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COVPCSI TI ON AND METHOD FOR PRODUCI NG A BLACK LAYER TECHNI CAL FI ELD [ 0001]
The presewd 20rvasg26on rel ates to a bl agk pol yneri zabl e eorpesiti/Hm66
including a specific alkali-sol ubhgcpipipfoNo! ymer, in particular, a black
pol ymeri zabl e conposition used for 1Sorm ng a light-shielding region of a
wafer |level lens array, in which plural |enses are arranged on a substrate,

and a net roduci ng a bl ack | aver using the black polymnerizable
commos! 11 BiACKPREIRRIZSaCE SuBposlttin AN RgkpieD B3 BRGWERANGA ( hi n)
i magi ng units have been nounted qggy i rmnals of electronic
instrunments such as nobil e phones dgegg%ggﬁg1 Digital Assistants (PDAs).
These i magi ng units generally include solid-state imagi ng devices such as

an i ma I Charge Coupl ed Device (C CD) type or an inmage sensor
of a @gﬁ%éﬁﬁ[iﬁ{%&{m tal - Oxi de Sem conductor (CMOS) type, and a lens for

for m ngogo HUNHE prestrtaRFentbn ril5tes &) 4 Bradit HOIGmeABEHIE SorffsithdiS: 1&199,%33 Wth the
reduct iqon ﬁn Si geesand tkrlli clllnesse of tﬁe ér%mee ter%ong(?ls an(Ijlcvvit t he

wi des prspedfiagikabfsohibée binééripelymeerninpaiticuldria blagk polgohedzatdacompaditiorsised and

t hi ckness_.of .an j. Lng.unit.nounted.on the nmobile termnals is required
and | P UEmETE e (A HETRG R Y4 Joieh SEnFnT S So Pl A e n R et T espect
to suc mrfaﬁgéu SIS srateantPd MethodfforBiodudingsd B[h'cl@%y'eﬂﬁﬂh%&elﬁ)é&s i s known
whereby a l'ens substrate having plural |enses formed thereon and a sensor
subst r dodymerigahly qmpositiosol i d- st at e i magi ng devi ces forned thereon are
integrally conbined, and the | ens substrate and the sensor substrate are
cut so as to include a lens and a solid-state inaging device in each cut
porti orBACKGROUNDeMRTt i on, adopting a nmethod of formng a |lens on a wafer
enabl es various sinple nethods of formation to he carried out including,
for exdfB94, Recentlynepmpastand low-profils(dlin) unaging wtsdaye beenmeunied ongiobile f or
exanpl J L : i j i -] | enses
o s e e B e D B e R R s oo 1o
pr oduc €PDespe cThese imaging noitugdneallyancteddsadidvdtete énpding dévitasrsaels asdreiniapened

fromonly a resjn usin l.d, ich are conbined on_a _sensor substrate
and t hefHseRer & biees G R DT eRgor & BirRe g 8f 5 CORRIETRREnat | on

Wi th regparbkiR SKessHdctol AEMOBIyRY af@FRING 61 B ot buBfetr RERRIAIRE | mMagi ng
devices, to produce respective i'naging units. WO

2012/ 040836rrROMapR0devic@33166 Her ei nbel ow, in the present

speci fi jon...each one of plural.lenses_.formed, on a lens,substrate is
referr 6@% S\Qﬂé&ﬁé‘?@g%%&q st,hwgﬂ?fsé?f_ < W@"‘Fﬁ%‘ﬁ%@@?&?&?&heon a lens
subst r atidespréudl usdion thethiébileaBEminslbsfufthéerediioneh B st 4d thivkiesvadf af | evel

| ens array. [0004] As a wafer level lens array in the related art, a wafer

| evel |iBWgingrungymeunted@nkhe mpebilekersnipals isaequi d impravsmephiartBen by appl yi ng
dr opwi : | y al te
(subst rpdyeiplsP Bchedredith ALY WilrErklio SUEH B0G:her AhALNE b,

cur i ng grbducigsimagirgt @titsds knowrawhérebg a lehs\whbstiatd hiavirgy plurah e@eek formed

prescri bed shape using,a no see, Ja aner\Ig) Pat ent Publ i cati on

d.(fo xanpl e
No. 392Be8RN AP ?q?f%rrwsﬁtrisﬁgw%afurﬁéel ritaisB1aging: degteeniermpg thesed a162648) .
In s O”ﬁn&gﬁﬁ? cofiblired indhb findisBSb3RCndRe {REIBIbstRE atRIR & tofihQiia DI ack

filmor a“netal filmmay be formed in a region other than a I ens portion of
a waf erlehseandla dobidsstate ingaging ¢evice infeatthentlpertsoni n order to control the anount

AMICLESE PR E I I £
et al s.methods of formation to be carried out including, for example, a method where only lenses
are produced on a glass wafer, for example, which is cut to a size for combination of the
respective lenses with sensors, followed by combination with pre-separated imaging devices
to produce respective imaging units; a method where plural lenses are formed from only a
resin using a mold, which are combined on a sensor substrate and then cut; and a method
where a lens is cut to a size for combination with respective sensors, followed by combination

with pre-separated imaging devices, to produce respective imaging units.



[ 0005] As another wafer |level lens array, a wafer level lens array is also
known that is obtained by form ng plural through-holes on a silicon

subst r at eayodHRAGE209 Spherical |ens ma%eri al s, whi ch hayerheaniersies
separatel y-f res ectl rou ondi the | ens
raCor a5 1 oleHatEiih HearERCa e SR P ol e Agridien £ids
mat er i alBstiafe Q6B W & a WERPRYelISRE aktPa E%u@rﬂf 1&Res RAHEESR)- leﬂsrbuﬁstkéws
obt ai ned by this production nethod ‘the Black filmor the metal fil

descr i bedudibgthe laes/substrateripeaferred torag@rwafer leweltlens artabfe amount of | ght

For moa 109 Fc AndntalEiens T ki hetCRfe B BN et rRli R oo ' °

bot h ofhappREAIGEAsKS Formen ehep@inl 191 AppNERg dfopWieth@urable Yaai Mhkribhaito theer e ar e
probl ens such as conplicated processes or |ens bending after deposition.

[ 0007] sorfageraf ananalel platri(substisted durmped| of iedighy tanseisvvpweteripbich as glaseandis ed

o2 Qb e TESR A by B 8 S R TN R Pk o RL Sl QB d kPO
2006- 2t 2%ample, see Ja ;hameee Bzﬁ&ﬁ Bufbhwhio@ﬂNca 3926380 4ndl Immiauz)aﬂlzﬁq)pmammsl tion
has a sufficient t-shielding property in a visible region,

trans ml%ubaﬁ%@naﬁoa” 2908110868 e | BEsoape ?%Wd@h&?geldm&%&on foa%d fahd/ or the
i ke, g i PO fiffn bt gmeta?? hasy wl%qnw[g fé{gl]cfﬁ%tﬁé}qhéﬂ 2k

polynerlza ‘e conp |on, 'S Nno I clent. I'S reason, ﬁe filmis
not sufgorttonesfld \yafenreeel lems @cdxeegmrpofrmé tems imondet tmecroatrolrﬁap am‘otuatoﬁ lighe- Wi se

exposure, .there hav such as peel he fi.l m .n_an al kal i
devel ofResie Sieeshropg @&%@&ﬂ%ﬁgee?fahg R ightooos]

Thus, %ﬂxeld]ﬂ@é&rhﬂl@%b&@o&ﬁ%ﬁf’b{‘g np%%ﬁ#ﬂg%é%&lkeﬁs concer ni “9 al kal i devel oper
resi stance has not been sufficiently Carried out yet.

2012/ 046m3mndtﬁmaﬂeﬁmmensw§mm@¥ 1¢ v/ T Rohy [s@@@g}novmethptnes ent

i nventi n i s e in e- nen .oned.as ected to

appr oa t‘"‘t“heé1 %@IBP’@ g@%‘f@%&) Sb‘@% icon SubS{FAIG Cﬁ?p‘)s’sng B eré§ Legf of the
I nvent irfgeridls, vehith Medﬁeﬂséﬂa@&&yﬂ@hﬂé&em #Rhtpesdhfiulzh MBldsedndiasthal kal i
devel oper resi stance, and accordi ngly, has an excellent |ight-shielding

pr oper tlgns materials tq theisybsiratst besoldesingeandhen pelishingcthe lens maserilote feema bl ack

polyrrerlz I f he is still
anot her® agglgg?egggﬁ‘ﬁ%%@@eﬁ‘?@%@oﬁpr ic%‘véll l(;égs 89{&%%%8%1@grOduc%%%mr?g{Og bl ack
layer, tidiblatk filn us tHeuthethlofilnaddstgbdd sbove hehiyrbg formgadoin ovderao vaxiten] theearmburdtens,

usi ng the bl ack pol yneri zabl e conposition. [0010] Generally, a resin
cont ai MfHghtpassing Herethtoughi 0 as an al kali-soluble group is used in a

cur abl e[eg(%gv +Eés@nn wHRMEM! -shfélcﬁn%?e%fbd i9 i eQbydR sélemsm el %r rl ed out

under y severe conditions s0-as to renove the residue of
unexposmprg@ententis requieeden tea!ms obbeth of podsluetivitsarshpaformendd, fgmothe an | mage
por ti on viewpoints that there are problems such as complicated processes or lens bending after
deposition.

[0007] On the other hand, a black polymerizable composition has been used in a coating
method in order to exhibit a light-shielding property (see Japanese Patent Application Laid-
Open (JP-A) Nos. 2010-8656 and 2006-276421).

In a case in which a black polymerizable composition has a sufficient light-shielding
property in a visible region, the transmittance of a radiation selected from g-rays, h-rays, i-
rays, and/or the like, which are exposure light sources used for curing the black polymerizable
composition, is not sufficient. For this reason, the film is not sufficiently cured in a deep
portion, and therefore, after image-wise exposure, there have been problems such as peeling
in the film in an alkali development step in which an unexposed portion is to be removed.

[0008] Thus, an investigation regarding such problems concerning alkali developer

resistance has not been sufficiently carried out yet.



Meanwhil e, in a case of using the curable conposition for an aperture of a
| ens, a light-shielding property widely ranging froma visible region to an
i nfrared wegoem4s®Rer equi r ed. I3 a case in which aclrijghtiisizied di ng
filmis formed using a black polynerizable conposition, inmage-w se exposure
Is carried out generally with a light source of from250 nmto 500 nm

f ol | owsSUMMARYOIOINEBNTIONNg an al kal i devel oper. However, since the
curabl e _conposition i ncluydes a black material capable of shieldjn ﬁ"fl:i ght at
a wavel[g%qt]hTﬁ%aieé?mé‘fvePP%‘HSZB SIMVIY SHRPONRMEIHane @?PFCtﬁ’raélﬁé ’cr?cg © of

t he ex;gi??,l%&l{ﬂeq,lg ec&%rd%&fr%b%dibQEWfiCi ent, and thus, a deep portion of the
f or med m may not be sufficiently cured in sone cases. Therefore, in a
case i n whi cfihatay,ehaspeendf ths imantior ¢ to providele black palymeeizyble evrapesitiamdi t i ons

i n orde 0 event reduction of the resjdual fil a.strqngly acidic
car bpxﬁqtilaa@ﬁ(ah AeYPIenen ISR G AT RS aoisr s #lgflﬁﬁegfi ARG
portion, andltti@b&%thér*&%&t P%e BRRAti8n fdPptePide atiaddk p{o%ﬁigi&iiaﬁl% dahlﬁogﬁi,oﬁt rength

of the imge portion nay |ead to peeli'ng of the I'ight-shielding film(black

fil n) . capable of baimg $prayrooated.i n a case in which the bl ack pol ynerizable
conposition {or the curable c ositj.on) is used for.an apgrture .or the
ke of & waltds Lt aneset SR ERsGHER o prPeHE S Bed P aRfeime Pk
conposijyjepRvhish KARERY f61 1he RS RIiNEYeBlondTA WdTeledelll&RtS udifg fiRMBRA t hereon, a
method i'n which a lens is Tornmed on a glass wafer and then a bl ack

pol ynemokadrizablereonippsition i s coated thereto, or the like may be enpl oyed.
rovever,o par b SHLAr L LD oL NS GASE 40 R 63 BL AR O NFPLIAB e in

conposli er a ns een 1ormed, ectlive

apply tdagsbld @mkpaitione Hotabbigircoeaze $n whivh deRelbpiesitis uarkied @usuizt r at e by
spray WD 2012/0468264PCT/JP2011/ 073166 coati ng. In other words, the
i nvent delativaly serergenditinns sp g ot ieme Ve thededidueplsan wieypased goB Dy therolayen| ack

pol ymenj.za n{oﬁlemgﬁh% iaéoyrl}iﬁﬁ O?Qggﬂ%%ei%ﬁ?&w t, have found a bl ack

pol ynmeri zabl e conposi avin devel oper resistance, and
accor di ngl y, Meanwhile,am a exseaiflusini theé glrabls kbmpadsition forapapénure ofie lémsyant or s

have al.so faqQund a bl ack po] yner.i zabl e conpositi on capabl e of being.
o oy U U e TraeRD: WO HEENE o Y SIS REqa A8 TaleEs e reditsduci ng

a black | ayefn » Wk GhwhicthUSIgiHtshieif hingﬁtfoﬁﬁé@hgﬁ%g bla€RpORnRkizablwaf er | evel
| ens, using the black polynerizabl e conposition. Specific exenplary

enmbodi mempssitibn tinage-miserexiposura isecagised @it igengrallyxwith adight koysed ¢infiee 240 nen

iti i di ng: A bl.ack i al; (B) a.pol i i
oy 00 e Filogs e denlopmentslngim pIBKgdTRloBEE  Hovfgln JielR BTG e
bi nder cpRlpysEbn thided a d1A6R ingHiériad ¢eFablCoMEhldditg fishviaGidveRhgirebidast 30, 000

and having a polynerizable group at a side chain thereof. <2>The bl ack
pol ynerfomBP@nuda3e8nm. e light Gaasmigianes ofthe exposwgilight spurgeay insuffigient,

and thus, a deep portion of the formed film may not be sufficiently cured in some cases.
Therefore, in a case in which development is carried out under relatively severe conditions in
order to prevent reduction of the residual film, a strongly acidic carboxylic acid may cause
penetration of the developer into the image portion, and thus, there has been a concern that
reduction of the strength of the image portion may lead to peeling of the light-shielding film
(black film).

Furthermore, in a case in which the black polymerizable composition (or the curable
composition) is used for an aperture or the like of a wafer level lens, a method in which a
black polymerizable composition is coated on a glass wafer and then a lens is formed thereon,
a method in which a lens is formed on a glass wafer and then a black polymerizable
composition is coated thereto, or the like may be employed. However, particularly in the
case in which a black polymerizable composition is coated after a lens has been formed, it is

effective to apply the black polymerizable composition on the structure substrate by spray



material is titaniumblack. <3>The bl ack pol ynerizabl e conposition
according to <1> or <2>, wherein the (D) al kali-soluble binder polyner is
an al kal iweabisnl4es2bi nder pol ynmer havi ng a wei ght aver agecrabsaubziscenei ght
of frOQ%a%%goo to 100,000 and having a pol ynerizable group at a side chain
t her eof. "<#>The bl ack pol yneri zabl e conposition according to any one of <1>
to <3>, which otherwwedsfthe ifventoref the piegtit itentibal hag ex@gisbrlyostudiedvaf er | evel
| ens. <5>The bl ack pol ynerizabl e conposition_according to any one of <1> to
<4>, wirBpus Rlagappl pmerigablgcqamppsitinng,and a5 adesultcBaverfound a black gplymerizablg| e

conposit.i . ' > <B>. ' 150l id
cont entABsRER R AhRAH dBto R Foilart S hoSodingt N Bb BnE s RePROKRIRT ' S
by nasshieldiag p@pbitac KThzohyerons habd alse found i ladkpohnaerizhblegconpoaiipnone of <1>
to <6>, rein . the polymnerizable group.included in the (D) al kali-sol uble
bi nder BRAYGRY being spraysepafe -ngB@S,gltlﬁnﬂtgP Haepiprs avs fpundya gxe&wgafobpr@dbeman

al lyl gr , i lan : . ' ' up or
oy AT 8 R e e 0 B IV RN fms g LR
any ongobimerizable@oripositinier ein a content of the (D) al kali-sol ubl e bi nder
polymer is from5%b Ss to .75% Db Ss W.th res t to the total solid
Cont ent of t RESSHC ATy ratoS IS Y Juvertigare 3 1o fows

<I>  Ablack polymerizable composition, including:
(A) a black material;

(B) a polymerization initiator;

(C) a polymerizable compound; and

(D) an alkali-soluble binder polymer haVing a weight average molecular weight of at
least 30,000 and having a polymerizable group at a side chain thereof.
<2>  The black polymerizable composition according to <1>, wherein the (A) black
material is titanium black.
<3>  The black polymerizable composition according to <1> or <2>, wherein the (D)
alkali-soluble binder polymer is an alkali-soluble binder polymer having a weight average
molecular weight of from 50,000 to 100,000 and having a polymerizable group at a side chain
thereof.
<4>  The black polymerizable composition according to any one of <1> to <3>, which is
used for forming a light-shielding region of a wafer level lens.
<5>  The black polymerizable composition according to any one of <1> to <4>, which is
capable of being spray-coated.
<6>  The black polymerizable composition according to any one of <1> to <5>, wherein
the total solid content in the black polymerizable composition is from 20% by mass to 35% by
mass.
<7>  The black polymerizable composition according to any one of <1> to <6>, wherein
the polymerizable group included in the (D) alkali-soluble binder polymer is an acryl group, a
methacryl group, a styryl group, an allyl group, an acrylamide group, a methacrylamide group,
a vinyl group or a vinyl ether group.
<8>  The black polymerizable composition according to any one of <1> to <7>, wherein a
content of the (D) alkali-soluble binder polymer is from 5% by mass to 75% by mass with

respect to the total solid content of the black polymerizable composition.



WD 2012/ 0468265PCT/ JP2011/ 073166 <9>A net hod for producing a bl ack | ayer,
the nmet hod i ncl udi ng: appl yi ng, by spray coating, the black

pol ymer i 2abl2e1200a6526si ti on according tos any one of <1> tecsSP2anmies surface
of as dt ql b A | ayer; and

appl yi r#ggeneg‘d{lla{lm ﬁg&%ﬁ]‘ér’?&? %Mlﬁg 1:hgrrrr\ii‘e(r?}ilir&z)(gt%Fltu 81%rrpom tion layer to cure
the formed bigmt¥ingMyyspeay coatihg, theblacks pblyaierizable compdditonliveordiidrchnfyor
producing a black layer according to <9> wherein the surface of the solid
i s a sonfatglvfo adpedtogrurtace oo folidro darmha Rleek polymesizable rampasidon kyen| ack

| ayer i,gqa light-shielding region forned in the peripheral portion of a

waf er l'evel |lens. [0011] According an aspect of the invention, a black

pol ymer i zabl epptyinpesérty anthie atmedadackrpadyierizabitesoshmsitionrigyer $4 aure ¢he and
accordingly, hibits an excellent |ight-shielding property is provided.
Fur t her© ﬂ%@dﬁ%%n?gy%rl@mﬁmpoa’élﬁééve5f the invention, a biack

pol ymrerd;gabl PhERRBRAITH! HBAGIRERbECR InBPARGER BY/280301fkih P IG e

I n addition, cordi ng o st anot her aspect of t'he 1nvention, a nethod
for predid 1snagsuafab¢ af&péripheral phition of a wafaflaVelﬂms and thg biack hayet o en]gghtegl on of

a wafer_ Jlevel |ens r vi de bI |.ymeri zabl e conposition.
BRI EF Bﬁ’éfﬁwwsmfeﬂ“ ?\I@“ﬁ‘@ff’i alw;}grk]ﬁegll n vi ew showi ng an
exanpl ¢o@f1]2AME8iglaB\uShect B1'he HivedMon, ablack ﬁilﬁner@zdbfe QP REDNIRAH0BR| Vi ew
of the wafeér |evel Iens array shown in Fig. whi I's taken al ong the

line Aalkah developgrirgsistandesand adcerdinglineixhibits Iaeemeéheet lcght-§hlpblnyg prgperty®s di ng
mat eri al (g formng a lens onto a substrate. Figs. 4A to 4C are views
show n ?‘ﬂ cbrocess of formng |l enses on a substrate using a nold.

Further, according to another aspect of the invention, a black polymerizable
composition capable of being spray-coated is provided.

In addition, according to still another aspect of the invention, a method for producing
a black layer which is useful for a light-shielding region of a wafer level lens, is provided

using the black polymerizable composition.

BRIEF DESCRIPTION OF DRAWINGS
[0012] Fig. 1 is a plain view showing an example of a wafer level lens array.

Fig. 2 is a cross-sectional view of the wafer level lens array shown in Fig. 1, which is
taken along the line A-A.

Fig. 3 is a view showing the state of supplying a molding material for forming a lens
onto a substrate.

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

Figs. 5A to 5C are schematic views showing the process of forming a patterned light-
shielding film on the substrate having the lenses formed thereon.

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

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

Figs. 8A to 8C are schematic views showing the process of forming lenses on a

substrate having a patterned light-shielding film.

DESCRIPTION OF EMBODIMENTS



Figs. 5A to 5C are schematic views showi ng the process of formng a
patterned light-shielding filmon the substrate having the | enses forned
t her eon. WoQo164bs6a vi ew showi ng an exanpl e of a waf er pcewetoll/ersssarray.

1 9S.  S001, BRI AR RIRL Lo LB BROAR AR e HIBAGHIT plertifea

proces orm ng a’Ilg

schenatih detdil GMExplhmﬂdﬁg)f&}h&anmast&l@ﬁeﬂt@dmﬂbed lmsms madeosthediasiaioé havi ng
a patterned light-shielding film WO 2012/ 0468266PCT/JP2011/ 073166 [ 0013]
Her ei ni3s GRreseiHatiyy %@%@F%‘ﬁ@f thedpyeatienriyt e inyention 1§ At ImRHOISYFA wi 11 be
descri hed, hﬁn&% ail. Explanation of the constituent elenents described

bel ow i's made on the basis of the representative enbodi nents of the

i nvention, blit the lkpedification) thatdrm “rsmp” Ior hprbemts’tmrmuoiﬂyenhmdhpamms step, but I n

t he speci flca ion, the term"step ‘process” is not oply, an i ndependent
step, ingly .arﬁ?ﬁa @we&e&r#tegptrlgﬁﬁm@ of the é@BF&?Wﬁ%‘}d/“&EWQS €of the

step e\é?é&rl‘g'@?ﬁ%nh{méi@d‘ Bt QiRerGlep@r |y discrimnated fromother steps.

Furt her he speci |cat|on the nunerical range expressed by using '
denotes a r aﬁgehamolthnjsmglfaam»m nhcenumaicabraagd expramed bplusing o€ ddostes abed
beforeandaft 0014] (D Sol upl e Bi nder, Pol yner

The bl AERESBryfEe R anirte Bl GeH Aaoal YalGe dosoahd bsfoe At ahel Bt

al kal i -1601410}®) PikaRSoLPY BiEEr Polyhbd a Ve ght aver age nol ecul ar wei ght of
30, 000 "and "havi ng a pol yneri zabl'e group at a side chain thereof.

Exanpl es of Thebleek pﬁlymerlh@hle eonpesition efshe he/enmrnm@}udﬁmalbalk@lheolpb))e

al kal i 480 ubI der po used | the in d 28 ude (neth)acryllc
pol yrrerb miebB?%n Bﬁ‘gﬂ%gw%gﬁgverﬁ%ﬁ r§1\9 l<}]IaI At ¥‘E8féd)go Sl "?‘Ps gyV| nyl butyral
resi ns,pop@hetizablglgrouy dal sideashatisthe@bfir ene resins, pol yam de resins,

pol yester resins, epoxy resins, and phenolic resins such as a novolak resin

or a resol rEsamplepaf fthr:@e yaer hat emlﬁ;ta%ﬂry main ghaiy gEthe (D3 alkabirselublesi ns, and
h I t t
B 1 eipdef Pofiep bt BhPhdbion (LA Rhethigk R PR mierd MR R rcBRES! LT VI LY
pr ef er qiol}er,m)a aliohaﬂabhha@bmrwl polyyaleesinsapelyningl fqpmal esimb) styrehfetims, The
“"(meth)a i, C poly s)" in the inventi nre ers.to copol havi ng,
as a pd®° @’ﬁ‘é? ez%‘??’in&rp O HEHIS; CROXY YRS &Eﬁ? 9\"?"8 19 L70S SYCR AR H?%lfg%/ﬁs’é‘ ester
(such a3 agBohtdsit. %}tﬁfular@nﬁﬁ&){ acf?ﬁk%l nits %lt}lr&lle RSihS raznd%eﬁ(hﬁ: eéik€dre @

(neth)acrylam de, or a (mét yacrylic aC|d derivative such as a
( met h) geetgtablel d&uctber fram theVIeWp01nts oisensitvispand feselatipm{methjadarisic case i n

whi ch h " " i bed h | "
e Doltgire 8 Relithebape S5t are SeferaE A Titmagr i Fer e meb{The " 2"

i nvent igéfefabfecr s to a pol yner produced by a condensation reaction of a
conpound havi ng two or nore |soc¥gnate groups and a conpound having two or
nor e h)[@@b%]yirh@ acrylic polymer(s

in the invention refers to a copolymer having, asa
polymerization component, a (meth)acrylic acid, a (meth)acrylic ester (such as an alkyl ester,
an aryl ester, an allyl ester, or the like), a (meth)acrylamide, or a (meth)acrylic acid derivative
such as a (meth)acrylamide derivative.

In the specification, in the case in which either or both of “acryl” and “methacryl” is
described, “(meth)acryl” may be denoted in some cases.

The “polyurethane resin” in the invention refers to a polymer produced by a
condensation reaction of a compound having two or more isocyanate groups and a compound
having two or more hydroxyl groups.

The “polyvinyl butyral resin” in the invention refers to a polymer synthesized by
subjecting a polyvinyl alcohol obtained by a saponification of a part or whole of polyvinyl
acetate to a reaction (acetal-forming reaction) with butyl aldehyde under an acidic condition,
as well as a polymer having an acid group or the like introduced thereinto by, for example, a

method involving reacting the remaining hydroxyl group with a compound having an acid



The "pol yvinyl butyral resin” in the invention refers to a pol yner

synt hesi zed by subjecting a polyvinyl alcohol obtained by a saponification
of a partworomwnmabeeéof pol yvinyl acetate to a reaction (aceteteriorreang
reactigﬂ%%y6gn Rt y! al dehyde under an acidic condition, as well as a

pol yne ving an acid group or the like introduced t herei nt o by, for

exanpl §0086] nﬁ‘hh Ostyieny edsinrig theciaodritiog reflees tbearmﬂytnag)m@idabw&o;@nmmz&ibh a
corrpound hav] a acjd V\D 2012/ 0468267PCT/JP2011/ 073166 g p or the
like. [(©626% i @0 ygiepzatn)of an gromaticioemponyd pishs benseapsnapathalessy yier

obt ai neagtlm(c aben rbc.ﬁﬂé %H;Vgﬁﬁhgfl’all{eﬁw %@L\# Mhyeﬁeardlﬁﬁ grﬁg% isQliredy aromatic

conpoun suc ene acene, erocycle, to
whi ch dinkad I«amd;(inegr)mjdusmd]amﬂoxaa Qmenly)acgrthoupldl dEndam\eact ly I'inked, and
(meth)acrylic ,acid and/or a acrs\},/w]lc actbd derivative.

aromatic conpBtiAPMALS comPe ’F‘?Y ¢ agpshifuted Wi ’rf(’éﬁ’éﬂ%ﬂ’&a@’q‘i%fl&mp’ﬁr oup, a
car bOXB@abexgﬁ@g‘nF&u aaﬂé}bé&ei?oxﬁtﬁi‘&lkﬁ;%éﬁnﬂ;% alleQYParofp) aﬁ' l%upﬁ% an

al kynyl grolUp, "an am no group, a ca group, an ‘et her , an

al koxy caribo gydupga carponyd igrapy ametbmngmu]g,ramqtkoxycmjoamyi gyompn oayr:embqnyl gr oup,
an al kox rou a sulfld oup nmer c or the lik As
Flor "t nett gui BoRByn 11 4105R: 32 SPioRE erahe &g BrouPaATERF P ETHRY 2 at | on,
cation tH@hyéT'erl zation, or anion polynerization. Furthernore, after the

pol ymerization, if necessary, an alkali treatment, an acid treatment, or
the |ike mayAbéon:taib pplyehesigation itds pessibletorkastyraa resdl@al pplymegigation, [:@IMV] Any

one of other sins na used..f or nst. f ut.i mai n_chain
oF% he EGriZaB30. 08 il G RR bR, i heRR e RcrSBF B tEhnl e BB
pol yur einhdiadi tr@shasg, desid irbgtheht) opticaike apdysbd PR onit@o bORRSE] d&lired P- A No.
2005- 250438 and the |ike, a resin having an am de and a pol yneri zabl e group

in a noty@erf Esither eof descri bed i n paragraphs [0009] to [0019] of JP-A No.

2212 ﬁiléﬁllggﬂg LRE of bt re ?ﬁk %s@d ?(Qttl?é né(?gsng%/ %r{%ﬁgfugg %eamﬁﬁ‘ﬁﬁgmhﬁ”v' ng,

nent, ~acry and a ter with an epoxy
gr oup- cthmlkhlm-ismlgblerlﬁmdn lpalyad:r uomadmmltldms cFortexdmipte, fieerpodywapdhand R6ihd] to

al kal | Basriioton pragepp03Ae 11T Re P bn Flgs TaharE mal iy 1nsce ol g

mol eculiglingeindtidé Snd4 ﬁ(f)l?ﬁﬁﬁkﬁ)lé Brouf i1 nffleduMhicbF A& cAbs fngﬂu—ég | mage

portion that is an exposéd portion into a devel oper during opnent, and
has a [{1609%7de {GHBI ef H-Auyo. |2ﬁ1613&é21 arsl thenpikeaadtalresio lqbaineldwweactmg aresihe

wei ght aver age nol ecul ar th oI u i nder ner in the
" vent B E S PR geRlont e id s Bar Bl dfeblls SRR BT ghe i <

| ess t fb@ﬁta%ﬁn@ﬁﬁ’satdr@téd sbmpsedefesédtediiipaRgRPhs [004] ® [ObPS]dﬂ\JBl&N@r 200D-not
sufficient. urthernore, fromthe viewpoint of the devel opability of

the i r’rak?érb?)ﬂlld‘tbﬁh&ﬁdnmbﬁﬂwdge portion, the weight average nol ecul ar

‘gg'ogg}) 6,861[%“%95@1 soﬁllg ut?lrlcger%lﬂ [}}iilge(rs 6’9 fﬁeyl %‘%’8 gpéfgrfagf)ﬁQQS h&%lpmol?égu 0 to

re prerera even re prererably
f r om 50yaght i§ preftﬁ%l@ GlOterms of inhibitinghelutiory efvn image pbrionehglis anvepsege
nol ecul ar ,wej reiers to a va{ ue meaﬂﬂjed i term;blof styrene by neans of

a Gel MROFRILIN ‘b*h deiciansrduipedaygiopas ftripolymerizable group in order to

improve the curability.

The weight average molecular weight of the alkali-soluble binder polymer in the
invention is at least 30,000. When the weight average molecular weight is less than 30,000,
resistance of the image portion to the developer is not sufficient.

Furthermore, from the viewpoint of the developability of the image portion and non-
image portion, the weight average molecular weight of the alkali-soluble binder polymer is
preferably from 30,000 to 500,000, more preferably from 40,000 to 200,000, and even more
preferably from 50,000 to 100,000.

In the invention, the weight average molecular weight refers to a value measured in

terms of styrene by means of a Gel Permeation Chromatography (GPC) method.



WO 2012/ 0468268PCT/ JP2011/ 073166 [0019] The al kal i -sol ubl e bi nder pol yner
in the invention has a pol ynerizable group at a side chain of the polyner.
Exanpl es wb 2bfra4psabyneri zabl e group i el uded in the sideceheinibrseéude an
acryl , A l. .

or vl ay oL B BRAEGHHle s Boly et W i UR e PR AR,
group. skdeaiiuintof the polpent Exampldsaliithe polymeadzabkagriouy iricjuded in tersyde capup, a
met hacryl. group, and an all|yl group are preferabl e, and a nmethacryl group

i s mostiglpds ay agsylegroup, a metiesylgropme ssyryl sroupn Ayl group) an 146 ,g°UBed i n
t he si 101l r 9 80 : i e total
m)nome(r!lenl}%li]?dsr?l ﬁ%&%ﬁiﬁnﬁhgﬁﬁﬁ 3ﬁer?%/0gm&é ggllregﬁltp?g}) n ?%O?E%W§§gds@st§?d from

t he vi ewbditptad efactiens ah hotiyt groupleamethpatyl groty, andrank adlly hiolip taye, preferatde,nor e
preferably from 30% by, nole tq 60% by nole. [0020] Here, exanples of the
met hod ap_eram?ﬁbq%ﬂ&??%lsérlcﬁbpﬂﬁgﬁ?ﬁiabl e group into the alkali-soluble binder
pol ymer i ncl #eadofRloRest ddby bl £Iras Inclded 3 MRNAd dhafiih Bhetlabliforki nder
is reacted wwth a conpou aving a cyclic ether and a (nmeth)acryl group,
such ad0gs hemald torBdthbye mela irethesatabimonemeninits gackehaviveg ppodlymerizatdd gwugr oup,

d i.bed . i 0014]. of .JP- A No. .2000- 322 Lt he .liKke;
et hod I HhevieRes FRITSHR ey RyP R e At opphEr Ao SRpHE Rs e o8
mai n c%agﬁgglﬁoﬂ,go%agscfr@fgwwt%g@n@mxy gr oup- cont ai ni ng unsat ur at ed

conpound, and a binder” in which a nononer having a hydroxyl group is used
as a cdp0]nHerez exanplecoithe mstodi for inradedng aipplymerizablp grqupl into thealkalii de or

acrylic dride, ;or acrylic chlaqride.or ne | l,or | . .
dosor | BRABI A Roher B Smsdod i, M o PRE O e fie KON HE IR i o1
nMononerredted With a chmgownd/Mavitigtiidclis ethee ands (et RRE} \odIp, Zwdhi a3glyddyionent i s
allowed to coexist with nethacrylic acid or acrylic_acid, and subjected to
dehydr ansthasrdatedanasdeiigfroduge thepohanerizablegropn. @p descrbed iepardgioptnp014] of
nmet hacrpl A &.26¢ i j d . ' ' ' j si de
Chai n 1505 3000 FE721 i i 1T e ASYACH £rRE) ARk Ric AR Ba 2 2 O bed
i n par dmedDicrylddaBdr as inaltredinpénenRGS beadféd vitheardeolg graupeconfding] The
al kal i -sol ubl e bi nder polyner. in the invention has functional, grqup that
e pr ¢ SO HRIER OMPONTb AP PIdes T WEIch g B PP U8 FRY | ERSRAT iR al i
sol ubi I doyotythekitidh QETonBRY i¥ FBkted Wit £ mBREES e aihididle or Ayt RHRFdriIR] Y Mer
has an acid’group a nolecul e thereof. Exanpl és of preferable aci'd groups
i ncl uderacnylic bbboyide or methdcrytio ghloride msdestribed ¢n H-ANGr2900-19473besphosphori ¢
ester qr .a sul fonic aci rou a sul.finic.aci rou sul f onam de
o oup, TaethLirGNEEh AP iR ihonftn Aying RS RS fediR  useBafl) ' aCer at o
group, capslyfefizain coaspohbratiesiowed to coeXiktonith hrthabg o atidldr adfylis QORI and/i t Y,
stabili té, and devel opability, the acid group is preferably a carboxylic
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aci d grssbisctededehydeatignfeandensgionpprd methed ip svhjehed mopomphdvingamethasryHas an

. P . .
ot of er SBEVERR o en AR el PR AR Y sdecindl 2 PO LIS A NS 150
NYKOH go a treatmenf\wvithQrbase, ke dbsatibéd in paragraphu[0028] 65 UP-A N 2005+aT 949t amdprhe hat

inparts,_al kali solubility to the binder polyner, when polynerization is
per for ks by radi cal polynerization, the functional group that inparts

al kal i &ﬁ@ilﬂgghﬁgll&aﬁ-@oﬁﬂfe B?Enﬂéi’ gp%mﬁf iHPh1BA hhdh RpdHERH gmﬁpaﬁaty merization

of a conpo avi ng an acl andea pol yneri zabl e gr dup such as an
et hyl ergprssesplkabisolubidiy. neAhtherfuhdtionalcgrdyp that imhpartsadiiadi, solibmlyty e thediindeaci d,

or vinyl phenol . Further, introduction af the functiona 0 y al so be
achi ev DBy ARErsan heLiRe PORR R s A P PR A B S5 BB v o
In a cas@niplesdfpraitiaBRYcH fH8Ps inflle §¥aBBkAic ééid‘?‘ohﬁ,da pHibsphdridcid Slob,
having a carboxylic acid noiety and a diisocyanate conpound are subjected
to a pdmemphespheric gsicr gaup. asulioviciasid greup.c wifinie aeid groum a saljonsmiderpl oyed.
th | i 20! ubl e
LVCS

[0022] Wen_a,pol r constit,utes th Ln.ghai.n of th L,k
bi nder S ARReRRErxtf R oR i S, e RIIEp vl d8esdiehrate S it
havi ng tReré@ boxyl i ¢ acid group nay be obtai ned by radical polynerization.
From the viewpoints of sensitivity, stability, and developability, the acid group is
preferably a carboxylic acid group.

When the alkali-soluble binder polymer in the invention has an alkali-soluble group,



Exanpl es of the acid group-containing nononer that may be used in the
radi cal polynerization include acrylic acid, nethacrylic acid, itaconic
acid, crovonhr/maes2d, maleic acid, fumagic acid, phthali ecagprzh11/073166
rmnohy :

P car b YRV IS ni ORI PR ORI, AR AN RRAP SO R Grv
2- acryltoy 0o xnp&Oiig. hexahydropht haI ate, phthalic acid nonohydroxyet hyl

nmet hacryl ate, co-car poI pr ct one, mononet hacryl at e oxyet hyl
met hacr y| at e S;forn%ma Vr@@m @F funcionali group that 1@%@%@@9%5 et hyl
hexahy W e nonomner
havi ngqgﬁﬁggg@dlﬁﬁyﬂrl dltla I grq g%[ogﬂﬁégﬁ%@% Ilg?iga Cl é@ i et%lg ot her

usabl e fomnionel groumthabenpsisdlkali solubllﬁxamﬂiednnda:’r palyrrmnmwrbeammexhiced [0 bel ng

copol yneri zed with_the aci oup- cont ai ni n oner, incl ude to
descri B’é’iyf%}z&ﬁ?n[’%%]lp‘( h%&“&lainéc eri %lp 8&? ?%%é’é%%s aneach

havi ng Q18! g??@ 'sﬁcﬂqéé%&lﬁé B¢ 24P, acBHichcRS v&y‘[ﬁéﬂ&&ékﬁ&ﬁhbfﬂ v1ﬂ§1&3}iéxﬁ;1 e,
2- hydr oxypropyl acryl ate, r?;y droxXypropyl acryl ate, hydr oxybut yl

acryl atharthgs hyr,hdumymt d»@the fmlchamai)gtcalpemaﬂalhqtjq: @o&ywedrw'lpo&wmtrmg/l ate, 3-
hydr oxypro hacr roxybutyl nethacrylate; [0024] (2)

Al kyl {%‘( Bgepg’ﬁﬁ‘ﬁ é’%lao Il?ylhy&ﬂlgjlﬁ Ate, ethyl acrylate, propyl acrylate,
but yl acr yl alrPa cdse QP H uydthaAfeHihdek, Sor SBMpl@ G MétBbEin WRXK la BEIMak R

2-ethyl hexyl acrylate, octyl acryl ate, benzyl acryl ate, 2-chl oroethyl

acryl atcerbogylnaqw modesy y?ln@w énsc&yanaé@mpwdcﬂﬂ@mwwpl a ppdygpndensatien ny |

acryl at e hen vin I at e, nyl acrylate, allyl acrylate,
2-all yIr %?ylgflﬁ ntég'rl acuii ro abregey? plgjgeﬁiyl ate;

W2012/ [OMZWG@dﬁﬂ&khéﬁbﬁiﬁﬁteé §2h4in (cBinAf ke alkai-bslably baides pslyailer as
met hyl nethacrylate, eth net hacryl ate, propyl methacr yI ate, butyl
met hac Ay theriavertiogps;a (ne Wé’@rl%?ll%&l@ a aneﬁB@\ﬁa& A ypRosylicaeid gronpmiaydey | at e,

2- et hyl | ohexyl methacryl ate, benzyl nethacrylate, 2-
chl or oe@%%édﬁgggw ?ﬁi&zal%gl dyl nethacryl ate, 3, 4-epoxycycl ohexyl mnet hyl

met hacr yl at eExamplgh ofiéhe iaaxdrgrbu;i eontﬁnpigen(yﬂonwrnlydt nyt beacsey irathe radiegir openy!|
met hacrylate, allyl t hacryl ate, 2-allyl pxyet hyl t hacr Iate L.
D opar GPb higirhe Jiomde acnic el z)eﬂaaeww Gligcapte iyt atichinedicatidas
acryl arﬁ]ﬂﬁﬂﬁ%ﬁ ﬁéﬁ azmdjrﬁon&l{;ﬁ TE P4, a%d@ab&)ﬁé/cg%’éagf’& J)l?em de,
yet

N- hexyl acr e, N-cyc o exyl “acr am de acryl am de,

N- phenyhormwﬂaenﬂ:learbcﬁkyetnyn aqriiany 2-zecylyylaxyeieyl shhcﬁmbmbrdl\lbhemdylaqremyar ni de,
vinyl acrylamde, vinyl nethacrylam de, N, N-diallyl acrylamde, N, Ndiallyl
net hac rlwémda@htmlatg‘np lylaalﬁm@whadroeswtwl rnebhh%?;w awaboxy[ 0026] (5) Vi nyI
et hers s ch a

Vinyl - dERER R aE. Psgr STt SRR PR or

pheny! svbaiic aefdhzrmethacryloylokﬁath;\{ HRXAhyRIPS Rt Sal i ety asd mcawoxg&ﬁteﬁé @ndVi nyl
chl oroacetate, vinyl butyrate, or vinyl benzoate,; renes such

as st yrexpmples ofitheniponomyar daeing an apidl ashydridednclade @mfm«iéqusymdcly raellde Fyrther,

p- acet oxyst ynen mOnomersmyf&)us\édnyl ket ones such as nethyl vinyl ketone,
et hyl V|nyI Key 6ive prop vinyl ketone, or phenyl vinyl ketone; (9

A ef i ns suchEasmplebyt € anomepgpableaf beihglkuplymirezedwiththeesetd groupd sopr ene;
[0027] (10) N-vinylpyrrolidone, acrylonitrile, methacrylonitrile, and the
li ke; Contalmn% !PPPOIBﬁTSI&P\H‘FiﬁUédOi(]fﬁ)d’égcrg’l?éll?ew mal ei m de, N-acryl oyl

ﬁfz gl_ 2 3 (]b m%g& es@ acr y !hggf"&rﬁg estu'('ipééaﬂ'hg%k aH%hBﬁéi{cMJyﬁfH)&Fgm%
such as 2- hydroxyethyl acrylate, 2-hydroxypropyl acrylate, 3-hydroxypropyl acrylate, 4-
hydroxybutyl acrylate, 2-hydroxyethyl methacrylate, 2-hydroxypropyl methacrylate, 3-
hydroxypropyl methacrylate, or 4-hydroxybutyl methacrylate;
[0024] (2) Alkyl acrylates such as methyl acrylate, ethyl acrylate, propyl acrylate, butyl
acrylate, isobutyl acrylate, amyl acrylate, hexyl acrylate, 2-ethylhexyl acrylate, octyl acrylate,
benzyl acrylate, 2-chloroethyl acrylate, glycidyl acrylate, 3,4-epoxycyclohexylmethyl acrylate,
vinyl acrylate, 2-phenyl vinyl acrylate, 1-propenyl acrylate, allyl acrylate, 2-allyloxyethyl
acrylate, or propargyl acrylate;



(12) Methacrylic acid nonomers, each having a hetero atom bonded at the
a-position thereof, such as the conpounds described in JP-A Nos.
2002- 309050 2amhe@f292- 311569, and the hipke. [0028] O her PeijPabl/enea'&anpl es

ther eofoh Gl o LRLIMAG XA € BOLIER Sy BAGLH DR LB ARIALL YA 979

vi nyl rou
al kal i 1sehadpylate bayhxslemaablalr@vsmgtyanmbeatbcmlylaﬁetaa@yldte hda@il n, as
described in JP-A No. 2000-187322, and al kal i -sol ubl e resins, each havi ng

an ani decthacsylateas- eQIYéheefél wathrerylaig chelobexybathasrylasebengy]l metharylatesdo  Most

77" 5u bR et PSR B BRI SE PRI et o

vinyl methacrylate, 2-phenyl vinyl methacrylate, l-propenyl methacrylate, allyl methacrylate,

2-allyloxyethyl methacrylate, or propargyl methacrylate;

(4) Acrylamides or methacrylamides such as acrylamide, methacrylamide, N-
methylolacrylamide, N-ethyl acrylamide, N-hexyl methacrylamide, N-cyclohexyl acrylamide,
N-hydroxyethyl acrylamide, N-phenyl acrylamide, N-nitrophenyl acrylamide, N-ethyl-N-
phenyl acrylamide, vinyl acrylamide, vinyl methacrylamide, N,N-diallyl acrylamide, N,N-
diallyl methacrylamide, allyl acrylamide, or allyl methacrylamide;

[0026] (5) Vinyl ethers such as ethyl vinyl ether, 2-chloroethyl vinyl ether, hydroxyethyl
vinyl ether, propyl vinyl ether, butyl vinyl ether, octyl vinyl ether, or phenyl vinyl ether;

(6) Vinyl esters such as vinyl acetate, vinyl chloroacetate, vinyl butyrate, or vinyl
benzoate;

(7) Styrenes such as styrene, a-methylstyrene, methylstyrene, chloromethylstyrene,
or p-acetoxystyrene;

(8) Vinyl ketones such as methyl vinyl ketone, ethyl vinyl ketone, propyl vinyl ketone,
or phenyl vinyl ketone;

| (9) Olefins such as ethylene, propylene, isobutylene, butadiene, or isoprene;
[0027] (10) N-vinylpyrrolidone, acrylonitrile, methacrylonitrile, and the like;

(11) Unsaturated imides such as maleimide, N-acryloyl acrylamide, N-acetyl
methacrylamide, N-propionyl methacrylamide, or N-(p-chlorobenzoyl) methacrylamide; and

(12) Methacrylic acid monomers, each having a hetero atom bonded at the a-position
thereof, such as the compounds described in JP-A Nos. 2002-309057 and 2002-311569, and
the like.

[0028] Other suitable examples thereof include (meth)acrylic polymers, each having an allyl
group or a vinyl ester group and a carboxyl group at side chains thereof, and alkali-soluble
resins each having a double bond at a side chain, as described in JP-A No. 2000-187322, and
alkali-soluble resins, each having an amide group at a side chain, as described in JP-A No.
2001-242612.

Most preferable examples of the alkali-soluble binder polymer are shown below.
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B-3 25 (MW 60, 000) COCH -)45 1 3 0"cH3 [0032] In the invention, the

al kal i - sol ubl e bi nder polyners nmay be used singly, or in conbination of two
or nore kwodsiZdies2eof . The contignt of the al kal i pevlyebigoiBieder
polyrrer[ob preferably from5% by nmass to 75% by mass, nore preferably from
10% by masg to 70% by mass, and even nore preferably from 10% by mass to
60% by nass, % pect e tc%[ Asolid content of the black

pol ymeri zabl e co M on Bt he' v éinm nts of good intensity of an

| mage @tion and Ojoqj\ant |e emel oper si@gance. The "total solid
cont entgjy fid, daed in th i nvention refersfto a total amount of the
conponents of the bl aﬁ’k\ﬁ)ol yneri zabl e co sition, except for the solvent.
[0033] (A) Black Materi.at The bl ack pol ynapi zabl e conposition of the

i nvention includes a black material.
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[0032] In the invention, the alkali-soluble binder polymers may be used singly, or in
combination of two or more kinds thereof.

The content of the alkali-soluble binder polymer is preferably from 5% by mass to
75% by mass, more preferably from 10% by mass to 70% by mass, and even more preferably
from 10% by mass to 60% by mass, with respect to the total solid content of the black
polymerizable composition, from the viewpoints of good intensity of an image portion and
goof anti-developer resistance.

The “total solid content™ as used in the invention refers to a total amount of the
components of the black polymerizable composition, except for the solvent.
[0033] (A4) Black Material

The black polymerizable composition of the invention includes a black material.

Examples of the (A) black material used in the invention include combinations of a
black pigment, a black dye, a red pigment, a blue pigment, a green pigment, a yellow pigment,
an orange pigment, a violet pigment, a cyan pigment, a magenta pigment, a gray pigment, and
the like, or combinations of a red dye, a blue dye, a green dye, a yellow dye, an orange dye, a
violet dye, a cyan dye, a magenta dye, a gray dye, and the like. From the viewpoints of a
light-shielding property, storage stability, safety, and the like, a black pigment is preferably
used.

Examples of the black pigment include inorganic pigments such as titanium black or

carbon black.



Exanpl es of the (A) black material used in the invention include

conbi nations of a black pignent, a black dye, a red pignent, a blue

pi gment, wogoeanegsgnent, a yell ow piggent, an orange pipgmaRrol11/a73t6@| et
ignent, a c ' e j \ Di i ke,
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saf et y,CoIpRration)- | i ke, a bl ack pignent is preferably used. Exanpl es

of the bl ackegpl i i i:c.ni t j i ack or
oarbon b1 ackSPRRE Sl dfs BRSNS ETE e i o alk iPfidt eha
commer giigrhénts, aitaiitralblakpChihast white, deadbatiite lithmipot titdniuRiogide néhr@nank  7)

i ncl ude carbon bl ack MA-100 R (trade nape, manufactured hy M tsubi shi
Cheni c&X! rr%%l@mf??lpltateg barSB’ééﬁ?lE"}t% a%irﬁ%eé@wntr@éleaw@aﬁﬁl Kdgnent
ot her | L Lt.ani Lnese
ohi te, TR RIRAE IR (SR o BhA polledi thmdi, AR MTOLAG romhBESS
pr eci piultzareatinedr e Pressiahdlee @othshamyferricfemdeanidey cricemdrayj praseodyindlem r ed,

chr one Ilow zinc chromate (such as zinc o{la sium chron%h%, and zinc
ot 1 oxy CIRPCTHEREs HiapfIR JRLGY. FErHPS grech Rsacacky VISaTa SiRgh 408 Plle (haYPE 80
f err ocyaRiigewith PrisRn WidyvanddiRdLALORI v bNE! étgwne GiA PMIE nidnbaitse! PinkShndP W,

chronme green, peacock, Victoria green, iron blue (having no relation with
Prussi aalmyinpink. vanadi um zi rconi um bl ue, chrome tin pink, manganese pi nk,

and sal non pgok. anpl es of Dbl ack.inorganjc .pi nts.inclkude a netal
oxi de-and meFRtples pf baR BRRea R Mmons B AER ffe BT RAR pfoR: o

el ementcantlife bforfthveror inhe @indy pf 6R0S eRirichts sefecfed. frduh the%lou;MSbnsBﬂn% be, N,
Sn, Ti, and Ag. These pignents may be used alone or in a mxture of two or
nore kiGRI&ET Cu, Mn, Ry, KeaNi,i Sy Thand fige s dhpsegpiements may bsaised algngot ingh| y al one
but al mh{}egfm&(g%greq(fin&[ural _kinds of pignments, in order to express a

i ght-shielding property 1n a wide wavel ength region fromultraviolet to

i nfrared |i ghtparfi@0&4thebs pignichs mayebgpied nst aily hlopbbusdis@inti mixtpreagerty and

curing property,.a netal, pignment and titanjum bl ack are preferable.
The et ‘Ffalglflaﬁi%‘?ﬁplg“é‘e’ﬁ?’éf‘é’f“g% |t@e@rﬁ¥taérg%1s@ﬁﬁwg RIGRETEY Wi%dl%twa}‘@ ne of
silver ,re%ibﬂﬁoﬁ{l&ltrh{;ﬁglelt tdRifrafid 1fonli xture of silver and tin. Fromthe
viewpoints of a light-shielding property in a range fromultraviolet to
i nf r ar 48034] ghtom thetvagwpointslod iight-shigldiag pporeftyrand durii® p@pertylaanetak pignent bl ack
used in ?h«{: . NV rtL‘on i S abtfl ack particle having a titanium atom

Sl blesk A prpity

Pref er &8 ¥ncl ude | ow order titanium oxide and titanium
oxyni tride. The metafpignichfisifefeltKa Rl ipfdnfenByntRiRingse deadboriel ofisfiverdtint he
surface thereof may be optionally nodified fromthe viewpoints of, for
exanpl éndihglikey enemixtyfe ofistlperranddini ty and suppressi on of aggregating
property. Th i I ] . coat i L] oxi de,
titani um oxi gré)f[ﬁ {g}%&%{ﬂ%&&#%&%@ﬁ{ g}q%lrgﬁng?rfﬁ%%ydg? r%%necgsrgﬁﬂrﬁac\)})l(oﬁge? or

zi r coniinfrared light, tithhiuet bRtk Wahyst pidferréd.t ani um bl ack particle may be treated

with a ter repellent, materj.al. as describ i n Japanese Patent Application
Lai d- q[@ﬁ‘ﬁj J ﬁL%ﬁtamﬁl.m l9eky usegin g invention igg sﬂﬁk p?ﬂw@amrt%ﬁnamum #OR- nay

cont ai 1 f : }: EO-1 I.tie oxi de of
G Fe T iafabfy dnRE TG RAE I EradF iR BHTC I PliaRiu b ERARHIE, P 05 ge.
i ron oxi de, Adrtionmiilankipartaale anaj bie meedodsatis, on the surdiae thereafthasbe optionally

di sper snlic?clihclec} %or%r{ge Si%lw%roﬁl s (l)fl, h}{"'exémr{ple, improvement of dispersibility and suppression

of aggregating property. The titanium black particle may be coated with silicon oxide,
titanium oxide, germanium oxide, aluminum oxide, magnesium oxide, or zirconium oxide.
Alternatively, the titanium black particle may be treated with a water repellent material as
described in Japanese Patent Application Laid-Open (JP-A) No. 2007-302836.

Further, the titanium black may contain one or a combination of two or more kinds of
a composite oxide of Cu, Fe, Mn, V, Ni, and the like and a black pigment such as cobalt oxide,

iron oxide, carbon black, or aniline black, in order to adjust dispersibility and colorability. In



W2012/ 04682615PCT/ JP2011/ 073166 this case, the titanium black particle
accounts for 50% by mass or nore in the (A inorganic pignment. [0036]
Exanpl es wb 2vtemaeszemer ci al | y- avai | abl @ sproduct of titanipgmibtack7siec! ude

titani Y C . : 0 - e S,
rmna achseen: e iiuhbhdiio dallopddior sk BT ARG or iSi b PRFPPRIRR
manuf agligined. by Ako Kasei Co., Ltd.). [0037] The titanium black may be
produced by, for exanple, a nmethod ip which a nmixture of_ titani um.di oxide
hnd motl8938]; Examoles pSlne chmieTeiaky e pblecproich of ismemblask islisk KN Eee, f or

examp! Gyadind, M 1% $492)sECTPIOASY |1 Nl bSO EELaEY O | do i <

hydr ol yze énpefaturé’ to obtain uttratine’titan um dioxide and the
obt ai neditsublshin Materdil Qorpgbeation) med THeACKD #radethanie) chaat faompdiesyeAko Kiassini ng
hydr oge (f{l% for exanple, JP-A No. 57-205322), a method in which titanium
di oxi de-®r"t ani um hydroxi de is reduced at high tenperature in the

presen § - =

12010703 Ancrianfin RSk el e PIATRLT by Xt uiple, Sanna 2 which AriRture of

tit ani vrradiumxdicadoand int@mhiitamuny trhexicd endnaiuté¢rkinraasdiding atmasphdre fseecfduced at

hi gh tenper at i.n th esence  of nia (see, . for, ex | e P- A .No.

01201 SRBPP LA Aohghb e ped v Rieaaeh ek blogie FoRaBy FHEs e | ol o
di anet @mpératurd YT RltAFHhe Rtk ldeskidSaniothe BBlalred WAt didxiid RPeded it is
preferably from3 nmto 2,000 nm nore preferably from10 nmto 500 nm and

nmost priefgedusing aimospherecontningthydrogan (see, for exgmplet)®-HNod5E30632Di2ity and

colorabjl.ity. Fur . the average.pri ry.particle,di.a er of ti.tani um
o ack pbodnaGhtth Wihurh AftpfHeth 388 B HTRF RS hedtea PRIy B 1 ¢
2000 nrpreseBéecofimdheialpdeg, fof exanisle MP- AN 60-63069,FPAA NS 612086 ) addya f rom 10
nmto 100 nm fromthe viewpoints of dispersibility and colorability.

A specimgthodinashigh avaeadiym gsampaiuyl is@ldhered fytitanivardipxidgor fitanjym hgdroxidswever
in ord - rj ce after
et ol SERLLGR B REERKL W pRLSTE G R ORE (B R

pr ef er rexdmplealP-iAN¥o.t61:201i600), bhitihk ilaation sutot iagted tieaetorasur ed by t he BET

met hod eperal lly fromabout 5 nP/g to 150 n?/g, an referably from
about i_@&é{ Ihe Bariigls ﬁfmlgt_.er Tf?w@yw%lgcw‘ag%wﬁa? borErdady Bred-odic e

| nor ganjr&reRibGBHh 3 in {18,000 ¥ED hiRE pleferRbI§ TRINRPO i W0 Al Fhd thddt 01 nm  and
fromthe viewolnts of dispersibility, |ight-shielding property, and

sedi memreferably 1 wpédo 10 ome from the viewpoirdy ef digeergibility stdecalorabiditer Fusthenr e

refergply froml1l0 nmto, 1.. The. bl ac ol.yrmeri zabl e conposi.ti.on of
Phe § nobdreeee R Pt dmstenoLagiom S5 PREYET e PpficRiRmicll %o a
combi nauk rpreferdb¥Ofrom IMheo BOOTEM! Mefemtierdtly HORT 10 A 16866 hmDesld koW, an
organi ¢ pi gnent, or the like may be used in conbination therewth,

a dye,
Ut “necaudamply from 10 jut (bes, Bemdbs werpaits ofelisperspilstangicelatabilifoper ty or
the like. 2 . . -The ;co (o} bl ack
mat er: al i n%@%ﬁg?@%@ %lﬁé&{%@%&% llﬁc?ﬁW lslﬂgrg%f egéﬁ'%er’f 1Enoc;rrnﬁﬁ% by
mass t ahat@Qwdryr repdient progeny has Ppeaival ipgrfbinpancd feldic Gamiun dlaokR% by mass,

with respect to the total sglid confent. [0040] Pignment Di spersant
when tﬁ@rfe‘reaf&at%wwreiéwe Rl Ggpds It Brsfareedithat thg fg&a%muglaﬂ@h%? PIEHERt as a

A bl ! o ! i .
(A) Dbl agky M@ésﬁfégﬁdg V\t}‘}lé .igilag‘frxgﬁtgﬁcﬁ 61 8ealtyBm bB&utH APE Y 15Pm /r%tsﬁgj; fefbratlly

advance wth a di spersant to prepare-a plgne sper sion,
and t hdrqn gban0di’éptr Hi0on’/gs bl ended, from the vi ewpoi nts of the
uni for %63/9](){1%5 Q\?erggbé I?a!rtrllcﬁg dfa?n@gscjf t’t}ileoi?lbrgamic pigment in the invention is preferably
from 5 nm to 0.01 mm, and from the viewpoints of dispersibility, light-shielding property, and
sedimentation property over time, the average particle diameter is more preferably from 10
nm to 1 um.
The black polymerizable composition of the invention may include only a single
species of the black material, or a combination of two or more kinds thereof. Further, as
described below, an organic pigment, a dye, or the like may be used in combination therewith,

if necessary, for the purpose of adjusting the light-shielding property or the like.



As the pignent dispersant (hereinafter also sinply referred to as a

"di spersant”), for exanple, a known pignent dispersant or a surfactant nmay
be appropvoaveloerel ect ed and used. [Q@41] Specificall yPcvaszuemgqoes of
conmpounds ma I de: cationic
surfactants glﬁ%ﬁorggﬁg)rf ﬁgenlggai [%t% ﬁgl 1%2 é bla@‘%@&%ﬁﬁﬂ“@é&ﬂ% as'}rt%b% 1rgnam uf act ured
by Shi rprEEmbl}(he:msefaby @Qa,ss td_"l(l% by niasgtan agory pteferablydrdrs A DEbyyimeass tBOOYHLON
No. 75, No. 90, &Wéade nanes, manufactured by Kyoei sha Chenmi cal Co.,
Ltd.), bdrmWO‘ﬂ(lﬂ(‘ﬁsaﬁfét‘h otafgolid coBiedt.f r om Yusho Co., Ltd.): nonionic
surfact[ ?% P;(yet hyl ene | auryl ether, poI yoxyet hyl ene stearyl
et her, @ox et hyle eyl ether, polyoxyethylene octyl phenyl ether,

pol yoxyet hyl &ﬁmnnhabﬂaclppdyyierleaﬁiecompmw inyorendated ysing a gidment as e (A)

pol yet col or sorbhitan fatt cid ester; anionic

surf ac[%ign%t%a i ds w%aa%?@/@’@sfhe@egw& S.paﬁsé ancenity P XBOWR &EB Yusho
Co. . LidlekisaRORYRERIC, e3R8 38R0 S0R 61 tﬁégigﬂéﬁf Aifipes BB A adiF i A
EFKA POL I\/ER 100, "EFKA" POLYMER 400, EFKA YMER 401, EFKA PO_YMER 450

(t r ade viewmsnts whthefusformey oHthe BhGinadGoopypositioon) | DI SPERSE Al D 6, DI SPERSE
Al D 8, DI SPERSE AI.D 15, ..or Dl gERSE | D 9100 g arres“ manuf a,géur ed by
San Nopco Li Ar{iiementdispresaarihe I glsg supRd As A dishe %3000,
5000, QReMpleld RAGwn piAitdt dispérddht oizgmact%ﬂ 'b atePP MectetP A0, 36000
(trade narrgs manuf gctur ed gy The Lubri zol QIQC%r Sg@g%n)@PADEKA PLURSQOH\II C
L31, F4804 lﬂ4§peq_ﬁaally1:6apous &pes pEeompaunds pag bepped as:tba disperpantPo Examples

P103, Fl0 2 P123 manu ctur r ratlon)
oner SSRiP: RS statiedint: NP RS e R ek PP R BB )
and DI SBEBE’a\élﬁlré@E:y Sh3Etsh @hemidd8 Col 09d.), Yhbth)dckdic écl@(co}l&ﬂyméﬂQOLYFEOWi62
163, 164, 166, 167, 170, 171, 174, 176, 180, 182, 2000, 2001, 2050, 2150

(t r ade Warf@sNon¥h iNoa 95 (frade ngmesvmamyfashusyl by Kyoeishp Chgmigal Con Lté.1osr
exanpl 8go6f (thﬁ% s pﬁfaﬁglgﬁc oﬂ?%’éﬂ? ((f‘)cL' QﬂngEﬁ&ll gsﬁ‘?i&(aﬁﬂ &cﬂaa‘é' ng a pol ar

group at anend or a si aln 'ecu such as acrylic
copoly rpbll)&)xyethylene Fauryl iedrerrqrodyoxgemyhhe suearydethple pe]gznkgt]mla’fe cleylHitiNDACT

T- 8000E (tr k | s L
be. sul (A GRERS ol bREs) bilbeoBA BT DR PonyEe ciher polpsipHichpglvcal T

vi eWpO'cf‘ltaﬁraEg pglyél?l?fe'ﬁb %I)Jcbf &iste%VeebPRﬁQi'téd fai/r§ 280LsRE AN flrfRBNR QPRI LY, a
resin shown Dbelow, as described in JP-A No. 2010-106268, is preferable,

parti clsay004, W0QSgot W17 i(zedeoiames, wmhnufagtpreddiybYushe ¢o. thq’bd;I pofnéric di sper sant

of i < SERBRBE ST st s B EFRON BT AR, BRROEVBE AT Ehogr aphy. &
resin IEOLYIMIERM0BC EFKN PODYMER 20 REPKES POTLYMBR 350 $trideaiapiedPhenufiétutdde aci d
group preferable in the &rﬁ%t nment di spersant, an aci I?E}fu havi ng a pKa of 6

or | esdViBAPF @P&?‘Hﬁl@)ﬂ‘? RRE 4112 GpBITRER i AHA 8o PISFERSK AIRA4. ear boxy| i ¢
d, ble. F
acid, syig fpﬁ%sga %‘lﬁj qoo(%; FTQ ﬁéﬁﬂ&o Haﬁaﬁ%hﬁed by S N‘)ﬁ‘#’ ﬁﬂ%&? ralighao! e. From

t he vi ewpol y I'n I'spersi‘on so ’spersibility, and
devel ofs0IL.SRERSE dispérsants firtian § OL.SPEHIRSEFI00| 50000 0600511d606;13240,43940,pol yest er

Pl noapah 4o FodR R0l 32900 fe Settiofihos ram, meacipEthy, Bebbebrnhi ch | <
pref er afy oﬂdﬁ@@ AEEI@@PL(‘J‘R@NI(PE?,I VP’3|8| LE? T9p4Pt 81, 25%1 F68, 172, Popreiepapl e

di spersan graft copol ymer whi t he nu hé at’ons’ excl udi ng
hydrogd?87aP%i10h RHB, Ei)(l)&:(hl% P-&ﬂ@(tl@emamﬂ:‘sAﬁamrﬁaclﬂpd)WADﬁKAa graft chain

| ect f t t | yet t
pol yacioArErateD; BANHT & 20 Bk e en dab st Bvornyh G AL i e
repr es el ¢5ISPERBYKWH B 08 1?06 90§, 41b9smw123qil9vq3oamb tibe, gaié3,qenoleorer
which includes a structural unit regoesente one of the follow ng

For mil 4é7( 176} 17LAR%, 1T@AS0. 18253000 300K, 2059.2 18D (teadsinspss abbesifaqronddyy | X1\
OM I (gyR.cielt.

In addition, other examples of the dispersant include oligomers and polymers having

a polar group at an end or a side chain of the molecules, such as acrylic copolymers.
Furthermore, amphoteric dispersants such as HINOACT T-8000E (trade name,
manufactured by Kawaken Fine Chemicals Co., Ltd.) may be suitably used.



On (1) ( x2\ o-"W2 120 (2) 4)(3) OM Y (OR3) zZ3 (3) (4
WO 2012/046826 17 PCT/JP2011/073166

From the viewpoints of dispersibility, developability, and sedimentation property, a
resin shown below, as described in JP-A No. 2010-106268, is preferable, particularly, from
the viewpoints of dispersibility, a polymeric dispersant having a polyester chain at a side
chain is preferable. From the viewpoints of dispersibility and resolution of a pattern formed
by photolithography, a resin having an acid group and a polyester chain is preferable. As the
acid group preferable in the pigment dispersant, an acid group having a pKa of 6 or less is
preferable from the viewpoints of adsorptivity, and carboxylic acid, sulfonic acid, or
phosphoric acid is particularly preferable. From the viewpoints of solubility in a dispersion
solution, dispersibility, and developability, a resin having a polycaprolactone side chain as a
polyester chain and having a carboxylic acid group is most preferable.

[0042] Hereinbelow, the dispersant as described in JP-A No. 2010-106268, which is
preferably used in the invention, will be explained.

A preferable dispersant is a graft copolymer which has the number of the atoms
excluding hydrogen atoms in the molecule ranging from 40 to 10,000, has a graft chain
selected from a polyester structure, a polyether structure, and a polyacrylate structure, and
includes any one of the structural units represented by Formulae (1) to (4) shown below, and
the graft copolymer which includes a structural unit represented by any one of the following
Formulae (1A), (2A), (3A), (3B), and (4) is more preferable.

[0043]
o Ty
o7 W' (m O/sz 2
’

|
Y fo—chz,-—chf Y? fo—c —c:kHlefz2
O /n o m

s K
oW (3) W @
\'(3 {o#%z?’

[0044] In Formulae (1) to (4), each of W', W2 W? and W* independently represents an
oxygen atom or NH, and particularly preferably an oxygen atom.
In Formulae (1) to (4), each of X', X?, X*, X* and X° independently represents a

hydrogen atom or a monovalent organic group. From the viewpoint of limitation of



[0044] In Fornulae (1) to (4), each of W, W2, WB and W independently
represents an oxygen atomor NH, and particularly preferably an oxygen
atom wo 2bre/Hes2eul ae (1) to (4), eagh of X, )(2, )(BcTH2000073466

From ¢ RO sAtPE e AP XY o diepIRly BriROR Befin B 0 ot R
synt hesir an akat froap hXling 1 2o 12 3arbod asonk, Xore prééqrablgariydyogefpions ena smethyl

preferably a hydrogen atgm or an al kyl group having 1 to 12 carbon atons,
mor e prgéwsa'efrparamﬂ%ye erably snethyLgrawl-nyl group, and particularly

preferably a f . n 4 f; Y2, Y3
nd Va1 niepuELmitact] P4y, cach of Y3 oV PHIET tnbphfichd) repfREMDs Adivklent

st r uct linkmgareup) @ahd peeirt strmotuaesl are hotrpattailarBplémitéd.c Speaifiel exampiestoffiéhedi val ent
| i nki ng.groups. represented b 1,2, Y3 , Y4 include the |inking groups
repres gih‘?ai‘?i’t Eig}klglg‘grmmﬂrwwg}/egl}yu‘ét reg ?'a]g)mflé‘df t,hegyﬁqng #FOPRE fol | owi ng
struct 0 5 Walalarig on t : AAdr g and
TN i ek e Rt s D A
i ndi cat(¥213, Abditastabead betyeen' avd, W YA and WhHh > mod 8v3, esd Yhand ¥'e” pr esent
at the opposite.pasition wth respect,.t ., VB, 2 ctively, in
For it 26Psv 0 i uigiaga o GRS Fdiates Moot beriieba - Yier st i fes of
(Y-2) amsletickdBat afd eé@ﬁﬁttﬁé%ggéﬁt'@{p@siﬁﬂnk@ﬂl%sﬁéﬁt %W‘,WS,QNQMY%@&W«??
W02012/ 04682620PCT/ JP2011/ 073166 [0046] In Formulae (1) to ééé 71, 72, 73,
and Z4 ieHemmulagidp éo(font Wnangghe steurturgs showayedlest the pigaatures gf arghi(Y-t hei r
struct s_are not t.icularly limted. .Specific exanples thereof include
an al k;/ip?arre(ﬁlff)rfpéefﬁlégi;e&?/ rmgsrogﬁlbe,eag%og yl?(t)@(eglsgroup, an aryloxy group or a
het er oaryl oxy group, an al kylthi oether group, an arylthioether group or a
het er oaryl t hi oet her group, and an am no group. Anong these, as the
nonoval ent organi c groups represented by Z1, Z2, Z3, and Z4, those having a
steric repellency property are preferable particularly fromthe vi ewpoint
of inprovenent of dispersibility. It is preferable that the organic groups
represented by Z1 to Z3 each independently represent an al kyl group having
5 to 24 carbon atons or an al koxy group having 5 to 24 carbon atons, and
particularly preferably an al koxy group having a branched al kyl group
having 5 to 24 carbon atons or an al koxy group having a cyclic al kyl group
having 5 to 24 carbon atons. The organic group represented by Z4 is
preferably an al kyl group having 5 to 24 carbon atons, and particularly
preferably a branched al kyl group having 5 to 24 carbon atonms or a cyclic
al kyl group having 5 to 24 carbon atons. In Fornulae (1) to (4), n, m p,
and q are each an integer from1 to 500. In Formulae (1) and (2), j
and k each independently represent an integer from2 to 8, and j and k in
Forrmul ae (1) and (2) are preferably an integer from4 to 6, and nost
preferably 5 fromthe viewooints of dispersion stability and

devel opabi lity.



[0047] R3 in Formula (3) represents a branched or straight-chained al kyl ene
group. R3 in Formula (3) is preferably an al kyl ene group having 1 to 10
carbon atwowmpi1zanes2eore preferably an akkyl ene group havipag/Jg20r/o0B16ear bon
atoms. rooa51 R4 in Formula (4) represents a hydrogen atom or a nonoval ent
organi ¢ group, and the structure of the nonoval ent organic group is not
particularly limted. Preferable exafbles of R4 in Formul$§ (4) include a

hydr ogen gt om._an @l kyl grouyp, a ﬁé)ﬂl\group, ang a eterj%yl group, and
nor e prefAér ly; aghydrogenl)gt\ﬁ%% a3 al kyl gr%u ; n in Forrmula (4)
is an al kyl gropgp, the alkyl groupHs preferably a strgHght-chained al kyl
group having 1 to 20 carbon atons, a branched al kyl group having 3 to 20
carbon atonms(Y-d) a cyclic al kyl (y=@yp having 5 to 20(¢g)pon atons, nore
preferably a straight-chained al kyl group having 1 to 20 carbon atons, and
particularly preferably a straight-chained al kyl group having 1 to 6 carbon
atoms. Furfher~rggarding R4 An _EerqulB (4), two or AmgreBkinds of le's
having different 'Structures may be m xed and used in a graft copol yner.
[0048] In th ft copolyner, t ntent (i.e., to ontent) of the
structure unﬁ?)?epresent ed by Fg‘f_rr%)loae (1) to (4) is\ataref erably in the
range of from10%to 90% and nore preferably from30%to 70% w th respect
to the total ss of the graft copol ymer. Wen the strdcture units
representéd\,bﬁméul ae (1) t {A%apgl ncl uded wiAhi nNhed® ranges, the

di spersibility of the pignent is, high and the devel opability when a
light-shiel difo/¥ilmis W2012/ ()Yrézazlpcmonll/ 0%¥t85 formed is good.

[ 0049] The graft copolymer may include two or nore kinds of graft

copol ymers having different structures.0Qf0050] The structural @it

represented. by Eormua (1) is re prefg@rably a structnral unit] represented
by the f o\T oW g ffrrmla (1AAfTr t )\&/i\BNpoi nAs/Ef\/g:jS\p{rE n"gGability

and devel opabil it The structudal unit represented byrornula (2) is
nore preferagbl Structural unit represented by the,foll.om ng Fornula (2A)
fromthe vi ZXDXOﬁts of dispersioﬁY's'lﬁ)bi lity and deve(iﬁedai lity. [0051] 1
(14) O._OH

OH
OJ\O ~_A_B

A_J_B A o

(¥-13) (Y-14) A_A_B

O. _OH O. _OH (Y=15)
X
A S | P oH
0" 0 0" 0 0o c])
A B A B
\/\/ \)\/ A \/\/B
(Y=16) Y=-17) (Y-18)
OH
o o © 0”0 A _~g-B
A B A __B



(2A) 00 I PN Y44 \W2012/04682622PCT/ JP2011/ 073166 t hereof) are al so
t he sane.
WO 2012/046826 20 PCT/JP2011/073166

[0046] In Formulae (1) to (4), 7', 72, 73, and Z* each independently represent a monovalent
organic group, and their structures are not particularly limited. Specific examples thereof
include an alkyl group, a hydroxyl group, an alkoxy group, an aryloxy group or a
heteroaryloxy group, an alkylthioether group, an arylthioether group or a heteroarylthioether
group, and an amino group. Among these, as the monovalent organic groups represented by
Z',72,7}, and Z*, those having a steric repellency property are preferable particularly from
the viewpoint of improvement of dispersibility. It is preferable that the organic groups
represented by 7' to 7° each independently represent an alkyl group having 5 to 24 carbon
atoms or an alkoxy group having 5 to 24 carbon atoms, and particularly preferably an alkoxy
group having a branched alkyl group having 5 to 24 carbon atoms or an alkoxy group having
a cyclic alkyl group having 5 to 24 carbon atoms. The organic group represented by Z* is
preferably an alkyl group having 5 to 24 carbon atoms, and particularly preferably a branched
alkyl group having 5 to 24 carbon atoms or a cyclic alkyl group having 5 to 24 carbon atoms.

In Formulae (1) to (4), n, m, p, and q are each an integer from 1 to 500.

In Formulae (1) and (2), j and k each independently represent an integer from 2 to 8,
and j and k in Formulae (1) and (2) are preferably an integer from 4 to 6, and most preferably
5, from the viewpoints of dispersion stability and developability.

[0047] R® in Formula (3) represents a branched or straight-chained alkylene group. R?in
Formula (3) is preferably an alkylene group having 1 to 10 carbon atoms, and more preferably
an alkylene group having 2 or 3 carbon atoms.

R* in Formula (4) represents a hydrogen atom or a monovalent organic group, and the
structure of the monovalent organic group is not particularly limited. Preferable examples of
R* in Formula (4) include a hydrogen atom, an alkyl group, an aryl group, and a heteroaryl
group, and more preferably, a hydrogen atom and an alkyl group. When R* in Formula (4) is
an alkyl group, the alkyl group is preferably a straight-chained alkyl group having 1 to 20
carbon atoms, a branched alkyl group having 3 to 20 carbon atoms, or a cyclic alkyl group
having 5 to 20 carbon atoms, more preferably a straight-chained alkyl group having 1 to 20
carbon atoms, and particularly preferably a straight-chained alkyl group having 1 to 6 carbon
atoms. Further, regarding R* in Formula (4), two or more kinds of R*’s having different
structures may be mixed and used in a graft copolymer.

[0048] In the graft copolymer, the content (i.e., total content) of the structure units
represented by Formulae (1) to (4) is preferably in the range of from 10% to 90%, and more
preferably from 30% to 70%, with respect to the total mass of the graft copolymer. When
the structure units represented by Formulae (1) to (4) are included within these ranges, the

dispersibility of the pigment is high and the developability when a light-shielding film is



In Formula (2A), X2, y2, Z2, and m have the sane definitions as X2, Y2, Z2,
and min Fornmula (2), respectively, and preferabl e scopes thereof

(i ncl udi ngoesenabes and the like thereaf) are also the samgp2011/073166 The
structL{rle}.}1 FRit (liepresented by Formula (3) is nore preferably a structural
uni t represenlgegl by the followi ng Fornula (3A) or (3B) fromthe viewpoints
of di s{{e049]oThs "gﬂiﬁll dapblynest hayereludpedn od hyre KitdiosT]graft copiyddrs havingr mul a
(3A) or 1ngB) Y3 Z3, and p have the sane definitions as X3, Y3, Z3,
and respectively, and preferabl e ranges thereof

I It i
e i kL B B 1 1
r epr esanpreseniad byothenfiblbowih@Formhil@$h) ) Smaché viewpsmtpdfadispetsiomhstalpitiaf and

copoly:%r in%ﬂde t he conpounds shown bel ow. Further, in the exenplary
conpourff¥® Ybel ow, the nuneral val ues shown together with the

respective striu | L icprelened by bfin RT3 R HdthaBS3mBRRD ORI 2t ol ¥

denoted as (W% e correspondi ng structural “units Exenpl ary
Conpoundpi2jented by the followmg Formula (2A) from the viewpoints of dispersion stability and

developability.
[0051]
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[0052] In Formula (1A), X!, Y, 7!, and n have the same definitions as X, v, 7! andnin

Formula (1), respectively, and preferable scopes thereof (including examples and the like



(Exenmpl ary Compound 3) 70 J 30% O OHO HN -0 00 (Exenplary Conpound 4)
WD 2012/ 04682624PCT/ JP2011/ 073166 [ 0058] (wo)
WO 2012/046826 22 PCT/JP2011/073166

thereof) are also the same.

In Formula (2A), X2, Y2, 72, and m have the same definitions as X2, Y2, 7% and m in
Formula (2), respectively, and preferable scopes thereof (including examples and the like
thereof) are also the same.

The structural unit represented by Formula (3) is more preferably a structural unit
represented by the following Formula (3A) or (3B) from the viewpoints of dispersion stability
and developability.

[0053]

X3 'S

0”0 0”0
| \'/3%0\)—}23 Ys%oﬁ-za
p P
(3A) (3B)

[0054] In Formula (3A) or (3B), X3, Y°, Z*, and p have the same definitions as X>, Y?, 73,
and p in Formula (3), respectively, and preferable ranges thereof (including examples and the
like thereof) are also the same.

[0055] It is more preferable that the graft copolymer has the structural unit represented by
Formula (1A).

[0056] Specific examples of the graft copolymer include the compounds shown below.
Further, in the exemplary compounds shown below, the numeral values shown together with
the respective structural units denote the contents (% by mass: appropriately denoted as

(wt%)) of the corresponding structural units.



(Exempl ary Conmpound 5) LOH L. 0 1-C21 00 ( (Exenpl ary Conpound 6) 50i

50 (Viti) OOH OO 00 25 (Exenpl ary Conpound 7)
WO 2012/046826 23 PCT/JP2011/073166

[0057]
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(Exemplary Compound 2)
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(Exemplary Compound 4)



0,11 (Exenplary Conpound 8) W2012/ 04682625PCT/ JP2011/ 073166 [0059]

4a4:10 (W% 0 OHO OHO 00 7
WO 2012/046826 24 PCT/JP2011/073166

[0058]

(Exemplary Compound 8)

60



(Exenpl ary Conpound 9) (Exenpl ary Conpound 12) (Exenpl ary Conpound
15) Ove  W02012/ 04682627PCT/ JP2011/ 073166 [0061] 208 (W% O OHOOO

WO 2012/046826 25 PCT/JP2011/073166
[0059]
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OH 0 O
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(Exemplary Compound 9)
1 *ﬁ“"‘f@;
o HO

(Exemplary Compound 10)
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10).L.,0H 00 0 0 O Ow (Exenplary Conmpound 21) 700 ONt O OHO O CHEs'0 O
Owve

WO 2012/046826 26 PCT/IP2011/073166
[0060]

30 70 (wt%)
0O ?ﬁ O ?ﬁ

(Exemplary Compound 13)

50 50 (wt%)
O OH O
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(Exemplary Compound 14)
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O OH O
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(Exemplary Compound 15) O OMe
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OH
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O S 40 10
(Exemplary Compound 16) O OMe O OH



WD 2012/ 04682629 [ 0063] 4060 (W% 0000 L) HO O O H\Of,0 .)O''--0030
(Exenpl ary Conpound 28) \W2012/ 04682630PCT/ JP2011/ 073166

WO 2012/046826 27 ) PCT/JP2011/073166
[0061]
% . %o (wt%)
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(Exemplary Compound 20)
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(Exemplary Compound 21)
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[ 0064] (Exenplary Conpound 30) N kir -(--N/7NNrO13-ri 1 5 00 (Exenplary
Conmpound 31) W2012/04682631PCT/JP2011/ 073166 [0065] (Exenplary Conpound

32) 90 (wwol2012046881 _71,) 0=S -0 HN 028 PCT/JP2011/073166
[0062]
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0" OH ©”>po

)\/\ {j\/}
(Exemplary Compound 23)
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O~ "OMe o 0
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{Exemplary Compound 24) fjj)/Me
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(Exemplary Compound 25)



HO 00 9 (Exenplary Conpound 33) (Exenpl ary Conpound 34) 1090 (Vit%
0-?--OH 0 0 HN yO

WO 2012/046826 29 PCT/JP2011/073166
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(Exenpl ary Conmpound 35) W2012/04682632PCT/ JP2011/ 073166 [0066] (Exenplary
Conmpound 36) 0 0 HN y 0025 00
WO 2012/046826 30 PCT/JP2011/073166

[0064]
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i?ﬁ
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O OH (Exemplary Compound 29)
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O OH O
OL 5
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O
"Hr w L
o o]

(Exemplary Compound 30)

w 70 {wt %)
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(Exemplary Compound 31)



OHOHO0 304 .Mene O OHO 0 O w4)(1l) Ow (Exenplary Conpound 38) 4--N-NI
50 (Exenpl ary Conpound 39) (Exenplary Conpound 41) (Exenplary Conpound 42)
WO 2012/046826 31 PCT/JP2011/073166

[0065]
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(Exemplary Compound 32)

{Nﬁ/w% J\Zm (wth)

ONHOO &

O0=8=0 D‘J OTKV\//\ O
HO T\ T
O O

(Exemplary Compound 33)
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601 10 (W96) 0 0" "OHHNyYO O 0 40 (Exenpl ary Conmpound 43) WO
2012/ 04682634PCT/ JP2011/ 073166
WO 2012/046826 32 PCT/JP2011/073166

[0066]
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/fj\/yso /{’j\/)w (Exemplary Compound 36)
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(Exemplary Compound 38)

SRRy A

O OH O oo P
HN.__O 0

(Exemplary Compound 39)



[ 0068] Si HNO Me0O-- '-ohne y MeOO (Exenpl ary Conpound 44) (Exenpl ary

Compound 45) 0 CHO O
WO 2012/046826 33 PCT/JP2011/073166

[0067]
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(Exenpl ary Conmpound 47) W2012/04682635PCT/ JP2011/ 073166 [ 0069] (Exenplary

Conmpound 50) [0077] (Exenplary Conpound 59) [0078]
WO 2012/046826 34 PCT/JP2011/073166
[0068]
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W2012/ 04682639PCT/ JP2011/ 073166 [0079] [0080] (Exenpl ary Conpound 62)
[0081] 44!40-(0(W% HN HNO O, H
WO 2012/046826 35 PCT/JP2011/073166

[0069]
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/M (Exemplary Compound 48)
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(Exenpl ary Conpound 71) [0090]
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[0070]

30 70 (Wt%)
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(Exemplary Compound 52)
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[0091] OO NH, % 20 (wt% OOH (Exenplary Conpound 73) [0092] As the

di spersant in the invention, a conpound having a pol yester chain such as

Exenpl ar ywGanpoauestc 72 i s preferably uged. [0093] The corcenpr2mi/nies

disper 3gused in the preparation of a pignent dispersion in the invention
a

S prefer ly from 1% by mass to 90% by nmass, and nore preferably 3% by
mass to 70% by mass yth respect to the total solid content mass of the
col or ant di n |gnent and other colorants) in the pignent

di spersio 2011/073166 [0094] (B) Polynerization
Initiator Ie conposition of the invention includes a

HNE
95

(Exemplary Compound 55)

[0074]
10 90 (Wt%)
'®) HN
H O O ‘40
(Exemplary Compound 56)
[0075]

30@70 wth)
ﬁ;“ irﬁ*{vw

OZH (Exemplary Compound 57)

30



initiator. The polynerization initiator used in the polynerizable
conposition of the invention is not particularly limted as long as it is
capabl e oloi2niZdssg26ng pol yneri zati on a@fg a pol yneri zabl e pconpmund73hys
applicggbﬂg of any one or both of light and heat, and may be appropriately
sel ect cording to the purposes. However, in the case of initiating

pol yneri zati on by
to rays ranging f

referab Use
Bolynerlkﬁp -

ight, a polynerization initiator having photosensitivity
man ultraviolet ray region to a visible light is
Furthernore, in the case of initiating

an. jnjtiator that deconposes at 150C to 250C is
preferably used. Qb4 g nerization initiator used in the invention

ii

is preferably a conpo i & (W3t an aromatic group. Exanples

t hereof include (bigyFagy P i er eof , ,acet ophenone
conpounds, a-am noket ong conpounds, ¢ s/DENZ0I N et her
conpounds, ket al i i ) , OXxime ester
conmpounds, hexaaryl biin ¢azob d | conpounds, azo

conmpounds, organi c per &?i

such as a dIaZOHIun¥ﬁ§ N Oy

or an azi ni um conpou i c boron salt conpolnd and di sul fone
conpounds. From t he mp0|nt of sensi tgnlpary @dniBuRgisg) conpounds,
acet ophenone conpounds, acylphosphlne oxi de conpounds, a-am noketone
conpounds, trihal omet hyl conpounds, hexaaryl bii m dazol e conpounds, and

t hi ol conpounds are preferable, and acyl phosphi ne oxi de conpounds, oxine
ester gggpgunds, a-amninoketone conpounds, and the like are nore preferable.
Exanpl es of the polynerization initiator preferably used in the invention
are descrijbed bel ow, the invention is not limted thereto. [0096]

ifi acet ophenone conpound i ncl ude

2, 2- di et hdxydckBiphdnopd, 70 (Wil ani noacet ophenone,

2- hydr oxy- | - propan-1 -one, pdinethylam noacetophenone,

4' -isopro thylpropiophenone,

: d, onium salt conpounds
o 9@ sul f oni um conpound,

2- benzyl- 2-di
2-tolyl-2-di
[4- (nmethylthi
2- et hyl - 1- (4-
2- benzyl- 2-di phol i nophen
(di met hyl am no) - 2- [ (4-nethyl phenyl)nethyl] -1-
[ 4- (4- nor phol i nyl ) pheny1] - 1- but anone, and 2{lEegmplery Cofmpovediha)

t hi ophenyl) - 2- nor phol i nopr opan- 1-one. Anong these, 2-nethyl-1I-

W)2012/ 04682645PCT/ JP2011/ 073166 (4- et hyl t hi opheny1) - 2- nor phol i nopr opan- 1
-one that is preferably used in the invention is avail abl e under the trade
name of[007 CURE 907" (manufactured by BASF). [0097] More preferable
exanpl es of the trihalonethyl conpound include an s-triazine derivative
havi ng atzl epgt on -, or trihal ogen-substituted nethyl group

bonded t ’ g i fic exanples thereof include
J@ @ﬂigpi2|ne,

2,4,6-tri

2,4,6-tri o,uf"b‘ s-triazine,

2,4,6-tri | or oret Ryp-s-triazine, 2-methyl-4, 6,
bis(trichloro yl)-s-t ,

2-n-propyl-4, 6-bijs(trichl Oy onet hy

trichl oroet hyl H 6- 2

2- phenyl-4, 6-bis(tr A A 2NA

2- (p- met hoxyphenyd 4, i i ch oronethyl) 5 ‘Bigine,

2-(3, 4- epoxyphenyl -4 i richIoronethyIK)s t zi ne,
J(trichloronethyl)-s-triazine, 2-[1-

2- (p-chl or ophenyl) -

p- met hoxypherp{) ot adi enyl] - 4, 6- bi S(t(Ex%mp(PJrgr@&MXJ)l}ncFﬁbjl azi ne,
tyryl-4,6- bisttrichloronethyp-s-triazi

p_nethoxystyryl) 4, 6- bls(trlchloronethyl) s-triazine,

(
2-
2-
2- |-propyloxystyryl)-4,6-bis(trichloronethyl)-s-triazine,
2
2
2
t

4- met hoxynapht hyl ) -4, 6-bi s(trichl oronethyl)-s-triazine,
henyl t hi 0-4, 6- bis(trichloronethyp-s-triazine, 2-benzyl

hi 0-4, 6-bi s(trichl oronet hyp-s-triazine, 2,4,6-

tris(di brononethyl)-s-triazine, 2,4,6-tris(tribronmonmethyl)-s-triazine,
2-nmethyl-4,6- bis(tribronmonmethyl)-s-triazine, and

2- nethoxy 4 6- bls(trlbronDnethyp S- tr|a2|ne [ 0098] Exanples of the

1 I LN D o N 1 I 1 Y 1 o M

S
(
(p yryl)- onet
-(p-tolyl)-4,6-bis(trichloromethyp-striazine,
(
p



Mor eover, cyclic oxi me conpounds described in JP-A Nos. 2007-231000 and
2007- 322744 may al so be suitably used. WO 2012/0468264 6PCT/JP2011/ 073166
[0100] Basmopbe4ed2et he acyl phosphi ne axi de conpound i ncipgdgrtheomaespounds
descri ﬁydn JP-A No. 5-345790 and the conpounds described in paragraph

[ 0027] jP—A No. 6-298818. Specific exanple thereof include

bi s(2,4,6-trimethynbenzoyl)i sobutyl phosphi ne oxi de, '

bi s(2, 6- dlnethoxybznzoyl) n- but yl phosphi ne oxi de, and

2, 6-di ne \ Y92, 4, 6- trinethyl benzoyl - n-butyl phosphi ne oxi de.

include DAROCURE TH éﬁg g@&ﬁ%&ctured by BASF Corporation) that is
i fphen I-%Q oxi de. [0101] Exanples of the

r0 (di met hyl am no) - 2- [ ( 4-
met hyl phenypnet hyl ] - 1-[ 4 (4- nor hollnyl)phenyl] 1-buta
[ "1 RGA

ichis

ed by BASF

be used singly or
e content of the

Corporation)™. [0102] T -.'t‘
in combination of two ofJ mofe
pol ymeri zation |n|tga osition of the
invention is prefer D. 01% Dby mass to 300 ss, nore preferably
fromO.1% by mass to 20% DyWaBss, and partic ar r feram {ron10 1% by
mass to 15% by nass, with respect to the tot ?’gcg t he bl ack
pol ymeri zabl e conposition. [0103] (C Polynerizable Cbnpound The

bl ack pol yneri zabl e conposition of the invention includes a polynerizable
conpoug As the (C) polynerizable conmpound, a conpound which has at
| east one Jdditionpolynerizable ethylenically unsaturated group and has a
boi i ng poi nt of 100C.,or higher under the normal pressure is preferably
t he conpound having at | east one

addi tion- 874 ﬁﬁylg @@?Iy unsaturated group and a boiling point
of 100C or ormal pressure include nonofunctional
acryl ates Hthasrsyl afYes such as pol yet hyl ene gl nmong( et h) acryl ate,

nmonp( et h) acryl ate, or phenox

th)acryl ate
tri(meth)acryl ate,
di (et h) atryl ri (meth)acryl ate,
ritol hexa(nmeth)acryl ate,
hexanedi ol (neth)acryl i met Yyl ol propanfd trpa (acryl oyl oxypropyl) et her,
tri (acryl oyl oxyet hyl )i socyafurate, conmpound{obf&HPed by addition of

et hyl ene oxi de or propylene oxide to a pol yfinttional alcohol such as

gl ycerol or trimethylolethane, followed by (fetemranyCanpound 6B2) eof ,
conpounds obtai ned by poly(neth)acrylation of pentaerythritol or

di pentaerythritol, urethane acryl ates described in JP-B Nos. 48-41708,
50-6033 fﬂd JP-A No. 51-37193, polyester acrylates described in JP-A No.
48- 641 Q nd JP-B Nos. 49-43191 and 52-30490, and epoxy acryl ates produced
by a v02012/04682647PCT/JP2011/073166 reacti on between epoxy resins and

(met h) acr
’{‘ iz %0 (Wi%)

LW

02H (Exemplary Compound 63)

pol ypropyl ene d

neopentyl gl
pentaerythritd




Mor eover, the conpounds di scl osed as photocurabl e nononmers and oligoners in
Journal of the Adhesion Society of Japan, Vol. 20, No. 7, pp. 300 to 308
may al so we 209ad68260105] Furt her nor e, gbhe conmpounds obt acmgd2dyozdel ti on of
ethylqu @gide or propyl ene oxide to the above-nentioned pol yfuncti onal

al cohol’, |l owed by (neth)acrylation thereof, which are described in JP-A

No. 10-62 unds represented by CGeneral Fornulae (1) and (2)
t oget her "L exanples t hereof, may al so be used. [0106] In
particula | A (&v@%ﬁ th)acryl ate, dipentaerythritol
hexa( met h) agh onpou ds 1 which acryl oyl groups thereof are
bound vi a(@f e or propyl ene glycol residue, are preferable.
A i goners of thpse conpou ds may be used. F , urethane

37193, and JP-B
g et hyl ene oxide

skel etons as desof dﬂqu . 654, 62-39417, and

62- 39418 are al so prefera \ se of the

addi ti on- eqaggzlzab e conpoun hav ng an am o or sulfide structure in

t he nol ec -R /653, 63-260909, and

1- 105238, a bl ack eri zabl e conposition ha ﬁb an extrenely high

phot osensitive spé Ay be obtai ned. Exanpl es_of co cially ai | abl e

product t her eof incI de urethane oligoners UA ; iﬂmaﬁnnEéEP ‘k@ h trade

nanes, manufactured by Sanyo- Kokusaku Pulp Co., Ltd.), UA-7200 (trade nane,

manuf act ured by Shi n- Nakamura Chem cal Co., Ltd.), DPHA-40H (trade nane,

nanufa%bqgﬁd by N ppon Kayaku Co., Ltd.), UA-306H, UA-306T, UA-306I

AH 600 00, and Al -600 (trade nanes, manufactured by Kyoei sha Chem cal

Co., Ltd.), and KAYARAD DPCA- 20, KAYARAD DPCA- 30, KAYARAD DPCA- 60, and

KAYARAD | by N ppon Kayaku Co., Ltd.).
ounds having an acid group are

| | y-avail abl e products thereof

i nclude TO- 75 mhlc oup- cont ai n ng trifunctional acrylate

and TO 13 functional acrylate

(both tra }% [0107] Mbreover,

succinic acid-noch fi ed nononers of hexaacryl ate or

di pentaerythritol™gentaacryl ate, penjaer\thritol griacrylate, and the like

are al so preferable. As the pol ynerii zabl e ound used in the

invention, a tetrafyhctiongal or higher functiondl scryl ate conmpound is nore

preferable. [010 thﬁi ri zabl e conpounds nay be used singly or in

conbi nation of two or e ki nds thereof. The conf{Exémplary Benmelupddblzabl e
conmpound in the black pplymerizable conposition is not particularly limted
eaction is perforned, but

W2012/ 04682648PCT/ J 1 t is preferably 3% by mass to 55% by
mass, and nore preferably ass to 50% by mass, with respect to 100
parts by mass of the total ol jAKont ent. !0109] (E) Oher Additives

as long as a suffici

The bl ack pol ynmeri zabl e conp® io nvention may further contain
various additives according to the in addition to the essentia
conponents of (A) to (D) and the plgnent di spersant nentioned above. (E-1)
Bi nder pol ynmer having different structure fromthat of (D) conponent

In the black pol ynerizabl e conposition, an additional binder polyner
(hereinafter also sinply referred to as the (E-1) additional binder

pol yner) having a structure different fromthat of the (D) conmponent may
further be use as desired, for the purpose of inprovenent of film
characteristics or the like, within a range in which the characteristics of
t he bl ack pol ynmeri zabl e conposition of the invention are not inpaired.
[0110] Here, a linear organic polyner is preferably used as the binder
polynmer. As the "linear organic polynmer", any known |inear organic polyner
may be used. Preferably, a linear organic polyner which is soluble or
swellable in water or weakly al kaline water is selected for enabling

devel opment in water or devel opnment in weakly al kaline water. The |inear
organic polyner is selected not only as a coating filmform ng agent but
al so dependi ng on the type of a devel oper such as water, weakly al kaline
wat er, or an organi c solvent.



[0111] For exanple, water devel opnent is feasible when a water-sol uble

organi c polyner is used. Exanples of such liner organic polyners include

radi cal pwbyoerme®ach havi ng a carboxylii ¢ acid group i npClgrsiigdersaéai n,

such ag 6§§se described in, for exanple, JP-A No. 59- 44615, JP-B Nos.

54- 343 9, 8- 12577, and 54-25957, and JP-A Nos. 54-92723, 59-53836, and

59-71048, that is, a resin_obtained by honopol ynerization or

copol yner j i havi n vgtgﬁ)boxyl group, a resin obtained by
i‘0 a nononer having an acid

esterifying or half-amdating the acid

unsat ur at
havi ng a caf box
acid, crotonic add, nmaleic acid, Rumar] c acid,f and 4-carboxystyrene, and
exanpl es of the noMgner having an ati d Bnhydri cl ude nal ei ¢ anhydri de.
Simlarly, acidic cqllulose derivatives havin rboxylic acid group in
the side chain ngﬂUQt us Mor eover, those obtained by adding a cyclic
acid anhydride t havi ng a hydr oxy ro nd the _Like are
useful . [0112] Furtherfore, urethane binder b%%?ﬁ%$¥(%HWF§P§§H% an acid
group, as describedWP-B NQs. 7-12004, 7-120041, 7-120042, and 8- 12424,
JP- A Nos. 63-287944, - 2% and 1- W?2012/04682649PCT/ JP2011/ 073166
271741, Japanese Patent ion No. 10-116232, and the like, are
advant ageous in terns of pQsure sujtability because they have
extrenely high strength. dt 3 Mfi ed pol yvinyl al cohol binder
pol ymers having an acid group as descri%ed in European Patent (EP) Nos.
993966 and 1204000, JP-A No. 2001-318463, and the like are preferable ow ng
to the excellent bal ance between fil mstrength and devel opability. As
ot her @ég-soluble | i near organi c polymers, polyvinyl pyrrolidone,
polyetn@ Ae oxide, or the |like is useful. To increase the strength of a
cured film al cohal -sol uble nylon, polyethers of
2,2-bis- enyl) - propane and epi chl or ohydr.i n,
content of the coexisti '
total solid content

nd the |Iike are

a
‘y

m\d. 1
ity between\Vi
pment residues, it
mass, and even nore preferably from

2) Co oran}s ot her tgﬁgp(A)
[

conposition
mass, and fro
pattern peel dH
prﬁerﬂﬂyfrqmp.
1.0% by mass to

30

conponent s he invention, other col OEXRM@ENy&ompoyn erent from
the (A conﬁéﬁ% may additionally be used, if necessary, in order to
exhibit a desired light-shielding property. Exanpl es of organic

pi gnent which may be used as a colorant together with the (A) conponent
includqoakqnents descri bed in paragraphs [0030] to [0044] of JP-A No. 2008-
224982,  C. 'I. Pignment Green 58, and a col orant obtained by changing a
substituent of C. I. Pignent Blue 79 to an OH substituent. In particular,

exanpl es 4& whi ch may be preferably ugsed include: C 1. Pignent
Yel | ow 11, 50"108’ 4909, 110, 138, 139, 15

@&&6, 167, 180, and 185;
HNMO)‘}_/—/

(Exemplary Compound 68)



C. I. Pignent Orange 36; C. 1. Pignent Red 122, 150, 171, 175, 177, 209,

224, 242, 254, and 255; C. 1. Pignment Violet 19, 23, 29, and 32; C |
Pi gment Bvoeoi?4ds2615: 3, 15: 6, 16, 224260, and 66; C. | pciPisgren73&een 7,
36, 37, 58; and C. |I. Pignment Black 1. However, the colorants

whi ch y Bbe used together with the (A) conponent are not limted thereto.
[0114] The dye which nay be used as the additional colorant is not
particularlyfhinmte ed . rom known dyes nay be used.

4-90403, JP-A No.
1 436J&§E
592207, US Patent No.

4,808,501, US Patent No. 5, §67] 920,J US Pat eft . 059, 500, JP-A No.
5-333207, JP-A Np. 6-35183, JP-A Ng.g6-51115yJP-A No. 6-194828, JP— NO
8-211599, JP-A No. {%§49549 JP-A No. 10-123316, Jp- Yxp@plaryiC %UQ?%Q P- A
No. 7- 286107 JP-P . 2001-4823, JP-A No. 8- 22, JP-A No. 8-29771, JP-A
No. 8-1462 P- SANo. 11-343437, JP-A No. 8-6 6, JP-A No. 2002-14220,

JP- A No. 200221" JP-A No. 2002-14222, JP-WNo) 2002-14223, JP-A No.
8-302224, JP-A Ns 73758, JP-A No. 8- 179120, a . 8-151531

Furt hernore, dyes having chem cal structures of a o dye, an
ani | i noazo dye, a triphenyl net hane dye, an ant hraqui none Y@é an

ant hrapyri done dye, a benzylidene dye, an oxonol dye, ﬁ@gletriazoleazo
dye, a pyridoneazo dye, a cyanine dye, a phenothi azi ne dye;

pyrrol opyrazol eazonet hi ne dye, a xanthene dye, a phthal ocyani ne dye, a
benzopyran dye, an indigo dye, or the |like may al so be used. [0115] (E-3)
Organi ¢ Sol vent To the bl ack pol ynerizabl e conposition of the
inventip a solvent may be added. The organic solvent is not basically
particJ rl'y limted as long as solubility of each conponent and coati ng
property of the black pplyngrizable conposition are satisfied, but is

pr ef er abl ed in ati GN@%fﬂlu|traVIO|et ray absorbent to be

used, t a#ifl the' b I ng property, and safety. Further,
in order to prje he® bl E} ri zabl e conposition in the invention,
at least t

of o rably contained. [0116]
Pr ef er abl '_{v

O (Exemplary Compound 70)



esters such as ethyl acetate, n-butyl acetate, isobutyl acetate, anyl
formate, isoanyl acetate, isobutyl acetate, butyl propionate, isopropyl

but yr at e,wet2hydosbs2syr at e, butyl butyrage, nethyl |actat ecTaptnl/oizaet at e,

al kyl ?6 @ﬁetate (e.g., nethyl oxyacetate, ethyl oxyacetate, butyl
oxyacetate ' (for exanple, nethyl nethoxyacetate, ethyl nethoxyacetate, butyl
nmet hoxyacet ate, nethyl ethoxyacetate, and ethyl ethoxyacetate)),

3-oxypropi ondte. al k rs (e.g., methyl 3- oxypropionate and ethyl 3-oxy
pr opanoateé met géld 3- met hoxypr opi onate, et hyl

e
3- met hoxypr opi‘offat e} Xypropi onate, and et hyl
3-ethoxyp&3 f te) csxypropionate al kyl esters (e.g., nethyl
2- OXypr opid@na et Ml 2%oxypropi onate, and propyl 2-g@xypropionate (for

exanpl e, met hyl [ 2- met hoxylpr opi onate, ethyl 2-nethoxy
2- met hoxypr opi onate, nethyl 2-et hoxypropi onate, and_ et

2- et hoxypropi onatg)), net 2-Q 2- et hyl pr opi opati\e/and et hyl
2- oxy- 2- met hyl pr opignat e A > “met hyl propi onate and
et hyl 2-et hoxy-2-nethyl pr kERE;e), met hyl pyr te,/ ethyl pyruvate, propyl

uya

pyruvate, nethyl acetoa Qethyl acetoacet alp, néphyl 2- oxobut anoat e,
et hyl 2-oxobut anoat e; ers such as diethylene glycol dinethyl ether,
t et rahydr of uran, et hyl ezglycol W2012/ 04682 6B:ldthdiadR26mhad khd31B6
nononet hyl ether, eth ne gl ycol nonoethyl ether, nethyl cellosolve
acetate, ethyl cellosolve acetate, diethylene glycol nononethyl ether,
di et hyl ene gl ycol nonoethyl ether, diethylene glycol nonobutyl ether,
propylzaﬁxglycol nononet hyl ether, propyl ene glycol nononethyl ether

P

p

acet at opyl ene gl ycol nonoethyl ether acetate, or propylene glycol
nonopropyl ether acetate; ketones such as nethyl ethyl ketone,

cyclohegéq\ 50¢t9aept anqne, gﬁah%none; and aromatic hydrocarbons such
as toluenejor xylene. 171V T re kinds of these prganic solvents
are pref y~u-Xed th? fgWpoi Nts of the s¢lubil¥ty of an
ultraviolet ray abs nt and anial kal i -sol ubl e resid, inprovenent of the
profile of a coated LQif @k, and the Ilge. In sy it

case, it is
particularly preferable to use aHNXxeg cgugoi—e.é incfﬁ’fﬁ?‘ﬂﬁwﬁ%"‘ﬁl‘"m)e
sel ected from net hyl 3- ethoxypropfaﬁat , ethylo3-et hoxypropi onate, ethyl
cell osol ve acetate, ethyl lactate, & ethylene glycol dinethyl ether, butyl
acetate, nethyl 3-nethoxypropionate, 2-heptanone, cycl ohexanone, ethyl
carbitol acetate, butyl carbitol acetate, propylene glycol nethyl ether,
and propyl ene glycol methyl ether acetate. [0118] The content of the
or gani gog@xdllvent in the black pol ynmerizable conposition is preferably an
anount such that the total solid concentration of the conposition is 5% by
mass to 80% by nass, nore preferably 5% by mass to 60% by mass, and

particularly preferably 10% by nmass to 50% by nass, e vie ohpts of
coati ng 8(J 0119] (E-4) Surfactant Fro egxﬁo;,{)r\ﬂ

i nprovin coating propeMy, any one of various sutfacidnts nmay be added
to the bl ack |pol yneri zabl e nposition of the invention. t he surfactant,
various surfggtant sasuch fl i ne,qont M surf a

(fl uorosurfhact Nﬂmni [ a chdhonic urfaglalnt, an

anionic surfactant, or a silicone surfactant be used. [0120]
Particularly, when the black polynmerizahlisy@ampesid ¥Hn of the invention
contains a fluorosurfactant, the liquid characteristics (particularly,
flowability) of a coating liquid prepared using the black polynerizable
conposition is further inproved, whereby the uniformty or filmformng
proper §092y AutkdEEperdiBt PMBE invention, a cofpStiiEhaviiy & polydierthair duchat s for med
using a coating |iquid which contains a black polynerizable conposition
cont ai rﬁxﬁglpéﬁff%ﬂmmym fAtsraeferablyhesednt er f aci al tension between a surface to
be coat n i Jiauid oS t. ility to 1 surface
to be diowda tptEiiEREb i tiisiighthled it S BNoCHbBR iRt Bl he

coat i ndnven€ioh i prefetddy fuinf 186 dyintash e 2098 thgdnaskindtrhiors pm‘aﬁm?n 3% b9 mass e a
thin filmof several 1.1mis formed using a snmall apount of the coating

li qui d,70vobnEasswitrespest tothetofal selidicemernt ass pf thgcolorant fisskudipgablacka) |

pigment and other colorants) in the pigment dispersion.



W2012/ 04682652PCT/ JP2011/ 073166 thi ckness differentiation is preferably
carried out. [0121] The fluorine content in the fluorosurfactant is
pr ef er ablwof2om4detsby nass to 40% by mmss, nore preferalbplyspPzamBisdy nmass

to 30% , m]g LGgularly preferably from 7% by nmass to 25% by nass.
A fl uor[gggu fgb?t% %’g%?l%é?%h?{oﬁori ne content ratio within these ranges is

ef fective i nTheblask pblytrrikasletdnipaditidhef thbimkntssindfudedi® pelgaictidatiod m and
the |iqujd-saving property, and the solubility in the col ored
phot oséMéiPtf-ve conposition is al so good. [0122] Exanpl es of the

fl uorosurfac I : . ¢ ] - NEGAFAC
P16, CNEcar Al Ry e oA s b e WA RIp SIS A R G lednadlE 50
MVEGAFAGs arthdal AnfteBas, | 6N A apdblb of WEEA| &izabbbFAC F482,
MVEGAFAC ﬁ?&, d‘?aﬁ\G,]Zy;FAC F 80,0“@11d,I\/Eailalé;ACOF78{3 E??@i?aéz nanes, nuf act ur ed
by DI C%EF%%%@%GH?{POWE‘{WW%W&%? G0YIRBRAD P{!&@Jﬂg éﬁ‘?ﬂe aty 9‘%@%1 (all
trade ng ria%i&%d%c@&d%glﬂﬁ@& esM Hbil &0 th@Bike SRR S 382,
SURFLON SC-101,” SURFLON SC- 103, L%E%C]\l SC-104,  SURFLON SC- 105, SURFLON
SC1068,poBuriFlzanbisby Hglit, a polrEietihtBM id8HitorSaRng PlosBasitivatydo SiyRFaRingH- 40

all trade najes nuf actured.hy, Asahi d ass,Co., Ltd.). [0123] Specific
SR Ot R R R T AT Y o I P i NN
trinet hyl ol eFi@Remodd)th ﬁkQﬁﬁéﬁhﬁﬁtiﬁ?ﬁol@ﬁ{éﬁ%ﬁd@ﬁ%a&f&ﬁfiﬁiﬁfato( fik exanpl e,

gl ycerol propoxylate, and glycerin oxyl ate), pol yoxyet hyl ene | auryl
et her, deodmposgeathhi0étdo 25@°41 sslprefetably, uspdl yoxyet hyl ene ol eyl et her,

| | tyl. ph |.eth ) | t hyl | h | t her,
Dy A TS pSimerir iy atiafor St imlfe Ao ¥ obr Sl Learintamd barhieh
fatt i : : d
hory) JsfatBofaut A, ABxRpReMdedibludebishdiphosfiine A0 ol AN i ed

by BASFh¢Teofpagetdrihondre, commmbusidil, BPERBBkG00Onpawmds, beanpheneneudoaioundsy by The
Lubrizql Carpgration, Japan). [.0124] Specific.exanples of the cationic

Sur T o SR LA eGP U5 BHtRE campPy: (PaerTRae coRuindgr s Faer

nmanuf a(‘chfp%Qnd?s}é9M%Ea}y$$lhhﬂa§elé3@emp&lhﬂ%trih§lﬁ?%ﬂ)gﬁi @g&%&&ﬁﬁ@ NSoRBIPFRAIIP341

(manuf actured by Shi'n-Etsu Chem ca ) net h) acrylic '(CC’)) pol ymer
POL YFL Organic perexidem a maialloweng enmippduad: enient splf ceppeundssuchesd diarordam, Ltd.),

and W01 (trade na manuf act ur ed,.by _Yusho Co,, Ltd..)., [0125 ecific
o arml S2mipp an 1 BAMLAGI & Shecttd 2 RhoiB, or b Gaihiugh 85rGduid T L,
nanmes, oigdiid Berbldtcdifpotindban@disulfohélcompduhlig6] Exanpl es of the silicone

surfactant include TORAY SI LI CONE DC3PA, TORAY SIL| CONE SH7PA, TORAY
S| LI CONE DC1 Frompthendgvayoins) qfjsersivityoxime esteorampaypndscegqtophepape Lompopids,

Vo201 2 B EREdls e g PR beirgone ffiboynds dribelomety! sompoundss o

manuf adens2olblishiddvlc@hiponsds] afidthidleompblifids)are piferdsld Oand boFipAdhinel SF- 4445,
TSF- 4460, and TSF-4452 (trade nanes, all manufactured by Mnentive

Per f or regfeccommosndss pximagster coppguds, graunaketened-orRmreonds, and thedikeanemore| |
manuf act uw e lby Shin-Etsu Chem cal Co., Ltd.), and BYK307, BYK323, and
BYK330 p(r% Fade names, manuf act ured by BYK Chem e). The surfactants may be

used singly Bkarmples ofibic palyntutizafion iktiRér profetablty ndtd i Rri@Gdntion are The anmount
of the surfactant to be added is preferably 0.001% by nmass to 2.0% by nass,
and rordssqstbse belemy, Yuithe gyentign isdet limgted theagtpy nass, with respect to the

t ot al de?{}é&& &%ﬁ?e@@tﬂ@?{&ﬂ@h&)i&ﬁg@% %&E\;de[ﬁaﬁh@g‘gﬁ&){?p‘ﬁ%{}&é i zer

The bl mer i zabl'e conposition ma contarn a sensitizer for
t he purmpdsetioflamimpactophgndriee 2tydroxgt2-methyi-dtphenyleprbpani- boay, pf t he

Bﬁl)%/ gg %?%%ia&;éﬂogﬁé{qqgfép gsc%rggflil-l?)gdrgx;-Sprggtﬁyl\lg\%\}/)?olp%g gnrcla, ?—thyEipo(?(y-
cyclohexyl-phenyl-ketone, 2-benzyl-2-dimethylamino-1-(4-morpholinophenyl)-butanone-1,
2-tolyl-2-dimethylamino-1-(4-morpholinophenyl)-butanone-1, 2-methyl-1-[4-
(methylthio)phenyl]-2-morpholinopropanone-1, 2-methyl-1-(4-methylthiophenyl)-2-
morpholinopropan-1-one, 2-benzyl-2-dimethylamino-1-(4-morpholinophenyl)-butanone-1, 2-
(dimethylamino)-2-[(4-methylphenyl)methyl]-1-[4-(4-morpholinyl)phenyl]-1-butanone, and
2-methyl-1-(4-methyl thiophenyl)-2-morpholinopropan-1-one. Among these, 2-methyl-1-



As the sensitizer used in the invention, a sensitizer that sensitizes the
polynerization initiator used therewith by an electron transfer nechani sm
or an enewgyotyaeber mechani smis praferable. Pr eCenablieosiespl es of

{0098 g fftidenia hi g RaRRURLE1 Sapblal Rifelcfho RS ARt HtRs | 2
pr ef er alhifableuidee theatrgle naiefof STROALWRIY 90 SEanafadfftedly BASF). and nor e

preferably in the range of from 1% by mass to 20% by nass, and even nore
pr ef er 489971 Mare preferable examples af tetalialometayt epmpoynd ynchydean spiragineespect t o

the ot kvl S 16 Sl Aok RELMIRE o & GRITAT Bl R 10

Vi ewpoi nt's of IvVity an

Pol ymersitriazine AingnhEpdcific examples theéredSinpludé 2 e ires(honatitbramstigl)ls-aimine; of a
pol ynerj zati.on, i phi bitor to the black polynerizahle conposition so as to

pr event24,ﬁ-énﬁawégﬁrr9%ti%l)ﬁé§@ﬂsaQy‘@-ﬂl shigropethy é-gww-wgmq-éh ‘onpound
during :he: QN - StOr 4 A : L tdQn : (ol gneri zation
i by (o RRLA e, PhARG R & BEAOTBRNI AN (150 3 BRAT oo

t her eoftricklctodthe ), cubisftrichiviemethy VBt iFiaxiyie e pltdnyl-dj6-Bis(atidhforomethydss| |
pyrogal | ol, tbutylcatechol, benzoqui none

4, 4' -t HTigEne Rarreehivrbenyliditypisiasipromeshyp- prisiazines AR Asqpaxyphenyl)-4,6-

t hy146:4.+ [ )i f1o: j : | am ne.
The oS ticiS-inPRE S ins BO%-GREAUDRAN B Bloi iU SBReRRE DT 2V 210 P
about Qp@ﬂé)tlndngyphagd)-ﬂ,(4-laimiimWé,mbis(ﬂiogtﬁrgmpﬁhylj—sﬁeiaziae,t2-stgary:lﬂe6-t otal solid
o RS PGPSR SPGB QDL 155
VWZOlZ/i%@}%@&%&R@l?J%ZQ& OISR tRA-S uddbisle 2B Mo BH-£6Bed R Al RSBy D&-

present ‘at thé surface of the coating filmduring the process of drying
af t er tthazing 2t@rmysthexynaphthyh)He6-pis(iyinkloreragthylirsitritding, 2Fphengligliotdsd-oxygen i s

i nhi bi ted, . The ampunt of th i ghep . fatty aci.d or derivative eof to be
nddeq s BRE BRI se B 2 b i b Bt B s Sl At A espect to
t he t ottal(diRsmemethlyDrs-tria@ihe 93,4 6hrid(trind R ety )-§opi 2¥ie) 9-mdRy1t4,6- An
adhesi on i nprovi ng agent nay be added to the black pol ynerizabl e

conpositis(Bibremomgihyrssiaging rand2-methoxy ied-Pisribrpmaraiby)-ydnedne.t o t he

surfac a ri . i,Qn
rpr oviog el ERRnfel Bl B RkartE e BicidRR L 1eh AR ARG onli B UER AR
agent . those desdribetl efoabkanmplxdanphmmest Pdtére Appliaatonduiblicativg (GBE8)ING. 6629286,

y- met hacr.y] ox opyl _tri oxy sil an - et hacryl oxypropyl tr.i et hoxy

si | ane, Uy @?é%éﬁ&é&?%?&f o5 @?z%végé*-e yéﬂpea@'cﬁxsﬁly[ﬁsa%?fof{lpae foxy

si | ane,z,y;ﬁr?@%p&reﬁmpw4,a’cs,m&emaenﬂwmeazoye; Qm’i%@sgé.ﬁapaﬂmﬁﬁehﬂ?nm%ﬁtl ane,
phenyl trinmethoxy silane, and 3-nethacryl oxypropyl dinmethoxynethyl silane.

Mor e priettaphatylbiimidanplecs 21-bis(aptdichlaresheayhyi, 45y tepaphedyrthidezptee 2254
TR TR RN o ra e e T
by mas dictasvdphayD-A4 €5, T-ttlaphdny il d42618) 2, TS S o lndtr A Py-4R 3S5°- W t h respect
to the total solid content of the black polynerizable conposition of the
i nvent itefraphenylbiimidazole, 2,2’-bis(o-methylphenyl)-4,4°.5,5’-tetraphenylbiimidazole, and 2,2’-

bis(o-trifluorophenyl)-4,4°,5,5’-tetraphenylbiimidazole.

[0099] Examples of the oxime ester compound include compounds described in J. C. S.

Perkin I (1979) 1653-1660, J. C. S. Perkin II (1979) 156-162, Journal of Photopolymer

Science and Technology (1995) 202-232, JP-A No. 2000-66385, JP-A No. 2000-80068, and

JP-T No. 2004-534797. Preferable examples of commercially-available products thereof

include IRGACURE OXE 01 (1,2-octanedione, 1-[4-(phenylthio)-,2-(0-benzoyloxime)]), and

IRGACURE OXE 02 (ethanone, 1-[9-ethyl-6-(2-methylbenzoyl)-9H-carbazol-3-yl]-,1-(o-

acetyloxime)), both of which are manufactured by BASF Corporation.

Moreover, cyclic oxime compounds described in JP-A Nos. 2007-231000 and 2007-

322744 may also be suitably used.



In particular, when the resist (i.e., the black polynerizabl e conposition)
of the present invention is used for formng a |l ens on a glass substrate,
it is pre\ﬁ/erzatzl/(ﬂﬁsze add an adhesion i gprovi ng agent to roheJeEaLL131é6 oM t he

Vi ewpoi tivi ] - {1.jves
The bl a{BLO(ﬁ F %egg g@ﬁposg’kfn%%%%gfdowgﬁfl%\E/ngﬁtgd}ﬁé Er‘@a“?‘g‘%“@?? ﬁéesrc'ﬁggdnwai n a
CO- sengiPtA Nex 513@57901mdothé p@;apomfds desuribed ampdregraphi [0029T of JARAMNG. 652988¢8.

sensi tivi t¥lﬁ0f a sensitjizin ant. or an inifiator to actinjc radiation,

or prevPR @wﬁale.tha?@fdﬁclpgﬁbﬁ(%‘i 6ﬁ1’1’61f3ﬂ’é(1tﬁﬁé<?>éb%ﬂby%l3h°£abp§ ogspound
caused 0 roperties
of 't he S8 x| SerOfh bl b SRR el SRR A RBE R IR 677 °BF Lont
a pl asttnmeﬂgtbenmylanbmylphagmaietdxzde:lg Fagthot, predgrable eaalelplds of éommemaim y.

0131] Th ol yrmerj.zabl e f the i nventjon a
I[east] (ax)ﬂ?% PRALETR thegas in vcle(%mﬁ’@ g Rame, f&?@’&frt%‘ie yt%%'gs. tion
cont ai i ion initiator, (C the
pol ym;tltd}g%x%tm% gﬂﬁgiﬁ’g’égﬁg&%@nﬁggﬁ ﬁp&ﬁﬁl%is'lgii E|dx¥cge|[ nder pol ymer, Wl(’li 2:h
ar e nerjol@rjedxahpiee of thed-aminoketoas sanyoundayclide 24idinetionimino)-a-y4-one of

various additives and. (E-3) an organi ¢ sol vent, and nay. be prepared by
mi xi ng mﬁb&leh%»am}i-[aﬁ&mthﬂwaaéa} 1-1-hyianene, adich s HV%lEa iwmerga ant .

L S1a2] hESab DIRTACOR B B RRTRE B SC Bbf vent on has such o

havi ng [ah()2§x dhe pelymesilzktadn indiatees opag beusad sihglyoe in sorhbinateoh. offeo drimarer eason,

t he bI E‘?‘% rizabl e conposition is useful for formng the

l'i ght - gFregl on of a wafer |evel |ens. Further, for formng a
l'i ght - shi el dirpg céﬂtérmof&ﬁe ﬁoiyrﬁéﬁia@ibﬁ%ﬁatb? irPBR black &salyme@akble @bm&sagmaaef e
conposition onto a solid 'surface by spray-coating, as describ bel ow.

Ther ef dheinventéom is peeferablyfoim 0164 by massetet 3067 by malss, audrd pchfalahlagfeomﬁelr%t he

bl ack o rrerl nposj tion,i nt o urved S t he total
soi 1 CSFEReS EP RS RREER sy SRR SO B RS ISR T om poue
by masswitlPresdé fytheessal solidcentehtedfehé@blayk po19meRzabIOYo tidn) 33% by mass,

and m)st referably from 25% by mass to 30% by mass. [0133] Wafer Level

Lens 103]THe Relvaerizadeelompeigidof t he invention may i ncl ude a

l'i ght - shleld

pol yneri zabl gﬂgg%%gb&ngﬁz%?l@c e fgér?\t\}&elﬁ%!ﬁ%%\u{v%érel r?ﬁr %Ml @ﬁ’meﬁ% el? | evel

| ens ofcotdpeundivention w | | be descrl bed. [0134] Fig. 1 |s a plain view
showi ng an e uration of a eve] |ens havi ng

plural  waf or AR BR{O) ohiragiZabIa comhbagnd AaRoRn e élchlhastah 29 2PEPIBEON | ens
10.
T g POpIiGHER0R AF A Sty A bGP SRERL AR 00 TR ospoct

t o t he widbisthe abemd Gresburt it preferatdy usddso be one- di mensi onal | y arranged
i onal w Of e wafer, | evel |ens sho in

E:g 2 [I()ig)fﬁc ;glgglpgggﬁpegpmamﬂ ]éavlnil%gq%sb\one addition-polymeriza e e ylenically

unsaturated group and a boiling point of 100°C or higher under the normal pressure include

monofunctional acrylates and methacrylates such as polyethylene glycol mono(meth)acrylate,
polypropylene glycol mono(meth)acrylate, or phenoxyethyl (meth)acrylate; polyethylene
glycol di(meth)acrylate, trimethylolethane tri(meth)acrylate, neopenty! glycol
di(meth)acrylate, pentaerythritol triimeth)acrylate, pentaerythritol tetra(meth)acrylate,
dipentaerythritol hexa(meth)acrylate, hexanediol (meth)acrylate, trimethylolpropane
tri(acryloyloxypropyl)ether, tri(acryloyloxyethyl)isocyanurate, compounds obtained by
addition of ethylene oxide or propylene oxide to a polyfunctional alcohol such as glycerol or
trimethylolethane, followed by (meth)acrylation thereof, compounds obtained by
poly(meth)acrylation of pentaerythritol or dipentaerythritol, urethane acrylates described in
JP-B Nos. 48-41708, 50-6034, and JP-A No. 51-37193, polyester acrylates described in JP-A
No. 48-64183, and JP-B Nos. 49-43191 and 52-30490, and epoxy acrylates produced by a



As shown in Fig. 2, in the wafer level lens array, a light-shielding film
14 that prevents light transm ssion in regions other than the lenses 12 is
forrred amwogotdnasgbur al | enses 12 arrgnged on the subst patrgriddinsies The

waf er ééﬁ%'bmgﬂfeﬁmﬁmglﬁ%’m n?‘ﬁﬁiag‘?h?%?‘% one lens 12 present on the

substra m 14 provi ded on the peri pher al
portion of tNbré®mrs theT&tﬁn;kdlmdkdsdbgéaI&phomamblel mondrhers Ard ohigeamdrsdm | s used

|nformngtheI| t- shleldln f|Im14 therebyformn I hi el di ng
r egi on./opRaky)thed 5|‘be$ng amani Wlr 20N 7oPP-308 9.8 F‘W@lﬁ@q’el"é?fg array,

whi tt
e cun Q] Gy EaherfBRE Tekconiicnd SRAUEH by Whuifl TBPALORA bbbt robGfRReTT 1 ©
[ 0136] okkde tb emabbzemngenmpdlymntmmancommoﬂlbwes byémetdarylatiomthetdodt of
the substrate 10, |1y formed. on th te 10
e, SUUSRRELE A%y TP HE bl i o B B, 2, o
exanpl eFo%u ??l)%ﬁe{ﬁ) 1o8¥@kr WRRh f&l@ ek&ﬁiﬁl@%}ﬂféfho‘f Sméky &1§8|be Rydq. the wafer

level lens o thelnvet|0n|s no I mted ereto, and various enbodi nents
such as{ObOﬁé marhctﬂasdmemtaéxwthraqlqyenwma&:bwﬁamrdlpcmawmthmiuoll s separated into

| ens Ies 204 656 /JP2011/ 07316 be enpl oyed.
00577 MENaRmerS e, A onp QNS i Bl AR 1O B B hT S ot PRI Y B e T o
are Vareklﬁﬂléixetgfﬁ,%? oPproPyRAS glydbiteSiias %ré ﬁrei&ﬁf]@r 86911% oH&S Uf Bies@cdBpinidal for
a l'ens having high power because a glass having a high refractive index may

be sel awayee ysedm vari ous types of gl ass. Further gl ass has advantages of

excel | ent he reS| st an and thst ndi,n Y magi ng
cxcel | ent ol SRbRS SRR LB IO f Sl TIRIAGR9,00 ) 4101
resi ns.37493,aad UleNoemﬂz%mhd\morms; ziridtuteth&ﬁtﬂcdrﬁp(ﬁmdi Bbligg étﬂylehé‘tbxidbe

surface of the lens is formed I nexpensi vely usi for exanpl e,
a nol d skeleigngas deserbgd mHE- B\x‘a‘IOéISiI é?/%o et 4634 641381 &7, aﬂﬁflﬁf?@%h%érq@%g an

ener ag Rle A

capabl SaFieR [ FufBby Bt RPl oA chh Eblallc i pdNenile & &iRbDr

I rradi atifale sofictant invke mokicgly thayst de{smbedxadBIAeNohﬁtzﬁﬁm 1638260909, and

ul traviol e ay, r adi tion, r el ectron beam radi at nS|der|ng
refl owlﬁI;Q#?I%%bla& oYM gCQmResitiop &WWQIYJH% PARtPYROSIVRspeFd

sof t e”in‘i‘% ROABMined. OTE:BXPIRY T coftimc?SaMy-QVailtib@ 53bdudt hePbFlifdIal Geth@aRd a resin
havi ng a“softeni ng poi nt of 250C or higher is nore preferable. The

pr ef er atigemersdiASd9 anddJABr40thotbtiadé names, nipauthetred by Samﬁmkuspmlmljp
Ex I I t bl | D kel t bl
i1 oA AR RaS st PR By SR YEefe hbAl Gy o e ©

cur abl DEIEAVOH @88 narhbemeR#¥dtured ]erlpI%pra Fekid (L, T dUiA\n306ne UABesT) on has
a |linear expansion coefficient of from40 to 80 [10 /K] and has a

r ef r actYA80phddk-68¢. T-penand 2d-609 (tradonarassemanufeetusast By Kyenishe. Geenisal Ces5.
Ltd.), and KAYARAD DPCA-20, KAYARAD DPCA-30, KAYARAD DPCA-60, and

KAYARAD DPCA-120 (trade name, manufactured by Nippon Kayaku Co., Ltd.).

In addition, ethylenically unsaturated compounds having an acid group are also

preferable. Examples of commercially-available products thereof include TO-756 which is a
carboxyl group-containing trifunctional acrylate and TO-1382 which is a carboxyl group-
containing pentafunctional acrylate (both trade names, manufactured by Toagosei Co., Ltd.).
[0107] Moreover, succinic acid-modified monomers of dipentaerythritol hexaacrylate or
dipentaerythritol pentaacrylate, pentaerythritol triacrylate, and the like are also preferable.

As the polymerizable compound used in the invention, a tetrafunctional or higher
functional acrylate compound is more preferable.
[0108] The polymerizable compounds may be used singly or in combination of two or more
kinds thereof. The content of the polymerizable compound in the black polymerizable

composition is not particularly limited as long as a sufficient curing reaction is performed, but



[0141] Exanples of a thernpbsetting resin include a thernosetting silicone
resin, a thernpsetting epoxy resin, a thernosetting phenol resin, and a

t her nosetwongi2amsse resin. For exanpl @g the siliconi rescmJirtuichrsaen be
used h 0 ' f - &kl ,and has
a ref rgf:sl%\r/éé% ]{aﬁggx/e)gp %ﬁh&%%ﬁi@%%&tﬂ)&&% n?ér 5P ?é}@aﬁ& M% gna%%goxéd regin which
can be medwﬂﬂa&spedttmmpmn@nﬁmmfdmbfailml&hcton@a‘ntfrom 40 to 80 [10-6/K]
and has _a refractive index of from1.50 to 1.70, and preferably from 1.50
to 1. GE{OIGﬂIe(EHt@ﬁéﬁAd@gY"ﬁ whi ch can be used has a |inear expansion
coefficient %,PJ from
1.50 to 1. 70?B%hﬁeﬁk gpkﬁééﬁ%géﬁpéié%gﬂﬂ e use I%{’a Fxggpggiégﬁg?on

coef fi cadémm/esna’tccbrdbm tbGthe pm@ﬁse[slﬁreﬁi/dl(]onao thdwssemial edmparientsefi(AYlex(fantlr om
1.40 to, 1.60, % ref er abl oml 50 to 1.60. [0142] A

conmer dRGPiglentdispersant mep( t H?:’& be used as the thernosetting resin.

Speci fi TR SIS P A R S Mire PR 1 G gwg hehOt h trade nanes,
nanufaé?d?ed b§%%u1| Pol yﬁer Industrlég$Cb { Z’?’\Z/’E;Ie\/¥4500 (trade nane,
manuf act ur edIrothe ‘blwhlpbbfn@mzplﬂleabmnsmomrm aﬁmﬁmal(bl dler@dkyrrmnihqremaﬂexf act ur ed

Exap) AOGTEY RS e G BAG PR PUHET BO B Bl PR ATt

pol ysulffdehat 85ih8 »(D?B&nﬁoﬂéﬁ{ 8§ F@khes Bk fu@e% de‘é‘ﬁéd‘ forlthe pﬁﬂJox@af Sl&ndsi N
whi ch can be used has a |inear expansion coef ficient of from60 to 70

[ 10- 6/ quﬁémd:hh!asteastqurahqlnkeewthmra@ge fir which throchagacteriptics efithe placker abl y
from1l. SPntl%l L%S mThgaltl yﬁlullfon? resin.which can be used has a |inear
expan5|p8r?' Co8 ?I SPRRPSIEPI P TG ITEnfgh Aty Ifoibmg?fﬁd and has a refractive index
of 1.6301{0)eHes, yembaerorgd.ﬂld polomeLBiplefafabBhusedds b Hisdd poBmer | ARy

expansi gn coefficient of from20 to 60 [10-6/K] and has a refractive index
of 1. 65 lingay prganigpelymer neyeknaypt linear organis pobane aay be wgd. aPrqul@lV, &xpansi on
coef fi ve i ndex
ot r oA prinib bQFier i i Sotiple s Bl el ey S0P R LAEL VS, [0S
has a Istleetad f@qmahlsngadbveb)@fﬂenmnanmemdr developfiedt ihoveakly ?ﬂMmGMQteranCrhbas a
refractjve index of about 1.45. [0145] It is pr erable that .th abl e
resin ﬁwﬁgoogg%r}lsaolégﬁabﬁ selegiedgiot by a3 e gorine B mgn%ageéhg Uiyalso depCRdingb o
f1 owabighi thy t}?@fo%‘ae%lélbé?gucﬂ z{sqﬂ&t&l”'eve&ltl?‘élﬁ&hﬂé Svafd, Jr%’@?é’inﬁd {olvéech as
transfer suitabil of nold shapé. Spéecifically, it is preferable that the

cur abl d0tgi Bomwpméﬂ wagar deeelppmentds ﬁﬂaSIbIeevlmramatet-ewipbluea)trgmm polgmerise a

viscosm of fro as .t o ab 0 1 On the

ot hor it R Bateredic B Be Bipt bRl TeRis sert dling e e of
bei ng ld:&ﬁﬁl»xirl% ad‘l@gfaupgn &hd mﬁa&y@u@ 43aRbselRSdrited i€, FoS & ampdé, JPtAmes9not
suffer from heat eforrratlonthrou a reflow process after curin From

t hese WehpdPrE Nosadgb4dd, $8-dA%T%, ﬁ@h%@ﬁ%@r andi/R-AoNos. pd- LIRS0, al i s
f | ar |
e B3 Sl St RSSO St

to the m@mnmnhavmgmcwbmﬂ group, % rosin @badted btydaomq@pl)eﬁalzaﬁm bity at a

nol ecul ar | evel npl es of an effective netho her ef or |ncI e (1)
|ncrea§PH%1y51°E‘F%§§‘é’iqafﬁI€P?f§m%Fér}i‘§Y‘tnﬁ apafidignyds %‘iﬂ%\%éhelk bydrolyzing, %@Ees. n havi ng
a rigi dseyflih OISlrlaflf'ElInwaﬁn {tRrac bifide ﬁ'mf,%ﬁﬂ@ HEVAcR aldbilih

ﬁiﬁg D
structure such as cycloh eéane, nor bor nane, or etracycﬁ% godeca e,
ar omat inodifying¢poxy resi withsmbanatadenonocadiokyliahcd end acid anlyalrisier uEKamples uch

cpec 1 i A Snmer na e rockul Frodb it st ey ek, Satenit S,
20570, a0 S5 balORL Qﬁﬁ%ﬁama%d?@@a}b&%%%@ne a1 dfthe mREmER)

hoaneneoust dlsper5|ng a Tb mat eri al” such as an inorganic fine
particl V(ng@nae»daambyéndetmlsléea@@wﬁydndﬂ JP-A Nos. 5-209027 and

10- 298265) . ¥h si.nal i nat. of ur al

ki nds, and argég %a‘rargpgér“g%%%lhﬂgg gélgenS hzimr n%ce ﬂc gb %I?deqﬁ%%lpe Qﬁam

pr oper trh8sbesused. aMoﬁé@a@mdsebbtmr&daiyradak@g&yba& aad aﬁhycﬁlde% aolynvg | ndex.
[0147] Fromthe viewpoints of the degree of precision of shape transfer, a
cur abl daviagiarhydemiybgiouporndihe ke aseriseitls a | ow vol une shrinkage ratio by a
curlng t I n
composilPFa FfintrioRt BRI et PGB! i AR, difla. G BlackiBl -
W2012/B¥o8 26 58108]7-1220411 /701280485 aInéSsl24mb,rH’ ANGse6 208 7944763287945 andind
particularly preferably 3% or |less. [0148] Exanples of the resin
conposition having a | ow curabl e shrinkage ratio include the follow ng (1)
to (6):




(1) a resin conposition containing a high nolecular weight curing agent
(for exanple, prepolyner) (for exanple, a conposition as described in JP-A
No. 2001-W®%412/048426A No. 2004- 302293, 4and JP- A No. 2007PeTihB2d)/n73166 Whi ch

the nu inghty nof i | LNg
agent 1o by Y SRR PR A p LAl 1000 53 U R B A oBlin B U,
17000 o 20,000 —and o val Uo bt & ned by calculat ng the nunber average
ol ecul ar W’ei‘\gﬁial-wpgi_cﬁ%é peb;vw a&@hﬂtw palytsay ﬁg\fing:en Aig gﬁg&;@g@r&e ups
in the; S N 0 re
prefer éﬁ#}‘}f ({b%mgg%gltrl]tg(gﬁ%ﬁrog r%ﬁ%@?%%nc% ?(%,Ogg(?ggﬁgfobapgrgﬁ%@f y ptrhe? era y in a
range gfeftrable &g twthd efBdlent balance beByeea filesitrengthrand sheté¢lopabalayt ai ni ng a

Fine parti o 65 ouier aesnoRbliiegEonaat Ry Seor. relarin ey o onechRanteBh as
descr sl o ik Muspi12 980 Bectfud MlongRO0A AATETR. hIRoNonyion

2006- 225434) ; ) a resin conposition containing a relatively | ow
shri nk pgtyctheosafl 2, 2vbisa@-nalactyiphenyd)-propad axd epichigrobydrin, mhd thed geeraraiglso
polyneriqggle group such as an epoxy group (for exanple, one described in
JP-A N§>2004- 210932), an oxetanyl group (for exanple, one described in
JP-A No. 8- 13H485ntent 3 tifdoekisting £dditi 4P binder psaBPWRh r&pectds Bl toesolidd IP- A
No. 2002- 105110;), a cyclic carbonate group (for exanple, one described in
JP- A Neontenhe black polamerizahle Foropesitien efrthe grveniden is>pagfprably e 0o dyi bed in
JP-A 0 4 rasi Lyl ati ri 0 f O | ne
doscr i BEASTR7 9% W Rgss B HOaR ujenBblril oy s PR s BRFOR o RS

cont ai peélghgranddshibitivaviidgveélopmentdesdiads sit mbfeqreferadipirem (.3 % byansss to

adamant ane, or isophorone) (for exanple, one descri l%ed in JP-A No.

9- 137043)% by mass, andeyen moge;preferahly biom |8 bnmass tedrR%ibddnasso ki nds of
NoNONET, Vg e j roups and forns an

i nter pé?llelpﬁlapjiq%)gehieo%%?@hg{)%g%@ %&?ﬁdngnﬂ | PN structure) (for exanple, one
descri bed i ninjtRe AnvidatioR @figer t3Ib84GRY thatard different fronb thea( Ar) esmponantpeyi t i on

cont ai ni,ng an, expansihle mater.ial, (for examl e, .co sition in described
T A NGABBALEBE G AnSeTRrTudh Onttis BT JesiiedHRBRCIE OBt o abl e ¢ 0
use a conbi ”Ekz!uﬁlﬂle%f 6&%@5@1&%@&&% Eé’ﬁie@%s%%ld?!ﬁ?sﬁge&l?éﬂ%iﬂ‘lﬁe PERNS

(for exanple, a resin conposition which contains a prepolyner containing a
ri ng- opempanens ahojuderpigmpnts degyeoibpd trparagraghsd 8030160 8044] pf Bimitie 2008wpoi nt  of

optim ! hysical prgperties. [0149 or .form ng-th fer .leyel
ens o PR vl GiegB SRIRIL SlorpbiSted BLon R eental sbatiBiat ogich

di f f er @igméntBluangltd SORRIBSRUSIET In pArBGIISE ExanBplYs offfiSmBiitelIEH 8y ben a
resin havi n% a relatively high Abbe nunber, the Abbe nunmber (vd) is

pr ef er #¢forablypssed mobudsg2659PCT/ JP2011/ 073166 50 or nore, nore preferably 55
or nore, and~parkl neherabl r ne b Vi@l x (nd)
of the teai el & SRy RIZ ENRR, NP METARTTD, LIOSITLSE The B MY ENG
particul8ayly preferably 1.57 or nore. The resin is preferably an
aliphatic resip,.and is nore preferably a resin having an alicyclic
structure (férﬂ&%té),m%ger@si n having a cyclic structure such as

cycl ohexane, cnpiphgh&aRed 12921501 &Ne75t {77 $60,.0BRC 8L 58! anlgetssacy cl ododecane,
specifically for exanple, resins describéd in JP-A No.” 10- 152551, JP-A No.
2002- 212500, CIPPigmient VialeB1 223329, ad@32 No. 2004- 210932, JP-A No.

2006- 199790, JP-A No. 2007:2144, JP- 007: 284650, and JP-A No.

2008- 105999) & Fé@%ﬁ?“‘@ﬁ“%z?isﬁn& \ﬁ,ﬁ‘gl\gz, t39€%1'y | ow Abbe nunber, the
Abbe nunber CvH)PigfieR e AH6y3BUnarsgl &ss, nore preferably 25 or less, and
particularly preferably 20 or |ess. The refractive index (nd) of the resin
i s preferabl ¢ & Pegment . more preferably 1.63 or nore and particularly
pref erably 1H%§ve%r, {lrlgrcglorants Whic?;rh?&})[ Sisdd #os eﬁ{e?fw?{hafgé {A corn?sdngnthaar hog. an
aromatic structure; "and nore prefe aﬁy, i exanpl e, fesin contarning a

st r uct Uingitedfth&e®. - di aryl f | uor ene, napht hal ene, benzot hi azol e,
benzotriazole, or the like (specifically, for exanple, resins described in
C

JP- A NdOTIEQ- BBadye whioh mayde usgd g5 theaddisipnal aqdprantagpotpasigmlarlydimiteg, and

2003- 2 = - - - 314 P, .

2007- 2300 85° S5 ShBRPISBaTSSes Ay by Nads (I or R it s Melgsedin |

t he r edPrA Nonp490403dPusNd. 64911F0Qr IP-AgNa w4301, IBWENo .| BhK514| Japaseser ef er abl e
to use an organic or inorganic conposite material containing inorganic fine

particles dispersed in a matrix, fromthe viewpoints of increasing a
refractive index or adjusting the Abbe numnber.




Exanpl es of the inorganic fine particles in the organic or inorganic
conposite material include oxide fine particles, sulfide fine particles,

sel eni de wonei1passd2ccl es, and telluridgofine particles. Bpegpliicomienpl es

t her eofpaldif NddSsdo0G, B8 phiehl RS, LBog 0L RS, 67 doBNLLB0%H i, 21 nC

oxi de, 'tin oxide, ni'obrumoxide,” cérium oxide, alam huni oxi de, [anthanum
oxi de, 503%500nTBA Ne.,5-233207sIR-AiNke 6635 118BLTH-ARo. -D1132) JPFANG. 6er808.cJPFi ne
particl es be used singly or in conmbination of two_or e ki nds

ther eofA NRUFDALISS: T NRghgaaiid. fi A0 1295L6 Thad N 1h0824 ShicbNeoTosi t e
of Pl urd1 6ATPOORR! S001-4823, 1A 0.4RT 5920, SEAUGE.8-50F71CHRAMPNE. 8- PAABC Al L i C
activity and water absorption, the inorganic fine pafticles nmay be’ doped

wi th a Abbel bi¢IaSGuiP-At @l 8-621 6a] AN @802 -d220,tTReA dlof 2062142 1ciidaowi t h a

hetero al . oxj iligc [ um.na, 9r th fgce thereof
may be%ﬁ)@g‘ﬁﬁ%ﬁ‘}gé‘h@ Zgﬁ-féﬁg,@% ?-&g?%é@ﬁﬂp-éﬁq.tgaﬁgég, @63&5‘?' g agent,
an or ggnherGhd RIOKN.eXa8¥, carboxylic acids, sulfonic acids, phosphoric
aci ds, and phosphonic acids), a W?2012/04682660PCT/JP2011/ 073166

di sper sant hEwitheymare, dyerlivingaahiethicpl stupstures of & pytazéde azo dye, an Bhdinoamber

aver age, pri article size of the inorganic fine particles be

gener albY & LR fr B anteryinine e rapdiIdnE dyed Sabdsns a1
there ah@xeASIRReYWFYrazdB@ aRdlY&oit, PPARRMEIRSIR! £ cFariRaBe; a PhaidthibAne
particle size is too large, the effect of Rayleigh scatteri ng IS
pr onoursyeds pyrrelepyrazaleagamgthinendyena intheng dvieag phibpliogranjnedite; # berzopyraa | s
preferaply from 1l nmt h ferably from2 nmto 10 nm and

parti cuygl’rﬁnymfgj1 8#@?3 rltﬁe%r%%g%afngr%b 619éffnm Further, a narrower particle

si ze di[e1r9jb@-BpOredni¢ Bsivémor ganic fine particles is preferable. The

nonodi spersed particle has various definitions, and for example, the

defi ned r angdo #e Rlagkrolymerizgablegompagition of theankentionop solyer geay kepddgdponds to
a pref i i -cli abligé{f]. : t!n(yfrga aver age

pri mar ?F}%yrr I C ec}l{é%gs‘?éégﬁl%goﬂa ovz{erglr}lé@ﬁgﬁe;&rrlgg 3? Seo Il:)}gl ng, for exanple,
an X- r apmpohént and ceatingRb)ergyppfahablack paymesnshie sanhpositedneart satisfied,druvscope

(TEM, or_t | i ke., .[]0153] The refracti.ve index of the inorganic.fine

bar ] IREeib i ssiscTitih ZPrsUSrENE A TBr By SOMFDTS 19 Be PR BIPOREUIY 2£90 ¢ 0
3. 00, nRd EinBECESHRAR! o#eﬁ?,”dnli- ARty O Burfbr, ANHIRA6 bfe?)ﬁl'eathjz ¥laBk BbRARPIZAbIET OM
2.00 to 2.70. [015 he"content” of the inorganic fine particlés in the

or gani compesitjienircthe anyentipn,at teastamioinds of o5gany/sakesnts are pradereblyrmontained.

pr ef er 10%.by, /mass t 7&98b nmass,.  and ticularly preferably 30% by
et 06, BF el R ambRs PSRty el | b & a rmtr1x 1or the

i norgani c fi sgeRandh & <tivy] abétam) hbatyV heiqe) sty lactthrRNEAF fonaite Aikaraylhi gher
refractive index. [0155] Exanples of the resin serving as the matrix used
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i n t he asetggnisebutiibacgtas. butydpfspionate, HapPWPYhbutyystd, gyl bryralg, butd bety&atecur abl e
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descr i hegacimey onsxamylerméthykeiethexgacotates ethyl methonyddeeite, baxd mpthaxyaéetathe

resin include a resin havin refractjive i ndex higher than 1.60, such as
those BVl aKYPEFias. SRARE T sthomvasstaen). 3a°wm01@66p5§ylrﬁérﬂ%@r%a @Pﬁhﬁgf-of a

hydr o i Lo t L : ihed in
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JP-A No. 64, "a resSi'n having a functiona e of formng
an ar bidrmathpxyprepiovate, iethyl Ivethoxppropicoatgaanideetliyl 3ecthexyprapienatedd, 2an end or

side chain of a palyner uch l%gose descri bed 'bn JP-A. No, 2007-238929,
JapaneddyPePInA o Suts 6~ Reshy oo ProRiaRaIe. SHHb 2SR PIONi50 BI0BRSL.  and
2008- 2109 8rop0ihie (b, 3séth) 2 ReiNoxiaoGkhieCkihf) 21HRaIRFSroPheR!

S. .

Application 08- 197054 and 2008-1988 Further, additlves such
as a plraepyl grmethoxyprepignapanehyl2-ethoxmsopianate and ethyd 2ethpypropienstghni c
conposi erial. J4f : 5Ql 4 i f pref.erabl e
combi b BB Pt g RN bt 2 2 el p R £ 512
methoxy-2-methylpropionate and ethyl 2-ethoxy-2-methylpropionate), methyl pyruvate, ethyl
pyruvate, propyl pyruvate, methyl acetoacetate, ethyl acetoacetate, methyl 2-oxobutanoate,
ethyl 2-oxobutanoate;

ethers such as diethylene glycol dimethyl ether, tetrahydrofuran, ethylene glycol



W)2012/ 04682661PCT/ JP2011/ 073166 particles are as foll ows. That is,
when the resin having a relatively high Abbe nunber as descri bed above is
used as avombdIdMes26t is preferable that fine particles etCthantiparsuss oxi de,
alumn i i ne

parti cﬁg&&%&q@? %ﬂeeg geielﬁ}’ eoq?r}aosnlg %\th&l(;ﬁh&] {%‘Eth@? 8(;51&%0 Vg@?%é‘t@ &h 1I atively | ow

Abbe nwasnesolmadea&d diﬁh;&er[wglywi mdnbmiethyd ethe £ didthydend gl cdl |nanamyt cthbes of
titani um oxi de, n oxi de, zirconiumoxide, or the |i1ke as the |noLganic

fine paifi%thﬂp@%glyeoldn%rmgféatheh pronylsnsglyeol mongmethyhether aroryleng ghgbneous! y
di I tel
e S e A S R
react i whénoprapyl bther sstate;nrononer for formng a matrix (for exanple,

di spersants described in th mpl es ction of _JP-A No. 2007-238884, and
the |ike), EﬁPB??I@“&%B%W Fey e Fﬂﬁ?laexm}eoa B‘iaeo%"eﬁﬁg PRRNS

hydr ophj,lji ¢ segment (for exanple, those described in JP-A No. 2007-211164)
or a resin having a functional group capable of formng arbitrary chem cal
bonds with |ammgﬂmﬂwdﬁmm@opamkha&Gﬂuuwcumykmd or a side chain of a high

nol ecul for exa e descr.i b n 200.7- 23 929 and
2007 238550, Ttnc: aee Kings o7 e Saftis Ao VPRSP RS FGR HEBAS o for mi ng a
wafer | mht‘%'&?tﬂerkoidlbﬂlt& r(wﬁﬁlmtﬁmldraxfaybgos%weha&wmbélﬁmwuwr&l@n addi tive

such as a known rel easi ng agent such as a silicon conpound,
f | uor i impewiemenhoithe profde ahalcoated surfagpe@ngditld likeal Hylsugly @@ﬂ@e,clbmmrtmuigly

conpound n_anti oxi i.nder ed 0l Jhe resin
conpos I SHEIERaRr et SR ufe SE T RIEHR fRe e on mmy be
bl ende ttivdxtyPropidiiate, %yp%ﬁio)(%ropfonhtel dthlt @llosdlVe NREAS SeHyY lactide @idthfene
exanples t hereof include a conpound that pronotes a curing reaction

(radi cé y%ﬂmhylze&qr&wﬂracw@w, ﬁ’ﬁﬂyh%@e}h‘ﬁwmpl%‘}at%@thmﬂeaheat or active
0
50054 55E HexfidnE SR hBHo bRl B ELBie IRBle, bk AR Bl minfidier,

dependlangpmpyﬂmglquemfhwemat@dey‘ﬁé or initiator, or the type of a curing
reactiv and thus the anpunt. cannot be unco |t|ona]Jy set.
However[&@e%%ﬁﬂﬁfnt.% QRS BT ek PoymeR mocswoys% by mass,
and . monfofRf8learbhdud AR RBOE (el XM YoRRAfalith SPMDYolBtonsIsh; bEaReet {o
the total solid content of the resin conposition. [0160] The resin
conpositpi86t bysmdss, mops mﬂmbig SViney massp 606w by mass;and partinalailypeaferably may be
pr oduced, appr op ely blendi.ng.t he bo ntioned components. At this
time, \iﬁ?e})g%fﬁj?g 'r?ei?ltﬁg f%é? f{%ﬂ‘e%?“’}zﬂw °¥89£Egr96?%eém ar wei ght nononer
(reactqgeuqlhgqmg%¢aﬁ@”dlssolvable in the nononmer, no separate solvent is
required to be added, while in a case in which the conponents do not

di ssol ve in Fram theqiewpoiphfrimpsraeg thecoaRnropert 8RE pne pleepious pyréactants
conpon I re in
composi fitopd Rl e i il Yo Bolilbh or HiThAORIOR, “REMIGACET T
speci f ivasiblysurfdCranfsat D 468 Aoo@icdinidtAing Lafdd kG flhorsbirestiang)) d nohipniee

selected suitably, as long as no precipitation is generated in the resultant
corrposﬁﬂlfféﬁamaﬁaat%ﬂ’éﬂé@ﬂ% ag AP U IgFtaRk, g ﬂ?‘i‘ﬁ‘é@%ﬁ cigplamay: R BRdy .
Speci fi

ot hyl CH R PRE R, WD BO e boly e e (S B0aSod SO FRFROFeaai R0

et hyl dberesuefactaot, ﬂwtl;qulchdmrmmsncsa@laﬂrcsla(r]bfoﬂowxlahtyl) of acedtimgypdf ur an and

1, 4- dloxan alc ex han et.hanol al coho
but anolPreERies witeg e DlACk g B At shizpPting th BB RERB e, "t of uene
and xyhﬁm@hnnﬁagﬁm@m@hnngﬁﬁ@eﬁpQ”hggaqn&g&ngs|t|on contains the solvent it

is preferred that the conposition is cast on a substrate and/or a nold, and
t he sol vent imothet werdsf whérombbn bpyfooned ysingja go,atm@ liquichwhish copfeinata bdackby ol d

shape. 6 e substrate 10.maysbe fo on1t terial as the
or 0 ndrapaie R e BRoR et S P on Gy Frés G i BFioR PR, "o
for med sufface @ berjoatetl ahd dief doatignliqiid ogmomeedn@nhcﬂwe@amﬁy% it sueffacd foebd ens 12
as long as the substrate 10 is forned froma material transparent with

r espectcoptgdys Bampeed, leging te uahroagmantgnagastablhw efithe ceating liguid toghgysusfaser ed

that the formn St

subst arh{ |b5ICP§ ‘{1 heFosrgiriré SRt eré)‘?’ P lﬂgﬂ lgeqffs Fve@rﬁm & fopﬂé?u%flg f ﬁglaﬂat erial
for foramdigt bhelcbitnglZquid, rfomace@ﬁ%fhrﬁlmamgaa urifeRrfilAxaRaeRRviePghall Ci ent
of the material for formng lens 12 is the sane or substantially the sanme
as that of the material for formng the substrate 10, distortion or
breaking of the lens 12 during heating, which is caused owing to different
| i near expansion ratios, is suppressed in reflow nmounting of the wafer

| evel Iens on an |nag|ng un|t [0162] Although not shomn |n Flgs 1 and 2

Y o o r o Y " o g,



Formati on of Lens First, with reference to Figs. 3 and 4A to 4C, a
method for formng a lens 12 on a substrate 10 is descri bed. Her e,
Fig. 3 iswevizxmebhow ng the state of sgupplying a nol di rgTIRLEIHTB166

(referngdifidsd eré\qtla 15‘n %ﬁefe@bl}; g@led Sutd resin conposition for formng a

| ens, onto a su 4A to 4C are schematic views show ng
t he prqoEd]r &he ﬁhonmd cbnmgn in the rihloﬂc%urfactmtssn preferable fidn 8% Bygmassno140%6Eby
[0165] As shown i material Mis applied W se,

| g, 3, the nol di
usi ng én%FP’s‘B%‘ﬁ’é?é?p fﬁgiy Bamo% égmsgt%?oqp Ba s peeticulsirly rpres%raghv A@ 1%anses
12 are %@t& QS%Q%mJJAG E&[ﬂl ]?]ﬁllt%é\ﬂ ﬂ{}oﬁ"x{é QAR ASFRTT Mede f OF
form ng one | ens 'S supp o eac e reagi ons
WD 2012 /rovige8 266 BIeGVE ﬂﬂzﬁﬁibﬂi’rﬁﬂﬁlﬁlm f thevthickhess roétheema'ed fAmeandahdBqedppl i ed.

[0166] After the rmldi1 ;erl |\/|ISSp ied.to the substrate 10, the
ol 0 6A1BE PrOeRyTEhs SHEPES indhef Apyed BHOBIUR s @omORECR FAISE SRS upst  at o
10, on [MQZ]hEkQﬁpl@?bﬁih@QldSP&sﬁffh&hnt%&lﬁ&e mﬁmmlvﬁ%mmt@mnn Fig. 4A

Here, plural concave portions 62 for transferring the shape of a lens 12 is
pr ovi dEGARMEF b3, cMEGAéM&bFUZ@@/IEGAEAGIeE]WaMHiAEﬁEd?de MHE(AFACIE42]12.

ol di nd TR 4o MEGAEAT R MEOARACRI B thisd, REGAFARTS Y
def or "edEGAFNCIFT), MEGREAT R4 MEGAFAemaVMB@AFAe u&s;@?andeGAFA@
nol ding material Mis cured while the nold 60 is pressed he nol di ng

mat er i 78M(alb5radernmﬁ8amamfa@1ﬂreldéleﬁ Corporationp | EB{UOQRHE F€4MLE@MDS| de of
t he m)'lg‘[ 31, %VBWFEEW? te” al M ha u‘%actther %et il afrﬁ@'rurhlt%éhred

ul travi e resin erl

t he su@ﬂ&lﬁmaﬂmlBURHJ@@S@K)I@SUHM@&S@I(B (SFURFIEONISJCDII@Q as shown
in Fig. 0169] Formation of Light-shieldin Wth reference

to FigSU %I%L H%’c 03 YHRFNGICKI§En$ HBFRON %ﬁt3%§h$‘éRELﬁ)é‘1 PE1I3L4 in the

i ph [ Fi gs.
B t o SURFIRK'439, £ SURFLONGKRH, 4 altdade REmEERELhERSred by Aschi BRSICh 9

|'ight-dhdel ding film14 on the substrate 10 on which | enses 12 have been
T g;g? ?'[0 ?3]]7g13eci 1<§Tg£arr]19p esoc];f tIlg lrlgpli(r)l c%urlfa!lc%]r}t 1r?cr1]1|1c?e gqyce ol, tnmetf1i4lo prllrgllaalillg,e s at
trimethylolethane, and ethoxylates and propoxylates thereof (for example, glycerol
propoxylate, and glycerin ethoxylate), polyoxyethylene lauryl ether, polyoxyethylene stearyl
ether, polyoxyethylene oleyl ether, polyoxyethylene octyl phenyl ether, polyoxyethylene
nonyl phenyl ether, polyethylene glycol dilaurate, polyethylene glycol distearate, sorbitan
fatty acid ester (such as PLURONIC L10, L31, L61, L62, 10R5, 17R2, and 25R2,
TETRONIC 304, 701, 704, 901, 904, or 150R1 (trade names, manufactured by BASF
Corporation)), and SOLFPERSE 20000 (trade name, manufactured by The Lubrizol
Corporation, Japan).
[0124] Specific examples of the cationic surfactant include a phthalocyanine derivative
(trade name: EFKA-745, manufactured by Morishita & Co., Ltd.), an organosiloxane polymer
KP341 (manufactured by Shin-Etsu Chemical Co., Ltd.), a (meth)acrylic (co)polymer
POLYFLOW No. 75, 90, and 95 (manufactured by Kyoeisha Chemical Co., Ltd.), and W001
(trade name, manufactured by Yusho Co., Ltd.).
[0125] Specific examples of the anionic surfactant include W004, W005, and W017 (trade
names, manufactured by Yusho Co., Ltd.).
[0126] Examples of the silicone surfactant include TORAY SILICONE DC3PA, TORAY
SILICONE SH7PA, TORAY SILICONE DC11PA, TORAY SILICONE SH21PA, TORAY

SILICONE SH28PA, TORAY SILICONE SH29PA, TORAY SILICONE SH30PA, and



appl ying the black curabl e conposition of the invention onto the substrate
10 to forma light-shielding coating |ayer 14A (which nay be referred to as
the "li ghwobhixlse82eg coating | ayer fosmati on process") PEeearkilgo736y) ;

subj ecty i -&hd ' [ I re
thrtugﬁ%ﬁAnggﬁL%@I?%%@b %5 e%%é@?ggﬁyﬁégéﬁmﬂq‘g%@éggg p Eg%*ss") (see
Fi 9. 5B)d.)aF8F-4440, TSFU306] DPF-444 3, TSH-44000 arsdhTSF-didhP) (teietnanigs,|allyer 14A after
t he exposure and then renovigt% an uncureq ortion, to form a patterned

| i ght - Spanefastyrgd by Mementivgicearmange Hlateaale e KP4 LKFG(O1y oMent
rocesss, e, F 1 i ~ shhel ging., f i

gr bi t r;(Frl ﬁléﬁpgers’n%lgmglﬁ t gtruL %(%l}alm}? sda(;rtaégfruc%lttgﬁU%d%%dﬂ%?‘@ﬁg?%@?ﬁ, t he

f ol | owiand BYK 34! (tade odmés) nannfacturgabby BYKeGhémight - shi el ding fil mafter the

| ens 12 has en produced will be described.in detail. ) reinafter,

the respecti i ge §%f§aﬁgan§rmf‘¥lﬁ”§ H\?@WH@?%PY 1 §0F RN Of ¥ OF AOE] lapﬂgﬁlﬂqo 14

will be descrhbedoukiQl{id sukfadlihr @Hcalidbd'd frbretabioo.boyAby AR @, By ocess

In the light-shielding coating |ayer tion process, "as shown 1 n Fig.

5A, t hendshaakd noore pidferablyrfh35% by mass tac by magsowitheespetisto thxt ©td Magsidf t he

| enses ﬁz tékfcir ma |l iI%ht -shiel ding W2012/04682664PCT/ JP2011/ 073166

coat i ndh§ Blaek PAlyReRZRIEOmPISHION | ght reflection ratio, which is formed from
the bl golomqurrl) Sespppesi tion. In this case, the |ight-shielding coating

| ayer 14A i's formed so as to cover all of the surface of the substrate 10,
and t he | ensTheblagk pelymzrizahiel compositiorf mey fusther pentpiara ssheitizar foothe ipyrposeb of
the |l ense 2: 17 he substrat.e 10 lch.may_al so _be used in.this

br oceed T iphSina s fadical Bref MR SriEnc oL B IR YA Rl R i .

gl ass, logger alakélehgih agihe photobBEXe(Wagleapthisced mark) gl ass, quartz gl ass, and
a transparent resin._. The substrate 1Q as nentioned herein refers to a
confi gur at i oAAsithfciensitizey used i the nviegtien, psensidzar feat sensitizes the podymerizaion

enbodi S toir ﬂsé’(‘ﬂh wtitn%yla?l $ectron sfgpﬁem Bt £h erldr arfls %cﬁéx{iymfig rmed.
s , g ki

On the substrate an-undercoat layer nmay be provi necessary, for
| mpr ovepmefatablef adhesi on with an upper |ayer, prevention of diffusion of

mat erial or planarization | attenin f. the surfacge .of the substrate 10.
[0174] Exain igle SR ol 0F Sar&&rv?ﬁﬁ?wéﬁ%?%ko‘@@ﬁ QB‘%CELE%W;R%?&TP on

the subpbgnaLe [(HISPOLIP-RNGE 2088 214%)sude various coating methods such as slit
coating, spray coating, an inkjet nethod, spin coating, cast coating, roll

coating, or &heconsem opthersensijzaras prsterably in the range of from 0.1% by mass to 30%

by mass, and more preferably in the range of from 1% by mass to 20% by mass, and even

more preferably in the range of from 2% by mass to 15% by mass, with respect to the total
solid mass of the black polymerizable composition, from the viewpoints of sensitivity and
storage stability.
[0128] (E-6) Polymerization Inhibitor

It is preferable to add a small amount of a polymerization inhibitor to the black
polymerizable composition so as to prevent the undesirable heat polymerization of the
polymerizable compound during the preparation or storage of the composition. As the
polymerization inhibitor, a known heat polymerization inhibitor may be used. Examples
thereof include hydroquinone, p-methoxyphenol, di-t-butyl-p-cresol, pyrogallol, t-
butylcatechol, benzoquinone, 4,4'-thiobis(3-methyl-6-t-butylphenol), 2,2'-methylenebis(4-
methyl-6-t-butylphenol), and cerous salts of N-nitrosophenyl hydroxylamine.

The amount of the heat polymerization inhibitor to be added is preferably about
0.01% by mass to about 5% by weight, with respect to the total solid content of the black
polymerizable composition.

Further, a higher fatty acid or derivative thereof such as behenic acid or a behenic



A filmthickness i mediately after applying the black curable conposition
is preferably from0.1 p.mto 10 pm nore preferably from0.2 p.mto 5 p. m
and even wonrei1pnes2erably from0.2 pmta 3 pm fromthe ecespmindzBied

t hi ckn i MY ' ' . ' e coating
sol ventr HisE i tihgita IR € Rk ALt de il o PR0C BREE Bt P Bule 7 COF L er
14A cogirectsoof dripingafiles theabatidd) sdirﬂjatﬂfbpﬁﬂmﬁﬁﬁzgﬁﬁdn itﬂiib’iﬂoﬁldg@to @dygeeis an 0\éen,
or the |jke at tenperature,. of 50C to 140C for 10 secaonds .to, 300 seconds.
[ 0176] lqiﬁgltﬁﬁatﬂwgmqqnﬁp% the Aighss bttyracid ordlepivafyy e therepf toche addedis naeferably
CONMpPoOSi ki [.-naf I | . iJ.m t hi ckness")
may be agpgqqégﬁ{yﬁ{;%& g%%lgéﬁg’c o%%synvéﬁlﬁge%gée%??g% tg%ﬁ%ﬁ%%&@élé such as a

| i ght - 481 29)d(Ev) Addkgséoart Smprawiag Agergeneral |y in a range fromabout 0.1 pmto
| ess than 50 p. ,0177] Exposure Process I p the exposure pr.ocess,
the |ight- shﬁé‘lag}l?%jmb’é%érﬂ?ﬁ PESPS may A *?dtS‘F‘ilrﬂchFtl?licgé’orm’c@%lﬁicémpﬁﬂoﬁoati ng
layer TatRBhiORioRAliR6RR? td fnpttd SifeSideldds RAHE SLtiMeST aSHaRPRTcFial IR as a ,
patternw se exposure may be perforned by scanni ng exposure, but as shown in
Fi g. 5Bupporpodinampl¢s afulhadhesias impdvir@agent iacinde d silarendomplingragsint pat a4 ern i s
pr ef erggl e. [0178] In the exposure in this process, the coating |ayer 14A

i s expotTYUPSOPPYIE 28Rt ough a mask having a predetermined mask pattern,
wher eby onl ypa.rBablkleRimplet 8EnRsAsh¥dublihg ' Etled j ng |ayer
LA A ok e ancleRinples SRR SR NouBling Hnt e IR BBl

WD 2012 /tfikethde s SIPADE, Y-ridfiat00:31bapyl encthear sijaheryadcryloxypropy tiRbthard sildre,
surface of the substrate 10 present between the |lenses 12 are irradi ated

wi t h | iYgReryloxppiopybirigthogy silanehemereaptapsepyd MEmeGoEy silang gY-REAAPIAYA pr esent

A R L s R e L Lk
radi at iNMBrewheferabltBskalipldsiclude3-niditacBlPoisyl dithéthexmadtRyl silaysariieh as

g-rays, h-rays, or i-rays are preferably used. The radiation may be froma
l'i ght gecthacsylexyriopyligmethazy silanegt h or may be froma |ight source including
all wavel eng i.ah- r I n. o nt
rocess - The il B indydhedln BRGRE Mol € e kb AR e ORBR A R VARIET
(devel apasend 3@Yodyansss, and morktpreforably fém06E by tmdse en20%bydhass ealithyespe@ht
during the exposure, thatgllsz)lchrf)eimcured portion of the |ight-shielding

t

X !
coat i nde thgyetal soljd congengp yRerablesompasikan pf 4s11uYsn8AD: and only the

portions cur ﬁppi%ﬁcdlﬁxg%ellil fHquéiQZi.9.[‘thre;ﬁs%'}Jolym?{izable.%gﬁﬁoéiitiﬁgje’&ﬁhe when the

| i ght-shielding coating | ayer 14A exp as shown in i's devel oped,
only t lpeesenginversione$ dseddocivamingn leayen a glbss subatrateais iymeferdbde tvedldan t he | ens

surfaces, 12a are renoved, and a cured li.ght-shielding film114 is.formed in
The ot Ao eV ER R e Beed B TheoiMpaitt SEhE ritavemeReel B0 T o1)
An al kabi3|oers) oo dddaefes N @ devel oper (i.e., an aqueous alkali solution)
used in theé devel opnent process may be any one of an organic al kali agent,

an i nor gani c Th¢ Rlark pelymerizatie gorapesstian efzthe tyventiommay fgther eonthiad ¢o-agent and
an i nor J: i n It is.preferable t.o use an..orgapi ¢ al kali

Govel oseittifer Bt huBBRINE fdrlochBpll RrfkPfimole EAROIPRL ity (o

Vi ewpoicdldgartfor bl thider ol detihichadiatia, ok preaklit polyraerition iikitiog bf gui t .

photopolymerizable compound caused by oxygen. In addition, in order to improve the

physical properties of the cured coating film, known additives such as a surfactant, a diluent, a
plasticizer, or an oil-sensitizing agent may be added, if necessary.

[0131] The black polymerizable composition of the invention contains at least (A) the black
material (preferably, a pigment dispersion composition containing a pigment dispersant), (B)
the polymerization initiator, (C) the polymerizable compound, and (D) the alkali-soluble
binder polymer, which are mentioned above, and, if necessary, may further contain any one of
various additives and (E-3) an organic solvent, and may be prepared by mixing these
components and, if necessary, additives such as a surfactant.

[0132] When the black polymerizable composition of the invention has such a configuration,



Exanpl es of the alkali agent used in a devel oper include organic alkali
conpounds (i.e., organic al kali agents) such as aqueous amoni a,

et hyl anm ngo 2dizubgebani ne, di net hyl et hggol ami ne, t et ranetrbyliamomonizuem

hydr oxi ) ' j j r pi el ne, or
e ar 43 SO 0 BAREL Bl COHE R BB Ba oS Rl O 0L

i nor gamesonl thkablacka gelyheyizahle BorBpositieh i séfbifon forteing fietlghs-shisldmpniregionde,
sodi um hydrggen car bonate, or potassi um hydrogen carbonate. An agueous

al kal i %§8MAeTdavednsi ned by diluting any one of these alikali agents with

pure water t - af | (o1 7} -gﬁ)mo 0% 9 mass, and
preferably f?%%eg’e%&}%{}%gghtgg lefi(gk)ﬂ y1 n’al(sgiS ﬁ@%r{)ﬂri‘%foe%pgm 5032%65 as a

d fevglotc): m?tynée[orﬁﬁ?m]comggémremﬂo,a sdfi_d ehmfmm:ytf Zosp'rasy-cxméin'g,ta:& dgegrtrib@d balotwe rrpgr1 gg i” e

o o or a devel oping . ti 0 secon 0 ecqnds.

Wen a devel fb@?i’r%rf%?@?ﬁwrvam%w%gafae@% Qfﬁ}qulgegmaigw g;%%ﬁeﬁli general Iy
an une . ¥ Y :

Fol 1 onda oy g oo P S R B B LoD RV R ke
wat er . polynudrizeblewompesitior tsqneﬁ_radbb}vﬁbm@% by trasaitondive by mass;xnmsprezfemb!yoper
tep | SRCALBOGREES PR RN, SRS PRErENEPR AoHe a0 Bk Etabd ey
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10 or %Eg%égﬂgﬁ%ﬁmlﬁ%fe%méﬁ gWhen the substrate 12 is a glass, the
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procedure, apseRMOslinER! 2,iif ththvater RvWEER art8Y £ lightedhseliay ifind 14l sl | enses
12 fornmed on one side of a substrate 10 is descri bed. However, a wafer

| evel [pEs¥enisflighhansmission igregiays ethvithan thedensgsd Ads omedampng thegllyrahl | enses
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forming a light-shielding region.

[0135] Hereinbelow, a configuration of the wafer level lens array, in which plural lenses 12
are arranged two-dimensionally with respect to the substrate 10, as shown Fig. 1, will be
described by way of example.

[0136] The lens 12 is generally formed from the same material as that of the substrate 10,
and may be integrally formed on the substrate 10 or may be formed as a separate structure and
fixed on the substrate. Herein, an example of the wafer level lens of the invention is cited,
but the wafer level lens of the invention is not limited thereto, and various embodiments such

as one which has a multilayer structure or one which is separated into lens modules by dicing,



Exanpl es of nolding materials used for form ng such a wafer |evel |ens
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be used. 01881 Configuration and Production of Wafer Level Lens (3)
Wth réP8gBM8It o Figs. 7Ato 7C and Fig. 8A to 8C, another configuration
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the |ight- Shl el ding coating layer 14A is cured by light-irradiation
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in the ahgutRe iRtk @HE 50660 T0Esd preferably from 1.50 to 1.65.  The phenol resin

which can be used has a linear expansion coefficient of from 30 to 70 [10%/K] and has a

refractive index of from 1.50 to 1.70. The acryl resin which can be used has a linear
expansion coefficient of from 20 to 60 [10%/K] and has a refractive index of from 1.40 to 1.60,
and preferably from 1.50 to 1.60.

[0142] A commercially-available product may be used as the thermosetting resin.  Specific
examples thereof include SMX-7852 and SMX-7877 (both trade names, manufactured by Fuji
Polymer Industries Co., Ltd.), [IVSM-4500 (trade name, manufactured by Toshiba
Corporation), and SR-7010 (trade name, manufactured by Dow Corning Toray Co., Ltd.).



[0193] Next, by perform ng an al kali devel opnent treatnent (devel oping
process), only the W?2012/04682668PCT/JP2011/073166 |i ght-shi el ding
coati ng Iw;aamz]ndészhn the region corregponding to the | ereTapanioresclda of

‘he | 1 . S : |
e | o MRt 3 SIS SR SOEcL bl A} gy Raactan e
this tiamda Imbyester)mtfdne rédig. Te pcﬂycﬂalﬂl&tmtamead whighhtarstt wkd haga ineri ng | ayer

14Aremains,ont substrate 10 except. for the ions, for the |
aper t urcgansiop coeflf %eltpiﬁegs 60yt 7 %H@ haﬁ@ﬁté@%vepr&eﬁ@fﬁomﬂi t¢é70

formed.,, grefera ?mq)@%lle@ OfThteg) ne}%llff@lll REn3AG 0 cédqbetllz%gdﬁgé@ﬁ Syral kal i

sol uti gn oper are the s ose used int proce ures
descri ttaﬂar&slimvmefﬁcwnt of fioan] 5 ta)f&Oe[rl Ot"’/ﬂﬁ arid\hak apifregtive anlexefil. 63anThe<cess

or e onPobIAUEA PRBHES ot ShiEh G CELISFRBES inaeE PRI GRE TE AL Aror 2P

post - bakhAg1aRALEN a trARGyEXROSHf £eS described above may be carri ed out, i f
necessary, after performng the Iight-shielding coating |ayer formation

proces 5[0144]eFevtkw3mr@ opticat gws gawdaltymasdelmhnqmmnsxorpcmfﬁgsm qf@aes .9 to

F t t h

por { or g BCOETR o prgh e eGP 94 OIS ok Rt me s SeEPPbog

As shovy h&'iugh,g% a%‘s AR éjhﬁ&ﬁ%a%&lbﬁ'coé\ﬁf Eﬁ:’h F@&rﬁ% 111% d. §£ﬁﬁ?k | &tk gHsopwi se
ser 5 substrate 10 on

using a gl spen onto a t he patterned
| i ght - shriefrhctivegndax efiabduthla4S.been f or med. The rml ding material Mfor |enses

12 i ed di t h t
Taa o IDRE Bris 813015 et B GG esm b B P G Ape phfitd SO 4 o
i ght - 98isead Ia@qltémé ﬂb%blﬁ%} BEBRcutif tﬂa&nmwltzwpsﬁts ctffta&ﬁbuﬁ&tsaéh e nol ding

material Mis supplied esubstrate 10, a for formng a lens is
di sposdtinsfeesuitahdity gf)@pldashepet Spesificaly ibis mﬁerab@tthtltrth‘t eurableyigfén e t he

nol di ng, rrate en sup lied 80 has
oL ur il oTboSiR be MRS MR BHPBlHe hpor? i d BN Videcled of im0 1808 07 "o
to the Iﬂp&gfoaéuoatwomeﬁlpgfs | enses 12. [0197] Then the nold 80 is pressed
onto the nol dlnag nat eri al M present on the substrate 10, so that the
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resin or an ultraviolet curable resin, [0198] After the nolding material M

i s cur e tha ¢rsedmpteripbis preforably2A0RE or dighes more greferpbly 2208 of hl«ghﬂt and nol d 80,
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resin composition, it is necessary to suppress mobility at a molecular level. Examples of an
effective method therefor include (1) increasing a crosslinking density per unit volume, (2)
using a resin having a rigid cyclic structure (for example, a resin having an alicyclic structure
such as cyclohexane, norbornane, or tetracyclododecane, an aromatic structure such as
benzene or naphthalene, a cardo structure such as 9,9'-biphenyl fluorene, or a spiro structure
such as spirobiindane, specifically, for example, resins described in JP-A Nos. 9-137043, 10-
67970, 2003-55316, 2007-334018, and 2007-238883, and the like), and (3) homogeneously
dispersing a high Tg material such as an inorganic fine particle (for example, those described
in JP-A Nos. 5-209027 and 10-298265). These methods may be ttsed singly or in
combination of plural kinds, and are preferably adjusted in a range not impairing other
properties such as flowability, a shrinkage ratio, or a refractive index.
[0147] From the viewpoints of the degree of precision of shape transfer, a curable resin
composition which exhibits a low volume shrinkage ratio by a curing reaction is preferable.

The curing shrinkage ratio of the resin composition used in the invention is preferably 10% or



[0199] As described above, the patterned light-shielding film 14 included
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ene/thiol curing group (for example, one described in JP-A No. 2003-20334), a
hydrosilylation curing group (for example, one described in JP-A No. 2005-15666);

(4) a resin composition containing a resin having a rigid skeleton (for example,
fluorene, adamantane, or isophorone) (for example, one described in JP-A No. 9-137043);

(5) a resin composition which contains two kinds of monomers having different
polymerizable groups and forms an interpenetrating-network structure (i.e., IPN structure)
(for example, one described in JP-A No. 2006-131868); and

(6) a resin composition containing an expansible material (for example, composition
in described JP-A No. 2004-2719 and JP-A No. 2008-238417). Further, it is preferable to
use a combination of two or more of the curing shrinkage-reducing means (for example, a
resin composition which contains a prepolymer containing a ring-opening polymerizable
group and fine particles), from the viewpoint of optimization of physical properties.
[0149] For forming the wafer level lens of the invention, two kinds or more of resin
compositions having different high and low Abbe numbers, respectively, are preferred.

In a resin having a relatively high Abbe number, the Abbe number (vd) is preferably



Propyl ene gl ycol nononet hyl ether acetate solution of benzyl nethacrylate
(BzMA) / nmet hacrylic acid (MAA) copol yner (BzMA MAA = 60/40 (nol ar ratio),
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hours under the conditions of 3,000 rpm The thus-obtained m xed sol ution
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di anet er of ngﬂgié%?nlt 1? %?&%aﬁgﬁs@%?ﬁerrgggp %lﬁ%’lg?lﬂ?rﬁ SFeg&tgilﬂ? 52?%}%1%6?@%@9
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TB-1 di spersion s 6.8 nmPa-s. [0207] (Co sjtion 11 r | ene. gl ycol
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aci d (Vs &%&%éﬁﬁﬁﬁp%%%@gs‘sﬂ%%\l& 0QI%1Q§60,91>‘AM6£ 2603-56434, smlAl d
content 40% by mass) 10 parts Propyl ene glycol nononethyl ether acetate200
parts [NQQ8D4-R21e9k dP-iA0No.a2006 k9P Y APBA Aok 200 BREX4s TBA No B2 7E384680,5indn)

The conpo t .0 Conposition Il below were subjected to a high
Vi scos%&‘ggﬁsggﬁfwgweat ment using a twn roll, thereby obtaining a
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index (nd) of the resin is preferably 1.60 or more, more preferably 1.63 or more and
particularly preferably 1.65 or more.

The resin is preferably a resin having an aromatic structure, and more preferably, for
example, a resin containing a structure of 9,9’-diarylfluorene, naphthalene, benzothiazole,
benzotriazole, or the like (specifically, for example, resins described in JP-A No. 60-38411,
JP-A No. 10-67977, JP-A No. 2002-47335, JP-A No. 2003-238884, JP-A No. 2004-83855, JP-
A No. 2005-325331, JP-A No. 2007-238883, WO 2006/095610, and Japanese Patent No.
2537540).

[0151] In the resin composition used for forming a wafer level lens, it is preferable to use an
organic or inorganic composite material containing inorganic fine particles dispersed in a
matrix, from the viewpoints of increasing a refractive index or adjusting the Abbe number.

Examples of the inorganic fine particles in the organic or inorganic composite
material include oxide fine particles, sulfide fine particles, selenide fine particles, and telluride
fine particles. Specific examples thereof include fine particles of zirconium oxide, titanium
oxide, zinc oxide, tin oxide, niobium oxide, cerium oxide, aluminum oxide, lanthanum oxide,
yttrium oxide, zinc sulfide or the like.

[0152] The inorganic fine particles may be used singly or in combination of two or more
kinds thereof. Further, The inorganic fine particles may be made from a composite of plural
components.

In order to reduce, for example, photocatalytic activity and water absorption, the
inorganic fine particles may be doped with a heterogeneous metal, or a surface layer thereof
may be coated with a heterogeneous metal oxide such as silica or alumina, or the surface
thereof may be modified using a silane coupling agent, a titanate coupling agent, an organic

acid (for example, carboxylic acids, sulfonic acids, phosphoric acids, and phosphonic acids), a
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preferably from 3 nm to 7 nm. Further, a narrower particle size distribution of the inorganic

fine particles is preferable. The monodispersed particle has various definitions, and for

example, the defined range of values as described in JP-A No. 2006-160992 corresponds to a

preferable particle size distribution range.

The number average primary particle size described above may be measured usiné,
for example, an X-ray diffraction (XRD) apparatus, a transmission electron microscope
(TEM), or the like.

[0153] The refractive index of the inorganic fine particles at 22°C and at 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.

[0154] The content of the inorganic fine particles in the organic-inorganic composite
materials is 5% by mass or more, more preferably 10% by mass to 70% by mass, and
particularly preferably 30% by mass to 60% by mass, with respect to the resin that is a matrix
for the inorganic fine particles, from the viewpoints of transparency and a higher refractive
index.

[0155] Examples of the resin serving as the matrix used in the organic-inorganic composite
material include the ultraviolet curable resin, thermosetting resin, thermoplastic resin having a
relatively high Abbe number, and resin havng a relatively low Abbe numver, which are
described above as wafer level lens materials. Further, examples of the resin include a resin
having a refractive index higher than 1.60, such as those described in JP-A No. 2007-93893, a
block copolymer consisting of a hydrophobic segment and a hydrophilic segment, such as
those described in JP-A No. 2007-211164, a resin having a functional group capable of
forming an arbitrary chemical bond with an inorganic fine particle, at an end or side chain of a
polymer, such as those described in JP-A No. 2007-238929, Japanese Patent Application Nos.
2008-12645, 2008-208427, 2008-229629, and 2008-219952, and a thermoplastic resin
described in Japanese Patent Application Nos. 2008-197054 and 2008-198878.

Further, additives such as a plasticizer or a dispersant may be added to the organic-
inorganic composite material, if necessary.

[0156] In this regard, preferable combinations of the resin as a matrix and the inorganic fine
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[0158] The resin composition used for forming a wafer level lens in the invention may be
suitably blended with an additive such as a known releasing agent such as a silicon compound,
a fluorine-containing compound, or a long-chain alkyl group-containing compound; or an
antioxidant such as hindered phenol.

[0159] The resin composition used for forming a wafer level lens in the invention may be
blended with a curing catalyst or initiator, if necessary. Specific examples thereof include a
compound that promotes a curing reaction (radical polymerization or ion polymerization) by
action of heat or active energy rays, as described in paragraphs [0065] to [0066] of JP-A No.
2005-92099. The amount of the curing reaction promoter to be added may vary depending
on the type of a catalyst or initiator, or the type of a curing reactive moiety, and thus the
amount cannot be unconditionally set. However, the amount is preferably from about 0.1%
by mass to 15% by mass, and more preferably from about 0.5% by mass to 5% by mass, with
respect to the total solid content of the resin composition.

[0160] The resin composition used in producing the wafer level lens of the invention may be
produced by appropriately blending the above-mentioned components. At this time, when
components other than a liquid lower molecular weight monomer (reactive diluent) are
dissolvable in the monomer, no separate solvent is required to be added, while in a case in
which the components do not dissolve in the liquid lower molecular weight monomer,
respective components may be dissolved using a solvent, thereby preparing a resin

composition. The solvent which may be used in the resin composition is not specifically
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transparent with respect to visible light, such as a glass. In this case, it is preferred that the

material for forming the substrate 10 has the same or substantially the same linear expansion
coefficient as that of the material for forming the lens 12. In a case in which a linear
expansion coefficient of the material for forming lens 12 is the same or substantially the same
as that of the material for forming the substrate 10, distortion or breaking of the lens 12 during
heating, which is caused owing to different linear expansion ratios, is suppressed in reflow
mounting of the wafer level lens on an imaging unit.
[0162] Although not shown in Figs. 1 and 2, an infrared filter (IR filter) may be formed on
the surface of the optical incidence side of the substrate 10.
[0163] Hereinbelow, with reference to Figs. 3 to 8C, specific description will be given to the
configuration and production of a wafer level lens, by referring to a method of producing a
wafer level lens array.
[0164] Configuration and Production of Wafer Level Lens (1)
Formation of Lens

First, with reference to Figs. 3 and 4A to 4C, a method for forming a lens 12 on a
substrate 10 is described.

Here, Fig. 3 is a view showing the state of supplying a molding material (referred to
as "M" in Fig. 3) that is a resin composition for forming a lens, onto a substrate 10.

Figs. 4A to 4C are schematic views showing the procedures of molding alens 12 on a
substrate 10 using a mold 60.
[0165] As shown in Fig. 3, the molding material M is applied dropwise, using a dispenser 50,
onto regions of the substrate 10 on which the lenses 12 are to be formed. The molding

material M in an amount necessary for forming one lens 12 is supplied to each of the reagions
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onto which the lenses are to be supplied.

[0166] After the molding material M is supplied to the substrate 10, the mold 60 for forming
a lens 12 is disposed over the surface of the substrate 10, on which the molding material M
has been supplied, as shown in Fig. 4A.

Here, plural concave portions 62 for transferring the shape of a lens 12 is provided in
the mold 60 according to a desirable number of the lenses 12.

[0167] Subsequently, as shown in Fig. 4B, the mold 60 is pressed to the molding material M
on the substrate 10, so that the molding material M is deformed according to the shape of the
concave portions 62. Then, the molding material M is cured while the mold 60 is pressed to
the molding material M, by irradiation of heat or ultraviolet light from the outside of the mold
60 when the molding material M is a thermosetting resin or an ultraviolet curable resin.
[0168] After the molding material M is cured, the substrate 10 and the lenses 12 are released
from the mold 60 as shown in Fig. 4C.

[0169] Formation of Light-shielding Film

With reference to Figs. SA to 5C, a method of forming a light-shielding film 14 in the
peripheral portion of the lenses 12 will be described.

Herein, Figs. 5A to 5C are schematic cross-sectional views showing processes of
forming a light-shielding film 14 on the substrate 10 on which lenses 12 have been formed.
[0170] A method of forming a light-shielding film 14 includes at least:

applying the black curable composition of the invention onto the substrate 10 to form
a light-shielding coating layer 14A (which may be referred to as the "light-shielding coating
layer formation process") (see Fig. 5A);

subjecting the light-shielding coating layer 14A to pattern exposure through a mask
70 (which may be referred to as the "exposure process") (see Fig. 5B); and

developing the light-shielding coating layer 14A after the exposure and then
removing an uncured portion, to form a patterned light-shielding film 14 (which may be
referred to as the "development process") (see Fig. 5C).

[0171] The light-shielding film 14 may be arbitrarily formed either before or after producing
the lens 12. In the following, a method of forming a patterned light-shielding film after the
lens 12 has been produced will be described in detail.

Hereinafter, the respective steps of the method of forming a light-shielding film 14
will be described.

[0172] Light-shielding Coating Layer Formation Process
In the light-shielding coating layer formation process, as shown in Fig. 5A, the black

curable composition is coated onto the substrate 10 and the lenses 12 to form a light-shielding
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coating layer 14A having a low light reflection ratio, which is formed from the black curable
composition. In this case, the light-shielding coating layer 14A is formed so as to cover all
of the surface of the substrate 10, and the lens surfaces 12a and the surface of the peripheral
portion 12b of the lenses 12.

[0173] The substrate 10 which may also be used in this process is not particularly limited,
and examples thereof include soda glass, non-alkaline glass, PYREX (registered mark) glass,
quartz glass, and a transparent resin.

The substrate 10 as mentioned herein refers to a configuration including both the lens
12 and the substrate 10 in an embodiment in which the lens 12 and the substrate 10 are
integrally formed.

On the substrate 10, an undercoat layer may be provided, if necessary, for
improvement of adhesion with an upper layer, prevention of diffusion of material or
planarization (flattening) of the surface of the substrate 10.

[0174] Examples of a method of applying the black curable composition on the substrate 10
and lenses 12 include various coating methods such as slit coating, spray coating, an inkjet
method, spin coating, cast coating, roll coating, or a screen printing method.

A film thickness immediately after applying the black curable composition is
preferably from 0.1 um to 10 pm, more preferably from 0.2 um to 5 um, and even more
preferably from 0.2 um to 3 um, from the viewpoints of thickness uniformity of the coating
film, and ease of drying of the coating solvent.

[0175] The drying (prebaking) of the light-shielding coating layer 14A coated on the
substrate 10 may be performed using a hot plate, an oven, or the like at a temperature of 50°C
to 140°C for 10 seconds to 300 seconds.

[0176] The coating film thickness after drying the black curable composition (hereinafter
also simply referred to as "dry film thickness") may be arbitrarily selected according to
desired performances such as a light-shielding property, and is generally in a range from about
0.1 pm to less than 50 um.

[0177] Exposure Process

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

[0178] In the exposure in this process, the coating layer 14A is exposed to light through a
mask having a predetermined mask pattern, whereby only a portion irradiated with light is

cured in the coating layer 14A. A mask pattern is used through which the surfaces of the
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lens peripheral portions 12b and the surface of the substrate 10 present between the lenses 12

are irradiated with light. Therefore, only the light-shielding coating layer 14A present at
regions other than the lens surfaces 12a is cured by light irradiation, and the cured regions
form a light-shielding film 14.

[0179] As the radiation which may be used for the exposure, ultraviolet rays such as g-rays,
h-rays, or i-rays are preferably used. The radiation may be from a light source of a single
wavelength or may be from a light source including all wavelengths such as a high-pressure
mercury lamp.

[0180] Development Process

Subsequently, by performing an alkali development treatment (development process),
a portion which has not been irradiated by light during the exposure, that is, an uncured
portion of the light-shielding coating layer 14A, is eluted into an aqueous alkali solution, and
only the portions cured by light irradiation remain.

Specifically, when the light-shielding coating layer 14A exposed as shown in Fig. 5B
is developed, only the light-shielding coating layer 14 A that has been formed on the lens
surfaces 12a are removed, and a cured light-shielding film 14 is formed in the other regions
than the lens surfaces 12a, as shown in Fig. 5C.

[0181] An alkali agent contained in a developer (i.e., an aqueous alkali solution) used in the
development process may be any one of an organic alkali agent, an inorganic alkali agent, and
a combination of an organic alkali agent and an inorganic alkali agent. It is preferable to use
an organic alkali developer in forming the light-shielding film in the invention, from the
viewpoints of reduced likelihood of impairing a peripheral circuit.

Examples of the alkali agent used in a developer include organic alkali compounds
(i.e., organic alkali agents) such as aqueous ammonia, ethylamine, diethylamine,
-dimethylethanolamine, tetramethylammonium hydroxide, tetracthylammonium hydroxide,
choline, pyrrole, piperidine, or 1,8-diazabicylclo-[5,4,0]-7-undecene; and inorganic
compounds (i.e., inorganic alkali agents) such as sodium hydroxide, potassium hydroxide,
sodium hydrogen carbonate, or potassium hydrogen carbonate. An aqueous alkali solution
obtained by diluting any one of these alikali agents with pure water to a concentration of from
0.001% by mass to 10% by mass, and preferably from 0.01% by mass to 1% by mass, is
preferably used as a developer.

[0182] In general, development is carried out at a temperature of 20°C to 30°C for a
developing time of 20 seconds to 90 seconds.
[0183] When a developer formed from the aqueous alkali solution is used, generally an

unexposed portion of a coating film is removed by the developer, followed by washing
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[0184] Moreover, the production method may further include, if necessary, a step of curing
the formed light-shielding film (i.e., light-shielding pattern) by heating (i.e., post-baking)
and/or light exposure, after performing the light-shielding coating layer formation process, the
exposure process, and the development process. |
[0185] The post-baking is a heating treatment performed after development, for the purpose
of complete curing, and is generally a heat curing treatment at 100°C to 250°C. The
conditions such as temperature and times of post-baking may be suitably set depending on the
materials of the substrate 10 or the lens 12. For example, when the substrate 12 is a glass,
the post-baking temperature is preferably from 180°C to 240°C.

The post-baking treatment of a light-shielding film 14 formed through the
development may be performed in a continuous system or a batch system using a heating
apparatus such as a hot plate, a convection oven (hot-air circulating dryer), or a radio-
frequency heating apparatus under the above-mentioned conditions.

[0186] In the above-mentioned procedure, an embodiment in which the lens 12 has a

concave shape is described. However, the shape of the lens is not specifically limited thereto,
and the lens may have a convex or aspheric surface. Furthermore, in the above-mentioned
procedure, an embodiment in which a wafer level lens having plural lenses 12 formed on one
side of a substrate 10 is described. However, a wafer level lens of the invention may have a
configuration in which plural lenses 12 are formed on both sides of a substrate 10, and in this
case, light-shielding layers 14 are formed on both sides of the substrate 10 in regions other
than the lens surfaces.

[0187] Configuration and Production of Wafer Level Lens (2)

Fig. 6 is a view showing another configuration example of a wafer level lens array.

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

Examples of molding materials used for forming such a wafer level lens array are the
same as the molding materials described above. In this embodiment, plural concave lenses
12 are formed on one side (upper side in figure) of the substrate 10, and plural convex lenses
20 are formed on the other side (lower side in figure) of the substrate. A patterned light-
shielding film 14 is formed in regions of the substrate 10 excluding the lens surface 12a, at the
side on which the plural concave lenses 12 are formed; that is, a patterned light-shielding film

14 is formed on the surface of the substrate 10 and the surface of the lens peripheral portions
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12b. As a patterning method used for forming the light-shielding film 14, any of the

methods described above may be used.
[0188] Configuration and Production of Wafer Level Lens (3)
With reference to Figs. 7A to 7C and Fig. 8A to 8C, another configuration example of
a wafer level lens array and the procedures for producing the same will be described below.
Here, Figs. 7A to 7C are schematic views showing another embodiment of processes
for forming a patterned light-shielding film 14.
Further, Figs. 8A to 8C are schematic views showing processes for molding lenses 12
after the patterned light-shielding film 14 has been formed.

[0189] In the embodiments of the wafer level lens array shown in Figs. 3 to 6, the patterned

light-shielding film 14 is formed on the substrate 10 on which the lenses 12 have been formed.

In contrast, in the embodiment described below, a patterned light-shielding film 14 is first
formed on a substrate 10, and then lenses 12 are molded on the substrate 10.
[0190] Formation of Light-shielding Film

First, as shown in Fig. 7A, a light-shielding coating layer forming process, in which a
black curable composition is coated onto the substrate 10 to form a light-shielding coating
layer 14A, is carried out.

[0191] Thereafter, the light-shielding coating layer 14A coated on the substrate 10 is dried
using a hot plate, an oven, or the like at a temperature of 50°C to 140°C for 10 seconds to 300
seconds. The dry film thickness of the black curable composition may be arbitrarily selected
according to desired performances such as a light-shielding property, and is in a range from
about 0.1 pm to less than 50 pm.

[0192] Next, as shown in Fig. 7B, the light-shielding coating layer 14A formed in the light-
shielding coating layer formation process is subjected to pattern exposure through a mask 70.
The mask 70 has a predetermined mask pattern.

In this light exposure step, the light-shielding coating layer 14 is subjected to pattern
exposure, whereby only a portion which is irradiated by light is cured in the light-shielding
coating layer 14A. In this embodiment, a mask pattern is used which enables light
irradiation at a portion of the light-shielding coating layer 14A in a region excluding the
regions which serve as lens apertures 14a of lenses 12 when the lenses 12 are molded in the
subsequent processes. In this way, the light-shielding coating layer 14A is cured by light-
irradiation excluding portions thereof which are to become the lens apertures 14a of the lenses
12.  Examples of radiation which may be used in the exposure preferably include ultraviolet
rays such as g-rays, h-rays, or i-rays, as in the above-mentioned procedures.

[0193] Next, by performing an alkali development treatment (developing process), only the

WO
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light-shielding coating layer 14A in the region corresponding to the lens aperture 14a of the

lens 12 which is an uncured region of the light-shielding coating layer 14A in the pattern
exposure is eluted by an aqueous alkali solution. At this time, as shown in Fig. 7C, a
photocured light-shielding coating layer 14A remains on the substrate 10 except for the
regions for the lens apertures 14a of the lenses 12, whereby a light-shielding film 14 is formed.

Here, examples of the alkaline agent in the aqueous alkali solution as a developer are
the same as those used in the procedures described above.

Then, after the developing treatment, an excess developer is washed and removed,
followed by drying.

[0194] Also in the present embodiment, a step of curing the formed light-shielding film by
post-baking and/or light exposure as described above may be carried out, if necessary, after
performing the light-shielding coating layer formation process, the exposure process, and the
development process.

[0195] Formation of Lens

Next, a step of forming the lenses 12, which is performed after the light-shielding
film 14 is formed, will be described.

As shown in Fig. 8A, a molding material M for lenses 12 is applied dropwise using a
dispenser 50 onto a substrate 10 on which the patterned light-shielding film 14 has been
formed. The molding material M for lenses 12 is supplied so as to cover regions
corresponding to the lens apertures 14a of the lenses 12 and so as to also cover a portion of
the end of the light-shielding film 14 adjacent to the apertures.

[0196] After the molding material M is supplied to the substrate 10, a mold 80 for forming a
lens is disposed over the substrate at the side of the substrate 10 where the molding material
M has been supplied, as shown in Fig. 8B. The mold 80 has plural concave sections 82 for
transferring the shape of lens 12 according to the de‘sirable number of lenses 12.

[0197] Then, the mold 80 is pressed onto the molding material M present on the substrate 10,
so that the molding material M is deformed according to the shape of the concave sections.
The molding material M is cured while the mold 80 is pressed onto the molding material M,
by irradiation of heat or ultraviolet light from the outside of the mold when the molding
material M is a thermosetting resin or an ultraviolet curable resin.

[0198] After the molding material M is cured, the substrate 10 and the lenses 12 are released
from the mold 80, thereby obtaining a wafer level lens array including a patterned light-
shielding film 14 on the substrate 10, as shown in Fig. 8C.

[0199] As described above, the patterned light-shielding film 14 included in a wafer level

lens is formed not only in a region excluding the lens surfaces 12a of the lenses 12 as shown
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in Fig. 5, but the light-shielding film 14 may also be provided in a region excluding the lens
apertures 14a of the lenses 12 as shown in Fig. 8C.

[0200] Since the wafer level lens has a light-shielding film 14 which has a low light
reflection ratio and is patternwise formed on at least one side of the substrate 10, generation
of reflected light is inhibited while light is sufficiently shielded in a region other than at the
lens surfaces 12a or the lens apertures 14a of the lenses 12. Therefore, when the wafer level
lens is applied to an imaging module having a solid imaging device, defects such as ghosting
or flare caused by reflected light during imaging are prevented.

[0201] Furthermore, since the light-shielding film 14 is provided on the surface of the
substrate, other light-shielding members need not be placed in the wafer level lens, and an
increase in production costis suppressed.

[0202] As in the configuration described in International Application Publication No. WO
2008/102648 mentioned above, when the surface around the lens has a concave and convex
structure, incident light on the structure is reflected or diffused, and thus there is a risk of
causing defects such as ghosting. In this regard, as shown in Fig. 5, when the patterned
light-shielding film 14 is provided in a region excluding the lens surface 12a of the lens 12,
light is shielded in other regions than at the lens surface 12a and the optical performance is

improved.

EXAMPLES

[0203] Hereinbelow, the invention is described in detail with reference to Examples, but is
not limited to the following Examples unless departing from the spirit of the invention.
Further, unless otherwise specified, "%" and "part(s)" are on the basis of mass.

[0204] Preparation of Titanium Black Dispersion (TB-1 Dispersion)

The components shown in Composition I below were subjected to a high viscosity
dispersion treatment using a twin roll, thereby obtaining a dispersion. The viscosity of this
dispersion was 40,000 mPa-s.

Further, the components may be kneaded using a kneader for 30 minutes before the
high viscosity dispersion treatment.

[0205] (Composition I)

- Titanium black 13 M-C having an average primary particle diameter of 75 nm

(manufactured by Mitsubishi Materials Electronic Chemicals Co., Ltd.) (Pigment Black 35)
40 parts

- Propylene glycol monomethyl ether acetate solution of benzyl methacrylate

(BzMA)/methacrylic acid (MAA) copolymer (BzZMA/MAA = 60/40 (molar ratio), Mw:
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30,000, solid content: 40% by mass) 8 parts
- SOLSPERSE 5000 (manufactured by The Lubrizol Corporation ) 2 parts

[0206] The components shown in Composition II below were added to the thus-obtained
dispersion, followed by stirring using a homogenizer for 3 hours under the conditions of 3,000
rpm. The thus-obtained mixed solution was subjected to a fine dispersion treatment using a
disperser (trade name: DISPERMAT, manufactured by Getzmann) employing zirconia beads
having a diameter of 0.3 mm for 4 hours, thereby obtaining a titanium black dispersion
(hereinafter denoted as a TB-1 dispersion).

The viscosity of the TB-1 dispersion was 6.8 mPa-s.

[0207] (Composition IT)

- Propylene glycol monomethyl ether acetate solution of benzyl methacrylate
(BzMA)/methacrylic acid (MAA) copolymer (BzMA/MAA = 70/30 (molar ratio), Mw:
30,000, solid content 40% by mass) 10 parts

- Propylene glycol monomethyl ether acetate 200 parts
[0208] Preparation of Titanium Black Dispersion (TB-2 Dispersion)

The components shown in Composition III below were subjected to a high viscosity
dispersion treatment using a twin roll, thereby obtaining a dispersion. The viscosity of this
dispersion was 40,000 mPa-s.

Further, the components may be kneaded using a kneader for 30 minutes before the
high viscosity dispersion treatment.
[0209] (Composition III)
- Titanium black having an average primary particle diameter of 40 nm (manufactured by
Mitsubishi Materials Electronic Chemicals Co., Ltd.) 40 parts
- Exemplary Compound 72 S parts
[0210] The components shown in Composition IV below were added to the thus-obtained
dispersion, followed by stirring using a homogenizer for 3 hours under the conditions of 3,000
rpm. The thus-obtained mixed solution was subjected to a fine dispersion treatment using a
disperser (trade name: DISPERMAT, manufactured by Getzmann) employing zirconia beads
having a diameter of 0.3 mm for 4 hours, thereby obtaining a titanium black dispersion
(hereinafter denoted as a TB-2 dispersion).

The viscosity of the TB-2 dispersion was 6.8 mPa:s.
[0211] (Composition IV)
- Exemplary Compound 72 5 parts

- Propylene glycol monomethyl ether acetate 200 parts
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[0213] Method for Synthesizing Exemplary Compound 72

Exemplary Compound 72 may be synthesized in accordance with the preparation
method described in paragraphs [0338] to [0340] of JP-A No. 2010-106268.

[0214] Preparation of Carbon Black Dispersion (CB Dispersion)

A carbon black dispersion (CB dispersion) was obtained by replacing the titanium
black of TB-1 dispersion with the same mass of carbon black (carbon black MA-100 R
(manufactured by Mitsubishi Chemical Corporation).

[0215] Preparation of Silver Tin dispersion (ST dispersion)

A solution obtained by dissolving 15 g of tin colloid (average particle diameter: 20
nm, solid content: 20%, manufactured by Sumitomo Osaka Cement Co., Ltd.), 60 g of silver
colloid (average particle diameter: 7 nm, solid content: 20% by weight, manufactured by
Sumitomo Osaka Cement Co., Ltd.), and 0.75 g of polyvinyl pyrrolidone in 100 mL of water
was added to 200 mL of pure water with a temperature maintained at 60°C, thereby obtaining
a colloidal solution.

Subsequently, the colloidal solution was stirred for 60 minutes with the temperature
maintained at 60°C, followed by application of ultrasonic waves for 5 minutes.
Subsequently, the colloidal solution was concentrated by centrifugation to obtain a mixed
solution having a 25% solid content. The mixed liquid then was dried by a freeze-drying
method, thereby obtaining a powder sample.

A silver tin dispersion (ST dispersion) was obtained by replacing the titanium black in
the TB-1 dispersion with the same mass of the thus-obtained powder sample.

[0216] Examples I to 5, and Comparative Examples 1 and 2
1. Preparation of Black Polymerizable Composition
The components of the following composition A-1 were mixed using a stirrer to

prepare each of the black polymerizable compositions used in Examples 1 to 5 and
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parts  of23°C for 60 seconds. Subsequently, the coating layer was rinsed using a spin shower, and
further washed with pure water, thereby obtaining a patterned light-shielding film.
For the thus-obtained light-shielding film pattern, the number of repeated
development when the peeling of an exposed portion was found was determined using an
optical microscope, and results thereof are shown in Table 1.
When the number of repeated development is 4 or more, it is estimated that alkali

developer resistance is good.
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[0219] The structures of compounds B-1 to B-3 and HB-1 to HB-3 mentioned in Tables 1

and 2 are shown below. The numeral values of the compositional ratios in the following

structures indicate the contents (% by mass (wt%)) of the structural units.

The structures of polymerization initiators I-1 to I-3 are also shown.
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[0223] As shown by the results of Table 1, a wafer level lens having a light-shielding film
formed from the black polymerizable composition of the invention has an excellent alkali
developer resistance.
[0224] Examples 6 to 10 and Comparative Example 3
1. Preparation of Black Polymerizable Composition

The components of Composition A-2 described below were mixed using a stirrer,
thereby obtaining the black polymerizable compositions of Examples 6 to 10 and
Comparative Example 3, respectively.
(Composition A-2)
- (D) Alkali-soluble binder polymer mentioned in Table 2 2.5 parts
- (C) Polymerizable compound: succinic acid-modified monomer of dipentaerythritol
hexaacrylate 2.0 parts
- (C) Polymerizable compound: pentaerythritol triacrylate 2.0 part



Exanple 9 CB B-3 1-2 A 4 Exanple 10 ST B-3 1-1 A 3 Conparative Exanple 3
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- 3-Methacryloxypropyl dimethoxymethylsilane 0.1 parts
- (B) Polymerization initiator mentioned in Table 2 0.4 parts

- Dispersion containing (A) black pigment, mentioned in Table 1 24 parts

- Propylene glycol monomethyl ether acetate 10 parts

- Cyclohexanone 8 parts

[0225] 2. Production and Evaluation of Light-Shielding Film (Light-Shielding Region)

The following composition V was coated on a glass wafer to a film thickness of 15
um, and subjected to patternwise exposure using a 50-um hole mask to give a cylindrical
diameter of 50 um, by a high pressure mercury lamp, thereby forming a transparent resin
layer having a cylindrical hole having a diameter of 50 um. Subsequently, the transparent
resin layer was heated on a hot plate at a temperature of 200°C for 5 minutes, thereby
obtaining a wafer including a transparent resin layer on which holes were formed.

Subsequently, each of the black polymerizable compositions obtained above was
spray-coated using a two-fluid type spray-coating apparatus on the wafer having a transparent
resin layer formed thereon, and dried at 120°C for 2 minutes, thereby obtaining a black
polymerizable composition layer having an average film thickness of 3 um. It was found
that the black polymerizable composition layer thus formed was uniformly formed on the
surface of the glass wafer and the surface of the transparent resin layer, even with the
structures having unevenness.

Moreover, a hole-forming region of the transparent resin layer and a hole portion of
the photomask were in conjunction with each other for performing positioning, and light
exposure was carried out using a photomask having a light-shielded hole portion having a
diameter of 50 pm, at an exposure amount of 1,000 mJ/cm? using a high pressure mercury
lamp or the like, from the top of the black polymerizable composition layer. By exposure,
the black polymerizable composition layer is cured in the region other than the hole-forming
region formation, and the black polymerizable composition layer of the hole-forming region
is present in an uncured state due to the hole mask.

(Composition V)
- Allyl methacrylate/methacrylic acid copolymer (molar ratio 70/30; Mw=50,000)

1.6 parts
- Dipentaerythritol hexaacrylate ((C) polymerizable compound) 2.0 parts
- Pentaerythritol triacrylate ((C) polymerizable compound) 1.0 part
- IRGACURE OXE-01 (manufactured by BASF) 0.3 parts

- Propylene glycol monomethyl ether acetate 5 parts
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The results are shown in Table 2.
[0227] Table 2

Dispersion (D) (B) Residue Number of
Alkali- Polymerization developments
soluble initiator
binder
Example 6 TB-1 B-1 I-1 A 5
Example 7 TB-2 B-2 [-2 A 6 or more
Example 8 TB-2 B-2 I-3 A 6 or more
Example 9 CB B-3 I-2 A 4
Example 10 ST B-3 I-1 A 3
Comparative CB HB-2 I-1 B 2
Example 3

[0228] As apparent from the results of Table 2 above, in a wafer level lens having a light-
shielding film formed from the black polymerizable composition of the invention, the amount
of residues in a non-image portion was reduced, and peeling of the image portion was
suppressed, which means an excellent alkali developer resistance. Further, it was found that
the black polymerizable composition of the invention is capable of being spray-coated.
[0229] From the results described above, it was found that the black polymerizable
composition of the invention has an excellent alkali developer resistance. It was also found
that a black polymerizable composition capable of being spray-coated is provided.
[0230] Japanese Patent Application Nos. 2010-225100 and 2011-003422 is 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
publication, patent application, or technical standard was specifically and individually

indicated to be incorporated by reference.
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by maskast 30,000 and having a polymerizable group at a side chain thereof.

2. The black polymerizable composition according to claim 1, wherein the (A) black

material comprises titanium black.

3. The black polymerizable composition according to claim 1 or 2, wherein the (D)
alkali-soluble binder polymer comprises an alkali-soluble binder polymer having a weight
average molecular weight of from 50,000 to 100,000 and having a polymerizable group at a

side chain thereof.

4. The black polymerizable composition according to any one of claims 1 to 3, which is

used for forming a light-shielding region of a wafer level lens.

5. The black polymerizable composition according to any one of claims 1 to 4, which is

capable of being spray-coated.

6. The black polymerizable composition according to any one of claims 1 to 5, wherein
the total solid content in the black polymerizable composition is from 20% by mass to 35% by

mass.

7. The black polymerizable composition according to any one of claims 1 to 6, wherein
the polymerizable group included in the (D) alkali-soluble binder polymer comprises an acryl
group, a methacryl group, a styryl group, an allyl group, an acrylamide group, a

methacrylamide group, a vinyl group or a vinyl ether group.

8. The black polymerizable composition according to any one of claims 1 to 7, wherein
a content of the (D) alkali-soluble binder polymer is from 5% by mass to 75% by mass with

respect to the total solid content of the black polymerizable composition.
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the solid is a surface of a peripheral portion of a wafer level lens, and the black layer is a

light-shielding region formed in the peripheral portion of a wafer level lens.



