;| moe3eD46j T DESCRI PTI ON DI E, PLATE, SUCKING JIG MOLDI NG Dl E, DISASSENBLY
"AND ASSEMBLY APPARATUS, AND DI SASSEMBLY AND ASSEMBLY METHOD l|d
The present invention relates to a die used to nold . a Iens”@ﬂﬂ@w ”E'm,m”m
optical equipnent, a plate used for s—sputtering in order to

release filmto the die, a sucking jig that sucks a pressed | ens!5&9*nol di ng
die used to nold a lens, and a di sassenbly and assenbly appar at us and

met hod used to press a | ens. Back [ gures 10 (a) ( 1 mﬂu mn MI
(c) , and 10 (d) are sectional V|gg§§ggl?ﬁpﬁ§¥ratlng essentlalmw “ | ‘M‘l
nmol ding die for optical elenents and a manufacturing nmethod of optJiceada-
el ements both proposed previously by the inventor relating to the

appl i cati pnbﬁgt%g%rmgy&@a@(g(ﬁg 1otH1ne 191£C) D,Is%rsdsEJ»@Bm) ARbow a

nol di ng die ens using a precision glass nolding

oo 55 3 MLt PBRMEAELY b, FECHA e 09Ul By jee 0

portion 85 is formed integrally with an upper die 82 having an optlcally

- 2 functioning surface 81 fornmed at the bottomand with a |ower die 84
havi ng anot her optically functlonlng surface 83 forned at the top . A

mol di ng dleqk§ﬂeb¥56§e§“fﬁ‘%he upper die 82, the Iomer die 84 and a nDId
86 t hrough which the upper and | ower dies 8 gt re sI| %gbped A
mol di ng materi al TR PEonaed YFeRh1PR ERAE ﬁﬁa &s8d S h@ apper and
| ower dies 82 and 84 and the nold 86 to constitute a | di n $I ck 88. a ;
Figure 10 (1) kelosusksat Gt PRFUFRY BIBEP™R ts Rek Ilgg:ear}b‘g% e885d so as |
to be deforned. In Figure 10 (b) t he mhole nol di ng bi %BIS heated !
usi ng an up@u‘e’ﬁarﬂ@\geﬂnh@a’td%tpﬂ AFsl o2 R e2sechd CdPrE -
material is , softened, it is pressed and de formed by an a plied pressure
P via the upperudieangngigl ahe@tsudhesa Pres§Rd d@ns, a molding di

used to mold a lens, and a disassembly and assembly

apparatus and method used to press a lens.

Background Art
Figurele(a),lO(b),10(c),and10(d)aresectional
views of illustrating essential parts of a molding die
foropticalelementsandanﬁnufacturingmethodofoptical
elements both proposed previously by the inventor
relating to the application. That is, Figures 10 (a),
10(b), 10(c), and 10 (d) show a molding die used to form
a glass lens using a precieion glass molding method as
well as a manufacturing method of optical elements.
FigurelO(a)shows21configurationofeamoldingblock
88. In Figure 10(a), a flange portion 85 is formed

integrally with an upper die 82 having an optically



functioning surfaces 81 and 83 are precisely transferred to the noldin
matetial 87 to forma lens 89 that is an optical element. Figure 10 (c?
shows that the whole nolding block 88 is cooled. In Figure 10 (c) , the
whol e nol ding bl ock 88 is cool ed and thén—the upper nmold 82 is taken out of
the I nold86. Furthernore, a sucking jig or the like is used to take the;
Eglded lens 89 out of the,mold 86 to manufacture an optical element.
However  pr ogygtlvel y; ARdsHEeelc3ele) & d ARgaast aBhepbiottlonelaenti tiana be
iggrfnédtmf E_g 35 ivity gg? bej E - 3 nmarkedly degraded if the lens is
i e J is Ot Pl BH0H t aken

?Eé.tghekte 8@%?& 6FW?#§3|SH§EF§E&£%§%ﬁpﬁﬁg#%g?éggﬂj igﬁﬂgigésign$??iant as

i ckne a roun e _porti L he sl L DGr §AS . The.
gﬁg\?\gn Wi It I ?ée%ﬁtgérb‘? e %‘?ht(?%fergﬁgggggn%{ éft}%e lfg%(%ﬁ%é%iggﬁrge@?% (d) |

a state after, nolLdin The condiytio u ' t | ans b i
taren ogtfoPgﬁﬁfréﬁ?dbgcl%&§[¥ﬁy%¥08éFt$%M{%§%m¥€ﬁgg%I§§Iensoggﬂ © I
rel ease rom.the or adheres.to the. I icient '
g;lgherngI é&ﬁéﬂé.d_eorppﬁﬁhﬁﬁrﬁi%%wﬁﬁtéﬁggCa%f§%§e?ﬁaﬁﬁfigfl%?§%%g

ing die. Accordingly, e nol ded .l en hri nks e - t he

rr;)l '?Ihngl di e.gv\hLPd} T}%xa I’%‘?léingh@al’d‘?ﬁswgg?i ls%ggeaoé?(irl k%ﬂﬁ{é%?%%%%£ﬂgmsurface
o] e lens ich contacts with the optically functioni fage of th
upPeL ?!e !@aﬁﬁr?ﬁﬁ@@sﬁgv@fatpgr&@PQ%uﬂQé;%ﬂw%ﬁr%b?ﬁrggtﬁgﬁ ?%eagéticalhs
. functioning surface . Further , a surface of,the len j ch cont act i th
th;a. I 0}Nler S' ¢ e bAmBE (e MARSBLTHIGed MR GG bhﬁ%m‘e t han theS " tl
optically functioning surface 83. Accordingly, the tt ens, surf |
contacts unst abl ¥ iguze ¢ Rddpt ﬁbQWISytIP%F&kI%WPH&Wgi&’g?(n%{a HHRCRGE icﬁgrdi?e
because of a point contact occurring only at_a point, P1 . fﬁ§£$e her :

hang, the t @nd ansesaetlase asntacbs dedSinnsdt h thd 1PeiF€a unctional |y
surface

whole molding block 88 is heated using an upper and lower
heating plates 91 and 92. 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. 1In 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

totakethenmldedlens89cnn:ofthemold86Ix)manufacture

an optical element.

However productively and precisely a lens as an

optical element can be formed, the productivity may be



- 4 aaat points P2 and P3. Wen the upper die is taken out of ; the nDﬁd
‘as shown in Figure 10 (c) , the lens may be slightly sucked upward by '
vacuum adhesi on. Subsequent|y,when the vacuumis cleared to drop the |ens
the lens may be inclined in the nold. -WBth the lens inclined, if the !
sucking jig contacts inappropriately with the lens, the lens may further |
cut into the nold. Consequently, the lens is markedly ineffectively ‘

produced: the |05, gy b, hpaken e darROed. i Aosakidd Gathom the mbbie

problemis cl'0Sed as”an optic el enent rel easi ng nmethod i n Japanese

B R e R P
materi ol RPEREADPE T hr ThE O GRS Harar BT Bohe U o5e of the
casi |y sat| Sri@H ETRanEoa5e Bsr IR T 8l 2 Hasi ey eRoREIeaoe b

al So descri

rel easing the mpl ded | ens. by pi nching sides_of t I g |
separ at i %g tHe the &% %%s{’ﬁBﬁéS&Isqt hg‘?ﬁeeﬁgafn%?ndl)ﬂif??%rr@%%%ﬁggfﬁer in'a
vertical direction . However,_ a very stron orce i Lr i ng on
the size of WHer Pf@rfse]?eq‘fef:ﬁemp%‘;{ﬁﬁﬁé) {‘i) tg EE:%%% e'&ﬁ) Q"g’ﬂngE’g‘ %?g??g i '? may

be effective to oscillate the lens sljightly . | - ver, this
may disadvaﬁiﬁ@%@dﬁ@%dééﬂhgeTbﬁbC§ﬁ¥¥b %pgg ?%aeaighlggegpﬁrggﬁﬁyFaﬁhen t he
nol ded |l ens is taken out of the nolding dig, the | ens n& be %roﬁen or :
damaged. Thuze toi ket e diie yio t R Tehade sChAH FRREITH Y15 olidsy
Further, the upper and | ower dies 82 and 84, used |n the description of

Fi gures 10( ahed eros d)s redeasrd fm%@%mﬂ%%&@%?? ot E‘Hilﬁg
surfaces 81 or 83 , respectively, at one end surface of a c¢ylinder-shape
and the flarge welli es 8Beacodfef brhentead Shemmal RXPARSIPN Rdelhape.
The flange portion 85 is effectively utilized as a holding_portion while
the die i s hebhdiwgougtterial 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, a surfaceof thelenswhich
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 Pl. Ontheotherhand,thetoplenssurface

contacts stably with the optically functionally surface



or when a release filmis formed on the optically functioning surface. i
'However, five surfaces nust be precisely wought, i.e. the outer di anet er |
surface, the opposite surfaces and outer dianeter of the flange portion,

and the optically functioning surface” *hi's increases working tine and

costs, thus hindering the provision of nore inexpensive |enses. Further, i%n

order to inprove the productivity associated with | ens nol di ng by §

si mul taneously onl,di 64 ensesyisi neh Rl dhadashes ithia takea outbet of

surfaces to be“woug ing dies are required in which in particul ar

Lhe gpticaliohd BT 801 dMLSHEFECN3S, SoTUhT £RON SRS 08 SMdghBIVNI Ch

t he di stance rom optrc unctioni ng surfaces to the

cor respondi g, QHLA 3RG% £ p\Ga £ FRRSALNE1 £han08.BAG AR B, MiRin Ble

control |l ed ecli’sio e order of mcrons . This nmakes working
costs significantly expensiv i i.sad I{inbsidieldf i cul t
to make the \ﬁ‘a\cath%%ﬁo???%‘%sed&%éqg% %ﬁgn%ﬁﬁég%ggﬁgmwpgqﬂ??glgleeﬁi; hi gh
wor ki ng cost,s. Further n_a release fi | or g j

functi oni ng Jsrhrtfl"af’cg‘oteidj amkﬁ Hyi&e ?u?l?%clell‘%iﬁgar’e?ggggg %‘?glr{nqgltdaéglg] %/he
out er di aneter g%gggsigron ofqggaébgﬁgeag%i&g%%ﬁggt eq:tlﬂ'@efertlgemgk}nber of
di es introd&JY NERR t r tch.”"That 1s, srnce-the
flange portion 85 has a large area, it.is _jnpossible ,to intraoduce | ar ge
nunber of difdsrthes €N &t eFhappartst-us Cﬁé‘rsedﬁtf%lﬁgl%ongg‘ u nq??/,ftc’he |

productivity associated with filmformation is degraded to |ncyrease costs:
grd ey bs Peek

sharply. f Tegkedlvdisgdfattehedt¥ Rrodh eaf8% ["Ph med on t he

optically functioning surface to allow this surface to be released from -
gl ass, the preseéawadsed-the flange portion prevents a |large number of dies

from bei ng . _
A solution for the above problem is disclosed as an

optical element releasing method in Japanese Patent
Laid-Open No. 2-184532.

However, factors determining 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 molding die, and the size
and shape of the lens. These factors cannot be easily
satisfied. Theabovepublicationalsodescribesamethod
of releasing the molded lens by pinching sides of the
molded lens and separating the relative positions of the
lens and mold from each other in a vertical direction.
However, a very strong force is required depending on
thesizeofthe lens. Ifthepurposeistoclearanadhering

state, it maybe effective to oscillate the lens slightly.



i introduced into the sputter apparatus per batch. Consequently, the

’prodUctiyity is degraded to increase costs. Disclosure of the Invention
In view of the above problems, it is an object of the present inventi
to provide a sucking jig, a nolding dire? and a disassenbly and assenbly

-7-

apparatus and nethod all of which serve to inprove the productivity

associated with the extraction of a manufactured lens fromthe nolding die

In view of Hhgeahove Phobl REY diisfaldv%raf@@@@ﬁs@gi gaina?fe tthee pneseate
u

invention to provide a die and a plate which re
of the abovegrghlegse, it is yet another object of the present invention

ce working costs. In view

to provide a die and a plate which inprove the productivity associated with

t he formation of ral il t er t i T
aggg%q¥§?¥}%bpgﬂgnsgﬂ tRbhR&Eq thiss regducd Pgn costsSo£TO

sol ve the above-

| nvention i AN URBAMILE Of cheVELy dintf BE hEIRHT Hiithaien o1 Nrigy gr 0OVE i

formed in its si e present invention is the die

ns, a first i1nvention of the present

ecordd 1 nvention o

{

aceor di ng 16, LS EBNEN on il 1 06: preSenleEBKETLAN, yihesslaat he die

is a cylinder having

i nvention of theﬁgg:g gegl%/’eit%gnltlli)_ régi %tn%leplldjavsgrcggrgr! %izn%g?c% [Zg&ll’ a&g%&

holes in which t

e forne i crrcunter rd

i e"‘accordi ng he firs

second i nvention of the present invention isncayolt, anddiel dre cacn

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
utilizedasaholdingportionwhilethedieisbeingwrought
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
andouterdiameter of the flangeportion, andtheoptically
functioning surface. This increases working fime 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 using molding 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

of

or the



!

_wherein said die is held when said die is sputtered. A fourth invention off
"the present invention is a suction jig which enters the die and does not
abut against a center of a target |ens surface but abut against a peripheny
of said lens surface. A fifth invention®of the present invention is the
suction jig according to the fourth invention of the present invention, i
having a radi us of curvature which is larger than that of the cool ed target

l'ens surfacear el ng auhlati JHale ¥herasaisd HAraest LeRSeSWImttndS
concave. A sixth itnvention of the present invention is the suction jig

e A : _ : : _ _ di ¢
accor di ng g%ﬂ@gggg ngﬁ\ég;yét%pftchb@efara%ge@tpwx%wsorgs havifgoa radius

of curvatur at of the cooled target |ens surface

when sai d tgetd £0aRGE L 30EQNKEYo £ AREYEALYE PRI GRS Of Hhegepr esent

invention is a nolding die conprising. an upper ens nolding; a

ovet ar e, | eyl Sy PLH 9 2 PRREh B, L BLA g 8 e D

| east either said u S Nno pport die is
provi ded beIOM/tE i ¢ _haying ;no flange one ot e, -hgl e re
formed in the su ﬁS%tlareg%SQF%%¥Tﬁ%? ?%8 Hrn%tgg% %P#gég?Fbgotﬂ?%ﬁgh t he
respective rough hol es, .and said upper and.lqower dies can be slid

rel ative tog:g’?ﬁ ggﬁﬁ’lgde PR Wi Yt Qﬁ%ﬁ,ﬁ%ﬁ-grﬁr&ﬁ e RS O P RVERET DR s t he
nol di ng die according toﬁ%ﬁgﬁ;eventh i nvention of the present invention,
wherei n: sa"GTbI 9RO GSWhich a plurality of upper

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 from being
introduced into the sputter apparatus per batch.
Consequently, the productivity is degraded to increase

costs.

Disclosure of the Invention



and | ower die insertion holes, said upper die and |lower die are slidably |
“housed in each of the holes, a positioning concave or convex portion is
formed in said nold, a convex or concave portion is formed which
corresponds to said positioning concave’or convex portion, and a plurality
of said through-holes are formed in said support die at positions !
corresponding to positions of said upper and |lower die insertion holes.

- 10 A ninth inyﬁnggg%ggftgﬁép£§§@gtﬁﬂ@5¥gm§p is asdiasasienddy efd
assenbly apparatus conprising: a base on which the nolding die according to

the seventh.iavapLla Of \ih P 634 piBYANd aNsubRYiRP) dgHr a9seTlifgs, s’
pl aced; a pushi ig-up pi n; a sucking Flg; '

and novi ng nmeans of noving said

ced; a pilsh =5 pi " = & - an . said
si ng el B B hPn B ST AT par n T B A S AR e g

| cact "an opdrah Panv R SCpCHTaRets AR Rt BES s g eaf & ook e g to

| east an op Ch conprises using sa sucking jig to

suck one of t, |es and usi.ng said ' SERAk £q4dhe from
said |ens, éﬁggggbﬁEP%EEaFilP%%@ﬁagﬁggyggggﬁgﬁgf%égﬁt|on g@%?ﬁg pregént
invention is the disassenbly and assenbly apparatus according to the ninth
i nvention ofd%%e present invention, wherein when said pushing-up pinis

used L0 push up the upper and | onel s el g ldepuslinen
said SUCkln%éléke present invention to provide a die and a plate |
which reduce working costs.

Inviewof the aboveproblems, it is yet another object
of the present invention to provide a die and a plate
which improve the productivity associated with the
formation of a release film by sputtering, thus 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 wherein a groove is formed
in its side.

A second invention of the present invention is the
die according to the first invention of the present ;
invention,whereinthedieisacylinderhavingsaidgroove
formed on its circumference.

A third invention of the present invention is a plate

comprising a plurality of holes in which the groove in



- 11  An eleventh invention of the present invention is a disassenbly and]
‘assenbly nmet hod using a disassenbly and assenbly apparatus conprising a
base on which the ' nolding die according to the seventh invention of the|
present invention, having a pressed |lens$, -is placed, a pushing-up pin, a
sucking jig, and noving neans of noving said sucking jig, said nethod :
further conprising: performng at | east a step of using said pushing-up pin

to lift said,uppgr and .l di_es Ldo | ens i gre said
lens is expgg’eeg @T%r:ﬁl%%(i)g%nélgdft%s&bﬂs%q% y?Pp%#?o%rgﬁc%ﬁl?r%\}e‘%g}%Y\g step of
using said sucking jig to suck one.of the di n Si aid novi ng neans
to separ ateqtﬁékb‘ge{)FgﬁﬁpgaiWW%’ﬁg}ogn St é:%u(ra%n%u%nésiahgqld(i;ns. The present .
invention may have the following solutians: A first.aspect pnvention
provi des neans oMREE&GdIEE glgbﬁﬁv?ﬁ aﬂhSBt?%éﬁ'%%%ﬁ%%fﬂﬁ%F%ggegéing an
optical elenment nolding die conpgsed o n upper and Jower, dies.and a nol d.
Thi s means conpr Asé® kbu’t’("lif‘air{i@ért?é‘t é}gtﬁé‘? 8?35@@31 ylrfY?lgtf’ﬂg r%%‘l% a
suction port which is farmed in one end surface extendin rpendj cul arly
to the outersuttaherdri @i ii ertiess t@@n‘ﬁé@t@bgtd@eas Qﬁ’&ggﬁ%a%%%?gﬁgs , and
a sucking surface which is forned on the other end surface wifh ich the
ro-12- sucﬂ&nﬂ%ﬁﬁ@ri§fiﬁ(ﬁﬂﬁﬂﬁﬁcé?Pénﬁ“ﬁﬁ?%%aBBtoPhﬁia%ﬁﬁk?ﬁ gurface'

approximates to the shape of an_optical surface of the nolded optical :
el ement. Fumdwiphasrvoedi mpid heBecoudF f@Gect of the invention, a concave
optical surface of the nol ded optical elenent as the suckipng surface has a
smal | er radius ofA durfitzh uievehsd ogaiaf dpte daresartad@Vethtenalofriex :
optical surface of the nolded optical elenment as the sucking surface has a
| ar ger radi usiofionryadigureescording 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
molding die comprising:

an upper die for lens molding;

a lower die for lens molding;

a support die; and

a mold,



Furthernore, as neans of reducing the costs of an optical elenment nolding|
"di e and productively manufacturing an optical elenent, a third aspect of
the invention provides an optical element nolding die conprising a support
die including a through-hole in its cenfer, a nold that fits the support
di e, and an upper and | ower dies which are slidbly guided through the nold
and each of which includes an optically functioning surface. According to
this aspect, it {;8-PSS Bke1kq YT NG MRS ’éb?@xc@i{ so@krt Beedppes and

| oner dies and a to take out the optical elenent productively by utilizing
t he through-QpHgléﬂ Lhe support die. Mreover, according to a fourth aspect
of the inveﬁklon, tﬂe’upper and | ower dies are each sinply cylindrical and
each conprise a grooy Lpnsin ists ' | id wWhheh is
used to forma rg’ g;ﬁsgsu%oé&ig d1&L|’gl rlntso t ‘?%%‘??%?FW?&%S’%?E% sur%f ace, .
the release film.,serving to prevent oxidation. This inproves the
productivit§Khng€Pg§%d with filmformation to reduce the costs of the i
nold. Further, a fifth aspect,of the .inyenti Lde L ing jig
for sputtering oPTh8% R eb%ﬁﬁ&# &FD%egr%ggeP%gﬁ%?b%n?%ﬁ%hg%éngk
plurality of_ upper d I quer, dies can be acco usi of an
outer periplEry oF gﬁang' 't%P%rQ&BFeFﬁfhgﬁa?ﬂggé%ggg'E%H%)c ﬁﬁébeof t he
disc, so that the groove potion can engage,with the groove portions forned
in the uppeF%ﬁﬁP@gﬁﬁﬁ &h&?%éﬁh@? ©fhe er and lower dies. This serves:
to reduce the costs of the nold. Furtherpore, a ix%ggﬁgpeci gt th% ;
i nvention provi dé&ig HRP AT saBedPINE, %%s%ﬁﬁlgea tUe dF Y EKSTy out
an optical elenment nolded by the optical elenment nolding die, the apparatus
conpri si ng &fippepldi-e sucki ng menber connected to an el evating and

| owering cylinder and shaft-guided via_ a slide bearing, a pin nen% r that
passes through tB& ehchighimolent bphedl|Hha REAEER Lot IVRE LYW Y% so as
to eject the upper and | ower dies , and a sucking nenber used tq take out
the optical redkftny die iarqcr@ddé@gat@oltdwhgs%@@%ball.n\fﬁﬂ%lﬁ)ﬁppév@q_he :
productivity associated with renoval of the optical elenent. - 14

Mor eover, asevsehh dspeottidnt hwhiemednti on provi des an optical el ement
nol di ng die serving to reduce the costs of the optical el enent and
conprising a pl ursalid ynafd upper membéowen wh esheaanl inaladivng fanrestt cal |y
functioning surface, a cylindrical nold through which the upper and | ower
di es are sligiadl Yogeirdel eanthgbrchonndlaldes, a plurality of first

t hrough- hol es spaced at equal intervals on arbitrary pitch circle diameters
and constituting seamd tifgser dhd anduppeer die anel sitlidgbderbodised in

t hrough- hol es each having a snaller dianeter than the first through-hole
and spaced ataegualf iHeerv@l 8son the sane pitch circle dianmeters as the
support die being | oosely pressed into the nold so that a central axis of -
each first throughdwd et eehieigestdheaoeenbnaleapsrdfohhé scdoresgbndi ng
second t hrough-hole. Further, an eighth aspect of the invention provides a
manuf act uri ngnmghhed nf1&n optical el ement nolding die

a convex or concave portion is formed which
corresponds to said positioning concave or convex portion,

and

a plurality of said through-holes are formed in said
support die at positions corresponding to positions of

said upper and lower die insertion holes.



conprising a step of slitting an outer periphery of a cylinder at a |
‘predétermined pitch to formgroove portions , a step of grinding the outer
peri phery of the cylinder, a cutting step of cutting the cylinder into !
pi eces using the same pitch as the predsterm ned one so as to | eave 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

per pendi cul arly - .1 t.o the_outer periphe st, el nding the
other end surfack Bangbﬁjﬁﬁﬂ%Elﬁptﬁfre é? H%%s?gttﬁggggﬁ%%% Igéf%nctioning
surface, and . a step of carrying out.,sputteri to el ease filmon the
optical ly f@%ﬁﬁ%ﬁéﬁﬁigu?ché eih&% 6?88é5§§ﬁt?é§%%?8?ﬁ§gninth aspect of
the invention conprise a manufacturin hod qQf optical,ele t ich
al lows optical efeRafts A "lbt'él%Br E}‘@f ?‘@?&%?ygb?ogﬁggdfd*rh%nﬁét ﬁ%‘gﬂ
conprising a step of formng a nolding block by introducing a plurality of
nol di ng mat Evanth ntBVeesiedt itk BhGi PF@§%H%%§§88'0%%}”6P%%| ity of
upper and | ower dies each including an optically functioning surface, a
support di epaestedubpbrs ithekdped:and | ower dies and which includes a
plurality of through-holes through which pins can be passed in order to

ej ect the plural &t pushyppedPr aRdnliower dies , and f first through-hol es

t hrough which the upper and | ower dies are slidably guided, a heating step
of heating the whobaakslmnt nhieloékd o soften each of the nolding materials,
a heating and pressing step of pressing and deform ng the softened nol ding
mat erial to transberinchenepnscalfl wovimg | 9aidgssgkiare 189t he nol di ng
material, a cooling step of cooling the whole nolding bl ock, a step of

di sassenbl i ng t hehenledimoadi 2etstt alte apsratpbor dls pewforpedcyhigtenent s,
and a - 16 step of introducing a plurality of nolding materials into the
nol di ng di e quithassesblisig qa serild pulti-eip Desoriptl bAt ofaideuppan AgS Fi gure
1 (a) is a sectional view of essential parts of an optical elenment sucking
appar at Us aqeoseh id® and igsid anindiupenb afpobitpoeseheriensedd éBnsFi gure
1 (b) is a sectional view of the essential parts of the optical elenent
sucki ng apparatatgspasedr didign t9aidlembildst enbodi ment of the present
invention; Figure 1 (c) is a sectional view of the essential parts of the.
optical elenent swtddiguenpayat ux acsosdi ag beetdaer fon st sepbadiorertd of t he
present invention; Figure 2 (a) is a sectional view of essential parts of
an optical ghement c%g@i@eéﬂ@sﬁﬁa%@m d¥cRi£6CHNG amposiornbnef dfhe
present invention; Figure 2 (b) 1S a sectional view of essential parts of

the optical glempnlsmiding: fh%aLandvitqlAebhs secorgasahadivienuief the

present invention,
from said lens, and

said lens is taken out.

A tenth invention of the present invention is the
disassemblyandassemblyapparatusaccordingtotheninth
invention of the present invention, wherein when said
pushing-up pin is used to push up the upper and lower
dies and the lens, the pushing-up operation of said

pushing-up pin is synchronized to the moving operation

of said sucking jig.



Figure 3(a) is a perspective view of a sputtering filmformng jig obt ai ned
‘according to a third enbodi nent of the present invention; Figure 3 (b) isja
perspective view of the sputtering filmformng jig obtained according toj
the third enbodi nent of the present inhvehtton,; - 17 Figure 3 (c) is a !
perspective view of the sputtering filmformng jig obtained according to:
the third enbodi nent of the present invention; Figure 4(a) is a sectional :

view iT1ustrating,essgqidaly PALESRelod Prasrehiysend assRil yoarpar at us

for an optical elenent no ng dre according t ourth ment of the

present inventj.an, . Fl | t] ew: i Ll ustyrs

essenti al p§r Ttdsl%{’sgﬁggg§s§§£%$@&3%§§a?%g%q&y Lg%\%}é atgutgl%dr%%gggti cal :
el ement nol ding die according to the fourt.h embodi f . pre t |
i nvention; B fﬁsﬁf%§iysa§’ é%%?%ﬁa?O&ﬁ%ﬁﬂfﬁﬁ%s?r%?ﬁ%g%t éngggén ﬁgl parts
of the disassenply and assenbly. apparatus for_the optical_ .elenept | di ng:
di e accordiﬁ?i&ﬁ%ﬁegFSUPFﬁo ngﬂtE§FtﬁﬁyﬁﬂﬁgeﬁPvﬁﬁﬁﬁﬂQd%, Eﬁgure :
5(d) is a sectional view il lustrating the essentjal parts of_the

di sassenbl y PP SRS BV §PEHOR atiiy 109 ¢ HeX BperEar- S8t WEAArdg i c
according to the fourth 3 enbodi nent of, the present invention; Figure 5(e)
is a secti oRMSKARG PPIRARy & PHGKRIY ddbnend MY @Fapﬁeogi’%‘?ﬁ BHbly and
assenbly apparatus for the optical elengnt qﬁldin die according to the
fourth enboddchtSWEkiRg gricbernia 1AVBRLNOF IFREF eCOMPF 1P sect i onal

view illustrating the . , ‘
performing at least a step of using said pushing-up

pin to 1lift said upper and 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

said 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
an optical element molding die composed of an upper and
lower dies and a mold. This means comprises an outer
diameter that precisely fits the mold, a suction port
which is formed in one end surface extending
perpendicularly to the outer diameter and which is
connected to a suction apparatus, and a sucking surface

which is formed on the other end surface with which the



[
.essential parts of the disassenbly and assenbly apparatus i for the ’
optical elenent nolding die according to the fourth enbodi nent of the I

|

present invention; Figure 6(a) is a perspective viewillustrating an
optical element nolding die according 8 a fifth enbodi ment of the present
invention; Figure 6 (b) is a perspective viewillustrating the optical

el emrent nolding die according to the fifth enbodi nent of the present

el emont _mol 61 a5 0 P SE e e R AR el cnpne iR A5 e S e
venti on: £uauceGphch ArfeLsnes LE dhee! LeushialLon e utkg, et nod
bor ki ng ot Tod OP FRET ek thrdr e RTE g Ui e according fo the sixth

1T ust rating t BATEIRE ng SETTOIBI 4 he BivT 4P Paarah ot ARG S
according to the si

a per specti%ec%%%viélt {)]Hgtr{r%_%t! %Slrgﬁ?gé?\;)‘? i%gﬁqﬁﬁl \(;‘?S hgggpg:lgg{ee@;egrg)ntl >

:’Yﬁ{/glr][l?ogl €as EhéLgsuc Cfrcl)gdéggfta%et gsséxérpaffg?:d.lrgggtusogft ggr ta\et%ernet
than said optical surface, while a convex optical surface
of the molded optical element as the sucking surface has
a larger radius of curvature.

Furthermore, as means of reducing the costs of an
optical element molding die and productively
manufacturing an optical element, a third aspect of the
invention provides an optical element molding 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



Figure 7 (e) is a perspective view illustrating the working nethod of the

‘optical element nolding die according to the sixth enbodi nent of the |
present invention;, Figure 8(a) is a sectional viewillustrating essential |
parts of a method of manufacturing am d@ti-cal el enent using the optical

el ement nolding die according to the fifth and sixth enbodi nents of the
present invention; Figure 8(b) is a sectional viewillustrating the

essential parts of the nethod facturj N-PRLeCak @ gt sisi ng the
optical ele i &Ihr?g od?%l%acggyg?ﬁécggﬁieﬁgi %flﬁ@gn:?’si xt h enbodi nent s of
the present _invention; ure 8(c) is 25

_ Fi | Jdagnal jew illyusteatidpg the
essential p&itd o?elf‘ﬁ%nﬂegﬁo@roefv hu ac?éﬁlﬁgp'an rI}(g.lp]’teélNc%irl-\ﬂje?ement using the
optical elenment_nolding die according to.t fif . S| X Lgents of
t he present pirmﬂé%ﬁi'rbﬁ,l%ﬁi (j‘ﬁrsé)%](%i)ﬁe?ﬁlswégg’edh‘ﬁil a’%gﬁrﬁggvllgh btg)t ra c?lg%g‘tahe
essential parts of the nethod of nufacturing an optical elenent using the
optical el efd®t GRIEFNEIdEESAIDIHing - 20 to the fifth and sixth
enbodi nents of the present invention; Fi gurﬁ is a. .sectional iéié w

0

. e).
illustrating theFegs&my ala phtfshof SPRE f MR H Y’ 3R %pti cal
el ement using the optical elenent nolding die accortgli ng .to the figgg and
si xt h enbodiangritlgn FFo¥méngr 846nf A FaR T ooF 1 REgAFe “O9& glikse S XRLPBhal view
illustrating the essential parts of the nethod of Eanuf act uri ng_an ﬁpti cal
el ement usi g tehegopeVeabodltekamt 1RoWBilsg & & HeEdL ditdg X Fi #PR and
si xth enbodi nents of the present invention;, Figure 9(g) is_a sectional view
i |l ustratinddwer essestéah parascommoga ed Hol 08 AeP@EhcPlir BRgCYRSSpt i cal
el ement using the optical elenent nolding die according to the fifth and
si xt h enbodipentshetyt be& @r ebient ©hvenviredetregniaed( W%ﬁ@%%%c?ifoﬁal vi ew
illustrating the essential parts of the nmethod of manufacturing an optical
center of the disc, so that the groove potion can engage
with the groove portions formed in the upper and lower
dies to hold the upper 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,theapparatuscomprisingeu1upperdiesuckingnmmber
connected to an elevating and lowering cylinder and
shaft—guidedviaasﬂidebearing,apinnmmberthatpasses
throughthethrough—holeformedjjlacenterofthesupport
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.



f 1 element using the optical elenent nolding die according to the fifth
and si xth enbodi nents of the present invention; Figure 10(a) is a sectional

view illustrating essential parts of a nolding die for optical elenments and
a manufacturing nethod of optical el emei s both - 21 proposed previously
by the inventor relating to the application; Figure 10(b) is a sectional :
view illustrating the essential parts of the nolding die for optical

el enents and th i !
CuBRAML AL LE! ée‘gvgﬁtt%ogsﬁtfeﬁgp% gfrﬂe alrRAENt SoRYPHbPLeessed

previously by the~inven ating to cation; Figure 10(c) is a

iﬁff | onal Vigvopbidstr 81 LIS ING SRR L3k HaEyengicd RedIiLLRG db8e5or

St o A i A
R i At R T
oot proposelhr BRI e % SRt
;gn_(lz_';]irglrjli Rgmﬁag‘g%slzl%%ﬁggFgfa%g{R@ %iuifg\g%eﬁ) ‘gﬁ%céfgép%égprd?éhy - 22
33 Lover ‘nedaf piiaPe 90 T TP THE G PIP: FEAF el a0 i
forming jig 36 Notched portion 41 Mol d dis ssenblgF%%ga%?senbl appar at us -

68 Work rot atlwga bhEyt of9 IG% e sERREVEB G HeS shR iH#Ag stone 110

Heater 111 Lens 112 Die sucking jig 115 Lens, sucki |1 g Best de for
Carrying Oﬂln¢ﬁ¢Vﬁ¢énﬁﬂmﬁnﬁﬁEﬂﬁﬁﬁnpéﬁﬁht?%?%i@sag#hé%ﬁﬁﬁi%ﬁgmﬁII be

descri bed below with reference to the draw ngs. nmbodi i
Enbodi ment caowstibetdexrepyddies, anda suppgort Ee :(L)nlc%g[inl sglct)%td

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
a manufacturing method of an optical element molding die
comprising a step of slitting an outer periphery of a
cylinderatapredeterminedpitchtoformgrooveportions,
a step of grinding the outer periphery of the cylinder,
a cutting step of cutting the cylinder into pieées 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

thecylinders,theendsurfaceextendingperpendicularly



i
- 23 - Wth reference to Figures 1 (a) , 1 (b) , and 1 (c) , description
‘Wi || " be given of an optical element sucking jig according to Enbodi ment 1
of the present invention. In Figure 1 (c) , as described in the Background
Art section, when an upper die 82 is—pdlSled out of a nold 86, a lens 89 is
i nstantaneously lifted upward owi ng to the adhesion of the lens 89 to the
upper die 82. Then, the adhesion is elimnated to drop the |lend 89 inside

the ol d 89 d. ed f orop Loe. I de
e Mol d 86tPotMRCPY e aRALSEL T (it Bb bt o 1) Showe & SUki N |

_ _ _ shows a sucking jig
aC0T 0 19 {0, 1e B SEL L RHOBULIBI, . (e BULSl ofpt eheobpklie Uk NG 1
O e SO L8 L) Sl 9,108 UL el gt Bpiinta sy 82
i ametor o AU GA TELE Aol BT A S T U T Aek hhh G A Seew 15
and is coupled to a suction apparatus (for exanple, a baby punp or a

convum not °$h&AHN . PIFRESsucki ng surface 12 and the pipe 14 are in

communi cation with each other via a through-hole 13. In nge the
stateir1Figw%aEUF@PQRPQW%u%%&%tPﬁ%ﬂ%%ggﬁﬁ?gfqv?%%gégﬁgéé?f?g 11 is
softly pressed - 24 downward to bring its P2 _side (see Fi urﬁ 8 éd) )
into contack wankfamtuehBoguethogoPLeePtik@ LT " HE" | EhECES.  The
shape of the sucking surface 12 has a smaller radius of cu vaigre %han t he
concave shapptifcaheelemergs tedoedragey etk i vayyng 5 i t FOff

corrected, the lens 89 comes into uniformcontact with the ﬁ?ﬁkiﬂg surface
89 for suct matlasd shompras Py ahd P iof t herPiger & ("é’ééhli?% ogkhy ) .

Subsequently, the sucking jig 11 is pulled out to allow the |ens 89 to be

easi |y takernmitodficihg mopdurabute of( B ldiows rakerird Sot¥FPg bl ock, in

whi ch a nol di ng operation has been conpleted, is reversed and that the

| over die 84dspeutlied oavitiisheacbucknpgspidget 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
pluralityofupperandlowerdies,andfirstthrough—holes
throughwhichtheupperandlowerdiesareslidablyguided,
aheatingstepofheatingthewholemoldingblocktosoften
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



I
16 supsequently inserted into the nold. Wen the lower die 84 is pulled |
‘out, 'the lens 89 is hardly lifted because it is not adhering to the nnld.l
It has been confirmed that if the sucked | ens surface is convex, a stable!
sucki ng operation can be acconplished vid h-a suction rate of nearly 100% by
increasing the radius of curvature of the sucking surface 17. In the
sucking jigs 11 and 16 according to the present enbodi nent, the outer

di ameter precisel i i,ntQ -t I : ' ikSi gpheri cal
Further. | nd eehapbst o P S LR TRy e LAY i BpR LR gR0eT 1221
to have radii of curvature such. tha [ rface contact with each
other. Specitticdl9ydiRHe s ??ég%ggégﬁé?hd&%%&fhe present enbodi ment
can enter the nold and has an abutting surface which has a |arger or
smal l er radius of curvature than the correspondi ng surface of the cool ed
lens . That is , the abutting surface has a | arger radius of curvature than
t he corresp&idisy %%FF&&@P%OQrﬂﬁcaﬁﬁegrﬁﬁﬁpqﬁ this surface i s concave. On
t he other hand, the abuttjng surface has a_smaller radius ,of curvature than
the correspondi nfigwade(df thed RFRHCPEAsVIER R e?ﬁrefré%%afsp%g vex.
Thus, according to the present enbodi nent, when the nolded lLens is taken
out of the|ﬂﬁ(ﬁﬂﬂ?Rﬁ%@a@hélﬁﬁﬁﬁﬂs?qﬁﬁl%goﬂeﬁa53£ﬁﬂnﬁﬁﬁﬁr%ﬁ@ﬁéFSr5,

| enses can be nore effectively produced. (Enbodi nent ,2) Now, Enbodi nment 2
will be desdrinrtd. embgdiment (@ BRe Prep)enl el R¥ERFIAA views illustrating
essential parts of an optical elenment nolding die accordin%,t%aEnb di nent 2
of the present iBiemtren.(bFhis aopertarnaleidrly dblLdiengsaretilelaaptéd to
allow an optical elenment to be nore reliably taken out of the nold, the
optical el erehttibei agtdlsedi rebtemenhe sUickd it RRBAE &y AR RBLBANGO
material in the same - 26 way as conventional exanple and then pressing
and def or m rthé heisett emédb diohenhgoffatdys aireJaRtophveaIt i@rirent nol di ng
die is also adapted to achieve a reduction in die costs required to

manuf act ure an optiicuate él(enent apeetiinemalensewed ) the essential parts

of the optical element sucking apparatus according to
the first embodiment of the present invention;

Figure 2(a) is a sectional 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
oftheopticalelementmoldingdieaccordingtothesecond
embodiment of the present invention;

Figure 3(a) is a perspective view of a sputtering
filmformingjigobtainedaccordingtoeathirdembodiment
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;



In Figure 2 (a) ( a cylindrical upper die 21 that fits into a nold 29 has
"an optically functioning surface 22 formed on one end of it and a slit
groove 23 fornmed in the outer dianmeter of the cylinder. The slit groove i
used to vent gas fromthe interior of-d7cavity at the tinme of the formation
of an optical elenment as well as to achi eve anot her purpose descri bed

| ater. Specifically, a very small D cut surface (not shown) is forned

dth t i.ph b ot i ; t pigt he di
aroun e ou erFP@ﬁ‘r% glt(y:t)ﬁfésd?gjep%ﬁéc@le,@;,lwoqvghe Bpudiea Digt he die

in the axial direcfron s , the inner wall surface of the

mold 29 is ‘E[iflage’?“%%f@é‘tﬁ@lg‘r’]“g‘bgéi*l‘?e@agcta%tr\a%% the tneecnwald surface and

the D cut s It groove 23 to vent gas fromthe interior
of the cavit .cordi nglLy, .th 9.p¢ be wrought so as to vent
gas fromt hg@ﬁ%%ﬁ;{:ogft ﬁgecz)vﬁ%/&ﬁnlgp%?lga%ﬁ@’ functioning surface 25 °

daslit 26 | so, 1 in the | i t die 27
S arr anged bl ol-BRES bt at® 24585 BOTTS: DL FH Fad R T hedhol d 29 and

is formed with a through-hol e 28 jn it - i L gpart
composed of SRERIHRT BRECPorbre e SRGTE LYof § oL BAFSTRA Y, ST e Rt er  a
30 t titut .ding hl ock 31 First, '. |

i es oach hAPE &% PHREToRHE T Msnis bR L RS bR AR Car Byt hEEh  cqui 1o

a large nunber of wought surfaces , i.e. the outer dianeter surface and '
pl anar part esPadkinenbngd & iRFESENE| L4V St ace fitted over the inner
surface of the nold, and the optically ,funcii oni ng.aﬂ]rf ce., The ft ange
portion is effecFigaine s8R asSachSeR PRSI VEEGH o “}F&% kg “OF
secondary working for the optically functioning surfacn?bifo_r exar‘r}:)l e, the
formation ofessewtbas®attmofstig H spsedp) Y IRGRSFHFTPLY AP THa " FPange
portion has a large nunber of surfaces to be wrough&,, it is veé%/ dﬁ}fi cul t
to work thi £qmothemmpt foal kdrementmodsling fg S €CHE é)?lﬁéh%fc@@. W:eontrast,
t he upper and | ower dies according to the present enbodi nent requires the
wor ki ng of embodimentootferth: apreesensudfi&EE 5PRdi ng t hrough the nold, the
optically functioning surface, the plane opﬁzsi.te to the opticall '
functioni ng surfadegumnd (bk $bi & gresvvisnahhivéevwnayl BeSFeahEiPPeltnNS ess
precisely wought . That is , the upper and lower dies according to the
present enbesentialeardaght the dheabasind lof andesssemblyapmpeattiscal |y,
when the flange portions are renoved fromthe conventional upper and | ower
di es, an objfet tak dpeipaesendméntentldingah ehacaohnidévent oy he Fowrtg t he
optical elenent to be nore reliably taken out. This also reduces material :
and wor ki ng séaimehite cUpiios tpdesedt riotvemt yoprevents the upper and :
| ower dies fromslipping out of the nold but al so produces another effect .
described later iFigletaib (89r ia di esalishsneibivy eand bsetbhy iagpaite us.
Figure 2(b) is a sectional view show ng essential parts of a method of

manuf act ur i ngs §8n eRkI1GEA r ek Rh i baalsienth 1 ¥ ahdp eseinbd vasdp debanrs ng
nol ding material in the nolding block 31, described previously. This figure

shows that tHe, wpldhpeipRledi dheh el Angefis Aedo riinppert e dohaver
heating plates 32 and 33 are used to heat the whole nolding block 31 to

soften the éaglm’égtterdfmtﬁé-pIQ%%ntprﬂ&‘&é'ﬁﬁibﬁ;eXEFtEd via the upper
heating pl ate to deformnolding materials and transfer the optically

functioning surfaeg it BReOlidi N JBELLbALL WMuw SpEGktiealing the upper
and | ower dies, the rm‘la'd, and the support die are conposed of a netal 1

nenber nai nl yo GOASSIy 0,9% & HUGR! 88 U0 ¢ Wkt abBeRBIY SBbATats

sputtering nethod Tsu orma platinumalloy filmon each of the
mﬁlcallyfL@&%%ﬁgQgtiwgf@fém%%ﬁﬁgla§ngdieaccordingtothefourth

embodiment of the present invention;

Figure 5(f) is a sectional view illustrating the

essential parts of the disassembly and assembly apparatus



nol ding material. The nolding material 30 was obtai ned by shaping
borosilicate bariumglass (flexure point: 549C, glass transition point:
501C, specific gravity: 3.09) into a-spdsere . For nolding, the upper and

| ower heating plates 32 and 33 were used to heat thernmally efficiently the
nol di ng bl ock 31 from above and below to 600C. Then, a pressure P of 800 N
was exerted the |di Al equent |y he. h i ng
pl ates wer ef%g\/\%r%egbg%&l gggﬂiehqgc lgrgégs%uﬁ é%?%éﬁcsowasﬂg%rﬁq %%Sgodjﬁﬁ t he
tenperature_r a%ped 500C, EEen t he pressurization was cleared and the !
whol e nnldiﬁ888 JEEY Yhs teEoPEE tBVERELSm t enperature to obtain an
optical elenment 34. After %ufjicientlg cogLing t he npgfin bl ock, a pin was
manual |y insert l?ﬂFSugﬁathéﬁﬂﬁcREﬁ-HSF V6" VIS met- PR MRS AHRPt die!
27, to take out, the optical el nt by, lifting up the lower die 24, the
upper die Z?P%&ﬁﬁHtHEBHB?PEaWOgI g%% 8660& R neP d2 281 FFR s operati on
was performed 200 tines and it was confirmed that the optical elenment could
be taken outMBPAMEHp| A i Fhg1 PRaReREsERVENELONy assuned that the opti cal
el ement was able_to be apgropriately t aken out because through-hole 28 ,
formed in the sUphdrEedPdbir7is al PEREPSHel Ve v ievWpbl hvsdmedring ddft¢ on and
that the wei ght of - 30 the upper die, which was in surface contact wth
t he concaveCBifade gkpipertsirilade)a oliehacepridddly etenthe, faditdd on this |
concave surface to keep balance with the central point of the convex
surface (| ofpodditente)of tThe ialadient opevantdensas perfornmed in an inert
gas to prevent the oxidation of the nold. The flange portion according to
the present enbdtigene bdcaniexanpkesplect ivangeewctbldistgattuindieclpe esent
invention. The slit groove 23 according to the present enbodinent is an
exanpl e of apgicede elogwedinpotilolithe giesantoidders i tom. thentiaditlent 3) Now,
Enmbodi ment 3 will be described. Figures 3 (a) , 3 (b) , and 3 (c) show a |,
filmform ngmpogifmemtspuf t Ehengraseait i sSnuenttiom;form a rel ease filmon an
optically functioning surface of a nolding die having this surface on an
end surface of &Fiyhred@ra)Fiigure Betapesttanws theekwoned uditer {tstrwgnai n
Figure 2(a)) 24, having the optically functioning surface 25 , forned on
one end surtaekioigméehoy ¢ ideropehdathel shehtyebaengtlid acaeddinghe
outer dianmeter surface of the cylinder. The cylinder has an outer dianeter

of 3.5 mMm fhouhe I iGkh séeMedameditt ©f ehéi pefs@rit ndnveHt3dn; used for
sputtering according to the present invention and forned with a generally:

cross-shaped note\@drBoT(Honis a Bérspective view illustrating the

.- 29 -in order to allow these surfaces to be easily released fromthe I

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 illustréting the

working method of the optical element molding die



and the notched portion 36 have a dinensional relationship such that the
former engages with and is hold by the latter. Specifically, the slit !
groove 26 has a width of 1 nm and an -out%r- di aneter ~ of 2. 5 nm The ‘
not ched portion 36 has a board thickness of 0.8 mMmand a width of 2.7 mm
Figure 3 (c¢) shows a holding nenber 37 forned with a step portion 38 for
hol di ng t hesti QL M ki ; t j er 37 is

At tached Tome o b L R e T bRESSEoe the
conventi onak nype’; A0d | ower dies are each formed with the flange portion.
Accordingly, the size of the flange portion determnmines the anount per batch
during sputtering; r .an i C i Q.the .noresent

enbodi ment are 2?%%§3gc33%§d%%c§|?8?%§§Q§§§%$rﬁgéﬁhggéﬁﬁ%rf%%ﬁﬁ the

i mpr ovenent .hr oughput .per, tch. It has heen confi d that sputtering
with the prggé%éqélﬁ% a%?egff% PREHEEfof E%ﬂ§i¢9{ﬁgn8a Svith the
prior art. The fi.n1fornigﬁ ji %glac oraing to the present enbodinent is
an exanpl e BFCRISIHIE BRc ﬁiﬁgﬁ: (HEPQHELERL iHyertF REEPRELe parts of

t he notched.gortion 36 according to the present enbodinent in which the -
32 respect? S di es 24 are caught are an exanple of i a plurality of

.36 in its disk-shaped netal nenber. The slit groove 26 in the |ower die 2%

hol es according tp the present invention. ([Enbodinge 4), Now, Enbodi nent 4
will be describ .%F&Bé&43(%)a,SﬂCFB)°n,a]ﬂ ‘(Jcﬁw,lg&(l&)tr,atslfz%) , and 5
(f) are sectional views of essential parts of a disassenbly and assenbly

appar at us fBPSERTIRT LA et MRIRFAP HianyfpGEHEANIhE M OBGHGRkr at i on

of the apparatus and a process executed by the apparatus. The di sassenbly

and assenbl §Lapsatatisd ne ddraiiond @t Rl HReBENRO &ABSG ARt 28SoaTHinG t he
mol di ng bl ock 31 before a step of forning an optical elenent and
di sassenbl e§ot kEendlifitHy dndckixthaferdrod hmentep aff floe npngsamtopti cal
element. Figure 4 (a) shows the nol ded nol ding bl ock 31 after having been:
nmol ded in FLBUPBTZQH) . The nolding block 31 is conposed of the upper die
21, the lower die 24, the nold 29, and the support die 27 with the '
t hr ough- hol e 28,Fkgidrené (bt iichala ebeationdd. Vihew opl Lualt reltement thas been
conpl etely nol ded. Figure 4 (b) shows a configuration of a die disassenbly
and assenbl §sappaialupadit.s Afvighe imediigd mdvmbhe fad tundeng4h optaraad ded on
an L-shaped colum 43 fixed to a base 42 . A sucking jig 46 that sucks the
upper di e 2¢lemehitxeding 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



.to the tip of arod 45 in the cylinder 44 by a bar 47 using screws 48 andl
49, the bar 47 noving the sucking - 33 jig 46 in union with the cylinder
44. The sucking jig 46 can be snoothly noved in the vertical direction
with the help of a slide bearing 50 colained in the colum 43. A
conpression spring 51 is wound between the upper end of the colum 43 and
the bar 47 to allow the sucking jig 46 to abut |ightly against the upper
die 21 . Fugph t Sl ' : AY t gads on the
upper die 21Baggfhg?@§ﬁﬁn%%§n§érgjggggggggﬁgi%thgﬁ% |%§§?gg?he sucking ji.g
46 i s Cy"”?ﬁbgﬁé qﬂghlts | ower end surface is provided with a planar !
sucking surface e ot her upper end surface is provided with a suction

pi pe 53 connecteigl §g%5|qg;%9parﬁéu gﬁfnﬂﬁg9““%lg§§% ucki ng surface

52 and the suctlon plpe are in tco on - w ?ough a
t hr ough- hol e |n h 548 f r t he 42 be|OM/ .ce tra
axi s al ong ﬁﬁggﬁlt %Snag‘ the ;e ﬂaPHﬁﬁst%tlt‘g@dﬂf OB

die ejectin 6 1S i ded .i.n the n and .connected. to a
Vertioally ShERAR wﬁrfﬂj e(ﬁ&tl%ﬂm rrratl?hra? LB 1S RECERLTT thi s
figure, an er IS nne ver ally and rotatively
novabl e necﬁ%n?b fﬁ%?q§ ) Si-& ? l?ﬁ? ﬂﬁéadétﬁéﬁptelenent 34,
and introduce the nDIdlng material 30 (see Flgure 2A) . - 34 Now,
descrlpt|0n1RF?P 4Oy ven of a process of di sassenbling and assenbling the
nmol d. Figure 4(h), shows that after the nolding bl ock 31 has been placed so
that the through-Horee28, foﬂﬁbdﬂ|%e@ﬁé0§mﬁxﬂ%e%|bli?séﬁaﬂ#PQWﬁﬂﬁng bl ock
31, coincides with the axis of the die e ectlngfpln 56, the cylinder 44 is

| onered to %%ﬁ?nﬂiﬁélsﬁé%tﬁgogtﬁh%e‘!@tgm%@é WanUlae TPHBRY @TH OBtifaedle of t he
upper die 21 . The lowerin g speed used for this operation and the | oad

acting on t@éeBphitcHl idie opfrdiaryl teni emeptrae i dhngr disehecpadisyy as not
to ' danage the nolhﬁé%surface of the die or the optical elenent

However, 30temtbect 2agf sarehdesibedipenppr oft ithte. p2ésestsucked. At
the same tinme, the cylinder 44 is noved upward synchronously with the
upwar d novenevengfiomtye die ejecting pin 56 . Figure 4 (c) shows that the
ej ecting pin 56 has been

Figure 9(g) 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 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



el evat ed and stopped at a predeterm ned position and that only the cylinder
‘44 has been lifted up to the upper end while keeping sucking the upper di
21. At the predeterm ned position, the optical elenment 34 can be easily |

taken out, i.e. it does not cut into-t#d nold 29 . The upper die 21 and the
optical elenment 34 have been noved out of the al nost closed nold and are
thus conpletely separated from each ot her. - 35 Figure 5(d) shows that

the transfer ne%%%h %rgngf)ﬁgeig,p{i}li}é:&éoﬁﬁbbﬁ%'o\f anch heAgdewnward and has

t hen suckedPaR§ él ement 34 using neans such as

suction. Subse uenﬂ%ﬁj?the transfer nenber 57 is rotatively noved again, §

and stops tABPsd&E o rel ease the optical elenent fromthe transfer

menber 57. Figure, 5 (e) _sh that the transfef. SREVIT=To MY sucki
t he nol di ng naté??ng§01®d&8€tl§e%d?ngﬁOE%%SS&H%??ggigg%g%ﬁbqgfng %Iock.
The die ejecting pin 56 i s noyed downyward tq.pl ac Ay r_dd on the
support di eesBenthienl H?ﬁﬁ?r%ﬁég%?1ﬂ%ﬁgéP95gl§t§8§ %Egﬁgﬁziﬁﬁgﬁéﬁﬁ?ace t he
nol ding material 30 in the center of the optically functigni ce 25
of the | oweRngi &ty mFpy{REtTidg tfP%EEPé’r Orferﬂi‘%ﬁy%%yi s F&eﬁquﬁxg#é’gﬁoved
and then the cylinder 44 is | owered. At Lheéyositionlmhere tQF_ggger die 21
is fitted | PEORIREGOPECYIOUHY REKERG Y ATt opS 1 Ehé " oR C Fi gure 5
(f) shows that the nolding block 31 has been conpletely assenbled to get
ready for pe@sslimddiay.; Executing steps (a) to (f) allow the optica
el ement nolding die to be easily disassenbled and assinbled. Jn tF die
di sassenbl y and Bsgems \l pphr hsus se€oidnl tbleNelprlesdiid ehb8ditEnt, the
mol ding bl ock is configured differently fromthe prior art, i_.e. the upper
and | ower dieassit hall Raraseofonheguedding Kd ssifighl poticak e LEMERES| cal
and the support die 27 is forned wwth the i through-hole 28 . The nol ded .
optical el ererd 4 smaakéncautrofgthetholdd ofhidret beihged@amaniehdeobBt ween t he
upper and |ower dies . Accordingly , the optical element can be taken out |
nor e rel i ablyr @nsls @asplry vanch sy obgt itbal |ynveamiegr relating to the
application; and
Figure 10(d) is a sectional 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



,allows optical elenments to be nore effectively produced to reduce their l
costs. In Figures 4 (b) , 4 (¢) ( 5(d) , and 5 (e) , a basic configuratian
of the die disassenbly and assenbly apparatus has been described. It is
possi bl e to conbi ne operations such as 2he vertical nmovenent of the
vertically nmoving cylinder and die ejecting pin 56 and the vertical and
rotative novenent of the transfer nenber 57 as well as the control of these
operations,2 es ib%glg_ Vs wi th conventional techniques that use an air
cyl i nder usi™ng %ﬁﬁ% Sed"arr as a driving source or a sequence circuit.
The iIIustr?%JO @% t es devices is therefore omtted. The cylinder 44 and
bar 47 acco wn;' e g?esent " enbodi nent are exanples of noving neans:
accordi ng tg t he @{ejini i nve éjo .. (Enbodi nent 5) Now, Enbodinment 5 will °
be describedl Wit r HAINEE PFFKfires 6 and 7 , description will be given
of an optical_ elenment nolding di.e and its manufacturing nethod according to
t he presentfﬁhbgﬂﬁﬁﬁuh?atlp 3?l%$?ﬁgure 6 (a) is a perspective view of

t he upper and | ower dies. The upper die 21 has the convex optically

functi oni ng 3ur e ¥ orRRELEN e®d surface of the cylinder. The |ower
die 24 has the concave optically functioning surface 25 forned on one end'
surface of t3fe Maldee. M¥kerisber and | ower dies 21 and 24 have the slit .
grooves 23 and 26, respectively, forned in their outer dianeter surface. ;
Figure 6 (by3%héMEtbC@§lﬁﬁﬁﬁﬁﬁ§1 mold 61 . Ten first through-holes 62 are
di sposed on a predetermned circle line at equal intervals . The upper die
21 and the |3werFidie Parmghewd 3 dotted |ines) are accommpdated in each of
the first through-holes 62 with a predeterm ned gap between these dies for
sl i dabl e novdsreMota@nefinpextdicamet er 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 fMohadddnstlssemilp angopsisenels) FPRAEAEYSportion 65 is

w ought to have an outer dianeter di mension al nost equal to the di nension
of the inner6gli afetler rpastiiory 6Shaftthe nold 61. Ten second through-hol es
62 are formed on a simlar circle line at ; equal intervals . Each of the
second t hr ougth- hor £8d62oln@s rotsaalhgr shalfe di nensi on than the first

t hrough- hol e 62. Consequently, the support die 64 does not only allow the

| ower die 24780 deipbaeed sasonndé but is also formed with

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.



- 38 . a through-hole through which a pin for allow ng the disassenbly of '
the die is passed. The support die 64 also allows the whol e nol di ng blockl
to slide stably on, for exanple, a heating plate. Wth the axis of each |
first through-hole allowed to coincide2dth the axis of the correspondi ng
second t hrough-hole, the step portion 65 of the support die 64 is |oosely
pressed and fitted into the inner dianeter portion 63 of the nold 61 for

integration. In order tq allowthe I he por i to be
appropriately pdg?gﬁoﬁ§§Qﬁﬁ§F?h€9 g?@'ﬁ%%ég?g?éa %352fhé&?ﬂtﬁé§ﬂﬁay have ‘a
concave and convex relatio i p of_ any kind. . CL} :
optical el eREFCIAHNY %?gigﬂgbgégeg B%u?al?$§lggiogggﬁgvﬁgﬁ%ﬁ%ﬁ%géto be
sinul taneously forned. The first through-hol.e_acco e r die, :
t he nol di ngJaét 8ECALI g ?%@%ﬁé?‘mﬁp 1 ?ﬁetgﬁp%gg?gg‘fteipé&g}é%%\géd bel ow
the lower die . Further, in the description af .Enbodi pent singl e

nol ding die i s dfBaBaenieed Ehd %%éa[ﬁﬂg%ﬁ.lgﬁgvvé%?gg?‘ei aicé(%%%ltug?rp gtged t he
same basic configuration may be used to %isassenbig nd_asse angld
plurality oSewmiimg dhes sirmHRRABIIRY B2THiS Y %ayo & ive"n ,
inmproving the productivity associated with nol ding of optical elenents and
with die di $dssenlepsarfd asssérﬁﬁ*‘yantanesysl\k@tlﬁfrféfcgr% QL ooYii‘-BHES 7 (a)
to 7 (e) , description wll be given of a process of mprkégg qf oRtica

el ement  nol dilrey adiless Epgued theal esisold & dEPebiitstPhg of P& cenent ed
carbide mainly conposed of tungsten carbided§V[3, t he outer_ dianmeter of

whi ch. i s wr atightadlbebéod. 5 smeLshhgagesy tindirenl thel LemcthPathfhdeand a
resi noi d- bonded di anond gri ndi ng wheel (Nunber #240 ) . Although not shown,
t he materi althmyndedwBBugh® byumsi redge <0 | of theckers Hol Cohe 3PFe of it
while carrying out center work fromthe other side or using a centerless
pol i shi ng neahé nent dhradr padst orfe thes reHah g tanih @l dhandhd §eitndS€one of
thi ckness 0.95 mmwas used to formseveral slit grooves 26 at predeterm ned
pi tches as showw 89.t heifguger & 0 ashdwsraashchkidepti dfaceerding Som The
wrought slit grooves 26 each had a groove wi dth of about 1 nmmand a depth
of cut of ahow p@escntMBbBRE reaRdi t i Tins ourtder dnkineft etthef dlteesudkamst er was
ground included a grindstone peripheral speed of 2 , 800 mmn . , a work

rotation spep;0i115@ H¥Bc P98 aneugharomintiof iftoi dhen/mpkdadbon. The slit
grooves wer€ appropriately cut at a grindstone peripheral speed of 3,000

m min. Furthernomg @ sy fage guitiderd wasetdsed otfo tim i sickbhagogtier 11 .
peripheral surface of the cylinder into a D cut surface (not shown) so as,

t h t ie 82 48scird beat
0 reach a %%ﬁg?%g%ﬁﬁgogﬂgiaﬁhmégg%EE%Heﬁpbgﬁ@le scird

adversely af e optically functioning surface. Figure 7 (b) shoﬁs
| over di e “0%1‘?9%86%&_@4 iR eha B Ai@EDRY SutEgEeWs Lsebimedun t he
at pifches

mat er i al

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 (fér 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(c) to the

stateinFigurel(a),thesuckingjig]J_issoftlypressed



simlar to those used to formthe slit grooves 26. Each of the | ower diesl
'24 was wought so that the outer dianeter dinmension between the slit 26 and
its side on which the optically functioning surface was fornmed is |arger
than that between the slit 26 and the-dpposite side. This is because gas
must be vented fromthe interior of the cavity while the upper and | ower
dies are incorporated into the nold. A common wor ki ng machi ne such as

cutter or a | i ndri,cal, polishin chi : {\C\N tal and

Coram co ROGHSERED nBOhESHP2 TG 18408 SPP0 s N 628 dBREL R &) o

functioning surface 25 on end surface of t i hece 24,

the work by aRaadte Lasth e e me e d e T e 0L L PEHsPEPEe, 20
n

rotating disc 67 _and usj wax to glue it and e central,hole her. A
work rotati AgSKIAPSS § S S %h aFSn}ﬁgl?ﬁaesl%\ﬁé?a]d?% \A%%ggﬁtgught
usi ng a superfine working nachine having a grindstone_rotatin aft 69

i ndependent odf GWEVABLESr HBRR NS hEPRC }%@%P%nBﬁdtéﬁhfeQﬁ%§%Stone 70
havi ng an abacus-bead-shaped cross section is proyided at the éip f the
grindst one ASICRFRENGRNT1 g-eTHaavinas i L5t +hF RS W SIghE  ustRG t he
shaft grindstone 70 of outer dianmeter ~ 5 nmat 80,000 rotations/.mn. A
shape gener adteme SAmdMAs Wi UBad O GARER CEHB W R & BY SRR SHAFECES i s
mount ed and whi ch can be subjected to sinultaneous 2.5-axis NC control. The
machi ne was §% digmnsredtiont Bat shoymet &7 Bk i@ Findhe BlevFeul(sfearc.
The machine was used to cut the nmaterial at several mcron increnents in
the directi digirams iy bw -Fubaegnerttlgur sheospekmng $paeckt d& PBplecal |y
functioning surface 25 of radius of curvature 4.458 nm Subsequently, the
shape gener atitngtoeshilpe whe neves 8%aloi het Basdilivedidlern oPUknC4r £6® +Z in
the figure. Further, the lower die 24 attached to the rotating disc was
renmoved. Subsebgient!ly, under simlar conditions , 10 |ower dies and 10
upper dies 21 were produced. Each of the upper dies 21 was convex and had.a
radi us of curvat grienofe 31 @44 showBi ghee Zhedmalvbisg thhockheihowbiloli es 24
were precisely glued to a grinder 72, that the surface of each |ower die 24
opposite to 4 ke npihgabpEratictd eringesin foangp Potads fhenegeawed] aad t hat
a surface grinder was then used to carry out batch grinding so that all the
nol ds had t henhgsanenhbei ghtrdidiensidon.s Audrliendli gt wheethwassnokaned Jilg t he
direction of an arrowin the figure at a peripheral speed of 3,000 mMmn. A
bed to whi ch ¢ ha,9sbpdentid; wassdixed ¥asot tharenstd. (| whemlthenlioored rom +X
to -X and - 42 longitudinal direction from+Y to -Y in the figure) . The

depth of cutgy@sd; O%alm'eqi 80AL I aMEr B&ns &9 d sBhAesilROl d fhenied cdivarend
gri ndstone was used. The height of the ground |lower die 24 was confirned to

be 2 m cron of |Bendesihib el otneThe 1Rel ot 0fad heeer oupd cipmerd di e 21
was confirmed to bed mcron of "the desired di mension. The slit grooves in

all the upperyapd 4 opers diga qvesSs IReked- o1 - ¥ashkNda isithiind stik&ing

supersoni cal Ty cl'eaned using a solvent. Figure 7(e) shows that after the

optical ly functignisng SYURTACE WRSHAAUN waReh £leaRethn ke eSbf heiraoyes 26

, formed in e respective lower dies 24 , were ¥
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



.engaged with the notched portion 36 in the filmformng jig 35 at four
sites (n=4), and that the filmformng jig 35 was then incorporated into |
t he hol di ng nmenber 37 , which was then attached to the sputter apparatus ..
Thi s apparatus executes a magnetron hi gt fTequencysputtering nethod. The
apparatus used platinum (Pt)-tungsten (W as a target to forma 1-mcron
rel ease filmconposed of 50 atontoof Pt and 50 aton? of Wat a degree of

vacuum J of 43 ﬁak%‘sfll qurir N L AR o Ofu S0 Wt gy ayes 1h esuSE 2devier e

=X iy .
t hus conpl eted m l'ar working process was executed and a simlar film

was fornmed %%necaac&o‘fvi{:ﬂee RRerodises 21 to conplete creating the nolds. As
3 descri bed above, conpared to the conventional manufacture - 44 the

upper and | ower djes .muis er [ ; any ded +engnks
defective. The f%?%ﬁ?ﬁ@&d%ﬁ?@ﬁ%gﬁl%s and 106 are wrought to
have dianmeters of 3 . .5 t4 vel t 1 dkng
mat eri al 10?r,esaer§%heé[}k?%%¥&\%gdlg%8 e% erit;l’}i‘égﬁclf1 %ﬁl%hﬁ’%?g 0 ttg?ne by
m rror-polishi a gl.ass rmaterial _mainl { st ? b j bari um
(F1 exur o porti: PRSo@IEHD BiHee [PEHEr Th ol per Badens ShpayrErheet
curvature set for the optically,functianing surfaces of .the upp e 102 -
and | over dit@afbFhg §oFT &P Qﬂds‘d].:igig§errﬂ? ‘i}é%p%%??\e/% i3;6.’-n%ﬁeef‘o%g:tcal _
el enents to be obtained hy nol ding are convex neni Sanlils IeEses. F%gure 8(b)
shows that tife FBICdRRY UGk sSHFLace Pced T IS5 andt BRe™ SEtMERR &M upper
heating plate 108 ' and a | ower heating plate 109 i ch _have heater 110
built-in inthan mpogw&qfadmgt%rg%@rogi%e §6>\Acl>glse$&edb5 oﬁ‘&sheat ed
and is then heated up to a tenperature at which the m)lgin bmate.rials 107
can be pressatr e défocREEavea- t I prle8eRtheFh iR MEnt TRENEPHHTTHY bl ock
is set between the upper and | ower heating plates heat ed@}r;ad set at 600C
and i s hel d fwrfage basomdsmalber gaddug () SwBHVE A& Rppifed
pressure P of 8,000 Nis used to press and deformthe nolding black via the
upper heat i mppfasponddng seadimomiodi thenapedied Lensd i FaiReHNyTaEFOr ned
to have a neniscus shape. Then, the - 45 1 optically functioning
surfaces of ithecampper.and | ower dies, respectively, are transferred to the
nol di ng
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 2(a) and 2(b) are sectional views
illustrating 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



.material. Figure 8 (d) shows that after the deformation has been conplete$,
the upper and | ower heating plates 108" and 109' are powered off while
continuously exerting the pressure and that the whole nolding block 101 is
cool ed down until the tenperature reackés 480C, at which point the applied
pressure P is elimnated. The nolding block 101 is further cooled down to
the roomtenperature to conplete nolding | enses 111. The nol di ng steps

shown i n Figg@e%§3é$ﬁvepgiﬁ%bb Sn$1 £dhndr e rRxeoyEEdsiAgaRrdert gas

and a heating“source including the nolding block is contained in a chanber

(not shown) ., her, I : Lo ol fsexpedigd via al
thernncouplgeoF&%hgg é%%?ggggﬁ%#%%}gggﬁaégﬁig?ﬁﬁlgur% 9 (e? i?lustrates t he
basi ¢ concept, of St .of di.sa ' | di G- C . L ake out
t he nol ded éﬁ?ggﬂinﬁ%%§%ﬁ2§%§§%ﬁ%%£??ﬁkﬁ%ﬁgggqﬁggégb%ﬁ¥g %%%ﬁ%%@tion SO
that first, .,the.upper .dies 102 ar recj it ot di ing jig
112. Subseqﬂlélnﬁllff, 88&&? &ieéluejj%%(flﬁfg %%%&€§§tp§ep§g’hégt&%%|ln egL +z direction
to nove the_corres ondin%.lqu 111 up to the top of the corresponding first
t hr ough- hol B&fog- Wi ¥ReFR&VE-Y -~ 46 corresponding upper die, lens, and

| ower die sandwi ched, At this tine he .pl.urality of .pins.si t usly
ej ects the respeiPﬁS%gﬂﬁﬁeQ(ﬁhd ?53%#1%?§§Pa cggﬁ Fh&ﬁ?,ighgﬂﬁgrfgggtal
positions of the tips of e pins are . precise set. Further,_thes

posi tions aﬂé‘t&b&ﬂé:t]éiyyzég?age?ﬁt PQEltcdﬁtcl% %%%?FFBHWQ tsrlrbf%qcéesg%ki ng
jig, which sucks the upper dies . For the |lenses used in th resent
embodi ment , formed vk i e spBEd O itthenfl & stekFngTPrye {}h?e %’ﬁ%‘ﬁl g speed
of the die ejecting pins , and |oads on the optical elements are sel ected
so as not t&heamagen ke amelrRgoSuERgce¥léndate nmilhR OF1% HEFPRNSesS. It is
desirable to set conditions under which no unbal anced | oads are ingosed on
the pluralitvypest el deny gedes | ehged ntRSIe B 2302MHSe At ofifess and
a load of 5 Kgf were found to be preferable. Figure 9(f) shows that ,
subsequent | £img taf tttee df ermaciiony 9f g’irllcm’ff(ééﬁgn@l@mﬁﬂﬁnga% Heebppef dies
102 , the die sucking jig is further noved in a +Z direction and then
caused to standadlyle®absegidsn \purpdeasdeweki Heedi §ates .sucks the | enses
111 on the respective |lower dies 103 |ifted by the respective die ejecting
pins |13 . Bpeditlcklby,j agveéty smatlde® cottatsive]acepieet Jihewn)t he
suction is cleared to collect the |l enses 111. Figure 9 (g) shows that the

| ens sucki nggrnged 1or suaks tihee awt di ngendpdraay sof OThendpdeat dhe 2licti on
is then i

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
functioning surface 25 andaslit groove 26 are also formed
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. An



- 47 .a cleared above the first trough-holes 108 to drop the i nol ding
"materials 107 into the respective first through-holes 108. Figure 9 (h) |
shows that subsequently, the die sucking jig 112 is noved in the -Z '
direction to acconmodate the upper di-e£7102 in the respective first

t hr ough- hol es 108, and is then noved in the +Z direction to conplete

di sassenbl i ng and assenbling the nolding dies. Wen the jig was produced

and a di Sasiﬁg}éhﬁ’gnagpgg%ﬁe%lnﬁg%% A %%ﬁa@uahkﬂy 1ReIOrdEsks 2ndi mes

using the no IsaSsehbly and assenbly apparatus according to the
present embodi BNt , | cqniy hah+RMEry1 OPET 8bi eBnwasi uesessful |y
acconplishe&'Rﬁﬁﬁ%d%éégﬁgiﬁg%tﬁg£ﬂgngés 111 to cut into the corresponding’
first through-hpl es. gur%h%r, t he present enbodi ment enables 10 | enses to
be sinultan IA%IPUREX tHlus significantly inproving the productivity. It
is thus possible_to inprove signi.fican I Mty assachated with
a nol di ng procesglﬁﬁ&"aad?%n&Fggggéﬁgr&kéﬁ%pggggggﬁ%&bgggess " i'ncluded in
a manufacturing process fqr an optical el enent. The-ptesen jpent is
also i very df 95 ePPE YR P e ®E sf%x%)a?%nggsagﬁd ?R% s?%%nts in
shapingfacilities. Wien the perfornance of, n=200. | enses abt aine t he
above descr U5 bheiEcARTEl eﬁﬁf"&&‘lﬁ?%&%%%%gv&s' eﬁegg%r%‘égésrl ng a-
Fi zeau - 48 | interferoneter, the average of_transmtted . front
aberration WHsmebe?, susfrGead &F Gt W %%eéj\.,\%gl& , and
spherical aberration was 0.865 AMI. \Wen these | .enses were used iﬁP%ptical
systenms for aoptlidingi sRUFSCE Helt HRA O ¥BAT ﬁedqﬂ?ﬁm§%&§??§ng hout
creating any practical problens. As is apparent frog1the eggpd'ﬂents of the
present i nvemladnandé&hs epsicalhefarsi- R BiNge 4t 8GEki n ﬁlﬁ PBFopt i cal
el ements, a nolding die, a sputtering filmformng jig for the nold, a

di sassenbl y powdt aspeiw|of fpphiuedy B6eG AE ADIAH FENEIROS ATHOIKFHE 1RG hod of
the nol ding die, and a manufacturing nethod of optical elenents using the
above jigs (wowkingapparssasndanydweskiow a1 bhewPdHi &l d¥ to reduce the
costs of optical elenents and inprove the productivity significantly. The
present i nvefihotiocaindhusibiaeef dEoirvaisanple| zebef Fonmauseni e, @

I ndustrial Applicability As is apparent fromthe above description, the
present release filmusing a sputter) . 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
thepresentembodimentrequirestheworkingcﬁfonlytheir
outer diameter surfaces sliding th rough the mold, the
optically functioning surface, the plane opposite to the
optically functioning surface, and the slit grooves,
whichmayberelativelylesspreciselywrought. That is,
the upper and lower dies according to the present

embodiment are wrought on the basis of axes.



invention provides a sucking jig, a nolding die, and a disassenbly and }
assenbly apparatus and nethod all of which serve to inprove the !
productivity associated with the extraction of a manufactured Iens fromthe
nol ding die . - 49 Further, the preséht- invention provides a die and a
plate which reduce working costs. Furthernore, the present invention
provides a die and a plate which inprove the productivity associated with

the formati on of I £l teyl T, i 1GOES B T - -
50 CLAI M 1. An3§8%§Fq§%§*€$'ﬁ@ﬁ%?sgﬁé ?%?Hggnéeﬁéﬁéﬁﬁg%aﬁgrein a?%roove,

is fornmed in_its side, 2 . ' di iy ' iel
1s a cylindchﬂhJﬁha %%Pgeggg%vgiﬁogﬁéggoﬁqg%gﬂgféghﬁ}éfgn%QEQgtfe%?SIg;g

crarm 1o SFefeautt i Tl FRAGRAEEL R dit o
orcenter o onipRLE ISR EP ShL: Tl HE SR R B el
curvatir o ireAfe S g G oRERTA B R s TGRS SiprELe o
sueton 11 g briong S o St VAR RO Bl 1
surface i s esHvex. thye “)@]rﬁ)lo&fcnﬁl8Pé’%‘b%??§iWtﬁﬁrﬁggcﬁﬁdeesr%]?{ gtﬁsl =

nmol di ng;
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
figureshowsthatthenmldingnmterLiLisbeingdeformed.
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 deformmoldingmaterials and transfer
theopticallyfunctioningsurfacetothenmldingnmterial.
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). In particular, a
sputtering method is used to form a platinum alloy film

on each of the optically functioning surfaces 22 and 25



,a lower die for lens nolding; a support die; and -51- a nold, wherein at
| east either said upper or |ower dies has no flange, said support die is
provi ded bel ow the die having no flange, one or nore through-holes are
formed in the support die so that | i ti28g pins can be inserted through the
respective through holes, and said upper and |ower dies can be slid
relative to said nold. 8. The nolding die according to claim?7, wherein:

said nold if a,yaher i i i . L .
. %%?tdrbviBﬁhtﬁ Rhukakifiarof tppes eadillower ldisasedsertio
hol es, said ﬂpger ie and‘ ower gie are slidably housed in each of the in

hol es, a positionin ﬂg%} tionis f i i !
convex or c ﬁ@gbgjﬁ%fﬁ?g§§¥§ 8%rne Mﬁﬁigﬁrcgfpe;;onggnfg ;gizabgsr?:ghiﬁg:
concave or conveﬁbgo&g ’(f?d%éegkﬁﬁm§d)%ﬁ§ §g{gih@anﬂyrgﬁgﬁ§ngre f or med

;zds?gge?ugporp N 0! s corresponding to positions of said upper
OV ie insertion holes. 9. Adis enbl sqy%# a us
ﬁggp;55|ng:borifﬁﬂ1%§B$sQaFﬁWHﬂQ%?§%e?ﬁi?épﬁé %ﬁgjgibor |%b’t% c?gin17
i a pressed |ens, is, placed; . a pushing-.u in;.a. sugkj il d
novi ng nean$ e Sivi ag E%FBtéuégﬂnS'j?8?qﬁiﬁé;4%%1l?%agf'gﬁgo%%ggtggn is

perfornmed which i i i - i i i
Power o o5 SRR o 108 b4 b peip ome hirers et (datohg gRREEsaNd

wher é "sal
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. Subsequently, the heating plates were
powered off, and the pressurization was continued until
the temperature reached 500°C. Then, the pressurization
was cleared and the whole molding block 31 was cooled
down to the room temperature to obtain an optical element
34. After sufficiently'cooling”the1noldinglaldck,eapin
wasmanuallyinsertedthroughthethrough—hole28,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
ofthemoldinall thecases. It is assumedthattheoptical
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



i's exposed fromsaid nold, subsequently, at |east an operation is perforn%d
mh!ch conprises using said sucking jig to suck one of the dies and using
said noving neans to separate the die fromsaid lens, and said lens is
taken out. 10. The disassenbly and assé®bly apparatus according to claim9
, Wherein when said pushing-up pin is used to push up the upper and | ower
dleshand.the lens , the pushing-up operation of said pushing-up pinis ,
Sygc roni Zeghtﬁé{éﬁ‘%r@i‘@ n@h?%ﬁr\@éé OR Qfr fak 6 O PQwiiith tHd cohdlisassenbly
gnbagzsggb;h_ tﬁ us:dg a %?sassenb y 1 and assenbly apparatus conpri sing
_ ic e 109 Qi 8 AGSOT JENGLEO Gt R Y e1bAVKRYG agtessed |
Ingcls is pljﬁgg g_cae pﬂgs%gﬁg- 38 rpla?é:é:)a (gucklhngoj%! d, and Tovi ngg'rreacﬁi of |
ng said sucki.ng [ig, _sai t rt i, S4iNh formn
git e!segsél a _QgeF &f ﬁépﬁﬁvseaisélr%@sﬁé)%gc{ 35%?%3?0 ||%?Jlgg? &hu%p%)n%ﬁﬁll over
nd said. ens_up to a positi wher-.e Ld &8 dy e f sai d
rsnljlcg Oﬁgbﬁﬁ&?ﬁﬁ’ﬂﬁf t%é?ﬁcﬂﬂ??% Séjtroiiae%%'?(léwz e%uof usél)'rig );fa)l?%%gbulc{%% jigto
( e di es and using sai d. npvi hg nea sepa i
sal d ens, BRI boe Bargardins Ty o, {RAPE b R TRE O o
A9 A%A CAAS3 LA ( LAA ACA LA . :
U ot ation(of (the mof\é.A AC A A YA AY A LA LACAC

1

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) showeafilntformingjjig
for sputtering which is used to form a release film 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
cylinder 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

andformedwitheagenerallycross—shapednotchedportion



I

A CGACGA(S A (CALAG. ACACLACCACCACLA(L A9 ACLA(LA( AR LA DA LA Aa-i
{/ & 45, rKLP'* F
}xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] caj] ca] ca] ca] ca] ca] ca] ca] ca] cRal - )ygm
g' \ <sJ}xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal

"T6l L+, BNSt IWFH f_&cah%@dﬁsﬂ&@éa%é@hqahé@b@&] calrealsaa] cajoadea)] 26] ca cal

caJcaJca

ca] ca] ca] ca ]ca] ca]calcalca]calcalca! :tQH\uveln L

snid_Z]]calc c 36 h !
zi](ca] ca] L!a] ?’] e f ?2%] (:2a4] caar]%a]kcg] f:‘é’]té??]ec%]‘?:%]rgé]o?a] caj caa\]fia?ca] ca] C

|
a] >C<2n| d_Z] ] ca]mcaﬂ ca?ca?ca% 5E] cal ca: c@a] cal ca] ca] ca]lcg] gg]:glaa]rca(a]rc%?%gi;ca] calc
a] Ca]S((:?]( ((:?% c%%a%a% )%)a% ) acldfcf]b;?\}é?gﬂﬁa:%”cg??’ 88}'i2|e|Cl }f>éLsCrﬁ ldl ]]%%Tc%]ég] ca] ca]
ca] ca] ca] Cag%@fcg@scs}d 2ol alahealopheakes gl saleal ealaadeatcal ca cal

cajcalcall,P~QST,d, h, 7 --9--- 1"1T11/2i 22} xsnid_Z] ] ca] ca]c

2] cal cal cal & CaPoBuo50 305 Ph b R ES! SRLEONER FEEEA T cmheskea] cal e

a] \é\/;]rrggi‘cﬂa]cg];]cg]a]c@]ﬁﬁgga ca ]%J]aé:@gca]fca] c/a]n%na] ca] cal] ca] ca] ca] ca] calca]ca]c

<0=g====(>a>?! @ @ @ BBBYCOCCCCf YE~EEFJ
ca]l ga] ca]( cg] ca]l c%@é’]%]%é‘]’ba?@@]"éa]acﬁ%ﬁjc% cBf g]@a%rgg g\g ca g:} g:}
' JIK( K\ KKKK, L[ LLLL, d

gf ]c;? ]c;? cal @e(al]sci'eﬁﬁcal]’%ﬁ]:éa]"c%Bcaf]%]m@a’]l@a]:gﬁ] % ]lé‘b] di}‘%xgﬁqlga]c ] §§] gg] gg] c

aJ calca) ca]cal PP-Q Q

ORQOQORORRREVBSSISE TP ET TUMBIROIR 1V PRRSE AT d A FEAFRR L 5P &FRETESFca] ca] ¢

a] ca] ca] ca] ca] ca] c0Oa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca!

VOVAW WIWKXBXpeXxxMs (not show

YOY\ YY6ZgZ IARRN d z

| Cal cal oa) cal cal o dapkﬁl&ﬁéz%mé]cﬁ% AP EPeaIEH] £ S OOy ©

\ "g "aat+bbcd] dj d| ddeeef ffffgNg} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca]ﬂ&g] caj ca] ca

] ca] ca] ca] calted aa:]ecaz]lch]fcat]rt;@qlwa]td“afha]fc]aqrc%? PREEA XA c AP ESERGI V=i oi i

j j 1knkkkk(lal I'l m@nxmmm®s] nnnooo2pp} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] calitad ca] zalchluied ddlarie ajant tancddtarranes e amearaPéd pppa3q

cq¥s0sdssssst H {tttuTuuuuvCyzz{ 7{1 {~{{}}} xsni d_Z]] ca] ca] ca] ca] ca] ca] ca] ca]c

a] ca]Clcja] ca] s eshcalbedma] sahtageahen] cdheajupien] eaficaprgcalte$cal ca) cal }
~~~Cuf qE" w,

Oyl 7. Z' | w nhgdXpedlied] aad colh s apeakealic amiaddiheakcaljecaf bapH] ca] ca] ca] ca] ¢

aJ ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca]ca!' L5 NB} N+: _} xrmhc”Y] ca] ca] ca] ca] ca

U] ca] ca] ca] cay tahealical calwa] s adwalh tahcakbea] saprd]ftiad zat cahpapysiedltea] cal ¢

a] ca] ca] cal ay]| By} 3480} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

] ca] ca] ca] ca} ga}l pabedjran] € ap e8] bajted] cajlon]ced cagen] cajndal Hted Veask

8| wr mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca]c

a] ca] ca] ca] cghsakealion) walkeat Balnd Seh# MMrenal i e ifgliing tallvalfcajred ca] cal

cal ca] ca] cal] ca] ca] calca] ca] ca] ca]ca] ca] ca] ca] ca] ca]ca] ca] ca]ca]caU]ca]calc

aljcajca' @. Z% q:[h% xsh d_¢hkealerd Gak £akcakea] ca] ca] ca] ca] ca] ca] ca] ca] ca

] ca] ca] ca] ca ca]lca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 6pw _4i F| xXTUVhi m

CGh d_z €
Fonl salcaTohl ool o B B B e e ey

2] cal cal ca ﬁg’]’%%@%%? i’ﬁ&@]‘?%é:%ﬁ%i%f%%]é?]ﬁ"?ﬁﬁ?]ﬁ%?E??afﬂ?35 ol
calcal cal cal el Qar}cal [Falea) el col sioslosiegiaat bonisowit vy vl

b] X] ca] ca] ca]ca ca] ca ca ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] calc

a] ca] ca] ca] ca u which the

%]&p| ]>t}1<sn} d ]Z%F’]cgfg (fca(F a%(?a% ca %a I(q:’azcs)l]oéial]mcsarf\ltca]r(l:a] rcla] ca] ca] ca]ca]ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] calcalca]calt

?u' FGO>} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c
a)J ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca! >l

SEPQSTdel mopQX/ g#\ } xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]ca]ca!\psmfX g#\ }xsnid_Z]]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca
] ca] ca] ca] ca]ca]ca]ca {/a?!"S#I0Y%&' () - S10%&' () -

10%&' ()-3@0% ()-,f-#109%& ()-!1"'*10%& ()-F /dE'y+10%& ()-4y) 109&’ () -

fo8 109& ()- MH#f 109& ()-3f!z109%& ()- SHI0%&' ()- & 12aB7 10810%& ()- 6109& () -
@3810%& () Ly 10%& O-/" 10%& () 10%& () 2345 r PnN/ F

~nszf 1 L~ NN PNINA NN NI A PNA ™M ~NM O A NNl 7\ N A PN A NS N



| @¢100/5y#100/&' ()-:S109& ()- SI109%& ()-GE
Y-#10% & ()-S, Y- #10%& () - S@L0% ()-F F 5dEMN/ F
@10%-100& ()-3,) @O% ()-Fy' s10%& ()-y%a0%& ()- y#10%& ()- 3f!
109& () - 35np)dea?l/ 10!!!1"{7"109%!& (I -3S5YL0%& () -
4S10%&' () -/ _YA0%&' ()-!" -"1099! 0! & ()-0 -"10%&' ()-efgnl gE/
101 111" @BH10% / & () - - GSH109CE ()-- ®10% & ()-33 10% & ()-310% & ()- 10!!

0tt  4q’ aB? % %&éog%ge( &gé (VQQL @ref %%@gg}'l’&)are an example of

1" S#H10% / &

10011 -" 109 ( g%é%}%g% g]%{é ‘gif(%;) 11%&(20‘@6 LGS € JinvendD8h& () -

IJ;_ ';@1(1)00/0" } :&IYfO "10% ()-t3 10% & ()-
}OIIIfIO%&' %m§§¥gﬂﬁg%$ 4@ #109&' ()- ,S-#10%& ()-'#,S-#10%! & ()- 109 () -
- ptial s PR
-"10% () - +10%&-g igures 4(a), 4(b), 4(c), 5(d), 5(e), and 5(f) are
sectional views of essential parts of a disassembly and
assembly apparatus for an optical element molding die,
illustrating a configuration of the apparatus and a
process executed by the apparatus. The disassembly and
assembly apparatus 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. Averticallymovable cylinder
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
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A compression spring 51 is wound between the upper
end of the column 43 and the bar 47 to allow the sucking
jig 46 to abut lightly against the upper die 21. Further,
the compression spring 51 serves to reduce loads on the
upperdie21againstthedownwardpressureofthecylinder.

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
axis alongwhichthe suckingjig 46 ismovedinthevertical
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 2A).
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Figure 4 (b) shows that after the molding block 31 -
has been placed so that the through-hole 28, formed in
the support die 27 of the molding block 31, coincides
with the axis of the die ejecting pin 56, the cylinder
44 is lowered to abut the sucking surface 52 against the
upper end surface of the upper die 21. The lowering speed
used for this operation and the load acting on the optical
element during this operation are selected so as not to
damagethemoldingsurfaceofthedieortheoptical element.
However, 30 mm/sec. and 2 Kgf are desirably appropriate.
21 is sucked. At the same time, the cylinder 44 is moved
upward synchronously with the upward movement of the die
ejecting pin 56.

Figure 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 keeping sucking the upper die 21. At the
predetermined position, the optical element 34 can be
easily taken out, i.e. it does not cut into the‘mold 29.
The upper die 21 and the optical element 34 have been
moved out of the almost closedmold and are thus completely

separated from each other.
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and lifted up the optical element 34 using means such
as suction. Subsequently, the transfer member 57 is
rotatively'moved.again, and stops the suction to release
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,transfernember57jjsrotativelynmved
and then the cylinder 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 molding.
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
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through—-hole 28. The molded optical element is taken out '
of the mold while being sandwiched between the upper and
lowerdies. Accordingly,theopticalelementcanbetaken
out more reliably and easily and automatically. This
allows optical elements to be more effectively 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 been described. It is possible to combine
operationssuchastheverticalmovementofthevertically
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
compressedairaszadrivingsourceoreisequencecircuit.

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

manufacturingmethodaccordingtothepresentembodiment.
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lower dies. The upper die 21 has the convex optically
functioning surface formed on one end surface of the
cylinder. The lower die 24 has the concave optically
functioning surface 25 formed on one end surfaée of the
cylinder. The upper and lower dies 21 and 24 have the
slit grooves 23 and 26, réspectively, formed in their
outer diameter surface.

Figure 6 (b) shows a cylindrical mold 61. Ten first
through—hoies 62 are disposed on a predetermined circle
line at equal intervals. 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‘porﬁion 63 of the mold 61 is precisely polished
so 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 dimension almost equal to the dimension
of the inner diameter portion63of themold6l. Tensecond
through-holes 62 are formed on a similar circle line at
equal intervals. Fach of the second through-holes 62 has
a smaller hole dimension than the first through-hole 62.
Consequently, the support die 64 does not only allow the

lower die 24 to be placed on it but is also formed with
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corresponding 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
64 tobe appropriatelypositionedwhen theyare integrated
together, they may have a concave and convex relationship
of any kind.

As described above, the optical element molding die
enables a plurality of optical elements to be
simultaneously formed. The first through-hole
accommodates the lower die, the molding material, and
theupperdie. The support die isdisposedbelow the lower
die. Further, inthedescriptionofEmbodiment 4, asingle
molding die is disassembled and assembled. However, it
is contemplated the same basic configuration may be used
to disassemble 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.
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carbide mainly composed of tungsten carbide (WC), the
outer diameter of which is wrought to be 3.5 mm using
a cylindrical polishing machine and a resinoid-bonded
diamond grindingwheel (Number #240). Althoughnot shown,
the material may be wrought by using a collet chuck to
hold one side of it while carrying out center work from
the other side or using a centerless polishing machine.
The grindstone was changed, and a diamond grindstone 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
peripheral speed of 3,000 m/min. Furthermore, a surface
grinder was used to polish the outer peripheral 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
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surface.

Figure 7 (b) shows lower die work pieces 24 into which
a diamond cutter was used to cut the material at pitches
similar to those used to form the slit grooves 26. Each
of the lower dies 24 was wrought so that the outer diameter
dimension between 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 incorporated into the
mold. A common working machine such as cutter or a
cylindrical 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 pilece 24, the work piece was fixed
by precisely fitting it into a central hole in a rotating
disc 67 and using wax to glue it and the central hole
together. A work rotating s.haft 68 was rotated at 200
rpm. The lower die was wrought using a superfine working
machine having a grindstone rotating shaft 69 independent
of thework rotatingshaft 68. Adiamond shaft grindstone

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

at the tip of the grindstone rotating shaft 69. The
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shaft 68 is mounted and which can be subjected to
simultaneous 2.5-axis NC control. The machine was
programmed so that its motion track 71 draws a circular
arc. The machine was used to cut the material at several
micron increments in the direction of an arrow -Z in the
figureto:&nm1asphericalopticalLyfunctioningsurface
25 of radius of curvature 4.458 mm. Subsequently, the
shape generating machine was moved away in‘the<iirection
of an arrow +Z in the figure. Further, the lower die 24
attachedto therotatingdiscwas removed. Subsequently,
under similar conditions, 10 lower dies and 10 upper dies
21 were produced. Each of the upper dies 21 was convex
and had a radius of curvature of 3.444 mm.
Figure?(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
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depth of cut was 1 to 2 micron/traverse, and a
resinoid-bonded diamond grindstone was used. Theheight

of the ground lower die 24 was confirmed to be *2 micron

of the desired dimension. The height of the ground upper

die2lwasconfirmedtobet+dmicronofthedesireddimension.

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 (e) shows that after the optically
functioning surface was wrought and cleaned, 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
apparatus executes amagnetronhigh-frequency sputtering
method. The apparatus used platinum (Pt)-tungsten (W)
as a target to form a l-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

|
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stabilize theaccuracy. Therefore,thecostsofthemolds

1 i

are reduced.
(Embodiment 6)

Now, Embodiment 6 will be described.

Figures 8(a), 8(b), 8(c), 8(d), 8(e), 9(£), 9(g),
and9(h)aresectionaiviewsillustratingessentialparts
of é manufacturing process for an optical element.

Figure 8(a) shows a molding block 101 composed of

- molds 104 each shaped like a cylinder in which a plurality
of first through—-holes 108 are formed so as to accommodate
aplurality of upperdies 102 and lower dies 103andmolding
materials 107, and a support die 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 inner peripheral surface of eachmold for fixation
S0 that the central axis of each sécond.through—hole 106
coincideswiththecentralaxisofthecorrespondingfirst
through-hole 108. The step portion is loosely pressed
hlinordertoallowheath)beequallytranémittedduring
formation without impairing the positional relationship
between the mold and the support die and to allow the

support dietoberemovedif thewholemoldingdie including
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molded lens is defective.

The first and second through-holes 108 and 106 are
wroughttohavediametersof3.5mmand2.0mm,respectively.
AsthenmldingnateriallO?,asphericalmoldingmaterial
of ® 2.75 mm is obtained by mirror-polishing a glass
material mainly consisting of borosilicate barium
(flexurepoint:549%2andglasstransitionpoint: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 optical elements to
be obtained by molding are convex meniscus lenses.

Figure 8 (b) shows that the molding block 101 is
verticallysandwichedbetweenenlupperheatingplate1D8'
and a lower heating plate 109' which have heater 110
puilt-in in the upper side and in the lower side so as
to be wholly heated and is then heatedup to a temperature
at which the molding 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.

FigureB(c)showsthatznlappliedpressureE’of8,000
N is used to press and deform the molding block via the
upper heating plate 108'. Each molding material 107 is

markedly deformed to have a meniscus shape. Then, the
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material.

FigureB(d)showsthatafterthedeformationhasbeen
completed, the upper and lower heating plates 108' and
109' are powered off while continuously 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 molding block
101 is further cooled 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 the molding block 101 to take out the
molded lenses 111. A die sucking jig 112 is moved in a
~7directionsothat first, theupperdiesl02areprecisely
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
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the respective upper and lower dies. Accordingly, the
horizontal positions of the tips of thepins areprecisely
set. Further, these positions are accurately set
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 elements are 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. Subsequently, a lens sucking
jig 115 sucks the lenses 111 on the respective lower dies
103 lifted 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
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through-holes 108.

Figure 9 (h) shows that subsequently, the die sucking
jig 112 is moved in the ~Z direction to accommodate the
upper dies 102 in the respective first through-holes 108,
and is then moved 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
corresponding first through-holes. Further, thepresent
embodiment enables 10 lenses tobe simultaneously molded,
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



1092& ()-1092& ()- g !"#*b_= 10 10r! f#10%Mh& ()-! Pf#1090h& ()- YMLO%
10Z 10Z 10Z- 109%Z& ()-) 109%Z& ()-[dE_= 10 10r!/y#10% & ()-: 10% h& (
h& ()-S 10% h& ()- | 10% & ()-f 10% h& ()-6mopwbC 10 10r! Yf #10%

& ()-FMLO% h& ()- 10 h 10 h 10 h810%h&¥ )=610% h& ()-310% h& ()-' _d
10r110% h& ()-10% h& ()-10% h& ()- 10% h& ()- y@o0% h& ()- 10%
h& () - 4i F| dEbC 10 10r!-10% h& ()-+10% h& ()-' y#10% & () - %4.0% h& () -

h& () - 10%
10 h1l 10% h

T Or | - 41 Q&
s g0 oo iy S St oo

aberration was 0.067, astigmatism was 0.023 AMT, comma
was 0.159 AMT, and spherical aberration was 0.865 AMT.
When these lenses were used in optical systems for optical
pickups, they were confirmed to be available without

creating any practical problems.

As is apparent from the embodiments of the present
invention, the present invention provides a 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

molding die, and a manufacturing method of optical
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elements usingthe above jigs, mold, apparatus, andmethod,

all of which serve to reduce the costs of optical elements
and improve the productivity significantly. Thepresent
invention can thus be effectively utilized for

industries.

Industrial Applicability

As is apparent fromthe abovedescription, thepresent
invention provides a sucking jig, a molding die, and a
disassembly and assembly apparatus andmethodall of which
serve to improve the productivity associated with the

extraction of a manufactured lens from the molding die.
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CLAIMS

1. An upper die or lower die for lens molding wherein
a groove is formed in its side.
2. The die according to claim 1, wherein the die is a
cylinder having said groove formed on its circumference.
3. A plate 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. A suction jig which enters the die and does not abut
against a center of a target lens surface but abut against
a periphery of said lens surface.
5. The suction jig according to claim 4, having a radius
ofcurvaturewhichislargerthanthatofthecoolédtarget
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 sufface is
convex.
7. A molding die comprising:

an upper die for lens molding;

a lower die for lens molding;

a support die; and
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said support die is provided below the die having
no flange,

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

said upper and lower dies can be slid relative to
said mold.

8. The molding die according to claim 7, wherein:
said mold is a member in which a plurality of upper
and lower die insertion holes,

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

a positioning concave or convex portion is formed
in said mold,

a convex or concave portion is formed which
correspondstosaidpositioningconcaveorconvéxportion,
and

a plurality of said through-holes are formed in said
support die at positions corresponding to positions of
said upper and lower die insertion holes.

9. A disassembly and assembly apparatus comprising:
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a pushing-up pin;

a sucking jig; and

moving means of moving said sucking jig,

wherein at least an operation is performed which
comprises using said push-up pin to 1lift 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 said moving means to separate the die
from said lens, and

said lens is taken out.
10. The disassembly and assembly apparatus according to
claim 9, wherein when said pushing-up pin is used to push
up the upper and lower dies and the lens, the pushing-up
operation of said pushing-up pin is synchronized to the
moving operation of said sucking jig.
11. Adisassembly andassemblymethodusingadisassembly
and assembly apparatus comprising a base on which the
molding die according to claim 7, having a pressed lens,
is placed, a pushing-up pin, a sucking jig, and moving
means of moving said sucking jig, said method further

comprising:
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moving means to separate the die from said lens, and

taking out said lens.



