /Aural |enses|t2 are arran t wo- di nensionally on a substrate 10
as shown in Fig. | is be oW as an exanple. [0201] The |l enses 12
are generally made of the game materi @ as that of the substrate 10, and
have been integrall rate 10, or nolded as a separate
structure and then ??ggggon 0 Phgﬁgﬁgg?%ate. Here, one exanpl e has been
ment i oneg. wever, 1the confi‘glrati on of the wafer-level lens of the first
or seco odi | S{wiaj lted configuration. Various configurations
may be adopte® bor)eéxanpl el t | enses may have a nulti-layer structure,
or may hay n ©&paDdd nto | ens nodul es by dicing. [0202] The
material for formng the Jenses 12 is, ¢hor npl e, glass. Since there are
may types of glass, a ass havi ng hi efractive index can be

selected, glass is favofable as a majeipal of a lens that is desired to
have hi gh optical power.["® hey” ags is advantages also in that gl ass
has excellent thernal resisgpnce, an 2l erate refl ow nounting onto an

i mage pickup unit of é'3$,ec. hﬂ%ﬁﬁ] ot her exanple of the material for
PZEe%}gpg e, 43

form ng the | enses esi ns exhi bit excellent processability,
and are therefore suitable for sinple and i nexpensive formation of |ens
faces i a or the like. [0204] It is preferable to use an

ener gy- esi N70qwitde formation of the wafer-level lens. The

ener gy- | e ro8™k may be either a thermally curable resin or a resin
whi ch i

ed by iryadiation of an actinic gner adi ation (for exanple,
heat , uItra&h?let rays, or electron beamirrgdigtion). In
consi derationjlof refl M/nnunEing of an ifage/pi ckup unit, a resin having a
' 0

relatively i ftiN mwl e 200C or higher, is

andla resinlhavinyg a softehin oint of 250C or higher is nore
pr ef er abH& | follghjng, resins fRAvdrébl e as lens naterials are
described. [02Q5]7 Exanpl es of WV-curable resins include a UV-curable
silicone resin, -curabl e _epoxy resin, _and an acrylic resin. The epoxy
resin may be apy§PoxXy riesempAany r%pmmmééﬁ expansi on coefficient of from
40 to 80 [lea] and a refractive index of from1.50 to 1.70, preferably
from1.50 to 1.65. [0206] Exanples of thernosettjng resins include a
thernosetting silicone resin, a thernosetting epoxy resin, a thernosetting
phenol resin, and a thernosetting acrylic resin. For exanple, the silicone
resin may be a silicone resin having a |inear expansion coefficient of
from30 to 160 [10-6/K] and a refractive index of from1.40 to 1.55, The
epoxy resin may be an epoxy resin having a |inear expansion coefficient of
from40 to 80 [10-6/1C] and a 61 43

pref erabl e,




refractive index of from1.50 to 1.70, preferably from1.50 to 1.65.
The phenol resin nay be a phenol resin having a |linear expansion
recai@@faf:i Tisenti7of20r om 30 to 70 [104/K] and a refractive index of from 1.50

to 1.70. T | i in e an acrylic resin having_ i r
expéhﬁgdﬁ:ﬁﬁé?ﬁﬁﬁﬁkﬁ%&§@J#M@ﬁ¥£€ to 60 (104/K] and a reggagw#vgﬁ?ndex oﬁ 25/l
from1l.40 to 1.60, preferably from1.50 to 1.60. [0207] Commercially
avai |l abl e products of these thernosetting resins nmay be used, specific
exanpl es_ of which include SMX-7852 and SMX-7877 (tradenanes, manufactured

by Fujil@BSlymer Industries Co., Ltd.), 1VSM 4500 (tradename, manufactured

by Toshi r ion), SR-7010 (tradenane, manufactured by Dow Com ng

Tony Co., gb. &0 (wi308] Exanpl es of thernoplastic resins include a

pol ycar a pol ysul fone resin,, and pol yet her sul fone resin

The pol ycar y be pol ycarbonate havi | i near expansi on

coefficient 0 0Oto efractive index of from 1.40

to 1.70, prg DL pol ysul fone resin nay be a

pol ysul f one

[ 104/ K] aypd

sion coefficient of from15 to 60

w 6310 The pol yether sulfone resin may be
a polyether sylfgme resin having a linear expansion coefficient of from 20
to 60 [104/1(1™agd~a refractive index of 1.65. [0209] In general, optical
gl ass has a |igpgar expansipn ffici of from4.9 to 14.3 [104/K] at
20C, and a refractiv #W%Bﬁ“333§WEW&§E3§o 2.1 at a wavel ength of 589.3
nm Quartz glass has a |linear expansion coefficient of from0.1 to 0.5

[ 104/ K], ctive index of about 1.45. [0210] The curable resin
conposi t4to 7%%“§§ed for formng a lens preferably has a noderate
fluidity b Lna, om t he vi ewpoi nt of noldability such as

sui t abi i %y Fargfer of the nold shapg¢’ fically, a curable resin
conposition t i iquid , and has a viscosity of
from about 1,080 rd to _apout 50, 00 nPa.s is preferable. (0211) The
curabl e resi @ coppositN used for formng a lens preferably
has such a ange as to gnt thermal deformation after

: ubj ected to a reflOow process. Fromthis viewpoint, the
gl ass transiti 0mt'enperature of the cured product is preferably 200C or

hi gher, nore pref ef@binpRI9Compgogikd7 and particularly preferably 300C

or higher. In der to 1npart such a high thermal resistance to the resin
conposi i necessary to restrain the notion at the nol ecul ar

| evel . Pes ive methods include (1) a method of increasing
the cro nki%®g nsity per unit volu met hod of using a resin

having a ro structure (for exa an alicyclic structure such
ecane, an aromatic ring
a cardo structure such as

a spiro 62 12-04-17;05:49PM TAI YO
NAKAJ |

3355-8674#74/it st¥u re such as spirobiindane,
specifically,

anmpl resins de ibed in JP-A No, 9- 137043, JP-A
No. 10-67970, JP—A%%E%—@%%mfﬁg No. 2007-334018, JP-A No.
2007238833, etc.), (3) a method of uniformy dispersing a high-Tg materi al

such a g ne particles (described in, for exanple, JP-A
5-209027, ﬂAElolggeﬂﬂgﬂ etc.), etc. Two or nore of these nmethods may be
used in i naCi'oMy} The thermal resistance is preferably controlled
wWithin a ramnge in ich other characteri§ti uch as fluidity, shrinkage

ratio, and refractiVv are not inpaired. [0212] From

t he vi ewpoi he t he shape, a curable resin
conposi tionfth exhi byt s f volunme shrinkage due to curing
reacti onHi rabl e® The curing @hri4Akage ratio of the resin

conposition i eferably 10% or | ower, nore preferably 5% or |ower, and
particul arly prefeBaampBogydCompoamd B8213] Exanpl es of the resin
conposition exhibiting a | ow curing shrinkage ratio include: (1) a
resin conposition containing a high-nol ecul ar-wei ght curing agent (such as
prepol yner) (described in, for exanple, JP-A No. 2001-19740, JP-A No.

2004- 302293, JP-A No. 2007-211247, etc.; the nunmber average nol ecul ar

wei ght of the high-nol ecul ar-weight curing agent is preferably in the
range of from 200 to 100,000, nore preferably in the range of from500 to
50,000, and particularly preferably in the range of from 1,000 to 20, 000,
and the value of "the nunber average md ecul ar wei ght / the nunber of
reactive groups for curing” of the curing agent is preferably in the range
of from50 to 10,000, nore preferably in the range of from 100 to 5000,

o o o~ o o~ o~ o~ P



(4) a resin conposition containing a resin having a rigid skeleton (such
as fiuorene, adamantane, or isophorone) (described in, for exanple,
Rece] ¥od ANGE: 3884, 1RFR43) ; (5) a resin conposition containing two types of

a ) ct.ivel erent pol ynerizable groyp rmng an
|ntg$§£]gty% ?Wﬁ%ﬁgﬁhﬁ$%ﬁé¥¢ﬂ%ﬁ@re (so-called I PN structure?ﬂ(dégcr bed% S
in, for exanple, JP-A No. 2006-131868); 12-04-17; 05:49PM TA |YO
NAKAJI MA&KATO, 03- 3355-5674# 75/ 11 - (6) a resin conposition containing
a swell 6%& material (described in, for exanple, JP-ANo. 2004-2719 and
JP-A N& 08-238417); etc. These resin conpositions can be suitably used
in the d enbodi nents. Conbi ned use of plural
curing-Shri e \r equt7oquaegns from anong the above (for exanple,
conbi ned | ymer ‘containing a ring-opening polymerizable group
and a résin
Vi ewpoi nt of
or nore resin
Abbe- nunber r@ggj.n E@%OW
|l ens of the firstfor s
preferably has g Ab er (yd) of 50 , hore preferably 55 or
nore, and particul r erably 60 or s’ e. #ﬁe refractive index (nd)

t hereof is preferab 52 or higher, nore preferably 1.55 or higher, and
particul arly preferabfy CyHor hi gher. The resin contained in this
resin conposition iBxdmplayaDosnpourd 4phatic resin, and particularly
preferably a resin having an alicyclic structure (for exanple, a resin
having a ring stricture such as cycl ohexane, norbomane, adamant ane,
tricyclodeca tetracyel ododecane, specific exanples of which include
resins d ' P- A 10- 152551, JP-A No. 2002-212500, JP-A No.

2003- 20334, JP-ANo; 29PQ4-21Q932, JP-A No. 2006- 199790, JP-A No.

2007- 2144, JP- ANo nd JP-A No. 2008-105999). (0215) The | ow
Abbe- nunber resin nunber (vd) of 30 or less, nore

referable to use two
ers, including a high
r formng the wafer-Ievel
The hi gh Abbe- nunber resin

tim zi the properties. [0214]
g different
e- nunber resi

preferably 25 or | dp larly preferably 20 or less. The
refractive index ( ereof is preferably of 1.60 or highe

preferably 1.63 or hi and pak{icularly preferably 1.65 { gher.
Such a resin is preferably a re5|n avi ng [ exanpl es
of which include a resi LAPNi N

9,9 -diaryl fl uorene, | ene, beﬁgéthi .
Specific exanples t . el ude res 60- 38411,

JP-A No. 10-67977, P- 47335, JP-A No. 2003-238884, JP-A No.
2004- 83855, JPANo. 2005- 3: 533 JP-A No. 2007-238883, International
Publ i cati on No. VIﬁﬁﬁQﬁﬁgﬁgqggnl (pqpanese Patent No. 2537540. [0216] It
is also preferable at™ t resin conposition used for the formation of

t he wafer-|evel i nc ud an organi c-inorganic conposite material in
whi ch i nor gani_d ¢ are dispersed in a matrix, in order to
increase the r ct Ble ' 00 (aiffadst the Abbe nunber. Exanpl es of
t he i norganic fiRe~panti t he organi c-i norganic conposite teria

i nclude oxide fI ticles, Jsulfide fine particles, selg&nide_fi¥ne
particles, and tel Lgadde finelparticles, Mire specific ex s include

zi rconi um oxi de fi hrticles, qtitani oxi de fine ; 05:49PM TA
355- 567 76/ i de fine
partlcles tin OX|de fine partic e particles, cerium
oxi de fine particl ed Hum num oxige fivne particl t hanum oxi de fine
particles, yttrlun1OX|de fine partlcl and zinc 3ulfide fine particles.
[0217] In particul ﬁxempary (e gﬁt hat fine particles of |anthanum
oxi de, al um num oxi de, zirconiumoxide, or the |ike are dispersed in the
resin baying a high Abbe nunber. It is preferable that fine particles of
titanium oxide, tin oxide, zirconiumoxide, or the like are dispersed in
the resin having a | ow Abbe nunber. [0218] Only one type of inorganic fine
particles may be used singly, or two or nore types of inorganic fine
particles nay be used in conbination. The inorganic fine particles nay be
a conposite of plural conponents. For various purposes such as
reducti on of photocatalytic activity and reduction of water absorptivity,
the inorganic fine particles may be doped with a netal other than the
substance of the inorganic fine parti d%s, the surfaces of the inorganic
fine particles may be covered with a netal oxide, such as silica or

al um na, other than the substance of the inorganic fine particles, and/or
the surfaces of the inorganic fine particles may be nodified with a sil ane




When the nunber average particle size of the inorganic fine particles is
excessively small, the properties of the material after in sonme cases.
recdifegnat:t hegedifepience in refractive index between the resin matrix and the

el b Gatt a5 el ab e BPEOS, caoci Vel y Targe. of T oRtarar By ai gn 0!

scattering are significant. Therefore, the nunber average prinmary particle
size of the inorganic fine particles may usually be in the range of froml
urn to &zggo urn. However, since an excessively small nunber average
prinari b ticle size of the inorganic fine particles alters the
properties of
scat t egy
of the inorgani
particle size
15 nm nore pre
from3 nmto 7 fmn
inorganic fne parti
of defining such non
| P-A No. 2006-160992
di ameter distributiJn.

he material in sone cases, and effects of Rayl eigh

hgni fi cant when the nunber average primary particle size

ine partjcles is large, the nunber average primary

i nﬁ%&ﬁékne particles is preferably from1l nmto
to 10 nm and particularly preferably

a narrower particle

ize dystribution of the

erage primary particle
si ze can be neastP diffraction), small-angle
X-ray scattering (SA X-ray diffuse scattering 12-04-17;05:49PMIA | YO,

NAKAJI MAGKATO, 03- . S), grazing-incidence small-angle
C
nnin

X-ray scattering (G- ,a Sc g electron mcroscope (SEM, or a

transm gsi e tyon mcroscope (IBM. [0219] The refractive index of the
: inorgaﬁigjﬁgm pdrtoqkese at 22C and a wavel ength of 589.3 nmis preferably

from1l.9 u3.@ronore preferably from1.90, to 2.70, and particularly '

[ 02201 | or gani c-i norgani ¢ conposite
articles relative to the resin
mass or nore, nore preferably from
ﬁreferably from30 to 60% by nass,
fromthe viewpoi nt _of*transparen provi sion of high refractive index.
(0221] Any of the Buepplawy Compoynd 4 t hernosetting resin, the

t her nopl,agti ¢ resin, the high Abbe-nunber resin, or the | ow Abbe-nunber
resin A %8 terial of the wafer-level lens in the above nmay
be used i 0 rmng a matrix, which is used in the

or gani c-t¥ norgantc L;posite_naterial
[

Furthper exanples include: a resin

, described in JP-ANo.
2007-93893; of a hydrophobi ¢ segnent and a
hydrophilic se nt 1 -A No. 2007-211164; a resin having, at
a polynmer term t a\lsilde cpain, a functional group capabl e of
formng a chem c4g with ino ic fine particles, described in

JP- ANo. 2007-2389 b.iapanese Patent Application Nos. 200842645,

2008- 208427, 2008- : o 52, and a thernoplastic resin
described in Japangég E@ﬁ$§%§ %%gg%?gn Nos. 2008-197054 and 2008. 198878.
I f nece itive such as a plasticizer or a dispersant nmay be
added t i )ganic conposite material. [0222] Preferable

conbi nat } sin serving as a matrix and inorganic fine particles

i ncl ude n a case in which a high

Abbe- nunber above, is used to forma
matrix, it i ine particles of, for exanple,

| ant hanum oxi de r zirconium oxi de as inorganic fine
particl edi® Abbe- nunber resin is used to forma
matrix, it i erable to disper fine particles of, for exanple,
titani um oxi de;>Ti Exexiplary €ompoundi46m oxi de as inorganic fine particles.
[0223] In order to uniformy disperse tine particles in the resin
conposition, the fine particles are preferably di spersed using, for
exanpl e, a dispersant containing a functional group having reactivity with
a resin nononer for formng the matrix (described in, for exanple, working
exanpl es of JP-A No. 2007-238884), a bl ock copol ymer conposed of a

hydr ophobi ¢ segnent and a hydrophilic segnment (described in, for exanple
JP-A No. 2007- 211164), or a resin having, at a polyner termnal or at a
side chain, a functional group capabl gg66 i;vu:LErivi; I/11 IV, |SI'tSRMJ
11Y1/560\M V; U3-330U-DUft 10/ H of fanning a chem cal bond with the
inorganic fine particles (described in, for exanple, JP-A No, 2007-238929,
JP- ANo. 2007-238930, etc.), as appropriate. [0224] Further, the resin

having a re




The substrate 10 may be fornmed fromthe same material as the nolding
material for formng the |lenses 12. However, as long as the substrate 10
recdigedfa@r fYBAEM,fW@rm0® material that is transparent to visible light, such as

gl ass,,,the.s r ornmed froma different teriak.fromth

nol E%S_%"ﬁapiﬁpg*@ﬁﬁ% ﬁg*‘mm@@@z In this case, the rratn@r ?53145 fhﬁojl;4 f or mi ﬁ#gBS/H
the substrate 10 is preferably a material having a |linear expansion
coefficient that is equal to KkhRHO MMIV; 113-30WMQUI4th Id/1( or

extren%li | ose to that of the material formng the lenses 12. If the

li near 8 %@nsion coefficient of the material formng the lenses 12 is

i denti cal £-r] %! os
di stortio r/so acki
di fferencegeRal i n

that of the material fanning the substrate 10,
FOd#i%he | enses 12 that occurs during heating due to
expansi on gate can be supprei sed when refiow nounting
of the wafer-level ihhge pickup unit is carried out. [0227]
Al t hough not stown in Figs.] 1 and 2, an infrared filter (IRfilter) nmay be
formed on the |ghghty i nci dence sfde of th@ﬁ;gfstrate_l [ 0228] The
configuration an e production ofSX%ap anpeupdi%hs is specifically
descri bed bel owrnt h~efeience to Figs. 3 to 8C, using an exenplary
producti on net hod o waf er-1level lens array. [0229] [Configuration and
Production of Waf er™~lg#% ns (1)] - Formation of |enses - First,
a nmethod of formng | ensé§212 on a substrate 10 is described with

referencge. tloyFi g nd Figs. 4A to 4C. Elenments having substantially the

same furgt Ny ®y e denoted by the sanme reference nuneral

t hr ougho e dr and over | appi ng descriptions therefor are
someti nes’ o t ed. FiLo- -6 a view showing a state in which a
nmol di ng mat er~al (desigkhatpd by/"M in Fig. 3), which is a resin
conposition f | ens formation/1igs supplied to a substrate 10. Figs. 4A to
C are views shoiy an procedure for formng the I enses 12 on the

substrate 10 byypysing a nold 60. i Fig. 3, the nolding
material Mis drippedion region;hggﬁgﬁéyg%gigggggzﬁﬁ at which I enses 12
are to be forned, G2 %ispenser 50. Here, an anmpunt of the nolding
mat eri al M correspondi ng~®0 one lens 12 is supplied to each region to be

supplied with the nolding material. [0231] After the nolding material Mis
suppl i th trate 10, a nold 60 for shaping | ¢rse %ﬁqis di sposed
at a side |of3G h rate 10 at which the moldin 'égf has been.
supplie sh On Fig. 4A. The nold 60, s proyid th de

ey,

'3
W pressed
areas 62 for_formn y Era dance
2] As shown kn [Fig. 4B, the
rial Mon the substrat€910, and

with the desited nu

nold 60 is pH

t he nol di ng mat cgnformto the shape of depressed
areas 62. Wi RN 60'i s press inst the nolding material M the
nol di ng materi al cured by irradiating heat or ultraviolet rays from

t he outsi de ffol d 60 in a case in which the nolding material Mis a
t her nosetti ng rﬁdemﬂmwnwum@resi n. [0233] After the nol ding
material Mis cured,” the subStrate 10 and the | enses 12 are separated from
the mold 60, as shown in Fig. 4C. 12-04-17.;05: 49PM TAl YO, NAKAJI MAGKATO,
03- 3355-5674# 80/ 1E [0234] -Formation of Light-shielding Film

Next, a method of formng a light-shielding film 14 at peripheral portions
of the lenses 12 is described belowwith reference to Figs. 5A to 5C.

Figs. 5A to SC are schenmatic cross-sectional views show ng a process of
providing a light-shielding film 14 on the substrate 10 on which the

| enses 12 have been formed. [0235] The nmethod for formng a

i ght-shielding film214 includes a |ight-shielding coating |ayer formation
process of coating the photosensitive resin conposition of the first or
second enbodi nent on a substrate 10 to forma |ight-shielding coating

| ayer 14A (see Fig. SA), a light exposure process of patternw se exposing
the light-shielding coating |layer 14A to light through a mask 70 (see Fig.
5B), and a devel opnent process of developing the |ight-shielding coating

| ayer 14A after the light exposure to renove uncured portions, thereby
formng a patterned light-shielding film14 (see Fig. 5C). [0236] The
formation of the light-shielding film14 nmay be carried out before
production of the |lenses 12 or after production of the |enses 12, as
desired. Here, a nethod of formng the light-shielding film14 after the
production of lenses 12 is described igy detail. | ndi vi dual
processes of the nmethod for formng the light-shielding film14 are

descri bed bel ow.




[ 0237] <Light-shielding Coating Layer Formati on Process> In the

| i ght-shielding coating | ayer formation process, as shown in Fig. 5A the
recifROtaOSTRIERN. L 7A4E0R2EeSi N conposition is coated on a substrate 10, thereby

for hi g layer 14A formed fromgfsh h sensi tiy

res nﬂglﬁphiq? ﬁAgﬁ%ﬂégﬁ @ﬁ@$h§ a low |light reflectanceﬂt E%ge?@?he #8/1
| i ght-shielding coating |ayer 14A is fornmed to conpletely cover a surface
of the substrate 10 and the surfaces of |lens faces 12a and | ens periphery
portio&glﬁﬁb of the lenses 12. [0238] The substrate 10 that can be used in
the pr k process is not particularly limted. Exanples thereof include
soda gl & free glass, PYREX (registereg., déemark) gl ass, quartz
gl ass, r'“§pa ent’/ #@sins, etc. As used herdisnwitde substrate 10
refers t str e |nclud|ng both the,subst 40 and the lens(es) 12

strate 10, as

Further, an underco . on the s
i yer, to prevent

necessary, i to an upper |
diffusio§$£% almateriaf . the surface of Whe substrate 10.
[0239] Vi pes coating nmethot¥Guch as slit &#M-ng, a spray
coating neth n i nkj et nethod, spin coating, cast coat]ng, rol

coating, and a screen pExemplgry€iomgomad 5 applied as a* f or
coating the photosensitive resin conposition on the substrate “nd
12-64-17; 05:49PM TA | YO, NAKAJI MAGKATQ 03- 3355-5674# 31/ 1i e dsenses 12.
The fil (t‘ : the photosengifive resin conposition i mediately
after cOati : - Vol pmto 10 pm nore preferably
fromO0.2 gMtc : _ ,eerMNyfromO 2 gmto 3 gm from
t he V|emp0|n_s of i -hye iformty of the coating filmand ease
of drying of i ng . ying (pre.balcing) of the

| i ght- Shleldluo .on the substrate 10 may be carded

seconds UEPs, o exanpl e, a hot plateg
filmthicknesq, t he photosensitive resin

(hereinafter, refep: 5%51@1-5? )buhlcﬂsllthl cKseps..|.
freely selected in con atlo of desired per fo ce such as
|'i ght-shielding property, and is typically int pge of fromO0.1 pinto
| ess than 50 pm [0242] <Li ght Exposure Process> In the light
- '|ght shi el ding coating |ayer 14A forned through the
! r formation process is subjected to
. Al though the patternw se |ight exposure may be
. erable that the patternw se |ight
ht e posure t hrough a nask 70 having a
Sy ern, as $RoBReiplingCobolfR43] I n the Iight
sent process, the patternw se |ight exposure of the
Bati ngoHayer 14A may be carded out by |ight exposure
ned nmask pattern; as a result of the |ight exposure,
radlated portions of the light-shielding coating layer 14A
a nmas ¥tern with which the surfaces of the |lens
peri phery ﬂ%ns 12b ‘an ﬁ%@“ﬁﬁrface of the substrate 10 at a region
bet ween t he®” ses 12 am ‘radiated with light, ,is used. In this nmanner,
the light irradjation causgs curing of the |ight ‘shiretdi ng coating | ayer
14A only in the ot her regiomthan a, and the cured region
~¢li ' _ lations that can be used
ul trlavijol et radi ati ons such as

an oven. [0241] The coating
‘onp05|t|on after drying
n sone cases) nmay be

are cure

icw ar,
g-line, h-line, AN eferably en® oyEY. The light source for the
radi ati on may be a @i ngl e-wavel ength Ilggg source that
emts light containing all wavel ength co ggﬁﬂ#éﬁ’%@%ﬁﬁgghgqﬁﬁgh-pressure
mercury | anp. [0244] <Devel opnent Process>. Subsequently, an al kal

devel opment treatment (devel opment process) is carried out, thereby
di ssol ja1A3] pidrtdontent bhdispdrsant imtite titewinm blaciodispezslonbf eadhi cgphhmilmemme | i ght

Expos x%fé}&lﬂﬁ?ﬁﬁn 194 ByPnabsSto 9006 BY Bhss %ﬁbx@'b?ef@fabif'@mh'mtbﬁhh@ét@'?‘@%%?at' ng
| ayer are d%ﬁ sol ved..n an Ikallcﬁﬁag‘f ﬁ 3 %_ |on ﬁ{eawng
only pBREs Bt OB el SBBA Rt P ER SRR 6l e hspleq B
SpeC|fmnahhygofh@mdenbkmbm@ﬂt*mtmmheﬁﬂtgﬁoﬂmhﬁymu$ng | ayer 14A, which has

been exposed to light as shown in Fig4g5B, results in renoval of only the
portions of the |ight-



shielding coating layer 14A that are fornmed on the |l ens faces 12a, and
formation of the cured light-shielding film14 at the other regions, as

Receg Yed\akr §: Fﬁ?rFH@/‘r/ZS’@ [ 0245] Exanpl es of the al kali agent contained in the

de"ﬁ ppef 9'45%\% 'Twﬂa@m’@%mm&gt' on) used in the devel opnenfs-pyrcess s

organic ‘'or i'horgani ¢ al kali agents, and conbi nations thereof.
the |ight- shleldlng f|In1fornat|on inthe first or second enbodi nent, an
organi c al kal i developer is preferable fromthe viewoint of suppression

of danmage toTHég%mF gpfi" ne| %@orﬁortl eﬁsia’{i%’}e mcompolsﬁlop%)f%gm es of the

al kal i e organic-a ine conpounds
(or gamem%@r:lmnts sqeeferplysiien 136 byduass teso0nhy wass, merparalerabdy rame APy ani ne,
di met hyhgk lfw@%wxﬂes, reRitiva @ b aFatd s if dispudseb objeets (delldjdgadispeied m

hydr oxi r r. oI

1,8-di & gdﬁfsc 3’18 %0 1%%%@ r%hgé% ?{r‘}g‘rmimn om}ounds (i norganic
al kal i [kt & )@Eﬂé—hlcégl"wl um hydr oxi de, potassi um hydroxi de, sodium

hydr ogen car ’ﬂi‘hmataamnahhtclpdisasmammm}' tlwq:@etuscmitbcnasia.comoahhas ¢fribe &tffieous

sol uti %ﬂiﬁ%ﬁd&%@@sﬁ{ méag?ggm cksiveliel uted with pure water so as to have

trat 0.0 tp 10% b f

0. 0196 by masEHBRIES PhPE paic salvag ediien o s pobisBeto, Riskerd, BelpyL O

[ 0246] kFtee dyvlshepumentthylewstate: ethylerieslichioride, yetmhmm,ttelusmeﬂw et he

Fg;%f@@%ﬂt moh&Beth§1 étﬁéiaédaylehg ol 1ﬁ@ﬂ@ahﬂfetﬁerr,qamﬁen@gg@adﬁmmgp&gaeg gngs
Vv | ueou

sol ut i BFPHyzcnﬁé'i‘ﬁmll W?gﬂﬁnﬁ@y&%ﬁ’ép ?Wetgﬁy %Eplé)%tﬁﬁfc%%r g ;%/: cgr ri ed

out af epslobexanpus ditcpione nlgnbolotthyleae glygol mgn«rmtthylamberrv@mv-’eat g igkycol

gev e: ORRYY! ¢ eﬁeﬁfdeiat@ %tﬂyyenea%l & nidielsé prpiDERED EthiTeaa Rl mcmmymhcr

evel o n

dryi ng RS RORyRoDER ?aé%tﬁ%%%t@%@é“@%?%@ it honodits ﬁ%

i ght - dmtleflmersjwqhnitﬁn@ﬁhgh@thsh digthyylens gyl dimeth b&ﬁth@aéwﬂ’g'lf(ﬂﬁﬂxco d)

and/ or e&mp qnsmpyécrtecgljruog monoeetlige ethwr acetate.quropydénceglycdlandrioghnd sthiertatiaty

coatlng. CPFT%E&QLQ Nrr@mém | foltRdm X PRSIE] BUISASS v-RFhoiRIbRk CARRANT

process bove h een C Mgcﬁ out . [0249] ‘f‘he post - baki ng is a

heat tF“éﬁé"l‘ ﬁ@fﬁ:f’@&h ﬂ‘t‘%’?‘t %5‘6 % n order to conplete the

curi ng[01z3d Tlse urgaetk sglvent ey hebsashsingly, oriesembination of wamerioor thereplz0C.,

The g O Ryl msortn;i@é% S anfdiivants Al QohdRE! @f#i{:eﬁl sMeidnl dmprfscd th&aklt ng

can be riate in_accordan e _fat el rate

Con e SHRREPREET Sl Bl O SR RSl DEoTRUEL bRl sl

180C t ethyhlpetates distlesflenceglygolsliprGybether: buyhacatate mﬁbyla%m@ﬁwmqném 2

tenper ag ﬁlﬁ}ﬂe llexﬂa?oxie‘4eth 1 cd?bitdl ARdthic] ButlyVédrbitol acetate, propylene glycol

car 11 etieRtt 4@3@%‘%&? Wm%ﬂ%‘ °Pl}2§f§*9f§§ Rk pRAARR! Y ?2
after devel 0 ount gf arggam YR?L‘J§°‘FF&W ‘é‘ﬁ\}al%‘% q*r%ﬂ?ﬁ% N ¥sin
heat i ngracﬁmublaydircmdﬂ‘%alw matoto §aby m&cmwm&nabbdﬁ@n 2o by aiass W bﬁt i on

type dﬁié%é e{zc@mm%}?fc&ﬁﬂ eREY 305 yehaddNg 8594 Ema) YR atRsS ihdRhl

condi t1 ons he above procédure, althdugh a case in which the
shape BTOPMLLRGASEErioN; s o concave shape is described as an exanple, the .
shape of t heTheasemntiof organiqelyaint gprtpin m%méwowmsm@mp@eﬁve;@ shape
or an Cﬁcﬁﬂqm fmaammu 9 s GR6He pRafedblyREEI 208, bR heks 1e808k byens

havi ng Iu | enses one Jd @t i
descr.H@asggﬂ%m&a%ﬁ Bt SR PP s 98 KO%% '3%3‘4518 @i Ha g g
fornedﬂmmOU¢mmH®ndes of the substrate 10 may be adopted In this case, a
Ipatte][ [[ﬁd,ﬁ @j)tph@mpg ﬁhétﬂzabld@brkgourﬁif?rnﬁd on the region other than the
ens faces, ot I es 0251
Vaf er - | evel ﬁe‘h@‘ eimgv%rcs Fgm %ﬁgg’\gvolg%%gwﬁtﬁ{g{%gld% %Iedrﬁoaon gﬁre %;[‘alfagn
exanpl ph@bpmlmmldecwp@md ens array. The waf er - IeveI | ens shown in
Fig. 6 has a configuration (nDnollthlc type) in which the substrate 10 and
the | enses 12 are sinmultaneously noldeg usi ng the sane nol ding material .
When producing a wafer-level lens of this type, the nolding material may
be selected fromthe above-described nolding materials. In this exanple,
pl ural concave |l enses 12 are fornmed on one side of the substrate 1,0
(upper side in Fig. 6), and plural convex lens 20 are formed on the other
side of the substrate 10 (lower side in Fig. 6). The region other than the
| ens face 12a of the substrate 10, that is, the surface of the substrate
10 and the surfaces of the |ens periphery portions 12b are provided with a
patterned light-shielding film 14. The procedure descri bed above may be
applied as the patterning nethod for formng the light-shielding film 14.
[ 0252] [Configuration and Production of Wafer-level Lens (3)] Next ,




[0254] -Formation of Light-shielding Film First, as shown in Fig. 7A a
l'i ght -shi el ding coating layer fornmation process of formng a
Recdiveght:-Biwbelwikng2coating | ayer 14A is carried out by coating the

phohogengl bi.veresi i, GRMMOsidd.0n on a substrate 10. [0255},Fhem «drying b/ i
the 1ight-shielding coating |ayer 14A coated on the substrate 10 is

carried out at a tenperature of from50C to 140C for from 10 seconds to
300 seconds, using, for exanple, a hot plate or an oven. The dry film

t hi ck f
i ckness of rcg‘gﬁﬁlﬁﬁéﬁégi]bﬁ% %cgnﬁ(ﬁrﬁﬂ'?s fﬂ?ﬁ’lﬁfvh'c@ﬂzpﬂﬁﬂd &t A £ da8Cbneas

desired, ,i.n ac es| ch as
ot - ShiEPRPRG TSR v ichitre ofpy o s A ik PSipt el ¢
| ess t[paa@sﬁeogmﬁ)of'[mﬁﬂﬁghﬁhen as shovvn |n Fig. 78, a light exposure

14A,
whi ch DS p%ﬂ?ﬁne Lt MMF% *t”&@* ﬁﬂﬂ“&’%@*ﬂfmﬂ R mat 1 on

| .a
pr oces§m"‘t‘t‘€=}'a GFRUR; AR H £ pory % ?lg% "as a
pr edet @arcbadeethonofinciiatal ecnylatésmrtﬂ:ﬂiﬂuryjlates eucplwptﬁéyqthylcﬁﬂ gygrlocess, the

i ght - ﬁmnlsbﬂaﬂﬁcma&' r@éﬁ&nelﬁltybél R RRSEY RIED BREphdro dBit t her eby

curin shi e tin r° 14A t.hat have
; aéﬂﬂ%f fﬁgfeﬁék‘% H%M%ﬁ Jt;i)tﬁt he ot her

on rti"o

been i ﬁ?&@yﬂﬁgaﬁeﬁ? }z,fqnp

r egi ondr(ﬁleﬂﬂanryha@mmfthglo&hﬂnglcdnémﬂl@cndgmf nebpeatyhglycolslifmeihlactviede, are to
Pﬁcg mss ézﬁﬂ@yﬂ«ﬁmttu(rgahﬂaém@ﬁe , ek ERE RS et (mbblactYlate] dipastserythrizgle sngﬁﬁgr
oni y ¢ NG 2@%@?@@ gkl heiphife Z‘?‘h““"dl&g‘t@f‘*‘é “ﬂﬁﬁgmyﬁﬁ Lhe
por t i ofther, fifecryiey Q?W@ﬁéféb’i%cﬂaéﬁﬁi%ﬁé’l'?q}ﬁcég tpingd By E‘B%@ §'@§ cf1§ oK (% red
by irr pﬂspgldne Bxitdstid a lpobifinctidaal dlcdHod mdhmseglptesmc obtringthylokedhame and

ult ravg@sgé gﬂétp a%lr‘gﬁ%ﬂﬁhgrebf ro&'uét ﬁ;bi olﬁ(hﬁﬁl B&SlapbRber abl y

enpl oy use t exposur 0257]
3ubseqn@ﬁawthnm¥ o FientacaahEoh i““’c ReavpiRe ﬁ%ﬁ%ﬂai

carri eBxamined Rateat Applidation Publicdtiva (TR4) Ns 46§41708, JIPI-B iNo. §ﬁ+@Bél4 m‘.@ J&’c&t i ng
wnion o sLasts i@éfﬁgf‘@mﬂ feeshen %ﬁ?@?éﬁa‘“"%&%‘é@aﬁ% N PP IE e o
been cué 63?51:1 ‘EPO@(’B ;:'1031 §€38f‘%8rth’fc§ ?(’% li ne
aqueou&smlauﬂ(mnth)acmylwmldl on, the photo- cur ed |ight-shielding coat| ng
laye { 14A '1 E}Fﬁrﬂﬁr VhbRfcuf-B &%&xﬁéx@ ahhehg&husm&rﬂﬁar@mﬂmaa&m the Iens
aper u s ns Lemajn S r
P KT lopihf oA e Aot SRR B e S0 4546 % 4 G 08 R o

cont ai hedsadn t he aqueous al kaline solution as the devel oper may be
sel ect gl 4By Q™ db@nab WckiasGbidied 12! Kiding eligiahs oxidalet propplanbexide to a

R surpl s
R i AL A R IR

t he abpygsedescri bed post - baki ng and/ or Ilght exposure may be carried out,

6; ggg@%@%ﬁ%@éﬁﬁ&%’tgﬁ %#ﬁ%ﬁgﬁﬁkg COAt | W&f or mat i

n
proc eshexa(méthﬂﬂcgﬂﬂtee&%ﬁm@@ﬂﬁ? #owhigh agrylpyl groups ¢€ Pglfﬁé’* Sils G%Egurlﬂgé‘c‘i‘f i bed
above [akl tbelﬁmdlpaﬂt&t@d:rhui via bﬂ@ﬁﬁn}zgl&eﬂ or propylapebeol msidoes ducpmiprebloaf er
| evel |ngf|Im14|sformedf|rst and t hen
I ensesbflg8 P‘YW &Qﬁfgbﬂé@%g??'gg# 26‘%]L f (gn % Iﬁ'ni

Ureﬂ-lane acrylates such as those dcscnb in -41708, JP-A No. 51-37193,
JP-B No 2-32293, and JP-B No. 2-16765, and urethane compcunds having an ethyleneoxide
skeleton and described in JP-B Nog. 58-49860, 56-17654, 62-39417, and 62-39418, are also
preferable. Photopolymerizable compositions having excellent photoresponsive speed can

be obtained by using addition-polymerizable compounds having an amino structure or a
50




Next, a process of formng |lenses 12 after the formation of the
| ight-shielding film14 is described. As shown in Fig. 8A a
rRecd TRk dt:NG3sB @802 M f Or form ng lenses 12 is dripped on the substrate 10 on

which the pattern i ing film14 has been for
di sb?ér%e!ﬂ W%ﬁﬂtﬂ @r&t@w Mis supplied to regl@eg?’itf’hi partr al#l 92/1[

i ncl ude end portions of the light-shielding film1l4 that are adjacent to
| ens apertures l1l4a of the |enses 12, so as to cover the regions

correspopdjng to the | ens apertu e, 12 1L, After
t he molsY SE‘EF‘@F‘? wya mp egu@G%F?feﬁ’%t 83"‘:‘?{} &4 ’r“gﬁ’se‘g‘ 5. 834 %?@8%3 T or

f or mi nQP60OS endilsl L3P0 s%npleaoﬁwﬂmaﬂmaﬂhewmlﬂdﬂt pm:iactz Gnchedeptitetitang he

ol di NG BBkt GhsMd aR 1hEBD Bhes AafiiaMiredbyRTPPOW PAPBRIDI d 80 i s

12" | MGG LD R A2 5 %r%%?rﬁ%?urf%ﬁre%r‘é@gn Bty JEniil” e

m)l d 8@d.sLydnebPEA-40Hi(hradenave, mnuliactgraﬁdxyehhpapn ieynku Ge.. bk epd

t her ebm@ef DB AT, 1 8-3081, AFGODET-600,akd MILan0qeadedaict %mma@yqtyorehe
depres @ as. In the state in which the nold SO is pressed against the
mol di ng‘e grl al the nolding material Mis cured by irradiating heat or
ul travi[618d Estwéexﬁw wmmaturzted gompeandsthaving apgicidl graup axesdwo prafoppila g he

mol di ngxa@bRE bﬁmeﬁcﬁmﬂlyf—Mlm rbdiRes the@bhinelude TAL766i (tedlegamesi n. [ 0263]

Af t th | d 12
e eriuirpdy e “%*ﬁaﬁ@r%rstmﬁeﬁﬂt’fﬁﬁﬂ%m&% R AC T
i ght - Sroug, ﬂﬂd@oﬂﬂﬁa(ﬂwnﬂf&m@@ﬂbﬁww@t%ﬁ@t eW!!Ghﬁ%a(PB’Ptaﬁ’i‘éﬁon s shown
in Fi gac%tek&ﬁﬁﬁﬁng% ghqh. above, the confi guratl on of the patterned

i ght-shield |l m.1 [ Ilmtedto
t he confi ZF?B‘#Y%BE%IQﬁg#g‘%ks%wvﬁac@u?md 1ﬁ¥ﬁ L@ég#ede | Im14 is

pr ovi dM#WWMPMW'@%WﬂWﬁWéQWRWQaceS 12a of the Ienses 12, and
t he COIﬁ@lﬂqlr'ﬁhd: p@lyﬁi&ﬁtwble Bopgundfiay be whidodingleorlin ghnbiviatien df tvgp érithoreld i s

or Ovi 5k A (6 o G cldBR L DR D éﬁc«ammohemaes 12
|t t | h
I ght - sll?ﬂr“gg'a‘;’ fie pomhi %W&;ﬁ%ﬁw a1 PSS By EORaARCm HeUEREee | ¢

pat t er prepartids dfemphcmmnsuwé acepoditithe Qubprefastde eMbodinaent hiithef or med
L Ont - SBinldl ﬂoF ?Mglfdeﬁhﬁﬂé b plnfls 45, B Iahq:mbouﬁnédm Fhliditwo

region than t ert.ures e Lenses .1 and
sugpr e QL BOTY n%‘yaeﬁérb&t Femparidse] egeﬁgﬁmr %rﬁfof%?& i IM%W??% thte
waf er - leempbutdsrese cambippdiaad e exampletherepf iskupombination dgipepperythiitoh an
| mage %ﬂﬁuﬂrlﬁ@‘éhﬁgeﬁtﬁe&ﬂmtaﬁﬁbﬂyﬁuétate i mage pi ckup device), occurrence

?f ). pr ?Jbl ggg Vg‘&f%ﬂ Epfh:h&ogérﬁne}rzhﬁe%oﬁfgﬁhndﬂldﬂ Sokd R r&sﬁl&ﬁ tlém

are cause | ected
i ght chmobcTRRseARda PrereB| e dhees b yw&t«»%m BhEoSh AU HI, 1 | 14
i s di spegedblnremddrfans by mhass e 58 pase b}ahfﬂss rdlatire tios| Qﬁqaartségt nizss af thadotal
anot her_& { glifz,.5hi el di ng menber to the wafer-level lens, as a result of

whi ch g?th# ncrease i n _progducti gn, .,osts can be suppressed [0267] In a

conf i gl®Eil ofE)ihofgnobrmerizatipl BHHAT havi ng an irregul ar surface is provided
around the | Ehs phntotenamve lnesinc oorfxpogiti ensi afthalfisst tootherd cibodithents mchislaal

Publ i c? b@:go eri\%%&p 648 the Iight inci dent on the structure is
refl ec |verge cause a ‘Bﬁtg ch as %ﬁg fI} l

consi der at i ohB&PhYAP ym&ﬂétﬁﬂit ’ﬂﬁ’r%‘t“%ﬁ WE@ 8‘&9’??9 el ?)rattet%r ned
| i ght - sthirétiate agd prdmotd thel [srlypmesizadiod dfthe ﬁmtmdhﬁnemwlmmmwdﬂﬁecﬂbéﬁs
faces %B@veoén& P&féxﬁﬂ?%ﬁo@rg aBSor SN Jight Rithin B wabBlefaita0fibg oF 8bhosuceBabl es
shleldln the other region than the lens faces 12a, thereby

i rrprow gnB’ptl cal performance. [0268] The titanium bl ack dispersion_and
phot os §0iEi4] i Seecifis exmmplepoithe pbatopplymesizaton aititsdoclds preagicdelagenyed
above ik Béndis 88y diRlold QHEhInAR, @lhohyl baibowlakStetil tonipondsMbedoin S

provi de 8n the back side of a silicon substrate having an image pickup
devi ce section on the front surface th®reof, and which shields against
infrared light (i.e., for formation of ali ght-shi elding filmthat shields
against infrared light incident fromthe back side of a silicon substrate
which is a base substrate of a solid-state inmage pickup device), w thout
particular limtation. Anong the structures of solid-state inmge

pi ckup devices, the structure of a solid-state image pickup device
according to the structure K described belowis a structure with high
necessity to shield against infrared |light incident fromthe back side and
to reduce devel opnent residues on the netal el ectrode. Pot this
reason, the titanium bl ack di spersion and photosensitive resin conposition
of the third enbodi nent, which exert effects in terns of enhanced ability




[0271] The spectral characteristics of the light-shielding filmof the
third embodi nent are not particularly limted. The ratio of the optical
Recel@asi:t 3350DY420Q@) of the |ight-shielding filmat a wavel ength of 1200 not

and, t p of the light-shielding fidmmat

192I g%gﬁ ﬁ@%gﬁnﬁdﬂw!&ﬁ%&%] is preferably fromni dO3 g&@&@u from A
VI ewpoi nt of further inproving the ability to shield against infrared
light, fromthe viewoint of the balance in light-shielding ability
bet ween the visible-light region and the infrared region, ]
Opt i calcOaPRERdsy OfgaIi HEEOXigR SAIARRIIES, 4% SOMPPYYISt WHIWWHUL‘%&FC 82g¢ t he
obt ai negmipbtuidsy fetiflodedd\odGAindd, bagheid e compuhals! disalforbye Girprnds)

Co

R R hh%w??&ﬁﬁﬁnﬁf%?#ﬁ%%#"ﬁ*@‘@’ﬁéﬁg‘%ﬁwsaﬂ% in
t he t hithes é?%‘éﬁj‘? s somparnds A PEfeBlesi ty at a wavel ength of X nmis
represent ed More specifidexampldsdntiudepelynieriedticnhiritiatdradeseribed In ghagrahisel di ng

bilit t f d df
The v }g 5 ‘WP*’E%}“”% bR BlarPARY, ef'?‘*é"??'s.”é “the t ﬁ.g'ré; anerrem
L ot TR P heresitnt o poleien e wikaid b shogotonm i st somaetion ot |

sat i sf iessh érhbudiﬂbhﬂ'ﬂﬁpr@emblycﬁrmmm by mass t¢ BQ VA RDOMEHIESE prefemblydrom :
pref er 3bj Yy Hgms o459 gé %as? ar&@mp }+ k&aﬂzx ﬁ%ﬁg.i‘ﬁ;r%)(ssftqu%b? s, 2. 0;

The optlca iI'mat a wavel ength
of  1208°IiS @ Gonet At the ‘8“‘1385&5?1655%‘?0&‘“3155?0& ably from2 to 10;
The op{0isH] a%;mhwad@&ﬁ&%) of the light-shielding filmat a wavel ength of

The optlcal T ? e e e et o0 on
of frgl‘ﬁm@ﬁﬁ bv%/l%’@@cﬁ ‘?qﬁi&}éﬁ\? ’%PW {13 %eu @Se erablgy

f r om 2 dispe@ionanfdhepfirst smbbé;mwlt,ghephqtamlymﬁnmhlechmp@md and theThe ratio
[ 0D900LAERE Bzathtﬁl initiHidr: smhekaﬁmgeﬁsidu@reﬁn B6ahEHiAbA ¥F fhe@mRohd0 to 2.5,

d bl 0 h
T1 ght - GPbBYR cﬁéa P ] %%g%%?a%ﬁwwf 3808 ip Gedordtick waaDH fatpodl, ih "
05: 49PMidifion yohe isoiumiBakismesianabihs srenrdgibodipentthe PEpBPYIIErgMle. 7 t o
2.5; apgmp aund and B pha &‘P‘ ﬁ@@izﬁﬁ&ﬁﬁ] THe Iilibﬁ)sbmgﬁltfe &binﬁioﬂim@ubn o i s
] 9

f bl 0273] A
Speci 1 HE tézgr @8911?@# &%%?Wv imtgﬂrﬁaﬁ& gt L0270
descri nwaa%médcmaw&é Wéamwgm 1@9‘35?1%0 ¥ the thigg e as an

appl i cghdtopolgietibsble coapbund, ahd die phiospelphairaton iditistop h dxeseies ¢fi ve resin

o o O i b b g

Li ght-s or producing a light-shielding
film of Ok fch BindepdyWeht i ncl udes coating the photosensitive resin
conposi ti on Tie phrtodenkitite essichmprsitiormmen firthed ncbidea indérgmiyrsarbsst r at e

having,ale 4%981 ﬁh@%%s@%ﬁ'fﬁ? efilE, A %be‘iﬂb%t 6f 14 ﬁﬂp@ﬂnest o forma

ti
Fayer T o ot 1 BN Eaetas s Rt b ke Tl ef%%“ ho{‘%@%@%}v or ' ©

| ayer format
to |i ghelyficecat bafreely us thﬁebnwfoégwam "fpg &vp BE’€§ )
and dewdthopitegortawegity ntkalins aqueses saytion, aff is refedablel to gdncm(bwubaanm forma

R?EE?&E% HieE A doiieg "f‘lmf%&‘”ﬁq“taq"@‘? s‘ﬂﬁi‘% Bhs @A The
ombodi HBshe organiq mﬁm@w&cﬁgfemc anfl st o Biadntics SEAC duty T BincfifiEes A

agai nsfilifomaing dgentghat alsmitbfnt Homexin agedt foo deviopmentevith adevabopes sealtasmes
referreddq, @éﬂdﬂﬁﬂ&hﬂ@ ub @&hﬁb&?&ran b@aﬁcrssﬂeetn other than regions on

whi d
ot RSB o nea b W oI or o oSS BB S o
for pr Beampleg ofithiei lijiear etgaeicdiolgnerdhdnde radicat polymenzation predusibbeningat i s

descri PagoPAlcoWid group at a side chain thereof, such as those described in JP-A No. 59-44615,
52



[ 0275] -Photosensitive Layer Formation Process- In the
photosensitive |ayer formation process, the photosensitive resin
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[0175] (F-3) Sensitizer

The photosensitive resin composition of each embodiment may include a sensitizer in
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Specifically, the canmera nodule 300 includes a solid-state image pickup

redBYd € 5SENSIA B8, 200 that has an image pickup device section on the first
main face of a silicon substrate, a glass substrate 130
(li d;?\tU-ﬁrtl}bﬂénfigtPM;WY@MMHM\&BAT@ sposed above the first ;h&idaiF-Aa6él of thet §7/1
solid-state i mage pi ckup device substrate 200, an |nfrared cut-off filter
142 di sposed above the gl ass substrate 130, a |l ens hol der 150 which is
di sposed above the gl ass substrate 130 and the infrared cut-off filter 142
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i mage Ipﬁp Y%@w 1520 about 1 D’u%ﬁ#ﬁf%‘ﬁ‘il%q 16'. mtrmﬁp{rwe@mg%om) may be
provi did78h (Fie AsthesidaPyomegi ons bet ween the red color filter 115R, the
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in aregion of the interlayer |nsulat g film 113 positioned between the
internal electrode 126 and the device-face el ectrode 127, and electrically
connects these el ectrodes. The device-face electrode 127 is used for

el ectric voltage application, signals reading, etc. via the contact plug
and the internal el ectrode 126. The base layer 114 is fornmed on the
devi ce-face el ectrode 127. The overcoat 116 is fornmed on the base |ayer
114. The base | ayer 114 and the overcoat 116 fornmed on the device-face

el ectrode 127 are renoved to forman opening, as a result of which a pad
opening portion is formed, and a part of the device-face electrode 127 is
exposed.




[0298] The configuration of the first main face side of the solid-state
Rectlgg%e Phgkup,dgyl ce substrate 200 is as described above. At the
first main tface side of the solid-state inage pickup device substrate 200,
an attdsi d 5 1420Mj s | po, oMK bl ARkAd0Nnd t he i mage pi ckup devi te-38eethbdh, and £ 53/11
the solid-state inmage pickup.device substrate 200 and the gl ass substrate
130 are adhered to each other via the adhesive 120. [0299] The silicon
substrate 110 has a through hol e that cPenetrat es through the silicon
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net al MESAFALE Fi143, MEGABACEIF 143 s MERGATAREF 19t MESTABACER ¥bst rat e 200
is el eomumwﬁmmemmmmwgnmwﬂcelmrm CESwon) of the

ci rcui tis1 7 The above

U MERURRACR s et A eyl AR @Rt ded S0 rsl gﬂict%teﬂt R
devi ce substrate 200 El enents, other sghan the light-shielding film 118,
of the solid-state image pi ckup devi ce substrate 200 can be fornmed by a

known met hod such as a nethod described in paragraphs [0033] to [0068] of
JP- ANo. 2009-158863 or a nmethod described in paragraphs [0036] to [0065]

of JP-A No. 2009-99591. The formation of the light-shielding film
118 may be carried out according to the nethod for producing a
i ght-shielding filmof the third enbodi nent. The interlayer

insulating film2113 is formed, for exanple, as a Si02 filmor a SINfilm
by sputtering, chem cal vapor deposition (CVvD) or the Ilike.



The color filters 115 (115R, 1154 115B) are formed by, for exanple,
tal g using a known color resist. The overcoat 116 and the base
Recpg‘%e"’? gg%ga@p % med by, for example, NhN iJI Mh&RM U; U3- 03UU- UUL4i f. )/
phoﬂbNMthb@ﬁaﬂHy1u$Y®@A&AMM®me@eS|st for formng an org&highi-Hter| ayer § 63/11
film The mcro lens 117 is formed by, for exanple, photolithography
using a styrenic resin or the I|ike. The sol der resist layer 124 is
formed by, for exanple, photolithography using a known sol der resist
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Surfac%opﬁ th e&ﬁ?é&%a 1t 1&%%?1% cfl]ﬁﬁccﬁﬂﬁxiﬁm 'Em{}g'ﬁss O?&% ate is

not |i | con avi rom?20 to
200 pmifP I‘ngﬁr UShlﬂ Gaithad; t hough hol e

of t he ogdnosibrxage bslbrrrwr &PBHA (mdémmeniamfacﬁm b;o@ﬁplmsu Chahihisttwoditaphy
and Rl Brefigaglid@o g,glp@‘ggg- ARy é‘?ﬂ‘g state inmage
pi ckup _devi ngi_%g Qg at e 2&1%1‘2 q@ﬁ%ﬁsﬁé]?ga 5 C e§9 4&% ‘%b structure
R O R BT Koot i ERe 134 GoR RGeishs X Aepeaki kowt Couri:
st r uct Welk(traderrmne, manufatured by hskoGol, Hud.peion il lustrated in Fi gs. 9 and
10, anqoidsy Spuificissaaiy 1%@3%@@&@%@@&&&& el RY0d, il PR 750 | ong as
t he cog{{a UI’aEI on h?s a EE g%écti%ﬂg nd the I|g t-sShielding film at
t he ba Aee e E esent invention is described
nore s i BExamplepef dlicong % amﬂﬁmie@e O R SPLICONEDRSIRA, TARSY
i Event ISODIGGNB SHFPANTORA Y GILICONE DONFAY TORATP ISESICGONE@IR 13, o Ay St of
the in FW S "part"
s bggfmﬁﬁﬁ% BhorERthy SHRSIVEREEPAC PORAY SHCRREH sPHOBA LA
SILICONE SH8400 (tradenames, manufactured by Dow Corning Toray Co., Ltd. and
Toray Silicone Company, Ltd.); TSF-4440, TSF-4300, TSF-4445, TSF-4460, and TSF-4452
(tradenames, manufactured by Momentive Performance Materials Ine.); KP341, KF6001, and
KF6002 (radename, manufactured by Shin-Etsu Chemicals Co., Ltd.); BYK307, BYK323,
and BYK330 (tradenames, manufactured by BYK.-Chemie); ete.
The surfactant may be used singly, or in combination of two or more thereof,
The content of surfactant is preferably from 0.001% by mass to 2.0% by mass, more

preferably from 0.005% by mass to 1.0% by mass, relative to the total mass of the
photosensitive resin composition,

[0190] (F-7) Other Additives
The photosensitive resin composition in each of the first to third embodiments may
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03-3355-5674# 97/ 11 [0306] <Exanples of First Enbodi nent> (Synthesis of
RecPivedper &880, MJ4/BB0. 0 g of s-caprol actone and 22.8 g of 2-ethyl-1-hexanol

wer e, iynt it trhr ee- neck flask, and werejsthrd.eghand 70/11
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was added into the flask, and the contents of the flask were heated to

100C. After 8 hours, it was confirmed by gas chromatography that the raw

mat eri al hadld' sa&aear.ed, fanthhe contepts of the flask were c?ﬁl ed to
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27. 2 gsoisitzingdymor it oytiary et dolihicirsdiotion stppressing the iitébitiaddéd t her et o.
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di sappear ed 3Ed hlthe e&f er, the contentsﬂoi t he' mre clg)ol ed to
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f ol | owidHyenss 2 plestinizsy, ormntdhenphiizing ageat i avder tolimpiavedhe properiss obmeureded

byl R, @& nmass spectronetry that the obtained substance was M. (0307]

0"41/ 43, 3-3V 4l 30.M 308] 30 of. th recursar , 70.0 g of NK
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mononet hyl  etiremnaeeseofths meparatintorithe Hitagium hlack dypersicapifabetirst hr ee- neck

fl ask, ebedivemeissiot phtidulat]y Mindtedl | Mhe fitddifh etacRMBspRRE G oMBAEeCct ur ed by

ahi 1o PRESERsb b iarepb pb .8 Bpanlfil P BFFHEE Rty LT HalcttiCa Rispdedian,
2, 2" - agwhinsprEanissplent o slitnesaing treatmentogsing  stiraicenbemysonizanfalighnedsye Wako

Pure Chmnlsifidr, d wetigndegS whitdlsperssdsoralielBie.t M@6wEv@r, tBO Prephiatibh pgthoader
heat i ng Masi ! ﬁ? out at 75C for 2 hours. After 2 hours, 0.2 g of V-601
?ther cgc? 'h

was fur ad ereto, and stirring under heating was carried out for
3 hours, as HerdsREFINBICHmcEhmaY Booauist Put BY cutying eut spwsipn gesimsper sant 1
was obtvacmedinofed@ddistagediSgerdign). 05: 49P11; TAI YO NAKAJI MAGKATO,

03- 335f198y 41?1’%%&11:;011 of Photosensitive Resin Composition of First Embodiment -

The manner of the preparation of the photosensitive resin composition of the first
embodiment is not particularly limited, either. The photosensitive resin composition of the
first embodiment can be prepared by, for example, mixing the titanium black dispersion of the
first embodiment, a photopolymerization initiator, a photopolymerizable compound, and
optionally-used various additives.

[0193] -Preparation of Titanium, Black Dispersion of Second Embodiment -

The manner of the preparation of the titanium black dispersion of the second
embodiment is not particularly limited, The titanium black dispersion of the second
embodiment can be prepared by, for example, subjecting titanium black particles, a dispersant,
and an organic solvent to dispersing treatment using a stitrer, a homogenizer, a high-pressure
emulsifier, a wet-grinder, a wet-disperser, or the like. However, the preparation method is
not limited thereto. '

The dispersing treatment may be carried out by carrying out dispersion treatment
twice or more (multistage dispersion).

[0194] —Preparation of Photosensitive Resin Composition of Second Embodiment-

The manner of the preparation of the photosensitive resin composition of the second
embodiment is not particularly limited, either. The photosensitive resin composition of the
second embodiment can be prepared by, for example, mixing the titanium black dispersion of
the second embodiment, a photopolymerizable compound, a photopolymerization initiator,
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[ 0310] The conposition ratio, acid value, and wei ght average nol ecul ar
wei ght (Mw) of the dispersant | were as follows. Here, the weight

Recglve@raa Qe 3amol @l ®r wei ght is a val ue nmeasured using a gel perneation

reabursnant. o4t g L GRRLRT P ot Dsi hg. 4 FI Loi020 G () ade namt /"

manuf act ured by Tosoh Corporation) and using TSKgel SuperFl ZM H, TSKgel
Super HZ4000, and TSKgel SuperHz200 (trade names, nanufactured by Tosoh

Cor por g} i folo) _ position ratio: x=35 (% by nmass), y=65 (%b

mass) %‘f‘:‘# gﬁ%"a u%:q‘g‘la%, EH%%E&EFW . 30,000 [0311] [Ex(;rrpl e 1-1, Conpar ative
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MT- 150A ('t r die manmer offdeyiremiratiedoiitie anmnChlaplodapersion ofighe thgdan aver age

parti ck@pddigiEnt BmoPparkiCuldfly lidditcd, Sd the titGRurh dlck @lspers¥aRIRERhi{r egi st er ed

L e

name: Awthart exganie golvisyt WBING Citimerehamneganizgn highneesiwgicoulsiticr.we-mindepn

feXChgg%t-u@%@Eer,V\@:&h_ aﬂﬁe.ld Hb&&eérOthe phshatdiidonrRahidd BiHot Hintted titerwves t r eat ed
or m nut.gs. Ysing a s

| ndustries Lﬁ{‘f. dilﬁcr ) EFWE t%gtc %ﬁ%ﬁ%ﬁ%@%ﬁgﬁég&gﬁ n

r ot at | B¥iceonpere @Erultigage dipparsias).a result of which a uniformm xture

aqueoufn196] UtRrefaryesh cRRIRIMRHsitiVOREsia Qoanissitionl-ut i on was filled into a

quartz cont n . e . ng a

dal | Rot ar y R pancBEGe 8T SNy TpRASAEG 06 FRRRAR fosHon i dhe U0

at nos perabedipgst is agt prrtenlarly Hioiedy GEen, ﬁhﬁi’ms@%“dﬁﬁ BAcompositen of theat nent

was catideshindiméy ckh buprgpanl yfurieiamples miting 0 fitkdinrblatk &iZRasibo of 5
ours. : e 1 et

FecovelEiEd cHBRiEhl, TbHatorhlyin oalib il ARIEP O ate TR Bnd, |

titani Wﬁoé‘ﬁgﬁ‘%seﬁ%iﬂ“ﬁﬁg‘g‘ﬁv%erage particle diameter of 30 nmor |ess and
speci f (193] sutWaleelawebbhend> 73 N2/ g was obtai ned. 87 <Preparation of

Tiht a][" um Bl agjt JRirePRiali180Sofkné it dmbofBintent has a LiJShidMIhE HlRaihédbyed i n
(EUROSTRRICD RERIOTEENL e A FaICPORaen B RS OB EREy & FepPneCpottiag o
di sper slens dispasedjod3sbsonp Suitilarhyn the-veafemieveldenmafthasdcond embedimeanthas ack
havi ng; AphAHEIAEE FPRAJbtAh&l BY 8itithe PholdSer3Mve redif S6thpadttifRbf Se second
embodiment, at a peripheral portion of a lens disposed on a substrate.
[0198] The wafer level lens is described below,  The description is common to the first and
second embodiments, unless specifically indicated otherwise.
[0199] Fig. 1is a plan view showing an example of the configuration of a wafer-level lens
array having plural wafer-level lenses.

As shown in Fig. 1, the wafer-level lens array includes a substrate 10, and lenses 12
arranged on the substrate 10.  Although the plural lenses 12 are aligned on the substrate 10
two-dimensionally in Fig. 1, the phural lenses 12 may alternatively be aligned one-
dimensionally on the substrate 10.

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

As shown in Fig. 2, in the wafer-level lens array, a light-shielding film 14 is provided
between the plural lenses 12 arranged on the substrate 10, and prevents light transmission at
regions other than the lenses 12. _

The wafer level lens of the first or second embodiment is composed of one lens 12
disposed on the substrate 10, and the light-shielding film 14 provided at a peripheral portion

60



The 30% sol ution of the dispersant 1:25 parts Propyl ene gl ycol nononet hyl
ether acetate (PGQVEA) (solvent): 50 parts [0313] The resultant dispersion
Recdiveg avva%S%mle?et:ZP‘éd to dispersing treatnent using an ULTRA APEX M LL UAMD15

(trfg%4 37 4%%?@ N@@cﬁlwgfﬁ%obukl I ndustries Co., Ltgh. 33 nelefs theo E70/11

fol | 'ow ng spersi on Conditions> Bead di ambter® di anet e
0. 05 mnFllllng rati o of beads: 75 vol % Crcunferential velocity of mll:8
&sec Amount of mixed liquid to be dispersed:500 g Girculating flow rate

u S | y appunt): 13 kg/ haur Tenperatuyre of ljiquid to ated: from
LUTD SRhedter Thy Tk dhor SpUs s rrtamittion of the BREpE ot Srbafetts
m || : 0.us&d forkoefrematién pbithe dighbshipldagddn] B814] Ma result of the above, a
o ZBS? Z“%??ﬁ“%%ﬁmw&"‘w%é??ﬁ Pl fich Pﬁm"%ﬁs‘?;ﬁ@?‘?&‘g@? o e
i R R 1035 Broth s £ derESTRRL ¥ 9 ol aced by
"13M [02Q1ﬂr a‘helqmamam aragenhersllymade bfjthrisewa matirial pathat phithe sGontiply E: pod.
g(lg rrIc)l: Q¢ BeAn Mﬁﬁolﬁ@@bﬁ%@%ﬁ%ﬁm& e, c&?ﬂ@gﬁh SPLESaRe ok E&tg?&rﬁﬁﬁtieﬂﬁlzgalngl .

| S t1v

1-1 m?x&ﬁt‘-“%\“’a‘%ﬁ 5“1%{?%6] aqnﬁa?ﬁlgﬂg&a Q&?mﬁ nﬁfl‘ackl%%ng | ons 1-A and
1- B>  configuration of the weaferdewel dens afithefifstion wa@emb@bmegmmt hm}!ﬁ@md 1- B was
di | ut eGolfR@mhed: VW&IribuB CORhLMtod A 0he mpwaEfdmeka@pheﬂmamsam have a

h f P b hi
fGE e S e e R
bl ack HeR] cmm@éﬁr@g&ré‘wr@gp@kg;esdanﬁ,zfprr@@mme, &hash dﬁgls@ﬂ“@r%ﬁewe
t aken bypeaofglms{,rmggiasghmﬁgh@irb?aahhlmdﬂmn‘ﬁe@bnaededgglm i} favbhdle as a f

I oj ec ah rom
Fhej ph%%agég}lragpﬁg%lﬁ th&tqgg%%ﬁrtogw lﬁgﬁﬁgﬁ)éatl ﬂg\gelp Pﬂlhﬁlﬂe %Ia\é?fs gécgggtoh
areas wWeHBt garchpssxeellentihermplresisiantre ﬁ’é@/“ﬂ‘?@*{eﬁ%‘@l‘ﬂflwlﬁéro%’f awsa?ge

eval uaipittup unit or the like.

[0203] Another example of the material for forming the lenses 12 is aresin.  Resins exhibit
excellent processability, and are therefore suitable for simple and inexpensive formation of
Iens faces using a mold or the like,
[0204] It is preferable to use an energy-curable resin for the formation of the wafer-leve] lens.
The energy-curable resin may be either a thermally curable resin or a resin which is cured by
irradiation of an actinic energy radiation (for example, heat, ultraviolet rays, or electron beam
irradiation).

in consideration of reflow mounting of an image pickup unit, a resin having a
relatively high softening point, for example 200°C or higher, is preferable, and a resin 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 include a UV-curable silicone resin, a UV-curable
epoxy resin, and an acrylic resin.  The epoxy resin may be an epoxy resin having a linear
expansion coefficient of from 40 to 80 [10°%/K] and a refractive index of from 1.50 to 1,70,
preferably from 1.50 to 1.65.
[0206] Examples of thermosetting resins include a thermosetting silicone resin, a

thermosetting epoxy resin, a thermosetting phenol resin, and a thermosetting acrylic resin.
For example, the silicone resin may be a silicone resin having a linear expansion eoefficient

of from 30 to 160 [10°/K] and a refractive index of from 1.40 to 1,55, The epoxy resin may
be an epoxy resin having a linear expansion coefficient of from 40 to 80 [10°/K] and a
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polyether sulfone resin may be a polyether sulfone resin having a linear expansion coefﬁcxent
of from 20 to 60 [10%/K] and a refractive index of 1.65.
[0209] In general, optical glass has a linear expansion coefficient of from 4.9 to
14.3 [10°/K] at 20°C, and a refractive index of from 1.4 to 2.1 at a wavelength of 589.3 nm.
Quartz glass has a linear expansion coefficient of from 0.1 to 0.5 [10%/K], and a refractive
mdex of about 1.45.
[0210] The curable resin composition that can be used for forming a lens preferably has a
moderate fluidity before curing, from the viewpoint of moldability such as suitability for
transfer of the mold shape. Specifically, a curable resin composition that is liquid at normal
temperature, and has a viscosity of from about 1,000 mPa-s to about 50,000 mPa-s is
preferable.
[0211] The curable resin composition that can be used for forming a lens preferably has such
a thermal resistance as to prevent thermal deformation after curing even when subjected to a
reflow process. From this viewpoint, the glass transition temperature of the cured product is
preferably 200°C ar higher, more preferably 250°C or higher, and particularly preferably
300°C or higher. In order to impart such a high thermal resistance to the resin composition,
it is necessary to restrain the motion at the molecular level. Examples of effective methods
include (1) 2 method of increasing the cross-linking density per unit volume, (2) a method of
using a resin having a robust ring structure (for example, an alicyclic structure such as
¢yclohexane, norbornane, or tetracyclododecane, an aromatic xing structure such as benzene
or naphthalene, a cardo structure such as 9,9"-biphenyl fluorene, a resin having a spiro
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containing a ring-opening polymerizable group and 2 resin composition containing fine
particles) is preferable from the viewpoint of optimizing the properties.

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

The high Abbe-number resin preferably has an Abbe number (vd) of 50 or more, more
preferably 55 or more, and particularly preferably 60 or more. The refractive index (nd)
thereof is preferably 1.52 or higher, more preferably 1.55 or higher, and particularly
preferably 1.57 or higher. . |

The resin contained in this resin composition is preferably an aliphatic resin, and
particularly preferably a resin having an alicyelic structure (for example, a resin having a ring
structure such as cyclohexane, norbornane, adamantane, tricyclodecane, or
tetracyclododecane, specific examples of which include resins described in JP-A 10-152551,
JP-A No. 2002-212500, JP-A No. 2003-20334, JP-A No. 2004-210932, JP-A No. 2006-
199790, JP-A No. 2007-2144, JP-A No. 2007-284650, and JP-A No. 2008-105999).

[0215] The low Abbe-number resin preferably has an Abbe number (vd) of 30 or less, more
preferably 25 or less, and particularly 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 or higher,

Such a resin is preferably a resin having an aromatic stricture, examples of which
include a resin containing a structure such as 9,9'-diarylfluorane, naphthalene, benzothiazole,
or benzotriazole. Specific examples thereof include resing described in JP-A No., 60-38411,
JP-ANo. 10-67977, JP-A No. 2002-47333, JP-A No, 2003-238884, JP-A No., 2004-83855, JP-
ANo. 2005-325331, JP-A No. 2007-238883, International Publication No. WO 2006/095610,
and Japanese Patent No. 2537540.

[0216] It is also preferable that the resin composition used for the formation of the wafer-
level lens includes an organic-inorganic composite material in which inorganic fine particles
are dispersed in a matrix, i order to increase 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 telluride fine
particles. More specific examples include zirconium oxide fine particles, titanium oxide fine
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particles, zinc oxide fine particles, tin oxide fine particles, niobium oxide fine particles,
cerivm oxide fine particles, aluminum oxide fine particles, lanthanum oxide fine particles,
yttrivmn oxide fine particles, and zinc sulfide fine particles.

[0217] In particular, it is preferable that fine particles of lanthanum oxide, aluminum oxide,
zirconinm oxide, or the like are dispersed in the resin having a high Abbe number, Itis
preferable that fine particles of titanium oxide, tin oxide, zirconium oxide, or the like are
dispersed in the resin having a low Abbe number.

[0218] Only one type of inorganic fine particles may be used singly, or two or more types of
inorganic fine particles may be used in combination. The inorganic fine particles may be a
composite of plural components.

For various purposes such as reduction of photocatalytic activity and reduction of
water absorptivity, the inorganic fine particles may be doped with a metal other than the
substance of the inorganic fine particles, the surfaces of the inorganic fine particles may be
covered with a metal oxide, such as silica or alumina, other than the substance of the
inorganic fine particles, and/or the surfaces of the inorganic fine particles may be modified
with a silane coupling agent, a titanate coupling agent, an organic acid (such as a carboxylic
acid, a sulfonic acid, a phosphoric acid, or a phosphonic acid), or a dispersant having an
organic acid group.

‘When the number average particle size of the inorganic fine particles is excessively
smaall, the properties of the material alter in some cases, When the difference in refractive
index between the resin matrix and the inorganic fine particles is large, and-the number
average particle size of the inorganic fine particles is excessively large, effects of Rayleigh
scattering are significant. Therafore, the number average primary particle size of the
inorganic fine particles may wsually be in the range of from 1 nm to 1,000 nm. However,
since an excessively small number average primary particle size of the inorganic fine particles
alters the properties of the material in some cases, and effects of Rayleigh scattering are
significant when the number average primary particle size of the inorganic fine particles is
large, the number average primary particle size of the inorganic fine particles is preferably
from 1 nm to 15 nm, more preferably from 2 nm to 10 nru, and particularly preferably from 3
nm to 7nm. Further, a narrower particle size distribution of the inorganic fine particles i3
more preferable, Although there are many ways of defining such monedispersed particles,
the numerical range defined in JP-A No. 2006-160992 is an example of a preferable range of
particle diameter distribution.

Here, the number average primary particle size can be measured by, for example,
XRD (X-ray diffraction), small-angle X-ray scattering (8AXS), X-ray diffuse scattering
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(XD8), grazing-incidence small-angle X-ray scattering (GI-SAX), a scanning electron
microscope (SEM), or a transmission electron microscope (TEM).

[0219] The refractive index of the inorganic fine particles at 22°C and a wavelength of 589.3
nm is preferably from 1.90 to 3.00, more preferably from 1.90 to 2.70, and particularly
preferably from 2.00 to 2.70.

[0220] In the organic-inorganic composite material, the content of inorganic fine particles
relative to the resin serving as matrix is preferably 5% by mass or more, more preferably from
10 to 70% by mass, and particularly preferably from 30 to 60% by mass, from the viewpoint
of transparency and provision of high refractive index.

[0221} Any of the UV-curable resin, the thermosetting resin, the thermoplasti¢ resin, the high
Abbe-number resin, or the low Abbe-number resin described as the material of the wafer-level
lens in the above may be used as a resin for forming a matrix, which is used in the organic~
inorganic composite material. Further examples include: a resin having a refractive index
higher than 1.60, described in JP-A No. 2007-93893; a block copolymer composed of a
hydrophobic segment and a hydrophilic segment, described in JP-A No. 2007-211164; a resin
having, at a polymer terminal or at a side chain, a functional group capable of forming a
chemical bond with inorganic fine particles, described in JP-A No. 2007238929 and Japanese
Patent Application Nos. 2008-12645, 2008-208427, 2008-229629, and 2008-219952, and a
thermoplasti¢ resin described in Japanese Patent Application Nos, 2008-197054 and 2008-
198878.

If nécessary, an additive such as a plasticizer or a dispersant may be added to the
organic-inorganic composite material.

[0222] Preferable combinations of a resin serving as a matrix and inorganic fine particles
include the following combinations.

In a case in which a high Abbe-number regin, such as those described above, is used
to form a matrix, it is preferable to disperse fine particles of, for example, lanthanum oxide,
aluminum oxide, or zirconium oxide as inorganic fine particles. In a case in which a low
Abbe-number resin is used to form a matrix, it is preferable to disperse fine particles of, for
example, titanium oxide, tin oxide, or zirconium oxide as inorganic fine particles.

[0223] In order to uniformly disperse fine particles in the resin composition, the fine
particles are preferably dispersed using, for example, a dispersant containing a functional
group having reactivity with a resin monomer for forming the matrix (deseribed in, for
example, working examples of JP-A No. 2007-238884), a block ¢opolymer composed of &
hydrophobic segment and a hydrophilic segment (described in, for example JP-A No. 2007~
211164), or a resin having, at a polymer terminal or at a side chain, a functional group capable
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of forming a chemical bond with the inorganic fine particles (described in, for example, JP-A
No, 2007-238929, JP-A No. 2007-238930, ete.), as appropriate.

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

[0225] The resin composition used for the formation of the wafer-level lens may include a
curing catalyst or an initiator, as necessary. Specific examples thereof include a compound
that promotes a curing reaction (radical polymerization or ionic polymerization) by the action
of heat or an actinic energy radiation, which ave described in, for example, paragraphs [0065]
to [0066] of JP-A No. 2005-92099. The addition amount of the curing reaction promoter
varies depending on the type of catalyst or initiator, the difference in reactive sites for curing,
or the like, and cannot be uniquely limited. In general, the content of curing reaction
promoter is preferably approximately from 0.1 to 15% by mass, and more 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 first or
second embodiment can be prepared by appropriately mixing the above-described ingredients,
Separate addition of a solvent is unnecessary in a case in which the liquid low-molecular-
weight monomer (reactive diluent) or the like is capable of dissolving other components, If
this is not the case, the resin composition can be prepared by dissolving the components using
asolvent. The solvent that can be used in the resin composition is not particularly limited as
long as homogenous dissolution or dispersion can be carried out without precipitation of the
composition, and the solvent may be appropriately selected. Specific examples of the
solvent include ketones (such as acetone, methyl ethyl ketone, and methyl isobutyl ketone),
esters (such as ethyl acetate and butyl acetate), ethers (such as tetraliydrofuran and 1,4-
dioxane), alcohols (such as methanol, ethanol, isopropyl alcohol, butanol, and ethylene
glycol), aromatic hydrocarbons (such as tolugne and xylene), and water. When the resin
composition includes a solvent, it is prefegrable to perform, after casting of the composition on
a substrate and/or a mold and drying of the solvent, a mold shape transfer operation.

The substrate 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 a material that is
transparent to visible light, such ag glass, the substrate 10 may be formed from a different
material from the molding material of the lenses 12.  In this case, the material for forming
the substrate 10 is preferably a material having a linear expansion coefficient that is equal to
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or extremely close to that of the material foxming the lenses 12.  If the linear expansion
coefficient of the material forming the lenses 12 is identical or close to that of the material
forming the substrate 10, distortion or cracking of the lenses 12 that oceurs during heating due
to difference in linear expansion rate can be suppressed when reflow mounting of the wafer-
level lenses on an image pickup unit is carried out.

[0227] Although not shown in Figs. 1 and 2, an infrared filter (IR filter) may be formed on
the light incidence side of the substrate 10.

[0228] The configuration and the production of the wafer-level lens is specifically described
below with reference to Figs. 3 to 8C, using an exemplary production method of a wafer-level
lens array.,

[0229] [Configuration and Production of Wafer Level Lens (1)]

- Formation of lenses - :
First; a method of forming lenses 12 on a substrate 10 is described with reference to

Fig, 3 and Figs. 4A to 4C. Elements having substantially the same function and action are
denoted by the same reference numeral throughout the drawings, and overlapping descriptions
therefor are sometimes omitted,

Fig. 3 is a view showing a state in which a molding material {designated by “M” in
Fig. 3), which is a resin composition for lens formation, is supplied to a substrate 10, Figs.
4A to C are views showing an procedure for forming the lenses 12 on the substrate 10 by
using a mold 60. .
[06230] As shown in Fig. 3, the molding material M is dripped on regions of the substrate 10
at which lenses 12 are to be formed, using a dispenser 50, Here, an amount of the molding
material M corresponding to one lens 12 is supplied to each region to be supplied with the
molding material.
[0231] After the molding material M is supplied to the substrate 10, a mold 60 for shaping
lenses 12 is disposed at a side of the substrate 10 at which the molding material M has been,
supplied, as shown in Fig, 4A. The mold 60 is provided with depressed areas 62 for forming
the shape of the lenses 12 by transfer, in accordance with the desired number of the lenses 12.
[0232] Asshown in Fig. 4B, the mold 60 is pressed against the molding material M on the
substrate 10, and the molding material M is deformed to conform to the shape of depressed
areas 62. 'While the mold 60 is pressed against the molding material M, the molding
material M is cured by irradiating heat or ultraviolet rays from the outside of the mold 6C in a
case in which the molding material M is a thermosetting resin or a UV-curable resin.
[0233] After the molding material M is cured, the substrate 10 and the lenses 12 are
separated from the mold 60, as shown in Fig. 4C.
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[0234] -Formation of Light-shielding Film-

Next, 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. o

Figs. 5A to 5C are schematic cross-sectional views showing a process of providing a
light-shielding film 14 on the substrate 10 on which the lenses 12 have been formed.

[0235] The method for forming a light-shielding film 14 includes a light-shielding coating
layer formation process of coating the photosensitive resin composition of the first or second
embodiment on a substrate 10 to form a light-shielding coating layer 14A (see Fig, 5A), a
light exposure process of patternwise exposing the light-shielding coating layer 14A to light
through a mask 70 (sec Fig. 5B), and a development process of developing the light-shielding
coating layer 14A after the light exposure to remove uncured portions, thereby forming a
patterned light-shielding film 14 (see Fig. 5C).

[0236] The formation of the light-shielding film 14 may be carried out before production of
the lenses 12 or after production of the lenses 12, as desited. Here, a method of forming the
light-shielding film 14 after the production of lenses 12 is described in detail,

Individual processes of the method for forming the light-shielding film 14 are
described below,

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

In the light-shielding coating layer formation process, as shown in Fig. 5A, the
photosensitive resin composition is coated on a substrate 10, thereby forming a light-shielding
coating layer 14A formed from the photosensitive resin composition and exhibiting a low
light reflectance. Here, the light-shielding coating layer 14A is formed to completely cover a
surface of the substrate 10 and the surfaces of lens faces 12a and lens periphery portions 12b
of the lenses 12.

{0238] The substrate 10 that can be used in the present process is not particularly limited,
Examples thereof include soda glass, alkali-free glass, PYREX (registered trademark) glass,
quartz glass, transparent resins, ete.

As used herein, the substrate 10 refers to a structure including both the substrate 10
and the lens(es) 12 if the lens(es) 12 and the substrate 10 are integrally formed.

Further, an undercoat layer may be provided on the substrate 10, as neceagary, in
order to improve adhesion to an upper layer, to prevent diffusion of a material, or to flatten the
surface of the substrate 10.

[0239] Various types of coating tethod such as slit coating, a spray coating method, an
inkjet method, spin coating, cast coating, roll coating, and a screen printing method may be
applied as a method for coating the photosensitive resin composition on the substrate 10 and
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the lenses 12 .

The film thickness of the photosensitive resin composition immediately after coating
thereof is preferably from 0.1 pm to 10 pm, more preferably from 0.2 um to 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 drying of the coating solvent.

10240] Drying (pre-baking) of the light-shielding coating layer 14A coated on the substrate
10 may be carried out at a temperature of from 50°C to 140°C for from 10 seconds to 300
seconds using, for example, a hot plate or an aven,

[0241] The coating film thickness of the photosensitive resin composition after drying
(hereinafter, referred to as “dry film thickness” in some cases) may be freely selected in
consideration of desired performance such as light-shielding property, and is typically in the
range of from 0.1 pm to less than 50 pm.

[0242] <Light Exposure Process>

In the light exposure process, the light-shielding coating layer 14A, formed through
the light-shielding coating layer formation process is subjected to patternwise light exposure.
Although the patternwise light exposure may be scanning light exposure, it is preferable that
the patternwise light exposure is conducted by light exposure through a mask 70 having a
predetermined mask pattern, as shown in Fig, 5B,

[0243] In the light exposure in the present process, the patternwise light exposure of the
light-shielding coating layer 14A may be carried out by light exposure through a
predetermined mask pattern; as a result of the light exposure, only light-irradiated portions of
the light-shielding coating layer 14A 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 irradiated with light, is used. In this manner, the light irradiation
causes curing of the light-shielding coating layer 14A only in the other region than the lens
faces 12a, and the cured region forms light-shielding films 14. In regard to radiations that
can be used for the light exposure, in particular, ultraviclet radiations such as g-line, b-line,
and i-line are preferably employed, The light source for the radiation may be a single-
wavelength light source, or a light source that emits light containing all wavelength
components, such as a high-pressure mercury lamp.

[0244] <Development Process™

Subsequently, an alkali development treatment (development process) is carried out,
thereby dissolving portions that have not been irradiated with light in the light exposure
process — that is, uncured regions of the light-shielding coating layer 14A.— are dissolved in
an alkaline agueous solution, and leaving only portions that have been cured by the light
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irradiation.

Specifically, the development of the light-shielding layer 14A, which has been
exposed to light as shown in Fig. 5B, results in removal of only the portions of the light-
shielding coating layer 14A that are formed on the lens faces 12a, and formation of the cured
light-shielding film 14 at the other regions, as shown in Fig. 5C.

[0245] Examples of the alkali agent contained in the developer (alkaline aqueous solution)
used in the development process include organic or inorganic alkali agents, and combinations
thereof. In the light-shielding film formation in the first or second embodiment, an organic
alkali develaper is preferable from the viewpoint of suppression of damage to, for example,
neighboring eir¢uits,

Examples of the alkali agent vsed in the developer include organic alkaline
compounds (organic alkali agents) such as aqueous ammonia, ethylamine, diethylamine,
dimethylethanolamine, tetramethylammonium hydroxide, tetracthylammonium hydroxide,
choline, pyrrole, piperidine, and 1,8-diazabicyclo-[5.4.0]-7-undecene; and inorganic
compounds (inorganic alkali agents) such as sodiun hydroxide, potassium hydroxide, sodium
hydrogen carbonate, and potassium hydrogen carbonate.  An alkaline aqueous solution in
which an alkali agent is diluted with pure water so as to have a concentration of from 0.001%
by mass to 10% by mass, preferably from 0.01% by mass to 1% by mass, is preferable for use
as the developer.

[0246] The development temperature is vsually from 20°C to 30°C, and the development
time is usually in the range of from 20 seconds to 90 seconds.
[0247] In a case in which a developer formed of such an alkaline aqueous solution is used,
washing (rinsing) with pure water is generally carried out after unexposed portions of the
coating film are removed by the developer.  Specifically, after the development treatment,
surplus developer is removed by sufficient washing with pure water, followed by drying.
[0248] If necessary, a curing process of curing the formed light-shielding film (light-
shielding pattern) by heating (post-baking) and/or exposure to light may be carried out after
the light-shielding coating layer formation process, light exposure process, and development
process described above have been carried out.
[0249] The post-baking is a heat treatment conducted after development in order to complete
the curing, and is usually a thermal curing treatment at from 100°C to 250°C.  The
conditions thereof such as the temperature and time of the post-baking can be appropriately
set in accordance with the material of the substrate or the lens. For example, when the
substrate is glass, a range of from 180°C to 240°C is preferably employed from within the
above-specified temperature range.
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The post-baking treatment may be carried out by thermally curing the resultant light-
shielding film 14 after development, in a continuous marnner or batchwise manner using a
heating device such as & hot plate, a convection oven (hot air circulation type dryer), or a
high-frequency heater under the above-described conditions.

[0250] In the above procedure, although a case in which the shape of the lenses 12is a
concave shape is described as an example, the shape of the lenses is not particularly limited,
and may be a convex shape or an aspheric shape. In the above procedure, although a wafer-
level lens having plural lenses 12 formed on one side of the substrate 10 is described as an
example, a configuration in which plural lenses 12 are formed on both sides of the substrate
10 may be adopted, In this case, a patterned light-shielding film 14 is formed on the region
other than the lens faces, on both sides.

[0251] {Configuration and Production of Wafer-level Lens (2]

Fig. 6 Is a view showing another configuration example of the wafer-level lens array,

The wafer-level lens shown in Fig. 6 has a configuration (monolithic type) in which
the substrate 10 and the lenses 12 are simultaneously molded using the same molding material.

When producing a wafer-level lens of this type, the molding material may be selected
from the above-described molding materials, In this example, plural concave lenses 12 are
formed on one side of the substrate 10 (upper side in Fig. 6), and plural convex lens 20 are
formed on the other side of the substrate 10 (lower side in Fig. 6). The region other than the
lens face 12a of the substrate 10, that is, the surface of the substrate 10 and the surfaces of the
lens periphery portions 12b are provided with a patterned light-shielding film 14, The
procedure described above may be applied as the patterning method for forming the light-
shielding film 14.

[0252] [Configuration and Production of Wafer-level Lens (3}]

Next, still another configuration example of the wafer-level lens array and a
procedure for producing the same are described with reference to Figs. 7A to 7C and Figs. 8A
to 8C.

Figs. 7A to 7C are schematic views showing another process of forming a patterned
light-shielding film 14.

Figs. 8A to 8C are schematic views showing a process of forming the lenses 12 after
the formation of the patterned light-shielding film 14,

{0253) In the examples of the wafer-level lens array shown in Figs. 3 to 6, a patterned light-
shielding £lm 14 is formed on a substrate 10 provided with lenses 12. However, in the
procedure described below, a patterned light-shielding fitm 14 is formed on a substrate 10,
and thereafter lenses 12 are formed on the substrate 10 by molding.
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[0254] -Formation of Light-shielding Film=~

First, as shown in Fig. 7A, a light-shielding coating layer formation process of
forming a light-shielding coating layer 14A is carried out by coating the photosensitive resin
composition on a substrate 10.
[0255] Then, drying of the light-shielding coating layer 14A, coated on the substrate 10 is
carried out at a temperature of from 50°C to 140°C for from 10 seconds to 300 seconds, using,
for example, a hot plate or an oven.  The dry film thickness of the photosensitive resin
composition may be selected, as desired, in accordance with the desired performance such as
light-shielding property, and is typically in the range of from 0.1 pm to less than 50 pm,
[0256] Then, as shown in Fig. 7B, a light exposure process of pattemwise exposing the light-
shielding coating layer 14A, which has been formed through the light-shielding coating layer
formation process, to light through a mask 70 is carried out. The mask 70 hasa
predetermined mask pattern. In the light exposure in this process, the light-shielding coating
layer 14 is patternwise exposed to hight, thereby curing only portions of the light-shielding
coating layer 14A that have been irradiated with light. Here, a mask pattern with which only
the other region of the light-shiclding coating layer 14A than portions that are to become lens
apertures 14a of the lenses 12 when the lenses 12 are shaped in a subsequent process is
irradiated with light, is used. In this manner, only the other region of the light-shielding
coating layer 14.A than the portions that are to become lens apertures 14a of the lenses 12 is
cured by irradiation with light. As in the above-described procedure, ultraviolet lights such
as g-line, h-line, and i-line are preferably employed as radiations that can be used for the light
EXPOSUreE.
[0257] Subsequently, an alkali development treatment (development process) is carried out,
As a result, only the regions of the light-shielding coating layer 14A that correspond to the
lens apertures 14a of the lenses 12, which are portions of the light-shielding coating layer 14A
that have not been cured in the patternwise light exposure, are dissolved in an alkaline
aqueons solution. In addition, the photo-cured light-shielding coating layer 14A in the other
region than the portions corresponding to the lens apertures 14a of the lenses 12 remains on

the substrate 10 to form a light-shielding film 14, as shown in Fig. 7C.
The alkali agent contained in the aqueous alkaline solution as the developer may be

selected from the above-described alkali agents usable in the above-described procedure.
Afier the development treatment, surplus developer is removed by washing, followed
by drying.
{0258] Also in this embodiment, a curing process of curing the formed light-shielding film
by the above-described post-baking and/or light exposure may be carried out, if necessary,
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after the light-shielding coating layer formation process, the light exposure process, and the
development process described above have been carried out.

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

[0260] -Formation of Lens- _

Next, a process of forming lenses 12 after the formation of the light-shielding film 14
is described,

As shown in Fig. 8A, a molding material M for forming lenses 12 is dripped on the
substrate 10 on which the patterned light-shielding film 14 has been formed, using a dispenser
50. The molding material M is supplied to regions that partially include end portions of the
light-shielding film 14 that are adjacent to lens apertures 14a of the lenses 12, so as to cover
the regions corresponding to the lens apertures 14a of the lenses 12.

[0261] After the molding material M is supplied to the substrate 10, a mold 80 for forming
lenses is disposed at a side of the substrate 10 at which the molding material M has been
supplied, as shown in Fig, 88. The mold 80 is provided with depressed areas 82 for
transferring the shape of the lenses 12, in accordance with the desired number of the lenses 12.
[0262] The mold 80 is pressed against the molding material M on the substrate 10, thereby
deforming the molding material M to copform to the shape of the depressed arcas. Inthe -
state in which the mold 80 is pressed against the molding material M, the molding material M
is cured by irradiating heat or ultraviolet rays from the outside of the mold in a case in which
the molding material M is a thermosetting resin or a UV curable resin.
[0263] After the molding material M is cured, the substrate 10 and the lenses 12 are released
from the mold 80, and wafer-level lenses having a patterned light-shielding film 14 formed on
the substrate 10 is obtained, as shown in Fig. 8C.
[0264] As described above, the configuration of the patterned light-shielding film 14
provided on the wafer-level lens is not limited to the configuration shown in Fig. 5 in which
the light-shielding film 14 is provided in the other region than the lens faces 12a of the lenses
12, and the configuration shown in Fig. 8C in which the light-shielding film 14 1s provided in
the other region than the lens apertures 14a of the lenses 12 may alternatively be adopted.
[0265] Inthe wafer-level lens, the light-shielding film 14 exhibiting a low light reflectance is
formed in pattern on at least one surface of the substrate 10.  The thus-formed light-shielding
film sufficiently shields against light in the other region than the lens faces 12a or lens
apertures 14a of the lenses 12, and suppresses the generation of reflected light.  Accordingly,
when the wafer-level lens is applied to an image pickup module equipped with an image
pickup device (e.g., a solid-state image pickup device), occurrence of probléms in image
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pickup such as ghost or flare caused by reflected light ¢an be prevented.

[0266] Further, since the light-shielding film 14 is disposed on a surface of the substrate,
there is no need to attach another light-shielding member to the wafer-level lens, as a result of
which an increase in production costs can be suppressed.,

[0267] In a configuration in which a structure having an irregular surface is provided around
the lens such ag the configuration disclosed in International Publication No. WO 2008/102648,
the light incident on the structure is reflected or diverged, which may cause a problem such as
ghost. In consideration of this, a configuration may be adopted in which a patterned light-
shielding film 14 is provided in the other region than the lens faces 12a of the lenses 12 as
shown in Fig. 5; this configuration enables shielding of light in the other region than the lens
faces 12a, thereby improving optical performance.

[0268] The titanium black dispersion and photosensitive resin composition of the third
embodiment as described above may be used for formation of a Hght-shielding film which is
provided on the back side of a silicon substrate having an image pickup device section on the
front surface thereof, and which shields against infrared light (i.e., for formation of a light-
shielding film that shields against infrared light incident from the back side of a silicon
substrate which is a base substrate of a solid-state image pickup device), without particular
limitation.

Among the structures of solid-state image pickup devices, the structure of a solid-
state image pickup device according to the structure K described below is a structure with
high necessity to shield against infrared light incident from the back side and to reduce
development residues on the metal electrode.

Fot this reason, the titanium black dispersion and photosensitive resin composition of
the third embodiment, which exert effects in terms of enhanced ability to shield against
infrared light and reduction of residues, are partienlarly favorable for the formation of a light-
shielding film of a solid-state image pickup device according to the structure X described
below.

[0269] <<light-shielding Film>>

The light-shielding film of the third embodiment is formed using the photosensitive
resin composition of the third embodiment.

Therefore, the light-shielding film of the third embodiment has excellent ability to
shield against infrared light,

In addition, ocourrence of residues in the neighborhood of the light-shielding film of
the third embodiment (the region on the silicon substrate at which the light-shielding film is
not formed) is suppressed, '
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[0270] The film thickness of the light-shielding film is not particularty limited, and is
preferably from 0.1 pm to 10 pm, more preferably from 0.3 pm to 5.0 um, and particularly
preferably from 0,5 pm to 3.0 pm, from viewpoint of further effectively obtaining the effects
of the third embodiment. The pattern size of the light-shielding film is not particularly
limited, and is preferably 1000 um or less, more preferably 500 um or less, and particularly
preferably 300 um or less, from viewpoints of further effectively obtaining the effects of the
third embodiment. The lower limit of the pattern size is desirably 1 pm.

[0271] The spectral characteristics of the light-shielding film of the third embodiment are not
particularly limited. The ratio of the optical density (OD)zq0) of the light-shielding film at a
wavelength of 1200 nm and the optical density (ODjsgs) of the light-shielding film at a
wavelength of 365 nm [OD20¢/0D56s] is preferably from 0.5 to 3, from viewpoint of further
improving the ability to shield against infrared light, from the viewpoint 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 transmittance of the obtained film
using & UV-3600 (trade name) manufactured by Shimadzn Corporation, and converting the
obtained transmittance (%T) according to the following equation B.

OD value =-Log(%T/100) ... Equation B
[0272] In the third embodiment, an optical density at a wavelength of A nm is represented by
“QDy>.

From the viewpoint of the balance in light-shielding ability between the visible-light
region and the infrared region, and from the viewpoint of effectively obtaining the effects of
the third embodiment, the optical density of the light-shielding film preferably satisfies the
following conditions:

[OD1200/0D1345] is more preferably from 1.0 to 2.5, and particularly preferably from
1.3 to 2.0;

The optical density (OD12gg) of the light-shielding film at a wavelength of 1200 nm is
preferably from 1.5 to 10, and more preferably from 2 to 10;

The optical density (OD;es) of the light-shielding film at a wavelength of 365 nm is
preferably from 1 to 7, and more preferably from 2 to 6;

The optical density of the light-shielding film in the wavelength region of from 900
nm to 1300 nm is preferably from 2 to 10, more preferably from 2 to 9, and particularly
preferably from 2 to 8;

The ratio [ODppo/OD31gs] of the light-shielding film is preferably from 1.0 to 2.5, and

more preferably from 1.1 to 2.5;
The ratio [OD100/(3D3¢5) of the light-shielding film is preferably from 0.6 to 2.5, and
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In the photosensitive layer formation process, the photosensitive resin composition of
the third embodiment is coated on & silicon substrate to form a photosensitive layer.

[0276] Various coating methods, such as slit coating, an inkjet method, spin coating, cast
coating, roll coating, and a sereen printing method, may be employed as a method for coating
the photosensitive resin composition of the third embodiment on the silicon substrate .

The coating film thickness (dry thickness) of the photosensitive resin composition is
preferably from 0.35 pm to 3 pm, and more preferably from 0.50 pm to 2.5 um, from the
viewpoints of resolution and developability.
[0277] The photosensitive resin composition coated on the silicon substrate is usually dried
under conditions of from 70°C to 130°C for from 2 minutes to 4 minutes, thereby forming a
photosensitive layer,
[0278] -Light Exposure Process-

In the light exposure process, the photosensitive layer formed in the photosensitive
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I mage pickup unit. [0334] The wafer | evel |ens obtained in Exanple 1-5 was
free of residues on the |lens apertures, and had excellent |ight
Rectiyedriéng :4&Y-ol/“f*Bper ti es; noreover, the unifornity of the coating surface

of theilight-shieldinaskanersisegi on was high, and the |ightsghiselding ¢ 89/11
property of the waf er |evel |ens was hi gh. When an i mage was

obt ai ned using the image pickup unit provided with the wafer |evel |ens,
the image quality was excellent. <Exanples of Second Enbodi pent > [0335]
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( Conpo$02799 nTRaMigHiiekpoduierisiirefetiabbbéaiiad duthy itfadiafioh Wt M@diaesess: 25 parts

30% I

monor AR SR g c?ﬁ%éeé@fg R8s el AR e bRy )
di sper ¥ t@ﬁmiﬁtafam‘a%w@@s BUEYRA-TESS O ISBEF i h ey IETSHETOCHENNIGMBLIT RIRIAPEX M LL
UAMD15prafersble. ndhe jreadiatidnaintensitsdisipyefkabhbirin 3 md és30002w).Gooze frefdraplyunder

t he fotﬂoﬁwmmwamohﬂrﬁm&l@ﬁ $8dferaBlyoRarhali BMeCfoopiani um bl ack 2-A-1- 100

g of t EZV\E/LE' 150A (trade name, manufactured by Tayca
Corporgiﬁgi])r&l Pﬁﬂf’g?sage particle dianeter of 15 nm 25 g of silica

particles Amt {orthg lightexpgsure peeess; Kye BO07s8Ositivs/Jayier aftcBEXpasurefiace
area ofigldQ9 deshedmn ekaeh Tali deveiphient Beltiicht, @5 foedtk pattead 1hQR 9 Of a

v o vl ghﬁcﬁ'ﬁ’@%?%??eo%{ﬁ G Do BT %@%&é@ﬁbﬁ%@ﬁ@eﬁa% he

resul t Beht ¥pue Brogess a¢ disselued iss fUZ@KﬂliﬂnEb a8 aqusong aliply Evigtiom AR IaNE
manuf awhitheslypthe ghtheadined sdgidsrd let. at an orbital rotation speed of

Lt _of, whi ch
o for (2R R RRLRRER B ERRANRE ol A4 ffe%‘ba%%@%%ﬁs% thodin 8 on v
fill eda‘fq*ﬂlag &aaﬁﬁw@ &{te&m@#@ upderiviRBiEditn dEhe develnppam temprsalpicdfe at

920C ussually froaBAIC BHECy akd {he developthagitihetd dialbireniDMsetdnds th 240 ) . Then,
the atpm ere was replaced with nitrogen, and nitridation reduction

treat nent _Was carried qut by flowi ng an ammoni a qag at 100 mL/m n at 920C
for 5 W88k Amgxamplosgt the developer is an aqueous alkaline solution obtained by diluting an

organic alkaline compound with pure water to a concentration of from 0.001 to 10% by mass,
preferably from 0.01 to 1% by mass. Examples of organic alkaline compounds that can be
used include ammonia water, ethylamine, diethylamine, dimethylethanolamine,
tetramethylammonium hydroxide, tetraethylammonium hydroxide, choline, pyrrole,
piperidine, 1,8-diazabicyclo-[5,4,0]-7-undecene, etc. When an aqueous alkaline solution is
used as a developer, washing (rinsing) with pure water is carried out after the development.
[0283] If necessary, the method for producing a light-shielding film 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 layer formation process, the light exposure process,
and the development process described above,
[0284] <<Solid-state Image Pickup Devices

The solid-state image pickup device of the third embodiment has the light-shielding
film of the third embodiments.

That is, since the solid-state image pickup device of the third embodiment includes a
light-shielding film formed using the photosensitive resin composition of the third
embodiment, noise generated by infrared light incident on the silicon substrate (base substrate
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corrpl etion of nitridation reduction treatnent, the recovered powder was
. Fg: a nortar, as a result of which a povvdery titanium black 2-A-1
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phot ographs for norphol ogi cal observation of titaniumblack particles
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ol L?sﬁm%ﬁé? “ﬁ%%ﬁ @%&gﬁ?ﬁﬁ% 3 ¥ oh ot B FaslR PRk R AR BB g, ¢ e
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2-1-2, Exarrp'lfﬁatz.ls %nglfavgrable S%’u%‘[l%glf"ﬂﬁg Qﬂfﬁcﬁzﬁ? %I{Jla%etplgﬁllé) é d/&fet{f bt ai ned

in the sane. nann ove, “excep unts of

silicacp®p %Dé@meﬁé‘?feﬂﬁé f‘pﬁ%rﬁ&'ﬂaﬁlr%ﬁ mth@méessn&@ﬁm@ﬁam@e«a solid-1 wer e

changedtateinBige gickng dedide Which ineldest i vel y In addition, titanium
bl ack di sper Ho¥rate ﬂ)@ﬂn%ﬁ% - ] were
obt ai ned in a geg%rgrue ma I ég?ck}lgagwigiéug?(%ep?gyh tﬂ%? %efgobt ai ned
titani QRGN %éﬂ@ews 3’ djo a5 t?‘iﬁ’e 'y, were used instead of the

titani um bl axied Alettrodc62]dell Carthavther side &ikthagiliRoR sibstrate(hegpinatict Ve
Exarrpl SorRetimey rcferrcd to ag- “ée@ﬂhﬂ' Mo BekS) andRduatly 2o d@}&%ﬁ‘ﬁﬁ%@ﬂﬁ g._rfsgc?(uk)ﬂet he

nner as es&@ above, except that the a t1on anoun
SI I i ca“paft FEHRR: §¢ed for the preparation of the 96
a light-shielding film of the third embodiment 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,

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

So far, solid-state image pickup devices bave been connected to a circuit substrate by
a wire bonding method.  Specifically, solid-state image pickup devices have been disposed

on a circuit substrate, and electrodes for connection provided on the image pickup device
section side of the silicon substrate have been connected to electrodes for connection provided
on the circuit substrate, by using wires. In this structure in which a wire bonding method is
adopted, bonding regions have large areas; thus, downsizing of camera modules is difficult
with this structure.

[0287) In contrast, the solid-state image pickup device having the structure K is connected to
a mounting substrate (hereinafter sometimes referred 1o as “circuit substrate™) by using a
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2- Aj 2+ 0L COMPBY 3P Vi | B AR B 124KUTR] and 2-A- 5 [ Conpar ati yes-Ezsembe 2- 1- 3] ¢ 91/11
were obtained in the same manner as in Exanple 2-1-1, except that the

obt ai ned titanium bl acks 2-A-4 and 2-A-5, respectively, were used instead

of the titaniumblack 2-A-1. [0343] <Evaluation of Titanium Bl ack
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di-sper Hﬁs(@nfo&cm@nm DCMORirgagesepsor bugmssshroaglm nﬁl@lﬂ\ﬁ@@ﬂﬁaﬂ@mngmm
0.05, CM38caleraanodie fdrﬁtﬁﬂﬁﬁi' ph@lay), [THRRE, ORsbErlS200% [Shamedbh Tabl es 3

to 4 bRl,OW, %ﬁbosblz&ra% . 2 1, Conparative Exarrpl e 2-2- 1] 3A

Pr epar atl on osition (Photosensitive Resin
CorposH WWW“W“EP&@-WE ressi2g {RILIA02.hM). of Exanpl e 2-2-1 was
pr epar B]ISB}/ Howeévey, when 4 sudidestate iinagopickiyeddvicd thyd i goﬁ:ﬁ%’é&d&b itheddirodit2 by
in r | e
SurE A RO L LR b T
(50/ 1576788 s gpetaty ?tafjc)‘—ﬂ SRYdrstai® Iysaerpickup %w&rﬂpé s fﬂmtas@bwt% t ol
hexaacdwd tattke flipeknpseof metbl dectanjeau i siz@ofXhp asks:cieminesrial Btk ad solder
tri acryfiRtiSe), RALYARsES ﬁgtﬁeﬁ&grmwﬂ&lae& oﬁa{és‘ihm BB Hrb@h i dapat OF
having the pr u!rtlh(t%}M it %csctasreeuo% %r%x%&p?e %Pe c:an{e?z? xrnlotz:lal 3%3 described below,
although a light-shielding electromagnetic shield 144 is provided, it is extremely difficult, in
terms of processing accuracy, to completely remove the gap S between the light-shielding
electromagnetic shield 144 and the circuit substrate 170, due to the effect of variations of the
volumes of solder balls 160 or the like.
[0289] For the reasons described above, the structure of a solid-state image pickup device
that is to be connected to a circuit substrate via a metal electrode provided on the back side is
a structure for which the necessity to shield against infrared light incident from the back side
of the silicon substrate is particularly high,
Accordingly, in such a structure, the effects of the third embodiment (effects in terms
of improvement in the ability to shield against infrared light and reduction of noise generated
by infrared light) are exerted more effectively.
[0290] Further, the solid-state image pickup device having a metal electrode on the back side
thereof has a structure for which the connectability between the metal electrode and the
conmection material for connection to the circuit substrate is required.
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structure K.

A camera module 300 shown in Fig, 9 is connected to a circuit substrate 170 as a
mounting substrate via solder balls 160 as 2 connection material.

Specifically, the camera module 300 includes a solid-state image pickup device

substrate 200 that hias an image pickup device section on the first main face of a silicon
substrate, a glass substrate 130 (light-transmitting substrate) disposed above the first main

face of the solid-state image pickup device substrate 200, an infraved cut-off filter 142
disposed above the glass substrate 130, a lens holder 150 which is disposed above the glass
substrate 130 and the infrared cut-off filter 142 and which accommodates an image pickup
lens 140 in the interior thereof, and a light-shiclding electromagnetic shield 144 disposed to
surrounds the periphery of the solid-state image pickup device substrate 200 and the glass
substrate 130. Respective elemeénts are adhiered through adhesives 120, 141, 143, and 145
The camera module 300 is configured to allow incident light hv from the outside to
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peripheral circuit.
The device-face electrode 127 is formed on the internal electrode 126 with the

interlayer insulating film 113 interposed therebetween. A contact plug (not shown) is
provided in a region of the interlayer insulating film 113 positionied between the internal
electrode 126 and the device-face elecirode 127, and electrically connects these electrodes.
The device-face electrode 127 is used for electric voltage application, signals reading, ete. via

the contact plug and the internal electrode 126.
The base layer 114 is formed on the device-face electrode 127. The overcoat 116 is

formed on the base layer 114.  The base layer 114 and the overcoat 116 formed on the
device-face electrode 127 are removed to form an opening, as a result of which a pad opening
portion is formed, and a part of the device-face electrode 127 is exposed.

[0298] The configuration of the first main face side of the solid-state image pickup device
substrate 200 is as described above.

At the first main face side of the solid-state image pickup device substrate 200, an
adhesive 120 is provided around the image pickup devige section, and the solid-state image
pickup device substrate 200 and the glass substrate 130 are adhered to each other via the
adhesive 120.

[0299] The silicon substrate 110 has a through hole that penetrates through the silicon
substrate 110, and a through electrode that is a part of the metal electrode 123 is provided in
the through hole. The through hole electrically connects the image pickup device section
and the circuit substrate 170,

[0300] Next, the configuration of the second main face side of the solid-state image pickup
device substrate 200 is mainly described below.

At the second main face side, the insulating film 122 is formed on the second main
face and the inner wall of the through hole.

The metal electrode 123, which is patterned to spread over a region of the second
main face of the silicon substrate 110 and the inside of the through hole, is provided on the
insulating film 122. The metal electrode 123 is an electrode for connection between the
image pickup device section of the solid-state image pickup device substrate 200 and the
cireuit substrate 170.

The through electrode is a portion of the metal ¢lectrode 123 that is formed inside the
through hole. The through electrode penetrates through the silicon substrate 110 and a part
of the interlayer insulating film to reach the lower side of the internal electrode 126, and the
through electrode is electrically connected to the internal electrode 126,

[0301] Further, at the second main face side, the solder resist layer 124 (protective insulating
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film) which covers the second main face provided with the metal electrode 123, and which
has an ¢pening at which a 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 is exposed, is provided.

As the light-shielding film 118, the light-shielding film of the third embodiment is
used.

As a result, infrared light incident from the second main face side (back surface side)
to the silicon substrate 110 can be shielded, In addition, development residues are
suppressed in the opening of the light-shielding film 118 (a region at which the metal
electrode 123 is exposed). Therefore, the connection between the metal electrode 123 and
the solder ball 160, and the conunection between the image pickup device section having the
image pickup devices 112 and the circuit substrate 170, are favorably maintained.

Although the light-shielding film 118 is patterned to cover part of the metal electrode
123 and to expose the other part thereof in Fig, 10, the light-shiclding film 118 may
alternatively be patterned to expose the entire metal electrode 123, and the same applies to
patterning of the solder resist layer 124,

The solder resist layer 124 may be omitted, and the light-shielding film 118 may be
directly formed on the second main face provided with the metal electrode 123.

[0302] A solder ball 160 as a connection member is provided on the exposed metal electrode
123, and the metal electrode 123 of the solid-state image pickup device substrate 200 is
electrically connected to a connection electrode (not shown) of the circuit substrate 170 via
this solder ball 160.

[0303] The above deseription explains the configuration of the solid-state image pickup
device substrate 200. Elements, other than the light-shiclding film 118, of the solid-state
image pickup device substrate 200 can be formed by a known method such as a method
deseribed in parapraphs [0033] to [0068] of JP-A No. 2009-158863 or 2 method described in
paragraphs [0036] to [0065] of JP-A No. 2009-99591.

The formation of the light-shielding film 118 may be carried out according to the
method for producing a light-shielding film of the third embodiment.

The interlayer insulating film 113 is formed, for example, as a 8i05 film or a SiN film
by sputtering, chemical vapor deposition (CVD) or the like.

The color filters 115 (115R, 115G, 115B) are formed by, for example,
photolithography using a known color resist,

The avercoat 116 and the base layer 114 are formed by, for example,
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photolithography using a known resist for forming an organic interlayer film.

The micro lens 117 is formed by, for example, photolithography using a styrenic resin
or the like.

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

The solder ball 160 is formed using, for example, Sn-Ag, Sn-Cu, Sn-Ag-Cu, or the
like as Sn-P'b (eutectic), 95 Pb-8n (lead-rich high-melting soldering), or Pb-free soldering.
The solder ball 160 is formed, for example, in the form of a sphere having a diameter of from
100 pm to 1000 pn (preferably a diameter of from 150 pm to 700 pm).

The internal electrode 126 and the device-face electrode 127 are formed, for example,
as metal electrodes of Cu or the like by chemical mechanic¢al pelishing (CMP) or by
photolithography and etching,

The metal electrode 123 is formed as, for example, a metal electrode of Cu, An, Al,
Ni, W, Pt, Mo, a Cu compound, a W compound, a Mo compound, or the like by sputtering,
photolithography, etching, and electrolytic plating. The metal electrode 123 may have a
single layer structure or a laminate structure composed of two or more layers.

The £ilm thickness of the metal electrode 123 is, for example, from 0.1 pm to 20 pm

(preferably from 0.1 pm to 10 pum).
The silicon substrate 110 is not particularly limited, and a silicon substrate of which

the thickness has been decreased by grinding down the back surface of the substrate may be
used. The thickness of the substrate is not limited, For example, a silicon wafer having a
thickness of from 20 to 200 pum (preferably from 30 to 150 um) may be used.

The though hole of the silicon substrate 110 is formed by, for example,
photolithography and RIE (reactive ion etching).
[0304] In the above, the solid-state image pickup device substrate 200, which is a specific
example of the structure K, has been described with reference to Figs. 9 and 10. However,
the structure K is not limited to the configuration illustrated in Figs. 9 and 10, and the
configuration thereof is not particularly limited so long as the configuration has a metal
electrode and the light-shielding film at the back face side.

EXAMPLES
[0305] The present invention is described more specifically below, with reference to
examples. However, the invention is not limited to the following examples as long as the
gist of the invention is retained. Unless specifically indicated otherwise, “part” is based on
mass, Further, room temperature refers to 25°C.
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[0306] <Examples of First Embodiment>

(Synthesis of Dispersant 1)

600.0 g of e-caprolactone and 22.8 g of 2-ethyl-1-hexanol were introduced into a 500
ml three-neck flask, and were stirred and dissotved while flowing nitrogen thereinto. 0.1 g
of monobutyl tin oxide was added into the flask, and the contents of the flask were heated to
100°C,  After 8 hours, it was confirmed by gas chromatography that the raw materials had
disappeared, and the contents of the flask were cooled to 80°C. 0.1 g of 2,6-di-t-butyl-4-
methylphenol was added into the flask, and 27.2 g of 2-methacryloyloxyethyl isocyanate was
further added thereto.  After 5 hours, it was confirmed by "H-NMR that the raw materials
had disappeared, and, thereafter, the contents of the flask were cooled to room temperature, as
a result of which 200 g of a precursor M1 (having the following structure) in the solid state
was obtained. It was confirmed by 'H-NMR, IR, and mass spectrometry that the obtained
substance was M1,
[0307]

N

N O+-CsH
O CsHg |
O
M1

[0308] 30.0 g of the precursor M1, 70.0 g of NK ester CB-1, 2.3 g of dodecylmercaptan and
233.3 g of propylene glycol monomethyl ether acetate were added into a nitrogen-replaced
three-neck flask, and were stirred with a stirrer (three-one motor manufactured by Shinto
Scientific Co., Ltd.), and were heated to a temperature of 75°C while flowing nitrogen into
the flask. 0.2 g of dimethyl 2,2’-azobis(2-methylpropionate) (“V-6017 (tradename)
manufactured by Wako Pure Chemical Industries, Litd.) was added thereto, and stirring under
heating was carried out at 75°C for 2 hours. Afier 2 hours, 0.2 g of V-601 was further added
thereto, and stirring under heating was carried out for 3 hours, as a result of which a 30%
solution of the following dispersant 1 was obtained.

[0309]

O
H
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[0310] The composition ratio, acid value, and weight average molecular weight (Mw) of the
dispersant I were as follows.

Here, the weight average molecular weight is a value measured using a gel
permeation chromatograph (GPC) and calculated as a polystyrene-equivalent value. The
measurement using a GPC was carried out using a HLC-8020 GPC (trade name,
marfactured by Tosoh Corporation) and using TSKgel SuperHZM-H, TSKgel SuperHZ4000,
and TSKgel SupertZ200 (trade names, manufactured by Tosoh Corporation) as columns,

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

Acid value: 80 mgKOH/g

Mw: 30,000
[0311] [Example 1-1, Comparative Example 1-1]

<Production of Titanium Black>

100 g of titanium oxide MT-150A (trade name, manufactured by Tayea 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
Industries AGd.), and 100 g of a dispersant DISPERBYK 190 (trade name; manufactured by
BYK-Chemie GmbH) were weighed out, 71 g of ion exchange water was added thereto, and
the resultant mixture was treated for 20 minutes using a MAZERSTAR KK-400W
manufactured by Kurabo Industries Ltd. at an orbital rotation number of 1360 rpm and a spin
rotation number of 1047 rpm, as a result of which a uniform mixture aqueous solution was
obtained. This aqueous solution was filled into a quartz container, and heated under an
oxygen atmosphere at 920°C using a small Rotary kiln (manufactured by Motoyama Co.,
Ltd.). Then, the atmosphere was replaced with nitrogen, and nitridation reduction treatment
was carried out by flowing an ammonia gas at 100 mL/min at 920°C for 5 hours, After
completion of the nitridation reduction treatment, the recovered powder was ground with a
mortar, as a result of which a powdery titanium black T having an average particle diameter of
30 nm or less and specific a surface area of 73 m%/g was obtained.
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<Preparation of Titanium Black Dispersions 1-A and 1-B >
The ingredients listed in the following composition 1-1 were mixed for 15 minutes

using a stirrer (EUROSTAR (trade name) manufactured by IKA Laboratory), to obtain a
dispersion 1-a.
[0312] (Composition 1-1)
Titanium black T (titanium black having an average particle diameter of 30 nm or
less): 25 parts
The 30% solution of the dispersant 1: 25 parts
Propylene glycol monomethyl ether acetate (PGMEA) (solvent): 50 parts
[0313] The resultant dispersion 1-a was subjected to dispersing treatment using an ULTRA
APEX MILL UAMOIS5 (trade name) manufactured by Kotobuki Industries Co., Ltd., under

the following conditions.
<Dispersion Conditions>
Bead diameter: diameter of 0.05 mm
Filling ratio of beads: 75 vol%
Circumferential velocity of mill: 8 m/sec
Amount of mixed liquid to be dispersed: 300 g
Circulating flow rate (pump supply amount): 13 kg/hour
Temperature of liquid to be treated: from 25 to 30°C
Cooling water: tap water
Volume of circular path of bead mill: 0.15L
Number of passes: 90 passes

[0314] As aresult of the above, a dispersion 1-A of Example 1-1 was obtained.
(0315] A dispersion 1-b was prepared which had the same composition as the dispersion 1-a
of Example 1-1, except that the titanium black T used in Example 1-1 was replaced by “13M-
T7 (trade name) manufactured by Mitsubishi Materials Corporation, The dispersion 1-b was
subjected to the same dispersing treatment as in Example 1-1, as a result of which a dispersion
1-B of Comparative Example 1-1 was obtained,
[0316] <«Evaluation of Titaninm Black Dispersions 1-A and 1-B>

Each of the obtained titanium black dispersions 1-A and 1-B was diluted 500-fold
with propylene glycol monomethyl ether acetate (hereinafier sometimes abbreviated to
PGMEA), and dripped on a carbon thin film and dried, and photographs for morphological
observation of titaninm black particles (dispersed objects) contained in each dispersion were
taken by a TEM (manufactured by Hitachi High-Technologies.). The projection areas of the
outer surfaces of 400 particles were obtained from the photographs obtained, the diameters of
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circles corresponding to the areas were calculated, and the frequency distribution thereof was
evaluated.

Images of 400 particles were sampled from the TEM photographs, the projection
areas of the outer surfaces of the individual particles thereof were obtained, the diameters of
circles corresponding to the areas were calculated, and the average value thereof was taken as
an average particle diameter of the titanium black particles (dispersed objects) contained in
each dispersion liquid.

[0317] As aresult, the average particle diameter of the titanium black particles contained in
the titanium black dispersion 1-A of Example 1-1 was 22 nm, and the proportion of particles
having particle diameters of 30 nm or less in the total titanium black particles was 93%.

The average particle dismeter of the titanium black particles contained in the titanium
black dispersion 1-B of Comparative Example 1-1 was 50 nm, and the proportion of particles
having particle diameters of 30 nm or less in the total titanium black particles was 4.2%.
[0318] [Example 1-2, Comparative Example 1-2]

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.

[0319] (Composition 1-2)
Benzyl methacrylate/methyl methacrylate/hydroxyethyl methacrylate/acrylic acid

copolymer (50/15/5/30[molar ratio]) {binder polymer]: 1.6 parts
Dipentaerythritol hexaacrylate [polymerizable compound]; 2.0 parts
Pentaerythritol triacrylate [polymerizable compound]: 1.0 parts
Polymerization initiator having the following structure [photopolymerization
initiator]: 0.3 parts
O
@\ W
S O
O

IRGACURE OXE01 (manufactured by BASF Japan Lid.)

Titanium black dispersion 1-A: 24 parts
Propylene glycol monomethy) ether acetate (PGMEA): 10 parts
Ethyl 3-ethoxypropionate (EEP): 8 parts

[0320] A black curable composition 1-B of Comparative Example 1-Z was prepared in the
89
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same manner as in the preparation of the black curable composition 1-A, except that the
titanium black dispersion 1-A from among the ingredients of the composition 1-2 was
replaced by the titanium black dispersion 1-B.

[0321] 2A. Formation 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 (CORNING1737 (trade name), manufactured by Corning Incorporated) as a substrate
by spin coating, and heated on a hot plate at 120°C for 2 minutes, to obtain a black curable
composition coating layer. .

Then, the resultant coating layer was exposed to light through a photomask having a
hole pattern of 50 pum at exposure amounts varied from 100 mJ/em? at an increment of 100
ml/em?, using an i-ray stepper.

The coating layer after exposure to light was subjected to paddle development at
23°C for 60 seconds using a 0.3% aqueous solution of tetramethyl ammonium hydroxide.
Thereafter, the coating layer was rinsed by spin shower, and further washed with pure water,
as a result of which patterned light-shielding films formed from the black curable
compositions of Example 1-2 and Comparative Example 1-2 were obtained.

[0322] [Example 1-3, Comparative Example 1-3]

Patterned light-shielding films were formed in the same manner as in Example 1-2
and Comparative Example 1-2, respectively, except that a flat plate having a thickness of 1
mm and obtained by curing “SR-7010” (trade name) manufactured by Dow Coming Toray
Co., Ltd., which is a thermosetting resin, by heat treatment at 210°C for 1 hour was used as a
substrate, in place of the glass wafer, which was used in Example 1-2 and Comparative
Example 1-2 as a substrate,

The thermosetting resin used in the present example ¢an be used also as a material for
forming a lens,

[0323] <Ewvaluation>

I the formation of each of the patterned light-shielding films obtained in Examples

1-2 and 1-3 and Comparative Examples 1-2 and 1-3, an exposure amount with which
detachment ceases to occur was determined using an optical microscope, Here, the smaller
the exposure amowunt obtained is, the more effective the adhesion between the light-shielding
film and the substrate is.
[0324] The particle diameters (om) of dispersed objects in each of the patterned light-
shielding films (cured films) obtained in Examples 1-2 and 1-3 and Comparative Examples 1-
2 and 1-3 were measured as follows.

A cross-section of the substrate on which the film had been formed was observed by a
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scanning electron microscope (5-3400N (trade name) manufactured by Hitachi High-
Technologies Corporation) and an energy-dispersive X-ray analyzer (GENESIS (trade name)
manufactured by EDAX), thereby obtaining photographs for morphological observation and
elemental maps of Ti and Si. For 400 particles in which Ti element was detected, the
projection areas of the outer surfaces were obtained from the photographs obtained, the
diameters of circles corresponding to the areas were calculated, and the frequency distribution
thereof was evaluated.

As aresult, in each of the light-shielding films formed in Examples 1-2 and 1-3, the
proportion of particles having particle diameters of 30 nm or less in the dispersed objects
contained in the light-shielding film was 90%.

Further, in each of the light-shielding films formed in Comparative Examples 1-2 and
1-3, the proportion of particles having particle diameters of 30 nm or less in the dispersed
objects contained in the light-shielding film was 6%.

[0325] Developed regions of the patterned light-shielding films obtained in Examples 1-2
and 1-3 and Comparative Examples 1-2 and 1-3 (exposure amounts are shown in Tables 1 and
2) were observed using a scanning electron microscope (S-4800 (trade name), mamfactured
by Hitachi High-Technologies Corporation), and the presence or absence of development
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 as a light-shielding film for a wafer level
lens. The results obtained are shown in Tables 1 and 2.
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transm ssion properties; noreover, the uniformty of the coating surface

of thd4liglit -49RKeidVidisKaMEni k4d9i ons were high, and the;ii-ghss-shidel di ng #105/11
property of the wafer |evel |enses was high. When i nages were

obt ai ned using the inmage pickup units provided with the wafer |evel

| enses, the inage quality was excellent. <Exanples of Third Enbodi nent>

[ 0367] [62:3PAs BbhbhsuledHITSbled1Bnd 2, BRbIRKRBHNM Eomififiddd PAALAbIAS

substr "for testlng devel opnent .residues in a

! St g R T 1

i n whi EWahlecompositiondrB of Coppargtive xamplesyi Bedhesnwherelightechielding fdm3 was

]E)r epa:j&lércﬁﬁ)rﬂﬁd QsinP €t Hledkomirable compositied 1445 of Bxabhpled, Akeslo ?ﬂlrbﬁﬁs Wa?] )
or me : . : in it hogra

techni GG ?ﬁ?’f’%‘%@%&‘uﬁwﬁﬁéﬂé&ﬁ%@%ﬁ&%%%ﬂ?‘é&%ﬁg%@f%ﬁédé’ B 308 Wade of

copper""éj‘ﬁgl)t SFSIhPsEge Maspsedness of 5 urn and a di ameter 10 gm was

obt ai nE¥B2G%i [iExamplecl-¢Ft rol yti c pl ati ng nethod. As a result of the

above, a su t ' [ LI Gial.ak: l.egtrodes 410 on a
silicon subg(t5 ltrl g%eﬁéé@tggﬂgﬁ&vﬁh# R%ﬁgé&sféﬁgﬁ%ﬁ@kgm@éﬁgggﬂ goﬁglle%ﬁg\ﬁ of
Fig. 1P 0aRaBEEAs mm‘séai qosraile resin laperovasfomned wylng apyrable resing,
subst r eftrap@Eigrohavinesthe fellaveingicompesition &S, d egudrtz molddiavihest laheshapaygas

pi cku Fu:ﬁ:d\tb @@nsfer ﬂh? ghaAperts @ﬁ%z@a&‘ile ﬁéﬁ% l'as}ﬁr, @&g@fchw@&gmﬂw} wilichhedanvp! der
resis an _t he ,hack surface S _prepare .

hocer | LGyttt 8 AOff 3 or Tsing S BB dreS it A d Bind RS B vt

si de ovaiekievel dens amehaying plurd iveden el densesiwag preduedd. el ect r odes wer e

f or med[03Bg] Uompbiitibegryphy using a commercially avail abl e sol der resist.
The patternmfviﬂylﬁg};rﬁ,qmgﬁéz resist |ayer was set to a pattejq,paving
Ha 19 o Doy AghE: (aey SHet B DT G08 e S SRy aePRER pl ur al

ci r cul GhemisalCo.eLBR)r odes 410 and plural sol der resist | alfepargsorti ons 430
on a sili Comeﬁﬁ%&[{rﬁbﬁcﬂ-@&rgﬁmﬁhovm in the schematic crosgy tional view
of Fig. 13 ' . 69 Exagple 3:-1 ar at.i anpl e 3-1]

<Pr epgr ati o?@f‘%ﬁ%%ﬁz W%?ea%%@&gﬁgﬁf%ﬁi%gﬁ‘%%‘} E’“ﬁs parts The

i ngr ed08htls Thegrader level lens aralyipsodusgd wwapos pidnsmaiule wes pradugetihasiong a

sti 1 r emnd (ROt (éviedandaghseranbitaes Werktavhddthedet %@étgf 15‘”%’8‘%%% A

m nut - It of which a dispersion 3-a was obtai ned.
(Oonpgéllaggglrﬁ:ﬁgéﬁﬁﬂ“ﬁ tani um bl ack (titanium black having an average

parti dP&34i dhemaferdevelienmebiringdindixanmie bdrwas freecofyesidues an thokenst t he
di sperapantiresemditial egcalleayBght tRhsRiion pJropuRiitse Rbredvie, Ahe GRIRSEREBAthet her
acet atc‘éaﬁt?gc%@@ce 6P mc\iﬁﬂrt-)sﬁicﬁﬂnfg Pt Sregion was high, and the light-shielding property
of the wafer level lens was high.
When an image was obtained using the image pickup unit provided with the wafer
level lens, the image quality was excellent,
[0333] [Example 1-5]
A patterned light-shielding layer was formed in the same manner as in Example 1-2,
and a wafer level lens array provided with the light-shielding layer was produced in the same
manner as in Example 1-4, except that the black curable composition 1-A prepared in

Example 1-2 was coated on a silicon wafer provided with lenses,
The wafer level lens array produced was cut, a lens module was produced thereon,
and image pickup devices and a sensor substrate were attached thereto, thereby producing an
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[0371] The titanium bl ack having average particle dianeter of 30 mm or

LESS.. _clg:_gé;ﬁi ove was obtai ned as descri bed bel ow. 100 g of
e £ t'Edartli um o'xf}%gzo -150A (trade nane) having an average particle dianeter of

15 hinldahuf action g | by NEayCaiDoimpor ati on, 25 g of silica;particlses AEROPERLG/ 1
(registered trademark) 300/30 having a BET surface area of 300 rn2/g

(manuf actured by Evonik Industries AG.), and 100 g of a dispersant

DI SPERBYK190 (trade nane: nanufactured by BYK-Chernie GrbH) were wei ghed

out, 7lifagfnibiap wxchange water was added thereto, and the mxture was

treated T m nut es usi ng MAZERSTAR KK-400W manuf act ured by Kurabo

| naust r FESH fheater £ elgns Shedoet in b pdetves reseireridhruenitia lansi n

r ot at i oppesiyessdarst hatDakteliganlighttransméssidnt propertibd; eloreowen) the naifoimityusfth@queous
sol ut i OppAfaS sOFhc T8l RS Wl % i |

cont ai n%(. grsl' Heai?d ﬁ%@l %}%ﬁﬂ%%gﬁ%ﬁﬂ%ﬂ%ﬁ@?@ﬁ%ﬁ@@ %ﬁ%@gg@ﬁa I

Rot ary this Wakss JF el {ois wps toyama Co., Ltd. Then, the atnobsphere was
repl aced wi t When aogesge waschbinited king the imegepiclgnutit prividedtwitathe casfed ed

out by kbg%;&gﬂﬁqnﬁggqﬂgﬁ @RS eRbelb@0 ratinain at 920C for 5 hours. After
conpl etion of the nrtri da%’i on reduction treatnent, the recovered powder

was ground with a nortar, as a result of which a powdery titanium bl ack
havi ng <ExamdépefSqeand Ealbedihadret er of 30 urn or |ess was obtained. [0372]

The res Ntpdl SPenhS] gN-3- j.ected .to dispersing treatment using
an ULTFLRB%«%ETC? L@gﬁgﬁogém?#gg%ﬁﬁ%né% igr‘}if actured by Kotobuld
| ndust riaspargfion ofitifaniumyplack digpersions Zvi-hgud @RIt i ons, <Di sper si on

Colnod/i g ons> Baatngtedisn tistediif Rl followingod@oatiokio- 1 h}?ﬂz lfﬁzﬁ&édq*ogisﬁﬁaﬂgs t75 o
vol % _ ; of . i gui o be
o AR ORI o Hod SN il Sl
Tenper &MY R qui d. to be treated:from 25C to 30C Received at: 5:38PM
17/ 4/ 2d933612(Campasiden 2dPM TAI YO, NAKAJI MAGKATQ03- 3355- 5674#117/ 11 Cool i ng

wat er: tap watrRinivel bask Staitbd 6y g foRdlhgbrobaad | 'ﬁba}é L Nunmber of

passes: 90 passes 373 a result, titanium black spersion 3-A of

Exanmpl e 3-1 32%58&35}%(]&-&@?%5? Mﬂegg&qe@i fi¥®a tit oM Rf®bl ack di spersion
3-B of ConpaPepyieacEivaepmengmethyd sthepacetaie POHYEN <padvéml a di spersion 3-b
having the sane conposition as that of the dispersiopgy@ of Exanple 3-1

t i 8 L J.d le 3-1 I "13M T
(trade iﬂéﬁﬁaﬁﬁﬁ*ﬁ%&%@%ﬁiﬁ%ﬁﬁsgﬁﬁﬁ o2 gl e UL
subj ecttkgs MIELJTANEYS (Fadgnamememeactuied by Kotebwii Audustricst Gankitdasinder

Exanpl ¢hefollowid3ctmflittonkval uati on of Titani um Bl ack Di spersions 3-A and 3-B

> Each [0338] NepRPLalife br fifahfi HEkPhaCK - di spersions 3-A and 3-B was diluted
500-fol'd . .
100 g of titanium oxide MT-150A. (trade name, manufactured by Tayca Corporation)
having an average particle diameter of 15 nm, 25 g of silica partticles AEROPERL (registered

trademark) 300/30 having a BET surface area of 300 m*/g (manufactured by Evonik
Industries AGd.), and 100 g of a dispersant DISPERBYK190 (trade name: manufactured by

BYK-Chemie GmbH) were weighed out, 71 g of ion exchange water was added thereto, and
the resultant mixture was treated for 20 minutes using MAZERSTAR KK-400W
manufactured by Kurabo Industries Ltd. at an orbital rotation speed of 1360 rpm and a spin
rotation speed of 1047 rpm, as a result of which a uniform mixture aqueous solution was
obtained, This aqueous solution was filled in a quartz container, and heated under an oxygen
atmosphere at 920°C using a small Rotary kiln (manufactured by Motoyama Co., Ltd.).

Then, the atmosphere was replaced with nitrogen, and nitridation reduction treatment was
cartied out by flowing an ammonia gas at 100 mL/min at 920°C for 5 hours. After
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wi th propyl ene glycol nononethyl ether acetate (hereinafter sonmetines
S Y Lefe o as PGVEA), the dripped on a carbon thin filmand dri ed,

Ree V(r}pphts)tz'gpgryﬁg % nor phol ogi cal observation of titaniumblack particles
(di $persett 06b49é(ﬂt’éﬁ) YO ONAKA] IveElKiTe t he di spersion were takeh 3By5-&6TEM 107/
(manuf actured by Hitachi Hi gh-Technol ogies.). The projection areas of the
outer surfaces of 400 particles were obtained fromthe phot ographs
obtai ned, the dianmeters of circles corresponding to the areas wer e

cal gglsa%@qazgg&%mma&ﬁﬂm%ﬁog AR g 85 gg R 6l 3 mortar,

pr oj ect%%reav gk whichy tﬂrf@vsimémw hiaek 2eh-1t lqgrftﬁwpl(ﬁﬁétlm g mep e£73 her eof
wer e obtrdigness, obtdiged]i dﬂﬁttﬁﬂﬁumfblﬁdkr I;-IAB!S w2l dispefRed dhdid theofollbrinay maltma e

cal cul af, e&?mﬁ ke Lags.particle
di amet er Qq“%&}@n?\n:f#m ﬁjg" "1 Eu(n :zpté?lsegnﬁgﬁf@g’ szg Jianed in
each dlgﬁSE?%ldW IR pgrtl,c l}YaﬁO biaied-as dpligpes &ranet er

of the mriﬂmlugmaﬂ)bhmkvabmntafd:ltmﬂnn@ﬂﬁcklpmﬂﬂ:l&sr(dispéx&m bﬂbjb&l!s)addﬂtaime&nﬁrcstmn 3-A

of Examplgerdon wiaStakeh t:%ﬂgnits Sion @[69&9{1 HI%S(Q)EP K’?%Mg%ﬁﬁlfm%eﬁ gg @ﬁ'{akhlg 504

di anet q{,g?ru.n r | e.tqQta partlc

The avg’%‘%} a5 apelpgics F%Pr’fﬂ‘é% PTPIFELIPN RIEAY E)Pli'@ks HY pastielas ned in
the ti twcnembtmﬂmb&orditbmphcﬂbmpl&cﬂ:tmhcd}@hmémmhtmoﬂiﬂﬂ:ﬂmlmn@sﬂon‘dﬁg t6@henm
and thearpgsqp&gchlgmaggd D & & Mﬂéﬂe@a{' ;b@,ﬁﬁﬁ'e@mat ers of 30 nmor |ess

in the @%@I titani um b%%ck par I cles was 69 ese results are shown in

Tabl es b[‘ e 3-2, Conparative Exanple 3-2] <Preparation
o] ac r sition ot osensitive Resin oer O mm

f Black Cu &gﬁéd@mqmr (Ph R Gliam f 6.05 A

bl ack curabl Q?ﬂﬁﬁ%‘pﬁ_ﬁj&fllﬁgds? A of Exanple 3-2 was pr eyga{;ﬁgia by m xing the

I ngredients Qgrt % Ilomirﬁg?%g ﬁ5|t|0n32by usin stirrer. [0378]

( Conposi tion BERAHV & Frﬂ)) ate / nethyl net ha F“??e&te /' hydr oxyet hyl
me]t hacr ]yl i.t g%@ﬁ?fmﬁl@ﬂw éflﬁjmrSﬁ(CEOI 15/ I5/ fo % pngfbg rati g} ) [ bi nder

pol yner OPRblas I sl cryl ate NaTR&drz abl e
conpound] : 2. (% artn gh &e(;? FI’I tof tri acryl ate [po\,#rmi>5 381,(3 conpound] :
140 parts Pol'YHBFF q‘fiﬁi? aft5¥efiaving the fol l o re

[ phot opol ynefioghng wmterni tiator]: 0.3 parts [0379] | R@W OXECOT

(manuf act ur egolinEAfirca B pRthldibedd mill: 0.15L
Number of passes: 90 passes

{03401 A dispersion 2-b was prepared which had the same composition as the dispersion 2-a
of Example 2-1-1, except that the titanjum black used in Example 2-1-1 was replaced by
“13M-T” (trade name) manufactured by Mitsubishi Materials Corporation. The dispersion
2-b was subjected to the same dispersing treatment as in Example 2-1-1, as a result of which a
dispersion 2-B of Comparative Example 2-1-1 was obtained.

[0341] [Example 2-1-2, Example 2-1-3]

Titanjum blacks 2-A-2 and 2-A-3 were obtained in the same manner as deseribed
above, except that the addition amounts of silica particles used for the preparation of the
titanium black 2-A-1 were changed to 30 g and, 12.5 g, respectively.

In addition, titanium black dispersions 2-A-2 [Example 2-1-2] and, 2-A-3 [Example
2-1-3] were obtained in the same manner 45 in Example 2-1-1, except that the obtained
titanmiumn blacks 2-A-~2 and 2-A-3, respectively, were used instead of the titanium black 2-A-1.
[0342] [Comparative Example 2~1.2, Comparative Example 2-1-3]

Titanium bhlacks 2-A-4 and 2-A~5 were obtained in the same manner as described
above, except that the addition amounts of the silica particles used for the preparation of the
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[0380] The titanium bl ack di spersion 3-A:24 parts Propyl ene glycol
Recgp,g&o gm‘l ,{b%_r acetate (POVBA): 10 parts Ethyl 3-ethoxypropionate:8
parts F0381 In addi tion, a black curable conposition 3-B of Conparative
Exairpt id - BF; 25vﬁ§MpTrAémrm&AJIm1A&W{)sarre manner as in the cask-3065-thet bl ack #108/11
curabl e conposition 3-A, except that the titanium black dispersion 3-A
fromanong the conponents of the conposition 3-2 was replaced by the
titani um bl ack di spersion 3-B [0382] <Production of Light-shielding Filne

The bl aﬁamqufrﬁ@dm-@pm@% énaa & & R Q&mﬁo % (28! Adiade b&!ﬁedﬁﬁé ﬁgoat ed, by

tingg, A ot |
Fect rode. vad Pl rﬁ*ﬁ%‘i‘%%thﬁ%c# TP ORISR freatele 20 20 Hor 2
m nut es’ [GampsmatiierExample it - Huwers lobtainndiio dhe saow mawmet agin Bxemple 2-1-1,
Subseq Lﬁﬁéﬂt&’hﬂt tieotisiakd ﬂﬁnhﬁ\ﬂ BlacRdl-AN-AQdd msgﬁrsﬁ&m%sm@m@& ?ﬁlte%ﬁ of

exposurng, 8128 2109 M)/ cn2, 200 mJ/cn2, 300 400 mJ/ cn?, and
500 mi/crt usi ng an rqu step St epper. Then, the coating |ayer
af ter éQ%{?QuFEVﬂBﬂthﬂg?ﬁ lmglf%%ﬂﬁ ckddiepersiongyaddl e devel opnent at 23C for 60

? ﬁcond? usi nBa¢h &ftﬁ%muﬁamaxﬁmhtﬂmmqferﬁ&ts@m mhd.Aamal Q@;Mﬁ%ﬁéﬁ de.

er eaf,8é. was rinse n,sho er

washed @mﬁt%ﬁ%ﬁgg \%g&%&ga@@ﬁr%gﬂ% a&@‘iaﬂf%?fygﬂ Vﬁ‘é@"‘?c{l@hwc’é‘?ﬁag}adl ng

film wle- ,dhfda; maigtairddn this ﬁmqﬁ‘omﬁomeutes,@nucsmle& thenay bbtaming 2 g of

S' 'n\ght patvder. dimhg réﬂulitgh deB gﬁb lﬂcéébn\ﬁﬁﬁna S difte 159&71151 ladﬂckﬂésk 0@2’?%1{1%&;' ;”he

u Vv

met al lﬁmeéfr odesIl R% ‘&gls gggﬁggﬁ%nﬂggaegﬁmeﬂgmgf el'i‘g alre@%iﬁ anpl e

3-3, Comshwdsnyandmuhbiepted t@ hgart treatment bwlemépnédam ihgdrtir@mléma?(h@orm ms were

oSpect ey S0 ALl R R 1. The B0 R S Bl o B BBt %

Gubatr oF S s SERERovdtE ok B SRR bl IO ot Feslpen wers optained sing o

pat t er fielgfeneiaztion ﬁqaghmgglﬁcéqomwgrqswpn $v80@ Grade pame pmttnefactubalbynHitaghéni ngs

ZE) 0whl EielpTedhnofogicR Coipbratios), mﬁm&l& &?@a&i MA%&&@@W@%@@H@@ |r ate
wa 0 |ca a.pattern that overl aps

a sol dgrlﬁég\g m mal%?’mog&'néﬁ&r) %nvx%g%&?e{fg a&ﬂﬂ% endicular to thg

substrat e; &wng sth? epRiepigatios of Momhtqfﬁgatormm(lm@m incthealisparsedn>

In t heoﬁjwtmfﬂﬁmMumaﬂibMSﬁdﬂﬁom%ﬂm&IZ;N-I} ghael OLAGK Tl UBR QREaI ned

I n Exaggy &W@Ogﬁgfﬁt g%gg | ve Exanples 3-2 ‘and 3-3, an exposure

ga

anount I Ch ses’to occur was determ ned using an
opti cal m cr peults e shown én Jakles 20 ¢ helodkposure amount is, the nore
ef f ect j0344} F[Exadpbszum Beinpasnive Bxahipih2-2st]i el ding fil m and the substrate

I'S. 3A, Preparation of Black Curable Composition (Photosensitive Resin Composition)
A black curable composition 2-A-1 of Example 2-2~1 was prepared by mixing the
ingredients of the following composition 2-2 by using a stirrer.
[0345] (Composition 2-2)
Benzyl methacrylate / methyl methacrylate / hydroxyethyl methacrylate / acrylic acid
copolymer (50/15/5/30 [molar ratio]) [binder polymer]: 1.6 parts
Dipentaerythritol hexaacrylate [polymerizable compound]: 2.0 parts
Pentaerythritol triacrylate [polymerizable compound]: 1.0 parts
Polymerization initiator having the following structure [photopolymerization
initiator]: 0.3 parts
[0346)
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[0385] The particle diameters (nrn) of dispersed objects in each of the

Recpqu aq:r glgg,MI 74 shielding films (cured film obtained in Exanples 3-2 and
-3 Conparative Exanples 3-2 and 3-3 were neasured as foll ows.

A cr?bsﬂé sedbidAl oft [YhelAsub$iE 8tTé on which the film had beeiisiionard was  #109/11

observed by a scanning el ectron m croscope (S 3400N G ade nane)

manuf actured by Hitachi Hi gh- Technol ogi es Corporation) and an

ener gy-di spersive X-ray analyzer (CGENESIS (trade nane) manufactured by

EDAX), thereby obtaining photographs for norpholgggi cal observation and

el emental maps of Ti and Si. For 400 particles i V\/mch T| el enent was

detected, the projection areas o e out g ) GE , pned from

t he phot ographs obtai ned, the di rs o] Icorrespondl ng to the
areas were calculated, and the f 3. sE¥ 1 butiNQp, t her eof was

eval uat ed. As a result, in each f the light-¥hielding filns formed

in Exanples 3-2 and 3-3, the proportion of particleaeg=aving particle
di anmeters of 30 m or less in the dispersed objects co i ;

l'i ght - SER@(*& filmwas 95% Further, in each o

light-s U%l PHEN (msnpastured by BddFdesapdidxanpl es 3-2°%nd 3-3, the
proportion of particles having particle dianeters of 30 rimor less in the
di spersed objects contained in the light-shielding filmwas 6% [0386]

Devel o surfage,of the netal ele trode) of the
patterﬁ@%ﬁ E%fﬁﬁ}gwg@xl@fiﬁbg’fs??rﬁ’émgﬁéall ned in Exanpl e€4®aB5 and 3-3 and
Conpar ati ve mm@glyeolznmn&hﬂ et aettredPEGMEA):38PWMpay/ 4/ 2012 12- 04- 17;
05: 49PM TAI \p;ﬂ-l INAKAD 1 ]igeC)S 3355- 5574#120/1I (e)g Kre anounts are

descri les re obse a I N ctron
i cros@ﬁ qg gg g‘é‘@ & P@glg On?Pé’ﬁ%’f’ﬁéegP °Waﬁqvﬁgg‘ﬁn’%ﬂ%§'ﬂe\’f%ol ogi es
Corpora!tEP%fﬁ in the sarp enannes enieheo prephstion of te biwkaohiesempestiic>4-bn t he
subst rﬁ&pﬁﬁaﬂhehﬂﬁuﬁﬂbﬁek&ﬁ e%@uﬂl\@-& £ Yidktlath 8l th\éyh%& guRk gpiRNt residues

of 10 rved he cn.rc rret al el ectrode of
t he su E OH?AE%V%%J?}%G yeﬁzlﬁé 8?5%@3 S'Ps es as a
li ght - @ dExgnples &12-3, 3- Rcﬁ]cat ed. The eval uation results of devel opnent

resi dues ar gimhiwmnblack dabéefons 2280 [ExamPRCEIVAGnARAS Ei,&EMpl LA b &) ke
12- 04- Jufailad H&B%M iéﬁnné%'d}ég@géli Str Aagafi%“? jon Z-Bie?ujzjtcépt()f

obser V% tltﬁe t19amur§ %ﬁalcﬁ %gs:%ré}smn -A-1 nse i Xample -2- was rcplaced by the titanium
black dispersions 2-A-2 and 2-A-3, respectively.
[0350] [Comparative Examples 2-2-2, 2-2-3]

A black curable composition 2-A-4 [Comparative. Example 2-2-2] and a black curable
composition 2-A-5 [Comparative Example 2-2-3] were obtained in the same manner as in the
preparation of the black curable composition 2-A-~1, except that the titanium black dispersion
2-A-1 used for Example 2-2-1 was replaced by the titanium black dispersions 2-A-4 and 2-A-
5.

[0351] <Evaluation of Black Curable Compositions>

Each of the obtained titanium black dispersions 2-A-1 to 2-A-35 and 2-B were heated
to 700°C under an oxygen atmosphere using a small Rotary kiln (manufactured by Motoyama
Co., Ltd.), maintained in this state for 30 minutes, and cooled, thereby obtaining 2 g of
powder, The resultant powder was placed on a tungsten plate having a thickness of 0.2 mm,
which was then placed in a vacuum chamber provided with an eleciron beam heating
mechanism, and subjected to heat treatment by electron beam heating at 1¢00°C for 30
seconds at a degree of vacuum of 107 Torrorless.  The amount of $i atoms and the amount
of Ti atoms of the powder that had been subjected to the heat treatment were obtained using a
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4-.? 1 o tan a Residues were not observed V)4-1 000 71:j0 UED r0 0 >

Recteirv d a’t.gE:j38PM, 177672012
12-04~17;05:49PM; TALYD, NAKAJ IMARKATO 03-33hb-0674 #10/10

8-4800 (trade name, manufactured by Hitachi High-Technologies Corporation) and an INCA
Energy PentaFETx3 (trade name, Manufactured by QOxford Corp.), and the Si/Ti ratio was
calculated.

As a result, the same results as the Si/Ti ratios of the dispersed objects in the
respective dispersions (the vales described in Tables 3 and 4) were obtained as the Si/Ti ratios
of the dispersed objects in the respective black curable compositions.

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

Each of the black curable compositions 2-A-1 to 2-A-5 and 2-B obtained above was
coated on 2 glass wafer (CORNING 1737 (trade name), mamufactured by Corning
Incorporated) as a substrate by spin coating, and thereafter heated on a hot plate at 120°C for
2 minutes, to obtain a black curable composition coating layer.

Then, the resultant coating layer was exposed to light through a photomask having 2
hole pattern of 50 pm at exposure amounts varied from 100 mJ/em? at an increment of 100
mJ/em?, using an i-ray stepper. _

The coating layer after exposure to light was subjected to paddle development at
23°C for 60 seconds using a 0.3% aqueous solution of tetramethyl ammonium hydroxide.
Thereafter, the coating layer was rinsed by spin shower, and further washed with pure water,
as a result of which pattemned light-shielding films formed from black curable compositions of
Examples 2-2-1 to 2-2-3 and Comparative Examples 2-2-1 to 2-2-3 were obtained.

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

Patterned light-shielding films of Example 2-3-1 and Comparative Example 2-3-1
were formed in the same manner as in the formation of the light-shielding films for wafer
level lenses in 4A, except that a flat plate having a thickness of 1 mm and obtained by curing
“SR-7010" {trade name) manufactured by Dow Corning Toray Co., Lid., which is a
thermosetting resin, by heat treatment at 210°C for 1 hour was used as a substrate, in place of
the glass wafer, which was used as a substrate in the formation of the light-shielding films for
wafer level lens in 4A using the black curable compositions of Example 2-2-1 and
Comparative Example 2-2-1.  The thermosetting resin used in the present example can be
used as a material or forming a lens.

[0354] [Examples 2-3-2, 2-3-3]

Patterned light-shielding films of Example 2-3-2 and Example 2-3-3 were formed in
the same manner as in Example 2-3-1 except that the titanium black dispersion 2-A-1 used in
Example 2-3-1 was replaced by the titanium black dispersions 2-A-2 and 2-A-3, respectively,
[0355] [Comparative Examples 2-3-2, 2-3-3]

Patterned light-shielding films of Comparative Example 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 2-A-1 used in Example 2-3-1 was replaced by the titanium black dispersions
2-A~4 and 2-A-5, respectively.

[0356] In addition, the Si/Ti ratio of the dispersed objects in each of the patterned light-
shielding films (cured films}) cbtained in Examples 2-2-1 to 2-3-3 and Comparative Examples
2-2-1 to 2-3-3 was measured in the following manner.

The substrate provided with the light-shielding film was split to prepare a cross-
seciton of the light-shielding film. The resultant cross-section was measured with an §-4800
(trade name) manufactured by Hitachi High-Technologies Corporation and an INCA Energy
PentaFETX3 (trade name) manufactured by Oxford Corp., as a result of which the amount of
Si atoms and the amownt of Ti atoms were obtained. The ratio therebetween was calculated
as a Si/Ti ratio.

As a result, the same results as the Si/T1 ratios of the dispersed objects in the
respective dispersions (the values described in Tables 3 and 4) were obtained as the 8i/Ti
ratios of the dispersed objects in the respective light-shielding layer.

[0357] Developed regions of the patterned light-shielding films obtained in Examples 2-2-1
to 2-3-3 and Comparative Examples 2-2-1 to 2-3-3 (exposure amounts are shown in Tables 3
and 4) were observed nsing a scanning ¢lectron microscope (5-4800 (trade name)
manufactured by Hitachi High-Technologies Corporation), and the presence or absence of
development residues on the substrate was evaluated.

When residues of 10 nm or larger were not observed on the substrate, it is indicated
that the light-shielding film is favorable as a light-shielding film for a wafer level lens. The
results obtained are shown in Tables 3 and 4.
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[0360] As demonstrated in Tables 3 and 4, the black curable compositions 2-A-1 to 2-A-3 of
Examples exhibited practically sufficient curability at any of the exposure amounts, as
compared to the black curable compositions 2-B, 2-A-4, and 2-A-5 of Comparative Examples.
Further, when light-shielding films were formed vsing the black curable compositions 2-A-]
to 2-A-3 of Examples, development residues were not observed in developed regions (regions
other than the regions in which a light-shielding film was formed) in any of the case in which
the glass substrate was used and the case in which the resin substrate ‘was used.

[0361] [Example 2-4)
On the substrate on which the patterned light-shielding film had been formed in the

same manuer as in Example 2-3-1, a curable resin layer was formed using a curable resin
composition having the following composition 2-3. A quartz mold having a 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 mJ/em?® using a high pressure mercury lamp, as a result of which a
wafer level lens atray having plural wafer level lenses was produced.

[0362] (Composition 2-3)

N-vinylpyrrolidone: 35 parts

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

Pentaerythrito] tetraacrylate: 20 parts

IRGACURE 907(trade name, manufactured by BASF Japan Ltd.): 5 parts
[0363] The wafer level lens array produced was cut, a lens module was produced thereon,
and image pickup devices and a sensor substrate were attached thereto, thereby producing an
image pickup unit.
[0364] The wafer level lens obtained in Example 2-4 was free of residues on the lens
apertures, and had excellent light transmission properties; moreover, the uniformity of the
coated surface of the light-shiclding layer region was high, and the light-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 2-5-3]

Patterned light-shielding layers were formed in the same manner as the formation of

the light-shielding films for wafer level lenses in 4A, and wafer level lens arrays provided
with a light-shielding layer were produced in the same manner as in Example 2-4, except that

the black curable compositions 2-A-1, 2-A-2, and 2-A-3 prepared in Examples 2-2-1 to 2-2-3
were respectively coated on silicon wafers provided with lenses.
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Each of the wafer level lens arrays produced was cut, a lens module was produced
thereon, and image pickup devices and a sensor substrate were attached thereto, thereby
producing an image pickup unit.

[0366] All of the wafer level lenses obtained in Examples 2-5-1 to 2-5-3 were free of
residues on the lens apertures, and had excellent transmission properties; moreover, the
uniformity of the coating surface of the light-shielding layer regions were high, and the light-
shielding property of the wafer level lenses was high.

When images were obtained using the image pickup units provided with the wafer
level lenses, the image quality was excellent.
<Examples of Third Embodiment:>
[0367] <Preparation of Substrate 3A and Substrate 3B

(Preparation of substrate 3A) _
A substrate 3A for testing development residues in a solid-state image pickup device

of the structure K (having a configuration 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 substrate using a micro
processing (photolithography) technique and a sputtering method, and a circular metal
electrode made of copper (Cu) and having a thickness of 5 pum and a diameter 10 um was

obtained using an electrolytic plating method.
As a result of the above, a substrate 3A having plural circular metal electrodes 410 on

V.0

#115/11

4 silicon substrate 400 as shown in the schematic cross-sectional view of Fig. 11 was obtained.

[0368] (Preparation of substrate 3B)

A substrate 3B for testing development residues in a solid-state image pickup device
of the structure K (having a configuration in which a solder resist layer is not providad on the
back surface) was prepared as described below.

A patterned solder resist layer was formed on a side of the substrate 3A on which the
circular metal electrodes were formed, by photolithography 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 electrodes was exposed as shown in Fig. 13,
As a result of the above, a substrate 3B having plural circular metal electrodes 410

and plural solder resist layer portions 430 on a silicon substrate 400 as shown in the schematic
cross-sectional view of Fig, 13 was obtained.
[0369] [Example 3-1, Comparative Example 3-1]

<Preparation of Titanium 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
(EUROSTAR (trade name) manufactured by IKA Laboratory) for 15 minutes, as a result of
which a dispersion 3-a was obtained,

[0370] (Composition 3-1)
Titanium black (titanium black having an average particle diameter of 30 nm or less):
25 parts

The 30% solution of the dispersant described above 1: 25 parts

Propylene glycol monomethyl ether acetate (PGMEA) (solvent): 50 parts
[0371] The titanium black having average particle diameter of 30 nm or less described above
'was obtained as described below.

100 g of titanium oxide MT-150A (trade name) having an average particle diameter
of 15 nm mamufactured by Tayea Corporation , 25 g of silica particles AEROPERI. (registered
trademark) 300/30 having a BET surface area of 300 m”/g (manufactured by Evonik
Industries AGd.), and 100 g of a dispersant DISPERBYK190 (trade name: manufactured by
BYK-Chemie GmbH) were weighed out, 71 g of ion exchange water was added thereto, and
the mixture was treated for 20 minutes using MAZERSTAR KK-400W manufactured by
Kurabo Industries Litd. at an orbital rotation speed of 1360 rpm and a spin rotation speed of
1047 rpm, as a result of which a uniform mixture aquecus solution was obtained. This
agueous solution was filled into a quartz container, and heated under an oxygen atmosphere at
920°C using a small Rotary kiln manufactured by Motoyama Co., Ltd. Then, the
atmosphere was replaced with nitrogen, and nitridation reduction treatment was carried out by
flowing an ammonia gas at 100 mL/min at 920°C for 5 hours. After completion of the
nitridation reduction treatment, the recovered powder was ground with a mortar, as a result of
which a powdery titanium black having an average particle diameter of 30 nm or less was
obtained.

[0372] The resultant dispersion 3-a was subjected to dispersing treatment using an ULTRA
APEX MILL UJAMO15 (trade name) manufactured by Kotobuki Industries Co., Ltd., under

the following conditions.

<Disperston Conditions>

Bead diameter: diameter of 0.05 mm
Filling ratio of beads: 75 vol%
Cireumferential velocity of mill: 8 m/sec

Amount of mixed liquid to be dispersed: S00g

Circulating flow rate (pump supply amount): 13 kg/hour
Temperature of liguid to be treated: from 25°C to 30°C
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el o/ ful 009 Images of 400 particles were sampled from the TEM photographs, the projection
areas of the outer surfaces of the individual particles thereof were obtained, the diameters of
circles corresponding to the areas were calculated, and the average value thereof was taken as
an average particle diameter of the titanium black particles (dispersed vbjects) contained in
each dispersion liquid.
~ [0376] As aresult, the average particle diameter of the titanium black particles contained in
titanium black dispersion 3-A of Example 3-1 was 19 nm, and the proportion of particles
having particle diameters of 30 nm or less in the total titanium black particles was 95%.
The average particle diameter of the titanium black particles contained in the titanium
black dispersion 3-B of Comparative Example 3-1 was 50 nm, and the proportion of particles
having particle diameters of 30 nm or less in the total titanium black particles was 6%.
These results are shown in Tables 5 to 7.
[0377] [Example 3-2, Comparative Example 3-2]
<Preparation of Black Curable Composition (Photosensitive Resin Composition)>
A black curable composition 3-A of Example 3-2 was prepared by mixing the
ingredients of the following composition 3-2 by using a stirrer,
[0378]
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{Composition 3-2)

Benzyl methacrylate / methyl methacrylate / hydroxyethyl methacrylate / acrylic acid
copolymer (50/15/5/30 [molar ratio])[binder polymer]: 1.6 parts

Dipentaerythritol hexaacrylate [polymerizable compound]:2.0 parts

Pentaerythritol triacrylate [polymerizable compound]: 1.0 paits

Polymerization initiator having the following structure [photopolymerization
initiator]: 0.3 parts

[0379]
O _C

O
IRGACURE OXEO01 (manufactured by BASF Japan Ltd.)
[0380] The titantum black dispersion 3-A: 24 parts
Propylene glycol monomethyl ether acetate (PGMEA): 10 parts
Ethyl 3-ethoxypropionate: 8 parts

[0381] In addition, a black curable composition 3-B of Comparative Example 3-2 was
prepared in the same manner as in the case of the black curable cornposition 3-A, except that
the titaninm black dispersion 3-A from among the components of the composition 3-2 was
replaced by the titanium black dispersion 3-B

[0382] <Production of Light-shielding Film>

The black curable compositions 3-A or 3-B obtained above was coated, by spin
coating, on a surface of the substrate 3A on which the metal electrode was formed, and
thereafter heated on a hot plate at 120°C for 2 minutes, to obtain a black curable composition
coating Jayer.

Subsequently, the coating layer obtained was patternwise exposed at exposure
amounts of 100 mJ/em?, 200 m¥/cm®, 300 ml/cm®, 400 ml/em?, and 500 mJ/em?, using an i-
Tay stepper.

Then, the coating layer after exposure to light was subjected to paddle development at
23°C for 60 seconds using a 0.3% aqueous solution of tetramethy] arnmonium hydroxide.
Thereafter, the coating layer was rinsed by spin shower, and further washed with pure water,
as a result of which a pattemed light-shielding film was obtained.

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

Patterned light-shielding films were formed in the same manner as in Example 3-2
and Comparative Example 3-2, respectively, except that the substrate 3B was used instead of
the substrate 3A used in Example 3-2 and Comparative Example 3-2,

The pattern of each light-shielding film was set to a pattern having openings at which
part of the metal electrode 410 provided on the silicon substrate 400 was exposed as 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-shielding film 440 in Fig, 14),

[0384] <Evaluation>

In the formation of each of the patterned light-shielding films obtained in Examples
3+2 and 3-3 and Comparative Examples 3-2 and 3-3, an exposure amount with which
detachment ceases to occur was determined using an optical microscope.  Here, the smaller
the exposure amount is, the more effective the adhesion between the light-shielding film and
the substrate is.

[0385] The particle diameters (nm) of dispersed objects in each of the patterned light-
shielding films (cured film) obtained in Examples 3-2 and 3-3 and Comparative Examples 3-2
and 3-3 were measured as follows.

A cross-section of the substrate on which the film had been formed was observed by a
scanning electron microscope (S-3400N (trade name) manufactured by Hitachi High-
Technologies Corporation) and an energy-dispersive X-ray analyzer (GENESIS (trade name)
manufactured by EDAX), thereby obtaining photographs for morphological observation and
elemental maps of Ti and 8i.  For 400 particles in which Ti element was detected, the
projection arcas of the outer surfaces were obtained from the photographs obtained, the
diameters of circles corresponding to the areas were calculated, and the frequency distribution
thereof was evaluated,

As a result, in each of the light-shielding films formed in Examples 3-2 and 3-3, the
proportion of particles having particle diameters of 30 nm or less in the dispersed objects
contained in the light-shielding film was 95%,

Further, in each of the light-shielding films formed in Comparative Examples 3-2 and
3-3, the proportion of particles having particle diameters of 30 nm or Iess in the dispersed

objects contained in the light-shielding film was 6%.
[0386] Developed regions (exposed surface of the metal electrode) of the patterned light-

shielding films obtained in Examples 3-2 and 3-3 and Comparative Examples 3-2 and 3-3
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[ 0396] <Eval uati on of Devel opment Resi dues> Devel oped regi ons (exposed
surface of the netal electrode) of the light-shielding filnms of Exanples
3-5 and 3-6 and Conparative Exanples 3-5 and 3-6, which were obtained by a
process simlar to the above, were observed with a scanning el ectron

m croscope (5-
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[0389] In Tables 5 and 6, “Residues were not observed” means that development residues of
10 nm or larger were not observed on the circular metal electrode.

In addition, “Residues were present” means that development residues of 10 nm or
larger were observed on the circular metal electrode. .

In addition, “Pattern formation was impossible” 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 exposure amounts, as compared to the black
curable composition 3-B of Comparative Examples. Further, when light-shielding films
were formed using the black curable composition 3-A of Examples, development residues
were not observed jn any of the case in which the substrate 3A was used and the case in which
the substrate 3B was used.
[0391] From the evaluation results of Examples 3-2 and 3-3, it is understood that, when a
light-shielding film at the back face side of a solid-state image pickup device of the structure
K is formed, development residues derived from the photosensitive resin composition for
forming the light-shielding film can be reduced.
[0392] .[Example 3-4, Comparative Example 3-4] .

<Evaluation of Ability to Shield against Infrared Light> ‘

Light-shielding films of Example 3-4 and Comparative Example 3-4 were formed in
the same manner as in Example 3-2 and Comparative Example 3-2, except that glass
substrates (1737 manufactured by Corning Incotporated) were used instead of the substrates
3A, and that entire-surface exposure was carried out instead of the patternwise exposure,
thereby forming solid light-shielding films (having a film thickness of 2 pm) on the glass
substrates.

The transmittance of each of the obtained light-shielding films at wavelength regions
was measured using a UV3600 (trade name, manufactured by Shimadzu Corporation). From
the measurement results, the maximum transmittance (%) in the wavelength region of from
700 nm to 1200 nm was obtained.

[0353]
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CLAIM5 1. A titanium black dispersion for a wafer |evel |ens conprising:

Lidan umbl articles; a dispersant; and an organic solvent,
e grel n 55@ ﬁ%oﬁore of di spersed objects that consist of the titani um

bl ack-(part; B cl4@8M HaVED, pakrJ k&K sdDamet ers of 30 run or | ess3-3256-A574 #125/11
phot osensitive resin conposition for a wafer |evel |ens conprising: the
titani um bl ack di spersion according to claim1; a photopol yneri zabl e
conpound; and a photopol ynerization initiator. 3. A wafer level |ens
conpri §03] As dempestiapdibmelabpro?, tthomaginan tremsnipeescntanGifrared vlidén @he, a

com nd
éﬁ%iﬁ ﬂéﬁémp%l_%h{fﬁ?’ﬂ&z% bR R PRPETREN R IR o

ol
gljedpﬁmgldﬁf’??@@m@ reg;dpqstaé;ﬁ, um bl ack
di sper sinproving cusabilifyerhileemaintdieing excstlent mitagsd light shieldindatility qfaitdniehes; a

di sper g@k; and an organi c sol vent, wherei n di spersed objects
I ncl udi ni u I l.es cont ajn atonms, and a content
of Si gﬁbg;ﬁi liE‘S( igﬁgoﬁﬂ“‘% %887:’1*? Comparstive %@P@éé 20 is 0.05 or
hi gher. 6. Aipfticheblnkicurable cespositvarfpdsiasippepadal. a wafer |evel |ens
conpri si ng: Thes, bﬁaelamuumemo&f#@sﬂioapg@,lson mﬂ-ﬁmamg&h@hmﬁgc icle

phot Opﬁevel f+ W?‘%&ful %r&d%ﬂﬁ%%era?ﬁ@%ﬁ%ﬁ%&c%% #%’%’é‘éﬁ%t on

waf er % ¢ %I
a subs?lf“é‘(’bmtge qllorvring Kplde & W emﬂﬂ#"ébt ained by curing the photosensitive

resin corrposfntthenluiadccmﬂlen@rﬁmsn:iom B3 3-D, 3-E and 3-F, the adjustment 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 25 parts of titanium black having an
average particle diameter of 30 nm or less used in the black curable composition 3-A
(titanium black dispersion 3-A) with a commercially available titanium black (128 (trade
name) manufactured by Mitsubishi Materials Electronic Chemicals Co., Ltd.)).
[0396] <Evaluation of Development Residues>
Developed regions (exposed surface of the metal electrode) of the light-shielding

films of Examples 3-5 and 3-6 and Comparative Examples 3-5 and 3-6, which were obtained
by a process similar to the above, were observed with a scanning electron microscope (S-
3400N (trade name) manufactured by Hitachi High-Technologies Corporation) and an energy-
dispersive X-ray analyzer (GENESIS (trade name), mamdactured by EDAX), thereby
obtaining photographs for morphological observation and elemental maps of Ti and Si with a
size of 10 umx10 um. From the photographs obtained, the number of particulate matters
having diameters of 10 nm or more in which Ti atoms had been detected was evaluated, and
the frequency distribution thereof was evaluated.
[0397] From the results obtained, development residues were evaluated according to the
following criteria. The evaluation results are shown in Table 8,
-Evaluation criteria-

A: the number was smaller than 10,

B: the number was from 10 to smaller than 50, which was within a practically acceptable
Tange.

C: the number was from 50 to smaller than 100,

D: the number was 100 or greater,
[0398] <Evaluation of Ability to Shield against Infrared Light>
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8. A solid-state image pickup device conprising the wafer level |ens
Rﬁgg&gﬁdg@gmt9£9%@5n17 9. A titanium bl ack dispersion conprising: titanium

bl ack partlc( a di spersant; and an organi c sol vent, wherein 90%
or brid- bﬁGﬂl%@MrE%MOOMKEUN$&Wﬁﬁt consi st of the tltanlum$dBa&%6bart|cle$mﬁ/H
have particle diameters of 30 nmor less, and the titanium bl ack
di spersion is used for formation of a light-shielding filmthat is
provided on one side of a silicon substrate having an inmage pickup device

section on thﬁcgﬁﬂegr&eﬁswg{ gé)l@é‘ﬂ-ztﬁ‘-%tm%'aﬂ& IR ve BLEMES 5

l'i ght. titani um [ .on to'c a|n1 erern
the di sﬁ?égswfﬁ %ﬂf’ae P ?xct?Brp'E'F S A 5&?}%’? Fared DRCRmIg a number
of at onfscaspetated) mgrdystd onpendaafahe sibstrites BA40 3BoakDMAOentiré-burfideexpbsaai UM
bl ack d»mmtmwf% BefdtePhviisE L Mﬁ{ Rty ls8fid 13 ﬂrpgﬁai
conpr i %ﬁ gh Ieas?1 %%gt Ebnﬂhltﬁgm 3 géﬁﬁﬁng ' 15 %ﬁé
f ol I owi MY FOTHILF & ‘Pl‘; f é’é’e‘?’% %i“ S‘Saé%PM 17/4/ 2012 | 4-0,-11;
u0: 4Farri; | The tranynittange O.fltbe light-shieldiNg films UBtaBRd Washkdshifad B whSdléngth (
0 8 é( 61— st?uslh a UVBGOUQ&Qddhanh rRfufadn@ed by B}ﬂni’ac{zﬁt Corpratid: ¥dm did: X5,
an |n e r.epresen [ atomor.a nDnov en
or gani é&%g CS&%Z ﬁle\fé VP ﬁﬂ&@%%%&rﬁq%ﬂ’&p%& ‘é@!@ﬁ 179;10
di val et }00mn gesoptaired, e, 23, 74, and Z5 each |ndependently

[0399] From the results obtained, the ability to shield against infrared light was evaluated

according to the following criteria.  The evaluation results are shown in Table 8.

-Evaluation criteria-

A the maximum tragsmittance was lower than 7%.

B: the maximum transmittance was from 7% to lower than 10%, which was within a

practically acceptable range.

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

D: the maximum transmittance was 15% or higher,
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represent a nonoval ent organic group; R represents a hydrogen atomor a
recIRNOV: %g@ﬁ Brggﬁgc group; and Its having different structures may be used
in mxture in e copolyner; n, m p, q, and r each represent an integer
of 12-t0¢-bQ05: AR/ Trandl Nk eadhsindependent |y represent an:jhtiegersof 2 to BL.27/11
12. The titanium bl ack dispersion according to claim11l, wherein the graft

copol ynmer conprises a structural unit represented by any one of Fornul ae
(1) to (5) in arange of from10% by rmass to 90% by mass relative to a
total mass of the graft copolyner. 13. A photosensitive resin conposition
conprising: fhe tltanlun1black di gperjsi on accord| ng to|l any one of clains 9
to 12; a phojopol yneriz= Zabl e conmpoynd;| apd a photppol ynerization initiator,
wherei n the phot osensi |ve resin qonpositipn is pused fpr formation of a
light- 12-04-17; O05: TA 1 YO, AJ| MARKATO, P3- 335b-5674#132/ 11

shi el di ng fi| mthat |34 ovi ded on one side of alsilicpn substrate having
an i mage pickup deV|céi§§ct|on on [the B ifef $fdej t Kérepf, and that shields
agai nst infrjared I|ghﬁ§sm14 A light4shielfding fjI mfofmed on one side of
a silicone sjubstrate ving an ing i tkup devifce section on the other

si de thereof| using thej photosensigive resip conppsition according to claim

13. 15. A ) shielding film conpri sing:
appl yi ng t he—photgsens opostter-acgording to claim 13 to one
side of a si i mage pi cklup devj ce section on the
ot her side t hsefsi 1i vE | ayer; patfernw se exposing
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devi ce sectloﬁ @n thqﬁother side thefreof; |a netal electrode provided on
the one sidg & the $¥1idon sgbstrate apd el ectrficall'y connected to the
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[0401] As 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 particle diameters of 3¢ nm or less is 90% or higher.

[0402] The disclosures of Japanese Patent Application Nos. 2009-240546, 2010-079581, and
2010-079779 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 as if each individual pyblication, patent application, or technical standard was
specifically and individually indicated to be incorporated by reference,
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CLAIMS

1. A titanium black dispersion for a wafer level lens comprising:

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 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.

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

5, A titanium black dispersion for a wafer level lens comprising:

titanium black particles;

a dispersant; and

an organic solvent,

wherein dispersed objects inclnding titanium black particles contain Si atoms, and a
content ratio of St 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 comprising:
the titanium black dispersion according to claim 5;
a photopolymerizable compound; and
a photopolymerization initiator,

7. 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 6.
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8. A solid-state image pickup device comprising the wafer level lens according to claim 7.

9. A titanium black dispersion comprising;

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 used 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 claim 9, wherein the dispersant is a graft
copolymer having a graft chain in which a number of atoms excluding hydrogen atoms is
from 40 to 10000.

11. The titanium black dispersion according to claim 10, wherein the graft copolymer

comprises at least a structural unit represented by any one of the following Formulae (1) to

(5):
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wherein, in Formulae (1) to (5), X', X2, X3, X*, X%, and X® each independently
represent a hydrogen atom or a monovalent organic group; Y', Y?, ¥>, Y*, and 'Y® each
independently represent a divalent linking group; zt, 72, 73, 7% and 7° each independently
represent a monovalent organic group; R represents a hydrogen atom or a monovalent organic
group; and R's having different structures may be used in mixture in the copolymer; », m, p, g,
and r each represent an integer of 1 to 500; and f and % each independently represent an
integer of 2 to 8.

12. The titanium black dispersion acaording to claim 11, wherein the graft copolymer
comprises a structural unit represented by any one of Formulae (1) to (5) in a range of from
10% by mass to 90% by mass relative to a total mass of the graft copolymer.

13. A photosensitive resin composition comprising:
the titanium black dispersion according to any one of claims 9 to 12;
a photopolymerizable compound; and
a photopolymerization initiator,
wherein the photosensitive resin composition is used for formation of a light-

120



Received at: 5:38PM, 177472012
12-04-17,00:49PM; TAIYD, NAKAJ IMARKATO (03-335h-0674 #132/11

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,

14. A light-shielding film formed on one side of a silicone substrate having an image pickup
device section on the other side thereof using the photosensitive resin composition according

to claim 13.

15. A method for producing a light-shielding film comprising:

applying the photosensitive resin composition according to claim 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 comprising the light-shielding film according to claim
14 on the one side of the silicon substrate having an image pickup device section on the other

side thereof.

17. The solid-state image pickup device according to claim 16 comprising:

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

a metal 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 claim 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.
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