*159159* 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

invention concerns a technique for manuf ammm mwmm"lm”m
hybrid lens in which a resin |ayer is bonded [0 a

gl ass I ens base material. Background Art Heretd%sls’*e,

opti cal el enments having aspherical surface have been
frequently used so far J9°%R R ki nds of opti cal

equi pnents with an aimof_inproving the perfor '
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of optical elenents such as |enses or reflectors.
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crystal projectors, constitute highly sophisticated

optical system since inmages have to be magnified at a

high ratio in a short distance and they require a

nunber of |enses necksglamicdbrFidkdrati on correction.

Further, the final lens in the optical systemhas a -

| ar geTHdi anptesentheinuanbponcakcopgeram i & comehniqurl for

by using aspherical |enses, the nunber of |enses
ndtacEsSAiyid@ra alyenrial ilemscdm ebtiichna tesibeldpereasedonded

greatly conpared with a case of constituting the
tsystgra ol ey Ipematéri@hses. As the aspheri cal

quantity
Background Art

Heretofore, optical elements having aspherical surface
have been frequently used so far _in various kinds of optical
equipments with an aim of improving the performance, reducing
the size and the weight and saving the cost of optical elements
such as lenses or reflectors. Particularly, projection lenses
. for use in liquid crystal projectdrs, constitute highly
sophisticated optical system since images have to be magnified
at a high ratio in a short distance and they require a number
of lenses 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 decreased greatly compared with a case of constituting

the systemonlyby spherical lenses. As the aspherical quantity

S AR

*G 00002



*159159* of the aspherical |ens increases, the nunber
of the lenses that can be saved al so increases, but

it has been extrenmely difficult so far to manufacture
an aspherical |lens of a |large aspherical quantity,
particul arly, an aspherical lens of a |large dianeter.
Wil e the nmet hod of manufacturing the aspherical | ens

i ncl udes a nethod of, reC|ser |nd|n al  shi
ofathye asphardral Lensnl %%%S%Sfp O BPHs ok froe 1ERLE8 that

production cost is extrenel h As ot
cagf bergayesca LFe ﬁ@%@amew%ﬁ %?ee& eﬁgﬁﬁ?gﬁhﬂgfﬁ%cult
met hod of form ng by stacking a resin |ayer of an

scagphete canufleapairsyap asephet Fehllgtass Pe%%%%ﬁ%’&% ical
known and such an aspherical lens _is referred to
quisyriity | st i aabanby, ¢ AsRReEEER} |J+$@Sa05>ﬂoiﬁagr?éﬂdsameter
general ly conprises conbining an aspherical gl ass
|l ens as a base material with a nolding die for
transferring an aspherical shape, filling an UV-ray
cur abihd leeshe m@@h&dtqﬁnmanuﬁ&ﬂﬁmnuﬂgkﬁhﬁaaﬁﬁhﬁﬁ%ﬂal lens
and the nolding die, irradiating UV-rays fromthe
irfdldelesf at hethadmmmcﬁelm@rablyh@@r ang phéisiripgya glass
curabl e resin conposition, then renoving the nolding.
1eli apdnholdiess bhebiesithdtayke produwed ion ¢hstans extremely
aspherical shape by transfer fromthe nolding die to
hiide base material. 2

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

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

Amethodof manufacturingahybridlens generallycomprises
combining an asphér-ic.al glass leﬁs as a base material with .a'
nolding die for transferring an aspherical shape, filling an
UV—ray'curable resin composition between the base material and
the molding die, irradiating UV-rays from the side of the base
material thereby curing the UV-ray curable resin compdsition,
then removing the molding die and bonding the resin layer formed
with an aspherical shape by transfer from the molding die to

the base material.




A techni que of manufacturing such a hybrid lens is
descri bed in JP-A-62-258401, JP-B-6-93043,
JP- A-5-34509 and JP-A-2002-228805. However, in
exi stent UV-ray curable resin conpositions, when the
nolding die is released after curing the resin on the
gl ass Il ens base nmaterial, the glass | ens base naterim
has sometjnes been cracked. Further, the sur
the ¢t asechphguepsde RARRFFGFULIRD { fECPed b V%
been peeled due to thermal stress caused b
ST HE T RTAS SR al TK T S 06 JRTATEr 34509 and
storage sonetine failing to maintain optica
TR Aar2a@Q41d48Q%. Such phenonena are conspi cuous
particularly 1in a case where the dianeter is |arge
and the resin layer is thick and those having a
di aneter of 60 mMmmor nore with the maxi rum thickness
of towessim liayeristeBSWUmray awnedleogkdinogcompositions,
actually be manufactured. Accordingly, ingenuity was
whnee edsany 1 Hdngt ke i®lrdileg sticeafipen curénguoihé mpsifn on the
t he aspherical shape as shown, for exanple, in Patent
gossInests dbaber mheerialy e tiel dilagsparensséams material has
virtually inpossible for a lens in which the maxi mum
sdest ined Byeh ¢rackaess Furtfimy, theesunfadwoé the glass lens
mnimumresin layer thickness, that is a hybrid |ens
b&de Aaterealll £ tAkenseid 0agkirzrire bbenlpwasied dbe to thermal
thi ckness of the resin |ayer was about 10 to 300 m

s ték akQitisel By dhet Beafe3 B the ClEthRErahbéal temperature
difference in the localized thickness was 3 or |ess

da@sitde sabkagel rdtife t higknass/ meei mumitdiknessptical

is

characteristics. Such phenomena are conspicuous particularly
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 um or more could 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
se was virtually impossible for a lens in which the maximum resin
layer thickness is four times or more the minimum resin layer
thickness, that isa hyb'rid lens of a so-called intense localized
thickness. The thickness of the resin layer was about 10 to
300 um and about 1 mm at the greatest. Further, the difference
in the localized thickness was 3 or less as the fatio of maximum

thickness/minimum thickness.



3 Accordingly, it was inpossible to manufacture a
hybrid 1lens having a resin |ayer of a large
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 Iens having a resin layer of a |arge
thi ckness, capabl e of manufacturing a high performnce |
hybriRctendingiv, alt afape Inpeasikde te aepsdacikyge a hybrid
capabl e of increasing the aspherical quantity.
1é&ws thearing & resim lehjervfod lidngerepbaricateditanilty by the
provide a nethod of manufacturing a hybrid | ens
fompablien off ttenuéatn deyeq andl thghepérioanarcs tybppgherical
| ens having a. resin layer of a large thickness, with
lens|wageihsuéfizednthi ckness and of |arge aspherica
quantity. Further, it is an object of the present
invention is to provide a high performance hybrid
| ens having. a resin layer of a large thickness, with
a | arpige | peasérzediticki®s haabearf darigeredaspheriicoabf the
quantity. Further, it is an object of the present
féﬁéﬂ!{?@ih@%i@lﬁ%@i%rﬁi ad eBsafyshesrbychstagf adipgovide a
performance hybrid |l ens having a | arge aspheri cal
r8&8Rtddnposition for use in a hybrid lens having a resin layer

of a large thickness, capableof manufacturing ahighperformance
hybrid lens with a large localized thickness and capable of

increasing the aspherical quantity.

Further, itisanobjectof thepresent inventiontoprovide
amethod of manufacturing a hybrid lens capable of manufacturing
a high performance hybrid lens having a resin layer of a large
thickness, with é.large loca}ized thickness —.and of large

asphérical quantity.

Further, it is an object of the present invention is to
provide a high performance hYbrid.lens'having.a resin layer of
‘a large thickness, witha large localized thickness, and of large

aspherical quantity.

Further, itisanobjectof thepresent inventiontoprovide




Di scl osure of the Invention For attaining the
foregoi ng object, the present invention, at first,
provi des a resin conmposition for use in a hybrid |ens
in which the resin conposition used for formng a
resin layer - of a hybrid lens conprising a resin |ayer
bonded to a glass |l ens base material contains a-
radi cal polynerizabl e nnnoger and a silane cqu Iingh .
2 AR SYRTE ang 189upl PRENaBEREOERARFRphBREL fpbens having
adhesi on between the gl ass |ens base material and the
a rkayge | agrherhga heddanls tan i nprove the surface
har dness 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
mat eri al causeddhbyclosereodfnehe zZBryemt EoRi nkage
t hereby, providing practical usefulness. As a result,
t hi s Eoabt tsihbnguheffaotageireg bbjact péheqnemeres hyventgion,
| ens having a resin layer of a large thickness, wth
ata fliarsge pooslideed tkisiknesspasitiapairuse ina babiriag lens
the aspherical quantity. The present invention
Cipridesheseesidl gomposheibhresed efim foguipgsiat keaifiotayer
use in a hybrid |l ens as descri bed above, wherein the
of adhgiligad ere conpblie imgnomers icohapenddrived bbl awlagsslens
ingredient A and ingredient B: Ingredient A a di
b4 SRRt RETY] aichteARoEN e aaRaas potlgtely zhbge fohbmeirngnd a
general formula (1):

silane coupling agent.

The silane coupling agent can improve the adhesion between
the glass lens base material and the resin layer, as well as
can improve the surface hardness of the resin layer which would
cause a trouble in a case of softening the resin layer in order
to moderate a stress to the glass lens base material caused by
the: polymerization shrinkage thereby. providing practical
usefulness. As a resﬁlt, this enables to manufacture a high
performancehybridlenshavingaresinlayerofalargethickness,
with a largé localized thickness and capable of increasing the

aspherical quéntity.

The present inventionprovides, secondly, athe firstresin
composition for use in'a hybrid lens as described above, wherein

the radical polymerizable monomer contains the following



[Chemical formula 3] R'"OO0OR 111 | CH2=CC ---

(CH2) nCH2O C- C=CH2 (1) n (where Rl represents

hydrogen or a nethyl group, mrepresents an integer

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

I ngredient B: a nono(neth)acryl ate conpound

represented by follomﬁng general formula (I1):

[ Chemi cal fornula 4] 111 3 CHz=CCOR (1)
ln@ﬁﬁéﬂ@nﬁzAréB@eéBﬁF@dHF@Fo&en or a nethyl group and R3

represents a cycloaliphatic hydrocarb rou
Ingresdensf Aca@b@% (e Bk ChY L # F & nt G QU )re%ﬁ{ee"%ﬂv%e§ by the

(rmeth) acrylate conpound as the ingredient A has a
foflhoetingn gehegeflt darAglehd Iésin | ayer, noderating the

stress to the glass |ens base material caused by the
[Chemieedi £atthoda Shri nkage and providing durability,

and the nmono (neth) acrylate 6 conmpound as the

i ngredient B has a function of inproving a necessary

surface accuracy as t he hybréd lens. It is possible
R 0

I
CH2=C—C ‘[- (CH2)mCH20 i—n— C~-C=CH:2 s (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)
Ingredient B: a mono (meth)acrylate compound represented by
following general' formula (II):

[Chemical formula 4]}

T
CH=C-C-0-R* .+« (D)

(where R? represents hydrogen or a methyl group and R® represents
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 layer, moderating the stress
to the glass lens base material caused by the polymerization

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



to manufacture a high performance hybrid | ens having a
resin layer of a large thickness, with a. |arge

| ocali zed thickness and capable of increasing the
aspherical quantity by using the acryl ate conpounds
descri bed above as the radical polynerizable nononer.
The present invention provides, thirdly, the second

resin .conppsition far use_in_a hybrid.l.ens as . .
Cﬂ%@%??%eﬂsag€9e}nﬁﬁ88éﬁﬁ% Ph@%%mﬁ&éﬂnﬁﬁﬁ%ﬂnﬁ'z pecving &
nmononer further contains the follow.,ng, ingredient C. .
nF RS B AUEACe GREUR NI P PAL A A 8o hat 4G PaRsible
or nore (neth)acryl oyl oxy groups in one nolecule, or
tamaRBEAG PG i) PRESATRAEIaTIRG g cBF Revend & resin
(meth) acryloyloxy _groups in_one_nolecule._ The resin
1a¥9Brotah e ds Slileddamsn widdy ar éargeaheeal hzedskhigkness
for the resin layer by blending the ingredient C. The
apd agmab ineéninere ps by dde aspherhcy]l dpentibphy vsdng the
conposition for use in the hybrid I ens as described |
agbplate ghapeindstdrs ebibedaberetdfothadieddicadt pal ygerizable
from30 to 90 parts by weight and the content of the
momgredi ent Bis from5 to 40 parts by weight. 7 It is
possi bl e to manufacture a high performance hybrid
| ens having a resin layer of a large thickness, with a
large |localized thickness and capabl e of increasing
t he dRpheriesaeht invention provides, thirdly, the second resin
composition for use in a hybrid lens as described above, wherein
theradicalpolymerizablemonomer further contains the following
ingredient C:
Ingredient C: a urethanepoly(meth)acrylate having two or.more
(meth)acryloyloxy groups in- one molecule, or an
epoxypoly(meth)acrylate having two or more (meth)acryloyloxy

groups in one molecule.

The resin layer can be provided with heat resistance

necessary for the resin layer by blending the ingredient C.

Thepresentinventionprovides,fourthly,thesecondresin
compositionforuseinthehybridlensasdescribedabove,wherein
the content of the ingredient A is from 30 to 90 parts by weight
and thé content of the ingredient B is from 5 to 40 parts by

welght.



quantity since it is possible to soften the resin
| ayer, noderating the stress to the glass |ens base
mat eri al caused by the polynmerization shrinkage and.
ensure necessary surface accuracy by conprising the
ingredient A as a main ingredient and properly
bl endi ng -t he ingredient B. The present invention
provides, fifthly, the third resin conposition for
use in a hybrid |l ens as descri bed above, wherein the
content of the ingredient Cis from5 tq 50. part :
Nel G, $PLoPES BBS) 1 @Ry SR Peoh RETE PR S
necessary heat resistance and i nprove the hardness by .
lanoperlipdolkeigsiy LBNET] ﬁ§réd]r%ﬁgg . Jﬁ‘l‘w’&n%?%'se”il&& 2 Yarge
i nvention provides, sixthly, the first resin ,
1 ceripiosict it cikave ags @nion cappPhei af | BMEreas Heg crhpafpherical
above, wherein the content of the silane coupling
quegenitty ssfnoen itt didOppasible bfoneiafiften | Bhg &gsdn layer,
where the content of the silane coupling agent is
nodeniffing ente stthressf frecthies ghesssbers | hese dedlet bht caused
and in 8 a case where the cont,ent i s excessive, the
bPIReediliperdza tdfon she ipkageenndi epgsueaci¢enssary surface
Increased and the injection workability to the cavit
ad&u tyeSrpnieyiedy etier amegirgdiehs Pr eSe@tm&imemg%‘?\glent
provi des, seventhly, a method of manufacturing a
akty 5 sbdens b reddich ot e thgussdidniti 1B). st eps of
opposing a gl ass |lens base material and a glass nold
havi ng a

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

the content of the ingredient C is from 5 to 50 parts by weight.

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 insufficilent, the effect is not sometimes developed and in



di aneter substantially equal with that of the gl ass
| ens base material for transferring an aspherica
shape, adhering an adhesive tape on the |atera
surface of themto seal a gap between | ens base
material and the glass nold thereby assenbling the
glass a hybrid lens nolding die. By using the gl ass

nold for the nolding die for transferri .

a gapRaihere %ﬁ@,ntlﬂ%[tr 46i BFCESPAVE’ c e&%‘?érgrbgdu% &gte ot
from both sides of the glass,|ens base erd al . :
EheheQ e HOARE - TSPRECOR S 1 EFBRESaRoaE o 1BJ8ction
ul travi ol et ra%f can be supplied,6 even to_a portiaon qf
woakabidisas&e thiec KAFdS Yat St BOMCEARES LRYFESE Spyremety-
irradiating U/-rays fromthe both sides, occurrence of

pol yneri zati on strain can be suppressed as nuch as
possi bl e, occurrence of peeling or cracking in th

r esi fheapeeseat bavenbppneRERWidp®, o3RI ehtY & method of
optical strain can also be suppressed. Thus, a resjin
manayferc tafr img arlggort id dleun@s’sn@hudg@g Hokdrag SephliRgr steps of
cavity capable of formng a thick resin |ayer can be,
op¥sied aagilhgsbyens hahesiaketigle aodaki ayafsthedddraving a
assenbling the hybrid lens nolding die b%ﬁop osing the
diGhRser kepsthasd ataerbablanith Hehafl afs thel dlaasi hgng base
di ameter substantially identical therewith and _
nAdEEHINESN afhesfyeringeanonsphehioblt Isbapayeraghering an
surfaces of themthereby sealing the gap between the
adllasisrd e8ge basehsakerirall sudfddreoftiitimyo dgieal Fgeptegtween
theglasslensbasematerialandtheglassmoldtherebyassembllng

a hybrid lens molding die.

Byusingtheglassmoldforthemoldingdiefortransferring
the aspherical shape, ultraviolet rays can be irradiated from
both sides of the glass lens base material and the glass mold.
Since a sufficient amount of ultraviolet rays can be supplied
even to aportion 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
suppressed. Thus, a resin layer of a large thickness can be
formed. Further,acavitycapableofformingathickresinlayer

can be formed easily by an adhesive tape sealing method of




since the adhesive tape 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 |l ayer and occurrence of polynerization strain
can be suppressed even in a case of formng a thick
resin layer to the peripheral edge. The present
i nvention provides, eighthl¥,,the sevent h . 1

a seemiifldatautiveg hybrA6d Lenst Reldypei d1e dhy RPN ity 912ass
above, wherein the maxi mumthickness faor the gap ..

lemet vibeset matgrdsd |end thescdhas®er Paldarp Y gRaiameter
mold is within a range from1 to 10 mmand the ratio

sulfs temdti iyt hilekhissl /oheriemirhht #ne kabes ingran pabegaye tape
between the glass | ens base material and the gl ass

orirebdh &f thienlaneebiesttfaces afetbeni therely meed 1a9dthe 9ap
or less. Since the U/-rays can be irradiated from both

betiviiasm ehe gl BesQleasod sma baska anhdrihal nahdinddigh aggrther,
mold by using the glass die for the nolding die, a

s isid t B adheaivertapd dols haysintanr et she piVi-edyal sradiation
a portion of large thi.ckness at the center thereof.

£ Bot8Sdi des ShNGEr Preisnteaneuat gblyrenyzedn be Stradiated
can be suppressed as | ess as possible and occurrence

aldo Peel {RE, pdPighaski 8¢ &hd theihi Keyeandrat arcenoence of
of optical strain can be suppressed upon curing of

pd1 &M g ays SUERPhen @ Pe GRppesisisedevén ihedcaseaf forming
cavity wwth a large difference in the |ocalized
thi ¢ ; i VeEhe T ard Br&ggé hi ckness and

% Wit @?égsélﬁdiif e?e%%e [ n%ei%cal [ z%ggt hi ckness can
be forned.

The present invention provides, eighthly, the seventh
manufacturing method of the hybrid lens as described above,
wherein the maximum thickness for the gap between the glass lens
pase 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 élass lens 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
glass.diexfor the mblding die, a sufficient amount of UV-rays
can be supplied also to aportionof large thickness at the center
thereof. Asaresult, sinceoccurrenceofpolymerization strain

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

10



The present invention provides, ninthly, the seventh
manuf acturing nmethod of a hybrid | ens as descri bed
above, wherein the nethod conprises, after the nold
assenbling step, an injection step of filling an
UV-ray curable resin conposition into a gap between
the glass |l ens base naterial and the glass nold, and
a curing step of irradiating U/-rays to the UV-ray,
crarlene andeggﬁ Ebkposind efchirresge af PrRINC S BetiReean be
the glass lens base material and the glass nold from |
suppresseapen cneigy &k theeW¥-pay curaleie psandcoprosition
gl ass nold thereby curing the UV-ray curable _
f thigdsin i anca Bty réiich aa | Fr a%/-hl/Ee repe bt htle ghacatized
the glass lens base material and the glass nold,
tisiokmess saf féesimdayamhaning a L argaydickness angplitddlarge
even to a portion of large thickness at the center
difeeraicanih tse alocsld 1ed otltickmease odn be formed.
pol yneri zation strain can be suppressed as |ess as
possi bl e, and occurrence of peeling, cracking or the
i ke and occurrence of optical strain can be
SUppPrEss efr &PONt Cilnzegt 06nt beodeay hlintWiahl eche seventh
conposition filled in the cavity having a | arge

madhi £kOESSi n@Rdthotlld fl #hgbr diflfetrsenc debbrlibedldzac, wherein
t hi ckness, a resin layer having a |arge thickness,

tié t RekBbEe dbnffrarsence dftéhe thecald ZedasbbinokDRgS stap, an
be formed. The present invention provides, tenthly,

idf¥cti ol stes BEdfilling an UV~-ray curable resin composition
into a gap between the glass lens base material 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
base material and the glass mold from both sides df the glass

lens base material and the glass mold thereby curing the UV-ray

curable composition.

By irradiating UV-rays from both sides oﬁ the glass lens
base material and the glass mold, since a sufficient amount of
UV-rays can be supplied even to a portion of large thickness
at the center thereof and, as. a result, occurrence of
polymerization strain can be suppressed as less as possible,
and occurrence of péeling, cracking or the like and occurrence

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

11



of manufacturing the hybrid | ens as descri bed above,
wherein the nmethod includes, after the curing step,
an annealing step of applying such a pressure as
bringing the glass I ens base material and the gl ass
nol d approaching to each other while heating to a
tenperature higher than the glass transition point of

h ' .of th - . ' .
eI ThER SaTher a & Ragd S e Aed ap fh ckness
oD\ I T 15 SRS IR g A G COLGPR R 15 moo i Peer

heating to a tenperature higher. t the gla .
havmagiwqaghhg%?# het iy gﬂr%&l&afgfﬁe <lifi the localized

pol ymeri zation b UV-rays. The present invention
tiprekners, call R tMedt he ninth method of

manufacturing a hybrid |l ens as descri bed above,

wherein the nethod includes, bef ore the curing step,

a prelimnary curing step of irradiating UV-rays
t her éBye pERERRE HTHENNLGEYT @Vt 88F tenthi by, the Hinthmethod
conposition.. 12 Since polynerization can he grocee ed

ofimdmrfdgtusing dpys yiviey ist dlengi par gJesgrébgg above, wherein
irradiating W-rays to the UV-ray curable resin _.

ticompadidd dmdtlhveleshy adéklri hiye t ¢ier Segres Usd 0P8 annealing step
substantially conplete cure by the UV-ray irradiation,
oPcapsl ghee oicipod ypeeszate ons sbrihginanthe glpsaetens base
suppressed. The present invention provides, twelfthly,
mibersevemd thetdbassfmobduipptoathing hybepdh| eRBegswhile
descri bed above, wherein _
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 can be transferred
at a high accuracy while softening the resin layer by applying
thepressurewhileheatingtoatemperaturehigherthantheglass
transition point of the cured resin after polymerization by

UV-rays.

The present invention provides, eleventhly, the ninth
methodofmanufacturingahybridlensasdescribedabove,wherein
themethodincludes,beforethecuringstep,apreliminarycuring
step of irradiating UV-rays thereby gelling the UV-ray curable

resin composition.
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the glass lens base material treated with a sil ane
coupling agent is used. Adhesion of the resin |ayer
to the glass |l ens base material 1is sonetinmes not
satisfactory by nmerely bl ending the silane coupling
agent with the resin conposition depending on the kind
of the glass |ens base material and, accordingly, it

is desirable _to previqusly treat the gla I ~
mat er§idICe Pﬁlb’ﬁégé?PEﬁSn CHAp %ﬁg %@%‘%?‘?&Sr%e%g‘ﬁ‘éf?gﬁ‘?y by
i nvention provides, thirteenth, .a _hybrid |ens [.eia_

apP ¥ § Araldmingryeause of r1§§iaﬁl@5ﬂ%‘ s} TBﬁyFo‘%g\@ggedfﬂ ray
a hybrid I ens containing a radical neri zabl e

cumaioher rasdn &QmHQ§#§Mﬁﬁuﬂh¢EFQ%eﬂgfilngoﬁéﬁj%Q?%r@efore
surface of a glass |lens base material. By the, use of .

sthetaesial tynposinleie bletded W t kheheU¥TFaKe igradiation,
coupling agent, it is possible to manufacture a high

openfoenaace phypnedikahiohaknajimcrads fugfderopugpressed.
| arge thickness, with a |arge |localized thickness and
capabl e of increasing the aspherical quantity. The
present invention provides, fourteenth, the 13th
hybr i Thé emse gen i esorarisicbratpoce iesy e tel i bkt seventh
thickness of the resin layer.is within a range from1

nbEhdQ oFRarByf 4 drentivey ah ybird o lewihas desegiibeshalpp epdeherein
with the silane coupling agent, a resin |layer of such

tRe lliagdeesss pasehe farielltreated with a silane coupling agent

is used.

Adhesion of the resin layer to the glass lens base material
is sometimes not satisfactory by merely blending the silane
coupling agent with the resin composition depending on the kind
of the glass lensbasematerial and, accordingly, it isdesirable
topreviouslytreattheglasslensbasenmterialwiththesilane

coupling agent.

The present invention provides, thirteenth, a hybrid lens
wherein a resin layer formed of a resin composition for use in
a hybrid lens containing a radicai polymerizable monomer and
a silane coupling agent is bonded to the surface of a glass lens

base material.

By the use of the resin compositionblended with the silane

13



The present invention provides, fifteenth, the 14th

hybrid 1|ens as described above, wherein the ratio of

maxi mum thi ckness /m ni mumthickness within the

effective diameter of the resin layer is 4 or nore

and 20 or less. By the use of the resin conposition

bl ended with the silane coupling agent, it is

possible to forma resin layer with such %,I rge
cduddirigzedenhi dinies $osEHS Lsr & BanULRFENTCoR 5ﬂgxﬁgeo%%‘?rmance

sixteenth, a lens system using a hybrid |lens_ in which
hybrias i lersapenvihgr sedesinalayer of orpdset FBACkBESHseWith 2

in a hybrid |l ens containing a radical polynerizable
1ampwnebcandzadsi tlanekeespl iang agepeble hdéacreaging the

the surface of a glass |lens base material. By using a
adprodr inesf ayuemicet hybri d | ens having a resin |ayer of

a large thickness, with a large localized thickness

and capabl e of increasing the aspherical quantity by

bl ending the silane coupling agent for a | ens system

a hi gihPepifosempcenvantdiennpaotrifes) ediduort desrid, cdrhel 3th

constituted while saving the nunber of I|enses
h§ﬁ¥&&rfgkéwﬂ% AN abokkeenhe@Binnthecas®eimmh thickness

constituting, for exanple, a projection | ens having an
oEXEENELY; M ey &Nl €. wihiei Pr £seaigé NFedih i DNterbyimes,

seventeenth, the 16th lens system as described above,

wherei n the maxi mum thi ckness of the resin |ayer of

the hybrid lens, is within a range from1l to 10

Bytheuseoftheresincompositionblendedwiththesilane

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

Thepreséntinventionprovides,fifteenth,thel4thhybrid
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.

Bytheuseoftheresincompositionblendedwiththesilane
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 a radical

-polymérizable monomer and a silane coupling agent is bonded to

14



mm By the use of a hybrid lens having a resin |ayer

of a maxi mum thickness and capabl e of increasing the

aspherical quantity, a high performance and conpact

optical system can be constituted while saving the

nunber of |enses required for aberration correction.

I ndustrial Applicability The resin conposition for use

in the hybrid lens according to the present invention
theasurdacei bifzed gllessf demsngager 88terigl-ayer of a

hybrid | ens formed by stacking a resin |ayer of an

aspherical shape on a spherical glass |ens. Further,

t he nethod of manufacturing the hybrid | ens according |

to the peeagnh hiyenpénformante hyhridebenprhaHag a resin

manufacture of a high performance hybrid | ens having a
1aRY Bf bayergef thitRngest hwtknesslange hlaraldigpd thickness

'ocal i zed thickness and capable of increasing the _
an@s Elaﬁb'btlél o flupmtdéa's 115 e tispheybced beastatgdeyignding

to the present invention is a high performance
crsphebheadolENdlayeng foreslenbayesten, aahighgerformance

thickness, with a large localized thickness and
arﬁ@éﬂbsct@r@fﬁ@dﬁeﬂengu@iﬁ beyconst chutee wWitiille zeuing the

or exanpl'e, as a projection lens for a liquid
mfifpeil s PEALES! PEqu Bk sgeré hermptiaialos yatramcdoor dhng case

o the present invention uses a high performnce

ofV0Lh St B0Si GV B8 ra RSPl , aYErpPbjéction lens having an

extremely wide angle.

Thepresentinventionprovides,seventeenth,thethhlens
system as described above, wherein.thelnaxiHMmlthickness of the
resin layer of the hybrid lens is within a range from 1 to 10

mm .

BytheuseQfa}ummidlenshavingareéinlayerofanmximum
thickness and capable of increasing the aspherical quantity,
ahighperformanceandcompactopticalsystancanbecmnstituted
while saving the number of lenses required for aberration

correction.
Industrial Applicability

Theresincompositianforuselethehybridlensaccording

to the present invention can be utilized for forming a resin

15



I arge thickness, with a large |ocalized thickness and

capable of increasing the aspherical quantity, it can

be utilized, for exanple, as a projection |lens for

use in a liquid crystal projector. Brief Description

of the Drawings [Fig. 1] is a cross sectional view

ShOMAgg a ?refﬁrred enbodi nent of a hybrid | ens

according to the present invention., .16 [Fig.. -
lagey af 2 LyRBIE el TORBRChE Yt RE25KERE %O,?Qs;bé]r%;ﬁ%rd of an

of manufacturing a hybrid |ens according to the
asphegénel ShePst PBn2 FPP&F1§F1(§aa§S( Fl&re a flow

chart showing the steps for a nethod of manufacturing

a hybrid |l ens according to the present invention. [

Fig. 4] is a cross sectional view showing {he .

consFutrthiean thézmqﬂhquﬂfomanﬁﬁécﬁgrhﬂge?gﬁppngﬂda&ens

optical systemaccording to the present invention.
adcbirging tics e aeesent obneeationf canebpr sitddizsA 1Gfs the

in Fig. 4. Best Mbde for Carrying Qut the Invention
maBighetied efbadhight petbormaneei hybohobeR¥ YR B gesin

in a hybrid lens, a nethod of manufacturing a hybrid
1dy@isofa Aybifge drensneny wilttna igsgen eeebitphdhirkness

the present invention are to. be described but the
arld\ AR icF notcrestircttet taepherical quantity.

Since the hybrid lens according to the present invention
is a high perforﬁénce aspherical lens having a resin layer of
a large thickness, with a large localized thickness and capable
of aspherical.quantity[ it can be utilized, for example, as a

projection lens for a liquid crystal projector.

Sincetheopticalsystemaccordingtothepresentinvention
uses a high performance hybrid lens having a fesin layer of a
large thickness, 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 liguid crystal

projector.
Brief Description of the Drawings

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

embodiment of a hybrid lens accbrding to the present invention.
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foll owi ng enbodi nents. The resin conposition for use
in the hybrid I ens according to the present invention
is used for formng a resin layer of a hybrid | ens
formed by stacking a resin |ayer of an aspherica
shape on a spherical glass Iens. The resin conposition
for use in the hybrid I ens according to the present
invention contains a radical polynerizable nononer
and dFsig.alk coupl (A arent f1ov qier§ sdicding the steps for
pol ymeri zabl e mononmer is a main ingredient fornmng a
a meshodlofyeanofaathybngd hghsidyl ersibcabrgong ey thatnxgsent
and curing. The radical polynerizable nononmer in the
inWeasdin. i nvention preferably contains, as the
ingredient A, a di (meth) acrylate conpound
repr ggart.ed] byeit ke (§pldomanglgenenatt shawimathe)steps for
I ngredient A [Chenmical formula 5] R OOR CH2=C-C 4
a WEHRaGR2Rhnhfactuiflla hybtid leheaecRtdingriesehtpresent
hydrogen or a nethyl group, mrepresents an integer of
indrdn@i®mand n represents an integer of 1 to 16) The d
(rmeth) acryl ate conpound represented by the genera

formylm o(14] 88 atdendH19ee€l 8RR 1Ariich Shdiing theretisitution
of the resin conposition for use in the hybrid | ens

o 28 GG 12 1 E88s RIsCHE Bk amip) CesH 'aﬁrb;ﬂmj:aﬂt shB8ef according
fuicti"on of softening the resin |ayer
to the present invention.

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

in Fig. 4.

Best Mode for Carrying Out the Invention
Preferred embodiments for a resin composition for use in
a hybrid lens, a method of manufacturing a hybrid lens, a hybrid |
lenstand a lens system according to the present invention are
to be described but the invention is not restricted to the

following embodiments.

The resin composition for use in the hybrid lens according
to the presént invention is used for forming a resin layer of
a hybrid lens formedﬁby“stacking a.resin layer of an aspherical
shape 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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into a rubbery state, noderating the stress to the
glass lens base material caused by the polynerization
shrinkage and providing durability. Specific exanples
of the di(nmeth)acrylate conmpound 18 represented by the
general fornmula (1) can include, for exanple, di
(meth) acryl ate conpounds of polyethylene glycol such
as ethylene glycol di(neth)acrylate, diethylene
glycol di(neth)acrylate, triethylene glyco

di (neth)acryl ate, tetraethylene glyco

di ( methe acidd @d e pdleniact v enenogioneal is a main ingredient
di (met h) acryl ate, and nonaet hyl ene gl ycol

f@lhﬁm@@; h) p&svh qtag;,er sf @’ B}@arnérm B Q@mwdpomgzmen zation
pol ypr opyl ene gl'ycol suc propy ene gl yco

afl (CTRE N ACT it ?ad@b@ﬁ.oﬁéﬁﬁﬂérgkéﬂ@% méhokd®ti) the present

acrylate, tripropylene glycol di (neth) acrylate,

1ﬁ§éﬂ@9&ﬂpyﬁfé‘§eﬂél¥f§’l ddepihd acryd atge anfhgredient A, a

nonapr opyi‘ene gl ycol di (meth)acrylate;

afi Iﬁﬁ?ﬁ gf{/‘!%@é% f’épf(’ése ?Eé{w h@%l&&(’&q‘lg general

suc ene dglyco acry

j I gl ycol di(nmeth)acrylate, trlbutylene gl yco
fgfﬁﬁ%¥h?ggrylate tetrabutyl ene gl ycol

di (nmeth)acryl ate, nonabutyl ene gl ycol

di (net h)acryl ate, and dodecabutyl ene gl ycol

di th)acyylate; and di (neth)acryl ate conpounds of
II&%’%‘?% %?o]%é adduct of 1, 3-butyl ene gl ycol

neth)acrylate, ., 1, 6- hexanet hyl ene gl ycol
&’%%?ﬁ; ﬁ?%?“éi%, sl 1, 14-t et radecanet hyl ene gl ycol di
(et h) acryl ate, neopentyl
R'O . o R
| 1 I |
CH=C~C —[' (CH2)mCH20 }— C-C=CH: RN ()]
(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 ingredient A is a main ingredient of the resin
composition for use in the hybrid lens according to the present
invention and it has a function of softening the resin layer
into a rubbery state, moderating the stress to the glass lens
base material caus.ed by the polymerization shrinkage and

providing durability.

Specific examples of the di(meth)acrylate compound
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glycol di (neth) acrylate, and hydroxypivalic acid-
neopentyl glycol. The content of the ingredient Ain
the resin conposition for use in the hybrid |ens
according to the present invention is within a range
preferably from30 to 90 parts by weight, 19
particularly, from50 to 80 parts by weight. In a case
where the content of the ingredient A is

rémsadditadhy, thogeneradifammuly 6% wam 1pcledepfgrnprple.
for the resin layer, the heat resistance coping. wth

di e tthlangey it e heowppunast afc P bypeh vt e giy 31"such as
insufficient and the anmobunt of water absorption can

ctipplaoaet igigcobe stibprelslacr Grtae otdbethgkenein glycol
case where the content is excessive, the surface

dhaneitesscsphet é res Hroweihy eavear kabygolFurdhérethhacrylate,
radi cal polynerization nononer in the resin

t SOrROsh §1ome f QIytse dh(metlybacdylaps, aeentaétigyienehglycol
present invention preferably contains, as the

ai nes e £atyBatd, AmACHoRAdhiae hat gl yonbodhdmeth) acrylate;
represented by the following general formula (I1).

ai Gher cadr f o5l aokipoulrds00El pd1 yildp@lEn@ Rilycol( Isych as
(where R2 Trepresents hydrogen or a nethyl group and R3

pFEPYESRAL S g1y cenc! oal kel schytabear batipgopyl esie h glycol
nunber of carbon atons
di (meth)acrylate, tr;propylene glycol di(meth)acrylate,
tetrapropylene glycol di (meth)acrylate, and nonapropylene
glycol di(meth)acrylate; di (meth)acrylate compounds of
polybutylene glycol such as butylene glycol di(meth)acrylate,
dibutylene glycol " di (meth)acrylate, tributylene glycol
di (meth)acrylate, tetrabutylene glycol di (meth)acrylate,
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)acrylate,
1, 6-hexamethylene _ " glycol di (meth)acrylate,
1,14-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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of from5 to 16). The nono(neth)acryl ate conpound
represented by the general fornmula (I1) as the
ingredient B has a function of inproving the surface
accuracy of the polynerization cured resin |ayer
necessary for the hybrid lens. 20 Specific exanples of
the nono (neth) acrylate conpound can include,
cycl opentyl (meth) acryl ate, cyclohexyl (ne h)
paaﬂn)dlﬂlae:ly,t firost 69| £91 & i tsmath Peddtat eln 2 case where
nor bornyl (et h)acryl ate, isobornyl (neth)acrylate,
trdasanEnt(oEtteadngraté entdh cyic LoSEREECLRBER) BR S Gl lent
and tricyclo (5, 2, 1,02,6 )decan-8-yl (neth)
£1a6¢i it iy Thektonirent fof thieer é Hige ddyvenmy Ehe hephergeistpnce
conposition for use in the hybrid lens according to
1§1 Present thavehsnore of phef elablpstianhen tempargdure is
om5 to 40 parts by weight, particularly, 10 to 30
1Rl 51 Db Sl thel dnaurcas & walterel S pTiont ean not geretines
Ingredient Bis insufficient, no sufficient surface
bAGHPAGS &R Noh BRERIthES hhﬁdobltnlanemmwrlemn the content
other hand, in a case where the content is excessive,

1§ Qﬁc@ggﬁvéesﬂhﬁ 3118 €a c 8 th alride RS E B é BimesRbWeES remarkably.
det eriorated. The--radical pol ymeri zabl e mononer in

the resin conposition for use in the hybrid | ens
according to the present invention preferably

cont g ?915 he fé‘@i@gl 1 merd zation monomer in the resin

urethanep y(meth)acrylate, "having two or nore
composition for use in a hybrid lens according to the present
invention preferably contains, as the ingredient B, a
mono (meth) acrylate compound represented by the following
general formula (II).

[Chemical formula 6]
RZ0O
N
CH:=C-C-O-R* :--(I)
- (where R? represents hydrogen or a methyl group and R® represents

a cycloaliphatic hydrocarbon group with a number of carbon atoms

of from 5 to 16).

The mono (meth)acrylate compound represented by the
general formula (II) as the ingredient B has a function of
improving the surface accuracy of the polymerization cured resin

layer neceésary for the hybrid lens.
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(et h) acryl oyl oxy groups in one nolecule, or an
epoxypoly (nmeth) acrylate having two or nore (neth)
acryl oyl oxy groups in one nolecule. The ingredient C
is an ingredient providing the resin layer with heat
resi stance and providing an appropriate hardness. 21
The ur et hanepol y(neth)acryl ate having two or nore

(et h) acryl oyl oxy groups._ in one nplecul e .as the
i ngr Sgiesitfic cxamp | fe AFdERE TR %@iaﬁ& Wit Fappound can
product of a (nmeth) acrylate having_a hydroxyl .grou
irgricicaEn cyobypemtel t@ﬁ%%ﬁ@rhhﬂﬁg PR OPERYIpEtR] acrylate,
i socyanate groups in the nol ecule. Specific eﬁﬁsples lat
¢ rafme they o} Yo rsocylaimee &) )b Ete hangigo iy L (methyacrylate,
pol yi socyanate group having at |east two isocyanate
i HeBmsy ] (methieamyletid,e can i ncl ukdaparphat Reth) acrylate,
aromatic, or cycloaliphatic isocyanates, for exanple,
d 8} ¢ Bsmdiny Bge tith d aocl@inat e, hexanet hyl ene .and
di'i socyanate, 2,2,4-trimethyl enehexanet hyl ene
19 & ROy et £, @ Bl ddexar@- y dinstdryasiey B3t ¢ sophor one
di i'socyanate, tolylene diisocyanate, xylylene
di i socyanate, 1, 3-bis((x,a"-dinethylisocyanatenethyl)
benzene, diphenyl net hane diisocyanate, m phenylene
- di | Sy aRitent §FCyed dprddiritaRei mitileorpanat eomposition
napht hal ene dii socyanate, and bi phenyl diisocyanate.
fﬁqps%ﬂi% tlﬁ@vhggr@a 1erstadaexdispdyanheepgesaps invention

e nol ecul e obtai ned by the reaction
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,jjlacasewherethecontentisexcessive,theheatre51stance

of the resin is sometimes deteriorated.

-Theradicalpolymerizablemonomerintheresincomposition
for use in the hybrid lens according to the present invention
preferably contaiﬁs, as. the ingredient C, a
urethanepoly (meth)acrylate- having two or more
(meth)acryloyloxy groups in one molecule, or an
epoxypoly (meth)acrylate having two or more (meth)acryloyloxy
groups in one molecule. The ingredient C is an ipgredient
providing the resin layer with heat fesistance and providing

an appropriate hardness.
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bet ween the isocyanates descri bed above and a conpound
having at |least two active hydrogen atons such as of
am no group, hydroxy group and carboxyl group, or
trimers to pentanmers of the isocyanate conpounds
descri bed above can al so be used. 22 Further, the
epoxypoly (neth) acrylate having two or nore (neth)
acryl oyl oxy groups in one nol ecul e can include a
gl ycidyl group ring opening reaction product between
an epoxy conpound having two or_ nore glycidyl groups
i n t hEhemlunaianerPly wREH)) aeryAate adiad 19 ot erSEndmore
having (nmeth) acryloyloxy group and a carboxyl group
(heith hecnplepldry ThelrpHoy CEmPOIRFHE iafg the trggedient C
two glycidyl groups in the nolecule used for the
can dgodpeis agreddenigd naanesatlondkodudy obpeth) acrylate
fatty acid epoxy conmpounds such as 1, 6-hexanediol
havighy ca dptdrethar greupy bedean| isetyahafie dangouschaaving two
di et hyl ene gl ycol diglycidyl ether, triethylene
oglyeot tigtyshdyé erbeps inethaembyeendegl yco
“di gl ycidyl ether, nonaethylene glycol diglycidyl
et her, propyl ene glycol diglycidyl ether, dipropylene
gl ycol diglycidyl ether, triethylene glyco
di gl ysphelyl £ et heramdlais a€t biyé el yl yeoyant i yomgplund having
et her, nonapropyl ene glycol diglycidyl ether,
a NEOPENE yEyah ¥ €6| grslyg Ineoiidyd =t Nevas tditgloy dsdylyasthier groups
of neopentyl glycol hydroxy pivalate, trinmethylo
iRropaee @iodleyeildy! efrherindlidet hyl bbhaptopansromatic, or
triglycidyl ether, glycerol diglycidyl ether, glycero
cycloaliphatic isocyanates, for example, tetramethylene

diisocyanate, hexamethylene diisocyanate,
2,2,4-trimethylenehexamethylene diisocyanate, cyclohmexane
diisocyanate, isophorone diisocyanate, tolylene diisocyanate,
xylylene , diisocyanate,
1,3-bis (o, 0'-dimethylisocyanatemethyl) benzene,
diphenylmethane diisocyanate, m—-phenylene :diiéocyénate,..
dicyclohexylmethane diisocyanate, naphthalene diisocyanate,
and biphenyl diisocyanate. Compounds having at least two
isocyanate groups in the molecule obtained by the reaction
between the isocyanates described above and a compound having
. atleasttwoactivehydrogenatomssudhasofaminogroup,hydroxy
jroup and carboxyl group, or trimers to pentamers of the

isocyanate compounds described above can also be used.
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triglycidyl ether, diglycerol triglycidyl ether,
pentaerythritol diglycidyl ether, pentaerythritol
tetraglycidyl ether, dipentaerythritol pentaglycidyl
et her, dipentaerythritol hexaglycidyl ether, sorbitol
tetraglycidyl ether, diglycidyl ether of tris
(2- hydroxyethyl) isocyanurate, 23 diglycidyl ether of
tris(2-hydrdxyethyl)isocyanurate, triglycidyl ether
of t rRus(tharydr 6ReANRAIRSHE (Rl A yl%s%ﬁagﬁpg‘ﬁ% gr more
epoxy conpounds such as diglycidyl ether of .
(niestdpheoroneni oty drgupsi dypnetiteke@ile can include a glycidyl
1, 4- bi s( hydr oxynet hyl ) cycl ohexane, and di gl yci dyl
gflierriofy obiesiBg2r bgdt ey cyrddielk Jgimssmer areky compound
aromati ¢ epoxy conmpound such as resorcine glycidyl
hethey , thiospbenalord plyphembl dLoups spherfdie Amolecule and
di gl yci dyl ether obtained by condensati on of
(o ey 1 = arddept afdoonpohyrd haeingi (siténgicriyloyloxy group
di gl yci dyl ether, bisphenol S diglycidyl ether,
an@t4 aks asdx Pl spene| i thglyoeleyhle et her,
bi s( 3, 5-di et hyl - 4- hydr oxyphenyl ) sul f one,
bi s(3- met hyl - 4- hydr oxyphenyl ) sul f one, condensati on
product of bis(3-phenyl-4-hydroxyphenyl) and
epi chie adpuity RS mpdisidlensatiprtpledstt tab glycidyl groups
6- xyl enol "di mer and epi chl orohydri ne, diglycidyl

18$hermof e Q1 daseht fisd ke eadinh-dwniolg resetaon can included,
po yd?ycidyl et her, and cresol novol ac pol ygl yci dyl

£&4 NSlamphRe 2QRRQUEL & @y e8fabedndkt sudh@aseppgyhexanediol
compounds = descri bed above can include, for exanple,
dfﬁiy&iﬁyfgﬁ%é¥ﬁkthyleneglycoldiglycidylether,diethylene
glycol diglycidyl ether, triethylene glycol diglycidyl ether,
tetraethylene glycol diglycidyl ether, nonaethylene glycol
diglycidyl ether, propylene glycol diglycidyl ether,
dipropylene glycol diglycidyl ether, triethylene glycol
diglycidyl ether, tetraethylene glycol diglycidyl ether,
nonapropylene glycol diglycidyl ether, néopentyl  glycol
" diglycidyl ether, diglycidyl ether of neopentyl glyéol.hydroxy
pivalate, trimethylol propane diglycidyl ether} trimethylol
propanetriglycidylether,glyceroldiglycidylether,glycerol
triglycidyl ether, diglycerol triglycidyl ether,
pentaerythritol diglycidyl ether, pentaerythritol
tetraglycidyl ether, dipentaerythritol pentaglycidyl ether,
dipentaerythritol hexaglycidyl ether, sorbitol tetraglycidyl

ether, diglycidyl ether of tris(2-hydroxyethyl)isocyanurate,
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met hacrylic acid and, in addition, carboxyl
group-containing (neth)acrylate obtained by reacting
hydroxyethyl (meth)acrylate and an aci d anhydri de
such as o-phthalic acid anhydride; and a carboxyl
group-contai ning (nmeth)acrylate obtained by reacting
gl ycidyl (nmeth)acryl ate and a conpound having two or

more carboxyl groups in the cul e suc adi pic 24

digivridHe r &fdi§%on tféﬁweeqﬂ“t%g' ’%‘?‘ngﬁﬁo”‘a%‘gy?rhuerate’
car boxyl group-containing (nmeth) acrylate js,

twigrdigidsd,  f ethexanpPé, by e Yeigtyhhksqcyanurate,
addi ng, a tertiary am no conpound such as ,

cyti et Ty heent o n@ROR Y neemaeRyfatr sUsh asqidcemtady lafther of
salt such as benzyltrinethyl anmoniumchloride as a

isatainmtediand, heati ng @tokodidyl 110C . THebher of
ur et hanepol y(nmeth)acryl ate or the eopoxypoly (meth)

1 abtlyl sttey draox e tUseld) ey Gleherane, aandlxdigd y6idiwo egher of
nore of themand in view of the colorless

b1 ¢-ansparehnyx woyt tdtee shelgt roparss s eadcer ia tal qepeky ¢epround
obt ai ned by curing, an adduct of isophorone

sl SO€ yeaed 1c i 19e 29 ¥yd Tdyiet diyh diex dmeshlyéreme A, bisphenol F,
di i socyanate, dicycl ohexyl methane dii socyanat e,

beppdesie Adidispioysinhtle, ether obtained by condensation of
1, 3-bis(a, a’ -dinethylisocyanatenethyl)benzene,

bisdndene sdiricepysnabeonydpanby halsgreerdili B adydivatiely lagither,
2- hydr oxypropyl (neth)acryl ate as the

b it e M INRiTYPiceyhat ¢ tetirabroeach i sphenotikediglycidyl
of .

ether, bis (3, 5-dimethyl-4-hydroxyphenyl) sulfone,

bis (3-methyl-4-hydroxyphenyl) sulfone, condensationproduct of

bis (3-phenyl-4-hydroxyphenyl) and - epichlorohydrine,

condensationproductofz,6—xylenoldimerandepichlorohydrine,

diglycidyl ester of ortho-phthalic acid, phenol novolac

polyglycidyl ether, and cresol novolac polyglycidyl 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 aﬁd an acid anhydride such as o-phthalic acid
anhydride, and a carboxyl group-containing (meth)acrylate
obtained by reacting glycidyl (meth)acrylate and a compound

having two or more carboxyl groups in the molecule such as adipic’
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1, 6-hexanediol diglycidyl ether, diethylene glyco

di gl ycidyl ether, trinethylol propane diglycidyl

ether, t rime thylo I propane triglycidyl ether,

glycerol triglycidyl ether, triglycidyl of

tris(2-hydroxyethyl)isocyanurate, 2,2-bis(4-g

| yci dyl oxycycl ohexyl ) propane, bi sphenol A diglycidyl

et her, bisphenol S diglycidyl ether or tetrabrono
apidphding raagtgppdicfiesnt Koe, cReNY sOMpoUadaend the carboxyl

met hacrylic acid as the epoxypoly(neth).acrylate are
gucep-pantatuing | (nadth )mafwhais s Fhedeohedntf@r exipgple, by

ingredient Cin the resin conposition for use in the
mhying bdtEne fatbendiadding t lketprédemy amieatdampourgl such as

preferably within a range fromO to 50 parts by
diveé ghy] ampaomée thy iné yhadrybate opa ¢sabygrnerylmiaedalt such

nost preferably, 10 to 30 parts by weight. It may not-
abdentlairmec thy laamasei whertd omiate 8 shcghahgat, and heating

resistance is required for the hybrid Ilens. The
a€opbenttd n tdre .r ange descri bed above is preferred for

provi di ng an appropri ate heat resistance. In a case

where the content is excessive, the resin |ayer

har dens excessively and the glass | ens base materi al _

may ppssi bhyePBafbpek9Umeds) Wekl1ads t e Vige®si bypbkypoly

the conposition is increased to sonetinmes deteriorate

(hEEnYREKRPEEE tdar BeNBL8d (Adid1Br d56: §likae COEPtIdAGr more
agent as the essential ingredient for the resin

0 £ MAS IO nf P eWSEr ithet B81BYRELY tLASsPLEOMEY Nthd @he heat
resistance of a hybrid lens obtained by curing, an adduct of
isophorone diisocyanate, 2,2,4-trimethylhexamethylene
diisocyanate, dicyclohexylmethane diisocyanate, xylylene
diisocyanaﬁe, 1,3-bis(0a,a'~-dimethylisocyanatemethyl)benzene,
tolylene diisocyanate .or naphthalene diisocyanate, and
~2—hydrox_ypropyl(meth)acrylate as _ the
urethanepoly (meth)acrylate, or a reaction product. . of
1, 6~hexanediol diglycidyl éther, diethylene glycol diglycidyl
ether, trimethylolpropanediglycidyl ether, trimethylolpropane
triglycidyl ether, glycerol triglycidyl ether, triglycidyl of-
" tris(2-hydroxyethyl) isocyanurate,

2,2—bis(4—glycidyloxycyclohexyl)propane, bisphenol A
diglycidyl ether, bisphenol S diglycidyl ether or tetrabromo
bispheﬁol.A diglycidyl ether, and acrylic acid or methacrylic

acid as the epoxypoly(meth)acrylate are used particularly

25



the present invention is an ingredient for providing
adhesi veness between the glass | ens base material and
the resin layer. It is also an ingredient of
i mproving the surface hardness of the resin layer to
provi de practical usefulness. That is, by the
bl ending of the di (nmeth) acrylate conpound as the
ingredient A, the resin layer is softened, stress to
prefiergbdys | ens base material caused by the
pol yneri zation shrinkage is noderated, durability is
provi ded and a hi gh performance hybrid | ens having a
resin 26 |ayer of a large thickness, with a |arge D
| ocalrhzedot bémk mefs §heatmigraghehe Gfin hle g idy copposition
aspherical quantity can be produced. On the other _
folangde ih tis hyias d lemschiconrdingonpetivatingparife invention
drawback that the surface hardness | owers excessively
ist @ dedFWcably tWieHiract i catgeistfomhnesso $Repsicttanby weight,
coupling agent generally has a structure having an
pa®tdanila riiyncei peab0o grants havivedgatsabdtnesemreimgsbtlg 10
with an organic material and a hydrol yzabl e group
tof 886G d % Wyl Bght | NartgAByMdBber cahtaineden dentagawhere
nol ecul e. The organic functional group is a vinyl

no®’ Q¥PhighyBEHEXYe 8l sHANCERL Batsqhirgd ofgy, t@né rylgrigldens.
or nercapto group and the hydrolyzable group mainly

Th“eO'H%Lﬂ@&?t civh othBe rand el deBor ilipabSpecibi prexenieds for
of the silane coupling agent can include, for exanple,

prévditld ahl é()%ﬁn%fﬁé‘@e nddty bkl ethaxg.sitrnecase where the

vinyltris ( nmet hoxyet hoxy) sil ane,
content is excessive, 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 coupling agent as the essential ingredient for
the resin composition for use in the hybrid lens according to
thepresent inventionisaningredient forprovidingadhesiveness
between the cjlass lens base mat'erial and the resin layer. It
is also an ingredient of improving the surface hardness of the
resin layer to provide practica_l usefulness. That is, by the
blending of the di (meth)acrylate compound as the ingredient A,
theresinlayerissoftened,stresstotheglasslensbasematerial
caused by the polymerization shrinkage is modefated,l durability

is provided and a high performance hybrid lens having a resin

26



y-gl yci doxypropyl tri met hoxy sil ane,
y-gl yci doxypropyl di met hoxy si |l ane,
y- met hacyl oxypropyl tri net hoxy sil ane,
N- (3(am noet hyl ) y-am nopropyl tri met hoxy sil ane,
N- (3(am noet hyl ) y-am nopr opyl di net hoxy sil ane,
y-chl oropropyl tri net hoxy sil ane,
y-mer capt opropyl tri methoxy silane, and , )
layemiafopr dgyider ithikdRessi Hash Fhéaksnt EAtabizefethickness
silane coupling agent in the conposition 27 for use in
anheahgbt & @1l orer erein@theg aseherd qerleseant 1wy eapsPreduced.
preferably within a range from1l to 10 parts by wei ght
Orarthe pahercmdl yit 3lse Bapar it iesi gt coppgneasény the
where the content is insufficient, the effect is not
disowted ¢ hreshade valeopedfand, handnese lowears kxeessiived ycheelack
where the content is excessive, self crosslinking
ilested opsadiol ¢alcnessBulmesyi scosity of the nononer
solution to sonetines extrenely [ower the injection
operability to the cavity. The pol ynerization
initiator used upon curing the resin conposition for
use iThd Belhlybiochpldnsy agent diengrid liyhten paetentcture having
i nvention can include, for exanple, a
aP BlERAly FEREEROHAD grdlipg hatvdhgsalGdulastituent coupling with
2- hydr oxy- 2- net hyl -1 - phenyl pr opane- 1- one,
anRirvdphenvahyenybatiea rydsdfzdBRd Rpldgnzerkting with an
di phenyl phosphi ne oxi de, and
inorganic material in one identical molecule. The organic

functional group is a ‘vinyl group, glycidoxy group, methacryl
group, amino group or mercapto group and the hydrolyzable group
mainly comprises chlorine and alkoxy group. Specific examples
of the silane coupling agent can include, for example,
vinyltrichloro silane, vinyltriethoxy silane,

vinyltris (B-methoxyethoxy)silane,

y-glycidoxypropyltrimethoxy - : . silane,
y-glycidoxypropyldimethoxy silane,
y—rﬁethacyloxypropyltrimethoxy silane,
N-B (aminoethyl)y-aminopropyltrimethoxy s i."I.ane ’
N-B (aminoethyl)y-aminopropyldimethoxy silane,

y-chloropropyltrimethoxy silane, y-mercaptopropyltrimethoxy

silane, and y-aminopropyltriethoxy silane.

The contént of the silane coupling ageht in the composition
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bis (2, 4, 6-trinmethylbenzoyl) -phenylphosphine oxide,
organi ¢ peroxi des such asbenzoyl peroxide,
t - but yl peroxyi sobutylate,. and
t - butyl per oxy- 2- et hyl hexanoat e, and azoconpound such
as 2,2'-azobisbutyronitrile and
2,2'-azobis(2,4-dinethylvaleronitrile). Use of the
phot opol yneri zation initiator, anong the )
fohgeeinz ihecnybi b tienpascarsiing far sheeragerhrpyention
resin conposition is nore preferred since the curin
i qre fiexr adliygwidhd nr sorangerferam dr 8o EUmiakfs By weigh% and,
possi bl e. The pol ynerization initiators nay be used
patoneular By, 3 td & ipeg tsyisy @sightt wolme gasrewbéreidm eeritent
a co-catalyst 28 and a sensitizer may be added for
id neysRaTikg drte cHei afffeat 6.5 ndhes dihenidhey deatdlopsfd ahd, on
pol ymerization initiator is usually from0.005 to 5
tRadthdyy heedghi nhasedorhd@e phe tcoyenteiighexcensiveal self
of the nonomer ingredients. The resin conposition for
citses1 Thik{vey vid1dgsens anensaiaghet 0isbesptpsehthe monomer
invention may be bl ended, .optionally, with additives
sSHEH &S t8N dnad Ol ex@RbineY ¢l meghaderitlection operability
UV- absorbent, dye and pigment wthin a range not
coetgs i M4@iépg the effect of the invention. The resin
conposition for use in the hybrid |l ens according to
the present invention can be prepared by m xing and
stirring the radical polynerizable nonomer

I ngr egl t .Sj . l . .
eﬂ&@%%ﬁl@?:%%&é%ﬁ:&%ﬁuéﬂ%tlﬁgHB h8843ag58H Ririkg the resin

cust onar rther bl endi ng,
composition for use in the hybrid lens according to the present
invention can include, for ekample, a photopolymerization
initiator such as 2-hydroxy-2-methyl-1-phenylpropane-l-one,
methylphenylglyoxylate, | 2,4,6-trimethylbenzoyl
diphenylphosphine oxide, and
bis(2,4,64trimethylbenzoyl)—phenylphosphine oxide, organic
peroxidessuchznsbenzoylperoxide,t—butylperoxyisobutylater
and t-butylperoxy—2;ethylhexanoate, and azocompound sﬁch as
2,2'-azobisbutyronitrile and
2,2‘—azobis(2,4-dimethyl§éleronitrile). Use of the
photopolymerization initiator, among the polymerization
initiators, to prepare UV-ray curable resin composition is more
preferred since the curiqg rate is high and room temperature
curing is possible. The polymerizatioh initiators may be used

alone or as amixing systemof two ormore of themand a co-catalyst
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optionally, various kinds of additives. The resin
conposition for use in the hybrid | ens according to
the present invention, being incorporated with the
silane coupling agent, can inprove the adhesion
between the glass | ens base material and the resin
| ayer, as well as can inprove the surface hardness of
the resin layer which may result, in a trouble
apthed SEIISH YIRS may bef eeded RE daiGrpasieg ﬁélenﬁilﬁlng rate.
edi ent the di_ (neth). acry| ate conpaound
Tm@%@m@ natiche fgeherbl yephtdat 1qn Lrdd iater is usually
ingredient A for noderating the stress to the glass 29
frens0 beke paterpaltedusetisht hasssl pred0faprehs by weight
shrinkage of the resin conposition for use in the
ihybotall efisthe poponde ipguedienatsuseful ness. In
addition, it can enhance the transfer accuracy of the
aspherical surface by the incorporation of the nono
(rmeth) acryl ate conpound represented by the genera
f or mitiee rElslin asmpdeit hon ddirante Bn oebybicadl hgng aciterding
possi ble to manufacture a high performnce hybrid
tdendehadtdyprat rosvent Ayermagf be |kdragelad)i cdpiesenaidyh with
a large localized thickness and capable of increasing
addet aspher s@ah gquant idntidcSpetHft,caldnyti a hWybiowihgnsagent,
according to the present invention as shown in Fig. 1

Uvagb Hervantf Q% d1a8d pTGeehy ritthin berénde st deteriorating
structure in a resin, layer 3 having an aspheric

tH@téffééff@Eetﬁéaﬂﬁvéﬁtb@ﬁded to one or both of
surfaces of a spherical glass |ens base material 2.

The spherical glass |ens

The resin composition for use in the hybrid lens according
to the present invention can be prepared by mixing and stirrilng '
the radical polymerizable monomer ingredients aﬁd the silane
coupling agent by a customary method and further blending,

optionally, various kinds of additives.

The resin composition for use in the hybrid lens according
to the present invention, being incorporated with the silane
coupling agent, can improve the adhesion between the glass-lens
base material and the resin layer, as well as can improve the
surface hardness of the resin layer whichmay result ina trouble
when the resin layer is softenedbyusing, as themain ingredientl,
thedi (meth)acrylate compound 'r"epresented by the general formula

(I) as the ingredient A for moderatiné the stress to the glass
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base material 2 may be either a convex | ens or concave
‘I'ens. The maxi mum t hi ckness Tnax of the resin |ayer

3. within the range of the effective dianmeter of the
lens is. within a range from 1 mmto 10 mm and,
preferably, 2 to 8 mmand the resin layer 3 of a

| ar ger thickness conpared wth existent hybrid | enses

d t hi ck th
Lt B Bz nceh%eﬁeﬁgc?f\snpﬁﬁﬂﬁ%? AhFoh RFEBrage of
IR [T TP baod ) HAT fVAR G Hog to Brovide

excessively thin, the_perfgrmance, as the [ic
PasHs Gagl Hé?fgéﬁﬁﬁéu en%néﬁlailtlﬁna %%5@%@5%3 Branster
maxi mum 30 r thickness Tmax of the resin layer 3 is
acoussy 08I 5he asgaeragrdsteniace iox Fhe Jtné:q:q{é’]@:—}‘%is%n of the
| ens base material is insufficient due the difference
nagfo tnet Iear whatem SPBROBBEI TeRT IR rd WYY UaeeTadntrrmula
resin to cause peeling. Further, the ratio of the
(Hi)ni asinthhi dogessiBrtn/Baxideeerdhgkness tThex Resgile to
resin layer 3 is 1/4 or less within the range of the
maaf fxttiwee dilagh @erdormandechgbrifidteishaving xgegin layer
“where it is defined as: anount of |ocalized thickness
ofa TamxeThitkndds whtluatl aofgd beedl zzeld thickness argl capable
preferably 4 or nore and, particularly, 5 or nore
ofv idcrddes ipperhd iasphemiarel bpiagt20y. I n a case where
t he anmount of |ocalized thickness is excessively
smal |, the aspherical quantity of the resin layer 3 is
decr eased
Specifically, a hybrid lens according to the present

invention as shown in Fig. 1 can be manufactured. The hybrid
lens 1 has a structure in which a resin layer 3 having an aspheric
outer surface shape is bonded to one or bpth of surfaces of a
spherical glass lens base material 2. The spherical glass lens
base material 2 may be either a convex lens or concave lens.
The maximum thickness Tnax 0f the resin layer 3. within the range
of the effective diameter of the lens is within a range from
1 mm to 10 mm and, preferably, 2 to 8 mm and the resin layer
3 of a larger thickness compared with existent 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 Tpax Of
the resin layer 3 is excessively thin, the performance as the

aspherical lens isnot sufficient and, in a case where the maximum
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' r
and the degree of inprovenent of the optica
performance as the aspherical lens is reduced. On the
ot her hand, in a case where the quantity of the
| ocal i zed thickness exceeds 20, manufacture becones
difficult since the I ens shape is conplicated. In the
hybrid lens 1 of the present invention, not only the
t hickness of the resi,n |ayer 3. is larger than that_of .
thiknass Seer! LRSS SRUM LYo 7 1 SPEEFoaL htY AP s apglEsion
60 to 150 mm can be obtained. In the_existent E%b[id
rebaciee fndde Flasg degs baseBetrripledSmisrifprdent due
were not present. Since the hybrid lens 1 according to
thedifiference afdme deat1exRagsAopet figiantopeiwesngglass
thickness and can increase the aspherical quantity,
and hesiexceltawse aprerE@¥on correcting performance
and the dianmeter can be increased. Since higher
aberration correcting performance can be obtai ned
conpared with the existent hybrid |l ens, the nunber of
constiunighmer ) disegsatan obethkeaicdgwn thicksesanBuafmaximum
optical systemsnall in the size and reduced in the
thed ki s € dfy.peo Dthed etk i nAdeayredi iigliyys, 1/deber ieng wothhs the
application uses, it can be used, for exanple, as
rige et the ¢fhsct bve ulaniatdn gfi therlystssl thadj st dits 2 case
particularly, as the |lens nearest to the object
whées eaf i s ldefineldod s U atoun tvo flee cedneealstiof ckhéss = Trnax/ Tnin,
caneras, and light-pickup lens for use in copiers,
thaselouylt BfFel Scal £268 adpeskndi hdeupaeferebdgcdhpasmore and,
m croscopes, . CD or DVD

particularly, 5 or more with the upper limit value being 20.
In a case where the amount of localized thickness is excessively
' small; the aspherical quantity of the resin layer 3 is decreased
and the degree of improvement of the optical performance as tﬁe
aspherical lens is reduced. On the other hand, in a case where
the quantity of the localized thickness exceeds 20, manufacture

becomes. difficult since the lens shape is complicated.

In the hybrid lens 1 of the present invention, not only
the thickness of the resin layer 3 is larger than thaf of the
exlstent case but also a larger diameter of about 60 to 150 mm
canbe obtained. Intheexistent hybrid lenses, those of 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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Then, a nethod of manufacturing a hybrid | ens
according to the present invention suitable to
manuf acture of a high - performance hybrid | ens havi ng
aresin layer. of.a large thickness, wth a large
| ocal i zed thickness and capabl e of increasing the
aspherical quantity as shown in Fig 1lis to be
described with reference to Fig and Fi 3. In the
haet ok BN bRV ACR tird nbar%ethgfﬁkvesa? o B 4rrgeese the
the present invention, the resin: conposition for use
aspheRECa banen | bhy ot t thas ppasehi enhveher bat 1aBsEPFbRating
above is used preferably. By the conbination of the
peeEprmapapodnd | B iHangtey wathdaypcrgasess ofinge higher
present invention and the nethod of manufacturing the
abgbrabioreorarciirgre pferrance weahe ehtainpfgpmpared with
performance hybrid |l ens having ‘a resin |ayer of a
tharge stendkhebs 1dwl ¢t a tiher gambecad £ e s tifiugkre densed can
capabl e of increasing the aspherical quantity can be
beraded ped sed df wddidyy .andwey ept iaaies yiseenn smadpodint thassize
may al so be used in the nethod of manufacturing the
aly bredukeds iof théewpdiehdntcamvest icrtaibee .nmet Aodoodingly,
manuf acturing the hybrid |l ens according to the
rof @seitg itavehé i app lciergtri e sises) it eain hg wiap, ffor axample,
nol ding die, (b) nolding die assenbling step, (c)
asnpeegecnlsheaedsbfopraaenrmuquundngﬁysnal(p}OJectors,
curing step, (f) annealing step and (g) nold
pdet baslafl gf e thle flehst nebbhestreatineg odtieetf ehetthef, lens
nolding die (a) is
for use 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 method of manufacturing a hybrid lens according
to the present invention suitable to manufacture of a high
'performancehybridlenshavingaresinlayerofalargethickness,
with a large localized thickness and capable of increasing the
aspherical quantify as shown in Fig. 1 is to be described with
reference to Fig. 2 and Fig. 3. 1In the method of manufacturing
the hybrid lens according to the present invention, the resin
composition for use in the hybrid lens of the present invention
described above iS'used;preferably. By the combination of the
resin Composition for use in the hybrid lens of the present

invention and the method of manufacturing the hybrid lens of
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a step of selecting a glass |lens base material 2 and a
glass nold 4 necessary for nolding a hybrid I ens and
conducting a necessary pretreatnent as shown in Fig.
2(a.). The glass lens base material 2is a lens mrror
polished at both surfaces into a spherical shape easy
to be polished which may be a convex lens or a
oncave surface to be forned w h a.resin
ﬁsyeref*enﬁema%ratﬁ%na S Eh e ST cA b G‘G having
| ens base mat er i al shown jn Fi and Fi
agk&RdPa lRgRE Afséd %EFQF(ﬂ§HHa$%e$%nsW%F?uétgéﬁ@ﬁré@Fallzed
to the object of projection I|enses for use in a ,
tbﬂ&ﬂfﬂ@Séram sﬁpﬁbgr—é& dRCrRasspgi the psrhrsigs Ingraphbty can
surface 21 is forned for the entire convex surface of
beHeapl irEt Y ek epadd Ynat BeVared, oflex RESipIqTRe$1itions may
concave surface opposed to the nolding surface 21 is
asfal berusathant e e dhod ok uenadacturing hhs kybhridgerens of
curvature. Further, the outer periphery for the
thenpaesestir ingentohor med as a pl anar surface
per pendi cular to the optical axis. The material for
the glass is decided considering the refractive index
and the dispersibility. The glass nold 4 on one side
has aThe aredfherd ofundmetadtiufong thtenbiybridnbenfieaccording to
aspherical shape and an outer surface 42 opposed to
thbeprasnsf énvent i anecahpr hwdas dla )t tieed t fmg fsdrep Sarfamelding
41 is mrror-polished. The glass nold 4 shown in Fig. -
d2ef ajbhamlaiipicadde astsembiintaseed? Oppasijeg-tion tep, (d)
transfer surface 41. The outer dianeter is
psabshanatal tyrbomad tdret ween direirgd at®p, (f) annealing step

and (g) mold releasing step.

At first, the treating step for the molding die (a) 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 mirror polished
at both surfaces into a spherical shape easy to be polished which
niay 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
. usedasaconcavelens situatednearest totheobjectofprojection

lenses for use in a liquid crystal projector. Accordingly, the
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| ens base material 2 and the glass nold 4 and both of

them have a circular circunferential l|ateral surface.

The outer dianmeter for each of the glass |ens base

material 2 and the glass nold 4 is within a range of

about 30 to 150 mm The nol ding surface 21 of the

gl ass Il ens base material 2 to be forned with the

resin layer is cleaned and the nolding surface 21 is
nodatitred swirtflaca Rlqiusdfcomedifomghe entame counpkkngurface of

agent, for exanple, as described above with an ai m of
thenpl ass Agnstibes @dhésniedessand tthet sivheescal kapeave,surface

dri ed and then baked. Coating of the silane coupling
opddyHd mey thetnbedbrgessafyce dpardisng 10ert hRanatiee witelding

the silane coupling agent is blended 34 in the resin

sWEHASidl odnd Ohadsa ilaryee Rybtiadurens, HurtthrRecesIds Youter
cl ose adhesi on can not sonetines be obtai ned unl ess

pdi®Hd ARS8y G0dRIdnG RISt fheiine gbpakdt £6 abl BAnbh&surface
resin conposition for wuse in the hybrid |l ens together

pé’ﬁﬁé?ldlhﬁll%!rl 2R ROWHt Nh It beakMeNthe fatidie M ¥oF tBBSylass
base material depending.on the naterial of the glass.

ifredeialy. togsiaepshgr suef aff@fﬂ&ce&vbhelgld@s 4 d the
4 is cleaned and previously coated with a nol

tng t Eelm&lﬁgen&‘heB}_ﬁlﬁggt P94t @eoﬁm&ﬁie r§i§é151'15]s9 ﬁg.efﬂnsfer

transfer surface 41 the glass nold 4 can

sdrﬁagféﬁgq $ﬁ§' {:i‘%féé. gﬁ]éfbﬁ‘ 'Jéﬂh@i?bcsa"’lf ts%ﬁgtehgfld an outer
gf%?i 8§%§1 %gﬁlt%behe Eﬁalﬁgﬁgi" chetact Pl AR A rdrisfer

or |
surface 41 is mirror-polished. The glass mold 4 shown in Fig.

2 (a) hasaplanarouter surface 42 opposingto the jt:rans fersurface
41. The outer diameter is substantially equal between the glass
lens base material 2 and the glass mold 4 and both of them have
acircular circumferential lateral surface. Theouter diameter
for each of the glass lens base maferial 2 and the glass mold

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

The molding surface 21 of the glass lens base material
2 to be formed with the resin layer is cleaned and the molding
Surface 21 is coated with a liquid containing a silane coupling
agent, for example, as describéd above with an aim of improving
the adhesiveness with the resin layer 3, dried and then baked.
Coafing of the silane coupling agent mdy not be necessary

depending on the case when the silane coupling agent is blended
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transfer surface 41 of the glass nold 4 being situated
above, and the nolding surface 21 of the glass |ens
base material 2 is situated bel ow and hel d bei ng
opposed to the transfer surface 41 of the glass-nold
4 while being spaced apart by a predeternined :
di stance. Then, an adhesive tape 5 is wound around

_over the lateral surfaces of the glass. |ens base

imelereal nCemRP $ Hel ot §3% uw@tgeg&%dei@p%, F’&?’rd‘t%essary
exceeding one turn to forman overlap regiqn of the

clagteesidpesigpecsn B sRECHLAGSNYS d?b‘%ah’él%%@gie\?é the st lane
5, the glass I ens base material 2 and the glass nold 4

capd irfg agénto isathcorberabed vl gufhsetaedn EABPABL BHeY for
surface 21 of the glass lens base material 2 and the

ude amshehyhuricitend togethene ighathe fblang qoypddRdder eatment
This defines a cavity 6 confined 35 F with the nol di ng

ofsWheagd a2k, lente basanshcerialf dependingdonhehe dupieafial of
tape 5 and, thus, the hybrid lens nolding die 7 can

the qissabl ede flerablly, cahit yrénsthe saxtfaam ¢hi eknele glass
iswthin arange froml1l mmto 10 nm preferably, 2

ndld @ A andahba shdiptevridisinesmtdd wiltbut MpHidoreleasing
| ess, preferably, from1/5 to 1/20 of the maxinum

addiitckness doartitrhe tgap residvess] dawi mplajerg: str fave 2ansfer
of the glass I|ens base material 2 and the transfer

sdac a4l e thesd a83d wokdndbenréheadedeetsbhyof rom the
the normal line to the nolding surface 21 of the

réd@sS1d s beser e rmaldshgd thin the range of the

| Then, as shown in Fig. 2(b), the mold assembling step (b)
is conducted. The glass mold 4 is held horizontally with the
transfer su.rface 41 of the glass mold 4 being situatéd above,
and the molding surface 21 of the glass lens base material 2
is situated below and held being opposed to the transfer surface
41 of the glassmold 4 while being spaced apart by a predetermined
distance. Then, an adhesive tape 5 is woﬁnd 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 glass mold 4 are
fixed to each other and a gap between the molding surface 21
of the glass léns 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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effective dianmeter of the |lens. The adhesive tape.5
has a structure in which an adhesive I|ayer is forned
to a tape substrate. The material for the tape
substrate can include, for exanple, polyolefins, such
as pol yet hyl ene and pol ypropyl ene, pol yvinyl halide
such as pol yvi nyl chloride and polyvinylidene
chl oride, polyesters such .as et hyl ene
wittdr dter malstiag ﬁ@lr_\,f@&@y?énetb@r Eﬁ g\g’ét gurfage 41 and the
pol yet hyl ene napht hal at e, Kan1des pol yi m des,
adiisjices BoRe & ands 4hNesi GBS, DyRB:E gﬁnﬁdf*%‘?”cng rcEPoebd? can
type, or silicone type may be used. Adhesives not '
bd eadunigledit o the UV-ray curable resin conposition or
not hindering polynerization are selected. 36 The
t hi ckness of the tape substrate material is 10 m or
nmore, preferably, 20 mor nore and, optimally, 30 mor
nmor e Irsitheecatity 6 edihe mdximam thickhess irowdthiang range
the glass lens base material 2 can be fixed at a good
£ 1R U@C Yo i 10 tuhe prelférabdyerdbkbriymstael thdaimdmumighickness
t hi ckness is about 2000 pm It may suffice for the

i hEbhtof /4 be Bshesprefeapply, thadm 1i/6 tan/B6laf the maximum
| ateral surface for the glass | ens base material 2

t1ak s gbasehdrahg ekt 8he srdlditfesgapabedieet) thieegl ass

and it may be a [arge width as extendi ng therefrom

ﬁ{b aihesingg draRa Seahbnehaed itk £dr assefddd i afhyheidlass
ens nmol ding die 7 by opposing the glass |ens base

md® 8@k h@ direction of the normal line to the molding surface
21 of the glass lens base material 2 within the range of the

effective diameter of the lens.

The adhesive 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 and polyvinylidene chloride, polyesters such
aspolyethyleneterephthalate,polybutylenéterephthalate,and
polyethylene naphthalate, polyamides, polyimides, and
polycarbonat.es. As adhesives, those of acrylic, rubber type,
or silicone type may be used. Adhesives not leaching into the
UV—raycurableresincompositionornothinderingpolymerizatiqn

are selected.
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and the glass nold 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 nmold 4 can forma cavity of a large. thickness
nore easily and conveniently than the.. existent
nmet hod of hol ding the glass | ens base material 2 and
the glass nold 4 by using a sleeve or a nold franme
ThenThastbho#nesa ¢f Gheofape sRRSTHRRER Mt iddp 16c) O oF
conducted. An overlap portion between adhesive tapes 5
moire , ppekderabd vi o2 lamscrmmoth)@ﬂdqgoz)&lfnﬁél&av?@ng,or more
and a UV-ray curable resin conposition 9 previousl
siproepatedsi neghbredridmt Hrepddsigmoddep prdithedirps lens
fromthe opening into the cavity 6 by way of 37 a fine
baise acttiean alulfe @nsleh fdxesh dthjde dqash assddaey dfertighdold
adhesive tapes 5 at the peeled portion are adhered
asR@aYl iy $”Rjp. t MRecaukinuf. thiekneas $howhouth EO§O pm.
(d) , the prelimnary curing step (d) is conducted.
Since the polynerization can be made uniform to
suppress the occurrence of the polynerization strain
by mrtehb sargice réuk ahieowidthUVE rieyes adhleisd viestape 5 that
effective for formng a thick resin |ayer. For
i tPEGhINB TdtYiel I 466kt &l isurfadé fayshdvdlaas d ens hasateaterial
by using a UV-ray irradiation source, for exanple, a
2 hirgh tHeL AW MRNeUny ahanpaar saalethé gap iloetweerp. them and
Is conducted for an irradiation tine of 2 to 20 sec,
it@lnAy ROM Ié¥%§”ﬁﬂdﬁh§aﬂtdxuénd&nﬁituhraﬁﬁmma UV-r ay
intéensity of about

An adhesive tape sealing method of assembling a hybrid
lens molding die 7 by opposing the glass lens base_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 cavity:
of é large -thickness more easily and conveniently'than 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
éonducted. AnoverlapportionbetweenadhesivetapesSispeeled
to form a small opening to the cavity 6, and a UV-ray curable
resincompositian9previouslypreparedinthemonomerpreparing

step is injected from the opening into the cavity 6 by way of
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100 to 140 Wand at an irradiation dose of about 0.05
to 30 J/cn2. By the prelimnary irradiation, the
UV-ray curable resin conposition 9 is gelled. The
prelimnary irradiation can be conducted, as. shown
in Fig.. 2 (d) , by irradiating UV-nays through the
glass nold 4, or irradiating UV-rays through the gl ass
lens base naterial 2, or they may be irradiated from
apbine sinfiectiqmefarns SgSvaht A8 Fasd ] adtd gy aisedlsar phen the
curing step is not always necessary but it may be
adhostlve e s atshbRrreal ¢l portipa)are pidheqiad agasndy seal
(e) is conducted. In the present invention, 'a glass
thel da4ity Gsed and Uv-rays are irradiated to a Uv-ray
curabl e resin conposition 9 in the 38 cavity 6 from
both sides through the nolding dies 2 and 4 on both
surfaces. UV-ray irradiation sources such as high
pr essTiten, ragr shoynl A qor 2rie al thealpel drainpsryakcaring step
| ocated on both sides of the nolding dies 2 and 4, or
() rief tentluobedi r rdinae thegob 1 ymer 1 1 it ot @ abVoé assid oniform
the UV-ray curable resin conmposition 9 in the
tonkeppaksgavhey ogcultrenge lat tiad pdieygd missa tidsl dteatn by
the glass lens base material 2, to cure the UV-ray
pE&T bl L2 F €S irRadt e ARSI 10N 5h wdbeh 28t sl fife AR B E¥rming
The UV-ray irradiation nay be conducted for a tine of

a3hidwrdfdnsegyand aordphkediint AHRET A HAQI #8idn, UV-rays UV,
circunstantial tenperature, or it may be conducted at

afe heahad a@bH@%@ﬁ@I&g HRV-ir 1 20fad Thei bk s8di-akl, Ofbr example,
intensity of -rays is about 50 to
a high pressure mercury lamp or a 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/cm’.
By the preliminary irradiation, the UV-ray curable resin
composition 9 is gelled. The preliminary irradiation can be
-condﬁcted-, .as.shown in Fig. 2 (d), by irradiating UV-rays through
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 the case, the preliminary curing step is not always

necessary but it may be saved.

Then, asshown inFig. 3' (e), thecuringstep (e) isconducted.
In the present invention, a glass mold 4 is used and UV-rays

are irradiated to a UV-ray curable resin composition 9 in the
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150 mWfor W/-rays U2 on the side of the glass nold 4
and 50 to 150 mWfor the UV-rays UV3 on the side of
the glass lens base naterial 2, and it is preferred
that the irradiation intensities on both sides are
substantially equal wth each other. The irradiation
dose of the UV-rays is about 1 to 500 J/cn2 with no
particular restrictjon. Further

f | ,..UV-rays may. be
cavihYi &t BEOT AR 8 S ¥HnHBotihes MedSinge HEst 6r 8nda on
thick resin layer could not he fornmed on {he g]ass
DpERSUBESE STl oV 3FAY A A e PTRO 6T BUEARSH Y9 PRaFSUEe
when the thickness of the resin | ayer increases and ,
meheudyfiamencr metalhbalddsl | aBESt#F e ReAL ke dRth sides
thin portions and thick 39 portions of the resin |ayer
of ntheasdsiirg pdlepndrandtd oo at sefbeebhen Wi Fre¥ drt used to
between the thick and thin portions of the resin
ikragdiatpdiVihayayopohe idi+rzay iconrabde réain composition 9 in
pol ynerization strain occurs in the resin |ayer, and
thhaeipoeyme! iceatiitgn 6sthapnghtleoitls dfb thedgtesperdldgt @nd the
cracking in the resin layer, and al so causes optica
gllagbl kenefibace imat ¢l albt 2y itar atveret theoPVi-caly curable resin
performance of the resin layer. Accordingly, in order
composiatlont @ Ehbsaysthaliigi Eomplaselpossible for the
thick and thin portions upon U/-ray polynerization,
the nolding die paired with the glass | ens base
-material 2 for transferring the aspherical shape is
f or meghefuvihe, ahasslitelidrimapdisd/dodyin dierl ifbiaditaingd of 50

frombot h sides through :
to 300 sec and at a room temperature as a circumstantial
temperature, or it may be conducted at a héated atmosphere up
to 120°C. 'T,he 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
to 150 mW for the UV-rays UVs on the side of 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/cm? with

no particular restriction. Further, 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
when the thicknessof the resin layer increases andthedifference

of the localized thickhess between thin portions and thick

39 -



the glass nold 4 and the gl ass | ens base material 2,

by which UV-rays can be irradiated sufficiently as

far as the center of the UV-ray curable resin

conposition 9 filled in the cavity 6. As a result,

t he polynerization rate can be nmade uniform between

the thick and thin portions of the cavity 6 to

suppress the occurrence of the polynerization strain ¢
poatsibessofistpesee i, 1aXGHdd AU SSoudy é’ﬁéé’“@frl{zﬁ ion rate

pol ymeri zation strain can be suppressed, occurrence
pecbmpeetifijerentickehyeent the tighighe andithin Raxtichy pd the

suppressed and optical strain can also be suppressed. .
reBinslager hipok Pésiay Rojamerdzasd cror FRCLRAT PR YgFEdLation

| ens base material 2. 40 Further, since the adhesive .
sttrape Scésrs Hinnthadtesriod lagert tand sherpelwie¥heakien strain

the glass nold 4 and the glass |lens base mterial 2
teRldd €8N R owmpeclinhtomperaekbhg,in thdoess iwtl ayiegdeand also

the irradiation of UV-rays from both sides, and -
ca¥elsayptdan Ibeoubleadiefirad tiohf ito erttiey iny ot the opsical

peri pheral portion of the cavity 6. Accordingly, this
peTdd raRfidel Rt @hled rieiify llalyer .pol ymeri zation rate over

the entire cavity 6 and suppress occurrence of

pol yneri zation strain even for the resin layer 3 of a

shape in which the central portion is thin and the

per i W&%@dingqszt,i 0R disddhiceki BBaghove Uy ak. uThforn as

as shown in Fig. 3(f), the annealing step (f) is
pcﬁ%‘%‘iﬂ“é e¢orThenannenh bRy shep tiesn arpdi fiebs r exmori ngIv-ray

polymerization, the molding die paired with the glass lens base
materiél 2 for transferring the aspherical shape is formed of
the glassmold 4 andUV-rays are irradiated fromboth sides through
the glass mold 4 and the glass lens base material 2, by which
UV-rays can be irradiated sufficiently as far as the center of
the ﬁV—ray curable resin composition 9 filled in the cavity 6.
As a result, the polymerization rate can be made uniform between
the thick and 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
layercanbesuppressedandopticalstraincanalsobesuppressed.
Thus, a thick resin layer can be formed on the glass lens base

material 2.
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pol yneri zation strain and inproving the transfer
accuracy. A pressure is applied so as to bring the
glass nmold 4 and the glass |ens base naterial 2
closer to each other in a tenperature atnosphere
hi gher. than the glass transition point of the -curing
product (resin layer) 3 of the UV-ray curable resin
conposition, preferably, in a tenperature atnosphere
hi ghefuthanC singe tihe aghesd vier &adet iSod spshan, Fapsred to
the glass nold 4 is press bonded under softening to
théd aherialgsprédaes &t &he ghass modst drarxt theaglass dens base
i mproved by pressing the shape of the transfer surface
madtlerpdl tthhengl ass belmhde ddbhitcpennbgbile, tife dogs ngt hinder
product. Sinultaneously, the polynerization strain
tleani s dienmived olfyUvanagal frmgn bérh sitke, amméaMnmys can be
treatnment, a hybrid lens nolding die 7 is |ocated,
i fpadexeedlse f fitiantdut as|fateawi tie bee iphessa ll postidmed the
material 2 being situated below and the glass nold 4
cheing 6s5it uaiesk-aihnyer, apdisr eatedcomt tiisutenper ainirfey the
at nrosphere descri bed above for about 30 min to 2

pdDyhSr Uil ot headpploveat itle ehtardreasity & HWUsupPpress
x 10-3 to 10 x 10-3 atm It is of course possible to

o EOREHER c PSS VY1 vard # 0k il & t3RAlY ieR@nd R SRHI Pes$A layer
as to physically approach the glass nold 4 and the

3 9Fas$hd §0$n Wi tHd 8&@@2@%&@% égtﬁfﬁ anBWHdSErigheral

heat treatment may be nmerely applied in the heating
pdHENGce; W LNOLUE PE esisbRg- id Neiganpeal ing step is not

al ways necessary. Further, annealing only

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 improving the transfer accuracy. A
pressure is applied so as to bring the glass 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(resinlayer)IBoftheUV—raycurableresincompbsition,
preferably, in a temperature atmosphere higher by 10°C than the
~ glass transition point. Thus, the glass mold 4 is press bonded
under softening to the curing product 3 and the transfer accuracy
is improved by pressing the shape of the transfer surface 41
of the glass mold 4 sufficiently.to the curing product.
Simultaneously, the polymerization stréin can be removed by

annealing.
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by heating nmay be conducted after releasing the glass

nmold 4. Then as shown in Fig. 3(g), the releasing step

(g) is conducted. By peeling the adhesive step 5 and

providing an inpact shock. to the glass nold 4, the

glass nold .4 is released from the resin layer 3 to

obtain a hybrid lens 1 in which the resin layer 3 is

bonded on the glass |ens base materi'al 2. The hybrid

lens 1 has a structural feature in that the end edge .

of the lens layer 3 and the end edge of .the gl ass )

| ens badderansepaling sreatmenfned MprighgeEnsgnppging die 7

adhesi ve tape sealing nmethod. The annealing step (f)
imrbddteedwl b exeagiley snepry gyteg}aypt Wohhl the pkass lens

repl aced to each other in view of the steps. 42 For .
bé de rates iatit aibesichdgitive teshbe lowarnrhithecobasmgold 4 being

treatment and/or anti-reflection coating treatnent my
sheuaeed! apdveer apdoviixkanged hinr dhien Hemperrad wig hatmosphere

scratch resistance and an anti-reflection coating

ddsceipenabonye Her applite3d mdntthe2 hyhassuhéeas thasapplication
material 2 as required. Abbrevi ated expressions for

of RepeepBaYRASE UBRMt B * @3 ftel 1 Ow NY tuahp! ebt dreodscourse
shown bel ow. Ingredient A: 9BGDM nonabutyl ene glyco

p&k B hact Y | rRiu cli? B s utadeadlu whene ghptoling a pressure
di methacryl ate 9EGDM nonaet hyl ene glyco
sélizetBaniyd £ 1y apgpedaent te 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 step isnot always necessary. 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 4 is released from
the resin layer 3 to obtain a hybrid lens 1 in which the resin
layer 3 is bonded on the glass lens base material 2. The hybrid
lens 1 has a structural feature in that the end edge of the lens
layer 3 and the end edge of thé glass lens base material 2 are
aligned by adopting the adhesive tape sealing method. The
annealing step (f) and themoldreleasing step I(g) may bptionally

be replaced to each other in view of the steps.
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TCDM tricyclo (5, 2, 1, 02'6) decan-8-yl nethacryl ate
CHM :, cycl ohexyl nethacrylate Ingredient C UDML:
ur et hane di net hacryl ate obtai ned by reacting
i sophorone diisocyanate and 2-hydroxypropyl
nmet hacryl ate UDA2: urethane di acryalte obtai ned by
reacting, tolylene diisocyanate and 2-hydroxyet hyl
acryl ate EDML: epox%‘d[nethacryLate obt aj ned g .
r eacfFomg ties ptien| ontaingfy BYB¥A deti$&rS ahd #e \éﬁér JioAt1ng.
acid Silane coupling agent:. MS: y-methacryl oxypro
t teritmenitoxgnd/ o anent bse L eqt i RAc A opyEaHh ¥h5§y be
silane 43 < Exanple 1 > After mxing 65 parts by
appaiight £ of peBEINiCgethe aesinddyesy3 MitdmbpShptRRyGFistance
Co.: trade nane of products, |ICURE M70), 12 parts by
anteaghdn of - TEOM ¢ trhom feuetuimas tg admeashna KixepPRégee tO the
Co.: trade name of products, FA-513M5), 20 parts by
gMRisghtertf baddAdtranidlact weddguiMadubi shi Rayon Co. :
trade nane of products, DI ABEAM U-12) , 3 parts by
wei ght of MIS (manufactured by GE Toshiba Silicone
Co.: trade name of products, ORGANCSI LANE TSL-8730),

300 pBrefvikited®. dafrddd imihyidee oy |dompemds used in the
phosphi ne oxi de (manufactured by Chiba Specialty

£EMiGR) Sexdiiples tdrdlaahaimow ylasucts, | RGACURE |
819), and 106% ppm of

Ingredient A:

9BGDM: nonabutylene glycol dimethacrylate

12BGDM: dodecabutylene glycol dimethacrylate

OEGDM: nonaethylene .glycol dimethacrylate

Ingredient B:

TCDM: tricyclo(5,2,1,0%°) decan-8-yl methacrylate

CHM : cyclohexyl methacrylate

Ingredient C:

UDM1:. urethanedimethacrylateobtainedbyreactingisophorone.

diisocyanate and 2-hydroxypropy1 methacrylate

UDAZ2: urethane diacryalte obtained by reacting tolylene

diisocyanate and 2—hydroxyethyl acrylate-

EDM1: epoxy dimethacrylate obtained by reacting bisphenol A

diglycidyl ether and methacrylic acid

Silane coupling agent:

MTS: y-methacryloxypropyl trimethoxy silane

MDS: y—methacryloxypropyl dimethoxy silane
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t-butyl peroxy isobutylate (manufactured by Ni ppon
Yushi Co.; trade nane of products, PERBUTYL |IB), and
thoroughly stirring themat a roomtenperature, they
were deaerated for 15 min by reducing the pressure to
50 mmHg to obtain a resin conposition for use. in the
hybrid.lens . A glass |l ens base material of 100 mm
outer dianeter with a curvature of 120 mm
(manufactured by K K. OChara: species of glass
material, S-LAM54, refractive index nd = 1.76),
< Mixangrle fli it shed and applied with silane coupling
agent treatnment (coated wth 10% MIS et hanol sol ution
and ket atixi20C GSopaabsuby3eeighh) o BndBGEDY| rantip¢tured
of 100 mm outer diameter mrror finished to an
byasrhestibdah is Rayenweoe : conpiaetmsuctt phaduchke, t FEekpdss/0)
44 at the center was 0.5 nmmand the maxi numresin
14 pyet stihy sleiegst ofdBCEM ntmaby fasitug ednbudiidsiond Kapeltiogyo
assenble a hybrid lens nolding die: The resin
CEOMAsidd aameob fuseoduct hie FRAGHEIINS )en20 gestsi bgdweight of
above was injected into the hybrid | ens nolding die.
UDREN (miherhybniddl eys Mmdivighdi RayprecCed: witrhdeheame of
resin conposition for use in the hybrid | ens was
prbAEed | BIaBerM Uk 12 pdizphets appaeaghs afiMISt Garswf astured
toirradiate by UV lanps at an irradiation intensity
bPEEHRRWE 881 BebResidlest 0hdt Mty bE igtodurits , NORGANGS I LANE
die, and irradiated with U/-rays at 6000 ml/cn2 to
TSP d i repid bayesis Thed, 6t feigéelsglivon o ybs-phenyl
rel eased and an annealing treatnent was applied by

pl@&%lﬁﬂge @S{ili%SGnafu?iﬁfactured by Chiba Specialty Chemicals Co.:
trade name of products, IRGACURE 819), ‘and 1000 ppm of
t-butylperoxy isobutylate (manufactured by Nippon Yushi Co.;
trade name of products, PERBUTYL IB), and thoroughly stirring
them at a room temperature, they were deaerated for 15 min by
reducing the pressure to 50 mnHg to obtain a resin composition

for use. in the hybrid .lens.

A glass lens base matl:erial of 100 mm outer diameter with
a curvature of 120 mm (manufactured by K.K. Ohara: species of |
glass material, S-LAM 54, refractive index nd = 1.76), mirror
finishedandappliedwithsilanecouplingagent tfeatment (coated
with 10% MTS ethanol solution and baked at 1.20°C for about 30
min) and a glass mold of 100 mm outer diameter mirror finished

to an aspherical shape were combined such that the thickness
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one hour. Then, an Si02/Zr02 series anti-reflection

coating was vapor deposited on the resin surface. The

hybrid | enses manufactured as descri bed above were

eval uated by the follow ng evaluation nmethod and

shown in Table 1. Appearance: The resin |ayer and the

anti-reflection coating were observed visually as to

whet her cracking, corrosion, bubbling, pe Iin% d
atrigrmdeatiar wosof - 2 HEhgadERe BREEPVR L G N6y sﬁﬁ%%&ess

accuracy: The surface shape of the resin_layer of the
wabybrim berissiee ameasihesd M8 Wahieh§oa a55eBR 16 ﬁehgﬁsﬁa lens

shape nmeasuring instrument UA3P manufactured by ‘
moMiisgshi¢ a Hhecrestn ¢ompediyiap fqpusentndiig fybrid lens

accuracy, they were indicated as 45 O for those of 3 m
destrlibed, alasve wWasr infiestedfiBpiheohybrifl kers RHlging die.

those of 10 mor nore. Solvent resistance: The surface

of the anti-reflection coating was rubbed with a |ens

cl eani ng paper soaked with an al coholic organic

sol veRen( neeihgbiriderery moddisii gye idg.ectedadéthdte spsin

products, DUSPER) for ten times and appearance was
coMpsdakhyn Fosenised inThose itihidol emnges wetaced in an UV

eval uated satisfactory. Transferability: The

irEééﬂéE@bﬁbthhya@ﬂsti&ﬁﬁsﬁédSﬂf%achaireadiae¢éasﬂﬁ@lamps
the glass nold was visually judged. O: good

attdranstanahtk bhyirit ens3aieo prol wiron dotansi dealifl theg hybrid
lens .molding die, and irradiated with UV-rays at 6000 mJ/cm?
to cure-mold the resin layer. Then, the glassmoldwas released
and an annealing treatment was applied by heating at 135°C for
one hour. Then, anSi02/2r0; series anti-reflection coating was
vapor deposited on the resin surface. The hybrid lenses

manufactured 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, corrosion,
bubbling, peeling and remarkable color change were observed or
not.

Surface accuracy: The surface 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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X : poor transferability Injection workability:
Easi ness or difficulty upon injecting the resin
conmposition for use in the hybrid lens to the hybrid
l ens nolding die were judged. O: easy to inject O :
somewhat difficult to inject X : difficult to inject
Preparation of test specinen: A resin conposition
prepared in the same nanner as in the resin _
Ocbaposhesermisifown Pl LRESexafple forashrseded Bnp Bo 10 wm
di sk-1i ke plate of 2 mMmor 5 mmthickness and 75 nmm
armmutderfadi ditetser 0 fiilc ey are.o a necessary size for
nmeasurenent to prepare a specinmen and the follow n
Saleeenly reehstanems dheiser édce RS theanté-Fadégction coating
Refractive index of the test specinen 46 prepared as )
wake stiblleddw hblo\ee 1gns26 e aningeRaRe e dnkegs Waghaan alcoholic
Abbe's refractoneter. Hardness: Pencil hardness was
ompasiy edlvEetponatufactyced heden JhbgvdiGe el ragsr pame of
| ens was placed in a small-sized environnmental tester
prddhote s, SHUSHER) rfomuftaat uriece hyaITABNIESRERIISe ®RY wrghally
subjected to 10 cycles of repetitive operations, one "
o BCONThosengitRand nghatga were dwnpetadirss tofs f80Rry.
for 2 hours and then leaving at a high tenperature of
TrRMF A ROr SThe transferability on the lens surface after

releasing the glass mold was visually judged.

O : good transferability

A : some problem in transferability

X : poor transferability

Injection workability: Easiness or difficulty upon injecting
the resin composition for use in the hybrid lens to the hybrid
lens molding die were Jjudged.

O : easy to inject

YA E somewhat difficult to 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
.was conduéted. | |

Refractive index: Refractive index of the test specimen
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After conducting the endurance test, evaluation was
made for the itens shown bel ow. Table 1 shows the
result of evaluation. Appearance: The resin |ayer and
the anti-reflection coating were observed visually as
to whet her cracking, corrosion, bubbling, peeling and
remar kabl e col or change were observed or not. Those
with no change were eval uated as satisfactory. .
piSepared aesiesticarided HeovaEta@e of vahanaasiredf PEcEsord an
coating was rubbed with a | ens cleaning paper soaked
Ahibe hs are &t acttmieteer or gani ¢ sol vent (manuf actured by
- Ozu Shigyo Co. : trade nane of products, DUSPER) for
Hdxdné sses Pand idp headoess was wesisalded. observed. Those
wi th no change were eval uated favorable. Adhesion: An
Tanss B twre dfyddherdsty afhadbbshonetiapebr{ dahehacvas epllaced
by Ni chiban Co . ; trade nane of products, CELLOTAPE
ifCT-42) spaliheisedf aeavifroameantil- r efdseeri on(Mmdel ngSH-220,
and then 47 peeling was repeated for three tines and
niMer aPPese@Nse TABAIRSFFIKKU Yoah)sendedubjbeasedwibhlbocycles
changes were eval uated as favorable. < Exanples 2 to
0B rapeN$Av eV Er ABbh &£ o dyt De tdtenprans mpaeeviag ana low
Exanple 1 excepting for the use of the nononmer and

téfgkg?lzéﬁéf‘@ SOUPL hg r AN thduk 4 hend AlHds BwWhdNat a high

1, change of the species of the glass materi al

rdie i B0l 358 43RS RAse mhgd.al, and with

After‘conducting'the endurance test, evaluation was made
for the items shown below. Table 1 shows the result of
evaluation.

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

Solvent resistance: The surfaceof the anti-reflectioncoating
was rubbed with a lens cleaning paper soaked with an alcoholic
organic solvent (manufactured by Ozu Shigyo Co.: trade name of
products, DUSPER) for ten times and appearance was visually
observed. fhose with no change were evaiuated favorable.

Adhesion: An operation of adhering an adhesion tape
(manufactufedbyNichibanCo.;tradenameofproducts,CELLOTAPE

CT-12) on the surface of an anti-reflection coating and then
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or without application of the prinmer treatnent and

they were evaluated. The results are shown together

in Table 1. Exanples 6 to 10 Lenses were manufactured

in the sane manner as in Exanple 1 excepting for the

use of the nononmer and the silane coupling agent in

the ratios shown in Table 2, change of the species of

the glass material for the glass |lens base material,
pegting tWas oreppabedt fapprheeei blnes @R pRendpPearance was

treatnent and they were evaluated. The results are
visioahly ogeseevedn TEEe Miflcdmehanges EXakpl e¥alugped as

6) Lenses were manufactured in the same nmanner as in
f&xenpbbe. 1 excepting for the use of the nonomer and

the silane coupling agent in the ratios shown in

Tabl e 3, change of the species of the glass materi al

for the glass lens base material, and with 48 or
<WExémplesappl teabi®n of the prinmer treatnent and they

were evaluated. The results are shown together in

Tabl a.éhsddakire AintRaopheed EBxathe es i arpne r3&x dnpErample

4Exanpl e 5 A 9BGDMB55570 A: 12BGDW5 A. 9EDGVB5
1 Bz 2015 themposidf ehe(pandmdr Gidl the silane coupling
agent in the ratios shown in Table 1, change of the species of
the glass material for the glass lens base material, and with

or without application of the primer treatment and they were

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 coupling
agent in the ratios shown in Table 2, change of the species of
the glass material for the glass lens base material, 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)

Lenses were manufactured in the same manner as in Example
1 excepting for the use of the monomer and the,si-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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by wei ght) C. UDML25 C: UDA22010 C. EDM 32 - D: MIS3135

D: MDS3 Prinmer treatnment for glass |ens base

mat eri al Appl i edAppl i edAppl i edNoneNone Refractive i ndex
of glass lens base material 1. 761. 761. 511. 511. 76

Appear anceGoodGoodGoodGoodGood Refracti ve

i ndex1.511.491. 531. 501. 52 Surface accuracyOOOOO

Sol vent reS|stanceOOOOO ransferablll 000 Inhegkion
ORI KT (3RIOBES FEBAIHEAREERenT atid- thel were

t enper at ur eAppear anceGoodGoodGoodGood od 49 cycle
eY@%‘#%?@entW%sﬁ%?‘th%@iﬁd@%&i@ﬁf?&%dm fable 3.

Adhesi onGoodGoodGoodGoodGood After storage at

hi ghAppear anceGoodGoodGoodGoodGood t enper at ure and
Adhesi onGoodGoodGoodGoodGood high hum dity [ Tabl e 2]
[Bgble 1]

Example 1 Example 2 Example 3 Example 4 Example 5
A:SBGDM 65 55 70
A:12BGDM 4
ASEDGM 65
B:TCDM 12 34 20 15
Composition (parts B:CHM 17
by weight) C:UDM1 25
C:UDA2 20 . 10
C:EbM1 2 -
D:MTS 3 1 3 5
D:MDS 3
Primer treaiment for glass lens base matetial Applied Applied * Applied - - None - None
RéfractiVe index of glass lens ba§e material : '1' .76 ' 1.76 1.51 1.51 | 1.76
Appearance Good Good Good Good Good
Refractive index 1.51 1.49 1.53 1.50 152 -
Surface accuracy o @) O o o)
Solvent resistance O @] o (o] O
Transferability o o o o] o]
Injection workability o] o . 0 o O-A
Hardness H HB H "H H
After temperature Appearance | Good Good - Good Good Good
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Exanpl e 6Exanpl e 7Exanpl e 8Exanpl e 9Exanple 10

A: 9BGDMB5 A: 12BGDMB56570 A. 9EDGW 3 . 2565 B: TCDML52033
Composition (partsB: CHWR725. by melght)C.UDNn351O

C. UDA2 C. EDML1032 D: MIS325 D: MDS33 Prinmer treat nment
for glass | ens base
naterlaIApplledAppI|edNoneAppI|edAppI|ed Refractive

Hgdex—of glaoo tefrg—base—mgterial- 761761776

lyled. 51 Appeeskietc @ Gooxlddo 0dGooxe0 0dGoardRefir ackdve Good

faYaVYaVal

i ndex1. 494-554-543+1564-52—"Surface CCUlaLyCUUUU
Sol vent |r esiagisiance(Q0000Dd Tr gnsfaeaabill i tag@00Q0 [aagdectii orbeod
L wor kabi Hi-ty000-000-{Hardhress2HH2HHH

A A~~~ e -

Mﬁﬂﬂﬁ@h@”ceCﬂ&ﬂﬁQOdCQOdQQOdCbdeAfter Good Good Good
t enper atjureSol vent |resi st anceGoodGg odGood
k;;n%g‘lﬂgmgestAdhesion(bod(‘:bod(bod(‘:bod(bod Aftgr storagde
at hi.ghAppeaganceGlodGEudGlodGedGod ghy Good Good
high humidity :

[Table 2]
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51 tenperature and high humdity [Table 3] Adhesion
Good Good Good Good Good Conp. Conp. Conp. Conp. Conp.
Conp. Exam Exam Exam Exam Exam . Exam 123456

A: 9BGDVB560657035 .
Example 6 Example 7 Example 8 Example 9 Example 10
A:9BGDM 3
A:12BGDM 35 65 70
A.9EDGM [ 25 65
B.TCOM 16 20 3
Composition (parts B:CHM 27 25 |
by weight) ' C:UDM1 35 10:
C:UDA2
C:EDM1 10 2
D:MTS 3 2 5
D:MDS 3 3
Primer treatment for glass lens base material Applied Applied None Applied Applied
Refractive index of glass lens base material 1.76 1.76 1.76 15 1.51
Appearance Good Good Good Good Good
Refractive index 149 155 151 150 152
Surface accuracy (o} o i o] e o
Salvent resistance O O o O 0
Transferability o o o] O o
Injection workability O 0 O-A O 0
Hardness 2H . H 2H H H
Appearance Good Good Good Good Good
After temperature
Solvent resistance . Good Good Good Good Good
cycle fest
Adhesion Good Good Good - Good Good
After slorage at high Appearance Good " Good Good Good Good
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~

A: 12BGDM A. 9EDGVBE12523 B: TCDMVB41520

Conposi tionB: CHW315 (parts by wei ght)C UDML1510

C. UDA220 C. EDML3710 D: MTS5312 D:. MDS2 Primer treat ment
for glass | ens base

mat eri al NoneNoneNoneAppl i edAppl i edNone Refractive

i ndex of gl ass |ens base

materiaffi- 761, 761. [61. 761. [61. /6

tefipesaranceGoodGoodGoodGoodGoodGood | Ref ract i ve
i ndex1. §21. ABdin561 | 49Bo551 |51 S8dir f ace C¥Ecul acPFHO0N0
@wokwiént resi st ance()00000 Tiansferability00000

+Heetor—workabit-tyO-A0000x—52Hardness2HARB2B2B2ZH
Appear anceGoodGoodGoodGoodGoodPoor After tenperature
Sol vent resi st ancePoor Poor GoodGoodPoor Poor

[Table 3]
Comp. Comp. Comp. Comp. Comp. - Comp.
Exam. Exam. Exam. | Exam. Exam. Exam.
1 2 3 4 5 6
A:9BGDM 35 60 65 10 35
A:12BGDM
A.9EDGM 61 2% 2
B:TCOM 34 1% T 20
Composition - B:CHM 2 15
(parts by weight) C:UDMI 1 15 10
C:UDA2 20
C:EDM1 I - 10
D:MTé ' _ 5 3 : Ca 12
'bmm : 2
Primer treatment for glass lens base material None None None Applied Applied . None
Refractive index of glass lens base material 1.76 1.76 1.76 1.76 1.76 1.76
Appearance Good Cood Good Good Good Good
Refracfive index 1.52 1.49 1.56 . 1.49 . 155 1.51
Surface accuracy ) O o) o A o
Solvent resistance o O O 0o 0] o
Transferability o o) (0] o] o (o}
Injection workability o-A o] 0] 0] o] X
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cycl e test Adhesi onGoodGoodGoodPoor Poor Good After
storage at hi ghAppear anceGoodGoodGoodGoodGoodPoor

t enperature and Adhesi onPoor Poor Poor Poor Poor Good hi gh
hum dity The hybrid | enses obtai ned by using the
resin-conposition for use in the hybrid |lens
according to the present invention in which the

Sitane doupling agegnt 1s blended wi th tfhe radical
pol yner i[zabHesonorter Zind| by "way| of®t hd nehuf act dting 2

mettrod—(for the hyQrid Tens accof di ng {0 {he present -
i nventi dn afeeseenk gvgr afbe i n §lew ofappeatethce, G Poor

Agumpegige [accuracy; —[tTransterabr Tty and adhestonm Wi th

t he gl agls shemssistyeesg nekrer | al Roor and SeharjgeSodar ¢ nitowr Poor
obhsestved—even—after—the—tenperature—cyqte—tegst—or

t he hi gh tenpesat urle &bgh| huwswddi t y Ged orjageeor FUrther ,| Good
t hav aladn hava A hdrdnnccl ~f  LID r iAo V\*\: bl o o
Ty _U“ U—TTAV © u‘.no.ull\.,oo A\ A | L™ T LAY L8 A= .I'I\II al ©

A EiRgelinighd]| | Yappesidade f | Qi edrba.  HOvagader| @&d showeed N|  Good Paor

e

[

Conpar atjveExanplgs—1t o 3—adhesi-on—bet-weep—the
1@heR@Sand §Ns base nmatierial and theLresin | ayer are

sonmeti MEs | Rgkbd | Cijenbonl esgat he ghasy | e@s baseo Good
mphAGd all is treatgd withfthe si]ane cquplingjagent
dependi ng on the kiind of [the gllass | ens base

material. 53 Further, as shown in Conparative Exanples
4 and 5, since

The hybrid lenses obtained by using the resin-composition
for use in the hybrid lens according to the present 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 according to the present invention are
favorable in view o0of appearance, surface accuracy,
transferability and adhesion with the glass lens base material,
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 base material and the resin layer are
sometimes insufficient unless the glass lens base material is
treated with the silane coﬁpling agent depeﬁding on the kind

of the glass lens base material.
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the hybrid | enses obtained by using the resin

conposition for wuse in the hybrid | ens not bl ended

with the silane coupling agent conprises the

ingredient A as the main ingredient, the hardness is

2B and hardness is sufficient. Further, adhesion

between the glass |lens base material and the resin

| ayer is insufficient even when the glass |ens base

material is treated with the silane coupling agent.

(Exanple 11) Fig. 4 shows a cross sectional view of a,

| ensFeythem was f§ownhan Hydsrar atehizge Exgmplies 6r%%%??t' since

i nvention shown in Fig. 1 for projection |enses 100
thédnypsidi hemsés qlitdigregsbal uptBpecherres iRefconpesd tikon for

(i is an integer of 1 or larger) represents a |lens
useunf abe et 1 énsmathel ended Wicht Flom sdil@act erumeing agent

contraction side respectively and reference di (i is
compriistegeie dhgredient| Argethe mgiresnaredi patedite Aprdness

thickness of a lens and an air gap between the | enses
is(9B) anliongréhes sl s swf fisienixi s Furder,hedhesion between

magni fi cation side to the contraction side
thaupreassivakybasGhateptedemd theftesin leyergtpipsaddicGient

represents a second | ens group. A color conposition
evBBafferl tHeSyib ASeAsBdE Rhtepl a5 Ms toapbed itht tihesilane

col ors passing through three display units such as
cthQEh@ ab¥stal display units and it is shown as a

bl ock.” 54 Table 4 shows the design data for the |lens

systemof Fig. 4. Table 4 shows the radius of

curvature R (mm) for each | ens

(Example 11)

Fig. 4 shows a cross 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 Ri (i is an integer of 1 or larger) represents a lens
surface number from the magnification side to the contraction
side respectively and reference di (i is an integer of 1 or
larger) represents the central thickneés of a lens and an air
gap between the. lenses (mm) along the main optical axis from
the magnification side to the contraction side successively.
Gl represents a first lens group and G2 represents a second lens
group. A color composition means 110 such as a dichroic prism
composites three colorspassing thlrough threedisplayunits such

as liquid crystal display units and it is shown as a block.
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surface Ri, the central thickness for each |ens, and
the air gap di (mm) between each of the lenses in the
cross sectional ~view of the lens shown in Fig. 4, and
the refractive index Nd and the Abbe nunber Vd of the
with optical material to the d line fromthe
magni fication side to the contraction side
respectively. Further, Table 4 shows, in the | ower
col urfetilhedesliowk , thstdeAbgn d8ta A tbe 1dms aysitem cilFig.
coefficient in the follow ng aspherical fornula:
4 | Favamllea 413h@ws ztlre aradiAvyr 4 f+AbrGatdBe R HAQr forleadh lens
(1+k)c2r2 in which z represents the coordi nate val ue
sINFdde ey ek serftacd, thi dkeleises gotseacti skapceahdothe air
the optical axis in the direction crossing the
g&PtdiCAmmX betweeheBhEEEHE Stite QAWNERISING &het BEo¥SI§€Xtional
of the lens and k, A4, A6, A9r, and Al o each

viEP S S 13RsasRBRA] Q@Img:oea‘fla@idemhe FurtherivEi 9ndéx Nd
shows an aberration graph of the projection | ens shown

aﬂcp thiedabBe diuddie v%oserﬁrs?@htﬁ%ﬁoft%%lamté@&h@nt@r@@d line
of the aberration graph, aberrations to c line, d line

f tHe magﬂ‘f{ f@(cgtsi%ﬁ‘@l ad Eb EHS R ratRl baE iH AP spectively.

errat| sagittal S) |nage surface and the
T Itl'@‘g SW adtfhey a, a
FJa erratl on c%hgr% sh% ftﬁ I ang| e. t‘l’ier‘% 1%k, Bas e

Ag, Ao for the aspherical coefficient in the following aspherical
formula:

[Formula 1]

cr?

Z =
1+ Jl.— A+ k)c’r?

inwhich z represents the coordinate value on the curved surface,

6
+ At + A+ Agr® + Ar®®

Y represents a distance from the optical axis in the direction

crossing theoptical axis, c represents a curvature at the vertex

of the lens and k, A4, Ag, Ag,. and Ao each represents an-aspherical .

coefficient.

Furthér, Fig. 5 shows anaberration graphof theprojection
lens shown in Fig. 4. 1Inthe spherical surface aberration graph
of the aberration graph, aberrations to ¢ line, d line and g
line are shown. In the astigmatism gréph, aberration to the
sagiftal (S) image surface and the tangential (T) im.age surface

are shown. o in the aberration chart shows a half _field angle.
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[ Tabl e 4] Surface No. Radius of curvature

RDi st ancedNdVvd 1-80. 860. 51. 5486044. 3L2 L1
21202.51. 7725049. 6, Conbi ned | ens 344.99622. 1
4-279.473.21. 7725049. 6L3 552.5153. 6
670. 031. 01. 8040046. 6L4 712.130.1
812.643.51. 7618226. 6L.5 9-235.771. 6 100010. 7Di aphr agm

11117.045. 01. 4970081. 6L6 12-16.6250.1

[Takle14d14. 41. 7204734. 7L8 L7 1417.8927.51.4970081. 6,

Gombimed—tens 13752:45u.1 16154, 697. P1. 497008T]6LC10 L9
Surthcé - 40O .| RGB! cifdiure RAO 4 7Bigneed, Nd vd
1 -80.86 05 1.54860 443
. L1, L2
2 120 25 1.77250 496
Combined lens
3 44,996 221
4 219.47 32 1.77250 496
L3
5 52.51 53.6 :
6 70.03 1.0 1.80400 46.6
L4
7 12.13 0.1
8 12.64 35 1.76182 268
L5
9 235.77 16
10 o 107 Diaphragm
1 117.04 50 1.49700 816
L6
12 -16.625 0.1
13 -21.01 44 1.72047 347
L7,L8
14 - 17.892 15 1.49700 816
Combined lens
15 5223 0.4 '
16 154.69 79 1.49700 816
: L9, L10
17 -19.785 17 1.72047 347 _
Combined lens
18 -36.25 0.1
19 389.78 85 1.48749 70.1 L11
20 -21.14 66 - Aspheric lens
21 © 370 1.151633 64.1
Prism
22 ©
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Conbi ned [ ens 18-36.250.1 19389. 78-8. 51. 4874970. 11- 11
20-21. 146. 6Aspheric | ens 210037. 01. 15163364. 1Pri sm
2200 56 Aspherical data Surface No. KAAAsAsAI o
1-13. 22999. 0658E- 06- 7. 8959E- 094. 6057E- 12- 1. 4352E- 15
20-1.6613-9. 2184E-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
Asmresticak edatadybrid lens in which the first surface
of the first lens L1 facing the nagnification side is
an aspherical surface with an aspherical quantity of

(AT~ ovr. nmnr-o Thoe rpocin | aviaor rtin +tha hayher A 1 S o

U J LRI \w A mur <. rre LA YE™ 2 LA Iaycl LI CIpe lllellu 'Cilio

shasnea centr@al thickness of [abous, 0. 5|mm and a nmaxi nmamm
—r-esin{ ayer—thitkhess—of —about—5-—rmr—A—diaphragmRi0

I 5 situat egplet weengudste S@conghsek@ns | L5 sgoeezt he t hiagsm-15

lens | constituting the second |leng group G2 1 The
dgsi gned spgei fi cat hanesral Yes.gReRr i §es sgwkie! d angdi.1
2w of 121, a focal distance of 6 82 and a gap between
the first group GL and the second group & of 53.6
mm Although this is a super wide angle lens with a

fiel dangl ¢5¢f 1895 1Ar 98da@hel 2hcond lens L2 constituting the .

first lens group G1 of the projection lens 100 constitute é hybrid.
lens in which the first surface of the first lens L1 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 L6 constituting the lsecond

lens group G2.

The ldesigned specification values comprise_s a field angle
20 of 121°, a focal distanc;,e 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 perfofmance in
viewof the aberrationgraphof Fig. 5. Further, since thé hybrid
lens has an extremely large aspherical 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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it is observed to have a predeterm ned optica
performance in view of the aberration graph of Fig.
5. Further, since the hybrid Ilens has an extrenely
| arge aspherical surface, while the |enses
constituting the first lens group Gl are required by
the nunber of 5 in a case of not using the aspherica
| ens, the nunber of 57 the first |ens group GL may
thedigat tenswerane Chejay e breed%%ﬁ/%ot%;rw%énﬁuﬁ%év %«%n be
three. Accordingly, reduction in the size and the
savsst havdhoeumian sifnddries -t RCppefiérglin Feddcabeon by the
Claims 1. Aresin conposition for use in a hybrid
sizmanidntivbicois tt have dsien abhpbsediion theaprdrctiomilags 100.
the resin |layer of the hybrid |ens conprising a resin
| ayer bonded to a glass |lens base material contains a
radi cal . pol ynmeri zabl e nononer and a silane coupling
agent. 2. A resin conposition for use in a hybrid |lens
according to claim1, wherein the radical
pol yneri zabl e nononer contains the foll ow ng
ingredient A and ingredient B: Ingredient A a
di (nmet h)acryl ate conpound represented by the
foll owi ng general forrmula (1): [Chem cal fornula 1]
ROOR | CH2=C-C (CH2) TnCH20O C- C=CH2 (1)
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in (where R represents hydrogen or a nethyl group, m
represents an integer of 2 to 5 and n represents an
integer of 1 to 16) Ingredient B: a
nono( net h) acryl ate conpound represented by follow ng
general formula (I11): [Chemcal formula 2] R2 0 1 |
CH2=C-CGOR3 (11) 59 (where R2 represents hydrogen
or a methyl group and R3 represents a cycloaliphatic
hydrocarbon group with a fl#bBF of carbon atons of
from5 to 16). 3. Aresin conposition for use in a, _
hybrild | end regitmeamngsisiondion psevifer BvRrife §hriipghich
pol ymeri zabl e nonomer further contains the follow ng
thengresdnenpmposibgondised o £ammihidsorgsifetayer of the
acrylate having two or nore (neth)acryl oyl oxy groups
hyibriehéens| cou = s iorg anrespolyyerybonded dor y Ides shhenagase
two or nore (neth)acryloyl oxy groups in one nolecule.
nakberA glesbntadnpositadicallopoligmernzabhgbwdnbrieshend a silane
according to claim2, wherein the content of the
cduidriet enferk. is from30 to 90 parts by wei ght and the
content of the ingredient Bis from5 to 40 parts by
wei ght .

2. A resin composition for use in a hybrid lens
according to claim 1, wherein the radical polymerizable monomer
contains the following ingredient A and ingredient B:
Ingredient A: a di(meth)acrylate compound repfesented by the
following general formula (I):

[Chemical formula 1]

R'O o R
| 1 v
CH2=C-C _{, (CH2)mCH20 -}— C-C=CH: s (D)

(where R* repreéents hydrogen or a methyl group, m represents
" an integer of 2 to 5 and nlrepresents an integer.of 1 to 16)
Ingredient B: a mono(meth)acrylate compound represented by
foilowing general formula (II):

[Chemical formula 2]

i
CHz=C-C-0-R* ..-.(1})
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5. Aresin conposition for use in a hybrid | ens
according to claim3, wherein the content of the
ingredient C is fromb5 to 50 parts by weight. 6. A
resin conmposition for use in a hybrid lens according
to claim1, wherein the content of the silane coupling
agent is from1l1l to 10 parts by weight. 60 7. A nethod
of manufacturing a hybrid lens including nold
assenbl i ng steps of opposing a glass |ens base
material and a glass nold having a dianeter
(whenst Bhrepkegertadlydraden pata methy ha@rgupsand Bng eppasents
material for transferring an aspherical shape,
a aghkoahijphat ad hysiree ardjosn gnotbeithtenamhbsurdfacarbpn atoms
them to seal a gap between the glass | ens base
ofriireni & tand @he gl ass' nold thereby assenbling a
hybrid |l ens nolding die. 8 A manufacturing nethod of
a hybrid I ens according to claim7, wherein the
maxi mum t hi ckness for the gap between the glass |ens
base 31at er pal rédich t Bempbassial ddrs wséhiin aar Agbheid lens
froml to 10 mmand the rati o of maximum
addylnRs 86 IR wHdrdinesEefraidiida gebyhetveeplehwnomer
gl ass l'ens base material and the glass nold within an
ffRG! iIdgntdidE el I AiMPri@diet @: less. 9. A
manuf acturing nmethod of a hybrid | ens according to

Irigr@ideht Wheg %&Eﬂ%éﬁé{?ﬂn&@%é%t@ﬁh@ﬁn‘@hﬁw@bﬂ more

assenbling step, an injection step of filling an
()RS ARly  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 90 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 C

is from 5 to 50 parts by weight.
6. A resin composition for use in a hybrid lens

"according to claim 1, wherein the content of the silane coupling

agent is from 1 to 10 parts by weight.
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resin conposition into a gap between the glass |ens
base material and the glass nold, and a curing step
of irradiating UV-rays to the UV-ray curable resin
conposition filled into the gap between the glass |ens
base material and the glass nold from both sides of
the glass 61 | ens base material and the glass nold
thereby curing the UV-ray curable conposition. 10. A
manuf acturi ng nethod of a hybrid I ens according to
claim9, wherein the nethod includes, after the curing
step,7. an dnmeghiodgostranefacppl ing@ bybriad peessimeluding
as bringing the glass |ens base material and the

mal & sss swilell appradzgls i topresdng at beéasshiérshbasengaterial
a tenperature higher than the glass transition point

ad atdika £s1mold g b of ardiee tNdubay aatiablley eqesl with that
conmposition. 11. A manufacturing nmethod of a hybrid

of ae gLaskdidlds Ha®eChatBr9alWher airansFe riFEiRPen aspherical
i ncludes, before the curing step, a prelimnary

sl@étﬁéﬁ@dhfeﬁin@fam IRl Al d a - et D@f@?é{l gt 4k of them
the Uv-ray curable resin conposition. 12

toraRidflag tgdgd Bgtﬂséﬂ%@fglés@ybéw Ha%@smaeéeisn 'Ehd kBe glass
claim7, wherein the glass | ens base material treated

mdud h:h@re%;l’ %Mm{lga AgRNE 1 dl S1 15 Gro 1Pind dvdr i d

| ens wherein a resin Tayer formed of a resin
"~ conmposition for use in a hybrid lens containing a
r adi cal

8. A manufact{lring method of a hybrid lens according
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 mold
assembling step, an injection step of filling an UV-ray curable
resin composition into a gap between tﬁe glass leﬁs basematerial
and the glass mold, and

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

base material and the glass mold from both sides of the'glass
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pol ynmeri zabl e nononer and a silane coupling agent is

bonded to the surface of a glass |ens base materi al.

62 14. A hybrid lens according to claim 13, wherein

the maxi mum thickness of the resin layer is within a

range from1l to 10 nm 15. A hybrid I ens according to

claim 14, wherein the ratio of maxi num

t hi ckness/ m ni mum thi ckness within the effective
lehimipetsernater hal ragsd theaybarss mod dothapebyantk iz the UV-ray

| ess. 16. A lens systemusing a hybrid lens in which a
cubh e daymrsitoromed of a resin conposition for use in

a hybrid Iens containing a radical polynerizable

nmononmer and a silane coupling agent is bonded to the

surface of a glass |lens base material. 17. A lens

Syst € .accay tiang flae tlrdng héthadesfian hiybe idmhsh B cording

t hi ckness of the resin layer of the hybrid lens is
toMctiBim 9 A Wwhttee if B detlod AndMudes, 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,
apréeliminarycuring step of irradiatingUV-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 whereinaresin layer formed of a resin
composition for use in a hybrid lens containing a radical
polymerizable monomer and a silane coupling agént is bonded to

the surface of a glass lens base material.
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14. A hybrid lens according to claim 13, wherein the
maximum 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
containing aradical polymerizable monomer anda silane coupling

agent is bonded to the surface of a glass lens base material.
17. A lens system according 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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