Description RESIN COVPCSI TI ON FOR HYBRI D LENS, MANUFACTURI NG METHOD FOR
HYBRI D LENS, HYBRI D LENS, AND LENS SYSTEM Technical Field The present
i nvention.concerns a technique for manufacturing a hybrid lens in which a
resin layer is bonded to a glass | ens base material. Background Art
Heret of ore, optical elenments having aspherical surface have been
frequently used so far in various kinds of optical equipnents with an aim
of inproving the perfornmance, reducing the size and the. wei.ght and savi ng
the cost of optical elenments such as |lenses or reflectors. Particularly,
projection lenses for use in |iqui desgsiatipnojectors, .constitute highly
sophi sticated optical system since images have to be magnified at a high
rati o i n a sh®ESI stEMPGS HNION hegR rE¥BRIE BERS HEANUBACTURING HETHS®Dar y
for aberration correction. Further, the final lens in the optical system
has a | arge di anet erQR \M¥BRED LENS caHYBREDEDENS, cANDt LENEedYBTEMSI ng
aspherical |enses, the nunber of |enses necessary for aberration
correction can be decreased greatly cornpared with a case of constituting
the systemonly by spherical |enses. As the aspherical quantity 1
Technical Field
The present invention concerns a technique for
manufacturing a hybrid lens in which a resin layer is bonded

to a glass lens base material.

| Background Art

Heretofore, optical elements having aspheriéal surface

have been frequently used so far in various kinds of optical
equipments with an aim.ﬁf improving the performance, reducing
the size and the weight and saving the cost ¢f aptical elements
such as lenses or reflectors. Particularly, projedtion lenses
-for wuse in liquid crystal proj ect_g:':rs, . constitute highly
sophisticated optica.l systém since images have to be ma;;nified
at a high ratio in a short distance and they recquire a number
of .'Len-ses necessary for aberration correction. _ Further, the

final lens in the 'optical system has a large diameter,

When an optical system is constituted by using aspherical
lenses, the number of lenses necessary for aberration correction
can be decreasea greatly compared with a case of constituting

the systemonly by spherical lenses. As the aspherical quantity



of the aspherical |ens increases, the nunber of the |enses that can be
saved al so increases,- but it has been extrenely difficult so far to

manuf acture an aspherical |lens of a |arge aspherical quantity,
particularly, -an aspherical lens of a large diameter. Wile the nmethod of
manuf acturing the aspherical lens includes a nmethod of precisely grinding
and polishing a glass lens, it involves a problemthat the production cost
is extrenely high. As other nethod. of manufacturing an aspherical lens, a
manuf acturi ng method of formng by stacking a resin layer of an aspherical
shape over &ifSpherasgien@ss leessihaseheen, kitosvmumbied sicithaneaselzethsal
lens is referred to as a hybrid Il ens. A nethod of manufacturing a hybrid

| ens gener aldan benpriesksl sedririagpsnbasphichzedegt axd reard yadi Sfbaskt
material with a nolding die for transferring an aspherical shape, filling
an  UV-ray e fhlretes esinufonnosd aroaspaentenlt henbase ahbeeabsphdritde

nol ding die, irradiating U/-rays fromthe side of the base material thereby

curing the dvareyitoyrabteicesenlepompoasbhenicallisng efoy lagdehei améténg di e

and bonding the resin layer formed wth an aspherical shape by transfer

fromthe nolding die to the base material. 2 A technique of manufacturing .

such a hybrid lens is - described in JP-A-62-258401, JP-B-6-93043,

JP- A-5-34509 and While the method of manufacturing the aspherical lens
includes a method of precisely grinding and polishing a glass
‘lens, it involves a problem that the productioncost is extrenaly

high,.

As other method of manufacturing an aspherical lens, a
manufacturingf method of forming by stacking a resin layex of
an aspherical shape over a sphérical glass lens has been known

and such an aspherical lens is referred to as a hybrid lens.

Anethodofmanufacturingahybridlens generallycomprises
combining an asphérical ‘glass 1e:r:;s as a base material with .a ) :
molding die for transferring an aspherical shgpe, filling an
UV-ray curable resin composition between the base material and
the molding die, irradiating ﬁV—-rays from the side of the base
material thereby'c':uring .th.e UV-ray curable resin compc;sition,
then removing the molding die and bonding the resin layer formed
with an aspherical shape by trlan'sfer fn.-:om'the molding die to

the base material.



JP- A- 2002- 2288d5. However, in existent UV--ray curable resin conpositions,
when the nolding die is released after curing the resin on the glass |ens
base material, the glass | ens base material has sonetines been cracked.
Further, the surface of the glass lens base material and the resin |ayer
have been peeled due to thermal stress caused by the changée of the
circunstantial tenperature during storage sonetinme failing to maintain
optical characteristics. Such phenonena are conspicuous particularly in a
case where the dianmeter is large and the resin layer is thick and those

having a di ameter mf t6@hANgRe f emwhbfiatRariBy NBuUBh t Bi ¢Sy ofehbe ikesin
| ayer of 850 pmor nore could not actually be manufactur.ed. Accordingly,

i ngenui ty wegefieeHs6@r ynf op-ahe2-peBdong dbepuponzouss meldirgaalgohang
aspherical shape as shown, .. for exanple, in Patent Docunent 4. Further,

cure nol di ngrper-28@2v@sgypstually inpossible for a lens in which the
maxi mumresin |ayer thickness is four tinmes or nore the m nimumresin.

| ayer thickness; that is a hybrid lens of a so-called intense |ocalized
t hi ckness. The thickness of the resin |ayer was about 10 to 300 pmand °

about -1 nmm at t he mHwRt@s) inFekiBeent! De-gdh{faiosTe dddiheohpedlitieds,

t hi ckness was 3 or less as the ratio of maxi mum thickness/ m ni frum

thickness. JuHeeahd MBLUInGt dY8S1E AR SUE sl FRBULABLHUERe rdW S idh the
glass‘lens base material, the glass lens base material has
sometimes been cracked. Further, the surface of the glass lens
basematerialandtheresiniayerhavebeenpeeimiduetothermal
stress caused by the change of the circumstantial temperature
during storage sometime failing to maintain optical
charaqtelristiés . Such phenomeﬁa are conspicuous particulariy'
in a case where the diameter is large and the resin layer is
thick and those having a diameter of 60 mm or more with the maximum
thickness of the resin layer of 850 pm or more ¢ould not actually
be manufactured. Accordingly, ingenuity was necessary for the
molding die upon cure molding of the aspherical shape} as shown, ..
for example, in Patent Document 4. further, cure molding per
sewasvirtuallyimpqssibleforalgnsinvmichthenmximumresin
layer thickness 1s four times or mere the minimum resin layer
thickness, that is a hybrid lens of a so-called intense localized
thickness. The thickness of the resin layer was about 10 to
300 pum and about 1 mm at the greatest. Further, the ciifference
in the localized thickness was 3 or less as the ratio of maximum

thickness/minimum thickness.



| ens having a resin |ayer of a |arge aspherical quantity by the formation
of the resin |ayer and the performance as the aspherical |ens was :
insufficient. The.present invention has been achieved in view of the
foregoing situations and it is an object thereof to provide a resin
conposition for use in a hybrid lens having a resin layer of a large

t hi ckness, capabl e-of manufacturing a high performance hybrid lens with a
| arge | ocalized thickness and capable of increasing the aspheri cal
quantity. Further, itisazxobjectof the present invention to provide a

met hod of manufacturing a hybrid | ens capabl e of nmanufacturing a high
performance hybrid |l ens having a. resin layer of a large thickness, with
a-large localized Abtokagrgly,ant whs| tigessilebhes imabu fpeiid Va Hybdtiher,
it is an object of the present invention is to provide a high perfornmance

hybrid I ens bansngawin®s pebayelapér offal Bdgfe Hiptdaiess] Wakhtathabgahe
| ocal i zed thickness, and of |large aspherical quantity. Further, it is an

obj ect of therpatsenis tveptsan layed md dReber fcanimrtisi e The sifidig.culhi gh
performance hybrid |l ens having a |arge aspherical quantity. Disclosure of
the Inventi opeforwagt shatdgithenkqr egoi ng obj ect, the present invention,

The present invention has been achieved in view of the
foregoing situations and it is an object therepf to providé a
resin composition for use in a hybrid lens having a resin layer

'ofalargethickness,capableofmanufactﬁringalﬂghperformance-
hybrid lé_ns with a large localized thickness and capable of

increasing the aspherical quantity.

Further, it isanobject of thepresent inventiontoprovide
amethod of manufactﬁring a hybrid. lens capabl.e of menufacturing
a2 high performance hybrid lens having a resin layer of a large
thickness, with aul;rge localized thickness .and of large.

asphérical quantity.

Further, it is an object of the présent invention is to
provide a high performance hy'bj:-i'd lens having. s resin layer of
'a large thickness, with a large localized thickness, and of large

aspherical quantity.

Further, it isanobjectof thepresent invention toprovide



at first, provides a resin conposition for use in & hybrid lens in which
the resin conposition used for forming a resin layer - of a hybrid | ens
conprising a resin |layer bonded to a glass |l ens base material contains a
radi cal polymerizabl-e nonomer and a silane coupling agent. The silane
coupling agent can inprove the adhesion between the glass |ens base
material and the resin layer, as well as can inprove-the surface hardness
of the resin layer which would cause a trouble in a case of softening the
resin layer in order to noderate a stress to the glass |ens base. materi al
caused by thelenpadyaesnZey iwsing i iniledg e drfeyetyn cprodidd eprsabiaivialg
useful ness. As a result, this enables to manufacture a high performance
hybrid | ens havange aaspRepitajeguahtatiyarge thickness, wth a large
| ocal i zed t hickness and capabl e of increasing the aspherical quantity. The
present invention provides, secondly, a the first resin conposition.for
use in a hybrid |l ens as descri bed above, wherein the radical polynerizable
monomer contains the fol | ow Dgsblosgredoenthd andenpgeadi ent B: | ngredi ent
A. a di(neth)acryl ate conpound represented by the follow ng general
formula (1): (Cherreahttaiming tdilk Rré&yédiyobiject, thepresent invention,

" at first, provides a resin composition for use in a hybrid lens

. in which the resin composition used for forming a resin layer

of a hybrid lens comprising a resin layer bonded t¢ a glass lens
base material contains a radical polymerizable monomer and a

silane coupling agent.

Thesilanecouplingagentcanimprovetheadhesionbetween
the glass lens base material and the resin layer, as well as
can improve the surfacg hardness of the resin layer which would
cause a trouble in a caée of softening the resin layer in order
to noderate a stress to the_ glass lens base material caused by
the: polymerization. shrinkage thereby. providing practical
usefulness. As a reéﬁlt, this enables to manufacture‘a high
performancehybridlenshavingaresinlayerofalarge thickness,
with a 1argé localized thickness and capable of increasing the

_ aspherical qugmtit'y. -

Thepresent inventionprovides, secondly, athe first resin

composition for use in'a hybrid lens as described above, wl;erein

- the radical polymerizable monomer contains the following



CH2=C-C -4 (CH2) nCH20 C-C=CH2 (where Rl represents hydrogen or a nethyl
group, mrepresents an integer of 2 to 5 and n represents an integer of 1
to 16) |Ingredient B: a nono (neth)acryl ate conpound represented by
following general forrmula (11): [Chemical formula 4. R2 0 C\N2=CC- O R3
(I'1) (where R2 represents hydrogen or a nethyl group and R3 represents a
cycl oal i phati c hydrocarbon group with a nunber of carbon atons of fromb5
to, 16) . The di (meth) acrylate conpound as the ingredient A has a
function of softening the resin layer, noderating the stress. to the glass
| ens base mategreldieads@damyd tingrediymr Bzati on shrinkage and provi di ng
durability, and the nmono (neth) acrylate 6 conpound as ' the. ingredient B .
has a functi dngokdismtohi:ng di (metbbsarylstef acepanndr asyraseiied Hybpriite
lens. It is possible to manufacture a high performance hybrid | ens having
a resin | ayépldbwingargaetrailc Koexslani{l) ;a. | arge | ocalized thickness and
capabl e of increasing the aspherical quantity by susing the acrylate
conpounds deg§Chehddadbdvenad.at 3¢ radi cal pol ynerizable nonomer. The
present invention provides, thirdly, the second resin

¥ 5
i

(where R' represents hydrogen or a methyl group, m represents
an integer of 2 to 5 and n represents an integer of 1 to 16)
Ingredient B: a mono (meth)acrylate c;ampound represented by
following géneral'formula {(IX):

[Chemical formula 4].

T
CH=C-C-0-R® «.o(ID

(whereR?IepresentshydrogenorwamethylgroupandRBreprésents
a cycloaliphatic hydrocarbon group with a number of carbon atoms

of from 5 to. 16)}.

The di (meth)acrylate compound as the ingredient A has a
function of softening the resin laver, moderating the stress
to the glass lens base material caused by the-polymerization

shrinkage and providing durability, and the mono (meth) acrylate



conposition for use in a hybrid | ens as descri bed above, wherein the
radi cal pol yneri zabl e nononmer further contains the foll ow ng ingredient C
I ngredient C. a urethanepoly (neth) acrylate having two or nore
(met h)acryl oyl oxy groups in, one nolecule, or an epoxypoly (neth) acrylate
having two or nore (.neth) acryloyloxy groups in one nolecule. The resin
| ayer can be provided with heat resistance necessary for the resin |ayer
by bl endi ng the i ngredient C. The present i nvention provides, fourthly, the
second resin "conposition for use in the hybrid |l ens as descri bed above,
wherein thecoopoend efs tthe ingramtiiemt A ika$ranf8octdofOofarime dowing ght
and the content of the ingredient Bis from5 to 40 parts by weight. It is
possi bl e t o mefgBseryr sunlatgrqmrfaryrascthhiybxid [lems .halibngs posssiti e
| ayer of a large thickness, with a large |ocalized thickness and capabl e
of increasingot henufphtnireat higlarperfosnaveeibyvhsipobmidllaving of tmasithe
resin layer, noderating the stress to the glass |ens base material caused
by the pol ymdeyeat pfnasharokagjel taness ensitle adeasgarlocalrifzet thhcdaressy by
conprising the ingredient A as a nain ingredient and properly blending the
i ngr edi ent .BanZ@heapalestentt incentedngptbeiagsherfidabiguantticeyt byrusimegitthe
conp05|t|on for use in a hybrid | ens as. descri bed above, wherein

acrylate compounds described zbove as the radical polymerizable

monomer.

The present invent:ion provides, thirdly, the second resin
composition for use ina hybrid lens as described above, wherein
theradical polymerizab.fl.e monomer further contains the following
tngredient C:

Ingredient C: a‘urethanepoly(meth)ac;ylate having two or:more
(meth)acryloyloxy groups in? one molecule, or an
epoxypoly‘(meth)acrylate'.having two oxr more {(meth)acrylovloxy

groups in one molecule.

The resim layer can be provided with heat resistance

necessary for the resin layer by blending the ingredient C.

" ‘Thepresent invent:'tonpfovides, fourthly, the second resin
compositionforuse;nthehybridlensasdesbribedabove,wherein
the content of the ingredient A ig from 30 to 90 parts by weight
and the content of the ingredient B is from 5 te 40 parts by

weight.



the content of the ingredient- Cis from5 to 50 parts by -weight. It is
possible to provide the resin layer with necessary heat resistance and

i nprove the hardness by properly blending, the ingredient C. The present

i nvention provides, sixthly, the first resin conposition for use.in a
hybrid | ens as descri bed above, wherein the content of the silane coupling
agent is from1l to 10 parts by weight. In a case where the, content of the
silane coupling agent is insufficient, the effect is not sonetines

devel oped and in 8 a.case where the content is excessi ve, the proceeding
rate of the polynerizing reaction Is increased and the injection
workability to the cavity is sonetinmes |owered extrenely. The present

i nvention provi desit deveotblipleataetdodt af turenuhdohupergoambaylar Hybebd

i ncl udi ng-nol d assenbling steps of opposing a glass |ens base material and
a gl ass nol dldrayilyringlizamelsdn duhsiantt al Lprequahivkhbsshawiah shtaphass

| ens base material for transferring an aspherical shape, adhering an
adhesi ve t apeoall el lAtievkale sirdral expifatilke mft dnereahsangaphketwpbaritad

gl ass |l ens base material and the glass nold thereby assenbling a hybrid

| ens ol di ngrulireciBy sshog tite pé apsseublef do thefra dithe desimor layer,
transferring the aspherical shape, ultraviolet rays can. be irradi ated
from moderating the stress to the glass lens base material caused

‘and .ensure necessary surface

by the polymerization shrinkage
accuracy by cemprising the ingredient A as a main ingredient

and properly blending the ingredient B.

The present invention provides, fifthly, the third resin
compasition for use in a hybrid lens as described above, wherein

the content of the ingredient Cis from 5 to 50 parts by weigﬁt.

It is possible to provide the resin layer with necessary
heat resistance and improve the hardness by properly blending.

the ingredient C.

The present invention provides, sixthly, the first resin
composition for use in a hybrid lens as described above, wherein
the content of the silane coupling agent is from 1 to 10 parts

by weight.

In a case where the content of the silane coupling agent

is insufficient, the effect is not sometimes developed and in



both sides of the glass | ens base material and the glass nmold. Since a
sufficient anount of ultraviolet rays can be supplied even to a portion of
an increased thickness at the center thereof by irradiating U/-rays from
the both sides, occurrence of polynerization strain can be suppressed as
much as -possi ble, occurrence of peeling or cracking in the resin |ayer can
be suppressed and occurrence of optical strain can also be suppressed.
Thus, a resin layer of a large thickness can be forned. Further, a cavity
capable of formng a thick resin |ayer can be fornmed easily by an adhesive
tape seal i ng netfwehere9thesenbteny ihetnansive erfthangintiarpdding By teppdsi ng
the glass lens base material and the glass nmold having a dianmeter

subst ant i al |5he dpniyeerizhogewredctivh adBerineyrersedhasidyhapénisatéanh of
the lateral surfaces of themthereby sealing the gap between the gl ass

| ens base natdarkaiti bty the theédtagityels F&mmh’eir,nessitmersdeeaanemegﬁ-t ape
does not interrupt the UV-ray irradiation fromboth sides, a sufficient
anount of UV-ray can be irradiated also at the periphery of the resin

| ayer and occurrence of. polynerization strain can be suppressed even in a
case of forming ahdipedesasi rivwyrdridm prieyides plservaintddgs. aThetprdseft

I nvention provides, eighthly, the seventh mnufacturing nethod of the
hybrid | ens menuissciibiny shbybr idnwbeteiln.alve imanalh 2 9% erpbing fsdrershe fgap

between the gl ass |ens
opp051ng a glass lens base material and a glass mold‘havlng a

- diameter substantlally equal with that of the glass lens base
material for transferéigg an aspherical shape, adhering an
adhesive tape on- the lateral surface of themto seai a gap between
theglass lensbasematerial andthe glassmold therebyassembling

a hybrid lens molding die.

Byvusing the glassmold for themoldingdie for transferring
the aspherical shape, ultraviolet rays can be irradiated from
both sides of the glasé lens .‘t_aase material and thé glasé mold.
Since a sufficient a@ouﬁt of ultraviclet rays can be supplied
even to a portion of an increased thickness at the center thereof
by irradiating UV-rays from the both sides, occurrence of
‘polymerization strain can be suppressed as much as possible,
occurrence of peeling or cracking in the resin layer can be
suppressed and occurrence of optical strain can also be
suppressad. Thus, a resin layer of a lafge thickness can be
formed. Further, acavitycapableof forminga thickresin layer

can be formed easily by an adhesive tape sealing method of



base material- and the glass nold is wthin a range from1l to 10 nm and the
rati o of maxi mum t hi ckness/ m ni mumthi ckness for the gap between the gl ass
| ens base material, and the glass nold wthin an effective dianeter is 4

or nore and 20 or less. Since the UV-rays can .be irradiated from both sides
of the glass |lens base material and the glass nold by using the glass die
for the nolding die, a sufficient anount of UV-rays can be supplied also.
to a portion of large thickness at the center thereof. As a result, since
occurrence of polynerization strain can be suppressed as | ess as possible

and occurreagseenblpeel ithe, hibBresatkhBomandihgedl ékey @nsoODEHIMTIeNGH s
optical strain can be suppressed upon curing of the UV-ray curable resin

conposi ti oniehkl Ifkd Nmateadialy anmd hthel aflgesdli hibgHencering t he dicemdteaed
t hi ckness, a resin-|ayer having a |l arge thickness and with | arge

di fference kGbkRanktegalivzededhicknensrean theaddaahdrifibepeanent vemegd i on
provides, ninthly, the seventh manuf acturingnethod of a hybrid | ens as

described abaveachhar ehd 14berabtdindambitseten afitiefene cablitgassedp ng
step, an injection step of filling an UV-ray curable resin conposition

into a gap between tegDh s 3ehehS seagerJibilLY ARl thrtdI®ig) asé. Mmikthand a

curing step of irradiating U/V-rays to the UV-ray curable resin conposition

filled intosiheega AehuettetthpetiassSnbeihterrupt the UV~ray irradiation
fromboth sides, a sufficient amount of UV-ray can be irradiated
also at the periphery of the resin layer and occurrence of

. polymerizationstrain canbe suppressedeven in a case of forming

a thick resin layer to the peripheral edge.

The present inventj__on provides, eighthly, the seventh
manufacturing method of the hybrid lens as described above,
‘wherein the maximum thickness fof the gap between the glass lens
base material and the glass mold is within a range from 1 to
10 mm and the ratio of maximum thickness/minimum thickness fér
the gap between the -g}lass léns base material.and the glass mold .

within an effective diameter is 4 or more and 20 or less.

Since the.-UV—rays can be irradiated from both sides of
the glass lens base material and the glass mold by using the
gla‘ss‘die .for 1‘:he m.ollding die, a sufficient amount of UVv-rays
can be sqpplied alsoc to aportion of large thickness at-the center |
thereof. Assaresult, sinceoccurrenceofpolymerizationstrain

can be suppressed as less as possible and occurrence of peeling,

10



base material and the glass nold fromboth sides of the glass |ens base
material and the glass nold thereby curing the UV-ray curable conpesition.
8y irradiating .Wrays fromboth sides of the glass |lens base material and
the glass nold, since a sufficient anbunt of UV-rays can be supplied even
to a portion of large thickness at' the center thereof and, as a result,.
occurrence of polynerization strain can be suppressed as | ess as possible,
and occurrence of peeling, cracking or the |ike and occurrence -of optical
strain can be suppressed upon curing of the Uv-ray 11 curabl e conposition

filled in thereakinyg hadi tige a ilkay,gantihbeknesan cans Wit dAr gerdiihf eagnee in
| ocal i zed thickness, a resin-layer having a |arge thickness, wth |arge

di fference i supbeecseeal ipefl curiicko€sshe anv-hea ¥ uras) e Thes Ph o$ MYESE 1 on
provi des, tenthly, the ninth nethod of nmanufacturing the hybrid | ens as

descri bed abdig)edhéneian caviie yetiked ai nelrieBi Afdr@Indd e L WHANG SELP: z &
anneal ing step of applying such a pressure as bringing the glass |ens base’

material andthiekgkass delediapDipseRaRd nicoa aattyotheekmbss %n&‘ﬁith%%@ea
tenperature higher than the glass transition point of the curing product -

of the UV-ragicticagheer @3 Rheonpesiized tHiRiamedoakes Fepamf. t he gl ass
nold can be transferred at a high accuracy while softening the resin |ayer

by appl yi ng

The present invention provides, ninthly, the seventh
manufacturingmethodofahybfidlensasdescribedabofe,wherein
the nethod comprises, after the mold assembling step, an
injection step of filling an UV-ray curable resin composition
into a gap between the glass lens base maferial and the glass
mold, and | |

a curing step of_irradiating UV=-rays to the UV-ray curable
resin composition filled into the gap between the'glass lens
basé material and the glass mold ffom.both sides Sf the glass
lens base material and the glass; mold thereby curing the Uv-ray

curable composition.

By’irradiatinngV—rays fronlbqth sides oq the glass lens
base‘matgrial and the glass mold, since a sufficient amountiof
: Uv;rays can be supplied-even'to d portion of large thickness
at " the center thereof and, as. a result, occurrence of
polymerization strain can be suppressed as less as possible,
and.OCCurrenée of;péeling, cracking or the like and occurrence

of optical strain can be suppressed upon curiﬁg ¢f the UV-ray

11



.the pressure while heating to a tenperature-higher. than the gl ass
transition point of the cured resin after polynerization by .Wrays. The
present invention provides, eleventhly, the ninth nmethod of manufacturing
a hybrid I ens as described above, wherein the nethod includes, before the
curing step, a prelimnary curing step of irradiating UV-rays thereby
gelling the UV-ray curable resin conposition. 12 Since polynerization can
be proceeded uniformy by' applying prelimnary cure of irradiating
UV-rays to the UV-ray curable resin conposition thereby gelling the sane

before substaphbakldbrpREtals £Ur BB nith: &bo i 8Y hakiadi A1 5 8Re tIRCOMdRNCE
of polymerization strain can be further suppressed. The present invention

provi des, twgh&thilth 1bRges@verdtend@tiRodela MRALEA i 2, BYPEL In |18 % AS
descrlbed above, ‘'wherein the glass |ens base nmateri al treated with a.

si l ane coupl haglﬁ?@uargé the%kneAd)oqi 0R 1frddel fféi"é‘nézél}i%f the 1 6lAss
| ens base materia I's sonetines not satisfactory by nerely bl ending the

silane coupthngkadest cwhtBet Berkeain conposition depending on the kind of
the glass |lens base material and; accordingly, it is desirable to

previously treat the glass |ens base material with the silane :coupling
agent . '

The present inventionprovides, tenthly, the ninthmethod
of manufacturing the hybrid lens as described above, wherxein
the method includes, after the curing step, an annealing step
of applying such a pressure as bringing the glass lens base
material and the glass mold approaching to each other while

heating to a temperature higher than the glass transition point

of the curing product of the UV-ray curable resin composition.

The aspherical shape of the glass mold ¢an be transferred
at a high accuracy while softening the resin layer by applying
the pi:es_sure while heating to a temperature higher than the glass
fransition point of the cured resin after polymefizatiqn by

UV~rays.

The present invention provides, ele@enthly, the ninth
methodofmanufacturingahybridlens as described above, wherein
themethodincludes,beforethecuringstep;apreliminary¢ﬁring

 step of irradiating UV-:;ay.s thereby gelling the UV-ray curable °

resin composition.

12



The present invention provides, thirteenth, a hybrid lens wherein a resin
| ayer forned of a resin conposition for. use in a hybrid |ens containing a
radi cal pol ynerizabl e nononmer and a silane coupling agent is bonded to the
surface of a glass |lens base jmmterial. By the use of 'the resin conposition
bl ended with the silane 13 ' coupling agent, it is possible to manufacture
a high performance hybrid lens having a resin |ayer of a large thickness,
with a large localized thickness and capabl e of increasing the aspherical
guantity. The present invention provides, fourteenth, the 13th hybrid | ens

as descri bed abovesyhegeigb lishridtiion t Begkness prokeklied eshifbayey s
within a range from1l to 10 mm By the use of the resin- conposition

bl ended wi t hgppiyihbapes] Lol i PG AGEHE, L Ard&bi i h@I- ofyss teht Re t-aaiess
can be forned. The present invention provides, fifteenth, the 14th -hybrid

| ens as desceinbgdlabaws: i nhedigidsitibos atherebymyelDimng thekBame/ MBaHigAem
thickness within the effective dianmeter of the resin layer is 4 or nore

and 20 or | es@bsBynthaluge edmpheteesthreormesitiicon tit-anded ity itdid osi,| ane
‘coupling agent, it is possible to forma resin layer with such. a large

| ocal i zed t hbekilegencéher poeghbl izatd i o9r8i8\d=tbe BixtleenishpprdstRs.
system
The present invention provides, twelfthly, the se&enth
mnethod of manufacturingahybrid lens asdescribed above, wherein
' the glass lens basematerial treatedwith a silane coupling agent

is used.

Adhesioﬁ of the resin layer to the glass lens basematerial
is sometimes not satisfactory by merely ble_nding the silane
.coupling agent with thé resin composition depending on the kind
of the glass lens basematerial and, accordingly, it isdesirable
to previously treat the glass lens basematerial with the silane

:coupling .agent. .

The present invgntion provides, thirteenth, a hybrid lens
wherein a resin layer formed of a resin composition for use in
a2 hybrid lens containing a radicai po_lymerizable monomer and
a silane coupling agent is bonded to the suxface of a glass lené

base material.

By the use cof the resin compositionblendedwith the silane
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using a hybrid lens in which a resin layer fornmed of a resiin conposition
"for use in a hybrid |l ens containing a radical polynerizable nononer, and a
silane coupling agent is bonded to 14 the surface of a glass |ens base
material. By using a high performance hybrid |l ens having a resin |ayer of
a large thickness, wth a large |localized thickness and capable of
i ncreasi ng the aspherical quantity by bl-ending the silane coupling agent
for a lens system a high performance and conpact projection |ens can be
constituted while saving the nunber of |enses required for aberration
correction gBupliageagedft, cotsid pukehplef@ nexafipteura Phogheidrdodmemnse
havi ng an extrenely w de angle. The present invention provides,"
sevent eent hhybR&d16éts |1edxei ng v t:erp ias ldgeer bifed hboye, tibekesns i hel s num
t hi ckness of the resin |layer of the hybrid lens is within a range from1
to 10 nm Byakhe use-=0isedybhidknens havdngapaidss nolfaybicoéa sim@X ithaem
t hi ckness and capabl e of increasing the aspherical quantity; a high
per f or manceagpHechapacEuaptiegl, system can be constituted while saving the
nunber of |enses required for aberration correction. Industrial
Applicability The resin conposition for use in the hybrid | ens according
The present invention provides, fourteenth, the 13th
hybrid lens as described above wherein the maximum thickness

of the resin layer.is within a range from 1 to 10 mn.

By the use of the fesin compositionblended with the silane

coupling agent, a resin layer of such a thickness can be formed.

The present inventionprovides, fifteenth, the 14thhybrid
lens as described above, wherein the ratio of maximum
thickness/minimum thickness within the effective diameter of

the resin layer is 4 or more and 20 or less,.

By the use of the resin composition blended with the silane
coupling agent, it is possible to form a resin layer with such.

a large localized thickness.

The present invention provides, sixteenth, a lens system
using a hybrid lens in which a resin layer .formed of a resin
composition for use in a hybrid lens containing a2 radical

. polymérizabl_e monomer and a silane coupling agent is bonded to

14



to the present invention can be utilized for forming a resin 15 | ayer of a
hybrid I ens forned by stacking a resin layer of an aspherical shape on a
spherical glass lens. Further, the method of manufacturing the hybrid |ens
accbrding to the present invention can be utilized for the manufacture of
a high performance hybrid lens having a resin |layer of a |large thickness,
with a large localized thickness and capable of incredsing the aspherical
quantity. Since the hybrid |l ens according to the present invention is a
hi gh performance aspherical |ens having a resin |layer of a |large

thi ckness, Whd gukpse8 bocal hzedst hbsknesseamdteapabl.e of aspheri cal
quantity, it can be utilized, for exanple, as a projection lens for a
liquid crystal projector. Since the optical systemaccording to the present
invention uses a high -performance hybrid | ens having a resin.layer of a

large thickness, wijhi2ingrdahieaidrRintdicek g and aapabivingoh resin
i ncreasing the aspherical quantity, it can be utilized, for exanple, as a

projection |efgef 05t UsEdryd AH kit £ y dialh apNQrer! Wocalrizeid Bhdeknpisison

of the Drawings [Fig. 11 is a cross sectional view show ng a preferred

enbodi nent  ofnd@ dHUBTE lENInkECARAI0the 4HeneF eLD qlawENty Wy blénding
the silane coupling agent for a lens system, a high performance
and compact projection lens can be constituted while saving the
nunber of lenses required for abe;ration correction in a case

of constituting, for example, a projection lens having an

extremely wide angle.

The present inventionprovides, seventeenth, the 16th lens
system as described above, wherein the maximum thickness of the
resin layer of the hybrid lens is within a range from 1 to 10

I .

By theuseofa hybzrid lens having a resin layer of a maximum
thickness and capable of increasing the aspherical quantity;
a high performance and compact optical system canbe constituted

‘while saving the number of lenses required for aberration

correction.
Industrial Applicability

The resin composition for use in the hybrid lens according

to the present invention can be utilized for forming a resin
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[Fig. 2] (a) - (d) are a flow chart show ng the steps for a nethod of

manuf acturing a hybrid |l ens according to the present invention. [Fig. 3]
(e) - (g) are a flow chart showing the steps for a nmethod of nanufacturing
a hybrid I ens according to the present invention. [Fig. 4] is a cross
sectional view showing the constitution of a projection |ens as an exanple
of an optical systemaccording to the present invention. [Fig. 5] is an
aberration chart of the projection lens in Fig. 4. Best Mdde for Carrying
Qut the Invention Preferred enbodinents for a resin conposition for use in

a hybrid | ens,yeé Mt ROAyBE-itRNELECEYFhEE By WbidEihens redifty haivér benanand
a lens system according to the present invention are to be described but

the inventi oy iiad estdp&ted 4 ospheri ¢l | gve8g eahedi ments. The resin

conposition fOr use in the hybrid l'ens according to the present invention
is used for form'ng a resin layer of a hybrid Iens forned by stacking a
resin | ayer of an aspherical shape on a spherical glass Iens. The resin

conposi tion for usgrtHed herhybhbenbans rageentdr A ey esgtidntenti on

contains a radical polynerizable nonomer and a sil ane coupling agent. 17
accbrding to the present invention can be utilized for the
manufacture of a high performance hybrid lens having a resin

layer of a large thickness, with a large localized thickness

and capable of increasing the aspherical quantity.

Since the hybrid lens according to the present invention
is a high pérfornlénce aspher:i,cél lens having a Jéesin layer of
a large thickness, with a lﬁrge localized thickness and capable
of aspherical'quantity,'it can be utilized, for example, as a

projection lens for a liquid crystal projector.

Sincetheoptical systemaccordingtothepresentinvention
uses a -high performance hybrid lens having a :-r:esin layer of a
large thicknéss, with a large localized thickness and capable
of increésing the aspherical quantity, it can be utilized, for
example, as a projection lens for use in a liqulid crystal

projector.
‘Brief Description of the Drawings

[Fig. 1] is a cross sectional view showing a preferrxed

embodiment of a hybrid lens accérding to the present invention.
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The radi cal polynerizable nononer is a main ingredient formng a resin

| ayer of a hybrid | ens by radical polynerization and curing. The radi cal
pol ynmeri zabl e nononer in the present invention preferably contains, as the
ingredient A, a di (neth) acrylate conpound represented by the foll ow ng
general ‘formula (l1). Ingredient A: [Chemcal formula 5] ROOR CHs=C-C -
- (CHR2)MCHR20 G CCH2 . Q (where R represents hydrogen or a nethyl group,
in represents an integer of 2 to 5 and n represents an integer of | to 16)
. The di (meth)acryl ate conpound represented by the general forrmula (I) as
the ingredient A isjmigmin (agredigntrefa thew esbrt §R8RORE AN b Ug8 i N
the hybrid |l ens according to the present invention and it has a function

of softening 4 Retheaidy hanefactik@nd 4 URReHY: 3bAE dcdBdaR] totHBrebERES
to the glass lens base material caused by the polynerization shrinkage:

and. providijRgreditfiadfi ] ity. Specific exanples of the di (neth)acrylate
conpound 18 represented by the general forrmula (1) can include, for

exanpl e, di (neth) qoFd .ate c@{moq@;qisaﬁé DHIRE BrkeResbWERY HICR RS for
.ethylene glycol di(nmeth)acrylate, diethylene glycoj
' amethod of manufacturing a hybrid lens according to the present

invention.

[Fig. 4] isacross sectional viewshowing the constitution
of a ﬁrojection lens as an example of an optical system according
to the present invention. - |

[Fig. 5] is an aberration chart of the projection lens

in Fig. 4.

Best Mode for Carrying Out the Invention
Preferfed.embodiments for a resin composition for use in
a hybrid lens, a method of manufacturing a hybridlens, a hybrid '
lens and a lens syétem according to the present invention are
to be described but the invention is not restricted to the

following embodiments,

The resin conposition for use in the hybrid lens according

to the presént inventionlis used for'fo:mihg a resin layer of
" a hybrid lens formed by stacking a .resin layer of an aspheri;::al
;hépe on a spherical glass lens. The resin composition for use

in the hybrid lens according to the present invention contains

a radical polymerizable monomer and a silane coupling agent.
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di (nmeth)acrylate, triethylene glycol di(nmeth)acrylate, tetraethylene

gl ycol di (nmeth)acryl ate, pentaethylene glycol di(neth)acrylate, and

nori aet hyl ene gl ycol di (neth)acrylate, di(meth)acrylate conpounds of

pol ypropyl ene glycol such as propylene glycol di(neth)acrylate,

di propyl ene glycol di(neth)acrylate, tripropylene glycol di(neth)acrylate,
tetrapropyl ene glycol di(nmeth)acrylate, and nonapropyl ene glycol

di (nmeth)acryl ate; di (neth)acrylate conpounds of pol ybutyl ene glycol such
as butylene glycol di (neth) acrylate, dibutylene glycol

~di (nmeth)acrylate, tributylene glycol di(nmeth)acrylate, tetrabutylene
glycol di(nmeth)acrylate, nonabutylene glycol di(nmeth)acrylate, and

dodecabutyl ene gl ypod AAYRLINROIAA! 221800 H{SHRLN AL Y kBlS, G9ERAUILALO"

- caprol actone adduct of 1, 3-butyl €éne glycol di(net acryla

1, 6-"hexanet th@ﬁﬁlnglayféélﬂ'l(a?rh%f‘g ¥iBkeq l%’xs %gt:{ﬁﬁ%igc?éjlfgé'i%n@&&%%%lon

gI ycol di (nmeth) a-~fylate pentyl gI ycol
hydr oxypi val '&1&%&1&?@}39&%@ ragll}l'ﬁ%e eEQEBEEJE x@én&r@&;"ﬂgr Te sBnit"

the resin COITpOSItI on "for use int ri | ens accor gto present

invention isjibddfoR rﬁw@eﬂ@ifra&ﬂtém@ 3%, 0 3} p\%ﬂ?’i‘e@i L ght, 419

particularly, from50 to 80 parts by weig In a case e content
of the ingrediefhetn)isriDatd otRiing f'@p:?é'géhﬁbﬁrﬁy the following general

formula (I}.

Ingredient A:

[Chemical formula 5]

PR ¢
- CHFC—C—[- (GHz)CH20 ‘}T C-C=CH: sor (D)
(where R! represents hydrogen or a methyl group, m represents

an integer of 2 to 5 and n represents an integer of 1 to 16)

The di (meth) acrylate compound represented by the general
formula (I) as the :‘_tng:r:edient A is amain ingredient of the resin
composition for use in the hybrid lens according to the present
invention and it has a function 6f.softening the resin layer
into a rubbery state, moderating the stress to the glass lens
base material ca'us‘ed by the polymerization shrinkage and

providing durability.

Specific examples of the di I(meth)acrylate compound
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flexibility is obtained for the resin |ayer, the heat resistance coping
with the change of the. circunstance tenperature is insufficient and the
amount of water absorption cannot sonetinmes be suppressed. On the other
hand, in a case where the content 1is excessive; the surface hardness
sonetines |lowers remarkably. Further, the radical polynerization nononer in
the resin conposition for use in a hybrid |lens according to the present

i nvention preferably contains, as the ingredient B, a nono (nmeth) acrylate
conpound represented by the following general formula (I1). [Chem cal

formula 61 RZ.QrekbntEHirtria@diral fobthl WO 8aff4 HERIBSLRLE dRiAGEN Or

a nethyl group and R3 represents a cycloaliphatic hydrocarbon group with a

nunber of capRRe@hPABryRhthr Whmipdithdd) of TR 1FRANRINY ag1 ¥Ea1 € saeRpaind

represented by the general formula (11) as the ingredient B has a function

of inprovingsihheesdrfa eaur agy (gl tthha RQNWIRY | Zatditsaread r e1ycdiayer
necessary fogttgeehybriggygns. 20 épecipigﬁgianples o# tﬁguhnno (E%?%)

ggm gtg C({”H@l{ﬁétﬁ@acx&maltgge, £¥€LERONENL ( MESTYEST V! atieimedin) Ao Hdret h)
| tetraethylene glycol di(meth)acrylate, pentaethylene glycol
di(meth)acrylaﬁe, and noriaethylene glycol di(meth)aérylate}
di(mefh)acrylate compounds of polypropylene glycol sucp as
propylehe _glycol di(meth)acryla;e, dipropylene glycol
di(méth)acrylate, tr;propylene glycol di (meth)acrylate,
tetrapropylene glyeol di (meth) acrylate, and nonaproﬁylene
glycol di (meth)acrylate; di(meth)acrylate compoundé of
polybutylene glycol such as butylene glycol di (meth)acrylate,
dibutylene glycol ’di(meth[acrylate, tributylene- glycol
di (meth)acrylate, tetrabutylene glycol di(meth)acryiate,
‘nonabﬁtylene glycol di(meth)acrylate, and dodecabutylene
glycol di{meth)acrylate; and di(meth)acrylate compounds of
.caprolactone adduct of 1, 3-butylene glycol,di(meth)aérylate;
1, 6-hezxamethylene “glycol di(metﬁ)acrylate,
1,l4-tetradecamethylene glycol di(meth)acrylate, neopentyl
glycol di(meth)acrylate, and hydroxypivalic acid neopentyl

glycol.
The content of the ingredient A in the resin composition

for use in the hybrid lens according to the present invention

is within a range preferably from 30 to 90 parts by weight,
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trimet hyl cyl ohexyl (net h)acryl ate, norbornyl (nmeth)acryl ate,

i sobornyl (neth)acryl ate, adamantyl (neth)acryl ate, -

di cycl opentyl (neth)acryl ate, ,and

tricyclo(5,2,1,02.6)decan-8-yl (neth)acrylate. The content of the ingredient
Bin the resin conposition for use in the hybrid | ens according to the
present invention is preferably within a range from5 to 40 parts by

wei ght, particularly, 10 to 30 parts by weight. In a case where the
content of the ingredient Bis insufficient, no sufficient. surface

accuracy can getisiRidINgs henoBoatsedoapsht Oy heeiggiter Ihaadcabs whease
where the content is excessive, the heat resistance of the resin is

soneti mes detigrd epatedt dheHadhealedienynRriy dblse fTdRdrgit,i ot Meffbsiant
conposition for use in the hybrid I ens according to the present invention

preferably canteading,]iasy  Boutgrad eot the fesith Aharcpohy beRitpast ytaiee
havi ng two or nore . (neth)acryl oyl oxy groups in one nol ecule, or an

epoxypol y( netdlasiay |t € heMengHanyeO ro fiof Re ( BRERIAETENGY aipagfainss i fisone
nol ecul e. The ingredient- Cis an ingredient providing the resin |ayer with

heat resi st angguaTd Jarcht shdGheinARPt 0P Watles dW¥shieSton 2inhe: sometimes
ur et hanepol y(net h) acryl ate having two or nore (neth)acryl oyl oxy groups. in
one nol ecul eas siippriesgeadi eoh the other hand, in a case where the content

is excessive, the surface hardness sometimes lowers remarkably.

Further, the'radical'polymerization monomer in the resin
composition for use in a hybrid lens according to the present
invention preferably contains, as the ingrgdient B, a
mono {meth) acrylate compound represented b}} the following
general formﬁla (iI) . |

[Chemical formula 6]

RO
1
CH=C-C-0-R™ -« (])
- (where R? represents hydrogen or amethyl group and R> répresents

a cycléaliphatic hydrocarbon group with a number of carbon atoms

of from 5 to 16).

The mono (meth)acrylate compound represented by the
general formula (IT) as the ingredient B has a function of
improvingthesurfaceaccuracyofthepolymerizationcuredresin

layer necessary for the -hybrid lens.
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can include a urethanizing reaction product of a (neth) acrylate having a
hydr oxyl group and an isocyanate conpound having two or nbre isocyanate
groups in the nolecule. Specific exanples of the polyisocyanate conpound
having. a polyisocyanate group having at | east two isocyanate groups in
t he nol ecul e can include aliphatic, aromatic, or cycloaliphatic

i socyanates, for exanple, tetranethylene diisocyanate, hexanethyl ene

di i socyanate, 2,2,4-trimethyl enehexanethylerie diisocyanate, cycl ohnmexane
di i socyanate, isophorone diisocyanate, tolylene diisocyanate, xylylene

diisocyanate, 1,3-BLstarac SRl B§Qﬂ¥é‘ﬁ%h%”(ﬁfe%|)%ac-ryl%%@zé&@pound can

di phenyl net hane dii socyanate, mphenyl ene dii socyanat e,

di cycl ohexyl @ﬁefﬁeegidd'ya%??éﬂ (RABHLNANIR &) LPOLYRORYLE (moBAf ARRNGRE,

di i socyanate. Conmpounds having "at |east two isocyanate groups .in

mol ecul e obt ai peflabyyBe1EARGYI ARathsbielathe | 5ReYARRANTRAS EIhSd ARV e

and a conpound havi ng eaSt two actiVve hydrogen atons such as o6f am no

group, hydroxygogheHP) 3R tRRLEOYYLEELOUP, OF tri BRGNS AGHARE LM e
i socyanate co%%%undsgdgscrﬁg%d gbove can al so be used. 5gunrthg}?%{he !

eDOXyp0|y.(”e&b&yéﬁé?%nﬁyﬁ(ﬂ@‘ﬁhb‘gcﬂ)@aﬁé,mr? (meth) acryl oyl oxy groupgyin
one nol ecul e can inclfude™a glycidyl™ group ring opening reaction product

bet ween an epexy~¢erBQynd, 1, 0% %) decan-8-yl (meth) acrylate.

The content of the ingredient B in the resin compo_sition

" for use in the hybrid lens according to the present invention
is preferably within a range from 5 to 40 parts by weight,

particularly, 10 to 30 parts by weight. In a case where the

content of the ingredient B is insufficient, no sufficient

surface accuracy can not sometimes be obtained and, on the other

hand, inacase t«a;here the contem'; ;s excessive, theheat resistance

of the resin iz sometimes deteriorated.

Theradical polymerizablemonomer in the resincomposition
for use in the hybrid lens according to thé present invention
preferably contaiﬁs, as. the ingredient C, a
urethanepoly{meth)acrylate- ‘ having two or nore
(meth)acryloyloxy groups in one molecule, or an
epoxypoly (meth)acrylate having two or mere (meth)acryloyloxy
groups in one molecule. The ingredient C is an ingredient
providing the resin laver with heat.¥esistance and.éroviding

an appropriate hardness.
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having two or nore glycidyl groups in the nolecule and (neth) acrylic acid
or a conpound having (neth)acryl oyl oxy group and a carboxyl group in the
nol ecul e. The epoxy conpound having at |east two glycidyl groups in the
nol ecul e used for the ring-opening reaction can included, for exanple,
fatty acid epoxy conpounds such as 1, 6- hexanedi ol diglycidyl ether,

et hyl ene glycol diglycidyl ether, diethylene glycol diglycidyl ether,
triethylene glycol diglycidyl ether, tetraethylene glycol diglycidyl

et her, nonaethyl ene glycol diglycidyl ether, propylene glycol diglycidyl
ether, dipropylene glycol diglycidyl ether, triethylene glycol diglycidyl
ether, tetraethylene glycol diglycidyl ether, nonapropylene glycol

di glycidyl ether, nEgpenrirdtrHnEsly daaﬁmca@m@&@emaxﬂi yaiwdy! oet hppbraf
neopentyl egcoI hydroxy pivalate, trinethylol propane diglycidyl ether,
trinethylol chﬂﬂfﬂ&i{ﬁ)’éx‘&iﬁ@rmn Prec eicledliid WG d¥e Qha%dzahxﬁcer ol
triglycidyl ether ycerol triglycidyl. ether, pentaerythritol

di gl yci dyl etdhat ;Lna@mi@eé yahlaRhia@i 2 iRyt fé‘@&&.@bﬁ!)ﬂrcﬁiﬂlﬁi of ¢ mﬁetaqfé&&pnhwl
pentagl ycidyl ether, dipentaerythritol hexaglycidyl ether, sorbito
tetraglyci dy|ha\9i la hiidHaGi1d¥ro@bh8hd0dn ¥ dSckZn Ayl IcuntRiund having two

i socyanur at e, i glycidyl ether of tris(2-hydrdxyethyl)isocyanurate,
triglycidyl Qimﬁoﬁ_é 1goS¢Indver QyebHyin i 606 yaOUEaLBe.

Specific examples of the polyisocyanate compound having. -
a polyisocyanate gréup having at least two isocyanate groups
in the molecule c¢an include aliphatic, aromatic, or
" cycloaliphatic isocyanates, for example, tetramethylene
diisocyanate, hexamethylene . diisccyanate,
2,2,4-trimethylenehexamethylene diisocyanate, cyclohmexane
diisocyanaté,isophoronediisocyanate}tolylenediisocyanate,
xylylene ] diisocyanate,

1,3-bis (&, 0"'~dimethylisocyanatemethyl) . .benzene,

.diphenylmethane diisocyanate, m=phenylene Ldiiéocyanate,.”u.

dicyclohexylmethane diisocyanate, naphthalene diisocyanate,
and biphenyl diisocyanate. Compounds'having at least two
isocyanate groups in the molecqle obtained by the reaction
between the isocyanates described above and a compound-having
. atleasttwoactivehydrogenatomssuchasofaminogroup,hydroxy
gEoup and barngyl group, or trimers to pentamers of the

isocyanate compounds described above can also be used.

22



cycl oal i phati c epoxy conpounds such as diglycidyl ether of isophoronediol,
di glycidyl ether of 1,4-bis(hydroxynethyl)cycl ohexane, and di gl yci dyl

et her of bis-2,2-hydroxycycl ohexyl propane, and aromati c epoxy conpound
such as resorcine glycidyl ether, bisphenol A, bisphenol F, bisphenol A
di gl ycidyl ether obtained by condensation of bisphenol S and

epi chl of ohydri ne, bisphenol F diglycidyl ether, bisphenol S diglycidyl

et her, tetrabrono bi sphenol A diglycidyl ether,

bi s( 3, 5-di et hyl - 4- hydr oxyphenyl ) sul f one,

bi s(3- et hyl - 4- hydr pxy@heny! Jisid %ﬁBﬁyp@QQQﬁ@ﬁﬁ‘) bepyReedutdvialg two or more
bi s( 3- phenyl - 4- hydr oxyphenyl ) and epi chl-orohydrine, condensation product

of 2, 6- Xyl enolm&tiEs c2Pto $POLR I h e mEl bMEedHn eaEe0defa glP(cidyl
ort ho-phthalic acid, phenol novolac polyglycidyl ether, and cresol novol ac

pol ygl yci dyl &tbes . rikie cpmeldebetion’ pretifdthéhwibs AP QRH:R0ERABRYSA

descri bed above can include, for exanple, acrylic acid and nethacrylic

aci d and, in 1306 A& 0mwcabhondrJIr guRrsartial gkdeps (8L NERE! Welemokd aianed
by reacting hydroxyethyl (neth)acrylate and an acid anhydri de such as

o- pht hal i ¢ ac{fletRNAYEY] e acalth R aCadmtd BEURTCERS & 1 Aty (EL SR Refwhat e

obt ai ned by reacting glycidyl (neth)acrylate and a conpound having two or

nmore car boxylagd capSatHokPE GPOESULE BHEhmaseadipi.c . 24 acid. The reaction
bet ween the epoxy conpound and the carboxyl -

The epoxy compound having at least two‘glycidyl groups
in themolecule used for the ring-opening reaction can included,
for example, fatty acid epoxy compounds such as 1,6—hexanedi$l
diglycidylether,ethyleneglycqldiglycidylether,diethylene
glycol diglycidyl ether, triethylene glycol diglyeidyl ether,
fetraethylene glycol diglycidyl ether, nonaethylene glycol
diglycidyl ether, pfopylene glycel diglyecidyl ether,
dipropylené gl?col diglycidyl ether, Friethylene glycél
diglycidyl ether, tetraéthylene glycol diglyeidyl ether,
nonapropylene glyvcol diglyeidyl ether, néopentylﬂ glycol

" diglyeidyl ether, diglycidyl ether of neopenty.l glyéol hydroxy
pivalate, trimethylol propzane diglécidyl ether} trimethylol
propanetriglycidylether,glyceraldiglycidflethér,glycerol
triglycidyl ether, diglycerol triglycidyl ether,
pentaerythritel diglycidyl ethér, pentaerythritol
tetragljcidyl etherf dipentaerythritol pentaglycidyl ether,
dipentaerythritol hexaglycidyl ethex, sorbitol tetraglycidyl

ether, diglycidyl ethexr of tris (2-hydroxyethyl) isocyanurate,
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group-containing (neth) acrylate is conducted, for exanple, by mxing both
of them adding, a tertiary am no conpound such as

di met hyl ami nonet hyl net hacryl ate or a quaternary amine salt such as
benzyl tri met hyl ammoni um chloride as a catal yst, and heating at 60C to
110C. The uret hanepol y(neth)acrylate or the eopoxypoly (neth) acrylate can
be used alone or as a mxture.of two or nore of themand in view of the
col orl ess transparency and the heat resistance of a hybrid | ens obtained
by curing, an adduct of- isophorone diisocyanate,

2,2, 4-trinet lhiexamsihy! eiterdi | STy anat s (ot ahpst vl teseyanurate,

dllsocyanate xylyl ene diisocyanate,

1,3-bis(a, a' difmEkildyaocy aakenet byl ) henzeme;hyd oy etiey Xl 1 socyamat £- oF
napht hal ene dllsocyanate and 2- hydroxypropyl (noth)acrylate as the

ur et hanepol y (GRORAGHHALS &fody I d@ndpr eduit as @iglidi-ddlexsitest obf
- diglycidyl ether, diethylene glycol diglycidyl ether, trinethyl ol propane

di.gl yci dyl et Rgfop Hdﬁdﬂadndxﬂpropane dirdglyicdgly| et her, @tlyeer ol of
triglycidyl ether triglycidyl of tris(2- hydroxyethyl)lsocyanurate

2, 2- bi s(4-gl mgumwl@q@m@meydh)ﬂ)m@hdnamen@hdAd:.d&gl:yleﬂydyletﬂidr:ﬁrof
bisphenol S diglycidyl ether or tetrabrono bisphenol A‘'diglycidyl ether,

and acrylic agisd29n-midrasydydl ofelyd progdiee e padynaine (e ehpxyassybourtd

are used particularly 25
such as resorcine glycidyl ether, bisphenol A, blsphenol F,
bisphenol A diglycidyl ether obtained by condensation of
biéphenol S aﬁd epichlor‘ohydrine,lbisphenol Fdiglyecidyl ether,
b;éphenolSsdiglyéidylether,tetrabromobisphenolI&diglycidyl
ether, bis (3, 5-dimethyl-4-hydroxyphenyl) sulfone,
bis (3-methyl~4-hydroxyphenyl) sulfone, condensation product of
bis {3-phenyl-4-hydroxyphenyl) and - epichlorohydrine,
condensationproéuctofz,G—xylenoldimerandepichlorohydrine,

diglvcidyl ester of ortho-phthalic acid, phenol novolac

polyglycidyl ether, and cresol novolac.polyglyqidyl.ether.

The compound to be reacted with thé epoxy compounds.
described above can include, for example, acrylic acid and
methacrylic acid and, in addition, carboxyl group-containing
{meth)acrylate obtained by reacting hydroxyethyl
(meth)acrylate and an acid aphydride such as o-phthalic acid
anhydride, and a carboxyl group-containing (meth)acrylate
obtained by reacting glycidyl(meth)acrflate and a compound

having two or more carboxyl groups in the molecule such as adipic
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preferably. The content of the ingredient Cin the resin conposition for
use in the hybrid I ens according to the present invention is . preferably
within a range fromO to 50 parts by weight, particularly, 5 to 50 parts
by wei ght and nost preferably, 10 to 30 parts by weight. It may not be
contained in a case where not so high heat resistance is required for the
hybrid lens. The content in the range described above is preferred for
provi ding an appropriate heat resistance. In a case where the content is
excessive, the resin | ayer hardens excessively and .the glass |ens base

material my osai blindReGEagkadbeAfcdR he 850k PLIMMARH BYdOd BE rboxyl
conposition is increased to sonetines deteriorate the workability in nold

casting. The ?fd,@ﬂecgﬁgﬂhﬂﬂg?ﬁ@éﬁwﬁércl%@a@S."snEbﬁHuc't@ar egdb ey gl et B?

resin conposition for use in | ens. according.”to the presen

i nvention is g{ngnediepl Eﬁémprmaﬂwg @@@%&'ﬁwﬁﬁmeewﬁﬁ&lﬁ@% 38

| ens base material"and the resin | ayer- I's al S0 an ingredient o

i mpr ovi ng thedﬁuéiwfathﬁ&esﬁﬁ %eﬁﬂscr ste Jzaagﬁakarﬂgwaﬁkﬁrwggit 9@&3 s

useful ness. That 1s, by the endlng o the d th) acfiylate conpoun
the ingredienig éenztylierﬁr@twlamaoﬁuﬁ@m%ﬁ%e a&raeaéthqyefee e%c@ﬁ%a't?&ﬂ%

base material causéd by the pol ynerization shrinkage is noderat

durability '§tpé@¥ﬂQE9]%Q¢Ca hi gh perfornance hybrid | ens haV|ng a resin
26

The urethaﬁepoly(meth)agrqute or the eopoxypolj
(meth}acrylate can be used alone 'or a5 a mixture bf‘two .or more
of them and in view of the colorless transparency and the heat
resistance of a hybrid lens oBtained by curing, an adduct of
isophorone diisocyanate, 2f2,4—trimeth§lhexamethyleﬁe
diisocyanate, dicyclohexylmethane diisocyanate, xylylene

1

dllsocyanate, 1l,3-bis (a,a'-dlmethyllSOCyanatemethyl)benzene,
tolylene diisocyanate orx naphthalene diisoecyanate, and
‘ z—hydroxypropyl (meth)acrylate .. as " the
urethanepoly(meth)acfylate, or a reaction productﬂ,éf o
1, 6~hexanediol diglycidyl éther, diethylene glycol diglycidyl
ether, trimethylolpropanediglycidyl ether, trimethylolpropane
triglyecidyl ether, glycerol triglycidyl ether, triglycidyl of.
‘ " tris(2-hydroxyethyl) isocyanurate, .
2,2-bis (4—§lycidyloxycycloﬁexyl) propane, bisphenol A
diglycidyl éther, bisphenol s digiycidyl ether or tetrabromo’
bisphenol A diglyecidyl ether, and acrirl‘i;:: acid or methacrylic

acid as the epoxypoly(meth)acrylate are used particularly
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| ayer of a large thickness, with a |arge |ocalized thickness and capable
of increasing the aspherical quantity can be produced. On the other hand,
it also has a function of conpensating the drawback that the surface

har dness | owers excessively to lack in the practical useful ness. The
silane coupling agent generally has a structure having an organic
functional group having a substituent coupling with an _organic nmateri al
and a hydrol yzable group reacting with an inorganic material in one

i dentical nolecule. The organic: functional group is a vinyl group,

gl yci doxy gr @nfaweidliacryl group, am no group or nercapto group and the
hydr ol yzabl e group mainly conprises chlorine and al koxy group. Specific
exanpl es of the silane coupling agent can include, for exanple,
vinyltrichloro silane, vinyltriethoxy sil ane, - _
vinyl tris(j3-nmet hoxyet eexypaikl ahehey iglgyeiddexypcony lilid reslhaxyompdsiei on
y-gl yci doxypropyl di met hoxy sil ane, y-nethacyl oxypropyltrimnmethoxy sil ane,
N- (3(am noet IBdy ysaminophoyyhrideldix\acddmliidng to the present invention
N- R(am noet hyl ) y-am nopropyl di met hoxy Silane, y-chloropropyltrinethoxy
silane, y-nerigapiepfeombly ivethdxya ghhaee framd Oy-tam3wpsapyd thy evdbayt,
silane. The content of the silane coupling agent in the conposition 27
particularly, 5 to 50 parts by weight and most preferably, 10
to 30 parts by weight. It may not be contained ina case wh.ere
not so high heat resistance is required for the hybrid lens.
The content in the range described above is preferred for
providing an appropriate heat resistance. In a case wherxe the
content is exXcessive, the resin layer hardens excessively and
.the glass lens base material may possibly be cracked, as well
as the viscosity of the composition is increased to sometimes

deteriorate the workability in mold casting.

The silane g:ou;bling agent as the essential ingredient for

- the resin composition for use in the hybrid lens.according to- . .
thepresent inventionisaningredient for pr.oviding adhesiveness
between the élass lens base mat-érial and the resin'layer. It
is also an ingredient qf improving the surface hardness of the
resin layer to pfoVide.practica} usefulness. That is, by the
blending of the di {(meth) acrylatie compound :as the ingredient A,
theresinlayerissoftenéd, stresstotheglasslensbasematerial
'causedknfthepolymerizationshrinkageisnwdefated[durability

is provided and 2z high performance hybrid lens having a resin
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f.or use in the hybrid lens according to the present invention is
preferably within a range from1 to 10 parts by weight and, particularly,
3to 5 parts by weight. In a case where the content is insufficient,. the
effect is not sonetinmes devel oped and, on the other hand, in a case where
the content is excessive, self crosslinking develops to increase the
viscosity of the nononer solution to sonetines extrenely |ower the

i njection operability to the cavity. The polynerization initiator used
upon curing the resin conposition for use in the hybrid | ens according, to
the present Jlawentédra dardgendhidkndsy, exishiplae lazgehdbopdiveer thackorss

I nitiator such as 2-hydroxy-2-nethyl -1-phenyl propane- 1-one,

nmet hyl phenyl gyydxwpabée of dnér¢as imdy ihlebesiogt 1 b pyeayk phy e e porddesdand
bi s(2,4,6-trimethyl benzoyl) - phenyl phosphi ne oxi de,. organic peroxides such
as benzoyl permoxitde, othleut jhpdy okly a@lsebites atBunctiemdf compensating the

t - but yl per oxy- 2- et hyl hexanoat e, and azoconpound such as '
2, 2' - azobi shudyawivatk itmtante 2n2faarohasdfedsdiomthy laalmyiniaXy [t®) ladke
of the photopol ynerization initiator, anong the polynerization

initiators, tinprlepaseadcbical vsehbleesesin conposition is nore preferred
since the curing rate is 'high and roomtenperature curing is possible.
The pol ynerization initiators nay be used ’

Thesilanecouﬁlingagentgenerallyhasastructurehaving
an organic functional group having a substituent coupling with
an organic material and a hydrolyzable group reacting with an
inorganic material in'one identiéal molecule. The organic
functional group is a vinyl group, glycidoxy group, methaéryi
group, .amino group or mercapto group and the hydrolyzable group
mainly comprises chlorine and alkoxy group. Specific exémpies
of the silane. coupling .agent can include, for example,
vinyltrichloro | silane, vinyltriethoky silane,

© vinyltris (B-methoxyethoxy) silane,

Y-glycidoxypropyltrimethexy e : - - - gsllane,
y-glycidoxypropyldimethoxy — gilane,
vy-methacyloxypropyltrimethoxy . silane,
N—B{aminoethyl)Y"amin0propyitrimethoxy ' siléne,
N-f (aminoethyl)y~aminopropyldimethoxy siiane,

y~chleoropropyltrimethoxy silane, y-mercaptopropyltrimethoxy

silane, and y-aminopropyltriethoxy silane.

Thecontentofthesilanecouplingagentinthecomposition
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alone or as a mxing systemof tw or nore of themand a co-catal yst 28 and
a sensitizer may be added for increasing the curing rate. The bl ending
ratio of the polynerization initiator is usually from0.005 to 5 parts by
wei ght based on 100 parts by weight in total of the nononer ingredients.
The resin conposition for use in the hybrid |lens according to the present

I nvention may be bl ended, optionally, wth additives such as anti oxi dant,
anti yellow ng agent, UV-absorbent, dye and pignment within a range not
deteriorating the effect of the invention. The resin conposition for use

in the hybridebengs£66PkNE yit9 4t m@nersé@a;%%ﬁ%% 19k GA7R 28 105 BRALEY SBY

m xing and stirring the radical polyneriz nomer ingredients and the

silane coupl | 8g,agenta1h q1G4StOIREYNGRE BAgh and o Eg%&ftg!ﬁ?q\i&%ht and,

optionally, various kinds of additives. The resin c osition for  use in

the hybrid | eng-e£eQigding, 34& B AILEG Ve ighent &ﬂ?ﬁ]cgsé%eif?ecej&@%%fetegrcass

with the sildne coupling agent,” can 1 nprove the adhesion between t

| ens base nafgrsi e | @BleNc kR¥EE 4 . i :
surface har dniefslrg‘uiﬁf}g:ﬁée}?i h%I 'gyzr mhliﬁclh@%)\;te%lé%%?tlﬁiaﬁ %%%%%?%%ﬁdeﬁnt he

resin layer igssQftiiiedlaly, Ushng cdse WA LR ié‘&ﬁf@ﬂ:@”&} e%&%égiv(eqsts@gf
acryl ate conpound represented by the general rgormj a ( 3 as the ingredi ent
A for noderatéfgsd NEnRiA SRl I 8! A8Srease the viscosity of the monomer

solution to sometimes extremely lowex the injection operability

to the cavity.

The polynerization initiator used u}_:;on curing the resin
compdsition for use in the hybrid lens according.to the present
inVention can include, for e:;:ample, .a rhotopolymerization
initiator such as 2-hydroxy-2-methyl-l-phenylpropane-l-one,
methylphenylglyoxylate, 2,4, 6=trimethylbenzoyl
diphenylphosphine oxide, : and
bis (2,4, 6-trinethylbenzoyl) —phenylpﬁosphine oxide, . organic
peroxides such as benzoyl peroxide, t-butylperoxy isobutylate,.
and t—butylperoxy—z;éthylhexanoate , and azocompound .s1.-1ch as
2,2'=-azobisbutyronitrile . and
2,2"-azobis (2, 4—dimethy1§réleronitrile) . Use of the
photopolymeri;ation initiatoer, among -the polymérizat:ion
initiaters, to prepare UV-ray curable resin composition is more
preferred since the curin_g rate is high and room temperature
curing is possibie . The polymerization initiators may be used

alone or as amixing systemof two ormore of themand a co—catalyst
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29 lens base material caused by the pol ynerization shrinkage of the resin
conposition for use in the hybrid lens.to provide practical usefulness. In
addition; it can enhance the transfer accuracy of the aspherical surface
by the incorporation of the nono (neth) acrylate conpound represented by
the general fornmula (I1) as the ingredient B. Accordingly, it is possible
to manufacture a high performance hybrid |l ens having a resin |ayer of a

| arge thickness, with a large |ocalized thickness and capable of

i ncreasing the aspherical quantity. Specifically, a hybrid | ens according

to the presenind isN%@AE1eA 72T ABPBel Adddd fdr 1eAY L& IRPUIRCEULSHg F88e.
hybrid, lens 1 has a structure in which a resin |ayer 3 having an aspheric

outer surfacershanenids iprded of 8:00Ke YoM dY Ofa it acaL oftcr isphsubtay
gl ass l.ens base material 2. The spherical glass |lens base material 2 may

be either a comeX |(B 1 5 PG Peiei ghth8aBRw BHMbb pkRegsprymxightt he -
resin layer 3. within the range of the effective dianeter of the lens is.

within a rangg fi@ml LMo déndmeanthgPieienedly, 2 to 8 nmand the
resin. layer 3 of a larger thickness conpared with existent hybrid | enses

I's provided. The thickness of the resin |ayer 3 nmeans the thickness in the
direction of a normal line to the glass |ens base material 2. In a case

where the maxi mun Ty skBes Scolifbs Hior BEXasd InltWeehyBri 8 194GE86E¥8HYng
thin, the performance as the , )
to the present invention may be blended, opticnally, with
additives such as antioxidant, anti yellowing agent,

UV-absorbent, dye and pigment within a range not deteriorating

‘" the effect of the invention.

The resin cdmposition for use in the hybrid lens according
to the present invention can be prepared by mixing and stirring '
the radical polymerizable monomer ingredients ar-ad the silane
coupling agent by a ;ustomary method and further blénding,

optionally, varicus kinds of additives.

The resin composition for use in the hybrid lens according
to the present invention, being incorporated with the silane
éoupling agent, can improve the adhesion between the glass lens
base material and the resin layer, as well as c¢an improve the
surface hardnesls of the resin layer which may result in a trouble
whentheresinlayerissoftenedbyusing,asthenminingredient,
thedi (meth)acrylate compolund Ir'epresentedby' the general formula

(I) as the ingredient.Ahfor'moderatiné'the stress to the glass
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aspherical lens is not sufficient and, in a case where the maxi num 30

thi ckness Tnax of the resin layer 3 is excessively large, adhesion

relative to the glass | ens base material is insufficient due the

di fference of the heat expansion coefficient between glass and resin to
cause peeling. Further, the ratio of the m ni numthickness Tm n/ maxi num

t hickness Tnmax of the resin layer 3 is 1/4 or less wwthin the range of the
effective diameter of the lens, that is, in a case where it is defined as:
anount of |ocalized thickness = Tmax/ Tmin, the anount of |ocalized

t hi ckness i s jeebebabkymdteriadr eanndd portheubal iyerbzationr shnihbatBeof
upper Ilimt value being 20. 1In a case where the .anmount of |ocalized

t hi ckness i s ¢heessisial yompmailtiorhecas piver iicalthpdngbtid dferidierd esidvidgyer
'3 is decreased and the degree of inprovenent of the optical performance as
the asphericplrakedsailsusefuledss On Irheddl bebnhaind cannemh £i6s€ thieer €ans her
gquantity of the localized thickness exceeds 20, nmanufacture

becones- di f f i acktixracgoef e kepieshapd-suwr Rpgpbicehe dndoygdira iy bd lens 1
of the present invention, not only the thickness of the resin layer 3 is

| ar ger’ t han t hahogfieth¢ aexivitart comseund repheantical portil gankes 10fo BROLE

60. to 150 nm can be obtained. In the existent hybrid | enses, those of a
|l arge di amet dLIbf a0 the oingpediwet eBnot Aueaelingly, it is possible to
- manufacture a high performance hybrid lens ha'ving a resin layer

of alarge thickness, witha large'locali zed thickness and capable

of increasing the aspherical gquantity,

Specifically, a hybrid lens according to the present
invention as shown in Fig. 1 can be manufactured. The hybrid,
lens 1 has a structure inwhich a resimnlayer 3 having an aspheric
outer surface ‘shape is :_t;onded to one or both of surfaces of a
spherical glass lens base material 2. The sphefical glass lens
base material 2 may be either a convex lens or concave lens.
The maximum thickness Th.x of the resin layer 3. within .the range
of the Ief.fective diameter of the lens is within a range from
1 mm te 10 mm and, preferably, 2 to 8 mm and the resin layer
3 of a larger thickness compared with exigtent hybrid lenses
is provided. The thickness of the resin layer 3 means the
thickness in the direction of a normal line to the glass lens
base material 2. In a case where the maximum thickness T,., of
the lres'in layer 3 is excessively thin, the performance as the

aspherical lens isnot suffi cient and, ina case where the maximum
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Siince the hybrid lens 1 according to the present invention 31" has a resin
| gyer of a large t hi ckness and can i ncrease # he aspherical quantity, it
has excel |l ent aberration correcting performance and the di aneter can be

i ncreased. Since higher aberration correcting performnce can be obtai ned
conpared with the existent hybrid I ens, the nunber of constituent |enses
can be decreased further and an optical systemsmall in the size and
reduced in the weight can be obtained. Accordingly, referring to the
application uses, it can be used, for exanple, as projection lens for use

inliquid CryS:IlﬁlJc]ﬂreCHsemaqrcEﬁ ’ch@&léte:l:.mﬂl@féb’s asSekbeskens1poanend, 58nkh¢on
obj ect thereof, lens for use in video caneras or still canmeras, and

| i ght - pi ckup lrerismtives s ehen gQeRiselens| Bage RELBEERS, 1Eehﬁ§ﬁﬁﬁﬁélent due
bi nocul ar tel escopes, mcroscopes, CD or DVD. Then, a nethod of

manuf act uri ng thehgdhrife reers afadi<hagt é:@péﬁﬂ@u@ﬁ&fcﬁiﬁflcfh‘@ﬂi bR vt ghkest o
manuf acture of a high performance hybrid |l ens having a resin |ayer of a

| arge thicknessid rddim ad ayyasd geadliizrfl t hi ckness and capabl e of

i ncreasing the aspherical quantity as shown in Fig. 1 is to be described

with reference to Fig. 2 and Fig. 3. in the nethod of manufacturing the

hybrid lens according to the present invention, the resin conposition for

use in the.hybrid | @methfert,hehpresend dhiers mmmmdﬁxsﬁhibﬁﬂeéboﬂ,ﬁn/rﬁa#%

preferably. By the conbination of the
thickness Tnax of the resin layer 3 is 1/4 or less within the
range of the effective diameter of the lens, that is, in a case
where it is defined as: amount of localized thickness = Tmaxs/ Tomins
the_ amount of localized thickness is preferébly 4 oxr more and,
particularly, 5 or more with the upper limit value being 20.
In a case where the amount of localized thlckness is excess:.vely

" small, the aspherical quantity of the resin layer 3is decreased

and the degree of improvenment of the optical performance as the
aspherical lens is reduced. On the other hand, in a case where .

the quant:.ty of the localized th:.ckness exceeds 20 manufacture

becomes. difficult since the lens shape is compl:.cated.

In the hybrid lens 1 of the present invention, not enly
the thickness of the resin layer 3 is larger than jthai': of the
existent case but also a larger diameter of about 60 to 150 mm
can be obtained. Intheexistent hybrid lenses, thoseof a large
diameter of 60 mm or more were not present.

Since the hybrid lens 1 according to the present invention
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resin conposition for use in the hybrid lens of the present invention and
tHe met hod of manufacturing the hybrid lens of 32 the present invention, a
hi‘gh performance hybrid lens having a resin layer of a large t hi ckness,
with a large |ocalized thickness and capable of increasing the aspherlcaL
gquantity can be manufactured easily. However, other resin conpositions
may al so be used in the method of manufacturing the hybrid lens of the
present invention. The nethod of manufacturing the hybrid |ens according to
‘the present invention conprises (a) treating step for a nolding die, (b)

nol ding di e assentl ifgis emyd€lof B AEFRD SHEPkndER b 6bid DREYeSELT PE
step,-(e) curing step, (f) annealing step and (g) nold rel easi'ng step. %\t

first, the treaphgisdLlp dmtig, Mlkdings dacelPdnt SabérSi©b0f = de:é’Ef:iﬁ'@ a-
gl ass lens base material 2 and a glass nold 4. necessary for

hybrid | ens apércetiida@rdl thecassaby elr %bhe%bnﬁﬂhréﬁs§ao"ms cé:'lg her
2(a.). The glass lens base material 2 is a lens mrror polishe Jb% Tﬁ

surfaces int om%ﬂ&ﬁboﬁh@@ﬁ@@@bﬁf@zﬁ&rﬂ% Eahed m&fne@%nﬁ%r%cﬁ?ﬂ!ﬁx

| ens or a concave lens. A surface to be formed. with a resin layer iIs

defined as a mbdemgs&uhi:an@ﬁoﬁﬂd 1ERG, gLBSSmrkBas %%n@%&%’iﬂeﬂt Ze8BQWNCAN

Fig. 1 and Fig. 2 (a) shows lens used as a concave | ens situated nearest

to the obj ect bef dabﬁrjee.@'feldolfurther and an optical system small in the size
and reduced in the weight can be obtained. Accordingly,
referring to the application uses, it can be used, for example,
as projection lens for use in llquld crystal progectors,
part:x.cularly, as the lens nearest to the object thereof, lens
foruse in video cameras or still cameras, and light-pickup lens

for use in copiers, laser printers, telescopes, binocular

 telescopes, microscopes, CD or DVD.

Then, a methed of manufacturing a h3.zbrid lens according

to the present invention suitable to manufacture of a high
" performancehybrid lens ﬁaving aresinlayerofalarge thickness,
with a large localized thickness and capable of increasing the
asphérical quanti.ty as showﬁ in Fig. 1 is to be described with
reference to Fig. 2‘ ana Fig. 3. In the method of maﬁufacturing

~ the hybrid lens according fo the present invention, the resin
composition for use in the hybrid lens of the present invention
described above is used preferab'ly. By the combination of t;.he
resin 'compositiox} for use in the hybrid lens of the present

invention and tlie' method of manufacturing the hybrid lens of
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| enses for use in a liquid crystal projector. Accordingly, the 33 nolding
surface 21 is forned for the entire convex surface of -the glass |ens base
material 2, and the spherical concave surface opposed to the nolding
surface 21 is smaller than the nolding surface 21 and has a | arger.
curvature. Further, the outer periphery for the concave surface is forned
as a planar surface perpendicular to the optical axis. The material for
the glass is decided considering the refractive index and the

di spersibility. The glass nold 4 on one side has a transfer surface 41 for

transferring ties € AnvehARS NG ‘Bﬂg@l“b%ﬁ:fo%&hrf%ﬁ%ehﬁ%rﬁ&pﬁfaﬁg. B%v%ﬁ%

transfer surface 41 inwhich the transfer ~ surfa rror=poli

The gl ass nol ¢ 4SSOV 2§ 8 FbE. 4 Ea&ale has a-Rlanarn,quf ef f%%%cﬁoé 1i
opposing to the transfer surface The outer di amste is's Ff"y
equal between dyie: 1l 55 anketp + ! bot h
of them have a circular ci rcumc erentlrﬁf ?A?é%{?ﬂ&? %g%%%tné:rlwca

dianeter for reapbn@fablarehasssi 8PS BRARVEL, eB't grzr@éﬂ'ﬂl g%%%%ipiﬁ)%%aydf

is wi.thin a range. of about 3.0 to 150 mm The I ng sur

gl ass | ens basa g@berhabd Qntt@;éJﬁeftﬁEﬂEQf%é fé@t%ﬁfﬁ t!r?é’%r 'ﬁéh%.%%egf

and the nolding surface 21 is coated wth I quli tAl hi
coupling agerthe HeRMAMIRe@Sdigscri bed above with an aim of i mprovi ng

t he adhesiveness with the resin layer 3, dried and then baked.
The method of manufacturing the hybrid lens according to
the present invention comprises (a) treating step for a molding
die, (b) molding die assembling step, (c) injection step, (d)
preliminary curing step, (e) curing step, (f} annealing step

and (g) mold releasing step.

At first, the treating step for the molding die (&) is
a step of selecting a glass lens base material 2 and a glass
mold 4 necessary for molding a hybrid lens and conducting a

necessary pretreatment as shown in Fig. 2(a).

The glass lens base material 2 is a lens nmirror polished
at both surfaces into a spherical shape easy to be pollshed which |
may be a convex lens or a concave lens. A surface to be formed

* with a resin layer is defined as amolding surface 21. The glass
lens base material 2 shown in Fig. 1 and Fig. 2(a) shows a lens
. usedasaconcave lens situatednearest to the objectofproj ectior-x

lenses for use in a liquid crystal projector. Accordingly, the
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case when the silane coupling agent is blended 34°'in the resin conposition
for use in the hybrid |lens, but necessary close adhesion can not sonetines
be obtained unless the silane coupling agent is incorporated with the
resin conposition for wuse in the hybrid Ilens together with the sil ane
coupling treatnent of the glass |ens base material depending on the

terial of the glass. Preferably, the transfer surface 41 of the glass
mold 4 is cleaned and previously coated with a nold releasing agent. By
coating the nmblldiebegsiAgcadentid Tdmead RAASEBE efitilaCeoftextHS-BhaSTE
nold 4 can be released easily fromthe resin |layer after the nolding.

Then, as showbherylsg leds basemdber 1@l ¢ agserhkidth St 81 cbRkavl %urface
conducted. The glass nold 4 is held horlzontally with the transfer surf ace
41 of the gl asppoBkd ¥o hgiagicsidiras efhrahawe 21and &ﬂ&lﬂakdmﬁn%é MR BhPf
the glass Il ens base material 2 is situated bel ow and hel d bei ng oppos to
the transfer surface 241zeld the o absrgeldcdrvhthecbel pgrenaced
apredeterm ned distance. Then, an adhesive tape 5 is wound aroun over t he
lateral surfapesiphetherayt 85e tencabasrrmiey iial f@rﬁ@é 48 9 a35r éiﬁjf%c‘é by
an extra length exceeding one turn to forman overlap region of th
adhesi ve t apepérp&gdibel st h nhecobpthieaadhessve Tﬂéﬂlﬁ@térlahhﬁogbé}?é dl%%%
base material 2 and the glass nold 4 are

is decided conslderlng the refractive index and the

C%ati ng of the silane coupling agent may not be necessary dependi'ng. on the

dispersibility. The glass mold 4 on one side has a transfer
surface 41 for transferring the aspherical shape and.an outer
surface42opposedtothe transfersurface 4l inwhich the transfer
surface 41 is mirror-polished. The glass mold 4 shown in Fig.
2 (a) has a;':lanar outer surface 42 opposingtothe transfer surface
41, . The outer diameter is substantiaily equal between the glass
lens base material 2 and the glass mold 4 and both of them have
acirecular circumferential lateral surface. The outer diameter
for each of the glass lens base material 2 and the glass mold

4. is within a range of about 30 to 150 mwm.

The molding surface 21 of the glass lens base material
2 to be formed with the resin layer is cleaned and the molding
eurface 21 is coated with a liquid containing a silane coupling
agent, for example, 'as described above v;rith an aim of improving
the adhesijreness with the resin layer 3, dried aed then baked.
Coating of the silane coupling'ageﬁt may not be necessary

depending on the case when the silane coupling agent is biended
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fixed to each other and a gap between the nolding surface 21 of the glass
| ens base material 2 and the transfer surface 41 of the glass nold 4 is
sealed. This defines a cavity 6 confined 35 with the nol ding surface 21,
the transfer surface 41 and the adhesive tape 5 and, thus,. the hybrid
lens nmolding die 7 can be assenbled. In the cavity 6, the maxi mum
thickness is wwthin arange froml1l mmtd 10 mm preferably, 2 to 8 nm and
the m ninmumthickness is about 1/4 or l.ess, preferably, from1/5 to 1/20
of the maxi mum "t hickness for the gap between the nol ding surface 21 of the

gl ass |ens bgsenaa@indtoroadttibe foransd en thwisei d1enk, the: gkasssanyl d
4 in the direction of the nornmal line to the nolding surface 21 of the

gl ass, |ens haggdrakekisabn2chtib ddietiatgebelobbeinedhaciéye thieasklane of
the Il ens. The adhesive tape.5 has a structure in which an adhesive |ayer

is formed to @nhaps$eeiiate ifberfekatedl wieh tihe deapier compoisiationcasr
I ncl ude, for exanpl e, polyolefins, such as polyethylene and pol ypropyl ene,

pol yvi nyl haligle; syebhyiasid 188k ¥ogatheai it e sidpoleyémyl ingtecabhont de,
pol yesters such as polyethyl ene terephthal ate, polybutyl ene terephthal ate,

and pol yet hylena,Haphidphalss Heldy aitdes.alpdeyefiddes oanthepabyeatibonates.

As adhesi ves, those of acrylic, rubber type, or silicone type may be used.

Adhesi ves notcieaghidy) | phefidi@bly, the transfer surface 41 of the glass
mold 4 is. clez;med and previocusly coated with a mold releasing
agent. By coating the mold releasing agent to the transfer

surface 41, the glass mold. 4 can be released easily from the

resin layer after the molding.

| Thern, as shown in Fig. 2(b), the mold assembling step, (b)
is conducted. The glass mold 4 :lli.s held horizontally with the
transfer sﬁfface 41 of the glass mold 4 being situatéd.above,
and thé molding surface 21 of the glass lens base material 2
is situated below and held being oppésed to the transfer surface
41 of the glas‘s-mold 4 while being spaced apart by apredetermined
distance.' Then, an adhesive tape 5 is wound around over the
lateral surfaces of the glass lens base material 2 and the glass
mold 4 by an extra length exceeding one turn to form an overlap
region of the adhesive tape 5. By the winding of the adhesive
tape 5, the glass lens base material 2 and the gléss mold 4 are
fixed to each other and a gap between the molding surface 21
of the glass lens base material 2 and the transfer surface 41

of the glass mold 4 is sealed. This defines a cavity 6 confined
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UV-ray curable resin conposition or not hinderingpolynerization are

sel ected. 36 The thickness of the tape substrate material is 10 pm or

nore, preferably, 20 pmor nore and, optimally, 30 pmor nore- since it is
required that the glass nold 4 and the glass |l ens base material .2 can be
fixed at a good accuracy in the nold assenbling step. The maxi.num

t hi ckness is about 2000 pm it may suffice for the width of the adhesive
tape 5 that it can hold the lateral surface for the glass |ens base
material 2 and the glass nofd 4 and can seal the gap between themand it
may be a | ar gei wh dife afoBXepdingrdderal,r ahe Araadia \eutaee 9dabpdgthe
met hod of assenbling a hybrid Iens nolding die 7 by opposing the ‘glass

| ens base matpinedive Bhsk thengd asshudl dtivke aythrAdh dren Moleliadheasieve tape 5
for the. Ilateral surfaces thereof thereby sealing the gap between the -

gl ass |l ens base saedanbpbdl and the glass nold 4 can forma cavity of a
| arge. thickness nore easily and conveniently than the existent method of
hol di ng the glass lens base material 2 and the glass nold 4 by using a
sl eeve or a nold frame. Then, as shown in Fig. 2(c), the injection step (c)
is conducted. An omerhP cRRtiyos, bhadexiggiteshy ekhapesib witpaeledante

forma small opening to the cavity 6, and a UV-ray curable resin
conposi tion SERseYieyeb)l Phepaiestd aBing 2UROBRIn D Rde Mninun thickness
| is about 1/4‘or less, preferably, from 1/5 to 1./20 of the max imum
thickness for the gap between the molding surface 21 of the glass
lens base materi_al 2 and the transfer surface 41 of the glass
mold 4 in the direction of the normal line to the molding surface

21 of the glass lens base mate:;ial 2 within the range of the

effective diameter of the lens.

The adhesivé tape 5 has a structure in which an adhesive
layer is formed to a tape substrate. The material for the tape
substrate can include, for example, polyolefins, such as
polyethylene and polypropylene, polyvinyl halide such..as ..
polyvinyl chloride andpolyvins;lidene chloride, polyesters such
as polyethylene terephthalate, p_olybutylené terephthalate, and
polyethylene naphthalate, polyamides, po_lyiﬁides, and
polycarbonafes. As adhesives, those of acrylic, rubber type,
or silicone type may be used. Adhesives not le‘aching into the
UV-raycurableresincompositionornot hindéring polymerization

are selected.
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step is injected fromthe opening-into the cavity 6 by way of 37 a fine

I njection tube 8 such as an injection needle, then the adhesive tapes 5 at
t he peeled portion are adhered again to seal the cavity 6. Then, as shown
in Fig. 2(d), the prelimnary curing step (d) is conducted. Since the

pol ynmeri zation can be nmade uniform to suppress the occurrence of the

pol yneri zation strain by prelimnary irradiation of Wrays, this is ef
fective f or formng a thick resin layer. For prelimnary irradiation,
UV-rays WL are irradiated by using a Uv-ray irradiation source, for

exanpl e, a high preksutleickeness ot agp bapa sebatradkinksbdmigd ilst 10spm ox
conducted for an irradiation time of 2 to 20 sec, at a. room tenperature .
wi t hout heatingrew phefiebiblyay20dnuens typref aakhubptif@iiy, 120 M aod medrean

i rradi ati on dose of about 0.05 to 30 J/cnR2. By the prelimnary

irradi ati on, sheceVitayscoeableed dliat thengdsistsi vwold dsagel theal . glies lens
prelimnary irradiation can be conducted, as shown in Fig. 2 (d)., by
irradi ati ng Wasaymaterdadh2 the bYeafixed étda godd madivaEiayy dV-htey ;mold
through the glass. lens base material 2, or they may be irradiated from
both 'si des. Pepandinggostiehe cohe, mikEmprethitRaegscisi agoatepons pnot

al ways necessary but it nay be saved. Then, as shown in Fig. 3 (e) , the
curing step (e) is conducted. . In the present invention, a glass nold 4 is
used and UV-rays

It may suffice for the width of the adhesive tape 5 that
it can hold the lateral surface for the glass lens base material

2 and the glass mold 4 and can seal the gap between them and

it may be a large width as extending therefrom.

An adhesive tape sealing method of assembling a hybrid
lens molding die 7 by opposing the glass lens b'ase_ material 2
and the glass mold 4 and adhering the adhesive tape 5 for the
lateral surfaces thereof thereby sealing the gap between the
¢glass lens base material 2 and the glass mold 4 can form a cavit}}
of a large ‘thickness more. easily and E:onveni.ently 't.han:the..
existent method of holding the glass lens base material 2 and

the glass mold 4 by using a sleeve or a mold frame.

_ Then, as shown in Fig. 2{c), the injeétion step (c) is
conductéd. Anoverlapportionbetween adhesive tapes 5ispeeled
to formla small open-in'g to the cavity 6, and a UV-ray curable
resin composition @ previously prepared in the monomer preparing

step is injected from the opening into the cavity 6 by way of .
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are irradiated to a Wray curable resin conposition 9 in the 38 cavity 6
fromboth sides through the nolding dies 2 and 4 on both surfaces. UV-ray
i rradi ati on sources such as high pressure nercury |anps or netal halide

| anps are | ocated on both sides of the nolding diés 2 and 4, or a
reflection mrror is used to irradiate U/-rays to the UV-ray curable resin
conposition 9 in the internal cavity 6 through both of the glass nold 4
"and the glass |ens-base material 2, to cure the UV-ray curable resin
conposition 9 substantially conpletely. The UV-ray irradiation may be

conduct ed for aafiheeinfeS0itn Bk Lewild 3t a8 1998t eANNSLELE, A3Bhén the
circunstantial tenperature, or it nmay be conducted at a heated atnosphere

up to 120C. abhestivadiapéon abtitspbylell bk tidy 3 ricSadhortd 2 di% 45V
for UV-rays W2 on the side of the glass nold 4 and 50 to 150 mWfor the

W-rays UV3 onheheastittg & the glass |lens base material 2, and it is
preferred that the irradiation intensities on both sides are substantially
equal with each other: The irradiation dose of the UV-rays is about 1 to
500 J/cn2 with no particular restriction. Further, UV-rays nay be
irradiated al ternarkby, faomhesthisi Hbg. HeI)G! @her Bre dihbhakyr @8 Mnd anes
could not be fornmed on the glass | ens base material, and it nay be
attributabl e {d)timtonducted. Since the polymerization can be made uniform
to suppress the occurrence of the polymerization strain.by
preliminaryirradiationofUv-rays, thisiseffective for forming
a thick resip layer. For preliminary irradiation, UV-rays UV
areirradiatedbyUSingaUW;rayirradiationsource,forexample,
a high pressure mercury lamp or & metal halide lamp. It is
conducted for an irradiation time of 2 to 20 sec, at a room
temperature without heating, with a UV-ray intensity of about
100 to 140 W and at an irradiation dose of about 0.05 to 30 J/cn?.
By the preliminary irradiation, the UV-ray curable resin
composition 9 is gelled. The preliminary irradiation can be
~Condﬁct8dra85hown5JLFig.2(d),byirradiatingkaﬁaysthrough.
the glass mold 4, or irradiating UV~rays through the glass lens
base material 2, 'or they may be irradiated from both sides.

Depending on theé c¢ase, the preliminary curing step is not aiways

necessary but it may be saved.
Then,asshowninFig.E(e),thecuringstep(e)isconducted-

In the present inventién, ‘a glass mold 4 is used and UV-rays

are irradiated to a UV-ray curable resin composition 8 in the
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when the thickness of the resin |ayer increases and the difference of the
| ocal i zed thickness between thin portions and thick 39 portions of the
resin | ayer increases, a polynerization rate becones different between the
thick and thin portions of the resin |ayer upon Wray polynerization, so
that polynerization strain occurs in the resin |layer, and the

pol yneri zation strain tends to induce peeling or cracking in the resin

| ayer, and al so causes optical. double refraction to deteriorate the
optical performance of the resin layer. Accordingly, in order to irradiate
UV-rays as uniceotirhvad fpessbpth sédesh&brauek shd moldipordieas2upod dvery
pol yneri zation, the nolding die paired with the glass lens base material 2
for transferr boghtsier baptrer | CH-ratvaper2diabippgovrcepisaladl a8 & iuh presaune
UV-rays are irradiated fromboth sides through the glass nold 4 and the

gl ass | ens bamencarar lampg, opynekat halide dmsaarieelpcriddaopdboth sides
sufficiently as far as the center of the 'LTV-ray curable resin

conposi tion 9offi thednoidingicdiesid png 4, for & mefillectiome njgityprediszasedto
rate can be made uniform between the thick and thin portions of the cavity .
6 to suppress irtredigfeudVensisdio e PUFyayrtoabbe rasias compdsddsonsd in
possi ble. Since the occurrence of the polynerization strain can be
suppressed, o&ber iniesnstl preltng thrmyidmgotdt ef the Hagesiodld Kaged Henmbe
suppressed and optical strain can also be suppressed.

&

glass lens base material 2, to cure the UV~ray curable resin

composition 9 substantially completely.

The UV-ray irradiation may be conducted for a time of 50
to 300 -sec. énd at a room te:smperature as a circums{:antial _
temperature, or it may be conducted at a hleated atmosphere up
to 120°C. The irradiation intensity of UV-rays is about 50 to
150 mW for UV-rays UV: on the side of the glass mold 4 and 50
tr;'a 156 mW for the UV-rays UV; on the side of the glass lens base
material 2, and it is prefexred that the irradiation intensities
on bcth-sideé ére.substantially equal with each othex:. .The ..
irradiation dose of the UV-rays is about 1 to 500 J/cm? with
no pérticular restriction.' Farther, UV=-rays may be irradiated

alternately from both sides.

Heretofore, a thick resin layer could not be formed on
the glass lens base material, and it may be attributable to that
whenthethicknessoftheresinlayerincreasesandthedifferencé

of the localized thickness between thin portions and thick
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Thus, a thick resin layer can be formed on thé glass |lens base material 2.
40 Further, since the adhesive tape 5 is thin, adhered to the lateral -
surfaces of the glass nold 4 and the glass | ens base nmaterial 2 and can be
made |ight perneable, it does not hinder, the irradiation of UV-'rays from
both sides, and UV-rays can be irradiated sufficiently as far as the

peri pheral portion of . the <cavity 6. Accordingly, this can contribute to
unify the polynerization rate over the entire cavity 6 and suppress
occurrence of polynerization strain even for the resin layer 3 of a shape
i n which the sentiehs pef tilon dessihilmyend itnoer epesdspher polymentizertion thtek
as shown in Fig. 1. Then as shown in Fig. 3(f), the annealing step (f) is
conduct ed. Theeatmesa! dhf)f et @pt Hasteweni theoftirierio\emy thie pgoodbyirers zdt Ebe
strain and inproving the transfer accuracy. A pressure is applied so as to
bring the gl asssi®likveranfdoh e/ -gras pollymerilzasd omnt soitHat pellgrneritetdanh
other in a tenperature ..atnosphere higher.than the glass transition point
of the -curingtrpindiriuny eaithd ayeinh Bapéri hadthy miahbdrei z@sion strain
conposition, preferably, in a tenperature atnosphere higher by 10C than
the gl ass treasdsitenipaiotg pekilisng birecth @eingindt Ke irse girredayeandetd atsder
softening to the curing product 3 and the transfer accuracy 1is inproved by
pressing the shapesobpthealravshbee saffaceidd to deteriorate the optical

performance of the resin layer.

Accordingly, in order to irradiate UV-rays as uniform as
possible for the thick and thin portions upon UV-ray
polymerization, the molding die paired with the glass lens base
materiél 2 for transferring the aspherical shape is formed of
the glassmold 4 and UV-rays are irradiated fromboth sides through
the glass mold 4 and the gléss lens base material 2, by which
UV-rays can be :;eradiated‘ sufficiently as far as the center of
the'UV—ray’curable regin composition 9 filled .in the cavity 6.
As a result, the polymerization rate c.an-be made uniform batween
the thick an_d thin portions of. the cavity 6 to suppress the
occurrence of the polymerization strain as less as possible.
Since the occurrence of the polymerization strain can be
suppressed, occurrence of peeling, cracking, etc. to the ;esin

-layercanbesuppressedandopticalsfraincanalsobesuppressed.
Thus, a thick resin layer can be formed on the glass léns base

 material 2.
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of the glass nold 4 sufficiently to the curing product. Sinmultaneously,
t he pol ynerization strain can be renoved by annealing. 41 In the annealing
treatment, a hybrid lens nolding die 7 is located, for exanple, in an
autoclave with the glass |lens base material 2 being situated bel ow and the °
glass nmold 4 being situated above, and treated in the tenperature
at nosphere’ descri bed above for about 30 min to 2 hours under the
application of a pressure of about .3 x 10-3 to 10 x 10"3 atm It is of
course possible to conduct pressurization while applying a pressure so as
to physically approggbthbe, gbanaenthd 4dnsdivdetghass 1enshibaseiHary iRl 2
to each other. Further, a heat treatnment nay -be nerely applied in the
heating furna¢Bevidtoril prasRidig ofthe anaesl weDd st aAdi ShéQll a@lsWoyss base
necessary. Further, annealing only by heating may be conducted after
rel easi ng t hemgkagsalvg dufd cHiEBeafia 8B MIGH Jrtheal(1®), 1tNEobe!Ras HigdEep
(g) is. conducted. By peeling the adhesive step 5 and providing an inpact -
shock- to.thetgbassra@l st flon tdl VP28 sk Endod h £ a5 Gl TW-raybecdieYen
| ayer 3 to obtain a hybrid lens 1 in which the resin Iayer 3 i s bonded on
the glass | ensrbageatetiesisti@iedtBy R¥briad ad ehe dedBsharsl pestuoal of aalure
in that the end edge of the lens |layer 3 and -the end edge of the gl ass
| enﬁ 3as$’hmt eavaty? er e Aakbpactgby, adepis ngar heoﬁdheram:@ tapeuﬁﬁﬂyl RGhe
met ho e

polymerization rate over the entire cavity 6 and suppress

occurrence of polymerization strain even for the resin layer
3ofa shajpe inwhich the central portionisthinandtheperipheral

portion is thick as shown in Fig. 1.

Then as shown in Fig. 3(f), the annealing step (_f) is
conducted. The annealing step has an aim of removing the
polymerization strain and improv:j.ng the transfer accuracy. A
pressure ié applied so as to bfing the gléss mold 4 and the glass

lens base material 2 closer to each other in a temperature

- atmosphere higher than the glass transition point of the.curing .. . .

product (resin layer) 3 of the UV-ray curable resin comp;:sition,
preferably, in a temperature atmosphere higher by 10°C than the
glass transition point. Thus, the glassmold 4 is press bonded
under softening to the curing product 3 and the transfer accuracy.
is improved by pressing the shape of the transfer sutrface 41
of the glass mold 4 sufficiently to the curing product..

Simultaneously, the polymerization strain can be removed by

annealing.
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anneal ing step (f) and the nold releasing step (g) may optionally be
repl aced to each other in view of the steps. 42 For the thus obtained
hybrid lens 1, a hard coating treatnment -and/or anti-reflection coating
treatment nmay be applied for providing the resin layer 3 with a scratch
resi stance and an anti-reflection coating treatnment may be applied to the
gl ass Il ens base material 2 as required. Abbreviated expressions for the
conpounds, used in the. followi ng exanpl es are as shown bel ow. |ngredient A
9BGDM nonabutyl ene gl ycol dinethacrylate. 12BGDM dodecabutyl ene gl ycol
di met-hacrylate 9EGM nonaet hyl ene. gl ycol dinethacrylate Ingredient B:
TCDM tricyclo(5,2,1,02,6)decan-B-yl nethacrylate CAM:, cycl ohexyl
nmet hacryl ate | ngr ed[[ﬁnthecam’oﬂlﬂin@lrteidmrm,nm hytiryldatensbhhal dedgbyie 7
reacting isophorone diisocyanate ‘and 2-hydroxypropyl methacryl ate UDA2:
ur et hane di aciyaloeatbtiai fed byampdetifin, at odytetkaveliwhiie Vidrmtel = lens
2- hydroxyet hyl acrylate EDML: epoxy di net hacryl ate obtai ned by reacting
bi sphenol A Bkgkysatiytielebednd stthacsgbelaciand the glass mold 4 being
situated above; and treated in the temperature atmosphere
described above for about 30 min to 2 hours under the application
of a pressure of about 3 x 107 to 10 x 10™ atm. It is of course
possible to conduct pressurization while applying a pressure
so0 as to physically approach the glass mold 4 and the glass lens
base material 2 to each other. . Further, a heat treatment may
be merely applied in the heating furnace without pressing. The
annealing stepisnot alwaysnecessary. Further, annealingonly

by heating may be conducted after releasing the glass mold 4.

Then as shown in Fig. 3(g), the releasing step (g) is
conducted .- Bypeelingthe adhesive step 5andprovidingan impact

. shock- to .the glass mold 4, the.glass mold l4 is.released from.
the resin layer 3 to obtain a hybrid lens 1 in which the resin
layer 3 is boﬁded on the glass lens base material 2. The hybrid
léns 1 has a structural feature .in that the end edge of thr.;: lens
layer 3. and the end edge of -thé glass lens base material 2 are
aligned bf adopting the adhesive tape sealing. method. The
anneal:.ng step (f) and themold releas:l.ng step (g) may optlonally

be replaced to each other in view of the steps.
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Sil ane coupling agent:. MIS: y-nethacryl oxypropyl trinmethoxy silane MDS
y- met hacryl oxypropyl dinethoxy silane 43 < Exanpl.e 1 > After m xi ng 65
parts by wei ght of 9BGDM (manufactured by Mtsubishi Rayon Co.: trade nane
of products, I1CURE M70), 12 parts by weight of TCDM (manufactured by
Hi tachi Kasei Kogyo Co.: trade nane of products, EA-513MS), 20 parts by
wei ght of UDA2 (manufactured by Mtsubishi Rayon Co.: trade nane of
products, DI ABEAM U-12), 3 parts by weight of MIS (nanufactured hy GE
Toshiba Silicone Co.: trade nane of products, ORGANCSI LANE TSL-8730),. 300
ppm of bis(2,4, 6-trFaet hjlebentnay | Jephtned hphoighilessoxXi dea ( handf actaided: by
Chi ba Specialty Chemicals Co.: trade nane of products, | RGACURE 819), and
1000 ppm of trbatwkper and/icobatyiatefleabidactcoadd ny N gpoomerviishayCoe
trade nane of products, PERBUTYL |IS), and thoroughly stirring themat a
room t enper at applitlefonpereoviidiny atedréoin 1aywirn3 by threesocahgh tdees iprtessw e
to 50 mMHg to obtain a resin conposition for use, in the hybrid lens. A
gl ass | ens basadrat eiritdl-eff 1}t i evhédnd arestnenttiny dbecappat adetofthE20
mm (manuf actured by K K Chara: species of glass material, S-LAM 54,
refractive i ngdaspdlent. Beke nmateaialf inashedamatealppl ied with s i |ane
coupling agent treatnent (coated
Abbreviated expfessions for the compounds used in the

following examples are as shown below.

Ingredient A:

9BGDM: nonabutylene glycol dimethacrylate,

12BGDM: dodecabutylene glycol dimethacrylate

9EGDM: mnonaethylene .glycol dimethacrylate

Ingredient B:

TCDM: tricyclo(S,z,l,Omﬁ)decan—s—yl methacrylate

CHM : c¢yclohexyl methacrylate

Ingredient C:

UMl urethanedimethacrylatgobtainaibyreactingisophorone_

diisocyanate -and 2—hydroxypfopyl methacrylaté

UDAZ; urethane diacryalte obtained by reacting tolylene

diisocyznate and 2~hydroxyethyl acrylate-

EDM1: epoxy dimethacrylate cbtained by reacting bisphenol A

diglycidyl ether and methacrylic acid

Silane coupling agent: . |

MTS: y-methacryloxypropyl trimethoxy silane

- MDS: y-methac:yloxypropyi dimethoxy silane
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wi th 10% MIS et hanol sol ution and baked at 120C for about 30 mn) and a
glass nold of 100 mm outer dianmeter mrror finished to-an aspherical shape
were conbi ned such that the thickness 44 at the center was 0.5 mm and t he
maxi num resin. layer thickness was 5 mm by using an adhesive tape to
assenbl e ahybrid lens nolding die. The resin conposition for use in the
hybrid | ens described above was injected into the hybrid | ens nolding die.
Then, the hybrid lens nolding die injected with the resin conposition for
use in the hybrid |l ens.was placed in an UV irradiation apparatus adjusted
so as to irradiate by W lanps at an irradiation intensity of 100 Wfrom
both sides of the hybrid lens nolding die, and irradiated with UV-rays at
6000 mJ/ cnR koEeguf@leONd>t he resin |layer. Then, the glass nold was

rel eased and an annealing treatnent was applied by heating at 135C for
one hour. Then, an Kif@2tZr{RiAgr 6Bspants-Hefwdbght anf CEEDIM O mea1fainsed
deposited on the resin surface. The hybrid | enses manufactured as

descri bed abopg MeteupyshiakedohyCd he Hreldonwang ofvatodheos, MIUTRE D) ,
shown in Table 1. Appearance: The resin layer and the anti-reflection

coating werelabservebwwaliightoRIODN (hehbhesctuaclitngHitachdskasei Kogyo
bubbl i ng, peeling and remarkabl e col or change were observed or not. -
Surface accuraey: ﬁ'h&délméme:usIpa:rmlum‘tst,h@mismsl)ayen pértheby weight of
l UDAZ (manufactured by Mitsubishi Rayon Co.! trqde name of
products, DIABEAM U-12), 3 parts by weight of MTS (manufactured
by GE Toshiba Silicone Co.: trade name of products, ORGANOSILANE
TSL-8730), - 300 ppm of .‘bis‘(z,él,6.-—_trimethylbenzpyl)—phenyl
phosphineoxide(nmﬁufacturedbyChihaSpecialtyChemicalsCe.:
trade name of products, TRGACURE 819), ‘and 1000 ppm of
t-butylperoxy iscbutylate (manufactured.by Nippoﬁ Yushi Co.;
trade name of products, PERBUTYL IB), and thoroughly stirring
them at a room temperature, tﬁey were deaerated for 15 min by
reducing the pressure to 50 mmHg to obtain a resin composition
for use. in the hybrid lens. | | |
A g_l_aSs lens base ma£erial of 100 mm outerldiameter with
a curvature of 120 mm (manufactured by K.K. Chara: species of \
glass material, S-LAM 54, refractive index nd = 1.76), mirro.r
finishedandappiiedwithsilanecouplingagentt?eatment(coated
with 10% MTS ethanol solution and baked at 120°C for about 30

min) and a glass mold of 100 mm outer diameter mirrer finished

- to an aspherical shape were combined sucﬁh ‘that the thickness
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hybrid | ens was neasured by using a three di nensional shape neasuring

I nstrunent UA3P manufactured by Matsushita Electric Industry Co. For the -

surface accuracy, they were indicated as 45 O for those of 3 pmor |ess, as

O for those of 3 fan to 10 m and X for those of 10 mor nore. Sol vent

resistance: The surface of the anti-reflection coating was tubbed with a

| ens. cl eani ng paper soaked with an al coholic organic solvent (manufactured

by, Ozu Shigyo Co.: trade nane of products, DUSPER) for ten tines and

appearance was visually observed. Those with no change were eval uated

sati sfactory.at Tltenskatel wasy0 . Then endnthermdsinyy wasithd avensthirkaess

after releasing the glass nold was visually judged. O : good

transf erabi | ivas B somdypnehilrgmam adterssfer disipel £y aXsempder at-hghsfidr abnkity

Injection workability: Easiness or difficulty upon injecting the resin

conposi ti on fmolddsey idie.heThebresiherrsnas itiorhfor dsel amsthwhgbrg ddienser e

judged. 0 : easy to inject A: sonewhat difficult toinject X : difficult

to 'inject Pragmrribeh abfovewhssietéatad iatreshe bybpddileérmn moleliscedien

the same manner as in the resin conposition shown in the exanple -

Then, the hybrid lens molding die injected with the resin

composition for use. in the hybrid lens was placed in an UV
irradiation apparatus adjusted so as to irradiate by UV lamps
at an irradiation intensity of 100 W fromboth sides of the hybrid
lens'molding die, and irradiated with UV-rays at 6000 mJ/cnm®
to cure-mold the resin layexr. Then, the glass mold was released
and an annealing treatment was applied by heating at 135°C for
onehour. Then, an $i0,/Zr0; seriés anti-reflection coating was
vapor deposited on the resin surface. The hybrid lenses
manufacturéd as described above were evaluated by the following

evaluation method and shown in Table 1.

Appearance: The resin layer and the anti-reflection coating
were  observed visually as to whether cracking, corrxosion,
bubbling, peeling and remarkable color change were observed or
not. |

Surface accuracy: The suxface shape of the resin layer of the
hybrid lens was measured by using a three dimensional shape
measuring instrument UA3P manufactured by Matsushita Electric

Industry Co. For the surface accuracy, they were indicated as
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was nolded into a disk-like plate of 2Zmmor 5 nmthickness and 75 nmm outer
di aneter, which was cut to a necessary size for neasurenent to prepare a
speci nen and the foll ow ng neasurenent ,was conducted. Refractive index:
Refractive index of the test specinen 46 prepared as descri bed above at 25C
was neasured by using an Abbe's refractoneter. Hardness: Pencil hardness
was neasured. Tenperature cycle test: The obtained hybrid | ens was pl aced
in a small-sized environnental tester (Mdel SH 220, manufactured by

TABAI ESPEKKU Co.) and subjected to 10 cycles of repetitive operations, .one

cycle conpri sinGd:eaHdid 3l 8 |RVert AL adairA ebr- 8R6skobr23homriss and &hen
| eaving at a high tenperature of -.80C for 2 hours. After conducting the

endurance tesgpqexakyat ipaswassmideunf 8k Beel,t €ms shown bel ow. Table 1
shows the result of evaluation. Appearance: The resin |layer and the

anti-refl ecti gploentirigieiifoddbs ehvativiftab kb hRsah 0 Whet Deet £6AU0aRAng
corrosion, bubbling, peeling and remarkabl e col or change were observed or

not. Those wi {Bsnenshedge: tieael enaldiod a6 e pepldrs kagkedywi tBA@ @llcoholic
resi stance: The surface of the anti-reflection coating . was rubbed with a
| ens cl eani ngopapgi csoRkegn i (wanuTattanhe bg Ozu shigyo Co.: trade name of
products, DUSPER} for ten times and appearance was visually'
observed. Those with no change were evaluated saﬁisfaétory.
Transferability: The transferabilityon the lens surface after
releasing the glass mold was visually judged.
O : good transferability
A : some problem in transferability
X : poor transﬁe;abilit&
Injection workability: Easiness or difficulty upon injecting
the resin composition for use iﬁ the hybrid lens to the hybrid
lens molding die wexe judged.
O : easy to inject |
VAN E somewhat difficult teo inject
X :'difficult to inject
Preparation of test specimen: A resin composition prepared in
the same: manner as in the resin composition shown in the example
was molded into a disk-like plate of 2'mm or 5 mm thickness and
75 mm outer diameter, which was cut to a necessary size for
measurement to prepare a specimen and the following measurement

.Wwas conducted.

Refractive index: Refractive index of the test specimen
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organi ¢ sol vent (rmanufactured by Ozu Shigyo Co.: trade name of products,
DUSPER) for ten times and appearance was visually observed. Those with no
change were eval uated favorable. Adhesion: An operation of adhering an
adhesi on tape (manuf actured by N chiban Ca-; trade nane of products,
CELLOTAPE CT-12) on the surface of an anti-reflection coating and then 47
peeling was repeated for three tinmes and the appearance was visually -
observed. Those with no changes were evaluated as favorable. < Exanples 2
to 5 > Lenses were manufactured in the sanme manner as in Exanple 1
excepting for preparsed ¢s desamibedeabave ke 2SPCanes aaepsingd bygensing ihe
rati os shown in Table 1, change of the species of the glass material for
the glass | endbbase mefractiomedred Wi th or without application of the
primer treatnent and they were evaluated. The results are shown together’
in Table 1. Elanpinesss t §ebdilehsrdnassewasnukasturedd i n t he sanme nmanner as
in Exanple®™ 1 excepting for the use of the nononer and the silane coupling
agent in the TampexatshmeveyicieTakleé:2, Tohangbabhed heyispedi banofwas hel afads
material for the glass lens base material, and with - or without application
of the priner itrea nesmabids iy venei remmbntsdd. tElsdsen:esWMcxiaire SHraRE0 ,

together in Tablée 2.
manufactured by TABATIESPEKKU Co. ) and subjected to 10 cycles .
of repetitive operations, one cycle comprising leaving at a low

temperature of -30°C for 2 hours and then leaving at a high

temperature of 80°C for 2 ﬁours.

After conductingrth'e endufance-tesi_:, evaluation was made
fer the items shown below. Table 1 shows the result of
evaluation.

Appearance: The resin iayer and the anti-reflection coating
were observed visually as to whether cracking, corrosion,
bubb;ing, peeling and remarkable color changé were observed or
not. Those with no change were evaluated as satisfactory.

‘Solvent resistance: The surfaceof the anti-rleflection coating
was rubbed with a lens cleaning paper soéked with an alcoholic
organic solvent (manufactured by 0zu Shigyo Co.: trade name of
products, DUSPER) for ten times and appearance was visually
observed Those with no change were evaluated favorable.

Adhesion: An operation of adhering an adhesion tape
(manufactufed by Niéhiban Co.: trade name of products, CELLOTAPE

CT-12) on the surface of an anti-reflection coating and then
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(Conparative Exanples 1 to 6) Lenses were manufactured in the same nmanner
as in Exanple 1 excepting for the use of the nononmer and the silane
coupling agent in the ratios shown in Table 3, change of the species of
the glass material for the glass |l ens base material, and with 48 or w thout
application of the prinmer treatnment and they were evaluated. The results
are shown together in Table 3. [Table 11 Exanpl e 1lExanpl e 2Exanpl e 3Exanpl e
4Exanpl e’ 5 A 9BGDMB55570 A: 12BGDWM5 A9EDGMWVB5 B: TCDML2342015 Conpositi on
(padsB: CHML7 by wei ght) C. UDML25 C. UDA22010 O EDM 32 D: MIS3135 D:. MDS3 Pri ner

treatment for ppedsang oress bageatsdriat WidApp| taadppinediNoncappebatce was
Refractive index of glass |lens base material. '1.761.761.511.514.76
Appear anceGoodGanuGdod @urtGonst] Refrhactd wa i dex ibddged wddd 166041 82ted as

favorable.

< Examples 2 to 5 >

Lenses were manufactured in the same manner as in Example
1 excepting for the use of..the.-. monomer and the silane coupling
agent in the ratios shown in Table 1, chang;a of the species of
the glass material 'for thé glass lens base material, and with
or without application of the primer treatment and fhey wére

evaluated. The results are shown together in Table 1.

( Examples 6 to 10 )

-Lenses were manufactured in the same manner as in Example
1 excepting for the use of the monomer and the silane coupli'ng
agent in the ratios shown in Table 2, change of the -;e.pecies of
Fhe glass-mateﬁia-l for the glass lens base materia-l,‘ and with
or without application of the primer treatment and they were

evaluated. The results are shown together in Table 2.

(Comparative Examples; 1 to 6)

Le_nses were manufactured in the same manner as in Example
1 excepting fo:; the use of the monomer and theﬁsi:lane coupling
agent in the ratios shown in Table 3, change of the species of

the glass material for the glass lens base material, and with
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Surface accuracy00000 Sol vent resistance00000 Transferability00000
I nj ection workability00000-p HardnessHHBHH2H Aft er
t enper at ur eAppear anceGoodGoodGoodGoodGood 49 cycl e test Sol vent
resi st anceGaudGoodGoadGoodGood '‘Adhesi onGoodGoodGoodGoodGood After storage
at hi ghAppear anceGaudGoodGoadGoodCGood t enper at ure and
Adhesi onGoodGoodGoodGoodGood hi gh humidity [Table 2] 50 Exanpl e 6Exanpl e
7Exanpl e 8Fxanpl e 9Exanpl e 10- A: 9BGDM35 A: 12BGDMB56570 A. 9EDGW3 ,' 2565
B: TCDML52033 Conposition (wtsB: CHW725 by wei ght)C. UDML3510 C:. UDA2

or without application of the primer treatment and they were

evaluated. The results are shown ftogether in Table 3.

[Table 1]

Exampla 1 Example 2 Example 3 Example 4 Example &
ASBGOM g ‘ 85 w
‘A12BGDM 45
ASEDGM 65
BTCDM 12 4 2 15
Campasition (parls ‘ B:CHM ) : . 17
by weighl} C:UDM1 .7}
C:UDAZ :\ : 0
O;E-DM1 2 -
iMTS 3 | 1 3 5
o:MDS i 3
Primer freaiment for glass lens base matedal Applied .Appﬁecf ** Applied:- « None - E ~ None
 Refieclive Index of plasa lafis base maleridd |~ 176 | 176 151 180 176
Appaaranca Gaod Good Gaod Goad ~ Good
Refractive index 151 149 153 150 152 -
Surface accuracy o Q o o o
Salvent resistance o =] ) o] . 0 o
Transfeeabsiity e} o . o) o o
Injection workebility o] o . o e} Q-4
Hardness H HB H "H | 2H
Afterfemparatita | . Appeamnce Gaod Good - Goad Goad Gtxm'
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C. EDML1032 D: MIS325 D: MDS33 Priner treatnent for glass | ens base

mat eri al Appl i edAppl i edNoneAppl i edAppl ied Refractive i ndex of glass |ens
base material 1. 761. 761. 76. 1. 511151 Appear anceGoodGoodGoodGoodGood-
Refractive indexl, 491.551.511.501. 52 Surface accuracy000' 00 Sol vent
resi st ances00000 Transferability00000 |njetion workability00Q 000 )
Har dness2HH2HHH Aft t AppearanceGbodGbodGbodGbodGbod t er enpera ure
Sol vent reS|stanceGbodGbodGbodGbodGbod I '

oycle test Slvent resistance God | Gond Good Good Gond
Adhesion Good . Good Good BGocd Goad
Aflet storage at high Appearance . Gaad Good Good Good Good
{emperaiura and ) i
' Adnesion Good Sood Goad Good Good
high humidity -
[Table 2]
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t t e es AdhesionGoodGood . Goad . GoodGood cyc After storage at
hi ghAppear anceGoodGoodGoodGoodcow 51 tenperature and high humdity [ Table
3] Adhesi on Good Good Good Good Good Conp. Conp. Conp, Canp.

Exemple 6 Example 7 Example 8 Exemple2 | Exempla 10
A-8BEOM . 35
A-12BGDM £ ' | & 70
ASEDGM [N ] &5
B:TCDM 15 . 2 33
Composition (paris B:CHM 7 , ] .
by welghf) ' cuDM1 38 10
C:UDA2
GEDM1 10 _32
DMTS 3 2 5
D:MDS ‘ ‘ 3 3
Primer trealment for glass lens base matediat Applied Awﬁed. None Applied Appliad
Rofractive index of glass lens base maleria 176 178 176 | 15 151
Appaatanca Good Good Gosd Good Gond
Réfeolveindex | 149 155 151 - 150 152
Surface accuracy Q o ' Q - 0O Q
‘Solvant rasistanca e o B o o
Transferabilty o o o o - o
Injection workabifity o o] o4 o o
Hardness 24 H M H H
Appearance énod Gaod Good Good Good
Afier temperature
Solvent resistance _ Good Good Good Good Good
cycletes! :
Adhesten Good Good ¢ Good - Gnod Goad
Afier slorage al high Appeatance Cood ana Gond Good Gocd
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Conmp. Conp. Exam Exam Exam Exam Exam Exam 123456 A: 9BGADM3550657035

A: 129GDM A. BEDGV612523 B: TCDMB41520 Conpositi onB: CHM2315 (parts by

wei ght) C: UDML1510 C. WA220 C. EDM 37 .10 D: MrsS5312 D: MDS2 Priner treat ment

- for glass | ens base materi al NoneNoneNo_neAppI i edAppl i edNona Refractive index
of glass tens base material 1. 761. 761. 761, 761, 761, 76

Appear anceGoodGoodGoodGoodGoodGood Refractive i ndexl, 521.491. 561. 491, 551, 51
Sur face accuracy00000

t-emperaturéand .
Adhesion Good Gond Good Giood Good
high hmidy
“ [Table 3]
Comp. Comp. Comp, Comp. Comp. * Comp.
Exam Exam Exam, Exam Exam Exam
1 2 3 4 5 6
ASBGDM ' k] &0 65 T 35
A:126GDM
A BEDGM 61 s} . 3
B:TCDM 24 . % ) 20_
Composhon | - BOHM | vel . 1
{patis by waight) G:.UDM1 _ 1 1% 10
DA |
C:EDM - a7 1w
D:MT‘S' . 5 3 N A 12
' DiMDS . _ 2
Primer treatmant for glacs lans base material None Nore Nona Applied Applied . Nona
Refractive index of glass lens base matesial 1.76 .78 1,76 1,76 1.76 . 1,76
Appearance . Good Good Good Grod Good Good
Refraclive index L1582 149 156 . 148 15 o 151
Suiface accuraey o O o Q A o]
&j:olvenl resisiance (&) O ) O O ] Q (&)
Transferability o} o) o o o} o
Injestion warkehilty oA o’ - o o] o - x
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Sol vent resi stance000000 Transferability0Coo00 I nj ect I on

wor kabi | i t yo- AO000X 52 Har dness2HHHB2132B2H

Appear anceGoodGoodGoodGoodGoodPoor  After tenperature Sol vent
resi st ancePoor Poor GoodGoodPoorpoor | t t cyc e es

Adhesi onGoodGoodGoodPoor Poor Good After storage at

hi ghAppear anceGoodGoodGoodGoodGoodpoor tenper atur-e and

Adhesi onPoor Poor Poor Poor Poor Good high humlity

Herdniess M H HB 2B 28 2
Appearance Good Good Good Good Gaod Paor
After tamperalure
Solvent resistance Poor Poer Good Good Poor Poor
eytle test -
Adhesion Good Good Gend Poor Paor Gaod
Afler slatage al high Appesrance Good Goad Good Good Good Poor
{emperature and )
' Adhesion Paar Poar Poor Poor Poar, | Good
high humidity

The hybrid lenses obtalned by using the resin-composition

for use in the hybrid lens according to the presentl invention

in which the silane coupling agent is blended with the radical

polymerizable monomer and by way of the manufacturing method

for the hybrid lens acqordirp.g} to the present invention are

favorable 1in view of appearance, surface

accuracy,

transferability and adhesion with the glass lens base ﬁxaterial,

and changes are not observed even after the.temperature cycle-

test or the high temperature high humidity storage.

Further,

they also have a hardness of HB or higher which are practically

sufficient.

However, as shown in Comparative Examples 1 to 3, adhesion

between the glass lens bzse material and the resin layei are

sometimes insufficient unless the glass lens base material is

treated with the silane couplii;g agent depending on the kind

3

of the glass lens -base material,
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The hybrid | enses obtained by using the resin-conposition for use in the
hybrid | ens according to the present invention in which the silane
coupling agent is blended with the radical polynerizable nonomer and by.
way of the manufacturing nethod for the hybrid | ens daccording to the
present invention are favorable in view of appearance, surface accuracy,
transferability and adhesion wth. the glass |l ens base material, and
changes are not observed even after the. tenperature cycle- test or the
hi gh tenperature high humidity storage. Further, they also have a hardness
of HB or higher which are practically sufficient. However, as shown in
Conparative Exanples 1 to 3, adhesion between the glass |Iens base nateri al
and the resin | ayerFarthespres isiesm npuddiyes eat ive |Bessnples ¢l asd 3 esdinpase
material is treated with the silane coupling agent dependi ng on-the kind
of the gl ass tkhashyasid MedresesmlobiZiirdaed tiyenging thevwresin Compsrsittiiven for
Exanples 4 and 5, since the hybrid | enses obtained by using the resin
conposi ti on fuse imsthe hylrd chyens dhdiehiended blid¢hdielde witllanteheosyl neg agent
coupling agent conprises the ingredient A as. the main ingredient, the
har dness s é8npnilsbarthredsgreddenfti &isenthe mairhéngradhesite ntibe tweem atsise
gl ass | ens base material and the resin layer -is insufficient even when the
gl ass | ens bate ZBtand dardneseatedwiiicidnt si Fardher, adhesion between

" the glass lens basematerial and the resin layer is insufficient

even when the glass lens base material is treated with the silane

coupling agent.

(BExample 11)

Fig. 4 shows a c¢ross sectional view of a lens system using
the hybrid lens 1 of the present invention shown in Fig. 1 for
projection lenses 100 for use in a liquid crystal projector.
Reference R1 (i is an integer of 1 or larger) represents a lens
surface number from the magnification si_de to the contraction .
.side respectively and reference di (:i.' is an .integ‘er of 1 or
larger) rlepresents thé central. thickneés of a lens and an air
gap between the lenses (mm) along the main optical axis from
the magnificatioﬁ side tc; the contraction side successively.
Gl represents a first lens group and G2 re'presents a second lens
group. A color composition means 110 such a a dichroic prism
composites three colors passing through threedisplayunits such

as liguid erystal display units and it is shown as a block.
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coupling agent. (Exanple 11) Fig. 4 shows a cross sectional view of a |lens
systemusing the hybrid lens 1 of the present invention showmn in Fig. 1
for projection |lenses 100 for use in a liquid crystal projector.

Reference Ri (i is an integer of 1 or larger) -represents a lens surface
nunber , from the magnification side to the contraction side respectively
and reference di (i is an integer of .1 or. larger) represents the

central - thickness of a lens and an air gap between the |enses (nm al ong
the main optical axis from .the magnification side to the contraction .side
successively. Gl repbasedtshewd ithet dbeDgn AL fRRdt R 108 eSRteh @fSﬁ}Pnd
lens group. A color conposition nmeans 110 such as a dichroic prism

conposi tes theee Tabbess pirssrnNGdHAraddist Bf ecu gy $SHPhBY RiNimnd Feeheads 140810 d
crystal display units and it is shown as a bl-ock. 54 Table 4 shows the

desi gn data feurtthee RAS $¥et eBn@kafi ghicknedabkericsbaVsehbe £Rdi tise ofir
curvature R (nmm) for each lens surface R, the central thickness for each

lens, and thegapr dlg@mﬂlbéﬂmmeémerwm obnkbe HLANERE tRosHes&dOSsnal
sectlonal view of the lens shown in Fig. 4, and the. refractive index Nd

and the Abbe wmtisheorVidhefléte indwonid calg. A ekhal the therdctive ifaomide

magni fication side to the contraction side respectively. .Further, Table 4

shows, in theahdwehe kbR UH, oK t1vdiAbptical material to the d line
fromthemagnificationside tothe contractionsiderespectively.
Further, Table 4 shows, in the lower column thereof, %k, Ay, Ae,
Ay, Aro for the aspherical coefficient in the following aspherical

formula:

[Formula 1)

4
T
1441~ (L + K)e?r?

inwhich z represents the coordinate value on the curved surface,

w A r A+ At + AP

Y represents a distance from the optical axis in the . direction

crossing the optical axls, ¢ represents a curvature at the vertex
of the lens and k, A4, As, Rs, and Ryp each represents anaspherical . .-

coefficient.

Further, Fig. 5 shows anaberration graphof thai:rgj ection
lens shown in Fig, 4. 1Inthe sphefical surface aberration graph
of the aberration graph, aberrations to ¢ line, d line and g
line are shown. In the astigmatism gréph, aberration to the
sagittal (s) image surface and the tangential (T) iﬁage surface

are shown. o in the aberration chart shows a half field angle.

55



A8, A10 for the aspherical coefficient in the follow ng aspheri cal
formula: [Fornmula 1] , z  Z Cr2 +A4r4 +A6r6 +A8gr8 +A10r10 1+ 1(1+k)c2r2
in which z represents the coordi nate value on the curved surface, y
represents a distance fromthe optical axis in the direction crossing the
optical axis, c represents a curvature at the vertex of the |lens and Kk,
A4, A6, As,. and Al10 each represents an-aspherical coefficient. Further,
Fig. 5 shows an aberration graph of the projection |ens shown in Fig. 4.
In the spherical surface aberration graph of the aberration graph,

aberrations tdTebleneé) d line and line are shown. In the astigmatis
graph, aber r pt+on—terthe—sagrat—(S—rage—surfac A (T
I mage surf acg suigts enoS NBMA of cfvit)e Ri [N toRence@ber|r at i em chaf f
angl e. 55 [ Tpble4l—surface—Ne-Radi-us—efqeurvature
1- 80. 860. 51. p486044. B L1042 21202545 7725049 166 bi
. ' - 1,12
2 120 .25 1.77250 496
- Combined lens
3 44995 24
4 27347 32 177250 4086 -
' ' L3
5 5251 53.6 :
6 - 70.09 10 180400 68
4
7 12.13 Y
8 1264 35 1.76182 %6
- L5
9 2577 16
10 w0 0.1 . Diaphragm
t 17.04 50 1.49700 8s
L6
12 16,625 0.1
I | 44 172047 Y
L7,L8
1 17,892 75 1,45700 816
— I - Gombined lens
5 - 523 01 -
16 15469 79 1.49700 816
) Lg,L10
17 19,785 17 1.72047 347 _
Combined lans
12 3625 0.1 '
19 T 38978 85 1.46749 ' 701 (K]
2 - KT R 66 : Aspheric lens
2 = 70 1151638 64,4
- Prism
n @
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| om 344.99622. 1ned ens 4-279.473.21. 7725049. 6- 5525163. 6L3

670. 031. 01. 8040046. 6 712130. 1L4 812.643.51. 7618226.6 9-235.771. 6L5

1010. 7Di aphragm 11117. 045. 01. 4970081. 6 1216. 6250. 1L6 13-21. 014, 41. 7204734. 7
14 '17,8927.51.4970081. 6L7, L8 1552730. 1Conbi ned | ens

16154. 697.91. 4970081. 6 17-19, 7851. 71..7204734. 7L9, L10 1846, 250. 1Conbi ned"

| ens 19389. 7845 ' 1.4874970. 1L11 20-21, 146, 6Aspheric | ens 2137.01.15163364. 1

22Pri sm 56

Aspherical data

. Surface No. K A As A ' Aw
1 132259 90858505 7 8959E-08 46057E12 4.43526-15
N 1,613 92184507 A 5153E:08 3,6094E-12 BADIZE14

The first lens L1 and the second lens L2 constituting the
first lens group 61 of the prod ectioﬁ lens 100 consti.tute-ahybrid.
lens in which the first surface of the first iens Ll facing the
magnification side is an aspherical surface with an aspherical
quantity of 0.5 mm or more. The resin layer in the hybrid lens‘
has a central thickness of about 0.5 mm and a maximum resin layer
thickness of about 5 mm. A diaphragm R10 is situated between
the second lens L5 and the third lens Lé constituting the .second

lens group G2.

_ The rl:lesigned specification values comprisels a field angle
2w of 121°, a focal distance of 6.82 and a gap between the first
group Gl and the second group G2 of 53.6 mm. Although this is
a super wide angle lens with a field angle of as large as 121°,
it is observed to have a predetermined optical perfo}cmance in
viewof the aberration graphof Fig. 5. Further, since thé hybrid
lens has a‘n extremely large agpherical surface, while the lenses
constituting the first lens group Gl are required by the number

of 5 in a case of not using the aspherical lens; the number of
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Aspherical data surface No. KAMMAsAsAm

1- 1322999. 0658E- 06- 7. 8959E- 094. 6057E- 12- 1. 4352E- 15
20-1.6613-92184E-07-1. 5153E- 083. 6094E- 12- 6. 4012E- 14 The first lens L1 and
the second lens L2 constituting the first lens group GL of the projection
| ens 100 constitute a hybrid lens in which the first surface of the first
|l ens L1 facing the magnification side is an aspherical surface with an
aspherical quantity of 0.5 mmor nore. The resin layer in the hybrid |ens
has a central thickness of about 0.5 mmand a naxi numresin | ayer .

t hi ckness of #&bhesufisstindens dyaphp GnIRN ks reidugadetobbwacand tihey seorice

|l ens L5 and the third lens L6 constituting the second |ens group Q. The
desi gned specEgévedt bynthal nuwbesnpfi teseat i Aerardinglpw xgduiliom froddie

di stance of 6.82 and a gap between the first group Gl and the second group
& of 53.6 mmeipktddighet dpostilmveabsapart wiieednyl the paojwiation Lersd EHhgl e
of as large as 121, it is observed to have a predeterm ned opti cal
performance in view of the aberration graph of Fig. S. Further, since the
hybrid | ens has an extrenely | arge aspherical surface, while the | enses
constituting the first lens group Gl are required by the nunber of 5in a
case of not using the aspherical lens, the nunber of . 57 the first |ens
group G/. may be reduced to two and they can be
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saved by the nunber of three. Accordingly, reduction in the size and the .
cost have been attained in the projection lens 100. 58 Clains 1. Aresin
conposition for use in a hybrid lens in which the resin conposition used
for formng the resin layer of the hybrid |ens conprising a resin |ayer
bonded to a glass |l ens base material contains a radical polynerizable
nononmer and a silane coupling agent. 2. A resin conposition for use in a
hybridlens according to claim1, wherein the radical polynerizable
nmononmer contains the follow ng ingredient A and ingredient B: Ingredient

A: a di (neth)acryl ate conpound represent@tabmst he fol |l owi ng general formula
(I): [Chemcal formula 1] R OO R CHR=CC 4 (CH2)nCH2O-C C CH2 ... ([)

(where R represent $.hydr gersor campetshyiogrivupnssminep haperitsl exan inntegst
of 2 to 5 and n represents an integer of 1 to 16) |Ingredient B: a -
nmono( net h) acr ghat eecdnpoomdeosipiesantad fnr Hookdiow ndhegereial 1&9emﬁ>ﬂ tHd ) :

[Chem cal formula 2] RO
hybrid lens comprising a resin layer bonded to a glass lens base .
material contains a radical polyrr_terizable moneomer and 3 silane

coupling age;nt'.

2. A resin composition for use in a hybrid -lgns
according to claim 1, wherein the radical p'c:lymerizable monomer
contains the following ingredient A and ingredient B:
Ihgredi_e;:; At a di (meth).acrylat'e compound rep-resented by the
following general formula (I):

'[Chemical- formula 1]

R'O 0 R
I i ¢ ||

(where R! repreéents hydrogen or a methyl group, m represents

" an integer of 2 to 5 and n 'repre‘sents an integer ‘of 1 to 16)
Ingredient B: & mono{meth)acrylate compound represented b'y
foilowing general fbﬁnula (II):

[Chemical formula 2]

R?O
1
‘CHz=C-C-0-R® -+ ()
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to C1-12=CCOR3 (ff) 59 (where R2 represents hydrogen or a nethyl
group and R3 .represents a cycloaliphatic hydrocarbon group with a nunber
of carbon atons of from5 to 16). 3. Aresin conposition for use in a
hybrid | ens according to claim?2, wherein the radical polynerizable
nononer further contains the followng i.ngredient C. Ingredient C a

ur et hanepol-y(net h)acryl ate having two or nore (neth)acryl oyl oxy groups in
one nol ecul e, or an epoxypoly(mnmeth)acrylate having two or nore
(meth)acryl oyl oxy groups in one nolecule. 4. A resin conposition for use
in a hybrid lens according to claim2; wherein the content of the
ingredient A is from30 to 90 parts by weight and the cont ent of the

i ngr edi ent . B{whetedih Bepreaen s hysiriogencdyia me shy A gresibrand i sy aserfter
use in a hybrid lens according to claim3, wherein the content of the

i ngredi ent C aiaydlami Hhatsohpdrosabponedpite wéth/m nunbarcghpashen@atomsy
use in a hybrid lens. according to claimlt wherein the content of the
silane coupliaf fagunb ite f6dm 1 to 10 parts by weight. 60

3. A resin composition for use in a hybrid lens .
according to claim 2, wherein ﬁhe radical polymerizable monomex
further contains the following ingredient C:

Ingredient C: a urethanepoly(meth)acrylate having two or more
(meth)acryloyloﬁy T groups in one molecule, . or an
epoxypoly (meth}acrylate having two or more {(meth)acryloyloxy

groups in one molecule.

4. A resin composition for use in' a hybrid lens
according to claim 2; wherein the content of the ingredient A
is from 30 to S0 parts by weight and the content of the ingredient

B is from 5 to 40 parts by weight.

5. A resin composition for use in a hybrid lens
according to claim 3, wherein the content of the ingredient ¢

is from § to 50 parts by weight.
€. A resin composition for use in a hybrid lens

"according to ¢laiml, wherein the content of the silane coupling

agent is from 1 to 10 parts by weight.
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7. A nethod of manufacturing a hybrid lens including nold assenbling steps
of opposing a glass |lens base material and a glass nold having a dianeter
substantially equal with that of the glass |ens base nmaterial for
transferring an aspherical shape, adhering an adhesive tape on the | ateral
surface of them to seal a gap between the glass | ens base material and the
glass nold thereby assenbling a hybrid lens nolding die. 8. A :
manuf acturi ng nmethod of a hybrid I ens according to'claim7, wherein the
maxi mum t hi ckness for the gap between the glass |ens base material and the
glass nold is within arange from1l to 10 nmand the ratio of maxi nrum
t hi ckness /m ni mum thickness for the gap between the gl ass | ens base
materi al and the glfass ninetiedior mansffeadniniaglrangveidi bers dmainrddrand
20. or less. 9. A manufacturing nmethod of a hybrid | ens according to claim
7, wherein theokdt hedembipnogsetepafl ¢Erophesimbda glesenbldmy st narerial
injection step of filling an UV-ray curable resin conposition into a gap
bet ween .t he gerdss béasshuskd havénga diame behesgbasannbitly @muhed withrdhadt ep
of irradiating UV-rays to the UV-ray curable. resin conposition filled into
the gap betweef tive gjlesss lesssbapasmtremtior] florahdanbéegtisg amlakpfhreomdadt h
sides of the glass 61 I ens base material and the glass nold thereby curing
the Wray shape, adhering an adhesive tape on the lateral surface of them
to seal a gap between the glass lens base material and the glass

meld thereby assembling a hybrid lens moldiné die,

8. A manufactﬁring methed of a.hybrid lens accordiﬁg
to'claim 7, wherein the maximum thickness for the gap between
the glass lens base material and the glass mold is within a range
from 1 to 10 mm and the ratio of maximum thickness/minimum
thickness for the gap between the glass lens base material and
the glass mold within an effective diameter is 4 or more and

20 or less.

9. A manufacturing method of a hybrid lens according
to claim 7, wherein the method comprises, after ‘the nold
assembling step, an injection step of filling an UV-ray curable
resin composition into a gap between the glass lel:J.S basematerial
and the glass mold, and |

a curing step of irradiating UV-rays to the UV-ray curable
resin composition filled into the gap betweeﬁ the glass lens

base material and the glasg mold from both sides of the'glass
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curabl e conposition. 10. A manufacturing nethod of a hybrid | ens according
to claim9, wherein the nethod includes, after the curing step, an
anneal i ng step of applying such a pressure as bringing the .glass |ens base
material and the gl ass nold approaching to each other while heating to a
tenperature higher than the glass transition point of the curing product
of the UV-ray curable resin conposition. 11. A manufacturing nethod of a
hybrid | ens according to claim9, wherein the nethod includes, before the
curing step, a prelimnary curing step of irradiating UV-rays thereby
gelling the Uensayasemsiles iradsandciong asliatsisomol & 2kh A ateyn ufuading the Utetd:nd
of a hybrid lens according to claim7, wherein the glass |ens base
mat eri al treatwdabileh compeisidiencoupl i ng agent is used.. 13. A hybrid |ens
wherein a resin layer formed of a resin. conposition for use in a-hybrid
| ens containing a radical polynerizable nononer and a silane coupling
agent is bonded to the surface of a-glass |lens base material. 62 .14. A
hybrid | ens accordi h§.t o Blmamilctuwhingimethoed ofasi hylhridi tdne sseafrdiley
resin layer is within a range from1 to 10 mnm 15. A hybrid | ens according
to claim 14, whetkbiinthewherein the method includes, after the curing step,
an annealing step of applying such a pressure as bringing the
glass lens base material and the glass mold approaching to each
other while heating to a temperature higher than the glass
transition point of the curing product of the UV-ray curable

resin composition.

11. A manufacturing method of a hybrid lens according
to claim 9, wherein the method includes, before the curing step,
apréliminaryeunring step of irradiating Uv-rays therebygelling

the UV-ray curable resin composition.

12. A manufacturing method of a hybrid lens according
to claim 7, wherein the glass lens base material treated with

a silane coupling agent is used.

13. Ahybrid lens wherein a resin layer formed of a resin.
composition for use in a hybrid lens containing a radical
polymerizable monomer and a silane coupling ag'ent is bonded to

the surface of a glass lens base material.
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rati o of maxi mum thi ckness /mninumthickness within the effective

di aneter of the resin layer is 4 or nore and 20 or less. 16. A lens system
using a hybrid lens in which a resin |ayer fornmed of a resin conposition
for use in a hybrid lens containing a radical polynerizable nononer and a
silane -coupling agent is bonded to the surface of a glass |ens base
material. 17. A lens system according to claim 16, wherein the maxi nmum

t hi ckness of the resin layer of the hybrid lens is within a range from1

to 10 nm 63 . , :
14, A hybrid lens according teo claim 13, wherein the

maxXximum thickness of the resin layer is within a range from 1

to 10 mm.

15. A hybrid lens according to claim 14, wherein the
ratio of maximum thickness/minimum thickness within the
effective diameter of the resin layer is 4 or more and 20 or

less.

16. A lens system using a hybrid lens in which a resin
layer formed of a resin composition for use in a hybrid lens
5 containing a radical polymerizable monomer and a silane coupling

agent is bonded to the surface of a glass lens base material.
17. A lens system acecording to claim 16, wherein the

maximum thickness of the resin layer of the hybrid lens is within

-a range -from 1 .to .10 mm.
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