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OPTI CAL UNI T MANUFACTURI NG METHOD, OPTI CAL UNI'T, AND
FORM NG APPARATUS CROSS REFERENCES TO RELATED

APPLI CATIONS 5 [ 0001] The present document contains
subject matter related to Japanese Patent Application
JP 2005-177024 filed in the Japanese Patent O fice on
June 16, 2005, the entire contents of which being

i ncorporated herein by reference. 10 BACKGROUND OF THE
I NVENTI ON [0002] 1. Field of the Invention: [0003]
15 ﬁh@IpAEs@NﬁTiMANﬁﬂﬁQ?ﬁRﬁﬁﬁaME%HQQ»zﬂ?ﬂﬂ@ﬁﬁcﬁNI@ni%ND
manuf act uri ng nethod t, and a nold
thereof. More partlc Epﬁiwim"%E}Igsent i nvention
relates to an optlcal unlt nanufacturlng met hod in
which an ogptical _elenent united with fr nit is
obt ai ned 5§ 29 %ﬁﬁ%ﬁﬂ%ﬁEﬁngoﬁ%P%EEQ(ﬁ?§yﬁﬁégggﬁgrning)
topggpoptical nmaterial with a nold after thermal

softening of the optical material, an oEticaI uni t
r esul tThfy FreEsRPESs BOBRMER he ABGVE STEPROECT et % ¥ Gredihgd

f I s
DRI O b 0L above ot ee )41

stipd | Jegiared chibgheper POf hence optiiecdkb, Iéﬁ@5»§ﬂuseﬂ¢la§
an o tlcal te f an electronlc

neans” o afs%ﬁecglo%%%g F9REAReT S, ggggéﬁqg%ro€%%6%%e
video canera and a canera-nmounted nobil e phone etc.
The

BACKGROUND OF THE INVENTION
(0002}
1. Field of the Invention:
[0003]

The present invention relates to an optical unit

manufacturing methed, an optical unit, and a mold thereof.

More particularly, the present invention relates to an
optical unit manufacturing method in which an optical
element united with a £frame unit 1s obtained by
performing compression (press forming) to an optical
material with a mold after thermal scftening of the
optical material, an optical unit resulting from use of
the above method, and a forming apparatus used to form
the above optical unit.
[0004]
2. Description of Related Arts:
[0005]

A small-sized high-performance optical lens is used
as an optical system of an electronic image capturing
means of an electronic still camera, an electronic video

camera and a camera-mounted mcobile phone etc. The
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1 smaller a size of this type of optical lens is, the
nore demands for precision in |lens face shape, tilt
in an optical axis direction, and de-center etc. are
exacting. Further, there are also many types of
optical lenses 5 being difficult to |ocate an optica
el ement axis, like an aspherical lens, leading to a
difficulty in also neeting a demand for precise
alignment of an optical element with a support franme
osmallensa beirzeelo If ohisseeme i mly advd copt ileaF ef entdrt moKG
8 ld re&%%%d %Etlgﬁigﬁgjﬁa [ g% gDSE Fﬁeﬂy%ﬂ¥ly
o Sedure Fhe lens"is to 6r’ cau
a&paibal égﬂﬁnmumeeahohensn&cﬂqﬁﬂkdmergbass aoé dexeg;ting.
Wi th the lens fitted into the | ens bar ter an

TS P AR PR R R R b S A5

gbkndl Ng: W thi1a eenteckng amBghiine.l BHOwRMEEt, a;uise afike
this nethod causes an error occurring at the tine

whena ke R adl i'gient SpAvel vied d Riffasralyaty oﬁ‘ﬂl%ﬁ t he

| 808 PRy they Lenterng rBe il De: £iQmRYer baPaWi ¢
error occurring at the tinme when securing 20 he Iens

t elehent enstlbar malpportafneuating flleawebarfed0TIr | n

or der 1o sglve th b blem a formng method
caFfFéa - EEnt tl%a%rgég?gég formng that is

adaptable to forma | ens contour at the sane tinme as

the 25 formng of the Ie s been take
i nst antes * §étp§?g pﬁbﬁ ot PR L Faqggghly taken

NQ 029085 /35he dicsel Q%eﬁoab@ﬂuﬁsc& Qﬁtull&alanebﬁﬂﬁnly
form ng nethod. According to the method, gl ass
optTearr efeieitns $OTHArt Bl Wite éﬂqléirlﬁﬂmgW%F%n%h%rﬁetns

' @1@t§&a££%awkﬂé91%%% barrel, after an outer circumference

of the lens is formed by grinding with a centering
machine. However, use of this method causes an error
occurring at the time when making alignment involved in
installation of the lens on the centering machine to
overlap with an error occurring at the time when securing
the lens teo the lens barrel or a mounting frame.

[0007]

In order to solve the above problem, a forming
method called no-centering-required forming that is
adaptable to form a lens contour at the same time as the
forming of the lens has been taken. For instance,
Japanese Patent Application Lald-open No.2000-7355
discloses a glass optical element forming method.
According to the method, & glass optical element is
united with a forming frame unit in a state where the
forming frame unit is arranged at the outside of a glass

optical element material in the mold. Then, the forming
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30 formng frame unit is arranged at the outside of a
glass optical elenment material in the nold. Then, the
formng 2 frane unit is separated fromthe gl ass
optical elenent after conpletion of formng. [00081
However, it is quite difficult to precisely formthe

5 lens contour at the sane tinme as formng of the |lens
face, and exact demands for precision in shape of a
material to be cast also arise, so that this nethod

r e e i ghl yerakitéddi 1w iicqgéasFuppheral tHeGuter

cireunfer -si.d nit used at the tine of
rﬁé%ﬁéﬁ%¥§ﬁ§$%§guﬁge%gﬁgﬁF%rning is renoved after
compdati on of a form ng process, so that the error

caused . in a | ater process of_securi the.lens tao th
nnuntﬁﬁﬂ“??&ﬁel rlgh%ufgﬁégﬁf C@Itmﬁglpr%?%?$i%ndqg .tge
[ 0009] conkPulhareupensamde: imed hod flosmeagcef viald eLenshirele,
is to secure the lLens by bringing an optical el enent
Nl @riEct GRMENEF o8RT Ot At W A FRBPP N3t de HITFHE! t°

| gOS DAl 18l 0L, 168e FOUANG Hil-ARR 8k 844 COMY 650k

of the optical elenent is given in a state where the

| ehsl bt rtelchod qbhe 20unoita rigref caferi §1seenigiaias chee
| d. ver, .a i e, Mt er t :

R S e e e

synthetd cia esipyedndfisr tdwsp latdblhecft @ fwtiistandcaess,

tenperature adapted to formn f the optical .
PN \Wel "EPYoGBITEY SO tonifng "gPASEoTS (bed & ds
t hee opii£alo makerbahtigg Ml idN@:t eRperabsreaofea will

preforned,qLass subj ected to conpression al so
| et hs¥S Stup to 4000C or above, so that this nethod

Wk bbod npose
Thereupon, one method is conceivable, which is to

secure the lens by bringing an optical element material
into close contact with the inside of the lens barrel or
the mounting frame, after compressicn of the optical
element is given in a state where the lens barrel or the
mounting frame is set within the mold. However, an
available material for the lens barrel or the frame unit
normally includes a synthetic resin, and is thus unable
to withstand a temperature adapied to forming of the
optical element. When cryogenic softening glass is used
as the optical material, a molding temperature of a
preformed glass subjected to compression also increases
up to 400°C or above, so that this method will impose
restrictions on materials for the lens barrel or the
frame unit. Such a method is disclosed in Japanese

Patent Application Laid=-open No.9-202627, for example.
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restrictions on materials for the lens barrel or the

frame unit. Such a nethod is disclosed in Japanese 30

Pat ent Application Laid-open No.9-202627, for exanple.

3 SUMMARY OF THE INVENTION O 0 10 1 The present

i nvention provides a nethod of obtaining an optica

unit structured so that a frame unit is 5 integrally

united with an optical elenent, and also, an optica

unit obtained using the above nethod. [0011] The

present i nvent i orf WIMEGYpPEVT de sV B dd of

nﬁﬂﬂ_ cturing an optical unit structured so that a
ame 10 unit formed of plastic is united with an

out er Thed @aeﬂeetenneemﬁlqn1gnﬂmzdab el mpenid faor medaahing

I f act d
Chie SV il baC L [BOTSE Tie DrEstnt TRvGHL on®

fiﬁﬁdﬁﬂammﬁwmdeedamlﬂ@khcaptﬂimnwmemamufankumua@, an
met hod which is capable of effectively (forbs

Ve itglongt itn g hant £ € Y DS RS 2eAVEptTEHY: el enent
mperial , and al so, an optical unit manufactured

usi ng the above nmethod. [00131 20 The present

i nventihen pseiskhtf R vderi Py oisde®rafiideptd deathad ©f
Sérﬁﬁétéﬁﬁ%lﬁg anhgﬁt?cgfzﬂﬁﬁ %E&uc%uyg&tgg tﬂgglé %Qame
optical nt in"a state ere an optical axis
tﬁmntuﬁdnmﬂd elfepkattis n@nnscmwywathgmedou$®©141 25

The present invention f rther ro t I
s d fonhy At a8 Rt PEPnlof @ hess e

I $1s0, an optical unit manufactured using the above method.

[0012]

The present invention further provides an optical
unit manufacturing method which is capable of effectively
absorbs variations in guantity of supplied optical
element material, and also, an optical unit manufactured
using the above method.

[0013]

The present invention still further provides an
optical unit structured so that a frame unit is united
with an optical element in a state where an optical axis
of the optical element is correctly aligned.

[0014]

The present invention further provides an optical
unit structured so that a frame unit formed of plastic is
united with an outer circumference of an optical element
formed of glass in a state where an axial center of the
frame unit is in alignment.

(00151

The present invention also provides a forming
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united with an outer circunference of an optica

el emrent fornmed of glass in a state where an axi al
center of the frame unit is in alignnment. 30 [00151
The present invention also provides a form ng
apparatus used to precisely forman optical unit
structured so that a franme unit is integrally united
with an optical elenment. [0016] 5 The present
invention further provides a form ng apparatus which
| sprapEble wwedabsorbepts ¥hY i HttoRe PRtigeantttly of an

opt i i ont aj I opt.i I - :
2BbL57L B! 5 BheSon L0RY, M0 0B EPb L AR o
paovéogescan el@pkeincal unit manufacturing nethod in

m@' f an optical elenent is obtained by performng
c h@ ®5sion to an optical material with a nold after

t her math & ofteeninig i afrent hen ofptdealr mabetuak, a ahtkring
uniting of a frane unit with 15 the optical elenent is

afBRA ¥ & rédCPTAE GpPReht UnidPSarkAifalt bt ¢ hiHet'iod
| pehundes, & step ok 1 EQl Mg the fIAMR indAl trnash adbtical
integral” part of the optical element with reference

telenposition of the nold, while holding the optical

elgg§p£ wi t hout opening the nold after form ng of 20
tﬁe optical elenent. [0018] In the above nethod, the
opt i cakn elgnentmenay obetlae wassit emyemhden ofrglialss an

AL RELTRE L RO S BRI TR e, B0 8
materdat of deiheaneyupétsamyi e compression to an
optical material with a mold after thermal softening of
the optical material, and uniting of a frame unit with
the optical element is also required. The optical unit
manufacturing method includes a step of forming the frame
unit as an integral part of the optical element with
reference to a position of the meld, while holding the
optical element without opening the mold after forming of
the optical element.
[0018]
In the above method, the optical element may be a
glass lens made of glass. Alternatively, the optical
element may be also a plastic lens made of a synthetic

resin. Further, a material of the frame unit may be

plastic, permitting the frame unit to be formed as the

integral part of the optical element by injection molding.

Further, in a state where press of the optical material
with the mcld has been completed, a side edge of the
optical element within the mold may be in the form of a

free face. Further, it is also allowable to form the
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plastic, permtting the frame unit to be forned as the
integral part of the optical elenent by injection

nol ding. Further, in a state where press of the
optical material wth the nold has been conpl eted, a
side edge of the 30 optical element within the nold
may be in the formof a free face. Further, it is
also allowable to formthe 5 frane unit after the

optical material is forned and then cooled down to a
piezey iwed eérper aber eporcielrgherfod19F farmehisedl reRr

0 e LN | tical Lt I an
b Ll R Ryt B an opt, QT CTaent Cohral ngd by
coOhprEssi on, and a frame unit formed as an integral

part af tegﬁoggticgl gléahrreent with reference tq .a

- resent iAvVentgion. cal
posi ti WSP or cCo ressi on, an unl?pe& W't h

t hei t pptdicrls ahespnical nudihe akave apt bpal canidientche
optical 10 el enent may be fornmed of gl ass, and the

f PR A PYNEYTBESSF OP et St pltdétiEe TNAFt B TR Vel

bot f f2 1 he @pbiccahe shen@Nt Angehieyt tANE: thidnd@Ycbe
fornmed of plastic. Further, an outer _ _
cheeifar erfce- gicde EdfecTIPEEE of BRE UbppYsitier d&6s
°£?§I§%fﬂgﬂéﬁﬁnt¢'e@ﬁ”Ehé“%%é%% Qk&%@aﬂnuhbg,JEEJ(HﬂPi%%l
a at " portion extending approxinmately at a right
anpéreerto ey Opt ifoahedxds. g J30320fndAhenbodherenti tofnatyhée

present invention proyjdes a __form ng, apparatus whigh
Rttt fa PgéisFle fgié%?%%éitflé’ceelyzg]br‘%ngBga‘%‘%% Gyt vet
Ok VERgh i€ MY @$si @Raie an: optdcale Mat-epdabf paseirml t en

state into an optical elenment, and injection I din
mBah's” Conrfdc C8d °Si BERRYE" T T scﬁdgar?f AT Odfoﬁgie

mbdopard AMdh therabhepridh@ St twhgrend hgi val dn the
form of a flat portion extending approximately at a right
angle to an optical axis.

[0G20]

An embodiment of the present invention provides a
forming apparatus which includes a pair of face-to-face
mold parts for giving compression to an optical material
in a molten state into an optical element, and injection
molding means connected sideways to a contact portion of
one mold part with the other in a state where the mold
parts are closed, and adapted to injection of a molten
material of the frame unit formed as an integral part of
the optical element. In the above forming apparatus, the
meld parts may be closed with a space left in a position
correspending to the side edge of the optical element.
Further, the outer circumference-side edge of each of the
opposite faces of the optical element may be given in the

form of the flat portion extending approximately at the
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parts are closed, and adapted to injection of a nolten
25 material of the franme unit fornmed as an integra
part of the optical elenent. In the above form ng
apparatus, the nold parts nay be closed with a space
left in a position corresponding to the side edge of
the optical elenent. Further, the outer
circunference-side edge of each of the 30 opposite
faces of the optical elenent may be given in the form
flgh‘e e por thenceki endi #ig approxiiaberysat He 6
e e

CF oSt e SAAr TaY Be Brathi Throrprasans & demact
mwthhtthﬁfﬁkﬁt portions to cut oofff thkerpesnnfdéorforming
ngh gg t he frane unit. 5 [00211 The optical unit

B 2c' U i Wy Frret hod according to the enmbodi nent of
theopresent invention is a frame- nounted optical uni t
nanufacturlng met hod. According to the nethod,

gl ass Mif difig o WAi& e et Bptd Al é‘i@éﬁ@ﬂta%%%mg to

obfai gtk DGV iR £ 6QNPEESSHON AR nlheropti gaf cimd-eri al
with the nold after thermal softening of the optical

matentad  ontheadptingsl manepetitu firgnEeitdofor ngcding to
rgggr o&o Hf 1RQSi L5908 2 § HF%@H%%dth@hbgflﬂQ!%h%%ent

ment as it 1s in no nol
op)eno}mgaﬂxsect équicriedngf tempt@rsrmcmg b@f thheoppte¢ghlmaterial

B RS OB IO R 261 ERBRL- by T -SErToR inbl B Mg, - "

Fretbeial t hehdmabenical eﬁemémte f_qmmecals ebEﬁéﬁltwfﬂ’rame
preferably includes the plastic. [00221 2 O Af rd
t 5eFRECABOVE etr?t?o&Pﬁé’ﬁtlo’afof h@%r‘@é@nt whit hg el

n@ﬁgléQI dedactur kRg;ithe, optd Galh ehe@®Bnho mold opening
required after forming of the optical element. In the
above method, 1t is preferable to form the optical

element by injection molding. Further, the material of

the optical element frame preferably includes the plastic.

[0Gz2]

According to the above embodiment of the present
inventicn, the need for manufacturing the optical element
of a larger size for centering may be eliminated,
resulting in a reduction in degree of formability.
Further, the need for performing exact management of a
material weight may be also eliminated, unlike the no-
centering-required forming. Furthermore, because of no
nead for a separate process to unite the optical element
with the frame unit, extremely high precision in
alignment of the coptical element with the frame unit may
be provided. Furthermore, no increase in temperature of

the frame unit material up to the melding temperature of
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of a larger size for centering may be elim nated,
resulting in a reduction in degree of formability.
Further, the need for perform ng exact nmanagenent of a
25 material weight may be also elimnated, unlike the
no- centering-required formng. Furthernore, because
of no need for a separate process to unite the
optical element wth the frame unit, extremely high
precision in alignnment of the optlcal element with the
f lagrec Riniicte Lmgy em@0t bies prid ded UPFkehehofel 2ty art
i nc e tur r |
B RE sl 56 Farbet aLire oF 3 the opt  baI el Grent oY
GaHS&KEOlyﬁdedeﬁheFUEtM&Embﬁﬁi thbeehmal@@yadwanﬂd%ﬂ od
great, choi ce of 8gne mat er be flso provi ded.

Fﬁ??%@?ﬁﬁ?@o trer %n%ﬁ“§ﬁ$5ﬁﬁg SXB? Fequiring no
use of any expensive material. 5 BRI EF DESCRI PTI ON OF

THE DRAW NGS %3023% The features and advant ages of
the present PRvERL PBRCH TTI BeddndthoPe 4pparent in the

fohdond ng description of 10 presently preferred
enbodlnents of the invention taken in conjunction
with the deesrpanying el ewitiges PA WhE chEeS{ G0 24T epirGon

wlflar? '%@g Q%&P&‘&E' UIRTAR ewoimewﬂ%i%sé%ama of

appar at u manufacturing an optica
[ﬁﬁéé@nﬁmyapr%fesradl@m@@dimﬁnﬁﬂ odr 08s- secteinonal beikew in

h the f t t nbl ed st at
O0B6T R G 4 A oRG OO VAT o be4 SRRt i Boal” Vi Ew

[0024]

¥FIG. 1 is an exploded perspective view showing a
forming apparatus for manufacturing an optical unit;
[0025]

FIG. 2 1s a longitudinal cross-sectional view
showing the forming apparatus in its assembled state;
[0026]

FIG. 3 is a longitudinal cross-sectional view
showing a state of the forming apparatus after a
preformed glass is cast;

{00271

FIG. 4 is & fragmentary enlarged sectional view
showing the forming apparatus being in & process of
giving compression with top and bottom parts closed;
[0628]

FIG. 5 is a fragmentary enlarged sectional view
showing a formed optical lens, together with a frame unit
united with the optical lens;

[(0029]

FIG. 6 is a perspective view showing one instance of
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20 showi ng a state of the form ng apparatus after a
prefornmed glass is cast; 0027] FIG 4 is a
fragnentary enl arged sectional view show ng the
form ng apparatus being in a process of 25 giving
conpression with top and bottom parts closed; (0028]
FIG 5 is a fragnentary enl arged sectional view
showing a formed optical lens, together with a frane
unit wunited with the optical lens; 30 [0029] FIG 6
i sha pergpecitveavi éanshowichg one instance of 8 the
fg @§€hoptical lens; and [0030] FIG 7 is a

ngi tudi nal cross-sectional view showing a |ens
bar r el Fappar dtsus i nugl viidinais e refs sthect bompt ixciadw uni t .

DESCRI PTI OF THE EMBODI MENTS [.0031] . FIGS., 1 d 2
i?T?ﬁ&?%ué?if“ﬁoPﬁfﬁaﬁgkﬁﬁﬁﬁégi§ h§¥8}¥6niou%%ﬁﬁégbehre
agpoptidcalniynit according to one enbodi nent of the

present invention, and the illustrated form ng
apparatus has an upper shaft 11 and a | ower shaft 12.

A lower surfages@frihenupRernshadiodibmedf i tted with
a die plate 13, and an upper surface of the | ower

shaf$112 is 15 fitted with a die plate 14. Then, these
15 and §bort R bai 1106 FRepaelT Vel [Dugs L R ko
manufacture an optical unit according to one embodiment
of the present invention, and the illustrated forming
apparatus has an upper shaft 11 and a lower shaft 12. A
lower surface of the upper shaft 11 is fitted with a die
plate 13, and an upper surface of the lower shaft 12 is
fitted with a die plate 14. Then, these die plates 13
and 14 are adaptable to hold a top part 15 and a bottom
part 16 respectively.

[0632]

The top part 15 and the bottom part 16 both
contained in a mold are configured to be held with upper
and lower drum parts 21 and 22. The upper drum part 21
has a circular center hole 23 in the center thereof,
permitting the top part 15 to be secured after being
fitted into the center hole 23. The upper drum part 21
also has a pair of insertion holes 24 located in a
symmetrical configuration around the center hole 23. A
pair of locating pins 25 planted on a lower surface of
the upper die plate 13 may be respectively inserted into
the insertion holes 24.

[0033]

On the other hand, the lower drum part 22 has a
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The top part 15 and the bottom part 16 both 20
contained in a nold are configured to be held with
upper and |ower drum parts 21 and 22. The upper drum
part 21 has a circular center hole 23 in the center
thereof, permtting the top part 15 to be secured
after being fitted into the center hole 23. The upper
drum part 21 25 also has a pair of insertion holes 24
| ocated in a symmetrical configuration around the
cemtaritwlhel2326Athphi regfivdagcat itAg pPnsi@s Pl &fcéd on
a, | ower_ suyr.fa rdie_p - .
r%%%%cr} gﬁ?’?ﬁsg%fe%gﬁﬁgggﬁ¥hgf?ﬁs%?%ggﬁﬁﬁgﬁﬁgggfﬁ'30
[ 0033 erOtHecheopt hert hahidynd e dwetodr parpard. 2ZFvhadea,

9 locatin ole 26 that receives a ti orti af ch
RIS T SISPRLF oGt St T 6 CE™F BF Dbl v st (o8
betyeen thadiopiparthd oanthd e dsottonn pas tsekbared after
Further, the lower drumpart 22 also has a center

het 81D 7 itk aché PhOc BRe eFe R ik e Rg -t he bt or Farce16f
tonbe,greurgdabler opeing fidited chat oob he, centser, hole

27. A'lower surface of the upper drumpart 22 that
heppise the feop pdr thablawer arumuppest 3dr flagke fofldshdhe

r _drum rt t . .ho t t r 6 ve
cavi ?rg§a’o;]?ogn6dh§§ei %%h%%%?r% % dlggrggcg%s@égsgoa%n sohovvn
| Redd G aFhesewcavht FES. 31 anes32careétiadapt abjlde 20 are

forma franme ynit by_injection nolding,. [0034]. As
dRERR T B iﬁo\%é),mt Re TOP° pattt 18 £&¢ eg{é%%ﬁ'[‘ n‘&%adnl“g'
opthecal element may be exactly fitted into the center
15 hole 23 of the ugper drum part 21. Further, the
bot t ortHaras L6 PaAsBPPBE - fidiGi TRy PRE TopPi EAF B Ehert an

eéﬁgléélféﬂéﬁent may be exactly fitted into the center
hole 23 of the upper drum part 21. Further, the bottom
part 16 also for forming the optical element exactly fits
inte the center hole 27 of the lower drum part 22. The
drum parts 21 and 22 are supposed to be exactly aligned
with each other by the locating pins 25 and the locating
holes 26 at the time when compression 1s given with the
top and the bottom parts 15 and 16 closed.

[0035]

One forming operation will now be described. As
shown in FIG. 3, with a preformed glass 35 set on the
bottom part 16 peing open, the top and the bottom parts
15 and 16 are given heating up to a molding temperature,
causing a temperature of the prefeormed glass 35 to be
raised up to 400 to 1000°C. After the molding
temperature is reached, closing of the top and the bottom
parts 15 and 16 follows. Specifically, in a case where

the lower shaft 12 is fixed in position, the upper shaft

10
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into the center hole 27 of the |ower drumpart 22. The
drum parts 21 and 22 are supposed to be exactly
aligned wth each other by the locating pins 25 and
the locating 20 holes 26 at the tinme when conpression
is given with the top and the bottomparts 15 and 16
cl osed. [0035] One formng operation will now be
described. As shown in FIG 3, with a preforned gl ass
35 set on the 25 bottom part 16 being open, the top
ahd ndrslsbéret bm pared dAG wRiE s1E Cdr 6151 Ve S HEARES$g Odp £°
t i t ature, Si e r f
U OParor g 1acs 35 T4 ba r &l Sed"Up 5 300 To 27 "
1000Cd Afd,ewhtihe aphdiig makdmgerdtgnevens seaghedpper
cl osi f the top and t bot t 30, parts 15 .and.16
FOTT e Yy POR) FO7E 1 ha s S WHOF D iR 0y Y the
sheddt iy ipSnki 2edahf POSiTd@tinghacuppers shafit akally
needs to be noved downwards for giving conpression to
t PO D EF e egPaEs2 855 T H 1Te 1tso§l§ignﬂ Phe? Bt oHhen

Pard S dh anRte16suphile exagld wrimkibRgrabi gy Rhtact
the upper and the |ower drumparts 21 and 22 with

eatth citiferuppy it Aerbatocal ity piorsr2drafdrt He 1%cattisng
; N . . . . ocatd
.9&?? 2 Rz saé'saktx%ln&é%'e%g ft%]t%rél?rl enfhf: Al 4l g digre

is given by a positi ower surface of the
dpamm par tor2 theakesncoatact?, w tdeotthegupperesurfsace agfed

the | ower drum pa 22. As lo as press_ is .comleted
D 1 S b B bt bRt 22 e SO RE
22rur@ 1$5:00] i27g pnecesstd Sostrardeed thial anstiad ecadieme t he

drumpart 21 is . in contact with the dru art 22._ 1t
BEP% b rfollSANERAt SPREATR OH g O Tpf BReLS e TgTHg
syrface vmde . up of Lhg 4 oMehusly faceacelnide Jop dank
15 and a form ng surface made up of the

upper surface of the bottom part 16 are adapted to
formation of a functional face of an optical lens 45, as
shown in FIG. 4.

[003¢]

In this forming operation, as shown in FIG. 4 in
particular, in the state that the top and the bottom
parts 15 and 16 are in a completely closed, the depressed
preformed glass 35 adaptable to form the optical lens 45
forms the optical lens 45, and besides, its ocuter
circumference is given in the form of a free curved
surface to face the cavity 31. According to the above
configuration, adjustment of variations in quantity of
the material of the preformed glass 35 may ke made at
will with the outer circumference-side end face taking
the form of the free curved surface, permitting weight

management of the preformed glass 35 to be facilitated,

and also preventing variations in weight of the preformed
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15 upper surface of the bottompart 16 are adapted to
formation of a functional face of an optical |ens 45,
as shown in FIG 4. [00361 in this formng
operation, as shown in FIG 4 in 20 particular, in
the state that the top and the bottom parts 15 and 16
are in a conpletely closed, the depressed preforned
gl ass 35 adaptable to formthe optical lens 45 forns
the optical |lens 45, and besides, its outer

coleanf &y ercen s fgiogenri nfrdie didantéfgathpedueti Vet 123

t t | . ding to the ab
SULLACS: Jar%esu&}%%n%agiﬁw%}.’c% 1AGCoMdi ng to the above

confirguration, adjustne of variations in quantity of
theoraierial of the preforned glass 35 nay be nade at

wll wth the outer circunference-side end face taki.n
the 1 oPiere Cratrres Sehe PRt Ciase Toafnt: Erate ver gt
301 rBnageameidriefl ,t ferpeehopned Olas®e3attoeber200°c or
facilitated, and also preventing variations in wejght
O@OWﬁérp%%f%ﬁ%ﬁﬁ?dlfsgFB%sc%ﬁ%l%ﬁuﬂ¥qcﬁsécéﬁr?dY?Qﬁﬁd' the

atbeet Fng tdhe 4 unet itggalandf@g@ e dRe phesyl 18Nng 16 of
optical lens 45. [0037] Wen a tenperature adaptable

t 6heof prmi k¢ @mpagftule isshpldstli @ matrépiial degpee. While
! 0C o i
exayn gfrquﬁegga%%r atupe of 2008 feét %é%%gqgaﬁgf&@%‘z%ﬁs of

the coo process i s advanced, nper at ur
t hest opnang: tdles bottt am parcéssdsy and hbdokhet hep fordning:

a ratus is held at certain degree. .\Wi.le ,this
PR e BTG Rerhevar e, s Mt copg it of
1@3pesbnigmier if:S inkstahGe NeCB&SEr Wwitt® hakdtbbeatdphe
and the bottomparts at a certain tenperature within

t RetFaRger ofs P3G £d TBOCTEFGih At RFceé - Fhen® wi t h
tqgj@@@i@@dﬂéfH%ng rozzle 40 is connected to a connection

hole provided in a contact portion of the drum part 21
with the drum part 22 fo extrude a molten plastic
material through the connection hole, as shown in FIG. 4.
As a result, the molten plastic flows into the cavities
31 and 32 in the form cof recesses located in the contact
portion of the drum part 21 with the drum part 22. A
flow of the molten plastic reaches the side face of the
optical lens 45, permitting a frame unit 4% to be formed
as the integral part of the side face of the optical lens
45 formed of glass. In other words, an cptical lens
device structured so that the frame unit 46 is integrally
united with the c¢ptical lens 45 so as to enclose the
optical lens 45 may be obtailned, as shown in FIG. &.
(0038]

It is to be noted that a pair of pins 51 and 52 are
planted on the bottom of the cavity 32 in the lower drum

part 22 so as %o cross the cavities 31 and 32 formed by
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bottom parts held at the certain tenperature, an

i njection nolding nozzle 40 is connected to a
connection 15 hole provided in a contact portion of

the drumpart 21 wth the drumpart 22 to extrude a
nolten plastic material through the connection hol e,
as shown in FIG 4. As a result, the nolten plastic
flows into the cavities 31 and 32 in the form of
recesses |ocated in the contact 20 portion of the drum
pake Xl tdt heedianepattuprarks Ploandf 22 hea ol 1n

pkasticsreaches trnss§'99e%a§@ of; ekte§on09%'g%%it€er}§ ARin

pernitting a franme unit € For med

i hbegrahte pardti tdfst Ré snde32an£QDNemhenopfl@mIOfeﬁ@ 45
f or med of(glass. In o%her wor ds, n.9 H ca t%gn%j%§51
devP R STUSUréd 58 that°t %Orrfesé’r?e net “46-7% P

i phegral iy caunricbed wkthréheyopt ixcals h:@l§81145050ncﬂ3j to
encl ose the  optical |lens 45 nmay be obtai ned, as shown

i APERERY efoll[ocve%] the pROTH H@%tl@a t haf AT PAs rufsft i

PEPsSnol Andir? iakeqr30 planted on thecbott poypfetdife of
cavity 32 in the |l ower drum part 22 so as to cross

t heecawitdads 13nsadd B2y e el Braizeghes upperathad tHse -
'sw%nggm&% §e§15§n9n&254 asass@%wnl 0, Ft&5.63 Qﬂﬂde

even 1f injection of a nolten resin into
cavilsi @se 3nsand «82 ihsoghveningro: Hilopwhof et he3 amﬁn&ﬂ,

into cavit ortlons correspondi ng.to the p| 5
aﬁargﬁt?gnzausggtlﬂeéor%1%3$'v”q q;eresu?? ?lt %%
openhsg {:aldrawitng bheiabbvesidjecticone thedéd amerAmit.

46 formed as the integral part of the outer
ciPedfi erence of the optical lens 45 may be so

obt ai nggh-as dphhaveoa Bai fre ofninsachi gn heles, 53, and
54, as shown in FIG 6. @Quide 10 rods are inserted

i npbtemerdigerimiton thel avbBiemd54nd 32, the process of
cooling the top and the bottom parts 15 and 16 is

restarted. Then, with the top and the bottom parts
cooled down to a temperature adaptable to take out the
optical unit, the upper shaft 11 is moved upwards to
separate the top part 15 from the bottom part 16 for mold
opening, leading to take-out of the optical unit given in
the form of a molded product as shown in FIG. 6. FIG. 6
illustrates the optical unit having the opticail lens 45
formed of glass integrally united with the frame unit 46
formed of plastic. [0040]

In the forming apparatus, the forming surfaces made
up of the lower surface cof the top part 15 and the upper
surface of the bottom part 16 are covered with preclous
metal- or carbon-made protection layers 42 of several ten
nm in thickness, as shewn in FIG. 5. Use of the

protection layers 42 as described above enables forming
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permtting an optical unit having the frame unit 46
formed around the optical |ens 45 to be gui ded
novably. [00391 After conpletion of the injection of
the fully 15 nolten resin into the cavities 31 and 32,
the process of cooling the top and the bottom parts
15 and 16 is restarted. Then, with the top and the
bottom parts cooled down to a tenperature adaptable
to take out the optical unit, the upper shaft 11 is
mmﬁethquhmmhiy poe20osepartat@ it Hensopspar tulBhdr.orhche
bat fom parf, 16 ohor pBLd 4 PPENi ng.. | 6ading, 19 LAke- Qb
The fopthical ni t grven form ot a nol ded
pt@éiumxr@Sagsm\mﬁabES Fcbﬁtlﬁe tEi]g:Ganﬁ thel usttrat gsmdtdre 15

0] tic%% uni t haV|n% t he tical lens 45 forned of
gPaSst§ it sl &Y 9uRPTREP Wi th the frame unit 46 25

fE@@EQ of plastic. [0040] In the form ng apparat us,
e form ng surfaces nmade up of the |ower surface of

t he t o} Paras 150aflet herpperaPrsdAf a8 edet cX Heebdthtcom
PAL v&6&%%§JQ%ﬁ%E§ Whih Béﬁ&u%%%he”@b@kcaprlens 45 with

car protection | ayers of several ten 30 nm
tlh¢ hti @k rres’s, th@sbghown paciE G5 anduéé gf.o:@ehné to each

ection Ja s. descrih bles., .
ﬁﬁ‘ngiaé;é¥ytﬁer g |§9p$e0|ou3’ ?Q?e%§ Yy tnkage.
Fumﬁhﬁrthdiﬁhrlamgge ptﬁ$ery|dntdxayehsa4ﬁeﬂgmbaﬂhﬂbd of

adaptabl e to prevent. the forn1n syrfaces of the ta
26l PGt Bt CORepREt SM 55D B 16 From ber hg worH T 7206

[994d]- Basiides, 1kAst heok of g ng:-rappakatys:Heserihac dehe
above, particularly when form ng the optical |ens 45

WiE RE S t e G ARG SEhR L bt ot [t tCslrfsméﬁae%e ctigted ¢

egggldes, the outer circumference of the optical lens 45
is given in the form of a flat portion 49, in which case,
the flat portion 49 is in contact with the top and the
bottom parts 15 and 16, resulting in no spacing between
the optical lens 4% and the top and the bottom parts 15
and 16. Thus, even if the injection of the molten resin
into the gavities 31 and 32 is given, there is no
possibility that the injected molten resin will be
adhered to the outer surface making up the functional
face of the coptical lens 45.

[004z1.

FIG. 7 illustrates a lens barrel apparatus involving
use of the optical unit formed as described above, in
which four pieces of optical units are incorporated in a
cylindrical unit composed of a pair of front and rear
lens barrels 57 and 58. In the above lens barrel
apparatus, an optical lens 45a of the leftmost optical

unit constitutes an objective lens, and an optical lens
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other, a glass portion is speedily subjected to
shrinkage. 10 Thus, the shrinkage firstly occurs in a
nei ghbor hood of an optical axis of the optical |ens
45, or a center side of the optical lens. On the
ot her hand, the shrinkage nakes slow progress at the
outer circunference side, and besides, the outer
circunference of the optical lens 45 15 is given in
the formof a flat portion 49, in which case, the
f4%t qorthieonpd9chs wmitcorit déte wilghtt hede opf aide t he
m.parts 15 and 16 resul_ting no
boé%e t%gngp FreartTens 45 zoog %ﬁgsfoﬁ%gﬁghg%ﬂ@dlate
kxﬁiénnxﬁmi$5k5haanﬂghﬁmath&e even it fire=d njeeetion

of the nolten resin 20 int the c S d 32 is
g?%%ﬁ?c§lﬂ9%519§ A oSSt i ﬁa?ytﬂégh %%cte

ol ten resi:n wWekhnbea aatﬂhﬁfeed:ﬂg@tt Bedeus er-isrfaee lens.
maki ng up the functional face of the op tlcal | ens 45.

[‘mﬁm] anpHPEical 7 ens ubtd diedes réng 5%?‘1‘%I tefppdraehs e
@mafdm% flf%?neoﬁnibeé optical, unitqf oF med. as; geseisicbed

ove four pieces of optical units are
|m£@ﬂpﬁnenuﬁieﬁnaa thylx¢ﬁW|amﬁe @i theohposeat:dfate Faked
of front,and re S%%dbﬁ{ﬁ?k§d§%f%9? P8 p*ﬂ: hi as_47
above | ens arre 30 apparatus, an optical  T'ens 54
the dt@fdimest waphi caé fomid mt4i5t ut EBe afir ol entntvé 6a
Iens and an op tlcg Iens 4_45b of the optica
f

Fothie g it ositas? 1%%4 oef&e.dveﬁ &R8 %%%i.%ed&

ZQ@@@A&&S t AR akBY e&ﬂegttsatﬁ:orftl xedehenge 456r tiasH NG tshl%p
frame unit 46 fixed to a contact portion of the |ens

bl ¥ el o5 74 Bnictth at ReeFeRP S BErrsItes8 FauatRangsd at the
4@39# e de o%ftltc*a@ ZORM L BNS, po %%@ctap optical diens

orned of a focus | ens novab
thermal welding of a lens edge to the step portion 48

after the optical lens 47 is fitted into the step portion
48.
[0043]

According Lo the akove forming of the present
embodinment, the need for preliminarily forming the
optical lens 45 of an excessive size for centering may be
eliminated, resulting in less difficulty in formability.
further, the need for performing strict management of the
optical material weight may be also eliminated, unlike
the no-centering-required forming. Furthermore, because
of no need for a separate process to unite the optical
lens 45 with the frame unit 46, higher precision in
alignment of the optical lens 45 with the frame unit 46
may be provided. Furthermore, no increase in temperature
of the frame unit 46 up to the molding temperature of the

optical lens 45 is caused, unlike the related art
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through a franme unit 46a is arranged at the rightnost
side specified as the rear side of the internedi ate
fixed lens. It is to be noted that a different

optical lens 47 10 is conbined with the focus | ens 45.
The frame unit 46a holding the optical Iens 45 forned
of the focus lens is required to have, at its front
face-side portion, a step portion 48 of a prescribed
di aneter, causing the different optical |lens 47 to be
eu@quioyefeurs@dtbyt 4 5otdvey reloiwel @ifngabtr e redge

t the Sl.ep 4po on_4 fter. .t op NS, 47,
f?? ed i %bqghgggtgﬁ %ﬁﬁ |(ﬁ%v%2%% gh%@% %ﬁcordzﬁb§Fo
the siboverf exvangagé ¢therqresemy n2 O0senbOd mMeFxpeplse ve

need for. prelimnar] form t he tical lens 45 of
dife ?%%QS%WQ Ffeaf%?g%éﬁFgﬁﬁ% tnﬁﬁsﬁg' el i ni nat ed,

resadding in less difficulty in formability. Further,
the need for erforn1n§ strict managenent of the

opti cadls FaEm ah WeFghts ndlf K@ tarresd 8P hi At¥d Wi ke

25,4 he, NA-GRNLRELAGNELAU & ed fRrRmRE. sFUELDErdDreainst
because of no need for a separate process to unite

t blee optriteal in| ghs ﬂQIMAQﬁ'$h%CﬁHﬁﬁ§ @nrfaQ@ chitgHared in
%e0|§ ﬁgkl&%alaﬁgggnggt lﬂl Btﬁ% nstﬁgs&ngglte

e frame unit urt er nor e,
I AEteasBydN otfermer atus ehé%@e afhet Ifeafcr amet uon$ 4496 up t o]

t he nDIdln era e of the .optical.lens iS
SRt U oeE RREa BT Rt Cu TS T CeERABT oy, LT e
aagmaénd:mar@qmﬁ ABt estidl S, themitrane U’mtfrlkﬁlermy

be al so provided. Furthernopre, there is also an
AV Bt Hge- o EQEMERNGY ot IRE 161 &ify tagpehstyen the

Mt erd aln SUCh RS o3cheat - 188 sfants £eSkRy held with the
top and the bottom parts 15 and 16 of the forming
apparatus, and also more surely preventing the resin from
being adhered to the functicnal face of the optical lens
45,

[0045]

While the present inventicon has been described with
reference to the illustrated embodiments, it is to be
noted that the present invention is not limited to the
above embodiments, and various changes may be made
without departing from the scope of the technical concept
of the present invention contained in the present
application. For instance, wvarious changes in shape of
the frame unit in the above embodiment may be made.
Further, the resin contained in the frame unit is
available in various types of materials depending on the
purpocse for forming. Furthermore, it is not always

necessary to use the glass as the optical material, and
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500441 As shown in FIG 5, the optical unit
according to the present enbodinent is structured so
that as against the center in the formof the curved
surface contained in the functional face of the
optical lens 45, the opposite 10 face edges of the

| ens have the flat portions 49 extendi ng approxi mately
at the right angle to the optical axis and paralle

to each other, permtting the frane wunit 46 to be

f er el yhd mjlestioninf thhendldsion sitatehBay shat®- sthérele,
t ' ens 45 is surely held with the 15 top and
tgg éﬁﬁ%%ﬁ%r arts 15 and 16 of the fornming apparatus,
aptdcétso nore surely preventing the resin from being

adher to the functional face .of .the opti | ens

Fo o P e et R, B Eie W ereRhr Rl ' S
deger e it offeher engge tedthe inlgl ugpaateds in various
enbodi nents, it is to be noted that the present

i RVRPE | DN GHCSHGE PRATt 28 F R THE N 1abSV e Enbolt theht & 1de

andyalrd oSy Ghanges ABY. beadilde . W thout departing
fromthe scope of tﬁe techni cal concept 25 of the

pteégé&nt invention contained in the present

appl i e} Ear i ce, . ' 1ges.. | of
AR R A B et el W
Fdethethed hbavesicrroons atinedf iamet e ifr apebeinfernesi as

avai l abl e in variou es of terials dependi on

T ha® 307 P s 6 P61 OF of N P CYITT ROFRGRS, VT ET | & Heepte
atwayse hecessaryrt ohesecidefrqd ass aptibeloptémalc, with
material, and 16 use of the plastic in the nolten

stht eal e A6 abeld #% Hecdsdartyr being formed.

Accordingly, higher precision in uniting of the optical
element with the frame unit may be provided.
[0448]

Use of the forming apparatus as described above
permits the optical unit structured so that the frame
unit is integrally united with the cptical element to be
formed by injecting the molten material by the injection
molding means, after the optical element is firstly
formed with the mold. Particularly, use of the forming
apparatus taking a configuration in which the mold parts
are closed with the space left in the position
corresponding to the side edge ¢f the coptical element
permits the variations in optical material gquantity to be
absorbed with the side edge space at will.

[0049]

It should be understood by those skilled in the art

that various modifications, combinations, sub-

combinations and alterations may occur depending on

17




[0046] The present invention is w dely applicable as
an 5 optical system of an inmage capturing apparatus in
vari ous types of cameras such as electronic stil
caneras, video caneras and nobil e phone caneras.
[0047] Use of the optical unit manufacturing nethod
as 10 descri bed above permts the frane unit to be
formed as the integral part of the optical elenent
with reference to the position of the nold for the
OPEFEH EWHEREENHF t AR t N UpthiecArTEl RBRtAheld Ay pre
| 51 8lier Reing LOoL et Mdydng;hmmlsl ghegnpreci si on
in uniting of F he optical 15 element with the frane
ueirtivmeries ﬁh@vﬁdéd [ 0048] Use of the formng
apparatus as described above permts the optical unit
structured so that the frane wunit is integrally
united with the optical elenent to be 20 forned by
injecting the nolten material by the injection

nol di ng nmeans, after the optical elenent is firstly
formed with the nold. Particularly, use of the formng
apparatus taking a configuration in which the nold
parts are closed with the space left in the position
25 corresponding to the side edge of the optica

el emrent permts the variations in optical naterial
gquantity to be absorbed with the side edge space at
will. [0049] It should be understood by those skilled
in the art 30 that various nodifications,

conbi nations, sub conbi nations and alterations may
occur dependi ng on 17
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desi gn requirenents and other factors insofar as they
are wthin the scope of the appended clains or the
equi val ents thereof. 18 Wiat is Cained is: 1. An
optical unit manufacturing nethod in which an optica
el enent is obtained by giving conpression to an 5
optical material using a nold after thernmal softening
of the optical material, and uniting of a frame unit
wth the optical element is required, conprising the
stlept ofs GiGimcAgiEhe frame unit as an integral part of
the optical element with reference to a position of
the nold 10 while holding the optical element w thout
openi My tdre iwsllduat t epafofrad ing iof thehopt e athigirement .
2. _The opt, uni.t turi et r di
AL i s LR S b A
150 whosle mwteeriibal vk $ngl asselB.affhe optiwal smitening of
nuf act uri.n nethog acc rdiqg]to cla%n11 wh rei.nth
t e ot i et BPERERE LT 2% pitstid Péng ThRIDS e Viat &FiAl
| shl 11 20ehenthes opddiCde Ynichmpansi agtthd Ntep of:
nmet hod according to claiml1l, wherein a material of
the frEmwiigg thestppragtielt ermi tFRETEhePFTamE dhitt
t 9, PefOrdmRe 38 theni PLegialce BRI b 0hst PECOPLE CGBle mold

el'ement by injection nolding. 25 5. The optical unit
menufadtalrdimg meehodt eebrafigwpitto vighaim avewher b in

am?igtg‘Mﬂ?%%g%&%%soﬁstp% 5 Xﬂﬁjgleggﬁtthe optica

materi a as been-conpleted, an outer

ci rcunference-si de edge of the optical elenent within

t?? The optical unit manufacturing method according to
claim 1, wherein the optical element is & glass lens

whose material is glass.

3. The optical unit manufacturing method according to
claim 1, wherein the optical element is a plastic lens

whose material is plastic.

4. The optical unit manufacturing method according to
claim 1, wherein a material of the frame unit is plastic,
permitting the frame unit to be formed as the integral

part of the optical element by injection meolding.

5. The optical unit manufacturing method according to
claim 1, wherein in a state where press using the mold
for the optical material has been completed, an outer
circumference-side edge of the optical element within the

mold is formed to be a free face,
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30 nold is formed to be a free face. 19 6. The optica
unit manufacturing nethod according to claima1l,
wherein the frane unit is formed after the optica
material is formed and then cool ed down to a
prescribed tenperature or below. 5 7. An optical unit,
conprising: an optical el enent obtained by
conpression, and a franme unit forned as an integra
part of the optical element with reference to g

pbsi t i GPt4 Bl BR1D P IGSTRIFEESi BRED AN & Ui T d Wittn
t?faﬂ;ptll,c%e%legﬂeeﬁe Brari@iApt iGalk okl Accordimyg to
claim7, wherein: the optical elenent is forned of
gtriskscalamhterhe lf kankowmd dnst ftdemedoot el et .o B5 9.
The_ opt.i.c ' di laim7, wherein: both
o?r?%cg]‘tlobpet%{l ct%ﬁb% gﬁg% éaﬁgjettj%e“p'frane unit are forned
of plastic. 20 10. The optical unit according to claim
7, Wwherein: n outer circunference-side edge of each

. a
of - t he*bfpodi e Flcks o %He Ot cal el ement is forned
to be & dJd@atcaport basnexsending appeoxprasel yn atarmi
right angle to an optical axis. 25 11. A form ng
appar at ussaConprisf AgTed $aid” oftracett B2 facyt i

PAEL S OTe 19hIHAY i EQMPE LSS QN &R ANpERLECal JBILHAL
ina nolten state into an optical elenent, and 30
i hpectiIrmrramsidinnganeanst cohrddtredhsi dehaysl tolament .

8. The optical unit accozding to claim 7, wherein:
the optical element is formed of glass, and

the frame unit is formed of plastic.

9. The optical unit according to claim 7, wherein:
both of the optical element and the frame unit are

formed cof plastic.

10. The optical unit according to claim 7, wherein:

an outer circumference-side edge of each of the
opposite faces of the optical element is formed to be a
flat portion extending approximately at a right angle to

an optical axis.

11. A forming apparatus, comprising:

a pair of face-to-face mold parts for giving
compression to an optical material in a molten state into
an optical element, and

injection molding means connected sideways to a

contact portion of one mold part with the other in a
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contact portion of one nold part with the other in a
20 state where the nold parts are closed, and adapted
to injection of a nolten material of a frame unit
formed as an integral part of the optical elenent. 5
12. The form ng apparatus according to claim 11,
wherein: the nold parts are closed with a space |eft
in a position corresponding to a side edge of the

optical elenment. 10 13. The forning aggaratus
A WG o tEPalf 4 202 T h 16 v CaRTout Y adepted to

Ci f cunf efenge,shder £4ge, Qf -;ach roh ¥heme OPPOS| AR f-aces
of the optical elenent is forned to be a 15 fl at

po tiroTe ometie vdirhgC ApPhoximEte@ly eaemgrnEi ght angle to an
optical axis, causing the closed nold parts to be
brought into pressure contact with the flat portions

t o2 . cutheoffforaingsepréortforaniargdilhg frankaiumill, 21

wherein:
the mold parts are closed with a space left in a
position corresponding to a side edge of the optical

element.

13. The forming apparatus according to claim 12,
whereln:

an outer circumference-side edge of each of the
opposite faces of the optical element is formed to be a
flat portion extending approximately at a right angle to
an optical axis, causing the closed mold parts to be
brought into pressure contact with the flat portions to

cut off a resin for forming the frame unit.

21




