WD 2011/ 090217PCT/ JP2011/ 051537 DESCRI PTI ON BLACK CURABLE COVPGCSI TI ON FOR
WAFER- LEVEL LENS, AND WAFER- LEVEL LENS Techni cal Field [0001] The present
i nventi onypehalPeb0 a bl ack curabl e conposition for a @@&gﬁﬂhgmggﬂlens
which is useful for formng a |I%?t shleldlng | ayer of a wafer-Ilevel |ens
havi ng plural |enses arranged on Nate, and a wafer-l.evel lens °
havi ng a |ight-shielding filn1obta|ned by u5|ng the sane. Related Art
[0002] . Mbbile -termnals of recent electronic device, such as nobile phones
or per sBhACKACGRABLEBEOMRASITIONHDR WA RER d EViElL LEAISI AND WAFERHE EMEIKkup
units. Generally, such an inage pick nit includes a solid-state inage
pi ckup el enent, such as a Charge Co Device (CCD) image sensor or a
Conpl enent ary Met al - Oxi de -Sem conductor (CMOS) image sensor, and a | ens
that nol ds subject inmages on the solid-state inage pickup el enent. [0003]
Wt h nilechataat Fiebt i on and t hi ckness reduction of portable termnals and

pr opagat i ortable termnals, ther mniaturi t|o |ckness
Feanet TsaThs Fhogees MeguisimAS 68 Bk sl mstonon BarBiekeag "

t oget hghiciib DsdPiIq¥t BirRihedd llg?lﬁ-%ﬁiéf’cﬁﬁ’% Ry OGE Wi Mevel TOnCIRR VPl I%H§é§ a
request, a mass-production nethod an i mge plcku%.unlt I's known wher eby
a | ensasargst Datthe $vdoiratg, qod arvadfer-lemeldensfhavingch lightshigldingllnaobteinsdbysubst r at e
havi ng glug solid-state i mage pi ckup devices forned.thereon are
|ntegr3 ﬁWlned and the |l ens substrate and the sensor substrate are

cut |nR§M&mAatnanner that each of the cut substrates includes a | enses and
solid-state inag pi ckup devices. O her productlon nmet hods i ncl ude, for
gt

exanpl 0031 mviokdel tesmiralsndi reeant plgetaanic dexes, i rmmlietphﬂn@r%wrsemly | enses

f t t bl
are T ouIRd 80 R PPAL IR b A ABERIB UL (SR EnSh TR L 201
with aplckqdurvit thehldes ar&g&i aatekmagespublsap cemeni arch ab bi‘ﬂhai‘i]ﬂtsﬁdlm Ihcwtlcet ? havg
an a ro |ate Sl zZze |1 n vance, 0] e ura es are or ne
noan hipagsi %soaﬁw%mré%mwtm?ﬁ lég@@g §3 ¢ h@%M@%s KMagese RSy
SUDSt 1 a{ £, 148 léi%ﬁdsrkﬂbtebﬁn{ 285Ut BB Lsolid@BEteAnaBE Ef&ﬁu Pkt i cating an image

pi ckup unit a Mens stbstrate 1s cut to have an size appropriate for
conbi nfAG03h Wlﬁlhnmmtmmmnvn dudthidapssaedwtibs f portabhé ‘@uemabrmdlpsomﬁtIDmed with

i i that h t 1 t
o ze | VR B pgaohfhg B Eitatanant fre Bytstop o) Ends AR G ©
whi ch benRlhRH ARdediyaré Eéql%@été‘tﬂ tGe@héh HHhSroEsion om&lﬁlh@pr&ihcﬁvﬁylr f"ﬂﬁ@)p@f a

flat plate substrate formed froma |i ht transni ssive

2011/ 09tk BREICTregPeD1a MaS T eduatign argthod efipatmage pickur unig Wdﬁ@pWQ whesehyesi n
mat eri gl n
thi o e e JAUHE NI ees Rubhelthtteo R PGSt BT JTBLELIRL

3, 926, S8R image pickey daticed rfaimdauhérbclahneﬁﬂegifally \Y6nBRea/ aihﬂ AeBhs substratonmd cases,
a light-shielding region 1&% of a black film a netal film_ or the like is
B

for rredt@tse%@or &S AleGRhEH IR Fuch 3 THEMIEE Hhat pasdiof theotut spRstrgles dclydsy afensehs, or
at a p d The

" oo P R e Wi g 0t bSO R 86 Sl

| i ght - srfetlwldchf fighrivenimpai inage pickug epdsileraby calynienses are[ foaﬁsq oA gtalsewafer

waf er - | ev | ens .ar

i s _,abt ai ned | ural hol es
t hr ougHe ?@ Wadgis %ﬁﬁép?‘ﬁt%SIZ%%‘\é?%t & ‘ﬁ)’nﬂ)l?l% ?Sgdmg’p%\alr“a%’érq %el%g Tmaterial is
di sposgehsahte@Reh, diar QMM ieh arf 1#3ividual hﬁaée%ﬁéku@%h@é’tta@é pib& thiehasbbst r at e by
sol dering, and pO|IShIng the I ens material form Iural | enses (see US
Pat ent ciNdo have/earppayiateTtiee ingdsansoy mmn@@dtyghererhysﬂm lenses geg/fopredpingyi ded
with a t-shiel.din n_faormed ack fi or the
ke omdt adnk Fug dfibdR R R BeDntha ot slsufie Bl orda Cooe)
For mat iRnltai:, sadlal rgéthods bf ﬁbﬂteﬂﬁlgraﬁgm@g‘e pkalepaswhéreby lend siitrale ibast tpr obl ens
in that the process is conplex, the lens bends after deposition, and |ight
scat t ehaVeangeze APerapriate fer ?@flbl@%tﬂqrbwﬂw fdavideal senspr spbstrate pisceiang ifi | m  and

and pervhIREd BN Ba ek RASHAE plek0at IR Hee U Mo i AhoprRiece 1 V1

photOSﬁﬂakhn&ﬁ resin. conposition (light- shleldlng conposition) for use in,
for exa bl ack matrices of LCDs is coated to.forma ht -.shi el di ng

r egi onl0 @M\Amn@nﬂm}mf?rdw depdrray peknpvaswhich RisdRApRby PERPBERn made i n
vi ew Ofydiye rBYi@RIaRIR 673 Girele br 81RY PlatcAsiifle RIES roff 5 DR 1RSARIN
invention I's provision o bl 'ack curabl e conposition er- evel

| ens that is capable of forming a curgd film having excellent

| i ght-shi el ding properties and that has excellent curing sensitivity when
formng a pattern. I n addi tion, another object of the present
invention is provision of a mafer-level Iens mhlch can be produced ea5|ly

- . T 1



WO 2011/ 090217PCT/ JP2011/ 051537 i nventors have made the present invention.
Aspects of the present invention include the follow ng: [0010] <1>. A bl ack

curabl e cQapesidohar for a wafer-1evel |ens conprising (ArTAP2011/051537
met al - cont aj ni gg i norgani.c pignent, (B).a polynerization initiator, (C a

pol ymePR¥&B} IcE §hEEEHahapintithe pysimateriabinfea piyen shape in a mpld, apf cutipgibe
curabl fsfATRORAIH Ml bt 8 R Shrd RYSLs ((EMRaMBROLA arkCe P Nifler el n the
rises titan ac

(A) netal-containing 1 norganic pigment conp I um ) <3>.
The bl 36R6,680 afod Intarnatpmal Pubdicaticor Na. War 2008/ K2648)l efis saue casels, adight <1> or

<2>, erein the (D), car inis esin sel ected fromthe ou
consi stHAGISTCHRD éﬁé?{?% ggf%%ﬁg %@FV@Q[‘%T“F]%% ke 155(’%%3(%%{%@%‘5&? n, an

acryli &eflﬁfsirggioﬁ‘opﬂieXﬁfm%Vélﬁé{snorﬁa%éW&f@ﬁﬁe 1e881if order RPLHHOER I €Si N, and
a polyinmide resin, and wherein the (D) cardo resin has a fluorene skel eton.

<4>. Thmeowitadkghtur dihk dighbsipeldingiregion orgeacnally dornied\byl appbying acwabldilight-t o <3>,
wher ei rlﬂt Be fl uorene skgl et.on incl Ulded in the (D) cardo resin has the
f ol | owtHg/dWgcqrpgsiton or depositing amatal. "The ) ack curabl e conposition for a

waf er - [0os] hBotEerdnsrer-RvBldedLCarAfis RAGV® Whichis bBrainéd by \fds}ﬂ{igé plutd1@oled) cardo
resin conprises a constituent unit derived froma conmpound that contains a

thi ol Hreugha fld@nispbstae, sapaecatply rkpaced sbencal dens arateriad is disposed glefagh - | evel

| ens agcordi.n 0.an ne of <1> 5> pn..the n rti cardo
st uot (O, ibiRihe 08 aftertd T bR i UEN Rk A RBHb R e

rel ati watekial folferrh pluadl 16es (saé USITRit@@ NS0 6/426/809). The lensobrainelitg thisack
curabl e conposition for a wafer-|evel |ens accordiqg to_any one of <1>to

<6>, whetepmaye rroyidedpih arlighi-shielding region dprmed hysuldlackoien. pypealdfim, or
car do- ﬁl%ﬁfk%%#ﬁi%?&hl%l a'%{_)% if 8&?‘@0’ A erbldd %[hount of li%h<t.8>' The bl ack curable

conposition'for a wafer-level |ens according to any one of <1> to <6>,
wher ei [000bF Kddnatian dba tightishidldio} ueiéan by dépesiibn ofie neygidanproblems in that

cardo- gtructurecontai ning repeati unit.and at .| east .one t of rep'e,ati ng
ni ¢ 1 IREEPTRRSESIS SEmP LA isps Pepdy Y SeRastiof and Fet Serins Scorade Bk cur abl o
CONMPOSidfieBifor B the n?(@él@{gh{-ﬁﬁht@lhidfg@&, a6¢ Rir@ePBnrovE@Rdht OAE rQfuestdd b th8> _ '

wher ei n the nol ecul ar wei g 0 he (D) cardo resin is from3,000 to
20, 000viewp@ingofihyth 9oRIUTIATY B torosK837 <10>. The bl ack curable

conposj i or a wafer-1evel lens accordi to.any .one of .<1>.1t0 <9>
oo I90RD tndor shSHsek R bRt R i e bt PRl Y ithePs, o,
<11>. dhedfgaekpesition) or GRROHE txMiplt Black maxtieés dfWEDs Is@Bste@CCRI@M g t o

<10>, wherein the (B) polymerization initiator is selected fromthe group
consi slighighisldipg eegtad. | owi ng conpounds (1-1) to (1-27):

SUMMARY OF INVENTION. |
- [0008] The present invention has been made in view of the problems described above, and
an obj ect‘of the present invention is provision of a black curable composition for a wafer-level
lens that is capable of forming a cured film having excellent light-shielding properties and |
that has excellent curing sensitivity when forming a pattern.v
In addition, another object of the present invention is provision of a Qvafer—level lens -
which can be produced easily and with which the light amount can be appropriately adjusted
by the presence of a light-éhielding film formed using the black curable composition of the
_present invention. ‘
[0009] As a result of thorough studies, the inventors of the present invention have found that
~ the above objects can be addressed by providing a black curable composition capable of
forming a light-shielding film having excellent transmittance in the ultraviolet region and
excellent light-shielding properties in a wavelength range ranging from the visible light region

to the infrared region, and having an increased hardness. Based on the finding, the present
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WO 2011/ 090217PCT/ JP2011/ 051537 [ 0013] <12>. The bl ack curable
conposition for a wafer-1level |lens according to any one of <1> to <11>,

wher ei n t\ge 2010opakyneri zabl e conmpound conprises at | easbr@pf)19bs51537

pentaerythritol triacrylate or djpentaerythritol hexaacryl ate. <13>.
The bl HERNETNIaNE B1ads SJUPNbMVERIONa waf er - | evel |ens according to any one
of <1>'to <1 fSWrk SRR bStRGnéRie AR fOli@aRLC Pi gnent . _ <14>. The
bl ack curabl%5(:68r?posgﬂaeilsl~e PﬂlkﬁﬂﬂlP ?evé?l§ﬁlg according to any one of

<1> to[018}, <Fur tAnb}acbompbiesronmoaUpn @rremrafdr-bpelrlsmnommmtngl (AQ laumiegl- a

pol yester-cont.ai ni ng side c nd si de. chai n, havi r boxyl acid
O oup. CGRARPEHE PR ) & aP DA BrELBHBH AL el d RSt izabte comppyad 4

waf er - hﬁY§i & GAPri sing a substrate, a lens provided on the substrate
and a light-shielding filmprovided at a peripheral region of the |ens,
wherein the *F2>ghtTh§rhlmkohur@lef cdmpqssloﬁldpnewaﬁcsﬂml tee a¢rlosdig turBhl e

conposi tion | evel. | ens ne.of <1> to,<l14> <16>. A

ot hoa BFeRuPRA B Fhe Bl nr NG Partb P SRR P ¢ o g

bl ack curablg>l aygE bReRtalaBlct@nigositish d6itka wWhferRdve] LATRRSIdiAOR L1 or<paf er

| evel |lens of any one of <1> to <14> on a substrate on which plural I'enses
are proheigathe éla%cardo resupatatresrnneﬁl@éede&@@éhmgovn SONFIHER 0£ an aP%Y RSPt to
lplergih:)h%&ges%r rgsn? o ca{r\?]ong ea}ggélé,falﬂra%ﬁjh% reﬁf{ erg;?ﬂl%tﬁérefg 96 ;363919116 ?é[sm a

cont ai polpgrea résitf add Bﬁa@@ﬂﬁide@ésm had btheedin cher(Bh cardo eegdoBastd Ditorérsy skalevmf er
| evel | ens. [0014 According to the present invention, a black curable
conposi ti on Tbr ol hfdilaskg C@%M§“Fﬁ@?r?§m8ﬁﬂ§@iEnéﬁuﬁﬁﬁﬁgﬁb<%ﬁcured film

havi ngwﬁél%ﬁl %tﬁ ?ltuo#ehg E’l&e’lé&'l flcelidag upfhgrfﬁz E%rﬂ§ & %htgé fm%lr?g(%ﬁct Eel'; curing

sensitivity ormng a pattern, a
waf er-| evel Te Wi Th can be prgduc ‘:.S|Iy and Wwith which the Iight

anount can be aopropr|;tely ad|: Usted‘{y t he presence of a |light-shielding
film can be pr y using|the blick curabl e conposition of the present
i nvention. BRI ERDESCRIAPTI ON O NGS [0015] Fig.- 1 is a plan view

showi ng an exanpl &%pf” t he eof a wafer-level |ens. Fig. 2is a
cross-sectional V|em10f t [ structure of the wafer-level |lens shown in Fig.
WD 2011/ 090217PCLEIPR: : aken along the line A-A Fig. 3
is a view show Ht nterial for forming a lens is being
supplied onto a|substrate. igg. 4A to 4C are views show ng the
order in which | , : ed on_ag/'substrate by using a nold.

<5>. The black curable composition for a wafer-level lens according to aﬁy one of
<1> to <4>, wherein the (D) cardo resin comprises a constituent unit derived from a
compound that contains a thiol group.
[0011] <6>. The black curable composition for a wafer-level lens according to any ene of
<1> to <5>, wherein the proportion of cardo structures in the (D) cardo resin is from 30% by
mass to 90% by mass relative to the totat mass of the cardo resin. ‘

<7>.  The black curable composition for a wafer-level lens according to any one of
<1> to <6>, wherein the (D) cardo resin consists of at least one type of cardo-structure-

» contalnmg repeating unit. |

<8>.. The black curable composition for a wafer-level lens according to any one of

<1> to <6>, wherein the (D) cardo resin includes at least one type of cardo- structure-
| containing repeating unit and at least one type of repeating unit that does not contain a cardo

structure. » ‘
[0012] <9>. The black curable composition for a wafer-level lens according to any one of
<1> to <8>, wherein the molecular weight of the (D) cardo resin is from 3,000 to 20,000.
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Figs. 5A to 5C are schematic views showi ng a process of formng a patterned
light-shielding filmon a substrate on which | enses have been fornmed and
shaped. RvQ.20f1/096212 vi ew showi ng anot her exanpl e of thepoafrezo1i/emes7 | ens

structure. igs.,7A 7C are. schenmat | c,vi showj.ng. anot her

cxarpl 6 of a<HPocod ek raptoighaoChralea g, R FReorng o SR ae of g ¢ o
8C ar e<$sheam ivheYdif R (B) p¥lyRikridattiOinfRRforRompPsey AMtbx@mkb §ifatef) @ substrate
having a patterned |ight-shi'elding film DESCRI PTION OF EMBCDI MENTS [ 0016]
In the bel owcliPhe Thieddacksurable eonositiosifer awafeoleval leas agcordingto Tldhs

accordi to,t r.esent .invention ereinaff,er sonetines referred.to as
" oF ack " Behehbins LRI RERa R kP Rk Rl G biarS FaRns iy fGhE FIfwing
Iight-a@hgﬁﬂﬁgg;b&bmy@gfned usi ng the bl ack curable conposition are
described in detail. <Black curable conposition> The bl ack curabl e

conposition for a wafer-level lens according to the present invention
i ncludes (A) a netal -containing inorganic pignent, (B) a polynerization

initiator, P & nmeri zabl e campound, and (D) ,a ®ardo resin. |ndividua
Conponentsmg.Ig , a5 e con?iiizbkﬁftpﬁvaxmafer-Ieve

| ens according ©o the inventiorrare,sesential LY desgribed bel ow. [0017]
<(A Met al - ContAioni n | nor gani ¢ Pi ghent > The (A} netal -containing

i norgani c pi gne us8din the i nventi oni-is preferabl9-§>net .- cont ai ni ng
pi gment havi ng absorbance over a region ranging fromthe vi@?ble | i ght
region to the infrared region, fromthe vi ewpoint of ;xerting

| i ght-shi el di nggrgperties over thecgreagi on rangi ng amt he visible Iight
region to theair LaLa regi on. 1.&‘-- | A

i nor gani ¢ ,pi NN, gg a pjpspt ned S a lgnd.a pi gnent
made of a netal cgpound such as a nmetéb okisde o metal conpkex salt.
Speci fic exanpl es’ tfer ¥ include zi nCFoxi de, white |&8Y, l'i t hgahone,
titani um oxi de, chrom um oxide, iron oxide, precipitated bariumsulfate,
barite powder, red lead, red iron oxide, chrone yellow, zinc yellow (zinc
yellow 1, zinc yellow 2), ultramarjne,blue, Prussian blue (potassiumiron
ferrocyanide), zircon gray, prasgeof um yel I ow, chromjunytitani um WO
2011/ 090217PCT/ JP2D1%/ 051537 y:w,, { cRr oii um gr eeff, Speakod
green, ferric [ wac'aﬁ6?érrat- nréT@ted t 0 Prugsheft blNie) ~Aragadi um

4

zi rconi um bie, chrfﬂiun1@5p pi nk, §§E§ane§?)pink, and sabamn (phnk. In
bl ack’

addi tion, exanples @*b metal -c i ni ng inorgani c pig#&ents include a
met al oxi de cont ai ni ng\one type of | elenment, or two or nore types of
metal el ement, selected fromthe group consisting of Co, C, Cu, M, Ru,
Fe, Ni, Sn, Ti, and Ag, and netal nitrides containing enestype of netal

Gl

el ement, or two ¢r nore dypes of netaloeanent, sel ggt.dd ALeq t he group
consi sting of o , Ru Ny 8~ Ti 3 A ,ﬂﬂ§ Euc
met al - cont ai pl.gments may hespsed sirgly, or in ni W2 er05 "o or nore

Xt e
t hereof. C¥tHon bl &k is not in ded igfige scope of th gi%]-containing
i norgani ¢ pi gment Acordi-hY to the inventign sjnce carbo | ack-12)oes not
contain a netal. In particular, fhél'ldl),urpose of “achi evi ng
| i ght-shielding properties over a broad wavel ength range of from
ultraviolet region to infrared region, plural netal-containing pignments my
be m xed and used instead of using a single netal-containing pignent.
[ 0018] The netal -containing inorganic pignment is preferably titanium bl ack
or a netal pigment of silver or tin, fromthe viewpoint of |ight-shielding
properties and curability. The netal -containing inorganic pignment is nost
preferably titanium black fromthe viewoint of achieving |ight-shielding
properties over a range of fromultraviolet region to infrared region.
The term "titanium black” as used in the invention refers to black
particles containing a titaniumatom and is preferably a [ower titanium
oxide, a titaniumoxynitride, or the like. The titanium black particles my
be surface-nodified for the purpose of inproving dispersibility,
suppressing aggregability or the like, as necessary. Specifically, the
titani um bl ack may be coated with silicon oxide, titanium oxide, germanium
oxi de, al um num oxi de, nmagnesi um oxi de, or zirconium oxide. Treatnent of
the titaniumblack with a water-repellent substance as described in
Japanese Patent Application Laid-Open (JP-A) No. 2007- 302836 is al so
possi bl e. The titanium bl ack may be contained in conbination with
one of, or two O nore of, netal -containing black pignents such as a
conposite oxide containing at |east one of Cu, Fe, Mi, V, N, or the |ike,
cobalt oxide, iron oxide, carbon black, or aniline black, for the purpose
of controlling, for exanple, dispersibility or coloring properties. In this
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[ 0021] The average primary particle size of the titanium black particles is
not particularly limted, and is preferably from3 nmto 2,000 nm nore

pr ef er ablyohhpmeddd7nm t o 500 nm and nost preferably fr@mr;hi}zdﬁmglg”loo nm
fromthe viewdoint of dispersibil4 and cQloring properties. :

specific surface apea of the titaniumblfack is not particularly Ilntted

and the specifig slltface.area of the titasum black as nmeasured by a BET
met-hod iEi;;nﬁgi;ﬁ¥75§§€§\“ﬁ?eferably-— to about 150 n2/g, and
parti cul a#yg pably from ahout 20 t out 10p n2/g. [0022] The (A)
met al - cont ai ni ng i gor gani c g%gﬁent acco ‘ ’ﬂsi - of which
typi cal exanple i%i um bl ack, has a aYerage cle mar@ Jartl cle dianeter

of preferably from5~to 0.01 mm The aveqrage E%Dnary particle diameter
of the (A) netal -containing inorganic pignent i nmore preferably in the
range of from10 nmto 1 pmfromthe viewpoint of dispersibility,

|'i ght - shi elging propertjes, and sedi ment /"8y properties over time. -

e invention may include only a
or include two or nore

The bl ack rapl e conpogition, accordlng t §_the i nventi i
single al tal ryiorgantc [
nmet al - ai L@ plgnents |n cownlnatlon As descri bed bel ow, at

| east one organlc plgne and/@nspat | east R ' be additionally used
if desired, for the pu e of, for exanp /C (6] quﬁtarshleldlng
properties. [0023] The content of netal-contai pingli ngngani ¢ pi'gnent in the
bl ack curabl e conposition is preferably in tH&'rangeoof from5 to 70% by

mass, and nore preferacly from1l0 to 50% by t|ve to the tota
sol i ds cont@wy of the Plack curabl e conpositio VV%hln t he above range,

t he I|ght41ﬁlg»..— operties are favorabl e, and devel opabi l ity when
form ng a patferr al s favorabl e. v iPvention, an expression
"the total solges t@wﬂ of the bl ack c RitiQn" refers to the
total anount of the co'-onents of &rh bl 3 v posi ti on except
organic sol vent. [00g#4]™ i ncorporation o 3 ). phet al - cdat&i ni ng

i norganic pignment into t J}Iack WO 2011/090217 CT/ 1P2011/ 051537 curabl e
conposition is preferabl y~¢onducted by first prepa _a pignment dispersion
in which the (A) netal -containing inorganic pignent is dispersed with a
known pi gng di spersant, and then incorporating thle resultant pignent

di spersi on /0 the bl ack curable conp05|t|on from the V|emp0|nt of

uni form..y, Lhe resultant black cura BSOS X

di spersant\is preferady a hlgh noleu

het er ocycl yT ¢ . et
conmpound i § ntalnlng a pol yrferi zati on un|t deri ved

froma nnnone5 gral Fornula (1pAdesertged in gByA No.
i vative. Pi gnment
ghers [0020] to

2008- 266627, o} a hon§hrer of namleinide or a maleimd
di spersants of\these es are (@#¢énil ed .i n paragraph
[0047] of JP-A ébO8 266627, and the dispersants described therein are
al so applicable to the present invention. [0026] Another exanple of the

pi gnent dispersant is a compound that includes a pol yester-containing side
chain and a side chain having a carboxylic acid group, a sulfonic acid
group, or a phosphoric acid group. The use of the pignment dispersant that

i ncl udes a pol yester-containing side chain and a side chain having a
carboxylic acid group, a sulfonic acid group, or a phosphoric acid group

i nproves dispersibility of the netal -containing inorganic pignment and the
stability of the black curable conmposition over tine, due to excellent
adsorption properties of the pignent dispersant towards the

nmet al - cont ai ni ng i norgani c pi gnment. Exanpl es of the conpound that

i ncl udes a pol yester-containing side chain and a side chain having a
carboxylic acid group, a sulfonic acid group, or a phosphoric acid group
are described in JP-A Nos. 2008-266627, 2010-70601, 2010-53182,

2010- 106268, 2010-169863, and 2010-211200. [0027] The pi gment di spersant
may be arbitrarily selected from known conmpounds besi des those descri bed
above, and commercially avail abl e di spersants and surfactants nmay be used.
Speci fic exanples of comrercially avail able products that can be used as
di spersants include cationic surfactants such as organosil oxane pol yner
KP341 (tradenane, manufactured by Shin-Etsu Chem cal Co., Ltd.),
(meth)acrylic (co)polymer POLYFLOWN No. 75, No. 90, and No. 95 (tradenane,
al I manufactured by KYCEI SHA CHEM CAL5Co., LTD), and WO01l (tradenane,

avail abl e from Yusho Co., Ltd.); nonionic surfactants such as

pol yoxyet hyl ene | auryl ether, polyoxyethylene stearyl ether,
polyoxyethylene oIeyI ether polyoxyethylene octyI phenyl ether

T T o I 1 .
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[0029] <(B) Polynerization Initiator> The bl ack curabl e conposition
according to the invention contains (B) a polynerization initiator.
The pol yngpirzéafde@n7i nitiator in the black curable conpositjypiiaeesdi ng to
the invention is a conpound that is degraded by light or heat to initiate
n of the bel owdescribed (Q pol ymeri zabl e
I Pe pok meri zatl opd Dt freferably has absorption in a
wavel ergt h{range o J00 mn1to 506/nn1 (I-21) Specifically, exanples of
i Lo~ ni-td.aror hh§£Ude or gani ¢ hal ogenat ed conpounds,
oxadi azol e corrpound§\I car bonyl npounds, ketal conpounds, benzoin 12
RECTI FI ED SHEET (RULEQ V[)Zgﬂg/090217PCT/JP2011/051537 conpounds,
or gani ¢ peroxi de conpounds, azo ¢ ounds, counarin conpounds, azide
conmpounds, netal |l ocene conpounds, organic boric acid conpounds, disulfonic
aci d compounds, oxinme conmpounds, oni ur sght conpounds, acyl phosphine
(oxi de) unds, and hexaé}ylbll 'daz;le conpounds. In particular, oxine
ester caonpounds a _ q dazql ¢ compounds are preferable fromthe
i i ' “ad esi on propert{le€?)and oxi me ester conpounds
jqe“aoye. NQ030] The (B) polymerization initiator used
in the bllack curabl onp05|t|oﬁ)accord|ng to the invention is preferably
an oxirne conpound SBLV|ng as apk oxinme initiator fromthe viewpoints of
sensitivity and dissol ution prOpeﬁlies. Exanpl es of preferable oxine
conpounds i nc| ude known conpounds that are known as phot opol yneri zati on
i nitiators/fol photosensitive conpositions such as for applications in
\payts. The oxi ne conmpound for use nmay be selected from for
onpounds_described in JP-A No. 57-116047, JP-A No. 61-24558,

A

i gu_;“‘i*”ﬂ 43859639 SYP- A No. 2@@5 97141 JP-A No.
2005- 220097, V2005 ) ::7A1 JH NO. 2002 519732, JP-A No. 2001-235858,
and JP-A No. 2p05-¥22132 ~'n"@kneral , oxime conpounds exhibit |ow
sensitivity si‘Rce absgkption thereof in near-ultraV|oIet regions, for
exanpl e at a wavel efdt hof 365 nmor 405 nm -is snall. However, it is known
that the sensitivity of oxime conpounds is inproved by sensitizers through
increase in sensitivit@ in near-ultraviolet regions. It is also known that
t he effectlve radlcal jenerati on anpunt can be increased by conbined use
with a G 2 e or a thiol. However, higher
sensiti '-sted for pract [€4) appl i cations. In the
inventio xi me'‘cgyrpound havi ng mﬂ absorption in near
ul traviolet regions, such gs at a mavelength of 365 nmor 405 nm can be
remarkably sensitized t o~ actically sensitivity through conbi ned use
with a sensitizer. [0032] Oxi pnpounds that exhibit small absorption in
a wavel ength region of from mto 480 nm and that exhibit high
deconposition efficiency are preferable. However, oxinme conpounds that
exhibit |l arge absorption i §%/mavelength region of from380 nmto 480 nm
are also preferable if the c ounds are deconposed by |ight such that the
absorption tereof in the elength region is decreased (the side products
gr wavel engt h). Speci fi c exanpl es

(1-26)




WO 2011/ 090217PCT/ JP2011/ 051537 [0036] Pol ynerization initiator Conpound
No. Structure Conpound 1-24 * 1101 0. 110 |IRGACURE OXEO1l (rmanufactured

by BASF J@Babiieary Cormpound 1-25 0., . PCT/JP2011/051537
Q ph |
% (1-27)
Ph

[0013] <12>. The black curable composition for a wafer-level lens according to any one of
- <I>to <11>, wherein the (C) polymerizable compound comprises at least one of

pentaerythritol triacrylate or dipentaerythritol hexaacrylate.

<13>. The black curable composition for a wafer-level lens according td any one of
<1>to-<12>, further comprising (E) an organic pigment.

 <14>. The black curable composition fora wafer-level lens according to-any one of

<1> to <13>, further comprising a pigment dispersant that includes a polyester-containing
side chaih and a side chain having a carboxylic acid group, a sulfonic acid group, or a
phosphoric acid group. '
| <15>. A wafer-level lens éomprising a substrate, a lens provided on the substrate,
and a light-shielding film provided at a peripheral region of the lens, wherein the light-
shielding film is formed using the black curablé composition for a wafer-level lens of any one
of <I> to <14>. / | |

<16>. A method of forming a light-shielding pattern ihcludi’ng:

forming a black curable layer containing the black curable composition for a wafer
level lens of any one of <1> to <14> on a substrate on which plural lenses are provided; and

patternwise exposing the black curable layer to light and developing the black _
curable layer, thereby forming, at peripheral regions of the plufal lenses, light-shielding
po_rtions containing a cured product of the black curable composition for a wafer level lens. -
[0014] According to the present invention, a black curable composition for a wafer-level
lens that is capable of forming a cured film having excellent light-shielding properties and
that has excellent curing sensitivity when forming a pattern, can be provided._

Further, a wafer-level lens which can be produced easily and with Which the light
amount can be appropriatély adjusted by the presence of a light-shielding film, can be

provided by using the black curable composition of the présent invention.

BRIEF DESCRIPTION OF DRAWINGS
[0015] Fig. 1is a plan view showing an example of the structure of a wafer-level lens.

Fig. 2 is a cross-sectional view of the structure of the wafer-level lens shown in Fig.

7
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1101 * 1. | RGACURE OXEO2 (rmanufactured by BASF Japan Ltd.)

Conpound 1-26 1111101 *"..1?1

WO 2011/090217 PCT/JP2011/051537
1, taken along the line A-A. '

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

Figs. 4A to 4C are views showing the order in which lenses are shaped o‘n a substrate
by using a mold. |

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

Fig. 6 is a view showing another example of the wafer-level lens structure.

Figs. 7A to 7C are schematic views showing another example of a process of forming

a light-shielding film.

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

substrate having a patterned light-shielding film.

DESCRIPTION OF EMBODIMENTS
.[0016] In the below, the black curable composition for a wafer-level lens according to the
present invention (hereinafter sometimes referred to as “black curable composition) and the
wafer-level lens having a light-shielding film formed using the black curable composition are

described in detail.

* <Black curable composition>

The black curable composition for a wafer-level lens according to the present
invention includes (A) a metal-containing inorganic pigment, (B) a polymerization initiator,
(C) a polymerizable compound, and (D) a cardo resin. Individual coinponents contained in
the black curable composition for a wafer-level ‘lenvs acco'rding to the invention are
sequentially described below. _ 7
[0017] <(A) Metal-Containing Inorganic Pigment>

The (A) metal-containing inorganic pigment used in the invention is preferably a
metal-containing pigment having absorbance.over a region ranging from the ;/isible light
region to the infrared region, from the viewpoint of exerting li ght-shielding properties voxller
the region ranging from the visible light region to the infrared region. Examples of the (A)
metal-containing inorganic pigment include a pigment made of a simple metal, and a pigment |
made of a metal compound such as a metal oxide or a metal complex salt.

Specific examples thereof include zinc oxide, white lead, lithophonc,» titanium oxide,

chromium oxide,.iron oxide, precipitated barium sulfate, barite powder, red lead, red iron

oxide, chrome yellow, zinc yellow (zinc yellow 1, zinc yellow 2), ultramarine blue, Prussian

blue (potassium iron ferrocyanide), zircon gray, praseodymium yellow, chromium titanium

8



..... ) 1 RGACURE 379 (manufactured by BASF Japan Ltd.) Conpound 1-27 0
ph *Ph  DAROCUR TPO (manufactured by BASF Japan Ltd.) [0037] O these,

conmpoundsyblaniosh7( 1- 25) are oxime conpounds. [0038] E¥einbas 1041537
hexaar yl bi i mj dazol e corrpounds i.ncl.ude v S CO nds des%rl bed in JP-B

No. 6- 39ty chygmiumpsrecn, peaqgek, Vigioga g@snafro“f@ eBALY ? ergte (ynrglpfedAg83  and U, S,

Pat ent ‘iﬁblﬁ lye, chr t ink, and sal
2,2 - P Slan Rﬁgfgﬁ‘ﬁ%ny ) ﬁmé) e 5 g%nruérghlenrpy?lf)lmang azofe,  ne samon
2,2 - bpm((obiroadninhmnyzia)mlﬂesaof WBadk mbtel—ccmlﬂ‘nmmg lidrgariicipizaleats include a metal

2,2-b|s dlchloro 4,4' .55 - tetr hen azol e

2 5 . DPekE R AeAE LAl Hieae; g O e B O R BT ekessed o

2, 2" - DE§LOhO gr b%héﬁtﬂ%ﬂff@&br ‘ot M, R, Feelll, SRMENYAPA L ranqq;ammndes

2,2 -bis(o-nitrophenyl) 5-tetrapheny|b||mdazoe 2,2 -bi s(o-net hyl

p he ny 1¢on¢gunin,g&ns 'typetcé‘tmqqdle@mydn@ armwd ar oloeg tyamjof metal element selected from
2 SRR BRET ) i By e MR SR DL PR e T
combi nafohRRtsifay be used singly, or in mixture of two or more thereof Carbon black is not

included in the scope of the metal-containing inorganic pigment according to the invention

since carbon black does not contain a metal. _

In particular, for the purpose of achieving light-shielding properties over a broad
wavelength range of from ultraviolet region to infrared region, plural metal-containing
pigments may be mixed and used instead of using a single metal-containing pigment.

[001 8] The metal -containing inorganic pigment is preferably titanium black or a metal
pigment of silver or tin, from the viewpoint of hght-shleldmg properties and curability. The
metal-containing inorganic pigment is most preferably titanium black from the viewpoint of
achieving light-shielding properties over a range of from ultraviolet region to infrared region.

The term "titanium black" as used in the invention refers to black particles containing
a titanium atom, and is preferably a lower titanium oxide, a titanium oxynitride, or the like. -
The titanium black particles may be surface-modified for the 'puvrpose of improving |
dispersibility, suppressing aggregability or the like, as necessary. Specifically, the titanium
black may be coated with silicon oxide, titanium oxide, germanium oxide, aluminum oxide,
magnesium oxide, or zirconium oxide.  Treatment of the titanium black with a water-
repellent substance as described in J aoanese Patent Application Laid-Open (JP-A) No. 2007-
302836 is also possible. ‘ |

The titanium black may be contained in combination with one of, or two or more of,
metal-containing black pigments such as a composite oxide containing at leaét one of Cu, Fe,
Mn, V, Ni, or the like, cobalt oxide, iron oxide, carbon black, or aniline black, for the purpose
of controlling, for example, dispersibility or coloring properties In this case, the proportion
of titanium black particles to the total amount of metal- contamlng inorganic plgments is
preferably 50% by mass or higher. '

[0019] Examples of commercially available products of titanium black include titanium
black 108, 128, 13R, 13M, 13M-C, 13R and 13R-N (tradenames, manufactured by Mitsubishi
Materials Corporation), and TILACK D (tradename, manufactured by Ako Kasei Co., Ltd.).

[0020] Examples of methods of producing titanium black include, but are not limited to, a

9



WO 2011/ 090217PCT/ JP2011/ 051537 of two or nore thereof.. [0040] In the

bl ack curabl e conposition according to the invention, the content of

pol ymer i agoi2onydonditi ator is preferably from 0. 1% by nmasecrar3Qvwiag3nass,
nore preferably from.,1% by nmass to % b ss. and ti.cul arl r.ef erabl e
fr om Dot obetig Byre etk niapity §Rode PArPALE R SRR of “The
bl ack %amaﬂa?eauﬁ&m@&!(m-@mo.[4@05%12);%(&115’@bmaﬁaﬁgl,hinqe@lﬁmﬁ%g&%omaming The
bl ack curabl'e conposition according to the invention includes a

pol ynerqdz@mg@tmm%@r@n@ltraﬁne titaniurhdioxidy opeingedyihzgibieamperatye idrolxsisnief er abl y
a conpound. hayi a a opne Intion- ri.zabl. hyl enj ¢ _unsat ur at ed
aroup. SHECR O RgRe e PR Nops Al e e a SRR LB Rl R Mg oo,

| n t hetiph@meRydroRide af high tdndperathifiee ilthe Hessh@bf iBhdhi aIPYA Aot 60-55660@id mes
used to - as a generic termfor acrylate and nethacrylate. [0042] Exanpl es of
t he cofrdule Hailed0kend amethasnd démﬁ, IngohvagHiprbeqraRand oatthgniwpidioxide
unsat ur ated. ' [Jalep i l: i a nor mal
or casup LR SRS A8V Rlestinly BONBS lpcl s BB pfBloch 2

pol yet hiphené Py CNb. 620(610).h) acryl at e, pol ypropyl ene gl ycol

nono( et h) acryl ate, and phenoxyet hyl (net h@crylate', and pol yf.uncti onal
acryl g‘f@é)l nﬁgwteﬁ%&?rmr%arzéga%lﬁ%%%of%%}%{l RAek pArlicles IS@PEH%TI qar& yl at e,
trimet fykQ LK) 30 A ARG LYY Frorfl 1081 {3 ROMA 3hE-

pent aepﬁnﬁéﬁngﬁpﬁe%%?%g}c?%kef®8ent’aeryipxrfi&]tao toetra( met h) acryl ate,

di pent aesypraferaby frhmexld)(metd ) Gtny) Gom, thdreepeidt of difpasibilificand aleing

trimet hyl ol ’gropane tri(acryl oyl oxypropyl) ether, tri(acryl oyl oxyethyl)

i socyaR SRHgS- conpounds obt ai ned by addi ng ethyl ene oxide and/or propyl ene
oxide to-a pphyipebsicisafate ALLONAL titnin BRcH iR phiticRlarll linREhydahet hane and
thereafter (nmeth)acrylating the resultant cEroduct, pol y( nmet h} acryl ated

pr oducspeciic yeihearrey ohihe tigdniwn biiick esmeasuyehby @ BET methodtnin ustpldasgses

36- 41705 a0y SEPERSAT 1R AP RGeS o AR ETE bR Y P ad el e
in JP- fo0N@/g48- 64183 and JP-B Nos. 49-43191 and 52-30490, and epoxy

acrylates each of which is a reaction product of an epoxy.resin and
(et h) B92Y] | Ehe@)gnetal-contaipigg ingands pigpierkacsprdieg orthe 1nvalian, ebwhistinds - t hat

can be ' : a S i GONEL S i Rede.i

Sour nal HRRF eI RSAIARGAMICR SIRRRETEmEY Pl RS ATRCEIBR Y

[ 0043] 5 hur tohed 1, meo npkheravsragé pawasy pdrti¢io dameds of e @Hdndt@}confaidifg A No.

10- 62986, which are descri geegalt oget her with specific exanpl %s t her eof and
obt ai nEWTERNICRIGNARY 1MT BiFEer Y&fb&‘ﬁﬁ%}?gér‘)fé'io&b BRdO dymy ompthp SISRRHYL i onal
al cohol,g4; 1.2 1:Lho i a.QEjv : =LY i t he

resul tgirslcth,gﬁéf m%?lhg% hgts}g ggﬁgﬁﬁer |S’za |S§h‘é’g&‘}rgaé{é’§§’g@%\/% &t tile, ‘ '
2011/ 090217 PU¢ BIRAOATrAIS t&iBPosition accordimiy théerventidvempoingvde ionbid snglenpound
IS preferaﬁbl ent.aerythritol tri.aqr | at e, di pent aer fhr.itol .

pent a( eI PatARIE BOrehnS B ATHRSIPER Ypcdr SrE TR o ratiiee Mgreanicc onpound
obt ai ngEnRYits iNLEMBRGLAEY s d&BHbed B0 R R WasiR@oY¥Elic pigmeAART at least

propyl enegl ycol residue between the di'pentaerythritol nmoiety and the

( met h) ees §yeapiy be addisorialy aiqskeifi desiredt for theqturpesg #f.rfer ejamnigcanteolbng light.

di pent erﬁt hritol .é)enta(rret h)acrylate. It is also possible to use, as the
pol yrre? 1%1 B’Igé)r%%eﬁ%osl]nd,. an oligonerized formof any of these conpounds. A
succi n[0923F i Thewstitdnt e dmdMosRthinfg idbiganit Panyénin thelblRRruadly onglotition al so
pr ef er abl e, ) Al so Pref erabl e are urethane acryl ates such as those
descr i sgueterablyAnghagnga gt framcsto 795 by mgss, gad nipioprefeyqhlpigg 100999y  and

JP-B - 1 Lyl X1 | et on
and doless beg e SRS RN GO BER; DRMRCaBBaghTY “ARATETaR1

Phot opaingeghé liglitshietding pripeities arenfavorable eardelevelopatpligtvateasfpomisi aepattgrmed can
al so be obtai ned using addition-pol ynerizabl e conpounds having an am no or
sul fi d &rfa¥eable: in a ol ecul e thereof, which are disclosed in JP-A Nos.
63- 277653, 61%33998@3@ 284 eQ;ﬁr_‘egs%lz'Qﬁe ot SRS CoRlehY o fth8 blagP b fraBlcoduct s

t her eof i nclude: uret%ane ol i goners UAS-10 and UAB- 140 (both of which are
t r adeneorepgsitien uéfarstta thedotay aNowpard tiRagarpoGhatsiof thedl . curdbledcompasition2 00
(tradenane, manufactyred by Shin-Nakamura Chem cal Co., Ltd.); DPHA40H
(tra—deﬁ’éﬁ‘?ﬁf,orﬁ%mﬁf‘g(‘f‘frﬁr ed by Ni ppon Kayaku Co., Ltd.); and UA-306H, UA-306T,
UA306 11002k} 6Pk indo Qﬁuioala@lﬂé:\slp@é{éteﬁ%htaﬁfilﬁ%ﬂmbygan@rﬁgﬁﬁM%aﬁ@&ack

manuf act ured by KYCElI SHA CHE L Co., LTD). Et hyl eni ¢ unsaturated
conmpounds having .an acid group are algo preferable, and ’
comrer ci al | y-avai | abl e products thereof include TO 756 (tradenane,

manuf actured by Toagosei Co., Ltd.), which is a trifunctional acrylate
cont ai ning a carboxyl group, and TO 1382 (tradenanme, manufactured by

— = Y ) N o, . o



esters such as ethyl acetate, n-butyl acetate, isobutyl acetate, anyl
formate, isoanyl acetate, butyl propionate, isopropyl butyrate, ethyl
butyrate wbutmI/09tmt7yr ate, nethyl lactate, ethyl |actat ePcaJJkgdll/osqymet ates

such as acet at eth acet at es,. and. but acetates (such
2o et RyFOEoRBRy RS Rt erer bt KT 5 Bleund B igien iR E L PhiER
et hyl 4Rt 12\2M%ﬁttaﬁnngm@rg%ﬁyﬂlgrﬁ&h%mﬁ@wmh a Rhéwh pimfbhy Bispitsanat es such
as met hyl” 3- oxyprdpionates and ethyl 3-oxypropionates (éuch as net hyl
3- net hw@qhmmcommmgéhmwsu@nt pmﬂmk@mplpmao éhe blagkrgarabde earhposjtmepi onat e,

d et th t. | K t h t hyl
2" oxy B B SeBOHE o B R B e R R SO S o7 ot anat s
(such pm2EPt Tivd pigmlBl dispeyfanoRipecTatably £hibl molediirtieoi yiticopipotiad Bavify &py! 2-
met hoxypr opi onat e, nethyl 2-ethoxypropionate, and et hyl
2- et hoi‘iﬁpﬁoélfﬁl@ﬁmgel)l a siffet dhgin there@&y-Tiwmmwiﬂculm @ﬁw:hégoran@métlﬁmeferably
2- Oxy- BlERINAI TG A TR s TR P SRR LT ARAt @ and
et hyl p xy- - i‘onat e pyruvate, uvate propyl

pyr uvaanurstlbsdlescmbeﬂ N 2068%66%7@ et @ﬁmﬁbﬁ.ﬁ:ﬂof rl’fEl'ehlyiHe ar @mmlmaieoat e,
and et hyI 2- oxgbut angpat e; et hers such as diethyl enegl i/COl di met hyl

et her , d¢rdptinpy dfigmenidispestantpiof these Piss aielsted fyparagrars nuabers | ARQL I col |

nonoet 0 t
ronoet INUTEL RS A NP 266703 NEaRREL ik acih il Rl Al SpPRahRLE
di et hythempeggeytaolentionobut yI et her, propyl enegl ycoI nononet hyI et her

| | h th t at th
Doy ] ST W L et RSl Lo O SHS ALY GO, onosh iyl et e
et hyl c&fhiHingkfleQRGin 424G sﬂize%am%emg% ém%@n@ R&id gm%oésmmléaaa gmu@nd

aromatic hydrocarbons such as tol uene and xyl ene A mxture of two
or nor er @phashkoritmsickgonganike wlqféhﬁmgmsnradlqu@nétﬂaefrlablméesramqm Vi ewpoi nt

O LAY 3 B B MR LR B

sol uti e plEpRGRCact glowp iproved disscesiBititeef the arvtdiRbhwiniss indtdagyRgamtonat e,
et hyl 3-et hos%propl onate, ethyl cellosolve acet ate, et hyI Iact at e,

di et hyphibgs kilt}’@f‘ibéﬂ)f@?kc@tah rcorrm%vpn%@tta{l@ dug#9 expellent3dsaiptighor opi onat e,
2- hept [ Lhi tol acetate,
o opyl aBarss 5f B SR A Bersh MhharBOR A ARERARE ncpUIC pERERL |0\ st <
prefer abI e. EQOdfes ﬁrtbmmxhpoundehmonoimdesfa podmtstengomampgrsudeecﬂmmd]ﬂ acyddet ent  of
organi c sojvent in. ck curab e Co 03|t|on o[‘ %Ee .nyention is

t he. bl
pr ef er SBIR a2 £47hpxY Ei’l‘fé‘cf 8PP ot 8%“’@ EERR & A BROBIOTHECHRHMR EUr abl e
CONPOSidseAbed i JPLANoR. J0083R¥EDY, 2@?@-3066‘10’2@1@"5§f 82r Q@iotlcbcmm 2011001 69888 by
mass, and particularly preferably from 10 to % by mass. 10049 <([5) Cardo
Resi n>and 2010-211R@0. bI ack curabl e conposition accordl ng to the invention
i nclud ) .esin.. The cando res t he i nventiaqn ref ers to
2"F st OREL) T SERES ASRHPLEAT b° i ERLY SoEsTEd PolrdvoihE ool Cyci i <
st r uct {Ho@SdAERbAANIeE aha camesati gy amylakla dRpersaito ahd ARfaciafitsanHoRSlset uent
at om of anot her cycl ic struct ure) in a nolecule thereof. Preferabl e
exanpl SReciic egmplesaf commeraally avalable prosuctsshatean heusadras dispesants incldech
benzen e (D
cardo ?%@P%%Elgﬁ%éﬁn@%%eﬂl otﬁ ‘?%‘lréﬁlé ﬁ&sn%(}a@%e@pa%%{lﬁ %?gs?llug% lg%(% fé% from an
epoxy SBkiaiHtsu @h@aicyeCs. eLtdr)eeneth)aax}{bmI(y@)pﬁ]lytmaP@LMFkOWNm7a,cN(yI90camdsS| n, a

Pl yaraeoS Esiagme, amtstnid ey RvaiRB HERNGAT Lo ErBlao Byt 2% e °
above {t}a!d&l'ila%@ a%ﬂﬁ'b?i%}n Yu@h@CHDLRf')U hEnibhR's ﬁﬁﬁctmﬁé(%gﬁ S Oﬁ%x&é’iﬁ ylekd car do

resin further inc e a reaction product of a poly epoxy or a
pol yf ulotyil ethat, pab«oyyahjdpnwttdrylaeth@nmmmuhnngleazl cizhm;ipols(bxmh)dcr@ havi ng a

f th the t functi onal
22?5&6@%@@#’%&25‘ Kntatyleng niy eyt eRE P s SRR el iy o oup, - or
an am ﬁ&y&hﬂ%ﬁéglydo@@é?e]armm s&ﬂaﬁmam&%@esie%Iaﬂlanhta;urfaaaﬁﬁlsa@ﬁ gdwiopem an

epoxy resin, a yester resin, an acfylic resin, or a polyimde resin, and

t hat h®404, mW@lzttr&d@nmn@s,, ald gegilable frore Yablo/Go £ Lidor pplemeydispersants such

par 1 cifl VRt BF S l-a 051 FRE Ry LIMETIEEHC) ROFYERR 400 REKA e

type oPOTFMITR 40T,UkH FFEAPOLTMERY50 eRfidhdrigs, bl fanufhbRrdddy BABHGapasi N nay
consi st of at |east one type of cardo-structure-containing repeating unit.

The (D) cardo resin may include at | egst one type of

cardo-structurecontaining repeating unit and at |east one type of repeating
unit that does not contain a cardo structure. [0054] The cardo resin in the
i nvention can be easily synthesized by heating and agitating a comrercially




WO 2011/ 090217 [0056] (1-1) * HOOH My=350.41 (1-2) 40010 10. H2NNi - 12
Mv=348. 44 PCT/ JP2011/ 051537  *Pl* O.../-O M\=574. 66 [0057] Specific

exanpl es Wb 26Al@;Fesi n conpounds synt hesized from a coppeuypshipevissg t he

asin bebrdiiSPESEAET baPEsRe A d BisPekedot Bhts P DIFRERREAER) o7

ref er eonm RUIBTLALS, di o Fackn@d bR 19D) HygSods O SRR dEpatkhe above

exenpl ary structures of conpounds having a cardo structure, and reference

nuner a$iwwh2s SOLSPERSE HP0eSHI 90@)s 120 1821, 13240, 12000, dﬂOQQ;é@%rﬁBQ@fﬂs shown

bel ow. 32000, and. 36,000 (tradenames, all manufactured by The Lubrizol Japan Corporation); and
ADEKA PLURONIC L31, F38, L42, L44, L61, L64, F68, L72, P95, F77, P84, F87, P94,
L101, P103, F108, L121, and P-123 (tradenames, all manufactured by ADEKA
CORPORATION), ISONET S-20 (Sanyo Chemical Industries, Ltd.), DISPERBYK 101, 103,
106, 108, 109, lli, 112,116, 130, 140, 142, 162, 163, 164, 166, 167, 170, 171, 174, 176, 180,
182, 2000, 2001, 2050, and 2150 (tradenames, all manufactured by BYK Chemie), and BYK-
161 (tradename, manufactured by BYK Chemie)..

Other preferable examples of the dispersant include oligomers or polymers having a
polar group at a molecular terminal or at a side chain thereof, such as acrylic copolymers.
[0028] From the viewpoint of dispersibility, developability, and sedimentation propérties, a
resin having a polyester chain in a side chain and disclosed in JP-A No. 2010-106268 is
preferable as a dispersant. In particular, a resin having a polyester chain in a side chain is
preferable from the viewpoint of dispersibility. Further, a resin further héving an acid group
is preferable from the Viewpbint of dispersibility and resolution.  The acid group has a pKa
value of prefefably 6 or less, and is particularly preferably an acid group derived from |
carboxylic acid, sulfonic acid, or phosphoric acid, from the viewpoint of adsorption properties.

A resin having a polycaprolactone side chain (as a polyester chain), and also havinga
carboxylic acid group is most preferable from the viewpoint of solﬁbility in the dispersion
liquid, dispersing properties, and developability.

-When a pigment dispersion is prepared, the content of pigment dispersant is
preferably in the range of from 1% by mass to 90% by mass, and more preferably from 3% vb'y
mass to 70% by mass, relative to the total solids content of éolorants (including metal-
containing black pigments and other colorants) contained in the pigment dispersion.

[0029] <(B) Polymerization Initiator> . »

The black curable composition according to the invention contains (B) a
polymerization initiator.

The polymerization initiator in the black cufable composition according to the
invention is a compound that is degraded by light or heat to initiate and promote the
polymerization of the below-described (C) polymerizable compound. The polymerization

| initiator preferably has absorption in a wavelength range of from 300 nm to 500 nm. ‘
Speciﬁéally, examples of the polymerization initiator include organic halogenated

compounds, oxadiazole compounds, carbonyl compounds, ketal compounds, benzoin
12
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compounds, organic peroxide compounds, azo compounds, coumarin compounds, azide

compounds, metallocene compounds, organic boric acid compounds, disulfonic acid
compounds, oxime compounds, onium salt compounds, acyl phosphine (oxide) compounds,
and hexaarylbiimidazole compounds. In particular, oxime ester compounds and
hexaarylb11m1dazole compounds are preferable from the viewpoints of residues and adhesion
propert1es and oxime ester compounds are particularly preferable.
[0030] The (B) polymerization initiator used in the black curable composition according to
the invention is preferably an oxime compound serviné as an oxime initiator from the

~ viewpoints of sensitivity and dissolution properties. Examples of preferable oxime
compounds include known compounds that are known as photopolymerization initiators for
pho"tosensitive compositions such as for applications in electronic parts.. The oxime
compound for use may be selected from, for example, the compounds described in JP-A No.
57-116047, JP-A No. 61-24558, JP-A No. 62-201859, JP-A No. 62-286961, JP-A No. 7-
278214, JP-A No. 2000-80068, JP-ANo. 2001-233842, JP-A No. 2004-534797, JP-A No.
2002-538241, JP-A No. 2004-359639, JP-A No. 2005-97141, JP-A No. 2005-220097,
W02005-080337A1, JP-A No. 2002-519732, JP-A No. 2061-235858, and JP-A No. 2005-
227525. | | |

| [0031] In general, oxime compounds exh1b1t low sens1t1v1ty since absorpt1on thereof in near-
_ultraviolet regions, for example ata wavelength of 365 nm or 405 nm, is small. However, it
is known that the sens1t1v1ty of oxime compounds is improved by sensitizers through increase
in sensitivity in near-ultraviolet regions. It is also known that the effective radical generation
amount can be increased by combined use with a co-sensitizer, such as an amine‘or a thiol.
However; higher sensltivity has been requested for practical applications.

‘In the invention, even an oxime compound having small absorption in near
ultraviolet regions, such as at a wavelength of 365 nm or 405 nm, can be remarkably
sensitized to have pfactically sensitivity through combined use with a sensitizer.

[0032] Oxime compounds that exhibit small absorption in a wavelength region of from 380
nm to 480 nm and that exhibit high decomposition efficiency are preferable. | However, '
oxime compounds that exhibit large absorption in a wavelength region of from 380 nm to 480 ,
nm are also preferable if the compounds dre decomposed by light such that the absorption - |
 thereof in the wavelength region is decreased (the side products have absorption at a shorter
- wavelength). '
Specific examples (Exemplary Compounds I-1 to I-27) of the polymerlzatlon

initiator are shown below.
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[0036].

Polymerization initiator

Compound No. Structure

Compound 1-24
@SO)H;\N\

IRGACURE OXEO01 (manufactured by BASF Japan Ltd.)

Compound I-25 o

‘

IRGACURE OXE02 (rhanufactured by BASF Japan L.td.)

Compound I-26

oo

IRGACURE 379 (manufactured by BASF Japan Ltd.)

Compound I-27
| 9 Ph

i"‘Ph

.DAROCUR TPO (manufactured by BASF Japan Ltd.)

[0037] Of these, compounds (I;l) to (I-25) are oxime 'compounds.
[0038] Examples of hexaarylbiimidazole compbunds includie various compounds described
in JP-B No. 6-29285, U.S. Patent No. 3,479,185, U.S. Patent No. 4,311,783, and U.S. Patent
No. 4,622,286, such as 2,2'-bis(o-chlorophenyl)-4,4',5,5'-tetraphenylbiimidazole, 2,2'-bis(o-
. bromophenyl)-4,4',5,5'-tetraphenylbiimidazole, 2,2'-bis(o,p-dichlorophenyl)-4,4",5,5'- |
tetraphenylbiimidazole, 2,2'-bis(o-chlorophenyl)-4,4',5,5'-tetra(m-
,methoxyﬁhenyl)biimidazole, 2,2'-bis(0,0'-dichlorophenyl)-4,4',5,5'-tetraphenylbiimidazole,
2,2"-bis(o-nitrophenyl)-4,4',5,5'-tetraphenylbiimidazole, 2,2'-bis(o-methyl phenyl)-4,4',5,5'-
tetraphenylbiimidazole, and 2 2'-bis(‘o trifluorophenyl)-4,4',5,5'-tetraphenyl biimidazole.

[0039] The polymerization initiator in the invention may be used s1ngly, orin comblnatlon
17
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of two or more thereof. .

[0040] In the black curable composition according to the invention, the content of
polymerization initiator is preferably frém 0.1% by mass to 30% by mass, more preferably
from 1% by mass to 25% by mass, and particularly preferable from 2% by mass to 20% by
mass, relative to the total solids content of the black curable composition.

[0041] <(C) Polymerizable Compound> 7

The black curable composition according to thé invention includes a polymerizable
compound. _ ‘ |

The (C) polymerizable compound is preferably a compound having at least one
addition-polymerizable ethylenic unsaturated group and having a boiling point of 100°C or
higher at normal pressure.

In the present specification, the expression (meth)acrylate is sometimes used to as a
generic term for acrylate and methacrylate. |
[0042] ‘Examples of the compound having at least one addition-polymerizable ethylenic
unsaturated group and having a boiling point of 100°C or higher at a normal pressure include
monofunctional acryl.étes and methacrylates such as polyethylene glycol mono(meth)acrylate,
polypropylene glycol mono(meth)acrylate, and phenoxyethyl (meth)acrylate; and
polyfunctional acrylates and methacrylates such as polyethylene glycol di(meth)acrylate,
trimethylolethane tri(meth)acrylate, neopentylglycol di(meth)acrylate, pentaerythritol
tri(lmeth)acrylate, pentaerythritol tetra(meth)acrylate, dipentaerythritol hexa(meth)acrylate,
hexanediol (meth)acrylate, trimethylolpropane tri(acryloyloxypropyl) ether,

- tri(acryloyloxyethyl) isocyanurate, compounds obtained by adding ethylene oxide and/or
propylene oxide to a polyfunctional alcohol such as glycerin or trimethylolethane and
thereafter (meth)acrylating the resultant product, poly(meth)acrylated products of
pentaerythritol or dipentaerythritol, urethane acrylates described in Japanese Examined Patent
Application Publication (JP-B) Nos. 48-41708 and 50-6034 and JP-A No. 51-37193, polyester
acrylateé described in JP-A No. 48-64183 and JP-B Nos. 49-43191 and 52-30490, and epoxy
acrylates each of which is a reaction product of an epoxy resin and (meth)acrylic acid.

Further examples of polymerizable compounds that can be used include photocurable
monomers and oligomers described in Journal of the Adhesive Society of Japan, Vol. 20, No.
7,p.300-308. |
[0043] Further, compounds of General Formulae (1) and (2) of JP-A No. 10-62986, which
are described togethefwith specific examples thereof aﬁd obtained by adding ethylene oxide
and/or propylene oxide to polyfunctional lalcohorls (such as those described above) and

(meth)acrylating the resultant, may be used as polyrﬁerizable compounds.

18
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Among them, the polymerizable compound is preferably pentaerythritol triacrylate,
dipentaerythritol penta(meth)acrylate, dipentaerythritol hexa(meth)acrylate, or a coinpound
obtained by interposing at least one ethyleneglycol residue or propyleneglycol residue
between the dipentaerythritol moiety and the (meth)acryloyl groups in dipentaerythritol
hexa(meth)acrylate or dipentaérythritol penta(meth)acrylate. It is also possible to use, as the
polymerizable compound, an oligomerized form of any of these compounds. A succinic
acid-modified monomer of dipentaerythritol pentaacrylate is also preferable.

Also preferable are urethane acrylates sﬁch aé those described in JP-B No. 48-41708,
JP-A No. 51-37193, JP-B No. 2-32293, and JP-B No. 2-16765, and urethane compounds
having an ethyleneoxide skeleton and described in JP-B Nos. 58-49860, 56-17654, 62-39417,
and 62-39418. Photopolymerizable compositions having excellent photoresponsive speed
can ‘also be obtained using addition-polymerizable compounds having an amino or sulfide
structure in a molecule thefeof, which are disclosed in JP-A Nos. 63-277653, 63-260909, and
01-105238. Commercially available products thereof include: urethane oligomers UAS-10
and UAB-140 (both of which are tradenames, manufactured by Nippon Paper Chemicals Co.,
Ltd.); UA-7200 (tradename, manufactured by Shin-Nakamura Chemical C\o., Ltd.); DPHA-
40H (tradename, manufactured by Nippon Kayaku Co., Ltd.); and UA-306H, UA-306T, UA-
3061, AH-600, T-600, and AI-600 (all of which are tradenames, manufactured by KYOEISHA ,
CHEMICAL Co., LTD). | |

Ethylenic unsaturated compounds having an acid group are also preferable, and
commercially-available products thereof include TO-756 (tradename, manufactured by
Toagosei Co., Ltd.), which is a trifunctional acrylate containing a carboxyl group, and TO-
1382 (tradename, manufactured by Toagosei Co., Ltd.), which is a pentafunctional acrylate
containing a carboxyl group. The polymerizable compound used in the invention is still
more preferably a tetra- or higher-functional acrylate compound
[0044] The (C) polymerizable compound may be used .singly, or in combination of two or
more thereof. .When two or more polymerizable compounds are used in combination, each
polymerizable compound is preferably a tri- or high'er-functiobnal acrylate compound. An
example of the combination is a combination of dipentaerythritol hexaacrylate and _
pentaerythritol triacrylate. A combination of at least one tri- or higher-functional acrylate
compound and at least one ethylenic unsaturated compound having an acidic group is also

- preferable. The content of polymerizable compound in the black curable composition (the
total content of polymerizable compounds in a case in which the black curable composition
contains two or more polymerizable compounds) is preferabiy from 3 parts to 55 parts by

mass, and more pr,eferably from 10 parts to 50 parts by mass, assuming that the total solids
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content of the black curable compositioﬁ is 100 parts. A content of polymerizable
compound within the above range allows curing reaction to proceed sufficiently. =
[0045] <Organic Solvent>

The black curable composition of the invention may generally include an organic
solvent. The organic solvent is basically not particularly limited as long as the organic .
solvent has satisfactory properties in terms of the solubility of components and coating
properties of the polymerizable composition. The organic solvent may be selected in
consideration of, preferably, the solubility of the binder polymer, coating properties, and
safety. |
[0046] Examples of the organic solvent include:

esters such as ethyl acetate, n-butyl acetate, isobutyl acetate, amyl formate, isoamyl
acetate, butyl propionate, isopropyl butyrate, ethyl butyrate, butyl blityrate, methyl iactate,
ethyl lactate, alkyl oxyacetates such as methyl oxyacetates, ethyl oxyacetates, and butyl
oxyacetates (such as methyl methoxyacetate, ethyl methoxyacetate, butyl methoxyacetate,
‘methyl ethoxyacetate, and ethyl ethoxyacetate), alkyl 3-oxypropionates such as methyl 3-
oxypropionates and etflyl 3-oxypropionates (such as methyl 3-methoxypropionate, ethyl 3-
methoxypropionate, methyl 3-ethoxypropionate, and ethyl 3-ethoxypropionate), alkyl 2-- |
oxypropionates such as methyl 2-oxypropionates, ethyl 2-oxypropionates, and propyl 2-
oxypropionates (such as methyl 2-methoxypropionate, ethyl 2-methoxypropionéte, propyl 2-
methoxypropionate, methyl 2-ethoxypropionate, and ethyl 2-ethoxypropionate), methyl 2-
oxy-2-methylpropionates and ethyl 2-oxy-2-methylpropionates (such as methyl 2-methoxy-2-
methylpropionate and ethyl 2-ethoxy-2-methylpropionate), methyl pyruvate, ethyl pyruvate,
propyl pyruvate, methyl acetoacetate, ethyl acetoacetate, methyl 2-oxobutanoate, and ethyl 2-
oxobutanoate; | »

ethers such as 'diethylene_glycol dimethyl ether, tetrahydrofuran, ethyleneglycol
monomethyl ether, ethyleneglycol monoethyl ether, methyl cellosolve acetate, ethyl
cellosolve acetate, diethyleneglycol monomethyl ether, diethyleheglycol monoethyl ether,
diethyleneglycol monobutyl ether, propyleneglycol monomethyl ether, propyleneglycol
monomethyl ether acetate, propyleneglycol monoethyl ether acetate, and propyleneglycol
monopropyl ether acetate; |

ketones such as methyl ethyl ketone, cyclohexandne, 2-heptanone, and 3-heptanone;
and

aromatic hydrocarbons such as toluene and xylene.
[0047] A mixture of two or more of the above organic solvents is also preferable from the

viewpoint of improving the solubility of the binder polymer and the coating surface properties.

20



z-a E-CE s-u 8-CE6-CE ZEt-a ST-G  (2-1) (2-2) NCO:

WO 2011/090217 PCT/JP2011/051537

In this case, a mixture solution corﬁposed of two or more selected from methyl 3-
ethoxypropionate, ethyl 3-ethoxypropionate, ethyl cellosolve acetate, ethyl lactate,
diethyleneglycol dimethyl ether, butyl acetate, methyl 3-methoxypropionate, 2-heptanone,
cyclohexanone, ethyl carbitol acetate, butyl carbitol acetate, propyleneglycol methyl ether, or
propyleneglycol methyl ether acetate is preferable.
[0048] From the viewpoint of coating properties, the content of organic solvent in the black
curable composition of the invention is preferably such that the total solids concentration of
the black curable composition is from 5 to 80% by mass, more preferably from 5 to 60% by
mass, and particularly preferably from 10 to 50% by mass.
[0049] <(D) Cardo Resin>

The black curable compoSition according to the invention includes (D) a cardo resin.
The (D) cardo resin in the invention refers to a resin having a cardo structure (a skeleton
structure in which two cyclic structures are bonded to a quaternary carbon atom that is a
constituent atom of another cyclic structure) in a molecule thereof.

Preferable examples of cardo structures include the following structure, in which -

benzene rings are bonded to a fluorene ring.

[0050]

[0051] Examples of the (D) cardo resin used in the invention include aresin that is selected
from an epoxy resin, a polyester resin, a polycarbonate resin, an acrylic resin, a polyether
resin, a polyamide resin, a polyurea resin, a polyimide resin, a polyamide acid, or the like, and
‘that has a cardo structure, such as the above fluorene skeleton, in a molecule thereof.
Examples of the (D) cardo resin further include a reaction product of a polyfunctional epoxy
or a polyfunctional acrylate, with a compound having a cardo structure having a group
capable of reacting with the polyfunctional epoxy or polyfunctional acrylate\(such asa
carboxylic acid, a mercapto group, a hydroxy group, or an amino group).

[0052] Among the aboile, a resin that is selected from an epoxy resin, a polyester resin, an

acrylic resin, or a polyimide resin, and that has a cardo structure, such as the above fluorene
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nmay becataRerctdINGMilaté coipEPaitatiak iaQarddf sttudfirdind Pmenéer @ g&ble dhe wei ght
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[0062] <Ot her Additives> In addition to the essential conponents (A)
to (D) and an optional pignent dispersant, the black curable conposition
accor di ngybooii@oiipventi on may further include a vari et yc@fjpsappaysnds, in
accordance with the purpose. These optional conpounds are descri bed bel.ow.
[0063](E§§hder> | f necessary, the black curable conposition according
to the i y@ntion may further include a binder polyner for the purpose of,
for exa i mproving filmpglePerties. The blnder3h@ preferably a |inear
organi ¢ pol yner, which may be freer selected from known I|near organic

pol ymers. In liiﬂgii

aqueous sol
2 Weakl y al kal i ne ‘@queQus, sol ution. The

hd used WO Q
) ruiopae‘lon of not onlA =:_functb€n as a

i
filmform pg” agent, bu@HaIso iHm8~ function bk al Lewng developnéﬂ
devel oper suctMas=3%0.81, a weakl yMiwkaU4iRe4 agueous soMiv=A38.9F an organic
solvent. [0064] For exanple, use of a water-soluble organic polymnmer enables
wat er dqge}opnent Exanpl es of the khggar organi c polyner include radical
pol yneri 9 Bl odwests having a car . group at a side chain
t hereof, such described in JP- ‘@ D9- #4615, JP-B Nos. 54-34327,
58- 12577, and $4-< and JP-A Nos. §4-927%3 _59- %8836, and 59- 71048.
Speci fic exanp)es eRgof i nclude a regHg ; alé" honopol ymer of a
car boxyl group ! i
i ncl udi ng HO..rooxyI‘grp ) contalnlng
hydrol ysis, half-esteri®ication, or hal “Ani dation of acid anhydride units
of a honopol yngrwalpgmaci d anhydride-contpbnhqggmgponer a resin obtained
by hydrolysis, hal f-esterification, or half-am dation of a copolyner of
mononor s ﬁpludlng an acid anhydri§e7cont:J~' Fanoner, and an epoxy
acrylate obt ai ned by -ndlfylng an 3xy rg y at | east one unsat urat ed
nmonocar boxyl i g at | east one acid “ar de. Exanpl es of the
car boxyl groupx ng nmononer i ncl ude &% Nqci d, nethacrylic acid,

itaconic acid, g g acid, naleLc_acici‘ii‘ N4 a |d and 4-
carboxylstyrena s of theﬂg§%gra2mydrlde con@%PﬁthﬂﬁDnoner i ncl ude
mal ei ¢ anpydr T tber ex egni ncl ude an acid cel | ul ose
derivati @8 V|ng a carboxyM c acid group at B-%i3de chai n thereof, and a
product obt ai neNf¥48ddgg a cyclic acid anhydride to a hydroxyl

gr oup- cont ai ni ng pol ynmer. [0065] Acid group-Mowt24Hh08g uret hane pol yners,
such as those described in JP-B Nos. 7- 120040, 7-120041, 7-120042, and
8-12424, JP-A Nos 944, 63-287947, 1-271741, and Japanese Patent
Appllcatléh kb ] y are advantageous internms of suitability for |ow
exposur e anount .- ceIIent strength thereof. Acet al -nodi fi ed
pol yvi nyl al cohol ™enRg having acid groups, such as those described in
Europeainatent 36 and 1204000, and JP-A No. 2001-318463, are
preferab e in ths hey provide™8 cel l ent bal ance between film strength
and deVeP*Eéb“?’ty Exanpl es of E er-sol ubl e linear organic polyners
further include poMws34.68yrrolidone and pol yet hyl ene oxi de. An

al cohol -sol ubl e nyl on or a pol yether of 2,2-bis-(4-hydroxyphenyl)- propane
and epichlorohydrin is also useful in terns of increasing the strength of a
cured .film [0066] Anmong them a copolynmer of benzyl (neth)acrylate,
(meth)acrylic acid, and, optionally, one or nore other

addi ti BWS% bl Spesificexsmplesiof gardavesimeenapquade sysithdsizpd fospperypamddrvisgnzy |

(et h) I y ropyl
et hac&l)%l 41do s‘tamct(lpeérghg&g?&d th @e 'Igbllsﬁrh%lo%v meI% A re))g It %’ J:a?&({ regltnh%lxcr y t§ aci d,
and, V@eZ@ﬂehh@@Mﬂo? Bﬁiﬂed B?dﬂét&\/ Ohilths _t'ab(D@trd:inbﬁbé MumeaB 1of tDBgertiat
addition;pol neri zabl e vin nmononers, are preferable in that they provide
excel | Esdugninatdesve diog e PY%@mpéaf@ﬁﬁuctgr@ﬁgf earypqupds bavingie 6@8pabi i ty.

[ 0067] } | wei ght

aver agsetélr%\rgc ar?é%%gﬁingg%ﬁgzr g#@?ﬁb?& ge%ge(gﬁ%fgp er%{r (ﬁeérg;ang@E@ef erably from
10, 000cdmpamds fyn adowvhas a nunber average nol ecul ar wei ght of preferably
1,000 or nore, nore preferably from 2,000 to 250, 000. The pol ydi spersity
(wei ght average nol ecul ar wei ght/ nunber average nol ecul ar wei ght) ther eof
is preferably 1 or higher, and nore preferably in the range of from1l.1 to
10. The bi nder polyner may be gny of a random polyner, a bl ock

pol ymer, a graft polynmer, or the like. [0068] Incorporation of an '

al kal i -sol ubl e resin having a doubl e bond at ‘a side chain, from anong

vari ous binders |nproves both of curablllty of exposed portlons and
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The content of thermal polynerization inhibitor is preferably from about
from0.01 to about 5% by nmass relative to the total solids content of the
bl ack curwbl2e1ie@opoesi tion. [0078] Further, if necessarypcaJrrgesisiatty
aci d ogwg ﬂerivative t hereof, such as behenic acid or behenam de, may be
i ncorp ? d into the coating liquid such that the higher fatty acid
derivatidf_bocalizes on the surface of a(ZQ@ﬁing filmduring drying after
coating, 'A»order to prevent polynerizati¥yn<nhibition due to oxygen. The
total content of higher fatty acids and higher fatty acid derivatives is
preferably fromabout 0.5 to about 10% by nmass relative to the total solids
content. [0079] esi on Pronoter> An adhesi on pronoter may be
RS ¥ Tl N-ORdE 0 i nprove

¢ Exanpl es of the
adhesi on . a_si|lane coupling ager L «ani.um coupl i ng
agent. Exanpl es 6f tf2Hsi | ane c&d INng agent i nclde NG
y- et hacryl oxypropyl tri met hoxysi | ane, y-nmethacryl oxypropyltriethoxysil ane,
y- met hacr yl oxypepp2g pet hoxymet hyl si | ane, yachiveegor Pyl tri met hoxysi | ane,
y-acryl oxypropyl tri et hoxysil ane, ymercaptopropyl trinmethoxysil ane,
y-am nopropyl tri et hoxysil ane, and phenyltrinmethoxysilane. Anong them
y-met hacryl oxypropyl tri met hoxysil ane is preferable. -~ The content of
adhesion pronoter is preferably fromO0.5 to 30% by nmass, and nore
preferably from0.7 to 20% by mass, relative to the total solids content of
t he blaﬁﬁbzﬁrable conposi tion. Fur&hgi, when the bl ack curable
conposi t¥sow/according to the invention i 20ded in the production of a |l ens
on a glass substrate, it is preferable to add an adhesi on pronoter fromthe
vi ewpoi nt of inproving sensitivity. [0081] <Surfactant> Various surfactants
may be incorporated~ynto the bl ack curable cougpositi On gk the WO

/ .
i

2011/ 090217PCT/ JP20X1/ Q51537 i nvention, wth ’; Mrther inproving
the coating properti
fluorosurfactints,]
sur f actH).s, :
i ncor por at i e/ 1 Me conposition of
the inventign further inproves the liquid prd@erties (paficularly,
fluidity) of a Nberl66.13i quid fornmed fromthe bl ack curabl e conposition,
and further inproves the uniformty of the coatMwy2h8dRness and liquid
savi ng properties. Specifically, in a case in which a filmis fornmed
using a coating liquid in which a black curable conposition containing a
fluorosurfactant is used, wettability on a surface to be coated is inproved
due to decreased interfacial tension between the surface to be coated and
the coat{@r)liquid, as a result of whi ch (@h§)coating properties on the
surface to be coated is inproved. Therefore, the incorporation of a
fluorosurfactant is effective in that a filmhaving a substantially uniform
t hi ckness and}qsg F*hickness vari atjon q@n be favorably fornmed even in
a case in which“thgffiTmis formed from tthe goating |iquid in@ smal |

x @

anount and has a sn t hi ckness of several croneters. [BQ8 T
fluorine contqu_Lz?Lh§y{luorosurfactant IS

. nmpy_be used include
noni oni ¢ surfactants, cat ni a act@nts, anionic
- cukar, the

, sferably fr 3% mass to
40 % by nmass, nore preterably from5 % by mass to 30 % by nass, and

particularly preferably from7 % by t 025 % by @ass4+A O
fluorosurfactaNﬁNHQQOﬁél : Ayl <

and in terns of |iquid saving properties;™
solubility in the black curabl e conpositif ;Gég084] Exanpl_e/ -
fluorosurfactants include: MEGAFACE F1717 MEGFACE F172, ©@FEGAFACE F173,
MEGAFACE F176, MEGAFACE F177, NMEGAFACE F141, MEGAFACE F142, MEGAFACE F143,
NMEGAFACE F144, MEGAFACE R30, MEGAFACE F437, MEGAMINCESEAP9, MEGAFACE F482,
MEGAFACE F78 d MEG@RACE F781 (tradenames, manufactured by DIC

Cor poration); FL FC430, FLUORAD FC431, and FLUORAD FC171 (tradenanes,
manuf act ured by Sunit omA&Miki atidd); and SURFLON S-382, SURFLON SC- 101
SURFLON SC- 103, SU LONﬁ§§é£4 6SURFLCN SC- 105, SURFLON SC1068, SURFLON
SC- 381, SURFLON SC- 383, %ﬂ S393, and SURFLON KH- 40 (tradenanes,

manuf actured by Asahi dass Co., Ltd.). [0085] Exanples of nonionic
surfactants include: polyoxyethylene |auryl ether, polyoxyethylene stearyl
et her, pol yoxyethyl ene ol eyl ether, 3l yoxyethylene octyl phenyl ether,
pol yoxyet hyl ene nonyl phenyl ether, polyethyl eneglycol dilaurate,

pol yet hyl enegl ycol distearate, and sorbitan fatty acid esters (such as
PLURONI C L10, L31, L61, L62, 10R5, WD 2011/090217PCT/JP2011/051537 17R2,

I =T o .Y ] e ek 1 N NN A — e~ —~ A ~ A ~NrN A T Y - Y1 VA




Further, the black curable conposition may include a cosensitizer, for the
pur poses of further inproving the sensitivity of the sensitizing dye and/or
i nitiatorwbeomednizc radi ati on, or suppressing the inhilpctriJezo10051537

pol ymeri zati on of ‘t he photopol yneri zabl e conpound due to oxygen. Further,

i f necessary, a known additive such as a diluent, a plasticizer, or an

ol eophi(oea]| NTheas N dardPdesas pRAGELIY A kiR r@élafélsmﬁmragtu GneQfBRSInid RAvagcor di ng
to the invention in order to i nprove the physical properties of a cured
film fromgojompesng certkiningrathicd sewwpposi tion according to the invention may
be prepared m xture of, the forenent d

met ol - cont ai DGR ing S Po P rEPEL EORFRMHET R R g 6 ol

pi gnengrodpSied Belcele fiResift | BRarhplet HRfeof dithaieNinn@daiopitd ﬂ%l”donqjo&ﬁ@ (zanpt), (B)
pol ymeri zati on |n|t|atomh&éd2 pol ymer.i zabl e conpound, (D) cardo resin, and,

opt i ongiop abgvesdsi-ethpnaesk 2ipvepgnedithiel, bilvials erfamn«}t yhthaeack curabl e

conpos 0 t t c on,
cures ! t3hﬁhe%%ﬁl%¥cqh{s8??| Vi ta;hlﬁgn ?2 tl(r:1§€neb{§%\(drﬁ&];l%1§'§hﬂge?%e‘?l |gﬁ &&nglgfogl ng
film h&)hst’iﬂleﬁmﬁ&tls ldefived ﬁr@htthlshgnbhﬁmﬁgtapﬁﬁgaﬁmﬁpcﬁmds Mihe cardo resin is
2011/090217PCT/JP2011/0% e bl ack cu abla copposi tion according
to t hePictRrahly figm | o ¥e Mlmqsﬁreclﬁé’eft%lt}}?éf’ia@)ﬁlaéﬁ‘oé ¢ FYA® ISHl el ding filmfor a
waf er -1 evel. : bi nder
facilitates ]lf)mt{agané% Bcoﬁﬂﬂlﬁﬁ%é??&éﬂssg tﬁ% lg{r%t g%? bﬁgh‘l %lh%l)‘%at tern.

[ 0092] conifitihing cbmpetnd iprBoves transparéﬂw imgfedsV Ir%lﬂi ahéplso ampwves thg to t he

inventjon has.a |eI f|| t |ne curing the black curable
cpnpos!“fra?ﬁsa%&'ragﬁé)mtog r??fﬁbq gtﬂgg?rﬁﬂ%sr‘é ‘portion of a lens
di Sposg@ﬂ’g "Phes(ll'j)%hfcﬁtrﬁmnﬂ"ﬁle‘@me%ﬁoﬁ ﬁié?'be'u@&lss@‘TQ‘}erQh B&nbi‘ﬁaﬁé}?oﬂ tawegtion is
descri bed : an view show ng an exanpl e

elow i'n detail nui . is a
of t hemownthergaf. atT}@nvq;ght@vmge @vbr wetght Oéthﬁép) bardd msimpispreferablyf er - | evel

| enses o the r Ien I | udes a
subst r GP8 290 10 0P B AT sl bichraly AR5 3 0RE8 20UFT Ep MR GugSit o7 2
pl ur al cdnesessttaidell Witkinahd SH0R8 rinke- dlnen5|onally on the substrate 10.

However, the plural |enses nmay alternatlvely be al i gned one- dlnen3|onally

on the substméb%myenn% hedPt)%llﬁ‘Pé?Sd@H’g udes pardQ strpeapres, suchea aflngrgpg
bet veen Ll at EQHER SFPRFEr IS HRR 300 B IndRT0 LIRS, BIAMLETHEBILA P 1en

al ong frome40)% By stassito 1086 By glass’], relative to theﬁmtaﬂ Ihaamof the Bargo r&in fromtthe

waf er - | evel rra ht shielding film14 is provjided between the
e viesreis She 3EE e fe gkt Te imamnltare mienieposs RRIES | on

transm ssi onrid confGt 8NErdS R8I ih IRBIhANGRSHId CompOOP5H is pRGerwBlyatoh el | ens
according to the invention includes one |ens 12 di spoSed on"the substrate
10, anphartsthy thasghe S pard bl mgsst apdmore mpfwabdte&omtl parpley ingsrcto B0 nas byon of t he

Fort nBror et RO BRTRRRL R BEER MR Rl BLeFab, o5 &

waf er-jnayel l-ens array in which plural Ienses 12 are arranged

t wo- di nensional |y on the substrate 10 as shown in Fig. 1 is described bel ow
as an EY&Ap| eOthpppddifivesie | enses 12 are general |y made of the same materi al
as that of

substrate 13{1“3%(?{{%@ dtlﬂ : @ss%gmalggfgl tr}izegétﬁzs QB ébﬂélg&%ﬁ%é%ﬁlgﬁﬂ gﬁ g%tgﬂc#e psgmf he
subst r thedlack curable cbigpoainion acawdihi golthatinventios neylfyrtier isctaded eariegnaf t he

configuration of the wafer-level lens_of the invention is
t her et SPIRAPHS IR 2eioBGAF ih SNRRFPEsE- aéfgsieéal,ﬂopgrwgspaﬁwsgre ?F@“{’%‘{F%%%Wrray
have ad@g%lqglﬂggrg structure, and | ens nodul es may be separated out by

di ci ng 98] The material for formng the lenses 12 is, for exanple,
gl ass. GI asslf nedessdny, ¢he blygesurable compositign sasonlingiy thelnyentiormay fuathgt ass

h hj t dex bl terial of a.l that i
oot r cifBe pEeR P ER P Pisiarol e, GpButl (M atensfios 14 oo i n-
that ME4gQd &!&&9&% Eﬁ’fﬁ@éﬂ&g&lﬁéb&%{é}% Mﬁ&@ﬁ@ Ba $re8Geleb @ FrohR{oW linear

resi stance, and tolerate réeflow nountin 0 an image pickup unit or the
li ke. ?I@@ggpob(mherln@mm enabfe dervelopmee?wahwratqrommaldg alkading queeys 12 is a

resin._Resing.exhibit rocessabi | it ore UI tabl e
or o SRIra RdE PRistibs B e PhedloBR Fiime P S50 fo e 3¥h0] 1 ¢
i's prebed abdi@y hiRakiiCaqRBo@NONEWNC UTES lifed ©8daRid Pllyrh&emi b eldctidl i vsbe

waf er-1evel lens. The energy-curable resin may be either a thernally
curable resin or aresin which is curpgd by irradiation of an actinic energy
radi ation (for exarrpl e, heat, ultraviolet rays, or electron beam
|rrad|at|on) -



I n consideration of reflow nmounting of an inmage pickup unit, the resin
preferably has a relatively high softening point, for exanple 200C or

hi gher. Awoesimbavi ng a softening point of 250C or hi glerer/JPs10051837
preferable...In.the.fqllown tesins.suitable as. le terials are
Gesor | BarifeRuba T dopBol et oo Rindrl bEER T EPE e e o

UV- cur aiidveing deved@iindiR Sith a deveMpeikueh heware aywéaks dlkaldRthqafoudotibs, dresi n.
The epoxy resin to be used may have a linear expansion coefficient of from
40 to ®DOIEABCEPIENt. and a refractive index of from1.50 to 1.70 (preferably

from1l 1. 1. 0102Z] N | ' |nel ude a
t her m)g@t% 'fl j glaorsﬁggli)“gghgsreeogf ian‘fl%grn%)obfgoﬁen%%g{l 1{3 ﬁ’ﬁi e%ggﬁésg%%gr éegl%h%g{reﬁgs etting
phenol Ex&sples ofthd lidedr hegasgilimadinalady tddicat pslymerikafongredietschaviraea si | i con
resin to be used may have a || near expansion coefficient of from30 to 160

[ 10- 6/ farboxahig agidrgseumatta side ¢haethersef, speihgsithass degeribed an JRReNe 9x4A0lesin to

be use i I i fibCA f 0-6/ K],
and = To et Py RS BT RS s AR b R et B 1 6
The phens. r 8pedifit exdneplestherenfinchidy e resin thaerra lexpposyineer of aeddborylent of from

30 to 70 [10-6/K], and a refractive index of .from1.50 to 1.70, The acrylic
resi n EQUBEONEEYNGRONNET 2 S 'ﬁéfazﬁ aéﬁb‘gﬁ@%ﬂf IRERGRGTS inchding a ¢artBeX¥o t o 60

[ 10- 6/ é : BShiY 8 rdsHSai r : f ly from1.50
o 1 60 P T B B B e P i 1 bl o

pr oducémideper bf acid extprple snitsf ofiehhoniopolyrherdd askpd 285dradeccoBMiGiIg 77
(tradenanes,  manuf act.ur Fuj I t.l ndustri ., Ltd. | VSM 4500
(1 1 adeRaET e AL BEdOn S dralisy i PR aiPiyy hell R Giond Pbe iihan,
nmanuf agf Mbesnb¥ ifPYMiADENAAG aridfddMe Containidmbnorh&1 8 arFRAPhEs1 t he
thernmopl astic resin include a polycarbonate resin, a polysulfone resin, and
a pol yebthiaed by moddlyingginrepoTheesiovifie afrlpash apeunsetusated Bwwaoeaboxylo ecid apd near
expansj.qn ffi.ciant .of f . . ' ndex of
From 1o0f S ABhRbaRL, EREMR I B Bl MR bRERRL it EET T
have aadriheadid anqabasylvacidefatorte ail, @bdtohicaridl maldc 68d,[ fhbrafit Ktid, anidi-a
refractive index of 1.63. The pol yether sul fone WO . .

2011/ 09Bbaxstmene dixantpdesod he acdd Ankygride-coptainmopeer clpdemaleicex pansi on
coeffi&}]ﬁghd‘gf from20 to 60 [10-6/K], and a refractive index of 1.65.

[ 0105] general, optical glass has a |linear expansion coefficient of from
4.9 to 14. 3 Furthebtgmples iBOIGde amdcidicroellunlast deroyativeleaving a farbomylic4ctdo 2.1 at a

wavel ength of .589. 3 nm artz ass, has.,a | i,near expansio aefficient of

e GEBup g psid Fhin Bikgor S rrOh et Py Bvianfios b CAERT! SRS RS 0gT he

cur abl Bydr8y1r ﬁiﬁihggop - can be used for formng a |lens preferably
efor

has a nbderate fluidity b e curing, fromthe viewpoint of noldability
such aB065babtidigrqupofontasning urathane dolysnarafshieles thpge deseribediape-B Npedrfical |y,

oo TARALPY AL ool HB akal RN PRI gty gy, a1
cur abl gapagsst PakanRPSlidatiOMNoh 20-1T6232bsre ud eshtigebud rtefinitbfauitebibityfoekoer abl y

has such a thernmal resistance as to prevent thernmal defornmation after
cur i ngeXpPsweRRONNLdNS; te erellentstigng®ithesiplor ocess. From this vi ewpoint, the

| ass transifk} ‘%%J&tj I 200C or

gi gher, m)reggggfrg?gg?@ﬁélgg%ygélc%%ﬁgty,;n%gsn% pat-t |c(1:%ll%gp f’?i‘%{%? gbf{sgbl y 300C or
hi gher destribalidurépean Ppent Nesu©B3 26Ghnghl 20he00ahd Fea\ No.a2200¢-3t1846harer esi n
conposition, it is necessary to restrain.the ion at the nolecular |evel.
Exampl BETGHb e WEL P EEP RS Plen L panc et s B HE IS REth ABH ARG DA

Cr 0SS~ ki HpIRIoORASH-§oTutI8 lintRiokg bR pEPmers Fhrtifer MEANRG Vi ipYfroBddising havi ng
a robust ring structure (for exanple, an alicyclic structure such as
cycl ohpzetbylenootide.nafie alcoholtsetubdeydbmdoalpelaetber efi2.2rbisrdtliydraxypbenyi)r uct ur e

h be ht hal d .such as 9 9 -bj |
P tor cePaE FagpRGRAERG S35 pet it SRR Pt ot A e A
speci f j0v8b] YAmba t}féhﬁﬁ%golyﬁﬁﬁ bf‘l&erﬂ?ls(ﬁ{eitlgﬁggialfb, g&%&?%&&ﬁ and,P- A 10-

67970, JP-A No. 2003-55316, JP-A No. 2007- 33401 No. 2007- 238883,
et c. ), ogt®paby,mae ko mhoes other Fdditianypadyserazablerigng rengimery(piefedblyd such as

i nor gapi.c ticcl ri i X | 8,4 JP7 A , JP-A

10- 298%%’,1 }png rco.f;%.e&éfll glrggt?lfaﬁ{?? %g’o(lsn{km%& %ﬁ%‘ﬁg’p e3 'galg%l\a}%glr?&?%%% may be used

i n conhydiatypespyl asttidcoliatef, ahdig coprdymed off sl Ghéthzerylfie, {ieftfiayliyadidrahdy med
within the range in which- other characteristics such as fluidity, shrinkage
ratio, and refractive index are not iJpaired. [0108] Fromthe viewoint of
the transfer accuracy of the shape, a curable resin conposition that
exhibits | ow vol unme shrinkage during curing reaction is preferable. The
curing shrinkage of the resin conposition is preferably 10% or |ess, nore

Y T T B 7 o o o - o o o B 7 o NA N1



(4) a resin conposition containing a resin having a rigid skeleton (such as
fl uorene, adamantane, or isophorone), exanples of which are described in,
for exanpwe,2o0tiRofe19- 137043; (5) a resin conposi PcogrPoANOESIE NG t WO

types of..noponer having.respectively different polynerizable.gro and
e SR R e et R R S S S e Rtk
exanpl ggy pfowdl &dtcliére balascs iedpRetn llm StRhg®X SMPitiRity, HidAeNlopadA@6- 131868; and
(6) a resin conposition containing a swellable material, exanples of which

are deH967bed binder pesbledn ahgiblack gpable semposition ep poveiglt ayrrage Nwlecplans- 238417.

These yesi My n_b i dq A | n | Combi ned
use: of "ERIFof RPN B0 of e oliibiePtabty SRRE L d B oMt 2oove (For
exanpl gumb&rRemngé metunt waight 6Pprefiably ¢ 000 at fiohs) noré biderable fiomg 2,000 to '
pol ymeri zabl e group and a resin conposition containing fine particles) is

pr ef er &¥h@0G: r Grheely disperas (Welzht avsFree mAdeqwar prRishtammbsy syseracimalecylar110] 1t

is pre I . r r.esi it is i P §f t Abbe
nurber SEER TG i PRy Cor BRI 4R blbef BRATLILLOTR (AR I IS0 0o
for form ng Thebinddreolingrehayl lermyad aeaiongpdlpmei) @ blovkgoliynmwr, a graft - The hi gh
Abbe- nunber reg#q%greferably has an Abbe nunber (vd) of 50 or nore, nore

pr ef er BYYPCHET re, and particularly preferably 60 or nore. The

ref racfjos8] | mEShofalEl of REAIRAM-sbiRbRTESR haRhY a Howdle 8bnd"at3NGde cHIRY, EroRf €f erably
1.55 of higher, "and particularly preferably 1.57 or higher. The high -

Abbe- nambieg varasis hinderst mnprevesiboth dfecuraslity of enpessd posions gnalkdler abl y an WO
2011/ 0902 7Pg§%g§?011/05%%37.aliphatic resin, and particularly preferably a

resi n ARG YOESRYSER PRROI¥t ure (for exanple, a resin having a ring
structure SULK: ARalEYAILIBSHRABEpolPREPRIVIRNEdoIapRE ARGidetchhieysptiosarane, or

tetracycl ododecane, specific exanples of which include resins described in
JP- A 1tsedipgginventiophpg in thgopugtersbereof pn AciMigrouroos imppztug allpi-solnpility

2004- 2 . JP- 06- - -] P- . ‘
2007- ZRie it hls: REF s at bty b o Al Aobthies [ ccin
pr ef er akths hasovabilAp bEndtsminge poyibns Of Ba{dedresing having®wiich pafiglrsahtiyiredve or

| ess, and, particularly preferably 20 or |less. The refractiyve index (nd)
t her eofetpiled pdP =} N %lyoér%f?é%) g thg Wunﬁi)ﬁ?@%wf%ﬂam Ray bgsusegin ﬁ}eg her,

and paptigiarly preferably 1.65 or higher. The | ow Abbe- nunber
resinis preferably a resin having an aromatic structure, exanples of which
i ncl ud@0a9Y eElencontant af bindey relasve tocheitadalsubds @mtedf Of theibdack chitabler ene,

napht hal ene, . benzot hi gzal e, " or. benzotri,azal e. ifice l.es t her eof

el RSl iod RSB e v SHOR BB TOSHO- KI5 BY 6% P Sy bR IR

2002- 4433R0re e Brab; r2003 4ss td 75 86 Bp mad§) oS BREGewpdRntd oo

2005- 325331, JP-A No. 2007-238883, International Publication No.

2006/ 09Bp1essing heth i paglingeoiPaf @ pattaxp and garEHion of deviedypmant residileso pr ef er abl e
to use(ﬁgogngﬁahg&hporganic conposite material, in which i-norganic
particﬁes r rspersed in a matrix, in the resin conposition used for the
formati on ofInttheinwaiitesn, tewtickl @idble ddrepdsiRnGhayt fuether igalnde a colofgdbiher

conposite material .may aimat increasing the refractive index or %djusting
the Abthan Aistabspntaining inopsagicinguenss, spetbay HRQYIhPIEaH e PISNRNE T {yf: fiherder

or gani &- i I -ial include oxide particles, sulfide
2o oA R0 SATBRRLR S p

particles, partic nd telluride particles. Mre specific
exanpl es i ncExaieples ofeohirants that ey pdditiowdliyde used acludm(Bxamdergpaic pignens, zi nc
oxi de ga ticles, 1in oxide Qgr i cl es,.niobium oxide gartiglﬁ® Oferiumoxide
par t i T8 2 a7 QrERisRIgRT i eciserd fropele Piehanindrinn i 828rPPE (RS Bt ¢ ri um

oxi de R)@ﬂ{lj] & 18sA Nendode- 04 98Y! drddfgmadts bbtaid bl ddptdind RGedshBkO@ni ¢ particles
to be used may include only one type of inorganic particles, or a

conbi nsubsamentfoftGad. Rigmemtr@reey p& or Of 1. iPrgmepdMiles Paby Ot e sAmTgthemor gani ¢

particle i ncl particl f ac 0si;t f plural .ingregdients.

o | v aebubt pieBatdfalah bs s PufRER bR Bardhyi Tl B,
reduct pigherrds thR ke balisedin theVinohtiohRee hdldintiaditkerp@! ti cl es may be doped with
a netal other than the substance of the |norgaaé%§8artlcles, t he surfaces

of t helOOAbF gdnilcPigment ¥eltosv May4bt08& 0%rlda, W& t Hil, 6%4.d&7. K¥ch8as
silica or al ymng t he substance of the inorganic particles,
and/ or the sggyggggg%?é%ﬁégsﬁbrganic particles may be nodified with a
silane coupl id. Rigerht Red 122, apat 71¢ IR 7NR08gENL, 242p5a[ g¥mi ¢ aci d (such as
a carboxylic acid, a sulfonic acid, a phosphoric acid, or a phosphonic
acid), or a dispersant having an orgasi c acid group. The nunber average
primary particle size of the inorganic particles is typically in the WO
2011/ 090217PCT/ JP2011/ 051537 range of from1 nmto 1,000 nm If the nunber
average primary particle size of the inorganic particles is excessively

. Y b1 e I T I o o o o



[0115] In the organic-inorganic conposite material, the content of
inorganic particles relative to the resin serving as matrix is preferably
5% by maswoaniwmmoory nore preferably from 10 to 70% by neesgrandos1537

particularly @ﬁg{)er ab}g,iog%qg} 23%28(;3 0% by mass, fromthe viewpoi nt of

t ranspar ency efractive index. [0116] Any of the
UV-cur abl e r egimpighttat BARrisosesial ng.6r esi20, 66,188, t her nopl astic resin, the

hi gh Abbe-nunber resin, or the | ow Abbe-nunber resin described as the

mat eri al of téhd. Rement Gesenl7, Berdy. P® t he above nay be used as a resin for
form ng a matkiXy: W is.used in the organic-inorgani c conposite
material. Fur .hlé?lgén)ggﬁ%}aglg 1of the resin for forming a matri x include: a
resin [72NgTkeré &f Hoasdriisteari IgietioRioghelycttharad bé Usedsd altohfaritharikndescr i bed
in JP-A No. 2007-93893; a bl ock copol yner including. a hydrophobi c segnent
and a RAyRsmephbe setectedgind pised, gy anpropyiate o dexampdes thereel ingludpdyesygscringd 70 211164;
a resi L NG, arpe! ) 11Ré rq b hai Rg ; i onal
group g:%%gﬁﬁ)'er& o%(ﬁpg’r]rﬂo %é\y (g%%hggﬁ%najpa‘%gﬁdl%h%ﬁl’?ggfggh?é%lé? géﬂéﬁg% such as
t hose HasetNde@d§92207) B-$\ MaNo. 2(808;5D3 8929 Pat2Bib05,663990,,U.80R4-N65063, and

2010- 05810500 TA-2di205 0373087 A No. 77 1§l B2 25 BT b &- L - o
pl asti iN@%—?l&l;?@,%%?ﬁ&@Qﬁ%‘@f T8\ RYIRS 133 16N B-ANaRn| B0 de, 9RIA RoCpNPoSi te

material. [01 Preferabl e conbinations of a resin serving as a nmatrix and
i nor gad¥ad 0f/j eApwr.12061-4823, dBtAINe. 846521 TPeNng8-28THI, MBHA IIns8-146214, Hase in

whi ch i = I C 0 scrib ;o sed WO
AR O DAL e M S L NT
i nor gapa®-panbi w-AN®L003-982EXIPP Ro. $-30220aNHWANS Ge73 BIgUIR-AUNG. ®Xi de, or
zirconiumoxide. In a case in which a | ow Abbe-nunber resin is used to form
a mat r 179120t arids/PpA e Baldllé3t.0 di sperse inorganic particles of, for exanple,
titani i i X| i i i,de. [ order to uniformy
di sper @?ﬁoﬁéﬁ%@%&ﬁg‘ﬁ’?@ Setgl{cnlﬁ%sr’ &g&%&gﬁg@; gg?eséar%g&gﬁgieq &}%(S)’r exanple, a
di sper giphbnyoRiahOURS, anthrageihbendes Hnthiapyrilons dyéssdeaidylitiéne dyes,loxanstononer
No. 2087 PBEN a0 IbF L IDBHBR BiSFarR: 4%y BFOSHSSHE: S8rent and &
No. 20672338819l ment and a
hydr ophi.l.d (Tolrs= peln ST} ' Lo = 164), or a
resin E%r%/(?lﬁ%fﬁ at ?";‘)’é‘f@rﬁrg?%é%m naqu\?&;%l ﬁ%ﬁ)&'ﬂgﬂgﬁé&%ﬂg u%%%}l]%’nal group
Fhose foser i bed bh IR A Moo 2007238026 and P A NG, 2007 238030) - a8
ose i be n - A. No, - an - . - . as
appr oplI036b. Fipgthe peRiT &F R haL M AoBEal e SRS RPTEBIC PIRPFbitat f on
of t hetHaghRhtibe\Wedonl BRFioRRY aitiGlittt DIRR pAEkH: Wi AfeadiHeQIah dtMgeeXxanpl es of
whi ch incl ude k(ilo.wn rel easelagents sUChf@g;’;d{él Iacon{ngased rigl ease agents,.
f I uor i pigimigat eded pigawste ongaile pigment doprp apdatcambintjornof ofitgnimai n al ky!
oo e AT D 5 PR AR ey ORA o ROR LR o
cur i ngcgabisityyaid 1@ht-gmbmi1@tlﬁbperﬁsg,neces;ary. Speci fic exanples thereof
i ncl ude a_conpound that pronotes a curing reaction (radical polynerization
or i onl®7pb 1iZei on) by the action of heat or an actinic energy
radi ation, - hed.d g 65] to [0066] of
JP- A No. Zogg?@&%ﬁgﬂgc%gﬁ(%%t o?§l ﬁggﬁl %%%Fﬁsg&eggﬁﬁéﬁu‘%rg%nﬁ er may vary
de Fendim;gowneprhén taylim}[ ﬁéneﬁmﬂlt;)aleﬁ‘sﬁ%rmy oif ﬁie:(lBapolymdrilzetlicdi rlhftfatc?ragé/olr n reacti ?/e
sites fQf. curin r e e,. and cann e uni, [ ed. In.general,
*he® corlhbine tgtatiss fager davesnahh S0 ot gt Svisick qutie, Etiosiotar  f £ om
0.1 togla¥yby mass, and nore preferably fromO0.5 to 5% by mass, relative to
the total solids content of the resin conposition. [0121] The resin
conposi ti on Tisestnsitizeroptipnalyuestd onthe invehtomesdnsitizesthe (B) palymedzatiodi ng to t he

inventi on can be .prepare ropriately mxing the ove-descri bed

| nor ednned: PreiFalty B8 Shefvn AR The it Tl et CandBr PSR, poe i

whi ch the | ippefedatl©¥kaiiplecet tBé ViRt iIRBINOSESmpARAS HesaEbel inuRidgraphs t he i ke
i s capabl e of dissol vipgg ot her coggonent s. If this is not the case, the

resi n E98pbei (09 of AP ANo 2088241489y di ssol vi ng the components using a

sol V?”Lqmgfe}rrﬁ%' th @%ﬂ@%& 4 s!e'nXiti%ﬁﬁgnd ao}aggstaﬁi%}ty[‘ (el bt RRsitiZer et
particularly TiImtTed ds I'ong as a honogeneus sol-ation or di'spersion can be
f or medpreferdbly fiens0.l (e BO% Wyt Hiayd! mpreagbfeidbat from 10t 20kebye AR and stfihmoand t he
sol vent may be appropriately sel ected. Specific exanples of the solvent

i ncl ude ketones (such as acetone, netdgyl ethyl ketone, and nethyl isobutyl
ket one), esters (such as ethyl acetate and butyl acetate), ethers (such as
WO 2011/ 090217PCT/ JP2011/ 051537 tetrahydrofuran and 1, 4-di oxane), al cohols
(such as net hanol, ethanol, isopropyl alcohol, butanol, and ethyl ene -

T o . .




First, a nethod of formng |lenses 12 on a substrate 10 is described with
reference to Fig. 3 and Figs. 4A to 4C. Elenents having substantially the
sane funavoaniiaediacti on are denoted by the sanme refer erca/prmmenslksy

t hr oughout the draw and over.l apping descriptions.therefof ar

somet | LA fiogy? (0 157 by sy, efatiy € Rithe haty Gl ey Sahds chten AF g iblarka

ol di nguABlkRbmpbsitigesi gnated by "M in Fig. 3), which is a resin h
conposition for lens formation, is supplied to a substrate 10. Fi gs.
4A to B0ErE vRPdymestasiendghibitorpr ocedure for fornming the lenses 12 on the
Substrate 1

arer o PR B e SRR 6EF PPe e e RTBRS 22 1

be for BREk cutable@ompéiEHE RS 6fdePfd prEldne undRteREBUREM pblythefRbtitinef that eri al M
corresponding to one lens 12 is provided to each region to be supplied with

t he nopeymgrirgieeqrapound doring the/ryodrtivporsiorge of thgseappsifion.2 74 knewar t he

nol di n [ I i t; t A form ng

I ensesg}eggé}%lggéeerya{éﬁn gﬁgﬁ 4(9%8%7)' bt(:8 #ég(g%%tggﬁgl&@e%gtg%n l%ﬁ C{;f?%gsﬂﬁg{ﬁ i ng

mat er i etaniflEsahelestinckidp by dreguinase, phasthotyphbnd, didfbutyleciesdldpadgdlll,ar ovi ded
W th depressed areas 62 for form. t he e of the |lenses 12 hy transfer,

h
"1 accBsACEI haRsedrnensstAethiohisirunelyl-¢ hauiyiphersd). 2 maadgie B 4shown i n

Fig. 4 1@ . i\S < .Elﬂf!"d Hem ' terial Mon the
subst r%egﬁyyg,tr@ﬁp}?ﬁ%gl)hgﬁfdlﬁﬁgﬁ%gﬁgﬁ a Iliﬁlgl S g—%!‘%?&rrgég?o conformto the
shape of deptlsenttnaptthsmtd.polmdrezatidreinhidlidr Bprefsrablyefemdibagtairorst0.Glhe

nol di n terial M the.noldin terial Mis, cured by, irradiat.ing heat or
Ut r v TOGHREC T4y i RAIEHE RS Ri Soros et GogBlarheutbls soBpRSlipfcn '« ne
mol di ngyo78f eFirdler, ¥ h&eah 8 higheetakty R0id' @2l d2riQhtive thifeSti @bl £ YeB&iDacill 0129]
After the nolding material Mis cuied, the substrate 10 and the Ienses 12
are r ebebehethniidermahke mobposed into thigoatingdigquidysuch that fleldgher fttyravid | on of
Li ght - ghi el.di Film xt. ..a nethod of, f.ormn 1 1ght-shielding
1 Pm 15OLEUEL PR B hesgrize D64 bgaue PR AR Eng bk B0 Rind, bRl T

r ef er epeert@ofynBgizatidh inBibMien due to oxyddngS TheAvthicohfenadChighdianly adids and
cross-sectional views show ng a_process of grovi ding a light-shielding film

14 on highersfathy aoid derivaiivenisgeierabbhsomeahawd.a to 4boubl frady nass plefiveltotle1] The
met h.Odto?eP FRdi Rk, | ight-shielding film14 includes a |ight-shielding
coating layer tormation process of coating the black curable conposition
accor dj0ogot o<AdieesionRromber>on t he substrate 10 to forma |ight-shielding
coating layer 1 (see Fig. 5A), .a light expasure process of patternw se
exposi ng t AT ALRRIOBFRERH e bR HGAEPITASE 4 R QlerK Sugthle tomRRsiPndt sk 70

(see Fher RBInpraRdidac H&Y Rl LPAB BlrfREQG&ASS Hurey f PRIpPErt! NExarhPIRE offhiel di ng
coating |l ayer 14A after the |ight exposure to renove uncured portions,

t her ebgdhesioniprgnetepiatiude aedarei qghplingigshtiandp titehipniepuplngagang. 5C). [0132]
The foy j of the light-shielding fi 14 be carried out before or
i cer (B, EkaBinies F e Sele g afdhe e Tomr B io o HER P PR TAE ¢ he
fol | ow - . i; h j = Shi i j : ~ the

pr od u\(lz\% ?%ﬁhag¥ﬁ?£@}§gﬂ)ﬁ glg hpgwélgg%?pgg%hgzkégﬁgﬁ #’l.qirﬁl&h&)ln{%t%?l\%ﬁl g’ﬁ%l ‘processes
of t headrploRgstopfltriha@towcisilgne, pactyl@ypraplyitabitlongilbnd, m 14 are descri bed bel ow.
[0133] <Light-shielding Coating Layer Formation Process> In the

| i ght - BIsTcapigPinpyometheyysilape rv-deinpproppitrigheroedane, and pheaylrimathprypilana  t he

bl ack ¢urabl.e conﬁot%i tit)n IS ?ate on.lt he. sut%stmate 10, thereby form ng
the | i GRCIEATEdr R RGO MR OPEYEP AN Y 3PHE Y F BRI he bl ack curable -

conposi ti on pRdcomdit Bf 4dHRSioR ptMbtks id Prefé@blyardh O tb30bPby Ma§e and More
| i ght-shi el di ng coati anél ayer 14A is fornmed to conpletely cover the:

| ens- spugéerahly fraee0.dfto byubassy iglagive (0 tha dotalselids egrderd of 8fe Yladkscurables 12a
and | ens _periphery portions 12b of the lenses 12. WO :
2011/0 ofBE%/JPZOMI 051537 [0134] The substrate 10 used in the present
process i's npirtheaMheauh@blayk Eurfible @dmpaditoreabRligstottheimeehtidnig selEinshda- | | me
gl ass, alkali-free glass, PYREX (registered trademark) glass, quartz gl ass,
and t r Bredpeironmf arlens gsa glass substrape; it 4§ peeferableitoadd apadhgpien peaneotenfiromfthg s to a
structyre | i : substrate 10 and the lens(es) 12.in an
enbodi%ﬁpb@ﬁhﬁﬁ:‘ﬂgﬁvﬁgé‘gﬁ%@és) 12 and the substrate 10 are integrally

f or med[0081] <Surfattdriver, an undercoat ‘| ayer may be provided on the substrate
10 as necessary in qgrder to inprove adhesign to an per |ayer, to prevent
di ffusion of Valqvaswiacknts gay be oorroraied ik the hlackcarapte qampasiioaiof thee 10,
[0135] As a nethod of coating the subgtrate 10 and the lenses 12 with the
bl ack curabl e conposition, various types of coating nmethod such as slit
coating, a spray coating nethod, an inkjet nethod, spin coating, cast
coating, roll coating, and a screen printing nethod may be enpl oyed.



The fil mthickness of the black curable conposition i mediately after
coating thereof is preferably in the range of from0.1 mto 10 m nore
pref erablwof2oome6212 mto 5 pm and still nore preferabl yctem@o2spmto 3

m fromthe vi. aints.of, filmthickne niformty.of the coated film and
Pace ofardh it Rre 1 olner inEa De e s BlorRR r  E e ol St ¢ e
|'i ght - ghat flaglibB as¢doiat g 1L 686 SirfabffitC AghiBRic Qhrfadigts agéria b fakthnR ¥nibgiccar ri ed

out at a tenperature of from50C to 140C for from 10 to 300 seconds usi ng,
for exsaurfActantsaambsiligingtserfaetanth oven. [0137] The coating fil mthickness of

t he bl urabl e conposition aft ryin her.ej nafter, I rred to as
"dry fmfh DA, a'r’r?ﬁﬁ ICOROTUL eoga fﬁﬁ&y" gfaﬁtlagteﬁ qg?apgdglt( 8%?1{)1% consi derati on
of destémposiedn EthedneentsoacirtBsr iipadites $te 18]uil P pextied eattiRsarlyafldidits) i cal |y
in the range of from0.1 pmto |less than 50 pm [0138] <Light Exposure

Pr ocesseating liquid fopmedyEomtan blag pyable sompetitien and ferther gRPo¥es BEdi ng coat i ng
| ayer quq] . I - shij i ing |ayer formation

pr ocesénélifbsgng{gbj ec%%%18#%Hlﬁ%l{}i%gégn%/m&g}equﬁrégaﬁp@e@g%%g% Al t hough the pattemu se

| i ght exposu$gecifiyllindn acastinRehith gfitm éxfoaaed asing & cogtingrigfuil iabildch hat t he
pattenmm se |ight expasure is conducted by |ight exposure through the mask
70 havPhgk aura&s&@mﬁpm%aorﬁﬁgwg Lt%?%ﬁl,rga@nfslﬁam Wittahiiity onpp S"E%i%@} %9 n the
| i ght drEe r : ] i of the
1 gt - ShRafiiplaled 16 B REeRled ) RREEE (chiith DA S fhiat) be OROTUAE

t hr ougthexoptirexlequad, s nacsultaslwipet the coatirgsprapartesin the furtfdve tb bghoatekisosur e,
only light-iyradiated portions of the,light:shielding. coatin ayer 14A are
cur od. epeed. . FheeSE PR gt QfeaiparS RS SPTEA W A S ch  he

sur f acRsviRd a billRtanBASy PAFIrRNEIKnSRahd ARSdubeP1RdkedsRRraH @eﬁﬁoeofﬁvérﬁﬁlffz WO
2011/ 090217PCT/ JP2011/ 051537 substrate 10 at a region between the lenses 12
ar e i r faahedeeeh wiatdas¢ ingwhich the filh is formreddrom theecoptighliquid imel bameall emovefuses
curing oJ éthes Iailq 1tc-shi %%deivng}lcq(":"rtoim%% é ayer 14A only in the other region
than t fi& l?ér?sn?éc sk]ﬁq'é, ana 1 he“CUred ‘region wll formlight-shielding

films [0083] OTHOfludtieicohrhl @ thXAuplosiEfatant &direfetadhsiréiaY, Bamasetoused for the
| i ght exposure include ult ra\({i ol et radi aoti ons such as . g-line, h-line, and

i - i neby R8s, Pogapredesably dromyp % hemastiioatd ‘6rpyusass andraptidlariyghefesbbbsur e may
be a shpgl-py, rﬁgﬁngg o h? Has$ OUX BifioroStirfittdrt ggktfingg'f{%ﬁﬁné Bttt Wifhsn 1He 9Nt
cont ai ni ng all” wave engt h” conponent's, such as a high-pressure nercury | anp.
[ 0141] abidevaigepsrefitctiFe ac eaasof the uniforfubsethe tickness dfehd caping détpasadire
process, an.al kali .devel opnent treatne vel opnent process) |s carried
DLt < s ms by Fanid st HoPbT A S mes vl so BB n e BRER b n 1 1 ght
in thecdhghMtiggxposure process - that is, uncured regions of the

| i ght-shielding coating |ayer 14A - are dissolved in an al kal i ne aqueous

sol ut i BW84hnkdxdnenies eiflusnosprfpetants rdudeh MEGALACESET 1 MESIAIACE Kd72.i ght

i rradi atd : r kL cal .y, f.t.he

| oht - SHEREAGE F1zs MRCAPRCE FLIERESATACE EOEMIORACEEINIS < own in Fi g
5B, reMHGAFAOERARVMIEGHFATE ¥14)) 0 BCAFAUKE Df4, MEGAFAUE-R3U, el di ng coating
| ayer 14A that are forned on the |lens faces 12a, and formation of the cured

d
| i ght - MHGABMGE FRT.VES ARAGIR E4 79 AEGAEHEnEA s MIHOARACK Ti78Q. andC. [ 0142]

Exanpl G’AFAQE.F%?@%&E%% n&%ﬂ%a%iu?@&'be;i Bi¢ H‘%@E&&%ﬁﬁ%u&)ﬁh‘fﬁ#? ,agueous
sol ution) ‘used in the devel'épnment process 1 ncl'ude an organic alkal'i agent,
an i noOFQEORARIFK4B1, aadditfyORAD BC Linfradataines, mirerfsodired by Suimétomo 3M

or et o bipiedr S Lo S5 Sl S U S el SN Rkrpre

nei ghbeg4 RGRAIIENIS(S105, SURFLAN 806 SURITTENAKS 1, stagantonsedsgy the

devel oper include organic al kaline conmpounds (organic al kali agents) such
as aqusuBFLOMBIN R and SHRFAUMMEH-40 &tddghamesnmandfaptetddytiyed ahinGlaanine,
tetrang&pylannnniun1hydroxide, t et raet hyl ammoni um hydr oxi de, choli ne,

pyrrol € “piperidine, and 1, 8-di azabicyclo-[5.4.0]-7-undecene; and inorganic
conpoufdss| | PGS 6f dnkodlid suRBeRhE)indHdd paF o RAhHBA MG PKhEEe, Ppotassi um
hydr oxi de, sodi um hydr ogen carbonate, and potassi um hydrogen carbonate. An

al kal i pelyexyis8oienestslar icther.ipalyaryethylane elekladtherappdynxyethytene gstyl plaene! descri bed

above, s dilute ith pu t S0 .as. 1.0 have. a.concentration of from

0. 0010558 Rl PV el ey S EaiVeR) B RBAE TsTvReBien! 156 by
mass, disteRfatd ehd@idrbitdrofatty aidastetsheudhas I apRONIC 014,313 1The1 desxlloRsENt -
tenperature is usually in the range of from 20C to 30C, and the devel opnent
time is usually in the range of from®$0 to 90 seconds. [0144] In a case in
whi ch a devel oper formed of such an al kal i ne aqueous sol ution is used,
washing (rinsing) with pure water is generally carried out after unexposed
portions of the WD 2011/090217PCT/JP2011/051537 coated film are renoved by

S o o Y T S o oy M o o o



[0146] The post-baking is a heat treatnent conducted after devel opnent in
order to conplete the curing, and is usually a thermal curing treatnent at
from 100GvD@oR2#O@17The conditions such as the tenperatureranghitvsesof the

P obst r ath o9 3R End TRIRRRYE' &2 28F 20 TRAN I P GFRESER, Ol ace the
post - balkhiGchAMS BASFE:; il SOESEERSE Y06000mMad &Rl Mard@Gurddriymabrizoi n t he

above-speci fied tenperature range. The post-baking treatnent may be
carri edppentdtdh the resultant light-shielding film 14 after devel opnent, in

a contj sppanner or .hatchw se manner. ysi a_ h 1.Ng: i C s a
ot ol LB SEEBIREL oGOt SRS DA i Anie AL LAy P S febr®
hi gh- f sqamensalyheailele prodast théteofdb BFRE-AIE4S mabefctnagibydkiisigtacSangyd i ons.

[0147] In the above procedure, although a case in which the shape of the

| ensesKabushiki §7aishak ueanesilyrang polpastKP pli(tmdename menpfasturedy SHagdsht t he

| enses i Ri I N e an
hephor Chém|cIsR., B8 nfethAterhe LAl Filers T IHORNE, FORH0. S0 9% Povi ng
pl ur al (trages@stes] Aahohometddy RTOEISHA GHEMIEAS s} td) paniOWi81 deslenahed as an

exanpl e, a caonfiguration in which plural |enses 12 are formed on both sides
of theaWBEIterf&’cné%EﬂlOr%‘y’ Wd)adopted. In this case, a patterned

| i ght - gl i i j: : ) ens faces,
on ot [0 e B e D o b0 RIS e
(2)] FagilableifonaYusheWshlowi)ng anot her confi gurati on exanple of the

waf er - -lLens array. The. waf.er.- I i i 6 has a
conf i gt@gﬂ o#lxa(%%?f%lm%‘e P%ﬁ@}@%%@%ﬁ‘ﬁ&&t@%ﬁ? (\fg’/’aﬁéf I%‘%X | enses 12
are si gUlITCaNGOYETFA PORAY SIBICONENSC SEE TOR AN SULICRONE iS@21PA, TORAYWEN

pr oduci n% waf er - | eve enses of this Eﬁpe, t he nol di rll\?ﬁ1rrat erial may be

sel ect SH1CONE SHe8RboleR 4¥ SELIGNE M 2%PAg TRRASY SEHIISONE\SHAVRA.adndnpl e, '
pl ur al or ned i f & . (upper
51 de 1 PORY SRy eRRES A RabRYIR RS pl T B bR R B! et
t he sulpSFHaue, TSF-4300\ESFsi4de, TSF-E4414)(8)(6)(TIsc TSRO0, atl ITSF-445an the | ens
face 12a of the substrate 10, that is, the surface_of the substrate 10 and

the sufifaderamess mepwfastured bydVpmrRiye Brsformanee Matsrials dng): &i3dd dirdgleppme,

atter j } i jl Y { r Esfidsbed above
Ironay be&ﬁg‘ﬁﬁ“{‘ g%‘“&ﬁ‘ﬁ%‘%??@%?%%éﬁﬁt%é%?‘%?e‘?%%gaﬁ‘g %ﬁ%ﬂﬁaﬁl B S EET
( RULE SibjhufatGred(hlyIB VROCHEAREN/ JP2011/ 051537 the |ight-shiel ding film 14.

[ 0149] [ Configuration and, Production of f.er-1evel Lens (3) Next ,
anot her exanj'ﬁl%es‘ ceREmaY Rg P SHEy 9 B?COE%B“_ é}f-%IVB\?éanFee%Jeﬁﬁr ay and a
procediyo8of ctOREPAYmbBskiSe wWafer-level lens array of this configuration

are descrlLed wth reference to Figs. 7Ato 7C and Figs. 8A to 8C
Fi gs. 7A to hether.éhsbladaeirable gpmpesidoromay inchistarosensityen der thé peesased t he

patterped light-shielding £ilm14. ... Fi 8A.. C are hematic vi ews
P pout mEthet bRl Fhiflvich e Sinsiticine 5 Airor MidiSr BaehE ARG b
pat t er agshrdskigh theSiRh®itbng polyniBrik4tior &lth bhétopdli@esxdlt@spdinddbe to

waf er-1 evel |ens array shown in Fi gs 3to 6, the patterned |ight-shielding
film 19xy28nf of wither.ghneqeesaryy g dnpwp additive sesl aadlilientha plastitiggis@san1 2. | n
contra [:13,: ' [ : I s Shi I ilm14
ot Oopliftzh el i Healat! B GEHaG olrtRe RBnpBRGHaccolthe BALELALAR | e
subst r at @ddrGo liyiprovk dhenghysicellfirdpertieosfradurahfilmd. Li ght - shiel ding Fil m

or 0ces 08307 Bhebtack il FofipetnrERP Rl Ry R RpP I bFEedbY: cd out by

coati Nre E}‘fhé%{ AGKueWral FoARAShdd @ nRall dta3URS IofaRiciHgmb@152] Then,
drying of the light-shielding coating |ayer 14A coated on the substrate 10

i s car (prefdrablt indbe formenfparigmentalisplersed combositiomfuttheCdntainihg @rpigiBertto 300
seconds., using hot plat.e, .an ov r the like. Th y film.thi ckness of
The_ bl SRR TunBR B sftwEy GLrdimeaaie £ Dot Ebtedoatibdating on
desi r egptRfhllQraBRES Twahitiass adddolwdnk.el di ng properties, and the dry film

t hi ckness of the bl'ack curable conposition is typically in the range of

f r om 0[0D9] t Bhe leck eusalie sompeosifiguEgprdingte thamvenitmmhavingihg abgw a | ght

f ' 4 ght - shi el ding coating |
2RO G Coble 3 hEAS RS RTA R b RyFL 0ol o | v

u he® coa
f or mat h@indéaeR&s lighPsHitlghe prépeptigh a mask 70 is carried out. The nmask 70
has a predeterm ned mask pattern. In the |ight exposure in this process,
the light-shielding coating | ayer 1483 s patternw se exposed to |ight,
t hereby curing only portions of the |ight-shielding coating |ayer 14A that
have been irradiated with light. Here, the.mask pattern to be used is a
mask pattern with which the light-shielding coating |ayer 14A is irradiated

o o v o o -



RECTI FI ED SHEET (RULE 91) WD 2011/090217PCT/JP2011/ 051537 Iights such as
g-line, h-line, and i-line. [0154] Subsequently, an al kali devel opnent
t r eat nentwOadeualoopment process) is carried out. As a regulrtyp2diivesiss7

| 'i ght -shi el di coat i | ayer .14A is dissolved in an alkaline.agueous
o't on oni T Hogneipd eEHEbuERT aeelulitd fight Bentor BAStDa PEFBERER  or ¢ e
| enses ofi2]ighthiheddias GlR ot 4 RRfer-Rivel REs.| | MiMhes RHGiOh4Gis€ 6fdd 41kall-30186le 14A t hat
have not been cured in the patternwi se |ight exposure. In addition, the
phot o- bindetifariliggies fotmatiagi of g higheriresglutiopdight-aneldmettagiemegi on ot her than the
portio re ndi tQ the lens apertures 14a of the |lenses 12 renmains
on the@gggt th%ge?? Ve?gelfst%r ma light-shielding film14 (see Fig. 70).

The al kal i agehivafeemndval léﬁdadcﬂrdiﬁ%to&ﬁblﬁﬁi@ﬁti@i el al 10pit-SoileMiiri gORInAGbthiAed b

devel oper may be sel ected fromthe above-described al kali agents usable in
t he abewingdbe black suraplesorpgpition accordingfq e inveatioy\aép pprrheral Porondd el oper
isre . i |l owed by drying. [0155] Also in this enbodi nent,
after%gqfspéﬁﬁ%?%ggﬁgf%% coating layer formation process, the |ight
exposur e pr oThswafeniwel leas atevaliopwahté inveniasis daseibedbeloedndetail. a curi ng
proces f curing the formed light-shielding film by the above-descri bed
post-bﬁmgﬁb 18d} &va PlagKieweshoydng an WPE%O%? ForfigugRiion qfp ialglalexeldens [ 0156]
- For mat i.on Rf 1 a process of formng the lenses 12 after
Lho { aptr@ihding S0 wa eirg%Vte-'l\%Eﬂeesrdi ng film14 is described. As shown
in Fig. 8A Abehawi thilng hehewalat-levellons drorynnclgdésresubstnge $0,1dilensds ipped on

th bst 0 i ch the .patt d light-shiel.ding fiJ.m14 has b
f or medaTiEe gibDyEre 10 B FiRnh oA i s e o ierds as to
cover bRene BBt COr rI@&P&’%ﬂitﬂg?ﬁl%lqé}ﬁgé 188 aleRdtivélyEbeldned ofach lens 12 and

partially cover end portions of the | hﬁ%}t-shi elding fil'm14 that are
adj acefimansionplly ¢rethe supsrateute  hghtishiedding Almdd thai@reveniilight mansarissidn M i s

suppl i t . 80 .f or m.ng |.ens LS (di sposed at a
si de o&gﬁﬁ% OFStE%sf?é{g’?se&%&aet]’Q‘%ﬁ? lcsﬁ)?{)ﬁ(eie rr%tlaé‘?aﬁfé’g{%ete%?l?e q,“’i@f eé‘%“t}é'en suppl i ed,
as shopoounh Figg2 isSEcrodhectigiall vz taBerpalond HedA VA tHovdepregsied areas 82 for

transferring the shape of the lenses 12, according to the desired nunber of
the | enses 12 shqyisig Figve ipdheqvader-leeel densasisy: alightrshicldingfil ispyoridedri al M

I B R L e T T AN

nmol di nepgivats etlieathabllertshel2vol di ng material Mis cured by irradiating heat or

ul traviol s fromthe outsjde of the nold ijn a case jin.which the

ol i nPUsS o F R vater-Feel{oR St nEA orthe e eon e e redialit Rsed o8 o 150)
After LihwuaRldi 401 HBtighlRleldhi ﬁhﬁqm%@viaélﬁat%%ﬁ?ﬁ&hﬁp&ﬁoﬁaﬂthé h&slienses 12
are rel eased fromthe nold 80, and wafer-level [enses having a patterned

| i ght - $h¢ black eigyable compasitign sesordiag rthe yentissis uagdfor the fagn@gmm tha Fig. 8C.
WO 201&/}9_9591126%IF;CHJFI>3011/ 051537 [0160] As descri bed above, the

confi gugatl on of 'the patterned light-shielding film 14 provided on the

waf er - [0896] TeNGrucfr®of a Wafdrl@d] le@s bty @Oty Pluedlil@ftes DN atranddddwoS i N
which the light-shielding filml4 is Frovi ded in the region other than the

| ens f diEneasipdallipgn thy subsiigteel) asshowpdn Fige | dbdaseigrdhiclom asapeemme-Fi g. 8C in
ithe : ther : . ( ¢ ; A
ons " alS097], ¢ B 1 32 S enhet kit T o Aol o e b SBREH0. BAER 1 1P

t he wah®r-Heew eitedrallysmolded ohitlghdubstnate [l 0 argndlidédnsidsepatatetstiuctuge and then
Iight-éej@iection {)atio is formed in pattern on at |east one surface of the
subst r 3¥&! Ao heUbtRS- f ormed 1 ght-shielding filmsufficiently shields
light in therpegQe _c@ﬁﬂ%{raﬁdﬂqgoﬁl@eanleﬁﬁﬁplfe?&ﬁﬁhég&ﬁmit%%f%&féf—fe%ellfla of
the lenses 12, and inhibits the generation of reflected Iight. Accordingly,
when t leas nbtheinvestien isinohEmited dEpdto e dVardous enibodigeentd mky pe aduptdde faqui pped
with a solid-state inmage pick devi ce robl.ens in.i mage, pi cku uch as
ghost SRR e RntrsmineF ar R e 160 pedyenraeot FptEd ol t ner
since pp@icldgght -shielding film 14 is disposed on a surface of the
substrate, there is no need to attach an additional |ight-shielding nenber

t 0 't he[QBEr Themateripldas formingthe dengest 1 201, fahexsmple dlassr etass.iof whiddtypes on
costs ) _be _avoiged. 163]- I n a,configurati on i.n, whi ch. st ruct yr.e, havi ng
an irr%%g §%m§u??@%%S?éagwgﬁﬁ&%ﬁsgﬁga hgﬁﬁgﬁFgwgngﬁghmﬁgnﬁ% a%%ﬂ?‘@ﬁ ation
di scl osedllehfithatiselesiadd tomale Rdh |o'¥>ﬁ@dl ipeWeMNO Fulfer? PAS it QdGhaget IR0 lirl Gt
incident on the structure is reflected or diverged, which may cause a
probl em such as ghost. 1n consideratixgn of this, a configuration may be
adopted in which a patterned light-shielding film14 is provided in the
region other than the lens faces 12a of the lenses 12 as shown in Fig. 5;
this configuration enables shielding of light in the region other than the

o c A~ o - NZ AR A I~ I /A ™~ a1



WO 2011/ 090217PCT/ JP2011/ 051537 product of the above ingredients, was
obtained at a solids content of 50% It was confirned by 1H NVR that the
obt ai ned worrpoumckimas a cardo resin of Exenpl ary ConpoumrdtDpriolio=mssy t he

et i R S R R e
Exenpl agf he GRBpounds D-1to D10 and D12 to D-15) Exenpl ary

Conpounds D-1 to D10 and D-12 to D-15 were synthesized in a manner. simlar
to t hel9PAt hAsethersixamplawfithe natesiahion fernmng the lenses { Yisresip. oResipeed®Ribi ned

i ot DRI r SR IIE S el ek Y PRl N e A TR IBBRY T 0166

( Pr epalent f£8s adindh &fo@d.Si on Li qui d) The ingredients of the follow ng
Conposition | were subjected to high-viscosity dispersing treatnment using

t wo- r ol 10R] | 1t is prsfesableiopse aBFn%EY'@HraéledF%}Bé?fst}/l%‘FP%&E‘%Bf eder-lexsdnposi ti on
1) Ti i ) : IR, | Sy terials
Corporfae'?I ?Oﬁm{%@f gé%%\%esﬁr}a%ggggléﬁﬁ par %%Fgaggéﬁ%?%rai%%éﬂlﬁ%%4o parts
Di sper ewad bBirtadidtami afgn tabténi€ ehdrgywadipton(for example 304, sbtravioletrays) oPGVEA) © 5
parts H{’Olgf‘g .Thg. i.n&redi ents of the follow ng Conposition Il were added
to theclsBion bl WadidtiPTk on, and the resultant m xture was agitated using a
horogeni zer fcoAsid8atisP8T feAbwIinb\Hing of 1R EnARSHEEM N (TGS pRAErHBIY BRs Was
subj ected to fine dispersing treatnent for 4 hours using a disperser

( DI SPERMA ety ladk nafieingypmot, fotenamplelRP00V/Br BERAVANNeGVBERYing WBoftening

2011/ 090,217PCT/°JP20,11/ 051537 with zirconia beads having a dianmeter of 0.3
mm as BOAt SRVt on higbe ismorggreferaleyl t of which a titani um bl ack di spersion
liquid (herej . : 1 ' ISk 4 O ) was obt ai ned.
[0171] ( Conpioant [ifoufifly Sl hiBas Dol RREL Bikckibft kil I, 50 part s
PGVEA HH 03Dl BemmhpldbHér thatlVscurable resin include a UV-curable silicon resin, a UV-curable

epoxy resin, and an acrylic resin. The epoxy resin to be used may have a linear expansion
coefficient of from 40 to 80 [10°%/K], and a refractive index of from 1.50 to 1.70 (preferably
from 1.50 to 1.65).
[0102] Examples of the thermosetting resin include a thermosetting silicon resin, a
thermosetting epoxy resin, a thermosetting phenol resin, and a thermosetting acrylic resin.
For example, the silicon resin to be used may have a linear expansion coefficient of from 30
to 160 [10%/K], and a refractive index of from 1.40 to 1.5’5. The epoxy resin to be used may
have a linear expansion coefficient of from 40 to 80 [1 0%/K], and a refractive index of from
1.50 to 1.70 (preferably from 1.50 to 1.65). The phenol resin to be used may have a linear
expansion coefficient of from 30 to 70 [10%/K], and a refractive index of from 1.50 to 1.70.

- The acrylic resin to be used may have a linear expansion coefficient of from 20 to 60 [1 0°/K],
and a refractive index of from 1.40 to 1.60 (preferably from 1.50 to 1.60).

 [0103] The thermosetting resin may be a commercially available product, specific examples
of which include SMX-7852 and SMX-7877 (tradenames, manufactured by Fuji Polymer
Industries Co., Ltd.), IVSM-4500 (tradename, manufactured by Toshiba Corporation), and
SR-7010 (tradename, manufactured by Dow Coring Toray Co., Ltd.).
[0104] Examples of the thermoplastic resin include a polycarbonate resin, a polysulfone
resin, and a polyethersulfone resin. The polycarbonate to be used may have a linear
expansion coefficient of from 60 to 70 [10'6/K], and a refractive index of from 1.40 to 1.70
(preferably from 1.50 to 1.65). . The polysulfone resin may have a linear expansion

coefficient of from 15 to 60 [10°/K], and a refractive index of 1.63. The polyether sulfone
34



[0172] (Preparation of Black Curable Conposition B-1 to B-20 and B-23 to
B- 25) The followi ng ingredients were mxed by an agitator so as to

prepar e hyaokiwebabl e conmpositions of B-1 to B- 20 and Bpgd/ypy1Boi837

Di spersion i qui di spersion |iqui icate bl sper:-si on

i qui dregin tod e;sla?cf fpay bay ecpohta%rs?%pan@se%ﬁ%r}gwn A0 ﬁ@[@ Igﬁap aTabl e 25.0
parts rc@l‘a@@fémdgl Heegsindicated in Table 2 (30% solution in PGVEA) 10 parts
Pol ymeri za conpound: di pentaerythritol hexaacrylate 2.0 parts

Pol yrmref(194bl n gmaqabwptical;g@m hwzyhﬂmar emanslohaoefﬁbianmf ffbrpé@tto Pol yneri zat i on
initiat

[ C ound i ndjcated.in 20..3 ent 10 parts
sol vent £ 81 65T SRR Ry sieeiien maopel ramiich/par| S wpislenttiont - Adck
Cur abl j 6 '
Thg ot CuFFRER hds §rRecckpal SO PORIRLA R Rontlt VER SARGTRY ClBtve 00,
manuf atcidex eflabpyt 84 t ono Osaka Oerrent Conmpany, Lim ted) 60g of silver
col | oi ver.age rticle dianete Yo] cont ent 09% nuf actured
by sunf'q @ﬁb Fasultle st COBRATHIN, tflaé AR B%aﬁed fjahgml% lops Pfﬁ? 51y h 95y of
pol yvi H%h&lﬁfe&ﬁh&%?ﬂ&ofé‘ c%%ﬁgvt?&n Itk %Q\Qp&ht of m&lﬁhﬁh@’ﬁ'&ﬁ a@gzﬂﬁgllltt?oﬁlg@n gL o

pure water maintal ned as a result of which a colloid solution was
obt ai newlded to refleFtiha mdld ehape! | Spentlfsczallu,tthorasms pedérnblydijuidoat n@6mali nut es

d which th oll oi.d I t 60C., Th ter, th
Col 1 olnthsrikomdds ofisadRiat oS abR e e 00 dbes i ahonk S L . Then,
the _Cotdl@V PRl M0 rdliSe RIML AL 88n BY us@nbf fohﬂﬁ%‘al%ﬁ?ﬁ‘ﬂ'e?c’ré@&‘ had fighEDY

providing a Liquid A having a solids content of The Liquid A was
f r eezea thermal, remkten@w tp pevedi thqmaﬂ pefacteaticicafior eurmg even whes |su1me¢ted toa

di I t at f TB
i spor GG mPeHira Hom BsevREnL M R A p ot FrZian of s B8R Eh R Py um
bl ack, Ma&% R0GC Nkt 1hORARUERET 335102@3&/11%&5 3hd GheRERAR @?ef&'a@ly Fur t her,

a blac curabl e conposition using silver tin conposition was prepared in
t he sab@°Crorhégheas Inledqrte papat suwh adfigh ﬂnenbdlaeskstmmad»t}re reonpospoditon, B- 11,

except, for using the silver tin r5|o iquid inste of. the_ titanium
bl ack a.l%%ﬁgsmrrowsa@vathem@&]at%@ ‘Sla?la%r. BYFl k eﬁ&% fee Bswhedsi ti on

B-22> (Rrap Ut heRo@bt fn%FEaE’ihg @lf‘e”éroéitlﬁﬂc%gsdlé?@lt} P&Hln‘i"t)vdﬁnﬁ@ TPPSinkitel ofomposed
of the follovwing 1ngredients was subjected to Tine dispersing treatnent for

4 hour ssinga regirshayirgyercbest r{m) sBPERI@(for( exangém amelicyelin gfrectungrsach &y
with zirconi,a ads havi ng..a di a

VMVA- GETZ
i1 eor Srehenats: fpbotiend, o 4R PhBuCRS R, AL KRGS rigk ST HeaRth & PSS & s

obt ai nghaphthalene, cardo structure such as 9,9'-biphenyl fluorene, a resin having a spiro structure
such as spirobiindane, specifically, for example, resins described in JP-A 9-137043, JP-A 10-
67970, JP-A No. 2003-55316, JP-A No. 2007-334018, JP-A No. 2007-238883, etc.), (3) a
method of uniformly dispersing a high-Tg material such as inorganic particles (described in,
for example, JP-A 5-209027, JP-A 10-298265, etc.). Plural methods from among the above
methods may be used in combination. Control of the thermal resistance is preferably
performed within the range in which other characteristics such és fluidity, shrinkage ratio, and
refractive index are not impaired.
[0108] From the Viewpoiht of the transfer accuracy of the shape, a curable resin composition
that exhibits low volume shrinkage during curing reaction is preferable. The curing
shrinkage of the resin composition is preferably 10% or less, more preferably 5% or less, and
particularly preferably 3% or less.
[0109] Examples of the resin composition exhibiting a low curing shrinkage include:

(1) a resin composition containing a high-molecular-weight curing agent (such aé
prepolymer), examples of which are described in JP-A No. 2001-19740, JP-A No. 2004-
302293, JP-A No. 2007-211247, and the like; the number average molecular weight of the
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Colorant: C. |. Pigment Red 25430 parts Binder: benzyl
nmet hacryl at e/ met hacryl i ¢ aci d/ hydr oxyet hyl net hacryl ate copol yner (nol ar

rSa]t i 0: 80,/Vpa;%ﬂl%goom éLOOO%i, sol vent : POGVEAty , I s;)! i ds ]E:onft @@&;Jpﬁﬁ%SBlg% parts
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i ni ti atemate. JPERSUR4ARY saepisuliidy group (slescrihed 1y, for evample, JP-A No. 2002
105110), or a cyclic carbonate group (described in, for example, JP-A 7-62065)), an ene/thiol
curable group (described in, for example, JP-A No. 2003-20334), or a hydrosilylated curable
group (described in, for example, JP-A No. 2005-15666);

(4) aresin composition containing a resin having a rigid skeleton (such as fluorene,
adamantane, or isophorone), examples of which are described in, for example, JP-A 9-
137043; |

(5) a resin composition containing two types of monomer having respectively
different polymerizable groups and forming an interpenetrating network structure (so-called
IPN structure), examples of which are described in, for example, JP-A No. 2006-131868; and

(6) a resin composition contaihing a swellable material, examples of which are
described in, for example, JP-A No. 2004-2719 and JP-A No. 2008-238417. These resin
compositions can be suitably used in the invention. Combined use of plural curing-
shrinkage reducing methods from amohg the above (for example, combined use of a |
prepolymer containing a ring-opening polymerizable group and a resin composition
containing fine particles) is preferable from the viewpoint of optimizing physical properties.
[0110] It is preferable to use two or more resin composiﬁons having different Abbe numbers
(including a high Abbe-number resin and a low Abbe-number resin) for forming the wafer-
level lens according to the invention.

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

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

[0111] The low Abbe-number resin preferably has an Abbe number (vd) of 30 or less, more
preferably 25 or less, and particularly preferably 20 or less. The refractive index (nd) thereof
is preferably of 1.60 or higher, more preferably 1.63 or higher, and particularly preferably

1.65 or higher. |

The low Abbe-number resin is preferably a resin having an arofnatic structure,
.examples of which include a resin containing a structure such as 9,9'-diarylfluorene,
naphthalene, benzothiazole, or benzotriazole. Specific examples thereof include resins
described in JP-A 60-38411, JP-A 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, International
Publication No. WO 2006/095610, and Japanese Patent No. 2537540.

[0112] It is also preferable to use an organic-inorganic composite material, in which
inorganic particles are dispersed in a matrix, in the resin composition used for the formation
of the wafer-level lens. The use of the organic-inorganic composite material may aim at
‘increasing the refractive index or adjusting the Abbe number.

Examples of the inorganic particles in the organic-inorganic composite materia1
include oxide particles, sulfide particles, selenide particles, and telluride particles. More
specific examples include zirconium oxide particles, titanium oxide particles, zinc oxide
particles, tin oxide particles, niobium oxide particles, cerium oxide particles, aluminum oxide
particleé, lanthanum oxide particles, yttrium oxide particles, and zinc sulfide particles.

[0113] The inorganic particles to be used may include only one type of inorganic particles, |
or a combination of two or more types of inorganic particles. The inorganic particles may
include particles of a composite of plural ingredients.

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

The number average primary particle size of the inorganic particles is typically in the
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range of from 1 nm to 1,000 nm. If the number average primary particle size of the

inorganic particles is excessively small, the properties.of the material may alter. = If the
number average primary partiele size of the inorganic particles is excessively large, effects of
Rayleigh scattering are significant. Accordingly, the number average primary particle size

of the inorganic particles is preferably in the range of from 1 nm to 15 nm, more preferably
from 2 nm to 10 nm, and particularly preferably from 3 nm to 7 nm. Further, a narrower
particle size distribution of the inorganic particles is more preferable. Although there are
many ways of defining such monodispersed particles, the numerical range defined in JP-A No.
2006-160992 is an example of a preferable range of particle diameter distribution.

Here, the numbef average primary particle size can be measured, for example, by X-
ray diffraction (XRD), small-angle X-ray scattering (SAXS), X-ray diffuse scattering (XDS),
grazing-incidence small-angle X-ray scattering (GI-SAX), a scanning electron mMicCroscope
(SEM), or a transmission electron microscope (TEM). | ‘

[0114] The refractive index of the inorganic particles at 22°C and a wavelength of 589.3 nm
s preferabiy in the range of from 1.90 to 3.00, more preferably from 1.90 to 2.70, and
particularly preferably from 2.00 to 2.70. '
[0115] In the organic-inorganic composite material, the content of inorganic particles
relative to the resin serving as matrix is preferably 5% by mass or more, more preferably from
10 to 70% by mass, and particularly preferably from 30 to 60% by mass, from the viewpoint
of transparency and provision of high refractive index.
[0116] Any of the UV-curable resin, the thermosetting fesin, the thermoplastic resin, the
high Abbe-number resin, or the low Abbe-number resin described as the material of the wafer-
level lens in the above may be used as a resin for forming a matrix, which is used in the
organic-inorganic composite material. Further examples of the resin for forming a matrix
inelude: a resin having a refractive index higher than 1.60, such as those described in JP-A No.
2007-93893; a block copolymer including a hydrophobic segment and a hydrophilic segment,
such as those described in JP-A No. 2007-21 1164; a resin having, at a polymer terminal or at a
side chain, a functional group capable of forming a chemical bond with inorganic particles,
such as those described in JP-A Nos. 2007-238929, 2010-043191, 2010-065063, and 2010-
054817, and a thermoplastic resin as described in JP-A Nos. 2010-031186 and 2010-037368.
If necessary, an additive such as a plasticizer or a dispersant may be added to the
organic-inorganic composite material.
[0117] Preferable combinations of a resin serving as a matrix and inorganic fine particles
include the following combinations.

In a case in which a high Abbe-number resin, such as those described above, is used
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to form a matrix, it is preferable to disperse inorganic particles of, for example, lanthanum
oxide, aluminum oxide, or zirconium oxide. In a case in which a low Abbe-number resin is
used to form a matrix, it is preferable to disperse inorganic particles of, for example, titanium
oxide, tin oxide, or zirconium oxide.
[0118] In order to uniformly disperse inorganic particles, it is preferable to use, for example,
a dispérsant containing a functional group having reactivity with a monomer for forming the
matrix (such as those described in working examples of JP-A No. 2007-238884), a block
copolymer including a hydrophobic segment and a hydrophilic segment (such as those a
described in JP-A No. 2007-2111 64‘), or a resin having, at a polymer terminal or at a side
chain, a functional group capable of forming a chemical bond with the inorganic particles

~ (such as those described in JP-A No. 2007-238929 and JP-A No. 2007-238930), as
appropriate. | )
[0119] Further, the resin composition used for the formation of the wafer-level lens may
include an additive as appropriate, examples of which include known release agents such as
silicon-based release agents, fluorine-based release agents, and compounds containing a long-
chain alky] group, and antioxidants such as hindered phenol.
[0120] The resin composition used for the formation of the wafer-level lens may include a
curing catalyst or initiator, as necessary. Specific examples thereof include a compound that
promotes a curing reaction (radical polymerization or ionic polymerization) by the action of
heat or an actinic energy radiation, such as those described in paragraph numbers [0065] to |
[0066] of JP-A No. 2005-92099. The content of the curing reaction promoter may vary
depending on the type of catalyst or initiator, the difference in reactive sites for curing, or the
like, and cannot be uniquely limited. In general, the content of curing reaction >p'romoter is
preferably in the range of from 0.1 to 15% by mass, and more preferably from 0.5 to 5% by

~ mass, relative to the total solids content of the resin composition.

-[0121] The resin composition used in the production of the wafer-level lens according to the
invention can be prepared by appropriately mixing the above-described ingredients.
Separate addition of a solvent is unnecessary in a case in which the liquid low-molecular-
weight monomer (reactive diluent) or the like is capable of dissolving other components. If
this is not the case, the resin composition can be prepared by dissolving the components using
a solvent. The solvent optionally used in the resin composition is not particularly limited as
long as a homogenous solution or dispersion can be formed with the solvent without
precipitation of the composition, and the solvent may be appropriately selected. ~ Specific
examples of the solvent include ketones (such as acetone, methyl ethyl ketone, and methyl

isobutyl ketone), esters (such as ethyl acetate and butyl acetate), ethers (such as
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tetrahydrofuran and 1,4-dioxane), alcohols (such as methanol, ethanol, isopropyl alcohol,
butanol, and ethylene glycol), arématic hydrocarbons (such as toluene and xylene), and water.
When the resin composition contains a solvent, it is preferable to perform, after casting of the
composition on a substrate and/or a mold and drying of the solvent, a mold shape transfer
operation.
[0122] The material of the substrate 10 may be selected from the above-described molding
materials usable for forming the lenses 12. The substrate 10 may be formed from the same
material as the molding material for forming the lenses 12. However, as long as the
substrate 10 is formed from a material that is transparent to visible light, such as glass, the
material of the substrate 10 may be different from the molding material for forming the lenses
12. In this case, the material for forming the substrate 10 is preferably a material having a
linear expansion coefficient that is equal to or extremely close to that of the material for
'forming the lenses 12. If the linear expansion coefficient of the material forming the lenses
12 is identical or close to that of the material forming the substrate 10, distortion or cracking
of the lénses 12 that occurs during heating due to difference in linear expansion rate is
suppressed in the process of reflow mounting the wafer-level lenses on an image pickup unit, .
[0123] Although not shown in Figs. 1 and 2, an infrared filter (IR filter) may be formed on
the light incidence side of the substrate 10.
[0124] The configuration and the production of the wafer-level lens is specifically described
below with reference to Figs. 3 to 8, using an exemplary production method of a wafer-level
lens array. '
[0125] [The Configuration and Production of Wafer-level Lens (1)]
- Formation of lenses - |

First, a method of forming lenses 12 on a substrate 10 is described with reference to
Fig. 3 and Figs. 4Ato 4C. Elements having substantially the same function and action are
denoted by the same reférence numeral throughout the drawings, and overlapping descriptions
therefor are sometimes omitted.

Fig. 3 is a view showing a state in which a molding material (designated by “M” in
Fig. 3), which is a resin composition for lens formation, is supplied to a substrate 10.

Figs. 4A to C are views showing an procedure for forming the lenses 12 on the
substrate 10 by using a mold 60.
[0126] As shown in Fig. 3, the molding materiél M is dripped on regions of the substrate 10
at which lenses are to be formed, using a dispenser 50. Here, an amount of the molding
material M corresponding to one lens 12 is provided to each region to be supplied with the

molding material.
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[0127] After the molding material M is supplied to the substrate 10, a mold 60 for forming’
lenses is disposed at a side of the substrate 10 at which the molding material M has been
supplied, as shown in Fig. 4A. The mold 60 is provided with depressed areas 62 for forming
the shape of the lenses 12 by transfer, in accordance with the desired number of the lenses 12.
[0128] As shown in Fig. 4B, the mold 60 is pressed against the molding material M on the
substrate 10, and the molding material M is deformed to conform to the shape of depressed
areas 62. While the mold 60 is pressed against the molding material M, the molding
material M is cured by irradiating heat or ultraviolet rays from the outside of the mold 60 in a
case in which the molding material M is a thermosetting resin or a UV curable resin.
[0129] After the molding material M is cured, the substrate 10 and the lenses 12 are released
from the mold 60, as shown in Flg 4C.
[0130] -Formation of Light-shielding Film-
Next, a method of forming a light-shielding film 14 at peripheral regions of the
lenses 12 is described below with reference to Figs. SA to 5C. |
Figs. 5A to 5C are schematic cross-sectional views showing a process of providing a
light-shielding film 14 on the substrate 10 on which the lenses 12 have been formed.
[0131] The method of forming a light-shielding film 14 includes a light-shielding coating
layer formation process of coating the black curable composition according to the invention
on the substrate 10 to form a light-shielding coating layer 14A (see Fig. SA), a light exposure
process of patternwise exposing the light-shielding coating layer 14A to light through a mask
“70 (see Fig. 5B), and a development process of developing the light-shielding coating layer
14 A after the light exposure to remove uncured portions, thereby fo_rming a patterned light-
shielding film 14 (see Fig. 5C). _
[0132] The formation of the light-shielding film 14 may be carried out before or after
production of the lenses 12, without particular limitation. In the following, a method of
forming the light-shielding film 14 after the production of lenses 12 is described in detail.
Individual processes of the method of producing the light-shielding film 14 are
“described below.
[0133] <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 on the substrate 10, thereby forming the light-shielding coating
layer 14A formed from the black curable composition and exhibiting a low light reflection }
ratio. Here, the light-shielding coating layer 14A is formed to completely cover the lens-side
surface of the substrate 10 and the surfaces of lens faces 12a aﬁd lens periphery portions 12b

of the lenses 12,
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thereof include soda-lime glass, alkah-free glass, PYREX (registered trademark) glass, quartz
glass, and transparent resins.

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

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

[0135] As a method of coating the substrate 10 and the lenses 12 with the black curable
composition, various fypes of coating method such aé slit coating, a spray coating method, an
inkjet method, spin coating, cast coating, roll coating, and a screen printing method may be
employed.
~ The film thickness of the black curable composition immediately after coating
thereof is preferably in the range of from 0.1 pm to 10 um, more preferably from 0.2 pm to 5
~ um, and still more preferably from 0.2 um to 3 um, from the viewpoints of film thickness
unifonhity of the coated film and ease of drying of the coating solvent.
[0136] Drying (pre-baking) of the light-shielding coating layer 14A coated on the substrate
10 may be carried out at a temperature of from 50°C to 140°C for from 10 to 300 seconds
using, for example, a hot plate or an oven. .
[0137] The coating film thickness of the black curable composition after drying (hereinafter,
reférred to as “dry film thickness” in some cases) may be freely selected in consideration of
desired performance such as light shielding properties, and is typically in the range of from
0.1 pm to less than 50 pm. |
[0138] <Light Exposure Process>

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

[0139] In the light e'xposure in the present process, the patternwise light exposure of the
light-shielding coating layer 14A may be carried out by light _ekposure through a |
predetermined mask pattern; as a result of the light exposure, only light-irradiated portions of
the light-shielding coating layer 14A are cured. Here, a mask pattern to be used is émask

pattern with which the surfaces of the lens periphery portions 12b and the surface of the
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- More specifically, the development of the light-shielding layer 14A, which has been
exposed to light as shown in Fig. 5B, results in removal of only the portions of the light-
shielding coating layer 14A that are formed on the lens faces 12a, and formation of the cured
light-shielding film 14 at the other regions as shown in Fig. 5C.
[0142] Examples of the alkali agent contained in the developer (alkaline aqueous solution)
used in the development process include an organic alkali agent, an inorganic alkali agent, and
a combination thereof. In the light-shielding film formation in the invention, an organic
alkali agent is brefefable from the viewpoint of suppression of damage to, for example,
neighboring circuits.

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

[0143] The development temperature is usually in the range of from 20°C to 30°C, and the
devélopment time is usually in the range of from 20 t0 90 seconds.
[0144] In a case in which a developer formed of such an alkaline aqueous solution is used,

washing (rinsing) with pure water is generally carried out after unexposed portions of the
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light-shielding coating layer is subjected to a drying process.
[0145] If necessary, the production process may further include, after the light-shielding
coating layer formation process, light exposure process, and development process are carried
out, a curing process of curing the formed light-shielding film (light-shielding pattern) by
heating (post-baking) and/or exposing to light.
[0146] The post-baking is a heat treatment conducted after development in order to complete
, the Curing, and is usually a thermal curing treatm’ent at from 100°C to 250°C. - The
conditions such as the temperature and time of the post-baking can be appropriately set
depending on the material of the substrate 10 orlens 12. For example, when the substrate 10
is gléss, the post-baking temperature is preferébly from 180°C to 240°C, frbm within the
above-speciﬁed temperature range. "

The post-baking treatment may be carried out on the resultant light-shielding film 14
aftér development, in a continuous manner or batchwise manner using a heating device such
as a hot plate, a convection oven (hot air circulation type dryer), or a high—frequency heater
under the above-described post-baking conditions.

[0147] In the above procedure, although a case in which the shape of the lenses 12'is a
concave shape is described as an example, the shape of the lenses 12 is not particularly
limited, and may be a convex shape or an aspheric shapé. In the above_ procedure, although
a wafer-level lens having plural lenses 12 formed on one side of the substrate 10 is described
as an example, a conﬁgurétion in which plural lenses 12 are formed on both sides of the
substrate 10 may be adopted. In this case, a patterned light-shielding film 14 is formed on
the region other than the lens faces, on both sides.

[0148] [Configuration and Productioﬂ of Wafer-level Lens (2)]
’ F1g 6 is a view showing another configuration example of the wafer-level lens array.

“The wafer-level lens shown in Fig. 6 has a configuration (monolithic type) in which

the substrate 10 and the lenses 12 are simultaneously molded using the same molding material.

When producing wafer-level lenses of this type, the molding material may be
selected from the above-described molding materials. In this example, plural concayve lenses
12 are formed on one side of the substrate 10 (upper side in Fig. 6), and plural convex lens 20
are formed on the other side of the substrate 10 (lower side in Fig. 6). The region other than ’
the lens face 12a of the substrate 10, that is, the surface of the substrate 10 and the surfaces of
the lens periphery portions 12b are provided with a patterned light-shielding film 14. The
pa.tternihg procedure _deséribed above may be applied as the patterning method for forming
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Corni ng Corporation) 1,10-decanediol diacrylate (NK ESTER A- DOG
(tradenane) manufactured by Shin-Nakanmura Chem cal Co., Ltd.) Alicyclic

bi sphenolwd b ¥iRPodhqui d epoxy resin (YX8000 (tradenane) pggipiAashised by
Japan Epox esi ns .., Ltd. Poly(diallyl phthalate) (BA901 (tradenane)
manuf agﬁg‘rgghﬁﬂgld%ﬁb%%ko K K') Trimethylol propane tri(meth)acrylate

( ARONI (63401 S[Q%nﬁg RN aREP rodBREnasWETRH] ¥ ﬂ&@g@ﬂel Co., Ltd.) Alicyclic
epoxy resin (EHPE-3150 (tradenane) manufactured by Dai cel Chem cal

| ndustri es, Nex. jnother gisireple ofrhesionfigurstibwef the waferdeved densfariayanda. | N - Cl
1rir) procedure for producing the wafer-level lens array of this configuration are described with
reference to Figs. 7A to 7C and Figs. 8A to 8C.
‘ Figs. 7A to 7C are schematic .Views showing another process of forming the patterned
light-shielding film 14. '
- Figs. 8Ato 8C are schematic views showing a process of forming the lenses 12 after
the formation of the patterned light-shielding film 14.
[0150] Inthe examples of the wafer-level lens array shown in Figs. 3 to 6, the batterned
light-shielding film 14 is formed on the substrate 10 provided with the lenses 12. | In contrast,
in the fdllowing procedure, the patterned light-shielding film 14 is first formed on a substrate
10, and then the lenses 12-are formed on the substrate 10 by molding.
[0151] -Formation of Light—shielding' Film- |
First, as shown in Fig. 7A, a iight-shig:lding éoating layer formation process of
: fofmi_ng the light-shielding coating layer 14A is carried out by coating the black curable
composition on the substrate IO. ’ '
[0152] Then, drying of the light-shielding coéting layer 14A coated on the substrate 10 is
carried out at a temperature of from 50°C to 140°C for from 10 to 300 seconds, using a hot
plate, an oven, or the like. The dry film thickness of the black curable cofnpo}sition may be
appropriately selected depending on desired performance such as light shieldil(ig properties,
and the dry film thickness of the black curable cdfnposition is typically in the range of from
0.1 um to less than 50 pm. - IR
[0153] Then, as shown in Fig. 7B, a light exposure process of patternwise exposing the
light-shielding cbatihg layer 14A, which has been formed through the ligh‘i-shielding coating
layer formation process, to light thrbugh a mask 70 is carried out. The mask 70 has a
predetermined mask pattern. .In the light exposuré in this process, the light-shielding coating
layer 14A is patternwise exposed to light; thereby curing‘only portions of the light-shielding -
coating layer 14 A that have been irradiated with light. Here, the mask pattern to be used is a
mask pattern with which fhe light-shielding coating layer 14A is irradiated with light only in
the region other than portions that are to become lens apertures 14a of the lenses 12 when the
lenses 12 are shaped in a subsequent process. In this manner, the light-shielding coating
‘layer 14A is cured by irradiation with light only in the region other than the portions that are
to become lens apertures 14a of the lenses 12.  As in the above-described procedure,
preferable examples of radiations that can be used for the light exposure include ultréViolet
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[0185] TABLE Bl ack curable conposi tion Curable conposition for formng

| ens f Furingibe farmsd light-shieldingifilmdncthe gboveedpscribadrmosthakimeaansy ar ght

exposure may be carried out, if necessary.
[0156] -Formation of Lens-

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

As shown in Fig. 8A, the molding material M for forming the lenses 12 is dripped on
the substrate 10 on which the patterned light-shielding film 14 has been formed, using a
dispenser 50. The molding material M is supplied so as to cover the region corresponding to
the lens aperture 14a of each lens 12 and partially cover end portions of the light-shielding
film 14 that are adjacent to the lens aperture 14a.
[0157] After the molding material M is supplied to the substrate 10, a mold 80 for forming
lenses is disposed at a side of the substrate 10 at which the molding material M has been
supplied, as shown in Fig. 8B. The moldv80- is provided with depressed areas 82 for
transferring the shape of the lenses 12, according to the desired number of the lenses 12.
[0158] The mold 80 is pressed against the molding material M on the substrate 10, thereby
deforming the molding material M to conform to the shapé of the depressed areas. While
the rﬁold 80 is pressed against the molding material M, the molding material M is cured by
irradiaﬁng heat or ultraviolet fays from the outside of the mold in a case in which the molding
material M is a thermosetting resin or a UV curable resin.
[0159] After the molding material M is cured, the substrate 10 and the lenses 12 are released
from the mold 80, and wafer-level lenses having a patterned light-shielding film 14 is formed

on the substrate 10, as shown in Fig. 8C.
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[0160] As describe‘d above, the configuration of the patterned light-shielding film 14
provided on the wafer-level lens is not limited to the configuration shown in Fig. 5 in bwhich
the light-shielding film 14 is provided in the region other than the lens faces 12a of the lenses
12, and the configuration shown in Fig. 8C in which the light-shielding film 14 is provided in
the region other than the lens apertures 14a of the lenses 12 may alternatively be adopted.
[0161] " In the wafer-level lens, the light-shielding film 14 exhibiting a low light-reflection
ratio is formed in péttern on at least one surface of the substrate 10. The thus-formed light-
shielding film sufficiently shields light in the region other than the lens faces 12a or lens
apertures 14a of the lenses 12, and inhibits the generation of reflected light. Accordingly,
when the wafer-level lens is applied to an image pickup module equipped with a solid-state
image pickup device, problems in image pickup such as ghost or flare caused by reflected
light can be prevented.

[0162] Further, since the light-shielding film 14 is disposed on a surface of the substrate,
there is no need to attach an additional light-shielding member to the wafer-level lens, as a
result of which an increase in production costs can be avoided.

[0163] In a configuration in which a structure having an irregular surface is provided around
the lens such as the configuration disclosed in International Publication No. WO 2008/102648,
the light incident on the structure is reflected or diverged, which may cause a problem such as
ghost. In consideration of this, a configuration may be adopted in which a patterned light-
shielding film 14 is provided in the region other than the lens faces 12a of the lenses 12 as
shown in Fig. 5; this configuration enables shielding of light in the region other than the lens

faces 12a, thereby improving optical performance.

EXAMPLES

[0164] The invention is more specifically described below by reference to examples.
However, the invention is not limited to the following examples as long as the gist of the
invention is maintained. Hereinafter, "part(s)" and "%" represent "part(s) by mass" and "%
by mass", respectively, unless otherwise specified. |
[0165] [Synthesis of Cardo Resins]

(Synthesis of Exemplary Compound D-11)

10g of 9, 9'-bis (4-acryloyloxypropyloxy)phenylﬂuorené (the following compound 1-
8), 1g of dipentaerythritol hexaacrylate (the following compound 2-6), and 2.3g of

_ tetramercaptomethyl methane (the following compound 2-5) were dissolved in 13.3g of

propylene glycol inethyl. ether acetate (hereinafter referred to as PGMEA), and agitated at

85°C for 4 hours, as a result of which Exemplary Compound D-11, which is a reaction -
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product of the above ingredients, was obtained at a solids content of 50%. It was confirmed

0.8 Ex
B-51

by 'H-NMR that the obtained compound was a cardo resin of Exemplary Compound D-11,
and the weight-average molecular weight thereof was measured by gel permeation

chromatography (GPC).
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[0166] |
» \40 | o—fk/ |
SNET ALY

(1-8) (2-6) (2-5)

o
J 0. .~_0

- . Exemplary

Compound D-11

[0167] (Synthesis of Exemplary Compounds D-1 to D-10 and D-12 to D-15)

Exemplary Compounds D-1 to D-10 and D-12 to D-15 were synthesized in a manner
similar to the synthesis of Exemplary Compound D-11, the identity of the obtained
compounds was confirmed with IH-NMR, and the weight-average molecular weight thereof
was measured by gel permeation chromatography (GPC).

[0168] (Preparation of Dispersion Liquid)

The ingredients of the following Composition I were subjected to high—viscosity
dispersing treatment using two-roll mill, as a result of which a dispersion was obtained.
(Composition I)

- Titanium black (13M-C (tradename) manufactured by Mitsubishi Materials Corporation,
having an average primary particle diameter of 75 nm): 40 parts
- Dispersant B-1 (having the following structure, 30% solution in PGMEA):

5 parts

[0169]

/%\ﬁ()wt%

Dispersant B-1 O

[0170] The ingredients of the following Composition II were added to the obtained
dispersion, and the resultant mixture was agitated using a homogenizer at 3,000 rpm for 3
hours. The resultant mixture solution was subjected to fine dispersing treatment for 4 hours

using a'disperser (DISPERMAT (tradename) manufactured by VMA-GETZMANN GMBH)
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with zirconia beads having a diameter of 0.3 mm as a dispersion medium, as a result of which

a titanjum black dispersion liquid (hereinafter referred to as "TB dispersion liquid 1") was

obtained.
[0171] (Composition II)
- 30% solution of dispersant B-1 in PGMEA: 20 parts
- PGMEA as solvent: 150 parts

-[0172] (Preparation of Black Curable Composition B-1 to B-20 and B-23 to B-25)
The following ingredients were mixed by an agitator so as to prepare black curable
compositions of B-1 to B-20 and B-23 to B-25.
- Dispersion liquid: dispersion liquid indicated in Table 2 (TB dispersion liquid 1)

24 parts
- Cardo resin: exemplary compound indicated in Table 2 5.0 parts
- Binder: binder indicated in Table 2 (30% solution in PGMEA)

10 parts

- Polymerizable compound: dipentaerythritol hexaacrylate 2.0 parts
- Polymerizable compound: pentaerythritol triacrylate 1.0 part
- Polymerization initiator: compound indicated in Table 2 0.3 parts
- Solvent: PGMEA ‘ - 10 parts
- Solvent: ethyl 3-ethoxypropionate : 8 parts
[0173] <Preparation of Black Curable Composition B-21>

(Preparation of silver tin composition)

15g of tin colloid (average particle diameter: 20 nm, solids content: 20%,

manufactured by Sumitomo Osaka Cement Coinpany, Limited), 60g of silver colloid (average
particle diameter: 7 nm, solids content: 20%, manufactured by Sumitomo Osaka Cement |
Company, Limited), and a solution of 0.75g of polyvinylpyrrolidone dissolved in 100 mL of
water were added to 200 mL of pure water maintained at 60°C, as a result of which a colloid
solution was obtained. '

Then, the colloid solution was égitated for 60 minutes during which the colloid
solution was maintained at 60°C. Thereafter, the colloid solution was irradiated with
ultrasonic waves for 5 minutes. Then, the colloid solution was concentrated by centrifugal
separation, thereby providing a Liquid A having a solids content of 25%. The Liquid A was
freeze-dried, thereby providing a powder sample. '

A silve_r tin dispersion liquid was prepared in a manner similar to fhe preparation of

‘TB dispersion liquid 1, using the obtained powder sample instead of titanium black, and using
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dispersant B-1.  Further, a black curable composition using silver tin composition was
prepared in the same manner as the preparation of the black curable composition B-11, except”'.
for using the silver tin dispersion liquid instead of the titanium black dispersion liquid.

[0174] <Preparation of Black Curable Composition B-22>

(Preparation of red pigment dispersion liquid)

A composition composed of the following ingredients was subjected to fine
dispersing treatment for 4 hours using a disperser (DISPERMAT (tradename) manufactured
by VMA-GETZMANN GMBH) with zirconia beads having a diameter of 0.3 mm as a
dispersion medium, as a result of which a red pigment dispersion liquid was obtained.

- Colorant: C. 1. Pigment Red 254 30 parts
. Binder: benzyl methacrylate/methacrylic acid/hydroxyethyl methacrylate copolymer (molar
ratio: 80/10/10, Mw: 10000, solvent: PGMEA, solids content: 40%)

| 10 parts
- Solvent: PGMEA " 200 parts
- Dispersant: 30% solution of Dispersant B-1 in PGMEA 30 parts
[0175] A black curable composition B-22 was prepared in the same manner as the
preparation of the black curable composition B-11, except that the dispersion liquid was
replaced by 20 parts of TB dispersion liquid 1 and 4 parts of the red pigment dispersion liquid.
[0176] <Preparation of Black Curable Composition B-26>

A black curable composition B-26 was prepared in the same mannér as the
preparation of the black curable composition B-11, except that the 24 parts of the titanium
black dispersion liquid used in the preparation of the black curable composition B11 was
replaced by 53.4 parts of a carbon black dispersion liquid (K-042884-2 (tradename)
manufactured by TOYO INK MFG. CO., LTD., containing carbon black in an amount of
19.4% by mass, dispersant in an amount of 8.9% by mass, cyclohexanone in an amount of
16.1% by mass, and propyleneglycol monomethyl ether acetate in an amount of 55.6% by
mass).

[0177] Table 2 shows the ingredients used for the preparation of the black curable
compositions B-l to B-26. Binder resins (E-1) and (E-2) and polymerization initiators used

for the preparation are the compounds shown below.
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[0178] TABLE2

Black cu.re.lble Dispersion liquid Cardo resin Binder POI};’H‘le'I‘lzathIl
composition 1mitiator
B-1 TB dispersion liquid 1 D-1 (E-1) | 1-24
B-2 TB dispersion liquid 1 D-2 (E-1) 1-24
B-3 | TB dispersion liquid 1 D-3 (E-1) 1-24
B-4 TB dispersion liquid 1 D-4 (E-1) 1-24
B-5 TB dispersion liquid 1 D-5 (E-1) 1-24
B-6 TB dispersion liquid 1 D-6 (E-1) 1-24
B-7 TB dispersion liquid 1 D-7 (E-1) 1-24
B-8 TB dispersion liquid 1 D-8 (E-1) 1-24
B-9 TB dispersion liquid 1 D-9 (E-1) 1-24
B-10 TB dispersion liquid 1 D-10 (E-1) 1-24
B-11 TB dispersion liquid 1 D-11 (E-1) - 1-24
B-12 TB dispersion liquid 1 D-11 (E-1) [-25
B-13 TB dispersion liquid 1 D-11 (E-1) 1-26
B-14 TB dispersion liquid 1 D-11 (E-1) 1-27
B-15 TB dispersion liquid 1 D-11 (E-1) 1-21
B-16 TB dispersion liquid 1 D-11 (E-1) 1-22
B-17 TB dispersion liquid 1 D-12 (E-1) 1-24
B-18 ‘ TB dispersion liquid 1 D-13 (E-1) 1-24
B-19 TB dispersion liquid 1 D-14 (E-1) 1-24
B-20 TB dispersion liquid 1 D-15 (E-1) 1-24
B1 Silver tip d.ispersion D-11 (E-1) .24
liquid
TB dispersion liquid 1/ :
B-22 red pigment dispersion D-11 (E-1) 1-24
liquid )
B-23 TB dispersion liquid 1 D-11 (E-2) 1-24
B-24 TB dispersion liquid 1 Not added (E-1) 1-24
B-25 TB dispersion liquid 1 (E-1) (E-1) 1-24
B-26 Carbon black D-11 E-1) 1-24
. dispersion liquid

The polymérization initiators described in Table 2 (I-21, I-22, and 1-24 to I-27) are exemplary

compounds that are shown above and designated by the same reference characters.
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through the following operations. The resin film was used to evaluate adhesion of the resin
film to the black curable.composition in order to evaluate adhesion between the black curable
composition and the lense.

[0181] (Formation of Thermally-curable Resin Film for Lens Film)

The compound described in the column of "Ingredient 2" in Table 3 in an amount
indicated in the column of "Ihgredient 2" was added to Ingredient 1, thereby preparing curable
compositions 1 to 6 for forming a lens film. In a case in which fhe column of "Ingredient 2"
for a curable composition for forming a lens film is blank, only Ingredient 1 was used to
prepare the curable composition.

The curable corﬁpositions 1 to 4 (2 mL) shown in Table 3 were respectively applied
to 5 cm x 5 cm glass substrates (BK7 (tradename) manufactured by SCHOTT AG, having a |
thickness of 1 mm), and were cured by heating at 200°C for 1 minute, thereby providing films
(films 1 to 4) with which residue on a lens can be evaluated.

(Formation of Photo-curable Resin Film for Lens Film)

Curable compositions 5 and 6 (2 mL) described in Table 3 were respectively applied
to 5 cm x 5 cm glass substrates (BK7 (tradename) manufactured by SCHOTT AG, having a
thickness of 1 mm), and were cured by irradiating a light at 3,000 mJ/cm? using a metal halide

lamp, thereby providing films (films 5 and 6) with which residue on a lens can be evaluated.
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[0183] <Examples 1 to 28 and Comparaﬁve Examples 1 to 8>
(Formation of Black Curable Composition Layer on Lens Film)

| The black curable composition described in Table 2 was applied, by spin coating, to
the glass substrate having the curable resin film for fdnning a lens film, and then heated on a
hot plate at 120°C for 2 minutes, thereby‘forming a black curable composition layer. The
curable resin film was subjected to puddle development at 23°C for 60 seconds by using a
0.3% aqueous solution of tetramethyl ammonium hydroxide. Thereafter, rinsing was
performed by spin shower, followed by washing with pure water and drying.

The combination of the black curable composition and the curable resin film for
forming a lens film employed in each of Examplés 1 to 28 and Comparative examples 1 to 8
is shown in Table 4.

[01 84] (Evaluation of Residue on Lens Film)

The transmittance of the lens film at a wavelength of 900 nm before providing the
black curable composition layer was measured and represented by T1 (%), and the
transmittance of the lens films at 900 nm when developrhent, washing, and drying had been
performed after providing the black curable composition layer was measured and represented
by T2 (%). The decrease in the transmittance was determined according to the following
formula:

Decrease in the transmittance of the lens film (%) = T2 (%) — T1 (%)
Basically, the decrease in the transmittance of the lens film was caused by residual

black curable composition layer on the lens film. A larger decrease in the transmittance

indicates the black curable composition is left, at larger extent, on the lens film.
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[0185] TABLE 4

Curable Decrease in
Black curable o\ .
composition composition for | transmittance of lens
forming lens film film (%)
Example 1 B-1 1 1.0
Example 2 B-1 2 1.1
Example 3 B-1 3 1.0
Example 4 B-1 4 0.9
Example 5 B-1 5 0.7
Example 6 B-1 6 0.8
Example 7 B-2 1 0.7
Example 8 B-3 1 1.1
Example 9 B-4 1 1.3
Example 10 B-5 1 1.6
Example 11 B-6 1 2.2
Example 12 B-7 1 1.2
Example 13 B-8 1 1.3
Example 14 B-9 1 1.9
Example 15 B-10 1 1.4
Example 16 B-11 1 0.7
Example 17 B-12 1 0.9
Example 18 B-13 1 2.1
Example 19 B-14 1 0.2
Example 20 B-15 1 0.5
Example 21 B-16 1 0.2
Example 22 B-17 1 0.6
Example 23 B-18 1 0.4
Example 24 B-19 1. 0.2
Example 25 B-20 1 0.9
Example 26 B-21 1 1.9
Example 27 B-22 1 1.2
Example 28 B-23 1 1.1
Comparative example 1 B-24 1 7.9
Comparative example 2. B-25 1 5.9
Comparative example 3 B-25 2 6.9
Comparative example 4 B-25 3 - 7.0
Comparative example 5 B-25 4 6.9
Comparative example 6 B-25 5 6.5
Comparative example 7 B-25 6 7.2
Comparative example 8 B-26 1 9.5

[0186] <Examples 29 to 51 and Comparative Examples 9 to 11>

(Formation and Evaluation of Light Shielding Film on Glass Substrate)

Each black curable composition was directly applied to glass substrates (BK7
(tradename) manufactured by SCHOTT AG, having a thickness of 1 mm) by spin coating, and.
then was heated on a hot plate at 120°C for 2 minutes, thereby providing a black curable

composition layer. Then, the obtained composition layer was exposed to light through a
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photomask having a 50 pm-hole pattern, using a high-pressure mercury lamp at exposuré
amounts varied from 100 mJ/cm? to 1,000 mJ/cm? at an increment of 50 mJ/cm?.

The composition layer after the exposure to light was subjected to puddle
development at 23°C for 60 seconds by using a 0.3% aqueous solution of tetramethyl
ammonium hydroxide. Then, rinsing by spin shower was performed, followed by washing
with pure water, as a result of which a patterned light-shielding film was obtained.

The lower limit of exposure arhount at which peeling was not observed in the
resultant light-shielding film under an optical microscope was determined as minimum
required exposure amount. A decrease in the miriimum required exposure amount indicates
more effective adhesion.

[0187] (Evaluation of Residue on Glass Substrate)

The transmittance of the glass substrate at a wavelength of 900 nm before providing
the black curable composition layer was measured and represented By T3 (%), and the
transmittance of the glass substrate at 900 nm in a region from which the black curable
composition layer that had not been exposed to light was removed by development was
measured and represented by T4 (%). | The decrease in the transmittance of the glass
substrate was determined according to the fbllowing formula:

Decrease in the transmittance of the glass substrate (%) = T4 (%) — T2 (%)

Basically, the decrease in the transmittance of the glass substrate was caused by
residual black curable composition layer on the glass substrate. A larger decrease in the
transmittance indicates the black curable composition is left, at larger extent, on the glass
substrate ,

[0188] (Measurement of Transmittance of Light-shielding Film)

The transmittance of the light-shielding film formed in a region that had been
exposed to light was measured at a wavelength of 900 nm.

[0189] Throughout the Examples, transmittance was measured using a spectrophotometer

(type UV-3600 (tradename) manufactured by Shimadzu Corporation).
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[0190] TABLE 5

Minimum
required Degree O.f Transmittance
Curable decrease in .
compositions exposure transmittance . .Of !1ght-
amoun; on glass (%) shielding films
(mJ/cm”)
Example 29 B-1 150 0.8 0.6
Example 30 B-2 150 0.9 0.6
Example 31 B-3 150 1.1 0.6
Example 32 B-4 150 1.6 0.6
Example 33 B-5 150 1.9 0.6
Example 34 B-6 150 1.4 0.6
Example 35 B-7 150 1.3 0.6
Example 36 B-8 150 1.6 0.6
Example 37 B-9 150 1.7 0.6
Example 38 B-10 150 1.3 0.6
Example 39 B-11 150 0.5 0.6
Example 40 B-12 - 150 0.9 0.6
Example 41 B-13 150 v 1.3 0.6
Example 42 B-14 150 0.8 0.6
Example 43 B-15 150 0.5 0.6
Example 44 B-16 . 150 0.4 0.6
Example 45 B-17 150 2.6 0.6
Example 46 B-18 150 1.5 0.6
Example 47 B-19 150 2.1 0.6
Example 48 B-20 150 0.8 0.6
Example 49 ' B-21 220 2.6 0.6
Example 50 B-22 150 ' 1.5 0.5
Example 51 B-23 200 2.1 0.6
Comparative example 9 B-24 300 75 0.7
Comparatilx(l)e example B-25 950 6.9 0.6
Comparaﬁlvle example B-26 450 7.9 0.9

[0191] From the results of Tables 4 and 5, it will be understood that the amount of residues
on various lens films or glass substrates is decreased when the black curable composition
according to the invention is used. In addition, it will be understood, from the comparison of
Examples 29 to 48 with Example 49 and Comparative example 11, that incorporation of
titanium black as a metal-containing jnorganic pigment imparts a particularly superior curing
sensitivity, and, from Example 50, it will be understood that combined use of titanium black
and red organic pigment further improves light-shielding properties.

[0192] Japanese Patent Application No. 2010-9760 filed on January 20, 2010, is
incorporated herein by reference.

All publications, patent applications, and technical standards mentioned in this
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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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CLAIMS

1. A black curable composition for a wafer-level lens comprising (A) a metal-
containing inorganic pigment, (B) a polymerization initiator, (C) a polymerizable compound,

and (D) a cardo resin.

2. The black curable composition for a wafer-level lens according to claim 1,

wherein the (A) metal-containing inorganic pigment comprises titanium black.

3. The black curable composition for a wafer-level lens according to claim 1 or 2,
wherein the (D) cardo resin is a resin selected from the group consisting of an epoxy resin, a
polyester resin, a polycarbonate resin, an acrylic resin, a polyether resin, a polyamide resin, a

polyurea resin, and a polyimide resin, and wherein the (D) cardo resin has a fluorene skeleton.

4. The black curable composition for a wafer-level lens according to claim 3,

wherein the fluorene skeleton included in the (D) cardo resin has the following structure:

5. The black curable composition for a wafer-level lens according to any one of
claims 1 to 4, wherein the (D) cardo resin comprises a constituent unit derived from a

compound that contains a thiol group.

6. The black curable composition for a wafer-level lens according to any one of
claims 1 to 5, wherein a proportion of cardo structures in the (D) cardo resin is from 30% by

mass to 90% by mass relative to a total mass of the cardo resin.

7. The black curable composition for a wafer-level lens according to any one of
claims 1 to 6, wherein the (D) cardo resin consists of at least one type of cardo-structure-

containing repeating unit.
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12. The black curable composition for a wafer-level lens according to any one of
claims 1 to 11, wherein the (C) polymerizable compound comprises at least one of '

pentaerythritol triacrylate or dipentaerythritol hexaacrylate.

13. The black curable composition for a wafer-level lens according to any one of

claims 1 to 12, further comprising (E) an organic pigment.

14. The black curable composition for a wafer-level lens according to any one of
claims 1 to 13, further comprising a pigment dispersant that includes a polyester-containing
side chain and a side chain having a carboxylic acid group, a sulfonic acid group, or a

phosphoric acid group.

15. A wafer-level lens comprising‘a substrate, a lens provided on the substrate, and
a light-shielding film provided at a peripheral region of the lens, wherein the light-shielding
film is formed using the black curable composition for a wafer-level lens of any one of claims

1 to 14. -

16. A method of forming a light-shielding pattern inéluding:

forrhing a black curable layer containing the black curable composition for a wafer
level lens of any one of claims 1 to 14 on a substrate on which dplurality of lenses are
provided; and _

patternwise exposing the black curable layer to light and developing the black
curable layer, thereby forming, at peripheral regions of the plurality of lenses, light-shielding

portions containing a cured product of the black curable composition for a wafer level lens.
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