4 JANUARY 2006 - 1 DESCRIPTION DIE, PLATE, SUCKING JI G, I\/L‘]_p[]Mﬁ[gLﬁY 2006
DI'SASSEMBLY AND ASSEMBLY APPARATUS, DI SASSEMBLY AND ASSEMVBLY METHOD, AND
LENS TAKI NG QUT METHOD Techni cal Field The present invention relates to a
die used to nold a lens used for optical equipnent, a plate used for
sputtering in order to apply a releasefiTmto the die, a sucking jig that
sucks a pressed lens, a nolding die used to nold a |l ens, a disassenbly and
assenbly apparatus and nethod used to press a lens, and a | ens taki ng-out
method to take out a, nolded | enspEBaekgroumng Art Figures 10 (a) , 10 (b) ,
10 (c¢) , and 10 (d) are sectional views of illustrating essential parts of
a nolding die for optical elenents and a manufacturing nethod of optical

el enents both proposed previously by the inventor relating to the

appl i cati oORIETh&LABE , FEYUKENGLQA(BY, MOODHNG .pi# (Bisﬂg@“ﬁfi@ﬁy( gmshow a

mol ding die used to form a glass lens using a preci si o ass nol di ng

met hod as AGSEMPASY APPRRETECE VD N sethed vo NUARY
2006 Figure 10 (a) shows a configuration of ANBQ&?%?%S%EﬁHEEh%D"A&ﬁ

LENS TAKING-OUT METHOD

Technical Field

Thejpresenf invention relates toeadie used to mold
a lens used for optical eguipment, é plate used for
sputtering in order to apply a releasé film to the die,
a sucking jig that sucks a pressed lens} a molding die
used tomold a lens, a disassembly and assembly apparatus
and method used to press a lens, and a lens taking-out

method to take out a molded leﬁs.

Background Art

Figures 10(a), 10(b), 10(c), and 10 (d) are sectional
views of illustrating essential parts of a molding die
foropticalelementsandanwnufacturingmethodofoptical-
elements both proposed previously by the inventor
relating to the application. That is, Figures 10(a),
1O(b)'.10(0)' and 10(d) show a molding die used to form
& glass-lens using a precision glass molding method as

well as a manufacturing method of optical elements.



8.8. In Figure 10(a), a flange portion 85 is formed integrally wth

. upper die 82 having an optically 4 JANUARY 2006 2 functioning §hP¥§géﬁgﬁmnm
formed at the bottomand with a | ower die 84 having another optically
functioning surface 83 forned at the Egp. A nmol.ding die is conposed of the
upper die 82, the lower die 84, and & mdld 86 through which the upper and
Il ower dies 82 and 84 are slidably guided. A nolding naterial 87 is placed
in an internal part conposed of the upper and | ower dies 82 and 84 and

the nold 86 to Ednsitrid UDEad SBbeHsNG fIrocks@8a+FbgUs ); that the
nol di ng block 88 is heated and pressed Z% ag to be é%gggggﬁﬁfﬁg%ﬁﬁbure 10

(b) , the 8dhol & tyugebl0qlk )88 4 srhga i N oWp | qwer
heati ng plates 91 aﬁgJQZ. Chgé)the no|§i%§gég?%€?%ﬁ ?? H%%f %%% a it is
pressed andndefcpraetsy by iam applh r r I upper heating plate
91. Thus, the gﬁiicﬁ%ly‘ functidﬁ?ﬁg gﬁ%%é@%sﬁgﬁ&gﬁéggﬁ(ﬁgelﬁ?ggﬁéely
transferred to the nolding material 87 to forma lens 89 that is an
optical elenment. Figure 10 (c) shows that the whole nolding block 88 is
-cooled.. In Figure 10 (c) , the whole nolding block 88 is cooled and then
t he upper nold 82 is taken out of the nold 86. Furthernore, a sucking jig
or the like is used




to take the nolded lens 89 out of the nold 86 to nmanufacture
el ement. However productively and precisely a lens as an optl‘gpﬁgbéﬁg%@OOG
can be forned, the productivity may be 4 JANUARY 2006 - 3 nmarkedly
degraded if the lens is inclined withinothe nold 86 as shown in Figure 10
(c) and cannot be taken out. The tendency of the lens to remain in the
nold is nore significant as the thickness of a round edge portion 90 of
the lens 89 increases. Thg reason will be described wth reference to

Figure 10 (dyrEitgieeing sdy fawend la emmed aft Bhenblditagn amé wbbli &i ons
under which the lens can be taken out of the nold include the property
with which lewen das §4 hesligusen oo obé ieslldlwfuadieresing shefaved, as
wel | as the coefficient of thermal expansion of the nolding nmateri al
| ar ger t han8Bhibrafed ket ndiditngp di eA mMetdidondhy, itsheompaweld| ehstisari nks
nore markedly than the nolding die. For exanple, if the lens 89 is shaped
| i ke neni scuppera Girfdde thet Hovwensdiki 84 ,cantdicd smad tih Stthechoptuglal | y
functioning surface 81 of the upper die is formed to have a |arger radius
of curvat urehtilvdn the oppecaking floweétrodirg S facd. 8 Fuatrkersl iadsvr§ace of
the lens which contacts with the lower die is forned to have a |arger

guided. A molding material 87 is placed in an internal

part composed of the upper and iower dies 82 and 84 and

"the mold 86 to constitute a molding block 88.

Figure 10 (b) shows that themoldingblock 88 is heated

and pressed so as to be deformed. In Figure 10(b), the

whole molding block 88 is heated using an upper and lower

heating plates 91 and 22. Once the molding material is

softened, itispressedanddeformedbyanappliedpressure

P via the upper heating plate 91. Thus, the optically

functioning surfaces 81 and 83 are precisely transferred

‘to the molding material 87 to form a lens 89 that is an

optical element.

Figure 10(c) shows that the whole molding block 88

is cooled. In Figure 10(c), the whole molding block 88

is cooled and then the upper mold 82 is taken out of the

mold 86. Furthermore, a sucking jig or the like is used

to take themolded lens 89 out of themold 86 to manufacture

an optical element.

However productively and precisely a lens as an

optical element can be formed, the productivity may be




radi us of curvature than the optically functioning surface 83.

Accordingly, the bottomlens surface contacts unstably with tﬁhl%%PP%§¥P9”6
functioning surf ace of the nolding die because of a point contact
occurring only at a point P1L . On the gqther hand, the top |ens surface
contacts stably with the optically functionally surface 4 JANUARY 2006 4 at
points P2 and P3. Wien the upper die is taken out of the nold as shown in
Figure 10 (c) , the lens may be slightly sucked upward by vacuum adhesi on.

Subsequent | pangrgly iegadadn f £he danadisolaedpnesevishdn the mehd maybe-
inclined in the nold. Wth the lens inclined, if the sucking jig contacts
i nappr opr i aBél §swshhvwrhen| Bhgureneli(ensandycannpthee takenmwott heThel d.
Consequently, the lens is narkedly ineffectively produced: the | ens may be
broken or dasmabsdry AoSokbE dreriortoheembdwe ipr ohenmpd ddiiscimesesl as an
optical elenment releasing nethod in Japanese Patent Lai d-Open No.
2-184532. Heuewerfit¢aontoas tdbetethiinkngdhe dhesion eigeoorbionl @0ng die
and a lens may include a difference in the coefficient of thernal
expansi on bettwehre denmd dNgnomteseal abHeardagomtedrllabe s owibeability
of the molding material to the surface of the nolding die, and the size
withreferencetoFigurell (d). Figurel0l (d) showsastate
" after molding. The conditions under which the lens can
be taken out of the mold include the property with which
the lens is released from the mold or adheres to the mold,
as well as the coefficient of thermal expansion of the
molding material larger than that of the molding die.
Accordingly, the molded lens shrinks more markedly than
the molding die.
For example, if the lens 89 is shaped like meniscus,
a surface of the lens which contacts with the optically
functioning surface 81 of the upper die is formed to have
~a larger radius of curvature than the optically
functioningsurface. Further, asurfaceofthelenswhich
contacts with the lower die is formed to have a larger
radius of curvature than the optically functioning
surface 83. Accordingly, the bottom lens surface
contacts unstably with the optically functioning surface
of the molding die because of a point contact occurring

only at apoint P1. Ontheotherhand, the top lens surface

contacts stably with the optically functionally surface




and shape of the lens. These factors cannot be easily satisfi eﬁﬁ Tlg}e
publication al so describes a nethod of releasing the nolded | ¢ gAg EH%PEXSE
pi nching sides of the nolded |lens and separating the relative positions of
the lens and nold fromeach other in_agyertical direction. - However, a
very strong force is required depending on the size of the lens. If the
purpose is to clear an adhering state, it naybe effective to oscillate the
l ens slightly. 4 JANUARY 2006 5 However, this may di sadvantageously damage
the surface 2toPYHeC#iR2 apAFFi cA NN WREnUPREINBLGedS| Eakens otdked out of
the molding die, the |lens may be broken or damaged. Thus, '
di sadvant agédismpld as shewniin FastreciPvely phediers masubehek ighkéyupper
and lower dies 82 and 84, used in the description of Figures 10 (a) to 10
(d) , are easdirkedumsthod byheaopuincadhgsianet | Subsgmiarnales WBilernthes,
respectively, at one end surface of a cylinder-shape and the flange
portion 85 awcahandishetesmedsto Casy bhetlmns cylhiendensstaipbe el f hadge
portion 85 is effectively wutilized as a holding portion while the die
i sbei ngwr ougint ther meheh. a Wigtleades flidms iimdbined, ohfttiee oppckahyjig
functioning surface. However, five surfaces nust be precisely wought,
contacts inappropriately with the lens, the lens may
further cut into the mold. Consequently, the lens is
markedly ineffectively produced: the lens may be broken
or damaged.
A solution for the above problem is disclosed as an
optical element releasing method in Japanese Patent
Laid-Open No. 2-184532.
However, factors detérmining the adhesion between
a molding die and a lens may include a difference in the
coefficient of thermal expansion between a molding
‘material andadiematerial, thewettabilityofthemolding
- material to the surface of the melding die, and the size
and shape of the lens. These factors cannot be easily
satisfied. Theabovepublicationalsodescribes amethod
of releasing the molded lens by pinching sides of the
molded lens and separating the relative positions of the
iens and mold from each other in a vertical direction.
However, a very strong force is required depending on

thesizeofthelens. Ifthepurposeistoclearanadhering

state, it may be effective tooscillate the lens slightly.



i.e. the outer dianeter surface, the opposite surfaces andoute igh ter
of the flange portion, andthe optically functioning surface. TLI 6&&0?2006
i ncreases working tine and costs, thus hindering the provision of nore
i nexpensive |enses. Further, in order &o_inprove the productivity
associated with I ens nolding by sinultaneously nolding |enses using
nol ding dies with a | arge nunber of surfaces to be wought, nolding dies
are required in which in particular the optically functioning surface has
a subnmi cr ofOHEG S CRLARJIRE FhSER VAP UAd¥s IprGEe ide INERARY 2006 6
optically functioning surfaces to the corresponding surfaces of the
respective Plta ﬁ%*?ions 85 nust be controlled with a precision of the
order of microns. This nakes working costs significantly expensive. That
i s, disadvantageddsPyfigallydivhesuthet vodglesl lees fiarpkporononst
precisely and these portions require very high working costs. Further,
when a rel ehbe molehiing déencthod aremem beditykeh e teowigrd surflace, t o
allow this surface to be released fromglass, the outer dianeter dinension
of the flangésagoraniongeduddiver mihwed arte irmnberf Déctiveliynpredusssii nto a
sputter apparatus per batch. That is, since the flange portion 85 has a
| arge area, it iBurhpessi Hlle tuppatraddcédower dies 82 and 84, used
in the description of Figures 10(a) to 10(d), are each
~formed of the optically functioning surfaces 81 or 83,
respectively, at one end surface of a cylinder-shape and
the flange portion 85 at the other end surface of the
cylinder-shape. The flange portion 85 is effectively
utilizedasaholdingportionwhilethedie isbeingwrought
or when a release film is formed on the optically
functioning surface,
However, five surfaces must be precisely wrought,
i.e. the outer diameter surface, the opposite surfaces
~andouterdiameterof the flangeportion, andtheoptically
functioning surface. This increases working time and
costs, thus hindering the provision of more inexpensive
lenses. Further, in order to improve the productivity
associated with lens molding by simultaneously molding
lenses usingmolding dies with a large number of surfaces
to be wrought, molding dies are required in which in

particular the optically functioning surface has a

submicron precision and in which the distances from the



a large nunber of dies into the sputter apparatus per Dbatch.
the productivity associated wwth filmformation is degraded tgqﬂﬁgﬂéigébmm

costs sharply. That is, disadvantageously, when a release filmis fornmed-
on the optically functioning surface to.allowthis surface to be released
fromglass, the presence of the flange portion prevents a |arge nunber of
dies frombeing introduced into the sputter apparatus per batch.
Consequently, the productivity is degraded to increase costs. Disclosure
of the | nvestitdrfal JANORRY tA006ing 7sur fazeswtof the abovespoldeng, it is
an object of the present invention to provide a sucking jig, a nolding
die, a di sasvefldgeandfasbentlasmppbiaeus]asame medhodponsardd ankensbe
t aki ng-out nmehtod all of which serve to inprove the productivity
associ at ed wionit.réheedxtirtactippreol sdonmafuhaco nded 6 £ns drams t hermbsdi ng
die. In view of the above problens, it is another object of the present
invention tmapresyivierkindi ecatt aspyri €icehitdly redpvsesiwer.ki ng costs. In
view of the above problenms, it is yet another object of the present
invention to provhde 8sdi®&iaadvanilagesuydi ¢hitmps ever £ heuprodyaha Net y
associated with the

the flange portions precisely and these portions require

very high working costs.

Further, whenareleasefilmis formedontheoptically
functioning surface to allow this surface to be released
from glass, the outer'diameter dimension of the flange
portion 85 determines the number of dies introduced into
a sputter apparatus per batch. That is, since the flange
portion 85 has a large area, it is impossible to introduce
a large number of dies into the sputter apparatus per
batch. Consequently, the productivity associated with
film formation is degraded to increase costs sharply.

That is, disadvantageously, when a release film is
formed on the optically functioning surface to allow this
surface to be released from glass, the presence of the
flange portion prevents a large number of dies frombeing
introduced into the sputter apparatus per batch.

Consequently, the productivity is degraded to increase

costs.

Disclosure of the Invention




. formation of a release filmby sputtering, thus reducing costs., . T
. the above-described problens, a first invention of the present‘*ﬁ%@ﬂéﬁ%ﬁ99@§
an upper die or lower die for Iens nolding having a groove forned in its
side and a D cut surface also fornmed in its side inits axial direction,
the D cut surface being in comunicatidn~ with said groove. A second
invention of 'the present invention is the die according to the first _
invention of the present invention, wherein the die is a cylinder having
said groove foInediew ids thécabbﬁﬁe@ﬁﬁﬁoﬂeééNUé%YﬂgxghAbE?%E@ lpvention
of the present invention is a plate conprising a plurality of holes in
whi.ch the gheopeeisen 4 i DANIARYOROOS pirhe; HiE A8aNdiNg StiQ; t eqaijhaﬁhlgor the
second invention of the present invention is caught and held, erein said

die is hel dishem sid dlagdsenis spid esgdembA v QUsb BrkRYENt A0 rﬁéthBﬁ present
invention is a suctionj ig wherein the suction j ig enters a nold,

abutting agai asteras peri her yuefimah L 8ASa BUS 268 1RYL ROt 29aI ﬂﬁ}%r gecenter

of said | ens surface, and having substantially the sanme exter af shape as

that of antupp@rdti€ceivie¥erassociated with the extraction of a
manufacturedrleﬁs from the molding die.

In view of the abo;e problems, it is another object
of the present invention to provide a die and a plate
which reduce working costs.

Inviewoftheaboveprpblems,itisyetanotherobject
of the piesent invention to provide a aie and a plate
which improve the productivity associated with the
formation.of51release film by sputtering? tﬁus reducing
costs. |

To solve the above-described problems, a first
invention of the present invention is an upper die or
lower die for lens molding having a groove formed in its
side and a D cut surface also formed in its side in its
axialdirection,the[)cutsurfacebeinng1communication
with said groove.

A second invention of the pfesent invention is the
die according to the first invention of the present
invention,whereinthedieisacylinderhavingsaidgroove

formed on its circumfeérence.




die used to nold said lens. Afifth invention of the present iny ' i
the suction jig according to the fourth invention of the pre§%ﬁg§b%RUY§006
i nvention, having a radius of curvature which is larger than that of the
cooled target |ens surface or being %Vflat pl ate when said target |ens
surface is concave. A sixth i nventi 6n’4f the present invention is the
suction jig according to the fourth invention of the present invention,
having a radius of curvature which is smaller than that of the cool ed
target |ens surkddel raiervesat fohas gethd pis S 368 dist LOAVEX 2 A1gguent h
invention of the present invention is a |ens taking-out nmethod of taking
sai d | ens ootpafisarg anpldradiing tde BYCEE0Rn hhgdgxgﬂéﬁégoggea@ of the
fourth to the sixth inventions of the present invention, Sard rnethod :
-conprising: 4 JANUARY 2006 a step of pulling said upper die or said | ower
die out of said nold after said | ens has been nolded using said upper

die, said lower die-, and. said nold; a nold inserting step of pressing
said sucking jig against said-target |lens surface froma side of .said
nmol d out of which said upper die or said |ower die has been pulled, until

a position of said lens is corrected; and



king-out step of using said sucking jig to suck and take o lf %
r:ftgr tge positign of saig lens has been corrected. An elghthf#%%gﬂkﬁgﬁ @f
" the present invention is a nolding die conprising: an upper die for lens
nmol ding; a lower die for lens nolding, a support die; and a nold, wherein
said-lower die has no flange, said SUpﬁbrt die is provided bel ow the | ower

die, one or nore through-holes are fornmed in the-support

die so that

lifting pins can be inserted through the respective through holesz said
upper and tbheeridi esscandbagskibd thel ativet tor sREAsERIG SaldkSHpRprt die

is loosely pressed into said nold, and 4 JANUARY 2006 heat
to. said soppotte dieeasdtsand &t dowi tBOW, | Mpal éfagg h%lJ

rel ati onshi p between said support die and sald no

is transmtted

sitional
\NUARY 2006 - to

Aninth inventi ofhéefectifesprasgnt {avent homds SMPIAND 5 4 sputtered.

A fourth invention of the present invention is a

Suctionjigwhereinthesuctionjigentersamold,abutting

against a periphery of a lens surface but not against

a center of said lens surface; and having substantially

the same external shape as that of an upper die or lower

die used to mold said lens.

A fifth invention of the present invention is the

suction jig according to the fourth invention of the

present invention, having a radius of curvature which

is larger than that of the cooled target lens surface

or being a flat plate when said target lens surface is

concave.

A sixth invention of the present invention is the

suction jig according to the fourth invention of the

present invention, having a radius of curvature which

is smaller than that of the cooled target lens-surface

when said target lens surface is convex.

A seventh invention of the present invention is a

lens taking—out method of taking said lens out of said

mold using the suction'jig according to any of the fourth

to the sixth inventions of the présent invention, said

method comprisiﬁg:



di'e conprising: an upper die for lens nolding; a |lower die fpn‘ PARY 2006
nﬁldingP a sgpport die; and a nold, and wherein said | ower dle'hgg ﬁgt

fl ange, said support die is provided below the |ower die, one or nore
throggh-holes an formed in the support, die so that lifting pins can be
inserted through the respective thrdngﬁ hol es, said upper and |ower dies
can be slid relative to said nold, said nmold is a nenber in which a
plurality of upper and |Iower die insertion holes are provided, said upper

die and | over daesaep sifi gablyiheusedai Bppeachif dhe holes,,sa ol d is
formed with a positioning concave portion- or convex portion, and said

support dieutnd@ﬂgéldim@DMeéf@@&“éﬁld”léh§0H8§VSeé%Wﬁdfﬁb80ﬁr?ﬁ%pnding
to said positioning concave portion or convex portion I's Tofne S a

oL ohimisrtraney voley (a0 e Pl SBLLUS RN B1ES 10

a mold inserting step of pressing said sucking jig
against said target lens surface from a side of .said mold
out of which said upper die or said lower die has been
pulled, until a position of said lens is corrected; and

a takingwout step of using said sucking jig to suck
and take out said iens after the positioh of said lens
has been correcﬁedh

An eighth invention'of the present invention is a
molding die comprising:

an ﬁpper die for lens molding;

a lower die for lens molding;

a support die; and

a mold,

- wherein said lower die has no flange,

said support die is provided below the lower die,

one or more through-holes are formed in the support
die so that lifting pins can be inserted through the
'respective through héles,

| said upper and lower dies can be slid relative to

said mold,

said support die is loosely préssed into said mold,

and




A tenth invention of the present invention is a disassenbly a |
appar atus conprising: a base on which the nolding die accordingﬂPgﬁﬁﬁgPYXOOG

eighth invention of the present invention, having a pressed lens, 1is
. placed; a lifting pin; -a sucking jig;yﬁnd novi ng neans of noving said
sucking jig, wherein at |east an ope?a?lbﬁ is perfornmed which conprises
using said lifting pin to lift said upper and |ower dies and said | ens up
to a position where said lens is exposed fromsaid nold, subsequently, at
| east an oper atheati ss pardosmed tewht 6hs £0AU1SESr YSIIW Sal gai‘&ﬁﬁb’i jigto
suck one.-of the dies and using said noving neans to separate the die from
sai d | ens, wandsai ddgﬁlsriﬁg@hé@iﬂon§l$em§§9% ethbeD Idevent'h
invention of the present invention is the disassenbl ang assenp y
appar at us aap@oditnglie bhel d£md hmbnyention of the present invention,
wherein when said lifting pin is used to push up the upper and | ower dies
and the lens , the pushing-up operation of said lifting




pin is synchronized to the noving operation of said sucking 9 2006
invention of the present invention is a disassenbly and assenb

using a disassenbly and assenbly apparatus conprising a base on which the
nol ding die according to the eighth invention of the present invention,
having a pressed lens, is placed, a Tii@ing_ pin, a sucking j ig, and _
novi ng neans of noving said sucking jig, said method further conprising:
performng at |east a step of using said lifting pin to lift said upper

and | ower dies ARd rseh 8ok ih be 15 POSIS P el 58 9 Lep e”§1 Ingeposed

fromsaid nold, subsequently, perfornlgg at astda ep 61° o to
suckin I il &gkro8enef. the dies and using sai novi ng nea
separa?ejtﬁé die f$€n1sg¥% | ens, and taklng out said |lens. The present

invention na Me ]quiQMfgg thop first aspect of the
i nvention prgvpﬁesuﬁgghs of pro 3%##v ?y it ving an optical el enent

nol ded using 4 JANJARY. 2006 ggra@ ggtl(gid§h§nent nol di ng di e conposed of

an upper and |ower dies and a nol i's nedris conprises an outer
diramet er that- pgeghggly-f idf-thg ol d, a suction port

a mold, and

wherein said lower die has no flange,

said support die is provided below the lower die,

one or more through~holes are formed in the support
die_so that 1lifting pins can be insertgd through the
respectiﬁe through holes,

said upper ahd lower dies can be slid relative to
said mold,

said mold is a member in which a plurality of upper
and lower die insertion holes are provided,

said upper die and lower die are slidably housed in
each of the holes,

saidmoldisformedwithapositioningconcaveportion
or convex portion, and

saidsupportdieinvdﬂxﬂlaconﬁexportioncn:éconcave
portioncorrespondingtosaidpositioﬁingconcaveportion
or convex portion is formed has a plurality of said
through-holes formed at positions corresponding to

positions of said upper and lower die insertion holes.




which is formed in one end surface extending perpendicularly tg

di aneter and which is connected to a suction apparatus, and a%‘t‘%ﬁpﬁ ¥2006
surface which is formed on the other end surface with which the 4 JANUARY
2006 - .12 suction port is in connunigﬁ}ion. The shape of the sucking
surface approxi mates to the shape of &% loptical surface of the nol deg
optical elenent. Further, according to a second aspect of the invention, a
concave optical surface of the nolded optical elenment as the sucking

surface has a stwatkerh adivsnof ceurmat tke pklar sl thephitGaln syt face, while
a convex optical surface of the nolded optical elenment as the sucking

surface hadisad=d@el yr atidus Hfembl abwﬁhréﬂﬁéh%b%ﬁf&s%ﬁ%”eans of

reduci ng the costs of an optical elenent nolding die an roductively

manuf act uring aabepid 6alwie RN m81HAINAI 28RAGE o A1 hi o:lt@l\éeé]%égﬂ@hpr ovi des
an optical elenment nolding die conprising a support die includrng a

t hr ough- hof gviem titén o@ﬂg@ﬁr@s@mqﬂmtibh% Ha{‘@iﬁg%ﬁgf%s@e‘?& 18Ad an upper

and |l ower dies which are slidably guided through t and each of
whi ch inclydegignaptically functioning surface. According to this aspect,
it is possible to reduce the working costs of the upper and | ower dies and

a lifting pin;r

-a sucking jig; and

mdving means of moving said sucking jig,

wherein at least an operation is pérforméd which
comprises using-said lifting pin to lift said upper and
lower dies and.said.lens_up toeapOSition where said lens
is exposed from said mold,

| subsequently, at least an operation is performed

which comprises using said sucking jig to suck one of
the dies and.using'séid;novinglneans to separate the die
from said lens, and

said lens is taken out.



to take out the optical elenment productively by utilizing the %fiﬁﬂgrﬁfl%(%
i h the support die. Mreover, according to a fourth aspect of the

invention, the upper and |ower dies are each sinply cylindrical and each
conprise a groove portion inits outer.. peripheral portion which is used
to forma rel ease 4 JANUARY 2006 - 13 !#ifmon the optically functioning
surface, the release filmserving to prevent oxidation. This inproves the
productivity associated with filmformation to reduce the costs of the

mol d. Further, Anfeflidveasyiectnobntier ra/ﬁnﬁ@np%%\érﬁ?siﬁvéh‘c'ofnﬁ&fg ng jig
for sputtering or the |like conposed of a groove portion In Irch™a

plurality cheupperasssblowenddh8sca®n pe 9%890!&&&@% g past, of an

outer periphery of a disc of a predetérmned thickness or center of the

. , . Co . _ . q
di sc, so thahiihe GfOQVeoROLIORNEAR RNGAGE 1 W, LR1Lhe, graove portions forne
‘in the upper and | ower gies to ho?h t he upﬁer ané’lomer U 85T FRFS serves

to reduceskhel qastisi g el dscRuUEbhernmy e, H% aspec f the
i nvention Srovides %ﬁ%f% disassgﬁbly aﬁ assgﬁgly g} ar at 18“ot °¥&Ki ng out

an opti cal gekenand tm ﬂ@ﬂs@ytﬁ@?)u%@ltjj luﬁ'ﬁ%{%ﬁt%k%ggai%ifif fe,
apparat us conprising an upper dife sucking er
: pinissyhchronizedtothemovingoperationofsaidsucking
Jig.
A twelfth invention of the present invenfion is a
'disassemblyenxiassembly'methodfusing51disassembly'and
assemblyapparatuscomp:isingeabasecn1which1iuamo%ding
die according.to-the eighth invention of the bresent
invention,-having a preésed lens, is placed, a lifting
pin,asuckingjig,andmovingmeansofmovingsaidsucking
jig, said method further comprising:
performing at least a step of using said lifting pin
to 1lift said upper énd~lower dies and said lens up to
a position where said lens is exposed from said mold,
subsequently, performing at least a step of using
sald sucking jig to suck one of the dies and using.said
moving means to separate the die from said lens, and
taking out said lens.
The present invention may have the following
solutions:

A first aspect of the invention provides means of

‘productively removing an optical element molded using



connected to an elevating and | owering cylinder and shaft-gu
slide bearing, a pin nenber that passes through the through- hgﬁ§“¥§?ﬁ§%2?9§

a center of the support die so as to eject the upper and | ower dies, and a
sucking menber used to take out the optical elenent and introduce a

nol ding material. This inproves the pr ébct|V|ty associated wth renoval
of. the optical elenent. 4 JANUARY 2006 - 14 Moreover, a seventh aspect of
the invention provides an optical elenent nolding di e serving to reduce

the costs aof opltd caplt iccladmehenmol dandy m@rdo%hﬁ@s@d%!@rﬁﬁ' t¥pak Hp and
| ower di es each including an optically functioning surface, a cylindrical

mol 'd t hr ouggbwehi chi ¢ Beaupper nandld . | onel sdiRs Ay ecélﬁbgﬁfg'e% %fﬂdsgt%@d whi ch
includes a plurality of first through-holes spaced at equa intérval s on

arbitrary Qiibaie @i ctieadi pFelcalde Badr 1 ¢aNShid Yho 19, CAVILIAS: o @Nod Suppor !
di e includi ng second through-holes each having a $nmal I'er er ‘than the

first throughcholie and-seacad ainecual is L{ﬁg@ésegge faﬁnqsa”e pitch circle
I N

di aneters as the support die being |oosely presse he nold so that a

central axpsrpbneacm iiist Hhr O?Qgggur éﬁggg§ tﬁb%ggtral axis of

t he correspondi ng second through- an elg etf of the
invention ~PHA%ARS to a suction apparatus, and a sucking surface

which is formed on the other end surface with which the



a manufacturing nmethod of an optical element nolding die conpr
of slitting an outer periphery of a cylinder at a predeternlné%igﬁggﬁvfﬁﬁﬁk

orm groove portions, a step of grinding the outer periphery of the
cylinder, a cutting step of cutting the cylinder into pieces using the
sanme pitch as the predeterm ned one so as to | eave the groove portions, a
step of formng an optically functioning surface on one end surface of
each piece of the cylinders, the end surface extending perpendicularly 4
JANUARY 2006uctii®n porthies dntemmpenipheipn.a Shepsbapgrdhthagudeinyher end
surface of each piece wwth reference to the optically functioning surface,
and a step sfirdargyiappmoexispbetsetionghet shiapeme fr eneapd ifdd Insor: fdee
optically functioning surface of each piece. Furthernore, a ninth aspect
of the inveofi dhecaonplidsd oatrmail aclemeng .net hod of optical el ements which
allows optical elenents to be nore effectively produced, the nethod
conprising a steprohetqracagrdimmm) th agsdtoch anpednbifotucingentplamal ity of
nol ding materials into respective cavities each conposed of a plurality of
upper and howehceives ogpacihcd Nawef Ageanfopheoad l Hebubptii@ing L ameghace, a

support die which supports the upper and | ower dies and which includes a
plurality ohstbheughchRoheSsurface has a smaller radius of curvature

than said optical surface, while a convex optical surface

of the molded optical elemeht.as the sucking surface has

a larger radius of curvature.

Furthermore, as means of reducing the costs of an
optical element molding die and produétively
manufacturing an optical element, a third aspect of the
invention provides an optical element moldiné die
comprising a support die including a through-hole in its
center, a mold that fits the support die, and an upper
and lower dies which are slidably guided through the mold
and each of which includes an optically functioning
surface. According to this aspect, it is possible to
reduce the working costs of the upper and lower dies and
to take out the optical element productively by utilizing
the through-hole in the support die.

Moreover, according to a fourth aspect of the
invention, the upper and lower dies are each simply
cylindrical and each comprise a groove portion in its

outer peripheral portion which is used to form a release



t hrough whi ch pins can be passed in order to eject the plural
and | ower dies, and first through-holes through which the uppé#x%ﬁEM#§€2906

dies are slidably guided, a heating step of heating the whol e nol di ng

bl ock to soften each of the nol ding nggﬁrials, a heating and pressing
ft

step of pressing and deforming the sof ed nolding material to transfer

the optically functioning surface to the nolding naterial, a cooling step
of cooling the whole nolding block, a step of disassenbling the nolding
di e to takefdum amplthalipyiohldpt foalcte]l @nengssuafdcz 4 tHANUARYe2686 - 16
step of introducing a plurality of nmolding materials into the nolding die
and assenbl ifiigra setdingr tef Mescsnpt brhdeft itdre. DrTavi igbmbi-guwee tHe) is a
sectional view of essential parts of an optical elenent sucking apparatus
accordi ng tpradddtstviepbadistenia oédt hetpr esani foveatien td geeude(b) is
a sectional view of the essential parts of the optical elenment sucking

appar at us acher ot é ooft ke d inistd enbodi ment of the present invention;
Figure 1 (c) is a sectional view of the essential parts of the optical

el ement sucki ng mppanaius ACEPFEhNgspect! e fiHsti ReBAdlE BN v ides present
invention; Figure 2 (a) is a sectional view of essential parts
a film forming jig for sputtering or the like composed
of a groove portion in which a plurality of upper and
lower dies can be accommodated using a part of an outer
periphery of a disc of a predetermined thicknéss or a
center of the disc, so that the groove potion can engage
with the groove portions formed in thé upper and lower
dies to hold the uppér and lower dies. This serves to
reduce the costs of the mold. |
Furthermore, a sixth aspect of the inventionprovides
a die disassembly and assembly apparatus of taking out
an optical element molded by the optical element molding
: die,theapparatuscomprisingau1upperdieSuckihgnmmber
connected to an elevating and lowering cylinder and
shaft-guided via a slide bearing, a pin member that passes

through the through-hole formed in a center of the support

die so as to eject the upper and lower dies, and a sucking

member used to take out the optical element and introduce
a molding material. This improves the productivity

associated with removal of the optical element.




of an optical elenment nolding die according to a second enbodi
present invention; Figure 2 (b) is a sectional view of essentuﬁﬁﬁﬁﬂﬁgrégﬁm

the optical elenent nolding die according to the second enbodi nent of the
present invention; Figure 3(a) is a perspective view of a sputtering film
formng j ig obtained according to a third enbodi nent of the present
I nvention; Figure 3 (b) is a perspective view of the sputtering film
formng jig obtained according to the third enbodinent of the present
invention; 4 JANIRRYOYEO6 27FVgurh @speytief ahsedsyestiien praw sies he
sputtering filmformng jig obtained according to the third enbodi nent of
t he presentanmehican;eFnens rgbjihg &isestivhay by saduldeusheatd sigs
essential parts of a disassenbly and assenbly apparatus for an optical
el enent nol dértheliop ool dilrgnent anfdapmp r ienbog arebt refl itdyeo pregest
i nvention; Figure 4(b) is a sectional viewillustrating the essential
parts of thendi $assamnddieanhalssenblyddpparsat ugrt foxllpefopicitdadn et@nment
nol di ng die according to the fourth enbodi ment of.the present invention;
Fi gure 4(c)susfacsectd evdlinvdeicklll nsidathrgudie which the upper and
lower dies are slidably guided and which includes a
plurality of first through~holes spaced at equal
“intervals on arbitrary pitch circle diameters and
constitutingcavities, anda support die including second
through—-holes each having a smaller diameter than the
first through-hole and spaced at equal-intervals on the
same pitch circle diameters as the support die being
loosely pressed into the mold so that a central axis of
each first through-hole coincides with a central axis
of the corresponding second through-hole.
Further, an eighth aspect of the invention provides
~amanufacturing method of an optical element molding die
comprising a step of slitting an outer periphery of a
cylinder at a predeterminedpitchto formgrooveportions,
a step of grinding the outer periphery of the cylinder,
a cutting step of cutting the cylinder into pieces using
the same pitch as the predetermined one so as to leave
the groove portions, a step of forming an optically

functioning surface on one end surface of each piece of

the cylinders, the end surface extending perpendicularly




essential parts of the disassenbly and assenbly apparatus for
el emrent nolding die according to the fourth enbodi nent of the‘%£§§§%&h§abﬂﬁ

invention; Figure 5(d) is a sectional viewillustrating the essential
parts of the di sassenbly and assenbly ﬁ]’o ppar at us for the optical el enent
mol di ng die according to the fourth erfbodi nent of the present invention;
Figure 5(e) is a sectional viewillustrating the essential parts of the
di sassenbly and assenbly apparatus for the optical element nolding die
accordi ng tbothkefoutelr pembgdianint fstdre ofr ggeémtdimyerhte anthé&r gemaé 5(f)

is a sectional viewillustrating the essential parts of the disassenbly
and assenbl yuagparatus 4adANPARY:L00b6th t8fefremddetoptheabpealieneinty nol di ng
die according to the fourth enbodi nent of the present invention; Figure
6(a) is a peEuspedidrvenyisew fiddelsamat & BE o fepircal nglameppuml«l nggdi e
according to a fifth enbodiment of the present invention; Figure 6 (b) is
a perspecti e fd@waidd Lsi &atdinign bhech®ppitdala Xl v enic tind 01 g sdiref aesor di ng
to the fifth enbodinment of the present invention; Figure 6 (c) is a
perspecti veo¥i ewdH lgisdsating the optical elenent nolding die according to
the fifth :
Furthermore, aninth aspect of the inventioncomprise

a manufacturing method of optical elements which allows

optical elements to be more effectively produced, the

method comprising a step of forming a molding block by

introducing a plurality of molding materials into

respective cavities each composed of a plurality of upper

and lower dies each including an optically functioning

surface, a support die which supports the upper and lower

dies and which includes a plurality of through-holes

through which pins can be passed in order to eject the

plurality of upper andlower dies, and first through-holes

throughwhichtheupper andlowerdiesareslidablyguided,

aheatingstep of heating the wholemoldingblock to soften

each of the molding materials, a heating and pressing

step of pressing and deforming the softened molding

material to transfer the optically functioning surface

to the molding material, a cooling step of cooling the

whole molding block, a step of disassembling the molding

die to take out a plurality of optical elements, and a




enbodi nent of the present invention; Figure 7(a) is a perspectiy '
illustrating a working nmethod of an optical el enent nol ding df%fﬁﬁtﬁﬁﬁ¥ﬁ&°6
to the sixth enbodi nent of the present invention; Figure 7 (b) is a

perspective view illustrating the mqui@g_nethod of the optical elenent
nol ding die according to the sixth enbodi nent of the present invention;
Figure 7 (c) is a perspective viewillustrating the working nmethod of the

optical elenment nolding die according to the sixth enbodi nent of the
present i neé&sp ofi;iFtyadecin@}y plunapetypetmaoldimgwdtdmsalatimgot he
wor ki ng met hod of the optical elenent nolding die 4 JANUARY 2006 - 19
accordi ng t thehenslikihgedbediarehtaodembhéipgesemoldnvention; Figure 7 (e)

is a perspective viewillustrating the working nmethod of the optical
el ement nolding die according to the sixth enbodi nent of the present
invention; Figure 8(a) is a sectional viewillustrating essential parts of

a net hod of Brdriff andsur Dgtawropid cihe BLeWRAlgsUSi Nng the optical el enent
nol di ng di e accordi ng

Figure 1(a) is a sectional view of essential parts
of an optical element sucking apparatus according to a
first embodiment of the present invention;

Figurel(b) is a sectional view of the essential parts
of the optical element sucking apparatus according to
the first embodiment of the present inventioﬁ;

Figurel(c)iseisectionalviewofthéessentialparts
of the optical element sucking apparatus according to
the first embodiment of the present invention;

Figure 2(a} is a sectignal view of essential parts
of an optical element molding die according to a second
embodiment of the present invention;

Figure 2{(b) is a sectional view of essential parts
oftheopticalelementnmldingdieaccordingtothesecond
embodiment of the present invention;

Figure 3(a}) is a perspective view of a sputtering
film forming jig obtained according to a third embodiment
of the present invention;

Figure 3(b) is a perspective view of the sputtering
film forming jig obtained according to the third

embodiment of the present invention;



to the fifth and sixth enbodi nents of the present invention;
Is a sectional viewillustrating the essential parts of the né{ﬂ%%f%$£9§006

manuf acturing an optical elenent using the optical elenent nolding die
according to the fifth and sixth enmbodinents of the present invention,
Figure 8(c) is-a sectional viewillustrating the essential parts of the
nmet hod of manufacturing an optical elenent using the optical el enent
nol ding die according to the fifth and sixth embodi ments of the present
i nvention; Figurigudpe Bdca sechimpaspecdwid misw atfi hhet Bputdsseing al
parts of the_rret hod of manufacturing an optical elenent using the optical
el ement nol iidg dormategr digg o thANUWRYa 20068 dirz) td otlidethilfcth and si xth
enbodi ments of the present invention; Figure 9(e) is a sectional view
i |l ustrati ngmbbel iressend £fakthpapre s#nt henmentiddrgf manuf acturing an opti cal
el ement using the optical elenment nolding die according to the fifth and
si xt h enbodi nentBigbrehd (priesentai sgentioonn) Fewr €190kl dat ingect i onal
view illustrating the

essential parts of a disassembly and assembly apparatus

for an optical element molding die according to a fourth

embodiment of the present invention;

Figure 4(b) is a sectional view illustrating the
essential parts of the disassembly and assembly apparatus
fortheoptical elementmoldingdieaccordingtothe fourth
embodiment of the present invention;

Figure 4(c) is a sectional view illustrating the
essential parts of thedisassembly and assembly apparatus
fortheopticalelementmoldingdieaccordingtothefourth
embodiment of the present invention;

Figure 5(d) is a sectional view illustrating the

. essential parts of the disassembly and assembly apparatus
for theoptical elementmoldingdie accordingtothe fourth
embodiment of the present invention;

Figure 5(e) is a sectional view illustrating the
essential parts of thedisassembly and assembly apparatus
fortheoptical elementmoldingdieaccordingtothe fourth
embodiment of the present invention;

Figure 5(f) is a sectional view illustrating the

essential parts of thedisassembly and assembly apparatus




essential parts of the nethod of manufacturing an optical ele i
the optical elenent nolding die according to the fifth and siX EAN{ﬁUf@ZOGﬁ
enbodi mrents of the present invention; Figure 9(g) is a sectional view
illustrating the essential parts of t et hod of manufacturing an

optical elenent using the optical elenent nolding die according to the
fifth and sixth enbodi nents of the present invention; Figure 9(h) is a
sectional viewillustrating the essential parts of the nethod of

manuf act ur i Agraphepdichtal ellammt nsilnintdhdiemdcatdéhgnemthenfainghdi e
according to the fifth and sixth enbodi nents of the present invention;

Fi gure 10( apmbodaimewcti offatthv gwaesénst datiemg-icessential parts of a nol ding
die for optical elenents and a manufacturing nmethod of optical elenents
both 4 JANUARY 2P0Gure?’¥ (r oposedp prepieeusive byi éheilnvemrert i adhng to
the application; Figure 10(b) is a sectional view illustrating the
essential paptscefl tdeemehdi ag ldiendodiephicealr&legrenbsa aidhe

manuf acturing nmethod of optical elenents both proposed previously by the

i nventor rekabioiinéntheéf the present invention;:

Figure 6 (b} is a perspective view illustrating the
optical element molding die according to the fifth
embodiment of the'present invention;

Figure 6(c) is a perspective view illustrating the
optical element molding die according to the fifth
embodiment of the present invention;

Figure 7(a) is a perspective view illustrating a
workingmethodofanopticalelementmoldingdieaccording
to the sixth embodiment of the present invention;

Figure 7 (b) is a perspective view illustrating the
working method of the optical element molding die
according'to the sixth embodiment of the present
invention;

Figure 7(c) is a perspective view illustrating the
working method of the optical element molding die
according to the sixth embodiment of the present
invention;

Figure 7(d) is a perspective view illustrating the

working method of the opticél element molding die




application; Figure 10(c) is a sectional view illustrating the |

parts of the nolding die for optical elenents and a nanufabtuﬂrﬁg§ﬁgﬁ§€2006

of optical elenents both proposed previously by the inventor relating to
the application; and Figure 10 (d) is sectional viewillustrating the
essential parts of the nolding die for ©Optical elenents and the
manuf act uri ng met hod of optical elenents both proposed previously by the
inventor relating to the application. (Description of Symbols) 11Suction
jig 21Upper adice 122 125Choi thld s if:tirct éohpddgmeurt acBsti28, pE8lsientyr oove
24Lower die 27Support die 4 JANUARY 2006 - 22 28 Through-hole 29, 104
Mol ds 31, l1lQbvkbitdiowy; bl ocks 32 Upper heating plate 33 Lower heating

pl at e

Figure 7 (e) is a perspective view illustréting the
working method of the optical element molding die
according to the sixth embodiment of the present
invention;

Figure 8(a) is a sectional view illustrating
essential parts of a method of manufacturing an optical
element using‘the optical element molding die according
te the fifth and sixth embodiments of the present
invention; -

Figﬁre 8(b) is a sectional view illustrating the
essential parts of the method of manufacturing an optical
element using the optical element molding die according
to the fifth and sixth embodiments of the present
invention;

Figure 8(c) is a sectional view illustrating the
essential parts of the method of manufacturing an optical
element using the optical element molding die according
to the fifth and sixth embodiments of the present
invention;

Figure 8(d) is a sectional view illustrating the
essential parts of the method of manufacturing an optical

element using the optical element molding die according




30 Molding material 34 Optical elenent 35 Filmfornming jig 36 @Eﬁgﬂgﬂ% 06
portion 41 Ml d disassenbly and assenbly apparatus 68 Wrk r ot £P

69 Gindstone rotating shaft 73 Ginding stone 110 Heater 111 Lens 112
Die sucking jig 115 Lens sucking jig_§ﬁ§y_wbde for Carrying Qut the

| nventi on Enbodi nents of the present invention will be described bel ow
wth reference to the drawi ngs. (Enbodinment 1) First, Enbodinment 1 wll be
descri bed. 4 JANUARY 2006 - 23 Wth reference to Flgures 1(a) , | (b,
and 1 (c) ,todéderifptfon andl sixtd vembofimendst ichlthed epeasesdcking jig
accordi ng to Enbodi ment 1 of the present invention. In Figure 1 (c) , as
descri bed i inveatBaokground Art section, when an upper die 82 is pulled
out of anmold 86 . alens 89 is instantaneously |ifted upward owing to

Figure 9(e) is a sectional wview illustrating the
essential parts of the method of manufacturing an optical
element using the optical element molding die according
to the fifth and sixth embodiments of the present
invention;

Figure 9(f) is a sectiocnal view illustrating the
essential parts of the method of manufacturing an optical
element using'thé optical element molding die according
to the fifth and sixth embodiments of-the present
invention;

Figure 9(g) 1is a sectional view illustrating the
essential parts of the method of manufacturing an optical
element using the optical element molding die according
to the fifth and sixth embodiments of the present
invention;

Figure 9(h) is a sectional view illustrating the
essential parts of the method of manufacturing an optical
element using the optical element molding die according
to the fifth and sixth embodiments of the present
invention;

Figure 10(a) is a sectional view illustrating

essential parts of a molding die for optical elements

and a manufacturing method of optical elements both




t he adhesion of the lens 89 to the upper die 82. Then, the adhgesj i
elimnated to drop the lend 89 inside the nold 89. A round edé@iggﬂ%#§¥ﬁgp6
lens 89 cuts into the internal part of the nold 86 to incline and set the

| ens 89. Figure 1(a) shows a sucking_j;%%qpcording to the present

enbodi nent. The outer dianeter of the king jig 11 is precise enough to
fit into the nold 86. That is, the outer dianeter of the sucking jig 11 is
equal to the outer diameter of the upper die 82 described previously. A
spheri cal spekpogelindaeel d@sily for nelde ohnvend candrslait dng ab tdhe sucki ng
jig 11 which extends perpendicularly to the outer dianeter. A pipe 14 is

cl anped to &ppldidasriemgd surface using a screw 15 and is coupled to a
suction apparatus (for exanple, a baby punp or a convum not shown) . The

sucki ng surface H2qgapd 10h®)piipe d4dsaeeibhadORiEw CAL 1 @B tWaltd rRpaih&t her
via a through-hole 13. In order to change the state in Figure 1 (c) to the

state in Figgeenti) patthe §ﬂqiﬂé1§ndldiﬂn%yldi§ oLt by tREaISed e ANJARY
2006 - 24 downward to bring its P2 side (see Figure 8 (d) ) into contact

with the | ead89nlo nedi £5ELLRE PRI ERBA0E £t b dians: 891 emEhe sShape, of the

sucking surface 12 has a smaller Tadius of curvature than the concave

shape of therbgBaedP previously by the inventor relating to the
application;

Figure 10(c) is a sectional view illustrating the
essential parts of the molding die for optical elements
and a manufacturing method of optical elements both
proposed previously by_the inventor rélating'to the
application; and

Figure 10(d) is a sectiqnal view illustrating the
essential parts of the molding die for optical elements
and the manufacturing method of optical elements both

proposed previously by the inventor relating to the

application.

(Description of Symbols)
11 Suction jig
21 Upper die
| 22, 25 Optically functioning surfaces
23, 26 Slit groove
24 Lower die

27 Support die




Accordingly, after having its position corrected, the I|ens 89

uni form contact with the sucking surface 89 for suction as shéﬁﬁﬁgﬁAﬁg%QW%i
P3 in the figure (see Figure 8 (d)) . Subsequently, the sucking j ig 11 is
pulled out to allowthe lens 89 to be aS|Iy taken out of the nold.
Figure 1 (b) shows that the nolding bloc in which a nolding operation
has been conpleted, is reversed and that the lower die 84 is pulled out,
with a sucking jig 16 subsequently inserted into the nold.- Wen the | ower
die 84 is piBl edhvoughttheolens 89 is hardly lifted because it is not
adhering to the nold. It has been confirnmed that if the sucked | ens
surface is 2bnvax4 aMetlabd e sucking operation canbe acconplished with a
suction rate.of nearly 100% by increasing the radius of curvature of the
sucking supiaceol7. Moldieysktkcikg jigs 11 and 16 according to the present
enbodi ment, the outer dianeter precisely fits into the nold and the
sucki ng surfaceuppespherdtciabyg HUatleer, the shapes of the | ens and sucking
surface are configured 4 JANUARY 2006 - 25 to have radii of curvature such
that they ag®e inowuif aeeticomtgthtw th each other. Specifically, the
sucking jigs according-to the '

30 Molding material

34 Optical element

35 Film forming jig

36 Notched portion

41 Mold disassembly and assembly apparatus
68 Work rotating shaft -

‘69 Grindstone rotating shaft

73 Grinding stone

110 Heater

111 Lens

112 Die sucking jig

115 Lens sucking jig

Best Mode for Carrying Out the Invention

Embodiments of the present invention wili be
described below with reference to the drawings.
{(Embodiment 1)

First, Embodiment 1 will be described.



present enbodi nent can enter the nold and has an abutting surtﬁf {Qﬁf? 6
has a |arger or smaller radius of curvature than the correspon ‘%@ A0

of the cooled lens. That is, the abutting surface has a |arger radius of
curvature than the correspondi ng surjafi_pf the cooled lens if this
surface i s concave. On the other hand, e abutting surface has a smaller
radi us of curvature than the corresponding surface of the cooled lens if
this surface is convex. Thus, according to the present enbodi nent, when
the nol ded | ensWisht aledremencef tbh€&inpimimgl dag, thé)l ensndi s (adt, br oken
or damaged. Therefore, |enses can be nore effectively produced.

(Enbodi ment d2)sdovp t Bohodi itnbe2giwkh bé dascptlihed.] efiegiarels sA(@iagd 2(b)
are sectional views illustrating essential parts of an optical el enent

mol di ng di ejdecacadiord]ing B @hiedimanef 1t BE Phesehbsenivemticitidhl s
optical elenment nolding die is adapted to allow an optical elenent to be
nmore reliably takgnFigutreofl (idle, i deddbeibpli ¢al thkenBRk el ngiobtai ned by
heating and softening the nolding nmaterial in the sanme 4 JANUARY 2006 - 26

way as conveeldtansl, exasnl ararthgdendpeessi 1% gth1ed out of a mold

86, a lens 89 is instantaneously lifted upward owing to
the adhesion of the lens 89 to the upper die 82. Then,
the adhesion is eliminated to drop the lend 89 inside
the mold 89. A round edge 90 of the lens 89 cuts into
~the internal paft of the mold 86 to incline and set the
lens 89. Figure 1{(a) shows a sucking jig according to
thepresent embodiment. Theouterdiameterof the sucking
jig 11 is precise enough to fit into the mold 86.
That is, the outer diameter of the sucking jig 11
is equal totheouter diameter of theupper die 82 described
previously. A spherical sucking surface 12 is formed on
. one end surface of the sucking jig 11 which extends
perpendicularly to the outer diameter. A pipe 14 is
clamped to the other end surface using a screw 15 and
is coupled to a suction apparatus (fdr example, a baby
pump or a convum: not shown). The sucking surface 12 and
the pipe 14 are in communication with each other via a
through—hole 13,
In order to change the state in Figure 1(6) to the

state in Figure 1 (a), the sucking jig 1l is softly pressed




deform ng the softened nolding material. The optical el enment
is al so adapted to achieve a reduction in die costs required ?@Lﬁkﬂ%&g&SOOG
manuf acture an optical elenent nore inexpensively. In Figure 2 (a) , a
cylindrical upper die 21 that fits int a nDId 29 has an optically
functioning surface 22 fornmed on one €n % it and a slit groove 23 forned
in the outer dianeter of the cylinder. The slit groove is used to vent

gas fromthe interior of a cavity at the tinme of the formation of an
optical el esennvesrdblbasngtid sehisdve daetErgyme Bdsh )deatpidmedtdater .
Specifically, a very small D cut surface (not shown) is forned around the
out er peri phlémh ahea Aenp@er tdi ec2tred Ithoverod hiei aneaf ofhé heediesdn t he
axial direction of the die. Thus, the inner wall surface of the nmold 29 is

i n communi c&hieoBhaideh otthehgapulbetivee muideadane? el la saalflasce @ngitbe D cut
surface and wth the slit groove 23 to vent gas fromthe interior of the

cavity. Accefdicigtyatitihe mbheéh 2hdeeshBatrebehaight tRea3eh® Nt gas
fromthe interior of the cavity. An optically functioning surface 25 and a

slit gr oovea&@o&r@@{%m farRd: Hawvihg hewepodiia 2n AosuRpaldg diegg7 is
arranged bel ow ower die 24 so as to be fitted into the nold 29 and

is formed withsagd bicaitadi Reba:?Brb Pnidch €£8E it H\PhE sIANUARY «2006: ce

89 for suction as shown at P2 and P3 in the figure (see
"Figure 8(d)). Subsequently, the suckingjigll ispulled
out to allqw the lens 89 to be easily taken oﬁt of the
mold. |
Figure 1(b) shows that the moldiné block, in which
a molding operation has been completed, is reversed and
that the lower die 84 is pulled out, with a sucking jig
16 subsequently inserted into the mold. When the lower
die 84 is pulled out, the lens 89 is hardly lifted because
it is not adhering to the mold. It has been confirmed
- that if the sucked lens surface is convex, a stable sucking
operationcanbeacqomplishedwithasuctionrateofnearly
100% by increasing the radius of curvature of the sucking
surface 17,
In the sucking jigs 11 and 16 according to the present
embodiment, the outer diameter precisely fits into the
mold and the sucking surface is spherical. Further, the

shapes of the lens and sucking surface are configured




- 27 internal part conposed of the upper and lower dies and a
contains a nolding material 30 to constitute a nolding bl ock §&££$£V§$¥2QPG

conventional upper and |ower dies each have a flange portion on one end
surface of it. They thus require a |large _nunber of wought surfaces , i.
e. the outer dianeter surface and planar part of the flange portion, a
sliding surface fitted over the inner surface of the nold, and the
optically functioning surface. The flange portion is effectively used as a
hol di ng posteilbaveurfaddl ebrkinyasn rsecordaniopatortitien due itheugdtdeal |y
functioning surface (for exanple, the formation of a release filmusing a
sputter) . ¢owteet witlteehb fltdrege. portion has a | arge-nunber of
surfaces to be wought, it is very difficult to work this portion
Further, the reauetifigedildyi,s txpensckdnd njicpntsaasbrdiimer uppethand | ower
di es according to the present enbodi ment requires the working of only
their out gsrdsanrt embsutifeees i eng 1t kheoughdt dedimd € .at Autapiiecal |y
functioning surface, the plane opposite to the optically functioning
surface, ansutlfecs whighohuesa laMyeh ormymdd et atidkal ¥ ofesarpaecirsel y
wrought. That is, the upper and |ower dies according to the present
embodi ment ehenWREGbr pBsh@ diasy $ U fLX8D L the cooled lens. That

is, the abutting surface has a larger radius of curvature

“than the corresponding surface of the coocled lens if this

surface is concave. On the other hand, the abutting

surface has a smaller radius of curvature than the

corresponding surface of the cooled lens if this surface

is convex.

Thus, according to the present embodiment, when the
molded lens is taken out of the molding die, the lens
is not broken or damaged. Therefore, lenses can be more
effectively produced.

(Embodiment 2)

Now, Embodiment 2 will be described.

Figures Z{a) and 2(b) are sectional views
iilustrating essential parts of an optical element
molding die according to Embodiment 2 of the present
invention. This optical element molding die is adapted
to allow an optical element to be more reliably taken

out of the mold, the optical element being obtained by

heating and softening the molding material in the same




4 JANUARY 2006 28 Specifically, when the flange portions are r
t he conventional upper and | ower dies, an object of the preseﬁgaxﬁggﬂ§?gﬁb6

can be achieved by allow ng the optical el enent to be nore reliably taken
out. This also reduces material and woyking costs. The support die 27 not
only prevents the upper and | ower dies fromslipping out of the nold but
al so produces another effect described l|ater in detail for a die

di sassenbly and assenbly apparatus. Figure 2(b) is a sectional view

showi ng ess&tf &ls panvensficmatetdrampl crame ddiem i pyeasiogt iavad el enent
by heating, for pressing and deform ng nolding material in the nolding

bl ock 31, deésddmethgrEhicowsifterfhid smoldgmoe nstiowsishat The opltdioag
material is being deformed. An upper and | ower heating plates 32 and 33
are used toelkResint he lwhiolg diw dsrgl b adaRled aosathepviche nearludithgon
material 34. Then, pressure is exerted via the upper heating plate 32 to
def or m nol dimgdiet episalss rah 1 rad st @ marnih€aopuireakiny obttricid or Ingnetre f  ace
to the nolding material. Mre specifically, the upper and | ower dies, the
mol d, and imbeesupporpetisevane, conposed of a nmetal nmenber mainly

consisting of tungsten carbide (WC). In particular, a sputtering nmethod is

used to forma piateFngiral 203)fidmylindrical upper die 21 that fits
into a mold 29 has an optically functioning surface 22
formed on one end of it and a slit groove 23 formed in
the outer diameter of the cylinder. The slit groove is
used to vent gas from the interior of a cavity at the
time of the formation of an optical eiement as well as
to achieve another purpose described later. |
Specifically, a very small D cut surface (not shown) is
formed around the outer periphery of the upper die 21
all over the area of the die in the axial direction of
the die. Thus, the inner wall surface of the mold 29 is
in communication with the gap between the inner wall
surface and the D_cut surface and with the slit groove
23 to vent gas from the interior of the cavity.
Accordingly, the mold 29 need not be wrought so as to
vent gas from the interior of the cavity. An optically
functioningsurfaceZSandaslitgroove26areaisoformed
in the lower die 24. A support die 27 is arranged below
the lower die 24 so as to be fitted into the mold 29 and

is formed with a through-hole 28 in its center. B2an




on each of the optically functioning surfaces 22 and 25 4 JAN
%é%%&wﬁgﬁ

9 in order to allow these surfaces to be easily released fro
material. The nolding nmaterial 30 was obtained by shaping borosilicate
barium gl ass (fl exure point: 549C, gla§§7 transition point: 501C, specific
gravity: 3.09) into a sphere. For ng, the upper and | ower heati ng
plates 32 and 33 were used to heat thermally efficiently the nolding
bl ock 31 from above and bel ow to 600C. Then, a pressure P of 800 N was
exerted to dBteihaheabtdragposadcdaialthe Supreguand yower diceat iardpl at es
were powered off, and the pressurization was continued until the
tenperaturearEﬁﬂhde5®O€ln$h@nmq}ﬁﬁ@@e@@@ﬁt&ﬂlcﬁﬂ Wascensdrictitamdat he
whol e nol di ng bl ock 31 was cooled down to the roomtenperature to obtain
an optical wmpbéssmg UochfBar. sufficiently cooling the nolding block, a pin
was manual ly inserted through the through-hole 28, formed in the support
die 27, to take ButrstheaapincahtébamEntppeyr bintt } ogeupdibe ¢avkrhave 24,
the upper die 21, and the optical elenment 34 above the nold 29. This
oper ati on was fpenfgr edr26nt ioreoeandentl was facenféf med. t hahet’hehopt i cal
el ement could be taken out of the nold in all the cases. It is assuned
that the opregalire a large number of wrought surfaces, i.e. theouter
diameter surface and planar part of the flange portion,
a sliding surface fitted over the inner surface of the
mold, and the optically functioning surface. The flange
‘portion is effectively used as a holding position during
working or secondary working for the 6ptically
functioning surface (for example, the formation of a
releasefilmusingfisputter). However, since the flange
portion has a large. number of surfaces to be wrought,
it is very difficult to work this portion. Further, the
resulting die is expensive.
In contrast, the upper and lower dies according to
the present embodiment requires the working of only their
outer diameter surfaces sliding th roughijnambld,the
optically functioning surface, the plane opposite to the
optically functioning surface, and the slit grooves,
whichmay be relatively less precisely wrought. That is,

the upper and lower dies according to the present

embodiment are wrought on the basis of axes.



el ement was able to be appropriately taken out because through
formed in the support die 27, allowed the pin to be used for ‘E‘%ﬁ(ﬁﬁ@%ﬁﬁ%

that the weight of 4 JANUARY 2006 - 30 the upper die, which vvas in surface
contact with the concave surface (uppe%8 surface) of the optical elenent,
acted on this concave surface to keep bal ance with the central point of
the convex surface (lower surface) . The nolding operation was perforned
in an inert gas to prevent the oxidation of the nmold. The flange portion
accordi ng to theSpeeddntcalkhhpdiiment the fhasganpbe tdfores fdmmgeemaneeddi ng t o
the present invention. The slit groove 23 according to the present
enbodi nent ifgcan Bxanpbevehtad grabveprpecordidhg ower t ieepr,esantob jwent i on.
- (Enbodi nent 3) Now, Enbodiment 3 will be described. Figures 3 (a) , 3 (b) ,
and 3 (c) shdwthefpraskortninggritgiomh aras i tethiingredlieh dlslasetdgtthéor m a
release filmon an optically functioning surface of a nolding die having
this surfaceptn cal edénsant acebefmereytéhileblyFigkea Guta) Thhewslébe | ower
die (shown in Figure 2(a)) 24, having the optically functioning surface
25, fornmed eedme=enthtenifacenafwbbiiey) cadars. amthd haysdd it oa08ve7 26,
f or med _ ‘

not only prevents the upper and lower dies from slipping

out of themoldbut also produces another effect described

‘later in detail for a die disassembly and assembly

apparatus.

Figure 2(b) is a sectional view showing essential

parts of a method of manufacturing an optical element

by heating, for pressing and deforming molding material

in the molding block 31, described previously. This

figure shows that themoldingmaterial is being deformed.

An upper and lower heating plates 32 and 33 are used to

heat the whole molding block 31 to soften the molding

material 34. Then, pressure is exerted via the upper

heatingplate 32 to deformmolding materials and transfer

the optically functioning surface to themoldingmaterial.

More specifically, the upper and lower dies, the mold,

and the support die are composed of a metal member mainly

consisting of tungsten carbide (WC). 1In particular, a

sputtering method is used to form a platinum alloy film

on each of the optically functioning surfaces 22 and 25



in the outer dianeter surface of the cylinder. The cylinder
fa%ﬂy%‘ﬁﬁggﬁﬁ

dianeter of 3.5 mm Figure 3(b) shows a part of a filmformng

for sputtering according to the present invention and formed with a
general ly cross-shaped notched portian 4 JANUARY 2006 - 31 36 inits

di sk-shaped netal nenber. The slit groove 26 in the lower die 24 and the
not ched portion 36 have a dinensional relationship such that the forner
engages wth and is hold by the latter. Specifically, the slit groove 26
has a wi dt hiBf OFGAF drRi BhleWt ERedicasdidiaces B0 Bephpsify St Por ti on
36 has a board thickness of 0.8 mand a wwdth of 2.7 mm Figure 3 (c)
shows a hol 8FR§ feibeRoBdingr Mate¥idl-a step portion 38 for hol ding the
filmformng jig 36. Furthernore, the holding nmenber 37 is attached to a

sputter appar atﬂbe(m@tldsmﬂ\mat%ldésérq s aplove 1neke abrateripibBal upper
and lower dies are each formed with the flange portion. Accordingly, the

si ze of thebblrangel poateohadeter gleess t iElarouet ppemt b L9 Hurglys s
sputtering. The upper and | ower dies according to the present enbodi nent
are sinply tephigidricalpoihts BOABLI ngpebe fdigwirfavciang : 1370 Dyehebdd aof
t hroughput per batch. It has been confirned that
sphere. For molding, the upper and lower heating plates
32 and 33 were used to heat thermally efficiently the
molding block 31 from above and below to 600°C. Then,
a pressure P of 800 N was exerted to deform the molding
materials.r SubSequently, the heating plates were
powered off, and.théjpressurization was continued until
the temperature reached 500°C. Then, the pressurization
was clearéd and the whole molding block 31 was cooled
down to the room temperature to obtain an optical element
34. After sufficiently cooling the molding bldck, apin
‘wasmanually inserted through the through-hole 28, formed
~in the support die 27, to take out the optical element
by lifting up the lower die 24, the upper die 21, and
the optical element 34 above the mold 29.

This operation was performed 200 times aﬁd it was
confirmed that the optical element could be taken out
of themoldinall thecases. Itisassumedthattheoptical
element was able to be appropriately taken out because

through-hole 28, formed in the support die 27, allowed

the pin to be used for ejection and that the weight of



sputtering with the present j ig enables filns to be forned as, |
wth the prior art. The filmformng jig 35 according to the pf%@gﬁpaﬁvfaﬁﬁk

enbodi ment is an exanple of a plate accordin gto the present invention.
Those parts of the notched portion 36 aggcording to the present enbodi ment
in which the 4 JANUARY 2006 - 32 respective |ower dies 24 are caught are an
exanple of a plurality of holes according to the present invention.
(Enbodi ment 4) Now, Enbodinent 4 will be described. FL%;;es 4 (a) , 4 (b) ,
4 (c) , 5 (8heuppgryie aidishWys dpsuskaceeraitasielid toitlhssomdaveparts
of a disassenbly and assenbly apparatus for an optical elenent nolding
die, illussvafiang alwemergavadiaste ofof hehappatdtasl aptiemengr,ocesse@xecut ed
by the apparatus. The disassenbly and assenbly apparatus according to the
present enbodipiehs cassems ey riflee antlicdkegrbbadker®le bdftdr ehae steaytrafl f or mi ng
an optical elenent and di sassenbles the nolding block 31 after the step of
form ng an pptincadf disrennves gurd st d)l ostrons utclie awl dedC v ndiletiro ock 31
after having been nolded in Figure 2 (b) . The nolding block 31 is
conposed ofopheaipdper whe Rdrfoheddvier adi eyt tdas tol dr2@eranclide
support die 27 with the through-hole
oxidation of the mold.
The flange portion according to the present
embodiment is an example of a flange according to the
present invention. The slit groove 23 according to the
‘present embodiment is an example of a groove according
to the present invention.
(Embodiment 3)
Now, Embodiment 3 will be described.
Figures 3(a), 3(b), and 3(c) show a film forming jig
for sputtering which is used to form a release f£ilm on
an optically functioning surface of a molding die having
this surface on an end surface of a cylinder. Figure 3{(a)
shows the lower die (shown in Figure 2 (a)) 24, having
the optically functioning surface 25, formed on one end
surface of the cylinder, and the slit groove 26, formed
in the outer diameter surface of the cylinder. The
c¢ylinder has an outer diameter of 3.5 mm.
Figure 3(b) shows a part of a film forming jig 35

used for sputtering according to the present invention

and formed with a generally cross—shaped notched portion



28, and the optical elenent 34. The optical element has been cp t
nol ded. Figure 4 (b) shows a configuration of a die disassenblﬁLﬂgﬁﬁA&h¥2006
assenbly apparatus 41. A vertically novable cylinder 44 is provided on an
L-shaped colum 43 fixed to a base 42.534A sucking jig 46 that sucks the
upper die 21 is fixed to the tip of a rod 45 in the cylinder 44 by a bar
47 using screws 48 and 49, the bar 47 noving the sucking 4 JANUARY 2006 -
33 - jig 46 in union with the cylinder 44. The sucking jig 46 can be
smoot hl y mov8dinnltReddekisdaPef reeEpdnnaMPR L -t hdhitelsg idF Fradvele beari ng
50 contained in the colum 43. A conpression spring 51 is wound between the
upper end 8 the dAWmh 943cadd @i belkeqrotehald e xheosudlki Mpve igy 46 to
abut lightly against the upper die 21. Further, the conpression spring 51
serves to reéduneasisumsl onelhé ianppeip dbechl thgdi ridte t hernewnwargh gressur e
of the cylinder. The sucking jig 46 is cylindrical and its |ower end
surface i s pioki dad st hod dobandhes Jeliter surfreeeif2callhe, ditheers upper end
surface is provided with a suction pipe 53 connected to a sucking
appar at us (@vboyovid) .haFhe wickimgpSul fmmeabd amd duteesudtibmetEimped 53 are
in comunication with each other through a through-hole 54.

of 2.5 mm. The notched portion 36 has a board thickness

of 0.8 mm and a width of 2.7 mm.
Figure 3(c) shows a holding member 37 formed with
a step portion 38 for holding the film forminé Jjig 36.
Furthermoré,theholdingmember37isattachedtoasputter
apparatus (not shown).
Asdescribedabove;theconventionalupperandlbwer
dies areeach formedwith the flangeportion. Accordingly,
the size of the flange portion determines the amount per
batch during sputtering. The upper and lower dies
‘according to the present embodiment are simply
~cylindrical, thus enabling the significant improvement
of throughput per batch. It has been confirmed that
sputteringwith the present jigenables films tobe formed

as in the case with the prior art.

The film forming jig 35 according to the present
embodiment isanexampleofaplateaccordingtothepresent

invention. Those parts of the notched portion 36

according to the present embodiment in which the




A pin hole 55 is fornmed in the base 42 below a central axis al @%N i
the sucking jig 46 is noved in the vertical direction. A die éf ﬁﬂﬂ£€?ﬂ06
56 is provided in the pin hole 55 and connected to a vertically novable
cylinder (not shown), Furthernore, in4he left of this figure, a-transfer
menber 57 is connected to a vertically and rotatively novable nmechani sm
(not shown) in order to take out the optical elenent 34 and introduce the
nol ding material = 30 (see Figure 2A). 4 JANUARY 2006 -- 3 4 0O Now,
descri pti onT®SPECHEVEi feiedt B9 oetsaref CayHs sehbl PRg exfduRsse?dl i ng
the nold. Figure 4(b) shows that afte throu%h-hole 28, formed in the
support di eaZyleradidwmeifdhnades serobingiteccdespraisemt Aavatition. t he die
ejecting pin 56,, the cylinder 44 is |owered to abut the sucking surface
52 agai nst tBabodigpenrtefil surface of the upper die 21.. The | owering speed
used for this operation and- the |oad acting on the optical elenent during
this. operation ¥e€, sEnboictidnant ad watl 1t edabegeribendl ding surface of the
die or the optical elenment. 'However, 30 mm sec. and 2 Kgf are desirably
appropriate. TheFugpeesdéddal2l, is(lsuckklc) AtSt{He-, Sdrd tiamd 3 he) cyeei nder
44 i s noved

sectional views of essential parts of a disassembly and

assembly apparatus for an optical element molding die,
illustrating a configuration of the apparatué and a
process executed by the apparatus. The disassembly and
assembly'abparatUS according to the present embodiment
assembles the molding block 31 before a step of forming
an optical element and disassembles the molding block
31 after the step of forming an optical element.

Figure 4 (a) shows the molded molding block 31 after
having been molded in Figure 2(b). The molding block 31
is composed of the upper die 21, the lower die 24, the

~mold 29, and the support die 27 with the through-hole
28, and the optical element 34. The optical element has
been completely molded.

Figure 4 (b) showsaconfigurationofadiedisassembly
and assembly apparatus 41. .Averticallynmvabiecylinder
44 is provided on an L-shaped column 43 fixed to a base
42. A sucking jig 46 that sucks the upper die 21 is fixed
to the tip of a rod 45 in the cylinder 44 by a bar 47

using screws 48 and 49, the bar 47 moving the sucking



upward synchronously with the upward. novenent of the die eject - RN
56. Figure 4 (c) shows that-. ,the ejecting pin 56 has been eﬁébgggéﬂg%6006
stopped at a predeterm ned position and that only the cylinder 44 has been
lifted up' to the upper end while keepjjng sucking the upper die 21. At the
predeterm ned position, the optical elenment 34-'can be easily taken out.,
i.e. it does not cut into the nold 29. The upper die 21 and the_pptical
el ement 34 have been noved out of -the al nost closed nold and are thus
conpl etel y $efaftdt dd fHvipaéhtbt hBe <y LJaaRY:2006The3suckigyr & &1 d)
shows that the transfer menber 57 has been noved rotatively and then
downwar d and®hagnt kenssgekddy awyed fiedhp teet bpailcdl rejcdrimm v84tlusi ng
means such as suction. Subsequently, the transfer nember 57 is rotatively
noved agai nthgnbediopsf tthes bideilorardncelSéaswntainedt ivakhel emdnimfir om t he
transfer nmenber 57. Figure 5 (e) shows that the transfer nenber 57 is used
to suck the4dwl ding material 30 to get ready for construction of a nolding
bl ock. The die ejecting pin 56 is noved downward to place the |lower die 24
on the support AieRFrefhdon tshe inqrist ers memined B&twteps thiwe upget i on to
pl ace the nolding material 30 in the center
end of the column 43 and the bar 47 to allow the sucking
jig 46 to abut 1ightly against the upper die 21. Further,
the compression spring 51 serves to reduce loads on the
upperdie21againstthedpwnwardpressureofthecylinder.
The sucking jig 46 is cylindrical and its lower end
surface is provided with a planar sucking surface 52.
The other upper end surface is provided with a suction
pipe 53 connected to a sucking apparatus (not shown).
The sucking surface.52 and the suction pipe 53 are in
communication with each other through a through-hole 54.
A pin hole 55 is formed in the base 42 below a central
~axisalongwhich the suckingjig 46 ismoved inthe vertical
direction. A die ejecting pin 56 is provided in the pin
hole 55 and connected to a vertically movable cylinder
(not shown) .
Furthermore, in the left of this figure, a.transfer
member 57 is connected to a vertically and rotatively
movable mechanism {(not shown) in order to take out the

optical element 34 and introduce the molding material

30 (see Figure 23).




- of ihe optically functioning surface 25 of the lower die 24. Fu r.ORY;
transfer nmenber 57 is rotatively noved and then the cylinder 4%£&£ﬁﬁﬂ?¥§006
| onered., At the position where the upper dig, 21 is fitted into the nold
29, the sucking jig 46 stops the suctigp..Figure 5 (f) shows that the
nol ding bl ock 31 has been conpletely assenbled to get ready for press
mol di ng. Executing steps (a) to (f) allow the optical. elenment nolding
die to be easily_disassenbl ed and assenbled. ,In the die disassenbly and
assenbl y appar at H&W ad@rer Agtient Wd Ik 2engigrpogifrentbreaessolodi ng bl ock
is configured differently fromthe prior art, i. e. the wupper and |ower .
di es 21 andpaseewbAfnguradl tas pemblipioy the ambRY 2006 - 36 cylindrical
and the support die 27 is formed with the through-hole 28. The nol ded
optical element Figuseert But sbbwshthad diftbetethei my lshinuyilshedkbaiween
the upper and |ower dices. Accordingly,. the optical elenment can betaken
out nore rehisablbeand basizty sandhaut diied itdatdbywghFhicd e &8 pvBoppedcdh
elenments to be nore effectively produced to reduce their costs. In Figures
4 (b) , 4 (the $Suppdrt a@id DI &f, thebasilelirc®bi gukaBilgh ¢ ihdeddise
di sassenbly and assenbly apparatus has been described. It is possible to
conbi ne with the axis of the die ejecting pin 56, the cylinder
44 is lowered to abut the sucking surface 52 against the
'upperendsurfaceoftheupperdie210 The lowering speed
used for this operation andthe load acting on the optical
élement during thlS opera-‘éion are selected so as not to
_damagethemoldingsurfaceofthedieortheopticalelement.
‘quewer, 30 mm/sec. and 2 Kgf are desir'ably appropriate.
i The upper die 21 is sucked. At the same time, the cyclinder 44 is moved
H"itﬂlpward synchro‘nclaus‘ly with the upward movement of the die
éjecting -pin 56.
Figufe 4 (c) shows that the ejecting pin 56 has been
. elevated and stopped at a predetermined position and that
only the cylinder 44 has been lifted up to the upper end
while keéping sucking the upper die 21. At the
predetermined position, the optical elemeént 34 éan be
easily taken out, i.e. it does not cut into the mold 29.
The upper die 21 and the pptical element 34 have been
movedoutofthealmostclosedmoldandarethuscompietely

separated from each other.




operations such as the vertical novenent of the vertically novj AN .
and die ejecting pin 56 and the vertical and rotative nnvenenf‘ggNi%@i€9866

transfer nmenber 57 as well as the control of these operations, described
above, with conventional techniques that use an air cylinder using
conpressed air as a driving source or a sequence circuit. The illustration

of these devices is therefore omtted. The cylinder 44 and bar 47 according
to the present enbodiment are exanpl es of noving neans according to the

present inventi ohigpEsbddidenthoysNeha tErdwlitemnsbewi membedstriidad. Wth
reference to Figures 6 and 7, description will be given of an optical
el enent nol Biesy e eedmb 2 51ivedyidad tiemdowaraad asd dredi hgencudieedr esent
enbodi ment. 4 JANUARY 2006 - 37 Figure 6 (a) is a perspective view of the
upper and Powerliditesd The thgperpih eallehamerie Tdnueingpiesald ysuch
functioning surface formed on one end surface of the cylinder. The | ower
di e 24 has ale scorichwe. op¥ilcakbyernfiinet | Oné ngrawsfface 2Emiperndd ds one end
surface of the «cylinder. The upper and | ower dies 21 and 24 have the slit
grooves 23 andalf,vekppertedeayaifipramd stopheiie sautetoditorateiesssf ace.
the optical element from the transfer member 57.
Figure 5(e) shows that the transfer member 57 is used
to suck the molding material 30 to get ready for
construction of a molding block. The die ejecting pin
56 is moved downward to place the lower die 24 on the
support die 27. Then, the transfer member 57 étops the
suction to place the molding material 30 in the center
of the optically functioning surface 25 of the lower die
24 . Furthermore,trénsfern@mberS?:usrotativelynmved
and then thecylinder 44 is lowered. At thepositionwhere
the upper die 21 is fitted into the mold 29, the sucking
 jig 46 stops the suction.
Figure 5(f) shows that the molding block 31 has been
completely assembled to get ready for press mdlding‘
Executing steps (a) to (f) allow the optical element
molding die to be easily disassembled and assembled.
In the die disassembly and assembly apparatus
according to the present embodiment, the molding block

is configured differently from the prior art, i.e. the

upper and lower dies 21 and 24 are configured to be simply




Figure 6 (b) shows a cylindrical nold 61. Ten first through- hoief Eérlﬂé? 06
di sposed on a predetermned circle line at equal intervals. Th fgﬁ 'Q

21 and the lower die 24 (shown by dotted |ines) are accommpdated in each
of the first through-holes 62 with a prgdeterm ned gap between these dies
for slidable nmovenent. An. inner dianeter portion 63 of the nold 61 is
precisely polished so as to have predeterm ned di nensions. Figure 6 (c) .
shows a support die 64 formed with a step portion 65.. The step portion 65
i s wought €YlAak ealoaner thieamitpodinddsi o al beregdalvitd ttHee
di mension of the inner diameter portion 63 of the nold 61 . Ten second
t hr ough- hol Bbre2dyré1¢ be . ol ke giodide opitricial pilsmentt isguakenmwetval s.
Each of the second through-holes 62 has a snaller hole dinmension than the
first through-tbbktené2d wichhseedntl yantwe Guppdratwien 6zheogspavtard! y
allow the Ilower die 24 to be placed on it but is also forned with 4
JANUARY 200Bowe38liast hr doghridiimgythy thghowhiich lae hémefitrcaal beviaigen he
di sassenbly of the die is passed. The support die 64 also allows the whole
nol di ng bl ooktt mozld deskiablly amd fexsieyxaaplde aiecdieait 1 agiplat eThWist h t he
axis of each first through-hole allowed to coincide with the axis of the
cor r espondi ajlsecong tiirall gl dd et st be Is¢é epppordf dactively produced

to reduce their costs.

In Figures 4(b), 4(c}, 5(d), and 5(e), a basic
configuration of the die disassembly and assembly
apparatus has beén.described. It is possible to combine
operationssuchastheverticalnmvement6fthevertically
moving cylinder and die ejecting pin 56 and the vertical
and rotative movement of the transfer member 57 as well
as the control of these operations, described above, with
conventional techniques that use an air cylinder using
compressed air as a driving source or a sequence circuit.

The illustration of these devices is therefore omitted.
The cylinder 44 and bar 47 according to the present
embodiment are examples of moving means according to the
. present invention.
{Embodiment 5)
Now, Embodiment 5 will be described.
With reference to Figures 6 and 7, description will

be given of an optical element molding die and its

manufacturingmethodaccordingto thepresent embodiment.




of the support die 64 is |loosely pressed and fitted into the
di aneter portion 63 of the nold 61 for integration. In order fgigﬁﬁ%v%Yﬁgﬂﬁ

nmold 61 and the support die 64 to be appropriately positioned when they
are integrated together, they may have3a €oncave and convex relationship
of any kind. As described above, the optical element nolding die enables a
plurality of optical elenents to be simultaneously forned. The first

t hrough-hole ac t t I i . | di n terial, and_. the
TR by s sl et TN
e descri pti .
assenbl ed. p@%\/@gf{&?. di ﬁ%o‘ﬁ?r‘?ﬁﬂ a lfa% %:jrgk;as%n%h%aiggg?v@&;ﬁ%%? ¥ may be
sed to di senbl e, and as e.a rali 0 in i es _
gi nul taneou?ﬁ@j.c% lri;%ngs 5}1715 e fl%%ﬂf?‘@ PE? i g?ﬂnatgz‘rlfggscgr gggtlirlz: ;yand
associ at ed w t;h i ng..0 Bgtlca e 2?%2%5 gg W i i Sa
ssenbl y. 403’&@@;}%%20 391 O%Pch Pt 25t 60E qvave (aptigat ) |
Sescrip?ion iven %% a process of working an optical el enent

wi ||, be,
mol di ng di e.‘—cuﬁicgtdr%“%g@ﬁu‘s’ WE &Sy OTMRS YbRNS AN Jirbaeeneht e
' cylinder. The upper and lower dies 21 and 24 have the

slit grooves 23 and 26, respectively, formed in their
outer diameter surface.

Figure 6 (b) shows a cylindrical mold 61. Ten first
throughmholes 62 are disposed on a predetermined circle
line at equal intervalrs . The upper die 21 and the lower
die 24 (shown by dotted lines) are accommodated in each
of the first through-holes 62 with a predetermined gap
between these dies for slidable movement. An inner
diameter porfion 63 of the mold 61 is precisely polished
80 as to have predetermined dimensions.

Figure 6 (c) shows a support die 64 formed with a step
portion 65.. The step portion 65 is wrought to have an
outer diameter diménsion almost equal to the dimension
of the inner diameter portion63 of themold61l. Tensecond
through-holes 62 are formed on a similar circle line at
equal intervals. Eachcﬂfthesecondthrough—holes62has
a smaller hole dimension than the first through-hole 62.
Conseqguently, the support die 64 does not only'éllOW‘the

lower die 24 to be placed on it but is also formed with




carbide mainly conposed of tungsten carbide (WC), the outer di
which is wought to be 3.5 nmusing a cylindrical polishing ma ‘ﬁﬂ§ﬁgﬁﬁﬂ%2gpﬁ

resi noi d- bonded di anond grindi ng wheel (Number #240) . Although not shown,
the material may be wought by using agollet chuck to hold one side of it
while carrying out center work from the other side or using a centerless
pol i shing machine. The grindstone was changed, and a di anond gri ndstone of
t hi ckness- 0. 95 nm was used to form several slit grooves 26 at

pr edet er m nadtpircstEs-aglehsiwrouuh Hehithurepda Tartaliewdhda tdepth of cut
of 0.5 mm The wought slit grooves 26 each had a groove wi dth of about 1
mm and a dépshscfemuly off Abeudi6.ibpmesethe dhrelistipgrsrtunder 6ddlcdo t he
outer diameter was ground included a grindstone peripheral speed of 2 ,
800 mMm n. alaows Kheotwtiéo ba mpaed ngplo btk ripm s Ahdeastab lamaunt fofr 3

m cron/operation. The slit grooves were appropriately cut at a grindstone
peri pheral spasghlef, 3 atingnplburd hemnorle, tlse surlacef gaichdeiinwis used
to polish the outer peripheral surface of the cylinder into a D cut
surface (nothsbowh-1s®lasallleweRicto acdepthdef weith ofh@. 8% ikMofThehd cut

surface 4 JANUARY 2006 - 4 O - is not adversely affected by the optically
functi oni ngeosulfsifithding second through-hole, the step portion 65
of the support die 64 is loosely pressed and fitted into
‘the inner diameter portion 63 of the mold 61 for
integration.

In order to allow the mold 61 and the support die
64tobeappropriatelypositionedwhenthéyareintegrated
together, they may have é_ concave and convex relationship
of any kind.

As described above, the optical elementlnoiding'die
enables a plurality of optical elements to be
simultaneously formed. The first through-hole

. accommodates the lower die, the molding matefial, and
the upper die. Thegupportdieisdisposedbelowthelower
die. Further, inthedescriptionofEmbodiment4, asingle
molding die is disassembled and assembled. However, it
is contemplat'ed the same basic configuration may be used
to diséssemble and assemble a plurality of molding dies
simultaneously. This is very effective in improving the
productivity associated withmolding of optical elements

and with die disassembly and assembly.



Figure 7 (b) shows |ower die work pieces 24 into which a dianp t el
was used to cut the material at pitches simlar to those used‘?@gggﬁﬁf¥ﬁgﬂﬁ

slit grooves 26. Each of the |lower dies 24 was wought so that the outer
di anmeter dinension between the slit :263qand its side on which the
optically functioning surface was fornmed is larger than that between the
slit 26 and the opposite side. This is because gas nust be vented fromthe
interior of the ﬁ?%b%ﬁ% whi l e the upper an& | ower di es are incorporated
into the nold. Al heRGIGE ¢ TR eRtFe SUdR)adcdiedr deseriggtinagri cal
pol i shi ng macai ng was used which can work netal and ceramcs.. Figure 7
(c) shows tHatildBEi HeVEsPEpadprPERFicHE Tt Herkdmd ea Py gt ikementur f ace
25 on the end _surface of the |lower die work piece 24, the work piece was
fixed by pledisidly §i€ting it into a central hole in a rotating disc 67
and using wax to glue it and the central hole together. A work rotating
shaft 68 was rotAtedrgt? eab shyws aThelioger dpasiad rpodhe assienfted
superfine working machine having a grindstone rotating shaft 69

i ndependent cagb itdse mwiklyoranpupssthabf GAngAtdiranoadb sHaf t(Whi ndshene 70
havi ng an abacus --bead--shaped cross section is provided at the tip of
the grindstongerptditdamegtshabtt 6hidiheid FANUARYE 2006e 315 mm using

a cylindrical polishing machine and a resinocid-bonded h
diamond grindingwheel (Number #240). Althoughnot shown,:"
the material may be wrought by using a collet chuck to
hold one side of it whi;e carrying out center work from
the other side or using a centerless poiishing'machine.
The grindstone was chaﬁged, and a diamond.grindstoﬁe of
thickness 0.95 mm was used to form several slit grooves
26 at predetermined pitches as shown in the figure so
as to reach a depth of cut of 0.5 mm. The wrought slit
grooves 26 each had a groove width of about 1 mm and a
~depth of cut of about 0.5 mm. The conditions under which
the outer diameter was ground included a grihdstone
peripheral speed of 2,800 m/min., a work rotation speed
of 150 rpm, and a cut amount of 3 micron/operation. The
slit grooves were appropriately cut at a grindstone
peripheralspeed&ﬁf3,000n¢min. Furthermore, a surface
grinder was used to polish the ocuter peripherai surface
of the cylinder into a D cut surface (not shown) so as

to reach a depth of cut of 0.05 mm. The D cut surface



mat eri al was w ought using the shaft grindstone 70 of outer_ di
mmat 80 , 000 rotations/mn. ' A shape generating machine mg{'ﬁé@ Agﬁy%%
which the work rotating shaft 68 is nounted and which can be subjected to
simul taneous 2.5-axis NC control. The ngrhine was progranmed so that its
nmotion track 71 draws a circular arc. The machine was used to cut the
material at several mcron increnents in the direction of an arrow -Z in
the figure to forma spherical optically functioni ngésurface 25 of radius

of curvat uréS4nasgagersidpkeoyeherEed ke thamprtgeert i i neddanrdidas
noved away in the direction of an arrow +Z in the figure. Further, the
| oner di e 28uriecached to the rotating disc was renpved. Subsequently,
under simlar conditions, 10 |ower dies and 10 upper dies 21 were
produced. Each digheeuppelr shass 2bowes dienvexk phdckad2 & Ity odigfh
curvature of 3.444 mm Figure 7 (d) shows thatthe | ower dies 24
wer epr eci sehydigihoed totdegr madensz2] tichautt hbesurftage aof adaphi Hadvess die
24 opposite to the optically functioning surface 25 was then ground, and
that a surfateigeimder thasd herdised fotrm chrer y 1dat ghalccte graandi mp o t hat
all the nolds had the sane height dinension. A grinding wheel was rotated
in the diresfitine dbvanr dikew 4 iwd herfaugiirie sat thaperhphertadr dipeectaf 3
000 mMmn. A bed to which the grinder 72 was fixed was traversed (| ateral
moti on fromliXehsioh dekween the slit 26 and its side on which the
optically functioning surface was formed is larger than
that between the slit 26 and the opposite side. This is
because gas must be vented from the interior of the cavity
while the upper and lower dies are incofporated.into the
mold. A common working machine such as cutter or a
cyvlindrical polishing machine was used which can work
metal and ceramics..
Figure 7 (c¢) shows that during a step of forming the
optically functioning surface 25 on the end surface of
the lower die work piece 24, the work piece was fixed
by precisely fitting it into a central hole in a rotating
disc 67 and using wax to glue 1t and the central hole
together. A work rotating shaft 68 was rotated at 200
- rpm. The lower die was wrought using a superfine working
machine having a grindstone rotating shaft 69 independent
of the work rotating shaft 68. Adiamondshaft grindstone

70 having an abacus~bead-shaped cross section is provided

at the tip of the grindstone rotating shaft 69. The



4 JANUARY 2006 - 42 longitudinal direction from+Y to -Y in th LguUr
The depth of cut was 1 to 2 micron/traverse, and a resinoid-ﬁgkgggﬂig%2006
di anond gri ndstone was used. The height of the ground | ower die 24 was
confirmed to be 2 mcron of the desixred di nension. The hei ght of the

ground upper die 21 was confirmed tobe 4 mcron of the desired di nension.
The slit grooves in all the upper and | ower dies were | ocked on a washing
jig and then supersonically cl eaned ,using a solyvent. Figure 78; shows

that after Tﬂie% NI ¥ BHQg;mﬂﬁﬁﬁguF 8cé Wothetere cikaned, the
slit grooves 26, fornmed in the respective |ower dies 24, were engaged

with the noteh&d PrfeHPBe ihMhet iF0nGHt mokatirgsdmis- f dushanes

(n=4), and that the filmformng jig 35 was then incorporated into the
hol di ng nenBeresatinguiaphias vash vaathcied ik hehepuetrsr ragpdriatas. This
apparatus executes a magnetron hi gh-frequency sputtering nethod. The ‘
appar at us usldfpl &8 nimmnEenteduagst sthio) cas ke wweiecbefotm a 1-ni cron
rel ease filmconposed of 50 atontoof Pt and 50 atontoof Wat a degree of
vacuum of SiRuigapersrs and-axpewdiC ofosbooW. ThHbhel owerhidieswag4 were thus
conpleted. A simlar working process was executed and a simlar filmwas
formed on dzchgohmmssl so that its motion track 71 draws a circular

arc. The machine was used to cut the material af several

micron increments in the direction of an arrow —-% in the

figure to form a spherical optically functioning surface

25 of radius of curvature 4.458 mm. Subsequentiy, the

shape generating machine was moved away-in the direction

of an arrow +%Z in the figure. Further, the lower die 24

attached totherotatingdiscwas removed. Subsequently,

under similar conditions, 10 lower dies and 10 upper dies

21 were prodiuced. Each of the upper dies 21 was convex

and had a radius of curvature of 3.444 mm.

Figure7 (d) showsthatthelowerdies24wereprecisely

glued to a grinder 72, that the surface of each lower

die 24 opposite to the optically functioning surface 25

was then ground, and that a surface grinder was then used

to carry out batch grinding so that all the molds had

the same height dimension. A grinding wheel was rotated

in the direction of an arrow in the figure at a peripheral
speed of 3,000 m/min. A bed to which the grinder 72 was

fixed was traversed (lateral motion from +X to -X and




upper discs 21 to conplete creating the nolds. As described ab
conpared to the conventional manufacture 4 JANUARY 2006 of nnldgxggﬁ%%%YZQOG

with flange portions, the present enbodinment can sinplify and streanline

t he process and stabilize the accuracy.aTherefore, the costs of the nolds
are reduced. (Enbodi ment 6) Now, Enbodinment 6 will be described. Figures
8(a), 8(b), 8(c); 8(d), 9(e), 9(f), 9.(g). and 9 (h) are sectional views
illustratin ssenti.al _pants f. a nuf act uri .process, for an optical

el enent. Fi g@%le(?%%g)lngﬂo%rgc%ﬁl% %%‘l %g’ktfimr&g&gn%@ %‘Freﬁol d$h€04 each
shaped |i ke | i nder in_whic pluralit of first through-holes 108 are
forned so agéﬁgﬁhé% nﬁBﬁaP"séphgﬁrélmﬁfr HorR¥erres 88 ahd | ower dies

| 03 and nol di ng. nm egials 107, and a support die 105. Second through-holes
106 are for r&F 5P 1 Relengisst igmenthgr indshiue Hars werd109The habaklppor t
die is | oosel ressed into the inner peripheral surface of each nold for
fixation s&fitRkae grewWehthewenxdse o4 atch ceebhdmedr boghehb? enid@bon
coincides with the central axis of the corresponding first through-hole
108. The st &F pbetdenirsed doweny inessdihe helightoodetheoyndind Wsmert o be

equal ly transmtted during formation w thout inpairing.the positional
rel ati onshi gie2lwasconfirmedtobetd4micronofthedesireddimension.

The slit grooves in all the upper and lower dies were

“locked on a washing jig and then supersonically cleaned
using a solvent.

Figure-7(é) shows that after the optically
functioning surface was wrought and cieaned,'the slit
grooves 26, formed_in'the respective lower dies 24, were
engaged with the notched portion 36 in the film forming
jig 35 at four sites (n=4), and that the film forming
Jig 35 was then incorporated into the holding member 37,
which was then attached to the sputter apparatﬁs. This

_ apparatusexecutesanmgnetronhigh—frequencysputtering
method. The apparatus used platinum (Pt)-tungsten (W)
as a target to form a 1-micron release film composed of
50 atom¥ of Pt and 50 atom% of W at a degree of vacuum
of 5 x 107 Torr and a power of 600 W. The lower dies
24 were thus completed. A similar working process was
executed and a similar film was formed on each of the
-upper discs 21 to complete creating the molds. As

describedabove, comparedtothe conventional manufacture




bet ween the nold and the support die and to allow the support

removed if the whole molding die including 4 JANUARY 2006 -

and | ower di es nust undergo nai ntenance %
The fiirst and second through-holes 108 4nd

ﬁ;ﬁgb&;ﬁﬁg{)%

amy nol ded |ens |s defective.
~106 are wought to have

dianeters of 3. 5 nmand 2 . 0 nm respectively. As the nolding materi al

107, a spherical nolding materi al

of 0 2.75 nmis obtained by

mrror-pol i 9fi mpldyl fsrmeadhtefthl f1Ri igng il i,cat e barl um
U3 SoreBhi e BiggeEel < T

(fl exure point: 549C and, gl ass transition point:

~ curvature SEMbbGﬂ’llﬂ@ﬁtO@hnC@jmp]filflﬁ;téﬁal ggre% fﬁ?g%f:ﬂ%e#’ ﬁger galloz

and | ower die 103 are 3. 444 nm and 4. 45 respec

I Ca

el enents tosthb idhipé ped H¥ciladivng %&f@f¥??yr@2%%u%§ég%§§f

shows that the nolding block 101%s ver

F| gure 8(b)
@884 h upper

heating pl deel@@duasglya | ower heating plate 109" which have heater 110

built-in in the upper side and in the |ower side so as

to be wholly heated

and is the n(HeBLA 3“1‘53"% terrperature at which the nolding materials 107
In the present enbodi nment, the nol ding bl ock

can be pressed an

i s set .between N%%Upﬁﬁf; ﬁgdnél%l\eg heati g p&gégf-lg%%t ed and set at

and is hel.d for

SEco
Figures 8(a), 8(b), 8(c), 8(d}, 9(6) (£}, 9(q),

and 9 (h) are sectional views 1llustrat1ng essentlal parts

'of a manufacturlng process for an optical element

Figure 8(a) shows a molding block 101 composed of
molds 104 each shaped like a cyli.nd'er in which a plurality
of first through-holes 108 are formed 80 as to accommadate
a plurallty of upper dies 102 and lower dies 103and molding

materials 107, and a support d:Le 105 Second

through- holes 106 are formed in the support die 105. a

step portion 109 of the support die is loosely pressed
into the innerperipheral surface of eachmold for fixation

so that the central axis of each second thlsough—hole 106

coincides with the central axisof the corresponding first

through-hole 108. The step portion is loosely pressed
inin order to allow heat to be equally transmitted during
formation without impairing the positlonal relations'hip
betweeﬁ the mold and the support die and to allow the

supportdietoberemovedif thewholemoldingdie iziciuding

600C



Figure 8 (c) shows that an applied pressure P of 8 000 Nis u r
and deform the nol ding block via the upper heating plate 108.fﬁ§§§hﬁ1§¥335%

nol ding material 107 is markedly deformed to have a neni scus shape. Then,
~the 4 JANUARY 2006 - 45 optically funcij aning surfaces of the upper and
| ower dies, respectively, are transferred to the nolding material. Figure
8 (d) shows that after the deformation has been conpleted, the upper and
| ower heating plates 108" and 109' are powered off while continuously
exerting t héheppppay anghdotiedat dilgs WHST e Unsledi gy M5 igekendncpscEdPed  down
until the tenperature reaches 480C, at which point the applied pressure P
is elimnatedldete hwhei hg bleddct10g.is further cooled down to the room
tenperature to conplete nolding |enses 111. The nol di ng steps shown in
Figures 8 (b) , Bhécfirsdandnds sedorat eclexeeghetioilresan (thermd gdst and a
heating source including the nolding block is contained in a chanber (not
shown) . Furwhenghtehpérataide aard pr esfly .66 noatrd? . Oingn exespeed Wal .
t hernocoupl e or a solenoid controlled valve. Figure 9 (e) illustrates the
basi ¢ concepk tthhe ansl@pngoiatesaadehd? | rygsphermuolal ng e ook et bal ake out
t he
of ® 2.75 mm is obtained by mirror-polishing a glass
material mainly consisting of borosilicate barium
" (flexure point: 549°C and glass transition point: 501°C) .
The radii of curvature set for the optically functioning
surfaces of the upper die 102 and lower die 103 are 3.444
mm and 4.458 mm, respectively. The opfical elements to
be obtained by molding are convex meniscus lenses.
Figure 8 (b) shows that the molding block 101 is
vertically sandwichedbetween anupper heatingplate 108"
and a lower heating plate 109' which have heater 110
‘built-in in the upper side and in the lower side so as
~ to be wholly heated and is then heated up to a temperature
at which the moiding materials 107 can be pressed and
deformed. In the present embodiment, the molding block

is set between the upper and lower heating plates heated
and set at 600°C and is held for 120 seconds.

Figure 8 (c) shows that an applied pressure Pof 8,000
N is used to press and deform the molding block via the
upper heating plate 108'. Fach molding material 107 is

markedly deformed to have a meniscus shape. Then, the



nol ded | enses 111. A die sucking jig 112 is noved in a -z dir%ﬁ@@@ﬁﬁﬁﬁY
iy’ Y

that first, the upper dies 102 are precisely fitted in the die

112. Subsequently, each die ejecting pin 113 is pushed up in a +z
direction to nove the corresponding leps 111 up to the top. of the
corresponding first through-holes 108 with the 4 JANUARY 2006 - 4 6 -
correspondi ng upper die, lens, and |ower die sandw ched. At this tine, the
plurality of pi,ns sjnulLtanequsly eject t he respective upper_and | ower

di es. Accor Gpﬁd-lcﬁljt%e%uHSFil%’rﬁI&? POSTEFEYs be ?p}h% ¥PBEToR Y he GHPE are
precisely set. Further, these positions are accurately set relative to the
posi tion of MLRE i MRREAY Yy, a¥F chrasadrenak tppehedmed dipss the

| enses used in the present enbodinent, the |owering speed of the die
sucki ng ji gmaterdal evating speed of the die ejecting pins, and | oads on
the optical elenents are selected so as not to damage the nolding surfaces
of the nolds or ¥haurenkéd) shows thadspfasirethe deforvadivironssrien which
no unbal anced | oads are inposed on the plurality of nolding nodes or

| enses. A spemipplefted) bt seppesr anesd cmlr réabdngf piatikgf M e ddind to
be preferable. Figure 9(f) shows that subsequently, wth the die sucking
jig 112 keepPHg suvkimgwehedupper whebe 10entimeously exerting the

pressure and that the whole molding block 101 is cooled
down until the temperature reaches 480°C, at which point
the applied pressure P is eliminated. The moldingblock
101 is furﬁher éooled_down to the room temperature to
complete molding lenses 111.

The molding steps Shown in Figures 8(b), 8(c), and
8{d) are executed in an inert gas, and a heating source
including the molding block is contained in a chamber
(not shown). Further, temperature and pressure control

~is executed via a thermocouple or a solenoid controlled
- valve.

Figure 9(e) illustrates the basic concept of a step
of disassembling ﬁhe molding block 101 to take out the
molded lenses 111. A die sucking jig 112 is moved in a
—Zdirectionsothétfirst,theupperdieslOZareprecisely
fitted in the die sucking jig 112. Subsequently, each
die ejecting pin 113 is pushed up in a +z direction to
move the corresponding lens 111 up to the top of the

corresponding first through-holes 108 with the




die sucking jig is further noved in a +Z direction and then cau t
stand by. Subsequently, a lens sucking jig 115 sucks the Iensé%iﬁggAgﬁyg9ﬁﬁ

respective lower dies 103 lifted by the respective die ejecting pins 113.
The sucking jig 115 is then rotativelygdmoved. Then, the suction is
cleared to collect the lenses 111. Figure 9 (g) shows that the | ens sucking
jig 115 sucks the nolding materials 107 and that the suction is then 4
JANUARY 2006 - 47 cleared above the first trough-holes 108 to drop the
nmol di ng natepraespoydlng gRper reispedigne, findlowey dighsabkes cies]. Fi gure
9 (h) shows that subsequently, the die sucking jig 112 is noved in the -Z
di rection t&tddcomiodes e theep luppdri ttf e poasisnirhdtrosmeriiveifdatss
t hrough-holes 108, and is then noved in the +Z direction to conplete
di sassenbl i tigeandsassamiv e ngopke solddilogal ekl e Wheri¢berpigadas, prioeluced
and a disassenbly and assenbly operation was manual ly perforned 20 tines
usi ng the ot dezoogtd kpdissasisendlof ahd agse ] fheppanatire paeedrsilng to t he
present enbodinent, it was confirmed that every operation was successfully
acconpl i shegetw t lawtheausiilige §bepolansiem d 1dr&oaeiratial ¢ heet
corresponding first through-holes. Further, the present

relative to the position of the die sucking jig, which

sucks the upper dies. For the lenses used in the present

embodiment, the lowering speed of the die sucking jig,

the elevating speed of the die ejecting pins, and loads

on the optical elementslare selected so as not to damage

the molding surfaces of the molds or the lenses. It is

desirable to set conditions under which no unbalanced

loads are imposed on the plurality of molding modes or

lenses. A speed of 30 mm/sec. or less and a load of 5

Kgf were found to be preferable.

Figure 9(f) shows that subsequently, with the die

sucking jig'112 keeping sucking the upper dies 102, the

die sucking jig is further moved in a +Z direction and

then caused to stand by. Subsegquently, a lens sucking -

3ig 115 sucks the lenses 111 on the respective lower dies

103 1lifted by the respective die ejecting pins 113. The

sucking jig 115 is then rotatively moved. Then, the

suction is cleared to collect the lenses 111.

Figure 9 {(g) shows that the lens sucking jig 115 sucks

the molding materials 107 and that the suction is then



enbodi nent enabl es 10 | enses to be sinultaneously nolded, thus
significantly inproving the productivity. It is thus possible4FB“FHﬁFB%%pﬂﬁ
significantly the productivity associated with a nolding process and a die
di sassenbly and assenbly process, inclaged in a manufacturing process for
an optical elenent. The present enbodinment is also very effective in
reduci ng the costs of |lenses and investnents in shaping facilities. Wen
the performance of n=200 | enses, obtai ned by the above descri bed optical

el enent nanGLESHRT P HEEh &8 nelsl TehsTFeHIBsIRL @5 FL 9 Bato4 AXANUARYE 2006 -
48 interferoneter, the average of transmtted wave front aberration was
0. 067, asti§ReGE Raterdad saNP 7 chvha thes mesmechiie dddsdpheri cal
aberration was 0.865 AMI. \Wen these | enses were used in optical systens
for optical thgioglaipshol@sy lfiére confirmed to be available w thout creating
any practical problens. As is apparent fromthe enbodi ments of the present
invention, the pfegeihe ? hermhowspivat dad segueRricAy ,j the dbe soptk tay
el ement's, a nolding die, a sputtering film fornmng jig for the nold, a
di sassenbl yjagdlagsémbimpvegbpar dths fHrdithectbbdi hg diceommontatke ngheet hod
of the nolding die, and a manufacturing method of optical elenents using
t he above juppsr, direkdl 0 2ppatatusk sprd netddd,rst through—-holes 108,

and is then meoved in the +Z direction to complete

disassembling and assembling the molding dies.

When the jig was produced and a disassembly and

assembly operation was manually performed 20 times using

the molding die disassembly and assembly apparatus

according to the present embodiment, it was confirmed

that every operation was successfully accomplished

without causing the lenses 111 to cut into the

correspondingfirstthrough-holes. Further, thepresent

‘embodiment enables 10 lenses tobe simultanecuslymolded,

- thus significantly improving the productivity. It is

thus possible to improve significantly the productivity

associated with a molding process and a die disassembly

and assembly process, included in a manufacturingprocess

for an optical element. The present embodiment is also

very effective in reducing the costs of lenses and

investments in shaping facilities. When the performance

of n=200 lenses obtained by the above described optical

element manufacturing method was measured using a Fizeau



all of which serve to reduce the costs of optical elenents and, i
productivity significantly. The present invention can thus be‘bh&@@%ﬁggkgﬁ%

utilized for industries. Industrial Applicability As is apparent fromthe
above description, the present invention provides a sucking jig, a nolding
die, a disassenbly and assenbly appard&®us and nethod, and a |ens o
t aki ng-out nethod all of which serve to inprove the productivity
associated with the extraction of a manufactured I ens fromthe nol ding

die. 4 JANQAR%&%EEbmeﬁ%r,H%Hé“%veEQ%epQﬁ§e@%aﬁ@%ﬁg éﬁ1&g€¥!9§%n%.die and

a plate which reduce working costs. Fdarthernore, t present i nvention

provi des azgke rpohd-A pLate W%bggfégg§¥§tggﬁl%%%ﬁ?qﬂé@tﬁﬁﬁgs§§%%%¢d4\Mth

the formation of a release film sputtering, reducin
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pickups, they were confirmed to be available without
creating any practical problems.

As is apparent from the embodiments of the pPresent
invention, the presént inventionkprovidesra sucking jig
for optical elements, a molding die, a sputtering.film
forming jig for the mold, a disassembly and assembly‘
apparatus for the molding die, a working method of the
mol&ing die, and a manufacturing method of obtical
‘elementsusingtheabdvejigs,mold,apparatus[andmethod,
all of which serve to reduce the cos_ts. of opti‘cal elements
andimprovetheproductivitysignificantly. The present
invention can thus be effectively utilized for

industries.

Industrial Applicability
Asisappgrentfromtheabovedescriptioq,thepresent
invention provides a sucking jig, a molding die, a
disassembiyandassemblyapparatusandn@thod,andailens
taking-out method all of which serve to improve the
~ productivity associated with the extraction of a

manufactured lens from the molding.die.



cut surface being in comunication with said groove. 2. The dige r di
to claiml1l, wherein the die is a cylinder having said groove ﬁb@ﬂgﬁgﬁﬁ}2@¥i

circunference. 3. A plate conprising a plurality of holes in which the
groove in the die according to claim1 2 is caught and held, wherein
said die is held when said die is sputtered. 4. (Arended) A suction |j
ig.wherein the suction j ig enters a nold, abutting against a periphery of
a lens surface but not against a center of said |lens surface, and having
substantial | y t HBusiheroxttdrndbresanpe layaiatonfruavigssr a dlie andower
die used to nold said lens. 5. The suction j ig according to claim 4,
havi ng a radi pdated whivht yeduss croxkingr gestishan that of the cool ed
target |ens surface or being a flat plate when said target |lens surface
is concave. 6. Therthetinwre | gthecordsegtt dotaiidn bavivigles radiis  of
curvature which is smaller than that of the cooled target |ens surface
when sai d tandei pestsuvhacek iispmoneekhe prdANARY 2006a%s otimenedd) A
| ens taking-out nethod of taking said I|ens out of said nold using the
suction jigwathotHenformatarn aff el abdeadd diGm by dpoetdsad cgpprhsé ng: a
step of pulling said upper die or said |lower die

reducing costs.



out of said nold after said |l ens has been nol ded using said ucgfégﬂ@ﬁIYZOGG
said lower die, and said nold; a nold inserting step of pressin
; sucking jig against said target lens -surface froma side of said nold

out of which said upper die or said Ioggr die has been pulled, until a
position of said lens is corrected; and” & taking-out step of using said
sucking jig to suck and take out said lens after the position of sald_lgns
has been corrected. 8. (Amended) A nolding die conprising: an upper die

_ . , i an Ld
for |ens mjkdiengiea Cowemsdittnder bens Awiding; a support die; and a nold,
wherein:- said |l ower die has no flange, said support die is. provided bel ow
the lower die, one or nore through-holes are fornmed in the support die so
that lifting pins can be inserted through the respective through holes,

d upperland (mwenddds a¢atppe:skiid bel Bbiue 89 L% ORL o fgd ANUARY
2866 ?pg sai d gupportcgle |sp?@65ely pressed |ntg salglnn%g?oan%ng

having a groove formed in its side and a D cut surface
also formed in its side in its axial direction, the D
cut surface being in cbmmunication with said groove.
2. The die according to claim 1, wherein the die 'is a
cylindérhavingsaidgrooveformedcnlitscircumference.
3. Aplate comprising a plurality of holes in which the
groove in the die according to claim 1 or 2 is caught
and held,

-wherein said die is held when said die is sputtered.
4. (Amended)Asuctionjigwhereinthesuctionjigenters.
a mold, abutting against a periphery of a lens surface
but not against a center of said lens surface, and having
substantiallyiﬂm&sameexternalshapeeaathatofem1upper
die or lower die used to mold said lens.
57 _Thesuctloan@;accordlng1xJcla1n14 having a radius
ofcurvaturewhlchlslargerthanthatofthecooledtarget
lens surface or being a flat plate when said target lens
surface is concave.
6. The suction jig according to claim 4, having a radius
of curvature which is smaller than that of the cooled
target lens surface when said target lens surface is-

convex. .



heat is transmtted to said support die and said nold w thout ﬁiﬂuf@zﬁoﬁ
positional relationship between said support die and said nnldlfg

nded): A nol ding die conprising: an upper die for. lens nolding; a |ower
éﬁgefor ?ens nDIdlﬁg, a sggport die; and a nold, and wherein said | ower
die has no flange, said support die is erV|ded beIOM/the | ower die, one
or nore through-holes are forned in the support die so that |lifting pins
can be inserted through the respective through holes, said upper and | ower

di es can be.sli damehatddje A Ol eSai €amBhd— M%Q’Eh@d $ @ {rae]m_)g | \%l ch a

plurality of upper and |lower die insertion holes are prOV|de Igpper
di e and Iomehsdlom@r@fsbaﬂ@blrrbbﬂ@%@s?nlgntheeacéw{laﬂea %{fz% Sghg ngot § 18

formed with a positioning concave portion convex

di ng
support dieol amwhich a169mMeeXx pastsongar £ e ré:on correspon
topgald p05|t|o§?ngconcaveport|on 4 JANUA&%Qgggé 88%)

a step of pulling said upper die or said lower die
out of said mold after said lens has been molded using
said uppér die, said lower die, and said mold;

a mold inserting step of pressing said sucking jig
against said target lens.surface from a side of said mold
out of which said upper die or said lower die has been
pulled, until a pbsition of said lens is corrected; and

a taking-out stép of using said sucking jig to suck
and take out said lens after the position of said lens
has been corrected. |
8. (Amended) A molding die comprising:

an.upper'dié for lens molding;

a lower die for lens molding;

a support die; and

a mold,

wheréih said lower die has no flange,

said support die is provided below the lower die,

one or more through-holes are formed in the support
die so that lifting pins can be inserted through the
respective through holes,

said upper and lower dies can be élid relative to

said mold,




or convex portion is fornmed has a plurality of said through-ho r
at positions corresponding to positions of said upper and Iom‘#f‘%ﬁbﬂﬁ%%
insertion holes. 10. (Amended) A di'sassenbly and assenbly apparatus
conprising: a base on which the nol di ng die according to claim 8, having a
pressed lens, is placed; a lifting pirn®2a sucking jig; and noving nmeans of
nmovi ng said sucking jig, wherein at |east an operation is performed which
conprises using said lifting pinto |ift said upper and |ower dies and

sai d lens up tos&iB0shppeR tWAed € sSabE dlans ﬂessd&é&%‘?ﬁofégfa%%?am! d,
subsequently, at |east an operation is perfgrrre whi ch conpri'sés using
sai d suckiggg ig to suck one of the dies and using said noving neans to

separate the die fromsaid lens, and said lens is taken out. 11. (Amended)

The di sassembl y, and ﬁ%%éﬁnf‘@@%ﬁaw%ﬁf&%%rg '%t Lhaigm 19,, wherein when

said lifting pinis used to push up the upp ower dres an flhe | ens,
e, DU BT o SR By SRR PEaA S T

support die and said mold.
9. {Amended) A molding die comprising:

‘an upper die for lens molding;

a lower die for lens molding;

a support die; and

a mold, and

wherein said lower die has ﬁo flange,

said sﬁpport die is provided below the lower die,

one or more through—hples are formed in the support
die so that lifting pins can be inserted through the
respective through holes,

said upper and lower dies can be slid relative to
said mold, |

sai.d mold is a member in which a plurality of upper
and lower die inserfion holes are provided,

said upper die and lower die are slidably housed in
each of the holes,

‘saidmoldisformedwithapositioningconcaveportion
or convex portion, and

saidsupportdie inwhich a convexportionor a concave

portioncorrespondingtosaidpositioningconcaveportion



12. (Added) A disassenbly and assenbly nethod using a disasse
assenbly apparatus conprising a base on which the ol di ng - dlqut%gi@ﬁﬁ529%§

claim8, having a pressed lens, is placed, a lifting pin, a sucking jig,
and moving neans of noving sai d suckln% jig, said method further
conprising: performng at |least a step fusing said lifting pin to lift
said upper and |lower dies and said lens up to a. positioniwhere said |ens
is exposed fromsaid nold, subsequently, performng at |east a step of
using sai ®rsupkingxj ppiio snicksoie rafed Neadi as pand-A15i A 831 G4 4V NG
nmeans to separate the die fromsaid lens, and taking out said Iens

ABSTRACT ‘heroweglrehdée d eﬁmmédta&e@)@ﬁgtiéﬁm adm i pgndi id may be
broken or damaged. Consequently, the |ens may be marKedly |ﬁ%ffect|vely

produced. The ipresest ofi Buet @&y %@eﬁoﬁeﬁoh@eﬂan@e&r@wﬁrhé&@% an upper
die for lens nolding 21, a lower die for lens noldin ~a support die

f2|7 and a mol.d 28meMdd@ast @i bhelsdds] dyUQHar adgsee@&w \L??) 24 has no
ange. The support die 27 is provided bel ow t he ng no anges.
One comprising:
a base on which the molding die according to claim
8, having a pressed lens, is placed:
a.liftihg pin;
a sucking jig; and
moving.means.of moving said sucking jig,
wherein at least an operation is performed which
comprises using said lifting pin to lift said upper and
lower dies and said lens up to a position where said lens
is exposed from said mold,
subsequently, at least an operation is performed
which comprises using said sucking jig to suck one of
the dies and using saidlnovingxneahs to separate the die
from said lens,.and
sald lens is taken_out.
11.  (Amended} The disassembly and assembly apparatus
according to claim 10, wherein when said lifting pin is
used to push up the upper and leef dies and the lens,
the pushing-up operétion of said lifting pin is

synchronizedtothenmvingoperationofsaidsuckingjig.



27 or mere through-holes 28 are fornmed in the support die so t'ﬁ%ﬁ fos
pi ns can be inserted through the respective through holes. The bbjgﬁg

lower dies 21 and 24 can be slid relative to the nold 29.
- §3/1-

L

12. (Added) A disassembly and assembly method using a
disassembly and assembly apparatus comprising a base onr
whichthemoldingdieaccordingtoclaim8,havingapressed
lens, is placed, a lifting pin, a sucking jig, and moving
means of moving said sucking jig, said method further
comprising:

performing at least a step of1Jsing'said.liftingqéin
to 1ift said upper and lower dies and said lens up to
a_pbsition where said lens is exposed from said mold,

subsequently, performing at least a step of using
said sucking jig to suck one of the dieé and using said

moving means to separate the die from said lens, and

taking out said lens.
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ABSTRACT

When a molded lens is taken out from a molding die,
it may be broken or damaged. Consequently, the lens may
be markedly ineffectively produced. The present
invention provides a molding die comprising an upper die
for lens molding 21, a lower die for lens molding 24,
a support die 27, and a mold 29. At least either the
upper die 21 or lower die 24 has no flange. The support
die 27 is pfovidedﬁbelow‘the die having no flanges. One
or more through-holes 28 are formed in the Support die
27 so that lifting piné_can‘be inserted through the
respective through holes. The upper and lower dies 21

and 24 can be slid relative to the mold 29.




