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BACKGROUND OF THE | NVENTION Field of the Invention This inventi P8 EQ:EJ abes
to a |l ens bolder for supporting an objective | ens | oaded on an op ga 003

head usedTIPIB ©FOTHENN FBHON epr oduci ng an information recording
medi um such as an optical disc. This invention also relates to a nethod
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| ens hol der and an objective ceé constrrute

and the 'ﬁ@%@%ﬂﬂeb&ﬁﬁ%ﬁ” ti[ce;n of the Related Art The information
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recordi ng SepY'8y- only optical disc, a phase change
di sc, a neto-optical disc or an optical card, are finding extensive use
f or sto?ﬁ’g&@{ YR PHIGARENWBNTIP®ECh i nformation or data for conputer

programs.-- Thus, the demand for raising the recording density and the
r ecor di ngFtdgadithy Infenttiomse i nf ormati on recordi ng nedi ums is increasing
year by year. For increasing the recording density of the infornmation

recordi ng nmedi Wiis intvehSon @élk@Bltb\4Geh® hblter €85 Sup it MYRT bR BdsUbLaNf Of
t he objective lens onto shorten the |ight em ssion wavel ength of the [|ight
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a digital optical disc or recordi ng y e numer|
aperture Medtm! McAULEh! offtided "FisBMIThE iy Hfor® M2 kRt a Rt ol
manufacturing such a lens holdcr, a metal die used in manufacturing a lens holder and
an objective Ie}ns device constituted by the objective lens and the lens holder.
Descriptior; of the Related Art
The infonnation_recording mediums, such as a replay-only optical disc, a phase
change disc, a magnetg;pptical disc or an optical card, are finding extensive use for
storing the image inforﬁation, speech information or data for computer programs.
Thus, the demand for raising the recording density and the recording capacity of these
information recording mediums is increasing year by year.
For increasing the g;oofding density of the information recording medium, it is
effective to increase the numerical aperture NA of the objective lens or to shorten the
light emission wavelength of the light ;ource. For example, in an optical head for a
Compact Disc (CD), wh_ich ]S a digital optical disc or recording mainly music signals,

the numerical aperture NA of the objective lens and the light emission wavelength of
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the light source are 0.45 and 780 rim respectively, whereas, in a
so-called optical head for the Digital Versatile D sc (DVD), nunerical
aperture NA of the objective lens and the |ight em ssion vvav?alae§gph2@§ t he
| ight source are 0.6 and 650 nm respectively. Wth this DVD, t

recording density is inproved over that with the CD to render it possible

to record picture signals. The objective |ens, used.for reﬁordi gg Iﬂ?da/dor
r epr odudhagighteotirné erefd§ andf780 nm.espestiv e e WisTe3s, BLBsO 1@ 1L5H QPUF%
si ngl e non-spher.ical |ens nolded fromglass or plastics. This sin
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non- sphefor &R DIgefs Vgt BlsdPD ¥ D)ensmedcaleaperhuk &A@ thaobjseiiee tanpendens
device, and is 1oaded on the optical head. For exanple, the single non-

spheri Ca‘%lﬁlel eﬁsﬁgﬂ%gvélgngﬁﬁdomléﬂi@:ﬂ Qurés pef ereank650fmerspéctitayl ens

hol der . ens der, carrying this single non-spherical lens, is
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recor di %}l{}bﬁ’ﬁ R}ﬁ;nﬁ‘xeareF% gg%,ﬁgél&}faﬁ ﬁﬁgﬁ@ggggﬁs of .the information
recording medium are desired, such that a |arger nunerical aperture NA of
t he obj epessitde terecoaf PietHee fighélsengt h of the Iight radiated from picture

signals shorter than e.g., 650 nmare required. It is however inpossible
to produce th’Ehsbhjy:lcﬁvndcmsmsedif@alrecpéfh§g\ﬂmﬁllpfﬂﬁ81?ﬂ}}%‘t‘$ﬁ?ﬂI“EBHP%?% Ra not

smal l er than 0.75 because of difficulties in netal die machining and in

cont rol | {RGrollife €0 SAIIVD, iy paivaldmelytd siaghf noesphemealilengs nphded from glpss
machining a netal die for nolding the single non-spherical lens wth the
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the | enso{)jsecltiggfer}sh(?er\]riéeqlahdszg lcga%%h o'mﬁgio%itiwl RELOEST example, the single non-
spherical lens is bonded to and mounted on a reference sxfrface of the lens holder. The
lens holder, carrying this single non-spherical lens, is loaded with pre-set accuracy on
the optical head.

Recently, a higher recording density and a larger recording capacity of the
information recording medium are desired, such that a larger numerical aperture NA
of the objective lens and the wavelength of the light radiated from picture signals
shorter than e.g., 650 nm are required. |

It is however impossible to produce the single non-spherical lens with the
numerical aperture NA not smaller than 0.75 because of difficulties in metal dié
machining and in controlling the eccentricity at the time of lens molding. That is, in

machining a metal die for molding the single non—spheﬁcal lens with the numerical

aperture NA not less than 0.75 the tilt angle of the lens surface with respect to the



difficult in consideration of the size of the distal end of the cutting

edge, such as a dianond byte. Also, if the curvature of the |ens surface
is increased, the sag (depth along the optical axis fromthe fgegepfjhe
| ens surface to the outer rimof the lens) is increased to- render netal
die machining difficult. For this reason, it is retained to be difficult
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0.75 as a single lens. Recently, as a technique of realizing an -objective
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objective |l ens has cone to be use Ctv ens,

t he obj eci:i i o] ituted b ural lenses. to dimnish th
refracti \?ééﬁégagiﬂzﬁ %eslghﬁlstbﬁ@n‘lag?@y‘?fghﬁeggsisy §dF e H&%&%B
radi us of jsuryatur e Pf the non-spherical lens surface to manufacture an

obj ect i v&P&C Qptkcg! xS Tromdhe apex alpbetlareswifactde thesuterram o« ths lendvever
with the double set objective lens, with a large nunerical -aperture NA,
an ext r eddfrpasfiddie rendet mietal dis mamiiningdificulh & arehitriewsor, 6ns pEShdd ehbe
accuracy when assenbling the plural lenses into one set- For exanple,
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the I enses, whilst the mnute order accuracy is required of the lens tilt.

By maki ngsthigdedéqensi onal position adjustment, it is sufficiently
possi ble to asSenble the lens to neet this precision requirenent. However,
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With this double set objective lens, the objective lens is constituted by plural lenses
to diminish the refractive power of each lens. This renders it possible to increase the
radius of curvature of the non-spherical lens surface to manufacture an objective lens
with the numerical aperture NA not less than 0.75.
However, with the double set objective lens, with a large numerical -aperture
NA, an extremely high precision is required as the relative lens position accuracy when
Vassembling the plural lenses into one set. For example, micron order accuracy is
rcquired of the eccentricity and spacing betweeri the lenses, whilst the minute order
accuracy is required of the lens tilt. By making three-dimensional position adjustment,
it is sufficiently possible to assemble the lens to meet this precision requirement.

However, thisthree-dimensional position adjustment is in need of an expensive jig and

an advanced position adjustment technique and hence does not lend itself to a mass



be envi saged to assenble the respective |lenses in the | ens hol der whose
reference portion having a reference surface for nounting the | enses
t hereon has been formed to high precision. The reference pOL%iSE fzﬁ din
the lens holder is set to a shape capable of positioning the®r Be ve
| enses as to the lens offset, tilt and the lens-to-lens separation. The
| ens offset, tilt and separation are referred to below as three el enents.
By form pgodimtiongfrecessce portion to high precision with respect to these
three elenents, the objective | ens can be assenbled to high precision
Wi t hout requi AsHge 134 j t | . a
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is, the objective lens sse ed to h preci sion so

suf fici egt.l L.z t ape _designing of .the |ens. holder. The shape
of the | SRORVEPACH oL Abeiiic 10 BRrse il ATHER s ndih dFos Bt el igate
manuf act uri n thod.. Figs.15 and 16 show the structure of an objective

| ens devi’egl‘g’z VIRE\A Trderence suffare for pIoNnYRG the denssa dhereas mpheen foraed
doubl e set objective |lens set assenbled into a | ens holder 204. The first
| ens 202t Bigh pigasiomt o which falls the laser light radiated froma |ight
source, not shown. The first lens 202 has its md portion facing the second

lens 203, refleerretereacdpbavfornial iradiatdmohsldet &Csst tosa Sipiprechpasldof
non- spherical |lens surface 202a, on an outer rimof -which is fornmed a
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of the | %?/Sfosrlrjxgiagcﬁlezgc%grcnce portion to high precision with respect to these three
elements, the objective lens can be assembled to high precision without requiring the
- position adjustment of the respective lenses. That is, the objective lens can be
assembled to high precision solely by sufficiently optimizing the shape designing of
the lens holder.
The shape of the lens holder is hereinafter explained inclusive of the presumed
manufacturing method. Figs.15 and 16 show the structure of an objective lens device
201 having a first lens 202 and a second lens 203 of the double set objective lens set
assembled into a lens holder 204.
The first lens 202 is a lens into which falls the laser light radiated from a light
source, not shown. The first lens 202 has its mid portion facing the second lens 203,

referred to below as the radiating surface, is formed as a non-spherical lens surface

202a, on an outer rim of which is formed a planar portion perpendicular to the optical



is formed a planar portion perpendicular to the optical axis. The
above-nentioned opposite surface, is referred to bel ow as the incident
surface. The second lens 203 is a | ens of the double set objective Iens3
set which opposes to a digital optical disc, such as a phase §Hargf® 20
optical disc or a magneto-optical disc. The surface of the second | ens 203
facing the disc, not shown, referred to below as the facing surface, is
formed taxa. pDanhe otitapeandjhhd stirfadretaivdtiqiofalisotheofighthmdsaied doem fibe lipdt t he
first lens 202 as the opposite surface, referred to bel ow as the incident
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of the lens surface 203b ornmed a planar section perpend| cular to the
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the objective | ens device 201 by the light radiated fromthe |ight source,
i s ter nedppositensigéageoisrefegiretkblo éﬁas« asgherneiient pedaceand second | enses 202,
203, non-spherical lens surfaces are forned on the object side. The |ens
hol der 204 i sTherssesnd ldist20isallbys dftha doabld skdbbfeapelen@set Waidhnoproses
peripheral side of the object point is forned a first nmounting portion 204a
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the first lens 202 as the opposite surface, referred to below as the incident surface, is
- formed as a non-spherical lens surface 203b. On the outer rim of the lens surface 203b -
is formed a planar section perpendicular to the optical axis.
The side of the objective lens device 201 on which falls the light radiated from
the light source is termed an object point side, whilst the side of the objective lens
device 201 lying along the disc arraying direction, that is the side on which an image
‘point is formed by the objective lens device 201 by the light radiated from the light
source, is termed an image point side. Thus, with the first and second lenses 202, 203,
non-spherical lens surfaces are formed on the object side. |
The lens holder 204 is formed substantially to a toroidal shape. On the inner
peripheral side of the dbject point is formed a first mounting portion 204a carrying the

first lens 202, whereas, on the inner periphery on the image point side, there is formed



radi al reference surface 204a2 having the optical axis as axis. The second
nmounting portion 204b is fornmed as-one step-wi se on the inner rim of the

aperture on the imge point side froma second axial reference :ﬁjrﬁﬁ
204b1 fornmed facing the object point side and froma cyli ndri& |3-''s gﬂéed

radi al reference surface 204b2 having the optical axis as axis. This |lens
hol der 204 is prepared e.g., by nolding fromsynthetic resin. In the
above- degcydcoad mewrtimg pddiRDAb taeyinirtbe saxdmd lemsf20Bence surface 204al
of the first nounting portion 204a and the second axi al reference surface

204b1 of the 'Hechirst nimumninggonntl®@ia i2@dimsesnp-RiscasiRlcarBheife fef 866
determ ning the separation along the optical axis of the first and second
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204al and the second -axial ‘reference surface. SO ac a

ref erenc t | t.he til: t irst and secqnd, |l enses
Do 20 SuFiEt 8a1 Yoral hine' Bl AliEcihory Slac' Bt biok® by SR EERE) SraFeience
sur face 20@3& %pd-that of %Qe %Qcond axi al {eference surface 204bl are at
180 al ong?tRETGptancs sustace Z0ra2 hay iy the qRiIca) _RRSASAXiS - ace 204a2 of the
first mounting portion 204a _and the radial reference surface 204b2 of the
second nount i %aleﬁ@f:@n@mwmgammag 284p és Enaredas-eng tapevidepathe mineyrinhe
positions of the first and second | enses 202, 203 along the 6 ! 0 SFP 2003
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by its outer rim202c on the first nounting portion 204a. The second | ens
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surface 204b2 having the optical axis as axis. This lens holder 204 is prepared e.g.,
by molding from synthetic resin.

- In the-above-described lens holder 204, the first axial reference surface 204a1
of the first mounting portion 204a and the second axial reference surface 204b1 of the
second mounting portion 204b serve as a reference surfa.ce determining -the‘ s-ep'aration
along the optical axis of the first and second lenses 202, 203. On the other hand, the
first axial reference surface 204a1 and the second axial reference surface 204bl. also
act as a reference surface for controlling the tilt of the first and second lenses 202, 203.
It may be said that t.hc orientation of the first axial reference surface 204al a;nd that
of the second axial reference surface 204b1 are at 180° along the optical axis. The

.1adial reference surface 204a2 of the first mounting portion 204a and the radial

reference surface 204b2 of the second mounting portion 204b act as a reference

surface determining the positions of the first and second lenses 202, 203 along the



manuf actured using a male die shown in Fig.17, referred to below as a first
netal die, and a fenmale nold 302, referred to below as a second netal die.
When the dies 301, 302 are assenbled as shown in Fig. 17, a | di n

mat eri al 204a for producing the lens holder 204 is charged iﬁ)ﬁ 8 g{lﬂ@i ty
between the first netal die 301 and the second netal die 302 to nold the

| ens hol dediu2@fhd Rpkhis. metal die for manufacturing the |ens holder, the
first netal die 301 1s provided with a nolding portion 301la for formng

the first ' t .ef bel th i rst ti
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with a mt)ll%d{n?g ortjon 302a _for formng the second nounting portion 204b,
ref erred 14 ningpatios 94ad Thaseerndignp aP8 inmamsies byils puter rign2@d0a.

The first netal die 301 is nmade up of a base 301b and a projection 301c
provi ded o8rihe Reeprshimeustng postian 284general |y forned to substantially a
convexed shape, as shown in Figs.1l7 and 18. The base 301b is forned

substanti al | yThis defid afol@érat204s hapgodibéd Hasde 3Mbding. PoOGxdaPIV G i@
projection 301c at a md portion of the nmajor surface 301bl in a 7
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second netal die 302 Ts the direction towards the 1 nage point
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formed with steps 301d, 30le, 301f which beconme progressively |esser in
di anet er hpkies 2§dris ahiaeged buardeavily betssengbicrfirsindetal dic 30kand the second

metal die 302 to mold the lens holder 204.

In this metal die for manufacturing the lens holder, the first metal die 301 is
-provided with a molding portion 301a for forming the first mounting portion 204a,
referred to below as the first mounting portion molding portion 301a, whilst the second
metal die 302 is provided with a molding portion 302a for forming the second

: lﬂounting portion 204_b-, referred to below as the.second mounting portion molding
portion 302a.

The first metal die 301 is made up of a base 301b and a projection 301c -
provided on this base 301b, and is generally formed to substantially a convexed shape,
as shown in Figs.17 and 18.

The base 301b is formed substantially to a flat plate shape. This base 301b is

provided with a projection 301c at a mid portion of the major surface 301b1 in a



shown in Fig.19. In this projection 301c, the major surface 301f1 of the.
step 301f as the distal end of the projection 30lc serves as t e@%g@ﬁ
of the second netal die. 302 conpressing against the major surf 3
of the second netal die 302. In this first netal die 301, the flrst
nol di ng portion 30l1a is nade up of a surface 30lal facing the inmage point
side of difetRuttevarddMieisctbgd s B0Bd2anthigqieutien t6wardsuht secondlhatalof
the step 301d. The second netal die 302 is made. up of a base 302b and a
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302b11. ase iS nmade up tanti all y | at e shaped
bott om 30 section
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in a direction towards the object point side of the double objective, |lens
set 201,0f the apaiy swimes &m&é ah tg@n kase 38Rt Issarcalytmeay i .aQCn3P§B2
second netal die 302, the sidewall section 302b2 is a portion lying on the
out er rimmpresﬁﬁgpgajrsthhaubuﬂﬁ&ﬂtswfacbkﬁ@ﬂoaﬂsuf thretsatontl me3didiard@2has an end
face as an 8 '10 RFP 2003 abutnment surface 302b21 conpressing agai nst the

abut ment sur f'pge paSjebdoRadiRels formel witktsépslB6130301d,he0mjadiicls betans:
302cl of the proj ectl on 302c is an abutnent surface against the ngjor
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configured,” are shown in , and the 'ding materi al
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mterial the distal end of the projection 301c serves as the surface of the second metal die 302
compressing against the major surface 302c1 of the second metal die 302. In this first
metal die 301, the first molding portion 301a is made up of a surface 301al facing the-
image point side of the outer rim of the step 301d and an outer rim surface 301a2 of
the step 301d.

The second metal die 302 is made up of a base 302b and a projection 302c set
upright at a mid portion on the major surface 302b11. The base 302b is made up of
asubstantially flat-plate shaped bottom 302b1 and a sidewall section 302b2 set ufright
on the outer rim of the major surface 302b in a direction of the first metal die 301, that
is in a direction towards the object point side of the double objective lens set 201,
referred to below as an object point side direction.

In the second metal die 302, the sidewall section 302b2 is a portion lying on the

outer rim of the projection 301c of the first metal die 301 and has an end face as an



204a is charged to produce the [ens hol der 204 whereby the | ens hol der 204
is formed as one with reference surfaces for positioning the.#jgses 202,

203, so that these lenses nay be assenbled to a doubl e objecti SFén2003et
wi t hout increasing cost -or-tinme. .In assenbling plural |enses, precision
in the a - Lone e elenents, .t is the offset jlt _and_the
separ at | AgiondRIANE d0bba T EopeRihelinaind HhopBuimonduraen301bg opBidhisbed
to this ﬁei?c]ll i Q.. However, in the above-described | ens hol der

manuf act 019 g‘i od, the-first nounting portion 204a or positioning the

first lens 202 is forned by the first netal die 301, whilst the second
mount i ng por t I88 gapsedecpdRlal ofhogrojeetior 308d id &msbbderit surfaos apsingy t he
second -netal die 302, so that, if the nolding material 204a is charged in

a state ilre majatsutfaee OIGDAf 00d Aikstgh@aBié 3(B1.not properly positioned with
respect to the first nmetal die 301, there is produced offset in the

above-nention t Seg\i@;pt ) I terial 4a
is charged i nggesr?gtﬁz (i?él’] I’C@Qf @89&?&@ égﬂ’ é{g&s@%xg@%}cﬁb%éﬁn aft ﬁ%&%ﬁ’)i S
position 1 ff . th re: set, posi.tion, ,as shown i.n Fjg. 20,

t here is%glllcl1 meef:?'lo?}d] 8&5‘&%@@3{ gﬁ%{ﬁf@g?gea%astguf%g116:5?%.&{3,610{{1? §f lepgholder
separatigg4 bei.ween the first lens 202 and the second | ens 203 assenbled in
‘the nol dedt PEfEC ARG 204, Specifically, should the second netal die 302
be offset relative to the first netal die 301, as shown in Fig.20, there

i s produced aWi8hfhsemeial dies Al POt huxasieanblodtingetiot f thetmoldiag aeatesin] axi s
02 of the second netal die. 302 with respect to the center axis 01 of the
first nme2@da wichafd to@rodine: tihens helder 20heneréb ety ledytstlicanoafif satndB of

tilt due to the inclination of. the center axis 02 of the second netal die
302 Wi t hay @sP@eth reference surfaces for positioning the lenses 202, 203, so that these lenses
may be assembled to a double objective lens set without increasing cost or time.

‘In assembling plural lenses, precision in the above-mentjoned three clements,
that is the offset, tilt and the separation, is required. That is, the lens holder 204 needs
to be shaped to this precision.

However, in the above-described lens holder manufacturing method, the first
mounting portion 2042 or positioning the first lens 202 is formed by the first metal die
301, whilst the second mounting portion 204b for positioning the second lens 203 is
formed by the second metal die 302, so that, if the molding material 204a is charged
in a state in which the second metal die 302 is not properly positioned with respect to

the first metal die 301, there is produced offset in the above-mentioned three elements.

For example, if the molding material 204a is charged in a state in which the



to the center axis 01 of the first netal die 301 and an offset Z due to
separation of the second. netal die 302 -fromthe first netal die 301.
These offsets represent an anount - of deviation between the L irst _nol ding
portion 30la on the first metal die 301 for - nolding the firb® SEAnZi0Ag
portion 204a and the second nDIding portion 302a on the second netal die
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offset X.in eccentricity, et Y intilt and the offset Zin the

separ at i GIFtWeeP {he {ine lepp 64026131@@4 ithabkeeondlase2@hapiemapledn thaenaldedilens301,
302, that is to the netal die producing error. The metal die producing
error of haperddd4ately 3 gmfor the eccentricity and separation and that
of approximately 0.02 for the tilt may be. estimted to be 10 1 8 SEP 2003
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nmetal die 302, there’is produced an error between the first and second

enses 20, 3303,d fhcapn PR, GAKE ESAORGEDR b0l ITRCaLy Ry pEOiSLge

error plus t he’ amount s I on tween

t he ecce e tion dies are estinated
e’ e etsef RE¥ cRDf 5 DONR s ol il %ﬁg FUR resriest (p Blegpicr s
esti mat egﬁ &we rml di ng,. these offsets add up to each ot her so that the
eccent ri @} §f Bedirshmesdilie 301000 theguher handy f@)&TﬁEf@WCQQDQﬁﬁCt Qnef 6kt t he
tilt is LqIElprom mately 0.087. If, in the above-described | ens hol der

manuf act wiuerg thﬁeumdmatm oththerentes aixis €0 ofthrersecond postal die 3Aaithaesydag

the first lens 202 and the second nounting portion
to the center axis O1 of the first metal die 301 and an offset Z due to separation of the
second metal die 302 from the first metal die 301. These offsets represent an amount -
of deviation between the. first molding portion 301a on the first metal die-301 for-
molding the first mounting portion 204a and the second molding portion 302a on the
second metal die 302 for molding the second mounting portion 204b. If the first and |
second:lenses 202, 203 are assembled in the lens holder. 204 molded in such a state
that the second metal die 302 has such the offsets with respect to the first metal die
301 as to the three elements, as shown in Fig.21, the offset X in eccentricity; offset Y
in tilt and the offset Z in the separatioﬂ add to the error ascribable to fhe shape of the
metal dies 301, 302, that is to the metal die producing error.

The metal die producing error of approximately 3 um for the eccentricity and

separation and that of approximately 0.02° for the tilt may be estimated to be

10



204b carrying the second | ens 203 are produced using separate netal dies,
an offset is produced at the tine of. assenbling the first and second
metal dies-301, 302, this offset translates itself as the ?fqﬁgﬁ,b t he
reference surface usable as a reference in nounting the fi d cond
| enses 202, 203. The result is that the relative position betmeen the first

ARG B R AU e g SR M

t he presgg i.nvention to provide a | ens holder, a nmethod for rranuf acturl ng
| ens hol dBYE HEf “W@W%ﬂ“p‘?f‘dﬂ’&éilh@e fissh anisegend kenses 3820203 inean emoudévi ce

constructed u5|]£}% the I ens holder, in which plural |enses can be secured
to high FeeEsBeRAngLe Hmjmetaadjddspmwingamdoripiuwtﬁccmnbehatdf‘deviaeim Heewethons
can 11 8 SF) 11in"3 be positioned to high accuracy. In one aspect, the

present ithy ardtalatiepBOV) 3®B Sincenbe B@&e@hﬁrcﬁﬁﬁﬁaItﬂ@s?hrﬁﬁbﬁ%w&d t%@%nqtlh a
nunerical aperture not | ess than approximately O fornmed rality

of | ensegesrk a¥EFha98H ﬁ‘ﬁb@ﬂ%ﬁr&iﬂ eﬁé!{fﬁ(ﬂtn‘?%ﬁ%t tﬁ@#l]thoqaa%ll?%]%ﬁ} ﬁgltyr ﬁ67°

recordi ng and/ or reprodUC| 1‘on’si or 'a

recordin [ ural |enses making up
an obj ec?sl %%%ﬁn@g‘{ é‘?/? > (%Rgp F%Pﬁsgls&fjdr%f G}%@e&hgﬁ??g@é er%%cﬁéiﬂ“?lg}él y
carry the gqbect %m .nt side | enses for controlli ng the positions along |g
the opti @8f A% SSPUAHONHRENSNt L0 MPProEmatelyeld LTmew, Hpethe ldiineppriogémately
reference surfaces control the positions along the optical axes and the
tilt of OHBT°enses. Inthis lens holder, the reference surfaces are forned
by machining fromthe sane-direction.

If, in the above-described lens holder manufacturing method, in which the first
mounting portion 204a carrying the first lens 202 and the second mounting portion
204b carrying the second lens 203 are produced using separate metal dies, an offset
is produced-at the time of assembling the first and second metal dies-301, 302; this
offset translates itself as the offset in the reference surface usable as a reference in
mounting the first and second lenses 202, 203. The result is that the relative position
between the first and second lenses 202, 203 assembled in position deviate from the
desired relative position.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to provide a lens holder, a

method for manufacturing lens holder, metal die for producing lens holder and

objective lens device constructed using the lens holder, in which plural {enses can be

secured to high precision without adjustment, and in which relative lens positions can

11



I n anot her aspect, the present invention provides a nethodfor
-manufacturing a lens holder carrying an objective lens wth a nunerical
aperture not less than approximately 0.75 formed by a plurality of |enses
arrayed on an optical axis of an optical head adapted for reco oﬂr&c%ﬁ&?%r
r epr oduci ng i nf ormation signals for an information recordi ng nedi um using
the | aserb by injection nolding neans, using a netal die including
at | east &PI‘O Hisﬂr@‘d tgildeh Rgcuraey) e di e, object point side |enses making up-
an objective |Lens device. A reference portion formng portion constituting
a plurality ofnpa¢ aspast.dhpprescahmvieationlprecidepaiants wilde daerysndian dbjective
respectively carrying object point side plural |ensés are fornmed on one of

POl eot e Pl wil Bl SR bl Bel U Eorflbfmaldl bl Tt RAM PG5 HE of °L 2

hol der arlensasr ﬁﬁayets&/ onhan roeflmleam opant pplivaidledt! nadaptad fasnrepomtirigdaddion t he

| d | t
T, oo A3 Sk, o o eI ASHRRL ol S LT
femal e di ié}hérvdthafhﬁmltéaldﬁésesvmﬁlhng e ashpliedtive perisndeviried eA phuallty df Eeférencrg used
for mnuf ek AllngolyBlY oM S boBel SOl PLNLLaRS p ARG 2

vi'cal A0kt ed

plurality of |enses ar not ical axis o
for recorttif mplieglores ansh t:Dﬁ@ha Iﬁﬁeﬁmtﬂ@nolse@rmtri ~"rldﬁ! ra“ﬁrannécmnht:emn

r ecor di Nuoiigel s 4By RStich! S8 anildut GAngRInggl. Poi Nt side |enses

maki ng up an objective V|ce erence portron nol ding portion
for formng a plurality of reference portions of the |ens hol der for
respectively nounting object point side lenses is formed on one of the
femal e die and the male die.

In this lens holder, the reference surfaces are formed by machining from the
same.direction.

In another aspect, the present invention provides a method formanufacturing
a lens holder carrying an objective lens with a numerical aperture not less than '

approximately 0.75 formed by a plurality of lenses arrayed on an
optical axis of an optical head adapted for recording and/or reproducing information

signals for an information recording medium using thelaserlight, by injection molding
means, using a metal die including at least a femalé die and a male die, object point
side lenses making up an objective lens device. A reference portion forming portion
constituting a plurality of reference portions for object point side lens holder
respectively carrying object point side plural lenses are formed on one of object point
side male die or the female die.

In this manufacturing method for the lens holder, the reference portions of the

12



In the nmetal die for manufacturing a |l ens holder, the reference portions of
the lens holder are fornmed by the reference portion nolding portion
provided on the nale die or the female die In still another1£s$§ptﬂmghe
present invention provides an objective |ens device for an optical head
adapt ed for recording and/or reproducing information signals for an

i nf or matj_on, recor di iumusing the laser light,-with the object point

si de |enf§8§h°ﬁd§kf*‘f% Ogﬁl%‘éﬂwdﬁijcé%{%@qmoamlé@g nprdlogi rextdeginihe s ke

obj ect i v&. Ienﬁ gf%\]/i ce. includes an objective lens made up of a first |ens.
and a seT6Hd heHanalgitiea | ens hol der supporting object point side
objective lens. At |east one surface of the first and second |enses having
a md portiordnf stifeanathen dsprst, sthef peseniinbehtion VpRividdsy a0td:ke d(pytﬁ{r rim
13 1 8 SFP 2003 of object point side at |east one surface proving a planar

section mpenpfaodiriig Aent Aol haQRld A¥astXFénalthBe 9@&1 §5tale At it ﬁilga?lbens

hol der has a first reference surface and a second referencée sur cée?%r
nmounti n i Mol N I and second |l enses, ., respectively, for
Cont of RO GB nfRejiRtic BLAG ddetr AMMWIREPARE S RES Tl aRP i ¥ piaekve

| enses. bj e poi ht side reference. surfaces are Qriented in one
directi o’%gsgf‘%ﬁg“‘fhé a BB‘lriaEIéY of demsesprmygchen a4y eptical siv B @sropsinahtheadde

first lens is co-planar as the first reference surface to support object .
poi nt sif’g'éphdr I 1e6REding; apd/ar peprnducing infonmetionbyignals fooiant Irfodmratieaond

| ens being co-planar as the second reference -surface to support object
poi nt sif@@rdmndmmmsing\%hﬂasdneighemitlhdic’.dd:ﬁjeon‘pdiheSiﬁéﬁfﬁ%ﬁ&nidk\h@glﬁb%ﬁh, in
which there are formed plural reference surfaces for nmounting plural

125, e el et S P AR
reference portions of the lens holder for respectively mounting object point side lenses
is formed on one of the female di.e and the male die.

In the metal die for manufacturing a lens holder, the reference portions of the
lens holder are formed by the reference portion molding portion provided on the male
die or the female dje.

In still another aspect, the present invention provides-an objective lens device -
for an optical head adapted for recording and/or reproducing information signals for
an information recording medium using the laser light, with the object point side lenses
making up an objective lens -device. The object point side objective lens device

- includes an objective lens made up of a first lens and a second lens, and a lens holder

supporting object point side objective lens. At least one surface of the first and second

lenses having a mid portion formed as a lens surface, with the vicinity of the outer rim

13



along the optical axis direction, the reference surfaces can be fornmed by
machining fromthe sane direction. By this I ens holder,. plural |enses
can. be positioned and secured to high precision in an adHuBtgpmqmngee
fashi on to enabl e hi gh-precision positioning between the respective

| enses. In the | ens hol der manufacturing nmethod according to the present

oLt e B0 8 I B GRE AR ER S SBA L

nol di ng portion adapted orm ng r

hol der, i f ot Le and female i f which the plural |enses are
mount ed, d@’ﬁ\@gfreae 8r ef\li%o B iR ﬂggtlﬁ%s H%ﬁ%ra@%‘bf”&weiﬂ@n%mﬁew apahabe
formed by the reference portion nolding portion fornmed on one of the male
and fenéF‘eOftﬂ-’i EdCTapGensyhecq &rsmieynting chinof poinirdide firet And, sepbud dkns@nses
can be secured to high accuracy in an adjustnent-free fashion, so that

posi ti onir#ipepdvelgefon tentrallingsheaiit bed tiepbsizrmhstaoni Ihe RIS aQBs oFRhthe
netal die for manufacturing the I ens hol der according to the present

i nvent i otenses T abje&tiRIigt side SefRfet 46 aded ﬁfeﬁr?é?ﬁ@%gﬂéﬁe% 8&&%"41819%9@9 ion

for formng plural reference portions of the lens , on a ma e or

a femal eggijga]afxisvhiaC : . QU d.. .the.reference portions of
the | enscﬁél c}ermé{:\ﬁz}r?k glean? %)P%glkio ‘L)S/Pg?ﬁg%glfngr% E@%gu%ollﬁf‘f’ %C%]%ﬁaﬁgasﬁgfst i
forned ip.; ieor in the femal e die. Wth. the metal die. for

manuf act El?f%%g“:??{e‘&?g? @’rﬁé‘PﬁW ectpoigtsl égﬁ%%'is #gth aplaseapodian of okjest

hol der on %Qic plural |enses can be positioned to high precision in an
adj ust meRPTY SEE SESHGHNSRAIAS caplanareaspdei scconilntefbenee sarfibe tb enpesorcan

be
object point side second lens.

With the lens holder of the present invention, in which there are formed plural |
reference surfaces for mounting plural lenses for controlling the tilt and the positions
along:the optical-axis direction of the respective lenses are provided in one direction
along the optical axis direction, the reference surfaces can be formed by machining
from the same direction. | |

By this lens holder, plural lenses can. be positioned and secured to high
precision in an adjustment-free fashion to enable high-precision positioning between
the respective lenses.

In the lens holder manufacturing method according to the present invention, in
which there are used metal dies carrying a reference portion molding portion adapted
for forming plural reference portions of the lens holder, in one of the male and female

dies of which the plural lenses are mounted, the reference portions of the lens holder
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achieved to high precision. On the objective | ens device of the present

i nvention, having the above- nentioned | ens holder, plural |enses, of the
objective lens constituting the objective |ens are secured i129\|;$j 'E?p@"l to
hi gh precision in an adjustnent-free fashion. BRI EF DESCRI PTI

DRAWNGS Fig. 1 is a longitudinal cross-sectional view show ng the

struct ur eaPbe BSrmedH el rﬁﬁréﬁ&spdjrﬁ‘éh%lid'fhg ?‘é‘ﬂt% forReARnGfe! o‘f@h«% lﬁlﬁﬁa arad S

are held by a | ens hol der according to a st enbodi ment (if e present

inventi of. 42 cfie@ SEP 2003 Fig.2 is a longitudinal cross-sectional view
showing a netal die and a second netal die used in producing the |ens

hol der. Fig. 3i l.ongj t.udi nal ¢cross-sectiagn showing a ,netal die for
produci ng theW@ﬁ&‘c IHB%&%' efWB“(%ﬁlW&@e‘&lﬁgrgfé‘ﬂa qﬁ%SWElbieéFc‘ﬂGFi 1B ng
the lens holder, Fig-4 is a |longitudinal cross-sectional show ng a netal
die for AVWIRGEILRT AdiusHeentHRS Tashiamssoithatgnsitioning beéwenn timeteakesdiam bhe
offset fromthe second netal die. Fig-5is a longitudinal cross-sectional

vi ew shomiahigedro digleptdcidohens device having a |lens holder formed as the
second nmetal nold is offset fromthe first netal die. Fig.6is a

l'ongi tudi nal hf afs mkeslt RNl MhWashheiMoNGel IR0 HIHEE HEGBIng2 b A prdskHe
| ens device in which two sets of the objective |l enses are held by a |l ens

ol e SEESIBAT A SEESEH STRULIERLc Al AORAARRIb NS ST,
EREIE RS R L N WA TR LRI
plural lenses are mounted, the reference portions of the lens holder can be formed by
the reference portion molding portion formed in the male die or in the female die.
With the metal die for manufacturing the lens holder, it-is possible: to
manufacture a lens holder on which plural lenses can be positioned to high precision
in an adjustment-free fashion, such that the positioning between the lenses can be
achieved to high precision.

-On the objective lens device of the present invention, having the. above-
mentioned lens holder, plural lenses of the objective lens constituting the objective
lens are secured in position to high precision in an adjustment-free fashion.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a longitudinal cross-sectional view showing the structure of an
objective lens device in.which two objective lens sets are held by a lens holder

according to a first embodiment of the present invention.
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Fig.8 is a plan view showi ng the structure of the holder. Fig.9 is a

| ongi tudi nal cross-sectional view showing the state in which a jig for
controlling the position along the optical axis and the tilt]df Sfpe?8f3cond
lens is mounted on the |ens holder as the second enbodinent. Fig.10 is a

| ongi tudi nal cross-sectional 'view showi ng the state in which a netal die

f or manuf act Wig2gistehlengéndiradcaes-sepdotilevistvailowingwhinehalalienvhdiang admider i al
is charged into the netal die for manufacturing the I ens holder, with the

nmet al dimetahdiengsebinlpr8deEiRgdA8fensahdliést netal die and a second netal die
used for using the | ens hol ger of the second enbodinment. Fig.11 is a graph

show ng the Il L ati.on, ..astl L6 ! i i.Qn
borr ati on of ERa anul aiaAcras s obaiSoking S3hEAL AT PRRAuEIRNRE LT, .
aberrati of. the.double lens set. Fig.13 is a schenati.c view show ng an
opti cal h%Z%eJ.‘“ffi i fsscharge W‘E‘?%ﬂﬁ!\g‘?rs‘ﬁ‘(?ﬁ'ﬁé tﬁe#@%ﬂﬁﬁb and/ or

r epr oduci ng paratus. . Fi.g.15 is a |ongitudinal cross-sectional view

showi ng the dtgdds ylangirudinal cepssesectionalishpwingpmatakiie ferganacasing the
objective lens set by a conventional lens holder. Fig-16 is a | ongitudi nal

cr oss- séens belder ui wiichtivi segontienstal dietisoéfsof fram tlebjeoniivecthbdie. devi ce in
which two sets of the objective I enses are held by the conventional |ens

hol der. Fig. Figissisa loapiudifil RabssCieRfsnsleciei0fiabwitigein 9butiRg lengdkaicel d.
for -manufacturing the |ens holder having first and second-netal dies
used- f ®favingalens holder formed as the second metal mold is offset from the first metal die.

Fig.6is a longitudinal cross-sectional view showing the structure of an objective
lens device in which two sets of the objective lenses are held by a lens holder
according to a scco;ldembodimcnt of-the present invention.

Fig.7 is a longitudinal cross-sectional view showing the state in which'a holder
for controlling the position along the optical axis and the tilt of the second lens is
mounted on the Jens holder as the second embodiment.

Fig.8 is-a plan view showing the structﬁre of the holder.

Fig.9 is a longitudinal cross-sectional view showing the state in which a jig for

- controlling thg position along the optical axis and the tilt of the second lens is mounted
on the lens holder as the second embodiment.

Fig.10is a longitudinal cross-sectional view showing the state in which a metal

die for manufacturing the lens holder and the state in which a molding material is

charged into the metal die for manufacturing the lens holder, with the metal die having
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manuf acturing the conventional lens holder. Fig-18 is a |ongitudinal
cross-sectional view showing a netal die for the I ens holder CEaéEedZQm th
the material for nolding the conventional |ens holder. Fig.19 i E)I

view showing the first netal die of the netal die for nolding the

conventip pfl 0., 1S +: i L NG t vent i onal

| ens hol dg?éiiﬁrzg\(/\%idggﬁ&ﬁé SSE&%‘%& 6157[ dllgé'g éﬁgogbgggﬁng? \zgn nscgilil(?allalgléggp}csseetco om
the firs ie.. Fig.21 is a longitudinal cross-sectional view show ng
the structure of 'the doubl e objective lens set having the conventi onal

| ens hol der DE%O ced as the second netal, die is offset fromthe first
metal die. é%hﬂﬁacﬁr shqw ipRitheRREET I EA/RUBNMENTS 2R4g Betit nhetratiohend
drawi ngs, preferred enbodi nents of according to the present invention wll
be expl Aislegtipm abewraiion oftiee doulsit lembsdi nent is directed to a | ens hol der
carrying a double objective lens set used in recording and/or reproducing

the i nfor matFigri2ois agrabhafoaing MOTHBV IS EBGPAENOf RAIMBI THR set.
information recording nmediumis a replay-only optical disc, a phase-change

I
optical di sc.Fig IRENEI AR CAbyUiRGl ALARG] ehgcard. In the fol | ol ng,

the information. recording mediumis s erred to as a disc. On a
| ens hol der ar first, lens 2 and,a second the lenses 3, naking
up a doubl e ﬁ:elgslﬁs%?%éggéﬁwm Vg2 regording adl/obrepsodying agpakatiised i n
the. lens hf#.delr-4, e arranged on the optical axis to constitute an
obj ective | efd&FnhE BS{OF’EQPdIT@gs@f@ﬁ’FfS%th%MItﬂF%Sb?‘”ﬂ& thestmstge of an
represents a so-called infinite systemin which .

objective lens device holding the double objective lens set by a conventional lens

holder.

Fig.16 is a longitudinal cross-sectional view showing the structure of an
objective lens device in which two sets of the objective lenses are held by the
conventional lens holder.

Fig.17 is a longitudinal cross-sectional view showing a metal mold for
-manufacturing the lens holder having first and second:-metal dies used. for
manufacturing the conventional lens holder.

Fig.18 is a longitudinal cross-sectional view showing a metal die for the lens
holder charged with the material for molding the conventional lens holder.

Fig.19 isa plan view showing the first metal die of the metal die for molding the

conventional lens holder.

Fig.20 is a plan view showing the conventional lens holder in which the second
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an object point, is located at, an infinite far position. The double |ens
set has a nunerical aperture NA not less than 0.75. The configuration
conprised of the lens holder 4 and the | enses 2, 3 assenbl ed int% t he | ens
holder 4 is referred to bel ow as an objective |ens devicéd & SAM0BI rst
lens 2 is a lens on which falls the laser light radiated froma light 18 1

8 SEP 20f18tal slidiisceffsdt Gtorh NRAVRirstAnPiafldportion of the surface of the first
lens 2 facing the second lens 3, referred to below as the radiating

surface, is fEpNEGsaso jﬂmﬁﬂrb\?f%%%igkﬁﬂﬁew%ﬂo%ﬁﬁ tﬁ@strﬂu&u(%fﬁﬁ% rﬁggglcf];]e

the lens surfaCe 2a is Torne anar portio per pen

opti cal ST b i.te.side surface,of it first lens 2, on whic

Fo 1o 0 ine A APEORIE 1B} FRTHGRT 16 dEet PhTbicedaS B st HeTahe

i nci dent,. su%ﬁ@ce has its md portion formed as a non-spherical |ens
surface Yp1S s%trfr%@p fistiesdlgieof the | ens surface 2b is formed a pl anar
section perpendicular to the optical axis. The second lens 3 is a lens in

t he obj deEPGRIPIAONION THR PREFERREREEMBODIMENTESr f ace 3a of this second
|l ens 3, facing the disc, not shown, is planar, while the opposite surface

of -t he secondRéfeningdo thadkmiﬂgsggfdféﬁéd Esedinchasofa adterdds td OR pregdmd.
as a non-spherical lens surface 3b, and the outer edge of the lens surface

3b i's fanv@stionMviliba cRpRMM A QAP TIRIGRS ERAMHISIEh TS &ipeét&ﬁooaa;:?}lgg#lﬁ‘es-

The surface 3a is referred to below as the' facing surface,
ocond |eng A b8 JoRbleEieBccify e ot s 5 dHarocePSdaRhRE reBitticne dhiver er
O o ol ATt el PR G e et o
1 ght S?Illjétfiﬁmi lsS at recrpr]raeyg—otn;]yeogt?!:ael%tisc?gipr;xtascs—icggngg gp}iggl disc, a magneto-optical
-disc or an optical card. -In the following, the informa{ibn.recording mediumis simply
referred to as a disc. |
On alens holder 4 are mounted a first lens 2 and a second the lenses 3, making
up a double lens set, as shown in Fig.1. The lenses 2, 3, thus assembled in the lens
- holder 4, are arranged on the optical axis to constitute an objective lens. The optical
system, constituted by the lenses 2, 3, represents a so-called infinite system in which
an 'object point is located at-an infinite far position. The double lens set has a
numerical aperture NA not less than 0.75. The configuration comprised of the lens
holder 4 and the lenses 2, 3 assembled into the lens holder 4 is referred to below as an

objective lens device 1.

The first lens 2 is a lens on which falls the laser light radiated from a light
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side of the objective lens device 1 facing the disc, that is the side of
the objective lens device 1 in which an image is forned by the Iight

radiated fromthe light source, is terned an i mage point. Tgeg%ﬂﬁez,g%poth
the first and second |enses 2, 3 are fornmed on 19 1 8 S EP 200 e obj ect

poi nt  si desurchefi@afhoi:t.h 3 ' e ur.f.aces. ,The,fir.st and second
| enses 2, 3 may both be ﬁ@g?%g%%g{sgfthg sy?f?ig?oghhe Sésé(gﬂas%ffégggéﬁcz,secg)nd
expl ai nedjd i jth the rel.ated art. That is, the lens holder 4
accor di ng tn(@) %&gpﬁ?%%g&npao%éﬁtt?%? ai)’/“%é“rffﬁ?erréﬁ%ﬁﬂf“%iaﬁ BtPI-gplesicabless t o
constitute thezobjggti ve lens device 1 without machining the |ens shape.
The | ens WUEST 24 | ADiOHET ades ¢f dhapets srdades2d oy fened whittea daumdri ption
portion 4a for the first lens 2 and a nounting portion 4b for the second

| ens 3 onP¥RENisHE tosthgeapticatianis. t Fhe oppesite antd anfideeof MROBrPEMN 2Sige,
respectively. The lens holder 4 is also forned with reference surfaces for

the opti cahichxdatis'thié tight irmiatz&alfmxﬂhﬁeﬂifglht 6@ Alkired tb %lm%g%gﬂg%é‘%}ﬂa: he

tilts along the direction of the optical axis of the |enses

these refsitnechad atepotioh BhheaLednbh-SheRaliEndiroctd an ohat 4. Lhe

optical axis direction.” The | enses nount ed on
surfaces ;@& ot i 1054 & ' irection 4al .4bl Megnwhile, the |ens
hol der 4 is forned O%&?C%&@ﬁrﬁ?géﬁ?ﬂbﬂrﬁgyw W&Pﬁ&i“.larﬁﬁéh%ﬂﬂ?qlﬁéls-
portion 4a for the first lens 2, referred to.-below as the first nounting
portion, is fornmed step-w se as one on the inner rimof the object point
si de apertur«ra],-r and- is formed with a reference surface for the optical
axi s directiont a¥econddeny3tine lony wcthe abgeativielens dyvicadr favitg thesdispedhe
reference surface for the radial direction 4a2 having the optical axis as
i ts axis.Suridee i ef etide sscoridibensf By fachey tieddak, not shown, is planar, while the
opposite surtace of the second lens 3, facing the first lens 2, has.a.mid-portion formed.
as a non-spherical lens surface 3b, and the outer edge of the lens surface 3b is formed -
with a planar portion 3d perpendicular to the optical axis. The surface 3a is referred
to below as the facing surface, whilst the opposite surface is referred to below as the
incident surface. . This second lens 3 has an outside-djameter- d2 smaller than the
outside diameter d1 of the first lens 2 (d1 > d2).
In the following explanation, the side of the objective lens device 1 on which
falls the outgoing light from the light source is termed the object point side and the
side of the objective lens device 1 facing the disc, that is the side of the objective lens

device 1 in which an image is formed by the light radiated from the light source, is

termed an image point. Therefore, both the first and second lenses 2, 3 are formed on
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direction 4a2 is of -a dianeter slightly smaller than the outside dianeter
dl of the first Ilens 2. 20 1 B SEP 2003 The nounting portion 4@ égréﬁhe
first lens 2, referred to below as the first nounting portior, Vi P

on the object point side of a projection 4d extending from the inner

peri pheral surface of the object point side aperture along the radius of
the sectirtbjertipdint ddds ileréOF WRH nWnt-éplerikat dnd swefaeence surface for the
optical axis direction 4bl facing the object and with a

cylindricall YTﬁ@@ﬂ?ﬁdarfcﬁée%'bﬁHng%‘éri aCRa g%mmem%%?é aine&stsi &y é&%r{aﬁw ng

the optical axis as its axis e referénce surface for the radial

a2 “of - haeERoR b TR lorandlt ey 60 ST ando oo ub B

above, the first ref erence, surface for the OB'[I cal axis direction 4al of
the firstCoPsHRgitAGNpBFISSBhiwAPHAR Mebs feidned PYa EAE & nsshrs Adeceritittife

optical axis direction 4bl of the second nounting portion 4b. are oriented
t owar ds theeoybjtict lepsidevicei withoat artchimingghedenscehapgr f aces i n det er ni ni ng
t he- separation between the first and second | enses 2,3 along the optical

axi s directiofihe Toe hdldest is &fr@tdﬂmﬁslﬂ#feﬂaﬂﬂ fsdorinled \oinh laqabugding pditi@ct i on
4al and the second reference surface for the optical axis direction 4bl

al so act4@§om1teeﬂix%ﬂ%ssy @Ba%e&omh gg;mrmln' 48 or ttthsefcbha 184s 3 e thenagsy 2
3. The directions of the first reference surf ace for the optical axis

directio (o} f erence. s

i oot | onagRRe R AtiRE T o BSRERES, aorlﬁ{%‘% sesPEetVayCRiHeRhs a8 4 55
fromthe .af orenenti oned | ens hol_der nvvhlchtheedlrec on ar.e 180
di f f er enfls ‘Pr{‘?ﬁ?"@acwl‘@t Frenss $Wéacssh f ”’r’i"aﬁﬂuc?lhéx}se Beehion de 19T,

the radial direction 4a2- of the, first nmounting portion
controlling the positions and the tilts along the direction of the optical axis of the

lenses 2,-3 so that these reference surfaces are oriented in the sole direction that is the
optical axis direction. - The lenses 2; 3 are mounted on the reference surfaces for the
optical axis direction 4al, 4b1. Meanwhile, the lens holder 4 is formed of a
thermohardening resin material.

The mounting bortion 4a for the first lens 2, referred to.below as the first
mounting portion, is formed step-wise as one on the inner rim of the object point side
aperture and is formed with a reference surface for-the optical axis direction 4al
facing the Ob_]CCt and with a cylindrically-shaped reference surface for the radial
direction 4a2 having the optical axis as its axis. The reference surface for the radial
direction 4a2 is of a diameter slightly smaller than the outside diameter.d1 of the first

lens 2.
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4a and the reference surface for the radial direction 4b2 of the second
nmounting 21 1 8 SEP 2003 portion 4b act as reference surfacia%cé%tpezgﬂgni ng
the radial positions of the first and second |lenses 2, 3. T 8§
nounting portion 4a is of larger dianeter than the second nounting portion
4b, that is, the first mounting portion_4a and_the second unting portion
4b are fornmedbsnmonatingrpartipe rdapfrsr tie Hisgdeny 24 H%quﬁ%t%(?g@’éﬁ! a3 lg%rf”iséci ng
outwards, that is towards the object. On the |lens holder 4, configured as
expl ai netn@iming partienf isfetmeéns tife digsci painbsideof a prepeedond dsxtandirg frpan
first nounting portion 4a. The second lens 3 has its outer rim 3c nounted

on the segoOfitheeriphehl RAFac®Bf4he obht Ipblirﬁtsia@dp&e@tmﬂohgmB@SacHus af ahe
nounted on the I'ens holder 4 by press- fitting because the dianeter of the

refer encg?‘g@g@gﬁ Ofnd rilsef&?l?éﬁg'ithdgrs%ﬁBh?%tg@gnég stiffSce For e SR TGS

portion ‘as a nount i portion for the first lens 2 i's slightly
smal l er than .the,qutside. .di aneter dl.of the first l.ens. 2 -the di apet of
The ret edeton At acing b i e iR PARSTYGIRO P TRE N 8 L on
4b of the second lens 3. is ,slightly -smaller .than tj}g ouf si de di aneter of
the secole rashal direciinn ¢biehpeing theopacalaxis ps SR d Lf TS orGePURERCE PR |
I f the objective Iens device 1 is assenbled by press-fitting the lenses 2,3
on the -lmndial dieccithn 4b2id efs dn2ete8shigit hemdlsi radhaoutvds eumeipe 2t ake
into account the deformation caused by the press fitting. After
press-fitofithgsédimdlens8s 2, 3 to the lens holder 4, the lenses 2,3 may be
secured to the lens holder 4 using, for exanple, a U/ I|ight curable resin.
In the lens holder 4, arranged as explained above, the first reference surface for
the optical axis direction 4al of the first mounting portion 4a and the second reference
surface .for the optical axis direction 4b1 of the second mounting portion 4b- are
oriented towards the objéct point side and act as reference surfaces in determining the:
separation between the first and second lenses 2, 3 along the optical axis direction. The
first reference surface for the optical axis direction 4al and the second reference
.surface for the optical axis direction 4b1 also act as reference surfaces for controlling
the tilt of the lenses 2, 3. The directions of the first reference surface for the optical
axis direction 4al and the second reference surface for the optical axis direction 4b1
along the optical axis are the same in contradistinction from the aforementioned Iens
. holder 204 in which these directions are 180° different from each other. On the other

hand, the reference surface for the radial direction 4a2 of the first mounting portion

4a and the reference surface for the radial direction 4b2 of the second mounting
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22 1 8 SEP 2003 The manufacturing nethod for the |l ens holder 4 is now
expl ained. The lens holder 4 is manufactured using a male die 51 (first
netal die) shown in Fig.2, and a female nold 52 (second netdl §d5ED .200hen
the dies 51, 52 are assenbled as shown in Fig.3, a nolding materi al
(thernohardening resin material) 4a for producing the lens holder 4 is

Grar 920, pisasd iR fempm o OB TP R TRL )

die 52 to npld the | ens I rst “neta

used for &ﬁﬁﬁ | ens holder 4 is provided with a nolding portion
for fi rms‘%E ehg%‘?"?% | ens mountin ortion. That is, a noldin ortion
g gp gp

(first m)untig% %ortion nol di ng. port_ioqr;c) 51i for formng the first

mount i ngpor t i SRCAXShPURLIAG RRIFG NI 15 rl21(gse dénacientian iy spaonid onountting ng
portion) 51 for formng the first nounting portion 4a are provided on.
the- firgertigredhl thdt s, i liftenduntitg petiah i sdtheisscond enoymtifg porbieseth 1b
and a projection 51c provided on this base 51b, and is substantially

convex- shepfedmicd 6 thesinber péyphdiabside oF 18 ferisho3adyst %}tia@{rlg'o%agdalt%?r
pl ate configuration. The base 51b has a. projection 51c at- a md portion

of the m@mﬁggi@&gbj‘ég{gl lying in a direction-of the second netal die 52,
that is in a direction towards the i mage of the objective I ens device 1;

at isina | e imge of the lens  device
out or i m of Orge BIab P ERaP it OB IR BTl bR e shunen:

et al i G730 MGG S 4BE Fo 190U 198 RRBITLAR of hS Fssen; 5ue itsSaReamm 51g
progressively decreasing in dianmeter towards the inage point side. In the
proj ect | ohIFREted pa thajseeormBmounting portion 4b.
The first and second lenses 2, 3 are mounted on the lens hol&er 4 by press-
fitting. because the diameter of the reference surface for.the radial direction 4a2 of the
-first mounting portion 4a adapted as a mounting portion for the first lens 2 is slightly
smaller than the oqtside diameter d1 of the first lens 2, the diameter of the reference
surface for the radial direction 4b2 of the mounting portion 4b of the second lens 3 is
slightly smaller than the outside diameter of the second lens 3, and the lens holder 4.
is formed of a resin material.
If the objective lens device 1 is assemb]éd by pfess—fitting the lenses 2, 3 on the
Iens holder 4, the lenses 2, 3 may be designed as lenses which take into account the
deformation caused by the press fitting. After press-fitting the lenses 2, 3 to the lens
holder 4, the lenses 2, 3 may be secured to the lens holder 4 using, for example, a UV

light curable resin.
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1 8 SEP 2003 surface 52gl. of the step 51g at the distal end serves as the
abut ment surface against the major surface 52bl of the second netal die
52, as will be explained subsequently. In this first netal diq $ISER 12603
first nounting portion nolding portion 51i is made up of a surface 51dl
facing the inmage point side of the outer periphery of the step 51d and an
out er peri pheFa¢ mamifactaringdediod foe tbe dpnsSheldendi ik stovw kepkérohd heolentsi ng
portion nolding portion 51j is nade up of a surface 51f1 facing the inmge
poi nt sildddeod ishaamufaeturpe el yhadd di®l stiep nddhl el showauharigRenhgher al
surface 51f2 of the step 51f. The second netal die 52 is nmade up of a

bot t om 52418 Wasikarit ﬁ@{::{{lﬁd i 1diNGe). enQhe il NN é}%%ﬁ%_ﬁféﬂ R sﬁb@?x‘é\@l ! and

section 52c, lying o e outer peripheral surfdce o bottom

whi ch i s~ set .ght_qn .t outer rimaof t.he-mj.0 urface 52bl~ in the
i r oct | o I AL AR L En gt Gharfipiing et 8 SpARHAN Fble: HiRaERE The e
direction K towards the object point side of the objective | ens device 1,

r ef er r ed? e D Gharged iato ‘bﬁ?‘é‘g‘f bl gRn Fcfgskﬁnﬁéaddl%ﬁl anddhe seepnd metall di e
52 inits entirety is of a substantially recessed: configuration. The

vi ci ni tydl@f52tﬂ¢em@icht1@r1€uﬁ holerdaj or surface 52b1l of the bottom52b is an
abut ment surface conpressing agai nst the major surface 51g of the step 51g

of the first Thefiat nistel dit.51Tdfkhsimiedbinoldasdd for praddudiag ahPkihoMaf4 ishe
second netal die 52 lying on the outer rimof the projection 51c of the

My IR S e R R R S e T
2418 sﬂ%o@@ﬁ% portion (first mounting portion molding portion) 51i for forming the first
mounting portion 4a and a molding portion (second mounting portion molding portion)
51j for forming the first mounting portion.4a are provided on.the first metal die 51.
‘The first metal die 51 is made up of a base 51b and a projection 51c provided
on this base 51b, and is substantially convex-shaped in its entirety.
The base 51b is substantially of a planar plate conﬁguratioq. The base 51b has
. aprojection 51c at a:mid portion of the major surface 51b1 lying in-a direction.of the
second metal die 52? that is in a direction towards the image of the objective lens
device 1, referred to below as the image point side- direction. The vicinity of the outer
rim of the major surface 51b1 of the base Slb serves as an abutment.surface 51b2
compressing against the abutment surface 52¢l of the second metal die 52.

The projection 51c is made up of steps 51d, 51e, 51f and 51g progressively

decreasing in diameter towards the image point side. In the projection 51c, the major
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Wth the nmetal nolds 51,52 assenbl ed together as shown in Fig.2, the
nolding nmaterial 4a is charged into a gap of the netal nolds 51, 52, as
shown in Fig3, to produce the lens holder 4 by die nolding. 7teSEPr 33
mounting portion 4a is formed by the first nmounting portion nolding
portion 51i formed on the first netal die 51, whilst the second nounting

Speci 11 EalTRyS SPRE e g iig ATE LI R et th@i i AP st T,

Speci fica ens i'S no from rst netal e 51 and

the second netal die jlst the L r.st unt i ortion 4 nd_the
Second. TG EE TR LAl the Seaosirmalaby s i f e B Rl Be e entl)®, 1e
first nmetal die 51, Stated differently, the second netal die 52..operates
only as a .nmeeahisdirst mpetal dis 3, tee firs ninunding pardpameliding pertione Ii &78ads| der
4. 1t is now assuned that, in the manufacturing process of the | ens. hol der
4, the- upodfdi sugfavetElrdlafacihg the imaggpdimsidd o ouserpeoghesdobidiecwegnStde
first and second | enses 52, 53 as to eccentricity, tilt and separation to

mol d_t hepkiesns ohtdrdsdripheraPaaddecsd dy of ithe siep SESUFRHsT Rt sdcbad s86@MEnget al
die 52 is offset with respect to the first netal die 51, as shown in

Fig. 4. hE W | 4 .t | b H‘%@lff'%f‘a r&ligtdiug to
the fir t?ﬁn%{lgf(ﬁhglygép ) “agljtslggl\ﬂaﬁ?%ﬁ'ﬁp%g%ﬁ %fe:rgfelsi%g ogu]cegczfﬁhof f]set in
eccentri gi due to the.of fset f center axis_02 t t al
i o 52 he ol SErbBeny R fectiie o1 Ean o EBPLEne e Suflgel PR AR YR
first netal die 51. On the other hand, there are produced an offset 8 of
tilt duelfo the inclination of the center axis 02 of the second netal die
52 with respect to the center axis Objective lens device 1 of the first
metal di e 51 Tredseanndmistel d252isansiPupeda otthie 52, sulpssantidlninghe fomn
second netal die 52 fromthe first nmetal die 51.
of a planar plate, and a sidewall section 52c, lying on the outer peripheral surface of
the:bottom 52b.and which is set upright on the outer rim of the major surface 52b1- -
1in the-direction in which the first metal die 51 is positioned, that is in the direction
towards the object point side of the objective lens device 1, referred to below as the
object point side direction. The second metal die 52 in its entirety is of a substantially
recessed. configuration. -

The vicinity of the center of the major surface 52bl of the bottom 52b is an
abutment surface compressing against the major surface 51g of the step 51g of the first
metal die 51. The sidewall section 52c is a portion of the second metal die 52 lying
on the outer rim of the projection 51c of the first metal die 5 1, with an enid face 52cl

being an abutment surface compressing against the abutment surface 51b2 of the first

metal die 51.
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However, if the second netal die 52 is offset relative to thel i SEP 2i88al
die 51, such that offsets X, 6 and Z are produced as to the three el enents
of the eccentricity, tilt and the separation, the first and second
nmounting portion nolding portions 51i,51 j are not affected by these

of fsets, since the first nounting portiaon noldin rtion2sli, ,;and e
second nount i WYithdhe mekalmaeldsid, g%ﬁﬁeﬁi‘*?l?;@&o%ld]éergﬁgﬁ%‘ﬁndﬂ F?&.—Z’ %errg?ltcﬁﬂgal
die 51. Thus, the first nounting portion 4a and the_second nouyntjn
portion 4haterial 44 ¢35 nhargedentformeg ohtltchmetanmolds obr5% a§ shove 1H mé, to
affected by the position shift of the first and second netal dies 51, 52.

The abovepr@)@dehgqu;ﬁg a@mtegqrb)oaietﬂaeldli@gs hol der 4. of the first
enbodi ment,. the manufacturing nethod for the | ens holder 4, the netal die

for manuf act urﬂﬁagmtsgﬁléiugﬁg dfllﬂ{igﬁ’ﬁaﬁ Altch&ib hieeﬁﬁgmeodrﬁ% peitionenoftiag! ens

hol der 4 of the sec ment 1s hereinafter explain The | ens

hol der 4 of .the.first enbgdi t1.nc. S, @: j i 2 : r:efim
of o ol St G TR el T R S AT B O s
| ens hol der 4 of the second enbodi ment, now expl.ained, d4.S le.to hold the
second | dnEmed W hgecans AngrRGRERYTGLIGT S ottina tan ety S fidn o
the counter-surface 3a of the second Iens 3. The |ens hol ?er_ %4_i . formed
subsequertdlgerthisandidedyfromnthefasi matal dired 1 pRdthe seeqnd metal gie pReVhiidhe

hol der 4; there are fornmed nounting portions 14a, 14b of the first and

second | efirsemoantiaﬁ po6tid B4 SeRd A2 cdhe nfdunsing powtion A apofaringd bysens of the
substantially of the sane profile as the above- nentioned | ens hol der 4.

That is, diBe thit &lo e ORIt dies 1148t dted (RHERMIBS the Stamdmetandians2h
t he inner péri pher ﬁg?l@t he aperture of the object point side, and is forned
as- operates only as a metal die for molding the outer lateral side of the lens holder 4.
1t is now-assumed that, in the manufacturing process of.the lens holder 4, the
‘moldirigmaterial 4 is charged as offset is produced between the first and second lenses
52, 53 as fo eccentricity, tilt and separation to mold the lens holder 4. Specifically, it
is assumed that the second metal die 52 is offset with respect to the first metal die 51,
as shown in Fig 4.
Specifically, should the second metal die 52 be offset relative to the first metal
- -die 51, as'shown in Fig.4, there is produced an offset in eccentricity X due to the offset -
of a center axis O2 of the second metal die 52 with respect to the center axis Objective
lens device 1 of the first metal die 51. On the other hand, there are produced an offset

0 of tilt due to the inclination of the center axis O2 of the second metal die 52 with

respect to the center axis Objective lens device 1 of the first metal die 51 and an offset
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one froma first reference surface along the optical axis 14al, facing the
obj ect point side of the first lens 2, and a cyIindricaIIy-shﬁgfg 0
reference surface in the radial direction 4a2, having an opti g?ig gs
the axis. On the other hand, the second nounting portion 14b is provided on
the image point side aperture, and includes a cylindrically-shaped

ref er ence qgu 86garalloh i 1hedbalnd MLLEGd 98 AR mOBLNGLARiOBY [ cal axis as
the axis. The second nounting portion 14 I's not prOV|é% with the
function of controlling the position and tilt in the optical axis
direction-of the second lens 3.- -.Thus,-the lens holder 14: is in- need of
means for caqptrolling.the second lens 3 as _to the position and tilt al ong
the optical 35%68% é‘g'thiecﬁﬁCRe &gtalgierxd isiqffset refating te dhe Hevimpetel fiegSihe
position along the optical axis and the tilt of the second lens 3 is

expl ai neych thatmigsers 9@ Reansb€oard predisced dsdo pbsilrconinaltong the becenpicicn|

axis and as to the tilt of the second lens- 3 with. a holder 70 of the

subst anttilabid/tiel @pamtmrgftsaﬁmdna@mdxﬁrmbohﬁﬁ% poRibMmdIGinkgRiibal ser s s
That is, there is provided the holder 70 as having the function of

control lregot iHyi t tet ks : i1k e« second
drégot B £RAIy PRs@bAR s [fifce BB ﬂr@@ﬁ‘xo%’ﬁ:ugﬁ?}gﬁ%{? Eléél'dkég ﬁ_{glrltfsorﬁ 34)

lens 3, simlarly to"the projection 4d of the

hol der - 7 4i - t he ject. point_ .side.with respect to the cond
ons 3 ang g RRORO o IR Bh HE BRRB 534 Melbe 308 5he R bR 70

t he plaggr urfage ?ortion_Sd of the secgnﬁ | ens g and a nounting surface
14c formed SHUEHHISHIY mogpBngRestipA fia apd thpserand fmeynting gertion dbews

hol der éﬁ towards the object are made flush with each other to control the
di r ect | ATMBEd prefsptadcim thelers hoder # ovithowt beireg affectedibyt the positinmishiftens 3.
That is, the direction of the reference surface along the optical axis is
changed tha §@stiand; sesodid meethi diesal19i8g. t he optical axis to control the
position along the optical axis _

The above is the explanation on the lens holder 4.0of the first embodiment, the
manufacturing method for the lens holder 4, the metal die for manufacturing the lens
holder 4 and an objective lens device.

The lens holder 4 of the second embodiment is hereinafter explained. The lens
holder 4 of the first embodiment includes a projection 4d on the outer rim of a-counter-
surface 3a of the second lens 3 facing the optical disc. The lens holder 4 of the second
embodiment, now explained, is able to hold the second lens 3 without arranging any-
portion of the constituting portion on the counter-surface 3a of the second lens 3.

The lens holder 14 is formed subsequently toroidally. On the inner peripheral

surface of the lens holder 4; there are formed mounting portions 14a, 14b of the first -

and second lenses 2, 3.
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and the tilt of the second lens 3. Specifically, the holder 70 is nounted
on the lens holder 14 by inserting the . holder 70 into the inside through
an opening of the lens holder 14 in which to nount the first 118BFER 2085
such a state in which the first and second | enses 2,3 are not nounted on
the |l ens holder 14. The inner surface of the lens holder 14 is formed with

a nounting sThd Acemdtmtinggiottos N8a ad§tstamiil tofthdeamEhrofitd dethe 28015
nounted on this "nmounting surface 14c. By nounting- the holder 70 on the

| ens hol ghentidded Leh8 HoPI & £NAf SULEARRs 1R8uMing pBRINPLAL]s fEPmed RLY&ECLLd i N

2

the radial direction of the lens towards the oOptical axis 1 nto abutnent

agai nst fﬂgﬁ rii C I . ve as .a reference
surface élregbZE@ﬁyggfﬁg%ﬂﬁéggﬂ%g%ﬁgnéﬁﬁg. ﬁ%?§g§¥ﬁ€%§8 f?%ﬁsﬁgﬂge as
mounted on the | ens holder 14, whilst the second Lens . 3.is nounted on the
rof er oncEits{iPRLE BTgR G nEn S rfataHanE G SBICH AR bie L rfgceehe Sl @otEins 3
on the lens holder 14, the planar portion 3d of the incident surface 3b of
t he secotide [08rile First denmd and aagplindticalhe-sheped splescnagr swéace7 DatheThidial
positions the second lens 3 as it is controlled in the position along the
optical dixécticanth,iblavingfhueptital axiead titeyaxishe nmounting portion 14c forned
on the lens holder 14 in the sane direction 28 1 8 SEP 2003 as the first

reference surdacke atiprthandetRec6ad ndxiMinkdpdrtiin Imisfﬂ)ﬂoiﬁdd@é'ﬁ‘i}}]é@n tion
14a has a function simlar to the second reference surface for the opti cal

o1 O 0 R, R0, ROUIRY TP ARRIEL et RSB Rl once
the optigal é?af,‘r}l%vh;]g e (l)ggtic%& agcps.easst%%oaqgs. 1$2%edond mounting portion 14b
is not provided with the function of controlling the position and tilt in the optjcal axis
direction-of the:secand lens 3.-. Thus,-the lens holder 14-is in: need of means for
controlling the second lens 3 as to the position and tilt along the optical axis direction. -
Referring to Fig.7, means for controlling the position along the optical axis and
the tilt of the second lens 3 is explained. In Fig.7, the second lens 3 is positioned along
the optical axis and -as to the tilt of the second lens-3 with.a holder 70 of the
substa_mtially ﬂat—plétc—shaped annular holder 70 in the lens holder 14. That is, there
is provided the holder 70 as having the function of controlling the position along the:
optical axis and the tilt of the second lens 3, similarly to the projection 4d of the lens
holder 4. This holder 70 is arranged on the object point side with respect to the second

lens 3 and, by an image point side reference surface 70a of the holder 70, the planar

surface portion 3d of the second lens 3 and a mounting surface 14¢ formed on the
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The hol der 70 can be configured so that an imagi nary surface including each
apex point of the projection supporting the lens at at |east three
positions proves the reference surface 70a. Specifically, th8 SEPeilhce
surface 70a of the holder 70 is configured as boss-like projections 70al,
70a2, 70a3 on its inner peripheral surface. This controls and sets the

posi tion almRgetipheapisiaate 8 i second l.ens 3 . by the.
reference sur?acie)' gonpri sed ﬁlﬁetlggggl%j&f' rllgfrt?/&% %Snt CCOO%H%%iar{Fr{%aq%%USh with

proj ect i Ops - Th | der (70. .pe di unted after

nount i ng t?\ceh gtgg%wdg%ﬁ% t%ggﬁgﬁgn“?[h%{H'?gﬂtgcﬂ&x&%i’gs:ﬂﬁf’nﬁl‘lﬁgﬁ‘i‘lﬁitiqéh%ls,eqoﬁé

hol der 70 I Is ttached to the_ | ens holder 14. |If the holder 70 is
adapt ed t!)erﬁgéﬁgq I%I’t] %Bf%et{’?'bﬂf'thﬁégfeé‘?@ck%‘lr@éﬁ ajang theeopsiesd naisliedmngddnay
be secureg ép.tpe | ens hol der 14, using the adhesive, and subsequently the
hol der 7887 sindfe ABGHieRalog thaoptics! exs thcbuien] Wiepusititmilbegalié 65tid0agisnd
the second |lens 3 on the Iens holder 14, the. objective lens device 1 in

i ts entirend/thedilt o€ the sehgmddenn3wei ght to inprove the performance of the
actuator driving the objective lens device 1. The second lens 3 may al so be

posi ti oned usiSpeaifically,nileieaded T®is7hobatddneh he142 Holéeﬁﬁg’ ﬁpﬁ&%ﬁ?@gﬁg?e

shaped correspondingly to the major surface of the hol der

the aboveoldesto ifiedhd ohHes th}gugﬂ_gﬁbgiaﬁinﬁtdﬁhé E%x%nﬁl?lhgp?tl Z’x%r\gﬂigﬁgotrqqqnt by

positioned with respect 'to the directiof of t opti Ca

attachin t Lndrical ly- .shaped |i 1, as shown in Fig.9.

That 15, R EFIEAIS I b U I v BRaH: AR CebuRt fised 3t Riat ot ed

position e i ¢al is. of the second |ens 3 and is arranged on

t he obj ec?ql g@?h‘%&sbgﬁtﬁn&tﬁh ii‘gp@&?f %‘H%Cﬁ’eo e hens boldes 14pis fdrmadewithemce
f 71

surtace mguglt?ng surface 14c¢ facing the object point side. The holder 70 is mounted on this

mounting surface.14e.

By mounting:the holder 70 on the lens holder 14, the reference surface 70a of -
the holder 70 is projected in the radial direction of the lens towards the optical axis
mnto abutment against the planar portion 3d of the second lens 3 to serve as a reference
surface directed to the image point side.

That is, the first lens 2 is mounted on the Iens holder 14, whilst the second lens
3 is mounted on the reference surface 70a of the second lens 3. In mounting the
second lens 3 on the lens holder 14, the planar portion 3d of the incident surface 3b of
the second lens 3.is abutted against the reference surface 70a. This positions the
second lens 3 as itis controlled in the position along the optical axis and tilt: Thus, in

reality, the mounting portion 14c formed on the lens holder 14 in the same direction
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an i mage point side end face (reference surface 7l1la), the planar portion 3d
of the second lens 3 and the nounting surface 14c fornmed towards the

obj ect point side on the inner peripheral surface of the |ens hoéder éﬁ
are made flush with each other to control the position along tHe H §3
axis and the tilt of the second lens 3. That is, the position- along t he
optical axis and the-tilt.-of the second |lens are controlled-by converting

the di re%&ygé]f %f réﬂ* el rrﬁl'&ﬁ‘@al @ ﬁgbtﬁlapﬁ'ﬂistlhﬁl@fﬁﬁ@ﬁrﬁﬁn@iﬁntﬁﬂi@p@ﬂimmaI

axi s ecl |caI the jig 71 on the | ens hol der 14

th t ed h
ot ?héﬁalhig'e Eéfgc?rzslhﬂhrm neiﬁégﬁ%?ﬁfg%@c%ﬁ%@gf@ﬁ’é%??%%"ﬂﬁ%%@%i%‘a%
| enses 2, 3 are not attached to the | ens hold

v
posi L1 on 4d afitec lamadiol gaird fsHereaRieds thasescEr eiuortesutpi Bl B Gotid] o

peripheral surface of the lens holder 14 is formed with a mpunting surface
l4c faci ngrectibe voibickconpolnthesiatétion hlengithe pptical aoaaad the il ehibiersereRdnce
surface 7la as an end face of the. jig 71 in abutnent against the nounting
surface 14g;3By loading the jig 71 in this manner on the | ens hol der 14,
the reference surface 30 1 B SFp 711fli 7l1a of the jig 71 is protruded

towar ds i he R0l AXi/S Shik AlftfLiSo RAIISiRhgiey befTicd Mo dglaneh

agai nst the planar portion second | ens whereby the reference
surface 7la is.constituted as a referenc EyvedBge

poi nt si d@X p?l‘l“aitofé"e eSO BROTIHE {}f?eleﬁl rs?{:fégg“hggéﬁgmﬂgnf ns hol der
14, the second lens 3 is mounted on the ol d enice
surface 7atference merfpeg 79a. a@e@ﬁ%bbr%ﬁééferf’% Bﬁ??%é%ﬁg'}gg%olgg{ 2%)5%3 on
the I ens hol der 14, the planar portion 3d of the incident s ?cerfBb of

t he secorudmlf@usecBas boswlike projagaoms 702 h&Gadi dPahea isuinmaE perip cral surface.

This controls and sets the position along the optical axis and tilt of the second Iens 3
by the reference surface comprised of the imaginary plane containing the projections
70al,-70a2,70a3.

The holder 70 may be dismounted after mounting the second lens 3 from the
lens holder 14. Alternatively, the holder 70 may remain attached to the lens holder 14.
If the holder 70 is adapted to be dismountable from the lens holder 14, the second lens
3 may be secured to the llens holder 14, using the adhesive, and subsequently the holder
70 is dismounted.

By having the holder dismountable after loading the second lens 3 on the lens
holder 14, the.objective lens device 1 in its entirety can be reduced in weight to
improve the performance of the actuator driving the objective lens device 1.

The second lens 3 may also be positioned using a cylindrical jig 71 having the
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7la. Since the reference surface 7la has a positioning function simlar to
that of the first reference surface along the optical axis 14al, the
second lens 3 is positioned as it is controlled as to the pdsBt3kh ?ﬁﬂ%ng
the optical axis and tilt. Thus, in reality, the nounting surface 1l4c;
formed on the lens holder 14 in, the sane direction:as-the first reference
surfacecﬁhqggcghaecﬁpti cal axis l14al of the first nounting portion l1l4a, has
the function SIARCALOTESPPRdIEY tq Hhe Teaios furiaet of treckolder 7a deplase dftibe
opti cal gxi s direction 4bl, and operates as the second reference surface
al ong t RBO¥pEFIcHIded hoddeti 7% ditia s, tlos seaondtlens Bi mg ytHeepquiisiiddORithragpgkdthe
optical axis and tilt of the second lens 3. The end face of the jig 71 may
be conf igihedirediomeaf thehepticaltaxad asditifidpeatt sHihAiaNdutge xh@ngpgmrﬁf}ié&ﬁ _of
the projections carrying the lens at at 1east three position proves the
ref er enckapud fi@0e, #sLéhovds i Fid be : - ribe | der 70Q.
i@ VA i 'Fl%b ﬂ?a?‘gsi%cil e?fﬁ%sgd%%fagllgﬂgrﬁgauag 0(%

Specifically, the reference surface a of “the i

t hr ee- pgh N €T o] eTo] i on n_the.j.nner i pheral surface of the
g 7P oo RREne P o e I 8PRe S S SERheB B ond s rngsstomal
axi s di pectd- sition.and tilt controlled by the 31 1 8 Sup 2003

refer en{:}% @d?@&% gmr?é‘!(lfewlfg I6$PH 19 Hasgierang Ifﬁﬂsagl\@]’ﬂ&ﬂ wgdienggce hefamed]lecas ons.
After the.second lens 3 is positioned on the | ens holder 14 and securing
the se¥bAT2EEROIR e endefisedireferetdessurflade? 1a)d theiplaigr grorach 88 o thd he
jig 71 is dismounted fromthe |l ens holder 14. Since the jig 71 is not kept
at t ache¥c0adiers B and thektamting sirfaceCons foagiestt ioeiriothd 688kt fsinheldesy, 70.
the weight of the entire objective lens device 1 can be reduced to raise

the perifisrimaacperfhérapsaahecbeindidiiiigades Al AEUe e ity e%%giﬁgﬁglt&“e

reference surface supporting the second | ens may al so be arr
control the position along the optical axis and the tilt of the second lens 3. That is, the

position-along the optical axis and the- tilt.of the-second lens are controlled -by
converting the direction of the reference surface along the direction of the optical axis
by 180°.

Specifically, in loading the jig 71 on the lens holder 14, the Jig 71 is inserted into
the inside through an opening;, in which to mount the.first lens 2 of the lens-holder. 14,
as the first and second lenses 2, 3 are not attached to the lens holder 14, to load the jig
71 in positioﬁ on the inner peripheral surface c;f the lens holder 14. The inner
peripheral surface of the Iens holder 14 is formed with a mounting surface 14c facing
the object point side. The jig 71 is loaded with the reference surface 71a as an end
face of the. jig 71 in abutment against the mounting surface 14c.

By loading the Jig 71 in this manner on the lens holder 14, the reference surface
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t hree- poi nt boss shape in the case of the |lens holder 4 described above. In
this case, the projection 4d in the I ens holder 4 may be desi ged as nth
af orenenti oned three- point.boss shape: Fig.10 shows a netal d £6P NN
produci ng the | ens holder having a first netal die 61 and a second netal
die 62 used for manufacturing the | ens holder 14 described above with

r ef er enc@14 of Hiegji® 71 Th psotiudesitiomatdal thebpti6dl dxds sidesdlangitiad tadiwf oft the 1sasre
shape as .the first netal die 51, whilst the second netal die 62 is

subst ant b bbu@herith@afRithe HAARSHABoh 3 TREOBECIRE Rhs Aiveh&éby Tihereld b fte
netal die 61 is made up of 'a base 61b and a projection 61c provided on the

base 61b i LAl - ! ' | . . hase 61b
e sobauBatt 18 R ANk S s (ERREC SRERECIAEA To O Il poihf Siad2ne L
a projection C . md portion _of the_. majQr surfa bl of the base

a1h ret L r o Dfyis She PRl niniding Batftsrens 20T thedtha ioracs i Bescvcs0Be 1685 ¢ he
base 61b _is an abutnent surface 61b2 32 1 8 SEP 29M conpressi ng _agai nst an

abut nent 3durfaudedon theiensholder dhaviththe refesemce surfaca éa oblhsijag Héds ahe
projection 61c is fornmed as steps 61d, 6le, 61f progressively smaller in

di anet er retfersacels It hsoumagethpasiendnd lanst3hen tiredpes hoblerdHg the plenarpartionsdd ace
61f1 of the step 61f as a distal end of the projection 61c is a surface

conpr essbithedfident surfeca 8 6f thesechag Rn Boi% abhittel @]gaﬁg_@mi: Redrehcdbffhe 1N
this first metal die 61, a first nmounting portion Tormng portion 61i

Ut DT SRR L It AR 4P WIS oFTRG°,
surface Pulsq %et%q‘ergc%esusr%aec% :ﬁ%ﬁg tI\QQ iolptslg:al axis 14al, the second lens 3 is positioned as
it is controlled as to the position along the optical axis and tilt. Thus, in reality, the
mounting surface 14¢;formed on the lens holder 14 in the same. dire[:ﬁon:as the first
reference surface along the optical axis 14al of the first mounting-portion 14a, has the
function similar to that of the second reference surface for the optical axis direction
4bl, and operates as the second reference surface along the optical axis direction for
controlling the position along the optical-axis and tilt of the second lens-3.
The end face of the jig 71 may be configured so that the virtual surface
containing the apex points of the projections carrying the lens at at least three positions
proves the reference surface 7la, as in the case of the above-described holder 70.
Specifically, the reference ‘surface 71a of the jig 71 is arranged as three-point boss-like

projections on the inner peripheral surface of the jig 71. By this; the second lens 3 is

positioned by having the optical axis direction position and tilt controlled by the
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the second nmounting portion formng portion 61j nounting the second |lens 3
is made up-of an outer peripheral surface 61f2 of the step 61f. The second
netal die 62 is made up.of a substantially flat-plate-shaped bottom 62b
and a sidewall section 62c set upright on the outer peripher al :fBuBFacmg@f
the major surface 62bl towards the object point side. The vicinity of-the
md portign t ] face .62b1 of the-hotteom 62b is. - .an abut nent
surface conﬁ%cgs@%g&;dglg%ezPf)tcﬁgnr}g]a&masrﬁrﬁlglgee"bci‘f(%ngﬁgfIﬁ)éojgfté%n%lf of the
first netal dig. 6 The si,dewal |. section 62c js._a portion of the second
metal die 62 r“?‘.‘%{é}*&feﬁ%d 5118 & s RIS OB (¢ Hbsphel e i dndereuns: e
first metal die 61, with the end face 62c_ proving an abutting surface
conpr essSHPEGERN3 tithiespesitentiig helder kéaisdiman adhesive,fthe §ig 71ne tidmoinetedl.
33 18 SEP 2003 In the state in which the netal nolds 61, 62 are assenbl ed
t oget her frman siwlens hiobddri Jgt. 18inct e jipl7diis@orkepr atadchéd tb $he hak 3RMdé Nt D jhhe
gap between the netal nolds 61, 62 to produce the |l ens holder 14 by die
mol di ng. cdiigadigiiflidry fron®fite HEMeE 01 {HeSwERIM UrltHE 8dtiRY o BRENE Mhsl &
objective lens sets nade up of f:t he’ fi rst%;]?id seconci I%‘g@es 2% %ﬁ”%%g

| ens hol dgx | ' he S rs. 4 age .

nmanuf act ur egjeﬁ? S%ge%?ﬁg{% l@g?e@fa’ﬁ? g(}r%naél:]éﬁfoglc@gr%&ng&g? ﬁ%“i‘%iﬁlﬂ ﬁéﬂed:élrvchlﬁis ng

first angeé%cqnd metal dies. The lens holders 4, 14 are forned with a first
nmount i ng polrf’i on and a second nounting portion extending in the sanme

direction with respect to the optical axis direction. Thus, by the first
and second nolREIIEECIEBES SuHace suppRitiparthe sesondlens Jaday also be arranged- as

three-point boss shape in the case of the lens holder 4 described above. In this case,
the projection 4d in the lens holder 4 may be designed as the aforementioned three-
point.boss shape.
‘Fig.10'shows a metal die for producing the lens-holder-having a first metal die
61 and a second metal die 62 used for manufacturing the lens holder 14 described
- above with reference to Fig.6. This first metal die 61 is substantially of the same shape
-as the first metal die 51, whilst the second metal die 62 is substantially of the same
shape as the second metal die 52.

* The first metal die 61 is made up of a base 61b and a projection 61c provided
on the base 61b, and is substantially convex-shaped in its entirety. The base 61b is
subsequently in the shape of a flat plate. The base 61b is formed with a projection 61c
at a mid portion of the major surface 61b1 of the base 61b. The vicinity of the outer

periphery of the major surface 61b1 of the base 61b is an abutment su‘rface 61b2
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on the sanme netal die, the lens holders 4, 14 are formed with the first
nmounting portion :and the second mounting portion. The nolding portions 3
form ng the nounting portions carrying the respective |enses aneg f§Emﬂﬁﬂ n
the sane netal die, so that, if offset is produced as to the eccéentricity,
tilt or the separation when the two netal dies are assenbled together, the
rel ative position between- the.. first and -second mounting portions may

be mai nt tREFaBY G228 SMendecohid ofifesaltdibedneehntet he
met al di g&ﬂ?% %Qggmgﬂelggbﬁﬁgrsg A? 14. Thus, the lens nmounting portions

of the Qs r}:ﬁl ders 4, 14 depend only on the.errors in the machining
premsmf‘?‘ e netal .nolds, as to errors inthe rel ative position, such
that'. if the objectlve I ns, devi c e free of. a

i s possibl e t&hsupprEEonloissogEe @Stsﬁ?se@i ‘7 rogqupveg)l gmtaggg %tl on
between the first and second |lenses 2, 3. This di m ni shes OEtI o %%é cco
g3 abediamétentovearde thdimageepaint. datthe prejsséomtl aighe Malptuf2 Loff

since the nounting portion formng portlons for formng the |lens m)untlng

porti ons s@h& 1WA Iddas! dri 4Bk brejBtiices yc isa stifacsavepresang dgapsidhe ynajpe
metal nold producing error arfects the three elenents. For exanple, since

the ecceql s Gl bYp1 om}és@daﬁdsmm]m are derived only fromthe
manuf acturing error o he sole netal die, the eccentricity and separation

amount only t?%ﬁﬁgbé%%_ ééﬁc%;sm'ohﬁhngﬁh Rrlibh Foindin &ﬁon kD fldustiggse,

t he wavefront he eccen city s O. 5rms| t hat for

t he separatlon erraor |30012rm3 for. ti.lt 1is Q. ch
that t heths festilenpiic Madenyrhy SE%% gléﬂ&%‘?@ﬁe‘ﬁﬂ‘{}‘a&nﬁﬂm%ﬁﬁ ]??10“‘%
Mareshall criterion value WE of 0.7 rns. 1. as_a thr% *]d vaI 1tthe
mount i ng ppdphbmlefmerﬁt&:fgﬁbd)ﬁnﬂ@n@lléﬂepqm&ﬁfﬂ]e‘i}lrfaﬁeméi fiRe SRt twalf

the second mounting portion forming portion 61j mounting the second lens 3 ismade
up.of an outer peripheral surface 612 of the step 61f.

The second metal die 62 is made up.of a substantially flat-plate-shaped bottom - -
62b and a sidewall section 62c set upright on the outer peripheral surface of the major
surface 62b1 towards the object point side.

. The vicinity of the mid portion of the major surface 62b1 of the bottom 62b is-- - ..
an abutment surface compressing against the major surface 61f1 of the step 61fof the
first metal die 61.

The sidewall section 62c¢ is a portion of the second metal die 62 lying on the
outer periphery of the projection 61c of the first metal die 61, with the end face 62c

proving an abutting surface compressing against the abutment surface 61b2 of the first

metal die 61.
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di es, the-manufacturing, error of the netal dies-301,: 302 add up to - the
conbined offsets, so that the offset and the separation are approximately
13 m whilst the tilt is approximately 0.087, so that, even if 4t pect=rong¥
2, 3, which are the sane as those of the objective lens device 1 of the

present invention, are. used in the-lens holder 204, wavefront aberration

UPER! A1 CEERLALE bty YRR gl 1% bl IERRIA R

0.051 rme. 1. an _ are rger -t an' 1 hose

with the; | der 14 of, th resent j.nyeption.. Since the |ens 3
canbe. rEUEERD. f ERleitg Sa ebnfid s Shanked Pl Tegptin Tbieen sbe mel4 Ronlds 61
adjusting t he unting positions, shape designing of the |ens holders 4,14
can be 8pt9 RIoduFedlie fons kaldey 14 hygtic maldig. t he | enses 2, 3 can be mounted
on the lens 35 1 8 SEP 2003 holders 4, -14 to high precision wthout

adj usting t heThowbjdatiyedess devins 1 ivmeastitatatity homtheg dresvd ebfichive lvhs h a
reduced production cost. Since the first and second nounting portions are

nmount ed fea¢ ini@icud by €k figkt @EtJceBnaleREstN s Qﬁtth@i’énsaﬁélaeﬁm,tmdéﬁ:@ﬁ)eﬁn
hol ders 4, 14, the lenses 2, 3 can be assenbl ed easily. For ‘exanpl e, en

mount i NaEAR. MERALAS hy g}ﬁe@,sféﬁ ﬁfﬁ %nufa%iﬁfﬂwg{%a%gﬁﬁaf aik %&fgﬁlﬁﬁéﬁqﬁﬁ%

W thout re-attaching t ens ers ens
menbers. ; Al if,. the di ers of the ference surface in the radial
directi otrllléol?% Héfdfef'?lgfmg:ﬁﬁg §Ba(§ﬁﬁ) ﬁ[ai?ﬁléesporti ons of the I'ens hol ders 4,
14 are set sqgﬁs to be sl iéght ly smaller than the outside dianeters of the
| enses 2, 3, ARG lensdhaldesses 1 redoumedavitiha first mawning petiessnd a seeagd t he
| enses 2, 3 can be nounted easily on the |ens holders 4, -14; whilst the
| enses 2mogntiggrpdsuopasit¢nidingdnedhsishme diredtéon aditakegfiecedsitha.optiat aixss - i f
direction. Thus, by the first and second mounting portion forming portions, provided
on the same metal die, the lens holders 4, 14 are formed with the first mounting portion
-and the second mounting portion. The molding portions ferming the mounting portions
carrying the respective lenses are formed on the same metal die, so that, if offset is
produced as to the eccentricity, tilt or the separation when the two metal dies are
assembled together, the relative position between. the . first and -second md‘unting
portjons may be maintained without being affected by the amount of offset between
the metal dies to form the lens holders 4, 14. Thus, the lens mounting portions of the
lens holders 4, 14 depend only on the errors in the machining precision of the metal
.molds, as to errors in the relative position, such that, if the objective lens device 1 is

assembled free of adjustment, it is possible to suppress errors as to the eccentricity, tilt

and separation between the first and second lenses 2, 3. This diminishes optical
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there is a gap in the radial direction of the | ens between the | ens hol der
and the lens nounted thereon, the lens is offset in an anount
corresponding to the gap at the maximum Such. offset of the1lfﬁr@e@§2}nn'§3
may be elimnated bypress-fitting the lenses 2, 3 on the |ens hol ders 4,
14. The nolding precision is easy to secure by formng the | ens holders 4,
L4 T 1 omatichi oRBEROYRAE BEsECTh BsinBid Pl g TR & - Thi s permits hi gh
precision formation of the reference surface determning the positions of
the | enses 2, For; f the .outside diangter .of the.lens is

appr oxi mat el yﬂ%tnﬁi rsglr?gxt?%gﬁl%m?ﬁdm%f’e raing Horyan; der fepning ﬂF 16«9‘5 n,
an eccentricj.ty of.approxi mtel O Anjs 36 1 8 SEP 2003 produced- |If

t her nohéf‘a‘éﬂ‘i‘?%l’?gbq‘ﬁ 3¢ PrRaded i Bheicuiety o the ssae weta dipran s dee metal
approximately 3 m The separation between the disc surface and the ultinmate
sur f ace T8pld Produsbijgsstonaffecinthd direeekprmh eFowekimplediistanueeccentridiey,| ens
hol der 14, this working distance of the objective | ens can be di m nished

because tilhandseparatiors aref dea ey cdeorif fidie thesmﬁﬁﬂﬂchﬁﬂ@%&rbﬁ oPihRisbHdpd %?9,” d
the disc side end face of the lens holder 14 and there is no risk of a

portion thé ebb@theﬂ? ah@'s@ﬁﬁrali%npirﬁélﬁﬁ{ddrﬂ? tb %ﬁ’?{éc?ﬁg%?@g?éﬁ?dfvgﬁmtttﬂg tilt is

ultimate surface ot the objective lens {cou the sécond

| ens 3). at 1 e i e di,sc and the l.e | d can
be secu roé(gl-il ev Ie“n“ﬁ% Cél%’ ‘%"S‘?’?ga ’bgg‘?‘s‘?“‘g’trﬁ%“[nﬂh‘;ﬁ f%%ﬁ? T A RVASWAVAES Wf@

di st anc frt ohjective | ens may- be- presuned, t hat t he_ anount. of
oot ¢ e i ok e e ian Eertf I 0L PRt andahatTRe fils 4008 sk el ha e
surface .gf t he .objective |lens along the optical axis is not |ess than
0.5mm BEeA Rl iimaging cas hecswfiinicatlyt smalierghen ttho Mirssheld coiteries value

WEFE of 0.7 rmsA as a threshold value.

If the mounting portion forming portions are provided in the:differentum_eta]»-'
dies, the -manufacturing error of the metal dies-301, 302 add up to-the combined
offsets, so that the offset and the separation are approximately 13 z2m, whilst the tilt
is approximately 0.087°, so that, even if the lenses 2, 3, which are the same as those
of the objective lens device 1 of the present invention, are used in the lens holder 204,
wavefront aberration WFE for the eccentricity is 0.023 rms), that for the separation
‘error is 0.051 rmsA and-that for tilt is 0.035 rmsA, which are larger than those with the -
lens holder 14 of the present invention.

Since the lenses 2, 3 can be mounted on the lens holders 4, 14 to high precision
without adjusting the mounting positions, shape designing of the lens holders 4, 14 §an

be optimized sufficiently. Also, since the lenses 2, 3 can be mounted on the lens
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cannot be assured with the amount of protrusion not |larger than 0.5 mm
Thus, with the-lens-holder 4, the working distance of the! objective |ens
at least equal to 0.5 mm is required. Thus, with the | ens hol der 14 not

provided with the projection 4d but capable of positioni hgga@g hgjﬂgi ng the
second lens 3, the objective I ens device can be constructed u Fn n

objective lens with the working distance not larger than 0.5 nmm Wth the
obj ective lens w.th a.high ' erd: BERiiaL | YosdioRd) ek ve
| ens ofﬁ?lﬁlgrsmfh’ it I“gr@gge[frgg[gﬁdc%ﬁ#heﬁﬂt%‘guaﬁ?%ae@i stan e]yi s reduced, so
that the above onfiguration is effective if f.he numerical aperture NA is
not | essPEaskstignpscgEIcs feagibledyith agc%ﬁcd_;Pl@glbeggéiogget he present two-set
obj ective lens. Since the double set objective |ens, enabli r}g the hi.gh
nuneri cal apeBinceethgAfirstcand becands mepngiagt BORIQRS pcebIinged 1REINEs2 BA¥ER | e
to maintain opti mum performance of the objective lens to realize high

density apestish @Qor@%"ﬂhé aptiealcapiaciit Yheootershkoldiers 4y it ithn lesesr i hgamelle um
Moreover, if the reterence surface of the holder 70 or the jig 71,

controll L%E%rﬁﬂ]@d cégﬂ?iot Fﬁg e?éﬁ@ge’t RBeAPilotatingxfhe ARPetiivdé lodsesE 3eciind

lens 3 w respect hol der 14, iS constructed by three-point

boss-1i ke projections 70al: 70ag, 3. t £as af 1uhe $edend
| ens 3, HBEI& nﬁ%BetWé??Wd?ﬁ@gépg‘gatrtégﬁggggeé}gﬁét Rgl; T inpurities are
invaded into the_holder 70 or the jig 71 at the tinme point of assenbling
the secoh@ldegholdingimemderens hol-der 14, there is no risk of the inpurities

being captured between the second |lens 3, holder 70 and.the. ji 1,.s
that the- secddsoliftte davwmterseof thpigfersace fupacs i 5 r@cﬂfafﬁge$té$&8gé]eofé;5?l4_

If, for exanple, the holder 70 and the jig 71 are formed to support the
entire oyh@rscpeid Phainting pohiomesiond leanhoBersid, Idagrebeet so as to be slightly
smaller than the outside diameters of the lenses 2, 3, and the lenses are mounted in
position by press-fitting; the lenses 2, 3 can be mounted easily. on.the-lens holders 4,
-14; whilst the lenses 2, 3 can be positioned easily in the radial direction. That is;. if:
there is a gap in the radial direction of the lens between the lens holder and the lens
mounted thereon, the lens is offset in an amount corresponding to the gap at the
- maximum. Such offset of the lenses2, 3 may be eliminated by press-fitting the lenses
2, 3 on the lens holders 4, 14.
The molding precision is easy to secure by forming the lens holders 4, 14 from
the thermohardening resin as a molding material. This permits high precision
formation of the reference surface determining the positions of the lenses 2, 3. For

example, if the outside diameter of the lens is approximately 3 mm, and the molding

material is the thermoplastic resin, an eccentricity of approximately 10 pm is
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feared .that the inpurities be. captured between the second |l ens 3; hol der
70 and the jig 71 to produce the offset in tilt in the S‘E@ond | ens 3.
However, by supporting the second lens 3 at |east at thrk& SEPnil3 the
effect of the intrusion of the inpurities can be elimnated to realize
positioning of the second Il ens 3 without producing the offset in tilt. In

t he above- i Lent the objectiye | ens device is constituted
by o dodiPieal' BotheP R iR ot SThEEL HE ek aRirical HEy Wromarersscot
limted to this %?éé 8 SEP 2003 configuration. That is, the |lens hol ders 4,
14 may BEPEFHAEYed4S unify the three or nore sets of |enses arrayed
along the optical axis. In this case, the reference surface facing each
lens may be priyvisearatipanbetmeenopiici dak sikifacd andofier attimatecasutfhe béfdreence
surface controlling the position along the optical axis and tilt of the

| ens. | pbjéaivablens- detscmebatle abeshigramiandeneln gnsidnelidgas: 4, dids Woﬂ(in
fabricated by die nolding. The present invention'is, however, not |1 r% ted

{0 thi s diaBACAAL oBbctiRNen LA fimithcitiRalX (R huuddsdIBic.0E fgduced

by nmachining, in whith case a cutting yte may be introdu a ﬁi ven
20l e, o CEEnL S 2 LA PO ok LA e LB DBLERT 20 fence he
| enss 5B 0 panidiiof i Bider IAHOUMRIS ¥R dvadise Firmuuife of
t he doubkte .set objective | e_nsi rraloée up of t_h_e fir st and second lenses 2, 3
and an MiRaterBifacs of thechjed v leph écowdenr-slinfaceadial o6 the smoaduen). That
apparatus for |oading the objective | ens device 1 are hereinafter expl ai ned
I3ni tS he #sIthowepgraTianl betiyeenhthestiapandttheding helddrr &dr bandcsRaoREn BNSES 2,

optical system with an extremely narrow working distance of the objective lens.

It may-be presumed that the amount. of protrusion of the-projection 4d of the

lens holder-4 from the ultimate surface of the objective lens along the optical axis is

not less than 0.5mm, bécause sufficient streng{h of the projection formed of resin

cannot be assured with the amount of protrusion not larger than 0.5 mm. Thus, with

the lens-holder 4, the working distance of the objective lens at least equal t0.0.5 mm-

is required. Thus, with the lens holder 14 not provided with the projection 4d but

capable of positioning and holdilng the second lens 3, the objective lens device can be -

constructed using an objective lens with the working distance not larger than 0.5 mm.

With the objective lens with a high numerical aperture NA, especially an.objective lens

of the multi-lens-set: structure, the working distance is reduced, so that the-above

configuration is effective if the numerical aperture NA is not less than 0.75 as in the

37



shown. Table 1 39 | 8 SEP 2043 z Cj M "ID -500

18 SEP 2003

case of the present two-set objective lens.

Since the double set objective lens, enabling the high numerical aperture NA,
can be assembled to high precision, it is possible to maintain optimum performance of
the objective lens to realize high density recording and large capacity of the
information recording medium.

Moreover, if the reference surface of the holder 70 or the jig 71, controlling the
position along the optical axis and tilt of the second lens 3 with respect to the lens
holder 14, is constructed by three-point boss-like projections 70al; 70a2, 70a3, the
contact area of the second lens 3, holder 70 or the jig 71 can be reduced, so that, if
impurities are invaded into the holder 70 or the jig 71 at the time point of assembling

the second lens 3.on the lens holder 14; there is no risk of the impurities being captured
between the second:lens 3, holder 70 and the jig 71, so that the'second lens:3 cam-be
mounted in position on the lens holder 14. If, for exampie, the holder 70 and the jig
71 are formed to support the entire outer periphery of the second lens 3, it may be

. feared that the impuritiés be captured between the second lens 3, holder 70.and the jig
71to produce the offset in tilt in the second lens 3. However, by supporting the second
lens 3 at least at three points, the effect of the intrusion of the impurities can be
eliminated to realize positioning of the second lens 3 without producing the offset in
tilt.

In the above-described embodiment the objective lens device 1 is constituted

by a double set objective lens. The present invention is, however, not limited to this
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configuration. That is, the lens holders 4, 14 may be configured to unify the three or
more sets c;f lenses arrayed along the optical axis. In this case, the reference surface
facing each lens may be provided along the optical axis for operating as the reference
surface controlling the position along the optical axis and tilt of the lens.

In the above-déscribed embodiment, the lens holders 4, 14 are fabricated by die
molding. The present invention is, however, not limited to this configuration. For
example, the lens holders 4', 14 may be produced by machining, in which case a cutting

byte may be introduced from a given sole direction to a cutting work for forming the

- lens holder and hence the mounting portions of the lenses 2, 3 can be provided without

re-attaching the cutting matrix to the tool to permit the-mounting portions of the lenses
2, 3-to be-formed to high precision.

Anillustrative structure of the double set objective lens made up of the first and
second lenses 2, 3 and an illustrative structure of the recording and/or reproducing
apparatus for loading the objective lens device 1 are hereinafter 'cxplaincd-

-In the following-Table 1, the shape etc of the first and second lenses-2, 3 is
shown.

Table 1
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In this Table 1, an object is OBJ, an aperture stop is STO and the lens surfaces
are S1, S2, S3, -, with the disc recording surface being an imaging surface (IMG).

Figs.11 and 12 show optical characteristics of the optical system by the double
set objective lens. Figs.11a,11band 11c denote the spherical aberration, non-spherical
aberration and distortion aberratidn, respectively. Figs.12a and 12b denote the
transverse aberration with the angle of field of 0.5° and the transverse aberration on
the axis, respectively.

Fig.13 shows an illustrative structure of an optical head having the above-
described objective lens device 1. An optical head 101 is loaded on a recording and/or
reproducing apparatus for recording and/or reproducing the information for a disc
(information recording medium) 400, and operates for radiating the laser light to the-
disc and for detecting the return light from the disc 400.

In the following description, the disc 400 is a phase-change optical disc for
which the information signals are to be recorded and/or reproduced. However, the
information recording medium may also be a replay-only optical disc, a magneto-
optical disc oran optical card. The phase-change optical discis substlantially a flat disc |
comprised of a substrate 401 on which a recording layer 402 and a protective layer 403
are layered in this order.

The 6ptical head 101 includes a light source, not shown, a polarizing beam.
splitter 102, a quarter wave plate 103 and an objective lens device 1 having a double

set objective lens. A diffraction grating and a collimator lens, not shown, are arranged
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between the light source and the polarizing beam splitter 102.

The light source is a semiconductor laser radiating a linear polarized laser light
of, for example, 635 nm. The light source radiates the laser light of a constant output
for reproducing information signals from the disc 400, while modulating the intensity
of the radiated laser light depending on the information signals for recording, for
fecording the information signals on the disc 400. There is no particular limitation to
the wavelength A of the laser light radiated from the light source. It is more desirable
to use the laser light of a shorter wavelength for achieving a higher recording density
and a larger recording capacity.

The laser light radiated from the light source is diffracted by a diffraction

- grating, . not shown,:and thereby split into a zero order light, +1 orderlight:and a —1

order light. The order zero light and the *1 order lightare passed through a collimator
lens, not shown, to a collimated light beam.

The incident laser light, thus collimated by the collimator lens, is transmitted
through the polarizing beam splitter 102 to fall on th\e quarter wave plate 103. ‘The
light beam on passing through the quarter wave plat‘e 103 is turned into a circular
polarized light which thén falls on the objective lens device 1.

The objective lens device 1 has the first lens 2 and the second lens 3, as
explained above. In the present embodiment, the objective lens device 1 includes the
léns holder14. The laser light, turned into the circular polarized light by being passed

through the quarter wave plate 103, is transmitted through the first and second lenses
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41 In this Table 1, an object is OBJ, an aperture stop is STO and the |ens
surfaces are S1, S2, S3, ---, with the disc recording surface being an

i magi ng surface (IM3. Figs.1l1 and 12 show optical characteristics of the
optical systemby the double set objective |lens. Figs.11a, 11bf @ngE‘plgﬂug_
denote the spherical aberration, non-spherical aberration and distoriion
aberration, respectively. Figs.1l2a and 12b denote the transverse

aberr at i @a3wifthe ohiectingllensodeviicel do af tObS callecitentthanipral sscoadeprsaiiae on
the axis, respectively. Fig.13 shows an illustrative structure ofg an

optical kdadhhaitiengirfde cbeaccsiesgy 1Ayed40Rjofehe dd 40 device 1. An
optical head 101 is | oaded on a recording and/or reproducing apparatus for

recordi ng andfgf ih%fzfe%'H%ﬁﬂ%&ﬂé@téd%f@i&%ﬁ%@? rEArdth FbSGacd Mq{h%r fé 111@8,( e.

recordi ng nmedium 400, afid operates lating tthe Taser I'ig

di sc and t ing_the return light fromthe, disc 400..1n the foll ow ng

descr  pt repbe PR IR sB08 S ihecutthenn potsy U it hiebh " hifhcthonns

i nformati on si.gnals are to be recorded and/or. reproduced. However, the

i nf or mat i‘réﬁsmé‘g?ff dhryehelic phisayvalas dhthe ekisraye densydepice dato &ilbon the

-magneto- optical disc or an optical card. The phase-change optical disc is

subst ant iGHRItYT wavk @latdil$d. Thismehirs dightis taamubitteddhroughithemuantes vage plate

recordi ng |layer 402 and a protective |layer 403 are layered in this order.

The opt i d8B thpesbeldlintaxgiolsieseddighit@abms eotansl S0Tovitkhewprct & MRlfafZidngReam
1

splitter 102, a quarter wave plate 103 and an objective | ens device
having apdpithlifig direction. Thislinear polarized light beam then is reflected by the reflecting
surface of the polarizing beam splitter 102.
The return light, refiected ?y the polarizing beam splitter 102, is passed through
- - a focussing.lens 104 and a multiple lens 105 for detection by:a photodetector-106.
The multiple lens 105 produces the astigmatic aberration for the incident light-
beam. This astigmatic aberration enables focussing servo signals to be detected by the
astigmatic aberration by the so-called astigmaticaberration method. The photodetector
. 106 includes e.g.,.six photodiodes and outputs electrical signals consistent with the
intensity of the return light of the incident light on the respective photodiodes.
The recording and/or reproducing apparatus applies pre-set processing on the
electronic signals outputted by the photodetector 106 to generate focussing servo
signals and tracking servo signals by the astigmatic aberration method and by the so-

called three-beam method, respectively, to drive a biaxial actuator 107. Based on the.

focussing servo and focussing servo signals, the biaxial actuator 107 actuates the
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set objective lens. A diffraction grating and a collimtor |ens, not shown,
are arranged 42 1 8 SEP 2003 between the |ight source and the pol arizing
beam splitter 102. The light source is a sem conductor |aser radiating a

| i near pol arized |aser light of, for exanple, 635 nm The Ii1gg1t§$p?ﬁ@f
radi ates the laser light of a constant output for reproducing iTifo ion

' I ; di i lati ' ' f [ d
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recording the information signals on the disc 400. There is no particul ar
i mi t at P&HE SisCARE- wavel ength X of the laser light radiated fromthe |ight
source. It is nore desirable to use the laser light of a shorter _
wavel engt h f dihe pdivitedétacton 166 gherproecsesiimgeldeiniial gignatdicansistenferithaher di ng

capacity. The laser light radiated fromthe light source is diffracted by a

diffr aCEﬂt@ﬂbit)gbﬁilh@getuﬁﬂigﬁh‘iMﬂdcntacﬂﬂtﬁeh%s@@&tiﬁ@%ghbtddib@eﬁtozgéﬁbr@lfedﬁﬁd
light; +1. order.-light-,and a -1 order light- The order zero |ight and

the 1 oggﬁ;ﬁt%ﬂl}dgg;%@?ﬁqﬂ@@ggqog collimtor |ens, not shown, to a

col I'i mat e incident laser light, thus collinmated by the
collimator lgns,. is transmtted  thyou ol arizin msplitter, 102
Co fall on tResuisedi ARy B heytbeRnd P aThh hRRsREFRAERN Alon
the quarter ve Cr‘)l ate, 103 is turned into 3 circular polarized Iight which
then faMriegadapadyppeintpraatiansiggalyifes the disgd®hj ective I ens device 1 has
the first lens 2 and the second lens 3, as explained above. In the present
enbodi ment ;" Anembpdiméniof hsecording and/dr icprodidsg apparafustmving déy optacal The
| aser light, turned into the circular polarized |ight by being passed
t hr oughhtie 1flaig exphired pl Referdiag, to Figrndnshigs resbrtihipugld/drheeprodistingnd
second | enses
apparatus includes a spindle motor 121 for rotationally driving the disc 400, the optical
«head 101;:a-feed motor 122 for causing movement of-the-optical head.101; 2 modem-
- 124 for performing pre-set modulation and demodulation operations, a'servo-control
circuit 125 for performing servo control of the optical head 101 and a system controller
126 for performing overall system control.
-The spindle motor 121 rotationally drives the disc 400, loaded on-a rotary table,
not shown, at a pre-set rpm, and is driven based on a control signal from the servo
control circuit 125.
The optical head 101 is connected to the modem 124. In recording information
signals on the disc 400, the optical head 101 illuminates the laser light, subjected to
light intensity modulation, on the disc 400. The laser light has been modulated in light-

intensity based on signals outputted by an external circuit 127 and modulated in a pre-
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43 1 8 SEP 2003. 2, 3 of the objective lens device 1 so as to be collected
on the signal recording surface which is the surface of the recording

| ayer 402 of the disc 400. The incident |ight, collected on th’? ¢g%nal
recording surface of the disc 400, is reflected by this signa @rgiisﬁgg
surface to prove the return light, which then is transmtted through the
obj ective !ens of , the objective lens device 1 to fall on the quarter wave
plate 103° FRALCLRY the:MAdgm 124 transmitted through the quarter wave plate
103 to prove a linear polarized |ight beam rotated 90 with respect to the
forward |ight Inpgepredugingindomeatiorosignalsj thel opiéeni Ipadar(iz@Hirhingbds dheamdhen
is reflected by the reflecting surface of the polarizing beamsplitter

102. The light of a fregbt outprit baahedidey 00 e@ﬁﬂezﬂiaggb«ﬁiﬁgﬁ%g}é@phég@éi,iSOn

passed through a focussing lens 104 and a mul tip

bya phot gigai gpfﬁtelﬁ)@g%aa,gatgkF{gghkqt}qhé% 3-Rroduces the astigmatic

aberration for the in beam I'sastigmatic aberration enabl es
focussi ng servyq.:Ssj t ‘detected b he  astigmatic _aberration by the
so-cal | ed ast?@%ﬁ’;{’ﬁ@a&?‘eﬁrﬂ?a‘?ﬁoﬁ AR FIPESTHE LD Hit e eonsol cagait 25| Thes
e.g., : SiﬁFﬁqﬁ} gdllgﬁﬂgs and qutputs electrical signals consistent with the
i nt ensi t YPOFt'H&% Harpighfogrsmgeseryiesigeals fromithe spturndight & thevaisc
phot odi oﬁgg. The recordi ng and/or reproduci ng apparatus applies pre-set

processi hroutethesiesee signalks te thyseireo outtpol ¢iechiby25.hEhpbetvodeneet 6ircdi@6 t 0
generate focussing servo signals and tracking servo signals by the

ast i gmat iL25 gbdformasifooussiighad aackiby cohteolssr thedih 2Rl LAt PEAM AL R o]
respectively, to drive a biaxial actuator "'107. Based on the. focussing

servo anbyfipesgsemdcdiftiolRrdi2gnal s, the biaxial actuator 107 actuates the 44

The modem 124 is connected to the system controller 126 and modulates the
recording -and/or reproducing: signals under control by: the:system co;liroller 126.

A feed motor - 123:operates for feeding the optical head 101 to a pre-set radial
position of the diéc 400 and is driven under a control signal from the servo control
circuit 125. |

'The.servo control circuit 125 controls the spindle motor.122 and the-feed motor
123 under control by the system controller 126.

With the above-described recording and/or reproducing -apparatus 121, the
information can be recorded and/or reproduced on or from the disc 400,

With the recording and/or reproducing apparatus 121, employing the objective
lens dewl/ice 1 having the double set objective lens in which no position offset. is

produced between the first and second lenses 2, 3 in the manufacturing process,
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1 8 SEP 2003 objective lens device 1 along the optical axis of the
objective lens and along the radius of the disc 400. The phot pge t 106
al so processes the electrical signals consistent with the intensi It he
return light incident on the respective photodi odes to generate and out put
pl ayback signals fromthe disc 400. It is thus possible for the optica

head 101 having the objective lens device 1 to wite and reads out

i nf or mat j9HRhgRRtisnhRcah bR rééSiged ARd/offe R0 dBN b1 bnatheatior 40 itdadt or
reproducing apparatus having this optical head 101 is explained. Referring

to Fig e i 58Sy dl e
ot or 1201 B EE BLLBRRALpRIauER R oB8yTRAM LB RS o RO
feed notor 122 for causing novenent of the optical head 101, a nodem 124
for perf& #Shg pre-set nodulation and denodul ati on operations, a servo
control circuit 125 for perform ng servo control of the optical head 101
and a systemcontroller 126 for performng overall systemcontrol. The
spindle notor- 121 rotationally drives the disc 400, | oaded on=a. rotary
table, not shown, at a pre-set rpm and is driven based on a control
signal fromthe servo control circuit 125. The optical head 101 is
connected to the nodem 124. In recording information signals on the disc
400, the optical head 101 illum nates the laser light, subjected to |[ight
intensity nodul ation, on the disc 400. The laser |ight has been nodul at ed
inlight intensity based on signals outputted by an external circuit 127
and nodul ated in a pre 45 '18 SSp Phal
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set manner.by the nmodem 124. In reproducing information signals, the
optical head 101 illum nates the laser |ight -of a pre-set gutput on the
disc 400 to generate playback signals fromthe return 1igh t he
pl ayback signals to the nodem 124. This optical head 101 is also connected
to the servo control circuit 125. The optical head 101 generates focussing
servo S|gnals fromthe return light fromthe disc 400 to route the servo
si gha FEAL¥St he servo control circuit 125. The servo control circuit 125
perfornms focussing and tracking control by the biaxial actuator 107 under
control by the systemcontroller 126. The nodem 124 is connected to the
syst em confrletd lerlder2Birrgimd amoshjgdiive tertshwth a eumedeal gpartarearot fespitieatuci ng:

> oporitaTRley Fhi et B PR hE RGO et B e oE R & hoosi ¢ on
of t heptitiak he400adapded s‘odrrewdmg ndied/oa repnotincihg sm@mmlatuﬁrr aigrtalee feremvio cont r ol

andl ¢ Rloraden (BTG KR a Mo BTt e BaE B AL Ak BT BB BSA0R W i

t he akavdedescri bed recordlng and/ or reproduci ng apparatus 121, the
informati on can be recorded and/or reproduced on or fromthe disc 400. Wth
the recor qipgegnd/ or reproduci ng apparatus 121, enploying the objective

| ens device 1 having the double set objective Iens in which no position

o et L n BB RS Sy opsoRdbnses for SINE
and/ e 1 eg{t%%gca?gng e (r)pgléﬁn;)}ers]%ngll t?) ﬁ? of Yﬂé pc%%gs, said reference surfaces
controlling the positions along the optical axes and the tilt of the lenses.
2. The lens holder according to claim 1 having two reference surfaces for supporting
the two sets of lenses arrayed on the optical axis.
3. The: lens holder according to claim 1 wherein a reference surface:in the radial -
direction for positioning the lens along its radius is provided adjacent to the reference
surface.
4. Thelens holder according to clairri_‘3 wherein the lens holder is formed of an elastic
material and wherein the lens is pres;-fittcd to the radial reference surface.
5. The lens holder according to claim 1 wherein the reference surface is an imaginary
plane containing apex points of projections supporting the lens at at least three
positions.

6. . The lens holder according to claim 1 wherein the lens holder is formed by die

molding,.
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containing the deterioration produced by the above-nentioned three el enents
of .the errors. 47 1 8 SEP 2003 CLAIMS: 11. A lens holder carrying an
objective lens with a nunerical aperture not |ess than appgo§ggséﬂggy 0.75 .
formed by a plurality of | enses arrayed on an optical axis Of tical
head adapted for recording and/ or reproducing information signals for an
information recordi ng nediumusing the laser light, said | enses naking up

an obj ect; verpel RS [HAULE Gcc¥REALHD c1BinPlUblerdih Ble [RESKAREL i ETREE DS a

respectively carrying sai enses for controlling the positions along the
opti cal gxes nd.the tilt of the |l enses, said reference surfaces
controlliﬁam? FAGRING 16K al ong the optical axes and the tilt of the

| enses. 2. The |l ens hol der according to claim1l having two reference
surfaces for supporting the two sets of |enses arrayed on the opti cal
axis. 3. The- lens holder according to claiml| wherein- a reference
surface: in -the' radial direction for positioning the lens along its
radius is provided adjacent to the reference surface. 4. The |ens hol der

accor di ng t gheligiahSidehecesihfeo chism helkigtin el wortidgdfisancebasieen the
material and wherein the lens i's press-fitted to the radial reference

surface. .iﬁform?iolnergéomhggfecﬁﬁﬁcﬁrn itﬂ@oﬁﬁcﬁ{'@ie@s s Y68e& thah Q@{ﬁiﬁ{awﬁ@-s

surface i's an 1 magl nary ane contai ni'ng apex points of projections
supportiqgn}he lens at at |east three positions.

: 9. Thelens holder according to claim 1 wherein the lens holder supports an objective
lens in an optical head having a light source radijating the laser light and light reception

means for receiving the laser light reflected back from the light source.

10. A method for manufaciuring a lens holder carrying an objective lens with a
numerical aperture not less than approximately 0.75 formed by a plurality of lenses
arrayed on an optical axis of an optical head adapted for recording and/or reproducing
information signals for an information recording medium using the laser light, by injection
molding means, using a metal die including at least a female die and a male die, said

lenses making up an objective lens device,

wherein

a reference portion forming portion constituting a plurality of reference portions
for said lens holder respectively carrying said plural lenses are formed on one of said
male die or the female die.
11. The manufacturing method according to claim 1o wherein

the lens holder is formed from a thermohardening resin.
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6. . The lens hol der according to claim1l wherein the I ens holder is forned
by die nolding. 48 1 8 SEP 2003 7. The I ens holder according to claiml
wherein the |l ens holder is forned of a thernohardening resilna P 7083 | ens
hol der according to claim| wherein the working di stance between the

i nformati on recordi ng medium and the objective lens is not |ess than
approximately 0.5 mm 9. The |l ens holder according to claim1l wherein the

| ens hol der—suppor an_obj ect iV ' ' Iebighead having a |ight
source r i‘gﬁ? ﬁga‘%“ltﬁ thlgggrrh?ti%é)f%ta%gﬂ}éﬁﬁgé ?Ia‘r’:}fehc@gﬁl%ﬁ mmsans for receiving
the laser light reflected back fromthe |ight .sourc " t

nmanuf act ur i ngfashné-’g%cmmfdoe FY’?gﬁdeg‘ﬁC%ﬁg%gﬁg??’of gﬂgt%%l{r% g%tﬂﬁgn%é ?I(Ii:%l
aperture not less than approximately 0.75 forned by a plurality of lenses
arr ayed position dpnigdhé optical axis efeasplpeae! theabiertiys leas fotormeddPusard 1A%/ or
reproducing information signals for an information recordi ng nmedi um usi ng

t he | asejf the Bbjecti lens BYtd @fierenrot gortgomamidingusortigna et al  di e i ncl udi ng
at least a fenale die and a male die, said |enses making up an objective

| ens devi,ge DR uAnk $AhBAGECHANd QLIARA Th Mhdarer 4 prurslins fefiérenge a
plurality ot réterence portions for sald |l ens hol der respectively carrying

11 “rhe SlmseS BRI Al FolsPHEE noRarn FoB i TEPE ey btk mERpucS
axis of the objective lens. : :

14. The manufacturing method according to claim 13 wherein the reference portions
are formed by the reference portion molding portion as having reference surfaces for
the radial direction for positioning the lenses of the objective lens along the radial
directions of the lenses.:

15. The manufacturing method according to claim 14 wherein the reference portions. -
are formed by the refcrence portion molding portion as having projections supporting
the lenses of the objective lens at at least three positions so that imaginary planes
containingthe apex points of the projections prove to.be the reference surfaces. .

16. A metal die for manufacturing a lens holder having at least a female die and a male
die, said metal die being used for manufacturing a lens holder carrying an objective
Iens formed By a plurality of lenses arrayed on an optical axis of an optical head
adapted for recording and/or reproducing information signals for an information

. recording-medium using the laser light, said lenses making up an objective lens device,

wherein
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the lens holder is forned from a thernohardening resin. 49 1 8 SEP 2003 12
. The manufacturing nethod according to claim 10 wherein each reference
portion having a reference surface for controlling-the tilt an(ileﬁ]geﬁ
position along the optical axis of each |l ens of the objective | PSZU[B

formed for eac of the obj ective lens by a reference portion nolding
portion. 13. Thgrénfgﬂr%ﬁF %BPUF?%@OR@WFH@%&RfDHQIm@a phaalitylef refertapartions

plurality ref erence. surfaces of plural reference portions are formed in
a sole di ?ﬁ@?il%‘ﬁei%ﬂeiaﬁgfoﬁﬁ@smﬂiivcw mouriisg sdidilbesastil esinatEon SASof - fe e
manuf act uri ng nmet hod according to claim13 wherein the reference portions
are forné@cﬁwdﬂhélm@teﬁence portion nol ding portion as having reference
surfaces for the radial direction for positioning the |enses of the

obj ect i ve7] eThe atanigdicor rash oy ' f. the lenses-: 15. -The
manuf act uri ng net hod ]accg)rllgﬂi@r\lg%ftgqi(: gﬁc%}hg%}lgﬂe%céﬁoﬁ?‘f]ﬁgoé?@? ShcEIgIBHt i ons.

are formed by shhfrd -port i,an Mol di n ortion as having projections
supporti ng tﬁe-|rerf§%§E§E’%?H§885?@b‘{%B lloé‘%?%ts REhrdgsencerpastiopasitavims so

that i magi cont aj. ni ng- -t he apex points of the projections prove
to. be. % hﬂé?éré?gér%%%cesﬁ?mé gt .nlharhﬁbﬁlﬂ Peitonalonm bl apticaliaxds af b&cks
hol der h?vi n%ff@t lLleast a female die and a male die, said netal die being
used for ‘H&n th.'j’ﬂ?qﬁ“ealcméns hol der carrying an objective Il-ens formed by
a plurality of lenses arrayed on an optical axis of an 'optical. head

adapt ed #&r Thecwetal e fommanutapudtyailags hofder BREHRANS tIBHS {94y
information recordi ngnediumusing the laser light, said | enses naking-up

an obj ective Henpodénscef saidef&tefice portion molding portion forming the reference
surface are formed in one direction.
19. The metal die for manufacturing a lens holder according to'claim 17 wherein
said referenccfppﬁion-molding portion forms éach reference portion as having

a reference surface controlling the tilt and the position along the optical axis of each

fens of the objective lens.

2¢0. The metal die for manufa‘ctﬁring. a lens holder according to claim 17 wherein-
said reference portion molding portion forms each reference portion as having
projections supporting the lenses of the objective Icﬁs at at least three positions, with
imaginary planes containing apex points of the projections proving the rcfercncé
..surfaces. | |
21. An objective lens device for an optical head adapted for. recording and/or

reproducing information signals for an information recording medium using the laser
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50 1 0 SEP 2003 a reference portion noldingportion for formng a plurality
of reference portions of the |l ens holder for respectively nmounting said

| enses is formed on one of the female die and the nmale die. 17.,, The gﬁ&fl
die for manufacturing a |l ens hol der according to claim 16 wher eitnd SER
reference portion nolding portion fornms each reference portion as having a
reference surface controlling the tilt and the position along the opti_cal
axis of &g, stidnkenees mhakiogjucanvabjeeins lass devicemsaisl ohjestivgriens device
manuf acturing a | ens hol der according to claim17 wherein the portions of
sai d ref epefa&siporti on nolding portion formng the reference surface are
formed in one direction. 19. The netal die for manufacturing a | ens hol der

according to ghaj ét?vé’\f&%%;ﬂjen‘g%ga"fﬁ%ﬁ%ﬁ@%ﬁdﬁ%é&o‘ﬁﬂlBHé;CHn@lg portion forns

each reference portion as havi reference surface controlling the tilt
and the positiqn alopng the optical.axis,.of .h lens of the objective

| ens. 20. Theaﬂﬁ?ﬁ OQEESFBPOﬁQﬂdﬁg%PﬁFFHggIgﬁﬁens hol der according-to clai m
17 wherein said reference portion nolding portion, farnms egfh reference

portion as havwi Hgst propedrsonkihs disornd sromdensssbavige 2R Bejta far@iadens,

at at |least three positions, with inmaginary planes containing apex points
of the prsjadens sfaqm, witlnthe vieinibf el thncwteruint afsaid ap leashane ppideds peVinghs
device for an optical head adapted for. recording and/ or reproducing
i nf or mat iagflaghiKetisnfgpaidicilap tdrdid epticaeais)i ng medi um using the | aser .51
said lens holder having a first reference surface and a second reference surface
for mounting said first and second lenses, respectively, for controlling the tilt and the
positions along the optical axes of the lenses, said reference surfaces being oriented
in one diréétion along the optical axis, a planar portion ofsaid first. lens-being co-
planar as the first. reference surface to support-said first lens, and a planar portion of
Sai.d second lens being co-planar as the second reference surface.to support said
second lens.
22..The objective-lens device according to claim 21 wherein-
said lens holder includes a first reference surface for thé first radial direction
- formed adjacent to said first reference surface for i)ositioning the first lens with respect
to the radial direction of the first lens, and a second reference surface for the second
radial direction formed adjacent to said second reference surface for positioning the

second lens with respect to the radial direction of the second lens,

said first lens being supported with its peripheral surface compressing against
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1 8 SEP 2003 light, said |lenses nmaking up an objective | ens device, said
obj ective lens device conprising: an objective |l ens made up of a first

| ens and a second |lens; and a |ens hol der supporting saigaogkﬁcﬁ' e |l ens;
at | east one surface of the first and second | enses havin d[w rtion
formed as a |lens surface, mﬁth the vicinity of the outer rimof said at

| east one surface proving pl anar section perpendicular to the optical
axi s; séhﬁfﬂgﬁ§ﬁﬁen@%$umhﬁﬁkﬂjharﬂﬁﬁbﬂﬂ¢@ﬂﬁh@ﬂde surface and a second
reference surface for mounting said first and second | enses, respectively,
for control |l isay sclend ldns bemrl supportipd wiith lmrmmmsuﬁecmmpmssmg@gamslt he

| enses, said reference surfaces being oriented in one direction along the
opticalléxhsqnaipﬁamap¢spdht¢hnﬁmﬁaéhidhﬁtﬁsm.Iens bei ng co- planar as the
first - reference surface to support said first lens; and a planar portion:
of sai d2xeThadbjeetischenndedioec ptasidmgas dlhign seconeteiref erence surface-to
support said second lens. 22. The objective | ens device according to claim

21 wherein, saidfitenendiglsdppoitb&bigess Aitfiag Hitoredy frﬁi@féﬁl ]fsaﬁfoeqc&rfsmuttehe
first radial direction formed adjacent to said first erence surface for

posi ti onbynghili RerefddcBisukBRe ﬂM { ffrgfsﬁ@fatl dlﬁc@tl&ﬁ%ﬂtﬁ'@h@%elﬂ %ﬁﬁ%beﬂd ‘Péd}st e

first lens, and a second reference surface for the second radial rection

formed agjacent IS)P %@ﬁsdﬁﬁ?@)pﬂ rae]c(:glflg?ﬁ?ac]%xftf?ﬁec&%rtih?ﬁﬁ'lé)lf%Qlc{'ge e}é}?cc

second | e mnth r spect era tion ~ 0 secon

said fir -Jf%ggég’% %@Hpﬁﬁfatl%ﬁjre‘é\%@. its peripheral surface conpressing

agai nst

24. The objective lens device according to claim 2) wherein
said first and second lenses are supported and secured by the lens holder with
.an adhesive:
25; "The objective lens-device according to claim 21 wherein-
said first lens is supported by press-fitting into a cyfindrical portion constituted
by said reference surface for the first radial direction and by subsequently being
* secured with an adhesive to the lens holder, and wherein said second lens.is supported
by prcss-ﬁtting into a cylindrical portion constituted by said reference surface for the
second radijal direction and by subsequently being secured with ‘an adhesive to the lens
holder.
26. The objective Icﬁs device according to claim 21 wherein
- at least one of said ﬁrst and second lenses has its end face projected outwards

from the end fapc of the lens holder.
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the first reference surface in the radial direction, and said second |ens
bei ng supported with its peripheral surface conpressing against the second
reference surface in the radial direction. 23, The objective | ens device
according to claim2l wherein said first lens is supportediby SEred8¥itting
into a cylindrical portion constituted by said reference surface for the
first radj-al rahrect Qn..and wherein said second lens js supported by
press-fiE%?nggéf\'r??gééé%ffpﬁgwlfﬁlacﬁwﬁpg °E Y UEECBY said reference
surface for the s%c nd.radi al direction. 24. The objective | ens device
according to I Hirstrad secend lenses whigly haw s ead) fags gojucte s optparridyl
and secured by the lens holder wwth an. adhesive: 25: -.The objective
lens. deJieB theend ficegfithe kinsiholddr iskén eimllsadiknhéies thadreme diBeSURPREA RSk bY
press-fi %ti ?g into a.cylindrical portion constituted by said reference
surface filsiplares plortist: positioakd i wesil{ oftRIEfdRYn SURS B belr ed
with an adhesive to tﬁe | ens hol der%’ and \?\fherltlai n. sal ?Ei&o\({l&gg{)rﬁ%‘-ﬁaﬁ%ﬁzﬁe
suppor t eglaray gp fitting into a cylindrical portion constituted by said
reference surface for the second radial direction and by subsequently
bei ng secured with an adhesive to the lens holder. 26. The objective |lens
device according to claim2.t. wherein at ]Jeast one of said first and
second |l enses has its end face projected outwards fromthe end face of the
| ens hol der. 53 18SEP 27. The objective | ens device according to claim 2,
wherein
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one of the first and second | enses which has its end face projected
outwardly fromthe end face of the lens holder is of a smaller dianeter
than the other lens and has its planar portion positioned inﬁhﬂdSEPoﬂmghe
reference surface which is co-planar as the planar portion. 54 Lens

Hol der, Metlwods fierlddanuiMedihed fgrl ensufalcderinkbtahsDis186f, Predyci mge Lens
Hol der And Qbj ecti ve fdredyrdbentiog LeBSTRACHeA hedsOhgkdekivahich is able to
secure plural |enses in an adjust mésensf beyiftashion and to achieve relative
posi tioning between the |enses to hi,ghREgcision. To this end, a first
reference surface for the optical axis direction 4al and a second reference
surface for the optical axis direction 4bl of a second nounting portion 4b
are formed towards the object point side to serve as a reference surface

for determning the separation along the optical.axis,betwe h i I St
and second Ié’ng‘% hpldeg whigh i§ ghlgo S?%%%PZ‘H@EI%P? Hean ?@Ps{rﬂgﬁ%ﬁ aﬁﬁ“éﬁ(i s
direction 4al and the second reference surface for_ the optical axis

di r ect i and4bhchiese rejpeivatmsitioniogrietween e temses 1o bight prepisiorenbedhis engd,

ne a first reference surface for the optical axis direction 4al and a second reference
surface for the optical axis direction 4b1 of a second mounting portion 4b are formed
towards the object point side to serve as a reference surface for determining the
separation along the optical axis between the first and second lenses 2, 3. The first

reference surface for the optical axis direction 4al and the second reference surface

for the optical axis direction 4b1 also operate for controlling the tilt of the lenses 2, 3.

Fig.l
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