1 SPECI FI CATI ON TI TLE OF THE | NVENTI ON: | MAGE CAPTURE LENS, WAFER
LENS, WAFER LENS LAM NATE, METHOD OF MANUFACTURI NG | MAGE CAPTURE LENS,

| MAGE CAPTURE LENS | NTERVEDI ATE PRODUCT, METHOD OF MANUFACTURI NG | MAGE
CAPTURE LENS | NTERVEDI ATE PRODUCT Technical Field [0001] The
present invention relates to an i mage capture lens, a wafer lens, a wafer

|l ens am nate, a nethod of nmanufacturing an i nage capture |ens, an inage
capture lens internmedi ate product, and a nethod of manufacturing an inage
capture lens internmedi ate product |ens. Background Art [0002] In the
field of manufacturing of optical |enses, there has been di scussed

techni ques for obtaining highly he%EEQ%E§Qﬁ%%9N optical |enses, by providing

| ens portions (optd r S¥of a curable resin such as
thangseiting ;es?ﬁ??gnBE %ﬁ%tﬁﬁﬂﬁ@?%)'ate. [ 0003] i An ﬁxenpiary_

met hod of nanufac g [ \Y ev i s.such as formng a
di aphragm f or adj&g%gﬁgcgggﬁg%féﬁ%' ?%%FgeﬁﬁNgrgﬁégﬁéaﬁQﬁg(ﬁ%ﬂﬂﬂ%ﬂﬁn is

conposed of 1 ARIALF MARFRETBANRD AusHPthbdlRs ABHsPT oYL NG, on, Lhe

LENS INTERMEDIATE PRODUCT, METHOD OF MANUFACTURING IMAGE

CAPTURE LENS INTERMEDIATE PRODUCT

Technical Field
(00011

The present invention relates to an image capture
lens, a wafer lens, a wafer lens laminate, a method of
manufacturing an image capture lens, an image capture lens
intermediate product, and a method of manufacturing an
image capture lens intermediate product lens.

Background Art
foo0z2]

In the field of manufacturing of optical lenses,
there has been discussed techniques for obtaining highly
heat-resistant optical lenses, by providing lens portions
(optical parts) composed of a curable resin such as
thermosetting resin, on a flat glass plate.

{0003]

An exemplary method of manufacturing an optical lens
ever developed is such as forming a diaphragm for adjusting
quantity of incident light, which diaphragm is composed of

a metal film formed on a substrate, and providing on the



2 surface of the diaphragma plurality of optical conponents conposed of a
curable resin, to thereby forma so-called "wafer lens". A plurality of
waf er | enses, respectively formed nonolithically, are then stacked and
bonded, whil e placing spacers in between or while bringing projections
formed concurrently with the optical sufface into contact, to thereby form
a plurality of conpound | enses, and the substrate is then diced so as to
singulate the | ens portions. This nethod of manufacturing successfully
reduces manufacturing costs of optical |enses. On the ot her hand,
the dicing of the wafer |lens for singulating the |l ens portions raises a

t echni cal probimts PéciPf Ot PRREMSS erlurandtypRe ety ImBre™ds stress
of the lens portions, .the |lens. porti.ons may occasionally separate fromthe

o bt i R g

substrate. ESPEGSEA y*f 8r “th S nter &t h8GFEYN a1 Forfsd

integrally w.th the substrate, an.additional oblemarises iin that the
sepa?atio% nﬁ?gﬁg ﬁﬁaﬁced!b§SﬂF@ﬁﬁ§? g s%ag%¥aé3H*FheIF§R§C56VF'Hns and the
substrat e hayvj t i faorned.thereon et n_the, suhstrate and

t he diaphraé%%@gghgggghg?ﬂé$§g§¥i5%?3inegr a%ggéglﬁxgﬁ%ﬁ?%EQH dibjEct of

A oYy iiealiys LALCE-aTPROLINRAMDY! (RIS, LR O APULANE. 04 the

i ndi vi dual ["ayers cofrposing the Tens portions dura icing stil

remains to be,gekvednclPrih €W, of; @bt 'enig. g,dggl Eé{’kgc@pfﬂ@'%czﬁ%tg%m- As

one of techniques of inproving the adhestve force anong t yérs_
formed in the epkhesl, e9PRONEHTSyaiRaleRl DRGUABAL 1QisSS! 0388 @, €chni que

of providing a |layer which contains silane coupling agent, between an

anti-reflectd@Rehbkm §0r cBUPPI RS NG LEf keckl AgueRLL hensurdace of the
optical conponents, and a substrate which serves as a base, to thereby

enhance adhesirtenass OfhidhencaMds bef heshi e ddimg tauddhe drase,
Anot her known technique relates to a nmethod of manufacturing a mcro-1|ens

array, in whiechcas adhesiyenessy ethanRciofgobayehli Seps®yj ded between a die
base and a photosensitive material (see Patent Docunent 2, for exanple).
Prior Art Docunents Hat estihddodisment $hp0804ing of thdatidr Deewnmeat 1:
Japanese Laid OQpen Patent Publication No. 2000-241604
singulating the lens portions raises a technical problem
specific to the wafer lens. Due to large internal stress
of the lens portions, the lens portions may occasionally
separate from the substrate. Especially for the case where
the diaphragms are formed integrally with the substrate, an
additional problem arises in that the separation may be
induced by dicing, also between the lens portions and the
substrate having the diaphragms formed thereon, between the
substrate and the diaphragms, and at other various
interfaces. In short, a subject of achieving adhesive
force among the substrate, the diaphragms, and the
individual layers composing the lens portions durable to
the dicing still remains to be solved, in view of obtaining

desirable optical systems.

As one of technigues of improving the adhesive force



Pat ent Docunent 2: Japanese Laid Open Patent Publication No. 2000-266909
SUVWARY OF THE | NVENTI ON Probl ens to be Sol ved by the Invention [0005]
Since the diaphragns and the | ens portions may occasionally separate
respectively fromthe substrate and the di aphragns, in the process of
dicing for singulating the |l ens portions due to |arge internal stress of
the lens 4 portions, so that there is a persisting subject of inproving
t he adhesive force anong the individual |ayers. However, the
above-descri bed Patent Docunents 1 and 2 do not deal with the wafer |ens,
and do not discuss_the problem of separation in the process of dicing. In
particul ar, ¥8¥e e 08RTRoLEeRd odurtd e CPEt§gé s EPBRORRNE hatPatRntdi ci ng
may i nduce the separation anong the substrate, the,diaphrggns and the | ens
portions and$ay<&dvér 9&?91%?%& GHTESIeC Rar REPEETERY ¢, 1a%R % hicdse of

form ng diapth%pE and. | ens gﬁgﬁions on sugﬁtrates in a | am nated manner.

Wil e there 8 2 48sEr 1 BEF off T Ben o5 e ERe® B dMest VEEF HUE M th t he
idof the | ini th i . i t like, t

Snd react: orf S ASa LAPBFOIRLNE, AU RN SR P M SIRBE R 2t i, Sanc Bl S0

i t in.wettahllj he i ndi vi | .1 i t d i bed.

The pr esent Tioats oAb Ble el i S B e R E ST IE B0 Rreer | bed

situation, and aR.QRiechy,Qf i gl d.8 4@ fedln fféggigﬁaéfi§§’ a

. v | e |
waf er | ens, a wafer ?ens ?anlnate, a netho% o] nanu#ac%urlng an image
capture | ens,, an.l page capture lens internediate product, and a nethod of
manuf acturing an i nage capture |lens internedi ate product, capabl e of

preventing separ ahhOfn&f EdSndiRRMAYE FEeqtibe.subsida@lidy & the lens
portions fromthe substrate having the diaphragns fornmed thereon, and of

i mproving tkenufacturing a micro-lens array, in which an adhesiveness
enhancing layer is provided between a die base and a photo-
sensitive material (see Patent Document 2, for example).

Prior Art Documents
Patent Documentsg
[0004]
Patent Document 1: Japanese Laid Open Patent
Publication No. 2000-241604
Patent Document 2: Japanese Lalid Open Patent

Publication No. 2000-266909

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention
[0005]
Since the diaphragms and the lens portions may
occasionally separate respectively from the substrate and
the diaphragms, in the process of dicing for singulating

the lens portions due to large internal stress of the lens



adhesi veness anong the individual |ayers, on the prem se that the wafer

| enses are singulated into a single | ens portion by dicing. Means of

sol ving the problens [0006] Accordi ng to one enbodi nent of the
present invention, there is provided an i mage capture | ens, conprising:

a di aphragm fornmed on a substrate and hdving a predeterni ned aperture for

adj usting quantity of I|ight; an i norganic or organi c adhesive |ayer
formed on the substrate so as to cover the diaphragm and aresin
conponent having a |lens portion nmade of a curable resin, wherein t he

resin conponent .is bonded directly to the inorganic or organic adhesive
| ayer. [000FCTELONS, AQcHh#: NS difoPhEFTErBbaRIefteBiCh RE present

[ tion, th i, i ded [ t |
di aphr agm f AFIEEVGRIA RO LTI B S ey FRGTS PRedBietTicEd dpdictre for

2ol s HBDEARY oLk’ 8L qopesll, YERRRE U Ay PO e e
not deal with the wafer lens, and do not discuss the
problem of separation in the process of dicing. In
particular, there is even no disclosure or suggestion on
that the dicing may induce the separation among the
substrate, the diaphragms and the lens portions and may
adversely affect optical characteristics, in the case of
forming diaphragms and lens portions on substrates in a
laminated manner.

While there is a description on improvement of the
adhegive force with the aid of the layer containing the
silane coupling agent or the like, types and reaction
mechanism of the silane coupling are not mentioned, and
also improvement in wettability among the individual layers
ig not described.

The present invention was conceived after considering
the above-described situation, and an object of which is to
provide an image capture lens, a wafer lens, a wafer lens
laminate, a method of manufacturing an image capture lens,
an image capture lens intermediate product, and a method of
manufacturing an image capture leng intermediate product,
capable of preventing separation of the diaphragms from the
substrate, or the lens portions from the substrate having

the diaphragms formed thereon, and of improving the



a resin conponent having a lens portion nmade of a curable resin, wherein 6
the resin conponent is bonded directly to the inorganic or organic adhesive
| ayer, and to the diaphragm [0008] Accordi ng to anot her enbodi nment
of the present invention, there is provided a wafer |ens, conprising:

a plurality of diaphragns formed on a substrate, each having a

predeterm ned aperture for adjusting quantity of |ight; an i norganic
or organi c adhesive |layer formed on the substrate so as to cover the

di aphragns; and a resin conponent having a plurality of |ens
portions made _of a curable resin, wherein the resin conponent is

bonded di r ec*I3FH T RKESI ABPHANFRE ot Girgeied 28HEEPveOT ae?  PYBTEH

Accordi ng tolgqgt er egbod&nent of the present inventiopn, there is provided
tha Yphgr lenses gre,gingulafedt 18Faphr St S vl on a

a wafer | ens:

F?gﬁ:rate, %&%ﬂjQQYE@ngCQESQEter"‘nEd aperture for adjusting quantity of

Means of solving the problems
foo06]

According to one embodiment of the present invention,
there is provided an image capture lens, comprising:

a diaphragm formed on a substrate and having a
predetermined aperture for adjusting quantity of light;

an inorganic or organic adhesive laver formed on the
substrate so as to cover the diaphragm; and

a resin component having a leng portion made of a
curable resin, wherein

the resin component is bonded directly to the
inorganic or organic adhesive layer.

[0007]

According to another embodiment of the present
invention, there is provided an image capture lens,
comprising;

a diaphragm formed on a substrate and having a
predetermined aperture for adjusting quantity of light;

an inorganic or organic adhegive layer formed on the
substrate so as to expose the diaphragm; and

a resin component having a lens portion made of a

curable resin, wherein



an inorganic or organi c adhesive |layer formed on the substrate so as to
expose the di aphragns; and a resin conponent having a plurality of

| ens portions made of a curable resin, wherein t he resin conponent
is bonded directly to the inorganic or organic adhesive |layer, and to the
di aphragns. 7 [0010] Accordi ng to anot her enbodi nent of the present
invention, there is provided a wafer |ens, conprising: a plurality
of diaphragnms formed on a substrate, each having a predeterm ned aperture
for adjusting quantity of |ight; an inorganic or organi c adhesive

| ayer fornmed on the substrate so as to expose the diaphragnms; and a
resin conponent ha¥fnEE3HI RGN of 5| BREAREr €16 ade gpea curabl e
resin, wherein , the resjn conpaonent is bonded direct|ly to the

i norgani ¢ or*"GFgani-t 85h%§$%¥9?eﬁﬁﬁﬁs%aﬁd1986FheaH@a&ﬂw%ﬁﬁn@l%ﬂﬂfagm- a
spacer haviq%_%%?ning at positions corresponded to the plurality of |enses
in the direction of optical axis thereof, is bonded to positions in a

divection of optigal,a] Sy GO "BRRMY 2eoba: b8 PLHTAld il nlens portions.
invention, there is provided a wafer lens, comprising:

a plurality of diaphragms formed on a substrate, each
having a predetermined aperture for adjusting quantity of
light;

an inorganic or organic adhesive layer formed on the
substrate so as to cover the diaphragms; and

a resin component having a plurality of lens portions
made of a curable resin, wherein

the resin component ig bonded directly to the
inorganic or organic adhesive layer.

[0009]

According to another embodiment of the present
invention, there is provided a wafer lens, comprising:;

a plurality of diaphragms formed on a substrate, each
having a predetermined aperture for adjusting quantity of
light;

an inorganic or organic adhesive layer formed on the
substrate so as to expose the diaphragms; and

a resin component having a plurality of lens portions
made of a curable resin, wherein

the resin component is bonded directly to the

inorganic or organic adhesive layer, and to the diaphragms.



[ 0011] Accordi ng to anot her enbodi nent of the present invention,
there is provided a wafer lens | am nate configured by stacking a plurality
of wafer |enses, wherein at |l east one wafer |lens out of the
plurality of wafer |enses conprises: a plurality of diaphragns
formed on a substrate, each having a predeterm ned aperture for adjusting
quantity of light; S an i norganic or organi c adhesive |ayer forned
on the substrate so as to expose the diaphragns; and a resin
conponent having a plurality of |lens portions made of a curable resin, the
resin conpon nynging bonded directly to the inorganic or organic adhesive
| ayer, and t & di aphragns. [0012] According to anot her enbodi nent
of the present inventiqgn, there is provided a nethod of manufacturing an

i mge capture |en Cﬁﬁ?@ﬁnﬂagoa??%ﬁﬁ?F(ﬁﬂﬁ&&ﬁ@ﬁ?tiﬁélEH?r@F%ﬁﬁ%ﬁw portion

made of a curable.resin, which resin c onent heing fornmed on a substrate,
t he met hod ggﬁﬁ?ﬁ?fﬁb:there 1SaPH?%ﬁ%¥§g£WF6Fﬁ G pr oceERT $¥t" Y or i ng on

t he substrate, each urality aof diaphra havi ng .a predeterm ned
aperture for adju%tpggr%ﬁg%¥i?é %#ééhﬁﬂ%ﬂs St ah %d%@?f Y%y &RAFor i ng
process fol l,ow. fter i ragm.f orm pr.ocess, for_formng on the
substrate hé&*ﬁﬁg%%ebgfg%ﬁgég%gg 6%%§H“Fﬁéfg%h?daHS?ﬁBQQ%%?%t%ﬁY ani c
adhesi ve | ayefqta as to cover the diaphragms;

an inorganic or organic adhesive layer formed on the
substrate so as to expose the diaphragms; and

a resin component having a plurality of lens portions
made of a curable resin, wherein

the resin component is bonded directly to the
inorganic or organic adhesive layer, and to the diaphragms,
and

a spacer having opening at positions corresponded to
the plurality of lenses in the direction of optical axis
thereof, is bonded to positions in a direction of optical
axis corresponding to the plurality of lens portions.

[0011]

According to another embodiment of the present
invention, there is provided a wafer lens laminate
configured by stacking a plurality of wafer lenses, wherein

at least one wafer lens out of the plurality of wafer
lenses compriges:

a plurality of diaphragms formed on a substrate, each
having a predetermined aperture for adjusting quantity of

light;



a nol ding process follow ng after the adhesive |ayer formng process, for
formng the resin conponent by dropping the curable resin between the

i norgani ¢ or organi c adhesive |layer and a nol ding die having a nol di ng
surface for formng a plurality of the |lens portions, and by nol ding and
curing the resin under pressurized die; fand a dicing process follow ng
after the nolding process, 9 for dicing a work to singulate the plurality
of the lens portions into a single lens portion. [0013] According to
anot her enbodi ment of the present invention, there is provided a nmethod of
manuf acturi ng an i_mage cag%ure | ens having_a resin conponent which has a

| ens portion made 38f *ECEHFELT e°F TR WthidcheFe¥P nl ¥ ofemeb&thd eor med on
forning on RSN S0e S20bRn kP gre e 0P TaBRhr d8fe navi g a0
Payer forning procecects raMHETsr tr Re SuPABRPRERTISH STy Jrsteses Tor
or or gani ¢ A e SyEaBTY! Bl RN R BRI, RELSS o TELOAN S

L ayer remviqg-racess Lokl enbng ald &l tcﬂ%gglg%eahxga-@mag%{/“g[' rocess,

for renoving portions of the I norganic or ani c esiv ormed on
t he di aphragi®s diaphrags! di ng process follow ng after the adhesive | ayer
removi ng process, for formng the resin conponent by dropping the curable
resin betweerpdirg i norganic or organi c adhesive |ayer and a nolding die
havi ng a nolding surface for formng a plurality of the lens portions, and

by nol ding and cuniBgr8hegresidhdiier Rbesskehzeds digs @ndiadi cing process
following after the nol ding process,

invention, there is provided a method of manufacturing an

image capture lens which has a resin component including a

lens portion made of a curable resin, which resin component

being formed on a substrate, the method comprising:

a diaphragm forming process for forming on the
substrate, each of a plurality of diaphragms having a
predetermined aperture for adjusting quantity of light;

an adhesive layer forming process following after the
diaphragm forming process, for forming on the substrate
having the diaphragms formed thereon, an inorganic or
organic adhesive layer so as to cover the diaphragms;

a molding process follewing after the adhesive layer
forming process, for forming the resin component by
dropping the curable resin between the inorganic or organic
adhesive layer and a molding die having a molding surface
for forming a plurality of the lens portions, and by
molding and curing the resin under pressurized die; and

a dicing process following after the molding process,



10 for dicing a work to thereby singulate the plurality of the |ens
portions into a single lens portion. [0014] Accordi ng to anot her
enbodi ment of the present invention, there is provided a nmethod of

manuf acturing an i mage capture | ens having a resin conponent which has a

| ens portion nmade of a curable resin and which resin conponent being forned
on at | east one surface of a substrate, the nethod conpri sing: a

di aphragm form ng process for formng on at |east one surface of the
substrate, a plurality of diaphragns each having a predeterm ned aperture
for adjusting quantity of |jght; . an adhesi ve | ayer form ng process
fol | owi ng af ?%Jf ]hcelr@yﬁ'pWPébn?‘f’o?W%@la&reo&é’&PlPSPlFBYn?%gt}éﬁ] k48 substrate
havi ng t he diggﬁf@gﬁﬁ forned.thgre n, . an i_.norgani c or organi c adhesive

| ayer so as o cover the di SpHeagneSts POTiom, adhesive |ayer renoving
process f0||§%§fﬁ after the adhesive |layer form ng process, for renoving
portions of € 1'norgani ¢ or organi c adhesive |ayer forned on the

di aphr agms; ReROTRL G0 PLOGERS, (BioQihd ALk nd NEcatllgs) ve L avel

removi ng process, e resin conponen pping the curable

resin betweef g Jior 4aRLE 9 Oé’fnagﬁgﬁid gﬂdm@% beYfkndpst a,mldling die

having a nol ding surface ] urality of the Tens portions, and
by 11 nol di nghANdagli-BI1EAE RESINY WA RN 833Wbh2RE Hhifen has a

lens portion made of a curable resin, which resin component
being formed on a substrate, the method comprising:

a diaphragm forming process for forming on the
substrate, each a plurality of diaphragms having a
predetermined aperture for adjusting quantity of light;

an adhesive layer forming procesgg following aftexr the
diaphragm forming process, for forming on the substrate
having the diaphragms formed thereon, an inorganic or
organic adhesive layer so as to cover the diaphragms;

an adhesive layer removing process following after
the adhesive layer forming process, for removing portions
of the inorganic or organic adhesive layer formed on the
diaphragms;

a molding process following after the adhesive layer
removing process, for forming the resin component by
dropping the curable resin between the inorganic or organic
adhesive layer and a molding die having a molding surface
for forming a plurality of the lens portions, and by
molding and curing the resin under pressurized die; and

a dicing process following after the molding process,



a stacking process for formng a wafer |l ens |am nate by stacking a
plurality of the wafer |enses obtained by the nolding process; and a
di cing process follow ng after the stacking process, for dicing a work to
singulate the plurality of the lens portions into a single |lens portion.

[ 0015] Accordi ng to anot her enbodPnent of the present invention,
there is provided an image capture |ens internedi ate product for
fabricating an image capture |l ens, which has a resin conponent having a

| ens portion nmade of a curable resin, on a substrate, the internediate

pr oduct conp%gsi q{a di aphragm fornmed on a substrate and having a

predet er m ne ]éﬁgrjﬁﬁbaf PrYdfastPHFERJuaieionyase FREnPLutmeiter L the

wat er contag%a%g | e an_a sugface of fh%“diaghragn1is in a range from30 or
| ar ger and r BRI CEP. 1P6818] 5 9le 18RS HPEFAG ™t 0 anot her embodi nent of

t he present hﬂy% tion, there is provided a nethod of manufacturing an inage
capture | ens |ﬁ& rmedi ate product for fabricating an i mage capture | ens,

whi'ch has a resi nagRERAORNt . HaLNg.A LRISJRALLL oncmBge gl Agurabl e resin.

on a substrate, rising: aphragm fof Ny process for

form ng on at 1 r - t.h trat I ragm having a
predetgrningﬁngggﬁkﬁ?e%Pg?ga§$J%??ﬁﬁﬂ%hghgﬁﬁyggfB?igﬁ??kégé?¥h§§]an a )

surface modifiLal IRDeiecesss! Rl DRY LOLUNG SURLBAEIOE [dratdon, Lreal ment
with respect to at [east one surface of the subStrate having the di aphragm
forned ther e [Ehkgehsmofietbe 4 MM 1N resin and which resin

component being formed on at least one surface of a

substrate, the method comprising:

a diaphragm forming process for forming on at least
one surface of the substrate, a plurality of diaphragms
each having a predetermined aperture for adjusting quantity
of light;

an adhesive layer forming process following after the
diaphragm forming process, for forming on the substrate
having the diaphragms formed thereon, an inorganic or
organic adhesive layer so as to cover the diaphragms;

an adhesive layer removing process following after
the adhesive layer forming process, for removing portions
of the inorganic or organic adhesive layer formed on the
diaphragms;

a molding process following after the adhesive layer
removing process, for forming the resin component by
dropping the curable resin between the inorganic or organic
adhesive layer and a molding die having a molding surface

for forming a plurality of the lens portions, and by



[ 0017] According to the present invention, optical conponents such
as the diaphragns and the |l ens portions are prevented from separating from
the individual interfaces, and thereby the adhesi veness anong the

i ndi vi dual |ayers nmay be inproved. In addition, the wettability may
be inproved by subjecting the surfaces 6t the substrate and di aphragns to
surface nodification treatnent, so that the adhesiveness anong the

i ndi vidual layers is inproved also in this aspect. Since the adhesiveness
anong the individual layers is inproved, so that MIF characteristics or the

i ke of the si-ngul ated |l ens obtained after. dicing of the wafer |lens, may be
desi rabl e, BRI R OEERR BYF OR CFI¢ HEE TRANNES Pé@%%}mmg di§/FI G 1] This is

a sectional view Ll rating an overall configuration of an inage capture
devi ce and an inaéegg%%¥§$% e s &8t hEF BT HT e wﬁéFr lenslﬂﬁﬂl gt?] Thi s

is a drawn Lcall I.ni I_Cl f fer_lens m nat e
nanufacturegn?%R%%gaggo%eé%gﬁgiﬁ%ﬂdggggﬁrﬁ%ge%fl?ﬁég?n%ﬁﬁg%gﬁé e 1€ns.
[FIG 3] ThigjisSnad drawepg.itlystrating a nodified exanple of FIG 1.

DESCRI PTION OF TH REFERRED EMBODI MENTS [ 0019]
a dicing process following after the stacking

process, for dicing a work to singulate the plurality of
the lens portions into a gingle lens portion.
f0015]

According to another embodiment of the present
invention, there is provided an image capture lens
intermediate product for fabricating an image capture lens,
which has a resin component having a lens portion made of a
curable resin, on a substrate, the intermediate product
comprising a diaphragm formed on a substrate and having a
predetermined aperture for adjusting quantity of light,
wherein

water contact angle on a surface of the diaphragm is
in a range from 3° or larger and 30° or smaller.

[0016]

According to another embodiment of the present
invention, there is provided a method of manufacturing an
image capture lens intermediate product for fabricating an
image capture lens, which has a resin component having a
lens portion made of a curable resin, on a substrate, the
method comprising:

a diaphragm forming process for forming on at least



Preferred enbodi nents of the present invention will be explained bel ow,
referring to the attached drawi ngs. [l nmage Capture Devi ce] As
illustrated in FIG 1, an inage capture device 1 is configured by an image
capture lens unit 2, a cover glass 4, and a sensor unit which is conposed
of a package 6 which houses an i mage capture elenent (not illustrated). The
sensor unit is disposed below the inmage capture lens unit 2. A CMOS-type

i mge sensor may typically be used as the unillustrated i mage capture

el enent. [0020] The inage capture lens unit 2 is configured by two

| ens groups 8. 10 ég sg cer 7. First, the lens group 8 wll be

expl ai ned. TH& IéH‘aﬁ o 6 ﬁagu%F 'rétglf?hrPSGZETv#%%‘%ubstrate 12 may
1S 4t Lansparen has sufficient |evels of heat

be 900d eno%@@ dft rmine ertu o
resi stance 14 and SPreRgfReT A bas Fﬁﬁ 7 ¢ Bpgual" OFY | Sttt and
poron [1cate 0538 S tSEELACH AN E R U, AU S KRy
resin, may hg,exemlditledreatment witn respect to at least one surface
of the substrate having the diaphragm formed thereon.
[Effects of the Invention]
[0017]

According to the present invention, optical
components such as the diaphragms and the leng portions are
prevented from separating from the individual interfaces,
and thereby the adhesiveness among the individual lavyers
may be improved.

In addition, the wettability may be improved by
subjecting the surfaces of the substrate and diaphragms to
surface modification treatment, so that the adhesiveness
among the individual layers is improved also in this
aspect. Since the adhesiveness among the individual layers
is improved, so that MTF characteristics or the like of the

singulated lens obtained after dicing of the wafer lens,

may be desirable.

BRIEF DESCRIPTION OF THE DRAWINGS
foco1s)
[FIG. 1] This is a sectional view illustrating an
overall configuration of an image capture device and an

image capture lens used therefore.



[ 0022) On the top surface of the substrate 12, an adhesive |ayer 14
is formed. On the top surface of the adhesive |ayer 14, a di aphragm 18a and
an adhesive layer 15 which covers the diaphragm 18a are fornmed. On the
entire top surface of the adhesive layer 15, a resin conponent 16 is
formed. [0023) The adhesive |ayef314 is provi ded between the
substrate 12 and the di aphragm 18a, and can enhance the adhesive force of
the substrate 12 exerted on the diaphragm 18a. The adhesive layer 14 is

om ssi bl e. The adhesive layer 15 is provided between a set of the

substrate 12 and t d| h n118a nd .the resin co nent 16, .and can
enhance t he adheS|Eg for@ Eﬁ Sthe 4 §?V5Fbsf§egﬁalfngf |%ﬁﬁﬁ%ﬁﬂﬁ Ba,

exerted on LA {,5id} %Omeggngeﬂé aminace HSAANSLYE [ RVEL TLI5 A

organic adhesT ve ayer e ad esive ayer r'san” i norg

organi ¢ adhes} e, 2407, 600241 The Inaigani aghesiye |ayer may typically

be an 15 inorganic OXI ayer conp titanum di oxi de, al um na,

silicon dioxide orpithe hikenis is a dM&OK ?c@'lﬁs@%@fﬂé%ea lﬁy ey be

conposed of any of general Iy known adhesi ves, or er conposed of
acryl - based, esz@0anat ecbased, epoxy-based, and ami no-based sil ane coupling
agent | ayer.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0019]

Preferred embodiments of the present invention will
be explained below, referring to the attached drawings.
{Image Capture Device]

As illustrated in FIG. 1, an image capture device 1
is configured by an image capture lens unit 2, a cover
glass 4, and a sensor unit which is composed of a package 6
which houses an image capture element (not illustrated).
The sensor unit is disposed below the image capture lens
unit 2. A CMOS-type image sensor may typically be used ag
the unillustrated image capture element.,

foo20]

The image capture lens unit 2 is configured by two
lens groups 8, 10, and a spacer 7.

First, the lens group 8 will be explained.

The lens group 8 has a substrate 12.

[o021]
The substrate 12 may be good enough if it is

transparent, and has sufficient levels of heat resistance



VWi | e whi chever the organi c adhesive | ayer or the inorgani c adhesive |ayer
is adoptable to the adhesive layer 15, it is nore preferable to adopt the
organi ¢ adhesive layer. For the case where the silane coupling agent |ayer
is adopted to the adhesive |ayer 15, the adhesive layer 15 is preferably
configured to have a doubl e-1ayered stritture in which the | ower | ayer
thereof is configured by an inorgani c adhesive |ayer and the upper |ayer

t hereof by an organi c adhesive |ayer [0025] The di aphragm 18a may be
conposed of a UV- or heat-curable negative resist or positive resist m xed
with a blac j | ma (o] d i.nl f rom Xi de.

The diaphraéﬁ%ﬁ éﬁﬁgﬁgﬁé f%ﬁ%ﬁﬁgt§%?§§Y|§g ‘“%%fﬁ?ﬁgoﬁ‘ ? ﬁ?%n the entire

surface of Uh&RUILERLCG1Z: Yoy AN HNARGATRBBLLLLD RORESTLY C0atl Ng

process, and by patterning t I'rito an annufar pattern so as to

surround t he,d£Sii3; |l - [ O 17t an view.
0026] 16 T e o e bervean L he Ak om 265580 1 he
resin conpongidn L& pm%,mﬁi@éeé@rgpéﬂvex@slim H&EX be proyided.esps illustrated
in FIG 1, on the substrate 12 having the di aphragm 18a forned thereon, so
as to cover tihezentire surface of the diaphragm 18a, wherein the resin
conponent having the lens portions is bonded directly to the adhesive |ayer
(form (i)); or, asnithastept@skidteFlc® tBe gibyroscd hey argasanereet he top
surface of the substrate 12 expose w thout being covered with the di aphragm
18a, out of lshyerenui e fopmsdr f acetat tbp subsidater khehavhagit-Be di aphragm
18a fornmed thereon (form (ii)). Fromthe viewpoint of preventing separation
in the procesyeaf 1di,candiapheadrormy iand ias adhespref esawdt b5 which The

di aphragm unli ke other coated | ayers, has a certain pattern partially
opened in th@vsast tbasdcaphesgpondsd ame tfemkedns @orttheorntirat hep t han bei ng
formed uniformy and entirely on the substrate, so that the adhesive |ayer
after formtdwiast rhetbapiiheging slaystr planar rgedn betweerenthé copened
portion and the portions having the di aphragm forned therein. Such

non- uni f or mif3rmes.supposed to adversely affect forns of the |enses forned
on the adhesive |ayer. Also fromthe viewoint of appearance, preferably no

adhesi ve | aydP%?3!formed on the | ens portion. In the form(ii), a
particularly preferable enbodinent is that the_diaphragm18a is nmainly
conposed of The adhesive layer 14 is provided between the

substrate 12 and the diaphragm 18a, and can enhance the
adhesive force of the substrate 12 exerted on the diaphragm
l8a. The adhesive layer 14 is omissible.

The adhesive layer 15 is provided between a set of
the substrate 12 and the diaphragm 18a, and the resin
compenent 16, and can enhance the adhesive force of the
substrate 12 and the diaphragm 18a, exerted on the resin
component 16.

The adhesive layer 14 is an organic adhesive layer,
and the adhegive layer 15 is an inorganic or organic
adhesive layer.

[o024]

The inorganic adhesive layer may typically be an



17 a resin which contains a black filler and highly reactive groups such as
hydr oxyl group and carboxyl group, represented by epoxy, acryl or allyl
ester resin, and also the resin conponent 16 is simlarly conposed of a
resin having highly reactive groups such_as hydroxyl group and car boxyl
group, represented by epoxy, acryl or aFPyI ester resin, because the

di aphragm 18a and the resin conponent 16 reacts while being assisted by
energy input for formng the resin conponent 16, and thereby the adhesive
force may be enhanced. A possi bl e nmethod of form ng the adhesive

| ayer 15 only Lhe gg&hgoggygpe§§@%Q%¥§?ﬁ%%g%fgggmo&iéhe substrate 12

expose, out of thé entire top’sur sSubstrate l%%wing t he

di aphr agie 188,{i¢MPd; 1HEEROR; ok fas U i kI NG the di aphragm 18a,
form ng the adhesive layer 15 on the entire surface, and renoving the

portions of the adfesibygahayelada: Wi ahykal hla9nbéh@ora,19<psémfa%%g%ft he
et hanol and r

di aphragm 18a, with a solvent such as acetone, so forth, while

the adhesi veyd:auen 135 kheWhi A&hLIMPVADl & mayN pehhS 16388, cddifod&idE conponent
16 is provided directly on the top surfaces of the adhesive |ayer 15 and
the di aphr agia:48apals@a2 7] socyanatd fbad@W @bk bR8EdENhad Ciithd iy edhesi ve
force, the surfaces of the substrate 12 and the di aphragm 18a preferably
have i npr ovedsi Meict abiuplthgSagéht peitd:cul ar, for 18 the case where only the
portions where the top surface of the substrate 12 exposes, out of the
entire top surfac@hofet heisubsdr aite: b2ghadicngdhbei dé apiyagrorl 8aef or med
thereon, are covered with the adhesive |ayer 15, and thereby the di aphragm
18a and t he mesigandenpdhentvéblayer dis ecidprabirded tbeeadihestherldysee FI G
3), the effect of inproving the wettability of the surface of the diaphragm
18a becones i stiitndisi vereViréerdblis tgereicglt! yhreoegaaly adhdyoind: spacers
respectively to the topnost and bottonmost resin conponents so as to avoid
separ ati on d@vary dfef ngie tdrsprbeast thavehlson ¢euplisy cagsdt legeof
problenms such as interlayer separation even without the spacers, and

t her eby t he Fo$CoREFIbECT Bl cRdesive laygrsd 5y héhgdhéBesEve alasrer] 55
preferably has an inproved wettability. A particularly large effect of the
i nproved wettaBELey 2Ray E%HBEQ%N%%d“MHEﬂW%ﬁed&&ﬁé@r@%Y¢%9%rSQEPQQ¥n%1

i norgani ¢ adhesive layer, Wiile the wettability may be understood as good
enough if eddch"idydr thgst3vgbotPY®Et ISy ik CRRA1PRYRY Mat¥dtial laid
thereon, thi,s may be eval uated approxi mately by a_water contact angle. Mre
speci fi cal | ;2% ﬁlPaﬁégeﬁ%&e bjea)(%dé’r@t FOF EPRAS 1Y GhothSEII DY iy with a
| ayer material |aid tFereon, if each layer has a water contact angle 3 or

| arger and SBG2YCsAEIFEIYembi#Ebreferably 3 or larger and 20 or smaller.

[ 0028] VWiIe[%B¥5Publicly known techni ques are adoptable to

The diaphragm 18a wmay be composed of a UV- or heat-
curable negative resist or positive resist mixed with a
black filler, or may be composed mainly of chromium oxide.

The diaphragm 18a may be formed typically by forming
a film on the entire surface of the substrate 12 by vapor
phase deposition process or coating process, and by
patterning the film into an annular pattern so as to
surrcund the resin component 16 {(convex lens portion 16a)
in the plan view.

{o026]



19 reduce the contact angle, particularly preferable ones include surface
nodi fi cation using a W ozone device, plasnma device and so forth.

Wth the UV ozone device, the contact angle may be reduced under conditions
of treatnment typically at a W intensiti of 10 mMNcnR2 for 3 to 15 m nutes
or around. Wth the plasma device, it is®preferable to use oxygen as a
reaction gas, under conditions of 200 Wto 500 Wfor 30 seconds to 10

m nutes or around. Conditions are, of course, not limted thereto, since
they may vary depending on states of the surfaces to be treated. [0029]

In the present inventi for the case. where t si.l ane couplin gent

| ayers are used a\slﬁ} ea%agﬁ(la‘s’?v%a}f%ry:]r%s bf&,wefg, @gev%}?/pqyfar%ngfd ive force
may be obt ai act | i t | yi surfac ef ore bei ng stacked
with the adhgggfg%vg§é¥§€%kggi5?gt%gﬂ%%?%?Q%fn f8¥§ﬁg1??é§Pﬁ§ﬁ% or plasnma
treatment, S8-3siddy | N G338oLhe: Quhereof. hUNchi onal .groups such as

hydr oxyl groups to thereby enhance the wettability, an y concurrently

al | owi ng thehmp%we WiAURSabR {820k Mdd &8k a8 %Qutpéi A0en. at a

tenperature of 100C or higher; so as to form sil oxane bonds therebetween.

For the casesyre g askl 8Rer8OUR A NG RBEAL Al AVEE vk $n afaNgad: ,{ i ght bel ow
the resin conponent 16, a strong adhesive force exerted on the resin

conponent 16cdmportetoblbaingdtRyY &b £G6idNG hsSiikaBengedphi Ag-agent, hi ghly
20 reactive with a material conposing the resin conponent 16, and by
al | owi ng t hetlieanitiedn veo 1piyeeeetomh t hijhe oai daef iWWuksediedd om arrdieat
energy input in the process of curing of the resin conponent 16. The sil ane
coupl i ng agent aray e exenplkefi edhdnye tthese opf sagrybebase;nd saoyanatte- base,
epoxy-base, and am no- base. There are two possi bl e nodes of
provi si on ofil hexprees witbnponeaing acowdedofvighovhsi ahaphrdde 9, reaitsur f ace
of the underlying |ayer (adhesive |ayer, or adhesive |ayer and di aphragn);
and a node off priwviesitamei hopnsistarw-dfi Kéenemibetranet hz handierd wiheg | ayer.
The underlying layer in the node of island-like provision will have
partial |y exposddagor flitensonoed covesresth vifiolrmt He 1) esi rFwsonpdeent . [ 0030]

viewpoint of preventing separation in the process of

dicing, the form (ii) is more preferable.

The diaphragm, unlike other coated lavers, has a

certain pattern partially opened in the portions

corresponded to the lens portions, rather than being formed

uniformly and entirely on the substrate, so that the

adhesive layer after formation of the diaphragm is not

planarized between the opened portion and the portions

having the diaphragm formed therein. Such non-uniformity

is supposed to adversgely affect forms of the lenses formed

on the adhesive layer. Also from the viewpoint of

appearance, preferably no adhesive layer is formed on the

lens portion.

In the form (ii), a particularly preferable

embodiment is that the diaphragm 18a is mainly composed of



The resin conponent 16 is configured by a convex |lens portion 16a and a
peri pheral non-lens portion 16b, which are nolded nonolithically. The top
surface of the convex lens portion 16a has an aspherical profile. The

di aphragm 18a is covered with the non-lens portion 16b. [0031] On

t he ot her hand, an adhesive |ayer 20 i stfornmed on the back surface of the
substrate 12. On the back surface of the adhesive |ayer 20, a diaphragm 18b
and an adhesive | ayer 21 which covers the diaphragns 18b are fornmed. On the
entire back surface of the adhesive |layer 21, a resin conmponent 22 is
formed. 21 qg%g : esi\v ayer .20 Ls.provided between the
substrate 1f{an #hghéfgpﬁgggﬁg%gﬁflﬁﬁikbﬁﬁléﬁ aﬁ%g %h%hgﬁﬁg?F¥€NFbrce of

the di aphr agmdl8h %gghtg%eg?egg%%§g$§%%p%9d1%arg §ﬁ§g€§§%%F | ayer 20 is

om ssi bl e. The a i'S provide n a set of the

substrate 12-gieddehecdi Bphéﬁgﬁg{%%rﬂn%ﬁ *amﬁsgetgm?@@ﬂ?t da%gdn at%%g can

enhance the adhesive force of e resin conponent 22 exerte

substrate 1Zmndeshe dbapbhasm 18bis similariecdipphracst 18h..4ihe adhesive
| ayer 20 and the adhesive layer 21 are simlar to the above-descri bed
di aphragm 18avitae hadhesi ¥eatayes ddaid shbe aghgisay@xlb@y?ro%&and
respectively, so that explanations therefor are omtted. [ 0033]

resin conponenbo2z1i sroapf i gepeskdntadl eanedveyl easrporsi an B2a e a
peri pheral non-lens portion 22b, which are nolded nonolithically. The top
surface of theiconbaveukenshpodid@inr?Ra 18asaan apphessLel cqm@iidre. 1Ehe

di aphragm 18b is covered with the non-1lens portion 22b. The | ens
group 8 is owrfititguwddlbybtiveg sadostatatde b2 enklrgyr éapat chopaitemtisiglGhe22, the
di aphragns 18a, 18b, the adhesive |ayers 14, 20, and the adhesive |ayers
15, 21. [oogxpin component 16, and thexreby the adhesive force may be

The

enhanced.

A possible method of forming the adhesive layer 15
only on the portions where the top surface of the substrate
12 expose, out of the entire top surface of the substrate
12 having the diaphragms 18a formed thereon, is such as
forming the diaphragm 18a, forming the adhesive layer 15 on
the entire surface, and removing the portions of the
adhegive layer 15 which fall on the top surface of the
diaphragm 18a, with a solvent such as acetone, ethanol and
so forth, while the adhesgive layer 15 remains removable.

In this case, the resin component 16 is provided directly
on the top surfaces of the adhesive layer 15 and the
diaphragm 18a.

[0027]

In view of further enhancing the adhesive force, the
surfaces of the substrate 12 and the diaphragm 18a

preferably have improved wettabilities. In particular, for



Next, the lens group 10 will be explained. 22 The |lens group 10 has a

substrate 30. On the top surface of the substrate 30, an adhesive
| ayer 31 is fornmed. On the entire top surface of the adhesive |ayer 31, a
resin conponent 32 is forned. The adhesive layer 31 is provided

bet ween the substrate 30 and the resin &8nponent 32, and can enhance the

adhesi ve force of the resin conponent 32 exerted on the substrate 30.

The resin conponent 32 is configured by a concave | ens portion 32a and a

peri pheral non-lens portion 32b, which are nolded nonolithically. The top

surface of t canga len riion 32a has an_aspherjcal _profile.

On the back ggefface \(g%etr%e%gggsﬁrlgt%oéﬁonasn "%&P{SS%’% %%]fle?&%%“fes S%rmed. On
t he back sur adhesi ye i . c_.and an hesi ve
| ayer 35 mhi%ﬁgg%g%¥%%?ﬁqui%%%?%%%ﬂ1Iggzgé%ﬁgr%ég?§%gl%§e§€§é%?%a ack

surface of the adhgsived @yzeha%ngatﬁ@%ii%p@%g%ﬂ 8L §ér$§%f§§]%§e n,

The adhesive | ayer 33 is provided between"the substrate

di aphr agm 18re andrccad eabaneget henadhesivghonge gfiat bg.diaphragm 18c

exerted on the substrate 30. The adhesive l'ayer 33 i's omssible simlarly
to the adhesimgHrayer 134, aandehe pESferafiponeenf hguped &y gF ganic

adhesi ve | ayer. The adhesive | ayer 35 is provided between a set of
the substratieordtand thehdbapbragieddeic.ang ,t keer 85E8ct 28f improving
the wettability of the surface of the diaphragm 18a becomes
distinctive. While it is generally necessary to bond
spacers respectively to the topmost and bottommost resin
components so as to avold separation during dicing, the
present invention is less causative of problems such as
interlayer separation even without the spacers, ang thereby
the cost may be reduced.

Also the adhesive layer 15 preferably has an improved
wettability. A particularly large effect of the improved
wettability may be obtained when the adhegive layer 15 is
an inorganic adhesive layer. While the wettability may be
understood as good enough if each layer has a good
wettability with a layer material laid thereon, this may be
evaluated approximately by a water contact angle. More
specifically, each layer may be understood to has a good
wettability with a layer material laid thereon, if each
layer has a water contact angle 3° or larger and 30° or
smaller, more preferably 3° or larger and 20° or smaller.

[0028]

While any publicly known techniques are adoptable to



conponent 34, and can enhance the adhesive force of the resin conponent 34
exerted on the substrate 30 and the di aphragm 18c. The resin
conponent 34 is configured by a convex |lens portion 34a and a peri pheral
non-| ens portion 34b, which are nolded nmonolithically. The top surface of
the convex |ens portion 34a has an asphéfical profile. The diaphragm18c is
covered with the non-lens portion 34b. The lens group 10 is
configured by the glass substrate 30, the resin conponents 32, 34, the

di aphragm 18c, the adhesive layers 31, 33, and the adhesive |ayer 35.

The di aphragm J18c he adhesjve |layers 31, 33, .and_the esive |ayer 35
are simlar gf%dbt%e’e 5081 a8s r?%%ﬁg'dip YR8 PR eﬁ%ﬁd{e]esi?féeﬁ ayer 14,
and t he adhes] a ctively, so that. explanations therefor are
omtted. [08§E¥ﬁkﬁggg&f%§8 &gégﬁl%%%%%%éﬁ?gglé,bEZOg?g%wéFY%ﬁ%'group 8, and

the resin Cq&@&&%@%%v§%e %ﬁdogotfg%éﬁgw group 10 are configured by a

publicly known photo-curable resin. Exanpl es of the photo-curable

resin adoptabl e herehn:hachide, et ydevriec%i,“_tl:_ﬁ@ Eéﬂht{?é{ eéngi]lee;in Y, gid

epoxy- based resin described |ater. e acryl resi he al |yl

ester resin usReRELEUBTBYNRE: LoD DY JBhedl E%wﬂig%é Qn heacti on,
and the epoxy resin used herein nmay be cured by cation 4 polynerization

reaction.  intens3RECES10f mihem® &3hNs €8NMpeshigutdie dndizguedidal Porti ons of
the Il ens groups 8, 10 may be sane to, or different from each other.

the plasma device, it is preferable to use oxygen as a

reaction gas, under conditions of 200 W to 500 W for 30

seconds to 10 minutes or around. Conditions are, of

course, not limited thereto, since they may vary depending

on states of the surfaces to be treated.

[0029]

In the present invention, for the case where the
silane coupling agent layers are used as the adhesive
layers 14, 15, a very strong adhesive force may be obtained
by activating the underlying surface before being stacked
with the adhesive layers 14, 15, typically by UV ozone
treatment or plasma treatment, so as to increase the number
of functional groups such as hydroxyl groups to thereby
enhance the wettability, and by concurrently allowing the
hydroxyl groups to react with the silane coupliing agent at
a temperature of 100°C or higher, so as to form siloxane
bonds therebetween. For the case where the silane coupling
agent layer is arranged right below the resin component 16,

a strong adhesive force exerted on the resin component 16

may be obtained by selecting a silane coupling agent highly



Details of the resins will be given by (1) to (3) below [0036] (1) Acryl
Resi n (Meth)acrylate used for the polynerization reaction is not
specifically limted, so that any (meth)acryl ates produced by general

met hods of manufacturing may be adoptable. These may be exenplified by
ester (meth)acrylate, urethane (neth) ac?9| ate, epoxy (neth)acryl ate, ether
(nmeth)acrylate, alkyl (nmeth)acrylate, alkylene (nmeth)acryl ate,
aromatic-ring-containing (nmeth)acrylate, and alicyclic-structured
(meth)acrylate. These nay be used alone or in conbination of two or nore
species.  reactliR alieval e struptaned (et hjactylate L. parti oy arly
pref erabl e, erein the alicyclTc structure”may contal n am oXxygen dtomor a
ni trogen at I W ale e 1.0 I acrk cycl yl
(meth)acryl g‘?ﬁec} yC &E’E’ﬁ? Ik%!gre{ Cglt’c:lfy )e;tt%e,p("’%?%gél %frﬁée/llﬁ?%/lﬁe (an%cftﬂqggﬁ/l ate,
tricycl odecy};{+mi; (Y , J 4 cane .¢li : |at e,
i sobor nyl (rr%%%%%:l%ﬁ g)tr e,hégﬁde%%%%ﬁ h)-acr 3{Plattglse ng?gﬁ%% oégﬁ%%)dlg%%fgS
bi sphenol's. dhosehavi-Bgpaleadaimant ang skebfl ofo@s e RATdJesit! ﬂa&l[yyb
preferable. Exanples i ncFude 2-al ky1l-2- adamantyl” (nmeth)acryl ate ?see
Japanese Laigkdpan fRatienl, Pubbé Cat | Q- N0Ha2Q024 133383 e asarmntyl .

di (neth)acryl ate (Japanese Laid Open Patent Publication No. 557-503’785);

di al |yl adameeanerdi aaihoxyhate (Japanese Laid Open Patent Publication No.
S60- 100537) ; perfluoroadamantyl acryl ate ester (Japanese Laid Open Patent
Publ i cation No. 2004re123687)¢ pbdmitly mddadaganpydbvieidacylate, 1, 3-
adamant anedi ol diacrylate, and 1,3, 5-adamantanetriol triacrylate from

Shi n- NakanurmzeGhremiongbn€ot; &twode adamamtiilsiest en ohe usisiad te ahed aear boxyl i c
acid (Japanese Laid Open Patent Publication No. 2000-119220); 3,3'-

di al koxycar boghyhel uh'depil gdagabevare (stesiapaieser|acd Qiers Rad dntyer

Publ i cati on No. 2001-253835); 1,1'-biadamantane conpounds (United States
Pat ent No. RBUZiggbyagret randarumdnei( peeviapanese 4ai ts Gpeh IRateent

Publ i cati on No. 2006-169177); adamantane skel eton-containing curable resins
W t hout ar of®IN€YT PRg t8Echn@sY Dy Bk yBYRY .hyBhe xyedkinaritend ay2raliky | ene
adamant ane, di-tert-butyl 1,3-adanmantane di carboxyl ate (see Japanese Laid
Open Pat ent P Fcg&t PHn ' fban@obikl gsEpicangill have partially

bi s(hydr oxyphenyl ) adamant anes, and bi s(gl yci dyl oxy phenyl)adamant ane (see
Japanese Lais¥PE5&ER PRTEAPIPURPT c‘é%‘f%?%.thHﬁ[@S%?QnaWHQqqrﬂl-130371). The
acryl resin %%3%550 contain other reactive 26

The resin component 16 is configured by a convex lens
portion 1l6a and a peripheral non-lens portion 16b, which
are molded monolithically. The top surface of the convex
lens portion 16a has an aspherical profile. The diaphragm
l8a is covered with the non-lensg portion 16b.

[0031]

On the other hand, an adhesive layer 20 is formed on
the back surface of the substrate 12. On the back surface
of the adhesgive layer 20, a diaphragm 18b and an adhesive
layer 21 which covers the diaphragms 18b are formed. On
the entire back surface of the adhesive layer 21, a resin

component 22 is formed.



nononers. (Meth)acrylate may be exenplified by nethyl acrylate, nethyl

net hacryl ate, n-butyl acrylate, n-butyl nethacrylate, 2-ethyl hexyl
acrylate, 2-ethyl hexyl nethacrylate, isobutyl acrylate, isobutyl

met hacryl ate, tert-butyl acrylate, tert-butyl nethacrylate, phenyl

acryl ate, phenyl nethacrylate, benzyl ag}ylate, benzyl nethacryl ate,

cycl ohexyl acrylate, and cycl ohexyl nethacryl ate. Pol yval ent
(meth)acrylate may be exenplified by trinethylol propane tri(neth)acrylate,
pentaerythritol tetra(nmeth)acrylate, pentaerythritol tri(meth)acrylate,

di pent aerythridpl,;hexa(nmeth)acryl ate, dipentaerythritol
penta(net h) acryl ate, dipentaerythritol tetra(nmeth)acryl ate,

di pentaerythritol whti (RRLD) ACT VAL ,20tggfﬁggggagahgé%ﬂéapﬁﬂggneth)acrylate,

tripentaerythritol septa(neth)acrylate, I pentaerythrito
hexa( met h) acsyath@t ot AbPgRLaRY t i d hila RENGLR( MBLR) 8%h Ve Shce the

tripentaerythritol tetra(nmeth)acrylate,” and tripentaerythritol

tri(meth)acrydrdgve G03ék 62) e | adestlfn RS Bxerted odnendl Iyl ester
resin relates to a resin containing allyl group and curable by

radi cal - pol yemsdtzaiceni2Therrad ladheaster 169si-n26 siexampldiijied by those listed
bel ow, but not specifically limted thereto. Exanples include brom

me- cont ai ni ng (netrhpablydsesd erayed7 chavisngrooiac@mpdiviedr g deteerlapanese
Laid Open Patent Publication No. 2003-66201); allyl (neth)acrylate
(Japanese Laiitk GudistPatent 2 Padd i toad icOmoNraghl058286886) thaltagirester resin
(see Japanese Laid Open Patent Publication Nos. 1105286896 and 2003-66201);
copol yner ofccanpoyleate2est end acrh epohanag aing- edhtaine nfoxnms atfurtateed conpound
(see Japanese Laid Open Patent Publication No. 2003-128725); acrylate
conpounds ( s iJapaneseenhi 2 GrariRal emt tPgbkibatiape No2 £2803:147072); and
acryl ester conpounds (see Japanese Laid Open Patent Publication No.

2005- 2064) . Ji@@38RpIN3}8Epoxy Resin
The diaphragm 1i8b, the adhesive layer 20 and the

adhesive layer 21 are similar to the above-described
diaphragm 18a, the adhesive layer 14 and the adhesive layer
15, respectively, so that explanations therefor are
omitted.

[0033]

The resin component 22 is configured by a concave
lens portion 22a and a peripheral non-lens portion 22b,
which are molded monolithically. The top surface of the
concave lens portion 22a has an aspherical profile; The
diaphragm 18b is covered with the non-lens portion 22b.

The lens group 8 is configured by the substrate 12,
the resin components 16, 22, the diaphragms 18a, 18b, the
adhesive layers 14, 20, and the adhesive layers 15, 21.

[0034]

Next, the lens group 10 will be explained.



The epoxy resin is not specifically limted so long as it has epoxy groups
and may be curable by polynerization assisted by Iight or heat. Acid
anhydride or cation generator may be used as a curing initiator. The epoxy
resin is preferable in view of producingzlenses wi t h high nol di ng accuracy,
by virtue of its small cure shrinkage. © The epoxy resin may be
exenplified by novol ac phenol -type epoxy resin, biphenyl-type epoxy resin,
and di cycl opent adi ene-type epoxy resin. Exanples include bisphenol F

di gl yci dyl ether, bisphenol A diglycidyl ether,

2, 2" -bi s(4-glyci dyhexyeyel ohexyldPnRpane sy8stiate 30. _

epoxycycl ohexyl net hyl- 3, 4- époxycycl ohexane car boxyl ate, vinyl cycl ohexene
di oxi de, 2-(3, 4-epexye¥ctehexytoac® ¥t the substrate 30, an adhesive

spi ro- (3, 4-epoxycycl ohexane) - 1, 3-di oxane, bis(3,4- 28 epoxycycl ohexyl)

adi pate, andiprsglyciidylEcenbar @fn kné eﬁmk@pwga@@fm@@ro@ow@ c acid.

The curing agent is used for conposing the curable resin material, but not
speci fi cal | yadigdihed.layer 31, Asi gedinthydnipd@iegttr 3Ngiagestmedhenol curing
agent and so forth are preferably used as the curing agent. Specific
exanpl es of the achd ashydiveelamnt g dgeptovnakadesplhddraldie: anhydri de,

mal ei ¢ anhydride, trinellitic anhydride, pyronellitic anhydride,

hexahydr ophtshalstoagehpdr hdé, tBe meddiyl -dueraimpditopht hahd coam hyrdrddes

4- et hyl hexahydr opht hal i ¢ anhydride, m xture of 3-nethyl hexahydrophthalic
anhydri de arndheladEivylvehérabydobdphthatdcramdopgeinder et esdnydrdpht hale c
anhydri de, nadi c anhydride, and nethyl nadic anhydride. A curing
accel er at or FHhFtaptieondlly be contai ned. The curing accel erator is not
specifically limted so long as it exhibits a good curability, not
causative of col of&Ei BASIANGHSEEHoR 2dd¢r adefigansparentcaicavse curabl e
resin. Exampl es include i mdazol es such as _2-ethyl-4-nethylim dazol e
(2E4AMZ) ; t ert§Tr YPOXNIRE; 34Bated marBeEmhsiiadmieartenpi 9Erien aMiii nes and
derivatives thereof such as di azabi cycl qundecene; phospi ne; and phosphoni um
sal t. These Wy hérEsBa1arenBoRR L+ iSHivnat TBR PP S fGCedie tfeci es.

[0039] In the inage cagture | ens_ 2, an adhesive i s coated, . 29
concave lens portion 32a has an aspherical profile.

On the back surface of the substrate 30, an adhesive
layer 33 is formed. On the back surface of the adhesive
layer 33, a diaphragm 18c and an adhesive layer 35 which
covers the diaphragm 18c are formed. On the entire back
surface of the adhesive layer 35, a resin component 34 ig
formed.

The adhesive layer 33 is provided between the
substrate 30 and the diaphragm 18¢, and can enhance the
adhesive force of the diaphragm 18c exerted on the
substrate 30. The adhesive layer 33 is omissible similarly
to the adhesive layer 14, and is preferably configured by
an organic adhesive layer.

The adhesive layer 35 is provided between a set of

the substrate 30 and the diaphragm 18c, and the resin



bet ween the non-lens portion 22b of the I ens group 8 and the non-|ens
portion 32b of the |lens group 10, so as to bond the | ens group 8 and the

| ens group 10. The non-lens portions 22b, 32b correspond to the flanges of
t he concave | ens portions 22a, 32a. The I ens group 10 has a spacer 7
bonded thereto. The spacer 7 has openiné% 7a formed therein, in which the
convex lens portion 16a, the concave | ens portion 22a, concave |lens portion
32a, and the convex lens portion 34a are arranged. [0040] In the

i mge capture lens 2, the convex |lens portion 16a, the concave |ens portion

228, Lhe_CONCANGI SRS HOM LhAN AR i L UNEX 805 DOELLON 34a,, and each

opening 7a of the spacer respectively have aspherical aces, while

bei ng al i gneds on & RIRALBLORLT ERLr@X Sn the sppkPrRRELSEULAY tllga the imge
capture lens 2, the convex lens portion 16a of the [ens group i s arranged
on the objecdigirdegmndct he convex Iens portion 34a of the lens group 10 is
arranged on the inmage side. The convex | ens portion 16a configures

"surface 81" as theeobp8eh-SbfiSorld Gal igUtbaceqaled hey | £N%rBFQURSBs the
concave | ens portion 22a configures "surface 82" as the inmage-side optical

surface of the-diens 3gaOdpd8a bHOEi HINEAN idrENSnRObbir8Nod 28416 ONFH Y €S
"surface 83" as the object-side optical surface of the Iens group 10, and

t he convex lars mc3@degombioniBAacL£dNf i gUhes topusfiaEe: S ahe henverge- si de
optical surface of the | ens group 10, which are arranged fromthe object

si de t owar dsldrfe pomtigensidde. hf 904l ]asphericalln prhéiileagertcaptivparkgns 2, an
IR cut film(not illustrated) may be fornmed on the substrate 12. The IR cut
filmis forndd By povkirelywkhownhe asanhemsaporatioon3pbocess, sputtering or
CVD (Chem cal Vapor Deposition), respectively on both of the top and back
surfaces of the sibstiare dpouhe iR cenffiphmedi hfreredssidsel ding filnm is
a filmfor shielding infrared radiation, and has a tranm ssivity of 509f;
or |arger witWpstegsect Ot othe ghes HaviapanandeelPéngth, othaedigwhragn
Accordingly, the substrate in_the context of the present invention includes
not only a di8%ss tEGbaeRgeéeval bRy 31/sE3., apdt thEsadheebyibi ks @istrat e

havi ng the above-described IR cut filmforned on the gl ass substrate.
The diaphragm 18c, the adhesive layexrs 31, 33, and

the adhesive layer 35 are gimilar to the above-described
diaphragm 18a, the adhesive layer 14, and the adhesive
layer 15, respectively, so that explanations therefor are
omitted.

[0035]

The resin components 16, 22 of the lens group 8, and
the resin components 32, 34 of the lens group 10 are
configured by a publicly known photo-curable resin.

Examples of the photo-curable resin adoptable herein
include acryl resin, allyl ester resin, and epoxy-based
resin described later.

The acryl resin and the allyl ester resin used herein
may be cured by radical polymerization reaction, and the

epoxy resin used herein may be cured by cation



For the case where the IR cut filmis fornmed, the filmis preferably
configured so as to alternately stack silicon dioxide |layers and titanium
di oxide layers or the like, wherein the topnost layer is preferably a
silicon dioxide |ayer which is sane as the glass substrate. [0042] [ Method
of Manufacturing | mage Capture Device (Fﬁage Capture Lens)] Next, a nethod
of manufacturing the inmage capture 31 device 1 (including nethods of

manuf acturing the image capture lens internedi ate product 70, a wafer |ens
51, a wafer lens lam nate 50 and an image capture lens 2) will be briefed,

referring t 43] First, a light-intercepting

photoreS|stOb¢1?%%S%§£%l %GF§§%%%%gd on the substrate 12, patterned into a
predet erm ned geomplry..ap { d§ W Fngng tﬂé rgh 8a are forned
(dlaphragn1forn1ng process oreS|s m xed w car | ack may be

adopt abl e t oyd:he diOhle- %hbehghgggmsoraes'@t may be sax{\é i, n;lef erable to
prelimnarily subject the substrate 12 to surface nmodi fi cati on treatnent

using a W ozoiedeM ¢eol cach! 8@~ device or the like (surface
nodi fication process). By the above process, an internediate product 70 of

the inmage capturepkensigd, ohayhdgr-ddigdiaphr agngit8a Bor ed @0 the substrate
12, is obtained. It is also preferable, in advance of the diaphragm form ng

process, to Halraw.t he organi c adhesive |ayer 14 on the substrate 12, by
vapor phase deposition process or coating process. Al so the
substrat e haviongsihe di aphragm forned thereon is preferably subjected to
surface nodification treatnent using a UV ozone device or a plasna device
or the like {(ISurfacelndesincati on process). [0044]
(Meth)acrylate used for the polymerization reaction
is not specifically limited, so that any {(meth)acrylates
produced by general methods of manufacturing may be
adoptable. These may be exemplified by ester
(meth)acrylate, urethane {meth)acrylate, epoxy
(meth)acrylate, ether (meth)acrylate, alkyl (meth)acrylate,
alkylene (meth)acrylate, aromatic-ring-containing
(meth)acrylate, and alicyclic-structured (meth)acrylate.
These may be used alone or in combination of two or more
species.
The alicyclic-gtructured (meth}acrylate is
particularly preferable, wherein the alicyclic structure
may contain an oxygen atom or a nitrogen atom. Examples
include cyclohexyl (meth)acrylate, cyclopentyl
(meth)acrylate, cycloheptyl (meth)acrylate, bicycloheptyl
{(meth)acrylate, tricyclodecyl {(meth)acrylate,

tricyclodecane dimethanol (meth)acrylate, isobornyl

(meth)acrylate, and di(meth)acrylates of hydrogen-added



32 Thereafter, on the substrate 12 having the di aphragns 18a forned
t hereon, the adhesive layer 15 is fornmed by vapor phase deposition process
or coating process (adhesive |ayer form ng process). After the
adhesive layer 15 was forned, for the case where only portions of the
exposed top surface of the substrate 12¢5out of the entire top surface of
the substrate having the diaphragns 18a forned thereon, are finally covered
with the adhesive layer 15 (in other words, the top surface of the

di aphragns 18a are left uncovered) as illustrated in FIG 3, portions of

t he adhesive | ayer 15 which fall .on the diaphragns 18a is renoved (adhesive
| ayer rennvﬁﬁﬁ“%?%ﬁ’§s).T¥§ﬁ?NﬂﬂV¥§ﬁcﬁna§g§% e HRHGTOP 65t he |i ke may
be used for the .remqoval. On the ot her ha for the_case where the
ndhostve | nyd SR Vs PERECEREIT e SIPPRLES OICTH AnBdVACe 12 and the

di aphragns 18 il uyst ed in Fl 1, the _adhesiv ayer_ remvi ng
process is n]aocfam%zlrt (%“r ﬁﬁ?ﬁhgﬁ%%te q\see &[aﬁﬁlgfe(%?cu?}i Iéepér/nes%%tei t hen

dropped i ntg, 1%|aqiigg2ﬂ%§’26&)51%%)V\e§rﬁah%§tg?| di pgedleand the - her |

waf er-1i ke substrateée pressing €ei'th aga

and al | oved {0, £UE8 RS DELABALLAN M1kt op A2 SONSSRIANGS, @

plurality of convex |ens portions are forned on the brganlc’or

i norgani ¢ adhiesilvg LaughnPind Nei SUBSLAALS 12 56pREILO0L P PGS 'Patt%ﬁié:

The substrate 12°is then turned over, "and the adhesive layer 20,

plurality ofpuliiaphragasnd8bsed-hey@dhesi \p%rlquae&ogéamﬁﬁv% he-Rhural ity of

concave |l ens portions 22a are fornmed on'the substrate 12, simlarly as

descri bed i redthe abapeneb8048]a open prAfn@r rlibeik&psoRatd | onNsr4lba and 22a
are formed, the nolding die is released fromthe substrate 12. The nol di ng

die may be neleased vesperyl velsdafdmryif eetpbienlotet he, Tonvex | ens portion
16a and formation of the concave |ens portion 22a, or nay be rel eased once
en bl oc aft exdafarnmathedhodf didertens: parid ons, t6adanaat He thoidl sur f aces.
triacrylate from Shin-Nakamura Chemical Co., Ltd.;
adamantyl ester of unsaturated carboxylic acid (Japanese
Laid Open Patent Publication No. 2000-119220); 3,3 -
dialkoxycarbonyl-1, 1" ~-biadamantane (see Japanese Laid Open
Patent Publication No. 2001-253835}; 1,1 -biadamantane
compounds {(United States Patent No. 3,342,880);
tetraadamantane (see Japanese Laid Open Patent Publication
No. 2006-169177); adamantane skeleton-containing curable
resins without aromatic ring such as 2-alkyl-2-
hydroxyadamantane, 2-alkylene adamantane, di-tert-butyl
1,3-adamantane dicarboxylate (see Japanese Laid Open Patent
Publication No. 2001-322950}; and
bis (hydroxyphenyl)adamantanes, and bis(glycidyloxy
phenyl)adamantane (see Japanese Laid Open Patent

Publication Nos. H11-35522 and H10-130371).

The acryl resin may also contain other reactive



After the nold releasing, the lens portions 16a, 22a formed on both
surfaces of the substrate 12 are anneal ed for post curing. The post curing
may be given once en bloc for the lens portions 16a, 22a forned on both
surfaces, or may be given respectively after nold releasing fromthe | ens

portions 16a, 22a, for each |lens porti oA®one-by-one. After the nold
rel easing, the first wafer lens 51 having a plurality of |ens portions 16a,
22a forned thereon is manufactured (see FIG 2). [00471 Thereafter,

simlarly to the manufacturing of the above-described first wafer |ens 51,

t he pluralit% of diathg s, 18c e adhesive | t he dgesive | ayer

th . 31,
33, the adheSTVe Tdyer ?h%ﬁﬁf%ﬁﬁﬁﬁaﬁﬁﬁygsfe%%ﬂﬁ%ﬁé&ﬁ Y "$4%drtions 32a,

ond. Lhe convex s, PURL0R%, 308 AEe Lo Al BRLIS sunstiats 0. and

the nol ds are réelease easi'ng is - i ng. For

Lhe SubSt T at g3 CARLENT 0L LD LR PUCL D 8 0T 53t hL, 10048

Thereafter, an anti-reflection not ustrate referably forned

on the resi n&aRANARLE 34 gFggééigfﬁaggnifggbtkgﬂ1gg§hgc £-layered

structure. Afirst "layer iIs iTectl'y on thé"resin ¢ onent 34, and

a second | aygsri $ut9nmMaed L NS €Nt ert -buty1ThR thhkSi1hayerphsy | ayer
conposed of af%ighrgiracf?ve-indeirnafgﬁial ha&in a réf?acf?be i ndex of

1.7 or |argeicryandd,s ppealer abt ¥a&OnfdQUr edmby 1ebbhetafe Mpd e of Ta205,
Ta205 and Ti02, or a mxture of Zr02, Zr02 and Ti02. The first | ayer may

al ternativeljetheaagmpesedcob1dhé&2y1 Nk2E3 aard BhB2cyciohexyThe second | ayer
is a layer conposed of a |owefractive-index material having a refractive
i ndex of smaldteradryaac#.7, and is preferably conposed of Si02.

Polyvalent (meth)acrylate may be exemplified by
trimethylolpropane tri(meth)acrylate, pentaerythritol
tetra(meth)acrylate, pentaerythriteol tri(meth)acrylate,
dipentaerythritel hexa{meth)acrylate, dipentaerythritol
penta(meth)acrylate, dipentaerythritol tetra{meth)acrylate,
dipentaerythritol tri(meth)acrylate, tripentaerythritol
octa(methlacrylate, tripentaerythritol septa{meth)acrylate,
tripentaerythritol hexa{meth)acxyrylate, tripentaerythritol
penta (meth)acrylate, tripentaerythritol
tetra{meth}acrylate, and tripentaerythritol
tri(meth)acrylate.

[0037]
(2) Allyl Ester Resin

The allyl ester resin relates to a resin containing
allyl group and curable by radical-polymerizaion. The
allyl ester resin is exemplified by those listed below, but
not specifically limited thereto.

Examples include bromine-containing (meth)allyl ester



[ 0049] Both of the first layer and the second | ayer of the
anti-reflection filmare fornmed by a techni que such as evaporation, and are
preferably fornmed while being kept in the tenperature range from-40 to
+40C (preferably from- 20 to +20C) with respect to the nelting tenperature
of an el ectro-conductive paste such as 38l der used in the reflow 35

process. [0050] By forming the anti-reflection filmin this way, a
second wafer lens 52 (see FIG 2), having the plurality of |lens portions
32a, 34a, is manufactured. [0051] An adhesive is then coated at

| east on either. one of the. non-|ens, portjons 22b 3§b and_the first and

second waf er T &t §K5ff0§§téFerb%%d. % o’ RN 6t frér (QP%EK??EFTﬁoceSS) (see
Fhe soncel P igaien, 3. FRESLIF0, B R h Rt e ©
SERCer 1 anNE e SNRUP MgFL s DOned { SRR R says cold) TS

resin (see Japanese Laid Open Patent Publication Nos. HO5-

286896 and 2003-66201); copolymer of acrylate ester and

epoxy group-containing unsaturated compound (see Japanese

Laid Open Patent Publication No. 2003-128725); acrylate

compounds (see Japanese Laid Open Patent Publication No.

2003-147072); and acryl ester compounds (see Japanese Laid

Open Patent Publication No. 2005-2064).

[0038]

(3) Epoxy Resin

The epoxy resin is not specifically limited so long
as it has epoxy groups and may be curable by polymerization
asgisted by light or heat. Acid anhydride or cation
generator may be used as a curing initiator. The epoxy
resin is preferable in view of producing lenses with high
molding accuracy, by virtue of its small cure shrinkage.

The epoxy resin may be exemplified by novolac phenol-
type epoxy resin, biphenyl-type epoxy resin, and
dicyclopentadiene-type epoxy resin. Examples include
bisphenol F diglycidyl ethex, bisphenol A diglycidyl ether,
2,2" -bis{4-glycidyloxycyclohexyl)propane, 3,4-
epoxycyclohexylmethyl-3, 4-epoxycyclohexane carboxylate,
vinylcyclohexene dioxide, 2-(3,4-epoxycyclohexyl)-5,5-

spiro- (3, 4-epoxycyclohexane) -1, 3-dioxane, bis(3,4-



[ 0053] The wafer lens |amnate 50 is then diced along dicing |lines
60 using a dicer or the like, so as to singulate a set as illustrated in
FIG 2, where the set is an assumed unit conposed of the convex |ens
portion 16a, the concave |ens portion 22a, the concave |ens portion 32a,
and the convex lens portion 34a (dicing?process). In this way, a
plurality of imge capture |l enses 2 are manufactured. 36 The resin
conponents 16, 22, 32 and 34 may preferably be diced typically by using a
di cer equipped with a rotary bl ade, at the nunber of rotation of 3,000 rpm

to 50,000 rp and at a cutting speed of .1 to 10 Sec. The resin
conponents 1 ,O)?f,ycg?hgﬁgygﬁ%?%a%r'ef%%a@llﬁgg%ég{;ﬁ%?ﬁfflﬁeOfr &sii conponent
16 on the object si owar he, resin conponent 34 on the image side.

Si nce sites(%%ﬁfﬁéo g&%n§%8%%%§éﬁi%§:ﬁﬁldzz, 32 and 34 being diced produce

dust, so that thesglokngihs Mafierablycdr ogeedad, Wle SHPRIWAGLU et ting)

water to the site o rcin dust preventi on.

t hus- obt ai nagd 7pgRcEaRhyl eobentod doeasieabhod, (Ronded), and the cover
eme all ed

glass 4 and the inmage capture e t are ins to thereby manufacture

the inmage capturexdedi §8nhjdride curiWy hgehbe ?H&%l gé@si%gﬁ Rfaehtt BByl Mage
capture elenent in this enbodinent were“installed after the ™ nage capture

lens 2 was manufaehueed pyedieimg, (Nl KRG8 CaplUrg SeMice LpRBYric
alternatively be obtained by stacking the wafer |lens |am nate 50 and the

substrate hauarglaspbyir ahet¥c0d ddmge iRPui-engl 88BAt SimFM«ed thereto,
fol | owed by dicing. Wil e the diaphragmis not provided on the

surface S3 (dmmaguef aadyetidde wilbsid an@y3d@)iden thigeerbodi ment, the

di aphragm may be provi ded. [0055]
anhydride, pyromellitic anhydride, hexahydrophthalic
anhydride, 3-methyl-hexahydrophthalic anhydride, 4-methyl-
hexahydrophthalic anhydride, mixture of 3-methyl-
hexahydrophthalic anhydride and 4-methyl-hexahydrophthalic
anhydride, tetrahydrophthalic anhydride, nadic anhydrige,
and methyl nadic anhydride. A curing accelerator may
optionally be contained. The curing accelerator is not
specifically limited so long as it exhibits a good
curability, not causative of coloration, and does not
degrade transparency of the curable resin. Examplesg
include imidazoles such ag 2-ethyl-4-methylimidazole
(2E4MZ) ; tertiary amine; quaternary ammonium salt; bicyclic
amidines and derivatives thereof such as
diazabicycloundecene; phospine; and phosphonium salt.
These may be used alone or in combination of two or more
species.

[0039]

In the image capture lens 2, an adhesive is coated



37 For an exenplary case of manufacturing electronic instrunents,
where the image capture device 1 and other el ectronic conponents are
nounted on a printed wiring board, solder may prelimnarily be placed on
the printed wiring board, the inmage capture device 1 and the electronic
components may be placed thereon, the wofk may be placed and heated in an
IR reflow oven so as to nelt the solder, followed by cooling. This enables
concurrent mounting of the imge capture device 1 and the electronic
conmponents on the printed wiring board. [Exanples] [0056] The

present invention wll expl ai ned specjfically by referring to Exanples
and Conpar a"tal?evtewel‘:aflartﬁlli1 eg.gn[ Iésrrpgl)céxdtf]ODD( %é’)‘fr?upgcttﬁ?i %%n%fgjﬁur‘%% er Lens)
On one surfagg of.,2 0sJ. L] b t f 0 t hi gk, on which
t he water contag¥xﬁ%§ﬁ% %?%F?ﬁéﬁ%%%?§§§%%33%é§,Sﬁgﬁ%t%E’f||%§;£%1total

thi ckness of, 400 0 GONBOSEH,OTs Bl UNR) hLkeOG BIE O UMmey dB L uprs was

formed, and a positive ph%tore5|st was coated I'ed accordi ng

to publicly-knows mebhpdss,The, s 0 | Sgh .a nask,
devel oped, and anﬁéaled a?2130035%¥§%mﬁ?%h?§§.§$%3&§%r%§§%ﬁ%2%npogﬁd in the

exposed are@jﬂgﬁﬁbgﬁgggg byset¢dd ng, the unused resist was renoved, so as
to formthe diaphragns having a |light- 38 transm ssive portion and

alignment narks. shtereiBagtiifad heswat epacent achodnl a-1r-dtke stihd ace of
t he di aphragns, a titanium oxide layer of 20 nmthick was fornmed as an

adhesi ve | aggtadey vapar ppasendgieposifdr@rdaproeessn, Aigabh ik polgyneri zabl e
epoxy resin was then dropped on the titanium oxide |ayer, and the resin was
exposed to Idagiviexandnal boweton o ar ehshidoachekenleps esseth amndera ,a nast er
(rol di ng die). The master was then released, to produce a first
waf er | ens igpnghivehlehe pestivrcdBzonemd hae ngntbe lens porticonsss bonded
directly to the entire surface of the adhesive |ayer (see Table 1 bel ow).
are arranged.
[0040}
In the image capture lens 2, the convex lens portion
l6a, the concave lens portion 22a, the concave lens portion
32a, the convex lens portion 34a, and each opening 7a of
the spacer 7 respectively have agpherical surfaces, while
being aligned on a single optical axis.
In particular in the image capture lens 2, the convex
lens portion l6a of the lens group 8 is arranged on the
object side, and the convex lens portion 34a of the lens
group 10 is arranged on the image side.
The convex lens portion 1l6a configures “surface S1”
as the object-side optical surface of the lens group 8, the
concave lens portion 22a configures “surface 827 as the
image-side optical surface of the lens group 8, the concave

lens portion 32a configures “surface S3” as the object-side

optical surface of the lens group 10, and the convex lens



[ 0057] (Manufacturing of |Inmage Capture Lens) The first wafer |ens
was diced in the area between the | enses, using a publicly known dicer at a
nunber of rotation of blade of 20,000 rpmand a cutting speed of 4 mi s,
fromthe surface Si (top surface), to thereby obtain 60 i mage capture

| enses. [0058] (Evaluation of Separatioflfter Dicing) The cross
sections of the inmage capture | enses obtained by dicing was observed under
a mcroscope, and the nunber of the | enses showi ng conpl ete separation or
slight separation between the |ayers were counted. Those show ng separation

beteen e Lenees, L e Shagel SuUGLE Qole, 29, pgLuded iyt count.

The i mage capture | enses wer ound to cause s

Lonesd 11 TaBb8: &a ek 0BF9nb BAIP! ey WNUERERULLDG ALafid gt VAT er
from the object side towards the image side.
[0041]

In the image capture lens 2, an IR cut film {(not
illustrated) may be formed on the substrate 12. The IR cut
film is formed by publicly-known vacuum evaporation
process, sputtering or CVD {Chemical Vapor Deposition),
respectively on both of the top and back surfaces of the
substrate 12. The IR cut film {(infrared shielding film) is
a film for shielding infrared radiation, and has a
Eranmissivity of 50% or larger with respect to light having
a wavelength of 365 nm.

Accordingly, the substrate in the context of the
present invention includes not only a glass substrate alone
by itself, but also a combined substrate having the above-
described IR cut film formed on the glass substrate.

For the case where the IR cut film is formed, the
film is preferably configured so as to alternately stack
silicon dioxide layers and titanium dioxide layers or the
like, wherein the topmost layer is preferably a silicon
dioxide layer which is same as the glass substrate.

{0042]
[Method of Manufacturing Image Capture Device (Image
Capture Lens) ]

Next, a method of manufacturing the image capture



The processes up to the diaphragmform ng process were proceeded simlarly
as described in Exanple 1. Next, on the glass substrate having the
di aphragns forned thereon, an am no-based silane coupling agent (a 1 wt%
et hanol solution of Z-6020 from Dow Corpjng Toray Co., Ltd.) was coated
using a spin coater, and the work was heated on a hot plate at 150C for 30
m nutes, to thereby forma silane coupling agent |ayer which forns sil oxane
bonds bound to the gl ass substrate having the diaphragnms forned thereon. A
cation-pol ynmeri zabl e epoxy resin was then dropped thereon, exposed to |ight
and al | owed devicur @ \WhéRudRiNGRSSCHrURIRLF A PBSHEY (UPlsding die), and
concurrently allowed to bind tightly with the silane coupling agent | ayer
with the ai daptueselgys ofntdradiiatted phib@litt 70, a wdthe: MesteLrswasg then
rel eased, to produce a first wafer lens in which the resin conponent having
the | ens pombifemsless bbmatath rsecting ka thegentapeusdrfase 0of Wjhe adhesive
| ayer (see Table 1 below). (Mnufacturing of Imge Capture Lens) and
(Eval uati onb#@efefl, Sepbeatiron taf trac.DickngyFiaers. perforned simlarly as
described in Exanple 1. Results were shown in Table 2 bel ow. [0060]
[ Exanpl e 3] (®#B#dfacturing of First Wafer Lens) One surface of a
borosilicate glass substrate of 0.6 mmthick was treated using a UV ozone
cl eani ng system UAROB fa drmgliéchnbersephintpphdtorresigitnutfes, eantplhe wat er
contact angl e was neasured thereon. The di aphragm form ng process was
proceeded si-fii FARF§3 a@n dextrawhed riaeExanpPetternéd Inisstar at e havi ng t he
di aphragns forned thereon was then treated using the UV ozone cl eaning
system for BTRFRLEERINGHh FME Wt e ANEo RhaEELY g & ankis yheds drieghrhgmeon.
Next, a silicon oxige | ayer of 20 nmthick was fornmed as t he adhesive | ayer
by vapor phéé@ FEDOSTHT BLEIM HATHANG PR BEed sP| Bletexrpidtng agent
| ayer was fgrne sigﬁlarl a deﬁaéibed i n_Exanpl e 2. A
cati on- pol yh&t 2 aht éﬁ8¥§”¥ digfrknBaYt RenddPRippele dit the ditltdse coupl i ng
| ayer, expo .1ight and allowed to cure while being pressed under a
mast er (nnl%ﬁgaig%%gggﬁﬁ:]%%H@ﬁrrently allowed to bind tightly with the
silane coupling ent_ | r.wth the aid of energy of irradiated |ight.

i Mo rRiea b FPoafe bl rel e it

The master was then Telease 6 pr €in which the
resin CO”DOQ§Q§t§§%g’¥btégaguﬁ@ﬁce modification treatment using a UV

ozone device or a plasma device or the like (surface
modification process). By the above process, an
intermediate product 70 of the image capture lens 2, having
the diaphragms 18a formed on the substrate 12, is obtained.
It is also preferable, in advance of the diaphragm forming
process, to form the organic adhesive layer 14 on the
substrate 12, by vapor phase deposition process or coating
process.

Also the substrate having the diaphragm formed
thereon is preferably subjected to surface modification
treatment using a UV ozone device or a plasma device or the
like (surface modification process).

[0044]



41 portions is bonded directly to the entire surface of the adhesive |ayer
(see Table 1 bel ow). (Manuf acturing of Inmage Capture Lens) and
(Eval uation of Separation after Dicing) were perforned simlarly as
described in Exanple 1. Results were shown in Table 2 below [00611

[ Exanpl e 4] (Manufacturing of First Wafer Lens) On one surface of a
borosilicate glass substrate of 0.6 mmthick, on which the water contact
angle prelimnarily measured, a negative resist material containing a black
filler and epoxy resin was coated by spin coating, and dried, to thereby
forma 2-pmthickrhéteardhe resicst Wassthehe EXPAsRM A0 tlhiegatiabhﬁcagﬂg a
mask, devel oped, and anneal ed at 200C for 20 m nutes, to thereby formthe
di aphragnms hawi figrachi ghérddanyHeS SidvespOE! L9PeaND: ald ruvRrRla MRr ks. After
measuring the water contact angle on the surface of the diaphragns, a mask
was formed eapblreptdaaphtagrst amd parcgiebiscon exatlend iprodcfss2Q aametshiek was
formed by vapor phase deposition process on the portions other than the

di aphr agns, lelerméskmivas pemmsed,. and an epoxy-based sil ane coupling agent
(a1 w %ethanol solution of KBVA03 from Shin-Etsu Silicone Co., Ltd.)

| ayer was forned, ASten |tdrd pdhesdescilebed 15 Exanplmne?l, The epexyabased
silane coupling agent |ayer on the diaphragns was 42 w ped off wth

acet one, si W&eret orkhi bPxia pia theakxboaddngest swntpde wift khehe

di aphr agns. A cation-pol yneri zabl e epoxy resin was then dropped

t her eon, exfyeEETEEL| 1ghtondlaltheweativecter swifachadghsr essed under a
master (nolding die), and concurrently allowed to bind tightly with the
si | ane coupFiREtageat "3 ag Hifd diRpehdrapRr agfsf ored thersion o rener gy of

i rradi at ed Ilght. The master was then_released, to produce a first
wafer |ens FADRALENCPHRTSRLIHFN &ji6r 2HBEGFAYC MAY$RNS pbirt i5HeY soBdfded

directly to the adhesive |layer, and to the di aphragns (see Table 1 bel ow).
y the top surtace 3% the dgaphragms 18£ arg left uncovered) W

as illustrated in FIG. 3, portions of the adhesive layer 15
which fall on the diaphragms 18a is removed (adhesive layer
removing process). Solvent such as acetone, ethanol or the
like may be uged for the removal.

On the other hand, for the case where the adhesive
layer 15 covers the entire surfaces of the substrate 12 and
the diaphragms 18a as illustrated in FIG. 1, the adhesive
layer removing process is not performed.

[0045]

A photo-curable resin is then dropped into a molding
die, filled between the molding die and the wafer-like
substrate 12 by pressing either one of which againgt the
other, and allowed to cure under irradiation of light. As
a conseguence, a plurality of convex lens portions léa are
formed on the organic or inorganic adhesive layer on the

substrate 12 (molding process).



(Manuf acturing of Image Capture Lens) and (Eval uation of Separation after
Dicing) were perfornmed simlarly as described in Exanple 1. Results were
shown in Table 2 below. [0062] [Exanple 5] (Manufacturing of First \Wafer
Lens) The processes up to the di.aphragm form ng process were
proceeded simlarly as described in Exanple 4. The water contact angle was
nmeasured on the surface of the diaphragns, and an one-part acrylic adhesive
was printed on the diaphragnms to a thickness of 6 pmby screen printing,
and the work was dried on a hot plate at 100C for 5 mnutes. 43 A

radi cal - pol yneri zeht es@ssthta e Sion 1Was hthepu SR OPR&L L hefgoRnexposed to
light and allowed to cure while being pressed under a nmaster (nolding die),

and concurr emnkyiakl oweertoo bimgd %ﬂgﬁﬁhitwﬁbh thepahes vied, ayee With the
aid of energy of irradiated |ight. he master was then rel eased, to

produce a fizdskswatelayens2in ama chmet @@uﬁcauﬂywﬂpﬂﬂﬁmv&a\@n@g the Iens
portions is bonded directly to the entire surface of the adhesive |ayer

(see Tabl e boeliony.22a are fdvhtadf aect whiengubbttawgel Laptiuria akapshsand
(Eval uation of Separation after Dicing) were perforned simlarly as
descri bed i deBeanbéé in ResuHdcsrenere shown in Table 2 bel ow. [0063]
[ Exanpl e 6]

[0046]

After the lens portions l1é6a and 22a are formed, the
molding die is released from the substrate 12. The molding
die may be released respectively after formation of the
convex lens portion 1l6a and formation of the concave lens
portion 22a, or may be released once en bloc after
formation of the lens portions l6a, 22a on both surfaces.

After the mold releasing, the lens portions 16a, 22a
formed on both surfaces of the substrate 12 are annealed
for post curing. The post curing may be given once en bloc
for the lens portions 16a, 22a formed on both suxfaces, or
may be given respectively after mold releasing from the
lens portions 1l6a, 22a, for each leng portion one-by-one.

After the mecld releasing, the first wafer lens 51
having a plurality of lens portions 16a, 22a formed thereon
is manufactured (see FIG. 2).

[6047]

Thereafter, similarly to the manufacturing of the

above-described first wafer lens 51, the plurality of

diaphragms 18c, the adhesive layer 31, the adhesgive layer

33, the adhegive layer 35, the plurality of concave lens



(Manuf acturing of First Wafer Lens) The processes up to the

di aphragm form ng process were proceeded simlarly as described in Exanple
4. The water contact angle was neasured on the surface of the diaphragns,
and a silicon oxide layer of 20 nmthick, was formed as the adhesive |ayer
by vapor phase deposition process, and an am no-based silane coupling agent
| ayer was fornmed simlarly as described in Exanple 2. The epoxy-based
silane coupling agent |ayer on the diaphragns was wi ped off with acetone. A
radi cal - pol ymeri zabl e acryl resin was then dropped 44 thereon, exposed to
light and algsawednk03o4! eaididie: RYIRGxPIessedobPists & JBsher sCiRlkdi ng die),
and concurrently allowed to bind tightly with the silane coupling agent

|l ayer and thasdl apheagnBumkthdde i dnaf taaehgYaofaitd nadiated | gkt .

The master was then released, to produce a first wafer lens in which the
resin | ayer rhavdi nrglehei henss pylliconrs by pendegdudisect kprt enkhe adhesi ve

| ayer, and to the diaphragns (see Table 1 bel ow). (Manuf acturing of
| mge Capt ureibseéns)ycandl, (&valirat icdn thk Sepacat f Dim afd emi@i=dibng). were
performed simlarly as described in Exanple 1. Results were shown in Table
2 bel ow. [0064p4pExanpl e 7] (Manufacturing of First Wafer Lens) On
one surface of a borosilicate glass substrate of 0.6 mmthick, on which the
wat er cont act angFeepraftign.nan bptieasfied;ian fikloryawdat e1lbasedasedipne
coupling agent (a 1 wt % ethanol solution of KBE-9007 from Shin-Etsu
Silicone Colf prafypralby chammad @i hgearspin coaperentarid t hEhaoaktivas heat ed
on a hot plate_at 150C for 30 mnutes, to thereby forma silane coupling
agent | ayer TRALERTEBR nEl LT IpEarme dovwds - bavnted oSt Hec st r &t lrst Next ,
a negative resist material containing a black filler and acryl resin was
coated by S&@Hegoégi?@FQﬁgtqﬂgectly on the resin component 34, and a

second layer is formed thereon.

The first layer is a layer composed of a high-
refractive-index material having a refractive index of 1.7
or larger, and is preferably configured by either a mixture
of Ta0s, Ta0y and Ti0,, or a mixture of Zr0,, %rO, and
TiO;. The first layer may alternatively be composed of
TiO,, Nb,0; and HEO,.

The second layer is a layer composed of a low-
refractive-index material having a refractive index of
smaller than 1.7, and is preferably composed of Si0,.

{0049}

Both of the first layer and the second layer of the
anti-reflection film are formed by a technique such as
evaporation, and are preferably formed while being kept in
the temperature range from -40 to +40°C (preferably from -
20 to +20°C) with respect to the melting temperature of an

electro-conductive paste such as solder used in the reflow



45 silane coupling agent layer, and dried, to thereby forma 2-pmthick
film The resist was exposed to |ight through a mask, devel oped, and
anneal ed at 220C for 20 m nutes, to thereby formthe di aphragns having a
light-transm ssive portion and alignmen{_marks. After neasuring the water
contact angle on the surface of the diap%ragns, a mask was forned on the

di aphragns, and a titanium oxide |layer of 20 nmthick was formed by vapor
phase deposition process on the portions other than the diaphragns, the
mask was renoved, and an epoxy-based silane coupling agent (a 1 wt % et hanol

sol ution of from Shin-Etsu Silicone Co., Ltd.) layer was forned,
simlarly as described in Exanple 2. The epoxy-based silane coupling agent
| ayer on the diggphragnms was w ped off with acetone. A

radi cal - pol yneri zabl e acryl resin was then dropped thereon, exposed to
light and al | owed g0 feuhenyghine HRiiNGePnessednundet i MastLrvalfokdi ng die),
and concurrently allowed to bind tightly with the silane coupling agent

| ayer and the:diraphiadgis 1uhthst hesead dr1af. ener gyvohgi tnadbated iltygbit.

The master was then released, to produce a first wafer lens in which the
resin | ayer Tend neritthenkeBsSa poy4d onss inmrhdadedrdidrectly to the adhesive

| ayer, and to the diaphragns (see Table | bel ow). (Manuf acturing of
| mage Captureooénad) and (Eval uati on of Separation after Dicing) were
performed simlarly as 46 described in Exanple 1. Results were shown in
Tabl e 2 bel ow. [08665pdNExENP|e 8hefVawatadt ati bepof dEi resitt AT enel efis)

the non-lens portions 22b, 32b, and the firsgst and second
wafer lenses 51, 52 are bonded to each other (stacking
process) (see FIG. 2).

[0052]

An adhesive is then coated on at least either one of
the spacer 7, and the non-lens portion 34b of the lens
group 10, and the spacer 7 and the lens group 10 are bonded
to each other.

In this way, the wafer lens laminate 50 is
manufactured (see FIG. 2).

[0053]

The wafer lens laminate 50 is then diced along dicing
lines 60 using a dicer or the like, so as to singulate a
set as illustrated in FIG. 2, where the set is an assumed
unit composed of the convex lens portion léa, the concave
lens portion 22a, the concave lens portion 32a, and the
convex lens portion 34a (dicing process).

In this way, a plurality of image capture lenses 2

are manufactured.



The first wafer |lens was manufactured simlarly as described in Example 7,
and a gl ass spacer of 0.6 mmthick was bonded to the resin |ayer having the
| ens portions formed therein using an adhesive, to thereby nanufacture a
first wafer lens with spacer (see Tableyd bel ow). (Manuf acturi ng of
| mrage Capture Lens) and (Eval uation of Separation after Dicing) were
performed simlarly as described in Exanple 1. Results were shown in Table
2 bel ow. [0066] [Exanple 9] (Manufacturing of First Wafer Lens) On
one surface of a borosilicate glass substrate of 0.6 mmthick, on which the

wat er contact anglrgepresim aadpdnenreasyr edy, am aé:ﬁcylxqba@@dp%lelf@@sbwupl I ng
agent (a 1 wt% et hanol solution of SZ6030 fron1D0m/Cbrn|ng Toray Co., Ltd.)

was coated usi ricadspypicoalerpy andddhe Werkrwaguhssd®dsiam a H@ta&'yat e at
150C for 30 mnutes, to thereby forma silane coupling agent |ayer which
forms 5|onaﬂadbonds bbendutieet et suhsitiahect Theo o agas ses dderneaf t er were
proceeded simlarly as described in Exanple 47 7 (see Table 1 bel ow).
(Manuf act ur inpg . ofnBmagea Capt urrey lgrs)d aifid 1( Eval aatmOseof Separation after
Dicing) were perforned simlarly as described in Exanple 1. Results were
shown in Tabl e 2 Betowes 008 pdrExaspllé, 10, 32 and 34 are preferably

diced from the resin component 16 on the cbject side
towards the resin component 34 on the image side. Since
sites of the resin components 16, 22, 32 and 34 being diced
produce dust, so that the dicing is preferably proceeded
while supplying (jetting) water to the site of dicing for
dust preventiomn.

[0054]

The thus-obtained image capture lens 2 is assembled
(bonded), and the cover glass 4 and the image capture
element are installed, to thereby manufacture the image
capture device 1.

While the cover glass 4 and the image capture element
in this embodiment were installed after the image capture
lens 2 was manufactured by dicing, the image capture device
1 may alternatively be obtained by stacking the wafer lens
laminate 50 and the substrate having a plurality of image
capture elements provided thereto, followed by dicing.

While the diaphragm is not provided on the surface 83
{top surface of the substrate 30) in this embodiment, the
diaphragm may be provided.

[0055]



(Manuf acturing of First Wafer Lens) On one surface of a borosilicate
gl ass substrate of 0.6 mmthick, on which the water contact angle is
prelimnarily neasured, an isocyanate-based silane coupling agent (a 1 w%
ethanol solution of a 1 wt % ethanol solution of KBE-9007 from Shin-Etsu
Silicone Co., Ltd.) was coated using a spin coater, and the work was heated
on a hot plate at 150C for 30 mnutes, to thereby forma silane coupling
agent |ayer which forns sil oxane bonds bound to the substrate. The
processes thereafter were proceeded simlarly as described in Exanple 7,
except that the epexyahaseshsid:aneageupki REnaseAtut A¥Ele 102158 1di aphr agns
was w ped off with ethanol (see Table 1 bel ow). (Manuf acturing of

| mrage Capt urimdtenspnand ¢Eyad ugid ofnaefe S@P@[@céi abvakd er DLidiGke Ner e
performed simlarly as described in Exanple 1. Results were shown in Table
2 bel ow. [0CGS&ktfrExanptenjdjedtd: (Avhnuiaetea g af pHifisda Wihemdg ens)

One surface of a borosilicate glass substrate of 0.6 mmthick was treated
usi ng a UV dweue, ckeadengnsy stesiM1208 11 om pesbeadvesire ndntkar 5

m nutes, and the water contact angle was neasured thereon. The di aphragm
form ng proddgdngaboprdcecedisign lcaptyrasddescei beahd n-Hexaiplce rénithe
substrate having the diaphragns forned thereon was then treated using the
UV ozone cl éaRPRESEYSt BaY floe Blariatuttdsereand the wexkrmaoritcactisardl e was
nmeasured thereon. Next, a double-|layered adhesive |ayer was forned
simlarly agdeSertpedinrExdhpied 10y, cdr8 Fheaepoxyudls ddissisoddercoupl i ng
agent | ayer on_the dj aphragns was w ped off with ethanol. A

radi cal - pol YREFPYERI BY a¢P9H 1%%si AhhAsermehed rapser nemsr sonntanpoetd t o

i ght and alhgmed to cure while being pressed under a master (nolding die),
and concur r &REI yVEPF oGRIE WS HSH S ghel§ ®REhe LRt XM h & TPeTENE§ agent

| ayer and tQ% diaghgagns.mjth the aid of energy of irradiated |ight.

The master was PhERTRIEHEEY R roduce a first wafer lens in which the
resin Iayer[Eﬁving ége | ens portions is bonded directly to the adhesive

| ayer, and to fhe G phragns (see Table 1 bel ow). (Manuf acturing of
| mage Captur?okggf) and (Eval uation of Separation after Dicing) were
performed simlarly as described in Exanple 1. Results were shown in Table

2 The present invention will be explained specifically

by referring to Examples and Comparative Examples.
[Example 1]
(Manufacturing of First Wafer Lens)

On one surface of a borosilicate glass substrate of
0.6 mm thick, on which the water contact angle
preliminarily measured, a metal film of a total thickness
of 800 nm composed of a plurality of chromium oxide layers
was formed, and a positive photoresist was coated thereon
and dried according to publicly-known methods. The resist
was exposed to light through a mask, developed, and
annealed at 130°C for 2 minutes. The chromium compound in
the exposed area was removed by etching, the unused resgist

was removed, so as to form the diaphragms having a light-



49 bel ow. [0069] [Exanple 12] (Manufacturing of First Wafer Lens)

One surface of a borosilicate glass substrate of 0.6 mmthick was treated
using a plasm apparatus PD-2203L from SAMCO Inc. fed with oxygen, at 200 W
for 2 mnutes, and the water contact anghe was then neasured. The di aphragm
form ng process was proceeded simlarly as described in Exanple 7.
Thereafter, the substrate having the di aphragns fornmed thereon was again
treated simlarly using the plasna apparatus for 2 mnutes, and the water
contact angle was neasured. The processes for formng the adhesive |ayer

and t her eaf t eran@iies JineC pededosi Mhd afl iyrerdesaikbed At SXarpler104(see
Tabl e 3 bel ow). (Manuf acturing of |Inmage Capture Lens) and

(Eval uati on ufie Sepanatdoataatt ehglk chiPharesig rpeel 8F Mede SaMAhFdIhAS &
described in Exanple 1. Results were shown in Table 4 bel ow. [0070]
[ Exanpl e 13]t{tvenufractxubticngapér Fbf s10 Maf ahik&nshs formed Qe surface of a
borosilicate glass substrate of 0.6 mmthick was treated using a plasma
appar at us P@2g38ilvef deye8AMZO/dpcr fledienidepoexydgen, pabc@89. Waf or 4 mi nut es,
and the water contact angle was then nmeasured. The di aphragm
cation-polymerizable epoxy resin was then dropped on the
titanium oxide layer, and the resin was exposed to light
and allowed to cure while being pressed under a master
(molding die).
The master was then released, to produce a first
wafer lens in which the resin component having the lens
portions is bonded directly to the entire surface of the
adhesive layer (see Table 1 below).
[0057]
(Manufacturing of Image Capture Lens)
The first wafer lens was diced in the area between
the lenses, using a publicly known dicer at a number of
rotation of blade of 20,000 rpm and a cutting speed of 4
mm/s, from the surface 81 (top surface), to thereby obtain
60 image capture lenses.
[0058]
(Evaluation of Separation after Dicing)
The cross sections of the image capture lenses
obtained by dicing was observed under a microscope, and the
number of the lenses showing complete separation or slight

separation between the layers were counted. Those showing

separation between the lenses and the spacers were not



50 formng process was proceeded simlarly as described in Exanple 7.
Thereafter, the substrate having the di aphragns fornmed thereon was again
treated simlarly using the plasna apparatus for 4 mnutes, and the water
contact angle was nmeasured. The processgg for form ng the adhesive |ayer
and thereafter were proceeded simlarly as described in Exanple 10 (see
Tabl e 3 bel ow). (Manuf acturing of Inmage Capture Lens) and

(Eval uation of Separation after Dicing) were perforned simlarly as
described in Exanple 1. Results were shown in Table 4 below. [0071]

[ Exanpl e 14]id&&UHEHBQh@biﬂﬂeoéoﬁﬁEStTﬂﬁfﬁﬁaégnéapture 1dnessyehace of a
borosilicate glass substrate of 0.6 mmthick was treated using a plasma

appar at us PEAZABled ramsSANBEaTaEiof etk Widdyuexygen, 1 att480: Wiy 6 om nut es,
and the water contact angle was then neasured. The di aphragm form ng
process was lpriepeeded simlarly as described in Exanple 4. Thereafter, the
substrate having the diaphragns forned thereon was again treated simlarly
usi ng the pl d$®&%pparatus for 6 minutes, and the water contact angle was
nmeasured. The processes for form ng the adhesive |ayer and thereafter were
proceeded sitA¥aamly a3 described in Exanple 10, except that a
cation-pol yneri zabl e epoxy resin was used for formng the | enses (see Table
3 below). 5SManufactugrpaaupbckirsthdiasfen! fgge) Capture Lens) and (Eval uation
of Separation after Dicing) were performed simlarly as described in

Exanpl e 1. Resul t $PRePBOIPHHRES iUP Tabltdes dhapbragf DT iEramiessls)

were proceeded similarly as described in Example 1. Next,
on the glass substrate having the diaphragms formed
thereon, an amino-based silane coupling agent (a 1 wt%
ethanol solution of Z-6020 from Dow Corning Toray Co.,
Ltd.) was coated using a spin coater, and the work was
heated on a hot plate at 150°C for 30 minutes, to thereby
form a silane coupling agent layer which forms siloxane
bonds bound to the glass substrate having the diaphragms
formed thereon. A cation-polymerizable epoxy resin was
then dropped thereon, exposed to light and allowed to cure
while being pressed under a master (molding die), and
concurrently allowed to bind tightly with the silane
coupling agent layer with the aid of energy of irradiated
light.

The master was then released, to produce a first
wafer lens in which the resin component having the lens
portions is bonded directly to the entire surface of the
adhesive layer (see Table 1 below).

(Manufacturing of Image Capture Lens) and (Evaluation



(Manuf acturing of First Wafer Lens) The | ens portions (surface 51)
were formed on one surface of a 0.6-mmthick borosilicate glass substrate
by the sane procedures as described in Exanple 5, and the |ens portions
(surface S2) were fornmed on the other sypface by the sane procedures, to

t hereby manufacture a first wafer lens in which the resin conmponents having
the lens portions fornmed therein are bonded directly to the entire surfaces
of the adhesive layers on both surfaces of the substrate (see Table 3

bel ow) . (Manuf acturing of Image Capture Lens) and (Eval uation of

Separation abtegefd:GtNGh WEEErPBILE I diSidTdeatbymag descidbad 4 Exanpl e
1. Results were shown in Table 4 below. [0073] [Exanple 16] (‘Manufacturing

of First Wafe@ésdensdd in Examphe 1enepantkonsré ssidace Hlapwere formed on
one surface of a 0.6-mmthick borosilicate glass substrate by the sane
procedures aseudescri bed in Exanple 4, and the lens 52 portions (surface
52) were forned on the other surface by the sane procedures, to thereby
manuf acture alddacdt wafer lens in which the resin layers having the | ens
portions fornmed therein are bonded directly to the adhesive |ayers, and to
t he di aphr agh®xamplgot3i surfaces of the substrate (see Table 3 bel ow).
(Manufacturing of Inmage Capture Lens) and (Eval uation of Separation after
Di ci ng) wer e(ifarfieated isonPEaFlysagiafescriieped i n Exanple 1. Results were

shown in Table 4 bel ow. [0074]
One surface of a borosilicate glass substrate of 0.6

mm thick was treated using a UV ozone cleaning system UV-
208 from Technovision Inc. for 5 minutesg, and the water
contact angle was measured thereon. The diaphragm forming
process was proceeded similarly as described in Example 1,
the substrate having the diaphragms formed thereon was then
treated using the UV ozone cleaning system for 5 minutes,
and the water contact angle wag measured thereon. Next, a
silicon oxide layer of 20 nm thick was formed as the
adhesive layer by vapor phase deposition process, and an
aminoc-based silane coupling agent layer was formed
similarly as desgcribed in Example 2.

A cation-polymerizable epoxy resin was then dropped
on the silane coupling layer, exposed to light and allowed
to cure while being pressed under a master (molding die),
and concurrently allowed to bind tightly with the sgilane
coupling agent layer with the aid of energy of irradiated
light.

The master wag then releaged, to produce a first

wafer lens in which the resin component having the lens



[ Exanpl e 17] (Manufacturing of First Wafer Lens) The | ens portions
(surface 51) were formed on one surface of a 0.6-mmthick borosilicate

gl ass substrate by the sane procedures as described in Exanple 12, except
that an acryl -based silane coupling agent was used for the adhesive |ayer
(upper | ayer) after the diaphragn1forniﬁ process. Thereafter, the |lens
portions (surface 52) were fornmed on the other surface by the sane
procedures. Next, a 0.6-mmthick glass spacer was bonded to the surface 52
usi ng an adhesive, to thereby manufacture a first wafer lens in which the

resin |ayers,paving. ti;gg dao%@%dpaﬁ&gz?@;};fes Bl teglgigiensagf@abgngf%ge{erect ly to

t he adhesive | ayers, to the di aphragns on surtaces

substrate (sgendable 3Rl QWhe TEBle 1 peld¥BNUfacturing of Image Capture
Lens) and (Eval uation of Separation after Dcing) were perforned simlarly

as described in Exgmph@atcuResyl &8 mvie oM reniabl eads bgémua[&%?ﬁ]
[ Exanpl e 18] (Manufacturing of First fer Lens) Afirst wafer |ens

havi ng the | enss@#dons: aftkRepsuihqcrersrle argd rihaecauEiaceaS2, was
manuf actured by the sane procedures as described in Exanple 17, except that

t he spacer wasscwibdindedxbaspee Tabl eekbuhelkowrre (Maswih att urdmng of Second

Waf er Lens)
helow.

[0061]

[Example 4]
(Manufacturing of First Wafer Lens)

On one surface of a borosilicate glass substrate of
0.6 mm thick, on which the water contact angle
preliminarily measured, a negative resist material
containing a black filler and epoxy resin was coated by
spin coating, and dried, to thereby form a 2-um-thick film.
The resist was then exposed to light through a mask,
developed, and annealed at 200°C for 20 minutes, to thereby
form the diaphragms having a light-transmissive portion and
alignment marks. After measuring the water contact angle
on the surface of the diaphragmg, a mask was formed on the
diaphragms, and a silicon oxide film of 20 nm thick was
formed by vapor phase deposition process on the portions
other than the diaphragms, the mask was removed, and an
epoxy-based silane coupling agent (a 1 wt% ethanol solution
of KBM403 from Shin-Etsu Silicone Co., Ltd.)} layer was
formed, similarly as described in Example 2. The epoxy-

based silane coupling agent layer on the diaphragms was



A second wafer |ens having the lens portions on the surface S3 and the
surface 34 was manufactured simlarly to the first wafer lens (see Tables 3
and 4 below). (Bonding of First Wafer Lens and Second Wafer Lens)

The thus-manufactured first wafer |ens gnd t he second wafer |ens were
bonded using an adhesive, to thereby pr fluce a wafer |ens |aninate havi ng
two wafer | enses stacked therein. (Manuf acturing of |Inage Capture
Lens) and (Eval uation of Separation after Dicing) were perforned simlarly
as described in Exanple 1. Results were shown in Table 4 bel ow. [0076]

Ex l e 19].4 .agt ULl f Fi \af er . facturi f
Scoont v o1 Tanb) (Bandt ni or BTt < Vel dr Loni nd Sebont Ua'er Lens)

The first ang,secendMRbein! §REESLNEr & smuiact ured by the same procedures
as described in EXanpl e %8, to t hereby prodggé a wafer |ens |am nate having

the first and 5eC@xn@a\ﬁ@Eﬁ[p&?ﬁﬁ’@ﬁﬁtﬁ@‘%ﬁ:oﬁcpeE@Eﬂn MNeXtoneh QalsgPot hi ck.
gl ass spacer was bonded to the surface of the wafer lens |amnate using
an adhesi ve {g@eckableapodeantodl behOWMna allowed to cure while being
pressed under a master (molding die), and concurrently
allowed to bind tightly with the silane coupling agent
layer and the diaphragms with the aid of energy of
irradiated light.

The master was then released, to produce a first
wafer lens in which the resin layer having the lens
portions is bonded directly to the adhesive layer, and to
the diaphragms (see Table 1 below).

(Manufacturing of Image Capture Lens) and (Evaluation
of Separation after Dicing) were performed similarly as
described in Example 1. Results were shown in Table 2
below.

[0062]
[Example 5]
(Manufacturing of First Wafer Lens)

The processes up to the diaphragm forming process
were proceeded similarly as described in Example 4. The
water contact angle was measured on the surface of the
diaphragms, and an one-part acrylic adhesive was printed on
the diaphragms to a thickness of 6 um by screen printing,
and the work was dried on a hot plate at 100°C for 5§

minutes.



(Manuf acturing of Image Capture Lens (single chip)) and (Eval uation of
Separation after Dicing) were perfornmed simlarly as described in Exanple
1. Results were shown in Table 4 below. [0077] [Conparative Exanple 1]
(Manuf acturing of First Wafer Lens) The processes up to the

di aphragm form ng process were proceedeﬁ simlarly as described in Exanple
1. Thereafter, without form ng the adhesive |ayer, a radical polynerizable
acryl resin was dropped on the substrate having the di aphragns fornmed

t her eon, exposed to light, and allowed to cure while being pressed under a

master (nolding dipe),qic l pol! h‘g‘?ﬁ(}%}bq( Ethfg'sﬂ?l etglent Qir%ggt yee a

first wafer |lens (see Ta | e 3 Nhnu acturlng | mage ure Lens

(single chi pperds, argpbEYal H@tipgh@far%em@meantéf L&Fe Qinel MO 12
perforned simlarly as descrlbed Exanple 1. Results were shown~in Table
4 bel ow. [OQJEQsééa3@&@%%thVﬁa§¥é¥Wﬂﬁbﬁﬁlng die), and concurrently
allowed to bind tightly with the adhesive layer with the
aid of energy of irradiated light.

The master was then released, to produce a first
wafer lens in which the resin component having the lens
portions is bonded directly to the entire surface of the
adhesive layer (see Table 1 below).

(Manufacturing of Image Capture Lens) and (Evaluation
of Separation after Dicing) were performed similarliy as
described in Example 1. Results were shown in Table 2
below.

[00623]
[Example 6]
(Manufacturing of First Wafer Lens)

The processes up to the diaphragm forming process
were proceeded similarly as described in Example 4. The
water contact angle was measured on the surface of the
diaphragms, and a silicon oxide layer of 20 nm thick was
formed as the adhesive layer by vapor phase deposition
process, and an amino-based silane coupling agent laver was
formed similarly as described in Example 2. The epoxy-
based silane coupling agent layer on the diaphragms was
wiped off with acetone.

A radical-polymerizable acryl resin was then dropped



(Manuf acturing of First Wafer Lens) On one surface of a 0.6-mmthick
borosilicate glass substrate, the |l ens portions (surface S1) were fornmed by
t he sane procedures as described in Exanple 4, except that a negative
resist material containing a black fillﬁr and acryl resin was used for

form ng the diaphragns. Thereafter, wt dut form ng the adhesive |ayer, a
radi cal pol yneri zabl e acryl resin was dropped on the substrate having the

di aphragns forned thereon, exposed to light, and allowed to cure while
bei ng pressed under a master (nolding die). The master was then

rel eased 10 produse 1ed:ens DO LERNSASUAGESL), nd 1he d gis por ti ons

(surface S2) were formed by the sane procedures on the other e.

Thereafter, grfsfedmMiddiCk BLassr SPASEI: MR%RINAEdat Qohbe-SUlifAce S2 using
an adhesive, to thereby produce a first Wafer I'ens wth spacer “having the

| ens portiong1ferdedOmb;iRat BigHt iaces0frHhe iubst &@&1@1{&%%9]@@ e 3 below).
(Manufacturing of Image Capture Lens) and (Eval uation of Separation after

Di ci ng) wer elpgsif eifiedhel Aibhphlygas wascriked iknoExanplgy lof Resul ts were
shown in Table 4 56 below. [0079] [Conparative Exanple 3] (Manufacturing
of First Vaferrdeng)ed light A first wafer |lens having the | ens portions
formed on the surface S1 and the surface S2 was manufactured by the sane
procedures as desdhicbedstar Bxawpiler? «(1Earpadr, atbver&karplL 2)rat

wafer lens in which the resin layer having the lensg

portions is bonded directly to the adhesive layer, and to

the diaphragms (see Table 1 below).

(Manufacturing of Image Capture Lens) and (Evaluation

of Separation after Dicing) were performed similarly as

described in Example 1. Results were shown in Table 2

below.

[0064]
[Example 7]
(Manufacturing of First Wafer Lens)
On one surface of a borosilicate glass substrate of

0.6 mm thick, on which the water contact angle

preliminarily measured, an isocyanate-based silane coupling

agent (a 1 wt% ethanol solution of XBE-90C7 from Shin-Etsu

Silicone Co., Ltd.) was coated using a sgpin coater, and the

work was heated on a hot plate at 150°C for 30 minutes, to

thereby form a silane coupling agent layer which forms

siloxane bonds bound to the substrate.

Next, a negative resist material containing a black

filler and acryl resin was coated by spin coating on the



(Manuf acturing of Second Wafer Lens) A second wafer |ens having the
| ens portions on the surface S3 and surface S4 was nmanufactured simlarly
to the first wafer lens (see Tables 3 and 4 below). (Bonding of First Wafer

Lens and Second Wafer Lens) The t hus- manuf act ur ed
and the second wafer |ens were bonded u%?ng an adhesi ve,

first wafer |ens
to thereby produce

a wafer lens [ am nate having two wafer |enses stacked therein. Next,

0.6-mthick glass spacers were bonded to the surface S

and the surface $4

of the wafer |ens stacks using an adhesive (see Table 1 bel ow).

Manuf act ur i I - L lL.yat Lon ation after
Excpﬁg?cmgﬁQQ%%%%%Fﬁ§%§%§§P%§%$§ %%ﬁ%322$¥£5%%F§’Ekgn%ﬁeréﬁpéégilf% wer e
shown in 1¥“&£%ﬁ£éﬂ¥d@“fiﬁgo8tha%%shg%bbgsléxposed to light through a

mask, developed, and annealed at 220°C for 20 minutes, to

thereby form the diaphragms having a light-transmissive

portion and alignment markg. After measuring the water

contact angle on the surface of the diaphragms,

a mask was

formed on the diaphragms, and a titanium oxide layer of 20

nm thick was formed by vapor phase deposition process on

the portions other than the diaphragms, the mask was

removed, and an epoxy-based gilane coupling agent (a 1 wt%

ethanol solution of KBM403 from Shin-Etsu Silicone Co.,

Ltd.) layer was formed, similarly as described in Example

2. The epoxy-based silane coupling agent layer

diaphragms was wiped off with acetone.

on the

A radical-polymerizable acryl resin was then dropped

thereon, exposed to light and allowed to cure while being

pressed under a master (molding die}, and concurrently

allowed to bind tightly with the silane coupling agent

layer and the diaphragms with the aid of energy of

irradiated light.

The master was then released, to produce a first

wafer lens in which the resin layer having the lens

portions is bonded directly to the adhesive layexr, and to

the diaphragms (see Table 1 below).

(Manufacturing of Image Capture Lens) and

{Evaluation

of Separation after Dicing) were performed similarly as
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described in Example 1. Results were shown in Table 2
below.
[00e5]
[Example 8]
(Manufacturing of First Wafer Lens)

The first wafer lens was manufactured similarly as
described in Example 7, and a glass spacer of 0.6 mm thick
was bonded to the resin layer having the lens portions
formed therein using an adhesive, to thereby manufacture a
first wafer lens with spacer (see Table 1 below).

(Manufacturing of Image Capture Lens) and (Evaluation
of Separation after Dicing) were performed similarly as
described in Example 1. Results were shown in Table 2
below.

[0066]
[Example 9]
(Manufacturing of First Wafer Lens)

On one surface of a borosilicate glass substrate of
0.6 mm thick, on which the water contact angle
preliminarily measured, an acryl-based silane coupling
agent (a 1 wt% ethanol solution of SZ6030¢ from Dow Corning
Toray Co., Ltd.) was coated using a spin coater, and the
work was heated on a hot plate at 150°C for 30 minutes, to
thereby form a silane coupling agent layer which forms
siloxane bonds bound to the substrate. The processes

thereafter were proceeded similarly as described in Example



ae =Mt "crap' .11 jrrrj trz I=1 c.e 4%jg "TSIEcis COg e--1

47

7 [(see Table 1 below).

(Manufacturing of Image Capture Lens) and (Evaluation
of Separation after Dicing) were performed similarly as
described in Example 1. Results were shown in Table 2
below.

[0067]
[Example 10)
(Manufacturing of First Wafer Lensg)

On cne surface of a borosilicate glass substrate of
0.6 mm thick, on which the water contact angle is
preliminarily measured, an isocyanate-based silane coupling
agent (a 1 wt% ethanol solution of a 1 wt% ethanol solution
of KBE-9007 from Shin-Etsu Silicone Co., Ltd.) was coated
using a spin coater, and the work was heated on a hot plate
at 150°C for 30 minutes, to thereby form a silane coupling
agent layer which forms siloxane bonds bound to the
substrate., The processes thereafter were proceeded
similarly as described in Example 7, except that the epoxy-
based silane coupling agent layer on the diaphragms was
wiped off with ethanol (see Table 1 below).

{(Manufacturing of Image Capture Lens) and (Evaluation
of Separation after Dicing} were performed similarly as
described in Example 1. Results were shown in Table 2
below.

f0068]

[Example 11]
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(Manufacturing of First Wafer Lens)

One surface of a borosilicate glassg substrate of 0.6
mm thick was treated using a UV ozone cleaning system UV-
208 from Technovisgion Inc. for 5 minutes, and the water
contact angle was measured thereon. The diaphragm forming
process wag proceeded similarly as described in Example 7,
the substrate having the diaphragms formed thereon was then
treated using the UV ozone cleaning system for 5 minutes,
and the water contact angle was measured thereon. Next, a
double-layered adhesive layer was formed gimilarly as
described in Example 10, and the epoxy-based silane
coupling agent layer on the diaphragms was wiped off with
ethanol.

A radical-polymerizable acryl resin was then dropped
thereon, exposed to light and allowed to cure while being
pressed under a master (molding die), and concurrently
allowed to bind tightly with the silane coupling agent
layer and the diaphragms with the aid of energy of
irradiated light.

The master was then released, to produce a first
wafer lens in which the resin layer having the lens
portions is bonded directly to the adhesive layer, and to
the diaphragms (see Table 1 below).

(Manufacturing of Image Capture Leng) and (Evaluation
of Separation after Dicing) were performed similarly as

described in Example 1. Results were shown in Table 2



Adhesi ve Di aphragm Adhesi ve of adhesive resin |ayer 20 18b layer 21 |ayer
| ayern Surface Water Surface Water nodification contact nodification
contact Lower Upper |ayer State of bonding treatnent angler treatnent
angler layer at interfaces | | | I I | | Black filler _ 49 Acryl-based
Resin layer entirely

below.
[00629]
{Example 12]
(Manufacturing of First Wafer Lens)

One surface of a borosilicate glass substrate of 0.6
mm thick was treated using a plasma apparatus PD-2203L from
SAMCO Inc. fed with oxygen, at 200 W for 2 minutes, and the
water contact angle was then measured. The diaphragm
forming process was proceeded similarly as described in
Example 7. Thereafter, the substrate having the diaphragms
formed thereon was again treated similarly using the plasma
apparatus for 2 minutes, and the water contact angle was
measured. The processes for forming the adhesive layer and
thereafter were proceeded similarly as described in Example
10 {see Table 3 below).

(Manufacturing of Image Capture Lens) and (Evaluation
of Separation after Dicing) were performed similarly as
described in Example 1. Resultg were shown in Table 4
beiow.

[0070]
[Example 13]
(Manufacturing of First Wafer Lens)

One surface of a borosilicate glass substrate of 0.6
mm thick was treated using a plasma apparatug PD-2203L from
SAMCC Inc. fed with oxygen, at 200 W for 4 minutes, and the

water contact angle was then measured. The diaphragm



e 47 - Ahcariel bonded on entire surfac + epoxy base adhesive of adhesive

| ayer - T 88g Epoxy-based si hne Acetone Epoxy Resin |ayer bonded to |
coupling agent base adhesive |ayer and diaphragm| O Acryl-based silane Eth
not Aeryl gjeltcif plasma, n Bl ack Oxygen miclanina, plasma, 21 TiQ2

coupling agent a base 111111 1/-211 111111l- 47 - Black filler -49 - _ Anyl
__ +acrid base base

forming process was proceeded similarly as described in
Example 7. Thereafter, the substrate having the diaphragms
formed thereon was again treated similarly using the plasma
apparatus for 4 minutes, and the water contact angle was
measured. The processes for forming the adhesive layer and
thereafter were proceeded similarly as described in Example
10 {see Table 3 below).

{Manufacturing of Image Capture Lens) and (Evaluation
of Separation after Dicing) were performed similariy as
described in Example 1. Results were shown in Table 4
below.

[0071]

[Example 14]
(Manufacturing of First Wafer Lens)

One surface of a borosilicate glass substrate of ¢.6
mm thick was treated using a plasma apparatus PD-2203L from
SAMCC Inc. fed with oxygen, at 400 W for 6 minutes, and the
water contact angle was then measured. The diaphragm
forming process was proceeded similarly as described in
Example 4. Thereafter, the substrate having the diaphragms
formed thereon was again treated similarly using the plasma
apparatus for 6 minutes, and the water contact angle was
measured. The processes for forming the adhesive layer and
thereafter were proceeded similarly as described in Example
10, except that a cation-polymerizable epoxy resin was used

for forming the lenses (see Table 3 below).
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{Manufacturing of Image Capture Lens) and {Evaluation
of Separation after Dicing) were performed similarly as
degcribed in Example 1. Results were shown in Table 4
below.

[0072]
[Example 15]
(Manufacturing of First Wafer Lens)

The lens portions (surface S1) were formed on one
surface of a 0.6-mm-thick borosilicate glass substrate by
the same procedures as described in Example 5, and the lens
portions (surface S2} were formed on the other surface by
the same procedures, to thereby manufacture a first wafer
lens in which the resin components having the lens portions
formed therein are bonded directly to the entire surfaces
of the adhesive layers on both surfaces of the substrate
(see Table 3 below).

(Manufacturing of Image Capture Lens) and (Evaluation
of Separation after Dicing) were performed similarly as
described in Example 1. Results were shown in Table 4
below.

[0073]
[Example 16]
(Manufacturing of First Wafer Lens)

The lens portions (surface §1) were formed on one
surface of a 0.6-mm-thick borosilicate glass substrate by

the same procedures as described in Example 4, and the lensg
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portions (surface S2) were formed on the other surface by
the same procedures, to thereby manufacture a first wafer
lens in which the xesin layers having the lens portions
formed therein are bonded directly to the adhesive layers,
and to the diaphragms on both surfaces of the substrate
{see Table 3 below).

(Manufacturing of Image Capture Lens) and {Evaluation
of Separation after Dicing) were performed similarly as
described in Example 1. Results were shown in Table 4
below.

[(0074]
[Example 17]
(Manufacturing of First Wafer Lens)

The lens portions (surface 81) were formed on one
surface of a 0.6-mm-thick borosilicate glass substrate by
the same procedures as described in Example 12, except that
an acryl-based sgilane coupling agent wag used for the
adhesive layer (upper layer) after the diaphragm forming
process. Thereafter, the lens portiong (surface 82) were
formed on the other surface by the same procedures. Next,
a 0.6-mm-thick glass spacer was bonded to the surface S2
using an adhesive, to thereby manufacture a first wafer
lens in which the resin layers having the lens portions
formed therein are bonded directly to the adhesive layers,
and to the diaphragms on both surfaces of the substrate

{see Table 2 below).
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(Manufacturing of Image Capture Lens) and (Evaluation
of Separation after Dicing) were performed similarly as
described in Example 1. Results were shown in Table 4
below.

{0075]
[Example 18]
(Manufacturing of First Wafer Lens)

A first wafer lens having the lens porticns on the
surface S1 and the surface S2 was manufactured by the same
procedures as described in Example 17, except that the
spacer was not bonded (see Table 1 below).

(Manufacturing of Second Wafer Lens)

A second wafer lens having the lens portions on the
surface S3 and the surface 54 was manufactured similarly to
the first wafer lens (see Tables 3 and 4 below}.

(Bonding of First Wafer Lens and Second Wafer Lens)

The thus-manufactured first wafer lens and the second
wafer lens were bonded using an adhesive, to thereby
produce a wafer lens laminate having two wafer lenses
stacked therein,

(Manufacturing of Image Capture Lens) .and (Evaluation
of Separation after Dicing) were performed similarly as
described in Example 1. Results were shown in Table 4
below.

[0076]

[Example 19]
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(Manufacturing of First Wafer Lens)
(Manufacturing of Second Wafer Lens)
(Bonding of First Wafer Lens and Second Wafer Lens)

The first and second wafer lenses were manufactured
by the same procedures as described in Example 18, to
thereby produce a wafer lens laminate having the first and
second wafer lengses stacked therein. Next, a 0.6-mm-~thick
glass spacer was bonded to the gsurface S4 of the wafer lens
laminate using an adhesive (see Tables 3 and 4 below).

(Manufacturing of Image Capture Lens (single chip))
and (Evaluation of Separation after Dicing) were performed
gimilarly as described in Example 1. Results were shown in
Table 4 below,

[6077]
[Comparative Example 1]
(Manufacturing of First Wafer Lens)

The processes up to the diaphragm forming process
were proceeded similarly as described in Example 1.
Thereafter, without forming the adhesive layexr, a radical-
polymerizable acryl resin was dropped on the substrate
having the diaphragms formed thereon, exposed to light, and
allowed to cure while being pressed under a master (molding
die) .

The master was then released, to produce a first
wafer lens (see Table 3 below).

(Manufacturing of Image Capture Lens (single chip))
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and (Evaluation of Separation after Dicing) were performed
similarly as described in Example 1. Results were shown in
Table 4 below.

[0078]

[Comparative Example 2]

(Manufacturing of First Wafer Lens)

On one surface of a 0.6-mm-thick borosilicate glass
substrate, the lens portions (surface S1) were formed by
the same procedures as described in Example 4, except that
a negative resist material containing a black filler and
acryl resin was used for forming the diaphragms.
Thereafter, without forming the adhesive layer, a radical-
polymerizable acryl resin was dropped on the substrate
having the diaphragms formed thereon, exposed to light, and
allowed to cure while being pressed under a master {(molding
die).

The master was then released to produce the lens
portions (surface S1), and the lens portionsg (surface 82)
were formed by the same procedures on the other surface.
Thereafter, a 0.6-mm-thick glass spacer was bonded to the
surface 82 using an adhesive, to thereby produce a first
wafer lens with spacer having the lens portions formed on
both surfaces of the substrate (see Table 3 below).

(Manufacturing of Image Capture Lens) and (Evaluation
of Separation after Dicing) were performed similarly as

described in Example 1. Results were shown in Table 4
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below.
[0079]

[Comparative Example 3]

(Manufacturing of First Wafer Lens)

A first wafer lens having the lens portions formed on
the surface S1 and the surface $2 was manufactured by the
game procedures as described in Example 21 (Comparative
Example 2}. |
{(Manufacturing of Second Wafer Lens)

A second wafer lens having the lens portions on the
surface 83 and surface 5S4 was manufactured similarly to the
first wafer lens (see Tables 3 and 4 below).

(Bonding of First Wafer Lens and Second Wafer Lens)

The thus-manufactured first wafer lens and the second
wafer lens were bonded using an adhesive, to thereby
produce a wafer lens laminate having two wafer lenses
stacked therein. Next, 0.6-mm-thick glass spacers were
bonded to the surface 81 and the surface 54 of the wafer
lens stacks using an adhesive (see Table 1 below).

(Manufacturing of Image Capture Leng) and (Evaluation
of Separation after Dicing) were performed similarly as
described in Example 1. Results were shown in Table 4
below.

[0080]
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“- represents

in Table 1 to Table 4,

Note that,




| Conparative Exanple 1 Conparative Exanple 2 Conparative Exanple 3 Note

that, in Table 1 to Table 4, "-" represents 65 absence of conponent, and
"1" represents that the conponent is the sane with that in the preceding
Exanpl e (Conparative Exanple) in the upggr col umm. In short,
Examples 1 to 14, and Conparative Exanp 1 represent configurations having

the Il ens portions fornmed only on one surface of the substrate, whereas
Exanples 15 to 19, and Conparative Exanples 2 and 3 represent those having
the Il ens portions formed on both surfaces of the substrate.

absence of component, and “t” represents that the component
is the same with that in the preceding Example (Comparative
Example) in the upper column.

In short, Examples 1 to 14, and Comparative Example 1
represent configurations having the lens portions formed
only on one surface of the substrate, whereas Examples 15
to 19, and Comparative Examples 2 and 3 represent those
having the lens portions formed on both surfaces of the
substrate.

foogll]
[Conclusion]

Tables 1 to 4 clearly teaches that Example 1 to
Example 19, which are improved in the wettability of the
surfaces of the lens, the surface and the diaphragms, by
forming various adhesive layers between the substrate and
the diaphragms, or by forming the adhesive layer after
formation of the diaphragms, were found to give smaller
numbers of lenses which showed interlayer separation after
dicing, as compared with Comparative Examples 1 to 3. It
is therefore known that the interlayer adhesiveness was
improved, and the adhesiveness was desirable in all layers.

By virtue of the improved adhesiveness among the
individual layers, also MTF characteristics and so forth of
the singulated lenses obtained after dicing of the wafer

lens are degirable.



[ 0081] [ Concl usi on] Tables 1 to 4 clearly teaches that Exanple 1 to
Exanpl e 19, which are inproved in the wettability of the surfaces of the

| ens, the surface and the diaphragnms, by form ng various adhesive | ayers
bet ween the substrate and the diaphragng or by form ng the adhesive | ayer
after formation of the diaphragnms, were ?ound to give smaller nunbers of

| enses which showed interlayer separation after dicing, as conpared with
Conparative Exanples 1 to 3. It is therefore known that the interlayer
adhesi veness was i nproved, and the adhesiveness was desirable in al

| ayers. whatBh oVichibyUgeQ8f 1L he i nproved adhesi veness anong the individual
| ayers, also MIF characteristics and so forth of the singul ated | enses
obtained after dicing of the wafer lens are desirable. 66 What is clained
is: 1. An inmage capture |lens, conprising: a di aphragm fornmed on a

substrate and haviing m phedet eapkned apes| Wendalsiadj.usti ng quantity of
i ght; an i norganic or organi c adhesive |layer formed on the

substrate so as ta aouphrddie fh:AT agnk a0dstrate ams NeRSiiMgca@nponent havi ng
a lens portion made of a curable resin, wherein t he resin conponent
i s bonded dipmgidtyrinantieapaot gani oadduganng gdaesiwve d@ayeright ;
an inorganic or organic adhesive layer formed on the
substrate so as to cover the diaphragm; and
a resin component having a lens portion made of a
curable resin, wherein

the resin component is bonded directly to the

inorganic or organic adhesive layer.

2. An image capture lens, comprising;

a diaphragm formed on a substrate and having a
predetermined aperture for adjusting gquantity of light;

an inorganic or organic adhesive layer formed on the
substrate so as to expose the diaphragm; and

a regin component having a lens portion made of a
curable resin, wherein

the resin component is bonded directly to the

inorganic or organic adhesive layer, and to the diaphragm.

3. The image capture lens of claim 2,
wherein the substrate and the diaphragm are subjected

to surface modification treatment.



2. An image capture |ens, conprising; a di aphragm forned on a
substrate and having a predeternlned aperture for adjusting quantity of

l'i ght; an inorganic or organi c adhesive |layer fornmed on the
substrate so as to expose the diaphrag and a resin conponent
having a lens portion nmade of a curable 7e5|n wherein the resin conmponent
is bonded directly to the inorganic or organi c adhesive |ayer, and to the
di aphragm 3. The imge capture |lens of claim 2, wherein the
substrate and the di aphragm are subjected to surface nodification

treatment. 67 4. sThepidmBge, LARLWEGLENSHOT o ANV PUOh CLaLTRe 1, 10, 3
3,
wherein the organic adhesive layer is a silane

coupling agent layer.
5. The image capture lens of any one of claims 1 to

wherein the diaphragm is composed of a resin which

containg a black filler.
6. The image capture lens of any one of claims 1 to

wherein the lens portion is formed on both of object-

side surface and image-side surface of the substrate.
7. The image capture lens of any one of claims 1 to

wherein the inorganic or organic adhesive layer has a
multi-layered configuration having an inorganic adhesive
layer and an organic adhesive layer stacked in this order

from a substrate side.

8. The image capture lens of any one of claims 1 to
7, further comprising an organic adhesive layer provided

between the substrate and the diaphragm.



wherein the organi c adhesive layer is a silane coupling agent layer. 5. The

i mge capture lens of any one of clains 1 to 4, wherein the
di aphragmis conposed of a resin which contains a black filler. 6. The
i mge capture | ens of any one of clains to 5, wherein the | ens

portion is forned on both of object-sid% surface and i mage-si de surface of
the substrate. 7. The inage capture lens of any one of clains 1 to 6,
wherein the inorganic or organi c adhesive |ayer has a multi-|ayered
configuration having an inorgani c adhesive |ayer and an organi c adhesive

|ayer stacked in Ghi Spor dep, r og),a,subsliats: Sideond. ofhe1L RGeS, capt ur e

| ens of any one of clalns 0 urt conpri'sing an organi c adhesi ve

layer provided Qgtoneen by sHPSS rat erardict o6l 2pHR&9Ms the

outermost layer of the substrate.

10. A wafer lens, compriging:

a plurality of diaphragms formed on a substrate, each
having a predetermined aperture for adjusting quantity of
light;

an inorganic or organic adhesive layer formed on the
substrate so as to cover the diaphragms; and

a resin component having a plurality of lens portions
made of a curable regin, wherein

the resin component is bonded directly to the

inorganic or organic adhesive laver.

11. A wafer lens, comprising;

a plurality of diaphragms feormed on a substrate, each
having a predetermined aperture for adjusting quantity of
light;

an inorganic or organic adhesive layer formed on the
substrate so as to expose the diaphragms; and

a resin component having a plurality of lens portions
made of a curable resin, wherein

the resin component is bonded directly to the

inorganic or organic adhesive layer, and to the diaphragmg.



68 9. The image capture lens of any one of clains 1 to 8, further
conprising an IR cut filmforned as the outernost | ayer of the substrate.

10. A wafer lens, conprising: a plurality of diaphragns fornmed on a
substrate, each having a predeterm ned ggerture for adjusting quantity of

l'i ght; an inorganic or organi c adhéesive |layer fornmed on the substrate
so as to cover the diaphragns; and a resin conponent having a
plurality of lens portions nade of a curable resin, wherein t he
resin conponent is bonded directly to the inorganic or organic adhesive

| ayer. 1A waffle |ens. GRURrL$i PPsin 11, @ plurality of

di aphr agns forned on a substrate, each having a predetermnned aperture for

adj usting quantit yQf-elihghhe substraéH‘éd@O&%@nhgaBﬁr9§£E”Bf%.adhes'Ve | ayer
formed on the substrate so as to expose the diaphragns; and aresin

conmponent hayamded: 4 WRlilkY¥a0F heas:s prtinns edgeat . a curable resin,
wher ein
13. The wafer lens of any one of claims 10 to 12,
wherein the organic adhesive layer is a silane

coupling agent laver.

14. The wafer lens of any one cf claims 10 to 13,
wherein the diaphragms are composed of a resin

containing a black filler.

15. The wafer lens of any one of claims 10 to 14,

wherein the resgin composing the diaphragms has a
highly reactive group such as a hydroxyl group and a
carboxyl group, and also the regsin which containg the lens
portions has a highly reactive group such as a hydroxyl

group and a carboxyl group.

16. The wafer iens of any one of claims 10 to 15,

wherein the resin composing the diaphragms is epoxy,
acryl or allyl ester resin, and

also the resin which contains the lens portion is

epoxy, acryl or allyl ester resin.

17. The wafer lens of any one of claims 14 tc 16,



the resin conmponent is bonded directly to the inorganic or organic adhesive

| ayer, and to the diaphragns. 69 12. The wafer lens of claim11l,
wherein the substrate and the di aphragns are subjected to surface
nodi fication treatnent. 13. The wafer lens of any one of clainms 10 to

12, wherein the organi c adhesive | ayer "8 a silane coupling agent |ayer.
14. The wafer lens of any one of clains 10 to 13, wherein the di aphragns
are conposed of a resin containing a black filler. 15. The wafer |ens
of any one of clains 10 to 14, wherein the resin conposing the

di aphr ags has a RLGOLY" AGti Y. GIAUR SUCH. 858, HYdr Giylo gl oup and a

car boxyl group, and also the resi contai ns ens portions has a

hi ghly react| X a _grau r | group.
ghly b fe O QURISUGR a8 ?Qaéfg@a%é 1%#0%53?9\%%686_ poexyl group

16. The wafer 1ens of any one o rein the resin

conposi ng t hgywhiaphragns i s epoxy, acryl or ally' ester resin, and
al so the resin which contains the I ens portion is epoxy, acryl or allyl
ester resin. 17. The wafer lens of any one of clains 14 to 16,

18. The wafer lens of any one of claims 14 to 17,

wherein the inorganic or organic adhesive layer has a
multi-layered configuration having an inorganic adhesive
layer and an organic adhesgsive layer stacked in this order

from a substrate side,

19. The wafer lens of any one of claims 14 to 18,
further comprising an organic adhesive layer provided

between the substrate and the diaphragms.

20. The wafer lens of any one of claims 14 to 19,
wherein the diaphragms are formed into an annular
patiern so as to surround outer circumferences of the lens

portions in the plan view.

21. The wafer lens of any one of claims 12 to 20,
further comprising an IR cut f£ilm formed as the outermost

layer of the substrate.

22. A wafer lens, comprising:
a plurality of diaphragms formed on a substrate, each

having a predetermined aperture for adjusting quantity of



70 wherein the |l ens portions are forned on both of object-side
surface and i mage-side surface of the substrate. 18. The wafer |ens
of any one of clainms 14 to 17, wherein the inorganic or organic
adhesive layer has a nmulti-layered configuration having an inorganic
adhesive | ayer and an organi ¢ adhesive nger stacked in this order froma
substrate side. 19. The wafer lens of any one of clainms 14 to 18,
further conprising an organi ¢ adhesive | ayer provi ded between the substrate
and the di aphragns. 20. The wafer lens of any one of clains 14 to
19, Vwﬁﬁﬁﬂrlthe di aphragns are formed into an annul ar pattern so as
to surround outer’ circunferences of the lens portions in the plan view

21. The waf er 'e“%no'nég afe &f qcﬂ 1% %@Phgiggl%‘;{%ﬁ NG MRL! %5%9 2“ IR

cut filmforned as the t er nost er o e sybst at e.
wafer lens, caMNRINGs as to efpdddNdld W aghrdbarhrages formed on a

substrate, each having a predeterm ned aperture”for adjusting quantity of

a resin component having a plurality of lens portions

made of a curable resgin, wherein
the resin component ig bonded directly to the

inorganic or organic adhesive layer, and to the diaphragms,

and
a spacer having opening at positions corresponded to

the plurality of lenses in the direction of optical axis

thereof, is bonded to positions in a direction of optical

axis corresponding to the plurélity of lens portionsg.

23. The wafer lens of claim 22,

wherein the lens portions are formed on both of
chject-gide surface and image-side surface of the
substrate, and

the spacer is provided on the image-side surface of

the substrate.

24, The wafer lens of claim 22 or 23,

wherein the inorganic ox organic adhesive layver has a
multi-layered configuration having an inorganic adhesive
layer and an organic adhesive layer stacked in this order

from a substrate side.



71 1ight;

an inorganic or organi c adhesive |layer formed on the

substrate so as to expose the diaphragns; and a resin conponent
having a plurality of |ens portions made of a curable resin, wherein
the resin conponent is bonded directly 59 the inorganic or organic adhesive
| ayer, and to the diaphragns, and a spacer havi ng openi ng at
positions corresponded to the plurality of lenses in the direction of
optical axis thereof, is bonded to positions in a direction of optical
corresponding to the plurality of |lens portions. 23. The wafer |ens of

claim 22,

obj ect-si de surface an

spacer is preyided %@%sggegsﬁs&%ﬁfa%%s%et heySHBSLS AL fag 24. The

wher e&éﬂ? tw@féﬁﬂ%n@%*ﬂ 8@32 cg:%e?t Prc"ﬁag_m%”zg%g 0%

mage- si de surfa e substrate, and’

wafer lens of claim22 or 23] erein the inorganic or organic
adhesi ve | aygerhas, anailstibskayes egheanfd gunahi-agmbavi ng an inorganic
adhesi ve | ayer and an organi ¢ adhesive |ayer stacked in this order froma
substrate side.

26. A wafer lens laminate configured by stacking a
plurality of wafer lenses, wherein

at least one wafer lens out of the plurality of wafer
lenses comprises:

a plurality of diaphragms formed on a substrate, each
having a predetermined aperture for adjusting quantity of
light;

an inorganic or organic adhesive layer formed on the
substrate so ag to exposge the diaphragms; and

a resin component having a plurality of lens portions
made of a curable resin, the resin component being bonded
directly to the inorganic or organic adhesive layer, and to

the diaphragmsg.

27. The wafer lens laminate of claim 26,

wherein the inorganic or organic adhesive layer has a
multi-layered configuration having an inorganic adhesive
layer and an organic adhesive layer stacked in this order

from a substrate side.

28. The wafer leng laminate of c¢laim 26 or 27,

further comprising an organic adhesive layer provided

axi s

t he



72 25. The wafer |lens of any one of clainms 22 to 24, further
conprising an organi c adhesive | ayer provided between the substrate and the
di aphr agns. 26. A wafer lens |lam nate configured by stacking a
plurality of wafer |enses, wherein at | east one wafer |ens out of

the plurality of wafer |enses conprises?3 a plurality of diaphragns

formed on a substrate, each having a predeterm ned aperture for adjusting
gquantity of |ight; an inorganic or organi c adhesive |layer formed on
the substrate so as to expose the diaphragns; and a resin conponent

having a pl ualidat gkglgggsg %Eéqgéiqﬁﬁ?dﬁ ﬂrgg&gble resin, the resin

conponent bel ng bon Irectly to the 1norganic or organi c adhesive | ayer,
and to the diaphragns. 27. The wafer |lens |am nate of claim 26,
wherein the inorganic or organi c adhesive |ayer has a nmulti-|ayered

configuration havizag @Drkﬂ@k@aBECmﬁﬁb%ﬁb&@rhﬁy%ﬁa%ﬂ%g%ncabgégécléﬂges'Ve
| ayer stacked in this order froma substrate side. . The wafer

| ens | ami natwnioh Gl @ 26:0f fmpdibithen CoaBhyShNTed ;%agaa.«_rarp nRdesi ve
| ayer provided 73
of a curable resin, which resin component being formed on a
substrate, the method comprising:

a diaphragm forming process for forming on the
substrate, each of a plurality of diaphragms having a
predetermined aperture for adjusting guantity of light;

an adhesive layer forming process following after the
diaphragm forming process, for forming on the substrate
having the diaphragms formed thereon, an inorganic or
organic adhesive layer so as to cover the diaphragms;

a molding process following after the adhesive layer
forming processg, for forming the resin component by
dropping the curable resin between the inorganic or organic
adhesive layer and a molding die having a molding surface
for forming a plurality of the lens portions, and by
molding and curing the resgin under pressurized die; and

a dicing process following after the wolding process,

for dicing a work to singulate the plurality of the lens

portions intc a single lens portion.

30. A method of manufacturing an image capture lens
having a resin component which has a lens portion made of a

curable resin, which resgin component being formed on a



bet ween the substrate and the di aphragns. 29. A net hod of
manuf acturing an i nage capture | ens which has a resin conponent including a
| ens portion nade of a curable resin, which resin conmponent being formed on

a substrate, the nmethod conpri sing: gy, @ di aphragm form ng process for
form ng on the substrate, each of a plurality of diaphragns having a
predeterm ned aperture for adjusting quantity of |ight; an adhesi ve

| ayer form ng process followi ng after the di aphragm form ng process, for
form ng on the substrate having the diaphragns forned thereon, an inorganic

or organic adhesived a¥gE [0vASa QA4S dhe di aphragns; a nol di ng
process following after the adhesive |ayer form ng process, for formng the

resin conmponent by drapRiAgh tAS-EHAR@ckes! RobetyBRMd &) idhr gani ¢ or
organi ¢ adhesive layer and a nol ding di e having a nol ding surface for
form ng a plaumadddaye0f ebbr & epsuRoridons, da_raghwgﬂplﬁwm?r@d curing the

resin under pressurized die; and a dicing process follow ng after
t he nol di ng prearessmihen dpeingra v ladiastingubabecibe of uriajdd,y of the
| ens portions into a single |ens portion. 30. A nethod of

manuf act uri ng an bnagéheaptargatenNsdiadnAgpactess Nf soMpaneNta Ae-cinhas a

| ens portion made of a curable resin, which resin conponent being forned on
a 74 subst rataghrielge fethodg compress NnCor forming dhapix agmdStaradeng process
for formng on the substrate, each a plurality of diaphragns having a

pr edet er m nethvdper ttiee df aphaajust fowgragu ameirepnof ahi ghwrganic or an adhesi ve
| ayer form ng process follow ng after the di aphragmform ng process, for
form ng on thiganilssedheeinaviaget eo disapleor agrverf bheediapleraams; an i norganic

or organic adhesive | ayer so as to cover the diaphragns;
an adhesive layer removing process following after

the adhesive layer forming process, for removing portions
of the inorganic or organic adhesive layer formed on the
diaphragms;

a molding process following after the adhesive layer
removing process, for forming the resin component by
dropping the curable resin between the inorganic or organic
adhegive layer and a molding die having a molding surface
for forming a plurality of the lens portions, and by
molding and curing the resin under pressurized die; and

a dicing process folleowing after the molding process,
for dicing a work to thereby singulate the plurality of the

lens portions into a single lens portion.

31. A method of manufacturing an image capture lens
having a resin component which has a lens portion made of a
curable resin and which regsin component being formed on at

least one surface of a substrate, the method comprising:



an adhesi ve | ayer renoving process followi ng after the adhesive |ayer

form ng process, for renoving portions of the inorganic or organic adhesive
| ayer forned on the diaphragns; a nol ding process follow ng after

t he adhesive | ayer renoving process, for.formng the resin conponent by
dropping the curable resin between the inorganic or organi c adhesive | ayer
and a nol ding die having a nolding surface for formng a plurality of the

| ens portions, and by nolding and curing the resin under pressurized die;
and a dicing process followi ng after the nolding process, for dicing

a work to thereby Sifguhdbgnt Perdi MY dhiddeQf fohe rLeRsnPort Ians J ko a
single I ens portion. 31. A nethod of manufacturing an i nage capture

| ens having anéesiFrLemanent Wibshrdes, a [Ens-anatti gp aBgdenofq@; curabl e
resin and which resin conponent being fornmed on at | east one surface of a

substrate, tbecieidioithe @MPhirededgimiddd aperturd GicadPBB3gs: {04 rﬁ[[maqr ess
for formng on at |east one surface of the substrate, a plurality o

di aphragns eathiiiuhti;ng a predeterm ned aperture for adjusting quantity of
l'i ght; an adhesive |ayer form ng process followi ng after the

di aphragm f or m ng apr acéss;véolafar Miagnion thecedbstoal ewhayidy dhehe

di aphragns forned thereon, an inorganic or organi c adhesive |layer so as to
cover the diapiptagisy forming pnoaehesi e |fayeringewnvihg pulsstesstd ol | owi ng
after the adhesive | ayer form ng process, for renoving portions of the

i nor gani ¢ orhaviguhitdeadhephvaghayeerifiet nétwsent, handiaphgaghs ;or a
mol di ng process following after the adhesive |ayer renoving process, for
form ng the PERH CHRpEHeNE byyar oppidry tthewgrabhe despPhrap@isween t he
inorgani c or organi c adhesive |ayer and a nol ding die having a nol ding
surface for form A§ &9PRELEEI 1Y HIMOVids PFeEersnsel kel sy afdledi ng and
curing the resin under pressurized die; a stacking process for
formng a waf® ARKSUVENMLANEE BYTRIREKIHRF S Sl dPAI FEPOBENE NROTEFRIS | enses
obt ai ned by(%?e nDLding gnocess; and, a dicin% Erocess fol | owi ng
after the stAcKiy Progassc PoroErify 3T & ¥ PRghPEReC (R Widural ity of

the |l ens pon§£é¥E§£g%%q a single lens portion.

a molding process following after the adhesive layer
removing process, for forming the resin component by
dropping the curable resin between the inorganic or organic
adhegive layer and a molding die having a molding surface
for forming a plurality of the lens portions, and by
molding and curing the resgin under pressurized die;

a stacking process for forming a wafer lens laminate
by stacking a plurality of the wafer lenses obtained by the
molding process; and

a dicing process following after the stacking
process, for dicing a work to singulate the plurality of

the lens portions inte a gingle lens portion.

32. The method of manufacturing an image capture



76 lens of claim30 or 31, wherein the inorganic or organi c adhesive
| ayer in the adhesive renoving process is renoved using acetone or ethanol.
33. The nethod of manufacturing an i nage capture | ens of any one of clains

29 to 31, wherei n the adhesive I@%er form ng process is a process
for formng a silane coupling agent |ayer. 34. The nethod of

manuf acturing an i nage capture |lens of any one of clains 29 to 33, further
conpri si ng: a surface nodification process for perform ng a surface

nodi fication treatnent so as to adjust wettability of the surface of the

substrate angethe,swifage :0f ot-he,di aphragns after the di aphragm form ng
process, in the range from3 or larger and 30 or smaller in terns of water

contact angle. wheredB. thBeiABtNod Ofcmnybagtunkngs e | 1RES- capture |ens
of claim 34, wherein either UV ozone treatnent or plasna treatnent

i's perfornedthd ddieSuef aeroidyf bEatd O 1 QeRTSed using 36etMe idmge
capture lens internedi ate product for fabricating an i mage capture | ens,
whi ch has a egsinol.

33. The method of manufacturing an image capture
lens of any one of claims 29 to 31,
wherein the adhesive layer forming process is a

process for forming a silane coupling agent laver.

34. The method of manufacturing an image capture
lens of any one of claims 29 to 33, further comprising:

a surface modification process for performing a
surface modification treatment so as to adjust wettability
of the surface of the substrate and the surface of the
diaphragms after the diaphragm forming process, in the
range from 3° or larger and 30° or smaller in terms of

water contact angle.

35. The method of manufacturing an image capture
lens of claim 34,
wherein either UV ozone treatment or plasma treatment

is performed in the surface modification process.

36, An image capture lens intermediate product for

fabricating an image capture lens, which has a resin



77 component having a lens portion nmade of a curable resin, on a substrate,
the internedi ate product conprising a diaphragmfornmed on a substrate and
having a predeterm ned aperture for adjusting quantity of light, wherein
wat er contact angle on a surface of the,diaphragmis in a range from3 or

| arger and 30 or smaller. 37. The i mge capture lens internedi ate
product of claim 36, wherein the water contact angle on the surface
of the diaphragmis 3 or larger and 20 or snaller. 38. A nethod of

manuf acturing an inage capture lens internmediate product for fabricating an

i mage capt ur €oh@dieontMhaGhinhag fef€Shd-CIPAREeRt hayi e@rébi@rkses%{t' ogn made
of a curable resin, on a substrate,” the nmethod conpri sing:

di aphr agm f of Mg HEEES $ hE OF nf OFfd A QN @lodueastonpei sund ace of t he
substrate, a diaphragm having a predeterm ned aperture for adjusting

quantity of digiragandormed onaa SslihACeIBOGIHE Gatieog Rreeass:4a1ider f or m ng
surface nodification treatnent with respect to at |east one surface of the

substrat e hapegrke fdrapliagoifi@raechditgr e@nlight, whéBeidhe nethod of
manuf acturing an i mage capture |lens intermedi ate product of claim 38,
wherein in the suwhéee nodideticatnge proecessribhe of8the diaphragm is

in a range from 3° or larger and 30° or smaller.

37. The image capture lens intermediate product of
claim 36,
wherein the water contact angle on the surface of the

diaphragm is 3° or larger and 20° or smaller.

38. A method of manufacturing an image capture lens
intermediate product for fabricating an image capture lens,
which has a resin component having a lens portion made of a
curable resin, on a substrate, the method comprising:

a diaphragm forming process for forming on at least
one surface of the substrate, a diaphragm having a
predetermined aperture for adjusting quantity of light; and

a surface modification process for performing surface
modification treatment with respect to at least one surface

of the substrate having the diaphragm formed thereon.

39. The method of manufacturing an image capture
lens intermediate product of claim 38,

wherein in the surface modification process, the



surface nodification treatnment is performed so as to adjust wettability of
the surface of the diaphragmin a range from3 or |arger and 30 or snaller
in ternms of water contact angle. 40. The net hod of manufacturing the
i mage capture |lens internediate product-gf claim38 or 39, wherein
in the surface nodification process, the surface nodification treatnent is
performed so as to adjust the wettability of the surface of the diaphragm
in the range from3 or larger and 20 or srmaller in ternms of the water
contact angl e.

surface modification treatment is performed so as to adjust

wettability of the surface of the diaphragm in a range from
3° or larger and 30° or smaller in terms of water contact

angle,

40. The method of manufacturing the image capture
lens intermediate product of claim 28 or 39,

wherein in the surface modification process, the
surface modification treatment is performed so as to adjust
the wettability of the surface of the diaphragm in the
range from 3¢ or larger and 20° or smaller in terms of the

water contact angle.



