1 DESCRIPTION Title of Invention WAFER LEVEL LENS, PRODUCTION METHOD OF WAFER
LEVEL LENS, AND IMAGING UNIT Technical Field The present invention relates to a wafer level
lens, a production method of a wafer level lens, and an imaging unit. Background Art  Presently, a
portable terminal of electronic instruments such as cellular phones, PDAs (Personal Digital Assistants)
and the like is loaded with a small and thin imaging dinit. Such an imaging unit is generally equipped
with a solid state imaging device such as a CCD (Charge Coupled Device) image sensor, a CMOS
(Complementary Metal-Oxide Semiconducto ggﬁp r and the like, and a lens for forming a
subject image on the solid state imaging device.  With reduction in size and thickness of a portable
terminal, r %M size and thickness of an imaging unit is requested. For lowering the cost of a
portable te ) HMent production process is desired. As the method of producing a lot of such
small lense§ Aheke ISHWBrLaNEetREODWEHIEDS WaitdHeve| (dhsWaviig 4 ESTHLItLENScoxitdning a
plurality of fm%?&%olﬂ?ﬂ.on a substrate is produced, and the substrate is cut to separate the plurality
of lenses, to produce a lot of lens modules.  There is also known a method in which a substrate
carrying a plurality of lenses formed thereon and sensor substrate carrying a plurality of solid state
imaging deyicgs;farmgg;thereof are integrally combined, and the substrate and the sensor substrate
are together cut so as to include the lens and the solid stage imaging device as a set, to produce a lot

of imaging unitsThe eSB! pREIBRRASHIES Bf thaajpatsrbliaischpriitiin tmsdod vbwi petievRiowing
patent dOCWRERIH an imaging unit.

Background Art

Presently, a portable terminal of electronic instruments such as cellular phones, PDAs
(Personal Digital Assistants) and the like 1s loaded with a small and thin imaging unit. Such
an imaging unit is generally equipped with a solid state imaging device such as a CCD
{(Charge Coupled Device) image sensor, a CMOS (Complementary Metal-Oxide
Semiconductor) image sensor and the like, and a lens for forming a subject image on the solid
state imaging device.

With reduction in size and thickness of a portable terminal, reduction in size and
thickness of an imaging unit is requested. For lowering the cost of a portable terminal, an
efficient production process is desired.  As the method of producing a lot of such small lenses,
there is known a method in which a wafer level lens having a constitution containing a
plurality of lenses molded on a substrate is produced, and the substrate is cut to separate the
plurality of lenses, to produce a lot of lens modules.

There 1s also known a method in which a substrate carrying a plurality of lenses formed
thereon and sensor substrate carrying a plurality of solid state imaging devices formed thereof
are integrally combined, and the substrate and the sensor substrate are together cut so as to
include the lens and the solid stage imaging device as a set, to produce a lot of imaging units.

In the past, examples of the wafer level lens include those shown in the following patent
documents.

A patent document 1 (JP-A-2005-539276) describes the constitution of a multi-layered
wafer level lens obtained by laminating substrates carrying a plurality of lenses formed
thereon.

A patent document 2 (WO-07/107025) describes a method of feeding a molding material



A patent document | (JP-A-2005-539276) describes the constitution of a multi-layered wafer level lens
obtained by laminating substrates carrying a plurality of lenses formed thereon. A patent document 2
(WO-07/107025) describes a method of feeding a molding material 2 on a substrate, and molding a
lens on the substrate using a mold. Summary of Invention In the wafer level lens, both a substrate
and a lens are constituted of transparent materials aflowing transmission of light, and light can
penetrate any part thereof Owing to this constitution, if a wafer level lens is diced and placed on an

imaging detitd TPFRALC aFPthrag B i EnsRP e IR ASHAALeR and reflection occur at a region

other than the lens surface of the lens, there is a fear of tendency of defects in optical performances
such as ghgsts and flg{es ir%.taking an image. For preventing such defects, there is for example
envisaged auﬁ?g}:aé'aﬁrengfegel(ﬁ%rately attaching a light shielding member to a region other than the lens
of the wafer levéhldnsvafeQegihiihy, ot e afdsteve biehslbasaachignpiofitd b S tppeasingnatathiction cost

since a plurgj I i aneously;malded on a substrate the substrate is djced and
connected %?)i%%s%%n?gg}%{%%ﬁ sgﬁggg?e %ﬁryi}% t aélréjgﬁegr%{ Fm%ln@in%a%{:a%}eclg? gndathmenlﬁgc.) Iiﬁéavever, if
a light shiersingjimbenbirasvatpdeuctipratiadined, 2ad Merehise i thepredistiontegsrcanresamingling to
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light shielding g{%perty is obtained, generation of defects such as ghosts, flares and the like due to a

reflected lighE &hT-BBeF &R e iHrriarciel dsSstmimpirelrmsiismerss caphas ghppiasddinres

production imeikeg 8h awaéer RvebiensitRRGN WBRABINAL is fFRRPEBREAHRYSAHIADRERYIFES a
wafer level I;:ns having at least orlegben?é%igdule haying a substrate and a plurality of lenses formed on
said substrd: es,eﬁ‘?{f\‘ﬁff}é(haﬁ?@iwgf& [80BFRHE R S BISERYBSTEL AR T e B 1A Alfaee@fetaid lens
module or tevehestrface of said substrate, and said black resist layer is formed with a pattern having
an opening at a gajtlaerseeting e opfipal gyl ofspid tens, o I s walerJovellens, Ight,
transmission at a réglorybf &r{hian the 1ens strface ofthe 1ens SR B2 &ré’ven‘fedﬂgy t¥e DISER resist
layer pattemiethlany af [kastome efninbaseriaty vbided emsansobiutetanahdnias ststatofithdisudbsidate.
secause o fiscRASHI A-AERAIRIAN B Elecla A aRaltcts andiaresdaking . 'mage can be
prevented, when applied to an imaging module equipped with an imagihg-device.
However, if a light shielding member is separately attached, an increase in the production cost
corresponding to this process is inevitable.
The present invention provides a wafer level lens with which a sufficient light shielding
property is obtained, generation of defects such as ghosts, flares and the like due to a reflected
light can be prevented, and an increase in the production cost can be suppressed; a production
method of a wafer level iens, and an imaging unit.
The present invention provides a wafer level lens having at least one lens module having
" a substrate and a plurality of lenses formed on said substrate, in which the wafer level lens has
a black resist layer formed on the surface of said lens module or on the surface of said
substrate, and said black resist layer is formed with a pattern having an opening at a part
intersecting the optical axis of said lens.
In this wafer level lens, light transmission at a region other than the lens surface of the
lens can be prevented by the black resist layer patterned on at least one of the surface of the
lens module and the surface of the substrate. Because of this constitution, generation of
defects such as ghosts and flares in taking an image can be prevented, when applied to an
imaging module equipped with an imaging device.
Since the black resist layer is patterned on the surface of the lens module or the substrate,
there is no necessity to attach another light shielding member and the like to the wafer level

lens and an 1ncrease in the production cost can be suppressed.



Since the black resist layer is patterned on the surface of the lens module or the substrate, there is no
necessity to attach another light shielding member and the like to the wafer level lens and an increase
in the production cost can be suppressed. 3 The present invention provides a method of producing
a wafer level lens having at least one lens module having a substrate and a plurality of lenses formed
on said substrate, in which before formation of said fenses on said substrate, a black resist layer is

coated on the suyrface of the substrate, said coated plack resist layer |s formed with a pattern having
an opening at a ‘?tW(SPéé}EYﬁ{ﬁl?ﬂé)Wﬂ@%ﬁ %??g%f’éjé% F%ﬁ,@#ﬁf fEre e iginsAhetded on
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can be fabricated together with the lens module in the procedure of producing the wafer level lens,
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since the black resist layer can be fabricated together in a process of producing the wafer level lens,
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The present invention provides a method of producing a wafer level lens having at least
one lens module having a substrate and a plurality of lenses formed on said substrate, in which
said lens is molded on said substrate, a black resist layer is coated on the lens surface of said
lens and on the surface of said substrate, and said black resist layer is formed with a pattern
having an opening at a part intersecting the optical axis of said lens.

According to the procedure of this production method of a wafer level lens, the lens is
first molded on the surface of the substrate, then, the black resist layer is patterned on a region
excluding the lens surface of the moided lens. Thus, since the black resist layer can be
fabricated together in a process of producing the wafer level lens, there is no necessity of
carrying out a process of attaching another light shielding member and the like to the produced
wafer level lens and an increase in the production cost can be suppressed.

The wafer level lens obtained by this method is capable of shielding light penetrating a
part other than the lens by the black resist layer. Accordingly, generation of defects such as
ghosts and flares in taking an image can be prevented, when applied to an imaging module

equipped with an imaging device.



4  The present invention provides a wafer level lens having at least one lens module having a
substrate and a plurality of lenses formed on said substrate, in which the wafer level lens has a light
shielding layer formed on an at least partial region of the light incidence side outermost surface of said
lens module and a low reflective light shielding layer formed with a pattern having an opening at a part
intersecting the optical axis of said lens, on the surfdce of said lens module or on the surface of said
substrate other than said light incidence side outermost surface, and said light shielding layer has
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etween the substrates and to the sensor substrate side.

By providing the low reflective light shielding layer, transmission of a light at a region
other than the lens surface of the lens can be prevented.

By providing both the light shielding layer and the low reflective light shielding layer, a
light penetrating a part other than the lens can be reflected by the light shielding layer, and
even if a light penetrates into the substrate without reflection by the light shielding layer, the
light can be shielded by the low reflective light shielding layer. Accordingly, generation of
light transmission and reflection at a region other than the lens surface of the lens can be
prevented, and defects in optical performances such as ghosts and flares in taking an image
can be suppressed.

Further, since the light shielding layer and the low reflective light shielding layer are
patterned on the surface of the substrate, there is no necessity to attach another light shielding
member and the like to the wafer level lens and an increase in the production cost can be
suppressed.

The present invention is capable of providing a wafer level lens with which a sufficient

light shielding property is obtained, generation of defects such as ghosts, flares and the like

due to a reflected light can be prevented, and an increase in the production cost can be



Fig. 1 is a plane view showing one examples of the constitution of a wafer level lens.  Fig. 2 is a
cross-sectional view taken in a line A-A of the constitution of the wafer level lens shown in Fig. 1. Fig.
3 is a cross-sectional view showing another constitution example of a wafer level lens. Fig. 4 is a
cross-sectional view showing one example of the constitution of an imaging Uri  Fig. 5 is a view
showing the condition of feeding a molding materialto be a lens on a substrate. Fig. 6A to Fig. 6C
are views showing a procedure of molding lenses on a substrate with a mold.  Fig. 7A to Fig. 7C are

views explaHRESGhcoRgdrstir asbndinbraBisE leresisnsapad an HagBeaik carrying thereon molded
lenses. Fig. 8 is a view showing another constitution example of a wafer level lens. Fig. 9A to Fig. 9C
are views s&g\é\%i?)%s%p&g%r 0@&9&%%&? of patterning of a black resist
Fig. 1 is a plane view showing one examples of the constitution of a wafer level lens.
Fig. 2 is a cross-sectional view taken in a line A-A of the constitution of the wafer level
lens shown in Fig. 1.
Fig. 3 is a cross-sectional view showing another constitution example of a wafer level
lens.
Fig. 4 1s a cross-sectional view showing one example of the constitution of an imaging
unit.
Fig. 5 is a view showing the condition of feeding a molding material to be a lens on a
substrate.
Fig. 6A to Fig. 6C are views showing a procedure of molding lenses on a substrate with a
mold.
Fig. 7A to Fig. 7C are views explaining a procedure of patterning a black resist layer on
a substrate carrying thereon meolded lenses.
Fig. 8 15 a view showing another constitution example of a wafer level lens.
Fig. 9A to Fig. 9C are views showing another procedure of patterning of a black resist
layer.
Fig. 10A to Fig. 10C are views showing a procedure of molding lenses on a substrate
carrying thereon a patterned black resist layer.
Fig. 11A and Fig. 11B are graphs showing the transmittance and the reflection rate
against the wavelength of an incident light at a black resist layer.
Fig. 12 is a cross-sectional view showing another constitution example of a wafer level
lens.
Fig. 13 is a cross-sectional view showing a deformed example of the wafer level lens
shown in Fig. 12.
Fig. 14 is a cross-sectional view showing an imaging unit having the lens modules of Fig.
12.

Description of Embodiments
First, the constitutions of a wafer level lens and an imaging unit will be explained.

Fig. 1 is a plane view showing one example of the constitution of a wafer level lens.



layer.  Fig. 10A to Fig. 10C are views showing a procedure of molding lenses on a substrate carrying
thereon a patterned black resist layer.  Fig. 11A and Fig. 11B are graphs showing the transmittance
and the reflection rate against the wavelength of an incident light at a black resist layer. Fig. 12 is a
cross-sectional view showing another constitution example of a wafer level lens. Fig. 13 is a
cross-sectional view showing a deformed example &f the wafer level lens shown in Fig. 12. Fig. 14 is a

cross-sectignal view showing an imaging unit having the lens modules of I;E 12. Description of
Embodimehit: Fits HessSHHIIAbNS Brasrate A10e AefCA tBe SATRHUYIAY ehibsvites kysldffed. Fig. 1

is a plane \dewshowing one example of the constitution of a wafer level lens.

The wafer level lens has a lens module having a substrate 1 and a plurality of lenses 10
formed on the substrate 1. The plurality of lenses 10 are arranged on the substrate 1 in
one-dimensional mode or two-dimensional mode. In this constitution example, an example
of a constitution in which the plurality of lenses 10 are arranged on the substrate 1 m
two-dimensional mode as in Fig, 1 will be explained. The lens 10 is constituted of the same
material as for the substrate 1, and molded on the substrate 1.

As shown in Fig. 2, the lens 10 has a concave-shaped lens surface 10a and a lens
marginal part 10b around the lens surface 10a. Here, the lens surface 10a has an optical
property of allowing a light incoming into the lens 10 to concentrate or radiate to a desired
direction, and the curvature factor and the surface shape are designed in view of this optical
property. In this constitution example, the height of the lens marginal part 10b from the
substrate 1 is higher than the center of the lens surface 10a. The shape of the lens 10 is not
particularly restricted, and for example, a lens having a lens surface 10a protruding in a
convex shape, that is, a convex-shaped lens may be used, or an aspherical lens may also be
used.

In this example, a plurality of lenses 10 are disposed on one surface of the substrate 1,
however, a constitution having a plurality of lenses 10 disposed on both surfaces of the
substrate 1 may also be used. When a plurality of lenses 10 are disposed on both surfaces of
the substrate 1, molding is so performed that the optical axis of each lens on one surface
corresponds to the optical axis of each lens on another surface.

In Fig. 2, the wafer level lens has one lens module having a plurality of lenses 10 molded
on the substrate 1, however, a constitution having two or more lens modules laminated may
also be used.

In this wafer level lens, a black resist iayer 14 is provided so as to cover the surface of
the lens marginal part 10b of the lens 10 and the surface of the substrate 1 between the lenses
10. The black resist layer 14 is patterned on a region excluding the lens surface 10a of the
lens, on the surface of the lens module. When the wafer level lens has a constitution of
lamination of two or more lens modules, the black resist layer 14 is provided on the surface of
at least one lens module. The black resist layer 14 is formed with a pattern having an
opening at a part intersecting the optical axis of the lens 10. The black resist layer 14 may

partially cover a peripheral part of the lens surface 10a.



6 Fig. 2 is a cross-sectional view taken in a line A-A of the constitution of the wafer level lens shown in
Fig. 1. The wafer level lens has a lens module having a substrate 1 and a plurality of lenses 10
formed on the substrate 1. The plurality of lenses 10 are arranged on the substrate 1 in
one-dimensional mode or two-dimensional mode. In this constitution example, an example of a
constitution in which the plurality of lenses 10 are arfanged on the substrate 1 in two-dimensional
mode as in Fig. 1 will be explained. The lens 10 is constituted of the same material as for the substrate
1, and molded ohffeReibirkiectist iaxer kol rilpvcrihighe nelieotivasralcaheavpapdydth ians

surface 10amafadiayiens i dike AHdHImasound hekens, Swiacsmdda kiereudhe ligns-epktaea 10a has
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which the solid state imaging device D is disposed. The imaging unit of this example has a
constitution in which three lens modules LM1, LM2 and LM3 are laminated in this order from
the light incident side (from the upper side of Fig. 4).

In the lens module LMI, a convex-shaped lens 10A is molded on the upper surface of the
substrate 1A, and a lens 20A having a concave-shaped lens surface is molded on the lower
surface. On the upper surface of the substrate 1A, a black resist layer 14 is patterned on a
region excluding the lens surface of the lens 10A.  On the lens 20A, a black resist layer 14 is
patterned on a region excluding the lens surface. The shape of patterning of the black resist
layer 14 is not particularly restricted, and the black resist layer 14 may advantageously be
formed with a pattern having an opening at a part intersecting the optical axis of the lenses
10A and 20A, and the same shall apply to the black resist layer 14 of the lens modules LM2
and 3.

In the lens module LM2, a concave-shaped lens 10B is molded on the upper surface of
the substrate 1B, and a iens 20B having a convex-shaped lens surface is molded on the Jower
surface. This lens module LM2 has basically the same constitution as shown in Fig. 3. A

patierned black resist layer 14 is disposed on a region excluding the lens surface of the lens



Fig. 3 is a cross-sectional view showing another constitution example of a wafer level lens.  In this
example, a lens 10 having the same shape as in Fig. 1 is formed on one surface of a substrate 1, and
a convex-shaped lens 20 is molded on another surface. On the another surface, a spacer is formed for
keeping a distance when laminating lens modules. The spacer 12 is a grid-shaped member in a planar
view, and connected to the another surface of the s8bstrate I. In this example, the spacer is connected
to the substrate 1 of the lens module, then, dicing is performed so as to separate one lens 10 and one

lens 20 on #E Qinddieht medapaids soiwsaphibe lsasimedriny-Meided is wit batersareameiasla part of
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the black resist [Eiferepacd - 1dA8 mid&uId8ANME B s 20G g dignesad dadhe v afcsivtiafe-shaped

lens 10B isspaldad, on-hs: dppssdiface ofthe isubsisaigel B and siepsi20B havioenacavay-shaped
lens surface is molfj}(;d orn the Iower,sLtrface. Thi Iifns module LM2 has basically the same_cgnstitution
B 1

as shown ifFE™3. Ehs RLseties 1881 129 BEFh 4880 B rdJion dciuaRqdie #hs surface

of the lens Bid€iBeon the light incident side surface of the lens module LM2, that is, on the lens

marginal part and a region of.no on rface of the substrate 1B. In this example, the
black resist layer 64{%% n&ogfgﬁsogggfb]:\:t eaélépo& eag?dlggﬁ?’?gégogp ﬁ%%?e‘ﬁl% %%55?3% , ﬁ%‘\%vever, a
patterned biackeregistdalpde M mapiedidposdd emwrsyistraschidmnghherars sdrfatbeoktseslens

20B. 10A, 10B, 10C, 20A, 20B and 20C of the lens modules LMI, LM2 and LM3 form a subject
image on the solid state imaging device D disposed on the sensor substrate W,

The sensor substrate W is molded by cutting a wafer formed of a semiconductor material
such as for example silicon and the like into an approximately rectangular shape in a planar
view. The solid state imaging device D 1s disposed on an approximately center part of the
sensor substrate W. The solid state imaging device D is, for example, a CCD image sensor
or a CMOS image sensor. The solid state imaging device D can be obtained by making a
chip, then, bonding the chip on a semiconductor substrate carrying thereon formed wiring and
the like.  Alternatively, known film formation, photolithography, etching and impurity adding
processes and the like may be performed on the senmsor substrate W, thereby forming an
electrode, an insulation film, wiring and the like on the sensor substrate W, to constitute the
solid state imaging device D.

The spacer 12 of the lens module LM3 and the sensor substrate W are connected, for
exampie, using an adhesive and the like. The spacers 12 are designed so that the lenses 10A,
10B, 10C, 204, 20B and 20C of the lens modules LM1, LM2 and LM3 form a subject image
on the solid state imaging device D. The spacers 12 are formed with a height keeping a
prescribed distance (length in vertical direction to the surface of the substrate) so that the

lenses 10A, 10B, 10C, 20A, 20B and 20C do not muiually come into contact between



In the lens module LM3, an aspherical-shaped lens 10C is molded on the upper surface of the
substrate IC, and a lens 20C having an aspherical-shaped lens surface is molded on the lower
surface. On both surfaces of the lens module LM3, a patterned black resist layer 14 is disposed on a
region excluding the lens surfaces of the lens IOC and the lens 20C. The lenses 10A, 10B, 10C,
20A, 20B and 20C are disposed in the form of rotatidn symmetry against the optical axis. The lens
modules LM1, LM2 and LM3 are cgnnected via spacers 12 so that the optical axes of all the lenses

10A, 108, RYElampad Jens pvise EMAdAL? andnkEhemibauies LredulsvbMAeniithareersatually

connected yidsihgespodersthduaantbenensinaauer LM3 is connected to the sensor substrate W via
the spacer 12. The Iglnses 0A, 1OB,§OC, 20A, 20 E,nd 20C %f the lens modules LMI, LM2 and LM3
form a subject im3GES HEHRISRIE AR EE BFORPEL AR Haas 2RrOBFabsHhaReH. The

sensor substratenygd ishereid e byne utitdgles waMerifbtined dMBsamieokeictommpieriabsuleLasfor
example sil| nd the like intg a roximately rectanqular e in.a planar view, The solid state
Lﬁgnt%|§egsgr Sgb trz?te %Va%%log(en](ea?% lnc%(i}.]gtlgglla? 11+ Fﬁﬁgn Vﬂ% 8 prescribed t&]I}_(]:é‘: SO"d

imaging device Isposed on an approximately er part of the sensor substrate
state imagibgfdesrichamis, For exammte, theGBBamMByesehsor cohn@MOBdmiagelsposat . & Heusolid state

imaging deyicg.R canyRe;qhizingd; Y making achipythen, bonslipg the. chig é&rﬁg&%ﬁgﬂﬂgm

substrate carrying thereon formed wiring and the like. Alternatively,"known film formation,
photolithogfaBaynditeirrgrsrnalerpofiteandimhgardamsiusdsmirede likymytadaginselidnathe sensor
substrate Vinthafelyieenming anceipsode R paetationdiimewiringianttheike.ondheisensqr

substrate W, tg constitute the solid state imaging device D. = The spacer 12 of the lens module LM3

and the sefB5t LB SERAS REHPLsshife Bt ESsestrn shan Pl P ARIRIBe S henath 498! TRSspacers
12 are desigaethsadhaisthe e 1AL 0B, FaGhe?0ky 28Bimnth208iofshe ks modules M1, LM2
and LM3 fofrrm aﬂ?ub&?caim eont dSQEH state ip%aégin(% device D. .Th@jﬁg%ers 12 are formed with a
height keeping a prescribed diatance UeRgin in Verticar direidh 5V i6e & B Stbstrate) so that
the lenses 10A,120B; ¢6€ 020A020Buand 20Bminatohmilthellynsomeiito ChtitacMietnt &M Das

overlappedjens moglules r m e nd the.sensor substrate W do
not mutually come?ﬁt% cbé\—%ggc%ﬁgé%sﬁg e%cﬁ;fﬁléﬁaeYJ %%%(l:%%gly i%%r%% ?gr%crtf%r 31%%}%’;33 %ﬁlr?d can be

appropriatSKrEasasg der ifpn ks geodre reM ksdmss tmgiebtlimident/iidgrd pvBeavrfeckephor the
lens modulg,bdZand the: sepsatsuiesiiate W arades keet ipesitinnabielation wihapesgibed

distance between them. For example, the spacer 12 may be a columnar member disposed at four

comers of fFRASTINRSEEY YAV 8 isa Tor arvisip dight ekelsned TR smppedmiBRIsaeEinPounding
the periphenamefithersalid sidieainopginguaeriss BbBhsisenndingi e selighstattciranding d@dee D by

the frame-shapged. spacer 12 to attain insulation from the outside, light shielding can be performed so
that lights 0 %etfgﬁg% &g éy%@%ﬁ%ﬁ@%ﬁgﬁ@aﬁ%&gw into the solid state imaging device D.

Further, by sealiilg theagoligl stateasmagingiuedichddramrtileoutsidaeddhe siondfstusts tarthe solid
state imagigﬂag?a\(-écgr!%eﬁﬁgdbﬁ er%lr?a%%dcbmﬁnal and the like. On the circuit substrate, a paste-like
solder is appropriately printed previously at a position of mounting of an imaging unit, and the
imaging unit is placed on this, and the circuit substrate containing this imaging unit is
subjected to a heating treatment such as infrared irradiation and hot air blowing, thereby
welding the imaging unit to the circuit substrate.
Next, the black resist composition contained in the black resist layer 14 will be
explained.
[Black resist composition]
The black resist composition of the present invention contains a black material.
As the black material, known coloring agents, metal particles or particles containing a
metal can be used. As the coloring agent, black pigments and dyes can be used. Further,
coloring agents of various hues may be mixed to prepare a black resist composition having

desired transmittance. As these coloring agents, used can be made of known coloring agents



In the case of a constitution of lamination of the lens modules LM I, LM2 and LM3 as shown in Fig. 4, a
reflection layer may be provided instead of the black resist layer 14, on the surface of the top lens
module LM1 nearest to the light incident side or on the surface of the substrate IA. It is preferable that
the reflection layer has a reflection rate of 4% or less and a transmittance of 0.1% or less for a visible
light (wavelength: 400-700 nm). As the reflection m%ﬂerial, metals such as chromium (Cr), gold,

tungsten, aluminum, cqpper,.nickel, zing, silver and the like or metal materials thereof are preferably
used. T ?ﬁﬁ%’ﬁﬁ:&‘L?l?lt’%y?,oFi@%égé?géo%r@ﬁ@ﬁi]owl??%ﬁﬁ@gggﬁ E’Pr@? ot SrclitcsdBdtrate
embeddeddombpariabdetiarovinalCantidine ddedofDhltble citmiliaubstiaie irarpasie|ikieagnlgesiide,
appropriately printed.previously at itiqn, of, mounting.of an imagi nit, and the imaging unit is
placed on 1%}(%5‘[‘&%% St%eerc%lﬁgu(f?gﬁ %a}rlagtésg%gn?g?nll{r% e f%fglba%% gﬂf?i@‘%t%%njedéi%ﬁttg g %He%(lgl{ﬁ%?‘ reatment
such as infehrediirgautietoy.cnd hmeaialblomnthb@pyiwadingmﬂeimmgianﬁtatm theticuly
substrate. pr&&éﬁléhﬁﬁlﬁ%r%%ﬁ&&ﬁﬂéP&Sﬁ'%ﬁ%ﬁ%&ﬁf?fg'tﬂ%mée%wﬁééﬁt IRy Ll e explained.

[Black resist composition] The black resist composition o resent invention contains a black

material. disgeredsrdrTRRERA) iHb AR TG cagBRenTeiad phetldre doeivadicsanssiitenring a
metal can g yggd. As the coloring agent, black pigments and dyes can be used. Further, coloring
agents of various hues may be mixed to pl)re are a black resist composition having desired

transmittance. AStHSsE*EBIBN Y 464198 Rigmprt Rlagés dr 1635h0m Oekitg gits” RS Yekcribed in
JP-A No. 2606208/ 96\ pasaghephan wrobers |84l HRHO 048 anding |ike: modeemiinatieassihereof.
Of them, carhon, bl titanium carbon, iron oxide,. titanium oxide, ite, silver-tin, silver colloid and
the like areié;rtéfqé’?a%lc&]?gﬁl%e éf%%rﬁgf’rﬂ? 0 éh'g tsh‘g‘h?%hiéﬁﬁl"r?@ %g#grt??sar!l’a RS, Rhrbon
black, silvexisvdmdhittairablackeastqpiric nheryiqaeeferable from the standpoint of a light shielding
property. These matsri Isperse .combined with other curing components and the
like to give a co%n%%%%%r% %%et;%éstl%el%ﬁn Bﬁéﬁthégs':gﬂrﬁg eo Iélé}fgugﬁ qg&?ﬁ%g%?&?ﬁl%%aﬁ%rbon

black C. I. N&.cPrRe8Yid prefucib|Erals sommdriatptdditimanitecivisti aMisBRacMaarebo
(manufactusegh b MESHDIRLGHEMIAHC TRRIAVBL AN LMIBWNEN GRARRIoRIS (Mauictured by

Mitsubishi Chemical Corporation) are mentione he example of titanium black, TiO, TiN and a

mixture cort&iqy tHentushsoperisrabie 1A A MmBrcRrirBldts ereiearlyn tivie) Pomran dhagh

manufactuag §iditsubiabé MateialsGameralion asepnastinnedeFhadyer s orray artigle size of
titanium blacl&}i‘?sﬂﬁreferaﬂ%/%Sg OO%, further Fre erably 10 to 100 nm, particularly preferably 10 to
[

50 run. Tho@yit tRe*dpé& g By IR AP Bk Ss O BaRi AT PEY ARREE 2] 18 HYeferable
that the vahi/easiarabebyaseBiEFelvatiyoris ustiay ehoutbitof lthniZigipatisetaiabeue0 to 100

m2/g so that tt‘ﬁ water re ellency after surface-treatment of such titanium black with a water repellent
[ =i Ch] OWS & eIven periormance.

agent ShOV{/%pa glvea}t‘%per ormance.

As the example of graphite, those having an average primary particle size of 3 um or less
in terms of stokes diameter are preferable. When the average primary particle size is in the
above-described range, the outline form of a light shielding pattern become uniform, and
sharpness becomes excellent. It is desirable that 90% or more of particles have an average
primary particle size of 0.1 um or less. Specifically, particles obtained by screening of the
average primary particle size by segmentation operations such as centrifugal separation and
the like can be used.

Further, it is preferable to use metal particles or particles containing a metal as the black
agent from the standpoint of a high light shielding property. The metal particles or particles
containing a metal are not particularly restricted, and any compounds may be used. As the
metal particles or particles containing a metal, two or more metals may be used in combination,
and alloys thereof can also be used. Further, composite particles composed of a metal and a
metal compound may also be used.

The metal particles include suitably particles and alloys described in JP-A No.



As the example of graphite, those having an average primary particle size of 3 p.m or less in terms of
stokes diameter are preferable. When the average primary particle size is in the above-described
range, the outline form of a light shielding pattern become uniform, and sharpness becomes excellent.
It is desirable that 90% or more of particles have an average primary particle size of 0.1 um or less.
Specifically, particles obtained by screening of the d¥erage primary particle size by segmentation
operations such as centrifugal separation and the like can be used. Further, it is preferable to use

metal partic@%or 3 attic ea AP MAG e BPAS thd Matk agwseifissH thehapsnapisiopicameg light

shielding prapeptyidibe Retalakiales TH-paridanRonbpRING: A NMRabae Rt RAisUaF-esticted,
and any compqunds may be used. As the metal particles or particles containing a metal, two or more

metals may BE B8P ERHINEY TR Y AT B SR GatPARI H e B2 B ITBAPE GRISUEMRY particles
composed af@préialinda meihhinepacurd aihalse hanisethrbhadnekah paltitlastcludasyitably
particles and allo scribed in JP-A No. 11 2006-251237, paragraph numbers [0037] tq [0054].
SpecificaII;IL,g S a%éagrﬁ%gf%pi% r%ﬂec aﬁﬁﬁ% 63? iC gs%%’rr? HHoNe .%ﬁ%’sﬁ%’@%ﬁis@%p%@%ﬁ&%l fme
particles arequizplartieedbelypipstricte thprioked ingtheyahdvena shthpe ditver sthim plaphércal forim having
shape anis ine ti i infinite fo h llet form,
2 potato fon B ek A o, R, SO R e pe
rectangular! paraheispieeiriendane et ogbywanlioesr atnd thetike YomfapplitBrfss fo(ssadadferm,
elliptical plajgformm Rlatadermbrafifier form, a crenated form, a coil form and the like. Though the
particle shape is not particularly restricted, a stick forms, an infinite forms and a plate form are more

preferable.  ARSHE MeRlIRERGlG ST grpise et nBsE IR mbee fRpaedbiomc mea o feml or from

a metal and mengtalCompalashnaseunteier Pgerand thasefauteshiomo et Argdpsicuady
preferable. éﬁ%ar%'cularly, it is preferable to contain as the main component a metal selected from the

group cong? metals of the long form periodic table (IUPAC1991), 4-th period, 5-th period and
6-th period. It ishareteiatiie ioicprifintdcnietalsabe etedldmaithegronncensisiing leétetefals: aigroups |l
to )UV, and_ it is.more preferable to centain as the main.compone lected from the, group
consising Sl L R P R e R AT S dan and
group XIV.ofigdemnd pahiptsiodf nietnmsaielengifgcmtiio depksides&ltfror tisd g perigsiagd

belonging or e QRONP o GOHPSKIOURIS: BrAHRHEIERR NoAE LRSS RERIEIBRS AS:ine metal

particle.  Preferable examples of the metal particles include at least one selected from copper, silver,

gold, platinttalsherdrdiiomcke Eranp copnting odmstalyiofths, srow Hammnn, HharupXosmeem,
manganese;, iRivh 08N EFss SIS ieBuh RIUN tarfaiusnvtitanis edisiaihe A0 Moy iRashand alloys

thereof Further pre erable%?et Is include copper, silver, gold, platinum, palladium, nickel, tin, cobalt,
d

thodium, c&lcitin'HdRER? RSSO S BREHOS BTG BRAT AR L AfsBToMR A gioRR & e Beldeted from
copper, silgougdd] q@latinyntypad ddither, iiafeeatbtiuntanchaloyariiireof, and particularly preferable

metals include %%é‘%%%%;%”eeﬁr%'el%tse%-f%ﬁmn‘%QtEPeétg&'l‘f’:%ﬂu%?é%b pé?‘}%%‘é[;‘ té”s%P%teacll'O%ﬁaﬁhﬁéeOJr
EspeC|aIIy, silveris prerera eizas the silver, cotloidal silver 1S preferable), and particles J\)}I)ﬂg a
silver-tin alfolyeregoidst prsfarablealladivampiekaf dilvectiralnciiddifime padiicles contadalrigas the
main ComPRRRAL &P HRITUR HaNANSOIIILAR AUE RAERATIANAIAE B M. AEMRIE Bl R0 urn or
less as described in' JP-A No. 2006-227268, Japanése Patent No. 4237148 ané apanese Patent No.
antimony, lead and alioys thereof. Further preferable metals include copper, siiver, gold,
platinum, palladium, nickel, tin, cobalt, rhodium, calcium, iridium and alloys thereof, more
preferable metals include at least one selected from copper, silver, gold, platinum, palladium,
tin, calcium and alloys thereof, and particularly preferable metals include at least one selected
from copper, silver, gold, platinum, tin and alloys thereof. Especially, silver is preferable (as
the silver, colloidal silver is preferable), and particles having a silver-tin alloy are most
preferable.
Examples of silver-tin include fine particles containing as the main component a
silver-tin alloy and having an average particle size of 1 nm or more and 300 nm or less as

described in JP-A No. 2006-227268, Japanese Patent No. 4237148 and Japanese Patent No.



12 4223487. [Metal compound particle] The metal compound is a compound composed of the
above-described metal and other element other than metals. As the compound composed of the metal
and other element, oxides, sulfides, nitrides, sulfates, carbonates and the like of metals are mentioned,
and as the metal compound patrticle, particles of these compounds are suitable. Of them, particles of
nitrides and sulfides are preferable from the standpdtt of color tone and easiness of formation of fine
particles. Examples of the metal compound include copper(ll) oxide, iron sulfide, silver sulfide,
copper(ll) S titanium black and the like, and silver sulfide is particularly preferable from the
standpoint of\gelardangeerspaasgQf formation of fine particles and stability. [Composite particle]

The composite %%rticle eans one patrticle obtaiped by bingﬁiggéof a metal and a metal compound.

Examples therebP Ak SHBREREVHA G PSSO ARG IRSIERs TRy et ARt a
particle, theserebtaded lyasomraiing Avahpactigieswahddingdicd. &attle ofdlx mdtaticenspotnd and the

metal may b pised aingly o i combinations, . Speciie examplas ot e compasite paricle gmposed
of a metal compound and a metdl'include a composﬁle particlé composecFo silver ahd silver sulfide, a
composite paticlrvpmpuspaafisilpertialkd odppeseItporideydardsseilitde.  Of thenaparaflessefof a

Pigment oS HRTIECRIING RUENLIC feiiaR AASRI CRRIb TN RARCRICASHEY SPRIAEed Inte

fine particles are preferably used. As miniaturization of pigment primary particles, a metho
mechanicafly kferitHdey- a pigment, ii) a water-soluble inorganic salt and iii) a water-soluble organic

solvent not substaptials dissaivinganeinRsaaNihsallodyBimardenandhe dikada sawealigdisalt milling

method and the like are_ well known, [Solvent] _In the case of use Qfa pigment as the coloring agent
of the presEMARIENTEHIqE i< Rin Aitekand Siplsawnd siygeiidaisradioHaurieiieb &by
dispersing avpigmendin af donstione aaives! of hemahwanifis selneiett{ra wipRc solvents shown
below, .qndvj?&%tedsiin vie\g\&% the solubility. Qf component.s contained in.the pigmgnt_ dispers_io_n liquid,
coatability when gﬁpﬁeeaat% a resist composition, and the like, and there is no restriction providing that
these desired pAysicahpropertiesickersedisfie; amdidtdsopraterhbie tmdeleof thenstilvent mruieal of
safety. compound. Examples thereof include those having different compositions of the inside and
the surface of a particle, those obtained by combining two particles, and the like. Each of the
metal compound and the metal may be used singly or in combination.

Specific examples of the composite particle composed of a metal compound and a metal
include a composite particle composed of silver and silver sulfide, a composite particle
composed of silver and copper(Il} oxide, and the like.

In the case of use of a pigment as the coloring agent to be used in the present invention,
those previously miniaturized into fine particles are preferably used. As miniaturization of
pigment primary particles, a method of mechanically kneading i) a pigment, ii) a water-soluble
inorganic salt and 1ii) a water-soluble organic solvent not substantially dissolving the inorganic
salt by a kneader and the like, a so-calied salt milling method and the like are well known.

[ Soivent]

In the case of use of a pigment as the coloring agent of the present iﬁvention, it 1s
preferable to first produce a pigment dispersion liquid prepared by dispersing a pigment in at
least one solvent. The solvent is selected from organic solvents shown below, and selected in
view of the solubility of components contained in the pigment dispersion liquid, coatability
when appiied to a resist composition, and the like, and there is no restriction providing that
these desired physical properties are satisfied, and it is preferable to select the solvent in view

of safety.

As the solvent which can be suitably used for preparation of the pigment dispersion



As the solvent which can be suitably used for preparation of the pigment dispersion L3 liquid, more
preferable are methyl 3-ethoxypropionate, ethyl 3-ethoxypropionate, ethyl cellosolve acetate, ethyl
lactate, diethylene glycol dimethyl ether, butyl acetate, methyl 3-methoxypropionate, 2-heptanone,
cyclohexanone, diethylene glycol monoethyl ether acetate, diethylene glycol monobutyl ether acetate,
propylene glycol methyl ether, propylene glycol mohémethyl ether acetate (PGMEA) and the like.
The content of the solvent in the pigment dispersion liquid of the present invention is preferably 50

Wt% to 95 WEdmsrerprefeieiplycserwtoetbyd G-wisexyuetienateis gibrtictnehyxypetsiamiie6GH00 wi%,
most preferallysfQVik19:20mi1o13MAe darsanienholdhaRrlvgnt kHt thadboxemlescrbggd range,

dispersion stability is advantageous. [Other components] — The pigment dispersion liquid may contain
other com p%ﬁ@ﬁ%%%ﬂ%%étf@é@%ﬁﬁ@l%@‘éﬁé& Sf‘iWélﬁ?éé’é}‘ﬁq]rWéH%H}’ld’é%rréﬁ?&% the
object suchyasaRPECAHRD! AhiheiIgMeRtdisparsi gndiid-apg dbedikeyy! clhis, peigRhledRatthe
pigment dispersion Iigui contains&%& pi menfh(%erivative. Particularly, by inclusion of a pigment
derivative HAOPSASHT grsts G ﬁ‘ﬁagﬁ "Wspersion stability are improved dramatically.

As the acidic grdip caritiad ehtbeespligneint tlerpigiien; dispdichic Hoaldphtbarhesadicigrettpargd
guaternary a ium s thereof are preferabl a ic group cargied on the pigment derivative,
an amino g%%%‘%q rgéeraélsé(.) %fﬁ@é‘h‘%ﬁ rﬁfeéag%%ﬁnvf%?ﬁe&g&rﬁéht g‘é%{l/earﬁ\llgﬁisg %%]tcﬁgmcularly
restricted, ipisfpratfiorgiiyd 90 5v0avitesfurtbierabief@fabhild 0atPG 013it% Basedion thatqrigofetht It is
also prefergpje.tp 4sf aLolymesnaierialiogesherfarim ' j ihility-. Specific examples of
the polymer maeterial include "Disperbyk-lo%l ’(p%%/ea%%de%ﬁr%}érﬁ%qaﬁg‘zp %Ert?g%éid salt), 107 (carboxylic
acid ester), 198 ¢esp@RAEHEDbNtaining an acidic group), 130 (polyamide), 161, 162, 163, 164, 165,
166, 170 (polymegcoprivmaripedicn Raas Rty ikt BAOA SHMshéRighmelastian waigh: turated
polycarboxylic acid? manufactured by BYK Chemie, "EFKA 4047, 4050, 4010, 4165 (polyurethane
type), EFICRASKS! 251 MRSER'BIIIeALR2bDE 20 Phistiiuthatyraifaten 8bhs pgRter
amide), 57@5gbighmiolidulat weighs. polycarboxylic acid salt), 6220 (fatty acid polyester), 6745
(phthalocyanine, derivative), 6750 (azo. pigment derivatjve)" manufactured by EFICA, 'Ajisper PB821,
BE822" manutaltt SRR R Er B AT DR FrEtaies e R A8 B0 ery
"Polyflow NtxrbOHaNo b308d(asiyio Copoiymet danreatifabivvied by Keideishen@ héspaib@oy, &td.,

"Disperon 'ﬁ%@%@&%ﬁéﬁﬁgﬁa&éaﬁﬁﬁa%%’d(é}%‘ﬁk%ﬂ?ﬁ'y"’a'e”t carboxylic acid), #7004

As the acidic group carried on the pigment derivative, a sulfonic group, a carboxylic

group and quaternary ammonium salts thereof are preferable. As a basic group carried on the
pigment derivative, an amino group is preferable.

Though the use amount of the pigment derivative is not particularly restricted, it is
preferably 5 to 5 0 wt%, further preferably 10 to 3 0 wi% based on the pigment.

It is also preferable to use a polymer material together for improving dispersibility.
Specific examples of the polymer material mclude “Disperbyk-101 (polyamide amine
phosphoric acid salt), 107 (carboxylic acid ester), 110 {copolymer containing an acidic group),
130 (polyamide), 161, 162, 163, 164, 165, 166, 170 (polymer copolymerized compound)”,
“BYK-P104, P105 (high molecular weight unsaturated polycarboxylic acid) manufactured by
BYK Chemie, “EFKA 4047, 4050, 4010, 4165 (polyurethane type), EFKA 4330, 4340 (block
copolymer), 4400, 4402 (modified polyacrylate), 5010 (polyester amide), 5765 (high
molecular weight polycarboxylic acid salt), 6220 (fatty acid polyester), 6745 {phthalocyanine
derivative}, 6750 (azo pigment derivative)” manufactured by EFKA, “Ajisper PB821, PB822”
manufactured by Ajinomoto Fine-Techno Co., Inc., “Florene TG-710 (urethane oligomer)”,
“Polyflow No. 50E, No. 300 (acrylic copolymer)” manufactured by Kyoeisha Chemical Co.,
Ltd., “Disperon KS-860, 873SN, 874, #2150 (aliphatic poly-valent carboxylic acid), #7004



14 (polyether ester), DA-703-50, DA-705, DA-725" manufactured by Kusumoto Chemicals, Ltd.,
"Demol RN, N (naphthalenesulfonic acid formalin polycondensate), MS, C, SN-B (aromatic sulfonic
acid formalin polycondensate)", "Homogenol L-18 (polymer polycarboxylic acid)", "Emuigen 920, 930,
935, 985 (polyoxyethylene nonyl phenyl ether)”, "Acetamin 86 (stearylamine acetate)" manufactured
by Kao Corporation, "Solsperse 5000 (phthalocyanife derivative), 22000 (azo pigment derivative),
13240 (polyester amine), 3000, 17000, 27000 (polymer having a functional part at the end), 24000,
28000, 320001385065tetafttt oty riah ItActdre dspuiaeiured iy Shewrsseddanmagis: Nikko' T1 06

(polyoxyethylepRsRIpitRNMmsRaleatal MY acl i XotRalvo el byigsemanesiear ate) ananmiagtured by
Nikko Chemicals Co., Ltd. (all are trade names), and the like. Also, amphoteric dispersing agents such

as Hinoact P& eeifl dAmat RO BYPRERARER Homessaphilald &Relvimer pattraReRrbcrEHentioned.
Further, potaneieamymynesodestgibesisfomihalikaiseldbisoresinaestrivgdriaterandchthia like are
mentioned. . Particularl lymer dispersj ents having a palyester in in the side chain are
preferable fr%?%rﬁaemé aetnafgé%gﬁ oF&%%%?%ﬂﬁﬂ&% gga rgé)l grﬁ%lvﬂﬁg %%isg(e:f ic ?30621 Iggakécﬁ%l}%ster chain
are preferafixde feoine th2296h dpointi ghelis plersthility) ah 82tHe (iedpbstioruoie ptelh iolnedArped

hotolith . : o ) ) . : i
gr(;)ugsl hﬂﬁ‘gg}ﬁﬁ%&% or eggoglr%g ga?g%?a}%%g@ﬁ% car I?)%)?Ilsg PaCIgS, ?ﬁ%ﬁggagc%sa %%ﬁ%;%%%sghoric

acids are paaiediaryadrderdbte Lubiché emprdpoinend aiNddsorgiion properyctnerndisisersimy resins
preferably wsed,ife W—@Ei’)@@&%Wﬂ%@ﬁﬂ%%%@%ﬂﬂl&ﬁt%%ﬁ@mﬁod@%ﬁ%ﬁg resins

are graft copolymers ’aving in the molecule a graft chain selected from a polyester structure, a

polyether striictifé A arpdipdeiamesksiriciiie Hket natiyg anphatsBerdirsisng asaitiamigta®hydrogen
atom of in tHgsaRe-8D40-arkaRRBmRaT By R LaRelY TRRES CRBERIRIRIGH StTUElUrENikd epreseated by

ANy e O e o ed o S Her Gkpotmds. deeoriad Jor' () Hne-soluble resin described
later, and the like are mentioned.

Particularly, polymer dispersing agents having a polyester chain in the side chain are
preferable from the standpoint of dispersibility, and resins having an acidic group and a
polyester chain are preferable from the standpoint of dispersibility and the resolution of a
pattern formed by a photolithography method.  As the preferable acidic group in the pigment
dispersing agent, acidic groups having a pKa of 6 or less are preferable, and carboxylic acids,
sulfonic acids and phosphoric acids are particularly preferable, from the standpoint of an
adsorption property.

The dispersing resins preferably used in the present invention will be explained below.

The preferable dispersing resins are graft copolymers having in the molecule a grafi
chain selected from a polyester structure, a polyether structure and a polyacrylate structure and

having an number of atoms excluding a hydrogen atom of in the range of 40 to 10000, and

graft copolymers containing a structure unit represented by any one of the following formulae

(1) to (5).



cro,1"Loz4 q (5) 00X6zs OR/ 00/Y13 Z3 /p [in the formula (1) to the formula (5), XI,
X2, X3, X4, X5 and X6 represent each independently a hydrogen atom or a monovalent organic group,
Y1, Y2, Y3, Y4 and Y5 represent each independently a divalent connecting group, Zi, Z2, Z3, Z4 and
Z5 represent each independently a hydrogen atom or a monovalent organic group. R represents a
hydrogen atom or a monovalent organic group, and s of different structures may exist in the
copolymer. n, m, p, g and r represent each independently an integer of 1 to 500].  As specific
examples, c LuRBlad below are mentioned. In the following exemplified compounds, the
numerical value described along with each structural unit (numerical value described along with the
main chain repeating unit) represents the content [wt/01 of the structural unit The numerical value

described along withﬂ@?ﬁde chain repeating unit represents t/@ej/r)ii)ber of repetit{iﬁn of the repeating
unit. (1)
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fin the formula (1) to the formula (5), X, X% X, X4 X and X6 represent each independently
a hydrogen atom or a monovalent organic group, Y', Y% Y°, Y* and Y? represent each
independently a divalent connecting group, Z', 7%, Z°, Z* and Z° represent each independently
a hydrogen atom or a monovalent organic group. R represents a hydrogen atom or a
monovalent organic group, and Rs of different structures may exist in the copolymer. n, m, p,
q and r represent each independently an integer of 1 to 500.].

As specific examples, compounds shown below are mentioned. In the following
exemplified compounds, the numerical value described along with each structural umit
{(numerical value described along with the main chain repeating unit) represents the content
[wt%] of the structural unit. The numerical value described along with the side chain

repeating unit represents the number of repetition of the repeating unit.



[Chemical formula 2] 70 Y: 30 (w-t %) 0 OHO HN yOM/Nzy '15 00 (exemplified compound 2)
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[Chemical formula 2]

@60%40 {wt %)
C OH O
. ﬁfj

(exemphﬁed compound 1)

@70@30 (wt %)
C OH O i
HNYO‘(\/\/\(O{;/
O

(exemplified compound 2)

16 85 (wt %)
O OH © O

wW{

(exemplified compound 3)

20 (wt%)

Bt
°Y° HN@OW%%/J

(exemplified compound 4)



0 0 HO 0 Y-jCO---NZNZNe 0 (exemplified compound 3) 17
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[Chemical formula 3]

\
ng MD—H

(exemplified compound 5)

30 )\ 60 1O (w19
0 g 0 2 O OH
~N~ HN O’(’\/\q(O
\g ‘0

O

(exemplified compound 6)

{exemplified compound 7)
‘fj@ 0 ’E iz 90 (wt%)

okt

{exemplified compound 8)



(exemplified compound 5) H 0"..,07-NyNzNy,0 Il 0 (exemplified compound 7) (wt%) 0 HN
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[Chemical formula 4]

40 (Wt%)

HN
O\COQH

(exemplified compound 9)

70 (wt%)

8 ottt

{exemplified compound 10)

In the case of use of an inorganic pigment as the black material, it is preferable to first
prepare a pigment dispersed composition from a pigment, a dispersing agent and a suitable
solvent, then, blend this in a polymerizable composition, from the standpoint of dispersibility.

Also in the case of use of an inorganic pigment and an infrared ray absorbing dye as the
black material, dyes other than materials exemplified as the existing organic pigment having a
hue of red, blue, green, yellow, cyan, magenta, gray and the like may be appropriately selected
and combined, to realize a desired spectrum.

The content of the pigment dispersing agent in such a pigment dispersed composition is
preferably 1 wt% to 9 0 wt%, more preferably 3 wt% to 70 wit% with respect to the total solid
weight of the coloring agents (including the black pigment and other coloring agents) in the
pigment dispersed composition.

These polymer materials may be used singly or in combination of two or more of them.
When the polymer materials are used in combination, the content of the polymer materials is
preferably 1 wt% to 100 wt%, more preferably 3 wt% to 80 wt%, further preferably 5 wt% to

5 0 wt% with respect to (A) the specified resin according to the present invention.



40 (exemplified compound 8) [Chemical formula 4] 000 H N tO H N C)2H (exemplified compound 9)
10 4t30 (wM)
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[Photosensitive component]

By further adding a photosensitive component to the black material, a black resist
composition is obtained. As the black resist composition, any of compositions having a
positive action showing an increase in solubility of an exposed part into a developing solution
by a light and compositions having a negative action showing a decrease in solubility into a
developing solution can be adopted. For example, by adding a photopolymerization initiator
and a compound containing an ethylenically unsaturated double bond as the photosensitive
component, a black resist composition excellent in resolution, chromatic characteristic,
coatability and developing property can be obtained.

{Photopolymerization initiator)

It is preferable that the black resist composition contains a photopolymerization initiator
for improving sensitivity and pattern formability. The photopolymerization initiator in the
present invention is a compound which is decomposed by a light to initiate and promote
polymerization of polymerizable components in the present invention, and those showing
absorption in the wavelength range of 300 nm to 500 nm are preferable. The
photopolymerization initiators can be used singly or in combination of two or more of them.

As the photopolymerization initiator, compounds selected from the group consisting of
triazine compounds, alkylamino compounds, benzyl dimethyl ketal compounds,
a-hydroxyketone compounds, o-aminoketone compounds, acylphosphine compounds,
phosphine oxide compounds, metallocene compounds, oxime compounds, biimidazole
compounds, onium compounds, benzothiazole compounds, benzophenone compounds,
acetophenone compounds and derivatives thereof, cyclopentadiene-benzene-iron complexes
and salts thereof, halomethyloxadiazole compounds and 3-aryl-substituted coumarin
compounds are preferable from the standpoint of exposure sensitivity.

The photopolymerization initiator includes more preferably triazine compounds,
alkylamino compounds, o-aminoketone compounds, acylphosphine compounds, phosphine
oxide compounds, oxime compounds, biimidazole compounds, onium compounds,
benzophenone compounds and acetophenone compounds, and at least one compound selected
from the group consisting of triazine compounds, alkylamino compounds, oxime compounds
and biimidazole compounds is further preferable, and most preferable are oxime compounds
and biimidazole compounds.

Particularly, the pigment concentration of the black resist composition is high in its

formulation for obtaining a sufficient light shielding property, in contrast, the addition amount



In the case of use of an inorganic pigment as the black material, it is preferable to first prepare a
pigment dispersed composition from a pigment, a dispersing agent and a suitable solvent, then, blend
this in a polymerizable composition, from the standpoint of dispersibility.  Also in the case of use of
an inorganic pigment and an infrared ray absorbing dye as the black material, dyes other than
materials exemplified as the existing organic pigmezt having a hue of red, blue, green, yellow, cyan,
magenta, gray and the like may be appropriately selected and combined, to realize a desired
spectrum. of Tte contieftr obtihenpig nyeral ldispeisimer agmmitimiguch W higmantaispesedradmpasition is

preferably %é’l’&gﬁs%%%%% c@@&zﬁ&‘%eé%@&ﬁe"%%gﬁ& LN c‘MH}BJSé&’%&#n t‘é‘ﬁﬁ@&?& 3liglpveight of

the coloring ag uding the black pigment and other coloring agent e pigment dispersed
compositioReriompageeppiyhie bin atSHRREM &9 THE g8t SIAgRPRATIRE SIeBITiatibASOP Yk BYIALIE of them.

When the palymmermat@rialg aiewse duth GeAbie g mdhensaniBea &}fetbx%ﬂ%?’el%r@,eﬁd@gﬁiié\lﬁa}fz,
preferably 1 wt% to 100 wt%, more preferably 3 wt% to 80 wt%, further preferably 5 wt% to 5 0 wt%

with respecPiR ) HRRPEETie SIAVERE aARBPANG 0 He pPeseiindEntiBIost PIPRISengtivEe
componenthotBybiyitberaddingtiaphatosans ive gnmpantoidathsrblaskesaterial, a black resist
composition is optained. As the black resist composition, any of compasitions haying a positive action
chowing an incr BRIt AP AR AR AR DA IS HSNG Vot By g petier
compositiopscfiavtig Anegatieelactith, ghawirgly gedtesde ih wtubili2y wtbea witivetapeegtsahetion can
be adopted. For example, by addi photapolymerization.initiator and a ¢ ound.containing an
el GFIE CRE R TR S A R SRS e A
excellent irprssohidomabliityaratidiehmdacteristic, coatability and developing property can be obtained.

(PhOtOPOW”‘(ﬁ%%ERHx&rE&%Qng ethylenically unsaturated double bond)

The black resist composition of the present invention can contain a compound containing
an ethylenically unsaturated double bond (hereinafter, referred to simply as “polymerizable
compound” in some cases) other than the above-described resins.

The compound containing an ethylenically unsaturated double bond is an
addition-polymerizable compound having at least one ethylenically unsaturated double bond,
other than the above-described resins, and selected from compounds containing at least one
end ethylenically unsaturated bond, preferably containing two or more end ethylenically
unsaturated bonds. Such compounds are known widely in the art, and these compounds can
be used without limitation in the present invention. These compounds have a chemical form
such as, for example, a monomer, a prepolymer, that is, a dimer, a trimer and an oligomer, or a
mixture thereof, and a copolymer thereof or the like.

Examples of the polymerizable compound which can be suitably used in the present
invention include compounds described in JP-A No. 2008-233244, paragraph numbers [0115]
to {0116} and compounds described in JP-A No. 2009-20453, paragraph numbers [0100] to
[0109], and these compounds can be used according to the object.

[0075}

As the polymerizable compound which can be used in the present invention, preferable
are bisphenol A diacrylate EO-modified body, pentaerythritol triacrylate, pentaerythritol
tetraacrylate, dipentaerythritol pentaacrylate, dipentaerythritol pentaacrylate succinic
acid-modified body, dipentaerythritol hexaacrylate, tri(acryloyloxyethyl) isocyanurate,
pentaerythritol tetraacrylate EO-modified body, dipentaerythritol hexaacrylate EO-modified
body and the like, and as commercial products, DPHA-40H (manufactured by Nippon Kayaku



It is preferable that the black resist composition contains a photopolymerization initiator for improving
sensitivity and pattern formability. The photopolymerization initiator in the present invention is a
compound which is decomposed by a light to initiate and promote polymerization of polymerizable
components in the present invention, and those showing absorption in the wavelength range of 300
rim to 500 nm are preferable. The photopolymerizatidn initiators can be used singly or in combination
of two or more of them.  As the photopolymerization initiator, compounds selected from the group
consisting d¢faxidzihe tevwiieihdsAaIRgTBNMIA3O6 PAInEEs, Berty Alntebthihietédcampbbuidsei
a-hydroxykgtﬁq]faggmg@%%, a-aminoketone compounds, acylphosphine compounds, phosphine
oxide compounds, metallocene compounds, oxime compounds, biimidazole compounds, onium

compounds, berf#6tisrEen ebiipcompouBe reassHaingne compousrlly, anezopiiehsleatdorhpmlids and
derivatives $hgtenfiyCy AeRaptadians: BRI PREHIDN COMBIS XS BRIl e IRk halp Mtviaxadiazole

compounds and 3-aryl-substituted coumarin compounds are preferable from the standpoint of

exposure séRSTiARR the sl sRBte o irehisk SErIFiGarRaREitRles more preferably triazine compounds,
alkylamino compoiyndsfeaaBln hakelio BROompaURLs dsPheshiinercamp ey nds Phnsphingiaxide
compounds, oxime compoungds..biimidazole compounds, oniym compounds, benzophenone
compoundzB ﬁﬁcr%lcsé%p sfr’mn#é%&ﬂi%@%ﬁ%?é?ﬂé‘??&éi?ﬁé%dﬁf%ﬁ’égc“&%% RAPERI Bt ORI K group
consisting of Alkdinebdilapetinds, alkylamino compounds, oxime compounds and biimidazole
compounds is fugherpref , t breferable are,oxime compounds and biimidazol
compounds Fﬁ;%g&%ﬁ ga({t%l%ﬁ%p|Ig@r§r]1ge}[}t1 %zlr%%grnﬁr %ﬁcg\‘l%ﬁe%rgf]f&%é&setl%}(}? §1 éﬂ%’nalnsgh%%%ﬁ its
formulationafenremsiaipingdesistidient Htkatisivllbfelin gepirsperyyninac derst st poagditiondimp ahkel 20 of the

initator becomek il Raer sarkily Wdieh IiRiBi> esialing halieosienalgiggpmpound

in exposure such as triazine compounds and the like are used’in performing eXposure Dy a stepper,
corrosion oF SRk ke da i sakigelednesisrmbbtotnoemide penipdpias RpARLisSTesnelyRRYSES, oxime

compoundsii@renpieissBhier anthPasigarlyy. oxime compounds showing absorption at 365 rim are

most preferable, as the photopolymerizatjon initiator satisfying sensitivity and various properties.
The content of ﬁf@’ﬁﬁ%%&%@ﬁ?@ﬁ%%{%ﬁcmﬁ%ﬂ% BPEB TS IR BB Gen0sH dPed BrdRiPably 0.5

wit% to 30 ROHE-pEI et peysprafe mintyels\iowe 60 t8QWWt%d, with respect to the total solid content of the
black resist composition..In this range, excellent sensitivit attern formabhility are ohtained.
(Compound conji:gginfﬁgcgﬁylceer%{gﬂf/% gn‘s%’tﬁra tgdﬂ? cfo%l%\{ ]5%?61}3 & THEbIBATE a|rst]>s(t:o°r%1f)° SR of the
present invertiprsehnfdortdirandtompdand abatainnly meretbyemicatpantatusatedy o nsesoad
(hereinafteg, refgrred to simply as "polymerizable compound” in some cases) other than the

above-described resins.
f them, benzyl (methjacrylate/(methjacrylic acid copolymers and multicomponent

copolymers composed of benzyl (meth)acrylate/(meth)acrylic acid/other monomer are
particularly suitabie.

It is preferable that the acrylic resin has an acid value in the range of 20 mg KOH/g to
200 mg KOH/g. 1In this range, developability and pattern formability are excellent.

The weight-average molecular weight Mw (polystyrene-reduced value measured by a
GPC method) of the acrylic resin is preferably 2000 to 100000, more preferably 3000 to 50000,
for realizing a viscosity range for easy coating of a color resist and the like and for ensuring
film strength.

The above-specified range of the acid value of the acrylic resin can be easily obtained by
appropriately adjusting copolymerization ratios of monomers. The above-described range of
the weight-average molecular weight can be easily obtained by using a suitable amount of a
chain transfer agent according to the polymerization method in copolymerization of

monomers.

The acrylic resin can be produced, for example, by a radical polymerization method



The compound containing an ethylenically unsaturated double bond is an addition-polymerizable
compound having at least one ethylenically unsaturated double bond, other than the above-described
resins, and selected from compounds containing at least one end ethylenically unsaturated bond,
preferably containing two or more end ethylenically unsaturated bonds. Such compounds are known
widely in the art, and these compounds can be useglwithout limitation in the present invention. These
compounds have a chemical form such as, for example, a monomer, a prepolymer, that is, a dimer, a
trimer and kmpetigpanese.or Balymeneathersofidimeha sogolymdrttergetanthedikethe fExsmplés of the

polymerizahie,qompoin QGQSE?B)%%@E%PF}#@?%%%% i&{&é@@@}[églfvlﬁ&ﬁ:%mlg%&&gwnds

described in JP-A No. 2008-233244; paragra _ to compounds described in
JP-A No. 20452 gai53topatgkiishof aritiseat andtiedie tao bassiliest toorse whdis ¢ am the arsed

according 16, ineQBigReT s Dherd8ithRRAlMNerizable compound which can be used in the present
invention, preferable are bisphenol A diacrylate EO-modified body, pentaerythritol triacrylate,

pentaerythritol R HHAR2lIEh et sra kbt rdipdAtiehirhor PERABBAMER d8iccinic
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tetraacrylate EO-madified body,.dipentaerythritol hexaacrylate EO-madified body and the like, and as
commenci TTEH I S SPRRTEHS o FRE b D Sy BB £ (RO (ORI

UA-306T, eheBat aAd6ae:, Hro0bilad i {Hranufactured by Kyoei K.K.) are preferable. The
content of the compound containing an ethylenically unsatu t%g dauble bond.is preferably 1 wt% to
Al o SR e R i

90 wt%, more pr8¥e1flé?)rl?/v er preferably 10 wit% to S content of
the black rasisticompbsiiienlublatrisipedfayiigie thrlytheipibbk gusistroayripositidsioghtamsifyrirer an

alkali-solubje. fesin.By iglsion afan Alkelkselibiesesin Heyelonahiiiend pattar formahiity are

improved. [Alkali-Soluble resin]  The alkali-soluble resin is a linear organic high molecular weight
polymer, aRPtARHE B0 FHAYEH SsENsthesTrb A WRafisEvioR rdsTh&1ERiAY the 1Bk otk gideip
promoting ghsali-sokueidily (for example, a carboxyl group, a phosphoric group, a sulfonic group, a
hydroxyl group and the like) in a molecule (preferably, a maglecule containing an acrylic copolymer or a

styrene copolyritr #5348 SV ing SRABESHrANE dBURS- Bt AR S AEYF 8 oE Redn include
resins desatitid devdRynY oli AR08 233 24dthepaiagy ap phovsioerim 0 PRGIie [Qbd 13 thermosetting

property.

Examples of these polymers having a polymerizable group include, but not limited to,
the following resins providing an alkali-soluble group such as a COOH group, an OH group
and the like and a carbon-carbon unsaturated bond are contained.

(1) Urethane-modified polymerizable double bond-containing acrylic resins obtained by
previously reacting an isocyanate group with an OH group, and reacting a compound having
one unreacted isocyanate group and containing at least one {meth)acryloyl group with an
acrylic resin containing a carboxyl group.

(2) Unsaturated group-containing acrylic resins obtained by reacting an acrylic resin
containing a carboxyl group with a compound having an epoxy group and a polymerizable
double bond in the molecule.

(3) Acid-pendant epoxy acrylate resins.

{4) Polymerizable double bond-containing acrylic resins obtained by reacting an acrylic
resin containing an OH group with a dibasic acid anhydride having a polymerizable double
bond.

Of the above-described examples, the resins (1) and (2) are preferable.

The acid value of alkali-soluble resin having a polymerizable double bond is preferably

30 mg KOH/g to 150 mg KOH/g, more preferably 35 mg KOH/g to 120 mg KOH/g, and the



As specific constituent units of the alkali-soluble resin, particularly, copolymers composed of
(meth)acrylic acid and other copolymerizable monomer, that is, acrylic resins are suitable.  Of them,
benzyl (meth)acrylate/(meth)acrylic acid copolymers and multicomponent copolymers composed of
benzyl (meth)acrylate/(meth)acrylic acid/other monomer are particularly suitable. It is preferable that
the acrylic resin has an acid value in the range of 2@ ng KOH/g to 200 mg KOH/g. In this range,
developability and pattern formability are excellent.  The weight-average molecular weight Mw
(polystyreneveaditeseras usonedsrired dhy RGRCorakiabl) 200becastplio, resiit ifrereidiabipod0@o to
100000, m%\r&)%eferably 3000 to 50000, for realizing a viscosity range for easy coating of a color resist
and the like and for ensuring film strength.  The above-specified range of the acid value of the acrylic
resin can be eadikeoipiaineddomaspropnstdiradilistinglcdpebmbériretio s dfanabd NBnensesT he
above-descti 0 Elghiza eqnol argye] iy-obtained by.using a
suitable am%% ggc%ldaif?ﬁrgﬁrﬁfer age%@gc%in%?%’th%{%{g@%ﬁz‘gﬁm%ﬁﬁdg i 'ggf)%c%ff/urﬁ%rization

of monomePS P eR IR TdiGndReBeE prodiiaeured dxamisieiony Shaviksakpblymétikiitidismethod 22
known per gea@0lyBerzalion eopditieassukiea e lEmpsiaiuR AR DEARSPUIRIRAIQdYSing an

acrylic resin by a radical polymerization method, the kind and the amount of a radical in'itiatpr,’ the kind
of a solvent-AHIPTHE R ieh bacsasHy 2U 1yt dal Arimapigres o e dhericsbindysirieseot is
possible. Lhg Boelitars seoguiahifaddiibamalkalcshudlapasinie thenblaekigsist composition is
preferably 5 wt% to 90, wt%, more preferably 10 wt% to 60 wt% with respect to the total solid content
of the comp sﬁ%oaﬁ?clﬁoeﬁ%mr nge, film strength is high, a membrane property is excellent, and image
formability is exdékehitck résist imnpronsinigritie throsssknkagereficiencye ebihatbletknesisirapmpasition in

be s toget T el o e B W e caning
an aryl grolie solheil) adroominmnenta iuadyioxyedtehilgrovitinr theckikesint thergiostchaineaseisfsatul.
and it is preferable that the organic solvent is selected in view of particularly the solubility, the
coatability and the safety of an ultraviolet absorber and a binder. In preparing the black resist
composition in the present invention, at least two organic solvents are preferably contained.

The organic solvent suitably includes esters: for example, ethyl acetate, n-butyl acetate,
isobutyl acetate, amy! formate, isoamyl acetate, isobutyl acetate, butyl propionate, isopropyl
butyrate, ethyl butyrate, butyl butyrate, methyl lactate, ethyl lactate, alkyl oxyacetates (e.g.:
methyl oxyacetate, ethyl oxyacetate, butyl oxyacetate (for example, methyl methoxyacetate,
ethyl methoxyacetate, butyl methoxyacetate, methyl ethoxyacetate, ethyl ethoxyacetate and
the like)), alkyl 3-oxypropionates (e.g.: methyl 3-oxypropionate, ethyl 3-oxypropionate and
the like (for example, methyl 3-methoxypropionate, ethyl 3-methoxypropionate, methyl
3-ethoxypropionate, ethyl 3-ethoxypropionate and the like)), alkyl 2-oxypropionates (e.g.:
methyl 2-oxypropionate, ethyl 2-oxypropionate, propyl 2-oxypropionate and the like (for
example, methyl 2-methoxypropionate, ethyl 2-methoxypropionate,  propyl
2-methoxypropionate, methyl 2-ethoxypropionate, ethyl 2-ethoxypropionate)), methyl
2-oxy-2-methylpropionate and ethyl 2-oxy-2-methylpropionate (for example, methyl
2-methoxy-2-methylpropionate, ethyl 2-ethoxy-2-methylpropionate and the like), methyl
pyruvate, ethyl pyruvate, propyl pyruvate, methyl acetoacetate, ethyl acetoacetate, methyl
2-oxobutanoate, ethyl 2-oxobutanoate and the like, ethers: for example, diethylene glycol
dimethyl ether, tetrahydrofuran, ethylene glycol monomethyl ether, ethylene glycol monoethyl
ether, methyl cellosolve acetate, ethy! cellosolve acetate, diethylene glycol monomethyl ether

*

diethylene glycol monoethyl cther, diethylene glycol monobutyl ether, propylene glycol



An alkali-soluble resin having a polymerizable double bond can be developed with an alkali developing
liquid, and further have a photo-curing property and a thermosetting property.  Examples of these
polymers having a polymerizable group include, but not limited to, the following resins providing an
alkali-soluble group such as a COOH group, an OH group and the like and a carbon-carbon
unsaturated bond are contained. (1) Urethane-nadified polymerizable double bond-containing
acrylic resins obtained by previously reacting an isocyanate group with an OH group, and reacting a
compound ihavingedyé etheeaotar isoc ghratergnamednt ehotaicingeableasi-oneifrdth)acsylioy] group
with an 2eri I SRLECTIAINAGE SRR QIoR cof) NsEluASA deuRconianna ale resine
obtained by reacting an acFR/’ i FeSin contaimng a car oxyl group with @ compound having an’epoxy
group and mpilyinsgriiasionto ulyid dhonahimenhe-hreplenote, 3-hédjanei-peddhatldsoxpdergtattigesins.

(4) PoIymegg&@&gggglﬁpg%g%g@ggﬁg, Q?[XH&J:‘RﬂHm?ﬂ@?ined by reacting an acrylic resin

containing an OH group with a dibasic acid anhydride having a polymerizable double bond. Of the
above-describedt extpletsimbledhas VP Mdpeicapt PrsferBraic sqnengcits aliredf Bfalidsoluble

resin having aaelmerizakliadnublspndusRirteraib 3t Rt K QkHG- 181450 A KRB/gymere
preferably 35 mg KOH/% to 120 mg KOH/g, and the 23 weight-average molecular weight Mw is

preferably Ha6%%H E:erﬁg,}ré, ﬁféjfgr‘%lBEFSOBDﬂfbsgémﬁ. icularly preferable are mixed solutions

constituted of two or more compounds selected from methyl 3-ethoxypropionate, ethyl
3-ethoxypropionate, ethyl cellosolve acetate, ethyl lactate, diethylene glycol dimethyl ether,
butyl acetate, methyl 3-methoxypropionate, 2-heptanone, cyclohexanone, ethyl carbitol acetate,
butyl carbitol acetate, propylene glycol methyl ether and propylene glycol methyl ether
acetate.

Regarding the content of the organic solvent in the colored curing composition, the total
solid concentration of the composition is preferably 5 to 80 wt%, further preferably 5 to 60
wt%, particularly preferably 10 to 50 wt% from the standpoint of coatability.

The black resist composition may further contain components described in detail below
if necessary.

[Sensitizer}

The black resist composition may contain a sensitizer for the purpose of improving the
radical generation efficiency of a polymerization initiator and elongating the
photosensitization wavelength. As the sensitizer which can be used in the present invention,
those sensitizing the above-described photopolymerization initiator by an electron transfer
mechanism or an energy transfer mechanism are preferable. The sensitizer which can be
used in the present invention includes those belonging to compounds listed below and having
an absorption wavelength in the range of 300 nm to 450 nm.

Preferable examples of the sensitizer include those belonging to the following
compounds and having an absorption wavelength in the range of 330 nm to 450 nm.

Examples thereof include polycyclic aromatics (for example, phenanthrene, anthracene,
pyrene, perylene, triphenylene, 9,10-dialkoxyanthracene), xanthenes (for example, fluorescein,
eosin, erythrosine, rhodamine B, rose bengal), thioxanthones (isopropylthioxanthone,
diethylthioxanthone, chlorothioxanthone), c¢yanines (for example, thiacarbocyanine,
oxacarbocyanine), merocyanines (for example, merocyanine, carbomerocyanine),

phthalocyanines, thiazines (for example, thionine, methylene blue, toluidine blue), acridines



Examples of commercial products of the alkali-soluble resin include Dianal NR series (manufactured
by Mitsubishi Rayon Co., Ltd.); Photomer 6173 (COOH group-containing polyurethane acrylic
oligomer. manufactured by Diamond Shamrock Co., Ltd.); Viscoat R-264, KS resist 106 (all are
manufactured by Osaka Organic Chemical Industry Ltd.); Cyclomer P series, Placcel CF200 series (all
are manufactured by Daicel Chemical Industries, Li$); Ebecryl 3800 (manufactured by Daicel-UCB
company Ltd.), and the like. [Organic solvent] The black resist compaosition in the present invention
can be conditutedinipige neraingsingran, othanidlsalve atrifheiasyaniaisatubniissbaticatyanple,
partioularly fegrieled providing et fhe.solublity. ol sampensals and ihe coalityof {ne Black resist
composition are SAiSH d, and tis %referg’ﬂe that the 0 ganic Solventie Seledted V|ewa81‘pparticularly
the solubiliff-dikthdentiabititynatiitessafedy of aketivawisidhabsorbematidazitinder. |pherepaking the
black resisg IR0 InA1° REERGAHIEY CaBR-gHIRARk O BEAaNGRAADTS A RRGIAR,
contained. he organic solvent suitably includes esters: for example, ethyl acetate, n-butyl’acetate,
isobutyl ac&BstEzelasy PRIFRIE, MuEnspmaeds JuBBGHdacetadizbutiitopiarizee: RupPeRyhutyrate,
ethyl bUtyr@ﬁw&%ﬁfh&i&f@ﬁ%aﬁﬂ@ﬁb{b@ﬁ%@ie&ﬁ)&"e@ﬁwﬁuﬂk&mﬁ%@% nietvhiaxyacetate,

ethyl oxyacetate, but)ﬁl oxyacetate (for example, methyl methoxyacetate, ethyl methoxyacetate, butyl
methoxyacatielimehyredRosRiEte 28th JeEONG S AERP AP e IRESHP AR - BSFR B ates (e.0.:
methyl 3-oxpEipianatenetayl Boxypepivaaicanddbedieuiion examplaamedinba-meathpxymeopionate,
ethyl 3-methoxypropionate, methyl 3-ethoxypropionate, ethyl 3-ethoxypropionate and the like)), alkyl
2-oxypropi§f‘%é§° eE).flgC. :C(r)nmeqﬁl)ll?és-o%éart%f)i@]%te, ethyl 2-oxypropionate, propyl 2-oxypropionate and the
like (for exampl&untigth pofipoetide xigpro pednatElekbhidn? Xoe thedGRiiopid Fatent fiopyd, 508,811 and

2 et oy ampoAten ey ANRROpORAs, FIt A meRioRienAlcl el

2-oxy-2-methylpropionate and e -oXy ropionate (for example, met
2-methoxy-dPabmyttrasipidubitethy| 2-ethoxy-2-methylpropionate and the like), methyl pyruvate, ethyl

pyruvate, propyhpyrdvaias el eseiRaraialeneityl acslRacsidiBrematil Ff@%@ﬁiﬁ?ﬁ@ﬁﬁ?f&thy'

2-oxobutanoate and the like, ethers: for example, diethylene glycol dimethyl ether, tetrahydrofuran,
ethylene giftEPHiBROIRBEFRISRTH LSRRG EBRIGBN BB tRY e U iy Ioe b sBEsEalE, ethyl
cellosolve agefaigcaiothyiene.aly cRuBIOBeRIEInNhe bR diethyie iRl cnbme ety bathierediethylene

glycol monobutyl ether, propylene glycol 24 monomethyl ether, propylene glycol monomethyl ether
acetate, proBYIRMRYGNcol monoethyl ether acetate, propylene glycol monopropyl ether acetate and the
like, ketones: folfexampte] préyimdretiidk etonmtiogciobexanhbres Asldepiamone, B:heathtagphaalnd the
like, and argmatic hydrocarbons, for example. toluene, xylene and the like. Itis also preferable that
two or moré)ft?f ﬁ% gj 5?8%0 solvents” gfg%%lg%d, from thﬁ%?%%&b%?rgt& of the solustl)ﬁPyZ of A Uftraviolet
absorber aAdtathiatis(i-suithvletreSiityinprollement in &comethdariie stashdriithetildenolihis case,

particularlyrp_rﬁf@‘ggtgjﬁe% P&??a?&%@%&?%%&@fﬂ@tﬂé figre compounds selected from methyl

3-ethoxypropionate, ethyl gflethoxypropionate, ethyl cellosolve acetate, ethyl lactate, diethylene glycol
dimethy! ether, Bl REEERIeIAIRYY BIRS RRBEGHIOR A DRR ptahiefreatty abmexadenat ety carbitol

acetate, bujylgasoiokaceiaiepRiapyieneineel methd RIEahaRstRIVPYIENR Qe MetRY aifer
acetate. Regarding.the contenéof the or%anic olvent in th ca%flgred curing composition, the total
e”rﬁ}‘g ﬁ\ﬁ%,

solid concethtiSH GFifFe BB STHSAIRs FErePdoRyishis iR sFerRany 8480w,
particularlyepeeferzbly 10¢aea00wtthelraniade Stansipaaitaitoatabiityn a phediaek gsist caraposition
My e I G s S ek, ARt B 1 eSSy | A ENSH A8 nt of the
higher fatty acid derivative is preferably about 0.5 wt% to about 10 wt% based on the whole
composition.
[Surfactant]
To the black resist composition, various surfactants may be added from the standpoint of
further improving coatability. As the surfactant, use can be made of various surfactants such
as fluorine-based surfactants, nonionic surfactants, cationic surfactants, anionic surfactants,
silicone surfactants and the like.

Particularly when the black resist composition contains a fluorine-based surfactant, the



The black resist composition may contain a sensitizer for the purpose of improving the radical
generation efficiency of a polymerization initiator and elongating the photosensitization wavelength. As
the sensitizer which can be used in the present invention, those sensitizing the above-described
photopolymerization initiator by an electron transfer mechanism or an energy transfer mechanism are
preferable. The sensitizer which can be used in thezgresent invention includes those belonging to
compounds listed below and having an absorption wavelength in the range of 300 nm to 450 rim.

Preferable hyaidplepet iparsensitizofl onclbitieyjhdss: helangipdidaithe fothusid gsqure ungsest] having
an absorpti (@n W%velerf]&;nhhg t?e r%ncgtemoh?i?écs) nm hqu‘% (S)ag1I1 Hl%{?es thereof dnclude polycyclic

aromatics (for exam Rantirene. anthracene. pyrene.paryiane. phenyiens,
9,10- d|aIkoxyanﬁﬁﬂce,rne)Iheamhemﬁeﬁatmme)eaﬁipie;sﬁmaemlng euwiid, prapimasisineysingdabiinke B, rose

bengal), thigxAnthGAGS IRAPLIRMIN g%&&%‘e%%@x'tm%e&w% %%Qéh@éﬁﬂip%@@e&’ gnines (for

example, thiacarbocyanine, oxacarbdcyanine), merocyanines (for example, merocyanine,

carbomeroégalifasRriieethandcy spaHBs, ltﬁiaélﬁe‘@‘(ﬁfﬁ‘éx@ﬁﬁ% thivaieg weiishilifietb|te, wottitine blue),

acridines Z4Qe %m%aeg%eemg%%e%&m ’sﬁ%ﬁ@V'”ﬁhsaﬁtfé@é&HWﬂP%gpé Hample,
anthraquinone), squaliums (for example, squaliurn), acridine oran?e coumarins (for example

7-diethylanfiRB0E- AT RKARTS) Ok BRI UFESHATER B tRRSHIES Y ea%%nesenswrwﬁe%ﬁ%ﬁés azo

compoundg,giRhsRieriansy W hssu Rethan ey sty dhRNzeRsmt Gihasales, porphyrm spiro
compounds, quinacridone, indigo, styryl, pyrylium compounds, pyrromethene compoun

pyrazolowazoleqa“t?rﬁlﬂ)'ﬁﬂﬁ%i§°ﬂ€ﬂ%@tﬁ?§z%?8r%ﬁﬂnﬂ§faﬁ%ﬁﬁﬁr%‘%5/ dert4tioedd i BREuric acid
derivatives;;eafatﬂnhenme tbeozmiaepmﬁeuml@wfmagr Mwhletcijsawee anchhgubia daeasaatic

ketone com o nds azolldlnone and the like rac C|ICC and the lik
Farther com AR e s e EPREne R T o oo e b A A Sohe I e eesEs 7 o7
JP-A No. ZO@ﬂ:emZﬁEE&denAledliazlmaﬁchrattdhmhke etcelaamllsibdbﬂ[it%ohymhmzbiudn mdisbitor] It

is desirable %}?9&% mall amount of a thermal polymerization preventing agent for inhibiting
unnecessary ermal polymerization of a compound having a polymerizable ethylenically unsaturated

double bond dufi#grprisewétiba Suatrnlasesrageastarieipiiude rdisateenipdsitibh/2. HiHS.thérhal

polymerlzatr@mp'iq\éﬁntmza@qagIrreiu@emw@ﬂwwemm@m@mqb% ndittygl-puciRsol,
pyrogallol, tbutylcatecho benzoqumone 4 [4- thlob§é3 met 1-6-t- b Iphenol),

2.2"-methy BREBTRLRUS A PE CATRAFHSASIF IRPHArS aPreEQ} ?ashf (Bhistarpasiaigdl, and
the like  THyengglitiam anounhaithe selﬁmemas@nsahzbltprsemefemblyoabcs@@@l witdolz,about 5

?Jﬁ“é‘é%fﬁ?ﬁ@%%é“ A R B R L e o e
surface of 2(le6tBenkitfvedayEntposativagessl ofidiying after coating, for preventing polymerization
oo b oS e I RS ARl e atey 0
trimethylolethane and ethoxylates and propoxylates thereof (for example, glycerol propoxylate,
glycerin ethoxylate and the like), polyvoxyethylene lauryl ether, polyoxyethylene stearyl ether,
polyoxyethylene oleyl ether, polyoxyethylene octyl phenyl ether, polyoxyethylene nonyl
pheny! ether, polyethylene glycol dilaurate, polyethylene glycol distearate, sorbitan fatty esters
(Pluronic 110, L31, 161, 162, 10RS, 17R2 and 25R2, Tetronic 304, 701, 704, 901, 904 and
150R1 manufactured by BASF), and the like.

Specific examples of the cationic surfactant include phthalocyanine derivatives (trade
name: EFKA-745, manufactured by Morishita & Co., Ltd.), organosiloxane polymer KP341
{manufactured by Shin-Etsu Chemical Co., Ltd.), (meth)acrylic acid (co)polymer Polyflow No.

75, No. 90 and No. 95 {manufactured by Kyoeisha Chemical Co., Lid.), W001 {(manufactured
by Yusho Co., Ltd.) and the like.

Specific examples of the anionic surfactant include WO004, WO005 and WO017
(manufactured by Yusho Co., Ltd.), and the like.



[ Surfactant] To the black resist composition, various surfactants may be added from the standpoint
of further improving coatability. As the surfactant, use can be made of various surfactants such as
fluorine-based surfactants, nonionic surfactants, cationic surfactants, anionic surfactants, silicone
surfactants and the like. Particularly when the black resist composition contains a fluorine-based
surfactant, the 26 liquid property (particularly, flowadpility) when a coating liquid is prepared is further
improved, thus, the uniformity of coated thickness and liquid saving can be further improved. That
is, in the case offoxmiiie afiltheusiiigraecoatingalic Uit pteparetbyliusing DOReK resIskoaiTpagition
containing rine-pased surfactant, surface tension b a cpating surface % goating
liquid is Iow%%&%h’erg%?agﬁ%gﬁ%?n?%ﬁvle éAkLJifity S eszﬁé?)% |engg g{é?f%%e’ar%a fﬁ%ﬁé@?ﬁﬁ CS(?Q Igﬂity on the
coating surfdceaihisdoeffGHRA N that bofilysiiaving HTMIRAMNIclndss Gfosapsillicomgul SHiBA08N be

suitably forme eyen i the a5 ehiprmatig.of athip fimqigboufsevargt uapyith.agmplh amount of

liquid.  The fluorine content in the fluorine-based surfactant is suitably 3 wt% to 40 wt%, more

preferably 5 Wibs¥80 wido, ‘Bakichfariy pratranied wodMemeniing. PrHerfiuotncMueddssurtactant
having a flugtipecontentindhis ragersefiectivedpuenifauaityof e thicknessafaiceatedfiim and in
liquid savinggﬁgﬁlgo‘;shows excellent solubility in the black resist composition. _ Examples of the
fluorine-bas gctaﬁt?ﬁél%ea%g%%ﬁﬁﬂfaﬁlﬁi%@f Eite apd the Hiu1 Pemripqunisp144,
R30, FA437,14a0bé4e6, sfpd2 o Fadntbiffdiand it b albayemaamufactured by DIC Corporation),
Fluorad FC43O,3,FC43%

nd PC 17 | are manufactured mitomo 3M Limited), Surflon S-382,
SC-101, SC-103 6 ‘ﬁﬂ?‘éé‘-’i‘?ﬂ%}%’?f%%é@@?ﬁ&,‘%@%?%é%@hdﬁ%ﬁ-&% &l e mBRtRactured
by Asahi Glerste@bly LI}, Seispearsd 20000 (With LiakpizoleoChrposationkignddhehkik®lack Speeific
examples ogoligg&ﬁmgnic surfactant include glycerol, trimethylolpropane, trimethylolethane and
ethoxylates and propoxylates thereof (for example, glycerol propoxylate, glycerin ethoxylate and the
like), polyoxyethylaqditie| ether, polyoxyethylene stearyl ether, polyoxyethylene oleyl ether,

pO'YOXyethWeneF%@[élPhﬁ&ﬁaﬁf@%m%!yg&ﬁg%ﬁs?%ﬂ@@MbBHﬁ”éib?éhﬁh&%Xeﬁg lene gl dilaurate,
polyethylene glycol distearate, sorbitan fatty esters (Pluronic LIO, L31, L61, L62, 10R5; 17R2 and

25R2, TetrdMFQ0AE pppe pobesimiogoR BRIt I58RDF Addad fogdwate Hiphary sirrl BrepRRéss of 8pecific
examples ofiha safignimsurfactant include phthalocyanine derivatives (trade name: EFICA-745,

manufactured by Mori Ebita 8t4 C 4 Ltd.), arganosiloxane palymer ICP341 (manufactured by Shin-Etsu
Chemical Co., L%&f“@igtﬁfa&%/ﬁ% td?dz)féolfggﬁ\q%é}oﬁ%vyﬂ et 7BdRisehoRiRARG: daethiREfactured
by Kyoeishgl @t rticgitlats, L tdin)sW00d ienhphtagiuee drivyeXyisphoihatb tdijoand Hagphike. dibuty!

sebacate, triacetylglycerin and the like, and in the case of use of a binder, it can be added in an

amount of 10 wt% or less with respect to the total weight of the binder and a compound

having an ethylenically unsaturated double bond.

When the black resist composition is applied to the surface a cured material such as a
support and the like, additives for improving the close adhesion with the surface of the cured
material (hereinafter, referred to as “support close adhesion agent”) may be added.

As the support close adhesion agent, known materials can be used, and it is particularly
preferable to use silane coupling agents, titanate coupling agents and aluminum coupling
agents.

As the silane coupling agent, for example, y-methacryloxypropylirimethoxysilane,
v-methacryloxypropyltriethoxysilane, y-acryloxypropyltrimethoxysilane,
y-acryloxypropyliriethoxysilane, y-mercaptopropyltrimethoxysilane,
aminopropyliriethoxysilane and phenyltrimethoxysilane  are  preferable,  and
v-methacryloxypropyltrimethoxysilane is most preferable.

The content of the support close adhesion agent is preferably 0.1 wt% or more and 30
wit% or less, more preferably 0.5 wt% or more and 20 wt% or less, particularly preferably 1



Specific examples of the anionic surfactant include W004, W005 and WO017 (manufactured by Yusho
Co., Ltd ), and the like. 27 Examples of the silicone surfactant include "Toraysilicone DC3PA",
"Toraysilicone SH7PA", "Toraysilicone DC11PA", "Toraysilicone SH2IPA", "Toraysilicone SH28PA",
"Toraysilicone SH29PA", "Toraysilicone SH30OPA" and "Toraysilicone SH8400" manufactured by Dow
Corning Toray Co., Ltd., "TSF-4440", "TSF-4300", "J$F-4445", "TSF-4460" and "TSF-4452"
manufactured by Momentive Performance Materials Inc., "KP34l", "KF6001" and "KF6002"
manufacturetby:Shistebdst Ghemicat ©6s, bith, rd3pdeBad/ the Botid 328 d andieBYdIRO braanwdastured by

BYK, and the like..The factants may be used singly or in combination of two.Q re, of them.
The additiotCTROTAT P i BIAREA AT ho FEAR, EOS A Th S P, 05 2 (PSIRIATH 05 wtve
to 1.0 wt% vnithpregpecttaithedopakeigigiut of the black resist composition. [Other additives]  Further,

norganic filers, piagliGiaeko ARMBUPRALY HIReE. ARSI 298Nt ARG IMRIOMING fFigge adnesion
to a support may be added for improving thie pﬁysma properties ot a cured membrane. engamples of
the plasticiferipgrbwighccigy prapataeeddifedesiyl phthalite, trigtalenel ghjsotadivapisikte sdémethyl

glycol phthalage.dickesyl RRpaRNALE «diqctyhagierier iPUM seRacaiaHHacshiaherrinaiihe like,

and in the case of use of a binder, it can be added in an amount of 10 wt% or less with respect to the

total weigh®dtehePBifgeramiaresisbippada nERAsgarPiR ARS s assibed sfferrnmdie pia@ed When

the black resighcampIRitian isaprlied @ the sihdase aeurekmatetiabsuehas AsHRpaMAanghihe like,
ce of the cured material (hereinafter, referred

aditve o, mproug e cece gliesppa e sulece ol ey il Ceicnater e
materials cae foenugHs); avinkitlis gartictitaclybpidierablesta useysilddta coupling agents, titanate coupling
ooy e herhiRd BEEIE- A% AN FRERNEE SR bl RIS by wsing

spectrophotometer for the composition coated on a desired substrate. The reflecied light of a

visible light (400-700 nm) is measured. Lower reflection lights are preferable, and the

average thereof is 2% or less, preferably, the refiection rate is 1.5% or less.

Next, preferable examples of the procedure for producing the above-described wafer
level lens will be explained. In embodiments to be explained below, explanations of
members having the same constitution and action with those of the members already explained
above are simplified or omitted by attaching the same marks or correspondent marks in a
figure.

Fig. 5 is a view showing the condition of feeding a molding material to be a lens on a
substrate. Fig. 6A to Fig. 6C are views showing a procedure of molding lenses on a substrate
with a mold.

As the material for forming the lens 10, for example, glass can be used. Glass is
suitable as a material of a lens needing large power since there are a lot of glass materials and
those having a high refractive index can be selected. Further, glass is excellent in heat
resistance, and is suitable for reflow mounting of the above-described imaging unit.

As the material for forming the lens 10, resins can also be used. Resins are excellent in
processability, and are suitable for forming a lens surface with 2 moid simply and at low cost.
As the resin, any one of ultraviolet curable resins, thermosetting resins and thermoplastic
resins can be used, and when reflow mounting of the above-described image unit is taken into
constderation, those having a relatively high softening point of 200°C or higher are preferabie,

and those of 250°C or higher are more preferable.

As the ultraviolet curable resin, exemplified are ultraviolet curable silicon resins,



y-methacryloxypropyltriethoxysilane,y-acryloxypropyltrimethoxysilane,
y-acryloxypropyhriethoxysilane,y-mercaptopropyltrimethoxysilane,
aminopropyltriethoxysilaneandphenyltrimethoxysilanearepreferable,and
y-methacryloxypropyltrimethoxysilane is most preferable.  The content of the support close adhesion
agent is preferably 0.1 wt% or more and 30 wt% or #@ss, more preferably 0.5 wt% or more and 20 wt%
or less, particularly preferably 1 28 wt% or more and 10 wt% or less, with respect to the total solid
content of thleritautktrasis cepoRosiian, cktiiceseidavention, framibepstaneiepinthetapargsidue of

the black resist composition on ah unexpose t i.the wafer level lens, the li fé reflectjon rate of
the black ré‘s:lz?(fgrygr Ii%?s%o&feeﬁg%e%r%%g?e%\?ﬁh{éoé@{ r%%gr/napg)%f]éac? t(l)‘feaurin%gf{af)grgt T% ?&g Q} ecause of
this reasonpudéedily sucid am ghdstsedtares anddthe e thee theareftitied bgint cexcimpliBeldicad while

sufficiently shielding.a Jight: by, t c | 1 r pl - ib ffect can
be obtaine%%%%géef&ﬁcg%nh}%%% glg)go%?}f?gss%néj t%'ig trggr%qngﬁttgiﬁ%ae%l %?L@%geo % ﬁegs%hfo?gg%?éi ble light
having a wivsIspeiies 200le ronutad The IBlack Fesisrdmpde. ks Reviilipoucksaploperbpdan be formed

by using thg,ahP¥edRICHEHRAIAGK SeSIPtEPPINIEHIRY and THERRARGIARALE NG, ArSSe) ivention

can be measured by using a spectrophotometer for the composition coated on a desired substrate.

The reflect¥8ght’SraHREHI &t ETDedoMGH) fXprasienreesTiowmr tEA8ctoRlighes Ak gk ferable,
and the avesagedheragéiso2%.2v less,7preirmilytheseliection tateds 4530 orlesghenolNexnpreferable

embocimons A B AT RIS ERSE EHON o o B A PSS Bl Rorind
action with choée afcthe Menbeis atréadysexplailiechabovmsioe steffilian «f 2nite] by @itpaking the
same marks ot COreSRANASH MAKS 'Bo2 KNGkl 1.50 to 1.60 can be used.  As the thermosetting
resin, specifically exemplified are SMX-7852 and SMX-7877 manufactured by Fuji Polymer
Industries Co., Ltd., IVSM-4500 manufactured by Toshiba Corporation, SR-7010
manufactured by Dow Corning Toray Co., Ltd., and the like. As the thermoplastic resin,
exemplified are polycarbonate resins, polysulfone resins, polyether sulfone resins and the like.
The polycarboantes having a linear expansion coefficient of 60 to 70 [10°/K] and a refractive
index of 1.40-1.70, preferably 1.50 to 1.65 can be used. The polysulfone resins having a
linear expansion coefficient of 15 to 60 [10%/K] and a refractive index of 1.63 can be used.
The polyether sulfone resins having a linear expansion coefficient of 20 to 60 EIO'G/K] and a
refractive index of 1.65 can be used.

In general, optical glass has a linear expansion coefficient at 20°C of 4.9 to 14.3 [10°%K]
and a refractive index of 1.4 to 2.1 at a wavelength of 589.3 nm. Quartz glass has a linear
expansion coefficient of 0.1 to 0.5 [10™/K] and a refractive index of about 1.43.

Further, it is preferable to use an organic inorganic composite material obtained by
dispersing inorganic fine particles in a resin matrix. Examples of the inorganic fine particles
include oxides fine particles, sulfides fine particles, selenide fine particles and telluride fine
particles. More specifically, fine particles of, for example, zirconium oxide, titanium oxide,
zinc oxide, tin oxide, zinc sulfide and the like are mentioned.

The inorganic fine particles may be used singly or in combination of two or more of
them. A composite composed of several components may also be used. Further, the
inorganic fine particles may be doped with a dissimilar metal, the surface layer thereof may be
covered with a dissimilar metal oxide such as silica, alumina and the like, or the surface

thereof may be modified with a silane coupling agent, a titanate coupling agent, an organic



Fig. 5 is a view showing the condition of feeding a molding material to be a lens on a substrate. Fig. 6A
to Fig. 6C are views showing a procedure of molding lenses on a substrate with a mold.  As the
material for forming the lens 10, for example, glass can be used. Glass is suitable as a material of a
lens needing large power since there are a lot of glass materials and those having a high refractive
index can be selected. Further, glass is excellent in;geat resistance, and is suitable for reflow mounting
of the above-described imaging unit. ~ As the material for forming the lens 10, resins can also be

used. Resing;are sucelientinproarssabilis andaissuiiaple QMBIRY A6ns-auiaqRYit a mold

simply and at low cost. As the resin, any one of ultraviolet curable resins, thermosetting resins and
thelmoplastiSPEsing ERb a8, Hhawain reb&r MHBuRtingofife Mot rusesisealintdyeitmit is

tak(;,'n int;[lo m@d' r?@p@é}aghgﬁg I;@wah i ﬁ@ﬁ@g%gm&?&@lﬁgam thirﬁll@ﬁgg(l)c or higlher are
preferable, and those 50C or higher are, more preferahle. As the ultraviolet curable resin,
exemplified are m%%%f‘ﬁ Ié@ﬁ?@Sﬁ?&é‘ﬂ%?‘%oalfPﬁ\ﬁ’&?ég%ﬁ?% BB SR ickEsins and
the like. Asgheepexyiresisuihase:havinga dinrasmepansion toefficiatotd te BFEt6v6/Kliand a
refractive i %% of ]thSO to. 1.70f refe({%E)Iy 1.50 to %65 can be us d. As the thermo etHn resin,
exemplifie qre nern%orsegffir%ag icon reﬁﬁ%?%aélrlrgnolggtﬂngl%ﬁsoigi/ & efr‘lsa,n thermioset %g %%félﬁol resins,
thermosettismttarrylicheesmssarmintrealike - Orce ramipie aasrtige siticoteresin, dhdbe haviagia limear
expansion Icler 6 -6/K ctive: in 4 55 e The
epoxy resir?sg'ﬁg{% n%egqsta(?lqlgri%agéee}(p%%%?%;c%ﬁf?gseag%%? %’0 %{o léog ﬁ)ée%f}) % a(Pn a f%frg;‘t%/% ir@ggf 1.50 to
1.70, preferaBfyrabboionmes ddnnve nsdulpHe prépGPIEsinahdifgnatindaiedpariisniescfficient of
30to 70 [1@a6¢ At diarefinative ipdexai-dwa tBa}tiZQ_Cs?&bgiHﬁggﬁere agylisresingdiayieg a linear
expansion coefficient of 20 to 60 [10-6/K] and_ a refractive index of 1.40 to 1.60, preferably 1.50 to 1.60
can be useB ALt SIS REEHRT LRSI e XTI daTarFS2EMIR- 78S PURATSRAXA8T 7
manufacturgdsoygtish Rehsmes ndusites o JE.id. Ny SMoESshoeanisfactprerdrime gabia Gorporation,
SR-7010 manufactured by Dow.,Coming Toray Co., Ltd., and the like. As the thermqplastic resin,
exempliiod HE B atiate |6 RS GREE FoUTe ASfate SIS PPEUHIS AF TEAIEE. The
polycarboantesiradjrfgrackamaieXpansiErrgodifitteribof(BIRI0) A0sfhOx6H(] ancdarefsaotiveondax of
1.40-1.70, prefer o) be used. The polysulfone resins having a linear expansion
coefficient %ﬁ%{&‘? 10- /&gid%%eg%%éfractive index of 1.63 can be used. The polyether sulfone
resins having a Whe#@gﬁ%inﬁeéo@?ﬁbkmmtﬁ@m@@ﬂﬂfam&ll‘é‘fkadti% indeRloffarbsrcan be
used. I &%@&5@&;%@@%%@? basalinsaneRansionsasiosntaf RAGRLAQ i 348 [H-¢/Kl and a
refractive index of 1.4 to 2.1 at a wavelength of 589.3 nm. Quartz glass has a linear expansion
coefficient Sfyeleps®. 8T8 6/Rfand a refractive index of about 1.45.  Further, it is preferable to use

an organic inOfgﬂﬁ?ﬁﬁ@ﬁQﬁt&m?ﬁﬁ&h@bﬁ?H@&ifMgfiﬁﬁaﬂféQ?sﬁﬁofgﬁfﬂﬁléxfii&%rﬁﬁéﬂﬁi@f%inn%fésin
matrix. Examples of the inorganig fine particles include oxides fine particles, sulfides fine particles,
selenide find RER RIESTER (ENARidL T RERE e§§§éi§8atﬁy?'§iﬁ%a%?a*e SFABPRSE e,
zirconium axatlepditanyumdoiba)czihexfraitie tinjexide, zinc sulfide and the like are mentioned. The

inorganic fine p%gﬂ%sr&%yuggdusﬁesm ly: or in combination of two o more outl}em.ﬁ %S%QS'te
composed of severa

Organic Inorganic ﬁgmﬂ%)sne r11natenal avio
components may%\ SO be ed. Further, the Inorganic fine particles may be
doped withrasdissiimifaroséial treisuiatdhaymmingreotsimydos beverst withrthadissemtilererhetal oxide
such as siliga; Ayming 20008 IKG Q108 BHIRGSINEERCINALRE I psliled Wihy3.5430¢ GRIRlIing
agent, a titanate coupling agent, an organic

copolymers constituted of a hydrophobic segment and a hydrophilic segment described in
JP-A No. 2007-211164, resins having a functional group which is capable of forming any
chemical bond to the inorganic fine particles at the polymer end or side chain described in
JP-A No. 2007-238929, Japanese Patent Application No. 2008-12645, JP-A No. 2010-043191,
JP-A No. 2010-065063 and JP-A No. 2010-54817, thermoplastic resins described in JP-A No.
2010-031186 and JP-A No. 2010-37368, and the like. To the organic inorganic composite
material, additives such as plasticizers, dispersing agents and the like can be added if
necessary.

As the material of the substrate 1, the same molding material as that of the lens 10 can be



30 acid (carboxylic acids, sulfonic acids, phosphoric acids, phosphonic acids and the like) or a
dispersing agent having an organic acid group, or the like, for the purpose of reducing photocatalytic
activity, reducing water absorption coefficient, and the like. = When the number average patrticle size
of the inorganic fine particles is too small, the properties of the substance may change in some cases.
When a difference in refractive index between the r§§in matrix and the inorganic fine patrticles is large,
an influence by Rayleigh scattering becomes remarkable if the number average particle size of the

inorganic fing.partgles s dRRdargey BecAl s e.ah dis 6 RS0l b ARG IRt AR LA iR R WhifliEner
preferably 2 nm to 10 nm, partlculagggﬂpreferably 3 nm to 7 nm. It is desirable that the inorganic fine

particles haWeteriny6ivie framitferspradingiiBliidha MRIE Hedermftivrmisibisdichr sishps glass

monodispegsadipariiclesiaraMasiausiior peampire, the Manaicahval U RIRRGIREom tange ag described
in JP-A No. 2006-160992 is a prgferable particle size distribution range. The above-described

number-avePAGEA ARTER S Hi e S chisHOsfeRs e ST SXBARIT Kyeticientgidihe SRR RD)

instrument, fartrams thésision] 6lectkdrmmier tiscapexpiisidn avefthestikes thelhesaiahivenndaxiaishe

inorganic fine particles is preferably 1.90 to 3.00, further preferably 1.90,to 2.70, particularly preferably

00102 70005 (B e IPEC AR A IR o hE TR TR GEh i, SR R ganc

fine particledsadthetrgsinsishrefedasibytHaviidormnbieg fofiibe deefeidbhad (to @ Medo ipartitarly

preferably 30 t0 WFot/BefJ%Uet-%sﬁ%}%Q%iR Hﬁp'%parency and enhanced refractive index.  As the
e ¢ . i .

resin used In the oFganic iInorganic composi aterial, known ultraviolet curable resins, thermosetting

resins and thernigplisiietddips (R Al usen befrtmse wre Hionesthes efrdsihist aneidenl sideaetthe index of
larger than k@ slescrbechitvaly-A No. 2007-93893, block copolymers constituted of a hydrophobic
segment and a hydrophilic segment described in JP-A No. 2007-211164, resins having a functional

group which is cabNEBITEIMing AR LR MMM eIy UHRE R paraRtS? 4P thea oW mer end

or side chajadléisgriadais JP the NabsBR7H 238920 dapangsmfaient AaRICaHomNe RAPIRAE45, JP-A
No. 2010-043191, JP-§«.l\rl%o. 2010#65 63 and JP-A No. 2010-54817, thermoplastic resins described in
JP-A No. 26182 é 8 adfﬁ-% 5° 858%368, and the like. To the organic inorganic composite
material, additiva$tsuchdas plasticiking, rhispaidvigradentsbatratdHe diksobhothferaddiing aeagssary. As
the materi S ate . the sa Idin terial as that of t ns 10.can be 31 used. The
substrate iIL n%géﬁgl%g%%éﬁrﬁétegdé b;ﬁ%@g %{%%frélr%r% material from I%Ee}g r%%%}%fgnrﬁn 3?%]%3#’% lens
10 providingftthaténisl§ aarseeidad repesrandivstivibibraidier slidesasdgkusssalitl the like. In this case, it

is preferable thak thabheinearsexRansion 604liziaruol e mateHaLIgrRIng g sHasHalE:d §S close to

the linear expansion coefficient of the material forming the lens 10. When the linear expansion

coefficient StAEMsiema® HsimpfiBgan¥erisi Misssuresneriindhs ehapsrididhe coBmERPEHRhe

material formiag the ssistiaiedpainagaptagRs GLE s disforiananiiCrrekindatiAeiansy1Q can be

avoided in reflow maqunting of the above-described imaging.unit .. An infrared filter (IR filter) may be
formed on {TELHRAES Q%e°ﬁ&h$?ﬁéiﬁ“§ﬁ?%¥‘&é°§f‘fﬁg§dﬁg?ﬁé‘ﬂ8 ROV Be molding resim i

is a thermosetting resin or an ultraviolet curable resin.

After curing of the molding matertal M, the substrate 1 and the lenses10 are released
from the mold 60 as shown 1n Fig. 6C.

Fig. 7A to Fig. 7C are views explaining a procedure of patterning the black resist layer
on the substrate carrying thereon molded lenses.

{Pattern formation method]

Next, the pattern formation method wili be explained.

The pattern formation method of the black resist layer contains a black resist layer
forming step of coating a black resist composition on a substrate to form a black resist layer
composed of the resist composition, an exposing step of exposing this black resist laver via a
mask, and a developing step of developing the black resist layer after exposure to form a light
shielding pattern. The pattern formation may be arbitrarily carried out before fabrication of a

iens or after fabrication of a lens,



As shown in Fig. 5, a molding material M is dropped by using a dispenser 50 on a part of molding of a
lens of the substrate I. Here, a molding material M in an amount corresponding to one lens 10 is fed to
one feeding part.  After feeding the molding material M on the substrate 1, a mold 60 for molding a
lens is placed as shown in Fig. 6A. On the mold 60, concave portions 62 for transferring the shape of
the lens 10 are provided corresponding to the numbgr of desired lenses 10.  As shown in Fig. 6B,
the mold 60 is pushed to the molding material M on the substrate 1, thereby deforming the molding

material M to comgspendieHbsrshanR O hibe Ry RO LIRGR! e ronditianebpdshing the mold

60 to molding material M, heat or ultraviolet ray is irradiated from the outside of the mold to cure the
molding resi S RS ISTRERIER M is a thermosetting resin or an ultraviolet curable resin.

After curing of the foldiol reaseiseMptherguhisiai®ldcRndsibectenpestth aredelvasethéragrdhe mold
60 as shown.in Fig. 6C.. Fig. 7A to Fig. 7C are views explaining a procedure of patterping the black
resist Iayer(?)fn{?f%(fa U sot(}g{eefc%i?ﬁl r%etﬁ%?%%)aﬁerﬁlﬁaéﬁﬁ 1%1%15 sflfﬁfé é)llﬂl '?ﬁﬁ%;t@?? ?ﬁpﬁ e&%ﬁ%% the
pattern forrtizidhy nfietheg wilbloekexgsiairiegtr 147hE oattEphforfietion methadnphihé bfatk resist layer
contains a blagk (sl 'a%egh@%&%é%ﬁ’aal faad 9%& RlAgkes(sh COMPOSIPL-AN. 33 at%%té?‘t Jo form a
black resist layer composed of the resist composition, an exposing step of exposing this black resist
layer via a S¥Rskalgiath deddhspieny stsfrest Heaefobmisnhe bk thesierdayeeifbpakpdbure thdorm a

light shieldigghatierhe 188 Raltgip formation may be arbitrarily carried out before fabrication of a lens
or after fabrication of a lens. 32  The steps in the production method of the present invention will be

explained bel owd W?@skﬁﬁ%? f@}}.ﬁﬁﬁ@ g:téﬁgparticularly restricted.  Examples thereof include
soda glass, Pyrex (registered trademark) glass, quartz glass and transparent resins, and the like.

On the substrate 1, a primer layer may be provided if necessary, for improvement of
close adhesion to the upper layer, prevention of substance scattering, or flattening of the
surface of the substrate 1.

For coating the black resist composition, various coating methods can be used such as
slit coating, spray coating, inkjet, rotation coating, cast coating, roll coating, screen printing
and the like. For obtaining excellent film thickness, spray coating is preferable. Spray
coating is preferable also for obtaining low reflection rate.

As preferable conditions for spray-coating the black resist composition, a composition
having a solid content of 10% to 40% is used, coated at a rate of 0.01 cc to 10 ccc per minute,
and coated with a distance of | c¢m to 30 cm from the substrate 1. The diameter of a nozzle
for spray coating is preferably 0.05 mm to I mm.

The thickness of the black resist composition directly after coating is preferably 0.1 um
to 20 pm, further preferably 0.1 um to 10 pm, more preferably 0.2 pm to 10 wm, particularly
preferably 0.2 um to 5 um, most preferably 0.2 pm to 3 um, from the standpoint of thickness
uniformity of the coated film and easiness of drying of the coating solvent.

In the case of use of a spray coating method, the thickness of the black resist composition
and uniformity of the black resist layer can be adjusted by appropriately controlling the spray
pressure condition, the discharge amount of the black resist composition, the kind of the spray
nozzle, the distance between the lens substrate and the spray nozzle, and the like. The spray
coating apparatus which can be used in the present invention includes Nanospray
manufactured by EVG, AltaSpray manufactured by SUSS, Resist Spray Coater RS-C810A
manufactured by TechinTech Co., Ltd.,, TS-MSP-400, TS-MSP-300, TS-MSP-200 and
TS-MSP-100 manufactured by TAITECH Corporation, USC-2000ST manufactured by



In the black resist layer forming step, a black resist composition is coated on the surface of the lens
module having the substrate 1 on which a plurality of lenses 10 have been formed, thereby forming a
black resist layer 14 of low light reflection rate composed of the resist composition. In this case, the
black resist layer 14 is formed to cover all of the surface of the substrate part, and the lens surface 10a
of the lens 10 and the lens marginal part 10b, on thessurface of the lens module.  The substrate 1
used in this step is not particularly restricted. Examples thereof include soda glass, Pyrex (registered
trademark)giass garkadipssand transparent resins, and the like.  On the substrate 1, a primer
layer may be provided if necessary, for improvement of close adhesion to the upper layer, prevention
of substance sci}ﬁ%‘ﬁﬁg@ A&t ot IRESBIRE St Skt SRSTFt CoORBOEESHNE e BIAUE resist
compositiosavizdoss teaiingtrpiizpds cambamusnd Kkchias sihpaating, SpsasCeratingdinkiet orotation
coating, Casset:c%%%tsi@?ﬁBg ecc%agglg, screen printing and the like For obtaining excellent film thickness,
spray coating is preférable. Spray coating is preferable also for obtaining low reflection rate.  As
preferable conditionsdoed praeesatafigrtideybliack tbsistachmpudittompastonphsitoniayirgacsolid
content of 10% to. IS used ted at.a £,0 ct b inute, and cogted with a
distance ofﬁgﬁgﬁﬁg%c@llﬁomdgwg?s%%!ghﬁé%{gs‘lgh)e < |ar(r§ gtc(agf%o}’ofrgﬁ r%ozgz{g%{og;éjsg%%/gc%%ﬁleélfgw
preferably DB manges1syanas a Tight itk AwssnornpaybiadKire dike.composioerairéctie ategecohting is

preferably @.1 Q@&Pﬁ&@&dﬁ%&%&?%fﬁﬁbly 0.1 pm to 10 pm, more preferably 0.2 pm to 10 pin,
particularly preferably 0.2 pm to 5 pm, most preferably 0.2 pm to 3 pm, from the standpoint of

thickness UTifERASIBE 6feite coated film and easiness of drying of the coating solvent.  In the case of

use of a spray cgafiRG-methndsihe ﬁ@%@@%&fs&hﬁ#&?% (RISt comRRNtianARD YnHRLmiy |E the black

resist layer can be adjusted by appropriately controlling the spray pressure condition, the discharge
%ﬂ |

amount of AR ¥aleR L NarpBSisbriaYre YOrRBiRg tHePs 57 PoESd e dferih o BRRFBCHSIRE lens
substrate astehibietisiayhiozzitoagtd dhepierml Bepspirynesa ke GaRRRR WG WRIehaaaIedisRg: in the

present invetntion includes Nanos ray m%(g%a%ur.ed b|¥ EVQ?,] ItaSEtra manuf?}gture_dgéSléSS,
Resist Spray CHAEF B8 CBIYAHE LA rea By T AR Sl S Bt R Fe RISRUB A T8:MEP-300,
TS-MSP-200peeferdtdsMSP-100 manufactured by TAITECH Corporation, USC-2000ST manufactured
by 33 USHIO Ing. ' ryi e f the. coated black resist layer 14 (resist
eg%?%%%ﬁ h’ﬁs at%%t%Q gé @%L??Qy%r tﬂ; 18 ﬁ%ﬁ]{?ﬂﬁé{qﬁfeg Via escribed mas

composition layer) e carrie y a hot plate,art ove € at a temperature ot 50C to
140C for 10atEenmis tenBopasiscdribig black resist layer 14 irradiated with a light are cured. Here, a

mask pattern allowing irradiation with a light on the surface of the lens marginal part 10b and
the surface of the substrate 1 between the lenses 10 is used. By this, only regions of the black
resist layer 14 excluding the lens surface 10a are cured by light irradiation. As radiations
which can be used in exposure, particularly, ultraviolet rays such as g line, h line, i line and the
like are preferably used. For this radiation, a light source of single wavelength may be used,
or a light source including all wavelengths such as a high pressure mercury lamp may be used.
<Developing step>

Then, by carrying out an alkali developing treatment (developing step), parts of no
irradiation by the above-described exposure are dissolved in an alkali aqueous solution,
leaving only photo-cured parts. In this example, only the black resist layer 14 formed on the
lens surface 10a is removed, and the black resist layer 14 remains on other regions (see, Fig.
7C).  As the alkali agent, organic or inorganic alkali agents and combinations thereof can be
used. In the present invention, organic alkali developing liquids causing no damages on
surrounding circuits and the like are desirabie.

Examples of the alkali agent used in the developing Hquid include organic alkaline
compounds such as ammonia water, ethylamine, diethylamine, dimethylethanolamine,

tetramethylammonium hydroxide, tetraethylammonium hydroxide, choline, pyrrole, piperidine,



The coated thickness after drying of the black resist composition (hereinafter, referred appropriately to
as "dried film thickness") can be arbitrarily selected based on desired performances such as a light
shielding property and the like, and, in general, in the range of 0.1 p.m or more and less than 50 um.
<Exposing step> In the exposing step, the black resist layer 14 (resist composition layer) formed in
the above-described black resist layer forming step4g exposed in the form of pattern using
photolithography. Though the pattern exposure may be scanning exposure, an embodiment of carrying

out exposu ﬁeg\liﬁaﬁaﬁi@ﬁhozﬁ bayingadereserhird Maskpatiesrasshowpdiddd. stEhispreferadle.  In
exposure of this step, the hlac eS|st$aye 5%4 is p ttern- exptP osed via a prescribed mask pattern, and
only parts 3f Q’B%CIP%@%% A AEa E—}Hlv\} A 3ERGHER 8%@%@%“&%5&%5ﬁeﬂ?ﬁﬂowmg

irradiation it thdigjke,oméhdkalinaceuebihedrmisnn @Fggﬁfﬂdplﬁﬁdiﬂﬁx@d;&k@aﬂwfm@iﬁﬁ thitsplpstrate 1
between the Ienses 10 is usedcoBn g_nq %t;&q“é/frﬁ%t?ln /t tthe1 waL% re5| rolzéle \&M'ng ‘%eolens

surface 10a aré cured %)gllvehat irradiation. As radlatlons which'can be us in‘exposure, particularly,
ultraviolet rags segirederaplinesédliare thdidevaipihe liksidre prefelabipassibik Fortdisikadialtiomda light

source of sygiWAKSIPHRL DB ARHRAH. b bt apy @Eﬁﬂé‘ﬁk‘ﬂedé% g AlyayalsRaths such as a high

pressure mercury lamp may be used. <Developing step> y carrying out an alkali developing

treatment (devel’@ﬁhfgcéﬁé@f W55198 @ﬂﬁ@i%@gah@ﬁdogom@a%vésaeseﬁ ek esinaiareidigselved in
an alkali aqwgggﬁ%sglgpﬂg}e learn@i PRy PBAIe-aW od-RAMS IRl &XapRig: only the black resist layer

14 formed on the lens surface 10a is removed, and the black resist layer 14 remains on other regions

(see, Fig. 7C). ASStHE SRAIPRTEEOIGAR SFaTRGahRENesti dhenE At L ommae sSHRsralt can be
used. In theqresemditnuantian. liganiedeial devalRping liguids:cassingPaidrMAGRS OF SiggUNding
circuits andt e/ I| e are des abI%l ug% §éeso the al aI| ent used in %’fa evelopi é%%(ﬁ include
organic alk&lifie 08%% EY i $HRMEMS yF' & SR A O‘Eilr’ﬁ%e][thgg olamine,
tetramethylauﬁrfmmmwmquéﬁtehgamhyimglriwn]umnhg&drwmdépdhe;me rp@tﬁt@die,oﬁmabdﬂgea 34
1,8-diazabigyclo; ,E%‘é QJ% a’%%e&l ng,and the kg inor a%'cn%’e %%n%%c% S Ss%d% ?X'de
potassium hydroxi um hy rogen car onate, po éssmm gen carbonate an Ici<e and
alkaline aqeeetyeleeﬁhsndrﬁekwemedi@xpm@qne‘sena*katbag@tnt@mngpwemmer speed whidive a

concentatign, o Q.03 Vel 8 DRSIEL AR R L LA N B 1R el Rt atsed 2 the

developing I|qU|d is also’possible to add alcohols apd surfactants in suitable amoun
above-described BiKARCRHESTRESIHOR. wsuping0cade Siseed Aadrardping s diibesed of

such an alkalige SneRusHge kimsayashing with pure water (rlnse) is generally performed after
development. fs the developi %i meth d for examépﬁg%a me d (dip method) of immersing a

substrate for a celEEPRAESH ATHR Pig“ﬁ‘(i SRR (5 5818YBthod) of lifting
a developing I|qmﬂemmsthe]sgjMMEmwhstrﬁfaeb)blaukfmtemﬂﬁ)aﬁﬁ@Hmllgp&stmgmldaﬁﬂll for a

certain tlme th reby attain dev ment d(s method ofs Y] eveloping liquid
on the surface ((:I;? é%usés‘t)rate %pr%)e grt y%tg‘r%]c dlgs%g'egr}fge ﬁoa)“o 5’56 tlr?uouﬁ% sée rarll[ri)gr?;ng a
developing ﬂlqd@ma@ubbﬂh@tmamg heltostint speedre/hile sisarhqmgzwmedrelﬁpnn@myld

discharge nozzle a4 %%E@Q%QGEQ RACLHE IkS @%IQ&M Uﬁﬁgtompleﬁng curing, and usually, a
thermal curing treatment at 100°C to 250°C is carried out. Conditions such as the
temperature of post bake and the time thereof can be appropriately set by selecting the material
of the substrate or the lens. For example, when the substrate is made of glass, temperatures
of 180°C to 240°C are suitably used among the above-described temperature range.

This post bake treatment can be carried out in continuous mode or batch mode on the
black resist layer 14 after development by using a bheating means such as a hot plate, a
convection oven (hot air circulation mode drier), a high frequency wave heating machine and
the like so as to obtain the above-described conditions.

The energy-curable resin composition used in the wafer level lens may be any of resin
compositions cured by heat or resin compositions cured by irradiation with an active energy

ray (for example, ultraviolet ray, electron beam).



The developing temperature is usually 20C to 30C and the developing time is in the range of 20
seconds to 90 seconds Then, an excess developing liquid is removed by washing, and drying is
carried out.  After carrying out the above-described black resist layer forming step, exposing step
and developing step in the production method of this example, a curing step of curing the formed
shielding pattern by heating (post bake) and/or expgsure may also be contained, if necessary. Post
bake is a heating treatment after development for completing curing, and usually, a thermal curing

treatment at 10G€ 0 PROC. IS CariedRUtGoRdIaNS SieR1Es AbsJeMmpeIAE QLRS! hake gpd the

time thereof can be appropriately set by selecting the material of the Substrate or the lens. For

example, whakiBeEebsnalding mrermatiss glads afcapefarsrisblingotasmibehane andtdbayliksed

among the ShQyR-APECIERAVAMIP afa ke ladEChavidd 5 ROYRaks HRAIM@0badnsbsoeariad aut in
continuous m%de or batch mode on the black resist layer 14 after development by using a heating

means suchrAR P HEPIRERANS E5RE M ven (hot air circulation mode drier), a high frequency wave
heating machindtainchtafedilt: shaashie ahitatintheaheserciaarifbedeonditiapsyith Mid@nergngurable

resin composition used, in the wafer level lens may be any of resin.compositions cured by heat or resin
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It is preferdbre it thanpREEMal His hebiliissistmnteculclevelrirpwiittbosinpatssedh adnde fifeativion does

not occur eyRmBAkomeR & [RHIQU: PIPGERSHBECSR LRSSt %Q@Ibgﬁﬂﬁgg'ééés}f??émﬁﬂtt%ﬂﬁﬁé?gkge after
curing is preferably 200C or higher, more preferably 250C or higher, particularly preferably 300C or

higher. FortifiSHeh G iStiizing 3 Fsit hexiagadietd treliccimeinsbsissrmmle Albumty srrbrseule level
should be suppresspdotanaeiiesiivenmrihedsdhgsesidaslvdad aurethrshafierhancingamss-linkage

density per unit voJume, (2) a method of utilizjng a resin having a rjgid ¢yclic structure (for example,
alicyclic strﬁ%{%r % gﬂé?fléiszlg ‘?ﬁ@(%ﬁ[éc} ?:lbeﬁ)%%nﬁﬁ’éf taHd 338%8§§nél'§’ﬁé‘fﬁ§%8f%?ﬁ tic cyclic
structures suchilas troimzdneingapipaleneand dind lkespootdistanetund st itkeaspac Mdaipheesyitifuorene
and the like, resins, having, 5pi stryctre such g 7%ngbii1 d qrg the ik sce {;%zﬁl sins
described in, for example, ﬁ%ﬂﬁoé.kgﬁ%%ﬁ?a an§ 10-6 0@5’% 0s. Z%)(%qégig é p géf/'-334018
and 2007-28888% 4408 thial IR 7(2) 88 Fhetistl deuhiernif) dispeatsivd) afsubidtamte dispighiteg such as
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gty
and the like), and the like. These methods may be combined, and ref%%gbly controlled in a range not

deteriorating othBPpropeiiite’ stith iKs2Sathigd dhvikikahersiterdiactivasiisehusisenyyabdl the like.

Resin compesitipes, shrivpnersana voluaeshinkagsraRbydeautingseasipnnprafarilgdrom the
standpoint of shape transfer precision, The curjng shrinkage ratiq of the resin composition used in the

present inveRHBRIE D %ﬁ?rﬁ%%ﬁ?@%’? FS BFEREFRH)ES GKkfess, particularly preferably 3% or

less. Resin compositions showing small volume shrinkage rate by a curing reaction are
preferable from the standpoint of shape transfer precision. The curing shrinkage ratio of the
resin composition used in the present invention is preferably 10% or less, more preferably 5%
or less, particularly preferably 3% or less.

Examples of the resin composition showing a low cure shrinkage ratio include (1) resin
compositions containing a high molecular weight curing agent (prepolymer and the like)
(described in, for example, JP-A Nos. 2001-19740, 2004-302293 and 2007-211247, and the
like, the nurnber average molecular weight of the high molecular weight curing agent is in the
range of preferably 200 to 100000, more preferably 500 to 50000, particularly preferably 1000
to 20000. The value calculated by dividing the number average molecular weight of the
curing agent by the number of cure reactive groups is in the range of preferably 50 to 10000,
more preferably 100 to 5000, particularly preferably 200 to 3000.), (2) resin compositions

containing a nonreactive substance (organic/inorganic fine particle, nonreactive resin and the



Examples of the resin composition showing a low cure shrinkage ratio include (1) resin compositions
containing a high molecular weight curing agent (prepolymer and the like) (described in, for example,
JP-A Nos. 2001-19740, 2004-302293 and 2007-211247, and the like, the number average molecular
weight of the high molecular weight curing agent is in the range of preferably 200 to 100000, more
preferably 500 to 50000, particularly preferably 100§¢to 20000. The value calculated by dividing the
number average molecular weight of the curing agent by the number of cure reactive groups is in the

range of praferaiaksaibea HG80xape Preferably 400ge5006h pastiosiaiha DIRieraly3d00hpi000.), (2)
esin and (B BANET LRSS 07 ERRA AATABE BORSBUEE3Ot Ao P,
2006-2254 Bhganarting lijdyn(@)zedincompriitienamplelaiping alowsdnkabeicigsilinksagtive group
(for example, ring-openi erizable, groups (for example, epgxy, groups (desgribed in, for
example, Jlﬁ’ﬁi{ %ﬂ%@f%@?gﬁgﬁ t El‘%ieigg&%ér%}f)bl?gu@ésﬁbgéri e |rn,e 8 ﬁ)?arg%l‘éﬂ?’-A No.
8-134405 ahd ¥dhike) epidilfideysolis GespsibidcnbddrimxamptemnpiR-AINS. 12602000503 01and the
ike). cyclic garbnale 0rouRs (Aespracdi,/ousxaale, Jﬁsﬁé}mggfi?&%@&dﬁq%ﬁn dhe like),

ene/thiol curing groups (described in, for example, JP-A No. 2003-20334 and the , hydrosilylated
curing groutseicasciisdeka, sae/BuahnsBraLIeroNm ddeuobeds B dorarramnelikB) amtp tREMEP3E) resin
compositionsCARIAING AL BReleiamEe sitUIRERnaMRM AN NS IRORPOKORS. 308 5hE IE)

(described in, for example, JP-A No. 9-137043 and the like), (5) resin compositions containing two

monomers 3Rl gBf e lissbiltieetierenpIsiiai S araHEh a St AR SN HBIRIGPE structure
(so called lRhsitek) rgbﬁd@wdn@dbilne ﬁmt?@xaéaﬁ{@;@ &fg@igxaﬁfa&,lﬁlﬁ61i8@@d1m413%d(@)eresin
compositio ontaining an expansible substance (described jn,. for example, JP-A No. 2004-2719,
T No. 2B LIRS RA TR AR RS N G ST R B e AP S8ee n the
present invéntiong Hnsmegfereioderntg pdensomerebthetakove-Geseillse dRN rrstuirkddesceatacing means
together (g, xauple. "IPIA APPRYEAARAANIAINNIR TR PANEIRS AN A DIGROIMELNANIND &
ring-opening polymérizable group, and %gff(i{]e% ?r]om tfkme g?a{] pom?o optimization of p yggc%ﬂ
properties. eXpEpshigatabsavet [dasrnbeidnpfeseranimediion dm2iA4-2dsh Bopositons-a3jang higher

and lower tyyp gifeien! HRRESRUMREH ese HRHISHMOEINGLGRGHH RIS PHIRRESIAR hasian Abbe's

number (vd) of preferably 50 or more, more préferably 55 or more@gaartlcularly preferably 60 or more.

The refractfdSiRaERIac) 18 BreramppiiED BOKsHE NS PrETEPABIAET SIS BT ety
preferably 167 QMBI reshS SHEPORSIAS, ahiRBRlice GBS piRiAefembIe, fagdatisulatingesins
having an alicyclic structu[e (for ﬁgam le, resins ha\ﬂ%%a cyclic structure such as cyclohexane,
norbomand "KaSRTAIA RS YRS ERHE HREP et it otiSde fame Hifa YRRIRCE s B REAG AL MY
described iphfeicexanpieicd P-A No. 10-152551, JP-A Nos. 2002-212500, 2003-20334, 2004-210932,

2006-199790, 2007-2144, 2007-284650 and 2008-105999, and the like) are.preferable. ., . The resin of
tne lower Abbed T itiie: KB e B A R el a S O s M Enetie B ooe,
particularlyatelewsh kv GlidictessAPbes miraletive index (nd) is preferably 1.60 or more, more preferably

163 or more, PafieiaioPiRICIRRM kR QMRLE: e na¢ & UERICHNRALE RN BAVIRA. AR @Tqymatic

structure are prefera for example, resins containing a structure of 9,9-diarylfluorerte;
naphthalend, henzomiae eefgebizobiagblaapdrtsdiker s puelticdly, $8singdeecribbe mfifotisxample,

3P-A No. 6038 JPANOI0-CTOR lRcA RS 20027255 2003238 ARV REE0

2005-325331 and 2007-238883, International Publication WO 2006/095610, Japanese Paterit No.
2537540 ancP{HE M&Cetc.) are preferable.

As such resins, aliphatic resins are preferabie, and particularly, resins having an alicyclic
structure (for example, resins having a cyclic structure such as cyclohexane, norbomane,
adamantane, tricyclodecane, tetracyclododecane and the like, specifically, resins described in,
for example, JP-A No. 10-152551, JP-A Nos. 2002-212500, 2003-20334, 2004-210932,
2006-199790, 2007-2144, 2007-284650 and 2008-105999, and the like) are preferable.

The resin of the lower Abbe's number side has an Abbe's number (vd) of 30 or less, more
preferably 25 or less, particularly preferably 20 or less. The refractive index (nd) is

preferably 1.60 or more, more preferably 1.63 or more, particularly preferably 1.65 or more.



It is preferable to disperse inorganic fine particles in a matrix in the resin of the present invention, for
the purpose of enhancing refractive index and for the purpose of controlling Abbe's number. Examples
of the inorganic fine particles include oxides fine particles, sulfides fine particles, selenide fine particles
and telluride fine particles. More specific examples thereof include fine particles of zirconium oxide,
titanium oxide, zinc oxide, tin oxide, niobium oxide, £erium oxide, aluminum oxide, lanthanum oxide,
yttrium oxide, zinc sulfide and the like.  Particularly in the above-described resin of higher Abbe's
number, fine pagiclagPfrkanit)aRu: RYe g AW NMIBHREXHa cRIFE ARURSXAIganddhR ke Mppreferably
dispersed, and in the resin of lower A(g%es nungg}e?r, fine particles of titanium oxide, tin oxide, zirconium
oxide and T Tk& A& SRF S deltr e TSGR LR Bla R IR 58I REPEAHTAFUS in
combinatioandf dwoliie rpeeift dlignreAnsaiapoitite ¢oNfposeangiiscVRral BomEmppSaLs, mpyaalse be used.
Further, the in icfine parti b ith.a dissigular. met sur ereof
may be coﬁgfélé%?g"éﬁs\g?ﬁﬁ#gﬁﬁﬁ?%xggggé%%%égé s%%(c%?%guyrg r%gb §ﬁ%5[<}é§ %I%J%?)R@ﬁ? ace
thereof majnbenatooifictihlitagosil$ie 2HGNINT AGehipadikaRatenc Olp|iiG Hgénipdnherihaictagid
(carboxyliczggyr%fesrgggpic acids, phosphoric acids, phosphonic acids and the like) or a dispersing
agent having an organic acid group, or the like, for the purpose of reducing photocatalytic activity,

reducing water dbsdHsiRsabid E¥HRPRIS QI EAIKET Ramialab ey avtigdpheiceisiobibt tresimorganic
fine particlegyayRemsisuallyl i tor LaRmheay anchwheniienumber avelRgsRadiclesizaistoo

small, the properties of the substance may change in some cases, while when too large, an influence
by Rayleigﬁggﬁﬁé}ﬂﬁ@bﬁ%coﬁ’fé@l’é‘?ﬁ&ﬁéﬁe?ﬁ?ﬁg@qfﬁs{%f@%&?ﬁ msuge 18xies dirthdepiersrably 2
nm to 10 neulfpaididarbapraterakiymdentite HaiclésisstestabliRidhahihgatnerganisfine padigles have
narrower particle siz?%istﬁibutlio#‘n. ho%.t&e definition. methads of such monodispersed particles are
various, for sXaRIBIe e hiMseItE A DR R TS HoHET PG X B RRAHEE 98- 2100566 H60992 is
a preferablexidatinletsize cisdrbotromrangk, Fheaboyexddsciibeichmumbeidavetagen priidarygparticle
size can besmciaesmg efﬂ gxample, by an X-ray diffraction 38 (XRD) instrument, a transmission
electron microscope (TEM) and the like. The refractive index of the inorganic fine particles is

preferably 1.90 ferg@darisirtnehpreborstipstrd@dorasizo op dvtibetarpn’eforaiiyr2 Hetgpatikdeatod
temperaturg.of 22 m Acha WANEIRRII AL SAR HMLT RG;6eRIRNERN RS Anosaania fing; particles i the

resin is preferably 5 wt% or more, further preferably 10 to 70 wt%, particularly preferably 30 to 60 wt%,
from the stihdpolRtiBr tAABI5ArERBS SaMdshafibe AEIFIEH0E fauwm oxide. Uifrerifls disprIsmg fine
particles indhigd estnEoMpositi Qe fribHeskphliedo disparseding Falipleadns apRropriatalyiHsing, for
example, dispersing agents containin afu?c ional group having reactivity with a resin monomer
forming & ritie CACREABELTh (Rt @EIEIE! SR NG SERIPSIBABESSSFBleie VAT SAEVRRES Block
copolymersnegndtiutedsed.a Fytiophhbineegnie finapdradydiephibcispgmert fdidsdntipg itdor
example, JR-A Ng. 2007-211164), resins having a,functional group.which is capable of forming any
Chomical b T BB e LS SRl e,
example, JmdthioliRo07-1Rs82Rca phgraybrRE0R 288 80dantttresilas}, envglihe fikent, a liitthaaesin

compositiop stk iR RFEsEAkiNaRTON-BAAIMES S GlaR AN FRISARIG dA0IBRNER AR Stlcon

compounds, fluorine-based compounds, long chain .alkyl group-containing compourn e like and
antioxidant&ilscrndShirdereer phaisBrsng fismikbayiag pe aissropraitigrarengedhe likesHercdheable
resin compgigitien ef fheuBrRsERINMAINIGN.GHIRG catRivsts MeinitalRsean be biended hoegessary.

Specifically, compounds promotlnqg curing_reaction (radical polymerization or jon polymerization) by

the action %Mé&ﬁ%@%ﬁv yafedcihseBorEearst Spshpriclspmene b0 2090 % raph
numbers [QR633:10 {ORE0Panshiber likerage paeidioned. Fhecaddifipnramaipeinltbese: auingfeaction
promoting agents varies dg_lpendin%)ﬁélni th%kintd oI the catalyst an ﬂ;ﬁ?i;dti%ﬁ)r and difference in the
curing reac% SIEEhE 198" K& Shd CARnot B Corf#o AR BEtERRima R 1 FEHERRE P& Weterably
about 0.1 teefarkBls, rihoss tpsaferabiblab out Gool fonmwdiwithredepbibt 2athectdtahso bdrcoulteht of the
curing reacti N gQ iton,. he curing resin camposition of-the present invention can be
produced ;%\éa?gﬁﬁr% r?ate y%)?e%gﬁ]]g tffteisét?c%\slg%{fssélﬁage ecci)rrﬁffbar?jecnér.1 aegﬁc% é?%%%a&or%eﬁts can be
dissolved im@iﬁm@%ﬁ@i@ﬁmleﬁmm@ﬁ@mmmﬁ@dIq@no)dmdrshé pitictberesis no
necessity 10:pRAR ARt sAMeNbilE RN CaRRiN Ok ALPUCARIR BELTROIB RS,

composition can be produced by dissolving constituent components using a solvent. The solvent which

can be usetPiftHIRYRabfe Peditismbisodditle ndtpatiftlikitipresaveed ahlie 3gbove-described

number-average primary particle size can be measured, for example, by an X-ray diffraction



can be appropriately selected providing that it causes no precipitation of the composition and gives
uniform dissolution or dispersion, and specific examples thereof include ketones (for example,
acetone, methyl ethyl ketone, methyl isobutyl ketone and the like), esters (for example, ethyl acetate,
butyl acetate and the like), ethers (for example, tetrahydrofuran, 1,4-dioxane and the like), alcohols (for
example, methanol, ethanol, isopropyl alcohol, butagyl, ethylene glycol and the like), aromatic
hydrocarbons (for example, toluene, xylene and the like), water and the like. When the curable

compositiorbiainsransatyentrihisnpebar aklerthaiibe GO BRI iscant G sThstrataane/or a

mold, the solyent js.dried, then, a mold. shape transfer ratign js carried oyt. = T h shape of
the lens 101{153 %%ﬁ%:%/ee}?r? i aé“a‘ibfg’\?ega ls%ﬁio%é’ rﬁ?%@ﬁf'u?ggﬁﬂ% sﬁ@r&%@%&#ﬁ?ﬁ%ﬁﬁ g&é?@ted, and a
convex shapetiantiran mspivebigal Slapefidpalsehpasac: bf tE@havexdeseilibethpsdc8duis, the

wafer level{ens.h | module havin lurality of lenses 10 molded.on gne surface of the
ubatate 11 R R D L S oty
surfaces therefefaiziy)fise 0¥ ustd, aadimils casirably Bicloréisvitiyefoma theestandminivith a

pattern having.an-aRening aiaRedt iigtaectng.the optical axis of a lens on both surfaces of the lens

module.  Fig. 8 is a view showing anaother constitution example of a wafer level lens. The wafer level
lens of Fig. 8 ha&ohWaHsmUtidReHuRs s P HaVHy e TR semRssitiRniitwermRiedasitpaiee 1 and
the lenses figeaparRpisled skprianeavslyitoming sape m%@&g@&ﬂ%&%ﬁ%wm‘m@wiah the
same material as described above can be used. In this example, a plurality of concave-shaped lenses
10 are fornfSABrBHESHEEE Tl mﬁﬁr SRS SRR (IR &) BRRe S5BiRstt ' dRE S HRASlity of
convex-shdped leiwes R assigdmethampianoter shsfadieeflowpeBidapeirimess inctaefigne)ofT e black
resist layer, 14 is patterned on regions excluding the lens surface 10a on the surface of the lens
module, thgly %?ﬁggab Surface o tthaglcgu%s%a 83%15[]% an egtsgj(r{ asglgbg tHhe 1eRs ?ﬁ%%‘alg a"d?t 10%. For
patterning éﬂtﬁe’lbIdélé)@erﬂs'nlatlevimg,alfmptmgehgre@sm&shribembiﬁeafafmﬂma’ra:)p.tli}ecthemﬁeb(t,
another praggd ke e paKBmINg e Rack feRshREVALDS: Silained da e R Ageatihed

example, the black resistlayer is patterned on the substrate carrying thereon lenses, while

procedure Expidiied BEIBAS 2 BIdBRAISEMTeFi18F5attahdbg Blea subdiedilse-then, lenses are molded

on the substratgy hEigsiRAdR PGS« A8 wienshawing anathesduinceduie of Ratemibg RfR black
resist layer. Fig. 10A to Fig. 1QC are views showi%g a procedure of molding lenses on a substrate

carrying th@gsB1 a Psherfiod BHSOR reqamayls, affuorintRased| o cRPBLSy dPRS iRk Stepkst
spray-coatiggw biaakiresist eappeasiienichdhiksuhstsatelidaderndhadiatieresishdaye i taomposed
of the resislt composition as s@own Iin Fig. 9Ais carried out.  Then, the black resist layer 14 coated
on the subs’t%t%1 |se(?ﬁgﬁ)%§aae o) S?éjtee,‘ an oven and the like at a temperature of 50C to 140C for 10
seconds to 300 kettendsable driedctinglness af the blasknrasistlayer aampeanhittariy isélectad
according i f su ight shieldi rty and the like, and i nerally in
the range o O%%uﬁlgé%ggg{em %%gge}s's f&%&@%ﬁg g&ﬁegﬁﬁ%géggn astctélﬁul? é%??fé%’ gﬂ ﬁ?%vhich the
black resisptdy@ellz!ﬁfmd% méyma'ekatésitb}asb@rammmé braposassiposeer &y the @@ﬁmibﬁf%'@ttern via a
mask 70 agghaum i Fig. RByd heohieskodd hips. rgﬁﬁ%ﬁiﬁsgrmg@%ﬂ%eréhm)%?@%q&é% step,

pattern exposure of the black resist layer 14 can be carried out by curing only parts irradiated with a

light of the BrIEIOPEdist TAetdtitignera ounh R dRe5a RBHR IS SRSEWIHIER S e Ra dRiERsaneRdingg ht only
of the blaclssegisklayest Ideatdiagioanmexrining e od iofpéibe lent eRanedda otiaalans 0 when
the lens 10,is molded in a latter step. By this, oply regions of the black resist layer 14 excluding a
position of H% féﬁs%‘b%’ﬁ%%%MB%@T@Q%fb‘?éﬁﬁ%gﬁﬁﬁ’éﬁfﬁﬁw. RAYiaohs Which can
be used in exposuréraiisauiniet aysitsuchves gvitherdsgine iblithe andl thelilikeoatenpreferablydiged as in

the above-deasg;lrlé)?gsr%rggneldug%on Next, by carrying out an alkali developing treatment (developing

step), Onlyli € resist ayer ora region corresponding to the lens opening 14a of the lens 10 which is
not cured by thelhbeovengassribearaptsurefithdipsshrdivcandalkali bepeslssohytigmripriaetyast, the

Photo-cureg Blacts 'gRISkivE L Aldp A Rrl el SRAIPBAIANRISD S PELIAGIAR LI lens 10

remain on the substrate (see, Fig. 9C). As'the alkali agent, §am% agent as used in the procedure
as describéi@Boidcaphansdesilarhsisigh exuwsacddvedobisg didiserisamindeetiksy Washiisghand

drying is cajtieei@ytio separately add a solvent, while when this case is not applicable, a curable resin
composition can be produced by dissolving constituent components using a solvent. The

solvent which can be used in the curable resin composition is not particularly restricted and



After carrying out the above-described black resist layer forming step, exposing step and developing
step in the production method of this example, a curing step of curing the formed shielding pattern by
the above-described post bake and/or exposure may also be contained, if necessary.  Next, the
molding material M constituting the lens 10 is dropped by the dispenser 50 on the substrate 1 on which
the black resist layer 14 has been patterned, as shgwn in Fig. 10A. The molding material M is fed so
as to cover a region corresponding to the lens opening 14A of the lens 10 and to partially include the
end of the biackeregpstpayell dhdiad ensiiitetdl iopaniano p&ﬁﬁtﬁﬁi@diﬁgﬁﬁ&ﬂﬁ@ﬁﬁ’@omﬁi&ﬂm Mon
the substrate 1 a oId 0 fo moldln%a lens is dlﬁnpose as sho |rt1hF|g f’I_OB1 g) e moég 80
concave p(%ltloné‘ngil rgsnos elr?lnnarthe r%‘ﬁg Pt EfEhs L T AT i provide c%lrré’spor? H&St ¢

number of desipld, Ienslesel(methﬁheth)ﬂ)lﬁ@mﬁ puesing disohthiy Inielding amdtdrgaliM prestees s(fbstrate 1,
thereby def t m a espo 0 Under
the condltlo%m? us%?ﬁgpqé%épr#(%’ldgé itollté;éltea{{rén nggmg%?lagﬁ% t(?o(rg%gfm \I;élolqegﬁgg%?&%g iated from
the outsidelef-tHexaislantbtoe fkehelerbiehngresiampiomesiibro meiting resiawvisateehekrhaisaeing resin
or an UltraVéQl?feﬁE‘@'?L%lr%H‘ﬂxel C:j%\&gr paldling & m%%g@rﬁ%mél%ﬁ Mdfigrsy Eléﬁéealmﬁﬁfl the lens

10 can be released from the mo to obtain a wafer level lens havm the black resist layer 14

patterned d e ifstrsténe 18"§sh8\’/l’ﬁfir’fh§|§m]‘ééb compREiBpCRORLTRY Fa;%‘é?"lfkt fBrineerGirbie wafer

level lens isHaptiimitashigitha pateinad faupaie maionLxauding thgdanssufacarkda phihg lens 10
on the surface of the lens module, and as shown in Fig. 10C, the lens opening 14a may also be
formed at & part §é8ﬁﬁr§t{%18§ﬂ'8’éﬁga%§ of the lens 10 on the surface of the substrate. In the
example of Fig. ”ﬂkﬁﬁglﬁhhetﬂha;ierefstht Imaerl a%fcmmgamah@abopémhdmmgﬁgmdﬁréh&dempnodule
and the dlamet?r of ltpu S n§e%> (? aa |§0thve )gf eact(ieve ﬁlamet e Iens 10. In thIS wcf;\fer level
lens, an mudent? feanb y tie black resist ayer Olf-lFOW reﬁecr?% ra?e pa‘%f’erned on
the surfacelothh @H@V\%@ﬁ@d@t‘@ MQb@mf&@e@(fmhﬁm} Betxabes arehsafiedtibrhafilightpinrahe lehs
module ang.petween e dens JROYMER £8P RE SuaRiEspegh Rarause Aliis 6o Bs I, geferation of

defects such as ghosts and flares due to a reflected light in taking an image can be prevented when

applied to V@ PYAGHafdmasiracitednagrih seles thepidaanalydeiuredispmbipahissasepatterned
on the surfacerpidbr suaiatel shesadana Rasessiteln Ritash anebenlight shie'dirg pemphrr and the

like to the wafer Jevel lens and an increase in the production cost can be suppressed.
optical axis of a lens on both surfaces of the lens module.

Fig. 8 is a view showing another constitution example of a wafer level lens. The wafer
level lens of Fig. 8 has a constitution (monolithic type) having a lens module in which the
substrate | and the lenses 10 are molded simultaneously from the same molding material. As
the molding material, the same material as described above can be used. In this exémple, a
plurality of concave-shaped lenses 10 are formed on one surface (upper side surface in the
figure) of the substrate 1 and a plurality of convex-shaped lenses 20 are formed on another
surface (lower side surface in the figure). The black resist layer 14 is patterned on regions
excluding the lens surface 10a on the surface of the lens module, that is, the surface of the
substrate part and the surface of the lens marginal part 10b.  For patterning of the black resist
layer 14, the procedure as describe above can be applied.

Next, another procedure for patterning the black resist layer will be explained. In the
above-described example, the black resist layer is patterned on the substrate carrying thereon
lenses, while in the procedure expiained below, a black resist layer is pattemed on a substrate,
then, lenses are molded on the substrate.

Fig. 9A to Fig. 9C are views showing another procedure of patterning of a black resist
layer. Fig. 10A to Fig. 10C are views showing a procedure of molding lenses on a substrate

carrying thereon a patterned black resist layer.



When a construction having an uneven surface is disposed around a lens as in a structure shown in
patent document 2, there is a fear of tendency of generation of defects such as ghosts and the like by
reflection or radiation of an incident light in the construction. In contrast, since the black resist layer 14
is patterned on a region excluding the lens surface 10a of the lens 10 as shown in Fig. 2 in the wafer
level lens of the present invention, a light can be shiglded at regions other than the lens surface 10a
and optical performances can be improved. 42 Next, the transmittance and the reflection rate of the
black resist layeFivigre tneiasetiedlayeHigmiibA iR dfapaINissifinSpetitursBowingoligdianstuttance
against the wavelength of an incident light..Here, the black yresist layer is formed with an average
ks DU by oIRGB A BT S RO T PSP oLt AL

transmittanEez dtAhie dtacld resist can be suppressed to 0.4% or less for a visible light having a

length of 4 onedd ' ' flecti t inst th length
of an incient Tghl Do T e M a e e R e vt

chromium waé gisriijectiaaddropsratpie phdiCdadl AFéer éutdd Iighewadniddstawaddondhe driedtion
inclined byé_itrfa@smMﬁrﬁiﬁ@kqyﬁ&tlgpe%m%fggégﬁrxya{%%acgccmcﬁég-tala@sim@cf%&bn%é&e

vapor-deposited film is shown by a dashed line, and the graph of the spray-coated film is shown by a
dashed linssUal Holahishisliing propsg¥euAdim brehanfeRarsisrbaten sherangp el dcorre @rivarean be
lower than %ﬁtlggstﬁﬁnvg{pgﬁigjeposited film for a visible light having a wavelength of 400 to 700 nm,
and its reflection rate can be suppressed to 1% or less. Further, it is found preferable to form a black

resist layer partit@tar§hs¥BprHg G6tiHgcaTesd, A dthehisbnEwlnienk axdshhecsfthdomasdriredd lens will
be explainagack figs 14is RcHassRectiqrabviavhshowing snatst constitutionexample af the wafer

level lens. Fig. 12 is a cross-sectional view corresponding to the line A-A cross-sectional view of the
wafer level 1hs SHEWATh FidiaF 2 PIRECEREMMARKABLD, a%&amw%ﬁh&wsﬁa%a FEREEEL0 are
disposed onfahe Hutaee ofiiher Juhsiiatechrintbat My el o6 16Npa% 20 axinovatiens gurtaae: 20a
protruding in a.convex shape are disposed on another surface thereof The lens 10 has ,
Concave IR TRRC D 1 S AR g AT RN LR R 6B ere, the
lens surfacefliBa Hlaskarsoptigar prbpentyicicandedtrating siticadiédtinglans nsidegt lightfinbhthkeldens 10

toward a dagjre.giigeion. And M suveluganddie slace shone.eteotars designgdinaew o

this optical property. In this example, the heig ns marginalpart rom the substrate 1 is

higher than! thexciistiae 6f Rhgitien 5 theaeasiareningTHs ribaieniul® ignoirtddsdighattidiafntcal axis of
each lens 10:00008 sUHACE eiihe subsiraie ARG hairpHcalaxis QlihedensROPRRNPINRN Sdrface

thereof coincide.  The shape of the lenses 10 and 20 is not particularly restricted, and for example, a

lens havind 2 st RS EE 2 PbRYSFIAS ARG S ARL W ARRSK RethPchdMtSs, a convex-shaped lens may be
used, or an aspbrsicabiens-may alsabeaikaedeveloping treatment (developing step), only the resist

layer of a region corresponding to the lens opening 14a of the lens 10 which is not cured by
the above-described exposure is dissolved in an alkali aqueous solution. In contrast, the
photo-cured black resist layer 14 at regions excluding the region of the lens opening 14a of the
lens 10 remain on the substrate (see, Fig. 9C). As the alkali agent, the same agent as used in
the procedure as described above can be used. Then, an excess developing liquid is removed
by washing, and drying is carried out.

After carrying out the above-described black resist layer forming step, exposing step and
developing step in the production method of this example, a curing step of curing the formed
shielding pattern by the above-described post bake and/or exposure may also be contained, if
necessary.

Next, the molding material M constituting the lens 10 is dropped by the dispenser 50 on
the substrate 1 on which the black resist layer 14 has been patterned, as shown in Fig. 10A.
The molding material M is fed so as to cover a region corresponding to the lens opening 14A

of the lens 10 and to partially include the end of the black resist layer 14 adjacent to the



In this lens module, a light shielding layer 24 is provided so as to cover the surface of the 43 lens
marginal part 10b of the lens 10 and the surface of the substrate 1 between the lenses 10. The light
shielding layer 24 is patterned on a region excluding the lens surface 10a of the lens 10, on the
surface of the lens module. When the wafer level lens has a constitution of lamination of two or more
lens modules, the light shielding layer 24 is providegion the surface of the lens module situated at the
outermost position of the incident side. The light shielding layer 24 is formed with a pattern having an
opening at appaltdntersecting the optical axis of the lens 10. The light shielding layer 24 may partially

cover a peripher t af the lens surface 10a.. . The light shielding laye has g _reflection rate of
20 o toas and A TG SR S BP GLEE BT ERL Y DRREATGI: neY S UEIBH IHEA 766 B 700 i
The light shieighsg!layeh&dncontagnd @Bmetah iateridl hdchasslenerrtianslitfan carafdrhighis
reflection r r a.\isi ight than.that of a flection light shielding layer described later. Since
the light sh?é%?%&ﬁ%@%%ﬂitg%?s %gé%%ﬁ%ﬁ%%%%%o%igeﬁ glr%l%hgrl(é%segg?@égsfﬁ)ﬁf the lens 10 of the
substrate 1, it hd®amekebnsafiusdrd diribeanigfiiner auiatad Mhaedionststire thahetheyldafsuiface 10a.

By this congfitutigns;a ingidentlioht isshigided Rﬁ_t‘iﬁgL%Qﬁgoﬁ}e{h@‘%&{&%éeﬁérﬁ&fﬁfacﬁr&? gicthe lens
10 by the light shielding layer 24. The metal material contained in the light shielding layer 24 will be

described I5f8AitonOfoRTRIE e WM Sctitly 1adding imeriash drsh rsgitaaigRidity e lens
surface 20a-pidhedansrle Qe HHach ARRO TR BRI RIHa s FANYNR hREeaR 4l ikt Nielding

layer 24 of the lens module. The low reflective light shielding layer 14 may partially cover a peripheral

part of the &4 SR8 CSIn 8T R HTAIONG  RYFRRIRASSHt shielding layer 14 is constituted of the
above-described fitackderistdasermoldihgsnatlighlt xeftectiobstale lowerttrasdhat ehavneirhliayer and

the like, disadvantage ch as.ghosts, flares and the like due to light reflection can be reduced.
e 15 s o e B e B S PR ST Fig. 12,
Fig. 13 showésrgerditichoitaingd. B¢ Connecting a spacer to the substrate 1 of the lens module, then,

providing one lefec1l.apd.gne iRas 20 AL sl iR Ry disig: T e sptical aximolinglens 10 and

the optical axis of the lens 20 coincide. The spacer 12 may also be integrally mold the substrate 1

as a part of 9 sUbEtEB exCidigdhe isdurasan s ttielentdd rn dhroshentens tholtaleaiwiwiching

the spacer 42 Jsmﬁdwﬁsmguie@,ameb@@wﬁ%om MSPRRRrRURSIRRICPANAWIGhing. thasprcer 12.
In the constitution shown in Fig. 13, the light shielding |§,¥§r 24 is disposed on a re}gjon excluding the

lens surfacBPHSd GFih&ILHs198 bR e mEisHriHER ﬁﬁ%‘ﬁen‘ﬁ‘s?g% Sfmele of Fig. 10C, the

black resist layer 14 functions as an optical diaphragm in the lens module, and the diameter of
the lens opening 14a is the effective diameter of the lens 10.

In this wafer level lens, an incident light can be shielded by the black resist iayer 14 of
low reflection rate patterned on the surface of the lens module or the surface of the substrate,
and reflection of lights in the lens module and between the lens modules can be suppressed.
Because of this constitution, generation of defects such as ghosts and flares due to a reflected
light in taking an image can be prevented when applied to an imaging module having an
imaging device.

Since the black restst layer 14 is patterned on the surface of the substrate, there is no
necessity to attach another light shielding member and the like to the wafer level lens and an
increase in the production cost can be suppressed.

When a construction having an uneven surface is disposed around a lens as in a structure
shown in patent document 2, there is a fear of tendency of generation of defects such as ghosts
and the like by reflection or radiation of an incident light in the construction. In contrast,
since the black resist layer 14 is pafterned on a region excluding the lens surface 10a of the
lens 10 as shown in Fig. 2 in the wafer level lens of the present invention, a light can be

shielded at regions other than the lens surface 10a and optical performances can be improved.



44 lens module. On the surface of the substrate 1 on which the lens 20 is disposed, the low reflective
light shielding layer 14 is formed with a pattern having an opening at the lens surface 20a of the lens
20. Fig. 14 is a cross-sectional view showing an imaging unit having the lens modules of Fig. 12. In
the lens module LM1, a convex-shaped lens 10A is molded on the upper surface of the substrate 1A,
and a lens 20A having a concave-shaped lens surfé@@e is molded on the lower surface. On the upper
surface of the substrate 1A, a light shielding layer 24 is patterned on a region excluding the lens
surface of the leNex1.0he Guthations agithandivaediectivefighttdhik|disigr layer idénpatiended on a

region excludin . 0 odul | is.the light jncident
side outermost %:3%21('%(.] %%ﬁ%ﬁ%ﬁ%ﬁ?ég ayer%rzal}gﬁgi@%o%f%}g%drﬁ g‘fﬁggg%yg%g}l\% of this %%ﬂrqug; The
shape of patiensidepblighe |oberefibetileckgksisihietdine fleryaedlitineh thetighttbivieldingfliayen B4 is not

resticted. aprline e sciedibicEhicldingayah 14,214 g o SISkl IRySRd, may be formed

with a pattern having an opening at a part intersecting the optical axis of the lens, and the Same shall
apply to théheRizelEetiviechy hestiamrsigdaipe? 420 strtinss dar arideible dight haxint 3. wamlghatten§ module
LM2, a conggyershapgad lens 10B is molded on the upper surface of the substrate 1B, and a lens 20B
having a convex-shaped lens surface is molded on the lower surface. This lens module LM2 has
basically the sanfe CORLHASERD QKB AbRIBHS CHONPARERRY tornTammiensi sh Sidrmnighiyer 14 is
disposed oHadegifhress!uding theclanmsudacesfrtaeptensdaiionthe suriacerotthsnians wmadule
LM2, that is on,_thetl ns marginal art gnd agre ién.cg no lens 10B O%the surface of the substrate 1B.
I this exarBrySRE TR AR R LA by P L3 PP HGeREch IHETADAPUEACE of the

substrate 18, froweher yerfiadteimeditontaefhe ctiveslighfshieiding. layeriid may, badigpesest akea region
excluding the ler ] th 20B. . In the lens module LM3 aspherical-shaped.lens 10C
is molded o%ﬁ%ﬁ%@gﬁgé%ﬁﬁiﬂsg%ﬁr%% I% lé%d glf]gr%%ez%r&p a%?r%ea#ggb?%ﬁga -srﬁsz)ed lens
surface is rifstHadgritHashsd dinsurfasshomrbint i rid S stofstieulsh dpt dbie ke fidviBonretpattaheed low

reflective Iigﬁuragm&@éaqﬂay@anlﬁe iR Aisnasethan? iRolRnexalling ths, 1808 suiiages ol the laps 10C

and the lens 20C. The low reflective light shielding layer 14 may be provided on the surfaces of the

substrates A A2Y gt 12 6Phie 1EAR ARdemdsiisvElEationare B, he spapIRsend, br Haybeprovided
on some offtenet/rtacesuall therfsubratrsmhA blRiandidGaybhgdaumefiotivglightcahiglding layer 14

may advantagegusly be formed with a pattern having ap opening at a part 45 intersecting the optical
axis of the Iens&é;{gﬂn B %%tﬁb@,no%iﬁ‘é’%tﬂ%%%%%{émﬁvﬂd%nﬁ]‘éfﬁm’@sem}ﬁ{r’fﬂd2 and LM3 or the

surfaces of the Substtatescidss-bB-anthiGevrsHosiimgagintgenninaiheiomembels antcratitsions are as
shown in I:fgﬂsd' Fig. 12 is a cross-sectional view corresponding to the line A-A cross-sectional view of
the wafer level lens shown in Fig. 1.

As shown in Fig. 12, a plurality of concave-shaped lenses 10 are disposed on one surface
of the substrate 1, and a plurality of lenses 20 having a lens surface 20a protruding in a convex
shape are disposed on another surface thereof. The lens 10 has a concave-shaped lens
surface 10a and a lens marginal part 10b around the lens surface 10a. Here, the lens surface
10a has an optical property of concentrating or radiating an incident light in the lens 10 toward
a desired direction, and the curvature and the surface shape thereof are designed in view of this
optical property. In this example, the height of the lens marginal part 10b from the substrate
1 is higher than the center of the lens surface 10a.

This lens module is molded so that the optical axis of each lens 10 on one surface of the
substrate and the optical axis of the lens 20 on another surface thereof coincide.

The shape of the lenses 10 and 20 is not particularly restricted, and for example, a lens
having a lens surface 10a protruding in a convex shape, that is, a convex-shaped lens may be

used, or an aspherical lens may also be used.

In this lens module, a light shielding layer 24 is provided so as to cover the surface of the



In the case of a constitution of lamination of the lens modules LM1, LM2 and LM3 as shown in Fig. 14,
the light shielding layer 24 is provided on the surface of the top lens module LM1 closest to the light
incident side or on the surface of the substrate IA. The light shielding layer 24 has lower transmittance
and higher light reflection rate than the low reflective light shielding layer 14, and has a reflection rate
of 4% or less and a transmittance of 0.1% or less fagza visible light having a wavelength of 400 to 700
nm.  The light shielding layer 24 is formed on an at least partial region of the surface of the lens
module LMissituatgidaatpire l@ghsinkidend sidemoukersaefatposiionubsirsidonbrindeigthb4Hass light
shielding layer 24 js formed with g pattern having an opening at a part intersecting the aptical axis of
the lens, o?%‘ﬁeg éﬁ{r g&:eef%?%h%ygﬂﬁglr% 5 oefnfﬁée{ é?n%rﬁ%%f:ex ﬁk?f]in i?ﬁ%%gasasfl f aemfiggﬁ:t1 f?}%ilgse%?%ide
outermost positimhadfisopé g lamayrfoddion $hen tetivaldidprdapm dayesponsdingita the
effective digmeter 9{5??\48%?{% 1'&[!@ \é/&jfér I l-l ight-shieldi r 24 and the low
reflective light shieolding layer 12.reThe I?aht sh?é?g{%é@g;éﬁ%sﬂl élsl‘%41 uz?lpblg h ﬁdpﬁéé%%r%ﬁ?n%u{?%cﬁsmission
of a light incthidsigpsmaduissiefidtridha Halsrmrsd RiRGIront threintidsiteidt thelwalehtehdibing .
Partlcularlnwaezn%%ﬁﬁ@@/&tﬁ?ﬁ@{%@f@%%@ﬁ%ﬁ%ﬂ igbLiNceming: oM. e op S4bsirgle surface

is reflected by the Ii%ht shielding layer 24 at a region other than the lens, and it is possible to prevent
the light peliBirifed thiolig shieiss Bise CthmatmeTéaly romsreneirier) Petebd dessiB@sates and

to the senspyasubstrate side. By providing the low reflective light shielding layer 14, transmission of
a light at a regiop other than the lens surface of the lens can be prevented. =~ By providing both the
light shielding Ia er%%’ér%\a‘? éﬁ%\fﬂ%ﬂz&%ﬁ@ foF SRR let 24" q?ﬁl’f’t”ﬂe%gﬁ%ﬂﬂﬁtﬁlﬁ%ﬁfother
than the lefid taor hesy &ftecied iy libe: ighinghieldingelayio? 4pand @oamif a light penetrates into the
substrate without reflectign by. the light,shielding layer. 24, the light can be shie|ded hy the low
reflective light s#eel ‘u%t I%?/glfrgglf.qﬁ}c%o%iﬁ%??/?igl?%ﬁg}laett%r?l 0 Tfé??t ?Pé%%s%%izos‘fgﬁ %&ﬁn rpé)ﬁaé%%?o?\ngt a
region othdrighenmiedding seifdee aftsiblerdigbathbe tatvehtethwandidefootdighoptichliperfarenances
such as ghgstsiapd flaes daking ﬁ%mmgﬁagnégsﬁwgraﬁﬁgged ol WIS IRGE 16 @01 shielding

layer 24 and the low reflective light shielding layer 14 are formed on the surface of the substrate, there
is no nece$&H#%® %&@&ﬂ&%ﬁe&\i%@%ﬁ%ﬂi@rﬁihglﬁﬁ%?oféwaﬁwm%rﬁﬂéctmﬂfélwhw@mm and an
increase ingdige,R QvstiaRCOStiIEANAEREPIVESSBY-this Logs@Mtkalleativeiliohtiphieldingdryero44 can be
formed by the same procedure as for the above-described black resist layer. That is, before formation

of a lens off &b StPsT AR AT REFe 18 COAREITI b UFRSCAeBF fhiedins e e chited black
resist layemtonmedalitoapatteimthaliglg dicbfieniageata palthntResaetiog.tbe optical axis of the lens,

then, the lens is integrally molded with the substrate, thus. the lqw reflective light shielding layer can
be formed. Atﬁﬂ‘agti{/%ﬁ(g?%[wg ?(’)%%}Vyrg 1eet(i:%\r/'g Ill%ﬁrs ?elléiralésf)é)ﬁ%gr r'%naf/l arFsgtl)OBe%% lélhné'd%f/ggel#]ethod in
which the abdeesdscoibén lsns & nvolded smfacs uippisite, ta Blackinesistdayergdsivoatedienitite lens

surface of g el angkinessurfage ghingslieaim i eddank Bel! é@yg‘%ﬁg 2 YT U, Pattern

having an opening ata part intersecting the optical axis of the lens. ielding layer can

be formed ByriRBYseav ArgTHicEs por widhelerefudace Aht shielding layer.

Since the low reflective light shielding layer 14 is constituted of the above-described
black resist layer and has a light reflection rate lower than that of a metal layer and the like,
disadvantages such as ghosts, flares and the like due to light reflection can be reduced.

Fig. 13 is a cross-sectional view showing a deformed example of the wafer level lens
shown in Fig. 12.  Fig. 13 shows a condition obtained by connecting a spacer to the substrate
1 of the lens module, then, providing one lens 10 and one lens 20 on the substrate 1 by dicing.
The optical axis of the lens 10 and the optical axis of the lens 20 coincide. The spacer 12
may also be integrally molded to the substrate 1 as a part of the substrate 1.  This lens module
can be connected to another lens module sandwiching the spacer 12. This lens module can
be connected to a sensor substrate sandwiching the spacer 12.

In the constitution shown in Fig. 13, the light shielding layer 24 is disposed on a region

excluding the lens surface 10a of the lens 10, on the surface of the light incident side of the



It is preferable that the low reflective light shielding layer is formed particularly by spray coating as
shown in Fig. 11. The present specification discloses the following contents. (1) A wafer level lens
having at least one lens module having a substrate and a plurality of lenses formed on said substrate,
in which the wafer level lens has a black resist layer formed on the surface of said lens module or on
the surface of said substrate, and said black resist layer is formed with a pattern having an opening at
a part intersecting the optical axis of said lens.  (2) A wafer level lens having at least one lens
module havimg anedidstratenaibd auplarality tbé lensesttoinadvdictaibesichstpatés dispdueh the wafer level

lens has a |j ield L?}/ ] 0 least partial region .of the light incidence si(Le outermost
surface of g% TZ%%G r%églgu eeg%l(%? %Ta(?’v%rrerﬁzigti%éer%% t‘%ﬁllge?d |Ir)1ag %/ehra%rrlﬁ]gg \Rﬁ&nlg%gﬁélr]ﬁ eél\?ing an
opening at Bigace e pdabenens¥ optical axis of said lens, on the surface of said lens module or on the

surface of said ﬁ}&?%ti%edQIJGESV%E@{&?@%QQ%MH@Q&%&JQ%%B}E{ MR SHILAES x%'&l&ﬁ@é%iﬂf% "

shielding layer has lower transmittance for a visible light and higher reflection rate than said
reflective Iiéyﬁt shielding layer.  (3) The wafer level lens according to (2), in which said low reflective

light shielding layemisianblaskRgist layebnvex(4habbe 1wafen e yehisRs Ac OIS dPs(HHRE (Bhin which
said black regist layer is formgd 47 %{jing,a black resist composition. (5) The wafer level lens

PSR n S (4P AARB RGP RS pibaereSi RvECedhamidedrindhe BP&arbon

according t9
black, silvestifacend Gtawtiampplackiface(6) thheubafer|euekltipBiasridingaieery ionereifdd o3 to (5), in

which said DIack (CaRkIBYSRNA%8 telleclion £%.01 3O 83 A WA AN Senll e fEnes o
visible light having a wavélength o o) run.
shielding layer 14 is patterned on a region excluding the lens surface. Here, the upper
surface of the lens module LM1 is the light incident side outermost surface. The light
shielding layer 24 is disposed on at least a part of this surface. The shape of patterning of the
low reflective light shielding layer 14 and the light shielding layer 24 is not restricted, and the
low reflective light shielding layer 14 and the light shielding layer 24 may be formed with a
pattern having an opening at a part intersecting the optical axis of the lens, and the same shall
apply to the low reflective light shielding layer 14 of the lens modules LM2 and 3.

In the lens module LM2, a concave-shaped lens 10B is molded on the upper surface of
the substrate 1B, and a lens 20B having a convex-shaped lens surface is molded on the lower
surface. This lens module LM2 has basically the same constitution as shown in Fig. 3. A
patterned low reflective light shielding layer 14 is disposed on a region excluding the lens
surface of the lens 10B on the surface of the lens module LM2, that is, on the lens marginal
part and a region of no lens 10B on the surface of the substrate 1B. In this example, the low
reflective light shielding layer 14 is not disposed on the lower surface of the substrate 1B,
however, a patterned low reflective light shielding layer 14 may be disposed on a region
excluding the lens surface of the lens 20B.

In the lens module LM3, an aspherical-shaped lens 10C is moided on the upper surface
of the substrate 1C, and a lens 20C having an aspherical-shaped lens surface is molded on the
lower surface. On both surfaces of the lens module LM3, the patterned low reflective light
shielding layer 14 is disposed on a region excluding the lens surfaces of the lens 10C and the
lens 20C. The low reflective light shielding layer 14 may be provided on the surfaces of the
substrates 1A, 1B and 1C of the Jens moduies LM1, LM2 and 1.M3, respectively, or may be
provided on some of the surfaces of the substrates 1A, 1B and 1C. The low reflective light

shielding layer 14 may advantageously be formed with a pattern having an opening at a part



(7) The wafer level lens according to (2), in which said light shielding layer contains a metal material.
(8) The wafer level lens according to (2) or (7), in which said light shielding layer contains chromium.
(9) The wafer level lens according to any one of (2), (7) and (8), in which said light shielding layer has
a reflection rate of 4% or less and a transmittance of 0.1% or less for visible light having a wavelength
of 400 to 700 nm  (10) The wafer level lens accodding to any one of (1) to (9), in which a plurality of
said lens modules are laminated via a spacer formed on said substrate  (11) An imaging unit having
lens modulesokicting dlizy quijval ating chitlesidostrald Af $aR teds IDOdute thecmrdines tofathy dara of (1) to

(10) so thaﬂr?&ﬁﬁe?lﬁ%!QWB%%EI)@@@J%%%?EQ%9%%9.&%‘&%?& p ﬁﬁeﬁggqrﬁubstrate on which said

imaging device Is disposed. (12) Am producing a wafer level fens having at least one lens
module having arsiisstiagieguni. silealmeobiheubdorribdiors ssidsshestraie Fig. which before

formation of saigyjeRsesonRsaithsuhstateBbiackesistdayrnis foaiRd eRrhe srface olig,

substrate, said coated black resist layer is formed with a pattern having an opening at a part
intersecting & BBt A< el seisidinedrvs At Terordedaty g sidsealfdbedaniuiosedee (13)

A method af produsing & waderdavehlenshadingableast engdensmadulehaving & substraigand a
aid substrate, in whic [ bstrate, a black

Fesiat lyer IS B |G KON Or @ M B PRSPt Bt . b s
black resistridieetiis f'@meldeldthgalqgaﬂﬂnah&%m&@fﬁp&ﬁmgtabﬁ@ar@jﬁﬁﬁé@@ﬂﬂgﬁhﬁi@ﬁﬁ&&bﬁxis of
resit layer s S e Mt g ety A8 R metnoof & wafor vl lens
according to anylbmbghft ¢hRdidongl iy einddhiclomadd biaok aebisst aysisispeitte niatidyuphotalitiiegraphy.
(16) The produchippeMediala Al fEa! IGAIACSRITNAIX W08 (18} BddRinFig. 14,
the light shielding layer 24 is formed with a pattern having an opening at a part intersecting the
optical axis of the lens, on the surface of the substrate of the lens module LM1 situated at the
light incident side outermost position, and its opening may function as an optical diaphragm
corresponding to the effective diameter of the lens A.
This wafer level lens has the light shielding layer 24 and the low reflective light
shielding layer 14. The light shielding layer 24 has a function of preventing transmission of a
light in the substrate, by reflecting a light incoming from the outside of the wafer level lens.
Particularly when a plurality of substrates are disposed, a light incoming from the top substrate
surface is reflected by the light shielding layer 24 at a region other than the lens, and it is
possible to prevent the light penetrated through a region other than the lens from penetrating
between the substrates and to the sensor substrate side.
By providing the low reflective light shielding layer 14, transmission of a light at a
region other than the lens surface of the lens can be prevented.
By providing both the light shielding layer 24 and the low reflective light shielding layer
14, a light penetrating a part other than the lens can be reflected by the light shielding layer 24,
and even if a light penetrates into the substrate without reflection by the light shielding layer
24, the light can be shielded by the low reflective light shielding layer 14. Accordingly,
generation of light transmission and reflection at a region other than the lens surface of the
lens can be prevented, and defects in optical performances such as ghosts and flares in taking
an image can be suppressed.
Further, since the light shielding layer 24 and the low reflective light shielding layer 14

are formed on the surface of the substrate, there is no necessity to attach another light



48 which said lens is molded on said substrate with a mold.  (17) The production method of a wafer
level lens according to any one of (12) to (16), in which said black resist layer is formed using a black
resist composition.  (18) The production method of a wafer level lens according to any one of (12) to
(17), in which said black resist layer contains any one of carbon black, silver-tin and titanium black.
(19) The production method of a wafer level lens aggording to any one of 02) to (18), in which said
black resist layer has a reflection rate of 2% or less and a transmittance of 1% or less for visible light
having a walieldimgtmehieOatl 200 ltm fo thE2@hfEhé& prbbiustion methodasé anwindarrteivetilensoaccording
to any one QInOL?e)sW%]Q .in which a plurality of said lens modules are laminated via a spacer formed
on said substrate. Industrial Applicability = The above-described wafer level lens and imaging unit can

be applied in praddading hdntagihghergingdetoiaruintadivnnpdinotidigitk emmedass endascopic
instruments,PeHiRRIR QIRAIANIGARSILRGRS AN Hhe ke fore ROMIRANG PIGSENLINY RO WAS

explained in detail or referring to specific embodiments, it is apparent to those skilled in the art that

various chattf&s aHe naBefifie RS oth he mHae\itHBasuBYE#mdhrorRatkd Siaek aprisineysedpe of the

present inveR#Ra with gtisianianplisalieniis kases-ondaranesmPalaolARNisairndiledien, August
13, 2009 (Japanesge PatenﬁéAg%gfmt'on‘No 2009_1878;6‘8%’ Japanese_Patent Application filed on
September'®® FH9°% FURHREE SIS fWAthﬂ?Sagﬁgﬁ%t& oBp 365155 HER! slding JpiRtation
filed on Septarnbénrhe2009 (Japanese Patent Application No. 2009-208366), Japanese Patent

Application filed gn, Septemb, 200 P t lication No. 2009-208367), J
apanese G G .on ine
2010-180654), JapapeseaisntArpiication ied o él%gefé{e,lM%Obﬁagp@&?fﬁfé%%wf@g%écaﬂ0”

No. 2010-180627) and Japanese Patent Application filed on August 11, 2010 (Japanese Patent

Application¥8. PPATIgHE IE) athereBite At tEtdBlEsHE M thsrppiistt e rdithb yersferédeethe

Explanatiom; &ftiia¢lding layer can be formed by the same manner as for the low reflective light shielding
layer.

It is preferable that the low reflective light shielding layer is formed particularly by spray
coating as shown in Fig. 11.

The present specification discloses the following contents.

(1) A wafer level lens having at least one lens module having a substrate and a plurality
of lenses formed on said substrate, in which the wafer level lens has a black resist layer
formed on the surface of said lens module or on the surface of said substrate, and said black
resist layer is formed with a pattern having an opening at a part intersecting the optical axis of
said lens.

(2) A wafer level lens having at least one lens module having a substrate and a plurality
of lenses formed on said substrate, in which the wafer level lens has a light shielding layer
formed on an at least partial region of the light incidence side outermost surface of said lens
module and a low reflective light shielding layer formed with a pattern having an opening at a
part intersecting the optical axis of said lens, on the surface of said lens module or on the
surface of said substrate other than said light incidence side outermost surface, and said light
shielding layer has lower transmittance for a visible light and higher reflection rate than said
low reflective light shielding layer.

(3) The wafer level lens according to (2), in which said low reflective light shielding
layer is a black resist layer.

(4) The wafer level lens according to (1) or (3), in which said black resist layer is formed



1: Substrate 10: Lens 49 14: Black resist layer (low reflective light shielding layer) 24: Light shielding
layer 50 CLAIMS 1. A wafer level lens having at least one lens module having a substrate and a
plurality of lenses formed on said substrate, = wherein the wafer level lens has a black resist layer
formed on the surface of said lens module or on the surface of said substrate, and said black resist
layer is formed with a pattern having an opening at4/ part intersecting the optical axis of said lens.

2. A wafer level lens having at least one lens module having a substrate and a plurality of lenses
formed on Saivzsuiletiatesist composition.

(5) The wafer level lens according to any one of (1), (3) and (4), in which said black
resist fayer contains any one of carbon black, silver-tin and titanium black.

(6) The wafer level lens according to any one of (1), (3) to (5), in which said black resist
layer has a reflection rate of 2% or less and a transmittance of 1% or less for visible light
having a wavelength of 400 to 700 nm.

(7) The wafer level lens according to (2), in which said light shielding layer contains a
metal material.

(8) The wafer level lens according to (2) or (7), in which said light shielding layer
contains chromium.

(9) The wafer level lens according to any one of (2), (7) and (8), in which said light
shielding layer has a reflection rate of 4% or less and a transmittance of 0.1% or less for
visible light having a wavelength of 400 to 700 nm.

(10) The wafer level lens according to any one of (1) to (9), in which a plurality of said
lens modules are laminated via a spacer formed on said substrate.

{11) An imaging unit having Jens modules obtained by separating said substrate of said
lens module according to any one of (1) to {(10) so that each module contains said lens, an
imaging device, and a sensor substrate on which said imaging device is disposed.

{12) A method of producing a wafer level lens having at least one lens module having a
subsirate and a plurality of lenses formed on said substrate, in which before formation of said
lenses on said substrate, a black resist layer is coated on the surface of the substrate, said
coated black resist layer is formed with a pattern having an opening at a part intersecting the
optical axis of said lens, then, said lens is integrally molded on said substrate.

(13) A method of producing a wafer level lens having at least one lens module having a
substrate and a plurality of lenses formed on said substrate, in which said lens is molded on
said substrate, a black resist layer is coated on the lens surface of said lens and on the surface
of said substrate, and said black resist layer is formed with a pattern having an opening at a
part intersecting the optical axis of said lens.

(14) The production method of a wafer level lens according to (13), in which said black
resist layer is coated by a spray coating method.

(15) The production method of a wafer level lens according to any one of (12) to (14), in
which said black resist layer is patterned by photolithography.

{16) The production method of a wafer level lens according to any one of (12) to (15, in



wherein the wafer level lens has a light shielding layer formed on an at least partial region of the light
incidence side outermost surface of said lens module and  a low reflective light shielding layer
formed with a pattern having an opening at a part intersecting the optical axis of said lens, on the
surface of said lens module or on the surface of said substrate other than said light incidence side
outermost surface,  and said light shielding layer4#as lower transmittance for a visible light and
higher reflection rate than said low reflective light shielding layer. 3. The wafer level lens according
to Claim 2, widrehdsars lomolsitd stiveritpbshistowith layends a black resist layer. 4. The wafer level

iens according i £ 3o i GEABLAIA Blark [ERIPIY BL A hPG ORISR in
composition. ~ 5. The wafer level lens according to any one of Claims 1; 3 and 4, wherein said black
resist layer'dyRbainid Bleglorsalsieis dopmed uamea hiack TestieasiiPPBiiek. 6. The wafer level lens

according to any;1gne1ef (4aibsoh Bei@ s syhakairsaidinlacklesiatdayenhns witesinniateipf 12% or

less and a transmittance of 1% or less for visible light havirﬁlﬂ)a wavelength of 400 to 700 nm 51 a
metal matePaich sais! Bk resivt ARG PRBIA NS AT AN P16 EIaM P B S Tl RHERMGHIRPHYRHEIding layer

contains chromium. The production method of a wafer level lens according to any one of (12) to (18), in
which said black resist layer has a reflection rate of 2% or less and a transmittance of 1% or

less for visible light having a wavelength of 400 to 700 nm.
(20) The production method of a wafer level lens according to any one of (12) to (19), in

which a plurality of said lens modules are laminated via a spacer formed on said substrate.

Industrial Applicability

The above-described wafer level lens and imaging unit can be applied in producing an
imaging lens provided on an imaging part of digital cameras, endoscopic instruments, portable
electronic instruments and the like.

Though the present invention was explained in detail or referring to specific
embodiments, it is apparent to those skilled in the art that various changes and modifications
can be made without deviating from the spirit and the scope of the present invention.

The instant application is based on Japanese Patent Application filed on August 13, 2009
(Japanese Patent Application No. 2009-187858), Japanese Patent Application filed on
September 9, 2009 (Japanese Patent Application No. 2009-208365), Japanese Patent
Application filed on September 9, 2009 (Japanese Patent Application No. 2009-208366),
Japanese Patent Application filed on September 9, 2009 (Japanese Patent Application No.
2009-208367), Japanese Patent Application filed on August 11, 2010 (Japanese Patent
Application No. 2010-180625), Japanese Patent Application filed on August 11, 2010
{(Japanese Patent Application No. 2010-180626), Japanese Patent Application filed on August
11, 2010 (Japanese Patent Application No. 2010-180627) and Japanese Patent Application
filed on August 11, 2010 (Japanese Patent Application No. 20106-180628), the contents thereof

being incorporated herein by reference.

Explanation of marks
1: Substrate
10: Lens



9. The wafer level lens according to any one of Claims 2, 7 and 8, wherein said light shielding layer
has a reflection rate of 4% or less and a transmittance of 0.1% or less for visible light having a
wavelength of 400 to 700 nm  10. The wafer level lens according to any one of Claims 1 to 9,
wherein a plurality of said lens modules are laminated via a spacer formed on said substrate.  11.
An imaging unit having  lens modules obtained byt8eparating said substrate of said lens module
according to any one of Claims 1 to 10 so that each module contains said lens, an imaging device, and
a sensor substrdte Biegthrssshigtiayinglaeivedighisbisddiag layed2. A method of producing a wafer
level lens having@tﬂ%g@g@jgg;sd%pdule having a substrate and a plurality of lenses formed on said
substrate, wherein before formation of said lenses on said substrate, a black resist layer is coated
on the surface of the substrate, said coated black resist layer is formed with a pattern having an
opening at a part intersecting the optical axis of said lens, then, said lens is integrally molded on said
substrate.  13. A method of producing a wafer level lens having at least one lens module having a
substrate and a plurality of lenses formed on said substrate,



wherein said lens is molded on said substrate, a black resist layer is coated on the lens surface of
said lens and on the surface of said substrate, and said black resist layer is formed with a pattern
having an opening at a part intersecting the optical axis of said lens. 52 14. The production method
of a wafer level lens according to Claim 13, wherein said black resist layer is coated by a spray coating
method.  15. The production method of a wafer leégel lens according to any one of Claims 12 to 14,
wherein said black resist layer is patterned by photolithography.  16. The production method of a
wafer level lens according to any one of Claims 12 to 15, wherein said lens is molded on said
substrate with a mold.  17. The production me, o}glﬁ‘sa wafer level lens according to any one of
Claims 12 to 16, wherein said black resist layer is formed using a black resist composition.  18. The
production method of a wafer level lens according to any one of Claims 12 to 17, wherein said black

resist layer containg aax0e6PlAatRomP\Acka SR %ﬂﬂiﬂf@ﬂ%ﬁﬂ%&%&tm@%ﬂ‘ﬁﬁ%%m

method of a wafer level lens according to any one of Claims 12 to 18, wherein said black réesist layer
has a refled BT8O BiSUESHAG-a transmittance of 1% or less for visible light having a

wavelength of 40@éeeif0BdWafer level lens has a black resist layer formed on the surface of said lens
module or on the surface of said substrate, and said black resist layer is formed with a paitern

having an opening at a part intersecting the optical axis of said lens.

2. A wafer level lens having at least one lens module having a substrate and a plurality of
lenses formed on said substrate,

wherein the wafer level lens has a light shielding layer formed on an at least partial
region of the light incidence side outermost surface of said lens module and

a low reflective light shielding layer formed with a pattern having an opening at a part
intersecting the optical axis of said lens, on the surface of said lens module or on the surface of
said substrate other than said light incidence side outermost surface,

and said light shielding layer has lower transmittance for a visible light and higher

reflection rate than said low reflective light shielding layer.

3. The wafer level lens according to Claim 2, wherein said low reflective light shielding

layer is a biack resist layer.

4. The wafer level lens according to Claim 1 or 3, wherein said black resist layer is

formed using a black resist composition.

3. The wafer level lens according to any one of Claims 1, 3 and 4, wherein said black

resist layer contains any one of carbon black, silver-tin and titanium black.
6. The wafer level lens according to any one of Claims 1, 3 to 5, wherein said black resist
layer has a reflection rate of 2% or less and a transmittance of 1% or less for visible light

having a wavelength of 400 to 700 nm.

7. The wafer level lens according to Claim 2, wherein said light shielding layer contains



20. The production method of a wafer level lens according to any one of Claims 12 to 19, wherein a
plurality of said lens modules are laminated via a spacer formed on said substrate.
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a metal material.

8. The water level lens according to Claim 2 or 7, wherein said light shielding layer

contains chromium.

9. The wafer level lens according to any one of Claims 2, 7 and 8, wherein said light
shielding layer has a reflection rate of 4% or less and a transmittance of 0.1% or less for

visible light having a wavelength of 400 to 700 nm.

10. The wafer level lens according to any one of Claims 1 to 9, wherein a plurality of

said lens modules are laminated via a spacer formed on said substrate.

11. An imaging unit having

lens modules obtained by separating said substrate of said lens module according to any
one of Claims 1 to 10 so that each module contains said lens,

an imaging device, and

a sensor substrate on which said imaging device is disposed.

12. A method of producing a wafer level lens having at least one lens module having a
substrate and a plurality of lenses formed on said substrate,

wherein before formation of said lenses on said substrate, a black resist laver is coated on
the surface of the substrate,

said coated black resist layer is formed with a pattern having an opening at a part
intersecting the optical axis of said lens, then,

said lens is integrally molded on said substrate.

13. A method of producing a wafer level lens having at least one lens module having a
substrate and a plurality of lenses formed on said substrate,

wherein said lens is molded on said substrate,

a black resist layer is coated on the lens surface of said lens and on the surface of said
substrate, and

said black resist layer is formed with a pattern having an opening at a part intersecting

the optical axis of said lens.
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14. The production method of a wafer level lens according to Claim 13, wherein said

black resist layer is coated by a spray coating method.

15. The production method of a wafer level lens according te any one of Claims 12 to 14,

wherein said black resist layer is patterned by photolithography.

16. The production method of a wafer level lens according to any one of Claims 12 to 15,

wherein said lens is molded on said substrate with a mold.

17. The production method of a wafer level lens according to any one of Claims 12 to 16,

wherein said black resist layer is formed using a black resist composition.

18. The production method of a wafer level lens according to any one of Claims 12 to 17,

wherein said black resist layer contains any one of carbon black, silver-tin and titanium black.

19. The production method of a wafer level lens according to any one of Claims 12 to 18,
wherein said black resist layer has a reflection rate of 2% or less and a transmittance of 1% or

less for visible light having a wavelength of 400 to 700 nm.

20. The production method of a wafer level lens according to any one of Claims 12 to 19,

wherein a plurality of said lens modules are laminated via a spacer formed on said substrate.



