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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 docunent 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 NVENTION [0002] 1. Field of the Invention:

00 ' [ | ates to an _optica
B2k 0, TG ARG R AN iPulEl ChPtalRe ul! 158
mol d thereof. More paetineubephyarte present

invention relates to an optical unit manufacturing
met hod in which an optical elenent united with a

frame unidrdss eBiRRAEEDYT@ 0SNG @Pﬁaxegﬁfﬁéz@ssﬁ on
fress formng) to an optical material wwth a nold
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aft%rllt hermal softening of the optical material, an
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ot ideaknanet PaRént 0Q04]ic2ribDesdaPi pt o ol ofoRelrated in

: 05 || -sized high- perf tical
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canera, an electronic video canera and a
camer a- nount ed 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 method, 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 is obtained by
performing compression (press forming) to an optical
material with a mold after thermal softening 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 mobile 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 emrent axis, like an aspherical lens, leading to a
difficulty in also neeting a demand for precise

al i gnment of an optical element with a support frane
or £&ns barrel fo securln the optical elenment. 10
L0601 Ot SPeFaPEd R MEIhGH (RATSFS BBSE 17 oduiniye
t akedd asegueeithen ﬁmsmrss tﬁc@ﬁ@.ﬂa?é caul K @D an
axially symmetrical |ens fornmed by glass nol ding,
V\P}f)hl(fehle PeRs diFpeEéeni My tdfe degns rbat Fel arafeerctamy .
opit £Fn &l 1 quher gpgea s, q{aﬁﬁwp%%s oleS o &EEE@P Phses
grlndlng with a centering “mach However, use of

t he sngetiiod ceatses éﬁC@¢¢oml<nnnumﬂ|ﬁgeaenthexiaﬁnilke

m@gn %ﬁh%ﬁeaglhgggenieégvol%%gai%lf%gstaklatloq_of t he

| ens centerfn ne to ~OVer
en¢or iroccuremagdatot herdd e whernseedr bAga2Ooptie-41ens
to,the lens. barrel or a _nounting frame., [0007] In

of tEPe1o "6V FHBPAbbvVE Piohte lﬁnFoPﬁfﬁ% ﬁ%ﬁhod

caddefh mp-teenbpeipg: remmdgd formng that is
adagtable to forma lens contour at the sane tine as
forning of the | ens has been taken. For

'nStanﬁﬁarei@@@ae§§tFﬁg@HEd/MNgﬂ Q%thggtL§£§H&gﬁ%ly taken
No. 2000- 7355 di scl oses a gl ass optical el efent

f'o? i sl aretthed ]l enAcedrod fprnido arheamdkhod, aaigliass
ORI &AL 818 h 51 £o, HO HRA YL Aok QL MEN0, 1 EATE, I,
InN a state ere t%e

fitted into the lens 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
cverlap with an error occurring at the time when securing
the lens to the lens barrel or a mounting frame.

[G007]

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 Laid-open No.2000-7355
discloses a glass optical element forming method.
According to the method, a 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 frame unit is separated fromthe gl ass
optical element after conpletion of form ng. [0008]
However, it is quite difficult to precisely formthe
S 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

requi res .hi ghl ski|led_techni que. Further, the outer
Pt rardndg. SraRt o Fednt Tt e 60as A PG4} i capne
Nof centE@mipigtiequbredo i dormng is renoved after

conpl etion of a form ng process, so that the error
cggggﬁ in a later process of securing the lens to the

mount ing,dieaTe Or i & hg, 4 @Sy Haniceh ¢ WL o std 4ds 268k «
[ 0009] 15€The%euﬁon€uone ﬁ%tﬁod i's CO%%é%bé%ﬁg,othCRe
| 52 cgE@ure athehk epsndytiord g Hgrannopef cle dleamertce,
rd [ 0 C ct. wth the inside of the
ﬁ%ﬁgG%af?éﬁgggng%hégﬁtéﬁgégﬁfo réﬁe?gg??e?%d%ﬁ%?ﬁ%&ﬁ&nto
ofe tdrs toptliscakriskenemtthst dgindenmienhad Stadel mheme ghhe

| ens, barrel or the 2 unting frane is, set within the
e BRI THR. aUa T e et SPFRF ¢ ore 4 He Ao -5 e
barared oritt heehlir aperidi timd I fmalohyeh el udeS  &uired
synthetic resin, and is thus unable to wthstand a

t EnPEE drte F5BEPER A2 {7 ¥ GIGIHG FaPt RE 2 oftiTeidly process,
el engnde. <WheR cEy0geni & Saf tening 9L ass.4s Jsed 2335
the optical material, a nolding tenperature of a

priet orafed tgl 488 Babpebted torecorprbssioms dtaoel will
increasses s¢up to 400C or above, so that this nethod

w |l 1 npose

[C009]

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 compression 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 adapted 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 compressiocn 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 I NVENTI ON [0010] 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 inventio provi des t hod of

manuf act uri ng ang8§bﬁgﬁ|6bﬁhﬂfévﬁﬁ§ﬁGPHd so that a
froeom (10 unit fornmed of plastic is united with an
outer circunference of an optical elenent fornmed of

gIass?hﬁnareﬁF%B,l%ﬁ?“&ﬁﬁ@cﬁFOHh??sﬁ&ﬁﬁfﬁéﬁhﬁéﬁoﬁ§ﬁﬁging
the phova1mehhods [ Q0421 ThetRResent 4 venkion

further provides an optical 15 unit manufacturing
netised aMivcini e apidthl @noréftast ¢verhgnt apsor bdso, an
vard.ations.:in H#Q' ' S [ opti.cal, elenent
t%ﬁ%i% ?ﬁékdoa sg%kgﬁsgggiggg %ﬁl eﬁ%ﬁh(%%tured
ugitig it he above nethod. [0013] 20 The present

i ion still further i d . optical unit
11 G RoR S5 hat! U6 4o SUR Pt ST & LY 6 MER. &

opiniuGaktekefgnin i dp@ hateivwhet enaru ot iGalchaxi 8 £9fne
the optical elenent is correctly aligned. [0014] 25
THe presdat Phvititator far théFepr biiied antépti cal

WireusirbUehHE egle St that caif caBe NPl fo iy Rd Qfh skastig
Igiso, 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 quantity 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 sc 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.

[0015]

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

el ement fornmed of glass in a state where an axi al
center of the frame unit is in alignment. 30 [0015]
The present invention also provides a formng 4
apparatus used to precisely forman optical unit
structured so that a franme unit is integrally united
with an optical elenment. [0016] 5 The present

i nvention further provides a form ng apparatus which
I's capabl e of absorbing variations in quantity of an
FRAEIT et EFf af° dorft i Sfdd ifR*Bn2BpPPehfal eldient .
[£04:4:url AP @H@@Qﬁmﬁﬁﬁwphnﬁaeier§§€@$rdﬂNﬁQ§H9@d with

provi des an optical unit manufacturing nethod in

vitii ¢tptasagpeieant el enent is obtained by performng

c ression to an optical material with a nold after
thermal softening of the optical material, and

uni ti Mgeobrasénanenwnittion tfhurtbethpropideala goenenty i s
al so required.. The optical uyni nuf act uri ng net hod
Iaee S BTER BT T8 g Cha FPARES Wi Ae T 11
iniegrialy par knodpt hes optdieali zel eprobivéd hin ef eprenee:
to a position of the nold, while holding the optica
el ‘Wi t hout opening the nold after forming of 20
thmioptical elenent. [0018] |In the above nethod, the
optical elenment nmay be a glass | ens made of gl ass.

Al t er A&t PREPYiMEhe Dpttitcalrreckaentvemly. e ralogédas an

‘g§%¥€a§ hﬁ@% H@Q@féﬁt&%fﬁénhﬁ%kbﬁ in which an optical

element is obtained by performing 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 methed includes a step of forming the frame
unit as an integral part of the optical element with
reference to a position of the mold, 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 mold 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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25 resin. Further, a material of the frame unit may be
plastic, permtting the franme unit to be fornmed as the
integral part of the optical elenment 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 elenent within the nold
may be in the formof a free face. Further, it is
also allowable to formthe 5 frame unit after the
Idftlcal terial is formed and then cooled down to a

06 i5dd £ Eper At Uur® idrbeldhe T b g ToAReEnBBdi hent

afodiRe peesend & yeiddrameaptbegh r ol tpr @wiidas an
optical unit having an optical elenent obtained by
c@ﬁ%ﬁ

%dssion, and a frame unit forned as an integra

part gf, Elﬂﬁo@ﬂﬁér‘?@ elerent Wit L%ﬁe%{ NGe o %@é@

position of a nold for conpr essi on, uni
tive tropiidak @h emmitcall nntihehabove anqnnmcauneﬂemehe

optd.cal 410 e n be fornmed, of SS the
‘H’ﬁ%%ﬁﬁ Ey Lgﬁﬁkfs§orﬁe nF %itefﬁg i vél §
kmﬁﬂeqmbltherbp@fceﬂe dﬁtememteaeﬂemMGmﬁﬁaﬁEfumehcﬁayob£

for d of plastic Furt her, an ou
H&r 8Ec% e Hb feootgéFOB‘PréﬁéhO%f Etrﬁ’e urgsEs 't & hites

Qj‘pttlﬁﬁloﬁﬂ.bﬁ@-ﬂlt el erenrthemayobe ghvefkil Nudihe thef 6po1 041
a flat portion extending approximately at a right

ggrento™an bpt fearehdls 91pe62031d An: enfddicmBRe tofay Hee

P asept Ifngfggtpa pr;g\@e%et@vewr n&&% appakat H?t%é?h
i ncludes a pair of face-to-face nol d parts

g \simeg tconpr el i rane i topeivcad ﬁmﬁmﬁdzﬂf plas&imel t en
SLALR LNt QnaQut?@E'cglaﬂcu%f%@%HEe and, i nj o eacHD gi ng.

means connected si eways t contac
opposite faces of the optical element may be glven in the

form of a flat portion extending approximately at a right
angle to an optical axis.
[0020]

An embodiment of the present invention provides a
forming apparatus which includes a pair of face-to-face
mold parts for giving compressicn to an optical material
in a molten state inte 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
mold parts may be closed with a space left in a position
corresponding to the side edge of the coptical element.
Further, the outer circumference-side edge of each of the
opposite faces of the optical element may be given in the

form cf the flat portion extending approximately at the
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one nold part with the other in a state where the nold
parts are closed, and adapted to injection of a nolten
25 material of the frame unit formed as an integra
part of the optical elenent. In the above form ng
apparatus, the nold parts nmay 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 he 0 cal_el enent .may Lven in the form
of “The F%f pof%#on cgﬁSFstapﬁPo%ﬁﬁﬁPe$@ﬁ%n %ﬁﬁe
rtphdecanglie parthenopti€alraxihs, 1hBoV\bt@§15L§313§Q;onttﬁ%t

cl osed nold parts pay be brought into pressure contact
Wit 1 SF BOFE+ O 10 it O5ff thRer o nforforning
fenda NGt he:iErame unit. 5 [0021] The optical unit

nanufacturlng met hod according to the enbodi nent of
t &9%rlesent invention is a frame- nounted optical unit

anUfaﬁ}FEF@QcH?th é@t%glk %Qﬁo&E§§§§¥dlﬁé to

gl ass no ng I n |ch the op tlca enent
Obl'@fal m@@dbylegtvbﬁgtl@mmrmtonntvent her op$ i zaf ravateri al

ft th ft tj.cal
it G TRAE Sk i S D P anBo P85 or et RO ©

re}ﬁeernmmdt, Olhh@l@@§lrﬁdmr@f ithenmehdehahs b €i bl @llagent
the .optic eleprent as it is in the nold with no nold
ob%rﬁqé} rB&u?%%ﬁ“%f?%ﬁpqﬁfﬁﬁpﬁgtht?ﬁeoQkﬁQQQMmaterlal

el efenithe kb1tihertabove methihadrekhihg prefes ablg 49
formthe optical elenent by injection nolding.

Fidteral t heenapbital ofemarte foprpcaf EPemethtwifthame
pf@f&rea@eytbnehgdsésmeorp'o%swhg mOﬁQOZ%& 79 fecandi pge.

to the above enbodiment of 'the preésent
optical element as it is in the mold with no mceld opening

required after forming of the optical element. In the
above method, it is preferable to form the optical
element by injection molding. Further, the material of
the optical element frame preferably includes the plastic.
[(0022]

According to the above embodiment of the present
invention, 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. Furthermcre, because of no
need for a separate process to unite the optical element
with the frame unit, extremely high precision in
alignment of the optical element with the frame unit may
be provided. Furthermore, no increase in temperature of

the frame unit material up to the molding temperature of
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i nvention, the need for manufacturing the optica

el ement of a larger size for centering nay be
elimnated, resulting in a reduction in degree of
formability. Further, the need for perform ng exact
managenent of a 25 material weight nmay be al so

el imnated, unlike the no- centering-required form ng.
Furt hernore, because of no need for a separate
process to unite the optical element wth the frame

unit, extrenely high precision in alignnment of the
SPE CRILER EnRhEMSH Kt KEUFPdme Uht e r§0epgd art

RR¥hdedyy Fusd hatdore.q RAti ARHEES &t NF AP aEALYE 81 8T nay
the frame unit material up to the nolding tenperature

& atspheropidedl BIEmErors, chided, 1 kevehgage of
fr%'q%tl?cqn Mo \S%m@' ’ex?gngbé‘g f dﬁ%tl choi ce of

frame material s may so provide Furt her nore,
there is an advantage of requiring no use of any

DRAW NGS. [ 004" 15 FeataPbs ani VAN of the

proesent invention wll becone nore apparent in the
follomnng description of 10 presently preferred

enbodi H@nf%aB‘fr?%QQ%WHPF‘EH@?%H%E FHF COERE FBHC I A

the 12¢eeRRAMYD NI HAMRGS inl Bh¥hEST owill024s ki idni S
an expl oded perspective view showing a formng

appacatds por ot Lwding an @bt*@%llﬂymnttlonwaken in
[c%Ql%%LcE!LS% %&1«? &hd Angikidh el CE eSS RRCT ':%n%'m}éhew

showi ng t form ng appar at us A its assenbl ed st'at e;
[[0026]

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

FIG. 2 is a longitudinal cross—sectional view
showing the forming apparatus in its assembled state;
[00286]

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

[(0027]

FIG. 4 is a fragmentary enlarged sectional view
showing the forming apparatus being in a process of
giving compression with top and bottem parts closed;
10028]

FIG. 5 is a fragmentary enlarged sectional view
showing a formed optical lens, together with a frame unit
united with the cptical lens;
f0029)

FIG. 6 is a perspective view showing one instance of
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FIG 3 is a longitudinal cross-sectional view 20
showing a state of the form ng apparatus after a
preformed 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 cl osed; [0028]
FIG 5 is a fragmentary enl arged sectional view
showi ng a fornmed optical lens, together with a frane
unit wunited with the optical lens; 30 [0029] FIG 6
itdeg fpEmedet V&8 VileWsshéwidng one instance of 8 the
fleromd optical lens; and [0030] FIG 7 is a

| ongi tudi nal cross-sectional view showng a |ens
barr eFIgpparat us Ianwltwidigadserofsthrecti®regt ivdal unit .

DESCRLETLON OF JLE EVBQOLVENTS . [0020], FL.G3 o1 and 2
iTlustrate a formng apparatus use 0% 10 " manufact ure
aptdpbilcahiunit according to one enbodi nent of the
present invention, and the illustrated form ng

appar atus has an upper shaft 11 and a | ower shaft 12.

A lower surfaegcafrethenupperashafdoptiizivgsfitted with
a die_ plate 13, and an upper surface of the | ower
&P 112 is 15 fitted with a die plate 14. Then, these

di e plkakes 13;nand b4 Aheadapt ablgi 19 H9ld-2uk0RsPAr o
15 and a bottom part 16 respectively.

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 tc hold a top part 15 and a bottom
part 16 respectively.

[0032]

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 22Z. 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 inserticn holes 24 located in a
symmetrical configuration around the center hole 23. &
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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[0032] 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
center hole 23. A pair of |locating pins 25 planted on
a-toendsipfaced ofhat Heagpper di e1pl Ree 13 iy cBeh

r c?o[?a ively has Qi hhg el Bspriion ol gs 24, 30
[ OBg?H%hE% e gtﬁ%%eﬁgﬁgf the | ower drun1pa?%)25 hgs a
Pdoean nehbbe R&rt hdt anecéheebonten pgpor titon dliréaeh,
l.gcat.i ng pi,n 25 for lation of a relative.position

Bt wdsH Fhe PBpP BB 15 @Rd"tHe  bETE oM part 16, 1° T0

Rustdhar,, pettheth omerith wotpakt p22tal sothase a<erntar after
hole 27 in the 5 center, permtting the bottompart 16

e B Sedifad BFteth® MG PPLEAT nt o tHE Teritér2h6I 8F

2the AdrawerrSirface of cHaenupper ctde umpasdr22 5t hat an
hol ds the top part 15 and an upper surface of the

|vRaT drarfRpar o £ 290 Heawefolddsmt Rext bt t g pdral e thave
?kﬁt%ﬁ%d&?%a%]: 890y, 32 1 01, f:iNg fonm d%dlﬁ)z rECESRES A% Sfown

These cavities 31 and 32 are adaptable to
froronssdfer asesbavh by FIfj.€ct i Ghemel dangtieqd O034ndAS2 are

derbiufied BokermLIoGon BRLL By, LRSI g
150dwile 23 of the upper drum part 21. Further, the
bOtt(NHs described above, the top part 15 for forming an
optical element may be exactly fitted intc the center
hole 23 ¢f the upper drum part 21. Further, the bottom
part 16 also for forming the optical element exactly fits
into 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 is 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 1¢ being open, the top and the bottom parts
15 and 16 are given heating up to a molding temperature,
causing a temperature cf the preformed glass 35 to be
raised up to 400 tc 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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part 16 also for formng the optical el enent exactly
fits into the center hole 27 of the | ower drum part
22. The drumparts 21 and 22 are supposed to be
exactly aligned wth each other by the |ocating pins
25 and the locating 20 holes 26 at the tine when
conpression is given wwth the top and the bottom
parts 15 and 16 cl osed. [0035] ©One form ng operation
wi Il now be described. As shown in FIG 3, with a
preformed glass 35 set on the 25 bottom part 16 being
oldeﬁleefiﬁett?obeafﬁﬂV%éiWﬂaéﬁiﬁpéiafsgm@@ammp@eaﬁeon to

gineen heathBd Ypado & HRldi @get eOpeLM Wi hotaUdl pa-&
tenperature of "the preformed glass 35 to be rais

ﬂéiﬁ@g L6, 1900 ¢¥4Q§1Yth@knogdahggnm@mmeﬁatheeupger
LeRehed, 16108 M0RT AR baP.RRd EDS. DOLLOM 30nR2TED %

le ically, in"a tase
Ilmxvartlslgapinizw Sarfd xee ilocposhyi Boied s .upper ashafty

1q711 neegs % gﬁdomnmards for giving
ompr-8¥sPoh°to e?%éﬂbr SrﬁéﬂegFﬁs%r§§‘%ﬁiﬁ'PﬁélFbﬁp
a\m&rtahEhBOIb@é& partSacel 2 raRde L8rumhbd € exaghhy s maki Ng-+
all%nnent of the %ﬁper and the lower drumparts 21
ddT250q PRPRACH Ot By trRel SR BCIIhPFItng225 And

gl agabiags ol esomgfie Al BY ahlyy gmsa g heo EufNd
at this tinme is given by a p05|t|on er ower
Njrface on the %WQﬂnﬂﬂﬂq 221 ﬁak@@l@mgnﬁmﬂceswnuh sherted

per u par t
oroes Aot & by P Pttt Pt (ol 26%ame
2rupnpehe ﬁiunﬂﬁam&;ZZ ba 000bdngh@t00€i$elSosﬁﬂﬁ@ed

in a state where t art 21 i ontact with
tﬁ%oce8r0n1p¥hfmiﬁ9 S a % B8 Wote %1ﬁﬁ% OFRTt fRr face

egolkhagtoprpLess,s &nfdoramflagmﬁﬂcijfﬁﬁﬁfdw%a@l@ ab bheche
| ower surface

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.

[0036]

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 be 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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of the top part 15 and a form ng surface made up of
the 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. [0036] In this formng
operation, as shown in FIG 4 in 20 particular, in
the state that the top and the bottomparts 15 and 16
are in a conpletely closed, the depressed preforned
gl ass 35 adaptable to formthe optical lens 45 forns

th tical_ |ens _45, and besides, its outer ,
c??%%ﬁfggeﬁggni§fgfegﬁr1ﬁgFWba&%ﬁﬁF&Pgat??egpQﬁﬁRﬂﬁleS
stetacef tihd aeeutthencaybtycadl.1ehscabdi ng to the above
c B' uration, adjustment of variations in quantity of
tEQ hg{erial of the prefornmed glass 35 may be nade at

Wil witdh the coptertGis Céaﬁéﬁcra%ri%etgi de-gnd fage taking
the formof the free curved surface, permtting weight
30! Aahkg et 168 - t her prefrarleed agltasse85tupe bef200°C or
fagllitat S rev N Lations . in weigh
of U proforiod 11 gt e a o ganih BkEutr s Tehe
af tepefafgitche If ahet fopaind ftaee bok tbhepaessl tAMnd 16 of

' l. 45, [ 0037 en t enper at ure adapt abl e
?gﬁ%gﬁ%wg.n?gﬁgaS%QF%eLsgl da??i ggfg?fﬁlggq%ﬁe' While

exahpl ssmperenper ab ube 10512006 r0ks| avBEndi Sy rQachedpascr
t he Coolinggprocess | s advanced, the tenperature of

t he® top difd 'eHE s bbbt oin FHESES AAdP269ofhe tHp fEnithg

apperat Ysarcs Bel 8 atrén Gerdaaid rdeareey: W b end HiSige of
tgg&erature to be held varies depending on a type of
1

et i Gfafer farsinstanee nedéssar yith Hot dcathenophe
apg the pReLt am paLt spat é%ﬂ%%&%ak9m£$PQ€ﬁ§%}”§%‘M thin
t he range of
injection molding nozzle 40 is connected to a connection
hole provided in a contact portion of the drum part 21
with the drum part 22 to 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 of 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 46 to be formed
as the integrzl part of the side face of the optical lens
45 formed of glass. 1In other words, an optical lens
device structured so that the frame unit 46 is integrally
united with the optical lens 45 so as to enclose the
optical lens 45 may be obtained, as shown in FIG. 6.
[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 to cross the cavities 31 and 32 formed by

12



10

15

20

25

30

130 to 160C, for instance. Then, with the top and the
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
nmolten 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 Iocated in the contact 20 fortion of the drum
patd “PPeRi Rt Hee dY R &R PEIAS 1 oW bF24/hé SmsheeR in

phasti g heaches thies sidef age J_gfjeg:]ﬁ]?on apt IaCQAOllt%RSrégln
permtting a frame unit 46 to be forned

|rtteyridle parito?s the gidde aéegeffetlhen@pﬂcwaIOﬂ éhs 45
L 1ok 0Lasee, [ ALNGIS WR% A8, 80 IR ! 681 R 18%51

evi ce structured so t ne unit 46
iartegrzalilby caused ed Amddrdtﬂm@lgpt Beah t@snslt45>fscmoa§ to

encl ase th optical lens 45 ma obt.ai ned, as sho
TS K001 BB e Tpa oty Al s, Rnof ¥E
pf NSaehil aandnh&2i gt €yr 30 plrantedtas bheebottindkrthee of
cavity 32 in the |ower drum part 22 so as to cross

tHE CRFitEPEs1SAS ahtl Y 61 78d Oﬁyala%dt#e Ypper cafdrehe

| onar, sdrdibRaks Se 215 ANG 22,4, a8 sSBAMIN T 11 FICS.6.3 aRdye
4. Thus, even if injection of a nolten resin into the

AT 96§ 31SaRtEBANE gihternsAstiPowiolet S andsPA.
Igglqalc&%gyaposgﬁ ons, GQriN! ﬁegnqgnghé 0&4}& orgsc 2 S

and 52 is caused. Accordin S a resu nol d
openieng affohhowi Ing) Q};I'tetcaetiode:nlsnfléctoolm duhied fr avw abini t
4.(x£ﬁ;n9d as the integral part of the outer
rcunference of the optical lens 45 may be so
obt ai ngdecascbmp haviora qraithe ahjkasest i oh find ex1%3 and
%ﬁﬂi%%.%ggyg igkgqé%e caé%@fgg 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 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 meld
opening, leading to take-cut of the optical unit given in
the form of a molded product as shown in FIG. §. FIG. 6
illustrates the optical unit having the optical lens 45
formed of glass integrally united with the frame unit 48§
formed cof plastic. [0040]

In the forming apparatus, the forming surfaces made
up of the lower surface of the top part 15 and the upper
surface of the bottom part 16 are covered with precious
metal~ or carbon-made protection layers 42 of several ten

nm in thickness, as shown in FIG. 5. Use of the

protection layers 42 as described above enables forming
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10 rods are inserted into the insertion holes 53 and
54, permtting an optical unit having the franme unit
46 formed around the optical |lens 45 to be guided
novably. [0039] 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 agaptable
to take qut the optical unit, the upper shaft 11 is
oy é %M&‘&g Pbe 207 e et EtE 1t H@nﬁoﬁgparﬁurl@efrrfofﬁhﬁhe

QQid@“pQ@j_%cl@ofloiaMéj 42093%i Aol §§QE'51{1593JI@ ttcﬁgu%egght
of the optical unit given in the formof a nol ded

Prisudr T d§ 9s RpRAAF s MIGEIG thpGang the |hsthrat esrthels
aptd ca f%%ktbQ?M&nﬁaﬁhgmﬂ?tical l ens 45 formed of

glass integrally united wWith the frane unit 46 25
fidrdied of plastic. [0040] In the form ng apparat us,

the faoym. sut faces ﬂade up_of tPe | ower surface of

t he t%%sﬁggf’lénahQFt e tpperPPehr %ieé%ﬁcﬁ &5t Fom
pardvel 6 pare ieaver g whidh frreGhQushe NBb@dcalOlens 45 with
%ﬁ{bon-nad erotection | ayers 42 of several ten 30 nm
'Y Hi€kA8Ss " @sP Shiovh BaT 41 &° 5Pk BFotdfe to each
RIt0{eaGt 2081 kY ep S #2:aSi degehizhed aboye enabl £Shrinkage.
forn1ng‘ 13 of the highly precious optical |ens 45,
Hirtsherthet RBriakeaiye birioitdst iconukayenr sa 4 igthdogihoed of
BAARIADLR ) [ 9L VBN e L)2 00T B0, ST 86eS, 0loBE. LOR,
and the bottomparts 15" and 1 rom bei ng wor n -of .
[(0041c Besi-des, Lems t hedf orhei eghappased us-destiibedgt he
ahaxe, AL LesLALLY Ahen S oLTL00 D, QRIS 1808, 43na
besides, 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 45 and the top and the bottom parts 15
and 16. Thus, even i1f the injection of the molten resin
into the cavities 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 optical lens 45.

(00427 .

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. 1In 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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the top and the bottom parts 15 and 16 cl osed to each
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 nmakes sl ow 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

45 9ForPFoAPBYCEs Y to gt ABE Wi Oht t hile 6 amé t he

l%ﬂjd@@lgérﬁénés @Hgtfgztere%uggbﬂgléﬁsnoZ§pQ%%%gmedlate
between the optical lens 45 and the top and

bortesmipast $545adnd the Thage eveh 46 ﬁﬂﬁ?dlﬂoeetlon
qonttlg%tnEOFffg{]Oﬁ es% nchezq_elnrslt % ! he]-l;]C I t] t%l q.ndssz I S
“tha t%e | &b

gl ven, ere i's no possi bi 1 E nject
nelitren G68sin awidndnﬂ aadheéedlﬁﬂtthfdéﬂﬂﬁﬂth@U&bamelens.

ng up t ctional, face of the_ o tlcal | ens 45.
IBti; =Hbgb Bres e ot SPEESH Pons Hebrbl SEopRPaF 1L:
ITntehehng fUSee 0fntthe saptisCak ruhhtaf oF nag &ag@k@ﬁggtbed
above, in_  which four pieces of optical units are

G pERAEEHET R thY Ieddr PédR DRI Eheopes@eddpta Haked

Qmﬂﬁion&ta@g £54kerkﬁ%% Qﬁ %egsd§¥f@ﬂgﬂ5%rth%aEhQQHS ?
above lens barrel 30 apparatus, an optical |lens 45a o

ﬂﬁeqq@bﬂﬁﬁétwtﬁﬁlﬁhﬁ fagmist Leoast bt ut B diraols eotikvésa
len: 1n%”@h§t08P eﬁaHen%”§5 %ﬁe ?9 of e optical unit

at the-rig si de of t Ve | 'ehs ‘constitutes’a
Z@QW&E@QStOAMaV@HEHUHﬂﬁS&EEontiKede+eﬂ$a4ﬁnﬁhamung thep

fQ% e u |g 4? fI‘?d ta.a contact portion of the |ens
BraPUS oW T I U Tend s BAFPRT o586 TEHHRNGEd at the
khghbrﬁhdeopfléﬁEZZﬁQﬂMhems.be exactly secured by
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 to the above forming of the present
embodiment, 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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Then, an optical |lens 45d forned of a focus |ens
nmovabl e through a frane unit 46a is arranged at the
rightnost side specified as the rear side of the
intermediate fixed lens. It is to be noted that a
different optical lens 47 10 is conbined with the
focus lens 45. The franme unit 46a holding the optica
| ens 45 fornmed of the focus lens is required to have,
at its front face-side portion, a step portion 48 of

a prescribed dianeter, causing the different optica
|6 AU hECekBRE| § SeRAT € Bype15t Mekwala el fgirnghef

a e 40k e, st eps 8 o op L,
kg0 e o [ RGNS PLEfolIA Pt

Aetoridiongnt edvhetapevel forqding ngf nbhespresenty «<2@ensive

emhodi. n%UC%h neegefornggelln1narllg formng the
optical 1ens 45 of an excessiVe sizZé fTor centering may

bECO & i m nat ed, resultlng inless difficulty in

f or mahj y Further need for performng strict
nanaggﬁbﬁ%'gp fHeFI%pt§tdﬁmhéF§ﬂ &B%bhﬁc TRy i5¢ &Pso
ahkﬂl@ﬁk%@ntuﬁhbkﬁlﬁénihﬁaQﬁx@%ﬁh@éﬂngoréﬂﬁﬂ r€d against
form ng. Furthernore, because of no need for a

§3ﬁhﬁ§¥@ﬂﬁréée§§et6OHH|Q%‘ﬁﬁ%cwﬁﬁﬁéaPurf@%% AB hgipkd in
the fran®e iupbh 48.. hi ghele By, ﬁ%ﬂd%ﬁoﬂehg 4§J'éHH“§ﬁ§o%Ete

the optical lens 45 with the frame un
praovA deldesFait hbe nbees hﬁyarﬂh@eééetlnorEHwEiaMhre 30

0 fr Lt . 4 t,0 .t he e at ur e of

t%]gé%%ﬁﬂgiggpgg%%mﬁgeﬁgE%%J%ﬁhr Ilﬁgg% e réi t S tare!

kﬁm&eehmbbegyllsb tha&mﬂlgﬂ&ak cbetm@tﬁinqmﬁﬁﬁlﬁﬂa&efor
be al so BTOVIded Fur t her nore,

thgreu%?s “a %3ﬁm%% tHYE - OPefbi FRRg i UsE Gfeany

expansiWwere the optical lens 45 is surely 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 functional face of the optical lens

45.
[(G045]

While the present invention 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, various 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
purpose for forming. Furthermore, it is not always

necessary to use the glass as the optical material, and
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materi al such as a heat-resistant resin. 5 [0044] As
shown in FIG 5, the optical unit according to the
present enbodi nent is structured so that as agai nst
the center in the formof the curved surface contained
in the functional face of the optical Iens 45, the
opposite 10 face edges of the | ens have the fl at
portions 49 extendi ng approximtely at the right angle
to the optical axis and parallel to each other,
perrrit#i gethe frame unit 46 to be fornmed by

i AP RctT on"of {BRELFesl nti%h FHE e sEAEESwWhHeY €0 he- ssptiacal
| epsndb=dssrsurely held with the 15 top and the bottom
parts 15 and 16 of the form ng apparatus, and al so
nmbf&i&lrely preventing the resin from being adhered

to thepfdingtional ;fagce: of, t;he hcal lens . 45. [0045]
20 Wi le ?&Igspr esent ﬁv%nntﬁ%orﬁﬁgégbggﬁ %Jl(éeé}:(’\:lrei' bae% Wi th
referencevstethefi bhustasd edipgnrddigneppsratis iis tvarheus

n that the present invention,is not limted to the
ag%}g‘gs eor:%ézﬁlmreféﬁ s,su%?]da?/aerjie&%oélﬁgnﬁgéi?ra?larbeer%dé’ldeo
Wedthots depanbbigef plosnd heanggope of the technical
Cf@@@ﬂi 25 of the present invention contained in the
p application. For instance, various changes in

shape e dthenktrapeidi tudin LReahever ephoLl RN 1By
be made. Further, the resin contained in the frane
URE I CTideda@RPN gbPerPht ¥ diticodg atgpas ibf tadterfiaimed as

depending QR Lhe: 30 PU PR Far Eeéﬁ%ﬁe- <Y Lhere,
it is not always necessary to use the glass as the
op? i ‘dwl peetigipal of apte rd@ ugeroththepplast i€ldmentthewith

m&k&%ﬂnﬁkﬁﬁeeTEMeQE ﬁ%fﬁ)ggaq%’is after being formed.
Accordingly, higher precision in uniting of the optical
element with the frame unit may be provided.

[0048]

Use of the forming apparatus as described above
permits the optical unit structured so that the frame
unit is integrally united with the optical 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 of the optical element
permits the variations in optical material quantity 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
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I f necessary. [0046] The present invention is w dely
applicable as an 5 optical system of an inmage
capturing apparatus in various types of caneras such
as electronic still caneras, video caneras and nobile
phone caneras. [0047] Use of the optical unit

manuf acturing nmethod as 10 descri bed above permts
the frame unit to be forned as the integral part of
the optical elenent with reference to the position of
the nold for the optical elenment, with the optica
efi@fret 4feicd raBentsi e afe e hdias§orsr ipgofar as they are
Agcor i naley s Dbahse preclsidamdd alkikkng. of, ¢ he

optical 15 element with the frame unit nay be
pe@witelents[ 6b48fobise of the form ng apparatus as
descri bed above permts the optical unit structured
so that the frame wunit is integrally united with the
optical elenent to be 20 fornmed by injecting the
nolten material by the injection nolding neans, after
the optical elenent is firstly fornmed with the nold.
Particularly, use of the form ng 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 optical elenent permts the
variations in optical material quantity to be

absorbed with the side edge space at will. [0049] It
shoul d be understood by those skilled in the art 30
that various nodifications, conbinations, sub

conmbi nations and alterations nay occur dependi ng on
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17 design requirements and other factors insofar as
they are wthin the scope of the appended cl ains or
the equivalents thereof. 18 What is Clained is: 1. An
optical unit manufacturing nethod in which an optica
el ement is obtained by giving conpression to an 5
optical material using a nold after thermal softening

Wad hes aptd gadgmeterial, and uniting of a frane unit

with the optical elenment is required, conprising the
step of: formng the frane unit as an integral part

of the optical, elenent with reference to a position of
The 1t UG e ot r G B 1Rt oot WSt
apenidg dhsne ! & afderi foy gy ofiddhecticdd:ion to an
element. 2. The optical unit manufacturing nethod
arcioradi nepltteorial almng avrered e fter opte el 1 edefianing of
| ass. | ens 15 whose nmaterial.is ass. 3. The, .

S A T ot TG R T dbr i aTie (8o e
the Wisr@idl tdieereii cad el @mBNdd | St 88ihg $180Sstep of:

whose material is plastic. 20 4. The optical unit
manuf&zetiiihd et hoihacesordiay ao iiedm i, pavhleref nthe

f.eri-al _of the fr.ape. uni is plastic, .permitti th
IR o Pl AR e RS 1051 OR0IN 64 L0 W1
WPt alo el e thdYo i @Cl | Oremd i vk h A5 Sopdilitng the
optical unit manufacturing nethod according to claim

mp Lawelrtegh formeing stfe Mhererpresk Wit he nold for

the optical material has been conpleted, an outer

2. The optical unit manufacturing method according to
claim 1, wherein the optical element is a 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 molding.

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

mold is formed to be a free face.
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ci rcunference-si de edge of the optical element within
the 30 nold is formed to be a free face. 19 6. The
optical unit manufacturing nethod according to claim
1, wherein the frane unit is fornmed after the optica
material is formed and then cool ed down to a
prescribed tenperature or below. 5 7. An optical unit,
EOoNprrsd %tﬁbpm&i@lmﬂmu%ﬁ@'mw according to
conpression, and a frame unit forned as an integra
Plarin of, tHerapt ived efameninin tis refereahcef tar ache

sition of a Id 10 for conpression, an nited with
B G el B ot ont G b e e
084N 8CrYe & 1 OR | Galpdid . manuf act uri ng net hod

in which the optical elenent is obtained by giving
conpression to an optical material using a nold after

hermal softening of the 15 optical material, and
{nﬂti ?é%%?é;féhﬁﬁylﬁﬁwp%ﬁﬁbehe optical element is
requidrethp Gl | Sidige it et Lhaf (by fimp s 4 e, f ramwe
unit as an integral part of the optical elenment wth
r ef erderfce@ne W igosidingtd ofs tde wlerahiparthoddive t he
tical element withaout.opening the 20 nold after
iy SITHE SPtTLal e o, 5 e Dt Lar
RECUHNEIH Gl aldNd uherei ch the: optd cal ) el eetcj s
formed of glass, and the franme unit is formed of
pl astlerezB gheThptoistd alniini ts ool Hgited daian 7,

rejn: . Lot fet optical,.el enent .and the frane
O\L%%%I(%alr eun%bcorrﬁrlaengjfoafchcgiralgiq %&‘ethooe 1 whic trhe o;?tlcal
element is obtained by giving compression to an optical

iWOld

material using a mold after thermal softening of the
optical material, and uniting of the frame unit with the
optical element is required, comprising the step of:
forming the frame unit as an integral part of the
optical element with reference to a position of the mold
while holding the optical element without opening the

mold after forming of the optical element.

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

the frame unit is formed of plastic,
9. The optical unit according te claim 7, wherein:
both of the optical element and the frame unit are

formed of plastic.

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

an outer circumference-side edge of each of the
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30 10. The optical unit according to claim?7, wherein:
an outer circunference-side edge of each of the 20
opposite faces of the optical elenment is fornmed to be
a flat portion extendi ng approximately at a right
angle to an optical axis. 5 11. A form ng apparat us,
conprising: a pair of face-to-face nold parts for

SYd H0c o COMRE £SSF Ond Qo3 @P1 | SRR efd af o f @ ol ten,
state into an optical element, and injection nolding
esth e eohnett @d sidewaysprooainde bonitacd poght omele to
one rmldfsJart.vvith the other in a state where the

ar%l%p%%ff‘? Hte’ ¢l osed, and adapted to injection of a
nolten material of a frame unit forned as an integral

part of the optical elenent. 15 12. The form ng
Tabparfat iereiccorabprratoiel afenidisivdgerein: the nold

parts_are closed with a space Jeft in a. positjon
corres p%anld]ip n%gt%a%e s‘f%efae‘%egem%#ft%aer%%ﬁ%]gl 9% Ehent
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the flat portions to cut off a resin for formng the
Fradvfe Wege Wy mold parts are closed, and adapted to
injection of a molten material of a frame unit formed as

an integral part of the optical element.

12. The forming apparatus according to claim 11,
wherein;

the mold parts are cleosed with a space left in a
positicn corresponding to a side edge of the optical

element.

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