1 DESCRI PTION TI TLE OF THE | NVENTI ON: METHOD OF MOLDI NG TECHNI CAL FI ELD

[ 0001] The present invention relates to, for exanple, a nethod of
-mol ding a lens such as a lens array provided with an aspherical |ens
portion and a nolded article such as a nold used for nolding such a |ens.
BACKGROUND ART [ 0002] Pat ent Ddcunment 1 discloses a nethod of
producing a mcro lens array using a nold having a surface for formng a

| ens shape. The nethod includes the steps of: formng nmultiple |ens

subst r gteschyrmsdmng the nmold to. cure a first resin into the | ens shape on
a first substrate; arranging the lens substrates in an array; formng a
mast er TENIDE R BEE f ACEEN DI Ol or MERGCE heF'| BakD sf@pe by plating the arrayed
| ens substrates; form ng a nother by plating the master surface for
formng the | ens shape; formng a nolding die using the nother; curing and
formng a second resin into the | ens shape on a second substrate using the
mol di ngrEREN  CandE kP orm ng dry etching to renove the second resin and
part of the second substrate.- [0003] Mor eover, Patent Docunent 2
di scl osE&C@L het hod of . producing a fine structure by sequentially

transferring a fine pattern on the surface of .a nother stamper. The nethod
The present invention relates to, for example, a thod

of molding a lens such as a lens array provided with an
aspherical lens portion and a molded article lsuch as a mold
used for molding such a lens.

BACKGROUND ART

[0002]

Patent Document 1 discloses émethod of producing a micro
lens array using a mold having a surface for forming a lens
shape. Themethod includes the steps of: formingmultiple lens
substrates by using the mold to. cure a first resin into the
lens shape on a first substrate; arranging the lens substrates
in an array; forming a master having a surface for forming the
lens shape by plating the arrayed lens substrates; forming a
mother by plating the master surface for forming the lens shape;
forming a molding die using the mother; curing and forming a
second resin into the lens shape on a second substrate using
the molding die; and performing dry etching to remove the second
resin and part of the second substrate.

[0003]

Moredver,_ Patent Document 2 discloses a methed of

producing a fine structure by seduentially transferring a £ine

pattern on the surface of a mother stamper. The method



i ncludes the steps of: (1) fixing the nother stanper at a specified
position of a substrate; (2) supplying a resin between the nother stanper
and the substrate; (3) pressing the nother stanper against the resin in
vacuum (4) curing the resin; (5) separating the nother stanper fromthe
cured resin; (6) noving the nother stéhper or the substrate so as to
change a rel ative position between the nother stanper and the substrate;
and (7) repeating the steps (2) through (6) for a specified nunber of

ti mes afiheflutibe sheps€6ps pAO04]L)[ Pakénty Bbeunentel] siPmpeNoat2@05-41125
[ Pat ent Docurment 2] JP-A No. 2003-94445 DI SCLOSURE OF THE | NVENTI ON
PROBLEMBp&Q1i BEcSCLVEDL BYnTHE ENVENFLONCEOOQZ]) supplyHowewergesthe
technol ogi es disclosed in Patent Docunents 1 and 2 nmake it difficult to
f abri cabetuehighly mptbeirset ympet dad! anei sllessikte ad 3anpasphenrd ddie | ens.

[ 0006] It is an object of the present invention to provide a nethod
of nol divagheki ehappecapabiassf ther 8eRLghiy BRresvgel v 4aoFdiragImbhged
articles such as a lens than conventional technol ogies. . MEANS FOR

SCLVINGf¢ﬁEnPR@ﬁLEﬁBaF@GG?P”the]nOther stamper from the cured resin;

(6) moving the mother stamper or the substrate so as to change
a relative position between the mother stamper and the
substrate; and (7) repeating the steps (2) through (6) for a
specified number of timeé after the step (6).

{oco4]

[Patent Document 1} JP-A No. 2005-41125

[Patent Document 2] JP-A No. 2003-94445
DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SCLVED BY THE INVENTION
[0C05]

However, the technclogies disclosed in Patent Documents
1 and 2 make it difficult to fabricate a highly precisely molded
article such as an aspherical lens. |
[0006]

It is an object of the present invention to provide a
method of molding which is capable of more highly precisely
molding molded articles such as a lens than conventional
technologies.

MEANS FOR SQOLVING TEE PROBLEMS
[0007]
The present invention is a method of molding comprising:

a transformation step of making contact between an article to



3 be nolded and a transfer nenber and transformng the article to be

nol ded to a transfer shape forned on the transfer nenber, the transfer
shape being formed equally to or reversely to an aspherical |ens portion;
a curing step of curing at |least a transfornmed portion of the article to
be nol ded; a separation step of separading the article to be nol ded and
the transfer nenber from each other; and a noving step of noving the
transfer menber to another position of the article to be nolded, wherein a
t ransf epe ste€pded drdnsteanisigt hembransfigrtsdmmpeotoian Ere iscita dle be

nol ded is repeated nultiple tinmes. The article to be nol ded includes a

cur abl et cdrposiltiedn € ant ainé Agr slegrpbondeRawvi ngeat pal yher imcable
functional group and a polynerization initiator. [0008] Pref erably,
t he curabé et conposi tshewps hellude§otapdstduzal ¥ itve opareveresly (B
(meth)acrylate having at |east two ethylenically unsaturated groups and no
cyctic sspberirel {eysar¢nein); aergrated h%WPlgD%rP%EHWéHi

unsat ur at ed group and an alicyclic structure; and (d) a pol yrrerl zation

i nitiatbrangharnpd quﬁjé%quqméhﬁa?ﬂ%‘{:& Y%joeaW@lglﬁijf a%esetgaéﬁtéd)% th a
silane compound (e) represented by the follo gen for mul 1) and a
si | ane EbABOUREFII &gt deit &d Ty Lehd BF%mﬁgd %%

R1 HZC—C-C-O OH2 R2r (OR3) 3 eneral f.or

repr ese‘iﬁ%1 i @%‘ﬁfl&t&}ﬁ%r; érf’e‘?% Fgar 0%6) O RP T e]ﬁ}aggielﬁt ﬂ#lqjio 03

al kyl o or a epre d a a to
010 hydIP% GBSgB‘grd&f L%P °5 K eg%éf) frfcgmlff @,ﬁggggd fv‘g{ga%lrﬁt eger

fromo { %ran)sf(eg_@e %ttxggﬁ%gr}ng&)che transfer shape to anarticle

to be molded is repeated multiple times. The article to be
molded includes a curable compoéition containing a compound
having'a“polymerizable functional group and a polymerization
initiator.

[0008]

Preferably, the curable composition includes (a) silica
fine particles: (b) a (meth)acrylate having at least two
ethylenically unsaturated groups and no cyclic structure; (c)
a {meth)acrylate having an ethylenically unsaturated group and
an alicyclic structure; and (d) a polymerization initiator,
rand the silica fine particles (a) are surface—treated with a
silane compound (e} represented by the following general
formula (1) and a silane compound (f) represented by the

following general formula (2):



(in general fornmula (2), R4 represents a O to 03 al kyl group or a phenyl
group; RS5 represents a hydrogen atomor a 01 to 010 hydrocarbon group; s
is an integer fromO to 6; and t is an integer fromO to 2.). [0009]:
Preferably, the (meth)acrylate (b) contained in the curable conposition is
a (nmeth)acrylate having three ethylenidally unsaturated groups and no
cyclic structure. [0010] Preferably, the silica fine particles (a)
contained in the curable conposition are surface-treated with 5 to 25
parts by weight of the silane conmpound (e) with respect to 100 parts by
wei ght of the sikica fine particles (a) and 5 to 25 parts by wei ght of
the silane conmpQund (f) with respect to 100 parts by weight the silica
fine particles (a). [0011] Preferably, a glass transition

t enper at uMFﬂﬁmWHg&—tsiar(m?w acrylate (b) and a gl ass
transition tenperatq e of the honopol yner of the (meth)acrylate (c)
contained in the curéble conposition are both 150C or higher. [0012]
Preferably, the viscosity of the curable co itionis 30 to 300 nPa-s.
EFFECT OF THE | NVENTI ON [ 0013] According ‘to the present invention,
it is possible to prOV|de a nmet hod of nol ding which is capable of nore
highly prec?esyhof FFRg-a h%}de%laF?P%ﬁ%ﬁ%ﬁﬁﬂPzﬁ¥%5?%ﬁ% Hih Yorvent i ona

t echnol ogi es
mgthyl group; RZ represents a Cl to C3 alkyl group or a phenyl

group; R3 represents a hydrogen atom or a Cl to C10 hydrocarbon
group; g is an integer from 1 to 6; and r is an integer from

0 to 2.3

(CHz)—SIRY (OR®)3

(2)
(in general formula (2), R4 represents a Cl to C3 alkyl group
or a phenyl group; R5 represents a hydrogen atom or a Cl to
C10 hydrocarbon group; s is ah integer from 0 to 6; and t 1is
an integer from 0 tc Z.).
[C009]

Preferably, the (meth}acrylate (b) contained in the
curable composition is a (meth)acrylate having three
ethylenically unsaturated groups and no cyclic structure.
[0010]

Preferably, the silica fine particles (a) contained in
the curable composition are surface-treated with 5 to 25 parts
by weight of the silane compound (e) with respect to 100 parts

by weight of the silica fine particles (a) and 5 to 25 parts



BRI EF DESCRI PTI ON OF THE DRAW NGS [0014] | [FIG 1] A schematic
~configuration of a nolding apparatus according to a first enbodi nent of
t he present invention, wherein FIG |Ais a plan viewand FIG 1B is a

| eft side view [FIG 2] A partial cross-sectional view which shows
a transfer menmber and a wafer used in ®he first enbodi ment of the present
i nvention. [FIG 3] An explanatory diagram show ng a nodification

exanple of a process to inject a light curable conposition into 6 a hole
formed hp wempfterusrd 4orandeomladingg (@ppal bt us satear dbnyo @ @arhes fir st
enbodi nent of the invention. [FIG 4] A partial sectional view
showi ngba #éightnmodef scat canféxanpketaftlast kansfer menber and a wafer used
for the nolding apparatus according to the first enbodi mrent of the present
i nventi @H011] [FIG 5] A partial sectional view showi ng a second

nodi fication exanple of a transfer nenber and a wafer used for the nolding
appar atus accerefagalbbyt he §last enbodimbat bfuphsapresent Fhoention.

[FIG 6] A block diagram showi ng a control apparatus used in the nolding
appar at hgmapedyaeAget o lichd ety R cerdadismeRy 8t hied bres éfteisiventd on.

[FI G 7% A first flowhart show ng operations of the nolding ag)parat us
accor di REPBTERBIEi PS5t CRADBATABALYBE t Re pFEsERETPAGERYILBRE (C

contained in the curable composition are both 150°C or higher.
(00121

Preferably, the viscosity of the curable composition is
30 to 300 mPa-s.

EFFECT OF THE INVENTION
[0013]

‘According to the present invention, it is pessible to
%rovide a method of molding which is capable of more highly
precisely molding a molded article such as a léns than
conventional technologies.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014]

[FIC. 1] Aschematic configuration of amolding apparatus
according to a‘first embodiment of the present invention,
wherein FIG. 1A is a plan view and FIG. 1B is a left side view.

[FIG. 2] A partial cross-sectional view which shows a
transfer member and a wafer used in the first embodiment of
the present invention.

[FIG. 3] An explanatory diagram showing a modification

example of a process to inject a light curable composition into



[FIG 8] Afirst flowchart showi ng transfer operations of the nolding
apparatus according to the first enbodi nent of the present invention.
[FIG 9] A second flowhart showi ng operations of the nolding apparatus
according to the first enbodi nent of the present invention. [FIG
10] A second flowchart showi ng transfe® operations of the nolding
apparatus according to the first enbodi nent of the present invention. 7
[FIG 11] An explanatory diagramwhich illustrates the steps in a nethod
for proguebng aoteas ascerdhngrtastherbir sheenbodingnapphrihespresent

i nvention. [FIG 12] An explanatory diagramwhich illustrates the
st eps ofceoreihedtbothpr odust ngmacteénsnaccor dhagiteehhiosecond enbodi ment
of the present invention. EXPLANATI ON OF REFERENCES [ 0015] 10 Mol di ng
apparatus 14 Suppor4] base=A48i &Y | véngisoui cei@d dbvebhe dbabers3R y-axis
notor 34 9-axis notor 36 Supply apparatus

modification example of a transfer member and a wafer used for

the molding apparatus according to the first emboediment of the

present invention.

[FIG. 5] A partial sectional view‘showing a second
modification example of a transfer member and a wafer used for
the molding apparatus according to the first embodiment of the
present invention.

[FIG. 6] A block diagram showing a control apparatus used
in the molding apparatus according to the first embodiment of
the present invention.

[FIG. 7] A first flowchart showing operations of the
melding apparatus according to the first embodiment of the
present'invention.

[FIG. 8] A first flowchart showing transfer operations
of the melding apparatus according to the first embodiment of
the present invention.

[FIG. 9] A second flowchart showing operations of the
mdiding apparatus according to the first embodiment of the
present invention.

[FIG. 10] A second flowchart showing transfer operations

of the molding apparatus according to the first embodiment of

the present invention.



44 Movable unit 56 x-axis nmotor 60 Light irradiation unit 62 Transfer
menber 64 z-axis notor for the supporting nmenber 68 Optical fiber 70 Light
source 72 Detection apparatus 74 Inmaging portion 76 Lens unit 90. Protruded

portion 200 Control apparatus 8 204 Main control portion 300 Mold

[FIG. 11] An explanratory diagram which illustrates the
steps in a methbd for producing & lens according to the first
embodiment of the present invention.

[FIG. 12] An explanatory diagram which illustrates the
steps of a method for producing a lens accofding'to the second
embodiment of thé present invention.

EXPLANATION OF REFERENCES
[0015]

10 Molding apparatus

14 Support base

18 - Driving source

24 Movable base

32 y-axis motor
34 6G-axis motor

36 Supply apparatus

44 Movable unit

56 x—-axis motcr

60 Light irradiation unit
62 Transfer member

64 =z-axis motor for the supporting member
68 Optical fiber

70 Light source

72 Detection apparatus

74 Imaging portion

76 Lens unit

90 Protruded pertion

200 Control apparatus



304 Lens array 310 Cenented lens array 312 Lens portion 314 Lens W \Wafer
WL Substrate W2 Hol di ng plate hl Through-hole h2 Hol e BEST MODE FOR
- CARRYI NG QUT .THE | NVENTI ON [ 0016] Enbodi nents of the present
i nvention will be described with ref ersence to the acconpanyi ng draw ngs.

204 Main contrel portion
300 Mold
304 Lens array
310 Cemented lens array
312 Lens portion
314 Lens
W Wafer
Wl Substrate
W2 Holding plate
hl Through-hole
h2 Hole
BEST MODE FOR CARRYING OUT THE INVENTION
[0016]
Embodiments of the present invention will be described
with refereﬁce to the accompanying drawings.
FIG.],showseamoldingapparatus]I)accordinngathefirst
embodiment of the present invention. The molding apparatus
10 is used for molding of a lensg array which is a molded article
and an optical part. The molding apparatus 10 has a base 12
placed on a mounting surface. A movable base 24 is supported
on the base 12. A support base 14 is further supported on the
‘top of the movable base 24.
[0017]
The movable base 24 includes a lower part 26 and an upper
part 27. The lower part 26 includes a projecting portion 25
that is formed sc as to project downward. The upper part 27

is positicned over the lower part 26. The projecting portion



FIG 1 shows a nol ding apparatus 10 according to the first enbodi nent of
the present invention. The nol ding apparatus 10 is used for nolding of a
| ens array which is a nolded article and an optical part. The nol ding
apparatus 10 has a base 12 placed on a nounting surface. A novable base 24
is supported on the base 12. A support base 14 is further supported on the
top of - the novabl e base 24. [0017] The novabl e base 24 includes a
| ower part 26 and an upper part 27. The lower part 26 includes a
pr oj ect? g Pertiadhebrbhabeilsadormedosas ase temgaigy eat a doverwsr d.nokhe upper
part 27 is positioned over the |ower part 26. The projecting portion 9 25
i s attaeghedn! oclidte hasert2dsdmsrt opergagerifnca gPoove f{motbastrowd) that is
formed in an upper surface 12a of the base 12 along a y-axis direction.
The novabbeg base-24: s sdjuededonhr diigh ndrealgi@ovest n2 ¢ hes ygakded direction
and is novable on the surface 12a in the y-axis direction. The projecting
por ti ont26cenlyates middvea freddesyrewi28diThetierdaBerbw P a5l dttat abl y
supported at bearings 30, 30 by the base 12 so that the shaft direction
(1 ongertige reerfany é@)@ré@péh@sYt@X@ﬁedyrﬁﬂ%oﬂl r eB§ oo Fet®dend of the
feed screw 28 in FIG 1 connects with a y-axis motor 32 that is flxed to
the baseoupiomofat¢ngeene Yiaki3 ﬁ%?%rs@,?e‘t’r%%smq%%e & i \ﬂ%“f& ce to the
projecting portion 25 via the feed screw ?Q nve the . nmovahle base 24 in
a

the y- ak?sr%ﬁ‘?*“e%l?hﬁnsu%ﬁﬁ%@l?Egb?%l?%? i PectiDl ot thie §2 axi s
not or det er m whi ch di.rection,the e base e 1o ed
al ong t*h%a 258 Epla?éd][l] sction Ao§gé§|§lﬁ%?g00%4 |Osrr§rsc§) n&edg?gcr eth\(; upper
art 27 of the novabl e base The 0- r ot at er part
g? of the HbvabtEe b J‘~,‘%I124S‘Qarloufntd a rotfgt h%ngg%gssgg?%e%%%ﬁlgfr@t oulpfhe P

z-axi s withLef rence Lo the | guer pariy26 of theJrabhe hase 24. As a

whol e, T rovabl e iI's m)vab e Inthe y-axis direction. The upper

part 27 &é%i{?ﬁgtaf 3’3‘“%1@ En%ft%&epgetf&érnftgom&l%wg 26-c£003%he A

waf er or exanple, 1s nmounted on the support base 14. The
support}? g?% ng PR i bheympued-val i W agat Bsloddhendin@atien of
I 0

ravit
’ base 24 in the y-axis direction. Controlling the rotation
direction of the y-axis motor 32 determineé in which direction
the movable base is to be moved alcng the y-axis.
(0018}

A 6-axis motor 34 is provided for Lhe upper part 27 of
the movable base 24. The S-axis motor 34 rotates the upper
part 27 of the movable base 24 around a rotation axis
perpendicular to the_z—axis with reference to the lower part
26 of the movable base 24. 2As a whole, the movable base 24
is movable in the y-axis direction. The upper part 27 is
rotatable with reference to the lower part Z6.

[0019]
A wafer W made of glass, for example, is mounted on the

support base 14. The support base 14 supports the mounted

wafer W against the direction of gravitational force. The



10 support base 14 is coupled with a driving source 18 including a notor,
for exanple. The support base 14 is capable of noving with the wafer W
with reference to the upper part 27 of the novable base 24. That is, the
support base 14 is configured as a turning table used for the spin coat.
The spin coat is used to apply the cur'®bl e conposition to the wafer W
Instead, nultiple holes h2 (see FIG 2) may be forned in the wafer W The
nol di ng apparatus 10 may be provided with an injection apparatus (not
shown) §eppbpiacisad 4 he conpbke wonipasidrionngTheurof ect iiow lapparsat us may
inject the resin into the holes h2 forned in the wafer W [0020]

The suppordtdmaséotdexmyr Use dheoptippaktybasaidphbs enpaimeerf alowsiuch as
glass so as to pass light radiated froma light irradiation unit 60 to be
descri bedthatee. wAf apuhtwhigh di shouendagt appae atrpe X marshbivdE sdeh as a
robot may or an operator may manual |y nount the wafer Won the support

. base 14mavabdpshesntl4 he Tidfled sw fbansBHEPentt hessubbdrd dvase aed 0021]
The upper part 27 of the novable base 24 is provided with a supply

appar at @8 36-1RHRNS Uppt fed 19tk HEF S ensRiEh Caaf ght e Utk &&nmpdsi ti on
used as a nmaster material. A reservoir portion 40 for reservin he Iight
cur abl eUEBAPGSFPPOK e EBﬁﬁQ&?e‘EPITRPStJh%P%SBI g‘%ﬁﬁ‘gﬁﬁt%s I gh a

I 38. . Th t 36 i | f | yi the |ight
Cur ol SPEBIRLE LFORLF LB RE I (e BeBt 6, FOpBREl R WP & (Hal the 11
|'i ght bl iti d f b Lmptely.at the t f
the appt Be1 Fat F yocr PEGT a7 “Aaf Br "0V ( HESE - SRARSH) - "iha"| FORECCarhbl e
it | tQ th . er trifugal f
(' om ¢ hESORRBRE Bade THHar Yol e ToF & Epehi 1) oa T 1 RE poried. The -

por ase oF & Specified t period. The
light c bl . it i lied: to f f the
wnfer et h e aEal R ERr Ty SRRy BT Y BRI Gab  REES per

part 27.of ¢t he_goyablg.base.24yis provided with the light irradiation unit
60 used as a curing apparatus. The light irradiation unit 60 is connected

to a lighposeurce 70 through an optical fiber 68 used as Iight
transm ssion neans. The light irradiation unit 60 is used to radiate |ight

to the light oneabheosormesssi on appl zed bo bpeivaiey WaAspardhng to the
enbodi ment, the light irradiation unit 60 is provided bel ow t he support
base 1l4matbeiwafarciMsarihddecldght susalliehcompasatedrfrapptilediitto t he
waf er Wopposite to a transfer nenber 62 to be described |ater.
Accor di hgtydisheohi ghitcah be badiatedibedt hetkirghtAcurabl e composition
wi t hout being interrupted by the transfer nmenber 62 while the transfer
menber BAuremagndismovohiagtapmatntire (hicghshewn hlsluehcamposbbbbma] 0023]
or an operator may manually mount the wafer W on the support
base 14 and dismount the wafer W mocunted on the support base
14.
(00211
The upper part 27 of the movable base 24 is provided with
a supply apparatus 36 that supplies the wafer W with a light
curable composition used as a master material. A reservoir
portion 40 for reserving the light curable composition is
connected to the supply apparatus 36 through a valve 38. The
supply apparatus 36 1s capable of supplying the light curable

composition reserved in the reservoir portion 40 so that the



The novabl e base 24 is attached to the base 12 and a supporting post 42 is
fixed thereto. A novable unit 44 is attached to the supporting post 42 so
as to be novable in an x-axis direction with reference to the supporting
post 42. The novable unit 44 includes a |left-sided. part 48 positioned to
12 the left of the drawing and a righttlsi ded part 50 fixed to the

| eft-sided part 48. The |left-sided part 48 is supported by the supporting
post 42 so as to be novable in the x-axis direction and is engaged with a
feed screynb2cuddie]l & eeshyses 2w &2 dsopotatablab@td agipeth:tionatied ysupor ti ng
post 42 by a bearing 54 so that the screw shaft direction corresponds to

t he x- axhs cdintect b6n-hd @ER4pximatel yOner entla ofvatflee W deld sdersewrsal)i-s
coupled with an x-axis notor 56 attached to the supporting post 42.

Rot at i nTh¢ He ghtagisabe arorg® tirtdnsneusralddiovitiigthe med «of Wisiaeadixi s not or
56 to the left-sided part 48 via the feed screw 52. The left-sided part 48
and t hedwné ght a sieged igaraa 1500 o< tirwmrbhalsiwnmit Page ddgvehebgeiéesS n t he
x-axis direction. Controlling the rotation direction of the x-axis notor
56 det ef@f nesSPecivhi ed BirecksHhod he Ty dbl B luitradd s $¥H e tidied al ong
the x-axis. [0025] The right-sided até 0 of the novable unit 44
i s attathetPMiTF e Hel ¥ rasiisid fenbBE 82T vRaS & &iﬂﬁofﬂ@#ﬁg Yerbdr 345, The
supporting mepber 45 is, attached %o t he nmovable unit 44 so as to be

movabl e*PREPREMSTE%Y sUBE F8EL bALCHRESHovabl e unit 45 includes a projecting
portion é? B{ojecting toward the left in FIG 1 and a supporting portion
47 fixet’Y9"1 he projecting portion 46. The transfer nenber 62 is

det achabl y at %%Q&pé&o grgqyp%@rg%gﬁkR%ﬁﬁfgga%QQ@?%@??f&%P@?Qgﬁﬂﬂpn a7,

for exanple. ansfer “menbér can be selecte omdifferently

hane 4 T SRS oRendl g, 0e Sane llensani e aed and

light irradiation unit 60 is connected to a light source 70
through an optical fiber 68 used as light transmission means.
The light irradiation unit 60 is used to radiate light.to-the
light curable composition applied to the wafer W. According
to the embodiment, the light irradiation unit 60 is provided
below the support base 14, the wafer W, and the light cuiable
composition applied to the wafer Wopposite to a transfer member
62 to be described later. Accordingly, the light can be
radiated to the light curable composition without being
interruptedknrthetransfermember62mmilethetrahsfernmmber
62 remains in contact with the light curable composition.
[0023]

The movable base 24 is attached to the base 12 and a
supporting post 42 1is fixed thereto. .A movable unit 44 is
attached tc the supporting post 42 so as to be movable in an

x-axis direction with reference to the supporting post 42. The

movable unit 44 includes a left-sided part 48 positioned to



A feed screw 58 is screwed through the proj ecting portion 46. The feed
screw 58 is rotatably attached to the right-sided part 50 of the novable
unit 44 using bearings 61, 61 so that the screw axis direction corresponds
to the z-axis direction. The top end of the feed screw 58 is coupled to a
z-axis notor 64 for the supporting nedBer. Rotating the z-axis notor 64
for the supporting nenber transmts a driving force to the supporting
menber 45 via the feed screw 58. The supporting nmenber 45 and the transfer
menber 6Resuppordedhbydtiei syppal ti pdgherbededpamy & dgethetoithd he
z-axis direction. [0027] A detection apparatus 72 is attached to
the rightfsidedegaptrb046f tTe: noviabt e devl tpaddt S4B ass tsorhe nterd ilgal |y
novable (in the z-axis direction) independently of the supporting nenber
45. ThetHet subpomtapparatis4Z2sisagséd s detvebfleonnntans xf-exkidet ecti ng
positions of the wafer Wand the transfer nenber 62. The detection

appar at d$rZ2tinol ames:s anghgadi witpor tred F4rexdnpl | Fhedl$yd£TEY caner a;
a lens unit 76 provided for the imaging portion 74 near the wafer W and a
| i ght 782 usedo4s tishilund biad ¢ hed reaRB e f DIPRMBUFTI D § OB Hhted 5B T8k cel | ent
i magi ng_by the inaging portion 74, The detection aefaratus 72 is attached
with a 243G $hwdt bRegtrien ShiRd tddt BRET SR dfPareiREAeTRe YRaxi€st or 80
for the detection apparatus is used as a driving source for noving the

det ect | BrEe%418Bparatus 72 in the z-axis direction with reference to the
novabl e @%% 44. Vertically noving the detection apparatus 72 allows the
inaging[g fon 74 to focus on the transfer nmember 62 or the |ike. [ 0028]
As_ment i oned 8b§"§%dtr£v 4 HPRALL %,grfé%”’%%ri 5(:53??&&3«9{}%? 40 $Ne, yovabl e

unit 44 so as't

e’in Z-axXis direction. e novabl'e unit 44
[ tt tg.t | be: | ot -
i oet | BRCORe Cr AL AgE g aCoRt POT) ERBCORE ROakTS mafor Bt Sl Ene g axis

mot or 6&-595stﬁ&éyw@ﬁggﬁ%ﬁ%@bgrﬁ%@%ﬁ@offr apsf er, ppaber: 62 al ong

wi th the supporting me r in the x-axis and z-axis directions. As

mentiongd aboyge deiE¥iLBY LREpYraxius WRLEOKN32rand LheeQ-axis fpLtor 34 noves
and rotates the support base 14 along with the novable base 24 in the

y-axis directigBd Jher efpneq enats phhingidbe paaxisy BBt e I vAdle X- axi s
notor 56, the z-axis notor 64 for the supporting nenber, and the 9-axis
nmot or 34neanithapge tbgetrbativerposkiinnal di etation. anmng ddiel waf er W
the light irradiation unit 60, and the transfer nenber 62. [0029]

Changi nghtheotetabhveipestiovonal tiet at+anibetaveen FheiavadmninWanih t he
transfer menber 62 can allow the |light curable conposition applied to the
waf er Wandht derécansherharendrero 62 wol it act torbseapavad ea fermmdaeh ot her.
According to the enbodi nent, the y-axis notor 32, the x-axis notor 56, the
z-axi s RotBLs64 for the supporting nenber, and the B-axis motor 34 15

[0025]

The right-sided part 50 of the movable unit 44 is attached
with the transfer member 62 via a supporting member 4Z. The
supporting member 45 is attached to the movable unit 44 so as
to be movable in the z-axis direction. The movable unit 45
includes a projecting portion 46 projecting toward the left
in FIG. 1 and a supporting portion 47 fixed to the pﬁojecting
portion 46. The transfer member 62 is detachably attached,td

a downward surface of the supporting portiocn 47, for example.

The transfer member €2 can be selected from differently shaped



as well as the feed screws 28, 52, and 58 are used as novi ng appar at uses
for noving at | east one of the light curable conposition and the transfer
menber 62 so that the |ight curable conmposition and the transfer nenber 62
contact or separate fromeach other. Control over the y-axis nmotor 32, the
x-axi s nmotor 56, and the z-axis notor 4 for the supporting nmenber, and
the 9-axis notor 34 will be described later in detail. [0030]

According to the enbodi nent nentioned above, the |ight curabl e conposition
is a cusablei LRSI depehliiahocuheshaltes tar nadisatsedol bghtormde and

above- nenti oned enbodi nent uses the |ight curable conposition as an

articl et{pebemohdedirabie aphpeke ttonbesadldeslr i Sctapabl ee afo lveichg
transforned to the shape of the transfer nenber 62 when the transfer
menber 62026} contacted or pressed. It is possible to use appropriate
materials that can cure while the transforned state is maintained. For
exanple, it ik fpessibterbd Useddrdiebnreughliine eoapestino®Patiarrn s t he
curabl e conposition described above and cures due to heating. The

enbodi néht (BesTerE $qxfit SBriadicatitel lyng Etaered id RS tHeAtGHdscur abl e
conposition as a curing apparatus for curing an_article to be nolded. An
appr oprPare elirehghpperaiis may thé 4seFébfelcfhlRgEof Hante M t1at materia
used as an article to be nolded. For exanple, heater for heating a heat
cur abl etRBMFOS AEd Sndyhec s ePBE T &3P 6&%Fﬁa appat AUS SHEP 'he heat
curing resin is used as ap article to he nolded as nmentioned above. [0031]
16 The gqg %.iﬁaéiﬁhge??aﬁ?f%‘?’ HorltFer 55 LR PhS it o \Kﬂbtr?rdet ail .
As sho ip FI 2, the wafer Wis_ structured t hat_ a ' | ate W2
s Tayebadtaterta SHHRTFAE PIRE: saial e e &b b B e Ty
transpagent terial S . exa : i ess tl of
200 - The® ot ng Erat L ve el e S bR P e n BB P RE R LOnEtet on at

a specifj j L n . resin, o) i c verd lgujd and
AR et R e Rt e U G

exanpl %ﬁ%&?gr has, & tRCknesss & 2 n@hbE25% Ps u?ﬁb r€%amp} €neMildddien

t hr ough- es hl are vertically fornmed in e holdi'ng plate W2. Each

t hroughgbaherhlsi go6ent6580na8 tQ bgenarpoweddfikemitop.t o bottom [0032]
Mul ti pl e through-hol es h? are formed in the holding plate W2 positioned

above theosubstrate W. The substrate WL seals the bottom of the
t hrough-holes hl. As a result, the substrate WL contains nultiple concave
hol es h2 so fmrwdas dioabeasealediatid e thethicamanthe peingd: t<owsrdd t he
top. A scribe |ayer ' _
part 50 of the movable unit 44 so as to be vertically movable
(in the z-axis directiocn) independently of the supporting -
member 45. The detection apparatus 72 is used as detection
means for detecting positions of the wafer W and the transfer
member 62. The detection apparatus 72 includes: an imaging
portion 74 exemplified by a CCD camera; a lens unit 76 provided
for the imaging portion 74 near the wafer W; and a light 78
used as illuminating means for ensuring brightness for
excellent imaging by the imaging portion 74.  The detection
apparatus 72 is attached with a z-axis motor 80 for the

detection apparatus. The z-axis motor 80 for the detection

apparatus is used as a driving source for moving the detection



(cutting portion) Sis formed, for exanple, inside the substrate W

bet ween adj acent through-holes hl in the substrate W. The position in
which the scribe layer Sis forned in the substrate WL has strength | ower
than other . portions. Therefore, the substrate WL is divided at the
scribe layer S when done so. [0033] 1i# The transfer nmenber 62 is
made of netal, for exanple. The transfer nenber 62 is shaped equally to a
| ens portion 312 (e.g., see FIG 8 to be described |ater) used as an
aspherigabatenss prztiontie hasxastdanstetoshapehf pefredenewersetiieto the

| ens portion 312. The transfer shape is formed as a protruded portion 90,
for exampi&bldhentt ansf evearenirerl 162 ricsviused Heo dertamsfiommagipe datgist cur abl e
conposition to the shape of the protruded portion 90. Hardening the

t r ansf orired Lbwght he& unallieccpoposen iTdnt aldcows o dlsf erapsLieha sfer
shape formed on the transfer menber 62 to the |light curable conposition.
The prot2udedtiporiilem- 90 is aspherical and is forned by nechanically
processing the netal transfer nmenber 62 such as machini ng usi ng nachi ne
tool s i hedZ@l ng a machi ning center, for exanple. [0034] An article
to be nol ded needs to be highly accurately nolded b Eransf rring, the
transfer shapgts FePednsh +hever st 8FPRE éPgé%ﬁﬂﬁﬁgé d}ﬁéﬂﬁﬁ exanpl e,

the transfer shape needs, to be hi hlé accurate#i for g on the _transfer
member B2 BRS (RaVR be r datd Hor EPoR596° TReTHYS ﬁdéang Ft Fofi"98 has an

cspher! ¢al s03Be. 21d 3 UALLOUY cLPy P ogesa BLoseaRLAG Al e iy anst ot
hort e e Bf ORBeE®  FhecaniC eaie e Gosr & i ropaer g o 1 °
Accordingly, controlling the x-axis motor 56 and the z-axis
motor 64 for the supporting member can move the transfer member
62 along with the supporting member 45 in the x-axis and z-axis
directions. As mentioned above, driving the y-axis motor 32
and the 6-axis motcr 34 moves and rotates the support base 14
along with the movable base 24 in the y-axis direction.
Therefore, controlling the y-axis motor 32, the x-axis motor
| 56, the z-axis motor 64 for the supporting member, and the
6-axis motor 34 can change the relative positional relation
among the wafer W, the light irradiation unit 60, and the
transfer member 62.
[0029]

Changing the relative positional relation between the
wafer W and,fhe transfer member 62 can allow the light curable
composition applied to the wafer W and the transfer member 62
to contact or separate from each other. According te the

embodiment, the y-axis motor 32, the x-axismotor 56, the z—axis

motor 64 for the supporting member, and the 6-axis motor 34



The aspherical shape signifies a surface shape other than a curved surface
shape that corresponds to part of a spherical surface. In optical parts
such as a lens portion 312, the aspherical shape is expressed by the
fol |l owi ng aspherical ,shape equation él). [ 0036]

Z-0.p2/ [ 1+{1- (1+K1). C2-p2}1/2] .- equdPion (1) where C denotes the

i nverse of curvature radius R, p denotes theheight of a mrror face from
an optical axis; z denotes the sag quantity; and K1 denotes the constant
of the gong=11 B Hhe feed lrrEk@G 28, bhe spinsecate issabed tovaml y t he

i ght curable conposition to the entire upward surface of the wafer W The
appl i edappghttaseabfer cooposgt bonlékewsonat oft heet highghchokkdseh2 of the
hol ding plate W2 so as to be held by the holding plate W2. As shown, the

t r ansf ecompaber 162 acont iae tts aiise chreherb ¢ yht sUEABEEeohpoBFtdueRls@ t hat at

| east the protruded portion 90 contacts the |ight curable conposition. In
this stateposheibigmd ihe adiaqtdfmr vabes®d sonsedt g FaBraR e IfigHt to and
near a position of the light curable conposition in contact with the

pr ot r udedchertticon 90onTHETI P toGr vt el eEHNFES 21 or NEUFed* 8 MY st er the
transfer shape formed on the protruded portion to the@kight curabl e
conposi ¥ orRiAfREr ZT A% FiTghiOE PrlabPE RIS EUPEE RS heP er
menber 62 is separated fromithe wafer VVai %ndicatgd bgla dash- doubl e- dot
line i nPFR¥S 200RBRT | Adi Bat edPByGACAI PEW FABF G129 8 “exanpl e, the
transfeE %ﬁ menber 62 noves so as to contact a cured curable conposition
hel d int&° }ough-hole h2 adjacent to the through-hole h2 that holds the
cured curable, co sition. .[ 00 . - S ri t he case
where the spih~Toati% (se Ség%blﬁeﬁﬁemgggﬁgngﬁr%g ggbg%%%gfgﬁgﬁ to the

entire sUPABId surlace plythe valer M. |ashead,. a5 shon A Gudd, an

i njection appara shown e used to inject the light curable

COMpOSTLE0P AL P Le L LT Phes NALAS, el Of TRt | dinddier afery o T (T ansf er

menber contacts t i ght curabl e conposition held by the holding plate

W so thatnat )23l et REmPHAt FudadaRObLI @Rt9@1e0Rbagks rbhaekl.ghtheur abl e
conposition. The protruded portion 90 contacts the light curable

conposi tipn:hel doi Pe 0ns Bobiei h2-apsht beot ightnd st radiasatkd Ato tdies ti ne,
the light curable conposition is already injected in a hole h2 adjacent to

that hokeap2. oAftige thenbightmenibabl 62 copostiié onraus Bsr inerdner Ml e h2,
the transfer nenber 62 is separated fromthe wafer Was indicated by a
dash- doubl esflobctedect npFt&sed. Ast itdigadsibby @n wre cwdrFiGte, the
transfer nmenber 62 noves so as to contact an uncured curabl e conposition
hel d i nmatbol elbh2thdiacent ctioet wbihel ¢hk2 trrhatshohgs shiéteuriéd curabl e
conposition. The transfer nenber 62 now contacts the curable conposition
hel d i nmehataadpdecenfohoteahple Betbresthesstahsf b WBAbERS62=ABves to a
further adjacent hole h2, the injection apparatus injects the |ight

cur abl ecebAPosi TGTRr $ It oo THE PSfEﬁQIﬂﬁfﬁﬁﬁeaﬁéﬁPoﬁéLéOHZie?Q%ﬁﬁﬁd

above and cures due to heating. The embodiment uses the light
irradiation unit for curing the light curable composition as
a curing apparatus for curing an article to be molded. An
appropriate curing apparatus may be selected in accordance
with a material used as an article to be molded. For example,
a heater for heating a heat curable composition may be selected
as the curing apparatus when the heat curing resin is used as
an article tc be molded as mentioned above.

[0031]



20 ' As shown in FIG 3, the injection apparatus is used to inject
the light curable conposition into the hole h2. The light curable
conposition is transforned to the transfer nenber 62 (transformation
step). For this purpose; the light curable conposition is injected into
the wafer Wwhere nultiple holes h2 ar%® fornmed in advance (injection
step). The transfer nenber 62 contacts the |ight curable conposition
injected into the hole h2 (contact step). To transformthe |ight curable
conposi tion, the. i giowrall e rcomFes teaers 60npedt ede ivd oot e ihol e h2
(injection step) and the transfer nenber 62 contacts the |light curable
conposi &&pAiinj ected into the hole h2 (contact step). In addition, the
injection step and the contact step are alternately repeated nmultiple
tinmes. [0040]as shown FHIG FHUG shbwstlae fiastr modid i satiomnmdams ehaft t he
wafer W The wafer Waccording to the above-nenti oned enbodi nent uses a

| ayer of bhkdsupspiate W2 andlokerhdl diveg pl avbsveata YlbstTate W
according to the first nodification exanple uses only a holding plate W.
When t heubabsetatiel Wb Beeordi A5 R- ¢l FY Aeenssdirtncatf bar XA i s used,
the configuration of the nolding apparatus 10 needs tq be nodified so as
to be capabliesof fwe FEFMWENENT FES Fardfekivdtoer 82 ¢Bhttact & the

hol ding plate W2_from bel ow so as to covei.a}tl | east. .one of through-hol es
hl fronkBefsng Rhat®iWht cisSas &OcBRpEsht A T SEUHPHT &PTRShadve i nt o

the hole h2 that.is fornmed by bein overed. frombel ow. .and the light is
radi at eﬂtf?oﬁ?%%b@éeflop?%%t]r%/@h‘fh%{%réb " EoHPosTT i O SUpptd ecdlrteod’t he hol e

'h2. The.wafer W,accqrdin 21.to the firs i figati.o is used as
fol | ows*®a %%Fl?h%n‘gi gﬁ?g%ﬁr%Hl%dbofr%%s%%%ﬁ?lghj ected r?fjweleahﬂo e h2
cures, e. transfer r_62 \Y; S Ver i

t hr ough%q 0 Ser%al&ef roéfmgge %&n'aﬁggtﬁgal‘I%jl%i:t%rg%%%psggrggggﬂﬁhgﬁeﬁ]j%ﬁcts t he

li ght cyégﬁje,e f%mgah%%gn i 9%%;&@1%-&%& h3 thatyd,s fqrmed by

covering t hroug e hl. 3 uses the sane reference nunerals to

depi ct Ehensang, Q@i&tﬁoi’ﬁiEQWW.aSEEBBS&E&HgE%I’@EQHW@&ﬁQf ding to

t he above-nenti oned enbodi rent and a detailed descriptionis omtted for

simplicktyasl 0844 narrowehs Bt kepedcabevecnt.he hol ding plate W2 hol ds
the light curable conposition when the wafer Wto be used includes or is

equi val epb3bo the holding plate W2. The light curable conposition is
available at multiple small-volune spaces in small quantity. Wen not held
by the hol di ngupt apee WA rddaghodhts curkatl Bocoapadsi thoholsiocgnlianousl y
avai l abl e all over the wafer Wsurface. Therefore, when the |ight curable
conposi WP omoshir i oiksq dderaactenubatedashrithkadéhcausesrahcef t gredet ween t he
position to transfer the shape of the transfer nenber 62 and an i ntended
posi t i ohhe e thot difntheltareup2-tad esoh Ve tAd 8 probllenthptsizspossi bl e to
decrease the quantity of the light curable conposition to be used in
conpar | Bbreaittaines cadd isflcapphyng thHed hghto dgrakideas diipBsiTTdYEAl | over
the substrate WL surface wi'thout using the hol di ng plate W2. [0042] 22
FIG 5 8hoWkeabseEonRdaRddrPrasti RVaxanpINe SOPrhefnafetPov taver

(cutting portion}) S is formed, for example, inside the
substrate Wl between adjacent through-holes hl in the
substrate Wl. The position in which the scribe layer S is
formed in the substrate Wl has strength lower than other
portions. Therefore, the substrate Wl is divided at the scribe
layer S when done so.

[0033]



The wafer Waccording to the above-nenti oned enbodi nent uses a | ayer of
the substrate WL -and the holding plate W2. According to the second

nodi fication exanple, however, the wafer Wincludes the substrate WL

wi t hout using the holding plate W2. When the wafer Waccording to the
second nodi fication exanple is used, tlHe spin coat is used to apply the

| i ght curabl e conposition all over the wafer Wsurface. The transfer
menber 62 sequentially transfers the shape to the |Iight curable

conposi ti on apptiedatoréhemwaber ¥¢ [H043]e of metSincet kexanafler. W
according to this second nodification exanpl e does not have the hol di ng

pl at e V@hetheaks fht rmewtibahl €2coapasigddraualientd rudeskyppresemt3lch t he
entire surface of the wafer W Wen the |ight curable conposition shrinks,
t he accynubat egesiFithkage maydeauseban lerror) bebdeen aheguesniian to
transfer the shape of the transfer nenber 62 and an intended position. To
prevent lsushpertoenfeomasceurtriang fent shepdespradiereveepahye-a Pia ch

di stance between positions for contact of the transfer nenber 62 with the
| i ght clieablrocohposili-onTha Hero? Bahcaaket ks tHermdft pikades VIR | i ght
curabl e conposition to be used. That is, there is a pitch distance between
one posPPEbhCROP Ot r ARET BXATRGSt hel 1T dnsTei T Hie MY B2 end SantbtdfertSosi ti on

that is adjacent to that position and all ows the transfer ne r to
cont act tERBSFPgHt TREr abbR c%ﬂﬁ%@%?i6%@9??1F%0He%?r%ﬁﬁe§Q%P%d%?ﬁdﬁ?e and

h t hat 3 pitch di to. be | t han. i nt d pitch
(i o1 SncBaHEACE ROl SRar SO S ORpbOPE: T T BB ULGACRir B e |
d ith, hri nki t L FI.G_5 f
muor ol SOUBURGDIED. Thb Sane” RAP LR of L ChibOnEHTE 56 THIGs TR hal o1 W
al §°¥B°dep “Sane _ _ Tvater |
om 1 od ar CEFGEFenty S rosAars e R e howi ng. 2

control ﬁégpgﬁa%gspﬁ99ihﬂcbedﬁg ia%Ph@%i hdibng apPRLRLMS 1Q- s

shown i e control apparatus 200 includes a main control portion

204 S“Pﬂ!ebﬁgn%yﬂlg%w&ésémg the detectd,on aRpanatue 782 vigcRnd mge
recogni tion apparatus 202 that recogni zes an i nage captured by the

detecti QA -APRANLEL USiAg mdBBiARI AoE0Bt 101 ROI hd 0N R GOMd Qbentde MDL OF
control circuit 206 to control the y-axis notor 32, the x-axis notor 56,
the z-axbg ggbgFlgor t he supporting nenber 64, and the (9-axis notor 34.
The main control portion 204 controls a light source drive circuit 208 to
control [pbeski ght source 70. The nmain control portion 204 controls a notor
control circuit 210 to control the z-axis notor 80 for the detection
appar at us. Thannairhicbattol bpantidad 20dedonts dbs migal veadrisereciycuit 212
to control the valve 38. The nmain control portion 204 controls a driving
sour ce wotledl bgi tcansf2iding ¢omt ralansHerdsiheprg fosmede o8 thas ment i oned
above, the nol ding apparatus 10 maybe provided with an injection apparatus
(not showansthat menpect §2t her¢tghtledt bl B0k opieR 1§ ontifitioramei #ol e h2

formed 24 ,
shape needs to be highly accurately formed cn the transfer

member 62 as the protruded portion 90. The protruded portion
90 has an aspherical shape and is difficult to process.
Processing of the transfer member 62 often requires a long time
and high costs. For this reason, the embodiment forms only
one transfér shape on the transfer member 62 to shorten the
process time and reduce the costs.

[0035]



in the wafer W In this case, the control apparatus 200 al so controls the
injection apparatus. [0045] FIG 7 is a first flowhart show ng
control of the control apparatus 200 over the nolding apparatus 10. The
first flowhart- shows steps of nolding a lens array which is a nol ded
article and an optical part. Herein, tle term"lens array" denotes an
optical part in which a plurality of lens portions are forned in a single
conponent. The first flowhart shows steps of applying the light curable
conposi tion athe a¥ehet-heanadieipMsughngikthe: spiriaceathagoocrrarplan [ 0046]
When a sequence of steps starts, Step S100 perforns a nounting step of
mount i ng dheraker tWkenshiee sippoebribaseoctds tNexdartSbépa S200%: merflor s a

| i ght curable conposition application step of applying the Iight curable
- conposi suvpate. t en vafteircal Earrti ngsidie 43 ght leus gbhd et conpdsit i ome
application step, the main control portion 204 controls the valve drive
circuitazpgBetocepeshéhe val vep88sted hyspbei frédowiimg pephedianad supply
the light curable conposition to the surface of the wafer W After

conpl et ehypsuppliythgnt hé) ki ght curable conposition, the main control
portion 204 controls the driving source control circuit 214 to drive the
drivingl868afpte 18 for a specified tine period. The driving source 18 is
driven to rotate the support base 14. Due to a centrifugal force, the

| i ght cur abl e2t¢@mR3osith O supplli-éd 08} Ehé] waf eIV bOAt éd) on 25 the
support base 14 spreads al nost evenly over _.the surface of .the wafer W
[0047] WW%&?,CSg%%o%%ﬁotB%r$%V%§S% ?f afeF &7 C e BpToftPaléfBrring the

transfer, shape forned. on_the transfer nber 62 to the light .curable
conposi g?%ﬂgg%hEh?r%%%?%F ‘%fe% I&J(rjgf]épg%é%o{wrillarbe()p escH baexdlﬁ’a%er in
detail. [0048 The next Ste 0Q determ pnes whether o ot all the
transfe?Lg?Eﬁé e %ﬁﬁnﬂ%ﬁéﬁﬁ%ﬁiaﬁr@&iﬁpggﬁo%ﬁén%Bgﬁg?%?t%?%ﬁjﬁé§E%
repeategoﬁ 00 through 2400 times. Step S400 determ nes whet her or not.the
| ast transféer step is reached. Control returns to Step S300 when Step S400

deterning§3§2at the last transfer step is not reached. Control proceeds to
Step 856 when Step S300 determnes that the last transfer step is

reached. In FIG. 2, the spin coat is used to apply the light curable
composition to the entire upward surface of the wafer W. The
appliedlightcufablecompositionflowsintothethrough"holes
h2 of the.holding'plate W2 so as to be held by the holding plate
W2. As shown, the transfer membeﬁ 62 contacts the held light
curable composition so that at least the protruded portion 90
contacts the light curable composition. In this state, the
light irradiation unit 60 is used to radiate light to and near
a position of the light curable composition in contact with
the protruded portion 90. The light curable composition cures
to transfer the transfer shape formed on the protruded portion
to the light curable composition. After the light curable
compesition curés, the transfer member 62 is separated from
the wafer W as indicated by a dash-double~dot line in FIG. 2.

As indicated by an arrow in FIG. 2, for example, the transfer



[ 0049] - Since the transfer is conpleted on the light curable
conposition applied to the wafer W Step S500 transports the wafer W
mount ed on the support base 14 outside the nolding apparatus 10. The
“nol di ng apparatus 10 nmay not include an apparatus such as a robot that
mounts the wafer Won the support basd®14 and transports the waf er W from
the nol di ng apparatus 10. In this case, an operator nanually nmount s the
~wafer Won the support base 14 and renoves the wafer Wfrom the nol di ng
appar atsm38r Fhendwmi coplsr @b ponthen 204u oMl teucontyd aonmveri ttile
operations at Steps S100 and S500. 26 [0050] FIG 8 is a first

f | owchané1ghowenghtbegh rlanst eér2 stdpcehitt be Wenthobugpphraeuss 20t The

fl omchart shows the detail of control over the transfer step (Step 5300)
for transiésrthg theetiranséketcshappokokmed.on the transfer nenmber 62 to
the heat . curable conposition when, for exanple, the spin coat is used to
apply the0Bgght curable conposition to the entire surface of the wafer W
When the transfer step starts, Step S302 performs a transformation step of
transform ng Tere i kesmles colprdi thorcaypl TRaEe & ihSRidF ¢1°aW i n
accordance with the transfer shape fornmed on the transfer nmenber 62. At
Step S3D2, u%?ﬁeﬁﬁm@?P@dhﬁhéllbahﬁl GHT2D4SCEATPOFSTERAR Totldie &HtrS circuit
206 to drive the y-axis nDtor the x-axis motor 56, the not or 64
for the"BUppors Fheererfber f“éﬁﬁ”?ﬁé“b a}P§tﬁﬁgora§48h9ﬁnl%%§fﬂg éiof t he

transfer nenper, 62 and the support base noved .so_that th transfer
nmenber %2 %Qﬁﬁ%ﬁﬁ??ff&ﬁﬁﬁﬁ?%%ggﬁ% F?F%ﬁlofﬁﬁhgelFﬁﬁF cUrdbl & cghp05|t|on

The. tr ahbfBF natl o S e g S by %é%ét ﬂ%é AL TR S A by e
det ecti on ggg%%%@ 12 %{}ﬂe s % S5 €L by L Ne.{ JBge. ' £LOGRI tion
dat &, p05|

appar at Us ased on Ion correction data may

e 9eneLot o Lopbis,Sen0er . busey Iy Lo, {2 20 et

posi ti ofl., Based. 0P Le,808 86LE9RRdBbACHRE MBI RneoNtighk cdfable
composition. The protruded portion 90 contacts the light
curable composition held in one hole h2 and the light is
radiated. At this time, the light curable composition 1is
already injected in a hole h2 adjacent to that hole hZ2. After
the 1ight curable composition cures inone hole h2, the transfer
member 62 is separated from the wafer W as indicated by a
désh—double—dot line in FIG. 3. As indicated by an arrow in
FIG. 3, the transfer member 62 moves so as to contact an uncured
curable composition held in a hole hZ adjacent to the hole hZ
that holds the cured curable compesition. The transfer member
62 now contacts the curable composition held in that adjacent
heole h2., Before the transfer member 62 moves to a further
adjacent hole h2, the injection apparatus injects the light

curable composition into a still further adjacent hole hZ.

[0039]



portion 204 may provide control so as to nove at |east one of the transfer
menber 62 and the support base 14. [0052] The transformation step
at Step S302 transforns the |light curable conposition to the protruded
portion 90 of the transfer nmenber 62. The protruded portion 90 of the
transfer nenber 62 is aspherically shéBed and is processed so as to be
shaped reversely to each lens portion (optical part portion) constructing
the lens array. Therefore, the light curable conposition is transfornmed to
t he protrudedpatdwan i90Fhavi Bg ahcasphecicat Shepe sos thatusdre toi ght
curabl e conposition is transforned into the shape of the concave

aspher i Taj e¢enshporigon. clrmib I scenbosi mem , inte thansiks enbéihe62 havi ng
the protruded portion 90 is used to formthe concave | ens portion.
Howeverligie ctembbel ecorpyelyiogesst heanpinshed henbee BRahaifhg a
transfer portion processed reversely to a shape of the optical part

por ti ormemb e For keanstormekampl 8tePhe tanstde ﬁﬁﬁﬁ@?eﬁﬂjﬁaﬁﬂﬁ@ta concave
portion to forma convex lens portion is used. [00 # he .t ype of
the | i gHETRekABLEPESHEdSTL %%ﬁqjﬁoﬁ@%é%ﬁol@@t‘é@(%%r i n‘f%e%%ﬁéﬁl&épéﬁ onin
choosing the transfer mepher 62. Transfer nenbers ectgd are
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that the sourc ates light for a predetermned tinme period to

at 'eaSEhepaﬁ iof ctzlti'}_ealglegh@:oﬁﬂ&é‘p{:@oﬁOHH?éb%éinﬁE@n%B@rHgﬂedlnlg to contact
with the transfer nber 62.” After the Curing step at Step S304, the |ight

cur abl e composi té@éppur &5 WHd e idn | scitd ansforimesh tocdhesdensndortion

shape. Cne | ens portion is forned on the | i ght curabl e conposition.
contact step are alternately repeated multiple times.
[0040]

FIG. 4 shows a first modification example of the wafer

W. The wafer W according to the above-mentioned embodiment
uses a layer of the substrate Wl and the holding plate WZ2. A
substrate eraccording'to the first meodification example uses
only a holding plate WZ. When the substrate Wl according to
the first modification example is used, the configuration of
the molding apparatus 10 needs tobemodified so as to be capable
of the following: the transfer member 62 contacts the holding
plate W2 from below so as to cover at least one of through-holes
hl from below; the light curable composition is supplied from
above into the hole hZ that isrformed by being covered from

below; and the 1ight is radiated from above to the 1ight curable

composition supplied to the hole hZ2. The wafer W according



[ 0055] Step S306 perforns a separation step of separating the , cured

| i ght curabl e conposition fromthe transfer nenber 62. The main control
portion 204 controls the notor control circuit 206 to drive the z-axis
notor 64 for the supporting menber so that the transfer nmenber 62 in
contact with the heat curable conpositdlon noves upward. [0056]

Steps S302, S304, and S306 descri bed above are conpleted to term nate the
transfer step as a sequence. Terminating the transfer step forns one | ens
por ti onzentider ] ghtmedt fibtec Conpasinp ba. 1 Asusddvers iffolRldEs 6 ,aftthe transf er
step is repeated until all transfers are conpleted in accordance with the
nunber t28 lafgHtensrpbiti omspdsibeot drmed:teAsimanythens lport iconreshapes as
t he nunber of repeated transfer steps are fornmed on the |ight curable
conposi thentrangbem rhebben§Zanpaygs pO0BE] to cover Fhe agjipseatsecond
flowchart show ng control of the control apparatus 200 over the nol ding
appar at usraggando tepi ttran égs-cof; apddEhg theetehen arara ikt dhals a

mol ded article and an optical part. The above-nentioned first flowchart
shows tHelseepstht asHilyicvg dHeE CPHROSALSB enEBnPoRi T BH T e Sentire
surface of the wafer Wusing the spin coat, fo xanpl e.__On ghe ot her
hand, the dedond #Q%W&%gﬁﬁC%ﬁ%ﬁkn%ﬂéﬁétBFoﬂgpﬁéoiﬁ%?%jeégﬁbn apyyar at us
(not shown) to inject the |ight curabl congo%ktion into_nmultiple holes h2
(see FIE€2520¢ oF fedT FHCEnBURAF 8 SV@O[éﬁgéf 1© sangs PERESsPEps of the
above-nentioned first_flowhart, Step.S100Q perforns th nting step of
nDuntinﬁo?ﬂﬁnﬁﬁFgra?VB%OFﬁeggﬁpBBFtwgggg %4%C§P581 EOBgagggies the |ight

cur abl e couposLLion,Lq Lhg SILLLS sLfacR ol ibhe walet Wt ;Step S300

transfe?goY e"transfer s p or e e transfer 2 to the light

curabl e ition,. . 5400 determ nes whether or not all the transfer
st eps a?@9§§§%|£%gd?l§%§9§?§ "S500 transported the wafer Woutside the

nDIding[g@@@fatus 10.

As mentioned above, the holding plate W2 holds the 1ight
curable composition when the wafer W to be used includes or
is equivalent to the holding plate WZ. The light curable
composition is available at multiple small-volume spaces in
small quantity. When not held by the helding plate W2, the
light curable composition is continuously available all over
the wafer W surface. Therefore, when the light curable
composition shrinks, the accumulated shrinkage causes an exrror
between the position to transfer the shape of the transfer
member 62 and an intended position. The holding plate W2 can
solve this problem. It is poséible Lo decrease the quantity
of the light curable composition to be used in comparison with
a case of applying the light curable composition all cver the
substrate Wl surface without using the hclding plate W2.

(00421



On the other hand, the steps of the second flowhart are void of Step S200
that applies the |ight curable conposition to the entire surface of the
wafer W As will be described 30 |ater, the transfer step at Step S300
injects the curable conposition into the hole h2 formed in the wafer W

[ 0059] FIG 10 is the second fl8wchart showing the transfer step of
the control apparatus 200 when the injection apparatus is used to inject
the light curable conmposition into the holes h2 formed in the wafer W The
flowchart showsGi e debaisl a contaoll ndert itdee itcrarsbep st ep (I8t @@ £S300) t hat
transfers the transfer shape fornmed on the transfer nenber 62 to the heat
cur abl ewconposi tion. [0060] When the transfer step starts, Step
S302 perfornms a transformation step of transform ng the |ight curabl e
conposi ti on tBhe hefaralisieroshape Hokhedoeve Hee F et @ cpefi&eré2. The
transformation step includes an injection step (Step 5302a) and _a cont act
step (Smeps5302@yerS@éptBSOQHthFééﬁsWﬂhénﬁlégﬁ BB#QBP@ BofpBsi'Eion into
one of the holes h2 forned on the wafer W(Step 302a). Step 530 b contacts
t he trahsferdhpibbe Béemﬁﬁﬁoﬂﬁempﬁ@ﬁﬁcéﬁﬂﬁﬁl@Xéﬁﬁﬁ8$|PP8ﬁvFﬁat § injected
into one of the holes h2 at Step 5302a. A¢%ég%8 S302, H?ﬁanaup contro

por t i onw26ar cBntrel 4dehethhj BT bRt Ep ot G it 8t éﬂflcurable

conposition into gne of the holes h2 fornmed in the wafer The mai n
cont r ol PpdFei Ba- 2dﬂ“¥hé¥@%dﬁ?f%ﬁs t?ﬁ??ﬁﬁﬁ?gC%%tg%ﬁ TITCUTt 206 to nove at
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curing st Htaauﬁﬁs@eS@gﬁpogmglbhgagp@geabk@ €AEPQsickiroR. i nj ected into the
hol e h2 cOres as

[0043]

Since the wafer W according to this secondgmodification
example does not have the holding plate W2, the light curable
composition is continuously present on the entire surface of
the wafer W. When the light curable composition shrinks, the
accumulated shrinkage may cause an error between the position
to transfer the shape of the transfer member 62 and an intended
position. To prevent such error from occurring, it is
desirable to change a pitch distance between positions for
contact of the transfer member 62 with the light curable
composition in accordance with the shrinkage of the light
curable composition to be used. That is, thgre is a pitch
distance between one position for transferiring the transfer
membér62andanotherpositimnthatisadjacenttothatposition
and allows the transfer member to contact the light curable

composition. It is desirable to configure and change that



transforned to the shaped of the lens portion, form ng one | ens portion.

[ 0062] Step S306 perforns the separation step of separating the
transfer nenber 62 fromthe cured light curable conposition injected into
t he hole h2. [0063] A sequence _of transfer steps term nates at

St eps S302a, S302b, S304, and S306 as?fenti oned above. Wen the transfer -
step termnates, the light curable conposition is injected into one of the
holes h2 formed in the wafer W The |ight curable conposition is

t ransf oppedhadadscaned sa ascoodaaceowptl thent ransheendhdppitohmed on the
transfer nenber 62 to formone lens portion. As showmn in FIG 9, the

t ransf edistepcesafepedthed laghiraoyr 2 he scaseddnet mmiter befusehsypard i ons to
be formed until all the transfer steps termnate. The result is to form as
many shapescobrthectemstpozt soninakitderauaberast. t riaisf dr stssps-heepeat ed
on the light curable conmposition, nolding a | ens array. [0064] 32

FI G 11sghfustirataswangrepact pp cguwdidigtac! ¥3ee Whirds ¢35 Gy rsprardal part
having a |l ens portion including at | east one aspherical shape using a | ens
array 304 hbraedips the <eeps ﬁe%@?PBéénébBQthe abovermpgatioggdshown in
FIGS. 11A and 118, a nultiple_ sheets of the formed.|l en rrays are

cenent e8MBSIHBEBE sARY %ydﬁgéh%egfdﬁaﬁéép6ﬁ?nf6? QQéHﬁPE ?Bénenting step).
FIG 11A shows three lens arrays 304 before being cenented, while FIG 118
shows aStBRS$IGHF4y 310 including the three |ens arrays 304 cenented

togetheﬁoohg?65]

FIG. 6 is a block diagram showing a control apparatus
200 included in the molding apparatus 10.

As shown in FIG. 6, the contreol apparatus 200 includes
a main control portion 204 supplied with outputs from the
detection apparatus 72 via an image recognition apparatus 202
that recognizes an image captured by the detection apparatus
72. The main control portion 204 controls a motor control
circuit 206 to control the y-axis motor 32, the x-axis motor
56, the z-axis motor for the supporting member 64, and the
6-axis motor 34. Themain control portion 204 controls a light
source drive circuit 208 to control the iight source 70. The
main.contfol portion 204 controls a motor control circuit 210
to control the z-axis motor 80 for the detection apparatus.
The main contreol portion 204 controls a valve drive circuit
212 to control the valve 38. The main contrel porticn 204
controls a driving source control circuit 214 to confrol the
driving source 18. As mentioned above, the molding apparatus
10 may be provided with an injection apparatus (not shown) that

injects the light curable composition into the hole h2 formed



Second, the cenented |lens array 310 cenented in the cementing step is
divided by cutting, for exanple, so as to provide at |east one |ens
portion (dividing step). Alens is produced by dividing the cenented | ens
array 310. Herein, as previously nentioned, formng the scribe |ayer S
(refer to FIG 2) on the wafer W faci24tates the division of the cenented
| ens array 310. [0066] Fig. 11C shows a |l ens 314 produced by
cutting the cenented |l ens array 310 so as to include one |lens portion 312.
The cenentEtk heifeam.ayId1lohi sctames tihke chensodr apyar30dsthal =drs cenent ed
so as to be |l ayered. For exanple, the lens 314 may be attached to a |ight
recei vi agnektenenthsuchjastactMaBpsensos,, making it possible to produce a
camera. The produced canera may be built in a nobile tel ephone, for
exanpl el 0pOBB7] 33 In the above--nentioned | ens produci ng process,
it is described that nmultiple lens arrays 304 are cenented to forma
cenent ed | ensFaEr dyl aadf e flbecberermice jehsoarray S10hpsdinided to
produce the |l ens 314 having nultiple lens portions. The |ens arrays 304
maybe | AHEPEAHBAL EQOdPV.eaeghw tReUt "BerRG2ESIKERt 4 -t oTFRr At EFhgl e- | ayer

| enses 314. The lens array 304 and the cenented | ens array 31 be used
as t heyL4PEChRt hotlto'Ferh§PsdP ¥ itedinaeains arravasktondenddfi of the
present inyvention wll be,noT/described. . In the first enmbagdi nent,

the | endThifdy 304 FRePRFIto APE = 11) 5 fol 'ded WRithg 1HE bitiihg
ol d sHanPORS it g SR SAE AP AT S P hed AdSiig SE heT ORI g Sbar at s
s100. " aP PP gne=itl ot & camisas CrBk s cat ioncst op SHBRLE (RgEr By ep

oo ey Cr BB e SR s PhBREh B o 8P O s P ded

finally, EFQQ6Q]., 5; rhhnshhg abgye- dgscrihed ki rst enbodi nent, the
transfe?angnberuginﬁaangs%he transfer portign processed to be shaped

reversekynggjthe aspherical lens portion fornmed in the lens array 304 was
used as the transfer nenber 62 (refer to FIG 2). In contrast, in this

second enbodimead , 2 thegherpsi r stomabera 62s haviag e | enst g ion

processed to be shaped equally _
mounting step of mounting the wafer W on the support base 14.
Next, Step S200 performs a light curable composition
application step of a?plying the light curable composition to
the wafer W. During the light curable composition application
step, the main control portion 204 ccntrols the valve drive
circuit 212 to open the valve 38 for a specified time period
and supply the light curable composition to the surface of the
wafer W. After completely supplying the light curable
composition, the main control portion 204 controls the driving
source control circuit 214 to drive the driving source 18 for
‘a specified time period. The driving source 18 is driven Lo

rotate the support base 14. Due to a centrifugal force, the

light curable composition supplied,to the wafer W mounted on



34 to the lens portion of the lens array fornmed finally is used.

Therefore, the shape of the Iens portion 312 of the lens array 304 forned
finally is transferred to the nold for nolding the nolded | ens. [0070]

Fig. 12 illustrates the step of nnlding the lens array as a prinmary
optical part, and the step of dividing>the nolded |ens array to produce a
| ens as a secondary optical part by using the nold which is nol ded using

t he nol di ng apparatus 10 in the second enbodi nent of the present
inventiome 408t base 14Topnohds aa lrenst arfeayl vandepr odacauafd@nsfusi ng t he
nmol d which is nolded by the nol ding apparatus 10, first, as shown in FIG
12A, a twt dw300ri®8. nol ded using the nol ding apparatus 10 (nol di ng step),
and a lens array 304 is nolded using the nolded nold 300, for exanple, by
the nandb®Print technique (lens array nolding step). For exanple, two

nol ds 300 are prepared; the two nolds 300, 300 are disposed with their
surfaces ont dlawi cBtepeS $hape ionnteatrzarstiar gerbept 6Za0Edar 1§ FI G 2)
is transferred facing with other; for exanple, a naterial of the |lens
_array sthﬁté§néféﬂké%$@€é6ﬁ%6§i@Ddﬁ“ﬁEfﬁ@ggﬁﬁéﬁnﬁ§ﬁh62ﬁﬁth%&ﬁG@tapparatus
302; a material such as a curable conposition is transformed to the shape
of the FoFaRlgUEMETOL Bk curldtt iTh A MIS 'SEAEE; 2hnetaP | &Hel dfirdy Bfavi ng t he
shape reverse to the shape of the transfer surface of the nolds 300 is

mol ded. 398C¥Hredt 13RSI f ¢ @XaApte, as in the production of the nolds 300,
when thf %&@Et curabl e conposition is used 35 as a material of the |lens
array, B rabl e conposition can be cured by radiating |ight.

| nst ead of lving t ial of th | ds 300,
Lo B ol L oo ARk T 200 ettt e ol AL By Db e e
f th 2 f f Ac] f f
Che o HFARSEEE dTRIEL 2coRaLEREN] BTG LARNG SEAR CHligised M dA08 O

d f j I g i h
and a rlé%% D%ngﬁggégb (g?ttth%tgtzl%gfi@Q@ MRy de di sposedo LR 1RRASR Lac

ot her, terra ns array may be Supplied between the nold
300 andtbendlat-phat eenk09421 transfer step is reached. Control

returns to Step S300 when Step S400 determines that the last
transfer step is not reached. Control proceeds te Step 5500
when Step S300 determines that the last transfer step is
reached.

[0049]

Since the transfer is completed on the light curable
composition applied to the wafer W, Step S500 transports the
wafer W mounted on the support base 14 outside the molding
apparatus 10. The molding apparatus 10 may not include an
épparatus such as a robot that mounts the wafer W on the support
base 14 and transports the wafer W from the melding apparatus
10. In this case, an operator manually mounts the wafer W on
the support base 14 and removes the wafer W from the mpiding
apparatus 10. The main control porticn 204 cmits control over

the operations at Steps 5100 and S500.



As the lens array forned in the first enbodi nent described previously, as
shown in FIG 12B, multiple lens arrays fornmed are cenented as needed
(cenenting step). FIG 120 shows a cenented | ens array 310. The cenented
|l ens array 310 is divided so as to provide at |east one |lens portion
(di viding step). As shown in FIG 12D2Fa | ens 314 having a | ens portion
312 is produced. As the lens produced in the first enbodi nent descri bed
above, for exanple, the lens 314 may be attached to a |ight receiving
el ement [of 5] CMOS sensor for produci ng caneras. A produced canera may be
built in a nobile tel ephone, for exanple. [0073] As in the above
first enbodi nent, & hes |lensiast ayl 30Zhgpriodtiosding tive Sevonteericd nent nmay
be divided without being cenented to forma single-layer Iens 314. The
| ens aroéytid4or36cdndprheatesehted | fdovana3toshaysbehesttads t hey are
wi t hout being divided. [0074] In the first enbodi nent descri bed
above, af @xanplle ok rf drerdtriaes iofr shep| eFscPRaY )i SCHdSEIBEE LM 1 e in
t he second enbodi nent, an exanple of nolding the nold used for nolding the
| ens ar kR tizsrgdssr sheae Woraed car EREe@ Vhih88ReBe® molcdBae BiFAlsi ng t he
nol di ng apparatus 10 jnclude not only optical parts such as |ens arrays
and nol 84X B nBPEP AR ob?T CHFChart 9§iF¥§F§OtBFeEPFBf6??ﬁrﬁflﬁﬁ and
el ectroform ng bath used for electroform_ng, for exanple. [007
The cur &bl @R 9F6H“u§€&aﬁ&ﬁ Fﬁ@pﬁﬁé§égp %ﬂv%??i t%ﬁ?ﬁ“ﬁg§ escri bed
bel ow in deéail. %CUﬁable conposi tion] The curabl e conposition used
for the°hrEBEntefhvelti on includes (a) silica fine particles: (b)
(meth)acryl ate having two t Lca u ur oyps and no
cyclic structﬁ?%n( %%e?%% %%? ré?%grggg?ggéi%%¥§ gg@&réggfﬁggé :
(meth) agryhate, (b} hn Geo(BR! Rlackylate havhag,one ceivhenkeal Iy
unsat urated group ang aang an alitcyclic structure (hereinafter also
referr erfﬂ?O%%ﬁP%Mt Qg]?%;géc%bv%hl(enﬁiralﬁéraﬁ?r yhatecbehanke ward €dk: a

[ initi .

pol ymeri za The silica fine partiCes (a) are

charact @E!aﬁék@@'_Jiryabﬁél%;@ﬁgatd&%%ﬁtﬂ\éﬁ@f@r sReeicfi 62 si Izanecepnpmmund. These

constituents w | e described below. It should be noted that
the main control portion 204 controls the motor control circuit

206 to drive the y—axis motor 32, the x-axismotor 56, the z-axis
motor 64 for the supporting member, and the &-axis motor 34.
At least one of the transfer member 62 and the support base
14 is moved so that the transfer member 62 contacts a specified
position of the light curable composition applied to the wafer
W to transform the light curing composition.

[0051]

The transformétion step at Step S302 may use data that
is detected by the detection apparatus 72 and is
image-processed by the image recognition apparé-tus 202. Based
on the dats, pbsition correction data may be generated for the
support base 14 and the transfer member 62 so that the transfer
member 62 contacts the l-ight curable compesition at a correct

position. Based on the correction data, the main control



37 (meth)acrylate used herein means nethacrylate and/or acrylate. [0076]
<(a) Silica fine particles> Silica fine particles (a) preferably
used for the curable conposition may be those having an average particle
dianeter of 1 to 100 nm I|f the average particle diameter is smaller than
1 nm the viscosity of the curable cogﬁosition produced is increased; the
content of the silica fine particles (a) in the curable conposition is
restricted; dispersibility of the silica fine particles (a) in the curable
conposi bhenibs 1oneredprand eubbngirent stranspaneney aanteheatonesitst ance
may not be obtained in a cured article (hereinafter also referred to
sinply aﬁeCUf&ﬂsﬁétlméﬁbeﬁbﬁaiBﬁd byecunppgrtheaear aBl.e conposition. |f
the average particle diameter is larger than 100 nm the transparency of
the curedoatiicle may be lowered in sone cases. [0077] The average
particle dianeter of the silica fine particles (a) is, in terns of the
bal ance bet weBme tirenvgifseosittiyrof t ¢the tolretbFe 08 dnposi ftdmrs hhd dtisdht
transparency of the cured article, nore preferablg 1to 50 nm still nore
prefera@uyaglecompositiontx;theprotrudedportion 0 of the transfer

member 62. The protruded portiorn 20 of the transfer member

62 is aspherically shaped and is processed so as to be shaped

reversely té c¢ach lens portion (optical part portion)

constructing the lens array. Therefore, the light curable

composition is transformed to the protruded portion 90 having

an aspherical shape so that the light curable composition is

transformed into the shape of the concave aspherical lens

portion. In this embodiment, the transfer member 62 having

the protruded portion 90 is used to form the concave lens

portion. However, the step selectively uses the transfer

member 62 having a transfer porticn processed reversely to a

shape of the optical part portion tc be formed. For example,

the transfer member 62 having a concave portion to forma convex

lens peortion is used.

[0053]

The type of the light curable composition to be used is

taken into consideration in choosing the transfer member 62.

Transfer members to be selected are provided with differently

sized and shaped protruded porticns 90 in acceordance with

shrinking percentages of light curable compositions to be used

even when the same shape is finally formed. That is, the



to 50 nm and nDst'preferany 5.to 40 nm The average particle dianeter
ofthe silica-fine particles (a) can be determ ned by observing the silica
fine particles with a high-resolution transm ssion el ectron m croscopy
(H 9000 produced by Htachi, Ltd.), optlonally selecting 100 silica
particle imges from 38 the inmages o8t he fine particles observed, and
cal cul ating a nunber average particle dianeter by a conventional inmage
data statistical processing nethod. [0078] To i ncrease the anount
of the sichhedetli femxpatt el es Cakhnbeaded botortheceunedhashirch&ageilica
fine particles having different average particle dianeters may be used in
conbi natibeangnbheacunabbé carpasiphionurBofeusosivbiscaisal., conpl ex netal
oxi des of silicon with alum nium nagnesium zinc and the |ike may be al so
used as[Dh&4%ilica fine particles (a). [0079] The amount of the
silica fine particles (a) contained in the curable conposition is
preferably 20Ster88%byreussras theusunfageepreat edrshbi thefinehparticles.
More preferably, in ternms of the bal ance between the heat resistance and

curable composition that is transformed to the transfer memnber

62 by contact with the transfer member 62. That is, the main

control portion 204 controls the light source drive circuit

208 so that the light source 70 radiates light for a

predeterminedtimeperiodtoeﬂ:leastpartcﬁ?thelightcurable

compositicn transformed due to contact with the transfer

member 62. After the curing step at Step 5304, the light

curable composition cures while it 1s transformed to the lens

portion shape. One lens portion is formed on the 1ight curable

composition.

[0055]

Step 5306 performs a separation step of separating the

cured light curable composition from the transfer member 62.

The main control portion 204 controls the motor control circuit

20€ to drive the z-axis motor 64 for the supporting member so

that the transfer member 62 in contact with the heat curable

composition moves upward.

[0056]

Steps 8302, 8304, and S306 described above are completed
to terminate the transfer step as a sequence. Terminating the
transfer step forms one lens portion on the light curable

composition. As shown in FIG. 6, the transfer step is repeated

until all transfers are completed in accordance with the number



environmental resistance of the cured article and the viscosity of the
curabl e conposition, the amount is 40 to 60% by mass. Wthin this range,
the fluidity of the curable conposition and the dispersibility of the
silica fine particles (a) in the curable conposition are favorable.
Therefore, using such a curable conpogftion allows for easy production of
a cured article with sufficient strength, heat resistance, and

envi ronnmental resistance. [0080] 39 in an organic solvent. A preferably
used organiénsobyentonS vBebs hadrdégsolaesmarnganirs gammnentshapes
((meth)acrylate (b) and (neth)acrylate (c) described later, etc.)

cont ai ned tine thebcurabl epeatpisitareter] B08pE are formEdanptes lofgithe
organi ¢ sol vent include al cohols, ketones, esters, and glycol ethers. In
ternms ofuthiel easempbssoiventor émomathienlansokvent -renoval step for
removi ng the organic solvent froma m xed solution of the silica fine
particl €80%d), (neth)acrylate (b) and (neth)acrylate (c) described |ater,
met hanol , ethanol, isopropyl alcohol, butyl alcohol, n-propyl alcohol and
li ke aIcoholsElﬁet%yise@h§$cﬁ@@oﬁb?wﬁb@hylSh@@bﬁ@y?©k§¥@ﬁeoén8hﬁike

ket one- based organi c solvents are preferable. [0082] Anong t hese,

i sopr opyPRarebReP TS el AVar phemashine cpRehatHe ' predsiieSarti cl es
(a) dispersed in isqproggl al cohol are used,  the vasc sitg,o&ﬁthe curabl e
conposi FeRS 4t 8P 1edngehbe r iy AT 55y /| BleFNthaf PR-FARE LESeCWhErE ot her

sol vent . ueeds, A1 herglong & SUslle comes LI IRIA BAN )
G\ SPeT P10, a1, oL BenLe, Soluelly, <80, be.qtgdusedotes; Conent] ggal et hoo
St o1 | A ST (0 eI S0, Ll L5, L0 Qe (1o
On the cther hand, the second flowchart shows steps of using
an injection apparatus (not shown) to inject the light curable
composition into multiple holes h2 (see FIG. 2) formed in the
wafer W.
[0058]
Ofthestepscﬁftheabove—mentionedfirstfiowchart,Step
S100 performs the mounting step of mounting the wafer W on the
support base 14, Step S200 applies the light curable
coﬁposition to the entire surface of the wafer W, Step S$300
transfers the transfer shape formed on the transfer member 62
to the light curable composition, Step 5400 determines whether
or not all the transfer steps are completed, and Step S300
transported the wafer W outside the molding apparatus 10.
On the other hand, the steps of the second flowchart are

void of Step S200 that applies the light curable composition

to the entire surface cof the wafer W. As will be described



40 organi c solvent, the aforenentioned amount of the silica fine particles
(a) contained in the curable conposition of the present invention denotes
the amount of the silica fine . particles per se contained in the

conposi tion. [0084] The silica fine particles (a) used in the
curabl e conposition used for the preséft invention are surface-treated
with the silane conpound (e) and silane conpound (f). The sil ane conpounds

wi |l be described below. <(e) Silane conpound> - The silane conpound
(e) is 1@@@@$eﬂh@dtbang@eer@tepoaﬁusaep1s3bel@ngebeaaﬁheR&urabie
H2Cm----¢c-CG--0-(0H2)(1--SIR2, (OR3)3.,r (1) [0086] in genera

fornulacéﬂ@osE&lbﬁpﬁﬁsentSeahbyérhgeﬁoamedl@n aheetvhykergiWoup; R2
represents a 01 to 03 al kyl group or a phenyl group; R3 represents a
hydrogencatdm or a 01 to 010 hydrocarbon group; g is an integer from1l to
6; and r is an integer fromO to 2.

FIG. 10 is the second flowchart showing the transfer step
of the control apparatus 200 when the injection apparatus is
used to inject the light curable composition intc the holes
h2 formed in the wafer W. The flowchart shows indetail control
over the transfer step (Step $300) that transfers the transfer
shape formed on the transfer member 62 to the heat curable
compositiorn.

[C060]

When the transfer step starts, Step 3302 performs a
transformation step of transforming the light curable
compositiontx>thetransfershapeformedtnlthetransfernember
62. The transformation step includes an injection step (Step
5302a) and a contact step (Step 5302b). Step 3302a injects
the light curable composition into one of the holes hZ formed
on the wafer W (Step 302a). Step S302b contacts the transier
member 62 with the light curable composition that is injected
into one of the holes h2 at Step $302a. At Step 5302, the main
control portion 204 controls the injection apparatus to inject
the light curable composition into one of the holes h2 formed
in the wafer W. The main control portion 204 then controls
the motor control circuit 206 to move at least one of the
transfer member 62 and the support.base714 so that the transfer

member 62 contacts the hele hZ2 injected into one of the holes

hz.



[0087] 41 is a nethyl group; preferable R3 is a nethyl group; preferable
gis 3; and preferable r is 0. The silane conpound (e) is used in
order to decrease viscosity of the curable conposition, to inprove

di spersion stability of the silica fine particles (a) in the curable
conposition by the reaction of the sil3ne conpound (e) with the reactive
(meth)acryl ate described later, and to reduce curing shrinkage during
curing of the curable conposition thereby to inpart nolding processability
to the copedjarticle. That is to say, unless the silica fine particles (a)
are surface-treated with the silane conpound (e), viscosity of the curable
conposi tion iStémaEEsedr famhdbedicdesriagr shgpshf i mkagey ithd Ae obdr i ng
process is increased. Consequently, the cured article becones brittle, and
a cr ackcteadse trompeetit.i cthi srinsdnat tipe efremables. m¢@O88J62. The nEdanpl es of
the silane conpounds (F) include y-acryl oxypropyl di net hyl net hoxysi |l ane,

y- acr yl oxypropyarstion aﬂmmthg@%ght source 70 to radiate light

y-acryl oxypropyl di et hyl met hoxysi | ane, o .

y- acr yl oxyipr desét ALEdFpethos yarmemel tion diylesiist spyet ERfrethiok < | ane,
y-acryl oxypropyl di met hyl et hoxysi | ane, ,
y-acryl@&fﬁ%ﬂbﬁﬁﬂ%%ﬁyl CEEBOXSi T'anels & WroxyBPopy ! 8 ety IlétFdxysi | ane,
y-acryloxypropylethyldiethoxysiIane,.ﬁ-acr IogggroggltriethoxysiIane, 42
y- met ha@ry#oky propyP et met Ry reeRoRYsithRet e € cures as

y- et hacr yl oxypr opyl net hyl di net hoxysi l.ane, : .

y- met hat¥ ?%§§8?38§FHFE?H§FH§F%8§y 1§ 4f@S portion, forming one lens

y- met hacr {ox propyl et hyl di met hoxysi | ane, :

y-netha%? X% propyl tri met hoxysi | ane,
yenethaﬁéykgiypropyldinethylethoxysilane,

y- met hact yI'okypr opyl net hyl di et hoxysi | ane,

y-nethacrylo&%ﬂggggb h§%g¥b§ﬁ@Qﬁ%§FgﬁQ§ation.stepclfseparating'the

ymet hacryl oxypr opyl et hyl di et hoxysi e and _ _
y- met hacy y), oxypromyhd £ i 83 hoxyRid a0 ey 14988gnt curaldTOMdpR Mitawpoi nts of

prevention of aggregation of the silica fine particles (a), decrease of
viscositysof-theigpbaphe geMpogbtion and storage stability of the curable
conposition, y-acryl oxypropyl di met hyl net hoxysi | ane, -

[0063]

A sequence of transfer steps terminates at Steps S302a,
S302b, S304, and S306 as mentioned above. When the transfer
step terminates, the light curable composition is injected
into one of the holes h2 formed in the wafer W. The light
curable composition is transformed and cured in accordance
with the transfer shape formed cn the transfer member 62 to
form one lens portion. As shown in FIG. 9, the transfer step
is repeated as many times as the number of lens portions Lo
be formed until all the transfer steps terminate. The result
is to form as many shapes of the lens portion as the number
of transfér steps repeated on the light curable composition,
molding a lens array.

[0064]



y-acryl oxypropyl met hyl di net hoxysi | ane,

y- met hacr yl oxypr opyl di net hyl net hoxysi | ane,

y- et hacr yl oxypr opyl net hyl di net hoxysi | ane, , .
y-acryl oxypropyl tri met hoxysil ane and g-nethacryloxypropyltrinethoxysilane
are preferable, and y-acryl oxypropylt ?nethoxysilane is nore preferable.
These conpounds may be used in conbination of two or nore kinds. [0090]
Such a silane conpound (e) can be produced by a conventional nethod, and
is al so comertially iavaidabites a step dhexamuningk 1hessilharte iconpound
(e) used in surface-treating the silica fine particles (a) is normally 5
43 to 25npaptschy mwerightsviprefedablsypd@ttion20npantsnbyaneiagnt, cared nore
preferably 12 to 18 parts by weight, with respect to 100 parts by wei ght

of the sEpbheaitiheshapti cbesg(a)leWenrthe Jdumlaid tire €id arterconpound
(e) used is lower than 5 parts by weight, the viscosity of the curable
conposi geaarikefinepedsed. This may |lower the dispersibility of the silica
fine particles (a) in the curable conposition and cause gel ati on. Wen the
anount i s hi ghe¥Sthars 259var 8 ByGhei arghdilemer AE-bhi e tHheefiq i ca fine
particles (a) may occur. Wen the silica fine particles éﬁ%@used are

di sper s&fl the P BrFANI T SANVENS Re CRREETEM BReSTFRFEAY ilhe &S cles (a)
is that of the silica fine partticles per se dispers in e organic

sol vent oL THEMSa Phce £ cALABRL Cof CENENEI P FoS FEne par1 of bh Ty a1 | be
describ | ater. [0091 en the curable conpgsiti ont.aj ns a

| arge ahDbnt g?“%c???%{f% %%%r??%&ée (B AN TR T Ve ‘%lclrlyef Ca%'E}eGC'( g)laédescri bed
'ater)zshéwsSaPES%SrQPkSytg%HsﬁngﬁﬁdﬁhQa@%eC H?%B”QeQQ)aQ%gggggéﬂ acrylic
group is contained, r.e’; e Si'ane canpoun €) represen y ‘gener al
formla (1) kgd“@B b RLl,.is a hydrogen atom When the curable conposition
contains a’| arge anount of nethacrylate (nethacrylate (b) and nethacryl ate

(c) deS@@bggg later), it is preferable to use the silane conpound (e)
containing a nethacrylic group, i.e., the silane conpound (e) represented

by general fosgbaq(ldhd NchbeheRl1b8sa2PBEDYR10r BRentBgSUEhtReCaSE, @
curing reaction is facilitated when the curabl e conposition of the present
inventi @8mést eHgediepdds divided by cutting, for example, so as to
provide at least one lens portion (dividing step). A lens is
produced by dividing the cemented lens array 310. Herein, as
previously mentioned, forming the ScribeAlayer£3(refer‘toIFIG.
2) on the wafer W facilitates the division of thé cemented lens
array 310.
[0066]
Fig. 11C shows a lens 314 produced by cutting the cemented
lens array 310 so as to include one lens portion 31Z2. The
cemented lens array'310 includes the lens arrays 304 that are
cemented s0 as to be layered. For example, the lens 314 may
be attached to a 1ight receiving elément such as a CMOS sensor,
making it possible to produce a camera. The produced camera

may be built in a mobile telephone, for example.

[0067]



[0092] <(f) Silane conmpound> The sil ane ‘co.rrp_ound (f) used for the
present invention is represented by general fornmula (2) below [0093]
[ 0094] In general fornmula (2), R4 represents a C to 03 al kyl group
or a phenyl group; R5 represents a hydrogen atomor a G to 010
hydrocarbon group; s is an integer fréh 0 to 6; and t is an integer fromOoO
to 2. A substituent nay be coupled to the phenyl group as long as the
effects of the present invention are not inpaired. [0095] From
t heper spect i ven ofh¢ egievargnehei yhsgoséry pfodheicurabbesspnposi téon and
the storage stability, preferable R4 is a nethyl group; preferable R5 is a
met hyl gesupibpdeflerablel siplse Qars krrayd poéf erabtengniedg.o form
Reaction between the silica fine particles (a) and the silane conpound (f)
i npar t s= hyerophobileintsy aroayhensurfiat e fof cemerdied dansi aerpariiClids (a).
This inproves the dispersibility of the silica fine particles in the
or gani cdéelvendtto anddreducles e vilddosiing @ﬂlﬁﬁ§1@u£%$ @PEIMBSiti on due
to its good conpatibilitX with the (neth)acryl ate (%) , .
The lens arrays 304 may be independéntly divided without being
cemented to form single-layer lenses 314. The lens array 304
and the cemented lens array 310 may be used as they are without
being divided.
[0068]
A second embodiment of the present inventicn will be now
described.
In the first embodiment, the lens array 304 (refer to
FIG. 11) was molded using the molding apparatus 10 (refer to
FIG. 1. In this second embodiment, in contrast, a mold used
for molding a lens-array is formed using the molding apparatus
10. As inthe first embodimént, the mold is molded by a mounting
step S100, a light curable compositicn application step S200,
a transfer step $300, and a wafer transport step S500. The
transfer step $S300 is repeated as many times as the number of
the lens portions in the lens array molded finally.
[0069]
In the above-described first embodiment, the transfer
member 62 having the transfer portion processed to be shaped
reversely To The asphericél lens portion formed in the lens
array 304 was used as the transfer member 62 (refer to FIG.

2}y. In contrast, in this second embodiment, the transfer

- member 62 having the lens portion processed to be shaped equally



45 descri bed later. Accordingly, the storage stability of the curable
conposition is inproved, and at the sane tine the water absorption of the
same can be reduced. [0096] Exanpl es of the silane conmpound (f)

i ncl ude phenyl di net hyl et hoxysi | ane, phenyl net hyl di net hoxysi | ane,

phenyl di et hyl net hoxysi | ane, phenyl et hy#di met hoxysi | ane,

phenyl tri met hoxysi | ane, phenyl di net hyl et hoxysi | ane,

phenyl et hyl di et hoxysi | ane, phenyl di et hyl et hoxysi | ane,

phenyl et byd g ethoxysirtare, ocpheny | tddethogisicbaned finally is used.

benzyl di et hyl net hoxysi | ane, benzyl met hyl di met hoxysi | ane,

benzyl diretbykset hoxysishane, obenzyllethybdirmebhoxysidfanes lens array

benzyl tri nmet hoxysi | ane, benzyl di net hyl et hoxysi | ane,

benzyl net hyt et axiysilllanes beazyfdreetytettioxysilldafier molding the

benzyl et hyl di et hoxysi | ane and benzyltri et hoxysil ane. [0097] From

t he vi empodatislefisdecrease of viscosity of the curable conposition and
storage stability and i nprovenment of environnental resistance of the

cur abl e[@0iPobsi ti on includi ng water absorption,

phenyl di met hyl met hoxysi | ane, phenyl net hyl di met hoxysi | ane,

pheny! di et hyi Feg hoXd sidlarfe Tadtenyinet Byed fet Bex§si o ahle ahens array

phenyl tri net hoxysil ane are preferable, and phenyltrinethoxysilane is nore
pr ef er abF & PTHESE VcSRbdGAALHayhE 1G5 L8] %t%grﬁrﬁ Hétvil&ﬂrﬂaftﬁdno&r& re

ki nds. [0098] Such a .silane conmpound (f) can be produced by a
conventﬁ%ﬂélaﬁﬁ?ﬁoﬁ? %ﬁﬂd?gea?s%ﬁ%%ﬁ%%r%i%ﬁ?ép%ﬁ&ﬁI%ﬁﬁ%§gfzﬁ?§%}my The
anount of ,the silane conpound (f) used .in the surface tr n t he
silica FPhBIpErt i“tqnle“% w?&)c% %Sﬁé?i%ﬁ)}]%”%%% BSrif%nﬁya %‘%%“@%% eﬁer ably 10
to 20 parts. by mass,, an [ ref-er ahl | .S _by mass, with
respectho%EﬁossgPpg S?QHQEQEBE ?ﬁet§?|-gééﬁﬁﬁe%gggﬁﬁéﬁgg (a). If the
anount ?505?? silane compound (f) used is snmaller than 5 parts by nass,

vi scosity of "the curable conposition is increased, which nay cause

gel ation and ’fodff:ﬁ?i&%%é-r{'b Y a{}?)%tndr esbeh@Rce Qbnk h@sfﬂge@lé‘rﬂ&m e. If

t he anount the silane conpoun used is larger than 25 parts by wei ght,

aggl omerag 'b{%nié heo hdd 68, fie rPAing) 89 ph@hthRY 10¢CEE rsWiens theswi | i ca
fine particles (a) used are dispersed in an organic solvent, the nmass of

the siligarfine parti gbes §8) is ddalediiding sheinalding fapdiotes per se
~dispersed in the organic solvent. The surface treatnent of the silica fine
particles (adiwihl beegpscahbed laherarf8099)41{stelded abs ampurte of the
silane compound (e) and the silane conpound (f) exceeds 50 parts by nass
with respeatdt @aol@03parnt sobycoaselief tiye tdid ineacimpe ipdr tiecthes L&) ,
reaction of the silica particles with one another takes place in the heat
treat nenteob theagi Moddifignetpant.i cFes éaymphd, t hepebypldggregaticen and
gelation of the silica fine particles (a) are liable to occur, because the
amount pkepheetr eahengwagent diss 3080 Balgere dispesed with their

surfaces onto which the shape of the transfer member 62 (refer

to FIG. 2} is transferred facing with other; for example, a

material of the lens array such as a curable composition is

provided using the supply apparatus 302; a material such as

a curable composition is transformed to the shape'of the molids

300, 300 and cured in this state; and a lens array having the

shape reverse to the shape of the transrfer surface of the molds

300 is molded. At this time, for example, as in the production

of the molds 300, when the light curable compositioﬁ is used



[0100] <(b) (Meth)acrylate> 47 Exanpl es of the (meth)acrylate (b)
having two or nore ethylenically unsaturated groups and no cyclic
structure used for the present invention include trinethylol propane
tri(nmeth)acrylate, pentaerythritol tri(neth)acrylate, pentaerythritol
tetra(meth)acryl ate, dipentaerythritol33tetra(neth)acrylate,

di pentaerythritol penta(neth)acrylate, dipentaerythritol

hexa(met h)acryl ate, trimethyl ol propane trioxyethyl (meth)acrylate and the
like. [£40Imaterial Bieteur abhe gorpOSi thon-wois bt nidigpdiasieors whst ances of
the present invention is cured to forma cured article with excellent heat
resi stamcesured by Adang:iheseightom the vi ewpoint of the heat resistance
of the cured article, the (neth)acrylate having three ethylenically
unsaturated dgrosfpsad sopreiprhpleg ene maecthet hpActlytatenhawFngya gl ass
transition tenperature of the honopol ymer of 150C or higher is still nore
pr ef er dbtewedn par tioddlsab )01 ritfethyHobprepanetiie ittiremn) deryl Gt tis t he
nost preferable since its honopol ynmer has a glass transition tenperature
of 200CGlweihi ghefaame én wWxhilbitle ratars vaf %W@ﬁﬁ’ﬁf Wa% anong
mul tifunctional (meth)acrylates. [0102] | ass transition

t enper a%%r@%?sﬁﬁﬂéf%rﬁ@@%@@chsoﬁﬁﬁ%r’é@e b@a(?tehé’ff gPPo%P%@ i 98d. One
part by wei ght of di phen , 4, 6-trimethyl benzo I%)hos h| ne OXI de is

c ssol ekl 71 900 s el GREDOT CErBEMPBEr Sr et
Speed TPOL db hon S He
hot opt yier T 224 6n N EihFor 1 Png 5RGF v & %p%@%%ecﬁvteq ORPSSss
bstr at 50 50 d, fil tha th 100
'Sl'ﬁesrregﬁ‘f‘eﬂgr%kg%’xa § B} gn%)&%%‘ne]fjoa |gh#F’§tl%%l%/%]§vr¥€yursn|%Xg anige%%posure dev!ocr:ne
in whi n_extra- g@dpgﬁésgrg fggr gg_ anp.was i ncorporated, to cure the
}?? %ﬁe C btarned is

coatin ared T mo rreasured for its tan 5 using DVB
6100 (pL ﬁd by Sei ko Instruments & Electronics Ltd.) in a tensile node
under the conditions of a measuring range of 20 to 300C, a heating rate of

e e B FREVSIEY Pk MEcrlbe phassal satst banoherpecat e can be
described previously, as shown in FIG. 12B, multiple lens
arrays formed are cemented as needed (cementing step). FIG.
12C shows a cemented lens array 310. The cemented lens array
310 is divided so as to provide at least one lens portion
(dividing step). As shown in FIG. 12D, a lens 314 having a
lens portion 312 is produced. As the lens produced in the first
embodiment described above, for example, the lens 314 may be
attached to a light receiving element of a CMOS sensor for
producing cameras. A produced camera may be built in a mobile
telephone, for example.

[0073]
As in the above first embodiment, the lens array 304

produced in the second,embodiment.maykxédividedwmithdut,being

cemented to form a single-layer lens 314. The lens array 304



[ 0103] The amount of the (neth)acrylate (b) formulated in the
curabl e conposition is preferably 20 to 500 parts by weight with respect
to 100 parts by weight of the silica fine particles (a) before being
surface-treated. Fromthe viewpoint of the viscosity of the curable
conposi tion, the dispersion stability 3f the silica fine particles (a) in
the curable conposition and the heat resistance of the cured article, the
anount is nore preferably 30 to 300 parts by weight, and still nore

pref er abhy 8% temdB@epardss byrnei ghd.md § Hehesatninthely s2he W(iretdhjt acryl ate
(b) fornmulated is |ower than 20 parts by weight, the viscosity of the

cur abl eneonpositriasadis i ncreased, which may cause gelation. |f the anmount
of the (nmeth)acrylate (b) formulated is higher than 500 parts by weight,
shrinkageCcof]the curabl e conposition during curing is increased, which may
cause the cured article warp or crack. Wen the silica fine 49 particles
(a) used are Hisper Sed sitn eamvookigamitc dsskvehed ahevamsan cfxamelsidf ca fine
particles (a) is that of the silica fine particles per se dispersed in the
or gani cfsohgehen §0104 leps) afMeyh) ackgdatided, whileThe thetIDxsdidl ate (c)
having an ethylenically unsaturated group and having an alicyclic

struct upBLORALBANT 5 @B eBRFBPLE het c%‘?la‘g}lég corpdetd o 9% iedtFiMpart heat
resi stance and environnental resistance to the cured article and to reduce
shri nkab@e diRpRAGREGRAY ngS RRSEALPPEUl AOLEHRt T EhetST At & FAVFHY Bhe

et hyl eni cal | y unsaturated group.and having an_.alicycli.c structure is

Sui 1 abl JoLged], PEX ApRestor CaeHiRePRPAERYFa &0 FRETUAE BYSI SRLKY
(rmeth)acrylates, such as cyclohexyl_ (neth)acrylate, 4-hutylcycl ohexyl
(1ot 1) aGPLE o L BAH SFapar SRPT Vet H] SEATaras Tyl Shad i
(et h) acry] at di cycl gpent adi.enyl. h).ac t ryl ate,
isoborn@? #ﬁéﬁ%&%éﬁﬁfﬁ?ﬁ%Ckgfgﬁgﬁgﬁéggﬁ%ﬁg(%%#ﬁ%%&ﬁ%ﬁé&%%m%$§é%%ﬁgdecane

di met h diacr man crylate. [0105] From

t he pe?Q%%%tF§§ %#g%ﬁgoﬁgg?§ggéis%%%c%g%ég%ﬁé cured article,

(neth)a§gwbﬁﬁe whose honopol yner has a glass transition tenperature of
ghe

150C or r is preferable. The method for measuring the glass
transition tenperatiie Ofc HYMPAl MR de3 &8 rdessrd etk @boMere{:0106] 50

will be described below in detail.
[Curable composition]

The curable composition used for the present invention
includes {a) silica fine particles; (b) (meth)acrylate having
two or more ethylenically unsaturated groups and no cyclic
structure (hereinafter referred to simply as “reactive
(meth)acrylate (b)”); ({(c¢) (meth)acrylate having one
ethylenically unsaturated group and having an alicyclic
structure (hereinafter also referred to simply as “reactive
fmeth)acrylate(cj”);and (d} apolymerization initiator. The
silica fine particles (a) are characteristibaily
surface—tréated with a specific silane compound. These

constituents will be described below. 1t should be noted that



Anong the above-nentioned exanples of (neth)acryl ates, dicyclopentanyl
(meth)acrylate and adamantyl (neth)acrylate are preferable fromthe
perspective of the transparency; heat resistance, and environmental
resistance of the cured article, and adamantyl (neth)acrylate whose
honopol yner has a hi gh gl ass transiti &R tenperature is the nost

preferable. [0107] It should be noted that the alicyclic structure
means such a structure in which carbon atons are annul arly coupl ed,

excl udi pgetheaaromat kcueyel herst hugkdne. methacrylhecagndpbrof the
(meth)acrylate (c) fornmulated in the curable conposition is preferably 5
to 400 par{saby.weight with respect to 100 parts by weight of the silica
fine particles (a) before being surface-treated.. Fromthe vi ewpoint of the
vi scosi {§0otit he curable conposition, the dispersion stability of the
silica fine particles (a) in the curable conposition and the heat

resi st ance) ofitheachierd merteckbéesthe anount of the (neth)acrylate (c) is
more preferably 10 to 200 parts by wei ght, and still nore preferably 20 to
100 parts by el gpe fipe pavet kebemt! a@fpx%@%m@mysaérﬁﬂ%taewqwml ated
is lower than 5 parts by weight, the viscosity of the curahl e conposition
is |ncr@@@E@SlﬁhpéHmﬁﬁ§“téﬁ§é*©bﬁﬁﬁpén38fa?ﬁéa%%ﬂ§HWé“@6ﬁﬂ&ﬁmﬁ . If the

anount is higher than 400 parts by wei cracks nm rod ed in the
cured afficlle arfth tHe héétEP%s?g?ﬁﬁE%ig Bt LRGP rOHHER ¥ e of the

d ticl I d h I f rt d
qured ariicle my be Lowered Mon, ﬁaita%fat%ééﬁ'@q%&f.pﬁr:a@f%z?t.2{23
el e e Lo a0 by g rgan

pol yrer { zat L on il t gror. (doused { grcrm%e%ur@%g?ggg?@ﬂw%'ﬂfé ude

phot opo ynerlza ron i ors an her mal ion fnitiators which
generatg; fadical §. [Q109%1es (a) in the curable composition is

lowered; and sufficient transparency and heat resistance may
not be obtained in a qured article (hereinafter alsc referred
to simply as cured article) obtained by curing the curable
composition. If the average particle diameter is larger than
100 nm, the transparency of the cured article may be lowered
in . some cases.

[0077]

The average particle diaméter of the silica fine
particles (a) 1s, in terms of the balance between the viscosity
of the curable composition and thé transparency of the cured
article, more preferably 1 to 50 nm, still more preferably b
to 50 nm, and most préferably’B:to 40 nm. The average particle
diameter of the silica fine particles (a) can be determined
by observing the silica fine particles with a high—resolution
transmission electron microscopy (H-9000 produced by Hitachi,

Ltd.), optionally selecting 100 silica particle images from



Exanpl es of the photopol ynerization initiators include benzophenone,
benzoin net hyl ether, benzoin propyl ether, diethoxyacetophenone,
1- hydr oxy- phenyl ketone, 2,6-di nethyl benzoyl di phenyl phosphi ne oxi de,
2,4,6-trinmethyl benzoyl di phenyl phosphi ne oxi de and
di pheny1-2, 4, 6-tri met hyl benzoyl phosphifie oxi de. These phot opol yneri zati on
initiators may be used in conbination of two or nore kinds. [0110]
The amount. of the photopol ynerization initiator contained in the curable
conpositheniny:dHe Anhecaiouat puht chlakl owse thed curmable lconpdsing en to cure
appropriately, and is preferably 0.01 to 10 parts by weight, nore
pr ef er abhybOr X dmade parts iy weaghterdmnd astohtrenbienpt efresrghldpt@. 1 to 2
parts by weight, with respect to 100 parts by wei ght of the curable
conpositianisticehepanoenting raehpHot opol ynerization initiator added is
too large, a decrease in the storage stability, discoloration, or
crossli hk®@hgl of the curable 52 conposition may occur. This may abruptly
nove ahead the crosslinking in obtaining the cured article and generate
cracks and otferinsressenshgupradnewT Adie FLLliRe AhdtMaf ¢ (2)
phot opol yneti zation initiator added is too |low, the curabl e conposition
may notl®RAIYFFLEP eHtE IR EFT FIotA) Silica %{%a&l&ﬁeﬁh&aﬁfﬁé@m
pol yneri zation initiator nentioned above include benzoyl . peroxide,
di i soproplt eperbxyear Hoantal “1¢ ﬁt??aﬁ$§8§§ T@Ye?ﬁyFﬁgéaﬁgate) and t he
i ke. . The ampunt. of th hermal pol ymerization ini-tiataqr. .contained
inthe %%W%&?%pﬁgﬂpb%iY?%nc?gg%i%f%?%%?gla %%Ttscﬁﬁgﬁkidﬁfcg? wer, and
nore preferably 0.1, t0 2 r Lght . . wi t .parts by
el gt S Re FuFuit e S baaer ) L Eb Tk ot BRuRERRER, haghBOLBR % Y on
used T OL; LO&Pf EREN { LLaR! O 11BY GO AL My AS3 NOEESEALY pa:@velilng agents,
anti oxi dan s, ul'traviol et "absorbers, solvents, pignents, other fillers
~such as iporganic fillers, reactive diluents, other nodifiers, and others
unl ess the viscosity of the conposition, the transparency and heat
resistapgg;ef the cured article and other properties are inpaired. [0113]
Exanpl es of the leveling agent include polyether-nodified
di met hyl pol ysihOxaneuconot WS ,s ool yestafe it e di pst p-peliysid oxane
copol yner, polyether-nodified nmethyl alkyl polysiloxane copol yner,

in the curable composition is preferably 20 to 80% by mass as

the surface-treated silica fine particles. More preferably,
in terms of the balance between the heat resistance and
environmeﬁtal resistance of the cured article and the
viscosity of the curable composition, the amount is 40 to 60%
by mass. Within this range, the fluidity of the curable
composition and the dispersibility of the silica fine
particles {(a) in the curable ccmposition are favcrable.
Therefore, using such a curable compesiticn allows for easy
production of a cured article with sufficient strength, heat
resistance, and environmental resistance. |
[0080]

In terms of dispersibility in the curable compesition,

the silica fine particles (a) used are preferably dispersed



53 aral kyl -nodi fi ed nethyl al kyl polysiloxane copol yner, and

pol yet her-nodi fi ed nethyl al kyl polysiloxane copol yner. [0114]

Exanpl es of the fillers or pignments include cal ciumcarbonate, talc, mca,
clay, Aerosil.(registered trademark), barium sulfate, alum nium hydroxi de,
zinc stearate, zinc oxide, red iron oXPde, and azo pi gnents. [0115]

The viscosity of the curable conposition of the present invention
cont ai ni ng such various kinds of conponents neasured using a B type

Vi sconet gra\sddarRro sqarneducedrbyrBreekbi ¢l ds&Engingeari agjohate2bGzand 60
rpmusing a rotor No.63 is nornmally 30 to 300 nPa.s. Therefore, the

cur abl ecgerpesi HileBohas sasr @xht eneimpdrow td §¢osichy aeveiaite doesirmbt
contain a solvent, and thus has good handling characteristics. This is
attri butedthpathelhtgh{cpnasibibetyluktth,t hec¢rethhasigkedt és b and (c)
of the silica fine particles (a) and the high dispersion stability of the
silica €unabpartbopesitaynin the (nmeth)acrylates (b) and (c) due to the
surface treatnment of the silica fine particles (a) stated above. [0116]
<Met hod{€681produci ng curabl e conposition> The curabl e conposition
used for the present invention can be produced, for exanple, by
successi vel y B5aPR} 9y Ut TEReCFHRT oG AYLEERpsiNGlUfepatePRBLE)  of
surface-treating colloidal silica (silica fine particles éq@%ﬁdis ersed in
an orgah?%og%ﬁve%ﬁt%ﬁ%*l%Wﬁa%ﬁﬂ%&kE%%ﬁﬁﬁhndén(Egr%ﬁdOffS? a €:éﬁ’i(pStep 54

solwvent remoyal in a solvent removal step for removing the
organic solvent from a mixed solution of the silica fine
particles (a), (meth)acrylate (b) and (meth)acrylate (c¢)
described later, methanol, ethanol, isopropyl alcohcl, butyl
alcochol, n-propyl alcohol and like albohols, methyl ethyl
ketone, methyl isobutyl ketone and like ketone-based organic
solvents are preferable.

[0082]

Among these, isopropyl alcohol is especially preferable.
When the silica fine particles (a) dispersed in isopropyl
alcohol are used, the viscosity of the curable composition
after solvent removal is lower than in the case where other
solvent is used, and therefore a curable composition having
a low viscosity can be stably produced.

[C083]

Such silica fine particles dispersed in an organic
solvent can be produced by a conventional method, and islalso
-commercially availabkle, for example, under the trade name
SnowtexIPA?ST(producedkanissanChemicalIndustries,Ltd.).

When the silica fine particles (a) used are dispersed in an



2) of adding the (neth)acrylates (b) and (c) to the surface-treated silica
- fine particles (a) and honpbgenously mxing them a step (Step 3) of
renovi ng the organi c solvent and water fromthe honpgeneously m xed
solution of the silica fine particles (a) and the (meth)acrylates (b) and
(c) obtained in the Step 2, that is, asolvent renoval step; and a step
(Step 4) of adding the polynerization initiator (d) to the conposition
havi ng been subj ect ed to solvent renoval in the Step 3 and honbgeneously
M Xi ng $hgami e £Hmesra Cuhabkeoeenpasi bhed. arlhenstapshwi 411 bea deser i bed

bel ow. [0117] (Step 1) In Step 1, the silica fine particles (a) are
surfaceptreatedswish bhﬁtsﬂhadeiﬂonbeundxabe¢ andppt)rifhecsuthace
treatment include the steps of placing the silica fine particles (a) into
a reactpresaddi hgveéheisnl daerocespourdsmpeptand the tolthe feaetor with
stirring; and adding water and a catalyst required for hydrolysis of the
si | ane panpoahds perhssteeontagned causechydmbbgiicsoof the sil ane conpounds
and condensation pol ynerization on the surface of the silica fine

particl €80¢4). It should be noted that the silica fine particles (a) used
are preferab[y di spersed_in an organi c solvent, as nentloned above. [0118]
Di sappear ancellg %hbl%¢I%h@ecﬁﬁﬁbﬁﬁé§5b§aih%sﬁQd%6I9§?scééﬁ b8 confirned
by a gas chromat ograph The remai ni ng amount of the s Iane co nds can
be nmeastPBHCHALHADI Urﬁ%i?/ naF Gt BFefeBt W%Pettlr?éhasﬁ & eﬁgr aphy

(Model 6850 roduced b | chn es Inc. hydr en flanme

i oni zat Voh" dk %c?biaﬂgi%@mgo Hpé?i agg apB- £ PBH% 25 "y J
SC|ent|f1§% at.a He fl OM/riEe of % glg 7 which is used as a carrier
gas, and at"% ?8%58?%?ﬁr81 cpgagﬁﬁﬁr% t8 6F t8C/nin. within a tenperature
range of ,5 3000 Therefore, the disappearance of the silane conpounds
by the ﬁy%? %ys?ggcgﬁm escg%flrned [0119] In addition, as

descri bed aboy ygﬁﬂ he
silica fine pé? F%?%n%qy %Qéﬂr?%cgé%% gﬁ% ngaqa{%g%sgggg%t toéﬁoo parts
by nass ? %%f Silica f|ne particles (a), generally 5 to 25 parts by nass,
preferab fo 20 parts by nmass, and nore preferably 12 to 18 parts by
nmass. F@@@g the amount of the silane conmpound (f) is, with respect to
100 parts by nass of the silica fine particles (a), generally 5 to 25
parts by mass, preferably 10 to 20 parts by mass, and nore preferably 12
to 18 parts by Egss. [ 0120]

HC=—=¢ O——(CHz)q— SIR? (OR%)3,

o===0

(1)

[0086]

in general formula (1), Rl represents a hydrogen atom
or a methyi group; R2 represents a Cl to C3 alkyl group cor a
phenyl group; R3 represents a hydrogen atom or a Cl_to C10
hyvdrocarbon group; g is an integer from 1 to 6; and r is an
integer from 0 to 2. |
[0087]

From the perspective of reducing the viscosity of the

curable composition and the storage stability, preferable R2



The lower Iimt of the ampbunt of water necessary to carry out the

hydrol ysis reaction is one tinme the total nunber of noles of an al koxy
group and a hydroxy group bonded to the silane conpounds (e) and (f), and
the upper limt is ten times the total nunber described above. Wen the
anount of water is excessively small, 4lhe hydrolysis rate is decreased
considerably, and as a result, the -econom cal efficiency may be degraded,
or the surface treatnment nay not be sufficiently 56 advanced in sone
cases. {onveesahy, ghbep; ihe afmible o Latemetsyexgessyvelne flargd.e t he
silica fine particles (a) may be gelled in sone cases. [0121] ~ Wen
t he hydgolysks aedcpreficirabper toiped, a catal yst for hydrolysis reactions
is generally used. As specific exanples of the catalyst, there may be
ment i oned i noTlganstlaice dsosuchnads (hydisochiedi tnackderatet flecaehds sul furic
acid and phosphoric acid; organic acids such as form c acid, propionic

aci d, oxak¢esatydef para-twotatehe sudifors it aeh d, thamrsiay actidpetaisdal i ¢ aci d
and nmal ei c acid; al kaline catal ysts such as potassi um hydroxi de, sodi um
hydr oxi @eabtal eV uafhytieogi decandiammbaraicéeganie et &h§; cHERBESal koxi des;
organotin conpounds such as dibutyltin dilaurate, dibutyltin dioctylate
and dibﬁ@@?@?htHPQC%Yaf%$ reaction of the silane compound (e) with

the reactive {meth)acrylate described later, and to reduce
curing shrinkage during curing of the curable composition
thereby to impart melding processability to the cured article.
That is to say, unless the silica fine particles (a) are
surface-treated with the silane compound (e}, viscosity of the
curable composition is increased, and besides, curing
shrinkage in the curing process is increased. Consequently,
the cured article becomes brittle, and a crack tends to occur.
This is not preferable.

[CO88]

Examples of the silane compounds (F) include
y—acryloxypropyldimethyimethoxysilane,
y-acryloxypropylmethyldimethoxysilane,
y-acryloxypropyldiethylmethoxysilane,
y-acryloxypropylethyldimethoxysilane,
y—acryloxypropyitrimethoxysilane,
y-acryloxypropyldimethylethoxysilane,
v-acryloxypropylmethyldiethoxysilane,
y—acrylogybropyldiethylethoxysilane,
y-acryloxypropylethyldiethoxysilane,

yv-acryloxypropyltriethoxysilane,



metal chel ate conpounds such as alum numtris(acetyl acetonate), titanium
tetraki s(acetyl acetonate), titanium bis(butoxy) bis(acetylacetonate),
titani um bi s(i sopropoxy) bi s(acetyl acetonate), zirconium

bi s(but oxy) bi s(acetyl acet onate) and zirconi um

bi s(i sopropoxy) bi s(acetyl acetonate); #&d boron conpounds such as boron

but oxi de and boric acid. [0122] 57 Anmong them since dissolution in
wat er and sufficient hydrolysis rate are obtai ned, hydrochloric acid,

acetic gchdchanlkeiexgprdpandihbenbonennearpounds,are preferably used.
These catal ysts may al so be used alone or in conbination of two or nore

ki nds theneohacryl0x28kopylimethindShephbxystieanthe hydrol ysis reaction of
the silane conpounds (e)and (f) is perforned, although a water-insoluble
cat al yst-mayhberusedypacwaidiesblyibkehoatyaliyshei,s preferably used. In the
case in which a water-soluble catalyst for hydrolysis reactions is used,
it is pyeherhbteyihavptrheyhetbyisomebhexyatiabyst is di ssolved in an
appropriate anmount of water and is then added to the reaction system

si nce theneahatrysiocssanrbeyuhiriseihyxabspénsed. . [ 0124] Al t hough t he
addi tion amount of the catal yst used for the hydrolysis reaction is not
parti cuvaleyhEraYLedyPLREYARDUARLIVERLPESEYEAL 216,100 parts by mass of the
silica fine garticles (a) is %gneraII¥ 0.1 to 10 parts by mass and

pr ef er aBrPebLECEBL8XBREPRY b ChBY s (L PARAHHPLILGRE - when silica fine particles
di spersed in_an organic sol vent aée used as the silica fine particles (a),
the mas¥ BF-PRETELPR¥RIPPRepaFRY FEEO§¥fliﬁB?CaW€s the mass of only the

silica fing particles Lhenselyes dhepgieqdrln hiie organic solvent. [0125]
y—methécryloxypropyltriethoxysilane.
[0089]

From the viewpéints of prevention of aggregation of the
silica fine particles {a), decrease of viscosity of the curable
composition and storage stability of the curable composition,
v-acryloxypropyldimethylmethoxysilane,
y—aéryloxypropylmethyldimethoxysilane,
y-methacryloxypropyldimethylmethoxysilane,
v-methacryloxypropylmethyldimethoxysilane,
y—acryloxypropyltrimethoxysilaﬁe and
y-methacryloxypropyltrimethoxysilane are preferable, and
v-acryloxypropyltrimethoxysilane is more preferable. These
compounds may be used in combination of two or more kinds.
[0090]

Such a silane compound {e) can be produced by a
conventional method, aﬁd is also commercially available.

The amount cof the silane compouﬁd {e}) used in

surface-treating the silica fine particles (a) 1s normally 5



58 of 10 to 80C and preferably in a range of 20 to 50C. Wen the reaction
tenperature is too low, the hydrolysis rate is decreased considerably, and
as a result, the econom cal efficiency may be degraded or the surface
treatment may not be sufficiently advanced in sone cases. Wen the
reaction tenperature is too high, a geldation reaction is liable to occur.
[ 0126] Further, although the reaction tine for the hydrolysis
reaction is not particularly limted, it is generally in a range of 10

M nut est §0248phpts Soande piiet £rabé yeisbay rahge of0 Ihrinudesidioghdd hours.
In addition, although the surface treatnent by the silane conpound (e) and

t hat byahbenstd ane maund 2 o) 18 nedttep by rayche, sefjuentd gbdyc per f or med,
they are preferably perforned at the sane tinme in consideration of the
sinplifigatpentandyeféichency ohethelieactfion proceskes[ (0427] WStep 2)

In Step 2, a nethod for mxing the surface-treated silica particles (a)
and t hetiasmpurdcryldtesi{bneandnge)nd s enotsparits tavar Ighan hinagd:s For
exanpl e, there may be nmentioned a nethod in which mxing is perforned
under rbwvnveéaperatbfevoprcheatynglcbhdi CHERS By CAMAPRILAGCBeFce such as a
mxer, a ball mll or a triple roll ml| and a nethod in which while
stirringnFseesnti nubust ygerkoreiedhs e aeaidtiorl us&f itisstsep-1£2 t he
(meth) acrylates. (b) and (¢) are added_and m xed together. L0128] 59
(Step 3§iné rartiglegepas 1pntBederre8 feFPBPREASPR PAE GAYPEr sol vent

ol vent TanaC aber TrIm R UATPOr § ok KT |26 PE e et e P e
part L o8l APPSR MG phes L et el uiSPLRg:! S st o a0l y
the silica fine particles (a) used are dispersed in an organic
Solvent, the mass of the silica fine particles (a) is that of
the silica fine particles per se dispersed in the organic
solvent. The surface treatment of the silica fine particles
(a) will be described later.

[0091]

When the curable composition contains a large amount of
acrylate ({acryiate ({(b) and reactive acrylate (c) described
lafer), it is preferéble to use the silane compound (e) having
an acrylic group is contained, i.e., the silane compound (&)
represented by general formula (1) in which R1 is a hydrogen
étomd “When the curable composition contains a large amount
of methacrylate {(methacrylate (b} and methacrylate ()
described later), it is preferable to use the silane compound
{e) containing a methacrylic group, i.e., the silane compound
{e) represented by general formula (1) in which R1 is a methyl
group. In such a case, a curing reaction is facilitated when

the curable composition of the present inventicn is cured.



- [0129] The tenperature is preferably maintained at 20 to 100C, and
in view of the balance between the prevention of aggl oneration and
gel ation and the solvent renoval rate, the tenperature is nore preferably
30 to 70C and further preferably 30 to 50C. Wien the tenperature is
excessively increased, the fluidity of44t he curabl e conposition may be
extrenely degraded or- the curable conposition may be gelled in sone
cases. [0130] The degree of vacuum when the pressure is reduced is
general [g0301to 4,000 kPa, and in order to maintain the bal ance between
the sol vent renoval rate and the prevention of aggloneration and gel ati on,
t he degree)i simene poebenabiby 10 to 1, 000_kPa and nost preferably 10 to
500 kPa. Wen the value of the degree of vacuumis too large, the solvent
renoval rate Tlse decr@aasesrgensididifablyedndor hehecorpigeal Lrefitei®ncy i s
degraded. [0131] 60 The conposition after the sol vent renova
pref er abkyrepneaenscdubyt apnpakly fpsnyébvént . PFAEWAeani ng of
"substantially" in this context indicates that when the cured article is
act ual | yO8BB&i ned using the curable conposition, a solvent renoval step
‘need not be perforned again. Specifically, the remaining anount of the
organi c sol and water in the curable conposition is preferably 1
percent by//mass | ess, preferably 0.5 percent by mass or |ess, and

; 1 @ﬁrﬁggé. y s or less. [0132] In Step 3,
r sy AT S of , 0.1 parts by mass or less of a
pol ynmeri zation_ i Nhi bitor may be added with respect to 100 parts by mass of
t he conposi m processed by the solvent tenoval. The pol ynerization
inhibitor is used in order to prevent a Eg)ynerization reaction of the
conponeTb?9g?ntained.in the conposition during or after the sol vent
renmoval "Stép or during the storage of the curable conposition. As the
pol yrrer i zat1 of, | DL Orso ffll1 £XAP! @ Bugireauinane, chydsoayisong
nononet hyl ether? benzoqui none, p-t-butyl catechol,
2, 6-di - L3BUEYL74: hgRghp Y5 besprat &0neda Hy &myaben usedh al one or
in conb'ﬁgyFo%ro?n§§%ﬂ%F ﬁnrepkinds thereof. [Olégfﬁgg

Cl to C10 hydrocarbon group; s is an integer from O to &; and

t is an integer from 0 to 2. A substituent may be coupled to
the phenyl group as long as the effects of the present invention
are not impaired.

[0095]

From the perspective of reducing the viscosity of the
curable compositicon and the storage stability, preferable R4
is a methyl group; preferable R5 is a methyl group; preferable
s is 0 or 1; and preferable t is 0.

Reaction between the silica fine particles (a) and the
silane compound (f) imparts hydrophobicity to the surface of
the silica fine particles (a). This improves the
dispersibility of the silica fine particles in the organic
solvent, and reduces the viscosity of the curable composition

due to its good compatibility with the {meth)acrylate (c)



After the uniformmxture of the silica fine particles (a) and the
(nmeth)acrylates (b) and (c) obtained through Step 2 is charged into an
excl usive device, Step 3 nay be perforned. O when Step 2 is perforned in
the reactor used in Step 1, the 61 Step nay be perforned in the reactor
continuously from Step 2. [0134] (Step54) In Step 4, a nethod in
whi ch the polynerization initiator (d) is -added to the conposition
processed by the solvent renoval in Step 3 and uniformm xing is then
per for gk dsimel pard+ culzardordiinmgtyed.tieors exange estadathdrie ymay idenent i oned
a method in which mxing is perforned at roomtenperature by a m xing
devi ce SuEdbBS canfiosdn.iod balimpiddedr aadtat phe sahd trimel {hamd t@met hod in
which while stirring is continuously performed in the reactor used in
Steps labksodptite @bl ynersamaei oanibétratliocedd) is added and m xed. {0135]
Furthernore, if necessary, filtration may also be perfornmed for the
cur abl e[€ddHbsi ti on obtained after the polynerization initiator (d) is
added and m xed. This filtration is perforned to renove foreign substances
such as i npurBstdrgsléh ehetlotirablaneorperPendn (LA thebighSt he filtration
method is not particularly limted, a pressure filtration ngthod using a
filterspherhldsnetharnetugaveypensr BhABHPREGRBYLJPBCRAVFHG a2 PFessur e
filter pore dianeter of 1.0 kim is greferaglﬁ., Thg curabl e
conposi RRoRY LB BN HeopY &8RRI nDRREY of “BEhIBBEprEEUEEd T i ough t he
respective steps described above. Singe t ilica fine particles (a)
whi ch aPRCRRE-Eolpoight o a?ﬁrsp%%gﬁém‘égﬁﬁi%%bP%P{S-é?%mgreat ed by the
SpeCIfIghgﬂ§f%§%hyldiethoxysilane, phenyldiethylethoxysilane,
phenylethyldiéthoxysilane, phenyltriethoxysilane,
benzyldimethylmethoxysilane, benzylmethyldimethoxysilane,
benzyldiethylmethoxysilane, benzylethyldimethoxysilane,
benzyltrimethoxysilane, benzyldimethylethoxysilane,
benzylmethyldiethoxysilane, benzyldiethylethoxysilane,
behzylethyldiethoxysilane and benzyltriethoxysilane.

[0097]

From the viewpoints of decrease of viscosity of the
curable composition and storage stability and improvement of
environmental resistance of the curable composition including
water absorption, phenyldimethylmethoxysilane,
phenylmethyldimethoxysilane, phenyldiethylmethoxysilane,
phenyletﬁyidimethoxysilane and phenyltrimethoxysilane are
preferable, and phenyltrimethoxysilane is more preferable.
These compounds may be used in combination of two or more kinds.
[0098]

Such a silane compound (f) can be produced by a

conventiocnal method, and is also commercially available.



62 conmpounds, the conposition has a |ow viscosity wthout containing a

sol vent and has excell ent handling properties. [0136] [Cured article]

The curabl e conposition used for the present invention becones a cured
article by curing which may be used as a nenber such as an optical lens, a
nmol d for nolding optical |enses, an offical disk substrate, a plastic
substrate for liquid crystal display elenents, a substrate for col or
filters, a plastic substrate for organic EL display elements, a solar cell
substrate, a Tiosiehopanebt tare epiacalceiement (fan:opd lcatheawegwicde and an
LED sealing material. [0137] <Method for Producing Cured Product>

The cureteatthéect eof stlobtsai heda bfyimerpangt tdhee urablis conpesity on tesed for
the present invention. As a curing nethod, for exanple, a nmethod in which
et hyl en Tatd yt uifsamasat edrgfoupsluf 10 heo (fePRyacr hyaress (HNAAP ) are
cross-linked by irradiation with active energy rays and a nethod in which
the et hyteferably Lhsat drfatred tgr bypsagee Whégnﬁ$$®eﬁ%l9%éwﬁkéﬁmﬁf appl yi ng
heat maybe nentioned. These nethods may al so be used in conbination.

[0138] Dy masseh the tikhbhel €ompddttiohc? sitlr ed by e Endgy rays
such as ultraviolet rays, a photogol mer | ati%n in%tiator i S added into
the cura®f e SAIEITh (& efs8ddes T above. ° 3rts Py mass,

viscosity of the curable composition is increased, which may
cause gelation and a decrease in the heat resistance of the
cured article. If the amount the silane compound (f) used is
larger than 25 parts by weight, agglomeration,the silica fine
particles {a) may occur. When the silica fine particles {(a)
used are dispersed in an organic solvent, the mass of the silica
fine particles (a) is that of the silica fine particles per
se dispersed in the organic soclvent. The surface treatment
of the silica fine particles (a) will be described later.
[0099]

If the total amount of the silane compound (e) and the
silane compound (f} exceeds 50 parts by mass with respect to
100 parts by mass of the silica fine particles {a), reaction
of the silica particles with one another takes place in the
heat treatment of the silica fine particles {a) and thereby
aggregation and gelation of the silica fine particles (a) are
liable to occur, because the amount of the treating agent is
too large.

[0100]

<({b) (Meth)acrylate>



When the curabl e conposition is cured by applying heat thereto, a thermal
polynerization initiator is added into the curable conposition in Step 4
descri bed above. [0139] - The cured article used for the present

i nvention can be obtained, for exanple, in such a way that after the
curabl e conposition of the present invéntion is coated on a substrate such
as a glass plate, a plastic plate, a netal plate or a silicon wafer to
forma coating film the curable conposition is irradiated with active
energy rays orxiwesied.oforhd henetht) axgrybotd of) therdnrg adicatdiromeafe acti ve
energy rays and the application of heat may be performed. [0140] As
a coatiaghpethodadl yvtudiesaturadi el goopes éndmoe Egrléxanphestthensaray be
menti oned coating using a bar coater, an applicator, a_die coater, a spin
coat er, farsphnaypceatet, iaveutiannicodtde 6riamerbiloépaternecoati ng by a
screen printing; and coating by dipping. [0141] The coating anount
of the tuiabbehtonppsitéoncesedervrbhrhecpr ésentclfhvaArydAatén t he substrate
is not particularly limted and nmay be appropriately adjusted in
accordam@@tﬁﬁrﬁthhétﬁhrb©§éa(F¢5HﬂﬁﬁéY&ﬁéﬁ@oﬁﬁPeﬁFa?ﬁéthﬁﬁﬁgﬁiIity, t he
anount is set such that the thickness of the coating film obtained after
the curFRBrefBatheAtrByathe TR 2R T VN G tHL TP endY §rvadydSand/ or t he

application of heat is preferably 1 to iOO um and r referably 5 to 100
am 6ajpIaRFeryhritag TRES JEPEUAEREIGySr ajS USEaYF 8L PERE2REr 1 ng,

el ectron rays or light _jin a wavel ength_range.of fromultraviolet rays to
i nfraredt+8 %eFEYLrgT%F%E?S?¥?age agﬁstﬁﬁegﬂﬁaht source, for exanple, an
uItra-thgg?gessure mercury |ight source or a netal halide |ight source

may be or ultraviolet rays, a netal halide |ight source or a hal ogen
SISO, Y 15,450 L0 Sk ks a0d endel ottt spurce ey
the present invention is cured to form a cured article with
excellent heat resistance.
Among these, from the viewpoint of the heat resistance
of the cured article, the (meth)acrylate having three
ethylenically unsaturated greoups is preferable, and the
(meth)acrylate having a glass transition temperature of the
hemopolymer of 150°C or higher is still more preferable. 1In
particular, trimethylolpropane tri(meth)acrylate is the most
preferable since its homopolymer has a glass transition
temperature of 200°C or higher and it exhibits relatively low
curing shrinkage among multifunctional (meth)acrylates.
[0102]
| The glass transition temperature of the homopolymer is
measured by the following method. One part by weight of
diphenyl-2, 4, 6-trimethylbenzoyl phosphine oxide is dissolved
in 100 parts by weight of (meth)acrylate (b) (trade name:

Speedcure TPO-L produced by Nihon SiberHegner K.K.) as a



sources such as a laser and an LED nmay al so be used. [0143]

Al t hough the irradiation anbunt of the active energy rays is appropriately
determ ned in accordance with the type of Iight source, the thickness of
the coating filmand the like, it may be appropriately determ ned so that
the reaction rates of the ethylenical 4® unsaturated groups of the
(nmeth)acrylates (b) and (c) are each preferably 80% or nore and nore
preferably 90% or nore. [0144] In addition, after the curing is

per f or npHobypblLyAdrakhonow thithetact | VEherelgy ivayss dfpneodssary, the
curing may be further advanced by perform ng a heat treatnent (annealing
treat neat yladhestheatiraget éhpernmt ur g0 immt hat Tase d ssyresf gridlyl wiith a range
of 80 to 200C. The heating time is preferably in a range of 10 mnutes to
60 m nuteshidi0idsd of6500 um. TWeenesheétrnab polyney pzrbred e lpardftor ned by
a heat treatnment for curing the curable conposition used for the present

i nvent i oh, 3t Aéchéatphyot enperaransei seprefetabpicrh anr angeaohigd to 200C
and nore preferably in a range of 100 to 150C. Wen the heating

t enper aPGEBSHES| BABFUT HaheBD(Va$ hENHeaR P Ayt 2¢ me" BT DI &G%dsd¥, and as
a result, the economcal efficiency is liable to _be decreased. VWen the
heat i ngfi dfper at i €Ur€chi yhBrHIA Sho e, MR Y ErffeFat ut & iHAcr géjsﬂw ti me and
a tenperature decreasing tine are increased as w%b: S an increase in
ener gy @%%t?1%%d(BE°%9?%§LP¥,5?%%pe%%%%WFE%Tt%f%i i 49 iate to be
decreased. [0146 Al though the heating tinme i s approprjiately

det er ni hed?i Jﬁe%f‘}l:%)? JArde W%eﬁrt C et Thy T8 %fr at dre:"thé' 4 nickihess of
the coating.fil d-the like, it i at d ] so t hat
the r eag%i g% %%tn}é@&o?’ t%ehee?%%/rf%n?%%%/l ‘5%%2‘2@%%1@&%%%%%@ t ﬁg

(et h) agtyi aies bl 8ad<(oL ahe;each pLaberably.80% dfe thheand dwr e

prefera er the curing of the curable conposition

i's perferped. hy ﬁQQk”@E?§8E¥€EEEZéEi%Bn ixf necessary, the curing may be

further advanced by performng a heat treatnent (annealing treatnent). The
heating[gggp?rature in that case is preferably in a range of 150 to 200C.
The heating tine is preferably in a range of 5 mnutes to 60 m nutes.

The amount of the (meth)acrylate (b) formulated in the
curable composition is preferably 20 to 500 parts by weight
with respect to 100 parts by weight of the silica fine particles
(a) before being surface-treated. From the viewpoint of the
viscosity of the curable composition, the dispersion stability
of the silica fine particles (a) in the curable composition
and the heat resistance of the cured article, the amcunt is
more preferably 30 to 300 parts by weight, and still more
preferably 50 to 200 parts by weight. If the amount of the
(meth)acrylate (b) formulated is lower than 20 parts by weight,
the viscosity of the curable composition is increased, which
may cause gelation. If the amount of the (meth)acrvlate (b)
formulated is higher than 500 parts by weight, shrinkage of
the curable composition during curing is increased, which may

cause the cured article warp or crack. When the silica fine



[0147)  <Cured article> 66 Bei ng excellent in transparency, heat

resi stance, environment resistance and nol di ng processability, the cured
article of the curable conposition used for the present invention may be
pref erabl yused, for exanple, as an optical lens, a nold for nolding
optical lenses, a plastic substrate fo#2 liquid crystal display elenents, a
substrate for color filters, a plastic substrate for organic EL displ ay

el enents, a solar cell substrate, a touch panel, an optical elenent, an
opti cal ppaveguede (anduaad LED: seadpauwsaxdeit amterdalic [Q048Jnt, the The
refractive index of the cured article nmay be appropriately selected in
accor damgsswh f hthé ssappta catnompaltniadel t {on, isitios tdfe tdwed ldrad cle i s
excellent in heat resistance, the amount of change in refractive index

bef ore Ahdeapaerialheapetreat dbapersegeifothedorbipaéct pe¥eat-270C for 1
mnute is preferably 0.005 or less, nore preferably 0.003 or |ess, and
further[pteférably 0.001 or less. Since the efficiency of utilization of
light will be changed when the anmount of change in refractive index before
and aftefct héMpkhi 2EFEagRBHt is perforned three times at 270C for 1 minute
is nore than 0.005, it is not greferable for the agglica%ion in which the
light efficiehy (BeFhpefiRnite[ 6dsdpaving angPhREIERECTuréd article is

excellent in heat resistance,. a 5% weight | oss tenperature when heatin
e BpARH T R RO Ty T B LT ROl POTEROrE Fo A e T g

pref 1 B 360C 90 MLANSE cand. Mot oL ef cLably 380G, gr Bl opery Wwen o7

the 5% We eating i s perfor S Fgmer t han

330C, f le, if t ticle i ¢ el
So0C PLpEARIRLE A JA CULRL ALY 6l dihltRed ol Of o A0, ACK IR 1 X

war page or ection may occur in’its

pr oduc %ﬂgg{rrgcggggggn%gggizgsgsdayfiﬂgaéu%ﬁgr. rence, ofr £Eacks, may al so
(meth)acrylate having one ethylenically unsaturated group and
having an alicyclic structure is suitably used. Examples of
such(meth)acrylatesincludecycloalkyl(H@th)acrylates,such
as cyclohexyl (meth)acrylate, 4-butylcyclohexyl
(meth)acrylate, dicyclopentanyl (meth)acrylate,
dicyclopentenyl (meth)acrylate, dicyclopentadienyl
(meth)acrylate, bornyl {(meth)acrylate, isobornyl
(meth)acrylate, tricyclodecanyl {(meth)acrylate,
tricyclodecane dimethanol diacrylate, and adamarntyl
(meth)acrylate.
[0105]

Fronlthé perspective of the heat resistance of the cured
article, (meth)acrylate whose homopolymer has a glass
transition temperétﬁre of 150°C or hicher is preferable. The
method for measuring the glass transition temperature of

homopolymer is as described above.

[0106]



The cured article is preferably obtained by curing the curable conposition
containing the (neth)acrylates (b) and (c) whose honopol yners each has a
high glass transition tenperature. Therefore, the cured article is
excellent in heat resistance. [0151] The cured article has a high
glass transition tenperature. The gl a®® transition tenperature of the
cured article is obtained fromthe peak tenperature of the |oss tangent,
or the tan 6 value, which is nmeasured at a frequency of 1 Hz using a
dynam c- vi scogh@sd i«tid yparasueerenhetethadpasd ¢85 (genenaldnyy 120606 ,or hi gher
and preferably 230C or higher. When the glass transition tenperature is

| over thany200€entinybe(matriedaaryiste asd usiEthdrorylanredth ) vwesmatatiax di spl ay
el enent substrate, warpage or deflection may occur in the producing

pr ocessarant¢fabiens fsochths mrciweentee off thacksansmyreahsy, diiade in sone
cases. [0152] Since the cured article is excellent in transparency,
it has mebighantearsw ¢tahcennénpeefraraibtargsye orti ghsedatrta dddvel engt h
of 400 nmregarding a cured filmhaving a thicknesS 68 of 100 Rm and in
addi ti onndt hdampptinl Ofhethangeviater dheaet banepcatmgrwasél éngiBalof 400
nnbefore and after a heat treatnment is perforned three tinmes at 270C for 1
minute 95288uBFRYS3Y4 R FEBRSISIHEE fHe CBEf MEFENEYS6FLAPLF zati on of | ght
wi |l be decreased when the light transmittance at a wavel ength of 400 nm
is 85% 6P1fPéss, it is not preferable for the application in which the
light efficiency is jnportant. Further en_the amgunt of change in
transmittancel atSEWR eeﬁij?tr?%ft%tb s jocryechjalnctlrg’gcfrtl"'ecrtLf:l:nee "edt®
treatment is perforned three. tines .at 270C for 1 mn i S e. than 3%
if the %ﬂ?féda R e A A R G e - rei?n%]“llis%ﬁa% € r%eenci’
substrate, a.coloring._pr m r .. produci ng process in sone
cases. ‘fﬁi%‘éfmg the ?E%ﬁ%ﬁgr gg%%grcp?fe'glﬁg;ﬂg%g'of the cured article when
the cured artj i .S, r i 4 u LS aWsbh: f espect to
100% by mass %k?éfanﬂe&é{ure gfr? ic{]%%)e%%%ﬁgie%%e b(ly&rrggghgrla\l%gs%ﬁpr ef erably
1. 5% by, r nﬁiﬁs - Tor lzye 4. Qb LBsSy1dP154]
The anoﬁﬁtyég%gc%da ge ﬁ%@e??a%ﬁ%%\%g; t(:)(%L 4?)(;%9%5?%3%&% !él e before and
af ter tP@sﬁé}&@dt@ri@@'O%afﬁsiméﬁghi: Nopeies 0ri 24 ol Sdis 10 or

| ess, preferably 0.0008 or |ess, and nore preferably 0.0005 or |ess. Wen
the anoyal 19fs6Range id Feffaciimedngex FTomeact haswPo 08l of arthexanpl e,
if the cured article of the present invention is applied for an opti cal

| ens orvapcopttoalr waveguila.e thapbedali odi strancespkrki ghtstiaso changed

of the silica fine particles {(a) in the curable composition
and the heat resistance of the cured article, the amount of
the (meth)acrylate (c¢) is more preferably 10 to 200 parts by
weight, and still more preferably 20 to 100 parts by weight.
If the amount of the {meth)acrylate {c) formulated is lower
than 5 parts by weight, the viscosity of the curable composition
is increased, which may cause gelation of the curable
composition. If the amount is higher than 400 parts by weight,
cracks may be produced in the cured article and the heat
resistance and environmental resistance of the cured article
may be lowered. When thé silica fine particles (a) used are

dispersed in an organic solvent, the mass of the silica fine



69 when water absorption occurs under usage conditions, and as a result,

t he i mage accuracy or the propagation efficiency of light is unfavorably
degraded. [0155] In addition, the anmount of change in refractive

i ndex of the cured article before and after being stored at 85C and 85%
saturated humidity for 50 hours is 0.831 or less, preferably 0.0008 or

| ess, and nore preferably 0.0005 or |ess. Wen the anount- of change in
refractive index Is nore than 0,001, for exanple, if the cured article is
appl i edd o i @ancoptiral sl enstopradnepki cakawayagupderithesf peal sdi stance of
i ght is changed when water absorption occurs under usage conditions, and
as a residpertdbe inngecaceyancy svltbetpropagation efficiency of light is
unfavorably degraded. As a material conventionally used for an optical

l ens angdoite] |i ke, a poly (nmethyl (neth)acrylate) nmay be nentioned. The
anount of change in refractive index thereof before and after the storage
at 85C ahd) 8564 gm¢uiatetlohumdrigtbor 50 hours is as large as 0.0015
(1.4912-31.4897). The reason for this great change in the refractive index
i s believed tHramphes cof dehd ivah Fwel i zaduen tinithe bt erdlabssipticon under
the high hum dity/high tenmperature_conditions. [0156] . Regardi ng the
cured afk¢ c¢1é¥al?1va@ ap8pPEiBioal 4BCoRIEhRNPERPEL AT EF A 28EpERdeNce
coefficient of the refractive index within a tenperature 8t éSC to 55C is
6. 0x10- P bt PBferdpreeERabl POSYBRIOZBFECHr L1 oWeF COhr 8 pFef er abl y
4.0x10-5/C 70 or Iomei. When the absol ute value of the tenperature
depende?ERCTOET f FRFEREIDf the refractive index is nore than 6.0x10-5/C,
for exapg{gg}if the cured article is applied for

Examples of the photopoelymerization initiators include
benzophenone, benzoin methyl ether, benzoin propyl ether,
diethoxyacetophenone, l-hydroxy-phenyl ketone,
2,6-dimethylbenzoyl diphenylphosphine oxide,
2,4,6-trimethylbenzoyldiphenylphosphine oxide and
diphenyl—2,4,6—trimethylbenzoylphdSphine oxide. These
photopolymerization initiators may be used in combination of
two or more kinds.

[0110]

The amount of the photopolymerization initiator
contained in the curable composition may be any amount which
allows the éurable composition to cure appropriately, and is
preferably 0.01 to 10 parts by weight, more preferably 0.0Z
to 5 parts by weight, and still more preferably 0.1 to 2 parts
by weight, with>respect to 100 parts by weight of the curable
composition. If the amount of the photopolymerlization
initiator added is too large, a decrease in the storage

stability, discoloration, or cresslinking of the curable



an optical lens or an optical waveguide, the focal distance of light is
changed when the tenperature is changed under usage conditions, and as a
result, the inage accuracy or the propagation efficiency of light is
unfavorably degraded. As a material conventionally used for an optical

|l ens and the |ike, a poly (nmethyl nethecrylate) may be nentioned. The
~absolute value of the tenperature dependence coefficient of the refractive
i ndex thereof is 10.5x10-5/C, and the change in refractive index with the
change &8mbesPeElak Uhiy i ScShgni fTicaNtmay nataddit ipmotdenepertat ur e
dependence coefficient of the refractive index indicates the slope which

i S obtatpedsinBuch anwalytahaingftee theedetrattiveanddesnesaneasured
every 5C within a nmeasurenent tenperature range of 25C to 55C using a

ref r act onet ks artchethetrpcoh vens nilexi ris cpironged B dihes emphe tnehddice ment
tenperature. [Exanple 1] [0157] Herei nafter, although the curable
conposi phohopsédné i ze heopr esehiatavendien W | tobhed Abosdrichedbar et ai |

with reference to Exanples, this curable_conposition is not linmted to the
f ol | owi ngnExarpies may|opg bs FuifdeschblYdEpAREH: - from the scope of the
present invention. [Preparation of.curable conposition] (Exanple 1 of
prepar at P6A1bf curabl e conposition) 71 After 100 parts by mass of

i sopropyl al cohol -di spersed col | oi dal s'Iica.gsglica.cogiegt: 30% by mass,
aver age part i EX& R afetert2aotherBel niiy LY Page“naneY Shot 2k°T PA- ST

duced by Ni Chem |.ndustri Ltd.) . h | bl
Pl sk, HEBYAAPES. BOHRSL ol S nbENARY )| BRIBIORYTt P RECHOSYRH anc. and 4.5
ts b f. ph ltri h il ' hi bl
iask, VoITouga bR Gttt I rgiand FOETRG. (2 6 PATLe BIoRase o1 L

solutioT.gg a concentration of 0.1825% by mass was added and stirred at
20C for- 24%hours, so that a surface treatment of the silica fine particles

was performedn [01p8l ¢ of théntﬁggﬁgh0ﬁol%ﬂ@r§%§€P@§aE§E§§aEEr
y- met hacryl oxypropyl trimet hoxysil ane and phenyltrinet hoxysilane by the

hydrol ygj ﬁtﬁﬁﬁfjaom itrhréﬁgu)?&bﬁegéémﬁbéQH@Eaﬁgi@@JBéﬂéMﬂy 6859rt prduced by

Agi | ent Technol ogl es The nmeasurenent was perforned on the internal

refer en&‘r@i?ﬁ%@ﬁ 1RV hydrogere fdanme 4017 at, i ofc debeeter bysidigytec nonpol ar
colum D3-1 (produced by J&W Scientific) at a He flowrate of 1.2 cc/mn.,

whi ch was+usetmscac6ardi phrgasey ard Ait actenpetatile dongreasiingn rat e of
10Cmn. within a tenperature range of 50 to 300C. Phenyl tri net hoxysil ane

and y- methagryl oxypropyl trinethoxysil ane di sappeared8 hours after the HCl
‘solution was added.

The curable composition used for the present invention
may contain, as necessary, leveling agents, antioxidants,
ultraviolet absorbers, solvents, pigments, other fililers such
as incrganic fillers, reactive diluents, other modifiers, and
others unless the viscosity of the compositicn, the
transparency and heat resistance of the cured article and other
properties are impaired.

[0113]

Examples of the leveling agent include

polyether-modified dimethylpolysiloxane copolymer,

polyester-medified dimethylpelysiloxane copolymer,

polyether-modified methyl alkyl polysiloxane copolymer}



- [0159] 72 Next, 22.5 parts by mass of trinethyl ol propane
triacrylate (trade nane: Biscoat #295 produced by Osaka Organic Chéenmi.ca
| ndustry, Ltd., Tg>250C) and 22.5 parts by mass of adamantyl nethacrylate
- (trade nane: ADMA produced by Osaka Organic Chemical Industry, Ltd., Tg:
180C) were added to a dispersion liquivg of the silica fine particles
processed by the surface treatnent described above, followed by uniform
m xi ng. Then, heating under reduced pressure was carried out at 40C and
100 kPaz w1y sthsdingedseethal sokalibelgsiporentscupobymermpvedd The
removal anount of the volatile conponents was 72.0 parts by mass. [0160]
Next, Op8#bepactsmbyifhss métdiyphehyli(Body6ilokarthybbehyoygl) phosphi ne
oxi de (trade nanme: Speedcure TPOL produced by N hon SiberHegner K K ) as a
phot opol§bh®£j zation initiator was dissolved in 84.9 parts by mass of a
not her |iquor obtained by renoval of the volatile conponents, and a
sol uti on obt dixmwiterebytwast ptbeessed byopeessuteciidieratieoh™pressure:
0.2 MPa) using a nmenbrane filter (porous dianmeter: 1.0 Rn), so that a
cur abl ecevhposi i e Ic mas Gbt gilaed. Appeei} (registemRd FirsdsEidmklof the
curabl e composition 1 thus obtained was 74 nPa-s. |In addition, .the
Vi scosi Pyriag svedsiicede LM hEL BN B MR A Sy c bHRTE ST BV-ALSPF O ¢ ced by
Brookfield Inc.) at 25C and 60 rpmusing a rotor No. 63. [0162] 73
( Exanpl €9 b¥°%r%ﬁé@%ti%ﬁdoFZEUPEBW§nESHpOSition)

[0115]

The viscosity of the curable composition of the present

invention containing such various kinds of components measured

using a B type viscometer DV-I1I+Pro (produced by Brookfield

Engineering) at 25°C and 60 rpm using a rotor No.63 is normally

30 to 300 mPa*s. Therefore, the curable composition has an
extremely low viscosity even it does not contain a solvent,
and thus has good handling characteristics. This is
attributed to the high compatibility with the (meth)acrylates
(b) and (c) of the silica fine particles (a) and the high
dispersion stability of the silica fine particies (a} in the
(meth)acrylates (b) and (¢) due to the surface treatment of
the silica fine particles (a) stated above.
i0116]
<Methed for producing curable composition>

The curable composition used for the present invention
can be produced, for exémple, by successively carrying out the
following steps: a step (Step 1) of surface-treating colloidal
silica (silica fine particles (a)) dispersed in an organic

solvent with the silane compounds (e) and (f); a step (Step



After 100 parts by mass of isopropyl alcohol-dispersed colloidal silica
(silica content: 30% by nass, average particle diameter: 10 to 20 nm
trade nane: Snowtex |PA-ST produced by Nissan Chemical Industries Ltd.)
was charged in a separable flask, 5.4 parts by nmass of

y- et hacryl oxypropyl tri met hoxysilane &4d 3.6 parts by mass of

phenyl tri met hoxysil ane were added into the separable flask, followed by
stirring and mxing. 2.9 Parts by nass of a HCl solution at a

concent pat hen=ahiHg18R6% hytARssrwastadded) anddstizyred ahe20C for 24
hours, so that a surface treatnment of the silica fine particles was
perfornmedrfh0d63}ecated siPheayFtinenpthoxydkkane)andd homogenously

y- et hacryl oxypropyl tri met hoxysi | ane di sappeared 8 hours after the HCl
sol ut i omiwasgadded; a step Néxtep 37. 5fpaecmnsvbygness @fganimetdiyicsitpr opane
triacrylate (trade nane: Biscoat #295 produced by Osaka Organi c Chem ca
| ndust r gpdliaker Tg=2600p anuodeBepastys ixemss loft iagantintlyd svetiticryl ate
(trade nane: ADMVA produced by Gsaka Organic Chemcal Industry, Ltd., Tg:
180C) wéieeadded alea the) sind ehef i paraiwlads b essbdchyite 1§t f ace
treatnment, followed by uniform m xing. Then, heating under reduced
pressur énvidse S&PPi 2d TH@T hE A0ECAHEAN T O KPR WEEE /1 Fed /i XBTP SOl 4RH on was
stirred, sothatvolatiIeconEonentsme[ereaned. The renpval  anount of the
vol ati | &) cofpeAenrd has P?.XmﬁéﬁF§t59nné§§Fla?QI[é§g4fo the 0. 845 Parts

by mass of t-butyl peroxy-(2-ethyl hexangate) rade nane: Perbutyl O

pr oduce‘é]o’BS?OF\EﬁléBrE%Vé?golgﬁe%ssébﬁf&?‘rglt?)o? F7 o S T6N 3hitt gc[%er was

di ssol v in.84, arts by mass of _a_nother Liquor obtaj y renoval of
t he volgg?Pe3c8 oﬁBWPg?néﬁas ys%ﬁﬁ%?%n%ggpaFﬁeglFﬁe?eﬁbg§gggprocessed by
pressure filtration (pres : ) I ne filter (porous
dianeteF?mR9ﬁlgﬁ?g'sdpﬁ%aigéaidggé}g§%6%%%§???on g %gg'obtained. [ 0165]
The solﬁgﬂﬁ7foncentration in the curable conposition 2 thus obtained was
measur e he internal reference nmethod by a gas chromatography (Mdel

6850, pqggg%eg)by Agi |l ent Technol ogies Inc.) and a hydrogen flame
i oni zation detector usi.ng a nonpolar colum 03-1 (produced by J&W

Scientific) ainast@pfipmhﬁétgipjcg.gigglﬁg@ticm@gcmama§;gsed as a carrier
gas, and at a tenperature increasing rate of 10C mn. within a tenperature

range og,50:t6-8008:=h0%66}L the silAsecacerpblihdst he)isegropyl altcohol
concentration was 0.82% by nass, the nethanol concentration was 0.03% by
mass, apdrEheswaterttone entlaldeonh wast db < 0% byadass.che silica fine
particles {a) into a reéctor; adding the silane compounds (e)
and (f) tc the reactor with stirring; and adding water and a
catalyst required for hydrolysis of the silane compounds with
stirring to cause hydrolysis of the silane compounds and
condensation polymerization on the surface of the silica fine
particles (a). It should be noted that the silica fine
particles (a) used are preferably dispersed in an organic
solvent, as menticned above.
[(0118]
Disappearance of the silane compounds by the hydrolysis

can be confirmed by a gas chromatography. The remaining amount

of the silane compounds can be measuredon an internal reference



In addition, the viscosity of the curable conposition 2 thus obtained was
231 nPa-s. [0167] (Exanple 3 of preparation of curable conposition) 75
Except that phenyltrinethoxysilane was not used and the amount of the HCl
solution at a concentration of 0.1825% by nass was changed to 1.3 parts by
mass, a curable conposition 3 was obt&ned in the same manner as in
Exanple 1 of preparation of curable conposition. [0168]

y- met hacryl oxypropyl tri net hoxysi | ane di sappeared 8 . hours after the HCL
sol uti ofetBSd addeda sTher s cost & yh of (Mo 1c68 ab) @ reatpesi by Grid enftus

obt ai ned was 104 nPa-s. (Exanple 4 of preparation of curable conposition)
Except tTheahnyioelidacryd oxypidpy Hyd metdroxyisinanemas tnan geedcamd t he
anount of the HCL solution at a concentration of 0.1825% by nmass was
changedut bnd.®6 rpants sy crdssin &@Belr dbkedvoaposy tddh S iwastiobtai @éd in the
same manner as in Exanple 1 of preparation of curable conposition.

a He flow rate of 1.2 cc/min., which is used as a carrier gas,

and at a temperature increasing rate of 10°C/min. within a

temperature range of 50 to 300°C. Therefore, the

disappearance of the silane compounds by the hydrolysis can

be confirmed.

[0119]

In addition, as described above, the amount of the silane
compound {e) used when the silica fine particles (a) is
surface~treated is, with reépect to 100 parts by mass of the
silica fine particles (a), generally 5 to 25 parts by mass,
preferably 10 to 20 parts by mass, and more preferably 12 to
18 parts by mass. Further, the amount of the silane compound
(f) is, with respect to 100 parts by mass of the silica fine
particles (a), generally 5 to 25 parts by mass, preferably 10
to 20 partsﬁbylnaés, and more preferably 12 teo 18 parts by mass.
[0120]

The lower limit of the amounf of water necessary to carry
out the hydrolysis reaction is one time the total number of
moles of an alkoxy group and a hydroxy group bonded to the silane
compounds {e) and (f), and the upper limit is ten times the
total number described above. When the amount of water is
excessively small, the hydrclysis rate is decreased

considerably, and as a result, the economical efficiency may

be degraded, or the surface treatment may not be sufficiently



[ 0169] Phenyl t ri met hoxysi | ane di sappeared 8 hours after the HCl

sol ution was added. The viscosity of the curable conposition 4 thus
obtai ned was 114 nPa.s. (Exanple 5 of preparation of curable conposition)
Except that 4.5 parts by mass of cycl ohexyltrinethoxysilane was used

i nstead of using phenyltrinethoxysila® and the amount of the HC1 sol ution
at a concentration of 0.1825% by mass was changed to 3.1 parts by nmass, a
curabl e conposition 5 was obtained in the sanme manner as in Exanple 1 of
pr epar addesimeéd ciur abhe campesi tiamvefOATP] whEh the amdbtbhouflwater

y- et hacryl oxypropyl tri met hoxysil ane di sappeared 8 hours after the HCl

sol ut i ofis wascadsede]l cythdohexythei sl hoxySihaneadidchet desappgabe48 hours
after the HOL solution was added. The viscosity of the curable conposition
5 t hus obl Bédedn wagn®OcaPass. [0171] The conpositions of the
respective conponents used for preparation of the above curable

conposi t9bhkl are shown in the following Table 1. 77

When the hydrolysis reaction is performed{ a catalyst
for hydrolysis reacticns 1s generally used. As specific
examples of the catalyst, there may be mentioned inorganic
acidé such as hydrochloric acid, acetic acid, sulfuric acid
and phosphoric'acid;
organicacidssuchensformicacid,propionicacid,oxalicacid,
para-toluenesulfonic acid, benzoic acid, phthalic acid and
maleic acid;
alkaliné catalysts such as potassium hydroxide, sodium
hydrexide, calcium hydroxide and ammonia;
organic metals;
metal alkoxides;
organotin compounds such as dibutyltin dilaurate, dibutyltin
dioctylate and dibutyltin diacetate;
metal chelate compounds such as aluminum
tris(acetylacetonate), titanium tetrakis(acetylacetonate),
titanium bis(butoxy} bis (acetylacetonate), titanium
bié(isopropoxy)bis{acetylacetonate), Zirconium
bis{butoxy)bis(acetylacetonate) and zirconium
bis{isopropoxy}bis (acetylacetonate); and
boron compounds such as boron butoxide and boric acid.

[0122]
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Among them, since dissoclution in water and sufficient
nydrolysis rate are obtained, hydrochloric acid, acetic acid,
maleic acid and the boron compounds are preferably used. These
catalysts may also be used alone or in combination of two or
more kinds thereof.

[0123]

In Step 1, when the hydrolysis reacticn of the silane
compounds (e} and (f) is performed, althougheawater—insoluble
catalyst may be used, a water—-soluble catalyst is preferably
used. In the case in which a water—soluble catalyst for
hydrolysis reactions is used, it is preferable that the
water;soluble catalyst is dissolved in an appropriate amount
of water and is then added to the reaction system, since the
catalyst can be uniformly dispersed.

[0124]

Although thé addition amount of the catalyst used for
the hydrolysis reaction is not particularly limited, the
amount with respect to 100 parts by mass of the silica fine
particles (a) 1is qeneraliy 0.1 to 10 parts by mass and
préeferably 0.5 to 5 parts by mass. In addition, when silica
fine particles dispersed in an organic solvent are used as the
silica fine particles (a), themass of the silica fine particles
(a) indicates the mass of only the silica fine particles
themselves dispersed in the organic sclvent.

[0125]
Although the reaction temperature of the hydrolysis

reaction is not particularly limited, it is generally in a range
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of 10 to 80°C and preferably in a range of 20 to 50°C. When
the reaction temperature is too low, the hydrolysis rate is
decreased considerably, and as a result, the econcmical
efficiency may be degraded or the surface treatment may not
be sufficiently advanced in some cases. When the reaction
temperaturejjsﬁoohigh,eagelationreactionisEjabletx)occur.
[0126]

Further, although the reaction time for the hydrolysis
reaction is not particularly limited, it is generally in a range
of10ﬁdnutestx>48hoursandfmeferablyjjlarangeofIﬂjmiﬁutes
to 24 hours.

Inaddition,althéughtﬂuasurfacetreatmentk@rthesilane
compound (e) and that by the silane compound (f) in Step 1 may
e seguentially berformed, they are preférably performed at
the same time in consideration of the simplification and
efficiency of the reactiocn process.

[0127]
(Step 2)

In Step 2, amethod for mixing the surface-treatedsilica
particles (a) and the (meth)acrylates (b) and (c) 1s not
particularly limited. For example, there may be mentioned a
method in which mixing is performed under room temperature or
heating conditions by a mixing device such as a mixer, a ball
mill orzitriple rollndjj,andeaﬁ@thodjjlwhich.while stirring
is continuously performed in the reactor used in Stép 1, the
(meth)acrylates (b) and (c) are added and mixed together.

[0128]
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(Step 3)

In Step 3, in order to perform distillation for solvent
removal {(hereinafter, collectively called solvent removal) of
an organic solvent and water from a uniformly mixed liguid of
the silica fine particles {a) and the (meth)acrylates (b} and
(c), heating is preferably performed under reduced-pressure
conditions.

[0129]

The temperature is preferably maintained at 20 to 100°C,
and in view of the balance between the prevention of
agglomeration and gelation and the solvent removal rate, the
temperature is more preferably 30 to 70°C and further
preferably 30 to 50°C. When the temperature is excessively
increased, the fluidity of the curable composition may be
extremely degraded or the curable compositiom may be gelled
in some cases.

[0130]

The degree of Vacuﬁm when fhe pressure is reduced is
generally 10 to 4,000 kPa, and in order to maintain the balance
between the solvent removal rate and the preventicn of
agglomeration and gelation, the degree is more preferably 10
to 1,000 kPa and most preferably 10 to 500 kPa. When the value
of the degree of vacuum is too large, the solvent removal rate
is decreased considerably and the economical efficiency is
degraded.

[0131]
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The composition after the solvent removal preferably
contains substantially no solvent. The meaning of
"substantially” in this context indicates that when the cured
article is actually obtained using the curable composition,
a solvent removal step need not be performed again.
Specifically, the remaining amount of the organic solvent and
water in the curable composition is preferably 1 percent by
mass or less, preferably 0.5 percent by mass or less, and
further preferably 0.1 percent by mass or less.

[0132]

In Step 3, before the solvent removal is performed, 0.1
parts by mass or less of a polymerization inhibitor may be added
with respect to 100 parts by mass of the composition processed
by the solvent removal. The polymerization inhibitor is used
in order to prevent a polymerization reaction of the components
contained in the composition during or after the solvent
removal step or during the storage of the curable composition.
As the polymerization inhibitor, for example, hydroguinone,
hydroguinone monomethyl ether, benzoguincne, p-t-butyl
catechol, 2,6-di-t-butyl-4-methylphencl may be mentioned.
These may be used alone or in combination of two or more kinds
thereof.

[0133]

After the uniform mixture of the silica fine particles
(a) and the (meth)acrylates (b) and (c) obtained through Step
2 is charged into an exclusive device, Step 3 may be performed.

Or when Step 2 is performed in the reactor used in Step 1, the
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Step may be performed in the reactor continuously from Step
2.

[0134]

(Step 4)

In Step 4, a method in which the peclymerization initiator
(d} is added to the composition processed by the solvent removal
in Step 3 and uniform mixing is then performed 1s not
particularly limited. For example, there may be mentioned a
method in which mixing is performed at room temperature by a
mixing device such as a mixer, a ball mill or a triple roll
mill, and a method in which while stirring is continuously
performed in the reactor used in Steps 1 to 3, the
polymerization initiator (d) is added and mixed.

[0135]

Furthermoré, if necessary, filtraticn may also be
performed for the curable composition obtained after the
polymerization initiator (d) is added and mixed. This
filtration is performed to remove foreign substances such as
impurities in the curable composition. Although the
filtration method is not particularly limited, a pressure
filtration method using a filters such as a cartridge Type or
a membrane type having a pressure filter pore diameter of 1.0
pm, is preferable.

Thelcﬁrable compoéition,used for the present invention
can be produced through the respective steps described above.
Since the silica fine particles (a) which are the component

of this curable composition are treated by the specific silane
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compounds, the composition has a low viscosity without
containing & solvent and has excellent handling properties.
[0136]

[Cured article]

The curable composition used for the present invention
becomes a cured article by curing which may be used as a member
such as an optical lens,'a.mold for molding optical lenses,
an optical disk substrate, a plastic substrate for liguid
crystal display elements, a substrate for cclor filters, a
plasticSubstrateforcmganicEEJdisplayelements,Eisolarcell
substrate, a touch panel, an optical element, an optical
waveguide and an LED sealing material.

[0137]
<Method for Producing Cured Product>

The cured article is obtained by curing the curable
composition used for the present invention. As a curingmethod,
for example, a method in which ethylenically unsaturated
groups of the (meth)acrylates (b) and (c) are cross-linked by
irradiation with active energy rays and a method in which the
ethylenically unsaturated groups are thermally polymerized by
applying heat may be mentioned. These methods may also be used
in combination.

[0138] '

When the curable composition is cured by acﬁive energy

rays:axﬂlasultfavioletrays,eaphotopolymerizationinitiator

isaddedintothecurablecompositioninStep4ckmcribedabove.
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When the curable composition is cured by applyiﬁg heat
thereto, a thermal polymerization initiator is added into the
curable composition in Step 4 described above.

[0139]

The cured article used for the present invention can be
obtained, for example, in such a way that after the curable
composition of)the present invention is coated on a substrate
such as a glass plate, a plastic platé, a metal plate or a
silicon wafer to form a coating film, the curable composition
is irradiated with active energy rays or heated. For the
curing, both of the irradiation of active energy rays and the
application of heat may be performed.

[0140]

As a coating method of the curable composition, for
example, there may be mentioned coating using a bar coater,
an applicator, a die coater, a spin coater, a spray coater,
acurtaincoatérorzarollcoater;coatingbyeiscreenprinting;
and coating by dipping.

10141]

The coating amount of the curable composition used for
the present invention on the substrate is not particularly
limited and may be appropriately adjusted in accordance with
the purpose. Fromthe viewpoint of themoldability, the amount
is set such that the thickness of the coating film cobtained
after the curing treatment by the irradiation with active
énergy rays and/or the application of heat is preferably 1 to

200 um and more preferably 5 to 100 um.
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[0142]

As the active energy rays used for the curing, electron
rays or light in a wavelength range of from ultraviolet rays
to infrared rays is preferable.

Ag the light source, for example, an ultra-high pressure
mercufy light source cr ametal halide light source may be used
for ultraviolet rays, a metal halide light source or a halogen
light source may be used for visible rays, and a halogen light
source may be used for infrared rays. In addition, light
sources such as a laser and an LED may alsc be used.

[0143]

Although the irradiation amount of the active energy rays
is appropriately determined in accordance with the type of
light source, the thickness of the coating film and the like,
it may be appropriately determined so that the reaction rates
oftheethylenicallyunsaturatedgroupsofthe(n@th)acrylates
(b) and {(c) are each preferably 80% or more andxnore;preferably
90% or more.

[0144]

Inaddition, after the curing is performed by irradiation
with the active énergy rays, if necessary, the curing may be
further advanced by performing a heat treatment (annealing
treatment). The heating temperature in that case is
preferably in a range of 80 to 200°C. The heating time is
preferably in a range of 10 minutes to 60 minutes.

[0145]
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When thermal polymerization is performed by a heat
treatment for curing the curable composition used for the
present invention, the heating temperature is preferably in
a range of 80 to 200°C and more preferably in a range of 100
to 150°C. When the heating temperature is lower than 80°C,
the heating time must be increased, and as a result, the
economical efficiency is liable to be decreased. When the
heating temperature is higher than 200°C, a temperature
increasing time and a temperature decreasing time are
increased as well as an increase in energy cost, and as a result,
the eccnomical efficiency is liable to be decreased.

[0146]

Although the heating time is appropriately determined
in accordance with the heating temperature, the thickness of
the coating film and the like, it may be appropriately
determined so that the reaction rates of the ethylenically
unsaturated groups of the (meth)acrylates (b) apd.(c) are each
preferably 80% or more and more preferably 90% or more.

After the curing of the curable composition is performed
by thermal polymerization, 1f necessary, the curing may be
further advanced by performing a heat tréatment (annealing
treatment). The heating temperature in that case is
preferably in a range of 150 to 200°C. The heating time is
preferably in a range of 5 minutes to 60 minutes.

101471

<Cured article>
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Being excellent in transparency, heat resistance,
environment resistance and melding processablility, the cured
article of the curable composition used for the present
inventidn,may be preferably used, for example, as an optical
lens, a mold for molding optical lenses, a plastic substrate
for liquid crystal display elements, a substrate for color
filters, a plastic substrate for organic EL display elements,
a solar cell substrate, a toﬁch panel, an optical element, an
optical waveguide and an LED sealing agenf material.

[0148]

The refractive index of the cured article may be
appropriatelyselectedjjlaccordancevﬁijlitsapplication. In
addition, since the cured article is excellent in heat
resistance,_the amount of change in refractive index belore
and after a heat treatment is performed three times at 270°C
for]_minutejﬁspreferablyO.OOScmsleSS,morepreferably0.003
oriless, and further preférably 0.001 or less. Since the
efficiency of utilization of light will be changed when the
amount of change in refractive index before and after the heat
treatment is performed three times at 270°C for 1 minute is
more than 0.005, it is not preferable for the application in
which the light efficiency is important.

[0149]

Sincetﬁmacurediirticlejjsexcellent:hiheat.resistancer
a 5% weight loss temperature when heating is performed in a
nitrogen atmosphere is generally 330°C or higher, preferably

350°C or higher, and more preferably 380°C or higher. When
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the 5% weight loss temperature when heating is perfofmed is
lower than 330°C, for example, if the cured article is used
for an active-matrix display element substrate, warpage or
deflection may occur in its producing process, and problems
such as occurrence of cracks may also arise in some cases.
[0150]

The cured article is preferably‘obtéined by curing the
curable composition containing the (meth)acrylates (b) and (c)
whose homopolymers each has a high glass transitidn
temperature. Therefore, the cured article is excellent in
heat resistance.

[0151]

The cured article has a high glass transition temperature.
The glass transition temperature of the cured article is
obtained from the peak temperature of the loss tangent, or the
tan & value, which is measured at a frequency of 1 Hz using
adynamic—viséoelasticity—measurementmethodandjj;generally
200°C or higher and preferably 230°C or higher. When the glass
transition temperature is lower than 200°C, if the cured
article is used for an active-matrix display element substrate,
warpage or deflection may occur in the producing process, and
problems such as occurrence of cracks, may also arise in some
cases.
[0152]
| Since the cured article is excellent in transparency,
it has a light transmittance of preferably 85% or higher at

a wavelength of 400 nm regarding a cured film having a thickness
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of 100 um, and in addition, the amount of change in
transmittance at a wavelength of 400 nm before and after a heat
treatment is performed three times at 270°C for 1 minute is
usually 3% or less. Since the efficiency of utilization of
light will be decreased when the light transmittance at a
wavelength of 400 nm is 85% or less, it is not preferable for
the application in which the light efficiency is important.
Further, when the amounﬁ of change in transmittance at a
wavelength of 400 nm before and after the heat treatment is
performed three times aﬁ 270°C for 1 minute is more than 3%,
if the cured article is used for an activé matrix display
element substrate, a coloring problem may arise in its
producing process in some cases.

[0153]

The water absorption rate of the cured article when the
cured article is immersed in water for 24 hours is, with respect
to 100% by fnaés of the cured article, 2 percent by mass or less,
preferably 1.5% by mass or less, and more preferably 1.0% by
mass or less.

[0154]

The amount of change in refractive index of the cured
article before and after the cured article is immersed in water
for 24 hours is 0.001 or less, preferably 0.0008 or less, and

| more preferably 0.0005 or less; When the amount of change in
refractive index is more than 0,001, for example, if the cured
article of the present invention is applied.foz'aﬁ.optical lens

or an optical waveguide, the focal distance of light is changed
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when water absorption occurs under usage conditions, and as
a result, the image accuracy or the propagation efficiency of
light is unfavorably degraded.

[0155]

In addition, the amcunt cof change in refractive index
of the cured article before and after being stored at §5°C and
85% saturated humidity for 50 hours is 0.001 or less, preferably
0.0008 or less, and more preferably 0.0005 or less. When the
amount of change in refractive index is more than 0,001, for
example, if the cured article is applied for an optical lens
or an optical waveguide, the focal distance of light is changed
when water absorption occurs under usage conditions, and as
a result, the image accuracy or the propagation efficiency of
light is unfavorably degraded. As a material conventionally
used for an optical lens and the like, a poly{methyl
(meth)acrylaté) may be mentioned. The amount of change in
refracfive index thereof before and after the storage at 85°C
and 85% saturated humidity for 50 hours is as large as 0.0015
(1.4912—1.4897}. The reason for this great change in the
refractive index is believed that the cured film swells due
to the water absorption under the high humidity/high
temperature conditions.

[0156]

- Regarding the cured article, the absolute value of the
temperature dependence coefficient of the refractive index
within a temperature of 25°C to 55°C is 6.0x107°/°C or lower,

preferably 5.0x107°/°C or lower, more preferably 4.0x107°/°C
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or lower. When tﬁe absolute value cof the temperature
dependence coefficient of the refractive index is more than
6.0x107°/°C, for example, if the cured article is applied for
an optical lens or an optical waveguide, the focal distance
of 1light is changed when the temperature is changed under usage
conditions, and as a result, the image accuracy or the
propagation efficiency of light is unfavorably degraded. As
amaterial conventionally used for anoptical lens and the like,
a poly(methyl methacrylate) may be mentioned. The absolute
value of the temperature dependence coefficient o¢f the
refractive index thereof is 10.5x107°/°C, and the change in
refractive index with the change in temperature is significant.
In addition, the temperature dependence ccefficient of the
refractive index indicates the slope which is obtained in such
a way that after the refractive index is measured every 5°C
within a measurement temperature range of 25°C to 55°C using
a refractometer; the refractive index is plotted against the
measurement-temperature.

[Example 1]

[0157]

Hereinafter, although the curable composition used for
the present invention will be described in detail with
reference to Examples, this curable composition is not limited
to the féllowing Examples as long as 1t does not depart from
the scope of the present invention.

[Preparation of curable composition]

(Example 1 of preparation of curable composition)
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After 100 parts by mass df isopropyl alcohol-dispersed
colloidal silica (silica content: 30% by mass, average
particle diameter: 10 to 20 nm, trade name: Snowtex IPA-ST
produced by Nissan Chemical Industries Ltd.) was charged in
a separable flask, 4.5 parts by mass of
y-methacryloxypropyltrimethoxysilane and 4.5 parts by mass of
phenyltrimethoxysilane were added intc this separable flask,
followed by stirring and mixing. 2.9 Parts by mass of a HCL
solution at a concentration of 0.1825% by mass was added and

stirred at 20°C for 24 hours, so that a surface treatment of

the silica fine particles was performed.

[0158]

In addition, the disappearance of
v-methacryloxypropyltrimethoxysilane and
phenyltrimethoxysilane by the hydrolysis was confirmed by a
gasrchromatography (Model 6850, produced by Agilent
Technologies Inc.}. The measurement was performed on the
internal reference method by a hydrogen flame-ionization
detector using a nonpolar column DB-1 (produced by J&W
Scientific) at a He flow rate of 1.2 cc/min., which was used
as a carrier gas, and at a temperature increasing rate of
10°C/min. within a temperature range of 50 to 300°C.
Phenyltrimethoxysilane and y-
methacryloxypropyltfimethoxysilane disappeared 8 hours after
the HCl solution was added.

[0159]
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Next, 22.5 parts by mass of trimethylolpropane
triacrylate {(frade name: Biscoat #295 produced by Osaka
Organic Chemical Industry, Ltd., Tg>250°C) and 22.5 parts by
mass of adamantyl methacrylate (trade name: ADMA produced by
Osaka Crganic Chemical Industry, Ltd., Tg: 180°C) were added
to a dispersion liquid of the silica fine particles processed
by the surface treatment described above, followed by unifoim
mixing. Then, heating under reduced pressure was carried out
at 40°C and 100 kPa with stirring, so that volatile Qomponents
were removed. The removal amount of.the volatile components
was 72.0 parts by mass.

[0160] |

Next, 0.845 parts by mass of
diphenyl-{2,4; 6—trimethylbenzoyl)phosphine oxide (trade
name: Specdcure TPOL produced by Nihon SiberHegner K.K.) as
a photopolymerization initiator was dissclved in 84.9 parts
by mass of a mother liquor obtained by removal of the volatile
components, and a sclution cbtained thereby was processed by
pressure filtration (pressure: 0.2 MPa) using a membrane
filter (porous diameter: 1.0 pum), so that a curable composition
1 was obtained.

[0161]

The viscosity of the curable composition 1 thus obtained
waé 74 mPa-s. 1In additién, the viscosity was measured using
a B type viscometer DV-II+Pro (produced by Brookfield Inc.)
at 25°C and 60 rpm using a rotor No. 63.

[0162]
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<Active Energy-Ray Hardeni ng> In Exanple 1 and Conparative

Exanpl es, the respective curabl e conpositions were coated on separate

gl ass substrates (50 nmx 50 mm so that a cured filmhad a thickness of
100 pm and the coating fil mvas cured By exposure at 3 J/cnR using an
exposure device into which an ultra-high pressure nercury | anp was

i ntroduced. Then, an annealing treatnent was carried out at 180C for 30
m nut es zkOdgH#E sHeat peuphREPion of clhhebcdr abhgogampesiti on 2 of Exanple

2 was coated on a glass substrate (50 nmx 50 mm) so that a cured film had
a thickness oAfd80 m mand 4 be seati afg fidprawsl clrethdly- & dieatsdd eat ment
at 140C for 10 m nutes. Then, an annealing treatnment was carried out at
180C f oecBloirdaut es11EAL1T5L 1L Per tonante éVal bat masspethedhge
particle diameter: 10 to 20 nm, trade name: Snowtex IPA-ST
produced by Nissan Chemical Industries Ltd.) was charged in
a scparable flaék, 5.4 parts by mass of
y-methacryloxypropyltrimethoxysilane and 3.6 parts by mass of
phenyltrimethoxysilane were added intc the separable flask,
followed by stirring and mixing. 2.9 Parts by mass of a HCL
solution at a concentration of 0.1825% by mass was added and
Sﬁirred at 20°C for 24 hours, so that.a surface treatment of
the silica fine particles was performed.
[0163]
Phenyltrimethoxysilane and
y—methacryloxypropyltrimethoxysilane disappeared 8 hours
after the HCl sclution was added.
Next, 37.5 parts by mass of trimethylolpropane
triacrylate (trade name: Biscoat #295 produced by Csaka
Organic Chemical Industry, Ltd., Tg>250°C) and 7.5 parts by
mass of adamantyl methacrylate (trade name: ADMA produced by
Osaka Organic Chemical Industry, Ltd., Tg: 180°C) were added
tothesilicafineparticlesprdces&aﬂbythesurfacetreatment,
followed by uniform mixing. Then, heating under reduced
pressure was carried out at 40°C and 100 kPa while the mixed
solution was stirred, so that volatile components were removed.

The removal amount of the volatile components was 72.4 parts

by mass.



<Mbl di h_g processability> The degree of processability in which the
cured filmis processed wi thout occurrence of fractures or cracks when the
cured filmis peeled off fromthe glass substrate was eval uated based on
the follow ng indexes. [0176] A. Process (peeling) can be perforned
wi t hout occurrence of fractures and cr@acks. 79 B: Al t hough
fractures are not caused, cracks are partially caused. C. Fractures
are caused, and processability (peeling property) is inferior. [0177]
<Transnjgtence> The transmttances (T% of light at a wavel ength of
400 rimwere nmeasured before and after the cured filmthus obtained was
heat-treated ¢ hgee rdnes oy RIOE foredomiplite in accordance with JIS-K7105
using a spectrophotoneter (UV3100 produced by JASCO Corp.). The results
are showeréonyTabtet2ylAbeahangef (theade answi tRerioe wabPuer dduerd vhe
smal | er the change in transmttance before and after the heat treatnent
is, thebBetEerpthetconedafi anthermal polymerization initiator was
dissolved in 84.5 parts by mass of a mother liquor obtained
by removal of the volatile components, and a solution obtained
thereby was processed by pressure filtration (pressure: 0.2
MPa) using a membrane filter (porous diameter: 1.0 um), s0 that
a curable composition 2 was cobtained.
rores]
The solvent concentration in the curable compositioﬁ 2
thus obtained was measured on the internal reference method
by a gas chromatography (Mcdel 6850, produced by Agilent
Technologies Inc.) and a hydrogen flame ionization detector
using a nonpelar column DB-1 (produced by J&W Scientific) at
a He flow rate of 1.2 cc/min., which was used as a carrier gas,
and at a temperature increasing rate of 10°C/min. within a
temperature range of 50 to 300°C.
[0166]
As a result, the isopropyl alcohol concentration was
0.82% by mass, the methanol concentration was 0.03% by mass,
and the water concentration was 0.10% by mass.
In addition, the viscosity of the curable composition
2 thus obtained was 231 mPa-s.
[C1le7]

(Example 3 of preparation of curable composition)



[0178] <Refractive index> Before and after the cured filmthus

obt ai ned was heat-treated three tines at 270C for 1 mnute, the refractive
i ndex was nmeasured at a neasurenent tenperature of 25C using a

mul ti-wavel ength Abbe refractometer DR-M2 (produced by Atago . Co. Ltd.).
The results are shown in Table 2. The ®nmall er the change in refractive

i ndex before and after the heat treatnent is, the better the cured film
is. [0179] <d ass transition tenperature Tg> The tan 6 val ue of the

cured film thys-obt aimedphBng1tiriskrherpeiabteevd nereasecdasnaeasured in a
tensile node, at a 80 tenperature increasing rate of 2Cmn. wthin a

t enper atdbent angecind ROC $013006 and atoracdmtegueney «of 0L 142 ifsitng DVS6100
(produced by Sei ko Electronics Co., Ltd.). The peak tenperature of the tan
5 val uemwas wegaritnthas tche .¢l assthr bpsnason 4 enperiatacerorre viegul ts are
shown in Table 2. The higher the glass transition tenperature is, the
better heats pbsashadcier the samedahinem dadn Foagole &S%M@ﬂraf@@ '

t enper at ur e> The 5% wei ght | oss tenperature of the cured filmthus
obt ai nedfwasraebiai nedprbyitieati ng it under a nitrogen atnosphere and at a
tenperature increasing rate of 10Cmn. within a tenperature range of 20C
to 500C[UsFAY a TG DTA (produced by Sei ko Electronics Co., Ltd.). The

results are shown in Table 2. The higher the 5%V\/e|g | 0SS te erature
i's, the better Tebpasesi SXERERDY hBT t1iF bAOFY Fin ARS. dfsappeared

_ hours after the HC1 soluticn was added. The viscosity of the
curable composition 3 thus obtained was 104 mPa-s.
(Example 4 of preparation of curable composition)

Except that y-methacryloxypropyltrimethoxysilane was
not used and the amount of the HCl solution at a concentration
of 0.1825% by mass was changed to 1.6 parts by mass, a curable
composition 4 was obtained in the same manner as in Example
1 of preparation of curable composition.

[0169]

Phenyltrimethoxysilane disappeared 8 hours after the
HCl solution was added. The viscosity ofithe curable
composition 4 thus obtained was 114 mPa-s.

(Example 5 of preparation of curable composition)

Except that 4.5 parts by mass of
cyclohexyltrimethoxysilane was used instead of using
phenyltriﬁethoxysilane and the amount of the HC1l solution at-
a concentrétion of 0.1825%.by mass was changed tTo 3.1 parts
by mass, a curable composition 5 was obtained in the same manner
as in Example 1 of preparation of curable composition.

[0170]



[0181] <Water Absorption Rate and Change in Refractive |Index before and
after Water | nmmersion> After the cured filmobtained in each

Exanpl e was inmersed In pure water for 24 hours, the water absorption rate
was neasured based on the change in weight before and after the inmmersion.
At the same tinme, the refractive i ndeXés were al so neasured at a

measur enment tenperature of 25C using a nulti-wavel ength Abbe refractoneter
DRV (produced by Atago. Co. Ltd.). The results are shown in Table 3. The
lover the 81xMai@fgRbsardthobr§ BbLyhBodie: simbt @bxyHe1ghange in
refractive index is, the better the environnment resistance is. [0182]
<Changedi 9:fReé s pcdi yendndexaat ter thborayesaluBbCnand=85%&dt ur at ed

Hum dity for 50 Hours> The cured fil mobtained in each Exanpl e was
stored tficachieymorhygt 0skasiatn85€ andoB5% satpwat etb hunird taftfear 50
hours, and the refractive indexes before and after the storage were

measur edhat Hal neabut eoenya t eapdedt urthofvR2E@asingod nht t¢uwaved engt h Abbe
refractometer DR-M2 (produced by Atago . Co. Ltd.). The results are shown
i n Tabl ecBpoTheismab| ehus hebthange wasréfraéeirve index is, the better

envi ronment resistance the cured filmhas. [0183] <Tenperature Dependence
Coef fi ci@htlbf Refractive Index>

The compositions of the respective components used for
preparation of the above curable compositions are shown in the

following Table 1.



After the refractive index of the cured filmobtained in each Exanpl e was
nmeasured every 5C within a neasurenent tenperature range of 25C to 55C

using a nmulti-wavel ength Abbe refractoneter

DR- M2 (produced by Atago.

Co.

Ltd.), the slope obtained by plotti’/dg the refractive index against the
tenperature was regarded as the tenperature dependence coefficient of the

refractive index. The absolute val ue thereof was cal cul ated. The results
are shown in Tabte 37 Thesmatter—the vatue s, thebetter enyi ronnment
resistance the gured|filmhas. <Shrinkage percentage> 82 The spin
coat er met hod s used to apply a resin solution on/ g silicon|wafer. This
substrate with wWhe gesin solution aB?Iled trheret o wasr neasured by an
. . - (@] . . . . . 5o . . . .
opti cal t hi ckness ers This il mthickiess: i sitakep®s an initial film
t hi ckness. The Substnate was exposed urder “a Al t rogei at nosphere to
produce a curad film| The thickness of the filmwas| neasured by a simlar
nmet hod. This flgn1th|ckness is taken as the filmthjckness after exposure.
The shrinkage |percenfage of the cured article was detcerm ned by the
equation bel ow. EThé' measurenent was carpied ot in fidve portions, and the
measur ement val Bes Jwre averaged. - o (lnitRal Filmihickness 1 Film
t hi ckness aft er—exposure)}/lnitial—filmthieknressx1006-<%The results
are shown in Table 3, The size and shape of the nold for nolding the cured
article can be Jesi gmed using this value. 83 Cur ablme
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[C172]
[Table 17

colloidal silica
Phenyltrimethoxysilane
Cyclohexyltrimethoxysilane
0.05N HCl sclution
Trimethylolpropéne triacrylate
Adamantyl acrylate

Composgition:

| Dicyclopentadienyl acrylate

t-Butylperoxy (2-ethylhexanoate)

oxide
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[0173]
[Preparation of Cured film]
<Active Energy-~Ray Hardening>

In Example 1 and Comparative Examples, the respective
curable compositions were coated on separate glass substrates
(50 mm x 50 mm) so that a cured film had a thickness of 100
pm, and the coating film was cured by exposure at 3 J/cm2 using
an exposure device into which an ultra-high pressure mercury
lamp was introduced. Then, an annealing treatment was carried
out at 180°C for 30 minutes.
[0174]
<Heat curing>

The curable composition 2 of Example 2 was coated on a
glass substrate (50 mm x 50 mm) so that a cured film had a

rthickness of 100 pm, énd,the coating film was cured by a heat
treatment at 140°C feor 10 minutes. Then, an annealing
treatment was carried out at 180°C for 30 minutes.
- [0175]

[Performance evaluation meithod]

<Molding processability>

The degree of processability in which the cured film is

précessed without occurrence of fractures or cracks when the
cured film is peeled off from the glass substrate was evaluated
based on the following indexes.

[0176]

A: Process (peeling) can be performed without occurrence

of fractures and cracks.
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B: Although fractures are not caused, cracks are
partially caused.
C: Fractures are caused, and processability (peeling
property) is inferior. |
[0177]
<Transmittance>
The Lransmittances (T%) ofrlight at a wavelength of 400
nm were measured before and after the cured film thus obtained
was heat-treated three times at 270°C for 1 minute in accordance
with JIS-K7105 using a spectrophotometer (UV3100 produced by
JASCO Corp.). The results are shown in Table 2. The larger
the transmittance value 1s and the smaller the change in
transmittance before and after the heat treatment is, the
better the cured film is.
[G178]
<Refractive index>
Before and after the cured film thus obtained was
heat-treated three times at 270°C for 1 minute, the refractive
index was measured al a measurement temperature of 25°C using
a multi—wavelength.Abbe refractometer DR-MZ (produced by Atago.
Co; Ltd.). The results are shown in Table 2. The smaller the
change in refractive index before and after the heat treatment
is, the better the cured film is.
- [0179]
<Glass transition temperature Tg>
The tan & value of the cured film thus obtained in a first

temperature increase was measured in a Lensile mode, at a
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temperature increasing rate of 2°C/min. within a temperature
range of 20°C to 300°C, and at a frequency of 1 Hz using DMS6100
(produced by Seiko Electronies Co., Ltd.}. The peak
temperature of the tan & value was regarded as the glass
transition temperature. The resultsare showninTable 2. The
higher the glass transition temperature is, the better heat
resistance the cured film has.

[0180]

<5% Weight less temperature>

The 5% weight lecss temperature of the cured £ilm thus

obtained was obtained by treating it under a nitrogen
atmosphere and at-a temperature increasing'rate of 10°C/min.
within a temperature range of 20°C to 500°C using a TG-DTA
(produced by Seiko Electronics Co., Ltd.). The results are
shown in Table 2. The higher the 5% weight loss Lemperature
is, the better heat resistance the cured film has.

[0181]

<Water Abscrption Rate and Change in Refractive Index before
-and after Water Immersion>

After the cured fiim cbtained in each Example was

immersed in pure water for 24 hours, the water absorption rate
was measured based on the change in weight befoﬁe and after
the immersion. At the same time, the refractive indexes were
also measured at a measurement temperature of 25°C using a
multi-wavelength Abbe refractometer DRM2 (produéed,byvAtago.

Co. Ltd.). The results are shown in Table 3. The lower the
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water absorpticn rate is the émaller the change in refractive
index is, the better the environment resistance is.
[C182]
<Change in Refractive Index after Storage at 85°C and 85%
Saturated Humidity for 50 Hours>
The cured film obtained in each Example was stored in
a thermo-hygrostat at 85°C and 85% éaturated humidity for 5C
hours, and the refractive indexes before and after the storage
were measured at a measurement temperature of 25°C using a
multi-wavelength Abbe refractometer DR-MZ (produced by Atago.
Co. Ltd.). The results are shown in Table 3. The smaller the
change in refractive index 1s, the better environment
resistance the cured film has.
[0183]
<Temperature Dependence Coefficient of Refractive Index>
After the refractive index of the cured film obtained
in each Example was measured every 5°C within a measurement
temperature range of 25°C to 55°C using a multi-wavelength Abbe
refractometer DR-MZ (produced by Atago. Co. Ltd.), the slope
obtained by plotting the refractive index against the
temperature waé regarded as the temperature dependence
coefficient of the refractive index. The absolute value
thereof was calculated. The results are shown in Table 3. The
smaller the wvalue is, the better environment resistance the
cured film has.

<Shrinkage percentage>
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The spin coater method was used to apply a resin solution
on a silicon wafer. This substrate with the resin solution
applied thereto was measured by an opticai thicknessmeter.
This film thickness is taken as an initial film thickness. The
substrate was exposed under a nitrogen atmosphere to produce
a cured film. The thickness of the film was measured by a
similar method. This f£ilm thickness is taken as the film
thickness after exposure. The shrinkage percentage of the
cured article was determined by the equation below. The
measurement was carried out in five portions, and the
measurement values were averaged.

(Initial film thickness -~ Film thickness after exposure) /
Initial film thickness x 100 <%>

The results are shown in Table 3. The size and shape of the
mold for molding the cured article can be designed using this

value.
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87 [0186] As shown in Table 2, the handling properties of the cu
abl e conpositions 1 and 2 are excellent since the curable conpositions
have | owvi scosities. Furthernmore, nolded cured filnms of the curable
conpositions are not only excellent in nolding processability but also
excellent in transparency and hgat resistance. [0187] In the
curabl e conposition 4, the dispersibility of the silica fine particles is
inferior, the transmttance at 400 nmis low, and the transparency is
inferior. [0188] In curable compositions 3 and 5, although the
nmol di ng processability is superior, the heat resistance of the cured
articles is inferior, and the decrease in transmttance of 400 nm by a
heat treatnment at 270C for 3 mnutes is large since the dispersibility of
the silica fine particles in the curable conpositions is stil
insufficient. [0189] The cured filnms of the curable conpositions 1
and 2 have. water absorption rates of 0.88% and 1.26% respectively, after
the water imersion for 24 hours. The refractive indexes are not
substantially changed before and after the water absorption; hence the
cured filnms are each excellent in environnent resistance. In
addition, the absolute values of the tenperature dependence coefficient of
the refractiveg Tndexgs of the nol ded |88
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cured articles of the curable conpositions 1 and 2 are 4.1x10-5/C and
4.5x10-5/C, respectively. The absol ute value of the tenperature dependence
coefficient of the refractive index of a poly (nethyl nethacrylate) which
has been conventionally used for an optical lens is 10.5x10-5/C. The
anount of change in refractive index of the nolded cured filns of the
curabl e conpositions 1 and 2 over the tenperature is half or less than
that of a poly (nethyl methacrylate)8 That is, the refractive indices of
the cured articles of the curable conpositions 1 and 2 have a snal
dependence on the tenperature, and hence it has excellent environnent

resi stance. (Exanples) The steps shown in FIGS. 10, 11 and 12 were
carried out using the curable conpositions' to 5 produced by the nethod
shown in Exanples 1 to 5 of preparation of curable conposition described
above. Good | ens arrays and nol ds used for nolding | enses could be thus
obt ai ned. | NDUSTRI AL APPLI CABI LI TY [ 0190] As already nentioned, the
present invention can be applied to, for exanple, a lens such as a | ens
array including aspherical lens portions and a nethod of nolding a nol ded
article such as a nold used for nolding such a lens. 89 CLAIMS [C aim 1]
A met hod of nolding conprising: a transformation step of bringing an
article to be nolded into contact with a transfer nenber on which a
transfer shape is forned and transform ng the article to be nolded to the
transfer shape;

6.48

5.79

(%)

Bbsorption rate of cured article




a curing step of curing at least a transforned portion of the article to
be nol ded; and a separation step of separating the article to be

nol ded and the transfer nmenber from each other, t he met hod
repeating the transfer step of transferring the transfer shape to the
article to be nolded nultiple tines, &hd the article to be nol ded

i ncludi ng a curabl e conposition contai ning a conpound having a

pol ymeri zabl e functional group and a polynerization initiator. [Claim2] A
nethod-Félg@jding according to claiml1, wherein the curable
conposition includes (a) silica fine particles, (b) a (nmeth)acrylate

havi ng two orpdmosieo@t hydh endisad |y, unisat wead edngretPse antdeHavf nghao cyclic
structure, (c) a (meth)acrylate having an ethylenically unsaturated group

and haviRgaigle addgyssic:i ois uctawe, apd édyedl pot yserde atlicomumittlieat or, and
the silica fine particles (a) are surface-treated with a silane conpound
(e) reptenedsedibys gener abwharsad sl (il s belfowthedmarsi, | mnededmowtd (f)
represented by general forrmula (2) below. 90 (1) (in general fornula
(1), RIffepsesentise alyaslbygerorato Dioms methyiograoupy, Rz aldmrdsdmts a 01
to 03 alkyl group or a phenyl group; R3 represents a hydrogenatonpraClito
Cl10 hydnotaiboemgraugsa. s abuicng egerefcoment snetrandba T $RCARIht eger
fromO to 2.) (CH2)s-Sil et (OR5)34

heat resistance.

[0187]

In the curable composition 4, the dispersibility of the
silica fine particles is inferior, the transmittance at 400
nm is low, and the transparency is inferior.

[0188]

In curable compositions 3 and 5, although the molding
processability is superior, the heat resistance of the cured
articles is inferior, and the decrease in transmittance of 400
nm by a heat treatment at 270°C for 3 minutes is large since
the dispersibility of the silica fine particles in the curable
compositions is still insufficient.

[0189]

The cured films ¢f the curable compositions 1 and 2 have.
water absorption rates of 0.88% and 1.26%, respectively, after
the water immersion for 24 hours. The refractive indexes are
not substantially changed before and after the water
absorption; hence the cured films are each excellent in
environment resistance.

In addition, the absolute values of the temperature

dependence coefficient of the refractive indexes of the molded



(2) (in general formula (2), R4 represents a O to 03 alkyl group or a
phenyl group; R5 represents a hydrogen atomor a 01 to C10 hydrocarbon
group; s is an integer fromO to 6; andt is an integer fromO to 2.)

[ C ai m 3] The net hod of nol di ng according to claiml or 2, wherein
the (Meth)acrylate (b) contained in tR& curable conposition is

(nmeth)acryl ate having three ethylenically unsaturated groups and no cyclic
structure. [C aim 4] The net hod of nol ding according to any one of
clai ms duted3arwheres nothensi biieapiéneoppoti eiess(a)anantaaned in the
curabl e conposition are surface-treated with 91 5 to 25 parts by

wei ght of 1 e Sgi bages eompaund/ (@) rwistdadraspact. t oha0bperise by lwei ght  of
the silica fine particles (a) and 5 to 25 parts by weight of the s
| ane compotine {dnpantd thare spaotnden O qraff isc dmyn wei fghth <t re fgialdtearsf | ne
particles (a). [Cal m5] The net hod of nol ding according to any one of

cl ai ms Andex 4oL whepeln(meghassmeraasiviahel enpérht bre beerhe honopol yner

of the (nmeth)acrylate (b) contained in the curable corrp05| tion and a gl ass
transi téonvérnperat Uy exofd tihe: homopolyaer Lefs tive (0vebdacs YW at @hee) are

bot h 150C or hi gher. . , . _
amount o change in refractive index of the molded cured films

of the curable compositions 1 and 2 over the temperature is
half or less than that of a poly({methyl methacrylate). That
is, the refractive indices of the cureclar%icles of the curable
compositions 1 and 2 have a small dependence on the temperature,
and hence it has e#cellent environment resistance.
(Examples)

The steps shown in FIGS. 10, 11 and 12 were carried out
using the curable compositionsl to 5 produced by the method
shown in Examples 1 to b of preparation of curable composition
described above. Good lens arrays and molds used for molding
lenses could be thus obtained.

INDUSTRIAT APPLICABiLITY
[G190]

As already mentioned, the present invention can be
applied to, for example, a lens such as a lens array including
aspherical lens porticns and a method of molding a molded

article such as a mold used for molding such a lens.



[ aim6] The method of nolding according to any one of claims 1 to 5,
wherein the viscosity of the curable conposition is 30 to 300 nPa. s.

89

CLATIMS

[Claimllj

A method of meolding comprising: a transformation step
of bringing an article to be molded into contact with a transfer
member on which a transfer shape is formed and transforming
the article to be molded to the transfer shapes;

a curing step of curing at least a transformed portion
of the article to be meolded; and

a separation step of separating the article to be molded
and the transfer member from each other, |

the method repeating the transfer step of transferring
the transfer shape to the article to be molded multiple times,
and the article to be molded including a curable composition
containing a compound having a polymerizable functional group
and a polymerization initiator.
[Claim 2]

A method of molding according to claim 1,

wherein the curable composition includes (&) silica fine
particles, (b) a (meth)acrylate having two or more
ethylenically unsaturated groups and having no cyclic
structure, (c) a {meth)acrylate having an ethylenically
unsaturated group and having an alicyclic structure, and (d)
a polymerization initiator, and

the silica fine particles (a) are surface-treated with
a silane compound (e) represented by general formula (1} below
and a silane compound (f) represented by general formula (2)

below.
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H.L=—=C O—~——(CHg)g=SiR%; (OR%)5.,

o=

(1)
(in general formula (1), Rl represents a hydrogen atom or a
methyl group; R2 represents a Cl to C3 alkyl group or a phenyl
group; R3 represents a hydrogen atom or a Cl1 to C10 hydrocarbon
éroup; g is an integer from 1 to 6; and r is an integér from

0 to Z2.)

(CH2)—SIR* (OR)3
(2)
(in general formula (2), R4 represents a Cl to C3 alkyl group
or a phenyl group; RS re?resents a hydrogen atom or a Cl to
C10 hydrocarbon group; s is an integer from 0 to 6; and t is
an integer from 0 to 2.)
[Claim 3]

The method of molding according to claim 1 6r 2, wherein
the (meth)acrylate (b} contained in the curable composition
is (meth)acrylate having three ethylenically unsaturated
groups and no cyclic structure.

[Claim 4]
- The method of molding according to any one of claims 1
to 3, wherein the silica fine particles (a) contained in the

curable composition are surface-treated with
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5 to 25 parts by weight of the silane compound {e) with
respect to 100 parts by weight of the silica fine particles
7(a) and

5 to 25 parts by weight of the silane compound (f) with
respeét to 100 parts by weight the silica fine particles (a).
[Ciaim 5] |

The method of melding according to any cne of claims 1
to 4, wherein a glass transition temperature of the homopolymer
of the (meth)acrylate (b} contained in the curable composition
and a glass transition temperature of the homopolymer of the
(meth)acrylate (¢} are both 150°C or higher.

[Claim 6]
The method of molding according to any one of claims 1

to 5, wherein the viscosity of the curable composition is 30

to 300 mPa-s.



